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Abstract

Endophytic microorganisms residing in various parts of the plants enhance the growth of the host plant by producing
several bioactive compounds and are usually with no associated negative effects. Endophytic bacteria were isolated from
the root tubers of the medicinal plant Asparagus racemosus for assessing their plant growth promoting properties. The
strains were morphologically and biochemically characterized and screened for Indole 3 acetic acid, ACC deaminase and
siderophore production and phosphate solubilisation. Among the 26 strains isolated, four strains such as AR6, AR10, AR11
and AR12 were found to have multiple plant growth promoting properties and were identified as Pseudomonas sp.,
Priestia sp., Brucella sp. and Enterobacter sp. respectively by morphological, biochemical and 16S rRNA partial gene
sequence analysis. All these strains are capable of producing Indole acetic acid, ACC deaminase and siderophore while
Priestia sp. and Brucella sp. have the ability to dissolve insoluble phosphate. The highest IAA concentration (310.5ug/mL)
was produced by Enterobacter sp. followed by Priestia sp. and Brucella sp. and the production was also confirmed by
HPLC analysis. Priestia sp. was found to produce the highest concentration of Siderophore (76.44 units) and have higher
capacity to solubilise phosphate than the other strains. The highest ACC deaminase production was shown by
Enterobacter sp. The present study indicates that the isolated strains may enhance the growth of the host plant as they
possess multiple plant growth promoting properties.
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Microbial community ubiquitously inhabiting most of
the plant species has been receiving more attention nowadays
as they form an untapped and underexploited group of
organisms capable of producing several bioactive compounds.
Endophytes are bacterial or fungal microorganisms that
colonize healthy plant tissues intercellularly and/or
intracellularly without causing any apparent symptoms of
disease [1]. They have been commonly isolated from roots,
leaves and stems and a few from flowers, fruits and seeds [2].
Even though endophytes share an ecological niche similar to
that of pathogens, their existence is regarded beneficial to the
host plant [3]. They produce secondary active metabolites that
protect plants from phytopathogens. More over the exo-enzyme
production, reported from these microbes has been suggested to
have a profound role in aiding host plant colonization.
Endophytes may enhance plant growth by phytohormone
production and support plant growth under adverse biotic and
abiotic stress [4]. Recently, bacterial endophytes have been
used in different biotechnological sectors, such as bio-fertilizers
to improve crop production thereby significantly reducing the

chemical input into the environment [5]. In nanotechnology,
these are used in the fabrication of various nanoparticles to be
utilized in various fields [6].

The bacterial endophytes enhance the growth of host
plants by releasing phytohormones such as indole-3-acetic acid
(1AA), gibberellins, cytokinins and by phosphate solubilization,
N2 fixation, antibiotic production and siderophore production
[7]. IAA production has been reported in numerous endophytic
bacterial strains. IAA produced by the bacteria may
increase root growth, root length and number of lateral roots
and thereby increases root surface area which helps the plants
to absorb maximum nutrients from the soil [8]. IAA also
regulates several aspects of plant development such as stem
elongation, apical dominance, tropism, and lateral root
initiation, as well as fruit, meristem and root hair development
by cell division and elongation [9]. Recent studies revealed
that IAA has an ability to protect the plants from external stress
conditions [10]. Plant auxin pool can be altered by the presence
of bacterial auxins and this may affect the processes regulated
by IAA.
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The siderophore production by endophytes helps the
plants in iron sequestration and increases the concentration of
bio available iron to inner tissues [11. They hinder the growth
of soil pathogens by limiting their iron availability [12]. There
are mainly three types of siderophores are produced by bacteria
namely hydroxamates, catecholates and carboxylates.
Phosphorus is the second limiting nutrient required for plant
growth and development. It is involved in several important
metabolic pathways like nutrient uptake, biological oxidation,
and energy metabolism [13]. Plants can assimilate a very small
proportion of phosphate directly from the soil. Microbes can
dissolve insoluble organic and inorganic phosphorous
containing compounds by producing low molecular weight
organic acids and extracellular enzymes. Higher concentration
of ethylene in plants may cause growth inhibition or even death.
ACC, which is the precursor of plant ethylene, can be cleaved
into ammonia and o-ketobutyrate by the action of 1-
aminocyclopropane-1-carboxylate (ACC) deaminase enzyme
[14]. Thus, ACC deaminase producing endophytic bacteria can
decrease the amount of ethylene produced in the host plants
[15].

In the present study A. racemosus, a tuberous plant
having enormous medicinal properties was selected for
studying the interaction between host plant and the endophytes.
The tubers of this plant are believed to be useful against several
ailments including stomach disorders, muscular spasm,
diarrhea, cancer, inflammation, night blindness, Kkidney
problems and throat complaints [16]. The present study aimed
to isolate, characterize and identify the endophytic bacterial
strain from the root tubers of A. racemosus and evaluation of
that isolates for their growth promoting properties.

MATERIALS AND METHODS

Isolation of endophytic bacteria

Root tubers of A. racemosus were collected from various
parts of Kerala and used for endophytic bacterial isolation. The
healthy tubers were thoroughly washed with running tap water
to remove soil particles and were cut into small pieces of 1 to 2
cm length with a sterile knife. For removing the rhizospheric
bacteria the pieces were surface sterilized by sequential
immersion in 70% ethanol for 1 minute, followed by 5%
sodium hypochlorite for 10 minutes and again in 70% ethanol
for 30 seconds. Finally, samples were washed with sterile
distilled water for 5 times and the final wash was used for
spreading on the control plate with nutrient agar medium (g/L;
Peptone - 5, Yeast Extract - 3, Beef Extract - 2, NaCl - 5, Agar
- 18). The surface sterilized samples were aseptically dried
using sterile tissue paper and then trimmed and made into
smaller pieces for inoculating into previously prepared nutrient
agar plate. Some pieces were macerated using 10mL phosphate
buffer saline (g/L- sodium chloride 8, potassium chloride 0.2,
disodium hydrogen phosphate 1.44 and potassium dihydrogen
phosphate 0.24, and pH 7.4) and used for inoculation.
Uncrushed pieces of samples were also used for inoculation.
The plates were incubated at 28 °C for 5 days. The absence of
colonies in the control plate indicates the successful disinfection
of samples. Individual colonies having morphological
differences were selected and purified by continuous
subculture. The strains were temporarily stored at 4 °C for
further studies.

Biochemical characterization and molecular identification
The micro-morphological and physio-biochemical

characters of the strains were analyzed using standard protocol

[17]. For molecular identification of bacterial strains 16S rRNA

partial gene sequence-based homology analysis was used.
Genomic DNA was isolated using NucleoSpin® Tissue Kit and
the quality of the DNA isolated was checked using agarose gel
electrophoresis. The PCR amplification was carried out in a
PCR thermal cycler (GeneAmp PCR System 9700, Applied
Biosystems) using primers such as 16S-RS-F (5-
CAGGCCTAACACATGCAAGTC -3) and 16S-RS-R (5-
GGGCGGWGTGTACAAGGC — 3’). PCR was carried out in
a 50 pL reaction volume containing 5ul 2X Phire Master Mix,
4ul D/W, 0.25 pl of forward and reverse primers each and 1l
DNA. It was carried out for 35 cycles with the initial
denaturation at 95 °C for 5 min, cyclic denaturation at 95 °C for
30 s, annealing at 60 °C for 40 s and extension at 72 °C for 60s
with a final extension of 7 min at 7 °C. The PCR product was
checked by agarose gel electrophoresis purified and was further
subjected to sequencing. The sequence data was checked by
BLAST analysis [18].

Detection of plant growth promoting properties

Screening for Indole Acetic Acid production

The bacterial isolates were inoculated into 20 mL of
nutrient broth supplemented with 0.2% (v/v) of L-tryptophan
and incubated for 10 days at 28 °C. After incubation, the culture
was centrifuged at 3,000 rpm for 20 min and the supernatant
was used for analyzing indole- 3 acetic acid production [19].
1ml of culture supernatant was mixed with 2 mL of Salkowski
reagent (0.5 M FeCl3, 35% v/v HCIO4) and placed in dark for
30 minutes. Formation of red colour indicates the presence of
IAA and the optical density was recorded at 530 nm for
determining the amount of IAA produced by each isolate.
Uninoculated nutrient broth with tryptophan was used as
control. The positive isolates were inoculated into 200mL of
nutrient broth containing 0.2% (V/V) tryptophan and incubated
for 10 days. Then the culture was centrifuged at 3000rpm for 20
minutes for removing bacterial cells and extracted twice using
ethyl acetate. The extract was vacuum dried in a rotary
evaporator at 40 °C. Then it was dissolved in methanol and
subjected to reverse phase HPLC analysis for the confirmation
of IAA production.

Siderophore production

Qualitative assay

The strains were screened for siderophore production on
plates containing blue agar CAS medium made of chrome
azurol S (CAS) and hexadecyltrimethylammonium bromide
(HDTMA) as indicators [20]. The blue agar CAS medium was
prepared by adding 850 mL of autoclaved MM9 salt medium
[added with 32.24 g piperazine-N, NO -bis 2- ethanesulfonic
acid (PIPES) at pH 6], 100 mL of blue dye, 30mL of filter
sterilized 10% Casaminoacid solution, 10 mL of 20% glucose
solution and agar. The bacterial isolate was inoculated into the
CAS agar plates and incubated at 28 °C. Production of
siderophore was indicated by the development of yellowish
orange halo around the colonies after 48 hours.

Quantitative estimation

The sideropohores produced were quantitatively
determined by colorimetric assay using culture supernatants of
strains growing in MM9 medium (buffer with 200mM PIPES).
0.5mL of culture supernatant was mixed with 0.5mL CAS assay
solution. To this 10uL shuttle solution (0.2M 5- Sulfosalicylic
acid) was added. Siderophores if produced can reduce the blue
colour of the solution by removing iron from the dye complex.
Loss of colour of the solution can be measured by taking the
absorbance at 630nm. The minimal medium was used as blank
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and minimal medium containing CAS assay solution and shuttle
solution as reference.

Percent (%) siderophore units produced by bacteria can
be measured by the following formula:

[(Ar - As)/Ar) X 100]
Phosphate solubilization

Qualitative study

Phosphate solubilization ability of the isolated strains
were evaluated using Pikovskaya medium (g/L-glucose 10, tri-
calcium phosphate 5, ammonium sulphate 0.5, sodium chloride
0.2, magnesium sulphate heptahydrate 0.1, potassium chloride
0.2, ferrous sulfate heptahydrate 0.002, yeast extract 0.5,
manganese (Il) sulfate dehydrate 0.002, agar 20, pH 7.0)
containing 2.4 mg/mL bromophenol blue [21]. The bacterial
strains were aseptically inoculated in the Pikovskaya medium
agar plates and incubated at 30 °C for 2-3 days. Formation of
clear zone around the colonies indicates the ability of isolates
to solubilize tricalcium phosphate.

Quantitative assay

The strains found to have the ability of phosphate
solubilization were quantitatively analyzed using NBRIP
medium (Glucose 10g/L, MgCl,.6H,0 5g/L, Cas(POa4)2 5g/L,
MgS04.7H,0 0.25g/L, KCI 0.2g/L, (NH4).SOs 0.1g/L).
Strains were incubated in this medium for 9 days with a shaking
speed of 100 rpm. Samples taken after every 24 hours were
centrifuged at 10000 rpm for 10 minutes and filtered using
Whatman No. 1 filer paper followed by 0.22 um Milipore
membrane. Available phosphate was determined by Murphey
and Riley Method. In this method assay reagent was prepared
by mixing 125 mL of 5N H»SO, and 37.5mL of Ammonium
molybdate (20g in 500mL) thoroughly followed by addition of
75ml of 0.1M Ascorbic acid and 12.5 mL of Pottassium
Antimonyl tartarate (Img/ml). 8 mL of the above reagent was
added to 40 mL of the sample solution and the optical density
was measured at 880nm.
1-Aminocyclopropane-1- deaminase
production

carboxylate (ACC)

Qualitative study

ACC deaminase production was screened using DF salts
minimal medium [Potassium dihydrogen phosphate 4g/L,
disodium hydrogen phosphate 6g/L, magnesium sulphate
heptahydrate 0.2g/L, ferrous sulphate heptahydrate 0.1g/L,
boric acid 10 pg/L, manganese(ll) sulfate 10 pg/L, zinc
sulphate 70 pg/L, copper(I1) sulfate 50 pg/L, molybdenum (V1)
oxide 10 pg/L, glucose 2 g/L, gluconic acid 2 g/L, citric acid 2
g/L, agar 12 g/L) amended with 0.2% ammonium sulphate
(w/v), Dworkin and Foster [22]. Isolated strains were
aseptically inoculated in to the medium and the presence of
bacterial colonies after 2 days of incubation indicates the ability
to produce ACC deaminase.

Quantitative assay

A minimal medium with ACC as the sole nitrogen source
induces ACC deaminase production. 15mL of rich medium was
taken in two culture tubes and each tube was inoculated with
5uL of bacterial culture. The culture was incubated overnight
in a shaking water bath with a shaking speed of 200rpm. Then
it was centrifuged at 8000 rpm for 10 minutes at 4 °C. The pellet
was washed with DF salt minimal medium and it was
centrifuged again at 8000rpm for 10 minutes at 4 °C. Then it

was transferred to fresh culture tube and suspended in 7.5 ml of
DF salt minimal medium. Bacterial culture having 3mM ACC
concentration was prepared by mixing 40uL of thawed 0.5M
ACC solution to the culture tube. The culture was placed in
shaking water bath at 200 rpm for 24 hours at 30 °C. Then the
culture was centrifuged at 8000 rpm for 10 minutes at 4 °C and
the pellet was washed with 5mL 0.1 M Tris- HCI (pH 7.6). The
washing was repeated twice to remove the growth medium
completely. The pellet was transferred to 1.5mL
microcentrifuge tube and centrifuged at 16000 rpm for 5
minutes. The supernatant was removed and the pellet was
suspended in 600pL of 0.1M Tris-HCI having pH 8.5. 30 pL of
toluene was added to the tube and vortexed well for 30S. 200pL
of the toluenized cells are transferred to fresh 1.5mL centrifuge
tube and 20uL of 0.5M ACC was added, vortexed and
incubated at 30 °C for 15 minutes. | mL of 0.56M HCI was
added and the mixture was vortexed and centrifuged at
16000rpm for 5 minutes. 1mL of supernatant was vortexed with
800pL of 0.56M HCIL. 300puL of 02% 24-
dinitrophenylhydrazine in 2M HCI was added to the glass tube,
vortexed and incubated at 30 °C for 30 minutes. Then 2 mL of
2N NaOH was added to this solution and the absorbance was
measured at 540 nm. The absorbance of the assay reagents in
the presence of ACC was taken as reference. The absorbance of
bacterial extract and assay reagents in the absence of ACC was
subtracted from the absorbance of mixture containing bacterial
extract, assay reagents and ACC. Activity was determined using
a standard curve of a ketoglutarate.

RESULTS AND DISCUSSION

Isolation of endophytic bacteria

In the present study endophytic bacterial strains were
isolated from tubers of Asparagus racemosus after removing
epiphytic microorganisms by surface sterilization. 26
morphologically distinct microbial colonies observed after
repeated isolation in the nutrient agar plates after 48 hours of
incubation were confirmed as endophytes because of the
absence of colonies in the control plates which was inoculated
with the final wash of sample tissues. These strains were
subcultured continuously to get pure colonies and were stored
at 4 °C for further studies. 4 strains (AR6, AR10, AR11 and
AR12) with multiple plant growth promoting activities were
selected for detailed study.

Biochemical characterization and molecular identification

Strains were tested for various substrates utilization,
enzyme production and for the ability to produce acids from
different carbohydrates (Table 1). AR6, AR10, AR11 and
AR12 were identified as Pseudomonas sp., Priestia sp.,
Brucella sp. and Enterobacter sp. respectively by BLAST
analysis of 16S rRNA gene sequence (Fig 1-4).

During unfavourable environmental conditions plants
can recruit beneficial microorganisms from the soil [23]. There
are several reports regarding the isolation of endophytic
Enterobacter sp. from Musa spp. [24], Moso Bamboo [25],
maize [26] etc. Isolation of Pseudomonas sp. from different
hosts has been reported and demonstrated as growth promoting
agents of several crop plants [27]. Reports indicating Priestia
sp. as endophyte inhabiting halophyte Bolboschoenus
planiculmis [28], Cicer arietinum [29] Triticum aestivum [30]
etc. are also available. Previous studies also reported the
isolation of Brucella sp. from halophyte Reaumuria soongorica
[31] and Cicer arietinum [29]. These microorganisms may
enhance the growth of plants by producing bioactive
compounds.
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Table 1 Biochemical characterization of endophytic bacterial strains

S. No. Biochemical tests

AR6 AR10 AR11 AR12

Acid production from AR6 AR10 AR11 ARL2

carbohydrates
1. Growth on macconkey agar medium  + + + + Fructose - - + +
2. Indole test - - - - Salicin - - + +
3. Methyl red test - - + + Rhamnose - - - -
4. Voges Proskauer test + + + + Mannitol - - - +
5. Citrate test - + + + Xylose - - - +
6. Casein test - - + - Lactose - - - -
7. Starch hydrolysis - - + - Galactose - - + +
8. Gelatin hydrolysis + + + + Inositol - - - -
9. Nitrate reduction - - + + Sucrose - - + -
10. Catalase + + + +
11.  Oxidase - + + +
12.  Esculin hydrolysis - - - -
13.  HaS gas production + - - -
14.  Urease - - - -
Peud _oryzihabitans_stra SRR
Pseudomonas_monteili _strain_NB el scgebrian_ AN, 13418
~ Priestia_flexa_SBMP3
Pseudomonas_monteilii_strain_C Suckim, ol 1434
Pseudomonas_monteilii_CIP10488 Mu::::ﬁ:m:;l:“ N
\Priestia_fleva_IFOIS™1S
Pseudomonas_mosselii_strain_CF I Ao NS
T~ Fig 2 Phylggenetic relationship of isolate AR10 by maximum
likelihood method based on 16S rRNA sequence
Pseudomonas_entomophila_Str_L4 - i = o
Pseudomonas_taiwanensis_DSM212
- Pseudomonas_reidholzensis_stra
ARG
Pseudomonas_putida_strain_NBRC
Pseudomonas_putida_strain_ ATCC
" Pseudomonas_flavescens_strain_
Fig 1 Phylogenetic relationship of isolate AR6 by maximum Fig 3 Phylogenetic relationship of isolate AR11 by maximum
likelihood method based on 16S rRNA sequence likelihood method based on 16S rRNA sequence
S R A R S T S Vot Detection of plant growth promoting properties
\0.001, The strains were screened for the ability to produce
S Indole acetic acid, Siderophore and ACC deaminase enzyme
frrnerobacter_morlsmain YIMNI and for phosphate solubilization capacity. All the four isolates
ARIZ - - -
o were Indole 3-acetic acid (IAA), Siderophore and ACC
) . deaminase producers and Priestia sp. and Brucella sp. were
e e found to have phosphate solubilization capacity (Table 2).
Interobacter_cloacae_strain_DS A A A
Indole 3-acetic acid production _ N
T Isolated strains inoculated into nutrient broth containing
e T o tryptophan and incubated for 10 days to screen for indole acetic
Pectereia_adecarboxylata_strai acid production. The formation of red colour in the culture
Finterohacter_ludwigii_sirain_I: supernatant mixed with Salkowski reagent after 30 minutes of
rinterobacter_kobei_strainCN_Y incubation in dark indicates that all the four strains are capable
Lintarobacter_kobal strain_CIPI of indole acetic acid production. This was confirmed using pure
Tmerohacter_cloacae_subsp.dis Indole acetic acid as positive control and uninoculated culture
medium as negative control. Indole 3-acetic acid (IAA)
Fig 4 Phylogenetic relationship of isolate AR12 by maximum production was confirmed by the comparison of peaks of
likelihood method based on 16S rRNA sequence standard Indole 3-acetic acid (IAA) with that of the bacterial
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extracts formed in HPLC Analysis. The retention time of peaks
showed by AR6, AR10, AR11 and AR12 were 1.002, 0.965,

1.038 and 1.098 respectively which are comparable to that of
Standard 1AA (Fig 5).

Table 2 Plant growth promoting properties of bacterial isolates

Plant growth promoting properties

Name of Identification by 16S rRNA - -
the isolate analyzis 1AA Siderophore Phosphate ACC deaminase
production production solubilization production
ARG Pseudomonas sp. + + - +
AR10 Priestia sp. + + + +
AR11 Brucella sp. + + + +
AR12 Enterobacter sp. + + - +
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Fig 5 HPLC Chromatogram of AR6, AR10, AR11, AR12 and IAA standard

The absorbance of red colour formed due to the reaction
of IAA with Salkowski reagent was measured at 530 nm. The
concentration of IAA was estimated using standard 1AA curve.
The highest concentration was produced by Enterobacter sp.
(310.5ug/mL) after 6 days of incubation followed by Preistia
sp. (273pg/mL) after 8 days and Brucella sp. (244.7pg/mL)
after 8 days of incubation. The lowest IAA concentration was
observed in the culture of Pseudomonas sp. (51.5ug/mL) (Fig
6).

Tryptophan is the precursor of IAA and several Trp-
dependent and Trp-independent pathways are present in plants

and bacteria for its synthesis [32]. Endophytic Enteobacter sp.
isolated from Ocimum sanctum has been reported to produce
17.715pg/mL 1AA when cultured in a tryptophan containing
nutrient broth [33]. IAA production by Priestia sp. isolated
from rhizospheric soil has been reported by Chakraborty et al.
[34]. Lin et al. [] also reported a production of 24.3 + 1.37
pg/mL 1AA by a soil isolated Priestia sp. The ability of IAA
production by different Pseudomonas sp. has been reported in
several studies [35]. Umang et al. [36] reported the production
of 591.8 pg/mL IAA by Pseudomonas putida UB1 strain
isolated from rhizospheric soil.
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Fig 6 Indole acetic acid production by the bacterial isolates
Siderophore production

Siderophore producing bacterial strains can be identified
by the formation of yellow or orange halo around the colonies
cultured on the blue agar Chromo azural S medium. All the
strains, were found to be siderophore producing. These strains
were quantitatively analyzed for percent siderophore
production using CAS liquid medium. Priestia sp. showed
highest production that is 76.44 units and Pseudomonas sp. was
found to have the lowest production capacity (13.92 units).
Brucella sp. and Enterobacter sp. were observed to have 25.59
and 23.09 units respectively (Fig 7).

Siderophore production is an important characteristic of
plant growth-promoting bacteria which enhances plant growth
by improving iron chelation properties and plays a significant
role in controlling phytopathogens [37]. Various studies
demonstrated the ability of endophytic bacteria to secrete
siderophores which facilitates iron absorption by host plants.
All the strains of Enterobacter sp. isolated from Musa
acuminata are siderophore producers [38]. Previous studies
have shown that siderophors are secreted by plant growth
promoting bacterial strain Paenibacillus sp. [39]. Siderophore
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- » | .
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<
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Fig 8 Phosphate solubilization by bacterial isolates
ACC deaminase production

Growth of bacterial colonies in DF salt minimal medium
is the positive result of 1-aminocyclopropane-1-carboxylate
(ACC) deaminase production. All the strains gave positive
results and were analyzed for the amount of enzyme produced.
Enterobacter sp. showed higher production (0.21pg/mL)

90
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70 -
60 -
50 -
40
30 -+
20 -~
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% Siderophore production

AR6 AR10 AR11

Bacterial isolates

AR12

Fig 7 Siderophore production by the bacterial isolates

producing ability (0.23 £ 0.04) by Priestia sp. isolated from soil
has been reported by Lin et al [40].

Phosphate solubilization

Presence of clear zones around the colonies of AR10 and
AR11 grown in the Pikovskaya medium after 2-3 days of
incubation indicates that they are able to solubilize tricalcium
phosphate. NBRIP medium was used for assessing the
phosphate solubilization capacity of the bacterial strains. The
culture samples were assayed for 10 days and the available
phosphate was determined using phosphate standard curve.
Priestia sp. released a maximum of 95.5 pg/mL phosphate after
7 days of incubation and Brucella sp. produced a maximum of
88.5 pg/mL phosphate after 6 days (Fig 8).

Several rhizospheric and endophytic microorganisms
can mineralize organic phosphates and solubilize inorganic
phosphates through hydrolysis or by using phosphatases
enzymes. Oteino et al. [41] reported that Pseudomonas sp.
isolated from Miscanthus giganteus has the capacity to
solubilize insoluble phosphate compounds. According to Lin et
al. [40] Priestia sp. isolated from soil showed 87.5 + 0.21
mg-L " phosphate solubilization activity.
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£
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AR6 AR10 AR11 AR12
Bacterial isolates

Fig 9 ACC deaminase production by bacterial isolates

compared to other three strains and the lowest production was
observed in Priestia sp. (0.08 pug/mL) (Fig 9).
1-aminocyclopropane-1-carboxylate (ACC) deaminase
production from both rhizospheric and endophytic bacterial
strains has been reported by several authors [42]. This enzyme
lowers the ethylene levels in host plants and thereby promotes
growth during stress conditions. Previous reports of
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Rhizobacterium Enterobacter cloacae ZNP-4 exhibiting an
activity of 188.90 + 7.30 nmol of a-ketobutyrate / mg protein/ h
is available [43]. Glick [15] reported that Pseudomonas
fluorescens promotes the growth of groundnut seedlings and
exhibited an activity of 342 nm a ketobutyrate / mg / h in liquid
assay. Pseudomonas putida isolated from the rhizosphere of
tomato plant showed an activity of 23.7+4.3 umol a
ketobutyrate / mg protein / h in quantitative assay [44].

CONCLUSION

Root tubers of Asparagus harbor a vast diversity of
microorganisms and tubers collected from different locations
show great variations in microbial inhabitants. Even though
isolation of Enterobacter sp. and Pseudomonas sp. from
different plant species has been reported in several studies, the

reports indicating the presence of all the major growth
promoting properties in same isolates are rare. The availability
of limited information about the strains Priestia sp. and
Brucella sp. as endophytes indicates their high host specificity.
Most of the isolated strains were found to have multiple growth
promoting properties which was usually rare. Enterobacter sp.
produced comparatively higher concentration of Indole acetic
acid and ACC deaminase in liquid culture medium. The highest
production of siderophore and the phosphate solubilizing ability
were found in Priestia sp. From the present study it was clear
that these strains may enhance the growth of host plant and
provide protection against stress and pathogens. These
endophytic bacterial strains can be used as biofertilizers for
improving the soil quality which forms a major solution to the
environmental problems created by the over use of chemical
fertilizers.
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