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Thyme is one of the most important medicinal plants in wild rangeland in Iran that has lots of
benefits. Pseudomonas flourescence is one of the effective plant growth promoting bacteria (PGPR) as
a bioinoculant for medicinal plants. This study aims to survey three inoculation techniques with PGPR
on growth and oil content in Thymus kotschyanus for organic cultivation. For this research, an
experiment was conducted in Randomized Complete Block Design at Research Institute Forest and
Rangelands, Tehran, Iran, with four treatments and three replications. In the first method, thyme seed
was treated in liquid bacterial suspension for 3 h, in the second method bacterial suspension injected
around the root before cultivation in farm and in the third method both seed and root have been treated
by the bacterial suspension. In all three methods of inoculation of P. fluorescence, an increase in
growth and the amount of essential oil was determined. The highest amount of root volume (30 mL)
compared to the control (15 mL) was significant at the level of P=0.05 and the highest amount of
essential oil (1.74%) was obtained by using the third inoculation method. It could be concluded that the
microbial inoculation method has a great influence on the yield of T. kotschyanus and bacterial
inoculation of seeds and roots had a greater effect, rather than inoculated separately for organic
cultivation.
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INTRODUCTION

The genus Thymus belongs to the family Lamiaceae and
18 species of this genus have been identified in Iran.
There are approximately 350 different species of thymus
worldwide. Thymus kotschyanus is one of the most
important medicinal plants found in wild rangelands in
Iran. Secretory hairs are the site of the accumulation of
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thyme essential oil (Salehnia et al., 2021).

All thymus species are rich in volatile compounds and
mainly contain thymol and carvacrol, which are potent
disinfectants. The essential oil of this plant has a special
place in world trade. The best way to prepare essential oil
from thyme is to distill it with water, which produces the
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highest yield of essential oil. Thyme contains 0.8 to 2.6%
of essential oil, most of which are phenols, monoterpene
hydrocarbons, and alcohols. Thyme contains compounds
such as flavonoids, saponins, and bitter substances
(Hedden et al., 2002).

Thyme aerial parts contain essential oils, tannins,
saponins, and herbal disinfectants. Thyme leaves are
used in food products, as well as plant essential oils in
beverage, pharmaceutical and cosmetic industries.

Application of microorganisms as biofertilizers for
improve crops and production has been used and
become a common practice in the last years. Plant
growth-promoting rhizobacteria (PGPR) (Kloepper, 1993)
has been known as biofertilizer because these
microorganisms adapt and grow rapidly around plant
rizosphers (Herndndez-Montiel et al., 2017; Azimova et
al., 2012). However, some reports indicate that
rhizobacteria inhibit the maximum growth of some plants
by producing hydrogen cyanide. Research has shown
that PGPR can increase plant growth and mineral uptake.
They facilitate plants growth even in stressful situations
(Salehnia et al., 2020).

The use of PGPR reduces the need for chemical
fertilizers and pesticides for medicinal and aromatic plant
species (Elavarasi et al., 2020; Amalan et al., 2017).

There have been numerous reports of stimulant effects
of these bacteria in the production of more valuable plant
chemicals and medicinal metabolites (Strigul et al., 2006;
Salehnia et al., 2020).

Pseudomonas fluorescens can cause increase in the
plant's access to absorbable iron in the rhizosphere and
subsequently play an important role in improving plant
growth in terms of quantity and quality (Ghorbanpour et
al.,, 2014). They are famous biofertilizers and also
through various mechanisms such as stimulating the
production of plant hormones such as auxin, cytokine and
gibberellin and also preventing the production of ethylene,
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 relationship. Jaleel et al.
(2007) indicated a significant increase on the amount of
ajmalicin by the application of non-native P. fluorescens
on Vinca seedlings (del Rosario et al., 2017).

The beneficial effects of PGPR and the mechanism of
joint adaptation of plants exposed to water deficit stress
(WDS) are always related to the interactions of plants
and microorganisms, which have exceptional effects on
morphological and anatomical traits of roots, such as root
networks and their biomass (Shahin et al., 2010;
Shrivastava et al., 2014).

Phosphate solubilizing bacteria expand plant growth by
absorbing essential minerals and increasing the solubility
of phosphorus in low-soluble mineral phosphates such as
phosphate rock, and many of them also release
phosphorus from organic compounds by producing
phosphatase enzymes (Messele, 2012).

Utilizing Dbiofertilizers under the organic agricultural
system is an approach to harvest high-quality and safe
products from medicinal plants (Dawa et al., 2014).

This study aimed to increase the quantity as well as the
quality of T. kotschaynus yield using P. fluorescens
without chemical fertilizers. Evaluation of three microbial
inoculation methods was carried out as well. This study
was conducted at the Alborz Research Complex,
Research Institute of Forests and Rangelands, in
Randomized Complete Block Design (RCBD) with four
treatments and three replications, on T. kotschyanus
inoculated with P. fluorescens.

MATERIALS AND METHODS

In this study, to investigate the efficiency of three inoculation
methods of P. fluorescens on growth, characteristics and
percentage of essential oil of T. kotschyanus, an experiment was
conducted in Randomized Complete Block Design with four
treatments and three replications at Alborz Research Complex,
Research Institute of Forests and Rangelands.

Farm soil characteristics

Phosphorus (ppm), 51/9; Potassium (ppm), 788/475; Organic
matter (percentage), 1/878; Texture, Lumi Sandy; Acidity, 8/1.

Bacterial inoculum origin

The standard bacterial strain of P. fluorescens (169) was obtained
from the Soil and Water Research Institute, Tehran, Iran.

Bacterial inoculation methods in thymus
Method1

Thymus seeds were placed in a sterile plate after determining the
germination potential. For each seed, 5 mL of bacterial liquid
suspension of P. fluorescence standard strain (169) prepared by
the Soil and Water Research Institute with a population of 10°
cfu/mL was added. For better effectiveness, Arabic gum as a carrier
was added for seed adhesive. Bacterial suspension was inoculated
at 10° cfu/mL at room temperature (25°C) on a shaker at 120 rpm.
Then, after 48 h of incubation, constant turbidity with absorption of
560 nm was read by spectrophotometry.

Method 2

After rooting and seedlings emergence, 50 mL of the bacterial
suspension was added with 10® cfu/mL using sterile syringe, in the
zone around the root, in fact in the rhizosphere area of the plants.
The suspension was prepared and the turbidity was fixed as in the
first method.

Method 3

Both site inoculation, bacterial suspension with a population of 10°
cfu/mL grown in B-King liquid medium was added by half
McFarland method in Erlenmeyer 100 mL with physiological serum
in a ratio of 1 to 9 to reach a population of 107 cfu/mL, then as in the
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Table 1. Results of analysis of variance of growth parameters of Thymus kotschyanus under three inoculation methods of P.

fluorescens compared to control group.

Treatment Dry weight Rogt fresh Rqot dry Root volume Number of Branch height
(9) weight (g) weight (g) (mL) branches (cm)

Control 20™ 2.75 1.87™ 15" 20" 4.20™

P. fluorescens SRI 24.75" 3.55 2.82° 30* 25" 6.5

P. fluorescens Sl 22.45™ 3.15 2.15"™ 21™ 22" 5.05"™

P. fluorescens RI 23.04" 3.21™ 2.3 27* 23" 5.21"

p-value <0.05 *, <0.10**, <0.001***, <0.0001**** ns: no significant. RI: Root inoculation, SI: Seed Inoculation, SRI: Seed & Root Inoculation.
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Figure 1. Effect of different inoculation methods of P. fluorescens on T. kotschyanus
EO'’s percent. RI: Root inoculation; Sl: Seed Inoculation; SRI: Seed & Root Inoculation.

first method (5 mL per seed) and the as the second method (50 mL
of the bacterial suspension in contact with plant roots) was added.

Thymus growth characteristics

For plants harvested after 3 months from transplanting, the branch
height, number of branches, plant dry weight, root volume, fresh
and dry weight of roots were measured. After the growth period of
the plants was completed, eight complete plants were removed
from the middle of each cultivation line and transferred to the
laboratory. After thorough washing and complete removal of sludge
and dewatering with paper towels, first, the fresh weight of roots
and shoots was read by a digital scale with an accuracy of 0.001 g
and then by an oven at 70°C for 96 h. It was dried and the dry
weight of roots and shoots was determined (Jones et al., 1993).

After irrigation, the roots were carefully removed from the culture
medium and washed. A graduated cylinder with a specified volume
of water was used to determine the root volume (mL). Root volume
was measured by the amount of water displaced in the graduated
cylinder.

Oil content

The branches were dried for 10 days in shade, then ground and oil
content was estimated after the steam distillation using Clevenger’s
apparatus for 4 h.

Statistical analysis

Statistical analysis of the data was done by one-way (ANOVA) with

Tukey’s post-hoc test.

RESULTS AND DISCUSSION

In all three methods of inoculation of P. fluorescence, an
increase in growth and the amount of essential oil was
determined (Table 1). The effect of inoculation by mixed
method (roots and seeds) had a greater effect on
morphological traits, plants growth and percentage of
thyme essential oil. The highest amount of root volume
with 30 mL compared to the control (15 mL) was
significant at the level of P<0.5. The highest dry weight of
the plant (24.75 g) and the highest number of branches
(25), respectively, compared to the control (20 g and 18
g) showed no significant differences. The highest amount
of essential oil (1.74%) was obtained in inoculation of P.
fluorescens in the third method (seeds and roots) (Figure
1). In this study, inoculation of P. fluorescence by liquid
suspension method with seeds, roots and rhizosphere of
the plant had a positive effect on morphological
characteristics and percentage of T. kotschyanus
essential oil, which had a significant effect on some
characteristics. The increased fresh and dry weight and
root volume of roots in comparison with control was
observed.

In general, seed and root inoculation in comparison
with seed and root inoculation was significantly significant
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at p <0.05 root dry weight and branch height.

The study results are in agreement with those of
Eltayeb (2017), which indicated that dipping method was
more effective in inoculating plants with biofertilizers, than
soil application technique.

Also, the study proved that inoculating bacterial
biofertilizers could increase oil content which is in an
agreement with the study of Hamed et al. (2017) who
used Azotobacter chroococcum, Bacillus megaterium and
Saccharomyces cerevisiae as biofertiliers to enhance the
yield of lemon grass and its essential oil content.

Conclusion

It could be concluded that the microbial inoculation
methods had a great influence on the vyield of T.
kotschyanus for both the blossoms and the essential oil
content. All three inoculation methods increased the
growth of thyme, but combination methods had the
greater effect which means that inoculation on seeds and
roots can be more effective and utilizing for organic
cultivation of thyme. Although the effect of inoculation of
P. fluorescens has a positive effect on plants growth and
as a biofertilizer it can be combined with arbuscular
mycorrhiza fungi (AMF). But the most effective
techniques or methods of inoculation of these bacteria
must be considered for best results and it will be helpful
for organic farming and achieving best production.
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