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ABSTRACT

Salinity stress is a crucial environmental stress adversely affecting crop production by plummeting crop growth. The 
impacts of rhizobacteria to alleviate salinity stress on germination and growth of barnyard millet were assessed using 
different concentration of NaCl. It is a well acknowledged strategy to improve plant salt tolerance through inoculation 
with beneficial microorganisms. The results indicated that the PGPR significantly improved germination percent, 
root and shoot length and fresh and dry weight of seedling and leaf chlorophyll under salt stress in comparison to 
non-stressed and plants without inoculants. The results of present study showed that PGPR could be helpful to 
alleviate the salinity stress at the time of seed germination and growth. It can be concluded that PGPRs are the cost 
effective and economical tool for salinity tolerance and growth promotion in crop plants.
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INTRODUCTION

Salinity stress significantly affects the productivity of soil and 
possesses enormous impact on the agriculture production and 
economy of the nation. Major factor for increases salinity of 
soil may be anthropogenic or natural which causes increases in 
concentration of soluble salts in soil. Naturally salinity increases 
due to the weathering of rocks, mobilization of minerals deposition 
of salt transported through wind currents from ocean and influx of 
seawater followed by subsequent retreat [1,2]. Cultivation operations 
such as land clearing, excessive irrigation and fertilizer use are the 
reasons for anthropogenic induced salinity. Irrigated lands are 
observed more prone to salinity than dryland. Anthropogenic 
induced salinity has degenerated vast tracts of irrigated land to the 
point that they are no longer productive. Salt is also discharged and 
redistributed by surface runoff or leached down into soil profile 
by rainfall and then move laterally to watercourses. Higher salt 
concentrations in soil inhibit the growth of main and lateral roots 
by suppressing cell activity such as cell division and elongation [3]. 
It also imitates soil area for root system to gain access to larger 
pools of water and nutrients. Salinity affects the symbiotic events, 
colonization and infection of root hairs by bacterial strains [4-
6]. Subsequently, the number of bacteria colonizing roots, root 
nodulation reduces thus rate of nitrogen fixation abridged, which 

finally result in poor plant growth in salt-affected soil ) [7]. At later 
stages of plant growth, soil salinity interferes with root turgor that 
led to reduction in water absorpion consequently reduces plant 
water column that progresses through dehydration, wilting and 
osmotic stress, inhibition of metabolic processes, alteration in the 
transpiration system, and most importantly interference in traits 
attributing to ph) [8]. Photosynthesis attributes in dry matter 
accumulation and as such in plant productivity showing a decrease 
under saline condition owing to the reduction in leaf turgor and 
reduced leaf surface area [9,10]. It occur either through stomatal 

reduction in stomatal conductance or less-efficient Calvin cycle due 
to limited chlorophyll content [11,12]. Stunted growth (seedling) 
with reduced biomass and leaf area are observed effects of salinity 
in the growth (vegetative stage) of plants [13]. Plants are inherently 
equipped with tolerance mechanism for salt stress mitigation. Plant 
response to salinity stress by hormonal stimulation, ion exchange, 
synthesis of antioxidant enzymes and activation of signaling cascades 
on their metabolic and genetic frontiers that sooth the stressed 
condition. Additional to the plant inherent mechanisms, Plant 
Growth Promoting Rhizobacteria (PGPR) also have specialized 
mechanism that play key role in salt stress tolerance and plant growth 
promotion. The effectiveness of PGPRs is variable under different 
biotic and abiotic conditions. Abiotic factors may negatively affect 

closer and decreased CO2 uptake which is associated with the 
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the beneficial properties and efficiency of the introduced PGPR 
inoculants. It has been observed that the pre-treatment of seeds 
with different PGPR promotes seed germination and seedling 
growth [14-16]. As part of the mechanism, it is assumed that PGPR 
helps in maintaining the hormonal balance e.g., auxin to cytokinin 
levels during germination and initial plant development, thereby 
playing a critical role in dictating the genetic program that controls 
post-embryonic roots and shoot growth [17,18]. These bacteria 
also produce growth regulators like siderophore, helps in nitrogen 
fixation, solubilization of organic and inorganic phosphate. PGPR 
encouraging plant growth prominently by enhancing nutrient 
availability and securing mineral assets such as phosphorus, 
phytohormones production, production of volatile compounds 
in controlling seed and soil-borne phytopathogen, and synergism 
with other plant-beneficial microorganisms in enhancing resistance 
against various stresses [19-23]. 

Barnyard millet (Echinochloa sp.) is one of the oldest domesticated 
millets of semi-arid tropics of Asia and Africa. The genus 
Echinochloa includes about 20 species that are distributed 
throughout the warmer parts of the world. The two main species 
E. crus-galli and E. frumentacea are grown as cereals. In addition to 
these two species genus Echinochloa includes about 30 annual 
and biennial wild species distributed worldwide [24]. These millet 
species have distinctive morphological variations. Indian barnyard 
millet (E. frumentacea) can easily be distinguished from Japanese 
barnyard millet (E. crus-galli) by its panicle, thinner texture of the 
glumes and lower lemma [25]. It is the fastest growing crop among 
all millets and can be harvested in a short period of time in about 
nine weeks. It is valued for its drought tolerance and superior 
nutritional value. Its grains contain 6.2 % protein, 9.8 % crude 
fiber, 65.5 % carbohydrates and are consumed just like rice [26]. 

MATERIALS AND METHODS

The Experiment was conducted in pot culture during kharif season 
at the Department of Seed Science and Technology, HNB Garhwal 
University, Srinagar, Uttarakhand. The seeds of Barnyard millet 
were collected from Local farmers of Chauras village. The PGPR 
Bacillus amyloliquefaciens (BS-56 and Bs-10) and Pseudomonas 
fluorescens(S-90) bacterial strains (chalk powder) were procured 
from Microbiology laboratory, Department of Basic Science, 
College of Forestry (VCSG UUHF, Bharsar) Ranichauri, Tehri 
Garhwal. 

Seed treatment

Barnyard millet seeds were surface disinfected by immersing in 1% 
Sodium hypochlorite (NaOCl) for 5 min, and then washed three 
times in distilled water. Seeds were inoculated (Bacterization) with 
talk formulation, (@10g kg-1seeds) to make the mixture and kept 
for 24 h at room temperature. The trial was conducted in triplicate 
in a completely randomized design each containing 25 seeds of 
Barnyard millet were prepared for each extract concentration using 
Pot culture and salinity stress were provided by adding 10 ml of the 
5% of NaCl solution. Pots are filled by Sand, FYM and soil, Seeds 
were evenly distributed on the Pot and 10 ml of NaCl solution 
was added to each pot. The seeds used as controls were treated 
with only distilled water of same amount. Moisture in the pot was 
maintained by adding 5 ml of NaCl solution or distilled water 
every 2 days. 

Biochemical analysis of plants

1. Chlorophyll content: Chlorophyll was estimated by method 
given by Khan et al. 100 mg of fresh leaves were homogenized 
in 5 ml of 80% acetone and incubated for 5 min at 90ºC in the 
water bath. The homogenate was centrifuged at 3000 rpm for 10 
min. The absorbance of supernatant was recorded for chlorophyll 
content at 663 and 645 nm against 80% acetone as blank [27].

Chlorophyll a=(12.7 × A_663 )-(2.69 × A_645)

Chlorophyll b=(22.9 × A_645 )-(4.68 × A_663)

Total Chlorophyll=(12.7 × A_663 )+(22.9 × A_645)

 Protein content: The protein content was determined by using the 
method of Khan et al. 100 mg of fresh leaves were homogenized 
in 1 ml of phosphate buffer and centrifuged for 10 min at 3000 
rpm. The supernatant (0.1 ml) was poured in a test tube and total 
volume made upto 1 ml by distilled water. Reagent C (1 ml) was 
added followed by shaking for 10 minutes following addition of 
0.1 ml of reagent D. The absorbance of each sample was recorded 
at 650 nm after 30 minutes of incubation. The concentration of 
protein was determined by the following formula: 

Protein (mg/g)=K Value × Dillution Factor×Absorbance/(Weight 
of Sample)

Antioxidant enzymatic activities
Enzymatic activities were estimated by taking about 500 mg of 
frozen shoots and homogenize in extraction buffer (1:6 w/v) 
containing 50 mM potassium phosphate buffer (pH 7.5), 1 mM 
phenylmethylsulphonyl fluoride (PMSF), 1 mM polyethylene glycol 
(PEG), 5% (w/v) Polyvinylpolypyrrolidone (PVP) and 0.1% (v/v) 
Triton X-100. The homogenate was then centrifuged at 10000 rpm 

Catalase (CAT; EC 1.11.1.6) activity: Catalase (CAT; EC 1.11.1.6) 
activity was estimated by measuring the rate of decomposition of 

prepared in potassium phosphate buffer (100 mM, pH 7). The 
reaction was initiated by the addition of the extract. CAT activity 

absorption coefficient of 39.6 mM-1 cm-1.

Polyphenoloxidase (PPO) (EC 1.14.18.1) activity: The 
Polyphenoloxidase (PPO) (EC 1.14.18.1) activity was determined by 
the method described by Hori et al. The reaction mixture 
containing 500 µl of 1.6% (v/v) catechol prepared in potassium 
phosphate buffer (100 mM, pH 6) and incubated for 3 min at room 
temperature after the addition of 100 µl of extract. The optical 
density was measured at 410 nm. PPO activity was expressed as the 
amount of enzyme used to increase one unit of absorbance (475 
nm) min-1 g-1 FW.

Peroxidase (POD; EC 1.11.1.7) activity: The Peroxidase (POD; 
EC 1.11.1.7) activity was measured using guaiacol as a hydrogen 
donor [29]. In a cuvette take 100 µl of the enzyme extract 300 
µl of 20 mM guaiacol and 2 mL of potassium phosphate buffer 
(100 mM, pH 6). To initiate reaction add 200 µl of 0.3% (v/v) 
hydrogen peroxide. The formation of tetra-guaiacol was determined 
spectrophotometrically at 470 nm. POD activity was calculated 
using the extinction coefficient of 26.6 mM-1 cm-1 and expressed as 
mmol tetra-guaiacol min-1 g-1 FW.

Statistical analysis 

The data recorded from was subjected to statistical analysis through 
method suggested by Cochran and Cox et al. The data was analyzed 
through OPSTAT online analysis software developed by CCS Hisar 

at 4º C for 30 min, and the supernatant recovered and stored at 
-8º C.

was expressed in mmol H2 O2  min-1 g-1 FW using the molar 

H2 O 2  at 240 nm for 3 min as described by Aebi [28]. The reaction 
mixture containing 200 µl of extract and 2 mL of 10 mM H2O2  
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Agriculture University, Haryana. Principal Component Analysis 
(PCA) was carried out to determine the statistical correlation 
among different treatments for trait under study using XLSTAT 
2020 version 22.5.1040.0 add-in software in Microsoft Excel 2007. 

RESULTS

Seed germination and seedlings growth 

From the observations it is evident that NaCl (5%) induced salinity 
had an adverse effect on seed germination and seedling growth in 
Barnyard millet. The bacterial isolates further enhance the seed 
germination and growth attributing traits (Table 1). The effect was 
seen in negative control(C-2) with 5% inhibition of germination 
than in control (C-1). Results showed that the seed treatment with 
pseudomonas and Bacillus strains reduced salinity stress (Nacl 
5%) and significantly enhanced the different growth parameters 
(Table 2). The germination % was significantly increased 20.89% 
in T-4, root length 73.77% increase in T-3, shoot length 18.17% 
increase in T-1, seedling length 23.03 % increase in T-3, seedling 
fresh weight increased 38.09% in T-4, seedling dry weight increased 
53.43% in T-5, vigour –I increased 42.80% in T-6 and vigour-II 
increased 81.23% in T-2 as compared to negative control negative 
control (Figure 1a and b). 

Biochemical parameters 

Protein content: Analysis of protein content showed that NaCl 
salt's presence causes a reduction in the protein contents in Barnyard 

millet. While on bacterial inoculation, they were considerably 
higher compared to stress control, which led to the improvement 
of plant growth and biomass production. The maximum (7 mg/g 
FW) protein content was observed in T-4 and minimum (3.25 
mg/g FW) in C-2 (Table 3).

Photosynthetic pigments (chlorophyll ‘a’ and ‘b’): When the plants 
are grown with PGP bacteria under saline conditions, the plants 
have the highest chlorophylls, carotenoid contents, and healthy 
leaves compared to NaCl induced plants. The maximum (8.46 mg 
g-1FW) chlorophyll ‘a’ was observed in T-5 and chlorophyll ‘b’ (2.87 
mg g-1FW) in T-6 over C-2 (Table 3).

Antioxidants enzymes: To overcome the deleterious effect of 
ROS, the plant cells have developed the antioxidants machinery. 
The antioxidants enzymatic activities were evaluated in un-
inoculated and inoculated plants under salinity stress treatment. 
The antioxidants enzymatic activities of CAT, POX, and PPO in 
barnyard millet plants were increased as compared to salt inoculated 
plants than PGPR inoculated. Application of NaCl (salt) stress leads 
to induction of antioxidant enzymes irrespective of PGP bacterial 
inoculation. However, antioxidant activity was higher when treated 
with PGPR isolates than in un-inoculated plants and salinity 
stressed plants. The highest Catalase (4.14 min-1g-1 fresh weight), 
Peroxidase (433.67 min-1g-1 fresh weight) and Polyphenoloxidase 
(22.58 min-1g-1 fresh weight) activities were observed in T-6 over 
C-2 (Table 3).

Table 1: Distribution of other Biochemical tests (contd).

Control (C1) Soil and seeds without any treatment

Negative control(C2) Soil +Nacl 5% and seeds received no treatment

T1 Soil+ Nacl 5% and seed treated with BS-56@10 g/kg Seeds.

T2 Soil+ Nacl 5% and seed treated with BS-10@10 g/kg Seeds.

T3 Soil+Nacl 5% and seed treated with S-90@10 g/kg Seeds.

T4 Soil+ Nacl 5% and seed treated with BS-56+BS-10@10 g/kg Seeds(5 g each) 

T5 Soil+Nacl 5% and seed treated with BS-56+S-90@10 g/kg Seeds(5 g each)

T6 Soil+ Nacl 5% and seed treated with BS-10+S-90@10 g/kg Seeds(5 g each)

T7
Soil+Nacl 5% and seed treated with BS-56 +BS-10+S-90@10 g/kg Seeds(3.33 g 

each)

Table 2: Effect of PGPR on Germination and seedling growth of barnyard millet at salinity stress (NaCl) compared to un-inoculated (absolutely control).  

Treatment Germination %
Root length 

(cm)
Shoot length 

(cm)
Seedling length 

(cm)
Seedling fresh 

weight (g)
Seedling dry 

weight.(g)
Vigour- I Vigour-II

C-1 85 11.28 39.02 50.3 18.24 3.56 4276.18 302.87

C-2 71.33 6.66 34.73 41.39 14.25 2.39 2952.38 170.48

T1 82 8.65 41.04 49.69 15.52 3.08 4074.25 252.57

T2 84.34 7.56 38.38 45.93 17.05 3.66 3874.33 308.96

T3 82 11.57 39.36 50.93 15.07 2.82 4176.6 231.23

T4 86.23 8.39 40.36 48.76 19.67 3.58 4204.29 308.7

T5 81.34 10.52 40.06 50.58 19.51 3.67 4114.52 298.24

T6 85.13 9.46 40.06 49.52 16.07 3.22 4215.99 274.11

T7 81.23 10.36 39.13 49.5 15.34 3.11 4020.94 252.9

C.D. (at 5%) 1.659 0.889 0.052 0.894 0.027 0.025 136.841 4.865

SE(m) 0.549 0.294 0.017 0.296 0.009 0.008 45.254 1.609

SE(d) 0.776 0.416 0.024 0.418 0.013 0.012 63.999 2.275

C.V. 1.158 5.425 0.075 1.056 0.094 0.447 1.965 1.045
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Figure 1:  Effects of PGPR on barnyard millet under salinity stress condition. A: Enhancement in germination and seedling growth by 
the application of PGPR over negative- control (C-2); B: Enhancement in plant protein, chlorophyll content and antioxidant enzymes 
activities by application of PGPR over negative-control (C-2).  

Table 3: Effect of PGPRs on biochemical parameters and antioxidant activity of barnyard millet under salinity stress (NaCl).  

Values are the mean of three replicates, significant difference (P<0.05).

Treatment
Protein

(mg/g FW)
Chlorophyll 'a'

(mg/g FW)
Chlorophyll 'b'

(mg/g FW)
Catalase

(min-1 g-1 FW)
Peroxidase

(min-1 g-1 FW)
PPO

(min-1 g-1 FW)

C-1 4.21 8.03 1.13 3.22 198.11 19.13

C-2 3.24 6.56 1 1.98 177.13 18.28

T1 5.11 7.56 1.77 3.87 189.6 19.67

T2 6.01 8.25 1.85 3.67 288.35 20.66

T3 5.23 7.44 2.12 3.15 313.24 21.01

T4 7 7.45 2.12 4.11 308.07 21.49

T5 6.35 8.46 2.35 3.88 388.46 21.82

T6 6.78 8.14 2.87 4.14 433.67 22.58

T7 6.97 8.43 2.77 4.03 424.32 20.69

C.D (at 5%) 0.019 0.024 0.033 0.012 1.813 0.977

SE(m) 0.006 0.008 0.011 0.004 0.599 0.323

SE(d) 0.009 0.011 0.015 0.006 0.848 0.457

C.V. 0.191 0.177 0.944 0.198 0.343 2.719

Figure 2:  Principal component analysis showing correlation between different treatments and variables. A: Principal component analysis 
of different treatments, seed germination and seedling growth Parameters (Ger: Germination %, RL: Root Length, St: Shoot Length, 
Seedling Le: Seedling Length, SFW: Seedling Fresh Weight, SDW: Seedling Dry Weight, VI-I: vigour index-I, VI-II: vigour index-II); B: 
Principal component analysis of different treatments, biochemical and antioxidant enzymes (Protein, Ch ‘a’: Chlorophyll ‘a’, Ch ‘b’: 
Chlorophyll ‘b’, CAT: Catalase, POX: Peroxides, PPO: Polyphenol Oxidase).
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DISCUSSION

Crops growth and productivity is highly influenced by the 
salinization of water and soil. Soil salinity is a critical worldwide 
hurdle in crop production, so it is imperative to found solutions 
for plants to have the ability to grow in these salinized areas [30]. In 
present investigation, the inoculation of Bacillus and Pseudomonas 
was found to increase the seedling morphological and biochemical 
parameters under NaCl induced stress conditions. These bacterial 
isolates promote plant growth which might be due to their ability 
to produce IAA, P-solubilization, ammonia, and siderophores. 
Similar plant growth promoting activities were also reported by 
[31]. Salinity has an inhibitory effect on seed germination due 
to osmotic/ionic effects [32]. resulting in the disturbed water 
uptake. The unfavorable effect of NaCl on seed germination and 
its growth parameters has also been committed by many other 
scientists [33,34]. In present study, salinity has a considerable effect 
on germination percent, seedling vigor indexes, fresh and dry 
biomass, root and shoot lengths etc. similar results were observed. 
This work may have actual consequences in the agriculture sector 
as these factors are responsible for determining plant productivity 
[35]. It has also been reported by that salinity has more adverse 
effects on shoot compared to roots. Many research also validated 
that PGPR inoculation on pepper seeds exhibited higher 
morphological parameters including plant height, greater root 
length, larger leaf size, and an increase in dry matter in saline soils 
[36]. PGPR have the enormous capability to reduce salt stress and 
improve plant development, playing a significant role in ensuring 
food security by boosting crop productivity. Use of PGPR under 
salinity stress enhances plant growth by increasing ACC deaminase 
activity, synthesis of plant hormones (IAA, GA, ABA, cytokinin, 
and exopolysaccharides) or by lowering plant ethylene levels 
enzymatically [37]. Synthesis of phyto-hormones stimulates plant 
growth by enhancing nutrient uptake [38]. It has been suggested 
that auxins synthesis by root associated microbes is one of the most 
important mechanisms through which microbes regulate plant 
growth [39]. Soil salinity adversely affects the microbial process, 
diminishing bacterial diversity and controlling microbial wealth, 
composition, and functions [40]. Microbial inoculation with PGPR 
Bacillus and Pseudomonas and co-inoculation can mitigate these 
negative effects of salinity. Plant growth-promoting rhizobacteria 
enhances plant tolerance toward various abiotic stresses including 
salinity. Our study demonstrated enhancements in plant growth 
traits under salinity-stressed in response to inoculation with 
Bacillus and pseudomonas. Similar improvements in plant growth 
due to inoculation with halotolerant plant growth promoting 
bacterium Alcaligenes faecalis were evidenced in the study of stated 
that vegetative growth of salinity-stressed rice and wheat plants was 
increased significantly linked the augmentation of plant growth 
with the ability of PGPR to produce plant growth regulators, 
phosphate solubilization, and nitrogen fixation [41-46]. These 
features are found in the selected isolates and increase nutrients 
uptake efficiency and improve its growth, especially under salinity-
stress conditions. Photosynthetic pigments are a fundamental 
physiological trait directly associated with photosynthesis efficiency 
under abiotic stresses. In present investigation chlorophyll content 
was observed to increase significantly under salinity stress. These 
increases were due to the soil supplementation with the tested PGPR. 
An enhancement in photosynthetic pigments in PGPR-inoculatedz 
plants under different saline conditions was also observed in 
previous studies [47-49]. The augmentation in photosynthetic 
pigments in PGPR-inoculated plants suggests the potency of 

bacterial inoculation to nullify the harmful impacts of salinity stress 
by improving the activities of electron transporters associated with 
photosynthesis as well as the biosynthesis of proteins and enzymes 
that related to pigment stabilization [50,51]. The current study 
clarified that protein content in salinity-stressed Barnyard millet 
plants was increased due to the inoculation with PGPR. Various 
studies on crop plants have well documented the positive impacts 
of rhizobacterial inoculation on increasing the protein content 
[52]. A possible strategy behind this increase might be that bacterial 
inoculation inhibits the activity of protein-hydrolyzing enzymes in 
addition to the ability of bacteria in promoting the efficiency of 
proline in protecting soluble proteins and thus increasing their 
amounts under the salt-stress conditions [53-54]. To mitigate the 
oxidative stress induced by salinity stress, the plants developed a 
group of physiological and biochemical strategies made of various 
enzymes that can scavenge the ROS species. Antioxidant enzymes 
act in a network to achieve the detoxification of ROS species 
[55-57]. In our study, we noticed different increases in Catalase, 
Polyphenoloxidase (PPO), and Peroxidase (POD) activities in the 
inoculated barnyard millet plants with the mentioned PGPR under 
saline conditions. Our findings comply with the reports of [58] on 
mung bean. This positive role may be attributed to the finding that 
PGPR facilitate the entity of essential elements in the soil to be 
easily absorbed by the plant or due to roots’ exudates initiated by 
PGPR, increasing the availability of some micronutrients [59,60].

Principle component analysis 

The principle component analysis was carried out to evaluate 
the statistical correlation between different treatments and their 
effect on germination, growth parameters and biochemical, and 
antioxidant enzymes (Figure 2a). The principle component 
analysis for different treatments, seed germination and growth 
(Figure 2b) is explained with component 1(F1: 67.47 %) and 
component 2 (F2: 19.33 %). The statistical correlation between the 
treatments, biochemical and antioxidant enzymes in plant leaves 
was also evaluated (Figure 2b) and is explained with component 1 
(F1: 78.61 %) and component 2 (F2: 10.57 %).

Results suggest that application of biofertilizers significantly 
affected the seed germination seedling growth, biochemical and 
antioxidant enzymes in plants under salinity stress. The results also 
revealed that application of PGPR alone was less effective than 
combined effect of two PGPR. Among the different treatments T3 
to T4, T5 and T6 showed positive effect on seed germination and 
growth parameters. Among these, T4 and T3 were most effective 
to enhance the germination and growth parameters (Figure 2a), 
however, T6 was most effective to increase biochemical and 
antioxidant enzymes activity (Figure 2b). The PCA analysis also 
revealed that seedling fresh weight was independent and negatively 
correlated with root length. It also suggests that increase in seedling 
fresh weight not dependent on root length (Figure 2a). However, 
seedling dry weight and vigour index-II were closely related and 
dependent to each other. It also suggests that increase in seedling 
vigour index-II dependent on dry weight of seedling (Figure 2a). 
Similarly, among the biochemical parameters, ‘chlorophyll a’ was 
independent and did not affect the other parameters. In addition 
to the above, the antioxidant enzymes were positively correlated 
to chlorophyll and protein content. Among these, CAT and PPO 
were found most closely associated to chlorophyll ‘b’ and protein 
content followed by POX. This clearly indicates that higher activity 
of antioxidant enzymes can directly influence the chlorophyll and 
protein content in barnyard millet under salinity stress condition [61].
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CONCLUSION 

From the outcome of the obtained results, it seems likely to 
conclude that using of Bacillus and Bacillus amyloliquefaciens 
and Pseudomonas fluorescens brought about enhancements in 
different growth indices of barnyard millet plants grown in saline 
soil. The co-inoculation with both bacterial isolates brought about 
significant improvements in germination and most seedling 
growth parameters, photosynthetic pigments and protein contents. 
Additionally, Catalase, Peroxidase and Polyphenoloxidase 
activities were promoted as a reason for the single inoculation 
and co-inoculation with the mentioned isolates, thus boosting the 
tolerance of plants to cope with salinity stress. We suggest using the 
co-inoculation with Bacillus amyloliquefaciens and Pseudomonas 
fluorescens as an effective and important approach for ameliorating 
salinity stress. PGPR can be used as a cost effective and economical 
tool for salinity tolerance and growth promotion in plants. Under 
salt stress bacterial strains has reported to significantly increase the 
root and shoot length and total fresh weight of the plants. Soil 
salinity is considered as one of the most serious environmental 
problems in arid and semi-arid regions that cause economic losses 
in agriculture.
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