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Abstract

Rhizosphere inhabiting bacteria are indirectly or directly modulate plant growth and physiological attributes by
secretion of unique metabolites. This study was conducted to isolate and characterize rhizobacteria from a halophytic plant
Xanthium strumarium L. to evaluate for their ability to promote growth of maize plant (Zea mays L.). For this purpose four
different rhizobacteria were isolated from X. strumarium growing in Mardan district. All isolates were characterized for the
production of phytohormones (Indole acetic acid (IAA) and Cytokinins), nitrogen fixation, phosphate solubilization and salt
tolerance ability. All the isolates were biochemically characterized and identified as Staphylococcus sp. (Xs1), Arthrobacter
Sp. (Xs2), Enterobacter sp. (Xs3) and Pseudomonas sp. (Xs4). All isolates showed IAA and cytokinins production and one
isolate showed nitrogen fixing ability but none showed phosphate solubilization. Of the isolated strains Xs1 and Xs2 showed
growth in LB agar containing up to 5.5% NaCl concentration. Seed germination experiments revealed increase in root and
shoot lengths, fresh and dry weights of maize seedlings in treated seedlings as compared to control. In pot experiment,
growth parameters such as root length, shoot length, fresh and dry weight after 15 days of growth showed enhancement as
compared to control. Staphylococcus sp. (Xs1) was found most effective to increase growth of maize seedlings.

Key words: Biochemical screening, Phytohormone, Salt tolerance, Zea mays.

Introduction

Rhizosphere is considered as a region of diversified
biological activities and associated plant growth
promoting rhizobacteria (PGPR) which progressively
affects plant growth and productivity (Liangpeng et al.,
2007). PGPR induce growth promotion by stimulating
uptake of phosphorous, nitrogen and production of
phytohormones, whereas hindering growth of plant
pathogen and increase resistance is their indirect effect on
plant growth (Ahemad & Kibret, 2014; Abbasi et al.,
2014). Insoluble phosphates like dicalcium phosphate,
rock phosphate, tricalcium phosphate and hydroxyl
apatite are mainly solubilized by PGPR to convert them
as readily available forms (Rodriguez et al., 2007). Some
other abilities of PGPR include biological nitrogen
fixation and phytohormones production. These hormones
comprises auxins, gibberellins, cytokinins abscisic acid,
salicylic acid, ethylene and jasmonic acid. These plant
regulators interact in a complex way to produce their
physiological effects (Kochar et al., 2013). The utilization
of PGPR as biofertilizer is sustainable and an efficient
alternative to chemical fertilizers (Akbari et al., 2007)
which can improve soil fertility by effective plant-soil-
microbe continuum (Dastager et al., 2011). For improving
plant growth and productivity PGPR have been applied to
crop plants in different forms (Abbasi et al., 2013;
Minorsky, 2008).

Soil salinity is one of the major abiotic stress causes
osmotic stress, ionic imbalances, specific ion toxicity,
nutritional disorders and oxidative damages due to hyper-

accumulation of sodium and chloride ions in cytosol thus
affect plant growth and development (Abdel-Hamid,
2014). Salinity affects both plant productivity and
biodiversity (Fernandez et al., 2010). Halophytes have the
ability to develop on salted soils (Munns & Tester, 2008).
The rhizosphere of halophytes contains high amount of
salts and salt ions such as HCOs, CI, Mg, Na and K
(Liangpeng et al., 2007). Halophytes can complete their
life cycles in NaCl rich environment which is harmful to
other plants species and damage 99% of their population.
These plants have well developed structural and
functional adaptations that enable them to survive in
higher salt stress regimes (Flowers & Colmer, 2008).
Halophytes adapt various mechanisms against the
injurious effects of elevated salinity in soils. These
include adjustment of osmotic balance, ion homeostasis,
production of defensive metabolites and proteins and
stimulation of enzymatic antioxidants systems (Hussain et
al., 2008). Halophytes have adapted certain features to
tolerate high levels of salts due to which they become
unable to nurture without presence of salts. These
adaptations explain their natural distribution (Grigore et
al., 2012). Halophytes grow well in hyper-saline
environments  (Jayaprakashvel et al., 2015). The
rhizosphere of halophytes may have microorganisms with
distinct characteristics (Kebbouche-Gana et al., 2009).
The interaction between halophytic roots and beneficial
microbial association helps the plant to perform normally
under stress conditions (Evelin et al., 2009). These
microbes with diverse metabolic processes have great
potential to be used as PGPR for growth improvement
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and productivity of economically important crops. They
have immense importance in agriculture due to enhancing
plant nutrient exchange and decreasing the dependence on
chemical fertilizers (Ullah & Bano, 2015). The main
objective of this study was to isolate, identify and
characterize PGPR indigenous to rhizosphere of Xanthium
strumarium (a halophyte) and to evaluate their plant
growth promoting ability in Maize (Zea mays).

Materials and Methods

Isolation of rhizosphere inhabiting bacteria: Soil
sample was collected aseptically in polythene bags from
rhizosphere of Xanthium strumarium L. at depth of 6-15
cm, from district Mardan (Karpagam & Nagalakshmi,
2014). Properties of soil samples like pH and EC were
determined. For isolation of rhizobacteria one gram of
soil sample was mixed in 100 mL of sterilized distilled
water and stirred for 20 minutes (Pandya et al., 2014).
From soil suspension, serial dilutions 107, 103, 10, 10,
and 10 were prepared (Sharma et al., 2011). From each
serial dilution about 0.1 mL was spread on Luria Bertani
(LB) agar and Petri plates were incubated in dark at 28-
30°C. Appeared colonies were picked separately and were
streaked on LB agar plates. The purified bacterial
colonies were preserved in 20% glycerol and LB broth in
eppendorf tubes at -80°C (Dastager et al., 2009).

Biochemical characterization of rhizobacteria: All
isolated bacterial colonies were grown on nutrient agar or
nutrient broth for 24 h. Then isolates were characterized
biochemically by Gram staining, Catalase, Urease and
Oxidase reaction, further by Citrate utilization,
Mackonkey agar, H.S production, Indole production,
Methyl-Red-Voges-Proskauer (MR-VP) and Gelatin agar
test using standard methods (Aneja, 2003).

Test for nitrogen-fixing ability of isolates: The visible
finding of nitrogen fixation of the rhizobacteria were
detected by using Nitrogen free semisolid malate medium.
After the incubation for one week at 37°C, the medium
changed color from green to blue green which indicated
that the bacterial isolates had nitrogen fixing ability
(Gothwal et al., 2008).

Phosphate solubilization activity of rhizobacteria:
Similarly, the observation of phosphate solubilization for
these strains was tested by using Pikoviskaya medium.
After one week incubation at 37°C, the appearance of
clear halo zone was indicated that isolates had the ability
to solubilized phosphate (Sharma et al., 2011).

Determination of salt tolerance of the isolates: Salt
range of the isolated strains were determined by culturing
the isolates with different salt concentrations e.g. 1.5, 2,
2.5,3,35,4,45,555and 6 % in LB agar medium/broth
at 30°C for 48 hours (Kumar et al., 2014).

Indole acetic acid (IAA) production in rhizobacteria:
For the determination of 1AA isolates were cultivated on
LB broth containing L- tryptophan (0.1g/L) for 24 hours
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at 28°C at 150 rpm on a shaking incubator in dark. Broth
with bacterial cells was centrifuged at 10,000 g for 15
min. The supernatants were carefully separated and
transferred to sterile test tubes. ImL of each supernatant
was mixed with 1.5 mL of Salkowski's reagent (50 mL
35% HCIO4; 1 mL 0.5 FeCls) and incubated at room
temperature for 30 minutes. Development of pink color
by the isolates indicated IAA production (Mohite, 2013).
The optical density (OD) of the mixture was recorded at
540 nm on Perkin Elmer Lambda 25 UV/VIS
Spectrophotometer.

Cytokinin cotyledon bioassay: For the bioassay of
cytokinin, cucumber seeds were purchased from Tarnab
farm. First of all seeds were germinated on filter paper in
an open plastic tray, autoclaved distilled water was
supplied to these seeds. At room temperature seeds were
incubated in dark for 7 days (Fletcher et al., 1982). From
cucumber seedlings cotyledons were removed after 7 days
that were grown in dark. In sterilized petri plates the
cotyledons were placed containing the specific bacterial
broth. Commercially available synthetic cytokinin 6
bezylaminopurine (BAP) in the bioassay was used as
positive control; the concentration of BAP in positive
control was 25ppm while a negative control was sterile
distilled water (Shore & Sathisha, 2010).

The incubation of cotyledons of cucumber adjacent to
positive and negative control was done in luminous tube
light for 3.5 hours at 22°C. Cotyledons were collected
after incubation, and with the help of motor and pestle,
crushed with 80% acetone. Than the extracts of
chlorophyll were assembled and were centrifuged at 4000
rpm for 10 minutes. The resulting supernatant was used to
measured total amount of chlorophyll using spectrometer
at 663 and 645 nm (Sadasivam & Manickam, 2010).

Germination assay: The bacterial isolates were tested for
their growth promotion/reduction ability. Maize (Zea
mays) seed were selected for germination experiment.
Seeds were inoculated in LB broth (Yadav et al., 2010).
Five seeds were sterilized in 70% ethanol and were kept
in each autoclaved petri dish having filter paper.
Hoagland solution and specific bacterial isolate were
applied on the filter paper. After 7 days of germination,
lengths of seedling and root, fresh weights of shoot and
root and shoot dry weights were recorded for observing
the growth promotion/reduction in maize seedlings
(Kapoor et al., 2011).

Sand culture experiment: Nutrient broth inoculated with
specific bacterial isolates was incubated for 24 hours at
35°C. Maize seeds were soaked in the nutrient broth for 1
hour. Sterilized sand (100 g) was placed in pots along
with the bacterial soaked maize seeds having three
replicates of each. Five seeds were placed in each pot
having 20 mL of Hoagland solution. After 14 days of
growth, observation for root length, shoot length, root
fresh weight, shoot fresh weight, root dry biomass, shoot
dry biomass, leaves fresh biomass, leaves dry biomass
and total chlorophyll were recorded (Aziz et al., 2015).
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Data analysis

Data of the recorded parameters were subjected to one
way analysis of variance, Duncan’s New Multiple range
test were performed to determine the significant difference
(p<0.05) between the means of different treatments.

Results

Biochemical and physiological characterization: Four
isolates, isolated from rhizosphere of Xanthium
strumarium were biochemically characterized. The results
of Gram’s reaction showed that out of four isolates two
were cocci (one Gram positive and other negative) and
identified as Staphylococcus sp. (Xs1) and Arthrobacter
Sp. (Xs2), respectively. While other two were Gram
negative rods and identified as Enterobacter sp. (Xs3) and
Pseudomonas sp. (Xs4) (Table 1). All isolates were
catalase and citrate positive and none of the isolate
showed positive reaction to oxidase, VP, MSA, Indole
and Macconcky agar. Three of the isolates (Xs1, Xs2 and
Xs3) showed positive reactions to MR except Xs4. Isolate
Xs4 showed nitrogen fixation and none of isolates showed
phosphate solubilization (Table 1).

Salt tolerance: All the isolated strains showed growth in
LB agar containing 4.5% of NaCl. Isolates Xs1 and Xs2
showed growth at 5.5% of NaCl, whereas isolates Xs3
and Xs4 did not show any growth even at 5% salt
concentration. None of the isolates showed growth at
6% NaCl concentration. Results of salt stress are given
in (Table 2).

IAA production: All of the isolates showed significant
(p<0.01) increase in IAA production. The concentration
of IAA produced by different isolates ranged from 16.52 -
25.20pg/ml. The highest quantity of IAA was 25.20ug/ml
produced by isolate Xs1. Most significant amount of IAA
produced by Xsl (25.20pg/ml) (Fig. 1a).

Cytokinin production: All of the isolates showed
significant (p<0.01) increase in cytokinins production.
The concentration of cytokinin produced by different
isolates ranged from 258.03 - 263.74 pg/mL. The highest
quantity of cytokinin was 263.74 pg/mL produced by
isolate Xs4 (Fig. 1b).

Table 1. Biochemical and physiological characteristics of isolates Xanthium strumarium.

Strain Xsl1 Xs2 Xs3 Xs4
(Staphylococcus sp.) | (Arthrobacter sp.) (Enterobacter sp.) (Pseudomonas sp.)
Shape C C R R
G stain + - - -
Catalase + + + +
Oxidase - - - -
Urease - - - +
Macconkey - - - -
MR + + + -
VP - - - -
Citrate + + + +
MSA - - - -
Indole - - - -
H2S - + - -
Gelatin + - + -
TSIA Nd Nd Nd Nd
N> fix - - - +
PO4 - - - -
Key: (+) Present, (-) Absent, (C ) Cocci, (R ) Rod
Table 2. Salt range of bacterial isolates from Xanthium strumarium.
NaCl concentrations (%) Strains
Xs1 Xs2 Xs3 Xs4
(Staphylococcus sp.) (Arthrobacter sp.) (Enterobacter sp.) (Pseudomonas sp.)
1.5 + + + +
2 + + + +
2.5 + + + +
3 + + + +
3.5 + + + +
4 + + + +
4.5 + + + +
5 + + - -
5.5 + + - -
6 - - - -

Key: (+) Present, (-) Absent
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Fig. 1. Production of IAA (a) and cytokinins (b) by

rhizobacterial isolates. Error bars are SE from three replicates
per same treatment. Staphylococcus sp. (Xsl), Arthrobacter Sp.
(Xs2), Enterobacter sp. (Xs3) and Pseudomonas sp. (Xs4)

Germination Bioassay

a. Germination percentage: In bioassay maximum
germination percentage was obtained with isolate Xs4
(100%) as compared to control (60%). Isolate Xs1 did not
show any increase or decrease in germination percentage.
Isolates Xs2 and Xs4 showed non-significant increase in
germination percentage whereas isolate Xs3 showed
significant (p<0.01) decrease in germination percentage
(Fig. 2a).

b. Shoot length: The results showed maximum shoot
length (up to 65.133 cm) in Xs2 treated seedlings as
compared to controls (24.76 cm). Isolate Xs1 (p<0.05),
Xs2 (p<0.01) and Xs4 (p<0.01) showed significant
increase in shoots lengths. Isolate Xs3 revealed non-
significant decrease in shoot length (Fig. 2b).

¢. Root length: Results indicated that isolates Xsl
(p<0.05), Xs2 (0.01) and Xs4 (p<0.01) significantly
increased the root length in maize. Whereas, isolate Xs3
showed non-significant increase in root length (Fig. 2c).
Maximum root length (51.3 cm) was recorded in Xs2
treated seedlings as compared to control (18.36 cm).
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d. Fresh weight: Results showed that isolates Xsl1
(p<0.01), Xs2 (p<0.01), Xs3 (p<0.05) and Xs4 (p<0.01)
showed significant increase in the fresh weight of maize
(Fig. 2d). Maximum fresh weight was recorded in the
presence of isolate Xs2 (2.066 g) compared to control
(0.236 g).

e. Dry weight: Data indicated that isolate Xs1 showed
non-significant increase in the dry weights, whereas
isolates Xs2 (p<0.01), Xs3 (p<0.01) and Xs4 (p<0.01)
significantly increased the dry weights of maize (Fig. 2e).
Maximum dry weight was recorded in the presence of
isolate Xs4 (0.11687 g) compared to control (0.02733 g).

Seedling growth in sand culture

a. Germination percentage: Maximum germination
percentage was obtained in the presence of isolate Xs1
(80%) as compared to control (60%). Isolate Xs1 showed
non-significant increase in germination. Isolates Xs3 and
Xs4 showed non-significant decrease in germination
percentage whereas Xs2 showed significant (p<0.05)
decrease in germination percentage (Fig. 3a).

b. Chlorophyll content: Maximum chlorophyll content
was noted in the presence of isolate Xs4 (30.23 SPAD
units) related to control (24.9 SPAD units). Significant
decrease in chlorophyll content was noted in the presence
of isolates Xs2 (p<0.05) and Xs3 showed non-significant
decrease. Non-significant increase in content of
chlorophyll was recorded in the presence of isolates Xs1
and Xs4 (Fig. 3b).

c. Shoot length: The results showed that highest shoot
length (69.05 cm) was noted in the presence of isolates
Xsl as compared to control (26.34 cm). Isolate Xsl
showed significant (p<0.01) increase in shoot length.
Non-significant decrease in shoot length was noted in the
presence of isolate Xs2. Isolates Xs3 and Xs4 showed
non-significant increase in shoot length (Fig. 3c).

d. Root length: Maximum root length (86.37 cm) was
noted in the presence of isolate Xs1 (p<0.01) as compared
to control (26.81 cm). Isolates Xs2 Xs3 and Xs4 showed
non-significant increase in root length (Fig. 3d).

e. Fresh weight: Data revealed maximum fresh in plants
treated with isolate Xs1 (4.97 g) as compared to control
(1.969 g). Isolate Xsl1 showed significant (p<0.01)
increase in fresh weight. Isolates Xs2 Xs3 and Xs4
showed non-significant increase in fresh weight (Fig. 3e).

f. Dry weight: Results indicated that non-significant
increase in the dry was recorded in the presence of all the
isolates but isolate Xsl1 showed significant (p<0.01)
increase in dry weight. Maximum dry weight was
recorded in the presence of isolate Xsl (0.526 g)
compared to control (0.0556 g) (Fig. 3f).
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Discussion

Rhizosphere of Xanthium strumarium showed the
presence of four bacterial isolates of which only one
isolate showed H,S production and one exhibited gelatin
liquefaction while one isolate was urease positive.
Comparable results were attained by Donate-Correa et
al., (2005). Greater number of Gram negative strains
were isolated from the rhizosphere of Chamaecytisus
proliferus as compared to gram positive strains (Donate-
Correa et al., 2005). Based on the findngs of this
experiment where we found cocci and rod shaped
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Fig. 2. Effect of rhizobacterial isolates treatments on seed
germination (a) and growth characteristics [shoot length (b), root
length (c), fresh weight (d) and dry weight (e)] of maize in
bioassay. Error bars are SE from three replicates per same

treatment.  swphylococcus  sp.  (Xs1), Arthrobacter Sp. (Xs2),
Enterobacter sp. (Xs3) and Pseudomonas sp. (Xs4).
bacterial species it was studied that Parray et al., (2013)

observed greater abundance of gram negative rods were
obtained from rhizosphere of saffron. We performed
different biochemical tests of the isolates and identified
the isolates as Staphylococcus sp. (Xsl), Arthrobacter
Sp. (Xs2), Enterobacter sp. (Xs3) and Pseudomonas sp.
(Xs4). Staphylococcus sp. previously isolated from the
mangrove rhizosphere, the habitat with higher saline
concentration (Holguin et al., 1992) as well as from the
rhizosphere of cultivated crop Arachis hypogaea, the
habitat with normal saline concentration, however,
strains were characterized as halotolarant (Sarkar et al.,
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2012). Arthrobacter species were reported from saline
infested zone of wheat and tomato rhizosphere with
stress tolerant activity (Upadhyay et al., 2009; Banerjee
et al., 2010). Similarly, Enterobacter (George et al.,
2013; Shoebitz et al., 2009) and Pseudomonas strains
(Lugtenberg & Dekkers, 1999; Ozawa et al., 2007) were
isolated from the rhizosphere of diverse plant species
with their intrinsic ability to tolerate abiotic stresses.
Nitrogen fixation ability of the isolates is a vital process
for plant growth promotion. The transmission of
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nitrogen among diazotrophic nitrogen fixers and the
roots of various crops have been verified (Tajini et al.,
2012). Several studies have characterized the genus
Pseudomonas as diazotrophicus microbe that have been
isolated from the rhizosphere of cultivated plants
including rice (Mirza et al., 2006), sugarcane (Ashraf et
al., 2011) and legumes (Ahmad et al., 2008). The use of
nitrogen fixers are recommended to decrease the need of
chemical fertilizers to reduce the cost of plant
production (Saharan & Nehra, 2011).
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Fig. 3. Effect of rhizobacterial isolates treatments on seed germination (a) and growth characteristics [chlorophyll content (b), shoot
length (c), root length (d), fresh weight (e) and dry weight (f)] of maize seedlings grown in sand culture. Error bars are SE from three
replicates per same treatment. Staphylococcus sp. (Xsl), Arthrobacter Sp. (Xs2), Enterobacter sp. (Xs3) and Pseudomonas sp. (Xs4).
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Present studies showed that Xs1 and Xs2 were found
to be more salt tolerant strains compared to Xs3 and Xs4.
Damodaran et al., (2013) observed sixteen strains of
rhizobacteria isolated from sodic rhizospheres, of which
he reported only five strains that tolerated high salt stress
(7.5% NacCl). Another interesting report suggested greater
diversity of rhizobacteria in the soil consisting high
salinity compared to the soil with lower level of salinity
(Yang et al., 2016). According to earlier reports bacterial
strains isolated from soil of high salinity are expected to
tolerate salt stress (Upadhyay et al., 2009). Possession of
PGP traits by such bacteria on the other hand, would be
perfect for practice in supportable agriculture
(Egamberdiyeva & Islam, 2008). Some of bacterial
isolates in our study displayed different plant growth
promoting characters like synthesis of auxins, cytokinin
as well as nitrogen fixation. The bacterial isolates could
display multiple growth stimulating properties, which
may enhance plant growth by different direct or indirect
mechanisms (Joseph et al., 2012).

Synthesis  of phytohormones like IAA in
rhizobacteria is one of the most frequently described
mechanisms (Patten & Glick, 2002) and consider as the
most common and important trait of PGPR (Zahid, 2015).
Results showed that Xs1 found most effective in term of
IAA synthesis compared to other isolates. Production of
auxins is recognized and corporate character of root allied
bacteria (Ahmad et al., 2005). Cytokinins are main group
of plant hormones that produce by PGPR, which is
consider as a direct plant growth promoting mechanism
(Castro et al., 2008). Highest synthesis of Cytokinins was
studied in the isolate Xs4, followed by Xs3. Cytokinins
are responsible for controlling apical dominance and
controls growth of root and shoot, senescence of leaf and
development of chloroplast (Oldroyd, 2007). Previously,
it was reported that several soil inhabiting bacteria have
intrinsic ability to synthesize cytokinins or gibberellins or
both crucial plant regulators (Kang et al., 2009).

Inoculation of Maize seeds with bacterial isolates
considerably enhanced seed germination and different
growth parameters. Significant increase in length of shoot
and root, fresh and dry mass of maize was detected in
seedlings treated with different isolates. Similar results
were also reported by Anbumalar & Ashokumar (2015).
Seedling length of crops like cotton, Jatropha, okra and
sorghum was significantly increased due to PGPR isolate
M5 as compared to un-inoculated control (Anbumalar &
Ashokumar, 2015). However, improved root length, plant
height, fresh and dry weight of both root and shoot was
observed with test isolates compared to control (Bhatt &
Vyas, 2014). Lwin et al., (2012) isolated four best 1AA
producers (R1, R3, R5, R8) from 18 isolates for further
studies on maize where he observed that the rate of seed
germination was not affected significantly by treatment
with isolates. In pot experiment, rhizobacterial isolate (R1)
improved fresh and dry weight of shoot and height while
treatment R3 significantly improved fresh and dry weight
of root, root length, and number of adventitious roots (Lwin
et al, 2012). All bacterial isolate increased rate of

germination, root length, root number and root mass of the
germinated seeds of Triticum aestivum and in pot
experiment comparative to control (Aziz et al., 2015).
Inoculation of Cynara scolymus with plant growth
promoting bacteria significantly increased different growth
parameters like rate of seed germination, length and weight
of seedlings (Jahanian et al., 2012; Jarak etal., 2012).

Conclusion

The study concluded that rhizospheric bacteria of
Xanthium strumarium had multiple plant growth
promoting characters. Although all isolated species had
great capacity to act as PGPR but Staphylococcus sp.
(Xs1) performed much better performance as compare to
others. So, this study supports the use of PGPR as
biofertilizers which effectively improved plant growth
and productivity.
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