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Artemisia sieberi Besser is the most common species in Iran. In this research, yield and chemical composition of the
essential oil of A. sieberi are studied from 34 populations in Semi-arid, Arid and Hyper-arid climate conditions.
Also, plant seeds were collected from nature and planted in homogeneity condition of farm. The essential oils of
harvested plants (including natural and farms plants) were isolated. The components of oils were identified by GC
and GC-MS. T-student test showed significant difference between average of oil yields in both natural and farm
plants. Correlation between yields of essential oil in natural habitats with ecological factors showed that days of
precipitation, nitrogen, carbon and phosphor of soil were the most effective parameters in quantity of yields. Among
chemical components, camphene, 1, 8-cineole, trans-thujone, camphor, borneol didn’t have significant difference
between natural and farm plants. The results showed that chemical components of essential oil in 4. sieberi can be
valuable for recognizing of the species as chemotaxonomic indices. Also PCA analysis revealed that camphor, cis-
thujone and trans-thujone are principal chemical components for separating of A. sieberi climatic groups.
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INTRODUCTION

The genus Artemisia is one of the largest and most
widely distributed of the nearly 100 genera in the tribe
Anthemideae of the Asteraceae (Compositae)
(Mucciarelli & Maffei, 2002). As reported by Tutin and
Presson (1976) 400 Artemisia species share the
following common morphological characters: Herbs or
small shrubs, frequently aromatic, leaves alternate,
capitula small, usually pendent, racemose, paniculate or
capitate inflorescences, rarely solitary. Involucral
bracts in few rows. Receptacle flat to hemispherical,
without scales, sometimes hirsute. Florets all tubular.
Achenes obovoid, subterete or compressed, smooth,
finely striate or 2-ribbed; pappus absent or sometimes a
small scarious ring (Tutin and Presson, 1976).

They are mostly perennial herbs and shrubs

dominating the vast steppe communities of Asia, the
New World and South Africa. Artemisia is a highly
involved genus with a wide range of life forms, from
tall shrubs to dwarf herbaceous alpine plants, occurring
in a variety of habitats between Arctic Alpine and
Montana environments to the dry deserts (Heywood et
al., 1977).
Several secondary metabolites characterize the
chemical composition of the genus Artemisia. A survey
of the literature indicates that almost all classes of
compounds are present in the genus, with particular
reference to terpenoids and flavonoids. The wide array
of molecules present in the genus and the distribution
of plants in several different habitats provide the
opportunity for the study of genotypic and phenotypic
variations as well as chemotaxonomic relationships
among species (Mucciarelli and Maffei, 2002).

The terpenoids present in Artemisia species are
representative of all classes of compounds, from
monoterpenes up to triterpenes. Most of the species are
characterized by the typical fragrance of lower
terpenoids, such as monoterpenes and sesquiterpenes.
These volatile molecules are present in the essential
oils, which are important strong aromatic odors in the
plants. Among the various compounds, lower
terpenoids such as camphor, thujone, borneol and 1, 8-
cineole are the most representative (Ravid et al., 1992).
As for many aromatic plants, the oil content of
Artemisia is affected by environmental factors
(Cedarleaf et al., 1983).

34 species of Artemisia has been reported in Iran
(Mozaffarian, 2008). Artemisia sieberi is the most
widely distributed species in Iran. For determination of
chemotaxonomic characters, we studied several
populations of A. sieberi in different habitats in Iran.
Also, seeds of each population were collected and
planted in farm. With comparision of chemical
components between plant specimens of nature and
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farm, would be recognized constant components as
chemotaxonomic indices.

MATERIALS AND METHODS

Aerial parts of Artemisia sieberi were collected from 34
populations in Iran at full flowering stage. The exact
date and place of each locality have been shown in
tablel. The collected plant speciments were dried at
room temperature and after 48 hours hydro-distilled for
their essential oils. The herbarium specimens have been
deposited in the herbarium of Research Institute of
Forests and Rangelands (TARI). Also, farm plant
speciments were harvested and hydro-distilled as well
as natural plants.

The essential oils of all harvested plants (nature and
farm) were isolated by hydro-distillation in Clevenger-
type apparatus for 3.5 hours. The oils were stored in
sealed vials at low temperature before analysis.

GC analyses were performed using a Shimadzu GC-
9A gas chromatograph equipped with a DB-5 fused
silica column (30 m x 0.25 mm i.d., film thickness 0.25
pum). Oven temperature was held at 40 °C for 5 min and
then programmed to 250 °C at a rate of 4 °C / min; for
all of oils. Injector and detector (FID) temperature were
260 °C; carrier gas, helium with a linear velocity of 32
cmy/s.

GC-MS analyses were carried out on a Varian 3400
GC-MS. The column was same as GC, oven
temperature was at 40 °C to 270 °C at a rate of 4 °C,
transfer line temperature 280 °C, carrier gas helium
with a linear velocity of 31.5 cm/s, split ratio 1:60,
ionization energy 70 e V; scan time 1 s; mass range 40-
300 amu.

The components of oils were identified by
comparison of their mass spectra with those of a
computer library or with authentic compounds and
confirmed by comparison of their retention indices
either with those of authentic compounds or with data
published in the literature (Adams, 1989; Shibamoto,
1987; Davies, 1990).

Correlation between yield of essential oil in natural
habitats with climate, altitude and soil characteristics
was studied. Also, total of main chemical components
in nature and farm plants were compared by T-student
test after equal variances test (Levin’s test) and
normality test (Anderson — Darling normality test).

Main components were determined. Also, the
populations placed in three climates condition: 1-
Semi-arid, 2- Arid, 3- Hyper-arid. Chemical
components in 3 groups were analyzed by PCA
method.
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Table 1. Habitat characteristics and yield of essential oil of Artemisia sieberi collections.

. Altitude Latitude Date of . Rainfall Temperature Yield % Yield %
Code Habitat (m) Longitude  collection Climate Voucher (mm) (°C) (nature) (farm)
Esfahan province, 3416 55N .
1 Kashan, Selkhak 1600 510431E Nov. 2006 Arid 85834  198.5 16.56 1.58 0.89
Esfahan province, 340748 N ..
2 Kashan, Keh village 2010 510453E Nov. 2006 Semi-arid 85825  237.2  12.55 3.27 0.67
Esfahan province, 65 334224 N Nov. 2006 , .
3 km Kashan to Ardestan 1700 515331E Arid 85822  198.5 16.56 2.31 1.14
Esfahan province, 3344 50 N Nov. 2006
4 Kashan, 5 km AghaAli 1020 5206 12 E Hyper-arid 85833 111 19.45 2.98 1.27
Abbas to Siahkuh
Esfahan province, 5 331921 N Nov. 2006
5 km Ardestan to 1350 Hyper-arid 85832  115.1 19.95 2.10 2.15
522231E
Zafarghand
Esfahan province, 4 330947 N Nov. 2006
6 km Zafarghand to 1900 Hyper-arid 84446  115.1 19.95 2.40 1.32
523049E
Naeen
Esfahan province, 341701 N Nov. 2006 .
7 Kashan, Maranjab 830 5143 04E Hyper-arid 84445  133.6 19.38 2.35 1.52
Qom province, Qom 350221 N .
8 lake beside 870 5051 56 E Dec. 2006 Arid 85823 144 18.06 0.47 0.46
Qom province, 60 km 351043 N .
9 Qom to Tehran 1300 505924 E Dec. 2006 Arid 84434 2236 19.42 1.15 1.14
Khorasan province, 10 3538 50 N
10 km Fariman to Torbate 1390 Nov. 2006 Arid 85836  212.1 12.78 1.30 1.36
Jam 5956 16 E
Khorasan province, 343416 N
11 130 km Torbate 1160 Nov. 2006 Arid 85835 159.2 17.97 1.47 1.12
. . 581225E
Heydarieh to Bejestan
Yazd province, 40 km 305729 N .
12 Aliabad to Marvast 1900 541303 E Dec. 2006 Hyper-arid 85827  88.8 18.3 1.25 1.56
Yazd province, 60 km 315255N .
13 Taft to Nodushan 2350 5339 04E Dec. 2006 Arid 85826 176.7 1434 0.86 0.65
Yazd province, 42 km 3144 51N .
14 Yazd to Bafgh 1370 544343 E Dec. 2006 Hyper-arid 85830  59.6 19.5 1.51 1.02
Yazd province, 10 km 315320N .
15 Bahabad to Bafeh 1610 5554 56 Dec. 2006 Hyper-arid 85829 79 19.64 1.88 0.95
Yazd province, 5 km 3259 14N
16 Robate Poshte Badam 1340 Dec. 2006 Hyper-arid 85828  107.5  20.79 1.99 2.27
553234E
to Yazd
Yazd province, 13 km 322137N .
17 Ardakan to Nacen 1120 535227E Dec. 2006 Hyper-arid 85831  63.8 20.21 1.61 1.31
Yazd province, 90 km 3243 18N .
18 Ardakan to Nacen 1390 531629 F Dec. 2006 Hyper-arid 84447  101.9  13.65 1.05 1.29
Kerman province, 85 291627N .
19 km Jiroft to Kerman 1570 575820 E Dec. 2006 Arid 84448  141.1 16.55 1.28 1.52
Kerman province, 45 2956 52N .
20 km Kerman to Jiroft 2240 572351 F Dec. 2006 Arid 84449  141.1 16.55 1.72 0.66
Kerman province, 15 302649 N .
21 km Kerman to Zarand 1835 570031E Dec. 2006 Arid 84450  141.1 16.55 1.52 1.33
Fars province, 25 km 2047 14N
22 Abadehtashk to 1680 Dec. 2006 Semi-arid 84433  350.1 18.53 223 0.50
. 533252E
Arsanjaan
Fars province, 100 km 291039 N .
23 Sirjan to Neyriz 1660 545059 F Dec. 2006 Arid 84432 1854 18.84 1.64 1.80
Fars province, 6 km 301923 N .
24 Harabarjan to Tutak 1650 5408 46 E Dec. 2006 Arid 84435 1627 16.29 1.04 0.86
o5 Markaziprovince, =g, 345908N pyo 0 5006 Arid 84436 2236 19.42 0.84 085

Anjilavand saveh S03511E
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. Altitude Latitude Date of . Rainfall Temperature Yield % Yield %
Code Habitat (m) Longitude collection Climate Voucher (mm) (°O) (nature) (farm)
Markazi province, 3459 08 N 50 Dec. .
25 Anjilavand saveh 1000 3511E 2006 Arid 84436 223.6 19.42 0.84 0.85
Markazi province,
26  Gheshlaghe nemati, 1390 gg g; %3 N30 s And 84437 2236 1942 094 115
Ghate 4 Zarand Saveh
Tehran province, Kavir 3445 55 N 52 Dec. Hyper-
27 National Park 1050 1032 F 2006 arid 84444 126.4 18.61 2.68 0.68
Semnan province, 55
28 km Semnan to 1550 2331 06NS3Jan o Hyper-  gp039 4384 13 153 171
5406 E 2007 arid
Damghan
Semnan province, 53 Jan.
29 kmarmy road Semnan 1400 32 20 12N33 5007 HYPEgi440 1384 18 1.84 087
" 5249E arid
to Anjilo
Semnan province, Jan.
30  Turan,4kmDelbarto 1050 o5 30 30NS6 5007 HYPer g4 1267 1647 213 0.88
0225E arid
Ahmadabad
Semnan province, 33 Jan.
31 km Shahroud to 1400 92030N355007  Arid 85824 1606 14.56 0.65 0.8
1707 E
Sabzevar
Semnan province, 8 3529 32N 53 Jan. Hyper-
32 km Semnan to Sorkheh 1200 1530E 2007 arid 84442 1384 18 172 2.03
Semnan province, 5 Jan.
33 km Eivanekei to 1050 S3IIINS2550,  Hyper o3 1264 18461 350 2.05
0709 E arid
Garmsar
34 EISOEIInOIZ-Igg¥1 Er(()ivtmce’ 1388 28 30 897N ;?)%7 Arid 84438  140.6  17.66 1.77 1.68
5 ajiabad to 5547537 F ri . . . .
sirjan
RESULTS AND DISCUSSION environmental  factors lower than significant
Yields of essential oils isolated from the aerial parts of components.

Artemisia sieberi at full flowering stage in nature and
farm are shown in table 1 and figure 1. Yield of
essential oil in most natural habitats are higher than the
farm. It can be because of drought stress in natural
habitats (the farm were regularly irrigated). Average of
essential oil yields in nature and farm were compared
by T-student test: P-value= 0.001, difference was
significant at 99.9 % level.

Correlation between yield of essential oil in natural
habitats with climate, altitude and soil characteristics
showed that the most effective parameters were number
of days with precipitation, nitrogen, carbon and
phosphor of soil (Table 2). Comparison of chemical
components mean in nature and farm are given in
figure 2.

Comparison of main chemical components between
nature and farm plants by T-student test have presented
in table 3. Camphene, 1, 8-cineole, trans-thujone,
camphor, borneol did not have significant difference
between nature and farm. But (Z)-B-ocimene and
chrysanthenyl acetate at 95% level, p-cymene, cis-
thujone, pinocarvone, terpinen-4-ol at 99% level, (E)-
[-ocimene, y-terpinene, myrtenol and bornyl acetate at
99.9% level had significant difference. Probably, non-
significant ~ components  are  influenced by

Average of chemical components in climatic groups
is shown in table 4. Populations in drier habitats have
cis-thujone more than the others. Trans-thujone in
semi-arid populations is more than the others. In fact,
principle components cis-thujone and trans-thujone
were succeeded together. In drier condition cis-thujone
increases but trans-thujone decreases.

Three climatic groups of populations completely
were separated by PCA analysis (Figure 3). Camphor,
cis-thujone and trans-thujone were recognized as
principal components for separating climatic groups
(Figure 4).

Species of the genus Artemisia produce many
eudesmanolides, the group of sesquiterpene lactones
that exhibit the highest antibacterial activity and anti-
inflammatory properties, while the insecticidal
properties of many of the species is due to the presence
of 1,8-cineole (Aggarwal et al., 2001). Cis- and trans-
thujone are the active ingredients in herbal medicines
and seasoning for food and drinks. The oils of
Artemisia species can be classified according to their
primary constituents, suggesting the use of essential
oils for taxonomic classification and clarification: A.
sieberi (camphor), A. annua (artemisia ketone, o.-
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Fig. 1. Comparison between yield of essential oils in nature and farm plants.
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Fig. 2. Comparison of chemical compounds mean in nature and farm.

pinene and camphor), A. aucheri (verbenone), etc
(Jaime A., 2004).

The quality and yield of essential oils from
Anthemideae plants is influenced by the harvesting
season (Cornu et al., 2001), fertilizer and pH (ideal in
acidic, pH 4.5-5.4) of soils (Alvarez-Castellanos &
Pascual-Villalobos, 2003), the choice and stage of
drying conditions (Tateo & Riva, 1991), the geographic
location (Maffei et al., 1994), chemotype or subspecies
(Goren et al., 2001), choice of plant part or genotype
(Mishra et al.,, 1999; Nori-Shargh et al., 1999;

Keskitalo et al., 2001) or extraction method (Scalia et
al., 1999).

Weyerstahl et al. (1993) showed that camphor, 1, 8-
cineole, camphene, terpinen-4-ol and a-terpineol are
the main oil components of A. sieberi. Sefidkon et al.
(2002) introduced camphor, 1,8-cineole and bornyl
acetate as main oil components of 4. sieberi.

In this research, main components were camphor
(25.01 % in nature and 32.98 % in farm), 1, 8-cineole
(11.08 % in nature and 11.91 % in farm), cis-thujone
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Table 2. Effects of environmental parameters on yield of essential oil.
Parameters Pearson Correlation P-value
Average annual temperature 0.088 0.621
Average minimum temperature 0.043 0.810
Average maximum temperature 0.017 0.923
Absolute minimum temperature 0.011 0.949
Absolute maximum temperature 0.157 0.376
Annual precipitation -0.024 0.895
Number of days with precipitation -0.260 0.137
Altitude -0.055 0.758
pH 0.004 0.984
EC (ds/m) 0.116 0.514
SP (%) 0.138 0.435
N (%) -0.238 0.176
Lime (%) 0.007 0.970
Gyps (%) 0.134 0.451
C (%) -0.216 0.220
Sand (%) 0.012 0.948
Silt (%) -0.007 0.969
Clay (%) -0.014 0.937
Na (mg/kg) -0.068 0.703
Mg (mg/kg) 0.049 0.784
Ca (mg/kg) 0.166 0.349
K (mg/kg) -0.094 0.596
P (mg/kg) -0.188 0.286
Table 3. T- Student test of chemical components in nature and farm plants.
Measured parameters Mean Stdev SE Mean Minimum Maximum P-Value
camphene Nature 4.98 3.27 0.56 0.00 11.24 0.1500 ns
P Farm 629 4.12 0.71 0.54 15.23 ’
Nature 3.62  4.57 0.78 0.51 18.52
p-cymene Farm 151 179 031 0.00 7.60 0.0004 ==
. Nature 11.08  8.00 1.37 1.24 32.24
1,8-cincole Farm 1191 832  1.43 0.53 29.06 0.5768  n.s
. Nature  0.91 3.33 0.57 0.00 17.94 %
(2)-B - ocimene Farm 102 208 036 0.00 8.13 0.0200
. Nature 0.17  0.57 0.10 0.00 3.17
(E)-p - ocimene Farm 090 221 038 0.09 11.18 0.0000 ==
. Nature 0.28 0.84 0.14 0.00 3.82
y-terpinene Farm 037 034  0.06 0.00 153 0.0000 ===
. . Nature 9.71 14.56 2.50 0.00 66.93 sk
cis-thujone Farm 872 1674  2.87 0.00 60.51 0.0105
trans-thuione Nature 6.14 6.59 1.13 0.00 26.00 01444 ns
J Farm 4.76 6.30 1.08 0.00 23.48 ’ ’
camphor Nature 25.01 22.70 3.89 0.00 60.60 00941 s
P Farm 3298 17.69 3.03 3.56 57.55 : :
{nocarvon Nature 3.17  2.97 0.51 0.00 13.24 00020  **
piocarvone Farm 2.14 2.12 0.36 0.15 9.38 :
borneol Nature 2.01 8.08 1.39 0.00 44.84 02630 ns
Farm 3.36 6.73 1.15 0.00 28.62 ’ ’
. Nature 4.45  8.06 1.38 0.00 29.72 sk
terpinen-4-ol Farm 270 746 128 0.00 40.00 0.0032
Nature  0.58 0.80 0.14 0.00 3.30
myrtenol Farm 051 071  0.12 0.00 308 0.0000 ===
chrysanthemyl acetate Ii%?rfle (1);1(6) i% 823 888 ;éi 0.0252 *
Nature  0.67 1.13 0.19 0.00 5.30 e
bornyl acetate Farm 030 051 009 0.00 2.05 0.0000

P-value > 0.05: n.s. (non significant); P-value < 0.05: * (significant at 95%); P-value < 0.01:** (significant at 99%);
P-value < 0.001: *** (significant at 99.9%)
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Table 4. Average of chemical components in climatic groups.

Compounds Semi-Arid Arid Hyper-Arid
camphene 4.67 5.79 4.21
p-cymene 9.48 2.03 4.47
1,8-cineole 11.94 12.03 10.03
(2)-p - ocimene 0.00 1.21 0.72
(E)-B - ocimene 0.32 0.10 0.23
y—terpinene 0.00 0.21 0.39
cis-thujone 8.53 5.13 14.43
trans-thujone 16.04 4.51 6.54
trans-pinocarveol 0.53 2.25 4.14
cis-pinocarveol 0.00 7.34 4.61
camphor 27.11 29.66 20.11
pinocarvone 1.21 2.98 3.60
borneol 0.18 2.88 1.36
terpinen-4-ol 0.95 3.44 5.90
myrtenol 0.94 0.75 0.37
chrysanthemyl acetate 0.97 1.60 1.38
bornyl acetate 0.31 0.59 0.80
Score Plot of camphene; ...; bornyl acetate
3 -
Hyper-Arid
°
24
e
o 14
5 Semi-Arid
g °
S 0
-]
e
&
-2 4
Arid
°
-3 1 T T T T T T T
-3 -2 =il 0 1 2 3 4
Frst Component

Fig.3. Grouping of populations on the base of climate.
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Fig. 4. Effective parameters in populations grouping.

(9.71 % in nature and 8.72 % in farm), trans-thujone
(6.14 % in nature and 4.76 % in farm) and camphene
(4.98 % in nature and 6.29 % in farm). On the base of
the results, chemical components of essential oil in 4.
sieberi were fixed as chemotaxonomic characteristics.
These components didn’t change when populations
were planted in farm condition. In fact, they can be
used as indices for recognizing of the species. Also, in
spite of significant difference between yield of nature
and farm, environmental parameters such as climate,
soil and altitude didn’t have significant correlation with
the yield. Chemical component cis-thujone is the index
for dryness of habitat, because this component in
hyper-arid habitats is more than arid and semi-arid
ones.

ACKNOWLEDGMENT

The authors appreciate the authorities in Research
Institute of Forests and Rangelands for financial
support.

REFERENCES

Adams, R. P. 1989: Identification of essential oils by
Ion trap Mass Spectroscopy. -Academic Press, San
Diego, CA.

Aggarwal, K. K., Tripathi, A. K., Prajapati, V. &
Kumar, S. 2001: Toxicity of 1,8-cineole towards
three species of stored product coleopterans. -Insect
Sci. Appl. 21: 155-160.

Alvarez — Castellanos, P. P. & Pascual — Villalobos, M.
J. 2003: Effect of fertilizer on yield and
composition of flower head essential oil of
Chrysanthemum coronarium (Asteraceae) cultivated
in Spain. -Ind. Crop Prod. 17: 77-81.

Cedarleaf, J. D., Welch, B. L. & Brotherson, J. D.
1983: Seasonal variation of monoterpenoids in big
sagebrush (Artemisia tridentate). -J. Range Manag.
36: 492-494.

Cornu, A., Carnat, A. P., Martin, B., Coulon, J. P.,
Lamaison, J. L. & Berdague J. L. 2001: Solid-phase
micro-extraction of wvolatile components from
natural grassland plants. -J. Agric. Food Chem. 49:
203-209.

Davies, N.W. 1990: Gas chromatographic retention
indices of monoterpenes and sesquiterpenes on
methyl silicone and carbowax 20m phases. -J.
Chromatogr. 503: 1-24.

Goren, N., Demirci, B. & Baser K. H. C. 2001:
Composition of the essential oils of Tanacetum spp.
from Turkey. -Flav. Frag. J. 16: 191-194.

Heywood, V. H., Harborne, J. B. and Turner, B. L.
1977: An overture to the Compositae. In: Heywood,
V. H., Harborne, J. B. and Turner, B. L., (eds.), the
biology and chemistry of the Compositae. -
Academic Press, London, vol. I: 1-19.

Jaime A. Teixeira da Silva. 2004: Mining the essential
oils of Anthemideae. -African Journal of
Biotecnology vol. 3 (12): 706-720.



157 Chemotaxonomic indices of Artemisia sieberi

Keskitalo, M., Pehu, E. & Simson, J. E. 2001:
Variation in volatile compounds from Tansy
(Tanacetum vulgare L.) related to genetic and
morphological differences of genotypes. -Biochem.
System. Ecol. 29: 267-285.

Maffei, M., Mucciarelli, M. & Scannerini, S. 1994:
Essential oils from Achillea species of different
geographic origin. -Biochem. System. Ecol. 22:
679-687.

Mishra, D. K., Naik, S. N., Srivastava, V. K. & Prasad,
R. 1999: Effect of drying Matricaria chamomilla
flowers on chemical composition of essential oil. -J.
Med. Arom. Plant Sci. 21: 1020-1025.

Mozaffarian 2008: Anthemidae and Echinopeae in
Assadi et al. Flora of Iran, no 59. —Research
Institute of Forests and Rangelands, Tehran.

Mucciarelli, M. & Maffei, M. 2002: Introduction to the
genus Artemisia. In: Wright C. W. (ed.), Artemisia.
-Taylor and Francis, pp.1-50.

Nori-Shargh, D., Norouzi-Arasi, H., Mirza, M.,
Jaimand, K. & Mohammadi S. 1999: Chemical
composition of the essential oil of Tanacetum
polycephalum subsp. heterophyllum. -Flav. Frag. J.
14: 105-106.

Ravid, V., Putievsky, E. & Ikan, R. 1992:
Determination of the enatiomeric composition of

IRAN. J. BOT. 18 (1), 2012

terpinen-4-ol in essential oils using a permethylated
b-cyclodextrin coated chiral capillary column. -
Flav. Frag. J. 7: 49-52.

Scalia, S., Giuffreda, L. & Pallado, P. 1999: Analytical
and preparative supercritical fluid extraction of
chamomile flowers and its comparison with
conventional methods. -J. Pharm. Biomed. Anal.
21: 549-558.

Sefidkon, F., Jalili, A. & Mirhaji, T. 2002: Essential oil
composition of three Artemisia spp. from Iran. -
Flavour and Fragrance Journal 17: 150-152.

Shibamoto, T. 1987: Retention indices in essential oil
analysis, In: Sndra, P. and Bicchi, C. (eds.),
Capillary gas chromatography in essential oil
analysis. -Huethig Verlag, New York, pp. 259-274.

Tateo, F. & Riva, G. 1991: Influence of the drying
process on the quality of essential oils in Artemisia
absinthium. -Mitt. Geb. Leven. Hyg. 82: 607-614.

Tutin, T. G. & Presson K. 1976: Artemisia L. in Tutin,
T. G., Burges, N. A., Moore, D. M., Valentine, D.
H., Walters, S. M., Webb, D. A. & Heywood, V. H.
(eds.), Flora Europaea, vol 4: 178-186. -Cambridge
University Press, Cambridge.

Weyerstahl, P., Schneider, S. & Marschall, H. 1993:
The essential oil of Artemisia sicberi Bess. -Flav.
Frag. J. 8: 139-145.



