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Abstract. The present study is a small part of a program for an investigation of the water conditions 
in the Topolnitza Dam Lake, Topolnitza River and its catchment area. The sensitivity of seeds and 
young wheat, sunflower and mustard plants to heavy metal stress was examined at laboratory 
conditions. Our results showed that seedling growth was more sensitive to heavy metals in 
comparison to seed germination. The length of shoot and root has been adversely affected due to 
water contamination when compared to the control. A certain negative effect on the photosynthetic 
pigments content was registered. 
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Introduction 
Mining of minerals and metals is 

important for the economic or industrial 
development of society all over the world. 
In the past century, much of the mining has 
concentrated on the extraction of such 
metals as gold, silver, iron, copper, lead, 
zinc, chromium, mercury, then some others, 
for example, As, Cd and Se are often 
enriched in mineral deposits and recovered 
as by-products. Disposal of mines resulting 
in waste tailings posed a significant risk to 
the surrounding environment. Their 
improper management resulted in the 
migration of heavy metals to the 
surrounding environment, contributing to 
the contamination of soil substrates, 
destruction of ecological landscape, 
groundwater pollution and decrease in 
biological diversity. Metals are currently of 
much environmental concern due to the fact 
that they tend to bio-accumulate in food 
chain and are harmful to humans and 
animals. The mechanisms of metal toxicity 
induction are not fully understood for crop 

plants. Metals may directly or indirectly 
interfere with the metabolic activities by 
altering the conformation of proteins for 
example enzymes, transporters or 
regulatory proteins by their strong affinities 
as ligands to sulfhydryl and carboxylic 
groups (SHARMA & SHARMA, 1996).  

The photosynthetic surface area and leaf 
chlorophyll contents are the major factors 
determining the total biomass production in 
plants. Cadmium and lead are reported to 
have inhibitory effect on photosynthesis, 
transpiration, carbohydrate metabolism and 
other metabolic activities (KUPPER et al., 
1996; VASSILEV et al., 1998; XU et al., 1998). 
STOBART et al. (1985) have reported that Cd 
particularly inhibits the chlorophyll 
biosynthesis and decreases total chlorophyll 
content and chlorophyll a/b ratio, while Pb 
toxicity emerges with the disturbance of 
mitosis, toxicity of nucleoli, inhibition of 
root elongation due to mitotic effects on the 
root tip cells of Brassica juncea, appearance of 
chlorosis, inhibition of enzymatic activities 
and reduction in photosynthesis. 
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The Topolnitza River catchment area is 
rich of mining activities and many metals 
are persistent in the water basins. These 
waters are being used by farmers to irrigate 
crop plants without considering its adverse 
effects - the metals, presented in them, may 
accumulate in plants in excessive quantities 
quite enough to cause the clinical problems 
in animals and human being consuming 
these metal rich crops. Hence, monitoring of 
accumulation and distribution of metals in 
crop plants cultivated in agricultural land 
irrigated with water from Topolnitza Dam 
Lake, Topolnitza River and its catchment 
area is necessary. 

Experiments were planned and 
conducted to study the influence of 
contaminated waters from the Topolnitza 
River catchment area on some crop plants 
cultivated in laboratory conditions. 

 
Materials and methods 
Collection of water samples 
Sampling was made in the beginning of 

October 2011 when is the period of the 
autumn low flow. Water samples were 
collected in clean containers (5 l) from 
selected points of Topolnitza River 
catchment area, as follows: Site 1 (control) – 
Micro dam near Borimechkovo village; Site 
2 – Topolnitza River, near Lesichevo village; 
Site 3 – Topolnitza Dam Lake, near the wall; 
Site 4 – Topolnitza River, near Poibrene 
village; Site 5 – Topolnitza River, near 
Petrich village; Site 6 – Topolnitza River, 
near Chavdar village; Site 7 – Topolnitza 
River, near the town of Zlatitza; Site 8 – 
Medetska River, before Topolnitza River 
(Fig.1).  

Water analysis 
In situ were measured temperature 

(BDS 17.1.4.01), pH (ISO 10523:2008) and the 
conductivity (EN 27888) of the water. 
Chemical analyses, including Pb (ISO 17294-
2), Fe (ISO 6332), Mn (BDS 17.1.4.15), Ni 
(ISO 17294-2), Cu (ISO 17294-2) and As (ISO 
17294-2) content in the collected water 
samples, were made in the Regional 
laboratory – Plovdiv.  

Bioassays 
The experimental bioassays were 

performed in the laboratory of Ecology, 

Faculty of Biology, University of Plovdiv. 
Three crop plants were tested – Sinapis alba, 
Triticum aestivum and Helianthus annuus. 
Fifty seeds of each species for each treatment 
were placed into experimental containers 
(petri dishes with filter paper for mustard 
and pots with perlite for wheat and 
sunflower) and irrigated with 50 ml of the 
collected water samples. Each treatment was 
made in triplicate. Irrigation was repeated 
periodically when needed. The seedlings 
were harvested after period of one week for 
Sinapis alba and two weeks for Triticum 
aestivum and Helianthus annuus. 
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Fig.1. Location of the sampling sites 

 
Estimation of morphometric and physiologic 

parameters of plants 
The following parameters were 

measured immediately after harvesting: 
germination of seeds (in %), shoot and root 
length (in cm), shoot-to-root ratio, 
chlorophyll content (mg g-1 fresh weight) 
and chlorophyll a/b ratio. 

Pigment analysis was performed 
according SCHLYK (1965) after extraction 
with 90% acetone. Wavelength absorbance 
was measured at 662 nm for chl a and 644 
nm for chl b in a SPECOL 11 absorption 
spectrophotometer (Faculty of Biology, 
University of Plovdiv). Concentrations of chl 
a, chl b and chl a+b were calculated for each 
sample and expressed on a fresh weight 
basis (PETROVA, 2011). We reported our 
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results as mean ± SD, where standard 
deviations were calculated on the base of 
triplicate analysis of chlorophyll content. 

Statistical analysis 
To confirm the variability of data 

obtained and validity of results, all the data 
were subjected for the statistical analyses 
using STATISTICA 7.0 package (STATSOFT 

INC., 2004).  
 

Results and Discussion 
Physico-chemical properties of the water 
The results from the physic-chemical 

analysis of the collected water samples 
showed that the water quality is worst in 
Site 8 (Medetska River), where the pH was 
quite acidic (Table 1). The highest conduct-
ivity (374.0 μS) correlated with the increased 
heavy metal content in the same sample. 

 
Table 1. Physico-chemical parameters of water samples 

 

Water 
sample 

Water 
temperature, 

°C 
pH 

EC,  
μS 

Fe, mg 
l-1 

Mn, 
μg l-1 

Pb,  
μg l-1 

Ni,  
μg l-1 

Cu, 
 μg l-1 

As,  
μg l-1 

Site 1 19.0 7.5 97.7 - - - - - - 

Site 2 12.2 6.7 106.3 - - - - - - 

Site 3 12.6 7.4 111.5 - - 0.001 0.005 0.005 0.005 

Site 4 11.8 6.5 158.2 0.240 0.064 0.006 0.011 0.018 0.090 

Site 5 12.2 7.1 137.3 0.540 0.005 - - 0.005 - 

Site 6 12.5 7.3 290.0 0.380 0.171 0.006 0.005 0.048 0.012 

Site 7 13.0 7.3 60.5 0.050 0.047 0.025 0.004 0.033 0.008 

Site 8 11.1 4.8 374.0 0.131 0.027 0.025 0.040 0.092 0.010 

 
This contamination was significantly 

lower in the water sample from Site 7, 
probably due to the dilution effect. There 
was registered an increment of the pH, 
conductivity, As and Cu concentrations in 
Site 6 and Site 5, located hereafter. The 
results of the As content were highest in 
water sample from Poibrene Village (Site 4), 
the conductivity was also quite high. We 
suppose that in this sampling site some 
organic pollution has been presented due to 
an illegal discharging of household waste 
waters, disposal of livestock manure, etc. 
The effect of that kind of anthropogenic 
impact on water quality had been well 
known in many rivers (VALCHEVA & POPOV, 
2007; VALCHEVA & POPOV, 2008). In Site 3 
(Topolnitza Dam Lake near the wall) the EC 
value was lower, that could be explained 
with some processes like dilution and 
sedimentation, and close to this was the 
water sample from the next sampling site - 
Site 2.  

The values of measured characteristics of 
the water, obtained in this study, were 
higher in comparison with data from 

previous research in this region (PETROVA et 
al., 2011). This could be due both to the 
different sampling periods, the variances in 
water debit, and also to the autumn 
senescence and consequent eutrophication 
of the rivers.  

Germination 
Seed germination is a critical phase of 

the life-cycle in most plant species, 
particularly in cultivar plants. Stressful 
conditions exert a strong effect on the 
dynamics of seed germination and seedlings 
establishment. There was not observed 
considerable effect of contaminated waters 
on the seed germination capacity for wheat 
and sunflower in comparison with the 
mustard (Fig. 2). This issue may relate to 
permeability of seed coat to metal ions. 
Different degree of permeability led to a 
different degree of germination inhibition. 
No negative effect was observed in the 
biotest with Helianthus annuus seeds. All 
cases resulted in a stimulation of the 
germination process, most pronounced in 
water sample from Site 4 (123%). The lowest 
values in the biotest with Triticum aestivum 
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(88% in comparison with the control) were 
found in pots irrigated with water from Site 
7, followed by the Site 8 (94%). The mustard 
seeds showed higher sensitivity and the 

germination varied from 55% in pots 
irrigated with water from Site 6, followed by 
Site 8 (65%), through Site 4 (89%) to Site 5 
(91%), Site 7 (93%) and Site 3 (94%). 
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Fig. 2. Germination results for the studied plant species,  

% in comparison with control sample 
 

Our results can support to the 
observations described by other authors 
(FARGASOVA, 1994; WIERZBICKA & 

OBIDZINSKA, 1998; PANDEY, 2006, 2008; 
URUÇ & YILMAZ, 2008) of the effect of 
contaminated with some heavy metals (Ni, 
Cu, Pb) waters on seed germination of 
different crop plants.  

Growth 
The root and shoot length and 

elongation rate are essential for plants 
exploring for water and mineral nutrients. 
Our results showed that seedling growth 
was more sensitive to heavy metals in 
comparison to seed germination. The length 
of shoot and root has been adversely 
affected due to water contamination when 
compared to the control (Fig. 3). 

As a result from all bioassays 
conducted, we found the stronger inhibition 
on the plant growth, both for the 
aboveground and underground plant parts, 
in pots irrigated with water from Site 8 
(Medetska River). The effect of this water 
sample was most intense at the root length – 
we observed a reduction of 95% to wheat 
seedlings, 93% to mustard seedlings and 
87% to sunflower seedlings in comparison 
with the control plants. Suppression of the 
shoot growth was also well expressed - 75% 
(Sinapis alba), 70% (Triticum aestivum) and 

69% (Helianthus annuus) shorter seedlings in 
comparison with the control. 

The effect of the tested water samples 
on sunflower plants growth and 
development was negative. An exception 
was the stimulated root elongation in 
experimental plants irrigated with water 
from Site 4, which assumed that have been 
rich in organic matter. 

Mustard seedlings had similar shoot 
length in all cases (except water sample 8). 
We registered an inhibition of the root 
growth in pots treated with water from Site 
6 (39%) and a positive impact of water 
samples from Site 2 (169%), Site 4 (132%), 
Site 5 (129%) and Site 7 (122%) when 
compared to the control. 

We found some stimulation of the root 
elongation of the wheat seedlings in all 
bioassays except the Site 8, and an increment 
of the wheat shoot growth in experimental 
pots irrigated with water from Site 5 and 
Site 6. AYDINALP & MARINOVA (2009) 
studied the effects of heavy metals (Cd, Cr, 
Cu and Ni) on Medicago sativa plants. Their 
results, similarly to ours, showed that the 
low concentration of these chemical 
elements had positive effect on shoot and 
root growth, but in large quantities they 
became toxic. 
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Fig. 3. Shoot and root length of the seedlings (in cm) 

 
The above results were in agreement 

with the findings of CHEN et al. (2003) in 
soybean, RAI et al. (2005) in Phyllanthus 
amarus and XU et al. (2008) in garlic. The 
inhibitory action in root and shoot length 
might be due to reduction in cell division, 
toxic effect of heavy metals on photosyn-
thesis, respiration and protein synthesis. 
These obviously contributed to the retard-
ation of normal growth (KUPPER et al., 1996). 

HAGEMEYER et al. (2002) and 

MARCHANO et al. (2002) also suggested that 
the morphological and structural effects 
caused by metal toxicity in plants was due 
to decrease in root elongation, root tip 
damage, decrease in root formation, sup-
pression of elongation growth rate of cells, 
affecting the ultra-cellular structure of 
meristematic cells and inhibition of the size 
of plant cells and inter cellular spaces. 

Shoot-to-root ratio is a useful parameter 
for evaluation of the quality of the 
environment in which plants grow. In our 
study it was 2.5 (sunflower), 3.5 (mustard) 
and 5.5 (wheat) times higher in seedlings 
irrigated with water from Site 8 when 
compared to the control. These results could 
be explained with the toxic effect of the 
water contaminants (mainly heavy metals) 
and were in agreement with MAMI et al. 
(2011) findings. 
 The lowest values of this parameter for 
all three studied plant species we observed 
under influence of the water samples from 
Site 4, followed by Site 7 and Site 5 (Fig. 4). 
An explanation for these results could be 
found in the mentioned favorable effect of 
heavy metals in low concentrations on the 
root extension. 
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Fig. 4. Shoot-to-root ratio of the seedlings 
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Pigment content 
It is considered that the growth 

parameters do not always provide enough 
objective information to phytotoxicity of the 
environment and therefore in plant 
bioassays, it is advisable to include 
functional indicators. Leaf chlorophyll 
content is an important parameter for 
testing plant status. For example, it can be 
used as an index of the photosynthetic 
potential as well as of the plant productivity 
(CARTER, 1998). In addition, chlorophyll 
gives an indirect estimation of the nutrient 
status (FILELLA et al., 1995) and is closely 
related to various types of plant stresses 
(GITELSON & MERZLYAK, 1994).  

The pigment analysis indicated that the 
changes in the levels of photosynthetic 
pigments in cotyledons varied in wide range 
(Fig. 5). The strongest inhibitory effect in 
wheat bioassays was observed at Site 8 - 
57% to chlorophyll a and 48% to chlorophyll 
b in comparison with the control sample, 
followed by Site 4 and Site 5. In the rest of 
water samples an increased concentation 
was found. Stimulation of the synthesis of 
chlorophyll in the presence of low doses of 
zinc and nickel in the middle, accompanied 
by an increased ratio have been found by 
other authors (MACIFE & TAYLOR,1992; 
SARITA & ABHA, 2007) and could explain our 
results. 
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Fig. 5. Chlorophyll content in the leaves of the investigated plants (mg g-1 fresh weight) 

 
The bioassay with sunflower plants 

revealed that the lowest chlorophyll content 
was determined in the control and in all 
other cases there was an increment of its 
concentration – up to 171% to chlorophyll a 
and to 259% to chlorophyll b both in water 
sample from Site 3. Similar to our findings, 
raise of the level of photosynthetic pigments 
in sunflower plants were observed by SINGH 
et al. (2004). In the course of their 
experiment with industrial wastewaters, 
after the 30th day of exposure the 
chlorophyll content was higher, however, 
extend the time the effect became 
unfavorable and led to a reduction of its 
amount in comparison with the control. 

The mustard seedlings of the water 
sample 8 were most affected - 17% 
inhibition of chlorophyll a and 21% of 

chlorophyll b, followed by water from Site 5. 
The change in the amount of both 
chlorophylls was not clear and there was no 
statistical reliability. 
 The change in the chl a/b ratio (which 
had the advantage to be a dimensionless 
parameter) could be used as more 
informative indicator in ecological 
investigations. In all bioassays conducted, 
the highest ratio values were observed in 
seedlings with lowest total chlorophyll 
content – Sinapis alba at Site 5, Triticum 
aestivum at Site 3 and Helianthus annuus at 
Site 1 (Fig. 6). The decrease of chlorophyll 
content may be due to an increase of 
chlorophyll degradation or to a decrease of 
chlorophyll synthesis. During the process of 
chlorophyll degradation, chl a is converted 
in chl b (FANG et al., 1998) and this may 
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explain the depression of chlorophyll 
content together with the increase of the 

ratio chl a/b. 
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Fig. 6. Ratio chlorophyll a/b in the leaves of the investigated plants 

 
Conclusion 
The physico-chemical analyses of water 

samples from Topolnitza River catchment 
area have revealed that these effluents carry 
very high toxic metal content and are one of 
the major sources of soil and water 
pollution in this area. It indicated that the 
explored water basins (used for irrigation) 
and the surrounding agricultural land are 
not fit for agricultural practices. As a result, 
it is possible to reduce the biomass 
production without any visible symptoms 
of metal toxicity (chlorosis, necrosis, 
dryness). Further, the study revealed that 
these crop plants are not fit for consumption 
by human beings and livestock. 

 
Acknowledgements 
This study was carried out with the 

financial assistance of University of Plovdiv, 
Faculty of Biology, by Fund BF 006. 

 
 

References 
AYDINALP C., S. MARINOVA. 2009. The effect 

of heavy metals on seed germination 
and plant growth on alfalfa plant 
(Medicago sativa). - Bulgarian Journal of 
Agricultural Science, 15(4): 347-350. 

CARTER G.A. 1998. Reflectance wavebands 
and indices for remote estimation of 
photosynthesis and stomatal 

conductance in pine canopies. - Remote 
Sensing of Environment, 63(1): 61-72. 

CHEN T., W. QIANG, X. WANG. 2003. Effects 
of cadmium combined with 
ultraviolet-B radiation on growth, gas 
exchamge and stable carbon isotope 
value (& 13C) in soybean (Glycine max 
L.). In: Gao W., J.R. Herman, G. Shi, K. 
Shibasaki, J.R. Slusser (Eds.) Ultraviolet 
ground- and space-based measurements, 
models and effects. II. Proceedings of the 
SPIE, vol. 4896: 210-218. 

FANG Z., BOUWKAMP J., SOLOMOS T. 1998. 
Chlorophyllase activities and 
chlorophyll degradation during leaf 
senescence in non-yellowing mutant 
and wild type of Phaseolus vulgaris L.  - 
Journal of Experimental Botany, 49: 503-
510. 

FARGASOVA A. 1994. Effect of Pb, Cd, Hg, As 
and Cr on germination and root 
growth of Sinapis alba seeds. - Bulletin 
of Environmental Contamination and 
Toxicology, 52: 452-456. 

FILELLA L., SERRANO L., SERRA J., PENUELAS 
J. 1995. Evaluation of wheat crop 
nitrogen status by remote sensing: 
Reflectance indices and discriminant 
analysis. - Crop Science, 35(5): 1400-
1405. 

GITELSON A.A., MERZLYAK M.N. 1994. 
Spectral reflectance changes associate 
with autumn senescence of Aesculus 



Eco-physiological study on the influence of contaminated waters … 

40 
 

hippocastanum L. and Acer platanoides 
L. leaves: Spectral features and 
relation to chlorophyll estimation. - 
Journal of Plant Physiology, 143(3): 286-
292 

HAGEMEYER J., S.W. BRECKLE. 2002. Trace 
element stress in roots. In: Y. Waisel, 
A. Eshel and U. Kafkafi (Eds.), Plant 
roots: the hidden half, 3rd edn. Dekker, 
New York, pp. 763-785.  

JANA S., M.A. CHAUDHURY. 1984. Synergistic 
effect of heavy metals pollutants on 
senescence in submerged aquatic 
plants. - Water, Air and Soil Pollution, 
21: 351-357. 

KUPPER H., F. KUPPER, M. SPILLER. 1996. 
Environmental relevance of heavy 
metal-substitued chlorophylls using 
the example of water plants. - Journal 
of Experimental Botany, 47: 259-266.  

MACIFE S.M., G.J. TAYLOR. 1992. The effects 
of excess manganese on 
photosynthetic rate and concentration 
of chlorophyll in Triticum aestivum 
grown in solution culture. - 
Physiologia Plantarum, 85(3): 467-475. 

MAMI Y., G. AHMADI, M. SHAHMORADI, H.R. 
GHORBANI. 2011. Influence of different 
concentrations of heavy metals on the 
seed germination and growth of 
tomato. - African Journal of 
Environmental Science and Technology, 5 
(6): 420-426. 

MARCHANO L., I. CARRUYO, A. DEL CAMPO, 
X. MONTEIL. 2002. Effect of cadmium 
on the nucleoli of meristematic cells of 
onion Allium cepa L.: An ultra-
structural study. - Environmental 
Research, 88: 30-35. 

PANDEY S.N. 2006. Accumulation of heavy 
metals (Cd, Cr, Ni, Cu and Zn) in 
Raphanus sativus and Spinacea oleracea 
L. plants irrigated with industrial 
effluents. - Journal of Environmental 
Biology, 27: 381-384. 

PANDEY S.N. 2008. Growth and biochemical 
changes in pulse seedlings irrigated 
with effluent from electroplating 
industry. - Journal of Applied Bioscience, 
34: 79-82. 

PETROVA S. 2011. Biomonitoring study of air 
pollution with Betula pendula Roth., 
from Plovdiv, Bulgaria. - Ecologia 
balkanica, 3 (1): 1-10. 

PETROVA S., B. NIKOLOV, V. YANTCHEVA, I. 
VELCHEVA. 2011. Biotesting of 
contaminated waters from Topolnitza 
River Basin. In: Proceeding of the 50-th 
Anniversary Conference “Biological 
Sciences for Better Future”, University of 
Plovdiv “Paisii Hilendarski”: 221-232. 
[In Bulgarian] 

RAI V., S. KHATOON, S.S. BISHT, S. 
MEHROTRA. 2005. Effect of cadmium 
on growth, ultra morphology of leaf 
and secondary metabolites of 
Phyllanthus amarus Schum. and Thonn. 
- Chemoshere, 61: 1644-1650.  

SARITA S., A. ABHA. 2007. Differential action 
of zinc, nickel and cadmium on total 
chlorophyll content, total nitrogen 
content and grain yield of wheat 
(Triticum aestivum cv: 2425). - Vegeos-
An International Journal of Plant 
Research, 20 (2): 27-30. 

SCHLYK А. 1965. Metabolism of Chlorophyll in 
Green Plants. Minsk, Nauka i 
Tekhnika. (In Russian). 

SHARMA D.C., C.P. SHARMA. 1996. 
Chromium accumulation and toxicity 
effects on growth and metabolic 
activities in maize and Triticum 
aestivum L. cv. UP 2003. - Indian Journal 
of Experimental Biology, 34: 689-691. 

SINGH S., R. SAXENA, K. PANDEY, K. BHATT, 
S. SINHA. 2004. Response of 
antioxidants in sunflower (Helianthus 
annuus L.) grown on different 
amendments of tannery sludge: its 
metal accumulation potential. - 
Chemosphere, 57(11): 1663-1673. 

STATSOFT INC. 2004. STATISTICA (Data 
analysis software system), Vers. 7. 
Computer software. 
[htpp//www.statsoft.com]. 

STOBART A.R., W.T. GRITHS, J. AMEEN-
BUKHARI, R.P. SHEWOOD. 1985. The 
effect of Cd2+ on the biosynthesis of 
chlorophyll in leaves of barley. - 
Physiologia Plantarum, 63: 293-298. 

URUÇ K., D.D. YILMAZ. 2008. Effect of 
cadmium,lead and nickel on inhibition 



Iliana Velcheva, Slaveya Petrova, Violeta Dabeva, Diliyan Georgiev 

© Ecologia Balkanica 
http://eb.bio.uni-plovdiv.bg 

Union of Scientists in Bulgaria – Plovdiv 
University of Plovdiv Publishing House 

 

 
water uptake and germination for the 
seeds of different plants. - D.P.U. Fen 
Bilimleri Enstitusu 17, 1-10. 

VALCHEVA E., V. POPOV. 2007. Some 
problems, related to the pollution of 
Topolovska River, through the 
Protected Area “Chinar dere”. - 
Scientific works of Agricultural 
University, LII: 161-166. 

VALCHEVA E., V. POPOV. 2008. Monitoring of 
the River Topolovska pollution 
through the Protected Area “Chinar 
dere” at Topolovo Village. In: 7-th 
National Scientific Conference with 
International participation Ëcology and 
Health”, April 2008, “Territorial 
organization science and technology 
unions and house of science and 
technique Plovdiv”: 547-552. 

VASSILEV A., M. BEROVA, Z. ZLATEV. 1998. 
Influence of Cd on growth, 
chlorophyll content and water 

relations in young barley plants. - 
Biologia Plantarum, 41 (4): 601-606. 

WIERZBICKA M., J. OBIDZINSKA. 1998. The 
effect of lead on seed imbibition and 
germination in different plant species. 
- Plant Science, 137: 155 -171. 

XU P., J. ZOU, Q. MENG, J. ZOU, W. JIANG, D. 
LIU. 2008. Effects of Cd2+ on seedling 
growth of garlic (Allium sativum L.) 
and selected physiological and 
biochemical characters. - Bioresource 
Technologies, 99 (14): 6372-6378. 

 
 
 
 
 
 
 
 

Received: 25.07.2012 
Accepted: 13.11.2012

 


