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A field experiment was carried out to determine morphological characteristics, fruit yield, oil contents
and composition of accessions of anise (Pimpinella anisum L.) during 2007 to 2008. A total of fifteen
accessions were studied: (1) 15104614 Martin Bauer; (2) 15104893 Martin Bauer; (3) 16101709 Martin
Bauer; (4) 16103904 Martin Bauer; (5) 16104662 Martin Bauer; (6) N. L. Chrestensen Erfurt; (7) Hild; (8)
Izmir Turkey; (9) Cultivar 903 Nebelung; (10) Cultivar 904 Nebelung; (11) Pharmasaat; (12) Quedlinburg;
(13) Enza Zaden Nederland; (14) Heil-Z Aussaatrest 07 Landwirt Heil; (15) Heil-nB Aussaatrest 07
Landwirt Heil. The maximum number of primary branches and umbels per plant were produced by
15104614 Martin Bauer, 16103904 Martin Bauer and N. L. Chrestensen Erfurt, whereas, Heil-Z
Aussaatrest 07 Landwirt Heil produced the lowest number of primary branches and umbels per plant in
2008. A greater number of primary branches and umbels per plant were observed in the year 2007,
compared with 2008, for any accession, suggesting the independency of accessions. Current trials
showed that a higher infection rate with Cercospora malkoffii was estimated in accessions (1. 15104614
Martin Bauer, and 8: lzmir Turkey) in both seasons. The highest fruit yields of 0.47 and 0.46 t ha™ were
noticed in accessions (15: Heil-B Aussaatrest 07 Landwirt Heil and 2: 15104893 Martin Bauer),
respectively, in 2007, whereas the lowest values were observed with accessions (1: 15104614 Martin
Bauer, 3: 16101709 Martin Bauer, 7: Hild and 8: Izmir Turkey) in 2007. In current trials, maximum oil
content was obtained in accessions 2, 11, 15 and 5, 11, 13 whereas the lowest concentration was
determined in accessions 1, 3, 7 and 3, 4, 7 in 2007 and 2008, respectively. The major constituent in the
essential oil of the tested accession fruits was found to be a phenylpropanoid, namely trans-anethole,
which ranged from 82.9 to 90.9 and 90.5 to 95.7 in 2007 and 2008, respectively. The highest level of
trans-anethole was noted in accessions 3, 7 and 8. Current results demonstrate that availability of
various accessions provides the opportunity for anise production to meet the market requirement.
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INTRODUCTION

Anise (Pimpinella anisum L.) is an annual important spice is considered as a natural raw material and used for
and medicinal plant belonging to the family Apiaceae and pharmaceutics, perfumery, food and cosmetic industries
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(Omidbaigi et al., 2003; Ross, 2001). In recent times, this
that is native to the Mediterranean region. Today, anise
spice plant has attracted consumer attention due to its
antimicrobial, antifungal, insecticidal, and antioxidative
effect on human health (Gilcin et al., 2003; Knio et al.,
2008; Kosalec et al., 2005; Shukla and Tripathi, 1987;
Tunc and Sahinkaya, 1998). The drug, as well as the
essential ail, is characterized by carminative, mild expec-
torant, diuretic, antiseptic, and antispasmodic effects
(Bown, 2001).

The quality of anise is determined mainly by its
essential oil content and composition. For both quality
parameters, it is necessary to determine the environ-
mental factors under which they give higher yields and
better quality (Omidbaigi, 2000). Anise fruits, called
aniseed, contain around 1.5 to 5.0% essential oil, which
is composed of more than 90% volatile phenylpropanoids
like trans-anethole followed by y-himachalene, methyl
chavicol (estragol), anisaldehyde, B-himachalene and ao-
zingiberene (Omidbaigi et al.,, 2003; Tabanca et al.,
2005). The vyield and essential oil content may
considerably vary depending on the environmental
conditions and genetic potential of the crop (Orav et al.,
2008; Zheljazkov et al., 2008). In this context, there are
reports showing the effects of row spacing, water supply,
fertilization, sowing time, and sowing density on anise
yield and quality under field and greenhouse conditions
(Awad et al., 2005; Maheshwari et al., 1999; Tuncturk
and Yildirim, 2006; Zehtab-salmasi et al., 2001). In
European countries consumption of anise fruits is greater
than its production, leading to an imported quantity of
anise fruits of almost 2000 t in 2004 (Bown, 2001). This
has led to a high demand to cultivate anise crop in
European countries including Germany. However, the
anise plant is not native to Germany, but the climatic
conditions are generally suitable for its cultivation
(Heeger, 1956).

Since anise favors warm climatic conditions throughout
the growing season, it is cultivated in particularly
subtropical regions (Reineccius, 1994; Hansel et al.,
1999). Anise cultivated fields should be protected from
wind to save the plants from lodging (Ebert, 1982; Poss,
1991). The reported life zone for anise cultivation is 8 to
23°C with 1,000 to 1,200 mm annual precipitation, this
produces excellent crop, however a rainfall of 2,000 mm
is tolerated with a soil pH of the cultivated field ranging
from 6.3 to 7.3 (Simon et al.,, 1984). The temperature
during the growing duration should be quite uniform
without very hot periods, particularly following
precipitation. Relative studies of a large number of
genotypes of anise (P. anisum L.) in Germany are few.
There is a significant interest in anise as a prospective
high value essential oil crop in the European countries;
though, there are no reports on anise productivity,
essential oil content, and composition in this region. The
hypothesis of this study was that certain anise genotypes
might be better suited to grow in Germany’s climatic
conditions as a high value essential oil crop.

MATERIALS AND METHODS
Experiment design and site description

The field experiment was conducted at the Gross-Gerau research
station, Germany (49° 45" N and 8° 29" E, 90.7 m above sea level
in sandy soil where the mean air temperature is 9.4°C and mean
precipitation is 590 mm/year; Source: metrological station at
experimental station Gross-Gerau). The monthly average air
temperature and sum of precipitation for the growing seasons 2007
to 2008 are presented in Figure 1. The soils are described as
slightly loamy to loamy sand consistency, characterized by the
following parameters: clay content 5% (0 to 30 cm), pH 6.4,
available field capacity < 100 mm (0 to 100 mm), with nutrient
measures of P: 9.2 mg/100 g, K: 12.9 mg/100 g and Mg: 2.0
mg/100 g of soil. A total of fifteen P. anisum L. were studied: (1)
15104614 Martin Bauer; (2) 15104893 Martin Bauer; (3) 16101709
Martin Bauer; (4) 16103904 Martin Bauer; (5) 16104662 Martin
Bauer; (6) N.L. Chrestensen Erfurt; (7) Hild; (8) Izmir Turkey; (9)
Cultivar 903 Nebelung; (10) Cultivar 904 Nebelung; (11)
Pharmasaat; (12) Quedlinburg; (13) Enza Zaden Nederland; (14)
Heil-Z Aussaatrest 07 Landwirt Heil; and (15) Heil-nB Aussaatrest
07 Landwirt Heil, were obtained from the Institute of Plant Genetics
and Crop Plant Research (IPK), Gatersleben in Germany. All the
accessions were evaluated for their fruit yield, essential oil content
and composition in two consecutive years during April, 2007 and
2008 in a randomized block design with four replications.

The seed rate of 1 g m? was used to achieve a plant population
of 200 plants m? to achieve the highest fruit yield (Ullah and
Honermeier, 2013). Individual research plots were 1.5 m x 7 m,
having eight rows with row spacing of 18.7 cm. Land preparations
was accomplished by chisel plowing in the fall and cultivated twice
in the spring prior to sowing the anise crop. Before seeding, fields
were disked and harrowed, and fertilizer was added to provide 31
kg ha® P, 174 K kg ha™ in accordance with soil analysis and the
fertilizer requirement of the crop in the both years. The nitrogen
content (NOs -N, NH,4 -N) in the soil (0 to 90 cm) was 52 kg in both
years 2007 and 2008. After germination of anise, 40 kg N ha™
(NH4NO3; + CaCOg) was applied in both seasons.

Fungicides of RADOMIL GOLD-M (active ingredient: 40 g/kg
Metalaxyl-M + 800 g/kg Mancoze manufactured by Syngenta Crop
Protection AG, Basel, Switzerland) and SCORE (active ingredient:
Difenoconazol; manufactured by Syngenta Group Company) were
applied at a rate of 2 kg ha™ and 0.4 L ha™, respectively by hand
boom-sprayer equipped with Tee-Jet nozzles before flowering.
Weed control was either carried out by application of herbicide,
Bandur (Aclonifen) with 3 L ha™ or by hand pulling. Plants were
irrigated 3 times (20, 20 and 20 mm) in 2007 and three times (10,
20 and 20 mm) in 2008 according to irrigation requirements. The
anise crop was sown in the first week of April during both years.
The harvesting was done on 18th and 10th August during 2008 and
2009, respectively.

Morphological and yield components

Morphological parameters were analyzed as done by Yan et al.
(2011), by analyzing samples of anise plants from two rows (2 m
length) in the middle of the plot. With these plant samples, the
following yield components were determined: number of primary
branches/plant (PBP), number of umbels/plant (NUP), number of
fruits/plant (NFP), fruit weight/plant (FWP) and 1,000 fruit weight
(TFW). Prior to harvesting, plant height was measured with a
yardstick. The TFW was accomplished by counting each sample
twice using an automated seed counter (Contador) and averages
worked out. A combine harvester was used to reap the harvest
when the fruit was completely ripe (at 90% DM contents). Fruit from
each plot was stored in the harvester bin and weighed in kg per plot
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Figure 1. Monthly average air temperature (°C) and monthly sum of precipitation (mm) for the growing
seasons (from April to October) of 2007 and 2008 at the experimental station Gross-Gerau (Germany).

and then converted to a tons per hectare basis. During plant
growth, a fungal disease was observed on the anise
accessions in both years. Fungal disease incidence (FDI) on
anise plants was assessed (identified by visual symptoms) on a 1 to
9 grading scale (1: without infection, 9: whole plants were infected).
Lodging was also estimated similarly by grading 1 to 9 (1: erect
plants, 9: whole plants were lodged).

Essential oil extraction

Fruit samples (7 g) of each plot were hydro-distilled for 2 h using a
Clevenger-type apparatus according to the European
pharmacopoeia (European Pharmacopoeia, 2000) (EP). The
essential oil content was quantified gravimetrically. Each sample
was analyzed twice and the average of both was used for further
statistic evaluation. The essential oil concentration was calculated
as the amount (g) of oil per weight (g) of dry anise tissue, while the
oil yield per area was calculated from the fruit yields per area and
oil content of every anise accession and replicate. The obtained
essential oil was kept at 4°C for further lab analyses.

Gas chromatography (GC) and gas chromatography-mass
spectrometric (GC-MS) analyses

The components of the essential oil were analyzed by gas
chromatography-flame ionization detector (GC-FID) (Varian CP
3800), capillary column DB-5 (30 m x 0.25 mm and 0.25 pum coating
thickness) as described by Yan et al. (2011). Helium was employed
as the carrier gas with a flow rate of 1.1 ml/min. The temperature

was programmed from 60°C (5 min) to 250°C with a ramp rate of
5°C/min, and a final hold time of 10 min. Injector and detector were
maintained at 260 and 280°C, respectively. The sample (1 pl) was
injected with a 1:50 split ratio by an autosampler (Varian 8200 CX).
The percentage of individual components was computed from peak
areas. The response factors of the detector and FID normalization
were considered for data processing. The identification of the
components was carried out by GC-MS (Varian 3900 GC, Varian
Saturn 2100T ion trap mass detector), capillary column VF-5ms (30
m x 0.25 mm, 0.25 um coating thickness). Helium was used as a
carrier with a flow rate of 1.1 ml/min. lonization was realized by
electron impact at 70 eV, electron multiplier 2200 V, ion source
temperature 230°C and transfer line temperature 240°C. Mass
spectral analysis was acquired in the scan mode in the m/z range
35 to 450. The identification of components was based on a
comparison of Kovat's retention indices and mass spectra in
corresponding data libraries (Adams, 1995; Ozcan and Chalchat,
2006) and mass spectra libraries (Weily 90 and NIST 98). Kovat’s
retention indices were calculated from the GC by linear interpolation
between bracketing n-alkanes (C8-C24; Alfa Aesar Karlsruhe,
Germany). The most important components, trans-anethole and
estragol were further identified by co-injection of authentic
standards (Roth, Karlsruhe, Germany).

Statistical analyses

Data was subjected to statistical analysis by using the statistical
program “PIAFStat” (Planning information analysis program) for
checking the significance of the different treatments, whereas least
significant difference (LSD) at 5% probability level was used for
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studying the difference between different experimental treatments.
Correlation analysis was performed by statistical package for social
sciences (SPSS) (SPSS, Chicago, USA) to determine the
relationship among the studied parameters according to Pearson’s
and Spearman's rho method.

RESULTS AND DISCUSSION
Lodging and fungal disease incidence

Lodging rate was estimated before harvesting, and during
this experiment its value ranged from 1.0 to 7.0 in both
seasons. Higher lodging was observed in 2007 compared
to 2008, which might be due to taller anise plants and
adverse environmental conditions. Severe lodging in
plants during fruit initiation may prevent the transport of
water, nutrients and assimilates through the xylem and
phloem, resulting in reduced assimilates for grain filling
and premature fruit formation. High moisture levels in a
lodged plant population may be favorable for fungal
growth and for the development of diseases, which have
detrimental effects on plant growth and fruit quality of
anise plants. As it’s clear from Table 1, disease infection
at maturity reached a level of 2.8 to 7.3 and 5.3 t0 9.0 in
2007 and 2008, respectively. In 2007, severe infection of
Cercospora malkoffii was observed in accession 8
compared with other accessions, whereas a lower
infection rate was noticed in accession 2 and accession
15. In 2008, a higher level of C. malkoffii was recorded in
accessions 1 and 8. Among the evaluated accessions, 9,
11, 14 and 15 had a similar level of infection in 2008
(Table 1). In 2008, a higher germination rate was
observed, which could be contributed to higher FDI
compared with 2007.

Morphological parameters and fruit yield components

Plant height varied significantly among the 15 accessions
evaluated and ranged from 28 to 61 cm in both seasons
(Table 2). Overall, taller anise plants were observed in
2007 compared with 2008, because anise plants received
higher precipitation during the vegetative stage in 2007
(304 mm, May to July) compared with 2008 (184 mm).
Furthermore, the lower germination rate during 2007
might have influenced plant height, causing the plant to
use the more readily available resources more efficiently
(water, nutrients, light) and consequently produce taller
anise plants. 15104614 Martin Bauer and Izmir Turkey
accessions were recorded as the (significantly) shortest
plant height in both seasons. The significant variation
with respect to plant height among the accessions might
be due to different genetic characteristics. Moreover, a
higher infection rate with these accessions during the
shooting stage badly affected photosynthetic activity and
produced smaller plants.

Plant height of anise significantly correlated with fruit

yield (r = 0.398) and (r = 0.662) in 2007 and 2008,
respectively. The yield contributing parameters, including
PBP, NUP, NFP, and FWP were not affected in 2007,
whereas significant differences were observed among
tested accessions in 2008. The number of primary
branches and umbels per plant ranged from 2.4 to 5.6
and 3.4 to 12.9, in 2007 and 2008, respectively. Similar
results have been reported previously (Tuncturk and
Yildirim, 2006; Yan et al., 2011). The maximum number
of primary branches and umbels per plant were recorded
in 15104614 Martin Bauer, 16103904 Martin Bauer and
N.L. Chrestensen Erfurt, whereas, Heil-Z Aussaatrest 07
Landwirt Heil produced the lowest number of primary
branches and umbels per plant in 2008. A higher number
of primary branches and umbels per plant were observed
in the year 2007 compared with 2008. The anise plants
grown in 2007 received more precipitation with 445 mm
compared with 312 mm (in 2008) during the vegetative
stage, which enhanced the yield contributing parameters.
Alternatively, the plants grown in the year 2008 might
have been heavily infected by the fungus C. malkoffii
(infection level: 2.8 to 7.3 in the year 2007 and 5.3 to 9.0
in the year 2008), which infects all above parts of the
plants (including leaves, flowers, stems and fruits) and
that would have limited the photosynthetic surface area of
anise plants. The higher fungal infection in 2008 could
additionally have reduced the formation of side branches
and inflorescence of anise plants during that year.

In the current study, primary branches were positively
and significantly correlated with the number of umbels (r
= 0.895) and (r = 0.840) in 2007 and 2008, respectively
(Table 4). In 2007, all tested accessions showed similar
results regarding fruit number and fruit weight per plant,
whereas a remarkable variation was noticed in 2008.
However, in the current study, the NFP and FWP ranged
from 17 to 136, 0.04 to 0.47 and from 19 to 115, 0.05 to
0.33 in 2007 and 2008, respectively. The present results
are in accordance with previous findings by Yan et al.
(2011) who executed field experiments with anise cultivar
903 under field conditions in Germany and reported a
similar number of branches, umbels and fruits per plant
that ranged from 5.6, 8.4 and 210, respectively. A higher
infection rate with C. malkoffii was registered in
accessions (1: 15104614 Martin Bauer, 8: lzmir Turkey)
in both seasons whereas a higher lodging rate was
recorded in similar accessions in 2007.

Severe lodging in plants during fruit initiation may
prevent the transport of water, nutrients and assimilates
through the xylem and phloem, resulting in a reduction in
assimilates for grain filling and premature fruit formation,
which results in reduced fruit weight per plant. Higher
moisture levels in a lodged plant population may be
favorable for fungal growth and for the development of
diseases, which have detrimental effects on plant growth
and fruit quality of anise plants. The higher infection of C.
malkoffii prevailed in accession 8: lzmir Turkey, which
might be due to the transmission of pathogens by seeds.
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Field evaluations 2007

Parameter Unit 1 2 3 4 5 6 7 8 9

Lodging 1-9 4.0£0.0 284096  53+0.50 2.0+0.00 2.0£0.00  3.5%+0.58 7.0£0.00  7.0+0.00 2.0+0.00

Fungal disease incidence ~ 1-9 504200 284096  4.0£¢0.00 4.8+0.50 3.3x0.50  4.3+0.96 45+1.00 7.3+0.96 4.0+0.82
Field evaluations 2008

Lodging 1-9 1.0+0.00 1.0+0.00  1.8£0.50  1.0£0.00  1.0+0.00  1.0+0.00 3.0£0.82  1.0+0.00 1.0+0.00

Fungal disease incidence ~ 1-9 9.0+0.00  6.3+0.96  6.5+0.58  6.5+1.00  5.3%0.50 6.0+1.1 6.840.50  9.0£0.00 7.0+0.00

10 1 12 13 14 15
234050 2.8+0.70 2.8+0.50 3.0+1.00 2.5+0.58 2.3+0.50
5.0£1.83 4.8+0.96 3.8+x1.50 4.8+0.96 3.8+0.50 3.0+1.1

1.0£0.00
6.340.50

1.0+0.00
7.5+0.58

1.5+0.58 1.0£0.00
5.5+0.58 6.8+0.50

1.0+0.00
7.3+0.50

1.0+0.00
7.0£0.00

Table 2. Effect of different accessions of anise (Pimpinella anisum L.) on plant height (PH), primary branches per plant (PBP), umbels number per plant (NUP), fruits number per plant
(NFP), fruit weight per plant (FWP), 1000-fruit weight (TFW) and fruit yield (FY) at experimental station Gross-Gerau 2008.

2007
Para. Uit 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 "53,,/'3
PH om 20427 50431  55:33  49#44  59#19  52#43 54427  37#10  61#15 61235 58438  56x41 50425 61214 56238 46
PBP  No. 49404 51207 43402 45807  53%03 40804  53%06 41206 54307 49414 43309  49+05 51218 51215  52+10  ns
NUP  No.  103+15 109422 80207 107438  102+11 7422  109+11 78422 109426  7.8#24 76429  104%23 109463  104#39 104#34  ns
NFP No. 92420 102435  37#142 115473 60431 93420 42428 3131 75430 17412 87425 121218 30824 68+34 13622  ns
FWP g 042:002 020003 0.16£007 020£002 011:005 047+0.07 006005 005£006 0.13£002 004£002 047:003 028£004 005:001 013005 029:0.02  ns
TRW g 1315044 1658015 208:033 18820.00 219802 2344041 253:041 195:014 223404 203402  189:03 248:0.12 213:014 187202 2124016 034
FY  dtha'  14%05 46410  10%02  32¢10 3915  32#12  09:03 08405  28+11  25:05  36#13 3017  27#12 3608 4713 14

2008
PH om 28453 ATH14  44sA1 43222 45:38 45220 4541 3730  42#38 44478 4340  46#39 45863 45663 46238 77
PBP  No. 56¢110 464110 38412 56809 3915  27#17  49+25 3711 45:16  44#13  28+10 52414  34+16 2414  43+12 24
NUP  No. 129#54  57#12 5317  78+21  51+17  37+18 784560 59423 59418  51%15 38410 67418 41416  34+14  56+16 42
NFP  No. 24483  42#154  27#103 794306 584132 454210 1152418 19475  94s21 734237  40$38 1124309  48+204  33+167 48152 67
FWP g 0055001 012:003 007:0.03 023£008 0174005 0124005 0324007 006:0.01 0268002 0214009 011005 033:0.06 015£001 009005 0.13£006 0.19
TRW g 1824041 2398014 2362008 2284010 2424010 233044 248:028 231:028 2461028 245:0.11 261017 250041 251014 2508009 264+0.12  0.25
FY  dtha' 15406 33308 15405 29415  4A#17 35214 24#18 1206  46+26 36416 37409  41+10  43+16 194419  34x14 24

Para = parameter

Similar results were reported from Turkey where
anise was sown in two different locations that had
never been previously sown with anise, and very
profuse disease development and fungal
sporulation were seen. Disease severity had

spread to approximately 90% at the end of the
season (Erzurum et al., 2005). The number of
fruits per plant is positively correlated with fruit
weight per plant and fruit yield in both seasons
(Tables 5 and 6). Significant differences regarding

TFW was observed among used accessions,
ranging from 1.31 to 2.64 g in both years (Table

2). The significant variation between the
accessions might be due to genetic
characteristics. However, the accessions (1:
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Table 3. Composition of aniseed from the different accessions studied (Pimpinella anisum L.) at experimental station Gross-Gerau in 2007-2008 years. Essential oil (EO), estragol (ES), y-

himachalene (GH), and trans-anethole (TA)”.

2007
Para.  Unit 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 LSD 5%
EO % 2.08+£0.13  2.95#0.11 2.14+0.16 2.30£0.07 2.63+0.09 227+0.16 1.63+0.38 243+0.22 268+0.23 2.58+0.21  2.76+0.12 254010 2484034 267020 2.87+0.17  0.27
ES % 0.9+0.07  05+0.02  1.3+0.12 1.2+0.09 0.6+0.05 1.1+0.05 1.6%0.15 1.6+0.14 0.6+0.03  0.60.04 0.6+0.04 0.8+0.10 0.6+0.06 06+0.01 0.6+0.02 0.11
GH % 8.9+0.10  82+044  44+0.35 7.9£0.46 8.1£040 8.0+0.55  3.6+0.51 6.1£0.14 7.9+0.07  7.3%0.35 7.9%0.29 6.3£0.72 8.0£049 7.6+0.58 7.6+0.25 1.0
TA % 82.9+042 85.5+0.52 90.3+0.39 84.3+125  85.8+0.60 84.2+1.10 90.9+1.20 87.8+0.70 85.8+0.27 86.7+0.64  85.8+0.53 88.1£1.24 854+0.86 86.0+0.87 86.2+0.37  0.54
2008
EO % 2.62+£0.36 2.59+0.17 1.73+0.26 2084020 2724020 2.66+0.19 2.13+0.52 1.72#0.20 2.67+0.19 249+0.07  2.68+0.15 2.58+0.10 2724013 2.63+0.06 2.34+0.26  0.39
ES % 0.73£0.05 0.43+0.01  0.86+0.09 0.89+0.07  0.39+0.02 043+0.04 1.1+0.08  0.88+0.13  0.45+0.04 0.43+£0.02  0.42+0.02 0.61£0.03  0.45+0.01 0.44+0.04 0.41+0.02  0.09
GH % 55053 504012  2.1+0.35 4.2+0.18 53022 4.9+030 244023 2.6+0.54 57063  5.3+0.17 5.240.15 4.4+0.29 524029 54035 5.1+0.11 0.6
TA % 90.5+1.19  93.24#0.33  95.7+0.71 93.1#0.87  92.3+0.33 92.6+0.38 95.5+0.56 9564055 91.7+1.29 92.5+#0.17  92.3+0.29 93.240.63  92.3+0.49 92.2+0.41 92.8+0.26 1.1

15104614 Martin Bauer, and 8: Izmir Turkey)
recorded the lowest TFW in both seasons and
were more susceptible to C. malkoffii and are
therefore regarded as poor plant establishment. It
can be explained that, since fruit set depends on
availability of sufficient nutrients while shifting
from the vegetative to the reproductive stage, an
increased level of infection resulted due to the
limited availability of photosynthetic surface area,
which reduced nutrients and water uptake and
hence the size of individual fruit decreased and
this, consequently, led to lower TFW of the anise.
The correlations between TFW, fruit yield and
essential oil content were negatively correlated in
2007, contrary to that in 2008, where a positive
but weak relationship existed. It seems that an
increase in fruit yield may result from an increase
in fruit number, rather than an increase in
individual fruit size.

Fruit yield

As the data shows in Table 2, there was great
variation in fruit yield that ranged from 0.08 to 0.47

and 0.1 to 0.46 t ha™ in 2007 and 2008,
respectively. The highest fruit yields of 0.47 and
0.46 t ha™ were produced by accessions 15: Heil-
nB Aussaatrest 07 Landwirt Heil and 2: 15104893
Martin Bauer, respectively, in 2007 whereas the
lowest yields were observed with accessions 1:
15104614 Martin Bauer, 3: 16101709 Martin
Bauer, 7: Hild and 8: Izmir Turkey in 2007.
Accessions 5, 9, 12, 13 and 14 produced
significantly higher fruit yields in 2008. The fruit
yield variation reflects different  genetic
backgrounds of tested anise accessions in the
current study. The lowest fruit yield was recorded
in accessions 1 and 8, which might be due to a
higher infection and lodging rate compared to
other accessions. Lodging and fungal infection
that occurs during the inflorescence or early fruit
development infects all of the above parts of the
plants, including leaves, flowers, stems and fruits,
as well as limiting the photosynthetic surface area
of anise plants that consequently leads to
premature fruit formation and reduced individual
fruit weight and size. Later, lodged anise plants
cannot be easily harvested with a combine
harvester, which reduces fruit quality.

Essential oil content

The essential oil content of the dried fruits of the
15 different accessions varied from 1.63 to 2.95
and 1.72 to 2.72% in 2007 and 2008, respectively
(Table 3). Current results are in accordance with
previous studies that ranged from 2.66 to 2.73%
in Turkey (Tuncturk and Yildirim, 2006). According

to the EP, anise fruits intended for drug
manufacture must have an essential oil
concentration of more than 2% (European

Pharmacopoeia, 2000). In current trials, maximum
oil contents were observed in accessions 2, 11,
15 and 5, 11, 13 whereas the lowest
concentration was observed in accessions 1, 3, 7
and 3, 4, 7 in 2007 and 2008, respectively (Table
3). Among all accessions, no. 1, 3 and 7 were
more affected by C. malkoffii as well as by lodging
in both seasons, which limited the number of
ducts/cavities per fruit and led to a reduced
capacity to accumulate oil compared with other
accessions. The essential o0il concentration
showed remarkable variations among anise fruits
from different origins (Tabanca et al.,, 2005;
Tabanca et al., 2006). Orav et al. (2008) reported
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Table 4. Correlation coefficients for the relationships between the yield and quality parameters of anise at Gross-Gerau

2007

Para. PH PBP NUP NFP FWP TFW FY EO ES TA GH
PH - 0.21 0.073 -0.08 -0.061 0.371** 0.398** 0.376** -0.533** 0.197 -0.023
PBP - - 0.895* 0.380** 0.189 0.073 0.281* 0.136 -0.249 0.11 -0.027
UNP - - - 0.525** 0.321* 0.038 0.277* 0.068 -0.138 0.052 -0.024
FNP - - - - 0.767** 0.037 0.604** 0.184 -0.141 -0.191 0.193
FWP - - - - - 0.243 0.398*  0.107 -0.042 -0.103 0.067
TFW - - - - - - -0.017 -0.244 0.154 0.462**  -0.429**
FY - - - - - - - 0.631** -0..629** -0.354** 0.487**
EO - - - - - - - - -0.658**  -0.317* 0.510**
ES - - - - - - - - - 0.450**  -0.657**
TA - - - - - - - - - - -0.953**
GH - - - - - - - - - - -

**correlation is significant at p 0.01, *correlation is significant at p 0.05, plant height (PH), primary branches per plant (PBP),
umbel number per plant (NUP), Fruit number per plant (NFP), Fruit weight per plant (FWP), 1000-fruit weight (TFW), fruit yield
(FY), essential oil (EO), estragol (ES), trans-anethole (TA) and y-himachalene (GH)

Table 5. Correlation coefficients for the relationships between the yield and quality parameters of anise Gross-Gerau

2008.

Para. PH PBP  UNP FNP FWP TFW FY EO ES TA GH
PH - 0.188 -0.204 0.387* 0.433* 0.521** 0.662* 0.084 -0.219  0.115 0.03
PBP - - 0.840** 0.666** 0.664** -0.323* 0.334* -0.04 0.361** -0.152 0.02
UNP - - - 0.468** 0.435** -0.563** 0.053 0.031 0.441*  -0.25 0.017
FNP - - - - 0.991* 0.075 0523* 0218 0182 -0.111  0.055
FWP - - - - - 0.109  0.552** 0.219 0.17 -0.098  0.054
TFW - - - - - - 0.290* 0.131 -0.296* 0.211  -0.019
FY - - - - - - - 0.532" -0.464** -0.499** 0.570%*
EO - - - - - - - - -0.610** -0.726** 0.743*
ES - - - - - - - - - 0.585*  -0.795**
TA - - - - - - - - - - -0.931*
GH - - - - - - - - - - -

**correlation is significant at p 0.01, *correlation is significant at p 0.05, plant height (PH), primary branches per plant (PBP),
umbel number per plant (UNP), Fruit number per plant (FNP), Fruit weight per plant (FWP), 1000-fruit weight (TFW), fruit yield
(FY), essential oil (EO), estragol (ES), trans-anethole (TA) and y-himachalene (GH).

that essential oil concentration varied from 1 to 5.4% for
anise fruits from different European countries. Anise
essential oil percentage depends not only on genetic
resources, but also on the development of anise fruits. A
significant change in essential oil accumulation was
reported during the development of anise fruits with
higher values of 5.5% at the waxy stage and 3.4% at the
ripening stage (Omidbaigi et al., 2003). In the present
study, essential oil contents were lower than at the waxy
stage but comparable to that obtained at the ripening
stage. It can be concluded from current and previous
studies that anise plants should be harvested at the
ripening stage in European countries, whereas harvesting
at the waxy stage is recommended for tropical and
subtropical regions due to higher air temperatures. In the
current study, fruit yield was significantly correlated with

essential oil (r = 0.631) and (r = 0.532) in 2007 and 2008,
respectively.

Chemical composition of essential oil

In the current study, the essential oil was characterized
by the occurrence of 20 different compounds, of which
trans-anethole; y-himachalene and estragol were the
main compounds. The essential oil of anise fruits
contains mainly phenylpropanoids and sesquiterpenoid
hydrocarbons. It is of interest to note that the presence of
trans-anethole, at more than 90%, is present in very high
guantities, which is distinctive of P. anisum L. A
significant variation among used accessions was noticed
regarding trans-anethole; y-himachalene and estragol in
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Table 6. Essential oil composition (%) of anise fruits (Pimpinella anisum L.) from different origins (countries).

Compound *Kl 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Linalool 1098 O 0O 06 03 O 0 0 0 0 0 0 0 0 0 0
Estragol 1197 11 07 10 12 06 07 13 05 05 04 04 05 03 04 03
Cis anethole 1252 0.2 02 02 02 02 02 02 01 02 02 02 02 02 02 01
trans-anethole 1287 81.4 855 915 86 85 83.6 90.2 89 81.2 84.3 83.1 86.7 85.3 84.3 84.3
Elemene (delta) 1333 04 03 O 03 03 03 01 01 05 03 03 02 03 03 03
Cyclosativene 1367 O 0 0 0 0 0 0 0 0 0O 01 01 0 01 01
Beta elemene 1388 O 0 0O 01 0 01 0 0O 01 01 01 01 01 01 0
Methyl eugenol 1400 O 0 0 01 O 0O 01 O 0 0 0 0 0 0 0
a-himachalene 1449 07 06 01 04 06 06 02 03 08 06 06 05 06 06 0.6
y-himachalene 1478 72 60 19 47 62 62 23 33 79 6 63 49 58 64 56
a-amorphane 1482 0.2 0.2 0 01 01 01 O 01 01 01 02 01 01 021 02
(E)-Methylisoeugenol 1489 0.1 02 02 03 02 02 02 03 02 02 02 01 02 02 02
a-zingiberene 1493 13 05 02 06 06 06 03 04 08 05 06 05 05 06 0.6
B-himachalene 1499 04 04 01 03 04 04 01 02 05 04 04 03 03 04 03
a-muurolene 1502 0.1 0.1 0 01 01 012 0 0 01 01 01 01 01 01 01
B-bisabolene 1506 09 02 01 03 03 02 02 03 04 02 03 02 02 03 03
B -sesquiphellandrene 1522 0.2 O 0 0 0 01 O 0 0 0O 01 O 0 0 01
Spathulenol 1580 0.2 01 O 0 0O 01 0o 01 O 01 01 01 O 01 01
Unknown 1629 O 0 0 0 0O 01 O 01 O 01 01 O 0 0 01
Unknown 1831 48 45 37 45 48 55 43 48 59 56 56 5 53 51 59
Unknown 1886 08 05 03 05 06 08 04 05 09 08 07 06 06 06 0.7
Unknown 2109 0 0 0 0 0 0 0 0 0 0 07 O 0 0 0
Mean - 100 99.9 100 100 100 100 100 100 100 100 100 100 100 100 100
Total compound - 16 15 12 17 15 18 13 15 15 17 20 17 15 17 18

*Kl: Kovat™ s retention index.

both years. The major constituent in the essential oil of
tested accession fruits were found to be a
phenylpropanoid, namely trans-anethole, which ranged
from 82.9 to 90.9 and 90.5 to 95.7 in 2007 and 2008,
respectively, which is in accordance with previous studies
(Orav et al, 2008; Yan et al, 2011). A higher
concentration of trans-anethole was observed in 2008
compared with 2007. Variation in the composition of
anise due to genetic and environmental factors has been
previously reported in several studies (Orav et al., 2008;
Yan et al., 2011).

Orav et al. (2008) obtained anise fruits from different
retail pharmacies from different European countries, of
which a maximum concentration of trans-anethole was
recorded in fruit samples named Germanyl (92.2%) and
Germany2 (93.7%) and a minimum was obtained from
France (76.9%). The highest levels of trans-anethole
were noted in accessions 3, 7, and 8, and were regarded
as sweeter accessions that possessed potential as an
additive in food items. The higher concentration of trans-
anethole in these accessions might be due to the fungal
infection caused by C. malkoffii. Environmental stresses,
such as pathogen attack, UV-irradiation, high light
impact, wounding, nutrient deficiencies, temperature and
herbicide treatment often increase the accumulation of

phenylpropanoids (Dixon and Paiva, 1995). Sander and
Heitefuss (1998) conducted experiments with wheat and
reported that, in response to infection with a compatible
race of powdery mildew (Erysiphe graminis f.sp tritici),
levels of phenolic acids slightly increased in leaves of the
cutlivar Syros grown with low and medium nitrogen
supply. It can be concluded from current results that
phenylpropanoids are also synthesized in a similar way
as phenolic compounds and can be increased under
stress conditions.

It can be supposed that activity of phenylalanine
ammonia-lyase (PAL) enzyme, which is responsible for
the synthesis for phenolic and phenylpropanoids
compounds, increased with fungal infection. Fungal
invasion triggers the transcription of messenger RNA that
code for PAL, thus enhancing the amount of PAL in the
plant, which then stimulates the synthesis of phenolic
compounds (Logemann et al.,, 1995; Taiz and Zeiger,
2002). It can be assumed that phenylpropanoids and
phenolic compound concentrations increase when plants
face stressful conditions. According to the EP, anise
essential oil must have a trans-anethole concentration
between 84 to 93%. Current studied accessions fulfill this
requirement and are characterized as good chemotypes
of anise. There was a significant but negative relationship



(r = 0.953 in 2007, r = 0.931 in 2008) evident between
trans-anethole and y-himachalene. Fifteen accessions of
anise were evaluated in the present study, which
revealed significant differences regarding y-himachalene
and estragol in both seasons. Estragol (methylchevicol),
the flavoring agent, is considered to have a negative
impact on animal and was deleted from the list of flavors
in food stuffs (Burt, 2004). The concentration of y-
himachalene and estragol ranged from 2.1 to 8.9 and 0.4
to 1.6 in 2007 and 2008, respectively (Table 3). However,
the accessions 1, 2, 4, 5, 6, 9, 10, 11, 13, 14 and 15
showed higher levels of y-himachalene with lower
amounts of estragol, which are regarded as sweeter
accessions that can be used in food products. From
current results, it can be concluded that, with increased
trans-anethole concentration, y-himachalene
concentration decreased in 2008. The EP limit of estragol
in anise essential oil (0.5 to 6.0%) was not exceeded in
the investigated samples.

Orav et al. (2008) analyzed anise fruits from various
European countries. Samples were collected from
Germany, named as Germanyl and Germany2, which
contained 2.0 and 2.3% estragol and 1.4 and 0.4% y-
himachalene, respectively. The lower concentration of y-
himachalene in a previous study might be due to longer
storing conditions, since the author obtained anise fruits
from retail pharmacies and the prolonged elapsed time
since harvesting caused oxidation of anise components.
In comparison to earlier studies, the values of estragol in
the present results were not higher than the values
reported by Askari et al. (1998) (1.04%), Rodrigues et al.
(2003) (0.9 to 1.5%), Ozcan and Chalchat (2006) (2.4%)
and Orav et al. (2008) (0.5 to 2.3%). A significant
correlation was noticed between estragol and trans-
anethole in both seasons.

The minor constituents in the oil of the anise
accessions from this present trial were similar to those
found in previous studies, with components including,
linalool (0.6%), a-himachalene (0.1 to 0.9%), cis-anethole
(0.1 to 0.2%), elemene delta (0.1 to 0.5%), cyclosativene
(0 to 0.1%), beta-elemene (0 to 0.1%), methyleugenol (0
to 0.1%), methylisoeugenol (0.1 to 0.3%), B-
sesquiphellandrene (0.1 to 0.2%), spathulenol (0.1 to
0.2%), a-amorphane (0.1 to 0.2%), a-zingiberene (0.2 to
1.3%), B-himachalene (0.1 to 0.5%), a-muurolene (0 to
human health and0.1%) and B-bisabolene (0.1 to 0.9%)
(Arslan et al., 2004; Orav et al., 2008; Yan et al., 2011).
According to the EP, the commercial anise oil should
contain linalool and cis-anethole within the range of 0.1 to
1.5 and 0.5%, respectively. The EP limits of these
components were not exceeded in the evaluated
accessions.

Conclusion

The accessions were different in their oil content
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constituents, morphological traits, and yield contributing
parameters. Furthermore, they reflected an excellent
range of genetic diversity of the anise crop and signify its
suitability for multi-dimensional industrial uses. Current
results showed that accessions 1 and 8 were more
susceptible to fungal infection, which reduced fruit yield
due to considerable losses in secondary inflorescence.
All accessions used in the current trials resulted in a high
quality essential oil component. These essential oil
constituents meet the requirement of the European
pharmacopeia with more than 90% trans-anethole and
less than 1% estragol, which characterizes a good anise
chemotype. In addition to the good quality essential oil,
some of the accessions like Heil-B Aussaatrest 07
Landwirt Heil and 2: 15104893 Martin Bauer produced
higher fruit yield, and therefore could be used at the
commercial level in Germany.
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