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Abstract

NIKOLOVA, Ts., 2015. Absorption of Pb, cu, Zn and Cd type Morus alba L. cultivated on soils contaminated 
with heavy metals. Bulg. J. Agric. Sci., 21: 747–750

In recent years, interest in heavy metals and fitoremediatsionnite technologies increases. The fact that phytoremediation 
can be performed on the spot (in situ) at significantly less cost, determined research in this area as highly relevant.

The purpose of this study was to explore the possibilities of the mulberry tree to be used as fitoremediator contaminated 
soils with heavy metals. And to establish the accumulation of lead, copper, zinc and cadmium in the root system and aerial 
biomass (habitus).

The results obtained show that increasing the saturation of the roots with heavy metals is increased and the concentration 
in the aerial parts - stems, branches, leaves and the most in the mulberry fruit. Heavy metals accumulate in plant parts not 
significantly affect the growth and development of the species Morus alba L.
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introduction

Solving the problem of soil pollution with heavy metals 
and no impact on soil fertility is one of the biggest challenges 
facing modern science. The most promising approach in this 
respect seems fitoremediatsionnite technologies.

Phytoremediation more successfully applied for the re-
covery of soils with high content of heavy metals and per-
sistent organic pollutants. Plants develop thick root mass in 
contaminated soil, and rapid and strong growth creates verti-
cal migration of significant amounts of water from the soil 
in which substantially reduces the levels of heavy metals in 
groundwater.

A number of our authors have worked on the issue of pol-
lution and heavy metals, but until now no study on sycamore 
tree planted in one of the most polluted areas of the country. 
Studies have been made about highways (Petkov et al., 1999; 
Ranta et al., 1988; Mikhalkov, 1985) the authors find correla-
tion between the distance from the road and the content of 
lead (Pb) related to heavy traffic.

Velichkova and Pencheva (2003) explored high levels of 
lead, close to sewage canals and pumping stations. According 
to the authors this is mainly due to aerosols - Surface contam-
ination. In the soil toxic metals accumulate in the arable layer 
of depth to 20 cm. It has been found that 57-74% of the toxic 
metals - lead and mercury contaminants are concentrated in 
the soil surface layer from 0 to 10 cm, and only 3 to 8% mi-
grated in depth of 30-40 cm.

Increased content of heavy metals in the soil leads to an 
increase in their plants, which in turn depends on the soil 
properties, the type of plants, the shapes and the compounds 
of the elements. (Bolyshakov and Klimenko, 1976; Chuldzhi-
yan, 1989; Plugchieva, 1989; Yorova and Veli-dice, 2000).

Rafati et al. (2011) investigated the absorption of heavy met-
als Cd, Cr and Ni from different parts of plants White Poplar 
and White mulberry. Follows the absorption and accumulation 
of heavy metals in the root, stem, green leaves, leaves opadnalite 
and contaminated soil. The greatest accumulation was found in 
the leaves of plants. As the highest concentration of cadmium 
(Cd) in opadnalite leaves compared with green leaves.
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The roots of plants with microorganisms of the rhizo-
sphere can reduce the bioavailability of the metal and there-
fore - their phytotoxicity. Membranes of plant cells have some 
binding properties against metals. Various detoksfikatsionni 
mechanisms can be distinguished at the cellular level: metallic 
exclusion, translocation, binding complexes in the cytoplasm 
(Marschner, 1995; Ernst, 1998; Mench et al., 1998)

According to Stoyanov (1999), degree of saturation of the 
tissues of the main organs of plants with heavy metals they 
are ranked in the following descending order: roots > stems > 
leaves > fruit. Research results of many authors in terms of en-
vironmental pollution with heavy metals, and show high posi-
tive correlation between the content of these elements in the 
soil and in plants (Atanasova and Stoyanov, 1992; Dimitrova-
Chervenkova et al., 1995; Stafilov and Jordanovska, 1996; Ta-
sev et al., 1997; Yordanova, 2009; Dospatliev, 2011).

Zhao (2012), Ashfaq (2009) for in his studies prove that Mo-
rus alba L. extract heavy metals from soil and their concen-
tration grows from the root to the leaves. Accumulated at the 
top of larger quantities of heavy metals can be easily removed 
after cutting and destruction of the branches of the mulberry 
tree. Plants develop thick root mass in the contaminated soil, 
and rapid and strong growth of the tree creates vertical mi-
gration of significant amounts of water from the soil in which 
substantially reduces the risk of washing heavy metals from 
groundwater.

This species is suitable for planting around highways and 
landscaping in settlements. Reduction zaprashentostta in ma-
jor cities around the factories. To reduce noise and improve the 
living environment. Cut branches can be used as firewood for 
the production of paper and cardboard and enclosed material.

In the present study we have set a goal to establish the pres-
ence of heavy metals in plant samples from mulberry. Grown into 
one of the most polluted areas of the country (KCM Plovdiv).

materials and methods

The study was conducted during the period 2012 – 2013. • 
Experimental work involves the use of contaminated mate-
rial from the mulberry garden adjacent to the Factory for 
non-ferrous metals (KCM) Plovdiv. Located in the village 
of Kuklen, Plovdiv and Asenovgrad.
Studied heavy metals in plant samples are from mulberry • 
(roots, stem, branches, green, yellow leaves and fruit).
Plant samples were dried in the weight of the laboratory of • 
the Institute of Soil and agricultural technologies and plant 
protection “Nikola Poushkarov”.
Test Method: EPA 3052, and the content of Zn, Pb, Cd and • 
Cu determined by flame atomic absorption spectrometry in 
accordance with ISO 11047.

Samples of green leaves are taken in May-June, when the • 
most intensive vegetation of mulberry. The leaves were 
studied in two versions immediately dialed and washed 
with distilled water and unwashed. Washing is necessary to 
establish the influence of the air dust pollution of the leaves. 
Plant samples from other parts the plant were taken dur-
ing the months of October, November. Yellow leaves picked 
from the tree just before shedding.
Control samples of the vegetable garden of the Agricultural • 
University of Plovdiv. This mulberry garden is located out-
side the area of contamination.

results and Discussion

Figures 1, 2 and 3 are presented the results of the content 
of heavy metals - zinc (Zn), lead (Pb) and cadmium (Cd) in 
plant samples taken from the two mulberry gardens.

Figure 1 shows the presence of zinc (Zn) in two samples 
of washed and unwashed mulberry leaves taken from the 
garden of KCM, compared with control contaminated leaves. 
As can be seen from the figure in all leaf samples from 
unwashed amount of zinc is higher values, ranging from 
110 mg/kg in the first sampling to 243 mg/kg during the last 
sampling. Unwashed leaves are exposed to air and impact. 
When washing with distilled water, mulberry leaf values are 
significantly lower than the 71 to 207 mg/kg. The difference 
in values is an indicator of the dynamics of air pollution in the 
area around the plant. The results obtained from contaminated 
leaves examined in both variants had significantly higher 
values compared to the control.

Figure 2 shows the presence of lead (Pb). Again, the trend 
of the quantity of the analyzed element is the highest val-
ues unwashed mulberry leaves 84 to 310 mg/kg. When the 
washed leaves the amount of lead varies from 62.5 to 185 
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Fig. 1. Zn content in mulberry leaf
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mg/kg during the last sampling. These values exceed the val-
ues in times of control.

Figure 3 shows the results obtained by the presence of 
cadmium (Cd). In comparison with the other two elements 
the values of that item are lowest. In control samples, the 
amount of cadmium is 1.0 mg/kg. In contaminated leaves 
values range from 4-11.9 mg/kg in the washed and 12-24 mg/
kg in unwashed sheets. And there is a significant difference 
between the results in the washed and unwashed mulberry 
leaves, which is most likely due to air pollution in the area. 

Table 1 presents the results of analyzes of samples roots, 
stem, branches and fruit of mulberry. The dynamics of accu-
mulation in roots and aerial parts of Morus alba L. grown on 
contaminated soil is different. Plant roots are able to reduce the 
amount of heavy metals and their phytotoxicity in taking them 
from the soil. Absorbed mainly of root hairs and accumulate in 
the cell membranes. (Kabata-Pendias and Pendias, 2001).

The results show that in the largest amount is accumulated 
element zinc (Zn) – 63.9 mg/kg, followed by a lead (Pb) – 
28.2 mg/kg, and copper (Cu) – 10.3 mg/kg . With the lowest 
values is cadmium (Cd) in the roots 1.31 mg/kg. There is a 
difference compared with the control value.

In the samples taken from the plant of mulberry steblato 
highest amount is zinc (Zn) - 95 mg/kg, and lead (Pb) – 22.9 
mg/kg, followed by the element copper (Cu) – 3.62 mg/kg, 
and cadmium (Cd) is low and not essential.

In Table 1 is compared to the presence of heavy metals in 
samples of green and yellow mulberry leaves. The obtained 
results show that the higher the amount of zinc element (Zn) in 
the green 149 mg/kg and in the yellow leaves 112 mg/kg. His-
tory has it that this element plays a role in the cellular defense 
system by affecting lipid, protein and chlorophyll (Cakmak, 
2000) The next element with higher values that is lead (Pb) 
112.0 mg/kg in the green and 85 mg/kg in the yellow leaves. 
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Fig. 3. Cd content in mulberry leaf
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table 1 
Content of heavy metals in different parts of mulberry
№ sample description Zn, mg/kg Pb, mg/kg Cd, mg/kg Cu, mg/kg
1 roots control 24.5 <0.5 <0.1 <0.5
2 roots contaminated 63.9 28.2 1.31 10.3
3 trunk control 15.5 <0.5 <0.1 <0.1
4 stem contaminated 95 22.9 1.21 3.62
5 control branches 10.5 11.2 <0.1 <0.1
6 branches contaminated 35.2 31.9 1.21 2.8
7 green leaves control 37.5 6.4 <0.1 9
8 green leaves contaminated 149 112 19.2 23.1
9 yellow leaves control 29.6 6.4 <0.1 <0.5
10 yellow leaves contaminated 112 85 <0.5 6.1
11 mulberry fruit -control 17.2 <4.0 <0.5 4.01
12 mulberry fruit contaminated 134 92.1 2.3 9.8
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The difference in results is probably due to the rapid growth, 
nutrition and development of plants in the growing season. The 
concentration of heavy metals in the aerial parts of mulberry 
can be influenced by the intensity of transpiration. When the 
yellow leaves this process is delayed and the amount of heavy 
metals in plant samples is less. The presence of copper (Cu) 
and cadmium (Cd) is low and there is no essential for the prop-
er development and function of the plants.

Of all studied plant parts in the highest percentage of ac-
cumulated heavy metals occur in the fruit of the mulberry tree. 
The content in the fruits of four types studied heavy metals 
is high in comparison with the control. At greater quantity 
of zinc element (Zn) 134 mg/kg, and lead (Pb) 92.1 mg/kg as 
compared to those observed in the control sample. The other 
two elements and with much lower values.

Fruit of mulberry trees grown on contaminated soils are 
unsuitable for food.

Our results are close to those of Petko al. (1999) and con-
firmed the results of Stoyanov (1999), Rafati (2011) and Zhao 
(2012). Mulberry has the unique ability to akulira in themselves 
relatively large quantities of heavy metals and hold aerosol pollut-
ants from the air. Proof of this is the difference in values between 
the washed and unwashed mulberry leaves (Figures 1, 2 and 3). 
Heavy metals are absorbed by plant roots transported to the aerial 
parts, which are stored and exported with defoliation in autumn.

The results show that the amount of the accumulated four 
tested by us heavy metals increases significantly from the roots 
to the leaves shown in Table 1. With roots mulberry is able 
to absorb the contained metals in the soil without being af-
fected by the development and productivity of the plant . This 
trend continued during the two years of study. The amount of 
the tested metals increases in the roots and transported in the 
aboveground parts, accumulates at the highest rate in the fruits 
of the plant that are unfit for consumption.

Conclusions

Mulberry is a tree that can be successfully used for phy-
toremediation of highly contaminated soils. With increas-
ing saturation of roots with heavy metals is increased and 
the concentration in the aerial parts - leaves, stems and the 
highest percentage in mulberry. Heavy metals accumulate in 
plant parts not significantly affect the growth and develop-
ment of the species Morus alba L.

Rapid growth, ease of breeding, great foliage and deep 
root system make it suitable for phytoremediation.

Acknowledgments
To project BG051PO001-3.3.06-0056 Support for devel-

opment of young people in Forestry University. The project 

is implemented with the financial support of Operational Pro-
gramme “Human Resources Development”, co-financed by 
the European Social Fund of the European Union.

References
Ashfa, M., W. Afzal and M. Hanif, 2009. Effect of Zn (ІІ) deposition 

in soil on mulberry-silk worm food chain. The Journal of Animal & 
Plant Sciences, 9 (11): 1665-1672.

Cakmak, I., 2000. Possible roles of zinc in protecting plant calls from 
damage by reactive oxygen, Species. New Phytol., 146: 185-205.

Chaney, R. L., 1983. Plant uptake of inorganic waste. In: J. E. Parr, 
P. B. Marsh and J. M. Kla (Eds.)  Land Treatment of Hazardous. 
Waste. Noyes Data Corp., Park Ridge, pp. 50-76.

Chuldzhiyan, H., 1984. Surveying and Mapping the Extent of Soil 
Contamination with Heavy Metals, Report, Institute of Soil Science 
“Nikola Poushkarov”.

Lasat, M., 2000a. The Use of Plants for the Removal of Toxic Metals 
from Contaminated Soil, Technology Innovation Office, US-EPA 
(5102G), N. W., Washington, pp. 33.

Lasat, M., 2000b. Phytoextraction of metals from contaminated soil: 
a review of plant/soil/metal interaction and assessment of pertinent 
agronomic issues. Technology Innovation Office, US-EPA (5102G), 
Journal of Hazardous Substance Research,  Plant Physiol., 112: 
5-25.

Mikhalkov, I. and I. Dobrev, 1985. Contamination of the environ-
ment with harmful and toxic substances from the steel industry. In: 
III International Symposium on Environment-Friendly Technolo-
gies in Livestock, Belogradchik, 10-15, pp. 361-367 (Bg).

Pentcheva, E., N. Velitchkova and A. Benderev, 2003. Migration 
ability and forms in solution and suspension of water metal pollut-
ants in contaminated Plovdiv-Assenovgrad region. CD-R Proceed-
ings 12th Intern. Symposium - Ecology 2003, 2-6 June, Bourgas.

Pentcheva, E., A. Benderev and R. Atanasova, 2005. Current state 
of the environment in the area around the non-ferrous metals, Plov-
div. CD-R Proceedings 18th Intern. Symposium Ecology, 7-11 June, 
Bourgas, pp. 13-17 (Bg).

Petkov, N., P. Tsenov and D. Grekov., 1999. Opportunities to create 
mulberry nasandeniya production of cocoons of areas to highways, 
polluted with heavy metals. In: Agroeco 99, Scientific Practical 
Conference Ecological Problems of Agriculture, 3: 287-292 (Bg).

Plugchieva, M., 1989. A Study on Soil and Forest and Other Vegeta-
tion with Lead, Zinc, Cadmium near the Highways of the City, 
Varna, doctoral dissertation (Bg).

Rafati, M., N. Khorasani, F. Moattar, A. Shirvany, F. Moraghebi 
and S. Hosseinzadeh, 2011. Phytoremediation potential of Populus 
alba and Morus alba for cadmium, chromium and nickel absorp-
tion from polluted soil. Int. J. Environ. Res., 5 (4): 961-970.

Ranta, C. et al., 1988. An. Inst. Cerc. Pedol. Agnochim, 48: 269-280.
Sengalevich, D., 1990. Contamination of technogenic area around 

KCM - Plovdiv with heavy metals. In: Collection of Scientific Pa-
pers, Part II, pp. 268-275 (Bg).

Zhao, S., Xi. Shang and L. Duo, 2012. Accumulation and spatial dis-
tribution of Cd, Cr, and Pb in mulberry from municipal solid waste 
compost following application of EDTA and (NH4)2SO4. Environ-
mental Science and Pollution Research, 20 (2): 967-975.

Received September, 2, 2014; accepted for printing May, 22, 2015




