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Abstract

Background and objectives: Satureja khuzistanica Jamzad is a medicinal plant belonging to
the Lamiaceae family and is one of Iran’s exclusive species. Due to its high essential oil content
and significant amounts of carvacrol, it is particularly important in the cosmetic, health, and
pharmaceutical industries. This study aimed to evaluate the plant’s adaptation to the climatic
conditions of Isfahan province and enhance its gquantitative and qualitative performance by
identifying the most suitable fertilization method.

Methodology: This project was conducted at Fozveh Station of the Agricultural and Natural
Resources Research Center of Isfahan from 2017 to 2020 under irrigation conditions, using a
randomized complete block design (RCBD) with eight fertilizer treatments. The treatments
included different levels of chemical fertilizers (N50P25K25), organic fertilizers (30 and 60
tons/ha of cow manure, and 5 tons/ha of vermicompost), and combinations of chemical and
organic fertilizers (N50P25K 25 + 30 tons/ha cow manure, N50P25K25 + 60 tons/ha cow manure,
and N50P25K25 + 5 tons/ha vermicompost). These treatments were compared with a control
group, and the experiment was replicated three times. Seeds and seedlings were sourced from the
Isfahan Agricultural and Natural Resources Research Center and the Research Institute of Forests
and Rangelands. Cultivation was performed indirectly through seedlings, which were first grown
in greenhouse conditions using cultivation trays. In April 2017, after favorable weather conditions
were established, the seedlings were transplanted to the field. Drip irrigation was applied
immediately after transplanting, with watering scheduled twice a week in the early growth stages
and once a week after plant establishment. The aerial parts of the plants were harvested at 50%
flowering, cut 5 cm above the soil surface, and dried in the shade. Essential oil extraction was
performed annually using water distillation (Clevenger apparatus). The essential oil percentage
was measured, its composition was analyzed using gas chromatography (GC), and qualitative
assessment was conducted through gas chromatography-mass spectrometry (GC-MS).

Results: According to the results, the maximum essential oil percentage and oil yield in S.
khuzistanica were 3.7% (in the third year) and 132.6 kg/ha (in the second year), respectively.
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Across the experimental years, the highest oil yield was obtained in the combined treatment of 50
kg/ha nitrogen, 25 kg/ha phosphorus, and 25 kg/ha potassium, plus 5 tons/ha vermicompost, in
the third year. Throughout the study, 14 compounds were identified in S. khuzistanica essential
oil, with carvacrol being the predominant component. The concentration of carvacrol ranged from
86.4% to 95.3%.

Conclusion: According to the results, the qualitative yield of essential oil in S. khuzistanica was
less affected by soil fertility treatments, while the quantitative yield showed a significant increase,
which indirectly enhanced the qualitative yield. Ultimately, the study concluded that the
intermediate fertilization method was the most effective treatment for improving quantitative
yield and promoting sustainable agriculture. The high carvacrol content in this species adds to its
economic value. Given its diverse biological properties, including antiseptic, anti-inflammatory,
analgesic, antibacterial, antifungal, and antioxidant activities, S. khuzistanica is recommended for
applications where this valuable compound is required.
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Table 1. Soil fertility treatments for Satureja khuzistanica cultivation

No Treatment

1 Control (no fertilizer)

2 N50, P25, K25 (kg.ha'l)

3 Cow manure30 (t.ha?)

4 Cow manure60 (t.ha?)

5 Cow manure30 (t.ha*) + N50, P25, K25 (kg.ha?)

6 Cow manure60 (t.ha*) + N50, P25, K25 (kg.ha?)

7 Vermicompost5 (t.ha™)

8 Vermicompost5 (t.hat) + N50, P25, K25 (kg.ha?)
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Table 2. Analysis of cow manure used in soil fertility treatments for Satureja khuzistanica cultivation

Mn Cu Zn Fe P K N OrganicC  Moisture pH EC
(ppm)  (ppm)  (ppm)  (ppm) (ppm) (ppm) (%) (%) (%) (ds.m™)
520 32 90 20000 36000 27000 1.01 10.6 2.5 7.8 8.4

Satureja ) sl s> o) olS i8S gl S oidols sl s elizal 5 g0 CanpeS o5 355 4520 Y Jods
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Table 3. Analysis of vermicompost used in soil fertility treatments for Satureja khuzistanica cultivation
Zn (ppm) Fe (ppm) Ca (ppm) K (ppm) P (ppm) EC (dS.m™)
4375 111000 124600 9100 17500 1.81
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Table 4. Analysis of Satureja khuzistanica farm soil

Gravel (%) Sand (%) Silt (%) Clay (%0) N (%) Organic C (%) pH EC (dS.m?)
20.25 58 22 20 0.14 1.44 7.64 1.75
..—¥ J).A’ awlsl
Continued Table 4. ...

Aniones Cation HCO3 SO4* Cl Ca?* + Mg?* Na*
(ppm) (ppm) (ppm) (ppm) (Pppm) (ppm) (ppm)
102 110 10.8 55.2 36 85 25
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Table 5. ANOVA of soil fertility treatments effects on percentage and Satureja khuzistanica essential oil yield
during 2018 to 2020 crop years

S.O.V. d.f. 2018 2019 2020

Qil QOil yield Qil Qil yield Qil Oil yield

percent percenta percenta

age ge ge
Replication 2 0.03 250.9 0.005 36.4 0.003 4.86
Soil fertility 7 0.3** 2131.8** 0.49** 1652.6** 0.88** 1425.4**
treatment
Experimental 14 0.01 92.13 0.05 102.1 0.001 24.7
error
C.V. (%) 2.94 7.73 7.01 7.61 1.41 401

**: significant at 1% probability level.
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Table 6. Means comparison of soil fertility treatments effects on percentage and Satureja khuzistanica essential
oil yield during 2018 to 2020 crop years

2018 2019 2020

Treatment Oil  Oilyield oil Oilyield ~ Oil  Oilyield

(%)  (kg.ha?) (%) (kg.ha) (%) (kg.ha)
Vermicompost5 (t.ha?) + N50, P25, K25 (kg.ha'") 3.5¢ 101¢ 2.49b 110.5¢ 2.77¢ 140.42
Vermicompost5 (t.ha™) 428 147.4° 3.228 114.9¢ 2.65° 100.9¢
Cow manure60 (t.ha?) + N50, P25, K25 (kg.ha) 3.92b¢ 128.3° 3.332 138.5° 3.02¢ 107.3d®
Cow manure30 (tha) + N50, P25, K25 (kg.ha) 3.43¢ 114.1¢ 2.63° 114.9¢ 2.56f 112.1¢
Cow manure60 (t.ha™) 3.8° 99.18¢ 3.332 179.92 2.38¢9 100.5¢
Cow manure30 (t.ha™) 4.04% 177.492 2.48° 116.9¢ 3.490 149.3?
N50, P25, K25 (kg.ha'*) 3.42¢ 107.9¢ 3.3 140.2° 3.962 154.32
|Control (no fertilizer) 3.32¢ 117.5¢ 3.362 140.3° 2.56f 124 .4°¢

In each column, means with common letters are in the same statistical group at 1% probability level (Duncan test).
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Table 7. Combined ANOVA of soil fertility treatments and year effects on percentage and Satureja khuzistanica
essential oil yield

S.0.V. d.f. Oil percentage Oil yield
Year (Y) 2 4.26%* 609.11**
Error” 6 0.01 97.4
Soil fertility treatment (F) 7 0.53** 1032.7**
Y*F 14 0.57** 2088.5**
Experimental error 42 0.07 72.96
C.V. (%) 4.34 6.73

**: significant at 1% probability level.
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Table 8. Combined means comparison of soil fertility treatments effects on percentage and Satureja khuzistanica
essential oil yield during 2018 to 2020 crop years

Treatment Oil Oil yield
(%) (kg.ha')
Vermicompost5 (t.ha™) + N50, P25, K25 (kg.ha) 2.92¢ 117.3¢%
Vermicompost5 (t.ha™) 3.34b 121.1¢%¢
Cow manure60 (t.hat) + N50, P25, K25 (Kg.ha) 3.42b 124.6%
Cow manure30 (tha) + N50, P25, K25 (kg.ha) 2.87¢ 113.7¢
Cow manure60 (t.ha™) 3.17¢ 126.6"
Cow manure30 (t.ha™) 3.34P 147.92
N50, P25, K25 (kg.ha) 3.562 134.1°
|Control (no fertilizer) 3.1° 129.1b¢

In each column, means with common letters are in the same statistical group at 1% probability level (Duncan test).
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Table 9. Combined means comparison of year effects on percentage and essential oil yield of Satureja
khuzistanica clultivated under different soil fertility treatments

Oil Oil yield
Year

(%) (kg.ha'!)
2018 2.92¢ 124.11°
2019 3.02° 132.62
2020 3.72 123.6°

In each column, means with common letters are in the same statistical group at 1% probability level (Duncan test).
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Table 10. Combined means comparison of soil fertility treatments x year interaction on percentage and Satureja
khuzistanica essential oil yield

Year Treatment (Co)/(l)l) 8('& }r/]ig_llc)i
2018  Vermicompost5 (t.ha) + N50, P25, K25 (kg.ha™) 2.8¢9 101j
2018  Vermicompost5 (t.ha) 3.64gh 147.4c
2018  Cow manure60 (tha™) + N50, P25, K25 (kg.ha™) 3.02f 128.3e
2018  Cow manure30 (tha™) + N50, P25, K25 (kg.ha™) 2.560-i 114.1f-h
2018  Cow manure60 (t.ha™) 2.39i 99.2
2018  Cow manure30 (t.ha™) 3.5d 177.5a
2018 NS5O, P25, K25 (kg.ha) 3.96d-c 107.9hi
2018  |Control (no fertilizer) 2.57¢-i 117.5f
2019 Vermicompost5 (t.ha™) + N50, P25, K25 (kg.ha™) 2.49hi 114.4fg
2019  Vermicompost5 (t.ha?) 3.22¢f 114.9fg
2019 Cow manure60 (t.ha*) + N50, P25, K25 (kg.ha?) 3.33de 138.1d
2019 Cow manure30 (t.ha*) + N50, P25, K25 (kg.ha?) 2.63gh 114.9fg
2019  Cow manure60 (t.ha™) 3.34de 146.9¢
2019  Cow manure30 (t.ha™) 2.48hi 116.9f
2019 NS5O, P25, K25 (kg.ha) 3.3de 140.2d
2019  |Control (no fertilizer) 3.4de 150.02bc
2020  Vermicompost5 (t.hal) + N50, P25, K25 (kg.ha?) 3.5d 179.9a
2020  Vermicompost5 (t.ha) 4.15a 104.9ij
2020 Cow manure60 (t.ha*) + N50, P25, K25 (kg.ha?) 3.92bc 110.4g-i
2020 Cow manure30 (t.ha*) + N50, P25, K25 (kg.ha) 3.43de 112.14fh
2020  Cow manure60 (t.ha) 3.79¢ 100.5j
2020  Cow manure30 (t.ha™) 4.04ab 149.3bc
2020 NS5O, P25, K25 (kg.ha) 3.42de 154.3b
2020  |Control (no fertilizer) 3.32de 127.4b

In each column, means with common letters are in the same statistical group at 1% probability level (Duncan test).
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Table 11. Essential oil compounds of Satureja khuzistanica cultivated under different soil fertility treatments in 2018

Treatment” @ - sabinene @ p- ” terpinolene linalool  thymol carvacrol E-
thujene  pinene terpinene  cymene  terpinene caryophyllene
1 0.5 0.3 0.8 0.3 1.6 15 0.7 0.6 1 89.9 0.2
2 0.8 0.4 0.9 0.4 2 1.4 0.6 0.6 11 90 0.3
3 0.4 0.2 0.7 0.4 2.2 3 0.6 0.6 2.8 86.4 0.5
4 0.6 0.3 0 0.2 2.1 0.9 0.6 0.6 11 90.5 0.2
5 0.5 0.3 0 0.4 1.8 1.6 0.6 0.6 14 89.8 0.3
6 0.5 0.2 0.6 0.2 1.6 0.8 0.6 0.6 0.4 929 0.1
7 0.3 0.2 0.5 0.2 11 0.8 0.4 0.4 0.4 93.8 0.2
8 0.3 0.1 0.4 0.2 1 1.2 0.6 0.6 0.4 93.6 0.2
RI 937 949 980 1007 1043 1055 1086 1098 1327 1334 1480

*1: Vermicompost5 (t.ha!) + N50, P25, K25 (kg.ha), 2: Vermicompost5 (t.ha™), 3: Cow manure60 (t.ha*) + N50, P25, K25 (kg.ha?), 4: Cow manure30 (t.ha™) + N50, P25, K25 (kg.ha™), 5: Cow manure60 (t.ha™), 6: Cow
manure30 (t.hal), 7: N50, P25, K25 (kg.ha'), and 8: Control (no fertilizer).
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Table 12. Essential oil compounds of Satureja khuzistanica cultivated under different soil fertility treatments in 2019

Treatment* @ - sabinene @ p- r terpinolene linalool thymol carvacrol E-
thujene pinene terpinene cymene terpinene caryophyllene
1 0.6 0.3 0.9 0.3 0.8 1.2 0.6 0 0.8 90.9 0.2
2 0.6 0.3 1 0.4 2 1.4 0.6 0 1.1 89.9 0.2
3 0.5 0.3 0.7 0.3 15 1.1 0.7 0.1 0.9 90.9 0.2
4 0.7 0.4 1.1 0.2 2.6 0.7 0.6 0.1 0.3 90.1 0.2
5 0.8 0.4 0.2 0.5 2.6 15 0.9 0.2 0.5 87.3 0.2
6 0.6 0.3 0.9 0.3 2.1 1 0.7 0.2 0.3 91.3 0.1
7 0.7 0.4 1.1 0.3 2.8 1.2 0.6 0 0.2 89.9 0.2
8 0.4 0.2 0.6 0.3 1.4 0.2 0.7 0.1 0.2 91.8 0.2
RI 937 949 980 1007 1043 1055 1086 1098 1327 1334 1480

*1: Vermicompost5 (t.ha') + N50, P25, K25 (kg.ha), 2: Vermicompost5 (t.ha), 3: Cow manure60 (t.hat) + N50, P25, K25 (kg.ha?'), 4: Cow manure30 (t.ha™) + N50, P25, K25 (kg.ha™), 5: Cow manure60 (t.ha™), 6: Cow
manure30 (t.hal), 7: N50, P25, K25 (kg.ha?), and 8: Control (no fertilizer).
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Table 13. Essential oil compounds of Satureja khuzistanica cultivated under different soil fertility treatments in 2020

a- a- p- a- p- - Trpinene- E-

Treatment* . . . myrcene ; 4 terpinolene  linalool Carvacrol bisabolene
thujene pinene pinene terpinene cymene terpinene 4-ol caryophyllene

1 0.4 0.2 0.2 0.7 0 21 0.4 0.6 0.7 0.4 92.8 0 0.9
2 0 0 0 0.6 0 0.8 0.5 0 0.7 0.4 95.3 0 0.6
3 0.2 0.1 0 0.6 0 1.3 0.2 0.6 0.6 0.2 94.7 0.7 0.9
4 0 0 0 0.9 0 21 0.7 0.7 1 0.5 93.3 0 0.9
5 0.1 0 0 0.9 0 2 1.3 0 15 0.3 90.8 0.2 1

6 0.4 0.3 0 0.8 0 1.7 0.5 0.6 0.8 0.4 93.1 0 14
7 0.3 0.2 0 0.6 0 1.6 0.6 0 0.6 0.3 94.6 0 0.8
8 05 o3 O 08 0.2 18 05 03 0.6 04 92.2 03 16
RI 937 949 969 983 1007 1043 1055 1086 1098 1144 1334 1480 1487

*1: Vermicompost5 (t.ha!) + N50, P25, K25 (kg.ha), 2: Vermicompost5 (t.hal), 3: Cow manure60 (t.ha*) + N50, P25, K25 (kg.ha?), 4: Cow manure30 (t.ha™*) + N50, P25, K25 (kg.ha™), 5: Cow manure60 (t.ha™), 6: Cow
manure30 (t.hal), 7: N50, P25, K25 (kg.ha'), and 8: Control (no fertilizer).
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