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Abstract. The aim of this study is to determine the influence of lead on the species: Athyrium filix-femina (L.) Roth, Dryopteris filix-
mas (L.) Schott and D. affinis (Lowe) Fraser-Jenk. In order to reach this issue, we proposed the following objectives: the monitoring 
of the gametophyte differentiation on the soil that was contaminated with different lead concentrations and the estimation of the 
physiological status of the 3 species of fern in the initial development status (gametophyte and young sporophyte) through the 
analysis of the photosynthetic pigments and the determination of the antioxidant potential through the analysis of polyphenols. The 
variants tested were V1=0.1 g Pb2+, V2=0.2 g Pb2+, V3=0.5 g Pb2+, V4=1 g Pb2+and Control. Of the three species considered in the 
study, we have noticed, for the Athyrium filix-femina, the most advanced differentiation of the gametophyte. Low Pb concentrations: 
V1 and V2 stimulate the pigments content at A. filix-femina, respectively at Dryopteris filix-mas, and, of the pigments, the carotenoids 
have a protective role. A protective role against the stress produced by the heavy metal action is also possessed by the polyphenols, 
which usually tent to grow compared to the control, but without noticing significant differences. 
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Rezumat. Modificări morfogenetice și biochimice ale gametofitului și sporofitului, induse de plumb, la unele specii 
de ferigi. Scopul acestei lucrări a fost de a determina influența Pb asupra speciilor: Athyrium filix-femina (L.) Roth, Dryopteris filix-
mas L. Schott și D. affinis (Lowe) Fraser-Jenk. Pentru a putea realiza acest aspect ne-am propus următoarele obiective: monitorizarea 
diferențierii gametofitului pe solul contaminat cu diferite concentrații de Pb și estimarea condiției fiziologice a celor trei specii de 
ferigi aflate în stadii inițiale de dezvoltare (gametofit și sporofit tânăr) prin analiza pigmenților asimilatori și determinarea 
potențialului antioxidant prin analiza polifenolilor. Variantele experimentale testate au fost V1=0.1 g Pb2+, V2=0.2 g Pb2+, V3=0.5 g 
Pb2+, V4=1 g Pb2+ și Martor. Dintre cele 3 specii luate în studiu, la Athyrium filix-femina s-a observat cea mai avansată diferențiere. 
Concentrațiile mici de Pb: V1 și V2 stimulează conținutul de pigmenți la A. filix-femina respectiv la Dryopteris filix-mas, iar dintre 
pigmenți, carotenoizii au rol de protecție. Rol de protecție împotriva stresului provocat de acțiunea metalelor grele au și polifenolii 
care au, de regulă, tendință ascendentă comparativ cu martorul, însă fără a exista diferențe semnifcative. 
 
Cuvinte cheie: ferigi, pigmenți, polifenoli, plumb. 

 
INTRODUCTION 

 
The irrational exploitation and the human activities influence the quality of the atmosphere, the hydrosphere 

and the lithosphere, leading to their degradation. The pollution of the soil with heavy metals has a high significance, due 
to their persistency in the environment, the bioaccumulation at the level of the trophic chain and the effects on the 
human health (LIU et al., 2010; WUANA & OKIEIMEN, 2011). Some fern species have the ability to hyperaccumulate 
metals, so they play an important role in phytoremediation (RATHINASABAPATHI, 2011). The gametophyte of 
Asplenium scolopendrium, A. trichomanes-ramosum, Cystopteris fragilis, Polypodium vulgare cultivated in vitro on 
lead-containing medium have the capacity to bioaccumulate the metal (SOARE et al., 2015).  

Lead is one of the most abundant heavy metals (TIWARI et al., 2013), which is featured by low solubility and 
high linking capacity at colloidal level. Thus, the residence time in soil is high, so that it could influence, on a large 
period of time, plant growth and metabolism (BHATTI et al., 2013).  

VELCHEVA et al. (2012) consider that the gathering of objective information on the phytotoxicity in the 
environment is made considering the growth and the functional parameters. The reduction of the plant productivity is 
the result of the contamination of ecosystems with heavy metals, which act on the photosynthetic pigments and, 
implicitly, on the photosynthesis, reducing its efficiency (GRUCA-KROLIKOWSKA & WACLAWSKI, 2006). The 
pigment content provides information on the physiologic status of the plant: it ensures the optimum for the absorption 
of light (WAHID & GHAZANFAR, 2006) and directly influences the primary production (CURRAN et al., 1990). 

The antioxidant mechanisms of the plants, based on carotenoids, enzymes (catalase, peroxidase, etc.), polyphenols, 
compensate the stress that is produced by the action of heavy metals. Polyphenols represent a large and diverse group of 
secondary metabolites of plants, which influence important processes: the germination of seeds, the growth of plants and the 
regulation of enzymatic activity (KAROLEWSKY & GIERTYCH, 1994). Also, they have a protective role against the 
reactive species of oxygen, the UV light, pathogenic factors, parasites and predators (MOJZER et al., 2016).  

The aim of this study is to determine the influence of lead on the species of Athyrium filix-femina (Linnaeus) 
Roth (1799), Dryopteris filix-mas (Linnaeus) Schott (1834) and D. affinis (Lowe) Fraser-Jenkins (1979). In order to 
reach this issue, we proposed the following objectives: the monitoring of the gametophyte differentiation on the soil that 
was contaminated with different lead concentrations and the estimation of the physiological status of the three species 
of fern in the initial development status (gametophyte and young sporophyte) through the analysis of the photosynthetic 
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pigments and the determination of the antioxidant potential through the analysis of polyphenols. The study provides 
new data on the morphogenesis and biochemical behavior of the gametophyte, as well as the young sporophytes in 
some native fern species in the presence of lead. 

 
MATERIALS AND METHODS 

 
The initial biologic material was represented by spores collected from Athyrium filix-femina (Linnaeus) Roth (1799), 

Dryopteris filix-mas (Linnaeus) Schott (1834) and D. affinis (Lowe) Fraser-Jenkins (1979). The spores of the three species 
were collected during August and September 2016 from samples in the Vâlsan Valley: North 45o20', East 0,24o43' (Argeș 
County, Romania). Subsequently to the collecting process, they have been kept in the refrigerator (4oC) for 2 months. The soil 
has been sterilized at 105°C in the oven for two and a half hours. The biological material and the soil used in the experiment 
did not contain Pb before the experiment was initiated, the quantitative determination of the metal was achieved by 
inductively coupled plasma atomic emission spectrometry (ICP-AES) (SOARE et al., 2015). For each variant, we used 200g 
of soil, which was soaked in Knop solution: Ca(NO3)2:1.00 g·L-1; MgSO4: 0.25 g·L-1; KH2PO4: 0.25g·L-1; KNO3: 0.25g·L-1. 
We dissolved, in Knop solution, the lead acetate, in different quantities, in order to reach some progressive concentrations: 
V1=0.1 g Pb2+, V2=0.2 g Pb2+, V3=0.5 g Pb2+, V4=1 g Pb2+. After a homogenous mixing, the soil was uniformly distributed in 
Petri boxes (50mg/box). To start the experiment, the spores  were dispersed on the whole surface of the soil in the box, and the 
boxes were put in the growing room (16h of lighting, 8h of darkness, constant humidity, temperature 25°C in the day and 
15°C at night) and periodically watered with distillated water. Periodical observations on the gametophyte and sporophyte 
differentiation were made using the OPTIKA B275 microscope and using the OPTIKA SZR stereomicroscope. For the 
biological material reached after 4 months from the beginning of the experiment, we determined the content of photosynthetic 
pigments (the spectro-photometric method), as well as of the polyphenols (ORȚAN et al., 2015). The statistical interpretation 
of the data was made using the SPPS software (Version 16 for Windows). The values are the means of 3 repetitions ± 
standard deviation; a, b, c, d - Duncan test results: the comparisons were made between Control and V1-4. 

 

RESULTS AND DISCUSSION 
 

The differentiation of the gametophyte is the most advanced in the A. filix-femina species: after one month, the 
chordate prothallia, with reproductive organs (antheridia with viable anterosoids and archegonia) (Table 1), and, during 
the second month, the low size sporophyte is differentiated (Table 2). In case of D. affinis, after the first month, the 
chordateprothallium stage only emerged in the control and in case of the variants with low concentrations of Pb2+ (V1-2). 
In the other cases, we can notice the following stages: young prothallia, blade and prothallium filament, stages that are 
characteristic for the D. filix-mas species also, irrespective of the variant. 

  
Table 1. The gametophyte development after 1 month. 

 

VARIANTS 
Athyrium filix-femina (Aff) Dryopteris filix-mas (Dfm) Dryopteris affinis (Da) 

One month 
Control/C chordate prothalia, antheridia, 

archegonia  
young chordate prothalia chordate prothalia 

V1Pb chordate prothalia, antheridia prothallium blade and filament chordate prothalia 
V2Pb chordate prothalia, antheridia prothallium blade and filament chordate prothalia 
V3Pb chordate prothalia, antheridia, 

archegonia,  
young prothalia prothallium blade and filament 

V4Pb young chordate prothalia, antheridia,  prothallium blade and filament young prothalia 
  

Table 2. The gametophyte development after 2 months.   

 
VARIANTS 

Athyrium filix-femina Dryopteris filix-mas Dryopteris affinis 
2 months 

Control/C sporophyte & gametophyte sporophyte & gametophyte chordateprothalia 
V1Pb sporophyte & gametophyte gametophyte (antheridia, archegonia) sporophyte & gametophyte 
V2Pb sporophyte & gametophyte gametophyte with archegonia sporophyte & gametophyte 
V3Pb sporophyte & gametophyte sporophyte & gametophyte sporophyte & gametophyte 
V4Pb sporophyte & gametophyte sporophyte & gametophyte sporophyte & gametophyte 

 
Two months after the beginning of the experiment, the differences between the variants started to 

progressively reduce: next to the gametophyte, usually represented by the chordate prothallia, the sporophyte emerges, 
with exceptions (D. affinis control and V1-2 D. filix-mas), and, after 4 months, the sporophyte stage emerges at all the 
variants, being predominant (Figs. 1-5). 

The determination of the photosynthetic pigments. 4 months after the beginning of the experiment, we 
determined the content of pigments: chlorophyll a, chlorophyll b and carotenoids. According to Figs. 6, 7, 8 for the 
chlorophyll, we can notice, in most of the cases, a growing trend; thus, for species A. filix-femina at V1Pb and V3Pb, the 
growth reaches 22, respectively 14% compared to the M variant; for D. filix-mas, the determined values of chlorophyll 
are usually between 0.179 (V3Pb) and 0.240 (V4Pb). 
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Figure 1. Aff, C-4 
months. 

Figure 2. Aff, V4Pb-4 
months. 

Figure 3. Dfm, M-4 
months. 

Figure 4. Dfm, V3Pb-4 
months. 

Figure 5. Da, V3Pb-4 
months (originals). 

 
 

 
Figure 6. Content of pigments in Athyrium filix-femina. (The values are the means of 3 repetitions ± standard deviation; 

a, b, c, d - Duncan test results: the comparisons were made between Control and V1-4). 
 

 
Figure 7. Content of pigments in Dryopteris filix-mas. (The values are the means of 3 repetitions ± standard deviation; a, b, c, d - 

Duncan test results: the comparisons were made between Control and V1-4). 
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Figure 8. Content of pigments in Dryopteris affinis. (The values are the means of 3 repetitions ± standard deviation;  

a, b, c, d - Duncan test results: the comparisons were made between Control and V1-4). 
 

In the case of the 3rd species, D. affinis, for chlorophyll a, the single significant growth is seen at V3Pb. LIU et 
al. (2010) noticed that both the high and the low concentrations of Pb (100, 500, 2000 mg/ kg-1 of dry soil) stimulated 
the chlorophyll synthesis in the incipient stages of wheat growth. A growth was also noticed, for Medicago sativa, in 
the total photosynthetic pigments content (chlorophyll a and b), for the variant of 50 ppm Pb compared to the control 
(OLTEANU et al., 2008). Of the 12 studied species, SEDZIK et al. (2015) decided that in case of the rye, wheat and 
sunflower there are no significant differences between the total content of chlorophyll of the control and the variant 
with 1mN Pb, and for the Nicotiana tabacum (ALKHATIB et al., 2012) the effect of the Pb(NO3)2 found in various 
concentrations (5, 10, 25, 50, 100, 300, 500 µM) on the chlorophyll content was insignificant. In the V2Pb variant, we 
notice contrary results in case of the two species: for A. filix-femina, we registered the lowest chlorophyll concentration, 
with a growth of 16% compared to the control, as for the D. filix-mas, we reached the highest value, of 0.317 (a growth 
of 74% compared to M).  

The same trends were also noticed for chlorophyll b and carotenoids, reaching low concentrations for A. filix-
femina and high concentrations for the D. filix-mas. Except the V2Pb variant, on the first two species, there are no 
significant differences between the chlorophyll b content of the Pb variants and the control. In case of D. affinis, at the 
highest concentration of Pb2+ (V4Pb), we confirm the result of VODNIK et al. (1999): chlorophyll b is much more 
sensitive than chlorophyll a at the treatment with Pb, the reduction being significant in our case. For the Brassica 
pekinensis, the Pb with a concentration of 4 mmol/kg-1 has stimulated the chlorophyll b content, but it did not influence 
the quantity of chlorophyll a (XIONG et al., 2006), and in case of two species of moss tree of the Thuidium genes (T. 
delicatulum and T. sparsifolium), we noticed an insignificant reduction of the chlorophyll a, b and total chlorophyll 
reduction after the exposure to Pb(NO3)2 (SHAKYA et al., 2008). 

The carotenoids display a growing trend for D. filis-max, with significant growths for all the Pb variants. The 
significant growing trend emerges at the A. filix-femina in only two cases of V1Pb and V3Pb, and in case of D. affinis at 
V3Pb. BHATTI et al. (2013) noticed a significant increase in the carotenoids content for the two types of Triticum 
aestivum subsequently to the exposure at concentrations of 0, 40 and 60 ppm Pb. For Daphne jasmine, the Pb nitrate 
treatment stimulated the carotenoid and chlorophyll synthesis (WISZNIEWSKA et al., 2015). The growth of the 
carotenoids content, as a result of the action of heavy metals, has the role of protecting the plant from ROS (BHATTI et 
al., 2013; SCHWARZAUR-ROCKETT et al., 2013); the Arabidopsis thaliana species especially uses carotenoids to 
compensate the stress produced by Pb (BAEK et al., 2012). For the Pluchea sagitallis (ROSSATO et al., 2012) and 
Asplenium scolopendrium (DRĂGHICEANU et al., 2016) species, Pb did not influence the quantity of carotenoids. 

Total polyphenol content. 4 months after the beginning of the experiment, we determined the total content of 
polyphenols (Fig. 9) and we noticed the following: for A. filix-femina we noticed a growing trend for the V1 and V3 variants; 
the growth reaches 10% for the V3Pb and nearly 49% from the control to V1Pb (significant growth compared to the control). 
For D. filix-mas, the total polyphenol content is usually between 30.6% (V3Pb) and 42.75% (V4Pb). The exception in the 
species also emerges at V2Pb (also met in pigments) where we notice a half-life of the value reached in the control. On the 
second species of Dryopteris, the highest growth is 15% for V1Pb, and for the V3Pb, we reached 8% lower value reported to 
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the control. According to SCHWARZAUR-ROCKETT et al. (2013), the growth of the phenolic compounds content 
represents a defense mechanism against the stress produced by the Pb. At the concentration of 900 mg Pb kg-1, the growth of 
the phenolic content was significant for wheat (PAZOKI, 2015) and for Vigna radiata, Pb (50 ppm, 120 ppm) led to the 
reduction of the polyphenolic content (NAJAFI & JAMEI, 2014). HARANGOZO et al. (2014) noticed a low decrease in the 
content of polyphenols for flax for the variant of 1092 mg kg-1Pb, but without overpassing the value of the control. 
 

 
 

Figure 9. Total polyphenol content after 4 months (Gallic Acid Equivalents/Dry Weight). 

   
CONCLUSIONS 

 
Of the three species considered in the study, we noticed, for the Athyrium filix-femina, the most advanced 

differentiation of the gametophyte, one month after the beginning of the experiment (chordate prothallium with 
antheridia and archegonia). Differences are progressively reduced during the four months so that it emerges at all 
species next to gametophyte and sporophyte. Low Pb concentrations: V1 (0.1 g Pb2+) and V2 (0.2 g Pb2+) stimulate the 
pigments content at Athyrium fillix-femina, respectively at Dryopteris filix-mas, and, of the pigments, the carotenoids 
have a protective role. A protective role against the stress produced by the action of heavy metals is also possessed by 
the polyphenols, which usually tent to grow compared to the control, but without noticing significant differences. 

 
ACKNOWLEDGMENT 

 
The authors thank the following researchers for their contribution to the work (quantitative determination of the Pb): 

Irina Fierăscu, Radu Caludiu Fierăscu (The National Institute for Research & Development in Chemistry and Petrochemistry, 
ICECHIM, Bucharest). 

REFERENCES 
 

ALKHATIB R., MARUTHAVANAN J., GHOSHROY S., STEINER R., STERLING T., CREAMER R. 2012. 
Physiological and ultrastructural effect of lead on tobacco. Biologia Plantarum. Elsevier. Paris. 56(4): 711-716.  

BAEK S., HAN T., AHN S., KANG H., CHO M. R., LEE S. C., IM K. H. 2012. Effect of heavy metals on plant growths and 
pigment contents in Arabidopsis thaliana. Plant Pathology Journal. Springer. Berlin. 28(4): 446-452. 

BHATTI K. H., ANWAR S., NAWAZ K., HUSSAIN K., SIDDIQI E. H., SHARIF R. U., TALAT A., KHALID A. 
2013. Effect of hevay metals (Pb) stress of different concentration on wheat (Ttriticum aestivum L.) Middle-
East Journal of Scientific Research. Elsevier. London. 14 (2): 148-154. 

CURRAN P. J., DUNGAN J. L., GHOLZ H. L. 1990. Exploring the relationship between reflectance red edge and 
chlorophyll content in slash pine. Tree Physiology. Oxford University Press. Oxford. 7: 33-48.  

DRĂGHICEANU OANA ALEXANDRA, SOARE LILIANA CRISTINA, POPESCU MONICA. 2016. Physiological 
and antioxidant responses of Asplenium scolopendrium to elevated amounts of lead in soil. Scientific studies 
and research. Biology. University Press. Pitești. 25(1): 50-54. 

GRUCA-KROLIKOWSKA S. & WACLAWEK W. 2006. Metale wśrodowisku. Cz. II. Wpływmetaliciężkichnarośliny. 
Chemia-Dydaktyka-Ekologia-Metrologia. University Press. Warszawa. 11(1-2): 41-54. 

HARANGOZO L., TIMORACKÁ M., ÁRVAY J., BAJČAN D., TOMÁŠ J., TREBICHALSKÝ P., ZUPKA S. 2014. The 
Influence of Lead on the Content of Polyphenols in Seed of Flax under Model Conditions. Journal of microbiology, 
biotechnology and food sciences. Springer. Berlin. 3(1): 215-217. 



DRĂGHICEANU Oana Alexandra          BABAROGU Nicoleta          POPESCU Monica          SOARE Liliana Cristina 
 

170 
 

KAROLEWSKI P. & GIERTYCH M. J. 1994. Influence of toxic metal ions on phenols in needles and roots, and on 
root respiration of scots pine seedlings. Acta Societatis Botanicorum Poloniae. University Press. Warszawa. 
63(1): 29-35. 

LIU D., LIU X., CHEN Z., XU H., DING X. 2010. Bioaccumlation of lead and the effects of lead on catalase activity, 
glutathione levels and chlorophyll content in the leaves of wheat. Communications in Soil Science ad Plant 
Analysis. Springer. New York. 41(8): 935-944. 

MOJZER E. B., HRNČIČ M. K., ŠKERGET M., KNEZ Z., BREN U. 2016. Polyphenols: Extraction Methods, Antioxidative 
Action, Bioavailability and Anticarcinogenic Effects. Molecules. Elsevier. Basel. 21(7): 901-905. 

NAJAFI S. & JAMEI R. 2014. Effect of Silver Nanoparticles and Pb (NO3)2 on the Yield and Chemical Composition of 
Mung bean (Vigna radiata). Journal of Stress Physiology & Biochemistry. Elsevier. Paris. 10(1): 316-325. 

OLTEANU ZENOVIA, STRATU A., MURARIU A., COSTICĂ N. 2008. The influence of some heavy metals on 
Medicago sativa seed germination and seedling growth. Analele Ştiințifice ale Universității "Al. I. Cuza" Iaşi, 
Genetic and molecular biology series. Edit. Universitaria. Iași. 10: 55-63. 

ORȚAN A., FIERĂSCU I., UNGUREANU C., FIERĂSCU R. C., AVRAMESCU S. M,. DUMITRESCU O., DINU-
PÎRVU C. E. 2015. Innovative phytosynthesized silver nanoarchitectures with enhanced antifungal and 
antioxidant properties. Applied Surface Science. Elsevier. London: 540-548. 

PAZOKI A. 2015. Evaluation of flavonoids and phenols content of wheat under different lead, PGPR and Mycorrhiza 
levels. Biological Forum – An International Journal. University Press. Warszawa. 7(1): 309-315. 

RATHINASABAPATHI B. 2011. Arsenic hyperaccumulator fern Pteris vittata: utilities for arsenic phytoremediation 
and plant biotechnology. In: Fernández H, Kumar A and Revilla MA (Eds). Working with Ferns, Issues and 
Applications. Springer. New York, Dordrecht, Heidelberg, London: 261-269. 

ROSSATO L. V., NICOLOSO F. T., FARIAS J. G., CARGNELLUTI D., TABALDI L. A., ANTES F. G., DRESSLER V. 
L., MORSCH V. M., SCHETINGER M. R. 2012. Effects of lead on the growth, lead accumulation and 
physiological responses of Pluchea sagittalis. Ecotoxicology. Springer. New York. 21(1): 111-123. 

SCHWARZAUER-ROCKETT K., AL-HAMDANI S. H., RAYBURN J. R., MWEBI N. O. 2013, Utilization of kudzu 
as a lead phytoremediator and the impact of lead on selected physiological responses. Canadian Journal Plant 
Science. Elsevier. Toronto. 93: 951-959. 

SĘDZIK M., SMOLIK B., KRUPA-MAŁKIEWICZ M. 2015. Effect of lead on germination and some morphological 
and physiological parameters of 10-day-old seedlings of various plant species. Environmental Protection and 
Natural Resources. Springer. Stuttgart. 3(65): 22-27.  

SHAKYA K., CHETTRI M.K., SAWIDIS T. 2008. Impact of heavy metals (copper, zinc, and lead) on the chlorophyll 
content of some mosses. Archive Environmental Contamination Toxicology. Springer. Munchen. 54(3): 412-421. 

SOARE LILIANA CRISTINA., VIȘOIU E., BEJAN C., DOBRESCU CODRUȚA MIHAELA, FIERĂSCU I., IOSUB I., 
PĂUNESCU ALINA. 2015. Research on the in vitro bioaccumulation capacity of lead in some pteridophyte species 
of the romanian flora. Revue Roumaine de Chimie. Roumanian Academy Press. Bucharest. 66(12): 2017-2020. 

TIWARI S., TRIPATHI I. P., TIWARI H. L. 2013. Effects of Lead on Environment. International Journal of Emerging 
Research in Management &Technology. University Press. New Delhi. 2(6): 1-5. 

VELCHEVA I., PETROVA S., DABEVA V., GEORGIEV D. 2012. Eco-physiological Study on the Influence of 
Contaminated Waters from the Topolnitza River Catchment Area on Some Crops. Ecologia Balkanica. 
University of Plovdiv Publishing House. Plovdiv. 4(2): 33-41. 

VODNIK D., JENTSCHKE G., FRITZ E., GOGALA N., GODBOLD D. L. 1999. Root-applied cytokinin reduces lead 
uptake and affects its distribution in Norway spruce seedlings. Physiologia Plantarum. Wiley Press. Medford. 106: 
75-78. 

WAHID A. & GHAZANFAR A. 2006. Possible involvement of some secondary metabolites in salt tolerance of 
sugarcane. Journal of Plant Physiology. Springer. Berlin. 163: 723-730. 

WISZNIEWSKA A., HANUS-FAJERSKA E., SMOLEŃ S., MUSZYŃSKA E. 2015. In vitro selection for lead 
tolerance in shoot culture of Daphne species. Acta Scientiarum Polonorum Hortorum Cultus. Polish 
Agricultural Universities Press. Warszawa. 14(1): 129-142. 

WUANA R. A. & OKIEIMEN F. E. 2011. Heavy Metals in Contaminated Soils: A Review of Sources, Chemistry, 
Risks and Best Available Strategies for Remediation. International Scholary Research Notices. Ecology. 
Hindawi Publishing Corporation. London: 2-20.  

XIONG Z. T., ZHAO F., LI M. J. 2006. Lead toxicity in Brassica pekinensis Rupr.: effect on nitrate assimilation and 
growth. Environmental Toxicology. Springer. Berlin. 21(2): 147-153.  

 
 

Drăghiceanu Oana Alexandra, Babarogu Nicoleta, Popescu Monica, Soare Liliana Cristina 
University of Piteşti, Târgul din Vale Street, 1, Piteşti, 110040, Romania. 

E-mails: o_draghiceanu@yahoo.com; soleil_cri@yahoo.com; nicoletabbr@gmail.com; monica_26_10@yahoo.com 

 
Received: March 31, 2017  

Accepted: July 7, 2017  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


