ISSN 1313 - 8820
Volume 7, Number 2
June 2015

2015

Editor-in-Chief
Tsanko Yablanski
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria
Co-Editor-in-Chief
Radoslav Slavov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria
Editors and Sections
Genetics and Breeding
Atanas Atanasov (Bulgaria)
Nikolay Tsenov (Bulgaria)
Max Rothschild (USA)
Ihsan Soysal (Turkey)
Horia Grosu (Romania)
Bojin Bojinov (Bulgaria)
Stoicho Metodiev (Bulgaria)
Nutrition and Physiology
Nikolai Todorov (Bulgaria)
Peter Surai (UK)
Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)
Production Systems
Dimitar Pavlov (Bulgaria)
Bogdan Szostak (Poland)
Dimitar Panaiotov (Bulgaria)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)
Agriculture and Environment
Georgi Petkov (Bulgaria)
Ramesh Kanwar (USA)
Martin Banov (Bulgaria)
Product Quality and Safety
Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)
Vasil Atanasov (Bulgaria)
English Editor
Yanka Ivanova (Bulgaria)

Scope and policy of the journal
Agricultural Science and Technology /AST/
– an International Scientific Journal of
Agricultural and Technology Sciences is
published in English in one volume of 4
issues per year, as a printed journal and in
electronic form. The policy of the journal is
to publish original papers, reviews and
short communications covering the
aspects of agriculture related with life
sciences and modern technologies. It will
offer opportunities to address the global
needs relating to food and environment,
health, exploit the technology to provide
innovative products and sustainable
development. Papers will be considered in
aspects of both fundamental and applied
science in the areas of Genetics and
Breeding, Nutrition and Physiology,
Production Systems, Agriculture and
Environment and Product Quality and
Safety. Other categories closely related to
the above topics could be considered by
the editors. The detailed information of the
journal is available at the website.
Proceedings of scientific meetings and
conference reports will be considered for
special issues.
Submission of Manuscripts
All manuscripts written in English should
be submitted as MS-Word file attachments
via e-mail to editoffice@agriscitech.eu.
Manuscripts must be prepared strictly in
accordance with the detailed instructions
for authors at the website
www.agriscitech.eu and the instructions
on the last page of the journal. For each
manuscript the signatures of all authors
are needed confirming their consent to
publish it and to nominate on author for
correspondence.
They have to be presented by a
submission letter signed by all authors.
The form of the submission letter is
available upon from request from the
Technical Assistance or could be
downloaded from the website of the
journal. Manuscripts submitted to this
journal are considered if they have
submitted only to it, they have not been
published already, nor are they under
consideration for publication in press
elsewhere. All manuscripts are subject to
editorial review and the editors reserve the
right to improve style and return the paper

for rewriting to the authors, if necessary.
The editorial board reserves rights to reject
manuscripts based on priorities and space
availability in the journal.
The journal is committed to respect high
standards of ethics in the editing and
reviewing process and malpractice
statement. Commitments of authors
related to authorship are also very
important for a high standard of ethics and
publishing. We follow closely the
Committee on Publication Ethics (COPE),
http://publicationethics.org/resources/guid
elines
The articles appearing in this journal are
indexed and abstracted in: EBSCO
Publishing, Inc. and AGRIS (FAO).
The journal is accepted to be indexed with
the support of a project № BG051PO0013.3.05-0001 “Science and business”
financed by Operational Programme
“Human Resources Development” of EU.
The title has been suggested to be
included in SCOPUS (Elsevier) and
Electronic Journals Submission Form
(Thomson Reuters).
Address of Editorial office:
Agricultural Science and Technology
Faculty of Agriculture, Trakia University
Student's campus, 6000 Stara Zagora
Bulgaria
Telephone.: +359 42 699330
+359 42 699446
www.agriscitech.eu
Technical Assistance:
Nely Tsvetanova
Telephone.: +359 42 699446
E-mail: editoffice@agriscitech.eu

Volume 7, Number 2
June 2015

ISSN 1313 - 8820

2015

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 7, No 2, pp 186 - 189, 2015

Influence of the direction of crossing on activities of heterosis regarding the height of plants
and number of leaves in Burley tobacco hybrids
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Abstract. The aim of the study was to investigate heterosis events and to establish the influence of the direction of crossing on them. Manifestations of real and
hypothetic heterosis are studied regarding the height of plants and number of leaves of ten hybrid combinations with the participation of indigenous varieties
and lines of Burley tobacco. Each of them is introduced with its straight and opposite crossing. The results show that with regard to the plant height and number
of leaves in all hybrid combinations, the values of the real heterosis are lower than those of the hypothetical. Тhe results show that the heterosis effect is more
vivid regarding the number of leaves than the height of plants. Use of heterosis to increase the number of leaves in variety group Burley tobacco is
promising.The direction of crossing exercises influence on the activities of heterosis effect regarding the examined indices, particularly in relation to the number
of leaves. It is of great significance whether the participation of the parental varieties, during the crossing is as a maternal or paternal component. This requires
forward and reverse crossing to be used in selection practice in view of the difference in the values of individual indicators which often result from them.

Keywords: tobacco Burley, heterosis, height of plants, number of leaves, direction of crossing

Introduction
Heterosis of large-leaf tobacco has great application (Thinchev
and Stoyanov, 1985). Utilization of heterosis varieties of large-leaf
tobacco is preferred to the direct varieties because of the faster
dynamics of movements and growth, resistance of some disease
and hostile things, bigger earliness and higher yields and quality
(Pophristev, 1977). Heterosis varieties have better technological
characteristics (Kirkova et al., 2006). In literature information about
the influence on the direction of crossing is poor and controversial
(Ganusheva and Enchev, 1987; Sasscer, 1996).Most authors found
no significant differences in terms of forward and reverse cross on
various biological and economic indicators examined (Stankev,
1988; Gelemerov, 1990; Korubin 2007; Prasannasimha Rao, 1995;
Ramanarao et al., 1993; Kara and Esendae, 1995; Zi Cheng Xu and
Jun Zhu, 1999; Butorac, 2000; Gixhari and Canllari, 2004). Some
authors found differences in values for the indicators of reciprocal
crosses (Aycoc and McKee, 1985; Vassilev and Dimitrova, 2010;
Dimitrova and Vasilev, 2010).
In our country specific data about the influence of the direction
of crossing on the heterosis activities in the biometrical indices in
Burley tobacco are not found. Height of plants and number of leaves
are some of the most important of them.
The aim of our study was to specify the influence of the direction
of crossing and the meaning of the participation of the parental forms
as hybrid componentsin the activities of heterosis regarding the
height of plants and number of leaves in Burley tobacco.

Materials and methods
To implement the targeted objective populations of indigenous
* e-mail: kiprei@abv.bg
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varieties and lines P1, P2, and created by us twenty F1 hybrid
combinations involving P1 and P2 as parental components are
studied. The experimental work is carried out in the year 2010 in the
testing ground of Tobacco and Tobacco Products Institute, Markovo.
For each of the hybrids two directions of crossing– forward and
reverse – are presented. The maternal version in the forward
crossing is used as paternal in the reverse crossing. In the hybrid
combinations there are selected paternal forms, as approved
Bulgarian varieties, as well as perspective lines selected by us,
which gives the possibility for better comparison of the results. The
main, the reported and the estimated indices for each of the
variations are: height of plants and number of leaves.
Variation analysis of the obtained data is implemented by the
method of ANOVA. For each of the indices average arithmetical
(mean), mistake of the average arithmetical (SEM,%) are assessed.
There are specified hypothetical and real heteroses by Omarov
(1975). Authenticity of the data is statistically proven.

Results and discussion
The received results in relation to heterosis activities regarding
height of the plants show that in each of the hybrid combinations the
values of the real heterosis are lower than those of the hypothetical
one (Table 1). The calculation of the hypothetical is mainly of
theoretical importance. Тhe real heterosis is more accurate
measurement for the selection practice, that's why its indices in the
current research are more important. The real heterosis determines
superiority of the hybrid according to specific indicator over the best
parent form and hypothetical – the superiority of the mean of both
parents (Nikolova and Panayotov, 2008). With the exception of
hybrids with numbers 1587A, 1588A and 1590, where negative mark

Table 1. Heterosis effect as regards to plants height

Parents/Crosses
Hybrid1581 (B1317 х L1475)
Hybrid1581 А (L1475 х B1317)
Hybrid 1582 (B1317 х B1000)
Hybrid 1582А (B1000х B1317)
Hybrid 1583 (B1317 х L 1145)
Hybrid 1583А (L1145 х B1317)
Hybrid 1584 (B2115 х B1317)
Hybrid 1584А (B1317 х B2115)
Hybrid 1585 (B 2115 х B 1000)
Hybrid 1585А (B1000 х B2115)
Hybrid 1586 (L1383 х B1000)
Hybrid 1586А (B1000 х L1383)
Hybrid 1587 (L 1390 х B 1317)
Hybrid 1587А (B1317 х L1390)
Hybrid 1588 (L1390 х L1383)
Hybrid 1588А (L1383х L 1390)
Hybrid 1589 (L1383 х B1317)
Hybrid 1589А (B1317 х L1383)
Hybrid 1590 (B1344 х L1354)
Hybrid 1590А (L1354 хB1344)

Р1
Mean ± SEM, %

Р2
Mean ± SEM, %

F1
Mean ± SEM, %

HP, %
Hypothetic

HP, %
Real

162.4 ± 1.12
157.7 ± 0.96
162.4 ± 1.12
154.3 ± 0.84
162.4 ± 1.12
164.8 ± 1.01
158.9 ± 1.16
162.4 ± 1.12
158.9 ± 1.16
154.3 ± 0.84
165.5 ± 1.05
154.3 ± 0.84
174.0 ± 1.15
162.4 ± 1.12
174.0 ± 1.15
165.5 ± 1.05
165.5 ± 1.05
162.4 ± 1.12
164.1 ± 0.67
168.6 ± 0.93

157.7 ± 0.96
162.4 ± 1.12
154.3 ± 0.84
162.4 ± 1.12
164.8 ± 1.01
162.4 ± 1.12
162.4 ± 1.12
158.9 ± 1.16
154.3 ± 0.84
158.9 ± 1.16
154.3 ± 0.84
165.5 ± 1.05
162.4 ± 1.12
174.0 ± 1.15
165.5 ± 1.05
174.0 ± 1.15
162.4 ± 1.12
165.5 ± 1.05
168.6 ± 0.93
164.1 ± 0.67

166.3 ± 1.14
169.1 ± 1.16
164.9 ± 0.94
171.6 ± 1.13
168.2 ± 1.25
170.2 ± 1.19
166.1 ± 0.98
164.4 ± 1.06
160.3 ± 0.79
162.0 ± 0.87
167.6 ± 0.89
169.8 ± 0.97
177.5 ± 1.27
169.6 ± 1.11
176.0 ± 1.25
172.3 ± 1.19
167.1 ± 1.03
175.1 ± 1.23
167.9 ± 0.86
169.1 ± 0.81

3.9
5.7
4.1
8.4
2,8
4
3.4
2.3
2.4
3.4
4.8
6.2
4.6
-0.1
3.7
1.5
1.9
6.8
0.9
1.7

2.4
4.1
1.5
5.7
2.1
3.2
2.3
1.2
0.9
2
1.3
2.6
2
-2.5
1.1
-1
1
5.8
-0.4
0.3

is observed, in the rest of the hybrids the heterosis is with a positive
mark. Real heterosis with significant values is received only in two of
all twenty researched crossings, and that is exactly in Hybrid 1582A
and Hybrid 1589A. With the rest of the variations, the heterosis
activities are with values without any statistical importance regarding
the researched index. Positive heterosis with poor heterotic effect
regarding stalk height is determined by Aleksoski (2010). The
influence of forward and reverse crossing regarding the height of
plants is observed in three of the hybrid combinations. The heterosis
effect is significantly more vivid in the first one than in the reciprocal
crossing in hybrids (pairs) 1589 – 1589A, where the biggest
difference is observed. In the crossing where variety Burley 1000
and Line 1390 are used as maternal component, and as paternal –
variety Burley 1317 and line 1383, the heterosis effect is more vivid.
The most vivid one is in variety Burley 1317.The results confirm the
data of Aycoc and McKee (1985) for the significant influence of the
direction of crossing on the manifestation on heterosis events of the
indicator height of plants during crossing of Burley tobacco.
Dependence between cross direction and heterotic effect regarding
plant height was reported by Douglas et al. (1981) by somatic
hybridization on N. rustica and N. tabacum.
As in height and regarding the number of leaves, in each of the
researched variations the values of the real heterosis are lower than
those in the hypothetical one (Table 2). In contrast to the findings by
Patel et al. (2005) the ones in our study about the heterosis activities
regarding this index are more vivid. For the crossing where inactivity
for the selection negative heterosis in height was accounted,
negative heterosis in the number of leaves was also accounted. An
important positive heterosis is observed in three of the examined
combinations in F1, and in Hybrid 1582, Hybrid 1589, it exceeds
10%, which shows that the heterosis method is perspective for
increasing the number of leaves in Burley tobacco. The most vivid

heterosis effect is in Hybrid 1589A. Heterosis is also well manifested
in hybrid 1582A. Significant heteros is is observed in Hybrid 1587 as
well. The comparative analysis shows that heterosis with economic
importance regarding the number of leaves is observed in those
crossings where heterosis regarding height of plants is also
available (Table 1 and 2). A reason for this is the high level or
correlation which exists between the height of plants and the number
of leaves (Honarrnejad and Shoani, 2004; Dyulgerski and
Radoukova, 2014). The good results of the use of heterosis to
increase the number of leaves show that in Burley tobacco that is
prospective and work in this area must be expanded.
The influence of the forward and reverse crossing in this index is
more vivid. This is confirmed in research by Dimitrova and Vasilev
(2010). The heterosis effect is with much higher values in the first
one than in the reciprocal crossing in the hybrid pairs 1581 – 1581A,
1582 – 1582A, 1587 – 1587A and 1589-1589A, as this is most vivid
in hybrids 1582 – 1582A. In Hybrid 1587 an important positive
heterosis is observed in the forward crosses whereas in the reverse
crosses heterosis is even with negative values. In cases when
variety Burley 1000 and Line 1390 are used as maternal component
and as paternal component variety Burley 1317 and Line 1383 are
used, the heterosis effect is with higher values. This is again more
vivid in variety Burley 1317. This variety should be used in the
selection practice as pollinator.
In general, our results contrast with the studies by most authors
in this area. The obtained results regarding the height of plants and
number of leaves show that the direction of crossing influences at a
medium level the manifestation of heterosis on the biometrical
indices of hybrid combinations of Burley tobacco. Vital importance
has the participation of parental varieties in the crossing, as a
maternal or paternal component. Mihalachi (2005)pointed out that
the expression of heterosis in different hybrid combinations ranges
187

Table 2. Heterosis effect as regards to leaf number

Parents/Crosses
Hybrid1581 (B 1317 х L 1475)
Hybrid1581 А (L 1475 х B 1317)
Hybrid 1582 (B 1317 х B 1000)
Hybrid 1582А (B 1000х B 1317)
Hybrid 1583 (B 1317 х L 1145)
Hybrid 1583А (L 1145 х B 1317)
Hybrid 1584 (B 2115 х B 1317)
Hybrid 1584А (B 1317 х B 2115)
Hybrid 1585 (B 2115 х B 1000)
Hybrid 1585А (B 1000 х B 2115)
Hybrid 1586 (L 1383 х B 1000)
Hybrid 1586А (B 1000 х L 1383)
Hybrid 1587 (L 1390 х B 1317)
Hybrid 1587А (B 1317 х L 1390)
Hybrid 1588 (L 1390 х L 1383)
Hybrid 1588А (L 1383х L 1390)
Hybrid 1589 (L 1383 х B 1317)
Hybrid 1589А (B 1317 х L 1383)
Hybrid 1590 (B 1344 х L 1354)
Hybrid 1590А (L 1354 хB1344)

Р1
Mean ± SEM, %

Р2
Mean ± SEM, %

F1
Mean ± SEM, %

HP, %
Hypothetic

HP, %
Real

26.2 ± 0.26
26.8 ± 0.16
26.2 ± 0.26
24.8 ± 0.15
26.2 ± 0.36
25.5 ± 0.31
24.3 ± 0.22
26.2 ± 0.26
24.3 ± 0.22
24.8 ± 0.15
27.6 ± 0.18
24.8 ± 0.15
31.2 ± 0.20
26.2 ± 0.26
31.2 ± 0.20
27.6 ± 0.18
27.6 ± 0.18
26.2 ± 0.26
30.3 ± 0.07
30.7 ± 0.11

26.8 ± 0.16
26.2 ± 0.26
24.8 ± 0.15
26.2 ± 0.26
25.5 ± 0.31
26.2 ± 0.26
26.2 ± 0.36
24.3 ± 0.22
24.8 ± 0.15
24.3 ± 0.22
24.8 ± 0.15
27.6 ± 0.18
26.2 ± 0.26
31.2 ± 0.20
27.6 ± 0.18
31.2 ± 0.20
26.2 ± 0.26
27.6 ± 0.18
30.7 ± 0.11
30.3 ± 0.07

27.2 ± 0.22
27.9 ± 0.28
26.7 ± 0.17
29.3 ± 0.23
26.6 ± 0.27
27.0 ± 0.33
27.3 ± 0.24
26.9 ± 0.26
25.3 ± 0.16
25.9 ± 0.21
27.8 ± 0.17
28.4 ± 0.20
32.8 ± 0.29
30.4 ± 0.22
31.4 ± 0.23
30.8 ± 0.20
28.6 ± 0.21
31.5 ± 0.27
30.2 ± 0.14
30.5 ± 0.17

3.4
5.2
4.7
14.9
2.9
4.4
8.1
6.5
3.1
5.5
6.1
8.4
14.3
5.9
6.4
4.8
6.3
17.1
-1.6
0

1.5
4.1
1.9
11.8
1.5
3.1
4.2
2.7
2
4.4
0.7
2.9
5.1
-2.6
0.6
-1.3
3.6
14.1
-1.6
-0.7

within the base of cross direction of the parental lines. Although the
performance and harvest rights and reverse cross concomitantly
more costly and labor resources, the results obtained clearly show
that it is justified.

Conclusion
In the studied hybrid combinations heterosis events are slightly
pronounced and have no economic significance in terms of plant
height. The direction of crossing influences manifestations of
heterosis effect in terms of height of plants. In studies crosses Burley
tobacco heterosis effect is relatively well developed and is of
economic importance to the number of leaves. The influence of the
direction of crossing on the manifestations of heterosis in terms of
number of leaves is more pronounced than the height of plants and is
of importance for the manifestation in this indicator. It is essential
whether the involvement of parents in crossing varieties is as a
mother or father component in both studied indicators. Burley 1317
variety gives better results when used for hybridization in the
selection program as pollinator.
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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 consequences 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,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
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. C3variants 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
condition score on reproductive performance in dairy cows,IXth International
Conference on Production Diseases in
Farm Animals, September 11–14, Berlin,
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic
diversity in local sheep breeds using DNA
markers. Thesis for PhD, Trakia University,
Stara Zagora, Bulgaria, (Bg).
The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.
Animal welfare
Studies performed on experimental
animals should be carried out according to
internationally recognized guidelines for
animal welfare. That should be clearly
described in the respective section
“Material and methods”.
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