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Matus$ PESK® and Katarina KRROVA?!

PHYSIOLOGICAL RESPONSE OF TWO Brassica hapusL.
CULTIVARS TO NICKEL TREATMENT

WPLYW NIKLU NA REAKCJE FIZJOLOGICZNE
DWOCH ODMIAN Brassica napus L.

Abstract: Adverse effect of nickel on hydroponically cultied plants of twoBrasssica napus L. cultivars
(Verona and Viking) was investigated. Dry masshafats and roots as well as some biochemical cleisiits
(concentration of photosynthetic pigments, TBARS aroteins) of plant leaves were determined. Intad the
content of nickel in plant organs was estimatediblé symptoms of Ni toxicity were notable alreaatythe
lowest applied concentration (6nol - dm?®). Higher applied Ni concentrations (24, 60 and ji@l - dnd)
resulted in moderate to strong toxic effects omiglaof both studied cultivars. After application &fand
12 pmol - dm® Ni shoot dry mass of cv. Viking was substantiatdo than that of cv. Verona. Decrease of root
dry mass after treatment with 6, 12 and 1@l - dm® Ni was similar for both cultivars. Strong decrearse
content of photosynthetic pigments was observeat aftplication of 12@umol - dmi®. Comparing to the control,
the content of these pigments in leaves of plantpmked under 50% (both cultivars). The highest iadpNi
concentration 12Qumol - dn® caused that protein content in leaves dropped 39 &v. Verona) and 37%
(cv. Viking) comparing to the control plants. Aftepplication of 120pmol - dm?® Ni the content of
malondialdehyde in leaves was 2.64- (Viking) and12.(Verona) times higher than that of control. kéic
amounts accumulated in roots of plants were higfan those in shoots. Accumulated Ni amounts itsrobcv.
Verona plants were 1.3- (120nol - dn®) to 1.9- (6pmol - dm®) times lower than those of cv. Viking plants,
whereas metal amounts accumulated in shoots éfenana plants were 1.2- (126nol - dm) to 1.8- (6umol -
dm™) times lower than those of cv. Viking plants.

Keywords: bioaccumulationpickel, chlorophyll, protein, malondialdehyde, raped

Brassica napus L. (rapeseed) is an important crop for edible edduction [1]. Recent
efforts have focused on the use of rapeseed oprtamluce bio-fuels and rapeseed is
currently the third most important crop after say@nd corn for biodiesel production [2].
B. napus is known to be able to accumulate substantial antsoof metals, moreover, this
plant is high in biomass and various genotypes arailable. Rapeseed belongs to
Brassicaceae family and it is known that this family includesveral hyperaccumulator
species [3].
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Nickel is twenty-second most abundant element efdhrth’s crust and it occurs in
igneous rocks as a free metal, or together with.ifdi is released into the environment
mainly from anthropogenic activities, such as matdhing, smelting, industrial and
municipal wastes and fertilizer applications [4pri€entration of this metal in polluted soil
may be 20- to 30-fold higher than the overall ra(b@ 1000 mg - kd) found in natural
soil [5]. Nickel is essential for higher plants lmw concentrations and it is up-taken by
plants mainly through root system via passive difin (cation transport system) and active
transport, using the magnesium ion transport systenby high-affinity nickel transport
proteins [6]. Similarly to other micronutrients k& becomes toxic to plants when applied
in excess. The common visible symptoms of Ni tdyidinclude growth inhibition,
chlorosis, necrosis and wilting. Disturbance of ena nutrition, photosynthesis, water
relations, respiration as well as nitrogen metaolhave been reported for plants submitted
to Ni stress [7-9]. Nowadays, attention of researshhas been focused on Ni-induced
oxidative stress. It has been found, that despiiively low redox potential, nickel may
induce formation of reactive oxygen species (R@®Bijch are responsible for oxidation of
macromolecules in plant tissues [8]. Impairmentneémbrane function, its decreased
thickness and enhanced leakiness have been atlibmistructural changes associated with
modifications of membrane lipid composition anddiperoxidation [10, 11]. Plants have
developed several antioxidant mechanisms, bothreatiy and non-enzymatic, to prevent
the damage caused by the overproduction of ROSce&Znimg non-enzymatic mechanisms,
the accumulation of soluble proline is recognizedaving an important protective function
against heavy metal stress, being reported tosaatradical scavenger or involved in metal
chelation [12]. Glutathione, cysteine and ascodii can also directly interact with and
detoxify oxygen free radicals [13]. In additiongthipid-soluble antioxidants carotenoids
play a multitude of functions in plant metabolisneluding oxidative stress tolerance [14].
Enzymatic mechanisms include enzymes such as sugedismutase (SOD), catalase
(CAT), peroxidase (POD) [15].

Aim of this paper is to investigate the adversed# of Ni on plants of tw8. napus
cultivars Verona and Viking. Dry mass of shoots aodts as well as some biochemical
characteristics (concentrations of photosyntheiignents, TBARS and proteins) of plant
leaves were determined. In addition, the contemickel in plant organs was estimated.

Material and methods

Analytical reagent-grade chemicals purchased froemti@lchem (Bratislava) were
used for the preparation of all solutions. Freshsfilled water was used in all experiments.
For Ni treatments NiGlI- 6H0O was used. The seeds Bf napus (cv. Verona and
cv. Viking) were purchased from Slovak Centrum gfriultural Production, Research
Institute of Plant Production in Piestany, Slovakia

Seeds of rapeseed, cv. Verona and Viking were soterthe soil and after 7 days the
seedlings were transferred into Hoagland hydropaeoiction and cultivated 14 days at
controlled conditions (photoperiod 16 h light/8 drk} irradiation: 8Qumol - m?- S*PAR;
mean air temperature: 25°C). Thereafter they weogvg in Hoagland solution containing
Ni (0, 6, 12, 24, 60 and 120mol - dm>). The response of plants to Ni treatment was
evaluated 7 d after metal application. For eactegrent six plants were used.
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Concentrations of assimilation pigments (chlorophylchlorophyllb and carotenoids)
in plant leaves were determined spectrophotomdiri¢€hl a at 663.2 nm, Chb at
646.8 nm, and Cars at 470.0 nm) after extractian B0% (v/v) acetone (Genesys 6,
Thermo Scientific, USA) according to Lichtenthalefl6]. Concentration of
malondialdehyde (MDA; main product of lipid peroaitbn) was determined
spectrophotometrically (Genesys 6, Thermo ScientifiSA) as a content of thiobarbituric
acid reactive substances (TBARS) in rapeseed leavesrding to method described in
detail in [17]. Protein concentration in rapesee@gaves was determined
spectrophotometrically (Genesys 6, Thermo ScientlflSA) according to Bradford [18]
using Bradford reagent; the exact procedure isrite=stin [17]. Dried plant samples were
heated in concentrated HN® the oven at 160°C for 6 h, then diluted withistided
water and metal contents were determined usindlahge atomic absorption spectrometry
method (AAS Perkin-Elmer Model 1100, at 232.0 nmthwdeuterium background
correction). Standard reference Ni stock solutibng(- dm® Merck, Germany) and the
certified standard reference materials NCS DC 73358plar Leaves (China) and NCS DC
733 49 Bush Branches and Leaves (China) were useddality assurance of the results.
The detection limit for Ni was 3Qg - dm> The precision of Ni determinatiom & 3)
expressed by relative standard deviation varigtérrange from 1 to 3%.

The results were evaluated by the multifactorial GAKA algorithm @ < 0.05) after
verification of normality and homogeneity of theriamce. The multiple comparisons of
means were based on the method of Tukey contrast.

Results and discussion

For all experiments two cultivars of rapeseed {éking and cv. Verona) were used.
Three weeks old plants were treated with differeabhcentrations (6, 12, 24, 60 and
120umol - dm®) of Ni for seven days. After this time period puation characteristics of
plants as well as content of photosynthetic piggleRiBARS and proteins in leaves were
evaluated. Moreover, Ni content in roots and shobtdants was estimated.

Visible symptoms of Ni toxicity on plants of bothltivars were notable already at the
lowest applied metal concentration @ol - dm®, some leaves were mildly chlorotic.
Application of higher nickel concentrations (24, &Ad 120umol - dm® resulted in
moderate to strong toxic effects on plants (botidisd cultivars). After application of
24 umol - dm?® Ni leaves of plants were chlorotic to a great extEurthermore, in case of
cv. Verona plants, tips of some leaves were widted roots brownish. Two highest applied
concentrations of nickel (60 and 1@fol - dm°) caused that leaves of both cultivars were
strongly chlorotic, wilted and some even desiccgtedy for 120pmol - dm?). Roots were
brownish, small and growth of these plants waststumhibitory effect of Ni on plant
growth might be due to Ni-caused alternations afidamental metabolic processes,
eg photosynthesis and transport of photoassimilatas feaves [19]. It has been proposed
that also HO, plays an important role in the inhibition of grémaf heavy metal-stressed
plants [6].

Figure 1 presents dependence of dry mass of ptgane of both studied cultivars on
the applied Ni concentration. It is obvious thay dnass of plant organs decreased with
increasing Ni concentration in external solutiorur@esults are consistent with earlier
studies of various crops which have shown thatéridavels of trace elements, including



28 Matis Pesko and Katarina Ko&éa

Ni, cause a significant reduction in dry mass asgkstial metabolites [20-23]. Figure 1 also
shows some considerable differences between studidtivars. After application of
concentrations 6 and 4fnol-dm? shoot dry mass of cv. Viking was substantial lothen
that of control. On the other hand, dry mass ofosh@f cv. Verona plants treated with
12 umol - dm® Ni was not significantly different from that ofetitontrol plants.
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Fig. 1. Dependence of dry mass of plant organsvofB. napus cultivars on applied Ni concentrations.
| - shoots, cv. Vikingll - shoots, cv. Verondl|l - roots, cv. Viking;lV - roots, Verona

Application of 60pmol - dm® Ni resulted in slight decrease of shoot dry mass o
Verona in comparison to that of Viking. Decreaseaaft dry mass after application of 6, 12
and 120umol - dm?® Ni was similar for both cultivars in comparisontte control. Nickel
concentrations 24 and 0nol - dm? caused that roots dry mass of cv. Verona plans wa
significantly lower than that of Viking. Plant grtwdifferences among rapeseed cultivars
treated with various Ni concentrations were condidnalso in experiments of Ali et al [24].
Variability among cultivars to nickel stress mayvéabeen due to differences in
accumulation or distribution of Ni in shoots an@t[25].

Concentration of chlorophyll andb as well as concentration of carotenoids in leaves
of plants of two studiedB. napus cultivars are summarized in Table 1. Significant
concentration decrease of all three photosynthEtjiments with increasing external nickel
concentration was evident for both cultivars, althio plants of Verona seem to be more
sensitive to Ni treatment. After application of thewest studied Ni concentration
(6 umol - dm®) the concentration of chlorophyd andb as well as concentration of
carotenoids in leaves of cv. Verona plants was 8BOu 57 and 80% of that of control,
respectively. In case of Viking it was as follow#0, 81 and 87% of that of control,
respectively. Strong decrease in concentratiorigrhents was observed after application of
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120 umol - dm?® Ni. Comparing to the control, concentration ofgtibtosynthetic pigments
in leaves of plants dropped under 50% (both culsivéPlants of cultivar Viking seem to be
little less sensitive, especially in case of chidrgl b, concentration of which dropped by
about 60% comparing to the control, while in caé&w Verona plants the decline was
about 87% in comparison to the control. Concemtratif chlorophylla and of carotenoids
was at the highest applied Ni concentration (bl - dm? similar for both cultivars.
Several authors reported decreased chlorophyllergretion in the leaves of plants treated
with Ni [26-28] suggesting that such chlorosis cbrdsult from both Fe and Mg deficiency
and the inhibition of chlorophyll synthesis [27].

Table 1

Concentration of chlorophydl andb as well as carotenoids in leaves of plants ofBvoapus cultivars treated

with different Ni concentrations. MeanS.E.,n = 3. Data followed by different letters are sigcafintly different
at the 0.05 probability level; d.m. - dry mass,.S.&andard error

cultivar Ni conc. chl aconc. chl b conc. carot. conc.
[pmol - dnd) [g - kgtd.m] [g - kgtd.m] [g- kgtd.m]
0 15.3 +0.6a 4.7 £0.2a 45+0.2a
6 13.7 £ 0.4b 3.8+0.2b 3.9+0.1b
12 11.6 £ 0.4c 3.1+0.1c 3.5+0.1b
VIKING 24 10.3 + 0.4c 2.6 £ 0.2de 2.8 +0.2c
60 8.8 +0.4d 2.2 +0.2ed 2.2+0.2d
120 5.4 +0.4e 1.9+0.1d 1.6 +0.1e
0 14.8 +0.5a 4.6 £0.2a 4.0+0.3a
6 11.8 £ 0.5b 2.6 £0.2bc 3.2+0.2b
12 10.6 £ 0.7bc 2.8 +0.3ab 2.9+0.2b
VERONA 24 9.7 +0.7c 3.0 £ 0.3ab 2.6 +0.2d
60 7.3 +0.6d 0.9+ 0.1d 1.7+0.2¢c
120 4.8 £0.5e 0.6 +0.1cd 1.3+0.1c

Table 2 summarizes concentrations of proteins aBARS in leaves of plants of
studied rapeseed cultivars treated with Ni. De@edgrotein concentration in leaves with
increasing Ni concentration in external solutionswabserved for both cultivars. These
findings agree with earlier studies carried outivea [29],Cunonia macrophylla [30] and
sunflower [31]. The highest applied Ni concentmati®Oumol - dm?® caused the decrease
of protein concentration in leaves by 39% (cv. \fefpand 37% (cv. Viking) in comparison
to the control plants. After application ofnol - dm® Ni was the decrease only about 6%
(cv. Verona) and 5% (cv. Viking). Plants of cultivderona appear to be more sensitive to
the nickel stress, although the difference betwadtivars in the decrease of protein levels
is not remarkable. The decreasing protein concimtrén leaves could be assign to ROS
acting. Osman et al [32] showed that high leveldb€an result in a delay in the protein
biosynthesis essential for plant growth. In thigdgt nickel stress caused a 20% reduction
of the amino acid pool iBcenedesmus obliquus andNitzschia perminuta.

Concentration of malodialdehyde (MDA; main prodattipid peroxidation) in leaves
was determined as a content of thiobarbituric ae#ttive substances (TBARS). A rapid
increase of TBARS in leaves with increasing Ni aamtcation in external solution was
observed (comparing to the control). These resrksin good accordance with previous
studies with wheat [33] and rapeseed [28]. Thezthffice between cultivars was evident at
two highest applied metal concentrations (60 an® fithol - dm®) and the lipid
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peroxidation was more pronounced in plants of cuking. After application of
120 pmol - dm® Ni the concentration of TBARS in leaves was 2.€¥iking) and
2.31-times (Verona) higher than that of control.tefAfapplication of the lowest Ni
concentration (umol - dm? the TBARS level in leaves was not significantijfetent
(both cultivars) from the control. It has been mtpd that stimulation of lipoxygenase
activity under stress conditions reflects highpolytic activity in membranes and oxidation
of membrane-bound fatty acids by causing propagatfdipid peroxidation [34].

Table 2

Concentration of protein as well as concentratioRBARS in leaves of plants of twlB. napus cultivars treated

with different Ni concentrations. MeanS.E., n = 3. Data followed by different lettere argnificantly different
at the 0.05 probability level; d.m. - dry mass,.S.8andard error

. protein conc. TBARS conc.
Ni conc. _ -
[umol - i [g-kgld.m] [mmol - kg™ d.m.]
VIKING VERONA VIKING VERONA

0 79.9 + 3.4a 73.5+2.5a 1.42 £ 0.04a 1.35 £ 0.05a
6 76.1 +2.9ab 69.1 + 2.8ab 1.45 £ 0.04a 1.37 48€.0
12 71.6 +1.3bc 62.3 +2.2bc 2.01 £ 0.09b 1.78G60.

24 67.0 £ 2.5cd 59.4 +3.1c 2.18 £0.10b 2.07 £6.0
60 64.0 + 1.5d 46.2 +1.5d 3.01 £0.10c 2.61 +0.04
120 50.3 +2.2e 448 + 2.4d 3.75+0.16d 3.12 66.0

Bioaccumulation factors (BAF) express the ratiotlsf metal concentration in the
biological material jimol or pg - g* dry mass] to the metal concentration in external
solution in pmol] or [ug - dm?. Figure 2 presents dependence of BAF valuesaglat Ni
accumulation in roots (Fig. 2A) and shoots (Fig) aBplants of twoB. napus cultivars on
applied Ni concentration. Higher BAF values estidafor shoots reflect more effective
mobility of Ni in the plants. At two lowest appliédi concentrations 6 and 1&nol - dm?®
the root BAFs of cv. Viking were 1.6- and 1.9-tint@gher than those of cv. Verona. With
further external Ni concentration increase of tlierences were less pronounced. For
shoot BAFs, the differences between cultivars weoge notable in concentration range
6-24 pumol - dm®. BAF values of shoots of cv. Viking plants weré-1(24umol - dm?) to
2-times (6umol - dm®) times higher than those of cv. Verona.

In general, nickel amounts accumulated in rootglahts were higher than those of
shoots, although concentrations of Ni translocated shoots were considerably high.
These findings are supported by previous experisnaith wheat [33] an&olanum nigrum
L. [35] plants. Dependence of accumulated amouniioin roots on the applied metal
concentration showed quasi-parabolic course witdggal saturation of tissue by metal
(both studied cultivars). In case of shoots (cvrovia as well as cv. Viking), the linear
increase of accumulated metal with increasing egleNi concentration was observed.
Nevertheless, some differences between cultivaree vedbvious. In the studied metal
concentration range 6 to 1@nol - dm?® the amount of nickel accumulated in roots ranged
from 272 mg - kg d.m. (6umol - dm?) to 2123 mg - kg d.m. (120umol - dm?) for
Viking and from 144 mg - k§ d.m. (6 pmol - dm® to 1589 mg - kg d.m.
(120 pmol - dm?® for Verona. In case of shoots the accumulatedvalied from
20 mg - k@' d.m. to 341 mg - k§ d.m. for Viking and from 11 mg - Kgd.m. to
284 mg - kg' d.m. for Verona.
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Fig. 2. Dependence of BAF values related to Ni audation in roots (A) and shoots (B) of plants of
two B. napus cultivars on applied Ni concentration

Accumulated Ni amounts in roots of cv. Verona mamere 1.3- (12@mol - dm®) to
1.9- (6pmol - dm?) times lower than those of cv. Viking plants, wes metal amounts
accumulated in shoots of cv. Verona plants were- {220 pmol - dm? to
1.8- (6 pmol - dm? times lower than those of cv. Viking plants. Bi#nces in
accumulation of Ni in plant organs among six cualtss of B. napus were confirmed in
experiments of Ali et al [24]. It was also suggédstieat cultivars having low shoot/root Ni
ratio had better ability to retain Ni in the roopgssibly by binding and sequestering it in
the vacuoles [36], which might have contributedthe tolerance to Ni. Interspecies
differences in accumulation and translocation of iéire confirmed by Bosiacki and
Wojciechowska [37] in their experiments with ornanta plant specie¥agetes erecta L.,
Helianthus annus L. and Amaranthus caudatus L.
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Table 3
Translocation factor (TF) values as well as theiporfrom the total accumulated Ni amount by thenpl
occurring in the shoots of plants of tBonapus cultivars treated with NiGI 6 H,O

Ni conc. TF % of Ni in shoots
[umol - dm‘3] VIKING VERONA VIKING VERONA
6 0.075 0.072 55.1 54.8
12 0.073 0.075 55.4 55.6
24 0.113 0.084 64.9 60.7
60 0.174 0.151 75.4 73.4
120 0.161 0.179 76.4 74.9

Translocation factorsTE) as well as the portion from the total accumulateetal
amount by the plant occurring in the shoots arensarized in Table 3. Th&F factors
correspond to the ratio of accumulated Ni amourdhioots and roots. Calculated values of
translocation factor were < 1 in whole studied @mmtion range (6-120mol - dm?),
which suggests less effective translocation of hietaabove ground parts of plantsr
values of plants of both cultivars were similathalgh some differences are notable. The
portion from the total accumulated amount of méalthe plant occurring in the shoots
(which also depends on the actual dry mass of pegans) was well above 50% (both
cultivars) in whole studied Ni concentration rari§el20pmol - dm?®). After application of
60 and 12Qumol - dm?® Ni was the portion of metal occurring in shoot®wab 70%. The
ability of rapeseedplants to translocate substantial amounts of mietal shoots was
observed in our previous hydroponic experiment$ wiiltivar Verona, where even lower
applied Cd concentrations (6-34mol - dm® caused that the portions from the total
accumulated metal amount by the plant occurrinthénaboveground parts were relatively
high, up to 53% [17]. In case of Cr(VI) (concenwatrange 12 to 12@mol - dmd), it
varied from 23% (12umol - dm® to 90% (120pumol - dm®) [38]. On the other hand,
translocation of mercury into shoots of rapesgéahts (cv. Verona) was found to be
relatively poor. In concentration range from 6 ®6nol - dm® Hg the portion from the
total accumulated amount of metal by the plant oaog in the shoots reached only 5.8%
(6 pmol - dm®) to 8.7% (6Qumol - dm?) [17].

Conclusions

Even though the differences between rapeseed atdtiViking and Verona were
moderate, it seems that cultivar Viking was moteramnt to the nickel treatment. The fact,
that substantial amounts of studied metal are lwaated in aboveground parts of plants
suggest thaBrassica napus L. species with many new cultivars is utilizabte field of
phytoremediation, as a good accumulator of nickdl @her metals.

Acknowledgements

This study was financially supported by Slovak Gragency VEGA, Grant No.
1/0098/14 and Sanofi Aventis Pharma Slovakia.



Physiological response of tWBrassica napus L. cultivars to nickel treatment 33

References

(1]
[2]
(3]

Qasim M, Ashraf M, Ashraf MY, Rehman SU, Ma ESRiol Plant. 2003;46:629-632. DOI:
10.1023/A:1024844402000.

Vasudevan PT, Briggs M. J Ind Microbiol Biotexhi. 2008;35:421-430. DOI: 10.1007/
$10295-008-0312-2.

Wenzel WW, Unterbrunner R, Sommer P, Sacco HantP Soils. 2003;249:83-96. DOI:
10.1023/A:1022516929239.

Yusuf M, Fariduddin Q, Hayat S, Ahmad A. Bullniron Contam Toxicol. 2011;86:1-17. DOI:
10.1007/s00128-010-0171-1.

Sreekanth TVM, Nagajyothi PC, Lee KD, PrasadVRV. Int J Environ Sci Technol. 2013;10:1129-1140.
DOI: 10.1007/s13762-013-0245-9.

Chen C, Huang D, Liu J. Clean-Soil, Air, Wat2009;37:304-313. DOI: 10.1002/clen.200800199.

Parida BK, Chhibba IM, Nayyar VK. Sci Hort. 28®8:113-119. DOI: 10.1016/S0304-4238(02)00208-X.
Prasad SM, Dwivedi R, Zeeshan M. Photosyntlaet®005;43:177-185. DOI: 10.1007/s11099-005-0031-0.
Gajewska E, Sktodowska M. J Plant Physiol. 2068:1034-1044. DOI: 10.1016/}.jplph.2008.12.004.
Wong-ekkabut J, Xu Z, Triampo W, Tang IM, Eelan DP, Monticelli L. Biophys J. 2007;93:4225-4236
DOI: 10.1529/biophysj.107.112565.

Leekumjorn S, Cho HJ, Wu Y, Wright NT, Sum AKChan C. Biochim Biophys Acta.
2009;1788:1508-1516. DOI: 10.1016/j.bbamem.2009@2.

Andrade SAL, Gratdo PL, Schiavinato MA, SikeiAPD, Azevedo AA, Manzzafera P. Chemosphere.
2009;75:1363-1370. DOI: 10.1016/j.chemosphere.ZIXO08.

Singh S, Eapen S, D'Souza SF. Chemospheré;82(233-346. DOI: 10.1016/j.chemosphere.2005.017.
Gill SS, Tuteja N. Plant Physiol Biochem. 2048(12):909-930. DOI: 10.1016/j.plaphy.2010.08.016.
Stanisavljewd N, Savé J, Jovanov Z, Miljus-Djuki¢ J, Radow S, Vinterhalter D, et al. Acta Physiol.
Plant. 2012;34:1997-2006. DOI: 10.1007/s11738-00@113.

Lichtenthaler HK. Methods Enzymol. 1987;148)3582.

Pesko M, Kréova K. Fresen Environ Bull. 2012;21(12):3676-3684.

BradfordMM. Anal Biochem 1976;72:24&854. DOI:10.1006/abio.1976.9999.

Gajewska E, Sklodowska M. BioMetals. 2007;2036. DOI: 10.1007/s10534-006-9011-5.

Peralta JR, Gardea-Torresdey JL, Tiemann Kin& E, Arteaga S, Rascon E, et al. Bull Environt@m
Toxicol. 2001;66:727-734. DOI: 10.1007/s00128-0069 z.

lori V, Pietrini F, Cheremisina A., ShevyakoW, Radyukina N, Kuznetsov VLV, et al. Water Aioi§
Pollut. 2013;224:1450. DOI: 10.1007/s11270-013-1350

Kopittke PM, Ashed CJ, Menzies NW. Plant Sa007;292:283-289. DOI: 10.1007/s11104-007-9226-4.
Ahmad MSA, Hussain M, Ashraf M, Ahmad R, AshrdlY. Pak J Bot. 2009;41:1871-1882.
http://mww.pakbs.org/pjbot/PDFs/41(4)/PJB41(4)1®0t.

Ali MA, Ashrafa M, Atharb HR. J Hazard Mate&009;172:964-969. DOI: 10.1016/j.jhazmat.2009.07.07
Malan H, Farrant JM. Seed Sci Res. 1998;8:483- DOI: 10.1017/S0960258500004414.

FargaSova A. Ecol Chem Eng S. 2008;15(3):388-3 http://tchie.uni.opole.pl/freeECE/
S_15 3/Fargasova_15(S3).pdf

Seregin IV,  Kozhevnikova  AD. Russ J Plant Rblys 2006;53:257-277. DOI:
10.1134/S1021443706020178.

Kazemi N, Khavari-Nejad RA, Fahimi H, Saadtrde®, Nejad-Sattari T. Sci Hort. 2010;126:402-40Q1:D
10.1016/j.scienta.2010.07.037.

Kevresan S, Petrovic N, Popovic M, Kandrac) Plant Nutr. 2001;24:1633-1644. DOI: 10.1081/PLN-
100106026.

Leon V, Fogliani B, Madjebi SB, Piresau R. J aRl Nutr. 2006;29:219-234. DOI:
10.1080/01904160500468761.

Ashraf MY, Sadiq R, Hussain M, Ashraf M, AhmadiS. Biol Trace Elem Res. 2011;143(3):1695-1703.
DOI: 10.1007/s12011-011-8955-7.

Osman MEH, El-Naggar AH, El-Sheekh MM, EI-M#lyeEE. Environ Toxi Pharma. 2004;16:169-178.
DOI: 10.1016/j.etap.2003.12.004.

Gajewska E, Bernat P, Diuggki J, Sktodowska M. J Agron Crop Sci. 2012;198:284. DOI:
10.1111/j.1439-037X.2012.00514.x.

Molassiotis A, Sotiropoulos T, Tanou G, Diartidis G, Therios I. Environ Exp Bot. 2006;56:54-@OI:
10.1016/j.envexpbot.2005.01.002.



34 Matis Pesko and Katarina Ko&éa

[35] Ferraz P, Fidalgo F, Almeida A, Teixeira J.aml Physiol Biochem. 2012;57:254-260. DOI:
10.1016/j.plaphy.2012.05.025.

[36] Kochian LV, Pence NS, Letham DLD. Plant Sai02;247:109-119. DOI: 10.1023/A:1021141212073.

[37] Bosiacki M, Wojciechowska E. Ecol Chem Eng2812;19(3):331-345, DOI: 10.2478/v10216-011-0024-9.

[38] PeSko M, Kréovd K. Proc ECOpole. 2011;5(2):414-418. http:/kctuni.opole.pl/PECO11_2/
PECO_2011_2p1.pdf.

WPLYW NIKLU NA REAKCJE FIZJOLOGICZNE
DWOCH ODMIAN Brassica napus L.

Abstrakt: Zbadano niekorzystny wptyw niklu na dwie odmianylfgponicznej, uprawnej ébny Brassica napus
L. (Werona i Viking). Okrélono suchh masg peddw i korzeni, a take niektore wiéciwosci biochemiczne
(stezenie barwnikéw fotosyntetycznych, TBARS i biatekici roslin. Ponadto dokonano ocenyatnia niklu
w organach rdin. Objawy zatrucia Ni bylo zauwalne ju przy najniszym zastosowanym ¢geniu
(6 pmol - dnT). Wyzsze zastosowaneggenia Ni (24, 60 i 12@mol - dn®) daty od umiarkowanych do silnych
efektéw toksyczngi dla ralin obu badanych odmian. Po zastosowaniu 6 iut®l - dm® Ni sucha masa
odmiany Viking byta znacznie mniejszazredmiany Werona. Spadek suchej masy korzeni po waineniu
6, 12 i 120umol - dm® Ni byt podobny dla obu odmian. Po zastosowaniu 120l - dm? zaobserwowano silny
spadek zawartgi barwnikéw fotosyntetycznych. W poréwnaniu do kof ilo$¢ tych pigmentéw w ficiach
roslin spadta poriiej 50% (obie odmiany). Najeksze zastosowaneesenie Ni 120umol - dm® spowodowalo,
ze zawarté¢ biatka w lciach spadta o 39% (odmiana Werona) i 37% (odmisliléng) w poréwnaniu
z raslinami kontrolnymi. Po wprowadzeniu 130mol - dm? Ni zawartéé dialdehydu malonowego wstiach
byla 2,64 razy wiksza (odmiana Viking) i 2,31 razy gisza (odmiana Verona) niw przypadku kontroli.
Stezenia Ni w korzeniach &in byly wyzsze nk w pgdach. S¢zenie Ni w korzeniach odmiany Werona byto od
1,3 (120umol - dm?) do 1,9 (6umol - dm®) razy mniejsze niw odmianie Viking, natomiast 6 metali
zgromadzonych wqulach odmiany Werona byla od 1,2 (4260l - dm®) do 1,8 (6umol - dm®) razy mniejsza
niz w odmianie Viking.

Stowa kluczowe:bioakumulacjia, nikiel, chlorofil, biatko, dialdgth malonowy, rzepak



