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Table 1- List of studied fennel ecotypes collected from different regions of the country

olad 4o o iz Job bl e (i) by e 5l Uil
number region county Longitude Latitude Altitude (m)
1 <1 s 4946 E 346N 1708
Arak Markazi

2 2l J=22) 4817E 3815N 1332
Avrdebil Ardebil

3 L ol 5341 E 2858 N 1288

Fasa Fars

4 U (2 OB5en 5555 E 2819N 931
Hajiabad Hormozgan

5 S Obezsl s Qb 6112E 28 13N 1405

Khash Sistan and Balochestan

6 e SF 5045 E 3391N 1775
Mahalat Markazi

7 Qlie Je)f 4755E 3939 N 31
Moghan Ardebil

8 95 95 500E 36 15N 1278
Ghazvin Ghazvin

9 Ny o5 sy ol 57 43E 36 12N 987
Sabzevar Khorasan Razavi

10 S w0 ol 4530E 369N 1670
Sardasht Western Azerbaijan

11 o= olile 530E 3633 N 23

Sari Mazandaran
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Table 2- Some physical and chemical properties of the studied soil

b s S o>ly ol
Physical characteristics Unit Amount
oS s ds.m 14
Electrical conductivity
Acidity (pH) '
03954 % 0.4
Nitrogen
St mg kg 59
Phosphorus 9-kg
‘“‘”“‘L‘” mg.kg™ 720
Potassium
o2l mg.kg 375
Ferrum 9-kg
&9 mg.kg* 87
Zinc 94
o mg.kg™ 45
Copper g9
e mg.kg? 77
manganese
o % 20.2
San
o % 41.3
Clay
U % 28
Loam
Sk cdl e o 8

Soil texture Silty Clay Loam
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Figure 1- The percentage of leaf essential oils in studied ecotypes of fennel.
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Table 5- Coefficients of common factor, relative variance and cumulative variance and percentage for composition of leaf essential
oils in studied ecotypes of fennel

; 5 S yidine s Jole ol po e
ool ey Coefficients of the Common Factor S e )y
Composition of Essential Oils 1 > 3 7 5 6 Common Variance
HIW IRVWIRY
o= p) - - -
Essential oils (%) 0.90 0.28 0.05 0.25 0.05 0.14 0.98
e W1 0.52 0.77 -0.28 -0.05 -0.08 0.00 0.95
o-Pinene
oels 0.53 -0.08 0.39 -0.37 -0.36 0.50 0.95
Camphene
e 0.60 -0.37 -0.31 0.53 -0.05 0.06 0.88
Sabinene
ol 0.41 -0.15 -0.44 0.74 0.05 0.12 0.94
B-Pinene
ool 0.30 0.86 0.30 -0.07 0.10 0.00 0.94
B-Myrcene
O sl 073 043 021  -025 -032 008 0.92
o -Phellandrene
Oised -0.35 0.27 0.05 0.66 0.35 0.23 0.81
Limonene
Z Gl 0.27 -0.23 0.79 -0.01 -0.14 -0.43 0.96
B-ocimene Z
E ool 039 057 06l 026 008 007 0.93
B-ocimene E
oAl 023  -048  -040 054 041 022 0.95
y-Terpinene
097 0.85 -0.03 0.30 0.00 0.17 0.18 0.87
Fenchone
2928 0.73 -0.14 0.08 -0.01 0.37 0.43 0.88
Camphor
i9y> Joztd Sl 056 008  -044 024 004 035 0.69
Fenchyl acetate (endo)
o Jozid Sl 056 -051 030  -005 051  -0.10 0.94
Fenchyl acetate (exo)
Il 010 040  -007 -046 063 005 0.78
cis-Anethole
Js il 042 064 041 035 016  -0.16 093
trans-Anethole
sl 022  -004  -087 029 012 012 091
a-Copaene
D 055k 061 057  -001  -006 003  -042 0.87
Germacrene D
= oy 2835 1911 1635 1249 753  6.10
Relative variance
2o oy 2835 4746 6380 7629 8381  89.91
Cumulative variance (%)
o5y polie 5.39 3.63 3.11 2.37 1.43 1.16

Eigenvalue
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Figure 2- Dendrogram of cluster analysis in studied ecotypes of fennel by Ward method.
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Table 6- Result of discriminant analysis for original grouped cases correctly classified in studied ecotypes of fennel

Go0g S 09,5 & 33 o (Juy (e OBl Slusi
Grouping Predicted group membership F e
1 ) 3 4 5 Total
1 3 3
2 1 1
&= 3 2 2
Count
4 4 4
L 5 1 1
Original 1 100 100
2 100 100
o5 3 100 100
%
4 100 100
5 100 100
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Table 7- The mean of cluster analysis for composition of leaf essential oils in studied ecotypes of fennel

Lo GBIyl g coileo
Pl =9 ol

Mean and Standard Error I oSl
Composition of Essential T . . . . Total
Oils \ Abg> Y Abg> Y Adg> A Adg> IA) Adg> otal mean
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
U*‘lf“' 252 1.13+0.08 0.93+0.00 0.70+0.08 0.67+0.12 1.58 + 0.00 0.91+0.10
Essential oils (%)
TR Gy 2.93+0.22 3.25+0.00 2.67+0.27 2.35+0.08 3.67+ 0.00 2.83+0.15
Monoterpene Hydrocarbon
“’“" wl 3.17+0.19 0.70 £ 0.00 1.81+0.87 3.53+1.10 6.99 + 0.00 2.86 + 0.60
o-Pinene
ol 0.13+0.03 0.23+0.00 0.11+0.03 0.10+0.01 0.13+0.00 0.13+0.02
Camphene
WL‘J 0.34+0.03 0.26 £ 0.00 0.16 + 0.04 0.18+0.01 0.24 +0.00 0.23+0.03
Sabinene
o=k 0.43+0.12 0.04 + 0.00 0.10+ 0.03 0.06 + 0.01 0.16 + 0.00 0.18 + 0.06
B-Pinene
el 0.43+0.03 0.38+0.00 0.54+0.11 0.42+0.21 0.87+0.00 0.50 + 0.06
B-Myrcene
R 2234059 4874000  0.33+014  053+0.36 226000  147+046
o -Phellandrene
U"”'J 18.08 £1.15 15.48 £ 0.00 19.72 +1.43 18.30+0.07 17.31 +£0.00 18.41 +0.67
Limonene
z U'_ ey 2.22+0.49 3.78+0.00 2.78+0.35 1.16 £ 0.04 3.32+0.00 2.47+0.29
B-ocimene Z
E ‘J'_ el 0.11+0.01 0.09+0.00 0.19+0.02 0.10+0.02 0.14 +0.00 0.14+0.01
B-ocimene E
LS 014£003  019+£000  012+002  017£002 0134000  014=001
y-Terpinene
oy 497 +£2.05 9.72+0.00 3.57+1.26 1.36 +0.02 8.84 +0.00 459+1.02
Fenchone
J35eeST gk
i 9.99+0.32 11.26 £0.00 10.90 +0.88 8.08 £ 0.03 7.22+0.00 9.84 +£0.52
Oxygenated Monoterpene
29aels 0.11+0.03 0.18 +£0.00 0.08 £0.02 0.09+0.01 0.13+0.00 0.10+0.01
Camphor
990> e Sl 1.90 £ 0.27 1.13+0.00 1.16+0.21 1.17 +£0.05 1.98 +0.00 1.43+0.15
Fenchyl acetate (endo)
e Jezsd S 1514049 345000  147+024 1114001 2.17+0.00 1,66+ 0.24
Fenchyl acetate (exo0)
_J’ﬁl o 1.11+0.05 1.53+0.00 1.38+0.12 1.87+0.89 1.45+0.00 1.42+0.15
cis-Anethole
N 4530+167 51314000 5043+4.12 36194108 3036000  44.58+258
trans-Anethole
S9N ) P 014+002  009+000 010001  019+001 0514000  017+004
Sesquiterpene Hydrocarbon
sl 0134002  008+£000 010001  021£004  009+000  0120.02
a-Copaene
D 0sSte= 015002  011£000 011001  017£002  094+000  021+0.07
Germacrene D
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Abstract

Fennel (Foeniculum vulgare Mill.) is a medicinal and industrial plant that has a variety of culinary
and therapeutic purposes. The leaf essential oil percentage and compositions of 11 fennel ecotypes
obtained from various geographical regions of Iran were evaluated in this study. The essential oil
proportion of fennel leaves ranged from 0.47 (Khash ecotype) to 1.58% (Sari ecotype). The amount
of essential oil and the percentage of a-pinene (r = 0.72*), sabinene (r = 0.61*), endo-fenchyl acetate
(r=0.64*), fenchone (r = 0.70*), and germacrene D (r = 0.73*) correlated positively and significantly.
The primary constituents of the leaf essential oil were trans-anethole, limonene, and fenchone. Trans-
anethole concentrations ranged from 30.36% (Sari ecotype) to 56.67% (Qazvin ecotype) and
correlated negatively with -Pinene and Germacrene D. The amount of limonene ranged from 15.48%
(Fasa ecotype) to 22.79% (Mahalat ecotype), and the level of fenchon ranged from 1.34% (Sardasht
ecotype) to 9.72% (Fasa ecotype). Six independent and major factors explained 89.91% of the total
variance in all ecotypes, according to factor analysis. Ward method cluster analysis correctly
categorized five separate groups for studied ecotypes with 100% of original grouped cases. As a
result, it is advised that in future breeding operations, superior ecotypes should be crossed with
progeny tests and superior ecotypes should be selected to develop ecotypes with high essential oil
quality.
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