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Microbial communities in areas affected by formation of calcrete in the Thracian plane

S. Bratkova*, K. Nikolova, K. Gesheva

Department of Engineering geoecology, University of Mining and Geology, St. Ivan Rilski, Student’s Campus, 1756 Sofia, Bulgaria

Abstract. The number of 13 physiological groups of microorganisms is counted in depth of two types of alkaline soils affected by formation of calcrete. The first 
soil type is characterized by the presence of calcrete nodules occupying the surface layer of soil profile from 5 to 38 cm, and the second soil type – of isometric 
calcrete nodules, settled in depth below 30-35 cm. During the spring and autumn, when the samples were collected, it was determined that in soil, which is more 
affected by formation of calcrete, the number of various heterotrophic aerobic and anaerobic bacteria, actinomycetes and fungi is 1 to 3 orders lower than in 
less affected soil. A similar effect was observed on the amount of nitrifying bacteria. Other factors that influenced the microbial community structure and number 
were also the various values of pH, fractions of organic carbon and total nitrogen.
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in insoluble carbonates. Biomineralisation of secondary Ca-Introduction
carbonates (Ca-carbonatogenesis) has been reported in numerous 
environments, such as agricultural and forest soil, marine and fluvial Carbonate soils of different texture and composition are widely 
sediments as well as saline soils and lakes (Reith et al., 2008). exposed in the Thracian plane. Recently Dimitrov et al. (2009a,b,c) 
Biological fixation of carbon in carbonates involves some bacteria, suggested that the carbonate soils are product of a specific 
fungi and algae as well as some metazoan (Ehrlich, 2001). depositional facies, which is common for warm and dry areas, 
Nowadays the influence of formation of calcrete upon the structure usually with rainfall under 1000 mm. This facies is characterized by 
of microbial communities is still poorly explored. The purpose of the the development of carbonate rich rock named caliche or calcrete. 
study was to investigate the number of different physiological groups Calcrete is composed mainly of calcite (CaCO ), but there is also a 3

of microorganisms in depth of two types of agricultural soil with presence of other carbonate minerals. Secondary pedogenic 
different content of biogenic elements, affected by formation of carbonate (calcrete) occurs in many of the regions in semi-arid and 
calcrete, during spring and autumn. arid areas. Calcrete occurs in a variety of forms, e.g. as calcareous 

sands in aeolian transported cover materials, as carbonate powders 
and rhizoliths, as well as nodular concretions, mottled horizons and 
discrete hard banks (McQueen et al., 1999). These soils are Material and methods
underlain by clastic continental sediments of the Neogene or 
Quaternary age. Because carbonate soils outcrop in agricultural Sampling
areas, they affect significantly soil fertility. In Bulgaria carbonate soil The sampling site for this research is located about 3.5 km to 
accumulations have not been dated yet. Angelova et al. (1991) east of the village of Skalitsa in Southeast Bulgaria. The sampling 
suggested that the carbonate crust is of Eopleistocene-Pleistocene points are located at about 170 m elevation above sea level. The 
age. topography is dominated by gentle hills. Carbonate rich horizon is 

However, it is likely that the carbonate crust is long living and in exposed in an elevated landforms having disk or lens-like shape. In 
constant process of building and decomposition reflecting climatic the study area the thickness of the carbonate layer is between 20 
changes since late Neogene to present time. The carbonate crust and 40 cm. The organic soil cover varies between 5-10 and 40 cm. 
has mostly calcitic composition but extensive sampling suggested Immediately under the carbonate layer alternations of sands and 
that it is magnesium rich, which implies for significant dolomitic clay belonging to the Gledachevo formation of Miocene—Pliocene 
content (Dimitrov et al., 2009a). age begin.

Critical factors in the formation of calcrete are climate (a Chemical and microbiological analysis of soil samples from two 
significant net annual moisture deficit in the soil; control on dust sampling points located within the area were done in April and 
accretion caused by dust storms); topography; vegetation; presence November. Profile LK - 4-1 was characterized by the presence of 
of carbonate and oxalic phases; carbonate content, texture, porosity calcrete nodules, occupying the surface layer of soil profile from 5 to 
and permeability of the hosting substrate; action of microorganisms 38 cm and Profile LK - 4-2 in which isometric calcrete nodules were 
as well as exposure time (which may range between a few tens of settled in depth below 30-35 cm. Soil samples were collected with a 
thousands and millions of years) (Flügel, 2004). bore-hole equipment at depths 0-20, 20-40 and 40-60 cm. 

Some of the CO  generated in biological respiration can be fixed 2 Study methods

* e-mail: s_bratkova@yahoo.com

84



Chemical analysis. The pH determination was performed Results and discussion
according to the International Standard BDS ISO 10390 - an 
instrumental method for the routine determination of pH using a General geochemical properties of the soil substrate
glass electrode in a 15 (V/V) suspension of soil in water (pH-H2O). The chemical analysis (Table 1) demonstrated that both types 
Total carbon concentrations were determined by dry combustion via of soils were alkaline.
elemental analyzer (The International Standard ISO 10694). The Profile LK-4-1 sampling. pH of soil in profile LK-4-1 in the spring 
carbon present in the soil was oxidized to carbon dioxide (CO2) by was in the range 8.39 to 8.50, and in autumn was in the range 8.19 to 
heating the soil to at least 900°C in a flow of oxygen-containing gas 8.56, with higher pH values found in the surface layer. At a depth of 0 
that was free from carbon dioxide.The amount of released carbon to 40 cm in both seasons high values of total carbon presence were 
dioxide was then measured by infrared detection method. The established - 50-68 g/kg, the significant part of which was inorganic 
organic carbon content in soil was determined due to the and concentrated in isometric calcrete nodules, which abounded in 
International Standard BDS ISO 14235 by oxidation in a mixture of the area. The amount of organic carbon was several times lower - in 
dichromate solution and sulfuric acid at a temperature of 135°C. spring - 12-15 g/kg, and in autumn in the layer from 0 to 40 cm 
Total nitrogen (ammonium-N, nitrate-N, nitrite-N and organic N) reduced to 6.5-9.3 g/kg. In profile LK-4-1 there was a low content of 
content in soil was determined by Kjeldahl digestion, according the nitrogen - total nitrogen in spring was about 0.8 g/kg, while in autumn 
International Standard BDS ISO 11261 l. Total phosphorus was it was unevenly distributed in the depth of the soil profile in the range 
extracted using BDS EN 13346 and determinated by of 0.48-0.91 g/kg. The content of total phosphorus was in the range 
spectrophotometrical analysis. Water-soluble fraction of calcium 0.39-0.71 g/kg, and higher values were determined during autumn 
and magnesium was established with BDS ISO 11048, using a sampling. 
titrimetric method of a 15 (m/V) suspension of soil in water. Profile LK-4-2 sampling. The soil in profile LK-4-2 was also 

Microbiological analysis alkaline, with pH rates in the range of 8.2 - 8.36 in spring, which 
The soil sample (5g) was suspended in 50 ml of a 0,9% NaCl reduced in autumn - from 7.73 to 7.95. The amount of total carbon 

solution. The suspension was incubated for 2 h on a rotary shaker at was lower compared to soil from profile LK-4-1 and the range was 
200 rpm to detach cells from substratum. The turbid suspension was 24.2 - 37.7. Table 1 shows that the prevalent part of carbon was 
diluted in 10-fold steps to 10-8. Count of viable microbial cells was organic and its amount was from 18 to 27 g/kg, as the values of the 
determined by the plate or liquid media count methods (9-11). parameter did not differ especially in spring and autumn sampling. 
Aerobic heterotrophic bacteria, fungi, actinomycetes, amylolytic Soil of profile LK-4-2 contained about twice as much total nitrogen 
microorganisms and nitrogenfixing bacteria were counted by plating (1.2-2.0 g/kg) compared to soil in profile LK-4-1 and was 
on agar. For estimating the number of anaerobic heterotrophic characterized by a greater amount of phosphorus. Specific electro-
bacteria, bacteria fermenting sugars with gas production, cellulose- conductivity data indicate that both types of soils are not saline.
degrading microorganisms, amonifying bacteria, denitrifying Microbiological analysis3+bacteria, Fe -reducing bacteria, sulphate-reducing bacteria and Spring sampling. Profile LK-4-1. During the spring sampling soil 
nitrifying bacteria, a three-tube most-probable number technique moisture was 16.7% in profile LK-4-1 in the surface layer from 0 to 20 
was applied. cm, at depth below 20 cm it increased to values 22.8 - 23.1%. The 
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spring autumn

Таble 1. Basic parameters of soil samples in points LK-4-1 and LK-4-2.

LK-4-1

LK-4-2

LK-4-1

LK-4-2

0-20

20-40

40-60

0-20

20-40

40-60

0-20

20-40

40-60

0-20

20-40

40-60

8.50

8.59

8.39

8.31

8.2

8.36

0.125

0.139

0.169

0.089

0.129

0.075

8.56

8.52

8.19

7.95

7.73

7.81

0.147

0.162

0.153

0.144

0.084

0.161

56.7

50

16.8

37.7

31.5

24.2

0.39

0.51

0.46

0.9

0.7

0.54

68

64

24

32

30

28

0.59

0.54

0.71

0.8

0.8

0.8

12

15

14

27

23

18

0.62

0.58

0.49

0.37

0.52

0.35

  9.3

  6.5

21.0

26.0

24.0

22.0

0.47

0.51

0.53

0.51

0.36

0.55

0.87

0.87

0.76

1.9

1.6

1.2

0.17

0.21

0.47

0.38

0.38

0.26

0.78

0.48

0.91

2.2

2

1.9

0.24

0.25

0.25

0.25

0.17

0.26

 

Sample depth, 
cm

pH(H O)2

spring autumn spring autumn spring autumn spring autumn

Total carbon, g/kg Organic carbon, g/kg Total nitrogen, g/kg

 

Sample depth, 
cm

Specific electro-
conductivity, mS/cm

spring autumn spring autumn

Total phosphorus,
g/kg

Water-soluble calcium,
mgeq/100g

spring autumn

Water-soluble 
magnesium, mgeq/100g



highest number of aerobic and anaerobic heterotrophs (more than 105 cells/g) was counted. The amount of total nitrogen in the soil 
6 profile was in the range 0.76 - 0.87 g/kg. These values determined 10  cells/g) was found at depth of 20-40 cm, an area with higher 

the existence of a small number of other physiological groups humidity and the highest rates of organic carbon presence - 15 g/kg 
involved in the transformation of nitrogen. The number of amonifying (Figure 1). In the rest of the soil profile the number of heterotrophic 

5 5 bacteria was in the range of 102-104 cells/g. The greatest part of bacteria ranged to 1,3.10  - 5,8.10  cells/g. The highest number of all 
denitrifying bacteria (7,8.105 cells/g) was found in the area 20-40 cm organic polymers-degrading bacteria had the amylolytic bacteria 

4 6 and in the rest of the soil profile their number was about 103 cells/g. (3,9.10  - 2,5.10  cells/g), with a maximum in the layer 20-40 cm. The 
4 The nitrifying bacteria were characterized by a low number (101-102 cellulose-degrading bacteria were about 10  cells/g from the surface 

cells/g) in the sampling point. In depth below 40 cm a high number of to 60 cm depth. The number of actinomycetes ranged from 6,5.103 
5 anaerobic bacteria decomposing organic matter was established – to 2,5.10  cells/g in depth of soil profile, the maximum was 

more than 105 cells/g of Fe3+-reducing bacteria. The number of established again in the zone 20-40 cm.
sulfate-reducing bacteria was also low. Their number in the depth of About the bacteria involved in the transformation of nitrogen in 
the entire soil profile was in the range of 103-104 cells/g.all soil samples a large amount of nitrogen-fixing bacteria (more than 

Profile LK-4-2. Humidity in the surface layer of profile LK-4-2 
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Figure 1. Number of different groups of microorganisms counted during spring sampling
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from 0 to 20 cm was 18.0%, while at depth below 20 cm it increased amount in the surface layer was the highest - 2.106 cells/g, in depth it 
to values from 22.5 to 24.8%. The highest number of aerobic and gradually decreased. In the area of 00-40 cm the amount of fungi 
anaerobic heterotrophic bacteria - 1,2.108 1,1.107 cells/g was found was in the range of 3.6 -6,5.104 cells/g and below 40 cm it reduced to 
in the soil profile to depth of 20-40 cm (Figure 1). 3,9.102 cells/g. In the whole depth of the profile a high number of 

Although organic carbon content in the surface layer from 0 to nitrogenfixing bacteria was established. At a depth of 00-40 cm it 
20 cm in depth was higher - 27 g/kg, the number of heterotrophic was in the range of 4.3 - 5,5.106 cells/g. The amonifying bacteria 
bacteria was lower by 1-2 orders than in the area of 20-40 cm. It was were most numerous of the rest of bacteria involved in the nitrogen 

5 6 found that the highest number of cellulose-degrading bacteria 10  cycle. Their number was highest in the surface layer - 1,2.10 cells/g. 
cells/g was in the surface layer and in depth it gradually decreased. In the zone 20-60 cm it reduced to 1,3.105 cells/g. The number of 
The amylolytic bacteria were characterized by a significantly greater denitrifying bacteria in depth of the soil profile from 0 to 60 cm was 
number. The highest number - 8,2.107 cells/g was determined again constant - 7.2 - 7,5.104 cells/g. The highest number of them was 
in the layer 20-40 cm. The rest of the soil profile was in the range of found in the surface layer - 3.104 cells/g. In depth 20-40 cm they 
1,6.105 - 4,8.106 cells/g. The number of bacteria fermenting sugars reduced to 7,8.103 cells/g.
with gas production in all soil samples was 3,5.104 - 6,5.104 cells/g. Autumn sampling. Profile LK-4-1. Soil moisture during the 
The actinomycetes had a higher number in the soil profile. Their autumn sampling was in the range of 19.5 to 25.3%. The most 
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Figure 2. Number of different groups of microorganisms counted during autumn sampling
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numerous microbial populations were found in soil depth from 0 to 20 4-2 than in the point LK-4-1. The calcrete impact was similar to the 
cm (Figure 2). In November in this surface layer the number of number of biological polymer-degrading microorganisms - cellulose-
aerobic and anaerobic heterotrophic bacteria were 4.6.106 and degrading and amylolytic bacteria, also bacteria fermenting sugars 
6.4.106 cells/g, regardless of the lower temperatures and the with gas production. Almost at all depths in the presence of calcrete 
presence of a large quantity of calcrete, formed as nodules. The lower number of bacteria, performing various types of anaerobic 
plant waste in soil from the sunflower crop grown throughout the year respiration - denitrifying bacteria, Fe3+-reducing bacteria, sulphate-
in the area LK 4 had a role in the supply with organic carbon of these reducing bacteria were found. The formation of calcrete had a strong 
bacteria. In depth of the soil profile from 20 to 60 cm the number of negative effect on the number of nitrifying bacteria - it is 2-3 orders 
heterotrophic bacteria remained in the range of 1.7 to 4.2 0.105 lower in soils from sampling profile LK-4-1.
cells/g. The nitrogen-fixing bacteria were characterized again with a Comparison of data from chemical analysis of soil samples and 
higher number 105 to 106 cells/g in the three depths. The the number of soil microflora shows that significant factors that have 

5 influence on the microbial community number in soils affected by actinomycetes counted from 2.6 to 9.4. 10  cells/g and the fungi had 
formation of calcrete are pH of soil, organic carbon content and total the highest number - 2.2. 104 cells/g in the surface layer of the soil. In 

2 nitrogen content. Soil pH is a factor that has a general impact on the depth their number decreased to 2,0.10  cells/g. The number of 
5 number of nitrifying bacteria in the samples. Soil fund of organic cellulose-degrading microorganisms rested above 10  cells/g in the 

carbon and nitrogen affect mainly the number of different groups of entire soil profile. The amylolytic bacteria were also characterized 
heterotrophic microorganisms. The detected more numerous with high number. Probably, the increased concentrations of 
microflora in soil in profile LK-4-2 correlates with the high content of monosugars due to their vital activity caused the most numerous 
organic carbon and total nitrogen in soils of the same ground.populations of bacteria fermenting sugars in November. Once again 

denitrifying bacteria are found at the highest number - 3.2. 105 
cells/g - in the surface soil layer. The Fe3+-reducing bacteria 
presented with the same number. At a depth below 20 cm the Conclusion
number of these two bacterial groups reduced to the range of 103-
104 cells/g. The largest amount of sulfate-reducing bacteria was The presence of nodular calcrete is a basic reason for 
found in the surface layer - 7.6. 104 cells/g. alkalization of the soil and structure changes. This negative effect 

Profile LK -4-2. The values of soil pH were in the range of 7,73 – along with the lower content of organic carbon and nitrogen fractions 
7,95 in autumn in the three investigated depths. In this period the soil have unfavourable impact on microbial soil community, which 
humidity was 27,7 – 28,6 %. Once again, with the highest number of results in the decrease of soil fertility.
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number of anaerobic heterotrophs was in the range of 2,9.106 – Acknowledgements
9,8.106 cells/g and gradually decreased in depth of the soil profile Funding for the research was received by the Bulgarian 
(Figure 2). National Science Fund – project DOO2-89/13.12.2008. 

The anaerobic heterotrophes were presented with similar 
numbers 8,4.106 cells/g at depth 0 to 40 cm and sharply increased to 
8,3.107 cells/g at a depth of 40-60 cm. In the same depth the highest References
number of bacteria fermenting sugars with gas production was 
determined – 3,5.104 cells/g. There was no report for a number 

Angelova D, Popov N and Micov E, 1991. Stratigraphy of the change of fungi. Their number was in the range of 1,7.104 to 5,3.104 
quaternary sediments of Tundja depression. Review of Bulgarian cells/g and smoothly reduced in depth of the soil profile. The 
Geological Society, 52, 2, 99-105, (Bg).actinomycetes were found with the highest number – 7,1.106 cells/g 
Davis K, Joseph S and Janssen P, 2005. Effects of Growth at depth 20-40 cm and their number reduced in depth to 6,1.105 
Medium, Inoculum Size, and Incubation Time on Culturability and cells/g. The cellulose-degrading bacteria are in the range of 2,8.105 
Isolation of Soil Bacteria, Applied and Environmental Microbiology, to 7,0.105 cells/g, and the amylolytic bacteria number in depth of the 
71, 826-834.soil profile was in the range of 1,9.106 to 7,0.106 cells/g. The largest 
Dimitrov I, Panaiotova M, Koleva-Recalova E and Atanasova E, amount of population of all the bacteria involved in the 
2009b. Initial geochemical and physicochemical observations in transformation of nitrogen had the nitrogen-fixing bacteria (9,7.106 - 
areas affected by calcretization in the East Thracian plane. Ann. 1,8.107 cells/g). The denitrifying bacteria had a number in the range 
UMG, 52, Part I ,Geology and Geophysics, pp. 55-60.of 3,5.105 to 8,4.106 cells/g, the most numerous in depth of 20-40 
Dimitrov I, Panayotova M and Sachkov D, 2009c. Calcrete in cm. Less numerous are the nitrifying bacteria - in the range of 
southeast Bulgaria - a study in progress. International mult-6,7.102 to 3,5.103 cells/g and smoothly reduced in depth of the soil 
idisciplinary scientific conference SGEM 2009. - Conference profile. The number of Fe3+-reducing bacteria was in a range of 
proceedings, II, 457-464.8,4.104 - 7,2.105 cells/g, the highest number was investigated at 
Dimitrov I, Sachkov D, Valchev B and Vasieleva E, 2009a. depth 40-60 cm. The number of sulfate-reducing bacteria was the 
Geochemical characteristics of the carbonate soils from the Tundja highest at depth from 20 to 40 cm and in the rest of the soil profile 
depression, Southeast Bulgaria. - Review of Bulgarian Geological their number was about 104 cells/g.
Society, (Bg). The microbiological analysis carried out in April and November 
Ehrlich HL, 2001. Geomicrobiology, Marcel Dekker, Inc., New York.2009 demonstrates the number of heterotrophic aerobs and 
Flügel E, 2004. Microfacies of carbonate rocks. Analysis, anaerobs in sampling profile LK-4-2 is 1 to 1.5 orders higher than the 
Interpretation and Application, Springer-Veriag Berlin Heidelberg.number of the same in soils in profile LK-4-1. In the depth of the 
Küsel K, Wagner C and Drake H, 1999. Enumeration and entire soil profile the number of actinomycetes is higher in point LK-
metabolic product profiles of the anaerobic microflora in the mineral 

88



soil and litter of a beech forest. FEMS Microbiology Ecology, 29, 91- Parks LC and Roland M Atlas, 1997. Handbook of microbiological 
103. media, CRC Press, Inc. 
McQueen KG, Hill SM and Foster KA, 1999. The nature and Reith F, Wakelin SA, Gregg AI and Mumm AS, 2008. A microbial 
distribution of regolith carbonate accumulations in southeastern pathway for the formation of gold-anomalous calcrete. Hemical 
Australia and their potential as a sampling medium in geochemical Geology, doi:10.1016/j.chemgeo.2008.10.023
exploration. Journal of Geochemical Exploration, 67, 67-82. 

89



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.



Volume 2, Number 2
June 2010

CONTENTS 

Genetics and Breeding

Nutrition and Physiology

Production Systems

Agriculture and Environment

Quality and Safety

Influence of various cryoprotectants on the sperm mobility of Muscovy semen 
before and after cryopreservation
V. Gerzilov

Adaptive possibility and yield stability of varieties of oil-bearing roses
N. Kovatcheva, K. Rusanov, I. Atanasov

Shelter policies in the management of canine aggression
A. Arnaudova, I. Varlyakov

Daily dynamics of the essential oils of Rosa damascena Mill. and Rosa alba L.
A. Dobreva, N. Kovacheva

Effectiveness of the insecticide “Mido 20 SL” in the fight with the green rose 
aphid populations (Macrosiphum Rosae L)
H. Lambev

Potassium fertilization on cotton
G. Panayotova, N. Valkova

Microbial communities in areas affected by formation of calcrete in the 
Thracian plane
S. Bratkova, K. Nikolova, K. Gesheva

An approach for Fusarium infected corn kernels recognition using linear 
discrete models

Mechanism-based category formation of aldehydes for acute aquatic toxicity 
and mutagenicity
Y. Koleva

Gas-chromatography and organoleptic analysis of the essential oil of 
Agastache foeniculum (Pursh.) Kuntze
G. Zhekova, A. Dzhurmanski, A. Dobreva

Comparative studies on the fatty acid composition of White brined cheese, 
marketed in the town of Stara Zagora
N. Naydenova, K. Davidova, T. Iliev, G. Mihaylova

P. Daskalov, V. Mancheva, Ts. Draganova, R. Tsonev

57

61

64

71

75

78

84

90

96

102

105


	front
	7
	back

