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Isabgol (Plantago ovata Forsk.), a native of Persia, is
an annual herb grown as a cash crop in the western semi-
arid region of India. Isabgol also known as Psyllium belongs
to family Plantaginaceae with about 200 species out of
which only two species, namely P. ovata and P. psyllium
(2n= 8), have been commercially cultivated.

The biosynthesis of the secondary metabolites is
controlled genetically and affected strongly by edaphic
factors, of which plant microbes interaction is one of the
important biotic factor besides the environmental conditions
(Koocheki et al. 2007). Beneficial free-living rhizobacteria,
which are the determinants of plant health and soil fertility,
are usually referred to as plant growth-promoting
rhizobacteria (PGPR). Nowadays, the use of PGPR is steadily
increasing in agriculture, as it offers an attractive way to
reduce the use of chemical fertilizers, pesticides, and related
agrochemicals (Rana et al. 2012). PGPRs constitute a
significant part of the protective flora that benefit plants by
enhancing root function, suppressing disease and accelerating
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ABSTRACT

An experiment was conducted to evaluate the growth promotion in isabgol (Plantago ovata Forsk.) with native
rhizobacteria strains (ISB-2, ISB-5, ISB-8, ISB-9, ISB-10, ISB-125, ISB-15 and ISB-28) isolated from the rhizospheric
soils collected from western semi-arid region of India. These isolates were tested for their indole acetic acid production,
insoluble phosphate solubilization and ability to promote germination of isabgol seeds under controlled conditions.
Three rhizobacterial isolates (IBS-5, IBS-9 and IBS-28) were found promising towards enhancing the growth and
yield of isabgol plants. The isolate ISB-5 was identified as Azotobacter vinelandii, ISB-9 as Pseudomonas stutzeri,
and ISB-28 as Bacillus aryabhattai based upon their biochemical and molecular characterization. The highest seedling
vigour index was recorded for B. aryabhattai (316.52±3.02) followed by A. vinelandii (310.22±7.56) and the lowest
seedling vigour was recorded with ISB-10 which was found to be at par with control. The maximum shoot dry weight
at harvest was recorded with B. aryabhattai (2.33g) being at par with P. stutzeri and the minimum shoot dry weight
was for control. The highest seed yield per plant (0.72 g) was observed with B. aryabhattai followed by A. vinelandii
(0.61 g).

Key words: Indole acetic acid, Isabgol, Plant growth promoting rhizobacteria, Plantago ovata,
Phosphate solubilization index, Seedling vigour index

growth and development. The root system plays an important
role in plant productivity because roots explore the soil for
uptake of essential nutrients. It is clear that PGPR can
change the endogenous levels of phytohormones such as
auxins and other plant hormones including cytokinin and
gibberellins and a particular PGPR strain may enhance
plant growth and development using different mechanisms
such as phytohormones synthesis, solubilization of
phosphorus (P), fixation of atmospheric nitrogen (N),
production of siderophore and inducing systemic resistance
against plant pathogen (Glick 2004). Interaction of PGPR
with host plants is an intricate and interdependent relationship
involving not only the two partners but other biotic and
abiotic factors of the rhizosphere region (Dutta and Podile
2010). Soil inoculations of beneficial microorganisms will
not response positively unless the environment supports
growth and survival of the introduced microorganisms in
new area (Egamberdieva and Kucharova 2009). Therefore,
to get significant benefits of microbial inoculation, the
selection of native PGPR bacterial strains is a beneficial.
However, reports regarding the bioinoculation effect of
these PGPR strains in medicinal plants and particularly in P.
ovata are scarce and little or no research work was reported
on effect of native rhizobacteria for growth and yield of
Isabgol crop from semi-arid western region of India. Hence,
the present study was undertaken to investigate the growth
promoting effects of native plant growth promoting
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rhizobacterial isolates on agro-morphological traits like plant
height, root length, root weight and total seed yield in
Isabgol.

MATERIALS AND METHODS
The soil samples were collected from Isabgol fields

from western semi- arid region of India which is the
prominent cultivation area of Isabgol. Seventy different
rhizobacterial isolations were made from bacterial colonies
grown on selective and specific growth media. Out of these
rhizobacterial isolates eight isolates were found promising
with respect to indole acetic acid (IAA) production and
phosphate solubilization during preliminary laboratory
studies. On the basis of plant growth promoting attributes
these native rhizobacterial isolates were used for seed
treatment of Isabgol under pot experiment for two
consecutive years (2012-13 and 2013-14) during winter
season under at ambient conditions at ICAR-National
Research Centre on Seed Spices, Ajmer, India.

Production of IAA by the bacterial isolates was estimated
using Salkowski reagent as descrided by Patten and Glick
(2002). The rhizobacterial strains were grown in Luria
Bertani medium at the L-tryptophan concentrations of 200
µg/ml and incubated at 25±10C. After 3 days of incubation,
aliquots of bacterial cultures were centrifuged at 13 000 × g
for 10 min. One ml of supernatant was mixed with 4 ml of
Salkowski indicator (150 ml of concentrated sulfuric acid,
250 ml of distilled water, and 7.5 ml of 0.5 M FeCl3.6H2O).
The solution was kept at room temperature for 20 min and
light absorbance was immediately measured at 535 nm
using spectrophotometer. The amount of auxin was calculated
using the standard graph of indole-3acetic acid (IAA).

Phosphate solubilization assay was performed in
Pikovskaya’s agar medium containing tricalcium phosphate
(Pikovskaya 1948). Bacterial culture was spot inoculated
on the medium and incubated at 25±10C for 48 h.
Development of a clear zone around the colonies indicates
the P solubilization capacity of the isolates and the
rhizobacterial strains showing clear zone around the colonies
were measured for calculation of phosphate solubilization
index [= the ratio of the total diameter (colony + halo zone)
to the colony diameter].

The rhizobacterial isolates were grown on Tryptic Soy
agar (TSA) medium for 48 h at 25±10C. Subsequently, the
bacterial lawn was scraped into sterile distilled water and
centrifuged at 6 000 rpm for 5 min and the pellet obtained
was suspended in sterile distilled water. The optical density
of the suspension was adjusted using a UV-visible
spectrophotometer to obtain a final density of 1x107 colony
forming units (cfu)/ml. Isabgol seeds (variety Bajrang-2),
were surface sterilized with 5% (w/v) sodium hypochlorite
for 5 min and rinsed thoroughly with sterile distilled water.
Rhizobacterial inoculation of the seeds was achieved by
soaking 1 g of seeds in 10 ml of bacterial suspension (with
1×107 cfu/ml), using 0.2% sterilized carboxy methyl
cellulose (CMC) as sticker. They were incubated at 25±10

C in a rotary shaker for 30 min to facilitate attachment of

bacterial cells to the seed coat. Later, the seeds were allowed
to dry in an incubator at 30±10 C for 20 min. Seeds treated
only with sterile distilled water followed by CMC represented
control. Seedlings were watered as per need basis regularly.
For germination test paper towel method was used and
vigour index was calculated after 10 days of germination
following the of AOSA (1991) method.

Vigor index (VI) = [Seedling length (cm) × Germination
percentage]

The pot experiment was carried out to evaluate the
growth promotion in Isabgol seeds treated with rhizobacterial
isolates (strains designated as ISB-2, ISB-5, ISB-8, ISB-9,
ISB-10, ISB-125, ISB-15 and ISB-28) along with a control
without any bacterial inoculation. Seeds were sown in earthen
pots filled with presterilized soil. The inoculated seeds were
sown in each pot of 15 cm diameter filled with 3 000 g
sandy loam soil obtained from the experimental farm of
ICAR-National Research Centre on Seed Spices, Ajmer,
India. The pot experiment was set up in a completely
randomized design with four replications. At the end of the
experiment, the plants were harvested and different growth
parameters were recorded.

The experimental pot soil was sandy loam in texture.
Physicochemical characteristics of the soil were EC 0.18
dS/m, pH 8.2 and organic carbon 0.23%. Soil available N,
P2O5 and K2O were 178.0, 12.0 and 85 kg/ha, respectively.
The plants were harvested at maturity (~125 days after
sowing) and then their seeds and straw yield were recorded.
Different growth attributes namely plant height, root dry
weight and shoot dry weight were recorded at 30 and 60
days after sowing (DAS). The dry weight (shoot and root)
was determined after keeping the plant materials at 70°C for
72 hr. To determine yield and yield parameters five plants
were sampled from each pot to measure yield components
and per plant yield.

Total chlorophyll and carotenoids content in leaves
were estimated using Dimethyl Sulfoxide (DMSO). For this
100 mg of fresh leaf portion was kept into a test tube
containing 5 ml of DMSO. The test tube was then placed in
an oven at 60oC for about 2 hr or more (if required) to
facilitate complete extraction of the pigments. After 2 hr
and after attaining the room temperature, absorbance was
recorded at 649, 665 and 480 nm with spectrophotometer
(Spectrophotometer-119 Lab India UV 3000) running a
multiple wavelengths programme. DMSO was used as blank.
Calculations for different pigments were made according to
Wellburn (1994).

Chl ‘a’ = (12.19 x A665)-(3.62 x A646)
Chl ‘b’ = (25.06 x A649)- (6.5 xA665)
Total chlorophyll = Chl ‘a’ + Chl ‘b’
Total carotenoids Cx+c = (1000xA480–1.29 Chl ‘a’ -

53.78 Chl ‘b’)/220
where Chl‘a’ = chlorophyll a, Chl‘b’= chlorophyll b,

Cx+c= concentration of xanthophylls and carotenes.
Quantities of all these pigments were calculated in mg/g
tissue fresh weight.

The activity of peroxidase (POX enzyme) was assayed
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according to Chen et al. (2000) using plant extracts and
measured by spectrophotometer at 470 nm, into which 7.5
µl guaiacol (50 mM in the mixture) and 792 µl Tris HCl
buffer (0.05 M, pH 6.0) was added. The reaction was initiated
by adding 100 µl of 0.6 M hydrogen peroxide. A blank
consisting of guaiacol, Tris HCl buffer and hydrogen
peroxide was used to set 100% absorbance. The enzyme
activity was expressed as IU/min/mg fresh weight.

All pot experiments were performed in completely
randomized block design with four replications in each
treatment and the assay was repeated twice. The data were
subjected to analysis of variance and mean values in each
treatment by using SPSS package and the signiûcance of the
treatments was calculated at 5% level of signiûcance.

RESULTS AND DISCUSSION

Plant growth promoting attributes of selected
rhizobacterial strains

From initial 70 rhizobacterial isolates form Isabgol
rhizosphere, eight were selected with respect to plant growth
promotion. These promising rhizobacterial isolates were
selected from the previous rhizobacterial isolations obtained
from the isabgol cultivating field of western semi- arid
region of India (Mishra et al. 2015). These were screened
for auxin production and phosphate solubilization potential
for selection of the promising isolates. The strain ISB-5 was
identified as Azotobacter, ISB-9 as Pseudomonas and ISB-
28 as Bacillus. Strain ISB-5 and ISB-9 were Gram negative,
non-spore forming and non-capsulated, semi-translucent,
rounded, smooth mucoid and rod shaped colonies with 2-4
mm in diameter while ISB-28 was gram positive and spore
forming. All of them grew fast and showed positive oxidase
activities. Strain ISB-5 and ISB-9 were able to grow in pH
rage 5.0-9.0 and tolerated 4% NaCl on nutrient agar growth
medium. Strain ISB-9 also grows up to 450 C temperature
(data not presented). Strain ISB-28 had ability to form clear
halo around spot inoculation on the Pikovskaya’s agar plates.
Such clearing zone around the bacterial colonies showed
phosphate solubilization ability. All the isolates were found
positive for production of IAA into culture filtrates obtained

from the growth media containing tryptophan. Based on
preliminary germination experiments on Isabgol seeds, IAA
production assay and phosphate solubilization potentials
three rhizobacterial isolates were found effective as PGPR
for Isabgol and were also identified through molecular
techniques. The rhizobacterial culture ISB-5 was found to
be Azotobacter vinelandii (GenBank Accession Number:
KF365886), ISB-9 was found to be Pseudomonas stutzeri
(GenBank Accession Number: KF365887) and ISB-28 was
found to be Bacillus aryabhattai (GenBank Accession
Number: KF365888) based on nucleotide homology and
phylogenetic analysis (Table 1). The most effective
rhizobacterial strain ISB-28 that was identified as B.
aryabhattai has been submitted with Microbial type’s culture
collection at IMTECH, Chandigarh, India as MTCC-11834.
Similarly, nitrogen-fixing Bacilli was isolated from the
rhizospheres of wheat, maize, ryegrass, and willow in Beijing
region of China to evaluate their potential use in plant
growth improvement (Ding et al. 2005). One siderospore-
producing strain, Bacillus subtilis CAS15, also reported as
a growth-promoting agent that is effective on pepper growth
(Yu et al. 2011). Rana et al. (2011) characterized a PGPR
Bacillus sp. and evaluated its potential as inoculants for
wheat. Strains of Bacillus that produce resistant spores
cause long viability and can be easily applied as microbial
inoculants which also show significant protective as well as
growth-promoting activities (Ali et al. 2009). Many attempts
have been made to isolate effective PGPR from various
plants. However, bacteria are greatly diverse among different
crops. The mechanisms underlying stimulation of plant
growth may vary depending on plant and bacterial species
along with other parameters including soil and environmental
conditions and plant–microbe interactions may affect the
ability of PGPR to express different attributes (Dey et al.
2004).

Effect of rhizobacterial inoculation on seed germination
The maximum germination percentage (66.80) was

recorded with ISB-28 which was statistically at par with
ISB-5 and ISB-15 while minimum was recorded with ISB-
8 (50.34%) followed by control (Table 2). In case of radicle

Table 1 Production of IAA and phosphate solubilization by rhizobacterial isolates from Isabgol field

Rhizobacterial isolates IAA production Phosphate solubilization Molecular Identification NCBI Genbank
(ppm) index accession

ISB-2 40.60 NA*
ISB-5 40.72 Azotobacter vinelandii KF365886
ISB-8 27.76 NA
ISB-9 11.92 2.04 Pseudomonas stutzeri KF365887
ISB-10 11.04 1.25 NA
ISB-12 32.56 1.36 NA
ISB-15 34.82 1.64 NA
ISB-28 26.85 2.35 Bacillus aryabhattai KF365888
CD(P=0.05) 2.47 0.68
SEm± 0.86 0.26

*NA = not analyzed for molecular identification.
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length, the longest was observed with ISB-28 (4.64 cm)
which was at par with ISB-5, ISB-8 and ISB-12 and smallest
radicle length was recorded with ISB-10 followed by control.
Similarly, the maximum plumule length was recorded with
ISB-9 (3.14 cm) and minimum plumule length was recorded
with control (1.51 cm) which was at par with ISB-10 (Table
2). Seedling dry weight was recorded after 10 days of
germination and maximum seedling dry weight was observed
with ISB-9 (0.185g) followed by ISB-28 (0.174 g) and the
minimum of same was recorded with ISB-2 which was at
par with control as evident from Table 2. There was
significant effect of seed treatment with native rhizobacterial
isolates on isabgol seedling vigour index calculated after 10
days of germination under in-vitro conditions. The highest
seedling vigour index was recorded for ISB-28
(316.52±3.02) followed by ISB-5 (310.22±7.56) and the
lowest seedling vigour was recorded with ISB-10 to be at
par with control. The results obtained for Isabgol seed
germination experiment showed parity with Mahdavi (2013)
reported similar range of isabgol seedling germination and
vigour index during study of the chitosan and salinity effects
on germination and vegetative growth.

Effect of rhizobacterial inoculation on growth and yield
Plant biometrical parameters such as shoot length, root

length, total plant dry weight, chlorophyll content in leaves
and peroxidase enzyme activity in root and shoot were
analyzed at 30 and 60 DAS to assess the plant growth
promotion potential of selected rhizobacterial isolates on
Isabgol plants. At 30 DAS, the maximum shoot length (8.23
cm) was recorded with ISB-28 and that of minimum was
observed with control. However, the maximum root length
was observed with ISB-9 (3.99 cm) and the minimum shoot
length was also recorded with control (Table 3) at 30 DAS.
The total dry weight per plant was also recorded highest
with ISB-28 and same was the minimum with control at 30

DAS. Similar trend of shoot length, root length and dry
weight/plant was also observed at 60 DAS. Chlorophyll and
carotenoids content are good biochemical parameters to
assess the effect of rhizobacterial treatment on plant growth
promotion. The maximum chlorophyll content 1.45 mg/g f.
wt. and 1.47 mg/g f. wt. were recorded at 30 and 60 DAS,
respectively, with rhizobacterial isolate ISB-28. Peroxidase
enzyme activity was assayed to evaluate the plant defense
potential as the peroxidase enzymes help plants to enhance
their vitality and suppression of plant pathogen growth. The
maximum peroxidase activity was observed in roots treated
with ISB-5 followed with ISB-9 at 30 DAS. Similar pattern
of peroxidase enzyme activity was recorded in the isabgol
plant roots at 60 DAS. However, the minimum peroxidase
activity was assayed with ISB-2 in case of root as well as
shoot on both 30 and 60 DAS. Though, the control treatment
showed higher peroxidase activity than ISB-2 which may be
due to molecular signaling as a result of plant microbe
interaction in the rhizosphere of treated isabgol plants. The
isabgol plants matured at 120-125 DAS, showing the
yellowing and senescence of leaves along with drying of
spike bearing Isabgol seeds. The maximum shoot length
(28.46 cm) was observed with ISB-28 which was at par with
ISB-5 and ISB-9 and the minimum was recorded with control
(22.25 cm). There was little variation with respect to root
and shoot length at maturity stage except for control treatment
(Table 4). The maximum shoot dry wt. at harvest was
recorded with ISB-28 (2.33g) which was at par with ISB-9
and the minimum shoot dry wt. was for control (Table 4).
Similar pattern was observed with root dry weight at harvest
stage. The maximum no. of spikes per plant were recorded
with ISB-9 (9.61) which was at par with ISB-5(8.45) and
minimum spike per plant was recorded with control (5.50)
(Table 4). However, maximum seeds per spikes were
recorded with ISB-28 (53.56) which was followed with
ISB-5 and the minimum seeds per spike were recorded with

Table 2 Effect of seed treatment with different rhizobacterial
isolates on seed germination and seedling dry weight of
Isabgol*

Rhizobacterial Germination Root Shoot Seedling
isolates (%) length length dry weight

(cm) (cm) (g)

ISB-2 59.78 3.70 2.38 0.082
ISB-5 67.40 4.46 2.56 0.125
ISB-8 50.34 4.23 2.06 0.125
ISB-9 59.73 3.76 3.14 0.185
ISB-10 59.08 2.50 1.85 0.119
ISB-12 63.73 4.43 2.60 0.124
ISB-15 66.77 3.16 2.69 0.169
ISB-28 66.80 4.64 2.30 0.174
Control 53.41 3.00 1.51 0.086
Mean 60.78 3.76 2.34 0.132
CD(P=0.05) 1.97 0.57 0.49 0.008
SEm± 0.66 0.19 0.16 0.003

*10 days after germination under in vitro condition.

Table 3 Effect of different rhizobacterial isolates on the
biometrical growth attributes of Isabgol plants

Treatment 30 DAS* 60 DAS*

Shoot Root Plant Shoot Root Plant
length length total dry length length total dry
(cm) (cm) weight (g) (cm) (cm) weight (g)

ISB-2 5.76 3.34 0.264 11.17 5.28 0.58
ISB-5 5.23 2.98 0.210 10.84 5.65 0.61
ISB-8 5.21 3.24 0.288 11.87 6.45 0.46
ISB-9 6.89 3.99 0.355 13.6 7.98 0.68
ISB-10 5.12 3.56 0.250 10.35 7.21 0.74
ISB-12 4.76 2.89 0.218 9.50 5.12 0.57
ISB-15 5.01 2.75 0.225 12.63 4.85 0.71
ISB-28 8.23 3.82 0.412 15.67 6.95 0.92
Control 4.12 2.56 0.197 8.10 5.08 0.50
 CD(P=0.05) 0.28 0.18 0.08 1.81 0.74 0.09
 SEm± 0.10 0.09 0.03 0.76 0.23 0.03

*DAS-Days after sowing.
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control (29.68). The maximum number of seeds/plant was
recorded with ISB-28 (402.0) followed by ISB-5 and the
minimum number of seeds/plant was observed with control
(Table 3). The highest seed yield/plant (0.72 g) was observed
with ISB-28 and same was followed by ISB-5 (0.61 g). The
minimum seed yield/plant (0.28 g) was recorded for control
(Table 4). Similar results were reported by the earlier workers
on PGPR in crops like maize, sorghum (Raju et al. 1999)
and pearl millet (Niranjan et al. 2004) which revealed that
under in vitro conditions, seed treatment with PGPR strains
improved seed germination, seedling vigor, seedling
emergence and seedling stand over the control. Similar
improvement of seed germination parameters by
rhizobacteria was reported in seed spices such as cumin and
coriander that mainly grow in semi-arid western region of
India (Kumar et al. 2013). Gholami et al. (2009) reported
the effect of plant growth-promoting rhizobacteria (PGPR)
on seed germination, seedling growth and yield of field
grown maize with six bacterial strains (P. putida strain R-
168, P. fluorescens strain R-93, P. fluorescens DSM 50090,
P. putida DSM291, A. lipoferum DSM 1691, A. brasilense
DSM 1690). Results indicated that seed inoculation
significantly enhanced seed germination, seedling vigour,
leaf and shoot dry weight, leaf surface area and maize seeds
yield. These findings may be as a result of increased synthesis
of hormones like auxins and gibberellins, which would have
triggered the activity of specific enzymes that promoted
early germination, besides, significant increase in seedling
vigor causing better growth and yield of isabgol plants.
Isabgol has been used in medicine since ancient times, but
it has gained more importance as a medicinal plant in recent
few decades due to its application as laxative and application
of these native microbial inoculants may be useful in organic
production of the isabgol crop.

Based on the findings of this research work , it may be
concluded that the three native rhizobacterial isolates namely
ISB-5 (Azotobacter vinelandii), ISB-9 (Pseudomonas
stutzeri), and ISB-28 (Bacillus aryabhattai) indicated a
congenial confirmation towards growth of Isabgol plants on
the basis of effect of these on plant growth biometrical data

(root length, shoot length, shoot weight and root weight)
and yield attributing traits (number of spike/plant and number
of seeds) were also enhanced in comparison to control.
Isabgol seeds treated with these rhizobacterial strains
enhanced shoot and root length as well as higher fresh
biomass weight as compared to the control. The
rhizobacterial isolate ISB-28 which culminated with
maximum seed yield of isabgol plant, has been submitted at
Microbial Type culture Collection (MTCC), Institute of
Microbial Technology, Chandigarh, India as B. arybhattai
MTCC-11834 for conservation and future application. These
findings of the present study are unique of its type for
Isabgol crop cultivation in India. The selected native
rhizobacterial isolate B. arybhattai MTCC-11834 may also
play a role to some extent in reducing the dependence on
costly chemical fertilizers for production of Isabgol crop in
western semi-arid region of India.

ACKNOWLEDGEMENT
Department of Biotechnology (DBT), Ministry of

Science and Technology, Government of India is duly
acknowledged for funding this research work. Authors are
also thankful to Director, ICAR-National Research Centre
on Seed Spices, Ajmer, India for providing necessary
facilities during the present investigation.

REFERENCES

Ali B, Nasim Sabri A, Ljung K and Sh H. 2009. Quantification of
indole-3-acetic acid from plant associated Bacillus spp. and
their phytostimulatory effect on Vigna radiata L. World Journal
of Microbiololgy and Biotechnology 25: 519–26.

Association of Official Seed Analysis (AOSA). 1991. Rules for
testing seeds. Journal of Seed Technology 12: 18–19.

Chen L M, Lin C H and Kao C H. 2000. Copper toxicity in rice
seedlings: changes in antioxidative enzyme activities, H2O2
level, and cell wall peroxidase activity in roots. Botanical
Bulletin of Academia Sinica 41: 99–103.

Das M. 2011. Growth, photosynthetic efficiency, yield and swelling
factor in Plantago indica under semi-arid condition of Gujarat,
India. International Journal of Plant Physiology and
Biochemistry 3(12): 205–14.

Table 4 Effect of different rhizobacterial isolates on the growth and yield of Isabgol plants

Treatment Length (cm) Dry weight (g) Spikes/plant Seeds/spike Seeds/plant Yield/plant
Shoot Root Shoot Root (no.) (no.) (no.) (g)

ISB-2 26.46 7.18 1.71 0.07 7.32 40.26 286.3 0.52
ISB-5 27.33 8.2 1.81 0.06 8.45 43.47 350.0 0.61
ISB-8 25.8 7.67 1.76 0.05 7.88 40.94 344.0 0.58
ISB-9 27.5 8.2 2.29 0.04 9.61 35.75 205.5 0.43
ISB-10 26.5 7.5 1.69 0.04 7.12 37.25 210.2 0.42
ISB-12 26.8 7 1.65 0.05 5.74 32.70 158.0 0.38
ISB-15 25.5 7 1.73 0.09 5.35 28.65 207.0 0.43
ISB-28 28.46 7.8 2.30 0.08 7.28 53.56 402.0 0.72
Control 22.25 6 1.30 0.02 5.50 29.68 168.0 0.28
CD (P=0.05) 2.03 0.70 0.29 0.02 1.43 7.54 96.5 0.17
SEm± 0.88 0.18 0.11 0.01 0.67 2.84 38.2 0.09



1285October 2016]

Dey R, Pal K K, Bhatt D M and Chauhan S M. 2004. Growth
promotion and yield enhancement of peanut (Arachis hypogaea
L.) by application of plant growth-promoting rhizobacteria.
Microbiology Research 159: 371–394.

Dhar M K, Kaul S, Sareen S and Koul A K. 2005. Plantago ovata:
genetic diversity, cultivation, utilization and chemistry. Plant
Genetic Resources: Characterization and Utilization 3: 252–
63.

Ding Y, Wang J, Liu Y and Chen S. 2005. Isolation and
identification of nitrogen-fixing bacilli from plant rhizospheres
in Beijing region. Journal of Applied Microbiology 99: 1 271–
81.

Dutta S and Podile A R. 2010. Plant growth promoting rhizobacteria
(PGPR): the bugs to debug the root zone. Critical Reviews in
Microbiology 36: 232–44.

Egamberdieva D and Kucharova Z. 2009. Selection for root
colonizing bacteria stimulating wheat growth in saline soils.
Biology and Fertility of Soils 45: 563–71.

Gholami A, Shahsavani S and Nezarat S. 2009. The Effect of Plant
Growth Promoting Rhizobacteria (PGPR) on Germination,
Seedling Growth and Yield of Maize. World Academy of Science,
Engineering and Technology 3: 1–26.

Glick B R. 2004. Changes in plant growth and development by
rhizosphere bacteria that modify plant ethylene levels. Acta
Horticulturae 631: 265–73.

Koocheki A, Tabrizi L and Mahallati M N. 2007. The Effects of
Irrigation Intervals and Manure on Quantitative and Qualitative
Characteristics of Plantago ovata and Plantago psyllium. Asian
Journal of Plant Science 6(8): 1 229–34.

Koul A K and Sareen S. 1999. Plantago ovate Forsk: Cultivation,
Botany, Utilization and Improvement. (in) Supplement to Culti-
vation and Utilization of Medicinal Plants, pp 477-95. Hand S
S and Kaul M K (Eds). Regional Research Laboratoary, Council
of Scientific and Industrial Research. Jammu-Tawi, India.

Kumar M, Prasanna R, Bidyarani N, Babu S, Mishra B K, Kumar
A, Adak A, Jauhari S, Yadav Kuldeep, Singh Rajendra and
Saxena A K. 2013. Evaluating the plant growth promoting
ability of thermotolerant bacteria and cyanobacteria and their
interactions with seed spice crops. Scientia Horticulturae 164:
94–101.

Mahdavi B. 2013. Seed germination and growth responses of
Isabgol (Plantago ovata Forsk) to chitosan and salinity.
International Journal of Agriculture and Crop Sciences 10:
1 084–8.

Mishra B K, Singh B, Dubey P N, Joshi A, Kant K and Maloo S
R. 2015. Biochemical characteristics and microbial association
of isabgol (Plantago ovata Forsk.) growing soils in western
arid region of India. African Journal of Microbiology Research
9(10): 695–700.

Niranjan S R, Shetty N P and Shetty H S. 2004. Seed bio-priming
with Pseudomonas fluorescens isolates enhances growth of
pearl millet plants and induces resistance against downy mildew.
Journal of Pest Management 50: 41–8.

Patten C L and Glick B R. 2002. Role of Pseudomonas putida
indole acetic acid in development of host plant root system.
Applied and Environmental Microbiology 68:3 795–801.

Pikovaskaya R I. 1948. Mobilization of phosphorus in soil in
connection with the vital activity of some microbial species.
Microbiologia 17: 362–70.

Raju N S, Niranjana S R, Janardhana G R, Prakash H S, Shetty H
S and Mathur S B. 1999. Improvement of seed quality and
field emergence of Fusarium moniliforme infected sorghum
seeds using biological agents. Journal of the Science of Food
and Agriculture 79: 206–12.

Rana A, Joshi M, Prasanna R, Shivay Y S and Nain L. 2012.
Biofortification of wheat through inoculation of plant growth
promoting rhizobacteria and cyanobacteria. European Journal
of Soil Biology 50: 118–26.

Rana A, Saharan B, Joshi M, Prasanna R, Kumar K and Nain L.
2011. Identification of multi-trait PGPR isolates and evaluating
their potential as inoculants for wheat. Annals of Microbiology
61: 893–900.

Wellburn A R. 1994. The spectral determination of chlorophyll a
and chlorophyll b, as well as total carotenoids, using various
solvents with spectrophotometers of different resolution.
Journal of Plant Physiology 144: 307–13.

Yu X M, Ai C X, Xin L and Zhou G F. 2011. The siderophore-
producing bacterium, Bacillus subtilis CAS15, has a biocontrol
effect on Fusarium wilt and promotes the growth of pepper.
European Journal of Soil Biology 47: 138–45.

57

EFFECT OF NATIVE RHIZOBACTERIA ON ISABGOL



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




