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Abstract: A phosphate solubilizing plant growth promoting bacterium designated as Acti-3 was isolated from
the rhizosphere of Corchorus olitorius L. and identified as Pantoea agglomerans by 16S rRNA gene sequence
analysis. Besides phosphate solubilization, the isolate exhibited ammonification, production of indole acetic
acid and siderophore production. Drench application of aqueous suspension of P. agglomerans in the
rhizosphere of jute plants showed significant increase in shoot length, root length, fresh and dry weight as well
as in leaf area. Biochemical studies also revealed that the application of P. agglomerans showed significant
increase in chlorophyll content, total carbohydrate, reducing sugar content, soluble protein content as well as
total and o-dihydroxy phenol content in all four varieties of C. olitorius and C. capsularis. The present study
clearly revealed that the strain Acti-3 can promote the growth of jute by a combination of several mechanisms
and thus offers a scope to be developed into novel PGPR based bioinoculant.
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INTRODUCTION phytopathogenic organisms. The mechanisms by which

Jute (Corchorus olitorius L. and C. capsularis L.) is to species as well as from strain to strain [3]. The PGPRs
one of the important commercial fiber crops of India and can promote plant growth either directly or indirectly but
Bangladesh. In India jute is mostly grown in its eastern the exact mechanisms by which they can act beneficially
part with area of 0.91 million hectares and production on plant growth have not been fully elucidated. The direct
11.82 million bales (one bale = 180 kgs). Recently, jute has mechanisms of plant growth promotion involve the
attracted attention due to its eco-friendliness. Jute crop synthesis of substances by the bacterium which
suffers from several fungal, bacterial and viral diseases facilitates the uptake of nutrients from the environment
but the most devastating one is the stem rot of jute, [4]. The direct growth promoting activities are as follows:
caused by Macrophomina phaseolina (Tassi) Goid, i) nitrogen fixation ii) solubulization of phosphorus iii)
affecting both quality and yield [1]. Since excess use of production of phytohormones such as auxins, cytokinins,
chemical fertilizers and pesticides have caused several gibberellins  and  iv)  lowering of ethylene concentration
problems to our ecosystem, use of biological resources in [4, 5, 6]. The indirect mechanism of plant growth
place of chemical fertilizers to promote plant growth has promotion by PGPRs include i) antibiotic production ii)
gained momentum for the last few decades. depletion of iron from the rhizosphere iii) synthesis of

Plant growth promoting rhizobacteria (PGPRs) are a antifungal compound and fungal cell wall lysing enzymes
common group of bacteria that can actively colonize plant such as cellulase, protease, antibiotics and cyanide and
roots and exert beneficial effect on the health of plants [2]. iv) competition for sites on roots and induced systemic
These PGPRs can prevent the deleterious effects of resistance [7, 8, 9].

PGPRs can influence plant growth may differ from species
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Phosphorus is one of the most essential nutrient (100%)  and  pelleted  by  centrifuging  at  12000  rpm  for
requirements in plants and an important component in cell 15 min, followed by washing in 70% ethanol and
metabolism. It plays an important role in plant growth and centrifugation. The pellets were air dried and suspended
development [10]. Though soils may have large reservoir in TE buffer pH 8. After further purification, DNA was
of total phosphorus (P) but the amounts available to quantified spectrophotometrically and the quality
plants are usually form a very small proportion of the total analyzed in 0.8% agarose gel. For PCR amplification, DNA
phosphorus. Extracellular acid and alkaline phosphatases, was amplified by mixing the template DNA (50 ng) with
produced by many organisms release the phosphate the polymerase reaction buffer, dNTP mix, primers and
molecule from organic compounds and thus phosphate is Taq polymerase. Polymerase chain reaction was
cleaved and it becomes soluble and available to the performed in a total volume of 100 µl, containing 78 µl
plants. Several phosphate-solubilizing microorganisms are deionized water, 10 µl 10× Taq polymerase buffer, 1 µl of
now known to convert the insoluble form of phosphorus 1U Taq polymerase, 6 µl 2 mM dNTPs, 1.5 µl of 100 mM
to soluble form through the secretion of organic acids or reverse and forward primers and 3.5 µl of 50 ng template
protons and thus lowering the pH [11]. DNA. The amplification of 16S rRNA gene of Acti-3 was

The bacterium Pantoea agglomerans has been carried out by PCR using the forward
widely studied for its biological control properties [12], (FP5'AGAGTTTGATCCTGG CTC AG 3') and reverse
but very few researchers have reported its plant growth primer (RP 5' ACG CTT ACC TTG TTA CCG CTT 3'). The
promotion potentials [13, 14, 15]. So, the present PCR was programmed with an initial denaturing at 94°C for
investigation has been adopted for the purpose of 5 min,  followed by 30 cycles of denaturation at 94°C for
screening the plant growth promoting activities both in 30 sec, annealing at 61°C for 30 sec and extension at 70°C
vitro as well as in potted condition. for 2 min and with a final extension at 72°C for 7 min in a

MATERIALS AND METHODS products were resolved by electrophoresis in 0.8%

Isolation of Pantoea agglomerans Acti-3: Rhizospheric DNA was sequenced from Credora Life Sciences,
soil samples were collected from different jute fields of the
northern part of the West Bengal, India. The samples were
placed in plastic bags and stored at 4°C in the Laboratory,
Department of Botany, University of North Bengal for
further study. 

For isolation of bacteria, ten grams of soil from the
rhizosphere of healthy jute plants (C.olitorius) was used.
The soil suspension was prepared by dissolving the soil
sample in 100 ml of sterile distilled water using magnetic
stirrer for 1 h. Then the upper light brown colored layer
was pipetted out and serial dilutions were made.
Appropriate dilutions were spread over the nutrient agar
medium and incubated at 37°C for 24-48hrs. Colonies with
different morphological appearances were selected from
the countable plates and sub-cultured in nutrient agar
slant for their further use. For the long term use bacterial
strains were maintained in 50% glycerol at -20°C. A total
76 bacterial isolates were isolated and used in present
study.

16 S rDNA Sequencing and Phylogenetic Analyses:
Genomic DNA was extracted from 24-h-old culture
following the method of Stafford et al. [16]. DNA was
precipitated from the aqueous phase with chilled ethanol

Primus 96 advanced gradient Thermocycler. Amplified

agarose gel and PCR amplicons were purified. The purified

Bengaluru, India and the 16S rDNA sequence obtained
from PCR products were subjected to BLAST analyses.
The DNA sequences were deposited to NCBI GenBank
through BankIt procedure and approved as the sequence
after complete annotation and given accession numbers.
Evolutionary history was inferred by Neighbour-Joining
Method [17]. Phylogenetic analyses were conducted in
MEGA-4.0 software [18].

Plant Material: Two varieties of C. capsularis, JRC212,
JRC321 and two varieties of C. olitorius JRO 524 and JRO
8432 were used in present study. The seeds were obtained
from Central Research Institute of Jute and Allied Fibers
(CRIJAF), Barrackpore, West Bengal.

Screening For Multiple Plant Growth Promoting
Efficacy:
Phosphate Solubilizing Activity: The phosphate
solubilising test was done in the solid medium.
Pikovskaya’s medium was used for screening of
phosphate solubilization [19]. Agar plates were prepared
and  the bacterial strains were individually spot inoculated
at  the  center  of  the  plates  followed  by incubation for
5-6 days. The plates were observed for clear zone around
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the colony and the diameter of the clearing zone was water. The aqueous suspensions were diluted as
recorded. necessary to maintain the bacterial concentration at 1 x 10

IAA Production: IAA production of the isolate was soil drench @ 200 ml plant  to the rhizosphere of the
determined following the methods of Gordon and Weber seedlings in potted conditions twice after 7 and 15 days
[20].  Luria  Bertani  broth  medium   supplemented  with of sowing.
0.1 mM tryptophan was inoculated with the isolated
bacteria. They were incubated for 24 h at 30°C on rotary Growth Promotion: Growth promotion was studied in
shaker and  the cultures were centrifuged at 10,000 g for terms of increase in shoot length, root length, area of
15 min. Production of IAA in culture supernatant was leaves, shoot and root dry mass in potted plants. Plants
assayed by Pillet-Chollet method as described by were grown under natural conditions of light and
Dobbelaere et al. [21]. For the reaction, 1 ml of reagent, temperature  (31±2°C).  Observations were recorded after
consisting of 12 g FeCl per liter in 7.9 M H SO was added 30 and 45 days of application. 10 replicates were taken for3 2 4

to 1 ml of sample supernatant, mixed well and kept in the each treatment and the average of the 10 replicate plants
dark condition for 30 min at room temperature. were analyzed.

Siderophore Production: The isolate was characterized Biochemical Analyses: Sampling for biochemical
for siderophore production following standard method analyses were done by collecting leaf samples after 45
[22] using  blue  indicator dye, chrome azurol S (CAS). days of bacterial application.
The bacterial strains (24h old cultures) were spotted
separately on CAS medium and incubated at 28±1°C for Sugar  Contents:  Extraction  of  total  and reducing
48–72h. Formation of orange to yellow halo around the sugars was done by following the method of Harborne
colonies confirmed the production of siderophore. [25] and the estimation of total and reducing sugars by

HCN Production: Hydrogen cyanide (HCN) production [26].
was evaluated by streaking the Acti-3 on Luria Bertani
agar medium amended with glycine. Whatman No.1 filter Soluble Protein Content: Soluble protein was extracted
paper soaked in picric acid (0.05% solution in 2% sodium from the leaves of bacteria treated and control plants
carbonate)  was  placed  in  the  lid  of  each Petri plate. following the method of Chakraborty et al. [27]. Plant
The plates were then sealed air-tight with Parafilm and tissues were ground in 0.05 M sodium phosphate buffer
incubated at 30°C for 48 h. A color change of the filter (pH 7.2) and centrifuged at 4°C for 20 min at 12000 rpm.
paper from deep yellow to reddish-brown color was The supernatant was used as crude protein extract and
considered as an indication of HCN production [23]. total soluble protein content was estimated following the

Production of Ammonia: The production of ammonia was
studied following the method of Cappuccino et al. [24]. Chlorophyll Contents: The chlorophyll was extracted
For the production of ammonia bacterial isolates were from leaves of the both treated and control plants
grown in 10 ml peptone water in each tube separately and following the method of Harborne [25] with modifications.
incubated for 48-72 h at 30 ± 2°C. Nessler's reagent (0.5 ml) Crushing of 1 g leaf tissue was done in a mortar and
was added in each tube. Development of brown to yellow pestles using 80% acetone in the dark. The extract was
color was a positive test for ammonia production. filtered through Whatmann No. 1 filter paper, adding

Inoculum Preparation and Application: To prepare the up 10 ml. For the estimation of chlorophyll, absorbance
inoculum, initially P. agglomerans was cultured in values  of  the  dilution  of the crude sample were
Nutrient Broth medium and was allowed to grow with measured directly at 645 and 663 nm in a
shaking at 30°C, 120 rpm for 48 h. At the end of the log spectrophotometer. The amount of total chlorophyll was
phase, bacterial culture was centrifuged at 10,000 rpm for calculated by the following formula:
15 min and the supernatant was discarded, selecting the
bacterial pellet. Pellet was scraped into sterile distilled Total chlorophyll = (20.2 A + 8.02A ) mg g  tissue

8

cfu/ml. The aqueous suspension was then applied as a
1

anthrone reagent following the method of Plummer (1978)

method of Lowry et al. [28].

sufficient amount of acetone and final volume was made

645 663
1



World J. Agric. Sci., 11 (6): 401-410, 2015

404

Phenolic  Contents:  Phenols  were extracted and
estimated from leaf samples by the method of Mahadevan
and  Sridhar  [29].  Quantification   of   total   phenol  and
O-dihydroxy phenol was done by a standard of caffeic
acid.

Statistical  Analyses:  Results  were  analyzed
statistically  by  determining  standard  error  and
Student’s t-test.

RESULTS AND DISCUSSION

The bacterial isolate Acti-3 obtained from the
rhizosphere of C. olitorius L. produced shiny round P. agglomerans 1.286 ±0.23

shaped colonies on nutrient agar. Microscopic
observation revealed that the isolate is a Gram negative
rod shaped bacterium. Molecular analysis based on 16S
rDNA gene homology identified the Acti-3 as Pantoea
agglomerans with 99% similarity with the respective
strains in NCBI GenBank database. The nucleotide
sequences were deposited in NCBI GenBank database
under accession number KT031388. The phylogenetic
analysis further confirmed that the strain is
phylogenetically related to the other respective ex-type
strains obtained from NCBI GenBank database (Fig. 1).

The isolate Pantoea agglomerans Acti-3 showed
significant amount of phosphate solubilization activity
along with IAA production (35µg/ml), siderophore
production and ammonia production. But the isolate did
not show positive result in HCN production test (Table 1).
These are most of the pivotal direct and indirect
mechanisms by which rhizobacteria are thought to
enhance the plant growth [30]. IAA production  in  higher

Table 1: In vitro PGPR characteristics of Pantoea agglomerans Acti-3
Characteristics Pantoea agglomerans
Phosphate solubilisation +
IAA production +
Siderophore production +
HCN production -
Ammonia production +
+ = Activity present, - = Activity absent.

Table 2: Effect of bacterial inoculation on total chlorophyll content of leaves
of jute varieties

Varieties Total Chlorophyll content (mg g  tissue)1

JRC 212 Control 1.246 ±0.09 a

P. agglomerans 1.351 ±0.02b

JRC321 Control 1.180 ±0.11 a

b

JRO524 Control 0.879 ±0.07 a

P. agglomerans 1.248 ±0.20c

JRO8432 Control 0.865 ±0.18 a

P. agglomerans 1.342 ±0.15c

Values are an average of three replications ± standard error, Differences
between control and treatment in each variety significant when superscript
different ( P=0.05; P=0.01), done by Student’s ‘t’ testa,b a,c

amount by the Pantoea spp. has been reported by earlier
researchers [15, 31]. Rhizosphere isolates are known to
enhance root growth and development of plants through
the synthesis of the plant auxin IAA (Indole Acetic Acid)
[32, 33].

This isolate, which showed good PGPR
characteristics  in  vitro  was  selected  for  studies on
plant growth promotion. Growth promotion was studied
in terms of percentage increase in shoot length, root
length, area of leaves, shoot and root mass in potted
conditions. It was observed that P. agglomerans could
significantly enhance shoot  length  of  all  four  varieties.

Fig. 1: Phylogenetic analysis of 16S rDNA sequences of Pantoea agglomerans Acti-3 (KT031388) with other ex-type
strains by neighbor-joining method
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Fig. 2: Increase in height of seedlings (A), root length (B) and leaf area (C) of Jute varieties after 30 and 45 days of
application of Pantoea agglomerans (C=Control; Pa =rhizosphere treated with Pantoea agglomerans. Different
letters above bars indicate significant difference in t-test at p=0.01 between C and 30 days and 45 days of
treatment of each variety

The   shoot   length   increased   up   to   292%   in  JRO This observation was supported by the observation of
524  whereas  the  highest   increment   in   root   length Quecine et al. [34]. They reported the increase in dry
was  observed   in  JRC   321(187  %)  (Fig.  2). The matter of sugarcane after the application of endophytic
elevation  of  growth  was  also   evident   in   terms   of strain of P. agglomerans 33.1. The growth promotion
shoot    mass    and    root   mass.  Increase  in  shoot observed due to the application may be related to the
mass  as  well  as  root  mass  was  observed  to be ability of P. agglomerans 33.1 to synthesize IAA and
highest  in  JRO  524  after  45  days  of growth (Fig. 3). solubilize phosphate.
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Fig. 3: Increase in shoot mass (A) and root mass (B) of Jute varieties after 30 and 45 days of application of Pantoea
agglomerans (C=Control; Pa =rhizosphere treated with Pantoea agglomerans. Different letters above bars
indicate significant difference in t-test at p=0.01 between C and 30 days and 45 days of treatment of each variety

The leaf area of the jute seedlings also increased due and total chlorophyll content, as well as phenol contents
to the application of the isolate. The leaf area increased after 45 days of inoculation. Total carbohydrate content
significantly  in  JRC  212  and JRC 321 after both 30 and showed significant increase after inoculation with the
45 days of application but the significant increase in leaf isolate in all four varieties. It was significantly different
area was observed only after 45 days of drench from  the untreated control at P=0.01 (Fig. 4). The reducing
application in both JRO 524 and JRO 8432 (Fig. 2). Jute is sugar also showed significant increase in jute varieties.
mainly cultivated for its fibre obtained from the shoot. Soluble protein content increased significantly in
Better development of shoot therefore would lead to comparison to control after the treatment with the isolate.
increase the productivity of finished product. In some Increase in total chlorophyll content in the leaves of jute
parts of India, especially West Bengal, leaves of jute are varieties  also  noticed  after  the  treatment  (Table 2).
also consumed as a leafy vegetable. Therefore, increase Total chlorophyll  content increased significantly at
in leaf area due to bacterial application is also noteworthy. P=0.01 level in JRO 524 and JRO 8432, whereas in JRC 212

The effect of inoculation with P. agglomerans at and  JRC  321  it showed significant increase only at
biochemical level was determined in terms of changes, if P=0.05 level. It has been shown by several previous
any, in total and reducing sugar content, soluble protein workers    that,      improved phosphorous     nutrition
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Fig. 4: Soluble protein contents (A), Total sugar and reducing sugar content (B & C) of Jute varieties grown in
uninoculated or P. agglomerans inoculated soil. Different letters above bars indicate significant difference in
phosphate contents as determined in t-test at p=0.01 between control and treated in each variety
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Fig. 5: Total phenol content (A) and ortho-hydroxy phenol content (B) of Jute  varieties   grown  in  uninoculated  or
P. agglomerans inoculated soil. Different letters above bars indicate significant difference in phosphate contents
as determined in t-test at p=0.01 between control and treated in each variety

influences  overall plant growth and root development There was an increase in phenolic contents of leaves of all
[15].  Feng et al.  [35] showed that rice endophyte the four varieties. Increase in phenolic content observed
Pantoea agglomerans YS19 promotes host plant growth by the application of PGPR by several workers [36, 37].
and affects allocations of host photosynthetic products. The  highest  increase  in  total  phenolic  contents against
They reported that transfer of the carbon source and the control was observed in JRC 212. The o-hydroxy
energy from rice to the endophyte and back to the host, phenol content has been recorded to be highest in JRO
the fixed N from YS19 to rice might be a significant 524 and the increase in content was observed in all the
mechanism for plant-microbe maintenance and plant four varieties (Fig. 5).
growth promotion. Thus, results of our studies clearly reveal the

Total phenolic contents were estimated from leaves potential of P. agglomerans to be used as a plant growth
of the different jute varieties following the application of promoter in the field since it has shown plant growth
P.  agglomerans  and  sampling as mentioned earlier. promoting traits both in vitro and in vivo.
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