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1. INTRODUCTION

Protecting our environment is one of the most irntgpartasks nowadays. The Earth is injured
and is not able to bear the rising environmentatl lavithout damages. It also came to the
surface that there are no such phenomena whichbeatocked, excluded or separated.
Everything is related to everything on Earth. Itparticularly true of the changes of the
environment. The continuity of deforestation of Bzilian rainforests is seemingly a case
of one country. The economic growth of the mostefigyed and the most quickly developing
countries is not its own case of the certain cqueither, seems the high production level or
fast development result so polluting emission whaghclusions can be felt by everyone.

The effect of the increased ¢@nd SQ emission is well-known. Apart from the continuous
global warming acid rains could result the deatlveetation. However, acidification of our
soils is not only the result of acid rains. By tleforestation of several-year-old plants such as
wood high quality nutrient disappears which exusthe trees but actually comes form the soill
of the forest. The buffer capacity and pH of thd slecrease dramatically resulting the
increasing of heavy metal uptake. Although Al ist monsidered as a heavy metal its
physiological effects are the same. As a resuthefincreasing Al-uptake membranes of the
cell are damaged, the regulation of metabolisnsfies and the plant dies. The main reason
for the death of European forests can be seereimtiieased Al-uptake by a lot of scientists.
Other heavy metal uptake increases similarly with tecrease of pH. Today Hungarian
population consumes the biggest amount of fresletaddes and fruits in a hardly controlled
form because we have really small amount of datatathe products of the markets which
come from the small gardens. If we have some ethefer to pesticide content. The heavy
metal load of population is a latent risk concegrtime situation.

The scientific technical development of 1950 brdufindamental changes in life of
mankind. Revealing the energy sources and introguttiem to the production, furthermore
the automatization of the production and the wilege use of polymer materials multiplied
the productivity. In the Zicentury the industrial production increased bytibes and the
four-fifth of it has reason from 1950. The increa$¢he industrial production in the 1990s is
almost the same as the whole European industrialitgcat the end of 1938-1940s. The
natural and environmental protection is the restithe effects of accelerated industrial and
economic development after the Second World Waweéder, unfavourable changes which
appear in the natural environment may endangemtiatenance of life. The air pollution is a

catastrophe in many places. The power plants, fastochemical plants, cars emit high



guantity of CQ, SQ, NOx and CO, chemical materials, dust and heavy metalthe
atmosphere, consequently they change the contehé @iir.

The fossil materials cause the biggest changedmaih during their burning between 1860-
1980 185 bhillion tons of carbon came to the atmesphNowadays, the amount of carbon
emission is approximately worth 5 billion tons. T@®, content of the atmosphere was 260-
270 ppm in 1910 which rose to 360 ppm in 1985. Aditg to some researchers this amount
could reach 550-600 ppm if we do not change ourufaauring behaviour. The emitted €O
during burning together with our gases can boasgts content of the atmosphere around the
Earth, which is similar to the glass-bell hindersl @do the movement of reflected heat-ray
from the Earth to space. The contribution of manenaid polluting materials to the evolution
of the global green-house effect was the followimd 986; CQ 50%, CH 19%, PCB 17%,
troposphere ozone 8% @ 4%, stratospheric stem 2%.

Approximately based on the current tendencies andpared to the middle of previous
century the C@content of the atmosphere will probably have béembled by 2030-2050s,
causing 1,5-4,5 °C temperature rise (Murray, 198%nificant part of S NOx, CGO,, CO
and CH appearing in the atmosphere get back and aciadnsatition, moreover it highly
contributed to the acidification of our soils.

2. RAISING THE SUBJECT

The agricultural crops reduce the green-house teflstause they bind G@vhich contributes

to the causing of green-house effect by about 5D86é. production of fertilizers is not only
expensive but it is a procedure which needs enosnemergy. The reduction of fertilizer's
portion has become essential in the crop produdiipmow. One of the reasons for that is
during other industrial activities such as by-praduare produced in high quality in which the
necessary nutrients for plants can be found irgabiount. These nutrients have high organic
content. This is a fundamental essential conditimrthe microorganisms appearing in the soil
without which the sustainable crop production car@achieved.

Besides the high fertilizer prices the use of pomdlwastes is economically reasonable.
Finally, the other reason for the reduction ofifiedr use is that the inappropriate use of the
fertilizers may cause environmental pollution.

During my work | would like to find solution witthe use of wastes and by-products for the
reduction of CQ and other green-house gases which appear in thesphere. During the

different industrial and production procedures g@ndbably during everyday use some by-



products and wastes are generated which have higio-nand macro element content and
they do not endanger the environment. They shoatdoe handled as wastes but rather as
nutrient amendments.

In my experiments | examined the effect of applsastes and by-products (flue gas, sewage
sludge-compost, extruded poppy-heads, sewage slgdgeing sludge and lime sludge) on
the germination, their element content and theyspiogical effect on plants. Apart from the
enumerated materials | examined soot, acid, celulsludge oil and oily emulsion but

because of the limited space | cannot introducsethesults in my thesis.

3. MATERIALS AND METHODS

3. 1. Chemical analysis of the samples

After the drying of plant samples on 85 °C andrtineiling 1 g was measured on analytical
scale.

To measure the elements concentration of planteitd#dNO; (65 % v/v) was added to 1 g of
sample for overnight incubation at room temperattiren, the samples were pre-digested for
30 min at 60 °C. Finally, 3 ml 4@, (30m/m %) was added for 90 min, boiling at 120 tte.
solutions were made up to 50 ml, homogenized dreddd through Filtrak 388 filter paper.

To measure the elements concentration of examipgudructs 15 ml HN@(65 % v/v) was
added to 1 g of sample for overnight incubationoatm temperature. Then, the samples were
pre-digested for 30 min at 60 °C. Finally, 5 miG4 (30m/m %) was added for 270 min,
boiling at 120 °C. The solutions were made up taxB0homogenized and filtered through
Filtrak 388 filter paper.

For the production of solutions analytical qualitilO3 (65%) solution (produced by Merck)
was used. Standard solutions made by Merck and BiDHhermore analytically clean
chemicals were applied to the production of basiatsn.

To the analytical defining an OPTIMA 3300 DV typ€R-OES was used which has the

following parameters:

Type: OPTIMA 3300 DV
Producer: Perkin-Elmer Ltd.
Optical system: Echelle system by Ar gas



Wave-length scale: 160-782 nm

RF generator: 40 MHz

Detector: SCD

Observation of plasma: axial

Type of atomizing: concentric (Meinhard Type A)
Type of peristaltic pump-pipe: black-black

Definition of optical system: normal

Ability for dissolving: 0.007 nm

3. 2. Determination of relative chlorophyll content

The relative chlorophyll content was measured angécond and third leaves. The relative
chlorophyll content was measured with SPAD-502 (RLN'A, Japan) Chlorophyll Meter.
The results are shown as SPAD-units in the tables.

3. 3. Determination of chlorophylla, b and carotenoids by spectrophotometer

50 mg fresh weight of leaves were collected froecoad and third leaves while extraction of
chlorophyll using N,N-dimethylformamide (DMF) watehded with 5 ml and then cooled at
4°C for 72 hours. The extraction content of the nmgt was determined using
spectrophotometer. The data after the spectropledtgoal determination was

mathematically processed using formula proposellidman and Porath (1980).

3. 4. Measurement of dry matter

The plant samples were dried at 85 © C for weigitmanence and were measured with
analytical scale (OHAUS) after cooling back thenmdom temperature.

3. 5. Toxicity test

Mustard Sinapsis albd..) seeds were used in the toxicity test. The exathby-products and
the filtrates of the by-products were put to thdriRishes on filter paper and they were
watered. 100 seeds were put into each Petri-disBes.treatments and 1 control were

conducted. The number of repetition was three.



3. 6. Examination with plants grown on nutrient solition

The experimental plants were maiZeé& may<vs. Norma) and sunfloweHgélianthus annus
cvs. Arena). The seeds were soaked in 10 mM G&&QC! hours after sterilization and then
germinated on moistened filter paper a@2 The seedlings were transferred to continuously
aerated nutrient solution of the following compmsit 2.0 mM Ca(NQ)2, 0.7 mM KSO,, 0.5
mM MgSQ, 0.1 mM KHPQ,, 0.1 mM KCI, 1uM HBOs, 1uM MnSQ, 10 uM ZnSQ, 0.25
UM CuSQ, 0.01 uM (NH)sMo070.4. Iron was added to the nutrient solution as FeEDTA

at a concentration of 1QM.

For different treatments, 92, 91, 97, 86 and 10@mf of compost, extruded poppy-heads,
sewage sludge, grinding sludge and lime sludge veelded into the nutrient solution,
respectively. The filtrates were made from 10 gath materials and 100 ml distilled water
was being shaked for 2 hours, and after that itwaasium filtrated.

The native materials were used in the quantity gfdar

The seedlings were grown under controlled enviramaieconditions (light/dark regime
10/14 h at 24/26C, relative humidity of 65-70 % and a photosynthetioton flux of 300
umol mi?s?). The plants were grown in the growth chamber gfiéultural Botany and Crop

Physiology Department at Institute of Plant Sciesnce
3. 7. Light electroscopic examination of plant sanips

For the light microscopy examination the samplesewtaken from the second leaves. The
maize was 11 days old and the sunflower was 15 diaysThe middle and edge part of leaf
blade were hand cut and fixed in 70 % alcohol, fdimand acetic acid in 90:5:5 mixture, for
1 day. After that the samples were washed with alcq20-40 %). The samples were
dehydrated in graded ethanol (25 %, 50 %, 70 %28®0 %, 96 % and absolute alcohol).
After this procedure, the samples were soakeddohal:benzole=1:1 for 1 hour and taken in
clear benzole for 5 min. Paraffin was added tolibezole and the samples were taken in
thermostat for a half day at 30-40 °C. For thenfixegg white:glycerol=1:1 mixture was
used. Benzole was used for the deparaffination.tfk@rdyeing 0.2 % toluidin ?? blue was

used.



Finally, ultra thin sections of leaf tissue wereaexned and photographed with a Zeiss
Axioskop 2 Plus light microscope, Sony Hyper HADm&aa and DigitPlan program were
used.

The segments were made at the Department of PlaatoAy, E6tvos Lorand University.

The pictures were taken at the Department of Agucal Botany and Crop Physiology,

University of Debrecen.

For the chlorophyll calculation 6 segments weredu4é@ cells were counted per segment.

3. 8. Electron microscopic examination of plant saples

For the electron microscopy examination the sampkse taken from the second leaves. The
maize was 11 days old and the sunflower was 15 dlaysThe middle and edge part of leaf
blade were hand cut and fixed in 2.5 % glutaraldehsolution buffered in 0.1 M phosphate-
buffer, pH 2, for 3 hours at room temperature. Afileat the samples were washed with
phosphate-buffer (pH 2) for 2 hours. The samplesevp®stfixed for 2 hours in 1% OsO4,
and after that being washed with 0.1 M phosphatéebdor 30 min. The samples were
dehydrated in graded ethanol (25 %, 50 %, 70 %%8®0 %, 96 % and absolute alcohol).
After that the samples were infiltrated with prepié-oxid and synthetic resin for 1 hour. The
samples were in the clear synthetic resin for 3ady60 °C. ultra thin (70 nm) sections were
cut on a Reichert-Jung Ultracut E ultramicrotomimaHy, ultra thin sections of leaf tissue
were examined and photographed with a Hitachi 7tt@Osmission electron microscope,
Mega View lll. camera and analysis Pro 3.2 progi&uft Imaging System GmbH) were
used. The pictures were made at the Department larit PAnatomy, EOtvos Lérand

University.

3. 9. Statistical evaluation of the results

For the statistical evaluation Microsoft Excel 2@081 Sigma Plot 8.0 version were used.



4. RESULTS

4. 1. Effects of examined side products on germinan of white mustard

White mustard $inapis albaL.) is one of our most sensible plants, therefiores
commonly used for toxicity tests. The effects dffedent side products on germination of

mustard seeds are shown in Table 1.

Table 1. Effect of filtrates of examined by-protufflue gas, compost, extruded poppy-heads, seslagge,
grinding sludge, lime sludge) on the germinatiomufstard. n=3+ S.E. Significant differences comgarcethe
control: *p<0.05; **p<0.01;***p<0.001.

Treatments

Measuring day Control Flue gas Compost Extruded poppy-heads
Germination %

2. 25.67+8.74 1.67+1.53** 25.00+16,64 XxB.52*

3. 56.00+6.66 1.67+0.00** 57.67+8.74 648468

4. 68.33+7.02 1.67+0.00* 68,67+6.43 723274

5. 79.004£8.62 1.67+0.00 73,34+3.06 76.6863
Germination %

Measuring days  Sewage sludge Griondindge Lime sludge
Germination %

2. 63.67+1.53** 4.67+2.08* 3.67+1.15*

3. 84.34+2.52 .681.00** 3.67+£0.00**

4. 86.67+1.53 (B:2.08 3.67+0.00*

5. 89.00+2.52 (0A3.46 5.00+0.58

The highest germination rate was observed at seslagge. The germination percentage was
over the control on the second day of the measurenahen extruded poppy-head, and
sewage sludge were examined. Beside the germingdterthe intensity of germination was
also examined. It was higher by 166% at extrudegppdiead, and by 258% at sewage
sludge in comparison to the control. The higherngeation intensity means that the
germination takes shorter time, and as a conseguéeglants will be unified that makes the
planning of field works better.

The germination was retarded when flue-gas and-$ilmege were examined.

To get detailed information the effects of watdr#id part of side products were examined

on the germination. The results are shown in Table



The germination rates were better in general wherdtlutions were used. The germination
rates were increasing when the dilution of flue;gasmpost, grinding sludge, lime sludge

were applied, while it was decreasing when sewhglkge was examined.

Table 2. Effect of native examined by-productsi€figas, compost, extruded poppy-heads, sewageesludg
grinding sludge, lime sludge) on the germinatiomufstard. n=3+ S.E. Significant differences comgauethe
control: *p<0.05; **p<0.01;***p<0.001.

Treatments
Measuring days Control Flue gas Compost Extruded poppydsea
Germination %
2. 19.00+16.64 4.00+5.20 20.67+11.02 8.00+9.54
3. 31.33+9.24 8.33£1.53*** 38.67+3.61 13.67+£3.06
4. 52.33+2.00 12.33+2.00 61.67+7.55 32.0016.66
5. 62.661+4.16 20.00£0.58 68.34+4.93 43.67+2.31
6. 70.9946.43 27.67+0.58 75.01+4.93 55.34+2.31
Treatments
Measuring days Sewage sludge rindihg sludge Lime sludge
Germination %
2. 11.67+£5.51 13.33+7.02 32.67+2.52
3. 19.67+0.00** 23.00+2.08 50.00+3.06
4. 30.34+2.31 31.67+7.51 66.67+5.03
5. 37.34+0.00 38.67+1.00 74.34+4.04
6. 52.34+8.66 50.00+2.89 79.67+4.16

4. 2. Examination of filtrates of by-products

4. 2. 1. The effects of examined by-products on thutrient uptake of test plants grown

on nutrient solution.

The effect of any nutrients can be considered tlrewhen the plants take it up, and
the element gets into the living cell. Then theredats will be transferred to the different part
of plant. The tolerant plants exclude the harmfeirents from their metabolism, through the
excretion of the elements to the vacuole. The seagplants are not able to transfer these
elements from the roots, therefore these accumutatesing the changing of membrane
functions, and also affect on osmotic potentiale Bxaminations were conducted with corn
and sunflower plants while there are differenceshi nutrient uptake mechanism between
the mono and dicot plants.

The concentrations of examined elements in thetshaad roots of corn can be seen
in Table 3-4. treated by the filtrates of by-produc



Table 3. The content of examined elements (Al,R2g,K, Mg, K, S) (mg kd) in the shoot of maize treated by different filem of by-products (flue-gas, compost, extruded
poppy-heads, sewage sludge, grinding sludge, liougs) n=3+ S.E.

Treatments Al Ca Fe K Mg P S

Control 23,07+ 13,80 10.604,33+569,191,86+ 11,49 76.739,67+ 4.488,16 2.302,680,05 10.249,00+ 1.441,71 2.524,33+ 319,78
Flue gas 27,96+ 15,42 9.088,67+ 749,710,10+ 12,32 64.964,33+ 6.808,21 1.858235,84 7.527,00+ 275,77 2.689,00+@385
Compost 20,83+ 8,00 9.683,67+ 354,483,80+ 9,70 65.551,33+1.451,67 2.265,125,21 12.292,00+1.402,90 3.509,00+307,

Extr. poppy-h. 14,60+ 4,00 7.932,388,21 60,20+ 14,68 77.889,66+ 8.152,&1015,33+ 271,92 11.331,33+1.336,86 36%bH,/84,10
Sewage sludge 13,29+ 6,01 10.693,00#®@ 63,60+ 3,20 84.928,33+4.030,81442,00+ 40,92 11.429,00+ 353,20 4.088305,51
Grinding sludge 17,46+ 11,07 7.757,888,67 63,60+ 18,16 51.221,00+ 514,24976,00+ 47,67 8.481,00+ 573,00 3,63%337,12
Lime sludge 10,57+ 1,70 9.192,025,33 57,43+ 3,50 78.496,67+ 1.745,&1115,33+ 102,12 9.587,00+ 323,1313,00+ 173,69

Table 4. The content of examined elements (Al,F2g,K, Mg, K, S) (mg kg) in the root of maize treated by different fileatof by-products (flue-gas, compost, extruded
poppy-heads, sewage sludge, grinding sludge, liougs) n=3+ S.E.

Treatments Al Ca Fe K Mg P S

Control 38,65+ 10,96 11.967,33+ 762,1264,33+ 80,00 63.865,33+2.344,80 5.2243@6341 10.313,33+2.345,33 7.604,66+429,33
Flue gas 255,33+158,41 12.991,67+ 685,@86,00+ 9,89 46.702,67+1.149,23 4.147,68#36 4.202,00+ 475,17 9.541,00+445,67
Compost 1.486,00+290,46 11.018,33+ 548,3313B+ 38,91 61.347,67+ 647,33 5.544,66+33112.678,33+ 380,26 12.681,00+548,47

Extr. poppy-h. 126,00+ 4,24  7.075,33#3,36 247,00+ 29,69 43.223,00+1.408,026866-:678,32 11.489,50+ 460,17 11.951,00+501,89
Sewage sludge 242,66+ 35,81 11.294,66+,9860 357,33+ 17,21 65.470,33+4.691,69 53&0187,88 8.885,00+ 798,74 12.062,66+194,0
Grinding sludge 442,00+371,93  4.460,46+9,323 1.313,50+310,42 19.626,67+1.743,67 168805,37 9.379,00+ 610,34 7.323,50+9%54,8
Lime sludge 717,00+135,33 11.880,3398,86 602,33+ 80,62 61.838,33+1.901,649433+195,17 9.349,00+ 272,94 9.645,0Q+13




The concentration of examined elements were highexcept the aluminium — in the
shoots of control plants in comparison to the fjas dilution treated plants. Due to the flue-
gas dilution treatment the concentration of aluommiwas increased by 18% in comparison to
the control.

We measured higher concentrations of K, Mg and #henroots of control plants in
comparison to the side product treated plants.ebging concentration of Al and Fe were
observed in comparison to the control.

There were no significant differences in elemenicemtrations between the control
and sewage sludge treated plants, although theentmations of K, P, and S were higher in
the shoots of treated plants.

Special difference was observed in the case oft#levits concentration extremely
increases in the roots due to the treatment. Obdbkes of similar increase of concentration of
Fe and S, we suppose the increase of ferredoxindaalireactions.

The extrude poppy-head, and its dilution can besiclened as nature-like products
with high organic matter contents. This can bertason, why | did not find differences in
the uptake, transfer, and distribution of elemehkte transport of S to the shoots was retarded
both in control and treated plants, while intendramsport was observed in case of K. The
reason for the differences in the intensity of $fart mechanism can be based on the
different charge of K, and S, while the membramagport is simpler in case of positively
charged K ions.

Increased concentrations of K, P, and S were obdarvshoots of treated plants with
sewage sludge, while significant increase of Al &w®were measured in the roots. The
transport of K to the shoots was more intensivecase of treated plants. The high
concentration of Al in roots that is in line withgh Fe contents is also remarkable in this
case.

The concentrations of all examined elements —ex8eptere higher in the shoots of
control plants when grinding sludge was used, wihiéeconcentration of S was higher by 44
% in the shoots of treated plants.

The concentrations of examined elements decreas#ukiroots — except the Al and Fe-

while the transport rate to the shoots was highéneatreated plants. It is well seen in case of
K, because the K concentration was 3-fold in thmoshof treated plants, while it was only by

20 % higher in the shoots of control plants in cangon to its roots.

The parallel increase of Fe and Al concentrationthe roots of treated plants is well seen in

this case as well.



The concentration of Al increased when lime sluttgatment was applied, although
this increase was not extraordinary. The conceatraif S was also higher in the shoots of
treated plants, while the element concentrationthénroots were being formed particularly.
The concentrations of almost all elements decrdaseto the treatment, but in contradiction
with this, the concentration of Fe and Al increabganany folds.

The in line increase of Al and Fe cannot be comsrieasual, while this increase was
observed in almost all cases. Our knowledge isnmudete in the field of Fe-Al interactions.
We can exclude that the two ions determine theidaiion rate, because the charge of Al is
not changeable. We suppose that Al has signifiedfféct on the membrane-structure,
enzyme-activity, perhaps on the iron transporters.

My observation can be interesting because behiadddmage of forest — caused by
acid rains- the scientists presume the intensitakeapof Al. It can be very dangerous if this
active Al uptake is in line with high Fe uptakechase due to the high reduction capacity of
roots huge amounts of bivalent Fe will be produeddgch develop free radicals. The further
investigation of this observation can bring us eto® the reasons of damage of European
forest caused by low soil pH.

The concentrations of elements in the shoots aots rof sunflower can be seen in
Table 5-6. The concentrations of elements weredrniglexcept the Al and Ca — in the shoots
of sunflower. The concentration of Fe decreases2®y% due to the flue gas dilution
treatment in the shoot, while the concentratiorAbfFe, and K increases in the roots of
sunflower. The differences between the element enation of roots and shoots can be
explained with the element accumulation in the spaind with the retarded root to shoot
transport.

The concentrations of all examined element -exteptCa- were higher when the
plants were treated with compost-dilution. The @mration of Al was higher by more than
twice.

The concentrations of Fe, Al, S, and Mg were sigaiftly higher in roots in
comparison to the control. The parallel increasé&®fand Al concentration raises up some
questions, and needs further examinations on #id bf iron transport mechanisms. The
increase of S concentration may be the consequenf@redoxin-type reactions, while the
high Mg contents indicate the increase of ATP ddpah phosphorilation. The energy
demand of intensive nutrient uptake is providedhgykinase-type reactions.

The treatment with extruded poppy-head causesfgigni changes in roots. The

concentration of Al was many-fold in comparison ttee control, while there was no

12



difference in the concentrations of iron. Strongur@ation of root to shoot transport of Fe was
observed when the plants were treated with theidiwf extruded poppy head. One fifth of
root iron was transferred to shoots while this galas one fourth in case of control plants.

The xylem transport of iron depends on several itimm$. The transported Fe is
mainly double charged, and bound to citric acide Ttansport has several preconditions in
case of maize. The maize takes up the Fe-sidercforglex as tree charged cation. The
iron, inside the living cells will be reduced todveharged ion, forms complex with citric
acid, and will be transferred to the shoots in forsn. The weakness of reduction capacity of
roots or missing of sufficient amounts of citriadaeasily prevents this process.

Decrease of concentrations of examined elementscepé the Al — were observed
when the sunflower was treated with dilution of age sludge. The most intensive decreases
were in case of K and Ca. In contradiction wittsthhe concentrations of Al, Fe, Mg, and S
increased due to the treatment. The high concemsabf Fe and Al show also synergism in
this case.

The concentration of Al increased by twofold in thleoots when the plants were
treated with grinding sludge. The increases weraleraied in case of Fe, Mg and P
concentrations. Double concentrations of Al anduMeee observed in the roots of sunflower
due to the treatment. This increase seems to benawedin comparison to that of observed at
other side products, but the tendency is the s@feeobserved increasing concentrations of
Ca, Fe, and K. The differences between the corateos of different elements related to the
accumulation in the roots, and to the retarded tmshoot transport.

The Al concentration was threefold higher in theath of sunflower in comparison to
the control, when the plants were treated withtdduime sludge. Significant increases were
observed in case of Ca, and S. The concentratibegamined elements in the roots were
usually over the control. This increase is remalkab case of Fe and Al. The intensive
transport of Ca to the shoots is uncommon, becaligs bridge-forming ability, as well as
the low, 0,1mM Ca concentration, as optimal Ca eotration of living cells. | suppose

similar Mg-transport, although the physiologicderof Mg differs from that of Ca.
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Table 5. The content of examined elements (Al, i2g,K, Mg, K, S) (mg kg) in the shoot of sunflower treated by differerirdites of by-products (flue-gas, compost,
extruded poppy-heads, sewage sludge, grinding s|uiige sludge) n=3+ S.E.

Treatments Al Ca Fe K Mg P S

Control 572+ 0,34  28.133,33+2.183,3377,33+ 1,52 44.366,33+5.392,00 3.788382,00 4.455,00+736,81 4.640,00+ 488,3

Flue gas 12,87+ 6,25 29.100,00+ 981,3391,63+14,29 43.015,00+ 521,33 3.436]123,33  3.925,33+552,67  3.2687,00+ 506,3

Compost 15,30+ 4,10 26.401,33+ 245,6129,66+15,56 51.177,67+1.514,61 4.1194,00:33 5.152,66+269,41 5.811,66+242,86

Extr. poppy-h. 8,17+ 0,53  24.786,005,47 90,73+ 6,83 44.169,50+1.635,4693,08140,29  4.595,66+256,05 4.405,50+ 546,59

Sewage sludge 7,44+ 1,90 23.959,6359,33 111,00+ 8,71 38.632,00+ 152,67.35@,00+155,33  3.999,50+ 77,07 4.38¥ 883,66
Grinding sludge  11,29+2,14  27.613,0047,83 133,50+31,31 55.638,00+ 541,67 9338+135,33  4.596,33+324,15 4.523 555,01
Lime sludge 16,53+ 2,47 34.021,67¥7,00 164,00+26,28 40.078,67+ 655,0082800+115,33  5.428,50+706,39 7.676,0¢8,28

Table 6. The content of examined elements (Al, B8, K, Mg, K, S) (mg kg) in the root of sunflower treated by differentrfites of by-products (flue-gas, compost,
extruded poppy-heads, sewage sludge, grinding s|uiige sludge) n=3+ S.E.

Treatments Al Ca Fe K Mg P S

Control 22,75+ 191 3.902,66+ 241,33 454,33+ 51,08 58.219,67+ 455,25 2.95889,57 7.148,33t778,99 5.708,00% 44,2
Flue gas 106,00+ 1,41 3.745,33+ 48,28681,00+263,04 84.413,33+4.541,67 1.3#263,33 4.108,50+342,94  4.709,33+210,07
Compost 857,50+58,68 3.082,00+ 154,33 74,50+ 51,61 42.299,67+2.412,67 6.373,33:817 6.104,66+ 84,76  7.396,50+641,35

Extr. poppy-h.  813,50+31,63 3.159,50+,985 463,50+ 4,94 53.388,50+ 71,43.158,50+306,17 7.779,50+654,07  6.383,00+58
Sewage sludge 326,50+20,51 3.389,33+ 151,2 887,33+ 16,86 43.415,00+ 417,12 3B,60+541,33 6.324,66+150,50 5.951,33+6D3,3
Grinding sludge 53,63+ 8,61 4532,33+,8T4 1.151,33+ 64,78 65.281,00+ 621,51.572,00+ 54,13 6.522,66+594,39  4.447338453
Lime sludge 478,50+28,99 3.918,33+,603 863,00+ 25,45 54.876,67+2.395,00613,00+ 81,21 8.286,00+411,53  7.288]00+56




4. 2. 2. The effects of filtrates of examined mates on the dry matter of plants grown
on nutrient solutions.

The accumulation of dry matter was measured. Tedtgeare shown in Table 7.

Table 7.: Effect of filtrates of examined by-prothi(flue gas, compost, extruded poppy-heads, s=wsfagge,
grinding sludge, lime sludge) on the dry mattenwfize (g plant) n=9+ S.E. Significant differences compared
to the control: *p<0.05.

Treatments Shoot Root
Control 0.318+0.11 0.101+ 0.05
Flue gas 0.212+ 0.08* 0.068+ 0.03*
Compost 0.309+ 0.13 0.086+ 0.02
Extr. poppy-heads 0.323+ 0.07 0.081+ 0.00
Sewage sludge 0.411+0.10% 0.121+ 0.04*
Grinding sludge 0.216+ 0.02 0.057+ 0.03*
Lime sludge 0.362+ 0.02 0.104+ 0.01

Decrease of dry matter of roots and shots was ebdarhen we made the treatments
with flue gas. Behind the decrease | suppose tbeased Al concentration. The shoot dry
matter decreased by 34 %, while the decrease ofdrgamatter was 33 % in comparison to
the control.

There was no significant decrease observed at when filtrates of compost was
applied. The dry matter of shoots decreased by @Hite the roots dry matter by 17 %.

The reason of more intensive decrease in root ditencan be the accumulation of
Al.

Increase of shoots dry matter, and decreased myomatter was measured when
extruded poppy head was applied. The reason oédserin root dry matter is the same, that
was written earlier.

The effect of sewage sludge treatment was advamiggen dry matter accumulation
of corn shoots and roots. The results are sigmificdhe increase of shoots was more
intensive than the increased dry matter accumulaifaroots. The more intensive dry matter
accumulation of shoots can be originated fromigbér K contents.

The treatment with grinding sludge solution decesathe dry matter of shoots and
roots of corn. The increase was more significantcase of roots. The reason of grow
retardation can be very complex. | suppose, thgéreeral disorder, and the toxic effect of

different heavy metals can be the main reasonstafded dry matter accumulation.



Table 8.: Effect of filtrates of examined by-prothi(flue gas, compost, extruded poppy-heads, s=wsfagge,
grinding sludge, lime sludge) on the dry mattersahflower (g plant) n=9+ S.E. Significant differences
compared to the control: *p<0.05; **p<0.01; **p<@D1.

Treatments Shoot Root
Control 0.960+ 0.16 0.210+ 0.04
Flue gas 0.722+ 0.05* 0.190+ 0.03**
Compost 1.030£ 0.16* 0.220+ 0.04
Extr. poppy-heads 0.840+ 0.05 0.160+ 001**
Sewage sludge 1.030+ 0.36 0.210+ 0,02
Grinding sludge 0.601+ 0.0*** 0.124+ 0,03***
Lime sludge 0.880+ 0.02 0.180+ 0.01**

The dry matter accumulation of sunflower shootgelesed approximately by 25%, while the

decrease was 10 % in case of roots, when filtrafRi@-gas treatment was applied (table 8.).
The decrease was significant in the roots, butettteemely high ion concentration of roots

did not cause necrosis. The conclusion can betleateason of retarded growth rather is the
osmotic stress than the toxic effect of accumulated.

Increase of dry matter accumulation of sunflowerath and roots was observed when
diluted compost treatment was used. The effedilofed compost was more advantageous in
case of sunflower in comparison to the corn. Thigeinces can be explained with the
different nutrient uptake mechanisms of two plamts other possible reason can be the more
intensive growth of sunflower in the time of evalaa. The higher nutrient providing ability
of diluted compost satisfies more easily the natridemand of sunflower therefore the
growth can be more intensive. This idea is suggboty changed morphology of roots.

Decreased dry matter accumulation was observedrdlfosver shoots and roots when
filtrate of extruded poppy-head was applied. | saggpthat the treatment caused more slack
tissue differentiation.

The sewage sludge treatment caused 7 % increakg matter of sunflower shoots in
comparison to the control, while there was no déifiee in dry matter accumulation between
the treated and the control root dry matter. #ugprising, that this equality in root dry matter
accumulation developed at lower concentration lodxdamined elements in the treated plants.

Significant decrease was measured in dry matteunagiation of sunflower shoots
and roots when the plants were treated with gripdiludge. Although the decrease of root
dry matter accumulation is significant, the accuated ions in high concentration did not

cause the mortality of root, or root parts.



Due to the diluted lime sludge treatment decreass wbserved in dry matter
accumulation of sunflower roots and shoots. Theradese in root dry matter was more

expressed.

4. 2. 3. The effects of examined by-products on 8P value of plants grown on nutrient

solution.

All treatment affected the dry matter accumulatidnsuppose the changes of
photosynthetic activity, and chlorophyll contenehind this effect.

The treatments had effects on chlorophyll contgnnly measurements (Table 9.).

Table 9.: Effect of different treatments (flue gaxtruded poppy-heads, sewage sludge, grindirdgsiuime
sludge) on the relative chlorophyll content (SPARtU of second and third leaves of maize. n=60%.S.E
Significant differences compared to the controk85; **p<0.01; ***p<0.001.

Second leaves

Treatments Bday 4 day 11" day
Control 38.14+ 4.95 48.20+ 2.85 49.31+5.12
Flue gas 36.53+ 7.74 40.42+ 5.35* 44,71+ 4.72*
Compost 41.26+ 5.82 43.07+ 4.68* 47.37+ 3.60
Extr. poppy-heads  34.57+5.83 41.51+ 4.27* 41.9.88*
Sewage sludge 34.07+7.75 47.27+ 4.08 47.92+ 4.10
Grinding sludge 34.39+ 8.74*** 36.81+ 5.47 36.52H 3***
Lime sludge 38.10+ 4.78 44.05+ 2.08 47.40+ 2*86*
Third leaves
Treatments Bday 9 day 1Y day
Control 30.06+ 6.06 43.43+ 2.49 45.87+ 1.98
Flue gas 32.41+ 6.99 37.46+ 5.54** 42.55+ 3.15**
Compost 32.11+ 6.86 38.85+ 3.50** 44.83+ 3.27
Extr.poppy-heads 29.69+ 7.04 41.34+ 3.42 42.489%
Sewage sludge 32.13+5.19 41.77+ 4.60 46.75+ 4.30
Grinding sludge 26.63+ 6.93 36.27+ 1.83*** 35.1857**+*
Lime sludge 33.69+ 3.64 42.88+ 3.39 47.71+ 1*62*

Continuous decrease of SPAD values were observeisecond leaf of maize, when
diluted flue gas treatment was applied. The deeagre significant on thé"@ay (17 %),
on the 11 day (10 %). The SPAD values increased on the &yhwhile decreased on the 9th
and 11" days in the third leaf of corn. Behind the deceeaSPAD values we suppose the
damage of biochemical processes of pigment syrsthddiere was no difference in Fe
contents between the treated and control plantde wie concentration of Mg decreases as a

consequence of treatment.
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The SPAD values decreased — except thé#/ - when diluted compost was applied.
The differences are not important, but the resaits significant in some cases. We found
similarities between the dry matter accumulatiomsl &PAD values. The dry matter
accumulation slightly decreased, due to the moddrgthotosynthetic activity caused by
lower chlorophyll contents.

Decrease of SPAD-units was observed in each dalyeirsecond and third leaves of
corn when diluted extruded poppy head treatment® wsed. The decrease shows week
significance in some cases. We suppose tight cdioneoetween the decrease in SPAD units
and dry matter accumulation. The decrease of SPAI gan be the consequence of lower
Fe and Mg concentration of shoots.

Decreased SPAD values were observed —except twas-cas the second and third
leaves of corn when sewage sludge treatment wakedpWe suppose that behind the
decrease of SPAD units there is a more effectivetqaynthetic apparatus. We base this
statement on the observation that the dry mattewraalation increased when this treatment
was applied. We did not find differences betweenFfk and Mg concentrations of treated and
control plants leaves.

Decreased SPAD values were observed in both lealies the plants were treated
with diluted grinding sludge. The decrease can h® donsequence of damage of several
biochemical processes. The reason of lower SPADs uran be the lower Fe and Mg
concentrations of treated plants. The most of éisalts were significant.

The SPAD units were lower on each measuring daylarsecond leaves of treated
plants. The decrease measured off ddy was significant. In contrast the SPAD units of
younger leaves increased dh &nd 11" days in comparison to the control. Significantues
in SPAD units were measured only on the last mé&agutay. Decrease in the second leaf,
while increase in the leaf was observed. The diffees were not so evident, to be able to
change the dry matter accumulation of corn.

The SPAD values measured in sunflower leaves anersim table 10.

The reason for decrease in SPAD units can be atigihfrom the lower intensity of
pigment synthesis. The reason can be the loweretdration of Fe and Mg.

The SPAD units were decreasing on all measuring dagomparison to the control,
when diluted flue gas treatments were used. Theedses were significant on the 13th and
15th days.
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Table 10.: The formation of the 10-13-15-day-olehftawer’s relative chlorophyll content after theffdrent
treatments (Spad-value) n=60+ S.E. Significant eddhce compared to the control: *p<0,05;
**n<0,01;***p<0,001.

Relative chlorophyll content in the second leaviesunflower (Spad Units)

Treatments Tbday 15 day 18 day
Control 47.57+1.93 50.63+ 1.34 50.33+ 0.40
Flue gas 46.12+ 0.86 46.48+ 2.15*** 44 A7+ 3.4%**
Compost 46.78+ 1.34 49.87+ 0.64 50.02+ 1.28
Ext.poppy-heads 45.50+ 2.92 48.04+ 0.88** 47.687**
Sewage sludge 46.71+ 3.09 48.36+ 0.95** 48.8840
Grinding sludge 44,20+ 1.11** 46.89+ 0.78*** 47 5D.45%**
Lime sludge 44 .45+ 0.68** 45.54+ 0.47*** 46.35HAB***

Decrease also was observed on all measuring daySPAD units when diluted
compost was applied. These decreases were notficagmi Supposedly there was no
modification in photosynthetic apparatus, but ffeaiveness became higher, since the dry
matter accumulation was higher due to the treatsnent

Slight decrease of SPAD values were measured oh emasuring day when we
applied diluted extruded poppy head treatmentssMppose connection between the decrease
of SPAD units and decrease of dry matter accunauiati

The treatment with diluted sewage sludge causededse in SPAD units on each
measuring day. This observation is in contradictisth the increased dry matter
accumulation of shoots. The reason for lower SPAfisucan be the lower Fe and Mg
concentrations. The consequence can be the modgrigteent synthesis.

The diluted grinding sludge treatment made sigaiit decrease in comparison to the
control. The reason can be the lower intensityigient synthesis. However, the SPAD units
were decreasing due to the treatments, but theshigin. Only the decrease of SPAD units
should not cause the decrease of dry matter acetiouthat was measured.

The decrease in SPAD units observed at diluted Bindge treatment could be the
consequence of moderated synthesis of photosyotipagiments. This observation is in
harmony with the lower dry matter accumulation lodsts. The concentration of Fe and Mg
did not decrease in comparison to the control, bupposedly the effectiveness of

photosynthetic apparatus was moderated.
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4. 3. Effects of examined by-products on physiologal parameters of experimental
plants

4. 3. 1. Effects of examined by-products on nutrigruptake of experimental plants

The concentrations of examined elements in thetshaal roots of maize can be seen
in Table 11-12, when the plants were treated viighdiluted form of examined side products.

The concentrations of examined elements decreastn ishoots of maize at flue-gas
treatment, except the Fe, where slight increase measured. The highest decrease was in
case of P. The Al concentration was around 50 Yomparison to the control in the shoots.
In general, the concentration of all examined el@nuecrease in the shoots due to the
treatments, while significant increase of Ca andwege observed in the roots. The Al
concentration in the roots of treated plants waesr dlie control value. The increase of Ca
concentration raises several questions. The opt@aatoncentration in the citosol is 1 mM.
To obtain this relatively low Ca concentration, tbells excrete Ca in energy demand
processes. The total Ca concentration includes afgplasmatic and symplasmatic Ca
concentration, we can suppose the increase ofru@entration inside the cells. The root cells
were not able to release these higher amounts pb&saause there was not enough energy
(ATP) to cover the energy demand of process.

The data of Tables 11-12 give interesting detisording to the transport processes.
The root to shoot transport of K was extremelynstee at the control, and at the treatment
by sewage sludge compost. The observation wasahme sn case of P. The “together”
movements of Fe and Al are well seen in this caseall, but it is not so expressed as it was
in the other cases. The high concentration of Pkaimdthe shoots let us make a conclusion of
a more intensive carbohydrate metabolism.

The concentration of all examined elements decceasethe shoot of corn when
extruded poppy head treatment was applied. Thisedee happened in spite of the fact that
the concentrations of measured elements were eglyemgh in the roots. This observation
draws our attention to the importance of transpostesses. Intensive root to shoot transport
of K was observed at the control plants.

The increase of the concentration of Al and Fe &l ween in the roots, that raises
further questions. Both ions are positively chardbdrefore the competition can be supposed
between them for the negatively charged placegpoplasma and plasmalemma. | observed

special “together” movement instead of competition.
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Table 11. The content of examined elements (Al,R2g,K, Mg, K, S) (mg Kkg) in the shoot of maize treated by different byeprats (flue-gas, compost, extruded poppy-
heads, sewage sludge, grinding sludge, lime sludgé} S.E.

Treatments Al Ca Fe K Mg P S
Control 67,60+ 2,54 8.006,50+ 147,7 92,70+ 3,12 80.074,0045.593,21 2,80+132,23 13.987,00+ 38,18 3.507,80;07
Flue gas 30,50+ 3,60 6.307,66+ 280,0 95,73+ 4,51  49.838,67+1.049,86 4,33+ 61,13 3.590,60+243,60 2.478,88:96
Compost 18,50+ 8,34 6.479,00+ 497,3837,00+ 9,89  67.856,00+1.431,09 1.065356,38 11.769,50+881,60 3.218,50+615,0
Extr. poppy-h. 10,05+ 0,30 74.656,329€,36 76,15+ 6,05 37.820,50+1.450,33218,08340,82 7.500,50+£237,17 2.198,00+£150,12
Sewage sludge 13,80+ 0,95 9.8843WB;25 152,50+ 0,71 101.446,00+4.621,65%0€00+ 60,81 15.770,50+651,24 4.854,00,78
Grinding sludge 6,59+ 0,73 11.24%,634,35 53,72+ 1,98  22.205,08+ 991,88516,78+122,29 5.990,80+491,21 68,R0+ 48,27
Lime sludge 3,11+ 0,41 5.383 251,38 25,42+ 1,63 10.527,71+ 835, 711,34+ 18,02 2.812,90+253,59 975,20+ 43,28

Table 12. The content of examined elements (Al, k2g,K, Mg, K, S) (mg kg) in the root of maize treated by different by-puot (flue-gas, compost, extruded poppy-
heads, sewage sludge, grinding sludge, lime sludgé} S.E.

Treatments Al Ca Fe K Mg P S
Control 49,75+ 3,04 7.773,50+ 183, 117,00+ 7,07 51.065,50+1.898,58 714,50+ 86,97 5.412,50+ 85,18  10.469,3®402
Flue gas 89,90+ 7,23  83.937,00+6.485,3317,00+ 45,30 9.471,00+ 143,67 1,008 81,23  2.426,00+ 46,20 5.324,008,54
Compost 108,85+20,01 6.983,00+ 237,7240,00+ 22,62 52.323,50+3.988,78 3.7@#06,28 5.940,50+ 53,88  10.512,50+182,99

Extr. poppy-h.  450,50+31,42 8.142,5085,86 594,50+ 18,18 48.986,00+5.279,25.404,00+226,27  6.453,00+ 65,91 10.786,69,74
Sewage sludge 92,25+ 1,06 5.311,5182,59 284,00+ 4,24 41.211,50+2.502,98.947,50+314,66  4.020,00+ 88,12 8,804 74,28
Grinding sludge 39,25+ 5,16 2.461,0041,01 58.508,50+678,11 57.169,50+3.851,61865,50+ 6,36 14.613,50+210,02 4562, 53,03
Lime sludge 161,50+ 0,71 2.444,0040,00 1.075,50+ 53,03 65.881,00+2.818,52962,30+ 10,61 4.911,50+ 75,66 .258,00+ 65,05




It is a fact that | cannot make differences betwdnenapoplasmatic and symplasmatic
Al, but let us suppose that most of Al is extradell bound, while the accumulation of Fe is
rather inside the cell. This observation needshérrinvestigations because we should give
answer for the question how can the high Fe upbakpossible in the presence of high Al
concentration which —because its tree charges-frasdhe structure of plasmalemma.

Only the Al concentration was decreased among ther @xamined elements when
sewage sludge was applied. This observation igestieg, because the sewage sludge
contains lots of Al, but the plant were not abl@ataumulate it. So the Al contents in the root,
that is higher than it is in the control roots, manbe considered high. The highest increase
was observed in case of Fe in the shoot of maike. doncentration of most of examined
decreased in the roots of maize, while concentratidghe shoots were over the control value.
This shows the intensive root to shoot transport.

The concentrations of examined elements decreasth@ ishoots of maize, except the
Fe, Mg and S, where slight increases were obsenvbeén we applied grinding sludge
treatments. The decrease of Al concentration imtshwas about 8.5 fold due to the grinding
sludge treatments. The concentrations of Fe we2ef@ld@ higher in the roots of treated plants
in comparison to the control. It can be explaineth\the extremely high Fe concentration of
grinding sludge (683,000 mg Ky

Decreasing concentrations of examined elements aleserved - except of S - in the
shoot of maize when lime sludge was used. The wigsificant decrease was observed in
case of Al. In spite of this, the concentrationAdfin the roots of treated plants was 4-fold
higher in comparison to the control. As it has adie been observed several times, the
concentration of Fe increases in line with Al irstbase as well.

The concentrations of examined elements in thesrant shoots of sunflower can be
seen in table 13-14. treated with the by-products.

The concentration of most elements decreased isdbeof sunflower, while the Al
and the S increase when the plants were treatédfiwé gas. The concentration of Ca in the
roots of sunflower was 44-fold higher in comparisorthe control. The high concentration of
Ca seems to be the most questionable. The lodalizaf this huge amounts of Ca is the
guestion we have to answer in the future reseamrk.WVe suppose, that most amounts of Ca
is located in the apoplasma, because such higho@@eatration inside the cell causes the
death of living organism. It seems to be obvioust tthe Ca ions are bounded to the
negatively charged places of apoplasma. The Caadlecits bridge forming ability- has a

strong effect on the structure of biological menmiag makes the membrane more contracted,



therefore the permability will be weaker, thereftine uptake of other nutrients will low. |
suppose that this can be the main reason of therlomeasured concentrations of other
examined elements in the treated plants.

The highest differences were measured in the coratemm, transport and distribution
of K, and Ca in the plants treated with extrudeggohead treatment. The root to shoot
transport of Ca was very intensive in the contilahfs, and as a consequence we measured
many fold higher Ca concentration in the shoot tinahe roots.

Less intensive root to shoot transport of Ca waenked at the treated plant, therefore
the Ca concentration remained below the contralhoalgh this relatively lower Ca
concentration meant in general high concentratiordontradiction with this observation, the
K concentration of sunflower roots treated with ppphead remained on low level in
comparison to the control, meanwhile the K con@rmn in the shoots of treated and control
plants were similar. The ion antagonism betweenQGheand K is well known, that was
observed in the roots. The K concentration in tloatol roots was high, while the
concentration of Ca was low. This can not be olexkia the shoot, there was no differences
in the concentrations of these elements.

The decrease of all examined elements was obsemnvédth parts of plants. The
element uptake of roots was low except the Catlamahtensity of root to shoot transport was
high only in the case of P and Mg.

In contradiction with our experience with corn, t@ncentration of Al decreased in
the roots and shoots of sunflower due to the sevghgige treatment. To use the sewage
sludge in agriculture, there is one important pahtiiew, namely its heavy metal content.
The Al is not considered heavy metal, althougtpltgsiological similar to that. The sewage
sludge contain lots of Al, but there was no obsgruptake and accumulation by the
sunflower roots.

Decrease was observed in the concentration ofxalheed elements in the shoot of
sunflower when the plants were treated with grigdsiudge. Increase was measured in
comparison to the control in the concentration ef €e, P, and S in the roots. As it was
mentioned at the corn, extremely high Fe conceatravas measured in this case as well
(58.508 mgkd). The Fe reduction on the surface of roots wad segn in this case too.
Supposedly the Fe was strongly bounded in the spolapace. The huge amounts of
apoplastic bounded Fe was observed at the rodistbfexperimental plants, having different
Fe uptake mechanism. Therefore we suppose, tlegrraxists a special, but similar defensive

mechanism at both plants. The question is in tlasec how can accumulate so much
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negatively charged place in apoplasma, that be@bteeto bond this huge amount of Fe? The
other question, we can base our further work ois ithere any defence mechanism against Fe
toxicity, which is induced by high Fe concentratian can we prove, that the synthesis of
pectin will be increased as a consequence of hgltdhcentration? There is difference in
nutrient uptake mechanism between the mono-, acot gilants. In contradiction with this
statement the observation at maize regarding ttesaiction of Al and Fe is true in case of
sunflower. | suppose, that this interaction carthgereason of low concentrations of K, Mg,
and P in the roots. Retarded root to shoot nutti@amisport was observed at several elements

as well.
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Table 13. The content of examined elements (Al, B2g,K, Mg, K, S) (mg kQ) in the shoot of sunflower treated by differentfopducts (flue-gas, compost, extruded
poppy-heads, sewage sludge, grinding sludge, liougs) n=3+ S.E.

Treatments Al Ca Fe K Mg P S
Control 12,70+1,55 33.816,50+2.843,7137,00+ 4,00 55.531,50+685,18 4.20838085 4.455,00+736,81 4.640,00+8,38
Flue gas 23,85+ 2,33  25.690,33+ 910,797,70+10,32 55.066,50+1.709,07 4.1981597,28 4.006,00+50,63 4.772,50+9,02
Compost 14,55+ 0,21  27.672,00+ 60,8135,00+ 4,58 55.066,50+1.709,07 4.198197,28 15.522,50+481,53 5.441,00+£3.169,7

Extr. poppy-h. 17,15+ 0,35 28.942,0@40,71 139,50+ 0,71 57.452,50+ 3,53 4.020,58139,30 15.844,50+672,45 5.392,00+ B83,4
Sewage sludge 13,80+ 0,95 98.840,0@8,25 152,50+ 0,71 101.446,00+4.621,65 3JBH140,92 11.429,00+353,20 4.089,3385,51
Grinding sludge 11,29+ 2,14  27.613,0647,33 133,50+31,31 55.638,00+ 541,6790383+135,33 4.596,33+324,15 4.523,6G25,01
Lime sludge 16,53+ 2,47 34.021,87%,00 164,00+ 26,28 40.078,67+ 655,80827,00+115,33  5.428,50+706,39 7.676,0@28,28

Table 14. The content of examined elements (Al,Rea K, Mg, K, S) (mg kJ) in the root of sunflower treated by different pyeducts (flue-gas, compost, extruded poppy-
heads, sewage sludge, grinding sludge, lime sluagé} S.E.

Treatments Al Ca Fe K Mg P S
Control 60,15+ 0,21 2.420,50+ 142,12174,00+ 2,82 66.463,50+ 344,36103,50+ 4,95 7.733,00+ 14,14  4.530,@8223
Flue gas 56,90+ 0,45 107.354,00+7.420,47331,00+ 15,20 9.871,00+ 741,67 27,60+ 24,13 1.428,00+ 45,23  2.880,0(8%
Compost 49,64+ 1,26 54.482,53+4.771,56226,00+28,46  28.312,15+ 679,72 ,88t 15,91 3.443,00+249,68 3.019,60+197,42

Extr. poppy-h. 29,50+ 7,84 64.627,04446,351 187,20+ 4,83  27.195,93+1.578,56403,91+ 21,41 3.146,40+419,56 1.608,95,58
Sewage sludge 92,25+ 1,06 5.311,5(G2,58 284,00+ 4,24  41.211,50+2.502,28047,50+314,66 4.020,00+ 88,12 8.894,5@,28
Grinding sludge 53,63+ 8,61 4532,3314 87 1.151,33+64,78  65.281,00+ 621,41572,00+ 54,13 6.522,66+594,39  4.44¥%338,53
Lime sludge 478,50+28,99 3.918,3313,80 863,00+25,45  54.876,67+2.395,30610,00+ 81,21 8.286,00+411,53  7.28810Q,56




4. 3. 2. Effect of examined materials on the dry nter of plants grown on nutrient

solutions

The dry matter of maize is shown in Table 15. Therdatter of shoots and roots of
maize significantly decreased at the flus gas rmmeat. The formation of lateral roots was
cramped which can be explained with the high pHfle¢ gas and with the insufficient
nutrient supply.

The dry matter of shoot significantly increasedjlevthe dry matter of root remained
at the control value.

The dry matter of shoot and root of maize decreagethe extruded poppy-heads
treatment. The decrease is not significant. Theedse of dry matter of root can be explained
by the high concentration of Al of root. The othparssible explanation is the unfavourable
Fe?*/Fe** ratio in the young leaves. If the iron is oxidigim the tissue, it will precipitate in
insoluble ferric-phosphate and do not have rold&@metabolism.

The dry matter of shoots and roots of maize iseased at the sewage sludge

treatment. The increase was significant in the shoo

Table 15.: Effect of by-products (flue gas, contpestruded poppy-heads, sewage sludge, grindindgs),
lime sludge) on the dry matter of maize (g plam=9+ S.E. Significant differences compared to ¢oetrol:
*p<0.05;***p<0.001.

Treatments Shoot Root
Control 0.199+ 0.02 0.064+ 0.01
Flue gas 0.128+ 0.02*** 0.023+ 0.00***
Compost 0.254+ 0.03*** 0.064+ 0.01
Ext. poppy-heads 0.180+ 0.04 0.052+ 0.01
Sewage sludge 0.262+ 0.06* 0.067+0.01
Grinding sludge 0.282+ 0.03*** 0.066+ 0.01
Lime sludge 0.285+ 0.03*** 0.072+ 0.01

The dry matter of shoots and roots increased agtimeling sludge treatment. The
results are contradictory because the dry matteredsed when filtrate was examined. There
are different effects of filtrate of grinding sluelgand grinding sludge needs more
investigation. But | assume that the solubilitygohding sludge in the nutrient solution is not
the same as at the making filtrate because the®dorganic acids can change the solubility
of grinding sludge.

The dry matter of shoot and root of maize increasetthe lime sludge treatment. The

increase was significant in the shoot. The resukssimilar to the results of filtrate.



The result of dry matter of sunflower is shown gble 16.

Table 16.: A kilonféle kezelések hatasa (fiistgdmposzt, extrudalt makgubo, szennyviziszap, kiiszzap,
mésziszap) a napraforgd szaraz tdmegére (g ndyény9+ S.E. Szignifikans killdnbség a kontrollhoz
viszonyitva: *p<0,05; **p<0,01;***p<0,001.

Treatments Shoot Root
Control 0.332+ 0.07 0.061+ 0.02
Flue gas 0.168+ 0.03*** 0.047+ 0.06
Compost 0.433+ 0.07* 0.091+ 0.02*
Exr. poppy-heads 0.373+ 0.07 0.074+ 0.02
Sewage sludge 0.431+ 0.07* 0.089+ 0.01**
Grinding sluge 0.308+ 0.03 0.071+0.01
Lime sludge 0.447+ 0.08* 0.116+ 0.03***

The dry matter of shoot and root of sunflower wasrdased. The decrease was higher
at the shoots than at the roots. One of the canfstee decrease may be the pH increasing
effect of flue gas in the nutrient solution (11.8(86). Other cause may be the high Ca-

content of root.
The dry matter of shoot and root increased sigguifily at the compost treatment. The
dry matter of shoot increased by 30%, and the datten of root increased by 49% compared

to the control.
The dry matter of shoot and root of sunflower iased at the extruded poppy-heads.

The increase of root expressed more.
The dry matter of shoot and root of sunflower alstreased at the sewage sludge

treatment more than at the maize. The increasgndisant.

The dry matter of shoot of sunflower decreasedatgrinding sludge treatment and

the dry matter of root increased.
The dry matter of shoot and root of sunflower iased significantly at the lime

sludge treatment compared to the control. The asavas more intensive at the root than at

the shoot.

4. 3. 3. Effect of examined materials on the relate chlorophyll content (SPAD-units) of

plants grown on nutrient solutions

There is a connection between the dry matter aclation and chlorophyll content as
| mentioned previously. So, | measured the relatkiorophyll content in the second and

third leaves on the' 9" and 11" days of experiments (Table 17.).
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The SPAD-unit is decreased in the second leavesaife on all measuring days at the

flue gas treatment. The relative chlorophyll contéecreased by 2 SPAD-units on tieday,
by 4 SPAD-units on the™day and by 8 SPAD-units on the™tlay. The decrease was
significant on the 8 and 11" days. The SPAD-unit decreased on tfeafid on the 11 days

in the third leaves, while this value increasedLI§PAD-units on the i’lday.

The SPAD-unit increased in the second and thirddg@f maize on the all measuring

days. The differences between the treated andneatet! (control) plant can be found in the

visuals.

Table 17.: The relative chlorophyll content (SPABIt) in second and third leaves of maize on the% and
11 days of the experiment. n=60+ S.E. Significantfedénces compared to the control: *p<0.05;

*#p<0.01;***p<0.001.

Second leaves

Treatments "Glay & day 11 day
Control 36.77+ 3.35 37.27+£ 3.92 38.38+£2.31
Flue gas 34.70+ 3.82 33.34+ 4.43* 30.36+ 2.73**
Compost 39.42+ 3.25 41.95+ 3.83** 41.62+ 2.70**
Extr. poppy-heads  39.35+ 3.56 42.30+ 4.61** 39.3%7
Sewage sludge 38.69+ 2.11 43.67+ 3.51*** 43.7|AT*
Grinding sludge 43.10+ 3.35*** 48.68+ 2.85*** 46.83%.09***
Lime slusge 38.02+ 1.39 42.81+ 3.12*** 43.92+ 85
Third leaves
Treatments N @ay 9 day 11" day
Control 36.77+ 3.35 37.27+ 3.92 38.38+2.31
Flue gas 34.70+ 3.82 33.34+ 4.43* 30.36+ 2.73**
Compost 39.42+ 3.25 41.95+ 3.83** 41.62+ 2.70**
Extr. poppy-heads  39.35+ 3.56 42.30+ 4.61** 32.3%7
Sewage sludge 38.69+ 2.11 43.67+ 3.51*** 43.7B4 1+
Grinding sludge 43.10+ 3.35*** 48.68+ 2.85*** 46.3%.09**
Lime sludge 38.02+ 1.39 42.81+ 3.12*%** 43.92+ 85

The SPAD-unit is increased on all measuring daybénsecond leaves of maize at the
extruded poppy-heads. The increase was signifioanthe 11' day in the third leaves. |
suppose that the synthesis of photosynthetic pi¢grisra slower process than the growth of
leaf. Thus, the total pigment concentration hasfim¢hed at the total leaf size developing.
The synthesis of photosynthetic pigments needsygreerd materials. So, | suppose that one
of the highest quantities of the produced energynduthe leaf-differentiation turns to the

structure formation and after the finishing thethgsis of photosynthetic pigments.
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The SPAD-unit increased in the second and thirdded maize on all measuring days
at the sewage sludge treatment compared to theotohhe increase was significant on the
9" and on the 11 days.

The SPAD-unit is significantly increased in thea®t and third leaves of maize on all
measuring days at the grinding sludge treatment.

The SPAD-unit also increased at the plants whichevigeated by lime sludge. The
increase was significant on th8 and 11" days of the experiment.

The relative chlorophyll content of sunflower ism in the Table 18.

Table 18.: The relative chlorophyll content (SRABIt) in the second leaves of sunflower on th8, I8¢ and
15" days of measuring. n=60+ S.E. Significant diffee®n compared to the control: *p<0.05;
**p<0.01;***p<0.001.

Treatments foday 1% day 15 day
Control 36.32+ 3.14 39.88+2.53  43.95+2.32
Flues gas 49.13+ 3.86*** 47.39% 4.04** 46.81+ 3.19*
Compost 37.44+ 2.07 39.17+ 2.43  41.56+ 1.29*
Ext. poppy-heads 37.71+ 1.73 39.25+2.65 41.57+ 3.08*
Sewage sludge 36.82+ 2.87 40.37£ 3.15 41.50+ 3.18*
Grinding sludge 4482+ 2.41*** 46.86% 2.74*  49.36+ 2.73***
Lime sludge 40.93+ 3.49** 44,71+ 1.87* 44.58+ 2.23

The SPAD-unit increased significantly in the secdedves of sunflower on all
measuring days. This increase was 13 Spad-untead’ day, 7.5 Spad-unit on the 18ay
and 3 Spad-unit on the i 5lay.

The SPAD-unit did not change significantly at tleenpost treatment compared to the
control.

The SPAD-unit decreased significantly on the" 1% the extruded poppy-heads
treatment. On the other hand the dry matter of sludosunflower increased so it is a
contradiction. It draws attention to changes in p@tosynthetic cells. The dry matter of
treated plants increased while the SPAD-unit deg@aSo, it draws attention to complex
effect that the treatment has different effect oy matter accumulation and on chlorophyll
synthesis.

The SPAD-unit did not increase significantly on " and 18 days and decreased
on the 18 day when plants were treated by sewage sludgeeTisea continuous growth in
the control and in the treated plants, but thegase of SPAD-unit was more intensive in the

control leaves.
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The SPAD-unit increased significantly at the griglisludge treatment. This result
comes into conflict with the decrease of dry matiershoot. The content of Fe and Mg
decreased in the shoot of sunflower. This conttamficmeeds more examinations. Presumably
the photosynthetic system is also damaged.

The increased SPAD-unit raises new questions becthes ion content of shoot
decreased at the lime sludge treatment. As a rekalcontent of Fe and Mg also decreased.
The essential nutrients of the chlorophyll synthek@creased while the SPAD-unit increased,
S0 it suggests that the decreased Fe and Mg castenbugh for the chlorophyll synthesis.
This amount of Fe and Mg was physiological actind &asically localized in the cell and
easily accessible for the chlorophyll synthesis.

4. 4. Effect of the by-products tested on the chlophyll-a, b and carotenoids content of
the experimental plants

Since taking relative chlorophyll values gives onyative readings the volumes of
photosynthetic pigments (chlorophgl-chlorophyllb, carotenoids) were also taken (Table
19).

Chlorophyll content readings are similar to SPADueareadings of flue gas treatments. On
the basis of the detailed measurement it can bedsthat the treatment brings about changes
in chlorophyllb concentrations, primarily. Chlorophydl-contents decreased in the older
second leaves while they increased in the subséquature ones under the influence of the
treatment. The increase in the chloroplaytihlorophyllb ratios calls our attention to the
defective operation of the photosynthetic equipment

The increases in SPAD-values under the influencehef compost treatment are
supported by the values showing absolute concémigabf photosynthetic pigments.

The absolute volumes of photosynthetic pigmentsedsed in the case of leaves of
any age when extruded poppy-heads treatment wadie@dpin the third, the younger leaf, this
decrease is significant, which supports the eagligrlanation, namely that the time curves of
leaf growth and syntheses of photosynthetic pigmelat not coincide. The decrease in the
pigment levels in older leaves in relation to tleatcol may be a cause of the more moderate

organic matter accumulation in the plants treated.
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Table 19. Chlorophylla andb carotenoid contents (mg*pand changes in tthe chlorophgll chlorophyll—b
ratio in the 2° and 3 leaves of maize under the effects of differeaatments (flue gas, compost, extruded
poppy-heads, sewage-sludge, grinding sludge, lioege) n=3+ S.E. Significant differences compamedthe
control: *p<0.05.

Second leaves

Treatments Chlorophyl- Chlorophyllb  Chlorophylla/b Carotenoids
Control 12.44+ 0.61 3.51+0.41 548 8.53+£ 0.89
Flue gas 11.53+ 0.60 2.92+ 0.57 3.94 7602
Compost 13.18+ 1.55 3.89+£0.75 3.38 8.646
Extr. poppy-heads  11.22+0.52 2.97+0.59 3.77 6.95+ 0.76
Sewage sludge 13.63+ 1.75 3.54+0.74 3.85 8.16+ 0.75
Grinding slugde 16.75+ 0.98** 5.57+ 0.37* 3.00 10.86+ 0.37
Lime sludge 15.13+ 0.57** 5.01+ 0.38* 3.02 10.23+ 0.45
Third leaves
Treatments Chlorophyl  Chlorophyllb  Chorophylla/b Carotenoids
Control 8.79+ 0.38 3.48+ 0.09 2.50 5.92+ 0.69
Flue gas 9.95+ 0.22* 2.67£0.25 3.73 26.0.31
Compost 13.45+ 0.44**  3.54+0.98 3.79 & 6302*
Extr. poppy-heads 7.55+ 0.43* 1.79+ 0.59 4.21 5.24+0.14
Sewage sludge 14.04+ 0.55* 4.15+ 0.69 3.38 9.12+ 0.71*
Grinding sludge 16.64+ 0.61*** 6.17+ 6% 2.69 11.77+ 0.65***
Lime sludge 15.12+ 0.71** 5.64+ 0.72* 2.68 10.17+ 0.67***

Similarly to SPAD-values, chlorophydl; chlorophyllfb and carotenoids contents also
increased in older leaves of corn when a sewaghgslureatment was applied. A more
significant increase was observed in the third kaih in the second one. The dry matter
accumulation in shoots in excess of that in thetroband the increases in the relative and
absolute chlorophyll contents of the plants thatrevéreated reveal positive causal
correlations.

The observation of the photosynthetic pigment cordi the SPAD readings since
concentrations of photosynthetic pigments increasiggificantly when a grinder-sludge
treatment was applied. In all the cases conceatratof photosynthetic pigments increased
when lime sludge treatment was applied. Althougtit¢rent levels, but the increases were
significant. The higher number of photosynthetignpents manifested itself in higher SPAD-

values and increased organic matter accumulations.
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Table 20. Changes in chlorophélb, carotenoid contents (mg‘pand chlorophylia / chlorophyllb ratio found
in the second and third leaves of sunflower untlerdffects of different (flue gas, compost, extdig@ppy-
heads, sewage-sludge, grinding sludge, lime sluttgajments n=3+ S.E. Significant differences comgao
the control: *p<0.05.

Second leaves

Treatments Chlorophyl- Chlorophyllb  Chlorophylla/b Carotenoids
Control 11.77+0.98 3.57+£0.09 2B 7.13+0.22
Flue gas 11.25+ 0.46 3.51+£ 0.37 3.20 70714
Compost 10.32+0.18 3.01+ 0.12* 3.42 6.6120
Extr. poppy-heads 8.90x+ 0.78* 3.01£0.76 2.95 5.36% 0.31*
Sewage sludge 9.66% 0.74 297£0.34 3.25 6.00£ 0.61
Gringing sludge 12.46+ 0.68 4.23+0.08 2.94 9.24+ 0.61*
Lime sludge 11.38+ 0.17 3.52+ 0.18 3.23 7.67+0.26
Third leaves
Treatments Chlorophyld- Chlorophyllb  Chlorophylla/b Carotenoids
Control 12,29+ 0,41 3.69+ 0.05 33 8.85+ 0.05
Flue gas 12,19+ 0,72 4.23+0.35 2.88 8095
Compost 10,98+ 0,26 3.20£0.31 3.43 76256
Extr. poppy-heads 11,89+ 0,81 3.96+ 0.35 3.00 8.24+ 0.64
Sewage sludge 11,27+ 0,13* 3.56+ 0.08 3.16 7.98+ 0.14***
Grinding sludge 10,57+ 0,32* 3.03+0.19** 3.48 7.68+ 0.19**
Lime sludge 11,62+ 0,51 3.46+ 0.17 3.35 8.41+ 0.86

4. 5. The effect of examined materials on the leafea of the experimental plants

The effects of different treatments on the leafalso were examined. The results are shown
in table 21-22.

Table 21.: Effect of examined materials (flue geesmpost, extruded poppy-heads, sewage sludge,imgind
sludge, lime sludge) on the second and third learea (mrf) of maize. n=3% S.E. Significant differences
compared to the control: *p<0.05; **p<0.01;***p<@AQ.

Treatments "Yleaves % leaves
Control 44.51+ 2.92 25.24+ 0.67
Flue gas 16.22+ 2.71*** 35.72+ 2.77*
Compost 21.50+ 7.24** 39.77£9.24
Ext.poppy-heads 21.18+ 0.30*** 47.68+ 7.19*
Sewage sludge 20.66+ 3.05*** 42.09+ 9.45
Grinding sludge 21.39+ 2.34*** 41.94+ 3.59**
Lime sludge 22.72+ 0.85*** 43.28+ 1.32***

The leaf area decreases significantly at the setgafdf maize when the plants were
treated with flue gas in comparison to the contAdlthe same time increase was observed at

the area of third leaf. The results are contradyctdhere were significant differences
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between the dry matter of control and treated leawdile the dry matter of third leaf was
below the control. We suppose that the contradictan be explained with the different
thickness of leaves, and with the damage of medbgélis.

The area of second leaf, which was developed eadexreased, while increase was
observed in the area of third leaf after compa=attnent. In line with this the dry matter of
treated shoots increased significantly. | suppbse the reason of this contradiction can be
the different thickness of leaves. The other pdssieason can be the supra-optimal nutrient
supply that may retard the elongation of cells, m@dle there is no change in the volume of
cells.

The area of second leaf of maize decreased signtfic while the area of third leaf
increases significantly when extruded poppy headtinent was applied. The consequence is
the same what we already did: the reason can bdiffeeent leaf thickness.

The area of third leaf increases when sewage sltrégément was applied, the area
was larger by 67 % in comparison to the controle Hnea of second leaf decreases. This
decrease was significant. The observation is iregent with the dry matter accumulation.
The advantageous effect of treatment starts inviitle appearance of third leaf, because the
more intensive mobilization of nutrients happenthis developmental phase. The increase of
leaf area was observed by Thomas et al. (2006) wéenage sludge was applied.

The results are contradictory at the treatment githding sludge, and lime sludge. |
measured decrease of area of second and increassadff third leaf.

The treatment with flue gas inhibited the leaf gttotable 22.). The inhibition is
significant at leaves of both ages. The measuresvartin harmony with results of dry matter
accumulation and with the chlorophyll contents. Téardation effect was higher than it was
expected. The only reason cannot be the differeckness of leaves.

Table 22.: Effect of examined materials (flue geempost, extruded poppy-heads, sewage sludge,imgind

sludge, lime sludge) on the second and third leavea (mrf) of sunflower. n=3+ S.E. Significant differences
compared to the control: *p<0.05; **p<0.01;***p<@AQ.

Treatments Yleaves 4 leaves

Control 134.33+ 32.64 170.93+ 12.74
Flue gas 46.45+ 3.73* 21.75+ 2.94***
Compost 105.97+ 18.78 157.26x 6.10*
Ext. poppy-heads 118.11+ 6.69 158.15+ 7.89
Sewage sludge 116.07+ 18.25 170.84+ 17.03
Grinding sludge 82.08+ 7.76 93.07+ 15.89**
Lime sludge 102.86+ 19.02 127.30+ 15.92*
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Different decreases of the leaf area were obsen¥é¢lde second (22 %) and the third
(8%) leaf in comparison to the control. The effettreatment was the same for the younger
and older leaf. The decrease of leaf areas happenkae with the increase of dry matter
accumulation. We suppose the slight increase df/okimes behind this observation.

The leaf area decreases when poppy head treatnaanapplied. | also suppose the
increase of leaf thickness, but it cannot be aeckas a single reason.

Decrease of leaf area of second and third leavesuoflower was observed due to
sewage sludge treatment. The decrease was significaase of older, second leaf, while the
area of third leaf was around the control value.

Significant decreases of leaf area were observied gfinding sludge treatment. The
decrease was more intensive in case‘bieaf.

Also decrease of leaf area was observed when liodge treatment was applied,
while the dry matter of shoot increased. The volwhshoots was not measured, therefore
only presumable, that the reason can be the merdaped mesophyll tissue.

4. 5. Effect of compost, extruded poppy-heads, flugas and grinding sludge treatments

on the ultra-structural changes of maize and sunfiewer

The different treatments have effect on lot paramsetwhich is connected to
photosynthesis. The photosynthesis’ cell is chll@sgs. That is why | examined the effect of
different by-products on the number of chloroplamss cell.

The chloroplasts of control maize are in equal rageanent in the light microscope
picture (Pic.1.). Their size is average. The nuntb@hloroplasts per cell is 5.5+ 0.02.

The size of chloroplasts is increased when maize tneated with sewage sludge-
compost (Pic.2.) where there are chloroplasts.aMeeage number of chloroplasts is 5 which
is explained by the unequal distribution of chldess.

The cells are damaged (Pic.3.) and deformed dlubegas treatment. The number of
size of chloroplasts decreased compared to athtiyats and controls. The average number of
chloroplasts is 3.5. The decreased photosynthéjimgnt contents can be explained by the
decreased number of chloroplasts.

The distribution of chloroplasts of maize treatathwgrinding sludge is equal (Pic. 4.).
The average chloroplasts number is 6, which isekiganation for the increased relative

chlorophyll and photosynthetic pigment content.
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The distribution of chloroplasts of maize treateithvextruded poppy-heads is equal

(Pic. 5.), and their number and size did not charugepared to the control.
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Pic. 2. Chloroplasts in the second leaves of maizePic. 3. Chloroplasts in the second leavanaize
treated with sewage sludge-compost treated with flue gas (Photo: B. T&812)
(Photo: B. Toth, 2012)

Pic. 4. Chloroplasts in the second leaves of maize Pic. 5. Chloroplasts in the second leafanaize
treated with grinding sludge (Photo: B. Toth, 2012) treated with extruded poppy-heads
(Photo: B.Toth, 2012)
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The distribution of chloroplasts of control sunflemis equal (Pic. 6.). Their size is
average, but there are some bigger chloroplastd-2n cells. The average number of
chloroplasts is 12.

The size of chloroplasts decreased compared tocdmérol when sunflower was
treated with sewage sludge-compost (Pic.7.). Tieeaae number of chloroplasts is 10 which
reflects the decreased relative and photosyntpe&jiment content.

The cells are damaged (Pic.8.) and deformed afltieegas treatment. The
number of size of chloroplasts decreased comparatl treatments and controls. The average
number of chloroplasts did not change comparetdaontrol.

The distribution of chloroplasts of sunflower tmgtwith grinding sludge is equal
(Pic.9.). The average chloroplasts number is 13wimcreased compared to the control.

The size of chloroplasts is smaller than at therobmvhen sunflower was treated by
extruded poppy-heads (Pic. 10.). The smaller cplasis contain less pigment and the

increased chloroplasts (13) did not compensatéitfexrences.

a A

Pic. 6. Chloroplasts in the second leaves of cbstroflower
(Photo: B. Toth, 2012)

Pic. 7. Chloroplasts in the second leaves of suwd@to Pic. 8. Chloroplasts in the second leaves of
Treated with sewage sludge-compost sunflower treated with flue gas (Rhd@. Toth, 2012)
(Photo: B. Toth, 2012)
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Pic. 9. Chloroplasts in the second leaves of swto Pic. 10. Chloroplasts in the secomdés of

treated with grinding sludge (Photo: B. Toth, 2012) sunflower treated with extruded poiy@ads
(Photo: B. Toth, 2012)
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Those by-products were selected to the microscopdysis which has interesting
results. The two experimental plants (maize andlewer) have different reactions to the
treatments. That is why | had to select those loghpets which have the same effect on the
plants. | took the SPAD-unit and dry matter intmsideration.

The electron microscope picture of control maizeelated to plants grown under the
optimal circumstances. Deformation is not obsemwedhis. The thylakoid membrane is well
developed, while the stroma is homogenous (Pic.11.)

The size of chloroplasts is big at the sewage s€umtgmpost which is similar to the
control sunflower (Pic.12-13.).

There are some dilatations in the thylakoid antchtaccumulation can be seen in Pic.
14 when maize was treated with flue gas. | assuraethe decomposition and transport of
photosynthetic starch is damaged. Thus, the staschemporarily accumulated. The
endoplasmic reticulum became multi-layer and greviater.

More endoplasmic reticulum can be observed wherzenaias treated with grinding
sludge (Pic. 15.) and extruded poppy-heads (Pi¢. 16

The electron microscope picture of control sunflowgerelated to the plants grown
under optimal circumstances (Pic. 17.).

The mitochondrium is puffy and the formation isginThe size of peroxisomal is
bigger and the structure is looser that at therobnthe structure of chloroplasts is the same
as the control and the number of endoplasmic feticus more (Pic. 18.):

The dilutation of thylakoid can be observed in Bie. 19. The chloroplasts are round
which may indicate stress circumstances. The gofmaloroplasts are not in one level. The
plastoglobulus is black and small. The chloroplastésdamaged (Pic. 19.).
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The displacement of thylakoid system can be obserae the grinding sludge
treatment (Pic.20.). The number of grana in thyldks less than in the control.

There was no difference when sunflower was treatétl extruded poppy-heads
compared to the control (Pic. 21.).

The grinding sludge had the most effects on theroplasts structural changes of
sunflower. The conditions of chloroplast are theasv@t the grinding sludge treatment. The
next is the flue gas treatment where the largdatation can be observed in the thylakoid.
There were some small changes at the compost #weatoompared to the control. The

extruded poppy-heads treatment did not have efiestructural changes of chloroplasts.

Pic. 11. Electron microscope picture of mesophytl aPic. 12. Electron microscope picture of megtiEnd
bundle sheath cell of 11 days old control maize  bundle sheath cell of 11 days old méaigated with
extruded poppy-heads

Pic. 13. Electron microscope picture of chloroast Pic. 14. Electron microscope picture obcbplasts of
mesophyll of 11 days old maize treated with composbundle sheath cell of 11 days old maize ¢e:atith
compost
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Piv. 15. Electron microscope picture of mesophgtl aPic. 16. Electron microscope picture of megt@nd
bundle sheath cell of 11 days old maize treatedd wit bundle sheath cell of 11 days old maizatée with
flue gas flue gas

Pic. 17. Electron microscopy picture of mesophgll’s chloroplasts of 15 days old control sunflower

Pic. 18. Electron microscopy picture of mesophgll's Pic.19. Electron microscopy picture of melsgipcell’s
chloroplast of 15 days old sunflower treated with chloroplasts of 15 days old sunflowenated with
extruded poppy-heads corhpos
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Pic.20. Electron microscopy picture of mesophyll' cePic.21. Electron microscopy picture of mebgp cell’
chloroplasts of 15 days old sunflower treated with  chloroplasts of 15 days old sunfloweated with
flue gas grinding sledg
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NEW AND NEW-TYPE SCIENTIFIC RESULTS

1. The CQ emission is a global ecological problem nowaddy® agriculture keeps one of
the greatest emitting sectors, because of the famgeunts of chemicals being used in
producing processes. All solutions we can reduedlsr use of fossil energy with exceptional
importance. These solutions have both ecologichlemonomic impacts on our daily lives.
The general plant physiological examinations of setted industrial side products were
conducted in my work according to the above mentioed statements.

2. The dry matter accumulation of crop plant degemid two basic physiological processes,
namely it is given by the differences of photosysie and respiration. The higher the
difference for the benefit of photosynthesis i® thgher the expected yields are. Therefore,
all anthropogenic or environmental effects haveepkonal importance which is able to
influence the intensity of photosynthesisly work demonstrated the fact that the
examined by-products realize their effects throughthe changes of photosynthetic
apparatus, but the connection with other metaboliprocesses cannot be excluded.

3. The activity of photosynthesis depends on exogenand endogenous factors. The
processes of photosynthesis are going on in therabiasts. Therefore the number of
chloroplasts in the mesophyll cells has exceptiamg@ortance My experiments show, that
the treatments with flue gas, sewage-sludge comppgrinding sludge and extruded

poppy heads make changes in the number of chloro@ts in the mesophyll cells.

4. The light reactions of photosynthesis are caliptethe fine ultra-structure of chloroplasts,
the light reaction that the life on the Earth isd on. This sensible membrane structure
provides the ATP and reduction force (as NADPH]J tra necessary to the gfxation. All
changes of membrane structure affect on photoclanmeactions, and in line with this on
amounts of fixed C® The ecological importance comes from the welhviindact: the green
plants fix the CQ, therefore the greenhouse effect can be reducedhss is a global ainit

is proved, that the treatment with flue gas causedhanges in the ultra-structure, and
membrane structure of chloroplasts, enlargements we developed inside the thylakoid

membranes that has influence on the effectivenestlight reactions.
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5. The iron is one of the most investigated ionwamays. This is a crop production limiting
factor on several parts of the world. The spegiatit iron “problem” is, that the double
charged iron easily uptakable, but it is toxicanger amounts, while the triple charged form
is not soluble, therefore the uptake needs lotsneirgy. The Al is considered toxic metal,
although the tee needs Al in huge amount for nomgnaWwth. Both ions are multi charged
cations, so they form strong connections with tegatively charged places of proteins and
membranes, and modify the structures. The competitiould be acceptable between the two
ions. Synergism was proved between the Fe and Al in my gariments that force us for

further investigations on the field of membrane transporters regarding the two ions.
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PRACTICAL RESULTS

The plant physiological effects of industrial byeducts were investigated in my experiments.
This research work belongs to the basic scieneeethre the direct, and immediate use of my
results need further experiments on arable landl cantinuous monitoring.

On the basis of my research the following resuleslapt for use in the practice in shorter

time.

| proved the possible use of industrial side praslutthe nutrition of crop plants.

By the continuous control of the practical use xérained side products we can reduce the

CO, emission, which has ecological and economic effastaell.

With the use of examined by-products we can takgehamounts of microelements into the
soils where the nutrient disorder is the main yiefdting factor. The use of by-products can

be very effective in Zn and Fe deficiency.
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