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Abstract: Poplars and willows have been cultivated for their environmental benefits for millennia. In 

the present study, physiological responses were examined in three poplar and three willow clones 

grown in soil from the landfills near Novi Sad and Belgrade, Serbia. The experiment, conducted under 

controlled conditions in pots with soil directly from the landfill sites, aimed to identify the most suitable 

clones based on their physiological performance on examined substrates. Within the process of phyto-

recurrent selection, six clones were selected for this experiment: Populus deltoides cl. PE 19/6, PE 4/68, S 

1-8, and Salix alba cl. 107/65-9, 79/64-2, 380. Four physiological parameters (net photosynthesis [A], 

transpiration [E], water use efficiency [WUE], and stomatal conductance [gs]) were measured 

throughout the research. Analysis of variance revealed that certain clones exhibited superior 

physiological responses compared to others. The superior performance of poplar clones PE 4/68 and S 

1-8 in key physiological parameters underscores their potential for improving growth, resilience, 

carbon sequestration, and overall ecological and economic benefits, making them valuable candidates 

for forestry and environmental management programs. 
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1. Introduction 

 

Broad genetic variability of poplars and willows governed the development and creation of 

cultivars from 1950’s onwards on a worldwide scale. Considering the versatility of the climate and soil 

conditions across the globe, the selection process was directed in the production of the site-specific 

clones and cultivars (Orlović et al. 2003). Currently, the production of drought-resistant and 

contamination-tolerant clones and cultivars that can mitigate climate change by sequestering excessive 

carbon dioxide in their large biomass is essential. This challenge is particularly critical in the breeding 

of fast-growing species. (Harris et al. 2017; Pecchioni et al. 2020).  

Phytoremediation is a complex technology which comprises of several techniques with respect 

to the specificity in physiological responses of plants to excessive concentrations of different 

contaminants (Yan et al. 2020). Understanding the physiological responses of poplar and willow clones 
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to heavy metal induced stress is crucial for optimizing their use in phytoremediation strategies 

(Zaghloul, 2020). Physiological parameters, including net photosynthesis, transpiration rate, stomatal 

conductance and water use efficiency, provide insight into the tolerance mechanisms and adaptive 

capabilities of these clones under stress conditions (Arsenov et al. 2017; Pilipovic et al. 2022). Heavy 

metals from polluted soils, such as cadmium (Cd), lead (Pb), and zinc (Zn), are prevalent environmental 

pollutants that pose significant risks to ecosystems and human health due to their toxicity, persistence, 

and bioaccumulation potential (Tőzsér et al. 2023). Thus, phytoextraction of heavy metals from soil and 

groundwater by fast-growing woody plants could be regarded as useful solution for sites with such 

contaminations (Polle et al. 2013; Arsenov et al. 2017). The phyto-recurrent selection has been purposed 

as a breeding method for selecting tree genotypes dedicated for application in phytoremediation 

projects (Zalesny and Bauer, 2019). In this context, selection based on physiological parameters could 

be regarded as an important stage of such process (Pilipovic et al. 2022). 

By examining these physiological responses, this research seeks to contribute to the broader 

understanding of plant adaptation and to enhance the practical applications of poplar and willow 

clones in environmental remediation efforts (Pajević et al. 2009). These findings couldbe of help in the 

selection of suitable poplar clones for phytoremediation projects, ultimately aiding in the development 

of sustainable strategies for managing heavy metal pollution in contaminated soils (Mleczek et al. 2009; 

Hou et al. 2020). 

This study investigates the physiological responses of different clones of willow (genus Salix) 

and poplar (genus Populus) grown in pots with soil sourced from two distinct landfill sites. Our specific 

objectives were to: (1) assess the differences between willow and poplar clones based on physiological 

parameters, and (2) analyze interaction between physiological parameters and soil from different sites. 

Landfills are known repositories of various contaminants, including heavy metals, which can leach into 

surrounding soils and pose significant environmental challenges (Wang et al. 2022). The use of soils 

from these sites aims to simulate realistic scenarios and assess the potential of these clones for use in 

remediation efforts. The findings from this research are anticipated to be valuable in identifying 

suitable genotypes for landfill sites and/or future afforestation initiatives in such environments.  

 

2. Material and Methods 

 

2.1. Plant material and experimental design 

 

The greenhouse testing of potential poplar and willow clones, sourced from the gene banks of 

the Institute of Lowland Forestry and Environment (ILFE), was conducted at the ILFE premises (N 45º 

14', E 19º 49', 86 m a.s.l, Serbia). The greenhouse testing was conducted from mid-February to the end 

of June 2023. Six clones were tested in total, comprising three poplar and three willow clones (Table 1). 

For the experiment, soil was taken from the "Vinča" Landfill (N 44°47', E 20°36', altitude 99 m a.s.l., 

Serbia) (clay loam) and the "Novi Sad" Landfill (N 45°18', E 19°50', altitude 75 m a.s.l., Serbia) (sandy 

loam), with soil from the Experimental Site of the Institute for Lowland Forestry and Environment in 

Kać (N 45°17', E 19°53', 78 m a.s.l., Serbia) used as a control (sand) (Table 2).  

 

Table 1. The willow and poplar clones evaluated during the experiment selected to study their 

physiological responses to contaminated soils. 

 

Measured clones 

 Populus deltoides W.Bartram ex Marshall. cl. PE 19/66 

Poplar clones Populus deltoides W.Bartram ex Marshall. cl. PE 4/68 

 Populus deltoides W.Bartram ex Marshall. cl. S 1-8 

 Salix alba L. cl. 380 

Willow clones Salix alba L. cl. 107/65-9 

 Salix alba L. cl. 79/64-2 
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The experiment utilized one-year-old cuttings planted in 3-liter pots. During the greenhouse 

experiment, the temperature ranged from 19°C to 23°C, while air humidity fluctuated between 60% 

and 80%. Regarding light conditions, plants were exposed to a 16-hour photoperiod followed by 8 

hours of darkness. Throughout the experiment, the plants remained in optimal health without the use 

of pesticides, fungicides, or growth stimulants. Watering intervals for the experimental plants were 

spaced between 3 to 4 days, and excess water was drained from the trays to prevent anaerobic 

conditions. 

 

2.2. Assessment of the soil physio- chemical properties 

 

Soil samples were collected from landfill sites in Novi Sad and Belgrade, as well as from control 

soil in Kać, at a depth of 0 to 30 cm, under disturbed conditions. Ten samples were extracted from each 

site for subsequent analysis. The soil underwent debris removal, sieving, and was subsequently 

transferred into pots for further experimentation. These soil samples underwent analysis at the 

laboratory of the Institute for Lowland Forestry and Environment.  

The mechanical composition was determined using the Pipette method (Vandecasteele and Vos, 

2001), sample preparation for analysis was done with Na-pyrophosphate according to Thun, and the 

soil texture class was determined using the USDA (United States Department of Agriculture) basic soil 

texture classification system (USDA, 1999). The calcium carbonate (CaCO3) content was determined 

volumetrically using the Scheibler's calcimeter (Horváth et al. 2005), while the pH value was measured 

potentiometrically in a soil-water suspension. The humus content was determined according to Tjurin, 

using the Simakov modification (Simakov and Tsyplakov, 1969).  

 

Table 2. Soil physio-chemical properties in a study testing the growth and physiological responses of 

three poplar and three willows clones grown on soils from landfills. 

 

Treatment 

Physical properties Chemical properties 

Depth 

(cm) 

Total 

sand (%) 

Total 

clay (%) 

Textural 

class 

CaCO3 

(%) 
pH 

Hummus 

(%) 

Control 0-30 89.12 10.88 sand 11.12 8.09 1.65 

Vinča Landfill 0-30 39.96 60.04 clay loam 6.82 7.95 2.14 

Novi Sad Landfill 0-30 63.84 36.16 sandy loam 13.06 8.62 2.71 

 

2.3. Assessment of leaf gas exchange 

 

Leaf gas exchange parameters (net photosynthesis (A [μmol m-2 s-1]), rate of transpiration (E 

[mmol m-2 s-1]), stomatal conductance (gs [mmol m-2 s-1]), and water use efficiency (WUE [mmol mol-1]) 

were measured with a CIRAS-3 portable photosynthesis system (Amesbury, MA, USA) in a time scale 

between 9:00 AM and 11:00 AM. Gas exchange parameters were measured on June 22 and 23, 2023 The 

measurements were recorded under photosynthetic active radiation (PAR) of 1000 μmol m-2 s-1 and CO2 

concentration of 390 μmol mol-1, while humidity and air temperature were assessed during 

measurements. Three plants per treatment were chosen with five readings from one leaf per plant were 

taken for every clone. 

 

2.4. Statistical analysis 

 

Significance of differences between treatments were evaluated using Tukey’s honestly 

significant difference (HSD) post hoc test for multiple comparisons, based on two-way analysis of 

variance (ANOVA). The analyses focused on identifying significant differences: (i) between clones, and 

(ii) in the interaction between clones and treatments at the level p =0.05. All statistical analyses were 

carried out with the STATISTICA 13 software package (TIBCO Software Inc, 2020). 
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3. Results 

 

3.1. Differences between clones  

 

The analysis of variance revealed statistically significant differences across all examined 

physiological parameters. Variations between clones concerning net photosynthesis (A) suggest that 

clones P. deltoides cl. S1-8 and PE 4/68 exhibit the highest values, whereas the willow clone S. alba cl. 380 

demonstrates the lowest value. Similar distinctions were observed for the rate of transpiration (E) and 

stomatal conductance (gs). Statistically significant variations in water-use efficiency (WUE) were 

observed in clones P. deltoides cl. S1-8 and S. alba cl. 380 (Figure 1) 

 

 
 

Figure 1. Differences between leaf gas exchange (net photosynthesis (A), rate of transpiration (E), 

stomatal conductance (gs), and water use efficiency (WUE)) of three poplar clones [P. deltoides cl. PE 

19/66; S 1-8; and PE 4/68] and three willows clones [S. alba cl. 380; 107/65/9; and 79/64/2]. Bars with the 

same letters were not different according to Tukey’s test at p<0.05.  

 

3.2. Interaction clone x treatment 

 

The effect of clone x treatment interaction was significant only for E and gs, but not for A and 

WUE (Figure 3.). Evaluating total photosynthesis (A), significant differences were only evident in 

control treatments between P. deltoides cl. S 1-8 and PE 4/68 that had higher values than S. alba cl. 380 

Considering E, there were no significant differences between treatments within clones except for 

clone 79/64-2 for which E was significantly lower on Belgrade treatment than in control treatment. In 

Belgrade treatment, the E value was the highest for poplar clone S1-8, andy willow clones 380 and 

79/64-2. In the control treatment, the most notable differences were observed among clones S1-8, 
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PE4/68, and 79/64-2, which had higher E values than clones 107/65-9 and 380. Similarly, in the Novi Sad 

treatment, clones S1-8 and PE4/68 exhibited higher E values compared to clones 107/65-9 and 380 

(Figure 2). Regarding gs, there were no significant differences between treatments within clone. 

However, in the Belgrade treatment, clone S1-8 exhibited higher gs values compared to clone 380. In 

the control treatment, clones S1-8 and PE4/68 demonstrated higher gs values than clones 107/65-9 and 

380. Similarly, in the Novi Sad treatment, clones S1-8 and PE4/68 had higher gs values than all other 

examined willow clones (Figure 2). 

 

 
 

Figure 2. Interactions between clone and treatments based on leaf gas exchange (net photosynthesis 

(A), rate of transpiration (E), stomatal conductance (gs), and water use efficiency (WUE)) of three poplar 

clones (P. deltoides cl. PE 19/66, S 1-8, and PE 4/68) and three willows clones (S. alba cl. 380, 107/65-9 and 

79/64-2). Bars with the same letters were not different according to Tukey’s test at p<0.05. 

 

4. Discussion 

 

A significant topic of the 21st century is the use of poplars and willows in various environmental 

applications, such as phytoremediation, landscape rehabilitation, carbon sequestration, enhancing 

biodiversity, and improving urban amenities (McCutcheon and Schnoor, 2003; Nissim and Labrecque, 

2021; Guidi Nissim et al. 2023). Given the proven effectiveness of poplar and willow clones in 

phytoremediation, this study aimed to test the physiological responses of three poplar clones (P. 

deltoides W.Bartram ex Marshall cl. PE 19/66; cl. PE 4/68; cl. S 1-8) and three willow clones (S. alba L. cl. 

380; cl. 107/65/9; cl. 79/64/2) grown in soil obtained from landfills in the vicinity of Novi Sad and 

Belgrade. 

Additionally, this study highlighted the interdependence and complexity of the examined 

physiological parameters. Among these, A exhibited its highest intensity in the clones of P. deltoides (cl. 
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S 1-8 and PE 4/68). Similar trends were observed across other physiological parameters, indicating the 

superiority of these particular clones over the others. These findings emphasize the significant impact 

of proper clone selection on photosynthetic processes, as it influences factors like transpiration and 

water-use efficiency, as evidenced in prior research on black locust (Robinia pseudoacacia L.) (Župunski 

et al. 2016; Ábriet al. 2023), poplars, and willows (Polle et al. 2013; Borišev et al. 2016; Pilipović et al. 

2022). The elevated values of physiological parameters can be attributed to various factors. It is 

plausible that superior poplar clones harbor genetic variations that augment their photosynthetic 

efficacy. Variations in genes governing photosynthetic pathways, chlorophyll content, and stomatal 

conductance among different clones may result in disparities in net photosynthesis (Li and Xu, 2017; 

An et al. 2022). These superior poplar clones could possess a more efficient photosynthetic apparatus, 

characterized by heightened activity of photosynthetic enzymes like Rubisco, improved chloroplast 

structure, and more effective mechanisms for light absorption and energy conversion (Parry et al. 2013; 

Muhammad et al. 2021). Collectively, these factors contribute to the observed higher net photosynthesis 

in P. deltoides clones compared to others. 

The analysis of variance results indicated a strong significance (p<0.05) regarding the interaction 

between treatment and clone for all examined parameters (A, E and gs), with the WUE. Understanding 

the intricate clone x treatment interactions is crucial for optimizing plant growth and productivity in 

various environments (Ferrari et al. 2014; Zalesny et al. 2021). Numerous studies have investigated the 

effects of different treatments on the physiological parameters of poplar and willow clones, shedding 

light on the complexities of these interactions. For instance, Wu et al. 2018 demonstrated that specific 

physiological parameters, such as net photosynthesis rate, stomatal conductance, and water use 

efficiency, varied significantly among different poplar and willow clones when subjected to different 

soil conditions. These variations were attributed to genetic differences among the clones, as well as the 

influence of soil factors such as nutrient availability, pH, and moisture content (DesRochers et al. 2007; 

Heilig et al. 2021). In our study, when examining soil pH, it becomes evident that the pH is higher in 

the Belgrade landfill compared to Novi Sad. This discrepancy in soil pH levels could potentially be a 

contributing factor to the observed variations in physiological parameters among the studied clones. 

This combined analysis simplifies the selection process, allowing researchers to select the most suitable 

clones based on the aggregated data from all treatments, instead of having to assess each treatment 

individually. This approach has been effectively utilized in various studies for selecting clones under 

uniform conditions, which streamlines the decision-making process in clone selection (Mueller et al. 

2020).  

Furthermore, studies have shown that certain poplar clones exhibit a higher degree of 

adaptability to specific soil conditions, resulting in superior performance in terms of physiological 

parameters compared to others. For example, Moreira et al. 2021 found that certain poplar clones 

exhibited enhanced photosynthetic efficiency and water use efficiency when grown in soils with higher 

nutrient content, highlighting the importance of genetic variability in mediating plant responses to soil 

environments.  

 

5. Conclusion 

 

Our research findings suggest variations among the investigated clones concerning all measured 

physiological parameters. Based on these findings, it appears that poplar clones S 1-8 and PE 4/68 

demonstrate promising potential for growth in the examined soils. All examined parameters could 

serve as indicators for selecting suitable poplar clones for phytoremediation. The proper selection of 

clones also plays a significant role because it ensures the cultivation of plants with desirable traits such 

as enhanced drought resistance, contamination tolerance, and the ability to sequester more carbon 

dioxide. This not only improves the plants' survival and productivity under changing environmental 

conditions but also contributes to climate change mitigation efforts. Overall, these findings underscore 

the complex interplay between treatment and clone in shaping physiological responses in poplar and 

willow clones, emphasizing the need for tailored management strategies to maximize productivity and 
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sustainability in agroforestry systems. Future research should incorporate the chlorophyll fluorescence 

parameter, which has proven effective in selection processes. 

 

Acknowledgement 

 

The study was supported by the Science Fund of the Republic of Serbia, Green program of cooperation between 

science and industry „Landfill Remediation with the Use of Short Rotation Biomass Woody Crops (SRWC) 

Energy Plantations and Provisioning Multiple Ecosystem Services“ (TreeRemEnergy). We extend our gratitude 

to the “Beo Čista Energija D.O.O., Center for waste management in Vinča”, Belgrade and JKP "Čistoća" Novi 

Sad for their generous provision of the soil for the research. 

 

References 

 

1. Ábri, T., Borovics, A., Csajbók, J., Kovács, E., Koltay, A., Keserű, Z., Rédei, K. (2023): Differences 

in the Growth and the Ecophysiology of Newly Bred, Drought-Tolerant Black Locust Clones. 

Forests 14(9): 1802. 

2. An, J., Wei, X., Huo, H. (2022): Transcriptome analysis reveals the accelerated expression of 

genes related to photosynthesis and chlorophyll biosynthesis contribution to shade-tolerant in 

Phoebe bournei. BMC Plant Biology 22(1): 268. 

3. Arsenov, D., Zupunski, M., Borisev, M., Nikolic, N., Orlovic, S., Pilipovic, A., Pajevic, S. (2017): 

Exogenously applied citric acid enhances antioxidant defense and phytoextraction of cadmium 

by willows (Salix spp.). Water, Air, & Soil Pollution 228: 1-12. 

4. Borišev, M., Pajević, S., Nikolić, N., Orlović, S., Župunski, M., Pilipović, A., Kebert, M. (2016): 

Magnesium and iron deficiencies alter Cd accumulation in Salix viminalis L. International 

journal of phytoremediation 18(2): 164-170. 

5. DesRochers, A., Van Den Driessche, R., Thomas, B. R. (2007): The interaction between nitrogen 

source, soil pH, and drought in the growth and physiology of three poplar clones. Botany 

85(11): 1046-1057. 

6. Ferrari, S., Baronio, P., Vecchia, F.D., Mescalchin, E., Vaccaro, S., Pettenella, D. (2014): 

Evaluating the interactions between clone and site for poplar plantations. Forest Systems 23(2): 

281-290. 

7. Guidi Nissim, W., Castiglione, S., Guarino, F., Pastore, M.C., Labra, M. (2023): Beyond 

cleansing: ecosystem services related to phytoremediation. Plants, 12(5): 1031. 

8. Harris, Z.M., Alberti, G., Viger, M., Jenkins, J. R., Rowe, R., McNamara, N.P., Taylor, G. (2017): 

Land-use change to bioenergy: grassland to short rotation coppice willow has an improved 

carbon balance. Gcb Bioenergy 9(2): 469-484. 

9. Heilig, D., Heil, B., Leibing, C., Röhle, H., Kovács, G. (2021): Comparison of the initial growth 

of different poplar clones on four sites in Western Slovakia—Preliminary results. BioEnergy 

Research, 14: 374-384. 

10. Horváth, B., Opara-Nadi, O., Beese, F. (2005): A simple method for measuring the carbonate 

content of soils. Soil Science Society of America Journal, 69(4): 1066-1068. 

11. Hou, D., Bolan, N.S., Tsang, D.C., Kirkham, M.B., O'connor, D. (2020): Sustainable soil use and 

management: An interdisciplinary and systematic approach. Science of the Total Environment 

729: 138961. 

12. Li, Y., Xu, J. (2017): Genetic variation of photosynthesis and its correlation with growth in 

Populus deltoides clonal families. Photosynthetica 55(2): 279-288. 

13. Liu, X., Fan, Y., Long, J., Wei, R., Kjelgren, R., Gong, C., Zhao, J. (2013): Effects of soil water and 

nitrogen availability on photosynthesis and water use efficiency of Robinia pseudoacacia 

seedlings. Journal of Environmental Sciences 25(3): 585-595. 

14. McCutcheon, S.C., Schnoor, J.L. (2004): Phytoremediation: transformation and control of 

contaminants. John Wiley & Sons. 



Topola/Poplar 2024, 213, 55-63                                                                                                                             www.ilfe.org 
 

 

 62 

15. Mleczek, M., Rissmann, I., Rutkowski, P., Kaczmarek, Z., Golinski, P. (2009): Accumulation of 

selected heavy metals by different genotypes of Salix. Environmental and Experimental Botany 

66(2): 289-296. 

16. Moreira, H., Pereira, S.I., Mench, M., Garbisu, C., Kidd, P., Castro, P.M. (2021): 

Phytomanagement of metal (loid)-contaminated soils: options, efficiency and value. Frontiers 

in Environmental Science: 9, 661423. 

17. Mueller, C., Hodecker, B.E.R., De Barros, N.F., Merchant, A. (2020): A physiological approach 

for pre-selection of eucalyptus clones resistant to drought. iForest – Biogeosciences and 

Forestry 13(1): 16. 

18. Muhammad, I., Shalmani, A., Ali, M., Yang, Q.H., Ahmad, H., Li, F.B. (2021): Mechanisms 

regulating the dynamics of photosynthesis under abiotic stresses. Frontiers in Plant Science 11: 

615942. 

19. Nissim, W.G., Labrecque, M. (2021): Reclamation of urban brownfields through 

phytoremediation: Implications for building sustainable and resilient towns. Urban Forestry 

and Urban Greening 65: 127364. 

20. Orlović, S. S., Klašnja, B.A., Pilipović, A.R., Radosavljević, N., Marković, M. (2003): A pisibility 

of early selection of black poplars (Section Aigeiros) for biomass production on the basis of 

anatomical and physiological properties. Topola 171-172: 35-44. 

21. Pajević, S., Borišev, M., Nikolić, N., Arsenov, D.D., Orlović, S., Župunski, M. (2016): 

Phytoextraction of heavy metals by fast-growing trees: a review. Phytoremediation: 

Management of Environmental Contaminants 3: 29-64. 

22. Pajević, S., Borišev, M., Nikolić, N., Krstić, B., Pilipović, A., Orlović, S. (2009): Phytoremediation 

capacity of poplar (Populus spp.) and willow (Salix spp.) clones in relation to photosynthesis. 

Archives of Biological Sciences 61(2): 239-247. 

23. Parry, M. A., Andralojc, P. J., Scales, J. C., Salvucci, M. E., Carmo-Silva, A. E., Alonso, H., Raines, 

C. A. (2013): Rubisco activity and regulation as targets for crop improvement. Journal of 

Experimental Botany 64(3): 717-730. 

24. Pecchioni, G., Bosco, S., Volpi, I., Mantino, A., Dragoni, F., Giannini, V., Ragaglini, G. (2020): 

Carbon budget of an agroforestry system after being converted from a poplar short rotation 

coppice. Agronomy 10(9): 1251. 

25. Pilipović, A., Headlee, W. L., Zalesny Jr, R.S., Pekeč, S., Bauer, E.O. (2022): Water use efficiency 

of poplars grown for biomass production in the Midwestern United States. GCB Bioenergy 

14(3): 287-306. 

26. Pilipović, A., Headlee, W.L., Zalesny Jr, R.S., Pekeč, S., Bauer, E.O. (2022): Water use efficiency 

of poplars grown for biomass production in the Midwestern United States. GCB Bioenergy 

14(3): 287-306. 

27. Polle, A., Klein, T., Kettner, C. (2013): Impact of cadmium on young plants of Populus euphratica 

and P.× canescens, two poplar species that differ in stress tolerance. New Forests 44: 13-22. 

28. Simakov, V. N.,  Tsyplakov, V. P. (1969): Metodika odnovremennogo opredeleniya ugleroda, 

azota i okislennosti v pochve [Method for simultaneous determination of carbon and nitrogen 

in soil]. Agrokhimiya [Agrochemistry] (6): 127-134. 

29. Tőzsér, D., Horváth, R., Simon, E., Magura, T. (2023): Heavy metal uptake by plant parts of 

Populus species: a meta-analysis. Environmental Science and Pollution Research 30(26): 69416-

69430. 

30. USDA. (1999): Soil Survey Staff, Soil Taxonomy. A Basic System of Soil Classification for 

Making and Interpreting Soil Surveys. Second edition. United States Department of 

Agriculture, Natural Resources Conservation Service, Agriculture Handbook Number 436. 

GovernmentPrinting Office, Washington. 

31. Vandecasteele, B., De Vos, B. (2001): Relationship between soil textural fractions determined 

by the sieve-pipette method and laser diffractometry. IBW Bb R 2003, 1–19.  



Topola/Poplar 2024, 213, 55-63                                                                                                                             www.ilfe.org 
 

 

 63 

32. Wang, S., Han, Z., Wang, J., He, X., Zhou, Z., Hu, X. (2022): Environmental risk assessment and 

factors influencing heavy metal concentrations in the soil of municipal solid waste landfills. 

Waste Management 139: 330-340. 

33. Yan, A., Wang, Y., Tan, S.N., Mohd Yusof, M.L., Ghosh, S., Chen, Z. (2020): Phytoremediation: 

a promising approach for revegetation of heavy metal-polluted land. Frontiers in Plant Science 

11: 359. 

34. Zaghloul, M. (2020): Phytoremediation of heavy metals principles, mechanisms, enhancements 

with several efficiency enhancer methods and perspectives: a review. Middle East Journal of 

Agriculture Research 9(1): 186-214. 

35. Zalesny Jr, R.S., Bauer, E.O. (2019): Genotypic variability and stability of poplars and willows 

grown on nitrate-contaminated soils. International Journal of Phytoremediation 21(10): 969-

979. 

36. Zalesny Jr, R.S., Pilipović, A., Rogers, E.R., Burken, J.G., Hallett, R.A., Lin, C.H., Vinhal, R.A. 

(2021): Establishment of regional phytoremediation buffer systems for ecological restoration in 

the Great Lakes Basin, USA. I. Genotype× environment interactions. Forests 12(4): 430. 

37. Župunski, M., Borišev, M., Orlović, S., Arsenov, D., Nikolić, N., Pilipović, A., Pajević, S. (2016): 

Hydroponic screening of black locust families for heavy metal tolerance and 

accumulation. International Journal of Phytoremediation 18(6): 583-591.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


