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The effect of kinetin on the chlorophyll pigments
content in leaves of Zea mays L. seedlings
and accumulation of some metal ions

In this work the relationship between the accumulation of some metals, the content
of chlorophyll @ and b in leaves of Zea mays L. plants, growth of seedlings and concentration
of kinetin in medium has been studied. The experiments were carried out with 7-day old
maize plants grown on the Hoagland’s medium. The seedlings were exposed to the solution
containing kinetin in different concentration (10°+10~° mol + dm). The accumulation of
metals in maize leaves was measured by emission spectroscopy using the spectrometer with
excitation by argon inductively coupled plasma technique (ICP-OES). The amount of chlo-
rophyll pigment was determined by the spectrophotometer UV-Vis. The study shows that ki-
netin changes the uptake and accumulation of metal ions in leaves of maize plants, changes
the growth of seedlings, has influence on the seeds germinations and productivity of fresh
and dry mass, and decreases the chlorophyll pigments content in leaves of Zea mays L.
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Introduction

Hormones of plants are organic substances in small amounts which regulate in-
tracellular processes and change physiological and biochemical reactions in plants.
The regulatory function of phytohormones in plants has been established by vari-
ous workers [1-9]. Plant hormones have been studied for many years because they
have been heavily implicated in the control of plant growth and development. They
may regulate a wide variety of physiological responses in plants, are central in the
regulation of elongation growth and are important in transduction of signals, respi-
ration, water uptake, transport of ions in plant cells, phloem unloading, activation
of proteinase inhibitor genes and gas exchange. Phytohormones have been consid-
ered to fall into six classes: auxins, cytokinins, gibberellins, abscisic acid, ethylene
and brassinosteroids.

Cytokinins are a class of phytohormones that play an important role at all pha-
ses of plant development from seed germination to senescence [10-12]. They act at
the cellular level by inducing expression of some genes, promotion mitosis and
chloroplast development but also on the organ level by releasing buds from apical
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dominance or by inhibiting shoot and root growth [13, 14]. The naturally occurring
cytokinins are N6-substituted adenine derivatives that contain an isoprenoid or an
aromatic derivative side chain [15, 16]. N6-benzyladenine and its derivatives, rep-
resenting aromatic cytokinins, have been detected in a number of plant species, as
minor components of the total cytokinins [17, 18]. Some authors presented in their
works recent progress in identification of genes encoding cytokinin biosynthetic
(isopentenyltransferases) and degradation of enzymes (cytokinin oxidase/
dehydrogenases), as well as cytokinin receptors, phosphotransmitters, and response
regulator proteins [19]. On the other side, cytokinins crosstalk and interaction with
other hormones, especially with auxin and ABA (abscisic acid) is well known [11,
20, 21]. In combination with auxin they control cell division, promote juvenility or
slow ageing and induce the formation of luteral buds. The data suggested that mo-
dification of level of cytokinins affects not only IAA (indole-3-acetic acid) but also
ABA levels. On the other hand, there are very limited data in the literature about
mechanism of cytokinins transport [20].

Kinetin, the most known cytokinin, has furfuryl ring at the N6-position
of adenine and was identified in both animal cellular DNA and plant tissue extracts
[15]. Kinetin has important functions in living organisms, in particular in
animals and plants [13, 22]. Kinetin is known to be essential to plants and is
a necessary hormone for these organisms. Although its role for animals is well
known, in the case of plants, it needs further investigation. Kinetin in low
concentrations influences plants in a positive way but higher concentrations
are toxic.

It is commonly accepted that micro- and macroelements play very significant
role in plant cells [23-26]. Micro- and macroelements, similarly to other metals are
accumulated in the natural environment at high concentrations and they are taken
up by plants [23, 25, 27]. On the other hand, one of the most important factors de-
termining the uptake, accumulation and distribution of the nutrient elements in
plant tissues is the interaction between the ions of elements and the effect of the
physiologically important substances [28-35]. The interactions between some ions
of mineral nutrients in the soil or medium affect the ions uptake, distribution and
accumulation and sometimes induce increased or decreased their content in the
plants. This interactions are very important for higher plants and well known. On
the other side the correlation and interaction between micro- and macroelements
and phytohormones is sometimes observed [27, 36, 37].

The aim of this work was to examine the effect of kinetin on the uptake and ac-
cumulation of some metals (K', Na', Ca’", Mg®", Fe’’', Mn*', Cu*’, Zn*") in maize
leaves and content of chlorophyll pigments in leaves of the seedlings of Zea mays
L. Also, the effect of kinetin on the growth reaction of plants seedlings, fresh and
dry mass, the content of water and seeds germination was investigated in this
study.
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1. Materials and methods

1.1. Plant material

The experiments were carried out with seven-day old maize plants (Zea mays L.
var K33xF2) grown on the Hoagland's medium: 0.95 g - dm™ Ca(NOs), - H,0,
0.61 g+ dm™ KNO;, 0.49 g - dm™ MgSO, - 7TH,0, 0.005 g - dm™ citric acid Fe(IIT)
salt, 0.60 mg’ dm™ H;BO;, 0.40 mg - dm™ MnCl, - 4H,0, 0.05 mg - dm™ ZnSO, x
4H,0, 0.05 mg ° dm™ CuSO;, - 5H,0, 0.02 mg - dm™ H,Mo00, [38]. Maize seeds
were cultivated for four days in the darkness at 27°C on moist filter paper. Then,
the individual seedlings were transferred into aerated solution containing the ma-
cro- and microelements, and later cultivated in a green house for 12 hours in the
light and 12 hours in the darkness (12 h photoperiod) at 25°C and an irradiance of
ca. 450 umol * m™ - s7' (white light). The control plants were grown on the
Hoagland’s medium. The other were exposed to the Hoagland’s medium contain-
ing kinetin (concentration of 10°+10~ mol - dm™) about 72 hours before the
chemical analysis; pH of the medium was 6.5. Seeds of maize were germinated on
wet filter paper in darkened chamber thermostat (25°C) in Hoagland’s nutrient so-
lution with and without of kinetin. The interrelations between the growth of plants
and concentration of kinetin in medium and maize seeds germination was studied.

1.2. Preparation of samples

The application of the ICP-OES technique in the analysis of materials originat-
ing from plants requires first mineralization of the sample which corresponds to the
decomposition of the organic matrix. Depending on the type of the plant material
and the analytical method applied several mineralization techniques can be adopt-
ed.

The plant material was dried at the temperature of 70°C to a constant mass. The
dry mass of the 0.5 g sample was treated with 65% HNO; acid (Merck) and heated
in a pressureless mineralizator. Eventually, the 30% H,0, was added until the
bright yellow colour was acquired, which proved that the samples were fully min-
eralized. After mineralization the samples were diluted with redistilled water to
a volume of 25 cm’. The dissolved material was introduced through a teflon con-
nector on a peristaltic pump into a nebulizer. After pulverization with a carrier gas
the sample was delivered to the ICP burner and analyzed.

1.3. Reagents and apparatus

The following reagents were used in the experiment: redistilled water, concen-
trated nitric acid and hydrogen peroxide solution. All chemicals were of analytical
quality. The concentrations of investigated metal ions in the leaves of maize was
measured by emission spectroscopy using a sequential spectrometer ICP-OES
made by Spectro Analytical Instruments (Germany). This technique enables ele-
mentary analysis. The spectrometer was used with the following parameters: fre-
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quency - 27.12 MHz, power - 1.1 kW, coolant gas - 14.0 dm’ - min™', auxilary gas -
0.5 dm® - min™', nebulizer gas - 1.0 dm® - min™', nebulizer - concentric Meinhard,
nebulizer pressure - 2.4 bar, sample rate - 1.0 cm’ - min', observation height
11 mm, holographic grating - 2400 grooves'mm™', analytical lines were: Zn -
213.856 nm, Mn - 257.610 nm, Fe - 259.940 nm, Mg - 279.553 nm, Cu -
324.754 nm, Ca - 317.933 nm, Na - 589.592 nm, K - 766.490 nm, integration time
- 3 s. Standard solution of the investigated element of 1 mg - cm™ (Merck) was
used as a reference. Standard samples contained conc. HNOj; similarly as the sam-
ples analyzed after mineralization. In the preparation of the calibration curves five
standards were used. The two-point recalibration was applied in the case of the
spectrometer.

1.4. Chlorophyll analysis

Chlorophyll pigment was extracted from leaves discs with a cork borer from
fully expanded, exposed leaves. The pigment was extracted with aqueous acetone
(80% v/v) and determined by the spectrophotometer UV-Vis according to Vernon’s
models - which are modification of Arnon’s models:

— chlorophyll a [mg-dm™] = 11.63 Aggs —2.39 Agso

— chlorophyll » [mg'dm_3] =20.11 Agso—5.18 Ages

— chlorophyll a+b [mg'dm™] = 6.45 Ags + 17.72 Aguo,

where: Agss - maximum of chlorophyll a absorption, Ags - maximum of chlo-
rophyll b absorption.

Content of chlorophyll pigment in the leaves of Zea mays L. was determined in
mg - g dry mass of leaves. The values in the figures represent the averages obta-
ined from 10 measurements. The average error was 4+6%.

2. Results and discussion

The results presented in this paper indicate the relationships between the con-
centrations of kinetin in plants medium, uptake and accumulation of some micro-
and macroelements, and the chlorophyll a and b content in the leaves of maize
seedlings. The effect of kinetin on the growth reaction of plant seedlings, and seeds
germination was stated, too. Also, the correlation between the concentration of ki-
netin in the external medium and productivity of plants fresh mass, content of dry
mass and the water in the seedlings leaves of Zea mays L. were conformed. The
results our work were summarized in Figures 1-5.

The dependence between content of investigated ions in plant leaves and kinetin
concentration in the external medium is shown in Figure 1. We have noticed the
decrease of potassium ions in leaves of plants cultivated on medium, where con-
centrations of phytohormone were in the range 107107 mol - dm™. On the other
hand, we have also noticed the strong increase of sodium ions content in plants cul-
tivated at the concentration of phytohormon 10 mol - dm™, and for the remaining
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plants, similarity to potassium, the observed fluctuations of the Na" ions content
were at the level of the experimental errors. In our work the distribution of Ca®"
to the leaves of investigated plant organs was analyzed, too. The increase of
accumulated Ca’" has been observed only in case of the presence of kinetin
(107 mol - dm™) compared to control. However, we have observed the strong de-
crease of its accumulation for experiments with kinetin in concentration 10+
=107 mol - dm™,

change [%]

kinetin
concentration
in medium
[mol-dm™]

Fig. 1. Change of metal contents (%) in the leaves of 7-day seedlings maize (average from
10 measurements)

The distribution of magnesium to the leaves tissues of Zea mays L. plants
(plants growing on the control medium) is lower than in the leaves of plants culti-
vated on medium with kinetin in concentration 10~ mol - dm™. However, we have
observed the decrease of its content for experiments with kinetin in concentration
10107 mol - dm™. The increase of accumulated Mg®" has been observed only in
case of the presence of kinetin (10 mol - dm™) compared to control. On the other
side, the kind of distribution of magnesium ions to leaves of maize for investigated
concentrations of kinetin is similar to the distribution of calcium ions. The Fe*' ac-
cumulation was established in the leaves of plants in comparison to control plants.
The content of iron in the leaves, compared to control, in all cases, was decreased.
On the other hand, the distribution of iron ions from the roots via mesocotyles, to
the leaves expresses the reversed tendency compared to Zn>" content (Fig. 1). Con-
tent of Mn®" which we are presented in this study, is relatively to control low in
case of the presence of kinetin in external medium. In the work the distinct de-
crease of magnesium ions for in all range of kinetin concentrations in medium was
observed. The accumulation of copper ions decreases slightly in plant leaves in the
presence of kinetin. Our results indicate that accumulation of zinc ions in the leaves
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tissues of plants, which are grown in a medium containing kinetin, are decreased
compared to control plants.

The date of our framework shows that kinetin, the essential component of plant
cells, affects the uptake and accumulation of nutrient elements in plant tissues and
induce concentration changes of someone of them in plants.

The nutrient elements investigated in our study have significant role in the
higher plant metabolism [23-25].

Potassium (K), sodium (Na) and calcium (Ca) are the trace elements, which
have some important functions in living organisms. These elements are known to
be essential and necessary for plants. Plants and other living organisms utilize the
following three elements: potassium (K), sodium (Na) and calcium (Ca) for regula-
tion of cell membrane potential and turgor. The uptake of K, Na" and Ca®" occurs
through ion channels in the plasma membrane of the cells. The concentrations of
potassium, sodium and calcium induced changes of membrane permeability that
facilitates solute diffusion into plants tissues. On the other hand, the build up of cell
structures and the capacity for cell elongation and cell division are dependent on
the accessibility of calcium, the influence of Ca®" on carbohydrate metabolism is
known, too.

Magnesium (Mg) is one of the key nutrients for plant. Mg®" influences the or-
ganization of protoplasmatic structures in cells, growth of plants, on plant pigments
synthesis, activates many enzymatic systems of photosynthesis and respiration and
acts on phosphorus management in plants and Mg is constituent of chlorophyll
molecules. Magnesium deficiency induce chlorosis and necrosis of the leaves and
easy reutilization.

Iron (Fe) also plays an important role in cell function and is an essential metal
for some metabolic processes in plants. [ron enters many plant enzymes which play
the dominant role in oxidoredox reactions of photosynthesis and respiration. It also
takes part in chlorophyll pigment synthesis, synthesis of some proteins and in the
accumulation of nitrogen in plants. Iron participates in content of many enzymes:
cytochromes, ferredoxine, SOD (superoxide dismutase), catalases, peroxidases and
nitratereductases. The deficiency of Fe*' in plants causes significant changes in the
plant metabolism and induces chlorosis. One of the most important factors deter-
mining uptake of this element is the form and concentration of Fe in the soil. Iron
in low concentrations influences in a negative way on plants induces toxicity of
manganese but the higher concentrations of iron are toxic and induces deficiency
Mn?". At high concentrations Fe is toxic to plants.

Manganese (Mn), in turn, is regarded as activator of many different enzymatic
reactions and takes part in photosyntesis. Mn®" activates decarboxylases, dehydro-
genases, is constituent of complex PSlI-protein, SOD and phosphatase. Deficiency
of Mn induces inhibition of growth, chlorosis and necrosis, falling the leaves, the
low reutilization.

Copper (Cu) is an essential micronutrient for plant metabolism, enters the oxi-
doredox enzymes, acts as a component of several enzymes, involved in carbohy-
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drate, nitrogen (N) and cell wall metabolism. Copper takes part in protein synthesis
and in the synthesis of some amino acids. Cu®" is important to seed production,
disease resistance and the water relations in the plant. Visible symptoms of Cu
toxicity are small chlorotic leaves and early leaf fall, the growth is stunted and ini-
tiation of roots and development of root laterals are poor. Cu®" ions inhibit photo-
synthesis and respiration and copper also decreased the chlorophyll content in the
leaf cells. Copper plays an important role in cell function and is essential in struc-
tural stability of chromosomes and energy transfer. Deficiency of Cu induces chlo-
rosis of leaves.

Zinc (Zn) is an essential trace element for every living organism. About two
hundred enzymes and transcription factors require Zn>" as a functional component
there for, zinc affects major metabolic processes, as well as regulation of the cell
cycle and cell division. This metal plays an important role in the protein synthesis,
as in the carbohydrate, takes part in metabolism regulation of sacharides, nucleic
acid and lipid metabolism. One of the first symptom of zinc deficiency is an inhibi-
tion of cell growth and proliferation. The toxic concentrations of Zn negatively af-
fect photosynthetic electron transport and photophosphorylation and effect on the
photosynthetic enzymes. Zinc affects on the biosynthesis of chlorophyll. One of the
primary mechanisms of Zn toxicity may be an increased permeability of root mem-
branes, which will cause nutrients to leak out from the roots.

It is commonly accepted that micro- and macroelements play significant role in
plant cells [22, 23, 25, 27]. On the other hand, in the interactions between some
ions of mineral nutrients in the soil or medium affect the ions uptake, distribution
and accumulation and sometimes induce increased or decreased their content in the
plants [22, 28, 29, 31-35]. The interactions between some ions of elements in plant
cells are very important and well known. On the other side, the correlation and in-
teraction between macro- and microelements and fitohormons is sometimes ob-
served [27, 36, 37, 39]. In the present article there have been determined too: ger-
mination of maize seeds, the fresh and dry weight of plants, content of the water
and the amount of chlorophyll pigments in the seedlings (Figs. 2-5).

The results of chlorophyll a+b, a and b content indicated generally a decrease
with increasing concentration of kinetin in the culture medium in comparison
to control samples (Fig. 2). On the other hand, we have observed the slightly in-
crease of chlorophyll pigments b and a+b content per dry mass of maize seedlings
treated by kinetin in concentrations 1010 mol-dm™ (in comparison to
control samples). We found a greater sensitivity (response) to kinetin on the chlo-
rophyll a than b. Generally, in the medium containing different concentrations of
kinetin we have observed the increase of b and a+b chlorophyll content and de-
crease of the a photosynthetic pigment and a/b range. Photosynthetic pigments
(especially chlorophylls a and b and carotenoids) are important factors of photo-
synthetic processes and are very important for plants growth and development [7,
40-43].
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Fig. 2. Percentage of chlorophyll a, b, a+b content and a/b ratio per dry mass of maize seedling
leaves treated by kinetin in different concentrations during growing (average from 10
measurements)
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Fig. 3. Zea mays L. seeds germination in control medium and in the medium (%) where seeds
were treated by kinetin (averages for 10 experiments)

In our work we were studied the influence of different concentrations of kinetin
on the vegetation of plants, as well. The seeds germination of Zea mays L. (Fig. 3)
increased with concentration of kinetin in medium (10°+10~" mol - dm™) and had
his optimum for concentration 107" mol - dm™. On the other side, kinetin at the
higher concentrations (10°+107 mol - dm™) reduced this process. The fresh and
dry mass of the plant leaves, as well as content of the water in the leaves tissues,
are sensitive for kinetin, too. In comparison with the control plants, kinetin dis-

turbed productivity of fresh and dry mass, and content of the water at all used con-
centrations in the work (Fig. 4).
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Fig. 4. Productivity of the plant fresh and dry weight and content of the water (%) in the tissue
of maize leaves (averages for 10 experiments)
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The interrelations between the growth of plants and concentration of kinetin in
medium was showed in Figure 5. The results of our work showed, that the addition
of kinetin to plant medium affects the growth of maize seedlings. The type of de-
pendence of average length of seedlings for investigated concentrations of kinetin
is similar to the dependence of maize seeds germination (Figs. 3 and 5). The lower
concentrations of kinetin in plant medium increase the plant growth (107°+
+107* mol - dm™) and higher considerably decrease (10”=107° mol - dm™).
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Fig. 5. Length of maize seedlings (mm) treated by kinetin in different concentrations during
growing (average from 10 measurements)

Plant metabolism may be affected by kinetin in different ways and particularly
processes of biosynthesis of chlorophylls in higher plants are susceptible to kinetin.
Under reduced chlorophyll synthesis the photosynthesis is reduced, as shown in
Figure 2. The results of chlorophyll content indicated a decrease with increasing
concentration of kinetin in the culture medium. On the other hand, photosynthesis
is one of the most important studied physiological processes in plant sciences.
Plant metabolism is affected by photosynthesis and particularly photosynthetic
processes in higher plants decided about plant growth and development. Kinetin
penetrates into chloroplast seems to be a very important factor protecting photo-
chemical activity. The photosynthetic activity of chloroplasts is related to the pres-
ence of many factors. One of them are chlorophyll pigments.

Conclusions

The results presented in the work indicate the relationship between the uptake
and accumulation of some macro- and microelements in leaves of maize plants and
the presence of kinetin in the external medium for growing plants, similary to
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growth, productivity of fresh and dry weight of plants and water content in the
leaves. The study shows that the content of chlorophyll a and b in maize leaves de-
pends on the concentration of kinetin in external medium and generally amount of
these photosynthetic pigments.

References

(1
[2]
31
[4]
[5]
[6]
(7]
(8]
[l
[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Amasino R., Kinetin arrives, The 50™ anniversary of a new plant hormone, Plant Physiology
2005, 138, 1177-1184.

Bandurski R.S., Krekule J., Physiology and Biochemistry of Auxins in Plants, Backhuys
Publishers, Netherlands 1998.

Becker D., Hedrich R., Channeling auxin action: modulation of ion transport by indole-3-acetic
acid, Plant Molecular Biology 2002, 49, 349-356.

Fuchs Y., Lieberman M., Effects of kinetin, IAA, and gibberellin on ethylene production, and
their interactions in growth of seedlings, Plant Physiology 1968, 43, 2029-2036.

Kaminek M., Ludwig-Miiller J., Vankova R., Zazimalova E., Auxin and cytokinins in plant
development 2005, Journal of Plant Growth Regulation 2006, 25, 89-97.

Miller C.O., Kinetin and related compounds in plant growth, Annual Review of Plant
Physiology 1961, 12, 395-408.

Trewavas A.J., How do plant growth substances work? Plant, Cell and Environmental 1991, 14,
1-12.

Wang Z., Xu Q., Huang B., Endogenous cytokinin levels and growth responses to extend
photoperiods for creeping bent-grass under heat stress, Crop Science 2001, 44, 209-213.

Weyers J.D.B., Paterson N.W., Plant hormones and the control of physiological processes, New
Phytologist 2001, 129, 375-407.

Mok D.W.S., Mok M.C., Cytokinins: Chemistry, Activity and Function, CRC Press, Boca
Raton 1994, 129-137.

Niazi B.H., Rozema J., Athar M., Effect of pre-germination and post-germination treatment
with growth hormones (kinetine and abscinic acid) on ion concentration and biochemical
contents of fooderbeet and seabeet under saline conditions, General and Applied Plant
Physiology 2005, 31, 89-104.

Riefler M., Novak O., Strnad M., Smulling T., Arabidopsis cytokinin receptor mutants reveal
functions in shoot growth, leaf senescence, seed size, germination, root development, and
cytokinin metabolism, Plant Cell 2006, 18, 40-54.

Osborne D.J.P., Effect of kinetin on protein in Xanthium leaves and nucleic acid metabolism
during senescence, Plant Physiology 1962, 1, 595-602.

Yaronskay E.B., Gritskevich E.R., Trukhanovets N.L., Averina N.G., Effect of kinetin on early
stages of chlorophyll biosynthesis in streptomycin-treated barley seedlings, Russian Journal of
Plant Physiology 2007, 54, 388-395.

Barciszewski J., Siborska G., Clark B.F.C., Rattan S.I.S., Cytokinin formation by oxidative
metabolism, Journal of Plant Physiology 2000, 158, 587-588.

Stirk W.A., Novak O., Vaclavikova K., Tarkowski P., Strnad M., van Staden J., Spatial and
temporial changes in endogenous cytokinins in developing pea roots, Planta 2008, 227, 1279-
-1289.

Strnad M.C., Mead A., Harriman M., Trueman L.J., Smith B.M., Thomas B., Broadley M.R.,
Interactions between selenium and sulphur nutrition in Arabidopsis thaliana, Journal of
Experimental Botany 2004, 55, 1927-1937.

Strnad M., Hanus J., Vanek T., Kaminek M., Ballantine J., Fussel B., Hanke D.E., Meta-
Topolin, a highly active aromatic cytokinin from poplar leaves (Populus canadensis Moench.
cv. Robusta), Phytochemistry 1997, 45, 213-218.

Sakakibara H., Cytokinins: activity, biosynthesis and translocation, Annual Review of Plant
Biology 2006, 57, 431-449.



408

K. Pazurkiewicz-Kocot, A. Kita, A. Haduch

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]
[30]
B1

[32]

[33]

[34]

[33]

[36]

[37]

[38]
[391
[40]
[41]
[42]

[43]

Bajguz A., Piotrowska A., Conjugates of auxin and cytokinin, Phytochemistry 2009, 70, 957-
-969.

Moubayidin L., Di Mambro R., Sabatini S., Cytokinin-auxin crosstalk, Trends in Plant Science
2009, 14, 557-562.

Loneragan I.F., Webb M.J., Interactions between zinc and other nutrients affecting the growth
of plants, Soil Science Society American Journal 1993, 46, 345-352.

Fox T.C., Guerinot M.L., Molecular biology of cation transport in plants, Annual Review of
Plant Physiology and Plant Molecular Biology 1998, 49, 669-696.

Frausto da Silva J.J.R., Williams R.J.P., The Biological Chemistry of the Elements, Oxford
University Press, Oxford 2001.

Kabata-Pendias A., Pendias H., Biogeochemia pierwiastkow sladowych, WN PWN, Warszawa
1999.

Robinson D., Tansley Review no. 73, The responses of plants to non-uniform supplies of
nutrients, New Phytologist 1994, 127, 635-667.

Canny M.J., Translocation of nutrients and hormones, [In:] Advanced of Plant Physiology,
Pitman Publishing, London 1984, 277-296.

Burzynski M., The influence of lead and cadmium on the absorption and distribution of
potassium, calcium, magnesium and iron in cucumber seedlings, Acta Physiology Plantarum
1997, 9, 229-238.

Feroci G., Fini A., Badiello R., Breccia A., Interaction between selenium derivatives and heavy
metal ions: Cu®*" and Pb>", Microchemical Journal 1997, 57, 379-388.

Gadallah M.A.A., El-Enan A.E., Role of kinetin in alleviation of copper and zinc toxicity in
Lupinus termis plants, Plant Growth Regulation 1994, 29, 151-160.

Landberg T., Greger H., Influence of selenium on uptake and toxicity of copper and cadmium
in pea and wheat, Physiologia Plantarum 1994, 90, 637-644.

Pazurkiewicz-Kocot K., Galas W., The relationship between accumulation of some elements in
leaves of Zea mays L. and concentration of Cd in external medium, Biological Bulletin of
Poznan 1995, 32, 43.

Pazurkiewicz-Kocot K., Galas W., The effect of lead on the accumulation of some metals in
leaves of Zea mays L., Current Topics of Biophysics 1997, 21, 50-53.

Pazurkiewicz-Kocot K., Galas W., Effect of selenium on the accumulation of calcium in Zea
mays L., Abstracts of IV International Conference Ecophysiology of Plant Production
Processes in Stress Conditions, Slovak Agricultural University, Nitra 2000, 58.

Siedlecka A., Some aspects of interactions between heavy metals and plant mineral nutrients,
Acta Societatis Botanicorum Polonie 1995, 3, 265-272.

Pazurkiewicz-Kocot K., Galas W., Kita A., The effect of selenium on the accumulation of
some metals in Zea mays L. plants treated with indole-3-acetic acid, Cellular and Molecular
Biology Letters 2003, 8, 97-103.

Pazurkiewicz-Kocot K., Kita A., Pietruszka M., Effect of selenium on magnesium, iron,
manganese, copper, and zinc accumulation in corn treated by indole-3-acetic acid,
Communications in Soil Science and Plant Analysis 2008, 39, 2303-2318.

Hoagland D.R., Arnon D.J., The water culture method for growing plants without soil,
California Agricultural Experiment Station Circular 1950, 347, 1-32.

Israr M., Sahi S.V., Promising role of plant hormones in translocation of lead in Sesbania
drummondi shoots, Environmental Pollution 2008, 153, 29-36.

Bollivar D.W., Recent advances in chlorophyll biosynthesis, Photosynthesis Research 2006, 90,
173-194.

Eckhardt U., Grimm B., Hortersteiner S., Recent advances in chlorophyll biosynthesis and
break down in higher plants, Plant Molecular Biology 2004, 56, 1-14.

Riidiger W., Chlorophyll metabolism: from outer space down to the molecular level,
Phytochemistry 1997, 46, 1151-1167.

Tanaka A., Tanaka R., Chlorophyll metabolism, Current Opinion of Plant Biology 2006, 9, 248-
-255.



The effect of kinetin on the chlorophyll pigments content in leaves of Zea mays L. seedlings ... 409

Wplyw kinetyny na zawartosé barwnikéw chlorofilowych i kumulacje
wybranych metali w lisciach Zea mays L.

Cytokininy, w tym Kinetyna, s fitohormonami, ktérych glownym zadaniem jest kontro-
la wzrostu, rozwoju komorek i ich dyferencjacji oraz biogenezy chloroplastéw. Biora one
udzial takze w formowaniu si¢ organéw i ich regeneracji oraz w procesach deetiolacji i wielu
innych. W§r6d nich znajduje si¢ rowniez szlak syntezy chlorofilu podczas zielenienia
etiolowanych ro$lin. Cytokininy naleza do zwiazkéw stymulujacych ten proces, co odbywa
si¢ kilkoma drogami, mi¢dzy innymi maja swéj wplyw na aktywno$¢ enzymow bioracych
udzial w syntezie zielonego barwnika. Celem niniejszej pracy bylo zbadanie oddzialywania
naturalnego hormonu roslinnego kinetyny na syntez¢ barwnikéw chlorofilowych (chlorofilu
a i b) w liSciach siewek kukurydzy (Zea mays L.) oraz na zawarto$¢ wybranych makro-
i mikroelementow.

Doswiadczenia przeprowadzono na 7-dniowych siewkach kukurydzy hodowanych
w ciemni i na Swietle w temperaturze 27°C, na pozywce Hoaglanda; pH pozywki wynosilo
6,5. Natezenie Swiatla w trakcie hodowli roslin bylo okolo 450 pmol - s™'. Do badan uzyto ki-
netyny w stezeniach 10°+10~5 mol - dm>. Barwniki chlorofilowe oznaczano metoda spektro-
fotometryczng, natomiast st¢zenie badanych metali w tkance liSci mierzono, postugujac si¢
technika optycznej spektrometrii emisyjnej ze wzbudzeniem w plazmie sprz¢zonej indukeyj-
nie (ICP-OES).

Uzyskane w pracy wyniki wskazuja na obnizenie zawartosci chlorofilu a (6+17%) oraz
stosunku chlorofilu a/b (5+25%) w zakresie badanych st¢zen Kinetyny. Z kolei zawartos¢
chlorofilu b dla stezeh kinetyny w pozywce w zakresie 107+10~° mol'dm~ byla zblizona do
wynikéw uzyskanych dla ro$lin kontrolnych i wyisza dla stezed 10°+10° mol - dm™
(10+15%). Podobne warto$ci uzyskano dla sumarycznej zawarto$ci chlorofilu a+b. Z Kkolei
kinetyna zmniejsza kumulacj¢ niektérych metali w tkance liSciowej siewek kukurydzy.
Uzyskane wyniki wskazuja rowniez na oddzialywanie kinetyny na proces kielkowania na-
sion, produkcj¢ masy roslinnej, zawarto$¢ wody oraz wzrost siewek.

Stowa kluczowe: kinetyna, akumulacja metali, Zea mays L., chlorofil a i b



