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ABSTRACT
When exposed to biotic or abiotic stress conditions, plants produce ethylene from its immediate precursor 1-aminocyclopropane-1-

carboxylate (ACC), leading to retarded root growth and senescence. Many plant growth-promoting rhizobacteria contain the enzyme

ACC deaminase and this enzyme can cleave ACC to form α-ketobutyrate and ammonium, thereby lowering levels of ethylene. The aim

of this study was to isolate and characterize ACC deaminase-producing bacteria from the rhizosphere of salt-stressed canola (Brassica

napus L.). Out of 105 random bacterial isolates, 15 were able to utilize ACC as the sole source of nitrogen. These 15 isolates were also

positive for indole acetic acid (IAA) production. Phylogenetic analysis based on partial 16S rDNA sequences showed that all isolates

belonged to fluorescent Pseudomonas spp. In the canola rhizosphere investigated in this study, Pseudomonas fluorescens was the

dominant ACC deaminase-producing species. Cluster analysis based on BOX-A1R-based repetitive extragenic palindromic-polymerase

chain reaction (BOX-PCR) patterns suggested a high degree of genetic variability in ACC deaminase-producing P. fluorescens strains.

The presence of indigenous ACC-degrading bacteria in the rhizosphere of canola grown in saline soils indicates that these bacteria

may contribute to salinity tolerance.
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INTRODUCTION

Of the current 1.5 × 109 ha of cultivated land in
the world, 23% is suffering from soil salinity (Sparks,
2003). Accelerated secondary salinization of irrigated
agricultural land is a major problem in arid regions.
In such regions, canola (Brassica napus L.) is an im-
portant crop, and crop yields suffer from high salinity
(Farhoudi and Sharifzadeh, 2006).

To counteract detrimental effects of high salinity,
plant growth-promoting rhizobacteria (PGPR) could
be a solution. PGPR are a diverse group of bacte-
ria that can stimulate growth of plants by various
direct or indirect mechanisms (Glick, 1995; Arshad
and Frankenberger, 2002). Indirect promotion of plant
growth occurs when bacteria decrease or prevent dele-
terious effects of phytopathogenic organisms, for exam-
ple, by antibiosis. Direct promotion of plant growth by
PGPR can be mediated by providing plants with spe-

cific bacterial metabolites or by facilitating the uptake
of nutrients from the environment (Glick, 1995; Glick
et al., 1999). Mechanisms by which PGPR directly
stimulate plant growth include fixation of atmospheric
nitrogen, increased availability of iron and phospho-
rus, synthesis of various phytohormones (specifically
auxins), and synthesis of enzymes that can modu-
late plant development (Brown, 1974; Davison, 1988;
Kloepper et al., 1988; Jacobson et al., 1994; Patten
and Glick, 1996).

Ethylene is synthesized in plant tissues from its im-
mediate precursor 1-aminocyclopropane-1-carboxylate
(ACC). For many plants, a burst of ethylene is required
to break seed dormancy (Esashi, 1991), but a sus-
tained high level of ethylene after germination would
inhibit root elongation (Jackson, 1991). When exposed
to biotic or abiotic stress conditions, ethylene is synthe-
sized, resulting in retarded root growth and senescence
(Sheehy et al., 1991; Ma et al., 2003a; Arshad et al.,
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2008). Certain PGPR produce the enzyme ACC dea-
minase and this enzyme cleaves ACC to form α-
ketobutyrate and ammonium and thereby lowers the
level of ethylene in developing or stressed plants (Ja-
cobson et al., 1994; Glick, 1995; Glick et al., 1998).
When ACC deaminase-containing PGPR colonize the
rhizosphere, they can act as a sink for ACC and keep
ethylene levels below the point where root growth is
impaired (Glick, 1995). Such activity is important du-
ring normal plant development and also protects plants
from the deleterious effects of environmental stresses,
including phytopathogens (Wang et al., 2000), floo-
ding (Grichko and Glick, 2001), drought (Mayak et al.,
2004a), heavy metals (Burd et al., 1998; Belimov et al.,
2001, 2005), and salt stress (Mayak et al., 2004b).

ACC deaminase has been found in a wide range
of Gram-negative (Wang et al., 2001; Ma et al., 2003b;
Hontzeas et al., 2005) and Gram-positive bacteria (Be-
limov et al., 2001), and in fungi (Jia et al., 1999). Al-
though the occurrence of ACC deaminase-producing
bacterial species in rhizosphere of different plants has
been reported (Aeron et al., 2010; Timmusk et al.,
2011; Nadeem et al., 2012), little information is availa-
ble about populations of salt-tolerant bacteria contai-
ning ACC deaminase that are associated with canola
roots under natural conditions. Characterization of
such bacteria in the canola rhizosphere can be used to
develop inoculants for soil and seed applications, and
to develop soil management practices to manipulate
native populations.

The main hypothesis of this study is that the
roots of canola grown in saline soils support indige-
nous PGPR populations that can ameliorate salinity
stress. We studied the presence of ACC deaminase-
producing bacteria in the rhizosphere of canola grown
in soils with a range of salinity levels.

MATERIALS AND METHODS

Isolation of rhizobacteria

Twenty-one soil samples containing canola roots
were collected from relatively saline fields in the pro-
vinces of Qom (34◦49′ N and 50◦56′ E) and Qazvin
(36◦15′ N and 50◦01′ E) located in central and nor-
thern Iran, respectively. The electrical conductivity
(EC) of the soil samples was measured according to
Jackson (1958) and pH according to Richards (1954).
Population densities of aerobic heterotrophic bacte-
ria were determined by dilution plating on nutrient
agar (NA). Roots (10 g) and tightly adhering soil were
shaken for 30 min in 90 mL of KH2PO4 buffer (0.1 mol
L−1, pH 7.2). The suspension was diluted (10 fold) and

100 μL aliquots of several dilutions were spread on NA.
Numbers of colony-forming units (cfu) per gram of soil
were determined after two days of incubation at 28 ◦C.
A total of 105 isolates were randomly selected from
plates containing 20 to 50 colonies. The selected bac-
terial isolates were purified by streaking several times
onto NA.

Selection of bacteria able to utilize ACC as the sole
source of nitrogen

All isolates were screened for their ability to uti-
lize ACC as the sole nitrogen source in DF minimal
medium according to the method of Dell’Amico et al.
(2005) with some modifications. Three culture condi-
tions were used: DF minimal medium alone as a nega-
tive control; DF minimal medium plus (NH4)2SO4 (2
g L−1) as a positive control; and DF minimal medium
plus 3 mmol L−1 ACC as the selective medium. Fifty
μL of a bacterial culture, grown on tryptic soy broth,
was added to 20 mL of the DF minimal media in 50
mL Erlenmeyer flasks and incubated for 48 h at 28 ◦C
while shaking at 180 r min−1. Density of the suspen-
sions was measured spectrophotometrically at 405 nm.

Indole acetic acid (IAA) production by ACC deami-
nase-containing isolates

Isolates were cultured in liquid tryptic soy broth
containing 50 mg L−1 of L-tryptophan for 72 h at 28
◦C and shaken at 180 r min−1. After centrifugation at
7 160 g for 5 min, the supernatant was mixed at a 2:1
ratio with the Salkowski indicator (a mixture of 2 mL
0.5 mol L−1 FeCl3 and 98 mL 35% (v/v) HClO4). After
25 min and centrifugation at 15 000 g (for 10 min, at 4
◦C), the optical density (OD) at 530 nm was measured
(Benizri et al., 1998). The relative IAA production by
the isolates was determined using a calibration curve.

DNA template preparation

Template DNA for amplification of 16S ribosomal
DNA (rDNA) and BOX-A1R-based repetitive extra-
genic palindromic-polymerase chain reaction (BOX-
PCR) (BOX-PCR) fingerprinting was prepared by al-
kaline lysis (Smith et al., 2001). A colony of each isolate
was added to 200 μL lysis buffer (2 μL 5 mol L−1 NaCl,
2 μL 20% (w/v) sodium dodecyl sulfate (SDS), and
196 μL molecular biology grade water), and shaken for
a few seconds. The suspension was heated for 15 min
at 90–95 ◦C. After heating, the lysed cellular material
containing released DNA was rapidly cooled on ice, and
the volume was again adjusted to 200 μL with molecu-
lar biology grade water. These samples were stored at
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−80 ◦C until use.

Amplification of 16S rDNA

The primers used for the amplification of 16S rDNA
were 27F (5′-AGA GTT TGA TC (AC) TGG CTC
AG-3′) (Macrae, 2000) and 1401R (5′-CGG TGT GTA
CAA GAC CC-3′) (Nübel et al., 1996). PCR of ge-
nomic DNA of the 15 isolates positive for ACC deami-
nase activity was performed in a final volume of 50 μL.
The reaction mixture included 1 × PCR buffer 2 (Roch
Diagnostics, Germany), 250 μmol L−1 of each dNTP
(dATP, dCTP, dGTP, and dTTP), 200 nmol L−1 of
each primer, 2.5 units (U) of Taq DNA polymerase,
and 1 μL of lysed cellular material containing released
DNA. Amplification of 16S rDNA was performed in a
thermal cycler (Hybaid, UK) using an initial denatu-
ration at 95 ◦C for 3 min, followed by 35 cycles at 95
◦C for 30 s, 53 ◦C for 30 s, and 72 ◦C for 1 min and a
final extension at 72 ◦C for 7 min.

Sequencing and phylogenetic analysis of 16S rDNA

The 16S rDNA PCR products were purified using
the Qiaquick PCR purification kit (Qiagen, Germany).
Purified PCR products were sequenced with an auto-
mated DNA sequencer (BaseClear Inc., the Nether-
lands).

Amplicons were sequenced using the primer set
968F (5′-CGC CCG GGG CGC GCC CCG GGC
GGG GCG GGG GCA CGG GGG-3′) and 1401R
(5′-CGG TGT GTA CAA GAC CC-3′) (Nübel et al.,
1996). These nested primers targeted a 433-bp frag-
ment of 16S rDNA spanning the V6–V8 region. PCR
was carried out using each of the primers in a sepa-
rate reaction with a DYEnamic ET terminator cycle
sequencing kit (Amersham Biosciences, the Nether-
lands) according to the manufacturer’s recommenda-
tions, and sequences were analysed on an ABI Prism
3 700 DNA sequencer (Perkin-Elmer, USA). The re-
sulting raw sequence data were analysed using Laser-
gene’s SeqMan software (DNASART, USA) and edited
manually. The nucleotide sequences were subjected to
BLAST/N search. Sequences with high homology were
retrieved from GenBank and aligned using the MEGA
4.0 software. The aligned data were further checked for
gaps and ambiguities manually. The multiple distance
matrix obtained was used to construct phylogenetic
trees by the neighbor-joining (NJ) method (Saitou and
Nei, 1987). The pairwise evolutionary distances were
computed with the help of the Kimura 2-parameter
model (Kimura, 1980). Bootstrap analyses were per-
formed with 1 000 replicates to assess the support

for subgroups. The bootstrapped data set was used
directly for constructing the phylogenetic tree using
MEGA 4.0 software for calculating the multiple dis-
tance matrices.

BOX-PCR fingerprinting

The genetic diversity of the isolates was analyzed
by BOX-PCR using the primer BOX-A1R (5′-CTA-
CGGCAAGGCGACGCTGACG-3′) (Versalovic et al.,
1994). PCR reactions were carried out in 25 μL mix-
tures containing 1 × PCR buffer, 3.75 mmol L−1

MgCl2, 1 μmol L−1 of primer BOX-A1R, 0.6 mmol L−1

of each dNTP, 2 U of Taq DNA polymerase, and 1 μL
of lysed cellular material containing DNA. BOX-PCR
was performed in a thermal cycler (Hybaid, UK) using
an initial denaturation at 95 ◦C for 7 min, followed by
30 cycles at 90 ◦C for 30 s, 95 ◦C for 1 min, 52 ◦C for 1
min, and 65 ◦C for 8 min and a final extension at 65 ◦C
for 16 min. The PCR products were separated by 1.2%
(v/v) agarose gel electrophoresis in 1 × Tris-acetate-
EDTA (TAE) buffer at 70 V. The PCR bands were
compared based on the presence or absence of frag-
ments at a specific position, and similarity coefficients
for paired isolates were calculated using NTSYSpc 2.1
(Rohlf, 2000) and clustered using the unweighted pair-
group method with arithmetic mean (UPGMA) to de-
termine the genetic relationship among bacterial iso-
lates.

RESULTS

The EC values (as a measure of salinity) of the
soil samples varied and ranged from 0.9 to 11 dS m−1,
whereas differences in pH between the samples were
rather small (from 7.4 to 8.1). Population densities of
bacteria in the rhizosphere of canola grown in the soils
with different salinity levels varied and ranged between
1.8 × 106 and 5.9 × 1010 cfu g−1 (Table I). There was
no significant correlation between soil salinity and rhi-
zosphere population densities of aerobic bacteria.

Fifteen of the 105 bacterial isolates from the rhizo-
sphere of canola grown in soils with different salinity
levels were able to utilize ACC as the sole source of ni-
trogen (6 isolates originated from non-saline soils and
9 isolates from saline soils). Optical densities of bacte-
rial suspensions in minimal medium without N source
(negative control), with 2 g (NH4)2SO4 L−1 (positive
control), or with 3 mmol L−1 ACC are shown in Table
II. All isolates that were able to utilize ACC as the
sole source of nitrogen had the ability to produce IAA
(Table III).
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TABLE I

Electrical conductivity (EC) and pH of soil samples and popu-

lation densities of aerobic bacteria in the rhizosphere of canola

grown in soils with different salinity levels

Soil sample No.a) ECb) pH Aerobic bacteria

dS m−1 cfuc) g−1

1 0.9 8.0 5.9 × 1010

2 1.8 8.1 2.5 × 109

3 2.2 8.2 1.9 × 107

4 2.3 7.5 2.3 × 107

5 2.5 8.0 9.7 × 109

6 2.5 8.0 2.7 × 109

7 3.1 8.0 1.8 × 106

8 3.5 7.9 4.5 × 107

9 3.9 7.8 7.3 × 107

10 4.5 7.9 1.5 × 1010

11 4.6 8.0 1.2 × 108

12 5.2 8.0 2.5 × 107

13 5.6 8.1 6.9 × 107

14 7.3 7.6 8.0 × 108

15 6.5 7.6 7.3 × 107

16 7.1 7.5 2.1 × 107

17 7.3 7.7 6.2 × 107

18 7.9 7.8 2.2 × 109

19 9.6 7.4 4.5 × 1010

20 9.9 7.5 7.2 × 108

21 11.0 7.6 8.2 × 107

a)Soil samples 1–9 and 10–21 were collected from Qom and

Qazvin provinces, Iran, respectively.
b)EC values > 4 dS m−1 indicate saline soils and < 4 dS m−1

non-saline soils.
c)Colony-forming units.

TABLE II

Optical density (405 nm) of bacterial isolates from the rhi-

zosphere of canola grown in soils with different salinity le-

vels under three culture conditions, DF minimal medium alone

(DF) as a negative control, DF minimal medium plus 1-ami-

nocyclopropane-1-carboxylate (DF + ACC) as the selective

medium and DF minimal medium plus (NH4)2SO4 (DF +

(NH4)2SO4) as a positive control

Soil Isolate Optical density

sample No.

No. DF + (NH4)2SO4 DF + ACC DF

1 P15 3.181 1.755 0.319

3 P8 2.880 1.695 0.314

5 P2 3.043 2.151 0.272

6 P7 2.901 2.155 0.288

8 P11 3.056 1.940 0.333

9 P13 3.049 1.739 0.293

10 P1 3.040 1.672 0.271

12 P12 2.907 1.805 0.224

13 P6 2.953 2.035 0.354

15 P3 2.945 1.831 0.343

15 P4 2.957 1.816 0.319

16 P5 3.065 2.350 0.319

18 P9 3.036 1.726 0.297

18 P10 3.041 1.814 0.336

21 P14 2.985 1.781 0.235

Genomic DNA was extracted from the 15 isolates

TABLE III

Production of indole acetic acid (IAA) by 1-aminocyclopropane-

1-carboxylate deaminase-producing isolates from the rhizosphere

of canola grown in soils with different salinity levels

Isolate No. IAA production

mg L−1

P1 6.38

P2 8.87

P3 5.91

P4 8.31

P5 8.93

P6 8.67

P7 8.73

P8 7.08

P9 4.81

P10 6.10

P11 8.01

P12 8.16

P13 7.80

P14 6.34

P15 8.72

listed in Table II, and used for PCR amplification with
16S rDNA specific primers. The PCR products were
gel-purified and partially sequenced. Based on BLAST
analysis of 16S rDNA gene similarity (Fig. 1), all iso-
lates belonged to Pseudomonas fluorescens. Phyloge-
netic analysis of the 15 isolates resulted in two clus-
ters, with 14 isolates clustering together and one iso-
late (P8) in a separate cluster. However, cluster analy-
sis based on pairwise similarity coefficient with UP-
GMA of BOX-PCR patterns suggests a high degree of
genetic variability between the P. fluorescens strains
(Fig. 2). Five distinct genomic clusters were observed
at 50% similarity. Isolates P1, P5, P11, P12, P13, and
P14 were grouped into a cluster and shared 70% simi-
larity. Another cluster consisted of 5 isolates (P3, P4,
P6, P9, and P10) with 52% similarity. Isolates P2 and
P7 clustered together and shared approximately 60%
similarity, whereas isolates P15 and P8 were most dis-
similar from the other isolates and each other. The
high similarity between isolates P3 and P10 and iso-
lates P5 and P14 was remarkable since P3 and P5 were
isolated from the soils located in Qom Province and
P10 and P14 from Qazvin Province. Isolate P8 from
Qazvin Province showed the lowest similarity to the
other isolates. The cluster analysis of BOX-PCR pat-
terns and the phylogenetic analysis based on partial
16S rDNA sequences of the ACC deaminase-containing
fluorescent pseudomonad isolates showed comparable
results.

DISCUSSION

Soil salinity is one of the major problems of agricu-
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Fig. 1 Neighbor-joining phylogenetic tree obtained from partial 16S rDNA sequence alignment for isolates from the rhizosphere of

canola grown in soils with different salinity levels. The scale bar shows 0.02 changes, and bootstrap support values, 60% and higher

from 1 000 replicates, are shown at the nodes.

Fig. 2 Dendrogram showing genetic relatedness of Pseudo-

monas fluorescens strains isolated from the rhizosphere of canola

grown in soils with different salinity levels, determined by

analysis of BOX-A1R-based repetitive extragenic palindromic-

polymerase chain reaction (BOX-PCR) fingerprint patterns u-

sing Dice similarity coefficient and UPGMA cluster methods.

lture worldwide. A better understanding of the rela-

tionship between soil salinity and activities of PGPR
in the rhizosphere could help in applying better mana-
gement practices to maintain effective PGPR popula-
tions that can improve nutrient uptake and water use
efficiency, and consequently increase crop yields under
saline conditions (Nadeem et al., 2012).

Transgeniccanola plants expressing a bacterial A-
CC deaminase gene showed enhanced growth and in-
creased tolerance to high salt conditions (Sergeeva et
al., 2006). Elevated levels of ethylene in plants un-
der conditions of salt stress may be alleviated by
bacteria with ACC deaminase activity (Mayak et al.,
2004b). Indeed, the ACC deaminase-producing P. fluo-
rescens strain TDK1 significantly increased the vigour
index and yield of groundnut seedlings under salinity
(Saravanakumar and Samiyappan, 2007).

We expected that the rhizosphere of canola cul-
tivated in saline soil would contain higher numbers
of ACC deaminase-containing bacteria than the rhi-
zosphere of canola plants grown in non-saline soil. De-
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spite the high levels of salt in some soil samples, bac-
terial populations were high and varied between 1.8
× 106 and 5.9 × 1010 cfu g−1, numbers fitting with
those described in general (Whipps, 1990). Apparently,
salinity does not significantly affect bacterial densities
in the rhizosphere of canola. This is in agreement with
the results of Nadeem et al. (2012), who observed no
significant differences in bacterial population densities
for soils collected from the rhizosphere of avocado with
different salinity levels.

Of the 105 isolates selected from the highest dilu-
tions of rhizosphere soil samples, 15 were able to use
ACC as the sole source of nitrogen. There was no ob-
vious correlation between the salinity of the soil and
frequency of ACC deaminase-producing bacteria. The
presence of indigenous ACC-degrading bacteria in the
rhizosphere of canola in saline soils indicates that these
bacteria may contribute to salinity tolerance. Strains
that are adapted to the saline conditions are of inte-
rest for agricultural applications in arid regions. Their
capacity to improve yields of canola crops under saline
conditions should be tested.

All the ACC degraders were able to produce IAA.
This is in agreement with the results of Nadeem et
al. (2012). Patten and Glick (2002) studied bacteri-
al strains with and without the ability to produce
IAA and showed that the IAA-producing strains in-
creased canola root length. It has been postulated that
IAA and ACC deaminase coordinately stimulate root
growth (Li et al., 2000; Li and Glick, 2001).

Phylogenetic analysis indicated that all 15 isola-
tes belonged to the fluorescent pseudomonad group
and were identified as Pseudomonas fluorescens. This
group is common in the rhizosphere of a variety of
plants (Aeron et al., 2010; Sharma et al., 2011; Tim-
musk et al., 2011; Nadeem et al., 2012) and plays a
crucial role in maintaining soil health and plant develo-
pment (Kloepper et al., 1980).

The BOX-PCR analysis was used to assess genetic
diversity among the isolates that were able to utilize
ACC as the sole source of nitrogen. This technique
has been used in several studies that investigated ge-
netic diversity of bacterial strains and communities as-
sociated with plants (Albino et al., 2006; Couillerot
et al., 2010). Moreover, BOX-PCR discriminates be-
tween strains/isolates within a species (Nayak et al.,
2011). Thus, results of BOX-PCR may be useful for
selection of representative isolates for further studies
(Berendsen et al., 2012).

The collection of ACC deaminase-containing P. flu-
orescens strains isolated from both salt-stressed and
non-stressed situations characterized in this study will

allow to develop strategies to grow plants in salt-
stressed environments. The fluorescent pseudomonads
have received particular attention because of their
catabolic versatility, excellent root-colonizing ability
and their capacity to produce a wide range of enzymes
and metabolites that favour the plant to withstand dif-
ferent biotic and abiotic stress conditions (Ramamoor-
thy et al., 2001; Mayak et al., 2004a; Vivekananthan et
al., 2004).
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