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Abstract 

The effects of the inoculation of plant growth promoting rhizobacterial (PGPR) strains Pseudomonas 

fluorescence strain P2, Pseudomonas jessenii R62, Pseudomonas synxantha R81, Pseudomonas 

koreensis strainYB1 and Arthrobacter nitroguajacolicus strain YB3 on CSR-36 (Salinity tolerance) and 

IR-64 (Salinity sensitive) genotypes of rice were studied under three level of saline alkali soil stress. The 

Level I have 9.18 pH and 2.05 ds/m Electrical conductivity (Ec), the Level II have 9.38 pH and 2.47 ds/m 

Ec, while the Level III have 9.63pH and 3.05 ds/m Ec. PGPRs, Pseudomonas jessenii, R62, 

Pseudomonas synxantha, R81 were used as a consortium. Most of the inoculated plants had remarkably 

higher plant height, fresh weight, chlorophyll, carotenoid content, lowered electrolyte leakage (EL) and 

Malondialdehyde (MDA) content as compare to uninoculated plants in all the level of stress. The PGPRs 

efficiently reduced the proline and superoxide dismutase (SOD) activity in both the genotype of rice 

plants as compare to their respective control. Majority of the inoculated plants had remarkably higher, 

Phosphorus, potassium ion uptake and lowered sodium ion uptake in shoot as compare to non inoculated 

plants. In this respect the selected PGPRs helped to reduce the saline alkali soil stress in plants. In overall 

stress level irrespective of treatments salt sensitive IR-64 showed higher level of EL, MDA content, 

Phosphorus uptake, sodium uptake and SOD activity as compare to salt tolerant CSR-36. 

 

Keywords: PGPR, Rice, saline alkali stress, proline, malondialdehyde, superoxide dismutase 

 

Introduction 

Salinization and alkalization are dynamic soil degradation processes. Saline soil has high 

concentration of neutral salts (NaCl, Na2SO4) which cause osmotic stress and ion-induced 

injury in plants, while alkaline stress caused by high concentrations of alkaline salts (NaHCO3 

and Na2CO3) and has additional high pH effect on the plants [1]. Soil salinization and 

alkalization frequently occur together around 950 million hectare land worldwide [2]. In alkali 

stress environment root of the plants surrounded by the soil of high pH, which can directly 

endanger the root growth, membrane stability, cross-membrane potential and interfere in the 

function of root cells [3]. Alkaline environment can induce the inhibition of growth and 

photosynthesis, alteration of ion accumulation, antioxidative metabolism and devastation of 

the structure of root cells, ultimately can leads to cell death [4, 5]. In respect of ionic balance 

under salt stress condition, the high ratio of K+/Na+ can be considered as an important 

indicator for evaluating salt tolerance of plants [3]. Salinity can cause oxidative stress by 

enhanced production of reactive oxygen species (ROS) in plants [6], which can act as toxic 

molecules to cell [7]. In order to protect plants against ROS cells produce antioxidant enzymes 

such as superoxide dismutase (SOD), peroxidase (POX), and catalase (CAT), and various 

other nonenzymatic antioxidants [8]. In addition to antioxidant stressed plants can accrue 

various molecules such as proline in cytosole which can act as osmoregulant and thereby can 

protect macromolecules and enzyme activity. In this respect such molecules are normally 

using as indicator of oxidative stress in plants [9]. Comparatively little attention has been given, 

especially from the aspect of reactive oxygen species (ROS) level and antioxidative enzymes 

level in the plants to both salt and alkaline mixed soil stress, as such conditions frequently co-

occur and both ROS level and antioxidative enzymes level regulate growth of plants under 

stress conditions [1]. 

Rice is essential for feeding the world’s population, and has immense importance to food 

security for world population. It is estimated that the global need of rice production will 

increase from 586 million metric tons (mmt) in 2001 to about 756 mmt by 2030 [10]. This 

demand can be met from the sustainable use of available land and various conventional and 

biotechnological approaches. In this track, in addition to produce the high salt tolerant variety 

of crops to reduce the unfavorable effect of salinity on plants, recently the use of biological 
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methods to alleviate the consequences of soil stress including 

salinity on plants gaining attention [11-13]. Among the 

biological methods, PGPR are most studied soil 

microorganism for the growth promotion [14, 15] as well as 

induction of salt tolerant ability in plants by inducing the 

antioxidants [16-18] and physiological response (e.g proline as 

osmoregulant) of plants against stress conditions [19]  

The present study aimed to investigate the effect of PGPRs on 

growth promotion, phosphorus uptake, Na+, K+ uptake and 

SOD activity in salt tolerant CSR-36 [20] and salt susceptible 

IR-64 [21] varieties of rice under different range of saline alkali 

soil stress condition as well as to investigate the differential 

effect of saline alkali soil stress in both the genotype of rice. 

 

Materials and Methods 

Collection and of physiochemical properties of alkali soil  

For present experiment, saline alkali soil was collected from 

the upper 0-15 cm soil layer from Faizabad district of Uttar 

Pradesh, India. For the experiment we have made the three 

different level of saline alkali soil stress by mixing the saline 

alkali soil with the non alkali soil in 1:1(stress Level III), 1:2 

(stress Level II) and 1:3 (Stress Level I) ratio. The soils were 

analyzed for the physico-chemical properties (Table 1 and 

Table 2). The soil pH was measured by Beckman Glass 

electrode pH meter; electrical conductivity (Ec) by EUTECH 

digital electrical conductivity meter, percent organic matter 

was calculated according to Jackson [22], available 

mineralizable nitrogen (kg ha-1) by Alkaline KMnO4 method 
[23], Available P2O5 (kg ha-1) by Olsen’s method [24], available 

potassium (kg ha-1) and Available sodium (kg ha-1) were 

measured according to [25]. 

 

Selection of PGPRs 

For the present study plant growth promoting bacterial strains 

Pseudomonas jessenii (R62), Pseudomonas synxantha (R81) 
[26-28], Pseudomonas koreensis strain YB1, Arthrobacter 

nitroguajacolicus strain YB3 [29] and Pseudomonas 

fluorescence strain P2, were kindly provided by Rhizosphere 

biology lab of department of Biological Sciences of G. B. 

Pant university of Agriculture and Technology Pantnagar. In 

this study R62 and R81 were used as consortium (R62+R81). 

Before used as inoculants all the selected bacterial strains 

were checked for their growth on high pH (pH 10) nutrient 

agar and found positive by visualized the colony on plates 

after 2 days on incubation at 28± 2 0C. For the preparation of 

culture inoculants, all the strains grow separately in Nutrient 

Broth medium (Himedia, India) in flasks incubated at 28⁰C at 

120 rpm until the late exponential phase. The final culture cfu 

was maintained at 107 to 108 cfu ml−1 level. 

 

Table 1: Physiochemical properties of alkaline soil (collected from Faizabad, UP, India) and non alkaline soil (collected from agriculture field 

of Pantnagar University) 
 

Soil sample pH EC (dS/m) 
O C 

(%) 

Nitrogen 

(Kg/ha) 

Phosphorus 

(Kg/ha) 

Potassium 

(Kg/ha) 

Sodium 

(Kg/ha) 

Saline Alkali soil 10.02 6.20 0.328 175.616 15.004 096.32 354.37 

Non alkali soil 08.36 0.85 1.150 186.07 34.910 145.6 016.57 

 

Table 2: Physiochemical properties of the soil of all the alkaline soil stress level. 
 

Saline alkali soil stress pH EC (ds/m) 
Nitrogen 

(Kg/ha) 

Phosphorus 

(Kg/ha) 

Potassium 

(Kg/ha) 

Sodium 

(Kg/ha) 

Level III 9.63 3.050 177.05 21.03 110.21 269.51 

Level II 9.38 2.475 179.43 26.23 119.35 207.23 

Level I 9.18 2.050 183.53 31.79 133.59 162.31 

 

Rice varieties 

Seeds of two genotype of rice, salinity tolerant CSR-36 and 

salt sensitive IR-64 was kindly provided by the IRRI, Pusa 

New Delhi, India. 

 

Saline alkali soil stress level and experimental detail 

Selected PGPRs were evaluated for their effect on the growth 

promotion, level of ionic balance, physiological and 

biochemical status of two genotype of rice under three 

different saline alkali soil stress conditions. The Level I of 

alkali soil stress has 9.18 pH and 2.05 ds/m Ec, the Level II 

have 9.38 pH and 2.47 ds/m Ec, while the Level III have 

9.63pH and 3.05 ds/m Ec. The soils of all the levels were 

sterilized by autoclaving on three consecutive days at 121ºC 

for 60 min each. After sterilization, 500g soil of each level 

was filled separately into the pots. The pots were irrigated 

with sterilized water and left for a day for equilibration. The 

experiment was performed in greenhouse condition (where 

temperature: 27± 2oC, photo period: 16/8h day/night cycle, 

light intensity: 400Em-2s-1, (400-700 nm), and relative 

humidity: 60% respectively). Rice seeds were surface 

disinfected by immersion in 70% ethanol and 3% (v/v) 

sodium hypochlorite for 1 min and 5 min. Seeds were washed 

thoroughly many times with sterile distilled water then 

germinated on sterilized Petri dish. Equally germinated seeds 

of both varieties were taken for sowing. There were three 

replicate of each treatment, including control, for each variety 

of rice at each level of saline alkali soil stress (a total of nine 

replicate of each treatment for each variety at all the level of 

saline alkali stress). At the time of sowing seeds in pots the 

bacterial inocula were given to 1ml / pot. Two seedlings per 

pot were maintained. Tap water was supplied at regular 

interval during whole experiment. All the replicate was 

arranged according to complete randomized design. For 

measuring growth parameter and biochemical status plants 

were harvested after 55 days of sowing. After harvesting, 

fresh weight were taken immediately and sample were placed 

in -80°C for further investigation of physiological and 

biochemical activity. 

 

Estimation of Chlorophyll and Carotenoid content 

Total chlorophyll and carotenoid concentrations were 

measured using a UV-Visible spectrophotometer (RAY 

LEIGH, UV-2601) at wavelengths 663 nm and 645 nm 

followed the method [30].  

 

Measurement of electrolyte leakage 

Electrolyte leakage (EL) was estimated according to Dionisio-

Sese and Tobita [31]. Fresh leaf samples (0.1 g) were washed 

with triple DW and cut into small pieces (~1cm segments) 
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and suspended in test tubes containing 10 ml of de-ionized 

water and covered with plastic cap. Tubes were incubated in a 

water bath at 32°C for 2 h. After incubation, electrical 

conductivity (EC1) of the bathing solution was recorded. 

These samples were then autoclaved at 121°C for 20 min to 

completely kill the tissues and release the electrolytes. 

Samples were then cooled to 25 °C, and final electrical 

conductivity (EC2) was measured. The percent leakage of 

electrolytes was calculated using the formula (EC1/EC2) X 

100. 

 

Estimation of malondialdehyde (MDA) 

For estimation of malondialdehyde (MDA) content leaf 

material (0.15 g) was homogenized in 2 ml of 0.1% 

trichloroacetic acid (TCA). Homogenate was centrifuged at 

10,000xg for 10 min at 4⁰C. MDA content was determined 

according to procedure of Heath and Packer [32]. The 

concentration of MDA was calculated by using an extinction 

coefficient of 155 mM-1 cm-1.  

 

Estimation of proline content 

Free proline from leaf sample (0.15 g) was estimated 

according to Bates et al. [33] 

 

Enzyme assay 

For SOD enzyme extraction, 0.2 g of leaf samples was 

homogenized with a pestle in an ice-cold mortar in 5ml cold 

buffer containing: 50 mm potassium phosphate buffer (p-H 

7.0), 1 mm ethylene diamine tetra acetic acid (EDTA) and 1% 

(w/v) polyvinylpyrolidone (PVP). Whole extraction procedure 

was carried out at 4 °C. The SOD activity was estimated 

according to Zhang and Kirkham [34]. Protein was estimated 

by Bradford [35] method. 

 

Chemical analysis 

Chemical analyses were carried out on dry weight basis. Plant 

samples (0.2g) were digested with the mixture of HNO3 and 

HClO4 in the ratio of 9:4 and the extract was made to a 

definite volume. Total phosphorous was determined by 

vanadomolybdate phosphoric acid yellow colour method by 

taking the absorbance in spectrophotometer at 730 nm [36]. 

Potassium (K) and sodium (Na) assayed from the diacid 

digested mixture by using a flame spectrophotometer. 

 

Statistical analysis 

The data presented here are mean values ± SD. The data of 

each level of alkali soil stress has three replicate (n=3) for 

each treatments of individual variety. The data were subjected 

to factorial analysis of variance (ANOVA), with varieties, 

stress level and treatments used for analysis and the 

differences between the means were compared using least 

significant differences at P<0.05. Different letters denote 

significant differences among treatments (including control) 

in two varieties. 

 

Results and Discussion 

Plant height, root length, shoot fresh weight and root fresh 

weight increased with the decrease of alkali soil stress from 

level III to level I. Most of the inoculated plants showed the 

increased growth in both the varieties of rice as compared to 

control however the significance levels of various inoculums 

varied with stress level and varieties used. When both the 

genotype of rice compared with each other in respect of their 

control condition salinity tolerance CSR-36 showed elevated 

effect on shoot and root fresh weight as compared to salinity 

susceptible IR-64 (Table 3). Here results indicated that 

inoculation with the selected bacterium could decrease the 

injurious effects of alkali soil. Generally, salinity and 

alkalinity can reduce shoot and root dry weight of plants and 

thus causing lower plant yields [1]. Various authors have also 

been reported decrease growth and yield of plant under 

salinity stress [37, 38] and Bacterial inoculation under saline 

stress [39, 40] and alkalinity stress [12] improves plant growth. 

 

Total Chlorophyll and Caretenoid content 

The experimental findings (Table 4) reveal that total 

chlorophyll and carotenoids contents decreased with increase 

of saline alkali stress. Most of the treated plant showed 

significantly higher effect on both the parameters under all the 

level of saline alkali soil stress as compare to their respective 

control (Table 4). In overall stress level irrespective of 

treatments total chlorophyll and carotenoids content was 

slightly high (6.25% and 1.01% respectively) in IR-64 as 

compare to CSR-36. Chlorophyll concentration in leaf is an 

indicator of salt tolerance and responds to increasing salinity 
[41]. Decreased chlorophyll and carotenoids content in plants 

under saline stress was also reported by Sairam et al. [42]. 

Similarly, Tapias et al. [43] observed the higher chlorophyll 

content in inoculated plants under saline stress and Hamdia et 

al [44], observed the greater activity of total pigments in 

Azospirillum brasilense, inoculated maize plants when grown 

in the different concentration of salinity. 
 

Table 3: Growth promoting effect of bacterial inoculants on two cultivars of rice under different level of saline alkali soil stress. Mean followed 

by same letter are not significantly different (P<0.05) for a particular trait in two cultivars at all the level of stress. 
 

Rice cultivars Inoculants 

Shoot length (cm) Root length (cm) Shoot Fresh wt (gm) Root fresh wt (gm) 

Stress 

Level III 

Stress 

Level 

II 

Stress 

Level 

I 

Stress 

Level III 

Stress 

Level 

II 

Stress 

Level 

I 

Stress 

Level III 

Stress 

Level 

II 

Stress 

Level 

I 

Stress 

Level 

III 

Stress 

Level 

II 

Stress 

Level 

I 

CSR-36 

control 55.40 ab 57.70 ab 60.80 b 14.60 ab 16.37 ab 17.30 ab 4.83 b 5.18 bc 6.03 cd 5.02 bc 5.32 bc 5.43 c 

YB1 60.00 b 62.93 b 63.97 b 15.27 ab 18.67 b 19.77 b 5.84 cd 6.33 d 6.73 de 6.04 cd 6.18 cd 6.26 cd 

YB3 60.43 b 61.67 b 65.77 b 16.97 ab 19.23 b 20.00 b 4.88 bc 5.59 c 8.36 f 5.55 cd 6.07 cd 9.02 f 

P2 58.77 ab 60.70 b 62.97 b 17.60 ab 18.83 b 19.43 b 5.30 bc 6.49 d 8.66 f 6.31 cd 6.35 d 8.02 ef 

R62+R81 61.67 b 62.17 b 63.33 b 15.23 ab 17.97 ab 19.07 b 5.30 bc 6.22 cd 8.31 f 4.72 bc 6.31 cd 8.60 f 

IR-64 

control 51.10 a 52.23 ab 59.23 ab 13.93 a 14.43 ab 17.53 ab 4.08 a 5.18 bc 5.88 cd 4.01 ab 4.12 ab 5.71 cd 

YB1 57.60 ab 59.13 ab 61.57 b 15.60 ab 17.20 ab 19.00 b 4.12 ab 5.47 bc 7.71 ef 3.45 a 4.45 b 7.50 e 

YB3 54.90 ab 57.33 ab 59.93 b 16.13 ab 18.10 ab 18.37 b 4.76 ab 5.20 bc 6.82 de 4.62 bc 4.29 ab 6.92 de 

P2 56.63 ab 60.70 b 62.33 b 14.80 ab 16.47 ab 18.27 ab 4.97 bc 6.33 d 7.37 e 4.48 b 5.72 cd 6.93 de 

R62+R81 60.33 b 61.80 b 63.23 b 17.63 ab 18.87 b 18.90 b 5.13 bc 6.21 cd 7.51 e 5.10 bc 5.22 bc 7.12 de 
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Table 4: Effect of bacterial inoculants on total chlorophyll, carotenoids, electrolyte leakage and MDA content of two cultivars of rice under 

different level of saline alkali soil stress. Mean followed by same letter are not significantly different (P<0.05) for a particular trait in two 

cultivars at all the level of alkali stress. 
 

Rice cultivars Inoculants 

Total Chlorophyll Carotenoids Electrolyte leakage (%) 
MDA Content 

(µg/gm fresh weight) 

Stress 

Level III 

Stress 

Level 

II 

Stress 

Level 

I 

Stress 

Level 

III 

Stress 

Level 

II 

Stress 

Level 

I 

Stress 

Level 

III 

Stress 

Level 

II 

Stress 

Level 

I 

Stress 

Level III 

Stress 

Level 

II 

Stress 

Level 

I 

CSR-36 

control 4.75 a 5.40 bc 5.63 c 12.14 ab 12.34 b 12.62 bc 91.31 de 86.27 cd 80.30 b 81.72 e 58.71 cd 53.98 c 

YB1 5.44 bc 5.86 cd 6.25 de 12.25 ab 12.91 c 13.04 cd 85.86 cd 80.60 bc 74.48 a 44.41 bc 39.78 b 29.46 a 

YB3 5.83 cd 6.19 d 6.31 de 12.49 bc 12.79 c 12.88 c 87.56 cd 80.93 bc 72.81 a 66.24 d 58.06 cd 41.72 b 

P2 5.74 cd 5.99 cd 6.16 d 12.51 bc 12.76 c 12.86 c 84.34 c 83.50 bc 76.48 a 68.82 d 41.29 b 36.77 ab 

R62+R81 6.59 e 6.64 ef 6.82 ef 12.72 c 12.85 c 12.87 c 86.73 cd 84.93 cd 80.00 bc 58.28 cd 42.37 b 36.34 ab 

IR-64 

control 5.22 b 6.57 e 6.83 ef 12.07 ab 12.92 cd 13.25 d 92.24 e 88.38 d 84.73 cd 95.05 f 59.14 cd 45.81 bc 

YB1 5.21 b 6.17 d 7.00 f 12.00 a 12.87 c 13.51 d 86.40 cd 83.20 bc 75.66 a 70.32 d 52.04 c 45.81 bc 

YB3 6.10 d 6.35 de 6.73 ef 12.49 bc 12.35 b 13.24 d 87.92 cd 86.27 cd 81.61 bc 68.60 d 52.04 c 41.51 b 

P2 5.65 c 6.14 d 7.19 fg 12.39 b 12.49 bc 13.46 d 88.97 de 87.16 cd 84.32 c 69.68 d 55.27 c 34.84 ab 

R62+R81 6.15 d 6.83 ef 7.41 g 12.49 bc 12.88 c 13.56 d 91.12 de 89.45 de 74.23 a 65.81 d 57.42 c 42.37 b 

 

Electrolyte leakage (EL) 

Most of the treatments showed the greater reduction in 

electrolyte leakage as compare to their respective control in 

the entire stress level (Table 4), however their effect varied 

according to stress level and genotype used. At higher level of 

saline alkali soil stress (Level III) in CSR-36 only P. 

fluorescence strain P2 treated plants showed significantly 

reduced level of EL as compare to control plants, while in IR-

64 three bacterial strains YB1, YB3 and P2 significantly 

reduced EL as compare to their respective control plants. 

Irrespective of treatments and soil ratio IR-64 showed higher 

(3.47%) EL leakage as compared to CSR-36. Salinity stress 

leads to significant increase in the level of EL in many crops 
[45]. Under salt or alkali stress leaf electrolyte leakage rate is a 

good physiological index as it reflects the degree of plant 

injury. Under intensified stress plasma membranes injured 

more seriously leading to an increase in the electrolyte 

leakage rate [46]. In present study reduced level of electrolyte 

leakage was observed in inoculated plants as compare to 

uninoculated plants. Similar to present study, PGPRs 

mediated reduced level of electrolyte leakage under stress 

condition has also been observed [47, 17]. 

 

Malondialdehyde (MDA) content 

All the inoculated plants significantly reduced the MDA 

contents in both the varieties of rice under higher level of 

saline alkali soil stress (Level III) as compared to control 

plants (Table 4). Strain YB1 (1.84 fold) in CSR-36, while 

R62+R81 (1.44 fold) in IR-64 maximally reduced MDA 

content as compare to uninoculated control. Level II stress all 

the treated plants except YB3 in CSR-36 while in IR-64 none 

of the treatments showed the significant effect in MDA 

content as compare to uninoculated plants. In low level of soil 

stress (Level I) all the treatments in CSR-36 while in IR-64, 

bacterial strain P2 showed the significant reduction of MDA 

content as compared to control plants. High MDA content in 

plants can be correlated with higher stress condition in plants. 

Changing pH due to salt or alkali stress usually cause 

oxidative burst in plants, which can be demonstrated by 

increase MDA content [48]. Similar to present study reduced 

level of MDA content in PGPR inoculated plants have also 

been observed under salinity [49] and alkalinity [12] stress 

conditions. The lesser MDA content at stress level III in 

control plants of CSR-36 as compare to control plants of IR-

64 might be an attribute of tolerant variety to with stand the 

saline alkali stress condition. 

Proline content 

All the PGPRs treated plants significantly reduced the proline 

contents of both varieties of rice under level III stress as 

compared to control plants. Among all the treatments strains 

R62+R81 with 1.85 fold in CSR-36 while in IR-64 strain YB3 

with 1.89 fold maximally reduced the proline content over 

control. In Level II stress strain YB1 (1.22 fold) and YB3 

(1.41 fold) in CSR-36, whereas in IR-64 only YB3 (1.53 fold) 

significantly decreased the proline contents as compared to 

uninoculated plants. In level I of stress none of the treatments 

showed significant effect on proline contents over control 

(Fig.1a). Irrespective of treatments and stress level CSR-36 

showed 16.99% higher proline content as compare to IR-64. 

Proline accumulation may be considered a sensitive 

physiological marker of salt and other stresses that facilitate 

free radical scavenging and stabilization of sub cellular 

structures [50]. Reduced level of proline content in PGPRs 

inoculated plants as compare to their respective control under 

salinity stress condition have also been reported [43, 44, 51]. 

Present study indicating the PGPRs mediated amelioration of 

saline alkali soil stress in rice.  

 

SOD activity 

Pseudomonas strain P2 (1.56 fold) and strains R62+R81 (1.22 

fold) in CSR-36, while in IR-64 all the treatments 

significantly reduced the SOD activity as compared to control 

under Level III soil stress. In Level II, strain P2 and strains 

R62+R81 in CSR-36 whereas in IR-64 strain YB3 and 

R62+R81 showed significant reduction in SOD activity as 

compare to uninoculated plants. Under Level I, strain P2 and 

strains R62+R81 significantly reduced SOD activity in CSR-

36 while none of the treatments showed significant effect in 

IR-64. In overall stress level irrespective of treatments IR-64 

variety of rice showed 40.62% higher SOD activity as 

compared to CSR-36 (Fig. 1b). Present study indicated that 

with increasing stress SOD activity increased in plants. 

However the PGPR treated plants showed the reduced level of 

SOD activity as compared to uninoculated plants. Reduced 

level of antioxidants in PGPR inoculated plants as compared 

to non inoculated plants under salinity stress condition have 

also been reported by the authors [52, 53, 17]. The reduced level 

of SOD in PGPRs treated plants indicated that PGPRs helps 

plants to maintain their internal homeostasis under saline 

alkali soil stress condition and may help plants to generate 

low level of reactive oxygen species (ROS) within cell and 

thus reduced its consequences in plant cell. 
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Fig 1: (a) Proline content and (b) SOD activity of two cultivars of rice inoculated with PGPRs under different level of saline alkali soil stress. 

Mean followed by same letter are not significantly different (P< 0.05) for a particular trait in two cultivars at all the level of stress. 

 

Phosphorus uptake 

Majority of the inoculated plants of both the varieties showed 

the higher phosphorus uptake as compared to uninoculated 

plants under all the level of soil stress. In CSR-36, YB1 and 

R62+R81, while in IR-64 all the inoculated plants showed the 

significant effect on phosphorus uptake as compared to 

untreated plants under stress level III. Under stress level II all 

the treatments in both the varieties, except YB1 in CSR-36, 

significantly increased the phosphorus uptake over control. 

Under stress level I all the treatments significantly increased 

the phosphorus uptake in both the varieties of rice. 

Irrespective of treatments and soil ratio, IR-64 showed slight 

high phosphorus uptake as compared to CSR-36 (Fig. 2c). 

Salinity decreased phosphorus accumulation in plants, which 

can cause phosphorus deficiency symptoms [45]. It is generally 

accepted mechanism that soil microorganisms synthesized the 

organic acids acted as mineral phosphate solubilizer. The 

production of organic acids has been well documented for 

different PGPR genera [54]. Similar to present study increased 

P- uptake in bacterial inoculated plants as compare to 

uninoculated plants under saline stress have also been 

observed [16].  

 

Potassium and sodium ion uptake 

All the inoculated plants of CSR-36 showed increased level of 

potassium uptake however the differences were not 

significant, whereas in IR-64 only R62+R81 showed the 

significant effect as compared to control plants under stress 

level III. In stress level II all the inoculants except P2 in CSR-

36, while in IR-64, P2 and R62+R81 showed the significant 

effect as compared to uninoculated plants. Under stress level I 

none of the treated plants in CSR-36, whereas strain P2 and 

R62+R81 in IR-64, showed the significant effect on 

potassium uptake over control (Fig. 2b). In over all stress 

level irrespective of treatment salt tolerant CSR-36 

accumulate 11% higher potassium uptake as compared to salt 
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sensitive IR-64. In case of sodium uptake all the inoculants 

except YB3 in CSR-36 significantly reduced the sodium 

uptake of both the genotype of rice under stress level III. In 

stress level II, Pseudomonas strain P2 significantly reduced 

the sodium uptake in CSR-36 whereas in IR-64 none of the 

treatments showed the significant effect over control. In stress 

level I none of the treatment in CSR-36, whereas 

Pseudomonas strain P2 and R62+R81, in IR64 significantly 

reduce sodium uptake as compare to uninoculated plants. In 

overall stress level irrespective of treatments, IR-64 uptake 

31.86% more sodium as compared to  

 

 
 

Fig 2: (a) Sodium (b) Potassium and (c) Phosphorus uptake by two cultivars of rice inoculated with PGPRs under different level of saline alkali 

soil stress. Mean followed by same letter are not significantly different (P<0.05) for a particular trait in two cultivars at all the level of stress. 

 

CSR-36 (Fig. 2a). The metabolism of Na+ and K+ is an 

important component of salt stress. Usually, Na+ increases 

and K+ decreases in plants stressed by salt [46]. Na+ is the 

main poisonous ion in salinized soil. Low Na+ and high K+ in 

the cytoplasm are essential to maintain a number of enzymatic 

processes [50]. In present study, K+ decreases and Na+ 

increases with increase the saline alkali soil stress. PGPRs can 

alleviate the salinity stress by producing the bacterial 

exopolysacharides (EPS) which can bind with cations such as 

Na + and decrease the content of Na + available for plants [55] 

thus help to increased the ratio of K+/Na+. Selected PGPRs 

remarkably reduced the level of Na+ and increased the 

concentration of K+ in plants as compare to their respective 

control under all the level of saline alkali soil stress. Similar 

to the present study various authors have found decreased 

level of Na+ and increased level of K+ in PGPRs inoculated 

plants under saline stress condition [16, 56, 43]. In present study 

higher K+ and lower Na+ in CSR-36 as compare to IR-64 

might be an attribute of tolerant variety to ameliorate the 

consequences of saline alkali soil stress. 
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Conclusion 

In present study PGPRs inoculated plants frequently reduces 

the sodium absorption, increases potassium and phosphorus 

absorption and thus might ameliorate the saline –alkali soil 

stress in both the genotype of rice. This might be one of the 

reasons that most of the inoculated plants of both the 

genotype of rice showed reduced level of MDA, EL, Proline 

and SOD activity as well as higher chlorophyll, carotenoid 

content and enhanced growth parameters. In overall stress 

level, irrespective of treatments the lower level of Na+, MDA, 

EL and SOD activity as well higher K+ and proline in salt 

tolerant CSR-36 as compare to salt sensitive IR-64 might be 

an attribute of tolerant variety which could help it to alleviate 

the higher level of saline stress. 
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