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Table 1. Geographic and climatic specification of expriment site

Latitude and Longitude 47, 97 34, o
altitude 1270 m
Mean annual precipitation 470.7 mm
Mean annual temperature 12.39 °C
Type of climate Cold temperate climate
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Table 2. Physical and chemical characteristics of studied soil and treatments

Fertilizer tratments soil Soluble Solutes Total Saturation Phosphorus Potassium O.C.
texture (EC*109) Acidity Absorbable (ppm) Absorbable (ppm) (%)
Farm soil Silty- 0.70 7.03 122 520 1.13
Clay
Enriched straw and

farm soil - 26 860 22.03
Rotten cow manure . 138 6800 175
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Table 3- Analysis of variance for EO percentage, yield and chemical composition in S. Mutica planted under different organic fertilizer and densities

Mean squares

- df . - p- o o B- E- thymol +
0,
Source of variations »EO  EOyield thymol carvacrol terpenine cymene terpinene pinene pinene camphene caryophyllene carvacrol
Year 1 007 0.101 5.494 0.025 0.792 0.175 0.004 0219 0118 0.012 0.026 4776
Year x repeat 4 0037  17.283 4.754 2.464 5.184 1.218 0.125 0.053  0.071 0.055 0.006 3.218
Fertilizer 2 0018 116.19%* 151.998*%*  B52%%  14753% 5268  237%%  20956%% 2057%%  (0.708** 0.009 61.17%*
Year x fertilizer 2 0.126% 74.811% 3.527 0.58 2.161 0.42 0.088 0239  0.084 0.002 0.034 2.757
year x fertilizer x repeat 8  0.028  5.001 10.653 1535 4.417 4.288 0.067 0.061  0.042 0.041 0.009 6.646
Density 2 0051 712.537** 4011 0.398 4.891 1.254 0.025 0.047  0.002 0.025 0.039 2131
year x density 2 0145% 15306 0.95 2.197 3.95 1513 0.047 0.014  0.052 0.033 0.006 2.464
fertilizer x density 4 013* 26982 20.02 2.498 2.3 1.699 0.059 0.015  0.032 0.067 0.051* 13.861
year Z;‘?g;’;zer X 4 0151*  9.742 9.508 0.747 3.132 0.813 0.136* 0027  0.063 0.041 0.004 13.249
Error 24 0039 12786 29.38 1133 2.255 2.805 0.043 0019  0.058 0.035 0.013 25.309
% CV 9.94 2001 10.88 14.62 7.50 15.93 10.25 2130 1522 38.52 9.07 8.81

**and *: significant difference in the levels of 1% and 5% respectively and others no significant difference
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Table 4. Comparison of means for EO yield, petcentage and chemical composition for S. mutica under organic fertilizer treatments and rainfed conditions

EO Percentage (%)
Treatments yield Y- a- a- B- Camphene E- thymol +
(Kg/h) EO thymol carvacrol terpenine p-cymene terpinene  pinene  pinene caryophyllene carvacrol
Farm soil 14.60b 2.02a 48.4b 6.8b 21.4a 9.3b 2.3a 1l1la 2.0a 0.7a 1.3a 55.3b
Enriched straw and farm soil 17.03b 1.96a 53.2a 5.8¢c 16.7b 12.5a 1.6b 0.3c 1.3b 0.3c 1.3a 59.0a
Rotten cow manure and farm 49 g, 1 93 47.9b 9.2a 21.9a 9.7b 2.2a 05b  15b 0.5b 1.2a 57.1ab

soil

The common letters showed no significant difference

3 Ll s cals it bS5 s K50 050 puiled (plend GeaS 5 a0 5 3 Shas w33l oSl ag e =0 s

Table 5. Comparison of means for EO yield, petcentage and chemical composition for S. mutica under different densities planting and rainfed conditions

Percentage (%)

o EO yield
Densities (Kz]//h) EO thymol carvacrol Y- p- a- o _[3- Camphene E- thymol +
terpenine cymene terpinene  pinene  pinene caryophyllene carvacrol
8 plants/m? 23.94a 1.99 49.3a 7.5a 20.6a 10.6a 2.1a 0.7a 1.6a 0.5a 1.2b 56.7a
4 plants/m? 15.82b 1.93a 50.0a 7.2a 19.7a 10.2a 2.0a 0.7a 1.6a 0.5a 1.3a 57.1a
2.66 plants/m? 11.55¢ 2.04a 50.2a 7.2a 19.8a 10.7a 2.0a 0.6a 1.6a 0.5a 1.2b 57.4a

The common letters showed no significant difference
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Figure 1. Bioplate of chemical compounds of S. mutica essential oil and their relationship with fertilizer

treatments and different planting densities
Farm soil=F1, Rotten cow manure and farm soil=F2, Enriched straw and farm soi=F3, Low density=D1, Medium density=D2, High density=D3
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Abstract

Satureja mutica Fisch. & C. A. Mey. is one of the native savory species of Iran that has
received much attention due to its high essential oil content and phenolic compound of thymol.
Determination the most suitable and best planting density as well as soil fertility is very
important in increasing the quantitative and qualitative yield of medicinal plants. In this study,
to investigate the effects of plant density and feeding with organic fertilizers on quantitative and
gualitative yield of essential oils in Satureja mutica Fisch. & C. A. Mey. under rainfed
conditions, an experiment was conducted as split plots in a randomized complete block design
with 3 replications in the Research and Education Center of Agriculture and Natural Resources
of Kermanshah province in 3 crop years (2018-2020). The main factor included 3 fertilizer
treatments and the sub-factor was 3 densities (2.66, 4, and 8 plants per square meter) in rows
with a distance of 50 cm and with 3 planting distances (25, 50, and 75 cm). Plant aerial parts
were harvested at full flowering stage and their essential oil (EO) was extracted by
hydrodistillation method. EO vyield was calculated according to the plant dry weight and its
chemical compounds were identified using GC and GC/MS. The results showed that percentage
and EO chemical composition did not show any difference between the years. There was a
significant difference between the fertilizer treatments for the percentage and EO yield and
thymol, carvacrol, and other EO chemical compounds at the level of 1%. There was a
significant difference between the planting densities only for EO yield. Thymol had a positive
relationship with the treatments of enriched straw and then rotten cow manure and the highest
amount (53.2%) was observed in the enriched straw treatment. Carvacrol with the highest
amount of 9.2%, showed a positive relationship with the rotten cow manure treatment.

Keywords: Essential oil, thymol, carvachrol, gas chromatography, organic fertilizer, Satureja
mutica Fisch. & C. A. Mey.
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