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Summary

The objective of the studies undertaken was to assess the possibility of ion
exchange substrate BIONA 312 use for nickel bioavailability limitation in cucumber
(Cucumis sativus 1..) 'Hermes' cv. as determined on the ground of chlorophyll and Ni
content. BIONA 312, regarding the chemical composition, is a mixture of strongly
acid cation exchanger KU-2x8 and polyfunctional weakly alkaline anion exchanger
EDE-10P. The experiment was differentiated in regard to nickel and ion exchanger
content. The following doses of Ni (in the form of NiSO,) were introduced: 0, 30 or
75mg Ni-dm™ of the substrate. BIONA 312 was added to the medium in the following
doses: 0, 2 or 5% of substrate volume. Together with Ni dose increase in the medium
there was recorded a significant increase of this metal concentration in the cucumber
biomass. Nickel in the amount 30 mg-dm- did not affect considerably the changes in
any of chlorophyll form, but a dose 75mg Ni-dm™ has caused a significant decrease in
chlorophyll ,,a” concentration in cucumber leaves. Simultaneously with the increase
in the nickel content in the nutritive environment the decrease in the value of organic
mass productivity coefficient was observed. The introduction of 5% ion exchange
substrate BIONA 312 into the medium containing nickel in the amount 30 or 75
mg-dm™ induced a significant growth of the studied chlorophyll fractions in the cu-
cumber leaves. BIONA 312 introduced to the environment contaminated with nickel
in the amount of 30 or 75 mg-dm™ has significantly reduced Ni content in the cucum-
ber biomass simultaneously increasing participation of roots in organic mass produc-
tion. More efficient for the reduction of harmful Ni effect on the cucumber plants
turned out to be introduction of ionite sorbent BIONA 312 at the dosage 5% than 2%.
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INTRODUCTION

Increasing amounts of nickel available in a substrate result in the growing
uptake of this metal and as consequence, induce many abnormalities in the physiolo-
gical processes and plant morphogenesis. As a result of this productivity drop is
recorded (Pillay et al, 1996, Pandey and Sharma, 2002). As DrgzKkiewicz
(1994) and Krupa, Baszynski (1995) hold, the photosynthesis process belongs
to the basic physiological processes disturbed by nickel. A reason for lower intensity
of photosynthesis due to nickel contamination prove to be not only changes in the
chloroplasts ultrastructure or inhibition of the QB enzyme affecting PS II directly but
chlorophyll concentration decrease as well (King-Diaz etal, 1995, Krupa and
Baszynski, 1995). Hence one of the main problems of the gardeners and horticultu-
ral sciences concentrates on new methods and technologies aiming at phytotoxicity
reduction of metals presented in plants environment. One of the ways is phytostabi-
lization, that is limitation of metal mobility and migration in the plant nutritive
environment. The objective of the studies undertaken was to assess the possibility
of ion exchange substrate BIONA 312 use for nickel bioavailability limitation in
cucumber (Cucumis sativus L.) 'Hermes' cv. as determined on the ground of chloro-
phyll as well as Ni content. BIONA 312, regarding the chemical composition, is
a mixture of strongly acid cation exchanger KU-2x8 and polyfunctional weakly
basic anion exchanger EDE-10P. Absorption capacity of anion exchanger EDE-10P
was 3.5 mmol-g.

MATERIAL AND METHODS

lonite substrate BIONA 312 is a mixture of ion-exchange substrate BIONA 112
(56%) and clinoptylolite (44%) (Soldatov et al., 1997‘Chomczyﬁska et al.,
2002). BIONA 312 contains the following quantities of nutrients (g-kg' medium):
N-11.21,P-3.41, K-17.60, Ca-22.24; Mg-4.38, S-6.09, Fe-2.23., Mn-0.220, Cu-0.064,
Zn-0.057, Co-0.015, Mo-0.044, B-0.110, C1-3.900, Na-1.380; the medium pH was
equal 6.5-7.0. The experiment was conducted in the pots of 3dm* capacity. Control
was made by the substrate composed of hortisol and sand at the rate 2:1: The chemical
composition of the hortisol water extract included: N-22.54, P-0.05, K-52.39.
Ca-189.73, Mg-9.19, §-17.73, Fe-10.89, CI-22.90, Na-11.79 mg-dm* and 47.8% hu-
mus. The experiment was differentiated regarding nickel content and quantity of ion
exchange substrate BIONA 312. Nickel was applied as NiSO,-7H,0 at the following
doses: 0; 30 or 75 mg Ni-dm™* medium, whereas the ionite substrate was introduced in
the quantities making 0, 2 or 5% of medium volume. The mineral nutrition was sup-
plemented taking into account the chemical composition of the substrate and nutri-
tion requirements. At all of the experimental treatments the nutrient were supplemen-
ted up to: N-450 (NH,NO, and KNO,), K-400 (KNO, and KH,PO,), Ca-700 (CaCO,).
Mg-200 (MgCl,), P-180 (KH,PO,) mg per pot. At florescence there was determined
chlorophyll ,,a” and chlorophyll ,,b” content in the 7" leaf from below by Arnon
method. For the sake of considerable participation of roots in organic mass production
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as well as taking into account exposition of these organs on stressful factor (nickel)
and usage of ionite sorbent as the component of the substrate the coefficient of orga-
nic mass productivity i.e. dry mass of roots /dry mass of shoots ratio has been calcula-
ted. Nickel content was established in the dry plant material using atomic absorption
spectrometry method. The data concerning chlorophyll and nickel content were ana-

lysed statistically computing the least significant difference (LSD ).

RESULTS AND DISCUSSION

Ni presence in cucumber biomass in the control conditions (0 mg Ni-dm™)
proves the natural Ni presence in the hortisol used in the experiment. Together with Ni
dose increase in the medium there was recorded a significant increase of this metal
concentration in the cucumber, especially in roots. BIONA 312 applied to the environ-
ment contaminated with nickel, in particular a dose 5%, has significantly reduced Ni
content in the cucumber biomass (Table 1). Although nickel in the amount 30 mg-dm™

Table. 1. Nickel content in cucumber plants

Differential factor Nickel content Mean for
BIONA312 Ni (mg-kg ! DW) BIONA 312 Nickel

% mg-dm™

of the substrate Shoots Roots Shoots Roots Shoots Roots
] 0.95 4.15 533 §9.08
2 0 1.65 3.99 438 61.91 I.15 3.74
5 0.85 3.09 2.61 82.41
0 485 66.25 )
2 30 3.95 50.75 4.20 60.37
5 3.80 64.10 -
0 10.20 196.85
2 75 7.55 131.00 6.98 169.30
5 3.18 180.05

LS5 for BIONA 312-Ni BIONA 312 Ni
1.07 11.83 0.50 4.82 0.50 4.82

did not affect considerably the changes in any of chlorophyll form content, whereas a
dose 75 mg Ni-dm™ has caused a significant decrease in chlorophyll ,,a” concentration
(Table 2). The reasons for chlorophyll content reduction due to Ni may lie in the
enhanced activity of chlorophyllase in the plants treated with nickel as well as sensi-
tivity of other enzymes of porphyrin synthesis tract and in inhibition of dehydrogena-
se synthesis of delta-aminolevulinic acid (ALAD, E.C.4.2.1) — the enzyme contribu-
ting into synthesis of the assimilative pigments (Drazkiewicz, 1994). Pandey
and Sharma (2002) also confirmed a drop of chlorophyll content in another plants
species exposed to heavy metals (Co*, Ni** and Cd*) resulting either from a decrease
of ferric-porphyrin enzyme activity — catalase and peroxidase or from diminished iron
availability for chlorophyll biosynthesis being due to limited iron uptake by heavy



h
[§%]

Renata Matraszek

Table. 2. Chlorophyll content in cucumber leaves (mg-g* fresh weight)

Differential factor Mean for
BIONA 312 N BIONA 312 Nickel
% mg-dm™ Chlorophyll Chlorophyll Chlorophyll
of the substrate a7 b asb” a” WSH7 0 ath” ar Wb Ladb”
0 1.7080 0.4970 2.2050 1.5380 04490 1.9870

1.9715 0.5600 2.5315 1.7122 0.5073 2.2195 1.9820 0.6013 2.5833
2.2065 0.7470 3.0135 2.0615 0.6330 2.6945

1.6420 04855 2.1275

30 1.6515 0.4445 2.0960 17715 05128 2.2843

13

n

(%]

S 2.0210 0.6085 2.6295
0 1.2640 0.3645 1.6285
2 75 1.5135 0.5175 2.0310 1.5582 0.4752 2.0333
&) 1.8970 0.5435 2.4405
LSDg s for BIONA-Ni BIONA Ni

0.3162 0.1753 0.8740 0.1290 0.0715 0.3565 0.1290 0.0715 0.3565

0 2 5 0 2 5 0 2 5  %BIONA 312
0 35 T5mg Ni-kg" of the substrate

Fig. 1. Coefficient of organic mass productivity

metals mentioned. It has been shown that increasing nickel doses in the medium
(30 and 75 mgxdm) resulted in increase of the coefficient of the organic mass produc-
tivity respectively by 8 and 10% (Figure 1). It confirms previous studies under nickel
influence on changes of root physiological indices. Results of this experiments indi-
cated that nickel significantly decreased biological activity of roots (Szymanska
and Matraszek, 1996, Matraszek, 1999). Stankow (1968) adduces studies of
many authors holding that depending on plant species and nutritive environment cha-
racteristics there is a wide range of the value of the coefficient of organic mass produc-
tivity (0.03 — 13.5). So the obtained in the presented work values of the coefficient of
organic mass productivity (5.75 — 11.46) goes into the top range of this parameter
(Figure 1). The application of the ionite substrate BIONA 312 in the amount making 5%
of the medium volume into the control environment (Ni — 0 mg-dm™) has caused the
raise of the value of the coefficient of organic mass productivity as well as a significant
increase of both chlorophyll forms contents in the cucumber (Table 2, Figure 1).
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The introduction of 5% ion exchange substrate BIONA 312 into the medium
containing nickel in the amount 30 or 75 mg-dm™ induced a significant growth of the
studied chlorophyll fractions in the cucumber leaves. The concentration changes of
chlorophyll ,,a” and ,,b” maintained at the same level, at increase of these chlorophyll
forms — 24 and 50% for nickel doses 30 and 75 mg-dm™. The value of the coefficient
of organic mass productivity informing about participation of roots in organic mass
productivity has also increased. Thus, BIONA 312 increased nickel content in roots
i.e. organs in which nickel content in comparison with aboveground parts was very
high as well as increased chlorophyll content in leaves. As a consequence ionite
substrate raised the value of the coefficient of organic mass productivity increasing
root participation in organic mass production. Irrespective a substrate contamination
level with nickel more efficient for the reduction of harmful Ni effect on the cucumber
plants turned out to be introduction of ion exchanger BIONA 312 at the dosage 5%
than 2%. Generally, the better results were obtained when ionite sorbent was applied
at the highest nickel dose studied 75 mg Ni-dm* as compared to 30 mg Ni-dm™* (Tables
1,2; Figure 1).

On the grounds of the obtained results, BIONA 312 can be included among
the compounds fit for phytostabilization and reducing nickel bioavailability. Ho-
wever, after the plant have been removed from the substrate nickel is still detecta-
ble there and when the soil conditions are changed it may be released and become
mobile. This method is likely to be useful to prevent soil from degradation and
metals spreading but the efficient cleaning-up of the plant nutritive environment
is long-lasting indeed, because metal still remains in the medium and when the
soil conditions are changed it may by released and become mobile that means
available for plants.

Considering all results obtained in this study it may be concluded that:

. Together with nickel dose increase in the medium a significant increase of this
metal concentration in the cucumber, especially in roots, was recorded.

[

. Nickel in the amount 30 mg-dm™ did not affect considerably the changes of chloro-
phyll ,a” and chlorophyll ..b” content in cucumber 'Hermes' cv. plants, whereas
a dose 75 mg Ni-dm™ has caused a significant decrease especially in chlorophyll
.47 concentration.

3. The introduction of 5% ion exchange substrate BIONA 312 into the medium conta-
ining nickel in the amount 30 or 75 mg-dm* induced a significant increase of
chlorophyll ,,a” and chlorophyll ,,b” content in the cucumber leaves.

4. BIONA 312 applied to the environment contaminated with nickel, in particular
a dose 5%, has significantly reduced Ni content in the cucumber biomass.

5. Together with the increase in the nickel content in the nutritive environment the
decrease in the value of organic mass productivity coefficient was observed. Intro-
duction of BIONA 312 the medium contaminated with nickel increased participa-
tion of roots in organic mass production.

6. lon exchanger BIONA 312 as an component of nickel polluted soils gives positive

effects in cucumber 'Hermes' cv. cultivation.
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Substrat jonitowy BIONA 312 jako komponent gleb skazonych
niklem w uprawie ogérka (Cucumis sativus L.)

Streszczenie

Celem podjetych badan byla ocena substratu jonitowego BIONA 312 w ogra-
niczeniu bioprzyswajalnosci niklu w uprawie ogérka (Cucumis sativus L.) odm. Her-
mes okreslana na podstawie zawartosci w biomasie Ni oraz chlorofilu. BIONA 312
z chemicznego punktu widzenia jest mieszaning silnie kwasnego kationitu KU-2x8
i polifunkcyjnego stabo zasadowego anionitu EDE-10P o pojemnosci chlonnej
3.5mmol-g"', nasyconego w odpowiednich proporcjach biopierwiastkami. Ekspery-
ment zréznicowano pod wzgledem zawartosci niklu (0, 30 lub 75 mg Ni-dm™ podioza
(NiSO,-7H,0) i sorbentu jonitowego BIONA 312 (0, 2 lub 5% objgtosci podioza).
Wraz ze wzrostem dawki Ni w podiozu istotnie zwigkszata si¢ koncentracja tego
metalu w biomasie ogorka. Nikiel w ilosci 30 mg-dm™ nie wptynal w istotny sposéb
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na zmiany w zawartosci poszczegolnych frakeji chlorofilu, natomiast dawka 75mg Ni-dm*
spowodowata istotny spadek koncentracji chlorofilu. zwhaszcza chlorofilu
.a" w lisciach ogorka. Wraz ze wzrostem zawartosci niklu w srodowisku odzywezym
zmniejszal si¢ wspolczynnik produkeyjnosci masy organicznej. Aplikacja 5% sub-
stratu jonitowego BIONA 312 do podioza zawierajgcego nikiel w ilogci 30 lub
75 mg-dm* wplyngta na istotny wzrost zawartosci analizowanych frakcji chlorofilu
w lisciach ogorka. BIONA 312 aplikowana do skazonego niklem srodowiska w spo-
sOb istotny zmniejszyla zawartos¢ Ni w biomasie ogorka rownoczesnie zwigkszajac
udzial korzeni w tworzeniu masy organicznej. Wprowadzenie wymieniacza jonowe-
20 BIONA 312 do podloza skazonego niklem bylo korzystniejsze (dato lepszy efekt)
w przypadku wyzszej (5%) dawki jonitu.
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