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ABSTRACT

A field experiment was carried out during two sissbee seasons to study the effects of nitrogeitiZert(0, 50 and
100 kg N/fed.) and phosphorus fertilizer (0, 1518 80 kg P/fed.) as well as'and 2° cuts on dry matter, essential
oil percentage and composition of Satureja montander Egyptian conditions. In the two seasons, hdmb
weight/plant, essential oil % and oil yield in twats were significantly increased with the risenitrogen and/or
phosphorus fertilizers."2 cut gave higher values for herb dry weight/plassential oil % and oil yield tharf'tut.
The maximum herb dry weight/plant and oil yield wésained from plants fertilized (50 kgN+30 kg p/jeand
harvested at™ in both seasons, while maximum essential oil peege was obtained from plants harvested in the
1% cut with fertilized at (100 kgN /fed.) and fronamtis harvested in thé®cut with fertilized at (30 kg p/fed.) in the
first and second seasons, respectively. Carvacims the major marker compound in Satureja montantae©
important compounds were p-cymene (7.78 to 9.95804ah0 to 6.44%)y-terpinene (3.45 to 6.43% and 2.03 to
4.02%), linalool (0.56 to 1.70% and 0.81 to 2.60%ymol (1.78 to 2.58% and 1.28 to 3.93%) #nchryophyllene
(1.88 to 2.34% and 2.32 to 3.20%) considered asomiin the first and second cuts, respectively. Tighest
carvacrol percentage was recorded from Satureja tavea harvested at"? cut and fertilized by (50 kgN+30 kg
p/fed.). This study showed that the accumulatiorssiential oil constituents is influenced by thieogen and
phosphorus fertilizers as well a& and 2 cuts.
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INTRODUCTION

Winter or mountain savonSatureja montan&. family Lamiaceae) is a perennial herb nativéh® Mediterranean
regions of Europe [1, 2] cultivated worldwide asdicgal and spice plants [3-5] and used as tragitionedicinal

herb for bronchitis, antiseptic, carminative, dijes expectorant stimulant, gastrointestinal, -aigirheic,

aphrodisiac and stomachic [6-1@atureja Montanas rich source of biologically active phytochemgand has
positive effects on human health attributed t@it8ve constituents such as essential oil, triteegeflavonoids and
rosmarinic acid [11-14]. The essential oil is usedhe food industry as a flavoring agent and pedty and as
active ingredients in medical preparations [15-E&sential oil, obtained from the whole herb, psssmtibacterial,
antifungal, antiviral, antioxidant, antispasmodintidiarrhoeal activities antiproliferative actiiton human

erythroleukemic K562 cells [17, 18-29].

Yield and active compounds of medicinal and aromatants are affected by genetic variation, envirental
influences, agronomic conditions, fertilization dmatvesting time. Nitrogen (N) is the most impottplant nutrient
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for crop production. It stimulates root growth, grdevelopment as well as uptake of the other misidt is an
essential component of chlorophyll, enzymes, pnsteietc. Additionally, nitrogen is found in suchpomtant
molecules as purines, pyrimidines, porphyrines @®hzymes. Purines and pyrimidines are found iteiiecids,
RNA and DNA, which are essential for protein sysiee The porphyrin structure is found in such meliahlly
important compounds as chlorophyll pigments anccifiechromes, both essential in photosynthesisresiration
[30] Application of nitrogen fertilizer was influeed the herb yield, oil content and the essentabposition in
aromatic and medicinal plants [3Bhosphorus (P) is required in relatively large anmtgdor the biosynthesis of
primary and secondary metabolitg82]. Since P has essential functions as a constituemuofeic acids and
phospholipids (biomembranes) and plays a key roléhe energy metabolism of cells. From this viewpoi
phosphorus element is an essential nutrient fop gwth and high yield with good quality. In thisspect,
increasing phosphorus application increased graWwénacters, oil percentage and oil yif38].

Harvest time is an influential factor on yield, ttygand quantity of active substances in mediciplaihts and that
environmental factors impact, in addition, for mmaxim oil production, long days and high light intiéies are
required during the maturation period for maximuihpsoduction, and a lot of research has demoredrahe
importance of harvest time and its impact factotf@quantity and quality of essential oil [34-40].

However, agricultural studies @atureja montanglants in Egypt have not been investigated thdnbugntil now,
and the lack of previous reports on the impactggbaomic factors such as nitrogen and phosphortitiZation on
yield and essential oils datureja montanaThis study aimed to evaluate the effect of niégnog@nd phosphorus
fertilization on the dry herb yield and essentifkcontent and their main constituentsSHtureja montana.

EXPERIMENTAL SECTION

Plant material and optimization of growing conditions

Seeds ofSatureja montanavere obtained from the HEM ZADEN B.V - P.O. Box 4606 ZG Venhuizen - The
Netherlands. The seeds were sown in the nursetpdvarch, 2011 and 2012. Two months after seedrapam 15
March, the seedlings were subsequently transplantecthe field on 15 May of both seasons into 3x3.5m plots,
on rows with 60 cm apart and 20 cm between seeglithg seedlings were thinned 30 days after transpd to
leave one plant per hill to give 85 plants/ploteTdesign of this experiment was factorial and péahin a complete
randomized block with three replications. The studytained 9 treatments, which represented all awetibns
between nitrogen fertilizer treatments [(NO) =R1] = 50 and (N2) = 100 kg N/fed., as urea (46% \MF applied
as a dressing application and divided into fourakéqortions at 30, 45, 75 and 90 days from tramgpig and
phosphor application treatments [(P0) = 0, (P1P6& and (P2) = 200 kg as calcium super phospha@s(R5.5%)]
were applied before transplanting. This study wagied out during 2013 and 2014 growing seasonthet
experimental farm of the Faculty of Pharmacy, Célroversity, Giza governorate, Egypt. Before sowiplgysical
and chemical properties of the soil of the expenimeere determined according to Jackson [41]. Tdiktexture
was sandy loam, having a physical and chemical ositipn as follows: 51.1% sand, 25% silt, 23.9 %ycand
0.47% organic matter. Soil chemical analysis wafobews: E.C (ds/m) = 4.9; pH= 8.05 and availablgP and K
=0.07, 0.53 and 2.8 mg/kg, respectively.

Sample preparation

During each growing season, the plants were hasde2ttimes on 15 July and 15 September, 2 and 4hson
respectively, after transplantation. The plantseamairvested before flowering stage at 5-10 cm alblowesoil. The
fresh plant materials from each replicate wereddaeroom temperature, in a shady and well veptilgglace for 3
weeks until reaching a constant weight. Dry makeriavhole aerial parts was weighted (g pirand essential oil
content of the dry samples of each cut was detemhnin

Isolation of essential oils

Representative plant samples were submitted hytdlation using a Clevenger-type apparatus adogrdo the
method described in the British Pharmacopoeia [E&%ential oil yield was expressed as ml 18@ly materials),
while essential oil yield per plant was expressedaplant’. The essential oils were collected and dehydrateu
anhydrous sodium sulphate and kept in refrigenamtit GC-MS analyses.
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GC-MS analyses and identification of components

Chromatography-mass spectrometry (GC-MS) instrunségmids with the following specifications. Instrurhea
TRACE GC Ultra Gas Chromatographs (THERMO Scienti@orp., USA), coupled with a THERMO mass
spectrometer detector (ISQ Single Quadrupole MasxtB®meter). The GC/MS system was equipped with a
TGWAX MS column (30 m x 0.25 mm i.d., 0.28n film thickness). The carrier gas was helium #ibw rate of
1.0 ml/min and a split ratio of 1:10 using the éoling temperature program: 40 oC for 1 min; risiagt.0 oC/min
to 160 oC and held for 6 min; rising at 6 oC/min2bd0 oC and held for 1 min. The injector and detect
temperatures were held at 210 oC. Diluted samfde) (hexane, v/v) of 0.aL of the mixtures were always
injected. Mass spectra were obtained by electraization (El) at 70 eV, using a spectral range & #0-450.
Most of the compounds were identified using masisp (authentic chemicals, Wiley spectral libraoflection
and NIST library).

Statistical analysis

Except for the constituents of the essential big tlata in this study were analyzed with the aimlgt variance
(ANOVA) using JMP 10 program (SAS Institute, NC, A)SThe mean values of treatments were comparetjusi
Tukey’s HSD test. Values accompanied by differettels are significantly different at@.05.

RESULTS AND DISCUSSION

Biomass Productivity

It is evident from Table (1) that N and P fertiligesignificantly increased dry weight in both sewsd-or individual
fertilizer, fertilized plants at 100kgN/fed resultéhe highest value of dry weight followed by tlo&t50 kgN/fed,
200 kg calcium super phosphate, and 100 kg calsiuper phosphate then plants without fertilizerradgien and
phosphorus is essential elements for plant growthreeeded in large amounts for the biosynthesgwriofary and
secondary metabolites [32]. N fertilizer increaggowth characters that may be due to the posifffieete of N on
activation of photosynthesis and metabolic proces$erganic compounds in plants, which, in tumgaeirage plant
vegetative growth [43]. These results are in agexgnwith previous studies [44-48]. Phosphorus éssential
functions as a constituent of nucleic acids andspholipids (biomembranes) and plays a key rolehanénergy
metabolism of cells. Applied P enhanced the phatthesis and plant growth [49]. Phosphorus fertilinereased
growth and herb yield [50, 51]. While added nitmgind phosphorus fertilizers collectively gave liest results
than adding any of them singly, except (100 kg N3+k@ calcium super phosphate /fed) in the first @uboth
seasons which gave lower value comparing withliteeti treatments. Where plants fertilized with 3§ R (200 kg
calcium super phosphate + 50 kg Nitrogen/fed) dheeheaviest weights of dry herbs followed by ptegated with
(100 kg calcium super phosphate + 50 kg Nitrogeh/fehile control plants gave the lowest valuethia first and
second cuts of both seasons. The interaction tergtmalso led to significant differences in herly dright,
however plants fertilized with (200 kg calcium supkosphate + 50 kg Nitrogen/fed) in tH¥ Zut gave the best
dry weight in both seasons compared to other trewttsn Alsafar and Al-Hassan [52] pointed out thatitnpact of a
mixture of nitrogen and phosphate fertilizers wastbfor herb and essential oil from adding bothividdally.
Mohammadreza et al. [58howed that both nitrogen and phosphorus fertilipad significant affects on flowers yield,
essential oil and chamazulene percent. The higheddtof dried flowers was obtained using 100 kgfiteogen plus 50
kag/ha phosphorus fertilizer.

Table 1. Effect of nitrogen and/or phosphorus fertizer on dry weight (g/plant) of Satureja montana in the 1% and 2" cuts two during two
seasons

Numbers with different letters within the seasoa significantly different at0.05 by Tukey’'s HSD test.

Treatments 15 season ¥ season
1 cut 2 cut 1% cut 2 cut
Control (without fertilizer)| 20.6+0.31h| 40.9+0.5de 18.2+0.60f 38.4+0.4d
50 kg N/fed. 23.6+0.70gh 57.3+1.9¢ 24.2+0.7%9ef  60.47c
100 kg N/fed. 27.3+0.85¢ 63.2+1.82b 27.3+0.6fe £Hb.89bc
15.5 kgP/fed. 22.240.83g | 45.3+1.201 | 24.5+1.01e | 43.0+1.53
30 kg P/fed. 25.4+1.21gh 57.8#1.30c 25.7+1.20e H5BH.cC
50 kg N+15.5 kg P/fed. 33.6+0.30 74.1+0.4a 37.45d8. | 72.5+2.3ab
50 kg N+30 kg P/fed. 36.5+1.01ef 76.6+0.9a 38.76d.8 72.8+1.4a
100 kg N+15.5 kg P/fed. 21.5+0.50h 58.9+1.0bc  22.64ef 63.5+0.8c
100 kg N+30 kg P/fed. 23.5+0.87gh  58.3+0.9bc 26.7e1 63.6+1.9c
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From the same table (1), the results also showatdpilants harvested in the second cut gave highleles of dry
weight compared to plants harvested in the firsticboth seasons. The increment of herb weight sigsificant
between the two cuts. Previous studies have shbatrhirvest time is an important factor for thelaites growth,
yield and active substances. Hegazy et al. [38hdotlnat harvested plants at second cut gave thevhkees from
herb in dragonhead, hyssop and sages plants cothfmatiee first one. Said-Al AHI et al. [37] showttht harvest
time affects significantly on the herb weight ofrgay cultivars. The same results was obtainedViatissa
officinalis plants, since different cutting interval dates wamificantly effect on the herb dry weight.

Harvesting frequently affecting on biomass yieldl @ssential oil yield of aromatic plants, thusanhde useful or
harmful to oil production, depending on environnatritictors. Kothari et al. [54] found that essehtil content
was lower in the first harvest and increased griiylira subsequent harvests. Harvesting of secontdeamches of
Ocimum tenuiflorunted to maximum plant spread and number of secgristanches during second and subsequent
harvests. Cutting plants above ground to allowted#ishment of new leaves for the process of phthesis [55,
56].

Temperature plays an important role in plant groarh yield and changes in most of their metabaltivities such
as photosynthesis, respiration and transpiratidf). [8/eiss [55] concluded that geranium maximum Igadwth

with high oil content was obtained under warm suoogditions. The same result have acquired from &uet al.

[58] who reported that warm conditions favored fagetative growth of geranium. However, the growth
geranium increased under long-day photoperiods st dry mass as a consequence of increased phigro
content [59]. Letchamo and Xu [60] found that vhility in shoot yield and essential oil of thyme svassociated
with photosynthetic activities.

Essential Oil Percentage

It seems clear from the table (2) that, fertiliaatireatments led to significant differences in ¢lssential oil % and
plants treated with phosphorus fertilizer (200 kdcmm super phosphate /fed.) gave the highest %olattile oil,
except of (100 kg N/fed) at the second cut in im& Eeason. No significant differences betweemtslghat have
been fertilized with nitrogen and phosphorus indlislly and plants treated with interaction treat@®0 kg
N/fed+100 kg calcium super phosphate /fed).Whittiol plants (without fertilizer) gave the lowestsential oil
%. In general we can say that phosphate fertibmatvas more effective on oil content, followed hyragen
fertilization and then mixed fertilization betwephosphate and nitrogen. However, plants treatel phibsphorus
fertilizer (200 kg calcium super phosphate /fed.)hie second cut gave the highest % of volatiléndidoth seasons.
While control plants gave the lowest essentialdil Previous studies have shown that applicatiophafsphorus
fertilizer increased essential oil content andya@ld [50, 51]. Phosphorus may have an impact aymes involved
in the mevalonate pathway, which are importanti liiosynthesis of terpenes [61] and thus the &@akeil, seem
to be affected by P fertilization [49]. Nitrogerrtfization enhances the essential oil biosynthesixesses through
its role in plant metabolism and plays an importah¢ in synthesis of the plant constituents thiotlie action of
different enzymes. Baranauskienne et al. [62] ameet al. [63] found that nitrogen fertilizer ieased essential
oil of thyme and basil. These results are in agergmwith previous studies which demonstrated thataddition of
phosphate and nitrogen fertilization, or the intdon between them affect positively on essentiatontent [31,
33, 44, 49- 51].

From previous research the data indicated thatedsential oil % inSatureja montanadry herb was varied
depending on the origin. In Croatia, the contenesdgential oil (1.2 to 2.2%) [28]. In Montenegroe tcontent of
essential oil in the herb &atureja montanél.1 to 1.9%) [7]. In Albania, essential oil % wat from 0.22 to 1.61%
[64]. In Italy, (0.59%) [65]. In Poland, the contef essential oil was (1.67 to 2.37%) [9].
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Table 2. Effect of nitrogen and/or phosphorus ferlizer on essential oil % ofSatureja montana dry herb in the 1% and 2" cuts two during

two seasons
Treatments 1% season 7 season
1 cut 2 cut 1 cut 2" cut

Control (without fertilizer | 1.02+0.021 | 1.43+0.02+f | 1.0740.02] | 1.33+0.04-g
50 kg N/fed 1.45+0.03-e 1.93+0.02 1.40+0.06d 1.95+0.03
100 kg N/fed. 1.23+0.02e-h 2.05+0.05a 1.13+0.03gh .9840.06a
15.5 kg P/fed. 1.43+0.03d-f 2.03+0.07p 1.33+0.03e-dL.93+0.04a
30 kg P/fed. 1.67+0.07bq 1.90+0.03p 1.53+£0.03c-e 02#0.04a
50 kg N+15.5 kg P/fed. 1.12+0.04gh 1.67+0.06bc  #0133f-h 1.60+0.03cd
50 kg N+30 kg P/fer 1.1840.02g | 1.85+0.05a | 1.15+0.03-h | 1.85+0.03a
100 kg N+15.5 kg P/fe 1.28+0.08-g 1.95+0.03 1.37+0.09e 1.92+0.02
100 kg N+30 kg P/fed. 1.2+0.02f-H 1.55+0.03¢d 1.230-h 1.65+0.05bc

Numbers with different letters within the seasoa significantly different at0.05 by Tukey’'s HSD test.

Essential oil content oMelissa officinalis was significantly affected by harvesting times ][3%aeb and
Gholamrezaee [66] reported that the essential igildy vary considerably from month-to-month andalso
influenced by the micro-environment (sun or shadeyhich the plant was growing. Also, Simionattoaé [67]
reported that the oil % dflelissa officinalisvaries greatly with a range of 0.12 % to 0.25 %irduthe first and
second cutting. However, the essential oil of pemp& was influenced by changes in temperaturentPthy
matter, frequency of oil glands on leaves, morppiclal development and oil yield responded positivel higher
temperatures and the leaf mass ratio showed aeaserwith increasing day temperature. The combimaiti high
day and low night temperatures produced the gredga mass ratio [68]. As well as, photoperiod khastrong
effect on plant growth and yield production [69uriRle [70] concluded that photoperiod influencenplhaeight,
branching and other growth characteristics. It &lad a direct impact by adjusting the metabolitwatys relevant,
of photosynthetic carbon production and its pamithg to the Rohmer route (non-mevalonate
pyruvateglyceraldehyde-3-phosphate driven isopghtpgrophosphate synthesis), which leads to geiveranf
essential oil terpenoids [69]. These metabolic @sses have a direct relevance to essential oiggnalot from mints.
This was evident in the three different Mentha sgge@entha arvensisMentha citrate Mentha cardiaca were
long-day plants, exhibiting substantially highergegtative proliferation under long day conditiondho8er-day
conditions resulted in slower growth and reducetbége yield.

As mentioned in the herb weight, the differencesgsential oil % between the first and the secamdwere
significant. 2 cut gave the highest % of volatile oil extracteohi dry herb in both seasons. Hegazy et al., [38]
found that harvested plants at second cut gavedhevalues from essential oil % in dragonheadsdyysand sages
plants compared to the first one. Said-Al Ahl et [89] showed that harvest time affects signifitamtn the
essential oil % of parsley cultivars. The sameltegas recorded oiMelissa officinalisplants [40].

Essential Oil Yield

As is evident from the table (3), essential oilgiaffected significantly by fertilizer treatmerits 1% and 2° cuts of
both seasons. However, plants fertilized with (R§@alcium super phosphate + 50 kg N/fed) was #st tollowed
by plants treated with (200 kg calcium super phaspifed) in the first season or (100 kg calciumesyghosphate +
50 kg N/fed) in the second season from plants tstedein ' cut. While, in 2% cut, plants fertilized with (200 kg
calcium super phosphate + 50 kg N/fed) was the fodstved by plants treated with (50 kg N/fed) iath seasons.
Herein it is clear that generally the mixed fezfliion of nitrogen at higher dose and phosphomratrirents were
was not featured for oil yield. Howeveatureja montanalants that have not fertilizer (control) gave thwest oil
yield values in both seasons. The same result @@sded previously by [31, 33, 44, 49- 51].

Fertilized plants with (200 kg calcium super phaapht 50 kg N /fed) in the second cut was the aedtgave the
highest oil yield output of dry herb in both seasararveste®atureja montanalants in the %' cut gave the more
essential oil yield than plants harvested in thet in both seasons as expected result to incrafatse herb dry
weight and the percentage of essential oil in fle@ comparing with 1st cut. The differences betw#band 2°
cuts were significant. Hegazy et al., [38] founattiharvested plants at second cut gave the beges/dtom
essential oil yield in Dragonhead, hyssop and splgggs compared to the first one. Said-Al Ahl le{29] showed
that harvest time affects significantly on the esis¢ oil yield of parsley cultivars. The same ri¢suas recorded on
Melissa officinalisplants [40].
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Table 3. Effect of nitrogen and/or phosphorus ferlizer on essential oil yield ofSatureja montana dry herb in the 1t and 2" cuts two

during two seasons

Treatments 1% season 7 season
1 cut 2" cut 1S cut 2" cut

Control (without fertilizer | 0.21+0.0L 0.59+0.01 0.19+0.0L 0.51+0.01
50 kg N/fed 0.34+0.0f¢ 1.11+0.04 0.34+0.03f( | 1.17+0.02b
100 kg N/fed. 0.34+0.01fg 1.30+0.07ap 0.31+0.01fg.2910.07ab
15.5 kg P/fed. 0.32+0.02fg 0.92+0.02d 0.33+0.01fg .83@0.03d
30 kg P/fed. 0.42+0.03f 1.10+0.04q 0.39+0.03ef 1(@®@05a-c
50 kg N+15.5 kg P/fed. 0.38+0.02f 1.24+0.045bc  @0182ef | 1.16+0.02bc
50 kg N+30 kg P/fet 0.43+0.01e 1.42+0.05 0.45+0.03e 1.35+0.04.
100 kg N+15.5 kg P/fe 0.28+0.011f | 1.15+0.01b | 0.31+0.01fi | 1.22+0.01a
100 kg N+30 kg P/fed. 0.30+0.01f 0.90+0.03d 0.3016y 1.05 +0.04c

Numbers with different letters within the seasoa significantly different at0.05 by Tukey’'s HSD test.

The decrease in essential oil content at highepéeature was attributed to the loss of oil durirefev movement
from the leaves epidermis as well as the evaparatioessential oil from glands when get rupturesirfrhigh
temperature. It is also expected that the degreesséntial oil loss by high temperature will diftexsed on the
species, localaization of secretory structures,stocé content and other drying factors [37]. Thenthoof
harvesting had an effect on the oil yield. Weis5] [ported that the highest oil content of geremimas observed
in July and lowest in February in southern IndiartRermore, the effect of harvest month, Doimo let[&l]
reported that location area that plant grow al$ecééd oil yield. Changes of the photoperiod maydfi essential
oil yield and composition at the expense of thenpleiomass. The photosynthetic input of L@creased the
number or the density of essential oil glands pegrgleaf area, or it increased both the numberthadize at the
same time [72]. High or low temperatures may fabar development of oil glands on leaf surfaceghinstudy of
Japanese mint appeared that the number of oil glged unit leaf area on the adaxial leaf surfasporded
differently to high day temperature treatment tifamse on the abaxial leaf surface. The oil glandshe adaxial
surfaces were greater in number at@%Slay temperature and it was observed that thegased in number with
increases in night temperature while those on laial surface remained costant at all tempera{6&is

GC/MS analysis of essential oll

Sixteen compounds were detected in the dry henbegetative stage essential oil. The main compounth®
essential oil of dry herb in the vegetative sta@e warvacrol ranged from 69.15 to 80.39%. Perceméghe main
compound (carvacrol) in the essential oil was affédy either nitrogen fertilizer and/or phosphadnestments and
also harvests time at the first and second cutsefadly, carvacrol was found in the essential gilyoas major
component. In the same time, the maximum contewtofacrol (80.39%) was observed in the essentialf dhe
herb that received 50 kg N+30 kg P/fed. in the sdamut. While, control plants gave the lowest cohtd carvacrol
(69.15%) in the first cut.

From previous studies, it has proven to convert blosynthesis fromy-terpinene top-cymene and further and
further to thymol [73]. Carvacrol, which similar thymol, can be produced by a similar biosynth@siSatureja
montan from y-terpinene viap-cymene. Chizzola [74] concluded that various clypes such as carvacrol or
linalool or p-cymene or thymol, carvacrol and limal chemotypes has been found in Spain [75, 76ijndum
chemotype which found in France [75], thymol, géshand carvacrol also, found [77].Besides carvhgaymene
andy-terpinene chemotype [78]. Therefore these threepoainds may be considered as the main chemotyge of
Montana.The amount of these three compounds is influengeditnatic conditions in different sites. Milos at
2001 found the carvacrol content decreases wheregmene content tends to increase, in the sameititeeval
they-terpinene may increase or decrease [76]. Moredngher temperature and less precipitation mayeiase the
carvacrol content [80].

The typical phenolic compound &f montanas carvacrol and the prevailing carvacrol chemotgpeurs [75, 81,
82] and also have carvacrol (up to 84.19%) as thé monstituent [83]. Other important compounds emgr
cymene,y-terpinene, l-octen-3-of}-myrcene, thymolp-phellandrene -caryophyllene, carvacrol methyl ether,
linalool, geraniol, and borneol were evidenced [89, 78, 81, 84, 85]. Composition of the essertihlof S.
montanadepends on many factors, such as environmentaitomms] harvest time, geographic origin, and fertits
which seem to have a significant influence on tégeatial oil relative compounds concentratiosirmontand?77,
86].
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Table (4) explained that carvacrol which is themm@mpound (more than 10%) in the volatile oil urgihced under
the study treatments. Meaning that that carvacrolnéteased as a result of fertilizers treatmentsmpared to
control plants (without fertilization). However,gits fertilized with (50 kg N+30 kg P/fed.) gaves thighest %
from carvacrol followed by plants fertilized witBq kg P/fed.), plants fertilized with (50 kg N/fgdnd then control
plants in the two cuts. Similar results from tmalgsis of thyme oil proved the effect of nitrogemtilization on

carvacrol content through the study carried ouShgrafzadeh [87] they found that Urea treatmentnwlsed as
100 mg N/kg (200 kg N/ha), increased p-cymemrirpinene and carvacrol but decreased thymol vebempared to
control. In another study on thyme, Jabbari ef&&] indicated that N application increased thynualrvacrol and p-
cymene. Kili¢ et al. [89] reported that P fertilizecreased the content of thymol, p-cymene, amdaczol in thyme
oil. Hendawy et al.[90] concluded that using rodkogphate led to increase thymol, p-cymene, andaces
contents and decrease the contentg-tdrpinene and myrecen in thyme oil.

Table (4) also explained clearly that d4nd 2° cuts have an impact on % of carvacrol compounkle Jecond cut
was the best to get the highest % of carvacrol @etpto first cut and treatment (50 kgN+30 kg p/fedthe
second cut gave the highest % of carvacrol compeontpared to other treatments. The rest of compodidinot
have a clear trend.hymol was decresed when carvacrol increased aawdrsa. Said-Al Ahl [31]ound that the
volatile oil content of oregano plant from carvddnezreased in the second cut than the first cdt\aoe versa in p-
cymeney-terpinene.

For the minor compounds (less than 10% and morne 184), p-cymene (7.78 to 9.95% and 4.10 to 6.448%0),
terpinene (3.45 to 6.43% and 2.03 to 4.02%), liolal0.56 to 1.70% and 0.81 to 2.60%), thymol (1td2.58% and
1.28 to 3.93%) an@-caryophyllene (1.88 to 2.34% and 2.32 to 3.20%him first and second cuts, respectively
considered as minors. The percentages of thesearordp differ under the study treatments. P-cynieceased

in the first cut then the second cut and vice verdhey-terpinene compound. The highest % of p-cymene5¢a)9
andy-terpinene (6.43%) was obtained from control plantthe first cut. While, the highest % of linalo@.60%)
and thymol (3.93%) was obtained from plants fexitl with (100 kg N/fed.) in the second cut. Moreotarvested
control plants in the second cut gave the higheBtaaryophyllene (3.20%). The rest of the compound$eé table
(4) are considered as trace ones (less than 1%).

Carvacrol compound increase in hot seasons axfienee of their preceding precursors. In other sidifte relative
percentage of carvacrol was higher in the secohdhem in the first cut. This may be attributedhe effect of the
environmental factors especially non-edaphic fagt@ince these plants grew in summer months unigr h
temperatures and received more solar energy these thrown in the spring months (Table 1). Thesdalitions
accelerate the transformation of terpinene andrpetye to phenolic compounds. These findings agrdethose of
Omer [91] onOriganum syriacumand Omer et al. [92] on marjoram. In this respitcaglia and Marotti [93]
reported that during their two-year study differemdn relative amounts of thymol, carvacrgterpinene, and p-
cymene, essential oils of Satureja montana whickhgrswn in Italy, could be attributed to the effeat$
environmental conditions.

The most interesting observation that the treatmnehbwed was that the maximum carvacrol contenttezsfrom
the minimum content of-terpinine (2.03%). However, the maximum conteny-tdérpinine (6.43%) was observed
with the treatment that resulted in the minimum teanh of carvacrol. This observation supports theaidhat
terpinene and p-cymene are the biogenetic preairebrthymol and carvacrol and that there is a negat
relationship betweepterpinene and carvacrol.

The data of previous studies showed that, essemitimlomposition of Satureja montana differed ir ttelative
concentration of major components depending orgdugraphic origin and shows of different chemotyj&&g. In
Egypt, Hassanein et al. [81] found that carvacr®.15%), o-cymene (4.26%), 1-octen-3-ol (2.33%) #nanol
(2.26%) were the major component in essential 6ilSo montana. In Poland, carvacrol (76.16%), p-ayene
(12.51%) and/-terpinene (6.03%) [78]. In Spain, Similarly, catxa (52.2%), p-cymene (12.8%) ampderpinene
(8.9%) [78] also, in Albania: carvacrol (2.21-538% p-cymene (1.13-16.22%);terpinene (0.31-8.86%) [64]. In
Italy, the major components were carvacrol (18.00%ktymene (14.30%), thymol (9.92%;phellandrene
(5.60%), B-caryophyllene (4.97%), carvacrol methyl ether §463 and linalool (4.81%) [65]. From two different
localities in Bosnia and Herzegovina, essentiakoittained thymol (3.8-31.7%), carvacrol (10.6-28)3geraniol
(0.1-22.3%) and caryophyllene oxide (5.2-7.7%) agomcomponents [29]. In Croatia, carvacrol (63.4%ymol
(19.4%) and borneol (4.2%) as the main compon@&3is [n another study in Croatia, Bezic et al. [g&ported that,
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carvacrol (13.7%), p-cymene (11.8%) antkrpinene (10.6%) as the main components. In 8etbé essential oil
of S. montana contained carvacrol only in 0.4-1[2%9. In contrast Wesolowska et al. [9] reportedttthe content
of carvacrol (65.43-69.99%) found S. Montana. Imi§ia, carvacrol (53.35%y;terpinene (13.54%), and p-cymene
(13.03%) [96]. Another study in Montenegro by Dangeic-Vratnica et al. [7] found that thymol (37.3680d
27.68%), carvacrol (15.47% and 4.40%)erpinene (11.75% and 8.66%) and p-cymene (7.86&0 31.37%)
before and after flowering, respectively.

Table 4. Effect of nitrogen and / or phosphorus feilizer on the constituents ofSatureja montana during the 1% and 2" cuts

Component 1 out 2 cut

T1 T3 T5 T7 T1 T3 T5 T7
a-thujene 0.23 0.29 0.32 0.40 0.07 0.20 0.10 0.22
a-pinent 0.2¢ 0.5¢ 0.6¢ 0.8¢ 0.12 0.2¢€ 0.1¢ 0.44
B-pinene 0.90 0.87 0.47 0.8¢ 0.4¢ 0.32 0.12 0.2C
1-octen-3-ol 0.28 0.45 0.68 0.46 0.35 0.71 0.51 00.3
B-myrcene 0.66 0.56 0.39 0.94 0.61 0.30 0.95 0.54
a-terpinene 0.65 0.29 1.03 0.68 0.52 0.60 0.45 0.36
p-cymene 9.95 9.58 7.78 8.14 5.70 6.44 4.80 4.10
limonene 0.5¢ 0.57 0.7¢ 0.25 038 0.11 - 0.0€
eucalypta 0.5¢ 0.4: 0.31 0.4: 0.52 0.22 0.14 0.65
y-terpinene 6.43 5.82 6.30 3.45 4.02 2.12 3.80 2.08
linalool 1.70 1.45 1.23 0.56 1.34 2.60 1.80 0.81]
1-terpinen-4-ol 0.56 0.78 0.83 0.59 0.90 0.98 0.79 0.86
thymol 1.78 2.58 2.56 2.48 3.23 3.93 1.75 1.28
carvacrol 69.15 70.22 70.90 72.83 75.10 76.18 78.05 80.39
B-caryophyllene 2.04 1.89 1.88 2.34 3.20 2.40 2.32 942
caryophyllene oxide 0.37 0.23 0.35 0.31 0.13 0.56 0.22
Since; T1=control, T3= plants fertilized with 100Kigfed., T5= plants fertilized with 30kg P/fed. =Tplants fert|||zed with 50 kgN+30 kg p/fedl.

CONCLUSION

Results from the essential oil analysis from Sgureontana plant harvested in th® dnd 2° cuts had similar
compositions. The major compound was carvacrole@©tbmpounds were found with percentage less th&hand
more than 1%, which were p-cymeneterpinene, linalool, thymol an@-caryophyllene. The second cut and
fertilized plants with (50 kgN+30 kg p/fed) was thest for harvesting the plants with respect tdldgy matter, oil
yield and carvacrol. Overall, Chemical compositioh Satureja montana essential oil may be linkedthi
geographic origin of the population and environmagrbnditions in which they grow such as tempemtiight,
and nutrient supply from the rest of the environmiat affect the composition of the essential.oilSatureja
montana essential oils characterized by high ansoofntarvacrol up to 80% , carvacrol is very impatt since this
aromatic monoterpene holds a significant commeriitdrest, as it is a known antimicrobial, antisepnd
antioxidant agent with low acute toxicity and weggnotoxic potential. It is approved by both the ¢Ff@md Drug
Administration (FDA) and the European Commissioi€) s an additive [97]. So we recommended cultivati
Satureja montana in Egypt as an interesting soofcearvacrol component used as potent agents il foo
preservation and for therapeutic or nutraceutivdlistries.
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