
INTRODUCTION

Soil salinity is an immense problem for
agriculture. Excess amount of salt in the soil affects
plant growth and development. Nearly 20% of the
world’s cultivated area and half of the world’s
irrigated lands are affected by salinity1,2.

In hot and dry regions, most crops are
grown under irrigation, and inadequate irrigation
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ABSTRACT

Ethylene synthesis is accelerated in response to environmental stresses like salinity. Excess
amount of ethylene has a negative impact on root elongation, seedlings, growth of leaves in plants.
Aim of the work was study the effect of Pseudomonas mendocina containing plasmid carrying gene
encoding 1-aminocyclopropane-1-carboxylate deaminase (ACD) on resistance of wheat plant under
salt stress. Surface sterilized seeds of wheat plant were germinated in petri plates. Uniformly buds
were selected, and were used in pot and greenhouse.  Salinity as 172 and 207 mM NaCl were prepared
for wheat plant in pot and 207 mM in greenhouse by irrigation of NaCl solution. acdS gene was cloned
in P. mendocina and transformed bacterium was used in experiments . Results in pot experiment
revealed that in 172mM salinity, cloned P. mendocina in comparison with plants treated by wild type of
P. mendocina, exceeding the length of the stem by 11.6%, biomass by 43.7% and root length by %
47.5.  In 207 mM NaCl results were as 2.65%, 20.6%  and 11.9% respectively. Experiment in greenhouse
showed that wheat plants treated by a suspension of cloned P. mendocina, in comparison with those
treated by wild type of P. mendocina had 38.8% greater length of stem, 23.3% more root length and
28.6% more biomass. Wheat plants treated by cloned P. mendocina in comparison with plants without
bacterial treatment had 43.8% greater length of stem, 5.5% more root length and 28.6% more biomass.
It is concluded that enhancement of ACC-deaminase activity resulted in excess resistance of wheat in
saline environments.
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management leads to secondary salinization3,4.  An
alternative approach to overcoming some of the
problems associated with growing plants in saline
soils involves employing ACC deaminase- producing
bacteria. Those bacteria lower the ethylene level
and decrease the growth inhibition from drought
stress4,5.

Ethylene is an important growth hormone
produced by almost all the plants6, 7.
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Ethylene is also known as a stress
hormone, because of its involvement in evoking
physiological responses in plants exposed to a
variety of stresses including salt stress8-11.

It has been proposed that, ethylene, in
response to environmental stresses, is produced
in two peaks12. The first peak is small and usually
occurs a few hours after the stress. It is thought to
function as a signal to turn on transcription of genes
that encode proteins that help to protect the plant13-

15. The second peak is much larger, occurs one to
three days after the stress and concomitant with
the appearance of visible damage to the plant16.

Plant growth promoting rhizobacteria
(PGPR), have a positive effect on plant growth and
development (17,18). One of the main mechanisms
used by PGPR to stimulate plant growth is a
reduction of plant hormone ethylene19.

It is found that this bacteria containing
ACC-deaminase enzyme can hydrolyzes ACC into
ammonia and alpha ketobutyrate, resulting in
reduced production of C2H4 (20). Plants growth can
be enhanced by inoculating with Pseudomonas sp.
containing ACC-deaminase that regulate
endogenous ACC levels and thus decrease ethylene
under salt-stressed conditions21- 25.

However, use of plant growth-promoting
microorganisms may prove useful to facilitate plant
growth in saline soils21, 26.

Aim of the work was evaluation of selected
bacteria to increase wheat plant resistance under
saline conditions.

MATERIAL AND METHODS

Influence of bacterial treatments on salt
resistance of wheat plants was studied in pot and
greenhouse scales.

Screening, enzyme assay and gene cloning
Cultured collection of rhizosphere bacteria

was screened for ACD producing bacteria that were
described in detail elsewhere (unpublished data).
Briefly, presence of acdS-gene encoding ACD-

deaminase was done by PCR (using the forward
primer 5-GGGACCGGATCCTCAAGGAACAGCG
CCATG- 3 and reverse primer as 5-GAACGGAAGC
TTCTGGCGGCGCCAAGCTCA- 3). PGPR strains
containing acdS-gene were examined for their
potential to utilize ACC as a sole source of nitrogen
(ACC-metabolism assay). ACC-deaminase activity
measurement was accomplished by Honma and
Shimomora method27.

Amplified acdS gene was extracted and
DNA was cloned into plasmid pAYS31 by restriction
enzyme of BamHI . The plasmid was transformed
to P. mendocina by thermal shock in CaCl2. Enzyme
activity of produced cell was measured and
compared with wild type strain. Finally, the
transformed P. mendocina was used for evaluation
of enhancement of resistance in wheat plant in high
salinity condition.

Pot trial
Pot experiment was conducted at the

department of genetics, Faculty of Biology,
Belarusian State University, Minks, Belarus to test
the comparative effectiveness of cloned P.
mendocina in resistance of wheat under salt-
stressed conditions.

Wheat seeds were sown on wet sterilized
filter paper. After 4 days germinated seeds were
cultured in moist soil. Sized buds with equal size
were selected and transplanted into individual plastic
cups of 150 ml (8 and 5 cm top and bottom
diameters, respectively, and 10-cm height, with
holes in the bottom) in 3 repeats of three groups.
First group was treated with 10ml of bacterial
suspension of cloned P. mendocina. The other group
by 10 ml of wild type of P. mendocina, and the third
group - 10 ml of distilled water.

The composition of soil was as (%): total
N, 0.15; P2O5, 0.1; K2O, 0.3; organic material content
50%, humidity 60 %.

Then plants have been irrigated by NaCl
solution at a concentration of 172 and 207 mM. The
results were collected within 5 weeks for wet weight,
shoot and root lengths.

Greenhouse experiments
This tr ial was described elsewhere
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(unpublished data). Briefly sized buds were
transferred in plastic bag of 5 kg containing soil
taken from Campus farmland. Compound soil was
collected from depth of 0-30 cm, was air dried,
sieved and mixed uniformly.  The bags were divided
into 4 groups:

 First section considered as control (first
control - without bacteria). The second three bags
(second section) were treated by 500 ml bacterial
suspension of P. mendocina , third section by 500
ml of cloned P. mendocina and last section by 500
ml of distilled water (second control without
bacteria). Then, three first sections irrigated with a
solution of 207 mM NaCl to maintain the level of
salinity.

All treatments were irrigated by NaCl
solution at a concentration of 172 and 207 mM.
Results were obtained after 9 weeks.

RESULTS

Study of the ability of recombinant P.
mendocina in expression of gene encoding 1-
aminocyclopropane-1-carboxylate deaminase
(ACD), revealed a proper enzyme activity in the
bacterium.

Results of experiments in pot
After 5 weeks, results were obtained from

pot experiments. As shown in Table 1, in the salt
concentration of 172 mM the plants treated with a
suspension of cloned P. mendocina (O) in
comparison with plants treated by wild type of P.
mendocina (K2), exceeding the length of the stem
by 11.6% by weight to 43.7% in root length 47.5%.

In the other hand, wheat plants treated with
a suspension of cloned P.mendocina (O), in
comparison with plants without bacterial treatment

Table 1: Assessment of ability of cloned P. mendocina
enhance the sustainability of wheat plants to salt stress

Parameters Salt concentration 172 mM NaCL Salt concentration 207 mM NaCL

κκκκκ1 κκκκκ2 O κκκκκ1 κκκκκ2 O

Shoot length, Cm 34.5 31.9 35.6 34.5 34 34.9
Root length,  Cm 12 8 11.8 12.25 10.1 11.3
Biomass, gr 0.26 0.19 0.273 0.36 0.34 0.41

κκκκκ1 – wheat plants without bacterial treatment κκκκκ2- wheat plants treated by wild type of P. mendocina (107 cells / ml),

O- wheat plants treated with a suspension of cloned P. mendocina (107 cells / ml)

(K1), had an increase amounts as 3.2% greater
length of stem, 5% more biomass and 1.7% less
than the length of the root.

In the salt concentration of 207 mM the
plants treated with a suspension of cloned P.
mendocina (O) in comparison with plants treated
with P. mendocina (K2) had an excess length of the
stem at 2.65%, biomass as  20.6% and root length
by 11.9%.

Furthermore, plants treated by cloned
bacterium (O)   in comparison with group without
bacterial treatment (K1) showed 1.2% greater length
of stem, 7.7% less than the length of the root and

13.9% more biomass.

Results of Greenhouse experiment
Ability of recombinant P. mendocina to

increase the stability of wheat plants was
determined after 9 weeks in salt stress condition in
a greenhouse.

This experiment was conducted to
determine the ability of cloned P. mendocina
enhance the sustainability of wheat plants to salt
stress. The data are presented in Fig 1-3.

As shown in  Figures 1-3, in the salt
concentration of 207mM NaCl, wheat plants treated
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Fig. 1: Potential of wild type and cloned P. mendocina to promote
shoot length of wheat in the salt concentration of 207mM NaCl

Fig. 2: Effect of P. mendocina producing ACC-deaminase on
root elongation of wheat (cm) at salinity 207 mM (as under Fig 1)

Fig. 3: Effect of bacterial treatment on biomass of
wheat (cm) at 207 mM salinity (as under figure 1)

by a suspension of cloned P. mendocina (O) and
were compared with plants treated by P. mendocina
(K2) were 38.8% greater length of stem , 23.3%
greater root length and 28.6% greater biomass.

Wheat plants treated by cloned P. mendocina in
comparison with plants without bacterial treatment
(K1), had 48.3% greater length of stem, 5.5%
greater root length and 28.6% more biomass.

Legends

K1 – Wheat plants without bacterial treatment

K2- Wheat plants treated by wild type of P. mendocina (107 cells / ml

K3- Wheat plants in soil without adding salt and bacteria

O- Wheat plants treated with a suspension of cloned P. mendocina(107 cells / ml)
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Comparison of wheat plants treated by a
suspension of cloned P.mendocina (O), with control
plants irrigated only by distilled water (K3) there was
0.29% greater length of stem, 4.1% less than the
length of the root and 22.7% more biomass.

DISCUSSION

Several studies on growth promotion by
bacterial ACD were conducted with dicots including
canola, tomato, tobacco and mung bean. But, the
bacteria are also effective with monocots (at a lesser
extent) such as wheat, rye and rice. All of monocots
are less ethylene sensitive than the dicots.

It has been known that PGPR containing
ACC-deaminase might be useful in regulating the
endogenous levels of ethylene in plants through their
ACC-deaminase activity and could be promote plant
growth and development17, 28, 29).

These bacteria are capable of reducing
higher levels of C2H4 in plants through the activity
of enzyme ACC-deaminase that hydrolyzes ACC
into α-ketobutyrate and ammonia30,31.

In this work it was proved that cloned P.
mendocina promoted root growth because of its high
ACC-deaminase activity compared to wild type of P.
mendocina (Table 1). This study showed that bacterial
ACC deaminase increased the resistance of wheat
to salt stress and biomass over control (Fig. 3). It
was observed that cloned P. mendocina containing
ACC-deaminase activity promoted root, shoot and
other growth contributing parameters of wheat at
salinity both in pot and green house conditions.

The results are in conformity with the
findings of (32) who reported that rhizobacteria with
more ACC deaminase activity had more ability to
decrease the intensity of ACC-induced response
which confirmed the premises that ACC-deaminase
activity of rhizobacteria was responsible for
decreasing ACC in inoculated plant. The inoculation
of rhizobacterial strains promoted root growth by
lowering the endogenous inhibitory levels of
ethylene because of their ACC-metabolising ability.
Glick and Bashan (1997) reported the role of ACC-
deaminase in reducing the production of ethylene
during stressed conditions31,33-36.

Cloned P. mendocina promoted root
growth by lowering the endogenous inhibitory level
of ethylene in roots because of their ACC deaminase
activity which subsequently affected shoot, stem
growth and biomass enhancement .

This opinion is supported from coefficient
of correlation between in vitro ACC deaminase
activity and the root elongation under stress
conditions which is supported from the findings of
Shaharoona et al. (2006, 2007) 37,38 who also
reported a significant linear correlation between
ACC deaminase activity of different rhizobacterial
bacteria and their root growth promotion. Similar
kind of findings have been reported by other
scientists39,21,23,36.

In the other study that was accomplished
by the authors it was shown that cloned P.
mendocina in pot and greenhouse enhanced
resistance of wheat plant and tomato to soil pollution
by heavy metals Cr, Cu or Pb and salinity.
Furthermore, plants treated by cloned P. mendocina
had enhanced growth rather than plants treated by
wild type and ones without any treatment
(unpublished data).

1-aminocyclopropane-1-carboxylate
deaminase (ACD) reduces the production of
ethylene plants, which reduces the inhibition of
growth. This indicates that plants treated by cloned
P. mendocina had not only more growth of the stem
and shoot, but the best enhancement in biomass
in comparison with other trials in stress conditions.

CONCLUSIONS

It is concluded that cloned P. mendocina
containing ACC-deaminase activity can effects the
resistance of wheat plant in high salinity stress by
lowering the ethylene, whose higher levels have
inhibitory effect on root and shoot growth and biomass.
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