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Abstract: The use of microbial technology in agriculture is expanding quickly with the identification of new
bacterial strains which are more effective in promoting the growth of plants. The rhizobacteria that promote the
growth of plants can have a positive effect on the productivity of crops especially when subjected to salt
stress. A nitrogen-fixing bacterium was 1solated from the wheat rfhizosphere of an arid region. The strain was
identified on the basis of tests APT20E and 165 rRNA sequencing, as Pantoea agglomerans Ima2. This strain
degraded several carbon sources: sugars (fiuctose, ribose, dextrin, salicin...), lipids (lecithin, tributyrin and
tween 80), proteins (gelatin, casein), grew on KCN and could grow from pH 4 to 8 and had an optimum at
pH 7. The growth temperature showed a maximum at 30°C and the bacteria could tolerate from 4 to 41°C and the
growth rate was higher when the NaCl concentration was between 100 and 300 mM. The performance of
activities enhancing the growth of plants of P. agglomerans Ima2 was significantly better in the presence of
salt. Rates of Indole Acetic Acid (IAA), siderophores production and solubilization of phosphate increased
between 100 and 400 mM NaCl compared to the control without salt. The maximum values were saved to
300 mM for the production of siderophores (18.32%) and solubilization of phosphate (1061.49 pg m1.™") and
100 mM for the production of TAA (161 pg mL™"). A significant correlation existed between these three
activities. These results showed that P. ageglomerans lma2 with its Plant Growth Promoting Rhizobacteria

(PGPR) and halophilic properties could constitute a good fertilizer in arid and saline zone.
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INTRODUCTION

Plant growth is strongly influenced by many biotic
and abiotic factors. Salimity is one of the major factors
limiting plant productivity and therefore agricultural
production. In worldwide, 340 million ha of agricultural
land are affected by salinity among them 23% of
cultivated land (Cheverry, 1995) of which 3.2 million ha in
Algeria (Hamdy, 1999). This salimzation 1s mamly found
mn arid and semi arid lands of the country. It leads to the
depletion of soil organic matter and accumulation of toxic
ions.

Research on the use of thizobacteria to promote plant
growth has increased dramatically over the last few years
due to potential benefits observed in the use of PGPR in
field conditions especially in saline soils. However,
moculation of stressed plants by PGPR strains alleviates
salt stress (Ashraf er al., 2008; Saharan and Nehra, 2011).
The growth of halotolerant microorganisms associated
with plant roots can lead to improve fertility in saline soils

(Hallmann et ai., 1997; Alizadeh et al., 2012). As aresult,
the rhizobacteria of saline soils are able to grow at
different salinity levels between 0 and 5% NaCl
(Tripathi et al., 1998).

The mechanisms by which these rhizobacteria
enhance plant growth are numerous, which include
production of plant growth-regulating substances,
phytohormones, suppression of plant pathogens through
antibiosis, siderophore production, mtrogen fixation,
mineralization  of organic phosphorus,  etc.
(Kloepper and Beauchamp, 1992; Glick, 1995, Verma et al.,
2010). The PGPR have usually more than two or three
activities which act in a synergistic manner (Joseph ef al.,
2007; Yasmin et al., 2007).

Actually, a diverse array of bacteria are identified as
PGPR (Kloepper and Beauchamp, 1992).

This diversity 1s due to the numerous studies to
understanding different mechamisms of action of these
PGPR. The bacterial species including Pseudomonas,
Azospirillum, Azotobacter, Klebsiella, Enterobacter,
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Alealigenes, Arthrobacter, Burkholderia, Pantoea,
Serratia and Bacillus have shown a capacity to enhance
plant growth (Glick, 1995, Nezarat and Gholami, 2009).

The PGPR used as biofertilizer and/or antagorust
against plant pathogens, are a promising alternative to
chemical fertilizers and pesticides. The plant-microbe
mteractions depend upon plant nutrient status n soil, soil
environment, plant defence mechamsm and the type of
microorganism proliferating in the rhizosphere zone.
However, the bacteria must be able to colonize roots and
survive 1 the soill (Normander and Prosser, 2000,
Woyessa and Assefa, 2011). Consequently, the selection
and use of PGPR should consider adaptation of the
inoculant to plant and to a particular ecosystem. In
addition, the selection of effective PGPR strains 1s related
to the characterization of properties of plant growth
(Cattelan et al., 1999).

The objective of this study was to do a biochemical
and physiological characterization of a rhizobacteria
1solated from an arid soil and to determine its capabilities
to improve plant growth under salt stress.

MATERIALS AND METHODS

Isolation of bacterial strain: The sample was collected
from the rhizosphere of wheat in an arid soil located in the
region of Bou-Saada, 250 ki south of Algiers (Algeria).
One gram of soil strongly adhering to the roots was
extracted from the sample, added to 10 mlL of sterile
distilled water and shaken for 30 min. To select the
nitrogen-fixing bacteria, the isolation was carried out on
nitrogen-free medium: the Winogradsky Salt (WS)
medium, incubated at 30°C/48 h. Typical colonies were
subcultured several times on nutrient agar to obtamn pure
cultures. To select rhizobacteria tolerant high salt
concentrations and able to producing PGP traits, the
bacterial strain studied was chosen based on its best
growth in presence of salt.

Identification of the bacterial strain: The bacterium was
identified according to macroscopic appearance
(appearance of the colony on solid medium, form, texture
and pigmentation), Gram staimng, mobility, oxidase,
catalase and nitrate reductase tests. These tests were
followed by identification using a biochemical APT20E
system (BioMerieux).

16S rRNA gene sequence analysis: PCR fragments
obtained by the amplification of a DNA fragment
corresponding to a region of the 165 rDNA gene of the
1solate were sequenced using the automatic sequencer at
DNA Vision Compeny Chttp:/www.dnavision.com). The
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sequence was submitted to the GenBank, and accession
number was assigned GQ 478021, The partial 163 rDNA
sequence of the isolate stramn was compared with those
available in the databases. The phylogenetic tree was
constructed on the aligned datasets using the
Neighbor-Toining method (Saitou and Nei, 1987).
Phylogenetic analyses were conducted in MEGA4
(Tamura et al., 2007).

Biochemical characterization: For phenotypic screening
for the bacterial strain, several carbon sources were used.
Monosaccharides (D-glucose, D-galactose, D-fructose,
D-xylose, D-ribose, raffinose, D-mannose, fucose and
L-sorbose), disaccharides (lactose, maltose, trehalose,
levulose and D-cellobiose) and derivatives sugar
{(glycerol, D-mannitol, dulcitol, adonitol, D-sorbitol, salicin
and dextrin, citrate) were evaluated on minimal salt
medium (Brown and Dilworth, 1975). Polysaccharides
(starch and esculin), lipids (lecithin, tributyrin, Tween 20
and 80), protemns (caseir, gelatin) and organic acids
(L(-ymalate, TL(+)lactate, L{(+)tartrate, succinate and
maleate) were evaluated on corresponding media using
standard methods (Cappuccino and Sherman, 1992).
Growth on KCN was determined on medium contaming
0.1 mL of potassium cyanide at 5%.

Effect of salt, pH and temperature: Salt tolerance was
evaluated on nutrient broth in the presence of increasing
concentrations ranging from 0 mM of NaCl to 1 M. The
effect of pH was tested on nutrient broth at different pH
values 4, 5, 6, 7, 8, 9 and 10. The media were mnoculated
with 100 uL of culture and mcubated at 30°C/48 h. The
experiments were performed in triplicate. The Optical
Density (OD) was measured at 600 nm.

The ability of the strain to grow at different
temperatures was tested on nutrient broth moculated
with 100 pl. of culture and incubated at 4, 30, 37, 41
and 44°C/48 h. Growth was measured using a
spectrophotometer at 600 nm. A triplicate was performed
for each temperature of incubation.

Measurement of PGPR activities

Production of hydrogen cyanide (HCN): The ability of the
1solated stram to produce HCN was measured using the
method of Lorck (1948) on a HCN medium (nutrient agar
supplemented with 4.4 g of glycine 1.7") inoculated with
the bacterial culture. Whatmean paper 9 cm in diameter
impregnated with a solution of sodum picrate (5% picric
acid and 2% sodium carbonate) was deposited in the 1id
of the Petri dish which sealed with parafilm and incubated
at 30°C/4 h. The development of color orange to red
indicated the production of HCN.
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Production of NH,: The production of NH, was evaluated
on peptone water inoculated with 100 pl. of the bacterial
culture (Cappuccino and Sherman, 1992) mcubated at
30°C/48 h The addition of 0.5 mL of Nessler's reagent
which gives a color yellow to brown indicated the
production of NH,.

Solubilization of phosphates: The ability of the strain to
solubilize phosphates was tested on Pikovskaya (PVK)
medium containing tricalcium phosphate (Ca;HPO,) as the
sole sowrce of phosphate. A volume of 10 pL of the
bacterial culture was deposited as a spot on the surface of
the PVK agar as described by Gaur (1990). After
incubation at 30°C/7 days, the diameter of the hale around
the colony was measured. Quantitative analysis of
tricalcium phosphate solubilization in liquid medium was
carried out on PVK liquid inoculated with 100 ul. of
culture and incubated at 30°C/4 h. The cultures were then
centrifuged at 3000 rpm/15 min. The amount of soluble
phosphate was measured by the colorimetric method of
Olsen (Olsen and Sommers, 1982). The concentration of
phosphate was determined by the absorbance of the color
blue at 610 nm. A standard calibration curve was
performed with a solution of KH,PO,. Three repetitions
were performed.

Production of indole acetic acid (IAA): The production of
IAA was tested on Winogradsky broth supplemented
with 2 g L7 tryptophan. The different media were
inoculated with 100 ul. of bacterial culture and incubated
at 30°C/48 h. The colorimetric assay was performed using
the method of Loper and Scroth (1986). The cultures were
centrifuged at 3000 rpm/20 min. Two milliliter of the
supernatant were mixed with 4 mL of Salkowski reagent
(50 mL of perchloric acid and 1 mL of 35¢/0 FeCl, 0.5 M).
The OD was measured at 530 mm. Concentrations of IAA
were determined using a calibration curve of a solution of
TAA obtained in the range 0 to 107" M. A triplicate was
performed.

Production of siderophores: The production of
siderophores was tested in medium Chrome Azurol S
(CAS) (Schwyn and Neilands, 1987). The King B medium,
given 1ts composition free of wron, was used to
demonstrate the production of siderophores. The King B
solid medium was inoculated with 10 pl. of bacterial
culture and incubated at 30°C/24 h. After growth, 15 mL of
CAS agar were poured on the bacterial culture. Contact
after a few hours, a change of color from blue to orange,
appeared around the colony producing siderophores. The
diameter of orange halo was determmned by subtracting

the diameter of the colony of the total diameter
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(halotcolony). Quantitative analysis was performed on
King B liquid medium inoculated with 100 pL of culture,
incubated at 30°C/48 h. Cultures were centrifuged at
3000 rpm/30 min and 500 L of the supernatant were mixed
with 300 pl. of CAS solution. The color changed from blue
to orange at the rate of production of siderophores. The
OD was measured by a spectrophotometer at 630 nm after
20 min of incubation. The experiment was performed in
triplicate.

The percentage of siderophores was calculated using
the following formula (Golcarn, 201 0):

St = S/S, % 100

Where:

S, = CAS solution of color intense blue (control)

S. = Solution of the sample of less blue to orange
depending on the mtensity of production

Effect of salt on the activities PGPR: The strain was
tested for its ability to solubilize phosphates and to
produce siderophores and IAA under salt stress. Each
corresponding  medium  described  above  was
supplemented with increasing concentrations of NaCl
(from O to 1000 mM), inoculated with 100 pl. of culture and
incubated at 30°C/48 h. The quantitative estimate for each
activity was determined by the methods described
previously.

Statistical analysis: Each data was the mean of three
replicates. All data were subjected by one-way analysis of
variance and the mean differences were compared by
Lowest Standard Deviations (L.SD) test. Comparisons with
p<0.05 were considered significantly different. All figures
the spread values were shown as error bars representing
standard errors of the means. The relationship between
the three activities under salt stress conditions (TAA
and, siderophore  productions and  phosphates
solubilization) was examined using regression analysis.

RESULTS

Identification of the strain: The isolated strain grew on
nutrient agar (GN) after 24 h at 30°C. The colomes
obtained had the following macroscopic characteristics:
round, smooth, regular edge, more or less flat, less
than 1 mm diameter and produce a yellow pigment.
Microscopic  examination revealed rights  bacilli,
Gram-negative with rounded ends 3 to 5 pm in length and
0.5to 1 pm wide. They were presented m 1solation or in
pairs. The strain was mobile, asporulée, catalase+,
oxidase-, mtrate reductaset(state N,), facultative
anaerobic, fermented glucose without gas production
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Table 1: Biochemical characterization of P. agglomerans lma2

Biochemical characters Strain isolated

Motility

Production of yellow pigment

Catalase

Oxidase

Nitrate reductase (IN;)

Gas produced from glucose

Indole production

H,S production

Voges-Proskauer reaction

Arginine dihydrolyse

Lysine decarboxy lase

Ornithine decarboxylase

Tryptophane deaminase

[-galactosidase

Urease

Growth on KCN

Utilisation of
Citrate
L({-Malate
L{+)Lactate
L()Tartrate
Succinate
Maleate

Hydrolysis of
Lecithin
Tween 20
Tween 80
Tributyrin
Casein
Gelatin
Starch
Esculin

Acid Production from
D-galactose
D-fructose
D-ribose
Raffinose
Fucose
L-sorbose
D-xylose
D-mannose
Lactose
Maltose
Trehalose
Levulose
D-cellobiose
Glycerol
Dulcitol
Adonitol
Dextrine
D-mannitol
Salicine
D-sorbitol

+: Positive test, -: Negative test

' o+ o+ o+

+ 0

o+ o+ o+

+ o+ o+

o+ o+

I T I L

(Table 1). These characters mentioned, oriented us toward
the family of Enterobacteriaceae. The API20E system
confirmed biochemical identification and the result have
determined the specie: Pantoea agglomerans.

The 165 rDNA sequencing and phylogenetic analysis
According to the sequence analysis of the 163 tDNA
partial sequences of the strain Pantoea agglomerans
lma2 (accession number GQ 478021) was placed
within the Pantoea cluster with 97% 163 rDNA
sinilarity (Fig. 1).
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Biochemical characterization: The results of various
biochemical tests were listed in Table 1. The strain
P. agglomerans lmaZ2 degraded several sources of carbon
sugars (D-fructose, D-galactose, D-xylose, D-ribose,
D-mannose, maltose, trehalose, levulose, cellobiose,
glycerol, D-mannitol, dulcitol, adomtol, salicin, dextrin,
citrate and esculin), lipids (lecithin, tributyrin and Tween
80) proteins (gelatin, casein) and organic acids (malate,
lactate and maleate) and grew on KCN (Table 1).

Physiological characterization

Effect of pH: Growth of P. agglomeransIma2 revealed that
it grew over a wide pH range from pH 4 to pH 8. The
inhibition of growth was visible to alkaline pH (pH 9
and 10). There was a maximum growth at pH 7 (Fig. 2).

Effect of temperature: The measure of turbidity indicated
a growth of P. agglomerans lma2 at different
temperatures. However, this rate varied according to
temperature. Tt is significantly higher at T = 30°C but
reduced to 37°C. At extreme temperatures (4, 41 and 44°C),
the strain retained a sigmficant but low growth ability
(Fig. 3).

Effect of salt: The growth of the strain on nutrient broth
with salt concentrations ranging from 0 to 1000 mM
showed a good capacity for salt tolerance. Growth was
observed up to 1 M with high rates at 100, 200 and
300 mM NaCl (Fig. 4).

Activities promoting growth plant

Nitrogen fixation, production of NH, and HCN: Given its
ability to grow on mitrogen-free medium like the W3
medium, FP. agglomerans lma2 was nitrogen fixing. This
strain produced a yellow-brown color after addition of
Nessler's reagent after 4 days of incubation in peptone
water, indicating the production of NH, The cyanogen
activity was absent in P. agglomerans lmaZ2. After 4 days
at 30°C, the color of the filter paper remained unchanged
(Table 2).

Solubilization of phosphate: P. agglomeranslma?2, tested
for its ability to solubilize Ca,;HPO, on PVK solid medium,
produced a clear zone around the colony of 10 mm in
diameter (Fig. 5). The quantitative estimation of
soluble phosphate on PVK liquid medium was
809.19 pg mL.~" (Table 2).

Production of siderophores: The production of
siderophores by Pantoea agglomerans Ima2 on CAS
solid medium after 24 h at 30°C was characterized by an
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Pantoea vagans (EF688012)
Pantoea ananatis (AY530795)
Pantoea anthophila (EF688010)

Pantoea agglomerans (AJ233423)
64 Pantoea agglomerans (GQ478021)
Pantoea conspicua (EU216737)
Pantoea brenneri (EU216735)
Pantoea stewartii (296080)
Buttiauxella izardii (AJ233404)

Buttiauxella noackiae (AJ233405)
T|B‘utti01wcella wanmboldiae (AJ233406)

98

Escherichia coli ATCC 11775T (X80725)

0.002

Fig.

1: Unrooted phylogenetic tree based on a comparison of the 168 ribosomal DNA sequence of Pantoea agglomerans

Ima2 (GQ478021) and some of their closest phylogenetic relatives (Validly published strains), The tree was created
by the neighbor-joining method, The numbers on the tree indicates the percentages of bootstrap sampling derived
from 1,000 replications, Bar inferred nucleotide substitutions per nucleotides
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Fig. 2: Effect of pH on growth of P. agglomerans Ima2,
OD: Optical density at 600 nm
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Fig. 3. Effect of temperature on growth of P. agglomerans
lma2, OD: Optical density at 600 nm

orange halo around the colony. The diameter of the
halo was 5 cm (Fig. 6) (Table 2). The percentage of
production of siderophores i CAS liquid medium was
calculated by the difference m OD at 630 nm between the
sample and the control. The color will turn from blue
(control) to orange more or less intense depending on the
rate of production. This strain produced 4,195% of
siderophores (Table 2).
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Fig. 4: Effect of salt on growth of P. agglomerans Ima2
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Fig. 5: Clearing  zone around colony of
P. agglomerans Ima2 indicating the ability of the
isolate to solubilize phosphate in PVK agar
medium
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Fig. 6: Orange halo around the colony of P. agglomerans
lma2 mdicating the ability of this 1solate to excrete
siderophores

Table 2: PGP activities of P. agglomerans Ima2

Activity Strain isolated
Nitrogen fixation +
Production of

NH; +

HCN -

IAA 147 pg mL!

Riderophores 4.19%% (5 mim)
Solubilization of phosphate 809.19 pe mL~' (10 mm)
+: Positive test, -: Negative test, Parentheses values are diameter of halo on
solid medium

Production of indole acetic acid (TAA): The TAA was
produced from a precursor the tryptophan The
production of TAA by the isolated strain was measured
after 4 days of incubation. The production rate was
147 ug mL~" (Table 2).

Effect of salt on the activities of P. agglomerans lma2
In the presence of increasing concentrations of NaCl
(from O to 1 M), the amounts of P solubilized by
P. agglomerans Ima2 varied from 809.19 to 1061.49 ug
mL~". It showed a higher solubility in the presence of salt
from 100 to 800 mM compared to the control without salt,
the maximum rate of soluble phosphate was attained in
presence of 300 mM at 1061.49 pg mL ™" The rate of
soluble phosphate decreased but remained significant at
900 and 1000 mM NaCl measuring 721.6 ug mL™" and
583.90 ug mL. ™", respectively (Fig. 7).

The production of siderophores was increased in the
presence of salt compared to the control without salt
(4.195%). The production was 12.01% at 100 to 900 mM to
8.16%, the maximum rate was 18.32% at 300 mM. At1 M
of NaCl the percentage was decreased and was 2.165%
(Fig. 8).
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The  production capacity of the TAA by

P. agglomerans lma2 was also enhanced in the

presence of NaCl. The maximum was observed at

200 mM  of NaCl (161 pg mL™"). The production

decreased at 400 mM. At high concentrations 700, 800,

900 and 1000 mM NaCl, IAA production was very low
(Fig. 9,10).

Correlation between the activities of P. agglomerans
Ima2: The analysis of the comelation between the
different activities of P. agglomerans lma2 showed a
significant relationship at p<<0.01 between production of
siderophores and the solubilization of phosphates.
The correlation between the production of IAA and

siderophores and between phosphate solubilization
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Fig. 9: TAA production by P. agglomerans Ima2 under
NaCl stress

eI,
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Fig. 10: Pink color of the solutions indicating the TAA
production by P. agglomerans Ima2 under NaCl
stress

Table 3: Comrelation between activities of P agglomerans Ima2

Correlation Coefficient of correlation r P
P=xIAA 0.4218 s
PxS 0.8267 sl
TAAXS 0.4632 *

#*Rignificant at 1% probability level at p<0.01, *Rignificant at 3%
probability level at 0.01 <p<0.05

and the production of IAA was significant at p <0.05
(Table 3).

DISCUSSION

Selected strain was Gram-negative rod, facultative
anaerobic, catalase positive, oxidase negative, mobile,
fermenting glucose without gas production. The
identification of this stram by the API20E system gave
the specie P. agglomerans. The analysis of the 16S tDNA
gene sequence confirmed this identification. On the basis
of biochemical tests and by comparing the 1solated strain
P. agglomerans lmaZ2 to biochemical characteristics of
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type strain P. agglomerans ATCC 27135 (Gavini et al.,
1989), two differences revealed: the dulcitol use and
reduction of nitrate in the state of molecular mtrogen.
However, the sequence showed a very significant degree
of homology (97%) with related species.

Remhardt et al (2008) suggested that several
genera of Enterobacteriaceae
P. agglomerans were beneficial to plants. These bacteria
were able to use a wide variety of carbon sources
as nutrients in the rhizosphere (Misko and Germida,
2002). On the other hand, metabolic profile of
strains allowed us to understand their competitive
ability and survival under various envirormmental
conditions (Francis et al., 2000; Giongo et al., 2010).

In this study, the optimum growth temperature
was 30°C, indicating that Panfoea agglomerans lmaZ2
was a mesophilic bacterium. In comparison with the
type-strain, the strain grew equally well at 4°C after 4
days (Gavim et al., 1989). However, growth at 41°C, in
contrast to the type strain, could explain the presence
of these organisms in arid regions. Temperature was one
of the important governing the
physiology and growth of microorgamsms as reported by
Rahman et al. (2006).

The effect of pH on the growth of P. agglomerans
ImaZ2 showed an optimum growth at pH 7. However,
growth at pH slightly alkaline (pH 8) and acidic (pH 4-5)
was noted. This explained the ability of the strain to grow
on a wide pH range. This result was consistent with that
of P. agglomerans CPA-2 that could grow atpH 5to
pH 8.6 (Costa et al., 2002).

According to Borneman et af. (1996), soil salinity
played a prominent role in microbial process selection.
Several studies mdicated that bacteria isolated from saline
or arid environments were more able to survive inhibitory
salt concentrations compared to those isolated from
non-saline habitats (Tripathi et af., 1998; Jat and Sharma,
2006). This was the case of P. agglomerans Ima2 which
our results showed that, this strain was halotolerant, it
had a high growth in the presence of NaCl concentrations
between 100 and 400 mM.

Rhizobacteria affected plant growth by improving
their mineral supply phosphorus (P). The ability of some
microorganisms to convert mnsoluble phosphorus m a
soluble form was a sigmificant beneficial effect for
increasing vields of plants. Microorganisms solubilize P
by the production of organic acids and/or secretion of H'.
Therefore, P can be released by the substitution of
protons or chelation with Ca® (Tllmer and Schinner, 1995).
The solubilization of P was a very common character
i P. agglomerans lma2 . The amount of P solubilized on
PVK medium supplemented with Ca, (PO,), was

such as

most factors
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809.19 ug 17" According Sulbaran et al. (2008), the
amount of P solubilized by P. agglomerans MMBO51
varied with the source of P present n the medium. It was
high with the Ca, (PO,), (95.75+£2.94 ug L") but low with
FePO,: (0.9710.06 pg .7, ATPO,: (3,11£0.24 pg 1.7 and
KH,PO, (6.69:0.45 ug 1.7).

The strain P. agglomerans lma2 tested m the
presence of salt showed a high solubilization capacity.
This indicated that this strain had a character of
resistance to salinity. These results were in agreement
with those obtained by Son et al (2006), indicating
that P. agglomerans R-42 produced 900 pg L™ of soluble
P in optimum conditions. Moreover, this strain showed
resistance against different environmental
such as salt concentration (1-5%) and solubilized P
at higher levels CalPO, (1367 ug L"), hydroxy apatite
(1357 ug L., Ca, (PO,), (1312 pg L7

Auxin was the most efficient plant growth hormone,
and among them the indole acetic acid was the most
common. About 80% of rluzosphere bacteria were capable
of producing indole 3-acetic acid. L-tryptophan was
considered the precursor of TAA, because its addition
was necessary for the production of IAA (Dastager et al.,
2010; Keyeo et al, 2011). Strains that produce large
amounts of auxin in the soil caused a maximum
increase of the growth and crop yield (Khalid et of., 2004;
Sarkar et al, 2002, Sudha et al, 2012). According
Barazani and Friedmann (1999) bacteria, able to secrete a
higher rate to 13.5 pg L™ of indole compounds were
considered as PGPR.

Production of IAA by P. agglomerans lma2 was lugh
and increased with salt. The maximum rate of product was
161 pg mL ™" at 300 mM NaCl. This behavior seemed to be
due to the ability of the strain to resist osmotic stress.
Indeed, the stressful environment fostered the
development of bacteria showing the best activity
(Banerjee et al., 2010). The comparison between the above
results it was concluded that the strain isolated in this
study was very effective in the production of TAA.

The volatile compounds were involved in the
suppression of various pathogens (Howell et al., 1988).
These authors noted that the ammonia produced as an
mtermediate in the catabolism of amino acids, root
exudates and assimilated by the bacteria was an mbibitor
of plant pathogens (Yasari and Patwardhan, 2007).
Another secondary metabolite produced by certain
thizobacteria was hydrogen cyamde. Although, this
compound was a general metabolic mhibitor. It was
synthesized and secreted by certain bacteria as a means
to avoid predation or competition (Heydari et al., 2008).
However, the 1solated stramm P. agglomerans lma2 did not
have the ability to produce HCN This could be explained

stresses
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by the non-existence of genes (hen) responsible for the
production of this metabolite (Voisard et al, 1989,
Laville et al, 1998). However, the NH, was easily
produced by P. agglomerans lma?2 as for the majority of
rhizobacteria as reported by Ahmad et al. (2008).

Another activity of PGPR was the production of
siderophores that can influence plant growth by binding
iron in its available form: Fe**. Through this process, iron
was made unavailable to plant pathogens. Therefore,
siderophores protect the health of plants of several fungal
or bacterial diseases (Siddiqui, 2005; Sahu and Sindhu,
2011). P. agglomerans lma2 was charactenized by an
important production of siderophores (large halo around
the coleny). P. agglomerans Ima2 was very effective in
siderophore production under salt stress and had
substantially the same growth characteristics
adaptation to salinity than other activities.

The analysis showed that there was a significant
correlation between the three activities of P. agglomerans
lma?2 tested 1 the presence of salt. Several studies on the
performance of PGPR showed that rhizobacteria could
have several activities that act synergistically to improve
plant growth (Ahmad et af., 2008).

In addition, it should be noted the behavior of the
isolated strain against salt, indeed, the increase of
each activity improving plant growth was between
100 and 400 mM of NaCl concentration and
indicated clearly its resistance to salimty and halophilic
character.

Performance of activities of P. agglomerans Ima2 was
sigmificantly better in the presence of salt.

These findings  suggested  that the stramn
P. agglomerans Ima2 was halophilic and could be a good
biofertilizer for plant growth in arid regions and regions
with saline soils.

and
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