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ARTICLE INFO 

 

 

ABSTRACT- Bio-fertilizers are microbial inoculants or a combination of carriers of 

effective microbial strains with high efficiency to provide one or more nutrients needed by 

the plant, which are important materials as reducing agents to reduce the environmental 

damage of chemical fertilizers, to reduce diseases, to improve the soil structure, to 

stimulate plant growth and to increase the quantity and quality of the crops. This study was 

conducted to investigate the effect of three commercial bio-fertilizers, including 

Pseudomonas aeruginosa, P. putida, and P. fluorescens, on some morphological and 

physiological traits of lettuce under greenhouse conditions. The experiments were held on 

Nuclear Agriculture Research School in a completely randomized design (CRD) with four 

replications. The results indicated that inoculation of lettuce at growth stage with these 

biological fertilizers caused a significant increase in plant growth components such as plant 

height, leaf number, plant diameter, dry and fresh weights. In the case of physiological 

indicators, the use of bio-fertilizers increased expression of total protein, and also 

improved the production of oxidative enzymes (peroxidase and polyphenol oxidase) in the 

leaf compared to the control. According to the results of this study, it can be concluded that 

the use of bio-fertilizers contributes to the development of organic agriculture which in 

turn improves the quantity and quality of the product. 
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INTRODUCTION  

Lettuce (Lactuca sativa L.) is a leafy herbaceous in the 

family Asteraceae. Lettuce is a salad vegetable and has 

cultivated since 4500 BC in the Mediterranean area. 

This plant is a source of vitamins and nutrients which 

are highly required for human health, and because of 

high cellulose content, it facilitates digestion.  

Although chemical fertilizers are vital to agriculture, 

concerns have been raised due to their adverse effects 

on public health, the environment and government 

spending (Rodriguez and Fraga,1999). Scientists have 

considered the use of bio-fertilizers as promising 

alternatives, particularly in developing countries. The 

application of biological fertilizers, especially plant 

growth-promoting rhizobacteria such as Pseudomonas, 

has been promoted as a nutritional strategy in the 

sustainable management of agricultural systems instead 

of chemical fertilizers. Iran’s large-scale development 

policies emphasize on increasing the production through 

use of biological fertilizers and biological control of 

pests, disease and weeds. Several projects on production 

of bio-fertilizers and biocides are on the agendas of 

agricultural researchers. Among the soil 

microorganisms, rhizospheric bacteria have a positive 

effect on the nutrition and growth of plants and can 

guarantee plant health and soil fertility; thus, they are 

called plant-growth-promoting rhizobacteria (PGPR) 

(Wu et al.,2005). 

PGPRs were first defined by Kloepper and Schroth 

(1978) to describe soil bacteria that colonize the roots of 

plants and, in a mutualistic manner, enhance plant 

growth. Researches have been shown that their broad 

application in the agricultural system is gaining 

confidence among growers (Reddy et al.,2014). It has 

been reported that these microbes directly assist 

fundamental processes required for plant growth, such 

as fixation of atmospheric nitrogen (N) (Hirel et al., 

2011), solubilization of inorganic phosphates  (Sharma 

et al.,2013), sequestration of iron (Sayyed et al., 2013) 

and synthesis of phytohormones  (Maheshwari et 

al.,2015). Most growth-promoting bacteria used in the 
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researches in recent years are related to the genus 

Pseudomonads (Esmaeil, 2007). Pseudomonads spp. are 

aerobic, gram negative, rod shaped, non-spore forming 

and fast growing bacteria. Pseudomonads is the largest 

plant growth promoting bacterial group and includes 

both fluorescent and non-fluorescent species  (Weller, 

2007). The most important fluorescent species are 

Pseudomonas aeruginosa, P. putida, and P. fluorescens 

(Scarpellini et al., 2004). These three species are well- 

known non- pathogenic species. The non-pathogenicity 

of these species has already been confirmed by various 

scientists and the identification of the bacterial species 

which in this study were used, were confirmed by Soil 

Biology Department of the Soil and Water Research 

Institute in Karaj. 

Today, the production of organic greenhouse lettuce 

are many fans among consumers. Bio-fertilizers are the 

most useful compounds for producing these products. 

Thus, this study aimed to evaluate the effects of 

Pseudomonas aeruginosa, P. putida, and P. fluorescens 

applications on morphological and physiological traits 

in lettuce plants under greenhouse conditions.  

 

MATERIALS AND METHODS 

 

Experimental Design and Treatments 

Three commercial bio-fertilizers including P. 

aeruginosa, P. putida (P168) and P. fluorescens (P169) 

were obtained from the Soil and Water Research 

Institute in Karaj, Iran to use in greenhouse for 

evaluation their effects on morphological and 

physiological traits in lettuce plants under greenhouse 

conditions using a completely randomized design with 

four replications.  

 

Greenhouse Preparations 

To conduct the experiments of this study, the 

temperature in the greenhouse was maintained at 28 ± 2° 

with a relative humidity of 65% and a 16 h photoperiod 

which created by using supplemental lighting from 

high-pressure sodium lamps. Half of the 4-kg plastic 

pots used were filled with farm soil (sandy-loamy, it 

contained 45%–85% sand, but had enough silt and up to 

20% clay, %0.86 organic carbon, %3 Organic matter 

with CEC equal to 6.55 meq.100g
-1

) and half with peat 

moss. The soil pH was adjusted to 6.6 (if the pH was 

higher than desired, it was adjusted using a hydrochloric 

acid solution. If the pH was lower than desired, it was 

adjusted using a sodium hydroxide solution.). Then the 

pots were sterilized in an autoclave at a temperature of 

120°
C
 and a pressure of 1.5 atmospheres and a humidity 

of 30-40% for 20 minutes. Bio-fertilizer (10
4
 bacteria 

cell per milliliter) was added to each pot three times 

during the growth stage from the leafy stage of the 

seedlings at three-week intervals before flowering of the 

lettuce according to manufacturer recommendations. 

The test period was 3 months. 

 

Morphological Traits 

The number of leaves, plant height (shoot and root), 

plant diameter, fresh weight (yield), plant dry weight 

were measured.  

 

 Evaluation of Protein, Peroxidase, Polyphenol Oxidase 

Activity, Proline and Malondialdehyde 

The Bradford method was used to determine the 

Bradford Total proteins. At 72 h after each treatment, 

0.5 g of leaf sample was collected and powdered in 

liquid nitrogen.  Fifty ml of buffer was added to each 

frozen sample for extraction of protein and antioxidant 

enzymes. The extraction was centrifuged  for 15 min at 

13000 rpm  by using a Hettich™ Universal 320 R 

Benchtop Centre centrifuge. After that the upper phase 

was separated and  the protein level and enzyme activity 

were read (Bradford,  1976). 

The amount of protein was calculated using bovine 

serum albumin (BSA) as a standard. A standard curve 

was prepared using 0, 2, 8, 12, 20 and 25 μg BSA per 

ml of water. The standards and tests were replicated 

three times. The absorbance was read at 595 nm using a 

spectrophotometer (Jenway, USA). Protein samples (50 

ml) from plant leaves were deposited with acetone (50 

ml) and kept at -70˚C to freeze until they were used. 

The molecular weight of the extra cellular enzymes was 

identified by sodium dodecyl sulfate-poly-acrylamide 

gel electrophoresis (SDS-PAGE) using a 5% stacking 

and 12% separating polyacrylamide gel by the method 

of Laemmli (1970). Before electrophoresis, equal 

volume of sample buffer (100 µl) that comprised 65 

mM Tris-Hcl, PH 6.8, 10% (v.v) glycerol, 2% (v.v) 

SDS, 5% (v.v) 2-mercaptoethanol, and 0.2% (w.v) 

bromophenol blue was added to the protein sample (100 

µl) and boiled for 5 min and applied to loading on the 

gels. The proteins were separated at constant voltage of 

250 V using the running buffer containing 25 Mm Tris, 

192 mM glycine,  and 0.1% (w.v) SDS, pH 8.3.The gels 

were stained with Coomassie Brilliant Blue R-250 in 

methanol-acetic acid-water (5:1:4, v/v), and decolorized 

in methanol-acetic acid-water (1:1:8,v/v) (Laemmli 

1970).  

Measurement of the guaiacol peroxidase enzyme 

activity was based on the amount of oxidation of 

guaiacol by this enzyme at 470 nm wave readings 

according to the Chance and Maehly method ( Chance 

and Maehly,1955). The activity of the polyphenol 

oxidase enzyme was calculated using phosphate buffer 

and pyrogallol by the Kar and Mishra method (Kar and 

Mishra, 1976). The absorbance of the purpurogallin 

formed was taken at 420 nm. The amount of proline was 

measured by the method of Bates et al. (1973).  In order 

to measure the malondialdehyde concentration, a value 

of 0.5 g of fresh leaf samples was used and the 

malondialdehyde concentration was measured at 532 

nm according to Stewart and Bewley (1980). 

 

Evaluation of Chlorophyll a and b 

To measure the chlorophyll a and b content in 

accordance with the Arnon (1949) method, one g of leaf 

was covered with foil, placed in liquid nitrogen and 

crushed with 85% acetone. The resulting extract was 

centrifuged at 8000 rpm for 10 min by a Hettich™ 
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Universal 320 R Benchtop Centre centrifuge. The upper 

phase was separated and the volume of that was brought 

to 25 ml in a volumetric balloon using 80% acetone. 

The absorbance of solution was read at 663 and 646 nm, 

respectively, using a spectrophotometer and the 

chlorophyll a and b were calculated using the following 

relations. 
 

Chlorophyll a (U/g FW) = (12.25 Abs 663 nm – 2.79Abs 646 nm)  
 

Chlorophyll b (U/g FW) = (21.21 Abs 646 nm – 5.1 Abs 663 nm) 
 

Statistical Analysis 

Statistical analysis was performed using SPSS Version 

13 and means comparison were performed using 

Duncan's multi-range test at P < 0.05. 

 

RESULTS AND DISCUSSION  
 

Evaluation of Morphological Traits 

The growth components such as plant height, dry and 

fresh weight, leaf number, plant diameter, leaf area 

(unexposed data) increased under the influence of the 

bio-fertilizers.  

The effect of bio-fertilizer treatments on plant height 

showed that there was no significant difference between 

the results of the strain of bacteria in the bio-fertilizers, 

but all treatments were significantly different from the 

control at the 5% level (Fig. 1). The evaluation of 

treatments on plant height indicated that bio-fertilizers 

increased this index significantly in comparison with the 

control (11.02 cm), however, P. aeroginosa with 13.09 

cm average height led to the highest average value in 

treated plants and P. fluorescens with 12.69 cm average 

height and P. putida with 12.64 cm average height were 

approximately the same. 

 

 
 

Fig. 1. The effect of bio-fertilizer treatment on plant height 

Different small characters (a and b) on the top of 

columns for each plant responses denote significant 

differences (p<0.05, Duncan's multiple range test). 

Bookmarks in each column represent Error Bar.  

 

 

The effect of bio-fertilizer treatments on dry and 

fresh weight showed that the highest plant dry and fresh 

weight was related to Pseudomonas fluorescens and the 

lowest plant dry and fresh weight was related to the 

control. The fresh weight index showed better 

differences between treatments on plants. By comparing 

the mean fresh weight of plants treated with biological 

fertilizers and the control (68.47 gr), it was found that 

the reaction of lettuce plants to each of species of 

Pseudomonas was different, so that the treatment of P. 

fluorescens (87.7gr) had the best effect on increasing 

the fresh weight of the plants. Although the use of P. 

aeroginosa (78.72gr) produced the high longitudinal 

growth in the plant, in comparison with P. fluorescens 

species, it was the weakest species according to the 

fresh weight of the plant, which indicates the use of this 

species as a biological fertilizer is not a good option for 

increasing the yield of lettuce (Fig. 2).  

The effect of bio-fertilizer treatments on number of 

leaves showed that the highest leaf number was related 

to p. fluorescens (55) and p. putida (50.80), respectively, 

and the lowest number of leaves was related to the 

control (26.60). The number of leaves in lettuce plants 

which treated with P. aeroginosa was 44.80. So, the 

greatest effect of bio-fertilizer application was observed 

on the number of leaves in lettuce plants which treated 

with P. fluorescens and P.putida where, the number of 

leaves was twice as high as the control plants. (Fig. 3). 

 

 
 

Fig. 2. The effect of bio-fertilizer treatment on plant dry and 

fresh weight 

 

Different small characters (a-d) on the top of columns for each 

plant responses denote significant differences (p<0.05, 

Duncan's multiple range test). Bookmarks in each column 

represent Error Bar. 

 

 

 
Fig. 3. The effect of bio-fertilizers treatment on the number of   

leaves Different small characters (a-c) on the top of 

columns for each plant responses denote significant 

differences (p<0.05, Duncan's multiple range test). 

Bookmarks in each column represent Error Bar. 

 

Results indicated that different bio-fertilizers 

increased the plant diameter compared to the control 
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(Fig. 4). The effect of bio-fertilizer treatments on the 

plant diameter showed that the highest plant diameter 

was related to p. fluorescens (20.25 cm) and the lowest 

plant diameter was related to the control (7.72 cm). p. 

putida (17.13cm) and p. aeroginosa (16.12 cm) were in 

the same group for their effect on the plant diameter. 

The best treatment on the plant diameter was p. 

fluorescens. 

Glick et al. (1997), Frommel et al. (1993) and De 

Freitas and Germia. (1992) showed that application of P. 

putida and P. fluorescens could increase root and shoot 

length in canola, lettuce, tomatoes, wheat and potatoes. It 

has been found that inoculating Nigella sativa L. seeds 

with Azospirillum, Azotobacter and Pseudomonads 

improved growth factors such as plant height (Shaalan, 

2005; Khoramdel et al., 2008). Researchers have argued 

that bacterial synthesis of auxin and regulation of ethylene 

production in young seedlings are the most important 

mechanisms of rhizospheric bacteria for stimulating plant 

growth (Glick et al., 1998). 

 

 
 

Fig. 4. The effect of bio-fertilizers treatment on the diameter 

of the plant Different small characters (a-c) on the top 

of columns for each plant responses denote significant 

differences (p<0.05, Duncan's multiple range test). 

Bookmarks in each column represent Error Bar. 

 

 
 

Fig. 5. SDS-PAGE of extractive proteins from lettuce leaf 

samples: (1) Control plant, (2) A plant treated with P. 

fluorescens, (3) A plant treated with P .aeroginosa, (4) A 

plant treated with P. putida. “M” indicates a molecular 

weight marker (SinaClon BioScience, Prestained protein 

ladder, PR901641). 
 

Asghar et al. (2002), Bashan et al. (2004) and 

Biswas et al. (2000) reported significant increases in the 

growth and yield of crops  including Brassica juncea L. 

and rice in response to inoculation with PGPR were 

seen and Chamangasht et al. (2012) found that bio-

fertilizers could improve lettuce yield. Rodriguez and 

Fraga (1999) and Anzuay et al. (2015) showed that 

organic and inorganic phosphate solubilizing bacteria 

increased the fresh and dry weight of the plant, which 

was similar to the results of this study. Kohler et 

al.(2007) observed that inoculation of lettuce with 

growth promoting bacterium Bacillus subtilis caused to 

increase the dry weight of the plant. Gholami et al. 

(2009) indicated that increasing of  leaf dry weight of 

maize and increasing in total fresh weight of this plant 

with application of Azospirilum berazilens and 

Pseudomonas putida were due to the ability of these 

plant growth promoting rhizobacteria to produce hormonal 

substances and biological stabilization of nitrogen. 

Results of Khosravi et al. (2017) showed that 

inoculation of phosphate solubilizing bacterium to seed 

of plants caused increasing fresh and dry weight of 

lettuce. It seems that increasing the absorption of 

nutrients by the plant can lead to increase accumulation 

of dry matter and minerals in the stems and leaves of the 

plant. Another reason for the increasing of aerial parts 

weight was mentioned to be hydrolyze of the ACC (1-

aminocyclopropane-1-carboxylic acid) by bacteria to 

reduce the level of ethylene around the roots of the plant 

and cause to increase the weight of the roots and shoots 

(Shaharoona et al., 2007). 

Banchio et al. (2008) reported that inoculation of 

marjoram (Origanum majorana L.)  with Pseudomonas 

fluorescens increased the number of leaves by 80%, per 

each plant than the control which were similar to the 

results of this experiment. Fasciglione et al.(2012) 

reported that inoculation of lettuce with a species of 

Azospirillum increased the number of lettuce leaves. 

Results of  Noumavo et al. (2013) study showed that 

inoculation of corn with growth promoting bacteria 

could increase plant growth. Kouchaki et al. (2008) 

stated that the use of Pseudomonas fluorescent bacteria 

leads to an increase in the diameter of the stem. This 

could be due to the production and release of plant 

growth stimulating compounds or some growth 

regulating hormones that have been implanted by the 

bacterium through the leaf which in turn they have 

affected plant production and growth. It was also 

reported that plant growth promoting rhizobacteria have 

increased the diameter of corn stalks (Ehteshami et al., 

2009). The reason for the increase in diameter can be 

discussed by increasing accumulation of protein 

fractions and higher biomass of plant. Also, the 

production of higher biomass of inoculated plants with 

phosphate soluble microorganisms can be attributed to 

the involvement of these microorganisms in increasing 

host plant nutrition as a result of increased water and 

food intake. This increase in nutrient uptake by plants 

might be explained through organic acid production by 

the plants and PGPRs, and decreasing the soil pH in 

rhizosphere. Growth promoting substances are likely to 

be produced in large quantities by these rhizosphere 

microorganisms that influence indirectly on the overall 

morphology of the plants and the growth of plant 

basically depends on a number of factors like plant 

genotype, nature of PGPR inoculants as well as 

environmental conditions. 
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Evaluation of Protein, Peroxidase Activity, Polyphenol 

Oxidase, Chlorophyll a and b, Proline, Malondialdehyde 

The results of all morphological and physiological 

treatments performed in this study showed not only the 

non-pathogenicity of the bacterial isolates (P. 

aeruginosa, P. putida (P168) and P. fluorescens (P169)), 

but also their effect as bio-fertilizers in increasing plant 

growth as previously reported by other researchers 

(Dashawn et al 2013 and Nakkeeran et al 2005). By 

considering the positive effects of plant growth-

promoting rhizobacteria on plant growth by mechanisms 

such as hydrogen cyanide production, iron supply 

through Siderophores production and dissolution of 

insoluble phosphate, and production of growth 

hormones and regulators, it can be concluded that 

physiological traits such as antioxidant enzymes can 

change under the influence of plant growth-promoting 

bacteria. Decreasing in plant growth seems to be the 

result of altering many physiological activities in plants 

such as photosynthesis, mineral uptake, and antioxidant 

activity.  

The best treatment of this study that causing the 

maximum production of chlorophyll, protein, proline 

and antioxidant enzymes in tested plants was 

Pseudomonas putida. This treatment kept the plants in 

better and healthier conditions and in a better quality. 

Among the physiological indicators, the use of bio-

fertilizers increased expression of total proteins, proline, 

and antioxidant enzymes, chlorophyll content compared 

to the control (Tables 1, 2).  

Inoculation of tested plants with bacteria caused 

significant changes in the expression of proteins 

involved in the metabolism of amino acids and 

carboxylic acid cycles. The results obtained by other 

researchers showed that rapeseed plants inoculated with 

Pseudomonas florescence FY32, a plant growth 

promoter, had better growth characteristics than control 

plants to osmotic and salinity stresses, and the 

expression levels of protein in the inoculated plants 

were increased. In addition, proteins involved in energy 

metabolism, photosynthesis, and membrane proteins 

had the most significant expression changes in bacteria 

inoculated plants (Banaei et al., 2016; Shokri Gharelo et 

al., 2016). 

Enzymatic antioxidant systems protect cells from 

free radical scavenging oxygen (ROS). The metabolism 

of free oxygen radicals is dependent on several 

interacting structural oxidants such as superoxide 

dismutase, catalase, and peroxidase. Rhizospheric 

bacteria induce resistance through different pathways. 

Enzymes such as polyphenol oxidase, peroxidase and 

chitinas and the phenolic content are related to systemic  

induction resistance (Chen et al.,2000; Jung et al.,2007 ). 

Therefore, plant growth-promoting bacteria increase 

plant antioxidant levels by protecting the plant 

(Pourebtehaj et al.,2012). The positive role of plant 

growth metabolites in the production of secondary 

metabolites in plants has been well defined (Sangwan et 

al.,2001) and the results of the current study indicated 

the increasing of physiological traits such as the amount 

of chlorophyll a and b and antioxidant enzymes in 

plants inoculated with the bacteria. Increasing the 

antioxidant enzymes in plants increases the quality of 

the product. The bacteria that increased plant growth in 

this study increased the antioxidant enzymes compared 

to the control.  

 
Table 1. The average data showing effect of bio-fertilizers 

prepared from Pseudomonas species on physiological 

traits of lettuce compare to control 
 

Treatment 
 

Antioxidant enzyme(U/gfw) 
 

Protein 

(mg/gfw) 
 Peroxidase Polyphenol 

oxidase 

control 4.41b±0.09                               26.65b ± 0.66      2.30b±0.05 

P.fluorescens 5.78b±0.33                               30.36b ± 0.61 2.24b±0.05 

P.putida 6.14a±0.67                               37.58a ± 0.63 2.75a±0.02 

P.aeroginosa 6.80a±0.05                               38.13a ± 0.75 2.24b±0.04 

Different superscript small letters (a-d) within a column 

denote significant differences (p<0.05, Duncan's multiple 

range test)  

 

In a study conducted by Islam et al. (2014), it was 

shown that Pseudomonads bacteria increased the 

activity level of antioxidant enzymes of superoxide 

dismutase, catalase and peroxidase, and also reduced the 

hydrogen peroxide and malondialdehyde. It was 

concluded that there is a negative correlation between 

increase of leaf malondialdehyde concentration and 

plant growth. 

 Saghafi et al. (2013) reported that Pseudomonads 

strains increased the physiological traits regarding the 

chlorophyll content of wheat in comparison with control 

treatment, so that the highest chlorophyll index, 

chlorophyll a content were found in the treatments that 

Pseudomonads bacteria were used. Similarly, Abbas et 

al. (2013) reported that phosphate solubilizing bacteria 

increased the amount of chlorophyll content in corn. 

Plantlets co-cultured with Pseudomonas spp. produced 

more phenolic and chlorophyll than the non-bacterized 

control (Nowak 1998). The chlorophyll content also 

increased significantly in all the PGPR treatments. 

Other researchers have confirmed that inoculation of 

lettuce with plant growth promoting bacteria effected 

the growth and total chlorophyll content under salinity 

stress (Han and Lee,2005). Marius et al. (2005) showed 

that the effect of bacterial inoculation on sunflowers 

increased chlorophyll a and b contents and carotene 

pigments before and after flowering and that sunflower 

plant growth improved with the bio-fertilizer treatments 

compared to the control. In fact, it can be said that the 

bacterium provides more water and nutrients to the plant, 

thereby increasing the amount of pigment production 

and facilitating the transfer of water and photosynthetic 

materials in the plant. Therefore, according to the 

obtained results in this study, it can be admitted that the 

higher chlorophyll content of the leaves leads to an 

increase in the photosynthesis of the plant.  
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Table 2. The average data showing effect of bio-fertilizers prepared from Pseudomonas species on physiological traits of lettuce 

compare to control 

 
 

Treatments 

                       Chlorophyll 

                         (μg/gfw) 

 

proline 

(Ug/gfw) 

 

Malondialdehyd 

(n mol/gfw) Chlorophyll 

        b 

chlorophyll 

          a 

control 14.56d±0.69 17.94b±0.01 56.98d± 0.96 4.71a ±0.09 

P.fluorescens 16.26c±0.61 29.69b±0.61 68.38b±0 .60 3.16c ± 0.26 

P.putida 19.15b±0.67 39.60a±0.53 75.07a±0 .62 2.19d±0 .19 

P. aeroginosa 24.68a±0.88 94.12a±0.67 65.93c± 1.20 3.73b ±0.09 

Different superscript small letters (a-d) within a column denote significant differences (p<0.05, Duncan's multiple range test)  

 

In other words, increasing the production of 

photosynthetic materials in this way increased %10-20 

of plant yield (Fig. 2).  

The results of this study also showed that these 

microorganisms caused higher plant yields due to their 

high efficiency in phosphorus absorption from the soil, 

which indicates the role of phosphorus in the synthesis 

of chlorophyll and consequently the amount of plant 

photosynthesis. 

It has been shown that soil microorganisms have a 

significant effect on the amount of proline. In a study 

conducted on wheat by saghafi et al. (2013), it was 

shown that the highest amount of proline was found in 

Pseudomonas bacteria treatments which was similar to 

the results of this study. Jiang and Huang (2000) 

reported that amino acids such as proline may have a 

protective role for chloroplast thylakoids and other 

membrane systems. Proline prevents the change of 

nature by affecting the solubility of proteins and 

enzymes.  

The protein profiles of all treatment including plants 

treated with p. fluorescens, p. aeruginosa and p.putida 

and also control plant were compared by SDS-PAGE 

(Fig. 5). Reducing the expression of proteins has been 

done in both of inoculated plants and non-inoculated 

plant, but the amount of protein degradation in non-

inoculated plants has occurred less. 

The banding patterns of proteins of plant treated 

with P. fluorescens and plant treated with P. putida 

were very similar and identical. The control plant and 

plant treated with P. aeruginosa contained much fewer 

protein bands than the other two treatments. P. 

fluorescens is a robust expression host for high yield 

expression of secreted proteins. These results can 

indicate the positive effect of bacteria on lettuce and 

show the ability of this bacterium to modify the effects 

of stress on the plant. Plants inoculated with bacteria 

showed better growth characteristics than non-

inoculated plants. Proteins in bacteria inoculated and  

 

non-stressed plants were also more expressed than 

control plants. The electrophoretic pattern of the 

proteins associated with the leaves of the lettuce treated 

with Pseudomonas strain and its comparison with the 

control showed that significant quantitative and 

qualitative changes were observed in protein bands 

whose molecular weights were above 25 and below 72 

kDa. With the use of Pseudomonas fluorescens and 

Pseudomonas putida, the quantity and quality of the 

protein bands of the lettuce have increased. Also, the 

presence of unchanged bands in the control and control 

group can indicate the resistance of some proteins to 

Pseudomonas. 

 

 

CONCLUSIONS 

 

The results of this study showed a positive effect of 

Pseudomonads rhizobacteria on the morphological traits 

of lettuce including height, yield, number of leaves and 

dry weight, plant diameter compared to the control plant. 

In general, it can be stated that the use of biological 

treatments improves the efficiency of growth factors 

and physiological activities of the plant in comparison 

to the time of non-use of biological treatments. 

However, the strategy of using PGPR to enrich amounts 

of minerals and vitamins in major food crops has also 

gained consideration of workers. Increased demands for 

organic products indicate consumer preference for 

reduced chemical use.  
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 بب هَثز هیکزٍبی ّبی عَػ حبهل تزکیب یک یب هیکزٍبی هبیِ سیغتی، کَدّبی -چکیذه

 یتیاّو یکِ دارا ببؽذ هی گیبُ ًیبس هَرد غذایی ػٌصز چٌذ یب یک تبهیي بزای ببال راًذهبى

 بْبَد ّب، بیوبری کبّؼ ؽیویبیی، کَدّبی هحیطی سیغت ّبی سیبىکبّؼ  چَى

ایي هطبلؼِ  گزدًذ. هی هحصَل کیفی ٍ کوی افشایؼ ٍ گیبُ رؽذ تحزیک ٍ خبک عبختوبى

، یٌَساعَدٍهًَبط آئزٍجؽبهل  عِ ًَع کَد سیغتی تجبری بِ هٌظَربزرعی تأثیز

بزخی صفبت هَرفَفیشیَلَصیک گیبُ کبَّ در  بز  عَدٍهًَبط فلَرعٌظ، یذاعَدٍهًَبط پَت

طزح یک قبلب  آسهبیؾبت در پضٍّؾکذُ کؾبٍرسی ّغتِ ای ٍدر .ؽزایط گلخبًِ اًجبم ؽذ

کَدّبی  بب ًؾبّبی کبَّ هبیِ سًیکِ  ًتبیج ًؾبى داد .تکزار اًجبم ؽذ کبهال تصبدفی درچْبر

فبکتَرّبی رؽذی هبًٌذ ارتفبع گیبُ، تؼذاد بزگ، قطز  سیغتی هذکَر، ببػث افشایؼ هؼٌی دار

ٍسى تز گیبُ گزدیذ. در هَرد ؽبخص ّبی فیشیَلَصیک، هصزف کَدّبی  گیبُ ٍ ٍسى خؾک ٍ

سیغتی ببػث بْبَد تَلیذ آًشین ّبی اکغیذاًی ٍ تجوغ ببالتز پزٍتئیي در بزگ درهقبیغِ 

 کؾبٍرسی تَعؼِ بِ سیغتی کَدّبی اس اعتفبدُ ، هطبلؼِ ایي ًتبیج بِ تَجِ بب ؽذ. ببؽبّذ

 .ؽَد هی هحصَل کیفی ٍ کوی بْبَد ببػث کِ کٌذ هی کوک ارگبًیک
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