


iii 

 

International Journal of Ecosystems and Ecology Science (IJEES), ISSN: 2224-4980 

  
Clarivate Analytics 

https://mjl.clarivate.com/home?PC=MASTER&Word=ijees 

 

Volume 12, Issue 4, July 2022 - December 2022, (Serial Number 48)  

 

       
       

       

 

        

       

 

        

       
       

       
       

 

 
 

 

Editor in Chief 
 

Hysen Mankolli, Professor, Ecologist, Plainfield, Illinois, USA; Health and Environment Association, Tirana Albania.   

Earth System Science Interdisciplinary Center (ESSIC), University of Maryland College Park, USA, Consultant Scientist. 

 

 

Deputy-Editor-in-Chief 
 

Sukru Dursun, Professor, Konya Technical University, Environmental Engineering Dep., Konya-Turkey. 

Massimo Zuchetti, Professor, MIT, Massachusetts Institute of Technology, Cambridge MA, USA. 

Cezar Kongoli, Professor, University of Maryland College Park, Earth System Science Interdisciplinary Center (ESSIC), USA. 

Selim Dogan, Professor, Konya Technical University, Environmental Engineering Dep., Konya-Turkey. 

 

 

International Scientific Editorial Board 
 

Sukru Dursun, Professor, Konya Technical University, Environmental Engineering Dep., Konya, Turkey; 

Massimo Zuchetti, Professor, MIT, Massachusetts Institute of Technology, Cambridge MA, USA; 

Veselin Alexandrov, Professor, National Institute of Meteorology and Hydrology, Bulgaria; 

Nicola Senesi, Professor, University of Bari, Bari, Italy; 

Wander Michelle M, Professor, University of Illinois at Urbana-Champaign,Urbana,Urbana, IL 61801,USA; 

Vladimir Pesic, Professor, University of Montenegro, Department of Biology, Podgorica Montenegro; 

Ibraim Dincer, Professor, University of Ontario, Faculty of Engineering and Applied Science, Ontario, Canada; 

Hysen Mankolli, Professor, Ecologist, Plainfield, Illinois, USA; 

Lyudmyla Symochko, Prof. Assoc. Dr. Uzhhorod National University, Faculty of Biology, Uzhhorod, Ukraine; 

Zacharoula S. Andreopoulou, Professor, Aristotle University of Thessaloniki, Thessaloniki, Greece; 

Mariana Golumbeanu, PhD, National Institute for Marine Research and Development "Grigore Antipa", Constanta, Romania; 

Antonis K. Kokkinakis, Professor, Aristotle University of Thessaloniki, Thessaloniki, Greece; 

Olivia Cioboiu, PhD, The Oltenia Museum Craiova, Popa Şapcă str. No 8, Rumania; 

Nasser Modirshahla, Professor, Islamic Azad University, Department of Applied Chemistry, Iran; 

Nina Liogchii, Professor, Institut of Ecology and Geografy, Republic of  Moldova; 

Trajce Talevski, Professor, Hydrobiological Institute, Naum Ohidski 50, 6000 Ohrid - R.Macedonia; 

Alexander V. Derunkov, Professor, Dep. of Entomology, National Museum of Natural History, Washington DC, USA; 

Can Ozgur Colpan, Professor, Ryerson University, Canada; 

Muhammad Ashraf, Professor, University of Agriculture, Faculty of Sciences, Faisalabad 38040, Pakistan; 

https://mjl.clarivate.com/home?PC=MASTER&Word=ijees


iv 

 

Roberto Mancinelli, Professor, University of Tuscia, Viterbo, Italy; 

Bahrive Gulgun, Professor, Ege University, Izmir, Turkey;  

Insaf Mekki, PhD, National Research Institute for Rural Engineering, Water, and Forestry (I.N.R.G.R.E.F), Ariana, Tunisia; 

Hany Gaber El Shaer, PhD, IUCN Centre for Mediterranean Cooperation / Global Marine, Egypt; 

Ertugrul Esmeray, Ph.D, Karabuk University, Engineering Faculty, Environmental Engineering Department Turkey; 

Violeta Vidaček-Hainš, PhD, Ass. Professor, University of Zagreb, Croatia; 

Cezar Kongoli, Professor, University of Maryland College Park, Earth System Science Interdisciplinary Center (ESSIC), USA; 

Justas Kažys, PhD, Assoc. Professor, Vilnius University, Department of Hydrology and Climatology, Vilnius –Lithuania; 

Selim Dogan, PhD, Assoc. Professor Selcuk University, Environmental Engineering Department, Konya Turkey; 

Hisham Mostafa Alidrisi, PhD, Assoc. Professor, King Abdulaziz University, Engineering College, Jeddah Saudi, Arabia; 

Khalid A. A. Al-Ghamdi, PhD, Assoc. Professor, King Abdulaziz University, Engineering College, Jeddah Saudi, Arabia; 

Osman Taylan, PhD, Assoc. Professor, King Abdulaziz University, Engineering College, Jeddah Saudi, Arabia; 

Robert J. Kuligowski, PhD, University of Maryland College P, Earth System Science Interdisciplinary Center (ESSIC), USA; 

Mariia M. Fedoriak, Professor, Chernivtsi National University, Dep. of Ecology and Biomonitoring, Chernivtsi, Ukraine; 

Narayan Ramappa Birasal, Associate Professor, KLE Society’s G H College, Zoology Department, , Karnataka state, India; 

Rana P. Singh, Professor, Babasaheb Bhimrao Ambedkar University, Dep. of Environmental Science, U.P., India; 

Hayati AKMAN, Dr., Selcuk University, Seed Department, 42430 Konya, Turkey; 

Fatma ÇANKA KILIÇ, Professor, Kocaeli University, Technology Faculty, Energy Systems Engineering Dep., Kocaeli, Turkey; 

Ferim Gashi, Dr., University of Pristina, Department of Geography, Faculty of Mathematical-Natural Sciences, Kosovo; 

Altin Dorri, Professor Assoc., Polytechnic University of Tirana, Tirana, Albania; 

Alexander P. Sizykh, Professor, Russian Academy of Sciences, Siberian Institute, Irkutsk, Lermonyova, Russia; 

Zeynep EREN, Professor, Ataturk University, Environmental Engineering Department, Erzurum, Turkey; 

Sheida Korjani, PhD, Department of Architecture, Tabriz Branch, Islamic Azad University, Tabriz, Iran; 

Maan Maaroof, PhD, Assistant Professor, University of Mosul, College of Veterinary Medicine, Iraq; 

Koula Doukani, Professor, University of Ibn Khaldoun, Zaaroura, Tiaret, Algeria; 

Svetla Petkova Gateva, PhD, Institute of Biodiversity and Ecosystem Research, Bulgarian Acad. of Sciences, Sofia, Bulgaria;  

Rrahim Sejdiu, Professor Assistant, PhD, University of Applied Sciences-Ferizaj, Kosovo; 

Mouloud BOUHOUHOU, Dr., ENS Assia Djebar - Constantine, Algeria; 

Dinh Tran Ngoc Huy, Dr., Banking University HCMC, Ho Chi Minh city Vietnam-International University of Japan, Japan; 

Admir Jançe, Professor Assoc., European University of Tirana, Tirana, Albania;  

Nataliia P. Kovalenko, Dr., Institute of Plant Physiology and Genetics of NAS of Ukraine, Kyiv, Ukraine; 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

Publication Information: 

 
International journal of ecosystems and ecology science (IJEES), ISSN 2224-4980, publishing original articles, reviews and short 

communications of high scientific standard on ecosystems and science ecology. By: Hysen Mankolli, Professor, Ecologist, Plainfield, 

Illinois, USA; Health and Environment Association, Tirana, Albania; 

ISSN International Centre, Bibliographic Data Section, PARIS, FRANCE; 

Bib - ID 68337; ISO standard 3297; 

Key title: International journal of ecosystems and ecology science 

Abbreviated key title: Int. j. ecosyst. ecol. sci. 

ISSN 2224-4980; http://ijees.net/ 

Frequency: four times a year. IJEES Electronic Journal Publication:  Plainfield, Illinois, USA; 

DOI prefix: 10.31407, https://doi.org/10.31407/ijees 

  
Clarivate Analytics 

https://mjl.clarivate.com/home?PC=MASTER&Word=ijees 

Clarivate 

https://mjl.clarivate.com/home 

Web of Science Core Collection,  

Journal Citation Indicator (JCI): 2020: 0.05; 2019:0.05        

https://apps.clarivate.com/mjl-beta/search-results 

Emerging Sources Citation Index - JOURNAL LIST  

http://mjl.clarivate.com/cgi-bin/jrnlst/jlresults.cgi?PC=EX&Alpha=I 

ESCI Clarivate, https://mjl.clarivate.com/home 

UOI license: http://u-o-i.org/1.01/ijees;   http://www.u-o-i.org/index.php/SearchLicense  

DPI Digital Library USA and assign unique digital no. DPI: 16.10047.IJEES  

U.S. National Library of Medicine,  

NLM ID: 101726509 [Serial]; Other ID: (OCoLC)879805056; 

https://www.ncbi.nlm.nih.gov/nlmcatalog/101726509 

 

This journal has the status of an international journal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://ijees.net/
https://doi.org/10.31407/ijees
https://mjl.clarivate.com/home?PC=MASTER&Word=ijees
https://mjl.clarivate.com/home
https://apps.clarivate.com/mjl-beta/search-results
http://mjl.clarivate.com/cgi-bin/jrnlst/jlresults.cgi?PC=EX&Alpha=I
https://mjl.clarivate.com/home
http://u-o-i.org/1.01/ijees
http://www.u-o-i.org/index.php/SearchLicense
http://iarcif.org/dpi_digital_library/
https://www.nlm.nih.gov/
http://locatorplus.gov/cgi-bin/Pwebrecon.cgi?DB=local&v1=1&ti=1,1&Search_Arg=101726509&Search_Code=0359&CNT=20&SID=1
https://www.ncbi.nlm.nih.gov/nlmcatalog/101726509


vi 

 

Aims and Scope: 

 
The goals of the International Journal of Ecosystems and Ecology Science (IJEES), ISSN 2224-4980, are to 

bring together researchers and scientists with interests in the quality of the ecosystems research results, 

theories, technologies, systems, tools, applications, the work in progress and experiences on ecosystems 

used. The main topics of interest are: 

 

✓ Ecosystems 

✓ Agro ecosystems  

✓ Forest ecosystems 

✓ Ecology 

✓ Plant Ecology 

✓ Animal Ecology 

✓ Human Ecology 

✓ Lakes and Rivers ecosystems 

✓ Applied Biology 

✓ Applied Ecology 

✓ Applied Chemistry 

✓ Biodiversity 

✓ Energy 

✓ Geology 

✓ Bioaccumulation 

✓ Desalination 

✓ Water 

✓ Soil 

✓ Air pollution 

✓ Climate Change 

✓ Ecosystem restoration  

✓ Environment toxicology 

✓ Environment protection 

✓ Environmental radioactivity  

✓ Environmental legislation 

✓ Environmental management 

✓ Environmental education. 

✓ Green technology 

✓ Socioeconomic aspects in Ecosystems 

✓ Agro tourism and National Park 

✓ Health Care 

✓ Food security  

✓ Rights and Environmental Laws 
✓ Environment Engineering  

✓ Environment Architecture 

✓ Eco philosophy Issue 
 

 

 

 

 

 

 

 

 

 

 



ix 

 

International  

Journal of Ecosystems and Ecology Science  

(IJEES) 

DOI: https://doi.org/10.31407/ijees 

 

 

Volume 12/4, 2022 

DOI: https://doi.org/10.31407/ijees12.4 

 

 

 

 

Table of contents: 
 

 

 

 

Iryna Gumenıuk1, Lyudmyla Symochko1,2,*, Ivan Mostovıak3, Olena Demyanyuk1, Olena Sherstoboeva1, Vera 

Boroday4, Vitaliy Symochko2, THE ROLE OF BRADYRHIZOBIUM JAPONICUM EXOPOLYSACCHARIDES 

IN THE FORMATION OF AN EFFECTIVE SYMBIOTIC APPARATUS OF SOYBEAN, page 1-8; 

DOI: https://doi.org/10.31407/ijees12.401 
 

Tran Van Nam1*, Trinh Minh Tam2, Do Son Tung2, Tao Minh Hung4, DETERMINING CRITERIA IN 

TECHNOLOGY VALUATION THROUGH THE ANALYTIC HIERARCHY PROCESS: A CASE STUDY IN 

VIETNAM, page 9-14; 

DOI: https://doi.org/10.31407/ijees12.402 

 

Volodymyr Orekhivskyi1, Anna Kryvenko1, Nataliia Kovalenko1*, Svitlana Burykina2, Maxim 

Parlikokoshko2, Antonina Drobitko3, EFFICIENCY OF USING ORGANO-MINERAL BIOPREPARATIONS 

AS ELEMENTS OF BIOLOGIZATION IN CHICKPEA CULTIVATION TECHNOLOGIES IN THE ARID 

SOUTHERN STEPPE OF UKRAINE, page 15-26; 

DOI: https://doi.org/10.31407/ijees12.403 

 

Hoang Van Long1, Le Thanh Cong2*, Dinh Tran Ngoc Huy3, MANAGEMENT IMPLICATIONS WITH RISK 

MANAGEMENT FROM REGRESSION MODEL APPROACH: A CASE IN VIETNAM CONSTRUCTION 

SECTOR, page 27-32; 

DOI: https://doi.org/10.31407/ijees12.404 

 

Gjokë Duhanaj1*, Elizabeta Susaj2, Lush Susaj3, AMPELOGRAPHIC EVALUATION OF THE MAIN 

PHENOLOGICAL, VEGETATIVE AND PRODUCTIVE CHARACTERS OF WHITE SHESH GRAPEVINE 

CULTIVAR, UNDER TIRANA CLIMATE CONDITIONS, page 33-38; 

DOI: https://doi.org/10.31407/ijees12.405 

 

Alvarez, S.C., Carreon, P.A.D., Tumbaga, J.R.A, Arneil G. Gabriel*, CONTINGENT VALUATION STUDY 

IN THE PREVENTION OF AIR POLLUTION IN CABANATUAN CITY, page 39-56; 

DOI: https://doi.org/10.31407/ijees12.406 

 

Pavlo Lykhovyd*, SAFFRON (Crocus sativus L.) AS A PROSPECTIVE AND SAFE NATURAL TREATMENT 

FOR MENTAL DISORDERS, page 57-64; 

DOI: https://doi.org/10.31407/ijees12.407 

 

Argjiro Alija1*, Vesa Rraci2, Njomza Shosholli Peja3, BURNOUT RATE IN HEALTH PROFESSIONALS 

DURING COVID PANDEMIC-19, page 65-70; 

DOI: https://doi.org/10.31407/ijees12.408 

https://doi.org/10.31407/ijees
https://doi.org/10.31407/ijees12.4
https://doi.org/10.31407/ijees12.401
https://doi.org/10.31407/ijees12.402
https://doi.org/10.31407/ijees12.403
https://doi.org/10.31407/ijees12.404
https://doi.org/10.31407/ijees12.405
https://doi.org/10.31407/ijees12.406
https://doi.org/10.31407/ijees12.407
https://doi.org/10.31407/ijees12.408


xi 

 

Iralda Xhaferaj, ROAD SAFETY IMPACTS OF SIGHT DISTANCE CRITERIA ACCORDING TO ALBANIAN 

CODE, page 173-180; 

DOI: https://doi.org/10.31407/ijees12.421 

 

Nguyen Dinh Trung1, Huy Dinh Tran Ngoc 2, Ly Lan Yen3, Nguyen Trong Diep4*, SOLUTIONS FOR 

INDUSTRIAL CLUSTERS FOR SOCIO-ECONOMIC DEVELOPMENT IN HANOI CITY AND PROTECTING 

CONSUMER INTERESTS, page 181-188; 

DOI: https://doi.org/10.31407/ijees12.422 

 

Nguyen Dinh Trung1, Ly Lan Yen2*, Huy Dinh Tran Ngoc 3*, Nguyen Trong Diep4*, WHICH SUITABLE 

MODEL FOR DEVELOPING INDUSTRIAL CLUSTERS IN HANOI VIETNAM? AND MATTERS OF 

PROTECTING CONSUMERS IN CLUSTERS, page 189-194; 

DOI: https://doi.org/10.31407/ijees12.423 

 

Ibtissam Baghriche1,2,3, Sakina Zerizer1,2*, Zahia Kabouche1, Assia khalfallah1, THE PROTECTIVE EFFECT 

OF ASTRAGALUS ARMATUS ON CARDIOVASCULAR DISEASES INDUCED BY HYPER 

HOMOCYSTEINEMIA IN MICE, page 195-204;  

DOI: https://doi.org/10.31407/ijees12.424 

 

Hossein Moradi Dehnavi1, Narges Eskandari2, Haider Romella3, Ahmad Reza Pakzad4*, THE IMPORTANCE 

OF NUTRITION BASED ON INDIVIDUALIZED TEMPERAMENT (MIZAJ), FROM THE VIEW POINT OF 

TRADITIONAL PERSIAN MEDICINE AND THE FINDINGS OF MODERN MEDICINE, page 205-212;  

DOI: https://doi.org/10.31407/ijees12.425 

 

Kadir DELİGÖZ1*, Muhammed Furkan TAŞCI2, FREEGANISM IN CONSUMPTION SOCIETY: A 

NETNOGRAPHIC RESEARCH STUDY, page 213-226;  

DOI: https://doi.org/10.31407/ijees12.426 

 

Abdouraman12*, Tchobsala1, Megueni Clautilde2, Boubakary Simon3, SPACIO-TEMPORAL DYNAMIC OF 

THE VEGETATION AND DEGRADATION FACTORS OF THE VEGETATION COVER AROUND LAGDO 

LAKE, NORTH CAMEROON, page 227-234; 

DOI: https://doi.org/10.31407/ijees12.427 

 

Kenan ÇOLAK1, Engin KEPENEK2*, Ziya GENÇEL2, Kıvanç ERTUGAY2, THE USE OF GEOGRAPHIC 

INFORMATION SYSTEMS IN PREVENTING ILLEGAL EXCAVATIONS FOR THE DESTRUCTION OF 

CULTURAL HERITAGE, page 235-244; 

DOI: https://doi.org/10.31407/ijees12.428 

 

Olga Titarenko1*, Ildus Ibatullin2, Volodymyr Nedashkivskyi3, Nataliia Nedashkivska4, Vitalii Stepanchenko5, 

ACCUMULATION OF ZN AND CU BY CEREAL AND LEGUMINOUS VEGETATION UNDER 

AGROCHEMICAL IMPROVEMENT OF NATURAL FODDER LANDS OF THE RIGHT BANK FOREST 

STEPPE OF UKRAINE, page 245-250; 

DOI: https://doi.org/10.31407/ijees12.429 

 

https://doi.org/10.31407/ijees12.421
https://doi.org/10.31407/ijees12.422
https://doi.org/10.31407/ijees12.423
https://doi.org/10.31407/ijees12.424
https://doi.org/10.31407/ijees12.425
https://doi.org/10.31407/ijees12.426
https://doi.org/10.31407/ijees12.427
https://doi.org/10.31407/ijees12.428
https://doi.org/10.31407/ijees12.429


International Journal of Ecosystems and Ecology Science (IJEES)                           Vol. 12 (4): 245-250 (2022) 

https://doi.org/10.31407/ijees   ISSN: 2224-4980                                                https://doi.org/10.31407/ijees12.4 

 

 

245 
 

 

ACCUMULATION OF ZN AND CU BY CEREAL AND LEGUMINOUS 

VEGETATION UNDER AGROCHEMICAL IMPROVEMENT  

OF NATURAL FODDER LANDS OF THE RIGHT  

BANK FOREST STEPPE OF UKRAINE 
 

 

 

Olga Titarenko1*, Ildus Ibatullin2, Volodymyr Nedashkivskyi3, Nataliia Nedashkivska4,  

Vitalii Stepanchenko5 
 

1*Vinnytsia National Agrarian University, 3, Soniachna Str., Vinnytsia, Ukraine; 
2Institute of Food Resources National Academy of Agrarian Sciences of Ukraine,  

4 A, Eugene Sverstyuk Str., Kyiv, Ukraine; 
3,4Bila Tserkva National Agrarian University, 8/1, Soborna pl., Bila Tserkva, Ukraine; 

5Higher Education Institution "Podillia State University", 12, Shevchenko Str., Kamianets-Podilskyi,  

Khmelnytskyi region, Ukraine; 

 
*Corresponding Author Olga Titarenko, email: titarenko0309@ukr.net; 

 

 

Received July 2022; Accepted August 2022; Published September 2022; 

 

DOI: https://doi.org/10.31407/ijees12.429 

 

 

 

 

ABSTRACT 

 

 

The article is devoted to the study of the translocation of heavy metals-trace elements (Zn, Cu) in the cereal-legume 

vegetation of natural fodder lands during their surface improvement (milling with the introduction of sugar-juice 

defecation sludge, NPK fertilizers) and root improvement (plowing the soil with the introduction of sugar-juice 

defecation sludge and NPK fertilizers). Based on the analysis of literary sources, it was established that as a result of 

man-made activities, the condition of fodder lands is deteriorating due to the ingress of toxicants, in particular, 

heavy metals. The research was conducted in the conditions of natural fodder grounds of the Right Bank Forest 

Steppe of Ukraine during 2017-2019. The determination of heavy metals in soils and plant material was carried out 

in the laboratory by the atomic absorption method. The hazard ratio of heavy metals in soils and biodiversity and the 

accumulation ratio of heavy metals were determined. It was established that in cereal and leguminous vegetation 

during the three years of vegetation of natural fodder lands in the zone of their local pollution due to surface 

improvement, the concentration of Zn increased from 1.01 times to 1.07 times, Cu - from 1.01 times to 1.02 times, 

while with root improvement, the concentration decreased for Zn content from 1.1 times to 1.25 times, and for Cu 

content - from 1.02 times to 1.55 times. At the same time, a tendency towards a decrease in the hazard coefficients 

and the accumulation of Zn and Cu in cereal-legume vegetation was noted with the root improvement of natural 

fodder soils compared to surface ones. 

 

Keywords: heavy metals, natural fodder grounds, danger factor, accumulation factor, concentration, vegetation. 
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INTRODUCTION 

 

 

An important link in the production of livestock products is the vegetation of natural fodder lands, which is 

characterized by a low cost price compared to the vegetation of cultivated lands. However, natural fodder lands in 

the conditions of technogenesis are subjected to a strong anthropogenic load in some territories, which leads to soil 

and vegetation contamination with various toxicants, in particular, heavy metals such as Pb, Сd, Zn and Cu 

(Razanov et al., 2020). The use of natural fodder meadows under such vegetation conditions as fodder for both 

domestic and wild animals increases the risk of heavy metals entering their bodies, which endangers the production 

of safe and high-quality products. Practical experience shows that the ecological condition of natural fodder lands 

deteriorates from year to year, in particular, due to their contamination with toxicants as a result of man-made 

activities of the population (Razanov et al., 2018). A large amount of heavy metals also enters the environment 

during chemical production with wastewater, in which compounds of Cd, Pb and Zn have been detected. Rapidly 

growing sources of environmental pollution today are motor vehicles, agricultural production and industrial waste 

(Venkateswarlu et al, 2016). In agricultural production, especially in crop production, mineral fertilizers are a 

powerful source of heavy metals entering the environment (Razanov et al., 2021). 

In Ukraine, natural fodder lands cover an area of about 6.7 million hectares, about 4.6 million hectares of which are 

pastures, and up to 2.1 million hectares are hayfields. In the forest-steppe zone, there is about 10% of natural fodder 

land from the total area of agricultural land. In the conditions of the Forest-Steppe of Ukraine, natural fodder lands 

cover an area of about 2.1 million hectares, which is 3.4% of the total area of this natural-climatic zone. The herbage 

of the natural fodder lands of the Forest Steppe includes a number of plant species for fodder, medicinal, decorative, 

honey-bearing, technical, medicinal-food, and ethereal use. Although natural plant communities are less nutritious 

compared to the vegetation of cultivated pastures, however, its use is low-cost, which plays an important role in 

providing the population of Ukraine with food. In addition, the vegetation of natural fodder lands sharply reduces 

soil erosion and is one of the factors of stabilization of disturbed agricultural landscapes. Analyzing the plant 

phytodiversity of the natural fodder lands of the forest-steppe zone, it should be noted that the largest share is 

occupied by cereal crops - Dactylis glomerata, Timothy, Bromus inermis, Arrhenatherum elatius, Poa pratensis, 

Agrostis stolonifera, Phalaris arundinacea and others (Mudrak et al, 2018). Natural fodder grounds as a component 

of the natural environment are subject to constant technogenic influence from modern sources of pollution, which 

increases the risk of their productive use. The concern today is the increase in the entry into the soil with the 

subsequent inclusion in the migration chains to plants of such toxicants as cadmium, Zn and Cu, which are able to 

accumulate several tens of times more in the plant phytomass compared to the soil (Kasowska et al, 2018; 

Makarenko et al, 2020; Dursun et al, 2020). One of the sources of pollution of natural fodder lands can be their 

chemical, in which heavy metals enter the soil with mineral fertilizers (Bondar et al, 2019). Therefore, there is a 

need for constant monitoring of the intensity of vegetation pollution of natural fodder lands by heavy metals in 

conditions of man-made load. 

 

 

MATERIALS AND METHODS 

 

 

The study of the effect of surface and root improvement of natural fodder meadows on the intensity of accumulation 

of heavy metals involved five research options according to the scheme (Table 1). 

 

Table 1. Scheme of research 

 
Variant Measures to improve natural fodder meadows 

I - control Without improving natural forage meadows 

II - experiment Disking + sugar-juice defecation sludge. + NPK 

III - experiment Milling + conventional plowing + sugar-juice defecation sludge. + NPK 

IV - experiment Milling + deep plowing + sugar-juice defecation sludge. + NPK 

V - experiment Milling + sugar-juice defecation sludge. + NPK 

 

For agrochemical improvement, sugar-juice defecation sludge - 5 t/ha, mineral fertilizers N60 (ammonium nitrate), 

P45 (simple superphosphate) and K45 (potassium chloride) were applied to the soil of natural fodder meadow. 
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Sampling of soil samples for analysis was carried out by the envelope method, namely: sampling with a soil auger at 

the depth of soil plowing (20-25 cm) of the soil at five points during surface and root improvement of natural fodder 

lands, on natural meadows - without applying these measures at depth 4-5 cm and preparation of soil samples. 

The determination of heavy metals in soils and plant material was carried out by the atomic absorption method. 

Determination of the pH of the water extract of the soil was carried out by the potentiometric method. Sampling of 

vegetation was carried out by mowing it in different places on areas of 1 m² at the height of animal grazing (8-10 

cm) in different places of natural meadows with an average weight of 2 kg. The coefficient of danger of heavy 

metals in soils and biodiversity was determined by the ratio of the amount of Zn and Cu in the vegetative mass of 

cereal-legume vegetation to the maximum permissible concentration (MPC). The coefficient of accumulation of 

heavy metals in the phytomass was determined by the ratio of the amount of Zn and Cu in the vegetative mass of 

cereal-legume vegetation to the content of these elements in the soil. 

 

 

RESULTS AND DISCUSSION 

 

 

The research results showed that with the use of disking and sugar-juice defecation sludge + NPK, the concentration 

of Zn in cereal and legume vegetation in the first, second and third year of vegetation increased from 1.01 times to 

1.07 times, respectively, compared to similar raw materials without improvement of natural fodder meadows. The 

concentration of Cu in cereal and leguminous vegetation increased from 1.01 times to 1.02 times during the first, 

second and third year of growing season, respectively, due to surface improvement of natural fodder meadows. With 

milling + sugar-juice defecation sludge + NPK fertilizers, the concentration of Zn in the first, second and third year 

of vegetation of cereal-legume vegetation was practically at the same level as the similar vegetation obtained 

without the use of agrochemical measures. The concentration of Cu in cereal-legume vegetation decreased by 1.02 

times in the first year of vegetation, by 1.12 times in the second year, and by 1.13 times in the third year. In cereal 

and leguminous vegetation, with the radical improvement of natural fodder meadows (milling + conventional 

plowing + sugar-juice defecation sludge + NPK), the concentration of Zn in plants of the first, second and third year 

of vegetation decreased by 1.19 times, 1.1 and 1.11 times, respectively, compared to similar raw materials obtained 

without the use of these agrochemical measures. The concentration of Cu in cereal and leguminous vegetation also 

decreased according to these agrochemical measures: in the first year of vegetation - by 1.28 times, in the second - 

by 1.27 times, and in the third - by 1.37 times. With the radical improvement of natural forage lands (milling + deep 

plowing + sugar-juice defecation sludge + NPK), the concentration of Zn in cereal and legume vegetation in the 

first, second and third year of vegetation decreased by 1.25 times, 1.18 times and 1.17 times, respectively, compared 

to the same raw materials without the use of agrochemical measures. The research results (Table 2) show that in 

cereal and leguminous vegetation, on average, over three years, the concentration of Zn decreased by 1.11 times 

during milling, plowing of the usual application of sugar-juice defecation sludge and NPK fertilizers to the soil of 

natural fodder lands, and during milling, plowing of deep and the use of sugar-juice defecation sludge and NPK 

fertilizers – 1.17 times. 

 

Table 2. The content of heavy metals (trace elements) in cereal-legume vegetation of natural meadows,  

mg/kg, on average for 2017-2019 based on absolutely dry matter, (n=4, M±m) 

 

Measures to improve natural fodder lands 

Zn Cu 

On average in the studied 

territories 

On average in the studied 

territories 

Without improving natural forage meadows 20±0.07 4.5±0.09 

Disking + sugar-juice defecation sludge + NPK 21±0.038 4.5±0.05 

Milling + conventional plowing + sugar-juice defecation sludge + NPK 18±0.077 3.5±0.06 

Milling + deep plowing + sugar-juice defecation sludge + NPK 17±0.04 3.1±0.47 

Milling + sugar-juice defecation sludge + NPK 20±0.03 4.2±0.036 

 

The concentration of Cu in cereal and leguminous phytomass decreased on average over three years of vegetation 

when using: milling + sugar-juice defecation sludge + NPK fertilizers by 1.07 times; for milling + conventional 

plowing + sugar-juice defecation sludge + NPK fertilizers by 1.3 times and by milling + deep plowing + sugar-juice 

defecation sludge + NPK fertilizers by 1.4 times compared to the grass stand grown without surface and root 
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improvement of natural forage meadows. During disking and sugar-juice defecation sludge and NPK fertilizers, the 

concentration of Zn in cereal and leguminous vegetation in the zone of local pollution decreased in the second and 

third year of vegetation, respectively, by 1.04 times and 1.3 times compared to the first year, while the concentration 

of Cu in cereal leguminous vegetation decreased by 1.14 times in the second year of vegetation, and by 1.02 times in 

the third year. During milling and application of NPK fertilizers and sugar-juice defecation sludge to the soil in 

cereal and leguminous plants, the concentration of Zn in the second and third year of vegetation decreased by 1.05 

times and 1.05 times, respectively, compared to the first year. The concentration of Cu in cereal and leguminous 

vegetation according to these agrochemical measures increased in the second year of vegetation by 1.12 times and in 

the third by 1.12 times compared to the first. During milling, conventional plowing, application of sugar-juice 

defecation sludge and NPK fertilizers, the concentration of Zn in cereal and leguminous vegetation in the second 

and third years of vegetation was practically the same compared to the first, and Cu decreased by 1.01 times, and by 

1.07 times in the third compared to the first. During milling, deep plowing, application of sugar-juice defecation 

sludge and NPK fertilizers, an increase in Zn in cereal and legume vegetation was observed in the second year of 

vegetation by 1.01 times, and in the third – a decrease by 1.03 times compared to the first year. The analysis of the 

hazard ratio of heavy metals (trace elements) (Table 3) showed that the ratio of Zn in cereal and leguminous 

vegetation after disking and application of sugar-juice defecation sludge and NPK fertilizers to the soil was 1.02 

times higher, while for milling with conventional plowing, milling with deep plowing and milling against the 

background of application of sugar-juice defecation sludge and NPK fertilizers in all options, on the contrary, this 

indicator was lower by 1.13 times, 1.2 times and 1.01 times, respectively, compared to the option without the 

application of surface and root improvement of natural fodder meadows . 

 

Table 3. The coefficient of danger of heavy metals (trace elements) in cereal-legume vegetation, mg/kg 

 
Measures to improve natural fodder lands Zn Cu 

2017 2018 2019 2017 2018 2019 

Without improving natural forage meadows 0.43 0.41 0.4 0.15 0.15 0.15 

Disking + defecation + NPK 0.46 0.41 0.40 0.096 0.084 0.094 

Milling + conventional plowing + defecation + NPK 0.36 0.37 0.36 0.12 0.12 0.11 

Milling + deep plowing + manure + NPK 0.34 0.34 0.34 0.1 0.1 0.1 

Milling + defecation + NPK 0.42 0.40 0.40 0.15 0.13 0.13 

 

The hazard ratio of Cu in the cereal-legume mixture for discing with NPK fertilizers, milling and conventional 

plowing with sugar-juice defecation sludge and NPK fertilizers, milling and deep plowing with sugar-juice 

defecation sludge and milling with sugar-juice defecation sludge and NPK fertilizers was lower compared to the 

option without surface and root plowing improvement of natural fodder meadows. 

Analyzing the coefficient of accumulation of Zn (Table 4) in the variant without the use of agrotechnical and 

agrochemical measures, it should be noted that it varied from 1.05 to 1.22, with the use of disking + sugar-juice 

defecation sludge + NPK fertilizer - from 1.03 to 1.24, for milling + sugar-juice defecation sludge + NPK fertilizer - 

from 1.0 to 1.13; for milling, conventional and deep plowing with sugar-juice defecation sludge and NPK fertilizer - 

from 1.12 to 1.18 and from 1.13 to 1.18, respectively. At the same time, it should be noted that the accumulation rate 

of Zn decreased with increasing years of vegetation. Certain differences in the coefficient of Zn accumulation in 

cereal and leguminous vegetation depending on agrochemical measures were also revealed. In particular, the 

coefficient of accumulation of Zn in cereal and leguminous vegetation of the first year of vegetation under the 

surface improvement of natural fodder lands in the zone of their local contamination compared to the similar 

vegetative mass obtained without agrochemical measures was slightly higher by 1.01 times, under the radical 

improvement of milling, conventional and deep plowing against the background of application of sugar-juice 

defecation sludge and NPK fertilizers, this indicator was lower by 1.08 times, 1.03 times, and 1.03 times, 

respectively. In the second year of vegetation, the coefficient of Zn accumulation in cereal and legume vegetation 

was 1.01 times lower under surface improvement, and 1.06 times lower under root improvement (milling, sugar-

juice defecation sludge, and NPK fertilizers), while using conventional and deep plowing on the background of the 

introduction of sugar-juice defecation sludge, NPK fertilizers, on the contrary, are 1.07 times and 0.6 times higher, 

respectively, compared to the grass stand of natural fodder lands without the use of agrochemical measures. 

A similar trend was observed in the third year of vegetation of cereal and leguminous vegetation, with disking and 

application of sugar-juice defecation sludge and NPK fertilizers and milling, sugar-juice defecation sludge and NPK 

fertilizers, the coefficient of Zn accumulation decreased, and when using milling, conventional and deep plowing 

against the background of introduction of sugar-juice defecation sludge, NPK into the soil of fertilizers increased. 
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Table 4. The coefficient of heavy metals accumulation (trace elements) in cereal-legume vegetation, mg/kg 

 

Measures to 

improve 

natural 

fodder lands 

 

Zn Cu 

2017 2018 2019 2017 2018 2019 
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Without 

surface and 

root 

improvement 

17,5 21,5 1,22 18,7 20,5 1,09 19,0 20 1,05 0,65 4,7 7,2 0,65 4,6 7,0 0,7 4,57 6,5 

Disking + 

sugar-juice 

defecation 

sludge + 

NPK 

18,7 23,2 1,24 19,2 20,7 1,08 19,7 20,2 1,03 0,7 4,8 6,8 0,72 4,2 5,8 0,72 4,7 6,5 

Milling + 

conventional 

plowing + 

sugar-juice 

defecation 

sludge + 

NPK 

15,2 18,0 1,18 15,7 18,5 1,17 16,0 18 1,12 0,55 3,65 6,6 0,57 3,6 6,3 0,59 3,4 5,7 

Milling + 

deep 

plowing + 

sugar-juice 

defecation 

sludge + 

NPK 

14,5 17,2 1,18 14,8 17,3 1,16 15,0 17,0 1,13 0,51 3,2 6,2 0,55 3,0 5,4 0,57 3,0 5,2 

Milling + 

sugar-juice 

defecation 

sludge + 

NPK 

18,5 21 1,13 19,6 20 1,02 20 20 1,0 0,7 4,6 6,5 0,72 4,1 5,7 0,72 4,1 5,7 

 

On average, over three years, the coefficient of Zn accumulation (Fig. 1) in cereal and leguminous vegetation 

without the use of agrochemical measures was 1.12; for disking, application of sugar-juice defecation sludge and 

NPK fertilizers - 1.05; for milling, ordinary and deep plowing against the background of application of sugar-juice 

defecation sludge and NPK fertilizers 1.14 and 1.15, respectively. 

 

 
 

Figure 1. The coefficient of accumulation of heavy metals (trace elements)  

in cereal and leguminous vegetation. 
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Thus, the coefficient of accumulation of Cu in cereal and leguminous vegetation during the three years of research 

ranged from 5.7 to 6.5, respectively, for disking, application of sugar-juice defecation sludge and NPK fertilizers; 

for milling, conventional plowing against the background of application of sugar-juice defecation sludge and NPK 

fertilizers from 5.3 to 6.6; for milling, deep plowing against the background of application of sugar-juice defecation 

sludge and NPK fertilizers from 5.2 to 6.2; without the use of agrochemical measures from 6.5 to 7.5. At the same 

time, it was found that with increasing years of vegetation, the Cu accumulation coefficient in cereal and leguminous 

vegetation decreases. On average, over three years, the accumulation coefficient of Cu in cereal-legume vegetation 

without the use of agrochemical measures was 6.9; for disking, application of sugar-juice defecation sludge and 

NPK fertilizers - 6.4; for milling and introduction of sugar-juice defecation sludge and NPK fertilizers - 6.0; for 

milling, ordinary and deep plowing against the background of application of sugar-juice defecation sludge and NPK 

fertilizers – 5.6 and 5.6, respectively. 

 

 

CONCLUSION 

 

 

• In cereal and leguminous vegetation during the three years of vegetation of natural fodder lands in the zone 

of their local pollution under surface improvement, the concentration of Zn increased from 1.01 times to 

1.07 times, Cu – from 1.01 times to 1.02 times, while under of radical improvement, the concentration 

decreased for Zn content from 1.1 times to 1.25 times, and for Cu content – from 1.02 times to 1.55 times. 

• The hazard ratio of Zn and Cu in cereal and leguminous vegetation did not exceed the maximum allowable 

indicator (1), which indicates its safety when used as feed raw materials. At the same time, it is necessary 

to note the tendency to decrease the danger coefficient of both Zn and Cu in cereal and leguminous 

vegetation with radical improvement of natural fodder lands. 

• The rate of accumulation of Zn and Cu in cereal and legume vegetation was also lower in root 

improvement of natural forage meadows compared to surface improvement. 
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