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Abstract
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PIVIC, 2012. Indigenous Pseudomonads from rhizosphere of maize grown on pseudogley soil in Serbia.
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Pseudomonads are distributed widely in temperate soils and often predominate among bacteria from plant
rhizosphere. The present study revealed the genodiversity among 67 pseudomonads isolates from maize rhizo-
sphere (39) and non-rhizospheric (28) nutrient poor pseudogley soil. Results from the screening for plant growth
promoting (PGP) traits (phosphate solubilization, siderophore and indoleacetic acid production, enzymatic activ-
ity) and rep-PCR fingerprinting of isolates using ERIC and (GTG), primers indicated low diversity existing in this
selective environment. We selected five different isolates — two of them were non-phytopathogenic isolates with
protease, lipase and phospholipase activity, ability to solubilize tricalcium phosphate and produce indoleacetic ac-
ids. All isolates inhibited growth of some of seven investigated phytopathogenic fungi. Isolate Q4m showed high
enzymatic activity, good phosphate solubilization and production of siderophores and high amount of indoleacetic
acids (from 8.6 pg/ml without tryptophan in medium to 26 pg/ml with 5 mM tryptophan added in medium). This
selected strain has the potential to enhance plant growth and participate in phosphorus and iron availability in
rhizosphere.

Key words: pseudomonads, PGPR, rhizosphere, siderophores, PCB, rep- PCR, genodiversity
Abbreviations: PSB - Phosphate-Solubilizing Bacteria; [AA — Indole Acetic Acid; PGPR - Plant Growth
Promoting Rhizobacteria; CAS - Chrome Azurol S ; AR - Intrinsic Antibiotic Resistance; rep-PCR -
repetitive sequence-based polymerase chain; reaction; ERIC- enterobacterial repetitive intergeneric
consensus

Introduction tion, nutrient mobilization and plant protection

are the generally accepted mechanisms for plant

Plant growth promoting rhizobacteria (PGPR)  growth promotion (Cattelan et al., 1999; Ryu et al.,
are beneficial microorganisms able to enhance  2006; Ahn et al., 2007).

plant growth and increase yield, improve plant Phosphorus and iron are some of the major es-

health and crop protection. Plant hormone produc-  sential macronutrients for biological growth and
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development. Most agricultural soils contain large
reserves of total P, a part of the accumulated P de-
pends on regular application of chemical fertiliz-
ers or sludge from wastewater treatment. Both P
fixation and precipitation occur in soil, because of
the large reactivity of phosphate ions with numer-
ous soil constituents. The concentration of soluble
P in soil is usually very low and pool of immedi-
ately available P is extremely small and must be
replenished regularly to meet plant requirements.
Interest has been focused on the inoculation of
phosphate-solubilizing bacteria (PSB) into the soil
to increase the availability of native, fixed P and to
reduce the use of fertilizers. Phosphate solubiliza-
tion occurs by carboxylic acids synthesized and
released by microorganisms. These carboxylic
acids also may decrease pH (Puente et al., 2004;
Rodriguez et al., 2006).

Bioavailability of iron in soil is limited by low
solubility of Fe3+, the predominant state of iron in
every environment. Accumulation in mineral phas-
es such as iron hydroxides cannot be utilized by
plants. Some bacteria and fungi, when grow in iron
deficient environment, synthesize siderophores,
iron chelating agents which bind with Fe3+ ions
and form soluble complexes that can be transport-
ed into the cells. Siderpophores act as biocontrol
agents by limiting iron availability to the patho-
gens and lead to induction of plants host resistance
against pathogens (Meziane et al., 2005).

PGPR also produce many secondary metabo-
lites and hydrolytic enzymes, which act as an-
tifungal factors and can degrade the structural
matrix of fungal cell walls (Cattelan et al., 1999;
Wolf et al., 2002; Hu, 2005; Zarrin et al., 2009).
Rhizobacteria can produce or change the concen-
tration of plant growth stimulating hormones such
as indoleacetic acid (IAA), gibberellic acid, cyto-
kinins and ethylene and exert beneficial effect on
plants. IAA produced by bacteria can induce in-
creasing the number of root hairs and lateral roots
(Okon and Kapulnik, 1986).

We investigated maize rhizospheric and non-
rhizospheric soil from the same location, looking
for indigenous isolates, which grew on unpolluted
rural soil. The objective of the present study was
to assess the plant growth promoting traits of in-
digenous pseudomonads isolates, estimate their
genodiversity and select the most promising iso-
lates for application in plant production on nutrient
poor soils.

Materials and Methods

Isolation of pseudomonads from rhizosphere
and IAR pattern

Soil samples were taken from rhizosphere of
good growing maize (Qm), growing on extremely
poor pseudogley soil and from non-rhizospheric
soil (q) of the same locations on Vagan hill in
Serbia.

Pseudomonas isolates were separated from
other bacteria on nutrient agar (NA) medium con-
taining chloramphenicol and ampicillin (100 pg/
ml). All isolates were subcultured several times to
obtaine pure cultures and tested for fluorescence
on King B (KB) medium. For additional suscep-
tibility patterns to antibiotics, isolates were grown
on NA with addition of 10, 50 and 100ug/ml of
gentamicin, 10, 50 and 100 pg/ml of tetracycline.

NA medium was supplemented with 4%NaCl for
salt tolerance test and various pH (from 5 to 9) ad-
justed with 1M HCI or 1M NaOH for pH tolerance.

rep- PCR

Total genomic DNA was extracted using the
method described by Ross et al. (2000). Screening
of genodiversity was performed as recommended
by Versalovic et al. (1994), using BOX type (GTG),
primer and ERIC 1R/ERIC 2 primer pair. PCR re-
actions were performed in 50ul reaction mixture
using Dream Taq Green Polymerase (Fermentas,
Lithuania). Amplifications were undertaken in a
Eppendorf Master Cycler Personal (Germany) and
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products were separated by gel electrophoresis on
1.5% agarose gel in 0.5x Tris borate EDTA buf-
fer at 5V/cm. Similarity and clustering was based
on the unweighted pair group arithmetic average-
linkage algorithm using STATISTICA 7 software.

Production of extracellular enzymes

Cellulase and pectinase production was deter-
mined in M9 medium supplemented with yeast ex-
tract (1.2 g/1) and carboxy-methyl cellulose (10g/1)
or pectin (4.8 g/l), respectively (Cattelan et al.,
1999). After incubation at 28°C during 6 days, cel-
lulasa positive isolates were surrounded by clear
halos. Pectinase activity of isolates was observed
after 2 days of incubation: plates were flooded
with 2M HCI and appearance of clear zones was
verified. Protease production was determined us-
ing skim milk agar based on proteolytic activity,
as described by Jha et al. (2008). Gelatinase ac-
tivity was detected by liquefied solid gelatin, ure-
ase activity observed by color change using urea
agar base supplemented with urea and amylase by
zones on starch agar plates (Cappucino and Sher-
man, 2001). Production of phospholipases and li-
pases was assayed on basal medium supplemented
with Tween 80 (1% w/v) and egg yolk, respective-
ly (Lanyi, 1987) and production of opaque zones
around colonies indicated lipolytic activity, since
production of lecithinase (phospholipase) caused
the zone of turbidity surrounding the colony. Chi-
tinase activity was observed on Waksman medium
(Minkwitz and Berg, 2001) supplemented with
0.2% colloidal chitin by clearing zone around bac-
terial colony.

Phosphate solubilization ability test

For solubilization assay, isolates were spot in-
oculated on Pikovskaya (1948) agar with 0.5%
tricalcium phosphate [Ca,(PO,),]. Bacteria that in-
duced clear zone around the colonies after 3 days
of incubation at 28°C were considered positive for
production of phosphate solubilizing enzyme.

Production of siderophores and HCN

Siderophore production was estimated using
the modified chrome azurol S (CAS) assay. Modi-
fication of methodology described by Schwyn and
Neilands (1987) was reported by Milagres et al.
(1999). For CAS assay in solid medium, plates
were inoculated with 10ul of ~5x10° bacteria on
the borderline between CAS and King B medium.
The siderophores production was detected simul-
taneously on the other half-containing CAS-blue
agar and intensity of production was measured by
front of change color from blue to yellow-orange.

HCN production was tested on King B medium
supplemented with glicine (4.4 g/l). After 4 days at
28°C incubation of inverted plate with filter paper
(impregnated with 0.5% picric acid and 2% sodi-
um carbonate) placed on the lid and sealed with
parafilm, production of cyanide was detected by
discoloration of yellow filter paper to orange or
brown (Ayyadurai et al., 2007).

Production of IAA

IAA production was tested according to stan-
dard procedure (Glickmann and Dessaux, 1995).
For quantitative analysis, 10ul of each bacterial
suspension (standardized to OD of 0.625) was
inoculated in liquid King B medium amend with
different concentration of tryptophan (0; 2.5 and 5
mM). After 24h and 48h of incubation at standard
temperature, the supernatant was mixed (1:2 v/v)
with Salkowski reagent (2% 0.5M ferric chloride
in 35% perchloric acid) and intensity of pink color
was measured at 530 nm for IAA production and
standard curve of IAA and absorbance at 600 nm
for concentration of isolates. All results for IAA
are standardized to OD = 1.

Fungal inhibition bioassays

Screening of isolates for in vitro antagonism to-
wards seven fungal pathogens (Alternaria alterna-
ta, Dreschlera tetramera, Diaporte Eres Complex,
Sclerotinia sclerotiorum, Fusarium verticillioides,
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FE. sporotrichioides and F. equiseti) was obtained
by standard coinoculation techniques on Waksman
agar (Minkwitz and Berg, 2001). Inhibitions of
mycelium growth by pseudomonads isolates with
antifungal activity were observed on Waksman
medium according Wolf et al. (2002).

All experiments were performed in triplicate
and repeated twice, while fungal inhibition bioas-
says were performed in four replicate and repeated
three times.

Plant pathogenicity test

Pathogenicity of isolates was tested ex vivo fol-
lowing the protocol of Moragrega et al. (2003).
Young leaves of lilac were collected the same day
that inoculation was performed and dipped in 1%
active sodium hypochlorite solution for 5 minutes.
Detached sterile leaves were inoculated with a 10 pl
drop of the bacterial suspension (OD,, =0.625) on
the midrib of the leaf. The same concentration of
bacteria was inoculated (by injection) in surface
sterilized bean pods. Sterile distilled water was
used as negative control. Inoculated bean pods and
lilac leaves were incubated 4 days at 24°C in con-
trolled environment chamber. Five-severity index
levels scale (0 to 4) was applied to quantify the in-
tensity of infections. Three replicates of five bean

Table 1

pods and lilac leaves per replicate were used per
test, and tests were repeated twice.

Results

Isolation of pseudomonads from rhizosphere
and IAR pattern

Bacterial isolates indigenously growing on
maize rhizospheric soil were examined and 67 dif-
ferent bacterial isolates resistant to ampicillin and
chloramphenicol (100ug/ml) were isolated. Five
different groups with representative isolates and
their frequency (Table 1) were obtained based on
rep-PCR patterns and susceptibility to additional
antibiotic as IAR (Intrinsic Antibiotic Resistance)
patterns. All strains were fluorescent on King B
medium and identified as Pseudomonas sp.

rep- PCR

Genotypic analysis was performed by rep-PCR.
ERIC patterns (Figure 1a) and BOX patterns ob-
tained with (GTG), primer (Figure 1b) revealed the
highest level of similarity between Q4m and Q20m
(71%) and formed one cluster which was 43% simi-
lar to the other cluster (Figure 2). Isolates g4 and g5
formed sub cluster with 68% similarity and formed
the second cluster with q3 (56% similarity).

Salt and pH tolerance and Intrinsic Antibiotic Resistance of Pseudomonas isolates

o R TAR (Intrinsic Antibiotic Resistance) ¢
% %\ m § % o concentration (ug/ml)
5| 5 o 9 < :
) 3 s 2 Z v
2 =2 = 0 - “ Chl Amp Gen Tet
= o N o X e
& = ~ 2,
i 100 100 | 10 [ 50 [ 100 ] 10 [ 50 | 100
Q4m 19 (32.2) ++ + + + + + o+ - n _ )
Q20m 12 (20.3) +++ - + + + + - - + + +
q3 9(15.2) +++ + + + + + - - + + -
q4 11 (18.6) + - - + + + + - + - -
qs 8 (13.5) ++ + + + + + - - + + -

* number (and percent) of isolates with the same IAR and rep-PCR pattern
®intensity of fluorescence on King B medium after 24h of cultivation: + low, + moderate, ++ strong, +++ very strong
fluorescence; “isolate growth: (-) negative; (=) moderate; (+) positive
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Production of extracellular enzymes

All isolates produced phospholipase (turbidity
zone surrounding colony) and protease (clear halos
on skim milk agar) (Table 2). None of the isolates
produced amylase, celulase and pectinase. Isolate
Q20m did not produce urease. Gelatinase activ-
ity was detected in two isolates by liquefied solid
gelatin. Chitinase was produced only by isolate q5
growing on Waksman medium supplemented with
colloidal chitin.

Phosphate solubilization ability test
Phosphate solubilization assay showed that four
isolates induced clear zone on Pikovskaya agar

supplemented with insoluble tricalcium phosphate
(Table 3).

Production of siderophores and HCN

All investigated isolates were grown on the
middle of the plate containing King B medium, but
three isolates produced siderophores and changed
the color of CAS solid medium from blue to or-
ange. Production of siderophores were measured
by color front change after 3 days of cultivation and
ranged from 8.2 (g5) to 8.6 mm/day (Q4m). Three
isolates changed color of yellow filter paper to or-
ange caused by production of cyanide (Table 3).
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Fig. 1. rep-PCR of indigenous Pseudomonas sp.
isolates from Serbian pseudogley soil on Vagan hill.
a) ERIC patterns of representative isolates: lane 1.

Marker; lane 2. Q4m; lane 3. Q20
m; lane 4. q3; lane 5. q4; lane 6. q5; lane 7. Marker;
b) BOX patterns obtained by (GTG), primer: lane
1. q3; lane 2. q4; lane 3. q5; lane 4. Marker; lane
5. Q4m; lane 6. Q20m. Marker: GeneRuler DNA
Ladder mix SM0331 (Fermentas, Lithuania)

rep-PCR similarity of Pseudomonas isolates from pseudogley soil
Complete Linkage
Percent disagreement
Q4m
Q20

q3

q4

q5

0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60

Linkage Distance

Fig. 2. Similarity of representative indigenous Pseudomonas sp. isolates from Serbian pseudoglay soil on Vagan
hill obtained by rep-PCR (ERIC and BOX primers)
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Table 2
Enzymatic activity of Pseudomonas isolates
Enzymatic activity®
(]
Q 3
g ; 8 2 | g%
2 250 g | 2 |28 o | 2
2 o 2 < g g <, < =
£=| ¢ 8§ |Eg & | £
£ 2 = I o & - =
= o | =3
= ©
o
Q4m + + - - + -
Q20m + - i : + -
q3 + + + - + -
q4 + + - - + -
qs + + + - - +

b enzymatic activity: (-) negative; (&) moderate; (+) positive

IAA production

All isolates showed production of IAA in KB
medium without addition of tryptophan. Less than
4ug/ml of IAA after 24h and 48h of cultivation was
produced by isolates Q20m, q3 g4 and q5, isolate
Q4m produced more then Spg/ml IAA. Influences
of two tryptophan concentrations on tested isolates
are shown in Table 3.

Fungal inhibition bioassays
The growth of seven phytopathogenic fungi:
Alternaria alternata, F. verticillioides, F. sporo-

trichioides, F. equiseti, Sclerotinia sclerotiorum,
Dreschlera tetramera and Diaporte eres complex
(DEC) was tested in combination with selected bac-
teria. Isolates Q4m, Q20m and g5 inhibited growth
of DEC. Low inhibition ability of Q4m and g3 iso-
lates, represented by zones smaller then 5 mm, were
observed for Alternaria alternata and Dreschlera
tetramera growth, as shown in Table 4.

Plant pathogenicity test

Two different Pseudomonas sp. were isolated
from root surface of maize - Q4m and Q20m, and
no necrosis effect on lilac leaves or bean pods were
observed (Table 4). Isolates from non-rhizospheric
soil q3, g4 and q5 were pathogenic according to
Moragrega et al. (2003) pathogenicity test.

Discussion

Population of fluorescent pseudomonads in
plant rhizosphere is very abundant in agriculture
(cultivated) soils and often led to plant growth pro-
moting and biocontrol activity. We detected dif-
ferent populations of pseudomonads in rhizosfere
of maize plant, also in bulk soil near the investi-
gated rhizospheres. However, the extremely poor
pseudogley soil on the old magmatic hill Vagan in
Serbia, with rural land usage, showed low diversi-

Table 3
Main PGPR trait analysis of Pseudomonas isolates
.8 2 s .5 IAA production. pg/ml
@ S| 55| 2] 2
2 Nl 2|55
% :g § é g % without tripthophane 2.5 mM tripthophane 5 mM tripthophane
g 28| 5|z
S g 24h 48h 24h 48h 24h 48h
Q4m + 3+ + o+ 7.23+0.20 8.61+0.13  10.01+0.23 13.48+0.17 15.84+0.29 26.09+0.20
Q20m + - + + 3.59+0.11 4.06+0.19 5.91+0.22 7.14+0.15  12.20+0.22 11.77+0.14
q3 + 3+ + o+ 1.45£0.18 3.07+0.11 5.28+0.16  4.60+£0.14  12.75+0.27  7.44+0.16
q4 - - - - 4.57+0.21 1.29+0.10 4.89+0.22 2.69+0.19 6.20+0.19 4.79+0.12
qs + 3+ - - 4.134+0.07 2.77+£0.17 5.94+0.27 3.86+0.24 9.33+0.22 5.61+0.33

* phosphate solubilization zones (mm/day): — no solubilization; 1+: 1 to 3; 2+: 3 to 5; 3+: more then 5;
® siderophores production and front colour change (mm/day): — no production: 1+: 1 to 4; 2+: 4 to 8; 3+: more than 8.
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ty of pseudomonads. Representative rhizospheric
isolates (Q4m and Q20m) formed separate clus-
ter which showed only 43% similarity with non-
rhizospheric isolates. Isolate q3 was 44% distinct
from other non-rhizospheric isolates.

Previous studies revealed that plant rhizospheric
pseudomonads in Serbia exhibited high enzymatic
activity (Djuric et al., in press). In this study, pro-
tease and phospholipase activity was observed in
all isolates, while amylase, pectinase and cellulase
were not detected. Chitinase activity was showed
only by phytopathogenic isolate q5. Urease activ-
ity was not detected in Q20m isolate and lipase
activity was not detected in q5 isolate. Gelatinase
activity was shown by two phytopathogenic iso-
lates — q3 and q5. The maize rhizospheric isolates
Q4m and Q20m exhibited less enzymatic activity
then phytopathogenic isolates from pseudogley
soil. The functional characterization and genetic
variability of fluorescent pseudomonads in rhizo-
sphere soils has been reported by Ayyadurai et al.
(2007) and included Pseudomonas pseudoalcali-
genes, P. fluorescens, P. putida, and S. maltophilia.

These antagonistic bacteria exhibited production
of one or more antifungal metabolites (hydrogen
cyanide, pyrrolnitrin, phenazine, pyoluteorin) and
cell-wall-degrading enzyme (protease, pectinase,
cellulase, chitinase).

Siderophore-producing bacteria promote plant
growth indirectly, by sequestering the limited iron
in the rhizosphere and reducing its availability for
the growth of pathogens. In the present investiga-
tion, isolates q3 and high-phytopatogenic isolate
q5 from non-rhizospheric soil and Q4m isolate
from maize rhizosphere showed very good pro-
duction of siderophores, with more than 8 mm/
day front activity. Similar results for siderophore
activity zones (6 mm/day) Poritsanos et al. (2006)
reported for P. chlororaphis PA23 wild type strain
under similar condition.

The beneficial effects of PGPR by production
of phytohormones that promote root development
and proliferation have been reported by Weller and
Cook (1986), Patten and Glick (1996). All isolates
in our investigation produce IAA ranging from
1.45 to 26.09 pg/ml. Stimulatory effect of higher

Table 4

Plant pathogenicity of Pseudomonas isolates and antifungal activity against phytopathogenic fungi
Antifungal activity against:* Isolate

Qm | Qom [ g3 | @ | g

Alternaria alternata + - + - -
Dreschlera tetramera - + + - +
Sclerotinia sclerotiorum - - - - -
Fusarium sporotrichioides - - - - -
E verticillioides - - + - -
F equiseti - - - - -
Diaporte eres complex + + - - +
Plant pathogenicity °
lilac leaves 0 0 3 2 4
been pods 0 0 3 2 3

* antifungal activity: (-) no growth inhibition ; (+) growth inhibition zone less than Smm; (+) growth inhibition zone 5-15

mm; (++) growth inhibition zone more than 15 mm;

bplant patogenicity: 0- no infection; 1- necrosis limited to the inoculation point; 2- necrosis of the leaf midvein or necrotic area
less than 5 mm diameter on bean pods; 3- necrosis of midvein and additional veins in leaves or necrotic area of 5-10 mm on
bean pods; 4- necrosos of more than 50% leaf surface or necrotic area higher than 10 mm diameter on bean pods
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applied concentration of tryptophan was observed
after 24h in all selected isolates and ranged from
9.33 for g5 to 15.84 pug/ml for Q4m. Zarrin et al.
(2009) reported production of 5.5 pg/ml IAA in
presence of 1mg/l tryptophan for Pseudomonas
WPR-61 in investigation of PGPR isolates against
Rhizioctonia solani in wheat. Karnwal (2009) also
tested Pseudomonas strains — P. fluorescens AK1
and P, aeruginosa AK2, for their ability to produce
indoleacetic acid in pure culture in the absence and
presence of L-tryptophan at 50- 500 pg/ml. It was
also found that indole production increased with
increasing of tryptophan concentration (from 0.2
to 9.3 pg/ml). Isolate Q4m produced 7.23 pg/ml
IAA in medium without the presence of tryptophan
and very high amount in presence of 2.5 and 5SmM
tryptophan — 10 and 15.84 pg/ml IAA after 24h of
cultivation and 13.48 and 26.09 pg/ml after 48h
of cultivation. Isolate Q4m showed better results
than those reported by Zarrin (2009) and Karnwal
(2009).

Solubilization of insoluble phosphorous to ac-
cessible forms (orthophosphate) promotes plant
growth and increase yield (Tao et al., 2008; Yazdani
et al., 2009). Many fluorescent pseudomonas have
been reported as phosphate solubilizers: P. chloro-
raphis, P. savastanoi, P. pickettii (Cattelan et al.,
1999), P. fluorescens EM85 (Dey et al., 2004), P.
plecoglossicida, P. mosselii, P. aeruginosa (Jha et
al., 2008), P. trivalis, P. poae, (Poonghuzhali et al.,
2008). In our investigation four Pseudomonas iso-
lates showed good phosphate solubilization ability,
but only nonpathogenic isolates (Q4m and Q20m)
can be taken into consideration for application as
PGPR.

Diverse rhizobacteria (Bacillus, Pseudomo-
nas, Azotobacter, Azospirillum, Cryseobacterium,
etc.) suppressed growth of fungal mycelium by
differencial mechanisms such as production of
siderophores (Audenaert et al., 2002; Compant
et al., 2005), antibiotics (Ayyadurai et al., 2007;
Jha et al, 2008), hydrolytic enzymes (Pragash et

al., 2009) and plant growth promoting hormones
such as IAA and phosphatase (Zarrin et al., 2009;
Zehnder et al., 1999). All plant-pathogenic non-
rhizobacterial isolates showed low antifungal po-
tential in our investigations. Mycelial growth of
Dreschlera tetramera was stopped near isolates
Q20m, g3 and g5, while the growth of Alternaria
alternata was stopped near to Q4m and q3. Clear
antagonistic activity was shown by isolates Q4m,
Q20m, and g5 against Diaporte eres complex and
formed zones of inhibition larger than 8 mm. Jha
et al. (2008) reported that pseudomonad strains P,
plecoglossicida, P. mosselii, P. aeruginosa formed
very large inhibition zones, from 10 to 36 mm,
against 13 phytopathogenic fungi. Seven differ-
ent strains of fungi were used in our investigation;
therefore, the size of the inhibition zones formed
by Q4m, Q20m and g5 isolates is not comparable
with their results.

Conclusion

Examination of indigenous PGP pseudomonads
diversity, in maize rhizospheric soil and in non-
rhizospheric soil, on specific locations (old mag-
matic hill Vagan) with rural land use was per-
formed for the first time in Serbia. Low diversity
of indigenous pseudomonads was confirmed by
rep-PCR and IAR patterns. Isolate Q4m, effective
in releasing P from inorganic complexes through
solubilization, with the ability to produce high
amounts of IAA, siderophores and to grow at high
salt concentrations and different pH (from 5.5 to
8.5), has high potential for application. Estimation
of ecological and economic significance of this
isolate needs a further investigation in greenhouse
and field conditions.

Acknowledgments

We are grateful to Milan Kojic, IMGGI, Bel-
grade, Serbia, for providing the indicator strain
used for the quorum-sensing signal production



PGP Pseudomonas from Serbian Pseudogley Soil

205

in this study. This work was funded by Serbian
Ministry of Education and Science for the project
11146007.

References

Ahn, T., J. Ka, G. Lee and H. Song, 2007. Microcosm
study for revegetation of barren land with wild plants
by some plant growth-promoting rhizobacteria. J
Micobiol Biotech, 17: 52-57.

Audenaert, K., Pattery, T., Cornelis, P. and M. Ho"
fte, 2002. Induction of systemic resistance to Botrytis
cinerea in tomato by Pseudomonas aeruginosa
7NSK2: Role of salicylic acid, pyochelin, and
pyocyanin. Molecular Plant-Microbe Interactions.
15: 1147-1156.

Ayyadurai, N., Ravindra Naik, P. and N.
Sakthivel, 2007. Functional characterization of
antagonistic fluorescent pseudomonas associated
with rhizospheric soil of rice (Oryza sativa L.). J.
Microbiol. Biotechnol., 17: 919-927.

Cappuccino, J. G. and N. Sherman, 2001.
Microbiology: A Laboratory Manual, 6" edition.
The Benjamin/Cummings Publ. Co Inc., New York.

Cattelan, A. J., Hartel, P. G. and J. J. Fuhrmann,
1999. Screening For Plant Growth-Promoting
Rhizobacteria To Promote Early Soybean Growth.
Soil Science Society of America journal., 63: 1670-
168.

Compant, S., Duffy, B., Nowak, J., Cle’'ment, C. and
E. A. Barka, 2005. Use of plant growth-promoting
bacteria for biocontrol of plant diseases: Principles,
mechanisms of action, and future prospects. Applied
and Environmental Microbiology, T1: 4951-4959.

Dey, R., K. K. Pal, D. M. Bhatt and S. M. Chauhan,
2004. Growth promotion and yield enhancement
of peanut (4rachis hypogaea L.) by application of
plant growth-promoting rhizobacteria. Microbiol.
Res., 159: 371-394.

Glickman, E. and Y. Dessaux, 1995. A critical
examination of the specificity of the salkowski
reagent for indolic compounds produced by
phytopathogenic bacteria. Appl. Environ. Microbiol.,
61: 793-796.

Hu, C., 2005. Induction of growth promotion and

stress tolerance in Arabidopsis and tomato by plant
growth promoting rhizobacteria. Dissertation. http://
hdl.handle.net/10415/769.

Jha, B. K., Pragash, M. G., Cletus, J., Raman, G.
and N. Sakthivel, 2008. Simultaneous phosphate
solubilization potential and antifungal activity of
new fluorescent pseudomonad strains, Pseudomonas
aeruginosa, P. plecoglossicida and P. mosselii. World
J. Microbiol. Biotechnol., DOI 10.1007/s11247-
008-9925-x

Karnwal, A., 2009. Production of indole acetic acid
by fluorescent Pseudomonas in the presence of
L-tryptophan and rice root exudates. Journal of
Plant Patholog,. 91: 61-63.

King, E. O., Ward, M. K. and D. E. Raney, 1954. Two
simple media for the demonstration of pyocyanin
and fluorescein. J. Lab.Clin. Med., 44: 301-307.

Lanyi, B., 1987. Classical and rapid identifiction
methods for medically important bacteria. In:
Colwell R R, and Grigorova R. (Eds.). Methods in
Microbiology. Current methods for classification
and identification of microorganisms, Academic
Press, 19: 37-38.

Meziane, H., van der Sluis, 1., van Loon, L.C., Hofte,
M.and P. A. H. M. Bakker, 2005. Determinants of
Pseudomonas putida WCS358 involved in inducing
systemic resistance in plants. Mol. Plant Pathol., 6:
177-185.

Milagres, A. M .F., Machuca, A. and D. Napoleio,
1999. Detection of siderophore production from
several fungi and bacteria by a modification
of chrome azurol S (CAS) agar plate assay. J.
Microbiol.l Methods, 37: 1-6.

Minkwitz, A. and G. Berg, 2001. Comparison of
antifungal activities and 16S ribosomal DNA
sequences of clinical and environmental isolates of
Stenotrophomonas maltophilia. J. Clin. Microbiol.,
39: 139-145.

Moragrega, C. L., Llorente, C., Manaceau, C. and E.
Montesinos, 2003. Susceptibility of european pear
cultivars to Pseudomonas syringae pv. syringae
using immature fruit and detached leaf assays. Eur:
J. Plant Pathology, 109: 319-326.

Okon, Y. and Y. Kapulnik, 1986. Development and
function of Azospirilum —inoculated roots. Plant



206 D. Josic, D. Delic, N. Rasulic, O. Stajkovic, D. Kuzmanovic, A. Stanojkovic and R. Pivic

and Soil, 90: 3-16.
Patten, C.and B. R. Glick, 1996. Bacterial biosynthesis

of indole-3-acetic acid. Canadian Journal of

Microbiology, 42: 207-220.

Pikovskaya, R. E., 1948. Mobilization of phosphates
in soil in connection with vital activities of some
microbial species. Microbiologia, 17: 362-370.

Poonghuzhali, S., Madhaiyan, M. and T. Sa, 2008.
Isolation and identification of phosphate solubilizing
bacteria from Chinese cabbage and their effect on
growth and phosphorus utiliyation of plants. J.
Microbiol. Biotechnol., 18: 773-7717.

Poritsanos, N., Selin, C., Fernando, W. G. D.,
Nakkeeran, S. and T. R. Kievit, 2006. A GacS
deficiency does not affect Pseudomonas chlororaphis
PA23 fitness when growing on canola, in aged batch
culture or as a biofilm. Can. J. Microbiol.,52: 1177-
1188.

Puente, M. E., Bashan, Y., Li, C. Y. and V. K. Lebsky,
2004. Microbial populations and activities in the
rhizoplane of rock-weathering desert plants. Root
colonization and weathering of igneous rocks. Plant
Biol., 6: 629-642.

Rodriguez, H., Fraga, R., Gonzalez, T. and Y.
Bashan, 2006. Genetics of phosphate solubilization
and its potential applications for improving plant
growth-promoting bacteria. Plant Soil, 287: 15-21.

Ross, L. 1., Alami, Y., Harvey, R. P., Achouak, W.
and M. H. Ryder, 2000. Genetic Diversity and
Biological Control Activity of Novel Species of
Closely Related Pseudomonads Isolated from
Wheat Field Soils in South Australia. Appl. Environ.
Microbiol., 66: 1609-1616.

Ryu, J. H., Madhaiyan, M., Poonguzhali, S., Yim,
W. J., Indiragandhi, P., Kim, K. A., Anandham,
R., Yun, J. C. and T. M. Sa, 2006. Plant growth
substances produced by Methylobacterium spp. and
their effect on the growth of tomato (Lycopersicon
esculentum L.) and red pepper (Capsicum annuum

L.). J. Microbiol. Biotechnol., 16: 1622-1628.

Schwyn, B. and J. B. Neilands, 1987. Universal
chemical assay for detection and determination of
siderophore. Anal. Biochem., 160: 47-56.

Tao, G., Tian, S., Cai M. and G. Xie, 2008. Phosphate
solubilizing and mineralizing abilities of bacteria
isolated from soils. Pedosphere, 18: 515-523.

Versalovic, J., Schneider, M., de Bruijn, F. J. and
J. R. Lupski, 1994. Genomic fingerprinting of
bacteria using repetitive sequencebased polymerase
chain reaction. Methods Mol. Cell. Biol., 5: 25-40.

Weller, D M. and R. J. Cook, 1986. Increased growth
of wheat by seed treatments with fluorescent
pseudomonads and implications of Pythium control.
Canadian Journal of Plant Pathology, 8: 328-334.

Wolf, A., Fritze, A., Hagemann, M. and G. Berg,
2002. Stenotrophomonas rhizophila sp. nov., a
novel plant-associated bacterium with antifungal
properties. Int. J. Syst. Evol. Microbiol., 52: 1937-
1944,

Yazdani, M., Bahmanyar, M. A., Pirdashti, H. and M.
A. Esmaili, 2009. Effect of Phosphate solubilization
microorganisms (PSM) and plant growth promoting
rhizobacteria (PGPR) on yield and yield components
of Corn (Zea mays L.). Proc. World Acad. Science,
Eng. Technol., 37: 90-92.

Zarrin, F., Saleemi, M., Zia, M., Sultan, T., Aslam,
M., Riaz -Ur- Rehman and M. F. Chaudhary,
2009. Antifungal activity of plant growth-promoting
rhizobacteria isolates against Rhizoctonia solani in
wheat. Af. J. Biotechnol., 8: 219-225.

Zehnder, G. W., Yao, C., Murphy, J. F. Sikora, E. R.,
Kloepper, J. W., Schuster, D. J. and J. E. Polston,
1999. Microbeinduced resistance against pathogens
and herbivores: evidence of effectiveness in agri-
culture. In: Agrawal, A. A., Tuzun, S. and E. Bent.
(Ed.) Induced Plant Defenses Against Pathogens and
Herbivores: Biochemistry Ecology and Agriculture,
APS Press St. Paul, MN, pp. 335-355.

Received June, 2, 2011; accepted for printing February, 10, 2012.



