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MATERIAL AND METHODS

INTRODUCTION
The species of Salix genus, constitute a promising source in
the action of fighting against the environment degradation, and
offer remedy for about two third from the all degradation types.
The majority of the willow species, present a good adaptation to
hypoxic conditions, feature which suggest that they manifest a
preference for mineral nutrition in comparison with organic one.
Thus, many of willow species can be developed on soils with a big
amount of minerals and/or radionuclides, being both
phytoremediatory species, as well as pioneer ones, contributing
to the soil restoration (Landberg and Greger 1994; 1996; Vervaeke
et al.., 2003; Meers et al., 2005; Wenzel et al., 2005; Borišev et al.,
2009; Rowe et al., 2009; Borowiak et al., 2012).
In this paper are present some laboratory preliminary comparative
tests of heavy metals tolerance on four Salix sp. genotypes. In
order to evaluate the behavior of willow cuttings at different
concentrations of heavy metals, has been installed an experiment
whose results give us some basic information about the
phenotypic response of plants to heavy metals.

Biological material: clone 202 (Salix alba), hybrid 892
(Salix alba) (Romanian genotypes); Inger (Salix
viminalis) and Gudrun (Salix viminalis) (Swedish
genotypes). As plant material were used one-year-old
cuttings (5-10 cm long), with 2-6 buds each.
Experimental design: ten experimental variants for each
genotype: three concentrations of Cd, Ni, Pb and Control
(tap water).
Methods:
Biometrical observations: the roots number and length,
the shoots number and length, the leaves number/shoot,
viability of the shoots (days 10th and 20th) .
Statistics
All statistical analyses were performed with commercially
available software (STATISTICA 10).The data were analyzed
one-way analysis of variance (ANOVA) , Duncan test. The
differences were considered significant at a probability level
of 95% (P < 0.05).

RESULTS AND DISSCUSIONS
Phenotypic response of Salix genotypes to different concentrations of analyzed heavy metals is dependent by metal, concentration and
genotype, as reveals the analysis of variance (Table 1-4).
H892 Control

Cd 1 ppm/l

Clone 202 Ni 150ppm/l

Cd stimulate significantly roots and shoots meristems differentiation, and slightly the cell division and elongation, as reveals the analysis
of variance (Table 5, Figs 1-4) . Cd (1-3ppm/l) stimulate foliar organogenesis, in most genotypes. H 892 proved to be resistant, even at a
concentrations over the alert limits, Inger was tolerant, while clone 202 and Gudrun proved to be sensitive.
Ni inhibited significantly the shoots development, inducing clorosis of the young shoots and finally necrosis (Table 6, Figs. 5-8). Clone 202
and Inger are most sensitive to Ni, with very few plants survived at the end of experiment.
Pb, in highest concentration, inhibited significantly both rhysogenesis and organogenesis, as well as shoot elongation. A tolerant behavior
had H892 and Inger.
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There are significant differences, regarding the
developmental behaviour among the genotypes:
12

REFERENCES.
Borišev M, Pajević S, Nikolić N, Pilipović A, Krstić B, Orlović S (2009) Phytoextraction of Cd, Ni, and Pb using four willow clones (Salix spp.). Polish J. Environ. Stud., 18 (4): 553-561.
Borowiak K, Drzewiecka K, Mogdziak Z, Gaseka M, Mleczek M, (2012) Effects of Ca/Mg ions ratio on copper accumulation, photosynthetic activity and growth of Cu 2+ - treated Salix viminalis L. “Cannabina”. Phytosynthetica 50 (3): 353-361. doi: 10.1007/s11099012-0040-8.
Landberg T, Greger M, (1994) Can heavy metal tolerant clones of Salix be used as vegetation filters on heavy metal contaminated land? In: Aronsson P, Perttu K (eds) Willow vegetation filters for municipal wastewaters and sludges. A biological purification system.
Report 50. Swedish Univ. Agric. Sci., Uppsala, pp 133–144.
Landberg T, Greger M (1996) Differences in uptake and tolerance to heavy metals in Salix from unpolluted and polluted areas. Appl. Geochem. 11:175–180. Mukti G (2014) – Heavy metal stress in plants: a review. International Journal of Advanced Research, 2
(6): 1043-1055.
Meers E, Lamsal S, Vervaeke P, Hopgood M, Lust N, Tack FMG (2005) - Availability of heavy metals for uptake by Salix viminalis on a moderately contaminated dredged sediment disposal site. Environ Pollut. 137:354–364.
Vervaeke P, Luyssaert S, Mertens J, Meers E, Tack FMG, Lust N, (2003) Phytoremediation prospects of willow stands on contaminated sediment: a field trial. Environ Pollut. 126:275–282.
Wani BA, Khan A, Bodha RH (2011) Salix: A viable option for phytoremediation. African J., Environ. Science & Technol., 5 (8): 567-571
Wenzel WW, Wieshammer G, Sommer P, Unterbrunner ER, Puschenreiter M, Dos Santos MN (2005) Phytoremediation of metal contaminated soils using trees (Salix, Populusa sp.): prospects and limits. University of Natural Resources and Applied Life
Sciences, Vienna, 30 pp. Pulawy/March 10-12, 2005. www.rhizo.at

CLONE 202 – tollerant; Ni > Pb > Cd
H 892– rezistant ; Cd > Ni > Pb
INGER- tolerant Ni > Cd > Pb
GUDRUN– sensitive; Ni > Pb > Cd
The best results for all treatment variants were
registered in hybrid 892. Clone 202, hybrid 892 and
Inger are sensitive to highest concentration of lead
(450.0 ppm) and tolerant to all other treatment variants,
while Gudrun is sensitive to Ni, but all the
concentrations of Cd and Pb presented an incentive
effect on shoots development.
First stage development, in the presence of heavy
metals may provide guidance in choosing proper
genotypes for the field trial on degraded soil (industrial
pollution).
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