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Аgrobiological characterisitics of wintering forms of Foeniculum Vulgare L. 

A. Dzhurmanski*

Institute for roses, aromatic and medicinal plants, 49 Osvobozhdenie, 6100 Kazanlak, Bulgaria 

Abstract. The general agrotechnical characterization of fennel was done mainly in four areas: Growth rates - the earlier and simultaneous seed formation 
resulted in obtaining a high quality production with minimum loss of harvest. Of the observed plants 64% meet these requirements. The seed yield per plant is 
the most important indicator characterizing the economic qualities of the selected specimen. In the observed plants it varied over 7 times-  from 13.6 to 97.2 g / 
plant. The essential oil content in seeds is a major quality indicator for fennel. The tested samples have a variation of nearly three times - from 2.1 to 6.1 percent. 
The content of anethole and fenchone in essential oil are conclusive indicators that show the viability of the observed samples. The discovery of plants with high 
levels of the undesirable constituent fenchone of 11-17% points to the hybrid nature of the observed samples. In the seminal progeny of successfully wintered 
plants there is one with economic  indicators exceeding those of the Shumen variety, as a seed yield of 97.2 g /plant,  essential oil content 6.2%, fenchone 
0.99%, anethole 86%. These, however, cannot be sustainably inherited in the progeny.
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Introduction Material and methods

2Fennel is one of the main essential oil crops. In the year 2000 it In 2009 a fennel plantation was created on an area of 120 m  
was grown on an area of 420000 decares worldwide, 285t of and this was done in accordance with the well-established 
essential oil was obtained, which amounted to 8.4 million dollars technology for growing fennel (Nedkov, 2005). The seeds used were 
(Yankulov, 2000; Lawrence, 1993; Durbeck, 2005). A number of the seeds from 15 viable samples of wintering forms, selected the 
sorts were selected, among which Berfena, Budakalaszi, Fonicia, previous year in a fennel plantation /sort Shumen/, as well as a 
Grosfruchtiger, Magnafena, Moravsky, Romanesc, Soroksari, but so mixed population of plants which successfully wintered the previous 
far they have not been tested for their suitability for the climatic and years. In the plantation thus created 40 plants were marked in the 
soil conditions of Bulgaria and for their potential for cost-effective mass bloom stage – typical, well developed, powerful plants, which 
production (Nedkov, 2005; Dachler, 1999). Fennel is traditional for were described in terms of rates of development, seed formation, 
Bulgaria, with its developed technology for complex mechanization respectively, as well as seed yield from one plant, essential oil 
and a selection of sorts with high agricultural indices – Fenix, content in the dry fruit (wetness 10-12%) and main components of 
Shumen, and Pomorie (Raev, 1982; Peneva, 1986). In the 1990s, the essential oil. Fruit harvesting for fennel was done twice upon 
research on fennel was practically non-existent; even seed reaching seed full maturity in the different racemes.
production for well-established sorts was not done in the necessary The essential oil content was determined by water-and-vapour 
volume, so it was mainly relied on imported seeds. At the moment distillation in the Clevenger-type apparatus. The identification of the 
the fennel raw material is well accepted on the international market, main ingredients of the essential oil was done in a gas 
but the plantation areas are seriously reduced - about 15 000 chromatograph PYE UNICAM in the following working environment: 

™ ™decares with a potential for doubling in the next years (Dzurmanski, capillary column EKONO – CAP EC -1, length 30 mm, (inside 
2009). diameter 0,32 mm), temperature of the oven - temperature 

In the previous years it was established that in milder winters programming from 60ºС tо 180ºС, without initial isotherm and with a 
15-20% of the one-year-old plants of Shumen and Fenix sorts of 2-min one at the end, with an increment of 6ºС/min. Temperature of 
Foeniculum vulgare var.dulce Mill successfully endured the winter the injector - 220ºС, temperature of the detector - 250ºС, carrier gas - 
and on the next year they entered the bloom and seed formation hydrogen, injected volume - 0,1 μl, carrier gas speed - 1,5 ml/min. 
phases 30-40 days earlier. In the second and third year these plants For the sake of results accuracy in the determination of peaks the 
exhibited greater differences in their morphological and economic experiment used Merck authentic substances /references/. 
indices. Number of stems, number of racemes, seed yield from one 
plant, stem thickness, height, width, foliage, and essential oil content 
in the seeds. Results and discussion

In the seminal progeny of plants which successfully endured 
winter there is a sharp decrease in the economic indices, low seed 

Fennel studies were mainly done in four different directions. 
productivity, worse sowing qualities, and also presence of sterile 

Due to the long blooming and seed formation period of fennel, it is 
forms. The ascertained peculiarities of the wintering forms of the 

extremely important that the rates of development be monitored. 
one-year fennel make it an interesting subject of selection of viable 

The early and simultaneous seed formation results in a high-quality 
forms. 

production with minimum loss during harvesting. 64% of the studied 
* e-mail: dzhurmanski@abv.bg
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plants meet these requirements, the rest 27% have a prolonged essential oil content in fennel seeds is a major quality index. 24 
period of seed formation and 9% show late development, which plants which gave a seed yield over the average were the subject of 
hampers the seed maturing and harvesting, especially in a wet micro-distillation analyses. In the specimens of the study the 
autumn with early frosts. essential oil content varies 3 times – from 2.1 to 6.1%. With 7 

The seed yield is a major index with fennel, and it shows the specimens there was a very low quantity of essential oil, below 2.8%. 
viability of a specimen. The studies carried out showed that this However, 5 specimens are of special interest – they exceeded the 
index varies over 7 times, from 13.6 to 97.2 g/plant, for the observed standard values for the Shumen sort by 146%-203%.
specimens, and only 25% of the marked  plants are high-yield For a more precise selection, 8 specimens with high economic 
plants, which give an yield of over 40 g per plant in autumn. This fact indices were subjected to gas chromatography so that the basic 
confirms the opinion that with fennel the problems related to components of the essential oil could be clearly identified in terms of 
pollination, sterility, and high-yield fertile lines is especially pressing, their content. The content of anethole and fenchone in the essential 
and still inadequately studied. The data is given in Table 1. The oil are conclusive indices, which show the importance of a specimen. 

No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

  1.0
  2.0
  3.1
  3.2
  4.1
  4.2
  5.0
  6.1
  7.1
  7.2 
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  9.2
  9.3
10.0
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14.1
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15.0
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22
23
24
25
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28
29
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31
32
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34
35
36
37
38
39

29.2
36.6
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  4.2
16.0
18.5
27.3
10.0
26.0
39.9
39.7
74.7
28.4
43.4
15.8
36.3
43.2
29.4
48.5
35.3
20.0
28.9
55.8
74.0
85.4
  5.2
  8.5
23.5
18.1
36.2
29.4
  2.0
28.5
17.7
52.7
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  6.7
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15.5

 

10.4
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  9.6

  
  

  9.5
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  2.9
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36.6
30.9
27.5
22.7
18.5
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10.0
34.2
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39.7
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43.4
31.3
36.3
43.2
29.4
58.9
35.3
20.0
35.0
55.8
74.0
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13.6
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43.8
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26.3
28.5
27.3
52.7
27.8
19.5
32.4
35.9
29.7
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3.1
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2.6
4.5

  
3.7
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4.4
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5.6
5.7
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Specimen No. 05.10
g

Seed yield per plant Essential oil content

25.10
g

Total
g

2009
%

2008
%

Таble 1. Economic indices of wintering fennel forms – variety Shumen
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The discovery of plants with a high content of the undesirable 50-60 %. With No 11.1 the decrease is 22%, but it still remains higher 
ingredient fenchone - 11-17%, is not typical of the one-year-old than the standard - 30% higher. The highest figures are with No 14.2 
fennel, sort Shumen, and points to the hybrid character of the - in the vicinity of 6,1 %, although the seminal progeny  contains 
specimens studied. With No. 7.2 fenchone is only  1%, аnethole -  plants No 14.1 with an essential oil content of only 2,1 %. A typical 
86%, which makes it the most viable specimen of the studied lot heterogeneity in the seminal progeny in terms of the major economic 
(Table 2). indices, seed yield and essential oil content, is observed in the viable 

During the current year we have confirmed some findings from specimens 14.1 and 14.2, 9.1, 9.2 and 9.3, 7.1 and 7.2, which 
previous years, such as the fact that the seed progeny of wintering necessitates further precise selection in the next years. 
plants of the Shumen sort displays a marked decline in terms of its The drastic decline in the economic indices of the seminal 
major economic indices. With 4 of the specimens the sowing quality progeny of plants points not only to the strong heterozygosity of the 
is worse and one can observe a thinner crop – No 5, 8, 11, 15, and observed forms, but also to the necessity for studying the 
with No 3, 4 and 13, the seed yield is unsatisfactorily low. The best combinatory potential of fennel and its sterility. The presence of 
figures in terms of seed yield per plant is with No 9.2, 14.1 and 7.2, specimens, such as 7.2 with high economic indices, which exceed 
but No 14.1 has too low content of essential oil, which makes it the values of the mother plant of sort Shumen shows that it is 
unsuitable for further selection. possible to carry out an effective selection in the fennel population 

In terms of the essential oil content, the decrease in No. 5 and after carrying out a controlled or spontaneous hybridization.
12 compared with the previous year is double, and with No 6.1 it is 

Сonstituents

α-pinene
limonene
fenchone
methylhavicol
anethole

2.0

  0.4
  1.4
  7.01
  4.36
83.99

22

  0.67
  1.78
  7.41
  4.3
83.45

39

0.27
0.45
6.02
4.84

86.67

9.2

 0.53
1.3 .
6.84
4.24

84.78

Specimens

14.2

0.57
2.67

11.37
3.92

78.21

7.2

0.01
4.59
0.99
5.08

85.97

10.0

  0.6
  0.84
  8.44
  4.51
83.72

30

  1.28
  2.27
16.92
  3.86
73.07

Таble 2. Major and minor constituents of the essential oil of wintering fennel forms
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Nedkov N, Кanev К, Коvacheva N, Stanev S, Dzhurmanski А, 
Seykova К, Lambev H and Dobreva А, 2005. Guidebook on major 
aromatic and medicinal plants 1, Kazanlak.

References
Peneva P, 1986. Fennel – sort Pomorie. Plant Science, 23, 9, 33-38.
Raev R, Boyadzhieva B, Tsalbukov P and Topalov V, 1982. 

Dachler M and Pelzmann H, 1999. Arznei- und Gewurzpflanzen, Results from the selection of one-year-old fennel Foeniculum 
Austria, 177-180. officinale All. Plant Science, 19, 4, 60-64.
Durbeck K, 2005, Natural ingredients for pharmaceuticals Yankulov Y, 2000. Major aromatic plants. Modern cultivation 
www.sica.gov.ec/agronegocios/productos%20para%20invertir/CO technology, Sofia, 13.



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)

The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and 
m e t h o d s ,  R e s u l t s ,  D i s c u s s i o n ,  
Conclusion, Acknowledgements (if any), 
References, Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations. 
 
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the 
experiment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges,  2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 

parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 
Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
p l ace  o f  pub l i ca t i on .  Examp le :  
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condi t ion score on reproduct ive 

t hperformance in dairy cows, IX  
International Conference on Production 
Diseases in Farm Animals, Sept.11 – 14, 
Berlin, Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.



CONTENTS 

Genetics and Breeding

Nutrition and Physiology

Production Systems

Quality and Safety

Heritability of osmoregulation ability at durum wheat
V. Bozhanova, D. Dechev

Breeding and agrotechnics of rape (Brassica napus L.). Winter rape - 
distribution, cultivation and investigation in Bulgaria
M. Hristova-Cherbadzi, G. Georgiev

Age-related changes in mineral retention and excretion in starter and finisher 
pigs diets with and without exogenous phytase
А. Ilchev, G. Gаnchev, S. Chobanova , D. Kanakov, P. Petkov, I. Nikiforov

®Combined effect of Cygro  and vitamin E on oxidative stress status of broiler 
chickens infected with Eimeria tenella
N. V. Georgieva, V. Koinarski, M. Gabrashanska

®Effect of addition of multienzyme preparation VemoZyme Plus on productive 
and slaughter parameters and meat composition of broiler chickens, fed 
wheat-corn-soybean meal diets
V. Georgieva, S. Chobanova, G. Ganchev, I. Manolov, D. Jarkov, M. Lalev, D. 
Stoianov

Comparative analysis of some investment costs for free rearing of female 
breeding calves
V. Dimova, D. Dinev, Y. Popova

Effect of organo-mineral fertilization on growth and development of perennial 
grass mixture,cultivated in Strandzha region
K. Stoeva, V. Vateva

Аgrobiological characterisitics of wintering forms of Foeniculum Vulgare L.
A. Dzhurmanski

Theoretical determination of the width of strip for turning when ploughing 
with trailed and semi-mounted reversible ploughs in a field with irregular 
shape
K. Trendafilov

Quality characteristics of yogurt supplemented with nuts
S. Boycheva, N. Naydenova, G. Mihaylova, T. Dimitrov, D. Pavlov

Amendment speed of water infiltration in surge irrigation for cinnamon forest 
soil
I. Gospodinov, S. Chehlarova-Simeonova, A. Stoianova, R. Petkova

169

174

183

191

197

202

211

215

218

221

227

Volume 2, Number 4
December 2010




