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Abstract. Hyssop Hyssopus officinalid..) is an aromatic and medicinal perennial herb
native to Southern Europe and temperate regiossiaf. The study aimed to determine
the effect of different plant parts harvested dtedént flowering stages: pre-flowering,
full-flowering and post-flowering, in some agronaaili characteristics, essential oil yield
and components of hyssop plant in semi-arid clicnedinditions of South Eastern Anato-
lia, Diyarbakir, Turkey. The results showed thathbflowering stages and plant parts had
important effects on fresh, dry herbage, dry leafdyof hyssop, as well as essential oil
content. It was concluded that under semi-arid aficnconditions, hyssop plant could be
grown successfully in conformity to the limits &@ standards and harvest from top parts
of the plants at full flowering stage could be preéd for maximum dry leaf yield and es-
sential oil contents.
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INTRODUCTION

Hyssop Hyssopus officinalig.), belonging to the family Lamiaceae, is an arbma
perennial herb native to Southern Europe includirtgnce, Hungary and Holland
[Leung and Foster 2003] and some temperate regibnssia. The plant is known
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‘Zulfa otu’ in Turkey and is widely used to flavosoups [Ozer et al. 2005]. Whereas,
flowering tops and leaves of hyssop are sometint&s @sed to flavour teas, tonics,
non-alcoholic beverages, vegetable dishes, sowghadss sauces, pickles, meats and
candied products [Baytop 1984, Leung and FosteB2Qer at al 2005]. Kreis et al.
[1990] and Fraternale et al. [2004] has also rembthat crude extract of dried leaves
have an anti-HIV activity.

Although toxic effects such as clonic and cloninitoconvulsions related to the
presence of pinocamphone aisd-pinocamphone in the oil have been reported, the
essential oil of hyssop may be used as expectarahaintiseptic [Mazzanti et al. 1998].
Moreover, hyssop herb has low content of heavy Iseta.: 5.73 mg kg of Fe,
0.34 mg kg of Cu, 0.58 mg kg of Zn, and 0.64 mg kjof Mn which enable its use in
medical treatments [Blazewicz et al. 2007].

Analysis of hyssop essential oil showed that thpeees are the main constituents:
essentially pinocamphoniso-pinocamphone and pinene [Ghfir et al. 1997]. Ttamm
volatile constituents oH. officinalis essential oil from a variety of locations are
B-pinene, limoneneB-phellandrene, 1,8-cineole, pinocamphoigg-pinocamphone,
pinocarvone, germacrene-D and methyl eugenol. Tleeegrtracted from different sub-
species, plant populations of varied origin or nmmipgy differ in percentage composi-
tion of the major volatile constituents [Garg et H99]. Although, the presence of the
Iso-pinocamphone -pinene, pinocamphone aras/trans sabinene hydrate remains
peculiar to these products; the chemical compasihiothese essential oils vary consid-
erably even from oils of the same type of hyssogeunifferent type of biotic or abiotic
stress conditions. In fact, there are oils withighér level of pinocamphone (up to 80%)
or iso-pinocamphone (up to 50%), although the ISO 984hd&ird [1991] recommends
5.5 to 17.5% for pinocamphone and 34.5 to 50%sdwopinocamphone [Mazzanti et al.
1998]. Nemeth [2005] reported that during shootettgyment hyssop pinocamphone
increased angso-pinocamphone decreased; whereas, other majorittemds of the oil
(limonene,B-pinene) did not change significantly, contentistfpinocamphone varied
71-74% until flowering, 64-69% during flowering a6d—67% in the seed ripening
and second flowering stages. Baser #itlmer [2006] reports that composition of
essential oil from herbal parts of Turkish hyssamtained 27% pinocarvone, 19%
B-pinene, 14%so-pinocamphone and 14% pinocamphone.

Because secondary metabolites are particularlyeptomualitative and quantitative
variations depending on factors such as genetft, ghysiological conditions, season
and harvesting time, the phonological stage ofpfaat is another source of variance
that considerably influences concentrations of sdaoy metabolites [Chen et al. 2012].
Besides, agricultural practices such as spacinghangdesting have a critical effect on
the quantitative and qualitative characteristicarany aromatic plants, which finally
result in plant growth and yield increment. Ontogéna depiction of a plant’s timeline
for growth and development. It has been long caneid as one of the most important
factors that influence oil accumulation in planssitaalso largely determines the proper
time for harvesting raw material [Lee and Ding 2D¥h understanding of distribution
of essential oil in different plants organs calfedrphogeny or morphogenetic variation
determines the proper parts of plant for harvegtawg material. Agronomical studies on
H. officinalisare also very limited.

Acta Sci. Pol.



Some agronomic characteristics and essential ottpaosition of hyssop... 195

Therefore, the aim of this study was to deterntireeffect of different plant parts
harvested at different flowering stages on someragnic characteristics, essential olil
yield and oil components of hyssop under semi-atichatic conditions of South
Eastern Anatolia, Turkey.

MATERIALS AND METHODS

Field Experiment. The experiment was conducted at the researchstatithe De-
partment of Field Crops, Faculty of Agriculture cl& University, Diyarbakir (Turkey)
ecological conditions (latitude 37°53'N and lond#u40°16'E, 680 m above sea level),
during years, 2005, 2006 and 2007.

The soil was analysed for total soil organic mattetal salts, soil saturation per-
centage, lime, phosphorus,(), potassium (KO), soil pH, and electrical conductivity
as per methods described by Klute [1986, tab. be $oil had pH of 7.45, EC of
3.8 mmhos cm, 1.16% organic matter, 0.61 kg hphosphorus and 0.16% total salts.
Climatic conditions varied slightly between the rgean which the experiment was car-
ried out mean temperatures for the period Janwadubhe 2005, 2006, and 2007 were
12.2, 12.7 and 10.8°C, respectively. Long-term, 22006 and 2007 mean relative
humidity for January to June period was 59.3%, 5681 and 74.7%, respectively.
January to June mean long-term precipitation was Bv¥n, with mean precipitation for
2005, 2006, and 2007 of 43.4, 64.2 and 55.5 mmetiwely (tab. 2).

Table 1. Soil analysis report of the experimenital s

Total salts (%) 0.16
Potassium (KO) (kg ha) 0.0
Electrical conductivity (mmhos ¢ty 3.8
Organic matter (%) 1.16
Saturation percentage with water (%) 66
Phosphorus ¢®s) (kg ha®) 0.61
pH 7.45
Sampling depth (cm) 0-40

Fresh 10 cm long cuttings of uniform length weteetain the morning from mother
plants of hyssopHyssopus officinalis.) grown in Collection Garden of Medicinal and
Aromatic Plants, (Department of Field Crops, Facol Agriculture, Dicle University,
Diyarbakir, Turkey) to avoid wilting. Care was takby avoiding unhealthy, damaged,
over vigorous or abnormal growth, with shorter intales using clean tools. All of the
selected material was free from visible damagenisgat pests and diseases. These cut-
tings were planted on sand bed in the greenhoudeeirfirst week of February, 2005
keeping it moist avoiding excess of moisture andettgpment of any type of fungus
during rooting. These cuttings were regularly cleetlkby removing any dead and dis-
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eased cuttings and fallen leaves on the growintjngst The rooted cuttings of hyssop
with height of 12—-15 cm were transplanted aftedaamg on April 24, 2005 into ex-
perimental plots with dimension of 60 x 25 cm whtlem long rows making the surface
area of one plot equal to 10.8.rEach plot contained 78 healthy rooted plants pced
from cuttings. The field trial was arranged in tt@mplete randomized block design
with 3 replications. The plots were applied 40 kdh&f N and 40 kg FOs ha' before
planting. The soil of each experimental plot wasered soon after planting of cuttings
to avoid wilting of the transplanted material. Th@gere watered by sprinkler irrigation,
hand weeded and when needed during three yearspefimentation. The first year
(2005) plants were harvested on the November 135 Raving their roots and bottom
parts of the plant uncut 5-10 cm above the soil ualiyn using sickle for ratooning.
The experimental data was not taken for reason ahtenance and prevent winter
damages to the developing plants. Moreover, thastie (ratooning) helped in earlier
maturing of the experimental plants in the subsetjyears (2006 and 2007).

Table 2. Meteorological data of experimental siteléng years, 2005, 2006 and 2007

Months Jan. Feb. Mar. Apr. May June Mealuly Aug. Sep. Oct. Nov. Dec.
Long temp. 1.7 3.5 82 138 19.2 26.0 121 31.0 30.38247.1 9.6 4.1
term hum. 76 71 650 63 55 26 59.3 26 31 317 48 66 75

precip. 73.1 685 659 70.2 420 78 545 0.7 0.5.6 2309 543 70.2
temp. 2.3 3.0 84 141 196 258 122 324 31.80256.2 7.5 5.3
2005 hum. 66.4 61.7 53.3 196 435 251 503 11.0 20.0.0340.0 604 73.0
precip. 58.7 46.8 584 36.8 265 33.1 434 0.0 0.0.7 149 38 943
temp. 0.4 4.3 9.2 145 194 285 127 314 32602576 7.8 0.7
2006 hum. 771 70.7 621 689 533 233 591 250 16893709 727 69.0
precip. 121.3121.0 266 779 384 0.0 642 6.1 0.0 35 104&.3 25.9
temp. -54 3.0 8.8 103 206 27.2 108 318 31.5.12582 8.6 2.4
2007 hum. 88,5 78,6 734 793 755 520 747 44 24 25 389 61
precip. 445 798 555 88.2 455 195 555 0.0 0.2.0 4.7 157 435

Source: Diyarbakir meteorological bulletin, Turk@p07)

Herbage harvest from the ratooned plants of ye&62@as conducted at pre-
flowering stage on May 16, at the full-floweringagé on June 02 and at post-flowering
stage on June 23, 2006. In the next year (200&)rdtooned plants were harvested at
pre-flowering stage on June 06, at the full-flowegristage on June 18 and at post-
flowering stage on July 04, 2007 manually as dbsdriearlier. Plant height in 2006
was recorded as 43.1 cm at pre-flowering stageh 4 at full-flowering stage and
48.6 cm at post-flowering stage. Plant height i@280as recorded as 42.8 cm at pre-
flowering stage, 47.5 cm at full-flowering stageda49.6 cm at post-flowering stage.
Soon after each harvest, all plant materials wepaisited equally into equally distrib-
uted three parts; bottom (1/3), middle (1/3) amul (t3) to determine variations in fresh
herbage weights for each part. Later, all planteevegzied under shade at an airy place
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for one week. Different parts of plants were alseighed to determine dry herbage
yield. Dry leaf yield was determined after sepamgtihe leaves and stems on the dried
herb samples.

Essential oil extraction. Dried leaves of each part of plants (30 g) fronfedént
phenological stage (pre-flowering, full floweringida post flowering) were separately
hydro distilled for 2 h using a Clevenger-type ajpas. The essential oils were stored
in glass vials and kept a#t°C until analysis.

Gas chromatography-mass spectrometry (GC-MS) analysisQualification and
qguantification were carried out by using a FinniJaace GC-MS (Strada Rivoltana-
Rodana (Milan) Italy) equipped with an auto sampl@me micro litre of sample volume
was injected using split method with 50 split rat@hromatographic separations were
accomplished with a Zebron ZB-5 capillary column%(5phenyl — 95% dime-
thylpolysiloxane, 0.25 mm i.d. x 60 m, film thicls®e0.25 m) with injections in the
split mode with 50 split ratio. Analysis was cagrieut using helium as the carrier gas,
flow rate 1.0 mL mift. The column temperature was programmed from S65C at
3°C min'. The sample size was 2 ml. The injection port terapre was 250°C.
The ionization voltage applied was 70 eV, massean@ 41 — 400 a.m.u. The separat-
ed components were identified tentatively by matghwvith GC-MS results of National
Institute of Standards and Technology (NIST) 05 snsgectral library data because
their reference reagents were not available. Ttantifative determination was carried
out based on peak area integration.

Data pertaining to the mean fresh & dry herbagédyidry leaf yield, essential oil
yield and its main components were subjected tdysisato variance (ANNOVA) by
using MSTAT-C (Michigan State University) statisticcomputer program using har-
vest period as main factor and plant parts as aciorfs for each year. The significantly
different means for each parameter were groupetubie least significant difference
(LSD) test P < 0.05).

RESULTS AND DISCUSSION

Field Experiment. Fresh and dry herbage yield of hyssop are very itapb be-
cause the plant has been used traditionally irtrtreat of many diseases and also used
commercially for extraction of compounds of pharmatcal importance. The signifi-
cant effect of flowering stages x plant parts iatdéions on fresh herbage yields for
2006 and 2007 years and dry herbage yield in thg62@demonstrated significant
(P < 0.05) variation in dry herbage yield. Ecologitadtors including rains had a posi-
tive effect on fresh and dry herbage yield resglim more fresh and dry herbage yield
during 2006 compared to these parameters during 2@b. 3). It was also observed
that the developing stage was important in termBesth and dry herbage yield as the
maximum fresh (15207 kg Hpand dry herbage yield (5348 kghavere obtained at
the full-flowering stage but no significant differees were found for the total values of
plants harvested at the pre-flowering and post dling stages of the plantation of
2006. Additionally, in the interaction of flowerirgjages x plant parts, the highest fresh
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herbage yield (5607 kg Hawas obtained from bottom part of plants at fidkfering
stage, but non significant difference were notedmfrpre-flowering stage values
(5431 kg hd) of the same year.

The total fresh herbage yield of hyssop plantyvdsted at pre-flowering stage was
the maximum (13511 kg Hj but non significant differences were found betwéiee
total values of plants harvested at the full-floiwgrand post flowering stages in 2007.
The minimum fresh herbage yield was obtained from parts of plant in 2006 and
2007 (tab. 3). In the general, the highest amofifitesh and dry herbage yields were
achieved at the full and pre-flowering stages filmattom parts of plants. The fresh and
dry herbage yields decreased from bottom part pioptarts of plants during both years
(2006 and 2007), as bottom parts of hyssop plamtagmed higher amount of fibre and
woody texture.

Table 3. Fresh and dry herbage yield of differdahpparts oH. officinalisL. at different flow-
ering stages

i 2006 2007
Harvest Periods - -
bottom middle top total bottom middle top total
Fresh pre-flowering 5431 a4831bc 3878d 14333 6222a 4600b 2689 &B511

herbage full-flowering 5607 a 5065b 3994d 15207 4644b 3689cd 2933UE266
(kg ha') post-flowering 4694 c 4804 bc 4573 ¢ 14921 4100 b8466 cde 2116 f 9682
mean 5244 4900 4148 4989 3919 2579
LSD (0.05) flowering stages x plant parts: 295 flowering stagelant parts: 800
pre-flowering 1756 b 1297 c 1110c 4163 2274 1557 907 4738
full-flowering  2274a 1753b 1321 c 5348 2086 1503 1098 4687

Dry herbage )

(kg had) post-flowering 1762b 1749b 17636274 2270 1745 1103 5118
mean 1931 1599 1398 — 2209a 1602b 1036 c -
LSD (0.05) flowering stages x plant parts: 404 plzarts: 217

Flowering stages and parts of plant significanffeaed the dry leaf yield that var-
ied and changed from 2006 to 2007. According tavéiong stages, the highest total dry
leaf yield (2735 kg hd) was determined at post flowering stage in 20080Ag differ-
ent parts of the plant, the maximum dry leaf yielgs obtained from top part of plant
(1016 kg hd) in 2006. In 2007, maximum leaf yield (899 kg'havas also obtained
from bottom parts of plants at pre-flowering, mielgarts at full flowering (868 kg Ha
and top parts at post flowering stages 862 k§).h@ihis situation clearly shows that
harvest performed at full flowering stage and tapt pf the plant produced higher yield
compared to other stages and parts. Less dry ilelaf was recorded from intermediate
and bottom parts of hyssop plant due to higher amof fibore and woody texture,
which was not the situation when the samples wadtert from top parts with less to no
fibre or woody texture (tab. 4). Total leaf yieldtained in this study is compatible with
Jankovsky and Landa [2002] reported 0.67 to 3.Bégdry leaf yield for hyssop.
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The essential oil content of two experimental y€a2606 and 2007) for hyssop ob-
tained from different parts of plants in the ontogiic stages of pre-flowering, full-
flowering and post-flowering stages are given itb[€a4. The content of essential oil of
hyssop plant was significantly increased at fudiséring stage (1.41%) and thereafter,
it started to decrease in 2006. In the same yegard to morphogenetic variation of
essential oil, the highest value (2.04%) was olethiinom top parts of plant. The signif-
icant effect of interactions of flowering stageplant parts on content of essential oil
was demonstrated for 2007 (tab. 4). The contenéssential oil was the maximum
(3.62%) in top parts of plants at full floweringage in 2007. The least values were
obtained from bottom parts of plant at all phenaabstages in 2007. The mean of
essential oil content increased from bottom partof part during both years (2006,
2007), especially essential oil content of 2007 Waher than that of 2006. Thus, the
essential oil content of hyssop increased at afjet with the advancement of crop age.

Table 4. Dry leaf yield and essential oil conteftddferent plant parts of. officinalis L. at
different flowering stages

. 2006 2007
Harvest Periods - -
bottom middle top total  bottom middle top total
Dry pre-flowering 555 664 789 2009b 899a 848ab 666 2413

leaf yield  full-flowering 627 826 955 2408 ab 738 bd62abc 779 abc 2279
(kg ha') post-flowering 540 891 1304 2735a 648c 868ab @62 2378
mean 575b 793 abl016 a — 761 826 769 -
LSD (0.05) flowering stages: 522; plant parts: 349lowering stages x plant parts: 148
pre-flowering 0.19 0.91 1.74 095c¢c 18le 2.82c .15d 2.59
Essential full-flowering 0.39 1.25 2.59 l41a 0.83f 249d362a 2.31
oil content post-flowering 0.35 0.97 1.81 1.04b 0.83f 197e28lc 1.87
(%) mean 0.31c 1.04b 2.04a — 1.15 2.42 3.19 -
LSD (0.05) flowering stages: 0.14; plant parts60.4flowering stages x plant parts: 0.23

A sharp decline in mean oil content was recordethfbottom-part of hyssop plants
during two years (2006 and 2007). This may be #salt of essential oil transportation
from below to above. Nemeth [2005] has recentlyntbthat hyssop reach a high essen-
tial oil content of the drug above 1.0%. The oélgs of top part of hyssop at all devel-
opment stages in this study were higher than 1.0%.

Moreover, low oil content at all stages of gromth2006 could be related to low
temperature and precipitation during 2006is results in considerable increase of sec-
ondary metabolites like essential oils at full biing stage. Ontogeny is a depiction of
a plant’s timeline for growth and development.dstbeen long considered as one of the
most important factors that influence oil accumiolatin plants as it also largely deter-
mines the proper time for harvesting raw matetigle[ and Ding 2016]. For the maxi-
mum Yyield values of dry leaves and essential ailteot, hyssop plant should be har-
vested at pre and full flowering stages.
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Table 5. Essential oil components in different plaarts ofH. officinalisL. at different flowering
stages during 2006 growing season (%)

Pre-flowering Full-flowering Post-flowering
Components RT
bottom middle top bottom middle top bottom middle top

a-Thujene 11.77 0.6 0.7 1.0 0.5 1.0 0.9 1.4 1.2 1.3
a-Pinene 12.05 1.4 1.3 1.6 0.9 15 1.4 2.2 1.9 15
Camphene 12.61 0.2 0.1 0.2 0.1 0.2 0.2 0.3 0.3 0.3
Sabinene 1341 1.1 2.9 3.9 2.2 4.1 3.8 6.0 4.7 4.4
B-Pinene 1359 8.6 21.0 16.3 16.8 17.6 14.7 20.6 16.5 11.2
B-Myrcene 13.88 0.7 2.0 2.6 1.4 2.6 2.3 3.4 25 2.4
a-Terpinene 14.92 0.6 0.5 1.1 0.7 1.2 14 2.7 2.1 1.9
Cymol 1522 0.8 2.0 1.8 2.1 2.0 15 1.8 2.1 0.9
dl-Limonene 15.37 0.6 1.6 2.2 1.2 2.2 - 3.2 25 2.7
1.8-Cineole 15.49 2.1 15 2.3 1.1 2.4 2.2 2.8 25 1.8
Cis-Ocimene 15.92 2.0 14 2.9 1.6 2.4 2.0 2.2 2.0 1.8
n-Terpinene 16.42 2.6 0.6 2.5 0.5 0.3 2.8 4.4 3.6 3.3
Cis-Sabinene

16.78 3.3 0.1 0.3 0.3 0.5 4.2 1.7 0.5 6.5
hydrate
a-Terpinolene 17.50 0.6 0.3 0.6 11 - - 1.0 0.8 0.8
L-Linalool 17.79 1.4 1.3 1.7 0.1 - 0.2 - 0.9 -
1-Terpineol 1791 0.3 0.4 0.4 - 0.4 0.5 0.4 - 1.6
a-Thujone 18.18 0.2 0.1 0.2 0.1 - - 0.2 0.2 0.4
B-Terpineol 18.74 04 0.3 0.4 0.3 - - 0.3 0.2 0.6
Pinocamphone 19.96 4.3 35 3.9 3.1 4.9 3.9 4.0 3.7 4.5
Pinocarvone 20.26 3.3 0.4 - 1.9 0.8 - 2.6 2.3 -
Iso-Pinocamphone 20.71 48.0 50.4 43.1 53.6 47.3 46.3 30.1 26.9 41.7
a- Terpineol 21.18 0.6 0.4 0.6 0.3 0.5 - 0.3 0.1 0.8
Myrtenol 21.42 19 1.2 2.2 1.2 1.3 2.2 1.1 0.5 2.9
Carvacrol 2493 6.8 0.3 —* - - 0.1 - - -
Myrtenyl acetate 2552 1.1 0.2 0.4 0.3 0.6 0.5 0.7 0.1 0.8
Nerolidil acetate 26.51 0.1 0.1 0.1 0.1 0.1 - 0.1 - 0.1
B-Bourbonene 27.60 0.6 0.4 - 0.6 0.9 0.6 0.5 0.5 0.4
Caryophyllene 28.71 1.0 0.5 0.6 1.3 0.6 0.6 0.4 1.3 0.2
Aromadendrene 29.96 0.2 0.2 0.2 0.2 0.3 0.2 0.3 - 0.3

Germacrene-D 3052 1.1 0.7 11 0.7 0.8 13 0.8 3.7 0.6
Bicyclogermacrene30.96 0.4 0.5 0.1 0.2 0.6 0.4 0.6 0.5 0.6

Elemol 3236 1.2 14 2.9 1.0 - 2.2 1.1 0.5 1.0
Spathulenol 33.34 0.3 0.2 0.2 0.3 - 0.2 0.1 1.7 0.2
Ca.ryophyllene 3352 0.2 0.2 0.1 0.3 - 0.2 - 0.8 -
oxide

Junipene 34.76 - 0.1 0.3 0.1 0.1 0.2 0.1 - -
B-Cadinene 34.95 0.2 0.2 0.3 0.3 0.2 0.3 0.2 0.3 -
Torregol 35.34 0.2 0.2 0.3 0.2 0.2 0.3 - - -
Total (%) 99.0 99.4 98.5 96.6 97.6 97.6 97.6 89.4 7.59

RT - retention time
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Table 6. Essential oil components in different plaarts ofH. officinalisL. at different flowering
stages during 2007 growing season (%)

Pre-flowering Full-flowering Post-flowering
Components RT
bottom middle top bottom middle top bottom middle top

a-Thujene 11.77 - 0.1 0.2 - 0.1 0.2 0.5 02 05
a-Pinene 12.05 04 04 0.5 0.5 04 0.4 0.4 03 06
Camphene 12.61 - - 0.1 - - 0.1 - - 0.2
Sabinene 1341 0.4 1.0 17 0.6 1.2 1.7 0.8 11 19
B-Pinene 13.59 12.3 11.3 15.3 12.9 11.8 11.8 10.2 96 89
B-Myrcene 13.88 - 0.3 0.5 - 0.3 0.4 0.1 02 06
a-Terpinene 1492 - 0.4 0.5 0.2 0.7 0.7 0.6 05 06
Cymol 1522 - - - - 0.4 0.4 - 03 09
dl-Limonene 15.37 0.2 0.3 0.4 0.6 0.5 - 0.3 03 07
1.8-Cineole 15.49 0.6 0.9 1.0 0.9 1.2 11 0.9 10 12
Cis-Ocimene 1592 1.4 - - 1.6 - - - - 0.3
n-Terpinene 16.42 0.4 0.6 0.7 0.2 - 0.9 0.4 06 1.1
Cis-Sabinene hydrate  16.78 2.6 4.5 4.1 2.3 6.0 5.2 3.3 55 5.8
a-Terpinolene 1750 - 0.3 0.1 - 0.5 0.4 0.4 0.3 0.4
L-Linalool 17.79 - 0.2 0.3 - 0.2 0.1 - 02 08
1-Terpineol 1791 - 0.1 - - 0.2 0.2 - 01 03
a-Thujone 18.18 0.3 0.1 0.2 - 0.2 0.2 - 01 0.2
B-Terpineol 18.74 - - - - 0.2 0.2 0.1 02 03
Pinocamphone 19.96 2.3 2.6 2.8 3.0 3.0 3.2 2.6 33 30
Pinocarvone 20.26 0.7 0.5 0.5 1.0 0.5 0.5 11 0.4 -

Iso-Pinocamphone 20.71 745 72.8 68.2 70.7 66.9 67.4 73.9 722 702
a-Terpineol 21.18 - - - - - - - - —

Myrtenol 2142 04 0.3 0.4 0.4 - 0.4 0.3 05 04
Carvacrol 2493 - - - - - - - - -
Myrtenyl acetate 2552 - 0.3 0.4 — 0.2 0.5 — 0.2 0.2
Nerolidil acetate 26.51 - - - - - - - - -
B-Bourbonene 27.60 0.4 0.2 - 0.5 0.1 0.1 0.3 02 01
Caryophyllene 28.71 0.2 0.2 - 0.4 0.1 0.2 0.3 0.2 -
Aromadendrene 29.96 0.1 - - 0.2 0.1 0.2 - 0.2 -
Germacrene-D 30.52 0.2 0.2 - 0.3 0.1 - - 0.1 -
Bicyclogermacrene 30.96 - 0.1 - 0.2 0.1 - - - -
Elemol 3236 1.3 0.6 0.9 1.8 1.3 0.6 18 09 05
Spathulenol 33.34 05 0.4 0.3 0.6 0.5 0.4 0.5 04 02
Caryophyllene oxide 33.52 0.2 0.1 - 0.3 - - 0.2 0.1 -
Junipene 3476 - - - - - - - - -
B-Cadinene 34.95 0.2 0.2 - 0.2 0.2 0.1 0.3 0.2 -
Torregol 35.34 - - - - - - - - -
Total (%) 99.6 99.0 99.1 99.4 98.0 97.6 99.4 99.4 9.99

RT — retention time
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Table 7. Main essential oil components in differphant parts oH. officinalis L. at different
flowering stages during 2006 and 2007 years (%)

2006 2007

Components Parts pre full post N pre full post
flowering flowering flowering flowering flowering flowering
bottom 48.0c 53.6a 30.1e 439 A 74.5 70.7 73.93.0A
iso-Pino-  middle 50.4b 473 ¢ 26.9f 415B 72.8 66.9 722 0.6B

ean

camphone top 43.1d 46.3 ¢ 41.7d 43.7A 68.2 67.4 70.2 @8.6
mean 472A  491A 329B 71.8A 683B 72.1A
LSD (0.05) F.S.: 2.59; plant parts: 1.10; intQ11. F.S.: 0.83; plant parts: 2.13; int.: NS

bottom 8.6e 16.8 b 20.6 a 153B 123bc 129b.240e 11.8

) middle 210a 176b 165bc 183 A 11.3bdd.8bcd 9.6de 10.9
B-Pinene

top 16.3 bc 147 c 11.2d 14.1B 153a 11.8bc@9e 12.0
mean 15.3 16.4 16.1 129A 122A 9.6 B
LSD (0.05) F.S.: NS; plant parts: 1.35; int.: 2.01 F.S.: 0.89; plant parts: NS; Int.: 2.32

bottom 33c 0.3e 1.7d 1.8B 26e 23e 3.3d 7B2.
cis Sabinene middle 01le 05e 05e 04cC 45c¢ 6.0a 5.5ah.3 A5

hydrate top 0.3e 42b 6.5a 3.7A 41c 5.2b 58ab A5.0
mean 13C 1.7B 29A 3.7B 45A 49 A

LSD (0.05) F.S.: 0.33; plant parts: 0.49; int8%).  F.S.: 0.58; plant parts: 0.40; Int.: 0.69
bottom 4.3 abc 3.1d 4.0 abcd 2.8 2.3 3.0 2.6 26B

Pinocam- middle 35cd 49a 3.7 bed 4.0 2.6 3.0 3.3 29A

phone top 3.9bcd 39bcd 45ab 4.1 2.8 3.2 3.0 3.0A
mean 3.9 3.9 4.1 26B 3.1A 29A

LSD (0.05) F.S.: NS; plant parts: ns; int.: 0.95 F.S.: 0.26; plant parts: 0.19; Int.: NS

F.S. — flowering stages, N.S. — no significant

It is reported that there is a close co-ordinabetween ontogeny in aromatic plants
and temperature, daylight [Sangwan et al. 2001]vaddat al. [1992] reported that in
dill, growth and essential oil accumulation impravigh increase in the light level and
was at the highest under full sunlight.

The secondary metabolite production is believetidastimulated by stressful envi-
ronment. Weather parameters such as temperaturpreaipitation have been reported
to influence oil content and composition in seveaaimatic plants. Temperature and
humidity are the most important factors influenceggential oil contents of plants be-
longing to Lamiaceae. Colder nights and warmer @dalygrsely affected oil contents of
many plants [Sangwan et al. 2001]. Hyssop produtaemum leaf growth with high
oil content under warm sunny conditions. Cloudyslay low temperatures adversely
affect both parameters.

Ceylan [1983] reported that variability in morphogéc, ontogenetic, diurnal and
ecological factors affected secondary metabolifgdants, especially essential oils, and
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its oil components. Moreover the highest essenilatontent is obtained during warm
period of growth at full flowering periods.

Essential oil components.Volatile oil compositions vary depending on varjety
growth stage, date of collection, climatic condigp admixture of foreign plants and
extraction technology. Thirty-seven components videatified in 2006, and thirty-two
components were identified (excepterpineol, nerolidil acetate, carvacrol, junipemda
torregol) in 2007 (tabs 5 and 6lso-pinocamphone$-pinene, pinocamphone and
cis/trans sabinene hydrate were main components of eachgpdhte plants and all
developing stages during both years. Floweringestaplant parts and flowering stages
x plant parts interaction significantly affectedntents ofisopinocamphone during
2006. Iso-pinocamphone content in 2006 changed between 82.2% at different
development stages and 41.5-43.9% for plant pdts. highest value (53.6%) was
obtained from bottom part of the plant during fidwering stage and it varied between
26.9-53.6% in 2006. Among flowering stages, thendgy value obtained from at full
flowering stage as 49.1%. The compositioniseFpinocamphone increased in bottom
part of plant, then decreased in middle part aradraigcreased at top part of the plants
in 2006. Flowering stages and plant parts affestgdificantly iso-pinocamphone con-
tents, however, no significant interaction was fbletween them in 2007. The highest
isopinocamphone (73.0%) was recorded from bottom pafrtplants and its value
varied 68.6 to 73.0% in 2007. Similarly, bottom tpafr plant had higheiso-pinocam-
phone and it reduced to top parts of plants atleMelopment stages in 2007 (tab. 7).
Iso-pinocamphone content changed with respect to flmgestages and the highest
value of 72.1% was obtained from post-floweringgstaln generallyjsopinocam-
phone content of year 2007was higher comparedthaar 2006.

Plant parts and flowering stages x plant partgacteon affected significantly con-
tent of B-pinene in 2006. The highedtpinene content (21.0%) was obtained from mid-
dle parts of plants during pre-flowering stage, tfisimum-pinene of 11.2% was also
noted from top parts of plants during post flowgrstage. In 2006, while the highest
value of 18.3% was obtained from middle part ofnpland the minimum value was
noted from top part of plants as 14.1%. In 20@pinene content was affected from
flowering stages and flowering stages x plant pitesraction. The highest content of
B-pinene (15.3%) was obtained from top of plantsrdupre-flowering stage and the
lowest value of 8.9% was also noted from top ohidaduring post-flowering stage.
B-Pinene content was found higher at pre and faikdlring stages than at post flower-
ing stage. The concentration @fpinene fluctuated according to parts of plantshie
experimental years (2006, 2007), but it was sliglgduced in 2007 (tab. 7).

It was observed that flowering stages, plant pant$ flowering stages x plant parts
interaction significantly affectedis-sabinene hydrate during both experimental years
(2006—2007). Its content varied between 0.1-6.5% 26—6.0% in 2006 and 2007,
respectively. The highest contents of 6.5% werecddtom top part of plants during
post flowering stage for 2006 and 6.0% for 2007teiis of development (flowering)
stages, the highest values were obtained from fioatering stage of both years.
Also pinocamphone content varied according to plEgelant and developing (flower-
ing) stage. The maximum value of 4.9 and 3.3% watsioed from middle part of
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plants at full and post flowering stages in 2008 2807, respectively. There were large
differences between results obtained during 2006 2007 in terms of essential oil
components. In plants of 2006, monoterpene hydborer (such as-thujene,a-pi-
nene, sabinend-myrcene,a-terpinene, cymol, dl-limonene, 1.8-cineotiés-ocimene
and n-terpinene) ranged 1-3%. Contrariigppinocamphone content remained 50%.
In plants of 2007, monoterpenes were usually inr@oount; whereassopinocam-
phone content was over 70% (tab. 7). Moreover, 6c@¥acrol was determined from
bottom and middle parts of plant at pre-floweringge and top part in the full-
flowering stage in 2006 but was absent at othepgsrand in 2007 (tab. 6).

It is necessary to assume variations in the cortiposiluring ontogenesis. In fact,
iso-pinocamphone anf-pinene are generally the compounds characteririagils of
H. officinalis Moreover, hyssop oils from different phenotypedrom different areas
show a great variability in chemical compositiorheTchemical composition can be
related to many factors, such as the geographmatdi and technological influence,
origin, stages of flowering, parts used and hammgdime, as well as variations due to
the presence of chemotypes [Fraternale et al. 2I#¥kovsky and Landa 2002].

According to the International ISO 9841 standariS89QE) the amount of %
B-pinene, pinocamphone arnsb-pinocamphone in hyssop oil should be 13.6—23.0%,
5.5-17.5% and 34.5-50.0%, respectively [Pandeyl.ePG14]. The amounts of pi-
nocamphone recorded in hyssop oil of all partslafits and development stages were
slightly less than standard values. The contents@pinocamphone in all parts of
plants and development stages were found to benviitle desired ranges; furthermore,
they were higher than the values recorded in 2B@¥vever,p-pinene’s values in 2006
were appropriate and compatible to ISO standards.

Jankovsky and Landa [2002] reported that the mamimguantities of 38.1%
iso-pinocamphone, 20.3% pinocarvone, 12.2% 1,8-cineoke 10.2%f3-pinene were
found in essential oil samples Hf officinalis. Garcia-Vallejo et al. [1995] found that
major constituents ofl. officinalis areiso-pinocamphone (40.2%p—pinene (14.2%),
pinocamphone (10.3%) arfgiphellandrene (9.5%) and did not found 1,8-cineole
commercial samples. Similarly, Kizil et al. [2008lnd thatiso-pinocamphone was the
dominating component (47.9-51.4%) in the all aredy®il samples. Pandey et al.
[2014] reported that major constituents of the bpss oils werecis-pinocamphone
(49.7-57.7%), pinocarvone (5.5-24.9%) &npinene (5.7-9.3%). Furthermore leaf and
stem oil compositions were similar, but flower cdmpositions were different in terms
of cis-pinocamphone and pinocarvone content. The composif oils reported in this
study is in agreement with the literature mentioabdve.

Iso-pinocamphonef-pinene, pinocamphone awts-sabinene hydrate together con-
stituted 67.6—-90.0% of total hyssop oil at pre-#wing, 71.0-88.1% at full-flowering
and 56.0-89.5% at post-flowering stage, in the Bxpnt years (tab. 5, 6, 7). The re-
sults showed 71.8 and 72.1%o-pinocamphone at pre-flowering and post-flowering
stage during the second year. Similarly, Garg ef1899] and Ozer et al. [2005] de-
scribed pinocamphone as the major component andetef@005] found (61-74%)
volatile oils in their experiments. The resultstiois study show 34-50%0-pinocam-
phone and 13-239%;pinene, in conformity to the limits of ISO standsr
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CONCLUSION

H. officinalis and its essential oil components are very imporfimm commercial
point of view. The results of experiment describprapriate stage, part of the plant and
time of harvest foH. officinalis. The results confirmed that a relationship amondp-her
age vyields, leaves yields and ontogenetic variatemd different plant parts effect es-
sential oil and composition significantly under $emd climatic conditions. It was
confirmed that pre, full and post-flowering ontogéa stages of hyssop contain at least
over 1.0% essential oil and high contentsisafpinocamphone an@-pinene in the
different above ground part of the plants. It wagHer confirmed that hyssop could be
cultured profitably for commercial production s-pinocamphone anfl-pinene etc.
under semi-arid conditions.
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NIEKTORE CECHY AGRONOMICZNE ORAZ SKLAD OLEJKOW
ETERYCZNYCH HYZOPU ( Hyssopus officinalisL.)
W WARUNKACH UPRAWY

StreszczenieHyzop Hyssopus officinalis.) jest aromatyczni lecznicz wieloletnia ro-
$ling zielm rodzimy dla Europy Potudniowej i umiarkowanych regionéwjiAZelem ba-
dania byto okréenie wptywu ré@nych czsci roslin zbieranych w rénych fazach kwit-
nienia (przed kwitnieniem, w petni kwitnienia orpa kwitnieniu) na pewne cechy agro-
nomiczne, plon olejku eterycznego i sktadniki hyzop pétpustynnych warunkach kli-
matycznych potudniowo-wschodniej Anatolii w Diyakiraw Turcji. Wykazanoze za-
réwno fazy kwitnienia jak i ggci roslin maja istotny wplyw naswieza i suchy mag zie-
la, plon suchych dci oraz zawart& olejku eterycznego. Stwierdzonze w potpustyn-
nych warunkach klimatycznych hyzop sama uprawid w zgodzie ze standardami 1SO,
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a plon czsci szczytowych na etapie petnego kwitnienia jegtepazy ze wzgidu na
maksymalny plon suchychétii oraz zawart& olejku eterycznego.

Stowa kluczowe: Lamiaceae, zrhicowanie ontogenetyczne, plorici, olejek lotny,
iso-pinokamfon

Accepted for print: 18.08.2016

For citation: Kizil, S., Gller, V., Kirici, S., Tur, M. (2016). Some agronomic characteristics and
essential oil composition of hyssopyssopus officinalid..) under cultivation conditions. Acta
Sci. Pol. Hortorum Cultus, 15(6), 193—-207.

Hortorum Cultus 15(6) 2016



