
113 
Advances in Environmental Biology, 7(1): 113-115, 2013 
ISSN 1995-0756 
     
 

This is a  refereed journal and all articles are professionally screened and reviewed                              ORIGINAL ARTICLE 
 

Corresponding Author 
Shahram Sharafzadeh; Department of Agriculture, Firoozabad Branch, Islamic Azad University, 
Firoozabad, Iran. 
E-mail: shahramsharafzadeh@hotmail.com; Tel: +98-9177158317. 

Impact of Azotobacter on Growth and Total Phenolic Content of Garden Thyme 
 
Sonia Naseri and Shahram Sharafzadeh  
 
Department of Agriculture, Firoozabad Branch, Islamic Azad University, Firoozabad, Iran 
 

Sonia Naseri and Shahram Sharafzadeh: Impact of Azotobacter on Growth and Total Phenolic Content 
of Garden Thyme 

 
ABSTRACT  
 

Garden thyme, member of Lamiaceae family, is one of the herbaceous perennial plants. The green part of 
thyme plant contains the most popular herbal medicine and spice, used in all developing countries. The plant 
growth promoting rhizobacteria (PGPR) can influence plant growth and metabolism. Azotobacter is one of the 
PGPR. In this study we applied different strains of Azotobacter in order to determine their effects on growth and 
total phenolic content of garden thyme. The treatments were different strains of Azotobacter (strains 5, 9, 12, 30) 
and they compared to control (without using bacteria). Experiment was carried out using a completely 
randomized design (CRD) with three replications. The highest value of shoot height (16.11 cm) was obtained by 
using strain 30. The maximum shoot fresh and dry weights were achieved on strain 30. Root fresh and dry 
weights were the maximum when strain 30 used. Total phenolic content was maximum (6.40 mg GAE/g dw) by 
application of strain 5.   
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Introduction 
 

Garden thyme (Thymus vulgaris L.), member of 
Lamiaceae (Labiatae) family, is one of the 
herbaceous perennial plants. Garden thyme is native 
to the western Mediterranean region and Southern 
Italy [7]. The green part of thyme plant contains the 
most popular herbal medicine and spice, used in all 
developing countries. Thyme has a very important 
role in phytotherapy [11]. Polyphenolic compounds 
are commonly found in medicinal plants and they 
have been reported to have multiple biological 
effects, including antioxidant activity [18].  

Agronomical factors and geographical 
environment can alter composition and quantity of 
active substances from a particular species of thyme 
plant [8,9].  

Biofertilizers are microbial inoculants contain 
living cells of micro-organism such as bacteria, algae 
and fungi which may help plant growth. Biological 
activities are markedly enhanced by microbial 
interactions in the rhizosphere of plants [16]. The 
plant growth promoting rhizobacteria (PGPR) can 
influence plant growth directly through the 
production of phytohormones and indirectly through 
nitrogen fixation and production of bio-control 
agents against soil-borne phytopathogens [4].  

Application of biofertilizers as substitute for 
inorganic fertilizers should not be considered as a 
simple objective and short term benefits, but as a 

mean to improve environmental conditions and 
human health. 

Azotobacter is one of the PGPR. In this study we 
applied different strains of Azotobacter in order to 
determine their effects on growth and total phenolic 
content of garden thyme. 

 
Materials and Methods 

 
Plant materials and experimental conditions: 

 
This study was conducted in experimental 

glasshouse of Islamic Azad University, Firoozabad 
Branch, Iran (28°35' N, 52°40' E; 1327 m above sea 
level). Thyme seeds were sown in the pots containing 
2/3 soil and 1/3 sand (v/v) and thinned at 4-6 leaves 
stage to one plant per each pot. The pot mixture were 
tested before applying treatments and the texture was 
clay loam with PH=7.12, organic C=0.03%, total 
N=0.05%, available P=3.8 mg/kg, available K=560 
mg/kg and EC=0.58 dS/m. Plants kept at 
233/153C day/night temperatures. The treatments 
were different strains of Azotobacter (strains 5, 9, 12, 
30) and comparing them to control (without using 
bacteria). The strains were prepared from Soil and 
Water Research Institute, Karaj, Iran. Inoculation 
was conducted via soil injection. Experiment was 
carried out using a completely randomized design 
(CRD) with three replications. Each replicate 
contained 5 pots. Plants were harvested at vegetative 
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stage. Shoot height and fresh weights of shoot and 
root were measured. Shoots were dried at room 
temperature and roots were dried at 60°C for 72 
hours. 

 
Determination of total phenolic content: 

 
250 mg of ground dried shoots was measured 

into a microtube. The sample was extracted with 
methanol 85% (with acetic acid) in ultrasonic bath 
for 15 minutes. Then the samples were centrifuged 
for 20 minutes at 10000 rpm then adding n-hexane to 
supernatant and were centrifuged for 10 minutes at 
10000 rpm again. Bottom phase contain polyphenols. 
Total phenolic content was determined by Folin-
Ciocalteu method. 200 µl of shoot extracts was 
added to 1 ml Folin- Ciocalteu’s reagent and 800 μl 
of 75 g/L sodium carbonate was added to the solution 
in the microplate. The plate was incubated in a dark 
condition for 90 minutes in room temperature. The 
absorbance was measured at 765 nm using a 
Microplate Reader. Total phenolic content of shoot 
extracts were expressed as mg gallic acid equivalent 
per gram of dried shoots (mg GAE/g dw).  

 
Statistical analysis: 

 
The data were subjected to analysis of variance 

(ANOVA) using SPSS computer software and means 
compared with DNMRT at 5% level of probability. 

 
Results and Discussion 

 
Azotobacter strains altered growth 

characteristics and total phenolic content of garden 
thyme (Table 1). The highest value of shoot height 
(16.11 cm) was obtained by using strain 30 which 
was significantly different when compared to control. 
The maximum shoot fresh and dry weights (7.60 
g/plant and 3.55 g/plant, respectively) were achieved 
on strain 30 which were not significantly different 
when compared to other strains. Root fresh and dry 
weights were the maximum when strain 30 used. 

Total phenolic content was maximum (6.40 mg 
GAE/g dw) by application of strain 5.     

PGPR help plants via different mechanisms. One 
is production of secondary metabolites like 
antibiotics, cyanide, and hormonelike substances. 
Another mechanism is antagonism to soilborne root 
pathogens and phosphate solubilization. 
Improvement of phosphorus nutrition is one of the 
factors involved in plant growth promotion by 
PGPR. These bacteria may improve plant P 
acquisition by solubilizing organic and inorganic 
phosphate sources through phosphatase synthesis or 
by lowering the pH of the soil [3,5,15]. Omidbaigi 
and Arjmandi [10], indicated that nitrogen and 
phosphorous are necessary for producing the highest 
yield of thyme. Udagawa [17], showed increasing in 
leaves fresh and dry weights of thyme by increasing 
in nutrients concentration in aquatic growing 
medium. According Sharafzadeh [14], nutrients are 
able to change growth and total phenolic content of 
garden thyme. 

Brown [2], revealed that Azotobacter paspali 
can release IAA in the medium. Reda et al. [12], 
reported that growth regulators increase total 
phenolic content in thyme. 

PGPR can biologically fix nitrogen [4]. 
Facilitating plant nutrition could be the mechanism 
by which PGPR enhance plant growth, since the 
nutritional plants status is enhanced by increasing the 
availability of nutrients in the rhizosphere [1,13]. 
Nguyen and Niemeyer [9], illustrated that nutrient 
availability affects the production of polyphenolic 
compounds in three cultivars (Dark Opal, Genovese, 
and Sweet Thai) of basil. 

The growth and phenolic content could be 
markedly affected by the geographical environment, 
places that plants is grown, physical and chemical 
characteristics of soil and the method used for 
determining phenolic content. 

In each column, means with the same letters are 
not significantly different at 5%  level of  Duncan’s 
new multiple range test. 

 
Table 1: Effects of different strains of Azotobacter on growth and total phenolic content of garden thyme.  

Azotobacter 
strains 

Shoot height 
(cm) 

Shoot FW 
(g/plant) 

Shoot DW 
(g/plant) 

Root FW 
(g/plant) 

Root DW 
(g/plant) 

Total phenolic 
content  
(mg GAE/g 
dw) 

Control 13.90 b 3.49 b 1.30 b 0.29 d 0.05 c 5.39 a 
Strain 5 14.78 ab 6.25 a 2.71 a 1.16 c 0.17 c 6.40 a 
Strain 9 13.24 b 7.13 a 3.06 a 2.63 b 0.47 b 5.52 a 
Strain 12 12.76 b 7.12 a 3.30 a 2.49 b 0.46 b 6.22 a 
Strain 30 16.11 a 7.60 a 3.55 a 3.61 a 0.77 a 6.08 a 
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