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Abstract
Yousefi, S., Kartoolinejad, D., Bahmani, M., Naghdi, R., 2017. Salinity tolerance of Dodonaea viscosa 
L. inoculated with plant growth-promoting rhizobacteria: assessed based on seed germination and seedling 
growth characteristics. Folia Oecologica, 44: 20–27. 

The study was conducted to evaluate the potential of different strains of plant growth-promoting rhizobacte-
ria (PGPR) to reduce the effects of salinity stress on the medicinal hopbush plant. The bacterium factor was 
applied at five levels (non-inoculated, inoculated by Pseudomonas putida, Azospirillum lipoferum + Pseudo-
monas putida, Azotobacter chroococcum + Pseudomonas putida, and Azospirillum lipoferum + Azotobacter 
chroococcum + Pseudomonas putida), and the salinity stress at six levels: 0, 5, 10, 15, 20, and 50 dS m–1. 
The results revealed that Pseudomonas putida showed maximal germination percentage and rate at 20 dS m–1 
(18.33% and 0.35 seed per day, respectively). The strongest effect among the treatments was obtained with 
the treatment combining the given 3 bacteria at 15 dS m–1 salinity stress. This treatment increased the root fre-
sh and dry weights by 31% and 87.5%, respectively (compared to the control). Our results indicate that these 
bacteria applied on hopbush affected positively both its germination and root growth. The plant compatibility 
with the three bacteria was found good, and the treatments combining Pseudomonas putida with the other 
one or two bacteria discussed in this study can be applied in nurseries in order to restore and extend the area 
of hopbush forests and akin dry stands.
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Introduction

PGPR (plant growth-promoting rhizobacteria) belong to 
a heterogeneous group of rhizosphere bacteria enhanc-
ing plants growth performance through one or several 
specific mechanisms. In fact, they represent a diverse 
group of soil free-living bacteria (Glick et al., 2007; 
Sengupta et al., 2015). Today, the researchers state that 
the main PGPR mechanism promoting growth in plants 
is the bacterial synthesis of Indole-3-acetic (IAA) plant 

hormone and bacterial adjustment of ethylene produc-
tion in juvenile seedlings (Bashan and De-Bashan, 
2010; Sengupta et al., 2015). Therefore, PGPR leads 
to an enhanced root area, higher potential to plant nu-
trients uptake, more variation in root morphology, and 
subsequently more vigorous plant growth. Plant inocu-
lation with bacteria capable to produce ACC deaminase 
can reduce stress-induced ethylene production in plants 
and diminish its adverse effects under stress conditions. 
Bacteria with such capability can protect plants against 
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the harmful impacts of ambient stress such as induced 
by heavy metals, submersion, plant pathogens, drought, 
and salinity (Belimov et al., 2005; Kanchana et al., 
2014; Sengupta et al., 2015). 

Although salinity stress may occur in all the stag-
es of the plant growth, it can be seriously harmful for 
plants during their seedling stage, considering the fact 
that the initial plant establishment is determinative for 
its final performance (Glick et al., 2007; Munns and 
Tester, 2008). Salinity affects seed germination and 
growth by reduction of water potential, by toxicity of 
particular ions including sodium and chlorine as well 
as by reduction of nutritive ions needed for plants such 
as calcium and potassium (Munns and Tester, 2008). 
One of the ways how to resist salinity in plants is to in-
oculate them with growth-promoting bacteria (Glick et 
al., 2007) including various kinds of soil bacteria such 
as Azotobacter, Acetobacter, Azospirillum, Bacillus, 
and Pseudomonas (Saleem et al., 2007; Sengupta et 
al., 2015). 

Dodonaea viscosa L. (Hopbush shrub) is a spe-
cies of Sapindaceae family, native to many tropical 
and subtropical countries, in particular Australia. The 
leaves are used to treat rheumatism, gout, stomach ul-
cers, hermorrhoids, inflammation, and fractures (Raja-
manickam et al., 2010). Also, the mentioned species is 
known to have distinct antidiabetic properties (Ahmad 
et al., 2012; Muthukumran et al., 2001). The given 
species is one of the shrub species found in the semi-
arid regions of southern Iran, and in many tropical and 
sub-tropical countries in the world; however its repro-
duction in natural habitats has faced substantial prob-
lems, which caused that the establishment of the men-

tioned species seedlings has dramatically decreased 
(Yousefi et al., 2017). On the other hand, to the best 
of our knowledge, there is no documented paper in the 
existing literature reporting the role of PGPR bacteria 
(in individual and combined forms) on hopbush spe-
cies’ germination under salinity stress. Thus, the pres-
ent study was conducted to evaluate the success rate of 
these bacteria in reducing the adverse effects of salinity 
stress on hopbush seed germination stage. 

Materials and methods

This research was carried out in 2015 to investigate the 
effects of PGPR on hopbush seed germination charac-
teristics, using factorial experiment under completely 
randomized design (CRD) with 4 replications. The bac-
terium factor was applied at five levels: non-inoculated 
(control), inoculated by Pseudomonas putida strain 
169, Azospirillum lipoferum + Pseudomonas putida, 
Azotobacter chroococcum + Pseudomonas putida, and 
Azospirillum lipoferum + Azotobacter chroococcum + 
Pseudomonas putida. The inocula used in this research 
were endemic to the soils of Iran, which were identified, 
screened, and purified by the Soil biology department 
of Iran’s Soil and Water Research Institute. The second 
factor studied was salinity stress applied at 6 levels (0, 
5, 10, 15, 20, and 50 dS m–1). The sample seeds were 
randomly collected from a planted hopbush stand locat-
ed in Malagha village, Baghmalek, Khouzestan prov-
ince, Iran (Table 1).

To conduct the experiment, the hollow and imper-

 

 

 

 

 

 

 

 

Table 1. Seed characteristics and provenance information of Dodonaea viscosa 

Provenance Geographic 
coordination 

Elevation 
(m) 

Purity 
(%) 

Weight of 1,000 
seeds (g) 

Number of pure 
seeds per kg 

Moisture 
content (%) 

Malagha village, 
Khouzestan province, 

Iran 

31º 35' 07"N 
50º 00' 51"E 

994 100 10.27 97371 6.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Seed characteristics and provenance information of Dodonaea viscosa

97,371

fect seeds were removed from the intact ones. Different 
pre-treatments were carried out, with using sulfuric acid 
and boiling water. Among these, sulfuric acid treatment 
for 30 min was found to be optimal for breaking the 
physical seed dormancy. Thus, all the screened seeds 
were first immersed in concentrated sulfuric acid (98%) 
for 30 min and then rinsed in distilled water thrice. The 
seeds were disinfected with Carboxin Tiram (2 g l–1), 
a fungicide solution, for 3 min and thoroughly rinsed 
in distilled water once more (Nourmohammadi et al., 
2016).  

Seeds rhizobacterial inoculation

After rinsing with distilled water, the seeds were com-
pletely impregnated and turned sticky with a Arabian 
gum solution (2%) allowing to adhere the applied bac-
teria to the seeds. The sticky seeds were inoculated 
under darkness with a 10 ml growth-promoting rhi-
zobacterial inoculum in both simple (individual) and 
combined manners (Noumavo et al., 2013; Yousefi et 
al., 2017). After the seeds had been inoculated by the 
intended bacteria, salt solubilisation was carried out in 
order to simulate salinity stress (NaCl).
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After calculating the NaCl amount needed for each 
salinity stress level, 3 ml volumes of the intended salt 
solutions were added to the Petri dishes containing the 
inoculated seeds. All the treated seeds were placed in 
parafilm-sealed Petri dishes, with a diameter of 6 cm, 
with two filter paper layers (25 seeds per a treatment 
with 4 replications). Deionized water was added to each 
Petri dish if needed. In order to avoid fungal infection in 
Petri dishes, Wattman filter papers were replaced every 
3 days (Rahimi et al., 2016). Three ml of NaCl solution 
and 3 ml of distilled water were added to Petri dishes 
containing the treated and untreated seeds, respectively. 
The Petri dishes were then placed in to a germinator un-
der a constant temperature of 20 °C and a 65% relative 
humidity with a photoperiodic regime of 16 h light/8 
h dark at 1,000 lux fluorescent light and studied for a 
period of 30 days (Rahimi et al., 2016).

The germination was specified when the emergent 
radical reached 2 mm length. After no progressing seed 

germination was observed in 3 consecutive days, the 
seeds were removed from the germinator and counted 
(on around the 21st day). 

Measurement of seed and seedling characteristics

At the end of germination period, the root and stem fresh 
weights were measured immediately (0.0001 g preci-
sion), using a linear scale. The root and stem lengths 
were measured with Image tools 2.0 software after the 
samples in the Petri dishes were photographed. For 
measuring dry biomass, the roots and stems were sepa-
rated from their collar parts, wrapped with a foil, and 
placed in an oven at 65 °C for 48 hours and weighted 
again in the dry state (Haghighi and Da Silva, 2014). 
Ultimately, the percentage, rate, the average germina-
tion time and seed vigour index were calculated using 
the equations presented in Table 2. 

 

 

 

 

 

 

 

 

 

Table 2. Calculation methods for seed germination characteristics of Dodonaea viscosa  
 

Reference Calculation method Germination characteristics 
PANWAR and BHARDWAJ (2005) GP = (n/N)×100 Germination percentage 
PANWAR and BHARDWAJ (2005) GR = ∑(ni/ti) Germination rate 

KULKARNI et al. (2007) MGT= ∑(ni×ti)/ ∑n Mean germination time 
BIRADAR et al. (2010) SVI = GP×Mean (Sl+Rl)/100 Seed vigour index 

 
GP, germination percentage; n, number of germinated seeds per day; N, total number of seeds; GR, germination rate; ni, number of 

germinated seeds between scoring intervals; ti, number of days since the test was started; MGT, mean germination time; SVI, seed 

vigour index; Sl, shoot length; Rl, root length. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical analysis

The data were tested for normality and homogeneity 
of variances, using Kolmogorov-Smirnov and Levene 
tests, respectively, and subsequently they were subject 
to a two-way analysis of variance (ANOVA). The dif-
ferences between the means were compared with the 
Tukey’s test. All statistical analyses were done with the 
aid of a SPSS software.

Results

The results of Two-Way ANOVA indicated that the ef-
fects of inoculation with Pseudomonas putida strain 
169, Azospirillum lipoferum + Pseudomonas putida, 
Azotobacter chroococcum + Pseudomonas putida, and 
Azospirillum lipoferum + Azotobacter chroococcum + 
Pseudomonas putida on all the seed germination char-
acteristics and growth parameters of hopbush seedlings 
were statistically significant (Table 3). 

The comparison between the means (Fig. 1) re-
vealed that the growth rate and biomass decreased with 
increasing salinity level; on the other hand, they were 

Table 2. Calculation methods for seed germination characteristics of Dodonaea viscosa

promoted by bacteria application. The germination oc-
curred at 50 dS m–1 salinity stress level; however, the 
corresponding parameters were not measured due to the 
stopped seedling growth.

Germination percentage and rate 

The germination percentage and rate decreased with 
increasing salinity (Fig. 1). At 20 and 50 dS m–1, the 
control samples’ germination percentage was lower 
than that of the treated species, and Pseudomonas pu-
tida treatment showed the highest germination percent-
age at 20 (18.33%) and 50 (8.33%) dS m–1. Equally, the 
maximal germination rate at 20 and 50 dS m–1, being 
0.35 and 0.17 seed per day, respectively, was obtained 
with Pseudomonas putida treatment.

Mean germination time and seed vigour index       

The results revealed that the combined treatment with 
Azospirillum lipoferum + Azotobacter chroococcum + 
Pseudomonas putida applied on the hopbush seeds un-
der 20 and 50 dS m–1, induced reductions in their mean 
germination time by 75.7% and 64.9%, respectively, 
compared to the control (Fig. 1). Also, the results rela-

GP, germination percentage; n, number of germinated seeds per day; N, total number of seeds; GR, germination rate; ni, num-
ber of germinated seeds between scoring intervals; ti, number of days since the test was started; MGT, mean germination time; 
SVI, seed vigour index; Sl, shoot length; Rl, root length.
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tive to the seed vigour index indicate that the combined 
treatment comprising all 3 bacteria studied had the 

highest effect at 15 (0.3) and 20 (0.077) dS m–1, com-
pared to the control.

 

 

 

Table 3. The results of ANOVA (mean square values) related to the effect of plant growth promoting rhizobacteria 

and salinity stress on seed and seedling characteristics of hopbush  

 

RL SL SVI MGT GR GP df  
0.68** 0.89** 1.40** 19.85** 1.08** 667.36** 4 Bacteria 

19.16** 32.84** 82.18** 32.82** 19.98** 19,743.61** 5 Salinity 
0.27** 0.80** 0.36ns 7.79ns 0.31** 189.80ns 20 Bacteria × Salinity 

0.12 0.24 0.35 6.45 0.12 141.15 60 Error 

RDW/SDW RL/SL RDW RFW SDW SFW df  
0.045* 0.202** 7.54×10–8** 1.98×10–6** 4.28×10–7** 1.71×10–5* 4 Bacteria 
1.20** 3.07** 2.88×10–6** 0.000** 1.32×10–5** 0.001** 5 Salinity 
0.04** 0.07** 6.49×10–8ns 2.85×10–6** 5.50×10–7** 2.17×10–5** 20 Bacteria × Salinity 
0.19 0.30 4.21×10–8 1.16×10–6 1.49×10–7 7.92×10–6 60 Error 

 

**Statistically significant at 99% confidence level; *statistically significant at 95% confidence level; ns, not significant.  

GP, germination percentage; GR, germination rate; MGT, mean germination time; SVI, seed vigour index; SL,  stem length; RL, 

root length; SFW, stem fresh weight; RFW, root fresh weight; SDW, stem dry weight; RDW, root dry weight. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. The results of ANOVA (mean square values) related to the effect of plant growth promoting rhizobacteria and salinity 
stress on seed and seedling characteristics of hopbush

**Statistically significant at 99% confidence level; *statistically significant at 95% confidence level; ns, not significant. 
GP, germination percentage; GR, germination rate; MGT, mean germination time; SVI, seed vigour index; SL, stem length; 
RL, root length; SFW, stem fresh weight; RFW, root fresh weight; SDW, stem dry weight; RDW, root dry weight.

Stem and root length

Stem length increase promoted by the combined treat-
ment Azospirillum lipoferum + Azotobacter chroococ-
cum + Pseudomonas putida at 15 dS m–1 was 79.7% 
(compared to the control), at 20 dS m–1, this treatment 
showed maximal effect on stem length (Fig. 1). Con-
sidering the results obtained for roots, the combined 
treatment of the 3 bacteria had the highest effects at 15 
and 20 dS m–1, as the root length increased by 242% 
(compared to the control) at 15 dS m–1. 

Fresh and dry weight of stems

All the treatments enhanced the fresh stem weight; es-
pecially for higher stress levels the evidence followed 
from the means comparison (Fig. 1), and the maximal 
effect corresponded to the combined treatments, such 
that the combined treatment of the 3 bacteria brought 
about a 12% increase at 15 dS m–1 compared to the con-
trol. At 10 dS m–1 Pseudomonas putida treatment and 
at 15 dS m–1 the combined treatment improved the dry 
weight of stem by 50% and 40%, respectively, com-
pared to the control. Furthermore, the mentioned treat-
ment showed the highest dry stem weight at 20 dS m–1. 

Fresh and dry weight of roots

All the treatments at all levels of salinity stress en-
hanced the fresh weight of roots over the control. The 
combined treatment with Azospirillum lipoferum + 
Pseudomonas putida at 10 dS m–1 and the combined 
treatment with applying all 3 studied bacteria at 15 dS 

m–1 improved the fresh weight of roots by 186.36% and 
31%, respectively, as compared to the control. The dry 
weight of roots increased also as a result of inocula-
tion with the studied growth-promoting bacteria, par-
ticularly at higher stress levels. The results of means 
comparison indicated that the combined treatment with 
Azospirillum lipoferum + Azotobacter chroococcum + 
Pseudomonas putida increased the dry weight of roots 
at 15 and 20 dS m–1. The dry weight of roots increased 
by 87.5% at 15 dS m–1, and although the roots of control 
samples showed no growth at 20 dS m–1, the samples 
inoculated with the given bacteria had a dry weight of 
0.1 mg (trace amount of growth). 

Discussion

Novel methods for biocontrol have recently been 
developed with the aim to protect plants against salinity 
stress. These methods concern seed and seedling treat-
ment with using plant growth-promoting rhizobacteria 
(Yue et al., 2007), such as symbiotic bacteria capable 
to attach root systems and promote their absorption 
of ambient nutrients necessary for plants growth, de-
velopment, and stress resistance (Abbas-Zadeh et al., 
2010). Bacteria such as Azotobacter and rhizobacteria 
have been reported increasing plant height and regen-
eration through production and synthesis of phytohor-
mones (Abbas-Zadeh et al., 2010; Kanchana et al., 
2014). In the present study, the increase in salinity level 
from 10 to 50 dS m–1 led to a drastic quality drop in the 
samples traits, among others, root and stem length and 
their fresh and dry weights. Although hopbush seeds 
of the control treatment could germinate at 50 dS m–1 
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salinity level, root and stem growth was completely 
terminated at salinity levels above 15 dS m–1, and 
thus the mentioned factors were not measured. This 
is while the applied rhizobacterial inocula could, both 
in individual and combined forms, withstand salin-
ity levels of up to 50 dS m–1, which can be attributed 
to the increased uptake of nutritive elements by the 
root system and compatibility with salinity stress and/
or production of growth-promoting hormones by the 
used bacterial strains present in hopbush. As stated, 
at 20 dS m–1, the treatments inoculated with Pseudo-
monas putida and the combination of Azospirillum li-
poferum + Azotobacter chroococcum + Pseudomonas 
putida showed the highest values of the studied early 
growth parameters, which is in line with the results 
reported by Fu et al. (2010), Yao et al. (2010), and 
Hamaoui et al. (2001). Fu et al. (2010) reported the 
increased dry weight and root length of Solanum mel-
ongena seedlings inoculated by bacterial strains under 
salinity stress. Similar results have been reported by 
Yao et al. (2010) studying the effect of Pseudomonas 
putida Rs-198 bacterium on Gossypium hirsutum L. 
seedling under salinity stress. These authors found 
out that the inoculation of the G. hirsutum L. with P. 
putida improved height and fresh and dry weights of 
the seedlings by 12.7%, 30.7%, and 10%, respectively, 
compared to the control. Grichko and Glick (2001) 
inform that rhizospheric bacteria, with their poten-
tial for ACC enzyme production, could reduce plant 
ethylene content, and mitigate, in this way, the nega-
tive effects of salinity. Other factors such as hormonal 
balance (Bashan and De-Bashan, 2010) and/or en-
hanced root system development have been reported 
as the factors responsible for increased resistance of 

inoculated plants to salinity-induced stress condition. 
Hamaoui et al. (2001) found out that under saline con-
ditions, Azospirillum could significantly increase the 
number of nitrogen fixating nodules as well as root 
growth in pea plants, compared to the control.

At 20 and 50 dS m–1, germination rate and per-
centage in seeds inoculated with Pseudomonas putida 
and AC + PP showed the highest values, whereas the 
combined treatment of Azospirillum lipoferum + Azo-
tobacter chroococcum + Pseudomonas putida brought 
about the lowest mean germination time but the high-
est seed vigour index compared to the control. Kan-
chana et al. (2014) reported that the maximal vigour 
index and germination percentage (99%) of pepper 
seed was attained after a combined inoculation of 4 
kinds of bacteria: Azospirillum, Pseudomonas, Azoto-
bacter, and Bacillus. Shaukat et al. (2006) stated that 
some genera of namely Azospirillum, Pseudomonas, 
and Azotobacter had a positive and significant effect 
on seed germination and seedling growth. The pres-
ent research reports that the increase in root and stem 
fresh and dry weights at 20 and 50 dS m–1 under the 
studied bacterial inoculations, in particular the com-
bined ones, may be attributed to the compatibility of 
hopbush with the mentioned biological fertilizers: 
This indicates that the applied rhizobacterial strains 
may be classified as plant growth promoting strains 
with the potential to promote seed germination, plants 
growth rate and increase, roots formation, and root 
hairs development.

The obtained results suggest that the observed 
growth reduction of hopbush shoot and root under sa-
linity stress may relate to the decrease in root coloni-
zation as well as in nutritive elements uptake. 
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Fig. 1. Mean values of germination and growth characteristics of hopbush seeds inoculated in control conditions with different 

rhizobacteria under different levels of salinity stress. Different lower case shows significant differences between bacterial 

treatments in each level of salinity stress. 

Ctr, Control treatment; PP, Pseudomonas putida; AL, Azospirillum lipoferum; AC, Azotobacter chroococcum. 
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Fig. 1. Mean values of germination and growth characteristics of hopbush seeds inoculated in control conditions with dif-
ferent rhizobacteria under different levels of salinity stress (0–50 dS m-1). Different lower case shows significant differences 
between bacterial treatments in each level of salinity stress. Ctr, Control treatment; PP, Pseudomonas putida; AL, Azospirillum 
lipoferum; AC, Azotobacter chroococcum.

The results also revealed that in line with the de-
crease in the root colonization percentage with bac-
teria, the plant’s growth, performance and resistance 
declined. In other words, there is a positive relation 
between root colonization percentage and increase in 
plant growth and performance.

In summary, application of the rhizobacteria dis-
cussed in this study increased and improved growth 
and resistance in hopbush plants. This indicates that 
the symbiotic relations between rhizobacteria and plant 
roots can be profitable for better plant protection against 
the salinity stress.
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Conclusions

In the present research, we observed that 20 and 50 
dS m–1 salinity stress levels had adverse effects of on 
growth and germination characteristics of hopbush 
plants, up to the total growth termination. To compen-
sate the effects of growth reduction at higher levels of 
salinity stress and, at the same time, to improve the 
given seed germination characteristics, several growth-
promoting bacteria were applied. The results show that 
the bacteria studied had positive effects on hopbush and 
that they were also compatible with this plant species. 
This was particularly evident for the combined treat-
ment. Biological methods (vs. Chemical methods) are 
more compatible with the physiological characteristics 
of plants and can effectively reduce the environmen-
tal stresses (e.g. drought and salinity, etc.), so using of 
these bacteria can be objectively recommended as a 
safe and sound approach.
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