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ABSTRACT 
 
The term heavy metal, when related to its impact on the life of the plant, almost always implies 
negative connotations. However, some heavy metals like copper (Cu) and zinc (Zn) are essential to 
maintain the metabolism of plant, and without them the plant would not be able to successfully 
complete its life cycle. The aim of this study was to examine the dynamics of Zn and Cu in the soil - 
plant system in intensive strawberry plantation on pseudogley soil in Northwestern Bosnia, area of 
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Gradacac. The content of Zn and Cu in the examined soil, leaves and fruits of strawberries was 
determined by atomic absorption spectrophotometry. Zn and Cu contents (means +/- SEM) were 
82.06 +/- 14.07 and 8.45 +/- 2.35 in soil, 100.34 +/- 4.61 and 0.41 +/- 0.11 in leaves, 91.72 +/- 6.32 
and 0.32 +/- 0.18 in fruits expressed as mg/kg dry matter (DW), respectively. Uptake, translocation 
and accumulation of Zn in the leaves and fruits of strawberries was at a satisfactory level in 
accordance with the plant’s needs for this element, which was not the case when the dynamics of 
Cu was studied. Some of the main reasons for that were: a low Cu content in the examined soil, 
low mobility of Cu in the plant, and antagonistic relationship between Zn and Cu in soil. 
 

 
Keywords: Fruit; leaf; nutrient; soil fertility; health. 
 
1. INTRODUCTION  
 
Lately, there is evidence of growing number of 
studies that have been conducted in order to 
determine the content of heavy metals in soils, 
and finding answers to how and what influences 
their accumulation in plants. A special attention 
was given to the dynamics of the toxic heavy 
metal like cadmium (Cd), chromium (Cr) and lead 
(Pb) in the system soil - plant because their 
presence in consuming parts of the plant can 
cause serious health problems [1,2,3,4].  
 
Unlike Pb, Cd and Cr, the dynamics of Zn and 
Cu in soil - plant system has not been the object 
of research as much, particularly because their 
presence in consuming parts of the plant does 
not necessarily mean toxic effect on the human 
health. Moreover, their presence in human body 
are necessary for the maintenance of certain 
physiological processes. Zn is important for cell 
replications and for nucleic acid and amino-acid 
metabolism, while Cu is necessary for the growth 
and formation of bone, formation of myelin 
sheaths in the nervous systems, and it helps in 
the transfer of iron from tissues to the plasma. 
Also, Cu is an essential component of several 
antioxidant enzymes like cytochrome oxidase, 
catalase, peroxidase, and ascorbic acid oxidase 
which plays an important role in antioxidant 
defense system in human body [5]. 
 
Apart from its importance for human, Zn and Cu 
are very important for the functioning of the plant. 
In fact, both elements are constituent of many 
enzymes which are required in the process of 
photosynthesis, mitochondrial respiration, 
oxidative stress response, and some other 
physiological processes of plant. Also, Zn is 
essential for plant growth because it plays an 
important role in the synthesis of plant hormones 
auxins [6], while the Cu assists in plant 
metabolism of carbohydrates and proteins [7]. 
Although necessary, the higher concentration of 
Cu and Zn can have very negative impact on 

plant. The toxicity of Zn for the plant occurs when 
the content of Zn in plant exceeds toxic limit 150 
mg/kg DW, and such concentrations of Zn are 
very rarely reported in the cultivation of crops. In 
these cases, the plants manifest lower growth 
and reduction of the root system, smaller leaves 
with reddish-dark spots [8]. Cu toxicity in the 
plants is manifested when the content of Cu in 
plant exceeds toxic value 15 mg/kg DW, and the 
excess Cu is visually manifested with chlorosis of 
either the whole leaf or between the veins of the 
new leaves. As the deficiency symptoms of Cu 
progress, the leaves may wilt [9,10].  
 
Uptake of Zn and Cu by plant and their 
accumulation in certain plant parts depends on 
many factors: primarily on the content and                
form of Zn and Cu in the soil [11], but also                  
on the type of soil, its chemical properties,                  
and genetic characteristics of the plant itself     
[12]. Also, soil texture (sand, silt and clay 
content) is important factor for Zn and Cu 
availability [13].  
 
Given the above mentioned, the objectives of this 
research were: to determine the content of Zn 
and Cu in the examined soils, to determine their 
accumulation in the leaves and fruits of 
strawberries, and based on analysis of all the 
results, to give an opinion on the dynamics of Zn 
and Cu in the system soil - plant under conditions 
of intensive strawberry cultivation on the 
examined site. 
 
2. MATERIALS AND METHODS  
 
2.1 Field Experiment 
 
The experiment was set up in 2015 in intensive 
plantation of strawberry (Fragaria x ananassa 
Duch. cv. ‘Maya’) on pseudogley soil. This type 
of soil is characterized by respective wet and dry 
phases of soil resulting in the occasional 
excessive wetting, which is dictated by its profile, 



 
 
 
 

Murtic et al.; IJPSS, 18(5): 1-7, 2017; Article no.IJPSS.36454 
 
 

 
3 
 

ie. typical sequence of horizons in pseudogley 
soils. Their natural profile may be                  
designated principally as Oi-A-Eg-Btg-Cg [14], 
and it is mainly correlate with Stagnosols [15]. 
Upper horizons are of loam-clay composition, 
while the lower horizons are of very colloidal and 
clay composition, which results in their lower 
porosity [16]. The poorly permeable soil horizons 
are mainly the result of pedogenic processes of 
acidification, eluviation and illuviation of fine clay 
particles. Hence, these soils are acid or very acid 
and the amount of exchangeable calcium ions is 
often low in these soils [17].  
 
Experimental field was divided into three plots 
and each plot was subdivided into three 
replicates (5 m x 4 m).  
 
The results of basic pedo-mechanical properties 
for average samples of examined soil horizons 
are shown in Table 1. 
 
2.2 Soil Chemical Analysis 
 
Composite soil samples (1 - 2 kg) were collected 
before cultivation from five sites from each 
replicate at a depth of 0 - 25 cm using a soil 
sampler probe. The following parameters of soil 
fertility were subject of chemical analysis: soil 
acidity (pH), organic matter (OM), content of 
available forms of phosphorus (available P), 
content of available forms of potassium 
(available K), and content of Zn and Cu in the 
soil. pH was determined by pH meter [18], OM by 
colorimetric method [19], the content of available 
P and K by AL - method [20], and the content of 
Zn and Cu by atomic absorption 
spectrophotometry (AA-7000, Shimadzu, Japan) 
according to the instructions specified in the ISO 
11047 method [21].   
 
Previous extraction of Zn and Cu from the soil 
was prepared using aqua regia solution (a 
mixture of HCl and HNO3 in a ratio of 3:1) as 
follows: 3 gram of air-dried soil fraction smaller 
than 2 mm was placed in 250 ml round bottom 
flask, 21 mL of aqua regia was added to the soil 
sample, the flask was covered with a watch glass 
and then allowed to react overnight at room 
temperature. Afterwards the mixture was heated 
on hotplate under reflux for 2 h, and after cooling 
to room temperature the mixture was filtered 
through quantitative filter paper into 100 ml 
Erlenmeyer flasks and diluted to the mark with 
deionized water [22]. 
 
 

2.3 Sampling and Analysis of Plant 
Material 

 
Leaves and fruits of strawberry were collected at 
the stage of strawberry commercial maturity. 
Only ripe fruits and leaves that were fully 
developed and physiologically active, from the 
mid-stem of plants were taken.Twenty leaves 
and fruits from each replication were taken for 
analysis. 
 
Extraction of Zn and Cu from the plant material 
was performed as follows: 1 g of dry matter was 
placed in 100 ml round bottom flask, 10 ml HNO3 
and 4 mL H2SO4 was carefully added. The flasks 
were left for 16 hours at a room temperature and 
then heated gently on a hot plate for thirty 
minutes. After cooling to room temperature, the 
solution was filtered through quantitative filter 
paper in 50 ml flask and made up with deionized 
water to the mark [23]. Content of Zn and Cu in 
plant samples were also measured byatomic 
absorption spectrophotometry (AA-7000, 
Shimadzu, Japan).  
 
All experimental measurements were done in 
triplicates and the results were presented as 
mean ± standard deviation (means +/- SEM). 
 
2.4 Comparation of Results Cu and Zn 

Contents in Examined Samples 
with Legal Regulations 

 
Results of Cu and Zn contents in the soil and 
plant material were compared with the limit 
values set down by related legal regulations in 
Bosnia and Herzegovina. The basic legal 
regulation used for this part of the study was: ' 
Rulebook on determination of allowable 
quantities of harmful and hazardous substances 
in soils of Federation of Bosnia and Herzegovina 
and methods for their testing' [24] and 'Rulebook 
on maximum level for contaminants in food' [25]. 
As the additional regulation the scientific 
literature was used [26]. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Soil Chemical Properties 
 
The analysis of basic parameters of soil fertility 
showed that the examined soil had an acid 
reaction, medium content of OM, with a low 
content of available P and a high content of 
available K (Table 2).  
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Table 1. Pedo-mechanical properties of examined soil horizons 
 
Soil horizon PSD (%) P (%) MS (%) 

Sand Silt Clay 
Eg (eluvial horizon) 5.0 78.2 16.7 48.4 62.1 
Btg (iluvial horizon) 4.0 68.6 27.3 39.1 69.6 

PSD - particle size distribution, P - porosity, MS – microaggregates stability 
 

Table 2. Chemical properties of soil 
 
Parameter Unit Measured value Characteristics of soil 
pH (H2O) 
pH (KCl) 

pH unit 
 

6.32 Acid 
reaction 5.23 

OM % 3.09 Moderate supply 
Available P mg/100g 1.05 Very low supply 
Available K mg/100g 30.04 High supply 
CaCO3 % 1.23 Very low supply 

 
The content of Zn and Cu in the examined soil 
was significantly below the limit value prescribed 
by the related legal regulations in Bosnia and 
Herzegovina, which indicates that examined soil 
was suitable for strawberry cultivation and not 
contaminated by Zn and Cu (Table 3).  
 
In scientific literature were presented large 
fluctuations in the content of Zn between different 
soil, from 5 to 770 mg/kg DW [27]. Fluctuations in 
the content of Cu between different soil were 
significantly lower and most often in the range of 
5 to 50 ppm, although there are studies where 
the average Cu in agricultural soil were several 
times higher. The origin of Cu in these soils is 
mainly of anthropogenic origin or consequence of 
the excessive use of pesticides that contain 
copper [28].   
 
Large fluctuations in content of Zn, Cu and other 
heavy metals between different soils are result 
the impact of several factors: primarily geological 
substrate, mechanical composition of soil, 
sorption capacity, activity of microorganisms, OM 
content, pH value and specific soil properties 
such as calcium carbonate levels, clay content 
etc. [29]. 
 
3.2 Dynamics of Zn and Cu in the Soil - 

Plant System in Strawberry 
Cultivation  

 
Average values for the content of Zn and Cu in 
leaves and fruits of strawberries are shown in 
Table 4. 
 
In this study, the average content of Zn in the 
leaves and fruits of strawberries was high, but 
below toxic limit 150 mg/kg DW [9]. These results 

were significantly higher compared with the 
results of studies where content of Zn in 
strawberry varied from 20.37 mg/kg [30] to 37.38 
mg/kg DW [31]. Gaweda and Ben [32] found 
slightly higher values for the Zn content of 
strawberry in the results of their research; 31 
mg/kg in leaves, and 50 mg/kg DW in fruit of 
strawberries. Unfortunately, in these studies the 
content of Zn in soil where strawberries were 
cultivated has not been evaluated, so from 
results of these studies we could not get a more 
detailed insight into the dynamics of Zn in the 
'soil - plant system' of strawberries on the 
examined locations, but it is indicative that in 
these research soil had a higher pH value (5.9 to 
7.9) in relation to pH value of soil in our study 
(pH = 5.23). These data support the fact that soil 
acidity significantly impact on availability of heavy 
metal in soil. Namely, the acid reaction of soil 
contributes to the release of ions of most of 
heavy metals from adsorption soil complex, 
especially for Zn, thus making them more readily 
available to the roots of plant [33]. These 
observations are compatible with the conclusions 
of the research of many scientists who have 
examined the dynamics of Zn in the soil - plant 
system, or in other agricultural crops [34,35].  
 
Apart from soil pH, OM in soil is also one of the 
most important soil properties affecting Zn and 
Cu availability to plants. The OM in soils could 
increase uptake of Zn and Cu to plant roots 
primarily because it contributes to the ability of 
soils for retaining heavy metals in an 
exchangeable form [36]. Du Laing et al. [37] 
reported that the dissolved OM in soils can serve 
as chelates and increase Zn and Cu availability 
to plants. McCauley et al. [38] also found that the 
contents of these elements were positively 
correlated with content of OM in soils. 
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Table 3. Zn and Cu content in examined soil (DW) 
 

Parameter Unit Measured value Limit value* 
Zn mg/kg 82.06 +/- 14.07 150 
Cu mg/kg 8.45 +/- 2.35 65 

* limits for content of Zn and Cu in soils, as prescribed by the B-H legal regulations 
 

Table 4. Zn and Cu content in leaves and fruits of strawberries (DW) 
 
Parameter tested Leaves mg/kg Fruit mg/kg  Toxic limit value*mg/kg 
Zn 100.34 +/- 4.61 91.72 +/- 6.32 150 
Cu 0.41 +/- 0.11 0.32 +/- 0.18 15 

* toxic limit value for plant by Kastori 
 
Absorption of Zn and Cu by plants as well 
depends on the mechanical composition of soils. 
Heavy soils, as a pseudogley due to large 
amounts of suspended fraction, have a greater 
ability to retain metallic elements [39]. This fact is 
one of the possible causes for high content of Zn 
in the examined soils. 
 
Data presented in Table 4 also showed that the 
content of Cu in the leaves and fruits of 
strawberry was very low, which is to be expected 
if one considers the low value of the Cu content 
in the examined soil. An additional reason for the 
low level of Cu accumulation in the leaves and 
fruits of strawberries is the fact that Cu is one of 
the elements that have a very low mobility in the 
plant and the fact that Cu and Zn are antagonists 
in soil. Namely, these two elements compete for 
the same membrane carriers in plant cells, which 
means that the higher presence of one element 
may a negative influence on the availability of 
another element [40]. Given the above, in the 
cultivation of strawberries on the examined site it 
is recommended to perform additional plant 
nutrition with copper fertilizers.  
 
4. CONCLUSION 
 
The present results of dynamics of Zn and Cu in 
the soil - plant system under conditions of 
intensive strawberry cultivation and their 
comparison with the findings reported in other 
related studies suggest that examined soil should 
not pose any risk to strawberry 
cultivation.Uptake, translocation and 
accumulation of Zn in plant was at a satisfactory 
level in accordance with the plant’s needs for this 
element, which was not the case when the 
dynamics of Cu was studied. Some of the main 
reasons for that were: a low Cu content in the 
examined soil, low mobility of Cu in the plant, 
and antagonistic relationship between Zn and Cu 
in soil.Given the above, in the cultivation of 

strawberries on the examined site it is 
recommended to perform additional nutrition of 
strawberries with copper fertilizers. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Flora SJS, Mittal M, Mehta A. Heavy metal 

induced oxidative stress & its possible 
reversal by chelation therapy. Indian J Med 
Res. 2008;128:501-523.  

2. Pan J, Plant JA, Voulvoulis N, Oates CJ, 
Ihlenfeld C. Cadmium levels in Europe: 
Implications for human health. 
Environmental Geochemistry and Health. 
2010;32:1-12. 
DOI: 10.1007/s10653-009-9273-2 

3. Chakraborty S, Dutta AR, Sural S, Gupta 
D, Sen S. Ailing bones and failing kidneys: 
a case of chronic cadmium toxicity. Ann 
Clin Biochem. 2013;50:492-495. 
DOI: 10.1177/0004563213481207 

4. Jaishankar M, Tseten T, Anbalagan N, 
Blessy B. Mathew BB, Krishnamurthy N, et 
al. Toxicity, mechanism and health effects 
of some heavy metals. Interdiscip 
Toxicology. 2014;7:60-72.  
DOI:10.2478/intox-2014-0009 

5. Soetan KO, Olaiya CO, Oyewole OE. The 
importance of mineral elements for 
humans, domestic animals and plants: A 
review. African Journal of Food Science. 
2010;4:200-222. 

6. Hafeez B, Khanif YM, Saleem M. Role of 
zinc in plant nutrition - A review. American 
Journal of Experimental Agriculture. 
2013;3:374-391. 

7. Yan YP, He JY, Zhu C, Cheng C, Pan XB, 
Sun ZY. Accumulation of copper in brown 



 
 
 
 

Murtic et al.; IJPSS, 18(5): 1-7, 2017; Article no.IJPSS.36454 
 
 

 
6 
 

rice and effect of copper on rice growth 
and grain yield in different rice cultivars. 
Chemosphere. 2006;65:1690-1696. 
DOI:10.1016/j.chemosphere.2006.05.022 

8. Fukao Y, Ferjani A. V-ATPase dysfunction 
under excess zinc inhibits Arabidopsis cell 
expansion. Plant Signal Behav. 2011;6: 
1253-1255.  
DOI:10.4161/psb.6.9.16529 

9. Kastori R, Petrović N, Arsenijević-
Maksimović I. Heavy metals and plants. In: 
Kastori, R. (ed.): Heavy Metals in the 
Environment. Research Institute of Field 
and Vegetable Crops, Novi Sad; 1997. 

10. Karaman MR, Tuşat E, Er F, Turan M, 
Dizman M, Assessment of resistance of 
wheat genotypes (T. aestivum and T. 
durum) to copper toxicity. Journal of Food, 
Agriculture and Environment. 2013;11(1): 
580-583. 

11. Karaman MR, Şahin S, Özgen M, Çekiç Ç, 
Akyazı M, Yeşilyurt M, Çoban S, Sert T. 
Plant nutrient status of Strawberry plants 
(Fragaria x Ananassa Duch. L.) growing in 
Tokat-Erbaa region. Second Symposium 
on the Grapes Fruit; Tokat, Turkey; 2006. 

12. Castiglione S, Todeschini V, Franchin C, 
Torrigiani P, Gastaldi D, Cicatelli A, et al. 
Clonal differences in survival capacity, 
copper and zinc accumulation, and 
correlation with leaf polyamine levels in 
poplar: a large-scale field trial on heavily 
polluted soil. Enviromental Poluttion. 
2009;157:2108-2117. 
DOI:10.1016/j.envpol.2009.02.011. 

13. Susam T, Karaman MR, Er F, İşeri İ. 
Evaluation of geostatistical mapping 
strategies in monitoring of spatial 
distributions of iron and zinc on a 
calcareous barley field. Journal of Food, 
Agriculture and Environment. 2010;8(2): 
1138-1143. 

14. Food and Agriculture Organization of the 
United Nations. Guidelines for soil 
description. 4th ed. Rome, Italia; 2006. 

15. Food and Agriculture Organization of the 
United Nations. World reference base for 
soil resources International soil 
classification system for naming soils and 
creating legends for soil maps. World Soil 
Resources: Reports No. 106. Rome, Italia; 
2014. 

16. Djalovic I, Jockovic D, Dugalic G, Bekavac 
G, Purar B, Seremesic S, et al. Soil acidity 
and mobile aluminum status in pseudogley 
soils in Cacak-Kraljevo basin. Journal of 

the Serbian Chemical Society. 2012;77: 
833-843.  
DOI:10.2298/JSC110629201D 

17. Rubinic V, Husnjak S. Clay and humus 
contents have the key impact on physical 
properties of Croatian pseudogleys. 
Agriculturae Conspectus Scientificus. 
2016;81(4):187-191. 

18. International Organization for 
Standardization. Soil quality - 
Determination of pH. International standard 
ISO 10390:2005(E). Geneva, Switzerland; 
2005. 

19. Nelson DW, Sommers LE. Total carbon, 
organic carbon, and organic matter. In: 
Black CA, ed. Methods of soil analysis. 
Soil Science of America and American 
Society of Agronomy; Madison, USA; 
1996. 

20. Egnér H, Riehm H, Domingo WR. 
Untersuchungen über die chemische 
Boden analyse als Grundlage für die 
Beurteilung de Nährstoffzustandes der 
Böden. II. Chemische Extraktions 
methoden zur Phosphor - und 
Kaliumbestimmung. K Lantbr Hogsk Annlr. 
1960;26:199-215. Deutch. 

21. International Organization for 
Standardization. Soil Quality - 
Determination of cadmium, chromium, 
cobalt, copper, lead, manganese, nickel 
and zinc, Flame and Electrothermal AAS, 
International standard ISO 11047:1998. 
Geneve, Switzerland; 1998. 

22. International Organization for 
Standardization. Soil quality - Extraction of 
trace elements soluble in aqua regia, 
International Standsrd ISO 11466:1995. 
Geneve, Switzerland; 1995. 

23. Lisjak M, Spoljarevic M, Agic D, Andric L. 
Practicum-Plant Physiology. Joseph 
George Strossmayer University of Osijek; 
Osijek, Croatia; 2009. 

24. Official Gazette of FBiH. Rulebook on 
determination of allowable quantities of 
harmful and hazardous substances in soils 
of Federation of Bosnia and Herzegovina 
and methods for their testing. No 72/09; 
Sarajevo, Bosnia and Herzegovina; 2009. 

25. Official Gazette of BiH. Rulebook on 
maximum level for contaminants in food. 
No 37/09; Sarajevo, Bosnia and 
Herzegovina; 2009. 

26. Kastori R, Sekulić P, Petrović N, 
Arsenijević - Maksimović I. A review 
domestic and foreign legislation regulating 
limit values of heavy metals in soil. Institute 



 
 
 
 

Murtic et al.; IJPSS, 18(5): 1-7, 2017; Article no.IJPSS.36454 
 
 

 
7 
 

of Field and Vegetable Crops. 
Proceedings; Novi Sad, Serbia; 2003.  

27. Alloway BJ, Ayres DC. Chemical principles 
of environmental pollution, 2nd ed. Blackie 
Academic and Professional: Chapman and 
Hall, London; 1997. 

28. Dixon B. Pushing Bordeaux mixture. 
Lancet Infect Dis. 2004;4:594. 
DOI:10.1016/S1473-3099(04)01136-3 

29. Karaman MR, İşeri İ, Er F, Susam, T. 
Predicting iron and zinc content of soils in 
an apple orchard using artificial neural 
network. Scientific Research and Essays. 
2012;7(36):3172-3178. 

30. Mohamad RA, Abd el-aal A, Abd el-aziz 
MG. Effect of phosphorus, zinc and their 
interactions on vegetative growth 
characters, yield and fruit quality of 
strawberry. Journal of Horticultural Science 
& Ornamental Plants. 2011;3:106-114. 

31. Mikciuk G, Mikciuk M. Effect of polymer 
supersorbentadde to medium on the 
content of mineral elements in strawberry 
leaves and fruit. Journal of Elementology. 
2010;15:313-319.   
DOI:10.5601/ jelem.2010.15.2.313-319 

32. Gaweda M, Ben J. Changes in the content 
of micronutrients in strawberry plants 
(Fragaria ananassa Duch.) depending on 
the cultivation time. FolUniv Agric 
StetinAgricult. 2004;240:55-58. 

33. Chibuike GU, Obiora SC. Heavy Metal 
Polluted Soils: Effect on Plants and 
Bioremediation Methods. Applied and 
Environmental Soil Science. 2014;1-12. 
DOI:10.1155/2014/752708 

34. Ebbs SD, Kochian LV. Toxicity of zinc and 
copper to Brassica species: Implications 
for phytoremediation. Journal of 
Environmental Quality. 1997;26:776-781. 
DOI:10.2134/jeq1997.0047242500260003
0026x 

35. Sekara A, Poniedzialek M, Ciura J, 
Jedrszcyk E. Zinc and copper 
accumulation and distribution in the tissues 
of nine crops: Implications for 
phytoremediation. Polish Journal of 
Environmental Studies. 2008;14:829-835.  

36. Zeng F, Ali S, Zhang H, Ouyang Y, Qiu B, 
Wu F, et al. The influence of pH and 
organic matter content in paddy soil on 
heavy metal availability and their uptake by 
rice plants.  Environmental Pollution. 
2011;159:84-91. 
DOI:10.1016/j.envpol.2010.09.019 

37. Du Laing G, Vanthuyne DRJ, 
Vandecasteele B, Tack FMG, Verloo MG. 
Influence of hydrological regime on pore 
water metal concentrations ina 
contaminated sediment-derived soil. 
Environmental Pollution. 2007;147:615-
625. 

38. McCauley A, Jones C, Jacobsen J. Soil pH 
and organic matter. Nutrient Management 
Module No. 8. Montana State University 
Extension, Bozeman, MT, USA, 2009. 
Available:http://landresources.montana.ed
u/nm/documents/NM8.pdf 

39. Fijałkowski K, Kacprzak M, Grobelak A, 
Placek A. The influence of selected soil 
parameters on the mobility of heavy metals 
in soils. Inżynieriai Ochrona Środowiska. 
2012;15:81-92.  

40. Mousavi SR, Galavi M, Rezai M. The 
interaction of zinc with other elements in 
plants: A review. International Journal of 
Agriculture and Crop Sciences. 
2012;4:1881-1884. 

 
 
 
 

_________________________________________________________________________________ 
© 2017 Murtic et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/20979 


