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Abstract

This paper presents the efficacy of PGPR (Azospirillum and Pseudomonas) and its modulation by salicylic acid. Two
hybrids of sunflower (Hysun and Parsun) were inoculated with Azospirillum spp. and Pseudomonas spp. prior to sowing.
Salt stress (20 dSm-1) was applied 28 d after sowing followed by foliar spray of salicylic acid (100 µM) after 4 h of salt
treatment. Azospirillum and Pseudomonas inoculation alone and in combination with salicylic acid alleviated the effects of
salt stress on both the sunflower hybrids. The salt tolerance in these treatments was mediated by an increase in relative water
content, carotenoids, proline, ABA, induction of new polypeptide bands and yield of sunflower hybrids. In response to salt
stress four new polypeptide bands were synthesized in both Hysun, whereas, a group of six polypeptide bands were
observed in Parsun. Application of salicylic acid alone and in combination with Azospirillum found to induce four new
polypeptide bands in Hysun and Parsun. It is inferred that synthesis of new proteins in response to the combined application
of salicylic acid and Azospirillum under salt stress, may play an important role as stress proteins in tolerance of sunflower
hybrids to salt stress.

Key words: Azospirillum, Phytohormones, Pseudomonas, SDS-PAGE.
Introduction
The most important abiotic stress is salinity, which is
increasing day by day and reducing the agricultural
productivity in large areas of the world (Hasanuzzaman et
al., 2013). The destructive effects of accumulation of salt
in agricultural soils have influenced both modern and
ancient civilizations (Ahmad et al., 2012). The reduction
in plant growth and yield due to salinity is especially
severe in the arid and semi-arid regions of the world
because soil salinity is a common feature of arid and
semi-arid regions of the world (Ashraf, 2004). The
agriculture of Pakistan is also facing the salinity problems
affecting crop production by disturbing nutrient and water
balance of plants due to high concentrations of salts in the
soil (Munns & Tester 2008. Salinity stress inhibits the
plant growth severely mainly in two ways; first by the
water deficit or osmotic effects of salt stress and second
by ion excess or salt-specific effects (Sobhanian et al.,
2010). The enhancement of salt tolerance in crops is
highly challenging as it involves participation of multiple
physiological and biochemical pathways (Babu et al.,
2012). Adaptation to salinity stress requires modifications
in the gene expression and protein profile of the plant. It
is a complex process at the cellular and whole plant
levels. The proteome or protein profiling is not static but
somewhat responsive to many external and internal
factors (Zhu et al., 1995). According to Zörb et al. (2004),
for the verification of molecular mechanism of salt
tolerance, the identification of the differentially-regulated
proteins are quite helpful in the analysis of changes in
gene expression under salt stress.
Many efforts have been made to minimize the severe
effects of salt stress on the crop growth and productivity.
Biological approaches such as inoculation of seeds/plants
with plant growth promoting bacteria (PGPR) and
application of growth regulators to induce resistance
against stress have already been attempted (Hayat et al.,

2010). The most suitable solution or method/approach in
this regard is to use the salt tolerant bacterial isolates that
may induce salt tolerance thus being useful in facilitating
plant growth and yield under salt stress (Bacilio et al.,
2004). PGPR may prevent the harmful effects of one or
more types of environmental stresses (Woitke et al.,
2004). Azospirillum is the most researched associative
bacterium (Barassi et al., 2006). Different type of stress
conditions may be helpful in emphasizing its growth
promoting effects on plants (Barassi et al., 2000). Mayak
et al. (2004) has reported the beneficial effects of
Azospirillum in alleviation of salt and drought stress
conditions. Phosphorus solubilizing bacteria are known to
play an important role in the solubilization of unavailable
types of soil phosphorus and maintenance of nutrient
status of soil (Khan et al., 2006). Phosphorus solubilizing
bacteria such as Pseudomonas in combination with
growth regulator (salicylic acid) have been reported for its
positive effects on plant growth under salt stress (Naz &
Bano, 2013).
Salicylic acid is a hormone-like endogenous growth
regulator playing defensive role against biotic and
abiotic stresses (Szalai et al., 2000). Salicylic acid
application may alleviate the toxic effects of salt stress
due to its significant role in stomatal regulation, growth,
yield and photosynthesis (Arfan et al., 2007). It has also
role in inducing systemic type of resistance in plants
(Delaney, 2004).
The aim of the present study was to determine the
effects of PGPR isolates (Azospirillum and
Pseudomonas) and growth regulator (Salicylic acid)
under salt stress conditions on the physiological
properties, hormonal status and yield of sunflower.
Another objective was to investigate the effectiveness of
Azospirillum, Pseudomonas and salicylic acid on the
protein profile SDS-PAGE in mitigating the adverse
effects of salt stress on the growth of sunflower plants.
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Materials and Methods
An experiment was conducted in the net house of
Quaid-i-Azam University, Islamabad. Seeds of two
sunflower hybrids (Hysun and Parsun) were selected and
obtained from Oil Seed Program, National Agriculture
Research Centre (NARC), Islamabad.
Inoculum preparation and application: Azospirillum
was isolated from arid field (14% soil moisture) and
has been identified as Azospirillum brasilience
(Accession number GQ 255949) (Ilyas & Bano 2010).
Phosphate solubilizing bacteria Pseudomonas isolated
from rhizosphere soil of Khewra salt range (ECe; 4300
dS/m) was identified on the basis of colony
morphology, Quick Test Strip (QTS) test and
phosphate solubilization (Yasmin & Bano, 2011. Fresh
culture of Azospirillum (Ilyas & Bano, 2010) was
prepared by using LB medium (Miller, 1972).
Similarly culture of Pseudomonas was prepared in
Pikovskaya’s media (Pikovskaya, 1948).
The seeds (10 seeds/pot) were sown in earthen pots
(25x40 cm2) with drainage hole, containing soil and
sand 3:1 under natural conditions, using a Completely
Randomized Design (CRD). The seeds were soaked
overnight in cultures of Azospirillum and Pseudomonas
prior to sowing. A week after germination the plants
were thinned to five per pot. The plants were watered
daily as required. All the treatments including control
were triplicated
Induction of salt stress: The application of salt started
four weeks after sowing. Aqueous solution equal to
ECe= 20 dSm-1 of NaCl was applied to the rhizosphere
soil of potted plants till saturation; the required salt
concentration was maintained by measuring electrical
conductivity and pH of soil. The control plants watered
as and when required. Salicylic acid (100 µM) was
sprayed to plants 4 h after the salt treatment. The
electrical conductivity of the soil from representative
pots was monitored regularly to ascertain actual NaCl
concentrations in the rooting medium.
Treatments made
Treatments
Control
NaCl (20 dsm-1)
Pseudomonas + NaCl
Salicylic acid (100 µM) + NaCl
Azospirillum + NaCl
Pseudomonas + Salicylic acid + NaCl
Azospirillum + Salicylic acid + NaCl

Symbols
C
S
P+S
SA+S
A+S
P+SA+S
A+SA+S

Sampling: Young and fully expanded leaves in three
replications were collected during 1000 h–1200 h to
analyze the relative water content, carotenoids, proline
content, protein content and phytohormone production 7 d
after the induction of salt treatment.

Relative water content (RWC): Relative water content
of leaves was determined following the method given by
Gupta (1995). The leaves (number 2) of plants were
harvested from plant and weighed. Than soaked in
distilled water for 24 h. The fully turgid leaves were
again weighed. There after leaves were dried in oven for
72 h at 70ºC.
Relative water content was calculated by applying the
formula:
RWC (%) = (FW – DW) / (FTW – DW) x 100
where:
RWC = Relative water contents
FW = Fresh weight
DW = Dry weight
FTW = Fully turgid weight
Carotenoid content: Carotenoid content was estimated
according to the method of Lichtenthaler & Wellburn
(1983). The leaf material (0.05 g) in 10 mL
dimethylsulfoxide (DMSO) was heated at 65° C for 4 h
and then the absorbance of extract was recorded at 665
and 645 nm.
Carotenoid content = AOD (470 nm) × 4
Protein content (µg/g): Protein content of leaves
harvested at vegetative stage was determined following
the method of Lowry et al. (1951) using Bovine Serum
Albumin (BSA) as standard.
Fresh leaves 0.1 g were ground with the help of
mortar and pestle in 1 mL of phosphate buffer pH 7.5
with the help of mortar and pestle and was centrifuged for
10 min at 3000 rpm. The supernatant (0.1 mL) was
poured in the test tubes. Distilled water was added to
make the total volume of 1 mL was made with distilled
water.1 mL of reagent C was added. After shaking for 10
min 0.1 mL of reagent D was added. The absorbance of
each sample was recorded at 650 nm after 30 min
incubation. The concentration of protein content was
determined with reference to standard curve made by
using standard BSA (Bovine Serum Albumen). The BSA
of different concentrations viz., 20, 40, 60, 80, 160, 320
and 640 mg were prepared. Finally the absorbance of
protein extract and BSA was recorded at 650 nm.
Proline content of leaves (µg/g): Proline content of
leaves was estimated following the method of Bates et al.
(1973). Fresh plant material (0.1 g) was homogenized
with 4 mL sulfosalicylic acid (3.0%) in mortar and placed
overnight at 5oC. Suspension was centrifuged at room
temperature at 3000 rpm for 5min. Supernatant was
mixed with 4 mL acedic ninhydrin reagent. Reaction
mixture was shaken; the contents in the tubes were heated
in boiling water bath for 1 h. Thereafter content in the
tubes were cooled and the mixture was extracted with 4
mL of toluene in a separating funnel. The absorbance of
toluene layer was recorded at 520 nm.The concentration
of the unknown sample was calculated with reference to
the standard curve.
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Determination of protein profile: The determination
and identification of different protein fractions from
achenes of sunflower hybrids was done by using
polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulphate (SDS-PAGE). Gels were
stained by Coomassie brilliant blue R-250 and destained
with 5% methanol/acetic acid mixture (Laemmili, 1970).
The destained gels were photographed and protein
banding patterns were analyzed quanlitatively using a
Gel Documentation System (Bio-Rad).
Hormone analysis
Extraction and purification of ABA: The extraction and
purification was made following the method of Kettner &
Doerffling, (1995).
The plant leaves (1 g) were ground in 80% methanol,
at 4◦C with an antioxidant butylated hydroxy toluene
(BHT). The leaf was extracted at 4◦C for 72 h with
subsequent change of solvent. The extracted sample was
centrifuged and the supernatant was reduced to aqueous
phase using rotary film evaporator .The pH of aqueous
phase was adjusted to 2.5-3.0 and partitioned four times
with ½ volume of ethyl acetate. The ethyl acetate was
dried down completely using rotary thin film evaporator
(RFE). The dried sample was re-dissolved in 1 mL of
methanol (100%).
Samples ware analyzed on HPLC (Shimadzu, C-R4A
Chromatopac; SCL-6B system controller) using U.V.
detector and C-18 column. For identification of
hormones, samples filtered through 0.45-millipore filters
were injected into column. Pure ABA was used as
standard for identification and quantification of plant
hormone. This growth hormone is identified on the basis
of retention time and peak area of the standards.
Methanol, acetic acid and water (30:1:70) were used as a
mobile phase. For ABA the injected sample was eluted
with 0.1% acetic acid and methanol (30-70 % methanole,
linear gradient over 30 min) at 254 nm wavelength.
Determination of salicylic acid: Salicylic acid was
extracted and purified according to the method of Enyedi
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et al. (1992) and Seskar et al. (1998) with some
modifications.
Seed phosphorus contents: The total seed phosphrus
was determined by wet digestion procedure.
Statistical analysis of data: The effect of salt stress on
host plants was observed on daily basis and samples were
collected in three replications per treatment to analyze the
relative water content, carotenoids, proline / protein
content and phytohormone production after 7 d of salt
stress. The data were subjected to factorial Analysis of
Variance (ANOVA) and the mean values were compared
with Duncan’s Multiple Range Test (DMRT) using
MSTAT-C version 1.4.2.
Results and Discussion
Soil used for cultivation was analyzed prior to
sowing and was found sandy loam having pH 8.5 and
ECe varied between 700–856 dS/m.
Relative water content: Results shown in Table 1
indicated that salt stress has no significant decrease in the
relative water content in Hysun. Similar non-significant
responses were observed after the inoculation with
Pseudomonas, Azospirillum and Azospirillum+SA under
NaCl stress. In contrast, Pseudomonas inoculation + SA
treatment exhibited significant increase of 17% in relative
water content of leaves as compared to NaCl treatment
made alone. In Parsun relative water content was
significantly decreased by 14% under NaCl treatment as
compared to un-stressed control. Maximum significant
increase of 28% in relative water content was observed in
Pseudomonas + SA as compared to un-inoculated NaCl
stressed plants. The lack of any significant effect of salt
on relative water content of leaves of Hysun as compared
to Parsun also suggest the better water conservation
mechanism of the former hybrid to sustain the adverse
effects of salt on water economy of plants. The SA was
significantly more effective in combination with
Pseudomonas to ameliorate the adverse effect of salt.
Agarwal et al. (2005) reported that SA decreased the
transpiration and increased the relative water content.

Table 1. Effect of Azospirillum, Pseudomonas and Salicylic acid on Relative Water content (%age) and Osmotic
Potential (-MPa) of two Sunflower hybrids (Hysun & Parsun) under salt stress. Azospirillum and Pseudomonas
were applied as seed soaking treatment prior to sowing. Salt stress was induced after 28 d of sowing and salicylic
acid was applied after 4 h of induction of salt stress. Plants were harvested 7 d after application of 20 dSm-1NaCl.
Treatments

Hysun (RWC (%))

Parsun (RWC (%))

ab

70.47b

S

b

66.07

60.60c

P+S

65.73b

67.57b

SA+S

b

66.40

70.07b

A+S

61.13c

75.53a

P+SA+S

77.57a

77.57a

A+SA+S

c

68.37b

C

70.03

61.97

All means which share different letters are significantly different at 5 % level of significance
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Table 2. Effect of Azospirillum, Pseudomonas and Salicylic acid on Carotenoid contents of two Sunflower hybrids
(Hysun & Parsun) under salt stress. Azospirillum and Pseudomonas were applied as seed soaking treatment prior
to sowing. Salt stress was induced after 28 d of sowing and salicylic acid was applied after 4 h of induction of salt
stress. Plants were harvested for the determination of carotenoid content 7 d after application of 20 dsm-1NaCl.
Treatments
Carotenoids content (mg/g) Hysun
Parsun
C
2.26a
2.150a
d
S
0.60
1.440c
1.743b
P+S
1.81ab
a
SA+S
2.17
1.960a
c
1.423c
A+S
1.15
a
1.700b
P+SA+S
2.15
b
1.843ab
A+SA+S
1.60
All means which share different letters are significantly different at 5 % level of significance

Carotenoid content: Carotenoids serve as accessory
pigments and also assist in scavenging free radicals (Paiva
& Russell, 1999). In Hysun and Parsun, the carotenoid
contents were significantly reduced under NaCl stress as
compared to control that was also reported by El-Tayyab,
2005. Foliar application of SA under salt stress resulted in
significant increase in carotenoid content of leaves
compared to stress control (Table 2). The marked
decrease in carotenoid content of the sensitive hybrid
Parsun as compared to Hysun suggest the better defense
strategy in Hysun mediated by free radical scavenging
activity of carotenoids.
Leaf proline content: The NaCl stress caused increase in
accumulation of leaf proline in both the hybrids of sunflower
as compared to control (Fig. 1). The higher accumulation of
proline in leaves of inoculated plants under salt stress may
contribute to cellular adaptation to salt stress as reported by
Jain et al. (2001). According to Stewart & Lee (1994) and
Maiti et al. (2000) proline accumulation is a mechanism for
plant adaptation to abiotic stress conditions and also act as
source of energy, carbon and nitrogen for recovery. In
Hysun, NaCl exhibited significant (73%) increase in leaf
proline as compared to control. In Parsun there was nonsignificant increase (12%) in leaf proline under NaCl stress
as compared to control. The Pseudomonas inoculation in
conjunction with foliar application of SA as well as SA
treatment made alone caused significant increase in leaf
proline accumulation as compared to un-inoculated NaCl
stressed plants. Shakirova et al. (2003) also reported
enhanced accumulation of proline in wheat seedlings treated
with SA. Pseudomonas inoculation under unstressed
conditions did not affect the leaf proline content of maize as
reported by Bano & Fatima (2009).
Leaf protein content and changes in protein profile:
The NaCl treatment significantly decreased leaf protein
content of both the hybrids as compared to un-stressed
control. The percent decrease (64%) was significantly
greater in Parsun. All the treatments under salt stress
significantly increased the leaf protein content as
compared to salt treatment alone at p<0.05. Foliar
application of SA induced 126% and 274% increase in
protein content in Hysun and Parsun respectively as
compared to salt treatment made alone. Plants produce
proteins in response to abiotic and biotic stress and many
of these proteins are induced by phytohormones including
SA (Jin et al., 2000). The Pseudomonas + SA treatment

showed 117% and 260% increase in leaf proteins in
Hysun and Parsun respectively as compared to NaCl
treatment made alone (Fig. 2).
The electrophoretic pattern of achene’s protein of
both the hybrids (Fig. 3) differed in different treatments.
Seed protein, DNA marker, morphological and
biochemical properties have been used for analyzing the
genetic diversity within and between different species
(Miernyk & Hajduch, 2011; Tavaud-Pirra et al., 2009).
Salt stress induced four new polypeptide bands of
molecular weight 20, 50, 65 and 85 KDa in Hysun,
whereas, six polypeptide bands of 23, 30, 40, 45, 85 and
100 KDa were observed in Parsun. Under salt treatment
there was a disappearance of two bands of 45 KDa and
58 KDa and four polypeptide bands of 20, 25, 57 and 60
KDa molecular weight in Hysun and Parsun,
respectively. It has been reported that salinity causes a
decrease in intensity of several protein bands in Brassica
parviflora (Parida et al., 2004) and the degree of
decrease of these protein bands seems to be proportional
to the external NaCl concentration. The polypeptide
bands of 70 KDa and 23 KDa was appeared in all the
treatments in Hysun except salt-stressed control, while
in Parsun there was a disappearance of 70 KDa in all the
treatments and appearance of 23 KDa in Azospirillum +
SA treatment. The polypeptide band of 85 KDa was
present in plants exposed to salt stress and in the SA and
Azospirillum + SA treatment in Hysun, while in Parsun
it was disappeared in all the treatments except salt
stressed treatment. In Hysun the band of 100 KDa of
high intensity was appeared in SA treatment and
Azospirillum + SA under salt stress. In the foliar
application of SA there was four new polypeptide bands
of 23, 45, 70 and 100 KDa was appeared in Hysun and
four polypeptide bands of 20, 26, 57 and 60 KDa in
Parsun as compared to salt treatment alone.
ABA accumulation in leaves: The NaCl treatment
exhibited 138% and 89% increase in ABA accumulation
in Hysun and Parsun respectively as compared to
unstressed control (Fig. 4). Taylor et al. (2000) reported
that ABA level could be elevated in response to various
environmental stresses. The Azospirillum inoculated
plants receiving foliar application of SA significantly
increased the endogenous ABA level in leaves which was
113% of un-inoculated salt stressed plants. The growth
promotion of plants treated with Azospirillum lies in its
ability to produce and metabolize various phytohormones
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(Cassan et al., 2001) that improves root growth,
absorption of water and minerals subsequently resulting
in higher yield and more productive plants (Dobbelaere et
al., 2001). In Parsun, the Azospirillum inoculation
receiving foliar application of SA significantly (p<0.05)
increased (55%) the endogenous ABA accumulation in
leaves as compared to Azospirillum and Pseudomonas
inoculation made alone. Application of SA alone and in
combination with Azospirillum to plants increased ABA
level has previously been reported by Shakirova et al.
(2003). The production of ABA was also reported by
Azospirillum brasilense sp 245 (Cohen et al., 2008).

Fig. 1. Effect of Azospirillum, Pseudomonas and salicylic acid
on proline contents (µg/g) of two sunflower hybrids under salt
stress.
Values with different letters are significantly different at p<0.05.
C= un-inoculated control, S= un-inoculated exposed to salt
stress (20 dSm-1), P+S= inoculated with Pseudomonas and
exposed to NaCl stress (20 dSm-1), SA+S= foliar application of
Salicylic acid and exposed to NaCl stress (20 dSm-1), A+S=
inoculated with Azospirillum and exposed to NaCl stress (20
dSm-1), P+SA+S= inoculated with Pseudomonas and foliary
applied Salicylic acid exposed to NaCl stress (20 dSm-1),
A+SA+S= inoculated with Azospirillum and foliary applied
Salicylic acid exposed to NaCl stress (20 dSm-1).

Fig. 2. Effect of Azospirillum, Pseudomonas and salicylic acid
on protein contents (µg/g) of two sunflower hybrids under salt
stress.
Values with different letters are significantly different at p<0.05.
Labelling is explained in Figure 1.
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SA contents in leaves: Similar to ABA, basal level of
endogenous SA concentration was relatively lower in
Parsun as compared to Hysun (Fig. 5). The NaCl
treatment
non-significantly increased
the total
endogenous SA concentration in Hysun. The SA
application was unable to have any significant effect on
endogenous SA production. The inoculation with
Pseudomonas, Azospirillum alone and in combination
with SA significantly increased the total SA content. The
maximum increase (244%) was due to the combined
application of Pseudomonas and SA under salt stress. In
Parsun, the NaCl treatment resulted in significant increase
in SA content. The maximum increase of 113% in SA
was due to the combined application of Pseudomonas +
SA under salt stress. SA appears to participate in the
maintenance of water budget, osmoregulation as well as
antioxidant responses.
Number and weight of achene’s / capitulum: Results
showed that NaCl treatment significantly decreased
number of achene per capitulum by 35% and 39% as
compared to control in Hysun and Parsun, respectively
(Table 3). All the treatments significantly increased the
number of achene per capitulum as compared to NaCl
treatment. Foliar application of salicylic acid in Hysun
was found to be significantly (75%) more effective to
increase the number of achene per capitulum and this
increase followed by Pseudomonas inoculation (47%) as
compared to NaCl treatment. In Hysun, NaCl treatment
significantly decreased achene’s weight by 50% and
21% as compared to control (Table 3). In Parsun, salt
treatment decreased the achene’s weight by 21% of the
control. All the treatments significantly increased the
achene’s weight as compared to salt stress. Zahir et al.
(2009) reported that Pseudomonas under salt stress
increase the yield of wheat plant. Yield increases with
SA application has been reported in different crop
species (Singh & Usha, 2003; Khodary, 2004; El-Tayeb,
2005), which is attributed to the observed increase in the
number of spikelets and number of grains, SA is known
to upregulate flower induction in maize (Khan et al.,
2003) and wheat (Sairam et al., 2002).
Seed phosphorus content: In Hysun and Parsun, NaCl
treatment significantly decreased the seed phosphorus
contents by 62% and 61% respectively over that of
control (Table 4). The Pseudomonas + SA treatment
exhibited maximum significant increase (247% and
187%) in seed phosphorus contents as compared to salt
treatment in both the varieties. Foliar application of SA
in Hysun and Azospirillum inoculation in Parsun had no
significant effect on seed phosphorus content, while all
other treatments significantly increased the seed
phosphorus content. This may be due to the ability of
Pseudomonas to solubilize and mobilize the phosphorus
(Rajendra et al., 1998). Many researchers reported
increased seed P content by phosphate solubilizing
microorganisms (Zaida et al., 2003).
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Fig. 3. SDS-PAGE protein profile extracted from sunflower seeds of two hybrids (Hysun and Parsun) under salt stress. Azospirillum and Pseudomonas
were applied as seed soaking treatment prior to sowing. Salt stress (20 dSm-1) was induced after 28 d of sowing and salicylic acid was applied after 4 h
of induction of salt stress. Seeds were collected for the determination of protein profiling at harvesting stage.
HySun:
M: Marker, Lane 1: Control, Lane 2: NaCl (20 dSm-1), Lane 3: Pseudomonas + Salicylic acid (100 µM) + NaCl (20 dSm-1), Lane 4: Pseudomonas +
NaCl (20 dSm-1), Lane 5: Azospirillum + NaCl (20 dSm-1), Lane 6: Salicylic acid (100 µM) +NaCl (20 dSm-1), Lane 7: Azospirillum + Salicylic
acid+NaCl (20 dSm-1)
Parsun:
Lane 8: NaCl (20 dSm-1), Lane 9: Control, Lane10: Azospirillum + Salicylic acid (100 µM) +NaCl (20 dSm-1), Lane11: Pseudomonas+ Salicylic acid
(100 µM) +NaCl (20 dSm-1), Lane12: Azospirillum + NaCl (20 dSm-1), Lane13: Salicylic acid (100 µM) +NaCl (20 dSm-1), Lane14: Pseudomonas +
NaCl (20 dSm-1)

Fig. 4. Effect of Azospirillum, Pseudomonas and salicylic acid on
ABA accumulation in leaves of sunflower hybrids under salt stress.
Values with different letters are significantly different at p<0.05.
Labelling is explained in Figure 1.

Fig. 5. Effect of Azospirillum, Pseudomonas and salicylic acid
on endogenous Salicylic acid contents of leaves under salt stress.
Values with different letters are significantly different at p<0.05.
Labelling is explained in Figure 1.

Table 3. Effect of Azospirillum, Pseudomonas and Salicylic acid on No. of Achene/capitulum and 100 Achene’s
weight of two Sunflower hybrids (Hysun & Parsun) under salt stress. Azospirillum and Pseudomonas were
applied as seed soaking treatment prior to sowing. Salt stress 20 dSm-1 was induced after 28 d of sowing
and salicylic acid (10-4) was applied after 4 h of induction of salt stress. Plants were grown till yield
stage to determine the effect of 20 dSm-1NaCl on yield of sunflower plant.
Hysun
Parsun
Treatments
No. of
100 Achene’s weight
No. of
100 Achene’s weight
Achene/capitulum
(g)
Achene/capitulum
(g)
C
53.68b
2.667ab
47.67a
2.4ab
S
35.00e
1.333d
29.00c
1.9b
bc
c
b
2.167
42.33
2.9a
P+S
51.33
3.100a
47.33a
2.8a
SA+S
61.33a
cd
c
b
2.133
44.00
2.7a
A+S
45.68
P+SA+S
44.00cd
2.267bc
50.00a
2.9a
d
bc
a
A+SA+S
42.68
2.267
47.67
2.6a
All means which share different letters are significantly different at 5 % level of significance
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Table 4. Effect of Azospirillum, Pseudomonas and Salicylic acid on seed Phosphorus content (ppm) of hybrids
(Hysun and Parsun) under salt stress. Azospirillum and Pseudomonas were applied as seed soaking
treatment prior to sowing. Salt stress 20 dSm-1 was induced after 28 d of sowing and salicylic
acid (10-4M) was applied after 4 h of induction of salt stress. Rhizospheric soil samples for
determination of P content were collected 7 d after application of 20 dSm-1NaCl.
Seed P content (ppm)
Treatments
Hysun
Parsun
C
151.1b
222.3abc
S
57.6c
86.03d
b
P+S
157.5
174.6abc
b
SA+S
132.9
164.03cd
A+S
158.4b
171.9bc
a
247.2ab
P+SA+S
199.9
b
253.4a
A+SA+S
161.9
All means which share different letters are significantly different at 5 % level of significance

Conclusion
The exogenous application of SA as foliar spray
alone as well as with Azospirillum and Pseudomonas
enhanced the mitigating effects of salt stress on the
physiology and yield of sunflower. Proline accumulation,
phytohormone production and synthesis of more
polypeptide bands may be used as physiological and
molecular markers as they appears to correlate with the
salt tolerance e.g. they were higher in hybrid Hysun than
that of Parsun. Further studies on the role of SA in the
activation of gene expression are therefore needed to in
order to get more information. Soil/seed inoculation of
studied microbes Azospirillum and Pseudomonas are
economically feasible and sustainable, can be implicated
in fields along with SA for better growth of plants and
higher yield.
Acknowledgement
The authors express their deep senses of gratitude to
Higher Education Commission of Pakistan for financial
support in this research work.
References
Agarwal, S., R.K. Sairam, G.C. Srivastava and R. Meena. 2005.
Changes in antioxidant enzymes activity and oxidative
stress by abscisic acid and salicylic acid in wheat
genotypes. Biologia Plant., 49: 541-550.
Ahmad, P., K.R. Hakeem, A. Kumar, M. Ashraf and N.A.
Akram. 2012 Salt-induced changes in photosynthetic
activity and oxidative defense system of three cultivars of
mustard ( Brassica juncea L.). Afr. J. Biotechnol., 11:
2694-2703.
Arfan, M., H.R., Athar and M. Ashraf. 2007. Does exogenous
application of salicylic acid through the rooting medium
modulate growth and photosynthetic capacity in two
differently adapted spring wheat cultivars under salt stress?
J Plant Physiol., 6: 685-694.
Ashraf, M. 2004. Some important physiological selection
criteria for salt tolerance in plants. Flora, 199: 361-376.
Babu, M.A., D., Singh and K.M., Gothandam. 2012. The effect
of salinity on growth, hormones and mineral elements in
leaf and fruit of tomato cultivar pkm1. The J Anim Plant
Sci., 22: 159-164.

Bacilio, M., H. Rodriguez, M. Moreno, J.P. Hernandez and Y.
Bashan. 2004. Mitigation of salt stress in wheat seedlings
by a gfp-tagged Azospirillum lipoferum. Biol. Fertil. Soils,
40: 188-193.
Bano, A. and M. Fatima. 2009. Salt tolerance in Zea mays (L)
following inoculation with Rhizobium and Pseudomonas.
Biol. Fert. Soils, 45: 405-413.
Barassi, C.A., CM. Creus, E.M. Casanovas and R.J. Sueldo.
2000. Could Azospirillum mitigate abiotic stress effect in
plants? Auburn University web site available at:
http://www.ag.auburn.edu/argentina/pdfmanuscripts/barassi
.pdf (accessed 07/01/2001)
Barassi, C.A., G. Ayrault, C.M. Creus, R.J. Sueldo and M.T.
Sobrero. 2006. Seed inoculation with Azospirillum
mitigates NaCl effects on lettuce. Sci. Hortic., 109: 8-14.
Bates, L.S., R. Waldern and I.D. Teare. 1973. Rapid
determination of free proline for water stress studies. Plant
Soil., 39: 205-207.
Cassan, F., R. Bottini, G. Schneider and P. Piccoli. 2001.
Azospirillum brasilense and Azospirillum lipoferum
hydrolyze conjugates of GA20 and metabolize the resultant
aglycon to GA1 in seedlings of rice dwarf mutants. Plant
Physiol., 125: 2053-2058.
Cohen, A.C., R. Bottini and P.N. Piccoli. 2008. Azospirillum
brasilense Sp 245 produces ABA in chemically-defined
culture medium and increases ABA content in arabidopsis
plants. Plant Growth Regul., 54: 97-103.
Delaney, T.P. 2004. Salicylic Acid. In: Plant Hormones:
Biosynthesis, Signal Transduction, (Ed.): P.J. Davies.
Action! Kluwer Academic Publishers, Dordrecht, pp:
635-653.
Dobbelaere, S., J. Vanderleyden and Y. Okon. 2003. Plant
growth promoting effects of diazotrophs in the rhizosphere.
Crit. Rev. Plant Sci., 22: 107-149.
EI-Tayeb, M.A. 2005. Response of barley grains to the
interactive effect of salinity and salicylic acid. Plant
Growth Regul., 45: 215-224.
Enyedi, A.J., N. Yalpani, P. Silverman and I. Raskin. 1992.
Localization; conjugation and function of salicylic acid in
tobacco during hypersensitive reacrion to tobacco mosaic
virus- Proc Nat Acad Sci. USA. 89: 2480-2484.
Gupta, R.B., S. Masci, D. Lafiandra, H.S. Bariana and F.
MacRitchie. 1995. Accumulation of protein subunits and
their polymers in developing grains of hexaploid wheats. J.
Exp. Bot., 47: 1377-1385.
Hasanuzzaman, M., K. Nahur and M. Fujita. 2013. Plant
response to salt stress and role of exogenous protectants to
mitigate salt-induced damages. (Ed.): P. Ahmad et al.
Ecophysiology and Responses of Plants under Salt Stress,

RABIA NAZ & ASGHARI BANO

42
25 DOI 10.1007/978-1-4614-4747-4_2, c Springer
Science+Business Media, LLC.
Hayat, R., S. Ali, U. Amara, R. Khalid and I. Ahmed. 2010. Soil
beneficial bacteria and their role in plant growthpromotion: a
review. Ann. Microbiol., DOI 10.1007/s13213-010-0117-1.
Ilyas, N. and A. Bano. 2010. Azospirillum strains isolated from
roots and rhizosphere soil of wheat (Triticum aestivum L.)
grown under different soil moisture conditions. Biol. Fert.
Soils, 46: 393-406.
Jain, M., G. Mathur, S. Koul and N.B. Sarin.
2001.
Ameliorative effects of proline on salt stress induced lipid
peroxidation in cell lines of groundnuts (Arachis hypogyea
L.). Plant Cell Rep., 20: 463-468.
Jin, S., C.C.S. Chen and A.L. Plant. 2000. Regulation by ABA
of osmotic stress induced changes in protein synthesis in
tomato roots. Plant Cell Environ., 23: 51-60.
Kettner, J. and K. Droffling. 1995. Biosynthesis and metabolism
of Abscisic acid in tomato leave infection with Botrytis
Cinerea. Planta., 196: 627-634.
Khan, M.S., A. Zaidi and P.A. Wani. 2006. Role of phosphatesolubilizing microorganisms in sustainable agriculture – a
review. Agron Sustain Dev., doi: 10.1051/agro: 2006011.
Khan, W., B. Prithiviraj and D. Smith. 2003. Photosynthetic
response of corn and soybeen to foliar application of
salicylates. J. Plant Physiol., 160: 485-492.
Khodary, S.E.A. 2004. Effect of salicylic acid on growth,
photosynthesis and carbohydrate metabolism in salt
stressed maize plants. Int. J. Agric. Biol., 6: 5-8.
Laemmili, U.K. 1970. Cleavage of structural proteins during the
assembly of the head bacteriophage T4. Nature, 227: 680-685.
Lichtenthaler, H.K. and A.R. Wellburn. 1983. Determinations of
total carotenoids and chlorophylls a and b of leaf extracts in
different solvents. Biochem. Soc. Trans., 11: 591-592.
Lowry, O.H., N.J. Poesenbrough, A.L. Fal and R.J. Randall.
1951. Protein measurement with folin phenol reagent. J.
Biol. Chem., 193: 265-275.
Maiti, R.K., S.M. Limon and P.W. Ebeling. 2000. Responses of
some crops tovarious abiotic stress factors and its
physiological and biochemical basis of resistance. Agric.
Rev., 21: 155-167.
Mayak, S., T. Tirosh and B.R. Glick. 2004. Plant growthpromoting bacteria confer resistance in tomato plants to salt
stress. Plant Physiol. Biochem., 42: 565-572.
Miernyk, J.A. and M. Hajduch. 2011. Seed proteomics. J.
Proteomics, 74: 389-400.
Miller, J.H. 1972. Experiments in molecular genetics. Cold Spring
Harbor Laboratory, Cold Spring Harbor, pp. 354-358.
Munns, R. and M. Tester. 2008. Mechanisms of salinity
tolerance. Annu. Rev. Plant Biol., 59: 651-681.
Naz, R. and A. Bano. 2013. Influence of exogenously applied
salicylic acid and plant growth promoting rhizobacteria
inoculation on the growth and physiology of sunflower
(Helianthus annuus L.) under salt stress. Pak. J. Bot.,
45(2): 367-373.
Paiva, S.A. and R.M. Russell. 1999. Beta-carotene and other
carotenoids as antioxidants. J. Am. Coll. Nutr., 18(5): 426-33.
Parida, A.K. and A.B. Das. 2004. Effects of NaCl stress on
nitrogen and phosphorous metabolism in a true mangrove
Bruguiera parviflora grown under hydroponic culture. J.
Plant Physiol., 161: 921-928.

Pikovskaya, R.I. 1948. Mobilization of phosphorus in soil in the
connection with vital activity of some microbial species.
Mikorobiologyiya, 17: 362-370.
Rajendra, P., S. Singh and S.N. Sharma. 1998. Interrelationships of fertilizer use and other agricultural inputs
for higher crop yields. Fertility News, 43: 35-40.
Sairam, R.K., K.V. Rao and G.C. Srivastava. 2002. Differential
response of wheat genotypes of long-term salinity stress in
relation to oxidative stress, antioxidant activity and
osmolyte concentration. Plant Sci., 163: 1037-1046.
Seskar, M., V. Shulaev and I. Raskin. 1998. Endogenous methyl
salicylate in pathogen-innoculated plants. Plant Physiol.,
116: 387-392.
Shakirova, F., A. Sakhabutdinova, M. Bezrukova, R.
Fatkhutdinova and D. Fatkhutdinova. 2003. Changes in the
hormonal status of wheat seedlings induced by salicylic
acid and salinity. Plant Sci., 164: 317-322.
Singh, B. and K. Usha. 2003. Salicylic acid induced
physiological and biochemical changes in wheat seedlings
under water stress. J. Plant Growth Regul., 39: 137-141.
Sobhanian, H., R. Razavizadeh, Y. Nanjo, A.A. Ehsanpour, F.R.
Jazii, N. Motamed and S. Komatsu. 2010. Proteome
analysis of soybean leaves, hypocotyls and roots under salt
stress. Proteome Sci., 8: 19.
Stewart, G.R. and F. Lee. 1994. Accumulation of amino acids
and related compounds in relation to environmental stress.
In: The Biochemistry of Plant, (Ed.): Miflin, B.J. Vol.
5Acadamic Press, New York, pp: 609.
Szalai, G., I. Tari, T. Janda, A. Pestenácz and E. Páldi. 2000.
Effects of cold acclimation and salicylic acid on changes in
ACC and MACC contents in maize during chilling. Biol.
Plantarum., 43: 637-640.
Tavaud-Pirra, M., P. Sartre, R. Nelson, S. Santoni, N. Texier and
P. Roumet. 2009. Genetic diversity in a soybean collection.
Crop Sci., 49: 895-902.
Taylor, I.B., A. Burbidge and A.T. Thosmpson. 2000. Control of
abscisic acid synthesis. J. Exp. Bot., 51: 1563-1574.
Woitke, M., H. Junge and W.H. Schinitzler. 2004. Effect of salinity
and Bacillus subtilis on white fly (Trialeurodes vaporariorum,
Westwood) in hydroponically grown tomatoes (Lycopersicon
esculentum Mill.). Acta Hort., 659: 363-369.
Yasmin, H. and A. Bano. 2011. Isolation and characterization of
phosphate solubilizing bacteria from rhizosphere soil of
weeds of Khewra salt range and Attock. Pak. J. Bot., 43(3):
1663-1668.
Zahir, Z.A., U. Ghani, M. Naveed, S.M. Nadeem and H.N.
Asghar. 2009. Comparative effectiveness of Pseudomonas
and Serratia sp. containing ACC-deaminase for improving
growth and yield of wheat (Triticum aestivum L.) under
salt-stressed conditions. Arch. Microbiol., 191: 415-424.
Zaida, A., M.S. Khan and M.D. Amil. 2003. Interactive effect of
rhizotrophic microorganism on yield and nutrient uptake of
chickpea (Cicer arietinum L.). Eur. J. Agron., 19: 15-21.
Zhu, B, T.H.H. Chen and H. Li. 1995. Activation of two
osmotin-like protein genes by a biotic stimuli and fungal
pathogen in transgenic potato plant. Plant Physiol., 108:
929-937.
Zörb, C., S. Schubert, A. Neeb, D. Carl, M. Linder and S. Schubert.
2004. The biochemical reaction of maize (Zea mays L.) to salt
stress is characterized by a mitigation of symptoms and not by
a specific adaptation. Plant Sci., 167: 91-100.

(Received for publication 8 December 2013)

