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Abstract 
Soil salinity badly affects agriculture productivity through accumulation of salts in upper layers of 
soils. The harmful effects of salts in arable lands have influenced modern as well as ancient civili-
zations. A pot study was carried out to test the performance of two PGPR isolates (KS 8, KS 28) on 
sunflower (SMH-0917) under different salinity levels (8, 10 and 12 dS∙m−1). These salinity levels 
were developed by adding calculated amount of salts (NaCl, Na2SO4, CaCl2 and MgSO4) with ratio of 
3:4:2:1. The bacterial strains KS 8 and KS 28 were applied separately in two treatments while 
third treatment was co-inoculation (KS mix). Completely randomized experimental design (CRD) 
was used and data were collected at flowering stage about pre-decided plant growth parameters 
(plant height, shoot dry weight and root dry weight). The bacterial isolate KS 8 showed an increase 
of 26, 102% and 83% in plant height, shoot dry weight and root dry weight at EC 8 dS∙m−1, while 
this improvement was 67%, 163% and 296% at EC 10 dS∙m−1, however an increase of 100%, 74% 
and 382% was recorded over control respectively at EC 12 dS∙m−1. Similarly isolate KS 28 exhi-
bited an increase of 14%, 69% and 54% in plant height; shoot dry weight and root dry weight at 
EC 8 dS∙m−1, whereas this improvement was 56%, 163% and 188% at EC 10 dS∙m−1, while an in-
crease of 60%, 41% and 282% was registered respectively over control at EC 12 dS∙m−1. The in-
crease due to mixture treatments was 4%, 41% and 16% in plant height, shoot dry weight and 
root dry weight at EC 8 dS∙m−1, while an increase of 33%, 57% and 100% at EC 10 dS∙m−1, whereas 
an improvement of 53%, 33% and 164% respectively was noted at EC 12 dS∙m−1 over un-inocu- 
lated. The isolate KS 8 performed better than KS 28 and mixture treatment. These two PGPR 
strains could be used to mitigate the adverse impact caused by salinity stress on sunflower. 
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1. Introduction 
Sunflower (Helianthus annus L.) belongs to plant kingdom Plantae and family Asteraceae. It is native to Amer-
ica and good source of edible oil throughout the world because of low cholesterol. Its seed contains 47.5% oil 
which is ranked next to peanuts 48.5%. Pakistan produces only 18% edible oil of its consumption and remaining 
82% are being imported. In 2012-2013 Rs 153.3 billion (US $1.595 billion) was spent on import of edible oil 
and oil seed for extraction of oil [1]. Pakistan is third largest importer of edible oil in the world. Its import bill is 
the largest drain on national exchequer and second to mineral oil [2]. 

Environmentally safe and sustainable agriculture production is one of the major problems faced by the agri-
culture of 21st century. It is increasing demand in agriculture for sound and ecologically compatible strategies. 
Agriculture is a natural process and more related to natural activities. The world population is increasing and 
agricultural land is decreasing. The challenge is to increase soil productivity with minimal changes to environ-
ment. 

It is high time to bring 6.28 million hectares of salt affected area of Pakistan into arable farming to cater the 
need of food for growing population [3]. According to an estimate twenty percent (20%) agriculture lands are 
affected by salinity at world level [4]. The loss of productive land as a result of alkalinity and salinity is a direct 
clash with requirement of providing food supplies to the global population. Many efforts are made to increase 
crop productivity under salinity stress but have not proven completely fruitful, because the basic mechanism of 
salinity stress is not completely known up till now. 

In the recent past many researchers have focused on the performance of plant growth promoting rhizobacteria 
(PGPR) having ACC deaminase activity to mitigate the negative impact of enhanced level of ethylene caused by 
salinity stress. This pot study was also carried out to induce salts tolerance in sunflower through PGPR. PGPR 
have diverse mechanism through which support plant growth, like atmospheric nitrogen fixation, solubilization 
of mineral phosphorus, siderophores production, mineralization of other nutrients, anti pathogenic affect and al-
so has ability to produce IAA, etc. [5]-[7]. 

2. Materials and Methods 
Thirty-six strains were isolated from five samples, collected from different salt-affected areas of Punjab (Pakis-
tan). The biochemical characterization was carried out on the basis of ACC deaminase activity and solubiliza-
tion of inorganic phosphorus. Two promising bacterial strains (KS28, KS 8) having highly level of ACC deami-
nase enzyme as compared to others were selected for this green house pot study. After harvesting potassium and 
sodium contents in plant samples were determined by suing the method as reported [8], and phosphorus content 
of plant was measured by using method as explained [9]. 

2.1. Inoculum Preparation 
These strains were inoculated in aflask of 200 mL volume containing LB broth media and thenincubated in 
shaker at 28˚C ± 2˚C three to four days. These cultures were shifted to biofertilizer carrier (soil high in organic 
matter). Hybrid sunflower seed (SMH-0917) were surface sterilized before inoculating with slurry which was 
prepared by mixing of 10% sugar solution in raw material of biofertilizer. 

2.2. Pot Study 
The green house of national agriculture research center (NARC), Islamabad (Pakistan) was selected for pot 
study. The soil used were analyzed for physio-chemicals properties and characterized as sandy clay loam, hav-
ing pH 7.89, ECe 1.0 dS∙m−1, organic matter 0.80%, phosphorus 4.52 mg∙kg−1, potassium 4.22 meq∙L−1, calcium 
and magnesium 6.21 meq∙L−1 and saturation percentage 31.5%. Measured amount of different salts (NaCl, Na2 
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SO4, CaCl2 and MgSO4) with ratio of 3:4:2:1 were used to develop three salinity levels 8, 10, 12 dS∙m−1 [10]. 
The soil samples were taken from different pots of each repeat to determine EC levels through EC meter. Thirty 
six pots were filled with autoclaved soil; each pot contained five kg of soil. Recommended dose of fertilizer 
(100-60-50) were applied. Whole of phosphorus and potash were mixed in soil whereas nitrogenous fertilizer 
was applied in two split doses. Theses pots in green house were placed according to completely randomized ex-
perimental design (CRD) with three replications. Plants were harvested at flowering stage and data about pre- 
decided growth parameters (plant height, root dry weight and shoot dry weight) were recorded. Data were ana-
lyzed by the analysis of variance (ANOVA) and treatment mean comparison by using least significance differ-
ence (LSD; P = 0.05) [11]. The analyses were conducted using the software statistic 8.1. 

3. Results 
The data collected on plant height showed that bacterial strains (KS 8 and KS28) significantly increased plant 
height as compared to un-inoculated at all salinity levels. The isolate KS 8 showed an increase of 26%, 67% and 
100% as compared to control whereas isolate KS 28 exhibited an increase of 14%, 56% and 60% at 8, 10 and 12 
dS∙m−1 respectively over control. However mixture treatment (KS mix) recorded significant improvement (33% 
and 53%) only at salinity levels 10 and 12 dS∙m−1 respectively as compared to control (Table 1). 

As regards root dry weight, improvement was also recorded over control at all salinity levels. The bacterial 
strain KS 8 exhibited an increase of 83%, 296% and 382% as compared to un-inoculated, whereas isolate KS 28 
showed an improvement of 54%, 188% and 282% at 8, 10 and 12 dS∙m−1 respectively over control. While mix-
ture treatment showed an increase of 16%, 100% and 164% at EC 8, 10 and 12 dS∙m−1 respectively over control 
(Table 2). 

Like plant height PGPR inoculation (KS 8 and KS 28) significantly increased shoot dry weight at all salinity 
levels. This increase was 102%, 163% and 74% over control, while KS 28 showed an improvement of 69%, 
163% and 41% at EC 8, 10 and 12 dS∙m−1 respectively over un-inoculated. Whereas incase of mixture treatment 
an increase of 47%, 57% and 33% was recorded at salinity levels 8, 10 and 12 dS∙m−1 respectively over control. 
Among tested treatments bacterial strain KS 8 perform better at all salinity levels followed by KS28 respectively 
(Table 3). 

4. Discussion 
Higher salts concentration on outer side of plants have a direct effect on cell growth and associative metabolism, 
osmotic effect is immediate while accumulation of salts with in plant body up to toxic level take time i.e. from  

 
Table 1. Effect of PGPR inoculation on sunflower plant height (cm) at four salinity levels (data presented is of three repli-
cates).                                                                                                              

Strain 8 dS∙m−1 10 dS∙m−1 12 dS∙m−1 

Control 38 e 30 f 30 f 

KS 8 48 bc 50 b 60 a 

KS 28 45 d 47 cd 48 bc 

KS mix 40 e 40 e 46 cd 

Means having similar letters don’t differ statistically from each other at P ≤ 0.05. 
 

Table 2. Effect of PGPR inoculation on sunflower root dry weight (g) plant−1 at four salinity levels (data presented is of 
three replicates).                                                                                                   

Strain 8 dS∙m−1 10 dS∙m−1 12 dS∙m−1 

Control 0.46 f 0.26 h 0.22 h 

KS 8 0.84 c 1.03 b 1.06 a 

KS 28 0.71 de 0.75 cd 0.62 e 

KS mix 0.52 f 0.52 f 0.36 g 

Means having similar letters don’t differ statistically from each other at P ≤ 0.05. 
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hours to days [12]. 
Salinity stress increase ethylene level in root rhizosphere and affect negatively first seed germination and then 

root and shoot length. The inoculation of seed with such PGPR having ACC-deaminase decrease ethylene level 
by hydrolyzing ACC into ammonia a ketobutyrate in rhizospheric region and improve plant growth [18]. Plant 
early growth stage is more sensitive as compared to later stages so inoculation with bacteria having ability to 
mitigate salinity stress can be helpful for plants to overcome from stress [13]-[15]. Different researchers have 
also reported that PGPR inoculation also improved seed germination under salinity stress [16]-[18]. Salinity 
stress increase ethylene level and inhibit plant root and proliferation [19]-[22], as in case of control, whereas in-
oculation with bacteria having ACC deaminase decrease ethylene level induced by high salts concentration and 
help to elevate the salinity stress on root and plant growth and in response to this reduced level of ethylene, plant 
perform better as exhibited by inoculated plants. For better plant growth and root proliferation any control on 
this enhanced level of ethylene is necessary [23]-[25]. Our results are also in line with the finding of [26] [27], 
on groundnut and wheat crops. 

A similar trend in plant growth parameters were reported [28]. They conducted a pot experiment on wheat at 
four salinity levels 1.46, 5, 10 and 15 dS∙m−1 and found significant increased in plant growth at 10 and 15 
dS∙m−1 over un-inoculated with PGPR strains W17 and W2 having ACC deaminase activity. Less sodium and 
more potassium uptake is important characteristic of salinity tolerant plants. Plants having higher K+/Na+ ratio 
are considered as more salt tolerant plants [29] [30]. In our study all PGPR inoculated treatments recorded high-
er K+/Na+ ratio as compared to control at all salinity levels (Table 4). The exact mechanism by which bacterial 
isolates regulate uptake of these ions is not completely known. But it is think this might be due to better root 
proliferation or exopolysaccharide activity of bacteria (ability to bind sodium and thus decrease its availability 
for uptake) [31] [32]. 

In this study two bacterial isolates (KS 8 and KS 28) having ACC deaminase were tested in a pot trial. Inocu-
lation of sunflower seed with these bacterial strains significantly increased plant height and root dry weight at 12 
dS∙m−1 followed by 10 dS∙m−1 over control (Figures 1-3).  

This improvement in root length and root weight is because of inoculation with PGPR strains having higher 
level of ACC deaminase activity as compared to other strains (ACC deaminase quantification data is not pre-
sented here).   

 
Table 3. Effect of PGPR inoculation on sunflower shoot dry weight (g) plant−1 at four salinity levels (data presented is of 
three replicates).                                                                                                    

Strain 8 dS∙m−1 10 dS∙m−1 12 dS∙m−1 

Control 4.8 f 3.5 h 3.0 i 

KS 8 9.7 a 9.2 b 4.25 fg 

KS 28 8.1 c 9.2 b 4.25 fg 

KS mix 7.0 d 5.5 e 4.20 g 

Means having similar letters don’t differ statistically from each other at P ≤ 0.05. 
 

Table 4. Effect of PGPR inoculations on phosphorus, potassium contents (%) and K+/Na+ ratio in shoot of sunflower (60 
days old) under different salinity levels.                                                                                 

Strains 

Phosphorus (%) Potassium (%) K+/Na+ ratio 

Salinity level (dS∙m−1) Salinity level (dS∙m−1) Salinity level (dS∙m−1) 

8 10 12 8 10 12 8 10 12 

Control 0.27 ghi 0.20 jk 0.09 l 2.75 ghi 2.39 hi 2.25 i 4.23 f 3.57 f 3 d 

KS 8 0.70 c 0.58 d 0.27 ghi 4.79 bc 4.73 bc 4.06 fghi 6.94 d 6.31 b 3.73 c 

KS 28 0.60 d 0.40 ghi 0.25 hij 4.44 cd 4.26 cde 4.11 cdef 8.22 a 6.98 a 3.69 e 

KS mix 0.57 de 0.40 ghi 0.24 hij 4.07 cdef 3.89 cdef 4.03 cdef 7.40 c 5.81 c 5.23 a 

Means having similar letter(s) in a column do not differ significantly at P ≤ 0.05. 
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Figure 1. Percent increase in root length over respective control at different salinity 
levels.                                                                          

 

 
Figure 2. Percent increase in shoot dry weight over respective control at different 
salinity levels.                                                                   

 

 
Figure 3. Percent increase in root dry weight over respective control at different 
salinity levels.                                                                 
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5. Conclusion  
In this screening study two PGPR isolates were tested in three treatments (KS 8, KS 28 and KS mix) at three 
different salinity levels (8, 10, 12 dS∙m−1) against their control (un-inoculated). The sunflower plants inoculated 
with bacterial isolate KS 8 conformed better growth in term of plant height, shoot dry weight and root dry 
weight as compared to isolate KS 28. The performance of mixture treatment was below as compared to separate 
inoculation of isolates KS 8 and KS 28. This might be due to non-compatible combination of these strains with 
each other. Further testing of these strains should be carried out at different salinity levels under field conditions. 
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