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Abstract. One of the main directions of the breeding programs in common winter wheat, besides increasing productivity, is developing of cultivars with
excellent baking properties. An important prerequisite for this is the involvement of new gene plasma of variable origin, which is adequate to the growing
conditions and the desired breeding direction. The aim of investigation is study of some main properties related to the grain quality and the baking properties of
bread wheat accessions of foreign origin under the conditions of the South Dobrudzha region. Twenty-five foreign bread wheat cultivars of various origins were
investigated for a three year period. Cultivars Aglika, Enola, Pryaspa and Yantur were used as standards. Some indices related to the quality of grain and flour
were analyzed at the Bread Making Laboratory of Dobrudzha Agricultural Institute (DAI). The expression of the following parameters was followed: test weigh,
% of protein, sedimentation, wet gluten yield, softening degree, pharinographic value, bread volume, and the quality index (Ql) was calculated. The cultivars,
which demonstrated high grain quality, were the Romanian Faur, Moldovan Dobropolka, American Wahoo and the Ukrainian Zmina. Averaged for the three
years, highest variation was found for the index pharinographic value. On the whole, the materials with origin from Romania, Ukraine and USA were
characterized with high values of the quality indices. Cultivars Faur and Zmina can be successfully included in the breeding program of DA for development of

strong wheat varieties.

Keywords: winter wheat, grain quality, baking properties

Introduction

In the contemporary world, wheat is of primary importance for
human nutrition and is distributed in almost all geographic regions.
The main task of the breeding programs in Bulgaria is developing of
cultivars with high production potential in combination with very good
quality of grain and flour (Tsenov et al., 2008; Chamurliyski et al.,
2011). The long-term research work in this direction brought about
high achievements (Panayotov et al., 2004) and lead to the
dominance of group A cultivars (strong wheat varieties) which are
competitive and which meet the demands of the dynamic market
under the pressure of the western breeding (Stoeva, 2012).

The proper choice of initial parental forms is decisive for
obtaining positive results. For many years, main sources of quality
for Bulgarian breeding have been the Ukrainian and Russian wheats
(Panayotov and Kostov, 2008; Tsenov et al., 2014). They combine
high productivity, resistance to abiotic stress and excellent quality of
grain and flour. Cultivar Bezostaya 1, for example, is included
directly or indirectly in over 40 Bulgarian cultivars, which is an
evidence for its enormous influence on the development of the
breeding programs (Panayotov et al., 2005).

This has lead to partial genetic erosion and to the necessity of
investigating new genetic plasma. Wheat is a crop of the micro
climate which determines variable reaction of the accession under
the environments of the specific locations (Tsenov et al., 2013),
especially when breeding materials of foreign origin are concerned.
The quality indices are highly dependent on the growing
environment (Tsenov et al., 2004; Stoeva and Penchev, 2013). The

* e-mail: plam_s@yahoo.com

study on the working collections under the conditions of South
Dobrudzha provides data on the economic traits of the accessions,
their values as parental forms and the possibility of efficiently
involving them as parental forms in the breeding process (Stoeva et
al., 2009). All of the above justified the necessity to carry out this
investigation with the aim to study some main properties related to
the grain quality and the baking properties of bread wheat
accessions of foreign origin under the conditions of the South
Dobrudzharegion.

Material and methods

The investigation involved a total of twenty-five common winter
wheat varieties of foreign origin (USA, Moldova, Ukraine, Serbia and
Romania) (Table 1). The accessions were grown during three
successive years, 2010, 2011 and 2102, in the experimental field of
Dobrudzha Agricultural Institute (DAI) — General Toshevo. Four
standard cultivars were used for comparing their quality traits and
baking properties — cultivars Aglika, Enola, Pryaspa and Yantar.
They are national models for the respective quality groups at the
Bulgarian Executive Agency of Variety Testing, Field Inspection and
Seed Control.

The baking and quality properties of the varieties were analyzed
at the Bread Making Quality Laboratory of DAI. The expression of
the of the following indices was followed: protein content (%)
determined according to the conventional method of Kjeldahl, using
Keltec Auto 1030 Analyzer, test weight (TW, g) according to BS - 1ISO
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Table 1. Common winter wheat cultivars used in this investigation

Serbia (Novi Sad) Moldova (Baelti) USA Romania (Fundulea)

Kantata Podoima Yuamar Glosa

Sonata Livada Harry Boema

Tina Dobropolka Praire Red Faur

Dragana Wahoo

Vila Odessa (Ukraine) Cougar BG Chek - Quality Groups

Lilyana Vesta Wesley Aglika (Group A)
Kiria New Sky Enola (Group B)
Kolumna Jerry Yantar (Group C)
Zmina Prowers Pryaspa (Group D)

9771/2; sedimentation value (SDS, ml) according to Pumpyanski,
1971; wet gluten content (WGC, %) in 70% flower according to BDS -
13375-88; rheological properties of dough: softening degree (Sd,
f.u.); valorimetric value (Val); bread volume (Lvol, ml) by
pharinograph according to ICC115/1. The quality index (Qi) was
calculated according to Hlaverson and Zeleny (1988). The data were
processed and analyzed by applying variation, two-factor
dispersion, correlation and cluster analyses using software XLstat
7.0, SPSS V.19 and Unistat6.0.

Meteorological characterization of the investigated period
(Figure 1)

The autumn of 2009 was characterized by a mean temperature
higher than the norm. The high amount of rainfalls in October
provided good moisture reserves. Although sowing was late, wheat
emergence was uniform and the crops overwintered in good
condition. The abundant rainfalls in May and June of 2010 made
harvesting difficult and had negative effect on grain quality.

The hydrothermal conditions of 2011 were not particularly

favorable for wheat. The lack of snow cover and the extreme low
temperatures in February lead to freezing of some of the plants.
Spring was cool and long. Grain filling occurred under sufficient
moisture content of soil and the temperatures were close to the long-
term norm. Harvesting of the crop went under dry weather but
nevertheless the investigated materials could not express their
genetic potential with regard to the quality indices.

The abundant precipitation during the autumn of 2011 delayed
the preparation of the area for sowing so planting was done in
November, after the optimum agro technical dates. The low
temperatures in November prolonged the emergence and
development of the crops, and the plants entered the beginning of
winter not sufficiently hardened. The long and cooler spring of 2012
additionally delayed the development of wheat and the rainfalls in
May in combination with temperature contrasts had unfavorable
effect on productivity. The temperatures higher than the climatic
norm and the long drought in June and July influenced positively the
formation of grain quality.

mm °C
140.0 30.0
120.0 250
100.0 20.0
80.0 15.0
60.0 10.0
40.0 5.0
20.0 - 0.0
0.0 5.0
XXEX T m v v vEVIE X XEXE T vV veEvE X XEXIE TV Vv vEVI
2009-2010 2010-2011 2011-2012
= Precipitation norm,mm  -------- Temperature norm, °C

[ Precipitation, mm

————— Temperature, °C

Figure 1. Meteorological characterization of the investigated 3-year period
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Results and discussion

The obtained results, averaged for three years of the
investigation are presented in Table 2. The exceeding of the
standard cultivar Aglika, the national model for group A of strong
wheats, at the highest level of significance should be noted. Ten of
the cultivars are worth mentioning for their test weight, a maximum
value of 80.3 g being measured for cultivar New Sky. All twenty-four
accessions formed lower percent of protein according to Aglika, only
the Romanian cultivar Faur showing a level close to the standard.
Four of the investigated genotypes had higher sedimentation than it
butthe exceeding was not significantat p=0.01 %.

Nevertheless, these results had positive effect on the
calculation of the quality index and the wheat cultivars Dobropolka,
Zmina n Wahoo had significant differences with the standard
cultivar. With regard to wet gluten yield, twelve of the varieties were
clearly different from the standard, while the softening degree was

lowest in Livada and Zmina. Valorimetric value 50 was obtained only
for cultivar Faur, the value of Aglika being 44. Bread volume was a
trait which also did not show significant exceeding of the standard
cultivar.

The variation coefficients of the investigated indices were
calculated. Lowest variation was found for test weight, protein
content and bread volume. High variability was registered for the
indices valorimetric value, sedimentation and softening degree.

Depending on the values of the individual indices during the
investigated period, years 2010 and 2012 can be considered
favorable, while in 2011 a lower level of grain quality was determined
on the whole. The effect of the year on the traits was significant,
without exceptions (Table 3).

The effect of the cultivar was also significant, with the exception
of bread volume. The results were to a large extent analogous to
those reported by other authors proving the determining role of the
year for the expression of the quality potential of wheat (Tsenov et

Table 2. Values of the investigated indices averaged for three years of investigation and their variation

Varieties TW, g Protein, % SDS, ml Qi WGC, % Sd, f.u. Val Lvol, ml
Vesta 75.7 9.67 31.0 3.13 14.1 147.3 28.7 576.7
Kiria 76.6 10.07 413 410 18.5 126.3 35.3 643.3
Kolumna 79.7%** 10.90 48.6 443 23.4%** 118.0 36.0 703.3
Zmina 77.3 10.37 52.3 5.0%** 19.8 91.3*** 39.3 621.7
Kantata 779 9.63 37.3 3.87 19.8 150.0 26.3 591.7
Sonata 75.5 9.50 38.3 4.04 19.3 155.7 25.0 578.3
Tina 76.2 9.73 41.0 4.20 18.7 141.7 28.0 686.7
Dragana 779 10.13 35.7 3.52 21.0 154.7 26.0 623.3
Vila 784 10.43 46.6 4.45 23.6"* 123.0 225 675.0
Lilyana 78.2 9.93 41.3 4.16 22.6** 124.0 327 680.0
Yuamar 78.5** 10.80 438.8 443 23.1%* 113.3 343 658.3
Harry 75.9 10.10 50.3 4,97 20.1 127.0 337 631.7
Praire Red 78.7* 11.13 48.3 4.34 20.6 99.3 46.3 671.7
Wahoo 776 9.77 50.0 5.10** 20.1 137.7 33.0 615.0
Cougar 79.1%* 10.90 45.3 4.14 21.9 120.7 43.0 648.3
Wesley 78.2 10.57 43.6 458 23.0* 113.0 36.7 661.7
New Sky 80.3** 10.97 49.0 4.45 22,94+ 116.0 39.0 648.3
Jerry 78.3 10.57 52.0 4.88 22.7** 108.0 40.7 633.3
Prowers 80.0* 11.43 52.6 458 24.0* 11.0 39.3 666.7
Podoima 79.0* 10.30 41.7 4.02 19.0 124.7 41.0 646.7
Livada 79.54* 10.53 51.3 4.87 22 4% 97.3** 42.0 656.7
Dobropolka 778 10.10 52.0 5.13** 19.5 107.7 37.0 625.0
Glosa 78.9°* 11.07 47.0 4.24 22,2 105.0 37.3 663.3
Boema 76.5 11.13 47.3 4.25 23.0* 99.6 43.3 640.0
Faur 79.2* 11.23 47.0 4.18 22,2 107.3 50.0 656.7
Aglika 775 11.23 50.3 4.46 19.9 112.3 443 696.7
Enola 78.4 11.97 39.7 3.31 17.7 146.0 50.7 658.3
Yantar 76.0 10.93 30.7 2.76 18.0 152.7 25.0 560.0
Pryaspa 75.9 10.67 32.0 2.96 19.2 158.7 23.3 588.3
SE 1.39 0.1 1.24 0.11 0.42 3.68 1.46 6.76
VC % 1.8 5.8 15.0 14.6 10.9 16.0 219 5.7
*%% - p <001

285



Table 3. Variance analysis of factors ,variety” and ,year” in the investigated indices

Source of variation df Mean Square F-ratio P-value

Genotype 28 5.8 5.8 0.0000
W, g Year 2 468 .4 471.8 0.0000

Residual 56 1.0

Genotype 28 1.1 2.2 0.0051
Protein, %  Year 2 21.9 432 0.0000

Residual 56 05

Genotype 28 134.2 35 0.0000
SDS, ml Year 2 1273.8 32.8 0.0000

Residual 56 38.9

Genotype 28 1.1 5.0 0.0000
Qi Year 2 2.4 10.7 0.0001

Residual 56 0.2

Genotype 28 15.5 3.9 0.0000
WGC, %  Year 2 914.7 229.9 0.0000

Residual 56 4.0

Genotype 28 1176.0 24 0.0000
Sd, f.u. Year 2 32654.1 65.9 0.0000

Residual 56 4955

Genotype 28 173.5 1.7 0.0424
Val Year 2 17391.1 1724 0.0000

Residual 56 100.9

Genotype 28 3974.7 1.5 0.0924 n.s.
Lvol, ml Year 2 12752.0 49 0.0113

Residual 56 2621.1

al., 2004; Stoeva et al., 2006). Other sources underline the effect of
the cultivar on the total variation (Trethowan et al., 2002; Penchev
and Stoeva 2004). These somewhat contradictory results confirm
the specific role of the external conditions and environment for the
formation of the quality parameters in wheat in combination with the
various genetic potential of the cultivars.

The use of correlation analysis allowed evaluating the
correlations between the investigated traits (Table 4). Most of them
correlated significantly with test weight. This confirmed the
importance of the index for grain quality which can serve as initial
basic evaluation. Similar tendency was observed for sedimentation
value as well. The high significant positive correlation with wet
gluten, valorimetric value and bread volume proved the influence of

Table 4. Correlation analysis of the studied parameters

sedimentation on the rheological properties of dough and the baking
properties. There were significant negative correlations only of the
softening degree with the other indices but they are normal due to
the nature of this trait. Very strong was the correlation between the
protein content and the valorimetric value. The good combination
between high test weight, sedimentation and gluten was decisive for
high bread volume.

The groups of cultivars formed through cluster analysis based
on Euclidean distances according to the investigated indices are
presented in Figure 2. The investigated accessions were divided into
groups based on their similarities into four main clusters. The effect
of the environmental conditions did not allow good differentiation of
the four quality groups. The standards Aglika and Enola were at

W, g Protein, % SDS, ml Qi WGC, % Sd, f.u. Val
W, g 1
Protein, % 0.50* 1
SDS, ml 0.54* 0.28n.s 1
Qi 0.36* -0.09n.s 0.93** 1
WGC, % 0.66*** 0.36* 0.64* 0.52** 1
Sd, f.u. -0.53** -0.40* -0.85%** Q.71 -0.57* 1
Val 0.53* 0.67%** 0.57* 0.34 ns. 0.22 ns. -0.67+** 1
Lvol, ml 0.60*** 0.42* 0.59* 0.45* 0.56* -0.56* 0.49*

*¥*¥* - p<0.01; ** - p<0.05; *- p=<0.01and; n.s. - nonsignificant
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Clusters

1. Vesta; 2. Kiria; 3. Kolumna; 4. Zmina; 5. Kantata; 6. Sonata; 7. Tina; 8. Dragana; 9. Vila;
10. Lilyana 11. Yuamar; 12. Harry; 13. Praire Red; 14. Wahoo; 15. Cougar; 16. Wesley; 17. New Sky;
18. Jerry; 19. Prowers; 20. Podoima; 21. Livada; 22. Dobropolka; 23. Glosa; 24. Boema; 25. Faur;

26. Aglika; 27.Enola; 28. Yantar; 29. Pryaspa

Figure 2. Cluster analysis based on Euclidean distances according to the investigated indices

short distance and therefore groups A and B were difficult to
distinguish. Similar was the situation with the other two model
cultivars for groups C and D - Yantar and Pryaspa. In this case again
differentiation by quality could not be made. Due to the specificities
discussed above, it could be considered that the wheat cultivars
which are close to Aglika and Enola and fall into their or the
neighboring cluster are quality wheats and can be referred to the
group of increased strength (B), while the materials with greatest
similarity to cultivars Pryaspa and Yantar are with low quality and can
be referred to group D of the fillers. Thus grouped, cultivars Faur and
Dobropolka from Romania, Zmina from Ukraine and the cultivars
with origin from USA can be pointed out as the wheat varieties with
highest grain quality.

The grain quality is genetically determined and is always the
result from the interaction of the cultivar with the environment. For
many seasons the quality potential of a cultivar can not be entirely
expressed, which makes difficult the study on the correlations
existing between the individual indices. Nevertheless, the
systematic investigation on the expression of quality through the
main characteristics which determine it provides sufficient objective
information for the values of each cultivar. In this relation the study on
the winter wheat accessions of foreign origin is a powerful source of
enriching the gene pool of quality wheats for the national breeding.

Conclusion

The quality indices, the rheological properties and the baking
properties are mainly influenced by the growing conditions but

simultaneously the genetic potential of the genotype is also
expressed. The test weight and the sedimentation value were in
positive correlation with most of the investigated traits; this makes
them suitable for evaluation of grain and flour quality. The
investigated accessions can be referred to quality group B of wheats
with increased strength, some cultivars from Romania, Ukraine and
USA exceeding the standards by the indices sedimentation, wet
gluten content and valorimetric value. The Romanian cultivar Faur
and the Ukrainian cultivar Zmina were the accessions with highest
quality which have to be involved in breeding for quality.
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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
authorisindicated 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.
Acriterion of sufficient information is to be
possible for others to repeat the experi-
mentin order to verify resullts.

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. lllustrations 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 ftranslated into English.
The original language of articles and books
translated into Englishisindicated in
parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, ifin the Cyrillic, Mongolian =

Mo, Greek = Gr, Georgian = Geor.,
Japanese = Ja, Chinese = Ch, Arabic = Ar,
etc.)

The following order in the reference list is
recommended:
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volume, pages. Example:

Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
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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.
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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
condition score on reproductive perfor-
mance in dairy cows,IX" 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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