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Abstract. High biomass production Salix smithiana was proved as the plant able to accumulate substantial 
amount of Cd and Zn in aboveground biomass. Nevertheless, in heavily contaminated soils (mainly by Zn) 
willows can suffer from chlorosis because of Fe deficiency induced by excess of Zn amount. Method such as 
chemophytostabilization seems like very good measure for planting willows in such heavily contaminated soil. 
In our experiments we evaluated effect of rock phosphate on changes in Zn and Fe bioavailability and 
accumulation of these elements by willows together with the willows growth on heavily contaminated soil. 
Addition of rock phosphate reduced plant-available Zn concentrations in soils resulting in significant decrease 
of Zn content in leaves. In the case of Fe, however, its contents in the leaves significantly decreased as well, 
although the mobile portion of Fe in soil remained unchanged. Yield of aboveground biomass in rock 
phosphate treatment was not significantly different in comparison to the control. After the first vegetation 
period, we can conclude that reduction of Zn contents in willows after rock phosphate application did not lead 
to suppress of Fe deficiency and improvement of willow growth in heavily contaminated soil. 
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Introduction 
 
Fluvisol from the alluvium of the Litavka River in the 
village Trhové Dušníky (60 km south of Prague, the 
Czech Republic) is a good example of heavily 
contaminated soil by several metals like Cd, Pb, and Zn 
(Borůvka et al., 1996). However, high concentrations of 
heavy metals are toxic for most of the soil 
microorganisms and plants, leading to poor and irregular 
development of vegetation or even total disappearance of 
plant cover in such sites (Gray et al., 2006).  
 In this context, chemophytostabilization of metal 
contaminated soils, or the use of metal-tolerant plants, 
together with different amendments to reduce metal 
mobility and bioavailability in soils, are the most 
promising available measures for sites highly 
contaminated with metals (Alkorta et al., 2010). Specific 
willow clones are able to grow and accumulate 
substantial amounts of Cd and Zn in the aboveground 
biomass on moderately contaminated soils (Vysloužilová 
et al., 2003). Nevertheless, willows planted in highly 
contaminated soils especially by high Zn concentration 
suffer from chlorosis probably due to Fe deficiency 
reducing willow production (Alcantara et al., 1994; 

Vysloužilová et al., 2006).  
 The aim of our study was to investigate the effect of 
rock phosphate application on (1) Zn and Fe 
bioavailability, (2) Zn and Fe accumulation by willows 
and (3) willow growth in heavily contaminated soil. 
 
Materials and Methods 
 
Slightly acidic soil “Litavka” used in both incubation and 
pot experiments was characterized as follows: CEC 55 
mmol kg-1, Corg 3.6 %, 53.8 mg Cd kg-1, 6172 mg Zn kg-1, 
3305 mg Pb kg-1. In both experiments, rock phosphate 
was used (TIMAC AGRO CZECH Ltd, Czech Republic) 
as the metal stabilization agent. 
 In the incubation experiment, at constant 
temperature 25°C was rock phosphate inserted into 
acid-clean polyethylene 250-ml plastic bottle and mixed 
with amount of 50 g of air-dried contaminated soil and 
deionised water at a volume equivalent to 60% maximal 
water-holding capacity. Each treatment (control, rock 
phosphate rate 1 representing 1.8 g kg-1 soil, rock 
phosphate rate 2 representing 16.7 g kg-1 soil) was 
performed in five replications. After 42 days soil samples 
were extracted with 120 ml of 0.01 mol L-1 CaCl2 for 6 h. 
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Fig. 1.  Zn (a) and Fe (b) contents in leaves and twigs of willow in heavily contaminated soil treated with different 
treatments (control, rock phosphate). Treatments with the same letter are not significantly different 
 
Plant-available Zn and Fe in soil extracts were 
determined by inductively coupled plasma optical 
emission spectroscopy (ICP-OES) (Varian VistaPro, 
Varian, Australia).  
 For pot experiment was selected clone of high 
biomass production willow (S. smithiana Willd., 
S-smithF-218). Five kg of air dried soil was thoroughly 
mixed with homogenized rock phosphate (26.5 g kg-1 soil) 
and inserted to the pot. One 20 cm willow cutting was 
planted in each pot and the pots were kept in an outdoor 
weather-controlled vegetation hall. Four replications were 
used for each treatment (control, rock phosphate). After 
five months of planting, aboveground biomass (leaves 
and twigs) were harvested, checked for fresh and dry 
biomass, ground and analyzed as well as soil samples 
were collected and analyzed. Soil samples (3 g) were 
extracted with 30 ml 0.01 mol L-1 CaCl2 for 6 h. 
Plant-available Zn and Fe concentrations in soil extracts 
and total plant Zn and Fe contents were determined by 
ICP-OES. 
 
Results and Discussion 
 
Rock phosphate application significantly reduced 
plant-available (0.01 mol L-1 CaCl2 extractable) Zn 
concentration (Tables 1 and 2) in heavily contaminated 
soil compared with the control. This was probably 
because of Zn adsorption on or co-precipitated with 
pyromorphite (Ma et al., 1994). Higher application rate 
increased rock phosphate efficiency. This conclusion is 
in agreement with Thawornchaisit and Polpraselt (2009). 
On the other hand, there was no effect of rock phosphate 
application on the concentration of plant-available Fe 
(Tables 1 and 2). This was probably connected with Fe 
bounds into less soluble iron phosphate (strengite) in acid 
soils (Hsu, 1975). Plant-available Zn and Fe 
concentrations were higher in the contaminated soil in 
the presence of willows according the results from 
incubation and pot experiments (Tables 1 and 2). It is 

known that plant roots exudate substances playing an 
important role in bioavailability of elements in soil 
(Kabata-Pendias, 2004). It is obvious from the results in 
Figure 1a that rock phosphate application significantly 
reduced Zn content in leaves and twigs of willows in 
comparison to the control. It corresponds with the results 
of plant-available Zn concentration from incubation and 
pot experiments. However, significant decrease of Fe 
content in leaves (Figure 1b) was recorded after rock 
phosphate application. Nevertheless, there was no change 
in Fe content in twigs after rock phosphate application. 
Therefore, we can conclude that Fe content in leaves not 
correlated with plant-available Fe concentrations in soil 
treated with rock phosphate. Decrease in Fe content in 
leaves of willows is probably induced by competition 
between Zn and Fe in soil solution (Alcantara et al., 1994) 
regardless of rock phosphate application. Therefore, rock 
phosphate application was not effective measure to 
reduce Zn under phytotoxicity value (500 mg Zn kg-1) for 
general plants (Sauerbeck, 1989) and prevent Fe 
deficiency. It is probably in connection with unsuccessful 
reduction of Zn/Fe ratio in aboveground biomass of 
willows, especially in leaves (Table 3). Rock phosphate 
application reduced Zn content in leaves and twigs. 
Nevertheless, Zn/Fe ratio was increased pushing the Zn 
phytotoxicity up at treated trees. From Figure 2 is 
obvious that rock phosphate application showed no effect 
on the production of dry aboveground biomass of willow. 
We can speculate that it was connected with the Fe 
deficiency as discussed above. After the first vegetation 
period rock phosphate application was evaluated that as 
unsuitable measure to prevent decrease in willow 
production causing by early leaf fall because of Fe 
deficiency. Rock phosphate application is suitable 
measure to reduce Zn bioavailability in heavily 
contaminated soil but in connection with changes in Fe 
content and dry matter willow production is insufficient. 
So we can recommend for prevent Fe deficiency foliar 
application of Fe during the vegetation. 
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Table 1. Plant-available Zn and Fe concentrations in 
heavily contaminated soil treated with different 
treatments (control, rock phosphate rates 1 and 2) after 
42nd days (results from incubation experiment). 
Treatments with the same letter are not significantly 
different. 

 
Table 2. Plant-available Zn and Fe concentrations in 
heavily contaminated soil treated with different 
treatments (control, rock phosphate) after five months of 
planting (results from pot experiment). Treatments with 
the same letter are not significantly different. 
 

treatment element (mg kg-1) 
 Zn Fe 
control 128±13a 1.6±0.10a 
rock phosphate 52±3b 0.77±0.35a 

 
Table 3.  Changes in Zn/Fe ratio in aboveground 
biomass of willows planted in heavily contaminated soil 
treated with different treatments. 
 

treatment Zn/Fe 
 leaves twigs 
control 30 37 
rock phosphate 53 39 

 
Fig. 2. Dry production of willow (leaves, twigs) in 
heavily contaminated soil treated with different 
treatments (control, rock phosphate). Treatments with the 
same letter are not significantly different. 
 
Conclusion 
 
Rock phosphate is suitable measure to decrease Zn 
bioavailability in heavily contaminated soil and to reduce 
Zn content in aboveground biomass of willow. After rock 

phosphate application, there was no effect on Fe 
bioavailability. Reduction in Fe content in willow after 
rock phosphate application is probably caused by 
competition between Zn and Fe due to unsuccessful 
reduction of Zn/Fe ratio especially in willow leaves. 
Rock phosphate application was no effect on willow 
growth. 
 
Acknowledgements 
 
The authors thank the financial supports providing from 
CIGA No. 42110/1313/3107 project of CULS and from 
TA CR project No. TA01020366. 
 
References 
 
Alcantara E, Romera FJ, Canete M, Delaguardia MD. 

Effects of heavy-metals on both induction and 
function of root Fe (III) reductase in Fe-deficient 
cucumber  (Cucumus sativus L.) plants. J Exp Bot 
1994; 45:1893-1898. 

Alkorta I, Becerril JM, Garbisu C. Phytostabilization of 
metal contaminated soils. Rew Environ Health 2010; 
25:135-146. 

Borůvka L, Huan-Wei Ch, Kozák J, Krištoufková S. 
Heavy contamination of soil with cadmium, lead 
and zinc in the alluvium of the Litavka river. Rostl 
Výr 1996; 42:543-550. 

Gray CW, Dunham SJ, Dennis PG, Zhao FJ, McGrath SP. 
Field evaluation of in situ remediation of a heavy 
metal contaminated soil using lime and red-mud. 
Environ Pollut 2006; 142:530-539. 

Hsu Ho P. Precipitation of phosphate from solution using 
aluminum salt. Water Res 1975; 9:1155-1161. 

Kabata-Pendias A. Soil-plant transfer of trace 
elements-an environmental issue. Geoderma 2004; 
122:143-149. 

Ma QY, Traina SJ, Logan TJ, Ryan JA. Effects of 
aqueous Al, Cd, Cu, Fe(II), Ni, and Zn on Pb 
immobilization by hydroxyapatite. Environ Sci 
Technol 1994; 28:1219-1228. 

Sauerbeck D. Der Transfer von Schwermetallen in die 
Pflanze. In: Behrens D, Wiesner J (eds.). Beurteilun 
von Schwermetallkonta- minationen in Böden. 
Dechema- Fach- gespräche Umwelschutz, 
Frankfurt1989, 281-316. 

Thawornchaisit U, Polprasert C. Evaluation of phosphate 
fertilizers for the stabilization of cadmium in highly 
contaminated soils. J Hazardous Materials 2009; 
165:1109-1113. 

Vysloužilová M, Tlustoš P, Szaková J. Cadmium and 
zinc phytoextraction potential of seven clones of 
Salix spp. planted on heavy metal contaminated 
soils. Plant Soil Environ 2003; 49:542-547. 

Vysloužilová M, Puschenreiter M, Wieshammer G, 
Wenzel WW. Rhizosphere characteristics, heavy 
metal accumulation and growth performance of two 
willow (Salix x rubens) clones. Plant Soil Environ 
2006; 52:353-361. 

treatment element (mg kg-1) 
 Zn Fe 
control 30.2±0.4a 0.50±0.03a 
rock phosphate (1) 27.4±0.6b 0.48±0.03a 
rock phosphate (2) 11.6±0.2c 0.41±0.03a 

15004-p.3




