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Figure 1. Effect of different essential oil doses on soil reaction at different incubation day periods. 
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ABSTRACT 
Plant essential oils have been known since antiquity to possess notable biological activity, including antibacterial, antifungal and 

antiviral properties. Achillea millefolium (Y1), Artemisia dracunculus (Y2) and Salvia officinalis (Y3) plant species are well known for 

their high contents in aromatic compounds, and essential oils. This study focused on the impacts of essential oils of Achillea, 

Artemisia and Salvia plants on; (a) soil reaction, (b) soil bacteria and fungi population and (c) soil respiration. Soils were collected 

from the research farm of Ataturk University, Erzurum, Turkey and 0-20 cm depth. We used four different essential oil doses (0, 100, 

1000 and 10.000 ppm). Soils were potted and incubated for several weeks and taken soil samples for analysis of bacteria, fungi and 

soil respiration in different incubation days (0, 15, 30, 45, 60 days).  

According to our study soil pH level, bacteria populations and soil respiration decreased with increasing essential oil concentration 

and the lowest pH level has been obtained in 60 days incubation periods, but opposite effect has been observed on fungi 

populations at the 60 days incubation period. Among different essential oils Y1 applications has been shown low effect, and Y3 

application shown high effect on soil reaction, soil bacteria and fungi populations and soil respiration in the soil. 
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Soil Respiration 
The highest soil respirations were observed at 15 days incubation periods and 100 ppm essential oil doses in all essential oil 

applications (1,54±0.2, 1,62±0.2 and 1,70±0.15 Mg CO2-C ha-1 y-1, respectively). The lowest soil respirations were observed at 60 days 

incubation periods and 10.000 ppm essential oil doses in all essential oil applications (1,25±0.15, 1,17±0.12 and 1.02±0.14 Mg CO2-C 

ha-1 y-1,  respectively).  

Among the essential oil applications, Y1 essential oil aplication supported the highest soil respirations (1.70±0.2 Mg CO2-C ha-1 y-1) at 

15 days incubation periods and Y2 application supported the lowest soil respirations (1.02±0.3 CFU Mg CO2-C ha-1 y-1) at 60 days 

incubation periods, respectively. The soil respirations generally decreased with increasing incubation day periods. Among the different 

incubation days, the highest soil respirations were observed at 15 days incubation period and the lowest for 60 days incubation period 

(Figure 3).  

Microbial population analysis 
Determinations of viable microbial bacteria (Ogram and Feng, 1997) and fungi counts (Alef, 1995) were carried out at five different 

incubation periods (0, 15, 30, 45 and 60 days) of soils and was analyzed the same day. 

Basal respiration 
Basal respiration (BR), as a measure of soil biological activity, was determined by using in vitro static incubation of unamended field 

moist soil (Islam and Weil, 2000).  

Statistical analysis 
Analysis of variance (ANOVA) was used to evaluate the significance of each treatment on soil properties and CO2 fluxes and on 

bacterial and fungal populations. 

RESULTS AND DISCUSSION 
Soil Reaction 
According to obtained results in this research, the highest pH were observed at 15 days incubation period and 100 ppm essential oil 

concentration (6.70±0.7, 6.70±0.5 and 6.68±0.4, respectively). The lowest pH from soils in applying essential oils of Achillea, 

Artemisia and Salvia plants were observed at 60 days incubation periods and 10.000 ppm essential oil concentration (6.43±0.6, 

6.48±0.4 and 6.45±0.5, respectively). The pH value generally decreased with increasing essential oil concentration. Among the 

essential oils, the highest soil pH was observed for the Artemisia (Y1) essential oil application and the lowest for the Salvia (Y3) 

essential oil application. Obtained soil pH value from the Y1, Y2 and Y3 essential oil treatments were shoved significant (p<0.01) 

differences as statistically in different incubation day periods (Figure 1). 

CONCLUSION 
In this study, we examined the effects of different essential oil doses on average soil pH, bacteria and fungi population and 

soil respirations in soils. 

 Soil pH level of the soil in different incubation periods were the highest in 15 days incubation periods among all incubation 

day periods and the lowest in 60 days incubation periods. 

 The highest soil pH level were observed in Y3 applications in 15 days incubation periods and the lowest pH level were 

observed in Y1 applications in 60 days incubation periods among different essential oils 

 The highest bacteria populations were observed in 15 days incubation among all incubation day periods, the highest fungi 

population were observed in 60 days incubation among all incubation day periods. 

 The highest bacteria populations were observed in Y3 application and the lowest in Y1 applications among different 

essential oils. The highest fungi populations were observed in Y1 application and the lowest in Y3 applications among 

different essential oils. 

Soil respirations in different incubation periods were the highest in 15 days incubation days and the lowest in 60 days 

incubation periods among all incubation day periods. 

 The highest soil respirations were observed in Y3 application in 15 days incubation periods and the lowest soil respirations 

were observed in Y1 applications in 60 days incubation periods among different essential oils.  

MATERIALS AND METHODS 
Soil 
Soils were collected from the research farm of Ataturk University, Erzurum, Turkey and the 0-20 cm depth. 

Plant 
The leaves of Achillea, Artemisia and Salvia plants were collected from Erzurum region of Turkey at the flowering stages. 

Essential Oil 
Shaded dried leaves were ground and subjected to hydrodistillation (Langenau, 1948), using a Clevenger type apparatus 

(Clevenger, 1928). Three different plant essential oil doses (0, 100, 1000 and 10.000 ppm) were prepared. Soils were potted and 

incubated for several weeks (0, 30, 45, 60 days). 

Soil Analysis 
Soil samples were collected from Ap horizon and sieved through a 2-mm mesh opening on the field and brought to the laboratory for 

initial chemical, physical and microbial analysis. 

Table 2. Some initial chemical, physical and microbiological properties of the experimental soil. 

Figure 2. Effect of different essential oil doses on bacteria and fungi populations at different incubation days periods. 

The highest fungi populations were observed at 60 days incubation periods and 1000 ppm essential oil doses in all essential oil 

applications (2.12±0.4, 2.03±0.5 and 2.17±0.5 CFU g-1 dry soil, respectively). The lowest fungi populations were observed at 15 days 

incubation periods and 10.000 ppm essential oil doses in all essential oil applications (1.92±0.5, 1.81±0.5 and 1.82±0.5 CFU g-1 dry 

soil, respectively). 

Y1 application supported the highest fungi population (2.32±0.5 CFU g-1 dry soil) at 60 days incubation periods and Y2 application 

supported the lowest fungi population (1.81±0.5 CFU g-1 dry soil) at 15 days incubation periods, respectively when compared to initial 

soil treatments (0 days incubation) (Figure 2).  

Bacterial and fungi population 
The highest bacteria populations were observed at 15 days incubation periods and 100 ppm essential oil doses in all essential oil 

applications (6.65±0.7, 5.51±0.8 and 5.18±0.6 CFU g-1 dry soil, respectively). The lowest bacteria populations were observed at 60 

days incubation periods and 10.000 ppm essential oil doses in all essential oil applications (5.04±0.5, 4.04±0.7 and 3.63±0.6 CFU g-

1 dry soil, respectively).  

Among the essential oil applications, Y1 application supported the highest bacteria population (6.65±0.7 CFU g-1 dry soil) at 15 days 

incubation periods and Y3 application supported the lowest bacteria population (3.63±0.6 CFU g-1 dry soil) at 60 days incubation 

periods, respectively (Figure 2).  

Acknowledgement  

This research was supported by the Scientific Research Administration Unit of Ataturk University, Erzurum, Turkey. 

REFERANCES 

Singh, P.K., Kumar, P., Tandon, P.K.., 2014. Soil Sodicity Alters Antioxidative Enzymes, Photosynthetic Pigments, Water Content and Essential Oil Quality of Fennel (Foeniculum vulgare Mill.). Research 

Journal of Soil Biology, 6: 1-16. 

Vokou.,  D., Chalkos, D., Karamanlidou., G., Yiangou, M., 2002. Activation of soil respiration and shift of the microbial population balance in soil as a response to Lavandula stoechas essential oil. J 

Chemical Ecology. Apr; 28(4):755-68. 

Clevenger, J.F., 1928. Apparatus for the determination of volatile oil. J. Am. Pharm. Assoc., 17: 345-349. 

Langenau, E.E., 1948. The Examination and Analysis of Essential Oils, Synthetics and Isolates. In: The Essential Oils, Volume 1, Guenther, E. (Ed.). Van Nostrand Co., New York, pp: 229-367. 

Vincent, E., 2009. Tips and techniques for using Young Living therapeutic-grade essential oils. https://aromatherapy4u.wordpress.com/category/acidic-alkaline/ 

Ogram, A., Feng, X., 1997. Methods of soil microbial community analysis In: Hurst CJ, Knudsen GH, McInerney MJ, Stetzenbach LD and Walter MV, Editors, Manual Environ. Microbiol. ASM Press, 

Washington, DC, pp. 422-430. 

Alef, K., 1995. Enrichment, isolation and counting of soil microorganisms. Methods in Applied Soil Microbiology and Biochemistry. Kassem Alef, Paolo Nanninpieri (Ed.). Academic Press, Harcourt Brace 

and Company Publishers, pp. 145-146. 

Islam, K.R., Weil R.R., 2000. Land use effect on soil quality in tropical forest ecosystem of Bangladesh. Agric. Ecosystems Environ., 79: 9-16. 

5.5

5.7

5.9

6.1

6.3

6.5

6.7

6.9

0 15 30 45 60 0 15 30 45 60 0 15 30 45 60

Y1 Y2 Y3

S
o

il
 R

e
a
c
ti

o
n

 

   Achilia                                  Artemisia                                    Salvia      
Incubation Days and Essential Oils 

Soil Reaction 

Dose 0 ppm Dose 100 ppm Dose 1000 ppm Dose 10.000 ppm

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

0 15 30 45 60 0 15 30 45 60 0 15 30 45 60

Y1 Y2 Y3

B
a

c
te

ri
a

 P
o

p
u

la
ti

o
n

, 
x

1
0

6
 

       Achilia                             Artemisia                             Salvia 
Incubation Days and Essential Oils 

Bacteria Population 

Dose 0 ppm Dose 100 ppm Dose 1000 ppm Dose 10.000 ppm

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 15 30 45 60 0 15 30 45 60 0 15 30 45 60

Y1 Y2 Y3

F
u

n
g

i 
P

o
p

u
la

ti
o

n
, 
x

1
0

4
 

Achilia                                 Artemisia                             Salvia   
Incubation Days and Essential Oils 

Fungi Population 

Dose 0 ppm Dose 100 ppm Dose 1000 ppm Dose 10.000 ppm

0.0

0.5

1.0

1.5

2.0

2.5

0 15 30 45 60 0 15 30 45 60 0 15 30 45 60

Y1 Y2 Y3C
O

2
 R

e
s

p
ir

a
ti

o
n

, 
M

g
 h

a
-1

 y
-1

 

            Achilia                            Artemisia                             Salvia 
 

              İncubation Days and Essential Oils 

Soil Respiration 

Dose 0 ppm Dose 100 ppm Dose 1000 ppm Dose 10.000 ppm

Figure 3. Effect of different essential oil doses on soil respiration at different incubation day periods. 
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