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Abstract

The aim of this study was to determine the physiological response and the defensive potential in species Asplenium
scolopendrium L. and Dryopteris filix-mas (L.) Schott under the action of nickel. The following experimental variants
were tested: 0, 250, 500, 1000, 1500 mg Ni kgsoil. One month, and three months respectively, after the initiation of
the experiment, the amount of assimilating pigments was determined. One month after the initiation of the experiment,
there were no significant differences between the variants with Ni and the control as far as the content of chlorophyll (a
and b) and carotenoids was concerned. The results obtained three months after the inception of the experiment indicate
that, at low concentrations, Ni stimulates the synthesis of chlorophyll. In the same period there occurred antioxidant
mechanisms: increase in the amount of carotenoids and increased activity of catalase. In the species Dryopteris filix-
mas, the variant with 1.000 mg Ni kgsoil, the amount of chlorophyll was significantly reduced, and the catalase
activity was 3 times higher than that obtained in the control group.
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1. INTRODUCTION

Nickel is one of the ubiquitous metals, and repmesabout 3% of the Earth’s composition, being
the fifth chemical element in terms of abundanéerde, Q, Mg and Si (Bhalerao et al., 2015).
Up to the present about 1% of the Ni resources wagrtified (ca. 130 million tons of Ni), as
laterites and sulphide deposits (United States @ggmdl Survey).

Metallic Ni and its alloys are included in Group 2Bossibly carcinogenic to humans — according
to the classification made by the International Wge for Research on Cancer, and in the
classification made by the Agency for Toxic Substanand Disease Registry, it ranks 57 in the
Priority List of Hazardous Substances.

Gerendas et al. (1999) believes that Ni is a "aatdito be included on the list of the 13 essential
minerals”. The inclusion is made after the fulfilnt of three conditions: its absence is not likely
deny the achievement of all the development staféise life cycle of a plant, its function should
not be specific, so that it cannot be replacenhust be directly involved in the structural pro@sss
or the metabolism of the plant (Grusak, 2001).
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Brown et al. (1987) demonstrated that Ni is esaéffor the development of the speclésrdeum
vulgare, a result that was subsequently extrapolated persar plants. Similarly, Ni is a co-factor
for ureasis, and has an important role in metatlvohs Being a microelement, Ni is essential in low
concentrations (0.05-10 mg kglry weight) (Nieminen et al., 2007), and when swuelues are
exceeded, there occurs the toxic effect due tmtésference with the ions of other essential nsetal
or through induction of oxidative stress (Chenlet2009). The level of toxicity varies by species,
genotype, stage of development, cultivation coadsj etc., and must be correlated with the dose
and exposure time. (Kovacik et al., 2009). As a&,rahe Ni concentrations in plants reflect the
concentrations of the metal in the soil (Kabatadras) 2001). The toxicity of Ni conduces to:
chlorosis, necrosis, wilting, affecting growth, pbsynthesis and metabolism, reducing the amount
of pigments and transpiration rate, inhibiting dutivity of Mg and Fe ions.

The aim of this study was to determine the phygickl response and the defensive potential of
two species of fernisplenium scolopendrium andDryopteris filix-mas, to the action Ni, found in
soil in different concentrations. The species ®ddbelong to the same order, iRalypodiales.
Asplenium scolpendrium is a circumpolar neutron-basiphilic species, wiian be encountered in
Europe; Dryopteris filix-mas has a much larger area of distribution (it is copoiitan), being
encountered in the hilly and mountainous regiokumope, Asia, America and in Madagascar; this
species tolerates large pH variations. Both spearesmesothermophilic, preferring soils with
moderate to high humidity.

2. MATERIALSAND METHODS

Dryopteris and Asplenium mature specimens were collected in Valsan Vallayg(st 2015). After
acclimation, the plants were transplanted into pwoith plant soil, where NiSQwas added at
various concentrations, thus obtaining the follayvexperimental variants 0, 250, 500, 1000, 1500
mg kg*sol Ni. During three months, the plants were mae@ in greenhouse conditions, being
watered regularly with 200 ml of distilled watert #egular intervals, the pots were moved between
them in order to ensure uniform conditions; thramgles with 4-5 mature leaves were used for
each concentration. The physiological responsé@two species was assessed by determining the
amount of assimilating pigments: chlorophyll a,acbphyll b, and the carotenoids in an acetone
extract, by means of a spectrophotometer and Hdion'sulas (Holm, 1954). Catalase activity was
determined by titration with KMn© The results obtained were statistically analyasthg SPSS
with (version 16 for Windows).

3. RESULTS AND DISCUSSIONS

The content of chlorophyll is one of the most intpat factors ensuring the performance of
photosynthesis under optimal conditions (Jiangtdadg, 2001).

As shown in Figure 1 and 2, Ni influence on the amaf pigment, after one month of exposure,
was not significant compared with the control. Alst increase was found in the concentration of
chlorophyll a in the variant with 250 mg Ni kgoil, in Asplenium scolopendrium. Low levels of Ni
stimulate the synthesis of photosynthetic pigmé¢&tagh and Pandey, 2011). Similar results were
obtained by Kovék et al. (2009) inMatricaria chamomilla, 10 days after the inception of the
experiment with Ni: there were no significant drfaces in the concentration of pigments, and the
ratio of chlorophyll a/b, and the optical densiymained unchanged.

Three months into the experiment, there appeawggufisiant changes in pigments (Figure 3). In
Asplenium scolopendrium, for the lowest concentration of Ni in the soilfuather increase was
observed in the chlorophyll concentration; the ltesbtained in this variant (1.535 mg' ¢w) had

the highest value determined in the experiment. Toeease in the pigment content can be
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considered an ability that the plant has to toéeratr compensate the stress caused by low
concentrations of Ni (Doganlar et al., 2012). le tther variants of the same species, the values
were close to the value obtained in the control.

In the case of chlorophyll b, in this species, thdy significant difference was recorded by
comparing the value obtained for the variant wite lbbwest Ni concentration (250 mgkgoil) —
where there has been a slight tendency to incris@samount of chlorophyll b — with the value for
the variant with the highest Ni concentration (150§ kg soil).

Pigments content in A splenium scolopendrim atter 1 month
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Figure 1. Pigments content in Asplenium scolopendrium after 1 month of exposure
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In the experiment conducted by Bazihizina et ab18), in the specieBsidium guajava, after 2
months of exposure, the total chlorophyll contembveed no significant differences for the Ni
variants compared to the control. Instead, the eotnation of carotenoids increased with the
increase in the Ni concentration, and the highestease was in the variant with 3000 pMNi
where almost a doubling was recorded.

Pigments content in Dryopieris filix-mas after 1 month
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Figure 2. Pigments content in Dryopterisfilix-mas after 1 month of exposure
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In the carotenoids, the situation found in bothcgge was similar: thus, in all Ni variants an

increase was observed in the concentration of piggneith antioxidant properties; however, the

increase was significant only at the lowest corregiain of Ni in the soil. The increase or decrease
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of the content of carotenoids is influenced by thpe of metal, as they are nonenzymatic
antioxidants, with a role in fighting oxidative e$s (Singh and Tewari, 2003).

In the Zygophyllum xanthoxylon seedlings exposed to various concentrations ¢0Ns0, 150, 450,
900 mg k@) no chlorosis symptoms were observed. There wainemease in the content of
pigments (chlorophyll a and b, carotenoids) at kmcentrations of Ni (50 mg Ky With the
increasing concentration of metal, a decrease Wwasreed in the concentration of pigments, more
specifically the content of chlorophyll and caraiels decreased to the value obtained in the
control; the chlorophyll b decrease was progressared the value obtained for the highest
concentration of Ni in soil was higher than thatamhed in control (Lu et al., 2010).

Pigments content in A splenium scolopendrium after 3 months
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Figure 3. Pigments content in Asplenium scolopendrium after 3 month of exposure

The situation encountered in tHeryopteris filix-mas species is similar to those presented
previously (Fig. 4): the small concentrations of (850, 500 mg kg soil) lead to an increased
amount of chlorophyll a (the values are in the ean§1.07-1.12 ) and chlorophyll b (increases of
10 and 12% compared to control). At a concentratib@000 mg kg soil a significant reduction
was found in the amount of chlorophyll a compareih whe control; the decrease in chlorophyll b
was gradual, so that the differences are not sogmf. The decrease in the content of
photosynthetic pigments due to the stress prodhgesi has been reported Yigna mungo (Dubey
and Pandey, 2011), in two varieties Rdphanus sativus (Latif, 2010), and also in wheat leaves
(Gajewska and Sklodowska, 2007), and wheat seed{{Bgjewska et al., 2006). Due to exposure to
the action of heavy metals, the activity of antt@nt enzymes can change (increasing or
decreasing), or it can remain constant (Jiang amugH2001; Zhang et al., 2007). Yan et al. (2008)
found that treatment with Ni increased catalaseévifictin plants. A situation encountered in
Raphanus sativus (Latif, 2010), inZea mays seeds (Ghasemi et al., 2012) datharanthus roseus
(Arefifard et al., 2014), and iHelianthus annuus (Hassanpour Esfahani and Rezeyatmand, 2015).

Table 1. Influence of Ni on catalase activity in the two species of ferns 3 months after the inception of the
experiment (ml KMnO,g™s.p.)

. 1 1
Spedies . 0mgkg™Ni | 250 mgkg®Ni | 200MIKI" | 4000 mgkgt i | 1200 Makg
Variants Ni Ni
Asplenium scolopendrium | 7 3940 26 6.78+0.58b 7.01+0.02b 7 10+0.350b 8.28+0.16 2
Dryopterisfilix-mas | 56740176 | 12.95:2.942 | 14.89+2.702 | 1552t4.192 | 11.56+1.642

Legend: the values are averages of 3 replicatésntlard deviation; a, b, ¢, d — the results obthfnrem the Duncan test: the comparisons were made
between Control and \4 for each metal
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If in the specieg\splenium scolopendrium significant differences were observed only athighest
concentration of Ni in the soil, compared to theatcaol, in Dryopteris filix-mas the increase in
catalase activity was observed in all experimewdaiants. The largest increase occurred in the Ni
concentration of 1000 mg Kgoil, where almost a tripling of activity was reded.

Pigments content in Dryopteris filix-mas after 3 months
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Figure 4. Pigments content in Dryopterisfilix-mas after 3 month of exposure

Baccouch et al. (1998) observed that catalaseiigciivthe shoots oZea mays increased after an
interval of 4 days of exposure to NCFor Nasturtium officinale the maximum amount of catalase
was obtained in the fifth day after exposure abrcentration of 5 mg ENi (Duman and Ozturk,
2010), and inLemna gibba — after 72 hours, at a concentration of 4 mgNi (Doganlar et al.,
2012).

Catalase activity is correlated with the level afilNthe environment (Ghasemi et al. 2012), and is
influenced by the duration of the exposure (Bachoet al, 1998). Catalase is one of the most
important factors of eliminating the,8, resulting from oxidative stress caused by expogutbe
action of Ni. Increased activity of catalase représ a defense mechanism of the plant against the
stress caused by this metal.

4. CONCLUSIONS

In conclusion, the two species show tolerance &adttion of Ni, throughout the experiment no
symptoms of toxicity were observed. Low concentradi of Ni boost the amount of chlorophyll a.
Increased levels of carotenoids and increasedityctv catalase were intended to compensate
oxidative stress resulting from exposure to theéoacof Ni. According to the results, the species
Dryopterisfilix-mas presents a lower tolerance to Ni comparedguaenium scolopendrium.
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