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Abstract Salinity is one of the most severe abiotic stress

in the world. Also, the irrigated lands have been treated

with second salinity. Canola is one of the most important

industrial crops for oil production all over the world which

is affected by salinity. Salt stress causes imbalanced ion

hemostasis (Na? and K?) and interrupted mineral absorp-

tion in canola. Also, salinity stress leads to oxidative stress

(production and accumulation of reactive oxygen species

(ROS). Accumulation of ROS is extremely dangerous and

lethal for plants. As a consequence, canola production is

reduced under salinity stress. So, a suitable approach

should be found to deal with salinity stress and prevent the

loss of production oilseed. Plant growth-promoting

rhizobacteria (PGPR) can colonize on the plant root surface

and alleviate the salt stress effect by providing minerals

like nitrogen, phosphate, and potassium. Also, they alle-

viate salt stress by phytohormones like auxin (IAA),

cytokinin (CK), and abscisic acid (ABA). This study focus

on physiological parameters like leaf area (LA), root length

(RL), shoot length (SL), chlorophyll fluorescence indexes

(Fv/Fm and Fv/F0), relative water content (RWC), elec-

trolyte leakage index (ELI), photosynthesis pigments

(chlorophyll a, b, and carotenoids), Na?, and K?; and

biochemical parameters like malondialdehyde (MDA)

content, hydrogen peroxide content (H2O2), total protein

content, proline, antioxidant capacity, and antioxidant

enzyme activities in canola through the inoculation with

Enterobacter sp. S16-3 and Pseudomonas sp. C16-2O. This

study showed that LA, RL, SL, chlorophyll fluorescence

indexes, RWC were significantly increased and ELI was

significantly decreased in bacteria inoculated treatments.

Also, MDA, H2O2 were decreased, and antioxidant

capacity, proline, and antioxidant enzymes were increased

due to inoculation with these bacteria. Besides, the amount

of K? as an index of salinity tolerance significantly

increased, and leaf Na? content was significantly

decreased.

Keywords Salinity � PGPRs � Canola � Antioxidant
enzyme

Introduction

Seventy percent of global agricultural productions are lost

by abiotic stresses such as high temperature, drought, and

salinity. Salinity is the frequent and severe abiotic stress for

the plants (Husain et al. 2003). Accumulation of salt occurs
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in all soil types in many soil classifications, but it is more

usual for soils that interact with water. It happens when the

evaporation rate exceeds precipitation, and that is why this

phenomenon has been named secondary salinity. Second-

ary salinity directly affected by farm management meth-

ods like irrigation system with low-quality water and

cutting trees (Bui 2013). It is estimated that in the future

more than 50% of cultivatable lands will be affected by salt

due to secondary salinity. More than 800 million hectares,

approximately 6% of total world’s land, has been affected

by salinity and sodicity and 2% of the rainfed lands has

become secondary-salinity-induced and 20% of irrigated

lands affected by salinity (Lakhdar et al. 2009; Munns and

Gilliham 2015; Pan et al. 2019).

Canola (Brassica napus L.) is the second most crucial

oil-rich seed containing 40–45% oil and 25% protein. It has

been a food resource for both humans and animals, and it

has industrial and biofuel usage that has worth overall 41

billion dollars every year. Salinity stress is a harsh hamper

to canola production like other plants (Hashem et al. 2019;

Lohani et al. 2020). Salt stress inhibits the growth of canola

through two mechanisms, firstly the water deficit is induced

by the presence of ions, which prevent take up of water by

roots, and secondly, the ions enter the transpiration stream,

which led to the damaging of cells (Munns 2005). Initially,

salt stress affects roots and makes them smaller or thicker.

In such conditions, Na? and Cl- accumulate in leaves so

that the ionic balance will be triggering programmed cell

death, and phenomena like leaf firing and leaf curling

would consequently occur (Shannon et al. 1998). Besides,

high levels of these ions lead to malfunction of protein

synthesis and lipid metabolism. Moreover, this escalated

rate of ions causes an imbalanced energy stream in pho-

tosynthetic systems which in consequence lead to produc-

tion of reactive oxygen species (ROS) (Abid et al. 2020).

An increase of reactive oxygen species (ROS) amount

made in this way is hazardous and fatal for cells and plants

(Farsaraei et al. 2020). Accumulation of ROS also damages

the cell membrane. ROS interacts with membrane lipids

and bring malondialdehyde (MDA) as the final lipid per-

oxidation. MDA content is an indicator of oxidative stress

(Das and Roychoudhury 2014). Plants alleviate salinity

stress through many ways, mainly preventing the accu-

mulation of toxic ions like Na? in shoots through several

mechanisms like the exclusion of ions or preventing ions

uptake and transport of them to shoots, via production of

protecting osmolytes like proline. Also, proline has an

antioxidant role under the abiotic stresses (Parida and Das

2005). Plants have different defense systems against the

ROS; based on enzyme antioxidants and non-enzyme

antioxidants. The first mechanism includes enzymes like

superoxide dismutase (SOD) and catalase (CAT). These

enzymes scavenge and prevent damages of O2
- and H2O2,

respectively (Navarro-León et al. 2020). There are several

strategies for alleviating salt stress and decreasing ROS’s

toxic effects, such as plant breeding and genetic manipu-

lation (Li et al. 2017). However, many of these methods are

challenging from an environmental point of view, and time

consuming with limited success. In addition, many of them

were not successful. Using plant growth promoting rhi-

zobacteria (PGPR) is an environment friendly method

which could be suitable to encounter against abiotic

stresses including salinity stress (Glick and Bashan 1997).

Recent studies indicated these microorganisms are benefi-

cial for plants and develop plant tolerance against the

abiotic stresses through the direct and indirect mechanisms

(Olanrewaju et al. 2017). Direct mechanism encompasses

solubilizing of nutrients like phosphate and potassium,

providing N2 (biological nitrogen fixation), the production

of phytohormones (like auxin, cytokinin, abscisic acid, and

gibberellic acid), and synthesized enzyme 1-amino cyclo-

propane-1-carboxylate (ACC) deaminase (that decrease the

stressed ethylene level) and siderophores synthesizing.

Also, they are capable of removing toxic heavy metals

through bacterial exopolysaccharides. Indirect mechanisms

enhance the tolerance against biotic stresses, including

antibiotics, chitinase (cell wall degradation enzyme),

hydrogen cyanide (HCN) synthase, and competition

against pathogens (Olanrewaju et al. 2017; Etesami and

Maheshwari. 2018).

There is little data on the effect of PGPR bacteria uti-

lization on canola under salinity stress. Therefore, this

research aims to unravel the physiological and biochemical

response (mainly antioxidant responses) mechanism of

canola inoculated with two compatible strains of bacteria,

including Enterobacter sp. S16-3 and Pseudomonas sp.

C16-2O. Besides, the effect of two bacteria in regards to

alleviating salt stress was investigated. Identification of the

mechanism employed by two bacteria will enhance our

knowledge in the application of PGPR as an efficient

supplement for agricultural purposes.

Materials and methods

Bacterial strains

PGPR bacterial strains Enterobacter sp. S16-3 (Genbank

Accession No. MN194179) and Pseudomonas sp. C16-2O

(Genbank Accession No. MN192122) were obtained from

the laboratory of Soil Biology, Department of Soil Science,

University of Tabriz (Tabriz, Iran). Selection of these

strains for the present research was based on their growth

promoting abilities, as demonstrated in previous studies

(Oskuei et al. 2018; Sarikhani et al. 2018; Sarikhani et al.

2020). An over-night culture of these bacteria was prepared
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in nutrient broth (NB), then a carrier-based inoculant of

bacteria was prepared using sterile bagasse and perlite

(with a ratio of 1:1) to reach a proper number of alive

bacteria per gram of the carrier (108 CFU/g). In pot culture,

3 g of this inoculant was used for inoculation of seeds.

Each treatment was individually inoculated with these

bacteria.

Seed inoculation and plant material

Canola seeds (Brassica napus L. cultivar okapi) were

provided from the Department of Agronomy and Plant

Breeding Tehran University’s Gene Bank. Canola seeds

were sterilized in sodium hypochlorite solution (1.5%) for

fifteen minutes, washed five times with autoclaved distilled

water (Yasin et al. 2018). Seeds were individually inocu-

lated with Enterobacter sp. S16-3 and Pseudomonas sp.

C16-2O, moreover one treatment used without inoculation

as a control, all treatments carried out in three replica-

tions. C16-2O, After the inoculation, six seeds were sown

in plastic pots (20 cm 9 14 cm), which were filled with

3 kg of heated sterile soil with clay-loam structure in

greenhouse conditions (25–30 �C, daylight: 15 h, humid-

ity: 65%). After seven days, we kept three suit-

able seedlings and start to simulate salinity stress

conditions with irrigation water containing different con-

centrations of NaCl solution (0, 100, 200 and 300 mM).

After 21 days, all plants were harvested and kept in a

- 80 oC freezer for further measurements.

Determination of leaf area

Pictures were taken by camera and leaf area (LA) was

analyzed with Digimizer software Version 5.4.5 (MedCalc

Software Ltd, Ostend, Belgium).

SPAD reading, chlorophyll fluorescence

and photosynthetic pigments determination

The average of the four readings measured by the

portable chlorophyll meter (SPAD-502, Minolta, Tokyo,

Japan) was calculated for middle leaves. Chlorophyll flu-

orescence indexes were measured by portable chlorophyll

fluorimeter (Handy PEA, Hansatech Instruments Ltd,

King’s Lynn, UK), so parameters like the initial fluores-

cence value (F0), maximum fluorescence value (Fm), vari-

able fluorescence value (Fv), and a reminder of the

maximum quantum efficiency of Photosystem II (Fv/Fm)

were measured after 20 min dark adaptation. Chlorophyll

a, b, and total carotenoids content were measured by the

method of Arnon (1949).

Na1 and K1 ion determination

The ion content was measured by a flame photometer

(JENWAY PFP7/C, Staffordshire, UK) according to the dry

ashing method (Yang et al. 2013). 0.2 g of dried shoot

powder was put into the porcelain crucible, that porcelain

crucible placed into the furnace for 1.5 h at 200 �C, and
gradually temperature was raised to 450 �C to make dry

ash. Plant shoot ash was digested by HCl (Merck, Darm-

stadt, Germany) and HNO3 (Merck, Darmstadt, Germany)

acids concentration (in a ratio of 1:1). The solution was

filtered and used for quantifying ions.

Relative water content (RWC)

Five disks of young and developed leaves were weighted

(fresh weight; FW) and put in a defined amount of distilled

water for 10 h to determine the turgid weight (TW).

Finally, the leaf discs were put in the oven at 70 �C for

24 h and then weighted to measure dry weight (DW)

(Abbasi et al. 2020). The percentage of relative water

content (RWC) was calculated as follow:

RWC% ¼ Fresh leaf weight � Dried leaf weight

Turgid leaf weight � Dried leaf weight
� 100

Electrolyte leakage Index (ELI) and lipid

peroxidation

Electrolyte leakage Index (ELI) was measured according to

the method of Lutts and Guerrier (1995). Lipid peroxida-

tion was estimated by malondialdehyde content (MDA)

following the Qiu et al. (2014) method with a little modi-

fication. Approximately 0.2 g of crushed leaves were

homogenized with 5% trichloroacetic acid (TCA) (Merck,

Darmstadt, Germany) and centrifuged at 12000 g for

10 min. The supernatant was mixed with 0.5% thiobarbi-

turic acid (Merck, Darmstadt, Germany) prepared in TCA

(20%) after that mixture was transferred to a boiling water

bath for 30 min. After instantly cooled in the ice bath for

5 min solution and then was centrifuged at 12000 g for

10 min. Finally, the absorbance of the supernatant was

measured at 532 and 600 nm (Shimadzu UV160U UV–Vis

spectrophotometer, Kyoto, Japan). The MDA content

(lmol mg-1 FW) was calculated using an extinction

coefficient of 155 mM-1 cm-1.

H2O2 and DPPH radical scavenging

The concentration of H2O2 was determined according to

Velikova et al. (2000) method. 0.5 g of the crushed plant

leaves were homogenized with TCA (0.1%) (Merck,

Darmstadt, Germany) and then centrifuged at 16000 g

Physiol Mol Biol Plants (February 2022) 28(2):347–361 349

123



for 10 min. 0.5 ml of supernatant was mixed with 0.5 ml

phosphate buffer (Merck, Darmstadt, Germany) (10 mM,

pH 7) and 1 ml of potassium iodide (1 M) (Merck,

Darmstadt, Germany). The absorbance of the solution

was read at 390 nm. 2,2-diphenyl-1-picrylhydrazyl

(DPPH) radical scavenging was measured based on

extract potential to reduce the radical (DPPH) by the

method of Brand-Williams et al. (1995) with minor

modifications. 0.1 g of plant powder was mixed with

2 ml methanol (80% v/v) (Merck, Darmstadt, Germany)

and shake for 24 h in 25 �C and then centrifuged at

12000 g for 20 min. The supernatant was mixed with the

same proportion of DPPH (0.1 M) (Merck, Darmstadt,

Germany) then the reaction mixtures were incubated in

the dark for 40 min. The absorbance of the mixtures was

measured at 515 nm (Shimadzu UV160U UV–Vis spec-

trophotometer, Kyoto, Japan). Scavenging activity is

expressed as a percent for any sample.

Total protein content and proline

The total protein content of leaves was measured according

to Bradford (1976) method. Plant leaves were crushed in

liquid nitrogen; after that, the powder was homogenized

with Na-phosphate buffer (50 mM, pH 7.6) (Merck,

Darmstadt, Germany) and centrifuged at 12000 g for

20 min at 4 �C. The supernatant was used for protein

estimation at 532 nm by spectrophotometer (Shimadzu

UV160U UV–Vis spectrophotometer, Kyoto, Japan). The

supernatant’s residue was transferred to another tube in

a - 80 �C freezer for antioxidant enzyme measurements.

For proline content quantifying 0.5 g of plant tissue was

mixed with 5 ml of sulphosalicylic acid (3%) (Merck,

Darmstadt, Germany). Then centrifuged at 15,000 g for

20 min 2 ml of supernatant transferred to test tube and then

2 ml acid ninhydrin solution (we mixed 1.25 g of acid

ninhydrin in 30 ml of glacial acetic acid and 20 ml

orthophosphoric acid 6 M (Merck, Darmstadt, Germany))

was added to the supernatant. Afterward, 2 ml glacial

acetic acid (Merck, Darmstadt, Germany) was added to the

solution. Tubes were placed in a boiling water bath for one

hour and cooled quickly on the ice. Then we added 4 ml

toluene (Merck, Darmstadt, Germany) and vortex for 20 s.

Proline content was measured at 520 nm (Shimadzu

UV160U UV–Vis spectrophotometer, Kyoto, Japan) and

calculated by the standard curve of L-proline (Merck,

Darmstadt, Germany) and expressed as a nmol g-1 fresh

weight (Bates et al. 1973).

2.10. Antioxidant enzyme activities

Superoxide dismutase (SOD, EC 1.15.1.1) activity was

determined according to Dhindsa et al. (1981). One unit

of the enzyme is the amount of SOD that inhibits 50%

of nitroblue tetrazolium at 25 �C. The reaction mixture

was contained 50 mM Na-phosphate buffer pH 7.6,

13 mM methionine, 75 lM NBT (Bio Basic Inc., Tor-

onto, Canada), 2 lM riboflavin (Merck, Darmstadt,

Germany), 0.1 mM EDTA (Merck, Darmstadt, Ger-

many), and 0–50 lL enzyme extract, riboflavin added

lastly. Then the tube was shaken and placed under a

40-w fluorescent lamp for 15 min, and finally, absor-

bance was read at 560 nm (Shimadzu UV160U UV–Vis

spectrophotometer, Kyoto, Japan). Catalase (EC 1.11.1.6)

activity estimated by the conversation of H2O2 to water

and oxygen (Bianco and Defez 2009). APX (ascorbate

peroxidase, EC 1.11.1.11) activity was determined

according to Naveed et al. (2020). According to this

protocol, the reaction mixture consisted of 50 mM

potassium phosphate buffer (pH 7.6), 0.5 mM ascorbate

(Merck, Darmstadt, Germany), and 0.1 M EDTA, 0.1 M

H2O2 (Merck, Darmstadt, Germany), and the reaction

was started by adding extract, and absorbance was

decreased at 290 nm (Shimadzu UV160U UV–Vis

spectrophotometer, Kyoto, Japan). PPO (polyphenol

oxidase EC 1.10.3.1) was measured according to

Resende et al. (2002) by using pyrogallol (20 mM)

(Merck, Darmstadt, Germany) and H2O2 (20 mM) as

substrates, so absorbance of the solution was determined

at 420 nm.

2.11. Scanning electron microscopy studies

Ten days seedling roots were washed with autoclaved

water and fixed in 3% glutaraldehyde solution prepared

in a 0.1 M sodium phosphate buffer (Merck, Darmstadt,

Germany) for four hours at 4 �C. Roots were washed

three times with buffer, then last fixed carry out in 1%

OsO4 (prepared in 0.2 M sodium phosphate buffer)

(Merck, Darmstadt, Germany), and then samples were

dehydrated at ethanol series (20, 40, 60, 80, and 100%).

At the end of the fixation procedure, residual ethanol

was replaced by isoamyl acetate (Merck, Darmstadt,

Germany) (Dastager et al. 2010). Afterward, samples

were coated with a thin layer of gold by Ion Sputter

Coater (SPT-20 COXEM Co., Ltd, Daejeon, South

Korea), and were prepared to analyze by scanning

electron microscope (FEI Quanta 200, Oregon, USA).

Statistical analysis

The experiment was designed based on a completely ran-

domized factorial experiment, and all of the data are ana-

lyzed by SAS 9.4 software (SAS Institute Inc, North

Carolina, USA). Mean value compared by Least
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Significance Difference (LSD) test and in the all-data

P values\ 0.05 were considered significant.

3. Results and discussion

3.1. Root and leaf growth

Salt stress decreased root length (RL), root dry weight

(RDW), leaf area (LA), and root fresh weight (RFW). Also,

Table 1 shows that RL, RDW, LA, and RFW damage were

alleviated through bacterial inoculation. The best perfor-

mance was under 100 mM, and the were performance was

under fourth salt level. Moreover, there is no significant

difference in RL, RDW, LA, and RFW between plants that

inoculated and non-inoculated under 100 mM. Further-

more, under 300 mM no significant difference was

observed between bacterial treatment and non-bacterial

treatment. In addition, there is no significant difference

between inoculation of plants (with Enterobacter sp. S16-

3 and Pseudomonas sp. C16-2O) in these characters under

100 and 200 mM concentrations.

Under control condition (without inoculated PGPR), the

most serious damage in root length (79.7%) was observed

at 300 mM NaCl concentration, and the lowest (36.9%)

was at 100 mM NaCl concentration (Table 1). However,

bacterial inoculation significantly ameliorated the stress

damage by approximately 22% (S16-3) and 23% (C16-2O)

under 100 mM NaCl. Also, under 200 mM salt concen-

tration, bacterial treatment increased RL by about 16%

compared to non-inoculated plants (Table 1). Root dry

weight and root fresh weight showed the same trends as

RL. However, in RFW, there is a significant difference

between inoculated and non-inoculated under 300 mM salt

stress. Root fresh weight under 100 mM decreased 41%,

but plants treated with bacteria showed about 20% reduc-

tion for each bacterial treatment (S16-3 and C16-2O), so

that inoculation with bacteria showed a significant differ-

ence in RFW (Table 1). This reduction of damage through

bacterial treatment reduced to 9% under 200 mM but was

significant. Bacterial treatment led to a significant increase

approximately 13% in RFW under 300 mM (Table 1).

Treatment with S16-3 and C16-2O lessened stress damage

significantly about 26% (S16-3), 25% (C16-2O) under

100 mM and about 11% (S16-3), 12% (C16-2O) under

third level of stress (Table 1). There was a significant

growth in RDW after treatment with bacteria which

was about 26% and 11% higher under 100 and 200 mM,

respectively compared to control (Table 1). Leaf area

illustrated a significant increase of about 17.7% (S16-3)

and 18% (C16-2O) under bacterial treatment in 100 mM

NaCl concentration compared to non-inoculated plants

(Table 1). However, this amount was reduced under

200 mM concentration of NaCl, so bacterial treatment

could alleviate just 9% of stress damage (Table 1). In the

following, under 300 mM of NaCl concentration, there was

no significant difference between inoculated and non-

inoculated plants regarding LA (Fig. 1). Salt stress leads to

the accumulation of Na? and Cl- in plant tissues, and

made the plant tissues and cellular media toxic

which consequently leads to ROS production and biosyn-

thesis of ethylene (Ahmad and Prasad 2011; Farsaraei et al.

2020). Also, a high level of salt around the root area dis-

turbs the ion uptake balance in the root, therefore, uptake of

Table 1 Morphological characteristics of canola root and leaf under different salt concentration and inoculation with PGPRs. Enterobacter sp.
(S16-3) and Pseudomonas sp. (C16-2O)

NaCl (mM) Bacterial treatment Root length (cm) Root Fresh weight (g) Root dry weight (g) Leaf area (cm2)

0 Control 30.60 ± 0.94a 25.64 ± 1.30a 4.04 ± 0.25a 76.17 ± 4.05a

S16-3 31.00 ± 1.63a 26.13 ± 2.25a 4.47 ± 0.25a 75.37 ± 5.32a

C16-2O 32.00 ± 2.16a 27.00 ± 1.70a 4.55 ± 0.26a 74.70 ± 3.76a

100 Control 19.60 ± 2.05c 15.37 ± 1.36c 2.76 ± 0.25c 56.03 ± 3.45c

S16-3 26.60 ± 1.69b 20.93 ± 1.48b 3.89 ± 0.22b 69.20 ± 3.93b

C16-2O 26.30 ± 1.69b 21.57 ± 1.59b 3.72 ± 0.26b 68.20 ± 3.76b

200 Control 12.60 ± 1.24e 10.00 ± 1.31e 1.70 ± 0.15e 42.77 ± 2.02e

S16-3 17.30 ± 1.24d 12.47 ± 1.32d 2.22 ± 0.19d 49.23 ± 2.96d

C16-2O 16.60 ± 1.88d 12.20 ± 1.56d 2.19 ± 0.17d 50.43 ± 3.19d

300 Control 6.33 ± 1.24f 4.43 ± 1.13 g 1.13 ± 0.15f 25.87 ± 2.95f

S16-3 7.33 ± 1.69f 7.63 ± 1.10f 1.28 ± 0.19f 28.93 ± 3.24f

C16-2O 6.53 ± 1.79f 8.07 ± 1.56f 1.25 ± 0.15f 29.20 ± 3.00f

All values perform mean ± SE (n = 3); different letters indicate a significant difference, whereas the same letters indicate any significant

difference (LSD, P\ 0.05, n = 3)
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vital nutritious minerals such as potassium and phosphorus

were prevented by roots (Orozco-Mosqueda et al. 2020).

Treatment with Enterobacter sp. (S16-3) and Pseudomonas

sp. (C16-2O) made an excellent condition nutritionally,

especially under salt stress (Table 1). These two bacteria

can solubilize K and P and supply the bioavailable form of

these minerals, and K and P are the two most important

macronutrients for plant growth (Sarikhani et al. 2020).

Because providing and absorbing P and K by root has vital

importance for plant growth, especially root growth under

salt stress while plants treated with PGPRs had a better

performance in RL, RDW, and RFW (Table1). The same

trend was observed in the previous study on corn; that

study showed treatment with Enterobacter sp. (S16-3) and

Pseudomonas sp. (C16-2O) increased P and K content in

root and shoot (Sarikhani et al. 2020). In addition, phyto-

hormones such as auxins, cytokinin, and gibberellins have

a crucial point in plant growth like cell division, stem, and

root elongation, especially under stress conditions.

Numerous auxins are known in nature, but indole-3-acetic

acid (IAA) is the most common structure of this hormone

in plants. Many reports admit that PGPRs (about 80%) can

produce IAA (Glick 2012). Then this considerable amount

of root growth may be related to the production of IAA by

Fig. 1 Leaf area difference between control and different salt treatments in canola plant; a control (non- inoculated) b Enterobacter sp. S16-3
c Pseudomonas sp. C16-2O. Under 0, 100, 200, 300 mM NaCl concentration
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PGPRs. Also, these data show LA was expanded signifi-

cantly. Maybe it is related to the expanded root condition

that had a suitable surface to absorb additional nutrients.

Root elongation cooperated in providing like K, P, nitrogen

(N) that are important to expand LA (Bakhshandeh et al.

2020; Glick et al. 2007; Sarikhani et al. 2019). what is

more, IAA, gibberellin, and cytokinin are the most sig-

nificant factors of plant growth that many reports in the

recent literature admitted PGPRs are capable of producing

and transfer them to the plant (Etesami et al. 2014; Olan-

rewaju et al. 2017). One essential phytohormone with a

vital role in plant growth, mainly under stress conditions, is

ethylene. Ethylene is a gaseous hormone that has a crucial

role in low concentration for seed germination, fruit

ripening, root elongation, and the beginning of flower.

1-aminocyclopropane-1-carboxylate (ACC) is an ethylene

precursor which generates ethylene by AAC oxidase

activity. Also, ACC is produced by ACC synthase activity.

Plants have multiple copies of ACC oxidase and synthase

genes, and they are induced under abiotic stress conditions

like salinity. So, plants respond to salt stress by the pro-

duction of ethylene that called ‘stress ethylene’ this level of

ethylene lead to induction of production of defensive and

protecting entities against stress, like proteins (Ali et al

2014; Etesami and Maheshwari 2018; Orozco-Mosqueda

et al. 2020). It is the first peak of ethylene and is beneficial

for plants. The second peak of ethylene appears after some

days of stress condition generated by an additional ACC

source. This peak is detrimental to plant growth and leads

to chlorosis, abscission, and senescence. ACC-deaminase

is an enzyme whose activity was observed in a majority of

microbiomes in the rhizosphere. Plant ACC content is

transferred to PGPRs through the plant roots, and ACC-

deaminase degrades ACC to ammonia and a-ketobutyrate
and used them as nitrogen sources (Li et al. 2020; Orozco-

Mosqueda et al. 2020).

Consequently, perhaps this conclusion that the signifi-

cant growth of canola root and leaf in this study results

from ACC-deaminase activity via S16-3 and C16-2O is

logical. Also, many studies proved that these strains with

ACC-deaminase activity could promote canola growth

(Bakhshandeh et al. 2020; Li et al. 2017).

Potassium and sodium ion contents

The current study illustrates that inoculation with bacteria

significantly alleviates the toxic level of sodium (Na?) and

increases the level of potassium (K?) under salt stress that

is crucial for plant growth (Fig. 2). Accumulation of Na?

leads to destructive effects on the plant, such as imbalance

in absorption of nutrients like K? and Ca? that are highly

vital for plant growth (Kronzucker et al. 2013). Also, high

levels of Na? prevent plants from access to water (Naveed

et al. 2020). The low amount of Na? vs. the high amount of

K? is one of the critical parameters against salt stress

(Pavlović et al. 2017). This study shows that the accumu-

lation of Na? is significant in control plants under all levels

of salt stress (Fig. 2B). However, treatment with bacteria

decreased this amount, and the best performance was

observed (about 50%) under 100 mM of NaCl concentra-

tion, and it is same between the two bacteria (Fig. 2B).

After that, results show about 20% reduction under

200 mM NaCl concentration with inoculation of PGPRs

(Fig. 2B). There is no significant difference between the

two bacteria; also, there is no significant difference

between inoculated and non-inoculated plants under

300 mM NaCl concentration (Fig. 2B). Decreasing Na? in

plant leaves treated with S16-3 and C16-2O may be

attributed to the secretion of exopolysaccharides (EPS)

produced by a wide variety of bacteria. EPS bind with Na?

and prevents the transfer of Na? to plant tissues and

decrease the Na? high levels as a consequence of toxic

effect of the high level of Na? have been averted (Ashraf

et al. 2004). It may also be related to the increase of plasma

membrane Na?/H? antiporter (SOS1) expression level that

prevents the absorption of Na? to plasma. The previous

study showed the application of Bacillus subtilis with

Brassica campestris under 300 mM NaCl concentration

increase of SOS1 expression (Woo et al. 2020). Shahid

et al. (2021a, b) observed that the Na? content of mung

beans was decreased through inoculation with Kosakonia

sacchari under salt stress. This study shows bacterial

treatment lessens the reduction in K? concentration under

salt stress. This increase of K? level compared to the

control plants under 100 mM NaCl is about 21% and 18%

for S16-3 and C16-2O, respectively (Fig. 2). Moreover,

there is a significant difference in K? content between

inoculated and non-inoculated plant leaves under 200 mM

NaCl concentration. After reducing Na? through EPS

binding and increasing K? in soil media through the

presence of PGPRs, it is logical that K? content increased

in plant leaves. The same result was observed in Arachis

hypogaea that were inoculated with six different PGPRs

(Shukla et al. 2012).

Relative water content (RWC)

Bacterial treatment significantly reduced about 16% dam-

age of sodium destruction effect on RWC, especially under

100 mM salt concentration, and this is the same for two

bacteria (Fig. 3). This effect of inoculation with bacteria is

significant under 200 mM NaCl concentration (Fig. 3).

However, there is no significant difference between inoc-

ulated and non-inoculated at the highest level of stress

(Fig. 3). Regarding the appropriate root condition under

bacterial treatment (Table 1) and high potassium content in
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inoculated plants (Fig. 2A), it may be logical to conclude

that bacterial treatment enhanced relative water content

under salt stress. Moreover, stomatal conductance has a

vital role to control the water movement under abiotic

stress like salt stress, and it is affected by abscisic acid

production (Munemasa et al. 2015). Abscisic acid has a

crucial role in control and upregulation of stomatal con-

ductance (Barnawal et al. 2017; Woo et al. 2020). And a

wide variety of bacteria can trigger plants to produce this

phytohormone. Barnawal et al. (2017) observed that

Arthrobacter protophormiae and Dietzia natronolimnaea

improved the stomatal conductance under salt stress.

Bacteria enhance root growth through auxin production

and prevent ethylene production. Also, secretion of EPS

through bacteria make suitable soil texture for water uptake

(Naseem et al. 2018). A previous study showed that sweet

pepper inoculation with Bacillus thuringiensis improves

RWC significantly under 34 and 68 mM NaCl concentra-

tion (ALKahtani et al. 2020).

Chlorophyll pigment content and chlorophyll

fluorescence changes

Salt stress decreased SPAD value, photosynthetic pigments

and carotenoid contents (Table 2). Lowest decline was

observed under 300 mM NaCl concentration for all of

photosynthetic traits: SPAD value 67%, Fv/Fm 33%, Fv/F0
70%, chlorophyll a 66%, chlorophyll b 54%, total chloro-

phyll 50%, carotenoids 43%, and lowest reduction

observed under 100 mM salt concentration: SPAD 30%,

Fig. 2 Canola leaf ion contents (Na? and K?) mean comparison

under different salt stress levels inoculated with Enterobacter sp.

(S16-3) and Pseudomonas sp. (C16-20) different little letters shows

significant difference and same letters show any significant difference

(LSD, P\ 0.01, n = 3)

Fig. 3 Relative water content (RWC) mean comparison in canola

inoculated with Enterobacter sp. (S16-3) and Pseudomonas sp. (C16-
20) under salt stress (LSD, P\ 0.05, n = 3). Different letters show

significant difference
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Fv/Fm 12%, Fv/F0 30%, chlorophyll a 26%, chlorophyll b

18%, total chlorophyll 29%, carotenoids 12% (Table 2).

When plants try to prevent water loss by closing stom-

ata, reduction of carbon dioxide assimilation is inevitable.

As a result, there is no output for the electron transfer

chain, such as the production of ATP, and it leads to the

accumulation of reduced ferredoxins (Zarei et al. 2020);

consequently, active oxygen radicals’ build-up was

increased. So, the chloroplast is one of the most critical

sites for producing reactive oxygen species (ROS) when

salt stress happened (Das and Roychoudhury 2014). The

cell takes a mechanism to reduce ROS production; thus,

chlorophyllase degraded chlorophyll pigments (chlorophyll

a and b) are reduced significantly (Harpaz-Saad et al. 2007;

Hu et al. 2015). Results showed that plants inoculated with

S16-3 and C16-2O had better SPAD values and chlorophyll

pigment content (Table 2). The highest SPAD value and

chlorophyll pigments were observed under 100 mM salt

concentration (Table 2). (S16-3: SPAD value 16%,

chlorophyll a 18.2%, chlorophyll b 9%, total chlorophyll

20% and carotenoid 5%. C16-2O: SPAD value 15%,

chlorophyll a 11%, chlorophyll b 9%, total chlorophyll

18% carotenoid 4%), compared to non-inoculated plants

under 100 mM salt concentration. Also, there is no sig-

nificant difference between S16-3 and C16-2O (Table 2).

The same pattern was observed in soybean treated

with Pseudomonas putida H-2–3 under salt stress (Kang

et al. 2014). Also, a previous study showed Serratia sp.

CP-13 has bioremediation protentional in inducing toler-

ance against cadmium toxicity in the corn plant (Tanwir

et al. 2021).

There are many chlorophyll fluorescence indexes who

has highest efficiency of PSII (Fv/Fm) and inferred oxygen-

evolving complex activity (Fv/F0), which are the most

important (Maxwell and Johnson 2000). These are sensi-

tive parameters to environmental changes like drought and

salinity (Sayed 2003). Chlorophyll fluorescence parameters

(Fv/Fm, and Fv/F0) may be declined due to inhibition of

osmotically driven uptake of water in salt stress, light-

harvesting center damages, and D1 protein degradation

(Kalaji et al. 2011). Previous studies showed ion imbalance

and mineral nutrition shortage in salt stress cause to

increase in non-photochemical quenching (Loudari et al.

2020). Results (Table 2) showed that S16-3 and C16-2O

significantly ameliorated (P \ 0.05) chlorophyll fluores-

cence parameters especially at 100 mM NaCl concentra-

tion (S16-3: Fv/Fm 8.31%, and Fv/F0 15%; C16-2O: Fv/Fm
8.7%, and Fv/F0 14%).

As regard to increasing of photosynthetic area (Table 1)

and good condition of water and nutrient uptakes through

the plants (Fig. 3) like potassium and phosphorus (Fig. 2),

an increase of chlorophyll pigments and chlorophyll

indexes are reasonable. A previous study showed

that Pseudomonas fluorescens strains ameliorated chloro-

phyll fluorescence and chlorophyll pigments in sweet corn

under water-deficit conditions (Zarei et al. 2020). Also,

ALKahtani et al. (2020) observed that sweet pepper plants

treated with PGPRs showed a significant increase in

chlorophyll fluorescence and chlorophyll pigments.

Table 2 The impact of two PGPR treatment Enterobacter sp. (S16-3)
and Pseudomonas sp. (C16-2O) at different levels of NaCl concen-

tration on of Fv/Fm (highest quantum yield of PSll), Fv/F0 (the

activity of the water-splitting complex on the donor side of the PSll),

PIABS (performance index) chl a (Chlorophyll a), chl b (Chlorophyll

b), total chl (total chlorophyll) and carotenoids in canola

NaCl

(mM)

PGPR

treatment

SPAD Fv/Fm Fv/F0 Chl a (mg/g

FW)

Chl b (mg/g

FW)

Total Chl (mg/

gr FW)

Carotenoids

(mg/g FW)

0 mM Control 39.61 ± 1.96a 0.839 ± 0.011a 6.05 ± 0.19a 1.41 ± 0.04a 0.631 ± 0.02a 1.94 ± 0.11a 1.18 ± 0.03a

S 16–3 40.02 ± 1.80a 0.841 ± 0.014a 6.01 ± 0.32a 1.40 ± 0.06a 0.628 ± 0.03a 1.98 ± 0.11a 1.17 ± 0.02a

C 16-2O 41.46 ± 3.07a 0.836 ± 0.012a 6.00 ± 0.28a 1.46 ± 0.06a 0.632 ± 0.02a 1.97 ± 0.10a 1.19 ± 0.02a

100 mM Control 27.37 ± 2.20c 0.741 ± 0.018c 4.29 ± 0.38c 1.04 ± 0.06c 0.516 ± 0.02c 1.38 ± 0.08c 1.03 ± 0.02c

S 16–3 34.44 ± 1.62b 0.807 ± 0.015b 5.10 ± 0.23b 1.30 ± 0.05b 0.574 ± 0.03b 1.78 ± 0.13b 1.10 ± 0.03b

C 16-2O 34.87 ± 2.60b 0.810 ± 0.012b 5.04 ± 0.39b 1.27 ± 0.06b 0.578 ± 0.04b 1.77 ± 0.11b 1.10 ± 0.03b

200 mM Control 18.43 ± 1.64e 0.662 ± 0.016e 2.88 ± 0.23e 0.75 ± 0.07e 0.393 ± 0.03e 1.03 ± 0.08e 0.87 ± 0.03e

S 16–3 23.51 ± 1.50d 0.705 ± 0.020d 3.65 ± 0.42d 0.89 ± 0.06d 0.457 ± 0.03d 1.19 ± 0.11d 0.94 ± 0.03d

C 16-2O 24.12 ± 1.67d 0.708 ± 0.018d 3.79 ± 0.42d 0.93 ± 0.05d 0.467 ± 0.03d 1.24 ± 0.06d 0.96 ± 0.02d

300 mM Control 13.20 ± 1.50f 0.554 ± 0.020f 1.80 ± 0.26f 0.47 ± 0.06 g 0.290 ± 0.03 g 0.72 ± 0.10 g 0.67 ± 0.03 g

S 16–3 14.64 ± 1.41f 0.568 ± 0.015f 1.99 ± 0.22f 0.76 ± 0.07f 0.343 ± 0.03f 0.89 ± 0.09f 0.78 ± 0.03f

C 16-2O 15.00 ± 1.92f 0.577 ± 0.021f 2.06 ± 0.20f 0.59 ± 0.07f 0.350 ± 0.02f 0.88 ± 0.10f 0.78 ± 0.03f

All values perform mean ± SE (n = 3); different letters indicate a significant difference, whereas the same letters indicate any significant

difference (LSD, P\ 0.05, n = 3)
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3.5. Biochemical parameters

Salinity leads to many damages to plants plasma mem-

brane. One of the most important indexes for this damage

is electrolyte leakage index (ELI) and this study shows that

there are tough damages in plasma membrane stability

under salt stress (Fig. 4). ELI was significantly increased

about 70% under 300 mM NaCl concentration and the

lowest increase of about 30% was observed under 100 mM

NaCl concentration (Fig. 4). However, PGPRs significantly

subsided the plasma membrane damage in inoculated

plants, and decreased ELI about 12% in 100 mM (Fig. 4).

A previous study showed that PGPRs belong to Bacillus

sp., Exiguobacterium sp. and Enterobacter sp. with phos-

phorus and potassium solubilizing ability can decrease ELI

under salt stress in rice (Prittesh et al. 2020). Sodium

concentration at toxic level in plants leads to production of

reactive oxygen species (ROS). One of them is hydrogen

peroxide (H2O2) and results shows that H2O2 significantly

increased under salt stress and the tremendous damage was

observed under 300 mM. However, PGPR treatment sig-

nificantly reduced the level of H2O2 specially under

100 mM. Maybe it is attributed to inhibition of Na? intake

through roots and deceased level of K? (Prittesh et al.

2020). Moreover, the excellent condition of water content

provides a suitable condition in inoculated plants. Under

salinity stress, high levels of Na? content and osmotic

stress lead to oxidative stress (Ahmad and Prasad 2011;

Waqas et al. 2019). One of the best markers for oxidative

stress is malondialdehyde content (Li et al. 2017; Shahid

et al. 2021a, b). MDA content is a final product of lipid

peroxidation of the plasma membrane by ROS that leads to

Fig. 4 Mean comparison in

canola under salt stress and

treated with Enterobacter sp.
(S16-3) and Pseudomonas sp.
(C16-2O). A electrolyte leakage

index B malondialdehyde

(MDA) content C hydrogen

peroxide content D 2,2-

diphenyl-1-picrylhydrazyl

(DPPH) scavenging E proline

content F Protein content.

Different letters show

significance difference (LSD,

P\ 0.05, n = 3)
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ion leakage (Javed et al. 2017), and many studies showed

that under salt stress, MDA content is increased (Farhangi-

Abriz and Torabian 2016; Li et al. 2017; Li et al. 2020).

Nevertheless, our result illustrates that PGPRs can

reduce MDA content significantly under salt stress

(Fig. 4B). This reduction is noticeable even under 300 mM

of concentration, and under this level, plants inoculated

with Enterobacter sp. S16-3 have a lower MDA content

(Fig. 4B). In addition, it is evident that a decline in H2O2

level leads to a decrease in membrane damage; conse-

quently, MDA content and ELI decreased. The same pat-

tern was shown by Batool et al. (2020) in Solanum

tuberosum inoculated with Bacillus subtilis HAS31. Pre-

vious studies showed that wheat inoculation with Bacillus

megaterium (Rashid et al. 2021), maize inoculation with

Kocuria rhizophila Y1 (Li et al. 2020), and canola

inoculation with Enterobacter cloacae HSNJ4 (Li et al.

2017) decrease MDA content under abiotic stress.

Also, DPPH scavenging activity was increased signifi-

cantly (P\ 0.05) under salt stress (Fig. 4D). The highest

increase was observed under 300 mM NaCl concentration

(Fig. 4D). But the most significant increase (16%) between

control and bacterial treatment was observed under

100 mM NaCl concentration and 5% under 200 mM, and

3% under 300 mM (Fig. 4D). DPPH scavenging activity

represented antioxidant activity in plants and leaf extracts

(Liu et al. 2007). This study showed that bacterial treat-

ment boosted antioxidant capacity (Fig. 4D). It was

rational that PGPR treatment leads to low H2O2 and MDA

content, and had good membrane stability. A study showed

similar results, ELI and DPPH scavenging activity in

Pennyroyal (Mentha pulegium L.) inoculated with Azoto-

bacter sp. and Azospirillum sp. stress was decreased and

Fig. 5 Scanning electron microscopy images from surface of canola

root Treatment A Control (without Pseudomonas sp. C16-20)

B Inoculated with Pseudomonas sp. C16-20 C control (without

Enterobacter sp. S16-3) D inoculated with Entrobacter sp. S16-3

under 100 mM NaCl concentration
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increased, respectively, under water shortage (Asghari

et al. 2020).

The present study shows protein content was increased

significantly under salt stress (Fig. 4F). Furthermore, there

is a significant increase when treated with microbial

treatments (S16-3 and C16-2O). The most considerable

increase (33%) was seen under 100 mM compared to

control (without microbial treatment) (Fig. 4F). However,

there is not any significant difference between S16-3 and

C16-2O. Maybe it is due to an increase of stress response

proteins like Na?/K? channels. The same results were

observed by (Asghariet al. 2020). Also, Batool et al. (2020)

showed that Bacillus subtilis treatment increased free

amino acid content in Solanum tuberosum. Proline has

several functional roles in many abiotic stresses like

osmoprotectant, stabilizer in cellular structure, and ROS

scavenging (Abbasi et al. 2020). Prittesh et al. (2020)

observed that bacteria belong to Bacillus sp.,

Exiguobacterium sp., Enterobacter sp., Lysinibacillus sp.,

Stenotrophomonas sp., Microbacterium sp., and Achro-

mobacter sp. can enhance proline content in rice. In the

present study, proline content increased under different

levels of NaCl concentration (Fig. 4E). The high level of

proline content (more than double) was seen under

300 mM, and the minimum level was seen under 100 mM

of NaCl concentration. Also, results shows that bacterial

treatment had a tremendous effect on the proline level.

Moreover, this effect is considerable (about 36% higher)

compared to the other levels (Fig. 4E). There is no sig-

nificant difference between S16-3 and C16-2O like the

other parameters. A similar result in proline content was

observed in the previous study in wheat inoculation

with Bacillus megaterium (Rashid et al. 2021). Further-

more, inoculation with Kocuria rhizophila Y1 (Li et al.

2020) and Enterobacter cloacae HSNJ4 (Li et al. 2017)

Fig. 6 Mean comparison antioxidant enzymes activity A superoxide

dismutase B catalase C ascorbate peroxidase D polyphenol oxidase in

canola under salt stress and inoculated with Enterobacter sp. (S16-3)

and Pseudomonas sp. (C16-20). Different letters represent significant
difference (LSD, P\ 0.05, n = 3)
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showed a significant increase in proline content under

salinity stress in maize and canola, respectively.

Antioxidant enzymes activity

The present study showed that ROS damages like accu-

mulation of H2O2 and membrane lipid peroxidation were

decreased by inoculation with Enterobacter sp. S16-3 and

Pseudomonas sp. C16-2O (Fig. 4). These results indicate

that plants treated with PGPRs had a powerful antioxidant

defense system (Fig. 5D and 6). Superoxide dismutase

(SOD) as the first antioxidant enzymatic defense signifi-

cantly increased under treatment with S16-3 and C16-2O

(Fig. 6A). SOD scavenges superoxide and produces H2O2

in the following CAT, APX, and PPO scavenges H2O2 and

reduces the ROS damages to the plant cell (Gill and Tuteja

2010; Das and Roychoudhury 2014). Antioxidant enzyme

activities were increased under salt stress, whose the

highest activity is related to 300 mM of NaCl concentra-

tion (Fig. 6). Also, there is a significant difference between

inoculated and non-inoculated plants but no significant

difference between the two bacterial strain treatments.

Biochemical parameters like MDA and H2O2 were

decreased in parallel with an increase in antioxidant

enzymes. Also, this increase in antioxidant capacity may be

related to increasing antioxidant enzyme activities and an

expanded level of proline content (Fig. 4 and 6). Previous

studies showed that PGPRs Enterobacter cloacae HSNJ4,

Pseudomonas fluorescens strains improved canola and

sweet corn antioxidant system against salinity stress,

respectively (Li et al. 2017; Zarei et al. 2020).

Conclusion

Results illustrate a novel and clear link between bacterial

treatment and changes in light-harvesting centers regarding

chlorophyll fluorescence parameters under salt stress. Also,

this study shows the relation between hydrogen peroxide

content produced by the electron transport chain in pho-

tosynthesis and the antioxidant system that is boosted by

bacterial treatments. Pseudomonas sp. C16-2O and Enter-

obacter sp. S16-3 can solubilize potassium, and phospho-

rous which can inhibit NaCl intake by effective cloning on

canola roots (Fig. 5). Inhibition of Na? intake is one of the

fundamental ways to avoid salt stress damages, and the

second is the antioxidant system. The current study shows

antioxidant enzyme activity such as SOD, CAT, APX, and

PPO was increased through inoculation with C16-2O and

S16-3. The effect of bacterial inoculation to ameliorate

salinity stress was significant in all salt stress levels used in

this study, but it was considerable under 100 mM NaCl.

Also, the bacterial treatment improved the root surface, and

it had a significant impact on all aspects of plant growth

because water and vital nutrients became available for

plants. In conclusion, Pseudomonas sp. C16-2O and

Enterobacter sp. S16-3 assuage the destructive effects of

salinity. Consequently, they can be used in fertilizers,

especially in salty soils.
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