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Evaluation of rye specimens in maturity stage on the basis of mathematical – statistical
analysis
1

2

V. Kuneva *, E. Valchinova , A. Stoyanova

3

1

Department of Mathematics, Informatics and Physics, Faculty of Economics, Аgricultural University, 4000 Plovdiv, Bulgaria
Institute of Plant Genetic Resources К. Malkov, 4122 Sadovo, Bulgaria
3
Department of Plant Production, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2

(Manuscript received 20 June 2017; accepted for publication 5 February 2018)
Abstract. The aim of the study is to evaluate comprehensively the rye collection and the possibilities for the specimen usage in selection on the basis of
mathematical approaches. The study was carried out during 2009-2012 in the experimental field of the Institute of Plant Genetic Resources (IPGR) – town of
Sadovo on cinnamon-forest soils with 54 specimens collected (16 samples from expeditions in Bulgaria and 38 samples from abroad). As standard, the
Bulgarian variety "Millennium" (current standard in IASAS) was used. The Danae variety has been used as a former 30-year standard for the country.
Evaluation of the impact of the examined specimens was made on the basis of the following biometrical indicators: spike length (cm); tillering – productive and
non-productive tillering; plant weight (g); ears weight (g); weight of the main spike(g); weight of the main ear`s grain (g); number of the spikelets in the spike;
grain weight of the main spike (g); crop index (%). The correlation analysis made allows determination of the dependence of the complexity impact on the rye
performance indicators. The established correlations show the degree of impact of each indicator in yield formation. Based on the correlation coefficients
derived, the established dependencies between plant seed yield and maturation yield elements, a mathematical model of the plant with high productive
potential was obtained. Rye specimens of the highest yield are characterized by high value of the crop index.

Keywords: rye, correlation analysis, regression model

Introduction
Rye belongs to Poaceae family, Pooideae subfamily, Secale
genus (Kiryakov, 1999). The significance of rye in Bulgarian
agriculture is not appreciated properly and its resources are not
used. This crop is cultivated more successfully than wheat in the low
mountain regions, in more acid soils. Rye has good self-endurance
and keeps down the weeds strongly.
Various plant resources are used as initial materials in the
selection of the cultural plants: old and new varieties, populations,
different forms and types of a given specimen, etc. They are carefully
selected, maintained and preserved. Therefore, gene banks (like the
Institute of Plant Genetic Resources in Sadovo) are of great
importance for preserving the plant genetic resources, as well as for
protecting the specimens threatened by extinction. The rye
collection in IPGR – Sadovo ranks fourth in Europe. According to
Knüpffer (2011), the Bulgarian collection ranks seventh in the world.
The national basic rye collection includes around 1300 specimens
and it is placed after the collections of Russia, Poland, Germany, the
USA and Canada.
The contemporary selection is directed to creating
economically advantageous varieties. The initial material is
necessary to be of a wide genetic base. The constant expansion of
the existent collections, as well as the accumulation, addition and
systematizing of the received data help for higher effectiveness of
the selective-improving activity. Rye Millenium variety is created on
the basis of an inter-population changeability of a set of qualitative
characteristics (Аntonova, 2003; Mangova and Antonova, 2003).
Such evaluation has been made for rye specimens in the phase of
ear formation in the study (Kuneva and Valchinova, 2016).

The current study aims to evaluate comprehensively the rye
collection and the possibilities for the specimen usage in selection
on the basis of mathematical approaches.

Material and methods
The scientific research was conducted in the period 2009-2012
in the experimental field of IPGR – Sadovo on cinnamon-forest soils
with examined 54 specimens collected, of which 16 specimens
collected from expeditions around the country and 38 specimens
collected from abroad (Figure 1). The Bulgarian rye variety
Millenium was used as a standard (a current standard in IASAS).
Danae variety was used as a former 30-year-old standard for the
country.
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Figure 1. Collection of rye by countries
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The experiment was set in a block method at 1.2 m2 area under
review, in three repetitions. The sowing norm was calculated at 500
horse power/m2. In maturity phase 10 specimens were marked in
advance and were measured in three repetitions. Evaluation of the
impact of the examined specimens was made on the basis of the
following biometrical indicators: ear length (cm); awn length (cm);
tillering – productive and non-productive tillering; plant weight (g);
ears weight (g); weight of the main ear (g); mass of the main ear`s
grain (g); number of spikelets in the spike; number of grains in the
main ear; grain weight of the spike (g); crop index (%).
The mathematical processing of data was conducted with the
help of a mathematical software SPSS 13.0. The results of the
morphological and some biological indicators were processed under
a correlation analysis, according to Genchev et al. (1975) for
establishing the relation between the measured indicators and the
seed yield from one plant.
The elements, which led to a high yield of a plant, were
processed through the method of step regression. The model of the
plant with high yield potential (Stamatov and Deshev, 2010) was built
up with the help of the statistical software SPSS 13.0 for Windows
(Manov, 2001).

Results and discussion
Correlation between investigated indicators
The correlation dependences between indicators in maturity
phase are presented in Table 1. The calculated correlation
coefficients between most of the elements of the yield and the grain
yield of one plant are positive. The following indicators have a high
value of coefficients: the dependence between yield and the number
of fruit tillers (r=0.432**), the weight of one plant and spikes
(r=0.467**), the spikes weight of one plant (r=0.885**), the weight of
the main spike (r=0.369**), the number of grains in the spike
(r=0.470**), the crop index (r=0.856**). The spike length also has
positive effect on yield quantity, but with a lower degree of reliability
(r=0.326*). The be- optional grid shows the dependences between
the examined elements without giving a concrete idea for their
combination in the genome. Their combination in the plant genome
is defined by the heredity of the used parent forms. Therefore, the
correlation analysis is not precise enough. A regression model is
needed to receive a real vision for the perfect plant architecture. It
combines skillfully the correlated indicators.

Table 1. Correlation dependences between the morphological characteristics of rye

Yield
Yield
1.000
Ear length, cm
Awns length, cm
Number of productive tillers
Number of non-productive tillers
Weight of one plant, g
Weight of ears in one plant, g
Weight of main ear, g
Number of ears in a main ear
Number of grains in a main ear
Weight of grains in a main ear, g
Crop index,%

Ear
length,
cm

Number Number Weight
Awns
of
of nonof
length,
productive productive one
cm
tillers
tillers plant, g

-0.046 0.326* 0.432**
1.000 0.583** -0.467**
1.000 -0.293*
1.000

*-proved at a degree of freedom 0.05

0.132
-0.398**
-0.331*
0.297*
1.000

0.885**
0.038
0.354**
0.391**
0.052
0.427**
1.000

0.369** 0.260
0.551** 0.276*
0.776** 0.062
-0.324* -0.199
-0.384** 0.160
0.198
0.230
0.418** 0.273*
1.000
0.137
1.000

0.702**
-0.122
0.254
0.192
0.054
0.164
0.620**
0.361**
0.464**
1.000

0.470**
0.448**
0.636**
-0.288*
-0.287*
0.194
0.447**
0.891**
0.336*
0.614**
1.000

0.856**
-0.182
0.281*
0.373**
0.000
0.000
0.760**
0.298*
0.146
0.684**
0.406**
1.000

**- proved at a degree of freedom 0.01

A model of the rye plant according to yield parameters
The analyzed characteristics correlate with the yield at this
stage of rye growth. They form the following regression model of the
plant, which has a high yield potential:
Y= - 8.011+0.0018*Х1 + 0.00078*Х2 + 0.229*Х3 + 0.116 *Х4 –
0.175*Х5+ 0.00094*Х6 + 0.280*Х7+26.249*Х8,
where: У- grain yield from one plant; Х1– spike length, cm; Х2 –
number of productive tillers; Х3– weight of one plant, g; Х4 – weight of
spikes of one plant, g; Х5 – weight of a main spike, g; Х6 – number of
grains in a main spike; Х7 –weight of grains in a main spike, g; Х8–
22

0.467**
0.120
0.152
0.258
0.246
1.000

Weight Weight Number Number Mass of
Crop
of ears
of
of ears of grains grains
index,
in one main
in a
in a in a main
%
plant, g ear, g main ear main ear ear, g

crop index, %.
The mathematical model is presented graphically. There is a
weak dependence between the grain yield of one plant and the awns
length which is presented in Figure 1a. It is obvious that the plants
with a higher yield potential have longer spikes. The increase of the
number of fruit tillers leads to the increase of the yield of one plant.
This tendency is presented in Figure 1b. The weak exclusions on the
right or on the left of the ordinate do not alter the total dependence.
The weight of the plant and its ears affects the grain yield of one plant
identically with the previous indicator. Figure 1c demonstrates this
dependence. Specimens with a total weight from 32 g to 36 g
comprised the highest grain yield of one plant.
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Figure 1 a, b, c. An image of the correlation
dependence between: 1a – the grain yield of
one plant and the spikes length; 1b – the grain
yield of one plant and the number of productive
tillers; 1c – the grain yield of one plant and the
mass of one plant and its spikes

The weight of the plant ears confirms that high-yield plants are
characterized by higher biomass. Figure 2a shows that the yield of
plant grains increases with the growth of the weight of the plant ears.
The dependence of the weight of the main ear to the yield of the plant
grains is weak. The impact of this indicator is even negative towards
the yield. This can be seen from the mathematical model and is
presented in Figure 2b. The number of grains in the spike does not

30.00

40.00
50.00
60.00
A number of grains in the main ear

70.00

Figure 2 a, b, c. Correlation dependence between:
2a – the yield of one plant grain and the weight of
plant ears; 2b - the yield of one plant grain and
the weight of the main ear; 2c - the yield of one
plant grain and the number of grains in the main ear

determine its weight and it can be seen on Figure 2c. It presents the
strong positive dependence between their number and the grains
weight in a plant.
The bigger weight of grains in the main ear has a positive effect
on the quantity of one plant yield. Specimens of the highest yield are
those with grains weight in the main ear over 2g. There is a
controversy between the indicators mass of the main ear and grain
23
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Figure 3 a, b. Correlation dependence between: 3a - the yield of a one plant grain and the mass of
grains in the main ear; 3b - the grain yield of one plant and the crop index

weight in the main ear and their relation to the yield quantity. It can be
explained with the crop index.
It is obvious that the main ear of rye is the biggest one and it
forms the greatest number of ears and seeds. They determine the
yield quantity according to their fertility. Figure 3a presented the
correlation dependence between the yield of one plant grain and the
mass of grains in the main ear. Rye specimens of the highest yield
are characterized by a high value of the crop index. In the examined
correlation the crop index over 0.30 leads to a high yield of grains in
one plant Figure 3b.

Conclusion
The correlation analysis made allows determination of the
dependence of the complexity impact on the rye performance
indicators. The established correlations show the degree of impact
of each indicator in yield formation. A mathematical model of the
plant has been obtained on the basis of the studied correlation
coefficients and the proved dependences between the grain yield of
a plant and the yield elements in the maturity stage. The plant is
characterized by high productive possibilities. The results could be
used as a basis for determining more perspective rye specimens.

References
Antonova N, 2003. Winter rye variety millennium. Jubilee Scientific

24

Session 120 Years of Agricultural Science in Sadovo, Bulgaria, 2122 May. Scientific reports, 1, 92-95.
Barov V, 1982. Analysis and Schemes of Polish experience. NAPS,
Sofia (Bg).
Genchev G, Marinkov E, Yovcheva V and Ognianova A, 1975.
Biometric methods in plant breeding, genetics and selection.
Zemizdat Publishing House, Sofia (Bg).
Dimova D and Marinkov E, 1999. Experiment and Biometry.
Academic Publishing House, Plovdiv (Bg).
Kiriakov K, 1999. Plant Systemics. Plovdiv, pp. 269-274 (Bg).
Kobylyansky VD, 1982. Rye: Genetic bases of selection. Moscow,
Kolos Publishing House (Ru).
Kuneva V and Vulchinova E, 2016. Evaluation of rye samples in
the phase of classification based on mathematical and statistical
analysis. Science and Technologies, VI, 55-59.
Manov A, 2001. Computer Statistics with SPSS, Trakia, Sofia (Bg).
Knüpffer H, 2011. Rye Genetic Resources in the World's
Genebanks, In: Proceedings of International Conference “More
Attention to Rye”, Tartu, Estonia, 6-8 October 2011 and the AEGIS
Workshop “Improving the prerequisites for a European rye
collection”, Radzików, Poland, 13–14 October 2011.
Mangova M and Antonova N, 2003. Тechnological quality and
nutrient value of rye cultivar ,,Мillennium”, 10-th Yugoslav Congress
of Nutrition. Belgrade 16-19 October. Journal Hrana i Ishrana,
Belgrade, Serbia, 44, 22-24.
Stamatov S and Deshev M, 2010. Model of breeding for high yields
in nonshattering sesame (Sesamumindicum L.) suitable for
harvesting mechanized. Plant Sciences, 2, 99-101.

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 10, No 1, 2018

CONTENTS

1/2

Review
Achievements and problems in the weed control in grain maize (Zea mays L.)
G. Delchev, M. Georgiev

3

Genetics and Breeding
Yield and coefficient of ecological valence of spring barley in the regions of Sadovo and Karnobat,
Bulgaria
N. Neykov, T. Mokreva

8

Agronomic performance of mutant lines of winter two-rowed barley
B. Dyulgerova, D. Valcheva, N. Dyulgerov

12

Phenotypic diversity in six-rowed winter barley (Hordeum sativum L.) varieties
N. Dyulgerov, B. Dyulgerova

16

Evaluation of rye specimens in maturity stage on the base of mathematical – statistical analysis
V. Kuneva, E. Valchinova, A. Stoyanova

21

Evaluation of lentil cultivars and lines for resistance to Fusarium oxysporum f.sp. lentis
M. Koleva, Y. Stanoeva, I. Kiryakov, A. Ivanova, P. Chamurlyiski

25

Registration of a new sunflower hybrid - Sevar
P. Peevska, M. Drumeva, G. Georgiev

29

Nutrition and Physiology
The effect of novel xylanase on feeding value of diet containing cereal by-products for broilers
J.M. Abdulla, S.P. Rose, V. Pirgozliev

34

Effect of dietary garlic powder and probiotics supplementation on growth performance of male
Ross 308 broilers
H. Lukanov, I. Pavlova, A. Genchev

37

Slaughter traits of Pharaoh Japanese quails
А. Genchev, H. Lukanov, I. Penchev

41

Blood count in dogs with mammary gland carcinoma
Ts. Hristov, R. Binev

44

Production Systems
Economic efficiency of fattening on different genotypes slow-growing and fast-growing broiler
chickens
M. Oblakova, Y. Popova, P. Hristakieva, N. Mincheva, M. Lalev

48

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 10, No 1, 2018

CONTENTS

Effect of nutmeg extract supplementation on some productive traits and economic efficiency of
common carp (Cyprinus carpio L.) cultivated in recirculation system
G. Zhelyazkov, S. Stoyanova, I. Sirakov, K. Velichkova, Y. Staykov

2/2

54

Agriculture and Environment
Influence of biomanipulation on the living communities and the water quality in the Strezhevo
hydroecosystem, R. Macedonia
R. Nastova, V. Kostov, N. Gjorgovska, V. Levkov

57

Product Quality and Safety
Residue analysis of difenoconazole in apple fruits grown in Republic of Macedonia
V. Jankuloska, I. Karov, G. Pavlovska

63

Organoleptic properties of white yam (Dioscorea rotundata poir) as affected by autoclaving time
M. Ahmed, Y.B. Kiri, M.S. Abubakar

67

Influence of Goji berries on oxidative changes, microbiological status and chemical properties of
sausages
A. Mitev, A. Kuzelov, E. Joshevska

70

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
methods,Results, Discussion, 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 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”.

Volume 10, Number 1
March 2018

www.agriscitech.eu

