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Abstract

Background and objectives: Awareness of changes in medicinal plant yield quantity and
quality over time is one of the most important goals in agricultural management.
Satureja mutica is one of the valuable medicinal species growing in Iran. This study was
conducted to evaluate the effects of different planting beds on changes in vegetative
characteristics and essential oil components over the years of growth in S. mutica under rainfed
conditions.
Methodology: The experiment was conducted in the form of split plots in a randomized
complete block design for three years (2018-2020) in the rainy conditions of Feridounshahr city,
Isfahan province. Planting beds as the main plot included cow manure (30 tons per hectare),
wheat straw (10 tons per hectare), and control (without cow manure and wheat straw). After the
preparation of the field, the seedlings were planted at the bottom of the wells created at a
distance of 50 x 50 cm from each other. During the growing season and at the time of 50%
flowering, the studied traits including total plant dry weight, leaf and stem dry weight, plant
height, crown diameter per plant, canopy area per plant, and in each square meter of land and
the number of stems per plant were measured. For essential oil extraction, the flowering
branches of the plants were harvested at the full flowering stage. After drying in the shade, the
essential oil was extracted by the water distillation method. After determining the yield of
essential oils based on the dry weight of the plant, the essential oils were analyzed and identified
by gas chromatography, and gas chromatography was connected to a mass spectrometer in the
phytochemistry laboratory of the Research Institute of Forests and Rangelands. Considering that
the plant is several years old and measurements are carried out every year on fixed plots, the
design analysis was done on divided plots at the time of implementation. The SAS computer
program was used to perform statistical calculations, and the LSD test was applied to compare
the means. For essential oil extraction, the flowering branch of the plant was harvested at the
full flowering stage. After drying in the shade, the essential oil was extracted by the water
distillation method. After determining the yield of essential oils based on the dry weight of the
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plant, the essential oils were analyzed and identified by gas chromatography, and gas
chromatography was connected to a mass spectrometer in the phytochemistry laboratory of the
Research Institute of Forests and Pastures. The SAS computer program was used to perform
statistical calculations, and the LSD test was used to compare the means.

Results: The variance analysis of the data showed that the effects of bed, year, and their
interaction effects on the measured traits were significant in many cases. Results showed that
the highest values of plant height, crown diameter, canopy area, and number of stems per plant
in the first year were seen in manure treatment. In the last year, they were in control. The
highest rates of total dry weight, leaf dry weight, essential oil yield, and essential oil percentage
were observed in control in the last year. These rates were 1427, 891, 42 kg ha-1, and 4.67%,
respectively. The main essential oil components are thymol, carvacrol, p-cymene, and gamma-
terpinene. These essential oil components are affected by the planting bed and the growth year.
So in the case of p-cymene, the highest amount obtained in the first year was in the straw
treatment. The highest amounts of gamma-terpinene were observed in all three planting bed
treatments in the last year of growth. S. mutica had significant amounts of thymol, and the trend
of changes among planting bed treatments and during growing years was very small. The
highest amounts of carvacrol were observed in straw treatment and animal manure in the second
year of growth. The results of the correlation coefficients showed that the most vital traits
affecting essential oil yield were total dry weight, leaf and stem, and essential oil percentage.
Thymol and p-cymene were inversely correlated with carvacrol and gamma-terpinene.
Conclusion: On the whole, to produce S. mutica under rainfed conditions similar to this study,
manure or straw could affect yield and essential oil over the first and second years; however, in
the third year, this effect diminished, and control treatment was superior to straw and manure
treatments.

Keywords: Medicinal plants, savory, wheat straw, cow manure.
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Table 1. ANOVA of planting bed and year effects on Satureja mutica vegetative traits

M.S.

SOV. df. Plant height ~ Canopy area per plant ~ Canopy area per m2 NusTe?g; of d%rr:ggr Aerial parts dry weight Leaf dry weight S\E&;?gﬂ:y
Replication (R) 2 211.00™ 199971.70" 3197244.00" 78.81"" 130.81™ 17293.15" 7233.48™ 1748.11"
Planting bed (P) 2 16.33" 190568.26" 3049212.11" 58.04™ 125.06™ 42663.59" 10352.48™ 5485.78"

RxP 4 29.33 77336.54 1237589.94 8.09 43.09 1062.70 72.09 576.72
Year (Y) 2 1381.00™ 859264.93™ 13747344.78™ 361.92™ 603.95™ 3045417.93™ 1189071.26™ 421672.33"
PxY 4 198.67" 207298.09™ 3315919.06™ 36.04™ 157.06™ 31469.65™ 30324.37 2243.11™
Experimental error 12 24.28 35583.54 567732.35 4.61 12.94 1978.35 1764.83 1667.41
C.V. (%) 15.72 14.45 15.39 8.11 15.17 7.01 7.43 13.02
ns. * and ™ non-significant, significant at 1, and 5% probability levels, respectively.
(COCPRS SO I X SPRCHC SN WRPRCHCT SECTRRN LUK V) PRV P I I PR
Table 2. ANOVA of planting bed and year effects on quantity and quality of Satureja mutica essential oil
M.S.
S.O.V. d.f. L . .
Essential oil percentage  Essential oil yield  p-cymene percentage y-terpinene percentage Thymol percentage Carvacrol percentage
Replication (R) 2 0.22"m 34.96" 13.89" 29.71" 61.75™ 17.12"
Planting bed (P) 2 0.35" 64.55™ 21.02" 3.96" 36.15" 1.21m
R xP 4 0.06 4.49 4.61 4.18 4.59 1.82
Year (Y) 2 20.98™ 2844.31™ 100.65™ 203.49™ 65.66" 385.87"
PxY 4 0.61" 42.67" 22.117 18.28" 77.22" 29.43"
Experimental error 12 0.17 10.03 3.12 7.02 6.33 5.98
C.V. (%) 14.96 11.75 15.89 14.54 9.22 12.45

ns. * and ™ non-significant, significant at 1, and 5% probability levels, respectively.
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Table 3. Means comparison of planting bed effects on Satureja mutica vegetative traits
. Plant Canopy Crown Aerial parts Leaf dry Stemdry
PI%r;gng height &?:20 plyaﬁz_el;l area diameter IC\)lquTet;sg dry weight weight weight
(cm) P (cm2.m?) (cm) (kg.ha) (kg.hat) (kg.hat)
Straw 29.892 383.55° 1534.22b 19.725 10.56° 600.67°¢ 404.55° 218.33°
mgnonvl\jre 31.552 496.67% 1987.33%® 24.28® 10.22° 662.11° 425.445 236.78°
Control 32.552 672.332 2689.442 27.112 14.782 738.118 470.892 267.22°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).

530 0550 (oild kS 5 Sy S U 6 Kke alio ¥ Joiz

Table 4. Means comparison of planting bed effects on quantity and quality of Satureja mutica essential oil

Planting s Essential oil yield p-cymene . o Carvacrol
bed Essential oil (%0) (kg.ha?) (%) y-terpinene (%) Thymol (%) (%)
Straw 3.02% 15.41° 11.072 16.722 39.49° 22.62°
Cow 2.81° 14.93° 10.542 15.44P 40.99° 23.26°
mannure
Control 3.20° 19.792 8.20° 15.76P 43.46° 22.62°
In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
5 50 050 o5y Slaw » Jl S0 ol dnlio —0 Jan
Table 5. Means comparison of year effects on Satureja mutica vegetative traits
Plant C:r:g;)y Canopy Crown Number of Aerial parts Leaf dry Stem dry
Year height (cm2.plant area diameter stems dry weight weight weight
(cm) iI; (cm2m?) (cm) (kg.hat) (kg.ha't) (kg.ha't)
2018 19.67° 221.33¢ 885.8¢ 15.17¢ 4.67¢ 143.33¢ 97.11° 46.33¢
2019 30.00° 493.33° 1973.30° 24.44P 14.22° 564.44° 384.67° 202.00°
2020 44.33% 837.89% 3351.902 31.502 16.672 1293.112 819.112 474.00°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).

50 050 il oS 5 S Il 530 0o alio =5 S5z
Table 6. Means comparison of year effects on quantity and quality of Satureja mutica essential oil

Essential oil p-cymene
Year Essential oil (%0) y-terpinene (%) Thymol (%) Carvacrol (%)
yield (kg.ha't) (%)
2018 1.39° 1.39° 13.342 14.03° 38.51° 23.78°
2019 3.23° 12.53° 6.66° 12.50° 43.90? 28.85°
2020 4.422 36.20° 9.81° 21.392 41.55% 15.86°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 1. Means comparison of planting bed x year interaction on Satureja mutica vegetative traits
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Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 7. Correlation coefficients between vegetative traits and yield in Satureja mutica

Row Traites 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 Plant height 1
2 Crown diameter 0.99" 1
3 Canopy area per plant ~ 0.98™ 0.98™ 1
4 Canopy area per m? 0.98" 0.98™ 1 1
5 Number of stems 0.89" 0.98™ 0.95" 0.95" 1
Aerial parts dry
6 0.93" 0.89™ 0.90™ 0.90™ 0.81™ 1
weight

7 Leaf dry weight 0.93" 0.89™ 0.89™ 0.89™ 0.81™ 0.99" 1
8 Stem dry weight 0.94™ 0.89™ 0.90™ 0.90™ 0.82™ 0.99™ 0.98™ 1

Essential oil
9 0.94™ 0.93" 0.90™ 0.90™ 0.91 0.93™ 0.92™ 0.93" 1

percentage
10 Essential oil yield 0.94™ 0.89"" 0.91* 0.91* 0.81* 0.99* 0.99" 0.99*" 0.92* 1
11 p-cymene percentage -0.54m -0.65" -0.54™ -0.54™ -0.70" -0.35™ -0.39™ -0.34™ -0.53™ -0.33™ 1
12 y-terpinene percentage 0.60" 0.48™ 0.53™ 0.53™ 0.36™ 0.77" 0.76" 0.75" 0.63" 0.79" 0.18™ 1
13 Thymol percentage 0.54m 0.62" 0.53™ 0.53™ 0.69" 0.26™ 0.25M 0.29™ 0.44m 0.26™ -0.81" -0.26™ 1
14 Carvacrol percentage -0.57m -0.43m -0.52m -0.52m -0.33" -0.66" -0.62" -0.67" -0.53m -0.70" -0.31m -0.89™ 0.11m™ 1

n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively
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