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Isolation and Characterization of Pseudomonas Isolates for Antagositic Activities
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Abstract

Pseudomonas spp. isolates were isolated from rhizosphere of maize, chickpea and pepper grown in field locations in Sanliurfa, Turkey. B1, B5,
B8, B17, B22, B26, N13,N14, D1, D8, D11, BA2 and BA15 isolates grew in 4% of NaCl. 88.9 % of isolates grew at 41°C. Isolates were resistant
chloramphenicol (27.8%), ampicillin (27.8%) and cycloheximide (38.9%). The isolates produced different enzymes and were antagonistics against
some plant pathogenic fungi. The highest mean inhibition values, 99.77% RI, were obtained D.sorokiniana with B1, B5, M4 and BA2 isolates.
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INTRODUCTION

The antagonistic microorganisms of the rhizosphere
are important determinants of plant healt and soil fertility
because of their participation in several key processes
such as those involved in the biocontrol of pathogens,
nutrient cycling and seedling establishment [1]. As most
of the soil borne plant pathogens are fungi, biocontrol
by bacteria has been investigated [1,2]. Pseudomonas,
Bacillus,  Streptomyces, Rhizobium, Azospirillium,
Pantoea and Enterobacter have been reported to be
bacterial control agents [2].

Pseudomonas species have been used recently
as biocontrol agents and their isolates have become
commercially available of late [3,4]. This development
is lagely the result of a change in public attitude towards
the use of chemical pesticides and fumigates [5]. In this
respect, Pseudomonas spp. have been studied as biological
control agents against plant pathogenic fungi such as
Rhizoctonia solani, Fusarium culmorum, Fusarium
moniliforme, Sclerotium rolfsii [6-8]. Pseudomonas
spp. with broad spectrum antagonistic activity are able
to colonize rapidly roots of a range crops and spread in
the rhizosphere [4]. Isolates of Pseudomonas species can
produce lytic enzymes [4,9-11] and antibiotics [12-15]
and they can be competitors of fungal pathogens [7,16-
20] and promote plant growth [4,11,21].

In this study we aimed to examine the antimicrobial
effects, physiological and biochemical features of
Pseudomonas isolates isolated from rhizosphere soils in
Sanlmrfa, Turkey.

MATERIALS and METHODS

Isolation of Pseudomonas spp. from rhizosphere
soil

A total 18 isolate was isolated from maize, chickpea
and pepper rhizosphere soil samples in Sanlurfa, Turkey.
Pseudomonas selective medium was used for their
isolation [22].

Identification

The cultures were identified according to their
biochemical characteristics. According to Bergey’s
Manual Systematic of Bacteriology [22] the isolates
had been identified using the following criteria: Gram
reaction, growth temperature range (4, 28, 37 and
41°C), salt resistance (0, 1, 2, 3 and 4 % (v/w) NaCl),
catalase and oxidase activity, carbohydrate assimilations
(maltose, mannitol, tryptophan, fructose, xylose, myo-
inositol and glucose) were added to the medium to a
final concentration of 0.1%, reduction nitrate, production
of levan and citrate. The cultures were inoculated with
1 % (v/v) inocula. The results were scored after 7 days
incubation at 28°C.

Antibiotics resistance of isolates

King’s B agar with various concentrations of test
antibiotics was used. Fresh solutions of filtered sterilized
(0.45 pg ml-1): ampicillin, streptomycin, penicillin,
chloramphenicol and cycloheximide 100, 250, 500, 1500
[23]. Each bacterial culture was replicated twice per
antibiotic concentration, by dispensing 10 pl (of a 10°
dilution) per petri dishes. Petri dishes were incubated at
28°C and scored after 3 days [17].
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Determination of antagonistic activity
Antagonistic bacterial isolates were screened on

potato dextrose agar (PDA, MERCK) for their ability to
inhibit fungal growth in petri dish as described by Ahmad
et al. [24]. Briefly, two bacterial isolates were streaked at
equidistant points along the perimeters of the each petri.
Dishes incubated at 28°C for 2 days [18]. Following
bacterial growth, mycelial plug (5 mm) from the edge of
the 7 days old fungal culture on PDA were inoculated in
the centre of the bacterial isolates. Plates without bacteria
were used as control. Plates were incubated at 28°C for
7 days. The radii of the fungal colony towards and away
from the bacterial colony were measured. The percentage
of growth inhibition was calculated in relation to the
control treatment [25].

Production enzyme

Colonies were screened for chitinases by plating on
chitin agar plates (Nutrient broth, 1.62 g; NaCl, 0.6 g;
Na,HPO,, 0.2 g; NH,CL, 0.1 g; chitin, 5 g; agar, 15 g;
distilled water, 1 1) [26]. Hydrolysis of Tween 80 was
tested on Sierra’s medium containing (per liter) 20 g
CaCl, and 10 ml of Tween 80 [11]. Liquefaction of
gelatin was tested by shabbing cultures into 2 ml nutrient
gelatin medium (beef extract 3.0 g; peptone 5.0 g; gelatin
120 g) and incubating for one week at 28°C [27]. Clear
zones in skimmed milk agar were measured and used
as indicators of protease activity [28]. The method of
Jayasanka and Graham [29] was used to determine the
presence of cellulase. Urease activity was detected using
Christiansen’s method [30]. Arginine dihydrolase was
performed according to the method to Thornley [31].

RESULTS and DISCUSSION

Many studies have reported on the isolation of
pseudomonads from the rhizosphere [6,11,15,16,23].
Pseudomonads may have a favorable, neutral or
deleterious influence on plant growth [16,21,27].
It has been suggested that plant growth promoting
Pseudomonas species act mostly by antagonizing
(production of antibiotics, cyanide or chelating agents) or
displacing deleterious microorganisms. Eighteen isolates
of Pseudomonas spp. were isolated from rhizosphere
soils. Morphological and physiological characteristics of
18 isolates from rhizosphere soils were detectived. All of
the isolates were motile and Gram negative. After Gram
staining, Pseudomonas identification were confirmed by
growing on King’s B medium. Green fluorescence of
Pseudomonas spp. was very clear on King’s B medium.

Monosaccharides (glucose, maltose, fructose, xylose,
mannitol, tryptophan and myo-inositol) were utilized
by the isolates. Hovewer some isolates showed variable
response to tryptophan, mannitol and myo-inositol (Table
1). Characteristic tests for identification of Pseudomonas
showed that 18 isolates (B1, BS5, B8, B16, B17, B22,
B26, N13, N14, D1, D5, D8, D9, D11, M2, M4, BA2,
BAL15) were possitive for growth at 28 and 37°C, levan
formation and identified as Pseudomonas fluorescens.
When biochemically characterized all the isolates were
motile rods, testing possitive for catalase, oxidase,
reduction of nitrate. Based on these morphological and
physiological characteristics, isolates closely resembled
to Pseudomonas spp.

Table 1. Growth on some carbon sources of isolates.
Isolates Carbon sources
Maltose  Mannitol Trypto-  Fructose Xylose  Myoino- Glucose
phan sitol

Bl + + + + + + +
B5 + + + + + + +
BS + - - - + - +
B16 + + + + + - +
B17 + + + + + +
B22 + + - + + - +
B26 + - - - - - +
N13 + + + + + + +
N14 + + - + + + +
M2 + + + + + + +
M4 + - + + + + +
D1 + + + - - - +
D5 + + + + + - +
D8 + + + + - + +
D9 + + + + + + +
D11 + - W - - + +
BA2 - - + + + + +
BA15 + + + - +

+: growth - :no growth w: weak growth
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Table 2. Growth at different temperature and NaCl concentrations

Isolate Temperature ( °C)

NaCl (% v/w)
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The growth temperature range for isolate BI1, BS,
B22,B26,D1, D9 and BA2 were 4 - 41°C (Table 2). B1,
B3, B8, B17, B22, B26, N13, N14, D1, D8, D11, BA2
and BA15 isolates were able to growth in medium with
4% NaCl (Table 2). The 13 isolates from this study are
able to tolerance high salt concentration, these isolates a
potential competitive advantage to survival in soils.

The sensitivity of these 18 isolates was checked
against five antibiotics, i.e. penicillin, streptomycin,
chloramphenicol, ampicillin and cycloheximide (Table
3). In our study, the effects of antibiotic concentrations
were variable, depending on the antibiotics (Table 3).
83.3 % isolates grew at 100 pg ml-1 ampicillin. 38.9
% isolates showed resistance against cycloheximide
(1500 pg ml-1). The results of Pandey et al. [23] agree
with the above findings. They reported that isolates of
Pseudomonas could tolerate ampicillin, carbenicillin and

Table 3. Percentage of isolates resistance to tested
antibiotics.

Antibiotics Concentrations (ng/ ml)

100 250 500 1000 1500
Penicillin 61.1 61.1 61.1 55.6 0
Streptomycin 66.7 50 50 0 0
Chloramphenicol  66.7 44.4 44.4 333 27.8
Ampicillin 83.3 66.7 66.7 66.7 27.8
Cycloheximide 72.2 61.1 61.1 50 389

Total number of isolates: 18

w: weak growth

penicillin concentration upto 1500 pg ml-1. In our study
1000 and 1500 pg ml-1 streptomycin concentrations
were found to be inhibitory to all of the isolates. Sindhu
et al. [17] also found that all the tested six isolates of
Pseudomonas spp. were resistant to ampicillin and
chloramphenicol and sensitive to streptomycin. 50 %
of the isolates were resistant to streptomycin (250 and
500 pg ml-1) and 44.4 % of the isolates were resistant
chloramphenicol (250 and 500 pg ml-1). 66.7 % of the
isolates were resistant to 250 500 and 1000 pg ml-1 of
ampicillin concentration (Table 3). Similar observations
have been reported [8, 17,18].

In this study, the effect of 18 isolates of Pseudomonas
were studied on Fusarium culmorum, Fusarium solani,
Fusarium  accuminatum,  Fusarium  moniliforme,
F.chlamydosporum, Dreschlera sorakiniana, Alternaria
alternata and Ascochyta rabiei (Table 4). The highest
mean inhibition values, 96.77% RI, were obtained
D.sorokiniana with B1, B5, M4 and BA2 isolates (Table
4). B16, M2 and BA15 showed inhibitory effects against
F. chlamydosporum, 83.3 % and 75 %, respectively (Table
4). We observed that the Fusarium species showed more
resistance to the selected Pseudomonas spp. isolates than
the other plant pathogenic fungi. A similar result was also
obtained for Guetal. [18].

In the study of Egamberdieva et al. [27] it was
shown that the development of isolates in the medium
showed variations depending on enzyme activity such
as proteinase, chitinase, urease, arginine dihydrolase.
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Table 4. Inhibition effects (*RI) of Pseudomonas spp. on some plant pathogenic fungi

Plant pathogenic fungi

Isolates F. culmo- F solani F accumi- | F. monili- FE chlamy- | D. sorakini- | A. alternata | A. rabiei
rum natum forme dosporum ana
Bl 75 34.61 62.85 52.94 58.33 96.77 50 54.9
B5 11.11 23.07 44.9 26.47 ND 96.77 45 58
B8 55.5 26.92 68.57 41.17 58.3 58.06 75 80.76
Bl16 11.11 ND 3.12 8.82 83.3 51.61 45 45.65
B17 ND ND 2.77 17.64 16.6 64.51 62.5 4.25
B22 67.56 23.07 60 41.34 25 61.29 55 60
B26 ND 30.76 50 35.29 ND 93.54 50 ND
N13 48.64 50 25 11.76 66.6 74.19 65 6.25
N14 51.93 57.69 333 50 25 51.61 37.5 25
M2 23.07 ND 25.92 47.05 75 51.61 ND 13.04
M4 50 ND 66.6 11.76 66.66 96.77 25 42.5
D1 37.5 26.92 333 26.47 25 70.96 50 55
D5 2391 38.46 47.68 26.47 50 45.16 37.5 11.11
DS 57.69 30.76 13.3 11.76 50 48.38 45 25
D9 333 26.92 31.25 26.47 ND 80.64 65 57.49
D11 56.52 23.07 52.38 41.17 50 51.61 57.5 57.69
BA2 55.55 23.07 60 41.17 ND 96.77 62.5 64
BA15 ND ND 62.5 2.94 75 64.51 25 10.63
“RI= Range Inhibition ND =not detectable
Table 5. Enzyme activities of Pseudomonas spp. isolates
Enzymes
Isolate Urease Liquefaction | Hydrolysis of | Protease Cellulase Arginine Chitinase
of Gelatin Tween 80 dihyrolase
Bl - - - - + + -
B5 + - - - + + -
B8 - - + - + + -
B16 - - + - + + +
B17 - - + + + - +
B22 + - - - - + -
B26 - - + - + - +
N13 - - - - - + -
N14 + - - + + + +
DI + - + - - + -
D5 + - + - + - -
D8 + - - + + -
D9 - - - - + - -
D11 - - + + + +
M2 - - + - - - +
M4 - - + - - + -
BA2 + - + + + + +
BA15 - - + - + - +
+ : positive - : negative
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It was shown that Pseudomonas produced chitinase,
cellulase enzymes and degraded the glucans in the
walls of pathogenic fungi [4,17,19]. De Boer et al. [26]
demonstrated that Pseudomonas was antagonistic to
Fusarium and produced lytic enzymes. For eight isolates,
chitinolytic activity could be detected, whereas thirteen
showed activity of cellulase activity (Table 5). None of the
Pseudomonas isolates produced liquefaction of gelatine.
Eleven isolates (B1, B5, B8, B16, B22, N13, N14, D1,
D11, M4 and BA2) positive for arginine dihydrolase
but five isolate were positive for protease (Table 5). In
summary, the made of action and quality of the activity
produced were isolate specific.

In conclusion, many studies in the recently have
found the Pseudomonas species to be potential biological
control agents of phytopathogenic fungi [3, 18, 19, 23,
25] and further studies will be carried out to evaluate the
potential use of our isolates in biological control.
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