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Abstract

Background and objectives: Savory (Satureja spp.) has a special position among medicinal
plants due to its valuable compounds, such as thymol and carvacrol. Savory is one of the genera
of the Lamiaceae family, and this genus has 16 species of annual and perennial herbaceous
plants in Iran. Due to the high amount of essential oil, Satureja species are highly economically
and medically important in the food, cosmetic, health, and pharmaceutical industries. This
research aimed to increase the quantitative and qualitative yield of Satureja sahendica Bornm.
essential oil with appropriate plant nutrition.

Methodology: This research was carried out under irrigation conditions in the form of a
randomized complete block design with eight fertilizer treatments (no fertilizer, Nso, Pzs,
Kaskghatyy COW  Manurego, 60 tonhat), COW Manurego, 6o tonhayt Nso, Pas, Koskghat),
\/ermi-composts tonhay), VErmi-compostes wnnayt Nso, Pas, Kaswghat) in three replications over
four years (2017-2020) in East Azarbaijan province. Cultivation was indirect and through
grafting. Seedlings were prepared in greenhouse conditions by growing seeds in seedling trays
with a mixture of peat moss, cocopeat, and perlite in a ratio 4:2:1. The treatments were applied
only once, simultaneously with the plot preparation and before the planting stage. This was done
by hand spraying and mixing with the soil. The plot dimensions were 4 x 3 meters, the distance
between the planting lines was 50 cm, and the distance between the plants on the line was set to
30 cm. The irrigation method was drip irrigation twice a week in the early stages of growth and
once a week after establishment. Weed weeding was also done during the growing season. Plant
height, flowering date, crown area, and green shoot yield were measured during the cropping
season. Essential oil was extracted by distillation with distilled water, and essential oil was
analyzed by gas chromatography (GC) and gas chromatography coupled with mass
spectrometry (GC/MS).

Results: Based on the results, all traits showed a significant difference between different
fertilizer treatments. The highest yield of flowering branches was 1974 kg.ha (6% increase
compared to the control) and the yield of essential oil was 22.25 kg.ha™* (9% increase compared
to the control), and the highest quality of essential oil (sum of phenolic compounds thymol and
carvacrol) is 61.89% (18% increase in comparison to the control) with treatment of Cow
Manureeo tonhatyt Nso, P2s, Kaswgnaty Were obtained. To be economical, cow manure (60 tons per
hectare) can also be used alone. With regards to 50% flowering, the latest product was a control
treatment (without fertilizer) with 160.25 days, while the earliest product was Cow Manure
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(60 tons.hat) +Nso, P2s, Kos (kg.hat) with 155.33 days. The main components of the essential
oil were Thymol, p-cymene, and y-terpinene, respectively. The results of the average percentage
of phenolic compounds thymol and carvacrol as essential oil quality in each fertilizer treatment
and each year showed that the average quality of essential oil in the first year was 53.13%, in
the second and third years it was 63.98 and 63.54, respectively. The percentage decreased to
47.93% in the fourth year.

Conclusion: The use of fertilizer treatments, especially animal manures, along with chemical
fertilizers, in addition to increasing yield, also causes early ripening. Early harvesting of the first
layer allows the second layer to use the growing season optimistically and avoid autumn cold.
As the plant age increases, the yield of essential oil increases, but the product is later, and the
quality also decreases. Accordingly, Cow Manureo tonnaty*t Nso, P2s, Kaswkg.na?y Should be applied
to S. sahendica until the fourth year to produce adequate yields.

Keywords: Yield, quality, essential oil, Savory, fertilizer.
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Table 1. Meteorological statistics of Tikmeh Dash station, East Azerbaijan (2017-2020)

Temperature (°C) Humidity (%) Total Number Total Total
Year Average Average Average Absolute Absolute  Average Average rainfall of frost evaporation hours of
max. min. max. min. max. min. (mm) days (mm) sunshine
2017 18.1 4.4 11.3 36 -24 76 35 2534 115 1714.7 2756.1
2018 17.3 4.4 10.6 374 -17.6 80 42 420.6 114 1421.6 2586.1
2019 16.6 31 9.9 36.6 -24 78.2 45.7 338.9 127 1451 2670.6
2020 16.3 2.8 9.6 36.6 -23.4 82 38 380.3 122 1581.9 2249.8
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Table 2. Fertilizer treatments applied
Treatment

P
o

Control (No fertilizer)
NsoP2sKzs (kg.hal)
Cow manureso (ton.ha?)
Cow manurego (ton.hat)

Cow manureso (ton.ha?) + NsoP2sKos (kg.ha )
Cow manureso (ton.ha?) + NsoP2sKozs (kg.hat)
Vermicomposts (ton.hat)
Vermicomposts (ton.ha*) + NsoP2sKos (kg.ha ™)
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Table 3. Physicochemical properties of experimental field soil

Specific Organic
. E.C. T.N.V. Total N P K Sand Silt Clay Soil
gravity (dS.m™) pH (%) carbon (%) (ppm) (ppm) (%) (%) (%) texture
(%) . () (%) (] P PP () (] ()
Sandy
45 0.79 7.37 1.75 0.49 0.05 15.03 370 62 16
loam
ialesl L salizal 3550 (ol 38 plient 5o =¥ Json
Table 4- Chemical analysis of manure used in the experiment
H EC Organic carbon N P K
P (ds.m) (%) (%) (%) (%)
7.8 51 26.3 2.8 0.99 1.7
GialesT 53 ealizal 5550 G 5aS sos lraed GBS 305 0 Jsox
Table 5. Chemical properties of vermicompost used in the experiment
Cu (ppm) Mn (ppm) Zn (ppm)  Fe (ppm) Mg (%) Ca (%) P (%) K (%) N (%)
23 497 148 1012 0.25 122 0.4 1.26 131
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Table 6. ANOVA of fertilizer treatments effects on some Satureja sahendica traits during 4 years

M.S.
S.0.V. d.f. Dry yield of Essential oil Essential Plant Crown 50%-flowering
green shoots percentage oil yield height surface date
Replication 2 64.07" 0.16" 98.35™ 30.21" 0.00ms 4.16M
Treatment (T) 7 18.99" 0.03" 27.78" 30.67" 0.00™ 39.67"
Experimental
14 68.54 0.06 75.96 33.21 0.01 78.79
error 1
Year (Y) 3 180.68™ 2.06™ 404.16™ 151.71™ 0.01™ 4300.78™
YxT 21 4,52 0.06" 29.85™ 5.28"™ 0.00m 1.78m
Experimental
48 7.57 0.04 17.34 8.86 0.00 2.16
error 2
C.V. (%) 5.90 0.02 17.90 5.90 16.20 1.98

n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively
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Table 7. Means comparison of fertilizer treatments effects on some Satureja sahendica traits

Dry yield of Essential Essential Plant Crown  50%-flowering
Treatment green shoots oil oil yield height  surface date
(kg.ha't) (%) (kg.ha't) (cm) (cm?) (day)
Control (No fertilizer) 1863 1.032 20.35% 50.75% 1840 160.252
NsoP25K2s (kg.hat) 1736 1.132 19.952% 52.21% 1900 159.50%
Cow manureso (ton.hat) 1665°¢ 1.072 17.88° 51.16% 1940 155.58f
Cow manurego (ton.hal) 1780 1.232 21.632 52.74% 1880 156.08¢f
Cow manureso (ton.hat) + NsoP2sK2s (kg.hat) 1652¢ 1.16° 18.96" 49.28¢ 1700° 158,42
Cow manureso (ton.hat) + NsoP2sKozs (kg.ha?) 19742 1.142 22.25% 52.10%  2100% 155.33f
\ermicomposts (ton.hat) 1818¢ 1.192 21.36° 54,532 22202 157.00%
Vermicomposts (ton.ha?) + NsoP2sKos (kg.hat) 1821%¢ 1.032 21.48? 50.54% 1830° 157.83¢

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 1. Means comparison of fertilizer treatments effects on Satureja sahendica essential oil yield
Fertilizer treatments: 1- Control (No fertilizer), 2- NsoP2sKos (kg.hat), 3- Cow manures, (ton.ha™), 4- Cow manureg (ton.ha), 5- Cow manures,
(ton.ha?) + NsoP2sKos (kg.hat), 6- Cow manureg, (ton.ha™) + NsoP2sKos (kg.hat), 7- Vermicomposts (ton.hat), and 8- Vermicomposts (ton.ha™) +
NisoP2sKos (kg.ha).

Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 8. Means comparison of fertilizer treatments effects on some Satureja sahendica traits during 4 years

Dry yield of green Essential Essential oil Plant Crown 50%-flowering
Year shoots oil yield height surface date
(kg.ha't) (%) (kg.ha'!) (cm) (m?) (day)
1 1496° 1.428 21.14° 50.74% 0.16°¢ 143.67¢
2 1821° 1.402 15.17¢ 51.66° 0.22° 159.50°
3 1789° 1.02b 20.98° 49.15°¢ 0.20% 151.75°¢
4 20492 0.82¢ 25.142 55.092 0.192 175.082

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 9. Essential oil compounds of Satureja sahendica in different fertilizer treatments (1% year)

Fertilizer treatments

Cow Cow Cow manuresg Cow manureg, X .
Compound RI Control NisoP25Kos 1 1 Vermicomposts Vermicomposts (ton.ha™)
(No fertilizer) (kg ha") manurezy  manureg  (ton.ha?) + NsoPsKas  (ton.ha™) + NsoPasKos (ton ha) + NgPsKGs (kg ha™)
(ton.ha)  (ton.ha™) (kg.hat) (kg.ha™)

a-thujene 936 0.9 0.8 0.8 0.7 0.7 0.7 0.8 0.6
a-pinene 946 0.6 0.6 0.5 0.5 0.5 0.4 0.5 0.4

B-pinene 978 1.2 11 1.1 1.0 1.0 11 1.2 1
a-terpinene 1043 18 1.6 15 14 13 14 1.6 1.3
p-cymene 1053 30.2 27.9 27.1 26.7 26.8 23.9 275 245
y-terpinene 1084 14.1 12.2 12.6 114 10.6 11.6 13.2 114
terpinolene 1100 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.3
terpinen-4-ol 1222 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7
thymol 1325 47.6 53.8 52.2 53.8 49.1 56.5 50.9 56.5
carvacrol 1332 0.5 0.6 0.5 0.6 0.9 0.6 0.7 0.5
E-caryophyllene 1479 0.5 0.4 0.5 0.6 0.5 0.6 0.6 0.5
Total 98.2 99.9 97.7 97.6 92.2 97.7 97.8 97.6

(pos Jl) (o058 lide sl leg L3 i 250 il S 5=V e S
Table 10. Essential oil compounds of Satureja sahendica in different fertilizer treatments (2" year)
Fertilizer treatments
Control Cow Cow Cow manurezg Cow manureg i .
Compound RI NsoP2sKos Vermicomposts Vermicomposts (ton.ha™)
(No manures,  manureg (ton.ha*) + (ton.ha*) +
. (kg.hat) (ton.hat) + NspP2sKos (kg.hat)
fertilizer) (ton.ha?) (ton.ha?) NsoP2sKzs (kg.ha™) NsoP2sKzs (kg.ha™)

a-pinene 939 0.6 0.4 0.4 0.4 0.5 0.5 0.5 0.4

camphene 951 0.5 0.4 0.4 0.5 0.4 0.5 0.4 0.4

B-pinene 984 0.9 0.7 0.9 0.8 0.7 0.8 0.6 0.6

a-terpinene 1046 1.7 15 1.8 1.7 14 15 1.2 1.3
p-cymene 1058 23.7 205 18.9 20 16.3 19.2 18.5 16.5

y-terpinene 1086 11.0 9.5 11.9 11.3 9.6 9 8 8.6
thymol 1326 57.1 62.7 61.8 61.4 61.4 67.1 66.4 68.4

carvacrol 1333 1.1 0.7 0.8 0.7 0.7 0.6 0.6 0.6

E-caryophyllene 1477 0.8 0.8 0.5 0.6 0.6 0.6 0.7 0.6
Total 97.3 97.1 97.2 97.2 915 99.7 96.7 97.4
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Table 11. Essential oil compounds of Satureja sahendica in different fertilizer treatments (3™ year)

Fertilizer treatments

Cow Cow Cow manureg . .
Control NisoP25Kos Cow manures, (ton.ha) Vermicomposts  Vermicomposts (ton.ha*) +
Compound RI (No fertilizer) (kg.ha™) manures  manureeo + NsgP2sKs (kg.ha) (ton-ha”) + (ton.ha?) NsoP2sK s (kg.hat)
(ton.ha?)  (ton.ha™) NsoP2sKs (kg.ha™)
a-pinene 934 0.6 0.5 0.4 0.5 0.5 0.4 0.6 0.5
camphene 946 0.5 0.5 0.3 0.4 0.4 0.3 0.5 0.4
B-pinene 979 1.0 0.9 0.7 0.8 0.8 0.6 0.9 0.8
a-terpinene 1041 1.8 1.7 14 15 1.6 1.2 1.8 1.6
p-cymene 1051 20.8 13.6 14.2 13.7 13.6 12.8 184 147
y-terpinene 1082 17.2 15.8 13.3 15.0 14.9 12.6 16.9 15.0
thymol 1328 55.0 64 65.4 65.3 65.1 68.3 56.2 63.7
carvacrol 1335 0.6 0.8 0.6 0.6 0.7 0.6 0.8 0.7
E-caryophyllene 1483 0.8 0.9 0.7 0.8 0.7 0.8 1 0.8
Total 98.3 98.5 97.0 98.5 98.2 97.6 97.0 98.2
(ol JL) o585 it lasleg L3 arge 050 il GlacaS 5 =Y Jous
Table 12. Essential oil compounds of Satureja sahendica in different fertilizer treatments (4" year)
Fertilizer treatments
Control NsoP2sKos Cow Cow Cow manurey, (ton.ha?) Cow manurec Vermicomposts Vermicomposts (ton.ha™) +
Compound RI N manurezp — Manureg (ton.ha?) + NgoPosKas
(No fertilizer)  (kg.ha?) + NsoP2sKos (kg.hat) (ton.hat) NsoP2sKos (kg.hat)
(ton.hal)  (ton.ha?) (kg.hat)
sabinene 920 0.7 10 0.8 1.0 0.7 0.7 0.8 0.8
B-pinene 927 05 0.7 0.5 0.6 0.5 0.5 0.6 0.5
a-terpinene 983 1.3 15 1.3 1.6 11 1.2 1.3 1.2
p-cymene 1013 28 28.5 28.5 27.1 24.9 22.4 27.3 254
y-terpinene 1050 18.3 20.1 22.1 20.7 16.9 20.3 18.0 16.8
thymol 1280 46.4 43.2 411 452 52.2 53.3 47.6 50.8
carvacrol 1282 0.4 0.6 0.4 0.5 0.4 0.5 0.4 0.5
E-caryophyllene 1370 0.7 0.9 0.8 0.9 0.7 1.0 0.9 0.9
Total 96.1 96.5 955 98.5 97.3 99.8 96.8 96.9
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Table 13. Thymol+carvacrol mean amounts of Satureja sahendica essential oil in different fertilizer treatments during 4 years

Fertilizer treatments

Cow Cow Cow manureg, Cow manureg Vermicomposts
Control NsoP 25K s Vermicomposts
Year Compound manures  manureg (ton.ha?) + (ton.ha?) + (ton.ha?) + NsoPosKs Mean of years
(No fertilizer) (kg.hat) (ton.hat)
(ton.ha-l) (tOn.ha-l) N5oP25Kos (kg.ha'l) N5oP2sKos (kg.ha‘l) (kg.ha'l)
1 48.0 54.4 52.7 54.4 49.9 57.2 51.6 57.0 53.1
2 thymol+ 58.2 63.4 62.6 62.1 62.1 67.7 66.9 69.0 64.0
3 carvacrol 55.6 64.7 65.9 65.9 65.8 68.9 57.0 64.4 63.5
4 46.7 43.8 41.6 45.6 52.6 53.8 48.0 51.3 47.9

Mean of treatments 52.2 56.6 55.7 57.0 57.6 61.9 559 60.4
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