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WELCOME ADDRESS ON THE OPENING OF SCIENTIFIC FORUM WITH 
INTERNATIONAL PARTICIPATION 

 
<ECOLOGY AND AGROTECHNOLOGIES – FUNDAMENTAL SCIENCE AND 

PRACTICAL REALIZATION – BUSINESS MODELS FOR IMPROVING SOIL HEALTH=  
 

Dedicated to the World Soil Day, 5th of December, 
and the 150th anniversary of the birth of the founder of Soil Science in Bulgaria  

Nikola Poushkarov 
 

By Prof. DSc Irena Dimitrova Atanassova, Director of Nikola Poushkarov Institute of 
Soil Science, Agrotechnologies and Plant Protection  

 
 
 

YOUR excellencies, Dear guests and Colleagues,  
 
On behalf of the management board of Nikola Poushkarov Institute of Soil Science, 

Agrotechnologies and Plant Protection, I welcome you to the 11th celebration of the World 
Soil Day by our Institute and to the 6th edition of our conference ECOLOGY AND 
AGROTECHNOLOGIES – FUNDAMENTAL SCIENCE AND PRACTICAL REALIZATION 
– and this year, apart from our partners, the Agricultural Academy, the Bulgarian Society of 
Soil Science, and the Federation of Scientific and Technical Unions in Bulgaria, we are 
joining our efforts for celebration with the New Bulgarian University and add to the title an 
important text: BUSINESS MODELS FOR IMPROVING SOIL HEALTH.  

Today we also celebrate the 150th anniversary of the birth of the patron of the 
Institute and founder of Soil Science in Bulgaria the geologist and soil scientist Nikola 
Poushkarov, and the 100th anniversary from the birth of the great Bulgarian agronomist 
and agrochemist Professor Ivan Garbuchev, as well as 75 years of the science of 
agricultural mechanization. 

Today, the 5th of December, once again, together with the scientific community of 
over 140 countries around the world, we celebrate "The World Soil Day" - one of the 
most important days in the UNs calendar. This day unites governments, institutions, 
scientists, non-governmental organizations and the general public in our common care, 
respect and love for soil. 

As a national leader in soil science agrotechnologies and plant protection, "N. 
Poushkarov" Institute has been celebrating the World Soil Day since the year 2014, when 
December the 5th was declared a Professional holiday of the Institute. 

Soil is a limited, irreplaceable and practically non-renewable natural resource. 
Despite its great importance for providing food for humanity, as a result of constant growth 
of population and application of unsustainable management practices, the degradation of 
soil resources is growing threateningly on a global scale. 

There are many definitions of soil, the most exciting of which are: <Soil is the mother 
of agriculture, the mother of life” (FAO Director-General QU Dongyu) and <Soil gives 
the taste of life - therefore the meaning of life”.  
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Recognizing the crucial role of soil in providing food for humanity and its key role in 
ecosystems, and considering the enormous challenges to its sustainable management and 
conservation, The General Assembly of the United Nations, in a resolution of the 68th  
session on 20th of December 2013, decided to mark the 5th of December as World Soil 
Day and called on national governments, regional and international governmental and 
non-governmental organizations, the private sector and all stakeholders to join the 
celebration of World Soil Day. 

This year, again the academic staff of the Poushkarov Institute continues to work 
actively to implement the tasks of the Global Soil Partnership (GSP) - an initiative 
launched by the Food and Agriculture Organization (FAO) of the UN.  

The Institute is also part of the International Networks of Soil Information 
Institutions, Global Soil Laboratory Network, The infrastructure AnaEE, European 
civil initiative "People for Soil" and others.  

This year, the Institute continued to support the initiatives of the Ministry of 
Agriculture and Food and the Ministry of Environment and Water in the implementation of 
National and European tasks related with problems in the soil-water-plant system. 

 

Happy holiday dear colleagues and guests! 

 

I wish everyone a successful and fruitful conference! 

 

 
 
 

Prof. DSc Irena Dimitrova Atanassova 
Director of Nikola Poushkarov Institute of Soil Science,  

Agrotechnologies and Plant Protection, Sofia  
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100 YEARS OF SOIL SCIENCE IN BULGARIAN UNIVERSITIES 

 
Biser Hristov1*, Margarita Mondeshka2, Petko Bozhkov3, Mima Todorva4

 

 
1 President of the Bulgarian Soil Science Society  

2 University of Architecture, Civil Engineering and Geodesy 
3 Faculty of Geology and Geography, SU "St. Kliment Ohridski" 

4 Trakia University, Stara Zagora 
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Abstract  

This year we will celebrate 100 years since lectures on soil science started in 
Bulgaria - at the Department of Agriculture of the Faculty of Agronomy at the University 
"St. Kliment Ohridski" in Sofia. In 1924, the first lecturer was academician Ivan Stranski, 
then associate professor and dean of the faculty of Agriculture. 

The Soil Science in Bulgaria has probably been taught to tens of thousands of 
students over the last 100 years since it was started. Although nowadays the students in 
our country are decreasing, every year more than few hundred are trained in Soil Science 
at different universities in Bulgaria.  

Teaching soil science will remain important for the next 100 years, because it is the 
science of the future and people will increasingly depend on soil as the main resource for 
their food production and other important resources. 

Key words: soil sciences, universities, teaching, scientist.  
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Figure 1. Faculty of Agronomy of SU, 1928 - 1948, now Faculty of Biology 

 
�8AH5B> 03@0@=> >1@07>20=85 2>48 =0G0;>B> A8 >B 1921 3., :>30B> :J< 

%>D89A:8 C=825@A8B5B „%2. �;8<5=B "E@84A:85 5 @07:@8B �3@>=><8G5A:8 D0:C;B5B. 
�3@>=><8G5A:8OB D0:C;B5B 5 B@0=AD>@<8@0= 2 �3@>=><>-;5A>2J45= ?@57 1925 3. - 
?J@2>=0G0;=> A5 ?><5I020 2 A3@040B0 =0 (878:>-  0B5<0B8G5A:8O D0:C;B5B =0 C;. 
 >A:>2A:0, ?>A;5 2 �CE>2=0B0 A5<8=0@8O 2 :2. �>75=5F. "B 1928 3. D0:C;B5BJB A5 
@07?>;030 2 =>2>?>AB@>5=0B0 A3@040 =0 C;. 5�=O7 %8<5>= &J@=>2A:86 (4=. 5�@030= 
*0=:>26) ?>AB@>5= AJA A@54AB20 =0 $>:D5;5@>20B0 D>=40F8O (Koinov, 1987).  

https://www.uni-sofia.bg/
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(<7GD4 2. �:045<8: �20= %B@0=A:8 8 =53>28O ?J@28 CG51=8: ?> #>G2>7=0=85, 
874045= ?@57 19293 (A=8<:0 - 2B>@> 8740=85 >B 1935) 

Figure 2. Academician Ivan Stranski and his first textbook on Soil Science, published in 
1929 (photo - second edition from 1935) 

 
�J< �3@>=><>-;5A>2J4=8O D0:C;B5B A5 G8A;OB *5=B@0;=8OB 75<545;A:8 

8=AB8BCB 8 *5=B@0;=8OB <5B5>@>;>38G5= 8=AB8BCB, @07?>;>65=8 2 G5B8@85B06=0 
A3@040 2 1;87>AB 4> =>2>B> 740=85 =0 D0:C;B5B0 (A530 A3@040B0 A5 87?>;720 >B 
%>D89A:8O @09>=5= AJ4 8 ?@>:C@0BC@0). 

�:045<8: %B@0=A:8 7025640 :0B54@0B0 ?> >1I> 75<545;85, >B 1921 4> 1951. 
#@57 1924 3 1925 3>48=0 5 45:0= =0 D0:C;B5B0, 0 >B 1926 3>48=0 5 872J=@545= 8 
@54>25= ?@>D5A>@. &>9 5 G;5=-:>@5A?>=45=B =0 �J;30@A:0B0 0:045<8O =0 =0C:8B5 >B 
1929 3>48=0 8 0:045<8: =0 ��! >B 1943 3. �> 1952 0:04. �20= %B@0=A:8 @J:>2>48 
8=AB8BCB0 ?> „"1I> 75<545;855, :>9B> 5 AJ74045= CA?>@54=> A �3@>=><>-
;5A>2J4=8O D0:C;B5B, :J45B> A5 4020 >1I0 8 A?5F80;878@0=0 ?>43>B>2:0 =0 
ABC45=B8B5 ?> 2J?@>A8B5 =0 #>G2>7=0=85B>, B>@5=5B> 8 >1@01>B:0B0 =0 ?>G28B5. 
�8@5:B>@ =0 *5=B@0;=8O 75<545;A:8 87?8B0B5;5= 8=AB8BCB 2 %>D8O (1935-1939).  

#@57 1929 5 =0?8A0= 8 ?J@28O CG51=8: ?> #>G2>7=0=85, 708<AB20= >A=>2=> >B 
1>30B0B0 $CA:0 =0CG=0 ;8B5@0BC@0 8 2;8O=85B> =0 �>:CG052. &>78 CG51=8: 5 >A=>25= 
DC=40<5=B0;5= B@C4 8 4J;38 3>48=8 5 548=AB25= ?> @>40 A8 2 �J;30@8O, :0B> 5 
?@5874020= ?@57 1935 8 1946 3. (�=B8?>2-�0@0B052 8 4@., 1960). �0 4J;30B0 A8 
:0@85@0 0:045<8: �20= %B@0=A:8 >1CG8 <=>3> ABC45=B8 8 CG5=8. �0B> O@:8 =53>28 
CG5=8F8 8 ?>A;54>20B5;8 A0 ?>G2>2548B5 �5;8= �>9=>2, #5BJ@ �>O=>2, �235=8 
�525=A>=, �>9G> �C:C@5I;852, �5@0 �0;520, �235=8 &0=>2, �>=:0 &>?G8520-
�>;G520, �;048<8@ �J;:0=>2, �C;G> $09:>2 8 <=>3> 4@C38 (Raykov and Dylkova, 
2007). &C: B@O120 40 A?><5=5<, G5 0:045<8: %B@0=A:8 5 548= >B >A=>20B5;8B5 =0 
�J;30@A:> #>G2>254A:> �@C65AB2>, :0:B> 8 ?@J2 48@5:B>@ =0 ?>G25=8O 8=AB8BCB :J< 
��! >B 1947. 
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(<7GD4 3. %>D89A:8 C=825@A8B5B „%2. �;8<5=B "E@84A:85 35>;>3>-35>3@0DA:8OB 

D0:C;B5B (A=8<:0 https://www.uni-sofia.bg/) 
Figure 3. Sofia University "St. Kliment Ohridski" Faculty of Geology and Geography 

 
#@57 1947 3. >B �3@>=><8G5A:8O D0:C;B5B =0 %' A5 >1>A>1O20B :0B> 

A0<>AB>OB5;=8 D0:C;B5B8 �3@>=><8G5A:8OB 8 �>>B5E=8G5A:8OB. #@57 1948 3. 7054=> 
A �5A>B5E=8G5A:8O 8 �5B5@8=0@=><548F8=A:8O B5 A5 >B45;OB >B %>D89A:8O 
C=825@A8B5B 8 A5 CG@54O20 %5;A:>AB>?0=A:0B0 0:045<8O 2 AB>;8F0B0. %;5420B 
3>48=8 =0 B@0=AD>@<0F88 8 ?@5CAB@>9AB2> 2J2 28AH5B> 03@0@=> >1@07>20=85 C =0A. 

%;54 >B45;O=5B> =0 %5;A:>AB>?0=A:0B0 0:045<8O >B %>D89A:8O C=825@A8B5B 
(%') ?>G2>7=0=85B> ?@>4J;6020 40 A5 ?@5?>4020 2 �8>;>3>-35>;>3>-35>3@0DA:8O 
D0:C;B5B :J< %', :>9B> ?@57 1963 A5 @0745;O =0 420 D0:C;B5B0 - �8>;>38G5A:8 8 
�5>;>3>-35>3@0DA:8. #@57 B>78 ?5@8>4 ;5:F88 ?> #>G2>7=0=85 2 %' 2>48 ?@>D. 
�235=8 &0=>2.  

� �5>;>3>-35>3@0DA:8O D0:C;B5B (��() ?>G2>7=0=85B> =0<8@0 A2>5B> <OAB> 2 
=>2>AJ74045=0B0 :0B54@0 ?> „(878G5A:0 35>3@0D8O =0 �J;30@8O 8 :>=B8=5=B8B55. 
#@57 1972 3. 2J2 2@J7:0 A ?@><O=0 =0 AB@C:BC@0B0 =0 ��( =0 =59=> <OAB> A5 
D>@<8@0 :0B54@0 „�0=4H0DB>7=0=855, :>OB> >B 2019 3. =>A8 =08<5=>20=85 
„�0=4H0DB=0 �:>;>38O 8 "?0720=5 =0 ?@8@>4=0B0 A@5405 (��"#%) (Cholakova, 
2024). �04J;68B5;=8B5 8 8718@05<8 48AF8?;8=8 :J< :0B54@0B0 0:F5=B8@0B 2J@EC 
?>G20B0 :0B> 35>:><?>=5=B =0 ;0=4H0DB0, :;0A8D8:0F8OB0 =0 ?>G28B5, 7>=0;=>ABB0 
2 ?>G25=0B0 ?>:@82:0 =0 3;>10;=>, @538>=0;=> 8 ;>:0;=> =82>, >?0720=5B> 8 
1>=8B0F8OB0 =0 75<545;A:8B5 75<8. 

 564C 1972 3. 8 1990 3. >1CG5=85B> ?> ?>G2>7=0=85 8 35>3@0D8O =0 ?>G28B5 A5 
?>5<0 >B E>=>@C20=8 70 @07;8G=> 2@5<5 ?@5?>4020B5;8 >B @07;8G=8 C=825@A8B5B8 8 
=0CG=8 8=AB8BCB8 (Cholakova, 2024): ?@>D.  0@8= #5=:>2 3 ?> 48AF8?;8=0 
„�5>3@0D8O =0 ?>G28B5 8 18>35>3@0D8O5. „�5>3@0D8O =0 ?>G28B55 2>4OB >I5 
?@5?>4020B5;8B5 ?@>D. #5B:> &@59:OH:8, ?@>D. �20= �B0=0A>2, ?@>D. 4-@ �8B:0 
�>@>20, AB. =.A. �;03>9 )@8AB>2, ?@>D. 4A= �>6840@ �5>@3852 ( „#@8;>6=> 
?>G2>7=0=855).  564C 1993 3. 8 1997 3. 48AF8?;8=0B0 „�5>3@0D8O =0 ?>G28B55 A5 
?>5<0 >B ?@>D. #5BJ@ �. #5B@>2, 0 >B 1997 3. 4> 2023 3. >B 4>F. 4-@ �;5:A0=4J@ 
%0@0D>2, :>9B> 2>48 8 8718@05<8 48AF8?;8=8 :0B> „�5>3@0D8O =0 ?>G28B5 2 
�J;30@8O5 8 „#@8;>6=> ?>G2>7=0=855 (>B 2014 3.). &>9 5 02B>@ 8 =0 „$J:>2>4AB2> 70 
?@0:B8G5A:8 70=OB8O ?> 35>3@0D8O =0 ?>G28B55 (Sarafov, 2000), ?@54=07=0G5=> 70 

https://www.uni-sofia.bg/
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ABC45=B8 >B A?5F80;=>AB „�5>3@0D8O5. #@57 2019 3. 2 :0B54@0 ��"#% ?>ABJ?20 3;. 
0A. 4-@ #5B:> �>6:>2, :>9B> 2>48 ?@0:B8G5A:8 70=OB8O ?> „�5>3@0D8O =0 ?>G28B55, 0 
>B 2024 3. 8 ;5:F88 ?> 2A8G:8 ?@54<5B8, A2J@70=8 A ?>G28B5 :0B> :><?>=5=B =0 
?@8@>4=0B0 A@540. �J< =0AB>OI8O <><5=B :0B54@0 ��"#% >B3>20@O 70 >1CG5=85B> 
=0 4>:B>@0=B8 2 425 0:@548B8@0=8 4>:B>@0=BA:8 ?@>3@0<8 2 ?@>D5A8>=0;=> 
=0?@02;5=85 4.4. !0C:8 70 �5<OB0 3 „�8>35>3@0D8O 8 �5>3@0D8O =0 ?>G28B55 8 
„(878G5A:0 35>3@0D8O 8 ;0=4H0DB>7=0=855. 

� �8>;>38G5A:8O D0:C;B5B =0 %>D89A:8O C=825@A8B5B AJI> A5 ?@5?>4020 
#>G2>7=0=85 2 :0B54@0B0 „�:>;>38O 8 >?0720=5 =0 >:>;=0B0 A@5405. �0B54@0B0 ?> 
�""% 5 >A=>20=0 ?@57 1974 3. >B ?@>D. �20= �>=452 (35>1>B0=8:). � :0B54@0B0 A0 
70ABJ?5=8 2A8G:8 >A=>2=8 =0?@02;5=8O ?> 5:>;>38O 3 ?>G2>7=0=85, 5:>;>38G=8 
?@>1;5<8 8 >?0720=5 =0 ?>G28B5, 5B>;>38O, E84@>5:>;>38O 8 >?0720=5 =0 2>48B5, 
7>>5:>;>38O, <>=8B>@8=3 8 >?0720=5 =0 18>;>38G=>B> @07=>>1@0785, <>;5:C;O@=0 
5:>;>38O. �73@045=8 8 >1>@C420=8 A0 A?5F80;878@0=8 ;01>@0B>@88 70 2AO:> >B B578 
=0?@02;5=8O. #@5?>4020B5;8 ?> ?>G2>7=0=85 2 �8>;>38G5A:8O (0:C;B5B =0 %' A0  
18;8 4>F. 4-@ #5BJ@ %B>O=>2, ?@>D. 4-@ !8=> !8=>2, 4>F. 4-@ �20= &>4>@>2, ?@>D. 
4-@  5B>48 &5>E0@>2 8 4@. (Biological Faculty, 2024)  

% @5H5=85 =0  8=8AB5@A:8O AJ25B >B 17. 09. 1948 3., A5 CG@54O20 
%5;A:>AB>?0=A:0B0 0:045<8O „�5>@38 �8<8B@>26, 2 :>OB> >B %>D89A:8 C=825@A8B5B 
?@5<8=020B G5B8@8 D0:C;B5B0 3 �3@>=><8G5A:8, �>>B5E=8G5A:8, �5A>B5E=8G5A:8 8 
�5B5@8=0@=><548F8=A:86. #@57 1953 3. >B %%� A5 >1>A>1O20B 3 28AH8 CG51=8 
702545=8O: �8AH ;5A>B5E=8G5A:8 8=AB8BCB; �8AH 25B5@8=0@=><548F8=A:8 8=AB8BCB 8 
%5;A:>AB>?0=A:0 0:045<8O „�. �8<8B@>2" - 8 B@8B5 AJA A540;8I5 2 %>D8O, (Antipov-
Karatev et al., 1960). 

%%� "�. �8<8B@>2" AB020 548=5= =0CG=>-CG515= :><?;5:A, AJG5B020I 
?>43>B>2:0B0 =0 :04@8 A 28AH5 >1@07>20=85 A DC=:F88 =0 0:045<8G=> =0CG=> 
CG@5645=85. #> 2@5<5 =0 =59=>B> AJI5AB2C20=5 4> 1975 3. ( 70:@8B0 A C:07 =0 
�J@602=8O AJ25B 7 1760 / 19.09.1975 3.), 2 ?@>4J;65=85 =0 28 3>48=8 2 %%� 5 
DC=:F8>=8@0;0 :0B54@0 #>G2>7=0=85 :J< �3@>=><8G5A:8O D0:C;B5B, >A=>20=0 ?@57 
1951 3. �=D>@<0F8OB0 70 B078 :0B54@0 5 >A:J4=0 ?>@048 70:@820=5 =0 0:045<8OB0, 
=> B0< ?@5?>4020B 54=8 >B =09-284=8B5 ?> B>20 2@5<5 ?>G2>2548 :0B>: ?@>D. �;5=0 
�>;0@>20, G;. :>@. �5;8= �>9=>2, ?@>D. �>=:0 �>;G520, ?@>D.  0@8= #5=:>2 8 4@.  

�@C30 G0AB >B 8AB>@8OB0 =0 @0728B85 =0 #>G2>7=0=85B> 2 �J;30@8O A5 A2J@720 8 
A C=825@A8B5BA:>B> >1@07>20=85 2 #;>2482. &0<, A ':07 =0 @535=BA:8O AJ25B >B 4 
023CAB 1945 3. 5 @07:@8B C=825@A8B5B A 420 D0:C;B5B0 3 <548F8=A:8 8 03@>=><>-
;5A>2J45=, 54=0 >B :0B54@8B5 =0 ?>A;54=8O 5 ?> „#>G2>7=0=855. #@57 1950 3. 
�3@>=><>-;5A>2J4=8OB D0:C;B5B 5 >1>A>15= 2 A0<>AB>OB5;=> 28AH5 CG8;8I5 3
�8AH A5;A:>AB>?0=A:8 8=AB8BCB „�0A8; �>;0@>25, :>9B> 8<0 B@8 D0:C;B5B0: 
�3@>=><8G5A:8, &5E=>;>38G5A:8 8 �>70@>-3@048=0@A:8. �8AH8OB A5;A:>AB>?0=A:8 
8=AB8BCB 5 ?@5>1@07C20= 2 �3@0@5= C=825@A8B5B 3 #;>2482 (�') A $5H5=85 =0 
!0@>4=> AJ1@0=85 ?@85B> =0 10 0?@8; 2001 3. (Grekov et al., 2015).  
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(<7GD4 4. �3@0@5= '=825@A8B5B #;>2482 (A=8<:0: https://www.au-plovdiv.bg) 

Figure 4. Agrarian University Plovdiv 

 
"A=>28B5 =0 :0B54@0 #>G2>7=0=85 2J2 �%�-#;>2482 A0 ?>AB025=8 ?@57 1950 3. 

?>4 @J:>2>4AB2>B> =0 ?@>D. �N@> �N@>2, :>9B> O @J:>2>48 2 ?@>4J;65=85 =0 30 
3>48=8 8 D>@<8@0 =59=8O >1;8: 8 AB0BCB. #@57 1999 3>48=0 :0B54@0 �3@>E8<8O 5 
>1548=5=0 A :0B54@0 #>G2>7=0=85. �25B5 :0B54@8 28=038 A0 18;8 2>45I8 2 
03@>=><8G5A:0B0 =0C:0 8 03@0@=>B> >1@07>20=85 C =0A. �0 1>30B0B0 8AB>@8O 8 
B@048F88 =0 �0B54@0B0 A0 4>?@8=5A;8 A @01>B0B0 A8 87BJ:=0B8 03@>E8<8F8 8 
?>G2>2548 :0B> ?@>D5A>@8B5 �20= #>?>2, �070@ %B0=G52, !8:>;0  0H52, %B5D0= 
�>@10=>2, �>@40=  0B52, �;0B0= &0=52, �N@> �N@>2, &>BN #5=52, �20= �B0=0A>2, 
&>=:> &>B52. � :0B54@0 „�3@>E8<8O 8 #>G2>7=0=855 A530 @01>BOB 7 ?@5?>4020B5;8, >B 
:>8B> 1 ?@>D5A>@, 5 4>F5=B8 8 1 3;. 0A8AB5=B, :>8B> ?@5?>4020B 704J;68B5;=8B5 
48AF8?;8=8: �3@>E8<8O, #>G2>7=0=85 8 )@0=5=5 =0 @0AB5=8OB0, :0:B> 8 8718@05<8B5 
48AF8?;8=8: "F5=:0 =0 75<545;A:8 75<8, "F5=:0 =0 75<8 8 0:B828, &5E=>;>388 70 
2J7AB0=>2O20=5 =0 C2@545=8 ?>G28 8 B5@5=8, )8<8G=8 <5;8>@0F88 =0 :8A5;8 8 
70A>;5=8 ?>G28, #@>1;5<=8 ?>G28, #>G25=> ?;>4>@>485 8 B>@5=5 8 4@. 

"B 1950 4> A530 ;5:F88 8 C?@06=5=8O ?> ?>G2>7=0=85 2 CG51=>B> 702545=85 
2>4OB ?@>D. �N@> �N@>2, ?@>D. �5;8= �>9=>2, ?@>D. �>=:0 �>;G520, ?@>D. 4A= �20= 
�B0=0A>2, ?@>D. 4-@ &>=:> &>B52, 4>F. 4-@ !54O;:0 %8<5>=>20, 4>F. 4-@ )@8AB> 
!5G52, 4>F. 4-@ #5BJ@ �@810G52, 4>F. �5A?8=0 )@8AB>20, 4>F. �0=G> �8<8B@>2, 4>F. 
%B5D0= �N@>2, 4>F. 4-@ �@0A8<8@ &@5=40D8;>2, 4>F. 4-@ $040 #>?>20, 4>F. 4-@ 
�8>;5B0 �J;G520, 0A. 4-@ %B5D:0 &>4>@>20, 3;. 0A. 4-@  ;045= �;<0;852, :0B> 
@J:>2>48B5; :0B54@0B0 5 4>F. !54O;:0 �>@40=>20. 

"A25= 2 �' #;>2482, #>G2>7=0=85 A5 87CG020 8 2 #;>2482A:8O '=825@A8B5B 
„#08A89 )8;5=40@A:85 - 2 :0B54@0 „�:>;>38O 8 ""%6, >A=>20=0 ?@57 1989 3. �=5A BO 5 
A?5F80;878@0=> AB@C:BC@=> 725=>, G8OB> >A=>2=0 7040G0 5 40 >@30=878@0 8 
?@>25640 CG51=0, =0CG=>87A;54>20B5;A:0 8 ?@8;>6=0 459=>AB 2 >1;0ABB0 =0 
5:>;>38OB0 8 >?0720=5B> =0 >:>;=0B0 A@540. % >1CG5=85B> ?> 48AF8?;8=8, ?>A25B5=8 
=0 ?>G28B5 8 BOE=>B> >?0720=5 A5 A2J@720B 8<5=0B0 =0 4>F. �5A5;8= �>;5H52, 4>F. 
�=35; *5:>2, 3;. 0A. 4-@ %;025O #5B@>20 (A?5F. �""%, �8>;>38G5A:8 D0:C;B5B =0 
#').  

https://www.au-plovdiv.bg/


��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 23 

�8AF8?;8=0B0 #>G2>7=0=85 A5 ?@5?>4020 >I5 >B >A=>2020=5B> =0 �8AH8O 
�5A>B5E=8G5A:8 �=AB8BCB ?@57 1956 3. - 2 :0B54@0 .�5A>2J4AB2>6 (4=5A 
�5A>B5E=8G5A:8 '=825@A8B5B). � ?5@8>40 1974- 1994 3. ?@5?>4020B5;8B5, :>8B> 
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Extended abstract 
Incentives, in general, represent a complex and multifaceted concept with different 

understandings depending on the context and application. Incentives are often defined as 
any factor that motivates or encourages an individual or group to take a particular action 
(Ariely, 2016). According to this definition, incentives can take different forms, including 
monetary rewards, recognition, penalties, and social status. The aim of the study is to 
present methodology and short results of the inventory incentives of several EU 
countries. The analysis is part of wider research focused on the relation between the 
incentives, business models and ecosystem services (Nikolov et al, 2023). 

Incentives related to soil health exist in various forms and can be implemented 
through different types of mechanisms. They can range from regulatory to voluntary, 
including public programs and private initiatives. Additionally, they encompass regulated 
offsets and emissions trading, direct Payments for Ecosystem Services (PES), 
certification, marketing labels, and adherence to cultural norms. These mechanisms can 
provide disincentives, such as use prohibition, fines, and taxes, as well as positive 
incentives, such as training, direct payment for land set aside, and improved market 
access. By combining these incentives, ecosystem service outcomes can be enhanced at 
lower social costs. 

Garrett and Neves (2016) have identified different sources of short- and long-term 
incentive mechanisms and provided examples of their implementation (Figure 1). Their 
framework was used as a backbone of a constructed incentive typology.  

The methodology and data collection includes the following aspects. To conduct the 
necessary analysis, a survey questionnaire was prepared for evaluating and describing 
incentives. The questionnaire is divided into two parts (Nikolov et al., 2023). The first part 
(Q1-Q6) consists of general questions about the surveying organization and country, 
identification of the incentive, land use classification, and NUTS level. The second part 
(Q7-Q15) collects information on whether the incentive is policy-driven or voluntary, the 
national policies supporting the application of such incentives, and the policies providing 
financial support for the incentive. It also explores the connection between the case study 
incentives and the main goals of the 2030 Agenda for Sustainable Development 
objectives, as well as the key objectives of the new CAP 2023-2027. The final part focuses 
on gathering information about ecosystem services and their relationship with the 
incentives. 

Empirical results show different aspects on both a national and an international level. 
Based on the collected information from our partners regarding incentives in different 
countries, we can classify them into three groups (Table 1). The results reveal variations 
among the countries, leading to their categorization into distinct groups according to the 
number of incentives.  

mailto:ecvetanova@nbu.bg
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Source: Garrett, L. and Neves, B. (2016) I 

Figure 1. Incentives, investments, and mechanisms 

 
The first group comprises countries with fewer than 10 incentives. These include 

Bulgaria, Denmark, Estonia, Latvia, and Spain. Among these countries, Denmark, Spain, 
and Latvia have the highest number of incentives, with 10 each. It is worth noting that 
Bulgaria, Latvia, and Estonia have a relatively balanced distribution between policy-driven 
and voluntary incentives, whereas Spain exclusively relies on policy-driven incentives. 

The second group consists of Germany, England, France, and Italy, with a range of 
16 to 30 incentives. Germany possesses the highest number of incentives within this 
group, with 30 in total. France and Italy also have a significant number of incentives, with 
22 and 16 respectively. In this group, voluntary incentives dominate over policy-driven 
incentives, except for France, which does not have any policy-driven incentives. 

The third group consists of the Netherlands, which stands alone with 76 incentives. 
The Netherlands exhibits a significantly higher number of incentives compared to the other 
countries. The focus in the Netherlands is primarily on policy-driven incentives, with 70 out 
of the 76 falling into this category. Only six incentives are voluntary in nature. 

 
Table 1. Number of incentives by country 

Country Total Policy-driven incentives Voluntary incentives 

Netherlands 76 70 6 

Germany 30 4 26 

England 31 4 27 

France 22 0 22 

Italy 16 4 12 

Bulgaria 10 5 5 

Denmark 10 7 3 

Latvia 10 7 3 

Spain 10 10 0 

Estonia 8 6 2 

Total 223 117 106 

Source: Own calculations 
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The distribution of incentives varies among the countries. The Netherlands stands 
out with a high number of predominantly policy-driven incentives. In contrast, countries like 
Germany, England, France, and Italy have a considerable number of voluntary incentives. 
The rest of the countries in the dataset have a smaller number of incentives, and their 
distribution is relatively balanced between policy-driven and voluntary approaches. 

Several conclusions are derived based on the information collected. In agricultural 
ecosystems, incentives influence ecosystem services through motivating changes in land 
use and management. This chain of influence is complex because incentives can cause 
multiple intended and unintended changes in land use and management, each potentially 
having co-benefits and trade-offs across multiple ecosystem services. In this research, 
there are identified and assessed incentives that can help the business model to become 
sustainable from the point of view of soil health. That goal is accomplished by exploring 
the incentives that drive farmers to act towards improving soil health. 

It was collected and analysed 223 incentives in 10 countries participating in the 
NOVASOIL project. The countries were classified into three groups according to the 
number of incentives. The first group includes Bulgaria, Denmark, Estonia, Latvia, and 
Spain with a range from 8 to 10 incentives. The second group consist of Germany, 
England, France, and Italy, with a range from 16 to 30 incentives. The third group consists 
only of Netherlands, with 76 incentives. The Netherlands stands out with a high number of 
predominantly policy-driven incentives. In contrast, countries like Germany, England, 
France, and Italy have a considerable number of voluntary incentives. The other countries 
in the dataset have a smaller number of incentives, and their distribution is relatively 
balanced between policy-driven and voluntary approaches.  
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Abstract 
The development of the science of agricultural mechanization in the Republic of 

Bulgaria during its 75-year history is presented in chronological order. Information is 
systematized about the persons who headed the scientific structures over the years, the 
main directions of scientific activity, achieved results in the creation of technical means for 
mechanization of processes in agricultural production, government and other awards 
received. The problems on which the scientific teams are working in recent years and at 
the present time are indicated. 

Key words: agriculture, mechanization, science, development, results. 
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Abstract 
The report introduces the founder of Bulgarian Soil Science and two prominent 

scientists and directors of the Institute of Soil Science "Nikola Poushkarov". These are 
Nikola Poushkarov, Assoc.Prof., Ph.D, Lyuben Glogov and Prof. D.Sc. Ivan Garbouchev. 
Lyuben Glogov is the forerunner of Precision Agriculture and Ecological Engineering. His 
activities and works laid the foundations of these directions in Bulgarian agriculture. Ivan 
Garbouchev, as a leader and scientist, implemented the ideas of Sustainable Agriculture 
and was the forerunner of the use of Geographical Information Systems in Bulgarian soil 
science. Basic biographical data about these scientists and some facts about their 
activities are presented.  

Key words: Glogov, Garbuchev, GIS, ecological engineering, sustainable 
agriculture, precision agriculture, Poushkarov.  
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Introduction  
The Institute of Soil Science "Nikola Poushkarov" was the main Institute in the 

system of the Academy of Agricultural Sciences (later transformed into the Agricultural 
Academy). In 1972, the new buildings of the Institute were built with modern laboratories 
and a computing center (Figure 1). During 1970-1990, the Institute enjoyed international 
fame and importance. It was visited by many foreign government delegations - Mexican 
President Jose Portillo, Iranian Shah Reza Pahlavi, Congolese Prime Minister Louis-
Sylvain Goma, Guinean President Ahmed Sekou Toure, USSR Prime Minister Nikolai 
Ryzhkov and many others (Figure 2). 

mailto:bsc.ieas@yahoo.com
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Figure 1. The new buildings of the Nikola Poushkarov Institute 

 
 

Figure 2. Visit of Sékou Touré from Guinea to the Computing Center 
 

It will not be an exaggeration to say that the Golden Age of the Institute "N. 
Poushkarov" is the period from 1973 to 1986, when Prof. Ivan Garbuchev and Associate 
Professor Lyuben Glogov were its directors. It is important to point out that during this 
period, the optimal ratio of 1:2 between scientific workers, their support staff of specialists, 
and the relevant administrative staff was observed. 

At the time of Garbouchev, the Institute had a staff of 700 people. It includes the 
following sections: Genesis and classification of soils (Slaveiko Krastanov), Soil erosion 
(Neicho Onchev), Fertilization (Dobrin Ilkov), Agrochemistry (Dimitar Stoyanov), Soil 
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physics (Vera Galeva), Soil cultivation and crop rotations (Dafina Djumalieva), Statistics 
(Yordan Shanin), Soil Mapping (Asparukh Hadzhiyanakiev), Agrophysics (Ivan Varlev), 
Economic Analyzes (Miroslav Benevski). 

At the time of Glogov, the Institute had a staff of 1,100 people. It includes the 
following directions: 1. Balance, protection, and restoration of soils (Lulcho Raikov), 2. 
Programming of yields (Lyuben Glogov), 3. Increasing and regulating fertility (Milka 
Milcheva), 4. Agrophysical research (Ivan Varlev), 5. Soil-agrochemical service for 
agriculture (Asparukh Hadzhiyanakiev), 6. Mathematical Modeling and Information and 
Computing Center (Alexander Sadovski) (Teoharov, 2016). It should be noted that Prof. 
Teoharov omitted the sixth independent direction in his article. 

A great advantage of the Institute was its extensive network of 23 experimental fields, 
where planned field trials are conducted. These trials provide objective information on soil 
conditions and crop development.  

Many scientific meetings, symposia, and consultations with internationally renowned 
scientists are held at the FAO Program of the Institute. Names worth mentioning: FAO 
Project Leaders Prof. Elgabali and Dr. Devan; Prof. Hans Yenni of the University of 
California, Berkeley; Prof. Tadakatsu Okuno from Japan; Dr. Howard Hayes of Colorado, 
USA; Prof. John Gower of Rothamsted Experimental Station, England; Dr. Stein Bie from 
Norway; Dr. Julian Dumanski from Canada; Academician Ivan Shatilov from VASHNIL, 
Prof. Ratmir Poluektov from Leningrad, Dr. E. Halsworth from Australia and the General 
Secretary of the International Union of Soil Scientists (ISSS) Istvan Sabolch.  

It can be stated with regret that as of December 31, 2019, the personnel of ISSAPP 
"N. Poushkarov" amounts to 181 people, and the ratio of scientists to specialists with 
secondary and higher education (without administration) is 1:1. 
 

NIKOLA PETKOV POUSHKAROV 

 

 
 
 

He was born on December 14, 1874, in Pirdop, then in the Ottoman Empire. He 
completed his primary education in his hometown, graduated from high school in Sofia, 
and taught as a teacher in Mirkovo.  

In the period 1898-1901, he studied natural sciences at Sofia University. Died on 
February 18, 1943 in Sofia. Without being appointed as a researcher, in 1909 he wrote the 
capital work "Formation of the soil" and thus began the study of the genesis and formation 
of soils.  

After this period, active scientific research, journalistic, and public activity began. At 
his suggestion to the Minister of Trade and Agriculture, in 1911 a Soil Science Section was 
opened at the State Agricultural Experimental Station in Sofia. This historical date is 
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considered the birthday of Bulgarian soil science, and the head of the section is the first 
soil scientist in our country (Teoharov, 2019). 

After specializing in Germany from 1914-1915, he became thoroughly acquainted 
with the Russian Dokuchaev school, he continued to carry out a large-scale scientific 
program for the study of soil and land resources in the country.  

Poushkarov was the first scientist in our country who established the basic 
regularities of the geographical distribution of soils and proved the Agroecological 
approach to their use. He developed the first National Soil Map and the first methodology 
for bonitet assessment of agricultural land, which he implemented in municipalities. Thus, 
he is rightfully recognized by the new generations of researchers as the Patriarch of 
Bulgarian soil science. 
 

ASSOCIATE PROFESSOR PhD. LYUBEN VIDELOV GLOGOV 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Born on December 17, 1930, in Rogozen village, district Vtatsa. Died December 
1987, Sofia.  

He graduated from high school in the town of Byala Slatina, and graduated from the 
Faculty of Agronomy of HAI "G. Dimitrov" in Sofia. From 1959 to 1962, he participated in a 
Komsomol brigade in Magnitogorsk, USSR, where he worked as an agronomist. During 
the period 1963-1966, he was a postgraduate student at the Department of Plant Breeding 
at the Moscow Agricultural Academy "K. A. Timiryazev", where he defended a dissertation 
on the topic "Influence of different agrophones on the productivity of photosynthesis in 
different varieties of maize". Then he joined the Department of Plant Physiology as an 
assistant at the University of Agricultural Sciences "G. Dimitrov", Sofia. 

He is the director of the Institute of Soil Science and Yields Programming "N. 
Poushkarov" from 1977 to 1986 (�#�, 2007, AB@. 63). 

Lyuben Glogov is the forerunner of Precision Agriculture and Ecological Engineering. 
Precision Agriculture is defined as: "a modern concept of agricultural management using 
digital techniques to monitor and optimize agricultural production processes". The main 
point here is optimization. Instead of applying the same amount of fertilizer to the entire 
field, precision farming involves measuring soil variations in the field and adapting the 
fertilizer strategy accordingly. This results in optimized fertilizer use, cost savings, and 
reduced environmental impact (EPRS, 2016; AgroCares, 2020). 

Lyuben Glogov developed and implemented the Agroecological approach in crop 
production (�;>3>2 8 4@., 1980; �;>3>2, 1981; 1984). This approach is an element of 
Ecological Engineering.  
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Ecological engineering was introduced by Howard Odum et al. (1963) as the use of 
natural energy sources as the predominant input to the manipulation and control of 
ecological systems. The origins of ecological engineering lie in Odum's work with 
ecological modelling and ecosystem simulation to capture holistic macro-patterns of 
energy and material flows affecting the efficient use of resources (Wikipedia, 2024).  

Glogov has a registered invention in Moscow - Device for determining the moisture 
supply of plants (�;>3>2, %25=B8F:89 8 4@., 1979). 

At the invitation of Academician Ivan S. Shatilov, Chairman of VASHNIL, a delegation 
of the Bulgarian Academy of Agricultural Sciences was invited to participate in the All-
Union Conference on Programming of Agricultural Crop Yields, held in Volgograd from 
March 13 to 15, 1973. The composition of the delegation included Academician Kunyu 
Stoev, Associate Professor Maria Kozareva, Associate Professor Lyuben Glogov, and 
Res. Ass. Alexander Sadovski (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The AAS delegation in Volgograd, 1973 

 
At the conference, interesting reports were presented by Prof. A. Klimov, Dr. Yu. 

Ross, Member-cor. T. Kulakovskaya, Prof. Baranovsky and others. These achievements 
marked the beginning of yields programming in Bulgaria (,0B8;>2, +C4=>2A:8, 1980). 

An interesting episode is worth noting. After the conference, at the gala dinner 
organized by the Volgograd City Committee of the CPSU, one of their associates was 
invited to sing a few songs. She was obviously a good singer and after two songs Lyuben 
Glogov, who could play the accordion very well, asked to sing songs too. That's how the 
competition turned out. After they had both sung a few, he played an old Siberian song. 
Then the singer exclaimed: "Where did he dig it!" and admitted defeat. 

Lyuben Glogov encouraged the development and implementation of the Automated 
Agrochemical Service System (�;>3>2 8 4@., 1977). During the visits of foreign 
government delegations, the sites were the Brushnarova Laboratory, the Computing 
Center, and the Semi-automatic line for mass agrochemical analysis (Figure 4). 
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Figure 4. Visit the semi-automatic PALMA line 

 
 
Glogov worked on a Project for the construction of a Cybernetic system for the 

technological management of crop production, the task of which was approved by the 
Chairman of the CC of NAIC (�;>3>2, 1985a, b).  

In 1986, Lyuben Glogov was finishing his Doctoral dissertation, which unfortunately 
he could not defend due to his untimely death. 
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PROFESSOR DSc. IVAN PETROV GARBOUCHEV 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Born on January 1, 1924, in Malenovo village, Yambol district. Died 1997, Sofia.  
He graduated from the Secondary Agricultural School in the town of Sadovo, and 

graduated from the Kharkov Agricultural Institute "V.V. Dokuchaev", Ukraine. 
From 1953 to 1961, he was the director of the Dobrudja Agricultural Institute, General 

Toshevo. During the period 1961-1962, he was Deputy Minister of the Ministry of 
Agriculture. He specialized at Rothamsted Experimental Station, England, under Professor 
George W. Cooke.  

From 1964 to 1977, he was the director of the Institute of Soil Science "Nikola 
Poushkarov" with a break of 2 years, when he was Deputy Rector of the Agricultural 
Academy. He worked as an advisor in FAO and Head Sector for the Protection and 
Reproduction of Lands and Soils in the UNEP program (�#�, 2007, AB@. 35).  

The main direction of his scientific work is Sustainable Agriculture. The goal of 
sustainable agriculture is to meet society's food and textile needs in the present without 
compromising the ability of future generations to meet their own needs. Producers can use 
methods to promote soil health, minimize water use, and lower pollution levels on the farm 
(Agricultural Sustainability Institute, 2019); (Wikipedia, 2019). 

The term "Sustainable Agriculture" was defined in 1977 by the USDA as an 
integrated system of plant and animal production practices having a site-specific 
application that, in the long term, will:  

• meet human needs for food and fiber; 
• improving the quality of the environment and the natural resource base on which 

the agricultural economy depends; 
• make the most efficient use of non-renewable resources and on-farm resources and 

integrate, where appropriate, natural biological cycles and controls;  
• maintaining the economic viability of agricultural operations;  
• improving the quality of life of farmers and society as a whole.  
On the initiative of Ivan Garbouchev, work was started on the creation of an 

Automated System for Fertilization Recommendation (�J@1CG52, %04>2A:8, 1974; 
�J@1CG52 8 4@., 1975; �J@1CG52, %04>2A:8, 1978). 

He paid special attention to the phosphorus problem and the chemicalization of 
agriculture (Garbouchev, 1981). In 1982, the invention "Method for obtaining 
superphosphate-phosphoric fertilizer" was awarded, the work of Prof. Dr. Ivan Garbouchev 
with a team from the Institute of Soil Science "Nikola Poushkarov".  

His doctoral dissertation on this topic was published in Bulgarian and Russian 
(�J@1CG52, 1978; �K@1CG52, 1981). 
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Ivan Garbouchev is the forerunner of the use of Geographic Information Systems in 
Bulgarian soil science (Garbouchev et al., 1978). A geographic information system (GIS) is 
a computer system for capturing, storing, verifying, and displaying data related to positions 
on the earth's surface. A GIS can display many different types of data on a single map, 
such as streets, buildings, soils, and vegetation. This allows people to more easily see, 
analyze, and understand patterns and relationships (GIS, 2024). 

Ivan Garbouchev organized the Second Conference of the International Society for 
Soil Information Systems (ISSS) in Bulgaria (Sadovski, Bie, 1978). With the participation of 
prominent experts in the field Dr. Stein Bie, Prof. John Gower, Dr. Jean Riquier, Dr. 
Klostermann, and Prof. Teyachi (Figure 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Second Conference on Soil Information Systems, 1977 

 
Thanks to Garbouchev's efforts, funds were secured under the FAO project to 

purchase modern computing equipment for the Institute. It was the most powerful 
minicomputer at the time for the country. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. NOVA-ECLIPSE minicomputer at ICC, 1976 
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With his help and the developed software, in 1980 recommendations were given for 

the fertilization of 71,404 fields covering 30,210,738 decares. For these achievements, the 
project team was awarded by SCSTP with a certificate and a cash prize (��!&#, 1980). 

An interesting and unknown episode related to the transfer of Prof. Garbouchev to 
Deputy Rector of the Agricultural Academy and the appointment of Prof. Kiril Enikov as 
director of the Institute. There was general dissatisfaction at the Institute and a petition for 
Garbouchev's return appeared, initiated by Elena Neykova-Bocheva. The horrified party 
leadership of the Agricultural Academy is trying to hold the signatories to account. A small 
group of enthusiasts wants a meeting with the Minister of Agriculture Valkan Shopov. He 
noted that he knew Garbouchev's high scientific and organizational qualities, but was 
unable to help his recovery. The next meeting of this group was with the Secretary of the 
Central Committee of the BCP Ivan Abadjiev, but he rudely refused them. They only had 
the hope of a meeting with the General Secretary of the BCP Todor Zhivkov. Later, such a 
meeting took place and after a visit of Zhivkov and First Deputy Chairman of the Council of 
Ministers Tano Tsolov with a foreign delegation to the Institute, it was decided that Ivan 
Garbouchev to be reinstated as Director of the Institute "N. Poushkarov". 

The years after 1997 were a period of gradual reduction in the number of scientific 
and support staff of the Institute and underestimation of its importance for Bulgarian 
science and agriculture.  

Due to the improper and ownerless attitude of the Ministry of Agriculture and the 
Agricultural Academy to the Institute, the large building of the Department of Large-Scale 
Soil-Agrochemical Research collapsed and was then completely destroyed. 

In the last few years, the "Nikola Poushkarov" Institute of Soil Science, 
Agrotechnologies and Plant Protection managed to overcome financial difficulties through 
a significant increase in the projects financed by the Scientific Research Fund, the 
Agricultural Academy and the programs of the European Union. The Institute has a staff of 
154 people. The scientific issues of research are also enriched. An invention patent has 
been registered. 

Let's hope that a future Bulgarian government will be found that will understand the 
importance and need for a strengthened and large Institute of Soil Science and the 
restoration of the Bulgarian Academy of Agricultural Sciences. 

 
Conclusion  
Let's pay tribute to the Patriarch of Bulgarian soil science, Nikola Poushkarov, on the 

day of the 150th anniversary of his birth! 
The period from 1973 to 1986, when the directors of this institute were Associate 

Professor Lyuben Glogov and Professor Ivan Garbouchev, can be called the Golden Age 
of the Institute "N. Poushkarov". 

Their scientific and organizational qualities are highlighted as forerunners of modern 
scientific fields - Ecological Engineering, Sustainable Agriculture, Precision Agriculture, 
and Geographical Information Systems. 
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Abstract 
In Greece, agriculture plays a key role in supporting the socio-economic sustainability 

of rural areas, as this sector is the main user of agricultural land. In Greece, agriculture 
covers a large part of its territory. The agricultural sector is a key pillar of the national 
economy and also the contributor to food sufficiency, as a major supplier of food 
processing and is closely linked to the transport, wholesale and retail sectors. 

Key words: Soil resources, Sustainable agriculture, Agricultural production, food 
manufacturing.  

 
Introduction 

Agriculture plays a multidimensional role, covering many and sensitive sectors, both 
socio-economic and environmental. In the past, the contribution of the agricultural sector in 
Greece was a means of reviving the post-war economy of Greece, while in the current era 
of global economic crisis and pandemic remains stable and has always been of 
considerable means of growth. It participates in many indicators of the economy and 
affects it to a great extent. Agriculture's contribution to the economy is attained through the 
products produced and through the foreign exchange markets involved. In addition, it is a 
feeder of a range of products and services, determining both food self-sufficiency and food 
safety, producing better and safer food, regulating other sectors of the economy, such as 
processing and the country's trade balance. Sustainability of agricultural production is vital 
for humans because agriculture is the main food resource for the growing population. Soil 
fertility management and quality-health is the key to the development of sustainable 
agriculture (Simonis and Setatou, 2008). At the same time, agriculture has been 
implementing regulations in recent years, by preserving and protecting the environment. 
The participation of agriculture in the development of a country's economy depends on 
many factors, such as the country's national wealth, territory, its international relationships 
and the level of economic development. The larger the agricultural sector, the greater its 
participation in the economy. It is also a fact that as an economy develops, the 
participation of the agricultural sector decreases and this is due to the inelastic demand for 
agricultural income and the increase in agricultural inputs from non-agricultural sectors, as 
well as the increase in the share of expenditure of its products intended for processing. 

 
Materials and Methods 

In this paper, the statistical data used have come from the databases of the Hellenic 
Statistical Authority, of the Ministry of Rural Development and Food and are supplemented 
with additional information from Eurostat. 
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Results and Discussion 

The agricultural sector is a key pillar of our national economy. The sector is a key 
contributor to food sufficiency, is a major supplier of food processing and is closely linked 
to the transport, wholesale and retail sectors. The agricultural sector in Greece is 
characterized by the large number of small farms. The number of agricultural holdings in 
Greece is about 800,000 and their average size is 4.5 hectares. The total cultivated 
agricultural land (arable crops, horticultural land, permanent crops and areas in fallow) in 
the year 2022 amounts to 28,959.7 thousand hectares. 

In 2022, arable crops (net area) occupy 56.6% of agricultural land (16,381.6 
thousand acres). There is also an agro-food sector and animal husbandry. Livestock 
production is of special economic, social and environmental value, as it is a multifunctional 
activity that utilizes mountainous and disadvantaged areas of the country, which are 
unsuitable for other uses.  

The importance of animal production in the development of the country is also 
indicated by the fact that it contributes 29.7% of the total gross value of agricultural 
production.  

The relationship between plant and animal production, in terms of the value of the 
products produced, remains at 70/30, at exactly the same levels as in the 80s, in contrast 
to corresponding average value in the European Union (EU). The value of animal products 
produced in Greece constitutes only 1.6% of its total value of agricultural production in the 
EU of 28. The country is characterized by a permanent deficit in production of animal 
products, which is covered by increased imports, which over time constitute approximately 
30% of the imports of agricultural products and food and weigh on the country's trade 
balance in this sector, with approximately 2 billion euro. The development of animal 
husbandry in Greece, as well as the evolution of the structure of the branches of animal 
production, has been significantly influenced by geographical location and by soil and 
climate conditions that prevail in the country, from the implementation of the Common 
Agricultural Policy (CAP), as well as from the gradual transformation of Greek society, 
from productive to consumer.  

Intense competition with the crop production sectors for the use of the soil, which 
results in the high cost especially of roughage, and the perennial inability to utilize by-
products for fodder and demarcation of pastures, deprived animal husbandry of the 
rational utilization of available natural resources and made it unable to cope in the 
competition of imported products and to improve the productivity of its individual branches. 
The development of livestock breeding in Greece has always been based on imported 
know-how, foreign standards of stable facilities and breeding management, while, with the 
exception of sheep and goat farming, the animal material is all imported. 

The now developed sector is poultry farming followed by pig farming which however, 
due to of low productivity and high production costs, is characterized by reduced 
competitiveness. Sheep and goat farming is the most important branch of animal 
production in Greece.  

In European level, Greece is the first country in number of reared goats and fourth in 
number of farmed sheep. The special economic importance of sheep and goat farming 
indicated by the production of high amounts of dairy products, with high degree of export 
activity worldwide (feta, yogurt).  

Cattle breeding is the most deficient branch of Greek animal production, covering 
today about 40% of the country's needs in cow's milk and barely 15-20% of beef needs, 
including imported calves for fattening.  

The result of this situation is a significant economic hemorrhage to the rest of the EU 
countries, from which we mainly import the corresponding products. In addition, in recent 
years, domestic production has been continuously decreasing, resulting in the relative 
balance worsens.  
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The current situation in Greece can be summarized as follows: 
 
a) Egg consumption: 11 kg/ inhabitant/ year,  
b) Poultry meat consumption: 21-23 kg/ inhabitant/ year,  
c) Egg production: 120,000 tons and  
d) Meat production: about 165,000 tons (or about 40% of the total domestic meat 

production).  
 
The country's degree of self-sufficiency in eggs reaches 95% and in meat 75%. In 

addition, the poultry industry provides 15,000 jobs. Important part continues to be the 
sector of local poultry farming, while the developing organic, mainly egg-producing, poultry 
farming holds a significant share. 

The Agri-Food sector also contributes significantly to Greek exports. In 2020, Agri-
Food sector contributed 4.7% of the total Gross Value Added of Greece. It is a factor of 
social cohesion, as it employs over 400,000 people and represents approximately 10% of 
total employment in Greece. The food, beverage and tobacco industry is the largest 
employer in domestic manufacturing, employing 39% of the workforce. After many years in 
which the trade balance of its products remained in deficit, in 2020 it showed a positive 
trade balance of €207 million, due to improved export performance, combined with a slight 
decrease in imports. In Greece, the Agri-Food sector is called upon to strengthen its 
traditionally low productivity by increasing the size of agricultural holdings, supporting 
partnerships, investing in the adoption of technological innovations and strengthening the 
level of agricultural education of farmers. 

 
Conclusion 

While Greece has significant natural advantages for plant cultivation, crop production 
faces significant deficits in terms of know-how as well as in terms of organization and 
marketing. An important reason that makes it difficult to modernize farms for crop 
production is their small size. Increasing the average size of crop farms is expected to 
contribute to the improvement and better utilization of technological equipment and 
infrastructure. At the same time, it can help to show greater adaptability to changes taking 
place internationally, in order to increase their competitiveness and create better marketing 
conditions for products and exports 
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Abstract 
Wind erosion is one of the main causes of loss of fertile soil. The construction of 

shelterbelts is one of the most popular methods for soil protection. The present study aims 
to examine the possibilities of applying unmanned aerial systems (UAS) to monitor 
territories affected by wind erosion and the condition of shelterbelts. For this purpose, a 
literature reference was made and test shots were taken on a small area with Dji Air2s. 
The information obtained will be used to determine the possibilities of using UAS to track 
the development of wind erosion. 

Key words: UAS, soil, agricultural land, soil erodibility, photogrammetry.  
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2708<>459AB285B> =0 ?>G28B5, @0AB8B5;=>ABB0, =0G8=JB =0 AB>?0=8A20=5 =0 75<OB0 8 
0B<>AD5@0B0. �7A;5420=5B> =0 25B@>20B0 5@>78O 5 A2J@70=> AJA AJ18@0=5 =0 40==8 
>B B5@5=, :0B> ?> B>78 =0G8= =5 A5 ?>;CG020 ?J;=0 :0@B8=0 =0 AJAB>O=85B> =0 
B5@5=0. %J1@0=8B5 ?@>18 G5AB> A0 =54>AB0BJG=8, =01>@JB >B 8=D>@<0F8O 5 <0;J:, 
;8?A20 >15<=0 8=D>@<0F8O 8 4@. (Zhang, 2021). �7?>;720=5B> =0 ��% 18 ?>72>;8;> 
70A=5<0=5B> =0 ?>-3>;O<0 B5@8B>@8O 8 ?>;CG020=5B> =0 ?>-?J;=0 :0@B8=0 70 B5@5=0 
((83C@0 2).  
 

 
(<7GD4 2. �0A=5<0=5 =0 ?JB A ��% 

 
!0 D83C@0 2 5 ?>:070=> 70A=5<0=5 A ��% =0 ?;0=8=A:0 B5@8B>@8O, 2:;NG20I0 

?JB=0 8=D@0AB@C:BC@0. &>78 <5B>4 ?>72>;O20 40 A5 =01;N4020 :0:B> ?JBO, B0:0 8 
>:>;=0B0 A@540. #@8 ?>-704J;1>G5=> ?@>CG20=5 4020 2J7<>6=>AB 40 A5 A;548 >B 
54=0 8 AJI0 B>G:0 @0728B85B> =0 5@>78>==8B5 ?@>F5A8.  

#@57 ?>A;54=8B5 3>48=8 2A5 ?>25G5 A5 ?@>CG20B <>45;8, G@57 :>8B> 40 A5 
?@>A;54O20 ?@>F5AJB =0 25B@>20 5@>78O. Cunliffe et al. (2016) 87?>;720B D878G5A:8 
<>45;, 70 40 >?@545;OB 18><0A0B0 >B 548==0 :C;BC@0, :0B> 87?>;720B >15<=0 
8=D>@<0F8O >B ��% 70 <>45; =0 >A=>20B0 =0 42865=85B> (SfM). Gillan et al. (2017) 
87?>;720B 4838B0;5= <>45; =0 B5@5=0 (DTM) 872;5G5= >B 1078@0= =0 ��% F8D@>2 
?>2J@E=>AB5= <>45; (DSM), 70 40 A5 >B:@85 ?@><O=0B0 =0 ;0=4H0DB0 >B 25B@>20 8 
2>4=0 5@>78O. 

 

 
(<7GD4 3. �:A?5@8<5=B0;=> 70A=5<0=5 =0 >15:B A ��% 
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!0 (83C@0 3 5 ?>:070=> 5:A?5@8<5=B0;=> 70A=5<0=5 A Dji Air2s 8 >1@01>B5=> A 
A>DBC5@5= ?@>4C:B =0 PhotoShop. #>:0720 2J7<>6=>ABB0 40 A5 @0745;OB 287C0;=> 
>B45;=8B5 5;5<5=B8 =0 B5@5=0 8 ?@8 =5>1E>48<>AB 40 A5 87?>;720B 4@C38 ?@>3@0<8 
70 87G8A;5=8O.  

 

 
(<7GD4 4. �0A=5<0=5 =0 75<545;A:0 75<O A ��% 

 
�0:B> 15 A?><5=0B> ?>-3>@5 2 B5:AB0, ��% =02;870 A 1J@78 B5<?>25 8 2 

75<545;85B>. #@8;030=5B> =0 @07;8G=8 A5=7>@8 8 2J7<>6=>AB8B5 =0 ��% 
?>72>;O20B :0:B> =01;N4020=5B> =0 B5@5=0, B0:0 8 =0 >?@545;5=8 :C;BC@8 2 
G0AB=>AB. &5@5==>B> AJ18@0=5 =0 8=D>@<0F8O 5 2@5<55<:> 8 ?>=O:>30 A:J?>. ��% 
4020 2J7<>6=>AB 70 ?>-:@0B:> 2@5<5 40 A5 ?@>A;548 ?>-3>;O<0 B5@8B>@8O 8 40 A5 
AJ15@5 ?>25G5 1070 40==8. !0 A530H=>B> =82> =0 @0728B85 =0 B5E=8:0B0 
AJI5AB2C20B 3>;5<8 ��%, G@57 :>8B> A5 >AJI5AB2O20 =5 A0<> =01;N45=85, => 8 
4020B 2J7<>6=>AB 70 ?@8;030=5 =0 B>@>25. +@57 @07;8G=8 ?@>3@0<8 8 D8;B@8 <>65 
40 A5 A;548 AJAB>O=85B> =0 :C;BC@0B0 8 40 A5 >?@545;8 =C640B0 >B 4>?J;=8B5;=0 
=0<5A0.  

 
�4>?NK9A<9 

�0G5AB25=8B5 ?@>AB@0=AB25=8 40==8 70;O30B 2 >A=>20B0 =0 @548F0 
35>?@>AB@0=AB25=8 0=0;878 8 >F5=:8, 0 AJI> A5 ?>;720B 8 ?@8 873>B2O=5 =0 
AF5=0@88 70 1J45I8 ?@><5=8.  =>65AB2> 87A;54>20B5;A:8 5:8?8 87?>;720B 
157?8;>B=8 ;5B0B5;=8 A8AB5<8 2 A2>8B5 ?@>CG20=8O :0B> A@54AB2> 70 =0102O=5 =0 
28A>:>:0G5AB25=8 8 28A>:>B>G=8 0:BC0;=8 40==8. �J7<>6=>AB8B5 =0 ��% 70 
?>;CG020=5 =0 8=D>@<0F8O 70 B5@5=0 A0 =5>3@0=8G5=8, => 2 AJI>B> 2@5<5 2A5 >I5 
=O<0 CAB0=>25=8 <5B>48 8 <>45;8, G@57 :>8B> 40 A5 =0102OB =5>1E>48<8B5 40==8. � 
=0CG=> >B=>H5=85 157?8;>B=0B0 A8AB5<0 18 <>3;0 40 8<0 ?>;>68B5;5= 5D5:B, BJ9 
:0B> I5 =0<0;8 2@5<5B> 8 3;54=0B0 B>G:0 70 ?@>1>=018@0=5. -5 4045 2J7<>6=>AB 
70 ?>->1AB>9=> @073;5640=5 =0 4045= B5@5= 8 =5 =0 ?>A;54=> <OAB> ?> 206=>AB 
<>65 40 A5 ?@>A;54O20 A 3>;O<0 B>G=>AB 54=0 8 AJI0 B5@8B>@8O.  
 
�<F9D4FGD4 

Cunliffe, A.M.; Brazier, R.E.; Anderson, K. Ultra-fine grain landscape-scale quantification 
of dryland vegetation structure with drone-acquired structure-from-motion 
photogrammetry. Remote Sens. Environ. 2016, 183, 1293143. 
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$9;N@9 

$5:C;B820F8OB0 =0 A3C@>>B20; „%54<8 %5?B5<2@85 5 =5>1E>48<0 ?>@048 
7=0G8B5;=>B> 2;>H020=5 =0 >:>;=0B0 A@540, 2A;54AB285 =0 ?@><8H;5=8 >B?04JF8. 
!0AB>OI>B> 87A;5420=5 87?>;720 <C;B848AF8?;8=0@5= ?>4E>4 (35>?@>AB@0=AB25= 
0=0;87 8 ?>G25=> ?@>1>275<0=5) 70 >F5=:0 =0 5:>;>38G=>B> AJAB>O=85. 
�45=B8D8F8@0=8 A0 7>=8 =0 70<J@AO20=5, 5@>78O 8 453@040F8O, G@57 ��%, :>5B> 
?>72>;O20 >?B8<0;=> @07?@545;5=85 =0 @5AC@A8B5 70 2J7AB0=>2O20=5. �=0;87JB =0 
14 ?>G25=8 ?@>18 2:;NG20 ?>:070B5;8 :0B> pH, B56:8 <5B0;8 8 <0:@>5;5<5=B8, 
:>8B> =0428H020B 4>?CAB8<8B5 =>@<8 A?>@54 �%, ?>4G5@B0209:8 =5>1E>48<>ABB0 >B 
A?5H=8 <5@:8 70 5:>;>38G=0 @5:C;B820F8O. 

К?NчB6< 8G@<: ?>G28, 35>?@>AB@0=AB25= 0=0;87, B56:8 <5B0;8, @5:C;B820F8O, 
A3C@>>B20;.  

 
 

EVALUATING SOILS AND GEOSPATIAL DYNAMICS IN THE RECLAMATION OF THE 
"SEDMI SEPTEMVRI" SLAG HEAP 

 
Kristiyan Panayotov* 

 
Climate, Atmosphere and Water Research Institute at Bulgarian Academy of Sciences, 

Sofia, Bulgaria 
 

*e-mail: kristiyanpanayotov@gmail.com  
 
Abstract 
The remediation of the 5Sedmi Septemvri6 slag heap is necessary due to the 

significant environmental degradation caused by industrial waste. This study uses a 
multidisciplinary approach (geospatial analysis and soil sampling) to assess the 
environmental condition. Areas of contamination, erosion and degradation were identified 
using GIS to allow optimal allocation of resources for remediation. Analysis of 14 soil 
samples revealed indicators such as pH, heavy metals and macroelements that exceeded 
EU limits, highlighting the need for urgent environmental remediation. 

Key words: soils, geospatial analysis, heavy metals, reclamation, slag heap.  
 

�N6989A<9 

%3C@>>B20;8B5 A0 45?0 70 8=4CAB@80;=8 >B?04JF8 >B 2J3;8I=8B5 
B>?;>5;5:B@8G5A:8 F5=B@0;8, AJ4J@60I8 ?5?5; 8 4@C38 >AB0BJF8 >B 8730@O=5B> =0 
2J3;8I0. $07?>;>65=8 G5AB> 1;87> 4> =0A5;5=8 <5AB0, B578 AJ>@J65=8O <>30B 40 
?@54AB02;O20B @8A: 70 >1I5AB25=>B> 74@025, 70B>20 @5:C;B820F8OB0 8< 5 >B 
AJI5AB25=> 7=0G5=85 70 ?@54>B2@0BO20=5 =0 4J;3>B@09=8 5:>;>38G=8 8 74@02=8 
2@548 (Nikova 8 4@., 2020). +@57 B5E=8G5A:8 8 18>;>38G=8 <5@:8 A5 F5;8 
AB018;870F8O =0 B5@5=0 8 >3@0=8G020=5 =0 @07?@>AB@0=5=85B> =0 B>:A8G=8 

mailto:kristiyanpanayotov@gmail.com
mailto:kristiyanpanayotov@gmail.com


��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 64 

25I5AB20. &56:8B5 <5B0;8, AJ4J@60I8 A5 2 >B?04JF8B5 >B 2J3;8I=8 F5=B@0;8 :0B> 
>;>2>, :04<89 8 F8=:, 70<J@AO20B ?>G28B5 8 ?@54AB02;O20B A5@8>7=0 70?;0E0 70 
5:>A8AB5<8B5 8 18>@07=>>1@0785B>. &578 70<J@A8B5;8 A5 =0B@C?20B 2 E@0=8B5;=0B0 
25@830 8 <>30B 40 70A53=0B G>25H:>B> 74@025 (Alloway, 2013). $53C;O@=>B> 
87A;5420=5 =0 ?>G28B5 70 B56:8 <5B0;8 G@57 <5B>48 :0B> 0B><=>-01A>@1F8>==0 
A?5:B@><5B@8O (AAS) 5 >B AJI5AB25=> 7=0G5=85 70 >F5=:0 =0 70<J@AO20=5B> 8 
5D5:B82=>ABB0 =0 @5:C;B820F8>==8B5 <5@:8 (Kabata-Pendias, 2010). �7A;5420=5B> 
=0 pH =0 ?>G28B5, @07:@820 D878:>E8<8G=8B5 CA;>28O, :>8B> 2;8OOB 2J@EC 
<>18;=>ABB0 =0 B56:8B5 <5B0;8 8 ?>G25=>B> 74@025 (Arjomandi & Shirkhanloo, 2019). 

�7A;5420=5B> A5 :>=F5=B@8@0 2J@EC 0:BC0;=>B> AJAB>O=85 =0 A3C@>>B20; 
„%54<8 %5?B5<2@85, AJ74045= =0 <OAB>B> =0 182H8O 2J3;54>1825= @C4=8: „�CF8O=5 
8 87?>;720= 70 =0B@C?20=5 =0 ?@><8H;5=8 >B?04JF8 (RIEW-Sofia, 2021). �J?@5:8 
?;0=8@0=8B5 A@>:>25 70 702J@H20=5 =0 @5:C;B820F8OB0 4> 18 O=C0@8 2022 3. 
(Toplofikatsia - Pernik, 2021), 3>;O<0 G0AB >B B5@5=0 >AB020 =5@5:C;B828@0=0, :>5B> 
C25;8G020 5:>;>38G=8O @8A: 2 @09>=0.  

�040G8B5 2:;NG20B ?@>AB@0=AB25= 0=0;87 =0 B5@5=0 8 AJ18@0=5 =0 ?>G25=8 
?@>18, ?>A;5420=> >B ;01>@0B>@5= 0=0;87 =0 E8<8G=8O AJAB02, 70 40 A5 CAB0=>28 
AB5?5=B0 =0 70<J@AO20=5 8 ?>G25=>B> AJAB>O=85. 

 
 4F9D<4?< < @9FB8< 

"15:B =0 87A;5420=5- %3C@>>B20;JB „%54<8 %5?B5<2@85, >1E20I0 ?;>I >B 1 
107 000 :2. <5B@0 (790 45:0@0) 8 A@54=0 =04<>@A:0 28A>G8=0 >B 789 <5B@0. &>9 5 
@07?>;>65= 2 N6=0B0 G0AB =0 #5@=8H:0B0 :>B;>28=0, 2 1;87>AB 4> :20@B0; „�0;:0A5 
8 &�* „$5?C1;8:05. '<5@5=> :>=B8=5=B0;=8OB :;8<0B A5 E0@0:B5@878@0 A 
B5<?5@0BC@=8 8=25@A88 ?@57 78<0B0 (A@54=0 B5<?5@0BC@0 O=C0@8 -1.7°C) 8 
<0:A8<0;=0 B5<?5@0BC@0 ?@57 N;8 (+21.0°C), :0B> A@54=8B5 3>48H=8 20;568 
4>AB830B 606 mm (Velchev 8 4@., 2002). #>G25=0B0 ?>:@82:0 5 @07=>>1@07=0, :0B> 
2:;NG20 5@>78@0;8 :0=5;5=8 ?>G28 =0 A525@ 8 EC<CA=>-:0@1>=0B=8 =0 N3, ?>?0409:8 
2 H8@>:>;8AB=0B0 3>@A:0 7>=0 =0 �;8@89A:0B0 ?@>28=F8O. � >:>;=>ABB0 A5 A@5I0B 
A<5A5=8 3>@8 8 70I8B5=0 7>=0 „"AB@8F05 (Penin, 2007). � <8=0;>B> B5@5=JB 5 18; 
575@=> 4J=>, G89B> 35>;>38G5A:8 >A>15=>AB8 A0 AB8<C;8@0;8 8:>=><8G5A:>B> 
@0728B85 G@57 70;568B5 >B :0DO28 2J3;8I0 (Velchev 8 4@., 2002). 

&5@5=5= 8 �5>?@>AB@0=AB25= 0=0;87 - � ?5@8>40 15-19 O=C0@8 2024 3. 15H5 
872J@H5= B5@5=5= 0=0;87, 2:;NG20I 35>?@>AB@0=AB25=> 7>=8@0=5, ?@>1>275<0=5 8 
=01;N45=8O =0 B5@8B>@8OB0 =0 A3C@>>B20; „%54<8 %5?B5<2@85. �0 F5;8B5 =0 
87A;5420=5B> 1OE0 87?>;720=8 35>3@0DA:8 8=D>@<0F8>==8 A8AB5<8 (��%). 
%>DBC5@JB ArcGIS Pro 3.2, 15H5 87?>;720= 70 7>=8@0=5B> 8 45B09;=>B> 
:0@B>3@0D8@0=5 =0 B5@5=0. &5@8B>@8OB0 15H5 @0745;5=0 =0 >A5< 7>=8 ((83C@0 1) A 
@07;8G=8 E0@0:B5@8AB8:8 A?>@54 @0AB8B5;=0B0 ?>:@82:0, ?>G25=8B5 >A>15=>AB8 8 
=0;8G85B> =0 8=D@0AB@C:BC@0. .3>87B>G=0B0 7>=0 2:;NG20 =>2>873@045= 
D>B>2>;B08G5= ?0@:, 4>:0B> N3>70?04=0B0 8 A525@=0B0 7>=0 A5 E0@0:B5@878@0B AJA 
7=0G8B5;=8 =0A8?8 >B AB@>8B5;=8 >B?04JF8 8 ?@>25640=5 =0 B5E=8G5A:0 
@5:C;B820F8O. &0:0 A5 >1>A>18E0 ?@54AB028B5;=8 ;>:0F88 70 ?@>1>275<0=5. 

#>G25=> ?@>1>275<0=5 - *5;B0 =0 87A;5420=5B> 5 40 >?@545;8 E8<8G=8O 
AJAB02 =0 ?>G28B5 2 B5@8B>@8OB0 =0 A3C@>>B20;0 „%54<8 %5?B5<2@85 G@57 
<5B>4>;>38G5= ?@>F5A, 2:;NG20I ?@5420@8B5;5= 35>?@>AB@0=AB25= 0=0;87 8 
B5@5==> ?@>1>275<0=5. �5>3@0DA:8OB 8=D>@<0F8>=5= 0=0;87 2 ��% A@540 
>A83C@O20 @01>B5= ?>;83>= 8 >?@545;O B>G:8B5 70 ?@>1>275<0=5, :0B> 2:;NG20 
?@5420@8B5;=0 ?>43>B>2:0 A ?@53;54 =0 AJI5AB2C20I0B0 4>:C<5=B0F8O. �75B8 A0 7 
:><?>78B=8 ?@>18 >B 14 ;>:0F88 =0 4J;1>G8=0 15-20 cm, AJ3;0A=> C:070=8OB0 =0 
(�" (2019), 8 A0 AJE@0=5=8 ?@8 :>=B@>;8@0=8 CA;>28O 4> ?@54020=5B> 8< 2 
;01>@0B>@8O. 
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(<7GD4 1. �>=8@0=5 (;O2>) 8 �>:0F88 =0 ?@>18B5 (4OA=>) @07?>;>65=8 =0 
B5@8B>@8OB0 =0 A3C@>>B20; „%54<8 %5?B5<2@85. �0 ?>4;>6:8 =0 :0@B8B5 A0 

87?>;720=8 A0B5;8B=8 87>1@065=8O >B ?;0BD>@<0B0 ArcGIS Pro (Esri, DigitalGlobe, 
GeoEye, i-cubed, USDA FSA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, 

and the GIS User Community). 
 

�=0;87 =0 40==8 - �72J@H5=8 A0 ;01>@0B>@=8 87A;5420=8O =0 13 E8<8G=8 
?>:070B5;O. &56:8B5 <5B0;8 A0 87A;5420=8 G@57 0B><=> 01A>@1F8>=5= A?5:B@><5BJ@ 
(AAS) Perkin Elmer 5000. �7>B 5 >?@545;5= G@57 0=0;870B>@ ?> <5B>40 =0 Kjeldahl 
(C@54 Kjeltec 1030), 0 ?>G25=0B0 @50:F8O 2J2 2>45= @07B2>@.  5B>4JB Mehlich-3 5 
87?>;720= 70 >?@545;O=5 =0;8G85B> =0 D>AD>@ 8 :0;89. 

#@8 0=0;87JB =0 40==8B5 70 B56:8 <5B0;8 ((83C@0 2) A0 87?>;720=8 
@5D5@5=B=8 AB>9=>AB8 =0 40==8 >B 4>:;040 =0 �% (AGRINFO, 2022), :>8B> A0 
A@02=5=8 A @57C;B0B8B5 >B =0AB>OI>B> 87A;5420=5, 70 40 A5 >?@545;8 AB5?5=B0 =0 
70<J@AO20=5 8 @8A:>25B5. �0==8B5 >B A3C@>>B20;0 1OE0 4>?J;=8B5;=> A@02=5=8 A 
?>G25=8 ?@>18, E0@0:B5@878@0I8 A5 A 845=B8G=8 :;8<0B8G=8 CA;>28O 8 pH. 
$5D5@5=B=8B5 AB>9=>AB8 1OE0 872;5G5=8 >B 1070 40==8, @07@01>B5=0 >B :><?0=8OB0 
�3@>20@ 2 ?5@8>40 2022-20233. 2J7 >A=>20 =0 A8AB5<0B8G5= <>=8B>@8=3 =0 
75<545;A:8 ?>G28 >B @07;8G=8 @538>=8 =0 �J;30@8O. �0==8B5 2:;NG20B ;01>@0B>@=8 
0=0;878 =0 07>B, D>AD>@ 8 :0;89 2 ?>G28 AJA AE>4=8 E0@0:B5@8AB8:8 =0 B578 2 
@09>=0 =0 87A;5420=5B>, ?@>2545=8 ?@8 AB0=40@B878@0=8 2@5<528 8 ?@>AB@0=AB25=8 
CA;>28O. 

 
$9;G?F4F< < B5EN:84A9 

�=0;87JB =0 ?>G25=8B5 ?@>18 >B A3C@>>B20; „%54<8 %5?B5<2@85 @07:@820 
E8<8G=8B5 A2>9AB20 8 ?>B5=F80;=8B5 @8A:>25 70 >:>;=0B0 A@540, =5>1E>48<8 70 
@07@01>B20=5B> =0 AB@0B538O 70 @5:C;B820F8O. $0AB8B5;=>ABB0 2 A3C>>B20;0 ?>:0720, 
G5 7=0G8B5;=0 G0AB >B @09>=0 5 8;8 157 @0AB8B5;=>AB, 8;8 A?>@048G=> A5 
=01;N4020B B@528AB8 284>25, ?@8A?>A>15=8 :J< 5:AB@5<=8 CA;>28O. &>20 A0 
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?@548<=> =8A:8 B@528 8 B@JAB8:8, E0@0:B5@878@0I8 A5 A 28A>:0 CAB>9G82>AB =0 
0;:0;=>AB 8 A>;5=>AB. �8?A0B0 =0 EC<CA5= A;>9, AJG5B0=0 A B56:8B5 ?>G25=8 
CA;>28O, A5@8>7=> 2J7?@5?OBAB20 @0728B85B> =0 4J;3>B@09=8 4J@25A=8 @0AB8B5;=8 
284>25. 

pH- %B>9=>AB8B5 20@8@0B >B 7.8 4> 9.4 (&01;8F0 1), :>5B> :0B53>@878@0 ?>G28B5 
:0B> A8;=> 0;:0;=8. &>20 >:0720 =530B82=> 2J7459AB285 2J@EC 18>E8<8G=8B5 
?@>F5A8, :0B> =0<0;O20 ?@8AJAB285B> =0 >A=>2=8 E@0=8B5;=8 25I5AB20, 
2:;NG8B5;=> 65;O7> (Fe), <0=30= (Mn), F8=: (Zn) 8 1>@ (B), :>8B> A0 687=5=> 206=8 
70 @0728B85B> =0 @0AB5=8OB0. �=0;87JB =0 40==8B5 A @5D5@5=B=8 AB>9=>AB8 >B 
AJI8O @538>= ((83C@0 3 - 4OA=>) ?>:0720 AJI5AB25=8 @07;8G8O 2 E8<8G=8O AJAB02, 
2J?@5:8 AE>4=8B5 :;8<0B8G=8 CA;>28O 8 0;:0;=>AB (pH >7). #>G28B5 >B A525@=0B0 
G0AB A0 A8;=> 0;:0;=8, 0 B0:820 AB>9=>AB8 =5 A5 =01;N4020B 4>@8 2 5@>78@0;8 
75<545;A:8 ?>G28 2 >1E20B0 =0 87A;5420=5B>. 
 
&45?<J4 1. �0==8 =0 E8<8G=8B5 ?>:070B5;8 

 
 

 
(<7GD4 2. %@02=8B5;5= 0=0;87 =0 :>=F5=B@0F88B5 =0 B56:8 <5B0;8 (>;>2> - Pb, <54 

- Cu, 8 =8:5; - Ni) 2 ?>G25=8B5 ?@>18 >B A3C@>>B20; "%54<8 %5?B5<2@8" A 
@5D5@5=B=8 AB>9=>AB8 70 157>?0A=>AB. !0 3@0D8:0B0 5 ?@54AB025=> AJ4J@60=85B> 
=0 Pb, Cu 8 Ni 70 2AO:0 ?@>10 ($"1 - $"7), :0B> G5@25=8B5 ?@5:JA=0B8 ;8=88 

?>:0720B 4>?CAB8<8B5 3@0=8F8 70 B578 <5B0;8 
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�;:0;=8B5 ?>G28 G5AB> AJ74020B CA;>28O, ?@8 :>8B> B578 5;5<5=B8 A5 >B<820B, 
:>5B> 4>?J;=8B5;=> 2;>H020 AJAB>O=85B> =0 ?>G20B0 (Stanev 8 Dimitrova, 2020). 
&>20, AJG5B0=> A 45D8F8B =0 07>B (>:>;> 30% ?>-=8A:8 AB>9=>AB8 A?@O<> 
75<545;A:8B5 ?>G28 2 @538>=0), >3@0=8G020 18>;>38G=0B0 0:B82=>AB =0 ?>G28B5 8 
A8;=> 70B@C4=O20 CAB0=>2O20=5B> =0 AB018;=0 @0AB8B5;=>AB. 

�>=F5=B@0F8O =0 B56:8 <5B0;8 - �>=F5=B@0F88B5 (&01;8F0 1) =0 B56:8 <5B0;8 
:0B> >;>2> (Pb), :04<89 (Cd), F8=: (Zn), E@>< (Cr) 8 =8:5; (Ni) A0 87:;NG8B5;=> 
28A>:8 2 ?>GB8 2A8G:8 ?>G25=8 ?@>18 ((83C@0 2). !820B0 =0 >;>2> 4>AB830B 450 
mg/kg, :>5B> 7=0G8B5;=> =0428H020 4>?CAB8<8B5 3@0=8F8 70 157>?0A=>AB (AGRINFO, 
2022). � A525@=0B0 G0AB =0 A3C@>>B20;0 5 CAB0=>25=> =0;8G85 =0 :04<89 >B 5.7 
mg/kg, :0B> =53>20B0 :0=F5@>35==>AB 8 B>:A8G=>AB 70 G>25H:>B> 74@025 A0 4>1@5 
4>:C<5=B8@0=8 2 =0CG=0B0 ;8B5@0BC@0. � 4>?J;=5=85, 28A>:8B5 :>=F5=B@0F88 =0 
B56:8 <5B0;8, :0B> F8=: (4> 800 mg/kg), E@>< (203425 mg/kg) 8 =8:5; (22382 mg/kg), 
?@54AB02;O20B A5@8>75= @8A: 70 G>25H:>B> 74@025 8 878A:20B =570102=0 >F5=:0 8 
<5@:8 70 @5<5480F8O (Chen et al., 2016). 
 0:@>5;5<5=B8 - �5D8F8BJB =0 07>B 5 4@C3 AJI5AB25= ?@>1;5<, :0B> ?>G28B5 2 
A3C@>>B20;0 AJ4J@60B ?@81;878B5;=> 54=0 B@5B0 ?>-<0;:> 07>B 2 A@02=5=85 A 
8=B5=782=> >1@01>B20=8B5 75<545;A:8 ?>G28 ((83C@0 3 - ;O2>). !54>AB83JB =0 07>B 
=5 A0<> =0<0;O20 18>;>38G=0B0 0:B82=>AB =0 ?>G28B5, => 8 >3@0=8G020 
2J7<>6=>ABB0 70 5AB5AB25=0 @5:C;B820F8O =0 B5@5=0. 
 

 
(<7GD4 3. "1I 07>B (%) 8 pH (H20). %@02=5=85 =0 @57C;B0B8B5 <564C ?@>18 >B 

A3C@>>B20; 8 B0:820 >B 75<545;A:8 B5@5=8 2 @09>=0 

 
�8A>:8B5 :>=F5=B@0F88 =0 D>AD>@ 8 :0;89 2 ?>G28B5 >B A3C@>>B20;0 ((83C@0 4) 

?@54AB02;O20B A5@8>75= @8A: 70 70<J@AO20=5 =0 2>4=8B5 @5AC@A8 2 @09>=0. 
!0B@C?20=5B> =0 B578 5;5<5=B8 5 ?>B5=F80;5= 8=48:0B>@ 70 70<J@AO20=5 =0 
?>475<=8B5 8 ?>2J@E=>AB=8 2>48 8 ?@54?>;030 =5>1E>48<>ABB0 >B A?5H=8 
:>=B@>;=8 <5@:8. '?@02;5=85B> =0 ?>G28B5 2 B578 7>=8 I5 878A:20 CA8;8O 70 
=0<0;O20=5 =0 70<J@AO20=5B> 8 ?@54>B2@0BO20=5 =0 @07?@>AB@0=5=85B> =0 2@54=8 
5;5<5=B8 2 >:>;=0B0 A@540, 70 40 A5 >3@0=8G8 >B@8F0B5;=>B> 2J7459AB285 2J@EC 
<5AB=0B0 5:>A8AB5<0. 
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(<7GD4 4. (>AD>@ 8 :0;89 (mg/kg). %@02=5=85 =0 @57C;B0B8B5 <564C ?@>18 >B 

A3C@>>B20; 8 B0:820 >B 75<545;A:8 B5@5=8 2 @09>=0 

 
�@C38 87A;5420=8O - )8<8G=8OB 0=0;87 =0 ?>G28B5 878A:20 @54>2=> 

?@>1>275<0=5 8 ;01>@0B>@=8 0=0;878 70 >F5=:0 =0 ?>G25=>B> 74@025 8 AJ4J@60=85 
=0 B56:8 <5B0;8. �><?>78B=8B5 ?@>18 >B @07;8G=8 7>=8 ?@54>AB02OB 40==8 70 
>A=>2=8 E8<8G=8 ?>:070B5;8 :0B> 07>B, D>AD>@ 8 :0;89, :>8B> A0 >B @5H020I> 
7=0G5=85 70 @0AB560 =0 @0AB5=8OB0 8 ?@>4C:B82=>ABB0 =0 ?>G20B0 (Ivanova 8 Koleva, 
2021). &5E=8:8 :0B> 0B><=>-01A>@1F8>==0 A?5:B@><5B@8O (��%) >A83C@O20B B>G=>AB 2 
>?@545;O=5B> =0 B56:8 <5B0;8, :>5B> 5 >A>15=> 206=> 2 8=4CAB@80;=> 70<J@A5=8 
?>G28, :J45B> A5 =01;N4020 7=0G8B5;=> =0428H020=5 =0 157>?0A=8B5 AB>9=>AB8 70 
>;>2>, :04<89 8 F8=: (Smith & Chaney, 2018). 

�0<J@AO20=5B> =0 ?>G28B5 A B56:8 <5B0;8 :0B> :04<89 (Cd), E@>< (Cr), 6820: 
(Hg), >;>2> (Pb), <54 (Cu), F8=: (Zn) 8 0@A5= (As) ?@54AB02;O20 :@8B8G=0 70?;0E0 70 
>:>;=0B0 A@540 8 G>25H:>B> 74@025 (Brown & Williams, 2019). %?>@54 He et al. (2015), 
2 �8B09, =0?>O20=5B> A 8=4CAB@80;=8 >B?04JG=8 2>48 5 A5@8>7=> 70<J@A8;> 
>1@01>B205<8 75<8, :>5B> >:0720 2;8O=85 2J@EC 157>?0A=>ABB0 =0 E@0=8B5. 
$57C;B0B8B5 >B ?>G25=8B5 ?@>18 2 =0AB>OI>B> 87A;5420=5 ?>B2J@64020B, G5 
:>=F5=B@0F88B5 =0 B56:8 <5B0;8 2 A3C@>>B20; „%54<8 %5?B5<2@85 7=0G8B5;=> 
=0428H020B ?@5?>@JG8B5;=8B5 =>@<8 >A>15=> 87@075=> 2 %525@=0B0 G0AB B5@5=0 
(P05). &>20 2>48 4> =0<0;5=0 <8:@>1=0 0:B82=>AB 8 A;54>20B5;=> 4> >3@0=8G5= 
@0AB56 =0 @0AB5=8OB0 ( 0@:>2 8 �20=>2, 2019). &578 70<J@A8B5;8 =0@CH020B 
18>;>38G=0B0 0:B82=>AB 8 ?@><5=OB ?>G25=8 ?>:070B5;8 :0B> @! 8 
5;5:B@>?@>2>48<>AB, 70B@C4=O209:8 ?>44J@60=5B> =0 5:>;>38G5= 10;0=A. �>@5:F88 
=0 B578 ?>:070B5;8, =0?@8<5@ G@57 =0<0;O20=5 =0 0;:0;=>ABB0, A0 =5>1E>48<8 70 
2J7AB0=>2O20=5B> =0 B5@5=0. 
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�4>?NK9A<9 

�0==8B5 >B ;01>@0B>@=8B5 0=0;878 8 B5@5==8 87A;5420=8O =0 ?>G28B5 2 
A3C@>>B20; „%54<8 %5?B5<2@85 ?>:0720B 7=0G8B5;=0 453@040F8O, :>OB> ?@028 B5@5=0 
=5?>4E>4OI 70 18>;>38G=0 @5:C;B820F8O 157 <0I01=8 B5E=8G5A:8 8 E8<8G=8 
8=B5@25=F88. �8A>:0B0 0;:0;=>AB, 70A>;O20=5B> 8 :>=F5=B@0F8OB0 =0 B56:8 <5B0;8 
=0;030B =570102=8 <5@:8 70 @5<5480F8O A F5; ?@54>B2@0BO20=5 =0 5:>;>38G=8 8 
74@02=8 @8A:>25. �5D8F8BJB =0 07>B, AJG5B0= A 28A>:8 =820 =0 D>AD>@ 8 :0;89, 
CA;>6=O20 ?@>F5A0 =0 2J7AB0=>2O20=5. �0 ?>AB830=5 =0 CAB>9G82> 2J7AB0=>2O20=5 
A5 ?@5?>@JG20 AB018;878@0=5 =0 B5@5=0 G@57 4>102O=5 =0 >@30=8G=8 ?>4>1@8B5;8 8 
=>28 ?>G25=8 ?;0AB>25, :0:B> 8 E8<8G5A:0 >1@01>B:0 70 =0<0;O20=5 =0 0;:0;=>ABB0. 
(8B>@5<5480F8>==8B5 B5E=>;>388 G@57 70A0640=5 =0 CAB>9G828 @0AB8B5;=8 284>25, 
01A>@18@0I8 B56:8 <5B0;8, I5 4>?@8=5A0B 70 4J;3>A@>G=> 2J7AB0=>2O20=5 =0 
5:>A8AB5<0B0 8 70I8B0 =0 74@025B> =0 <5AB=8B5 >1I=>AB8. 
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Abstract  
In the present report is made research of the rectified and filtered voltage generated 

by an alternator. 5 series of experiments were carried out with a load from 0 to 230 W, at 
revolutions corresponding to the optimal load of the generator. An experimental setup, our 
own development, was used. Statistical processing was carried out in order to determine 
the variations of the output voltage of alternators used in agricultural and transport 
equipment. The obtained experimental results are presented in tabular and graphical form, 
the relevant conclusions are drawn, as well as a conclusion on the suitability of the 
investigated device. 

Key words: alternator, agricultural and transport equipment, measurement, 
parameters.  
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(<7GD4 1. 'AB@>9AB2>B> =0 0;B5@=0B>@ 

�N6989A<9 

�;B5@=0B>@JB  ?@54AB02;O20B CAB@>9AB2>, @07@01>B5=> =0 1070B0 =0  B@8D075= 
A8=E@>=5= 35=5@0B>@. "A=>2=>B> <C ?@54=07=0G5=85 2 75<545;A:0B0 8 
B@0=A?>@B=0B0 B5E=8:0 5 40 ?>:@85 =C640B0 >B 5;5:B@8G5AB2>, =5>1E>48<0 70 
@01>B0B0 =0 42830B5;O 8 =0 23@045=8B5 <>4C;8 8 A8AB5<8, =5>1E>48<8 70 
=>@<0;=>B> DC=:F8>=8@0=5 =0 <0H8=0B0. #@8 @01>B0 =0 42830B5;O, 0;B5@=0B>@JB 
?>AB>O==> 70@5640 8 0:C<C;0B>@=0B0 10B5@8O. %J2@5<5==8B5 75<545;A:8 8 
B@0=A?>@B=8 <0H8=8 A0 A8;=> 7028A8<8 >B @01>B0B0 =0 0;B5@=0B>@0, ?>@048 
3>;5<8B5 878A:20=8O :J< 70E@0=20I>B> =0?@565=85 8 3>;O<0B0 :>=AC<0F8O =0 B>:, 
>1CA;02O=0 >B =0;8G85B> =0 <>I=8 ?5@8D5@=8 CAB@>9AB20, 2:;NG20I8 A8AB5<8 70 
=02830F8O 8 :><C=8:0F8O, A8AB5<8 70 :><D>@B, A;54OI8 A8AB5<8 70 @01>B0B0 =0 
42830B5;O, ?><>I=8 A8AB5<8 70 ?>78F8>=8@0=5 8 42865=85 ?> >?@545=0 B@05:B>@8O, 
AB018;878@0I8 A8AB5<8, A?8@0G5= 0A8AB5=B 8 <=. 4@. �0 ?>4?><030=5 @01>B0B0 =0 
>A=>2=8O 0;B5@=0B>@ 2 =O:>8 <0H8=8 A5 ?@5428640 <>=B06 =0 4>?J;=8B5;5= 
0;B5@=0B>@ 8;8 A;J=G528 ?0=5;8.  

'AB@>9AB2>B> =0 
0;B5@=0B>@ 5 ?>:070=> 
=0 (83C@0 1 
(promobile.bg, 2024) (Iliev, 
1990). %JAB>8 A5 >B 
:>@?CA 2, 2 :>9B> 5 
?><5AB5= B@8D075= 
35=5@0B>@ A 
5;5:B@8G5A:> 
?>4<03=8B20=5 =0 
@>B>@0 5, B@8D075= 
42C?>;C?5@8>45= 
B>:>87?@028B5; (48>45= 
1;>:) 7, @5;5- @53C;0B>@ 
9 8 G5B:>2 <5E0=87J< 8. 
�J@BOI>B> A5 <03=8B=> 
?>;5, AJ74045=> >B 
@>B>@0 5, 8=4CF8@0 
?@><5=;82> =0?@565=85 
2 =0<>B:8B5 =0 AB0B>@0 
1. $>B>@JB ;035@C20 =0 
420 @0480;=8 ;035@0 4. #@8 @01>B0 =0 42830B5;O 35=5@0B>@JB ?@5>1@07C20 
<5E0=8G=0B0 5=5@38O ?@54020=0 >B 42830B5;O G@57 @5<J: (=5 5 ?>:070=) 8 @5<JG=0 
H0910 3 2 B@8D07=> =0?@565=85, :>5B> A5 87?@02O >B 48>4=8O 1;>:. 
&>:>87?@028B5;OB >18:=>25=> 5 87?J;=5= A 6 48>40 ?> AE5<0B0 „�0@8>=>25. $5;53 
@53C;0B>@JB 9, @53C;8@0 87E>4=>B> =0?@565=85 2 3@0=8F8B5 >B 13,4 4> 14,8 2>;B0 =0 
?@075= E>4. �7?@025=>B> =0?@565=85 A5 D8;B@8@0 A ?><>IB0 =0 :0?0F8B825= 
D8;BJ@, A;54 :>5B>  A5 ?>4020 G@57 :;5<8 10 :J< 5;5:B@8G5A:0B0 A8AB5<0 =0 
02B><>18;0. 

#@8 @01>B0 =0 0;35@=0B>@0 >B >A>15=0 206=>AB 5 ?>44J@60=5B> =0 
87?@025=>B> =0?@565=85 =0 :;5<8B5 10 2 AJ>B25B=8B5 3@0=8F8. #@8 =0?@565=85 ?>4 
13,4 2>;B0 A5 ?>;CG020 =54>70@O4 =0 0:C<C;0B>@0, 0 ?@8 =0?@56=8O =04 14,8 2>;B0 
?@570@5640=5  8 ?>2@540 =0 0:C<C;0B>@0, 8730@O=5 =0 ;0<?8 8 4@. � ?@0:B8:0B0 ?>-
G5AB> G5 =01;N4020 =54>70@O4, :>5B> >18:=>25=> A5 4J;68 =0 2:;NG20=5B> =0 
?>25G5 :>=AC<0B>@8 A ?>-3>;O<0 <>I=>AB. &J9 :0B> B>20 =5 5 ?@542845=> >B 702>40 
?@>872>48B5; A5 ?>;CG020 A8AB5<=> =54>70@5640=5 =0 0:C<C;0B>@0, ?>A;5420I> >B 
1J@70 AC;D0B870F8O =0 ?;>G8B5 <C, :>5B> >18:=>25=> 2>48 4> =53>2>B> 1J@7>  
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87;870=5 >B AB@>O 8 =5>1E>48<0 A<O=0. �0 =54>?CA:0=5 =0 ?>2@548 ?@57 0:B82=8B5 
?5@8>48 >B 3>48=0B0 5 =5>1E>48<> 872J@H20=5 =0 ?>AB>O=5= :>=B@>; =0 7O@O4=8B5 
=0?@565=8O, A2>52@5<5==> 70@5640=5 =0 @07@545=8B5 0:C<C;0B>@8, ?@53;54 =0 
5;5:B@8G5A:8B5 25@838 2 <0H8=8B5, ?@>25@:8 70 =0;8G85 =0 CB5G:8, ;>H>  
70<0AO20=5 8 4@. (Bozhinov, 1986). 

 

$9;G?F4F< < B5EN:84A9 

�7A;5420=5B> =0 @01>B0B0 =0 0;B5@=0B>@0 A5 872J@H8 =0 AB5=4, A>1AB25=0 
:>=AB@C:F8O. &>9 A5 AJAB>8 5;5:B@>42830B5; 5, :>9B> ?>A@54AB2>< @5<JG=0 ?@5402:0 
70428620 0;B5@=0B>@0 3.  

�7A;5420=5B> A5 872J@H20 ?@8 =><8=0;=8 >1>@>B8 nj3000 min-1. #@8 
=0B>20@20=5 A5 >BG8B0 =0<0;O20=5 =0 >1>@>B8B5, :>5B> =5 5 ?@54<5B =0 =0AB>OI0B0 
@07@01>B:0.  
 

 
(<7GD4 2. �7<5@20B5;=0 A8AB5<0 

 
�7<5@20B5;=0 A8AB5<0 8<0 420 >A=>2=8 @568<0 =0 @01>B0: @568< =0 ?@075= 

E>4, ?@8 :>9B> A5 70@5640 A0<> 0:C<C;0B>@0 2 8 @568< A =0B>20@20=5, ?@8 :>9B> 
>A25= 0:C<C;0B>@0 A5 2:;NG20 8 @53C;8@C5< B>20@. �0 87A;5420=5 2 @568< =0 
=0B>20@20=5 =0 0;B5@=0B>@0 5 871@0=> =0B>20@20=5A 425 02B><>18;=8 >A25B8B5;=8 
B5;0 4 3 <>45; H4 55+60W. �0 :;NG>25 A0 87?>;720=8 420 B@8?>78F8>==8 
?@52:;NG20B5;O, A :>8B> 5 2J7<>6=> 40 A5 =0?@02OB?5B :><18=0F88 >B D8:A8@0=8 
B>20@=8 <>I=>AB8 55, 60,110,120 8 230W (=0<8@0B A5 ?>4 >A25B8B5;=8B5 B5;0), 
!0?@565=85B> =0 70@O4 A5 >BG8B0 5 23@045= 4838B0;5= 2>;B<5@ (=0<8@0 A5 ?>4 
?@52:;NG20B5;8B5). 

�7A;5420= 5 0;B5@=0B>@, <>45; COAL IR7331, A =><8=0;5= B>:, I=65 A 8 
=><8=0;=> =0?@565=85U=12 V. �7?>;720= 5 0:C<C;0B>@ 12 V, 55�h. 

�5=5@8@0=>B> =0?@565=85  >B 0;B5@=0B>@0A5 ?>4020 =0 ?@5F875= <C;B8F5B 
<>45; UNI-T UT803 (?>78F8O 1 =0 (83C@0 1) =0 D8@<0B0 UniTrendGroupe Limited. 

 C;BFF5BJB 5 B8?: Digital Bench-Type Autoranging TrueRMS Multimeters AJA A;54=8B5 
?0@0<5B@8: :;0A =0 B>G=>AB ?@8 87<5@20=5 =0 ?>AB>O==> =0?@565=85 ± 0,3% 8 =0 
?@><5=;82> =0?@565=85 ±0,5%. #@54020=5B> =0 40==8B5 >B 87<5@20B5;=8O ?@81>@ 
:J< :><?NBJ@0 A5 872J@H20 AJ: A;54=8O 8=B5@D59A UNI-TUT803 100kHz With 
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RS232C USB Interface. �>?J;=8B5;=8 2J7<>6=>AB8, 87?>;720=8 2 ?@>F5A0 =0 @01>B0 
A0: LCD Backlight Display, Data Hold, Auto-Ranging (Uni-trend, 2024).  

�0 70?8A 8 >1@01>B:0 =0 40==8B5 A5 87?>;720 A?5F80;878@0= A>DBC5@ =0 UNI-T 

UT803. %;54 AB0@B8@0=5 A>DBC5@JB 872J@H20 02B><0B8G5= 70?8A A 8=B5@20; 0,5 
A5:C=48, 157 2J7<>6=>AB8 70 :>@5:F8O. #>;CG5=8B5 @57C;B0B8 A5 70?8A20B 2 xls 

D>@<0B, :>5B> 5 3>;O<> C4>1AB2> 70 ?>A;5420I8 >1@01>B:8 8 87G8A;5=8O. 
#>;CG5=8B5 @57C;B0B8 A5 8725640B 8  2 3@0D8G5= 284, :>9B> A;C68 :0B> >@85=B8@ 70 
FO;>AB=>B> ?@>B8G0=5 =0 AJ>B25B=8O 5:A?5@8<5=B.  
 

&45?<J4 1. $57C;B0B8 >B 87A;5420=5 @01>B0B0 =0 0;B5@=0B>@0 A B>20@ >B 110 W 

No Time DC/AC 

Value 

U Unit AUTO 

1 3:50:42 DC 14.47 V AUTO 

2 3:50:43 DC 14.48 V AUTO 

3 3:50:44 DC 14.47 V AUTO 

4 3:50:45 DC 14.48 V AUTO 

5 3:50:47 DC 14.18 V AUTO 

6 3:50:48 DC 14.32 V AUTO 

7 3:50:49 DC 14.33 V AUTO 

8 3:50:50 DC 14.32 V AUTO 

9 3:50:51 DC 14.33 V AUTO 

10 3:51:25 DC 14.32 V AUTO 

11 3:51:27 DC 14.33 V AUTO 

12 3:51:30 DC 14.32 V AUTO 

13 3:51:31 DC 14.33 V AUTO 

14 3:51:36 DC 14.32 V AUTO 

15 3:51:37 DC 14.33 V AUTO 

16 3:51:40 DC 14.32 V AUTO 

17 3:51:41 DC 14.33 V AUTO 

18 3:51:42 DC 14.32 V AUTO 

19 3:51:44 DC 14.33 V AUTO 

20 3:51:45 DC 14.32 V AUTO 

21 3:51:48 DC 14.33 V AUTO 

22 3:51:49 DC 14.32 V AUTO 

23 3:51:50 DC 14.33 V AUTO 

24 3:51:51 DC 14.32 V AUTO 

25 3:51:52 DC 14.33 V AUTO 

26 3:51:53 DC 14.32 V AUTO 

27 3:51:53 DC 14.33 V AUTO 

28 3:51:56 DC 14.32 V AUTO 

29 3:51:57 DC 14.33 V AUTO 

30 3:51:58 DC 14.32 V AUTO 

 

 

 



��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 75 

�72J@H5=8 A0 4 A5@88 5:A?5@8<5=B8 ?@8 @07;8G=> =0B>20@20=5 =0 0;B5@=0B>@0 
8 1 =0 ?@075= E>4. "B 2A5:8 5:A?5@8<5=B A5 87A;5420 87204:0 A n=10, :0B> A5 
0:F5=B8@0 =0 <0:A8<0;=8B5 87<5=5=8O =0  =0?@565=85B> 2J2 2@5<5B>.  !0 &01;8F0 
1 5 ?>:070=0 G0AB >B 5:A?5@8<5=B0, ?>;CG5= ?@8 B>20@ >B 110 W. "AB0=0;8B5 
B01;8F8 A0 >B AJI8O 284. � &01;8F0 2 A0 4045=8 AB>9=>AB8B5 >B 87204:8B5 =0 2A5:8 
5:A?5@8<5=B. 

 
&45?<J4 2. %B>9=>AB8 >B 87204:8B5 =0 2A5:8 5:A?5@8<5=B 

P  [W] 
"?8B 7 

1 2 3 4 5 6 7 8 9 10 

0 14.43 14.44 14.43 14.44 14.45 14.44 14.45 14.46 14.45 14.46 

55 14.44 14.45 14.46 14.45 14.46 14.45 14.47 14.46 14.47 14.48 

60 14.42 14.46 14.47 14.36 14.34 14.33 14.34 14.33 14.34 14.33 

110 14.47 14.48 14.47 14.48 14.32 14.33 14.32 14.33 14.32 14.33 

230 14.49 14.48 14.49 14.46 14.23 14.24 14.25 14.24 14.23 14.24 

 
 
!0 (83C@0 3 A0 ?>:070=8 ?>;CG5=8B5 5:A?5@8<5=B0;=8 @57C;B0B8 >B 87204:8B5 

=0 2A5:8 5:A?5@8<5=B. �8640 A5, G5 ?@8 <0;J: B>20@ 3 4> >:>;> 100 W, ?040 =0 
=0?@565=85B> 5 =57=0G8B5;5= 3 >:>;> 0,1 V. #@8 C25;8G020=5 =0 =0B>20@20=5B> 
87<5=5=8OB0 =0 =0?@565=85B> 4>AB830B 0,2 3 0,25V.  

 

 
(<7GD4 3. #>;CG5=8 5:A?5@8<5=B0;=8 @57C;B0B8 

 

 
�7A;5420=8B5  ?0@0<5B@8 (Mihailov, 2020):  
0.)  0:A8<0;=0 AB>9=>AB =0 87A;5420=8O ?0@0<5BJ@ 2 87204:0B0   
 
�<0E =  �) (0i)=  �) (01;a2&;an).       (1) 
 
1.)  8=8<0;=0 AB>9=>AB =0 87A;5420=8O ?0@0<5BJ@ 2 87204:0B0   
 
�min =  IN(0i)= MIN(01;a2&;an).        (2) 

t [s] x 0,5 

U [V] 
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2.) $07<0E =0 87<5@20=>B> =0?@565=85 

 
R = �<0E - �min          (3) 

 
 
 
3.) A@54=> 0@8B<5B8G=0 AB>9=>AB =0 87<5@20=>B> =0?@565=85 

 
&J9 :0B> A;CG09=8B5 3@5H:8 =0 B578 87<5@20=8O A5 ?>4G8=O20B =0 =>@<0;5= 

�0CA>2 70:>= =0 @07?@545;5=85, B> =09-25@>OB=0B0 AB>9=>AB  =0 87<5@20=0B0 
25;8G8=0 5 A@54=> 0@8B<5B8G=0B0 AB>9=>AB - D>@<C;0 4. 

 

         (4) 

 
4.) A@54=> :204@0B8G=> >B:;>=5=85 

 
%B0=40@B=>B> >B:;>=5=85 5 87<5@8B5; =0 @07A5920=5B>, ?@8 :>9B> A5 872J@H20 

:204@0B8G=> >A@54=O20=5 =0 >B:;>=5=8OB0 =0 8=48284C0;=8B5 AB>9=>AB8 =0 
87?@025=>B> =0?@565=85 70 70@5640=5 =0 0:C<C;0B>@0  >B BOE=0B0 A@54=0 
0@8B<5B8G=0 25;8G8=0. &>20 ?@54AB02;O20 25@>OB=8OB @57C;B0B >B 87<5@20=8OB0. 
�@5H:0B0 ?@8 AJ>B25B=8B5 87<5@20=8O 5: . &>3020, AJ3;0A=> B5>@8OB0 
=0 �0CA, A@54=> :204@0B8G=>B> >B:;>=5=85 5: 

 

          (5) 

 
5.) :>5D8F85=B =0 20@80F8O Vs,  
 
�>5D8F85=BJB =0 20@80F8O ?@54AB02;O20  >B=>A8B5;=0 <O@:0 70 @07A5920=5B> 

=0 AB>9=>AB8B5 =0 =0?@565=85B> ?> 2@5<5 =0 @01>B0. (D>@<C;0 6). &>9 87<5@20 
:0:J2 ?@>F5=B >B A@54=0B0 AB>9=>AB =0 =0?@565=85B> =0 0:C<C;0B>@0 ?@54AB02;O20 
25;8G8=0B0 =0 AB0=40@B=>B> >B:;>=5=85.  

 

 (s/aA@).100%         (6) 
 

6.) 3@0=8G5=:>5D8F85=B =0 20@80F8O 3 >?@545;O A5 ?@8 <0:A8<0;=0B0 AB>9=>AB 
=0 20@80F8O =0 =0?@565=85B> A 25@>OB=>AB 0,9973 ?> D>@<C;0 7. 

 

 [(tmax/aA@)/3].100%        (7) 
 

7.) AB5?5= =0 =5@02=><5@=>AB , ?> >B=>H5=85 =0 20@80F8OB0 =0 
<0:A8<0;=0B0 AB>9=>AB =0 =0?@565=85B>  A 25@>OB=>AB 0,9973 - ?> D>@<C;0 8. 

 

 [2(tmax/aA@)].100%        (8) 

 
� &01;8F0 3 A0 4045=8 @57C;B0B8B5 >B AB0B8AB8G5A:0B0 >1@01>B:0 =0 

5:A?5@8<5=B0;=8B5 @57C;B0B8. 
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&45?<J4 3. #>;CG5=8 @57C;B0B8 >B AB0B8AB8G5A:0B0 >1@01>B:0 

P  
%B0B8AB8G5A:8 @57C;B0B8 

aimax aimin Ri aA@ s V asmax asmin  ·σmax 
 W V V V V V % V V % % 

0 14,46 14,43 0,03 14,445 0,0102 0,0709 14,476 14,414 0,0702 0,4256 

55 14,48 14,44 0,04 14,459 0,0114 0,0786 14,493 14,425 0,0778 0,4713 

60 14,47 14,33 0,14 14,372 0,0531 0,3692 14,531 14,213 0,3655 2,2154 

110 14,48 14,32 0,16 14,385 0,0737 0,512 14,606 14,164 0,5069 3,0721 

230 14,49 14,23 0,26 14,335 0,1188 0,8285 14,691 13,979 0,8202 4,971 

 
$57C;B0BJB >B 87<5@20=5B> A =53>20B0 3@5H:0 A5 ?@54AB02O 2J2 2840: 

 

          (9) 
 

:J45B>: : 5 25@>OB=>AB5= :>5D8F85=B.  
 
'@02=5=85B> (9) 8<0 25@>OB=>AB=> BJ;:C20=5, B.5. 8AB8=A:0B0 AB>9=>AB =0 

87<5@20=0B0 25;8G8=0 40 A5 =0<8@0 2: 
 

- 8=B5@20;0  A 25@>OB=>AB 0,6827;    (10) 

- 8=B5@20;0  A 25@>OB=>AB 0,9545;   (11) 

- 8=B5@20;0  A 25@>OB=>AB 0,9973.   (12) 

 

#@8 AB0B8AB8G5A:8 87A;5420=8O =0 @01>B0B0 8 B5E=8G5A:>B> >1A;C620=5 =0 
75<545;A:8 <0H8=8 ?@>D. �5@5I038= (Dimov, 1992) ?@5?>@JG20 87A;5420=8OB0 40 
A0 A :=3.  &>20 5 2A;54AB285 >B 28A>:8B5 878A:20=8O 70 =04564=>AB ?@8 @01>B0 =0 
?>;5B>, AJG5B0=0 A 87:;NG8B5;=> :@0B:8B5 A@>:>25 2@5<5, ?>72>;O20I8 >1@01>B:0 
=0 75<OB0 8 ?@818@0=5 =0 ?@>4C:F8OB0.  

 

&>3020:         (13) 
 

          (14) 
�;6B8< 

1. $07@01>B5=0 5 87<5@20B5;=0 A8AB5<0 70 87A;5420=5 @01>B>A?>A>1=>ABB0 =0  
0;B5@=0B>@8 =0 75<545;A:0 8 B@0=A?>@B=0 B5E=8:0. 

2. �7E>4=>B> =0?@565=85 >B 0;B5@=0B>@0 5 AB018;=> 2J2 2@5<5B>, :0B> 
<0:A8<0;=8B5 B5>@5B8G=8 AB>9=>AB8 =5 =04E2J@;OB 14,8 V.  

3.  8=8<0;=8B5 AB>9=>AB8 ?@8 <0:A8<0;=0 :>=AC<0F8O A0 ?>GB8 14 V, ?@8 
B>20@ 4> 230W,:>5B> 5 =5>1E>48<> CA;>285 70 @01>B0 =0 42830B5;O, 5;5:B@8G5A:8B5 
8 5;5:B@>==8 <>4C;8, :0:B> 8 70@O4 =0 0:C<C;0B>@0, 2J?@5:8 3>;O<0B0 :>=AC<0F8O.  

4.  0:A8<0;=0B0 20@80F8O =0 =0?@565=85B> 5 ?>4 1%. 
5.  0:A8<0;=0B0 =5@02=><5@=>AB ?@8 70@O4 =5 =0428H020 5%, :0B> AJ3;0A=> 

=0?@025=8B5 5:A?5@8<5=B8 A5 ?@>O2O20 =09-A8;=> ?@8 ?@5E>4=8B5 ?@>F5A8, 2 
=0G0;>B> ?@8 2:;NG20=5 =0 <0:A8<0;=0 <>I=>AB 8;8 ?@8 ?@52:;NG20=5 >B A@54=0 
:J< <0:A8<0;=0 <>I=>AB.  

6. �7<5@20B5;=0 A8AB5<0 <>65 40 A5 87?>;720 70 >1CG5=85 =0 ABC45=B8 >B 
A?5F80;=>AB8, 87CG020I8 75<545;A:0 8 B@0=A?>@B=0 B5E=8:0. 



��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 78 

�4>?NK9A<9 
$07@01>B5=0B0 87<5@20B5;=0 A8AB5<0 4020 2J7<>6=>AB 70 87A;5420=5 

@01>B>A?>A>1=>ABB0 =0 0;B5@=0B>@8=0 75<545;A:0 8 B@0=A?>@B=0 B5E=8:0A 
@53C;8@C5< B>20@. �72J@H5=0B0 AB0B8AB8G5A:0 >1@01>B:0 =0 5:A?5@8<5=B0;=8B5 
@57C;B0B8 4020 8=D>@<0F8O 70 AB018;=>ABB0 =0 =0?@565=85B> 2 704045=8B5 
3@0=8F8, :>5B> 5 206=> CA;>285 70 30@0=B8@0=5 @01>B>A?>A>1=>ABB0 =0 <0H8=0B0 ?> 
>B=>H5=85 =0 :0G5AB2>B> =0 70E@0=20I> =0?@565=85.  
 
�<F9D4FGD4 

Bozhinov, B. Malfunctions in the electrical system of the car, DI "Tehnika", Sofia, 1986, 
Dimov D., Technical service of the machines, RU Angel Kanchev, 1992; 
Iliev, L. A., et al. Electrical systems of cars and tractors, DI "Technika", Sofia 1990; 
Mihailov R., Stoyanov S., Manual for laboratory exercises in precision agriculture, TU-

Varna, 2020; 
https://promobile.bg/alternator-testvane-simptomi-problemi-resheniya/, 2024; 
https://instruments.uni-trend.com/, 2024. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

https://promobile.bg/alternator-testvane-simptomi-problemi-resheniya/
https://instruments.uni-trend.com/
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#$��"��!�� !� ��"�!"�'��!&� �� #"��,���!� !� �"��+�%&�"&" � 

��+�%&�"&" !� $�%&�&��!�&� #$"�'�*�3 "& �� �*  
(Triticum monococcum L.) #$� ��'����!"-�����!� #"+�� 

 
�BA<F4 #9DH4AB64, )D<EFB �N?KB6E><*, �9E9?<A>4 #9FDB64,  

�9D74A4 �GAK964, �96 &D<5<E 

 
!9?E>BEFBC4AE>4 4>489@<O, �AEF<FGF CB CBK6B;A4A<9,  
�7DBF9IAB?B7<< < �4M<F4 A4 D4EF9A<OF4 „�. �GL>4DB6=  

 
*e-mail: h_valchovski@abv.bg 

 
 

$9;N@9 

#>;CG020=5B> =0 28A>: 4>182 >B ;8<5F(Triticummonococcum L.), :0:B> 8 
70?0720=5 8 ?>28H020=5 =0 ?>G25=>B> ?;>4>@>485 <>30B 40 1J40B ?>AB83=0B8, G@57 
87?>;720=5 =0 18>8=>:C;0=B8 A 07>BD8:A8@0I8 <8:@>>@30=87<8. �D5:BJB >B 
8=>:C;0F8OB0 A 0A>F80B82=8 07>BD8:A8@0I8 10:B5@88 >B @>4 Azospirillum5 87?8B0= 
?@8 �;C280;=>-;8204=0 ?>G20, 2 CA;>28OB0 =0 ?>;A:8 >?8B, 2 75<;8I5B> =0 3@. 
#;>2482. #@8;>65=0 5 8=>:C;0F8O A I0<>25 Azospirillum brasilense 107 8 
Azospirillum lipoferum 59, ?@8 425 =820 =0 <8=5@0;=> B>@5=5 - N10P8K68 N8P6K6. 
$57C;B0B8B5 ?>:0720B, =09-3>;O<> C25;8G5=85 =0 4>1820 >B 7J@=> 3 47 %, ?@8 
20@80=B Azospirillum brasilense + N8P6K6, 2 A@02=5=85 A :>=B@>;=8O 20@80=B. 

К?NчB6< 8G@<: ;8<5F, Azospirillum, �;C280;=>-;8204=0 ?>G20, 8=>:C;0F8O, 
B>@5=5. 
 
 
APPLICATION OF BIOINOCULANTS TO INCREASE THE AMOUNT AND QUALITY OF 

EINKORN WHEAT (Triticum monococcum L.) PLANT PRODUCTION IN  
ALLUVIAL-MEADOW SOIL 

 
Jonita Perfanova, Hristo Valchovski*,Veselinka Petrova,  

Gergana Kuncheva, Lev Tribis 

 
Agricultural academy, Institute of Soil Science,  

Agrotechnologies and Plant Protection <N. Poushkarov=,  
7 Shosse Bankya Str., 1080 Sofia, Bulgaria 

 
*e-mail: h_valchovski@abv.bg 

 
 

Abstract 
Obtaining high yield of einkorn wheat, as well preserving and increasing soil fertility 

can be achieved by using bioinoculants with nitrogen-fixing microorganisms. The effect of 
inoculation with associative nitrogen-fixing bacteria of the genus Azospirillum has been 
explored in Alluvial-meadow soil, in the conditions of field experiment (Plovdiv city). 
Inoculation was applied with strains Azospirillumbrasilense 107 and Azospirillumlipoferum 
59, at two levels of mineral fertilizers - N10P8K6 and N8P6K6. The results show the greatest 
increase in grain yield 3 47%, with Azospirillumbrasilense + N8P6K6, compared to the 
control variant. 

Key words: einkorn wheat, Azospirillum, Alluvial-meadow soil, inoculation, fertilizer. 

mailto:h_valchovski@abv.bg
mailto:h_valchovski@abv.bg
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�N6989A<9 

%5;A:>AB>?0=A:8B5 ?@0:B8:8, B@O120 40 1J40B AJ>1@075=8 A >?0720=5 8 
?>4>1@O20=5 :0G5AB2>B> =0 ?>G28B5, 8 C25;8G020=5 =0 4>1828B5 ?> CAB>9G82 =0G8=. 
�4=0 >B 2J7<>6=>AB8B5 B>20 40 1J45 ?>AB83=0B> 5 87?>;720=5B> =0 18>8=>:C;0=B8, 
:0:28B> A0 07>BD8:A8@0I8B5 10:B5@88 >B @>4 Azospirillum, ?@8 >B3;5640=5 =0 68B=8 
:C;BC@8. �=>:C;0F8OB0 A B578 10:B5@88 8<0 ?>B5=F80;0 40 =0<0;8 C?>B@510B0 =0 
<8=5@0;=8 B>@>25, A 5D5:B825= :0?0F8B5B 70 =0AJ@G020=5 =0 @0AB560 =0 
@0AB5=8OB0. &578 10:B5@88 >1@07C20B 0A>F80B82=0 07>BD8:A8@0I0 A8AB5<0 A 
:>@5=8B5 =0 @0AB5=8OB0. &O 5 2 AJAB>O=85 40 D8:A8@0 0B<>AD5@=8O 07>B, :0B> ?> 
B>78 =0G8= A5 C25;8G020 45;0 =0 18>;>38G=8O 07>B 2 @0AB8B5;=0 ?@>4C:F8O 
(#5@D0=>20 8 4@., 2014, Boletaetal., 2020). �7A;5420=> 5 2;8O=85B> =0 B578 I0<>25 
Azospirillum brasilense 107 8 Azospirillum lipoferum 59 2 CA;>28OB0 =0 AJ4>2 >?8B. 
'AB0=>25=> 5, G5 87?8B0=8B5 I0<>25 07>BD8:A8@0I8 10:B5@88 ?>:0720B ?>28H020=5 
2 4>1820 >B 7J@=> 8 AJ4J@60=85B> =0 AC@>2 ?@>B58= (#5@D0=>20 8 4@., 2014, 
#5@D0=>20 8 �@C<>2, 2017). 

"B3;5640=5B> =0 ;8<5F ?@54;030 2J7<>6=>AB8 70 4825@A8D8:0F8O 8 
?@>872>4AB2> =0 E@0=8, 1>30B8 =0 28A>:>:0G5AB25=8 ?@>B58=8. �0G5AB2>B> =0 
1@0H=>B> >B ;8<5F 5 ?>4>1=> A B>20 =0 >18:=>25=0B0 ?H5=8F0 8 40;5G ?>-28A>:> >B 
B>20 =0 B2J@40B0 ?H5=8F0. �8<5FJB AJ4J@60 420 ?JB8 ?>25G5 =5=0A8B5=8 <07=8=8 
>B ?H5=8F0B0 8 =8A:> :>;8G5AB2>B> =0 3;CB5= (D'Egidioet al., 1993; Brandolini et al, 
2008; Hidalgo and Brandolini, 2008). 

*5;B0 =0 =0AB>OI5B> 87A;5420=5 5 40 A5 CAB0=>28 2;8O=85B> =0 I0<>25 
Azospirillum brasilense 107 8 Azospirillum lipoferum59 2J@EC @0AB8B5;=0B0 ?@>4C:F8O 
>B ;8<5F 8 AJ4J@60=85B> =0 AC@>2 ?@>B58=, A0<>AB>OB5;=> 8 A<5A5=> A 425 =820 =0 
<8=5@0;=> B>@5=5, ?@8 �;C280;=>-;8204=0 ?>G20 2 CA;>28OB0 =0 ?>;A:8 >?8B. 

 
 4F9D<4?< < @9FB8< 

#@>2545= 5 ?>;A:8 >?8B 2 75<;8I5B> =0 3@. #;>2482 2J@EC �;C280;=>-;8204=0 
?>G20 (Eutric Fluvisol), ?@8 =5?>;82=8 CA;>28O, ?> 1;>:>2 <5B>4. "B3;5640=0B0 
:C;BC@0 5 ;8<5F (Triticummonococcum L.). "?8BJB 5 70;>65= 2 B@8 ?>2B>@5=8O, A 
@07<5@ =0 >?8B=8B5 ?0@F5;:8 8/3,1 m. "E@0=0B0 <564C 20@80=B8B5 e 0,5 m, 0 >1I0B0 
?;>I =0 1;>:0 (?>2B>@5=85B>) 3 0,225 da. "1I0B0 ?;>I =0 >?8B0 5 0,675 da 157 
?JB8I0B0 8 >E@0=8B5 <564C 20@80=B8B5. %;54 >A=>2=0B0 >1@01>B:0 =0 ?>G20B0 A0 
2=5A5=8 :><18=8@0=8 <8=5@0;=8 B>@>25.  

�=>:C;0F8OB0 =0 A5<5=0B0 5 872J@H5=0 A 10:B5@80;=0 ACA?5=78O, A B8BJ@ 
108ml =0 I0<>25 Azospirillum brasilense 107 8 Azospirillum lipoferum59 >B :>;5:F8OB0 
07>BD8:A8@0I8 10:B5@88 =0 ;01>@0B>@8O „ 8:@>18>;>38O =0 ?>G20B05, ?@8 �#��$ 
„!. #CH:0@>25. �A5==0B0 A58B10 5 872J@H5=0 @JG=> 8 =5?>A@54AB25=> A;54 =5O 
?>G20B0 5 20;8@0=0. "?8BJB 5 ?@>2545= ?> A;54=0B0 AE5<0: 

  
1. �>=B@>;0. 
2. �=>:C;0F8O A I0< Azospirillum brasilense 107  
3. �=>:C;0F8O A I0< Azospirillum lipoferum59  
4. &>@5=5 A N8P6K6. 
5. �=>:C;0F8O A I0< Azospirillum brasilense107 + N8P6K6. 

6. �=>:C;0F8O A I0< Azospirillum lipoferum59 + N8P6K6. 
7. &>@5=5 A N10P8K6. 
8. �=>:C;0F8O A I0< Azospirillum brasilense107 + N10P8K6. 
9. �=>:C;0F8O A I0< Azospirillum lipoferum59 + N10P8K6. 

 
%B@C:BC@=8B5 5;5<5=B8 >B @0AB8B5;=0B0 ?@>4C:F8O A0 >?@545;5=8 2J2 D070 

<;5G=>-2>AJG=0 7@O;>AB. �>182JB >B ;8<5F 8 AJ4J@60=85B> =0 AC@>2 ?@>B58= 2 
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7J@=>B> A0 >?@545;5=8 2J2 D070 2>AJG=0 7@O;>AB. #>;CG5=8B5 5:A?5@8<5=B0;=8 
40==8 A0 >1@01>B5=8 AB0B8AB8G5A:8 G@57 Statgraphics 2.1. 

 
$9;G?F4F< < B5EN:84A9 

$57C;B0B8B5 >B AB@C:BC@=8O 0=0;87 =0 >?8B0 2J2 D070 <;5G=> 3 2>AJG=0 
7@O;>AB A0 ?@54AB025=8 2 &01;8F0 1. �8A>G8=0B0 =0 @0AB5=8OB0 A0<> ?@8 20@80=B 
N10P8K6 - 85,5 cm 5 ?>-3>;O<0 >B :>=B@>;0B0 3 82,75 cm. &>20 A5 4J;68 =0 28A>:>B> 
:>;8G5AB2> 07>B 8 D>AD>@, :>8B> A5 =0B@C?20B ?>-1J@7> 2 ;8AB=0B0 <0A0. �J;68=0B0 
=0 :;0A>25B5 8 1@>OB =0 7J@=0B0 2 BOE ?@8 20@80=B8 Azospirillumlipoferum+ N8P6K6 
(5,0cm -20,5 1@. 7J@=0) 8 Azospirillumbrasilense+ N10P8K6 - (5,2cm -21,2 1@. 7J@=0) A0 A 
?>-=8A:8 AB>9=>AB8 >B :>=B@>;8B5 (5,3 cm 3 22,0 1@. 7J@=0). �5@>OB=> 2 B078 D070 >B 
@0728B85B> =0 @0AB5=8OB0 :><18=0F88B5 A ?>A>G5=8B5 07>BD8:A8@0I8 10:B5@88 8 
<8=5@0;=8 B>@>25 =5 >:0720B ?J;=>B> A8 2;8O=85. �=0;>38G=8 A0 @57C;B0B8B5 8 70 
:>;8G5AB2>B> =0 :;0A>25B5 A?@O<> :>=B@>;0B0. %?>@54 Kazietal, (2016) I0<>25 
Azospirillum brasilense 2;8OOB ?> @07;8G5= =0G8= 2J@EC >B45;=8B5 AB@C:BC@=8 
5;5<5=B8 =0 @0AB8B5;=0B0 ?@>4C:F8O >B ?H5=8F0, :>5B> 7028A8 >B D070B0 =0 @0AB56 
8 A5 ?@><5=O ?@57 @0728B85B> =0 @0AB5=8OB0. � :>=B@0AB =0 D070 <;5G=> 3 2>AJG=0 
7@O;>AB, ?@8 D070 ?J;=0 7@O;>AB 8=>:C;0F8OB0 A 0A>F80B82=8 07>BD8:A8@0I8 
10:B5@88 >B @>4 Azospirillum>:0720 A8;=> ?>;>68B5;=> 2;8O=85 2J@EC 4>1820 8 
AJ4J@60=85B> =0 ?@>B58= ?@8 ;8<5F ((83C@8 1 8 2).  

 
&45?<J4 1. %B@C:BC@5= 0=0;87 =0 4>1820 >B ;8<5F, 2J2 D070 <;5G=>-2>AJG=0 
7@O;>AB 

�0@80=B8 

�8A>G8=0 =0 

@0AB5=8OB0 

cm 

�J;68=0 

=0 548= :;0A 
cm 

�J@=0 

2 548= :;0A 
1@>9 

�;0A>25 

g/50 cm2
 

1.�>=B@>;0 82,75 5,3 22,0 60,0 

2.�=>:C;0F8O A  
Azospirillumbrasilense 80,6 5,39 22,8 69,8 

3.�=>:C;0F8O A  
Azospirillumlipoferum 

78,8 5,8 24,27 61,7 

4.&>@5=5 A N8P6K6 76,65 5,75 23,9 65,4 

5.Azospirillumbrasilense 

+ N8P6K6  
80,6 5,6 23,3 64,4 

6.Azospirillumlipoferum 

+ N8P6K6  
78,8 5,0 20,5 51,2 

7.&>@5=5 A N10P8K6 85,5 5,8 24,17 71,4 

8.Azospirillumbrasilense 

+ N10P8K6  
82,68 5,2 21,2 45,0 

9.Azospirillumlipoferum 

+ N10P8K6  
78,53 5,96 25,4 50,6 

LSD  P f 0,05 12,93 1,03 4,66 15,59 

 
#@8;>65=85B> =0 I0<>25 Azospirillumbrasilense 107 8 Azospirillumlipoferum 59 

2;8O5 ?>;>68B5;=> 2J@EC 4>1820 >B ;8<5F, >B3;5640= 2 CA;>28OB0 =0 ?>;A:8 >?8B 
?@8 �;C280;=>-;8204=0 ?>G20 ((83C@0 1). �=>:C;0F88B5 A B578 I0<>25 
07>BD8:A8@0I8 10:B5@88 2>4OB 4> C25;8G5=85 =0 ?@>4C:F8OB0 >B 7J@=>, A?@O<> 
=58=>:C;8@0=0B0 :>=B@>;0, AJ>B25B=> A I0< Azospirillumbrasilense 107 3 45 % 8 A 
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I0< Azospirillum lipoferum 59 331 %. #>4>1=> 87A;5420=5 5 ?@>2545=> >B Hungriaetal, 
(2010) 8 5 CAB0=>25=>, G5 8=>:C;0F88B5 =0 ?H5=8F0 A I0< Azospirillumlipoferum 
C25;8G020B 4>1820 A 18% 8 A I0< Azospirillum brasilense 3 31%.  

#@8 20@80=B Azospirillum brasilense + N8P6K6 5 >BG5B5=> =09-3>;O<> :>;8G5AB2> 
7J@=> 3 47% ?>25G5 >B :>=B@>;0B0, 4>:0B> ?@8 20@80=B Azospirillum brasilense + 
N10P8K6 C25;8G5=85B> 5 27%. �=0;>38G=8 A0 @57C;B0B8B5 8 ?@8 20@80=B8 
Azospirillumlipoferum+ N8P6K6 8 Azospirillumlipoferum+ N10P8K6, AJ>B25B=> 40% 8 37%. 
&>20 ?>:0720, G5 ?>-28A>:0B0 =>@<0 =0 <8=5@0;=> B>@5=5 ?>B8A:0 459=>ABB0 =0 
0A>F80B82=8B5 07>BD8:A8@0I8 10:B5@88. #@8 C<5@5=> <8=5@0;=> B>@5=5 AJ2<5AB=> 
A 07>BD8:A8@0I8 10:B5@88 >B @>4 Azospirillum <>65 40 1J45 ?>AB83=0B 28A>: 4>182 
>B ?H5=8F0, A ?>;>68B5;=> 2J7459AB285 2J@EC :0G5AB2>B> =0 7J@=>B> 8 70?0720=5 
=0 ?>G25=>B> ?;>4>@>485 (Galindoetal., 2019, Namvaretal., 2013, Piccininetal., 2013). 
%?>@54 ?>;CG5=8B5 @57C;B0B8, 8=>:C;0F8OB0 =0 ;8<5F A I0<  Azospirillumbrasilense 
107 18 <>3;0 40 1J45 0;B5@=0B820 =0 <8=5@0;=>B> B>@5=5. #@8 20@80=B Azospirillum 
brasilense 107 :>;8G5AB2>B> 7J@=> 5 2,28 g/100 A5<5=0, 4>:0B> ?@8 20@80=B8 N8P6K6 8 
N10P8K6 5 AJ>B25B=> 2,02 3 2,20 g/100 A5<5=0. 

 

 
(<7GD4 1. �D5:B >B 8=>:C;0F8OB0 =0 ;8<5F 2J@EC 4>1820 >B 7J@=> 

 
!09-28A>:> :>;8G5AB2> AC@>2 ?@>B58=, >B 2A8G:8 87A;5420=8 20@80=B8, 5 

>BG5B5=> ?@8 Azospirillumlipoferum+ N10P8K63 11,25 %, ?@8 :>=B@>;0B0 AJ4J@60=85B> 
5 8,75 % ((83C@0 2). $02=>AB>9=8 A0 2;8O=8OB0 =0 8=>:C;0F8OB0 A Azospirillum 
brasilense 8 B>@5=5B> A N10P8K6, >BG5B5=8OB AC@>2 ?@>B58= 8 ?@8 420B0 20@80=B0 5 
10,0 %. $57C;B0B8B5 >B 87A;5420=8OB0, ?@8 AJ4>2 >?8B A �;C280;=>-;8204=0B0 
?>G20, AJI> ?>:0720B C25;8G020=5 =0 AC@>28O ?@>B58= 2 7J@=>B>, :0:B> ?@8 
A0<>AB>OB5;=8B5 8=>:C;0F88 A I0<>25 Azospirillumbrasilense 107 8 
Azospirillumlipoferum 59, B0:0 8 ?@8 :><18=0F88B5 A <8=5@0;=> B>@5=5. !09-28A>:> 
:>;8G5AB2> AC@>2 ?@>B58= 5 >BG5B5=> ?@8 20@80=B Azospirillumlipoferum 59 + N8P6K63 
9,37 % (#5@D0=>20 8 �@C<>2, 2017). 
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(<7GD4 2. %J4J@60=85 =0 AC@>2 ?@>B58= 2 4>1820 >B 7J@=> 

 
�4>?NK9A<9 

�=>:C;0F8OB0 A I0<>25 Azospirillumbrasilense107 8 Azospirillumlipoferum59 2>48 
4> ?>28H020=5 =0 4>1820 >B ;8<5F 8 AJ4J@60=85B> =0 AC@>2 ?@>B58= 2 7J@=>B>. 
$57C;B0B8B5 ?>:0720B =09-3>;O<> C25;8G5=85 =0 4>1820 >B 7J@=> 3 47 %, ?@8 
20@80=B Azospirillum brasilense + N8P6K6 (2,31 g/100 A5<5=0), 2 A@02=5=85 A 
:>=B@>;=8O 20@80=B. !09-28A>: 4>182 A I0< Azospirillumlipoferum59 5 >BG5B5= ?@8 
:><18=0F8O A <8=5@0;=> B>@5=5 N8P6K63 2,21 g/100 A5<5=0. !09-3>;O<> :>;8G5AB2> 
AC@>2 ?@>B58=, >B 2A8G:8 87A;5420=8 20@80=B8, 5 >BG5B5=> ?@8 Azospirillumlipoferum+ 
N10P8K63 11,25 %, ?@8 :>=B@>;0B0 AJ4J@60=85B> 5 8,75 %. �7>BD8:A8@0I8B5 
10:B5@88 >B @>4 Azospirillum <>30B 40 1J40B ?5@A?5:B82=8 18>8=>:C;0=B8, AJ2<5AB=> 
A <8=8<0;=> <8=5@0;=> B>@5=5, 70 ?>;CG020=5 =0 28A>: 4>182 8 :0G5AB25=0 
?@>4C:F8O >B ;8<5F. 

 
�?47B84DABEF< 

�7A;5420=5B> 5 ?@>2545=> ?> ?@>5:B D8=0=A8@0= >B (!� 7 �P-06-!76/2 2023 
„�=B53@8@0=5 =0 A0B5;8B=8 8 =075<=8 40==8 70 :><?>=5=B8 =0 2>4=8O 10;0=A =0 
?>G20B0 8 @0AB8B5;=0B0 ?>:@82:0 2 <>45;8 70 >F5=:0 =0 03@>5:>;>38G=8 @8A:>25 8 
75<545;A:8 ?@0:B8:8 70 A<5:G020=5B> 8<5.  

 
�<F9D4FGD4 

#5@D0=>20, �., �@C<>2 �., 2017. #@8;>65=85 =0 18>8=>:C;0=B8 70 ?>28H020=5 =0 
:0G5AB2>B> =0 @0AB8B5;=0B0 ?@>4C:F8O >B ;8<5F /Tr. monococcum.L./. !0CG=8 
B@C4>25, B>< VI, !0F8>=0;=0 =0CG=0 :>=D5@5=F8O A <564C=0@>4=> CG0AB85 
„!0C:0 8 >1I5AB2> 20175, 5-6 >:B><2@8, 2017 3., �J@460;8, 360 - 365. 

#5@D0=>20 �., �@C<>2 �., �J;G>2A:8 �., 2014. #@8;>65=85 =0 18>8=>:C;0=B8 70 
?>28H020=5 =0 :>;8G5AB2>B> =0 @0AB8B5;=0B0 ?@>4C:F8O >B ;8<5F (Tr. 
monococcum L.). !0CG=8 B@C4>25, B>< V, .18;59=0 =0CG=0 :>=D5@5=F8O A 
<564C=0@>4=> CG0AB85 „!0C:0B0 8 >1@07>20=85B> 3 B@048F88 8 1J45I55, 2 3 3 
>:B><2@8, 2014 3., �J@460;8, 503 3 508. 

Boleta E., Galindo F., Jalal A., Santini J., Rodrigues W., Lima B., Arf  O., Silva M., Buzetti 
S., Filho M., (2020). Inoculation With Growth-Promoting Bacteria Azospirillum 
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$9;N@9 

!0AB>OI8OB 4>:;04 87A;5420 ?>B5=F80;0 =0 10;0=A8@0=>B> 8 @07=>>1@07=> 
;8AB=> B>@5=5 :0B> 5AB5AB25= 8=AB@C<5=B 70 2J7AB0=>2O20=5 =0 ?>G20B0, :>=B@>; =0 
2@548B5;8 8 3J18G=8 701>;O20=8O, :0:B> 8 70 >?B8<878@0=5 =0 4>1828B5 8 
:0G5AB2>B> =0 A5;A:>AB>?0=A:0B0 ?@>4C:F8O. �:;NG20=5B> =0 <8:@>- 8 
<0:@>5;5<5=B8 2 ?>4E>4OI8 :><18=0F88 8 5B0?8 >B 687=5=8O F8:J; =0 @0AB5=8OB0 
A5 4>:0720 :0B> 5D5:B825= <5B>4 70 ?>4>1@O20=5 =0 @0AB8B5;=0B0 @578AB5=B=>AB 8 
?>G25=>B> 74@025. 

+@57 F5;5=0A>G5=8 B5AB>25 A @07;8G=8 :C;BC@8 5 CAB0=>25=>, G5 45D8F8BJB =0 
5;5<5=B8 :0B> <0=30= 8 65;O7> G5AB> A5 4J;68 =0 BOE=0B0 =54>ABJ?=>AB 70 
@0AB5=8OB0, 2J?@5:8 =0;8G85B> 8< 2 ?>G20B0. �:;NG20=5B> =0 E5;0B8@0=8 D>@<8 =0 
<8:@>5;5<5=B8 8 AJ?JBAB20I8B5 38 <8:@>>@30=87<8 =5 A0<> ?>4>1@O20 
CA2>O20=5B>, => 8 C25;8G020 CAB>9G82>ABB0 =0 @0AB5=8OB0 :J< 2@548B5;8 8 
=51;03>?@8OB=8 :;8<0B8G=8 CA;>28O. 

#>;CG5=8B5 @57C;B0B8 45<>=AB@8@0B ?@52J7E>4AB2>B> =0 18>;>38G=> 
>1>A=>20=8B5 <5B>48 70 ?>4E@0=20=5 A?@O<> :>=25=F8>=0;=8B5 ?>4E>48, :0:B> ?> 
>B=>H5=85 =0 4>1828B5, B0:0 8 70 4J;3>A@>G=>B> ?>4>1@O20=5 =0 ?>G20B0 8 
@0AB8B5;=>B> 74@025. 

К?NчB6< 8G@<: ;8AB=> B>@5=5, ?>G25=> 2J7AB0=>2O20=5, 5AB5AB25= 
8=A5:B8F84, CAB>9G82> 75<545;85. 

 
�N6989A<9 

�4@020B0 ?>G20 >B3;5640 74@028 @0AB5=8O, 1;03>40@5=85 =0 74@028B5 @0AB5=8O 
8<0<5 74@028 682>B=8 8 74@028 E>@0. "B3;5640=5B> =0 10;0=A8@0=0 ?>G20 5 
B@C4>5<J: 8 4J;J3 ?@>F5A, :>9B> 878A:20 @0718@0=5 2 18>-<8=5@0;=>B> 8 18>-
E8<8G=>B> AJ4J@60=85 8 48=0<8:0B0 =0 3;8=5=>-EC<CA=8O :><?;5:A. �=5H=8B5  
<548F8=A:8 ;8F0, D5@<5@8 8 03@>=><8 8<0B AE>4AB2> 2 B>20 40 B@5B8@0B ?0F85=B8B5 
A8 A <548:0<5=B8, :>8B> 40 ?>B8A:0B A8<?B><8 8 ?@8:@820B @50;=8B5 =C648. 
&@5B8@0=5B> =0 4045= ?@>1;5< ?>2J@E=>AB=> A:@820 @50;=8B5 =C648 =0 @0AB5=85B> 
8 ?>G20B0.  

� BJ@A5=5B> =0 10;0=A 5 65;0B5;=> 40 ?@5A:>G8< B@8B5 >A=>2=8 E@0=8B5;=8 
5;5<5=B0 (N, P, K) 8 4>@8 40 ?@52J7<>3=5< ?@5?>@JG0=8B5 4>78 2 <8=5@0;=>-
?>G25=8B5 B5AB>25.  

�>30B> =01;N4020<5 ?>G25= 0=0;87 8;8 ;8AB5= 0=0;87 <=>3> 1J@7> <>65 40 A5 
?>42545< 70 =O:>;:> 687=5=>206=8 5;5<5=B0 3 Fe 8 Mn. &>20 A0 420 5;5<5=B0, 
:>8B> 705<0B :;NG>2> <OAB> 2 >B1@0=8B5;=8B5 2J7<>6=>AB8 =0 @0AB5=85B>, 
5=5@385= @575@2, D>B>A8=B570 8 CA2>O20=5B> =0 2>40 ?>-5D5:B82=>.  

&578 420 5;5<5=B0 ?>425640B 2 ?>G20B0 8 2 ;8AB=8O 0=0;87, 70I>B> 
>:A840F8OB0 ?@8 BOE 5 >B @5H020I> 7=0G5=85. +@57 AB>B8F8 ;8AB=8 0=0;878 
4>AB83=0E<5 4> 70:;NG5=85, G5 ?>;528 @0AB5=8O ?>:0720B A D878G5A:8O A8 >1;8: 
45D8F8B8 =0 <0=30= 8 65;O7>, => 2 0=0;878B5 8<0 4>AB0BJG=8 :>;8G5AB20. �420 2 
0=0;878 =0 @0AB8B5;5= A>: CAB0=>28E<5, G5 8<0 45D8F8B8 =0 420B0 5;5<5=B0. 
":0720 A5, G5 @0AB5=8OB0 =5 <>30B 40 87?>;720B 5;5<5=B8, :>8B> =5 A0 E5;0B8@0=8, 

mailto:teonasar@abv.bg
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:>30B> A5 =0=0AOB ;8AB=>. (65;575= 8;8 <0=30=>2 AC;D0B). "A25= B>20 ?@8 =8A:0 
<8:@>18>;>38G=0 0:B82=>AB B578 5;5<5=B8 =5 A5 872;8G0B >B ?>G20B0, 70I>B> 
>:A840F8OB0 ?@5G8 =0 A0<0B0 <8:@>18>;>38O 40 ?@8AJAB20 ?>@048 B56:8 
<5E0=8G5A:8 ?@0:B8:8.  

&>20 =8 4>2545 4> 95% >B B5AB>25B5, =0?@025=8 4>A530 =0 @0AB5=8O >B 2AO:0:J2 
284, 40 A0 =0 ?J@2> <OAB> 45D8F8B=8 A <0=30= 8 A;54 B>20 A 65;O7>. "?8BJB =8 
?@>4J;6020 8 A @548F0 4@C38 5;5<5=B8 :0B> <>;8145=, =8:5;, A5;5= 8 :>10;B 70 ?>-
A5@8>7=0B0 >?B8<870F8O =0 70I8B=8B5 A8;8 2 @0AB5=8OB0. &5 2 <8=8<0;=8B5 A8 
:>;8G5AB20 =8 4>:070E0, G5 ?@8 ?>-3>;5<8B5 2@548B5;8 :0B> A:0:0;F8 8<0B 
CA?5205<>AB :0B> A5@8>7=8 @5?5;5=B8, 70I>B> 7074@02O20B 2J=H=8B5 BJ:0=8 =0 
;8AB0B0. !> 4>AB830<5 4> B>78 872>4 A0<> 0:> 8<0 @07=>>1@07=0 <8:@>18>;>38OB0 2 
?>G20B0 8 @0AB5=8OB0, :>5B> AJI> 5 ?>AB868<> A 2J=H=8 A@54AB20.  

 

 
 

"?8BJB =8 ?@>4J;6020 8 A @548F0 4@C38 5;5<5=B8 :0B> <>;8145=, =8:5;, A5;5= 
8 :>10;B 70 ?>-A5@8>7=0B0 >?B8<870F8O =0 70I8B=8B5 A8;8 2 @0AB5=8OB0. &5 2 
<8=8<0;=8B5 A8 :>;8G5AB20 =8 4>:070E0, G5 ?@8 ?>-3>;5<8B5 2@548B5;8 :0B> 
A:0:0;F8 8<0B CA?5205<>AB :0B> A5@8>7=8 @5?5;5=B8, 70I>B> 7074@02O20B 2J=H=8B5 
BJ:0=8 =0 ;8AB0B0. �>AB830<5 4> B>78 872>4 A0<> 0:> 8<0 @07=>>1@07=0 
<8:@>18>;>38OB0 2 ?>G20B0 8 @0AB5=8OB0, :>5B> AJI> 5 ?>AB868<> A 2J=H=8 
A@54AB20.  

'AB0=>28E<5, G5 2AJI=>AB 3>;O< ?@>1;5< 5 ?@8;030=5B> =0 ?>G25=8 8 ;8AB=8 
B>@>25 157 @0718@0=5, >A>15=> 2 A;CG08B5 =0 07>B. &>3020 A5 >A2>1>64020B 
0<8=>:8A5;8=8 ?> ?>2J@E=>AB8B5 8;8 2 ;5A=>A<8;05<0 D>@<0 8 =0A5:><8B5 A5 
?@82;8G0B. %JI>B> A5 ?>2B0@O :0B> ?@>1;5< A 87;8H=> =0;8G=8B5  0<8=>70E0@8. 
�>@838@0=5B> =0 ?>4>1=8 459AB28O 5 50% >B @01>B0B0 =8 2 ?>;528 CA;>28O, 40 
?>?@02O<5 CAB0=>25=8 8AB>@8G5A:8 ?@0:B8:8.  
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 4F9D<4?< < @9FB8< 

!0?@025=8 A0 B5AB>25 A 54=>3>48H=8 8 <=>3>3>48H=8 @0AB5=8O 2 >?@545;5= 
687=5= F8:J; 70 ?>4E@0=20=5. #@5?0@0B8B5 A0 >B 18>;>38G=> E5;0B8@0= ?@>87E>4, 
:>5B> >B3>20@O =0 BJ@A5=5B> >B @0AB5=8OB0, 0 8<5==> 40 1J40B >B >@30=8G5= 
?@>87E>4. 
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1. �>=B@>;0 

2. �>=25=F8>=0;5= ?@5?0@0B 70 ?>4E@0=20=5 3 7.60% Fe, 3.60% Mn, 0.70% Zn, 
0.35% Cu, 0.65% B, 0.30% Mb - B@C4=> A5 =0<5@8 ?@>4C:B =0 ?070@0 AJA AE>4=8 =0 
=0H8B5 ?@5?>@J:8, 70B>20 A8 =0?@028E<5 8=48284C0;5= ?@5?0@0B 70 B>G:0 3. 

3. #>4E@0=20I8 5;5<5=B8 2 A8=5@38G5= ?>41>@ 3 0.3% B, 0.2% Co, 0.5% Cu, 
0.3% Fe, 0.8%Mn, 0.3% Mb, 0.6% Zn, 1% S, =0 ;8BJ@   

&5AB20=8 1OE0: E;51=0 ?H5=8F0 (1204:0), >@87 (104:0) , ;5H=8:>28 =0A0645=8O 
(304:0), @>7>2 4><0B(0.34:0) , <0@C;O (0.34:0), A?0=0: (0.34:0) , G5@5H8 (404:0) 
18>;>38G=> ?@>872>4AB2>. 

"F5=:0B0 5 A0<> >B 03@>=><8G5A:8 =01;N45=8O =04 4J@60=85B> =0 @0AB5=8OB0 
?@57 2535B0B825= 8 ?;>4>4025= F8:J; >B ?>:J;=20=5 4> 15@8B10. �>@5=>20 A8AB5<0, 
;8AB=0 <0A0, 3J18G=0 8 8=A5:B8F84=0 @578AB5=B=>AB, 2:CA, CE0=85, A>G=>AB, 
E@C?:02>AB, 3@0<06 2 A@02=5=85 A :>=B@>;0, 874@J6;82>AB ?@8 @57:8 B5<?5@0BC@=8 
?@><5=8.  

 
 

 
�O2> <8:A8@0= ?@5?0@0B (3)  - 4OA=> :>=B@>;0 (1) 

 
 

 
�O2> :>=25=F8>=0;5= ?@5?0@0B (2) 3 4OA=> <8:A8@0=8O >B =0A ?@5?0@0B(3) 
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A 3 :>=B@>;0; � 3 ?5AB8F848 8 DC=38F848;  % 3 600 kg/dka :0;F852 A8;8F0B; 

 
% 3 48% ?>-28A>: 4>182 >B �, 8 18% ?>-28A>: 4>182 >B �. 20% ?>-<0;:> 

=0?045=8O >B 3J18 8;8 =0A5:><8 >B ?@>10 � 8 70% ?>-<0;:> >B ?@>10 �.  �57 =8:0:2> 
2;870=5 2 ?>;5B0B0 70 ?@JA:0=5, ?@8 � 8<0H5 =C640 >B 2 =0=0AO=8O. � A;CG0OB =0 % 
A<5 =0OA=>, G5 ?>G20B0 I5 >AB0=5 B0:0 70 >I5 =O:>;:> 3>48=8 8 A5<5B> AJ1@0=> >B 
B578 @0AB5=8O I5 5 ?>43>B25=> 40 1J45 >B=>2> 2 ?>4>1=8 CA;>28O, :>5B> =85 
AG8B0<5 70 ?;NA. 

 
�4>?NK9A<9 

'AB0=>2O209:8 2535B0B82=8B5 8 ?;>4>>1@07C20I8 <0:@> 8 <8:@> 5;5<5=B8 A5 
>B:@820 8 459AB285B> =0 0C:A8=8 8 8F8B>=8:8, :>5B> ?>72>;O20 ?>-OA=> @0718@0=5 
?@8 87?>;720=5B> =0 5;5<5=B8B5 2 :><18=0F8O 70 ?>AB830=5 =0 65;0=8 @57C;B0B8 
(;8AB=0 <0A0, 7@55=5, @07<5@ =0 ?;>40 8 4@.).  

'AB0=>2O20<5, G5 5 2J7<>6=> 40 A5 87?>;720B :><18=0F88 >B E@0=8B5;=8 
5;5<5=B8, A >?@545;5=8 10:B5@89=8 8 3J18G=8 I0<>25, 70 ?>4>1@O20=5 74@025B> =0 
@0AB5=8OB0. #@8 ?>4E>4OI>B> ?@8;>65=85, =0 :>;8G5AB20 8 2@5<528 >B@O7J:, 
@0AB5=8OB0 A5 A?@02OB A =0A5:><8, 3J18 8 28@CA8. 
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#J;=>F5==0B0 @0AB8B5;=0 485B0 4020 >?B8<0;=8 4>1828 8 74@02>A;>2=0 E@0=0 
70 682>B=8B5 8 E>@0B0. !01;N4020 A5 ?@52J7E>4AB2> =0 2J7AB0=>28B5;=8B5 ?@0:B8:8 
A ?>4>1=8 ?>4E@0=20=8O ?@54 :>=25=F8>=0;=8B5 <5B>48 70 „1>@10 A 2@548B5;8B55. 
&>20 A?>@54 =0A 5 <5B>4, :>8B> <>65 40 A?5AB8 @5AC@A8 40209:8 4>1@8 @57C;B0B8 70 
?>4>1@O20=5 =0 ?>G20B0.  

 
�<F9D4FGD4 

$"�/ !� (�$"�"!�&� #$� "�$��'��!� !� % �%�!� ��"(�� � �2> �0=G52 
&@0:89A:8 C=825@A8B5B, %B0@0 �03>@0 (0:C;B5B „&5E=8:0 8 B5E=>;>3885, /<1>;  

ROLE OF IRON HOMEOSTASE IN THE MULTISPECIES BIOFILM FORMATION Ivo 
Ganchev Trakia University of Stara Zagora, Faculty of Technics and Technologies of 
Yambol,  

Silicon Fertilizer Addition Can Improve Rice Yield and Lodging Traits under Reduced 
Nitrogen and Increased Density Conditions by  Liqiang Dong Tiexin Yang Liang Ma 
Rui Li, Yingying Feng and Yuedong Li, Liaoning Rice Research Institute, Shenyang 
110101, China 

J. Am. Chem. Soc. 1922, 44, 7, 1592-1598. 
The Biochemical Properties of Manganese in Plants by Sidsel Birkelund Schmidt and 

Søren Husted Department of Plant and Environmental Sciences, Faculty of Science, 
University of Copenhagen, 1871 Frederiksberg C., Denmark 

Vladimir Chobot & Franz Hadacek. (2010) Iron and its complexation by phenolic cellular 
metabolites. Plant Signaling & Behavior 5:1, pages 4-8.  

Chapter 12 Role of Iron in Plant3Microbe Interactions, Author links open overlay panel 
P. Lemanceau *, D. Expert , F. Gaymard , P.A.H.M. Bakker , J.-F. Briat  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.tandfonline.com/doi/full/10.4161/psb.5.1.10197
https://www.tandfonline.com/doi/full/10.4161/psb.5.1.10197
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$9;N@9 

"?B8G=0B0 5<8A8>==0 A?5:B@><5B@8O A 8=4C:B82=> A2J@70=0 ?;07<0 ICP-OES 
A5 87?>;720 H8@>:> 2 <8==>4>182=0B0 ?@><8H;5=>AB 70 :>=B@>; =0 AJAB020 =0 
@C40B0 ?@8 0=0;87 =0 A:0;8 8 4@.  =>3> 0=0;8B8G=8 ;01>@0B>@88 87?>;720B B078 
B5E=8:0, 70 40 ?@>25@OB G8AB>B0B0 =0 @C48. !0AB>OI>B> 87A;5420=5 @073;5640 
:@8B8G=8B5 :><?>=5=B8 =0 75;5=0B0 B5E=>;>38O, AG8B0=8 70 :@8B8G=8 AC@>28=8. 
#>:070=> 5 >?@545;O=5B> =0 A;548 >B Y, Sc 8 @54:>75<=8 5;5<5=B8 (REE) 2 „G8AB86 
@54:>75<=8 <0B@8F8 8 >?@545;O=5B> =0 @5=89 2 <>;8145=>28 8 <54=8 :>=F5=B@0B8, 
AJ4J@60I8 Mo, Al, Ti, Fe, Mg, Ca 8 Cu :0B> :><?;5:A=0 <0B@8F0. �=0;87JB =0 
35>;>6:8 ?@>18 >B <8==0B0 ?@><8H;5=>AB, :0:B> 8 =0 REE, 5 <=>3> A?5F8D8G5=. 
!5>1E>48<0 5 4>1@0 GC2AB28B5;=>AB =0 ICP-OES A?5:B@><5B@8B5, :0:B> 8 
AB018;=>AB ?@8 ?C;25@878@0=5 =0 @07B2>@8 A 28A>:> A>;52> AJ4J@60=85. 
$54:>75<=8B5 5;5<5=B8 A5 E0@0:B5@878@0B A 1>30B 5<8A8>=5= A?5:BJ@. % ?><>IB0 
=0 A?5:B@><5B@8 A 28A>:0 @0745;8B5;=0 A?>A>1=>AB <>30B 40 1J40B @073@0=8G5=8 
4J;68=8B5 =0 2J;=8B5 =0 >?@545;O5<8B5 <8:@>5;5<5=B8 >B B578 =0 >A=>2=8B5 
5;5<5=B8. #@54AB025=> 5 A@02=5=85 =0 B@8 @07;8G=8 A?5:B@><5BJ@0 A 28A>:0 
A?5:B@0;=0 @0745;8B5;=0 A?>A>1=>AB >B 5 8 8 pm 8 A@54=0 @0745;8B5;=0 A?>A>1=>AB 
>B 15 pm. 

К?NчB6< 8G@<: "?B8G=0 5<8A8>==0 A?5:B@><5B@8O A 8=4C:B82=> A2J@70=0 
?;07<0 ICP-OES, @54:8 5;5<5=B8, Y, Sc 8 @54:>75<=8 5;5<5=B8 (REE), @5=89 2 
<>;8145=>28 8 <54=8 :>=F5=B@0B8, A?5:B@0;=8 ?@5G5=8O, <0B@8G=8 5;5<5=B8. 
 
 

APPLICATION OF INDUCTIVELY COUPLED PLASMA OPTICAL EMISSION 
SPECTROMETRY (ICP-OES) IN THE DETERMINATION OF RARE METALS AND 

RARE EARTHS ELEMENTS 

 
Nikolaya Velitchkova*, Olga Veleva, Metody Karadjov 

 
Geological Institute, Bulgarian Academy of Sciences, Sofia 

 

*e-mail: niaveli@geology.bas.bg   
 
 

Abstract 
Inductively coupled plasma optical emission spectrometry (ICP-OES) is widely used 

in mining processes, mining purity control, rocks analysis, etc. Many analytical laboratories 
use this technique to check for the purity of the extracted ores. Critical components of the 
green technology, considered as critical raw materials are included in the present 
investigations. Determination of trace of rare metals Y, Sc and Rare Earth Elements (REE) 
in 6pure6 rare earth matrices and determination of rhenium in molybdenum and copper 

mailto:niaveli@geology.bas.bg
mailto:niaveli@geology.bas.bg
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concentrate containing Mo, Al, Ti, Fe, Mg, Ca and Cu as complex matrix are 
accomplished. Analysis of geological and mining samples, and especially of REE, is very 
demanding for ICP-OES spectrometers. Due to the need of sensitivity as purity of the final 
product has to be checked, the ICP-OES should be able to handle high with concentration 
of total dissolved solids. Moreover, due to the line-rich spectrum emitted, especially for 
REE, only high resolution ICP-OES spectrometers can manage such analysis as they are 
the only ones able to separate the wavelengths from major element and trace elements. 
Comparison of two different commercially available spectrometers with high spectral 
resolution of 5 and 10pm and a spectrometer with a middle spectral resolution of 15.6 ppm 
are presented. 

Key words: Inductively coupled plasma optical emission spectrometry (ICP-OES), 
Rare metals, Y, Sc and Rare Earth Elements (REE), rhenium in molybdenum and copper 
concentrate, spectral interferences, matrix elements.  

 
�N6989A<9 

�0=B0=o848B5 2:;NG20B ?5B=045A5B 5;5<5=B0 A 0B><=8 =><5@0 >B 57 4> 71 
?;NA 8B@89 (0B><5= =><5@ 39). �0=B0=848B5 A5 A@5I0B 2 75<=0B0 :>@0 2 
:>=F5=B@0F88, =0428H020I8 =O:>8 G5AB> 87?>;720=8 8=4CAB@80;=8 5;5<5=B8. 
!0?@8<5@, 8B@89, F5@89, ;0=B0= 8 =5>48< ?@8AJAB20B 2 75<=0B0 :>@0 2 ?>-28A>:8 
:>=F5=B@0F88 >B >;>2>B>. "B 15-B5 ;0=B0=840 A0<> @048>0:B82=8OB ?@><5B89 =5 A5 
A@5I0 2 ?@8@>40B0. �A8G:8 ;0=B0=848 8<0B ?>4>1=8 D878G=8 8 54=0:28 E8<8G=8 
A2>9AB20. #>@048 ?@8;8:8B5 2 B5E=8B5 E8<8G=8 A2>9AB20 B5 G5AB> A5 >?8A20B :0B> 
3@C?0 (Lambert, 2005). 

$5=8OB 5 87:;NG8B5;=> @O4J: @5D@0:B>@5=, >3=5C?>@5= <5B0; (B>G:0 =0 B>?5=5: 
3 185°C) 8 5 548= >B =09-BJ@A5=8B5 <5B0;8 2 A25B0. '=8:0;=8B5 A2>9AB20 =0 @5=8O, 
:><18=8@0I8 28A>:0 B>G:0 =0 B>?5=5 8 ?;0AB8G=>AB, A5 87?>;720B 70 AJ74020=5 =0 
AC?5@A?;028 70 A0<>;5B=0B0 8 @0:5B=0B0 ?@><8H;5=>AB. '25;8G5=>B> AJ4J@60=85 
=0 @5=89 2 AC?5@A?;028B5 8 @O7:> =0@0AB20I>B> BJ@A5=5 2 <8=0;>B> >?@545;OB 
A8;=8O 8=B5@5A :J< =53> (Kasikov, 2020). %25B>2=>B> ?@>872>4AB2> =0 @5=89 5 
AJA@54>B>G5=> 2J@EC <54=>-<>;8145=>28 8 <54=8 @C48; 2 ?@>F5A8B5 =0 
>:8A;8B5;=> ?5G5=5 =0 :>=F5=B@0B8, @5=8OB ?>?040 2 CB09:8 8 A5 C;02O G@57 
><>:@O=e =0 307>28B5 A<5A8 (Zinicovscaia, 2021). "A5<45A5B ?@>F5=B0 >B 
87B>G=8F8B5 =0 AC@>28=8 70 @5=89 A0 <>;8145=>28 8 <54=8 AC;D84=8 :>=F5=B@0B8, 
?@>872545=8 >B +8;8, �070EAB0=, (@0=F8O, �5@<0=8O, $CA8O, %�-, �8B09, 
�5;8:>1@8B0=8O, )>;0=48O 8 #>;H0 (Anderson, 2013). #@57 ?>A;54=8B5 45A5B8;5B8O 
@5=8528 AC?5@A?;028 =0 1070B0 =0 =8:5; A5 87?>;720B 70 ;>?0B:8 =0 307>28 BC@18=8 
8 @50:B82=8 42830B5;8, :>8B> 878A:20B B5@<8G=0 8 >:8A;8B5;=0 CAB>9G82>AB 8 
<5E0=8G=0 O:>AB (Zhumakynbai, 2023). 

!8>18OB 5 >B 3>;O< 8=B5@5A :0B> <0B5@80; 2 O4@5=0B0 8=4CAB@8O ?>@048 
=8A:>B> <C =0?@5G=> A5G5=85 =0 =5CB@>==0 01A>@1F8O (Srivastava, 2003). &0=B0;JB 
=0<8@0 ?@8;>65=85 ?@8 :>=AB@C8@0=5B> =0 E8<8G5A:8 CAB>9G828 AJ4>25 70 
B@5B8@0=5 =0 O4@5=> 3>@82> 8 AJI> B0:0 A5 87?>;720 2 5;5:B@>==0B0 ?@><8H;5=>AB 
(Gupta, 1994). � 420B0 5;5<5=B0 A5 872;8G0B >B :>;C<18B 8 B0=B0;8B. �>;C<18BJB 5 
<8=5@0;, =0<8@0I A5 2 ?53<0B8B=8 68;8 7054=> A 4@C38 <8=5@0;8 - A0<0@A:8B, 
D5@3CA>=8B 8 :0A8B5@8B. #>@048 B>20 A0 =5>1E>48<8 0=0;878 =0 B578 <8=5@0;8 70 
BOE=>B> AJ4J@60=85 =0 Nb, Ta, Sn, W, Ti, Zr 8 Hf (Gibalo, 1968). &>@8OB A5 A@5I0 2 
<0;:8 :>;8G5AB20 2 ?>25G5B> A:0;8 8 ?>G28. !09-H8@>:> 5 @07?@>AB@0=5= 2J2 
D>AD0B=8O <8=5@0; <>=0F8B. �7A;5420 A5 ?@8;>65=85B> =0 B>@89 :0B> O4@5=> 
3>@82> 2J2 2@J7:0 A ?@548<AB20B0 <C ?> >B=>H5=85 =0 C@0=0 3 B>9 5 ?>-157>?0A5=, 
?>-AB018;5=, ?>-5:>;>38G5= 8 ?>-5D5:B825= (Jyothi, 2023). 
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(<7GD4 1. %B@0B538G5A:8 5;5<5=B8 ( 8H>=>20, 2024) 

Figure 1. Strategic elements (Mishonova, 2024) 
 
%C@>28=8B5 >B :@8B8G=> 7=0G5=85 A0 =09-G5AB> <5B0;8 8;8 <8=5@0;8, G8OB> 

25@830 =0 4>AB02:0 8 A=014O20=5 =5 5 A83C@=0, 0 BOE=0B0 ;8?A0 8;8 45D8F8B 
AJ74020B @50;=8 @8A:>25 70 8:>=><8:0B0 =0 54=0 AB@0=0. %545<=045A5B >B BOE A0 
AC@>28=8 AJA AB@0B538G5A:> 7=0G5=85 ((83C@0 1) 8 A5 A<OB0B 70 687=5=>206=8 70 
8:>=><8G5A:0B0 ?>;8B8:0 =0 4045=0 4J@6020, =59=0B0 >B1@0=0 8 5=5@389=0B0 ѝ 
?>;8B8:0. �C:20;=8OB ?@52>4 >B 0=3;89A:8 (rare earth element) 8;8 >B D@5=A:8 (terres 
rares) >7=0G020 „@54:85 8;8 „@54:>75<=85, => ?@>B82>?>;>6=> =0 B>20, :>5B> 
?>4A:0720 >?@545;5=85B>, B5 =5 A0 @54:8 >B 35>;>6:0 3;54=0 B>G:0. !0E>48I0 A5 
=0<8@0B 2 <=>3> @09>=8 ?> A25B0, => =0 ?>25G5B> <5AB0 BOE=0B0 :>=F5=B@0F8O 5 
B>;:>20 <0;:0, G5 4>182JB 5 =5>?@0240= >B 8:>=><8G5A:0 3;54=0 B>G:0. &5 
?@8AJAB20B 2 75<=0B0 :>@0, => =8:>30 A0<>AB>OB5;=>, 0 A<5A5=8 A 4@C38 8 
A;54>20B5;=>, B5E=8OB 4>182 8 =09-25G5 @0D8=8@0=5B> 5 ?@>4J;68B5;5= 8 A:J? 
?@>F5A, 70 :>9B> A0 =5>1E>48<8 <=>3> 5=5@38O 8 >3@><=8 :>;8G5AB20 2>40 
( 8H>=>20, 2024). &578 17 5;5<5=B0 A0 ?>7=0B8 >I5 >B 18 25:, => 4> 70-B5 3>48=8 =0 
<8=0;8O 25: =O<0B 8=4CAB@80;=> ?@8;>65=85 8 ;>38G=> :J< BOE =O<0 8=4CAB@80;5= 
8 BJ@3>2A:8 8=B5@5A. %8BC0F8OB0 :>@5==> A5 ?@><5=O 2 =0G0;>B> =0 21 25: A 
>B:@820=5B> =0 B5E=8B5 <03=8B=8, 5;5:B@>?@>2>4=8, >?B8G=8, E8<8G=8, :0B0;8B8G=8 
A2>9AB20 8 ?@8;>68<>AB, :>8B> 38 ?@02OB >A=>25= 5;5<5=B 2 ?@>872>4AB2>B> =0 
4838B0;=8, :><C=8:0F8>==8, <548F8=A:8 8 B.=0@. 5:>-:;8<0B8G=8 B5E=>;>388. 

� ?@0:B8:0B0 ?@8;>65=85 =0<8@0B @07;8G=8 8=AB@C<5=B0;=8 <5B>48 :0B> 
0B><=0 01A>@1F8>==0 A?5:B@><5B@8O, @5=B35=>20 D;C>@5AF5=B=0 A?5:B@><5B@8O, 
>?B8G=0 5<8A8>==0 A?5:B@><5B@8O A 8=4C:B82=> A2J@70=0 ?;07<0, 
<0AA?5:B@><5B@8O A 8=4C:B82=> A2J@70=0 ?;07<0 8 =5CB@>==>-0:B820F8>=5= 0=0;87. 
%@54 BOE 54=0 >B =09-?>?C;O@=0 5 >?B8G=0B0 5<8A8>==0 A?5:B@>A:>?8O A 8=4C:B82=> 
A2J@70=0 ?;07<0 ICP-OES, :>OB> ?>72>;O20 0=0;87 =0 75 5;5<5=B0 >B ?5@8>48G=0B0 
A8AB5<0. ICP-OES 5 >A>15=> ?>4E>4OI 70 >?@545;O=5 >B A;548 4> >A=>2=8 
5;5<5=B8, :>8B> A0 ?@5420@8B5;=> ?@82545=8 2 @07B2>@ - ?@548 2J25640=5 2 ICP 
A?5:B@><5BJ@0. 

"A=>25= ?@>1;5< =0 ICP-OES A0 A?5:B@0;=8B5 ?@5G5=8O. &5 <>30B 40 2;>H020B 
3@0=8F8B5 =0 >B:@820=5 2 @07;8G=0 AB5?5=, 2 7028A8<>AB >B AJAB020 =0 >A=>2=8B5 
5;5<5=B8 2 ?@>18B5. #@8 0=0;87 =0 ?@>18 >B >:>;=0B0 A@540 A @07=>>1@075= 
<0B@8G5= AJAB02 3@0=8F8B5 =0 >B:@820=5 <>30B 40 A5 ?@><5=OB 2 H8@>: 
:>=F5=B@0F8>=5= 8=B5@20;. "A25= B>20 A?5:B@0;=8B5 ?@5G5=8O <>30B 40 70AB@0H0B 
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B>G=>ABB0 =0 0=0;8B8G=8B5 >?@545;5=8O. �0 30@0=B8@0=5 B>G=>ABB0 =0 0=0;8B8G=8B5 
@57C;B0B8 5 =5>1E>48<> A8AB5<=> 87CG020=5 =0 A?5:B@0;=8B5 ?@5G5=8O, 4J;60I8 A5 
=0 >A=>2=8 :><?>=5=B8 =0 ?@>18B5. !0?@8<5@, 70 :><?;5:A=0 <0B@8F0 >B >:>;=0B0 
A@540 B578 5;5<5=B8 A0 0;C<8=89, :0;F89, <03=5789, 65;O7> 8 B8B0=. �>:0B> ?@8 
>?@545;O=5 =0 5;5<5=B8 A 1>30B8 5<8A8>==8 A?5:B@8, :0B> @54:>75<=8 5;5<5=B8 2 
?@8AJAB285 =0 @54:>75<=8 <0B@8F8, A0 A?5:B@8B5 =0 <0B@8G=8O @54:>75<5= 
5;5<5=B. 

"A=>2=0B0 F5; =0 B078 @01>B0 5 40 ?@54AB028 >17>@ =0 =0H8B5 87A;5420=8O 8 
@07@01>B5=8B5 <5B>4>;>388 70 :>;8G5AB25=0 >F5=:0 =0 A?5:B@0;=8B5 ?@5G5=8O, 
:>8B> >A83C@O20B B>G=>ABB0 =0 0=0;8B8G=8B5 @57C;B0B8 ?@8 >?@545;O=5 =0 Y, Sc 8 
@54:>75<=8 5;5<5=B8, Zr, Nb, Hf, Ta, Th 8 R5 2 ?@>18 A @07;8G5= <0B@8G5= AJAB02. 
#@54AB025=> 5 >?@545;O=5B> =0 B578 5;5<5=B8 2 AC@>28=8B5 8 :0:2> 5 BOE=>B> « 
8AB8=A:> « AJ4J@60=85. #>:070=> 5 8 2;8O=85B> =0 @0745;8B5;=0B0 A?>A>1=>AB =0 
A?5:B@><5BJ@0 ?@8 >?@545;O=5 =0 5;5<5=B8 A 1>30B8 5<8A8>==8 A?5:B@8:  

1. "?@545;O=5 =0 Y, Sc 8 @54:>75<=8B5 5;5<5=B8 2 ?@8AJAB285 =0 :><?;5:A=0 
@54:>75<=0 <0B@8F0 8;8 2 G8AB0 @54:>75<=0 <0B@8F0;  

2. "?@545;O=5 Ta, Hf, Th, Zr 8 Nb, - 2 35>;>6:8 ?@>18 2 ?@8AJAB285 =0 
:><?;5:A=0 <0B@8F0, AJ4J@60I0 Al, Ca, Mg, Fe, Ti, Mn 8 P; 

3. "?@545;O=5B> =0 Re 2 <54=8 8 <>;8145=>28 :>=F5=B@0B8 2 ?@8AJAB285 =0 
:><?;5:A=0 <0B@8F0, AJ4J@60I0 Mo, Cu, Al, Ca, Mg, Fe, Ti, Mn 8 P. 

"?@545;O=5B> =0 Y, Sc 8 @54:>75<=8B5 5;5<5=B8, :0:B> 8 =0 Zr, Nb, Hf, Ta, Th, 8 
R5 878A:20 40 A5 AJ>1@07O20<5 AJA A?5:B@0;=8B5 ?@5G5=8O, :>8B> >:0720B 2;8O=85 
:0:B> 2J@EC B>G=>ABB0 =0 0=0;8B8G=8B5 >?@545;5=8O, B0:0 8 2J@EC 3@0=8F8B5 =0 
>B:@820=5B> 8<. 

 
�>EC9D<@9AF4?A< GE?B6<O 

�C4D4FGD4 

"A=>2=8B5 87A;5420=8O 1OE0 ?@>2545=8 A ICP-OES A?5:B@>0=0;870B>@ JY 
ULTIMA 2 (Jobin Yvon HORIBA, Longjumeau, France). 40.68 MHz 8=4C:B82=> 
A2J@70=0B0 ?;07<0 5 A @0480;=> =01;N45=85 8 >?B8G=0B0 A8AB5<0 Czerny Turner 
<>=>E@><0B>@ A E>;>3@0DA:0 @5H5B:0 A 2 400 @57:8 =0 mm-1 2J2 2B>@8 ?>@O4J:. 
%?5:B@><5BJ@JB A5 E0@0:B5@878@0 A 28A>:0 @0745;8B5;=0 A?>A>1=>AB >B 5 pm 8 10 
pm 2 128 ?>@O4J:. )0@0:B5@8AB8:8B5 =0 0?0@0B0 A0 ?>:070=8 2 &01;8F0 1.  

 

 a) $0480;=> =01;N45=85  1) �:A80;=> =01;N45=85 

(<7GD4 2. !01;N45=85 =0 ICP 3 ?;07<0:  
a) $0480;=> =01;N45=85; 1) �:A80;=> =01;N45=85 

Figure 2. ICP plasma observation: a) Radial observation; 1) Axial observation 
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%@02=8B5;=8 @57C;B0B8 A0 ?>;CG5=8 8 A 2B>@8 ICP-OES A?5:B@><5BJ@ AJI> A 
28A>:0 @0745;8B5;=0 A?>A>1=>AB - Spectroblue SPECTRO, Analytical Instruments 
GmbH, Germany A 27.12 MHz 8=4C:B82=> A2J@70=0 ?;07<0 A 0:A80;=> =01;N45=85 8 
A ?8:A5; @0745;8B5;=0 A?>A>1=>AB >B 8 pm, >?B8G=0B0 A8AB5<0 5 Paschen-Runge A 
E>;>3@0DA:0 @5H5B:0 A 3 600 @57:8 =0 mm-1 70 ?J@28 ?>@O4J:. �84JB =0 
=01;N45=85 =0 ?;07<0B0 3 @0480;=> 8;8 0:A80;=> 5 ?@54AB025= =0 (83C@0 2. 
)0@0:B5@8AB8:8B5 =0 B@8B5 0?0@0B0 A0 ?>:070=8 2 &01;8F0 1. � B01;8F0B0 A0 
?@54AB025=8 8 ?0@0<5B@8B5 =0 B@5B8 0?0@0B, AJA A@54=0 @0745;8B5;=0 A?>A>1=>AB, 
70 A@02=5=85 A @0480;=> =01;N45=85 8 A 27.12 MHz ICP (5:A?5@8<5=B0;=> 
>?@545;5=0 H8@8=0 =0 A?5:B@0;=0B0 828F0 BW =15.6 pm). 
 
&45?<J4 1. )0@0:B5@8AB8:8 =0 ICP-OES A?5:B@><5B@8 A 28A>:0 @0745;8B5;=0 
A?>A>1=>AB A?5:B@>0=0;870B>@ JY ULTIMA 2 (Jobin Yvon, France) 8 Spectroblue 
SPECTRO, Analytical Instruments GmbH 8 A?5:B@><5BJ@ AJA A@54=0 @0745;8B5;=0 
A?>A>1=>AB JY 38 (Jobin Yvon, France) 
Table 1. ICP-OES spectrometer characteristics. JY ULTIMA 2 (Jobin Yvon, France) and 
Spectroblue SPECTRO, Analytical Instruments GmbH with high spectral resolution and JY 
38 (Jobin Yvon, France) spectrometer with middle spectral resolution with 15,6 pm 

Spectrometer 
Type, 

Mounting 

ULTIMA 2 Spectroblue JY 38 

Optical 
system 

Czerny - Turner, focal 
length 1 m 

Paschen-Runge 
Czerny - Turner, focal 
length 1 m 

Grating 
Holographic, 2400 
grooves mm-1

 

Holographic, 3600 
grooves mm-1 (2nd order) 
Holographic, 1800 
grooves mm-1 (1st order) 

Holographic, 2400 
grooves mm-1 

Wavelength 
range 

1st and 2d order from 
160 to 800 nm 

From 165 to 285 nm 
(3600 grooves mm-1); 
from 285 to 470 nm 
(1800 gr mm-1) 

200 nm 3 700 nm first 
order 

Practical 
spectral 
bandwidth 

5 pm in 2d order from 
160 to 320 nm and 10 
pm in 1st order from 320 
to 800 nm  

8 pm pixel resolution - 
from 165 to 285 nm and 
16 pm pixel resolution 
from 285 to 470 nm 

0.0156 nm, 
experimental spectral 
bandwidth 

Detectors 
High dynamic detectors 
based on (PMT8s) 

12 Charge coupled 
devices (CCD7s)  

Photomultiplier, 
Hamatsu TV, R 446 

Rf generator 
Solid state Rf 40.68 
MHz 

Free running oscillator Rf 
27.12 MHz 

Plasam Therm, Rf 
27.12 MHz 

Frequency 40.68 MHz 27.12 MHz 27.12 MHz 

Power output 0.5 - 1.55 kW 0.75 3 1.70 kW 0.5 - 1.50 kW 

Nebulizer 
Meinhard, concentric 
glass 

Meinhard, concentric 
glass 

Meinhard, concentric 
glass 

Spray 
chamber 

JY - Glass cyclonic Spectro - Glass cyclonic 
JY 3 Glass cyclonic 
Scott 

Plasma torch 
JY - fully demountable 
torch 

Spectro fully 
demountable torch 

JY - nondemountable 
torch 

Injector tube 
Alumina 3 2 mm inner 
diameter 

Glass 3 2 mm inner 
diameter 

Glass 3 1.5 mm inner 
diameter 

Pump 
Peristaltic, two 
channels, 12-roller 

Peristaltic, four channels, 
12-roller 

Peristaltic, two 
channels, 10-roller 
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$9;G?F4F< < B5EN:84A9 

 
"CF<@<;<D4A9 A4 D45BFA<F9 GE?B6<O 

$01>B=8B5 CA;>28O 70 B@8B5 0?0@0B0 2 ?@8AJAB285 =0 G8AB @07B2>@8B5;, ICP-
OES A?5:B@>0=0;870B>@ JY ULTIMA 2 (Jobin Yvon HORIBA, Longjumeau, France) 8 
Spectroblue SPECTRO, Analytical Instruments GmbH, Germany 8 Jobin Yvon JY 38, A0 
?@54AB025=8 2 &01;8F0 2.  

 
&45?<J4 2. $01>B=8 CA;>28O 70 B@8B5 0?0@0B0 ICP-OES A?5:B@>0=0;870B>@ JY 
ULTIMA 2 (Jobin Yvon HORIBA, Longjumeau, France) 8 Spectroblue SPECTRO, 
Analytical Instruments GmbH, Germany 8 JY 38 (Jobin Yvon, France) 
Table 2. Operating conditions for the three ICP-OES spectrometers JY ULTIMA 2 (Jobin 
Yvon HORIBA, Longjumeau, France) 8 Spectroblue SPECTRO, Analytical Instruments 
GmbH, Germany 8 JY 38 (Jobin Yvon, France) 

Operating conditions ULTIMA 2 Spectroblue JY 38 

Incident power, (kW) 1.00 1.50  1.00 

Outer argon flow rate, (l min-1) 13 14  15 

Nebulizer, pressure, (bar) 3.2 3.4 2.08 

Carrier gas flow rate, (l min-1) 0.4 0.80  0.55 

Sheath gas flow rate, (l min-1) 0.2 - - 

Auxiliary argon flow rate, (l min-1) - 1.0 - 

Liquid uptake rate, (ml min-1) 1.0 1.0 1.3 

Plasma observation mode radial viewing axial viewing radial viewing 

Observation height, (mm) 10 5 10 

Pump speed, (rpm) 20 - - 

Plasma excitation temperature, (Texc, 
K) 

Texc  7100 - Texc  7000 

 
"CF<@<;<D4A9 A4 D45BFA<F9 GE?B6<O 6 CD<ENEF6<9 A4 @4FD<KA<F9 

>B@CBA9AF< 

$01>B=8B5 CA;>28O A0 >?B8<878@0=8 A F5; ?>;CG020=5 =0 2J7<>6=> =09-=8A:8 
3@0=8F8 =0 >B:@820=5 ?> <5B>4>;>38O, >?8A0=0 2 (Velitchkova, 2007). "?B8<0;=8 ICP-
OES @01>B=8 CA;>28O ?@8 >?@545;O=5 =0 A;548 >B Y, Sc 8 @54:>75<=8 5;5<5=B8 2 
Eu2O3 A0 ?>AB83=0B8  ?@8 <5:8 @01>B=8 CA;>28O, AJ>B25BAB20I8 =0 2E>4OI0 <>I=>AB 
= 700 W, AC<0 05@>7>;-=>A5I 0@3>=>2 ?>B>: + >13@JI0I 0@3>=>2 ?>B>: 0.4 l min-1 + 

0.4 l min-1, B5<?5@0BC@0 70 2J71C640=5  6000 � 8 <03=57852> 8=B5=78B5B=> 
>B=>H5=85 Mg II 280.270 nm / Mg I 285.213 nm  = 3.6. (Daskalova, 1996; Velichkov, 
1998). 

#@8 >?@545;O=5 =0 Zr, Nb, Hf, Ta < Th 2 35>;>6:8 ?@>18 A0 8 CAB0=>25=8 
>?B8<0;=8 @01>B=8 CA;>28O ?@8 B2J@48 @01>B=8 CA;>28O, :>8B> AJ>B25BAB20B =0 
2E>4OI0 <>I=>AB = 1000 W, AC<0 05@>7>;-=>A5I 0@3>=>2 ?>B>: + >13@JI0I 0@3>=>2 
?>B>: 0.4 l min-1 + 0.2 l min-1, &5<?5@0BC@0B0 70 2J71C640=5 =0 8=4C:B82=> 
A2J@70=0B0 ?;07<0 5  7200 �, Mg II 280.270 nm / Mg I 285.213 nm = 11.4. (Velitchkova, 
2005).  

#@8 >?@545;O=5 =0 D9A<= 2 <>;8145=>28 8 <54=8 :>=F5=B@0B8, AJ4J@60I8 
Mo, Al, Ti, Fe, Mg, Ca 8 Cu :0B> :><?;5:A=0 <0B@8F0 8 >?B8<0;=8 @01>B=8 CA;>28O 
?@8 B2J@48 @01>B=8 CA;>28O, :>8B> AJ>B25BAB20B =0 2E>4OI0 <>I=>AB = 1000 W, 
AC<0 05@>7>;-=>A5I 0@3>=>2 ?>B>: + >13@JI0I 0@3>=>2 ?>B>: 0.4 l min-1 + 0.2 l min-1, 

B5<?5@0BC@0B0 70 2J71C640=5 =0 8=4C:B82=> A2J@70=0B0 ?;07<0 5  7200 �, Mg II 
280.270 nm / Mg I 285.213 nm = 11.4 (Karadjov, 2016). 
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 9FB8B?B7<O ;4 >B?<K9EF69A4 BJ9A>4 A4 EC9>FD4?A<F9 CD9K9A<O 6 

CD<ENEF6<9 A4 @4FD<J< E D4;?<K9A ENEF46 

 
�;C<E64A9 A4 EC9>FD< 

#J@28OB 5B0? >B B078 <5B>4>;>38O 2:;NG20 87?8A20=5 =0 A?5:B@8 2 A?5:B@0;=8O 
?@>7>@5F =0 2AO:0 >B 0=0;8B8G=8B5 ;8=88 =0 >?@545;O5<8B5 5;5<5=B8 2 ?@8AJAB285 
=0 2 000 g ml-1 >B 2A5:8 <0B@8G5= :><?>=5=B ?>>B45;=>. #@8<5@=8 A?5:B@8 A0 
?>:070=8 =0 (83C@0 3. �8640 A5 7=0G8B5;=0 ?@><O=0 =0 D>=0 2 ?@8AJAB285 =0 
0;C<8=89 2 <0:A8<C<0 =0 0=0;8B8G=0B0 ;8=8O =0 B0=B0;0 (Ta II 301.254 nm) >B 
:@8;> =0 A?5:B@0;=0 <0B@8G=0 ;8=8O =0 Al II 301.467 nm, :>OB> 5 872J= A?5:B@0;=8O 
?@>7>@5F =0 87A;5420=0B0 B0=B0;>20 ;8=8O. $538AB@8@0=> 5 8 A?5:B@0;=> ?@5G5=5 
>B :@8;> =0 <0B@8G=0 ;8=8O =0 65;O7>B> Fe 301.245 nm ((83C@0 3 0). �8@5:B=> 
AJ2?045=85 =0 0=0;8B8G=0B0 ;8=8O =0 B>@8O Th II 283.730 nm A <0B@8G=0 ;8=8O =0 
65;O7>B> Fe II 283.730 nm 5 ?>:070=> ((83C@0 3 1). 

 
 

 
(<7GD4 3. %?5:B@8 =0 >?@545;O5<8B5 8 =0 ?@5G5I8B5 5;5<5=B8 2 A?5:B@0;=8O 
?@>7>@5F =0 2AO:0 >B 0=0;8B8G=8B5 ;8=88 =0 >?@545;O5<8B5 5;5<5=B8 (0) Ta II 

301.254 nm 2 A?5:B@0;5= ?@>7>@5F A H8@8=0 ü0 = 54 pm. #@5G5I8 5;5<5=B8: Al 8 Fe 
- 2000 ýg ml31; (1) Th II 283.730 nm 2 A?5:B@0;5= ?@>7>@5F ü0 = 72 pm. #@5G5I 

5;5<5=B Fe -2000 ýg ml31 

Figure 3. Spectral scans (0) Ta II 301.254 nm in spectral region ü0 = 54 pm. Interfering 

elements: Al 8 Fe - 2000 ýg ml31; (b) Th II 283.730 nm in spectral region ü0 = 72 pm. 

Interfering element: Fe -2000 ýg ml31 

 
!01;N4020 A5 7=0G8B5;=> ?>28H020=5 =0 D>=0 2 ?@8AJAB285 =0 Al 2 

<0:A8<C<0 =0 0=0;8B8G=0B0 ;8=8O =0 Ta >B :@8;> =0 <0B@8G=0 ;8=8O 2 75;5=>. 
$538AB@8@0=> 5 8 A?5:B@0;=> ?@5G5=5 >B :@8;> =0 <0B@8G=0 ;8=8O =0 65;O7>B> Fe 
301.245 nm 2 A8=L>. �8@5:B=> AJ2?045=85 =0 0=0;8B8G=0B0 ;8=8O =0 B>@8O Th A 
<0B@8G=0 ;8=8O =0 65;O7>B> Fe A5 =01;N4020 2J2 2B>@8O A?5:BJ@. �8640 A5, G5 157 
?J;=0 8=D>@<0F8O 70 A?5:B@0;=8B5 ?@5G5=8O 8 BOE=>B> 2;8O=85 2J@EC D>=0 >:>;> 
0=0;8B8G=8B5 ;8=88 =0 >?@545;O5<8B5 5;5<5=B8, =5 <>65 40 A5 8715@5 ?>4E>4OI0 
:>@5:F8>==0 ?@>F54C@0 8 B>G=>ABB0 =0 0=0;8B8G=8B5 >?@545;5=8O I5 1J45 
70AB@0H5=0, 4>@8 8 ?@8 87?>;20=5B> =0 A?5:B@><5B@8 A 28A>:0 @0745;8B5;=0 
A?>A>1=>AB.  
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"CD989?OA9 A4 Re 6  B < Cu >BAJ9AFD4F< 

"?@545;O=5B> =0 Re 2  > 8 Cu :>=F5=B@0B8 5 ?@>2545=> ?> B@8B5 =09-
GC2AB28B5;=8 ;8=88 =0 @5=8O - Re II 197.248 nm, Re II 221.426 nm 8 Re II 227.525 nm. 
#@8 87?>;720=5 =0 A?5:B@><5BJ@ A 28A>:0 @0745;8B5;=0 A?>A>1=>AB >B 5pm 8 B@8B5 
@5=8528 ;8=88 ?>:0720B A2@JED8=0 AB@C:BC@0 ?@54AB025=8 =0 (83C@0 4.  

 

Re II 197.248 nm Re II 221.426 nm Re II 227.525 nm 

 
(<7GD4 4. %2@JED8=0 AB@C:BC@0 =0 =09-GC2AB28B5;=8B5 ;8=88 =0 @5=89: Re II 

197.248 nm, Re II 221.426 nm 8 Re II 227.525 nm 

Figure 4. Hyperfine structure of: Re II 197.248 nm, Re II 221.426 nm 8 Re II 227.525 nm 

 
�A8<5B@8G=0 AB@C:BC@0 A 420 ?8:0 5 @538AB@8@0=0 A ICP A 0:A80;=> =01;N45=85 

8 27.12 MHz ICP A Paschen-Runge >?B8G=0 A8AB5<0 8 8 pm ?8:A5; @0745;8B5;=0 
A?>A>1=>AB ?@54AB025=0 =0 (83C@0 5. 
 

Re II 197.248 nm 

 
(<7GD4 5. �A8<5B@8G=0 AB@C:BC@0 A 420 ?8:0 5 @538AB@8@0=0 A ICP A 0:A80;=> 
=01;N45=85 8 27.12 MHz ICP A Paschen-Runge >?B8G=0 A8AB5<0 8 8 pm ?8:A5; 

@0745;8B5;=0 A?>A>1=>AB 
Figure 5. Asymmetrical structure with two registered with axial viewing and 27.12 MHz 

ICP A Paschen-Runge optical system and 8 pm pixel resolution 

 
%@O2=O20=5 =0 A?5:B@8B5 =0 ;8=88B5 =0 @5=8O ?@8 87?>;720=5 =0 420 

@07;8G=8 A?5:B@><5BJ@0 A E0@0:B5@8AB8:8, ?>:070=8 2 &01;8F0 1 ?@8 >?@545;O=5 =0 
Re 2  > 8 Cu :>=F5=B@0B8. !01;N4020 A5, G5 ?@8 A?5:B@><5BJ@ A ?>-28A>:0 
@0745;8B5;=0 A?>A>1=>AB, G5 A?5:BJ@JB =0 ;8=8OB0 =0 @5=8O ?>:0720 A2@JED8=0 
AB@C:BC@0. $538AB@8@0=8 A0 B@8 ;8=88 Re II 197.248 nm, Re II 221.426 nm 8 Re II 
227.525 nm. �0 A?5:B@><5BJ@0 A 27 MHz ICP A 0:A80;=> =01;N45=85 8 ?8:A5; 
@0745;8B5;=0 A?>A>1=>AB >B 8 pm =5 5 @538AB@8@0=0 A2@JED8=0 AB@C:BC@0 =0 
@5=8520B0 ;8=8O - (83C@0 6. %C?5@D8=0B0 AB@C:BC@0 =0 Re II 227.525 nm A5 @0745;O 
=0 G5B8@8 :><?>=5=B0 (Re II 227.528 nm: Re II 227.534 nm, Re II 227.528 nm 8 Re II 
227.522 nm). &078 AB@C:BC@0 A5 28640 ?@8 A?5:B@><5BJ@0 A @0480;=> =01;N45=85 8 
40.68 MHz ICP and Czerny - Turner A?5:B@><5BJ@ 8 H8@8=0 =0 A?5:B@0;=0B0 828F0 >B 
5 pm (FWHH). �A8<5B@8G=0B0 AB@C:BC@0 A 420 ?8:0 - ?J@28OB A F5=B@0;=0 4J;68=0 
=0 2J;=0B0 ü0 = 227.525 nm 8 2B>@8OB - H8@>:0 ;8=8O A 4J;68=0 =0 2J;=0B0 ü0 =  
227.534 nm, @538AB@8@0=0 A ICP-OES A 0:A80;=> =01;N45=85 8 27.12 MHz ICP A 
Paschen-Runge >?B8G=0 A8AB5<0 A 8 pm ?8:A5; @0745;8B5;=0 A?>A>1=>AB.  

$538AB@8@0=8B5 A2@JED8=8 AB@C:BC@8 =0 =09-GC2AB28B5;=8B5 ;8=88 =0 @5=89 
?>72>;O20B 40 A5 87?>;720B 2A8G:8 :><?>=5=B8 :0B> >B45;=8 >?@545;O5<8 ;8=88. 
&>20 4020 2J7<>6=>AB 40 A5 87153=0B 8 A?5:B@0;=8B5 ?@5G5=8O >B <0B@8G=8 
:><?>=5=B8. 
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(<7GD4 6. %@02=O20=5 =0 A?5:BJ@0 =0 Re II 227.525 nm ?>;CG5= A 420 @07;8G=8 

A?5:B@><5BJ@0 

Figure 6. Comparison of spectrum derived from two different spectrometers of Re II 
227.525 nm 

 
"CD989?OA9 A4 9?9@9AF<F9 6 CD<ENEF6<9 A4 @4FD<KA< >B@CBA9AF< 

#>AB025=8B5 0=0;8B8G=8 7040G8 878A:20B >?@545;O=5 =0 5;5<5=B8B5 2 
?@8AJAB285 =0 <0B@8G=8 :><?>=5=B8 A 1>30B8 5<8A8>==8 A?5:B@8. "A=>25= ?@>1;5< 
=0 ICP-OES A0 A?5:B@0;=8B5 ?@5G5=8O. &5 >:0720B 2;8O=85 2J@EC 3@0=8F8B5 =0 
>B:@820=5 8 B>G=>ABB0 =0 0=0;8B8G=8B5 @57C;B0B8. 

!09-B@C4=8 ?@>18 2 B>20 >B=>H5=85 A0 ?@>18B5 >B >:>;=0B0 A@540, B.:. B5 
AJ4J@60B :0B> >A=>2=8 5;5<5=B8 Al, Ca, Mg, Fe, 8 Ti, :0:B> 8 @54:>75<=8B5 
5;5<5=B8, :>8B> A5 E0@0:B5@878@0B A 1>30B 5<8A8>=5= A?5:BJ@. %?5:B@8B5 =0 B578 
5;5<5=B8 A5 =0A;0320B 2J@EC 0=0;8B8G=8B5 ;8=88 =0 >?@545;O5<8B5 5;5<5=B8 ?> 
@07;8G5= =0G8=. %;54>20B5;=>, :>;8G5AB25=0B0 >F5=:0 70 420B0 2840 ?@5G5=5 5 
=5>1E>48<0. 

 
�B?<K9EF69A4 BJ9A>4 A4 EC9>FD4?A<F9 CD9K9A<O 

�7?>;720=0 5 <5B>4>;>38OB0, ?@54;>65=0 >B Boumans 8 AJ02B>@8 (Boumans, 
1988). �7<5@5=8 A0 A;54=8B5 A83=0;8: 70 >?@545;O5<8B5 5;5<5=B8 3 G8AB8 
0=0;8B8G=8 A83=0;8 (:>@838@0=8 70 D>=) - XA; D>=JB 2 G8AB @07B2>@8B5; XB; 
?@5G5I8B5 A83=0;8 3 ?@5G5=5 >B :@8;0 =0 <0B@8G=8 ;8=88 XW (Δ»a) 8 ?@5G5=5 >B 
<0B@8G=8 ;8=88 2 <0:A8<C<0 =0 0=0;8B8G=0B0 ;8=8O. "1I8OB D>=>2 A83=0; 70 
54=>:><?>=5=B=0 <0B@8F0 A5 87@07O20 A C@02=5=85 1: 
 
XBL = XB + Xw (Δ»a) + )IJ(»a)         (1) 

 
"B 87<5@5=8B5 A83=0;8 A0 87G8A;5=8 AJ>B25B=8B5 GC2AB28B5;=>AB8: [SA] 

45D8=8@0=0 :0B> G8AB 0=0;8B8G5= A83=0; 70 >?@545;O5<8O 5;5<5=B [XA] 70 548=8F0 
:>=F5=B@0F8O [CA]; GC2AB28B5;=>AB8B5 =0 ?@5G5I8B5 A83=0;8 [SW (Δ»a)] 8 [SI (»a)], 
45D8=8@0=8 :0B> AJ>B25B=8B5 A83=0;8 [XW (Δ»a)] 8 [XI (»a)], 70 548=8F0 :>=F5=B@0F8O 
=0 <0B@8G=8O :><?>=5=B [CI]. "B ?>;CG5=8B5 GC2AB28B5;=>AB8 A5 ?>;CG020B 
AJ>B25B=8B5 Q-AB>9=>AB8: 70 ?@5G5=5 >B :@8;0 =0 <0B@8G=8 ;8=88 2 @073;5640=8O 
A?5:B@0;5= ?@>7>@5F [QW (Δ»a) = SW (Δ»a) / SA] 8 70 ?@5G5=5 >B <0B@8G=8 ;8=88 2 
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<0:A8<C<0 =0 0=0;8B8G=0B0 ;8=8O [QI (»a) = SI (»a) / SA]. "1I8OB D>=>2 A83=0; 70 
<=>3>:><?>=5=B=0 <0B@8F0 A5 87@07O20 A C@02=5=85 2: 
 
XBL = XB +£J XwJ (»a) + £J )IJ(»a)         (2) 
 

+C2AB28B5;=>AB8B5 =0 ?@5G5I8B5 A83=0;8 70 <=>3>:><?>=5=B=0 <0B@8F0 A0: 
[SWJ (Δ»a)] 8 [SIJ (»a)], 45D8=8@0=8 :0B> AJ>B25B=8B5 A83=0;8 [XWJ (Δ»a)] 8 [XIJ (»a)], 70 
548=8F0 :>=F5=B@0F8O =0 2A5:8 <0B@8G5= :><?>=5=B >B <=>3>:><?>=5=B=0B0 
<0B@8F0 [CIJ]. "B ?>;CG5=8B5 GC2AB28B5;=>AB8 A5 ?>;CG020B AJ>B25B=8B5 Q-
AB>9=>AB8: 70 ?@5G5=5 >B :@8;0 =0 <0B@8G=8 ;8=88 2 @073;5640=8O A?5:B@0;5= 
?@>7>@5F [QWJ (Δ»a) = SWJ (Δ»a) / SA] 8 70 ?@5G5=5 >B <0B@8G=8 ;8=88 2 <0:A8<C<0 =0 
0=0;8B8G=0B0 ;8=8O [QIJ (»a) = SIJ (»a) / SA]. Boumans 8 AJ02B>@8 45D8=8@0B 8 
:@8B5@8O 70 8AB8=A:0 3@0=8F0 =0 >B:@820=5 (CL, true) A C@02=5=85 3, 0 
:>=25=F8>=0;=0B0 3@0=8F0 =0 >B:@820=5 (CL, conv) A C@02=5=85 4 (Boumans, 1988): 

 
CL true = 2/5 QI(»a) x CI + CL, conv         (3) 

 
CL, conv    = 2√2 x 0.01 x RSDBL x [BEC + QI(»a) x CI +QW (Δ»a) x CI]    (4) 

 
�0 54=>:><?>=5=B=0 <0B@8F0 8AB8=A:0B0 3@0=8F0 A5 87@07O20 A C@02=5=85 5, 0 

70 <=>3>:><?>=5=B=0 <0B@8F0 - A C@02=5=85 6: 
 

CL true= 2/5 QI(»a) x CI + 2√2 x 0.01 x RSDBL x [BEC + QI(»a) x CI + QW (Δ»a) x CI]  (5) 
 

CL true = 2/5 £J QIJ(»a) x CIJ x 2√2 x 0.01 x RSDBL x [ BEC + £J QIJ (»a) x CIJ +£J QWJ(»a ) x CIJ]   (6) 
 
�>;5<8=0B0 =0 8AB8=A:0B0 3@0=8F0 =0 >B:@820=5 A5 >?@545;O >B QI(»a) 3 

AB>9=>AB8B5 2 ?@8AJAB285 =0 4045=0 <0B@8F0, 0  QW (»a ) - AB>9=>AB8B5 2;8OOB 2J@EC 
3@0=8F8B5 =0 >B:@820=5 G@57 :>=25=F8>=0;=0B0 3@0=8F0 =0 >B:@820=e (C@02=5=85 4). 

#@8 >?@545;O=5B> =0 >A=>2=8 :><?>=5=B8 2 <=>3>:><?>=5=B=0 <0B@8F0 A5 
87?>;720 >A=>2=0 7028A8<>AB 2 0B><=0B0 A?5:B@>A:>?8O: :>30B> ?@8 4045=0 4J;68=0 
=0 2J;=0B0 A5 87;JG20B 425 A?5:B@0;=8 ;8=88 (=0?@8<5@ 54=0 0=0;8B8G=0 8 54=0 
?@5G5I0 >B <0B@8G=8B5 :><?>=5=B8), B> ?@>872545=85B> >B GC2AB28B5;=>ABB0 =0 
0=0;8B8G=0B0 ;8=8O (SA ) 8 AJ>B25B=0B0 3@0=8F0 =0 >B:@820=5 2 G8AB @07B2>@8B5; 
(CLA ) 5 @02=> =0 ?@>872545=85B> >B GC2AB28B5;=>ABB0 =0 ?@5G5I0B0 ;8=8O [SI (»a)] 8 
3@0=8F0B0 =0 >B:@820=5 =0 AJ>B25B=8O <0B@8G=8O :><?>=5=B (%LI), B.5. 

 
SA x CLA = SI (»a) x %LI           (7) 
 
%LI = CLA / QI (»a)           (8) 
 

�@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5;, 87?>;7209:8 ICP-OES, A5 
>?@545;OB ?> C@02=5=85 9, :>5B> A;5420 2 σ :@8B5@8O =0 Kaiser. #@54;>65=> 5 >B 
Boumans 8 AJ02B>@8 [(Boumans, 1988). 

 
CL = 2√2 x 0.01 x RSDBL x BEC         (9), 
 
:J45B>: RSDBL = 1% 5 >B=>A8B5;=>B> AB0=40@B=> >B:;>=5=85 =0 D>=0 2 G8AB 
@07B2>@8B5;, BEC 5 D>=>20B0 5:2820;5=B=0 :>=F5=B@0F8O. 

"B C@02=5=85 8 A5 87G8A;O20 :>=F5=B@0F8OB0 =0 4045= <0B@8G5= :><?>=5=B ?@8 
:>OB> ?@5G5IaBa ;8=8O =5 >:0720 2;8O=85 =0 0=0;8B8G=0B0 ;8=8O =0 >?@545;O5<8O 
5;5<5=B, B.5. ?@5G5=5B> >B ;8=88 2 <0:A8<C<0 =0 0=0;8B8G=8B5 ;8=88 5 @02=> =0 
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=C;0 [QI (»a) = 0]. &078 7028A8<>AB 4020 2J7<>6=>AB 40 A5 87G8A;OB D0:B>@8B5 =0 
@07@5640=5, 87?>;7209:8 @07;8G=8 0=0;8B8G=8 ;8=88 70 >?@545;O5<8B5 5;5<5=B8 A 
@07;8G=8 ?> 3>;5<8=0 QI (»a) - AB>9=>AB8.  

%;54>20B5;=> 0=0;8B8G=>B> >?@545;O=5 <>65 40 A5 =0?@028, 87?>;7209:8 
3>;O< 1@>9 0=0;8B8G=8 ;8=88 ?@8 @07;8G=8 D0:B>@8 70 @07@5640=5, :>5B> >A83C@O20 
2J7<>6=>AB 70 ?>;CG020=5 =0 3>;O< 1@>9 >?@545;5=8O, :>8B> <>30B 40 A5 >1@01>BOB 
AB0B8AB8G5A:8 8 40 A5 >A83C@8 B>G=>ABB0 =0 0=0;870. #@8 B578 CA;>28O :>@5:B=0B0 
AB>9=>AB =0 D>=0 <>65 40 A5 87<5@8 >B 425B5 AB@0=8 =0 0=0;8B8G=0B0 ;8=8O, 157 40 
A5 87?>;720 <0B@8G=0 ?@07=0 ?@>10 70 87<5@20=5 2 <0:A8<C<0 =0 0=0;8B8G=0B0 
;8=8O. �7?>;720=5B> =0 @07@545=8 @07B2>@8 =5 =0;030 :>@5:F8O =0 =5A?5:B@0;=8B5 
?@5G5=8O 8 :0;81@8@0=5B> A5 >AJI5AB2O20 =0 1070B0 G8AB8 @07B2>@8. 

 
�D4A<J< A4 BF>D<64A9 

�A8G:8 3@0=8F8 =0 >B:@820=5 A0 87G8A;5=8 ?@8 >?B8<0;=8B5 CA;>28O 70 
2J71C640=5 70 8=4C:B82=> A2J@70=0B0 ?;07<0. 

#>;CG5=8B5 3@0=8F8 =0 >B:@820=5 2 G8AB @07B2>@8B5; CL 8 3@0=8F8B5 =0 
>B:@820=5 ?> >B=>H5=85 @07B2>@5=>B> :>;8G5AB2> B2J@40 ?@>10, ?>;CG5=8 AJA 
A?5:B@><5BJ@ JY ULTIMA 2 (40.68 MHz ICP, A?5:B@><5BJ@ A @0745;8B5;=0 
A?>A>1=>AB 5 pm), A0 ?@54AB025=8 =0 (83C@0 7. !5 A5 =01;N4020 7=0G8B5;=> 
2;>H020=5 ?@8 A@02=O20=5B> =0 3@0=8F8B5 =0 >B:@820=5 70 Y, Zr, Nb, Hf, Ta 8 Th, 
?>;CG5=8 2 ?@8AJAB285 =0 <0B@8F0B0 8 2 >BAJAB285B> ú. 
 

 
(<7GD4 7. %@02=O20=5 =0 3@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5; CL 8 3@0=8F8B5 
=0 >B:@820=5 ?> >B=>H5=85 @07B2>@5=>B> :>;8G5AB2> B2J@40 ?@>10, ?>;CG5=8 A 548= 
A?5:B@><5BJ@ (40.68 MHz ICP, A?5:B@><5BJ@ A @0745;8B5;=0 A?>A>1=>AB 5 pm 2J2 

2B>@8 ?>@O4J: 8 10 pm 70 ?J@28 ?>@O4J:) ULTIMA 2 

Figure 7. Comparison of the detection limits in pure solvent CL and detection limits 
according to the dissolved salts derived with (40.68 MHz ICP, spectral resolution of 5 pm 

in second order and 8 10 pm for first order) ULTIMA 2 

 
%@02=O20=5 =0 3@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5;, ?>;CG5=8 A 425 ICP-

OES A8AB5<8 - A?5:B@><5BJ@ A @0480;=> =01;N45=85 8 40.68 MHz 8=4C:B82=> 
A2J@70=0 ?;07<0 8 A 0:A80;=> =01;N45=85 8 27.12 MHz, 5 ?@54AB025=> =0 &01;8F0 
3.  
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&45?<J4 3. %@02=O20=5 =0 3@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5;, ?>;CG5=8 A 
425 ICP-OES A8AB5<8 ULTIMA 2 A @0480;=> =01;N45=85 8 5 pm @0745;8B5;=0 
A?>A>1=>AB 8 Spectro blue A 0:A80;=> =01;N45=85 8 10pm @0745;8B5;=0 A?>A>1=>AB 
Table 3. Comparison of the detection limits in pure solvent derived with two ICP-OES 
systems: ULTIMA 2 and Spectro blue 

 
 

"CF<@4?9A <;5BD A4 4A4?<F<KA< ?<A<< 

#@8 >?B8<0;=8O 871>@ =0 0=0;8B8G=8 ;8=88 8718@0<5 5:A?5@8<5=B0;=> B578 
0=0;8B8G=8 ;8=88 70 >?@545;O5<8B5 5;5<5=B8, 70 :>8B> AB>9=>AB8B5 70 ?@5G5=5 >B 
<0B@8G=8 ;8=88 A0 QI(üa) =0 8;8 8<0B =09-=8A:0 AB>9=>AB 2 A@02=5=85 A 4@C38B5 
0=0;8B8G=8 ;8=88 70 4045= >?@545;O5< 5;5<5=B.  

�06=> 5 40 A5 >B15;568, G5 2AO:0 <0B@8F0, 2 7028A8<>AB >B 2840 8 3>;5<8=0B0 
=0 A?5:B@0;=8B5 ?@5G5=8O, ?@><5=O @540 =0 0=0;8B8G=8B5 ;8=88 ?> 3@0=8F8 =0 
>B:@820=5. &>20 =5 <>65 40 A5 ?@54A:065 ?> =09->1I8 AJ>1@065=8O, => A5 
CAB0=>2O20 A0<> G@57 A8AB5<=8 87A;5420=8O. �@0=8F8B5 =0 >B:@820=5 2 G8AB 
@07B2>@8B5; =5 <>30B 40 A5 ?@5=0AOB :0B> 3@0=8F8 =0 >B:@820=5 2 ?@8AJAB285 =0 
<0B@8F8 A @07;8G5= AJAB02. 

 
%D46AO64A9 A4 864 EC9>FDB@9FND4 Jobin Yvon 38 < ULTIMA 2 

�A8G:8 3@0=8F8 =0 >B:@820=5 A0 87G8A;5=8 ?@8 >?B8<0;=0B0 B5<?5@0BC@0 70 
2J71C640B5 (Texc ) 6200 �. &5<?5@0BC@0B0 70 2J71C640=5 5 87<5@5=0 ?> <5B>40 =0 
�>;F<0= 8 B8B0=>28B5 ;8=88.  

 
%D46AO64A9 A4 7D4A<J<F9 A4 BF>D<64A9 6 K<EF D4;F6BD<F9? CL  

%@02=O20=5 =0 3@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5; CL 70 ;8=88B5 =0 Hf 
II 273.876, Ta II 301.254 8 Th II 283.231, ?>;CG5=8 A JY ULTIMA 2 8 A JY 38 ((83C@0 8). 
�@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5; CL ?>;CG5=8 A 40.68 MHz ICP A0 
7=0G8B5;=> ?>-=8A:8 2 A@02=5=85 AJA AJ>B25B=8B5 AB>9=>AB8 ?>:070=8 70 27 MHz ICP 
(>B 3 4> 15 ?JB8)  
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(<7GD4 8. %@02=O20=5 =0 3@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5; CL 70 ;8=88B5 

=0 Hf, Ta 8 Th, ?>;CG5=8 A JY ULTIMA 2 8 A JY 38 

Figure 8. Comparison of the detection limits in pure solvent CL for Hf, Ta 8 Th, derived 
with JY ULTIMA 2 8 A JY 38 

 
%@02=O20=5 =0 3@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5; CL 70 ;8=88B5 =0 Y 8 

@54:>75<=8B5 5;5<5=B8 3 Y II 371.024, La II 408.672, Ce II 413.765, Pr II 390.843, Nd II 
401.225 < Sm II 359.260 , ?>;CG5=8 A JY ULTIMA 2 8 A JY 38 (&01;8F0 4). �@0=8F8B5 
=0 >B:@820=5, ?>;CG5=8 A 40.68 MHz ICP =0<0;O20B A D0:B>@ >B 8 4> 21 2 A@02=5=85 
A ?>;CG5=8B5 A 27.12 MHz ICP - JY 38.  
 
&45?<J4 4. %@02=O20=5 =0 3@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5; CL 70 
;8=88B5 =0 @54:>75<=8B5 5;5<5=B8 

Table 4. Comparison of the detection limits in pure solvent CL for Y and REE  

�A4?<F<KA4 ?<A<O, λ, 
nm 

40.68 M, Hz ICP 

Mg II/Mg I = 3.6 Texc≈6000 K 

Detection limits, ng ml-1 

27.12 MHz ICP 

T exc ≈ 6200 K 

Detection limits, ng ml-1 

Y II 371.024 0.06 (20) 1.2 

La II 408.672 0.16 (18) 2.8 

Ce II 413.765 1.10 (9) 9.5 

Pr II 390.843 0.60 (25) 15.0 

Nd II 401.225 0.32 (21) 7.4 

Sm II 359.260 0.43 (8) 3.4 

 
%D46AO64A9 A4 7D4A<J<F9 A4 BF>D<64A9 ECDO@B D4;F6BD9ABFB >B?<K9EF6B 

F6ND8B 69M9EF6B - �EF<AE>< 7D4A<J< A4 BF>D<64A9 CB BFABL9A<9 A4 
>B?<K9EF6BFB D4;F6BD9AB 69M9EF6B, % 

%@02=O20=5 =0 8AB8=A:8B5 3@0=8F8 =0 >B:@820=5 ?@8 >?@545;O=5 =0 A;548 Y, Sc 
8 2A8G:8 @54:>75<=8 5;5<5=B8 2 Eu2O3 :0B> <0B@8F0, 87?>;7209:8 40.68 MHz ICP 8 
A?5:B@><5BJ@ A ?;>A:0 E>;>3@0DA:0 48D@0:F8>==0 @5H5B:0 (5:A?5@8<5=B0;=> 
>?@545;5=0 H8@8=0 =0 A?5:B@0;=0B0 828F0 10 pm) A 27.12 MHz ICP 
(5:A?5@8<5=B0;=> >?@545;5=0 H8@8=0 =0 A?5:B@0;=0B0 828F0 BW =15.6 pm). � 70 
425B5 ICP A8AB5<8  A0 87?>;720=8 D>B>C<=>68B5;8 :0B> 45B5:B>@8. &exc = 6200 oK 
(&01;8F0 5). 
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&45?<J4 5. %@02=O20=5 =0 8AB8=A:8B5 3@0=8F8 =0 >B:@820=5 ?@8 >?@545;O=5 =0 
A;548 Y, Sc 8 2A8G:8 @54:>75<=8 5;5<5=B8 2 Eu2O3 :0B> <0B@8F0 87?>;7209:8 40.68 
MHz ICP 8 A?5:B@><5BJ@ A ?;>A:0 E>;>3@0DA:0 48D@0:F8>==0 @5H5B:0 
(5:A?5@8<5=B0;=> >?@545;5=0 H8@8=0 =0 A?5:B@0;=0B0 828F0 10 pm) A 27.12 MHz 
ICP (5:A?5@8<5=B0;=> >?@545;5=0 H8@8=0 =0 A?5:B@0;=0B0 828F0 BW =15.6 pm ). � 
70 425B5 ICP A8AB5<8 A0 87?>;720=8 D>B>C<=>68B5;8 :0B> 45B5:B>@8. &exc = 6200 oK 

Table 5. Comparison of the detection limits in Y, Sc and REE in Eu2O3 as matrix for 
spectrometer with 40.68 MHz ICP and A 27.12 MHz ICP 

�;5D4A< 4A4?<F<KA< 
?<A<<, 
λ nm 

�EF<AE>< 7D4A<J< A4 BF>D<64A9 CB BFABL9A<9 A4 
>B?<K9EF6BFB D4;F6BD9AB 69M9EF6B, % 

40.68 MHz ICP, 
BW = 10 pm 

27.12 MHz ICP, 
BW = 15.6 pm 

Sc II 358.094 6.5 x10-6
 9.0 x10-5 (14) 

Y II 324.228 8.6 x10-6
 6.0 x10-5 (7.6) 

Y II 360.073 4.1 x10-6
 6.0 x10-5 (14.6) 

La II 408.672 4.8 x10-5
 8.5 x10-4 (17.7) 

Ce II 413.380 1.3 x10-3
 6.1 x10-3 (4.7) 

Pr II 422.293 1.2 x10-4
 1.1 x10-3 (9.1) 

Nd II 406.109 8.4 x10-5
 1.0 x10-3 (12) 

Sm II 359.260 5.2 x10-5
 6.0 x10-4 (11.5) 

 
#@8 40.68 MHz ICP 8=B5=782=>ABB0 =0 0=0;8B8G=8B5 ;8=88, :0:B> 8 

8=B5=782=>ABB0 =0 D>=0 =0<0;O20B 2 A@02=5=85 AJA AJ>B25B=8B5 AB>9=>AB8 2 27.12 
MHz ICP. #>@048 B>20, G5 D>=>28B5 A83=0;8 2 40.68 MHz ICP =0<0;O20B <=>3> ?>-
1J@7> 2 A@02=5=85 AJA A83=0;8B5 >B ;8=88, >B=>H5=85B> A83=0;/D>= 5 ?>-3>;O<>, 0 
3@0=8F8B5 =0 >B:@820=5 A0 ?>- =8A:8. OA=>2=8OB 872>4 5, G5 ?@8 48@5:B=>B> ICP-OES 
>?@545;O=5 =0 Y, Sc 8 @54:>75<=8 5;5<5=B8 2 @54:>75<=8 >:A848, 87?>;7209:8 
27.12 MHz ICP 8 A?5:B@><5BJ@ A H8@8=0 =0 A?5:B@0;=0B0 828F0 15.6 pm, <>65 40 A5 
30@0=B8@0 A;54=0B0 AB5?5= =0 G8AB>B0 =0 @54:>75<=8B5 >:A848: 99.99 % 70 (Y2O3, 

L02O3, Tm2O3, Yb2O3 8 Lu2O3); 99.9 % (Sm2O3, Eu2O3 , Gd2O3 , Tb4O7 , Dy2O3 , Ho2O3 8 
Er2O3); 99% (CeO2, Nd2O3,  Pr6O11). 

�7?>;7209:8 40.68 MHz ICP 8 A?5:B@><5BJ@ A 28A>:> @0745;O=5, 3@0=8F8B5 =0 
>B:@820=5 A5 ?>=86020B A 548= ?>@O4J:. ,8@8=0B0 =0 A?5:B@0;=0B0 >B 828F0 10 pm 
<>65 40 A5 30@0=B8@0 548= ?>@O4J: ?>-28A>:0 G8AB>B0 =0 @54:>75<=8B5 >:A848: 
99.999% (Y2O3,,L02O3, Tm2O3, Yb2O3 8 Lu2O3); 99.99 % (Sm2O3, Eu2O3 , Gd2O3 , Tb4O7 , 
Dy2O3 , Ho2O3 8 Er2O3); 99. 9 % (CeO2, Nd2O3, Pr6O11). 

$0745;8B5;=0B0 A?>A>1=>AB =0 A?5:B@><5BJ@0 5 D0:B>@JB, :>9B> >?@545;O 
3@0=8F8B5 =0 >B:@820=5, :0B> >B =5O 7028A8 3>;5<8=0B0 =0 A?5:B@0;=8B5 ?@5G5=8O. 
#> =0B0BJH=>B> ?>4>1@O20=5 =0 3@0=8F8B5 =0 >B:@820=5 <>65 40 A5 ?>AB83=5 ?@8 
>B45;O=5 =0 <0B@8G=8B5 :><?>=5=B8 8;8 ?@8 :>=F5=B@8@0=5 =0 5;5<5=B8B5 
?@8<5A8. 

 
�4>?NK9A<9 

�7?>;720=5B> =0 40.68 MHz ICP A?5:B@><5BJ@ A 28A>:0 @0745;8B5;=0 
A?>A>1=>AB 8 Q 3:>=F5?F8OB0 70 :>;8G5AB25=0 >F5=:0 =0 A?5:B@0;=8B5 ?@5G5=8O 
>A83C@O20B 5;8<8=8@0=5B> =0 3@5H:8B5 ?@8 87<5@20=5B> =0 G8AB8B5 0=0;8B8G=8 
A83=0;8 70 >?@545;O5<8B5 5;5<5=B8 :0B> @57C;B0B >B ?>3@5H=> 87<5@5=8 A83=0;8 
=0 D>=0.  
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&>G=>ABB0 ?@8 87<5@20=5B> =0 0=0;8B8G=8B5 A83=0;8 >A83C@O20 B>G=>ABB0 =0 
0=0;8B8G=8B5 >?@545;5=8O.  

�71>@JB =0 ?>4E>4OI0 <5B>4>;>38O 70 >?B8<0;5= 871>@ =0 0=0;8B8G=8 ;8=88 2 
?@8AJAB285 =0 <=>3>:><?>=5=B=8 8 54=>:><?>=5=B=8 <0B@8F8 30@0=B8@0 4>AB830=5 
=0 8AB8=A:8 3@0=8F8 =0 >B:@820=5 2 ?@8AJAB285 =0 <0B@8G=8B5 :><?>=5=B8, :>8B> =5 
A5 @07;8G020B AJI5AB25=> >B 3@0=8F8B5 =0 >B:@820=5 2 G8AB @07B2>@8B5;. 
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�N6989A<9 
% 2J74CH=8B5 <0A8 ?@57 28A>:8B5 A;>525 =0 0B<>AD5@0B0, 70<J@AO20=5B>, 

?@548728:0=> >B G>25H:0 459=>AB <>65 40 4>AB83=5 4> 2AO:0 B>G:0 >B 75<=0B0 
?>2J@E=>AB. #> B>78 =0G8= ?>G20B0 :0B> A;>6=0 ?@8@>4=0 A8AB5<0, A5 ?@52@JI0 2 
>A=>25= @575@2>0@ =0 @07;8G=8 70<J@A8B5;8, 2:;NG8B5;=> B56:8 <5B0;8, >@30=8G=8 
AJ548=5=8O 8 @048>=C:;848. "I5 A ?J@28B5 O4@5=8 >?8B8, ?@>2545=8 2 A@540B0 =0 
<8=0;8O 25: 2 A525@=>B> ?>;C:J;1>, AJ4J@60=85 =0 @048>F5789 5 >BG5B5=> 2 =09-
>B40;5G5=8B5 G5AB8 =0 �5<OB0, 4>@8 2 ;54=8F8 8 ?>G25=8 ?@>18 >B N6=8O ?>;NA. 
&0:0 @048>;>38G=>B> 70<J@AO20=5 =0 ?>G20B0 ?@54AB02;O20 4J;3>A@>G5= 
5:>;>38G5= ?@>1;5<, :>9B> 70AO30 CAB>9G82>ABB0 =0 5:>A8AB5<8B5, :0G5AB2>B> =0 
A5;A:>AB>?0=A:0B0 ?@>4C:F8O 8 G>25H:>B> 74@025. 

�48= >B >A=>2=8B5 87B>G=8F8 =0 @048>0:B82=> 70<J@AO20=5 5 0=B@>?>35==8OB 
Cs-137. /4@5=8B5 B5AB>25 8 020@88 A O4@5=8 AJ>@J65=8O, 4>?@8=AOB 70 3;>10;=>B> 
<C @07?@>AB@0=5=85. #@57 1986 3. @0480F8>==>B> 70<J@AO20=5 >B O4@5=0B0 020@8O 2 
+5@=>18; A5 >B;030 =0 150 000 km2 ?;>I >B %J25BA:8O AJN7 8 70AO30 ?>25G5 >B 5 
<8;8>=0 68B5;8. �72J= 182H8O %%%$ >:>;> 45 000 km2 2 H8@>:8 @09>=8 =0 �2@>?0 
A0 70A53=0B8 >B F5789-137 <564C 37 kBq/m2 8 200 kBq/m2 (UNSCEAR (2008). � 3>;O<0 
AB5?5=, B>20 @0480F8>==> 70<J@AO20=5 70AO30 ?>G28B5 2 �J;30@8O. #>@048 
2J7459AB285B> =0 3;>10;=8 8 ;>:0;=8 87B>G=8F8 =0 @048>0:B82=> =0B>20@20=5, 
4J;38OB ?5@8>4 =0 ?>;C@07?04 =0 0=B@>?>35=8O @048>F5789, =52J7<>6=>ABB0 40 
1J45 872545= >B ?>G20B0, 3>;O<0B0 <C B>:A8G=>AB 70 2A8G:8 6828 >@30=87<8 8 
74@025= @8A: >B 2J=H=> 8 2JB@5H=> >1;JG20=5 87A;5420=5B> =0 AJAB>O=85B> =0 
?@>1;5<0, :0:B> 8 ?@>F5A8B5 =0 <83@0F8O, D8:A8@0=5 8 B@0=AD5@ 2 A8AB5<0B0 ?>G20 
- @0AB5=85 A0 >B >A>15= 8=B5@5A 8 4=5A. 

 
 4F9D<4?< < @9FB8<  
#@57 ?5@8>40 2021 - 2024 3. 5 ?@>2545=> 87A;5420=5 =0 AJ4J@60=85B> =0 

F5789-137 2 30 1@. ?>G25=8 ?@>18 >B @09>=0 =0 )0A:>2A:0 8 �J@460;89A:0 >1;0AB, 2 
?>G25=8O A;>9 0-10 cm, AJ3;0A=> AB0=40@B ISO 18589-2:2022. *5;B0 5 40 A5 CAB0=>28 
@048>;>38G=>B> AJAB>O=85 =0 ?>G28B5 2 54=8 >B =09-70<J@A5=8B5 @09>=8 =0 
�J;30@8O, ?>GB8 4 45A5B8;5B8O A;54 020@8OB0 2 +5@=>18;A:0B0 O4@5=0 F5=B@0;0.  

mailto:m.hristozova@issapp-pushkarov.org
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�7A;5420=5B> 5 ?@>2545=> 2 �01>@0B>@8O ?> @048>5:>;>38O 8 @048>87>B>?=8 
87A;5420=8O :J< �#��$ "!. #CH:0@>2", :>OB> 5 =0F8>=0;=0 @5D5@5=B=0 
;01>@0B>@8O 2 >1;0ABB0 =0 @048><5B@8OB0 8 5 0:@548B8@0=0 ?> ��% EN ISO/IEC 
17025:2024 70 >?@545;O=5 AJ4J@60=85B> =0 5AB5AB25=8 8 87:CAB25=8 @048>=C:;848 
2J2 2>40, ?>G20 8 E@0=0.  

%J4J@60=85B> =0 @048>=C:;848 5 >?@545;5=> G@57 30<0-A?5:B@><5B@8G5= 
0=0;87 A <=>3>:0=0;5= 0=0;870B>@ DSA 1000, ?@>872>4AB2> =0 CANBERRA, A 
C;B@0G8AB Ge-45B5:B>@, A 20 % 5D5:B82=>AB 8 @0745;8B5;=0 A?>A>1=>AB 1,8 keV 70 
;8=8OB0 Co-60 A 5=5@38O 1332. �7?>;720 A5 A>DBC5@=0 :>=D83C@0F8O Genie-2000. 
�7<5@20=8OB0 A0 872J@H5=8, AJ3;0A=> 878A:20=8OB0 =0 AB0=40@B ISO, 18589-3:2024. 
�5B5:B>@JB 5 :0;81@8@0= AJA AB0=40@B=8 @5D5@5=B=8 <0B5@80;8. �:B82=>ABB0 =0 
Cs-137 2 ?@>18B5 A5 >?@545;O >B ?8:0 A 5=5@38O 661,62 keV. �@5<5B> 70 87<5@20=5 
=0 54=0 ?@>10 20@8@0 <564C 19 8 24 G0A0.  5@8B5;=8OB AJ4 5 Marinelli, 35><5B@8O 4Ã 
8 >15< 500 ml. 

#>@048 ?@>F5A8B5 =0 <83@0F8O 8 18>0:C<C;0F8O 5 871@0= ?@54AB028B5;5= 
>15:B >B >1@01>B205<0 ?>G20 A =09-28A>:>B> 70 @09>=0 AJ4J@60=85 =0 @048>F5789. 
�7A;5420=0 5 0:B82=>ABB0 =0 F578O ?@57 @07;8G=8 A57>=8. #>G25=8B5 @57C;B0B8 A5 
A@02=O20B A =0;8G85 =0 Cs-137 2 @0AB8B5;=8 ?@>18 >B 8 28AH8 @0AB5=8O, >B3;5640=8 
=0 87A;5420=0B0 B5@8B>@8O, A F5; 40 A5 ?@>A;548 2 5AB5AB25=8 CA;>28O B@0=AD5@0 
=0 @048>87>B>?0 >B ?>G25=8O AC1AB@0B :J< @0AB5=85B>, :0:B> 8 40 A5 A@02=8 
AB5?5=B0 =0 CA2>O20=5 8 =0B@C?20=5 =0 F5789-137 2 @07;8G=8B5 @0AB8B5;=8 284>25. 

�72J@H5=8 A0 87A;5420=8O =0 30 1@. >1@01>B205<8 8 F5;8==8 ?>G28 >B 
)0A:>2A:0 8 �J@460;89A:0 >1;0AB, :0:B> 8 =0 8 @0AB8B5;=8 ?@>18.  

"?@545;5=> 5 AJ4J@60=85B> =0 5AB5AB25=8O :0;89-40 8 0=B@>?>35==8O Cs-137 
G@57 30<0-A?5:B@><5B@8G5= 0=0;87. 

 
$9;G?F4F< < B5EN:84A9 
#> FO;0B0 B5@8B>@8O =0 �J;30@8O @048>0:B82=8OB F5789 5 @07?@545;5= 

=5E><>35==> 2 @57C;B0B, :0:B> =0 28A>G8==8B5 B5AB>25 >B A@540B0 =0 <8=0;8O 25:, 
B0:0 8 =0 +5@=>18;A:0B0 O4@5=0 020@8O ?@57 1986 3. %;54 020@8OB0 0:B82=>ABB0 =0 
Cs-137 2 ?>G28B5 =0 �J;30@8O 5 =0@0A=0;0 <564C 3-10 ?JB8, 4>AB8309:8 2 >B45;=8 
A;CG08 4> 50 ?JB8 =04 E0@0:B5@=8B5 D>=>28 AB>9=>AB8 (Naydenov and Staneva, 
1987a).  

#>@048 4J;38OB ?5@8>4 =0 ?>;C@07?04 (30 3>48=8), F578OB ?@8AJAB20 2J2 
2A8G:8 725=0 =0 5:>A8AB5<0B0. $09>=JB =0 )0A:>2A:0 >1;0AB 5 548= >B =09-
70A53=0B8B5. �0<J@AO20=5B> 2 .6=0 �J;30@8O A5 @538AB@8@0 8 4=5A (T01;8F0 1).  

%?>A>1=>ABB0 =0 ?>G20B0 40 704J@60 8;8 40 ?@>?CA:0 @048>=C:;848, :0B> 
F5789-137, 7028A8 >B <=>65AB2> D0:B>@8, 2:;NG8B5;=> D878:>-E8<8G=8B5 
E0@0:B5@8AB8:8 =0 ?>G20B0, :;8<0B8G=8B5 CA;>28O 8 >A>15=>AB8B5 =0 ;0=4H0DB0. 
&>G:8B5 =0 ?@>1>275<0=5 A0 @07?>;>65=8 2 @02=8==8 @09>=8 A 1;87:8 :;8<0B8G=8 
CA;>28O, 70 40 A5 =0<0;8 2J7<>6=>ABB0 70 87O25=0 E>@87>=B0;=0 <83@0F8O. � 
4J;1>G8=0, AB>9=>AB8B5 =0 F578O A5 70?0720B 1;87:8. %0<> 2 425 ?@>18 0:B82=>ABB0 
=0 @048>87>?>?0 5 ?>4  ��. 50% >B ?@>18B5 A0 AJA AJ4J@60=85 =0 F5789-137 <564C 
10 8  30 Bq/kg. � B@8 >B ?@>18B5 @57C;B0B8B5 A0 7=0G8B5;=> =04 B578 AB>9=>AB8. 
�J7<>6=> 5 ?>-28A>:0B0 :>=F5=B@0F8O 2 B578 >1@01>B205<8 ?>G28 40 A5 4J;68 =0 
4>?J;=8B5;=> 2=5A5=>, A;54 1986 3., ?>-28A>:> AJ4J@60=85 =0 F5789 A 5AB5AB25=0B0 
B>@. %;54 =0?@025=8B5 @048>;>38G=8 87A;5420=8O, 1OE0 CAB0=>25=8 <8=8<0;=8 
AB>9=>AB8 70 Cs-137 < 1 Bq/kg 8 260 Bq/kg 70 �.  0:A8<0;=8B5 AB>9=>AB8 70 87 Bq/kg 
70 Cs-137 8 1430 Bq/kg 70 �. 
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&45?<J4 1. %J4J@60=85 =0 @048>=C:;848 2 >1@01>B205<8 ("#) 8 F5;8==8 ?>G28 >B 
B5@8B>@8OB0 =0 )0A:>2A:0 8 �J@460;89A:0 >1;0AB 2 Bq/kg 

N
o 

@9EFBCB?B:9A<9 
8N?5BK<A

4 
cm 

137Cs 40K 

1 �8<8B@>23@04 0 - 10 28±1 670±10 

2 A. +5@=8 @84 0 - 10 < 1 850±20 
3 �;0B>4>182=0 <8=0 �40 B5?5  0 - 10 26±1 360±10 
4 �40 B5?5 3 >B:@8B @C4=8: 0 - 10 < 1 1000±10 

5  0460@>2> 0 - 10 5±1 1430±20 
6 �J@460;8 0 - 10 1±0.5 750±20 
7 A. +8=:0 0 - 10 12±1 260±10 
8 A. �0=48;:0 0 - 10 7±2 300±10 
9 A. �>@8A;02F8 0 - 10 6±1 850±20 
10 �@C<>23@04 1 - "# 0 - 10 26±4 260±4 

11 
�@C<>23@04 2 - "# 0 - 5 87±4 540±10 
�@C<>23@04 2 - "# 5 - 10 76±3 570±10 
�@C<>23@04 2 - "# 10 - 20 76±3 570±10 

12 �@C<>23@04  0 - 10 7±1 540±20 
13 A. �5H=8:>2> - "# 0 - 10 35±3 670±20 
14 %B0=:0 G5H<0 0 - 10 8±1 265±30 
15 �;8520 =820 0 - 10 16±2 620±65 

16 A. �>;810@8 0 - 10 < 2 265±35 
17 %28;5=3@04 0 - 10 5±1 660±70 
18 �N18<5F 0 - 10 10±1 800±70 
19 A. �8A5@ 0 - 10 5±1 920±90 
20 )0@<0=;8 - 0 - 10 < 2 710±70 
21 A.  8=5@0;=8 10=8 0 - 10 20±3 1000±100 

22 A. %8;5= 0 - 10 14±2 920±90 
23 A. %BC45= :;045=5F 0 - 10 24±5 720±75 
24 A. $J65=>2> - "# 0 - 10 68±18 840±80 
25 A. �C3CB:0 0 - 10 18±4 620±20 
26 A. �2@5= 0 - 10 22±5 590±30 
27  ><G8;3@04 0 - 10 11±2 500±15 

28 �6515; 0 - 10 17±3 920±40 
29 %8<5>=>23@04 - "# 0 - 10 4±1 480±10 
30 A. '7C=46>2> - "# 0 - 10 52±15 860±30 
  <A<@4?A< < @4>E<@4?A< EFB=ABEF< 0 - 10 < 1 - 87 260 - 1430 

 
"B 40==8B5 70 A?5F8D8G=0B0 0:B82=>AB 8 48=0<8:0 =0 Cs-137 A5 ?>B2J@64020 

=5E><>35==>B> 70<J@AO20=5 =0 ?>G20B0 2 @57C;B0B =0 2J74CH=8O B@0=A?>@B ((83C@0 
1). *578OB 5 ?>42865= 8 2>4>@07B2>@8< 5;5<5=B. �J2545= 2 ?>G20B0 B>9 5 ?>4;>65= 
2 @07;8G=0 AB5?5= =0 E>@87>=B0;=0 8 25@B8:0;=0 <83@0F8O. � 4J;1>G8=0B0 =0 
?>G25=8O E>@87>=B, B>9 @5038@0 A >@30=8G=8 AJ548=5=8O 8 2 3>;O<0 G0AB >AB020 
D8:A8@0= 2 3;8=5AB8 ?>G28. #> B>78 =0G8=, 7=0G8B5;=> AJ4J@60=85 =0 F5789 A5 
@538AB@8@0 2 ?>G25=8 ?@>18 45A5B:8 3>48=8 A;54 ?J@2>=0G0;=>B> 70<J@AO20=5. 
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(<7GD4 1. %J4J@60=85 =0 F5789-137 2 87A;5420=8B5 ?>G25=8 ?@>18 (Bq/kg) 

 
#@85<0 A5, G5 <5E0=87<8B5 70 CA2>O20=5 =0 �+ 2 6828B5 >@30=87<8 A0 AE>4=8 A 

B578 =0 Cs+. %;54>20B5;=> ?@8 @0AB5=8O A 0D8=8B5B :J< � 8 =0;8G85B> <C 2 ?>-
3>;5<8 :>;8G5AB20 2 ?>G20B0, ?@85<0=5B> =0 Cs I5 1J45 ?>4B8A=0B>. �8=0<8:0B0 =0 
420B0 5;5<5=B0 =5 28=038 AJ2?040 ?@8 ?@5E>40 8< >B ?>G20B0 :J< @0AB5=8OB0 8 
?@5@07?@545;5=85 2 @0AB8B5;=8O >@30=87J< (Rai and Miku, 2020). � 87A;5420=8B5 
?@>18 =O<0 OA=> CAB0=>25=0 7028A8<>AB <564C AJ4J@60=85B> =0 420B0 5;5<5=B0 2 
@0AB5=8OB0. 'AB0=>25=> 5 AJ4J@60=85 =04 ?@030 =0 45B5:B8@C5<>AB 2 ;8AB=0B0 <0A0 
A0<> ?@8 420 >B 284>25B5 3 G5@5H0 8 <0;8=0. $57C;B0B8B5 A0 40;5G >B 
@53;0<5=B8@0=0B0 AB>9=>AB >B 600 Bq/kg 70 E@0=8 (&01;8F0 2).  
 
&45?<J4 2. %J4J@60=85 =0 Cs-137 8 �-40 (Bq/kg) 2 @0AB8B5;=8 284>25, >B3;5640=8 2 
?>G20 AJA AJ4J@60=85 =0 Cs-137- 76±3 Bq/kg 8 =0 �-40 - 570 Bq/kg 

$4EF<F9?9A 6<8 Cs-137 �-40 

/3>40 (Fragaria chiloensis, L.) < 1 38±3 
%;820 (Prunus domestica, L.) < 1 140±10 
+5@5H0 (Prunus avium, L.) 1.02±0.5 70±8 
/1J;:0 (Malus domestica, L.) < 1 175±10 
 CH<C;0 (Mespilus germanica, L.) < 1 25±5 
%<>:8=O (Ficus carica, L.) < 1 66±7 
�>70 (Vitis sp., L.) < 1 40±6 
 0;8=0 (Rubus idaeus, L.) 2.18±0.5 62±10 

 
�01>@0B>@8OB0 ?> @048>5:>;>38O 8 @048>87>B>?=8 87<5@20=8O :J< 8=AB8BCB 

„#CH:0@>25 ?@>25640 5653>4=8 @048>;>38G=8B5 87A;5420=8O =0 ?>G25=8 ?@>18 >B 
<>=8B>@8=3>20B0 <@560 =0 AB@0=0B0. #@8 A@02=5=85 =0 @57C;B0B8B5 >B @09>=0 =0 
>1;0AB �J@460;8 8 )0A:>2> A >A@54=5=8 40==8 70 %525@=0 8 .6=0 �J;30@8O, >B 
?@548 +5@=>18;A:0B0 020@8O, 4> 4=5A, A5 CAB0=>2O20 4>1@5 87@075= A?04 =0 
0:B82=>ABB0 =0 F578O ((83C@0 2). 

�> 1986 3. A@54=0B0 AB>9=>AB =0 A?5F8D8G=0B0 0:B82=>AB =0 137Cs 2 %525@=0 
�J;30@8O 5 10 Bq/kg, 0 2 .6=0 �J;30@8O - 26 Bq/kg (Naydenov and Staneva, 1987b). 
%;54 1990 3. F5789-137 <>65 40 1J45 >B:@8B 2J2 2A8G:8 ?>G25=8 ?@>18 (Yordanova et 
al., 2007). #@57 1996 3. ?>@048 28A>:0B0 =5E><>35==>AB A@54=8B5 AB>9=>AB8 =0 
87>B>?0 20@8@0B <564C 160 8 280 Bq/kg 70 .6=0 �J;30@8O 8 <564C 40 8 60 Bq/kg - 70 
%525@=0 �J;30@8O (Yordanova et al., 2014). #> 40==8 =0 ��"% (2016) =09-28A>:8 

https://apiv3.iucnredlist.org/api/v3/taxonredirect/50135950
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AB>9=>AB8 A0 @538AB@8@0=8 2 �0?04=8B5 $>4>?8 (@09>= +5B@>:0 - 261/kg 8 3@. �J:8 - 
189 Bq/kg). 38 3>48=8 A;54 020@8OB0 2 +5@=>18; =0AB>OI>B> 87A;5420=5 @538AB@8@0 
A?5F8D8G=0 0:B82=>AB =0 F5789-137 >B <1 4> 87 Bq/kg (Hristozova and Lazarova, 
2022). &>20 =0<0;5=85 =0 0:B82=>ABB0 =0 137Cs 2 ?>2J@E=>AB=8O A;>9 =0 ?>G20B0 A5 
4J;68 3;02=> =0 =53>28O @048>0:B825= @07?04. 
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(<7GD4 2. !0<0;O20=5 =0 0:B82=>ABB0 =0 F5789-137 2 ?>G25=8 ?@>18 >B 

+5@=>18;A:0B0 O4@5=0 020@8O 4> 4=5A 
 
�:>;>38G=8B5 :0B0AB@>D8 :0B> O4@5=8B5 020@88 2 +5@=>18; 8 (C:CH8<0, :>8B> 

8=65:B8@0B 2 >:>;=0B0 A@540 >3@><=8 :>;8G5AB20 @048>F5789, ?@54>AB02OB =0 
?@0:B8:0 >3@><=0 2J7<>6=>AB 70 5:A?5@8<5=B0;=8 87A;5420=8O 8 BJ@A5=5 =0 <5B>48 
70 8725640=5 8;8 =0<0;O20=5 2J7459AB285B> =0 @048>=C:;848B5 2 70<J@A5=8B5 
?>G28. �J7<>6=8B5 @5H5=8O <>30B 40 1J40B A2545=8 4>: 

3 (878G=8 <5B>48 - >BAB@0=O20=5 =0 3>@=8O ?>G25= A;>9, (?@8;>68< 70 <0;:8 
CG0ABJF8, A8;=> 70<J@A5=8 ?;>I8) 8 ?@><820=5 =0 ?>G20B0 A E8<8G5A:8 @07B2>@8 70 
872;8G0=5 =0 @048>=C:;848B5. 

3 )8<8G=8 <5B>48 3 G@57 4>102O=5 =0 04A>@15=B8 :0B> 75>;8B8 8 15=B>=8B, 
:>8B> <>30B 40 D8:A8@0 Cs-137 8 40 =0<0;8 =53>20B0 <>18;=>AB 8;8 :>@838@0=5 =0 
:8A5;8==>ABB0. �0@C20=5B> =0 :8A5;8 ?>G28 A?><030 70 ?>-4>1@0 D8:A0F8O =0 
@048>=C:;848B5, BJ9 :0B> 28A>:0B0 :8A5;8==>AB C;5A=O20 <83@0F8OB0 =0 Cs-137 2 
?>-4J;1>:8B5 ?>G25=8 E>@87>=B8. 

3 �8>;>38G=8 <5B>48 - (8B>@5<5480F8O. ($0AB5=8O :0B> A;J=G>3;54, @0?8F0 8 
;NF5@=0 A0 5D5:B82=8 70 872;8G0=5 =0 Cs-137 >B ?>G20B0). 

 
�4>?NK9A<9  
#>G20B0 5 >A=>25= :>;5:B>@ =0 @0480F8>==> 70<J@AO20=5. *5789-137 A5 

@538AB@8@0 2 87A;5420=8B5 B5@8B>@88 >B .6=0 �J;30@8O, 38 3>48=8 A;54 
?J@2>=0G0;=>B> <C >B;030=5. �A;54AB285 =0 5AB5AB25=8O ?>;C@07?04 =0 
@048>=C:;840, =53>28B5 =820, 4>AB830B B578 >B ?@548 1986 3. 70 %525@=0 �J;30@8O, 0 
70 .6=0 �J;30@8O, 2A5 >I5 A0 ?>GB8 420 ?JB8 =04 B578 AB>9=>AB8. "B 87A;5420=8B5 
8 2840 @0AB5=8O, @072820I8 A5 2 ?>G20B0 A =09-28A>:> 70 @09>=0 AJ4J@60=85 =0 
F5789-137, A0<> 2 420 A5 CAB0=>28 =57=0G8B5;=> :>;8G5AB2> =0 87A;5420=8O 
@048>=C:;84. $57C;B0B8B5 A0 <=>3>:@0B=> ?>-=8A:8 >B 4>?CAB8<0B0 =>@<0B82=0 
4>70. � ?@0:B8:0B0, A;54 020@88B5 2 +5@=>18; (1986) 8 (C:CH8<0 (2011), =5 A0 
>B:@8B8 =0CG=>>1>A=>20=8 8 @5=B018;=8 ?>4E>48 70 >G8AB20=5 =0 70<J@A5=8B5 
?>G28. �0 B>20 5 <=>3> 206=> @048>;>38G=8O <>=8B>@8=3 =0 ?>G28 8 E@0=8, 40 A5 
872J@H20 @53C;O@=>, 70 40 A5 >A83C@8 :>=B@>; 8 4J;3>A@>G=0B0 5:>;>38G=0 
A83C@=>AB, A F5; >?0720=5 =0 ?>G25=>B> 8 G>25H:>B> 74@025. 
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Abstract 
The aim the included tools in NOVASOIL DST for soil health business models is to 

support the decision to implement new incentives in the farms taking into consideration the 
soil health risk specific environment and the implementation costs. The NOVASOIL 
toolbox contains three major components (Figure 1). Digital hub of knowledge where users 
could cooperate regarding soil health 3 collecting information, using the forum, or the 
newsletter. Digital tools for soil health business models (tool 2) aims to help the selection 
of the most appropriate incentives based on the internal, external environment, and costs 
for implementation.  

The study aims to present the framework and the basic design of the third tool 
– Decision support tools for soil health business models.  
 

 
 

Figure 1. WP 3 digital toolbox 

 
The goal of DST is to support the choice of the most appropriate soil health risk 

mitigation strategy taking into consideration the specific soil health risk, soil health risk 
mitigation activities and the costs for implementation (Figure 2).  

The DST for soil health business models includes three main modules: 
Registration module; 
Risk assessment module; 
Optimisation module.  
The user must make a registration to see their history and to perform new one.  

 

 
 

Figure 2. NOVASOIL DST connection 

mailto:ecvetanova@nbu.bg
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All components of the tool will be tested with real data. Also, the tools will be 

presented to stakeholders and based on the feedback will be made correction if it is 
needed.  

 
Risk assessment module. The business model needs the soil health risk must be 

estimated. In the frame of the DST we developed this module based on a fuzzy-logic 
approach for the estimation of soil health risk of cropping practices. The backbone of the 
RAM tool stems from the soil indicators recommended by FAO and the indicators identified 
by experts under NOVASOIL project. This approach ensures wider and deeper evaluation 
of the analyzed risk at farm level in the context of the local Soil Health business model.  

In this module the user could evaluate the soil in nine easy steps (Figure 3).The user 
should answer 12 questions related to soil health. Depending on the answers, which are 
structured according to different levels of restrictions L, the level of risk is determined. An 
option is chosen from drop down menu options to answer the questions. Depending on the 
answer, the appropriate level is given (L). Based on the latter, the tool brings back short 
and simple recommendations (Figure 4).  

 
 

 
Figure 3. RAM recommendations 
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Figure 4. RAM recommendations 

 
Optimization module. After the estimation of the soil health risk a list with incentives and 
practices that he can use to mitigate the soil health risk. Gross Margin (GM) is used to 
estimate risk mitigation (Figure 5).  
 

 
Figure 5. Optimization module 3 first step 

 
Then, it is made linear optimization. Linear optimization plays a crucial role in 

economics, offering powerful tools for solving complex problems. Linear programming, a 
branch of applied mathematics, focuses on minimizing or maximizing linear cost functions 
subject to linear constraints. This approach is particularly useful in production planning 
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(Schulze, 1998). For the optimization, it is necessary to derive a function to find a minimum 
or a maximum. It is also necessary to determine the quantitative constraints of the model. 
The simplex method, along with its variants like the revised simplex method and network 
simplex method, has been the primary algorithm for solving linear programming problems 
efficiently over the past 50 years. A large advantage of the linear optimization problem is 
that in the last few decades, it has been computerized and there exists software that can 
solve such problems. The optimization objective is GM of the farm. The quantity of land 
with a single crop is the optimization solution. A set of limitations for linear optimization 
must be applied using the software suggestions or setting by the farmer. 

In the first part of the DST, based on information processed through the fuzzy logic 
approach, the risk related to soil health is assessed based on indicators recommended by 
FAO and selected by expert opinion. On this basis, the tool envisages the provision of 
recommendations on certain practices aimed at improving soil health. In the second part 
DST produces optimal solutions based on different scenarios for simulation farmers8 
economic behaviour under the assumption of gross margin maximization. Implementing 
the limitations in the optimization module can simulate also how policy changes can have 
an impact on soil health business models. 
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$9;N@9  
#@>5:BJB #"��  15 (202432027) 8<0 70 F5; 0:BC0;878@0=5 =0 8=D>@<0F8OB0 

70 ?>G25=8B5 @5AC@A8 2 .65= F5=B@0;5= @09>= =0 ?;0=8@0=5 (.*$#), A 0:F5=B 
2J@EC BOE=>B> >?0720=5 8 CAB>9G82> 87?>;720=5. � B>78 :>=B5:AB ?@>5:BJB A5 2?8A20 
4>1@5 2 B5<0B0 70 74@025B> =0 ?>G20B0. �4@025B> =0 ?>G20B0 A5 >?@545;O >B 
E8<8G=8, D878G=8 8 18>;>38G=8 ?>:070B5;8, :>8B> >B@07O20B =59=0B0 ?@>4C:B82=>AB 
8 5:>;>38G=> AJAB>O=85.  

� @0<:8B5 =0 ?J@20B0 3>48=0 15 873>B25=0 0:BC0;878@0=0 ?>G25=0 :0@B0 (22 365 
km²) =0 1070B0 =0 AJI5AB2C20I0B0 ?>G25=0 :0@B0 =0 �J;30@8O 2 <0I01 1:400 000, >B 
:>OB> 5 87>;8@0= .*$#. �:BC0;870F8OB0 5 872J@H5=0 G@57 ?@>AB@0=AB25= 0=0;87 
=0 75<=>B> ?>:@8B85, 87?>;7209:8 ?>A;54=>B> 8740=85 =0 CORINE Land Cover, 8 
>1@01>B:0 =0 40==8 G@57 A>DBC5@ A >B2>@5= :>4, 70;>65= 2 <5B>4>;>38OB0 =0 
?@>5:B0. $09>=JB 2:;NG20 @07=>>1@07=8 ?>G25=8 B8?>25, A@54 :>8B> 
28A>:>?@>4C:B82=8B5, => 8 5@>78@0=8 3>@A:8 ?>G28, :>5B> >B@07O20 2;8O=85B> =0 
35>;>6:0B0 >A=>20, @0AB8B5;=>ABB0, 75<5?>;720=5B> 8 :;8<0B8G=>B> @07=>>1@0785. 

� ?@>CG20=5B> A0 8=B53@8@0=8 40==8 >B 107>28O <>=8B>@8=3, :>8B> A0 A 28A>:> 
=82> =0 4>AB>25@=>AB 8 >A83C@O20B >15:B82=0 >F5=:0 =0 ?>G25=>B> AJAB>O=85. � 
B>78 4>:;04 D>:CAJB 5 2J@EC E8<8G=8B5 E0@0:B5@8AB8:8, :0B> A5 >F5=O20B 
8=48:0B>@8B5 70 ?;>4>@>485 8 =0;8G85B> =0 2@54=8 25I5AB20, :>5B> 4020 FO;>AB=0 
?@54AB020 70 ?>G25=>B> AJAB>O=85 8 ?>B5=F80;=8B5 @8A:>25. "A=>2=8B5 ?>G25=8 
8=48:0B>@8 2:;NG20B >@30=8G5= 2J3;5@>4 (EC<CA), >1I 07>B, C:N AJ>B=>H5=85, :0:B> 
8 AJ4J@60=85 =0 B56:8 <5B0;8 (Ni, Cr, Pb, Zn, Cu, Cd, As, Hg). &578 40==8 
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Abstract 
With the development of remote sensing methods of the Earth's surface, satellite 

data are increasingly being used, both for assessing the condition of crops through 
vegetation indices (VIs) and through the integration of indicators derived from satellite 
images with ground-based data in simulation models. This is a way to supplement missing 
ground-based data and an additional opportunity to calibrate and improve forecast 
accuracy. Significant advances have been achieved in the assimilation of satellite data for 
soil moisture, evapotranspiration and leaf area index (LAI) in the deterministic simulation 
models. Among the most popular models which are explored for such assimilation are 
WOFOST, WinIsareg and SWAT, which differ between each other regarding their 
capacity, number of variable and spatial extend of the prediction for the agroecological 
risks for drought, soil water erosion and loss of nutrients through runoff and percolated 
water out of the plant root zone. The study of the most suitable algorithms for the 
assimilation of satellite data in simulation models is the subject of research of a started 
project funded by the National Science Fund under the Competition for financial support 
for basic research projects - 2023.The simulated data will be validated with ground-based 
data obtained during conventional and soil protection cultivation of small grain cereal crop 
(wheat) and row crops (maize, sunflower) on sloping and flat terrains in 12 main 
observation points in North-Eastern Bulgaria. An analysis is conducted of different 
approaches for extracting soil moisture, evapotranspiration, and leaf area index data from 
the satellite missions and unmanned aerial vehicles with high spatiotemporal resolution. A 
key requirement to achieve applicability of the results at the field level, under different 
combinations of soil-plant-climate-agrotechnology, is the achievement of high accuracy of 
surface soil moisture and constant accuracy of moisture estimation in the root-zone soil 
layer during the crop vegetation period. 

Key words: soil water balance, satellite information, vegetation cover, simulation 
models.  
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Abstract  
In recent decades, groundwater has been affected by the growth of mixed urban 

areas, which causes serious environmental problems such as its enrichment with nitrates 
and many elements and deteriorates its quality. In the present study, an attempt was made 
to assess the groundwater quality of a mixed urbanized area by using the Water Quality 
Index (WQI) by weighted arithmetic mean index method. The monitoring was conducted in 
the period of 2022, on the watershed of the village of Lozen (near the city of Sofia). Mixed 
urban areas (village), where intensive vegetable crops were grown are included in the 
scheme of the study. The physico-chemical indicators such as (pH, electrical conductivity - 
EC, total dissolved solids - TDS, total hardness- TH) were studied on the groundwater and 
their cation-anion composition was determined. It was found that groundwaters were 
characterized by alkaline reaction and higher content of chemical elements some of which 
exceed the maximum permissible concentration level (MPCL) in the standard for drinking 
water. The groundwater was observed to have a calcium-hydrocarbonate-sulfate 
composition. The WQI in the investigated area ranged from 20.13 to 137.56, as some of 
the waters are of excellent quality, and others with deteriorated. It was established that the 
water sources with degraded quality are due to anthropogenic pollution, which was related 
to the peculiarities of the soil, geological and hydrological characteristics of the studied 
area, as well as to the specific conditions of land use. The dynamics of the processes 
causing enrichment of groundwater with various elements and their redistribution in space 
require periodic monitoring of their chemical composition with a view to updating the 
information on their condition. 

Key words: mixed urban area, chemical composition, groundwater, water quality 
index (WQI). 
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Abstract 
In connection with the implementation of work packages 1 "Farm networking and 

farm scale monitoring in EU and China" and 3 "Integrating on-farm solutions for restoring 
degraded soils, interpreting impact on soil health" under the TUdi project "Transforming 
Unsustainable management of soils in key agricultural systems in EU and China. 
Developing an integrated platform of alternatives to reverse soil degradation", on the 
territory of the experimental fields of the Institute of Fruit Growing, Plovdiv, collection and 
systematization of data from the conducted experiments was carried out. 

The studies conducted include the following options: 
1. Maintenance in black fallow, 
2. Fruit-bearing peach plantation maintained in natural mulch. 
At the first location, we grow cherry planting material. The object of the study was 

"Bigarreau Burlat" cultivar grafted on the seedling rootstock Prunus mahaleb. 
The results obtained showed that the plants have well developed biomass. This 

indicator is related to the physiological status of the plants and shows that the plants in 
location one have good photosynthesis.  

The values obtained for growth habits of the plants in location one shows that we 
produced standard cherry planting material suitable to be planted in fruit orchards. 

In the peach orchard, feeding with organic products has been carried out. 
Soil samples were collected and analyzed and characterization of soil differences 

was performed. 
The levels of stocking with basic nutrients /nitrogen, phosphorus and potassium/ in 

the examined perennials at a depth of up to 60 cm, as well as after fertilization with 
bioproducts, were determined. 

It has been established that the fertilization of alluvial-meadow soils with high doses 
of Biohumus leads to an increase in the mobile forms of phosphorus in the soil, and there 
is a close relationship between the rate of fertilization and the amount of mobile forms of 
phosphorus. 

It has been established that the long-term application of bioproducts favors the soil 
characteristics in the peach plantation and contributes to a favorable supply of nutrients 
(potassium, phosphorus and nitrogen) optimal for the nutrition of the peach trees. The 
application of organic products has a positive effect on the supply of nutrients and 
therefore increases its productivity. 

 
 
 

mailto:tsarewa@abv.bg


��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 124 

Acknowledgments 

This paper is prepared as part of scientific project TUdi 5Transforming Unsustainable 
management of soils in key agricultural systems in EU and China. Developing an 
integrated platform of alternatives to reverse soil degradation6, Horizon 2020 Research 
and Innovation action, under grant agreement No 101000224, funded by EU program 
HORIZONT 2020. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 125 

 
%� '��$�!� !� ����!"%&!�3 $���  !� %$��!"�$"��$�! 

K�$�"!�&�! +�$!"��  %  "���� SWAT #$� $"&�*�3 #,�!�*�-
*�$���*� 

 
 <?9A4  <FB64*,  <?9A4 �9DK964, �9D74A4 �GAK964, �<>FBD �B?K4>B6 

 
�AEF<FGF C4 CBK6B;A4A<9,  

47DBF9IAB?B7<< < ;4M<F4 A4 D4EF9A<OF4 „�. �GL>4DB6= 
 

*e-mail: m.mitova@issapp-pushkarov.org  
 
 

$9;N@9 

#>G25=0B0 2;06=>AB 5 >A=>25= D0:B>@ 70 ?@>4C:B82=>ABB0 =0 
A5;A:>AB>?0=A:8B5 :C;BC@8 8 ?@>F5A8, ?@>B8G0I8 2 ?>G20B0, 8 5 48@5:B5= 8=48:0B>@ 
70 A5;A:>AB>?0=A:0B0 ACH0. "A=>2=0B0 F5; =0 87A;5420=5B> 5 >F5=:0 =0 
2;06=>AB=8O @568< =0 �0@1>=0B5= G5@=>75< (Epicalcic Chernozem) 2 A@540 =0 QGIS 
2J7 >A=>20 =0 ?@>2545=8  A8<C;0F88 G@57 <>45;0 SWAT (Soil & Water Assessment 
Tool) ?@8 @>B0F8O =0 ?H5=8F0-F0@528F0. �7A;5420=5B> 5 ?@>2545=> 70 <0;J: AC1-
2>4>A1>@ (16.28 km2) >B 2>4>A1>@0 =0 @. $CA5=A:8 �>< 8 2:;NG20 B5@8B>@8OB0 =0 "# 
70 1>@10 A ?>G25=0B0 5@>78O 2 A. &@JAB5=8:, $CA5. �7?>;720=8 A0 40==8 70 ?>G25=8 
E84@>;>38G=8 A2>9AB20 8 5654=52=8 <5B5>@>;>38G=8 40==8 70 3-3>48H5= ?5@8>4 
(2021-2023), :0:B> 8 4838B0;=8 :0@B8 =0 ?>G25=8B5 @07;8G8O, 28A>G8=5= <>45; =0 
@5;5D0 8 =0G8= =0 75<5?>;720=5 2 AC1-2>4>A1>@0. %8<C;8@0=8B5 40==8 70 
@07?@545;5=85 =0 2;06=>ABB0 2 4J;1>G8=0 A0 A@02=5=8 A @50;=> 87<5@5=8B5 40==8 
?> 3@028<5B@8G5= <5B>4 4> 1 < 4J;1>G8=0 8 G@57 02B><0B8G=8B5 AB0=F88 TEROS A  
TDR A5=7>@8, <>=B8@0=8 =0 425 4J;1>G8=8 - 15-20 8 35-40 cm. #@54AB025=8 A0 
35=5@8@0=8 :0@B8 70 ?>G25=0B0 2;06=>AB =0 AC1-2>4>A1>@0 2 871@0=8 40B8 8 40==8 
70 3>48H=8O E>4 =0 2;06=>ABB0 =0 ?>G20B0 ?>4 425B5 :C;BC@8 2 >?8B=>B> ?>;5. 
�0==8B5 A0 87?>;720=8 70 845=B8D8F8@0=5 =0 ?@>4J;68B5;=>ABB0 8 8=B5=782=>ABB0 
=0 ?>G25=>B> 70ACH020=5 ?@57 87A;5420=8O ?5@8>4. 

К?NчB6< 8G@<: SWAT <>45;, �0@1>=0B5= G5@=>75<, 2;06=>AB5= @568<, 78<=0 
?H5=8F0, F0@528F0, @>B0F8O. 
 

�?47B84DABEF< 

�2B>@8B5 1;03>40@OB 70 D8=0=A8@0=5B> =0 =0CG=8B5 87A;5420=8O ?> ?@>5:B 
„�=B53@8@0=5 =0 A0B5;8B=8 8 =075<=8 40==8 70 :><?>=5=B8 =0 2>4=8O 10;0=A =0 
?>G20B0 8 @0AB8B5;=0B0 ?>:@82:0 2 <>45;8 70 >F5=:0 =0 03@>5:>;>38G=8 @8A:>25 8 
75<545;A:8 ?@0:B8:8 70 A<5:G020=5B> 8<6 >B (>=4 „!0CG=8 �7A;5420=8O6 (4>3>2>@ 
�#-06 ! 76/2  2023). 
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SIMULATING THE MOISTURE REGIME OF A MODERATELY ERODED EPICALCIC 
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1331 Sofia, Bulgaria 
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Abstract 
Agricultural droughts are directly linked to soil moisture content, which is an important 

factor for crop production and other soil processes. The main objective of this study is to 
assess the soil moisture regime of Epicalcic Chernozem in a QGIS environment based on 
simulations carried out through the SWAT (Soil & Water Assessment Tool) model under 
winter wheat-maize rotation. The study is conducted on a small sub-basin (16.28 km2), 
part of the Rusenski Lom River watershed and includes the territory of the experimental 
filed for erosion control near to the village Trastenik, Ruse. Data on soil hydrological 
properties and daily meteorological data for a 3-year period (2021-2023), as well as digital 
soil map, digital elevation model (DEM) of the relief and land use map of the sub-basin 
were used for simulations. The predicted data for moisture distribution along the 1 m soil 
depth are compared with the actual data measured by the gravimetric method and by the 
TEROS automatic stations with TDR sensors mounted at 15-20 and 35-40 cm soil depths. 
The soil moisture maps generated for the sub-basin in specific dates and the annual 
course of soil moisture content under the two crops grown in the experimental field are 
presented. The data are used to indicate the duration and intensity of soil drought during 
the studied period. 

Key words: SWAT model, Epicalcic Chernozem, soil moisture regime, wheat, maize, 
rotation.  
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 <?48<A !4;4D>B6*, �?<OA4 �9D4E<@B64 
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$9;N@9 

"A=>2=0 7040G0 =0 AJ2@5<5==>B> 75<545;85 2:;NG20 ?>;CG020=5B> =0 28A>:8 
4>1828 >B >B3;5640=8B5 :C;BC@8 A 28A>:> :0G5AB2> >B 548=8F0 ?;>I. 

�72J@H5=>B> 87A;5420=5 F5;8 40 A5 >?@545;8 2;8O=85B> >B 87?>;720=5 =0 
@07;8G=8 :>;8G5AB20 >A=>2=8 <0:@>5;5<5=B8 =0 07>B (N), D>AD>@ (P), :0;89 (K) 8 
A8;8F89 (Si), 2J@EC @0728B85B> =0 @0=5= E81@84 F0@528F0 (Zea mays L) - P 8834, 
(�" 300 (CRM/FAO 3 88/300) =0 D8@<0 Corteva Agriscience. "BG5B5=8 A0 
>?B8<0;=8B5 8< AB>9=>AB8 2 CA;>28OB0 =0 872545= ?>;A:8 >?8B, 872J@H5= ?@8 
?>;82=8 CA;>28O, 2J@EC �;C280;=>-;8204=0 ?>G20 (Eutric Fluvisol, FAO) =0 "# 2 
*0;0?8F0, >1;0AB #;>2482. #@>CG20=5B> 2:;NG20 >1I> 4525B 20@80=B0 (V1 3 V8 - 
87?>;720=5 =0 <8=5@0;=8 B>@>25 A @07;8G=8 =>@<8 =0 B>@5=5 8 V9 - 157 B>@5=5), 
20@8@0I8 2 B@8 ?>2B>@5=8O. �75B8 8 0=0;878@0=8 A0 @0AB8B5;=8 ?@>18 ?> D078 =0 
@0728B85 2 F0@528F0 3 „9-10-B85 ;8AB 8 „<;5G=>-2>AJG=0 7@O;>AB5. "BG5B5= 5 >1I 
4>182 ACE0 18><0A0 >B =0475<=0B0 <0A0 =0 :C;BC@0B0.  

'AB0=>25=> 5, G5 ?@8 D>@<8@0=5 =0 4>1820 >B 01A>;NB=> ACE0 18><0A0 2 425B5 
87A;5420=8 D078, 87?>;720=5B> =0 <8=5@0;=8 B>@>25 5 >:070; 54=>?>A>G=> 
?>;>68B5;5= 5D5:B 2J@EC :>;8G5AB2>B> =0 =0B@C?0=0B0 01A>;NB=> ACE0 18><0A0 
(;8AB0 + ABJ1;0 2J2 D070 „9-10-B85 8 ;8AB0 + ABJ1;0 + :>G0=8 2 A;5420I0B0 D070 =0 
87?8B20=5). 

!09-=8A:8 @57C;B0B8 =0 ?>;CG5=0 01A>;NB=> ACE0 18><0A0 >B 54=> @0AB5=85, A0 
>BG5B5=8 2J2 20@80=B0 157 B>@5=5 (V9) 8 2 425B5 87A;5420=8 D078. �J2 D070 „9-10-
B85 ;8AB =0 :C;BC@0B0, =09-<=>3> ACE0 18><0A0 >B @0AB5=85 5 ?>;CG5=0 2J2 V4 3 
23,45 g/plant, ?>?040I 2 3@C?0 %, ?@8 :>9B> 5 4>:070=0 AB0B8AB8G5A:0 7=0G8<0 
@07;8:0 A 2A8G:8 87CG020=8 20@80=B8 =0 87A;5420=5B>. 

�J2 D070 „<;5G=>-2>AJG=0 7@O;>AB5, =09-3>;O< 5D5:B 2J@EC ?>;CG5=8O 4>182 
ACE0 18><0A0 >B @0AB5=85 =0 ;8AB0, ABJ1;0 8 :>G0=8 5 >BG5B5= 2 >A<8 20@80=B 3 
245,74 g/plant, A;5420= >B V5 3 241,57 g/plant, :0B> @07;8:8B5 <564C BOE =5 A0 
AB0B8AB8G5A:8 4>:070=8. 

"BG5B5= 5 >1I8OB 4>182 01A>;NB=> ACE0 18><0A0 >B ;8AB0, ABJ1;0 8 :>G0=8 
2J2 D070 „<;5G=>-2>AJG=0 7@O;>AB5, :>9B> 20@8@0 2 H8@>:8 3@0=8F8 >B 4857,77 - 
12142,1 kg/ha (V9 - V4), :0B> =09-=8AJ: 5 4>182JB >BG5B5= 2J2 20@80=B0 157 
?@8;>65=> B>@5=5. � 420B0 20@80=B0 ?>?040B 2 @07;8G=8 E><>35==8 3@C?8 3 3@C?0 � 
8 �, :0B> @07;8:8B5 2 ?>;CG5=8B5 4>1828 <564C BOE A0 AB0B8AB8G5A:8 4>:070=8. 

К?NчB6< 8G@<: <8=5@0;=8 B>@>25 3 07>B, D>AD>@, :0;89 8 A8;8F89, =>@<8 =0 
B>@5=5, 4>182 01A>;NB=> ACE0 18><0A0, F0@528F0.  
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Abstract  
The main task of modern agriculture is to obtain high yields from cultivated crops and 

high quality per area. 
The main objective of the research was to determine the impact of using different 

amounts of main macronutrients nitrogen (N), phosphorus (P), potassium (K), and silicon 
(Si), on the development of early maize hybrid (Zea mays L) - P 8834. FAO 300 
(CRM/FAO 3 88/300) produced by Corteva Agriscience. The optimal values were reported 
in the conditions of field experiment, under irrigation conditions, on Alluvial-meadow soil 
(Eutric Fluvisol, FAO) in Tsalapitsa, Plovdiv area. The study includes a total of nine 
variants (V1 3 V8 - using mineral fertilizers with different rates of fertilization and V9 - no 
fertilization), in three replications. Plant samples were taken and analyzed in two different 
phases in maize - "9-10th" leaf and "milk-wax maturity". The total yield of dry biomass from 
the above-ground mass of the crop was reported. 

It was established that when forming the yield of absolutely dry biomass in the two 
investigated phases, the use of mineral fertilizers had a positive effect on the amount of 
accumulated absolutely dry biomass (leaves + stems in the "9-10th" phase and leaves + 
stems + cobs in the next testing phase). 

The lowest absolute dry biomass per plant results were reported in the variant 
without fertilization (V9) and in both investigated phases of the culture. In the plant's phase 
"9-10th" leaf, the driest biomass was obtained in V4 - 23.45 g/plant, falling into group C, 
where a statistically significant difference with all other study variants was proven. 

In the "milk-wax maturity" phase, the highest yield of dry biomass per plant of leaves, 
stems and cobs was reported in the variant eighth - 245.74 g/plant, followed by V5 - 
241.57 g/plant, and the differences between them are not statistically proven. 

The total yield of absolutely dry biomass from leaves stems, and cobs in the "milk-
wax maturity" phase was reported, and it varied widely from 4857.77 to 12142.1 kg/ha (V9 
- V4), the lowest being the yield reported in the variant without fertilization. Both variants 
fall into different homogeneous groups40 group A and E4and the differences in the 
obtained yields between them are statistically proven. 

Key words: mineral fertilizers - nitrogen, phosphorus, potassium, and silicon, 
fertilization rates, yield of absolutely dry biomass, maize.  
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Abstract  
Oriental tobacco has been grown in Blagoevgrad region, South Western Bulgaria 

since the 17th century. The long term monoculture was connected with intensive 
application of chemical plant protection products after the middle of 20th century. Farmers 
from the Struma river basin transferred to production of vegetables in the last 20 years. 
There are still a lot of small tobacco fields in the Basin of Mesta River and its influxes.  

About four-fifths of all animals are nematodes 3 the most abundant multicelular 
organisms on the Earth. They belong to all major heterotrophic levels of the soil food webs 
and their communities are often used as bioindicators of stress. 

The aim of the present study was to describe soil food webs based on nematode 
communities in different soil conditions.  

Five different localities in the tobacco fields of the villages of Ribnovo (Eutric Leptic 
Cambisols 3 Humic, Loamic, Protocalcic), Valkosel (Eutric Leptic Cambisols 3 Loamic, 
Ochric), Ablanitsa (Eutric Leptic Cambisols - Loamic, Ochric); Dabnitsa (Eutric Fluvisol 3 
Loamic, Ochric), and the eggplant field Parvomay (Fluvisol) were sampled. Twelve 
undisturbed soil cores of 100 cm3 were taken from 0 to 5 and from 15 to 20 cm soil layers 
per field. After elutriation with Oostenbrink apparatus each sample was put on the modified 
Bearman funnel. Extracted nematodes were counted in vivo after 72 and 144 h under 
inverted microscope. Nematodes were fixed and mounted in semipermanant slides and 
identified to genus level under Olympus BX51 microscope. Identified genera were 
separated by trophic groups (Yeates et al., 1993), life strategies (Bongers, 1991) and 
guilds (Bongers and Bongers, 1998). Faunistic analysis of nematode food webs (Ferris et 
al. 2001) and metabolitic footprint (Ferris, 2010) were conducted by the NINJA calculator 
(Serebrjannikov et al., 2014). 

Isolated 30 322 specimens belonged to 71 genera of 43 families and 12 orders of 
Nematoda. The most diverse with 24 genera was the group of Bacterivorous nematodes. 
The most diverse community was identified in Eutric Leptic Cambisols - Humic, Loamic, 
Protocalcic (Ribnovo) 3 59 genera and the least one - in Eutric Leptic Cambisols 3 Ohric 
(Ablanitsa). Four genera were found to be specific only for Fluvisol (Parvomay), e.g. 
Nothacrobeles, Longidorus, Xiphinema and Mesocriconema. From all 12 studied indexes 
only 3 revealed significant differences between studied sites 3 Sigma MI, PPI and Channel 
Index. 

The food webs were less structured and enriched with organic matter in upper soil 
horizon. Food webs in 0-5 horizon of Ablanitsa, Valkosel, Parvomay and Dabnitsa were 
characterized as degraded, depleted, and conductive. The decomposition channels were 
predominantly fungal. Deeper horizon in Ribnovo, Dabnitsa and Ablanitsa was 
characterized with maturing, regulated N-enriched food webs with the prevalence of the 
fast bacterial channels. Food webs of horizon 15-20 cm in Parvomay and Valkosel and 0-5 
cm in Ribnovo were matured, fertile, with moderate proportion of N:C and balanced slow 
and fast channels of degradation and suppressive. 
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$9;N@9  
!0AB>OI>B> 87A;5420=5 5 >?8B 70 ?@8;030=5 =0 ?@>3@0<5= ?@>4C:B 6TRAFFIC 

ORACLE6, ?@54=07=0G5= 70 >?@545;O=5 @07A5920=5B> =0 5<8A88B5 =0 2@54=8 
25I5AB20 >B ?@52>7=8 A@54AB20 8 BOE=0B0 :>=F5=B@0F8O 2 ?@875<=8O 0B<>AD5@5= 
A;>9 ?@8 >F5=:0 =0 70<J@AO20=5B> A Cd 8 Pb =0 ?>G28B5 2 1;87>AB 4> 02B><>18;=8 
?JB8I0. �0 7>=0 70 87A;5420=5 5 871@0=0 >1@01>B205<0 ?>G20 A ?;>I 100 m2, 
@07?>;>65=0 ?> ?@>B565=85B> =0 @5?C1;8:0=A:8 ?JB II-81. "B 40==8B5 70 
8=B5=782=>ABB0 =0 42865=85B> 8 :0B53>@8OB0 =0 >B45;=8B5 <>B>@=8 ?@52>7=8 
A@54AB20, <5B5>@>;>38G=8B5 CA;>28O 2 7>=0B0 =0 87A;5420=5 8 =0?@5G=8O ?@>D8; =0 
?JBO 2 87A;5420=8O CG0ABJ: G@57 87?>;720=5 =0 <>4C;8B5 =0 ?@>3@0<=8O ?0:5B, A0 
87G8A;5=8 3>48H=8B5 5<8A88 =0 Cd 8 Pb 8 A@54=>3>48H=8B5 :>=F5=B@0F88 =0 
5;5<5=B8B5 2 @5F5?B>@=8 B>G:8 @07?>;>65=8 =0 >BAB>O=8O 11m, 36 m 8 61 m >B @J10 
=0 ?JB=>B> ?;0B=>. "B45;=> A0 275B8 9 ?>2J@E=>AB=8 ?>G25=8 ?@>18 (0920 cm) =0 
@07AB>O=8O >B 11m, 36 m 8 61 m >B @J10 =0 ?JB=>B> ?;0B=>. �0 ?>G25=8B5 ?@>18 5 
>?@545;5=8 >1I0B0 :>=F5=B@0F8O =0 Cd 8 Pb G@57 0B><=> 01A>@1F8>==0 
A?5:B@>A:>?8O. !0?@025= 5 0=0;87 8 A@02=5=85 =0 7028A8<>AB8B5 =0 :>=F5=B@0F88B5 
=0 Cd 8 Pb 8 @07AB>O=85B> >B ?JB=>B> ?;0B=>, ?>;CG5=8 G@57 87?>;720=5B> =0 
<>45;0 >B A>DBC5@=8O ?0:5B, 8 @50;=> CAB0=>25=8B5 :>=F5=B@0F88 2 ?>G20B0.  

К?NчB6< 8G@<: B56:8 <5B0;8, 70<J@AO20=5 =0 ?>G20, :><?NBJ@=> 
<>45;8@0=5, AB@C5= �0CA>2 <>45;, 02B><>18;=8 ?JB8I0, 0B><=> 01A>@1F8>==0 
A?5:B@>A:>?8O.  
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Abstract 
The present study is an attempt for application of 5TRAFFIC ORACLE6 software 

package that is intended for determination of diffusion of harmful substances emitted by 
motor vehicles emissions and their concentrations in ground atmospheric layer, in the 
assessment of Cd and Pb contamination of roadside soils. Cultivable soil with an area of 
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100 m2, located along the national road II-81, was chosen as the study area. From the 
data on the traffic intensity and the individual motor vehicles category, the weather 
conditions in the study area and the road cross-section by using the modules of the 
program package, the annual emissions of Cd and Pb and the average annual 
concentrations of the elements in receptor sites located at distances of 11m, 36m and 61m 
from the edge of the roadway were calculated. Additionally, 9 surface soil samples (0920 
cm) were taken at distances of 11 m, 36 m and 61 m from the edge of the roadway. For 
the soil samples, the total concentration of Cd and Pb was determined by atomic 
absorption spectroscopy. An analysis and comparison of the dependences of Cd and Pb 
concentrations and the distance from the roadway, obtained by using the model from the 
software package, and the actual concentrations in the soil were made. 

Key words: heavy metals, soil contamination, computer modeling, jet Gaussian 
model, highways, atomic absorption spectroscopy. 

 
Introduction  
The increasing global concern over environmental pollution has focused attention on 

soil contamination with heavy metals, particularly cadmium (Cd) and lead (Pb) (Wieczorek, 
2018). These toxic elements, primarily emitted from vehicle exhaust and brake lining wear, 
enter roadside soils through dry and wet atmospheric deposition. 

The accumulation of Cd and Pb in roadside soils is concerning due to their 
environmental persistence and entry into the food chain. Health impacts include cancer 
risk and kidney damage from cadmium exposure, while lead affects the nervous system, 
particularly in children's cognitive development (Kumar, 2020; Bouida, 2020). 

Computer modelling has become essential for understanding soil contamination 
processes, ranging from statistical approaches to complex multi-parameter systems. 
Diffusion-dispersion models (Li, 2020; Guo, 2021) and geochemical models (Bychinsky, 
2021; Lofts, 2021) are particularly relevant for assessing roadside soil pollution. The Traffic 
Oracle software package, recommended by the Ministry of Environment and Water for 
Environmental Impact Assessments of investment proposals for road construction and 
rehabilitation, combines atmospheric emission calculations (EEA, 2001) with a Gaussian 
plume model for ground-level pollution from linear and area sources. 

This research evaluates the effectiveness of the Traffic Oracle software package in 
predicting roadside soil contamination with cadmium and lead by comparing actual total 
soil concentrations against model-projected concentrations in the ground atmospheric 
layer.  

 
Materials and Methods 

Study area 

The study site comprises a 1000 m² agricultural soil zone, situated perpendicular to 
Route II-81, spanning from km 12+400 to km 12+420 on the right side of the roadway, with 
the sampling zone initiating 11 m from the road edge. The study site location is illustrated 
in Figure 1. 
 

 
Figure 1. Location of the study area 
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Sampling and Sample Preparation 

Soil samples were collected at 0-20 cm depth, following Ordinance No. 3 
(01.08.2008). Nine samples were taken at 10 m intervals parallel to the road and 25 m 
intervals perpendicular to the road. It is made sample preparation and the concentrations 
of Cd and Pb in the filtrates were determined using a Perkin-Elmer 5000 atomic absorption 
spectrometer with a C₂ H₂ /air flame module. 

 
Input data for the model 
Receptors for measuring atmospheric Cd and Pb concentrations were placed at soil 

sampling points, with coordinates determined via Google Maps and input into the Traffic 
Oracle diffusion model. The Annual Average Daily Traffic (AADT) and traffic composition 
for the studied road section, according to data from the Automatic Traffic Counter (ATC) 
installed at the exit of Kostinbrod town, as recorded by the Institute of Roads and Bridges, 
are presented in Table 1.  

 
Table 1. Annual average daily traffic for 2020  
 
CP

1 

 

PC
2, nB. 

 
B

3
, no. 

 
LGV

4
, no. 

 
AGV

5
, no. 

 
HGV

6
, no. 

 
HGVA

7
, no. 

 
ATC 

 
4774 

 
12 

 
309 

 
132 

 
26 

 
75 

1
CP=counting point; 

2
PC=passenger cars;

3
B=buses; 

4
LGV= light good vehicles;

5
AGV=average good 

vehicles;
6
HGV= heavy good vehicles;

7
HGVA= articulated heavy good vehicles;  

 
Meteorological data 

The annual mean temperature in the study area is 9.7°% (DZZD "SUSTAINABILITY 
KOSTINBROD 21", 2020). Due to the lack of a meteorological station in Kostinbrod, wind 
speed, and frequency data were obtained from the nearest station "Bozhurishte" 
(Kyuchukova, 1982).  

For emission calculations, all vehicles were assumed to be registered before 1990, 
with a road gradient >4%. Traffic count was conducted over 1440 minutes (24h). The 
"Highways and roads" detailed method and linear source option were selected in 
"EMISSIONS" mode. In "DIFFUSION" mode, the study zone (190 m) was divided into 10 
straight subsections, with a 150 m x 150 m area discretized into 15 steps of 10 m each. 
Parameters included "Outside urban area" surface type and 0.07 m/s gravitational 
deposition rate. Annual average pollutant concentration distributions were additionally 
processed using "Surfer9" software. All data were analyzed using the Analysis Tools Pack 
of MS Excel Professional Plus 2021. 

 
Results and Discussion  
The results for the estimated emissions of cadmium and lead when applying the 

EMISSIONS module of the software package are given in Table 2. 
 
Table 2. Estimated emissions of Cd and Pb 

 
Pollutant 

Average annual emission, (g/(s.m) 

4-6 % gradient 
Going down Going up Total 

Cadmium 3.00E-11 3.00E-11 6.00E-11 

Lead 1.18E-08 1.18E-08 2.36E-08 

Pollutant Annual emission, kg/year 

Cadmium 1.42E-05 

Lead 5.58E-03 
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From the results, it can be concluded that the emission of lead is considerably higher 

than that of cadmium. 
Figures 2 and 3 show the isolines of annual average concentrations of Cd and Pb in 

the ground atmospheric layer. Maximum annual average concentrations estimated by the 

"Diffusion" module are 1.38E-02 ng/m3 for cadmium and 5.44ýg/m3 for lead. 
 

                           
         Figure 2. Isolines of annual                          Figure 3. Isolines of annual  

      average concentration of Cd, ng/m3                average concentration of Pb, ýg/m3
 

 
The results illustrated in Figures 3 and 4 indicate that pollutant concentrations 

decrease with increasing distance from the road edge, but are unevenly distributed along 
the study zone. Pollutant concentrations decrease in the direction of Lom (northwest).  
 

Peak annual mean concentrations of the investigated pollutants are found in 
proximity to the roadway centrelines, a zone exempt from ambient air quality standards. 

Table 3 gives summarized results for cadmium and lead total concentration in soil 
and average annual concentration in the ground atmospheric layer together with some 
statistical values. 

 
Table 3. Summarized results for Cd and Pb concentrations  

Distance 

from the 

road edge,

m

Sampling 

point/

Receptor

Cds
1)

, 

mg/kg

Coefficient of 

variance,%

Cda
2)

,

ng/m
3

Coefficient 

of 

variance,%

Pbs
3)

,

 mg/kg

Coefficient of 

variance,%

Pba
4)

,

mkg/m
3

Coefficient 

of 

variance,%

11 X1,11 0,248 6,40E-03 64,041 2,52E-03

X2,11 0,248 8,20E-03 65,757 3,30E-03

X3,11 1,208 1,10E-02 65,724 4,30E-03

31 X1,31 0,247 3,90E-03 21,712 1,50E-03

X2,31 0,246 5,10E-03 65,319 1,90E-03

X3,31 0,249 6,80E-03 44,085 2,52E-03

61 X1,61 0,238 2,80E-03 21,995 1,10E-03

X2,61 0,247 3,20E-03 20,496 1,30E-03

X3,61 0,249 3,80E-03 44,173 1,50E-03

91 47

1)
 Total Cd concentration in soil at each sampling point;

 2)
 Annual average Cd concentration of ground atmospheric layer at each receptor             

3)
 Total Pb concentration in soil at each sampling point; 

4)
 Annual average Pb concentration of ground atmospheric layer at each receptor

47 48

 
 

Analysis of the data from Table 3 shows that the coefficients of variation for lead 
concentrations in soil and in the ground atmospheric layer are approximately equal, and 
the concentrations decrease with increasing distance from the roadway, which could 
indicate that the presence of lead in the soil is primarily attributable to vehicle exhaust 
emissions. Conversely, the coefficients of variation for cadmium concentrations exhibit 
marked disparity between soil and ground atmospheric layer estimations. While 
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atmospheric concentrations follow expected dispersion patterns, average soil cadmium 
concentration peaks at 11 m from the road edge and maintains relative stability with 
increasing distance from the roadway.  

Figures 4 and 5 are shown linear regressions for Cd and Pb concentration in soil 
depending on Cd and Pb concentration in the ground atmospheric layer, together with brief 
statistical output.  
 

 

Coefficients t Stat P-value

Intercept -0,1804166 -0,89519801 0,400415

X Variable 195,2294793 2,943184342 0,021615  
                     Figure 4. Linear regression for Cd 

 

 

Coefficients t Stat P-value

Intercept 13,567983 1,178897515 0,276953

X Variable 114603,983 3,08176735 0,017771  
                       Figure 5. Linear regression for Pb 

 
The linear regression analysis shown in Figures 4 and 5 indicates that ground-level 

atmospheric concentrations predict soil concentrations for both cadmium and lead at 
significance level (p<0.05). The variable coefficients are significant (p<0.05), while the 
intercept coefficients (at zero atmospheric pollutant concentration) are not significant 
(p>0.05).  

 
Conclusion 

The Traffic Oracle software package effectively predicts roadside soil contamination 
with Cd and Pb, demonstrated by statistically significant correlations between modelled 
atmospheric and measured soil concentrations (p<0.05). While lead shows consistent 
decrease patterns with distance from the road, cadmium exhibits more complex 
distribution, suggesting influence of additional factors beyond atmospheric deposition. To 
validate the software's predictive capabilities more comprehensively, future studies should 
extend this research to diverse soil types along different road categories and traffic 
intensities, incorporating seasonal variations and various land use patterns. 
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Abstract 
A study was conducted to determine the influence on the main elements of the yield 

when growing sesame as a non-irrigated and irrigated crop. The change in the irrigation 
norms on sesame yield was carried out under the conditions of the town of Haskovo, 
southern Bulgaria. Irrigation in sesame was found to have a beneficial effect on the 
increase in yield, so increasing the irrigation rate by 70 l/m2 led to an increase in seeds per 
plant by 9.3% to 15.8%. The number of capsules of the branches is a major component of 
the mass of seed per plant. This indicator increases linearly with an increase in the 
irrigation rate. The independent influence of annual conditions and the irrigation rate are 
factors with a significant impact on the elements of productivity in sesame. The 
independent influence of annual conditions and the irrigation rate are factors with a 
significant impact on the elements of productivity in sesame. The combined influence of 
the two factors does not show a statistically significant influence. 

Key words: sesame, yield, irrigation rate, regression models, climate change.   
 

Introduction  
The scarcity of water resources and the spontaneous nature of rainfall are among the 

main challenges in the world and are considered limiting factors for economic 
development, especially for agriculture (Hamrouni et al., 2001; Anjum et al., 2012). 
Demand for water resources is increasing over time for both agricultural and non-
agricultural purposes. Wood et al. (2000) mentioned that about 95% of the world's 
agricultural land and 83% of the world's cultivated land depend on rainfall as the sole 
source of water. As a major abiotic factor, drought stress significantly affects crop growth 
and development (Gheisari Zardak et al., 2017; 2018). 

Sesame seeds have a long history of use as an oilseed crop as well as for other food 
products. Approximately 70% of world seed production is processed into oil (Morris, 2002; 
Mushtaq et al., 2020). Sesame oil is characterized by extremely high quality and it is not 
by chance that it is called the queen of oils. Growing drought-tolerant crops and using 
irrigation water efficiently is a useful strategy in many agricultural production situations 
(English at all., 1990). Sesame is a crop that possesses a number of drought tolerance 
characteristics and is more suitable for cultivation in semi-arid regions compared to other 
agricultural crops (Desphande et al., 1996; Eskandari et al., 2009). In the case of sesame, 
the period of pouring of the grain is of great importance in determining the productivity. 
Although this period is affected by genotype, drought can cause significant yield loss 
(Frederick et al., 1991). The effects of drought stress depend on the timing, duration and 
magnitude of water deficit (Blum, 1988). Sesame is one of crops commonly grown as a 
non-irrigated crop (Jefferson 2003; Pandey et al., 2021), but different sesame genotypes 
respond differently to drought stress (Gholamhoseini, 2020). Good sesame yields can be 
expected when rainfall of 300-600 mm is optimally distributed throughout the growing 
season (Naturland, 2002; Hansen, 2011). Many reports indicate that crop development is 

mailto:stanislav44@abv.bg
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affected by the increasing level of drought (Bahrami et al., 2012, Bor et al., 2009, 
Hassanzadeh et al., 2009 Orruno & Morgan, 2007; Turk et al., 2004). Different irrigation 
intervals cause growth retardation and seed yield reduction caused by an adverse effect 
on photosynthesis (Alpalsan et al., 2001; Mensah et al., 2006). Understanding the plant 
response to drought is of great importance for the production of stress resistant crops 
(Reddy et al., 2004). Blum (1988) reported yield reduction as drought sensitivity.  

The aim of the present study was to determine the change in the main elements of 
sesame yield when growing it as a non-irrigated and irrigated crop with different irrigation 
rates in the conditions of southern Bulgaria. 

 

Materials and Methods 

Experience design 

The experiment was conducted in the period 2021-2023 with the Aida variety in the 
region of town Haskovo. Plants in each variant were sown in experimental plots of 28 m2 in 
size. Each variant of the trial was harvested in four replicates and in this manner, 112 m2 
of the trial area were harvested for each variant. The control variant was grown without 
irrigation. The irrigation rates for the individual variants were in accordance with Pandey et 
al., (2021) and implemented with irrigation during the active vegetation of sesame in the 
period 15.06-15.08. Each watering was carried out with 70 l/m2. In the first variant, the 
irrigation norm was achieved with one irrigation, and in the second with two. Data were 
collected from the weather station in the area on average daily temperatures and 
precipitation for the months of May-September, which are elements of the climate 
characteristic in the conditions in which the sesame vegetation occurs. 

 

Data collection  
From each variant, 10 plants were harvested and biometric measurements were 

carried out on them to establish plant height, number of branches, number of boxes on the 
central stem and branches and seed mass per plant.  

 

Statistical analyses  
Two-factor analysis of variance was used to establish the reliability of differences 

between individual survey items. Modeling of the obtained phenomena was carried out 
using regression models. 

 

 

     
 
 

 

Result and discussion 

The results in Figure 1 show two of the characteristics of the climatic setting in which 
the experiment was performed. It is evident from it that the sesame vegetation takes place 
with an increase in the average daily temperature compared to the norm for a period of 
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127 years by 0.5º% to 1.7º% in individual months. As a result, the temperature sum 
increased from 3201.17º% to 3484.2º% over the period of the experiment. In addition, the 
threshold stress level of 27º% has been exceeded many times. The rainfall situation also 
shows a significant change compared to the norm for the region. It is clear from the graph 
that there are periods of drought followed by large amounts of rain. 
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Figure 1. Characteristics of temperature and precipitation for the period of the experiment 

 
 
The elements determining the yield - plant height, number of branches and number 

of capsules along the central stem and branches increase with increasing irrigation rate. 
This corresponds with the research of Ainer & Metwally (1987), El-Serogy et al. (1998), 
Attia et al. (1999), Ghallab et al. (2001) and El-Naim & Ahmed (2010). Differences are 
significant and statistically assured at 0.05 significance levels (Table 1). 
 
 
 
Table 1. Elements of yield 

Irrigation rate 

L/m2
 

Height of central 
stem 

cm 

Number of 
branches 

Number of 
capsules on the 

central stem 

Number of 
capsules on the 

branches 

140 156.5 5.5 63.1 130.9 

70 149.7* 4.7* 59.9* 113.9* 

0 136.4* 3.5* 51.8* 85.7* 

LSD 0.05% 
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The number of boxes per branches forms the largest share of the mass of seeds in a 
plant (Table 2). 

 

 
Table 2. Tests of Between-Subjects Effects, dependent variable: Mass of seeds per plant 

Source Type III Sum of 
Squares 

df Mean Square F Sig. 

Corrected Model 4491.499 4 1122.875 866.880 0.000 

Intercept 1.734 1 1.734 1.339 0.250 

Height of central stem 3.930 1 3.930 3.034 0.085 

Number of branches 0.695 1 0.695 0.536 0.466 

Number of capsules on 
the central stem* 

96.989 1 96.989 74.878 0.000 

Number of capsules on 
the branches* 

600.818 1 600.818 463.843 0.000 

Error 110.101 85 1.295   
Total 82394.000 90    
Corrected Total 4601.600 89    

 

 

Table 3 shows the seed mass per plant depending on the irrigation rates during the 
test period. It is evident from the data that each 70 L/m2 increases the seed mass per 
plant from 9.3 to 15.8 % in the individual years of the trial, our results correspond with 
those of Tantawy et al. (2007), Uçan et al. (2007) and Sarhadi & Sharif (2014). The 
highest seed mass in all variants was obtained in 2023, with the variant irrigated with 140 
L/m2 having a significantly higher mass than the others. Precipitation in the spring of 2023 
and early summer is significantly above normal, and temperatures are below normal. In 
the summer, and more precisely in the month of August, a sharp increase in temperatures 
is observed, they exceed the norm for the period by 2.1ºC, and precipitation is 
approximately 32 L/m2 less than the norm. Warming and drying continue in the month of 
September until the end of the growing season of the crop, figure 1. Irrigation, even with 
reduced irrigation rates during the period of permanent drought, leads to a significant 
increase in yields (Molden (1997); Oweis at all. (2000); Geerts & Raes (2009); 
Pourghasemian et al. (2020).  
 
 

Table 3. Mass of seeds per plant, depending on the irrigation rate during the period 2021-
2023 

Irrigation rate 

L/m2
 

Mass of seeds per plant, g 

2021 2022 2023 

140 31.3 32.1 39.4 

70 26.2* 29.1* 35.1* 

0 19.8* 22.9* 29.4* 

LSD 0.05% 

 
 

The influence of the tested factors on the yield of seeds from a plant is shown in table 
4. it shows that the irrigation rate and the conditions of the year are decisive for the change 
of this indicator. The combined influence of both factors is insignificant. 
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Table 4. Tests of Between-Subjects Effects, dependent variable: Mass of seeds per plant 

Source Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected Model 2747.800 8 343.475 15.008 0.000 

Intercept 77792.400 1 77792.400 3399.064 0.000 

Year* 1069.800 2 534.900 23.372 0.000 

Irrigation rate* 1625.867 2 812.933 35.520 0.000 

Year* Irrigation rate 52.133 4 13.033 0.569 0.686 

Error 1853.800 81 22.886   
Total 82394.000 90    

Corrected Total 4601.600 89    
 

Conclusion 

Irrigation in sesame has a beneficial effect on the increase in yield, so increasing the 
irrigation rate by 70 L/m2 leads to an increase in seeds per plant by 9.3 to 15.8%. The 
number of capsules on the branches is a major component of the seed mass of a plant, 
and this indicator increases linearly with an increase in the irrigation rate. In this way, the 
mass of seeds in a plant also increases. The independent influence of the annual 
conditions and the irrigation rate are factors with a significant impact on the elements of 
productivity in sesame. The combined influence of the two factors does not show a 
statistically significant influence. 
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Abstract 
The agrotechnical cultivation scheme has a strong influence on the development of 

oriental tobacco throughout the growing season. 
The aim of the study is to determine the influence of fertilization rates and the timing 

of potassium nitrate application by monitoring and analyzing the growth and development 
processes of oriental tobacco. 

Potassium nitrate is a water-soluble fertilizer that contains 13% nitrate nitrogen and 
46% potassium oxide. It does not contain chlorine, which makes it suitable for use with 
tobacco. An agrotechnical experiment formed by nine variants was conducted as 
combinations of three rates of fertilization and three periods of potassium nitrate 
introduction for oriental tobacco. 

The influence of the studied factors on plant height is strong. The differentiation 
according to variants is manifested already at the beginning of the intensive growth of 
tobacco. Towards the end of the growing season, the differences in the height and the 
number of formed technically suitable leaves in the versions fertilized with the same 
amount of potassium nitrate distributed once, twice and three times are small. Greater 
differences are noticed when the fertilizer rate is changed. 

The heights and the number of leaves per plant decrease linearly until the 70th day 
when the fertilizer rate is applied twice and three times. Increasing the fertilizer rate 
increases the height and number of leaves throughout the growing season. 

The length and width of the leaves depend on the harvesting zone and the 
fertilization applied. The differences in the sizes of the leaves in all the measured positions 
are due to a greater degree to the fertilizer rates than to the method of application. 

Key words: tobacco, fertilization, yield elements, potassium nitrate.  
 
�N6989A<9 

�3@>B5E=8G5A:0B0 AE5<0 =0 >B3;5640=5 >:0720 A8;=> 2;8O=85 2J@EC @0728B85B> 
=0 >@85=B0;A:8O BNBN= ?@57 FO;0B0 2535B0F8O. "@85=B0;A:8OB BNBN= A5 >B3;5640 
2J@EC A;01>?@>4C:B82=8 ?>G28 8 <8=5@0;=>B> B>@5=5 5 54=> >B >A=>2=8B5 A@54AB20 
70 ?>28H020=5 =0 =53>20B0 ?@>4C:B82=>AB 8 70?0720=5 =0 ?>G25=>B> ?;>4>@>485. 
#@8;030=5B> <C, :0B> >A=>25= @53C;8@C5< D0:B>@, 5 BOA=> A2J@70=> A 
@07@01>B20=5B> =0 =0CG=0 >A=>20 70 =53>2>B> C?@02;5=85 (Yancheva, 2005). 
"?B8<0;=>B>, =0CG=> >1>A=>20=> B>@5=5, >A83C@O20 <0:A8<0;=8 18>;>38G=8 4>1828, 
30@0=B8@0I8 @5=B018;=>AB =0 54=> ?@>872>4AB2>. &> 5 206=> 03@>B5E=8G5A:> 
<5@>?@8OB85, 2>45I> 4> ?>;CG020=5B> =0 4>1@8 ?@>872>4AB25=8 CA?5E8 2 
BNBN=>?@>872>4AB2>B>. &>@5=5B> B@O120 40 1J45 AJ>1@075=> A ?>G25=8B5 
@07=>284=>AB8 8 CA;>28OB0 =0 @09>=8B5, :0:B> 8 A 878A:20=8OB0 =0 @07;8G=8B5 
B8?>25 8 A>@B>25 BNBN=8 (Atanasov & Nestorov, 1981; Slavova, 2010). 
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�0;8528OB =8B@0B 5 2>4>@07B2>@8< B>@, :>9B> AJ4J@60 13% =8B@0B5= 07>B 8 
46% :0;852 >:A84. !5 AJ4J@60 E;>@, :>5B> 3> ?@028 ?>4E>4OI 70 C?>B@510 ?@8 
BNBN=0. 

�7>BJB 5 =09-206=8OB 5;5<5=B, 2;8O5I 2J@EC @0AB560 8 @0728B85B> =0 
@0AB5=85B> 8 :0G5AB2>B> =0 BNBN=528B5 ;8AB0. �7>B=>B> E@0=5=5 CA:>@O20 @0AB560 
=0 BNBN=0. "1@0B=>, ?@8 =54>AB83 =0 07>B @0AB56JB =0 BNBN=0 A5 70102O, 
<564C2J7;8OB0 A5 A:JAO20B 8 F25B=8B5 ?J?:8 A5 ?>O2O20B ?>-:JA=> (Dimitrov, 1964; 
Vartanian, 1967). %?>@54 Stoilova & Yancheva (2008) 2 A>@B>25 >@85=B0;A:8 BNBN= 
�@C<>23@04, >B3;540=8 ?@8 54=0:28 03@>-5:>;>38G=8 CA;>28O >B =5<5B0;8B5 =09-
48=0<8G=> 8 2 =09-3>;5<8 :>;8G5AB20 A5 CA2>O20 07>BJB. 

�0;8OB 5 5;5<5=B, 157CA;>2=> =5>1E>48< 70 =>@<0;=8O @0AB56 8 @0728B85 =0 
@0AB5=8OB0. #@5>1;04020I> 5 <=5=85B>, G5 C?>B@510B0 =0 :0;8528 B>@>25 =5 2;8O5 
AJI5AB25=> 2J@EC @07<5@0 =0 4>1820 ?@8 BNBN=0, 4>:0B> :0G5AB25=8B5 
E0@0:B5@8AB8:8 =0 BNBN=528B5 ;8AB0 A5 ?>4>1@O20B ?@8 1;03>?@8OB=> :0;852> 
E@0=5=5 (Voldarsky, 1971; Donev et al, 1971). %?>@54 Bozhinova (2014) 5D5:BJB >B 
B>@5=5B> A :0;89 2J@EC 28A>G8=0B0 =0 ABJ1;0B0 :J< :@0O =0 2535B0F8OB0, 1@>O =0 
;8AB0B0 8 B5E=8B5 @07<5@8 ?@8 BNBN= �J@;59 5 =57=0G8B5;5=.  

Stamatov & Yancheva (2013, 2014) AJ>1I020B, G5 ?>28H5=8B5 =>@<8 =0 
<8=5@0;=> B>@5=5 A NPK C25;8G020B 28A>G8=0B0 =0 @0AB5=85B>, 1@>O 8 ?;JB=>ABB0 
=0 ;8AB0B0 ?@8 A>@B �@C<>23@04 944. Stamatov (2017) CAB0=>2O20, G5 2A8G:8 
87A;5420=8 18><5B@8G=8 ?>:070B5;8 =0 >@85=B0;A:8O A>@B BNBN= �@C<>23@04 78 C 
A0 2J2 28A>:0 7028A8<>AB >B B>@>20B0 =>@<0, 87@07O20I0 A5 A @53@5A8>==8 
C@02=5=8O >B ?J@20 AB5?5=. 

*5;B0 =0 87A;5420=5B> 5 40 A5 CAB0=>28 2;8O=85B> =0 =>@<8B5 =0 B>@5=5 8 
2@5<5B> =0 2=0AO=5 =0 :0;852 =8B@0B G@57 ?@>A;54O20=5 8 0=0;878@0=5 =0 
?@>F5A8B5 =0 @0AB56 8 @0728B85 ?@8 >@85=B0;A:8O BNBN=. 

 
 4F9D<4?< < @9FB8< 

#@57 ?5@8>40 2023-2024 3. 5 ?@>2545= 03@>B5E=8G5A:8 >?8B A >@85=B0;A:8O A>@B 
BNBN= �@C<>23@04 78 %. "?8B0 5 D>@<8@0= >B 4525B 20@80=B0 :0B> :>18=0F88 =0 B@8 
=>@<8 =0 B>@5=5 A :0;852 =8B@0B 15,3 kg/da (N 2 kg/da, �2" 7 kg/da), 30,6 kg/da (N 4 
kg/da, �2" 14 kg/da) 8 45,9 kg/da (N 6 kg/da, �2" 21 kg/da), 8 B@8 ?5@8>40 =0 2=0AO=5: 
54=>:@0B=> 3 FO;>B> :>;8G5AB2> ?@548 @07A0640=5 =0 BNBN=0; 42C:@0B=> 3 1/2 
?@548 @07A0640=5 8 1/2 20 4=8 A;54 @07A0640=5; B@8:@0B=> 3 1/3 ?@548 @07A0640=5, 
1/3 20 4=8 A;54 @07A0640=5 8 1/3 40 4=8 A;54 @07A0640=5. 

"?8BJB 5 872545= =0 87;C65=0 �0=5;5=0 3>@A:0 ?>G20, ;5:> ?5AJ:;82>-3;8=5AB0 
?> <5E0=8G5= AJAB02 (D878G=0 3;8=0 23,3%), AJA A;01> :8A5;0 @50:F8O (@! 6,26) 8 
A@54=> AJ4J@60=85 =0 EC<CA (2,37%) 8 >1I 07>B (0,142 %). #> >B=>H5=85 
?>4286=8B5 D>@<8 =0 <0:@>5;5<5=B8B5 ?>G20B0 5 4>1@5 70?0A5=0 A D>AD>@ ($2"5 
14,40 mg/100 g) 8 A@54=> 70?0A5=0 A :0;89 (�2" 15,05 mg/100 g). 

�8=0<8:0B0 =0 @0AB56 8 ;8AB>>1@07C20=5 5 ?@>A;545=0 ?@57 30 4=8 ?@8 20 
@0=4><878@0=8 @0AB5=8O >B 2A5:8 20@80=B.   

�0 >?@545;O=5 =0 @07<5@8B5 =0 ;8AB0B0 2 B5E=8G5A:0 7@O;>AB A0 87<5@5=8 ?> 
20 ;8AB0 >B 2A5:8 20@80=B >B G5B8@8 ABJ1;5=8 ?>78F88 (7, 14, 21 8 28-<8 ;8AB).  

�72J@H5=0 5 <0B5<0B8G5A:0 >1@01>B:0 =0 40==8B5, :0B> 70 F5;B0 A0 
87?>;720=8 48A?5@A8>=5=, :>@5;0F8>=5= 8 @53@5A8>=5= 0=0;87. 

 
$9;G?F4F< < B5EN:84A9 

�;8O=85B> =>@<0B0 =0 B>@5=5 A :0;852 =8B@0B 8 ?5@8>40 =0 2=0AO=5B> <C 2J@EC 
28A>G8=0B0 =0 @0AB5=8OB0 5 A8;=> (&01;8F0 1). �8D5@5=F80F8OB0 ?> 20@80=B8 A5 
?@>O2O20 >I5 2 =0G0;>B> =0 8=B5=782=8O @0AB56 =0 BNBN=0.  
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$0AB5=8OB0 >B 20@80=B 3 >B3;540=8 ?@8 =09-3>;O<0B0 =>@<0 =0 B>@5=5 2=5A5=0 
54=>:@0B=> ?@548 @07A0640=5 ?>-1J@7> ?@5>4>;O20B D070 @>75B:0 8 =0 40-B8O 45= 
A;54 @07A0640=5 4>AB830B =09-3>;O<0 28A>G8=0 8 =09-3>;O< 1@>9 D>@<8@0=8 ;8AB0. 
$07;8:8B5 A?@O<> =53> 8 >AB0=0;8B5 20@80=B8 A0 <0B5<0B8G5A:8 4>:070=8.  

 

&45?<J4 1. �8=0<8:0 =0 @0AB56 8 ;8AB>>1@07C20=5 

Table 1. Dynamics of growth and leaf-formation 

№

�4?<96 A<FD4F / 
 Potassium nitrate 

�<A4@<>4 A4 D4EF9: < ?<EFBB5D4;G64A9 /  
 Dynamics of growth and leaf-formation 

40 8A< / 40 days 70 8A< / 70 days  100 8A< / 100 days 

$4;CD989?9A<9 / 
Distribution kg/da 

�<EBK<A4  
Height,  
Em 

�DB= 
?<EF4 

Number of 
leaves  

�<EBK<A4 
Height, 

 Em 

�DB= 
?<EF4 

Number of 
leaves  

�<EBK<A4 
Height, 

 Em 

�DB= 
?<EF4 

Number of 
leaves  

1 98AB>D4FAB / once 15,3 46,5*** 12,9*** 132,1*** 32,6*** 140,9*** 39,6*** 
2 98AB>D4FAB / once 30,6 53,5*** 14,2*** 134,3** 33,1*** 147,6*** 40,5*** 
3 98AB>D4FAB / once 45,9 60,3 15,9 139,2 35,4 154,5 42,2 
4 86G>D4FAB / twice 15,3 44,6*** 12,6*** 119,1*** 30,5*** 143,3*** 40,2*** 
5 86G>D4FAB / twice 30,6 48,0*** 13,3*** 120,7*** 31,2*** 146,1*** 40,8*** 
6 86G>D4FAB / twice 45,9 54,6*** 14,4*** 123,8*** 33,0*** 152,6 41,9 
7 FD<>D4FAB / threefold 15,3 34,8*** 10,7*** 109,1*** 27,3*** 139,9*** 39,6*** 
8 FD<>D4FAB / threefold 30,6 46,1*** 12,6*** 122,5*** 32,1*** 154,1 42,1 
9 FD<>D4FAB / threefold 45,9 49,1*** 13,9*** 129,0*** 33,6*** 155,6 42,4 

                       *   LSD 0.5;  ** LSD 0.1; ***LSD 0.01 
 

!09-A;01 =0G0;5= ?@8@0AB 8 =09-<0;:> D>@<8@0=8 ;8AB0 8<0B 20@80=B8B5, ?@8 
:>8B> =>@<0B0 =0 B>@5=5 5 @07?@545;5=0 =0 B@8 2=0AO=8O. &>20 A5 >1OA=O20 A 
D0:B0, G5 4>AB830=5B> =0 ?J;=8O >15< =0 B>@5=5 ?@8 BOE AJ2?040 A 40-B8O 45=. 
�7>AB020=5B> 2J2 28A>G8=0B0 =0 @0AB5=8OB0 >B 20@80=B 7 =0 40-B8O 45=, ?@8 :>9B> 
=09-=8A:0B0 B>@>20 =>@<0 A :0;852 =8B@0B 5 @07?@545;5=0 =0 B@8 2=0AO=8O =5 A5 
?@5>4>;O20 4> :@0O =0 2535B0F8OB0. #>;CG5=8B5 @07;8:8 2J2 28A>G8=8B5 8 1@>O =0 
;8AB0B0 =0 40-B8O 8 =0 70-B8O 45= A5 4J;60B 2 ?>-3>;O<0 AB5?5= =0 =0G8=0 =0 
2=0AO=5 =0 :0;8528O =8B@0B, >B:>;:>B> =0 B>@>20B0 =>@<0. %C<0B0 >B :204@0B8B5 
?@8 =0G8=0 =0 2=0AO=5 5 A ?>-28A>:0 AB>9=>AB >B B078 =0 B>@>20B0 =>@<0 (&01;8F0 
2). �J< :@0O =0 2535B0F8OB0 @07;8:8B5 2J2 28A>G8=0B0 8 1@>O =0 D>@<8@0=8B5 
B5E=8G5A:8 3>4=8 ;8AB0 ?@8 20@80=B8B5 B>@5=8 A 54=> 8 AJI> :>;8G5AB2> :0;852 
=8B@0B @07?@545;5= 54=>:@0B=>, 42C:@0B=> 8 B@8:@0B=> A0 <0;:8 (&01;8F0 1). #>-
3>;5<8 @07;8:8 A5 7015;O720B ?@8 ?@><O=0 =0 B>@>20B0 =>@<0. !0 1003=8O 45= A;54 
@07A0640=5B> @07;8:8B5 ?@8 B578 ?>:070B5;8 A5 4J;60B 2 ?>-3>;O<0 AB5?5= =0 
B>@>28B5 =>@<8 >B:>;:>B> 2 =0G8=0 =0 2=0AO=5 (&01;8F0 2). 

 

&45?<J4  2. �;8O=85 =0 =0G8=0 =0 2=0AO=5 8 B>@>20B0 =>@<0 

Table 2. Influence of the application method and fertilizer rate 
 �<EBK<A4 / Height �DB= ?<EF4 / Number of leaves 

40 8A< / 
40 days 

70 8A< / 
70 days 

100 8A< / 
100 days 

40 8A< / 
40 days 

70 8A< / 
70 days 

100 8A< / 
100 days 

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

$4;CD989?9A<9 / Distribution 16596,156 26610,650 11953,622 664,050 1669,450 422,089 
&BDB64 ABD@4 / Fertilizer rate 11203,175 22600,725 18500,600 435,550 1452,050 722,575 

 

$0AB5=8O A =09-3>;O<0 28A>G8=0 3 155,6 cm 8 =09-3>;O< 1@>9 ;8AB0 3 42,4 A0 
>BG5B5=8 ?@8 20@80=B 9. $07;8:8B5 ?> B578 ?>:070B5;8 8 20@80=B8 3 8 6 B>@5=8 AJA 
AJI0B0 B>@>20 =>@<0 @07?@545;5=0 54=>:@0B=> 8 42C:@0B=> A0 =57=0G8B5;=8 8 
<0B5<0B8G5A:8 =54>:070=8. %B0B8AB8G5A:8 7=0G8<8 @07;8:8 AJI5AB2C20B <564C 
20@80=B 9 8 20@80=B8B5 A 54=>:@0B=> 8 42C:@0B=> 2=0AO=5 =0 =8A:0B0 8 A@54=0B0 
B>@>20 =>@<0, :0:B> 8 A 20@80=B 7 A B@8:@0B=> 2=0AO=5 =0 =8A:0B0 B>@>20 =>@<0. 

�>@5;0F8>==8B5 7028A8<>AB8 <564C ?5@8>40 =0 B>@5=5, B>@>20B0 =>@<0 =0 
:0;852 =8B@0B 8 =O:>8 >B 5;5<5=B8B5 =0 4>1820 A0 ?@54AB025=8 2 &01;8F0 3. 
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&45?<J4 3. �>5D8F85=B8 =0 :>@5;0F8O  
Table 3. Coefficients of correlation 
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$07?@545;5=85 / Distribution 1 0,0 -0,608 -0,575 -0,712* -0,513 0,156 0,229 
&>@>20 =>@<0 / Fertilizer norm  1 0,764* 0,793* 0,502 0,734* 0,911** 0,905** 
�8A>G8=0 40 45= / Height 40 days   1 0,989 0,844** 0,927** 0,672* 0,621 
�@>9 ;8AB0 40 45= / Number of leaves 40 days    1 0,850** 0,933** 0,685 0,641 
�8A>G8=0 70 45= / Height 70 days     1 0,927** 0,473 0,386 
�@>9 ;8AB0 70 45= / Number of leaves 70 days      1 0,727* 0,670* 
�8A>G8=0 100 45= / Height 100 days       1 0,989** 
�@>9 ;8AB0 100 45= / Number of leaves 40 days        1 
**Correlation is significant at the 0.01 level (2-tailed).    *Correlation is significant at the 0.05 level (2-tailed). 

 

�8A>G8=8B5 8 1@>OB ;8AB0 =0 @0AB5=85 =0<0;O20B ;8=59=> 4> 70-B8O 45= ?@8 
2=0AO=5 =0 B>@>20B0 =>@<0 42C:@0B=> 8 B@8:@0B=>. #>28H020=5B> =0 B>@>20B0 
=>@<0 C25;8G020 28A>G8=0B0 8 1@>O =0 ;8AB0B0 ?@57 FO;0B0 2535B0F8O. 
�>@5;0F8>==8B5 :>5D8F85=B8 70 A8;=> ?>;>68B5;=>B> 2;8O=85 =0 B>@>20B0 =>@<0 
2J@EC B578 18><5B@8G=8 ?>:070B5;8 =0 100-B=8O 45= A;54 @07A0640=5 A0 4>:070=8 
?@8 AB5?5= =0 A2>1>40 0,01. 

$53@5A8>==> C@02=5=85 >B ?J@20 AB5?5= >?8A20 7028A8<>ABB0 <564C 
28A>G8=0B0 =0 BNBN=0 >B A>@B �@C<>23@04 78% ?@8 ?>A;54=>B> >BG8B0=5 (Y) 8 
=>@<0B0 =0 B>@5=5 A :0;852 =8B@0B (E): Y = 135,422 + 0,420x; R= 0,911. �028A8<>ABB0 
<564C 1@>O ;8AB0 =0 @0AB5=85 ?@8 ?>A;54=>B> >BG8B0=5 (Y) 8 B>@>20B0 =>@<0 (E) A5 
87@07O20 A C@02=5=85B>: Y = 38,667 + 0,077x; R= 0,905. 

$07<5@8B5 =0 ;8AB0B0 ?@8 A>@B �@C<>23@04 78% 7028AOB >B 15@8B15=8O ?>OA 8 
?@8;>65=>B> B>@5=5 (&01;8F0 4). !0@0AB20=5B> =0 B>@>28B5 =>@<8 2>48 4> 
C25;8G020=5 =0 A@54=8B5 @07<5@8 =0 ;8AB0B0 ?@8 2A8G:8 ABJ1;5=8 ?>78F88. 

#@8 G5B8@8B5 87<5@20=8O ;8AB0 A =09-<0;:8 @07<5@8 A0 ?>;CG5=8 ?@8 20@80=B 
7, 0 =09-54@8 A0 ;8AB0B0 >B 20@80=B 9. $07;8:8B5 2 A@54=8B5 @07<5@8 =0 ;8AB0B0 >B 
2A8G:8 ABJ1;5=8 ?>78F88 <564C 20@80=B 9 8 20@80=B8B5 B>@5=8 A ?>-=8A:8B5 B>@>28 
=>@<8 =57028A8<> >B =0G8=0 =0 2=0AO=5 (20@80=B8 1, 2, 4, 5, 7 8 8) A0 <0B5<0B8G5A:8 
4>:070=8. !57=0G8B5;=8 8 AB0B8AB8G5A:8 =54>:070=8 A0 @07;8:8B5 2 A@54=8B5 
@07<5@8 =0 ;8AB0B0 <564C 20@80=B 9 8 >AB0=0;8B5 420 20@80=B0 (3 8 6) B>@5=8 AJA 
AJI>B> :>;8G5AB2> :0;852 =8B@0B @07?@545;5= 54=>:@0B=> 8 42C:@0B=>. 

 

&45?<J4 4. $07<5@8 =0 ;8AB0B0 

Table 4. Proportion of leaf 

№ 

�4?<96 A<FD4F / Potassium 
nitrate 

$4;@9D< A4 ?<EF4F4 / Proportion of leaf 
7-@< ?<EF /  
7

th
 leaf, Em 

14-F< ?<EF / 
14

th
 leaf,  Em 

21-6< ?<EF / 
 21

st
 leaf, Em 

28-@< ?<EF /  
28

th
 leaf, Em 

%D98AB / 
 Average, Em 

$4;CD989?9A<9 / 
Distribution  kg/da �N?:<A4 

/ Length  
,<D<A4 
/ Width  

�N?:<A4 
/ Length  

,<D<A4 
/ Width  

�N?:<A4 
/ Length  

,<D<A4 
/ Width 

�N?:<A4 
/ Length  

,<D<A4  
/ Width 

�N?:<A4 
/ Length  

,<D<A4 
/ Width  

1 98AB>D4FAB / once  15,3 25,1*** 15,9*** 29,7*** 19,9** 22,9** 15,2* 21,2** 14,2* 25,1*** 15,9*** 
2 98AB>D4FAB / once 30,6 25,5*** 16,0*** 30,4* 20,4 23,5* 15,6 21,4* 14,3 25,5** 16,0** 
3  98AB>D4FAB / once 45,9 26,2 16,5* 31,6 20,7 24,6 16,0 21,7 14,6 26,2 16,5 
4 86G>D4FAB / twice 15,3 24,8*** 15,6*** 27,3*** 18,1*** 23,7 15,4 21,3** 14,2* 24,8*** 15,6*** 
5 86G>D4FAB / twice 30,6 25,5*** 16,2*** 29,6*** 20,2 24,0 15,5 21,6* 14,3 25,5** 16,2** 
6 86G>D4FAB / twice 45,9 25,8** 16,4*** 31,1 21,3 24,4 15,7 21,7 14,5 25,8 16,4 
7 FD<>D4FAB / threefold 15,3 24,0*** 14,8*** 27,0*** 17,8*** 22,6*** 14,9** 20,7*** 13,6*** 24,0*** 14,8*** 
8 FD<>D4FAB / threefold 30,6 25,7** 16,1*** 28,9*** 19,5*** 23,9 15,5 21,7 14,4 25,7** 16,1*** 
9 FD<>D4FAB / threefold 45,9 26,8 17,1 31,7 21,1 24,9 16,2 22,8 15,0 26,8 17,1 

                       *   LSD 0.5;   ** LSD 0.1;  ***LSD 0.01 
#>B2J@645=85 =0 ?>-3>@5 :><5=B8@0=8B5 @57C;B0B8 =0<8@0<5 8 2 &01;8F0 5. 

$07;8:8B5 2 @07<5@8B5 =0 ;8AB0B0 2J2 2A8G:8 87<5@5=8 ?>78F88 Ae 4J;60B 2 ?>-
3>;O<0 AB5?5= =0 B>@>28B5 =>@<8 >B:>;:>B> =0 =0G8=0 =0 2=0AO=5. 
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&45?<J4  5. �;8O=85 =0 =0G8=0 =0 2=0AO=5 8 B>@>20B0 =>@<0 2J@EC @07<5@0 =0 
;8AB0B0 

Table 5. Influence of the application method and fertilizer rate on leaf size 

  7-@< ?<EF /  7th
 leaf 14-F< ?<EF / 14th

 leaf 21-6< ?<EF / 21st
 leaf 28-@< ?<EF / 28th

 leaf 
�N?:<A4 
/ Length  

,<D<A4 
/ Width  

�N?:<A4 
/ Length  

,<D<A4 / 
Width  

�N?:<A4 
/ Length  

,<D<A4 / 
Width  

�N?:<A4 
/ Length  

,<D<A4 
/ Width  

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

Sum of 
Squares 

$4;CD989?9A<9 / Distribution 213,176 126,157 957,485 493,655 182,843 49,240 102,993 43,828 
&BDB64 ABD@4 / Fertilizer rate 912,405 320,838 2229,153 1418,761 2740,759 1359,681 2264,999 901,692 

 

&45?<J4 6. �>5D8F85=B8 =0 :>@5;0F8O  
Table 6. Coefficients of correlation 
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$07?@545;5=85 / Distribution 1 0,00 -0.05 -0.09 -0.34 -0.30 0.08 -0.07 0.23 -0.04 -0.11 -0.21 
&>@>20 =>@<0 / Fertilizer norm  1 0.88** 0.84** 0.87** 0.85** 0.89** 0.89** 0.77* 0.81** 0.93** 0.90** 
�J;68=0 7 ;8AB / Length 7

th
 leaf   1 0.99** 0.89** 0.86** 0.90** 0.96** 0.93** 0.98** 0.98** 0.96** 

,8@8=0 7 ;8AB / Width 7
th
 leaf    1 0.89** 0.88** 0.89** 0.93** 0.93** 0.98** 0.98** 0.97** 

�J;68=0 14 ;8AB / Length 14
th
 leaf     1 0.97** 0.74* 0.85** 0.73* 0.83** 0.94** 0.97** 

,8@8=0 14 ;8AB / Width 14
th
 leaf      1 0.72* 0.78* 0.71* 0.80** 0.92** 0.96** 

�J;68=0 21 ;8AB / Length 21
st
 leaf       1 0.95** 0.88** 0.91** 0.91** 0.86** 

,8@8=0 21 ;8AB / Width 21
st
 leaf        1 0.90** 0.95** 0.96** 0.91** 

�J;68=0 28 ;8AB / Length 28
th
 leaf         1 0.95** 0.89** 0.85** 

,8@8=0 28 ;8AB / Width 28
th
 leaf          1 0.95** 0.93** 

%@54=> 4J;68=0 / Average Length           1 0.99** 
%@54=> H8@28=0 / Average Width            1 

**Correlation is significant at the 0.01 level (2-tailed).    *Correlation is significant at the 0.05 level (2-tailed). 
 

�>@5;0F8>==8B5 :>5D8F85=B8 70 ?>;>68B5;=>B> 2;8O=85 =0 B>@>20B0 =>@<0 
2J@EC 4J;68=0B0 8 H8@8=0B0 =0 BNBN=528B5 ;8AB0 ?@8 2A8G:8 ABJ1;5=8 ?>78F88 A0 
4>:070=8 (&01;8F0 6). !0G8=0 =0 2=0AO=5 =0 :0;8528O =8B@0B 2;8O5 @07=>?>A>G=> 
2J@EC @07<5@8B5 =0 ;8AB0B0. �J;68=0B0 8 H8@8=0B0 ?@8 7-<8 8 14-B8 ;8AB =0<0;O20 
?@8 2=0AO=5B> =0 B>@>20B0 =>@<0 =0 G0AB8. $07?@545;O=5B> =0 :0;8528O =8B@0B =0 
420 8 B@8 ?JB8 C25;8G020 4J;68=0B0 8 =0<0;O H8@8=0B0 =0 ;8AB0B0 >B 3>@=8B5 
15@8B15=8 ?>OA8. �>@5;0F8>==8B5 :>5D8F85=B8 >10G5 =5 A0 AB0B8AB8G5A:8 
4>:070=8. 

!0 1070B0 =0 :>@5;0F8>==8B5 7028A8<>AB8, ?> <5B>40 =0 ABJ?:>20B0 @53@5A8O 5 
872545= <>45; =0 B>@5=5 A :0;852 =8B@0B ?@8 A>@B �@C<>23@04 78%. 

 
(1) YA@54=0 4J;68=0 =0 ;8AB = 23,256 + 0,062xB>@>20 =>@<0; R= 0,927 

 
(2) YA@54=0 H8@8=0 =0 ;8AB = 15,167 + 0,042xB>@>20 =>@<0; R= 0,901 

 
�25B5 C@02=5=8O =8 ?>:0720B :0: A5 ?@><5=OB A@54=0B0 4J;68=0 8 H8@8=0 =0 

BNBN=528O ;8AB A?@O<> ?@8;030=0B0 =>@<0 =0 B>@5=5 A :0;852 =8B@0B. 
 
�4>?NK9A<9  
#>;CG5=8B5 @07;8:8 2J2 28A>G8=8B5 8 1@>O =0 ;8AB0B0 =0 40-B8O 45= A5 4J;60B 

2 ?>-3>;O<0 AB5?5= =0 =0G8=0 =0 2=0AO=5 =0 :0;8528O =8B@0B, >B:>;:>B> =0 B>@>20B0 
=>@<0. �J< :@0O =0 2535B0F8OB0 @07;8:8B5 ?@8 B578 ?>:070B5;8 8 @07;8:8B5 2 
@07<5@8B5 =0 ;8AB0B0 2J2 2A8G:8 87<5@5=8 ?>78F88 A5 4J;60B 2 ?>-3>;O<0 AB5?5= 
=0 B>@>28B5 =>@<8 >B:>;:>B> =0 =0G8=0 =0 2=0AO=5. 

�>@5;0F8>==8B5 :>5D8F85=B8 70 A8;=> ?>;>68B5;=>B> 2;8O=85 =0 B>@>20B0 
=>@<0 2J@EC 5;5<5=B8B5 =0 ?@>4C:B82=>AB A0 4>:070=8. 
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'AB0=>25=8 A0 18><5B@8G=8 ?0@0<5B@8, E0@0:B5@878@0I8 >A=>2=8B5 ?@>F5A8 
=0 @0AB56 8 @0728B85 ?@8 >@85=B0;A:8OB BNBN=, ?>2;8O=8 >B B>@5=5B> A :0;852 
=8B@0B 2 7028A8<>AB8, 87@075=8 A @53@5A8>==8 C@02=5=8O. 
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$9;N@9 

� :><?;5:A0 >B 03@>B5E=8G5A:8 <5@>?@8OB8O B>@5=5B> =0 BNBN=0 8<0 
>?@545;OI> 7=0G5=85 70 ?>;CG020=5B> =0 28A>:8 8 CAB>9G828 4>1828. 

�0;8528OB =8B@0B 5 ?>4E>4OI 70 2A8G:8 :C;BC@8 8 D078 =0 @0728B85. 
!8B@0B=0B0 D>@<0 =0 07>B0 5 ;5A=> CA2>8<0 8 ?>4?><030 CA2>O20=5B> =0 4@C38 
E@0=8B5;=8 5;5<5=B8. !5 AJ4J@60 E;>@ 8 ?@8<5A8. #>4E>4OI 5 70 C?>B@510 ?@8 
GC2AB28B5;=8 =0 E;>@ :C;BC@8. 

"15:B =0 87A;5420=5B> A0 ?@><O=0B0 2 4>1820 8 :0G5AB2>B> =0 ;8AB0B0 ?@8 
>@85=B0;A:8O BNBN= 2 7028A8<>AB >B 2@5<5B> =0 2=0AO=5 8 =>@<0B0 =0 B>@5=5 A 
:0;852 =8B@0B. #@>2545= 5 03@>B5E=8G5A:8 >?8B, D>@<8@0= >B 4525B 20@80=B0 :0B> 
:><18=0F88 =0 B@8 =>@<8 =0 B>@5=5 8 B@8 ?5@8>40 =0 2=0AO=5 =0 :0;852 =8B@0B ?@8 
>@85=B0;A:8 BNBN=.  

#>28H020=5B> =0 =>@<8B5 =0 B>@5=5 A :0;852 =8B@0B C25;8G020 A@54=8O 4>182 
>B 45:0@ =57028A8<> >B =0G8=0 =0 2=0AO=5. $07?@545;5=85B> =0 B>@>20B0 =>@<0 =0 
=O:>;:> 2=0AO=8O >:0720 ?>-A;01> 2;8O=85 2J@EC 4>1820. 

#@8;030=5B> =0 ?>-3>;5<8 =>@<8 =0 B>@5=5 C25;8G020 A@54=8O 4>182 >B 45:0@, 
=> 2>48 4> 2;>H020=5 :0G5AB2>B> =0 ?>;CG5=0B0 AC@>28=0. $0745;O=5B> =0 
:>;8G5AB2>B> :0;852 =8B@0B =0 G0AB8 AJI> A5 >B@07O20 =530B82=> 2J@EC :0G5AB2>B> 
=0 BNBN=0. 

�>@5;0F8OB0 <564C 4>1820 ACE BNBN= 8 5;5<5=B8B5, >?@545;OI8 
?@>4C:B82=>ABB0 5 ?>;>68B5;=0 8 A8;=0. "B 03@>B5E=8G5A:8B5 ?@89><8, ?@8;030=8 
70 ?>28H020=5 =0 4>1820 A =09-3>;O<> ?>;>68B5;=> 2;8O=85 5 B>@>20B0 =>@<0.  

К?NчB6< 8G@<: BNBN=, B>@5=5, 4>182 8 :0G5AB2>, :0;852 =8B@0B. 
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Abstract 
In the complex of agrotechnical measures, the fertilization of tobacco has a decisive 

importance for obtaining high and sustainable yields. 
Potassium nitrate is suitable for all crops and development phases. The nitrate form 

of nitrogen is easily digestible and aids in the absorption of other nutrients. It does not 
contain chlorine and impurities making it suitable for use with chlorine-sensitive crops. 

The object of the research is the change in the yield and the quality of the leaves of 
oriental tobacco depending on the time of introduction and the rate of fertilization with 
potassium nitrate. An agrotechnical experiment formed by nine variants was conducted as 
combinations of three rates of fertilization and three periods of potassium nitrate 
introduction for oriental tobacco. 

Increasing the rates of potassium nitrate fertilization increases the average yield per 
acre regardless of the method of application. The distribution of the fertilizer rate over 
several applications has a weaker effect on the yield. 

The application of greater rates of fertilization increases the average yield per acre, 
but leads to deterioration in the quality of the raw material obtained. Dividing the amount of 
potassium nitrate into parts also has a negative effect on the quality of the tobacco. 

The correlation between dry tobacco yield and productivity determinants is positive 
and strong. Of the agrotechnical measures applied to increase yield, the fertilizer rate has 
the greatest positive impact. 

Key words: tobacco, fertilization, yield and quality, potassium nitrate. 
 
�N6989A<9 

� :><?;5:A0 >B 03@>B5E=8G5A:8 <5@>?@8OB8O B>@5=5B> =0 BNBN=0 8<0 
>?@545;OI> 7=0G5=85 70 ?>;CG020=5B> =0 28A>:8 8 CAB>9G828 4>1828. �=0AO=5B> 2 
?>G20B0 =0 E@0=8B5;=8 70 @0AB5=85B> 5;5<5=B8 5 >A=>2=> 03@>B5E=8G5A:> 
<5@>?@8OB85, :>5B> 2;8O5 2J@EC 687=5=> 206=8B5 DC=:F88 =0 BNBN=52>B> @0AB5=85 
70 ?>;CG020=5 =0 AB018;=8 4>1828 8 ?@>4C:F8O A >?@545;5=> :0G5AB2> (Atanasov, 
1962; Yancheva & Nikolova, 2006). 

�>;O<0B0 ?;0AB8G=>AB =0 BNBN=52>B> @0AB5=85 3> ?@028 B2J@45 >B782G82> =0 
B>@5=5B>. #@>CG20=8OB0 =0 <=>3> 02B>@8 ?>:0720B, G5 70 CA;>28OB0 =0 AB@0=0B0 =8 
2;8O=85 2J@EC 4>1820 8 :0G5AB2>B> =0 >@85=B0;A:8B5 A>@B>25 BNBN= >:0720 
B>@5=5B> A <0:@>5;5<5=B8B5 07>B, D>AD>@ 8 :0;89.  

�0 D>@<8@0=5B> =0 >1I0B0 18><0A0 =0 BNBN=52>B> @0AB5=85, ?@8 >?B8<0;=> 
2>4>A=014O20=5, >B ?>G20B0 A5 87=0AOB >B 7,64 4> 17,45 kg/dka 07>B, >B 2,00 4> 3,75 
kg/dka D>AD>@ 8 >B 12,12 4> 21,00 kg/dka :0;89, 2 7028A8<>AB >B ?@8;>65=>B> 
B>@5=5 (Yancheva, 2004, 2005). 

%?>@54 Yancheva, et al. (2008), =820B0 =0 B>@5=5 A5 A2J@720B A :>=:@5B=8B5 
:0G5AB25=8 E0@0:B5@8AB8:8, :>5B> 5 >B >A>15=> 7=0G5=85 ?@8 871>@0 =0 E@0=8B5;5= 
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@568< =0 BNBN=0 2 7028A8<>AB >B F5;8B5 =0 ?@>872>4AB2>B> 70 :>;8G5AB2>B> 8 
:0G5AB2>B> =0 BNBN=520B0 AC@>28=0. 

�8A>:>:0G5AB25= BNBN= A5 ?>;CG020, :>30B> A=014O20=5B> =0 @0AB5=8OB0 A 
<8=5@0;=8 25I5AB20 ?> 2@5<5 =0 2535B0F8OB0 5 10;0=A8@0=> (Bozhinova & 
Zapryinova, 2005).  

�0 @07;8:0 >B ?>25G5B> 75<545;A:8 :C;BC@8, ?@8 :>8B> 25;8G8=0B0 =0 
>?B8<0;=0B0 B>@>20 =>@<0 A5 >?@545;O 3;02=> >B  2J7<>6=8B5 <0:A8<0;=8 4>1828, 
?@8 BNBN=0, G89B> :@05= ?@>4C:B 5 48<JB, =>@<8B5 =0 B>@5=5 A5 AJ>1@07O20B =0 
?J@2> <OAB> A ?CH0B5;=8B5 <C :0G5AB20, :>8B> 7028AOB >B 54=0 <=>3> B>G=> 
AJ3;0AC20=0 :><18=0F8O =0 E8<8G=8 8 D878G=8 A2>9AB20 (Yancheva et al., 2008). 
�A8G:8 B578 :0G5AB25=8 :@8B5@88 7028AOB 48@5:B=> 8;8 8=48@5:B=> >B E@0=5=5B> 
(Krancheva & Gradinarski, 2002). 

�0;8528OB =8B@0B 5 ?>4E>4OI 70 2A8G:8 :C;BC@8 8 D078 =0 @0728B85. 
!8B@0B=0B0 D>@<0 =0 07>B0 5 ;5A=> CA2>8<0 8 ?>4?><030 CA2>O20=5B> =0 4@C38 
E@0=8B5;=8 5;5<5=B8, :0B> :0;F89, <03=5789 8 4@C38. #><030 ?@8 @0AB560 =0 :>@5=0, 
?>4>1@O20 CAB>9G82>ABB0 ?@8 ACH0, =0<0;O20 703C10B0 =0 2>40 8 >?0A=>ABB0 >B 
87AJE20=5. !5 AJ4J@60 E;>@ 8 ?@8<5A8. #>4E>4OI 5 70 C?>B@510 ?@8 GC2AB28B5;=8 
=0 E;>@ :C;BC@8. 

%?>@54 Yancheva (2009) ?J@2>AB5?5==>B> 2=8<0=85 :J< 07>B=>B> AJ4J@60=85 
2 BNBN=528B5 ;8AB0 A5 >1>A=>2020 =0 D0:B0, G5 =54>AB83JB =0 07>B ?@548728:20 
=09-A8;=> =0@CH020=5 =0 D>B>A8=B570B0, 2 A@02=5=85 A 4@C38B5 E@0=8B5;=8 
25I5AB20. �J@EC AJ4J@60=85B> =0 07>B 2 ;8AB0B0 >B 2A8G:8 15@8B15=8 ?>OA8 
GC2AB28B5;=> 2;8O=85 >:0720 =82>B> =0 07>B=>B> B>@5=5. 

�7>B=>B> E@0=5=5 A5 A2J@720 ?@548<=> A 28A>:8 4>1828 8 ?>=865=8 
B5E=>;>38G=8 8 ?CH0B5;=8 :0G5AB20 =0 BNBN=0. %B5?5=B0 =0 20@8@0=5B> =0 B578 
?@87=0F8 7028A8 >B :>;8G5AB2>B> =0 07>B0, 4045= ?>4 D>@<0B0 =0 <8=5@0;=8 B>@>25 
(Danio et al., 2007; Yancheva, 2007, 2008).  

!57028A8<>, G5 =5 A5 2:;NG20 2 AJAB020 =0 >@30=8G=8B5 AJ548=5=8O, 0 
DC=:F8>=8@0 :0B> 0:B820B>@ =0 <=>3> 5=78<8 8 83@05 4><8=8@0I0 @>;O ?@8 
@02=>25A85B> =0 :0B8>=8B5 8 0=8>=8B5, :0;8OB 5 5;5<5=B, :>9B> 4>?@8=0AO 70 
D>@<8@0=5 :0G5AB2>B> =0 >@85=B0;A:8O BNBN=. �725AB=8 A0 =04 60 5=78<=8 
@50:F88, :>8B> A5 0:B828@0B >B :0;8528O 9>= (Gorbanov et al., 2005). 

�J7459AB285B> =0 :0;852>B> B>@5=5 A5 87@07O20 3;02=> 2J@EC :0G5AB20B0: 
5;0AB8G=>AB, F2OB, AJ4J@60=85 =0 2>40 8 2>4>?>3;JI0B5;=0 A?>A>1=>AB. Mylonas 
(1984) 8 Sekin et al. (2002) CAB0=>2O20B ?>4>1@O20=5 =0 3>@O5<>ABB0 =0 BNBN=0 >B 
?@>87E>4 %0<AC=, ?>28H020=5 AJ4J@60=85B> =0 :0;89 8 <03=5789 2 ;8AB0B0 A 
C25;8G020=5 4>70B0 =0 �2". 

�>;8G5AB20B0 :0;89, =5>1E>48<8 70 ?>28H020=5 :0G5AB2>B> =0 BNBN=528B5 
;8AB0 >18:=>25=> A0 2-3 ?JB8 ?>-28A>:8 >B B578, :>8B> A0 =5>1E>48<8 70 ?>;CG020=5 
=0 <0:A8<0;5= 4>182. !57028A8<> >B 28A>:0B0 70?0A5=>AB =0 ?>G20B0 A ?>42865= 
:0;89, :>=F5=B@0F8OB0 =0 5;5<5=B0 2 ;8AB0B0 5 =0 4>;=0B0 3@0=8F0 8;8 ?>4 =5O 
(Donev et al., 1971). 

%?>@54 Stamatov & Yancheva (2010) 4>1@5 10;0=A8@0=>B> <8=5@0;=> B>@5=5 
AJG5B0=> A >?B8<0;=8 @07AB>O=8O =0 @07A0640=5 5 5D5:B825= 03@>B5E=8G5A:8 <5B>4 
70 ?>28H020=5 ?@>4C:B82=8B5 2J7<>6=>AB8 =0 420 A>@B0 >@85=B0;A:8 BNBN= >B 
?@>87E>4 �@C<>23@04 B0:0, G5 40 A5 ?>;CG8 :0G5AB25=0 AC@>28=0 8 873>4=0 87:C?=0 
F5=0 70 ?@>872545=0B0 ?@>4C:F8O. 

�7A;54209:8 2;8O=85B> =0 @07AB>O=8OB0 =0 @07A0640=5 8 =>@<8B5 =0 
<8=5@0;=> B>@5=5 2J@EC 4>1820 8 :0G5AB2>B> ?@8 >@85=B0;A:8 A>@B>25 BNBN= 
Stamatov (2014, 2017, 2023) AB830 4> 872>40, G5 ?@8;030=5B> =0 ?>-3>;5<8 =>@<8 =0 
<8=5@0;=> B>@5=5 A NPK 15-15-15 C25;8G020 A@54=8O 4>182, => 2>48 4> 2;>H020=5 
:0G5AB2>B> =0 ?>;CG5=0B0 AC@>28=0.  
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*5;B0 =0 87A;5420=5B> 5 40 A5 CAB0=>28 2;8O=85B> =0 =>@<8B5 =0 B>@5=5 8 
2@5<5B> =0 2=0AO=5 =0 :0;852 =8B@0B 2J@EC AB>?0=A:8B5 ?>:070B5;8 =0 AC@>28=0B0 
?@8 >@85=B0;A:8O BNBN=. 

 

 4F9D<4?< < @9FB8< 

#@57 2023-2024 3. 5 70;>65= 8 872545= 03@>B5E=8G5A:8 >?8B A >@85=B0;A:8O 
A>@B BNBN= �@C<>23@04 78 %. "?8BJB 5 D>@<8@0= >B 4525B 20@80=B0 :0B> 
:><18=0F88 =0 B@8 =>@<8 =0 B>@5=5 8 B@8 ?5@8>40 =0 2=0AO=5 =0 :0;852 =8B@0B, 
:0:B> A;5420: 

- 20@80=B 1 3 15,3 kg/da 2=5A5=8 ?@548 @07A0640=5; 
- 20@80=B 2 3 30,6 kg/da 2=5A5=8 ?@548 @07A0640=5; 
- 20@80=B 3 3 45,9 kg/da 2=5A5=8 ?@548 @07A0640=5; 
- 20@80=B 4 3 7,65 kg/da 2=5A5=8 ?@548 @07A0640=5 8 7,65 kg/da 2=5A5=8 20 4=8 

A;54 @07A0640=5; 
- 20@80=B 5 3 15,3 kg/da 2=5A5=8 ?@548 @07A0640=5 8 15,3 kg/da 2=5A5=8 20 4=8 

A;54 @07A0640=5; 
- 20@80=B 6 3 22,45 kg/da 2=5A5=8 ?@548 @07A0640=5 8 22,45 kg/da 2=5A5=8 20 

4=8 A;54 @07A0640=5; 
- 20@80=B 7 3 5,1 kg/da 2=5A5=8 ?@548 @07A0640=5, 5,1 kg/da 2=5A5=8 20 4=8 

A;54 @07A0640=5 8 5,1 kg/da 2=5A5=8 40 4=8 A;54 @07A0640=5; 
- 20@80=B 8 3 10,2 kg/da 2=5A5=8 ?@548 @07A0640=5, 10,2 kg/da 2=5A5=8 20 4=8 

A;54 @07A0640=5 8 10,2 kg/da 2=5A5=8 40 4=8 A;54 @07A0640=5; 
- 20@80=B 9 3 15,3 kg/da 2=5A5=8 ?@548 @07A0640=5, 15,3 kg/da 2=5A5=8 20 4=8 

A;54 @07A0640=5 8 15,3 kg/da 2=5A5=8 40 4=8 A;54 @07A0640=5. 
#;>IB0 =0 @07?>;>65=85 =0 2A5:8 20@80=B 5 66 m2, ?>;CG5=8 >B B@8 

?>2B>@5=8O.  
"?@545;5=> 5 :0G5AB2>B> 70 2A5:8 20@80=B G@57 @07;JG20=5 =0 ACE8B5 ;8AB0 ?> 

:;0A8, AJ3;0A=> ��%. �>1828B5 >B ?0@F5;8B5 A0 ?@82545=8 2 kg/da. �J7 >A=>20 =0 
?@>F5=B=>B> CG0AB85 =0 >B45;=8B5 :;0A8 2 >1I8O 4>182 5 87G8A;5=0 A@54=0B0 F5=0 
=0 BNBN=0 70 :8;>3@0< ?> 20@80=B8. �0 :>=B@>;0 5 87?>;720= 20@80=B 1. 

�72J@H5=0 5 <0B5<0B8G5A:0 >1@01>B:0 =0 40==8B5, :0B> 70 F5;B0 A0 =0?@025=8 
A;54=8B5 0=0;878: 

- >BD9?4J<BA9A 4A4?<; 70 CAB0=>2O20=5 2;8O=85B> =0 5;5<5=B8B5 =0 
?@>4C:B82=>ABB0 8 B>@>28B5 =>@<8 2J@EC AB>?0=A:8O 4>182.  

- <>BAB@<K9E>< 4A4?<; – 872J@H5=0 5 5:A?5@B=0 >F5=:0 =0 ACE8O BNBN= ?> 
:;0A8. �7G8A;5= 5 >1I8O 4>E>4 >B 45:0@, ?@8 F5=8 11,30 BGN/kg 70 ?J@20 :;0A0, 
7,20 BGN/kg 70 2B>@0 :;0A0 8 2,65 BGN/kg 70 B@5B0 :;0A0. 

 

$9;G?F4F< < B5EN:84A9 

� &01;8F0 1 A0 ?@54AB025=8 40==8 70 AB>?0=A:8B5 ?>:070B5;8 3 4>182, 
:0G5AB2> 8 4>E>4, ?>;CG5=8 ?@8 >B45;=8B5 20@80=B8 ?@8@02=5=8 =0 45:0@ ?@8 
>@85=B0;A:8O A>@B BNBN= �@C<>23@04 78 %. 

#>28H020=5B> =0 =>@<8B5 =0 B>@5=5 A :0;852 =8B@0B C25;8G020 A@54=8O 4>182 
>B 45:0@, =57028A8<> >B =0G8=0 =0 2=0AO=5. "B 20@80=B8B5, B>@5=8 A 15,3 kg/da 
:0;852 =8B@0B 5 ?>;CG5= A@545= 4>182 204,2 kg/da. #@8 20@80=B8B5, B>@5=8 A 30,6 
kg/dka B>@ A@54=8OB 4>182 5 225,4 kg/da, 0 ?@8 20@80=B8B5, B>@5=8 A 45,9 kg/dka B>@ 
3 246,2 kg/da. 
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&45?<J4 1. %B>?0=A:8 ?>:070B5;8 ?@8 A>@B �@C<>23@04 78 % 

Table 1. Economic indicators of the Krumovgrad 78 C variety 

№ 

>4?<96 A<FD4F 
potassium nitrate 

�B5<6 
Yield 

�?4E< % 
Classes % %D98A4 

J9A4 
Average 

price 
 BGN/kg 

"5M 8BIB8 
Total income 

$4;CD989?9A<9 
Distribution  kg/da kg/da % I II III BGN/da 

% ECDO@B 
>BAFDB?4F4 
% relative to 
the control 

1. 98AB>D4FAB / one time 15,3 207,5 100,0 34,7 60,6 4,7 8,41 1744,84 100,0 
2. 98AB>D4FAB  / one time 30,6 225,6 108,7 33,9 61,1 5,0 8,36 1886,56 108,1 
3.   98AB>D4FAB / one time 45,9 245,8 118,4 26,2 68,6 5,2 8,04 1975,24 113,2 
4. 86G>D4FAB / twice 15,3 203,7 98,2 32,8 62,1 5,1 8,31 1693,31 97,0 
5. 86G>D4FAB / twice 30,6 222,6 107,3 31,7 62,7 5,6 8,24 1835,31 105,2 
6. 86G>D4FAB / twice 45,9 242,5 116,9 26,5 67,1 6,4 8,00 1938,86 111,1 
7. FD<>D4FAB / threefold 15,3 201,3 97,0 30,7 63,2 6,1 8,18 1646,87 94,4 
8. FD<>D4FAB / threefold 30,6 227,9 109,8 29,2 63,2 7,6 8,05 1834,51 105,1 
9. FD<>D4FAB / threefold 45,9 250,3 120,6 23,6 67,7 8,7 7,77 1945,27 111,5 

 
$07?@545;5=85B> =0 B>@>20B0 =>@<0 =0 =O:>;:> 2=0AO=8O >:0720 ?>-A;01> 

2;8O=85 2J@EC 4>1820. �0@80=B8B5 A 54=>:@0B=> 2=0AO=5 =0 :0;8528O =8B@0B 8<0B 
A@545= 4>182 >B 226,3 kg/da. #@8 20@80=B8B5 A 42C:@0B=> 2=0AO=5 =0 B>@>20B0 =>@<0 
A@54=8OB 4>182 5 222,9 kg/da, 0 ?@8 B@8:@0B=>B> 2=0AO=5 3 226,5 kg/da.   

#> >B=>H5=85 =0 A@54=8O 4>182 2A8G:8 20@80=B8, B>@5=8 A ?>-28A>:8B5 B>@>28 
=>@<8 ?@528H020B :>=B@>;=8O 20@80=B 1 A 4> 20,6 ?C=:B0 (&01;8F0 1). �0@80=B8B5, 
B>@5=8 AJA AJI>B> :>;8G5AB2> B>@, :0:B> :>=B@>;=8O 20@80=B, => @07?@545;5=> 
42C:@0B=> 8 B@8:@0B=> D>@<8@0B =57=0G8B5;=> ?>-<0;J: A@545= 4>182 >B 
:>=B@>;0B0.  

!09-28A>: A@545= 4>182 >B 45:0@ 5 ?>;CG5= ?@8 20@80=B 9 3 250,3 kg/da 8;8 
120,6% A?@O<> :>=B@>;=8O 20@80=B.  

�=0;87JB =0 40==8B5 2 &01;8F0 1 ?>:0720, G5 ?@8;030=5B> =0 ?>-3>;5<8 =>@<8 
=0 B>@5=5 C25;8G020 A@54=8O 4>182 >B 45:0@, => 2>48 4> 2;>H020=5 :0G5AB2>B> =0 
?>;CG5=0B0 AC@>28=0. $0745;O=5B> =0 :>;8G5AB2>B> :0;852 =8B@0B =0 G0AB8 AJI> A5 
>B@07O20 =530B82=> 2J@EC :0G5AB2>B> =0 BNBN=0. !09-28A>: ?@>F5=B ?J@20 :;0A0 3 
34,7% ?@8 =8AJ: B0:J2 70 B@5B0 :;0A0 3 4,7% 8 =09-28A>:0 A@54=0 F5=0 8,41 BGN/kg 
A0 ?>;CG5=8 >B 20@80=B 1. !09-=8A:> :0G5AB2> 5 ?>;CG5=> ?@8 20@80=B 9 3 23,6% 
?J@20 :;0A0; 8,7% B@5B0 :;0A0 8 7,77 BGN/kg A@54=0 87:C?=0 F5=0.  

!09-3>;O< >1I 4>E>4 >B 45:0@ 5 ?>;CG5= ?@8 20@80=B8 3, 6 8 9 B>@5=8 A =09-
28A>:>B> :>;8G5AB2> :0;852 =8B@0B, AJ>B25B=> 113,2%, 111,1 8 111,5% A?@O<> 
:>=B@>;=8O 20@80=B 1. #>-28A>:8OB >1I 4>E>4 >B 45:0@ ?@8 BOE A5 4J;68 =0 
?>;CG5=8O 28A>: A@545= 4>182, => AJA 70=865=> :0G5AB2> =0 AC@>28=0B0 (&01;8F0 
1). 

�>@5;0F8OB0 <564C 4>1820 ACE BNBN= >B A>@B �@C<>23@04 78 % 8 5;5<5=B8B5, 
>?@545;OI8 ?@>4C:B82=>ABB0 5 ?>;>68B5;=0 8 A8;=0 (&01;8F0 2). �>:070=> 
?>;>68B5;=> 2;8O=85 2J@EC 4>1820 A5 =01;N4020 ?@8 28A>G8=0B0 =0 @0AB5=8OB0, 
1@>O =0 ;8AB0B0 >B @0AB5=85 8 BOE=0B0 4J;68=0 8 H8@8=0, :>@5;0F8>==8B5 
:>5D8F85=B8 A0 4>:070=8 ?@8 AB5?5= =0 A2>1>40 0,01. 

"B 03@>B5E=8G5A:8B5 ?@8><8, ?@8;030=8 70 ?>28H020=5 =0 4>1820 A =09-3>;O<> 
?>;>68B5;=> 2;8O=85 5 B>@>20B0 =>@<0, :>@5;0F8>==8OB :>5D8F85=B 0,988 5 
4>:070= ?@8 AB5?5= =0 A2>1>40 0,01. !5 AJI5AB2C20 AB0B8AB8G5A:8 4>:070=0 
:>@5;0F8>==0 2@J7:0 <564C =0G8=0 =0 2=0AO=5 =0 :0;8528O =8B@0B 8 4>1820. 
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&45?<J4 2. �>@5;0F8>==8 7028A8<>AB8 <564C 4>1820 ACE BNBN=, 5;5<5=B8B5 =0 
?@>4C:B82=>AB 8 =O:>8 03@>B5E=8G5A:8 D0:B>@8  
Table 2. Correlation dependences between dry tobacco yield, the elements of productivity 
and some agrotechnical factors  

  
�B5<6 
 Yield 

$4;CD989?9A<9 
Distribution 

&BDB64 
ABD@4 

Fertilizer 
norm 

�<EBK<A4 A4 
D4EF9A<9FB 

Height of 
plants 

�DB= 
?<EF4 

Number of 
leaves 

�N?:<A4 
A4 ?<EF4 
Length of 

leaf 

,<D<A4 
A4 ?<EF4 
Width of 

leaf 
�B5<6  
Yield 1 0,005 0,988** 0,938** 0,924** 0,931** 0,891** 
$4;CD989?9A<9 
Distribution  1 0,000 0,156 0,229 -0,054 -0,091 
&BDB64 ABD@4  
Fertilizer norm   1 0,911** 0,905** 0,876** 0,839** 
�<EBK<A4 A4 D4EF9A<9FB 
Height of plants    1 0,989** 0,885** 0,829** 
�DB= ?<EF4 
Number of leaves     1 0,872** 0,813** 
�N?:<A4 A4 ?<EF4  
Length of leaf      1 0,985** 
,<D<A4 A4 ?<EF4 
Width of leaf             1 

**Correlation is significant at the 0.01 level (2-tailed).  
  
�4>?NK9A<9  
#>28H020=5B> =0 =>@<8B5 =0 B>@5=5 A :0;852 =8B@0B C25;8G020 A@54=8O 4>182 

>B 45:0@, =57028A8<> >B =0G8=0 =0 2=0AO=5. $07?@545;5=85B> =0 B>@>20B0 =>@<0 =0 
=O:>;:> 2=0AO=8O >:0720 ?>-A;01> 2;8O=85 2J@EC 4>1820. 

#@8;030=5B> =0 ?>-3>;5<8 =>@<8 =0 B>@5=5 C25;8G020 A@54=8O 4>182 >B 45:0@, 
=> 2>48 4> 2;>H020=5 :0G5AB2>B> =0 ?>;CG5=0B0 AC@>28=0. $0745;O=5B> =0 
:>;8G5AB2>B> :0;852 =8B@0B =0 G0AB8 AJI> A5 >B@07O20 =530B82=> 2J@EC :0G5AB2>B> 
=0 BNBN=0. 

�>@5;0F8OB0 <564C 4>1820 ACE BNBN= >B A>@B �@C<>23@04 78 8 5;5<5=B8B5, 
>?@545;OI8 ?@>4C:B82=>ABB0 5 ?>;>68B5;=0 8 A8;=0. 

"B 03@>B5E=8G5A:8B5 ?@89><8, ?@8;030=8 70 ?>28H020=5 =0 4>1820 A =09-
3>;O<> ?>;>68B5;=> 2;8O=85 5 B>@>20B0 =>@<0.  
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$9;N@9 

#@57 2023 3., =0 B5@8B>@8OB0 =0 5:A?5@8<5=B0;=> ?>;5 „+5;>?5G5=56, �#��$ 
„!. #CH:0@>25, 3@. %>D8O 5 ?@>2545= >?8B A 8=B5=782=> O1J;:>2> =0A0645=85 A>@B 
(;>@8=0, ?@8A045= 2J@EC ?>4;>6:0B0   106 ?@8 :0?:>2> =0?>O20=5 8 D5@B830F8O. 
"?8BJB 5 70;>65= ?> <5B>40 =0 4J;38B5 ?0@F5;:8 A G5B8@8 ?>2B>@5=8O. 
#@>A;54O20=8 A0 20@80=B8 =0 @07;8G=8 =>@<8 =0 B>@5=5, =0?>O20=8 A <C;G8@0=5 8 
157 <C;G8@0=5. !0?@025=0 5 >F5=:0 =0 2;8O=85B> =0 B>@5=5B> ?@8 B>@>28 =>@<8 3 
0<>=852 =8B@0B - 5 kg/da N: 8 - 0<>=852 =8B@0B - 8 kg/da N; 2J@EC 2535B0B82=8B5 8 
@5?@>4C:B82=8 ?0@0<5B@8 =0 O1J;:>28O A>@B Florina, >B3;5640=8 ?@8 
2>4>A?5ABO20I0 B5E=>;>38O A >?B8<0;=> =0?>O20=5 A ?>44J@60=5 =0 ?@54?>;82=0 
2;06=>AB 80% >B ##� (100%). � :@0O =0 2535B0F8OB0 A0 87<5@5=8 18><5B@8G=8B5 
?>:070B5;8 =0 5:A?5@8<5=B0;=8B5 4J@25B0: 28A>G8=0B0 =0 4J@2>B>, 480<5BJ@ =0 
ABJ1;0B0 8 H8@8=0B0 =0 :>@>=8B5. "?@545;5=o 5 =0?@5G=>B> A5G5=85 =0 ABJ1;0B0 8 
>15<JB =0 :>@>=8B5. %@02=5=8 A0 20@80=B8B5 A <C;G8@0=5 8 157 <C;G8@0=5.?@8 
@07;8G=8 =>@<8 =0 B>@5=5.  

#@54<5B =0 =0AB>OI5B> 87A;5420=5 5 5D5:BJB =0 <8=5@0;=>B> B>@5=5 2J@EC 
@0728B85B> 8 4>1820 =0 8=B5=782=> O1J;:>2> =0A0645=85 >B3;5640=> ?@8 
2>4>A?5ABO20I0 B5E=>;>38O A >?B8<0;=> =0?>O20=5.  

К?NчB6< 8G@<: 8=B5=782=8 O1J;:8, :0?:>2> =0?>O20=5, <C;G8@0=5, 
D5@B830F8O. 
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Abstract 
In 2023, an experiment was conducted on the territory of the experimental field 

"Chelopechene", IPAZR "N. Poushkarov", Sofia with an intensive apple plantation of the 
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Florina variety, grafted on the rootstock MM106 under drip irrigation and fertigation. The 
experiment was based on the long plot method with four repetitions. Variants of different 
fertilization rates, irrigated with mulching and without mulching, were monitored. An 
assessment was made of the influence of fertilization at fertilizer rates - ammonium nitrate 
- 5 kg da-1 N: and - ammonium nitrate - 8 kg da-1 N; on the vegetative and reproductive 
parameters of the Florina apple variety, grown using water-saving technology with optimal 
irrigation with maintenance of pre-irrigation humidity of 80% of the FC (100%). At the end 
of the vegetation period, the biometric indicators of the experimental trees were measured: 
height, stem diameter and crown width. The cross-section of the stems, crown volume and 
average branch length were determined. The variants with and without mulching were 
compared, at different fertilization rates. 

The subject of this study is the effect of mineral fertilization on the development and 
yield of an intensive apple orchard grown using water-saving technology with optimal 
irrigation. 

Key words: intensive apples, drip irrigation, mulch, fertigation. 
 
�N6989A<9 

#@548728:0B5;AB20B0 =0 :;8<0B8G=8B5 87<5=5=8O, 2 A25B>25= <0I01, B0:0 8 2 
�J;30@8O =0A>G20B =5>1E>48<>ABB0 >B ?@>CG20=8O 2 >1;0ABB0 =0 ?@8;030=5 =0 
2>4>A?5ABO20I8 B5E=>;>388 8 D5@B830F8O ?@8 >2>I=8B5 :C;BC@8. "3@0=8G020=5 =0 
87?0@5=85B>, AJ18@0=5 8 AJE@0=O20=5 =0 4J64>2=0B0 2>40 8 5D5:B82=>B> 
87?>;720=5 =0 2>40B0 70 =0?>O20=5 A0 >A=>2=8B5 7040G8, 70 @07@5H020=5. &>@5=5B> 
e >A=>2=> 03@>B5E=8G5A:> <5@>?@8OB85 70 ?>44J@60=5 @0AB560 8 ?;>4>4020=5B> =0 
O1J;:0B0, BJ9 :0B> ?@>4J;68B5;=>B> >B3;5640=5 =0 >2>I=8B5 :C;BC@8 =0 54=> 
<OAB> 2>48 4> 87=>A =0 3>;5<8 :>;8G5AB20 E@0=8B5;=8 25I5AB20 (Zdravkova, 
Krishkova, 2021). "B 4J@25A=8B5 >2>I=8 284>25 ?@0A:>20B0 5 =09-278A:0B5;=0 :J< 
E@0=8B5;=8O @568<, A;5420=0 >B O1J;:0B0 (Malus domestica Borkh.) (Mitov et al., 
2008). "A25= 284>25B5 5 CAB0=>25=>, G5 8 A>@B>25B5 872;8G0B 2 @07;8G=0 AB5?5= 
<8:@> 8 <0:@>5;5<5=B8B5 >B ?>G20B0. #>@048 B078 ?@8G8=0, B>@5=5B> 5 =5>1E>48<> 
03@>B5E=8G5A:> <5@>?@8OB85. &>@>20B0 =>@<0 5 54=> >B CA;>28OB0, >B :>8B> 7028A8 
:>;8G5AB2>B> 8 :0G5AB2>B> =0 ?@>4C:F8OB0. #@5:0;5=> 28A>:8B5 =>@<8, =57028A8<> 
40;8 B>@5=5B> 5 >@30=8G=> 8;8 <8=5@0;=>, <>65 40 ?@548728:0B D878>;>38G=8 
A<CI5=8O, =0<0;O20=5 =0 4>1820 8 2;>H020=5 :0G5AB2>B> =0 ?;>4>25B5 (Hahn et al., 
2018). �8A>:>B> AJ4J@60=85 =0 07>B 2 ?>G20B0 ?@8G8=O20 ;C:A>7=> E@0=5=5 8 
=0<0;O20 8=B5=782=>ABB0 =0 >F25BO20=5 ?@8 G5@25=8B5 O1J;:>28 A>@B>25, 3;02=> 
?>@048 70A5=G20=5, ?@8G8=5=> >B ?@5:><5@5= 2535B0B825= @0AB56 (Brunetto et al., 
2015; Porro et al., 2018). "A25= B>@>20B0 =>@<0, >B 7=0G5=85 70 4>1820 5 8 D>@<0B0 
=0 2=0AO=5 =0 B>@0, :0:B> 8 D070B0 =0 @0728B85 =0 :C;BC@8B5 (Todorova and Boteva, 
2015; Todorova, 2020).  

*5;B0 =0 =0AB>OI8O 5:A?5@8<5=B 5 40 A5 >?@545;8 2;8O=85B> =0 <8=5@0;=>B> 
B>@5=5 2J@EC @0AB56=8B5 ?@>O28 =0 O1J;:>28O A>@B Florina, >B3;5640=8 ?@8 
2>4>A?5ABO20I8 B5E=>;>388.  

 
 4F9D<4?< < @9FB8< 

"15:BJB =0 87A;5420=5B> 5 8=B5=782=> O1J;:>2> =0A0645=85, >B3;5640=> =0 
>?8B=> ?>;5 „+5;>?5G5=56 =0 �#��$ „!. #CH:0@>26. "?8B=8B5 4J@25B0 A0 A>@B 
(;>@8=0, ?@8A045= 2J@EC ?>4;>6:0B0   106.  

#>G20B0 2 @09>=0 5 87;C65=0 K0=5;5=0 3>@A:0, >1@07C20=0 2J@EC 45;C280;=8 
=0=>A8. #> <564C=0@>4=0B0 :;0A8D8:0F8O =0 (�" B078 ?>G20 A5 >?@545;O :0B> 
Chromic Luvisol. � @09>=0 20;568B5 A0 B2J@45 =5@02=><5@=> @07?@545;5=8, :0:B> ?> 
A57>=8, B0:0 8 ?> <5A5F8. �OB>B> 5 <=>3> ACE> 8 3>@5I>. �8A>:8B5 A@54=>45=>=>I=8 
B5<?5@0BC@8 2>4OB 4>?J;=8B5;=> 4> 70A8;20=5 5D5:B0 =0 ACH0B0 ?@57 B>78 ?5@8>4 
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>B 3>48=0B0. �>48H=0B0 AC<0 =0 20;568B5 70 @09>=0 70 2023 3>48=0 5 306.2 mm, 
:>5B> 5 =54>AB0BJG=> 70 @0728B85B> =0 >2>I=8B5 =0A0645=8O. 

"?8BJB 5 70;>65= ?> <5B>40 =0 4J;38B5 ?0@F5;:8 A G5B8@8 ?>2B>@5=8O. 
�:A?5@8<5=B0;=8B5 4J@25B0 A0 70A045=8 =0 7 @540, =0 ?;>I >B 602 m² A 3>;5<8=0 =0 
>?8B=0B0 ?0@F5;:0 - 18 m². $07AB>O=85B> <564C D840=:8B5 5 2 m 8 5 AJ>1@075=> A 
2840 =0 ?>4;>6:0B0 8 525=BC0;=8B5 @07<5@8 =0 :>@>=8B5 A;54 BOE=>B> >:>=G0B5;=> 
D>@<8@0=5.  564C@54>28B5 @07AB>O=8O A0 3 m 8 4.5 m. !0A0645=85B> A5 =0?>O20 
:0?:>2>. �0 ?>-5D5:B82=> 87?>;720=5 =0 2>40B0 A5 ?@8;030 <C;G8@0=5. 

 
(0:B>@8 =0 >?8B0: 
$4>FBD � – Н4CBO64A9 

�0 3 157 =0?>O20=5 (:>=B@>;0); 
�2 - !0?>O20=5 A ?>44J@60=5 =0 ?@54?>;82=0 2;06=>AB 80% >B ##� (100%) 3 

<0:A8<0;=> (>?B8<0;=>) =0?>O20=5 

  3 <C;G 

 
$4>FBD B – FBD9A9 

 
V0  - =5B>@5= (:>=B@>;0); 
 V1 - 0<>=852 =8B@0B - 5 kg da-1 N; 
 V2 - 0<>=852 =8B@0B - 8 kg da-1 N; 
 
$50;878@0=8 A0 A;54=8B5 20@80=B8 :A0,V0; �, �2, V0; �, �2, V1;  �, �2, V2; 
�2, V1; �2, V2; �2, V0. 
� :@0O =0 2535B0F8OB0 A5 872J@H20B 18><5B@8G=8 =01;N45=8O =0 

5:A?5@8<5=B0;=8B5 4J@25B0 8 A5 >?@545;OB A;54=8B5 @0AB56=8 ?>:070B5;8: 
 �80<5BJ@ =0 ABJ1;0B0 =0 0.35 m =04 A?>9:0B0 =0 ?@8A0640=5;  
 �8A>G8=0 =0 4J@25B0B0 2 m;  
 ,8@8=0 =0 :>@>=8B5 2 m;  
�J7 >A=>20 =0 AB>9=>AB8B5 =0 B578 ?>:070B5;8 A5 >?@545;O ?;>IB0 =0 

=0?@5G=>B> A5G5=85 =0 ABJ1;0B0 2 cm2 8 >15<0 =0 :>@>=8B5. 
"15<JB =0 :>@>=8B5 5 >?@545;5= ?> D>@<C;0, >B3>20@OI0 =0 AJ>B25B=0B0 

D>@<8@>2:0 (Westwood, 1978): 
         V = 4 /3Ã a b2                                                                                           (1) 

:J45B>: a e ´ >B 480<5BJ@0 =0 :>@>=0B0, >BG5B5= 2 425 ?5@?5=48:C;O@=8 
?>A>:8; b e ´ >B 28A>G8=0B0 =0 :>@>=0B0.  
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$9;G?F4F< < B5EN:84A9 

#@57 ?5@8>40 =0 87A;5420=5B>  A0 >?@545;5=8 A@54=0B0 >18:>;:0 =0 ABJ1;0B0 
=0 4@J2G5B0B0, A@54=> =0?@5G=> A5G5=85, A@54=0 28A>G8=0 =0 4@J2G5 8 A@545= >15< 
=0 :>@>=0B0 8 A0 4045=8 2 B01;8F0 1. #@8 =0?@025=8B5 A@02=5=8O =0 18><5B@8G=8B5 
E0@0:B5@8AB8:8 =0 4@J2G5B0B0, >B3;5640=8 A :0?:>2> =0?>O20=5, A <C;G 8 157 <C;G 8 
@07;8G=8 B>@>28 =>@<8 8 kg da -1N: 5 kg da-1 N), @57C;B0B8B5 ?>:070E0, G5 ?>4 
2;8O=85 =0 <C;G8@0=5B> 8 B>@>20 =>@<0 >B 8 kg da-1 N, O1J;:>28B5 4@J2G5B0 
?@>O2O20B ?>-A8;5= @0AB56 ?> A;54=8B5 ?>:070B5;8: >18:>;:0B0 =0 ABJ1;0B0 8 
=0?@5G=> A5G5=85 =0 ABJ1;0B0. %@54=0B0 >18:>;:0 =0 ABJ1;0B0 =0 4@J2G5B0B0 ?@8 
<C;G8@0=5 8 B>@>20 =>@<0 8 kg da-1 N 5 264.75 mm,107 % ?>-<0;:0 A?@O<> A@54=0B0 
>18:>;:0 =0 ABJ1;0B0 =0 4@J2G5B0B0, >B3;5640=8 ?@8 <C;G8@0=5 A B>@>20 =>@<0 5 
kg da-1 N 3 283.54 mm B.5. ?>:0720B 1.07 ?JB8 ?>-A;01 @0AB56 8 8 1.12 ?JB8 ?>-<0;:0 
A@54=0 >18:>;:0 A?@O<> 20@80=B  , �2,V0. #@8 20@80=B0  157 <C;G 8 B>@>20 =>@<0 
(8 kg da-1 N), A@54=0B0 >18:>;:0 =0 ABJ1;0B0 =0 4@J2G5B0B0 5 252.32 mm 5 1.12 ?JB8 
?>-<0;J:  >B 20@80=B  , �2,V1 8 0.95 ?JB8 ?>-<0;J: A?@O<> 20@80=B  , �2, V2. 
$57C;B0B8B5 ?>:0720B, G5 ?@8 18><5B@8G=8O ?>:070B5;: >18:>;:0B0 =0 ABJ1;0B0, =09-
4>1J@ ?>:075B5; 4020 20@80=B0 A <C;G 8 B>@>20 =>@<0 5 kg da-1 N. (M, A2, V1). 

%@54=>B> =0?@5G=> A5G5=85 =0 ABJ1;0B0 5 A =09-4>1J@ ?>:070B5; ?@8 20@80=B 
M, A2, V1 - 63.37 Am², :>9B> 5 A 1.13 ?JB8 8;8 113% ?>-<0;:> A?@O<> =0?@5G=>B> 
A5G5=85 =0 ABJ1;0B0 ?@8 20@80=B  ,�2,V2. #@8 20@80=B0 157 <C;G 8 B>@>20 =>@<0 (8 
kg da -1 N), A@54=>B> =0?@5G=> A5G5=85 =0 ABJ1;0B0 =0 4@J2G5B0B0 ?@8 20@80=B0 157 
<C;G 8 B>@>20 =>@<0 (8 kg da-1 N), 5  48.44 Am² 8 5 1.15 ?JB8 ?>-<0;J: >B 20@80=B  , 
�2, V2 8 1.31 ?JB8 ?>-<0;J: A?@O<> 20@80=B  , �2, V1. $57C;B0B8B5 ?>:0720B, G5 ?@8 
18><5B@8G=8O ?>:070B5;: %@54=>B> =0?@5G=> A5G5=85 =0 ABJ1;0B0, =09-4>1J@ 
?>:075B5; 4020 20@80=B0 A <C;G 8 B>@>20 =>@<0 5 kg da-1 N. (M, A2, V2). 

�8><5B@8G=8O ?>:070B5;: 28A>G8=0 4@J2G5B0B0, 5 A =09-4>1J@ @57C;B0B ?@8 
20@80=B0 A <C;G 8 B>@>20 =>@<0 8 kg da-1 N.(  , �2, V2) 3 3.84 m. 

%@54=8OB >15< =0 :>@>=0B0 5 548= >B =09-206=8B5 18><5B@8G=8 ?>:070B5;8 8 A 
=09-4>1J@ @57C;B0B ?@8 20@80=B  , �2, V2 A <C;G 8 B>@>20 =>@<0 8 kg da-1 N - 11.57 

m³., A 1.07 ?JB8 ?>-3>;O< 8;8 108 % >B 20@80=B M, A2, V1 8 1.01 ?JB8 ?>-3>;O< >B 
20@80=B0 157 <C;G 8 B>@>20 =>@<0 8 kg da-1 N. 

 
&45?<J4 1. %@54=8 18><5B@8G=8 E0@0:B5@8AB8:8 =0 5:A?5@8<5=B0;=8B5 4@J2G5B0 ?> 
@54>25 

Table 1. Average biometric characteristics of the experimental trees in rows 

 
�0@80=B 
Variant 

 

"18:>;:0 
ABJ1;>/  Ave 

circumference of 
stem,             
mm 

!0?@. A5G5=85 
ABJ1;>/ Ave 

cross-section of 
steam,           
Em² 

�8A>G8=0 
4@J2G5/                  

Tree height, 
m 

"15< :>@>=0/ 
Crown 

volume, 
m³ 

A0,V0 198.62 32.36 3.01 8.67 

�, �2, V0 253.18 52.21 3.55 9.24 

�, �2, V1 283.54 63.37 3.82 10.79 

�, �2, V2 264.75 56.04 3.84 11.57 

�2, V1 225.08 40.98 3.53 9.38 

�2, V2 252.52 48.44 3.70 9.97 

�2, V0 215.26 36.61 3.36 8.74 
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�4>?NK9A<9 

#@57 87A;5420=8O ?5@8>4, =0?@025=8B5 A@02=5=8O =0 18><5B@8G=8B5 
E0@0:B5@8AB8:8 =0 4@J2G5B0B0, >B3;5640=8 A <C;G8@0=5 8 157 <C;G8@0=5 8 A 
@07;8G=8 B>@>28 =>@<8 =0 8=B5=782=>B> O1J;:>2> =0A0645=85 ?>:070E0, G5 ?>4 
2;8O=85 =0 <C;G8@0=5B> 8 D5@B830F8OB0, O1J;:>28B5 4@J2G5B0 ?@>O2O20B ?>-A8;5= 
@0AB56 ?> A;54=8B5 ?>:070B5;8: >18:>;:0B0 =0 ABJ1;0B0 8 =0?@5G=> A5G5=85 =0 
ABJ1;0B0. 

#@8 ?>-3>;O<0 B>@>20 =>@<0 A5 =01;N4020B ?>-28A>:8 ?>:070B5;8 =0 
28A>G8=0B0 =0 4J@25B0B0 8 >15<0 =0 :>@>=0B0 =0 >2>H:8B5, => ?>-<0;:8 >18:>;:8 =0 
ABJ1;>B> 8 =0?@5G=>B> A5G5=85. 

#> >B=>H5=85 =0 >15<0 =0 :>@>=8B5 3 ?>:070B5;, E0@0:B5@878@0I A8;0B0 =0 
@0AB56 =0 4@J2G5B0, 5 CAB0=>25=>, G5 ?@8 ?@8;030=5 =0 ?>-3>;O<0 B>@>20 =>@<0: 
0<>=852 =8B@0B - 8 kg da-1 A <C;G8@0=5 8 100% =0?>O20=5 5 =09-3>;O<0 11.57 m³.  

!0?>O20=5B> 2;8O5 1;03>?@8OB=> =0 @0728B85B> =0 18><5B@8G=8B5 ?>:070B5;8 
=0 O1J;:>2 A>@B „(;>@8=05, 2 A@02=5=85 A =5?>;82=8B5 20@80=B8.  
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COMPARATIVE CHARACTERISTICS BETWEEN YIELD AND BIOMETRIC 

INDICATORS OF EGGPLANT VARIETY "BULGARIAN 12" GROWN UNDER DRIP 
IRRIGATION FOR THE AREA OF THE SOPHI� FIELD  

 

Anna Rachova* 
 

Institute of Soil Science, Agrotechnologies and Plant Protection <Nikola Poushkarov", 
Shose Bankia 5, Agricultural Academy Sofia, Bulgaria 

 
*e-mail: a.rachova@issapp-pushkarov.org  

 
 

Abstract   
An experiment was conducted with eggplants of the "Bulgarski 12" variety in open 

areas in the Sofia Field area, on leached Cinnamon forest soil. 
Eggplants were grown under water-saving and environmentally friendly irrigation 

technology (with drip irrigation) and applied mineral fertilization (with N2). Eggplants were 
grown in conditions of optimal irrigation (100%), reduced irrigation (50%) and an increase 
in the optimal irrigation rate by 20% at the same fertilization rates (with N2 100%). 

The growth and development of the eggplant plants was monitored by periodic 
biometric measurements. A connection was made between the yield and some biometric 
indicators (number of fruits and plant heights) in the different variants. 

In the phase of mass flowering, budding and fruiting, experimental data were 
obtained for some biometric parameters - height, number of fruits. 

The purpose of the present study is to compare the indicators of growth and yield 
obtained at different irrigation rates during the vegetation period of the crop for two 
experimental years (2023-2024).  

Key words: eggplants, drip irrigation, growth indicators, yield, fertigation.  
 

 
%$��!�&��!� )�$��&�$�%&���  ���' �"��� � ��" �&$�+!� 
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$9;N@9 

#@>2545= e 5:A?5@8<5=B A ?0B;0460=8 A>@B „�J;30@A:8 125 =0 >B:@8B8 ?;>I8 2 
@09>=0 =0 %>D89A:>B> ?>;5, =0 87;C65=> �0=5;5=0 3>@A:0 ?>G20.  

#0B;0460=8B5 A0 >B3;5640=8 ?@8 2>4>A?5ABO20I0 8 5:>;>3>AJ>1@07=0 
B5E=>;>38O 70 =0?>O20=5 (A :0?:>2> =0?>O20=5) 8 ?@8;>65=> <8=5@0;=> B>@5=5 (A 
N2). #0B;0460=8B5 A0 >B3;5640=8 2 CA;>28O =0 >?B8<0;=> =0?>O20=5 (100%) 
@54CF8@0=> =0?>O20=5 (50%) 8 C25;8G5=85 =0 >?B8<0;=0B0 ?>;82=0 =>@<0 A 20% 
?@8 54=8 8 AJI8 =>@<8 =0 B>@5=5  (A N2 100%).  

mailto:a.rachova@issapp-pushkarov.org
mailto:a.rachova@issapp-pushkarov.org


��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 164 

#@>A;54O20= 5 @0AB56JB 8 @0728B85B> =0 @0AB5=8OB0 >B ?0B;0460=, :0B> A0 
872J@H5=8 ?5@8>48G=8 18><5B@8G=8 87<5@20=8O. !0?@025=0 5 2@J7:0 <564C 4>1820 
8 =O:>8 18><5B@8G=8 ?>:070B5;8 (1@>9 ?;>4>25 8 28A>G8=8 =0 @0AB5=8OB0) ?@8 
@07;8G=8B5 20@80=B8. 

�J2 D070 <0A>2 FJDB56, 1CB>=870F8O 8 ?;>4>4020=5 A0 ?>;CG5=8 
5:A?5@8<5=B0;=8 40==8 70 =O:>8 18><5B@8G=8 ?>:070B5;8 3 28A>G8=0, 1@>9 
?;>4>25. 

*5;B0 =0 =0AB>OI5B> 87A;5420=5 5 40 A5 A@02=OB ?>:070B5;8B5 =0 @0AB560 8 
4>1820, ?>;CG5= ?@8 @07;8G=8B5 ?>;82=8 =>@<8  ?@57 ?5@8>40 =0 2535B0F8OB0 =0 
:C;BC@0B0 70 425 5:A?5@8<5=B0;=8 3>48=8 (2023 -2024 3.). 

К?NчB6< 8G@<: ?0B;0460=8, :0?:>2> =0?>O20=5, @0AB56=8 ?>:070B5;8, 4>182, 
D5@B830F8O.  

 
�N6989A<9 

$5H020I0 @>;O ?@8 >B3;5640=5B> =0 75;5=GC:>28 :C;BC@8 2 B.G. 8 ?0B;0460=8 5 
?@028;=>B> AJG5B0=85 =0 >B45;=8B5 D0:B>@8 >B 03@>B5E=>;>38G5A:8O :><?;5:A - 
A>@B, =0?>O20=5, B>@5=5, B>?;8=0, A25B;8=0, >1@01>B:8 8 4@., :>8B> >1CA;02OB 
A0<0B0 B5E=>;>38O =0 >B3;5640=5 =0 4045= 284 75;5=GC:>20 :C;BC@0 ?@8 >?@545;5=8 
?>G25=>-<5B5>@>;>38G=8 CA;>28O. (�5;810;B>2, 1972). 

#0B;0460=JB 8<0 3>;5<8 878A:20=8O :J< ?>G20B0. &078 75;5=GC:>20 :C;BC@0 
8<0 28A>:0B0 GC2AB28B5;=>AB =0 :>@5=>20B0 A8AB5<0 :J< B>?;8==8O, E@0=8B5;=8O 8 
2>4=8O @568< =0 ?>G20B0. !0 B56:8, 3;8=5AB8 8 2>4>704J@60I8 ?>G28, :>@5=8B5 
=0@0AB20B A;01> 8 @0AB5=8OB0 AB@040B >B 25@B8F8;89=> C2OE20=5, AB>;1C@ 8 =5 
874J@60B =0 70ACH020=5. #@8 >B3;5640=5 2J@EC AB@C:BC@=8, ;5:8 2>4>?@>?CA:;828 8 
B>?;8 ?>G28 A 28A>:> AJ4J@60=85 =0 E@0=8B5;=8 25I5AB20, :>@5=>20B0 A8AB5<0 
@0AB5 @02=><5@=> 2J2 2A8G:8 ?>A>:8, :0B> =O:>8 @07:;>=5=8O <>30B 40 4>AB83=0B 4> 
1.5m. ( 8B>20 8 �>B520, 2012 3.);( Kireva et al, 2017); (#5B@>20-�@0=8G520, 2010); 
(Gigova and Petrova, 2024). 

Abdrabbo et al. (2017), ?@8 5:A?5@8<5=B0;=8 ?@>CG20=8O 2 CA;>28OB0 =0 :0?:>2> 
=0?>O20=5 ?@8 ?>;A:8 CA;>28O 2 �>::8, �870, �38?5B ?@57 2014/2015 3., ?@>CG20B 
@07;8G=8 =820 =0 =0?>O20=5 (50, 75 8 100% >B ETc) A ?0B;0460= A>@B Black Beauty. 
&5 CAB0=>2O20B ?>-@0=> C25;8G020=5 =0 @0AB56=8B5 ?0@0<5B@8 8 ?>28H020=5 =0 
>1I8O 4>1820 ?@8 20@80=B0 AJA 100% 2 A@02=5=85 A @54CF8@0=8O 20@80=B A ?>;82=0 
=>@<0 50% �&A. 

� ?@>CG20=5 =0 Al-HadidiandSweity, (2022), 70 >F5=O20=5 5D5:B0 >B 
45D8F8B=>B> =0?>O20=5 (DI) A 87?>;720=5 =0 ?@5G8AB5=8 >B?04JG=8 2>48 TWW 
2J@EC 4>1820 8 :0G5AB2>B> =0 ?0B;0460= ?@8 @07;8G=8 =820 =0 =0?>O20=5, A5 
CAB0=>2O20B 7=0G8B5;=8 @07;8:8, :0:B> =0 D878:>E8<8G=8B5 A2>9AB20 =0 ?>G20B0, 
B0:0 8 ?@8 4>1820.  

� 420 5:A?5@8<5=B0 >B ?@>CG20=8OB0 =0 Bilibio et al. (2010) 2J@EC 5D5:B8B5 >B 
?>4020=5B> =0 @07;8G=8 2>4=8 =820 2 ?>G20B0, ?@8;>65=8 2 420 D5=>;>38G=8 5B0?0 
?@8 ?0B;0460=, A =0?J;=> @0=4><878@0= 5:A?5@8<5=B0;5= 48709=, 2:;NG20I 5 
B@5B8@0=8O 8 6 ?>2B>@5=8O.  

$57C;B0B8B5 ?>:0720B 7=0G8B5;=8 5D5:B8 2J@EC 2A8G:8 0=0;878@0=8 
?@><5=;828. &5  CAB0=>2O20B AJI>, G5 =09-GC2AB28B5;=0B0 D070 5 D070B0 =0 
>1@07C20=5 =0 ?;>4>25/@5:>;B0 8, G5 B078 D070 5 ?>-GC2AB28B5;=0 :J< 2>4=>B> 
=0?@565=85 2 ?>G20B0 8 A5 AB830 4> C2@5640 @0728B85B> =0 :C;BC@0B0. !09-4>1@8B5 
4>1828 A0 ?>;CG5=8 ?@8 =0?>O20=5, 872J@H5=> ?@8 15 kPa. 
 

�<B?B7<чA4 х4D4>F9D<EF<>4 A4 C4F?48:4A 

%>@BJB "�J;30@A:8 12" 5 A@54=> @0=5= 1J;30@A:8 A>@B. "B;8G020 A5 A 
87@02=5=8 ?;>4>25 8 4>1@0 @>4>28B>AB. #;>4>25B5 A0 54@8, C4J;65=> :@CH>284=8 A 
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BJ<=>28>;5B>20 :>68F0 8 A8;5= 3;0=F. �O;0 8 :@5E:0 <5A5AB0B0 G0AB 5 8 A 3;04:0 
?>2J@E=>AB (%=8<:8 1 8 2).  
    
   

 
 
 
 
  
 
 
 
 
 
            %A<@>4 1. �2B>@: Boteva, 2023                                     %A<@>4 2. 
 

&>78 A>@B 5 GC2AB28B5;5= =0 A8;=8 70ACH020=8O 8 =0 5:AB@5<=8 B5<?5@0BC@8, 
:0B> ?@8 28A>:8 B5<?5@0BC@8 ?@84@C65=8 A =8A:0 >B=>A8B5;=0 2;06=>AB, F25B>25B5 
<0A>2> 87@5AO20B.  

�BF4A<K9E>4 I4D4>F9D<EF<>4 - ?@8=04;568 :J< A5<59AB2> �0@B>D>28 
(Solanacae). "B3;5640 A5 ?@548<=> :0B> 54=>3>48H=> @0AB5=85. �0@048 
A?5F8D8G=8OB A8 F2OB 3> =0@8G0B >I5 "%8= 4><0B".  

�BD9AB64 E<EF9@4 - @072820 4-5 A:5;5B=8 @07:;>=5=8O, :>8B> ?@8 >B3;5640=5 
=0 AB@C:BC@=8 8 ?>-ACE8 ?>G28 ?@>=8:20B =0 4J;1>G8=0 0.40-0.50 m. A <=>65AB2> ?>-
A;018 :>@5=8. �>@5=>20B0 A8AB5<0 5 B8? 1@045AB0, => ?>-A;01> @0728B0 >B B078 =0 
4><0B8B5 8 ?8?5@0, 8 AJA A;010 ?>3;JI0B5;=0 A?>A>1=>AB 8 A;010 2J7AB0=>28B5;=0 
A?>A>1=>AB 8 70B>20 @07A045=8B5 @0AB5=8O A5 ?@8E20I0B B@C4=> 8 ?>-102=>. ($0=:>2 
8 4@., 1983) (%=8<:0 2).  

!FN5?B - 8ND69A<EFB, 74@02> 8 2 3>@=8O :@09 B@528AB>75;5=>, <5:> 8 A>G=>. 
":@0A:0B0 <C 5 A>@B>20 7028A8<>AB. �8A>G8=0B0 20@8@0 >B 0.30- 0.55m., CAB0=>25=0 
>?8B=> (FAO 56 3 0.80 m).  

�<EF4 - 3>;5<8, 54@>=0@O70=8, 4J;38 0.103 0.20 m. 8 H8@>:8 0.053 0.10m. 
$07;8G020B A5 ?> D>@<0 (O9F5284=0, 5;8?A>284=0, >20;=> 70>AB@5=0 8 4@.).  

&6OF - 28>;5B>2 A 2;0A8=:8 4> BJ<=>-<>@02, @07?>;>65=8 =0 :JA8 4@J6:8 =09- 
G5AB> 548=8G=> 8;8 AJ1@0=8 ?> 2-3 =0 2J75;. &5 A0 42C?>;>28, AJAB>OB A5 >B 7 
G0H5;8ABG5B0 8 25=G5;8ABG5B0 8 6-10 6J;B8 B8G8=:8. #@5>1;04020 
A0<>>?@0H20=5B>, => 5AB5AB25=>B> :@JAB>A20=5 5 G5AB> O2;5=85 8 <>65 40 4>AB83=5 
4> 30-40 %.  

 
 4F9D<4?< < @9FB8<  
"15:BJB =0 87A;5420=5B> 5 A@54=> @0=5= A>@B ?0B;0460= „�J;30@A:8 125. 

�:A?5@8<5=B0 5 ?@>2545= =0 >?8B=> ?>;5 „+5;>?5G5=56 :J< �#��$ „!. #CH:0@>26, 
%%�. � 87A;5420=8O @09>= ?>G28B5 A?040B :J< B8? 87;C65=0 �0=5;5=0 3>@A:0, 
>1@07C20=8 2J@EC 45;C280;=8 =0=>A8. #> <564C=0@>4=0B0 :;0A8D8:0F8O =0 (�" A5 
>?@545;OB :0B> Chromic Cambisol. #> <5E0=8G5= AJAB02 ?>G20B0 5 B56:> ?5AJG;82>-
3;8=5AB0 2 >@=8O A;>9 8 ;5:>-3;8=5AB0 2 ?>4>@=8O. �>4=>-D878G=8B5 A2>9AB20 =0 
B>78 ?>G25= ?>4B8? A@54=> 70 A;>O 0 3 0.60 m 4J;1>G8=0 A0 A;54=8B5: ?@545;=0 
?>;A:0 2;03>5<=>AB (##�) 3 22.0 % A?@O<> B53;>B> =0 01A>;NB=> ACE0B0 ?>G20; 
>15<=> B53;> =0 ?>G20B0 ?@8 ##� 3 1.47 g/cm³ 8 2;06=>AB =0 702OE20=5 3 10.0 % 
A?@O<> B53;>B> =0 01A>;NB=> ACE0B0 ?>G20. � ?@>4J;65=85 =0 425 3>48=8 2 
CA;>28OB0 =0 @09>=0 A5 >B3;5640 ?0B;0460= =0 >B:@8B8 ?;>I8.  
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"?8BJB 5 872545= ?@8 B@8 @568<0 =0 =0?>O20=5 3 >?B8<0;=> (100%), 
@54CF8@0=> (50%) 8 A C25;8G5=> ?>;820=5 ( A 20% ?>25G5 >B >?B8<0;=>B>), ?@8 54=0 
8 AJI0 =>@<0 =0 B>@5=5 A 07>B A 87?>;720=5 =0 2>4>A?5ABO20I8 B5E=>;>388 70 
=0?>O20=5 70 @09>=0 =0 %>D89A:>B> ?>;5. 

!0?>O20=5B> 5 872J@H5=> A 8=AB0;0F8O 70 :0?:>2> =0?>O20=5 6�@>710E6 
?5@D>@8@0= ?@57 30 cm. #@8 :0?:>2>B> =0?>O20=5 =5 A5 ?>4020 @07<5@JB =0 FO;0B0 
?>;82=0 =>@<0, :0:B> ?@8 4@C38B5 =0G8=8 =0 ?>;820=5. !0;030 A5 @54CF8@0=5 70 
A<5B:0 =0 =5=0?>O20=0B0 ?;>I. �0 F5;B0 5 87?>;720=0 D>@<C;0B0 =0 (Frecman B., 
Carzoli., 1980) :0B> 5 275B0 ?@54284 AE5<0B0 =0 70A0640=5. $07<5@JB =0 ?>;820=0B0 
=>@<0 A5 87G8A;O20H5 ?> D>@<C;0B0: 

 
m= [10H.³. ( ##� 3 ·B ?@. 2;.)].K. 
:J45B>:  
m 5 3>;5<8=0B0 =0 ?>;82=0B0 =>@<0, mm; 
α 3 >15<=0B0 ?;JB=>AB =0 ?>G20B0 2 gr/cm3; 
! 3 4J;1>G8=0B0  =0 0:B82=8O ?>G25= ?;0AB, m (2 >?8B0 ! = 0,4 m); 
##� 3 ?@545;=0B0 ?>;A:0 2;03>5<=>AB 2 % A?@O<> 01A>;NB=> ACE>B> B53;> =0 
?>G20B0;  
·B ?@. 2; 3 ?@54?>;82=0B0 2;06=>AB =0 ?>G20B0 2 % A?@O<> 01A>;NB=> ACE>B> B53;> 
=0 ?>G20B0;  
� 3 :>5D8F85=BJB =0 @54CF8@0=5 =0 ?>;82=0B0 =>@<0, >BG8B0I 705B0B0 >B 
@0AB5=8OB0 ?;>I 2 1 dka, 2 >?8B0 � = 0,66%, B.5. =0?>O20 A5 66% >B ?;>I0. 
 

�0 >?@545;O=5 =0 ?>G25=0B0 2;030 A0 278<0=8 ?>G25=8 ?@>18 >B 20@80=B V1 AJA 
100 % ?>;82=0 =>@<0 A ?>44J@60=5 =0 ?@54?>;82=0 2;06=>AB 80% >B ##�.  

 
�9FB8 A4 ;4?474A9 A4 BC<F4: #>;A:8OB 5:A?5@8<5=B 5 70;>65= ?> <5B>40 =0 

4J;38B5 ?0@F5;:8 8 2:;NG20 G5B8@8 ?>2B>@5=8O >B 2A5:8 ?@>A;54O20= 20@80=B 
(%E5<0 1). 

!I9@4 1. �4D<4AF< A4 BC<F4:  
1) V1 - !0?>O20=5 A 100 % ?>;82=0 =>@<0 157 B>@5=53 :>=B@>;0 
(?>44J@60=5 =0 80% >B ##�).  
2) V2 - !0?>O20=5 A =0<0;O20=5 =0 ?>;82=0 =>@<0 A 120%.  
3)  V3 - !0?>O20=5 A 100%  ?>;82=0 =>@<0. 
4) V4 - !0?>O20=5 AJA 7028H020=5 =0 ?>;82=0 =>@<0 A 50%.  

 
$9;G?F4F< < B5EN:84A9 

�7A;5420=8OB0 A0 ?@>2545=8 =0 >?8B=>B> ?>;5 =0 �#��$ „!. #CH:0@>25 2 :2. 
+5;>?5G5=5 ?@57 2023 8 2024 3>48=0 (%=8<:0 3).  

 

 
%A<@>4 3. %E5<0 =0 =0A0645=85 A 75;5=GC:>20 :C;BC@0 ?0B;0460= A>@B  

„�J;30@A:8 125 
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#@57 2535B0F8>==8B5 3>48=8 =0 5:A?5@8<5=B0 A0 872J@H5=8 2A8G:8 =5>1E>48<8 
03@>B5E=8G5A:8 <5@>?@8OB8O >1@01>B:0 =0 ?>G20B0, <>=B8@0=5 =0 ?>;82=0 B5E=8:0 
70 :0?:>2> =0?>O20=5, 70A0640=5 =0 @07A040 =0 >B:@8B>, ?@8;030=5 =0 =5>1E>48<8O 
1@>9 ?>;82:8 70 ?@8E20I0=5 =0 @0AB5=8OB0 8 ?@57 2535B0F8OB0, B>@5=5 G@57 
D5@B830F8O, ?@JA:0=5 70 @0AB8B5;=0 70I8B0 8 4@.. 

#> >B=>H5=85 =0 B5<?5@0BC@0B0 =0 2J74CE0 2023 3>48=0 8 2024 3>48=0 A5 
E0@0:B5@878@0B, :0B> B>?;8 A >157?5G5=>AB 26 % 8 ?> >B=>H5=85 =0 ?04=0;8B5 
20;568 ACE0 A >157?5G5=>AB 62.41 %. 

$0728B85B> =0 ?0B;0460=5=>B> @0AB5=85 A5 AJAB>8 >B 420 ?5@8>40: ?J@28 
?5@8>4 >B 70AO20=5 =0 A5<5=0B0 ?J@20B0 45A5B4=52:0 =0 <5A5F <0@B (2023 3.) 8 
70A0640=5 =0 3>B>28O @07A04 =0 ?>;5B> :@0O =0 <5A5F 0?@8; 4> =0G0;>B> =0 <5A5F 
<09. �0 2024 3>48=0 70AO20=5B> =0 A5<5=0B0 8 @0728B85B> =0 @0AB5=8OB0 A5 872J@H8 
2 :@0O =0 <5A5F D52@C0@8, 0 3>B>28OB @07A04 A5 70A048 =0 ?>;5B> 2 =0G0;>B> =0 
<5A5F <09. #5@8>4JB 70 ?@8E20I0=5 =0 @07A040 5 4> :@0O =0 <5A5F <09 =0G0;>B> =0 
<5A5F N=8 ( 25 3 29.05.2023 3. 02 - 05. 06. 2024 3. ).'AB0=>25=8 A0 D5=>D078B5 =0 
@0728B85 (&01;8F8 1 8 2). 
 
&45?<J4 1. (5=>D078 =0 @0728B85 =0 ?0B;0460= A>@B „�J;30@A:8 12, 70 
2535B0F8>==8O ?5@8>4 =0 2023 3>48=0 

�0@80=B 
(5=>D078 =0 @0728B85/4=8 

�0A0640=5 
'A8;5= 
@0AB56 

!0G0;> =0 
1CB>=870F8O 

!0G0;> =0 
FJDB56 

#;>4>4020=5 

V1 120% m 30.05 9.06 27.06 15.07 30.07 

V2 100% m 30.05 9.06 5.07 25.07 8.08 

V3 50% m 30.05 9.06 4.07 22.07 5.08 

 
&45?<J4 2. (5=>D078 =0 @0728B85 =0 ?0B;0460= A>@B „�J;30@A:8 125, 70 
2535B0F8>==8O ?5@8>4 =0 2024 3>48=0 

�0@80=B 
(5=>D078 =0 @0728B85/4=8 

�0A0640=5 'A8;5= 
@0AB56 

!0G0;> =0 
1CB>=870F8O 

!0G0;> =0 
FJDB56 

#;>4>4020=5 

V1 120% m 31.05 8.06 17.06 12.07 28.07 

V2 100% m 31.05 8.06 7.07 6.07 7.08 

V3 50 % m 31.05 8.06 5.07 4.07 3.08 

 
�0A0640=5B> =0 >B:@8B> A 3>B>2 @07A04 A5 872J@H20 ?@8 ?>AB>O==> 70B>?;O=5 

=0 ?>2J@E=>ABB0 =0 ?>G20B0 =04 5-10 >% 8 70 425B5 3>48=8 =0 ?>;A:8OB 5:A?5@8<5=B. 
#0B;0460=JB 5 <=>3> GC2AB28B5;=0 :C;BC@0 =0 87<@J720=5. !0G0;> =0 1CB>=870F8O 
A5 =01;N4020 =0 109 4> 117 45=. *JDB56JB =0 ?0B;0460=0 70?>G20 >B 127 4> 137 
4=8 A;54 70AO20=5 =0 A5<5=0B0. 15.07 4> 25.07.2023 3>48=0 8 15-20.07. 70 2024 3. 
(&01;8F8 1 8 2).  

#0B;0460=5=8B5 @0AB5=8O A0 70A045=8 =0 ?>;5B> =0 30 <09 2023 8 2 :@0O =0 
<5A5F <09 (31.05. 2 =0G0;>B> =0 <5A5F N=8) 70 2024 3>48=0. �0A0640=5B> A5 
872J@H8 A 3>B>2 @07A04. #>4045=0 5 ?>;82:0 70 ?@8E20I0=5 A =>@<0 15 mm. #> 
2@5<5 =0 ?5@8>40 =0 040?B0F8O 8 ?@8E20I0=5, 4> 9 N=8 A0 ?>4045=8 4 ?>;82:8 ?@57 
3 4=8 A ?>;82=0 =>@<0 10mm (&01;8F8 1 8 2). 

�0 ?>44J@60=5 =0 ?@54?>;82=0 2;06=>AB 80% >B ##� >1I> 70 2535B0F8>==8O 
?5@8>4 A0 @50;878@0=8 22 1@>O ?>;82:8 8 ?@8 B@8B5 20@80=B0 ?> 3>48=8 8 A@54=> 70 
2023-2024 3. (&01;8F8 3, 4, 5). 

$07<5@JB =0 A@54=0B0 =0?>8B5;=0 =>@<0 70 2535B0F8>==8O ?5@8>4 5 372,22 mm 
:0B> 70 2023 3., BO 5 368.85 mm, 0 70 2024 3. 375,55 mm (&01;8F8 3, 4, 5).  
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&45?<J4 3. �@>9 ?>;82:8, ?>;82=8 8 =0?>8B5;=8 =>@<8 =0 ?0B;0460= =0 >?8B=> 
?>;5 2023 3>48=0  

�0@80=B8 �@>9 ?>;82:8 
#>;82=0 =>@<0 

(mm) 
!0?>8B5;=0 =>@<0 

(mm) 
120 %   120 22 24,5 452 

100%   100 22 19,5 348 

50%   50 22 15,5 245 

 
&45?<J4 4. �@>9 ?>;82:8, ?>;82=8 8 =0?>8B5;=8 =>@<8 =0 ?0B;0460= =0 >?8B=> 
?>;5 2024 3>48=0  

�0@80=B8 �@>9 ?>;82:8 
#>;82=0 =>@<0 

(mm) 
!0?>8B5;=0 =>@<0 

(mm) 

120 %   120 22 30,15 464 

100%   100 22 24,9 356 

50%   50 22 15,85 250,5 

 
&45?<J4 5. �@>9 ?>;82:8, ?>;82=8 8 =0?>8B5;=8 =>@<8 =0 ?0B;0460= =0 >?8B=> 
?>;5?> 3>48=8 8 A@54=> 70 ?5@8>40 2023 -2024 3>48=0 

�
0@
80
=B

 

2023 2024 
%@54=> 

2023 -2024 3>48=0 

�@
>9
 

?>
;8
2:
8 

#
>;
82
=0
 

=>
@<
0 
(m

m
) 

!
0?
>8
B5
;=
0 

=>
@<
0 

(m
m

) 

�@
>9
 

?>
;8
2:
8 

#
>;
82
=0
 

=>
@<
0 
(m

m
) 

!
0?
>8
B5
;=
0 

=>
@<
0 

(m
m

) 

�@
>9
 

?>
;8
2:
8 

#
>;
82
=0
 

=>
@<
0 
(m

m
) 

!
0?
>8
B5
;=
0 

=>
@<
0 

(m
m

) 

120%   22 24,5 452 22 25.3 464 22 30,15 458 

100%   22 19,5 368 22 21.3 420 22 24,9 394 

50%   22 15,5 245 22 16.2 256 22 15.85 250.5 

 
&45?<J4 6. �>1828 >B ?0B;0460= 2 kg/dka ?> 3>48=8 8 A@54=> 70 ?5@8>40 2023-2024 
3>48=0 2 +5;>?5G5=5, %>D8O  

�0@80=B "1I 4>182 kg/dka �>1828 kg/dka 

2023 2024 %@54=> 70 2023-2024 

120%   21,93 32,49 27,21 

100%   18,25 23,03 20,64 

50%   6,77 18,35 12,56 

 

 
(<7GD4 1. �>1828 >B ?0B;0460= 2 kg/dka ?> 3>48=8 8 A@54=> 70 ?5@8>40 2023 -2024 

3>48=0 2 +5;>?5G5=5, %>D8O 
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#> >B=>H5=85 =0 4>1820 ?@8 20@80=B0 AJA 100% ?>;82=0 =>@<0 A0 >BG5B5=8 
?>-28A>:8 4>1828 ?@57 2024 3>48=0 2 A@02=5=85 A 2023 3., :>5B> A5 >B@07O20 8 =0 
1@>O =0 ?;>4>25B5, 0 B>@5=5B> >:0720 2;8O=85 =0 @0728B85B> =0 2535B0B82=0B0 <0A0 
8 :>@5=>20B0 A8AB5<0 ?@8 20@80=B0 A @54CF8@0=> =0?>O20=5 (50%m). (&01;8F0 6 8 
(83C@0 1). &>@5=5B> A 07>B 4020 @0728B85 =0 ?>25G5 ;8AB0, :0B> 70 20@80=B0 A 
>?B8<0;=0 ?>;82=0 =>@<0 A5 >B@07O20 =0 1@>O ?;>4>25B5 (&01;8F0 7, (83C@8 2 8 3) 
8 =0 4>1820, :>9B> 70 2024 3>48=0 5 7=0G8B5;=> ?>-28A>: ((83C@8 2 8 3). 
 
&45?<J4 7. $07?@545;5=85 =0 ?>;82:8B5 ?> D078 >B @0728B85?0B;0460=, 
>B3;5640=8 =0 >B:@8B8 ?;>I8 - >?8B=> ?>;5 +5;>?5G5=5, %>D8O, 2023-2024 3>48=0 

(078 =0 @0728B85 �@>9 ?>;82:8 #5@8>48 =0  =0?>O20=5 

%58B10 - 
3-B0 45A5B4=52:0 O=C0@8 

 

�0A0640=5 
#>;82:0 70 
?@8E20I0=5 

�@0O =0 0?@8; 

 

'A8;5= @0AB56 1-2 
120 45A5B4=52:0 <09 =0G0;>B> 

=0 N=8 

!0G0;> =0 FJDB56, #J;5= 
FJDB56 

3-5 
2-B0 45A5B4=52:0 =0 N=8 

2-@0 45A5B4=52:0 =0 N;8 

�@55=5 =0 ?;>4>25B5, 
#;>4>4020=5 15@8B10 

4-5 
�@0O =0 <5A5F N;8, =0G0;>B> 

=0 023CAB 

�:B82=> ?;>4>4020=5 7-10 
�@0O =0 N;8 4> =0G0;>B> =0 

<5A5F >:B><2@8 

 
�@>9 ?;>4>25 ?> 20@80=B8 70 2023 -2024 3>48=a 

  

                            
                     (<7GD4 2. 3 2023 3.                                     (<7GD4 3. 3 2024 3. 
 

�4>?NK9A<9 

$57C;B0B8B5 >B 87A;5420=8OB0 ?>:0720B 2@J7:0 <564C ?>;82=0B0 =>@<0 8 
D078B5 =0 @0728B85B> =0 :C;BC@0B0 ?@8 87A;5420=8B5 20@80=B8.  

"?@545;5=0 5 3>;5<8=0B0 =0 ?>;82=8B5 =>@<8 ?> 20@80=B8 A@54=> 70 ?5@8>40 
=0 87A;5420=8OB0 2023-2024 3. 

'AB0=>25=> 5, G5 ?@8 20@80=B8B5 A 50% ?>;82=0 =>@<0 A5 =01;N4020 =0G0;> =0 
FJDB56 70 2024 3. 10-12 45=0 ?>-@0=>, 0 ?@57 2023 3., AJA 7-10 4=8 ?>-:JA=>, 0 
>1@07C20=5B> =0 ?J@28B5 ?;>4>25 A5 CAB0=>28 ?@57 2023 3. A 5-8 4=8 ?>-:JA=>, 0 ?@57 
2024 3., A 9 -10 4=8 ?>-@0=>.  

#@8 20@80=B8B5 A 100% 8 120% ?>;82=0 =>@<0 =5 A5 =01;N4020B AJI5AB25=8 
@07;8G8O.  

$50;878@0=8 A0 22 1@>O ?>;82:8 8 ?@57 425B5 5:A?5@8<5=B0;=8 3>48=8, :0B> 70 
?>44J@60=5 =0 ?>G25=0B0 2;06=>AB 2 480?07>=0 80% >B ##� =0?>8B5;=0B0 =>@<0 5 
368.85 mm 70 2023 3. 8 372, 55 mm 70 2024, 0 A@54=> 70 425B5 3>48=8 5 372,22 mm.  
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#>;CG5=8B5 @57C;B0B8 ?>:0720B, G5 ?> >B=>H5=85 =0 4>1820 ?@8 20@80=B0 AJA 
100% ?>;82=0 =>@<0 A0 >BG5B5=8 ?>-28A>:8 4>1828 ?@57 2024 3. 2 A@02=5=85 A 2023 
3., :>5B> A5 >B@07O20 8 =0 1@>O =0 ?;>4>25B5. 

$57C;B0B8B5 A@54=> 70 ?5@8>40 =0 87A;5420=8OB0 (2023-2024 3.) ?>:0720B, G5 
?@8 C25;8G020=5 =0 >?B8<0;=0B0 ?>;82=0 =>@<0 A 20%, 4>182JB =0@0AB20 A 27,21 
kg/dka, 0 ?@8 =0<0;5=85 A 50% 4>182JB =0<0;O20 A 14,65 kg /dka.  
 
�<F9D4FGD4 
�>B520 )@., %B.  0H520, �. #5B:>20,  .  8E>2. (2007). �@8B8G=8 B>G:8 8 :@8B5@88 70 

>F5=:0 ?@8 ?@>872>4AB2> =0 ?0B;0460=, �0?>254 N 70, >B 20 N;8, ��� " 0@8F0", 
#;>2482.  
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$9;N@9 

�5B@>20B0 5@>78O 5 ?@O:> 7028A8<0 >B @5;5D0 =0 B5@5=0, >B 2840 =0 
@0AB8B5;=0B0 ?>:@82:0 8 >B =0G8=0 =0 AB>?0=8A20=5 =0 B5@8B>@8OB0. 
$07@CH8B5;=0B0 8 B@0=A?>@B=0B0 A8;0 =0 2OBJ@0 7028AOB >B =53>20B0 A:>@>AB. 
"1;0AB #;525= A5 E0@0:B5@878@0 A @02=8=5= @5;5D 2 A525@=0B0 8 87B>G=0B0 G0AB 8 A 
EJ;<8AB 2 N6=0B0 8 N3>70?04=0B0. #>@048 B078 >A>15=>AB =0 B5@5=0 B5@8B>@8OB0 
?>?040 2 :;0A A;010 ?>40B;82>AB =0 ?>G20B0 :J< 45D;0F8O (0g125). 

К?NчB6< 8G@<: ?>G20, >1@01>B205<0 75<O, 5@>78>==>AB =0 25B@>25B5. 
 
 

SOIL ERODIBILITY FOR THE TERRITORY OF TRASTENIK, PLEVEN REGION 

 
Avgusta Stepchich* 

 
*Institute of Soil Science, Agrotechnologies and Plant Protection <N. Poushkarov=,  

 
*e-mail: a.stepchich@issapp-pushkavor.org  

 
 

Abstract 
Wind erosion is directly dependent on the relief of the terrain, the type of vegetation 

and the way the territory is managed. The destructive and transport power of the wind 
depends on its speed. The region of Pleven is characterized by a flat topography in the 
northern and eastern parts and a hilly one in the southern and southwestern parts. Due to 
this feature of the terrain, the territory of the district is mainly in low erosion class (0g125). 

Key words: soil, agricultural land, soil erodibility. 
 
�N6989A<9 

#@><5=8B5 2 :;8<0B0 2 ?>A;54=8B5 3>48=8 ?>AB02OB =0 87?8B0=85 
2J7<>6=>AB8B5 =0 G>25:0 40 ?@542848 8 40 A5 1>@8 A@5IC ?@8@>4=8B5 AB8E88. �0B> 
@57C;B0B >B ?@>;82=8B5 4J64>25 A0 28A>:8B5 :>;8G5AB20 >B=5A5=0 ?>G20, 0 ;8?A0B0 
=0 @0AB8B5;=>AB >1CA;02O 8 ?@>O20B0 =0 A8;=8 25B@>25. �>1@5 @0728B0 5AB5AB25=0 
@0AB8B5;=0 ?>:@82:0 =0 ?>G20B0 5 2 AJAB>O=85 40 ?@54>B2@0B8 ?>O20B0 =0 5@>78O 
4>@8, :>30B> >AB0=0;8B5 CA;>28O A0 =0?J;=> 1;03>?@8OB=8 70 5@>78>==8 ?@>F5A8 
(%B0=52, 1979). #@>O20B0 =0 25B@>20 5@>78O 5 A8;=> 7028A8<0 >B @0AB8B5;=>ABB0, >B 
:>;8G5AB2>B> =0 2;030 2 ?>G20B0 8 =5 =0 ?>A;54=> <OAB> >B A8;0B0 =0 2OBJ@0.  

� @07;8G=8B5 ?5@8>48 >B @0728B85B> =0 G>25:0, 2;8O=85B> <C 5 18;> 2 
7028A8<>AB >B =53>28B5 =C648. � ?>A;54=8B5 3>48=8 A5 >1@JI0 2=8<0=85 =0 D0:B0, 
G5 8<0 70A8;5=> BJ@A5=5 =0 >1@01>B205<0 75<O. &>20 2>48 4> 87A8G0=5 =0 ?;>I8 A 

mailto:a.stepchich@issapp-pushkavor.org
mailto:a.stepchich@issapp-pushkavor.org
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3>@A:0 @0AB8B5;=>AB 8 E@0AB8. � ?5@8>48B5 157 @0AB8B5;=0 ?>:@82:0 ?>G20B0 5 
=570I8B5=0 8 1820 ?>4;>65=0 =0 @07;8G=8 2;8O=8O.  

*5;B0 =0 AB0B8OB0 5 40 ?@54AB028 >F5=:8 70 AB5?5=B0 =0 ?>40B;82>AB =0 
?>G20B0 :J< 45D;0F8O 70 B5@8B>@8OB0 =0 75<;8I5B> =0 3@. &@JAB5=8:, >1;. #;525=.  
 

 4F9D<4?< < @9FB8< 

�0 >F5=:0B0 =0 ?>40B;82>ABB0 :J< 45D;0F8O =0 ?>G28B5 =0 B5@8B>@8OB0 =0 
75<;8I5B> =0 3@. &@JAB5=8:, >1;0AB #;525=, A0 87?>;720=8 ?>G25=>-:0@B>3@0DA:8 
?@>CG20=8O ?@57 <5A5F8B5 A5?B5<2@8 8 >:B><2@8 2J@EC B>?>3@0DA:0 :0@B0 2   1:10 
000. (#>G25=0 E0@0:B5@8AB8:0 =0 75<8B5 2 75<;8I5B> =0 &��% &@JAB5=8:, >:@. 
#;525=A:8,   1:10 000).  >45;JB 70 8=B5=78B5B0 =0 25B@>20B0 5@>78O 2J2 DC=:F8O 
>B D0:B>@8B5 9 5 @07@01>B5= 2 %�- 70 F5;8B5 =0 ?@>B82>5@>78>==>B> ?@>5:B8@0=5 
(Woodruff and Siddoway, 1965; Skidmore and Hagen, 1970) 8 5 8725AB5= :0B> 
'@02=5=85 70 ?@>3=>78@0=5 =0 ?>G25=8B5 703C18 >B 25B@>20 5@>78O (Wind Erosion 
Equation 3 WEQ): 

E=f (I x K x C x L x V),  :J45B> 

� 5 A@54=>3>48H=0 ?>B5=F80;=0 703C10 =0 ?>G20 >B 548=8F0 ?;>I (t ha/y); 
I 5 8=45:A 70 ?>40B;82>AB =0 ?>G20B0 :J< 45D;0F8O (t ha/y); 
K 5 8=45:A 70 3@0?02>AB =0 ?>2J@E=>ABB0; 
C 5 :;8<0B8G5= D0:B>@; 
L 5 A@54=0 =570I8B5=0 4J;68=0 =0 ?>;5B> (m); 
V 5 @0AB8B5;=0 ?>:@82:0 (kg/ha). 
#>40B;82>ABB0 =0 ?>G20B0 :J< 45D;0F8O 5 >F5=5=0 ?>A@54AB2>< ?@>3=>7=8B5 

A@54=>3>48H=8 703C18 =0 ?>G20 >B 45D;0F8O [t/ha y], 87G8A;5=8 2J2 DC=:F8O =0 
<5E0=8G=8O AJAB02 =0 ?>G20B0 8 :;0A8D8F8@0= 2 5 3@C?8 ($CA520 8 :>;5:B82, 2010): 
A;010 (>0>=125); A;010 4> A@54=0 (125>=150); A@54=0 (150>=200); A@54=0 4> A8;=0 
(200>=275); A8;=0 ?>40B;82>AB (>275).  

$09>=JB A5 =0<8@0 2 A@54=0B0 A525@=0 G0AB =0 �C=02A:0B0 EJ;<8AB0 @02=8=0, 
E0@0:B5@878@0I A5 A @02=8=5= @5;5D 8 <0;:0 =04<>@A:0 28A>G8=0. � :;8<0B8G=> 
>B=>H5=85 A?040 :J< �C=02A:0B0 :;8<0B8G=0 7>=0 A OA=> 87@075= ?@5E>4=>-
:>=B8=5=B0;5= E0@0:B5@ 3 3>@5I> ;OB>, ABC45=0 78<0. %@54=0B0 3>48H=0 
B5<?5@0BC@0 5 11,4 °C. �0;568B5 A0 =53>;5<8 3 >:>;> 500 mm 3>48H=>, :0B> 8<0B 
<0:A8<C< ?@57 :JA=0B0 ?@>;5B 8 ;OB>B> (<09 3 N=8) 8 <8=8<C< ?@57 D52@C0@8, 
:>9B> G5AB> A5 ?@5<5AB20 2 A5?B5<2@8. !0 B5@8B>@8OB0 8<0 CA;>28O 70 @0728B85 =0 
75<545;85B>, :0B> ?@5>1;04020I >B@0AJ; 5 @0AB5=852J4AB2>B> 3 >A=>2=> 
?@>872>4AB2> =0 7J@=5=8 :C;BC@8. #@5>1;04020I8B5 25B@>25 A0 70?04-
A525@>70?04=8. !0 B5@8B>@8OB0 8<0 =54>AB83 =0 2>48, 0 ?>4?>G25=8B5 2>48 A0 =0 
3>;O<0 4J;1>G8=0. � ?>G25=> >B=>H5=85 A0 CAB0=>25=8 8 ?>G25=8 @07;8G8O 
(T01;8F0 1). 

 
$9;G?F4F< < B5EN:84A9 

�@04 &@JAB5=8: 5 A =09-3>;O<0 >1@01>B205<0 ?;>I 2 >1I8=0 �>;=0 
 8B@>?>;8O 8 1@>9 @538AB@8@0=8 75<545;A:8 ?@>872>48B5;8. "B =0?@025=8B5 
?>G25=8 ?@>CG20=8O A0 CAB0=>25=8 8 ?>G25=8 @07;8G8O. #@5>1;04020B G5@=>75<8B5, 
:0B> 705<0B ?;>I >B >:>;> 81E8;. 4:0. % =09-3>;O<0 ?;>I A0 �0@1>=0B=8 G5@=>75<8, 
A@54=> <>I=8 (>:>;> 45% >B ?;>IB0), 0 A =09-<0;:0 ?;>I A0 %@54=> 87;C65=8 
G5@=>75<8, A@54=> <>I=8 /0:C<C;8@0=8/ (>:>;> 0,3 %).  
#>G25=8B5 @07;8G8O A0 AJA AB>9=>AB =0 8=45:A0 =0 ?>40B;82>AB :J< 45D;0F8O >B 85 
8 100. &>20 38 ?>AB02O 2 :;0A A;010 ?>40B;82>AB :J< 45D;0F8O (0>=125) ((83C@0 1).  
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&45?<J4 1. %B>9=>AB8 =0 8=45:A0 70 ?>40B;82>AB =0 ?>G28B5 :J< 45D;0F8O  
(D0:B>@ I) 

 #>G25= @07;8G85 3;8=0 ?@0E ?OAJ: I-D0:B>@ 
1 �0@1>=0B=8 G5@=>75<8, A@54=> <>I=8 30,0 52,5 17,4 85 
2 �0@1>=0B=8 G5@=>75<8, <>I=8 29,1 56,5 14,4 85 
3 �0@1>=0B=8 G5@=>75<8, =55@>48@0=8 8 A;01> 
5@>48@0=8 25,3 56,7 18,0 100 

4 �0@1>=0B=8 G5@=>75<8, A;01> 5@>48@0=8 25,4 57,8 16,8 100 
5 �0@1>=0B=8 G5@=>75<8, A;01> 8 A@54=> 5@>48@0=8 25,0 61,9 13,1 100 
6 �0@1>=0B=8 G5@=>75<8, A@54=> 5@>48@0=8 15,1 70 15 100 
7 +5@=>75<8, A8;=> 5@>48@0=8 26,9 57,4 15,8 100 
8 %@54=> 87;C65=8 G5@=>75<8, <>I=8 0:C<C;8@0=8 33,1 57,5 9,4 85 

 
 

 
(<7GD4 1. �0@B0 =0 ?>40B;82>ABB0 =0 ?>G28B5 :J< 45D;0F8O 

 
�4>?NK9A<9 

&5@8B>@8OB0 =0 3@. &@JAB5=8: A5 E0@0:B5@878@0 A @02=8=5= @5;5D. � 
:;8<0B8G=> >B=>H5=85 ?>?040 :J< C<5@5=>-:>=B8=5=B0;=8O :;8<0B A 3>@5I> ;OB> 8 
ABC45=0 78<0. #> >B=>H5=85 =0 2>4=8 70?0A8, B5@8B>@8OB0 5 154=0, 0 ?>4?>G25=8B5 
2>48 A0 =0 3>;O<0 4J;1>G8=0. 'AB0=>25=8 A0 8 ?>G25=8 @07;8G8O, :>8B> ?>?040B 2 
:;0A AJA A;010 AB5?5= =0 ?>40B;82>AB :J< 45D;0F8O (0>=125). �A8G:8 B578 
E0@0:B5@8AB8:8 ?@54?>;030B 1;03>?@8OB=8 CA;>28O 70 @0728B85 =0 75<545;85B>, 8 2 
G0AB=>AB 7J@=>?@>872>4AB2>B>.   
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Abstract 
In the region of Messinia (Greece), potato cultivation occupies the one fifth in the 

total potato production in Greece. In an experimental field established in the area of 
Marathoupolis-Kyparissia, (Messinia-Greece), the effect of nitrogen and magnesium 
fertilization on the accumulation of NO3

- in the plant parts of the potato (solanum 
tuberosum) variety Spunta was studied. The experimental design was completely 
randomized groups with the following treatments: (1) control (no fertilization), (2) N0P15K25, 
(no N), (3) N12 P15K25, (4) N24 P15K25, (5) N36P15K25, (6) N24 P15K25Mg10, (7) N36 P15K25Mg10, 
(8) N24P15K25Mg20, (9) N36 P15K25Mg20. The numerical coefficients express the amounts of 
fertilizer units added in kilograms per acre to the potato crop. The experimental plots were 
4mX12m=48 m2 with six lines from which the 4 inner ones were harvested. The results 
showed that adding N to the soil increased the concentration of N in leaves and tubers 
compared to fertilization without N, while fertilization with Mg decreased the concentration 
of N in plant parts. Additionally, the effect of the fertilization treatments on nitrogen 
concentrations of plant parts and potato above ground part dry weight are evaluated. 

Key words: potato, fertilization, soil, dry weight. 
 

Introduction 

The potato crop responds spectacularly to nitrogen fertilization, especially in sandy 
soils but this response varies, depending on the climatic conditions and the location of the 
crop (Beilanger et al. 2000). At the same time, nitrogenous fertilizers are the main cause of 
high NO3

- concentrations in potatoes, and high doses of N increase the number of 
unmarketable tubers and delay their maturation. Potato is also usually cultivated in slightly 
acidic soils where Mg has been leached from the surface layer. This phenomenon is 
particularly pronounced in the area of Kyparissia due to the high rainfall (the average 
annual rainfall amounts to approximately 800 mm), the large irrigation doses over a 
number of years as well as the competition from the large amounts of potassium and 
nitrogen applied. The excessive use of nitrogen fertilizers results in a high concentrations 
of nitrates in the groundwater. Based on the above, it was considered interesting to 
investigate in this area, the effect of nitrogen and magnesium fertilization on the potato 
plant, total N and NO3 concentrations in potato leaves, leaf stems and tubers. 
 

Materials and Methods 

A two-year experimental field was established in the Kyparissia area of the 
Prefecture of Messinia. Before installing the experiment, soil samples were taken from 
depth 0-40cm. The experimental design was of completely randomized groups with 4 
replications and with the following treatments: 

mailto:chpaschal46@yahoo.gr
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(1) Control (no fertilization) 
(2) (2) N0P15K25 (without nitrogen) 
(3) (3) N12 P15K25 

(4) (4) N24 P15K25 

(5) (5) N36 P15K25 

(6) (6) N24P15K25+10MgO 

(7) (7) N36P15K25+20MgO 

(8) (8) N24P15K25+10MgO 

(9) (9) N36P15K25+20MgO. 
Numerical coefficients express the amounts of fertilizer units added in kilograms per 

acre to the potato crop. The levels of P2O5 and K2O were kept constant at 15 and 25 
Kg/acre respectively. The fertilizers used during basic fertilization were: 11-15-15, 0-20-0, 
0-0-50 and magnesium sulfate (22% MgO). Basic fertilization was carried out before 
planting, where the entire amount of phosphorus, potassium and 11 nitrogen fertilizer units 
were added. The fertilizers of each experimental plot were spread evenly by hand over the 
entire surface of the plot and immediately incorporated with a tractor tiller to a depth of 0-
15 cm. The rest of the nitrogen was applied in two doses at the seedling stage and before 
flowering using the 34-0-0 fertilizer, followed by irrigation. 

Each experimental plot was 4m x 12m (48m2) with six lines spaced 70cm apart, of 
which the middle four were harvested. Plants on the line were approximately 0.30 cm 
apart. The experimental plots were 1.5 m apart. Planting was done with medium-sized 
seed potatoes (40-50mm), after first being cut in two, while harvesting was done 
approximately 111 days after planting. Irrigations were carried out by artificial rain with a 
sprinkler system. In the experimental field, all the necessary cultivation cares were applied, 
which ensured excellent plant growth conditions. 

At harvest, plant tissue samples and four plants were taken from each experimental 
plot. Each plant was divided into tubers and above ground parts. Plant tissues were 
washed with tap water and deionized water, drained and weighed to determine their fresh 
weight. They were then dried in an oven at 75°C for 48 hours and then weighed to 
determine the dry weight. Soil samples were air-dried, crushed and sieved, and stored. 
Laboratory analyzes were performed according to the internationally accepted methods of 
SSSA (Page, 1982) and soil texture was determined by Bouyoucos method, pH and  
electrical conductivity (EC) electrometrically in a saturation extract, organic matter by the 
Walkley-Black method , soil nitrogen with the Kjeldahl method, CaCO3 with a Bernard 
calcimeter, available P with the Olsen method, exchangeable cations after extraction with 
1 M CH3COONH4 at pH 7, nitrate determination in dry plant tissue with the Catalado 
method, and determination of total nitrogen by the Kjeldahl method (Bouyoucos, 1962; 
Page et al., 1982; SSSA, 1990; Okalebo et al., 2002). Statistical analysis was carried out 
with the SPSS statistical program and included analysis of variance (ANOVA) using 
Duncan's test. 
 

Results and Discussion  
The soil of the experimental field was sandy loam (SL), slightly acidic pH (6.4), with 

an electrical conductivity of 584 ¼s/cm3, with a low content of CaCO3 (0.17 %), poor in 
organic matter (0.62%), very poor in N (0.06%), supersufficient in P (Olsen) (78 ppm), well 
supplied in exchangeable K (0.70 meq/100g) and moderate in exchangeable Mg (1.33 
meq/100g). 

The addition of N to the soil increased the concentration of N in the leaves of the 
potato crop compared to fertilization treatment without N. The concentrations of N in the 
leaves varied within normal levels. In N and Mg higher doses (N36P15K25+Mg20), were 
recorded significant reduced N leaf concentrations compared to Ν36£15Κ25 treatment. 
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The highest significant value of the concentration of N in the leaves is observed in the 
Ν36£15Κ25 treatment (Table 1). 
 
Table 1. Effect of N-based and Mg-based fertilization on the concentration of N (%, w/w 
d.w **) in the leaves of potato cultivar spunda during harvest period 

Treatments Ν  
Ν0P0Κ0 5.41d* 

Ν0£15Κ25 5.79cd 

Ν12£15Κ25 5.73cd 

Ν24£15Κ25 5.44d 

Ν36£15Κ25 7.82a 

Ν24 £15Κ25 +Mg10 6.37b 

Ν36 P15K25+Mg10 6.01bc 

N24P15K25+Mg20 6.51b 

N36P15K25+Mg20 5.96bc 

*Duncan P<0.05. **dry weight 
 

In N and Mg higher doses (N36P15K25+Mg20) and in Ν36 P15K25+Mg10 
treatments are recorded the highest significant concentrations in potato tubers at the 
harvest period (Table 2). 
 

Table 2. Effect of N-based and Mg-based fertilization on the concentration of N (%, w/w 
d.w. **) in the tubers of potato cultivar spunda during harvest period 

Treatments Ν 

Ν0P0Κ0 3.95b 

Ν 0£15Κ25 3.48c 

Ν12£15Κ25 3.91b 

Ν24£15Κ25 3.51c 

Ν36£15Κ25 3.83b 

Ν24 £15Κ25 +Mg10 3.40c 

Ν36 P15K25+Mg10 4.49a 

N24P15K25+Mg20 3.54c 

N36P15K25+Mg20 4.55a 

*Duncan P<0.05. ** dry weight 
 

During the harvest period, the highest significant concentrations of NO3 in the leaves 
were found in the N24P15K25 treatment (2325 ppm f.w.) followed by the nitrogen-
magnesium N36P15K25+Mg20 and N24P15K25+Mg20 treatments (Table 3). 
 

Table 3. Effect of N-based and Mg-based fertilization on the concentration of NO3 (ppm 
f.w. **) in the leaves of potato cultivar spunda during harvest period 

Treatments NO3 

Ν0P0Κ0 382d 

Ν0£15Κ25 209e 

Ν12£15Κ25 771c 

Ν24£15Κ25 2325a 

Ν36£15Κ25 782c 

Ν24 £15Κ25 +Mg10 534c 

Ν36 P15K25+Mg10 686c 

N24P15K25+Mg20 1116b 

N36P15K25+Mg20 1313b 

*Duncan P<0.05. **fresh weight 
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The highest significant NO3 concentration in the leaf stems is shown in the 

N36P15K25+Mg20 treatment (2299 ppm f. w.). The next most significant value of NO3 
concentration in leaf stems is observed in treatment Ν12£15Κ25 (1955 ppm f. w.) (Table 
4).  

 
 
Table 4. Effect of N-based and Mg-based fertilization on the concentration of NO3 (ppm 
f.w. **) in the leaf stems of potato cultivar spunda during harvest period 

Treatments N03 

Ν0P0Κ0 746f 
Ν0£15Κ25 901e 

Ν12£15Κ25 1955b 

Ν24£15Κ25 1122d 

Ν36£15Κ25 1322d 

Ν24 £15Κ25 +Mg10 1251d 

Ν36 P15K25+Mg10 1557c 

N24P15K25+Mg20 1016de 

N36P15K25+Mg20 2299a 

*Duncan P<0.05. **fresh weight 
 
 

It is observed that the concentrations of NO3 in the tubers were significantly 
increased by the increased addition of N in the treatments N36P15K25+Mg20, 
Ν36£15Κ25, with the highest significant value being recorded in the one with the 
increased addition of magnesium treatment Ν36£15Κ25 (Table 5). 

 
 
Table 5. Effect of N-based and Mg-based fertilization on the concentration of NO3 (ppm 
f.w. **) in the tubers of potato cultivar spunda during harvest period  

Treatments N03 

Ν0P0Κ0 284e 

Ν0£15Κ25 254e 

Ν12£15Κ25 482c 

Ν24£15Κ25 266e 

Ν36£15Κ25 539b 

Ν24 £15Κ25 +Mg10 347d 

Ν36 P15K25+Mg10 442c 

N24P15K25+Mg20 453c 

N36P15K25+Mg20 804a 

*Duncan P<0.05. **fresh weight 
 
 

Higher dose of N favors significantly aboveground above ground dry plant biomass 
as seen in treatments Ν36 P15K25+Mg10, Ν36£15Κ25, contrary to N24P15K25+Mg20, 
N36P15K25+Mg20 and Ν24 £15Κ25 +Mg10 treatments showing the significant N-Mg 
interaction on dry biomass production (Table 6) . 
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Table 6. Effect of N-based and Mg-based fertilization on the concentration of above 
ground dry weight (g) of potato cultivar spunda during harvest period 

Treatments Above ground dry weight 

Ν0P0Κ0 3.88f 

Ν0£15Κ25 6.98e 

Ν12£15Κ25 11.31d 

Ν24£15Κ25 17.61c 

Ν36£15Κ25 28.67a 

Ν24 £15Κ25 +Mg10 14.93cd 

Ν36 P15K25+Mg10 30,98a 

N24P15K25+Mg20 23.06b 

N36P15K25+Mg20 23,81b 

 
From the above, the competitive relationship in nitrogen absorption between leaves 

and tubers is recorded. 
 

Conclusion 

Nitrogen fertilization increased the concentration of N in leaves and tubers. 
In the treatments with N and Mg, the high dose of Mg reduces the concentration of N 

in the leaves, while in the tubers is increased. 
The highest concentrations of NO3 in tubers were recorded on N36P15K25+Mg20, 

Ν36£15Κ25 treatments, in leaves in Ν24£15Κ25 and in leaf stems in N36P15K25+Mg20 
treatments. 

The highest significant production of aboveground dry biomass was observed in the 
treatments with the highest dose of N and Mg fertilizer treatments N36P15K25+Mg20 and 
Ν36£15Κ25 treatments.  

A competitive relationship is observed in nitrogen absorption between leaves and 
tubers. 
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Abstract 
In the present research, the effect of a commercial liquid preparation was studied on 

young potted and irrigated olive trees , in comparison and combination with the usual 
fertilizing treatments in two soil types, non-calcareous (AC) and calcareous (AL). The 
preparation is a concentrated natural activator containing 26% (w/v) humic and fulvic 
acids. The nutritional status of the young olive trees in the experimental containers was 
assessed. Fertilizer treatments and soil type affected the concentration of nitrogen, 
potassium, calcium, magnesium and boron in the leaves of young olive trees. The 
concentration of phosphorus in the leaves fluctuated at sufficient levels throughout the 
examined three years. 

Key words: soil, olive tree, fertilization, biostimulator, plant nutrition. 
 
Introduction 

The use of organic preparations that act as biostimulators, both from soil and foliar, 
has been of particular interest in recent years. The use of these preparations through the 
soil and foliarly affects positively in plant nutrition. 

 
Materials and Methods 

The experiment was conducted in the three years 2019-2021 in potted young olive 
trees, in an outdoor protected area of the Department of Agriculture of the University of 
Peloponnese in Antikalamos, Kalamata, Greece. Fertilizer treatments were applied 
through soil to young olive trees in 12 L pots. Treatments were applied to two soil types, 
an acidic-non-calcareous (AC) and a calcareous-alkaline (AL), using inorganic fertilizers 
and the commercial liquid formulation (Strong 26). It is a liquid concentrated natural 
activator that contains 26% (w/v) humic and fulvic acids and it is rich in macro and trace 
elements (K, N, Ca, Mg, Fe, S, Mn, Zn, Cu, B, Mo, etc.). This formulation as well as the 
other fertilizers were applied through soil as follows: 

AC1, AL1. Control, no treatment. 
AC2, AL2. Nitrogen fertilization (5 g N/pot). 
AC3, AL3. Nitrogen fertilization (5 g N/pot) and 1 application with the formulation 

(1.66 mL/kg soil) at petal fall.  
AC4, AL4. Nitrogen fertilization (5 g N/pot) and 2 applications with the formulation at 

petal fall and 20 days after petal fall. 
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AC5, AL5. Nitrogen fertilization (5 g N/pot) and 3 applications with the formulation, at 
the fall of the petals, 20 and 40 days after the fall of the petals. 

AC6, AL6. Nitrogen fertilization (5 g N/ plant pot) and potassium fertilization with 2.5 
g K2O / pot. 

AC7, AL7. Nitrogen fertilization (5 g N/ plant pot) and potassium fertilization with 5 g 
K2O/ pot. 

In the plant containers, the formulation applied through soil was a total of 20 mL/pot 
(12 Kg soil/pot). Fertilizations were also applied on January 20, 2019, 2020 and 2021 and 
the types of nitrogen fertilizers calcium ammonium nitrate (26-0-0) and ammonium 
sulphate (21-0-0) were used for the acidic (AC) and calcareous-alkaline soil (AL) 
respectively, while for potassium fertilization potassium sulfate (0-0-50) was applied in 
both soil types. Before applying the fertilizers, at the beginning of December each year, 
soil samples of the substrates were taken to determine their physicochemical 
characteristics. Water with a pH of 7.5 and an EC of 520 µS/cm was used to irrigate the 
substrates. Soil texture was determined by the Bouyoucos method, pH and electrical 
conductivity (EC) were measured in paste extract with a pH/EC meter, total CaCO3 was 
determined by the Bernard method, organic matter by the Walkey-Black method, while the 
cation exchange capacity (CEC) by the CH3COONH4 method. Total soil N was determined 
by the Kjeldahl method, available P by the Olsen method, exchangeable K, Ca and Mg 
were determined after extraction by adding ammonium acetate to the substrate, shaking 
the mixture followed by centrifugation. K, Ca and Mg, as well as available trace metals 
were determined using atomic absorption spectrophotometry. Finally, the available B 
content of the soils was extracted with hot 0.02M CaCl2 solution and estimated 
spectrophotometrically by the azomethine-H procedure (Bouyoucos, 1962; Page et al., 
1982; SSSA, 1990; Okalebo et al., 2002). The leaf samples were collected from the middle 
part of the olive shoots. Diagnostic leaf analysis was performed according to internationally 
accepted methods. The leaf samples, after being washed with deionized water, 0.001% 
HCl, were then dried at 70°C, ground and finally burned at a temperature of 500°C for 103
12 h (Soltanpour et al. 1998). Their ash was diluted in a 1:1 v/v HCl/H2O solution. Leaf 
samples were analyzed for total N, P, K, Ca, Mg and B. N was determined by the Kjeldahl 
method, phosphorus was determined by the vanadium molybdophosphate yellow method, 
K, Ca, Mg by atomic absorption spectrophotometry and B by azomethine-H method (Jones 
et al., 1991; Okalebo et al., 2002). The experimental design used was completely 
randomized, fifty-six (56) plant pots in total, with four replications, i.e. 4X7=28 plant pots 
per soil type. Statistical analysis was carried out with the SPSS statistical program and 
included analysis of variance (ANOVA) using Duncan's test. 

 
Results and Discussion 

Soil physicochemical parameters before the experiment 
 

Table 1. Physicochemical characteristics in the soils of the experiments in 2018 
Depth  
(cm) 

Soil 
texture* 

EC 
(¼S/cm) pH 

CaCO3 
(% w/w) 

Organic matter 
(% w/w) 

Water saturation 
(% w/w) 

Bulk density  
(% g/cm3) 

C.E.C. 
(meq/100 g) 

ΑC 

0-30 SL 100 6.58 0.03 2.00 35 1.28 25.2 

30-60 SL 282 6.60 0.03 0.80 44 - 28.9 

60-90 SCL 150 6.42 0.01 0.82 62 - 31.8 
AL 

0-30 SL 92 7.90 33.0 2.06 47 1.18 27.1 

30-60 SC 150 8.00 35.7 0.79 60 - 29.9 

60-90 C 150 7.90 37.5 0.73 65 - 32.4 

* S=Sand, C=Clay, L=Loam 
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Table 2. Concentrations of macronutrients and B in the soils of the experiments in 2018 

Depth 
(cm) 

Total Ν 

(% w/w) 

Available 

P-Olsen 
(mg/kg) 

Exchangeable 
Κ 

(mg/kg) 

Exchangeable 
Ca 

(mg/kg) 

Exchangeable 
Mg 

(mg/kg) 

Available 

B 

(mg/kg) 

ΑC  

0-30 0.11 17 147 2793 59 0.41 

30-60 0.05 13 126 2930 92 0.32 

60-90 0.04 12 93 3486 101 0.22 

AL  

0-30 0.06 14 82 4736 52 0.36 

30-60 0.06 15 71 4830 54 0.25 

60-90 0.06 13 70 4840 55 0.21 

 
The two soil types AC and AL, which formed the soil substrates of the experimental 

plant pots, presented the above soil parametric values before the applications of the 
treatments (in December 2018) (Tables 1, 2). 

Low levels of K, N concentrations are recorded in AL substrates, as well as Mg, B in 
both soil types. 
 

Nitrogen concentration in leaves of young olive trees 

In the AC plant pots, the majority of the values of N concentration in the leaves for 
the years 2019 and 2020 range at low levels (< 1%) and below the sufficiency levels 
(<1.5%), while in 2021 they range at higher levels, but below proficiency levels with the 
exception of AC6 (Figure 1). 

In AL pots, the majority of N concentration values in the leaves for the years 2019 
and 2020 are low and below the sufficiency levels (< 1.5 %), with the exception of AL5 
(limit value shown in August 2020 and in AL4) as well as in 2021 with the exception of AL7 
and AL3 (December) and with marginal values in the examined months in AL2 (figure 1). 
 

 
TREATMENTS 

Figure 1. Effect of treatments on nitrogen concentrations in the leaves of olive trees for the 
three years 2019-2021 

 
Phosphorus concentration in leaves of young olive trees 

All P concentration values for the considered three-year period 2019-2021 range in 
adequacy levels in both soil types (g0.1%, Figure 2). 
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TREATMENTS 

Figure 2. Effect of treatments on phosphorus concentrations in the leaves of olive trees for 
the three years 2019-2021 

 
Potassium concentration in leaves of young olive trees 

In 2019, K concentration values in December range low below the sufficiency limits 
(<0.91%) in all treatments and both soil types, while in December 2020 they still range low 
and below the sufficiency limits in the treatments AC1, AC2, AC3 and marginally low in 
AC6 and AL1. In August for the biennium 2019-2020, the values range at adequate levels 
with the exception of AC4 in 2020. Finally in 2021 both in August and December the K 
concentration values range at low levels (<0.91%) except for AC4 (> 1%) and AL5 
(supersufficient levels >1.20%), both in August and December (Figure 3). 

 
 

 
TREATMENTS 

Figure 3. Effect of treatments on potassium concentrations in the leaves of olive trees for 
the three years 2019-2021 

 
 

Calcium concentration in leaves of young olive trees 

In 2019, the values of Ca concentration in August range at marginal levels of 
sufficiency, and in December at levels above the limits of sufficiency (>1.01 %) in all 
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treatments and both soil types with the exception of AC1. In 2020 they range low and 
below the adequacy limits in AC treatments in both months examined with the exception of 
AC7 in December. On the contrary in the AL plant treatments for the same year and in 
2021 (to a lesser extent), the Ca concentration values are high and above the sufficiency 
limits both in August and December and significantly increased compared to the AC plant 
treatments. Finally, in AC pots in December of 2021, the treatments AC2, AC3, AC5 and 
AC7 range in acceptable concentrations (Figures 4).   
 

 
TREATMENTS 

Figure 4. Effect of treatments on calcium concentrations in the leaves of olive trees for the 
three years 2019-2021 

 
Magnesium concentration in leaves of young olive trees 

In August, the concentration of magnesium in the leaves of olive trees fluctuates at 
low levels below the sufficiency limits, throughout the three years (minimum sufficiency 
limit 0.21%) in both soil types. Although an increase in concentrations is observed in 
December throughout the three years in both soil types, the concentration in AC 
treatments remains low at insufficient levels, while the increase in AL treatments is 
recorded higher at sufficient or marginal levels of adequacy (Figure 5). 

 

 
TREATMENTS 

Figure 5. Effect of treatments on magnesium concentrations in the leaves of olive trees for 
the three years 2019-2021 

 

Boron concentration in leaves of young olive trees 

Concentration B values generally range at sufficiency or marginal sufficiency levels (g 
20 ppm) with the exceptions of AC1 and AC7 in August 2019, AL1 and AL2 in August 
2020, AC1, AL3, AL4, AL6 and AL7 in December of the same year and AC1 in 2021 
(Figure 6). 
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TREATMENTS 

Figure 6. Effect of treatments on boron concentrations in the leaves of olive trees for the 
three years 2019-2021 

 
Conclusion 

In conclusion, the concentrations of nutrients in the leaves of young olive trees 
throughout the examined three years, are recorded as follows: 

Nitrogen concentrations range at adequate levels in AL5 is observed in December 
throughout the three years. 

Phosphorus concentrations values range in adequacy levels in both soil types 

Potassium sufficiency is recorded in the AC4 and AL5 treatments in 2021, at the end 
of the three-year experimental period.  

Calcium concentrations range from relatively adequate to super-adequate levels in 
the AL treatments throughout the examined three years. 

It is observed in December throughout the three years an increase in magnesium 
concentrations in both soil types, but the concentrations in AC treatments remain low at 
insufficient levels, while the increases in AL treatments are recorded higher and range at 
sufficient or marginal levels of adequacy. 

Boron concentrations generally range at sufficiency or marginal sufficiency levels, but 
clear sufficiency levels are recorded in 2021 in all treatments except the control of AC pot. 
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Abstract 
In the present work, the effect of a commercial liquid formulation (Strong 26) on the 

soil substrate of potted young and irrigated olive trees was studied, in comparison with the 
usual fertilizer treatments in two soil types, acidic and calcareous. The preparation is a 
liquid concentrated natural activator containing 26% (w/v) humic and fulvic acids. The pH 
of the substrate was maintained at approximately the same basic values in the calcareous 
(AL), while in the acidic soil (AC) was increased, especially in the control due to the basic 
pH of the irrigation water. An increase in salinity was recorded in the treatments in both 
soil types, especially in those with the administration of the organic formulation, with a 
greater increase and values in the calcareous substrate, with an increase in the organic 
substance in the acid in the second year, while in the calcareous soil, the increased values 
was observed from the first year. At the same time, the equivalent calcium carbonate was 
not affected by the fertilizer treatments in both soil types. 

Key words: soil, substrate, fertilization, biostimulator. 
 
Introduction 

The fertilizer treatment, in addition to the concentration of nutrients, also affects the 
physicochemical parameters in the soil. The use of organic preparations that act as 
biostimulators, both from soil and foliar, has been of particular interest in recent years. The 
use of these preparations through the soil affects the soil environment positively in plant 
nutrition.The aim was studied the effect of a commercial liquid formulation (Strong 26) on 
the soil substrate of potted young and irrigated olive trees, in comparison with the usual 
fertilizer treatments in two soil types, acidic and calcareous. 

 
Materials and Methods 

The experiment was conducted in the three years 2019-2021 in potted young olive 
trees, in an outdoor protected area of the Department of Agriculture of the University of 
Peloponnese in Antikalamos, Kalamata, Greece. Fertilizer treatments were applied 
through the soil to young olive trees in 12 L pots. Treatments were applied to two soil 
types, an acidic-non-calcareous (AC) and a calcareous-alkaline (AL), using inorganic 
fertilizers and the commercial liquid formulation (Strong 26). It is a liquid concentrated 
natural activator that contains 26% (w/v) humic and fulvic acids and it is rich in macro and 

mailto:chpaschal46@yahoo.gr
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trace elements (K, N, Ca, Mg, Fe, S, Mn, Zn, Cu, B, Mo, etc.). This formulation as well as 
the other fertilizers were applied through soil as follows: 

AC1, AL1. Control, no treatment. 
AC2, AL2. Nitrogen fertilization (5 g N/pot). 
AC3, AL3. Nitrogen fertilization (5 g N/pot) and 1 application with the formulation 

(1.66 mL/kg soil) at petal fall.  
AC4, AL4. Nitrogen fertilization (5 g N/pot) and 2 applications with the formulation at 

petal fall and 20 days after petal fall. 
AC5, AL5. Nitrogen fertilization (5 g N/pot) and 3 applications with the formulation, at 

the fall of the petals, 20 and 40 days after the fall of the petals. 
AC6, AL6. Nitrogen fertilization (5 g N/ plant pot) and potassium fertilization with 2.5 

g K2O / pot. 
AC7, AL7. Nitrogen fertilization (5 g N/ plant pot) and potassium fertilization with 5 g 

K2O/ pot. 
In the plant containers, the formulation applied through soil was a total of 20 ml/ pot 

(12 kg soil/ pot). Fertilizations were also applied on January 20, 2019, 2020 and 2021 and 
the types of nitrogen fertilizers calcium ammonium nitrate (26-0-0) and ammonium 
sulphate (21-0-0) were used for the acidic (AC) and calcareous-alkaline soil (AL) 
respectively, while for potassium fertilization potassium sulfate (0-0-50) was applied in 
both soil types. Before applying the fertilizers, at the beginning of December each year, 
soil samples of the substrates were taken to determine their physicochemical 
characteristics. Water with a pH of 7.5 and an EC of 520 µS/cm was used to irrigate the 
substrates. Soil texture was determined by the Bouyoucos method, pH and electrical 
conductivity (EC) were measured in paste extract with a pH/EC meter, total CaCO3 was 
determined by the Bernard method, organic matter by the Walkey-Black method, while the 
cation exchange capacity (CEC) by the CH3COONH4 method (Bouyoucos, 1962; Page et 
al., 1982; SSSA, 1990; Okalebo et al., 2002). The experimental design used was 
completely randomized, fifty-six (56) plant pots in total, with four replications, i.e. 4X7=28 
plant pots per soil type. Statistical analysis was performed with the SPSS statistical 
program and included analysis of variance (ANOVA) using Duncan's test. 

 
Results and Discussion 

Soil physicochemical parameters before and after the experiment 
The two soil types AC and AL, which formed the soil substrates of the experimental 

plant pots, presented the following parametric values before and after the applications of 
the treatments (in December 2018 and 2021) (Tables 1, 2). 
 
Table 1. Physicochemical characteristics in the soils of the experiments in 2018 

Depth 
(cm) 

Soil 
texture* 

EC 

(¼S/cm) pH 
CaCO3 

(% w/w) 

Organic 
matter 

(% w/w) 

Water-
saturation 

 (% w/w) 

Bulk 

density  
(% g/cm3) 

C.E.C. 
(meq/100 g) 

ΑC 

0-30 SL 100 6.58 0.03 2.00 35 1.28 25.2 

30-60 SL 282 6.60 0.03 0.80 44 - 28.9 

60-90 SCL 150 6.42 0.01 0.82 62 - 31.8 

AL 

0-30 SL 92 7.90 33.0 2.06 47 1.18 27.1 

30-60 SC 150 8.00 35.7 0.79 60 - 29.9 

60-90 C 150 7.90 37.5 0.73 65 - 32.4 

* S=Sand, C=Clay, L=Loam 
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Table 2. Effect of the treatments on the soil parameters of the substrates of the plant 
containers after the end of the three years 2019-2021 

*Duncan P<0.05 
 

 
Soil physicochemical parameters during the experiment 
 
Soil pH 

The soil pH is maintained at approximately the same alkaline values saturation of 
basic cations) in the calcareous substrates (AL), with a tendency to be reduced by the 
treatments due to the ammonium nitrogen (AL2) and the organic formulation (AL3, AL4, 
AL5), and more so in nitrogenous treatments showing the existence or creation of residual 
exchange acidity. In non-calcareous substrates (AC) it increases, apparently due to the 
alkaline pH of the irrigation water, especially in the control. In addition, in the same 
substrates, the tendency to increase is lower in nitrogen fertilization, and even lower in 
organic treatments, especially in the enhanced ones (AC4, AC5), as well as in nitrogen-
potassium ones, especially in AC6. Organic treatments increase the buffering capacity of 
the soil substrates as a result, to maintain at approximately the same initial pH low levels. 
The above regarding the action of the organic formulation in both soil types could be 
attributed to the strengthening of the organic matter in organic structures such as 
carboxylic and phenolic with pKa=3-5, the high saturation with alkaline cations in the 
calcareous substrates AL and low saturation with alkaline cations in the non calcareous 
substrates AC (Analogidis, 2000, Mitsios, 2004) (Tables 1, 2, Figure 1). 

  

Treatments Year pH 
EC 

(¼S/cm) 
OM (% w/w) CaCO3 (% w/w) 

AC1 2021 7.62b* 120j 3.50c 0.70b 

AC2 2021 7.30bc 122j 3.20cd 0.68b 

AC3 2021 7.12d 120j 3.20cd 0.49b 

AC4 2021 6.80e 255i 3.15cd 0.52b 

AC5 2021 6.75e 549f 3.22cd 0.43b 

AC6 2021 6.80e 271gi 3.20cd 0.64b 

AC7 2021 7.30cd 322g 3.05d 0.60b 

AL1 2021 7.99a 130j 4.10ab 35.40a 

AL2 2021 7.55b 598f 4.21ab 34.90a 

AL3 2021 7.70b 790e 3.91b 35.10a 

AL4 2021 7.4bc 1920b 4.36a 35.20a 

AL5 2021 7.60b 2100a 3.98b 35.00a 

AL6 2021 7.02d 1100d 3.82b 34.50a 

AL7 2021 7.20cd 1246c 3.81bc 35.30a 
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Figure 1. Effect of the treatments on the pH for the three years 2019-2021 

 
Soil Electrical Conductivity (EC) 
The values of EC in the AL substrates are recorded higher values, the increase of 

which are noted in all treatments, in the following order AL5> AL4 >AL7 AL6> AL3> AL2> 
AL1, with the highest increases observed in the enhanced organic treatments as well as in 
the nitrogenous to a lesser extent, while in AC the increases are noted in the nitrogenous 
AC1 and enhanced organic treatments AC4 and AC5 with AC5 standing out as well as 
AL5 (higher values for each soil type). These changes as well as the higher values in the 
calcareous substrates are associated with the low and high saturation of basic cations in 
the AC and AL substrates respectively, as well as the high difference in total calcium 
carbonate of the two soil types, and secondarily by the pH which is affected by the above 
parameters. The increase in salinity (EC) in the treatments in both soil types can also be 
attributed to the administration of the organic formulation, and to the quality of the irrigation 
water (Analogidis, 2000, Mitsios, 2004) (Tables 1, 2, Figure 2). 

 

 
Figure 2. Effect of treatments on EC for the three years 2019-2021 
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Organic matter (OM) 
Organic matter value increases in AC substrates are low in 2019 and higher in 2020, 

remaining at the same levels in 2021, with no dramatic differences between fertilizer 
treatments. In AL calcareous substrates higher values are observed, with the increase 
starting from the first year (2019), and stabilizing at approximately the same levels in the 
following two years, with the highest values recorded in AL1, AL2 and AL4. The pH and 
the calcium carbonate equivalent seem to be the main factors of the changes in this 
parameter. What should be noted is the increase in organic matter compared to the initial 
level in 2018 (around 2%) in both soil types (Analogidis, 2000, Mitsios, 2004) (Tables 1, 2, 
Figure 3). 
 

 
Figure 3. Effect of treatments on organic matter (OM) for the three years 2019-2021 

 
Equivalent calcium carbonate (CaCO3) 
Equivalent calcium carbonate was not significantly affected by the fertilizer 

treatments in all substrates of the experiment, with their concentration continuing to be a 
benchmark for each soil type (Tables 1, 2, Figure 4). 

 

 
Figure 4. Effect of treatments on CaCO3 concentration for the three years 2019-2021 
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Conclusion 

Summarizing the above for the examined three years, we come to the following 
conclusions: 

With the use of alkaline irrigation water, the pH of the soil substrates is maintained 
approximately at the same alkaline values in the calcareous substrates, with a tendency to 
decrease in the fertilizer treatments, especially in the nitrogen-potassium ones compared 
to the control, while in the non calcareous substrates it increases, especially in the control, 
with a smaller increase in the nitrogen treatment, and even less in the enhanced organic 
and nitrogen-potassium treatments.  

An increase in salinity is recorded in the treatments in both soil types, especially in 
those with the application of the organic formulation, with a higher increase and values in 
the calcareous substrates. In calcareous substrates, the increase in salinity is noted in all 
treatments, with the greatest increases observed in the enhanced organic treatments, as 
well as in the nitrogen-potassium treatments to a lesser extent. At the same time, in non 
calcareous substrates, the increases are noted in nitrogenous and enhanced organic 
treatments. The most enhanced organic treatments (AC5 and AL5) stand out, giving 
proportionally the highest salinity values for each soil type. 

The increase of organic matter in non calcareous substrates is low in 2019 and 
increased in 2020, remaining at the same levels in 2021, without spectacular differences 
between fertilizer treatments, while in calcareous substrates higher values are observed, 
with the increase of organic matter starting from the first year (2019), and to remain at 
approximately the same levels in the following two years. 

Equivalent calcium carbonate was not affected by the fertilizer treatments in both soil 
types. 
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Abstract 
Field protection forest belts are linear forest crops created to protect agricultural, land 

and improve the microclimate. They, protect the soil from wind erosion and degradation, 
reduce evaporation, evenly distribute the snow cover, and contribute to increasing soil 
fertility. 

The protective forest belts located in "Dobrudja" include 4 groups tree species : main, 
accompanying, fruit and shrubs.  

The report presents an analysis of the butter forest belts influence located in 
Dobrudja under the condition of the soils in the area of the agricultural lands.  

Key words: protective forest belts, erosion, fertility, Dobruja, soil. 
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� 873@045=0B0 ?>;570I8B=0 A8AB5<0 2 @09>=0 =0 �>1@C460 @07AB>O=85B> 
<564C 3;02=8B5 ?>OA8 5 500 m, 0 <564C 2B>@>AB5?5==8B5 3 1000 m. &0:0 
@07?>;>65=8 3;02=8B5 8 2B>@>AB5?5==8B5 ?>OA8 D>@<8@0B ?@02>J3J;=8 :;5B:8 
(75<545;A:8 ?>;5B0) A @07<5@8 500/1000 m - B578 @07<5@8 ?>72>;O20B <0H8==0 
>1@01>B:0 =0 ?>G20B0. ( 0@8=>2, 2008). 

� AJAB020 =0 ?>;570I8B=8B5 ?>OA8 >18:=>25=> A5 2:;NG20B 4 3@C?8 4J@25A=8 
284>25: 7?46A<, ENCNFEF6G64M<, C?B8A< < ID4EF<. 

�?46A<F9 8ND69EA< 6<8B69 A0 O4@>B> =0 ?>OA0 8 >1@07C20B ?J@28O (2@JE=8O) 
<C 5B06, :0B> 4020B 3;02=8O >B?>@ =0 25B@>25B5. �7?>;720B A5 4J;3>B@09=8, 
A25B;>;N1828, 28A>:8 (>:>;> 20 <) 284>25B5 : F5@ (Quercus cerris L.), ;5B5= 4J1 (Q. 
robur L.), 1;03C= (Q. frainetto Ten.), G5@25= 4J1 (Q. rubra L.), ?;0=8=A:8 OA5= (Fraxinus 
excelsior L.), ?>;A:8 OA5= (Fr. oxycarpa Willd.), 3;548G8O (Gleditschia triacanthos L.), 
1O;0 0:0F8O (Robinia pseudoacacia L.), 4@51=>;8AB 1@OAB (Ulmus pumila L.) :>8B> A5 
70A0640B 2 3 @540 ( 0@8=>2, 2023).  

%NCNFEF6G64M<F9 8ND69EA< 6<8B69 2;870B 2J2 2B>@8O (A@54=8O) 5B06 =0 
?>OA0, :0B> AJ74020B CA;>28O 70 ?>-1J@7 @0AB56 =0 3;02=8B5, C?;JB=O20B ?>OA0 8 
?>B8A:0B ?;525;8B5. %J?JBAB20I8 284>25 A0 4@51=>;8AB=0 ;8?0 (Tilia cordata Mill.), 
54@>;8AB=0 ;8?0 (Tilia platyphyllos Scop.),  0<5@8:0=A:8 OA5= (Fraxinus americana L.), 
<5:8H (Acer tataricum L.), <J64@O= (Fraxinus ornus L.),  1O;0 G5@=8F0 (Morus alba L.) 
CB?E>< OE9A (Fr. oxycarpa Willd. ), 8 4@. ( 0@8=>2, 2023). 

#?B8A<F9 8ND69F4 AJI> A5 2:;NG20B 2J2 2B>@8O 5B06 =0 ?>OA0 8 >A25= 
70I8B=8O ?>28H020B 8 AB>?0=A:8O <C 5D5:B A ?@>4C:F8OB0, :>OB> 4020B. �0A0640B A5 
<0E0;51:0 (Prunus mahaleb L.), 460=:0 (Prunus cerasifera Ehrh.), >18:=>25= >@5E 
(Juglans regia L.), :8A5;8F0 (Malus silvestris Mill.), 4820 :@CH0 (Pyrus communis L.) 8 
4@. ( 0@8=>2, 2023). 

)D4EF<F9 70I8B020B ?>G20B0 >B ?;525;8, =0<0;O20B ?>2J@E=>AB=8O >BB>: =0 
2>40B0 8 A8;0B0 =0 2OBJ@0, ?@82;8G0B ?B8F8 8 4825G.  )@0AB>28 284>25: A<@04;8:0 
(Cotinus coggygria Scop.), >18:=>25= G0H:>4@O= (Euonymus europaea L.), >18:=>25= 
4@O= (Cornus mas L.), :CG8 4@O= (Cornus sanguinea L.), G5@5= 1J7 (Sambucus nigra L.), 
>18:=>25=0 ;5A:0 (Corylus avellana L.) 8 4@. ( 0@8=>2.,�., 2023). 

#>;570I8B=8B5 3>@A:8 ?>OA8 70 40 87?J;=OB ?@54=07=0G5=85B> A8, 40 
70I8B020B  ?>-4>1@5 AJA54=8B5 75<545;A:8 75<8 >B =51;03>?@8OB=>B> 8 
>?CAB>H8B5;=> 2;8O=85 =0 A525@>70?04=8B5 8 A525@>87B>G=8 25B@>25, e 
=5>1E>48<> 70 ?>OA8B5 40 A5 ?>;030B =5?@5:JA=0B8 3@868, =0A>G5=8 :J< 
?>4>1@O20=5 =0 BOE=0B0 :>=AB@C:F8O 8 AJAB>O=85. ( 0@8=>2, 2023). 

#BK69A< GE?B6<O < BEAB6A4 E>4?4 

#>;570I8B=8B5 3>@A:8 ?>OA8 A0 @07?>;>65=8 87FO;> 2J@EC >18:=>25= G5@=>75< 
(#>G25= :;0A +9DAB;9@< (Chernozems) / #>G25= B8? +9DAB;9@< (Chernozems) / 
#>G25= 284 "5<>AB69A< K9DAB;9@< (Haplic Chernozems). #>G28B5 A0: 

3  AB7B 8N?5B>< < E 8B5D9 <;D4;9A IG@GEAB-4>G@G?4F<69A IBD<;BAF 3 
<>I=>ABB0 =0 � E>@87>=B0 4>AB830 4> 51 cm, 0 =0 � E>@87>=B0 5 A@54=> >B 52 4> 95 
cm; 

3 �B74F< A4 IG@GE < 4;BFA< EN98<A9A<O, AJA A;01> :8A5;0 4> 0;:0;=0 
@50:F8O; 

3 %GI< <?< E69:< 3 =0 B5@8B>@8OB0 =0 ��% �5=5@0; &>H52> 8 ��% �>1@8G 
#�#A0 @07?>;>65=8 ?@548<=> =0 A2568 ?>G28, 0 2 ��% �0;G8: 3 =0 ACE8 ?>G28; 

3 #9ENK?<6B-7?<A9EF< < GC?NFA9A< 3 <5E0=8G=8OB AJAB02 ?> 4J;1>G8=0 5 

A@02=8B5;=> 54=>@>45= A B5=45=F8O 70 ?>28H020=5 AJ4J@60=85B> =0 3;8=0 2 
?>2J@E=>AB=8B5 E>@87>=B8 8 ?>AB5?5==> =0<0;O20=5 2 4J;1>G8=0; 

3 !9>4@9A?<6< <?< E?45B >4@9A?<6<, A99DB;<D4A<. 
"A=>2=0B0 A:0;0, 2J@EC :>OB> A5 D>@<8@0 ?>G25=8O E>@87>=B, 5 ;L>A. 

�L>A>28OB ?;0AB 5 A <>I=>AB 4> 10-15 m. &>9 8<0 1;54>6J;B 4> ?5?5;O2 F2OB 8 
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A;C68 70 >1@07C20=5 =0 ?>G25=8O A;>9. �L>AJB A5 E0@0:B5@878@0 AJA 7=0G8B5;=0 
25@B8:0;=0 ?@>?CA:;82>AB, :>OB> C25;8G020 8=D8;B@0F8OB0 =0 20;56=8B5 2>48 2 
4J;1>G8=0. )0@0:B5@8AB8:8B5 =0 G5@=>75<=8B5 ?>G28 8 ;L>A0 ?>4 BOE (D878G=8 
A2>9AB20, 25@B8:0;=0 ?@>?CA:;82>AB 8 2;03>5<=>AB) A0 >B 87:;NG8B5;=0 206=>AB 8 
>?@545;OB 2J7<>6=>ABB0 4J@25A=0 @0AB8B5;=>AB 40 >F5;O20 ?@8 B578 <=>3> ACE8 
CA;>28O. �>40B0 >B 20;568B5 ?@5<8=020 ?@57 G5@=>75<8B5 8 A5 ?>5<0 >B ;L>A0. &0:0 
A5 ?@54>B2@0BO20 703C10 =0 2;030 G@57 >BB>: 8 87?0@5=85. � AJI>B> 2@5<5 :>@5=8B5 
=0 4J@25B0B0 <>30B 40 ?@>=8:=0B 2 4J;1>G8=0 ?@57 G5@=>75<8B5 8 40 4>AB830B 4> 
2;030B0, :>OB> A5 =0<8@0 2 ;L>A0. !> 70 B078 F5; 5 =5>1E>48<> 4J@25B0B0 40 8<0B 
74@02 8 4>1@5 @0728B F5=B@0;5= :>@5=, :>9B> 40 ?@>=8:20 =0 2J7<>6=> ?>-3>;O<0 
4J;1>G8=0. &>20 A5 >B=0AO 8 70 78<=8O ?5@8>4 3 70 40 <>30B :>@5=8B5 =0 4J@25B0B0 
40 4>AB02OB 2>40, =5>1E>48<> 5 B5 40 ?@>=8:20B ?>-4J;1>:> 2 70<@J720I8O ?;0AB. 
(�>452, 2023). 

#>;570I8B=8B5 3>@A:8 ?>OA8 A5 =0<8@0B =0 B5@5=8, 2 :>8B> ;8?A20B 
?>2J@E=>AB=> B5G0I8 2>48. �<0 @07;8G=8 ?> @07<5@ ACE>4>;8O, :>8B> ?@57 ?>-
3>;O<0 G0AB >B 3>48=0B0 A0 1572>4=8. #@8 B>?5=5 =0 A=53>25B5 8 ?@8 A8;=8 4J64>25 
;53;0B0 8< A5 70?J;20B A 2>40, :>OB> >10G5 A5 704J@60 70 :@0B:>. �>1@C460 5 
>1;0ABB0 2 �J;30@8O A =09-<0;:0 3>48H=0 AC<0 =0 20;568B5, ?>4 500 ;8B@0 =0 
:204@0B5= <5BJ@. &>20 2 AJG5B0=85 A =09-A8;=8B5 25B@>25 2 �J;30@8O ?@028 
�>1@C460 87:;NG8B5;=> ACE> <OAB>. *5;8OB @09>= A5 E0@0:B5@878@0 A >3@0=8G5= 
?>2J@E=>AB5= >BB>:, 0 D>@<8@0;8B5 A5 2>4=8 @5AC@A8 A0 ?@548<=> >B ?>475<=8 
2>48. #>475<=8B5 2>48 2 �>1@C460 A0 =0 3>;O<0 4J;1>G8=0 3 2 70?04=0B0 G0AB =0 
20-30 m, 0 2 87B>G=0B0 =0 60-80 m (�8<G52, 1955).  

 

 
�7B>G=8:: 

https://agri.bg/agrosaveti/zemedelie/kak-da-opazim-polezashchitnite-poyasi-v-dobrudzha-i-
zashcho  

 
#B;<F<6A< 9H9>F< BF #B?9;4M<FA<F9 7BDE>< CBOE< 6 �B5DG8:4 

3 #>4>1@O20=5 =0 <8:@>:;8<0B0 2 @09>=0, G@57 =0<0;O20=5 A:>@>ABB0 8 A8;0B0 
=0 25B@>25B5. 

3 #@54?0720=5 =0 ?>G20B0 >B 25B@>20 5@>78O 

3 #>4>1@O20B 2>4=8O 70?0A 2 ?>G20B0 

3 #@54?0720B >B ACE>258 

3 #>28H020=5 =0 4>1828B5 >B A5;A:>AB>?0=A:8B5 :C;BC@8. 
3 !0<0;O20=5 =0 87?0@5=8OB0 =0 2>40B0 >B ?>G20B0  

 
�4>?NK9A<9 

#>;570I8B=8 3>@A:8 ?>OA8 A5 AJ74020B 2 @09>=8 A C<5@5=>-:>=B8=5=B0;5= 
:;8<0B, :J45B> 5:>;>38G=8B5 CA;>28O 87@075=8 G@57 >A=>2=8B5 D0:B>@8 - :;8<0B, 
@5;5D, ?>G28, @0AB8B5;=>AB 8 4@C38 8 AJ74020B ?@54?>AB02:0 70 2;>H020=5 =0 
<8:@>:;8<0B0 8 @0728B85 =0 25B@>20 5@>78O. %;54>20B5;=> 2 B578 @09>=8 A8;=8B5 8 
>?CAB>H8B5;=8 A525@>70?04=8, A525@=8 8 A525@>87B>G=8 25B@>25 =0=0AOB A5@8>7=8 

https://agri.bg/agrosaveti/zemedelie/kak-da-opazim-polezashchitnite-poyasi-v-dobrudzha-i-zashcho
https://agri.bg/agrosaveti/zemedelie/kak-da-opazim-polezashchitnite-poyasi-v-dobrudzha-i-zashcho
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?>@065=8O 2J@EC AJAB>O=85B> 8 4>1828B5 >B A5;A:>AB>?0=A:8B5 :C;BC@8. "A=>2=>B> 
?@54=07=0G5=85 =0 ?>;570I8B=8B5 ?>OA8 5 G@57 =0<0;O20=5 A8;0B0 =0 25B@>25B5 40 
?>4>1@OB <8:@>:;8<0B0 =0 @09>=0 8 40 70I8BOB AJA54=8B5 75<545;A:8 75<8 >B 
BOE=0B0 @07@CH8B5;=0 A8;0. &>20 2>48 4> =0<0;O20=5 87?0@5=85B> =0 2>40B0 >B 
?>G20B0 8 =59=>B> ?>-5D5:B82=> 87?>;720=5 >B A5;A:>AB>?0=A:8B5 @0AB5=8O 8 
?>28H020=5 =0 4>1828B5 >B 75<545;A:8B5 :C;BC@8. 
 
�<F9D4FGD4 

��!,  B>< 5, �=F8:;>?548O „�J;30@8O5, %>D8O., 19863., AB@ 314. 
�8<G52 &. 1955. )84@>;>6:8 ?@>CG20=8O 2 .6=0 �>1@C460 2J2 2@J7:0 A 

?>;570I8B=8B5 ?>OA8. %1>@=8: >B 5:A?548F8OB0 ?> ?>;570I8B=8B5 ?>OA8 2 
�>1@C460 ?@57 1952. �740B5;AB2> =0 ��!, %>D8O, 45358. 

�>452 .,�., �5>@3852.,� ."A=>2=8 E0@0:B5@8AB8:8 =0 ?>;570I8B=8B5 3>@A:8 ?>OA8 2 
%525@>87B>G=0 �J;30@8O., !�'�� �� �"$�&�, %?5F80;=> 8740=85, 2023 

 0@8=>2., �., �5=>20., ( 20083., !0C:0 70 3>@0B0 ��!., �:>;>38G=8 ?@54?>AB02:8 70 
AJ74020=5 =0 ?>;570I8B=8 3>@A:8 ?>OA8 2 A525@=0 �J;30@8O.  

https://www.iag.bg/news/lang/1/id/18304/display#  
https://agri.bg/agrosaveti/zemedelie/polezashitnite-poyasi-v-dobrudzha-dar-za-fermerite  
https://agro.bg/novini/rastenievadstvo-38/10-15--po-visoki-dobivi-ako-ima-polezashtitni-

poyasi/  
https://agri.bg/agrosaveti/zemedelie/kak-da-opazim-polezashchitnite-poyasi-v-dobrudzha-i-

zashcho  
https://sinor.bg/71430-polezastitnite-poyasi-sa-izklyuchitelno-vazhni-za-zapazvane-na-

vlagata-i-plodorodieto-na-dobrudzha  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

https://www.iag.bg/news/lang/1/id/18304/display
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https://agro.bg/novini/rastenievadstvo-38/10-15--po-visoki-dobivi-ako-ima-polezashtitni-poyasi/
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https://agri.bg/agrosaveti/zemedelie/kak-da-opazim-polezashchitnite-poyasi-v-dobrudzha-i-zashcho
https://sinor.bg/71430-polezastitnite-poyasi-sa-izklyuchitelno-vazhni-za-zapazvane-na-vlagata-i-plodorodieto-na-dobrudzha
https://sinor.bg/71430-polezastitnite-poyasi-sa-izklyuchitelno-vazhni-za-zapazvane-na-vlagata-i-plodorodieto-na-dobrudzha
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2 ��! „�5D4;JB6 K<H?<><, !9?E>BEFBC4AE>4 4>489@<O 

3 �?48 GK9A, !9?E>BEFBC4AE>4 4>489@<O 
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$9;N@9 

#@54 AJ2@5<5==>B> 75<545;85 AB>OB @548F0 ?@548728:0B5;AB20, :0B> 
C25;8G020=5 =0 ?>G25=>B> >@30=8G=> 25I5AB2>, A<5:G020=5 =0 :;8<0B8G=8B5 
?@><5=8  8 2 AJI>B> 2@5<5 70?0720=5 =0 ?>G25=>B> ?;>4>@>485 8 ?>;CG020=5 =0 
AB018;=8 4>1828. �J7459AB285B> =0 B>@5=5B> 8 @>B0F88B5 =0 :C;BC@8B5 2J@EC 
F8:J;0 =0 2J3;5@>40 8 07>B0 2 03@>5:>A8AB5<8B5, B@O120 40 1J45 B>G=> >F5=5=>, 70 
40 A5 ?>AB83=0B F5;8B5 70 ?>44J@60=5 =0 28A>:> ?;>4>@>485 =0 ?>G20B0 8 
AJI52@5<5==> =0<0;O20=5 5<8A88B5 =0 ?0@=8:>28 307>25. *5;B0 =0 =0AB>OI0B0 
@01>B0 5 40 A5 ?>;CG0B 40==8 70 5<8A88B5 =0 ?0@=8:>28 307>25 (CO2 8 N2O), ?@8 
@07;8G=8 20@80=B8 =0 B>@5=5 ?@8 G5B8@8?>;=> A58B1>>1@0I5=85 (?H5=8F0, 5G5<8:, 
F0@528F0 8 D0AC;) =0 �53@048@0= +5@=>75<.  

�7<5@20=8 A0 5<8A88B5 =0 CO2 8 N2O ?@8 2A8G:8 20@80=B8 =0 B>@5=5 ?@57 
2535B0F8OB0  =0 >B3;5640=8B5 :C;BC@8 ?@57 ?5@8>40 2021-2023 3>48=0 (2 :@0O =0 16-
B0 8 =0G0;>B> =0 17-B0 @>B0F8O =0 &@05= B>@>2 >?8B, ��% „"1@07F>2 G8D;8:5 $CA5). 
� >?8B0 A5 87?8B20B 7 20@80=B0 =0 B>@5=5 AJA A0<>AB>OB5;=> 8 :><18=8@0=> 
2=0AO=5 =0 B@8B5 <0:@>5;5<5=B0 N, P, K. �0 A@02=5=85 A5 ?>44J@60 =5B>@5=0 
:>=B@>;0 N0P0K0. "?8BJB A5 8725640 2 425 ?>2B>@5=8O. 

'AB0=>25=> 5, G5 =09-8=B5=782=8 A0 5<8A88B5 =0 CO2 >B ?>G20B0 ?@8 
20@80=B8B5 A :><18=8@0=> NP 8 NPK B>@5=5, 0 =09-=8A:8 ?@8 54=>AB@0==> :0;852> 
B>@5=5. �<8A88B5 =0 N2O A5 ?>=86020B ?@8 :><18=8@0=> B>@5=5 NP, NK, NPK.  
�7A;5420=8 A0 8 7028A8<>AB8B5 <564C 03@>E8<8G=8B5 ?>:070B5;8 =0 ?>G20B0 8 
8=B5=782=>ABB0 =0 ?>G25=8B5 5<8A88 =0 ?0@=8:>28 307>25. 

К?NчB6< 8G@<: ?>G25=8 5<8A88 =0 CO2, N2O, B@05= B>@>2 >?8B, A0<>AB>OB5;=> 
8 :><18=8@0=> <8=5@0;=> B>@5=5. 
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Abstract  
Modern agriculture faces a number of challenges, such as to increase the soil 

organic matter, to reduce greenhouse gases from agricultural production and at the same 
time preserving soil fertility and obtaining stable yields. The impact of fertilization and crop 
rotations on carbon and nitrogen cycling in agroecosystems must be accurately assessed 
to achieve the goals of maintaining high soil fertility while mitigating greenhouse gas 
emissions. The aim of the present work is to obtain data on the emissions of greenhouse 
gases (CO2 and N2O) with different fertilization treatments in a four-field crop rotation 
(wheat, barley, corn and beans) on Degraded Chernozem. 

The emissions of CO2 and N2O were measured for all fertilization treatments during 
the vegetation of the cultivated crops in the period 2021-2023 (at the end of the 16th and 
the beginning of the 17th rotation of the Permanent Fertilizer Experiment, I�SS "Obraztsov 
chiflik" Ruse). In the experiment, 7 variants of fertilization are tested with individual and 
combined application of the three macroelements N, P, K. For comparison, the unfertilized 
control N0P0K0 is maintained. The experiment was performed in two replicates. 

It was established that the soil CO2 emissions were the most intense in the variants 
with combined NP and NPK fertilization, and the lowest in the single potassium 
fertilization. N2O emissions were reduced in combined fertilization treatments NP, NK, 
NPK. The relationships between the agrochemical parameters of the soil and the intensity 
of soil emissions of greenhouse gases were also investigated. 

Key words: soil emissions of CO2, N2O, permanent fertilizer experience, individual 
and combined mineral fertilization. 

 
�N6989A<9 

&>@5=5B> 5 =09-5D5:B82=0B0 C?@02;5=A:0 ?@0:B8:0 70 >A83C@O20=5 =0 
3;>10;=>B> A5;A:>AB>?0=A:> ?@>872>4AB2>. �J?@5:8 B>20 ?@5:><5@=>B> 8;8 
=5@0F8>=0;=> <8=5@0;=> B>@5=5 <>65 40 4>2545 4> =0<0;O20=5 =0 ?;>4>@>485B> 
=0 ?>G20B0 8 C25;8G020=5 =0 703C10B0 =0 E@0=8B5;=8 25I5AB20 (Patrick et al., 
2013). &>20 2>48 4> <=>3> A2J@70=8 ?><564C A8 =530B82=8 5D5:B8 2J@EC >:>;=0B0 
A@540 8 G>25H:>B> 74@025, :0B> C25;8G020=5 5<8A88B5 =0 ?0@=8:>28 307>25,  
70<J@AO20=5 =0 ?>2J@E=>AB=8B5 8 ?>4?>G25=8B5 2>48, :0:B>  8 =0 E@0=8B5;=8B5 
?@>4C:B8 (Galloway et al., 2008 ). #@>4J;6020I>B> =0@0AB20=5 =0 :>=F5=B@0F88B5 =0 
?0@=8:>28 307>25 (#�) 2 0B<>AD5@0B0 5 A25B>25= ?@>1;5<. �<8A88B5 =0 #�, 
?@>87B8G0I8 >B A5;A:>AB>?0=A:>B> ?@>872>4AB2>, ?@54AB02;O20B ?@81;878B5;=> 
11% >B 3;>10;=8B5 0=B@>?>35==8 5<8A88 ?@57 2010 3. 
(IPCC; 2014, https://cbmjournal.biomedcentral.com/articles/10.1186/s13021-019-0133-9 - 
ref-CR2 Tubiello ,et al., 2013). #@8;030=5B> =0 <8=5@0;=8 8 >@30=8G=8 B>@>25 2;8OOB 
?@O:> 8 =5?@O:> 2J@EC 420B0 >A=>2=8 ?@>F5A0 =0 ?@>872>4AB2> =0 N2O 2 ?>G20B0 - 
=8B@8D8:0F8O 8 45=8B@8D8:0F8O (Hu, 2013). �C<C;0B82=8B5 ?>B>F8 =0 CO2  AJI> A5 

mailto:g.kuncheva@issapp-pushkarov.org
https://cbmjournal.biomedcentral.com/articles/10.1186/s13021-019-0133-9#ref-CR2
https://cbmjournal.biomedcentral.com/articles/10.1186/s13021-019-0133-9#ref-CR2
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C25;8G020B A 2=0AO=5 =0 ?>-28A>:8 =>@<8 07>B (Saeed, 2022) 8 ?@8 4J;3>A@>G=> 
?@8;030=5 =0 :><18=8@0=> NP 8 NPK (Zhai,  2011). 

�J;3>B@09=8B5 B>@>28 >?8B8 4020B 2J7<>6=>AB 70 87CG020=5 ?@><5=8B5, 
=0ABJ?20I8 2 <8:@>18>;>38G=8B5, 03@>E8<8G=8 8 D878G=8 A2>9AB20 =0 ?>G20B0, 2 
@57C;B0B =0 ?@>4J;68B5;=>B> ?@8;030=5 =0 <8=5@0;=8 B>@>25 8 :><18=0F88B5 8<. 
�J;3>A@>G=8B5 5:A?5@8<5=B8 A B>@5=5 A0 =5>1E>48<8 70 >?@545;O=5 =0 
?>4E>4OI8B5 4>78 =0 B>@>25, :0B> A5 275<0B ?@54284 2708<>459AB28OB0 <564C 
>B45;=8B5 E@0=8B5;=8 25I5AB20. &5 4020B 2J7<>6=>AB 70 AJ74020=5 =0  
B5>@5B8G=0B0 >A=>20 70 CAB>9G82>B> ?>4>1@O20=5 =0 4>1828B5 8 70 70?0720=5B> =0 
74@02>A;>2=0 ?>G25=0 A@540 (Šimanský et al., 2022). 

�J;3>A@>G=>B> ?@8;030=5 =0 A8=B5B8G=8 B>@>25, >@30=8G=8 4>102:8 8 4@C38 
75<545;A:8 ?@0:B8:8 <>30B 40 ?@8G8=OB @07;8:8 2 =0B@C?20=5B> =0 ?>G25= 
>@30=8G5= 2J3;5@>4 (#"�) 8 07>B, :0B> 2 =O:>8 A;CG08 2>4OB 4> =5B=8 703C18 =0 #"� 
8 N, 0 2 4@C38  -  4> ?>4>1@O20=5 =0 AJ4J@60=85B> =0 >@30=8G=> 25I5AB2> 2 ?>G28B5 
(Nayak et al., 2019, Shakoor et al., 2020). %;54>20B5;=> 5 =0;>68B5;=> 40 A5 
@073;540B FO;>AB=> 48=0<8G=8B5 ?@><5=8 2 A5:25AB8@0=5B> =0 #"�, ?>B5=F80;=8B5 
?0@=8:>28 5<8A88 8 ?@>4C:B82=>ABB0 =0 :C;BC@8B5 70 >F5=:0 =0 :>=:@5B=0 AB@0B538O 
70 C?@02;5=85  8  ?>44J@60=5 =0 A5;A:>AB>?0=A:>B> ?@>872>4AB2> 2 4J;3>A@>G5= 
?;0=.  �J7459AB285B> =0 ?@0:B8:8B5 =0 B>@5=5 2J@EC F8:J;0 =0 C 8 N 2 ?>G20B0 2 
03@>-5:>A8AB5<8B5, B@O120 40 1J45 B>G=> >F5=5=>, 70 40 A5 ?>AB83=0B F5;8B5 70 
?>44J@60=5 =0 28A>:> ?;>4>@>485 8 <564C2@5<5==> A<5:G020=5 =0 5<8A88B5 =0 
?0@=8:>28 307>25 (Zhang et al., 2016). 

�7A;5420=8OB0 ?> B>@5=5B> 2 �5<545;A:0B0 >?8B=0 AB0=F8O „"1@07F>2 G8D;8:6 
(?>=0AB>OI5< ��% „"1@07F>2 G8D;8:5) 70?>G20B >I5 ?@57 1906 3>48=0, :>30B> A0 
70;>65=8 ?>;A:8 B>@>28 >?8B8 A ?@>A>, F0@528F0 8 D0AC;. �:A?5@8<5=B0B>@8B5 A0 
284>87<5=O;8 AE5<8B5, :0B> A0 A5 @J:>2>48;8 >B A?5F8D8G=8B5 878A:20=8O =0 
@0AB5=8OB0. #@57 A;5420I8B5 3>48=8 70?>G20B 40 A5 87?8B20B 8 @07;8G=8 284>25 
B>@>25, :0:B> 8 =0G8=8 70 B>@5=5 =0 ?>;A:8 :C;BC@8. � =0AB>OI8O A8 D>@<0B, 
B@09=8OB B>@>2 >?8B 2 ��% „"1@07F>2 G8D;8:5 A5 8725640 >B 1958 3. 

*5;B0 =0 =0AB>OI5B> 87A;5420=5 5 40 A5 CAB0=>28 2;8O=85B> =0 4J;3>A@>G=>B> 
<8=5@0;=> B>@5=5, 2 AJG5B0=85 A G5B8@8?>;=> A58B1>>1@0I5=85, 2J@EC 
A5:25AB8@0=5B> =0 2J3;5@>4 >B ?>G20B0 8 5<8A88B5 =0 ?0@=8:>28 307>25 2 CA;>28OB0 
=0 �53@048@0= +5@=>75<. 

 
 4F9D<4?< < @9FB8< 

�7A;5420=5B> 5 ?@>2545=> ?@57  2021-20233. :>30B> B@09=8OB B>@>2 >?8B 5 2  
163B0B0 @>B0F8O =0 G5B8@8?>;=>B> A58B1>>1@0I5=85 (64 3>48=8 A;54 AB0@B8@0=5B> =0 
>?8B0), 2 >?8B=>B> ?>;5 =0 ��% „"1@07F>2 G8D;8:5 $CA5, 2 A525@5= :;8<0B8G5= 
@09>=, =0 ?>G20 �53@048@0= +5@=>75<. 

#;>IB0 >B 10 da 5 705B0 A :C;BC@8B5 ?H5=8F0 (A>@B „�C=028O6), D0AC; (A>@B 
„"1@07F>2 G8D;8: 126), 5G5<8: (A>@B „�E0B6) 8 F0@528F0 ($A 464), ?> ?@8;030=0B0 >B 
?@54E>4=8 ?5@8>48 <5B>4 8 AE5<0 =0 �>@6 �8; 2 425 ?>2B>@5=8O, A ?> >A5< 
20@80=B0, @07?>;>65=8 ?> $N<:5@. �>;5<8=0B0 =0 >?8B=8B5 ?0@F5;8 5 100 m2, 0 =0 
@5:>;B=8B5 - 60 m2 . 

�7?8B20B A5 7 20@80=B0 =0 B>@5=5 AJA A0<>AB>OB5;=> 8 :><18=8@0=> 2=0AO=5 
=0 B@8B5 <0:@>5;5<5=B0 N, P, K, >B :>8B> 07>B=8B5 =>@<8 A0 @07;8G=8 ?@8 >B45;=8B5 
:C;BC@8: ?@8 ?H5=8F0B0 8 F0@528F0B0 N 3 15 kg da-1 0.2.; ?@8 D0AC;0 N - 5 kg da-1 
0.2.8 ?@8 5G5<8:0 N 3 10 kg da-1 0.2. (>AD>@=>B> ($2"5) B>@5=5 5 A 12 kg da-1 0.2., 0 
:0;852>B> (�2") 5 7 kg da-1 0.2. 70 G5B8@8B5 :C;BC@8. �0 A@02=5=85 A5 ?>44J@60 
=5B>@5=0 :>=B@>;0 N0P0K0. (>AD>@=8B5 8 :0;8528B5 B>@>25 A5 2=0AOB 54=>:@0B=>, 
?@548 >A=>2=0B0 >1@01>B:0, 0 07>B=8OB 3 54=>:@0B=> A;54 ?>=8:20=5B> =0 
:C;BC@8B5, :0B> @0==> ?@>;5B=> ?>4E@0=20=5.  



��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 199 

�<8A88B5 =0 ?0@=8:>28 307>25 1OE0 87<5@20=8 2 ?5@8>40 ?@57 2535B0F8OB0 =0 
:C;BC@8B5 ?> 20@80=B8 8 ?> :C;BC@8. #>B>F8B5 =0 CO2 A5 87<5@20B =0 <OAB> A 
?><>IB0 =0 :0;81@8@0=8O B5AB5@ „ALMEMO5 AJA A5=7>@ 70 %"2. �0 >BG8B0=5 =0 
5<8A88B5 1OE0 87?>;720=8 ?;0AB<0A>28 :0<5@8.  

�J74CH=0B0  :>=F5=B@0F8O =0 %"2 8 B5<?5@0BC@0B0 A5  87<5@20B  =0 28A>G8=0 1 
m =04 ?0@F5;8B5. %;54 ?>AB02O=5B> =0 :0<5@8B5, B5 A5 70B20@OB A :0?0G:8 8 A5 
87G0:0 8=:C10F8>=5= ?5@8>4 >B 30 <8=., A;54 :>5B> A5 87<5@20 =0B@C?0=8O %"2 2 
70B2>@5=8B5 :0<5@8. %;54 B>20 A5 87G8A;O20 87B8G0=5B> =0 %"2 (:3 E 1 - 1 45= ± 1), 
AJ3;0A=> Bilandžija et al. :0B>:  
 
�CO2 = (M × P × V × (c2 - c1)) / (R × T × A × (t2 - t1))                (1) 
 

�J45B>: �CO2- >B45;O=5 =0 CO2 >B ?>G20B0 (kg ha-1 h); A;54 :>5B> <>65 40 A5 
?@587G8A;8 =0 45=. M-<>;0@=0 <0A0 =0 %"2 (kg mol -1); P-=0;O30=5 =0 2J74CE0 ($0); 
V-:0<5@5= >15< (m3); C1 - =0G0;=0 :>=F5=B@0F8O =0 %"2 (µmol mol-1); %2-
:>=F5=B@0F8O =0 %"2 A;54 8=:C10F8>==>B> 2@5<5 (µmol mol-1); R-307>20 :>=AB0=B0 (J 
mol -1 K-1); &-B5<?5@0BC@0 =0 2J74CE0 (�); �-?>2J@E=>AB =0 :0<5@0B0 (m2); t2-t1-
8=:C10F8>=5= ?5@8>4.  
 

�7<5@20=5B> =0 N2O A5 ?@028 ?> AJI8O =0G8=, :0:B> 70 %"2, :0B> A5 87?>;720B 
AJI8B5 :0<5@8 8 8=:C10F8>=5= ?5@8>4. �7?>;720 A5 70:C?5=8OB 0?0@0B Gastiger 
2000. 

"BG8B0B A5 D>=>28B5 5<8A88, 2 <><5=B0 8 AJ1@0=8O 307 2 :0<5@0B0 70 30 <8= 8 
A5 >BG8B0B 5<8A88B5 (�) 2 kg ha-1 h -1 

 

� N2O = (M × P × V × (c2 - c1)) / (R × T × A × (t2 - t1))          (2) 
 
�J45B>, >B=>2> � N2O - >B45;O=5 =0 N2O >B ?>G20B0 (kg ha-1 h); A;54 :>5B> <>65 40 
A5 ?@587G8A;8 =0 45=. M-<>;0@=0 <0A0 =0 N2O (kg mol -1); P-=0;O30=5 =0 2J74CE0 
($0); V-:0<5@5= >15< (m3); C1 - =0G0;=0 :>=F5=B@0F8O =0 N2O (µmol mol-1); %2-
:>=F5=B@0F8O =0 N2O A;54 8=:C10F8>==>B> 2@5<5 (µmol mol-1); R-307>20 :>=AB0=B0 (J 
mol -1 K-1); &-B5<?5@0BC@0 =0 2J74CE0 (�); �-?>2J@E=>AB =0 :0<5@0B0 (m2); t2-t1-
8=:C10F8>=5= ?5@8>4.  
 

"1I8OB >@30=8G5= 2J3;5@>4 15H5 >?@545;O= ?> <5B>40 =0 &N@8=.  5B>4JB A5 
>A=>2020 =0 :>A25=>B> >?@545;O=5 =0 :>;8G5AB2>B> 2J3;5@>4, ?>;CG5= ?@8 
>:8A;O20=5 =0 >@30=8G=>B> 25I5AB2> A @07B2>@ =0 :0;852 18E@><0B 2 A5@=>:8A5;0 
A@540 ?@8 =03@O20=5. �J3;5@>4JB >B ?>G25=0 <8:@>1=0 18><0A0 (Cmic) A5 87<5@20 
?> <5B>40 =0 Anderson 8 Domsch (1978), 0 ?5@<0=30=0B=8OB >:8A;O5< 2J3;5@>4 
(POXC) ?> <5B>40 =0 Culman (2012).  8=5@0;=8OB 07>B 15H5 >?@545;O= ?> <5B>40 
=0 �5;40;, 0 AJ4J@60=85B> =0 4>ABJ?=8 D>@<8 =0 D>AD>@ 8 :0;89 2 0F5B0B=>-
;0:B0B5= 872;5:, :0B> >?@545;O=5B> =0 D>AD>@0 A5 872J@H20  
A?5:B@>D>B><5B@8G=>, 0 =0 :0;8O - =0 ?;0<JG5= D>B><5BJ@. 
 

$9;G?F4F< < B5EN:84A9 

"BG5B5=8 A0 =09-8=B5=782=8 5<8A88 =0 %"2 ?@8 20@80=B8B5 NP 8 NPK ((83C@0 
1). %JI> ?@8 B578 20@80=B8 A5  CAB0=>2O20 8 =09-28A>:> =0B@C?20=5 =0 >@30=8G5= 
2J3;5@>4 ((83C@0 3). &.5. ?@8 :><18=8@0=> 07>B=> 8 D>AD>@=> B>@5=5, ?@>B8G0B 
?@>F5A8 =0 D>@<8@0=5 =0 >@30=8G=> 25I5AB2>, :>5B> AB8<C;8@0 8 ?>G25=>B> 
48H0=5.  

�<8A88B5 =0 N2O, A0 =09-28A>:8 ?@8 20@80=B8B5 N, P, K, ?@8;030=8 
A0<>AB>OB5;=> ((83C@0 2). !09-=8A:8 A0 ?>B>F8B5 =0 N2O ?@8 :><18=8@0=> B>@5=5 
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NK, PK, NPK.  564C 8=B5=782=>ABB0 =0 >B45;O=5B> =0 N2O >B ?>G20B0 8 4>ABJ?=8B5 
D>@<8 =0 :0;89 8<0 >B@8F0B5;=0 C<5@5=0 :>@5;0F8O (r= - 0,53), :>5B> >1OA=O20 ?>-
=8A:8B5 5<8A88 ?@8 :><18=8@0=> B>@5=5 A :0;89.  

#>G25=8B5 >B45;O=8O =0 CO2 8 N2O A0 AC<0@=> =09-28A>:8 ?@8 ?H5=8F0 66,38 
:g ha-1day-1). #>B>F8B5 =0 %"2 A0 =09-=8A:8 ?@8 D0AC; (33,22 :g ha-1day-1), 4>:0B> 
?>=865=85B> =0 5<8A88B5 =0  N2O  5 =09-A8;=> 5G5<8: (0,038 :g ha-1day-1) 8 F0@528F0 
(0,043 :g ha-1day-1) (&01;8F8 1 8 2). 

 

 
(<7GD4 1. �<8A88 =0  CO2 (:g ha-1day-1) >B ?>G20B0 A@54=> ?>  20@80=B8 =0 B>@5=5,  

�53@048@0= +5@=>75<, ��% "1@. G8D;8:, $CA5=A:>, 2021-2023 3. 
 

&45?<J4 1. �<8A88 =0 CO2 (:g ha-1day-1) >B ?>G20B0 ?> 20@80=B8 =0 B>@5=5 8 ?> 
:C;BC@8 

 *4D96<J4 (4EG? #L9A<J4 �K9@<> %D98AB  
N 26,89 ab 32,71 ab 58,89 ab 59,31 ab 44,45 
P 47,93 ab 21,08 b 62,53 ab 56,11 ab 46,91 
K 30,03 ab 22,11 ab 62,88 ab 53,90 ab 42,23 
NP 62,94 ab 44,53 ab 92,16 ab 65,75 ab 66,34 
NK 42,28 ab 17,00 ab 65,30 ab 59,17 a 45,94 
PK 71,24 ab 42,54 ab 69,90 ab 56,97 a 60,16 
NPK 100,30 ab 50,17 ab 62,76 ab 58,06 a 67,82 

0 54,83 ab 35,65 ab 56,64 ab 55,54 ab 50,66 
%D98AB 54,56 33,22  66,38  58,10 53,07 

 

 
(<7GD4 2. �<8A88 =0  N2O (:g ha-1day-1) >B ?>G20B0 A@54=> ?>  20@80=B8 =0 B>@5=5,  

�53@048@0= +5@=>75<, ��% "1@. G8D;8:, $CA5=A:>, 2021-2023 3. 
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&45?<J4 2. �<8A88 =0 N2O (:g ha-1day-1) >B ?>G20B0 ?> 20@80=B8 =0 B>@5=5 8 ?> 
:C;BC@8 

 *4D96<J4 (4EG? #L9A<J4 �K9@<> %D98AB  
N 0,055 a 0,055 a 0,062 ab 0,063 ab 0,059 

P 0,039 ab  0,055 a 0,134 b 0,026 ab 0,064 

K 0,037 a 0,055 a 0,058 ab 0,071 ab 0,055 

NP 0,040 ab 0,047 ab 0,075 ab 0,051 ab 0,053 

NK 0,039 ab 0,050a 0,031 ab 0,013 ab 0,033 

PK 0,033 ab 0,046 ab 0,048 ab 0,024 ab 0,038 

NPK 0,044 ab 0,042 ab 0,060 ab 0,023 ab  0,042 

0 0,043 ab 0,036 ab 0,073 ab 0,035 0,047 

%D98AB 0,041 0,048  0,068 0,038  
 

#@>4J;68B5;=>B> 54=>B8?=> <8=5@0;=> B>@5=5 5 4>25;> 4> ?>=86020=5 =0 
?>G25=>B> >@30=8G=> 25I5AB2> ?@8 20@80=B8B5 " (1,05%), NK (1,25%), PK (1,18%), N 
(1,22%) ((83C@0 3). �><18=8@0=>B> B>@5=5 07>B 8 D>AD>@ 2>48 4> =09-A8;=> 
C25;8G020=5 =0 >@30=8G5= 2J3;5@>4 2 ?>G20B0, :0B> ?@8 20@80=B NPK, B> 5 1,42%, 0 
?@8 NP 3 1,43%. 

�J?@5:8 =8A:>B> :>;8G5AB2> #"�, >BG5B5=>  ?@8 =C;528B5 20@80=B8, 5<8A88B5 
=0 N2O 8 CO2 ?@8 ;8?A0 =0 B>@5=5, =5 A0 =09-A8;=> ?>=865=8.  �<8A88B5 =0 CO2  A0 
?>-=8A:8 ?@8 N, P, K 20@80=B8 2 A@02=5=85 A =C;520B0 :>=B@>;0, 0  N2O  - ?@8 NK, PK, 
NPK (:><18=8@0=> B>@5=5 A :0;89). &>20 ?>:0720 ?>-=8A:0 AB5?5=  =0 <8:@>1=> 
48H0=5 ?@8 54=>AB@0==> B>@5=5 8 ?>-=8A:0 AB5?5= =0 =8B@8D8:0F8O 8 
45=8B@8D8:0F8O ?@8 :><18=8@0=> B>@5=5 A :0;89). 

 

 
ANOVA: p=0.0003 

(<7GD4 3. %J4J@60=85 =0 ?>G25= >@30=8G5= 2J3;5@>4 (#"�, %), A@54=> ?> 20@80=B8 
=0 B>@5=5 
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B ip lot

C o mpon e nt 1Component 2 CC mic C O 2K N N 2 O P-2 ,6 -1 ,6 -0 ,6 0 ,4 1 ,4 2 ,4-1 ,8-0 ,80 ,21 ,22 ,2

Biplot

Component 1

C
o

m
p

o
n

e
n

t
 
2

C

Cmic

CO2

K

N

N2O

P

-2,6 -1,6 -0,6 0,4 1,4 2,4

-1,8

-0,8

0,2

1,2

2,2

 
(<7GD4 4. #@8=F8?5= :><?>=5=B5= 0=0;87 (PCA) =0 >A=>2=8B5 87A;520=8 D0:B>@8,  

% (#"�, %), <8=5@0;5= N(mg kg-1), 4>ABJ?=8 D>@<8 =0 P2O5 (mg 100g-1),  
K2O (mg 100g-1), ?>G25= >@30=8G5= 2J3;5@>4 (%), CO2 (:g ha-1day-1), N2O (:g ha-1day-1) 

8 <8:@>180;5= 18><0A5= 2J3;5@>4 (Cmic, mg 100g-1)  
 

#@>2545= 5 8 ?@8=F8?5= :><?>=5=B5= 0=0;87 ($%�) ((83C@0 4). *5;B0 =0 PCA 5 
40 CAB0=>28 ;8=59=8 :><18=0F88 <564C 25;8G8=8B5, :>8B> 87A;5420<5, :0B> B578 
;8=59=8 :><18=0F88 ?@54AB02;O20B :><?>=5=B8B5 =0 0=0;870. #@8=F8?=8OB 
:><?>=5=B5= 0=0;87 15H5 ?@8;>65= 70 >?@545;O=5 2@J7:0B0 <564C 03@>E8<8G=8B5 
?>:070B5;8, ?>G25=>B> >@30=8G=> 25I5AB2> 8 5<8A88B5 =0 ?0@=8:>28 307>25. 
�0==8B5 1OE0 70@545=8 2 420 >A=>2=8 :><?>=5=B0 (PC1 8 PC2), :>8B> >1OA=O20B 
?>25G5B> 20@80F88 <564C ?>:070B5;8B5 ?> 20@80=B8 =0 B>@5=5. !0 4803@0<0B0, 
?0@0<5B@8B5 A5 AG8B0B 70 ?>;>68B5;=> A2J@70=8 548= A 4@C3, :>30B> A0 ?>4 >ABJ@ 
J3J;, :>30B> 25:B>@8B5 8< D>@<8@0B ?@02 J3J; =5 A0 A2J@70=8, 0 :>30B> A0 ?>4 BJ? 
J3J; A0 >B@8F0B5;=> A2J@70=8. 'AB0=>2O20B A5 ?>;>68B5;=0 7028A8<>AB <564C  
AJ4J@60=85B> =0 <8=5@0;5= 07>B, ?>G25= >@30=8G5= 2J3;5@>4 8 5<8A88B5 =0 CO2. 
�@C38OB ?0@=8:>2 307 3 N2O, =5 5 A2J@70= A ?>G25=>B> >@30=8G=> 25I5AB2>,  %"2 8 
AJ4J@60=85B> =0 <8=5@0;5= 07>B. #>;>68B5;=0 5 2@J7:0B0 =0 >B45;O=5B> =0 N2O 8 
4>ABJ?=8B5 D>@<8 =0 D>AD>@.  8:@>180;=8O 18><0A5= 2J3;5@>4 (Cmic), 8<0 
?>;>68B5;=0 2@J7:0 A 4>ABJ?=8B5 D>@<8 =0 :0;89. � 420B0 ?>:070B5;O A0 
>B@8F0B5;=> A2J@70=8 A 5<8A88B5 =0 ?0@=8:>28 307>25. 

 
�4>?NK9A<9 

!09-A8;=> 2;8O=85 2J@EC D>@<8@0=5B> =0 ?>G25=>B> >@30=8G=> 25I5AB2> 8<0 
AJ4J@60=85B> =0 <8=5@0;5= 07>B, => 2 AJG5B0=85 A D>AD>@ (NP) 8 A D>AD>@ 8 
:0;89 (NPK).  

#>-28A>:>B> :>;8G5AB2> =0 >1I >@30=8G5= 2J3;5@>4 2>48 4> ?>-28A>:0 
8=B5=782=>AB =0 48H0=5 =0 ?>G20B0 8 ?>-8=B5=782=8 5<8A88 =0 %"2, 4>:0B> 
?>B>F8B5 =0 N2O =5 ?>:0720B 7028A8<>AB >B #"�.  

!C;520B0 :>=B@>;0 5 A =09-=8A:> =0B@C?20=5 =0 >@30=8G=> 25I5AB2>, => 
5<8A88B5 8 =0 420B0 3070 =5 A0 A =09-=8A:0 8=B5=782=>AB, :>5B> ?>:0720 ?@>B8G0I> 
?8>G25=> 48H0=5, =8B@8D8:0F8O 8 45=8B@8D8:0F8O, B.5. ?@>B8G0I0 <8=5@0;870F8O 
=0 ?>G25=>B> >@30=8G=> 25I5AB2>. 
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�<8A88B5 =0 N2O A0 =09-A8;=> @54CF8@0=8 ?@8 20@80=B8B5 A :><18=8@0=> 
B>@5=5 A :0;89 (NK, PK, NPK) 8 A0  =09- 28A>:8 ?@8 54=>AB@0==> B>@5=5. 
 

�?47B84DABEF< 

�2B>@8B5 1;03>40@OB 70 D8=0=A8@0=5B> =0 =0CG=8B5 87A;5420=8O ?> ?@>5:B 
„�=B53@8@0=5 =0 A0B5;8B=8 8 =075<=8 40==8 70 :><?>=5=B8 =0 2>4=8O 10;0=A =0 
?>G20B0 8 @0AB8B5;=0B0 ?>:@82:0 2 <>45;8 70 >F5=:0 =0 03@>5:>;>38G=8 @8A:>25 8 
75<545;A:8 ?@0:B8:8 70 A<5:G020=5B> 8<6 >B (>=4 „!0CG=8 �7A;5420=8O6 (4>3>2>@ 
�#-06 ! 76/2  2023). 
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Abstract 
Cambisols are the most typical soil type in the Vitosha Mountain. These soils are 

spread in the middle belt of the mountain with an altitude from 600 m to 1800 m. 
Acidification of Cambisols occurs due to washing of bases from the profile and when the  
altitude increases, exchangeable aluminium occurs. Cambisols cation exchange capacity 
can vary widely depending on factors such as parent material, organic matter content and 
clay content. The strongly acidic reaction usually extends to a depth of Bw (cambic) 
horizon. Cation exchange capacity of Cambisols is in low values up to 12 cmol(+).kg-1. 
Depending on base saturation, soils can be divided as Eutric Cambisols or Dystric 
Cambisols. In studied soil profiles Eutric Cambisol prevail over unsaturated Dystric 
Cambisols.  

Key words: exchangeable cations, soil reaction, base saturation, Cambisols.  
 
Introduction  
Cambisols are a globally recognized soil group according to the WRB classification 

(IUSS Working Group WRB, 2022). They are a basic soil type in the mountainous regions 
of Bulgaria and they are spread almost under forest vegetation. Cambisols are the most 
common soil type in the Vitosha Mountain also. They are spread in the forest part of the 
mountain with an altitude of 5003600 m to about 1800 m. The soil-forming rocks on which 
the Cambisols were formed are mainly granites, granite-gneisses, schist, syenites, 
rhyolites etc. There are small amounts of clay minerals in soil such as kaolinite, 
montmorillonite and chlorite (Donov, 1972; 1992; Koinov et al, 1998; Andreeva, 2014; 
Hristov et al, 2022).  
Cambisols cation exchange capacity can vary widely depending on factors such as parent 
material, organic matter content and clay mineral content. As altitude increases, 
exchangeable aluminium occurs but the amount is usually low. The most acidic are the 
soils in spruce forests and those at higher altitudes in the mountain. Typically for the 
region cation capacity is low 16320 cmol(+).kg-1 in A horizon (Malinova, 2019). In sandy 
and humus-poor soils, it drops to 5 cmol(+).kg-1, and in soils with  heavier soil texture, it 
can exceed 30 cmol(+).kg-1 (Malinova et al., 2020). 
 Depending on their saturation with the base, they can be divided into saturated, which 
contain a significant amount of Ca2+ and Mg2+, and unsaturated, which, in addition to the 
other bases, also contain exchangeable acidic cations such as Al3+, Mn3+, Zn2+, H+. 
Usually, saturated Cambisols are in a complex with Rendzic Leptosols on carbonate rocks, 
and unsaturated ones are formed on acidic rocks (Bachvarova, 2005). Eutric Cambisols 
are soils, that have horizons with base saturation more than 50% and more, but they are 
not calcareous in depth (Kulikov, 1989).  

Usually well saturated Eutric Cambisols are found in quite a wide range of soil 
forming factors. The unsaturated Dystric Cambisols have common features with the Eutric 
Cambisols. The fundamental difference between these two soil types is in their base 
saturation. Base saturation should be less than 50% in some of the soil horizons in Dystric 

mailto:bisseru@gmail.com
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Cambisols deeper than 20 cm. They are usually developed on acid parent rocks. These 
soils are widely spread in Vitosha Mountain in combination with Cambic Leptosols and 
Cambic Umbrisols (Hristov et al., 2022; Hristov 2023). 
  

Materials and Methods  
Sixteen soil profiles were studied in the forest area of Vitosha Mountain shown on 

Figure 1. Laboratory analyzes of soil parameters that are necessary for the soil sorption 
capacity, as well as parameters that characterize the current status of the studied soils, 
were carried out, as follows: p! !2" 3 ISO 10390; Exchange acidity 3 ISO 11260 & ISO 
14254 (extraction with 0.1 mol/l BaCl2 solution until equilibrium desorption and titration 
with 0.05 mol/l NaOH); Exchange bases, cation capacity and base saturation (B.S). The 
base saturation is calculated according to this formula BS % = 100*(£sum/CEC) Where: 
BS% is base saturation, £sum is the sum of exchangeable basic cations (ex. Ca, ex. Mg, 
ex. K, ex. Na), CEC is the cation exchange capacity of the soil. For figures and statistical 
analyses MS Office 2017 was used.  

 

 
 Figure 1. The area of Vitosha Moutain and studied soil profiles of Cambisols  
  

Results and Discussion  
Acidification of Cambisols soils occurs due to washing of bases from the profile. 

Certain vegetation types, such as coniferous forests, contribute it washing of bases with 
more organic acids to the soil due to the decomposition of acidic plant litter (Steffens, 
2018). This is especially common in the territory of Vitosha Mountain where Cambisols are 
associated with forest ecosystems. The strongly acidic reaction usually extends to a depth 
of Bw (cambic) horizon, then rises, most often remaining below 6.0. The studied 
Cambisols have reaction (pH) form slightly acidic to strong acidic (from 6.6 to 4.4). Low 
values of soil pH leads elements like aluminium and manganese become more soluble 
and can reach toxic levels for plants. In such acidic conditions, the hydrogen ions in the 
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soil can attack the crystal structure of clay minerals, causing them to break down 
(Malinova et al., 2020). 

In higher mountain areas, soil exchange acidity also increases. Soil exchange acidity 
is in the acid positions of the soil adsorbent (exchange aluminium, manganese, zinc, etc. 
amphoteric cations and eventually hydrogen ions).  
 
Table 1. Exchangeable bases, soil pH, cation exchange capacity and base saturation 

Soil 
profiles 

Horizon 
Depth 

cm 
pH 

(H2O) 

Ex. 
Acidity* 

Ex. 
Ca 

Ex. 
Mg 

Ex. 
K 

Ex. 
Na 

CEC Base 
saturation 

% cmol(+).kg-1
 

1 
A 0-9 5.6 1.08 8.78 0.71 0.18 0.03 10.78 90 

Bw 9-28 5.8 1.25 6.14 0.64 0.08 0.03 8.14 85 
C 28-41 5.9 0.67 6.88 0.85 0.07 0.04 8.51 92 

3 
A 0-5 5.2 2.63 1.01 0.37 0.06 0.02 4.09 36 

Bw 5-36 5.9 1.56 7.11 0.64 0.08 0.03 9.42 83 
C 36-53↓ 6.0 1.60 7.56 0.83 0.09 0.04 10.12 84 

4 
A 0-10 6.0 0.67 8.22 1.00 0.11 0.03 10.03 93 

Bw 10-68 6.3 0.58 8.89 1.23 0.12 0.03 10.85 95 
C 68-88↓ 6.6 0.59 9.41 1.76 0.14 0.05 11.95 95 

5 
A 0-8 5.4 2.93 2.11 0.18 0.03 0.01 5.26 44 

Bw 8-50 5.3 2.19 7.30 0.23 0.03 0.02 9.77 78 
C 50-60↓ 5.7 0.81 7.45 0.25 0.03 0.02 8.56 91 

6 
A 0-18 6.0 0.51 1.88 2.12 0.05 0.01 4.57 89 

Bw 18-68 6.2 0.76 1.71 1.84 0.04 0.02 4.37 83 

7 
A 0-10 4.6 7.86 0.37 0.68 0.03 0.02 8.96 12 

Bw 10-80 5.1 6.64 1.19 0.90 0.05 0.03 8.81 25 
C 80-92 5.2 4.25 1.23 0.97 0.06 0.03 6.54 35 

9 
A 0-13 5.0 6.00 0.67 0.09 0.02 0.01 6.79 12 

Bw 13-78 5.0 5.03 0.82 0.14 0.03 0.02 6.04 17 

10 
A 0-15 5.7 0.75 2.15 0.16 0.06 0.02 3.14 76 

Bw 15-57 5.2 3.59 0.94 0.12 0.04 0.01 4.70 24 
C 57-71 5.5 1.25 1.33 0.16 0.05 0.03 2.82 56 

12 
A 0-20 5.3 3.30 0.80 0.11 0.04 0.03 4.28 23 

Bw 20-68 5.5 1.93 0.92 0.14 0.03 0.02 3.04 37 

13 
A 0-20 5.1 4.66 1.66 0.19 0.06 0.02 6.59 29 

Bw 20-50 5.4 2.26 1.95 0.20 0.05 0.02 4.48 50 
BC 50-70 5.7 0.92 0.85 0.10 0.04 0.02 1.93 52 

14 
A 0-13 6.2 0.59 2.09 0.17 0.04 0.01 2.90 80 

Bw 13-67 6.4 0.42 2.23 0.19 0.05 0.02 2.91 86 

15 
A 0-10 5.8 0.66 1.48 0.13 0.06 0.02 2.35 72 

Bw 10-60 5.4 1.74 1.35 0.11 0.05 0.01 3.26 47 

16 
A 0-8 5.8 2.60 1.76 0.94 0.04 0.02 5.36 52 

Bw 8-56 5.4 2.18 1.99 0.80 0.03 0.01 5.01 57 

17 
A 0-10 4.5 4.44 0.33 0.06 0.02 0.01 4.86 9 

Bw 10-60 5.1 1.59 0.35 0.07 0.03 0.02 2.06 23 
C 60-75 5.5 0.41 0.63 0.08 0.03 0.02 1.17 65 

18 
A 0-5 5.8 0.42 1.92 0.17 0.05 0.02 2.58 84 

Bw 5-49 5.4 1.43 2.05 0.21 0.04 0.01 3.74 62 
C 49-62 5.5 1.60 0.89 0.68 0.05 0.02 3.24 51 

20 
A 0-5 4.9 3.21 0.79 0.11 0.03 0.01 4.15 23 

Bw 5-26 4.6 5.57 0.80 0.12 0.03 0.01 6.53 15 
BC 26-40 4.8 4.46 1.28 0.14 0.04 0.02 5.94 25 

*-exchange aluminium, manganese, zinc, hydrogen, etc.  
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In acidic soils, aluminium is more soluble and can reach toxic levels for plants, 
negatively impacting root development and nutrient uptake (Foy, 1984). Due to the fact 
that the exchange aluminium, manganese and other amphoteric cations are derived from 
the strongly acid destruction of the octahedron layer, the presence of exchange acidity is a 
sign for destruction of clay minerals and of the soil adsorbing complex (Ganev et al., 
1990). Examples for the content of exchange acidity in soils are given in Table 1. The 
highest values of exchange acidity in A horizon with maximum value of 7.86. Expectantly 
exchange acidity has negative correlation with soil pH and base saturation (Table 3). 

 
 

 
Figure 2. Exchangeable bases, soil pH, cation exchange capacity and base saturation 

 
 

Cation exchange capacity (CEC) is a measure of a soil's ability to hold and exchange 
positively charged ions, or cations. It is a crucial property influencing soil fertility, as it 
affects the soil's capacity to retain essential nutrients such as calcium (Ca²⁺ ), magnesium 
(Mg²⁺ ), potassium (K⁺ ), and sodium (Na⁺ ) (Brady & Weil, 2016). Cambisols8 CEC is in 
low values up to 12 cmol(+).kg-1 due to limited humus content and generally low clay 
content. The level of calcium in Cambisols can vary depending on the parent material and 
environmental conditions. In studied soils ex. Ca has mean values about 2.3 cmol(+).kg-1 
and it varies from 0.3 to 9.4 cmol(+).kg-1. All other basic cations as Mg, K and Na are in 
low values (Figure 2, Table 2).  

The degree of bases saturation is a fundamental chemical index for Cambisols 

classification, which is widely used in soil classification. The sum of the strongly basic 

exchange cations (calcium, magnesium, potassium, sodium) expressed in percent of the 

value of the total cation exchange adsorption capacity.  
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Table 2. Descriptive statistic of physico-chemical properties  

 pHH2O Ex. 
Acidity 

Ex. Ca Ex. 
Mg 

Ex. K CEC B. S. 

Mean 5.5 2.3 2.8 0.5 0.1 5.7 55.6 

St. Error 0.1 0.3 0.4 0.1 0.0 0.4 4.4 

Median 5.5 1.6 1.7 0.2 0.0 4.9 54.0 

Mode 5.4 1.3 0.8 0.1 0.0 #N/A 23.0 

St. Deviation 0.5 1.9 2.9 0.5 0.0 2.9 28.6 

Range 2.1 7.5 9.1 2.1 0.2 10.8 86.0 

Minimum 4.5 0.4 0.3 0.1 0.0 1.2 9.0 

Maximum 6.6 7.9 9.4 2.1 0.2 12.0 95.0 

 
Cambisols with base saturation more than 50 % are classified as Eutric Cambisols. 

These are soil profiles 1, 3, 4, 5, 6, 10, 13, 14, 16, 18. All other soil profiles are Dystric 
Cambisols because they have base saturation lower than 50 % in some horizons more 
than 20 cm deep of the soil profile (IUSS Working Group WRB, 2022).   

 
Table 3. Correlation matrix between different values  

  pHH2O Ex.Acidity Ex. Ca Ex. Mg Ex. K CEC B. S. 

pHH2O 1       

Ex. Acidity -0.8 1      

Ex. Ca 0.6 -0.4 1     

Ex. Mg 0.5 -0.2 0.4 1    

Ex. K 0.5 -0.4 0.8 0.5 1   
CEC 0.1 0.2 0.8 0.5 0.6 1  
B. S. 0.9 -0.8 0.7 0.5 0.6 0.3 1 

 
There are good correlation between base saturation and all basic cations and soil 

reaction (Table 3). Cambisols with moderate to high base saturation have favourable 
conditions for plant growth, while those with low base saturation may need amendments to 
improve plants to grow. 
  

Conclusion 

Studied Cambisols are developing from the combined forest and mountain soil-
forming process. Soil acidification occurs due to the washing out of bases from the profile. 
The studied Cambisols have reaction (pH) form slightly acidic to strong acidic or from 6.6 
to 4.4. Low values of soil pH leads elements like aluminum become more soluble in the 
complex of soil exchangeable acidity. Cambisols8 CEC is in low values up to 12 cmol(+).kg-

1 due to limited humus content and generally low clay content. The level of exchangeable 
calcium in Cambisols can vary depending on the parent material and environmental 
conditions and it has mean value about 2.8 cmol(+).kg-1. The base saturation is more than 
50 % in nine of the studied soil profiles that can be classified as Eutric Cambisols. The 
other seven soil profiles from Vitosha Mountain are unsaturated Dystric Cambisols with 
low fertility.     
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Abstract 
The objectives for the implementation of integrated economically efficient and socially 

acceptable agro-ecological practices for the realization of the main priorities in the 
agricultural sector in the program period 2021-2027 through integrated carbon practices 
for reducing the amount of greenhouse gases, to achieve the goals of the European 
Union, were examined in the field of climate until 2050 and of the Regulation of the 
European Union for the elimination of carbon emissions and the certification of carbon 
agriculture. This is a strong challenge to preserve the efficiency of the activities in the 
agricultural sector. A possible sustainable circular economy model in the agricultural sector 
with balanced cash flows will be analyzed in accordance with current local legislation. 

Key words: carbon farming, circular economy, agroecological practices.  
 
Introduction 

One of the strategic directions laid down in the visions, strategies, programs, 
development guidelines in the fields of environment, agriculture, energy and economy, 
regional policies, human resources, etc. developed at the national level and at the EU level 
for the next program period until 2030 . is adapting to and overcoming the consequences 
of climate change, for which three priorities for climate action have been identified: climate 
change mitigation, climate change adaptation, and climate change management and 
information.  

In support of the presented European action program on climate change, the "4 per 
1000: Soils for food security and climate" initiative adopted at the World Climate Summit in 
Paris, December 2015 and supported by Bulgaria, putting on the agenda the introduction 
of low-carbon decentralized practices with the aim of regenerating essential soil nutrients 
to achieve integrated results, including recarbonization of soils to guarantee their soil 
fertility and the nutrition of the population, creating conditions for the production of 
decarbonized (low-carbon) energy by introducing integrated decentralized BioCCS 
practices and from here achieving conditions for mitigating the causes of climate change.  

Our national documents unfortunately lack a realistic assessment of the ever more 
clearly manifested consequences of climate change threatening the implementation of 
some of the strategic tasks in the management of the national economy 3 guaranteeing 
the nutrition of the population, ensuring public health by managing the main components of 
the environment -soils, water and atmospheric air, ensuring sustainability of ecosystems 
and territories. 

The main problem stems from the lack of innovative approaches to utilize the waste 
generated in agricultural production, processing plants, logging and wood processing 
(whose annual quantities are estimated at over 9 million tons per year) as resources, 
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through carbon negative practices, their use through decentralized and decarbonized 
practices for retention and storage of organic carbon in soils (BioCCS practices), analysis 
and evaluation of low-carbon innovative global practices for their feasibility in Bulgaria's 
conditions, construction and functioning of management systems and regional adaptation 
to climate change, for sustainable development of the regions in Bulgaria. 

Introducing a similar approach to managing activities to mitigate the causes and 
overcome the consequences of climate change through feasible low-carbon practices 
would prevent and significantly reduce economic damage caused by natural 
manifestations such as:  

• large-scale forest fires caused mostly by arson on stubble;  
• quantitative and qualitative losses in the production of basic cereals crops and 

especially spring crops as a result of permanent droughts and the lack of sufficient 
amounts of irrigation resources; 

 
In the adopted regulations of the European Commission (EC) regarding the goals 

and tasks in the field of agriculture of the member states of the European Union (EU) for 
the implementation of the complex of strategies, they are enshrined in the decisions of the 
Paris Climate Agreement, the strategy for the implementation of "Circular Economies" and 
that of the "Green Pact".  

The need to introduce such regenerative low-carbon practices is related to the 
reduction of greenhouse gases from agriculture and the commitments made to reduce net 
greenhouse gas emissions to collectively achieve climate neutrality by 2035 in the land 
use, forestry and agriculture sectors economy (EU A new circular economy action plan; 
2020), (EC Climate change; 2021). 

In connection with the implementation of the objectives of the European Green Deal, 
proposals for recycling and sustainable carbon storage have been considered, 
summarized in a communication on "Sustainable carbon cycles" (European Parliament 
resolution, 2023), which indicates ways to increase the absorption of atmospheric carbon. 
The European Parliament, with its resolution on sustainable carbon cycles, paved the way 
for future actions aimed at supporting proactive measures taken by farmers to facilitate the 
removal of carbon from the atmosphere and reduce the concentration of CO2 in the 
atmosphere. 

A major task is to capture carbon and return it back to agricultural soils. This would 
lead to an enhancement of the overall contribution of agriculture in terms of the 
implementation of recarbonisation practices.  

On the other hand, it will economically support farmers by providing additional 
income. It is for this reason that one of the mainstays of the Common Agricultural Policy is 
the introduction of low-carbon agriculture and carbon sequestration through agricultural 
land. For the purposes of monitoring and verifying the authenticity and environmental 
friendliness of high-quality and sustainable carbon sequestration, 

 
Materials and Methods 

Implementation of economically efficient and ecologically efficient decentralized low-
carbon practices for resource utilization of biodegradable waste from greenhouse 
production.  

Introducing innovative approaches to the utilization of generated waste as resources 
and its utilization through carbon negative practices is possible by using the biomass 
waste resource from greenhouse productions, applying decentralized and decarbonized 
practices to generate alternative energy and retain and store organic carbon in soils. It is 
important to develop and implement integrated systems for introducing technological 
schemes and technological equipment for regenerative agriculture and soil moisture 
retention. In the long term, the goal is the creation of systems through the justified and 
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socially acceptable utilization of biodegradable waste from the agricultural sector as 
resources for perspective regional practices for carbon agriculture in accordance with the 
principles of the circular approach in economic sectors.   

To achieve the specified system of measures, it is necessary to implement BioCCS 
(biological washing and long-term retention of carbon in soils) practices, to mitigate the 
global consequences of climate change, to implement circular economy projects using the 
products and waste from agricultural productions. 

With their implementation, integrated benefits of soil recarbonization, carbon capture 
and storage, reduction of generated emissions polluting the atmosphere from land use and 
amounts of biodegradable waste will be demonstrated. On the other hand, input products 
will improve soil fertility and structure.  

Introduction of accredited and certified practices for the removal and retention of 
carbon dioxide from the atmosphere and issuance of carbon certificates will refine the 
management system for the implementation of low-carbon decentralized practices, which 
in turn will ensure that the effects are quickly and effectively multiplied in purely economic 
and social terms. 

 
Results and Discussion 

Applicable technologies and technical systems to achieve the goals of carbon 
agriculture developed and put into practice. One of the most frequently applied 
technological schemes for regenerative carbon utilization of green waste is composting 
carried out by means of activated composting in closed containers to guarantee the 
sanitization of the final product according to the requirements set by both Bulgarian 
legislation and those of the European Commission (EC REG No. 1069/ 2009; 2009). A 
three-section closed rotary activated composting system - shown in Figure 1 was 
developed and implemented. 

 

                                                    
Figure 1. Rotary closed system for accelerated thermophilic composting 

 
In a number of author's articles (Pelovski et al., 2018; Serafimova et al., 2018; 

Iordanov et al., 2018; Serafimova et al,. 2021) various technical solutions are described in 
detail of systems for carbonization of waste products in the agriculture sector with the aim 
of introducing carbon agriculture. A plant for carbonization and biochar production is 
shown in Figure 2. 

 
Figure 2. Biochar production facility under BioCCS practices 
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Below in Figure 3 are shown results of implementation of integrated low-carbon 

practices in agriculture (maize production) and forests (afforestation with a carbon pocket 
by introducing integrated low-carbon BioCCS practices) (Kostov et al., 2019; Kostov et al., 
2020; Pelovski et al., 2019; Serafimova et al., 2018). 

The main directions for implementing integrated low-carbon practices in various 
sectors of the economy are indicated for:  

- utilization of biodegradable agricultural waste for soil recarbonization, guaranteeing 
soil fertility and feeding the population; 

- decentralized wastewater treatment for direct use in agricultural production;  
- production of decarbonized energy from agricultural waste; 
- obligatory construction of scientific structures accredited and certified according to 

the current European legislation of practices for removing and retaining carbon dioxide 
from the atmosphere and for issuing valid carbon certificates;  

- expanding the scope of scientific research worldwide and introducing BioCCS 
practices in sectors: metallurgy, construction products, including building elements and 
materials for plastering internal walls (with particular efficiency in wine cellars), the 
production of road surfaces, etc. sectors. 
    

                                                                    
Figure 3. Application of BioCCS practices in the production of water-loving agricultural 

crops 3 for example, in corn and in afforestation in reforestation projects with highlighted 
yield and economic effects 

 
The advantages of activated composting technology is the intensified composting 

process by applying composting accelerators (Kostov et al., 2019) and the conditions 
created in the closed rotary composting system, which allow to achieve about a threefold 
reduction in the required time for composting. Results of some greenhouse productions 
and yields obtained using the described method:  

• When producing tomato seedlings, the yield increases by 125-237%. The product 
appears on the market 15 days earlier.  

• The application of this type of compost increases the yield by 114 - 121%.  
• In greenhouse production of cucumbers on maturing compost, the yield increases 

150-170%, the product appears on the market earlier by 10 to 12 days. 
In a number of author's articles (Pelovski et al., 2018; Serafimova et al., 2018; 

Iordanov et al., 2018; Serafimova et al., 2021) various technical solutions are described in 
detail of carbonization systems, parameters, qualities of the final product and the 
possibilities of using biochar in different sectors of agriculture and forestry with the aim of 
introducing carbon agriculture. 

From the point of view of the considered application in greenhouse production, 

pyrolysis installations with a horizontal chamber are suitable - a schematic diagram of 

which is shown in Figure 4. 
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Figure 4. Schematic diagram of a pyrolysis plant with a horizontal chamber 

 
Another approach in integrated systems is the introduction of carbon dioxide to 

organize plant photosynthesis in greenhouses. The pyrolysis installation with a horizontal 
chamber shown in Figure 4 allows, without complex technical changes, to separate and 
remove CO2 from the gasified flow if necessary, and then connect it to a supply installation 
with a certain volume and flow rate of carbon dioxide directly returned to the greenhouse 
space.   

 Carbon dioxide is needed by plants in chemical reactions (photosynthesis) for the 
biosynthesis of carbohydrates as the basis of the nutritional and skeletal components of 
plant cells and tissues, to ensure growth, development and, as a result, an increase in the 
yields of cultivated crops. The system must include: gas generator, fan, dosing device, gas 
analyzer, transport line and software control (Supply of CO2 in the greenhouse; 2022). The 
principle scheme for the supply of carbon dioxide to stimulate the photosynthesis of plants 
in greenhouses is shown in Figure 5.  

 

 
Figure 5. Schematic diagram for supplying CO2 

 
With the implementation of such a system of feasible low-carbon decentralized 

practices, it is possible to quickly and efficiently multiply the effects in a purely economic 
and social plan and, as the ultimate goal, to build the foundations for the introduction of 
economically justified "green infrastructure", "carbon agriculture" and "green economy". 

The proposed practices can also be combined, which allows developing financial and 
economic models for types of representative projects, which will facilitate interested parties 
from the "Agriculture" sector in their implementation. The financial effect is achieved by 
increasing the yield from the planned production and from the saving of CO2. The 
investment is one-time, but the effect is multi-year.  

 

Conclusion   
The development of national minimum standards for predicting and properly 

estimating soil carbon sequestration is essential. It is necessary that they reflect the 
duration of carbon stay in the soil, to evaluate the effectiveness of the applied method. 
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Getting carbon-rich soil helps farmers' bottom lines by improving soil health and increasing 
yields. 

As a management practice, the presented integrated systems offer significant 
potential for climate change mitigation. There is a need for further development of 
monitoring methods and increased practical experience, and improved assessments of 
carbon farming potential, to increase knowledge and reduce barriers to carbon 
sequestration for agricultural purposes. 

Low-carbon agriculture and animal husbandry cannot be realized without 
state/municipal intervention and application of the "win-win" principle. Because low-carbon 
practices are directly related to the country's commitments to the climate, but also to the 
country's food security, as a quality and affordable product for the population. Intervention 
could take place through:  

- Application of the principles of public-private partnership when providing areas for 
low-carbon agriculture, commitment to purchase the production for a certain period of time;  

- Concession of due taxes (or part of them) for 1-2 years in the case of realized low-
carbon agriculture or animal husbandry.  

 
These approaches could be used as a financial-economic modelling exercise by 

modelling different situations using the "Pyramid Model"(Trifonov A., at al, 2018). 
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Abstract 
A technology has been developed for the formation of a bed surface with a high arc-

shaped bed, which has proven its advantages and has established itself in the production 
of vegetable, berry, essential oil, medicinal and decorative crops. A working tool has been 
developed for bed formation of a high arc-shaped bed with elevations for adjusting the 
parameters of the soil profile. An experimental model of a machine for forming a bed 
surface, laying hoses for drip irrigation, on mulching film was made with a view to creating 
favourable conditions for crops. 

Key words: vegetable production, combined machines, soil profiling, hose laying, 
mulching. 
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AJ74020=5 =0 1;03>?@8OB=8 CA;>28O 70 B578 :C;BC@8 5 >D>@<O=5B> 8 ?>44J@60=5B> 
=0 ?>G25=0B0 ?>2J@E=>AB. &>20 5 A2J@70=> AJA 70?0720=5B> =0 ?>G25=>B> 
?;>4>@>485 8 ?@54>B2@0BO20=5 =0 453@040F8OB0 8 5@>78OB0 =0 ?>G28B5, :>5B> 2 
=0AB>OI8O <><5=B 5 0:BC0;5= 2J?@>A 2 A25B>25= <0I01 (Arvidsson, 1991; Braykov, 
2010; Georgiev, 1975; Irinchev  2013; Lal, 1991; Manushkov, 2013; Mitev, 2015). 
�8A>:0B0 4J3>>1@07=0 ;5E0 5 4>:070;0 A2>8B5 ?@548<AB20 8 A5 5 =0;>68;0 2 
?@>872>4AB2>B> =0 75;5=GC:>28, O3>4>?;>4=8, 5B5@8G=>-<0A;5=8 ;5:0@AB25=8 8 
45:>@0B82=8 :C;BC@8. ( >rtev, %B>52, 2023). &578 :C;BC@8 A0 8=B5=782=8 8 ?@8 BOE A5 
=0;030B <=>3>:@0B=8 ?@5<8=020=8O <564C ;5E8B5 70 4J;J3 ?5@8>4 >B 2@5<5 8 
?>44J@60=5B> =0 ?>G25=0B0 ?>2J@E=>AB ?@8 B@048F8>==8O =0G8= =0 >B3;5640=5 5 
70B@C4=5=>. "B 54=0 AB@0=0 <=>3>:@0B=>B> ?@5<8=020=5 2>48 4> C?;JB=O20=5 =0 
?>G20B0, 0  >B 4@C30 AB@0=0 <>=B8@0=5 =0 :>=AB@C:F88 70 >B3;5640=5 =0 :C;BC@8B5 8 
4@C38 459=>AB8 4>?J;=8B5;=> C25;8G020B @01>B0B0 ?> B5@5=0, :>5B> 70B@C4=O20 
?@5<8=020=5B> =0 <0H8=8. &0:0 A5 70B20@O F8:J;0 >B B@C4=>AB8 ?@8 >B3;5640=5. 
�4=> 4>1@> @5H5=85 5 <C;G8@0=5B> =0 ?>G25=0B0 ?>2J@E=>AB. !5 A0 8725AB=8 
87A;5420=8O 70 >B3;5640=5B> =0 3>@5A?><5=0B8B5 :C;BC@8 =0 28A>:0 4J3>>1@07=0 
;5E0 A <C;G8@0=5 =0 ?>G25=0B0 ?>2J@E=>AB. 

 
#D98A4;A4K9A<9 A4 >B@5<A<D4A4F4 @4L<A4 ;4 BHBD@OA9 A4 ?9IB5D4;8B64 

CB6NDIABEF E 6<EB>4 8N7BB5D4;A4 ?9I4, CB?474A9 A4 >4C>B6< @4D>GK< < 
@G?KHB?<B. 

"?8B=8OB >1@075F =0 :><18=8@0=0B0 <0H8=0 70 D>@<8@0=5 =0 ;5E>1@074>20 
?>2J@E=>AB, ?>;030=5 =0 :0?:>28 <0@:CG8 8 <C;GD>;8> 5 ?@54=07=0G5= 70 
87A;5420=5 2J7<>6=>AB8B5 =0 <0H8=0B0 40 872J@H20 >?5@0F88 70 D>@<8@0=5 =0 
?>G25=0B0 ?>2J@E=>AB 2 >?B8<0;=> AJAB>O=85 2 7028A8<>AB >B 878A:20=8OB0 =0 
:C;BC@0B0. "?8B=8OB >1@075F =0 :><18=8@0=0B0 <0H8=0 A5 87@01>B20 70 
?@>25@O20=5 =0 B5E=8G5A:8B5 E0@0:B5@8AB8:8 2 ?>A;5420I>B> 87A;5420=5 =0 B0:0 
87@01>B5=8O >1@075F. *5; =0 87@01>B20=5 8 87A;5420=5 =0 >?8B=8O >1@075F =0 
:><18=8@0=0 <0H8=0 70 D>@<8@0=5 =0 ;5E>1@074>20 ?>2J@E=>AB A 28A>:0 
4J3>>1@07=0 ;5E0, ?>;030=5 =0 :0?:>28 <0@:CG8 8 <C;GD>;8> 5 >?@545;O=5 
2J7<>6=>AB8B5 70 87?>;720=5 2 75<545;85B>, ?@>872>48B5;=>ABB0 8 :0G5AB2>B> =0 
@01>B0B0 9.  

 
&9IA<K9E>4 I4D4>F9D<EF<>4 

"9IA<K9E>B BC<E4A<e  
"?8B=8OB >1@075F ((83C@0 1) A5 
AJAB>8 >B A;54=8B5 >A=>2=8 
2J7;8: @0<0, AJAB>OI0 A5 >B 
B@J18 8, A2J@70=8 2 
:>=AB@C:F8O ?>A@54AB2>< A:>18 
11, @53C;8@0I8 :>;5;0 6, 
B@8B>G:>20 =025A=0 A8AB5<0 70 
?@8AJ548=O20=5 :J< B@0:B>@0, 
@01>B=8 >@30=8 70 @07@>E:20=5  
=0 ?>G25=8O A;>9, >A83C@O20=5 
=0 @>E:020 ?>G20 70 D>@<8@0=5 
=0 28A>:0 4J3>1@07=0 ;5E0 9, 
=0:;>=5=8 @53C;8@C5<8 
@01>B=8 >@30=8 70 D>@<8@0=5 
=0 28A>:0 4J3>>1@07=0 ;5E0 7, 
:>;5;0 70 ?@8B8A:0=5 =0 
<C;GD>;8>B>, @01>B=8 >@30=8 

 
(<7GD4 1. �><18=8@0=0 <0H8=0 D>@<8@0=5 =0 
;5E>1@074>20 ?>2J@E=>AB A 28A>:0 4J3>>1@07=0 
;5E0, ?>;030=5 =0 :0?:>28 <0@:CG8 8 <C;GD>;8> 
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70 70A8?20=5 =0 <C;GD>;8>B> A ?>G20. $0<0B0 A5 AJAB>8 >B AB><0=5=8 B@J18 A 
@07<5@8 ( 48,3 mm. �0E20=0B8 ?>A@54AB2>< A:>18, 70 40 A5 >A83C@8 @53C;8@0=5 =0 
<5AB0B0 =0 70:@5?20I8B5 5;5<5=B8 1, 4, 10 =0 @01>B=8B5 >@30=8 2,3,5,9. &@J10B0 5 
A;C68 70 ?>AB02O=5 =0 @>;:0B0 A <C;GD>;8>B>, AB>9:0B0 14 A;C68 70 70:@5?20=5 =0 
@>;:8B5 A :0?:>28B5 <0@:CG8, ?>:070=8 =0 (83C@0 2. #@542845=0 5 2J7<>6=>ABB0 :J< 
<0H8=0B0 40 A5 <>=B8@0B CAB@>9AB20 70 ?5@D>@8@0=5 =0 <C;GD>;8>B> 8 70 2=0AO=5 
=0 B>@>25.  0H8=0B0 <>65 40 @01>B8 A <C;GD>;8> A H8@8=0 1000, 1200, 1400 mm. 
$53C;8@0=5B> A5 >AJI5AB2O20 ?>A@54AB2>< 1>;B>25B5 =0 A:>18B5 :0B> A5 @072820B, 
?>AB02OB A5 2 =5>1E>48<>B> ?>;>65=85 8 >B=>2> A5 70BO30B. $53C;8@0=5B> =0 
D>@<0B0 =0 28A>:0B0 4J3>>1@07=0 ;5E0 A5 >AJI5AB2O20 ?>A@54AB2>< 28=B>28B5 
<5E0=87<8 12. ,8@8=0B0 =0 =570A8?0=0B0 A ?>G20 G0AB >B D>@<8@0=0B0 ;5E0 ?@8 
D>;8> 1400 mm. 8 @53C;8@0=> @07AB>O=85 <564C @01>B=8B5 >@30=8 1150 mm. 5 900 
mm. 

�A5:8 >B @07@>E:20I8B5 1@074>>1@07C20I8 @01>B=8 >@30=8 A5 70:@5?20 :J< 
@0<0B0 ?>A@54AB2>< ABJ;15F 10 =0 =53> A0 4>1025=8 4>?J;=8B5;=8 B@J18 ?>4 J3J; 
70 >A83C@O20=5 =0 CAB>9G820 @01>B0. &578 B@J18 A0 70E20=0B8 ?>A@54AB2>< A:>18, 
?>72>;O20I8 ?@><O=0 =0 J3J;0 =0 70:@5?20=5 70 @07;8:0 >B A:>18B5, :>8B> 
70E20I0B ABJ;1F8B5 1, 4 8 10, :>8B> A0 ?@8A?>A>15=8 40 70E20I0B B@J18 A0<> ?>4 
90 3@04CA0. #@8 ?@5B>20@20=5 =0 @01>B=8O >@30=, 70 40 A5 ?@54>B2@0B8 =53>2>B> 
@07@CH020=5 A:>10B0 <>65 40 A5 702J@B8 A?@O<> B@J10B0. $07@>E:20I8B5 
1@074>>1@07C20I8 @01>B=8 >@30=8 9 8<0B 2J7<>6=>AB 70 ?@><O=0 =0 ?>;>65=85B> 2 
7028A8<>AB >B 65;0=0B0 H8@>G8=0 =0 28A>:0B0 4J3>>1@07=0 ;5E0, H8@>G8=0B0 =0 
<C;GD>;8>B>, 878A:20=8OB0 =0 :C;BC@8B5, :>8B> I5 A5 70A0640B 2J@EC ;5E0B0 8 
4@C38 >A>15=>AB8, A2J@70=8 A :>=:@5B=8O A;CG09. !0 (83C@0 2 ?>3;54 >BAB@0=8 8 
?>3;54 >B704 5 ?>:070=0 <0H8=0B0, ?@8:0G5=0 :J< B@0:B>@0, 2 ?@>F5A =0 @01>B0 :J< 
=5O A0 <>=B8@0=8 @>;:8B5 A :0?:>28B5 <0@:CG8 8 @>;:0B0 A <C;GD>;8>. $01>B=8B5 
>@30=8 2 8<0B 2J7<>6=>AB 40 ?@><5=OB A2>OB0 @01>B=0 H8@8=0 548= ?JB :0B> A5 
702J@B0B >:>;> @0<0B0 2 A:>10B0 70 70:@5?20=5 8 2B>@8 ?JB :0B> A5 ?@5<5AB20 
2B>@0B0 G0AB =0 @01>B=8O >@30= 2 4@C38 >B2>@8.  

 

 
 
 

  
CB7?98 BFEFD4A< CB7?98 BF;48 

(<7GD4 2. "?8B5= >1@075F =0 :><18=8@0=0 <0H8=0 D>@<8@0=5 =0 
;5E>1@074>20 ?>2J@E=>AB A 28A>:0 4J3>>1@07=0 ;5E0, ?>;030=5 =0 :0?:>28 
<0@:CG8 8 <C;GD>;8> 03@530B8@0=0 :J< B@0:B>@ ?> 2@5<5 =0 @01>B0 
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#@825640=5B> =0 <0H8=0B0 >B @01>B=> 2 B@0=A?>@B=> ?>;>65=85 8 >1@0B=> A5 
>AJI5AB2O20 ?>A@54AB2>< E84@02;8G=0B0 =025A=0 A8AB5<0 =0 B@0:B>@0. #> 2@5<5 
=0 B@0=A?>@B A5 2:;NG20B ?@54?07=8B5 <5E0=87<8 70 >A83C@O20=5 157>?0A=> 
42865=85 G@57 D8:A8@0=> B@0=A?>@B=> ?>;>65=85. #@8 =5>1E>48<>AB 70 
?@5428620=5 =0 <0H8=0B0 ?> @5?C1;8:0=A:0B0 ?JB=0 <@560 BO B@O120 40 1J45 
>1>@C420=0 AJA A25B;8==0 A83=0;870F8O 8 4@C38 CAB@>9AB20, >A83C@O20I8 157>?0A=> 
42865=85 ?> ?JB8I0B0 AJ>1@07=> 70:>=0 70 42865=85 ?> ?JB8I0B0 8 ?@028;=8:0 70 
=53>2>B> ?@8;>65=85. 

 
&D4AECBDF<D4A9 < FD4AECBDFAB CB?B:9A<9 

#@8 B@0=A?>@B8@0=5 =0 <0H8=0B0 =0 :JA8 @07AB>O=85 B>20 A5 872J@H020 A 
B@0:B>@0, A :>9B> BO I5 @01>B8. #@8AJ548=O20B A5 B@8B5 >:0G=8 B>G:8 >B ;>AB>20B0 
A8AB5<0 =0 E84@02;8G=0B0 =025A=0 A8AB5<0 =0 B@0:B>@0. #@825640=5B> =0 
<0H8=0B0 2 @01>B=> 8 B@0=A?>@B=> ?>;>65=85 A5 >AJI5AB2O20 ?>A@54AB2>< 
A8;>28O F8;8=4J@ >B E84@02;8G=0B0 A8AB5<0 =0 B@0:B>@0 ?>A@54AB2>< ;>AB>25B5 2 
:018=0B0. %;54 :0B> <0H8=0B0 5 ?@82545=0 2 B@0=A?>@B=> ?>;>65=85, ?@548 40 
70?>G=5 42865=85 704J;68B5;=> A5 >A83C@O20 A@5IC A?CA:0=5 ?>A@54AB2>< 
?@54?075= <5E0=87J<, :>9B> AJI> 5 23@045= 2 ;>AB>20B0 A8AB5<0 >B =025A=0B0 
A8AB5<0 ?@8 525=BC0;=0 ?>2@540 =0 E84@>A8AB5<0B0 =0 B@0:B>@0 <0H8=0B0 40 1J45 
>157>?0A5=0 A@5IC ?@>872>;=> ?@5<8=020=5 2 4@C3> ?>;>65=85. #@548 @0745;O=5 
>B B@0:B>@0 <0H8=0B0 B@O120 40 A5 A?CA=5 2J@EC ?;>I04:0 4>:0B> AB018;=> 70AB0=5 
=0 :>;5;0B0 8 @01>B=8B5 >@30=8 A;54 B>20 A5 @07548=O20B B@8B5 ?@8AJ548=8B5;=8 
725=0 >B ;>AB>20B0 A8AB5<0 >B E84@02;8G=0B0 =025A=0 A8AB5<0 =0 B@0:B>@0.  

!0 3>;5<8 @07AB>O=8O <0H8=0B0 A5 B@0=A?>@B8@0 G@57 02B>B@0=A?>@B, 0 
B>20@>-@07B>20@=8B5 459=>AB8 A5 872J@H20B A ?>45<=8 <5E0=87<8 8;8 =0 @0<?0, ?> 
:>OB> B@0:B>@0, A :>9B> @01>B8 <0H8=0B0, ?>4E>640 =0 7045= E>4 8 >B45;O 
<0H8=0B0, :>30B> BO A5 A?CA=5 2J@EC B@0=A?>@B=>B> A@54AB2>. 

 
&9IAB?B7<K9A CDBJ9E 

&5E=>;>38G=8OB ?@>F5A ?@>B8G0 2 A;54=0B0 ?>A;54>20B5;=>AB: #@8 42865=85 
=0 03@530B0 ?>ABJ?0B5;=> <0H8=0B0, B53;5=0 >B B@0:B>@0, A5 ?@8428620 8 
@07;8G=8B5 284>25 @01>B=8 >@30=8 872J@H20B @07;8G=0 @01>B0. $07@>E:20I8B5 
1@074>>1@07C20I8 @01>B=8 >@30=8 A5 701820B 2 ?>G20B0 8 ?>4@O720B, ?>24830B 8 
@07<5AB20B ?>G25=8B5 A;>525, ?>4@O720B ?;525;8B5 8 @0AB8B5;=8B5 >AB0BJF8 =0 
4J;1>G8=0B0, =0 :>OB> <0H8=0B0 5 ?@5420@8B5;=> @53C;8@0=0. #>G25=8OB A;>9, 
:>9B> A5 =0<8@0 ?@54 @01>B=8O >@30= A5 @0745;O =0 425 G0AB8 - ?>;>28=0B0 >B >15<0 
?>G20 A5 ?@5<5AB20 =04OA=> 8 ?>;>28=0B0 =0;O2> :0B> 2 A@540B0, :J45B> A5 42868 
@01>B=8OB >@30= A5 >1@07C20 1@0740. �O20B0 ?>;>28=0 >B ?>G20B0 =0 45A=8O @01>B5= 
>@30= 8 4OA=0B0 ?>;>28=0 =0 ?>G20B0 >B ;528O @01>B5= >@30= A5 ?@54020B =0 
@01>B=8O >@30= 70 D>@<8@0=5 =0 28A>:0 4J3>>1@07=0 ;5E0. &>9 ?>5<0 B578 ?>@F88 
?>G20 >B 1@074>>1@07C20I8B5 @01>B=8 >@30=8 8 O ?@5428620 :J< A@540B0 =0 ;5E0B0 
:0B> AJI52@5<5==> G0AB8G=> O @07<5AB20 8 @07B@>H020. %;>6=0B0 D>@<0 =0 
@01>B=8O >@30=, =0?>4>1O20I0 G0AB >B ?@5A5G5= :>=CA, >D>@<O 28A>:0 4J3>>1@07=0 
;5E0 A?>@54 C:070=8B5 878A:20=8O =0 :C;BC@0B0, :>OB> ?@54AB>8 40 A5 70A0640. 
%JI52@5<5==> A B>20 @>;:8B5 A :0?:>>1@07C20I8B5 <0@:CG8 A5 2J@BOB AJI> 
1;03>40@5=85 =0 ?@02>;8=59=>B> 42865=85 =0 03@530B0 :0B> ?@5420@8B5;=> B5E=8B5 
A2>1>4=8 :@08I0 A0 D8:A8@0=8 70 =5?>4286=8 G0AB8 >B ?>;5B> 2 =0G0;>B> =0 
;5E0B0, :>OB> A5 >1@07C20. #@028;=>B> ?>;>65=85 =0 <0@:CG8B5 A5 >?@545;O >B 
=0?@02;O20I8 2>40G8, @07?>;>65=8 =5?>A@54AB25=> ?@548 @>;:0B0 A <C;GD>;8>B>. 
$>;:0B0 A <C;GD>;8>B> A5 @072820 =0 AJI8O ?@8=F8?. %2>1>4=8OB :@09 A5 D8:A8@0 
G@57 70A8?20=5 A ?>G20 2 =0G0;>B> =0 ;5E0B0, :>OB> ?@54AB>8 40 A5 D>@<8@0. #@8 
42865=85 =0 03@530B0 =0?@54 @>;:0B0 A5 2J@B8 8 D>;8>B> A5 @072820 2J@EC B0:0 
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D>@<8@0=0B0 28A>:0 4J3>>1@07=0 ;5E0. %;54 ?>;030=5 2J@EC ;5E0B0 420B0 :@0O =0 
D>;8>B> A5 ?@8B8A:0B >B :>;5;0B0, 70 40 1J45 4>1@5 >1B53=0B> 8 4>AB0BJG=> 4>1@5 
?>:@8;> ;5E0B0 8 FO;0B0 H8@8=0 =0 :>;5;0B0 40 1J45 =04 D>;8>B>. #@8B8A:0I8B5 
:>;5;0 A5 2J@BOB 2 3;028=8 AJI> 2A;54AB285 =0 ?>ABJ?0B5;=>B> 42865=85 =0 
B@0:B>@0. #>A;54=8OB, => 4>AB0 2065= 5B0? >B B5E=>;>38G=8O ?@>F5A =0 <0H8=0B0, 5 
70A8?20=5B> =0 D>;8>B>. �0:B> ?@548 15H5 >?8A0=> ;O20B0 G0AB >B ;528O 
1@074>>1@07C20I @01>B5= >@30= 8 4OA=0B0 G0AB >B 45A=8O A0 >BE2J@;5=8 AB@0=8G=> 
>B B0:0 D>@<8@0=0B0 28A>:0 4J3>>1@07=0 ;5E0. #@57 B>78 ?>A;545= 5B0? >B ?@>F5A0 
B578 ?>@F88 ?>G20 70A8?20B ?> 4J;68=0 :@08I0B0 =0 ;5E0B0 2J@EC D>;8>B>. &>20 A5 
872J@H20 =09-4>1@5, :>30B> 70@820I8B5 @01>B=8 >@30=8 A5 42860B 1;87> 4> 
?@8B8A:0I8B5 :>;5;0.  

 
&9IA<K9E>4 I4D4>F9D<EF<>4 

 

7 
?> 
@54 

 
#0@0<5B@8  

 
�0==8, %B>9=>AB8 

 5@=8 
548=8F8 

1 &8? =0 <0H8=0B0B0 =025A=0  
2 �010@8B=8 @07<5@8  mm 

2.1 �J;68=0 2150 mm 

2.2 ,8@8=0 1600 mm 

2.3 �8A>G8=0 1400 mm 

3  0A0 220 kg 

4 $01>B=0 H8@8=0 1000, 1200, 1400 mm 

4.1 !0 <0H8=0B0 1200, 1400, 1600 mm 

4.2 !0 D>@<8@0=0B0 ;5E0 1000, 1200, 1400 mm 

4.3 ,8@8=0 =0 D>;8>B> 1000, 1200, 1400 mm 

5 �3@530B8@0=5 

0,6; 0,9; 1,4  
� 7028A8<>AB >B 28A>G8=0B0 =0 
;5E0B0 8 ?>G25=>B> AJ?@>B82;5=85. 

:;0A =0 
B@0:B>@0 

6 %:>@>AB =0 42865=85 2 - 20  km/h 

6.1 $01>B=0 2-10 ?@8 CA;>28OB0 2 B>G:0 5 km/h 

6.2 &@0=A?>@B=0 4> 20 km/h 

7 �J;1>G8=0 =0 >1@01>B:0 4> 300 ?@8 CA;>28OB0 2 B>G:0 5  mm 

8 "1A;C620I ?5@A>=0; 1 <5E0=870B>@ 1@>9 

9 #;>I =0 AJE@0=5=85 8 m2
 

10 #JB5= ?@>A25B 300 mm 

11 �070 =0 <0H8=0B0 1600 mm 

12 )>4>20 G0AB )>4>20B0 A8AB5<0 =0 B@0:B>@0 B8? 

13 &8? =0 :>;5;0B0 ?=52<0B8G=8 284 

14 �@>9 =0 :>;5;0 4 1@>9 

15 $07<5@ =0 3C<8B5 170-406  600-16   �"%& 7463-80 F>; 

16 !0;O30=5 2 3C<8B5 3 kg/sm2
 

12 �>;5O =0 B@0:B>@0 1400-1600 mm 

13 #@>872>48B5;=>AB  0,2-1,4 ?@8 CA;>28OB0 :0:B> B>G:0 5 ha/h 

 
#@>872>48B5;=>ABB0 =0 <0H8=0B0 A5 >1CA;02O >B :;0A0 =0 B@0:B>@0, :J< :>9B> 

5 03@530B8@0=0 <0H8=0B0, ?0@0<5B@8B5 =0 ;5E0B0, B8?0 8 AJAB>O=85B> =0 ?>G20B0 8 
4515;8=0B0 =0 <C;G8@0I>B> D>;8>. !>28B5 @01>B=8 >@30=8 70 D>@<8@0=5 =0 28A>:0 
4J3>>1@07=0 ;5E0 4>?@8=0AOB 70 ?>-28A>:0 ?@>872>48B5;=>AB ?>@048 =0<0;O20=5 =0 
AJ?@>B82;5=85B> =0 <0H8=0B0. &>20 A5 ?>AB830 G@57 =0:;>= =0 4>;=8O @J1 =0 
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;5E>>1@07C2I8B5 @01>B=8 >@30=8 A?@O<> E>@87>=B0;=0B0 @02=8=0, B0:0 ?>G20B0 
?>AB5?5==> A5 874830 :J< A@540B0 =0 ;5E0B0, :0B> >AB020 @>E:020. �@C38 D0:B>@8, 
2;8O5I8 =0 ?@>872>48B5;=>ABB0 =0 <0H8=0B0, A0 >?8B0 =0 <5E0=870B>@0, 2@5<5B> 
70 B5E=8G5A:> >1A;C620=5 =0 03@530B0, D>@<0B0 =0 ?>;5B> 8 4@C38. 

 
�4>?NK9A<9 

�5;5=GC:>28, O3>4>?;>4=8, 5B5@8G=>-<0A;5=8, ;5:0@AB25=8 8 45:>@0B82=8 
:C;BC@8 A0 8=B5=782=8 8 A0 AB@0B538G5A:8 8 8:>=><8G5A:8 206=8 70 75<545;85B>. �0 
?>;CG020=5 =0 28A>:> :>;8G5AB2> :0G5AB25=0 ?@>4C:F8O >B B578 :C;BC@8 5 
=5>1E>48<> 40 A5 ?>4J@60B 1;03>?@8OB=8 CA;>28O 70 @0728B85B> =0 >B3;5640=8B5 
@0AB5=8O, 70 :>5B> <=>3> 2065= D0:B>@ 5 D>@<8@0=5 =0 ?>4E>4OI0  ?>G25=0 
?>2J@E=>AB. (>@<8@0=5B> =0 ?>G25=0B0 ?>2J@E=>AB 70 75;5=GC:>28B5, 
O3>4>?;>4=8B5, 5B5@8G=>-<0A;5=8B5 8 ;5:0@AB25=8B5 :C;BC@8 5 A;>65= ?@>1;5<, 70 
:>9B> 8<0 <=>3> @5H5=8O, => =5 <>65 40 1J45 @5H5= 54=>7=0G=>. !5>1E>48<> 5 40 
A5 275<0B ?@54284 2A8G:8 >A>15=>AB8 =0 >B3;5640=8B5 :C;BC@8, B5E=>;>388B5 =0 
>B3;5640=5, ?@8@>4=8 8 A>F80;=8 D0:B>@8 8 40 A5 8715@5 ?>4E>4OI0 A8AB5<0 70 
?>44J@60=5 =0 ?>G25=0B0 ?>2J@E=>AB AJ>1@07=> :>=:@5B=8B5 CA;>28O. �0 40 1J45 
<0H8=0B0 70 D>@<8@0=5B> =0 ?>G25=0B0 ?>2J@E=>AB 8:>=><8G5A:8 5D5:B82=0 5 
=5>1E>48<> 40 >B3>20@O =0 =C648B5 =0 75<545;A:8B5 ?@>872>48B5;8. � =0H0B0 
AB@0=0 70 75<545;A:8B5 ?@>872>48B5;8, >B3;5640I8 B578 :C;BC@8, 5 ?>4E>4OI> 
<0H8=0B0 40 1J45 :>=AB@C8@0=0 70 B@0:B>@ AJA A@54=0 <>I=>AB (>B :;0A 1,4). 
#>@048 3>;O<>B> @07=>>1@0785 >B ?>G25=8 CA;>28O 8 878A:20=8OB0 =0 >B45;=8B5 
:C;BC@8 5 ?@542845=0 2J7<>6=>AB 40 A5 @53C;8@0B ?0@0<5B@8B5 =0 ;5E0B0. 
 
�<F9D4FGD4  
Arvidsson, Johan, Inge Håkansson, A model for estimating crop yield losses caused by 

soil compaction Soil and Tillage Research Volume 20, Issues 234, June 1991, Pages 
319-332.  

https://www.sciencedirect.com/science/article/pii/016719879190046Z?via%3  
Braykov, Ivan, Optimizing the working speed during tillage during pepper growth period, 

Collection of scientific reports of the international scientific conference 50 years 
Forestry University, April 1-2, 2003. pp. 58-60.  

Dedousis, A., Bartzanas, &, Soil Engeneering, 2010 

https://books.google.bg/books?hl=bg&lr=&id=AyLNvwX9hzcC&oi=fnd&pg=PA2&dq=+soil+
tillage+machine+in+permanent+crops&ots=GFkJc6dnNn&sig=yylZOPc29p8jgK3J8D
yr89qTWBc&redir_esc=y#v=onepage&q=soil%20tillage%20machine%20in%20perm
anent%20crops&f=false  

Georgiev I., S. Stanev, S. Shishkov, Agricultural Machinery, Sofia 1975.  
Irinchev, D., Power of an agricultural tractor during pulling operations, Agricultural 

University - Plovdiv, Agricultural Sciences, Year IV Issue 12, 2013, pp. 109- 111.  
Lal R., Tillage and agricultural sustainability, Soil and Tillage Research, Volume 20, Issues 

234, June 1991, Pages 133-146  
https://www.sciencedirect.com/science/article/pii/016719879190036W 
Manushkov, Stiliyan, Georgi Mitev, Zhivko Demirev, Machines for tilling the soil without 

turning the layer, Scientific works of Ruse University - 2013, volume 52, series 1.1, 
191 -197 Ruse University, Ruse, Bulgaria  

http://conf.uni-ruse.bg/bg/docs/cp13/1.1/1.1-34.pdf  
Mitev, Georgi, Innovative technology for protecting agricultural lands from degradation, 

International scientific journal "Mechanization in agriculture" YEAR LXI, ISSUE 6, p.p. 
3-6 (2015) WEB ISSN 2534-8450; PRINT ISSN 0861-9638,  

https://stumejournals.com/journals/am/2015/6/3.full.pdf   

https://www.sciencedirect.com/science/article/pii/016719879190046Z?via%253
https://books.google.bg/books?hl=bg&lr=&id=AyLNvwX9hzcC&oi=fnd&pg=PA2&dq=+soil+tillage+machine+in+permanent+crops&ots=GFkJc6dnNn&sig=yylZOPc29p8jgK3J8Dyr89qTWBc&redir_esc=y#v=onepage&q=soil tillage machine in permanent crops&f=false
https://books.google.bg/books?hl=bg&lr=&id=AyLNvwX9hzcC&oi=fnd&pg=PA2&dq=+soil+tillage+machine+in+permanent+crops&ots=GFkJc6dnNn&sig=yylZOPc29p8jgK3J8Dyr89qTWBc&redir_esc=y#v=onepage&q=soil tillage machine in permanent crops&f=false
https://books.google.bg/books?hl=bg&lr=&id=AyLNvwX9hzcC&oi=fnd&pg=PA2&dq=+soil+tillage+machine+in+permanent+crops&ots=GFkJc6dnNn&sig=yylZOPc29p8jgK3J8Dyr89qTWBc&redir_esc=y#v=onepage&q=soil tillage machine in permanent crops&f=false
https://books.google.bg/books?hl=bg&lr=&id=AyLNvwX9hzcC&oi=fnd&pg=PA2&dq=+soil+tillage+machine+in+permanent+crops&ots=GFkJc6dnNn&sig=yylZOPc29p8jgK3J8Dyr89qTWBc&redir_esc=y#v=onepage&q=soil tillage machine in permanent crops&f=false
https://www.sciencedirect.com/science/article/pii/016719879190036W
http://conf.uni-ruse.bg/bg/docs/cp13/1.1/1.1-34.pdf
https://stumejournals.com/journals/am/2015/6/3.full.pdf
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Mortev Ivan, Spiridon Stoev, Technologies and machines for the formation of row 
furrowing bed surfaces for growing vegetables, berries, essential oils and medicinal 
crops, Proceedings of the scientific forum with international participation 5Ecology 
and agrotechnologies 3 fundamental science and practical realization6, Volume 5, 
December 5, 2023, Sofia, ISSN 2683-0663 (on-line), pp. 245-255. 

https://issapp-
pushkarov.org/sites/default/files/pictures/ecology_and_agrotechnologies_vol_5.pdf   

Specialized machinery for vegetable crops  
https://opticom-bg.com/zelenchuko-proizvodstvo/  
Tractor Bolgar MTZ-80, Operation and maintenance manual  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://issapp-pushkarov.org/sites/default/files/pictures/ecology_and_agrotechnologies_vol_5.pdf
https://issapp-pushkarov.org/sites/default/files/pictures/ecology_and_agrotechnologies_vol_5.pdf
https://opticom-bg.com/zelenchuko-proizvodstvo/


��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 225 

 
���%�(���*�3 !� &�)!"�"���&� �� &�$ �+!" $������!� !� 

�.$��%�!� 

 
�DG@ %F4AK96* 

 
�AEF<FGF CB CBK6B;A4A<9, 47DBF9IAB?B7<< < ;4M<F4 A4 D4EF9A<OF4  

"�<>B?4 �GL>4DB6" 
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$9;N@9 

�72J@H5=0 5 :;0A8D8:0F8O =0 B5E=>;>388B5 70 B5@<8G=> @07;030=5 =0 
4J@25A8=0. !0?@025=0B0 :;0A8D8:0F8O 5 >B :;NG>2> 7=0G5=85 70 871>@0 =0 
?>4E>4OI0 B5E=>;>38O, 2 7028A8<>AB >B ?>AB025=8B5 F5;8. #>:070=8 A0 >A=>2=8B5 
?@54?>AB02:8 70 ?@>872>4AB2> =0 18>2J3;5= 8 >1>A=>20=0 5 =5>1E>48<>ABB0 >B 
2=0AO=5B> <C 2 ?>G20B0. $07;8G=8B5 B5E=>;>388 70 B5@<8G=> @07;030=5 =0 
4J@25A8=0 ?@54;030B @07=>>1@07=8 2J7<>6=>AB8 70 ?@>872>4AB2> =0 18>2J3;5=, 
18>3>@820, A8=B5B8G=8 307>25, :>5B> 38 ?@028 206=0 G0AB >B CAB>9G82>B> C?@02;5=85 
=0 18><0A0B0 8 5=5@389=8B5 @5AC@A8. 

К?NчB6< 8G@<: 18>2J3;5=, :;0A8D8:0F8O, ?8@>;870, 4J@25A8=0, 18><0A0, 
5=5@389=8 =C648.  
 
 

CLASSIFICATION OF TECHNOLOGIES FOR THERMAL DECOMPOSITION  
OF WOOD 

 
Krum Stanchev 

 
Nikola Poushkarov Institute of soil science, agrotechnologies and plant protection 

(Sofia, Bulgaria) 
 

*e-mail: krum.st.stanchev@gmail.com  
 
 

Abstract 
A classification of technologies for the thermal decomposition of wood has been 

carried out. The proposed classification is crucial for selecting the appropriate technology, 
depending on the set objectives. The main prerequisites for biochar production are 
presented, and the necessity of its incorporation into the soil is substantiated. Different 
technologies for the thermal decomposition of wood offer various possibilities for the 
production of biochar, biofuels, and synthetic gases, making them an essential part of the 
sustainable management of biomass and energy resources. 

Key words: biochar, classification, pyrolysis, wood, biomass, energy needs. 
 

�N6989A<9 

&5@<8G=>B> @07;030=5 5 B5@<>E8<8G5= ?@>F5A =0 B>?;8==> @07;030=5 =0 
18><0A0 8;8 4@C30 >@30=8G=0 <0B5@8O 2 CA;>28O =0 28A>:0 B5<?5@0BC@0 8 
157:8A;>@>4=0 A@540 (Sasongko, 2015). !0 ?@0:B8:0 B>20 5 >A=>2=0 E8<8G=0 
@50:F8O, :>OB> ?@54H5AB20 ?@>F5A8B5 =0 3>@5=5 8 3078D8:0F8O. �@09=8OB ?@>4C:B 5 
A<5A >B B2J@48 (?8@>;875= 18>2J3;5=), B5G=8 (18><0A;>) 8 307>28 AJAB02:8 (<5B0=, 

mailto:krum.st.stanchev@gmail.com
mailto:krum.st.stanchev@gmail.com
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2>4>@>4, 2J3;5@>45= >:A84 8 2J3;5@>45= 48>:A84). %J>B=>H5=85B> =0 B578 D@0:F88 
2 3>;O<0 AB5?5= 7028A8 >B 87?>;720=8O <5B>4 =0 B5@<8G=>B> @07;030=5, 
E0@0:B5@8AB8:8B5 =0 18><0A0B0 8 ?0@0<5B@8B5 =0 @50:F8OB0 (Kulakov and 
Veremeychik. 2013).  

&5@<8G=>B> @07;030=5 =0 4J@25A8=0 <>65 40 A5 872J@H8 =0 >B40;5G5=8 <5AB0 
8 2 >B=>A8B5;=> <0;J: <0I01, :>5B> A?><030 70 ?>4>1@O20=5 =0 5=5@389=0B0 
5D5:B82=>AB =0 ?@>F5A0 8 =0<0;O20=5 =0 @07E>48B5 70 B@0=A?>@B, B>20@5=5 8 
@07B>20@20=5. (Marinov et al., 2013). �@8B8G5= <><5=B ?@8 ?@>B8G0=5B> =0 ?@>F5A0 5 
?@54020=5B> =0 B>?;8=0B0, BJ9 :0B> B>78 ?@>F5A 5 5=4>B5@<8G5= 8 5 =5>1E>48<> 40 
A5 >A83C@8 4>AB0BJG=> B>?;>>1<5==0 ?>2J@E=>AB, 70 40 A5 30@0=B8@0 4>1@> 
703@O20=5 (Edenhofer, 2015). �0B> FO;> B5@<8G=>B> @07;030=5 ?@54;030 3J2:02 8 
0B@0:B825= =0G8= 70 :>=25@B8@0=5 =0 B2J@40 18><0A0 2 ;5A=8 70 AJE@0=O20=5 8 
B@0=A?>@B8@0=5 ?@>4C:B8, :>8B> <>30B CA?5H=> 40 A5 87?>;720B 70 ?@>872>4AB2> =0 
B>?;8==0 8 5;5:B@8G5A:0 5=5@38O, E8<8:0;8 8 4@C38 (Klochkov, 2009). 
 

$9;G?F4F< < B5EN:84A9 

 
И;<E>64A<O >ъ@ <;CB?;64A4F4 5<B@4E4 

!0 B5@<8G=> @07;030=5 =0 4J@25A8=0 <>65 45 A5 ?>4;>68 =0 ?@0:B8:0 2AO:0 
>@30=8G=0 <0B5@8O. &>78 D0:B ?>72>;O20 87?>;720=5B> =0 @07;8G=8 284>25 
18><0A0: >B A5;A:>AB>?0=A:8 >B?04JF8 4> B2J@48 18B>28 >B?04JF8. �>1@5 5 40 A5 
8<0 ?@54284 >10G5, G5 ?@>F5AJB 5 A8;=> 7028A8< >B AJ4J@60=85B> =0 2;030 2 
AC@>28=0B0. #@5?>@JG8B5;=> 5 2;06=>ABB0 40 =5 ?@528H020 15%, :0B> 70 
?>4E>4OI0 A5 AG8B0 2;06=>ABB0 >B ?>@O4J:0 =0 >:>;> 10%. #@8 ?>-28A>:> 
AJ4J@60=85 =0 2;030 A5 >B45;OB 3>;5<8 :>;8G5AB20 2>40, 0 ?@8 ?>-=8A:8 =820 
AJI5AB2C20 @8A: ?@>4C:BJB >B ?@>F5A0 40 1J45 ?@548<=> ?@0E, 0 =5 <0A;>.  

� A;CG08B5, 2 :>8B> AJ4J@60=85B> =0 2;030 2 18><0A0B0 ?@528H020 
?@5?>@JG8B5;=8B5 =820, ?@548 40 A5 ?@5ABJ?8 :J< B5@<8G=>B> @07;030=5 5 4>1@5 
18><0A0B0 40 1J40 ?>4;>65=0 =0 ?@5420@8B5;=> 87ACH020=5. %@54 D0:B>@8B5, 
>:0720I8 2;8O=85 =0 ?@>B8G0=5B> =0 ?@>F5A0 8 =0 =53>20B0 5D5:B82=>AB 5 8 
@07<5@JB =0 >B45;=8B5 G0AB8F8 =0 18><0A0B0 (Spaar, D. 2006). � ?>25G5B> A;CG08 A5 
?@5?>@JG20 87?>;720=5B> =0 AC@>28=0 A @07<5@ =0 G0AB8F8B5 4> 2 mm, A >3;54 =0 
=5>1E>48<>ABB0 >B 1J@7> ?@5=0AO=5 =0 B>?;8=0B0 <564C BOE. #> B078 ?@8G8=0 G5AB> 
A5 =0;030, ?@548 40 1J45 ?>4;>65=0 =0 ?8@>;870, 18><0A0B0 ?@5420@8B5;=> 40 
1J45 A<;O=0, 70 40 A5 ?>AB83=0B ?>4E>4OI8B5 @07<5@8 (Smolskaya, 2013).  

%@54 G5AB> 87?>;720=8B5 AC@>28=8 A0 4J@25A8=0 8 4J@25A=8 >B?04JF8, 
5=5@389=8 :C;BC@8 :0B> 1J@7> @0ABOI8 4J@25A=8 284>25, A5;A:>AB>?0=A:8 >B?04JF8 
8 4@C38. "A25= 2;03>AJ4J@60=85B>, 2J@EC ?@>B8G0=5B> =0 ?@>F5A0 2;8O=85 >:0720 8 
AJ4J@60=85B> =0 ?5?5; 2 AC@>28=0B0. "B 8:>=><8G5A:0 3;54=0 B>G:0 5 4>1@5 40 A5 
275<0B ?@54284 @07E>48B5 ?> ?@>872>4AB2>, AJ18@0=5 8 B@0=A?>@B8@0=5 8 B. =. 

 
 9FB8< ;4 CD9B5D4;G64A9 A4 5<B@4E4 

"A=>2=8B5 <5B>48 70 B5@<8G=> @07;030=5 =0 4J@25A8=0 <>30B 40 1J40B 
@0745;5=8 =0 B@8 3@C?8, :>8B> A0 ?>:070=8 =0 (83C@0 1. �8>E8<8G=>B> 
?@5>1@07C20=5 5 >1@01>B:0B0 =0 18>AC@>28=8 A 87?>;720=5 =0 18>;>38G=> 0:B82=8 
<8:@>>@30=87<8 8 18>;>38G=8 :0B0;870B>@8 2 B0:820 3>@820 :0B> 18>5B0=>;, 
18>4875; 8 18>307.  5E0=8G=>B> ?@5>1@07C20=5 5 548= >B =09-AB0@8B5 <5B>48 70 
?@5>1@07C20=5, G89B> ?@>4C:B 5 @0AB8B5;=8 <0A;0, ?>;CG5=8 G@57 <5B>48 =0 
?@5A>20=5 8 5:AB@0:F8O. &5@<>E8<8G=>B> ?@5>1@07C20=5 =0 18><0A0 >B2J4 
B@048F8>==>B> 8730@O=5 2:;NG20 3078D8:0F8O 8 ?8@>;870, :>5B> >B 4=5H=0 3;54=0 
B>G:0 873;5640B =09->15I020I8B5. 
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(<7GD4 1. "A=>2=8B5 <5B>48 70 B5@<8G=> @07;030=5 =0 4J@25A8=0 

 
#8@>;870B0 =0 4J@25A8=0 5 B5@<>E8<8G5= ?@>F5A, ?@8 :>9B> 4J@25A8=0B0 A5 

@07;030 ?>4 2J7459AB285B> =0 28A>:0 B5<?5@0BC@0 2 >BAJAB285 =0 :8A;>@>4 (Geiss, 
2015). &>20 2>48 4> >1@07C20=5B> =0 @07;8G=8 ?@>4C:B8, :0B> 307>25, B5G=>AB8 8 
B2J@48 25I5AB20, :>8B> <>30B 40 A5 87?>;720B 70 @07;8G=8 8=4CAB@80;=8 8 
5=5@389=8 F5;8 (Tsyganov and Klochkov, 2012). #@>F5AJB =0 ?8@>;870 =0 4J@25A8=0 
<>65 40 1J45 :;0A8D8F8@0= ?> @07;8G=8 :@8B5@88, 2:;NG8B5;=> ?> B5<?5@0BC@0B0, 
2@5<5B> =0 704J@60=5 8 =0G8=8B5 =0 ?@>25640=5. 
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&9@C9D4FGD4 A4 CDBJ9E4  
&5<?5@0BC@0B0 =0 ?8@>;870B0 5 >A=>25= D0:B>@, :>9B> >?@545;O 

E0@0:B5@8AB8:8B5 =0 ?@>4C:B8B5, ?>;CG5=8 >B @07;030=5B> =0 4J@25A8=0B0.  
� 7028A8<>AB >B B5<?5@0BC@0B0 ?8@>;870B0 <>65 40 1J45: 
 !8A:>B5<?5@0BC@=0 ?8@>;870 (200-300°C). #@8 B578 B5<?5@0BC@8 ?@>F5AJB 

2>48 4> >1@07C20=5 =0 >A=>2=> B5G=8 ?@>4C:B8 (:0B> 18><0A0), :>8B> A0 ?>;57=8 70 
?@>872>4AB2> =0 18>3>@820. #>;CG020B A5 AJI> 8 =O:>8 307>28 :><?>=5=B8, :0B> 
<5B0= 8 5B0=. 

 %@54=>B5<?5@0BC@=0 ?8@>;870 (300-500°C). &>20 5 =09-G5AB> A@5I0=8OB 
B5<?5@0BC@5= 480?07>= 70 ?8@>;870 =0 4J@25A8=0. #@8 B578 CA;>28O A5 >1@07C20B 
307>28 8 B5G=8 ?@>4C:B8, :0B> 2J3;52>4>@>48 8 >@30=8G=8 AJ548=5=8O, 0 B2J@48OB 
>AB0BJ: (?8@>;87=8OB 2J3;5=) AJI> 5 2065= ?@>4C:B. 

 �8A>:>B5<?5@0BC@=0 ?8@>;870 (=04 500°C). #@8 B578 CA;>28O A5 ?>;CG020 
7=0G8B5;=> ?>-<0;:> :>;8G5AB2> B5G=8 ?@>4C:B8 8 ?>25G5 307>28 AJ548=5=8O. 
#8@>;870B0 ?@8 28A>:0 B5<?5@0BC@0 2>48 4> <0:A8<0;=> @07;030=5 =0 >@30=8G=8B5 
AJ548=5=8O, :0B> 2 @57C;B0B =0 B>20 A5 ?>;CG020 G8AB 2J3;5=. 
 

#DB8N?:<F9?ABEF A4 CDBJ9E4  
� 7028A8<>AB >B ?@>4J;68B5;=>ABB0 =0 ?@>F5A0, ?8@>;870B0 <>65 40 1J45 

@0745;5=0 =0: 
 �J@70 ?8@>;870. #@>F5AJB A5 >AJI5AB2O20 70 :@0B:> 2@5<5, >18:=>25=> 2 

@0<:8B5 =0 A5:C=48 4> <8=CB8. �J@70B0 ?8@>;870 5 ?>4E>4OI0 70 <0:A8<0;=> 
872;8G0=5 =0 B5G=8 ?@>4C:B8 8 A5 87?>;720 2 8=4CAB@80;=8B5 B5E=>;>388 70 
?@>872>4AB2> =0 18>>:8A;5=8 <0A;0 8 18>3>@820. 

 �02=0 ?8@>;870. &>20 5 ?@>F5A A ?>-4J;3> 2@5<5 =0 704J@60=5, :>5B> <>65 
40 >B=5<5 G0A>25. � B>78 A;CG09 A5 ?>;CG020B ?>25G5 B2J@48 >AB0BJF8, :0B> 
?8@>;875= 2J3;5=. �02=0B0 ?8@>;870 5 >A=>2=0 B5E=>;>38O 70 ?@>872>4AB2> =0 
0:B825= 2J3;5= 8 4@C38 B2J@48 <0B5@80;8. 

 (;0H-?8@>;870. )0@0:B5@878@0 A5 A 87:;NG8B5;=> 28A>:0 A:>@>AB =0 
=03@O20=5, 2>45I0 4> ?@5>1;04020=5 =0 307>>1@07=8 ?@>4C:B8. 
 

�<84 A4 CB?GK9A<F9 CDB8G>F< 

"A=>2=8B5 ?@>4C:B8 =0 ?8@>;870B0 =0 4J@25A8=0 A0: 
 �07>25. &>20 2:;NG20 2J3;5@>45= 48>:A84 (CO2), 2J3;5@>45= >:A84 (CO), 

<5B0= (CH4), 5B0=, ?@>?0= 8 4@C38 ;5B;828 AJ548=5=8O. �07>25B5 <>30B 40 A5 
87?>;720B 70 ?@>872>4AB2> =0 5=5@38O 8;8 40 A5 ?@5@01>B20B 70 ?>;CG020=5 =0 
E8<8G5A:8 AJ548=5=8O. 

 &5G=>AB8. &5 2:;NG20B >@30=8G=8 AJ548=5=8O :0B> 2>45= 45AB8;0B, 
18><0A>28 <0A;0, 2J3;52>4>@>48 8 4@C38 E8<8G5A:8 25I5AB20. &5G=>AB8B5 <>30B 40 
A5 87?>;720B :0B> 3>@82> 8;8 40 A5 ?>4;>60B =0 4>?J;=8B5;=0 ?@5@01>B:0 70 
?>;CG020=5 =0 18>3>@820. 

 &2J@48 >AB0BJF8. &578 ?@>4C:B8 2:;NG20B ?8@>;875= 2J3;5=, :>9B> <>65 40 
A5 87?>;720 2 5=5@389=>B> ?@>872>4AB2> 8;8 2 ?@>872>4AB2>B> =0 0:B825= 2J3;5= 70 
@07;8G=8 ?@8;>65=8O. 
 

 9FB8< A4 F9D@<KABFB D4;?474A9 A4 8ND69E<A4 

&5@<8G=>B> @07;030=5 <>65 40 A5 >AJI5AB2O20 G@57 @07;8G=8 <5B>48, :0B>: 
 �>=25:B82=0 ?8@>;870. � B>78 ?@>F5A B>?;8=0B0 A5 ?@5=0AO :J< <0B5@80;0 

G@57 2J74CE 8;8 307>25. 
 $0480F8>==0 ?8@>;870. #@8 B>78 <5B>4 B>?;8=0B0 A5 ?@5=0AO G@57 

@0480F8O, 157 40 A5 87?>;720B 307>28 ?>B>F8. 
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 #8@>;870 ?>4 =0;O30=5. �72J@H20 A5 ?@8 28A>:> =0;O30=5, :>5B> 2;8O5 =0 
?@>F5A0 8 ?@>4C:B8B5. 
 

�?4E<H<>4J<O A4 GEFDB=EF64F4 ;4 F9D@<KABFB D4;?474A9 

&5@<8G=>B> @07;030=5 <>65 40 1J45 872J@H5=> G@57 @07;8G=8 284>25 
CAB@>9AB20, :>8B> 2;8OOB =0 ?@>F5A0. "A=>2=8B5 284>25 CAB@>9AB20 A0: 

 #8@>;87=8 ?5I8 (@5B>@B8). &5 A0 =09-AB0@8OB 8 =09-?@>AB B8? CAB@>9AB20 70 
?8@>;870, ?@8 :>8B> 4J@25A8=0B0 A5 703@O20 2 :>=B59=5@ 157 :8A;>@>4. &578 ?5I8 
<>30B 40 @01>BOB ?@8 @07;8G=8 B5<?5@0BC@=8 8 2@5<528 CA;>28O. 

 #8@>;87=8 @50:B>@8 A =5?>4286=> ;53;>. � B578 CAB@>9AB20 4J@25A8=0B0 A5 
?>AB02O 2 =5?>42865= A;>9 8 A5 703@O20. &5 A0 H8@>:> 87?>;720=8 70 102=0 
?8@>;870. 

 #8@>;87=8 @50:B>@8 A 2J@BOI> A5 ;53;>. � BOE 4J@25A8=0B0 A5 ?>AB02O 2 
2J@BOI> A5 ;53;>, :>5B> >A83C@O20 ?>-4>1@> A<5A20=5 8 @02=><5@=> =03@O20=5. 
&578 CAB@>9AB20 <>30B 40 A5 87?>;720B :0:B> 70 1J@70, B0:0 8 70 102=0 ?8@>;870. 

 #8@>;87=8 @50:B>@8 A D;C84878@0=> ;53;>. � BOE 4J@25A8=0B0 5 
@07?>;>65=0 2 ?>B>: >B 3>@5I 2J74CE 8;8 ?0@0, :>5B> ?>72>;O20 1J@7> =03@O20=5 8 
@02=><5@=> @07?@545;5=85 =0 B5<?5@0BC@0B0. &578 CAB@>9AB20 A0 ?>4E>4OI8 70 
1J@70 ?8@>;870. 
 

%4D4>F9D<EF<>< A4 CB?Gч9A<F9 CDB8G>F< 

�0:B> 15 A?><5=0B>, >A=>2=8B5 ?@>4C:B8 =0 ?8@>;870B0 A0 B5G=8, B2J@48 8 
307>>1@07=8 ?@>4C:B8. %C@>2>B> ?8@>;87=> <0A;> ?@54AB02;O20 3JAB0 BJ<=> :0DO20 
B5G=>AB, :>OB> ?> >B=>H5=85 =0 AJAB02=8B5 A8 5;5<5=B8 A5 4>1;86020 4> AJAB020 
=0 18><0A0B0. )0@0:B5@878@0 A5 A <0;:> ?>-28A>:0 :0;>@8G=>AB 8 >A=>2=> A5 AJAB>8 
>B >:8A;5=8 2J3;52>4>@>48. #>;CG5=>B> >B ?@>F5A0 ?8@>;870 <0A;> =5 A5 
?@5?>@JG20 70 48@5:B=0 C?>B@510 2 AB0=40@B=8 42830B5;8 A 2JB@5H=> 3>@5=5. &> 
>10G5 <>65 40 1J45 ?>4>1@5=> 8;8 @073@045=> 4> B5G=8 2J3;52>4>@>4=8 3>@820, 0 
AJI> B0:0 ?@5@01>B5=> 4> A8=B5B8G5= 307 8 87?>;720=> 70 ?@>872>4AB2>B> =0 
18>4875;. #8@>;87=>B> <0A;>, AJI> B0:0 A5 AG8B0 70 ?>4E>4OI> 70 87?>;720=5 2 
?@>F5A0 =0 AJ2<5AB=> 8730@O=5, B> 8730@O ?>-;5A=>, 2 A@02=5=85 A B2J@48B5 3>@820, 
0 2 AJI>B> 2@5<5 5 ?>-52B8=> 70 B@0=A?>@B8@0=5 8 AJE@0=5=85. #8@>;87=>B> <0A;> 
A5 O2O20 8 2065= 87B>G=8: =0 >@30=8G=8 AJ548=5=8O 8 A?5F80;=8 E8<8:0;8. 

#>;CG5=8B5 B2J@48 ?@>4C:B8 >B ?8@>;870B0 (18>2J3;5=0) <>65 40 A5 87?>;720 
2 75<545;85B>, 2 E8<8G5A:0B0 ?@><8H;5=>AB 8 70 5=5@389=8 =C648. �4=> >B 
2J7<>6=8B5 <C ?@8;>65=8O 5 A2J@70=> A >3@0=8G020=5 =0 2J3;5@>4=8B5 5<8A88. 
�725AB=> 5, G5 8730@O=5B> 8 @073@0640=5B> =0 4J@25A=0B0 18><0A0 8 
A5;A:>AB>?0=A:8B5 >AB0BJF8 5 A2J@70=> A >B45;O=5B> =0 3>;5<8 :>;8G5AB20 
2J3;5@>45= 48>:A84. %G8B0 A5, G5 ?8@>;87=8OB 2J3;5= <>65 40 AJE@0=8 B>78 
2J3;5@>45= 48>:A84 2 ?>G20B0 8 ?> B>78 =0G8= 40 >3@0=8G8 5<8A88B5 >B ?0@=8:>28 
307>25, 0 2 AJI>B> 2@5<5 ?>4>1@O20 E0@0:B5@8AB8:8B5 =0 ?>G20B0, :0B> ?>28H020 
AJ4J@60=85B> =0 E@0=8B5;=8 25I5AB20, 4>?@8=0AO 70 704J@60=5B> =0 2>40B0 2 
?>G20B0 8 ?@54>B2@0BO20 872;8G0=5B> =0 E@0=8B5;=8 25I5AB20. %JI> B0:0 G5AB> 
?>;CG5=8OB 2J3;5= A5 A<5A20 A 2>40 8;8 ?8@>;87=> <0A;> 70 ?>;CG020=5 =0 B5G5= 
?@>4C:B. 

#>;CG5=8OB ?@8 ?@>F5A0 ?8@>;875= 307 A5 AJAB>8 >A=>2=> >B 2J3;5@>45= >:8A 8 
2>4>@>4, :>8B> >18:=>25=> 705<0B >:>;> 85%. �@C38 AJAB02:8 A0 2J3;5@>45= 
42C>:8A, 07>B, <5B0= 8 @07;8G=8 4@C38 2J3;5@>4=8 307>25. &J9 :0B> B>78 307 5 
:0;>@8G5=, B>9 <>65 40 A5 87?>;720 :0B> 3>@82> 70 ?@>872>4AB2>B> =0 
5;5:B@>5=5@38O 8;8 ?0@0.  >65 40 A5 87?>;720 8 :0B> AC@>28=0 2 =5DB>E8<8G5A:0B0 
8 @0D8=8@0I0B0 ?@><8H;5=>AB. �>1@5 5 40 A5 8<0 ?@54284, G5 :0;>@8G=>ABB0 =0 
?>;CG5=8O 307 7028A8 >B 87E>4=0B0 AC@>28=0. 
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�4>?NK9A<9 

&5E=>;>388B5 70 B5@<8G=> @07;030=5 =0 4J@25A8=0 ?@54;030B H8@>: A?5:BJ@ >B 
2J7<>6=>AB8 70 ?@>872>4AB2> =0 F5==8 5=5@389=8 8 E8<8G5A:8 ?@>4C:B8. 
�;0A8D8:0F8OB0 =0 B578 B5E=>;>388 ?>72>;O20 >?B8<878@0=5 =0 ?@>F5A8B5 2 
7028A8<>AB >B 65;0=8O @57C;B0B, :0B> ?@>872>4AB2> =0 18>2J3;5=, 18>3>@820, 
A8=B5B8G=8 307>25 8 8=4CAB@80;=8 E8<8:0;8. �71>@JB =0 :>=:@5B=0B0 B5E=>;>38O A5 
>?@545;O >B ?>AB025=8B5 F5;8 8 >B >A=>2=8B5 C?@02;O5<8 D0:B>@8, 2;8O5I8 =0 
?@>B8G0=5 =0 ?@>F5A0. 

&5@<8G=>B> @07;030=5 =0 4J@25A8=0 5 A;>65= ?@>F5A, :>9B> <>65 40 A5 
040?B8@0 :J< @07;8G=8 =C648 8 CA;>28O. �;0A8D8:0F8OB0 =0 ?@>F5A0 ?><030 70 
>?B8<878@0=5 =0 87?>;720=0B0 B5E=>;>38OB0 8 <0:A8<0;=> 87?>;720=5 =0 
@5AC@A8B5. � 7028A8<>AB >B B5<?5@0BC@=8B5 CA;>28O, 2@5<5B@05=5B> =0 ?@>F5A0 8 
87?>;720=>B> >1>@C420=5, <>65 40 A5 ?>AB83=0B @07;8G=8 @57C;B0B8, :>8B> 
>B3>20@OB =0 A?5F8D8G=8B5 878A:20=8O =0 8=4CAB@8OB0. 

&5@<8G=>B> @07;030=5 =0 4J@25A8=0 ?@54AB02;O20 3J2:02 8 5D5:B825= <5B>4 
70 B@0=AD>@<0F8O =0 18><0A0B0 2 F5==8 3>@820 8 E8<8G5A:8 AC@>28=8. $07;8G=8B5 
284>25 ?8@>;870 ?@54;030B @07=>>1@07=8 2J7<>6=>AB8 70 >?B8<870F8O 2 
7028A8<>AB >B ?>AB025=8B5 F5;8. #>-=0B0BJH=8B5 87A;5420=8O 2 B078 >1;0AB I5 
4>?@8=5A0B 70 @0728B85B> =0 CAB>9G828 B5E=>;>388 70 87?>;720=5 =0 2J7>1=>2O5<8 
@5AC@A8. 
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"#&� ���$�!� !� ��#�"�"&" #"�$�&�� !� $"&�*�"!�! $��#$.%���+ 
% )��$����+!" ��������!� �� ��"�"�"%."�$��!� $�%&�&��!� 

��-�&� 
 

�?9A4 �<@<FDB64*, �64A  BDF96, �?47B= �?9AB6, �9BD7< �BEF48<AB6 
 

!9?E>BEFBC4AE>4 4>489@<O, �AEF<FGF CB CBK6B;A4A<9,  
�7DBF9IAB?B7<< < �4M<F4 A4 D4EF9A<OF4 „�. �GL>4DB6= 
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�N6989A<9 
�0G5AB2>B> =0 75<545;A:0B0 ?@>4C:F8O =09-AJI5AB25=> A5 2;8O5 >B 

?@8;030=5B> =0 E8<8G=8B5 ?@5?0@0B8. � AJ>B25BAB285 AJA AJ2@5<5==8B5 878A:20=8O 
70 :0G5AB2> 5 =5>1E>48<> 40 =5 A5 ?@528H020B =>@<8B5, :>8B> ?@8G8=O20B 
70<J@AO20=5 8 AJI52@5<5==> >?0720B @0AB5=8OB0 >B 1>;5AB8 8 =5?@8OB5;8. &>20 
=0;030 BJ@A5=5B> =0 >?@JA:20I0 A8AB5<0 >A83C@O20I0 >?B8<0;=> :0?:>2> ?>:@8B85. 
�0?:>2>B> ?>:@8B85 <>65 40 A5 :>=B@>;8@0 ?@8 ?@8;030=5B> =0 @>B0F8>==8 
@07?@JA:20G8. �0B> A5 8<0 ?@54284 B>20 2 =0AB>OI>B> 87A;5420=5 A5 ?>AB028 
A;54=0B0 F5;: 

 
"5BEAB6464A9 A4 C4D4@9FD<F9 < D9:<@<F9 A4 D45BF4 A4 DBF4J<BA9A 

D4;CDNE>64K E I<8D46?<KAB ;486<:64A9 ;4 CB?GK464A9 A4 BCF<@4?AB >4C>B6B 
CB>D<F<9.  
 

 9FB8<>4 A4 9>EC9D<@9AF4?A<F9 <;E?9864A<O 
�;5BD A4 C4D4@9FD< < GCD46?O9@< H4>FBD< 
!0 1070 =0 ;8B5@0BC@=8 40==8 8 ?@5420@8B5;=8 87A;5420=8O 5 ?@85B> 70 

?>:070B5; >?@545;OI :0G5AB2>B> =0 :0?:>2>B> ?>:@8B85 A@54=>>15<=8O 480<5BJ@ 
=0 :0?:8B5, D3, B>9 5 87G8A;5= ?> D>@<C;0B0: 

 
 

   
 
 
:J45B>:  D3e A@54=>>15<=8O 480<5BJ@; 
  Di - 480<5BJ@ =0 iF4F4 :0?:0 

n - 1@>OB =0 :0?:8B5. 
 

�0 C?@02;O5<8 D0:B>@8 A0 871@0=8, 4518B0 =0 @01>B=0B0 B5G=>AB ?>4020=0 :J< 
@07?@JA:20I8O @01>B5= >@30= 8;8 :>;8G5AB2>B> 87@07E>420=0 B5G=>AB 70 548=8F0 
2@5<5 D, lmin-1 8 AJ>B25B=0 :>48@0=0 AB>9=>AB (X1);  G5AB>B0B0 =0 2J@B5=5 =0 
@07?@JA:20I8O @01>B5= >@30= n, min-1(X2), 8 @07AB>O=85B> >B F5=BJ@0 =0 
@07?@JA:20I8O @01>B5= >@30= 4> F5=BJ@0 =0 7>=0B0 =0 >BG8B0=5 =0 480<5BJ@0 =0 
:0?:8B5 (D48<GE 69>FBD) R, m (X3) [2,5,6] 
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&45?<J4 1.  0B@8F0 =0 5:A?5@8<5=B0 
Table1. Matrix of experiment 

(0:B>@8/Factors 

�>48@0=8 AB>9=>AB8/ !0BC@0;=8 AB>9=>AB8 
Coded value of the factors/ Natural value of the 

factors 
 

�518B / Debit, l.min-1 X1 - 1 / 0,8 0 / 1,8 1 / 2,8 
+5AB>B0 =0 2J@B5=5 / 
Rotation speed, n, min-1 

X2 - 1 / 1455 0 / 2000 1 / 2545 

$048CA 25:B>@ =0 D0:5;0 / 
Radius vector, R, m 

X3 -1 / 0,4 -0,5 / 0,8 0 / 1,2 0,5 / 1,6 1 / 2 

 
"59>F A4 <;E?9864A9FB 
� �#��$ 6!. #CH:0@>26 5 @07@01>B5= @>B0F8>=5=  @07?@JA:20G ((83C@0 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
$07?@JA:20G0  @01>B8 =0 1070 =0 F5=B@>156=8B5 A8;8 AJ74045=8 >B 2J@BOI8 A5 

@07?@JA:20I8 @01>B=8 >@30=8 4. $07?@JA:20I8O @01>B5= >@30= 4 5 A 480<5BJ@ 254 
mm. &5E=>;>38G=8O ?@>F5A ?@>B8G0 ?> A;54=8O =0G8=: &@J1>?@>2>40 8 70E@0=20 
@07?@JA:20G0 A @01>B=0 B5G=>AB. �J@B5;82>B> 42865=85 =0 @07?@JA:20G0 A5 AJ74020 
>B E84@><>B>@ 5 A2J@70= :J< E84@02;8G=0B0 A8AB5<0 =0 B@0:B>@0 ?>A@54AB2>< 
B@J1>?@>2>48 6. &@J1>?@>2>48B5 6 87?J;=O20B DC=:F8O =0 @0<0 2J@EC :>OB> F5;8O 
@07?@JA:20G A5 A2J@720 :J< @0<0B0 =0 ?@JA:0G:0B0 8 AJI52@5<5==> A B>20 
70E@0=20B E84@><>B>@0 A E84@02;8G=0 B5G=>AB ?>4 28A>:> =0;O30=5 8 B0:0 AJ74020B 
2 =53> 42865I0B0 A8;0 :>OB> 70428620 @07?@JA:20G0. "A25= B>20 ?>A@54AB2>< 
4518B0 ?>4045= :J< E84@><>B>@0 A5 @53C;8@0 =53>20B0 G5AB>B0 =0 2J@B5=5 8 >B B0< 
54@8=0B0 =0 :0?:8B5. #>A@54AB2>< 20; 7 B>9 702J@B0 :>@?CA0 3. 

 
 

 

 

(<7GD4 1. $>B0F8>=5= @07?@JA:20G 
@07@01>B5= 2 �#��$ 6!.#CH:0@>26 

Figure 1. Rotary Sprinkler developed in 
IPSAZ "N.Pushkarov" 
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%I9@4 A4 BC<FA4F4 CBEF4AB6>4 
"15:BJB =0 87A;5420=5B> (83C@0 1 5 ?>AB025= =0 AB5=4. %E5<0B0 =0 AB5=40 5 

?>:070=0 =0 (83C@0 2. "B AE5<0B0 =0 >?8B=0B0 ?>AB0=>2:0 A5 28640, G5 8<0 
<>=B8@0=8 420 @07?@JA:20G0.  

 
(<7GD4 2. %E5<0 =0 >?8B=0B0 ?>AB0=>2:0  

Figure 2. Scheme of experimental layout 
1. $07?@JA:20G/ Sprinkler; 2. )84@>42830B5;/Hydromotor; 3. #><?0/Pump; 
4.  0=><5BJ@/Pressure gauge; 5. �518B><5@/ Flowmeter; 6. �@0=/ Crane;  

7. �;>: :;0?0=/ Block valve 
 

�20B0 @07?@JA:20G0 A0 A2J@70=8 ?>A;54>20B5;=>, :>5B> ?@54?>;030 54=0 8 
AJI0 G5AB>B0 =0 2J@B5=5. )84@02;8G=0B0 AB0=F8O ?>4020 <0A;> ?>4 =0;O30=5, G88B> 
4518B A5 @53C;8@0 >B 1;>: :;0?0=0 7 8 ?> B>78 =0G8= <>65 40 A5 @53C;8@0 G5AB>B0B0 
=0 2J@B5=5 =0 @07?@JA:20G8B5 2 <=>3> H8@>:8 3@0=8F8. "B @575@2>0@0 ?>A@54AB2>< 
?><?0 3 @01>B=8O @07B2>@ A5 87?><?20 ?> B@J1>?@>2>40, ?@5<8=020 ?@57 
4518B><5@0 5 8 <0=><5BJ@0 4 8 4>AB830 4> @07?@JA:20G0. #>A@54AB2>< :@0= 8 
87<5@20=5 A 4518B><5@0 5 A5 ?>4020 65;0=8O 4518B =0 @07?@JA:20G0. �J< 4@C38O 
@07?@JA:20G 5 A?@O=> ?>4020=5B> =0 B5G=>AB A :@0=. !0 @01>B=8O >@30= =0 B>78 
@07?@JA:20G A5 70;5?20 8=48:0B>@=0 ;5?5=:0  8 G@57 87<5@20B5;5= C@54 70 A5=7>@8 
„ALMENO6 A5 ?@>25@O20B >1>@>B8B5 =0 2J@B5=5 =0 @01>B=8B5 >@30=8 [1]. 

�:A?5@8<5=B8B5 A0 ?@>2545=8 2 70B2>@5=> 15725B@5=> ?><5I5=85 ?@8 
B5<?5@0BC@0 =0 2J74CE0 ta=20˚C. �0B> @01>B=0 B5G=>AB 5 87?>;720=0 2>40 A 
B5<?5@0BC@0 tw=18 ˚C. �7A;5420=> 5 @07?@545;5=85B> =0 @01>B=0B0 B5G=>AB ?> 
@01>B=0B0 H8@>G8=0 =0 @07?@JA:20G0 70 B@8B5 @568<0 =0 @01>B0 =0 @07?@JA:20G0 
?@8 @07;8G=8 4518B8. �518B8B5 A0 871@0=8 >B @01>B=8O 480?07>= =0 @07?@JA:20G0 
(&01;8F0 1). &OE=>B> 87<5@20=5 8 ?>44J@60=5 5 872J@H20=> A AAMS Passive Flow 
Meter Sprayers. !0 (83C@0 3. 5 ?>:070= >1I8O 284 =0 AB5=40 70 87<5@20=5 =0 
@07?@545;5=85B>.  
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(<7GD4 3. "1I 284 =0 
C;59=0B0 AJ18@0I0 B020 

 
Figure 3. Overview of the 

patternation system 
 

 
&>9 ?@54AB02;O20 C;59=0 B020 A ?>A>G5=8B5 =0 D83C@0B0 @07<5@8 8 4J;1>G8=0 

=0 C;58B5 100 mm. �7@01>B5= 5 AJ>1@07=> 878A:20=8OB0 =0 ISO 5682-1/1996.  
 

 
"1I8OB 1@>9 =0 C;58B5 5 40. &5G=>ABB0 >B C;58B5 5 AJ18@0=0 2 ?;0AB<0A>28 

AJ4>25. �>;8G5AB2>B> AJ1@0=0 B5G=>AB >B 2A5:8 C;59 5 87<5@20=> ?> B53;>25= <5B>4 
A ?><>IB0 =0 257=0 Bimco B3P A B>G=>AB d=0,1g. #>;CG5=8B5 AB>9=>AB8 2 7028A8<>AB 
>B ?@>4J;68B5;=>ABB0 =0 >?8B0 A0 ?@825640=8 2 ml/min. %B>9=>ABB0 70 2A5:8 C;59 
(xi)  5 ?>;CG020=0 =0 1070B0 =0 B@8 >?8B0. % ?><>IB0 =0 B020B0 A5 87<5@20 
AJ1@0=0B0 B5G=>AB >B A5:B>@ A 3>;5<8=0 µ >B ?>;CG020=8O >B @07?@JA:20G0 D0:5; 
((83C@0 3). �0 ?>;>28=0B0 >B D0:5;0 :>;8G5AB2>B> B5G=>AB A5 ?>;CG020 ?> 87@070 
�i=2.xi (i=1,&., 20), >B:J45B> G@57 >3;540;5= >1@07 =0 B>78 25:B>@ A5 ?>;CG020B 
AB>9=>AB8B5 8 70 4@C30B0 ?>;>28=0 >B D0:5;0, 8 2 :@09=0 A<5B:0 8 70 FO;0B0 
H8@>G8=0 =0 @07?@JA:20G0 [3,7]. 

 
 

 
(<7GD4 4. %E5<0 =0 A5:B>@0 2 :>9B> A5 ?@>25640 5:A?5@8<5=B0 

Figure 4. Scheme of the sector in which the experiment is conducted 

 BF4J8BA9A 
D47CDъE>64K 
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"?8B8B5 A0 ?@>2545=8 ?> ?J;5= D0:B>@5= 5:A?5@8<5=B. �7A;5420=8 A0 420 

20@80=B0 =0 @07?>;>65=85, =03>@5 8 =04>;C ((83C@0 5).  
&J9 :0B> @01>B=0B0 H8@>G8=0 =0 D0:5;0 ?>;CG020= >B 548= @>B0F8>=5= 

@07?@JA:20G ?@8 87A;5420=8B5 20@80=B8 5 4> 4 m ?@8 A8<C;8@0=5B> 5 2J7<>6=> 
?@570ABJ?20=5 =0 @01>B=8B5 H8@>G8=8 =0 G5B8@8 @07?@JA:20G0. �0 CA:>@O20=5 =0 
?@>F5A0 =0 >1@01>B20=5 =0 @57C;B0B8B5 15 @07@01>B5=0 ?@>3@0<0 =0 %++, :>OB> 
A8<C;8@0 ?@>F5A0 =0 2J7<>6=>B> 2708<=> @07?>;>65=85 <564C @>B0F8>==8B5 
@07?@JA:20G8 8 4020 :0B> 87E>45= @57C;B0B ?>;CG5=>B> @07?@545;5=85 =0 @01>B=0B0 
B5G=>AB ?> H8@>G8=0B0 =0 I0=30B0. #@85B> 5 <8=8<0;=>B> @07AB>O=85 =0 
@07?>;030=5  <564C 420 @07?@JA:20G0 ?@8 A8<C;0F8OB0 40 5 0,75 m. %8<C;8@0=5B> 5 
872J@H5=> AJA ABJ?:0 0,05 m. �J7<>6=8B5 ABJ?:8 =0 @07?>;030=5 =0  
@07?@JA:20G8B5 A0 >?@545;5=8 >B CA;>285B> >B:;>=5=85B> >B A@54=>B> ?> 
4J;68=0B0 =0 I0=30B0 40 =5 5 ?>25G5 >B ±10 % [8,9]. 

 
 
$9;G?F4F< < B5EN:84A9 
$57C;B0B8B5 70 ?0@0<5BJ@0 D3 A0 >1@01>B5=8 A ?@>3@0<=8O ?@>4C:B 

STATISTI!A. #>;CG5=8B5 @57C;B0B8 ?> <5B>48B5 =0 @53@5A8>==8O 0=0;87 A0 
?>:070=8 2 &01;8F0 2. 

 
 
%;54 ?@>25@:0 =0 7=0G8<>ABB0 =0 :>5D8F85=B8B5 8 87:;NG20=5 =0 =57=0G8<8B5 

A5 ?>;CG020B @53@5A8>==8B5 C@02=5=8O: 
 

#@8 @07?@JA:20G >1J@=0B =03>@5      D3
�= 0,38 - 0.08x2 + 0,17 x3 - 0,09x2x3 

 
#@8 @07?@JA:20G >1J@=0B =04>;C    D3

�= 0,45 - 0.10x2 + 0,18 x3 - 0,07x2x3 

 
:J45B>  

2x , 
3x  A0 :>48@0=8B5 AB>9=>AB8 =0 C?@02;O5<8B5 D0:B>@8. 

 
 
 
 
 
 
 
 

 
(<7GD4 5. !0G8=8 =0 @07?>;030=5 =0 
@07?@JA:20I8O @01>B5= >@30= 

Figure 5. Ways of deploying the spraying 
body 
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�45:20B=>ABB0 =0 

@53@5A8>==8B5 <>45;8 70 
>?@545;O=5 =0 
?0@0<5BJ@0 D3 5 
?>B2J@45=0. 

 
�>5D8F85=B8B5 =0 

>?@545;5=>AB R2=0,90 8  
R2=0,78 8 ?>:0720, G5 90% 
8 78% >B 87<5=5=85B> =0 
?0@0<5BJ@0 D3 A5 2;8O5 
>B C?@02;O5<8B5 D0:B>@8 
8 A5 >?8A20 A B0:0 
?@54AB025=8O <>45;. 
#>;CG5=8B5 87G8A;5=8 
AB>9=>AB8 70 :@8B5@8O =0  
(8H5@ F(9,35)=37,05 8 
F(9,29)=11,92 
AJ>B25B=8B5 8< 
25@>OB=>AB8 p=0,00 < 0,05 
?>:0720, G5 <>45;0 
>?8A20 7=0G8B5;=0 G0AB 
>B 87<5=5=85B> =0 
?0@0<5BJ@0.  
 

#DB69D>4 A4 
;A4K<@BEFF4 A4 
H4>FBD<F9 

%B5?5=B0 =0 2;8O=85 
=0 C?@02;O5<8B5 D0:B>@8 
A5 >?@545;O A ?><>IB0 
=0 ?@>3@0<=8O ?0:5B 
STATISTICA. #@>25@:0B0 
5 ?@>2545=0 :0B> 
?>A;54>20B5;=> A5 
87:;NG20B 2A5:8 548= >B 
D0:B>@8B5 2 <>45;0. 

%@02=O20B A5 ?>;CG5=8B5 
:>5D8F85=B8 =0 >?@545;5=>AB R2, 
D0:B>@JB ?>:070; =09-=8A:8 
AB>9=>AB8 A5 >?@545;O :0B> =09-
A8;=> 2;8O5I [10].  

'AB0=>25=> 5, G5 D0:B>@JB x3 

2;8O5 =09-AJI5AB25=> ?@8 =53> A5 
?>;CG020 =09-=8AJ: :>5D8F85=B =0 
>?@545;5=>AB (&01;8F0 3). 
(0:B>@JB x1 2;8O5 =09-A;01>, 0 
D0:B>@JB x2 705<0 A@54=> 
?>;>65=85. 

 
 

&45?<J4 2. $57C;B0B8 >B >1@01>B:0B0 =0 >?8B=8B5 40==8 A 
?@>3@0<8 STATISTICA 
Table 2. Data results of processing with program STATISTICA 

 
#@8 @07?@JA:20G >1J@=0B =03>@5    
 

 
#@8 @07?@JA:20G >1J@=0B =04>;C 
 
 

 
&45?<J4 3. %B>9=>AB8 =0 :>5D8F85=B8B5 =0 
>?@545;5=>AB ?@8 ?>A;54>20B5;=> 87:;NG20=5 
=0 D0:B>@8B5. 
Table 3. The values of coefficients of 
determination by eliminating controlled factors.  

#0@0<5BJ@ 
Parameter  

�>5D8F85=B8 =0 >?@545;5=>AB 
R2 

1x  2x  3x
 

 D3
� 0,88 0,62 0,18 

D3
� 0,76 0,59 0,3 
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�D4H<KA4 <AF9DCD9F4J<O < 4A4?<; A4 D9;G?F4F<F9 
 
#D< D4;CDNE>64K B5NDA4F A47BD9 

 
 

#@8 3@0D8G=0B0 8=B5@?@5B0F8O =0 
?>;CG5=8B5 <>45;8 ((83C@0 6) D0:B>@0 

3x e 87>;8@0=. #>AB@>5=8 A0 
?>2J@E=8=8B5 =0 >B:;8:0 ?@8 87<5=5=85 
=0 4518B0

1x  8 G5AB>B0B0 =0 2J@B5=5
2x . 

&J9 :0B> BC: D0:B>@0 A =09-3>;O<> 
2;8O=85 I3 3 @048CA 25:B>@0 e 87:;NG5= 
?>2J@E=8=8B5 =0 >B:;8:0 A0 A =09-A;01> 
87@075=8 B5=45=F88. %?@O<> 4518B0 I1 8 
A?@O<> G5AB>B0B0 =0 2J@B5=5  I2 

?>2J@E=8=0B0 A5 4>1;86020 4> 
@02=8==0. �:AB@5<0;=8B5 28A>:8 
AB>9=>AB8 =0 54@8=0B0 =0 :0?:8B5 BC: =5 
A5 ?>;CG020B. #@8 =0@0AB20=5 =0 4518B0 
I1 ?@8 4>;=8B5 =820 =0 G5AB>B0B0 =0 
2J@B5=5 =0 @07?@JA:20I0B0 G0H0 4020 

=09-4@51=8 :0?:8 >:>;> >A=>2=>B> =82> 0 ?@8 28A>:8B5 AB>9=>AB8 =0 G5AB>B0B0 =0 
2J@B5=5 4020 =09-4@51=8 :0?:8 ?@8 =8A:8B5 AB>9=>AB8 =0 4518B0. 

 
 

!0 (83C@0 7 A0 ?@54AB025=8 
7028A8<>AB8B5 =0 54@8=0B0 =0 :0?:8B5 
>B 4518B0 I1 @048CA 25:B>@0 I3. �518B0 I1 
?@>O2O20 AJI0B0 B5=45=F8O :0:B> 8 =0 
(83C@0 6 => BC: @07;8:8B5 A0 
AJI5AB25=8. #@>O2O20B A5 
5:AB@5<0;=8B5 AB>9=>AB8 =0 54@8=0B0 
=0 :0?:8B5 :0B> =09-1;87:> 4> 
@07?@JA:20G0 A0 =09-4@51=8B5 :0?:8 0 
=09->B40;5G5=8B5 :0?:8 A0 =09-3>;5<8. 
&>20 ?>:0720, G5 4J;68=0B0 =0 ?>;5B0 
7028A8 >B 54@8=0B0 =0 :0?:8B5. �:> A5 
@073;5640B >B45;=8B5 :0?:8 :0B> BO;> 
E2J@;5=> A =0G0;=0 A:>@>AB A?@O<> 
75<=0B0 ?>2J@E=>AB, 18 A;5420;> 
=0G0;=0B0 A:>@>AB 8;8 A2J@70=0B0 A =5O 
G5AB>B0 =0 2J@B5=5 40 >:0720 =09-A8;=> 
2;8O=85. 

 
(<7GD4 6. %@54=>>15<5= 480<5BJ@ =0 
:0?:8B5 2 7028A8<>AB >B  4518B0   E1 8 

G5AB>B0B0 =0 2J@B5=5 E2 

 
(<7GD4 7. %@54=>>15<5= 480<5BJ@ =0 
:0?:8B5 2 7028A8<>AB >B 4518B0  E1 8 

@048CA 25:B>@0 E3 
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"?8B=8B5 @57C;B0B8 =5 
?>B2J@64020B B570B0, G5 =0G0;=0B0 
A:>@>AB 2;8O5 =09-AJI5AB25=> 2J@EC 
4J;68=0B0 =0 ?>;5B0 =0 54@8B5 :0?:8 
((83C@0 8). !09-1;87> 4> @07?@JA:20G0 
A C25;8G020=5 =0 G5AB>B0B0 <C =0 
2J@B5=5 :0?:8B5 AB020B ?>-54@8 8 
>1@0B=> A C25;8G020=5 =0 G5AB>B0B0 =0 
2J@B5=5 :0?:8B5 >B40;5G5=8 >B 
@07?@JA:20G0 AB020B ?> 4@51=8. "B 
?>2J@E=8=0B0 =0 >B:;8:0 A5 28640 
OA=>, G5 28=038 A >B40;5G020=5 >B 
@07?@JA:20G0 :0?:8B5 AB020B ?>-54@8 8 
>1@0B=>. !> B078 8=B5=782=>AB 5 
@07;8G=0 ?@8 @07;8G=8B5 G5AB>B8 =0 
2J@B5=5. �>;:>B> 5 ?>-=8A:0 G5AB>B0B0 
=0 2J@B5=5 B>;:>20 5  ?>-3>;O<0 
@07=>@>4=>ABB0 =0 :0?:8B5. 
 
 
 

 
 
 

#D< D4;CDNE>64K B5NDA4F A48B?G  
 

 
#@8 @07?@JA:20G >1J@=0B =04>;C 

((83C@8 9, 10, 11.) @07;8:8B5 =5 A0 
AJI5AB25=8 A?@O<> @07?@JA:20G 
>1J@=0B =03>@5 ((83C@8 6, 7, 8) 
B5=45=F88B5 A5 70?0720B. �<0 <0;:0 
@07;8:0 2 E0@0:B5@0 ?>2J@E=8=8B5 =0 
>B:;8:0. ?@8 87<5=5=85 =0 4518B0

1x  8 
G5AB>B0B0 =0 2J@B5=5

2x  ?>2J@E=8=0B0 
5 87?J:=0;0 =03>@5 ((83C@0 9). #@8 
@07?JA:20G0 >1J@=0B =03>@5 ((83C@0 6) 
?>2J@E=8=0B0 5 A54;>28=0 B.5. 
87?J:=0;0 5 A?@O<> G5AB>B0B0 =0 
2J@B5=5 0 5 24;J1=0B0 A?@O<> 4518B0 
?>4020= =0 @07?@JA:20G0. 
 
 
 
 
 

 
 
 
 

 
(<7GD4 8. %@54=>>15<5= 480<5BJ@ =0 
:0?:8B5 ?@8  2 7028A8<>AB >B G5AB>B0B0 =0 

2J@B5=5  E2 8 @048CA 25:B>@0 E3 

 
(<7GD4 9. %@54=>>15<5= 480<5BJ@ =0 
:0?:8B5 2 7028A8<>AB >B  4518B0   E1 8 

G5AB>B0B0 =0 2J@B5=5  E2 
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#> >B=>H5=85 =0 >B40;5G5=>ABB0 =0 :0?:8B5 >B @07?@JA:20G0 I3 8 4518B0 I1 

((83C@0 10) @07?@JA:20G0 >1J@=0B =04>;C 4020 87?J:=0;0 ?>2J@E=8=0 A?@O<> 
4518B0 0 @07?@JA:20G0 >1J@=0B =03>@5 
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!0 (83C@0 12 >B;O2> A0 ?>:070=8 >B=>A8B5;=>B> @07?@545;5=85 =0 @01>B=0B0 
B5G=>AB ?> H8@>G8=0B0 =0 D0:5;0 ?@8 B@8 G5AB>B8 =0 2J@B5=5 8 @07;8G=8 4518B8 0 
>B4OA=> 2J7<>6=8B5 ABJ?:8 =0 @07?>;>65=85 =0 @>B0F8>=5= @07?@JA:20G ?> 
H8@>G8=0B0 =0 I0=30B0 ?@8 @07?@JA:20I @01>B5= >@30=  >1J@=0B =03>@5. �8640 A5, 
G5 A C25;8G020=5 =0 G5AB>B0B0 =0 2J@B5=5 :>;8G5AB2>B> @01>B=0 B5G=>AB A5 
AJA@54>B>G020 :J< F5=BJ@0 =0 @07?@JA:20G0 8 ?@8 B@8B5 =820 =0 4518B0, :0B> ?@8 
28A>: 4518B 8 G5AB>B0 @01>B=0B0 B5G=>AB A5 AB@5<8 :J< AJA@54>B>G020=5 2 :@J3>2 
A5:B>@. #@8 =8A:0 G5AB>B0 =0 2J@B5=5 H8@>G8=0B0 =0 D0:5;0 5 ?>-3>;O<0. #@8 
28A>:0 G5AB>B0B0 =0 2J@B5=5 D0:5;0 A5 :>=F5=B@8@0 ?>4 G0H0B0 =57028A8<> >B 
4518B0. �J7<>6=8B5 ABJ?:8 =0 @07?>;030=5 ?@8 4>?CAB8<>B> >B:;>=5=85 >B =>@<0B0 
=0 @07?@JA:20=5 A0 AJA@54>B>G5=8 3;02=> >:>;> 1 m. ?@8 =8A:8B5 AB>9=>AB8 =0 
4518B0 8 ?@8 =8A:0 G5AB>B0 =0 2J@B5=5. #@8 ?>-28A>:8B5 AB>9=>AB8 =0 4518B0 
2J7<>6=8B5 ABJ?:8 =0 @07?>;030=5 A5 87<5AB20B :J< ?>-28A>:8B5 AB>9=>AB8 => A;54 
A@54=>B> =82> >B=>2> =0<0;O20B. "B 3;54=0 B>G:0 =0 ABJ?:8B5 =0 @07?>;030=5 5 
4>1@5 4518B0 40 1J45 =0 A@54=> =82>. &>78 B8? @07?@JA:20G <>65 40 A5 <>=B8@0 ?> 
4J;68=0B0 =0 I0=30B0 AJA ABJ?:0 1 m.  
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@07;8G=8 4518B8 ?> 4J;68=8  =0 @048CA 25:B>@0 A5 ?>;CG020B A@02=8B5;=> 54=0:28 
A@54=>>15<=8 48<0<5B@8 =0 :0?:8B5 :>5B> ?>:0720 E><>35==>AB =0 @07?@JA:20=8B5 
:0?:8. 

#@8 @07?@JA:20I8 @01>B=8 >@30=8 >1J@=0B8 =04>;C A5 =01;N4020 ?>-@O7:> 
A?040=5 =0 :>;8G5AB2>B> B5G=>AB. #@8 =8AJ: 4518B 8 G5AB>B0 =0 2J@B5=5 >:>;> 
A@54=>B> =82> 8<0 @O7:> C25;8G020=5 =0 B5G=>ABB0 =0 >:>;> 1 <5BJ@ >B 
@07?@JA:20G0 8 A;54 B>20 @O7:> =0<0;O20=5. #@8 ?>-28A>:8B5 4518B8 B>78 5D5:B =5 
A5 =01;N4020. #@8 28A>:8B5 4518B8 A5 :>=F5=B@8@0 :>;8G5AB2>B> B5G=>AB ?>4 
@07?@JA:20G0. 
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�4>?NK9A<9 
'AB0=>25=> 5, G5 D0:B>@JB (X3), @048CA 25:B>@JB R, m. 2;8O5 =09-AJI5AB25=> 

?@8 =53> A5 ?>;CG020 =09-=8AJ: :>5D8F85=B =0 >?@545;5=>AB R2=0.18 ?@8 
@07?@JA:20I @01>B5= >@30= >1J@=0B =03>@5 8 R2=0.3 ?@8 @07?@JA:20I @01>B5= >@30= 
>1J@=0B =04>;C. (0:B>@JB (X1) 4518B =0 @01>B=0B0 B5G=>AB ?>4020=0 :J< 
@07?@JA:20I8O @01>B5= >@30= D, lmin-1 2;8O5 =09-A;01> A =09-28A>:8 :>5D8F85=B8 
=0 >?@545;5=>AB  AJ>B25B=> R2=0.88 ?@8 @07?@JA:20I @01>B5= >@30= >1J@=0B =03>@5 
8 R2=0.76 ?@8 @07?@JA:20I @01>B5= >@30= >1J@=0B =04>;C, 0 D0:B>@JB (X2) 
G5AB>B0B0 =0 2J@B5=5 =0 @07?@JA:20I8O @01>B5= >@30= n, min-1 705<0 A@54=> 
?>;>65=85 A :>5D8F85=B =0 >?@545;5=>AB R2=0.62 ?@8 @07?@JA:20I @01>B5= >@30= 
>1J@=0B =03>@5 8 R2=0.59 ?@8 @07?@JA:20I @01>B5= >@30= >1J@=0B =04>;C. 

$>B0F8>=5= @07?@JA:20G A 480<5BJ@ =0 @07?@JA:20I8O @01>B5= >@30= 254 mm. 
4020 CAB>9G82> =0?@5G=> @07?@545;5=85 =0 @01>B=0B0 B5G=>AB ?@8 @07;8G=8 4518B8 
8 G5AB>B0 =0 2J@B5=5, B>20 >?@545;O CAB>9G820 @01>B0 8 D8:A8@0=> @07?@545;5=85 
=0 @07?@JA:20G8B5 ?> 4J;68=0 =0 I0=30B0. 
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$9;N@9 

*5;B0 =0 =0AB>OI0B0 AB0B8O 5 40 ?@54AB028 2;8O=85B> =0 ?@8;>65=8B5 @568<8 
=0 =0?O20=5 8 B>@5=5 2J@EC 480<5BJ@0 8 B53;>B> =0 ?;>4>25 >B 1O;0 O3>40. #@57 
2023 3. 5 ?@>2545= 42CD0:B>@5= 5:A?5@8<5=B 2 =5>B>?;O5<0 >@0=65@8O 2 >?8B=> 
?>;5 +5;>?5G5=5, %>D8O, �J;30@8O ?@8 :0?:>2> =0?>O20=5 8 D5@B830F8O =0 
15;>?;>4=8 O3>48 (Fragaria x Ananassa „Snow White=). (0:B>@8B5 =0?>O20=5 8 B>@5=5 
A5 ?@8;030B 2 425 =820: I1 - 75% (ETc) I2 - 50% (ETc), F1: >?B8<0;=> B>@5=5 
N8.09P12.76K15.62; F2 3 AC1>?B8<0;=> B>@5=5 - 75% (F1). �7A;5420=8 A0 ?5B 20@80=B0: 
:>=B@>;0: I0F0:100% (ETc) 157 B>@5=5; I1F1; I1F2; I2F1; I2F2. !09-28A>: ?@>F5=B 
?;>4>25 (38.78%) "5:AB@0" :0G5AB2> A5 =01;N4020B ?@8 20@80=B I1F1, 0 =09-28A>:> 
A@54=> B53;> =0 ?;>40 A5 =01;N4020 ?@8 20@80=B I1F1 3 5.39 g. 

К?NчB6< 8G@<: 15;8 O3>48, =0?>O20=5, D5@B830F8O, 480<5BJ@ =0 ?;>40, B53;> 
=0 ?;>40. 

 
 

INFLUENCE OF WATER AND NUTRIENT REGIME ON DIAMETER AND WEIGHT OF 
WHITE STRAWBERRY FRUITS 

 
Elena Grancharova1*, Petya Ivanova2, Blagoj Elenov1, Elena Dimitrova1

 
 

1Institute of soil science, agrotechnologies and plant protection „Nikola Poushkarov<, 
Agricultural Academy 

2 Institute of Food Preservation and Quality, Agricultural Academy 

 
*e-mail: eveha@abv.bg   

 
 

Abstract 
The aim of this paper is to present the effects of the applied regimes of fertilization 

and irrigation on diameter and weight of white strawberry fruits. A two factors experiment 
was conducted during 2023 in unheated greenhouse in the Chelopechene experimental 
field, Sofia, Bulgaria with drip irrigated and fertigated strawberry variety (Fragaria x 
Ananassa „Snow White=). The irrigation and the fertilization factors were applied in two 
rates: I1 - 75% (ETc) I2 - 50% (ETc), F1: optimal fertilization N8.09P12.76K15.62; F2 3 
suboptimal fertilization - 75% (F1). Five treatments were tested: control: I0F0:100% (ETc) 
without fertigation; I1F1; I1F2; I2F1; I2F2. The highest percent (38.78%) "Extra" Class 
fruits were obtained from I1F1 treatment and the highest average fruit weight was obtained 
from I1F1 treatment 3 5.39 g. 

Key words: white strawberry, irrigation, fertigation, fruit diameter, fruit weight.  
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�N6989A<9  
/3>48B5 A0 A@54 =09-GC2AB28B5;=8B5 :J< ACH0 @0AB5=8O. #;8B:0B0 8< :>@5=>20 

A8AB5<0 ?@54?>;030 872J@H20=5B> =0 ?>;82:8 =0 ?>-G5AB8 8=B5@20;8 A ?>-<0;:> 
:>;8G5AB2> 2>40 (Kachwaya et al., 2016), 0 45D8F8BJB =0 2;030 2 ?>G20B0 A5 >B@07O20 
=51;03>?@8OB=> 2J@EC >1I8O 4>182, D878>;>38G=>B> @0728B85, B53;>B> 8 480<5BJ@0 
=0 ?;>4>25B5 (Taparauskien5, 2005). �7?>;720=5B> =0 <8=5@0;=8 B>@>25 AJI> 
>:0720 2;8O=85 2J@EC 4>1820 8 :0G5AB2>B> =0 O3>4>28B5 ?;>4>25 (Sener and Turemis, 
2016; Pokhrel et al., 2015; Sonsteby et al., 2009; Wang et al., 2009). �80<5BJ@JB 
(Akhijahcmi and Khodaei, 2011) 8 B53;>B> (Birania et al., 2022) =0 ?;>4>25B5 20@8@0B 2 
H8@>:8 3@0=8F8 8 7028AOB >B A>@B0 8 CA;>28OB0 =0 >B3;5640=5. �7A;5420=8OB0 A0 
D>:CA8@0=8 ?@548<=> 2J@EC G5@25=8B5 A>@B>25 O3>48, 0 2J@EC 15;8 ?>GB8 ;8?A20B 
(Chambers et all., 2018; Antonova & Petrova-Branicheva, 2023). 

*5;B0 =0 =0AB>OI0B0 AB0B8O 5 40 ?@54AB028 2;8O=85B> =0 ?@8;>65=8B5 @568<8 
=0 =0?O20=5 8 B>@5=5 2J@EC 480<5BJ@0 8 B53;>B> =0 ?;>4>25 >B A>@B 15;>?;>4=8 
O3>48 (Fragaria x Ananassa <Snow White=). 

 
 4F9D<4?< < @9FB8< 

#@57 2023 3. 5 ?@>2545= 42CD0:B>@5= 5:A?5@8<5=B ?J@20 3>48=0 2 =5>B>?;O5<0 
?>;85B8;5=>20 BC=5;=0 >@0=65@8O 2 >?8B=> ?>;5 =0 �#��$ "!8:>;0 #CH:0@>2", 
+5;>?5G5=5, %>D8O, (42°44′22.8′′N, 23°28′3.7′′E 8 =04<>@A:0 28A>G8=0 550 m) ?@8 
:0?:>2> =0?>O20=5 8 D5@B830F8O. %>D89A:>B> ?>;5 ?>?040 2 
C<5@5=>:>=B8=5=B0;=0B0 :;8<0B8G=0 ?>4>1;0AB. "@0=65@8OB0 5 =5>B>?;O5<0 A 
?;>I >B 420 m2 (7.9 m x 53 m) ?>:@8B0 A ?5ABA;>9=> UV+EVA+IR+AD+dif 
?>;85B8;5=>2> D>;8> A 4515;8=0 150 ¼m. #>G20B0 <>65 40 A5 >?@545;8 :0B> 
C<5@5=> 4> A8;=> 2>4>?@>?CA:;820 AJA A@545= D8;B@0F8>=5= :0?0F8B5B. #>G25=8OB 
?>4B8? 5 �0=5;5=0 3>@A:0, 87;C65=0 ?>G20 A >15<=0 ?;JB=>AB 1.47 g/cm3, ##� 22% 8 
2;06=>AB =0 702OE20=5  10% 70 A;>O 0-50 cm. (878:>-E8<8G=8B5 E0@0:B5@8AB8:8 
?@548 70A0640=5 =0 @0AB5=8OB0 (0-20 cm) 2 5:A?5@8<5=B0;=8O CG0ABJ: A0 A;54=8B5 
pH 6.5, EC<CA 2.87%, 07>B (N) 19.30 mg/kg, D>AD>@ ($2"5) 3 43.54 mg/100g 8 :0;89 
(�2") 3 27.93 mg/100g. �0 4>?J;=8B5;=> =0<0;O20=5 =0 703C18B5 >B 2>40 8 
>3@0=8G020=5 =0 ?;525;=0B0 @0AB8B5;=>AB e ?@8;o65=> <C;G8@0=5 AJA A82>-G5@5= 
UV ?>;85B8;5=>2 <C;G A 4515;8=0 30 ¼m. "15:B =0 87A;5420=5B> A0 15;>?;>4=8 
O3>48 >B 2840 Fragaria x Ananassa „Snow White=. �:A?5@8<5=BJB 5 ?@>2545= ?> 
AB0=40@B5= <5B>4 =0 4J;38B5 ?0@F5;:8 2 B@8 ?>2B>@5=8O. �AO:> ?>2B>@5=85 5 A 
?;>I >B 23.2 m2 8 A5 AJAB>8 >B 548= 42>5= @54 A O3>48. �4@028 @0AB5=8O A 3>; :>@5=, 
AJE@0=O20=8 2 E;048;=8 CA;>28O, 1OE0 70A045=8 ?> AE5<0 90+30/30 cm =0 22 <0@B 
2023 3. %J3;0A=> B5E=>;>38OB0 =0 >B3;5640=5 =0 15;>?;>4=8B5 O3>48 2J2 2AO:0 >B 
>?8B=8B5 ?0@F5;:8 1OE0 >A83C@5=8 AJ>B25B=>B> :>;8G5AB2> G5@25=>?;>4=8 @0AB5=8O 
(AJ>B=>H5=85 4:1) 70 ?>4>1@O20=5 =0 >?@0H20=5B>. (0:B>@JB =0?>O20=5 5 ?@8;>65= 
2 425 =820: I1 - 75% (ETc) 8 I2 - 50% (ETc). (0:B>@JB B>@5=5 5 ?@8;>65= 2 425 =820:  
F1: >?B8<0;=> B>@5=5 N8.09P12.76K15.62; F2 3 AC1>?B8<0;=> B>@5=5 - 75% (F1). 
"?B8<0;=>B> B>@5=5 5 @07@01>B5=> AJ3;0A=> ?@5?>@J:8B5 70 B>@5=5 =0 Haifa (Haifa 
Group, 2021 3.) :0:B> A;5420:  Haifa MAP - 25-45 kg/ha, Multi K 3 80 kg/ha, Haifa MKP - 
25 kg/ha, Haifa Cal - 30 kg/ha, Maguisal - 10 kg/ha, Poly-feed 3 25-40 kg/ha. #>;820=5B> 
A5 872J@H20 G@57 A8AB5<0 70 :0?:>2> =0?>O20=5 2:;NG20I0 :><0=45= 2J75; 8 ?5B 
42>9=8 @540 A ?> 425 42>9:8 ?>;82=8 :@8;0. �2B><0B870F8OB0 =0 ?>;82=8O ?@>F5A 
A5 >A83C@O20 >B :>=B@>;5@ 70 ?@5F87=> ?>4020=5 =0 ?>;82=0B0 =>@<0 NMC Junior, 
5;5:B@><03=8B=8 :;0?0=8, B>@>?>4020I0 A8AB5<0 FertiKit Nutrigation 70 ?@5F87=> 
?@8;>65=85 =0 B>@>20B0 =>@<0, :><?5=A0B>@5= :0?:>2 <0@:CG UniRam AS A 
2JB@5H5= 480<5BJ@ 14.6 mm, 4515;8=0 =0 AB5=0B0 1.2 mm, 23@045=8 ?@57 20 cm 
:0?:>>1@07C20B5;8 A 4518B 1.6 l/h. �7A;5420=8 A0 ?5B 20@80=B0: :>=B@>;0: I0F0:100% 
(ETc) ?>;82=0 =>@<0, >?@545;5=0 G@57 520?>B@0=A?8@0F8OB0, 157 B>@5=5; I1F1; I1F2; 
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I2F1 8 I2F2.  8:@>:;8<0BJB 2 >@0=65@8OB0: B5<?5@0BC@0 8 >B=>A8B5;=0 2;06=>AB =0 
2J74CE0, A;J=G520 @0480F8O, A:>@>AB =0 2OBJ@0 A0 87<5@20=8 =0 2A5:8 30 min G@57 
<5B5>@>;>38G=0 AB0=F8O 8 70?8A20=8 G@57 40B0 ;>35@ (HOBO USB Micro Data Logger, 
USA). �B0;>==0B0 520?>B@0=A?8@0F8O 5 87G8A;5=0 G@57 C@02=5=85B> =0 Penman-
Monteith (Allen et al., 2006): 

 

,            (1) 

:J45B> ETo 5 5B0;>==0B0 520?>B@0=A?8@0F8O, mm/day, Δ e =0:;>= =0 :@820B0 =0 
=0;O30=5B> =0 2>4=8B5 ?0@8 (kPa/°%);  Rn - =5B=0B0 @0480F8O (MJ m-2/day);  G 3 
B>?;8==8OB ?>B>: >B ?>G20B0 (MJ m2/day); ´ 3 ?A8E@><5B@8G=0 :>=AB0=B0 (kPa/ °%);T 3 
A@54=>4=52=0B0 B5<?5@0BC@0 =0 2J74CE0 (°%); u2 3 A:>@>AB =0 2OBJ@0 (m/s); es 3 
A@54=>4=52=>B> =0;O30=5 =0 =0A8B5=8B5 2>4=8 ?0@8 (kPa); ea 3 459AB28B5;=> 
=0;O30=5 =0 2>4=8B5 ?0@8 (kPa).  

�20?>B@0=A?8@0F8OB0 =0 O3>48B5 A5 >?@545;O ?> A;54=0B0 D>@<C;0: 
 

 , (2) 
 
:J45B>: �&A 5 520?>B@0=A?8@0F8OB0 =0 :C;BC@0, >B3;5640=0 ?@8 AB0=40@B=8 

CA;>28O (mm/day), Kc - :>5D8F85=B =0 :C;BC@0B0; �&> - eB0;>==0B0 
520?>B@0=A?8@0F8O (mm/day). 

�>5D8F85=BJB =0 :C;BC@0B0 5 0.30, 0.80 and 0.70 AJ>B25B=> 70 =0G0;=0, A@54=0 
8 :@09=0 D5=>D070 (Allen et al., 2006b). 

#>;82=0B0 =>@<0 70 20@80=B0 A >?B8<0;=> =0?>O20=5 A5 87G8A;O20 2J7 >A=>20 
=0 AC<0@=0B0 520?>B@0=A?8@0F8O =0 O3>48B5 70 ?5@8>40 <564C ?>;82:8B5. 

 

, (3) 
 
:J45B> Ir e ?>;82=0B0 =>@<0 (mm); £ET> - AC<0@=0B0 5B0;>==0 

520?>B@0=A?8@0F8O (mm); k -  :>5D8F85=B, 7028A5I >B 2840 =0 A8AB5<0B0 70 
=0?>O20=5. 

�7<5@20=8OB0 =0 ?;>4>25B5 A0 872J@H5=8 ?> 20@80=B8, >B 4 ?>A;54>20B5;=8 
@0AB5=8O, =0 A;54=8B5 ?>:070B5;8: B53;>, H8@8=0 8 4J;68=0 =0 ?;>40. &53;>B> 5 
87<5@5=> G@57 ?@5F87=0 5;5:B@>==0 257=0 Vedia FR-H (±0.01 g). $07<5@8B5 =0 
?;>4>25B5 A0 87<5@5=8 G@57 5;5:B@>=5= HC1;5@ (±0.01 mm). %J3;0A=> "1I8O 
?070@5= AB0=40@B 70 O3>48 ($53;0<5=B (E%) 7 543/2011) <8=8<0;=8OB 480<5BJ@ =0 
?;>4>25B5 „5:AB@05 :0G5AB2> 5 25 mm, 0 70 :;0A I 8 II - 18 mm. 

#>;CG5=8B5 40==8 A0 AB0B8AB8G5A:8 0=0;878@0=8 A ?><>IB0 =0 A>DBC5@ 70 
48A?5@A8>=5= 0=0;87 STATISTICA 8.0. �7?>;720= 5 B5ABJB =0 �J=:0= ?@8 =82> =0 
7=0G8<>AB (@<0.05) 70 87<5@20=5 =0 A?5F8D8G=8B5 @07;8:8 <564C 42>9:8 A@54=8 
AB>9=>AB8. 

 
$9;G?F4F< < B5EN:84A9 

�J7 >A=>20 =0 40==8B5 70 <8:@>:;8<0B0 2 >@0=65@8OB0 5 >?@545;5=0 
5654=52=0B0 5B0;>==0 520?>B@0=A?8@0F8O 8 520?>B@0=A?8@0F8OB0 =0 @0AB5=8OB0. 
%@54=0B0 4=52=0 520?>B@0=A?8@0F8O =0 O3>48B5 70 2535B0F8>==8O ?5@8>4 5 1.64 
mm/day. %57>==0B0 520?>B@0=A?8@0F8O =0 O3>48B5 70 2023 5 366.61 mm. 

#@57 2023 3. 1OE0 ?@>2545=8 48 1@. ?>;82:8 AJA A@54=0 ?>;82=0 =>@<0 7.10 mm 
70 :>=B@>;=8O 20@80=B I0F0. $5A?5:B82=> A@54=0B0 ?>;82=0 =>@<0 70 20@80=B8 I1F1 
8 I1F2 5.39 mm, 0 70 20@80=B8  I2F1 8 I2F2 5 3.69 mm. #J@20B0 ?>;82:0 5 ?@>2545=0 
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=0 30 <0@B, 0 ?>A;54=0B0 =0 9 =>5<2@8. #J@28B5 G5B8@8 ?>;82:8 A;54 70A0640=5 =0 
@0AB5=8OB0 A0 A 54=0:20 3>;5<8=0. !0?>8B5;=0B0 =>@<0 70 2023 3. ?> 20@80=B8 5 
:0:B> A;5420: 340.78 mm 70 I0F0, 258.92 mm 70 I1F1 8 I1F2 8 177.06 mm 70 I2F1 8 
I2F2. �OE0 872J@H5=8 15 1@. ?>4E@0=20=8O =0 @0AB5=8OB0 A 2>4>@07B2>@8<8 B>@>25 
7054=> A ?>;82=0B0 2>40 70 20@80=B8 I1F1 8 I2F1 N8.09P12.76K15.62 :0:B> A;5420: 8 1-2> 
?>4E@0=20=5 =5?>A@54AB25=> ?@548 70A0640=5B> =0 @0AB5=8OB0 Haifa MKP (25 
kg/ha); 2-@> ?>4E@0=20=5 70 ?@8E20I0=5 Haifa MAP (45 kg/ha); 3-B> ?>4E@0=20=5 54=0 
A54<8F0 ?>-:JA=> Poly-feed (25 kg/ha); 4-B> ?>4E@0=20=5 2J2 D5=>D070 „=0G0;> =0 
1CB>=870F8O5 Maguisal (10 kg/ha); 5-B> ?>4E@0=20=5 2J2 D5=>D070 „=0G0;> FJDB565 
Haifa MAP (25 kg/ha); 6-B> ?>4E@0=20=5 54=0 A54<8F0 ?>-:JA=> Poly-feed (35 kg/ha); 
7-B> ?>4E@0=20=5 2J2 D5=>D070 „<0A>2 FJDB565 Haifa MAP (25 kg/ha); 8-<> 
?>4E@0=20=5 ?@8 ?>O20 =0 ?J@28B5 702@J78 Haifa Cal (30 kg/ha); 9-B> ?>4E@0=20=5 
Multi K (80 kg/ha); 10-B> ?>4E@0=20=5 2J2 D5=>D070 „<0A>2> D>@<8@0=5 =0 ?;>4>255 
Multi K (80 kg/ha); 11- B> ?>4E@0=20=5 54=0 A54<8F0 ?>-:JA=> Poly-feed (35 kg/ha); 12-
B> ?>4E@0=20=5 Multi K (80 kg/ha); 13-B> ?>4E@0=20=5 2J2 D5=>D070 „:@09 FJDB565 
Haifa MAP (25 kg/ha); 14-B> ?>4E@0=20=5 2J2 D5=>D070 „?;>4>4020=55 Haifa MKP (25 
kg/ha); 15-B> ?>4E@0=20=5 2J2 D5=>D070 „?>43>B>2:0 70 ?>:>95 - Poly-feed (40 kg/ha). 
&>@5=5B> =0 20@80=B8 I1F2 8 I2F2 5 >AJI5AB25=> 2 AJI8O 2@5<528 3@0D8:, AJA 
AJI8B5 284>25 B>@>25, => ?@8 :>;8G5AB20 75%F1.  

$57C;B0B8B5 (&01;8F0 1) ?>:0720B, G5 =09-28A>: ?@>F5=B (38.78%) >B ?;>4>25B5 
„5:AB@05 :0G5AB2> A5 =01;N4020 ?@8 20@80=B I0F0, 4>:0B> =09-<0;J: ?@>F5=B 
(24.65%) >B ?;>4>25B5 „5:AB@05 :0G5AB2> A5 =01;N4020 ?@8 20@80=B I2F2. 
$57C;B0B8B5 >B <=>65AB25=8O B5AB =0 �J=:0= 70 4>AB>25@=>AB =0 @07;8:8B5 
?>:0720B, G5 20@80=B8B5 A0 @0745;5=8 2 425 E><>35==8 3@C?8. �<0 AB0B8AB8G5A:8 
4>:070=0 @07;8:0 <564C :>=B@>;=8O 20@80=B I0F0 8 I2F2, :0:B> 8 <564C I1F2 8 
:>=B@>;=8O 20@80=B I0F0 8 <564C I2F1 8 :>=B@>;=8O 20@80=B I0F0.  

 
&45?<J4 1. #@>F5=B=> @07?@545;5=85 =0 ?;>4>25B5 AJ3;0A=> "1I8O ?070@5= 
AB0=40@B ?> 20@80=B8 

�0@80=B :;0A „5:AB@05  
(%) 

I 8 II :;0A 

(%) 

III :;0A 

(%) 

I0F0 38.78a
 46.92ab

 12.09a
 

I1F1 31.65a
 60.17a

 8.18a
 

I1F2 35.07ab
 50.36bc

 14.57a
 

I2F1 30.47ab
 45.64a

 23.89 

I2F2 24.65b
 62.01c

 13.34a
 

%B>9=>AB8B5 >7=0G5=8 A 54=0:20 1C:20 70 548= 8 AJI8 ?>:070B5; =O<0B 4>:070=>AB =0 @07;8:8B5 ?@8 p<0.05 

 
$57C;B0B8B5 (&01;8F0 1) ?>:0720B, G5 =09-28A>: ?@>F5=B (62.01%) >B ?;>4>25B5 

I 8 II :;0A A5 =01;N4020 ?@8 20@80=B I2F2, 4>:0B> =09-<0;J: ?@>F5=B (45.64%) >B 
?;>4>25B5 I 8 II :;0A A5 =01;N4020 ?@8 20@80=B I2F1. $57C;B0B8B5 >B <=>65AB25=8O 
B5AB =0 �J=:0= 70 4>AB>25@=>AB =0 @07;8:8B5 ?>:0720B, G5 20@80=B8B5 A0 @0745;5=8 
2 B@8 E><>35==8 3@C?8. �<0 AB0B8AB8G5A:8 4>:070=0 @07;8:0 <564C :>=B@>;=8O 
20@80=B I0F0 8 I2F2.  

$57C;B0B8B5 (&01;8F0 1) ?>:0720B, G5 =09-28A>: ?@>F5=B (23.89%) >B ?;>4>25B5 
III :;0A A5 =01;N4020 ?@8 20@80=B I2F1, 4>:0B> =09-<0;J: ?@>F5=B (8.18%) >B 
?;>4>25B5 III :;0A A5 =01;N4020 ?@8 20@80=B I1F1. $57C;B0B8B5 >B <=>65AB25=8O 
B5AB =0 �J=:0= 70 4>AB>25@=>AB =0 @07;8:8B5 ?>:0720B, G5 20@80=B8B5 A0 @0745;5=8 
2 425 E><>35==8 3@C?8. �<0 AB0B8AB8G5A:8 4>:070=0 @07;8:0 <564C :>=B@>;=8O 
20@80=B I0F0 8 I2F1. �<0 AB0B8AB8G5A:8 4>:070=0 @07;8:0 <564C 20@80=B I2F1 8 
2A8G:8 >AB0=0;8 20@80=B8.  
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$57C;B0B8B5 (&01;8F0 2) ?>:0720B, G5 =09-3>;O< A@545= 480<5BJ@ (22.23 mm) 
8<0B ?;>4>25B5 >B 20@80=B I1F2, 0 =09-<0;J: (21.14 mm) 8<0B ?;>4>25B5 >B 20@80=B 
I2F1. $57C;B0B8B5 >B <=>65AB25=8O B5AB =0 �J=:0= 70 4>AB>25@=>AB =0 @07;8:8B5 
?>:0720B, G5 20@80=B8B5 A0 @0745;5=8 2 425 E><>35==8 3@C?8. !O<0 AB0B8AB8G5A:8 
4>:070=0 @07;8:0 <564C :>=B@>;=8O 20@80=B I0F0 8 >AB0=0;8B5 20@80=B8. �<0 
AB0B8AB8G5A:8 4>:070=0 @07;8:0 <564C 20@80=B I2F1 8 I2F2 8 20@80=B8 I1F1  8 I1F2. 
% =0<0;O20=5 =0 ?>;82=0B0 =>@<0 8 B>@>20B0 =>@<8, =0<0;O20 8 A@54=8O 480<5BJ@ 
=0 ?;>4>25B5. �0 ?>4>1=8 @57C;B0B8 4>:;0420 Bibi et al. (2016) 70 G5@25= A>@B. 

 
&45?<J4 2. %@545= 480<5BJ@ 8 B53;> =0 ?;>4>25B5 ?> 20@80=B8 

�0@80=B 480<5BJ@  
(mm) 

B53;> 

(g) 

�@>9 ?;>4>25 >B 
@0AB5=85 

"1I 4>182 

kg/ha 

I0F0 21.82ab
 5.26a

 15.6 3386.11a
 

I1F1 22.21b
 5.39a

 16.7 3598.23a
 

I1F2 22.23b
 5.23a

 17.3 3489.32a
 

I2F1 21.14a
 5.17a

 12.8 2964.46b
 

I2F2 21.18a
 4.69 10.9 2877.50b

 
%B>9=>AB8B5 >7=0G5=8 A 54=0:20 1C:20 70 548= 8 AJI8 ?>:070B5; =O<0B 4>:070=>AB =0 @07;8:8B5 ?@8 p<0.05 

 
$57C;B0B8B5 (&01;8F0 2) ?>:0720B, G5 =09-3>;O<> A@54=> B53;> (5.39 g) 8<0B 

?;>4>25B5 >B 20@80=B I1F1, 0 =09-<0;:> (4.69 g) 8<0B ?;>4>25B5 >B 20@80=B I2F2. 
$57C;B0B8B5 >B <=>65AB25=8O B5AB =0 �J=:0= 70 4>AB>25@=>AB =0 @07;8:8B5 
?>:0720B, G5 20@80=B8B5 A0 @0745;5=8 2 425 E><>35==8 3@C?8. �<0 AB0B8AB8G5A:8 
4>:070=0 @07;8:0 <564C 20@80=B I2F2 8 2A8G:8 >AB0=0;8 20@80=B8. % =0<0;O20=5 =0 
?>;82=0B0 8 B>@>20B0 =>@<8, =0<0;O20 8 B53;>B> =0 ?;>4>25B5. �0 ?>4>1=8 
@57C;B0B8 4>:;0420B Kang et al. (2018), Kachwaya et al. (2015) 70 G5@25=8 A>@B>25. 

$57C;B0B8B5 (&01;8F0 2) ?>:0720B, G5 =09-3>;O< A@545= 1@>9 ?;>4>25 >B 54=> 
@0AB5=85 (17.3 1@./@0AB.) A5 =01;N4020 ?@8 20@80=B I1F2, 0 =09-<0;J: (10.2 1@./@0AB.) 
A5 =01;N4020 ?@8 20@80=B I2F2.  

$57C;B0B8B5 (&01;8F0 2) ?>:0720B, G5 =09-28A>: A@545= 4>182 (3598.23 kg/ha) A5 
=01;N4020 ?@8 20@80=B I1F1, 0 =09-=8AJ: (2877.50 kg/ha) - ?@8 20@80=B I2F2. 
$57C;B0B8B5 >B <=>65AB25=8O B5AB =0 �J=:0= 70 4>AB>25@=>AB =0 @07;8:8B5 
?>:0720B, G5 20@80=B8B5 A0 @0745;5=8 2 425 E><>35==8 3@C?8. �<0 AB0B8AB8G5A:8 
4>:070=0 @07;8:0 <564C A@54=8O 4>182 >B 20@80=B8 I2F1 8 I2F2 8 2A8G:8 >AB0=0;8 
20@80=B8. � A@02=5=85 A G525=8B5 A>@B>25 4>182JB 5 ?>-=8AJ: (Pinto et al., 2022; 
Létourneau et al., 2015; Sharma et al. 2005), => =O:>8 87A;54>20B5;8 4>:;0420B 
?>4>1=8 @57C;B0B8 ?@8 5:A?5@8<5=B8 ?J@20 3>48=0 (Ayas, 2022), >B=>2> 70 G5@25= 
A>@B. 

 
�4>?NK9A<9 

*5;B0 =0 =0AB>OI0B0 AB0B8O 5 40 ?@54AB028 2;8O=85B> =0 ?@8;>65=8B5 @568<8 
=0 =0?O20=5 8 B>@5=5 2J@EC 480<5BJ@0 8 B53;>B> =0 ?;>4>25 >B A>@B 15;>?;>4=8 
O3>48 (Fragaria x Ananassa <Snow White=). $57C;B0B8B5 ?>:0720B, G5 =09-28A>: 
?@>F5=B (38.78%) >B ?;>4>25B5 „5:AB@05 :0G5AB2> A5 =01;N4020 ?@8 20@80=B I0F0, 0 
=09-<0;J: ?@>F5=B (24.65%) >B ?;>4>25B5 „5:AB@05 :0G5AB2> A5 =01;N4020 ?@8 
20@80=B I2F2, 4>:0B> =09-28A>: ?@>F5=B (62.01%) >B ?;>4>25B5 I 8 II :;0A A5 
=01;N4020 ?@8 20@80=B I2F2, 0 =09-<0;J: ?@>F5=B (45.64%) >B ?;>4>25B5 I 8 II :;0A 
A5 =01;N4020 ?@8 20@80=B I2F1. #> >B=>H5=85 =0 A@54=8O 480<5BJ@ =09-28A>:0 
AB>9=>AB (22.23 mm) 8<0B ?;>4>25B5 >B 20@80=B I1F2, 0 =09-=8A:0 (21.14 mm) 8<0B 
?;>4>25B5 >B 20@80=B I2F1. !09-3>;O<> A@54=> B53;> (5.39 g) 8<0B ?;>4>25B5 >B 
20@80=B I1F1, 0 =09-<0;:> (4.69 g) 8<0B ?;>4>25B5 >B 20@80=B I2F2. $57C;B0B8B5 
?>:0720B, G5 =09-3>;O< A@545= 1@>9 ?;>4>25 >B 54=> @0AB5=85 (17.3 1@./@0AB.) A5 
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=01;N4020 ?@8 20@80=B I1F2, 0 =09-<0;J: (10.2 1@./@0AB.) A5 =01;N4020 ?@8 20@80=B 
I2F2. % =0<0;O20=5 =0 ?>;82=0B0 8 B>@>20B0 =>@<8 A5 2;>H020B 8 E0@0:B5@8AB8:8B5 
=0 4>1820. 

$57C;B0B8B5 ?>:0720B, G5 2>4=8OB 8 E@0=8B5;5= @568< A0 >A=>2=8B5 D0:B>@8, 
:>8B> >:0720B 2;8O=85 2J@EC 480<5BJ@0 8 B53;>B> =0 ?;>4>25B5 >B 1O;0 O3>40 A>@B 
Fragaria x Ananassa „Snow White=.  
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Abstract 
A technology, conceptual design for a three-module system for conducting plant 

protection in greenhouses has been developed. An experimental model of a three-module 
system for conducting plant protection in greenhouses has been developed. 

Key words: greenhouse vegetable production, plant protection technology, plant 
protection system. 
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"B3;5640=5B> =0 :C;BC@8 2 >@0=65@88 8<0 7=0G8B5;=8 ?@548<AB20 2 A@02=5=85 
A >B3;5640=5B> 8< =0 >B:@8B> (/=:>20, 2018 �@=0C4>2, 2018). %JI52@5<5==> 
?@>F5A8B5 ?@8 >B3;5640=5B> =0 :C;BC@8B5 2 >@0=65@88 B@C4=> A5 ?>44020 =0 
<5E0=870F8O. &>20 7=0G8B5;=> >A:J?O20 ?@>4C:F8OB0, :>5B> =0;030 
CAJ2J@H5=AB20=5 =0 B5E=>;>388B5 8 B5E=8G5A:8B5 A@54AB20 70 <5E0=870F8O =0 
@0AB8B5;=0B0 70I8B0 ?@8 >@0=65@89=>B> ?@>872>4AB2>. �48= >B =09-0:BC0;=8B5 
2J?@>A8 2 ?@>872>4AB2>B> =0 @0AB8B5;=0 ?@>4C:F8O 2 >@0=65@88 5 =0<0;O20=5 =0 
=59=0B0 A515AB>9=>AB G@57 ?>28H020=5 ?@>872>48B5;=>ABB0 =0 B@C40 8 C25;8G020=5 
4>1828B5 >B :C;BC@8B5. #> 87G8A;5=8O 2 1@0=H0 >B=>A8B5;=8OB 4O; 70 @01>B=8 
70?;0B8 2 >@0=65@88B5 5 ?>25G5 >B 20% >B A515AB>9=>ABB0 =0 ?@>4C:F8OB0. �0B>20 
>@0=65@89=>B> ?@>872>4AB2> 5 BOA=> A2J@70=> A H8@>:0 <5E0=870F8O =0 @01>B0B0, 
:0:B> 8 >1>@C420=5 8 8=25=B0@, 2>45I8 4> 5D5:B82=>AB 8 ?>25G5 ?@>4C:F8O.  

&5=45=F8OB0 =0 =0<0;O20=5 =0 75;5=GC:>?@>872>4AB2>B> 2 >@0=65@88 A5 
4J;68 =0 3>;5<8B5 @07E>48 8 =5?@82;5:0B5;=8O B@C4. "A>15=> >?0A=> 5 
?@8;030=5B> =0 ?@5?0@0B8 =0 70:@8B8 ?;>I8 :0:28B> A0 >@0=65@88B5 (Lin, 2021). 
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�J45B> 8<0 873@045=8 8=AB0;0F88 70 @0AB8B5;=0 70I8B0. &@O120 40 A5 A?0720B 
>?@545;5=8 ?@028;0. $01>B0B0 A 8=AB0;0F8OB0 70 @0AB8B5;=0 70I8B0 8 
>15770@07O20=5B> =0 >@0=65@8OB0 ;OB=> 2@5<5 A0 >?0A=8 70 74@025B> 8 878A:20B 
A?5F80;=0 ?>43>B>2:0 8 ?@54?07=> >1;5:;> ( 8E09;>2 1979). $0AB8B5;=0B0 70I8B0 
>B 1>;5AB8B5 8 2@548B5;8B5 2 >@0=65@88B5 A5 872J@H20 @JG=> A =>A8<8 8;8 2>78<8 
?@JA:0G:8 (�0940@>2 1967), :>8B> 8<0B =8A:0 ?@>872>48B5;=>AB 8 =5 704>2>;O20B 
03@>B5E=8G5A:8B5 878A:20=8O. �A8G:> B>20 =0;030 CAJ2J@H5=AB20=5 =0 B5E=>;>388B5 
8 B5E=8G5A:8B5 A@54AB20 70 <5E0=870F8O =0 @0AB8B5;=0B0 70I8B0 ?@8 
>@0=65@89=>B> ?@>872>4AB2>. 

#D98A4;A4K9A<9 A4 FD<@B8G?A4 E<EF9@4 ;4 CDB69:84A9 A4 D4EF<F9?A4 
;4M<F4 6 BD4A:9D<< 

"?8B=8OB >1@075F =0 B@8<>4C;=0B0 A8AB5<0 70 ?@>25640=5 =0 @0AB8B5;=0 
70I8B0 2 >@0=65@88 5 ?@54=07=0G5=0 70 87A;5420=5 2J7<>6=>AB8B5 =0 A8AB5<0B0 
40 872J@H20 >?5@0F88 70 @0AB8B5;=0 70I8B0 2 >?B8<0;=> AJAB>O=85 2 7028A8<>AB 
>B 878A:20=8OB0 =0 :C;BC@0B0. "?8B=8OB >1@075F A5 87@01>B20 70 ?@>25@O20=5 =0 
B5E=8G5A:8B5 E0@0:B5@8AB8:8 2 ?>A;5420I>B> 87A;5420=5 =0 B0:0 87@01>B5=8O 
>1@075F. *5; =0 87@01>B20=5 8 87A;5420=5 =0 >?8B=8O >1@075F =0 A8AB5<0B0 70 
@0AB8B5;=0 70I8B0 2 >@0=65@88 5 >?@545;O=5 2J7<>6=>AB8B5 70 87?>;720=5 2 
>@0=65@89=>B> ?@>872>4AB2> 8 =0 :0G5AB2>B> =0 @01>B0B0 9.  

 
&9IA<K9E>4 I4D4>F9D<EF<>4 

Т9хA<ч9E>B BC<E4A<9 

"?8B=8OB >1@075F =0 B@8<>4C;=0B0 A8AB5<0 70 @0AB8B5;=0 70I8B0 2 >@0=65@88 
A5 AJAB>8 >B B@8 <>4C;0, <>4C; 1 ((83C@0 1), <>4C; 2 ((83C@0 2), <>4C; 3 ((83C@0 3). 
 >4C;8 54=> 8 425 A0 =5?>4286=8 <>4C;8. #> 2@5<5 =0 @01>B0 =0 A8AB5<0B0, <>4C; 
3 A5 ?@5428620 ?> 4J;68=0 =0 >@0=65@8OB0.  >4C;8 1 8 2 AJI> <>30B 40 A5 
?@5<5AB20B 8 B@0=A?>@B8@0B >B 54=0 >@0=65@8O 2 4@C30, => ?> 2@5<5 =0 @01>B0 A5 
?>78F8>=8@0B 2 :@0O =0 >@0=65@8OB0 8 >AB020B =5?>4286=8 ?> 2@5<5 =0 ?@>25640=5 
=0 @0AB8B5;=0B0 70I8B0.  
 

1. �0E@0=20I :015; 70 5;5:B@>42830B5;O. 
2. $0<0. 
3. $575@2>0@ 70 @01>B=0 B5G=>AB. 
4. �;5:B@>42830B5;. 
5. %<C:0B5;5= B@J1>?@>2>4 A2J@720I 
@575@2>0@0 8 ?><?0B0. 

6. #><?0 70 AJ74020=5 =0 =0;O30=5 =0 
@01>B=0B0 B5G=>AB. 

7. !03=5B0B5;5= B@J1>?@>2>4.  
8.  0=><5BJ@ 70 87<5@20=5 =0 =0;O30=5B> 
?>4020=> :J< <>4C; 2. 

9. �@0= 70 @53C;8@0=5 =0 =0;O30=5B> ?>4020=> 
:J< <>4C; 2. 

10. &@J1>?@>2>4 ?>4020I B5G=>AB ?>4 =0;O30=5 
:J< <>4C; 2. 

11. �@0= 70 @53C;8@0=5 =0 4518B0 =0 @01>B=0B0 
B5G=>AB 2@JI0=0 2 @575@2>0@0. 

12. &@J1>?@>2>4 70 >B25640=5 =0 87;8H=0B0 @01>B=0 B5G=>AB :J< @575@2>0@0 8 
70 @071J@:20=5 =0 B5G=>ABB0 2 @575@2>0@0. 

13. !82><5@ 70 @01>B=0B0 B5G=>AB 2 @575@2>0@0. 
 

(<7GD4 1. !5?>42865= <>4C; 1 70 >A83C@O20=5 =0 B5G=>AB ?>4 =0;O30=5 
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 >4C; 1 5 ?@54=07=0G5= 40 AJ74020 B5G=>AB ?>4 =0;O30=5, B>9 A5 AJAB>8 >B 
A;54=8B5 >A=>2=8 2J7;8: @0<0, AJAB>OI0 A5 >B AB><0=5=8 ?@>D8;8 2, A2J@70=8 2 
:>=AB@C:F8O ?>A@54AB2>< 7020@:8, @575@2>0@ 3 70 @01>B=0B0 B5G=>AB, 
5;5:B@>42830B5; 4 8 ?><?0 6, A2J@70=8 2 >1I :>@?CA 70 AJ74020=5 =0 B5G=>AB ?>4 
=0;O30=5, <0=><5BJ@ 7 70 87<5@20=5 =0 =0;O30=5B> =0 @01>B=0B0 B5G=>AB, :@0= 9 70 
@53C;8@0=5 =0 =0;O30=5B> =0 @01>B=0B0 B5G=>AB ?>4020=0 :J< <>4C; 2, :@0= 70 
@53C;8@0=5 =0 B5G=>ABB0 :>OB> A5 2@JI0 2 @575@2>0@0 70 @071J@:20=5 =0 @01>B=0B0 
B5G=>AB. 

 >4C; 2 5 ?@54=07=0G5= 40 ?>4020 B5G=>AB ?>4 =0;O30=5 =0 ?@><5=;820 
48AB0=F8O, B>9 A5 AJAB>8 >B <0:0@0 5 <>=B8@0=0 H0@=8@=> 2J@EC AB>9:0 4. !0 
<0:0@0B0 A0 =028B8 B@J1>?@>2>40 9 70 ?>4020=5 =0 B5G=>AB ?>4 =0;O30=5 :J< 
?>4286=8O <>4C; 3 8 2J65B> 10 70 ?@8428620=5 =0 ?>4286=8O <>4C;. �0 40 1J45 
;5A=> ?@8AJ548=O20=5B> =0 <>4C; 2 :J< <>4C; 1 5 ?@542845=> CAB@>9AB2> 70 1J@7> 
?@8AJ548=O20=5 1. �J< <>4C; 3  A5 ?@8AJ548=O20B 4@C38OB :@09 =0 B@J1>?@>2>40 8 
8 CAB@>9AB2>B> <>=B8@0=> :J< 2J65B> 7. 

 
1. 'AB@>9AB2> 70 1J@7> 
?@8AJ548=O20=5 :J< <>4C; 1. 

2. &@J1>?@>2>4 70 ?>4020=5 =0 
B5G=>AB :J< <0:0@0B0 5. 

3. !0A>G20I =0:@09=8:. 
4. %B>9:0 70 <0:0@0B0 5. 
5.  0:0@0 70 =02820=5 =0 
B@J1>?@>2>40 9 8 2J65B> 10. 

6. $J:>E20B:0 70 =02820=5 =0 
<0:0@0B0 5. 

7. 'AB@>9AB2> 70 ?@8AJ548=O20=5 =0 
2J65B> 9 :J< ?>4286=8O <>4C;. 

8. !0:@09=8: 70 ?@8AJ548=O20=5  :J< 
?>4286=8O <>4C;. 

9. &@J1>?@>2>4 70 ?>4020=5 =0 
B5G=>AB :J< ?>4286=8O <>4C; =0 
?@><5=;820 48AB0=F8O. 

10. �J65 70 ?@8428620=5 =0 ?>4286=8O <>4C;. 
 

(<7GD4 2. !5?>42865= <>4C; 2 70 ?>4020=5 =0 B5G=>AB ?>4 =0;O30=5 =0 
?@><5=;820 48AB0=F8O 

 
 >4C; 3 5 ?@54=07=0G5= 40 @07?@JA:20 @01>B=0B0 B5G=>AB 2J@EC B@5B8@0=8B5 

>15:B8. &>9 A5 ?@5428620 G@57 2J65 18 B53;5=> >B <>4C; 2 ?@8AJ548=5=> :J< 
B53;8G0 8 ?>A@54AB2>< CAB@>9AB2> 70 1J@7> ?@8AJ548=O20=5 17. %JI52@5<5==> A 
?@5428620=5B> =0 <>4C; 3 B>9 ?@85<0 B5G=>AB ?>4 =0;O30=5 >B B@J1>?@>2>40 9 
A2J@70= :J< <>4C; 2. +@57 B@>9=8:0 10 B5G=>ABB0 ?>4045=0 ?>4 =0;O30=5 A5 
@07?@545;O =0;O2> 8 =04OA=> ?> 4J;68=0 =0 I0=30B0 1 2J@EC :>OB> A0 <>=B8@0=8 
@07?@JA:20G8B5 2  ?>A@54AB2>< A:>18 6. $07?@JA:20G8B5 2 @07?@JA:20B B5G=>ABB0 
2J@EC B@5B8@0=8B5 >15:B8. )>4>28B5 :>;5;0 A0 AJAB025=8 >B 3;028=8 12 2 :>8B> A0 
<>=B8@0=8 ;035@8. �J=H=8B5 3@82=8 =0 ;035@8B5 A0 =5?>4286=8 :J< 3;028=8B5 =0 
:>;5;0B0 0 2JB@5H=8B5 A0 =5?>4286=8 :J< >A8 70:@5?5=8 A 309:8 :J< 28;:8B5 5. 
�8;:8B5 5 >B A2>O AB@0=0 A0 7020@5=8 =5?>4286=> =0 2BC;:8B5 14 :0B> ?> B>78 =0G8= 
D>@<8@0B 548= 2J75; :>9B> <>65 40 A5 ?@5428620 ?> I0=30B0 1. &0:0 <>4C; 3 <>65 
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=0A0645=8O ?>72>;O20 40 @5H8 @548F0 ?@>1;5<8, A2J@70=8 A <5E0=870F8OB0 =0 
=09-B@C4>5<:8B5 ?@>F5A8 ?> AJ18@0=5B> 8 872;8G0=5B> =0 4J@25A8=0B0 >B B578 
=0A0645=8O, 0 AJI> B0:0 8 =0 2@5<5==8 A:;04>25. 

К?NчB6< 8G@<: B5>@5B8G=8 ?@54?>AB02:8, ?@5=>A8<0 E84@02;8G=0 
42C10@010==0 ;5154:0, 4@51=>@07<5@=0 4J@25A8=0, >B3;54=8 A5G8, 18><0A0, 
5=5@389=8 =C648.  
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Abstract 
Theoretical prerequisites have been developed for the use of a portable hydraulic 

double-drum winch in the harvesting of small-sized timber in thinning operations. The 
necessity of harvesting small-sized timber during thinning operations at a young age has 
been justified, characterized by low intensity, heterogeneity, and very low bulk density. The 
use of a portable hydraulic double-drum winch in young stands allows for the resolution of 
several issues related to the mechanization of the most labor-intensive processes of 
collecting and extracting timber from these stands, as well as from temporary storage 
sites. 

Key words: theoretical prerequisites, portable hydraulic double-drum winch, small-
sized wood, tending cuts, biomass, energy needs. 
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�N6989A<9  
"B3;54=8B5 A5G8 A0 54=> >B 206=8B5 ;5A>2J4A:8 <5@>?@8OB8O 70 

8=B5=78D8:0F8O =0 3>@A:>B> AB>?0=AB2> (Marinov et al., 2013). #@8;030=5B> 8< 
>A83C@O20 =0 AB@0=0B0 4>?J;=8B5;=> :>;8G5AB2> 4J@25A8=0 8 2>48 4> 
C25;8G020=5B> =0 ?@8@0AB0 8 ?>4>1@O20=5 =0 AJAB>O=85B> =0 3>@A:8B5 5:>A8AB5<8 
(Stefanov and Krumov, 2024).  

$5H020=5B> =0 ?@>1;5<0 ?@8 4>1820=5B> 8 87?>;720=5B> =0 4@51=>@07<5@=0B0 
4J@25A8=0 >B >B3;54=8 A5G8, >A>15=> 2 ?>-<;048B5 =0A0645=8O, 5 0:BC0;=> =5 A0<> 
70 =0H0B0 AB@0=0, :>OB> 5 A >3@0=8G5=8 4J@25A=8 @5AC@A8, => 8 70 @0728B8B5 2 
3>@A:>AB>?0=A:> >B=>H5=85 AB@0=8, :0:28B> A0 �0=040, (8=;0=48O, ,25F8O, #>;H0, 
+5E8O 8 4@. (Akay, 2005; Edenhofer, 2015). �>;5<8OB 8=B5@5A :J< B078 4J@25A8=0 A5 
4J;68 =0 B>20, G5 ?> A2>8B5 D878:>-<5E0=8G=8 8 E8<8G=8 A2>9AB20 BO ?@54AB02;O20 
F5==0 AC@>28=0 =5 A0<> 70 ?@><8H;5=>ABB0, => 8 70 AB@>8B5;AB2>B> 8 18B0. 
(Gellerstedt, 1997; Klochkov, 2009). 

�725640=5B> 8< 5 AJ?@>2>45=> >B @548F0 D0:B>@8, :0B>: ;8?A0B0 =0 8=B5@5A >B 
AB@0=0 =0 4J@2>4>182=8B5 D8@<8 (B56:8 CA;>28O =0 @01>B0 ?@8 =8A:0 A515AB>9=>AB 
=0 ?@>4C:F8OB0), ;8?A0B0 =0 4>AB0BJG=> :20;8D8F8@0=0 @01>B=0 @J:0 8 =5 =0 
?>A;54=> <OAB> A;01> @0728B0B0 3>@A:> ?JB=0 <@560 (Marinov et al., 2014). 

 
$9;G?F4F< < B5EN:84A9  
�5154:8B5 =0<8@0B H8@>:> ?@8;>65=85 ?@8 AB>?0=8A20=5B> =0 3>@A:8B5 

B5@8B>@88 8 ?> A?5F80;=> 2 4J@2>4>1820 (Laurier et al., 2002). �7?>;720B A5 2 
?;0=8=A:8 8 ?>;C?;0=8=A:8 @09>=8, :>9B> ?@5>1;04020B 2 =0H0B0 AB@0=0, 70 
872;8G0=5 =0 4J@25=8B5 <0B5@80;8 >B B@C4=> 4>ABJ?=8 <5AB0 (4J;1>:8 8 
=5?@>E>48<8 45@5B0), G@57 87?>;720=5 =0 B53;8B5;=> 2J65 (Russell and Mortimer, 
2005; Marinov and Stefanov, 2019). 

"A=>2=8B5 ?0@0<5B@8, :>8B> >?@545;OB :>=AB@C:F8OB0 =0 ;5154:0B0 A0:  
 1@>O =0 10@010=8B5;  
 :0?0F8B5B0 =0 2J65B>;  
 B53;8B5;=0B0 A8;0 =0 10@010=8B5;  
 A:>@>ABB0 =0 2J65B0B0.  
 
�DB= A4 54D454A<F9 

�@>OB =0 10@010=8B5 =0 ;5154:0B0 7028A8 >B 1@>O =0 >?5@0F88B5, :>8B> 
872J@H20. �0 872J@H20=5 =0 2AO:0 >?5@0F8O ?> ?@028;> A0 =5>1E>48<8 420 
10@010=0, 548=8OB >B :>8B> @01>B8 (?@5<5AB20 B>20@0), 2B>@8OB A5 87?>;720 70 
70E@0=20=5 =0 ?@8:0G=> >1>@C420=5 4> <OAB>B>, :J45B> A5 C;02O B>20@JB (>1@0B5= 
10@010=). 

!0 <5AB0B0 70 4J@2>4>182 ;5154:8B5 A5 87?>;720B 70 ?;J730=5 =0 4J@25= 
<0B5@80; 8 B>20@5=5B> <C 2J@EC B@0=A?>@B 70 4J@25= <0B5@80;. #@8 =5>1E>48<>AB 
4J@25A8=0B0 A5 ?>4@5640 8 A ;5154:8 A5 872J@H20B @07;8G=8 ?>43>B28B5;=8, 
4J@2>?>4@5640I8 8 A?><030B5;=8 @01>B8 (<>=B06 =0 2J65-1;>:>28 8=AB0;0F88, 
>BAB@0=O20=5 =0 28AOI8 4J@25B0 8 4@.) (Visser and Stampfer, 2015). 

�J@2>4>182JB A ;5154:8 A5 872J@H20 ?@548<=> =0 A5G8I0, @07?>;>65=8 2 
@02=8==8 1;0B8AB8 <5AB=>AB8 8;8 2 ?;0=8=A:8 @09>=8. &J9 :0B> @01>B=8O >@30= =0 
?;J730I8B5 ;5154:8 5 2J65B>, B0:>20 ?;J730=5 G5AB> A5 =0@8G0 ?;J730=5 A 2J65. 
�5154:8B5 70 ?;J730=5 8<0B @548F0 ?@548<AB20 ?@54 4@C38B5 <5E0=87<8 70 
?;J730=5. !0?@8<5@, B5 <>30B 40 A5 87?>;720B ?@8 ?;J730=5 ?> 2AO:> 2@5<5 =0 
3>48=0B0 8 =0 2AO:0:J2 B5@5=, B5 A5 87=>A20B ?>-<0;:> >B B@0:B>@8B5 ?>@048 
=5?>4286=>B> A8 ?>;>65=85 ?@8 @01>B0 8 8<0B ?>-28A>:0 5D5:B82=>AB, BJ9 :0B> 
?>GB8 FO;0B0 <>I=>AB A5 87@07E>420 70 ?@5<5AB20=5 =0 B>20@0. 
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#@8 @01>B0 2 ?;0=8=A:8 @09>=8 A5 87?>;720B 3;02=> =5A0<>E>4=8 54=>-, 42C- 8 
<=>3>10@010==8 ;5154:8, 70428620=8 >B 42830B5;8 A 2JB@5H=> 3>@5=5: 15=78=>28 
8;8 4875;5;>28. �J?@5:8 B>20, 87?>;720=5B> =0 54=>10@010==8 ;5154:8 ?@8 
4J@2>4>182 5 >3@0=8G5=>, BJ9 :0B> B5 A0<> <5E0=878@0B 42865=85B> =0 B>20@0, 0 
2@JI0=5B> =0 2J65B> 4> <OAB>B>, :J45B> 5 70:0G5= A;5420I8OB A=>?, A5 872J@H20 
@JG=>. �4=>10@010==8B5 ;5154:8 A5 87?>;720B 2 A;CG08B5, :>30B> 2J65B> <>65 40 
A5 42868 >B 54=0B0 AB@0=0 ?>4 2J7459AB285B> =0 A>1AB25=>B> A8 B53;> =0 B>20@0 8;8 
B>20@>?>45<=> CAB@>9AB2>, =0?@8<5@ 2 8=AB0;0F88 70 ?;J730=5 =04 3;020B0, 
@01>B5I8 ?@8 A?CA:0=5 ?> 3>@A:8 ?;0=8=A:8 A:;>=>25. �2C10@010==8B5 ;5154:8 A5 
87?>;720B =0 3>@=8B5 A:845@8 8 <>30B 40 ?@5<5AB20B 4J@25=8 B>20@8 =0 3>;5<8 
@07AB>O=8O. &578 ;5154:8 <>30B 40 A5 87?>;720B 8 70 ?>4@5640=5 =0 4J@25= 
<0B5@80; (Kulakov and Veremeychik, 2013). 

M=>3>10@010==8B5 ;5154:8 8<0B >B B@8 4> H5AB 10@010=0 8 A5 87?>;720B =09-
H8@>:> ?@8 >?5@0F88 ?> 4J@2>4>182 70 70428620=5 =0 @07;8G=8 2J65B0 70 ?;J730=5 
8 ?;J730=5-=0B>20@20=5. �5154:8 A G5B8@8 8;8 ?>25G5 10@010=0 A5 =0@8G0B 
<>4C;=8, BJ9 :0B> B578 ;5154:8 <>30B 40 87?J;=O20B =O:>;:> >?5@0F88, 157 40 A5 
2:;NG20B 4@C38 <5E0=87<8 (2 <>4C;=8B5 ;5154:8 420B0 10@010=0 A5 87?>;720B 70 
?;J730=5, 0 >AB0=0;8B5 70 B>20@5=5). &53;8B5;=>-A:>@>AB=8B5 E0@0:B5@8AB8:8 =0 
=>28B5 ;5154:8 A0 ?>4>1@5=8 8 5 AJ74045=> ?>25G5 C4>1AB2> ?@8 5:A?;>0B0F8OB0 8 
?>44@J6:0B0 8<. !>28B5 ;5154:8 A0 >1>@C420=8 A @54C:B>@8, :>8B> >A83C@O20B =09-
<0;:> B@8 A:>@>AB8 70 =02820=5 =0 2J65B0 2J@EC 10@010=8.  
 

�;K<E?O64A9 A4 >4C4J<F9F4 A4 6N:9FB A4 54D454A4 A4 ?9598>4F4 < 
E>BDBEFF4 A4 6N:9FB 

�0?0F8B5BJB =0 2J65B> =0 10@010=0 7028A8 >B =53>2>B> ?@54=07=0G5=85, :0:B> 
8 >B ?@54=07=0G5=85B> 8 CA;>28OB0 =0 @01>B0 =0 ;5154:0B0. � B0:0, :0?0F8B5BJB =0 
2J65B> =0 <0;:8O 10@010=: 

L = L1+ L2      (1) 
:J45B>: 
L1 3 @07AB>O=85 =0 42865=85 =0 B>20@0, m; 
L2 3 4>?J;=8B5;=0B0 4J;68=0 =0 2J65B>, m. 

 
� 7028A8<>AB >B B5E=>;>38G=8B5 CA;>28O 4>?J;=8B5;=0B0 4J;68=0 =0 2J65B>, 

<>65 40 1J45 >B 20 4> 70 m. $07AB>O=85 =0 42865=85 =0 B>20@0 7028A8 >B CA;>28OB0 
=0 @01>B0 =0 ;5154:0B0, >B 2840 =0 873@045=8B5 ?;0BD>@<8 70 87B53;O=5 =0 
4J@25=8O <0B5@80; (3>@=8 A:;04>25) 8 >B =0G8=0 70 872>720=5 =0 4J@25=8O 
<0B5@80;. 

% =0<0;O20=5 =0 @07AB>O=85B> =0 42865=85 =0 B>20@0, ?@>872>48B5;=>ABB0 =0 
;5154:0B0 A5 C25;8G020 8 @07E>48B5 70 B53;5=5 =0 4J@25= <0B5@80; =0<0;O20B. !> 
2 B>78 A;CG09 1@>OB =0 A<5=8B5 =0 ;5154:8B5 >B 54=> <OAB> =0 4@C3> A5 C25;8G020 8 
?>@048 B>20 5 =5>1E>48<> 40 A5 873@04OB ?>25G5 B>20@=8 B>G:8, :>5B> I5 4>2545 4> 
=0<0;O20=5 =0 AB5?5=B0 =0 87?>;720=5 =0 @01>B=>B> 2@5<5 8 C25;8G020=5 =0 
@07E>48B5 70 ?>43>B28B5;=0 8 A?><030B5;=0 @01>B0.  

�0?0F8B5BJB =0 2J65B> =0 10@010=0 70 ?>4020=5 =0 B53;5=> >1>@C420=5 4> 
<OAB>B>, :J45B> A5 :0G20 B>20@0 (10@010= 70 2@JI0=5), B@O120 40 1J45 2,2 ?JB8 ?>-
3>;O< >B :0?0F8B5B0 =0 2J65B> =0 @01>B=8O 10@010=. �0?0F8B5BJB =0 2J65B0B0 =0 
B>20@=8O 8 A?><030B5;=8O 10@010= >18:=>25=> 5 100-150 m. 

#>@048 =5>1E>48<>ABB0 >B =02820=5 =0 4J;30 4J;68=0 =0 2J65B0B0, 
10@010=8B5 =0 ;5154:8B5, 87?>;720=8 ?@8 4J@2>4>182, A0 ?@83>45=8 70 <=>3>@54>2> 
=02820=5, 70 :>5B> 8<0B 28A>:8 D;0=F8. #>7=0209:8 @07<5@8B5 =0 10@010=0, 5 
;5A=> 40 A5 >?@545;8 =53>28O :0?0F8B5B =0 2J65B>. &O I5 1J45 @02=0 =0 
?@>872545=85B> =0 A@54=0B0 4J;68=0 =0 >1>@>B0 =0 2J65B> 8 >1I8O 1@>9 =0<>B:8 
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=0 2J65B> =0 10@010=0, :0B> A5 275<5 ?@54284 @07;8:0B0 <564C @J10 =0 D;0=5F0 8 
3>@=8O @54 =0<>B:0 >B 2dk: 

cp = ,      (2) 

:J45B>: 
Dp 3 480<5BJ@JB =0 D;0=5F0 =0 10@010=0, m; 
d> 3 480<5BJ@JB =0 2J65B>, =028B> =0 10@010=0, m; 
D6 3 480<5BJ@JB =0 10@010=0, m. 

�@>OB =0 702J@B0=8O =0 2J65B> 2J@EC 10@010= 2 548= @54: 
 

6 =       (3) 
:J45B>: 
lb 3 4J;68=0B0 =0 10@010=0, m, :0B> A5 275<5 ?@54284 3@0=8F0B0 <564C @J10 

=0 D;0=5F0 8 3>@=8O @54 =0<>B:0 >B 2d>: 
 

p = ,      (4) 
"1I8OB 1@>9 =0282:8 =0 2J65B> 2J@EC 10@010=0: 

 

 = p = ,      (5) 
%;54>20B5;=>, :0?0F8B5BJB =0 2J65B> =0 10@010=0 5: 

 

 =  = ,     (6) 
 

     (7) 
�>30B> 2J65B> 5 =028B> =0 =O:>;:> @540 =0 10@010=0, A:>@>ABB0 =0 42865=85B> 

<C =5 5 54=0:20 =0 @07;8G=8B5 @54>25 =0282:8. !0 4>;=8O @54 =0282:8 A:>@>ABB0 I5 
1J45 =09-<0;:0, 0 =0 3>@=8O @54 3 I5 1J45 =09-3>;O<0. %J>B=>H5=85B> <564C 
A:>@>AB8B5 =0 42865=85 =0 2J65B> ?> 3>@=8B5 @54>25 =0 10@010=0 2 ?;J730I8B5 
;5154:8 5 1,5-2. !09-=8A:0 4>;=0 A:>@>AB =0 42865=85 =0 2J65B>: 
 

m/s,      (8) 
:J45B>: 
ω 3 J3;>20B0 A:>@>AB =0 10@010=0. 
!09-28A>:0 A:>@>AB =0 2J65B>: 
 

m/s,      (9) 
 
%:>@>ABB0 =0 42865=85B> =0 2J65B> =0 2A5:8 @54 =0282:8: 
 

     (10) 
:J45B>: 
ii 3 1@>9 @54>25 =0282:8 =0 2J65B>. 
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#@8 <=>3>@54>2> =02820=5 =0 2J65B> 10@010=JB A5 ?@028 3;04J:. �0 
@02=><5@=> =02820=5 =0 2J65B> 2J@EC 10@010=0, =09-1;87:8OB =0?@02;O20I 1;>: 
B@O120 40 1J45 =0 @07AB>O=85 =09-<0;:> 20 m 8 @07?>;>65= =0 ;8=8O, 
?5@?5=48:C;O@=0 =0 >AB0 =0 10@010=0, <8=020I0 ?@57 A@540B0 =0 B078 >A. 

%:>@>AB8B5 =0 2J65B0B0 A5 8718@0B 2 7028A8<>AB >B @07AB>O=85B> 8 =0G8=0 =0 
?@5<5AB20=5 =0 B>20@0 8 ?@54=07=0G5=85B> =0 10@010=0. #@8 ?@5<5AB20=5 =0 
>:0G5= B>20@ ?> =>A5I> 2J65 2J@EC 203>= =0 7=0G8B5;=> @07AB>O=85 (4> 2000 m), 
A:>@>ABB0 =0 B53;8B5;=>B> 2J65 <>65 40 1J45 4> 10 m/s. 

#@8 B53;5=5 =0 4J@25= <0B5@80; =0 @07AB>O=85 150-180 m A:>@>ABB0 =0 
@01>B=>B> 2J65 A5 ?@85<0 0,5-1,2 m/s, 0 ?@8 B>20@5=5 =0 4J@25= <0B5@80; 3 0,2-0,6 
m/s. �J7?@85<0 A5 AJI0B0 A:>@>AB =0 42865=85 =0 2J65B> ?@8 ?;J730=5 =0 :JA8 
@07AB>O=8O 8 ?> 2@5<5 =0 B>20@5=5, BJ9 :0B> 2 B578 A;CG08 C25;8G020=5B> =0 
A:>@>ABB0 =5 >:0720 7=0G8B5;=> 2;8O=85 2J@EC @01>B0B0 =0 ;5154:0B0, => 
7=0G8B5;=> C25;8G020 <>I=>ABB0 =0 42830B5;O =0 ;5154:0B0. %:>@>ABB0 =0 
2@JI0I>B> 2J65 2 ?>25G5B> A;CG08 =5 2;8O5 =0 <>I=>ABB0 =0 42830B5;O. 
%;54>20B5;=> 5 873>4=> 40 8<0 28A>:0 A:>@>AB =0 42865=85 =0 2@JI0I>B> 2J65, 
BJ9 :0B> B>20 ?>72>;O20 40 A5 =0<0;8 2@5<5B>, ?@5:0@0=> =0 2@JI0I8O E>4, 8 
>18:=>25=> 5 2-4 ?JB8 ?>-28A>:> >B A:>@>ABB0 =0 42865=85 =0 @01>B=>B> 2J65. �0 
?>-?J;=> =0B>20@20=5 =0 42830B5;O =0 ;5154:0B0 8 C25;8G020=5 =0 =53>20B0 
?@>872>48B5;=>AB 5 ?@5?>@JG8B5;=> 40 8<0 ?>=5 B@8 A:>@>AB8 =0 2J65B>. 
 

�;K<E?O64A9 A4 @BMABEFF4 A4 ?9598>4F4 

 >I=>ABB0, :>=AC<8@0=0 >B ;5154:0B0 ?> 2@5<5 =0 ?;J730=5, 157 40 A5 >BG8B0 
2J7<>6=>B> ?@5B>20@20=5 =0 42830B5;O, A5 >?@545;O ?> D>@<C;0B0: 
 

      (11) 
#@8 B>20@5=5 =0 4J@25= <0B5@80; <>I=>ABB0, :>=AC<8@0=0 >B ;5154:0B0, I5 

1J45 ?>-<0;:0. �0B> A5 8<0 ?@54284, G5 @01>B=8B5 E>4>25 ?> 2@5<5 =0 ?;J730=5 8 
B>20@5=5, :0B> ?@028;>, =5 AJ2?040B 2J2 2@5<5B>, 8718@0<5 8=AB0;0F8>==0B0 
<>I=>AB =0 42830B5;O =0 ;5154:0B0 A?>@54 <>I=>ABB0, :>=AC<8@0=0 >B ;5154:0B0 
?> 2@5<5 =0 ?;J730=5, :0B> A5 275<5 ?@54284 4>?CAB8<>B> ?@5B>20@20=5. 
�=AB0;8@0=0B0 <>I=>AB B@O120 40 >B3>20@O =0 CA;>285B> 
 

      (12) 
:J45B> N0 5 <>I=>ABB0, :>=AC<8@0=0 >B ;5154:0B0 ?> 2@5<5 =0 ?@>F5A0 =0 ?;J730=5, 
:0B> A5 275<5 ?@54284 4>?CAB8<>B> ?@5B>20@20=5 =0 42830B5;O: 
 

      (13) 
:J45B>: 
k� 3 D0:B>@ =0 ?@5B>20@20=5: 
�0 42830B5; A 2JB@5H=> 3>@5=5 k� = 1,25; 
�0 5;5:B@>42830B5;8 k� = 1,6-2,0. 
 

�;K<E?O64A9 A4 CDB<;6B8<F9?ABEFF4 A4 C?N;74M4F4 ?9598>4 

�D5:B82=>ABB0 =0 ;5154:0B0 ?@8 ?;J730=5 7028A8 >B @07AB>O=85B> =0 ?;J730=5, 
>B A@54=8O >15< =0 ?;J730=8B5 B@C?8 (4J@25B0), :0:B> 8 >B ?>G25=8B5 8 75<=8B5 
CA;>28O, B5@5=0 8 2@5<5B> =0 3>48=0B0: 

 

     (14) 
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:J45B>: TA< 5 ?@>4J;68B5;=>ABB0 =0 A<O=0B0, s; 
t?.7. 3 2@5<5B> 70 ?>43>B28B5;=8 8 70:;NG8B5;=8 >?5@0F88: t?.7.= 1800 s;  

φ1 3 :>5D8F85=BJB =0 87?>;720=5 =0 @01>B=>B> 2@5<5 (:0B> A5 275<5 ?@54284 
?@5E2J@;O=5B> =0 2J65=0B0 A8AB5<0 >B 4J@2>4>182=8O A5:B>@); 
 A@ 3 A@54=8O >15< =0 =0BJ?:0= ?0:5B, m3; 
l 3 A@54=>B> @07AB>O=85 =0 ?@8?;J720=5, m; 
vr 3 A@54=0B0 A:>@>AB =0 >?0:>2:0B0, m/s; 
vx 3 A@54=0B0 A:>@>AB =0 ?>4020=5 =0 ?@8:0G=>B> >1>@C420=5 :J< 4@>A5;=0B0 B>G:0, 
m/s; 
tpr 3 2@5<5B> 70 AJ18@0=5 8 70:@5?20=5 =0 A=>? :J< @01>B=>B> 2J65 =0 <OAB>B> =0 
@O70=5, s; 
t0 3 2@5<5B> 70 >B:0G0=5 =0 ?0:5B0 8 B53;5=>B> >1>@C420=5 2 B>G:0B0 =0 B>20@5=5 
(3>@5= A:;04), s. 
 

�=0G5=8OB0 vr 8 vx A0 275B8 >B B5E=8G5A:8B5 E0@0:B5@8AB8:8 =0 ;5154:0B0 8;8 A0 
>?@545;5=8 >B :>=:@5B=8 =01;N45=8O. �>30B> A5 87?>;720 ?>AB>O==> B53;5=> 
>1>@C420=5 =0 ?;J730G, 2@5<5B> t?.7. 8 t0 7028AOB >B A@54=8O >15< =0 B@C?0 8 >B 
>15<0 =0 A=>?0, :>9B> A5 ?;J730. &5 <>30B 40 1J40B >?@545;5=8 A ?><>IB0 =0 
A;54=8B5 5<?8@8G=8 D>@<C;8: 

 

      (15) 
�>5D8F85=B8B5 a0, b0 8 c0 A5 >?@545;OB 5<?8@8G=>.  

(>@<C;0B0 (16) AJI> >?@545;O ?@>872>48B5;=>ABB0 =0 ;5154:0B0, 87?>;720=0 
70 ?;J730=5 8 B>20@5=5, B.5. :>30B> A5 87?>;720 70 70428620=5 =0 8=AB0;0F8O 70 
?;J730=5 8 B>20@5=5. "A25= B>20, 0:> ?;J730=5B> 8 B>20@5=5B> A5 872J@H20B 
54=>2@5<5==>, B>3020 ?@>872>48B5;=>ABB0 =0 ;5154:0B0 ?> 2@5<5 =0 B>20@5=5 
B@O120 40 1J45 @02=0 8;8 <0;:> ?>-28A>:0 >B ?@>872>48B5;=>ABB0 ?> 2@5<5 =0 
?;J730=5. �:> ?;J730=5B> 8 B>20@5=5B> A5 :><18=8@0B, B0:0 G5 B>20@5=5B> 40 A5 
872J@H20 2 ?@>F5A0 ?;J730=5, :0:B> =0?@8<5@ ?@8 2J65=0 8=AB0;0F8O, FO;>AB=0B0 
?@>872>48B5;=>AB =0 ;5154:0B0 A5 >?@545;O >B =59=8B5 E0@0:B5@8AB8:8 =0 
?;J730=5. 

�>30B> >?5@0F88B5 ?> ?;J730=5 8 B>20@5=5 A0 G0AB8G=> :><18=8@0=8 2J2 
2@5<5B> 8;8 A5 872J@H20B >B45;=> >B 54=> 8 AJI> >1>@C420=5, >1I0B0 
?@>872>48B5;=>AB =0 ;5154:0B0, >1A;C620I0 B0:020 8=AB0;0F8O 70 ?;J730=5 8 
B>20@5=5, A5 >?@545;O ?> D>@<C;0B0: 

     (16) 
:J45B>:  #& 3 5 ?@>872>48B5;=>ABB0 =0 ;5154:0B0 ?@8 ?;J730=5, kg/m3; 

## 3 ?@>872>48B5;=>AB =0 ;5154:0B0 ?> 2@5<5 =0 B>20@5=5, kg/m3. 
 

�4>?NK9A<9 

� @57C;B0B >B =0?@025=8O 0=0;87 A5 28640, G5 ?@5=>A8<8B5 <>B>@=8 ;5154:8 
<>30B 40 =0<5@OB H8@>:> ?@8;>65=85 ?@8 @01>B0 2 ?;0=8=A:8 8 ?>;C?;0=8=A:8 
@09>=8, :>9B> ?@5>1;04020B 2 =0H0B0 AB@0=0, 70 872;8G0=5 =0 4J@25=8B5 <0B5@80;8 
>B B@C4=> 4>ABJ?=8 <5AB0 3 2 4J;1>:8 8 =5?@>E>48<8 45@5B0, 2 <;048 =0A0645=8O, 
0 AJI> B0:0 8 =0 2@5<5==8 A:;04>25.  

"1>@C420=0B0 A @048> C?@02;5=85 ;5154:0 I5 ?>72>;8 <5E0=878@0=5B> =0 
872>720=5B> =0 4@51=>@07<5@=0 4J@25A8=0 >B <;048 3JAB8 =0A0645=8O, 2 :>8B> A5 
8725640B >B3;54=8 8;8 A5;5:B82=8 A5G8, ?@8 :>8B> 87?>;720=5B> =0 B@0:B>@=0-
<>B>@=0 8;8 682>B8=A:8 A8;0 5 =5@5=B018;=>.  0;:>B> 8< B53;> 8 <0;:8B5 
3010@8B=8 @07<5@8 I5 ?>72>;OB C?>B@510B0 =0 ;5154:8B5 40 A5 >1A;C620 >B 548= 
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G>25:. �:;NG20=5B> =0 ;5154:0B0 :J< :><?;5:A=0 1@83040 70 @01>B0 2 <;048 
=0A0645=8O I5 @07@5H8 2J?@>A0 70 <5E0=870F8OB0 =0 =09-B@C4>5<:8B5 ?@>F5A8 ?> 
AJ18@0=5B> 8 872;8G0=5B> =0 4J@25A8=0B0 >B B578 =0A0645=8O. 

#@8 ?@>2545=8B5 87A;5420=8O =0 @01>B0 A ?@5=>A8<0 <>B>@=0 ;5154:0 5 
?>AB83=0B0 ?@>872>48B5;=>AB 2-4,5 m3/h. &078 ?@>872>48B5;=>AB 5 @5=B018;=0 70 
87?>;720=5B> =0 ?@5=>A8<8B5 ;5154:8 2 =0H5B> 3>@A:> AB>?0=AB2>. 

!5>1E>48<> 5 ?@>25640=5 =0 87A;5420=8O 70 >?@545;O=5 =0 5:A?;>0B0F8>==> 
B5E=8G5A:8B5 ?0@0<5B@8 =0 ?@5=>A8<8B5 ;5154:8 2 A530H=8B5 ?@>872>4AB25=8 8 
8:>=><8G5A:8 CA;>28O 2 =0H0B0 AB@0=0. � @57C;B0B <>65 40 A5 ?@54;>68 =09-
5D5:B82=0B0 B5E=>;>38O ?@8 872;8G0=5B> =0 4J@25=8B5 <0B5@80;8 ?@8 @07;8G=8 
?@8@>4>-?@>872>4AB25=8 8 B5E=>;>38G=8 CA;>28O. 
 
�<F9D4FGD4 
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Abstract  
Biosurfactants are emerging as suitable alternatives to the predominant less 

sustainable petroleum-derived counterparts. The production process of biosurfactants in a 
life cycle assessment context concerns the steps from resource extraction (cradle) to when 
it leaves the factory. The composition of the laboratory media on which biosurfactants 
producing microorganisms grow is critical to the production yield and type of produced 
product. The present study describes a structural features of biosurfactants, produced by 
Streptomyces spp. isolated from soil from the South Bulgaria region. The highest 
biosurfactant production (2.75 g/L) was obtained under the optimal conditions of 2% (w/v) 
used starch as a carbon source, 2% (w/v) yeast extract as a nitrogen source and sodium 
chlorige at 3%, at pH 6.0 and at temperature of cultivation of 30°C.  

Key words: Biosurfactant, Streptomyces ssp., Glycolipid, Biosynthesis, Antimicrobial 
Activity, Growth study.   
 

Introduction 

Biosurfactants are microbial or plant-based compounds that exhibit apparent surface 
and emulsifying activities. They are amphiphilic com pounds contain hydrophobic and 
hydrophilic moieties which produced on living microbial cell sur faces, or excreted in the 
extracellular spaces [Cazals et al., 2020]. The versatile properties of biosurfactants also 
enabled them to be used in agriculture, mainly to replace synthetic surfactants in 
formulations of pesticides and agrochemicals, favouring the expansion of "green 
chemistry" in this sector in response to the need to reduce/eliminate negative impacts on 
the environment and human health due to the excessive use of chemical compounds 
[Elazzazy et al., 2015]. Rhamnolipid and lipopeptide biosurfactants are associated with an 
improvement in soil quality, which is important for the production of crops, as these natural 
compounds serve as bioremediation agents of soils, surface water, groundwater, and 
waste streams contaminated with hydrophobic organic compounds, such as polycyclic 
aromatic hydrocarbons [Wang et al., 2022] and metals [Hentati et al., 2021]. Due to their 
antimicrobial activity, biosurfactants from the lipid classes of mannosylerythritol, 
rhamnolipids, and lipopeptides can also be used as biopesticides to control different pests, 
pathogens, phytopathogenic fungi, and weeds [Elazzazy et al., 2015]. Lipopeptides 
produced by Pseudomonas putida and Pseudomonas fluorescens respectively cause the 
lysis of Phytophthora capsica zoospores, which cause the 5damping off6 of cucumbers 
[Hentati et al., 2021], and inhibit the growth of phytopathogens, such as Pythium ultimum, 
Fusarium oxysporum and Phytophthora cryptogea [Gomes et al., 2018]. Other lipopeptides 

mailto:ivotg@abv.bg
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and some glycolipids have also showed promising results in this field regarding the 
inhibition of the action of aphids, mosquitos, and harmful toxins produced by the fungus 
Aspergillus parasiticum in peanut, cotton, and corn crops, preventing microbial infections 
and pest infestations [Wang et al., 2022]. Biosurfactants and biosurfactant-producing 
microorganisms can also serve as nutrients for plants (carbon source) and aid in the 
absorption of essential substances for their proper development through the efficient 
distribution of metals and micronutrients in the soil and production of biofilm on roots, while 
also protecting plants from harmful substances [Cazals et al., 2020]. Thus, the aims of the 
present study were to determine the production of biosurfactant from Streptomyces 2265 
strain.    

 
Materials and Methods  
Microbial strains and inoculum preparation 

Streptomyces 2265 strain was kindly provided by The National Bank of Industrial 
Microorganisms and Cell Cultures, University of Chemical Technologies and Metallurgy, 
Sofia, Bulgaria. They were maintained at 30 °C for 15 days Tryptone Soy Broth medium. 
Spores were inoculated in 250-ml Erlenmeyer flasks containing 50 ml of this medium and 
let to germinate for 48 h in an orbital shaker at 28 °C and 150 rpm. The resulting 
suspension was used as inoculum for subsequent experiments. The microorganisms were 
stored in cryotubes (10% v/v glycerol) at 218 °C and used throughout the present study. 

 
Separation and recovery of biosurfactant 
The growth of Streptomyces 2265 in the prescribed medium for the biosurfactant  

production was done as de fined by Ilory et al. [2005] with the following composition (g/l): 
(1% (w/ v) starch, K2HPO4 (4.75), NH4Cl (1.0), MgSO4·7H2O (0.6), FeSO4 7H2O (0.01), 
ZnSO4·7H2O (0.01), CaCl2·H2O (0.01) and MnCl2 (0.01), and their pH was adjusted to 7.0. 
The culture medium pH was adjusted to 7.0 before sterilization. The inoculated culture 
broth was allowed to grow for 7 days with the rotating condition at 120 rpm for 28 °C. 
Biosurfactant was separated from the cell-free culture broth, which was previously acidified 
to pH 2.0 with 6.0M HCl. Liquid-liquid extraction was performed with two equal volumes of 
a chloroform: methanol (2:1, v/v) mixture. The precipitated biosurfactant was collected by 
centrifugation at 3000×g for 2 min. The organic phase was removed, re-suspended in 
distilled water, adjusted to pH 7.0 and dried at 37 °C to determine the concentration of 
isolated biosurfactant (g/l).  
 

Determination of growth curve and biomass  
Streptomyces 2265 strain was cultured at 28 °C and 150 rpm in 250-ml flasks using a 

1.0% (v/v) inoculum. Cell concentration, pH, surface tension, emulsification index and 
product concentration were measured at different time intervals up to 144 h. After 
centrifuging known-volume samples of fermented broth at 5000×g for 20 min to separate 
the supernatant, biomass was washed twice with distilled water, and cell dry weight 
determined after drying at 105 °C for 24 h. Cell mass concentration was calculated by 
dividing this weight by the sample volume.  

The primary inoculum was prepared using starch casein medium, for the growth of 
actinobacterium culture. The primary actinobacterium culture was pre pared using (5 ml) 
5% of the primary culture being inoculated in a culture medium (95 ml) and was allowed to 
grow in shaking condition (120 rpm) at 28 °C for two days. Likewise, the primary bacterium 
(50 ml) culture was in occulated in 1L of starch casein medium (pH - 7.0) and the culture 
was allowed to grow for 7 days in shaking condition at 120 rpm in 28 ± 2 °C. 

Influence of adjusting the pH and temperature of the medium on production of 
biosurfactant was impacted on the medium. In the same manner, the effect of NaCl 
adjusting in medium impact on the production of biosurfactant in the medium. The 
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Streptomyces sp. production of biosurfactant activity was exhibited method for separation 
and recovery of biosurfactant and determination of crude surfactant in the cultural medium. 
 

Statistical analysis 

The Analysis of Variance (ANOVA) was used to check statistically significant 
differences between the average values of responses induced by variations in the 
independent variables. For this purpose, after preliminary comparison among data that 
composed each midpoint with the help of box plot, the one-way ANOVA test was used. 
Differences were considered statistically significant when the significance level (p) was< 
0.05. 

 
Results and Discussion 

Duration of Streptomyces 2265 biosurfactant production 

The culture attained the log phase at the 4 h time of growth condition, then the 
biosurfactant formation started to slow down the growth phase (0.625 g/ml), due to the 
correlation between the culture biosurfactant and surface tension. The culture reached the 
end of log phase at the 134 h, while the biosurfactant concentration fell down to (2.75 
g/ml), after which the culture reached the stage of stationary phase (Figure 1). Similar 
growth pattern results were also obtained using marine Streptomyces SNJASM6 strain 
[Javee et al., 2020].   
 

 
Figure 1.  Growth kinetics of Streptomyces 2265 strain. Cell growth at absorbance at 600 

nm and biosurfactant formation (g/ml) 
 

Carbon and nitrogen role of the biosurfactant in Streptomyces 2265 strain  
The carbon sources play a major part in the culture growth and their bioactive 

metabolites production in Streptomyces 2265 strain, while changes in the carbon sources 
would affect the growth phase of the organ ism. Suitable carbon source determines the 
biomass production and enhances the metabolite of the organism. Here we used to screen 
various carbon sources for their bioactive metabolites production of biosurfactant such as 
fructose, glucose, maltose, sucrose, starch by Streptomyces 2265 strain (Figure 2A). 
Among these, high biosurfactant was obtained in starch 2% (w/ v) being used as a carbon 
source in the nutrient medium. In addition 89.6% of emulsification activity occurred in the 
medium amended with 2% starch. Staphylococcus sp. CO100 strain produced the highest 
biosurfactant, while sucrose was used as a main source in the medium [Hentati et al., 
2021]. A similar result was also observed in Streptomyces SNJASM6 strain displaying the 
highest level of biosurfactant in the presence of starch as a main source in the medium  
[Javee et al., 2020]. 



��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 266 

The nitrogen source is also one of the key factors for bioactive metabolite production 
in microorganisms. In this study, we have screened various nitrogen sources such as 
peptone, tryptone, yeast, beef, casein for biosurfactant production in Streptomyces 2265 
strain (Figure 2B). Among these the high emulsification activity 70.3% was observed in the 
yeast extract and the lowest 45.9% biosurfactant production in the peptone medium. A 
similar result was also observed in marine Streptomyces SNJASM6 strain, the highest 
biosurfactant activity in the yeast amended medium [Javee t al., 2020].  
 

 
                                     A                                                                       B 

 
Figure 2. Effect of carbon sources (A) and nitrogen sources (B) on biosurfactant 

production of Streptomyces 2665 strain 

 
Temperature, pH, NaCl role in the biosurfactant production 

The sodium chloride concentration was an important growth factor for 
microorganisms. Alkaline natured actinobacteria produce tremendous Bs values in the 
plant protection. Here, we used different concentrations of NaCl 1 3 6% (w/ v) (Figure 3A), 
from which 3% of NaCl (w/ v), showed 69.7% of emulsification activity and the least 6% of 
NaCl (w/ v), showed 19.8% emulsification activity. The NaCl 4% (w/ v), 78% emulsification 
activity was obtained in Streptomyces SNJASM6 strain [Javee et al., 2020]. The medium 
pH plays a major role in determining the culture growth and the production of the 
metabolites from the microbes. The initial concentration of pH - 4 was having a low amount 
of surfactant production (E24 = 20.6%), whereas increase in pH (pH - 7) significantly 
increased the surfactant activity in the culture medium. (E24 = 35.6%), (Figure 3B). 
Whereas, with further increase in the pH of the culture medium, the growth and 
emulsification of the culture drastically reduced. The same report was also found in [Javee 
et al., 2020], indicating that the pH variations could affect the emulsification activity of the 
organism. Temperature was also one of the main factor for the culture growth and 
biosurfactant production, the optimum temperature of Streptomyces 2265 strain was 30 
°C, where the emulsifying activity was recorded to be (E24 = 65.5%), the lower emulsifying 
activity (E24 = 45.9%) was recorded in 20 °C temperature of the culture (Figure 3C). 
Streptomyces SNJASM6 strain showed the highest emulsifying activity (E24 = 80%), when 
it was grown at 30 °C [Javee et al., 2020].    
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A 

 

   
                                         B                                                                C 

 
 
Figure 3. Effect of sodium chloride content in the nutrition medium (A), pH of the nutrition 

medium (B) and temperature of the cultivation (B) on biosurfactant production of 
Streptomyces 2665 strain 

 
Conclusion 

The present study illustrates the isolation and purification of biosurfactant produced 
by Streptomyces 2265 strain. After the preliminary biochemical screening, Streptomyces 
2265 strain showed significant emulsification activities with yeast extract as nitrogen 
source, starch as carbon source, in the presence of sodium chloride at 3%, at pH 6.0 and 
at temperature of cultivation of 30°C. From this finding, Streptomyces 2265 strain 
biosurfactant can also be a promising candidate for antimicrobial agent with application in 
plant protection practice.   
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Abstract 
Surface active agent contain a mixture of hydrophobic and hydrophilic constituents 

making the molecule amphipathic (most of the biosurfactants) thus giving them an 
effective active area in both the kind (hydrophobic and hydrophilic) of surfaces. The 
biochemical study and the structural characterizations such as Fourier transform infrared 
spectroscopy and thermal stability analysis confirmed the glycolipid nature of the isolated 
biosurfactant by Streptomyces 2265 strain. An efficient water surface tension significantly 
decreases from 60.0 mN/ m to 19.8 mN/m, however, the isolated biosurfactant, has a 
micelle concentration of 50 mg/L. The emulsifying activity and stability of biosurfactant by 
Streptomyces spp. were also studied at the various conditions like temperature, pH and 
NaCl concentrations, which were found to be 5%, 6%, and 7% respectively.   

Key words: Biosurfactant, Streptomyces 2265, Infrared spectral features, Thermal 
analysis.  

 
Introduction 

Microorganisms produce many different/unique amphiphilic metabolites displaying a 
considerable structural diversity. Most biosurfactants are low-molecular-weight microbial 
amphiphiles, which typically consist of a hydrophilic head group and a hydrophobic tail and 
can include a diversity of subunits such a sugars, fatty acids, amino acids, and carboxylic 
acid groups [Das and Kumar, 2019]. 

Glycolipids comprise the greatest share of commercially available microbial 
surfactants. They are composed of a nonsugar component, the aglycone, and a 
saccharide, the glycone. Many different glycones are found in microbial biosurfactants, the 
most prominent being rhamnose in rhamnolipids or sophorose in sophorolipids. These 
structures are particularly interesting since many glycolipids show a high efficiency at 
lowering interfacial energy and concurrently good biological degradability. Furthermore, 
they can be produced from renewable raw materials [Joshi et al., 2008]. It was found that 
rhamnolipids and sophorolipids (along with sodium dodecyl sulphate and some organic 
acids) have biofilm disruption abilities and antibacterial properties [Díaz De Rienzo et al., 
2016]. The results of this study demonstrated that the processes in which rhamnolipids 
and sophorolipids counteract bacteria could be different. Sophorolipids displayed 
antimicrobial effects that happened between the exponential and stationary phases, but 
rhamnolipids suppressed bacterial growth during the exponential phase, which may 
indicate that they have an impact on cell division.  

Besides glycolipids, lipopeptides are another class of biosurfactants of high 
commercial and scientific interest. Microbial lipopeptides are cyclic peptides that are 
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acylated with fatty acids of different length and composition. They are generally known as 
extracellular products secreted by various different microorganisms from both the gram-
positive (i.e., Bacillus or Streptomyces) and gram-negative (i.e., Pseudomonas) classes. 
Aspects such as biodegradability, environmental affinity, and better foaming active agent, 
less toxicity, more choosiness and stability at high temperatures, pH and salinities make 
them promising alternative agents compared to their synthetic counterparts [Das and 
Kumar, 2019]. 

The main focus of many studies is currently on the optimization of biosurfactants 
synthesis. This requires a suitable culture medium, an appropriate choice of ideal 
cultivation conditions, and opting for a specific type of culture. 

Some of the most significant physical factors influencing the growth of bacteria and, 
in therefore, its capacity to produce biosurfactants is pH. The effective use of 
biosurfactants in practical applications (such as industrial, bioremediation, etc.) often 
requires that they remain stable at a wide variety of pH values. Because of this, 
biosurfactants are often tested at different pH values during a single study, for instance, 
from 2 to 12 [Al-Wahaibi et al., 2014]. The same consideration goes for the temperature. 
The stability of biosurfactants is also often studied over very wide temperature ranges - for 
example, from 25˚ C to 100˚ C [Onlamool et al., 2020], and even from 4˚ C to 120˚ C in 
case of Streptomyces sp. DPUA1566 [Santos et al., 2019]. But when considering the 
possible economic efficiency of future biosurfactant production under industrial conditions, 
it is necessary to keep in mind that when the temperature of the technological process 
increases, the costs associated with energy consumption will also increase. Therefore, it 
looks economically feasible when the choice of temperatures for further experimental work 
with biosurfactants has a tendency towards lower values. This consideration was 
implemented in the study by Santos et al. [2019]. The researchers found that the greatest 
yield of biosurfactant occurred at temperatures of 28˚ and 32˚C, but they chose 28˚C for 
subsequent experimental testing. It's also worth noting that the production of biosurfactant 
by Streptomyces sp. DPUA1566 was shown to be able to function within a pH range of 7.5 
to 8.9, while the highest concentration of biosurfactant occurring at pH 8.5. 

Another essential factor affecting biosurfactant activity is NaCl concentration. It is 
common for the impact of this factor in researches to also be investigated within wide 
ranges. With particular reference to the aforementioned study of the properties of the 
biosurfactant produced by Streptomyces sp. DPUA1566, NaCl was added at 
concentrations ranging from 2 to 12%, w/v.  

The biochemical study and the structural characterizations such as Fourier transform 
infrared spectroscopy and thermal stability analysis confirmed the lipid nature of the 
isolated biosurfactant by Streptomyces 2265 strain, which is the main goal of this study. 
An efficient water surface tension significantly decreases from 69.2 to 32.8 mN/m, 
however, the isolated biosurfactant, has a micelle concentration of (50 mg/L). The 
emulsifying activity and stability of biosurfactant were also studied at the various condition 
like temperature, pH and NaCl.    

 
 aterials and Methods  
Microbial strains and inoculum preparation 

Streptomyces 2265 strain, that are characterized by ability to produce of 
biosurfactant in previous study, were kindly provided by The The National Bank of 
Industrial Microorganisms and Cell Cultures, Sofia, Bulgaria. The strain  was maintained at 
30 °C for 15 days Tryptone Soy Broth medium. Spores were inoculated in 250-ml 
Erlenmeyer flasks containing 50 ml of this medium and let to germinate for 48 h in an 
orbital shaker at 28 °C and 150 rpm. The resulting suspension was used as inoculum for 
subsequent experiments. The microorganisms were stored in cryotubes (10% v/v glycerol) 
at 218 °C and used throughout the present study. 



��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 271 

 
Separation and recovery of biosurfactant 
The growth of the Streptomyces 2265 in the prescribed medium for the biosurfactant  

production was done as defined by Ilory et al. [2005] with the following composition (g/l): 
(1% (w/ v) starch, K2HPO4 (4.75), NH4Cl (1.0), MgSO4·7H2O (0.6), FeSO4 7H2O (0.01), 
ZnSO4·7H2O (0.01), CaCl2·H2O (0.01) and MnCl2 (0.01), and their pH was adjusted to 7.0. 
The culture medium pH was adjusted to 7.0 before sterilization. The inoculated culture 
broth was allowed to grow for 7 days with the rotating condition at 120 rpm for 28 °C. 
Biosurfactant was separated from the cell-free culture broth, which was previously acidified 
to pH 2.0 with 6.0M HCl. Liquid-liquid extraction was performed with two equal volumes of 
a chloroform: methanol (2:1, v/v) mixture. The precipitated biosurfactant was collected by 
centrifugation at 3000×g for 2 min. The organic phase was removed, re-suspended in 
distilled water, adjusted to pH 7.0 and dried at 37 °C to determine the concentration of 
isolated biosurfactant (g/l). 

 
Surface tension measurement for surfactant of Streptomyces 2265 strain 

The cell - free culture filtrate was used for the surface tension measurement was 
estimated by a K6 - tensiometer, using the Du-Nouyring method. The triplicate values were 
recorded for measurements. 

 
FTIR spectra of dried biosurfactant 
Fourier transform infrared spectroscopy (FTIR) was used to elucidate the 

biosurfactant chemical structure through functional group identification. The sample for 
FTIR analysis was prepared by grinding 1.0 mg of freeze-dried biosurfactant with 100 mg 
of dry KBr and pressing the mixture with a 7500-kg weight for 30 s to obtain a pellet. FTIR 
spectrum was recorded in the 40003400 cm21 region in a Varian 640-IR spectrometer 
equipped with a cooled DLaTGS detector. 
 

Thermal stability analysis of biosurfactant 
Streptomyces 2265 active biosurfactant was used in terms of thermal analysis. The 

biosurfactant stability was tested at various temperature ranging from 0 to 700 °C. The 
nitrogen gas used for the TGA analysis (50 ml/ min) heating at the rate of 20 °C/ min. 

 
Characterization of biosurfactant stability by emulsification assays 

The influence of different environmental factors on biosurfactant activity was 
investigated in the cell-free broth in terms of variations in surface tension and 
emulsification index. In particular, the effect of salinity was investigated at 28 °C and pH 
7.0 adding NaCl at different concentrations (136%, w/v), that of temperature (4, 28, 70, 
100 and 120 °C) at pH 8.5 during 60 min, that of heating time (10, 20, 40 and 60 min) at 90 
°C and pH 7.0, and that of pH (2, 4, 6, 8, 10, 12 and 14) at 28 °C after adjustment with 
6.0M NaOH or HCl. 

 
Statistical analysis 

The Analysis of Variance (ANOVA) was used to check statistically significant 
differences between the average values of responses induced by variations in the 
independent variables. For this purpose, after preliminary comparison among data that 
composed each midpoint with the help of box plot, the one-way ANOVA test was used. 
Differences were considered statistically significant when the significance level (p) was < 
0.05. 
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Results and Discussion  
The infrared spectroscopy revealed the synergistic presence of peptide and aliphatic 

stretches in Streptomyces 2265 strain surfactant. The solid peak at 3350 cm2 1 indicates 
the stretch of N 3 H, another peak at 1638, cm2 1 indicates that the stretch of C-O peptide 
bonds (Figure 1). The infrared spectra exhibited a peak at 1070 cm2 1 indicating the 
vibration of C 3 O 3 C and C 3 H stretch peak related to aliphatic amines groups. Similarly, 
results with peaks at 2954 cm2 1 and 2870 cm2 1 indicates the property of stretch in the 
methyl and methylene group [Das and Kumar, 2019]. Aliphatic and peptide stretches were 
found together in the peak at 3059, which belongs to the hydroxyl group. The infrared 
spectrum peak at 817 cm2 1 was alkyl halides group C 3 Cl stretching [Joshi et al., 2008]. 
The present study states that the infrared spectrum of the Streptomyces 2265 
biosurfactant is glycolipid in nature.  

Streptomyces 2265 strain produced biosurfactant was investigated in the range 30° 3 
700 °C by thermogravimetric analysis (Figure 2). Thermal degradation of surfactant started 
at 19.26 °C in the surfactant of Streptomyces 2265, retained the weight loss of 18.81% at 
200.92 °C and 59.46% at 703.13 °C between 200 and 500 °C temperatures. Whereas, in 
case of the surfactant of Streptomyces 2265 a drastic weight loss (59.46%) was observed  
at 703.13 °C. This has been previously reported in case of the Bacillus safensis J2 as 
41.88% and the weight loss occurred in 200° - 630 °C and also the drastic weight loss has 
been observed as 8.46% at 900 °C [Das and Kumar, 2019]. Hence, the result suggests 
that the surfactant of Streptomyces 2255 has high thermostability in nature.  
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Figure 1. FTIR Spectra of biosurfactant producing by Streptomyces 2265 strain 
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Figure 2. Thermogravimetric thermogram of the biosurfactant obtained from Streptomyces 

2265 

 
The micelle concentration (MC) is a significant characteristic of surfactant; the 

concentration of micelle plays a vital role in determining the culture surfactant 
concentration, thereby it is necessary to create a micelle. Bacillus safensis J2 produced 
the micelle of surfactant (40 mg/ L) and the surface tension was decreased from 74.66 
mN/ m to 27.26 mN/ m [Das and Kumar, 2019]. From this study, Streptomyces sp. 2655 
had the concentration of micelle of (50 mg/ L) and the surface tension was decreased from 
60.0 mN/ m to 19.8 mN/m (Figure 3A). According to the study, the surfactant produced by 
Streptomyces 2265 achieved a relatively good outcome. The applicability of biosurfactant 
has defined their stability while examining the effect of temperatures, pH and NaCl values.  

   

 
                                          A                                                                  B 

 
Figure 3. Critical micelle concentration of biosurfactant produced by Streptomyces 2265 

strain (A) and the effect of temperature on biosurfactant stability produced by 
Streptomyces 2265 strain 

 
Bacillus subtilis MTCC 2423 strain produced biosurfactant was tested at an even 

higher temperature and there was no significant effect and surface tension was stable at 
80 °C temperature [Gurjar and Sengupta, 2015]. In this study, the effect of temperature 
was tested at 20 - 70 °C on surfactant produced by Streptomyces 2265 and the surface 
tension was significantly stable at 70 °C temperature (Figure 3 B). The effect of pH on 
biosurfactant was tested ranging from acidic to neutral conditions, and the biosurfactant 
was stable at pH 6.0 and showed higher stability at neutral condition than at acidic 
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condition, whereas at the pH 7.0 the activity decreased to 60.75 mN/ m (Figure 4A). 
Previous studies stated that surface tension drops down at 37 mN/ m pH - 12 and activity 
decreases at 29 mN/ m pH - 8 in case of Bacillus safensis J2 strain [Das and Kumar, 
2019]. The effect of sodium chloride was tested on biosurfactant producing Streptomyces 
2265. The maximum surface tension was observed at 3% sodium chloride concentration 
(w/ v) 70,1 mN/m. While increasing the concentration, the surface tension was reduced to 
6% of sodium chloride concentration at 45,3 mN/ m (Figure 4B). Bacillus safensis J2 
showed higher surface activity in the (30 g/ l) sodium chloride concentration [Das and 
Kumar, 2019]. It has also been shown, that biosurfactant, produced by Bacillus subtilis 
MTCC 2423 had thermostable nature, stable at alkaline pH, and high salinity where most 
of the beneficial biosurfactants are used for a variety of applications, especially in plant 
protection and bioremediation processes in the soil environment [Gurjar and Sengupta, 
2015].      
 
 

 
                                          A                                                                  B 

 
Figure 4. Effects of pH (A) and sodium chloride content (B) on biosurfactant stability 

produced by Streptomyces 2265 strain 

 
Conclusion 

The present study illustrates the isolation and purification and structural features of 
biosurfactant produced by Streptomyces 2265 strain.  The stability of the purified 
biosurfactant was optimized under different pH, temperature and salinity. The biochemical 
studies and characterizations of bioactive biosurfactant were studied using Fourier 
transform infrared spectroscopy and thermal stability analysis. Streptomyces 2265 strain 
showed a high surface activity, the surface tension in water ranging from 60.0 mN/ m to 
19.8 mN/m and also showed micelle concentrations of 50 mg/L.  
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Abstract 
This article analyzes the quality of vegetable oils and their energy-intensive 

purification process. Hypotheses forming the basis for an innovative vegetable oil 
purification project are presented. A schematic of vegetable oil purification by physical 
methods, including ultrasonic and electromagnetic equipment, is provided. The 
fundamental differences between the proposed innovative idea and traditional methods of 
vegetable oil purification are discussed. 

Key words: hydration, filtration, vegetable oil, electric field, ultrasonic field.  
 
Introduction 

Ensuring the biological and ecological safety of food products, particularly fats, is a 
key goal in their production. In the production of vegetable oils, environmental purity is 
achieved through technological processes that remove unwanted compounds and 
impurities (pesticides, toxic elements, carcinogens, etc.) (Osadchuk et al., 2020; Osadchuk 
et al., 2022). 

At the same time, certain beneficial bioactive components such as phospholipids, 
phytosterols, and tocopherols are partially extracted, reducing their levels and altering their 
essential ratios (Mahmood-Fashandi et al., 2017). For example, the high content of 
polyunsaturated fatty acids in corn oil, coupled with β-sitosterol levels up to 700 mg per kg, 
endows it with therapeutic properties beneficial for cardiovascular diseases and 
atherosclerosis (Rudyk et al., 2015). 

 

Relevance  
It is well-known that the physiological properties of vegetable oils depend on their 

fatty acid composition and ratios, as well as the presence of biologically active compounds 
(phospholipids, sterols, tocopherols, carotenoids, etc.). However, natural fats and 
vegetable oils are not ideal products in terms of physiological completeness, as each 
typically has a deficiency or excess of one or several components. Nonetheless, they 
represent a valuable source of anti-sclerotic and bioactive substances 3 essential 
polyunsaturated fatty acids (PUFA) such as linoleic (ω-6) and linolenic (ω-3) acids, 
phosphatides, sterols, and fat-soluble vitamins (Simakhina, 2008). 

 

Literature Review  
Scientific studies across various laboratories have shown that certain oil and fat 

components, as well as their oxidation and decomposition products, can be hazardous to 
health. Cholesterol itself does not cause atherosclerotic plaque formation; rather, it is the 
oxidized products that form complex ester compounds with saturated fatty acids 

mailto:petrosadchuk@ukr.net
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(Osadchuk et al., 2021; Osadchuk et al., 2022). Oxidized derivatives of cholesterol and 
other lipid components in unrefined oils may lead to severe diseases such as ischemia 
and even cancer. Hydroperoxides themselves are not always harmful to health, but their 
decomposition products, which generate free radicals, present a real health threat. Due to 
their fatty acid profile and cholesterol-free nature, vegetable oils are capable of reducing 
cardiovascular disease risk, although their impact on the body depends on the fatty acid 
balance in each oil. The roles of tocopherols, phytosterols, and carotenoids present in oils 
are also significant (Vytenko and Humnytsky, 2007). 

It is essential to note that all types of vegetable oils, regardless of origin, are 
subjected to checks for compliance with hygiene safety and nutritional standards. Levels of 
heavy metals (lead, arsenic, cadmium, mercury), aflatoxins B1, pesticides, and 
radionuclides are monitored. The range of vegetable oils has expanded continuously due 
to advances in the oil-fat industry and the possibility of importing oils, enabling variety in 
consumer choice. Vegetable oils are gifts of nature that deserve to be utilized (Asgari et 
al., 2017). 

For the production of complete fat products, various oils with different properties are 
blended or modified to produce desired qualities by optimizing purification processes. 
Notably, the accompanying substances and impurities, rather than triglycerides, define the 
color, flavor, and aroma of fats. Certain accompanying substances, such as phospholipids 
and vitamins, increase the nutritional value of fats, while others (waxes, gossypol, etc.) 
degrade fat quality and complicate their technological processing. All types of vegetable 
oils intended for human consumption and for young animal feed must undergo thorough 
purification on specialized equipment (Harutyunyan et al., 2004; Fedak and Dyhtyar, 
2009).  

This purification removes low-molecular-weight fatty acids, aldehydes, ketones, and 
other volatile compounds that determine the product's aroma and taste and eliminates 
unwanted foreign compounds such as polycyclic aromatic hydrocarbons, pesticides, and 
toxic products (Khmelev, 2010). 

The process occurs at low pressure in a vacuum (0.3-0.7 kPa) and high temperature 
(220-230°C) with steam injected into the heated oil. High-quality vegetable oils are 
obtained only after meticulous purification, conventionally divided into primary and 
subsequent deeper refining stages. Systematic energy technology analysis is an effective 
tool to reduce energy consumption in production. Modern oil purification technologies are 
complex systems involving several stages: settling, filtration, centrifugation, hydration, 
neutralization, bleaching, and deodorization (Lovkis, 2010). Deep oil purification using 
chemical reagents and catalysts improves oil quality and intensifies the process, but 
requires additional costs due to the need to renew these components (Shirokova et al., 
2007). 

The goal of the research is to develop innovative purification technology for 
vegetable oils, both at primary and secondary stages, using electrophysical intensifiers 
such as ultrasonic and electromagnetic fields. 

 
Research Results  
Thorough purification of vegetable oils from chemical reagents and catalysts leads to 

additional energy costs. If not properly purified, oil quality may decrease, posing a health 
risk. Chemical reagents and catalysts typically require specific conditions, adding costs for 
creating the required temperature, density, viscosity, etc.  

The innovative vegetable oil purification project is based on the following hypotheses: 
1. In an ultrasonic wave field, the filtration process of vegetable oils should enhance 

the removal of suspended impurities (due to the field's impact on sediment structure 
formation), phosphatides, waxes, and similar substances. 
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2. In an electromagnetic field, the hydration process of vegetable oils should increase 
phosphates and accompanying substances through intensified liquid separation, reducing 
settling time and improving equipment productivity. 

Based on the above, we propose studying the purification of vegetable oils using 
ultrasonic and electromagnetic fields, as shown in the following schematic (Figure 1): 
 

 
 

Figure 1. Schematic of vegetable oil purification by electrophysical methods 

 
The operational conditions for devices with ultrasonic and electromagnetic energy 

input include the following factors: 
 The presence of polar molecules in the volume of vegetable oils; 
 The alignment of ultrasonic and electromagnetic field parameters with the 

coagulation task; 
 Matching the structural characteristics of oils with the parameters of ultrasonic and 

electromagnetic fields. 
For most vegetable oils, these conditions are met. Let8s consider the fundamental 

differences between the proposed innovative idea and traditional methods of vegetable oil 
purification (Figure 2). 

One of the fundamental differences between the proposed oil purification technique 
and traditional solutions is that the "path" of energy to the oil molecules is simplified. This 
is illustrated in the physical schematic (Figure 3).  

The main elements of traditional heating techniques (Figure 3a) include: a steam 
jacket (1), the apparatus wall (2), a boundary layer (3) on the wall surface, and the oil (4). 
Steam (5) enters the steam jacket, and condensate (6) is removed. The steam's energy is 
used to generate secondary steam (7) from the oil, which involves complex heat transfer 
from the condensing steam to the oil. The effectiveness of this heat transfer is determined 
by the sum of thermal resistances, the main one being the thermal resistance of the 
boundary layer (3).  
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Figure 2. Thermophysical model of vegetable oil purification processes 

a) 3 traditional technique; b) 3 innovative technique 

 
 

 
Figure 3. Physical schematic of the oil heating process 

a) 3 traditional technique; b) 3 innovative technique 

 
During heating, the boundary layer thickens, causing overheating of the vegetable oil 

within this layer. This reduces oil purification quality or damages the product. Even stirring 
the vegetable oil does not solve this issue, so a final temperature value is set in practice. 
Alternatively, heating occurs in the innovative technique (Figure 3b). Here, classical heat 
transfer is entirely absent. The energy of ultrasonic and electromagnetic fields interacts 
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directly with the oil molecules. These are polar molecules, and under ultrasonic and 
electromagnetic fields, field energy dissipation occurs. Thus, the innovative technique 
fundamentally differs from the traditional one: 

1. The energy input to the oil under third-kind boundary conditions is replaced by 
volumetric energy input under second-kind boundary conditions. 

2. Direct energy input to the oil molecules allows for uniform product heating and 
facilitates the coagulation process of accompanying substances with a straightforward 
process control scheme. 

The next stage of work involves an analytical study of the kinetics of innovative 
filtration and hydration equipment. The main elements of the equipment and their 
operational modes are presented in the schematic (Figure 4). 

 

 
 

Figure 4. Apparatus-process schematic for vegetable oil purification 

 
Where: 
 USK 3 ultrasonic chamber, 
 FP 3 filter-press, 
 EMU 3 electromagnetic unit, 
 HU 3 hydration unit. 

 
Figure 5 shows parametric model of the filtration process under ultrasonic cavitation 

conditions. 
 

 
Figure 5. Parametric model of vegetable oil purification 

 
Where: 
a 3 coefficient of thermal conductivity of the oil; 
c 3 specific heat capacity of the oil; 
ρ 3 density of the oil; 
ν 3 coefficient of kinematic viscosity of the oil;  
V 3 height of the apparatus; 
L 3 length of the apparatus; 
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VC 3 working volume of the apparatus; 
N 3 power of the emitter; 
f 3 ultrasonic frequency; 
τ 3 duration of ultrasonic exposure. 

 
Quality parameters include the content of accompanying substances in the oil (CV) 

and the specific energy consumption for heating j, J/kg. Key input parameters for the oil 
are considered to be: its flow rate G1, kg/s: moisture content W1; temperature t1; 
thermophysical qualities (4E, cE, ρE, λE, νE, r6).  

The primary characteristics of the equipment include structural parameters: width B, 
length L, volume V. The energy parameters of the units are the power (NG;, N9@) and 
efficiency (ηG;, η9@) of the ultrasonic and electromagnetic generators, respectively. 

 
Conclusion 

Hypotheses forming the basis of the innovative vegetable oil purification project are 
presented. 

A vegetable oil purification scheme using physical methods, including ultrasonic and 
electromagnetic equipment, is described. The innovative oil purification principle is based 
on using technologies that intensify the coagulation process within the product volume. 

The fundamental differences between the proposed innovative idea and traditional oil 
purification methods are examined. 
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Abstract  
Today human society faces a new global health problem - antibiotic resistance. The 

antibiotics traditionally used today are becoming less effective. This necessitates the 
search for antimicrobial compounds (AMC) from novel underinvestigated sources. Saline 
soils harbour a complex community of halophilic bacteria that are able to synthesize a 
wide range of secondary metabolites including AMC. 

The aim of our research was to isolate AMC producing halophilic bacteria from saline 
soil samples collected from Provadia salt deposit, Bulgaria . 

Initially an optimisation of the isolation was made in order to achieve a maximal cell 
recovery rate. At the primary screening the antibacterial potential of the isolates was 
evaluated by the agar overlay assay against Escherichia coli and Staphylococcus 
epidermidis. Then the isolates were further screened against safe relatives of the ESKAPE 
pathogens. Finally, their antibacterial activity was quantitatively assessed by agar disk- and 
agar well diffusion assay. 

The optimal isolation procedure involved soil suspension in 50 mM Na-
pyrophosphate, 3x1 min vortexing and cultivation on HM medium. A total of 32 AMC 
producers were isolated. At the primary screening 6 isolates showed activity against S. 
epidermidis and 12 against E. coli. The secondary screening confirmed antibacterial 
activity in 15 isolates. Everyone of them demonstrated growth inhibition of at least one of 
the test pathogens. The quantitative results of the antibacterial activity of the isolates 
showed inhibition zones in the range of 15 - 30 mm. 

Our study indicates that saline soil could be investigated as a potent natural source 
of new AMC. 

Key words: halophilic bacteria, antimicrobial compounds, saline soil.  
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Abstract 
The study examines the dynamics of humus content in two different soil types 3 

Vertisols (Bozhurishte) and Fluvisols (Tsalapitsa) 3 to assess the impact of mineral 
fertilization and plant residues on the dynamics of soil organic matter (humus). The 
research was conducted within a uniform field trial in the spring of 2024, following wheat 
cultivation in 2023, under different fertilization levels (T0, T1, T2, T3) in both experiments. 

The Vertisols in Bozhurishte is characterized by a moderate humus content (3.5%) 
and a stable humus system dominated by calcium humates. The high clay content in the 
soil favors the accumulation of persistent humus but may also limit the decomposition of 
organic residues due to reduced aeration. At the beginning of the experiment, differences 
were observed among the treatments (T1 > T3 > T0 > T2). However, by 2024, the 
incorporation of plant residues and microbial activity led to an equalization of humus 
content among the treatments. 

The Fluvisols in Tsalapitsa, with a lower soil organic matter content (1.7%), has a 
limited humus capacity despite the high quality of its humic acids. The differences between 
treatments remained significant, with the highest mineral fertilizer doses (N18P14) 
resulting in the greatest accumulation of organic carbon. However, humification and 
mineralization processes occurred more intensively, suggesting the need for additional 
organic amendments to sustainably improve soil fertility. 

The results indicate that Vertisols provides a stable basis for humus accumulation 
and responds well to mineral fertilization, whereas Fluvisols is characterized by faster 
organic matter mineralization, necessitating combined strategies for improving the humus 
balance through both organic and mineral amendments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:marihristova@hotmail.com


��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 290 

 
THE ROLE OF ARTIFICIAL INTELLIGENCE IN SUPPORTING RESEARCHERS 

 
Plamen Tomov* 

 
Institute of Soil Science, Agrotechnologies and Plant Protection Nikola Poushkarov, 

Agricultural Academy 

 
*e-mail: p.tomov@issapp-pushkarov.org   

 
 

Abstract 
Artificial intelligence (AI) is being increasingly applied in scientific research, 

particularly in the writing of scientific papers. With advancements in natural language 
processing and machine learning, AI offers powerful tools for automating various aspects 
of the writing process.  

AI supports researchers in their work by searching for scientific literature to formulate 
clear and concise summaries. One of the primary ways that AI helps is through automatic 
text generation. This allows researchers to draft initial versions of their papers or revise 
existing content, thereby saving time and effort. AI can also assist with grammar and style 
checks, ensuring that the scientific language is tailored to the specific requirements of 
academic journals.   

Another key aspect of AI usage is its ability to analyze large datasets and extract the 
most important information. This enables researchers to conduct literature reviews more 
quickly and effectively by synthesizing new ideas. Moreover, AI tools assist with citation 
management by suggesting appropriate sources and by formatting references according to 
established standards.   

In conclusion, artificial intelligence provides researchers with valuable tools to 
simplify the writing process, which not only saves time, but also enhances the quality of 
scientific publications. 

Key words: Artificial intelligence (AI), scientific papers, text generation, proofreading.  
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Abstract 
Modern environmental science requires methods, which ensure a multi-element 

analysis of a wide variety of sample types and ability to detect a large number of chemical 
elements at threshold concentration levels. Inductively coupled plasma optical emission 
spectrometry (ICP-OES) is well known for its exceptional accuracy, precision as well as 
low detection limits. The main application field is environment samples such as water, 
soils, sludges, air. Determination of Hg, As, Se, Zn, Be, Pt, Cd, Sb, B, Cu, Mn, Pb, Sn, Bi, 
Cr, U, Tl and Ba in environmental materials, containing Al, Ca, Mg, Fe and Ti as complex 
matrix were conducted. The conventional figures of merit such as limits of detection, 
background behavior, spectral and multiplicative interferences in the presence of matrices 
with different compositions for two commercially available spectrometers with different 
spectral resolutions were compared. Sample introduction systems including conventional 
pneumatic and ultrasonic pulverization were juxtaposed. For some hydride forming 
elements such as As, Se, Sb and Hg the hydride generation technique as Concomitant 
Metals Analyzer (CMA) were used to improve the sensitivity and detection limits. 
Optimization procedure from point of view of lowering of the detection limits was applied in 
all cases.  
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Abstract  
In the closed Antarctic ecosystem of Livingstone Island, South Shetland Islands, 

Antarctica, additional above-background exposure from natural radioactive sources, can 
be the result of intercontinental air transport, from active volcanic activity, erosion, 
washout, sedimentation, and others. One of the characteristics of the island landscape is 
the presence of a layer of volcanic ash with a thickness of 1 to 5 and more cm., deposited 
as a result of the eruption of the Pleistocene active volcano Deception, located on the 
island of the same name, 30 km south of Livingston. Although its last eruption was 33 
years ago, traces of volcanic activity are still recorded in all the islands from the South 
Shetland archipelago, to the northern coast of the Antarctic continent. As seismic activity in 
the Livingstone Island area shows significant activity (up to over 150 earthquakes per day, 
over 8 months, in 2014), volcanism and additional deposition of volcanic ash is warranted. 
The research conducted at the Bulgarian Antarctic Base (BAB) "St. Kliment Ohridski" in 
2023 aims to establish the concentration of natural radionuclides in the biotopes of the 
Antarctic ecosystem and the possible radiation risk for the Antarctic biocenosis. In order to 
track temporal changes such as migration, sedimentation and accumulation, a comparison 
is made of the results of these indicators carried out during the first expedition, with the 
participation of scientists from IPAZR "N. P>ushkarov", in 2012. 

The content of Pb-210, Th-232, U-238, Ra-226, K-40 and anthropogenic Cs-137 in 
soil samples and volcanic ash samples in the area of BAB, Perunica Glacier and 
Hanapoint was investigated by gamma spectrometric analysis. 

Over the ten-year study period, volcanic ash results showed a decrease in 
radioisotope activity. No such clear trend was observed in the soil samples. 
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���, ;54=8:0 #5@C=8:0 8 )0=0?>9=B, G@57 30<0A?5:B@><5B@8G5= 0=0;87.  

�0 45A5B 3>48H=8O ?5@8>4 =0 87A;5420=5, ?@8 @57C;B0B8B5 >B 2C;:0=8G=0B0 
?5?5; A5 =01;N4020 =0<0;5=85 =0 0:B82=>ABB0 =0 @048>87>B>?8B5. #@8 ?>G25=8B5 
?@>18 =5 A5 =01;N4020 B0:020 OA=0 B5=45=F8O.  

 
 
 
 
 
 
 
 
 
 

 

mailto:m.hristozova@issapp-pushkarov.org


��"�"��/ � ��$"&�)!"�"��� 3 ('!�� �!&��!� !�'�� � #$��&�+�%�� $������*�/ 
���!�%  "���� �� #"�"�$/��!� ��$���&" !� #"+��&� 

 

 295 
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Abstract 
The nuclear accident in Fukushima (11.03.2011) was assessed with the highest 7 

degree of danger, according to the International scale of nuclear events. Unlike the 
Chernobyl accident, at the Fukushima Daiichi nuclear plant, the contamination is much 
more localized. Atmospheric conditions at the time of the nuclear incident allowed large air 
masses to drift over the ocean surface, reducing soil contamination. The total amount of 
released cesium-137 that contaminated seawater is about 11 PBq, and that of cesium 
deposited on the soil is about 7 PBq. The affected territory covers an area of 9,000 km2. A 
large-scale removal of the surface 5 cm soil layer from the economic and residential areas 
was carried out on part of it. This reduces radioisotope activity by 80%. Forest areas that 
remain uncontaminated occupy more than 70% of the affected territory. 13 years after the 
nuclear accident, intensive environmental monitoring continues. Heavy rainfall during the 
monsoon period causes erosion and leaching of Cs from contaminated forest areas. This 
determines the lateral migration, sedimentation and riverine transport of radioactive 
cesium. Thus, the non-decontaminated territories become a source of secondary 
introduction of long-lived radionuclides into the environment and can increase their content 
in fresh water. The Abukuma River, as the largest river in Fukushima Prefecture, is subject 
to continuous radiochemical assessment of cesium-137 activity. 

The main soil type in the region is high in clay. This contributes to the rapid fixation of 
cesium in the surface soil layer, its more difficult solubility and less mobility. However, 
cesium from the soil enters the plants. In 2024, the content of cesium in the pollen of 
flowering plants and its accumulation in bees and bee products was investigated. The 
resulting measured pollen activity is equivalent to honey bee contamination. The 
measured concentration of cesium activity in an Asian hornet was 10 times higher than 
that of bees. 

The norms for natural background radiation in Japan are between 0.0590.2 µSv/h. In 
June 2024, its highest measured value was over 20 µSv/h. However, Fukushima 
prefecture has seen a recovery to levels close to those before the 2011 accident. In early 
2024, the Japanese government allowed the settlement of some of the depopulated areas 
and the resumption of agricultural activities in them. 
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$9;N@9 

/4@5=0B0 020@8O 2J2 (C:CH8<0 (11.03.2011), 5 >F5=5=0 A =09-28A>:0B0 7 
AB5?5= =0 >?0A=>AB, A?>@54  564C=0@>4=0B0 A:0;0 70 O4@5=8 AJ18B8O. �0 @07;8:0 >B 
+5@=>18;A:0B0 020@8O, 2J2 (C:CH8<0 �09G8 O4@5=0 F5=B@0;0, 70<J@AO20=5B> 8<0 
<=>3> ?>-;>:0;5= E0@0:B5@. �B<>AD5@=8B5 CA;>28O ?> 2@5<5 =0 O4@5=8O 8=F845=B, 
?>72>;O20B >B=0AO=5B> =0 3>;5<8 2J74CH=8 <0A8 =04 >:50=A:0B0 ?>2J@E=>AB, A 
:>5B> A5 =0<0;O20 :>=B0<8=0F8OB0 =0 ?>G20B0. "1I>B> :>;8G5AB2> =0 87?CA=0B8O 
F5789-137, A :>5B> 5 70<J@A5=0 <>@A:0B0 2>40 5 >:>;> 11 PBq. � B>20 =0 F578OB, 
>B;>65= 2J@EC ?>G20B0 - >:>;> 7 PBq. �0A53=0B0B0 B5@8B>@8O 5 =0 ?;>I >B 9000 :<2. 
�J@EC G0AB >B =5O 5 872J@H5=> <0I01=> >BAB@0=O20=5 =0 ?>2J@E=>AB=8O 5 A< 
?>G25= A;>9 >B AB>?0=A:8B5 8 68;8I=8B5 @09>=8. &>20 =0<0;O20 0:B82=>ABB0 =0 
@048>87>B>?8B5 A 80%. �>@A:8 ?;>I8, :>8B> 705<0B ?>25G5 >B 70% >B 70A53=0B0B0 
B5@8B>@8O, >AB020B =5>15770@075=8. 13 3>48=8 A;54 O4@5=0B0 020@8O, 8=B5=782=8OB 
<>=8B>@8=3 =0 >:>;=0B0 A@540 ?@>4J;6020. "18;=8B5 20;568 ?@57 <CA>==8O ?5@8>4 
8 AB@J<=8B5 ?;0=8=A:8 A:;>=>25, ?@548728:20B 5@>78O 8 >B<820=5 =0 Cs >B 
70<J@A5=8B5 3>@A:8 B5@8B>@88. &>20 >?@545;O AB@0=8G=0B0 <83@0F8O, CB0O20=5 8 
@5G5= B@0=A?>@B =0 @048>0:B82=8O F5789. &0:0 =5 45:>=B0<8=8@0=8B5 B5@8B>@88 
AB020B 87B>G=8: =0 2B>@8G=> 2J25640=5 =0 4J;3>682CI8 @048>=C:;848 2 >:>;=0B0 
A@540 8 <>30B 40 ?>28H0B AJ4J@60=85B> 8< 2 ?@OA=0B0 2>40. $5:0 �1C:C<0, :0B> 
=09-3>;O<0B0 @5:0 2 ?@5D5:BC@0 (C:CH8<0 5 >15:B =0 ?>AB>O==0 @048>E8<8G=0 
>F5=:0 =0 0:B82=>ABB0 =0 137Cs.  

"A=>2=8OB ?>G25= B8? 2 @538>=0 5 A 28A>:> AJ4J@60=85 =0 3;8=0. &>20 
4>?@8=0AO 70 1J@7>B> D8:A8@0=5 =0 F578OB 2 ?>2J@E=>AB=8O ?>G25= A;>9, ?>-
B@C4=0B0 <C @07B2>@8<>AB 8 ?>-<0;:> ?>4286=>AB. �J?@5:8 B>20, F578OB >B ?>G20B0 
?>ABJ?20 2 @0AB5=8OB0. #@57 2024 3. 5 87A;5420=> AJ4J@60=85B> =0 F578O 2 
?@0H5F0 =0 F25B=8B5 @0AB5=8O 8 0:C<C;0F8OB0 <C 2 ?G5;8B5 8 ?G5;=8B5 ?@>4C:B8. 
$57C;B0BJB >B 87<5@5=0B0 0:B82=>AB =0 ?@0H5F0 5 5:2820;5=B=0 =0 :>=B0<8=0F8OB0 
=0 <54>=>A=0B0 ?G5;0. �7<5@5=0B0 :>=F5=B@0F8O =0 0:B82=>AB =0 F578O 2 0780BA:8 
ABJ@H5; 5 10 ?JB8 ?>-28A>:0 >B B078 =0 ?G5;8B5.  

!>@<8B5 70 5AB5AB25= @0480F8>=5= D>= 2 /?>=8O A0 <564C 0.0590.2 µSv/h. 
#@57 N=8 2024 3. =09-28A>:0B0 <C 87<5@5=0 AB>9=>AB 5 =04 20 µSv/h. �J?@5:8 B>20 2 
?@5D5:BC@0 (C:CH8<0 A5 =01;N4020 2J7AB0=>2O20=5 =0 =820B0, 1;87:8 4> B578, 
?@548 020@8OB0 >B 2011 3. � =0G0;>B> =0 2024 3. ?@028B5;AB2>B> =0 /?>=8O 
@07@5H020 70A5;20=5 =0 G0AB >B >157;N45=8B5 B5@8B>@88 8 2J7AB0=>2O20=5 =0 
A5;A:>AB>?0=A:8B5 459=>AB8 2 BOE. 
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Abstract 
In the current study the field experiments were conducted on moderately eroded 

Epicalcic Chernozem, in the experimental field near the village of Trastenik, Ruse and on 
Haplic Chernozem near the village of Kalipetrovo, Silistra, North Bulgaria. The grown 
crops were winter wheat, maize and sunflower, and also there were measurements in 
fallow land. The soil tillage treatments were conventional along the slope (control), 
conventional across the slope, minimum tillage and cultivation of a pre-crop, which was 
used for green manure in the experimental field for erosion control in Trastenik. In the 
experimental field near the village of Kalipetrovo, where are studied water saving 
agrotechnologies on flat terrain, was applied subsoil ripper tillage in order to mitigate the 
consequences of the drought. 

The aim was to evaluate soil thermal properties which were measured directly using 
KD2Pro device in the field (TR-1 sensor) at transitory soil moisture and also of undisturbed 
soil samples (SH-1 sensor) during the process of drainage at different matric potential in 
laboratory conditions. The obtained data for thermal conductivity, thermal diffusivity and 
volumetric heat capacity are presented as a function of soil water content. 

Key words: Epicalcic Chernozem, Haplic Chernozem, soil thermal properties. 
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$9;N@9 

� =0AB>OI>B> 87A;5420=5 A0 ?@>2545=8 ?>;A:8 5:A?5@8<5=B8 =0 
A@54=>5@>78@0= �0@1>=0B5= +5@=>75< 2 >?8B=> ?>;5 2 1;87>AB 4> A. &@JAB5=8:, 
$CA5 8 =0 �7;C65= +5@=>75< 2 @09>=0 =0 A. �0;8?5B@>2>, %8;8AB@0. "B3;5640=8B5 
:C;BC@8 A0 78<=0 ?H5=8F0, F0@528F0 8 A;J=G>3;54, :0B> A0 =0?@025=8 87<5@20=8O 8 
?@8 C30@. "1@01>B:8B5 =0 ?>G20B0 A0 B@048F8>==> ?> =0:;>=0 =0 A:;>=0 (:>=B@>;0), 
B@048F8>==> =0?@5G=> =0 A:;>=0, <8=8<0;=8 >1@01>B:8 8 >B3;5640=5 =0 
?@54:C;BC@0, :>OB> A5 87?>;720 70 75;5=> B>@5=5 2 >?8B=>B> ?>;5 70 :>=B@>; =0 
5@>78OB0 2 A. &@JAB5=8:. � >?8B=>B> ?>;5 2 A. �0;8?5B@>2>, :J45B> A5 87A;5420B 
2>4>A?5ABO20I8 03@>B5E=>;>388 =0 @02=8=5= B5@5=, 5 2:;NG5=> ?@>4J;1>G020=5 =0 
?>G20B0 A F5; A<5:G020=5 =0 ?>A;54AB28OB0 >B ACH0B0. 

*5;B0 5 40 A5 >F5=OB B>?;8==8B5 A2>9AB20 =0 87A;5420=8B5 ?>G28 87<5@5=8 
48@5:B=> A KD2Pro 0?0@0B ?@8 ?>;A:8 CA;>28O (TR-1 A5=7>@) 8 <><5=B=0 2;06=>AB 
=0 ?>G20B0, 0 AJI> 8 =0 =5=0@CH5=8 ?>G25=8 ?@>18 (SH-1 A5=7>@) 2 ?@>F5A =0 
2>4>>B4020=5 ?@8 @07;8G=8 <0B@8G=8 ?>B5=F80;8 2 ;01>@0B>@=8 CA;>28O. 
#>;CG5=8B5 40==8 70 :>5D8F85=B =0 B>?;>?@>2>4=>AB, :>5D8F85=B =0 
B5<?5@0BC@>?@>2>4=>AB 8 >15<=0 B>?;>5<=>AB A0 ?@54AB025=8 2 7028A8<>AB >B 
2;06=>ABB0 =0 ?>G20B0. 

К?NчB6< 8G@<: �0@1>=0B5= +5@=>75<, �7;C65= +5@=>75<, B>?;8==8 A2>9AB20 
=0 ?>G20B0. 

 
�?47B84DABEF< 

�2B>@8B5 1;03>40@OB 70 D8=0=A8@0=5B> =0 =0CG=8B5 87A;5420=8O ?> ?@>5:B 
„�=B53@8@0=5 =0 A0B5;8B=8 8 =075<=8 40==8 70 :><?>=5=B8 =0 2>4=8O 10;0=A =0 
?>G20B0 8 @0AB8B5;=0B0 ?>:@82:0 2 <>45;8 70 >F5=:0 =0 03@>5:>;>38G=8 @8A:>25 8 
75<545;A:8 ?@0:B8:8 70 A<5:G020=5B> 8<6 >B (>=4 „!0CG=8 �7A;5420=8O6 (4>3>2>@ 
�#-06 ! 76/2  2023).  
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Abstract 
The study is aimed to explore the effect of biological agents with trade name - 

5Naturalis6 and 5Softguard6 and strains of Beauveria bassiana 339, 538, 730 in the 
cultivation of beans under non-irrigated conditions at Leached Chernozem (Rousse 
region). Indicators related to the changes in the count of the main taxonomic and 
physiological groups of soil microorganisms and the production of CO2, biomass carbon 
and ³-glucosidase activity were investigated. The study revealed that all applied biological 
agents product and strains Beauveria bassiana have positive effect on ³-glucosidase 
activity. An increase in the populations of micromycetes, ammonifying bacteria and 
actinomycetes was observed in strain Beauveria bassiana 339 and an increase in count of 
ammonifying bacteria in strain Beauveria bassiana 538. A positive increase in the count of 
cellulose-degrading microorganisms was found in the combined variant with biological 
agents - 5Naturalis6 and 5Softguard6. 

Key words: biological agents, Beauveria bassiana, soil microorganisms, soil 
respiration, ³ - glucosidase activity. 
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$9;N@9 
�7A;5420=5B> 8<0 70 F5; 40 ?@>A;548 2J7459AB285B> =0 18>;>38G=8 ?@5?0@0B8 

3 „!0BC@0;8A5 8 „%>DB30@45 A BJ@3>2A:> =08<5=>20=85 8 87>;8@0=8 I0<>25 
B9auveria bassiana 339, 538, 730 ?@8 >B3;5640=5B> =0 D0AC; (Phaseolus vulgaris) =0 
=5?>;82=8 CA;>28O ?@8 �7;C65= +5@=>75< ($CA5=A:>). �OE0 87A;5420=8 ?@><5=8B5 2 
G8A;5=>ABB0 =0 >A=>2=8B5 B0:A>=><8G=8 8 D878>;>38G=8 3@C?8 ?>G25=8 
<8:@>>@30=87<8,  ?@>4C:F8OB0 =0 CO2, 18><0A5= 2J3;5@>4 8 ³ - 3;N:>78407=0 
0:B82=>AB. 'AB0=>28 A5 G5 2A8G:8 ?@8;>65=8 ?@5?0@0B8 8 I0<>25 8<0B ?>;>68B5;=> 
2J7459AB285 2J@EC ³ - 3;N:>78407=0B0 0:B82=>AB. !01;N4020=> 15H5 =0@0AB20=5 2 
AJAB020 =0 <8:@><8F5B8B5, 0<>=8D8F8@0I8B5 10:B5@88 8 0:B8=><8F5B8B5 ?@8 I0< 
339 8 ?>28H020=5 =0 1@>O =0 0<>=8D8F8@0I8B5 10:B5@88 ?@8 I0< 538. 
#>;>68B5;=> ?>28H020=5 2J@EC G8A;5=>ABB0 =0 F5;C;>7>@073@0640I8B5 
<8:@>>@30=87<8 A5 CAB0=>28 ?@8 :><18=8@0=8O 20@80=B 18>;>38G=8B5 ?@5?0@0B8 
„!0BC@0;8A5 8 „%>DB30@45. 

К?NчB6< 8G@<: 18>;>38G=8 ?@5?0@0B8, Beauveria bassiana, ?>G25=8 
<8:@>>@30=87<8; ?>G25=> 48H0=5, ³ - 3;N:>78407=0 0:B82=>AB.  
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Abstract 
The territory of the experimental field is part of the experimental areas of the N. 

Poushkarov Institute of Soil Science Agrotechnologies and Plant Protection. The field has 
an area of 130 dk and the soil differences are represented by Vertisol.  

In connection with the implementation of work packages 1 "Farm networking and 
farm scale monitoring in EU and China" and 3 "Integrating on-farm solutions for restoring 
degraded soils, interpreting impact on soil health" under the TUdi project "Transforming 
Unsustainable management of soils in key agricultural systems in EU and China. 
Developing an integrated platform of alternatives to reverse soil degradation", the 
collection and systematization of data from the conducted experiments was carried out on 
the territory of the experimental field. 

The following experiments are carried out on the territory of the experimental field: 
 variants of processing systems - intensive and minimal; 
 fertilization rates; 
 tracking of integrated weed control; 
 the biometric and phenological indicators of the cultivated corn crop were 

processed. 
In 2022 a field experiments were carried out in the Experimental field Bozhurishte on 

Vertisol with corn for grain (Zea mays, L.) in 2 crop rotations. The previous crops were 
triticale in the first and wheat in the second rotation. Variants of processing systems have 
been tested - intensive and minimal processing; of different rates of fertilization and of 
integrated weed control, and their influence on the physical and agrochemical 
characteristics, as well as on the biological condition of Vertisol, was established. The 
results show that agrotechnical measures implemented in time have a significant impact 
on the main physical parameters of the soil. Biometric and phenological indicators during 
three phenophases of the cultivated crop in the two crop rotations were processed. 

The significant influence of deeper tillage and mineral fertilization on the growth and 
productive potential of maize was found. Treatment types and integrated weed control 
based on new broad-spectrum herbicides used in combination with a biostimulant were 
evaluated. It was established that of the tested agrotechnical factors, mechanical 
processing has a significant impact on reducing the weeding of the crop in the initial 
stages of corn development. 

The highest average yields were obtained from the first rotation. The studied 
agrochemical parameters of the soil show that the degree of stocking with mineral nitrogen 
and potassium is average, while the content of absorbable phosphorus is significantly 
lower. 
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Abstract 
Land evaluation in the villages of Edrevo and Panicherevo, region Stara Zagora, has 

been performed for growing cultivated hazelnuts in order to assess the agronomic 
suitability of the agricultural land for this crop. The applied methodology for hazelnut is 
newly developed and is in accordance with the requirements of the crop and climatic 
conditions. According to the methodology used, the assessments of the individual land 
characteristics were carried out according to pre-developed algorithms in two stages with 
the first reaching a Soil Score (SS - the physico-chemical characteristics of soils are 
assessed), and the second - a Field Evaluation Number (FEN - agro-ecological conditions 
are assessed). According to the obtained values of FEN (for each soil sub-type) they are 
classified by classes of agronomic suitability. The final classification scheme of the 
assessed lands is in accordance with FAO recommendations. The obtained results are 
spatially visualized in the form of a map showing the suitability of the agricultural lands of 
the studied area for growing cultivated hazelnuts. 

Key words: land evaluation, agronomic suitability, cultivated hazelnut.  
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Abstract  
The essence and technological characteristics of the innovative methods of electric 

spark deposition and gas flame layering are described in the work. The topography, 
morphology, composition and structure, hardness and tribological properties of the 
coatings obtained by both methods are shown. The possibilities for effective application of 
both methods for both preliminary strengthening and restoration of worn parts and working 
parts of machines and equipment for agricultural machinery are presented. Based on a 
literature data and previous our author's results, suitable coating materials and layering 
process parameters are indicated, which provide an increase in the wear resistance of 
various hardened working parts  by an average of 1.5  to 4 times. 

Key words: electrospark deposition, gas flame spraying, coatings, carbides, 
microhardness, wear resistance.  
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Abstract  
The paper describes the properties of a new type of new hard alloy wear-resistant 

coatings intended for electrospark (ESD) and gas flame (GFS) lamination of wear and 
working parts of agricultural machinery and equipment. For ESD GFS, multi-component 
composite coating materials were created from the highly wear-resistant compounds WC, 
TiB2 and B4C with a multi-metallic solder of Ni-Cr-B-Si and technological additives of Fe, 
Co and C. Through metallographic and X-ray structural analysis, optical, electron 
microscopic and tribological tests the topography, morphology, structure, microhardness 
and tribological characteristics of the coatings were investigated. The numerical values of 
the roughness, thickness and microhardness parameters of the obtained coatings were 
determined. The conditions for obtaining coatings with appropriate geometric 
characteristics, composition and structure to achieve maximally increased wear resistance 
of surfaces subjected to various loads and operating conditions are defined. Up to 3-4 
times higher durability compared to uncoated products was obtained. 

Key words: electrospark deposition, gas flame sprawing, coatings, carbides, 
borides, structure, microhardness, wear resistance. 
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Abstract 
The change in the overall technologies of agricultural production in recent years is in 

accordance with the new conditions and needs of agricultural crops and requires 
optimization of the parameters of the irrigation regime of agricultural crops grown in 
conditions of water deficit. Experimental studies were conducted in 2023 - 2024 under field 
conditions on the territory of the experimental field "Chelopechene", on leached Cinnamon 
forest soil with a summer garlic crop. A water-saving drip irrigation system is used for 
irrigation. The irrigation wings are located on the surface and underground at a depth of 
0.10 m. Five options were studied for optimal and disturbed irrigation regime of garlic. V1 - 
subsoil drip irrigation - 100% irrigation rate, V2 - subsoil drip irrigation - 50% irrigation rate; 
V3 - surface drip irrigation - 100% irrigation rate; V4 - surface drip irrigation - 50% irrigation 
rate; V5 - non-irrigated variant. 

The main objective is: Establishing the optimal irrigation regime and the influence of 
different depths for laying irrigation wings for irrigation and fertigation on the yield of 
summer garlic, Bulgarian variety. 

Key words: drip irrigation, summer garlic - Bulgarian variety, yield, subsoil drip 
irrigation. 
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Abstract 

Designed wildflower meadows are intentionally created plant communities, 
combining grasses and forbs with high species diversity. Widely implemented in urban 
environments, these meadows contribute to biodiversity conservation and climate change 
adaptation. Their resilience to poor and dry soils minimizes maintenance requirements and 
reduces irrigation costs. The present study represents a literature analysis of the impact of 
ecological, biological, and anthropogenic factors on the establishment and long-term 
development of flowering meadows. 

Climatic conditions, sunlight exposure, and soil properties are identified as critical to 
the successful development of wildflower meadows. Species competition, sowing 
techniques, and maintenance strategies significantly affect species diversity and 
ecosystem stability. Mowing once or twice annually is shown to effectively control 
dominant species, sustain aesthetic appeal, and enhance diversity. Additional practices, 
such as mulching and soil moisture management, promote seed germination while 
suppressing weeds. 

Wildflower meadows represent sustainable urban green spaces that integrate 
aesthetic appeal, ecological functionality, and biodiversity.  

Key words: Wildflower meadows, sustainability, ecological value, urban landscape, 
biodiversity, ecosystem services. 
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Abstract 
The seminar held in Estonia as part of the NOVASOIL project aimed to engage 

stakeholders in discussions about the impact of seed production on soil functions, focusing 
on soil health challenges and potential solutions within Estonia's agricultural landscape. 
Certified seed production is essential for ensuring high-quality seed material, leading to 
more efficient crop yields. However, various constraints - such as poor soil structure due to 
intensive tillage, heavy pesticide use, limited organic fertilization, and minimal use of green 
manures - pose significant challenges to soil quality and biodiversity within seed 
production systems. The seminar explored the role of incentives and payment schemes in 
balancing seed production with soil health objectives. Three incentive types were 
evaluated: 1. Basic income support payment, which encourages winter plant cover to 
reduce erosion. 2. Environment-friendly production eco plan, mandating the use of certified 
seeds and sustainable practices, though challenging in seed production systems. 3. 
Support for land melioration, aimed at agricultural and forestry infrastructure development 
for long-term soil productivity. Stakeholders recommended that policymakers promote 
certified seeds more broadly, particularly for varieties that reduce pesticide use, tillage 
requirements, and enhance nutrient cycling. Additional recommendations included 
supporting public awareness campaigns on certified seeds, facilitating certifications, and 
investing in research and breeding programs to improve both seed quality and soil health.  
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