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Abstract: Basil (Ocimum basilicum) is one of the most important medicine plants that its essential (leaf, flower
and seed) is used in different medicinal industries. In order to study the effects of salinity stress and plant
growth promoting rhizobacteria (PGPR) on the antioxidant status,  photosynthesis,  mineral  content  and
growth of basil (Ociumum basilicm L.). Increasing salinity in the soil decreased plant growth, photosynthesis,
stomatal conductance, chlorophyll content and mineral uptake compared to soil without salinity. Inoculation
with two PGPR strains, Pseudomonades sp. and Bacillus lentus, into  saline  soils  alleviated  the  salinity
effects on the antioxidant enzymes ascorbate peroxidase (APX) and glutathione reductase (GR), along with
those on photosynthesis, mineral content and growth. As a result, an increase in salinity in the soil caused a
physiological response or disorder in basil plants. Treatment with PGPR strains could alleviate the effect of
potentially toxic ions.
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INTRODUCTION Soil salinity limits plant growth and crop production

In aromatic plants, growth and essential oil arid areas [7]. Salinity stress also decreases
production are influenced by various environmental photosynthetic  capacity due to the osmotic stress and
factors, such as water stress [1]. Parida and Das [2] partial closure of stomata [8]. Plants can suffer from
reported that  secondary  products  of  plants  can be membrane destabilization and general nutrient imbalance
altered by environmental factors and water stress is a [2]. Salt stressed plants accumulate various molecules
major  factor  affecting  the  synthesis of natural products. found in organic matter such as proline, glucose, glycine
Basil (Ocimum basilicum,) is an annual plant belongs to betaine etc. in the cell membrane for osmoregulation to
the Lamiacea family which has been grown for its occur thereby protecting enzyme activity [9]. However,
essential oil. The essential oil of basil is used to flavor levels of antioxidant enzyme activity and antioxidant
foods, dental and oral products in fragrances and in concentrations are frequently used as indicators of
medicines [3]. The genus Ocimum (family Labiatae) oxidative stress in plants [5]. Several studies have
includes  at  least  60  species  and  numerous  varieties demonstrated that generation of reactive oxygen species
[4]. It represents an important source of essential oil used (ROS), such as the superoxide radical (O ), hydroxyl
in the food, perfumery and cosmetics industries. Some radical (OH ) and hydrogen peroxide (H O ), alter
Ocimum species are used in traditional medicine for antioxidant enzymes. Antioxidants are induced in plants
different applications, especially in many Asian and in response to stressors such as salinity [10]. A ROS
African countries [5]. The recurring polymorphism causes oxidative damage to biomolecules such as lipids
determines a large number of subspecies that produce and proteins and eventually leads to cell death [11]. To
essential  oils  with  varying   chemical   composition. protect against oxidative stress, plant cells produce both
Some  have  high  camphor  content,  while others contain antioxidant enzymes such as superoxide dismutase (SOD),
citral,  geraniol,  methylchavicol,  eugenol  and   thymol peroxidase (POX) and catalase (CAT) and non-enzymatic
[6]. antioxidants such as ascorbate, glutathione and "-

in many parts of the world, particularly in arid and semi-
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tocopherol. Ascorbate peroxidase (APX) is part of the The soil characteristics were pH (1:5 water) 6.5, EC 1.50 dS
scavenging cycle and catalyzes the reaction of ascorbic m , organic matter 15 g kg , total nitrogen 1.6 g kg ,
acid with H O  , while glutathione reductase (GR) CEC: Ca 4.9, K 1.5 and Na 0.4 cmol+ kg . A basal fertilizer2 2

catalyzes the regeneration of ascorbic acid. N-P O -K O was applied at 100-80-50 kg ha . The PGPR
Plant growth promoting rhizobacteria (PGPR) are a effect on salinity levels was investigated by using 2

group of bacteria that can actively colonize plant roots salinity levels (2 and 6 dS m ). Saline solution was
and increase plant growth . These PGPR can prevent the applied only once at the beginning. The pots with the
deleterious effects of phytopathogenic organisms and salinity treatment were equilibrated for 7 days before
stressors from the environment. The Bacillus sp. Strains transplanting seedlings. A sterilized vinyl bag was put
enhance soybean nodulation and growth under low underneath each pot to collect excess water due to
temperature stress . PGPR produce plant growth drainage. This water was reapplied to the respective pot.
promoting compounds including phytohormones; auxins, One day after transplanting, one seedling was inoculated
cytokinins and gibberellins, as well as siderophores and with 1 mL of inoculum containing approximately 108 cells
antibacterial   peptides  that  inhibit  pathogenic  strains. [14]. The temperature in the greenhouse was maintained
It has been recently shown that plants will respond to at 28 ± 2°C with a relative humidity of 65% and a 16 hr
rather unconventional bacterial signal compounds, such photoperiod created by using supplemental lighting from
as quorum sensing molecules and volatile compounds. high-pressure sodium lamps. All plants were harvested 30
Bacterial volatiles may have a significant role in plant days after transplanting. The photosynthesis and
growth promotion , as an increase in Arabidopsis growth stomatal conductance of plants was measured using a Li-
has been attributed to a number of airborne bacterial Cor 6400 (Li-Cor Inc, Lincoln, Nebraska, USA) before
chemicals. Bacteria have developed diverse resistance harvesting the plants. To analyze antioxidative enzymes,
strategies towards toxic minerals. Hasnain and Sabri [12] fresh leaves were harvested 30 days after transplanting
reported that inoculation of wheat with Pseudomonas sp. and then stored immediately into a deep-freezer (-80°C). 
stimulated plant growth by reduction of toxic ion uptake,
increases in auxin contents and formation of stress- Bacterial Culture and Inoculant Preparation: The two
specific proteins in plants under stress caused by the strains of plant growth promoting rhizobacteria (PGPR) in
toxic ion. these experiments were Bacillus lentus and

Little is known about the co-inoculation of Bacillus Pseudomonades sp. which improve plant growth. Seeds
lentus and Pseudomonades sp and their effect on the of  Basil  were washed with distilled water then
antioxidant status and photosynthesis of basil under inoculation was performed by a suspension of any
different conditions of soil salinity. In this paper, we bacteria (108 cfu ml ) with perlit mixture. There were six
report a detailed study of the effect of long-term stress rows in each plot. Which the row width and length was
due to salinity on the mineral content, photosynthesis 0.3 and 2 meter, respectively.
and antioxidant level of basil. An additional objective was
to determine the possible importance of combining Inorganic Elements and Chlorophyll Content: To analyze
Bacillus lentus and Pseudomonades sp for plant mineral elements, soil samples were collected before the
tolerance to soil salinity conditions and to define the experiment and air-dried for chemical analysis. Soil
possible mechanisms involved. samples were sieved (2 mm screen) and analyzed for the

MATERIALS AND METHODS content (Wakley and Black method ), available P content

Basil (Ocimum basilicum) seed were sown to plug (1 M NH -OAc pH 7, AA, Shimazu 660) . Leaf tissues were
plates filled with peat moss and perlite and irrigated with separated after harvesting and air-dried at 70°C for 5 days.
half strength of Hoagland’s solution [13]. They were Dried materials were ground and then digested in H SO for
germinated in a greenhouse under natural light the determination of total nitrogen (Kjeldahl method ) or
conditions, a daytime temperature of about 28°C and in a ternary solution (HNO :H SO :HClO = 10:1:4 with
relative  humidity  of  65-70%.  Twenty  days  after volume) for the determination of P, K, Ca and Na.
sowing, seedlings  were   transplanted   into   sterilized Chlorophyll was extracted by 80% acetone (v/v) and its
pots (17 cm diameter and 15 cm deep) containing 2 kg of contents were determined at 663 nm and 645 nm by a
sterilized  soil  for  2  hr  at  130°C,  one  seedling   per  pot. Hitachi U-2000 dual length spectrophotometer.
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following: pH (1:5 water extraction), organic matter

(Lancast  ) and contents of exchangeable or available K+
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Antioxidant Activity: To determine the levels of RESULTS AND DISCUSSION
antioxidant enzymes fully expanded leaves were
homogenized in 50 mM phosphate buffer (pH 7.5) Plant Growth and Photosynthesis: Results of the
containing 1.0% (w/v) polyvinyl-pyrrolidone (PVP), 0.1 measurements of growth response and total chlorophyll
mM EDTA and 0.5% (v/v) Triton X-100 . For ascorbate content are given in Table 1. Plant growth was
peroxidase  (APX) assay,  leaves  were  homogenized  in significantly increased by inoculation with PGPR. The
50 mM phosphate buffer (pH 7.0) containing 5 mM fresh and dry weight of basil under non-salinity stress
ascorbate and 1 mM EDTA. The homogenate was filtered was increased by 13.0 and 13.0% in the RL and in the
through four layers of muslin cloth and centrifuged at combined treatment by 13.2 and 12.3%, respectively, in
12,000x g for 10 min. All assays were conducted at 4°C. comparison with control treatment. Under salinity stress,
The supernatant was used for determination of the fresh weight was also increased by 6.8-12.9% in the
antioxidant enzyme activities of APX [15] and glutathione PGPR strain treatments compared to control treatment.
reductase (GR) [16]. The oxidation rate of ascorbate was Leaf length and leaf area under non-salinity stress was
estimated  by  following  the decrease in absorbance at not significantly different, while leaf area under salinity
290 nm  for  3  min.  All  spectrophotometric  analyses stress was significantly different. These results agree with
were conducted on a Shimaszu (UV-Vis 1600, Japan) Vivas et al. [18] who reported that the shoot and root
spectrophotometer. Protein contents were determined growth of lettuce inoculated by Bacillus sp. Under
according to the Bradford [17] method using bovine drought stress conditions were increased compared to the
serum albumin (BSA) as a standard. control. The reduction of plant growth caused by salinity

Statistical Analysis: All data were analyzed statistically stress,  although  measurement  of  stress  indicators
by an analysis of variance using CoStat software (CoHort might  not  be significant. This is understandable since
Software, Monterey, USA). Salinity and PGPR treatments the reduction  of  plant  growth  is  the  result  of  the
were tested in an experiment using a factorial conducted alteration of many physiological activities in the plant,
based on RCBD design with three replications. Mean such as photosynthetic  activity,  mineral  uptake  and
comparisons  were conducted using an ANOVA antioxidant activity.  Chlorophyll  content  was  also
protected least significant  difference  (LSD) (P<0.05)  test. increased significantly in all the PGPR strain treatments.

stress is the most common phenomenon of plants under

Fig. 1: Effects PGPR on photosynthesis and stomatal conductance of basil leaves under salinity stress. 

Fig. 2: Effects PGPR on APX and GR activity of basil leaves under salinity stress
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Table 1: Effect PGPR on growth, total chlorophyll content of basil plant under salinity stress
Salinity Fresh weight Dry weigh Leaf length Leaf area Total chlorophyll
(dS m ) PGPR  (g plant ) (g plant ) (cm) (cm  plant ) (mg g )1 1 1 2 1 1

2 Control 11.2b 1.4c 1.7d 49b 10.8b
Pseudomonades 11.8b 2.6b 1.4c 51ab 11.9a
Bacillus lentus 10.2b 2.6b 1.7b 52a 11.9a
combination 16a 4.5a 2.0a 53a 11.1b

6 Control 6.9cd 0.1d 1f 41d 7.07b
Pseudomonades 9.7cb 0.3d 1.2e 44c 8.61a
Bacillus lentus 8.7b 0.5d 1.1e 44c 9.31a
combination 11.5b 0.7c 1.2e 47b 9.55a

Significance of factors Block  ns ns ns ns ns
Salinity  ** * * * **
PGPR  * * * * *
Interaction  ** ** * * *

ns, *and **: not significant, significant at the 5% and 1% probability levels, respectively

Table 2: Effect PGPR on on mineral uptake of basil plant under salinity stress
Salinity  (dS m ) PGPR T-N P (mg plant ) K (mg plant ) Ca (mg plant ) Na (mg plant )1 1 1 1 1

2 Control 23 5.4a 35.43b 13.3b 0.26d
Pseudomonades 24 6.0a 37.30b 14.9a 0.24c
Bacillus lentus 25 6.2a 37.7b 15.3a 0.30b
combination 25 6.3a 41.33a 15.8a 0.32a

6 Control 18 4.1b 19.5d 8.3d 0.21f
Pseudomonades 19 4.6b 24.30c 9.1c 0.20f
Bacillus lentus 18 4.6b 27.7c 8.7c 0.22e
Combination 20 4.8b 28.93c 10.4c 0.23e

Significance  of factors Block  ns ns ns ns ns
Salinity  ** ** ** * *
PGPR  ns ** * * *
Interaction  ns ns * * *

ns, *and **: not significant, significant at the 5% and 1% probability levels, respectively 

The photosynthetic rate  and  stomatal  resistance of strains in the non-salinity stress treatment increased P
basil plants exposed to salinity is presented in Figure 1. (11.1-16.6%), K (10.5-16.9%) and Na (13.7-17.2%) uptake
Photosynthetic rate and stomatal resistance were not per plant in lettuce. Vivas et al. [18] reported similar
significant under non-salinity stress, but under salinity results. The N, P and K concentrations in lettuce
stress they were. It was especially evident with respect to inoculated by Bacillus sp. under drought stress
stomatal conductivity. A similar result was reported by conditions were increased by about 5, 70 and 50%,
Vivas et al. [19] who showed that inoculation of Bacillus respectively, compared to the non-salinity stress control.
sp. and coinoculation of it with Glomus sp. both increased This means that PGPR strains could improve production
stomatal conductance of basil compared to a non drought of plant growth regulators or increase plant nutrient
control. Inoculation with PGPR strains increased plant uptake. Heidari et al. [19] reported that  inoculation of
growth compared to the non-inoculated control treatment. basil with Pseudomonas sp. stimulated plant growth by
In this study the inoculation with PGPR strains under soil reduction in toxic ion uptake, increase in auxin content
salinity conditions did improve plant growth compared to and  formation  of  stress-specific  proteins  in  plants
the non-inoculated control. under  stress  caused by  the  toxic  ions.  The  application

Minerals Content: The effects of PGPR strains on N, P, K, Flavobacterium sp. increased the uptake of P, Ca, Cl and
Ca and Na uptake per plant in  lettuce  are  shown in Ni and decreased Pb content in barley plants under field
Table 2.  Minerals uptake under salinity stress treatment stress conditions . In contrast with increasing Na content,
in lettuce was significantly decreased compared to the K content decreased with increasing salinity levels. A
non-salinity stress treatment, but an interaction between similar result was reported in wheat by Grieve and Poss
salinity and strains was not found. Treatment with PGPR [20] who demonstrated antagonistic absorption between

of  inoculum    composedn    of    Arthrobacter    sp.    and
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Na and K under salinity stress conditions. Under soil 7. Shannon, M.C., 1984. Breeding, Selection and the
salinity stress, P and Ca uptake per plant in all PGPR
treatments was increased compared to the non-salinity
stress control. This also means that a PGPR treatment
under salinity stress conditions could alleviate the
inhibition of plant growth. 

Antioxidant Activity: To understand the protective action
of antioxidants against salinity stress, basil plants were
treated with PGPR strains followed by measurement of the
level of antioxidant activity. The results are presented in
Fig. 2. Increasing salinity stress significantly increased
enzyme activity, including GR and APX, of basil leaves
compared to the control in the experiment. Inoculation
with PGPR strains under salinity stress decreased enzyme
activity with increasing salinity stress. It is interesting to
note that though a significant interaction was found,
treatment with PGPR strains tended to reduce the salinity
stress effect  on  the  activity  of these two enzymes.
Ruiz-Lozano et al. [21] also reported that mycorrhizal basil
plants showed increased superoxide dismutase (SOD)
activity under drought stress and this was correlated to
plant protection against drought. Stress resistance in
plants has been related to more effective antioxidant
systems [10]. Detoxification of cellular H O  through the2 2

activity of the Asada-Halliwell scavenging cycle is an
important element of plant defense mechanisms against
ROS [22]. Our results as presented above support this
conclusion.
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