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 Inoculation of medicinal plants by Plant Growth-Promoting Rhizobacteria 

(PGPR) improves plant characteristics, essential oils (EOs), and secondary 

antimicrobial metabolites. To evaluate the antimicrobial activities of 

Thymus kotschyanus (T. kotschyanus) treated with rhizobacteria 

Pseudomonas fluorescence (P.flourescence). The characteristics, including 

fresh and dry root mass and height of T. kotschyanus, were assessed with 

or without P.flourescence strain Pf169 treatment. GC-mass GC/MS were 

used to analyze the antimicrobial metabolites of T. kotschyanus's EOs with 

and without Pf169 treatment. Antibacterial effects of Pf169-treated T. 

kotschyanus were evaluated by agar diffusion method against tree 

multidrug resistance (MDR) Acinetobacter baumannii, Pseudomonas 

aeruginosa, and Staphylococcus aureus. The results showed an 

improvement in T. kotschyanus after Pf169 inoculation. Furthermore, 

Pf169 inoculation has led to increased levels of monoterpenes. 

Antimicrobial compounds in T. kotschyanus's EOs were active against 

three pathogens. P. fluorescence modulated T. kotschyanus's EOs and its 

secondary metabolites can be used as an option against MDR bacteria alone 

or combined with common antibacterial agents. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The rhizosphere microbes play a crucial role in improving secondary metabolite values of medicinal plants 

by increasing and facilitating nutrient uptake, stress tolerance, and eliminating pathogens [1]. Nitrogen and 

phosphorus uptake can enhance secondary metabolites biosynthesis in medicinal plants. Plant Growth-

Promoting Rhizobacteria (PGPR) inoculation is a viable technology to improve the quantity and quality of 

medicinal plant compounds [2]. The enlarged concentration of monoterpenes in PGPR-inoculated plants may 

be due to the microorganisms' growth-promoting substances, which affect plants' metabolic pathways. 
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One of the most important plants in the pharmaceutical, cosmetic, and food industries is Thymes herb species, 

and their essential oils and extracts are used to manufacture many medicines. Thymus belongs to the genus 

Mentha, and 14 species have been reported in Iran. Thymus kotschaynus is one of the important species of 

thyme in Iran wild rangelands with many compounds and antimicrobial secondary metabolites [3]. It is very 

necessary to study the medicinal properties of species of Thymus. Carvacrol, thymol, and geraniol are thyme's 

main compounds and the primary source of its antimicrobial properties [4]. 

 

Pseudomonas bacteria substantially inhibit fungal pathogens due to siderophore production and competition 

for various substrates, especially iron. There are numerous reports on the stimulating effects of these bacteria 

on the additional production of plant phytochemicals and precious medicinal metabolites [5]. Showed that 

the inoculation of Pseudomonas fluorescens on Mentha piperita caused an increasing amount of pulegone 

and reduction of menthone [6]. A further study by [7] was shown that inoculation 

of Pseudomonas fluorescens could increase Monoterpenes and phenolic compounds. Pseudomonas bacteria 

also through numerous mechanisms such as stimulating the production of plant hormones such as auxin, 

cytokine, and gibberellin and also preventing the production of ethylene, cause increasing the solubility of 

inorganic and organic phosphate, producing microbial siderophores to increase plant access to absorbable 

iron, nitrogen fixation in symbiotic Or non-symbiotic in stimulating and improving plant growth in terms of 

quantity and quality [5]. 

 

Due to the rising importance of antibiotic-resistant bacteria and the need to use natural drugs, the optimization 

and productivity of medicinal plants are crucial. Some reports have been shown resistance to all known 

antibiotics in several human disease-associated bacterial species, including Acinetobacter baumannii [8] 

Pseudomonas aeruginosa [9], and Staphylococcus aureus [10]. This might be due to low cell wall 

permeability (intrinsic resistance), production of beta-lactamases, aminoglycosides, and cephalosporinases, 

changes in antibiotic binding protein sites, and active efflux mechanism pumping antibiotics out [11]. 

 

EOs have been shown to have inhibitory effects against antibiotic-resistance bacterial pathogens. They are 

also capable of wielding an inhibitory effect on biofilm formation. Therefore, the study aimed to enhance the 

effect of plant growth-promoting bacteria Pseudomonas fluorescence (P. fluorescence) (strain Pf169) on the 

growth and variation in antimicrobial secondary metabolites of thyme against the common antibiotics on 

three important pathogenic bacteria, including Acinetobacter baumannii (A.baumanii), Pseudomonas 

aeruginosa (P.aeroginusa) and Staphylococcus aureus (S.aureus). 

 

2. Material and methods 

 

2.1 Bacterial inoculum preparation 

The standard PGPR strain of P. fluorescence R-169 (Pf169) was purchased from the Soil and Water Research 

Institute (Tehran, Iran). 108 cfu/ml of bacterial inoculant was prepared equivalent to the McFarland turbidity. 

The inoculum was prepared by inoculating the sterilized LB medium with the tested organism and incubated 

for 48 hours at 30 °C. 

 

2.2 Planting thyme and Inoculation in Greenhouse and field  

The soil containing Peat-moss and fine perlite (1:1) was sterilized for 3 hours at 121 °C by autoclave. 

Cultivation trays were prepared in the greenhouse and sterile conditions to cultivate Thymus 

kotschyanus divided into two groups, including inoculation with Pf169 and the control group. For bacterial 

inoculation, the thyme seeds were placed in sterile Petri dishes containing bacterial liquid suspension with a 

population of 107 cfu/ ml for 3 hrs. Arabic gum as a carrier was added for seed adhesive for better 
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effectiveness.  After seedling, plants were transferred to the field with 50 ml of Pf169 suspension using a 

sterile syringe in the zone around the rhizosphere. Irrigation was done at the beginning of transfer and 

regularly during growing. No chemical fertilizers and pesticides were used. 

 

2.3 Harvesting of thyme and essential oil extraction 

After the half-blossoming stage in three months, samples were randomly collected from a five cm height on 

each cultivation line to determine growth factors and characteristics of T. kotschyanus. Thyme leaves and 

blossoms were placed in the shade and dried for one week. Also, some of the thyme roots were randomly 

extracted to measure dry and fresh root weight, and also root volume was measured by a graduated cylinder. 

EOs extraction of dried aerial parts was performed using the clevenger apparatus for four hours by distillation 

method. 

 

2.4 GC-mass analysis 

GC-MS analysis was carried out by Thermo UFM (Thermo Fisher, Was, USA) gas chromatographer with an 

internal coating of 5% dimethylsiloxane phenyl. The column temperature was set between 60-280 °C and 

increased at a rate of 80 °C/min. The detector and injection chambers temperature were set at 290 °C 280 °C, 

respectively. 

 

2.5 GC/MS characteristics 

GC/MS analysis was carried out on a Varian 3400 gas chromatography combined with Saturn II mass 

spectrometer (Ion trap) operating at 70 eV ionization energy, which was equipped with a DB-5 fused silica 

capillary column, 30 m × 0.25 mm, 0.025 mm film thickness (J&W Scientific, Folsom CA).  

 

The head pressure was set at 35 psi with the column temperature variation of 60-250 °C at the rate of 3°C 

min, the injection chamber temperature of 260 °C, and the transfer line temperature of 270 °C. The carrier 

gas was helium with a linear velocity of 31.5 cm/s. 

 

The scan time was one second, the ionization energy was 70 eV, and the mass area was 40 to 340. The spectra 

were recognized by their retention indices (RIs) compared to those found in the literature using mass spectra 

and standard compounds and based on data in the computer library. 

 

2.6 Bacterial Samples and identification 

Clinical samples of A. baumannii (n = 30), P. aeruginosa (n = 35), and S. aureus (n = 40) were collected 

from respiratory secretions, skin, wound, and blood of patients in the Arman's hospital. Respiratory samples 

were collected from bronchial washing and sputum. Blood culture was performed on 5 mL of blood samples 

inoculated in TSB and incubated at 37 °C for one week. Skin and wound samples were taken at the injury 

sites with sterile physiologic serum. Samples were immediately cultured in the MacConkey agar, blood agar, 

and BHI agar (bioMerieux, France). Vitek system (12) was used to identify the bacterial genus and species.  

 

Antibiotic resistance of MRSA samples was determined as described before (13). Also, the standard strains 

of A. baumannii (ATCC BAA-747), P. aeruginosa (ATCC 27853), and S. aureus (ATCC 33591) were 

obtained from the Iranian Biological Resource Center (Tehran, Iran) and used as controls. 

 

2.7 Antimicrobial activity Thymus kotschyanus's EOs 

Antimicrobial activity of T. kotschyanus's EOs with or without P. fluorescence inoculation was assessed by 

determination of inhibition zones (IZ) with disc diffusion method, followed by testing for antimicrobial agents 

susceptibility described by the standard CLSI with some modifications. Accordingly, 500 ml of an 18 hours 
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culture of each bacterial culture (at 0.5 μl of McFarland) (108CFU/ml) was added in TSA. EOs of each sample 

were diluted to 1:5, 1:25, and 1:50 ratios by DMSO. The plates were incubated at 37 °C for 24 hrs, after 

which the growth inhibition zone was measured in millimeters. 

 

2.8 Susceptibility testing 

The susceptibility of clinical cultures was assessed in antibiotic treatments, including cefotaxime (30 mg), 

ciprofloxacin (5 mg), imipenem (10 mg), amikacin (30 mg). Accordingly, the disc diffusion method on TSA 

was used to determine the bacterial susceptibility of clinical cultures. Cultures were incubated at 35 °C for 18 

hrs. The results were interpreted according to the Clinical and Laboratory Standard Institute (CLSI) (14-16). 

Each test was performed in triplicates. 

 

2.9 MIC and MBC determination 

The tubular dilution method determined the minimum inhibitory concentration (MIC). Serial concentrations 

of EOs were prepared between 0.125 to 500 μg/ml with 100 μl bacterial suspension 108 cfu/ml in microplates. 

Microplates were incubated at 37 °C for 24 hrs. After that time, the lowest concentration of EOs with no 

turbidity (no microbial growth) was determined as MIC. To determine MBC, 5 μl of each microplate wells 

were taken and transferred to an EO-free medium at 37 °C for 24 hrs. The minimum concentration of EO that 

inhibited the growth of microorganisms was determined as MBC. 

 

2.10 Statistical analysis 

One-way ANOVA was used to evaluate variance statistics through SPSS software. The post-hoc Tukey 

statistics were used to compare the means of each variable. Graphs were drawn by MS-Excel 2019 (17-22). 

 

3. Results 

 

3.1 Pf169 effect on T. kotschyanus  

The results showed enhanced biological activity on Thyme characteristics due to Pf169 inoculation. 

Accordingly, the fresh weight and volume of T. kotschyanus's root significantly increased in the treated group 

than in the control group (Table 1). Furthermore, inoculation with Pf169 substantially enhanced T. 

kotschyanus growth, root volume, and dry/fresh weight. No significant effect was observed on plant dry 

weight after Pf169 inoculation. Moreover, the Pf169 treatment showed an increase in plant height (25 cm). 

An increasing Eos in 100 gr of plant dry weight was observed after Pf169 was inoculated compared with the 

control group (p-value < 0.05).  

 

Table 1. The effect of pf169 on T. kotschyanus characteristics. 

Treatments D.W€ Height Veg cover Branch 
R.V¥ 

 
R.D.W£ R.F.W₫ 

Moisture 

content 

EO 

yield∂ 

Pf169 

treated 

24.73±0.12 

ab 
25±0.31 a 188.45±0.23a 

25.0±0.25a 

 
30.00±0.17a 5.96±0.32a 12.5±0.25a 5% 1.75a 

Control 20±0.24b 20±0.14a 165.07±0.25a 
18.7±0.41a 

 
15.00±0.13b 3.45±0.42b 8.53±0.41b 3% 0.85b 

€ Dried weight, ¥ Root volume, £ root dried weight, ₫ Root fresh weight, ∂ in 100 gr D. 

Within each column means followed by the same letter are not significantly different based on Tukey’s test Values are means _ SD (n 

= 3); p-value <0.05 
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3.2 EOs Constituents 

According to GC and GC/MS analyses, 24 main compounds were identified from T. kotschyanus's EOs. The 

EO samples of both Pf169 treated and the control group consisted of monoterpene hydrocarbons, oxygenated 

monoterpenes, and sesquiterpene hydrocarbons (Table 2). 

 

A decreased amount of monoterpenes hydrocarbons such as α-thujene, p-cymene, 1,8-cineol, δ-terpinene 

were observed in the Pf169 treated group. However, cis-sabinene hydrate was increased in the Pf169 treated 

group. In addition, in the Pf169 treated group, the oxygenated monoterpenes constituents, including Borneol, 

Thymol, Carvacrol with 2.31%, 2.35%, 9.31%, were decreased. However, some constituents like Nerol 

(3.42%), Neral (4.79%), Geranial (7.02%), Geraniol (63.71%), Geranyl acetate (20.02%) were significantly 

increased after Pf169 inoculation. Sesquiterpene hydrocarbons had no significant changes except E-

Caryophyllene, which showed a slight increase in the Pf169 treated group (Table 2). 

 

Table 2. Compositions of T. kotschyanus's EOs in Pf169 inoculation and control groups. 

P. fluorescens 

(Mean±Std.Err) 

 Control

)Mean±Std.Err( 

LRI£ ¥RI RT€ Compound No 

Monoterpene hydrocarbons  

0.31±0.01 1.02±0.51 931 933 5.06 α-thujene 1 

1.25±0.05 1.26±0.43 939 940 5.17 α-pinene 2 

0.94±0.04 0.62±0.03 953 953 5.39 Camphene 3 

0.89±0.62 1.55±1.10 976 978 6.18 Sabinene 4 

0.26±1.02 0.58±0.01 980 982 6.24 β-pinene 5 

0.50±0.31 1.32±0.52 991 992 6.46 Myrcene 6 

0.69±0.02 1.20±0.03 1018 1021 7.35 α-Terpinene 7 

1.59±0.81 7.48±0.96 1026 1028 7.51 P-cymene 8 

1.32±0.01 0.46±0.11 1031 1032 7.59 Limonene 9 

7.67±1.17 18.76±0.22 1034 1035 8.07 1,8-cineol 10 

2.33±1.00 11.45±0.10 1060 1063 9.02 δ-terpinene 11 

3.62±1.07 0.67±0.75 1068 1069 9.23 Cis-sabinene hydrate 12 

Oxygenated monoterpenes  

0.49±0.82 0.28±0.02 1098 1098 10.35 Linalool 13 

2.31±1.36 5.02±0.12 1165 1167 13.15 Borneol 14 

3.42±0.07 1.32±0.48 1228 1230 15.57 Nerol 15 

4.79±0.09 0.27±0.02 1240 1242 16.29 Neral 16 

63.71±4.05 3.67±1.52 1255 1256 17.12 Geraniol 17 

7.02±0.43 0.55±0.01 1270 1272 17.48 Geranial 18 

2.35±1.02 19.59±0.52 1290 1293 18.47 Thymol 19 

9.31±1.62 14.50±0.06 1298 1302 19.10 Carvacrol 20 

20.02±3.41 1.20±0.24 1383 1385 22.43 Geranyl acetate 21 

Sesquiterpene hydrocarbons  

2.31±0.05 1.27±2.22 1418 1418 24.07 E-Caryophyllene 22 
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1.98±0.95 1.04±0.10 1480 1483 26.42 Germacrene D 23 

0.52±0.62 0.87±0.51 1494 1495 27.20 Bicyclogermacrene 24 

€ Retention time, ¥ Retention indices, £ Linear retention indices  

 

3.3 Antibacterial activity 

The antibacterial properties of T. kotschyanus's EOs were assessed against three important pathogenic 

bacteria, including S. aureus, A. baumanii, P. aeruginosa, in both Pf169 treated and control groups (Figure 1 

and Figure 2).  

 

As the thyme's EOs consisted of antimicrobial constituents against S. aureus, a dose-dependent inhibitory 

effect was observed in dilutions of 1:5 and 1:25 of the Pf169 treated group, but at 1:50 of EOs concentration, 

no inhibition was observed. The amount of MIC in the Pf169 treated group was 1.49 μl/ml, and it was less 

than the observed in the control group (2.53 μl/ml). Furthermore, A. baumanii isolated from clinical samples, 

as well as a standard Cefotaxime-, Ciprofloxacin-, Imipenem-, and Amikacin-resistant strain (Table 3), 

showed an increased inhibition due to T. kotschyanus's EOs treatment in control (MIC = 1 μl/ml) and Pf169 

treated (MIC = 0.5 μl/ml) groups. The growth IZ at dilution 1:1 was 21 mm in the inoculated Pf169 treatment 

and 19 mm in the control group. Also, MBC in Pf169 inoculated was 2.11 μl/ml, which was lower than in the 

control group (3.02 μl/ml). 

 

Table 3. Antibacterial activity of T. kotschyanus's EOs against clinical samples of three pathogenic both 

with or without Pf169 inoculation by disc diffusion method 

Pathogenic bacteria 

MIC of 

Control 

(μl/ml) 

MBC of 

Control  

(μl/ml) 

IZ EO’s Control (mm) 

Ratios 
MIC with 

Pf169 

(μl/ml) 

MBC 

with 

Pf169 

(μl/ml) 

IZ EO’s with Pf169 (mm) 

RAtios 

1 1/5 1/25 1/50 1 1/5 1/25 1/50 

Staphylococcus aureus 

clinical samples n=40 
2.53 5.15 20±1.01a 12±0.65b 5±1.10a - 1.49 3.21 22±0.34a 

16±0.41

a 
4±1.97a - 

Staphylococcus aureus 

(ATCC 33591) 
2.12 4.26 21±2.01b 12±0.32c 4±2.05c - 1.21 3.04 23±0.12a 

15±0.51

a 
5±1.35a - 

Acinetobacter baumanii 

clinical samples n=30 
1.08 3.02 19±1.12a 14±0.26a 2±0.52a - 0.51 2.11 21±1.58a 

15±1.61

a 
5±0.84a - 

Acinetobacter baumannii 

(ATCC BAA-747) 
1.87 3.46 17±0.32a 12±2.23a 2±0.21a - 0.95 1.97 20±1.04a 14±95a 4±0.98a - 

Pseudomonas aeruginosa 

clinical samples n=35 
3.55 7.13 5±0.95c - - - 2.51 5.01 15±0.96a 

10±0.28

a 
3±1.72a - 

Pseudomonas aeruginosa 

(ATCC 27853) 
2.17 6.36 6±0.25c - - - 2.11 4.86 15±1.36a 8±0.15a 2±021a - 

Antimicrobial activities were measured as inhibition diameter zones in millimeters (mm), (Resistance): 0 mm; (Semi Resistance): 1–5 mm; (moderate): 5–10 mm; 

(Sensitive): ≥15 mm Values are expressed as a mean of three replicates. Values with different letters in the same column indicate statistically significant differences 

(Tukey's test, p < 0.05). 
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Figure 1. MIC Comparison of T. kotschyanus's EOs with or without Pf169 inoculated 

 

 
Figure 2. of MBC comparison of T. kotschyanus EOs with or without Pf169 inoculated 

 

Table 4. The result of disk fusion for routine antibiotics against S. aureus, A. baumanii, and P. aeruginosa 

Pathogenic bacteria Cefotaxime Ciprofloxacin Imipenem Amikacin Vancomycin 

S. aureus R R R R S 

A. baumanii R R R R NT 

P. aeroginosa R R R S NT 

R, resistance; S, sensitive; NT, not tested 

As is shown in table 4, clinical isolates of S.aureus were resistant to all antibiotics except vancomycin. In 

addition, A.baumanii was resistant to all antibiotics. Moreover, P.aeroginosa was only sensitive to amikacin.  

 

4. Discussion 

Despite all advances in the medical sciences [23- 25], bacteria remain health threating issues [26- 31]. 

Medicinal plants are a great source of antimicrobial metabolites (32), and the domestication of these plants 
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and modulating their antimicrobial compounds by PGPR is considered a novel technology for the use of 

natural products in medicine and pharmaceuticals. Therefore, the study aimed to enhance the effect of P. 

fluorescence strain Pf169 on the growth and variation in antimicrobial secondary metabolites of T. 

kotschyanus on three clinical isolates and antimicrobial resistance bacteria, including A.baumanii, 

P.aeroginusa, and S.aureus. 

 

The findings showed that P.flourescence treatment had a positive effect on growth, dry or fresh root volume 

and weight, and secondary metabolites in T. kotschyanus. The previous report has shown that PGPR use helps 

the plant fitness and improvement for growth and change in the phytochemical and pharmaceutical compound 

[33- 35]. Here, it was observed that inoculation of the T. kotschyanus with Pf169 has enhanced the plant's 

characteristics. This would lead to better minerals absorption, help the plants nutrition, and increase the 

biomass of glandular trichomes, the key structure for EOs production. It is also an indication of the 

P.fluorescens role to increase the production of T. kotschyanus's secondary metabolites and EOs. The results 

are consistent with previous findings indicating PGPR as a tool to improve growth factors in medicinal plants. 

Reported that P. fluorescens and Bradyrhizobium sp could improve shoot length, shoot weight, and root dry 

weight [35]. Moreover, have been shown that the use of P. extremorientalis has a significant effect on 

improving root and shoot length and total biomass of Silybum marianum [36]. 

 

Further results of the presented study showed that some important T. kotschyanus constitutes such as thymol 

and carvacrol are decreased after treatment with Pf169. This may also activate another metabolite pathway, 

by which a significant amount of geraniol and geranyl acetate with strong antibacterial effects are produced 

[37]. Although phytochemical compositions in different thyme species mainly depend on harvesting time, 

plant genotypes, and culture conditions, in T. kotschyanus, the main compounds are α-thujene, δ-terpinene, 

p-cymene, 1,8-cineol, thymol, carvacrol, geraniol, geranial, and geranyl acetate.  The findings are consistent 

with the study of [35] who showed inoculation of various PGPR strains such as P. fluorescens could increase 

the production of specific metabolites like terpenes, leading to significant increases in total EOs content. 

Improvement in growth and enhancement in secondary metabolites by PGPR inoculation has been reported 

for several medicinal plant species [38- 42]. Various mechanisms modulate the change in secondary 

metabolites by PGPR. Here, it was observed that inoculation of Pf169 changes roots structure by absorption 

of phosphorous minerals and induction of phytohormones through increased numbers of branches due to 

increased production of secondary metabolites. 

 

Despite the operative inhibitory effect of thyme EOs, Inoculation with growth-promoting bacteria causes a 

remarkable change in the secondary metabolites of this plant through different metabolic pathways, and some 

antimicrobial constitutes may increase. The interaction of such chemicals can increase the antimicrobial 

properties of the EOs against some drug-resistance pathogenic bacteria. Gram-negative bacteria might be 

more sensitive to EOs due to the presence of lipopolysaccharide. This made a bacterium more permeable to 

EOs penetration through its membrane and thus inhibited their growth. Accordingly, the antimicrobial effect 

of various species of thyme has been reported [43- 46]. Most of the reported constituents are phenolic and 

alcoholic compounds with a decent inhibitory effect against various bacterial species. 

 

In the present study, it was found that the lower amount of thymol and carvacrol in Pf169 treatment another 

metabolite pathway has been activated that leads to producing a significant amount of geraniol and geranyl 

acetate that has a strong antibacterial effect. Furthermore, the antibacterial activity of T. kotschyanus's EOs 

against P. aeruginosa indicated a semi-resistant behavior in both Pf169 treated and control groups. As a result, 

P.aeruginosa was the most resistant bacteria to the T. kotschyanus's EOs. Despite the reduction in thymol and 

carvacrol percentage in Pf169 treated T. kotschyanus, the antibacterial activity of the EOs might be due to the 
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changes in the EO's chemical composition and interactions between the various constituents of the EOs that 

lead to a synergistic effect in antibacterial feature and increased synthesis of some other oxygenated 

monoterpenes such as geraniol, geranyl acetate, and citrals, which have antimicrobial properties. 

 

5. Conclusion 

Considering the utilizing of T. kotschyanus's EOs in combination with antibacterial or alone will make some 

treatment approaches of opportunistic and multidrug-resistance (MDR) bacteria. It is also possible to apply 

P. fluorescence as a PGPR to modulate T. kotschyanus's secondary metabolites with enhanced antimicrobial 

constitutes. Overall, P. fluorescence modulated T. kotschyanus's EOs and secondary metabolites can be 

utilized as a choice against MDR bacteria alone or combined with common antibacterial agents. 
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