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1. Introduction and objectives
1.1 The actuality and importance of the topic

Environmental pollution has been tremendously iasirey on Earth due to

human activity, thus investigation of the detringreffects is highly important

as well as the naturalization and elimination @nth The contaminating agents
released into the biosphere affect plants in moriess extent. Since polluting
agents accumulate in plants, reaching human badygh food chain and may
cause poisoning, it is an important to recognipgestigate and elucidate the
factors affecting plants and changes that thegeramduce in plants.

Nowadays more scientific areas deal with the detecof environmental
pollution (chemistry, biochemistry, physics, bioplgs, molecular biology,
genetics) moreover with the limitation and elimioatof the detrimental effects.
Thus it is reasonable to conduct an investigatisimgi combined methods of
different scientific areas in order to gain a mbaodistic picture of the subject of

the investigation.

As a result of the increasing industrial activitiye number and the amount of
poisoning agents increases continuously. Thesdades naturally occur in all
parts of the biosphere, but since plants grow ih 8@ poisoning agents of the
soil stand in the focus of our research. Nowadthes heavy metals, especially
their presence in the solil is the greatest probierthis regard. Those heavy
metals that interact with plants can be essentiganing to be necessary for
plant productivity, and can be non-essential maatinbe toxic for plant even
in the slightest concentration. The two elemenégaties mentioned above are
different in terms of their effect, thus during pighysiological investigations it
Is important to compare their effects and distisguamong them. Nickel is an
essential element, that causes toxic symptoms wheexcess in plants.

Cadmium however is one of the most toxic non egdegiement that gets into



the environment and into plants through mining agticultural activities
(farmyard manure, fertilizer, soil amending subs&m plant protecting
chemicals, sewage sludge, car tyres). As for thgsiplogical effects of
cadmium, its accumulation in plants cause seriogei®bolic thus developmental

disorders that may result is less production.

The heavy metal tolerance of plants is greater thanof animals, so in case of
nickel and cadmium poisoning, the amount accumdlatay not be toxic for

the plant, but when it reaches the animal bodyderéain amount can be toxic.

Flooding occur more and more often nowadays tredddo the total or partial
extrusion of oxygen from soils that has a detrirakaffect on the plant. All the
agricultural plants need oxygen in their root regidvhen plants do not get
oxygen in sufficient amount, first they get intaeclining state then perish as
the result of the negative processes induced irgexydeficient soil, such as
surplus of carbon dioxide and toxic material. Taketice of all the above
mentioned facts, it is obvious that the investigatof stress factors and their

effects is an important task of plant physiology.

It is reasonable to distinguish among different camtrations and among the
occurrence of the reactions. The classical planysiplogical measuring
methods (chlorophyll content measurement, elementdmposition
measurement) are good tools of plant stress ploggipkince they are suitable

for the characterization of the physiological switelants.

These methods usually require the grinding andgasing of plants that makes
the method invasive, so one plant can be invesiigahly once. Contrarily, the
consecutive in vivo investigation of the same imdlial would lead to a more

sophisticated picture about the reactions of atgtara stress agent.



Besides, it is also important that the investigatause the least possible .injury
on plants, since injury itself could be interpreteda stressor, thus this fact may

guestion the punctuality of the measurements.

In modern plant stress physiological research, morasive investigation
methods (fluorescence induction, SPAD measurengdratosynthetic activity

measurement, stomatal conductance measurement)jdaly used.

Electrical impedance is the complex resistanceha gresence of alternating
current, and can be a useful tool for the invetibgeof structural characteristics
plant tissues, without causing injury to the plasihce only two short and thin
electrodes are inserted into the plant tissues lassumed that the methods
mentioned above are capable of characterizing thsiglogical state of the
plant, moreover with the help of which the earlyaph of stress evolution maybe
more precisely described. This may also be impoitaterms of basic research
and also the results provide practical guidance fdant genetics,
phytoremediation and other areas of environmemtdkption.

1.2 The aim of the research

During my doctoral work | intended to carry out fbdowings:

1. Determining the constitutive amounts of five orgaacids (oxalic
acid, citric acid, malonic acid, succinic acid afmnaric acid) in
barely seedlings.

2. Do the amount of the above mentioned organic acidsge as a
result of cadmium and nickel stress in the eari24tours) and later

(0-7 days) phase of stress evolution?



. Determining the activity of GPX and APX enzymesaagesult of
cadmium and nickel stress in the early (0-24 hoarg) later (0-7
days) phase of stress evolution.

. Comparison of the changes of organic acid levetk artioxidative
enzyme activities caused by nickel and cadmium, imgnthe
differences between the two metal type (essentiah-essential),
finding the most sensitive enzyme and organic acitie early (0-24
hours) and later (0-7 days) phase of stress ewvoluti

. Characterizing the effects of cadmium treatmentpea seedlings
under different growing conditions (aerated andxanbydroponics)
with electrical impedance measurement thus findthg ideal
growing condition for carrying out EIS measurements

. Is there any effect of a physiologically neutrah iomagnesium) on
the parameters of the electrical impedance measnm®m

. Is electrical impedance measurement suitable fer détection of

cadmium stress?



2. Materials and methods

Barley seedlingsHordeum vulgard.. 'Triangel’) were soaked and germinated
in a Conviron S10 chamber (20 °C; 1gM m™2.s* light intensity; 12-12 h
light/dark period) then grown on half - Hoaglandusion for five days. The
growing solution was changed in every two days. d&@s old seedling were
treated with CdGland NiC} (cadmium: 10 pM, 50 uM, 100 puM, 300 pM;
nickel: 100 uM, 500 pM, 1000 pM), then sampled e 0,1,4,7 days for
organic acid, antioxidative enzyme activity, fluecence induction and SPAD
measurements. For the electrical impedance measuatgmea seedling${sum
sativumL. cv. 'Debreceni vildgos’) were used. After geriation the seedlings
were grown in Conviron S10 chambers under 16 hdl2e,uM m™-s* light
intensity, on 22-23 °C, 58 % relative humidity. Tieenperature of the chamber
during the 8 hours of dark period was 20 °C. Seegdliwere watered with
distilled water. Three days old seedlings were quuthalf Hoagland solution.
Half of the plants were aerated with Maxima (Hagéermany D-25488 Holm)
aquarium pumps. Three days old seedlings wereetteaith 0; 100; 200 uM
cadmium in the growing solution and grown for 7 malays. Samples were
taken on the 0, 1., 4., 7. days of treatment andhaam content, morphological
analysis and electrical impedance measurementscaerned out. The values of
the graphs are the average (£S.D) of three indeggndxperiments 15-20
seedlings were used for sampling. Significance eetermined with ANOVA

(p>0,05) analysis, Duncan test, SPSS 7.0 programme.



3. Results

In the first part of my work | intended to elucidahe time course dynamics of
stress effect evolution. According to my resulte thanges of organic acid
levels and antioxidative enzyme (GPX, APX) actestireact more sensitively
for the effects of cadmium and nickel stress thaoréscence induction and
SPAD measurements. The were no significant chaimgease of the latter two.

Contrarily, APX showed intensive activity rise tareours after nickel exposion
and cadmium treatment also enhanced APX activityrobts after 9 hours of

treatment and in leaves after 24 hours. GPX agthvilwever rose as a result of
both metal treatments: in roots after 9 hourseavés after 3 hours of exposion.
As for the organic acids, in roots after 12 hourgadmium treatment resulted
in decrease of fumaric acid level- the first adihttreacted the treatment. In
leaves only malic acid rose after the third daycadmium stress, all the other
acid levels showed decrease.

Nickel however caused more intensive changes: atsrmalic acid, in shoots

oxalic acid quantities rose as early as 3 houes aftkel treatment.

These results may be informative in the early detecof heavy metal stress,
moreover the quantitative changes indicated thieréifit physiological effects

of the two metals.

The results of the second part of my work showeat the changes of the
parameters of electrical impedance measurementals® suitable for the

detection and following tissue structure changessed by cadmium in

seedlings. Also the combined effect of cadmium amolxia was also detectable
with this method. Moreover it fulfills an importamriterion: provides fast

information about the physiological state of plaéissues without processing,
and it can be carried out in young seedlings, thitis the help of this method it

is possible to gain information about the effectfs stressors before the

occurrence of visible symptoms.



The measurement is fast and can be easily caraethat makes it promising in
plant physiological and plant stress physiologicakstigations. Propriate and
careful aeration became inevitable during the hydnic plant growing,

because the lack of aeration did not only resutipical flooding symptoms, but
affected the uptake of cadmium in a disadvantagewarsner. According to the
results of the experiment, the parameters (Ra,®s) calculated from the
measured plant impedance are suitable for the ftimtecdistinction and

monitoring the changes of tissue structure causedaomium and flooding

even in the early phase of stress evolution.

Overall, electrical impedance, antioxidative enzyawtivity and organic acid
level measurements are suitable for the followimg dynamics of heavy metal
accumulation and early tress detection even whassal plant stress detection

methods do not provide information about the sthtsress.



4. Theses

1. The constitutive levels of five organic acids barley seedlings and the
growth related organic acid decrease was determined

2. The effect of cadmium was shown in decreasergéroc acids (12. hour:
fumaric acid, 24. hour: citric acid, malic acid aoxiloacetic acid) in roots. In
leaves an overall rise was detected after 12 hours.

3. Nickel initiate a rise of organic acids evenlower concentrations: in roots
malic acid, in leaves oxaloacetic acid level roltere8. hours of treatment. This
makes organic acid level measurement suitable dlowing heavy metal
accumulation in the early phase of stress.

4. GPX and APX enzymes provide information aboutSRtnding capacity of
the whole plant cell. GPX activity rose in roots @ur) and in leaves (3. hour).
APX however rose after 3 hours of treatment in pd#imt organs for nickel and
later in the first day for cadmium. The changesdivities are good indicators
of heavy metal caused early oxidative stress.

5. The changes of the parameters of electrical dapee are suitable for the
distinction of different growing conditions.

6. The physiological effect of cadmium on pea degdlwas characterized by
the rise of the parameters (Ra, Rs, Cm) of eledtimopedance measurement.

7. It was concluded that electrical impedance nremsent is a suitable method
for the detection and the following of structurélanges caused by cadmium

poisoning in the early phase of stress evolution.



5 Conclusions and proposals

Before the changes of organic acid levels, theviagtdf the enzymes catalising
their synthesis should also rise. In order to prthus, it may be important to
investigate the activity of malate-dehydrogenas# succinyl-CoA enzymes of
citrate cycle under the same experimental setup.

Phytochelatin synthase enzyme activity measurenwnthe determination of
the amount of synthetised phytochelatins would alsiagghten the processes of
early stress evolution especially for cadmium.

Smaller time scale measurement, for example howfy,GPX would be
advisable in order to determine the very startotiivdy rise.

measuring of other constituents of antioxidativeyeme system (CAT, GR,
SOD) would be useful to investigate for the two aetunder the same
conditions.

The electrical impedance measurement should alsopbmised for essential
heavy metal as well. Pin electrodes would be uidefisubstitute for contact
electrodes, thus the method would become fully inoasive.

By the first sampling all the investigated paramethanged drastically, that is
why it would be advisable to carry out samplingsenoequently, but definitely

after one day of cadmium treatment.
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