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INVESTIGATION OF AN ION-EXCHANGED SYNTHETIC ZEOLITE WITH A
COPPER TETRAMINE ION

TAMCS SZARENMCTE¢ KAULQSGAGICZE-REZSF SCHMI DT
DCVI D VABRSSTENA KUKARGEICA SVnTAEMARTON C
POLOVKA?
ISz®chenyi |l stv8n Universi MpsoAmaggalttuBa
2National Agricultural and Food Centre, Food Research Institute, Bratislava

SUMMARY

Zeolite is one of the most versatile minerals on our planet. It can be foumar
environment in a natural form, but it can already be produced artificially, thus increasing
the versatility of its usability. Natural and artificial zeolites are widely used in industry
and agriculture. It is used in agriculture in large quantitiest is for soil improvement,
nutrient intake, feeding, deodorization. The significant ion exchange capacity further
expands its field of application. It can be used in many forms in its natural form, though
its real industrial value is given by its #idial shape, because with its regular shape,
different pore sizes, it is possible to produce the most suitable type for the purpose by
creating the most convenient form and pore size version for a variety of purposes. We
used a derivatograph,-day diffraction, and electron microscopy to examine the zeolite.
We examined the settling rate of the aqueous suspension of the synthesized zeolite and
the coppeiion-exchanged synthesized zeolite and found that the settling rate of the
suspension was low for botkdlite and coppeion-exchanged zeolite. Based on the EDX
recording of the Zeolone P4A type synthesized zeolite, it can be clearly seen that the Si:Al
ratio in the zeolite is close to 1:1 (Si atom% = 10.16 and Al atom% = 11.81). Based on
the recording, th&DX spectrum of the ioexchanged zeolite shows that the ratio of
SitAl in the zeolite is approximately one, i.e. it is probable that no change in the lattice

structure occurred due to ion exchangés tlear from Xray diffraction analysis that Cu
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wasnot incorporated into the crystal lattice of the zeolite. It is clear from the scanning
electron microscope that there was no change in size or shape with respect to the zeolite
due to ion exchange.

Keywords: zeolite, ion exchange, derivatogramya§ diffraction

LITERATURE REVIEW

Zeolites are founéh natural or artificially produced (synthesis) forms. There are more
than 60 types of zeolites in nature in volcanic or sedimentary media. The most common
and most mined zeolites are chabazite, clinoptilolite, and mordenite. The number of
synthesized zdites artificially produced for different purposes is approx. 150, the most
important of which are:

U Zeolites(high ion exchange capacit@j/Al ratio = 1, pore size = 0.4 nm, eg.
used in the detergent industry)
U X zeolitegSi/Al ratio = :1.5, pore size ©.74 nm, for catalytic cracking)
U Y zeolitegSi/Alr ati o O 2.5, pore size = 0.74 n

The widespread use of zeolites is enhanced by their ion exchange capacity, variable size
channels, high stability, high melting point (above 10Q0), insoluble in water and
inorganic solventsBreck 1974;Moshoeshoe et al12017%.

Zeolites are porous materials with high specific surface area, the pores of which can
vary between 0.3 and 2.0 nm. The specific surface area (3g¥ can be calculatelly
the formula S = 2Vp/r, where Vp is the pore volume and r is the average pore radius.

According to their size, pores are usually divided into three groups. The pore size
grouping of zeolites and zeolits&ke materials is shown iffable 1(Nagy et al, 198;
Hannus,2012).



INVESTIGATION OF AN ION-EXCHANGED SYNTHETIC ZEOLITE WITH.

Table T Grouping of zeolites and zeolitike materials based on their pore size

(Hannus 2012)
typical number of
pore size (hmjmaterials representati|ring pore diameter (nm)
ve members
50 < macroporous 0.4-1.2
2-50 mesoporous MCM-41 1.5 1 10
microporous Na-X 0.30-0.45
clover 20 0.6 T 1.32
ultra-large pores |[VPI-5 18 1.21
AIPOs+8 |14 0.79 1 0.87
faujasite 12 0.74
o large pores AIPO4-5 12 0.73
ZSM-12 12 0. 55 1 0.59
ZSM-48 |10 0.53 I 0.56
medium pores  [ZSM-5 10 0.53 1T 0.586
0.51 I 0.55
small pores can ° 042
SAPG34 |8 0.43

Zeolites are thredimensional,

microporous, crystalline solids with a vddfined
structure, containing aluminum, silicon, and oxygen as building blocks. The primary
building blocks of zeolites, crystalline aluminosilicates, are composed of tetrahedra TO
(T = Si**, AI®), SiQy, and AIQ, (Figure 1) (Flanigen et al.2012).
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Figure 1: SiOs and AlQitetrahedra of zeolite structure.

Possible ways of coupling tetrahedracame known in the early 20th century after X
ray diffraction studies made it possible to understand the crystal structure.

The tetrahedra are connected to each other through common oxygen atoms at the
corners, resulting in 16 larger units, thecsdled secondary building block may be
created. The crystal structure of zeolite is formed from secondary building blocks, while
molecularsized channels and cavities are formed in one, two, or all three directions of
space MeyerOlson 1996;Hannus 2012;K o Ir, 2@ 2;Moshoeshoe et al2017.

The 0.41.2 nm pores of the zeolites are micropores according to the IUPAC
classification. When forming their threlmensional backbone, Si®@etrahedra can be
replaced isomorphically by AlCtetrahedra. Trivalent alumium, AlOs, has a negative
charge in tetrahedra, and the skeletal structure is the carrier of the negative charge, which
is neutralized by cations, primarily alkali metals and alkaline earth metals.

Zeolites are generally crystalline silicate or aluminioaie materials with a regular
microporous (<2 nm) structure. Zeolites with different structures are made up of the
resulting structural units, building blocks, cages, for example, sodalite, zeolite A, faujasite
zeolite are made up of sodalite cag8shivake et al.,2018). The amount of pores of

different sizes determines the amount that can be bound with the copper tetramine cation.
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TO, sodalite cage 1
T=5i, Al SOD LTA FAU
zeolite sodalite zeolite A zeolite Y

Figure 2 Structure of typé\ zeolite from sodalite unitSchwanke et al2018).

The main characteristic propertiesdifferent zeolites, the Si:Al ratio and the pore size
are shown in the followingrigure 2 (Schwanke et al2018). The figure illustrates the
molecules that can be bound in the pores of different zeolites and crystalline oxides based

on their size Ramsayand Kallus 2000).
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Table 2:Structural characteristics and properties of different types of zeolites (Ramsay
and Kallus, 2000).

Window Dimension

Zeolite Structural Formula [Si)/[A1] ;o
type I
Silicalite 1 b
} Nan[SigenAlnO192 16 H20 52*5.7
ZSM5 10-1000

1 (1.2 -

Zeolite A | Nau[Si12Al1204g]: 27 H20 3.7) 4.1

Zeolite X 1 11.74
} Nao 6 {Sigs+xAlo 6 Ogsq 240H20

Zeolite Y 02.5 |74

17D 2.21 2.8
Clathrasils | e.g. Sodalite; Dodecasil

Cu atom radius = 135 pm Channel diameter = 0.4 n(@00 pm)

9 X

-
'+[(NI13)4('u]

N atom radius = 65 pm H atom radius = 25 pm

Figure 3:lon exchange on the surface, size of atoms involved in the exchange



INVESTIGATION OF AN ION-EXCHANGED SYNTHETIC ZEOLITE WITH.

MATERIALS AND METHODS

Preparation of coppetetramineion-exchanged synthesized zeolite

During the preparation of the ieaxchanged zeolite, ion exchange with copper
tetramine sulfate was performed on a domestically produced Zeolon P4 zeolite of NaA
type. A 10 wt% aqueous suspension of the synthesized zeolite was prepared. To the
zeolite suspnsion thus prepared, a solution of copper tetramine sulfate (12% by weight
for copper) was added with stirring. Copper tetramine sulfate is used in agriculture in
large quantities to improve the yield and quality of whéatzi et al.(2020),Sz a k § |
(2018. Based on the preliminary tests performed, a 100% excess of copper tetramine
sulfate required for ion exchange was introduced. After stirring for 2 hours, the
suspension was allowed to settle and the decantation was carried out with distilled water
until the excess copper complex became detectable. The resulting suspension was dried
at 30°C and its powdered sample was examined for copper and nitrogen content, thermal
stability, and structure. Instruments used in the tests: ICP, derivatograph (thebitig} sta

test), Xray diffraction (structure test).

water + zeolite, suspension copper tetramine deionized zeolite,
sulfate + zeolite suspension
Figure 4.:1on exchange on Zeolone P4 type zeolite with copper tetrasuifege, seH

photograph

10



Figure 5.:lon-exchanged zeolite with powdered coppeninecomplex ion, (sel

photograph)

Derivatographic analysis of Zeolone P4A type synthesized zeolite

During the thermoanalytical analysis with a derivatograph, the physical and chemical
changes in thenaterial under the influence of heat during the heating of the sample can
be examined. The change in enthalpy (TA; DTA) or the change in weight (TG; DTG) can
be measured in terms of the properties of the test substance that are affected by the change.
Thermal testing is an indirect procedure, which should be supplemented with a direct
procedure, e.g. XRD method. Thel300 D MOM system derivatograph was performed
at thelnstitute of Materials Engineering of the University of Pannonia.

The thermal stabilityf copper tetramine sulfate and copper tetramineeiarhanged
zeolite was examined by derivatography.

We considered it necessary to investigate whether the structure of the zeolite changes
due to the ion exchange of the coppsiramine cation. In ordeio monitor it, it is
necessary to compare it with the derivatogram of the synthesized zeolite used for ion
exchange. The negative sites of the tested Zeolon P4A type zeolite are bount by Na
cations. The changes of Zeolon P4A type zeolite with increasing temperature are shown
by the TG, DTG, and DTA curves.

11
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Energy-dispersive Xray analysis (EDX) and Xray diffraction (XRD) studies

EDX study of copper iorexchanged synthesized zeolite

Based on the EDX recording, we get a reliable picture of the process and extent of ion
exchange. It can be used to read the ratio of Al and Si forming the crystal structure, from
which we can deduce the possible structural change.

Both EDX and XRD studiewere performed at the Institute of Materials Science of the

University of Pannonia.

X-ray diffraction study
Qualitative phase analytical studies were performed ote€amine, zeolite, and Cu
zeolite samples. The three different XRD recordings can Ipéagled in one figure. Thus,
a comparative study can take place. The obtained result can be used to determine whether

Cu is incorporated into the crystal lattice of the zeolite.

Scanning electron microscope energy dispersive-bay analyzer (SEM-EDX)

recording, analysis

SEM (Scanning Electron Microscope)

The surface of the substance to be examined is examined with a scanning electron
microscope.During SEM testing, secondary electrons are recorded and evaluated from
the sample.The sensed signals providefarmation on the surface properties,
morphology, chemical composition, and crystal structure of the sample materials.

The zeolite and the copper amiioa-exchanged synthesized zeolite were examined
with a PHILIPS XL 30 ESEM scanning electron microscdpge morphological analysis
was performed in a vacuum, based on the detection of secondary electrons and

backscattered electrons at the Institute of Materials Science of the University of Pannonia.

RESULTS AND EVALUATIO NS

Sedimentation test
The settling rate of the aqueous suspension of synthesized zeolite and-ionpper

exchanged synthesized zeolite was investigated (Figure 6). It can be clearly seen from the

12
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figure that for both zeolite and copper ierchanged zeolite, the settling ratetioé
suspension is low. In both cases, the rate of separation and settling was examined for a
10 m% solution of the suspension. It can be applied to the surface of the plant with the

sprayers in use. Application is recommended using a circulating punygspra

Investigation of the settling rate of zeolite and copper
ion-exchanged zeolite slurry (10 m% suspensions)

()
a 16
S 14 13,5
g g
CU 3
= 1 10,6
2
2 10
5
S.— 8
22
S2 6
B
2 4
o)
S 2
s
c
@ 0
S 30 60 90 120 150
o . .
Time [min]

Zeol it fel sR—=RPBzsze®lioghe!| BR

Figure 6 Investigation of the deposition rate of zeolite and coppeeimihanged
synthesized zeolite. (Blue line: zeolite, upper phase volume % and purple line:

copper zeolite upper phase volume %)

Derivatographic studies

Based on the TG curvthe water present in the various bonds is present in the channels
of the zeolite as well as on the surface with high adsorption capacity: The release of water
cannot be linked to a specific temperature, but takes place in a temperature range of up to
appraimately 400°C, the measured amount of which was 20.3 m%. The maximum of
the endothermic, prolonged water release was 28B8&:cording to the DTA curve and
197.2°C based on the DTG curve. Upon further heating, the DTA curve shows an

exothermic reactioat 858.8°C, which means a weight loss of 2.3 m% based on the DTG

13
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curve (it can be assumed that it can be related to the excess sodium ions remaining in the

channels).

1 T858.8°C

DTA

C=a T849.9°C
A DTG

T197.2:°C

TG

-— 1

|
0.0 200.0 400.0 600.0 800.0

1€

Figure 7: Derivatogram of Zeolone P4A type synthesized ze8lite a k 8§ [(2024)t

1000.0

al

Summary: The water bound in the synthesized zeolite in various forms is gradually

released up to 408C, most of the water is reversibly bound.

EDX analysis of copper iofexchanged synthesized zeolite

Based on the EDX recording, we get a reliable picture of the process and extent of ion

exchange.

14
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585K

5206

455K;

260K

065

Status: die CPS: 3845 DT lsec300  1mes 13330keV  Det Octane Elect Plus

Figure 8: EDX spectrum of Zeolone P4A synthesized zeolite

The EDX spectrum of Zeolone type P4A synthesized zeolite is showigume 8 It
can be clearlpgeen from the EDX recording that the Si:Al ratio in the zeolite is close to
1.1 (Si atom% = 10.16 and Al atom% = 11.81). Sodium at anionic sites (which is

interchangeable) gives 16.52 m% and 14.05 percent of the atoms involved in the zeolite.

15
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EDX study of copper iorexchanged synthesized zeolite

. Element Weight% Atomic % Error %
A oK 517 658 711
Na K 9.01 7.98 10.14
Al K 16.81 12.69 6.17
SiK 15.48 11.22 6.33
KK 0.31 0.16 34.53
CuK 6.69 2.14 7.89
(9 [ - -

Status:Idle CPS:3487  DT:77 Lsec300  2Cnts 13330keV  Det Octane Elect Plus

Figure 9: EDX spectrum of zeolite exchanged with copper tetramine sulfate

Based on the reeding, the EDX spectrum of the i@xchanged zeolite shows that the
ratio of Si:Al in the zeolite is approximately one, i.e. it is probable that no change in the
lattice structure occurred due to ion exchange. This assumption is supportedaby X
diffraction phase analysis.

Scanning electron microscope energy dispersiveray analyser (SEMEDX)
recording, analysis

SEM analysisKigure 10 showed that the Cu distribution in the zeolite was
completely homogeneous. There are no local enrichments in theezeofiper is not
located in the zeolite channels. There is no apparent difference in the morphology of the
individual particles, which also suggests that Cu is not incorporated into the lattice
structure of the zeolite. It can be clearly seen from thgénahat the particle size of
the zeolites is below 5 Om, which well

due to ion exchange.

16
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Con  RenT#

10.00 kV LVD SE

Figure 10:Shape and size of the synthesized zeSlie a k § [(202d)t a |

Figure 11:Shape and size of copptramineion-exchanged zeolite particl&z a k 81 et
al. (2021)

17
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REZTETRAMI N | ONNAL | ONCSERELT SZI NTETI K|
VI ZSGCLATA

SZAKCL TAWMLEISOCSAI RENOZMZBOLT:-SCHMI DT REZS¥
VASAS DENURUROVC KRISVRENAEKOVC 2ANGELA
POLOVKA MARTIN 2
!1Sz®chenyi | stvsg§n E®y efleat,mdMeamstigyd z Kas § g
Mosonmagyar -v§8r

2National Agricultural and Food Centre, Food Research Institute, Bratislava

¥SSZEFOGLALCS

A zeolit az egyilkhalsegngsohaltdalsalvay ol yg
k°rnyezet ¢énkben term®szetes form8ban, de r
i s n°vel ve felhaszn8l hat - s8§g8nak sokol da
zeolitokat az i parban z®seshkh°rdfienRghadas

mezRgazdas8gban nagy mennyi s®gben hasznsg§l

takarm8nyoz8sra, szagtalan2t8sra. A jelent
ter¢l et®t tov8bb bRv2Ztindelrerran®fselelt &@sz f OIr he
i pari ®rt ®k ®t a mester s®ges formgj a ad|j
p-rusm®retT al akj §val a ke¢lonf®le c®lra a
el Rg§l 1 2t 8§s8val a c®lnak | egmegdlirel Rhblzs g
derivatogr8fot, rentgendi ffrakci - s Vi zsg:¢

Megvizsg8ltuk a szini emicaza®Ir®l tzeaglzi ht Btsi z
szuszpenzi-j8nak ¢l eped®si sabaexr®d @t ,®sme:
ioncser®lt zeolit est®ben a szuszpenzi - - ¢
szintetizg8lt zeolit EDX felv®tele alapj 8n
1:1 (Si atom %= 10,16 az Al atom%= 11,88z i o hzedlieEDR Ispektruma

seg?2ts®g®vel megs8ll ap2that -, hogy a zeoli
vagyis val-sz2nTs2thetR, hogy az ioncsere
A r°ntgendiffalakgj 8§83 &gy ®misénaetmT , ® pheolgty bae C
krist8lyr8csghbha. a p8sztgz- el ektronmikrc

tekintet®ben az ioncsere folyt8&8n sem a m®r

18



T. SZrKalL

Kulcsszavak: zeolit, ioncsere, derivatogram,® nt gendi f f r ak c i
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EFFECT OF THE COPPER-SUCROSE COMPLEX FROM COPPER-
CONTAINING WASTE ON YIELD AND QUALITY OF WINTER WHEAT

TAMCS SZAKCA SZAIZRALTGICZE-DCVI D VIASAS
ANGELA SVNnTEKKRIOYTENA KUKUROVC
ISz®chenyi I stv8n Uni veB8csehgesAgMbsaoahmagsw

2National Agricultural and Food Centre, Food Research Institute, Bratislava

SUMMARY

Copper microelements, coppepntaining enzymes, play a very important role in plant
biochemical processes. Some of the soils in Hungary digeda® in copper. Wheat is
sensitive to copper deficiency, so an adequate supply of copper to the wheat plant must
be ensured to ensure yield and quality. A cofmrose complex was prepared from
coppercontaining waste with acidic pH. We performed dolfertilization experiments
with the prepared coppsucrose complex compound on winter wheat in the area of
Kom8r omi Solum Zrt. I n small pl ot experim
and flowering treatments. The doses used were 0.1; 0.3; 0;5arid 2.0 kg/ha. As a
result of the coppecomplex treatments, an increase in yield, crude protein, and gluten
content was achieved.
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INTRODUCTION AND LITERATURE REVIEW

The population of theahd will continue to grow in the 21st century, reaching 9.8 billion
by 2050, according to CSO data. The quantitative and qualitative food supply of a
growing population poses increasing challenges to global agricultural production. The
problem of quantitate and qualitative food production is exacerbated by the decline of

arable land (growing industrial and residential areas), the deterioration of arable land
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(acidification of soils, reduction of humus, macro and microelement content), and
extreme weathegonditions (drought damage).

In the course of agricultural production, there has been a need to produtageer
guantities and qualitatively better products from a given area in an environmentally
friendly way. Achieving these goals can be achievedhaily by increasing soil fertility
and ensuring an adequate supply of nutrients to the cultivatedSzakal(2003),Szakal
(2018). Our knowledge is not yet sufficient to ensure the optimal supply of nutrients to
plants. Based on our current knowledge,cannot determine the specific nutrient uptake
of each plant species, as well as the ability of the changing soil types to provide nutrients,
so it still seems an illusion to purposefully replenish nutrients. In addition to unilateral N,
P, K fertilizaton, we have recently begun to pay more attention to essential
microelements, which play a very important role in plant nutrition.

Due to the intensive crop production, largmale animal husbandry, the modern
processing industry, and the urbanization dfffigc an increasing area, most of the
microelements extracted from the soils cannot be recovered. The micronutrient content
of the soils shows a further decrease with leaching (irrigation, acid rain). Copper
deficiency is evident in a significant area ofrigiary's soils. The lack of copper causes a
decrease in quantitative and qualitative parameters of one of the most important crops in
Hungary, winter wheat. For the reasons described, we need to pay special attention to the
replacement of the microelemen®he plant absorbs the most nutrients from the soil
through the root and then transports them from there to parts of the plant while providing
the conditions necessary for its development. Another way to absorb nutrients is to deliver
the nutrients needdal the plant through the foliagizakal2007).

Replenishment through the soil is hampered by the fact that it requires the application
of larger quantities. The high price of our dwindling mineral resources further hampers
the possibility of replenishmé&nAn additional problem is that different plant crops have
different optimal nutrient requirements. Based on the results of soil testing, the
replacement of microelements through the soil can be attempted, but the changing needs
of plants can be significdly improved by the replenishment of nutrients through the
foliage. It is important not to make the nutrient replenishment based on the soil
composition measured in the top layer of the soil, but on the soil composition examined
at the appropriate deptfithe root zone. Various salts of metals are mainly used to replace

micronutrients through the soil. Metal salts or complex compounds of metals can be used
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to replenish plants through the foliage. The metal salts that can be used, especially
sulfates, nitates, and chlorides, can only be used in small amounts and few crops due to
their strong scorching effect. Various complexes of metals are used to eliminate this
adverse effect and to ensure better nutrient upt&ke. & k §.1202%¥) Nutriert uptake is
determined by the stability of the complex compound (low stability can disintegrate
quickly, high stability cannot release the microelement), ligand, size, and thermal
stability. Another important criterion for compounds used as foliar fertilizers is good
adhesion and retardation.

Winter whea{Triticum aestivum L.)n Hungary, maize is the largest crop grown in the
area. It is also of great importance in terms of food and nutrition in the world. We also
need to pay more and more attention to their quphhameters so we can maintain our
ability to export. In recent years, they have been gradually looking for higlaity
wheat. The most significant cause of the deterioration of quality parameters is the
deficient supply of nutrients, so there may backlof microelements.

B®l a Kereszty®n, a former l ecturer at t h
nationally decisive and pioneering work in recognizing and researching the important role
of microelements in plant production. Micronutrient researctha faculty has been
conducted ever since. During the research carried out in the department, various
compounds and complexes of copper are produced and their effects are investigated in
different crops, with the development of a circular economy, wisiclso emphasized
by the EU. There are several compounds prepared in the department that have not been
used in agriculture so f& z a @1),S z a REL2).

ESSENTIAL ELEMENT

The existence of life on Earth can be estimatesome 3.5 billion years. The result of
the living and inanimate interaction is the creation of the biosphere. In plants, almost all
of the chemical elements in the earth's crust are found, not all of which are essential for
plant development. The criten of essentiality was first formulated Bynon and Stot
(1939):
- they cannot be replaced by other elements
- intheir absence, the life process of the plant is impeded

- upon administration, the deficiency symptom disappears
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- they play a special role in a miglogical, biochemical process
17 elements have been proven to be essential in nature. Of these, 8 elements are
considered to be microelements, which occur in less than 100 mg/kg in the plant, while
the amount of macroelements is greater than 1000 m§/kgd-Mg | n211). The
essential plant nutrients and their discovery are showalihe 1
Table 1: Essential elementSlass 1989;Marschner 1995;TaizZiegler, 2002;
K § d 8007

Table 1 Essential element$(ass 1989;Marschner 1995;TaizZiegler, 2002,;K § d, 8 r

2007)
Element Discoverer Year of Proof of essentiality | Year of
discovery proof
C Known since ancien| ? De Saussure 1804
times
H Cavendish 1766 De Saussure 1804
0] Priestley 1774 De Saussure 1804
N Scheele and 1772 De Saussure 1804
Rutherford
P Brand 1669 Ville 1860
S Known since ancien| ? von Sachs, Knop 1860
times
K Davy 1807 Lucanus 1865
Ca Davy 1808 F. Salm Horstmar 1856
Mg Davy 1808 Wilstatter 1906
Fe Known since ancien| ? von Sachs, Knop 1860
times
Mn Scheele 1774 Mc Hargue 1922
C Known since ancien| ? Sommer (Lipman 1931
times McKinnon)
Zn Known since ancien| ? Sommer and Lipman| 1926
times
Mo Hzelm 1782 Arnon and Stout 1939
B Gay-Lussac, 1808 K. Warington 1933
Thernard
Ni Known since ancien| 1751 P. H. Brown et al. 1987
times,Axel Fredrik
Cronstedt
Cl Scheehe 1774 Arnon and Whatley | 1949

COPPERIN THE SOIL

During the weathering of the rocks that make up the soil, the released copper provides

the uptake of copper to the plants. In addition to thefeaihing rock, the available
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copper content of the soils is also largely determined by the organic mattentcamnd
composition of the soil. The average copper content of the earth's crust is approx. 55
mg/kg Mortwedt et al.,1972). The total copper content of soils varies widely. If the
amount of organic matter exceedd @, this will lead to a reduction inicnoelements.

The lack of copper as a trace element that can be taken up by peat can be partly explained
by this K § d, 8007). According t®@wen(1985), the copper content of soils is between

2 and 660 mg kg Based on the average of data collected wadd, KabataPendias
(2001) gave a copper content of 14mgtk@he copper content of agricultural soils is
between 1150 mg kd!, of which 0.210 mg kg' can be easily absorbed by the plant
(Adriano, 1986; K § d, 8007). Based on the data reported $tgfanovits and his
associate£1999), the copper content of Hungarian soils-t€91mg kg!, of which the
mobile form is 12%. The upper ploughed layer of soils containd @2 kg of copper per
hectare Gy R 19B7;Baranyai et al.,1987).

Most of the coppersi found in the form of bivalent ions, bound to an inorganic or
organic adsorption surface, or in a complex form in the soil. The copper content of the
soil solution is small, only 0.01 mg ®gThe adsorption energy of the microelements
bound on the clay meral determines the uptake of the microelement. The adsorption
energy of cations bound to soil colloids decreases as follows:

CU>PE*>NiZ*C?>Zr?*>Ca&*>Mn?*>Mg

CU?* binds most strongly, with low mobility in soil, so it is understandable that uptake
by plants from soil is unfavourableMitchel, 1955; S z a,k1893; Kirkby 2005).
According toMarschner(1995), the presence of copper deficiency should be taken into
account in soils with high pH, high clay content, high lime content, and low temperature.
Copper content generally decreases going down from the surface of theicikt al,

2020). The ionic copper applied to the soil is already bound in the upperitatfeesclay
fractions.

The adsorption of the copper cation on the surface of soil colloids depends on the
density of the negative charges. Negative charges can be constant (permanphi, non
dependent) and variable (p#¢pendent)iannou et al.2005). Aimost 25% of the soils
of Hungary (2.2 million hectares) are acidic, where copper deficiency does not occur in
all cases (due to acidic conditions, the dissolution or leaching of most microelements is
more significant), but the mobility and uptake of coppgcroelements are significant

due to liming, which may have an adverse effect on plant nutriffarschner 1995).
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Of all the divalent ions, the divalent copper ion binds most strongly to the soil organic
matter. It binds ligands in copper complexedimarder S > N > O. Because soils contain
nitrogen in the highest amount of these three elements, nitrogen is the major participant
in chelation Mengel et al.2001). In soils with a low supply of copper, the copper content

of the plants decreases as aute of increasing nitrogen fertilization, and there is an
apparent NxCu antagonism. In the absence of copper, nitrogen uptake can also be
inhibited. The crop will be coppeafeficient, which can result in deterioration in quantity

and quality. In wellsuppied soils made of copper, or as a result of copper treatment with
nitrogen uptake, copper uptake will also increase (NxCu synergism). According to
Benton Jones's studies, soils with high pH and high organic matter content are more prone
to copper deficiety in plants Benton 2012).

Soils in Hungary are characterized by annual copper loss. The amount of extracted
copper increases every year due to intensive crop production, urbanizatiorsciaee
processing, soil acidification, etc. The source of intedke be from the lithosphere and
hydrosphere, plant nutrition, plant protectioBogven 1985; K § d, 007; Kabata
P e n d 20819. According to FAO studies covering 30 countries, the mobile copper
content of Hungarian soils is low in comparison with othmintries §i | | al@g8a)? 2
Copper deficiency can be detected in18¥% of our soils. It is the soils with good fertility
that are more characterized by the lack of agile, absorbable copper. Copper deficiency
can be detected i n 2B83abddSzB®kmMBy ad8imttiye s ,1
Fej ®r-Mos@vpdpron and Tolna countieEdketeP a t ,-1886). Recognizing the
importance of filling in the gaps, fertilizer companies are increasingly distributing copper
containing fertilizers. According to the Qaertilization guidelines formulated bt § d § r
(2005), the Psupply, pH, soil binding, and humus content of the soil are decisive on

Hungary.
THE ROLE OF COPPER IN ENZYME ACTIVITY

In the early 1800s, the copper element was detdntéde ashes of plants and was
thought to play a role in living organisms. Then, in 1Birlessshowed that it was bound

to copper protein in the blood of snailseilin-Hartree (1938) demonstrated in their

studies that cytochrome oxidase consists ofgimdoound copperl(ass 1950; Wesey
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1973). In living organisms, copper occurs mainly in the form of copper protein. The study
of the biological effects of copper has accelerated since the 1950s.

We know several metal ions that undergo significant bioaterprocesses in living
cells. The role of metal ions is that their positive charge can contact negative or electron
rich portions of protein molecules in a living organighecording toYamashitg1990),
metal ions readily contact hydrophilic groups (g&wp, nitrogen, sulfur).

Proteinbound metal ions and metalloenzymes act as biological catalysts. Of the more
than 2,000 enzymes known to date, more than 500 contain metal ions that can bind to
proteins as followsg z a,K9PB;S z i |, DAGY. i

- metalloengmes: metal ions are strongly attached to the side chains of amino
acids, thus becoming structural

- enzyme activator: the metal ion is not structural, but its presence is necessary for
the formation of enzyme activity

Copper is the most studied essentiahent after iron. Based on their physicochemical
behavior, active copper proteins were classified into three main types.

Copperionsreactmoreactivelywith aminoacidsandproteinsthanothermetalionsto
form a more stable complex. Coppercontaining metalloenzymescatalyseimportant
reactions in biochemical processes.Known enzymes catalyse more than 5,000

biochemicalprocesses.

M ATERIALS AND METHODS

To implement circular agriculture, our research aimed to produce a complex compound
from coppefcontaining wastes that can be used as a foliar fertilizer to meet the copper
needs of the plants.

A coppersucrose complex was used in our winter wheat leatrivent experiments.

The coppetsucrose complex was prepared from potassium hydroxide, sucrose, urea, and
ammonium hydroxide from acidic pH copper sulfate generated during industrial
activities.

The small plot experiments for winter wheat were setupin&enmo m on t he t
of Solum Zrt. in 2020. The experiments were performed in four replicates in a randomized
block arrangement. The treatments were carried out in the phenological phase during

bushing and flowering with copper doses of 0.1, 0.3, 0.5,ah@ 2.0 kg/ha. At harvest,
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we measured the yield of the plots and the crude protein and gluten content of the

harvested samples.

RESULTS AND THEIR EVA LUATION

Yield analysis:

The harvested quantities of bush and flowering treatments are shéiguie 1. The
most significant increase in yield was due to bush treatment. As a result of the treatments,
a gradual increase in yields was detected. The most significant increase was obtained at
the 2.0 kg/ha copper dose. The increase in yield was also obserties flowering
treatment, but at doses higher than 0.5 kg/ha the yields decreased, and the phytotoxic

effect of copper was noticeable. Treatments during bushing and flowering were not

significant.
Effect of copper sucrose treatments on yield
Kom8r om, 2020
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Figure 1: Effect of coppefsucrose complex treatments on autumn wheat yield,
Kom8rom 2020
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Crude protein test

As a result of the copper treatments during bushing, the crude protein content increased
significantly with the copper dose higher than 0.3 kg/ha, tlgeth increase was obtained
at the copper content of 1.0 kg/l&idure 2. At the 2.0 kg/ha copper dose, a decrease
was already observed. As a reaflflowering treatments, a significant increase in crude
protein content was detected compared to the control. The maximum crude protein
content was obtained at a copper dose of 1.0 kg/ha. Flowering treatments significantly
increased crude protein contéhan bush treatments. #\gnificant difference compared
to control was found at 5%8zD5% = 0.4982.

Effect of copper sucrose treatments on raw protein content,
Kom8r om, 2020
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Figure 2: Effect of coppesucrose complex treatments on the crude protein content of

autumn wheat, Kom8rom 2020
The crude protein content is maximal @ result of the 1.0 kg/ha treatment at the time

of flowering, between the individual treatments and the significance relative to control is

shown below, the significant difference was found at 5%.
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Success content

The most significant increase in gluten content was obtained in the bush treatment
Figure 3. A significant increase of 0.5, 1.0, and 2.0 kg/ha of copper. As a result of the
treatments at flowering, the gluten contents increased to a lesser degree. iBasignif
increase of 1.0, 2.0 was obtained at a copper dosanificant difference compared to
the control was found at 59%6zD5% = 0.1263.

Effect of coppeisucrose treatments on gluten content,
Kom8r om, 2020
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Figure 3: Effect of coppeisucrose complex treatments on gluten content

The 1.0 kg/hatreatment had the highest gluten content between the treatments
respectively: the significance compared to the control is shown below, the significant

difference was set at 5%.

CONCLUSIONS

If the goal is to increase the yield, bush treatment is recouh@derbut taking into
account the cost savings and the amount of copper dose to be applied, we recommend

flowering treatment with a copper dose of 0.5 kg/ha. If the goal is to increase the crude
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protein content, flowering treatment is recommended usinggbemmended copper
dose of 1.0 kg/ha. Gluten content is most significantly ensured by bush treatment. The
highest gluten content is 1.0 and 2.0 kg/ha at a copper dose. If, in addition to yield, the
goal is to improve quality, then the bushing is 1.0 kgtbaper dose treatment is
recommended.

ACKNOWLEDGEMENT

This work has been supported by the Interreg VA, SKHU / 1802 / 3.1 / 023 Co

Innovation Program.

A RETARTALMP HULLADEKBEL EL{GSGZAEHAREZREZ
KOMPLEX HATCSA AZ (SZl BBPZA HOZAMCRA £5S

SZAKCL TAMZESL KA '£0ICKI ZSOLT'-VASAS DIGVI D
SVNTLEKOVC 2ANGEULROVC KRYI STENA
!1Sz®chenyi | stvs8§n E®yeflleatl, mdMems&tigyd z Kaas § g
Mosonmagyar - v8r

Nemzet.i MezRgazdas8gi ®s £l el miszerk
¥SSZEFOGLALCS
A r®z mikroel emnek, a r®z tartal m¥%b enzi me

bi ok®mi ai folyamatokban. A magyarorsz8gi
®r z®kenyen reag§8l a r®z hi88nyra ehe®rt a

biztos2tani kel l a b%za n°voenRyY tmeRyzt @l enliR
hul | ad®@®kzbaclhar®zz kompl ex vegy¢l esetacdlalr2 zo
komplex vegy¢lettel v®gezt ¢nk | ombomr 8gy §z
Solum Zrt. ter¢l et ®n. Ki sparcell §s k2s®

kezel ®sekben hkhemmiBétetk. fRZ al k&®zmazott d
®s 2,0 kg/ hkao mpd letx. kkhzelP®sek hat8s8ra a
sikrtartalom n°veked®s®t ®rtg¢ ik el

Kulcsszavak r ®z, Rszi b%za, hozam, nyers feh®r

32



T. SZAKCL SZAEZXGRCZIi D. VASASi A. SVNnTLIEKK OB KUROV C

REFERENCES

Adriano, C.D.(1986): Trace elements in the terrestrial environment. Springer Verlag,

New York, Berlin.

Arnon, D.I-Stout, P.R(1939): The essentiality of certain elements in minute quality for

plant with special reference to coppelant Physiology, 14, 37375.
http://dx.doi.org/10.1104/pp.14.2.371

Baranyai, F.i Fekete, A Kov 8§¢(s1,98J7.) : A magy ari ®rssgz88 quit ofl
eredm®nyei . Mez Rgazdas&§ggi Kiad-, Budapest.
Benton, J. J(2012): Plant Nutrition and Soil Fertility Manual, 2nd edition. CRC Press,

Boca Raton

Bowen, H.J.M.(1985): Environmental chemistry. Vol.. ZThe Royal Society of
Chemistry, Burlington House, London.

Fekete, AiPat - ¢498b): Az Rszi b%za fejtr8gy8z§g.

Giczi, Zs.- Kalocsai, R-Vona, V.- S z a k 8 Teschnér, G: Lakatos, E  ( 2020) : R
kezel ®s e k IbditiG@mdgestRisnzl) hozam8ra ®s nyersfe
Acta Agronomica ¢Cv-82,l0pnsi s 61. 1 pp. 23

Glass, A. D . M(1989 ): Plant nutrition. An intruduction to current concept. Jones and
Bartlett Publishers. Boston

Gy Rri-RBgiusn®SMab - -CSBent mi {88y Mikro&emek a

mez Rgazdas8gban | . (esszenci 8lis mikroel el
loannou, A.-Tolner, L.- Dimirkou, A.- F ¢ | e k Y2005)G@opper adsorption on
bentonite and soil as affectedy p H. Bulletin of th84 Szent |
K8§d§¢(2007): Fel m®r ®sek. kimutat8sok, adat|

Zn el |l 8tott s 8®s8rn°v ®@nyhvaizzasig ladtagk, il | . ki
Budapest.

K8§ds&g§r2008/ a) : A |l ev®l tr8gyg8z8s |jelent Rs®ge
Agronomica C¢v-8riensis. 50, 19

KabataPendias, A- Pendias, H.(2001): Trace elements in soils and plantsd.3ed.
CRC Press LLC

Kirkby, E. A.(2005): Essential elements. Ewrtypedia of soils int he environmentat. 1
st, Eddition, Elsevier.

33


http://dx.doi.org/10.1104/pp.14.2.371

EFFECT OF THE COPPERUCROSE COMPLEX FROM COPPERONTAINING WASTE é

Marschner, H.(1995 ): Mineral nutrition of higher plants. Second Eddition. Academic

Press. New York

Mengel, K- Kirkby, E. A.- Kosegarten, H- Appel, T(2001):Principles of plantnutrition.

Kluwer Akad. Publ. Dodrecht, Boston, London.

Mitchel, R. L(1955): Trace element chemistry of the soil. New York.

Mortwedt, I. I.T Giordano, P. Mi Lindsay, N. L(1972): Micronutrients in agriculture.

Soil. Soc. Am Madison. Wisconsin. 26, 343.

¥rd°gi,MoM.n8 20Z1) : nN°veny®l ettan. TCMOP 4
elektronikus tananyag, Debreceni Egyetem, pp23.

Si | | an(p983): Micrbhutrients and the nutrient status of soils: a global study. FAO
Sdals Bulletin 48. Food and Agricultural Ol
Stefanovits, P-Filep Gy.-F ¢ | e k(yl IG¥9) : Tal ajt an. Me z Rgazc
Szakglnob3): KernyeRetcienl@rt ad malsm@zhul | ad
®s <Kiomkp |l e x e k meazsRzgmozsd?ats§88sga, hKandi d8t usi ®r
Szak §bchmiddRiBar k- d 8k ak B$Schmidi, P. (2012Effect of copper

containing ion exchanged syntethesised zeolite ont he yield and quality parameters of
winter wheat, N°-¥6@nyt er mel ®s 61, 157

Sz a k & Bchmid?, R- Kalocsai, R(2003): The effect of N solution and copper and

zinc treatments on the yield and quality of winter wheat. In: Gyuricza, Cs (szerk.)
Proceedings of the Il. Alpddr i a Scientific Workshop, B
Akad ® mi a i Kiad- (2m®3) 236 p. pp. 164

Sz a k §-1 Schmidt, R.- Lesny, J.- Kalocsai, R.- Bar k - ¢ 2007) Quidlity
parameters of wheat. Bio ethanol versus bread?: VI.-Afgga Scientific Workshop.
Oberfellach, Austria, 2007. Apr 3May 5. CereBResearch Communications 35 : 2 part

Il pp. 11371140.

Szak §l2,01BXarR@t m¥% mi kroel ektron-i eacsaud®l &
zeol it mez Rgazdas&§8gi felhaszn8l §sa. I n:
Tudom8nyos Napok,-102018.enmdowae et - 9 agr §r it
CvS8ri Akad®misat 20pe®Pea, jO°VR. Mosonmagyar
Agr 8rtudom8nyi Szakbizotts§gg, Sz®®lsenyi
£l el miszertudomdhyi Kar. 482, 448

Szak 8%z ¢ |ITKaloBsai, R-Korim, T.-Szal k-t Sz & k §R021):P § |

lon exchange with coppé¢etraamine on NaA (LTA) type synthesised zeolite

34



T. SZAKCL SZAEZXGRCZIi D. VASASi A. SVNnTLIEKK OB KUROV C

Nova biotechnologica et chimica 20:1 Paper: 886, 10 p.

Szil §gyi0,06) : Met all oenzkmieé&nS8slziesr kmaeel | eR
®rtekez®s, Szeged.

Weser, U(1973): Structural aspects and biochemical fuction Erythrocuprein. In Structure

and Bonding. Vol 17. Springer Verlag. Berlir6b. .

Yamashita, M.M:Wesson, LEisenman,GEisenberg, D(1990): Wheranetal ions bind

in proteins. BiophysicsVol. 87, pp. 565852.

A s z er z REK Adresswf@le awthors

Szak§gl Tam§s
Sz®chenyi I stvg8n EgyetemudbenBRyaz&assg8g ®s
9200 Mosonmagyar-v_8r, V8r to®r 2.

e-mail: thomas.szakal@gmail.com

Szal ka £va
Sz®chenyi I stvg8n EgyetemudbenBRyaz&assg8g ®s
9200 Mosonmagyar - -vs8r, V8r t®r 2.

e-mail: szalka.eva@sze.hu

Giczi Zsolt
Sz®chenyi | stv8n EgyetemudbMe8BRgaz&as8g ®s
9200 Mosonmagyar-vs8r, V8r to®r 2.

e-mail: giczi.zsolt@sze.hu

Vasas DS§vid
Sz®chenyi I stvg8n EgyetemudblekiRgazdas8g ®s
9200 Mosonmagyar-vs8r, V8r t®r 2.

e-mail: vasas.david@sze.hu

SviRDtl 2 ko8& kAmpel8a Kri st?2na
Nemzeti MezRgazdasg8gi ,Rezsong!|l el mi szer kutat -

e-mail: angela.svetlikova@nppc.gkristina.kukurova@nppc.sk

35


mailto:thomas.szakal@gmail.com
mailto:szalka.eva@sze.hu
mailto:giczi.zsolt@sze.hu
mailto:angela.svetlikova@nppc.sk
mailto:kristina.kukurova@nppc.sk

ActaAgronomicadDv § r i WIN68. K §1 ° n <

THE ROLE OF HEALTHY EATING AND FUNCTIONAL FOODS IN THE
PROTECTION OF THE IMMUNE SYSTEM, ESPECIALLY THE
CONSUMPTION OF VEGETABLES AND FRUITS: LIFESTYLE SURVEY
AMONG ADULT POPULATION

JUDI T MOLRENRCTE KALGOSMAISZALTKMAMCS SZAKCL
ANGELA SVnTADEWONE VASAS
1Sz®chenyi | stvs8n University, Faculty
2National Agricultural and Food Centre, Food Rese#nmstitute, Bratislava

SUMMARY

Our manuscript focuses on vegetables and fruits as functional foods. Our questionnaire
survey was conducted at the end of the third wave of the pandemic, however, we also
paid increased attention to lifestyle, mostly dietalyanges in the active stages of the
coronavirus pandemic, especially vegetable and fruit consumption patterns. Our
guantitative analysis was carried out with the help of 9 questionnaires, including 4
cumulative close@nded questionnaires, which wereidad into four main groups of
statistical activities. We first analysed demographic data and then focused on health
status, knowledge of concepts, and assessment of consumer needs. For the statistical
evaluation of our survey, we performed a descriptietistical analysis, including a
distribution analysis of demography and related issues. Next, we calculated the
appropriate type of correlation between the questions, which was evaluated in Microsoft
Excel and IBM SPSS Statistics 26. The number of respaadeas n = 109, of which
37% were male and 63% female. Before evaluating our results, we also asked a research
guestion: To what extent did the attitudes related to regular exercise, healthy eating and
the importance of health change during the activgestaf the pandemic? Based on our
empirical analyses, an increase in extremes can be observed with regular exercise. In

terms of general health, there was an increase in the "extremely important”" category. In
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the active phase of the pandemic, the numbaregktable consumers was lower, and
among the proponents of a healthy diet, the consumption of fruit foods was not
significantly higher. Based on our conclusions, this is due on the one hand to the
restrictions during the pandemic and on the other hanthdéoendowment of fruit
containing foods with negative properties (e.g. made with the addition of sugar).
Keywords: coronavirus,vegetables, fruits, functional food, healthy eating, disease

prevention

INTRODUCTION

Nowadays, we pay more and more attentmhealth and healthy lifestyle. In order to
increase vitality, the acquisition of appropriate nutritional habits also plays a key role
(Bencsi k ,Z00IRadeg8200%;Naicker et al, 2021). Among the main elements
of the practice of good nutritiois the knowledge of functional food€6 ap - & Al ber
2018;Nagy et al.2008;Choudhary & Tandon2009), the beneficial effects and useful
content values of which are addressed in many countries. That is why several wordings
have come to light in conneoti with these foods. Their positives include a beneficial
physiological effect on the body, an improvement in physical and mental performance,
and evidence of research and development results. Nutritionists recommend SMART
PLATE (URL:: http://www.okostanyehu/) for the practical application of the
guantitative and qualitative requirements of functional foods in a healthy diet. The divided
plate also helps everyone to consume cereals, meats and meat products, fish, milk and
dairy products, vegetables andiifs. At the same time, it contributes to better energy
levels and health. Supporting our immune system with the emergence of a coronavirus
also requires increased attentidey et al, 2020 Alsenani,2021). Among foods that
support the functioning of immune system, vegetables and fruits play a prominent role
(Sutton et al 2019;C° me r t, 2020), manly due to their fibre, vitamin, mineral and
fluid content. That is why, in our manuscript, we aimed primarily to evaluate the fruit and
vegetable ansumption patterns during the active phase of the pandemic and during the
lifting of restrictions. Doing this, we also performed a detailed analysis of the
demographics, health status and conceptual knowledge related to healthy eating of the
respondentsWe hope that with our manuscript we can contribute to the work of food,

marketing and nutrition scientists alike.
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MATERIALS AND METHODS

In our survey, we conducted quantitative research on a sample taken from-a multi
element population. Our 8nline questionnaires, including 4 cumulative closaeded
guestions, were filled in by peocoNoboe | i vi
Sopron County, during the lifting of the restrictions implemented because of the
coronavirus. We considered it anportant aspect that all of the respondents should be
regular consumers of vegetables and fruits. No other conditions were set for completing
the questionnaire. In the quantitative study, we focused on 4 groups of statistical
activities, which were demeogphic data, health status, knowledge of concepts, and
consumer demand survey. Before evaluating our results, we also formulated a research
question, to which we sought the answer with the help of our empirical analyses. The
obtained data were evaluatedNficrosoft Excel and IBM SPSS Statistics 26, during
which descriptive statistical analysis, demographic distribution and correlation analysis
were performed.

Our sample cannot be considered representative, but it examines the correlations
between vegetabland fruit consumption under hitherto uncharacteristic conditions, so it

can be a starting point for exploratory and further studies.

RESULTS AND EVALUATION

Findings for the whole sample

In evaluating our results, we first performed demographiglyseswhere we sought
answers to the gender distribution, place of residence, marital status, income, and age of
the respondents. 63% of the respondents are women, while 37% are men, most of whom
(58%) live in big cities. Furthermore, the majority of respoisl¢n the questionnaire
(36%) are married. The exact distribution of residence and marital status data is shown in

Figures land2.
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msmall village, less than 100
respondents

Hlarg village, at least 1000
respondents

Esmall town, less than 10000
respondents

@Ebig city, at least 10000
respondents

Figure 1 Residents' place of residence in % distribution

Hsingle
Hin relationship
Emarried

Edivorced

Figure 2 Family status of respondents in % distribution
Based on the % distribution of net family income per capita, most (26%) indicated the

income category below HUF 150,000. The exact evaluation of these data is summarized

in Figure 3
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Hless than 150 000 Ft
150 001-200 000 Ft
200 001-250 000 Ft
@250 001-300 000 Ft
Emore than 300 000 Ft

Figure 3 Percentage distribution of respondents by income

Finally, we also examined the age distribution among the adult population, according to
which those aged 389 were the most active participants in the survey (n = 29 people).
The interclass distribution of age is shownHigure 4 Our oldest respondent was 93 rgea
old, which proves that the topic of vegetable and fruit consumption can be an interesting

factor determining the quality of life even for the eldest ones.

35

PR NN W
o o1 o o1 O

Number of participants

(&)]

o

younger 20-29 30-39 40-49 50-59 60-69 70-79 80-89 more
than 20 years oldyears oldyears oldyears oldyears oldyears oldyears old than 90
years years

Figure 4 Age categories of respondents
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An important part of our manuscript is to assess thénstatus of the respondents and
their relationship to a healthy lifestyle during the active waves of the pandemic and during
the lifting of restrictions. In addition, averages were calculated from the scores assigned
to the responses (1; 2; 3; 4; 5).r@esults are shown Figure 5-7. illustrated by figures

Figure 5shows a trend that, although the mean score did not change significantly, the
variance increased and the number of those for whom exercise was not important or
extremely important incread. This time, due to the low number of groups, we did not
conduct a significance study, but it would be worthwhile to examine the increase in
extremes and their causes. When the restrictions were lifted, many people might have
mistakenly thought that gainto work already means enough movement, and the
supporters of the other side became more active when the sports opportunity was available
again. No change can be detected in the assessment of healthy eating. There is no average
change in the importance gbod health, but there are several respondents for whom this
factor has become extremely important. The reasons are researchable, one of which may

be the response to perceived negative changes, lower performance.
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Figure 5 The importance of regulaxercise in the active phase of the coronavirus and

the lifting of restrictions
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In further evaluating our data, we were also interested in understanding the concepts
related to functional foods and healthy eatifigkfle J, and then we also surveyed the
frequency 6consumption of vegetables and fruitable 2.

Our respondents are confident in their ability to recognize foods that belong to a healthy
diet (average: 3.77, standard deviation: 0.87), so for this question, the majority marked
t he fir eac h edtle otben questioas: thie. leveF of sidfclaration knowledge
in most cases is incomplete. Mineral content is less known than vitamin content, and the
most uncertain were the respondents on what constitutes a functional food.

Comparing the data in thebi@ analysing the frequency of consumption of vegetables
and fruits, we see that at the time of the restrictions, the subjects consumed less raw
vegetables, raw fruits, and vegetable foods. We did not perform a significance test now,
we only present the psumed trends. Consumption of less raw vegetables and fruits may
be due to the fact that staying at home is more conducive to consuming morergziorie
foods, or because there are fewer vegetables and fruits available in the spring, or more

difficult to procure due to store closures and other restrictions.

Table 1:Selfreported knowledge of the concepts of healthy eating and functional foods

average dispersion
Question not at not {incomplete expert: perfectly level gf of
Categories all (%) re%/chec knO\:;Iedge in 0;hls rea(n;hed perceived plercelmfed
(%) (%) (%) (%) evel o
knowledge: knowledge
Selfreported
\'ji’:gmﬁdgoengrf[‘ﬁf 55% | 10.1% 40.4% |33.9% 10.1% | 3.33 0.98
foods
Selfreported
mﬁ‘é‘ﬂzfgfn‘t’é;?%f 550 | 11.0% 49.5% |23.9% 10.1% | 3.22 0.97
foods
Self-declaration of;
belonging to 9.2% | 20.2% i 37.6% {22.9% 10.1% 3.05 1.10
functional foods
Self-declarati i
bglongﬁ]grg'gno 1.8% | 55% | 23.9% |51.4%| 17.4% | 3.77 0.87
healthy diet
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Table 2:Survey of fruit and vegetable consumption based ordeslfaration

restrictions

less Several Trained s
. . than | weeklyi times ai daily s:everal average Staf‘d'?“d
Question Categories times a deviation
weekly | (%) | week (%) 5 of the
(%) (%) CE () frequency @
frequencyf
Raw vegetables, by
lifting frequency 13.8% { 15.6%} 36.7%{ 22.0% | 11.9% 3.03 1.19
restrictions
Raw vegetables,
frequencyof 18.3% | 13.8% | 37.6% | 17.4% | 12.8% | 2.93 1.25
consumption during
restrictions
Raw fruit, by lifting 7 . 8 a a
frequency restrictions 55% | 12.8% i 30.3%; 37.6% i 13.8% 341 1.06
Raw fruit, frequency
of consumption during 9.2% | 12.8%; 32.1% i 31.2% | 14.7% 3.29 1.15
restrictions
Vegetable food, by
lifting frequency 55% { 19.3%; 42.2% i 23.9% | 9.2% 3.12 1.01
restrictions
Raw vegetables,
frequency of 1 1504 | 13.8% | 37.6% | 17.4% | 12.8% | 2.93 1.25
consumption during
restrictions
fr”'tymd' Oy | 17 405 | 25706 34.9% | 13.8% | 7.3% | 268 | 1.14
requency restrictions
Fruity food, frequency
of consumption durin¢g 19.3% { 20.2% i 32.1% i 20.2% | 8.3 % 2.78 1.21

The characteristic presented with the following distributions is why the surveyed
consumers value vegetables and fruits. Based on the data presented, the mineral content

was rated higher than the vitamin content. This was followed by fibre content amd wate

content, while low calorie content was pushed to the last pladddg 3. Members of the

study sample seem to recognize the needs of the organization and consider them more

important than appearance.

44



J. MOLMRGRLOCSAIi £. SZALKASZAKCL SVnTLIiEIK\DNBAS

Table 3 Correlations between fruit and vegetabbamsumption in the active stages of

the coronavirus and the lifting of restrictions

SUFENEY important ML EEIES, unimportant; not a\z;: e Dispersed

Question Categorie; important po important Op important f hg 'SP
%) (%) %) (%) atall (%) . of the | judgment
judgment

the role of high
fibre content in the 3.7% 5.5% 19.3% 44.0% 27.5% 3.86 1.00
healthy category
the role of high
water content in the 4.6 % 11.0% 31.2% 33.9% 19.3% 3.52 1.07

healthy category

the role of high
mineral content in 2.8% 0.0% 11.0% 34.9% 51.4% 4.32 0.88
the healthy categor

the role of high
vitamin content in 2.8% 4.6 % 9.2% 39.4% 44.0% 4.17 0.97
the healthy categor

the role of low
calorie content in 8.3 % 17.4% 27.5% 27.5% 19.3% 3.32 1.21
the healthy categor

THE RESULT OF THE CORRELATION TEST

Following our empirical study, we performed a correlation analysis, in which we
mainly examined the correlations between vegetable and fruit consumption. First, we
present ageelated relationships. We outline possible causes, but their precise
examhation deserves separate analysis. In the case of the responses, income has a
significant impact, as expected. Therefore, the significant correlations are as follows:

1 There is a negative correlation between age and the perceived importance of a
healthy di¢  (r =-0.265, p < 0.01), which can be attributed partly to the
adherence to traditional foods and partly to the financial status.

1 There is another negative correlation with age {8.274, p < 0.01). The older
the person, the more they think they @d know what belongs to healthy eating,
presumably because of the tradition mentioned earlier, the nutrition theories of

the past, and the information coming from the media. Furthermore, even with
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our overburdened health care system, more attention shegjfigen to nutrition
advice for the elderly, including diseases.

1 The higher the income per capita, the more important regular exercise (r = 0.302,
p < 0.01).

1 The higher the income per capita, the more confident the respondent is able to
recognize what behgs to a healthy diet (r = 0.250, p < 0.01). People with higher
income can afford to consult a nutritionist or buy scientific works.

1 The higher the income per capita of the respondents, the more important the
vitamin and mineral content they consideryegetables and fruits (r = 0.209, p
<0.05 and r = 0.226, p < 0.05).

Issues related to exercise, healthy eating, and general health are, of course, associated
with higher fruit and vegetable consumption. Here, rather, we need to draw attention to
the lack of significant correlations. Our respondents who value sports, healthy eating and
general health do not consume significantly more fruit foods. Based on this, more people
think of highsugar cakes, creams, sauces as healthy salads or smoothreg-as f
containing ready meals. Promoting these would be important in the form of publications

with appropriate recipes.

CONCLUSION

Our research was conducted during the period free of pandemic restrictions, however,
we also paid close attention to the opesin lifestyle and eating habits during the active
phase of the coronavirus, especially with regard to vegetable and fruit consumption.
Therefore, during the evaluation of our results, we obtained an overview (involving n =
109 people) of the distributioof the demographic sample of the participants, their health
status, their knowledge of concepts and the distribution of the demand for fruit and
vegetables. Furthermore, the empirical answers to our previously researched question (To
what extent did attiides related to regular exercise, healthy eating, the importance of
health?) during the pandemic confirm the importance of a healthy lifestyle and favorable
general health. In addition to these results, we considered correlation studies for deeper
evaluaton important. While the consumption of raw vegetables and fruits and vegetable
foods was significantly higher in the case of people living a healthy lifestyle, we did not

find a similar correlation in the case of fruit foods. That is why we recommend
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highlighting the beneficial properties of vegetables and fruits and mastering the right

cooking procedures.
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THE PRINCIPLES OF SUSTAINABLE AGRICULTURAL CULTIVATION
AND THE SUPPLY OF NUTRIENTS TO OUR CULTIVATED PLANTS
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KUKURONMTAMCS SZAXSOLTGICZF-VI KTERI A VONA
1Sz®chenyi | sAyB8inc Wint wrealsi aiyd Food Scienc

2National Agricultural and Food Centre, Food Research Institute, Bratislava

SUMMARY

Hungary's edaphic and climatic conditions are excellent for agricultural production,
including crop production. Year after year, farmers can boast higher and higher yield
averages and, in many cases, better technological quality, which is a fundamental
cug odi an of a g r-gerenating aapaeitp. $loweverciatangve farming in
almost all agricultural areas has led to a physical and chemical deterioration of the sail,
which in the long run endangers the structure of soils, the operation gftiess& system,
the nutrient supply of our cultivated plants, and ultimately successful farming.

Keywords: soil, sustainability, nutrient supply, soil testing

INTRODUCTION AND LITERATURE REVIEW

Hungary's edaphic and climatic conditions are excellent for agricultural production,
including crop production. Year after year, farmers can boast higher and higher yield
averages and, in many cases, better technological quality, which is a fundamental
cus odi an of a g r-gewerafing vapazity.sAlthbugthc matern machines,
machine connections, and cultivation technological developments would be able to meet
the sustainability needs of tillage and nutrient supply that are maximally adapted to the
sal properties, only a few of our farmers use their opportunities. Most people engage in

intensive farming that treats the soil and treats the soil as a growing medium. Although
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this shows a favorable return in the short term, in the medium and long tehave/¢o
reckon with the deterioration of soil fertility over millions of years. Intensive farming,
therefore, has a serious price:
- the stock of organic matter in our soils and its quality is constantly decreasing as
a result of industrial farming,
- their structure, which is the custodian of water, heat and air management, and
biological activity of our soils, is deteriorating year by year,
- their ability to extract and supply nutrients, their ability to renew themselves, is
weakening.

The deteriorationofte r enewabl e capacity of soil s, &
manifests itself in a decrease in their productivity over time, can now be observed in some
form in almost all agricultural areas. Due to the deteriorating structure and the weakening
stability of the structural elements of the soil, our soils are less and less able to mitigate
the drought periods that occur during climate change. However, due to the reduced
stability of the structural elements of the soll, in case of intense rainfailavesto reckon
with water levels and inland water on more and more agricultural plots, which greatly
hinders the living conditions of our cultivated plants and can lead to further destruction
of our soils Kalocsai and Schmid003).

We need to recognizihat intensive, largecale farming, as has been the case in the
past 60 years or so, cannot be maintained in its current form in the future. We need to
understand how our soils work, better understand the biological and ecological
interrelationships, andccept that in the long run, we will only be able to meet the food
needs of our growing society in harmony with nature.

We need to stop with the dAblackmail o fa
ecological contexts and has no scientific physiologimadis, and is often based on
Ahabitd, the most critical disadvantages

- We have virtually no organic matter management,

- Liming is an unknown concept to most of our farmers, although some of our
soils would require it

- In most cases, we cannot talk about a harmonious nutrient supply based on soil

test results
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- In many cases, our supply of nutrients is limited to macroelements (N, P, K), the
replacement of microelements takes pl a

- We follow thefiu s u a I-destrayiog practice

- The main objective is not the soil health but the performance

- Our farming is characterized by an excessive number of turns, trampling
damage, compaction, and cultivation errors

- As a resultof improper cultivation, the physicaiological, and chemical
properties of the soil as a habitat are reduced, which results in a decrease in the
fertility of our soils @ i r &t 81.s2002).

No commonly used recipe can be given to make our farmingisalista, and we must
be aware that, like all modifications, it takes time. Farmers need to understand that long
term profitable farming can only be done on healthy soils. This requires time, the
formation of a professionacientific approach, and, where pappriate, political
recognition. We need to realize that the role of agriculture goes far beyond food
production and income generation of the 0:
an ecological and nature conservation obligation through theimpertant and unique
resource, the soil capable of continuous renewal because our future is at stake.

A sustainable management system is a complex and dynamic unit covering many sub
areas. An attitude to farming, nature, life that does not require kjpeeistment. In many
cases, the available infrastructure i s amj
In general, it is characterized by:

- Energy and watersaving

- Production structure adapted to local conditions and demand

- Tillage adapted to drgonditions

- An environmentally friendly and harmonious nutrient supply

- Integrated Crop Management

- Modern animal husbandry

- Atrained professional who strives for sustainability

- A decision support system that recognizes and takes into account as many
ecologi@l contexts as possible

Proper organic matter management, the application of tillage methods aimed at

preserving and, in any case, improving the structure of the soil, the supply of reasonably
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chosen and scientifically based nutrients are all custodiasgstédinability. Let us not
forget, however, that all of this requires a team of professionals with excellent
professional knowledge, who recognize the importance of soil protection, and who are
committed and trained. And all of this is inconceivable witheducation, i.e. continuous
professional development.

The determination of the fertilizer requirements of our cultivated plants is based on
soil tests, the determination of the uptake (soluble) nutrient content of the sail, the
interpretation of the sbiest results, and the knowledge of the nutrient requirements of
the plants.{alocsai et al.2018)

Based on the results of the soil test, we can continue efficient and environmentally
friendly nutrient management, the cost of which is recouped seiraed btver.

DESCRIPTION OF EXPERIMENTS

I'n this article, we want to help to unde

soil test results so that the farmer can at least broadly determine the soil characteristics of
his areas as well as his ability provide nutrients by quickly reviewing the test results.

At the same time, we draw your attention to the fact that the basis of a truly professional
and effective nutrient supply is an accredited laboratory test based on representative soil
sampling (MZ-08-02021977) (Kalocsai,2007/A).

In Hungarian soil testing and consulting practice, we generally use 14 test parameters
to determine the most important soil characteristics. Thesa@déy/basicity (pH)
Golden Binding Number (KA)otal watersoluble salts(%), humus content (%),
carbonated lime conteli), AL soluble ROs, KoO, andNacontent (mg/kg); theontents
of nKClsoluble Mg, N@NOs-N, andSQ?-S(mg/kg) and the contents &DTA soluble
Cu, Mn,and Zn(mg/kg) The method anspecifications for the determination of the above
parameters are described in M8&02062:1978; MSZ08-0205:1978; Standards MSZ
08-02102:1977 and MS220135:1999 are described in detail.

As a result of the laboratory examination of the samples, weveette soil test result
sheet, which therefore contains the following parametéedo€sai 2007/B;Bi r k 8§ s ,
2001).

The approximate value of the results is

creator of the Hungarian nutrient supply consultingesyst

54

N



THE PRINCIPLES OF SUSTAINABLE AGRICULTBAL CULTIVATION AND THE SUPPLY é

pH ey - the pH of the soll

pHkc shows the pH of the soil. Based on thexpHesults, our soils can be classified

into the following pH categoriegable 1.

Table 1:Soil pH categories (pkci)

pHkel Category
<4.5 strongly acidic
455.4 acidic
5.56.7 slightly acidic
6.87.1 neutral
7.2-7.9 weakly alkaline
8.0< alkaline

The pH of soils, directly and indirectly, determines the growth and development of
plants. Weakly acidic and neaeutral pH is the most optimal for nutrient uptake
plants. Alkaline pH is unfavourable for the uptake of trace elements, while excessively
acidic conditions can lead to the dissolution and uptake of toxic amounts of

macronutrients and other heavy metals.

Golden Binding (KA)- physical soil type

The Gotlen Binding is determined by adding distilled water to thedajrsoil with
stirring and measuring how many millilitres of water per 100 g of soil is required for it to
become a pulp of a defined consistency that gives the report test. The amount of water
ml required to make 100 g of soil that is not yet flowing is equal to the binding number.
The dimensionless binding number is most related to the clay content of the soil, so in the
case of bound soils, a large number is obtained in the case of higharitent, and a
small number in the case of loose sandy s@idle 2shows the relationships between
physical soil type, KA, clay content (A%), sludge + clay content (I+A%)apillary
water uplift, and hygroscopicity (hy%).
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Table 2 Relationship btween physical soil type and soil A%, (I+A)%, KA, gater

uplift and hy
Soil tissue, physical soil typg A % (I+A) % KA 5"mm hy %
Coarse sand (dh) <5 <10 <25 350< 0-0.5
Sand (h) 5-15 10-25 25-30 350-300 0,51
Sandy loam (hv) 1520 25-30 30-37 250300 1.2
Adobe (v) 20-30 30-60 37-42 150250 2-35
Clay loam (av) 30-40 60-70 42-50 75-150 3.55
Clay (a) 40-45 70-80 50-60 40-75 5-6
Heavy clay (na) 45< 80< 60< 40> 6<

% of total salt

The sum of the watesoluble salts in the soil is calléke total salt content of the soil.
This measurement does not provide information on what salts are present in the soil. It's
important to know that, especially in saline soils, because too much salt is one of the
causes of poor fertility. The soil is daio be low in salinity if the amount of salts is less
than 0.05%, weakly salinic 0.6815%, and salinic 0.18.4%. Above 0.4% the soil is

heavily salinic.

Percentage of humus is the humus content

The humus content is useédl characterize the organic matter content of the soils. Its
definition is based on the oxidizability (caramelisation) of organic matter.

The humus content of domestic soils is most often between 0.5 and 6%. However,
humus supply should never be judgedleépendently of the physical composition or
genetic type of the soil. For sandy soil, 2% is generally considered a good value, but for
bound meadow sail, it equals very lean soil. Based on the humus content, terfong
nitrogen supply capacity of theiois determined. The limits for the humus content are

given inTable 3
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Table 3:Limits for soil humus content for the assessment of nitrogen sulgify ¥l

NAK)
. . humus %
Field production
area Ka very Poor Satisfactory | Good Really
poor good
>42 <2.00 2.01- 2.41-3.00 3.01- 4.00<
L Ch i 2.40 4.00
- CNeMozem solis - 51 <150 | 1.5% 1.91250 | 25k 3.50<
1.90 3.50
>38 <1.50 1.5 1.92-:2.50 2.51- 3.50<
I B f i 1.90 3.50
- Brown forest solls a9 50 [ 1.2% 1.51-2.00 2.0% 3.00<
1.50 3.00
>50 <2.00 2.01- 2.51-3.30 3.3%- 4.50<
[ll. Bound meadow
and gloomy forest 250 4.50
soils <50 <1.60 1.61- 2.01-2.80 2.81 4.00<
2.00 4.00
30-38 <0.70 0.71- 1.01-1.50 1.5 2.50<
IV. Sandy and loose 1.00 2.50
soils <30 <0.40 0.41- 0.712-:1.20 1.21- 2.00<
0.70 2.00
>50 <1.80 1.81- 2.31-3.10 3.11 4.00<
V. Saline soils 230 4.00
: <50 <1.40 1.41- 1.81-2.60 2.61- 3.50<
1.80 3.50
i ShaI_IOW topsoil >42 <1.30 1137%—) 1.71-:2.40 éé% 3.30<
or heavily eroded <42 | <0.80 | 0.8F | 128190 | 1.9t | 2.80<
sloping soils 121 2 80

Characteristic of the lime content of the soil. Hydrochloric acid was determined by

CaCQ% - the carbonated lime content

adding hydrochloric acid to the soil and measuring the amount @ff@@ed with all

the carbonates in the soil using a gas buredt@ukrs caicimerd- From this, we determine by

counting how much CaC{s equivalent. Based on the carbonated lime content of the

soil, the following categories are distinguish&alifle 4:

Table 4 Limits for carbonated lime content of the soil

CaCQ % Category
0 Lime deficient
0.1-4.9 Weakly calcareous
5.0-19.9 Moderately calcareous
20 Strongly (excessively) calcareous

In addition to the physiological aspects of the plant, lime favorably modifies the

structure of the soils, and the stability of the structural elements of the soil. Through the
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structure of the soil, the appropriate state of lime has a positive effdut ovater, heat,
and air management of the soils, as well as to the microbiological processes that are
essential for the exploration of nutrients. The carbonated lime content of the soils

fundamentally affects their pH, and thus the uptake of various ntgrie

AL-soluble ROs and K:O mg/kg- the soluble phosphorus and potassium content

Indicates the amount of different phosphorus and potassium compounds that can be
extracted from the soil with AL (Ammonium Lactate) solution, expressed@sdnd
K20 respectively.

Of the total phosphorus and potassium content of our soils, plants are only able to
utilize the phosphorus and potassium they can easily access and absorb. We have been
using the AL (Ammonium Lactate) method to estimate this content biatia plants
in Hungary since the 1960s. During the planning of the nutrient supply, the phosphorus
and potassium contents of the soil determined according to this method are compared
with the specific BOs and KO requirements of the plant to be growr dine specific
fertilizer requirement of the plant is determined. Limits for-8dluble phosphorus and

potassium in soils are shownTiables 5 and 6
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Table 5:Limits of soil AL-soluble phosphorus content for the assessment of phosphorus
supply M£ MNAK)

- 0,
Field production | Carbonation Ver AL-P2Os % Reall
area CaCx % poo¥ Poor | Satisfactory| Good goo dy
|. Chernozem soils >1 50 | 5190 | 91-150 12%% 251-450
<1 40 | 41-80 | 81-130 1236% 201-401
Il. Brown forest >1 40 | 2170 | 71120 | Y | 201400
soils 200
<1 30 | 3160 | 61-100 11%%; 161-360
m Bound 1L
W ow d >1 40 | 4170 | 71-110 Lo | 181380
gloomy forest soils <1 30 | 3160 | 61-100 11%% 151-350
IV.  Sandy and 51 50 | 5180 | 81130 | 3 | 251450
loose soils 250
<1 30 | 31-60 | 61-100 12%% 201-400
V. Saline soils 51 40 | 4170 | 71120 11%% 181-380
<1 30 | 3160 | 61-100 11% 141-340
VI. Shallow topsoil 131
o heaviy omded >1 50 | 51-80 | 81-130 ot | 201400
sloping soils <1 30 31-60 61-100 11%% 151-350
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Table 6:Limits of soil AL-soluble phosphorus content for the assessment of phosphorus
supply M£ MNAK)

Field production Gold ALUKO 26

Binding Very . Really
area (Kn) poor Poor | Satisfactory| Good good

|. Chernozem soils 101- 241-
>42 100 160 161-240 350 | 351550
<42 80 | 81130 | 131200 %%g 301-500
Il. Brown forest >38 90 | 91140 | 141210 | 2T | 301500

soils 300
<38 60 61-100 | 101-160 1265%5 251-450

l1l. Bound meadow 151- 381-
and gloomy forest >50 150 250 EILEED 500 | 20%700

soils 121- 331
<50 120 200 301-330 450 451-650
IV. Sandy and loosg 5 59 90 | 91120 | 121160 | 6T | 221420

soils 220
<30 50 | 5188 | 81-120 11%%3 181-380

V. Saline soils 201- 401-
>50 200 280 281-400 550 551-750

151- 331
<50 150 230 231-330 450 451-650

VI. Shallow topsoil 121- 221-
or heaviy eroded >42 120 160 161-220 200 | 301500
sloping soils <42 80 | 81120 | 121-180 1285%; 251-450

It should be noted, -termveestairable, enviforanentaltyo d a y «

friendly f er tsuchastha3RP Systensaht-TAKh MOA-GKI) have
lower soil nutrient limits. Overall, regardless of the cultivated plant and soil type, it can
be stated that the Akoluble O content of the soils i$80-200 mg/kg and the Ak
soluble BOs content 0fL50-160 mg/kgcan be considered good.

AL-soluble Na mg/kg the soluble Na content

Indicates the amount of Na compounds that can be extracted from the soil with the AL
solution in Na mg/kg. Excessive Na contents are unfavourable for our cultivated plants
and indicate salinization processes.aAgeneral guideline, an ANa content of up to 30
mg/kg is acceptable. Values between 40 and 60 mg/kg may indicate certain undesirable
processes. In nesaline areas, it is advisable to reconsider and review our irrigation

technology, test the irrigatiowater, and review our nutrient supply technology (e.g.,
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many years of excessive vinasse application:Nsl_contents above 60 mg/kg already

indicate unfavourable salinization and salinity.
nKCl-soluble Mg mg/kg the soluble Mg content
Represents the amount of magnesium compounds that can be extracted/vktGl 1
in elemental magnesium. The assessment of the magnesium supply of the soils is shown

in Table 7

Table 7:Assessment of Mg supplB(u z 8s) 1983

Mg mg/kg
Restriction (K)
Poor Satisfactory Good
<30 (sandy soils) <40 40-60 60<
30-43 (sandy loam, loam soilg <60 60-100 100<
>43 (clay loam, clay soils) <100 100200 200<

On soils with strong calcareous or high doses of liming, the appearance of possible
magnesium deficiency must be taken into account. The deficiency is further exacerbated
by high-dose nitrogen, phosphorus, and potassium fertilization, so we supply raitrient
with particular care in such areas! In our areas, strive to establish and maintain the Ca:Mg

=6 and K:Mg = 0.5 ion ratios.
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nKCl-soluble NQ + NOs - N and SQ?-S mg/kg- soluble nitrite and nitrate nitrogen
and sulfate sulfur
In short, we simply calit nitrate content or sulfate content. It is equal to the amount of
nitrogen in the form of N@ion and the amount of sulfur in the form of @n which
can be extracted from the soil with a 1 M KCI solution.
Although this is the only series of soil dies to demonstrate the effect of N fertilization

on soil Nsupplying capacity, its role in expert advisory practice is debatable.

EDTA-soluble Cu, Mn, Zn, (Fe) mg/kg soluble Cu, Mn, and Zn content
Trace elements, including copper, manganese, andai@g@resent in small amounts

in the plant 0.01% to 0.00001% Despite their small quantities, their role in plant life
processes is essential. In their absence, the yield loss can exceed 40%.

Represents the amount that can be dissolved from the shilavgblution of EDTA
(ethylenediaminetetraacetic acid) and 0.1 M KCI. The definition of iron usually does not
make sense because its uptake depends on many factors, so the extractable Fe is not
proportional to the amount of iron that the plant can utilizes, as well as the uptake of
Mo and B, is easier to infer from plant studies. The limit values for EZTAnd EDTA

Zn in the soils are showin Tables 8, 9, and 10

Table 8:Estimation of soil EDTAsoluble Cu supply (mg/kd) Bu z § s | 1983)

Restriction Satlsfacto|r_|yu%l:J :l;/r;ply (mg/kg)
(Ka) ] 13 =
<30 0.2- 0.3- 0.6-
3042 0.3- 0.6- 1.4-
>42 0.6- 1.2- 3.2-

Table 9:Estimation of soil EDTAsoluble Zn supply (mg/kg) Bu z 8§ s,

1983)

Restriction Satisfactory Cu supply (mg/kg)
(Ka) pHkcl
<6 6-8 8<
<37 (sand) 26- 7 - 3-
37-50 (adobe) 52 - 13- 4 -
>50 (clay) 118- 30- 7-

62



THE PRINCIPLES OF SUSTAINABLE AGRICULTBAL CULTIVATION AND THE SUPPLY é

Table 10:Estimation of soil EDTAsoluble Zn supply (mg/kd) Buz &8s, 1983)

Restriction Zn (mg/kg)
(Ka) poor good
<38 (sand) <1.0 1.0<
3850 (adobe) <2.5 2.5<
>50 (clay) <3.5 3.5<
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DETERMINATION OF IRON AND SULFUR CONTENT OF CEREAL
SAMPLES BY INDUCTIVELY COUPLED PLASMA ATOMIC EMISSION
SPECTROMETRY

ZSOLTGICZI*'TRE NC KALOCSAI'iANDRW/ZE Ri VI KT ¢ RONAL
il STVENL MCNWYRITASZEKEL YHI DI
Sz®chenyi I stv8§n Universi MgsoAmagyaltuBa
Department of Water and Environmental Sciences
Depart ment of Food Science, Moson

3Department of Biological Systems and Food Technology

SUMMARY

In this study, the mineral content of different cergains was analyseduring our
work, the iron and sulfur content of winter wheat (n = 8), durum wheat (n = 2), winter rye
(n =1), autumn triticale (n = 2) and some traditional wheat varieties such as einkorn wheat
(n = 1) and spelt wheat (n = 3), as well as emmer wheatl(nwere examined. In the
case of iron, the results obtained range between 31.84 siigiky. and 55.96 mg ki
d.m. In the case of the studied cultivars the lowest iron content in the case of the two
triticale cultivars was obtained, while the highesiuea were found in the case of the
conventional wheat cultivars. In the case of sulfur, the measured values range between
1540 mg kgl d.m. and 2013 mg kj d.m.

Keywords: wheat, einkorn, emmer, spelt, iron, sulfur

INTRODUCTION AND LITERATURE REVIEW

Moret han 40% of the worl ddés popul ation suf
known as fAhidden hungero. Whil e about 800

hungry, which means they are malnourished in terms of calories, more than 2 billion
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peopleare affected by micronutrient deficiencies. Latent starvation can result in many
health problems learning difficulties for children, the economic costs borne by society as
a whole Murphy et al..2008;G° d e ¢ k €2018)t Latent hunger is particularlgky

for pregnant women and children due to rapid groBihdk et al.2013).

This study compares three common crepgeat, rye, and triticale. WheaEr{ticum
aestivun) is a widely grown cereal due to its grains, an indispensable food worldwide
(T - tthl., 2018). It is one of the oldest grains people grow. Common wheat is the most
widespread species globally and the second most widely grown crop. The main goal of
modern wheat cultivation is to create higly@&lding varieties with excellent baking
properties, good nutritional quality, and adequate resistance to disease. Its exceptional
properties and beneficial chemical composition make wheat an essential bread grain in
many countriesKiel et al.,2020). Nowadays, ancient cereal varieties are expengm
renaissance due to their advantageous properties, so some of these varieties in our study
were included. RyeSecale cerea)eis grown as a cereal and fodder plant. Rye is
traditionally used for baking in Eastern and Northern Europe. The structdraste of
rye bread are different from wheat bread. Rye is generally a good source of dietary fibre,
phenolic compounds, vitamins, as well as trace elements and mireoatsrfen et al.,

2014). Although rye (genuSecal@ is closely related to wheat (ges Triticead, it is

known that the chemical composition of wheat and rye grains is difféRedehutscord

et al.,2016). Triticale is a hybrid of wheat and rye that was first used in the late 19th
century. It combines the yield potential and qualitywdfeat with the environmental
tolerance of rye. It is used primarily as a fodder grain but can also be used as a bread
grain.

In recent years, significant progress has been made in understanding the uptake
processes and pathways of the various chemicalegienfound in plants. It has been
shown that different genotypes may differ in their needs for minerals, nutrient uptake,
transport, and utilizationShtangeevaa et al2010). Our study aimed to compare the
concentrations of two selected mineral nutrigimts (Fe) and sulfur (S), in some ancient

and modern wheat cultivars and some further cereals.
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MATERIALS AND METHODS

In our study, several varieties of different cereals were examined, including winter
wheat (n = 8), durum wheat (n = 2), winter rye (n = 1), autumn triticale (n = 2), and some
conventional varieties, such as einkorn wheat (n = 1), spelt wheat (n = 3jnamg e

wheat (n = 1). The varieties studied are listed in Table 1.

1. Table:Cereals included in the study

Cereals Varieties studied
winter wheat Mv . M®nr -t , Mv . Nemer e,
Tall ®r , Ast ardo, Fo
autumn triticale Mv. Talentum, Szilaj
autumn durum wheat Mv. Pelsodur, Auradur
rye Dankowski Diament
einkorn wheat Mv. Alkor
spelt wheat Mv. Martongold, Laj
emmer wheat Mv. Hegyes
The field experiment was designedh Mo s o n i plain near J8nos:

experimental area is clayey loam soil (Arany's soil texture index 48) with a medium
humus content (3.21 m/m%), the soil is weakly calcareous (carbonated lime content 3.97
m/m%) with a neutral pH value (&€l 7.14). The phosphorus and potassium content of
the soil is excellent, while the magnesium content is satisfactory. The test results showed
no accumulation of sodium in the studied soil layer. The supply of micronutrients to the
soil was moderate.

A randomised block design was used as the design of the-ptoaltxperiment. Each
variety was sown in four replicates, with a net plot size of 10 square meters.

To examine the elemental composition, the grain yield was ground (Sencor, SCG
2050RD) and then ppared for the study by microwaassisted acid digestion. A MARS
6 iWave (CEM Corporation, Matthews, NC, USA) was used for sample preparation.

Approximately 0.4 g of aidried sample was weighed to the nearest 1 mg, 5 mL of
concentrated nitric acid (65 w#, Selectipur grade, Ladker, Neratovice, Czech

Republic) and 1 ml of hydrogen peroxide (30 w/w%, analytical reagent grade, Molar
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Chemical s, Hal 8§sztelek, Hungary) was addec
is required in the reaction vessels toaswre the appropriate temperature). The reaction
vessels were sealed and the prepared samples were digested. Atlfrsgr@ples were

prepared in parallel. The digestion was carried out at 210 o C for 15 minutes under
continuous temperature control afiess minutes of a heating phase. The reaction vessels

were cooled and the resulting solutions were diluted to 25 mL with 0.1 siohitric

acid. Reagent blank samples were prepared in parallel with the samples.

Prepared samples were analysed by indugtiweupled plasma atomic emission
spectroscopy (ICRAES) with an Agilent 5110 Vertical Dual View (Agilent, Santa Clara,

CA, USA). The digests were analysed directly, without further dilution. The dilution
factor of the samples was 62.5 (V/m).

The dry mattecontent of the aidried samples was also determined by drying at 105 o
C for 4 hours. The results of the elemental analyses are given based on the dry matter
content.

During the statistical analysis of the experimental data, after examining the
homogendy of the standard deviations (Bartlett test), the differences between the
varieties were checked by omgy analysis of variance. After the analysis of variance,
the Least Significant Differences (LSD) were determined to determine the different
cultivars.

The statistical calculations were performed based on Svab (1973) and Szucs (2002).
The Microsoft Office Excel 2016 software package was used to evaluate the experimental

results.

RESULTS AND DISCUSSION

Mineral compounds in cereals are also cruciahfdritional and technological reasons.
The chemical composition of cereals fundamentally affects the quality of flour and the
various cereal products derived from it. Because cereals are used as a staple food in many
countries, they are essential sourcesiacro and micronutrients such as irbtuésain et
al., 2010;Zhang et al.2010;Biel et al.,2020) and sulfur ° r g e n s 2007,Haskaina | . ,

et al.,2010), which are essential for proper nutrition of humans and animals.
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The test results obtained ates/n inFigures 1 and 2In the case of iron, the results
obtained range between 31.84 mglkd.m. and 55.96 mg k§j d.m, and between 1540
mg kg1 d.m. and 2013 mg kg d.m. for sulfur.
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Figure 1:Iron (Fe) content (mg k@ d.m.) and their standard dation values

of the examined cereal samples
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Figure 2: Sulfur (S) content (mg kd d.m.) and their standard deviation values

of the examined cereal samples
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In the case of the studied cultivars, the analyzed nutrients could be détesitadar
amounts. However, differences can also be observed between the individual cultivars.
The analysis of variance performed on the obtained data and the significant differences

per pair are summarized Trables 2, 3, and 4.

¢cSyesi! SQ FG MQ F
maail S& 5114.7872 71

Fajta 4241.7360 17 249.5139 15.433 ***
Hiba 873.0512 54 16.1676

¢Syesi! SQ FG MQ F
maai S& 2.3398 71

Fajta 1.1184 17 0.0658  2.908 ***
Hiba 1.2215 54 0.0226

o P=1%, * P=5%, *P=10%

Table 3:Significant differences between the iron contents measured

Ve | i _ i Fe mg kg d.m.
@a@® aMv.Nemerla @ bliBalatml|a O® ¢ [ABtdrd® NIFolklor | Genius| Szilaj [v. Pelsogowski Dif. Martond Lajta | m{ 2

1. pagdo a - - - - - - - - - - - - -
2. Mv.Neme * - - - -
3. |ago Bt RBNJ ns - - -
4. Balaton ns ns ns - - -
5 |ado ¢l tns SN * ns ns - - -
6. Astardo ns ** ns * ns - - -
7. Folklor el ns * ns ** el - -
8. Genius ns ns ns ns ns ns ns - -
9. Szilaj o ns il - i i ns - - -
10.  Wv. Pelsod| ns * ns ns ns ns ** ns il -
11.  |kowski Di ns ns ns ns ns * ns ns ** ns
12. . Martong{ *** b bl ol ol o o o ol ol bl
13. Lajta o i bl ol ol o i e o ol bl ns
14. mi 2 Mn i ok ok il il i il il ok ok ns ns

* Significant difference (p<0.10) Sz0g 4.76

** Significant difference (p<0.05) Sz 5.70

*** Significant difference (p<0.01) SzRy 7.59

ns not significant (.10)
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Table 4:Significant differences between the sulfur contents measured

Variety | : _ i Smgkdd.m.
la@® aMv.Nemerla @ bliBalétdl|a dP d [ABtdrdd NIFolklor | Genius| Szilaj [v. Pelsogowski Dif. Martond Lajta | m] 2

1. [a@® a - - - - - -
Z Mv. Nemer| ns -
3. |[ag® bt RBNJ ns
4. Balaton ns ns ns
5. agdod dI tns S NI ns ns
6. Astardo ns ** ns ns ns
I Folklor ns * ns ns ns ns
8. Genius ns ** ns ns ns ns ns -
9. Szilaj * ns * B o - o ™ R R
10. M. Pelsod * ex * * ns ns ns ns bl .
11.  |kowski Di ns ns ns ns ns ns ns ns * *
12. . Martong ns * ns ns ns ns ns ns il ns ns
13. Lajta ns e ns ns ns ns ns ns ok ns ns ns
14. ml 2Mn ns il ns ns ns ns ns ns ok ns ns ns ns

* Significant difference (p<0.10)
** Significant difference (p<0.05)
*** Significant difference (p<0.01)
ns not significant (.10)

SzBoo= 0.18
SzR= 0.21
Sz 0.28

Differences in iron and sulfur content were measurable between certain varieties. The

lowest values were measured for the two studied triticale cultivars in terms of iron

content

Hi gher

i ro

n content

wa s

dmeérect ed

wheat varieties rather than in the case of common wheat varieties, similarly to

Suchowilska et alf 2 0 1

obtained in

2) .
t h

e

The

cas

hi ghest

e of

spelt

i r olnd.mc) wast e nt

wheats var

were more minor between samples. Of the two triticale cultivars examined, a lower value

was measured

CONCLUSIONS

n

t he

case

o f-1d.nm)e

ASzilajo

In our field experiment, three common kinds of cereal and several vaneties

compared. Our experimental results confirm previous findings thatptard element

transport processes can differ significantly between similar plant species/varieties, even

if they grow under the same conditions. Because of their essential thke diet, cereals

can meet our daily mineral nutrient needs. According to the FAO/WHO recommendation

(URL1), the daily requirement is 33mg for iron, depending on gender and age. Dietary

iron intake is utilized at a relatively poor rate. However, ewéh a 5% utilization of

dietary iron, it means a maximum of-62 mg of iron requirement per day. A significant

part of this can be covered by iron intake from grain consumption. The degree of
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differences between the two varieties proved to be difféoenthe two elements, so it is

important to include additional mineral nutrients in the studies.

GABONAMI NTCH SY KENTARTALMCENAK MEGHATCROZC
| NDUKTEéEV CSATOLCSD PLAZMA ATOMEMI SSZ
SPEKTROMETRI CVAL

GICZI ZSOLT'i KALOCSAI REWER CANBRLCGNA VI KTERI A
iKULMCNY | S§TSWENKELYHI BI RI TA
SZ®chenyi |1 stv8n E@y efilean, miMezRrgtawdsByn y
W2-®s K°rnyezettudom8nyi Tansz®Kk
21l el miszertudom8nyi Tansz®k, Mosor

Bi ol -gi ai RendszerekT@as£Z®&l mi szer i |

¥SSZEFOGLALCS

Jel en tanul m§nyunkban k¢l °nb°zR gabonaf
tartal m8t vizsg8ltuk. Munk8&8k sor8n Rszi b
1), Rszi tritik8l ® (n = 2), inmazlamkoi(nl), n®h §
a t°nk°lyb%za (n = 3) ®s a t°nkeb¥za (n =
eset ®ben a kapott -lersezd m®n y®edk 531, ,8864 krigz Rkggt
A vizsg8lt fajtg8k eset ®bptuk adegalkc8anyabb vast i k § |
tartal mat, mz2 g a l egmagasabb ®rt ®k ek a |
ki mutathat - - k. K®n eset ®lHersza am®®tsl sRaDtl ® k enlg
kez°ott v8ltoztak.

Kulcsszavak b %z a, al akor, t°nke, t°nk°ly, vas
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COMPOSITIONS OF TERPENES IN ESSENTIAL OILS MADE OF JUNIPER
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ABSTRACT

Juniper berries have many uses, but they are most famous as ingredients in the
production of alcoholic beverages. The quality of an alcoholic beverage is affected by the
composition of terpenes found in essential oil made of juniper berries. The presented
paper deals with the composition of essential oils extracted fra@emmunis Lberries
obtained from seven areas in Slovakia. It was determined that juniper essential oil
contains monoterpenes ranging from 54.5 to 63.1 % and sesquiterpenes rangBig2rom
to 45. 2 %. Domi nant monot er -pimenegwithitspeal uni p
area % ranging from 27.77 % to 36.59f&lowed bymyrcene (6.68 13.35 peak area
%) Dlimonene (.83 - 3.76 peak area % -tetrpinene (0.17- 1.1 peak area), U-
terpinolene (0.46 1.17 peak are&o). Dominant sesquiterpenes are germaci21(g8.25
- 19.68peak are&b), germacrend (2.081 9.62peak are&b), b-elemene (0.43 3.86
peak are&) -humililene (1.27 3.62peak are&b) -carfophylleng2.281 8.29peak
area%) a-cadinerle (1.56 3.67 peak are&s). Distillates characterized by different

terpene profile composi t ipmens and myscpneoveral |y
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obtained by fermentation of berrids communisas well asJ. oxycedrusand their
sSsubsequent extractive -pgiene (4B.91lpkak treaoX) and T h e
myrcene (20.98 peak area %) is higher in the distillate made Jraxycedruderries

and the content of germacréiie(9.84 peak area %) is higher in the disté made from
juniperJ. communis

Keywords: Juniperus, essential oils, juniperus distillale,oxycedrusJ. communis

genebra

INTRODUCTION

The genuguniperugFamily Cupressacegds an evergreen shrub or tree, mostly found
in the cool and moderate regions of the northern hemisphere. Its occurrence has also been
reported in South Africa and Australia, but only in limited quantities. The genus consists
of approximately 75 specieq@ is divided into three sections. While tBeriocesrus
sectioncontains 1 species, thRuniperussection contains 14 species and Sabina
section consists of 60 species. The most important species withinrnfgerussection
areJ. communis and &xycedrusNatural habitat of. communiss the entire northern
hemisphere, whild. oxycedruspecies is the most widespread in the Mediterranean area
(Adams 2004). Juniper berries are used as a culinary ingredient to season meat and sauces
and as an amatic ingredient in the production of alcoholic beverages. The most well
know drink containing juniper berries is gin, its origin has been recorded in Netherlands.
An alcoholic beverage called ABorovil kao i
(EVU) 787/ 2019 of the European Parliament e
designated under the legislation by nariéatholdet or "genebrd. A fermentative
maceration of juniper berries and their subsequent extractive distillation without
additional aomatic components added is a unique process that distinguishes the
production of Borovilka beverage in Sloval
past, juniper was often used in traditional medicine. The fruits had been used as a diuretic,
to treat gastrointestinal problems or rheumatism, arthritis and gout, and it is thought to
have antinflammatory and analgesic effects. Native Americans dsedmmuniberries
as a contraceptive and in diabetes treatmdoCabe 2005). Hypoglycemic, antidietic
and urinary effects have been demonstrated in several scientific pRpdevgki2001;
Sanchez1994; Kalam, 2020; Orhan, 2012) but clinical data confirming beneficial
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therapeutic effects in human studies are not sufficient. Many studies haviedegtrong
antioxidant activity of juniper berrieElmastas,2006; Lesjaka 2014; Miceli, 2011;
Pandey,2018; Alkhedaide 2019). It has been shown that the kiagn use of juniper
drugs leads to kidney damage and these drugs are not suitable fonpregman Raing
2019). Other studies have been studying inhibitiory activity of essential oil matle of
communisberriesagainstBacillus aureus, Escherichia coli, Listeria monocytogenes,
Cornybacterium sppand Staphylococcus aureus (Pepeljnjak, 206Hipowicz, 2003;
Glisic, 2007;F a | 2018). Pepeljnjak 2005;Filipowicz, 2003;Glisic, 2007;F a | ¢ « 0
2018). Juniper oil has been shown to inhibit the gravitB. aureu MI C 4. 35 OI / «
as well a€. coli( MI C 1 63) &d dontributes positively the production of anti
inflammatory factors. It also has antifungal, antiviral and antioxidant propeR#&sg
2019;Darwish, 2020).

The aromatic character of juniper and its products is determined by the composition of

the essential oil, which is viable and depends not only on the type of juniper, but also
on soilclimatic conditions, harvest time and the age of the plant and, last but not least,
distillation techniques. The content of essential ail.icommuniberries was determined
to be 0.94% of their weight. InJ. excelséberries it was 1.22 % of weight, 1.4%Jn
pygmaea0.47 % inJ. sibirika,0.67 % inJ. oxycedrugnd 1.59 % od. sabinugValtcho,
2018). Comparable results of 0.68-90.72 % essential oil content of the total berry
weight were found id. oxycedruspp.,which were obtained in Lebanohqjzzo2007).
Variability in the content and quality of essential oils made flooxycedruderies was
monitored in five localities in Kosovo and the content of essential oils varied from 0.4 to
1.8 % of the weight. The results are compared with the content of essential oils from Italy
in the amount of 0.5 to 2.5 % and from Morocco 1.66Hé&jdari, 2014; Elhoussine
2011;Salidg 2002).

At this paper, we focused on determination of essential oil conteit @mmunis

berries and the composition of terpenes providing the typical juniper aroma.

M ATERIAL AND METHODS

Monitoring of localities with the occurrence of the common junihpezommunisvas

carried out in 2020 in localities with different altitudes ranging from 185 mamsl to 749
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ma ms | : Ki govece, Priechod, Horn® Lazy, (I

harvested in Octobed. oxycedrus berriegere obtained from Albania.

Determination of essential oils content

Essential oil content was determined by means of steam hydrodistillation on an essential
oil apparatus. 150 chof distilled water was added 5 g of berries. Hydrodistillation
was performed within 1 h, the distillation was stopped for 30 min and then it continued

for another 30 min.

Fermentation of juniper berries

A mixture of juniper berries a% deevisiaet er (1
yeast, stationary, for 7 days. The fermented mixture was mixed with agricultural alcohol
and distilled to an alcohol content of 60 vol. %.

GC-MS analysis of essential oil.

Semiquantitative analysis of juniper essential oil was performed a gas
chromatograph paired with a mass spectrometer (Agilent technologies, USA) paired with
an autosampler (Agilent technologies, USA).

Chromatographic column HNOWax (Agilent technologies, USA) was installed in
the gas chromatograph with the follioyy dimensions of 30 m x 0.25 mm x @5mand a
pol ar stationary phase. The oven temperat
mi nute, then raised to 250AC with the gr at
The inl et wa stogphkt pade with the2spliordtic€of $0el tHelium was the
carrier gas, set to constant flow of 1,5 ml/min with the linear speed of 45 dine mass
spectrometer was in the EI mode with the fragmentation voltage set to 70eV and the scan
range being 29 250 m/z.

Identification of the compounds was performed by comparing the mass spectra of the

detected compounds with the mass spectra of the library NIST14.

RESULTS AND DISCUSSION

The obtained essential oils were light in colour with a strong juniper arom&C

analysis showed that essential oils mainly consist of monoterpenes, which, on average,
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represent 59.2 N 3.5% of al | identified
domi nant monot er pe npnene 7.7 BG59 peakarea%),iwhich o i |
is characterized by a strong pine and woody aroma. The second most abundant is myrcene
(6.68 T 13.35 peak area % sensorially contributing to woody, spicy aroma.
Sesjui terpenes average at 38.8 N 3. 7D of al l
characterized by a strong woody aroma, being the most abu@dasit 19.68 peak area

%). The relative content of monoterpens and sesquiterpensv changes during ripening of
juniper berries. While the berries are ripening, the content of sesquiterpenes gradually

i ncreases an dpinénd éecreasenGeenadrdhéncfeasés as the berries

ripen and germacrer® becomes the dominant sesquiuterpene in ripe berries in
November Falasca 2016) . The c epmenewas difierent id separate a n t

| ocati onpsi.neMoestwals found in the essenti al
(36.59 peak area %) and Priechod (34.38 peak area %). These locations are situated at an
altitude of 578 and 470 mams]| . Location C
and t he eimane a this locatibn whls determined at 30.0 peak area %. Juniper
berries from the highest situatedgbwcatio
(667 mams | )pinenewithtthe followiny atlindance of 30.51 peak area % and

32.12 peak area % respectively. On the basis of the above mentioned results, it is not
possible to confirm that altitude of the location affects neither qualitguantity of the

essential oil. The content of essential oil in juniper berries ranged from 1.3% to 2.2%
(table 1). These experiments concerning statistical evaluation of qualitative and
guantitative properties of essential oils made of juniper berriescailtinue in the

following years.
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Table 1:Comparison of the composition of terpenes in the essential oil made of juniper

berries from the monitored localities in 2020.

Location
Priech| Hor njllia | Ostr| Chr | Sel |l i ¢Ki ¢
Content od Lazy g Hora mec sedlo ce
EO content g/100 g
of fruit 1.3 2.1 1.5 2.2 2.2 1.9 2.1
Monoterpenes peak area %
- 3438| 3659 | 50| 2777 | 30.05| 3051 |32.12
Upinene 73
0.2
camphene 0.24 0.23 1 0.17 0.16 0.19 0.22
2.4
b-pinene 2.19 2.28 2 1.93 1.52 2.17 1.88
. 230 | 278 | 22| 1428 | 983 6.45 | 7.23
sabinene 3
0.5
3-carene 0.12 0.09 5 0.58 0.46 0.24 0.30
12.
myrcene 9.83 6.68 42 7.82 12.59 12.46 13.35
D-limonene 141 | 376 | 18| 254 | 216 2.68 0.83
0.5
b-phellandrene 0.46 0.46 9 0.49 0.31 0.49 0.46
. 0.21 0.17 1.0 1.1 0.83 0.43 0.83
o-terpinene 1
- . 0.50 0.46 11 1.13 1.05 0.74 0.95
Uterpinolene 7
019 | x | 9%°| o048 | 037 0.2 0.45
p-cymene 1
0.1
borneol 0.12 X 3 X X X 0.25
0.28 0.32 0.2 0.22 0.28 0.27 0.38
bornyl acetate 4
0.4
Uterpineol 0.66 0.47 5 0.29 0.43 0.21 0.6
0.1
citronelyl tiglate X X 1 X 0.08 0.14 0.16
sesquiterpenes peak area %
- 049 | 087 98| o046 | 087 075 | 0.23
U-cubebene ) ) 6 ' ' ) )
- 0.43 0.42 0.4 0.17 0.21 0.25 0.28
U-copaene 4
s-elemene 1.75 | 074 |0.2| 228 | 093 3.05 1.54

82



COMPOSITIONS OF TERPENES IN ESSENTIAL OILS MADE OF JUNIPER BERRIES

3.06 3.86 04 2.01 1.25 2.05 2.06
b-elemene 3
1.83 0.77 2.0 0.82 0.69 1.62 0.72
b-farnesene 7
15
Ghumulene 1.97 2.16 6 3.62 2.09 1.27 2.42
. 2.28 2.46 38 8.29 441 2.35 5.96
b-caryophillene 8
0.39 0.36 0.2 0.24 0.38 0.21 0.28
2-muurolene 7
10.
germacrend 19.68 | 17.68 01 9.70 14.54 8.25 9.08
cismuurolad- (15), | 554 | 923 | 02| 016 | 017 016 | 0.21
5diene 1
0.7
Cmuurolene 0.98 1.03 1 0.60 0.84 0.52 0.72
0.2
selina 3.11 diene 0.31 0.31 1 0.18 0.32 0.2 0.24
2.2
i-cadinene 2.84 3.67 5 1.65 2.16 1.56 2.34
0.0
5cadinene 0.53 0.16 9 X X X 0.2
0.0
cadina 1.4 diene 0.12 0.14 6 X X X 0.12
9.6
germacrend 4.69 2.08 5 5.98 6.2 8.62 4.03
. 0.14 0.33 0.0 X 0.13 X X
caryophyllene oxide 7
. 0.15 0.26 0.1 X 0.09 X 0.2
nerolidol 2
elemol 0.2 0.16 0.1 0.2 0.12 0.24 0.18
0.39 0.40 03 0.15 0.29 0.26 0.31
spathulenol 2
0.5
O-cadinol X 1.67 4 0.93 0.15 3.53 2.37
1.2 25 0.7 11 0.68 1.07 0.71
germacrene4-ol 5
other 0.31 3.02 1('36 0.67 1.96 3.72 2.37
Percentage composition of constituents in juniper essential oil
63.
54.5 54.5 59.9 61.0 59.0 62.1
% monoterpenes 1
. 45.2 42.5 35. 394 37.0 37.1 355
% sesquiterpenes 2

Significant differences in the quality of essential oils were manifeisteskeparate

| ocations. The hi ghpment was found irethetessential ail fsomi na n
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the |l ocation of Horn® | azy (36.@@newasak ar
found at the | ocation of Ost rtiRe, dwoparsson( 27 . 7
of oterpinene andJt er pi nol ene content ptr eorveidn etnrea t C
terpinol ene @and1l.13pealHaoen go)n( Ja.nd0 Chr 8mec | ocat
1.05 peak area %) is hi ghepmene (@2 ail0bpeakhod w
area %) is lower. Differences were also found HlirBonene content, with the highest
proportion was detected in the essenti al |
location (3.76 peak area)%nd the lowest abundance was detectad Ki govce | oc
(0.83 peak area Yoln terms of content evaluation regarding other terpene components,

the difference of germacreriz content ranging from the interval of 8.25 peak area % (as

det ect ed iSedlolScatibn) o 249168 xeak area @riechod location), is also
interesting. From the perspective of the overall composition of monoterpenes and
sesquiterpenes in separate locations, there are no significant differences in composition.
These results suggest the need to monitor the qaaddyquantity of essential oils from

separate locations in order to identify possible different juniper chemotypes and targeted
plant breeding with a defined chemotype. In recent decades, a systematic destruction of
juniper shrubs occurs, mainly as a resfltagricultural activity, even though Slovak
distilleries would need 500 tons of junip
In the light of environmental protection, the introductioragfoforestry systems in the
management of permanent grassls and the establishment of juniper pastures would

make it possible to increase the production of common juniper. The importance of this

task is also demonstrated by the way how a particular type of juniper affects the quality

of the produced alcoholicslverage, due to a difference in the composition of terpenes in

distillates obtained from fermented macerate3. @ommunisindJ. oxycedruderries.
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Table 2: The identified major aromatic components in spirits obtained by means of
fermented maceration df oxycedrugharvested in 2019) and communigharvested

in 2020) and the profile of aromatic components in 60 % raffinate.

component J. communis L J.oxycedrus L.
mixture of juniper juniper berries from
berries from Slovakia Albania
(peak area %) (peak area %)
Upinene 32.15 4391
b-pinene 3.47 2.06
myrcene 14.28 20.98
D-limonene 5.43 7.38
o-terpinene 1.66 0.33
Terpinen4-ol 0.38 1.12
caryophyllene 1.52 0.58
Humulene 1.98 3.77
o-muurolene 0.4 0.96
Germacrend® 9.84 4.56

A shown in the table 2 distillate made frdmoxycedrugontains a significantly higher
c ont e npinen® &nd tdyrcene. The distillate obtained frdmcommunisberries
contains a higher content of germacréhand caryophyllene. These results suggest that
the type juniper berries may have a signi
beverage. As the resourcesJotommunisare gradually disappearing the territory of
the Slovak Republic, juniper berries for distilleries need to be imported)waittycedrus

being the most commonly imported species

CONCLUSION

The aim of this work was to monitor the terpentene profile in essential oil made from
berries of]J. communidound in different regions of the Slovak Republic. It viesnd
that the composition of essential oils was not affected by altitude, but itlis thiet the
juniper species growing in Slovakia may contain different chemotypes, which differ in
the composition of the terpene profile in the essential oil obtained by hydrodistillation

from juniper berries. The dominant terpenes in the essential &ilegare U-pinene (27.77
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T 36.59 peak area %), myrcene (6i6B3.35 peak area %),-imonene (0.83 3.76 peak

ar ea -tepjnene @.21 1. 1 p e a k -tegpinadene (946 1.17(peak area %),
germacrend (8.251 19.68 peak area %%), germacrdh@.0871 9. 6 2 peak ar ea
elemene (043 3. 86 peak-hawlena (1.96) 3. 8J2 peak- ar ea
caryophyllene (2.28 8. 29 p e a k -cadinemea (1.86)3.67apedk area %).he

juniper species chosen for production may have a significant effieitte quality of an

alcoholic beverage. The distillate obtained by fermentation).o€ommunisandJ.

oxycedrus howed a di fferent composition, espec|

and germacrene D.

TERPENEK ¥SSZETETELE SzLOVCKICBeéL szcC
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MAREK KUNSTEK? - BAXA STANISLAV 2 - ZKOVACIKOVA UZANA 3
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®s a gebr mak2 ,®% RDI /Icatdg). @I1J./ communis valamint alJ.
oxycedrusbogy - k fermemag§ld§s8€xat akt?2v deszt il

terp®nprofil °sszet®tel T depitn®h|l §8@su monk a
tartalompan®n Ag43, 91 %) ®s a mirceh (20,
oxycedrubogy - b - | k®s z ¢ t paStalnhagoti8s) pedigd camnueis ma kK r
bor-k8b-1 k®sz¢lt p8rl atban.
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THE EFFECT OF TILLAGE TO QUANTIFY OF CARBON DIOXIDE
EMISSIONS FROM THE SOIL

JCN HEEQGENA GOLTYSO®RC DANI ELOVI L
National Agricul tural and Food Centre

Michalovce, Slovakia

SUMMARY

Quantification of CQemissions was tested in the years 202618 on gleyic fluvisol
in Milhostov at the grain maizédaize was grown in two soil protection technologies
(reduced tillage, direct sowing without tillage, resp-tilage), which were compared
with conventional tillage with ploughinglhe field experiment was established as a
rotation of four cropsgrain maze, spring barley, soybeans, winter wheoil CO,
emissions were measured at each till&yeery year, in the monitored years higher,CO
emissions were found in conventional tillageverage0.166 g n? h'Y) and lower at
reduced tillage (average 0.15h h' i reduced tillage. resp. average 0.153 ¢ hn
direct sowing). From the point of view of the year a higher emission of carbon dioxide
from the soil was found in 2016 (avera@é84 g n? h'Y), lower in 2017 (average 0.152
g nt2 hY) and the lowst in 2018 (average 0.142 g?nirY). The differences in CO
emissions found between tillage and reduced tillage and direct sowing were statistically
insignificant.

Keywords: Gleyic Fluvisols, CQemissions, tillage, maize

INTRODUCTION

It is generallyknown that global climate change caused by anthropogenic emission of
greenhouse gases is the most important environmental problem in human history. On the

intensity of the greenhouse effect has significant influence the content .0inGe
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atmosphere, whh is increasing mainly by burning fossil fuels. Less well known is the
fact that tillage and farming methods in agriculture also contribute to the increase in CO
concentrations in the atmosphere. In the last two decades the study of.tben@dt of

the atmosphere has become the subject of worldwide research, because its increasing
concentration intensifies the greenhouse effect. There is a warming and climatologists are
talking about climate change and its influence on all components of human activity
including agriculture.

Carbon dioxide is one of the most important gases in the soil, where its concentration is
10 to 100 times higher than in the atmosphere. It is produced in the soil by two main
processesmicrobiological degradation of organic matsad respiration of the plant root
system. This C@production is very variable and depends on many external factors, but
also on the properties of the soil profile. Soils are the largest terrestrial pool of carbon (C)
storing 2344 Pg C (1 Pg = 1 billiaannes) of soil organic carbon (SOC) in the top 3 m.
Tillage also affects soil organic carbon stock. Tilling changes the balance between organic
carbon put into the soil by plants and rendered available for soil {Diganisms and
carbon output as greenlge gases due to organic matter decomposition. Soil tillage is
estimated to have decreased SOC stocks byhikds from predeforestation levels (Lal.
2003). Agricultural systems contribute to carbon emissions through many mechanisms,
but on the other hah through soil protection technologies they become potential carbon
sinks in the soil. Land managed by soil protection technologies can accumulate
significantly more carbon than its losses. The reduction eféd@ssions from the soil is
caused and influeed by the reduction of the intensity of manipulation with the surface
layer of the soil the preservation of new organic matter in the soil and at the same time
by reduction of the extent of oxidation processes affecting organic matter in the soil.

The am of the paper was to quantify carbon dioxide emissions from the soil of grain

maize grown in different tillage methods.
M ATERIAL AND METHOD
The issue was solved the years 2016 2018 at the experimental workplace of the

National Agricultural and Food CentrdResearch Institute of Agroecology Michalovce,

which is located in Milhostov. The Milhostov experimental workplace is located in the
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central partofthe&st Sl ovakian | owl ands at an alti
E), northwest of the district town of Trel
There argleyic fluvisols,which arose as a result of loteyrm exposure of groundwater
and surface water on very heavy alluvial sedimevits adverse physical and physic
chemical properties. The problem was solved in experiments with different tillage.
field experiment included two soil protection technologies (reduced ti#l&jeandno-
tillage resp.direct sowing- NT), which were compared witbonventional tillage with
ploughingi CT.
The field experiment was established as a rotation of four cgsas1 maize, spring
barley, soybeans, winter whe&oil CO, emissions were performed at each tillage.
During the monitorig period, five measurements of €@missions from the soil were
performed annually on grain maize.
Terms measured 2016:1115.5.; 2. 22.6.; 3.1 7.7.; 4.1 21.7.; 5. 8.9.
Terms measured 2017:1129.5.; 2. 28.6.; 3.1 19.7.; 41 22.8.; 5. 25.9.
Terms measured 2018:1124.5.; 2. 26.6.; 31 19.7; 4.1 9.8.; 5.1 27.9.
At the given dates on each variant 5 measurements were performed ahituee

intervals in three replicate€OMT 500 instruments were used for measurement.
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Figure 1: Measurement of C£emissions at grain maize

RESULTS AND DISCUSSION

The average amounts of carbon dioxide emissions from the soil under the grain maize
are presented iffable 1.The resultsare recalculated with respect to the amount of
emissions at the beginning and at the end of the measurement, the incubation time, the air
temperature at the beginning and at the end of the measurement, the volume of the
incubation vessel and the measureshaand are presentedgmi? hl. Every year in the
monitored years higher G@missions were found in conventional tillage (avel@dé6
g n? h'l) and lower at reduced tillage (average 0.157-ghmi reduced tillage, resp.
average 0.153 g bt direct sowing).
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Table 1 CO;emissiongg.n2.h!] atgrain maize

CT RT NT
Term

2016 | 2017 | 2018 | 2016 | 2017 | 2018 | 2016 | 2017 | 2018
1. 0.165| 0.150| 0.099| 0.176| 0.164| 0.104 | 0.174 | 0.122| 0.079
2. 0.183| 0.181| 0.196 | 0.170| 0.188| 0.192| 0.162| 0.167| 0.215
3. 0.176| 0.159| 0.191| 0.170| 0.164| 0.185| 0.153| 0.173| 0.186
4. 0.244| 0.174| 0.151| 0.221| 0.178| 0.139| 0.223| 0.157| 0.145
5. 0.228 | 0.106| 0.097| 0.141| 0.112| 0.059| 0.173| 0.083| 0.086
average (year) | 0.199| 0.154| 0.147| 0.176| 0.161| 0.136| 0.177 | 0.140| 0.142

average (tillage) 0.166 0.157 0.153

CTi conventional tillage, RT reduced tillage, NT no-tillage resp. direct sowing

From the point of view of the year a higher emission of carbon dioxide from the soil
was found in 2016 (avera@el84 g it h'l), lower in 2017(average 0.152 g Ah?) and
the lowest in 2018 (average 0.142 @ ht).

Table 2:CO; emissiongg.m2.h’] at different tillage

Crops tillage 2016 2017 2018
CT 0.199 0.154 0.147
RT 0.176 0.161 0.136

Grain maize
NT 0.177 0.140 0.142
average 0.184 0.152 0.142

CTi conventional tillage, RT reduced tillage, NT no-tillage resp. direct sowing

Average air temperature and total amount of precipitation at the experimental locality
and their comparison with the lotgrm normal for the years 198 2010 Pani | ovi | e

al. 2017)are presented ihable 3.
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Table 3:Average air temperatufe U &}l total amount of precipitatigmm]

Month Air temperature [ U C] Total amount of precipitation[mm]
LT[ U 2016 | 2017 | 2018 |LT[mm]| 2016 | 2017 | 2018
V. 14.5 10.4 11.6 9.7 41 13 46 28
V. 15.5 15.8 16.2 18.4 66 66 52 80
VI. 18.4 20.5 20.3 20.3 67 36 87 106
VII. 20.4 215 20.4 22.2 77 100 75 25
VIII. 19.8 19.6 21.4 23 66 89 48 52
IX. 14.8 17.2 15.1 16.9 57 46 60 27
average sum
16.6 17.7 17.2 19.2 374 350 368 318

LT - longterm

From the point of view air temperature the vegetation period of 2017 was warm, in 2016
very warm and in 2018 extraordinary warfrom the point of view precipitation
(vegetation period identical to the @®easurement period), we can evaluate the years
2016 and 2017 (93.5 % of the lotgrm normal, resp. 98.4 % of the lotgym normal)
as normal and the vegetation period of 2018 was dry (85 % of thedomgnormal).
Weather especially temperature and jpia&tion significantly influence the overall
carbon sequestration in the soil and its subseqetdsgSuddick et al2010).

C 1 v-&uertes et a2008) investigated tillage impact on €@mnissions from soils in
a semiarid climatattributed the bserved large difference between tillage andiltegye
to differences in soil water availabilitht humid sites high soil moisture favour high
decomposition rates resulting in small differences between tilled and untilled soils, while
large differencesel/elop in arid climates with much lower soil water conté&atriin et
al. 1996;Feiziene et al2011). This supports the idea that the soil response to tillage is
affected by climate threshold&r@nzluebbers and Arshad.996). This fact was not
confirmedin our experiment, because 2018 was the driest year, but the difference in CO
emissions between tillage soil andiltage soil was not significant (5.4 %). Our results
showed that in 2016 the amount of 8fnissions from ndillage soil (average of RTnal
NT variants) was 11.3 % lower compared with soil tillage. By analogy a lower amount of
carbon dioxide emissions was ontiliage variants in 2017 (by 2.3 %), resp. in 2018 (by
5.4 %) compared to tillage variankhatab et al (2016) evaluated 46 workiealing with

the CQ emissions from soil and found that tillage emitted 27 % morgt&h naotillage
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in arid climates; while for pairs in humid climates tillage emitted 16 % morgtixsd
no-tillage. In clayey soils the differences between tillage andillage were much
smaller with tilled soils emitting 9 % more G@han untilled soils. Our results confirm
their findings, because the soils of our experiment are heavy (gleyicdlsivend the
differences in C® emissions between tillage and -tikage soil were statistically
insignificant. The contents of soil organic carbon in the experimEablé 4 with
different tillage systems were quite balanced and ranged from 14023 g kg™
Slightly higher contents of soil organic carbon were recorded on reduced -difldge
variant. According to a study $hataba et al(2016), soils with a content of soil organic
carbon in the range of 2380 g kg* tilled soils emitted an avage 17 % more CQhan
untilled ones. In our case the values are slightly lower, as the variant with reduced tillage

and netillage emitted by 2.3 11.3 % less Cexthan in the tillage variant.

Table 4:Content of the soil organic carbon on experimevigiants[g kg?]

Year CT RT NT
2016 15.67 16.72 16.71
2017 14.02 14.72 15.24
2018 16.80 17.59 17.93
average 15.50 16.34 16.63

CTi conventional tillage, RT reduced tillage, NT no-tillage resp. direct sowing

CONCLUSIONS

In a threeyear trialexperiment statistically insignificant differences in £#nissions
were found between tilled and4tiled soil. In individual year2.3- 11.3 % less carbon
dioxide was emitted from ntilled soils than tilled soils. Our results indicate that
improved agronomic practices include minimal tillage can also bring side benefits in the
form of reduced greenhouse gas emissions and impramdrt sequestration. Carbon
sequestration in the soil can make a significant contribution to mitigating the negative

effects of climate change in the future.
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THE CHANGES OF SELECTED SOIL CHEMICAL PARAMETERS IN THE
LONG-TERM CULTIVATION OF ARUNDO DONAXL. AND ELYMUS
ELONGATUSGAERTNER

BOGENA GOLTIWR®WCE N DA NT RAUOLPDRVAZ
National agricultural and food cenfireAgroecology Research Institute Michalovce,

Slovak Republic

SUMMARY

The changes of selected soil chemical parameters were observed in Gleyic Fluvisols.
The field experiment was established with two energy crdpsndo donax.., Elymus
elongatusGaertne). The energy crops were fertilized with phosphorus in ratieg4ti*
and potassium in rate &@ ha® each year in spring. The nitrogen fertilization was not
carried out. Soil samples were taken from depth fraim @.3m at the beginning of the
experiment in the autumn 2012 and at the end of reference period in the autumn 2018.
The development of selectesbil parametersn the time seriesvas evaluated by trend
analysis Land management conversion, from markeips to perennial energy crops
cultivation, has influenced changes of selected soil chemical parameters. Since the
establishment of the experiments, an increase in soil organic carbon in the monitored
energy crops was found. The annual increase in candihie isoil was 0.6fhat year! C
for theArundoand 0.9& ha! year! C for theElymus At the same time, the same impact
of the crops on content of total nitrogen, content of available phosphorus and potassium
and soil reaction was found. Since théabishment of the experiments was found an
increase in total nitrogen in the soil, tdde annual increase in total nitrogen in the soil
was 115kg ha' year® N for the Arundoand 10%g ha? year' N for the Elymus It was
recorded that both cultivatedops decreased the soil reaction. The content of available
phosphorus did not change significantly and the content of available potassium increased

during the cultivation oArundoand conversely, slightly decreased during the cultivation
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of Elymus The exchange soil reaction decreased significantly during -teng
cultivation of Arundo and Elymus by 0.28, resp. 0.Tfie linear trends found in both
energy crop indicate the carbon sequestration after conversion from conventional crop to
energy crop cultiation. From the trend analysis of data in cultivated energy crop was
found the significant increase of the total nitrogen in the soil and the significant decrease
of the exchange soil reaction. The development trends of the content of selected soil
paraméers in energy crops, which was determined using a regression model expressed
by the linear equation pointed out the assumed development of the given soil parameter.
Keywords: Arundo donax.., Elymus elongatu&aertner Gleyic Fluvisols, soil organic

carbon, total nitrogen, available phosphorus and potassium, soil reaction, trend analysis

INTRODUCTION

Climatic change is one of the major challenges which humanity has to deal with.
Climatic change is not just about the future, but it is also a segiobdem todayGlobal
temperature of the oceaasdthe earth's surfades risen b.6N  @C d2greesn more
thanone hundred years (Sixtfational Reporof the Slovak Republion Climate Change
2013).

The consequences of climate changagriculture will be: changes in the spectrum of
harmful organisms (diseases, pests, weeds), but especially the increase in the number of
economically significant pathogens; changes in the temperature security of agricultural
plants; extension of a main v&@gtion period (T above 18 C) by 43 days in
Slovakia and 84 days in the north of Slovakia until 2075; changes in phenological
conditions; changes in precipitation distribution and humidity security and also changes
of soil physical and chemicakgperties; accelerated decomposition of organic matter,
accelerated growth of the root system; increased wind erosion; new plant species
(Ministry of the Environment of the Slovak Republic 2014).

Climate change results in soil organic matter degradatiwh s®il degradation. In
Slovakia degradation threatens up td@@f the soil Kobzg 2014). Soil degradation has
a gradual and cumulative character. The threat to the soil is also the decline in available
nutrients related with their negative balanceyal as the deterioration of other chemical

and physical parameters of the soil.
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There are a lot of strategies to increase the soil carbon stock and two of them are energy
crops cultivation and ntll soil management L@l, 2004). Perennial energy crops
cultivation combines both of mentioned strategies, because there is no soil cultivation
during productive years, besides cultivation before planting. Growing energy crops has
the potential to mitigate carbon dioxide emissibgighe replacement of fossil fuels and
also by storing carbon in the soil due to land use chabge ét al, 2012,Zimmermann
et al, 2012).

Biomass, as one of the renewable energy sources, has suitalolevsatic conditions
in the conditions of theegions of Slovakia and a wide range of uses. Targeted grown
biomass of fasgrowing crops used for energy purposes is one of the possibilities for
diversification of agricultural production. The advantage is that energy crops can be
located on temporarilpr permanently unusable areas, which cannot be used for the
primary production of commodities intended for food purposka h d a | o 2@ 7)et al

Carbon accumulation under energy crops is similar like under perennial grasses
(AndersonTeixeira et al, 2009) or under native pasturBg@ndini et al, 2009). Carbon
sequestration or carbon loss from soil in the conversion of used agricultural land or natural
stands to energy crops depends on plant spegsaséckenberger and Kuzyaka07,
Hillier et al., 2009). The different soil utilization affects not only the changes in soil
parameters, but also the quality of the producti®yn{anowicz et al2014,Kron et al,
2017).

The aim of this study was to evaluate the changes of selected soil chemical @aramet

in longterm cultivation of the energy cropsundo donaxL. and Elymus elongatus

Gaertneilgrown on the Gleyic Fluvisols.

M ATERIAL AND METHODS

Field experiment was initiated in 2012 at experimental station of the National
Agricultural and Food Centré Agroecology Research Institute, which is located
Mi | host qO2.3iN.4 8 A%MMAE)3 The experimental station is situatedthe
central part of the EaSlovak Lowland at an altitude of 1@4. The average annual
temperature s 84 C (A® .dDuring vegetation period)
560mm (350mm during vegetation period).
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Table 1 Soil particle size distibution before experiment establishment

Fraction Arundo Elymus Average
1stfraction[%o]
20.6 20.8 20.7
clay (< 0.001 mm)
2" fraction [%0]
soft and middle silt 19.0 18.8 18.9
(0.001i 0.01mm)
3 fraction [%]
28.7 29.5 29.1
crude silt (0.01 0.05mm)
4t fraction [%0]
25.6 24.7 25.1
soft sand (0.0% 0.25mm)
5t fraction[ %]
6.1 6.2 6.2
middle sand (0.25 2 mm)
Content of particle |. category
39.6 39.6 39.6
(< 0.01mm)
] ) medium heavy | medium heavy | mediumheavy
Soil evaluation ) ) )
loamy soil loamy soil loamy soil

The soil was Gleyic Fluvisols. According to Novak Classificatory Sczdeljec et al.

2009) this soil subtype belongs to medium heavy and loamy soils. Soil particle size

distributionbefore establishment of experiments with energy crops is shown in T.able

Average content of clay particles was 3%6

The average values of chemical properties of the topsoil (depth from 0 ) 0.3

measured before starting the experiment are showabie2.
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Table 2 The chemical properties of the topsoil before starting the experiment

Parameters Arundo Elymus
soil total acidityfmmol kg 13 11
amount of exchange basic catignemol kg] 335 313
total sorption capacitjmmol kg?] 348 324
degree of saturation of the sorption comjlst 96.3 96.6
total nitrogen conterfmg kg™ 1516 1561
available phosphorus contemtg kg 103.9 87.5
available potassium contefmhg kg 214.0 227.7
available magnesium contdmg kg] 247.9 315.3
exchangeable calcium contdntg kg?] 4758 4755
soil reaction in KCI 6.82 6.68
soil organic carbofg kg] 14.27 14.64
carbon content of humus substanfgpkg?] 4.10 4.38
carbon content of humic acifig kg] 2.03 2.03
carbon content of fulvic acidg kg?] 2.08 2.35
ratio of carbon of humic acids to carbon of fulvic ac 0.98 0.86
ratio of carbon to nitrogen 9.4 9.4

The field experiment was established with two energy crépsndo donax Land
Elymus elongatu&aertnei(Figure 1). The energy crops were fertilized with phosphorus
in rate 40kg ha® and potassium in rate &@ ha' each year in spring. The nitrogen
fertilization was not carried out. The variant size wasntZor Arundoand 9m? for

Elymusand eah variant was three times repeated.
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Figure 1: The energy crops cultivatédArundo donax LandElymus elongatus

Gaertner

Soil samples were taken from depth frono@®.3m at the beginning of the experiment
in the autumn 2012 and at the end of reference period in the autumn 2018. The disturbed
soil samples were analysed using walbwn methodologies to determine the following
chemical soil parameters: soil orgamiarbon was determined by Tjurin methd8Q@
142351999, total nitrogen contents by Kjeldalh methddif i v R§ k ov§ and Mak
et al, 2011), available phosphorus and potassium by Mehlich Il mettdetilich 1984)
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and exchange soil reaction inniboldm® KCI solution was determinedusing
potentiometric method $0 103902005).

Thedevelopment of selectexbil parameterén the time seriesvas evaluated by trend
analysis Multi-factorial analysis of variance (ANOVA) was ustdevaluate treatment
effects on selected soil parameters. Differences between treatments means were assessed
by least significant difference (LSD) test. All statistical analyses were performed using

the Statgraphics software package.

RESULTS AND DISCUSSON

Soil organic matter is the most important supply of organic carbon in the biosphere and,
depending on conditions, can eliminate or sequestrate greenhouse gases in the
environmentBar anl| 2 k,@01%). Teetquaatitative and qualitative statusaf s
organic matter is the result of lotgrm soilforming processes. In our climatic
conditions, the decomposition processes are depended on the chemical composition of
plant residues. In the case of energy crApsdoandElymus the soil organic carbon
content ranged from 14.22 to 15.§%g* (Table3) and after conversion to the humus its

content corresponded to the medium stock (
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Table 3 Changes in the organic carbon confgrkg?] in cultivation of energy crops

Year Arundo Elymus Average
2012 14.27 14.64 14.46
2013 14.31 14.77 14.54
2014 14.29 14.86 14.58
2015 14.22 14.42 14.33
2016 14.29 14.29 14.29
2017 14.46 14.52 14.49
2018 15.08 15.95 15.52
DC (2018 2012)[g kg?] 0.81 1.31 1.06
D C (20187 2012)[t ha?] 3.65 5.89 477
annualD C [t ha'] 0.61 0.98 0.80

where:D C (20181 2012)i difference of carbon conteat the depth up to 018 between year 2018 and the
beginning of the experiment with energy crops (2012), arlb@ai annual difference of carbon content at the
depth up to 0.3n between year2018 and 2012

The soil organic carbon content was significantly dependent on the year and energy
crop. Compared to the baseline, average increase in soil organic cecbaded in 2018
was 1.06g kg (Table4), in Arundo0.81g kg* andElymus1.31g kg™ (Table3).

Planting permanent crops suitable in terms of soil conditions is one of the proposed
adaptation measures for preserving and increasing the amount ofcocgémn in the
soil (Ministry of the Environment of the Slovak Republic, 20lt4s assumed that the
change in land use, i.e., the transition to the cultivation of perennial energy crops, will
make it possible to maintain or store carbon in the soihtMeed significant increase in
soil organic carbon by 0.81kg™ in Arundo(Table3) represents an increase by 3t
1 C in topsoil at depth up to Or8. A higher increase in soil organic carbon was found in
the Elymus (1.31gkg?), which in terms o carbon content at a depth up to @3

represents an increase in carbon in the soil by th&o.
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Table 4:Statistical evaluation of selected soil parameters in the energy crops

Source Observed parameter
variability Factor C N P K pH/KCI
Arundo 1442 a 1492 a 843 a 223.1a 6.62 a
Elymus 14.78 b 1534 b 100.3 b 229.7b 6.70 b
2012 14.46 ab | 1539 ¢ 95.7 ¢ 2209ab | 6.75e
2013 1454 b 1406 a 96.8c 232.0c 6.70 cd
2014 1458 b 1408 a 90.9b 216.8 a 6.74 de
Year 2015 1433 a 1547 ¢ 89.6 ab 242.3d 6.68 c
2016 1429 a 1492 b 89.4 ab 2229ab | 6.62b
2017 14.49ab | 1519bc | 88.6a 224.1abc| 6.60 b
2018 1552b 1683 d 95.0c 226.1bc | 6.53a

where: Ci soil organic carbon, N total nitrogen, R available phosphorus, Kavailable potassium, pH/KCI

Crop

i exchange soil reaction, letters (a, b, c, d, €) between factors refer to statistically significant differences (
0.05)7 LSD test

The annual increase in soil organic carbomAmindo was 0.61t ha' year® and at
Elymus
0.98t ha' year?, which exceeds the minimum values of Ot2&* year! C designed for
carbon sequestratiol@lk et al, 2004).Similarly, Fagnancet al (2015) andmpagliazzo
et al.(2017) found out, that th&rundocropping can have a positive effect on the storage
of carbon in the soil thanks to the absence of soil tillage and abundance of crop residues
that every year return to the soil.

The influence of different soil uses on changes of its properties is madifasiy after
a long time. Time series analysis over a period of five years or more years can provide a
more objective view of the development evaluation of a specific soil property and can
form the basis for various analyses and forecas@hgjdiak(2006) considers as a time
series a set of values of the evaluated parameter, that occur over some period of time.
When modelling the time series, the trend component is used, which indicates the
direction of development of the evaluated indicator over tirhe. development trend of
soil organic carbon in energy crops was determined using a regression model expressed
by the linear equation y = ax + I€lfajdiak 2005), on the basis of which the main

development trend can be predicted.
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From the average developnei the soil organic carbon content in the years 2012 to
2018 results a trend of its increase in the energy ohopsdoand Elymus(Figure 2).
With such a trend it can be assumed, that after ten years of grAwindothere will be
an increase in soilrganic carbon by 0.9§kg* (4.41t ha' at a depth up to 0.3) and
after theElymusby 1.02g kg™ (4.59t hat at adepth up to 0.8n). The indicated trend in
the soil organic carbon content indicates the possibility of carbon sequestration after the

conversion of agricultural soil into energy crops.

Arundo
16,0
y = 0,0975x + 14,027
2_
1 15,0 R%=0,4879
ST
B0 | ——— T
14,0 4 U7
13,0 T T T T T T |
2012 2013 2014 2015 2016 2017 2018
year
soil organic carbon e Linear (soil organic carbon)
Elymus
16,0
y=0,1021x + 14,37
R?2=0,1594
- 15'0 2 R A
B | e
*14,0 -
13,0 T T T T T T 1
2012 2013 2014 2015 2016 2017 2018
year
soil organic carbon  «seeeees Linear (soil organic carbon)

Figure 2: The development trend of soil organic carbon in the energy crops

Changes in soil organic carbon content due to different soil uses are relatively small
comparedo large soil organic carbon reservBhéttacharyya et al2013).

The content of total organic carbon is related to the total nitrogen content. Significantly
positive dependence (r = 0.72) was confirmed between soil organic carbon and soil total

nitrogen. A linear correlation between organic carbon and total nitrogen in the top soil
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with the value of the correlation coefficient r = 0.94 was recordd@ Byg e k (2@09) a |
and r = 0.50Nang et al(2009).

Table 5:Changes in the total nitrogen contgmig kg] in cultivation of energy crops

Year Arundo Elymus Average
2012 1516 1561 1539
2013 1334 1478 1406
2014 1368 1447 1408
2015 1543 1550 1547
2016 1485 1499 1492
2017 1530 1508 1519
2018 1669 1697 1683
DN (2018i 2012)[mg kg?] 153 136 145
DN (20181 2012)[kg hal] 689 612 651
annualD N [kg ha?] 115 102 109

where:DN (2018i 2012)i difference of total nitrogen conteat the depth up to 018 between year 2018 and
the beginning of the experiment with energy crops (2012), arfdai annual difference of total nitrogen

content at the depth up to Gr8between yeard018 and 2012

At energy crops plots the average content of total nitrogen was in the range from 1334
to 1697mg kg (Table5). The soil total nitrogen content waignificantly dependent on
the year and energy cropgble4).

An increase in the soil total nitrogen was found in the monitored energy crops between
2012 and 2018. A higher increase in total nitrogen was found iArthedo(increase of
153mgkg?) and dower increase in th&lymus(increase of 13éngkg?). In terms of
content of the total nitrogen ati@pth up to 0.3n, it represents an increase of 6@fha
1N in theArundoand 612g ha' N in theElymus The annual increase of total nitrogen
in the soil in theArundowas 115g hat year! and inElymus102kg hat year! (Table5).

Fagnano et al(2015) reported, organic nitrogen in the topsaoil is higher, mainly because
the environmental constraints (summer drought and winter cold) may have reduced the
mineralisation thus enhancing its accumulation in soil organic matter. In monitoring years

avergye annual temperature during vegetation was higher from 0,6 € 246d average
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annual rainfall was lower than losigrm normal from 1981 to 2010 and therefore the
content of total nitrogen in the soil could increase in the monitored period.

The developrent trend of the content of the soil total nitrogen in the grown energy
crops was also determined using a regression model expressed by the linear equation y =
ax + b Chajdiak 2005). From the average development of the soil total nitrogen in the

years 2Q2 to 2018 results a trend of increase of the total nitrogen isrinedo and

Elymus(Figure 3).
Arundo
2 000
. 1500 4 Smeeeieerrsee e g S —— s AT
[
= 1000
N y =34,571x + 1353,9
500 R?=0,4384
0 - T T T T T T |
2012 2013 2014 2015 2016 2017 2018
year
total nitrogen ~ --eee Linear (total nitrogen)
Elymus
2 000
1500
[
1000
w0 y = 18,571x + 1460
€ 500 R%=0,2405
O T T T T T T T 1
2012 2013 2014 2015 2016 2017 2018
year
total nitrogen e Linear (total nitrogen)

Figure 3 The development trend of total nitrogen in the energy crops

With such a trend it can be assumed, that after ten years of grAwindothere will
be an increase in total nitrogen in the soil by 8#pkg? (1.56t ha® N at depth up to
0.3m) and after the Elymus by 186g kg™ (0.84t ha® N at depth up to 0.81). This trend
of the increase total nitrogen in the soil after the conversioagricultural soil to the
energy crops cultivation is related to the sequestration of carbon in the soil, as nitrogen is

part of the created organic matter.
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The nutrient contents and the exchange soil reaction belongs to the soil parameters
affectingits fertility. In terms of criteria for the evaluation of chemical analysis of the
arable soils $lovak republic, Regulation No. 151/2016 2Q)l@etected content of
available phosphorus in the soil in energy crops was classified from satisfactory to good
content Table6).

Table 6 Changes in the available phosphorus corfteigtkg?] in cultivation of energy

crops

Year Arundo Elymus Average
2012 103.9 87.5 95.7
2013 101.3 92.2 96.8
2014 98.2 83.6 90.9
2015 98.5 80.7 89.6
2016 100.7 78.0 89.4
2017 97.5 79.7 88.6
2018 101.8 88.2 95.0
DP (2018 2012)[mg kgY] 2.1 0.7 -0.7
DP (2018i 2012)[kg hal] -9.6 3.2 3.2
annualD P [kg hal] -1.6 0.5 -0.6

where:D P (2018 2012)i difference of available phosphorus contanthe depth up to 013 between year
2018 and the beginning of the experiment with energy crops (2012), &Riiannual difference advailable
phosphorugontent at the depth up to Gr8between year2018 and 2012

The content of available phosphorus and potassium irsdfiein our experiment
depended on fertilization and on the uptake by energy crops. The content of available
phosphorus in the soil was decreased bynfigkg?! between years 2012 and 2018
(Table6). This decrease was not significant.

In terms of energyrops, decreased available phosphorus was found iArtivedo (-
2.1mgkg? P) and a maintenance of the available phosphorus content in the soil in the
Elymus

The trend of development of available phosphorus contents in both energy crops
(Figure 4) indicates its slight decrease in the soil. The linear trend points to an annual

decrease of available phosphorus by On¢fkg? for Arundoand by 1.02ngkg* for
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Elymus (Figure 3). It was found thatArundo and Elymus yearly fertilization by
phosphorus taa dose of 4@&g ha?, could expected to slightly decrease of the available
phosphorus content in the soil. This is probably related to the phosphorus uptake by
ArundoandElymusand perhaps even to the constant changes in the forms of organic and
mineralphosphorus in the soil.

Arundo
110
100
o 90
> 20 y=-0,4071x+ 101,9
b0
g 70 R?=0,1457
60
50 T T T T T T T 1
2012 2013 2014 2015 2016 2017 2018
year
available phosphorus - Linear (available phosphorus)
Elymus
110
_, 100
ao 90 7 e
< 80
g 70 y=-1,0179x + 88,343
60 R?2=10,1789
50 T T T T T T T 1
2012 2013 2014 2015 2016 2017 2018
year
available phosphorus =« Linear (available phosphorus)

Figure 4 The development trend of available phosphorus in the energy crops

From the point of view of crop nutrition, it is important that sufficient potassium in the
soil is present in a form available to plants. The cordkatailable potassium in the soll
of energy crops (Tablg) ranged from 204.ing kg™ to 250.2mg kg®. In terms of criteria
for the evaluation of chemical analyses of arable s8ievak republic, Regulation No.
151/2016 201p the content of availablpotassium in the soil in energy crops was

classified as goodrable?7).
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Table 7 Changes in the available potassium confamkg?] in cultivation of energy

crops
Year Arundo Elymus Average
2012 214.0 227.7 220.9
2013 224.0 240.0 232.0
2014 204.1 229.4 216.8
2015 234.3 250.2 242.3
2016 226.9 218.9 222.9
2017 228.5 219.7 2241
2018 230.1 2221 226.1
DK (20187 2012)[mg kg?] 16.1 -5.6 5.3
DK (20181 2012)[kg ha] 725 -25.2 237
annualDK [kg ha'] 121 -4.2 4.0

where:D K (201871 2012)i difference of available potassium contanthe depth up to 018 between year
2018 and the beginning of the experiment with energy crops (2012), &lktiaknnual difference ddvailable
potassiuntontent at the depth up to GBbetween year3018 and 2012

The available potassium content was significantly dependent on the year and energy
crop (Tabled). The available potassium content in the soil underAhendo stand
increased by an average of 1éfkg® and decreased by Snégkg? in the Elymus
between 2012 and 2018. The available potassium content in the soil depends on
fertilization and on the potassium uptake by energy crops and the decrease in available
potassium in the soil in thElymuswas related to its higher uptake and insufficient
potassium fertilization. An annual potassium fertilization at a doskg®@® was
sufficient for theArundocultivated.

The trend of the development of available patamscontents in the energy crépundo
pointing out a slight annual increase by tW§kg* K and in the energy croBlymusa

slight decrease by 2mgkg* K (Figure5).

114



B. GOLTYSIOVOANI i PRARVAZ

Arundo
300
- 250
[ I
oo 200
1S y=2,8607x+ 211,69
150 R2=0,3458
100 -+ T T T T T T ]
2012 2013 2014 2015 2016 2017 2018
year
available potassium oo Linear (available potassium)
Elymus
300
- 250
oy
o 200
£ y =-2,425x+ 239,41
150 R?=0,2046
100 -~ T T T T T T ]
2012 2013 2014 2015 2016 2017 2018
year
available potassium =~ - Linear (available potassium)

Figure 5 The development trend of available potassium in the energy crops

An important indicator of agrochemical characteristics of soils is the soil reaction,
which affects the growth and development of cultivated plants, the activity of
microorganisms in the soil and have great importance in thdosoilng process (b § e k
et al, 1995).Soil acidity affects the mobility and accessibility of the most important plant
nutrients, especially phosphorus and potassium.

The exchange soil reaction ranged between the 6.51 to 6.82 @)abléhe soil under
cultivated energy crops and thiange is classified as neutral with respect the assessment
criteria Slovak republic, Regulation No. 151/2016 20T®8is exchange soil reaction is
optimum for energy crop®i Tomasq1998) found out, thaarundocan grow in all types
of soils, from clayto sand, with soil pH ranging from 5.0 to 8.7.

The values of the exchange soil reaction were significantly dependent on the year and
energy crop. Significantly higher soil reaction was measured at the beginning of the
experiment (in 2012). Insufficient pacement of annual calcium losses caused a

moderate decrease in soil reaction from 6.82 to 6.54 iArinedoand from 6.68 to 6.51
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in theElymusin 2018 {Table8). Annual losses of calcium from the soil, by leaching and
by the fertilizers are reported I8/i z 2 k(1968) at l@vel .35@g ha' CaO. To prevent

soil acidification, regular soil liming is necessary. With the current trend, the soil reaction
may be redued more rapidly in the following years. The higher decrease in soil reaction
(-0.28) was found iirundoand a lower decrease in soil reaction was found in Elymus
(-0.17).

Table 8 Changes in the values of exchange soil reaction in cultivation of ecergy

Year Arundo Elymus Average
2012 6.82 6.68 6.75
2013 6.77 6.62 6.70
2014 6.76 6.72 6.74
2015 6.71 6.64 6.68
2016 6.67 6.57 6.62
2017 6.62 6.58 6.60
2018 6.54 6.51 6.53
D pH/KCI (20187 2012) -0.28 -0.17 -0.23

where:D pH/KCI (20187 2012)i difference of exchange soil reactiahthe depth up to 018 between year
2018 and the beginning of the experiment with energy crops (2012)

The soil reaction affects the availability of nutrients. When growing selected energy
crops, adecrease in available phosphorus was found at higher soil acidity (r = 0.46). The
relationship between soil reaction values and phosphorus in soil was also nbBedgy
et al.(2009).

The development trend of exchange soil reaction in energy crapals@determined
using aregression model expressed by the linear equation. From the average development
of the values of exchange soil reaction in the years 2012 to 2018 results a trend of the soil

reaction decrease frundo andElymus (Figure 6).
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Figure 6 The development trend of the values of the exchange soil reaction in the

energy crops

With such a trend, it can be assumed that after ten years of growing energy crops, there

will be aslight decrease in the soil reaction by 0.44iondoandby 0.26 inElymus

CONCLUSIONS

The change in land management, the conversion to the perennial energy crops
cultivation, was reflected in changes in the soil organic carbon content depending on the
cultivated crop. IPArundq an increase in soil organd@arbon an average by 0.§kg*
was found during the study period, which, after conversion, represents an increase by
3.65tha! C in the top soil (- 0.3m). In Elymus the soil organic carbon content
increased an average by 1@kg?', which represes an increase of
5,89t ha' C in the top soil for six years. The annual increase in soil organic carbon at
Arundowas 0.61 ha' year! and atElymus0.98t ha? year®.
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The total nitrogen content increased after six yearsAwmfndo by 153mgkg?
(689kg hat in the top soil up to 0.8) andElymus136mgkg? (612kg hat in the top
soil up to 0.3m) cultivation. The annual increase of total nitrogen in the saNrimdo
was 115kg hat year! and inElymus102kg ha year*.

Decrease in avaitde phosphorus content in the soil was recorded between the baseline
and the final year of the experimentAnundo(-2.1mgkg?) and a maintenance of the
available phosphorus content in the soiElgmus Conversely, the available potassium
content in the soil was increasedArundo (+16.1mgkg?) and decreased ialymus(-

5.6 mgkg?).

Exchange soil reaction was decreased between the baseline and the final year 2018. The
higher decrease in soil reacti¢0.28) was found iirundoand a lower decrease in soil
reaction was found iElymus(-0.17).

The development trends of the content of selected soil parameters in the grown energy
crops, which was determined using a regression model expressed by thedunation

pointed out the assumed development of the given soil parameter.

A KIVCLASZTOTT TALAJKEMI Al PARAMETEREK V
ARUNDO DONAXL . £ ELYMDS ELONGATUSGAERTNER HOSSZD
TCVD TERMESZTE£SE SORCN

GOLTYSOVC BOAENA OVI L MRORVAZRAVOL
Nemzeti MezRgazdasg8gi -®gr d?ldimi gzar i Kar at
Michalovce,
Szl ovg8kia

¥SSZEFOGLALCS

A kivs8lasztott tal aj k®mi ai param®terek v
sz8nt - fol di k2 s®r | etrando dor@xL., Elymasr eongatms® v ®n n
Gaertner) 8ll2tottuk be.

Az energian®°v®nyeket minden ®v tavasz8n ¢
tr8gy8zt8k. Nitrog®ntr8§gys8z§g§dtetnkmzd®d ®nt,
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Rsz®n ®s -adRsdaek en®g®n, 20,13 Msm®hy svy&ghF
kivglasztott talajparam®ter ek i dRsoros é
foldmTvel ®s +ae gV &lctio nt°awt®§isyae k t e r nveRsnzyte®&s ®r
ter mes-bte®o®ry&solta a kiv8§lasztott talajk®
®ves n°v Akrelde®seet ®Rbze "' ®G C,GBzElymuselsee t ®ben pedi g
hal®¥C volt. Ugyanakkor a n°v®myelknelknazl| ks
8l 1 - -f@ss Zxf&8dri umt artal omra ®s a talajreakci
k2s®rl etek megkezd®se -t a a tal aj °ssz
megs8llap2tottuk. A talaj ©°sszAugndoristert ®p@mt e
115 kg/hd ® ¥ N, azElymuse s et ®ben 1@9R kgl tha Feljegyez
mi ndk ®t kult%rn®°v®ny <c¢cs®°kkentette a tala
tartalma nem v8ltozott jelentRsen, a renc
Arundot er meszt ®se s oElNOst ePmeésépr @d e knss@zcs?Kk

Arundo®s Elgmmushossz % t 8§v¥% ter meseh®se: -spegenad Rs

illetve 0,17 %k a | cs°kkent . Mi ndk ®t energian®°ve®eny
hagyom8nyos n°v®nyt er mdesnesz®sm Rl v alz- efhtetr @ri
sz®nmegk®°t®st jelzik. A termesztett energi
talajban | ® R °sszes nitrog®meakdigniddik@mis
cs°kken®s®t tal 8l tuk. tAarkiiav 8m8ansazkt oftetj |tRadl @as
energian®v®nyekben, amel yet a |line8ris e
seg?2ts®g®vel hat8roztunk meg, r8mutattak e
Kulcsszavak:Arundo donax.., Elymus elongmsGaer t ner, gl ej °nt ®st
nitrog®n, foszfor, k&8I ium,
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THE USE OF SPECIES RICH ASSOCIATIONS FOR ESTABLISHMENT OF
GRASSLANDS ON ARABLE LAND

MI Rl AM K| ZBANKMWC MARTI|I NCOZEF L UND&UBICAK
JANLOVC
National Agricultural and Food Centré&rassland and Mountaigriculture Research

Institute

ABSTRACT

Over the last decades, the lamsk changes require new mitigating strategies and
asustainable way to prevent environmental degradation and erosion of genetic resources.
Seminatural grasslands arevaluable source of seeds and plant material which en h
to restore and maintain biodiversiti/he use of species rich associations for restoration
of arable land using the green hay method has been relitedbuffer zone of the Low
Tatras National Park from 2009 to 2015. The donor sites warbenatherion
andMesobromiorcommunities This method proved to be efficient in our pedoclimatic
conditions, allowing a good percentage of the target species present in the donor site to
be transferred to the receptor site. The highest total transée(8at%) was observed
with both communities one year after restoration in 20IBe success of the
establishment and settlement of species in the receptor site might be attributed to soil
conditions, especially to soil pH, where the average cover of tspgetes was higher at
the Arrhenatherionreceptor site comparing to th@esobromionone. The limited
diffusion of knowledge concerning the planting techniques of the-sataral grasslands
is still one of the most obstacles to the use of native propagatiterial in Slovakia. The
main purpose of the interventions carried out with this project was to improve the
experiences and skills of farmers and stakeholders.

Keywords: grassland, ecological restorati@mable lands, green hay transfer, soil
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INTRODUCTION

Traditional agricultural practices have created a wide diversity of habitats suitable for
hosting grassland communities with high animal and plant biodiversity. The changes
occured over the last decades with the development of intensivaillaggcand the
abandonment of marginal agricultural areas have led to the loss of those habitats
everywhere in Slovakia. In the plain these surfaces are now less frequent and even rare
those with highly natural vegetation. The reconstitution of high bésdity grasslands
occursthrough the use of seeds of spontaneous species of local origin. The use of native
propagation material satisfies the needs of sustainable use of natural resources and favors
the conservation of floristic and faunistic biodiversityie common approach is based on
the use of biological and ndriological material (plants, animals, soil, etc.) coming from
areas adjacent to the site where the intervention will have to be carried out or coming
from ecologically similar and geographilyatiose areas. As regards the restoration of the
seminatural grasslands, it is used to the identification of grasslands called "donors",
phytocoenoses of a certain type of vegetation that are capable of providing suitable seeds
for an area to be restorddown as the "receptor" site. The use of locally sourced species
serves to counteract genetic pollution, which is produced by introducing exotic species.
In addition to the choice of the floristic composition must be taken into account the
consistency hgveen the sites i.e. the characteristics of the soil and other stational factors
that can influence vegetation and managenlerit @ I e.z201&;Ecotton, et a) 2012).

In general, former arable land is characterized by high concentration of pldabbevai
nutrients, which can limit the success of new plant establishrmiehtr( o k 2@1f). al . ,
Another fundamental aspect of successful grassland restoration is the form of utilization
and the fertilization used for the restored site which should be stmilaose of the donor
site. In fact, the floristic composition of the senaitural grasslands is strongly influenced
by the management and the seed collected by them can allow the creation of new stable
phytocoenoses only if their future management ispadible with the species transferred
(Baasch et al.2012,Kiehl et al.,2010). During the past period, various methods for
harvesting and transfer of seeds from spedasgrasslands have been developed and
tested. The green hay method among the availzhniques, is in our pedoclimatic

situation the one that can most easily lead to good results, allowing a good percentage of
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the target species present in the donor site to be transferred to the receBaiasité et
al., 2012,Rasran et al.2006).

The green grass has a seed content on the total material and is cut when the grassland is
in the seed maturity stagkiéhl et al.,2010). The amount of seed harvested depends on
the type of vegetation and the age of the cut. The weather cosdititime time of the cut
have little influence as the grass is immediately brought to the receptor site. By avoiding
haymaking, seed losses are reduced to a minimum and harvest efficiency is the highest of
the harvestable production. Moreover, given thmadiate use, the method does not have
limitations for the cutting time. Other advantages are the ease of finding the equipment,
common in most Slovak farms and in economic use, the low impact on the donor site and
the double use of the material, both gs@pagation material and as a mulching material.

According to guidelines of the Society of Ecological Restoration International the
assessment of restoration success should monitor nine ecosystem attributes (SER, 2004).
However, most studies monitor threeosystem attributes: diversity (species richness and
abundance), vegetation structure (cover of plant functional groups) and ecological
processes (nutrient cycling and biological interactioR)iZJaen and Aide2005). In
addition to the estimation ebtal number of plant species in restored grassland tladso
presence of target species which represent the target habitats is often d&fotenh(et
al., 2012).

The aim of our study was to evaluate the restoration successieérsion of arable

landinto grassland by transfer of green hay from two grassland communities.

M ATERIAL AND METHODS

The trial was establishad the buffer zone of the Low Tatras National Park (altitude
647m a.s. | .; 48A44'57.05EEN, 19A02'44.35E
dolomitic limestone). The receptor site was former arable land used for silage maize
production. In sprin@009 the receptor site was prepared by ploughing and harrowing.

The experiment was arranged in two blocks, each containing two plots (5 m x 10 m). The
donor sites werdrrhenatherionandMesobromiorcommunities. The distance between
the donor and the reciep sites was about 2 km. The soil samples were taken at the donor

and receptor sites. The soil characteristics are shown iFethle 1
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Table 1:Soil characteristics of donor and receptor sites in 2009

Parameter Donor site Receptor site
Arrhenatherion Mesobromion

pHxc) 5.82 4.75 7.16
Cox(g.kgh) 72.91 52.79 15.45
Humus (g.kd) 125.42 90.8 26.59

Nt (g-kgh) 5.2 3.99 2.03

P (mg.kgb) 452 29.61 72.23

K (mg.kgh) 154.73 122.69 114.18
Mg (mg.kgh) 1224.8 153.4 690.3

The donor sites were cut in early July 2009. The plant mategieden hay from the
donor sites was applied manually to the receptor site immediately after harvéhtng.
material was turned over several times to avoid rot and damage to born se&dings.
the period 2010° 2015, the experimental plots were cut twice per year (June and
September) except of 2012 when only one cut was made in July.

The cover of plant functional groups and plant species was visually estimated
percentages at the donor sites in June 2009 and at restatdished grasslands in June
2010, 2011, 2013, 2014 and 2015. Out of total Athenatherioncommunity) ancb6
plant speciesMesobromiorcommunity), 22 and 23 target species were selected.

The success of restoration was expressed by total transfer rate and transfer rate of target
species. The total transfer rate and the transfer rate of target species were calculated as
the percentage of transfer of total/target species in relation totéhentonber of species
of the donor sit&cotton et al(2012).

RESULTS AND DISCUSSION

In the first year after restoration18 of 22 and 19 of 23 introduced target species were
recorded in théArrhenatherionand Mesobromionreceptor sitesTable 2, proving a
relative high transfer rate of 81% and 82 %, respectively. During the next years of the
experiment, the establishment success differed between both communities. Over the
whole experimental period the presence of the target species was hagh80t% at the

Arrhenatherionreceptor sitewhile the highest value (95 %) was recorded in 2015. An
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increase in number of target species during the experimental period was also found by
Baasch et al(2018) in the establishment of a grassland in the fid&2000 habitat 6510
(Lowland hay meadow). At thilesobromiorreceptor site the number of target species
decreased from 19 to 13, resulting in 56 % transfer rate. Contrary to establishment of
target species, the number of total species was only abouthiwds and halves the
numbers of the donoArrhenatherionand Mesobromionsites, respectively (Table 2).
Similar results have been showedMrach et al.(2014) who found that 10 years after
establishment of grassland onamable land the numbers of totald target species were
about 50%- 60 % of the long existing reference grassland. Despite the reduction of
established total and target species within both communities, similarly to other restoration
experiments in Europ&{ehl et al.,2010,Kirmer et al, 2012), transfer rate was in the

mid-range of successful establishment of sped@sgrassland.
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Table 2:Number of all species and target species inAtteenatherionand

Mesobromiorcommunity

_ Functional anor Receptor site
Community group site
2009 2010 2011 2013 2014 2015
13 13 N 10 8 N 10 12
Grasses 2.1 2.1 0.7
Legumes 6 3 N|[4 N|3 N[4 N|4 K
32 16 13 17 20 19
Forbs 11.3 13.4 10.6 8.4 9.1
51 32 27 28 34 35
. Total 13.4 16.9 16.2 12.0 11.3
Arrhenatherion -
Target species
Grasses 8 8 N|] 8 N[7 N|[7 KN 8 N
Legumes 3 3 N[ 3 N[3 N| 3 N| 3 K
11 7 N|s8 N|7 N[7 N 10
Forbs 1.4
22 18 19 18 18 21
Total 3.5 2.8 3.5 3.5 1.4
13 14 9 N|[9 N 12 12
Grasses 0.7 0.7 0.7
Legumes 6 4 N|7 N| 6 N[5 N|5 N
37 28 23 20 16 20
Forbs 6.3 9.8 12.0 14.8 12.0
56 46 39 35 33 37
Mesobromion | Total 7.0 12.0 14.8 16.2 13.4
Target species
Grasses 8 8 N|5 N|[6N 1/6 N |6 N
Legumes 4 3 N|] 4 N|] 4 N|] 4 N|] 3 N
Forbs 11 8 N|[7 N|7 N[3 N|5 N
23 19 16 17 13 14
Total 2.8 4.9 4.2 7.0 6.3

Within both communities, different pattern of cover of plant functional grovgs
observed. One year after establishmafnthe Arrhenatherioncommunity, the cover of
grasses was similar to the donor site whereas dflésmbromiorcommunity the cover
of grasses was 20 % lower than at the donor site (Table 3). Froni‘tyea? afte
restoration the cover of grasses decreased and fluctuated from 21 % to 44 % at the
Arrhenatherionreceptor siteandfrom 26 % to 39 % at thMesobromiorreceptor site,

respectively Table 3.
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Table 3 Cover of all species and target species inAtrthenatherionandMesobromion

community
Parameter Functio Donor Receptor site
nal group site
2009 2010 2011 2013 2014 2015
59.5 58.5 21.5 33.0 29. 0| 44 . (
Grasses 0.7 26.8 18.7 21.5 10.9
11.7 17.5 66.5 32.0 27.0] 25.(
Legumes 4.1 38.7 14.3 10.8 9.4
28.8 19.0/ 9.0 N[33.0 42.0 27. (
Forbs 6.9 1.2
100 95. 3/ 97.0 98. 0 98. 0 96 . (
Total 3.3 2.8
Arrhenatherion Target species
53.9 46. 0N 19.5N29.0N] 23.0N|37. 4
Grasses 115
9.5 17.5 66.0 32.0 25. 0| 24 .5
Legumes 5.6 39.9 16.9 10.9 10.6
14.8 11.5/ 6.5 N16.0 [20.5 |[17.
Forbs 2.3 15
78.2 75.0092.0 77.0 68.5 79. (
Total 2.2 0.5
75.3 59.0 31.0 26.0 39.0(133.4(
Grasses 115 31.3 34.8 25.6 29.9
7.5 12.0 44.0 47.0 31.0(35. ¢
Legumes 3.1 25.8 27.9 16.6 19.4
12.2 28. 01 20.5 24.0 27.0| 25. (
Forbs 11.1 10.4 9.0
95.0 99.0 95.5|197.0 97.0 93. (
Total 2.8 6.35 14
Mesobromion Target species
67.2 42.5 18. 0 20. 0 21.0|16. (
Grasses 17.4 34.7 33.3 32.6 36.2
5.0 10.5 42.5 46.0 30.0(30. 14
Legumes 3.8 26.5 28.9 17.6 18.0
7.0 11.5/ 6.5 N 7.0 4.0 NOb5.5
Forbs 3.1 1.0
79.5 64.5| 66. %1 53.0 55.052.(
Total 10.6 18.7 17.3 19.4

The cover of legumes markedly increased and the highest coverage was observed in the

2" or 39year after restoration. It must be mentioned Trréblium pratensecovered 57

% and 27 % at thérrhenatherionand Mesobromionreceptor site, respectively. The
dominance offrifolium pratensén the Arrhenatherionreceptor site could be attributed

to soil conditions Table 1, especially to soil pH and content of plavailable
phosphorus of the receptor site {@able land) were more suitable for development of
legumes in comparison to donor site; anddathenatheriondonor site was anthropized
during the 1970s and 1980s. Likewit® our study,Lawson et al (2004) reported
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successful establishmentBfifolium pratnseat two experimental sites on former arable
land where soil conditions favour the establishment of species that develop naturally on
fertile soils. However, in the second half of experimental period, the cover of legumes
decreased by 62 % and 20 % la Arrhenatherionand Mesobromionreceptor sites,
respectively. Our results are in contrast wAtlhert et al.(2019) who reported gradual
increase in legume coverage onagable land during the monitoring period of 5 years.

In the same way of what wagistered for the number of all species, the average cover
of target species was higher at tAerhenatherionreceptor site comparing to the
Mesobromiorone.

In the first and the last year of observation, the cover of target species was rather high
and wassimilar to donor site with tharrhenatherioncommunity. Only slight changes in
the cover values of target species in the lowland grassland restoration during the
experimental period of 7 years, was also recordeBdasch et al(2014).Mesobromion
receptor site exhibited decrease in the cover of target species with the lowest values in
the last year of experiment.

The limited diffusion of knowledge concerning the planting techniques of the semi
natural grasslands is one of the most obstaclestagt of native propagation material.

The overcoming of this obstacle is the main purpose of the interventions carried out with
this project.

CONCLUSIONS

With reference to the two sematural grasslands rich in species of agricultural origin
here desched, this work has chosen to start a proposal of conservation and
characterization of the surfaces that still exist in the Slovak plains and could form the
basis for their future maintenance. The project showed that is possible to protect the still
existing seminatural grasslands trying to stimulate an adequate environmental policy
(EEA, 2004) and to create new grasslands on arable lands that for various reasons may
be reconverted to grasslands. The reconstitution of high biodiversity grasslands through
the use of seeds of spontaneous species of local origin is possible for farmers with the
very simple and economic techniques described in this pEjpeigreen hay method used
in our pedoclimatic situation proved to be efficient allowing a good percentatie of

target species present in the donor site to be transferred to the recepidresgaccess
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of the establishment and settlement of species in the receptor site may be attributed to soil
conditions, especially to soil pH as in our environmental candit where the average
cover of target species was higher at Anehenatherionreceptor site comparing to the
Mesobromionone. The limited diffusion of knowledge concerning the planting
techniques of the semitural grasslands is one of the most obstaid the use of native
propagation material. The overcoming of this obstacle is the main purpose of the
interventions carried out with this project.
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ANALHhRZA STAVU TRCVNYCHRDPORAGH OWBLVASTI ACH
SLOVENSKA

VARGOVEC VLAIDKM\?’QI,AI KovC ZWMEMNAE CMIBHAL i
DANI EL JCN
Ng§rodn® poOnohospod8rsKésaumalr &eta§r s ké

porastovdhor sk ®ho poOnohospod§rstva

SPHRN

Plelom tejto gtwdie bola anallztar St mehio t
porastuwodhork ej obl asti pri dl hodobom hnojen2,.
5 rokov (20161 2 020 ) . V z8padnej | asti Zvol enskej
prvi poOnT neaxdpneorrisnkeenit vvi gke 350 m. Pokus
hnojeni a:varedhmaj,erPIK variant, varianty s h
s dvoma pomermi ¢giv2zn (1: 0,3: 0,8 a 1:

zalogenl druhbhdemepskéemeni gke 680 m. Pokus
hnojeni a:vareihannotj eanTvari antysrs zhygmj edZmk @ i
hnojenia v 8 pni k a. Tr8§vny porast bol vyug2vanl
ovplyvRovala produkciu suginy. Na lokalit:eé
(857 thd)navariah e s d8vkods 2pOm&mgom. dliavzan 1: O,
fluvizem, hlinit8§8 s poliatol ni2m 20H spm! dyn 2(g
PHkeyp* dy na hodmed 2£8,v4U3 .34Najvyggia prtdna re
variant e Oskg MHesk oo me0 om giv2n 1: Opdde : O,
bola signifikantne (P < 0, 05) ‘hsappmeso@pgi a n
giv2an 1: 0, 3:Kr0i,wBej Exgpekytmelntnaj vyggiu pr
sd8§vkou dkyha2264kg®P04a49,8kgKha(7,70thd) . Pl dna r eakog¢
kambi zeme bola extn@muyggaggu sdcpmn eoidkiys | BH
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d8vkou dus?zk264 @OP.h&k g49.8 &g Khd (4,93) a s §pnen2 m.
Signifikantne(P<@®@ 5) naj vygg?2 obsahu foBNPohwmopeh?2 m:
KO%| ov®dIshwmd/&bT pokus, tr8&vny porast, hnoj

reakcia

DVODAPREHOAD LI TERATDRY

Charakter tr8vnych porastov ich predur]
ekologicklT prvok s mnohTmi mimoproduk]| nTr
vyug2van?2 tr8vnych ekosyst®mov je nutn® of
reakciunaekal gi ck® podmi enky prostr e/dizg8ra an&Kopr§
2015) . Tr8vne porasty maj¥% vysokZhprt odek|
zmi egan® spol ol enstvo kompl pxhpmgi e#osyupg?3
inadzemnl rhiye ethomnu Il nel nej energi e. Pri
zabezpeli S krm)idgliivisry, Splhudnd®rnaa funkci
bi odiver zgitwolr2zacshtdwv,n kator 8 je dilegit§8 pr
energied unk|] nosS .e kibospylsntkBoowoovu funkc2bu str@E&vamly
sa st8&§va udrganie kvality ovzduyginaiowvi akhc
organizmov § k | § detah, R044).

Farberetal, (2006) roftde®oje sr@8gbhyckapemgasti v

1. podporn® funkci e (kol obeh giv2n, prim
schopnosti (viazanie GO prevenci a ptdnych str8t, ud:
zai sSovanie slugieb (hry), 4 . kuecnésrpat s1i
produk|l ng8 funkcia tr8vnych porastov medz
vigivu zvierat, |loveka, dowvEk20@der gPreo dl
funkcia je mnogstvo suginy vytvoren® fot
rastlinami, t .. transf or m8ci Sk Is8 dnaen,knae je te
2014).

Najviznamnej g2mi ekologickIimi faktormi pt?

akvalitu krmu tr8vmy oh nporagtedy eprgdikoomd reln i a
vyugiteOnej bi o mapsoyr avsd eet. k TRerho ddurkuch oav swi g i ny
z8visl 8 odsplisdbbu bVugugi tai a asi rpodzeghhoav med
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| asSou tr8vneho porastu, pri |poooesges pp ot§rce en
(Vo za8lran|,2014 ditSk | § d2ald)k a

Hnojen2zm mogno ovplyvni S aj mcmen§l kpyaokeh
vsugine nadzemnej fytomasy tr8vneho por asH
sekund8&8rne. Prim8ezmenmopmekygnestinvy Gpolasden ®r | i t
asekund8rne s¥% vyvol an® z me nfoluo rhinsottincoksitcnh® I
vir§vnomSgbEdanhkaeet 4&in| Reoai(@@0 06) mogno ho
tento vplyv nasledgvne: toBsahclii pdnawvt ov

pr2stupnlipcthd &jievs28n ay so zvydgovanzm Yrod t
vodr astenej bi omase. Cel kovT “aspech hnoj e
porastu, jeho zabezpehphdmy v dpadmioan kK ,i m
af rekvencied@®@ygkiyg2livasni as vst (eVmart g o8l Aot hanloj e

Pida je kOYW ovim a mimoriadne cennim zdr c
viznam ptdy hlavne z Behk ®adde2@kd)d.ukRrRlida,p ok
ptdny kryt zohr8&8va ako jedna zo z8&kladnT

%l olw oz h hadatded skohOadnen2m jej produk|nTcl
(akumul 8cia vody, filtr §cia&,umurmdkiilai agd iz«

viraznl krajinotvornlT prvok s obrovskIm |
(Kozbaetal,2012)Ma k o v netak(02®12) uvs8§dza, ¢ge prtdny kr
krajiny a zmenami v jej vyug2van?2 patria k
funkcie ptdy a slugby ekosyst ®mov. Pri id

diledgitg8 skutol yoskonkge®t hejnkdiokapitdy s¥%
gpecifick®hwWarkenkinor d 0 5hu YAk lo hBukj Sro@Eesy, T
viznam ptdy vo va@zbe na jej vyug2vanie je
kvalitnTch potravzhoabeapraskuegdnenejypVegd:
| l oveka, ako aj z pohOadu riegenia Nal g2
probl ®mov.

VI astnosti ptd s% ovplyvRovan® edafickIm
druh a pSkdngydeataly@@ld(Dost upnopSdgi ynvgak v
n2zkree na sa plsobenzm zr8§§gok, plitcemdjot yeaka
(Maathuis 2009) . I ntenz2vne dus?2kat® hnojeni
azvygovanie kgsl,a2)Hnomi ky ovpl yvRuje zmeny
habitu, kualiwgrgahickegfhmotypy! de. Vyv8gen® hnojeni
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intenzitu rozkl|l adu p%|ldaene ozwydujc&k et vamou
Hol Yéhad,k 2007) . Do p!dy pdoods tt8rv8avj ngpaaly poodri avsi tnc

mineraliz8cii, aj dus?k p¥%tan2m hrl|l kotyv
my kor 2 znNacwhad8)ab (

Konelnl efekt sprg&8vneho hnojenia nez§8l eg?
krmu, ale i odiappé@vashovvyaugédjyvmh od zhodr
virobe. Zlepgenie obhospodar ovanniakybdar §vny

zlepgens§ %gitkagooS8elRospod8rghhaakult %rna
zachovan2zm bioadiwvesgod§r sdeyuhowyug2van2m t
s% asnosti hOadan® opti mumterZaiotlae ndy Kkp2nka n
sa n8sl edn eroduktiralvdi® krmk takayz men8ch i ch druhov
acel kov ®h o Gaitlena Figtat 2003 WilsdotterLind et al.,2003. Ci e Oo m

pr&8§ce bolo pos¥péningchrocthaklakt ehti ra§ 2 rke hao u

porastup odhor skej obl asti pri dl hodobom hnoj e

MATERI CL A METEDA

Dl hodob® pokusy bol ok alailto§gem,® wHrivafilerdkcehj
Vpr2spevku uvs8§dzame v sl eid29%0. Gharakteyistikao b i e
jednotlivlch Itoakbau GktR ojkeu suweod evne80kwej L ¥%ke b
1961 v gtyroch opakovaniyB2it, sv areiOkmotsySohun @j
uveddrmn® uOk®k®@r o na jar (marec) sa apli kove
dg§vka P a K) a po prvej kosbe (] ¥n) bol a
VKrivej bolokal bgedTvvgt grekooPak ovaki sarcé
18 n?. Hnojenie sa aplikovalo skoro na jar@ buPka d8vka dus2ka bo
nasledovne: 1/3ez el kov ej d8vky na jar (133mo druhgj, 1/ 3
kosbe (august). V8pkudBaprhaol deld &l saovprak
6rokovvd 8vke BCa® t . ha
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TabuOk&harakteristi

Table 1 Characteristics of experimental sites

k a

pokusnlTch |

Stanovi gt e VeOk§ LY Krivs
Nadmor sk@nwl)gka 350 680
DIl hodobT priizerockdR:i nam) § § o 757 895
Dl hodobl priizemere g®s Bip)d 428 551
DI hodobT pr i e miezarold(e nAnd 8,2 6,0
Zlcr;odobl pr i e miezra dveeng(telt 147 127
Ptdny druh hlinit|piesoln
Pidny typ fluvizem kambizem
Ptvodn8 ptdna reakcia 6,03 5,45
] R ] podht Q
Geol ogickl substr§t aluvi 8l ne )
flyg
T a b u OkadantpokusuVe Ok § L %k a
Table 2 Trial treatmentsVe Ok § L %k a
Variant Hnojenie (kgha) Pomer N:P:K
N P K
1 - - - -
2 - 22 41,5 -
3 50 15 40 (1:0,30:0,8)
4 100 30 80 (1:0,30:0,8)
5 150 45 120 (1:0,30:0,8)
6 200 60 160 (1:0,30:0,8)
7 50 75 20 (1:0,15:0,4)
8 100 15 40 (1:0,15:0,4)
9 150 22,5 60 (1:0,15:0,4)
10 200 30 80 (1:0,15:0,4)
Porasty na obidvoch lokalitécm2bomipvyeaep?
na zaliatku kl aseni ip& etvil EdlRG Wacp aihp rdv aijh o
tTgdRov po druhej kosbe. Pred kagdou kosl
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fytomasy (cca 500 g) na stanovenie prodci e suginy pdNkOa eSTeNR ¢

kagd®ho mhOkkiyls$@ znm odobrali ptdne vzorky
ZodobratlTch priemernich vzoriek sa stano\
fosfor, dk.asRéxkbar hpird 2sa robil podOa Vyhl

ktorou s a ustanoawgujoXt hemdc bbmosskiYsqaamay a pz
apoug2vanz? shknaon® vvi sl edky boli spracovan®
variancie ANOVA provhsterse din2ncat violma dTiunkee yv T z n

AnalTzy boli vykonan® pougit2m programu S°

T a b u OkadantBpokusu Kr i v §

Table 3 Trial treatmentsKr i v §

Variant Hnojenie (kg.hd)
N P K Ca
1 - - - -
2 90 26,4 49,8 -
3 90 26,4 49,8 6000
4 90 26,4 : 5
5 90 26,4 - 6000
6 90 - 49,8 -
7 90 - 49,8 6000
8 90 - - -
9 90 - - 6000

Vh SL E DK DISKUSIA

Priemern8 teplotarpnpauveg@ébabo®aobhdobib&ali
AC s Yhrnom zrafljR&k 4361 Mmmmg | pol as veget §
mm(o20mmviacakovoku 2016). Najjvislaiepazefhfok. spail
teplota vzduchu za vAQetlad nDe diBd nAagkeadkoo Iva
2016. Rok 2018 bol zar ¥elgev B cp awd rsqpramdy lon yl ,e
najnigg2 Yheaprzki8go6R2bom) v Nalivi@tl4r &gk

sdruhou maxi m8l nou priemernou mesal nou tep
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za veget 8ci u tdmwlreku (W8aAA Q) g gildi ¥.e0 oAC vi ac
vostatnich rokoch. nal g2 rok mal Yshrn zr §
mesal n® ¥hrny zr83dok pol ame sviegeit §mgje pbd1!
prilom najniggapihirin ¢t @& g omhke)neaMasy vnyedsgailan §p
bolavj %n i ( 2a2j, ONaA Q)i ea | et n® me s i aroke 2080abbli t e p
Y“Whrn zr8gok za nagaodtg§geinu nBe%S6 | mm nsmésiacin o m z

apr 2| . Pri emerng§ mesal n§ teplota Za
16,1 AC (g0a081AC treonkguye 2alklo9 .v Let n® mesi ac
(20,6 AC), nedosiahli priemern¥% teplotu nc¢
= mm/hrn zr §§gok mmlZhr n zr§g§'k
« —priemernsg tepipot @meék ng _t e
o
© 200 40“;’
@ 20
~ oo Rt L A 20 2
e TEEXRTEIEXRTIEXRTI KT S o
= 2016 2017 2018 -
= —
Graf 1: Walterov klimatogramVe Ok § L¥%ka ( VL), Krivs

Figure 1: Walter's climatogramV e Ok § L Ykkrai W8 L()K)

N a l okalite Krie®2@avyoky| oGl a nadpri e
avlirazne nadpri emegrafllm YMdkmem rzokKWyoX0 {9,

zr 8gok za 488 emng.ciNajlveynggi a priemernsg tepl
vro k u 2018. Ro k 2017 dosi ahol naj vygag? Ya
spriemernou teéphotA0Iswiggwonepgie vikyvy sm
vroku 2020, kedywe si aci apr 2l bol vkhl g2 eh8n®jki hea
(120 mm) a¥an ( 1 2sithezrmm)n ame nal i ma x i ménitorekubslar ny z
priemern8 mesaln8 teplota za veget8ciu naj
Vroku 2016 bola ptdna reakcia na |l okalit
oscilovalaw ozp2t2 od Haglkrx hda ok, 0. pvwkl mkul a a r
2018, |l o bolo gtatisticky preukazn® (P <
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reakciavr oku 2020 na variante 10, so @gtatistic
vyggie hodnoty @KW m&loi vwaatiaaauDBbsaid laapsue  (

vpriemere rokov st ¥pal, s i gmokodhi2®lad 201% e n aj
(31,97 a32,28 g.kg),sn §s | ednT m Nalkd cens almbriMod i(2007e t al
zistil zvigreaniieneoecmsmehwend ch variantoch. Ro

gtatistickIm potvrden2m (P < 0,05) sme z
predstavuje dtlegitl prdvroikhoviotmorzil oyeini2y a
diverzitu, dynamiku &4 unkci u mn o h bw Witousek etsal, s 19F)n

Signifikantne vygg? o 6avaribntyfriolsOf ommaul i mavlyig gvia

horl| 2 ka. Najvygygdeodbmaehziesifbiruna variant
0005) vplyvom (tabuOka 4). Jednodid a ¥1®2 k a kw
ptde. Varianty ako faktor, ovpl yvikbzaal i p
et al (2010) wuvs8§dzaj %, ge nagel 2pm dkyo rse¥f pdoonbd ve
nami zisten® visledky. Signi fijiekhhaontmdj viy§rg

obsahom bol na variante 10 (439,24 mgh)kg
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TabuOWklgvrakov, pomerova ar i antov na pldnu pleda&ciu
-Ve Ok 8§ L%Wka
Table 4 Effect of yearsnutrient ratios and treatments on soil reaction supply of soil

elementsinsodVe Ok § L Yk a

Faktor pH Cox N P K Mg
g.kg? g.kg? mg.kg* | mg.kg! mg.kg?!
Rok 2016 4,65° | 24,62 2,99 14,99 103,48 | 381,5F°
2017 4,55 | 31,97 2,97 11,43 116,94 393,83
2018 4,412 32,28 3,19 12,3F 117,3@¢ 382,76
2019 4,61° | 20,37 2,97 9,83 116,44 352,04
2020 4,73 20,04 2,1 41P” 109,44 | 359,68°
Pomer 0 4,38 27,69 3,018 2,120 111,3F 402,22
PK 4,38 24,63 2,58 9,320 116,23 333,56

1:0,3:0,8| 4,58° | 26,06 2,812 20,16 113,26 345,79
1:0,15:0,4| 4,7P 25,49 2,81 3,32 111,65 405,18
Varianty 1 4,39 | 27,69 3,02 2,112 111,38 | 402,224
4,34 24,63 2,58 9,32 116,2% | 333,56°
4,51 | 26,44 2,92 3,28 106,19 | 346,99
4,5P% | 27,03 2,83 10,48 114,03 | 329,06°
4,62¢ | 24,96 2,6R 18,14 113,8@ | 380,460
4,61T¢ | 25383 2,812 48,78 119,00 326,72
4,585 | 2582 2,83 2,49 107,72 | 406,3F
4,65 26,87 2,80 2,81 113,34 | 385,170cd
4,739 | 25,03 2,93 3,26 109,86 | 389,93
10 4,93 2423 2,64 4,71 115,69 439,24
Rozdielne indexy znamenaj % gtatistickyt-tgstrtR=W00H.zn® r 0:

O 0| N| o O] | W N

Ptdna reakcia na | okalite Kr ipdegnerbrokova e xt r
oscilovala od 3,88 na variante 6 (NK) do 5,49 na variantdl®skK ( + Ca) hnoj e
gt at ipsteiuklkayznT m rozdielom (P < 0,05). Za
reakcia vi oku 2019, bez si ¢ mibfuiQkGhsabhShutbsa bor o z d i
vpri emer e r oroku20161(20j5% gk§.gvarianty ani rok nemali vplyv na
obsah humusu p* d e . Na nehnoj enom v preinaenrbkev s me
strednT hunu$us Y1 gk Cx adus 2 k a (2., Sgaifikargne k g
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(P < 0, 05) naj vyrgogku o2b0slach. dNuasj2vkyag gbiocel hvo d n o
varianty 2 (NPK) & (NP) sy ysoko preukaznim vplyvom (P
ovpl yvRovaluabrbassalh? Ka,s fsoa s i groku2009%kedyboliT m v p
zaznamenan® maxi m8l ne ho#dochy .mi @bsah sdiip
najvygg2 bol na ¥%Hwarrdkawn t20 169 .( 9\W0a r3ila mtgy. kagk o
ptdnu reakciu, aolhoah2kasf &NNg§r ast koncentr §

smaxi m&8l nou hodnotou na vatiante 5 (NP + C

TabuOkhvrdkovavari antov naz9sdhbhy peeakrcivwg a
Table 5:Effect of years, nutrient ratios and treatments on soil reactioswgply of

soil elements in soHKr i v 8

Faktor pH Cox N P K Mg
g.kg?t g.kg?! mg.kg® | mgkg® | mg.kg!
Rok 2016 4,43 20,53 2,73 4,10 74,38 218,23
2017 4,36 18,3¢ 1,82 5,14" 67,74 211,62
2018 4,312 19,768 1,93 5,79° 69,53 259,43
2019 4,87 18,43 2,30 6,93 82,56 264,54
2020 4,65 20,4G 2,11 4,96% 75,50 245,08
Varianty 1 4,112 17,78 2,20 3,10 75,08 | 209,93
2 4,14 18,1¢ 2,118 10,60 71,52 189,49°
3 5,49 20,18 2,20 7,41 75,2F 315,88
4 4,22b 17,8¢ 1,98 10,95 74,0F 198,29
5 5,17° 20,88 2,33 6,74 72,50 316,28
6 3,88 21,46 2,3% 2,57 78,86 175,6F
7 5,15¢ 19,68 2,18 2,63 74,07 297,0%°
8 4,2¢" 19,89 2,23% 2,24 70,7G | 229,03
9 4,3Fb 19,7¢ 2,13 2,23 73,58 | 226,39

Rozdielne indexy znamenaj %% gtatistickyt-tgstrR=W0R:h.zn® r 0:

Pol as sleddevbhn®hbol a najvyggia produkci a
v roku 2016 na variantochi36spomer om gi v2n 1 1doQ1,83tha 0, 8,
1 'V roku 2018 sme zaznamenali nbabg@k&léh
| o bolo sptsoben® n2zkym Y“hrnom zr 8gok. Hr
od 3,83i 5,32 t.hd, avarianty 7 10 ju mali 00,397 1,36thadni ggi u. Naj vyggi
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sugi ny “sme3kaznamenhliaa variante 6 (200 kg N, 60 kg P, §ad)kTento
variant poskyt ol signifikantne (P ~ 0, 05
vNal g2 ch r ok-bvadky 202D,07,1B tihavtrokun2819 &,95 t.ha v roku

2017. Gtatisticky preukazne najNwPKglou Yar o
(200 kg N + PK).

Tabu®kaP6 odukWei Gk § uLgvkknay
Table 8 Dry matter yields Ve Ok § L Y%k a

Variant 2016 2017 2018 2019 2020 )
t.hat t.hat t.hat t.hat t.hat Priemer
1 5,17 3,84 2,52 3,66 4,54 3,98
2 6,93 4,80 2,77 4,13 7,11 5,150
3 7,76 4,50 3,83 5,83 7,42 5,87
4 8,96 6,22 5,04 6,46 8,54 7,040
5 11,24 5,65 5,30 7,12 10,33 7,99
6 11,81 7,95 5,32 7,17 10,61 8,57
7 7,44 6,30 3,44 5,00 7,24 5,88P
8 9,29 6,75 2,42 5,80 7,78 6,41°°
9 9,76 5,98 3,94 7,19 10,69 7,510
10 10,66 7,65 4,45 7,51 10,26 8,1

Rozdielne indexy znamenaj¥% gtatistickyt-tgtrR=00H.zn® r 0:

Visledky pokusu potvrdzuj % gtatisticky pl
(t abuQkHmojeiledus2 kom zvygovalo produkciu S U (

arokoch {elich1986,H o | ¥19@1kGlaba a Kacorzykb2 0 1 1) . Najniggia
suginy bol a na nehnoj enom

2,52 tha vroku 2018 do 5,17 thavr oku 2016 . Gtati 905 cky p
naj vyggiu produkci u spwd adrulyej kashez snregkock 20861 | por

a 2020 (tabuOkpr ¥Rir gaalt0I2XMen® aj Vv
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Tab u Oklgvrakov, kosbygp o mer ov na produkci u sug

Table 7 Effect of yearscuting and nutrient ratios on dry matter production (t/ha)

Rok Priemer Kosba Priemer Pomer Priemer
2016 2,71 1 2,29 0 1,33
2017 1,73 2 2,19 PK 1,72
2018 1,04 3 1,46 1:03:0,8 2,48
2019 1,73 1:0,15:0,4 2,33
2020 2,55

Rozdielne indexy znamenaj % gtatistickyt-tgstrR=W0RH.zn® r 0:

Di ferencovanst skl adba ptdnych givazn m §
agrobotanickadjchnakupgku aw%rod. VIiraznl od
jednotlivimi variantmi predovgetkIim vplyyv
odrazom jeho obsahupy: dd,ohn vyplalswud, nge nedok&gu | e

vykompenzovas. Za dloedovamRuolRddsi madd 9ika
produkciu sulPKyhrnajéeahtan@8 s88 gt uhaehnoje
(441thd) . Apli k8ciou v8&8penat®ho hnojenia bol
Ca)il8,64 % ( NP + @&adaptov NPKhnhojepioisPo,v nNeBkn 2a N hnoj
sme zaznamen alljl5 tha nalvasiante #(NB)ddy7 t.ha! na variante 6

(NK) a0 3,83 thdnavariante 8 (N)t((ab uDk a 8
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Tabu®OkaP8odukKriav®uginy
Table 8 Dry matter yields-Kr i v §

Variant 2016 2017 2018 2019 2020 )
t.hat t.hat t.hat t.hat t.hat Priemer
1 4,41 3,57 2,85 3,21 4,15 3,64
2 8,82 7,92 7,24 6,38 8,14 7,7C¢
3 7,29 7,64 6,74 6,43 7,15 7,05
4 7,67 8,39 6,17 6,38 7,34 7,19
5 6,24 7,17 5,94 5,76 6,44 6,31
6 6,12 5,37 4,00 3,79 4,81 4,820
7 5,44 4,88 4,38 2,95 3,83 4,30
8 4,99 4,15 3,73 3,10 3,81 3,96
9 4,71 2,99 3,58 3,76 4,51 3,9r

Rozdielne indexy znamenaj % gtatistickyt-tgstrR=W0RH.zn® r 0:

Vroku 2017 dosiahol vari anx47thddkdhvarjant2y ggi u
SNPK hnojen2m. shejaevidayal hawarishte®duus 2 k at T m hnoj

+ Ca (2,99 t.hd) . Produkci Halsggmnyobw!| @2®18) na V¢
v e Omi n2zka, najniggia za sledovan® obdobi
0d3,73do7,24tha Naj vyggi u %r odu MNRie hn @jedanridkma

8) . Apli k8cia dus2ka + P ( VAFthawpto rdo)v nzanizg |

sapl i k8ci ouvadruisaznkta 6+ .K Dr uh%% najvyggiu pro
vroku 2020 na variante 2P K hnoj en2)man@8 n1 4 gt uhaNa vari
hnojen2m)Ap) 8k8tcimar vEpenat ®ho nhvar@ptedn i a s
( N + Ca)O0,7z.kal \piolrao vomadamtdm &

Signifikantne(P <0,05naj vyggi a produkci at sahugONay Dol ¢
n8rast produkcie sudginy bol vpl yP<0p5)vej a

rovnakoak o aj na |l okalite VeOkS§ L%ka.
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TabuOk&p9yv rokov a kosby na produkec

Table 9 Effect of years and cuting on dry matter production (t/ha)

Rok Priemer Kosba Priemer
2016 2,08 1 2,20°
2017 1,92 2 2,00
2018 1,63 3 1,23
2019 1,53

2020 1,86

Rozdielne indexy znamenaj % gtatistickyt-tgstrR=W0RH.zn® r 0:

Pri porovnan2 obidvoch Il okal2t m!geme kol
zistili na lokalipeovae®kBalZhadaR®i emanm§
nehnojenom variante do 8,57 thaa variante 6 800 kg d8vkou dus?2]
Experiment v Krivej poskyt ol “‘maremopmerm % pr
variante do 7,70 t.henavariante29 0 klgod8dus2ka (+ PK). Na o
sme zaznamenali pozit2zvny vplyyv apli kgci
Rovnako preukazne ovplyvRoval ikosba§l ®st Yr o
kosba).

ZCVERY

Zas|l edovan® odkRd20bd @8 284®amenan8 vyggia pr
aluvi 8l nej | ke na |l okal immaexi VW€Ohm® u L Bk @ d
(vpriemererokov857tHd vo vgetklich d8kwkob dasvkaiah
1, 60 kg P.haa 160 kg K.ha. V podhorskej olasti v Krivej (680 m n. m.) rovnako

gtatisticky pr é@nojeniuzineeh o vvol gvkzeSahud cksi ahol n
suginy dv8wki ocaun t d uss? R6a kgPFOhdad9,8 Ky &.ha (7,70 t.hab).

Visledky pokusov ppyw faktaov rok (2046) gosbyf(i. ant n1
kosby) na n8rast produkcie suginy na obi
hodnotenTch lokalit8ch extr®mne ag silne Kk
5,49 bola na | okalvikoeu Kdu sv28k26 nRglP.vkag9i8aant e
kg K.halspolusv §pnendkuv2018. Exper i memku22a Ve Ok
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signifikantne (P < O0,pH5) Fra&kjtwygdgvrardamsah o
obidvoch | okal it §cfosfopualdarul pleehkwci u a z8sobi

ANALYSIS OF THE STATE OF GRASS GROWTH IN DIFFERENT AREAS OF
SLOVAKIA

VARGOVC VLADKRY¥RAI KOVC ZWMEMANAE CMIBHAL i
DANI EL JCN
N8§rodn® poOnpbospoddBsVEsaaomnirimmtav tr§

porastovédnor sk ®ho poOnohospod8rstva

ABSTRACT

The aim of this study was to analyze the condition of grasslands of alluvial meadow and
grassland in the foothill area of lotgrm fertilization. The paper consists of experimental
data collected during 5 years (20i18020). The first field experiment waestablished in
the western part of the Zvolensk8 kotlin
experiment consisted of 10 treatments of fertilization: unfertilized grass swards, PK
fertilized grass swards and grass swards fertilized 50, 100, 15®akd N/ha with two
nutrient ratios (1:0.3: 0.8 and 1:0.15: 0.4). The second field experiment was established
on the north part of Sl ovakia (Krivsg) at
treatments of fertilization: unfertilized grass swards graks swards fertilized 90 kg
N/ha with different levels PK of fertilization and application of calcidrhe grassland
was used three times by cuttidgpplication of fertilizers had an effect on DM yield. The
rate of 200 kg N/ha with a ratio of 1 : 0.8.8 produced the highest DM yields (11.81
t/ha) in the area of VeOk§ L¥Wka. The soil
6.03. In the years 20162020 the soil pHkcy decreased to the values in range 4.34
4.93. The most significant decszaof soil pH (4.93) was on the treatment rate of 200 kg
N/ha with a ratio ofl : 0.15 : 0.4. The phosphorus supply in the soil was significantly (P
< 0.05) the highest on the treatment of @ft@00 kg N/ha with a ratio of : 0.3 : 0.8.
The experimentKi v8 was the highest DM yield in t
P/ha and 49.8 kg K/ha (7.70 t/ha). The soil reaction on cambisol was extremely to strongly

acidic, with the highest plkcy on the treatment in the rate of 90 kg N/ha with, 26.4 kg
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P/haand 49.8 kg K/ha (4.93) and with liming. Significantly (P < 0.05) the highest
phosphorus content was on treatments with NPK and NP fertilization.

Keywords: long-term experiment, grassland, fertilised, dry mater, soil reaction
POAAKOVANI E

Tentopr 2 spevok bovll sdperdékeoovy arniTe gzeni a Rezortn
avivoja (RPVaV) AKomplexn® syst®my hospod§
rokov2016i2018 a AMul tifunk|l n® hospod8renie na

v rokoch 2019 2021.
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MEZi GAZDASCGI CELDP FELHASZNCLCS C£LJC

HANNUS | STVCN
SzegedTudom8nyegyetem, Al kal mazott ®s K°%°rny

¥SSZEFOGLALCS

A zeol i tok k-rest 8dogys a-lk K®i-thi? dirdd ®zmi | i k 8
Szerkezet ¢kben meghat §roz- ak a Si 04 t et
egym8shoz k°z°%s oxig®natomokon kereszt ¢l
csatorn8kat ®artalemgak, ®s ezekben tal 8l ha
kationok ®s a v2zmol ekul 8k.

Fel haszn8l hat - s8g szempontj 8b-I fontos tU
a Zeolon P4ek.

MezRgazdas8gi hasznos?2t8§s¢;kAsbeBm®spkf ®ke

ketottek me g, nagy a nyomelem tartal muk,
adal ®kanyagak®nt is sz®l es k°rben hasznsg§lj
K°rnyezetv®del emi jelent Rs®ge: a vzzkezel
szerepe,s vz BgynRttj88b - | a ioncser® R adal

(foszf 8t helyett) a mos:-porokba a kem®nys
A zeolitok szelekt2v adszorpci-s k®pess®g
adszorpci -9 8lasztEcs8§se®gl et ®n van.

Legfontosabb ipari fel haszn§8l §sii ter ¢l et e
sz®nhidrog®neket k¢lonboCR g8abtkj - RG4a g&ic
benzin, kennyT ol aj, n elhe®zl eogl ahj a s&sn 8rl ead iorsk

faujazit (zeolit).
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Kulcsszavak: t er m®s z et es zeol itok, szint®zi s,

mezRgazdas§8gi hasznos2t §s.

BEVEZETES

A zeolitok mikrop-ruses pnyagd®kme®nRPhéhy a

mol ekul 8k 8t m®r Rj ®nek felel me g . Kis ¢cs¥s.
foglalkoz-k m§8r r®g-ta nanotechnol -gi §t (
n®pszerT h2v. sz-, mint napjainkban. A csV

1-100 m tartom8nyra vonatkoznak ®s nem az 1

kutat - munka olyan mezop-rusos anyagok szi

mol ekul 8k, pl. gy-gyszerek is bef®Frnek.
¥sszet®tel, szerkezet, t°rt®net
A zeolitokal krs®@st 8dywys a-bhk 8 mp-thi? durdd ®zmi | i k §

H8romdi menzi -s v8zuk alaptaia®derkekci mml ke
m- donstlelt0d a®derek helyettes2thetnek a r §c.
oXi g®nat omokon knearke.s z A ¢ |h § k a m c-Gvoel gtyd®r it ®lk Ma

tertra®dereknek egy negat2v t°|lt®se van,

amintazl. §$Bkdbeli rajz8&8n | 8§that -
Na* Na*
O O O O O O
Tl RS T e
Si Al Si Al Si
N F N R N,
() - 18) (l)cl) IOIO (I)
I I 1 )}
1. 8brAa:zeol itok s2kbeli szer kezi

Figure 1:Flat structure of zeolites
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Azeolitok szerkezete a r8csot fel ®p2tR |
°sszet ®t el ®v gl[(AID)(Pi@)F WH-®, BhollaiM:katiddnv e gy ®r t ®k T,
wa v2zmol ekwd) 8la s 2E§ma®der ek s zykmaza&iAl el e mi
arg8ny a zeolitok Riomgtyemask ojré lalte haRj es»,®gl el e
zeolit szerkezetT szilakal-ot okAgyhkbrarmagny

hat §r , mi vel a szeolriat®dleb @k dfazpwdestoll e dplat r
egym8shozst ecsalwd®iren kereszt ¢l

A t®rbeli kapcsol -d&s %Y%gy j°n | ®tre, ho
cregeket tartal maz, ®s ezekben tal 8l hat - k
vzzmol ekul 8§k .p2 T Ré b2e.mec8obhBigth a® - kebokt a®der
n®gyzetlap ®s 8 hatsz©°glap hat8rol. (Ebbei
ionokat, m2g az ®l ek k°zep®n vannak az o

°sszekapcsol -dhiakomkke®Rgyztetll apegkkab. kapj
8bya amelynek nincs t %l nagy gyakorl ati j o
(bej 8ratuk n®gytag¥% gyTrTkbRI 8§11) A v2zn
t2pus¥% zeolitakbkanpcecpl -.dg8a &dy kocka kb©°z
ugyancsak a n®gyegeectl)apbEndl tkelreazpeglb us mer
nyolctag¥% gyTrTk 8tm®rRje 0,4 nm), az ion
f¢éggRen. A fauj akzh tp-trpumdrke tmiegk ,n argiywe | b e
hat sz°gl apok 2me.n)8bnrear 8rt ®ni k2 (tag¥% gy Tr Tkt
| ®tr e, amel yen kereszt ¢l a 0,8 nm kineti ki
A k°zrez8rt beddgR3nnr eg 8t m®r Rj e

A kationok mozg®konyak ®s m§ s kationr a

ioncke®m®| Ral - hasznos2t8&8s8nak.

A kristsglyk©°zi vZ2z sok zeol i thb-| mel eg
el tg8vol 2that -, mi §l t dls smRateadd§ reglerka k®sa p
t®ve idegen mol ekul 8k bef ogdazdrBess§®nt Ewvalaz

al kal maz8snak.

Az el RzR k®t tulajdons8g kombin8l 8§s8val ¢
a petrol k®mi 8§bannomwe ggyszeerr i gpyag rbtagns ban ®s
al kal nkaazthaalta-kz §8 lolr 2 B.Nagy et d{(1988). R .
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2. 80r&db zeolit k°z°s ®p2tReleme a k°bok:
hidroxiszodalitt8§ (b), valamint A t2pus}Y
Figure 2: Several zeolite common building blocks are cubic ceeder (a) and their

coupling into hydraysodalite (b) and type A (c) and faujasite type (X,Y) zeolite (d).

TOrt ®net

A "zeolit-sztori" 1756b an k e z d R €rstedtsavmidk ogre ol - gus sz ®p
krist8lyokat gy¢é¢jtott Sv®dorsz§g ®szaki
§ s v § ny weolnl agkd, o tmaf oy a rnek keRéate elormi®&k B°r °g szava
al apj8§n. Azt tapasztalta wugyanis a forras:
t ®ve megduzzadtak, megolvad8s el Rtt pedig
A zeolitok kezdetbenyak ntr eag el dzeanl,t krie@xzeRi
8§sv8nyi ritkas8gok keltett®k f el a geol ¢

becses darabjai lettek az 8§svs&ny gyTjtRkne
szerep¢k kozel 200 ®vid8ban 280 . vegys@azde ke
tulajdonsg8gai kat tanul m8nyozni. £szrevett
adszorpci-s k®pess®g®t, ekkor sz¢gletett a

Az Ytt°rR tudom8nyos munka R. -84. ®Berkrbern, |
Angl i 8ban dehidrat§gl't §svs8nyi kabazittal

ioncser® R ®s molekulaszTrT tulajdonsg8guk
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zeolit kerg¢glt el R, ipari felhadzR83Il 84 Bkruxk
azonban egyre t°bb vegy®sz k2s®rletezett.
1949benazUSAban, a Union Carbide Co.(az-ta is

Linde Oszt8lya val-s2totta meg az el sR z:¢
tul ajdons8g¥% =ae klaibtazg§swgnytpr( pl8lt &k el R§I
Vi szont egy Yj t2pus¥% zeolitot, amel yr RI
tulajdonsg8gai jobbak, mi nt -bae nk klea zil tt ®.f olrig

s mais az egyik legfontaso b s zi nteti kus mol ekul aszTr R.
Y, stb. t2pusjeleket kapt8k, amit ma is h
Zeolite Association 8I1tal kidolgozott egy
bet Tvel jzélzeollt CTA, mzXkY.zeokk jele pedig FAU.)

Ma mester s®ges zeolitot gy 8rtani j °vede
zeolitokb-I is ®vi t°bb sz8zezer tonn8t b
ink8bb kieg®sz2tik egphm8el csAbbakm®dee hem
el R, mindi g tal 8l hat - med M eed @ lplk KK asr®a R fk
k¢l °nb°zR agyag8sv8nyok. Ez®rt pl . katal i
megfel el nek adszor benskednmi ke®@l°Pnlbrraz. R X2®
mezRgazdasg8gi hasznos?2t8suk i s pl . t aka
Magyarorszg§gohmegy s @g me h ® ®is Tokaj korny ®k®
mennyi s®gT ®s minRs®gT, mordeniteg§b®ankazr

Orsz8g®s LrsvE§nyb&nys&§k Hegyalj ai l'zeme MS§
gazdas§8gi t 8rsul 8s foglalkozik a ter m®sz:«
Hannus ®&2X03Kiricsi

A szintetikus zeol i tok swieszonntagkatjadli erg
petrol k®&mi ai i parban, szokatl anul nagy ka

Egyes v®l em®nyek szerint a vegyipar-rfejlR

Bosch amm-niaszint®zis hatgs8val

Haz 8nk vegyi par.i fejletts®g®nek ®s kap
kataliz8torgy§8rt - i par . Saj 8§t technol - gi
gy8rtanak zeolit kataliz8tort. Adszorpci - ¢
Mol fi |l i tBund@vwpeers,t ia Vegyi mTvek pedig KIlinos
zeolitokat. Napjai nkban vil 8gszerte, 2 gy
kernyezetv®del mi el RZr 8§soknak megfel el R

158



HANNUS .

adal ®kanyagak®nt f el hlaesgznna8glyto bbe onhei-bamoyki s j®q l¢
kezdte meg a ter mel ®st Aj k8n egy 20 ezer
gy 8rt - czem, amely a szint®zisben az Al
al umi ngt | Yagj 8§t haszng8l ja, 0132agn abe%ki°vey &e
sajn8latos v°r°siszap katasztr.-fa utsgn a
megszTint Ajk§n.)

Haz8&8nkban t°bb egyet emi ®s akad®mi ai k
eredet ®nek, tul ajdons8gai nlakh et iIReE®Rg&li arte§ v a
szakemberek iparban dol ghoezn hkoozltl§kg 81 ®k m &
mTkedtetik szakmai szervezet ket a Magy

(Federati on of European Zeolite 8WHpoci at
vezet ®s ®vel -beneEgezbenla29el sR, hagyom8ny
20l#fben volt a 7. Bulg8ri8ban, Sz-fi8ban.

Zeolitok (pl. Zeolon P4) szint®zise
Zeolitokat 8l tal8ban hidroterm8Ilis®k®r ¢l m
rendszer bRI , amel vy szil §grd ®s fol yad®Kk 1
reakci-elegy az al 8bbiakat tartal mazza: a
ionokat, mi nt al um2ni um, szil2cium, tit8gn
(ilyenek a OHionok vagy a fluorid ono k), 8sv§8nyi kati onokat
(ezek | ehetnek ionosak vagy semleges mol e
(&8l tal 8ban vizet).

A |l egt®°bb zeol it Sszint ®2n &I®t a Ibb8czsi dkruys:
hRm®r s®kl eten hajtjuk v®gre. Az alum2nium

°sszet®tel T anyagok (SAPO, Me AP O, stb) sz
anionok mint a hidroxid ®s fl uor i dakste2g® t et
g®l ben tartg8s8ban valamint ezeknek a n°v
fluoridionnak m® g szerkezetal ak?2t - szer e
szerkezet ®p2tR el emek stabiliz8l 8s&8ban §I |

A nem vVvizes k°zegbens vn®gdzseztetiglkd e oeltiitl
old-szerben futtathat- -k | e. Il smertek Ygy.l

azonban kis mennyis®gT v2z mindig jelen v
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Zeolitok k®pzRd®se, krist8lyn°veked®s
Nagyon sok dolgozdt o gl al kozi k a zeolitok krist8lyo

al apvetR el k®pzel ®st javasoltak ennek | ez2r
a kiyiosto8I18s a kristé&itkeseét@ndk §®iendezRd
folyamatban a folg d ®k f 8 zi snak nincs irg8ny2t. szer
felv8ltotta a Barrer 81t al l e2rt mec han|

folyad®kf 8zisban j8tsz-dik le. Az el k®pzel
a krist8lyk8Bhow®pkaRkE®Svek r®v®n val - -sul

kondenz8ci-s reakci- a folygd®biERIi s®slze®
Ebbenaz | k ®pzel ®sben a g®lI szerepe az anyagt !
Szilik8t r®szecsk®k a krist8lyosod8s sor §t1
A mTszeres analitika fejl Rd®s e, k¢l ©°nose
|l ehet Rs®gek kiakng8z8s8val megval - -s2that: v
szint®zi sn®l haszn8l atos erRsen | %gos k°r

Azilyenvi zsg8l atok szerint mi ntegy hatvan kg
mutattak ki. EzelBhRI&bIr8tnhat - egy sereg a

A krist8lyn°veked®de ebh®pket ®s Barzear el
nagyon val- -sz2nTnek o@eszi®Rszegykh®k skeaeé&n
tudnak kapcsol -dni a n°vekedR krist8lyokh

®p2t Relem k¢gl°nb°zR ©°sszekapcsol -d8sa el t
vezethet. |1 yden Sb®&lad 8t mutat az

Ebbenazesbten a csonk2tott okta®derek °sszeka,
a szint®zis g®l °sszet®tele ®s a szint®z
k¢l °nb°zR szerkezethez vezetnek. A n®gy

kapcsol -d§8§s Byod&littiRez n8§®es gyTrTkoen k
zeolithoz, kettRs hatos gyTrTn 8§t pedig f:
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XI Q%)

XVi
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A D A

Q) I (QIQNQ) v Q4
vii vin X X Q)

ok

XV
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Xx11 XXIH Q') XXIV Q%) XXV

A kiteltoett korok Si at o mentrek(The lledages rapreaekt Sicatonsgtiten h i d a ¢
linesmean oxygen bridge bonding.

38brlLa¥%agos szili k8t ol datban

Figure 3: Si-containing oligomers identified in alkaline silicate solution
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SOD

Sodalite cage

4. 8Fzroad:al it egys®gbRI fel®p¢l R zeo
Figure 4 Zeolite structures built from sodalite units

Zeolitok jell emz®se

Anyagainkat a szint®zist k°vetRen a zeoli
illetve a k¢gl°onb°zR m-dos?t - el j8r8sok VG
m-dszejreklkemezhet|j ¢kt ¢ k.

R°ntgendiffraktometria

A szerkezet azonos?t8s8ra alkal mazott m-d
anyagainkra jellemzR rendezetts®§vbbag8gbg
meghat 8ro0z8s8t, @®rat ®sanobaeakteatdlsezR w8 t c
A diffraktogramok felv®t é+®1548mMmECukaal k al ma
di ffraktogramokat a Bragg egyenl et al apj

s¥%l yvonal 8nak helyzet®t vessz¢gk figyel embe
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Termogravimetri 8s anal 2zis

Anyagaink termikus vizsg8latg8hoz magyar ¢

sz8m2t. . g®pes adatfeldol goz- rendszerrel
|l evegRNn sz8&r2tott, 100 mg t ° meag TmTnsizretr§ keagty
karj8ra. A de000GthRm@moRkltet2t58f pemény Fa®
sebess®g mellett vessz¢gk el

I nfraver®sspektroszk:-pi a

A templ 8t mentess®g, illetve a szerkezethbe
infravekhezm®r @seng mint 8t homogeni z8l unk ¢
majd a kever ®k bRI ko,ssN/cmfec hahakabhz 8y dwmEls |
k®sz2t¢nk. A s4pCeckntt raur nhooknaStn y4®MO a rendel ke z
seg2ts®g®velni tudjSak ®fle®wvte 200 kg zt ezt a p
haszn8l unk.

NMR spektroszk: -pi a

A S| MAS NMR spektrumok hasznosak a zeol
meghat §r 0°58 s &r@mi aA el tol -d&§s8&nak sz8&m2t§s
MesSit haszn8l unk. A f enses®U e F arpulzBsi®ss z 26ds @s esk o T
i sm®t | ®s i i dRt al kal mazhatunk.

Di fferenci 8§l disftfh¥azt -r esfpleekxtir-oss zkkV: pi a

Az UV-l 8§t hat - spektrumokat pormint8inkr .|
megfelé R uv/ VI S spektrofot o-81®0 e rn ms etgart tsoRng8n
Anyagainkat alapos, d°rzsmozs8rban t°rt®nt

Referenciak®nt hasonoéot kiPppzemSlelRk®sz2tett

Fajl agos fel ¢¢ledsmlgésatrrSu om@rseat

A zeolitok fajlagos fel ¢l et ®t ®s jellem
berendez®s seg?2t s®g®vel hat 8rozhatjuk me
haszn8l unk. A nidespgepciadszm®Pp®seket a

hR®r s®kl et ®n (77 K ) v®gezzg¢k.
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Az i zoterma pontjainak meghat 8roz8sa a Ke
ki sz8m2tg8§sa (az affsB8ormrpmpdiatg vi mogtoer8ma tQ,rl
v®ve) a BET m-dszer szedogzht8§ st Metg®mit IB.r o A
deszorpci-s 8g alapj8&8n a mezop-rdeymes rend
Hal enda ©°sszef¢igg®s seg?ts®g®vel v®gezzyglk
ki dol gozoeKawatztoorev 8m-hdszer al kal maz®kp&oj aiat
haszn8l tuk f el

Zeolitok, mint ioncser ® Rk
loncsere

Ha az ioncser® R anyag olyan elektroli
ionjait- | el t ®r R i onokat i s tartal maz,
eredm®nyek®ppéamna sreared s zaarklcan | 8tsz-di k |

Az, hogy az egyens%W y milyen ir8nyban ®s
eset®n el sRsorban az illetR ionok minRs®g!
a liotr-p sort k°veti

H*> Na' > NH,* > K* > Ag*

illetve:

Mg?* > Ca&* > SP* > Ba&*
Ha az egym8ssal versengR ionok k¢l °nb°zR
koncentr 8ci -j8nak. TS m®ny ol dat okban az
legnagyobb:

Na* > Ca&* > Al®*
H2g ol dahedlyhkraen dord2tott:
Al¥*>Ca* > Na'

A v2z| 8gy?2t8sngl pl . az el Rbbi k ®t szab
ter mPszetes vizek ugyanis mefl®ehMgRsen h?2
megk°®t Rd®se af arem8js%Zzeirome¢s eNra®Bl Rn kedvezmeg
viszont t°m®ny NaCl oldattal | ehet el v®ge:

Az ioncsere szeml ® etesen az ioncsere izo
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Zeolitok a vz2zkezel ®sben
A zeol i tok, ezen bel ¢l a ter mPszet es Z
v2zkezel ®sben, szennyv?zkeDgel, s (@A988). Abet ° | t
ter mPszetes zeolitok v2zkezel ®sben v al
ter ¢l etleéehnaniColella, €.€1999):

NHsfel t 8vol 2t 8sa k¢l°onb°zR eredetT i v vi

radioakt2vY)i ommk sepl®s: eCs §vol 2t 8§8sa nuk

neh®zf®m ionok elt8vol?2?t8sa ®s Vvisszan
Ezen ionok Bt 8vol 2t hat - s8§g§t a kel °nb°zR O ir o
t 8masztja lal §,8bd aSizasitt mat atj 8k.

1. t 8bl Begam®szetes zeolitok ioncsere

Table 1:Selectivity of natural zeolites ion exchange

Kabazit Cs>NH>Pb >Na>Cd > Sr>Cu>2Zn

Klinoptilolit Cs>Pb>NH>Na>Sr>Cd>Cu>Zn

Mordenit Pb > Cs > NH> Na > Cd

Filipsit Cs>Pb > NH>Na>Sr>Cd >Zn

Az adatok term®szetesen 8tlagok, nem abs

sz8mos b®hglegRsol | a. Egyar §nt féegg a zeol

zeolitok eset®ben a | el Rhelynek is f¢gggv®n
A klinoptilolit ®s a mordenit Magyarorsz§:¢
A fentézetkszenrynyezR i onok kationcser ®j e
tort®ni k, ebbe tol tik a |l egt°bbszor N a
regener 8l 8shoz t°m®ny NaCcCl ol datot haszngl

Az amm-nium ion elt8vol2t8snbakt ¢ Zbénamr!| exgn
kapacit8s¥% berendez@bsark, nkliksednbe k v calzu meg 8 A «
Eur - p8ban, t°bbek k°z°tt haz8nkbeasmuild$8t Az
mTtr&8&§gyak®nt hasznos2tj §k.

Az 1. t §bkg§trtdnbkdi @ m€lskedR ioncsere sz«
nukl e8ri s szennyvi zek §rtal matl an2t §8s8&ba
hasznos2tani a K8rp8§tokban k8mnGs&rohllbaha k| i

reaktorbal eset k°vet kezm®nsyzeeinnneyke zfed It s zv8i nzoe
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®l el mi szer ek keczvetl en ®s ezzel a n°v~eny
ment es?2t ®s®ben. Az 29y koncentr 8lt radioa
zeolitokkal v®gzik aznbohcwval ®t ki @akkiod§sk:¢
ki sebb egy smizritl®rk 8al (m?emilim) eset ®n, min
h a s z nByérvAal988.

A neh®zf®&m ionok k°zg¢gl az -lom elt8vol 2t
ol asz Rutt8bhtlr&z altz a probl ®ma ker 8&mia ipar
jelentkezik. A t8blg8zat adatai j -1 mutat]j &
szelektivit8§s¥%» ®s hat®konys8§g¥% az -l om ior

Az e$zlpfRadatai szerintaNaser ®) ®v e | meghat 8rozott i

zeolitnak hasonl - . Az -l om ionokra moer t
ugyanilyen, m2g kabazitn§gl m8r jelent Rsen
mTk° R sied ® R oszlopon m®rt ®rt®k ter mdsze
ebbRI sz8molt hat8sfok a filipsitre 83 %
mutatj 8k, hogy a k¢l °nb°zR zeolitok i oncse

el oB¥t 8s8ban a dinami kus k2s®rl etek adnak

2.t 8bdl8zmti:onok el ts8vol2t8&8sa ker 8§mi a

Table 2:Removal of lead ions from ceramic industrial wastewater

Zeolit |ioncsere | PE?* Pk?* P+ dinamikus hat §s
kapadkoncen|egya s %l dinamikus [szel ekt
(meg/g} | (mg/l) (mea/g} | (mea/gy
Kabazit | 1,62 28 0,93 0,42 0,57 0,26
Filipsit |2.05 21 2,06 1,33 1,00 0,83

*dinami kus szelektivitg8s b/ a
**hat 8§sfok c/ a

Amint a 1 . t §8dbd&zait mutatj 8k a klinoptilolit
neh®zf ®mi onok el t8vol2tg&gs8ra. REPzAFet esen
Zn**, C*i oncser ® ®ben. Semmens ®s Seyfarth el

for mg8ra aolpatki2ltooltitt oknl iviRgmamd res v i M.sH1®18ads aS avy. f
A savaz@stsdlo®®r omsavval v®gezt ®km8gyg hogB
pedig 1 -MI omB8itdi omdatt al 2 napig. A savyve
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szel ettt kvse®d vol t, mi nt a savval nem ke:

szelektivit8§si sorrendet tapasztaltak:

Ba&* > Pt > C* > Zr*t > CU#*

Megs8l |l ap2tott 8k, hogy a szelektivitgs a
cs°kken®g@®kelki k.

Chionok elt8vol2t8&8s8t galvaniz8l - - ¢zemek
tanul m8ny oz tGBangsheng,hZ41988)a A 2030 ppm Céd*i on t art al n
gal vani z81 - -j gz ndkge?®zrt iprHe §| ff bront8r &k hmajo
klinoptilolitot tartalmaz- ioncser® R oszl
m2g az egyik ioncser ®It a m8si kat regene

kor ¢l m®nyek k°zo°ott a kI i ib3Bmeglgmkbizanyuli.onc s e

A tiszt2tott vizet YWrafelhaszn8l 8sra vis:

Magyar term®szetes zeolitok haszn§l ata v?2:
T°bb kutat-csoport is r®szletesen vizsgsgl
ill. klinoptilolitot tartalmaz- kRzetek t I

Papp J8nos ®s munkat8rsai meg8l Il ap2tott 8§l
®s Mgkaovntartal maznak. Meghat8rozt8&k a hol
el R8I 1 2t 8si koer ¢l m®nyeit. Megs8l |l ap2tott§
koer ¢l m®nyek k©z©°t i Nay GagResz ¥ig 8a maea W&klo®s t1,0 0K
55%0s f orim8§balnR,§ a mor,dNa®§ ti@@masledt B bl.84% a K
o0s a megfelel R k@z8mo®a®akMM&plat koztat va.

I ncz®dy ®s munkat8rsai a M8§dr - | sz8r maz-
kapacit8§8s8t hat 8§®kZt &Kkt megralbb° ki®e ®r k° z?°
(C¥, zZr*,Ni*) is, ®s r®szleges S$SoHisz,Tr&® has §sn

(1987).

Hl avay munkat 8r sai val a magyar ter mRs ze
szennyvizek ti s&dg2I|teStse8beam Ithagay dlraBsh(i982).z t a .

K2s®rl eteket v®geztek 50 % klinoptilolidt
szelekt?2v elt8vol2t8&s8ra. Az amm-ni 8t tar

A halak (pl.®peéedgdgBmagork-)niessekoncentr §ci
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okozza, m8§sr ®szt a nagy amm-nia tartal m¥%
az al g8k k8ros el szaporod8s8nak, az eut
i onf or mM%tr maNa aze nocpstei mgri-&tsét samd , 5Bs az o[
§raml §si sebess®get. JelentRs mennyis®gT |
k2s®rl etekben h8rom sorbakapcsolt ioncser
Emell ett tanul m8nyobpehé&€kere kdzalopktil wilt §s !
Pol yg8k K. @sl9BF7avaySt ati kus ®s dinamikus

klinoptilolit tartal m“ kRzet al kal mazhat -
stati kus k2s®rl et dkensdre§nd ®pIRRzz%r ia rkRzes
®s a teljes ioncsere kapacit8st -nnkaaz8r ozt ¢

ioncsere kapacinakt t &l, PI6t98 kme kA/Z ge gy e n s Yl
mi ndh8rom f®mi onr a el kikssazt2etrem& kRekt a®&s engeygednl

r®sz|l eges ioncsere | 8tsz -dep®gs Na&Cl Ao lkdianeo
amelyek pHj §t 2 kor ¢l 8l 1l 2tott 8k, regener 81t
m®sztejjel ki csaphat - kekbfendian abme krpuBSR o@kd a
ionkoncentr8ci -j §t v8ltoztatva meghat 8roz

ker ¢l mBnyeket .

V2zI|l §gy?2t §s
|l smeretes, a VvizekKR' ®seiMlope®gREBrokohnat Eaa

jelentkezi k, hogy az ilyen vizet forralva
fal 8n v2zkR form8&j &8ban | erak-dnak. Ez k§8roc
az ilyen ed®nyben anetgi hekmbe|l pgadamPs@aprapt
k°z°mbo°os. De enn®l nagyobb baj is keletke
ed®ny (pl . gRzkazgn) fal gt alkot:- f®&m®, e

t %al heve¢elt fall al a&®raknulk.ezWeae eéd rnadyembig Rtzer
egyszerre, akkor m®g kaz8&8nrobban8shoz is \
A mos-szerek haszn8lata a m8sik terg¢l et

akt 2y komponensei hossz%% alkill 8§ncA4 sava
hagyom8nyos szappan, mel yet d®dany8i nk
k®sz2tettek, 16 vagy 18 sz®natomos kar bon:c
8l tal 8ban sz®nhidrog®nek szulfon8l §s8val E&
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A v2zbeR ®s®MgorCak a mos-szer akt2v kompo
k®peznek, 2gy azok nem tudj 8k kifejteni t

addig tart, &m@m53g°Mgzn °slszemem Cfaogy, tehs§t a
moszerfogyaszt8st eredm®nyez. (A mos:-por o
is figyelembe kell venn¢gnk a v2z kem®nys ®

Hogyan t8vol2that- -k el Z%A®yw ?hupoR hzazshogyaamm®ny s
t°rt®ni k a v2zI| 8gy2tgs?

Azipari vizek | 8gy2t8s8nak | egolcs: -4®s m-dj
sz -d&@O;adNwmwa a | 8gy?2tand- v2zhez a kem®nys
karbon8tok alakj 8ban kicsap-dnak ®s szTr®

nagy menyi s®gT vizet l ehet ol cs-n | 8gy2tart
ol dhat - s8§g8ndks rfidgpfne lmalrRdCa v2zben.

TOok®l etes | 8gy2t8s, ak8r i onmentes v2z |
haszn§8lt ioncser ® Rkamarf Naglssmut i k @k o k'p | & anle |
tartal mukat®*®ss?irg®l o kkr «.i Ezmeket a hat ®konya
fel, amelyek szerves polimerek, sz®nl 8ncuk
L8gy2t8&8shoz 8ltalm@bahkal @@az&sm§t dieumvf o z
anionok elt8vol2t8sa is pl. nagy nitr§8tsz
pedig Yy 8l 2that - el R, ha hidrog®n for

8tengedj ¢k a vi pkehelyett Hhionj ak anionok relyet Ok a b i bear ¢ |
a v2zbe, ®s a kettR k°z°mb°s2tve egym8st
Az ioncser® R mTgyant&8k haszn8lata v2zlI §g
§l tal 8ban Y%gy |j8rssak digssreSbcay @] RleSgest c
ioncser® R oszlopokr a.

A harmadi k, sz®l es k°rben haszn8l atos v?2z
kem®nys®get okoz- ionokat, hanem kompl exbe
nem tudj ak kigirfoesj theanti8&sukat | . vil 8gh8bor %

tripol i tPels)z,f S§mi f{tNakompl exk®pzR haszn§l at a
Szol nokon gy8rtott TOMI mos:- porokban is.

A8dras ®vekre egy®rtel mfv® v§lt, hogy a
al g8§sodg8§s8®rt (eutrofiz8ci ) i s, el sRsor
mitr8gy8kb-1 ®s nem utols-sorban a mos:- sze
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helyzet alakul ki, hogy az egy®bk®nt hat ®k o
kernyezetszennyezRk.

Mi vel | ehet hel yettes2teni a foszf8toka
adal ®kanyagokat kell tenni a mos:-porokba &
Egyes¢l t arCl ®a méNgybu-gpa§ban ma m8r t°bb sz§z
haszn8l nak mos:-por adal ®kk®nt. N®h&ny ®ve
egyi k oka az volt, hogy a -Esuzri-gpoSrb¥abnb ne8lrR 2
forgal mazhattak cts,aka fmagy &t merntaes p&rdi ¢
kernyezetszennyezR, de egy®bk®nt kivsgl - m
agressz2v rekl 8mhadj 8ratt al K i i s haszng8lt
gy8r is zeolitos mos-port gys8rt.

AZeolm P4 haszn8l at a

Fenti c®l ra, a m8r efrdrrm& jt§nakA"( aeopluosns Pz
terjedt el , mi v el t°megegys®gr e vonat koz
kapacit8sa. A zeolit, a mos:-por QPRRYs®KKE®Nt

okoz- i o6inorkakr &Nja ®s 2 gy bi zt oSzakaljT&R024). mos - s
Sz®l eske°r T, al apos vizsg8latok bi zony?2t]
kernyezetre nem fejt ki k8ros hat§8st. A
szili k8t fokozatosan a tal aj r®sz®v® v §8li

mennys ®gben el Rfordul -5el 8me&. Ezt mutatja
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Fold |

Atlagos &sszetétel

Zeolit szintézis Oxigén 47 % i ]
Szilicium og % | Mosopor adalék
8]

alapanyagok
AL Aluminium 8% )
Alkili- és al- Mosodai

kalifoldfém 16% szennyviz
Egyéb 1%

\ NaA-zeolit

5. 8Mrzae:ol it ok8§tk°vinysezaek dragl ®se a ter

Bauxit—Al, O
Viziiveg — Na, Si,

Figure 5: Environmentally friendly return of zeolites to nature

Az eddig ismerteteltlter®Reaay& sNaAl a¢aloints Sy ea
hel yettes2teni a 2fioosnz f r8e cpkdlatl Pkl ®@mé s? &g eC ak

i onokat kinetikai okok miatt egy mos8s ic
Ennek d°nt Ren aZXionkizebougyan, mitta®iyo ma, Mdge hi dr §t
nagyobb ®s erRsebben k°t°ott, ez®rt di f f Yz
probl ®m8n m8s t2pus¥, pl. NaX zeolit hozz!

A mos8s uts8ni ©°bl 2t ®s s orufyanisjhegy azritzdold z i k ¢
k°b°s, kocka alak% sz®p, szab8lyos krist §lI

megtapadnak a text2l|li8k sz8lain, nehezen
az el emi sz8l akat. Ezor @rombaez sti ktetr ¢ int d @
megol dani, hogy lev8gott ® T ®s cs¥%cs¥% kri
nN®l k¢l ki°obl 26t.hegtbRka a ruhg8b-1 . (
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6. 8Prmo:s- poradal ®kk®nt haszng8lt zeol it t
kristsglyai
Figure 6: Crystals with cut edges and tips that save zeolite textiles used as washing
powder additives
MezRgazdas8gi hasznos?2t 8§s
A term®szetes zeol§int asko kKK ®Il @t kfe®en® so¢nkt sko® t
poz2ci-ban, azaz nagy a nyomelem tartal mul
a nagy b8ny8szhat - k®szl etekkel rendel ke:
talajjav2t-k®nt illag8kPatii saka®hb§a,ylbkr he
A(1988). Magyarorszg8gon is folytak n®hs§gny
®s munkaiN®ymsTatir SN a be®p¢l ®s ®t vizsg8lt 8k
mor denithbe k¢l °nbozR treorsmoka npai laiit i kra-i d s z¢
Megs§l |l ap2tott8&8k, hogy a be®p¢lt mTtr8gya
al kal mazhat -, mi nt t°l t Ranyag, ket Ranyag
Hannusl.etal( 1987) . Kocsis -BRegmm®hkRt Beani alzmai i
alkal maz8s8t vizsg8ltg&8k a talajerRgazd§8l ki
az Rrl em®ny adal ®kanyagk®nt stabiliz8lja
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mTtr § Syaak a6 2018) , a talajba ker¢lve jav2t
®r v ®ny Kecsi$ |®5aft1.987) . Ga8l ®s munkat 8§rsai 8§
kezelt ®k ter m®szetes zeolitokkal. Megé8l | a
nagy stabili§ s va. tixotr-p tulajdons§g¥%, mi kroel e
rendel kezR, hosGaz8n Lha%8t7 mallt.ASmgaRgazdas§g
ezek a k2s®rletek abbamaradt ak, ®s ma f
termPakap®szeol it alap¥% ter m®kekkel

Szak§l P8l ®s munkat8rsai vizsg8ltgk k¢l
metall oenzim alapanyagok bAputamhytads Stk an®K

hat ®kony p-tl §8si c®l b ik ompll exetimine®wrlef 8jtut
form8j 8ban, mel ynek al kal maz8s8val az Rszi
Szaka 2021). A retard8ci - bisZi astrtan®gkatanta ®| j 8§ &
szintetiz8lt zeZedlonPi4Na AAjtR Pubsdy Pletobtett ) onc
Szakaletal( 2021) . Az ilyen t2pus¥% komplex alk

par am®t er ei nek GCicza etudl. §2029) A lkiap§I18k fungicid
eredm®nyek®nt a Fusarium t-kalnpakerakl mennS
Giczi et al.(2021).

Zeolitok, mint adszorbensek

Sz8r2t8s, adszorpci-s tiszt2t88s ®s elvsgl a:
A zeolitok egyik legfanvggzakht {@d &pd O n sAY
tetra®derek t®rbeli kapcsol -d8sa %gy j°n
®s ¢(regeket tartal maz, ami ket a ter m®szetk

egyar g§nt vzZzmol ekul 8§k t 9400t°@rnae k meliaevgetH av e a

el t8vol2tjuk (aktg vigdl§sl)et Tt Obde lsezk§tzz2 vm ad s
egyed¢l 811 - szelektivit8s annak k°sz°nhet
p:-rusm®ret jell emzR, el l ent ®t ben ms s , k|
akt2vsz®n), amelyek sz®l es p-rusm®ret el oc¢
EbbRI ad-di k a zeolitok szelekt2v adszor
ugyanis az a mol ekula, amelyik bef®r az ad

nem, azhepleadd gaz8tadszorbens szemcs®k k°z°tt
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A7. &kt &8nb°zR zeolitok effekt2zv p-rusm®r e
kinetikus 8t m®r Rj ®hez viszony?2tva. Az 8br
adott el vs8l asztz8shiatf-e laa dmetghfoezl ekl i RA gzbéigosl i t .

(3A molekulaszTrR) seg?2ts®g®vel szinte m
mol ekul 8i k nem f®rnek be a zeol it p-rusai
zeol it tartal m¥kpat rhoin oRksazte kir @®nzyre&l nh Tt Rf ol
f ®krendszer ®nek, | ®gkondicion8l - berende:
transzform8tor olajokn8l az esetlegesen be
sz8rz2t. anyagk®nts ,duaphloa f aa ¥k ®tb | laBgrkenr8tl e sie r
kez® k¢l °nb°zR g8zokat, pl. argont tesznel
energia8rak mellett az ablakok hRszigetel
ir8nti i g®ny is nR.

zeolit pdrusmeret (nm)
T T T T T T T T T

Na X ]

Ca X J

Kabazit ]
Erionit J
il

Klinoptilolit

Mordenit, szUk l
Mordenit, tag porusy J

Ca A J
Na A J

K A l

06 0.8 10
1 1 l[ | 1 I
I
/ ZCFZClz cc, (CHIN (CFIN
NH; Hp /€0y Ny “ef e o o
" Ch SO) propan bt kinetikus atmeérd (nm)
7. S8Kbrla®nb°zR zeolitok effekt2v p-rusm®r

kinetikus 8§t m®r Rj e
Figure 7: Effective pore size of different zeolites and kinetic diameter of a few simple

molecules
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Nagyobb | ®pt ® T sz8r2t&§sngl esplt ®bkbndgog @
vagy kis hengerekk® form§zott zeolitot h
folyamatos regener 8l 8§stdaeaszdrepdi®tel eizkleks
az egyi k I ehet Rs®g aRm®rho@ky| eatze ma ldizzroto Greialb |
amagasabbih Rm®r s ®k | et en a deszorpci-. A m8sik
k¢l °nb°zR nyom8s-oinl |lv®geaeniorgiat iRatdc i kA ué$ Ttr

hRm®r s®k| et v8§I t- (ther mal swing), m2 g a
nom8§sv_glt- (pressure swing) elj8r§gs.

Van egy harmadi k | ehetRs®g is, inert | eszc¢
a hRm®r s®kl etvglt- elj8r8§ssal kombinglva :
Mi nd a 3A, mi nd a 4A zeolitot vil 8gsze
hal og®nezett sz®nhidrog®nek ®s f°l dg8z szt
propil ®n) tartalmaz- krakkg8zok ®s m8s ol
mert ut - bbi p-rusaiba ezek a kis szMnatom

4 A nagyobb sz®natom sz8m% sz®nhidrog®nek,

®s akkor, ha daiwxzadelt egy £tlt ked®n t §8vol 2t a
A legismertebb a f°ldg8z tiszt2tg8Sa 4A

elvto8 2t §s8t i s. Ez nagyon fontos k°rnyezet
Ami kor a megs zokotvtang§yl nnagyogb®nt &®@nal mY
adszorpci-val elt8vol2tani, akkor a nagyol
A sz8r2t8sdmeki ét®p xa dibRNMeg®R t ®s ®r e a ma

zeolitok, a mordenit ®s klinoptilolit is @
Kl asszi kus, zeolitokkal me ®eali-z8phormaf i
sz®tvs8laszt8sa. Bhereknpbs8i§o®k8mBaakp|j avbes:
c®l okr a, pl . mos:-szergy8rt8sra az egyene:

ke nnyebben elbonthat-k (miut8n ®vsz8zadok
hidrol2zis®vel fRz?©°t-®ss 5 aspapva nfookgoyaans zI tRsSRE hpce

hozz8 a term®szetes vizekben tal 8l hat - mi |

Kataliz8torok
A zeolitok el sR kat-akent kkugl &l kaFr maa@sms 8o a
Co. kutat i i zomer i z §c izeolttot. 196Ghlami - lalvars ol ¢ §

al akszel ekt 2zv katal 2zi s" el nevez®st ann
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megj el °l ®s ®r e, amel yet kalcium ionEBspr®It
p-rus 8tm®rRjR zeoliton maxl &k e&flafmwic %r a k k
ugyancsak egyenes | 8nc% ter mPkeket adva.

Az X zeol it kr akk kat al i zb8tnorke®rng!| tv ad |- R sz
ami kor kis mennyis®gT zeol i tsozti Iti@v8et hao zk |j a

kat al it isk uns® veekkteidv@stt§ t apasztaltak.

A hatvanas ®vek v®g®n ®s a hetvenes ®vek
szint®zise terg¢glet®n Y, nagy szil2cium t
Mo bi | c®g ZSM sorozata) delgR8&lelnt tigssme.r tE z eakl
8t al akul 8sokra kifejlesztett technol - gi 8Kk
Ezzel p8rhuzamosan a zeolitok m-dos2t §s 8§l
oxidok be®p2t®s®vel, Yaj deal umi n §int8as i t ec
|l egfontosabb szint®zist k°vetR m-dos?2t8sol
aktivitg8g§s8§t ®s szelektivit§gssgt.

K®s Rbbas a®wBdkben kifejlesztett ¥gt s@9 nd ®z
Al-o t i s m8&8s el emeak kzéolhetl yr§dcesdnenkEz ®s
m-dszerek fejl RI®se | ehet Rv® tette sz8mos

®s a konkr®t al kal maz8§soknak jobban megf el

V®g¢l, a katalitikusankB8kghakhteybRd®salna
bevitel ®vel ®s a f®mkompl exeknek a zeol itc
a k®miai tulajdons8gok olyan finoman v§8lIlt

enzim katal2zis ut8&nz8s8r a.

Ipari folyamatokz eo |l i t al ap% kataliz8torokkal

Katalitikus krakkol §s

Ez volt az elsR ipari el j 8r §8s, amel yben
el k®vetkezR ®vekben is m®g ez marad a ze
Jel enl eg a kesvoRlsasj® f@rratk®kie-sk nkyreark k ol §sa, a
Csmol ekul 8kk8 alak?2t8sa az egyik |l egfontos:
krakkol 8st fluid 8gyas technol -gi 8val v®g:
Ebben az el Rmeleg2tett nyensadl8djkoai k e ®sen
ker ¢l ne300°@a MBE@A®r s®kl et T reakci- z-n8ba. R
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m8§sodperces kontaktidR) a haszng8lt katali.
el v8§lasztj 8k egym8st - 1. | tel gIRgP®RRIs ed z t &
sz®nhi drog®neket, n880°QGo m IreevgeegnFew eSlt olreb@®gne t6il
k°t Rd°td$z@®nnl.etrak Ed®$'8n a regener 81t kat al
krakkol 8sr a. A szepar8torbéag!l Xmapdz R f ©a kn
v8l aszt j1€kg 8zzo@t,:g@xz ol i n, krakk benzin, ko°

recirkul 8ci-s olaj. A nehezebb frakci - -kat
folyamatot aVé@nutd,r aP mB (18®)3 aHabi b, E. T.
A jelenleg haszng8l atos kataliz8tor a fauj

foldf®m Y) ®s a m8trix anyagdg kever ®k e. /

ar8nys8gval | ehet megfelel R termi kus/ihidrot
el l en8l 1| §st (pl . f ®m Ni vagy V adal ®kka
ki egyens¥% yoz8s8val pedi g megfelelR me ¢ h
k®pess®g, kop&s 8l -s8g, kism®rt®KT porl -
Haz8nkban Sz&8zhalombaolt 8§gimTkeodi k ilyen 1t

PRESENTATION OF NATURAL AND SYNTHESIZED ZEOLITES AND
THEIR APPLICATIONS, ESPECIALLY FOR AGRICULTURAL USE

| STVCN HANNUS

University of Szeged, Department of Applied and Environmental Chemistry, Szeged

ABSTRACT

Zeolites are crystalline alka#ind / or alkaline earth metal aluminum silicates. SiO4
tetrahedra are dominant in their structure, they can be substituted by aluminum, they are
connected to each other through common oxygen atoms. The crystal lattice of zeolites
contains channels and ctgs and contains hydrated charge compensating cations and
water molecules.

An important property in terms of usability is the high ion exchange capacity, especially
of Zeolon P4.

Agricultural utilization: Natural zeolites have formed a wide range of nwtalduring

their formation. It is also widely used as an additive in animal feed.

177



TERMESZETES £S SZINTETI ZCLT ZEOLI TOK B8EMUTATCSA

Its environmental significance: its important role in water treatment and wastewater
treatment, in terms of water softening, ion exchange additives (zeolite) should be adde
(instead of phosphate) to the washing powders to remove the ions that cause hardness.

The selective adsorption capacity of zeolites, theadled "molecular filtration” has a
role in drying, adsorption purification and separation.

The most important ingstrial applications are catalytic cracking, at the end of the
process the hydrocarbons are separated into different fraction€3Gjases, C4,
gasoline, cracked gasoline, light oil, heavy oil and recycled oil. The currently used
catalyst is faujazite (zdite).

Keywords: natural zeolites, synthesis, ion exchange, adsorption, catalysis, agricultural

utilization.
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A MINFSEGI £REIEMIFISAE ETCS KACKAEZHEGTRCGYA
¥NT¥ZE£S SORCN

PLUTZER JUDIT
Nemzeti N®peg®szs®g¢gyli Kezpont , K°zegR@

¥SSZEFOGLALZGE

A nagy¢zemi 8l lattart- telepek | ®t es?t ®s®
jelent me g a nsezz8Rhgta- zfd®alsdSigb el hast b &I § sa

mel | ®kt er m®kt RI megszabadul ni sz8§nd®koz-
mez Rgazdas§8gi foeldtul ajdonosoknak i s, mi
h2gtf&8gyhwaszn8l 8s enged®l| yez®si el j8r8sa s
egye®bemeit (pl . f®meket) m®ri k, de nem tar

sem a hormonhat 8§s%% anyagok mennyi s®g®nek

vajon a h2zgtr8gyakezel ®s milyen hat8ssal

el kzt ®a®v el nagy m®rt ®k ben cs°kkenthetj ¢k
kor ¢l m®nyek ko zt el v®gzett cs2ran®°v®ny t
al kal maz §s §t a tudatos gazd8k sz8&8m8r a. A
l ehet s®ges melnmimalfiiz®gy eli e mkelz k2 s®r ni ®s e
esem®nyek val -sz2nTs®g®t vagy hat §8s8t, mi

n°veked®s®re gyakorolt negat2v hat 8§s.

Kulcsszavak:h or monhat 8§s% anyagok, h2gtrg8gya, to»

AMI Nf SEGILMILSZER ELf CLAR TEBICNETELEI

Az ®l el mi szerbiztons§8g k®r d®s e vil 8gsze
Ter mPszetes el vs8r8s, hogy az =elfogyaszto

§rtal mas anyagokat, hanem t Smg®3zs&®gudsaz
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ember ek jelentRs r ®s z ®t aggasztj 8k az ®
k-rokoz-k ®s vegyi anyaagoksgl |baetigey® gy ®éz edr anm ¢
az elszennyezRd°tt k°r nyAe zfeetjbl Relt t eehffas ro¢rl skz ¢

sz2nvonal ¥ higi®ni ai Vi szonyai keozott i s
k-rokoz- bakt ®&r i umo k, vZ2rusok ®s parazit
mi kot oxinok ®s k¢l °onb°zR -lviemgtyd n sashidOgweks zoGl
2021).

A talaj olyan szil 8rd term®szeti er Rforr§
el savasodg8st -1, a pusztul 8&st -m@k ef bekn®nzt °asr st ® g
megRrizz¢k szerkezet ®t p-toljuk a®s8°v®ny
mi kroel emeket, akkor a talaj k®pes %Y ra ®s
eg®s zs ®g eGiczi @ lale(2021p Matus et al.( 202 1) . A rendszer
talajmTvel ®si el j8§r8sok talajmTgedt®i ren
ter MRk ®pess®g®t megRrizzg¢k, il letve jav2t.
javztjuk a tal aj fizikai tul ajdonsg8gait (
k®mi ai jellemzRket (pl. trpby8? Bakdeadapy a

(2012). A talaj t 8panyagtartal m§t n°vel R
A mez Rgazdas§8g fejl Rd®s e sor 8n sz8mtal al
tal aj j Szarka088.r a (

AHEGTRCGYA KELEHKEZEFELHESEANC

A h2gtr8§gya az almoz8s n®l k¢mel IS®K tadgnt m®K

amely 8l 1 ati b®l s8§r b®k, techebket gRAaI et ezbeE
mennyi s®gben egy®b K@M ad®karynpoank - I Hlolr
rendszer, il letve koncentr 81l t szuszpenzi - ;
nem®t RI , kor 8t -1, a takarm8ny ©°9sszet ®t el ®
mi nRs ®g ®t RI . £Ert ®kes anyagai a f ertk®e | ®k ,

ol dott s-k (-f Rk &Iginadkrh-oruimdm k, foszf 8&tok, s
nitr8tok), amelyek a meg nem em®sztett t 8
em®szt ®s boml §ster mB®kei ®s a hozzmsdievere

(Kocsis 2011).Ennek a tr 8gyaf ® es®gnek &sm®gyjekl e
el ej®re tehetR a nagy¢zemi 8| |IVarmesadd0g).: t el
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A h2zgtr8gys8val val - °nt °z®s j o megol d8§:¢
megz abadul §sr a t°rekvR gazd8l kod - k SzZ8m§|
foldtul ajdonosok sz8m8r-at 8nsp, - tdI&iska k®h v ® rhyac

kijuttat8s c®l ja olyan szerves ®s szervetl
k®mi aii kGas ftiuZd aj dons8&8gait, biol -giai 811 a
n° v eKiiskm§,n994,kriksen et al2008).

A nem szakszer Ten v®gzett h2gtrg8gya®°nt

kock8zatos beavat kkoz 8ust t ez @Fsfthcolad hv ®&derl Sng®raR
2007. ®v i CXXXI X. t°rv®ny alapj8n a tal aj
enged®l yez®s alapja a hzgtr8gya°nt?°z®st m
tervben kell meghat 8§rozni aavaslatakat kiddlgognat e r h ¢
a h2zgtr8§gya°nt°®°z®s esetl eges 90KE8.(vH.18)at §s a
FVYM).A nitr 8t ®r z®keny ter¢l etekre m®g szi gc
(1.7), 59/2008 (IV.29) rendeletpA T a B1§6TEHEGKIrE nyel ve (1991. dec

a vizek mezRgazdas8gi eredetT riltRs®tggzeénr
hel yes gazd8l kod§gsi gylatkalr | athodkgy alskzad mfa
mezRgazdas§gi eredetT nitr8tok okozta k©°rr

A h2zgtr8gya ®rt®kes szervestrs8gya, de a
fertRzR mi kroorgani zmusok t° immgMivel egydsat hat
k-rokoz-k t°bb h-napos t8rol 8s utg8§n sem
fertRzR f0s §\8$ 41978, ¥einaedd00s).

A h2gtr8gya felhaszng8l 8s enged®l yez®si el

S-itlgy®bh el emei t , azok mennyi s®g®t (pl . N
Zn) azonos?2tj8k ®s m®ri k, de az enged®l ye
parazitol - -giai vizsg8l atokat, sem pec
mennyi s®g®nek/ jledtettl . ®t ®8e k avihz?sggt8r 8gya t §
tartal mazhat fertRtlen2tRszereket, gy -gys
amel yek negat2v hat 8ssal |l ehetnek a n°v®

szervezetekr e ®sPemgesétal20l2Bmwam &Kmtz2016/Adeeli s  (
et al.2017,Chen et al2021).

A keletkezR h2gtr8gys8t gyTjtik, re°vid id
mennyi s®g®t ®s ®rt ®kes anyagai-t mi n®I ki
juttassgkhokPt 8s Komsssj2Qll)aAt Greez e ®s n®I k¢ | i h 2
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t 8panyagtartal m8b. | a t8rol §s PataserSetal. ®s gy
2012).A h2gtr 8gyakezel ®sek k°zg¢l a sz®tvsglas
h2gtr8gya szil 8rd ®s h2g f&g8zis8t elk¢l °n?
megol d8s is | ® ezi k, de al apelv¢gkemust ekint
nel k¢l mTk°dR ®s g®pi berendez®sekkel mT
¢l epzfTRR rendszerek tartoznak, amel yek k-
¢l ep2tRket, a nagy felg¢letT szTrRberende:
haszn®l jngg&s.odi k csoporthba sorol hat -k a f
haz&8nkban el Rbb a vibrgci-s szTrRk, majd
A szil 8rd f8zist minden esetben tr8gy8z§8s
jelleggel kompos& 1 &8s r a, anaerob rothaszt8ssal tor
al apanyagg8 val - - f©°] KHoosis@ld®.8s8ra i s haszno:¢
A h2g f8zist nagyobb ar88nyban mezRgazdas
helyeken a h2gtr8§gypga h1dr®ve®tazacechheiyeg®
korl 8tozott mer et T mez Rgazdas§8gi ter¢l et
k®rnyezet ®ben is ki°nt°zhetR | egyen. Ha ©
r®szl eges ti szt 2 tl8sssoenn, 8vtaelsaentitn th 2age rfo8hz ikse zhe
bakteriol - -giai minRs®ge megfel el Kocsis8 vone
2011) . A h2gtr8gyakezel ®shez gyakran ol ya
adagol j 8k melyekfakubbatamaerdbnvagymel ne
| ebont 8s8hoz sz¢ks®ges enzi meket, il letyv
szervezet ¢kbe be®p2tik, v &arsis, 2@lm)e tlygn af or r
h2gtr8gyakezel R szer p®hHBatta &Fpeei &l owa
ter m®Pszetben is el Rfordul - 12 f®l e aerob ¢
Pseudomonas fluorescens, Pseudomonas putida, Bacillus sybtllis f Batiles) ,
licheniformis, Bacillus thuringiensis, Baciltamyloliquefacieng 2  Baillus Jimplex
(2 f®le). Ezeket a mikroorganizmusokat az
hat ®konyak azon szerves anyagok | ebont §s
iszapcsatorn8kban, n&Skhdn ttalr§l8h ayto-kkb.a nA z® si
a bakt®riumok foly®konyabb ®s homog®nebhb

amm- ni atartal mat ®&sapa 2@E8)il,emetl|l en szagot |
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HORMONHATCSD ANNBAGHWERMONOK AGMEBARC

Hor monhat §k¥%raryyeagdk nkben

Az Egyes¢l t Cl | amok Kernyezet v®del mi I g
hor monhat §s% anyagok (endocrkneoldyamupixioot
anyagok, amel yek megzavarj 8k a term®szet
sz 8| |la&nty8asgScts,er ®) ®t, receptorhoz k°tRd®s®t
nor m8lis endokrin funkci - -kat, megvsgltozt :
k°ernyezetet, ez8ltal felel Rsek a homeosz

szapor od §®jr t R®® s i Diaimantiandarakts et lal@00% Gorg et al.
2015USEPA2015) . BS&8r bizonyos vegyi anyagok a

hor monhat §sukr - 1[I, az endokr i n-esdNingspreadpt or
konfer enci §lHHotchkissser &l.Z008 Bz EDCkkel kapcsolatos kezdeti
kut at 8sokztfeRko®ndt haatfs¥% vegyi anyagokra ¢

kiterjedtek egy®b vegyi anyagokra is. Az
gys8rtott, feldolgozott vagy i mports8lt veg
anyagot tar tsa®@gmwagy i Awvi |IESggRsszzbeee il ®se 2601 2r i n
800, a mindennapi ®l et ben hasznglt vegyi
t ul aj do nBergngan &t kI2013). 202lben az AEndokrin Disru
adat b 8§ z ihttps://endoctinedisrujmn.org/interactivetools/tedxlist-of-potentiat

endocrinedisruptors/searchhe-tedxlist) 1482 endokrin rendsze
anyagot sorol t fel. Cltal 8noss8gban el mot
anyagok k°re ter m®s zapyhgekat is@stalnaan amelygkeg &n v e
ember ek ki vannak t ®oreetal20hb Sardicehal2dl9). A ®l et b
ter mdszetben el Rfordul -, endokrin rendsze
f ®me k ®s met al |l oi dok, s as zp&mhaibderneek® n e & 0 ¢
fito®°sztrog®nek. A mesterk@®ygeggmkebR8hlastz

mez Rgazdas§8gi gyakorl atban (peszticidek,
csomagol 8sokban (®l el miszert8rold-szdebek ok
®g®sgstl - k, tart-s2t-szerek, emul ge8l - sze
hg8ztart §si ci kkekben (hgztart8si vegysz

el ektroni kai ter m®kek, ed®nyek) ®s lgrvosi

infYzi-s tasakok ®s cs®°vek, el dobhat - k e
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anyagok, p®l d§ul -ak ftReMek®s@et eas PmM:-Hd on i
kernyezet ¢nkben, expoz2ci-juk n°veked®se
kiter mefl sz i®lsi sa t ¢zel Ranyago Pademdn&gae ¢t®s e n
al. 2021)

Az °sztrog®nki bocsgtg&s fR forr8sa a h2gtr:
Az EDCk <csoportj8n bel ¢l az ©°sztrog®nhat §s
sz8mos k8ros hat st k%t mreakeezrd&kR®sz 8d | e @)
cs®°kkenti k az i mmunrendszer hat ®konys§g§t
valamint a |l eggyakoribb negat2v hatg8s a r e
ter mPkenys®g, rendellehés vyB8gyu®si seaksel |
azonosul 8s ®s s Kigana & WadaKiygma20I5aAdeel et@li2@ly, (
MhaoutyKodja et al.2018).

A kutat8sok azt mutatj 8k, hogy a k°rnyeze
r®sze 8|1 | asz8rhmddiald®kAz | el sRdl eges forr8s
8l |l attart8sb- I sz8r maz- °sztrog®nvegy¢l e
(Hanselman et al2003, Rechsteiner et al2020). A szakirodalom szerint a szteroid
°sztrog®nek, mimt (p®) d8ak &aszPfsadi ol (E2)
szintetikus ©°sztrog®n ( EE?2)Adeelria201&)nAzt t me
Egyesg¢lt Cllamokban ®s az Eur-pai Uni - ba
meghal adj a a 83 2t0r0o k@n tt e(r Bl®,s zE£2 e®s °EB3) , a
ki bocs &oepmem atlal20(4;Adeeletal2017) . B8&r a k¢l °nbeoz
k¢l °nb2zR 811 atfaj okr aBo$ tauruk e nazzR e°ks z t A osgz®anre
mint 90% -§ t szabad ®g< abkohjug®ht -Ex2§| -&12720®jsa EK. I
for mg§jWebetml.(2011) K2na ®szakkel eti r ®s z ®n
mar haam%sgdas8g °sztrog®n ki bocs8t 8s8E2 vizsg
17-EB ®s az E1 8tl a4g,06, kbhtehtr BELEI enj2ege 1a2 €
h¥%stermel ®sre f- -kusz8l- - gazdlasgglbta-B2 A0478
azonban alig f e &uws=sdiofpatvaRy af barbmfi Gallus damescgs  (

o r ¢ | ® Kangeknan e{ aR003).

Az 81| ®kikahulvi®Pgaett t8panyagut8&np-tl &8s ko
talajv2zre ®s a felsz2zni vi zekr e, nemcsak

k®mi ai hor mons z Arnon gtealz2@08, Largdssnand etiaB009( Az
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°®sztr og®&n al effeollsyz&sn i t r 8gy 8§ v sster nagyabld wlt, k e z R
mi nt azokon a parcell 8kon, ahol a tr8gy§st
talajba juttat8sa t°bb i dRt ad a ter mRf ¢
szenny ekiRas B Migsetal.2017).

Az ©°sztrog®nek el Rfordul 8sa a mezRgazdas§
fejl RA®s ®r e

Az ©°sztrog®nszennyenze®sc sakg aaszz t° s zptrroobgl ®mac
eg®szs®gre gyakorolt hat 8sa miatt, hanem
gyakorolt h dahe®zkm & SkoczotvsRiDO0S, Fanké et al.2 01 9) . Lu ®
munkat 8rsai szteroid °gkt acag@meki &laRf ¢#odutl
A z°l ds®gekben (sal 8t a, paradi csom, t °k,
(al ma, eper, -E2 tk arsd e t@&k§ da-1Pigh. ABAZVEHO

£l el mdadsazle®kanyagokkal faeglgal KIECFA2-BZe®etr Rin
napi bevitel ®nek t eoxsi kfuesl nsRztitn tej seeLti(@¥aleln) 36, 00
2013).

Bi zonyos n°v®nyek k®pesek felsz2vni a k?°
an®l k¢l , hogy azok fejl éeRd®sekr e Ent gat 2me
fitoextrakci-nak nevezzggk. Sz8mos ol yan n°
a neh®zf ®mekhez, de sajnos kev®s inform8c

amel yek k®pesek ©°sztrog®nf e¢lthdlohoyya§arnta.s A
tesztek azt mutatj 8k, hleegina mear kulasezgrépkt ®s
j 8tszanak az °©° sz Bhe gl®10,Bail&Agharga? D11 93 §b &mbEr
Chlamydomona$ e j | Rd @IM® tE E 2(Pogogk &oFhlk2@14). Ale skenyl evel
f TQalixexiguh szint®n k®pes Fanksetat200g1®n) .f el gvwy® tJeal p&
v®gzett hidropomimk korviaz g ql®aty srem8rma ( al a
t 8pol datban vagy t8pol dattaldS8ruelndmserelriets,e nl
agyaggol y- tkhzbetsgyap kt,)| °nf ®l e n°v®nyt vi z
(Portulaca oleracep v ol t az egyetlen n°v®ny, mel y
fenol tartal m¥% veg-k2dt@neareeak20d7). k°zt ¢k a 176b

A burgonya Golanum tuberosum gy° k®r n°veked®s ®t ®s a
°sztrog®nbha)t 8§s s ( KBiahn 2O106¢ , ( M2 g Zea maypkor i ¢
pal 8nt 8i nak ne° v-akekdo@scktnt t@cimg. g&t olt a, v
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n°veked®sser kBowlin, Rk BA) . hlhikadnays § Wa@ylz e t k2 s
ki mutatt 8k, hogy szinteti kudER) megelenhek am®s z e
kukorica gy?®°ker ecCddenal.20l®)eMuan gs Agmbbadiatg i ®s (
csi cs eCitebanigtimume § et ®n az E1 ®s E2 alacsony
fokozott cs2r8z8st ®s vegetat2v n°veked®s
g8t ol ta @uarf&RoddRkIB&Erdal & Dumlupinar2011). A lencsel(ens

culinarisy es et GE2&are®ad T Okozott n°veked®st ®s j o
a kadmi um ®s &LhaoW®&ElEetjani20833.z al att (

KEZELESEK HATGSRCSYWME ¥SSZEELTELER

A foldekre kijuttatott mTtr8§gyaf ® ®ket ,

i smerik a talaj tulajdons8gait, ®s annak h
mTtr&§gys8§val p-tolni. Azonban a h2gggal§gya ¢
az °sszetevRket, mi v el a h2gtr8gya ©°sszet
féegg az §l 1l attart8gs technol -gi 8j 8t -1 ®s

kezel ®s ekt Rl (antibiotikumok, gyuik.l adg§8scs¢
A Gub- et20211) §ltal publ i kgl tanul m&ny
°szrog®nhat 8s% anyaAgxo kPastz t k°owgeRtnthea t 18 &zmaoam.y ¢
tartoz- vegy¢l et ek k®mi ai sokf ®l es®ge na
k¢l °nbeoizRaianml dszerek sz¢ks®g-egyenkntaigeanmut at
r®szl etes vizsg8lata eset®n sem | ehet eqgy
®szrev®tl en marad. Ezt a probl ®ms§t hidal
hat 8sol dalr dlszeirekg8§lmi ntim p®I d§gul a hums§n
®l es

k®szg¢lt koncentr8tumok =esetl eges hor monh:
tesztel hetR dt¥sEtSbhlhersza) takal m&§nyban ki mut

f ol

Zt Rsejt teny®szeten v®gzett vizsgs8lat,

®kony ®s szil §rd f8zisainak el vgl as

el v

y

redukci -j8hoz a foly®kony f8zisban, azaz
8l aszt 8sa kedve@®kRnhath8gdal§gyan®°asdetl®
t

bi z
| 8that -, hogy a teljes 9O%Fa rlogr®nl afity ag smeu
szil 8rd f8zisba ®®gameaghatadbailat f mé y®kion

ons8gosabb termRf°ldre juttat8sra. A
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sz8m2t8§sai alapj8n szepar Stzer h&8dbdn8lsatta or
anyagot bocs8tunk ki aAmifetaly2®lza)b et arEwltm&r
mi szerint a Bobzi8kakbzelkV8&8pad®RsEEs ®s centrif

75%-a t8§vozik az iszappal

A toxi kol - gi ailsOVI8783ssy8hdapokhak megfel el R
mikrobiotestet (MicroBioTet s | nc . , TK62 L Phytotoxkit)
vet Rmag cs2r8z8s8nak ®s a fiatal gy°%kerek
h2gtrg&gya k¢lonb°ozR m®rt ®kT h2g2t8sainak
trit®s8k®yszi kT (feh®r must 8r, kerti Zs § 72
teszt &l ®sorve®nyi magvak cs2r8z8s8nak g8t
f8ziselv8l aszt §s ne®l k¢l i h2gtr8gy§gt hasz
sz®t v8lLna§mlt6PPa k°zO°otti kontroll hoz viszony
®rtek el k°vetkez®sk®ppen a c¢cs?2r8z8sra Kk

el t8vol2tott k. M2 g ez a-gtazrmals@mbyne gyyac
(2017)yd28kogogxicit8s8nak ®rt®kel ®s®re °:
h2gtr8gya foly®kony ®s szuszpend8lIt szil
mezRgazdasg8gi c®l okra felhaszn8l n§k, ®s

sz¢ks®gess®g®ty,il v8mehyekhn nsegkel kaszan§I 1§
kock§zatGBerel s |200)®d | .

Pord8mer-e202hnul m8nya a bakt®riumkezel ®s
°sszet ®t el ®r e. Az el RzR vizsg8lathoz haso
mint §k hor monhat §s8nak m®r ®s ®r e, az °kot
phytotoxkite t al kal ma(zk wk oergiycsaz,i ktTri ti k§| ®, ol as:
must 8r, | ucerEmae)d mPnw&ny ekzkelmut atj 8k, hogy
sz8moR trerar adt a kezel ®s v®g®re is. A fitot
hogy mindegyi k n°v®ny n°veked®s®r e-ospozit?
hz2g2tgsn§gl a kontrollhoz viszony?2t-og't t °b
ser kBht ®@d$ % e r kReonrt d88rb g0R1). (

KONKLDZI &

A fenti tanul mg8nyok ®s k2s®rl etek eredm®
foly®kony frakci-j8nak elk¢l°n2zt®se, a fo
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ide8lis megol dBs kfgPaye®RgtyPdel®m gazdass8g
tov8bbi vizsg8§latok sziks®gesek ennek al §t
Az °kotoxi kol - -giai vizsg8latok c¢c®lja, hog
°kosziszt®ma eg®sz®re Kkivetl2trwrttat je§ ke dan®m?
mint8k aktu8lis toxicit8s8t ®s egy®b k8ro
mag8&ban foglalja a k°rnyezet.i mint §ban, h
er Rss®ggel k°t RAR szennyezRamk agokdRjoRtz § f
mel yben az egym8st erRs2tR, °sszebBzdkad: ®s
nNevenyi tesztek seg2tenek meghat 8rozni

mini maliz8Il ni, figyel emmel k2 s®em®n WwWesk el
val -sz2nTs®g®t vagy hat8§s8&8t, mint p®l d§ul

gyakorolt negat2zv hat §s.

RISKS OF QUALITY FOO D PRODUCTION DURING SLURRY IRRIGATION

PLUTZER JUDIT
National Public Health, Department of Public Health, Budapest

ABSTRACT

In parallel with the establishment of largeale livestock farms, a new-pyoduct, the
slurry, appeared in the agriculture. Its field use is a good solution for farming that seeks
to get rid of byproducts and it is beneficial to agricultutahdowners as it provides
nutrient replenishment. During the authorization procedures for the use of the slurry, the
nutrient content, the dissolved salts and other elements (e.g. metals) are measured, but the
authorization does not include either ecotolagical studies or the quantification of
hormonal substances. There is also little information on the effect of slurry treatment on
the above ingredients. Studies support that hormone content can be greatly reduced by
separating the sludge fraction. A diieg test (PhytoTox test) performed under laboratory
conditions facilitates the application of slurry to conscious farmers. With the knowledge
of the test results, it is possible to minimize, treat, monitor, or control adverse events such
as poor germinan and plant growth.

Keywords: endocrine disrupting chemicals, slurry, toxicology
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REZ £S CINK KEZELESEK HATCSA AZ Szl BbD
GAZDASCGI ELEMZES

CSATAI R8ZSAE BCLINT
Sz®chenyi | MeeRuyaEB@psEgm)umdesm&Enryi Kar,
V2-®s K°rnyezettudom8nyi Tansz®k, Mo

¥SSZEFOGLALCS

A b%Yza haz8nk egyi k |l egfontosabb n°v®nye,
0l egkisebb r8ford2tgssal |l egnagyobb haszi¢
megfelel R mMi nRs®gT ®s mennyi s®gT hozam el ¢

kell, a mi a his8nyz: mi kroel emek visszap-tl 8s§
®s a cinktartal m% mTtr8gy&8k bokrosod§skor
r®szl etes ¢zemgazdasg8gi vizsg8latokkal k e
ered M- ®PWnyezRire: a hozam mennyi s®g®r e ®s
el emz®sek alapj8n javasol hat - a r®z val an
meghat §rozhat a |l egnagyobb bev®telt il
d-zi snagymsalg gPaili €fz6 §3eg2ti a ter mel Rt a z

meghozatal 8ban.

Kulcsszavak:il o mbt R8§gy alazdas8gi el emz ®s

BEVEZETES £S |IRODEAKLIMTES

1. B¥%za termeszt®se Magyarorsz8gon

A b %z a az emberi s®g egyi k | egr ®gebben

al kal mazkod- k®pess®gT gabona n°v®nye. A b
kerT, fRleg Rrlem®nyei form§j8&ban t°rt®nil
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A legelterjedtebb k°z°nd®pes&b#maj ¥at - k®¢
terjedt emmedehc®Bep&t honfogl al - magyarss§g
i smeretekkel ®r kezett, Rsi magyar b%¥zaf aj
nemes?t®se MagyasoRyzE g&®Rh anl Yy8&O0

Napjankban a k°z°ns®ges25b0%zna |vlieit®shteekrt ¢8lre tae v.

Magyarorsz8lg 1m®dze - 1 h@kt 8r . A b¥za ter mc
8§l tal 8ban 5 tonna k©°r ¢l i hekt 8rank®nt, de
t er m@sdzoetttis 8§ g ali kez°tt magas si k®rtartal m¥%
Taz ®rt®kes?t ®si §rban viszont meg kell tG
Magyarorsz8gon 5,38 mil | i-bendFM\@ adatai wdtint8t t a
A bet alkera? tRovtets mennyi s®ge ingadoask®aekid
2 milli- towas8§pP§ekl veg®he@&07 milli- tonn§j
ut - bbi i dRben haz8&8nkban 5 milli.- ®s 5,6 mi

A bYWza 8ra a sgon&ganik?®apdmatgiylhagr meghat §
gazdas8g 1990. ®v -ta t®nylegesen a vil &g

gabonapiac |l egfontosabb szerepl Ri ®s az o0
Ez201%b en 1703% ®s maljGhrk bZiztat if ebeBsEE0EESI k&I
8rr-1 ®v v@®@@®mMe viketk.ededFRKt de a tRzsdei 8§r i

®s BE£T honl ap adatai szerint).

Magyarorsz8g nyitott gazdas8g, ez@®nit a ma
hogy a k¢l sR t®nyezRk 8§l tal meghat 8§rozott
sz¢iks®ges a hozamok n°vel ®se, ami ben seg?2:
i g®nyl R itnm@innyte zaRtmiiksr o el e mieikgk@ny bt e rvt e®nzRn ekke.z

ANYAG £S MEDSZER

Mi v el a haz8nkban termesztett egyi k | egj
hozam ®s a j- minRs®gT term®k el R8I 12t §s§t
Szak8021). Az intenz2ven mivelitvedstra§gy§m
nem elegendR, mTtr8gy8§z8§ssal haz8nkban jel

ker ¢l t p-tl 8sr a. A term®ser ed m®@ryte®k e®sn ek
n°vel ®se ®rdek®ben a Kkivont mi kr o alise me k
sz¢kd@®ygesRsorbani,a meRzy eks pcoizniktezsv ®vatkd Rd i tf |
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kut at 8sok Bez atlala(p0a0z, 68K &1018) . A k2s®rl et e
val amint cink mikroelem tr8gy8k haz §REgmniak
b %z a hozam8r a ®s meghat 8roz8sr a ker ¢l t a
opti m8l i s kijuttat8si i dR. A k2s®rl etein
vegy¢l etform8it has zinz8al kt §§(k024)1® 4 a lla.8. (RE.te | aBIs e k
A r®z kezel ®sek hat §8sos s &igzBetal(a2 Or2®1z) .f ui gki eczi
hat 8soss8g8t wvarianciaanal 2zi ssel |l ehet et
meghat 8roz8sa is megt®°rt®nt, amioelenhek si ker
pozit2v hat8s8t a hozamra ®s ez megadta a
sor8n figyelmet kellett ford2tani a minRs(
kem®ny2tR tartalom vizsg8l at8rmnedR Isagz okn

nehezen sz8mszer Ts2thetR az egy®bk®nt is |j
pozit2v hat8s§t bemutat - el emz®s n®l ez el
el egendR a | - mi n Rs ®get ®s a nagygesnennyi
megfelel R nyeres®get is realiz8lni, ami a
A vizsgs8l ati m-dszer annak a fR szempont
kialak2tott, hogy agr8rszakemberek sz8mS§r ¢

Szakirodal omkk@nttata&z i o KtagptaSszit al at ok al apj ¢

aapvetR tuds8st tartal maz- k° ngvTe(ke2), j el ©
k°zgazdasSmguelsonib Nérdhaus ( 198 7) , mez Rgazdas§gi
Steinhausd Langbehni Pet er s (1984) , az ezekre ®p¢l |
i smeretekeotktiarocddmam- hesl yett . Az adat ok
k2s®rl eti al apadatok Prof. Dr . Szak§gl P gl
®s az AKI I honl apj 8r -1 sz8rmaznak.

A vizsgs8l at menet ®t a k°vetkezRKk®Gmpgen ah:

mikroelemt r 8gy 8§k hasznoss8ga a b%za ter mPshoza
-korrel 8ci -sz8m2t 8ssal bi zony2that - a kaj
-varianciaanal 2zi ssel igazol hat -, hogy m
-a c¢cs°kkenR hozad®k gazdams8sgadfalkdp vted rems
féggv®ny regresszi-val t°rt®nR meghat 8ro
ki sz8m2that -
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-az 8rbev®tel ®s a k°lts®gek megad8s8val
el RzRh°z hasonl - an meghaa Smeoxihmgl-i,s ahm Db
a maxi m8lis nyeres®g.

Az el emz®sek sor8§n v®gzett sz8m2t8&sok mat

a m-dszer aMi knadl enzaezkh ada - mez Rgazdas 8gi t er me
egyszerTen el ® hetR m-don az Excel 7.0 al
szakspecifikus programcsomag al kal maz 8se

§ttekinthet Rs®get.
Gyakorl ati hatislmoogypss8§g8t mut

-megadja a mikroelem mTtr8&8gya opti m8lis
el R8I 1 2t - it
-a termel Rnek | ehet Rs®get ad az al kal ma

el d°nt ®s®re a saj 8t priorit8sainak figye
A r®z @s ka orilrekn hozamra gyakorolt menny

egy k2s®rl et el emz®s®n kereszt ¢l ker ¢l bei

2. B¥%za hozamvs8ltoz8sa r®z ®s cink mikroel

2.1. JellemzR ®rt®kek meghat 8§roz8sa a m®r f
A gazdas8§gi®uyegg8hatadtatok gyTjt®se ®s a
felhaszng8lt adatok a kutat8shoz tartoz- A
adat ai Asaj §t sz8m2t 8soko eredm®nyeit t
felt¢g¢ntet ®sr e

Azadatk a statisztikai ki ®rt®kel ®se a k°vet

-ke¢gl °on kel l el emezni a r®z ®s cink kezel(
-mindkettR el em eset®n a k®t fenol - -giai |
is

A k2s®rlet sor8n m®rt vuvaddt ok®st 8hla8z 8b b &
szeml ®l et ess®g miatt grafikusan c®l szerT

®rt ®kei t, mel yek: a sz8§mtani §tlag (tovs8hbl
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1t 8bl. §R®z kezel ®s adat ai
Table 1 Copper treatmerdata

R®z ke zle 12035 «k|g/ hakontrol Cu0,1 Cu0,3 Cu0,5 Cul0 Cu20
. 2| N jhazahtma | 29] 53] 48] 56] 48] 5.7] 58] 7] 49] 5.9] 6] 51] 5.3] 59| 49] 6] 57| 6.2] 59] 63 6.2] 57| 5.9] 68
stilag 52 53 55 56 6.0 62
sz-r18§s '(E '0; 'OE % '03 '(E
+ 4 N3 [adzamtina | 49] 53] 48] 56] 5.1] 50] 46| 55] 54| 49| 5.7] 59] 6.1] 58] 6.4] 6.3] 61| 58] 62] 5.4] 6.2] 51 5.4] 59
stifag 52 5,1 55 62 59 57
sz 1§s 0.2 [0.27) [0.35 (0.3 0.1 [0.43
R®z n®l az engaygeyss 8 ek bb®s tartoz- adat akb
koefficiens 10% al atti ®rt ®k e mut atj a, h
sokas8got alkotnak. ¢égy meg8l 1l ap2that -, hq
el tPatR8 st nem gyakoroltak, a kezel ®senk®n

haszn8lhat§:bl(8zat

Az al apadatok ®s a r®zzel megegyezR vizsg
8br8kban | 8t hat

2t 8bl:8Latnk kezel ®s adat ai
Table 2 Zinc treatment data

Ci nkkelaedi@sklg/ hakontrol Cu0,1 cuo0,3 Cu0,5 Cu10 Cu2,0
. 2| NB fhazirntna | 54| 48] 56] 47] 48] 9] 51] 52| 48] 53] 51] 52| 56] 58] 51 58] 61]59]52]67] 4962|5762
stifag 5,1 50 5,1 56 60 58
r— r— r— r— r— r—
sz 18s 0,38 0,16 0,19 0,29 054 053
+ A N3 [Bdzamivha | 54] 48] 56] 7] 53] 49] 51 55] 58] 65| 57] 67] 73] 65| 73] 6.2] 7.1] 58] 6.7] 7.4] 6.9] 58] 5.2] 6.8
stifag 5,1 52 62 68 68 62
A A A A A |
sz 1§s 0,38 0,22 043 049 050 071

Cink hat-anyag eset®n ugyanazok a meg8l |l
kezel ®senk®nti adatok jellemz®s®re a sz8mt
Ezt t8&masztja al8§8§ a sodr - -fa diabagmk? 2t t

nincs | ®nyeges k¢l °nbs®y. e@yiFk.eb®E ®B.e kE IsrXa
medi 8§n)
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Hozam t/ha - CU kezelés bokrosodas Hozam t/ha - CU kezelés viragzas
75 75

70 7.0

6,5 6,5

6,0 I
60 - X
X
55 55 jJ X
T
03 05

" &
50 «
g T 50

45 45
kezeléskg/ha 0,0 01 03 0,5 10 20 kezeléskg/ha 00 01

10 20

1. 8R®Rza:kezel ®s bokrosd»dsSRRza:kezel ®s vir §¢

Figure 1 Copper treatment when bushin§igure 2 Copper treatmerturing flowering

Hozam t/ha - 7n kezelés virdgzas Hozam t/ha - Zn kezelés bokrosodds
75 25

70

6,5

6.5

6,0

60

55 o 55
—x— o +
o
50 50
J
45 45
kezeléskg/ha 00 01 03 05 1,0 20 kezeléskgtha 0,0 oL 03 05 10 20

3. 8&b€ank kezel ®s bdkr dbE€dhkk krezel ®s vir §
Figure3 Zinc treatment when bushing Figure 4 Zinc treatment during flowerin

2.2. A kezel ®sek optim8lis nagysé€gina®g@eg
A termel ®si f¢gggv®ny 8l tal 8noss8§gban a fe

ter mdkmennyi s®g kozotti kapcsol at ot 2rja
°sszef¢sigg®seket mut at be, ez®rt szok§8s e
MezRgazdas&8gi al kal maz8s8ban |l eggyakrabbe
haszng8l | 8k, egyetlen ter mel ®si t ®nyezR h:

termel Reszk®z ter mBsn®®v-elbRematags @s@k bleinmet
cink m kroel emtr 8§gya hat 8sa akkobYzhi zlFBozd mr
termel Reszk®znek a fel haszn8l §s 8t v8l toz
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befoly8sol - t®nyezR r8ford2t8s8t 8l 1|l and-
f(Xax2, € g),wagyr ° vi dem=1H%x). = f (X

Eset ¢nkben a r ®z ®s a cink mi kr oel e me
d-zisnagys8g8nak hat8s8t szigks®ges n®zni
féggv®nyk®nt regresszi - s g°r bo®t kell il

cgef sigg®seket az adatok k°zo°ott: a hat . -t®
eredm®ny WS Intdex- reas.et ben el kel l v®gezni al
vane kapcsolat a v8ltoz-k k°z°ott, azaz kor
mutseaz8m (abszol %t ) ®rt®ke, man®EB|l k3zerebhbbe
a hat -t ®nyezR ®s az eredm®nyvs8ltoz- kozo
°sszef ¢gg®sekn®l a korrel8ci-s index mut at

a (Yi - EZ

.= [1- - (ahol y eredm®nyvs8ltoz-, y*
a(Yi'Y) yl' eredm®nyvsgltoz-k §tl a
Szakmai tapasztalatok alapj8n m8sodf ok

féggetlen v8ltoz-ja a hat-t®nyezR: az eqgyce
hozamok §8tl aga. Nor m§l i s esetben ®rv®nye:s
nagyobbh at - anyagtartalom kev®sb® Ahat ®konyo G
A maxim8lis hozam a f¢ggv®ny deriv8Iltj8na
ismutata5. ®s) 6. 8br a
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75 Hozam t/ha ATLAG -Cu 7.5 Hozam t/ha ATLAG -Cu

7,3 - e bokrosodds Polinom. (bokrosodas) —— 7.3 +— virdgzas Polinom (virdgzas)
7.1 7.1

6,9 6.9

6.7 67

6,5 6,5

6,3 6.3

6,1

6.1

5,9 5.9

5.7 57 )

5,5 5,5 e A

5.3 5.3 — -

5,1 51 4 / — -

4,9 49 41— — — -

4,7 47 I

as 4,5 kg/ha
kezel éskgmnao, 1 o3 o5 1,0

kereldx0,1 0,3 0,5 1,0

5. B8Ro®zat:ar t albm¥ rkoeszdl8@&E0Rrza ar t alvmi# SkgegBslk@s
Figure 5 Coppercontaining treatment when Figure 6 Copper treatment during

bushing flowering

A f¢sgggv®nyilleszt ®s eredm®nye:

1 rezezel ®s b oykuwoesys OFEs &, Bx +5,0(R?=0,74)

1 r&zezel ®s Wik BygFz2083¢k ¢,18x + 5,14 (R?=0,98)

£Ertel hekt®ggv®ny k®pl et ®ben a konstans tag
ezt n°veli a kezel ®s egys®g®nek hatgs8ra
m8sodf ok¥@gy gtatghat - j a a d- zi s nN®gyz et ®vel
determin8ci -s egy¢tthat - megmut atj a, hogy
meg a f¢ggR (y) v8ltoz-he®s @nh®kej mbb@h
regr es s znyazadatokhag.g v ®

A fenti ke@pGketzedl®sp b®hkr@asods8skor0D99%aer mel
virg8gz8skori termeD®P8B, fmMmpgudRey®R®E zbr os
t®nyezRk k°z°tti szoros kapcsolat al apj 8n
meghat 8§rozott k®pl ete | -I 2rja le a kezel
el emz®sekhez f elahtas z@&rs§tl @hkaetl-® s enkeegtbh 2azdh.
Ugyanezeket az el emz®seket el7v®g@szve. a8 b

mutatja):
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7.5 Hozam t/ha ATLAG -Zn 7.5 7 ozam a Zn

7,3 +— s bokiosodas Polinom. (bokrosodas) - 7.3 +— viragzas Polinom. (viragzas) -
7.1 7,1

6,9 69 / \\

6,7 6,7 / \

6,5 6,5 / \

6,3 6,3 \
61 61 /L ]
5,9 L

59
5,7 5,7 / L
5,5 5,5 / L
53 53 / |
51 51 /o I | L
4,9 49 4+ — !
4,7 47 4 — — ]
4,5 — ke/h 45 442 B2 & @ A kg/ha'

kezio o1 03 o5 kezelé30,1 0,3 0,5 1,0

7. & drnktartadaoks ka8 BEhm&:t art ad im/8 k2§ ek ®r

Figure 7. Zinc-containing treatment when Figure 8: Zinc-containing treatment in

bushing blooms
A f¢egggv®nyill eszt®st ugyan¥%gy kell v®gezn
1 cinkkezel ®s b 0ybk& § ©-0,F8 k1p46x:+ 4,94
(R?=0,88)
1 cinkkezel ®s  Wink Byg 7183k 8,Bx + 5,14
(R?=0,87)
A kapcsol atszorossggot= nlu t9a3t -b okkorrerda d§8csik-osl
Virg8gzgskori kezel ®s n®| , azaz szoros az

mennyi s®ge k°z°tt.

2.3. A bowsosod8B8gké&skori kezel ®sek °9sszev

A bYzatermeszt ®s n®I javasol hat - mi kroel e
hasonl 2tani a ke¢lonb°zR d-zis¥Ya kezel ®s ek«
virg8gz8skori hozamra gyakordelkt®bemtsi JaA!l.i s§ b
Ezzel meg8l |l ap2that-, hogymemwehyi E®g&bzza :
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¥ =-0,33x3+ 1,18x + 5,14

Y = 0,74%% + 1,75% + 5,09
R? = 0,98

6,5 R*=0,74
. m . —_—
ss — /a_/r/ﬁ’- o

s B8

0,0 0.5 1.0 15 2,0

R —— Falinam tvrdgzda)

Y= 1,435 + 3,354 5,14
R?=0,88

= m
] m

P —

¥ = -0,52x7 + 1,46x + 4,94
R*=0,87

0,0 0,5 1,0 15 2,0

B anagais

(viragzas)

9. &bHazamal akul
Figure 9:Yield formation for active

substance Cu

R®z d-
parabol a
®rt ®kt RI
der i v 8nhie8gsk8avpajlu k ,
kg/ ha
Megs8l |l ap2that -,

met szi

kezdve

tr8gyS8ra
A vizsgs8lt d-

virg§gz8g8skori

c®l j &b I
Cink d-zviso&g&8slkori
tartoz- ®rt®kt RI

azaz a ter m®s ek mennyi s®g ®t °ssze
mennyi s®ge sa8rkee zred g®yso thtanta8k ad - di k.

A termel ®si féeéggv®nyek deri vsgl §s8

el ®r ®s ®hez bokrosod8skor az 1,40kg/ ha
cinktartal m¥“ kezel ®s sz ¢ks®ges. -mdftin

el ®r ®s ®hez kevesebb mikroelem

117hez 1 egk®°® zelceshbdai)nkl,d zigd hvaa |

javasol hat -men nyiza® h®reeakn n° vel ®se

2. 4.

§s1Cu

zai skoBktn &l° r b e
eddi g

hogy a
(6,04t / ha),
vimeen ys zg¢akzsd®gs, 8§ ga

zi shokz kl°egh ° 2 ed®e brb@(za zl- 1zki gs/ig&hvaa |
l ombtr 8gy8z8senphgva®gl®Phak:

kezdve a

A im&z h@&st -aancy ag¥

Figure 10: Yield formafon for the acti

substance Zn

ko zel

bokrosod8skorit

azonosan

felette, a
ms§ |
virg8gz8skor

i s
1!

ma X i

®s k°rnyez

hozamokr a il

vizsgs8l at

kezel ®sek ©°ss
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Az el RzRek al apj8n mindk®t hat-anyag eset
a hozam mennyi s®g®nek n°vel ®s ®hez. Ugyana
gazd8l kod§8si dont ®se el R§tt emkei natlskea.| maz@ratt
§br §kkal (11. ®s 12. §br a) szeml ®l tetve
gyakorolt hatg8sa.

HOZAM-ATLAG tiha HOZAM-ATLAG tha
‘ L n | | B i

5 75

70 0

65 65

=)

o thao

43

0 01 0.3 rezsésighal.5 1 2 0 01 03 Fezéskgla 5 1 2
11. :8bitd aghozamok 1Rokr8dSteddgtkmza mok vir§g
kezel ®sek eset ®n kezel ®sek eset ®n

Figure 11:Average yields for bushing  Figure 12 Average returns for flowering

treatments treatments
Az 8br8k szint®n azt er Rs2ti k meg, hogy
tekintve a virg8gz8skori kezel ®sek kedvezRI

3.Hozan ®r t ®k ®nékzebbed8s8&8gi sz8&m2t8&sok

A bYzatermeszt ®s -t@sr ;dgehaRnl aktedveedzoRt ttsa8lgaojk

tapasztal at-mkme st2etr@mseis zh ®g)Y o m& ny ok, korszel
jell emzR Magyarorsz®@gam2ve dleamed ®sb&nr |t
egys®gnyi ter m®ket (b¥zgt) el R8I 2tani, ai
A b%zatermeszt®s ©°kon- miai §ttekint ®s ®he
sz8mbav®tel ®n t %l ezek8m@®hmniggyhiseenabbibp:
a termeszt®s megfelel R jo°vedel met biztos?2t
Rg&ford2t §edkt ®® g ®k €
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A gazdas8gos termeszt ®st |l egink8bb al ak?
®rt ®kes?2t ®si §r , gazdas 8¢ ior d°2stz8tsonkz Rls z 2 nt
hat ®konys§ga.

A b¥zat ekr°nietsszBgihse mea g ®hata a sz8mviteldi N
miatt a | egelterjedtebb, a r®szletes koIl 1t:

Az °sszes k°lts®gen bel ¢l naezm dnreyagk? letzse®

vet Rmag, a n°voeAYW®dRs@=er a (mBtr 8dya (kb.
meghat 8roz-. A m8sik |l egjelentRsebb k°Ilts
r®sz). A k°zvetlen k°lts®gek az8egyebekkel
a fennmarad- r®sz az 8ltalg8nos k°lts®g. ,
bi zonyos hat8rig a hozam is, ®s ezen ker e
gazdas8gi ®rt ®k T fajt8&k pot eSnscsiadll i ®Bs tte§ preR
visszap-tl 8ssal |l ehet kihaszn8lni, mert a

korszer T agrotechni ka al kal maz§8sa az ag

t 8mogat 8sok kompenz8l hat nak.

Crak ®s j°vedel mek

A ter mPkeke®r ta® kaepsviett®Rse nc ®1 j §b - | 811 2t) 8k
t®nyezR befoly8solja. Az ®rt®kes2t ®si §r
tiszta piaci versenk2eSkat®nal aguh&8abbaf &k
vagy sz®d gglet d ege, a v8llalkozS§8s piaci
nemzetgazdasg8gi ®s strat®gi ai meg?2t ® ®s e,
A termel sé mi®r g Wknt en a hozammennyi s®g ¢
mez Rgazdas §@®l sepkh®kKekn egys®gs8r t°bbf ®l e

szab8l yozott 8rak is |l ehetnek.

Jovedel em = iTlearmed IGBs i @k °I®Gks ®g

A pozit2v jo°vedel emaa neywartesv®d wadgye | permo fvie
egy mezRgazdas§8gi czem °sszes teljes2tm®n
mutat -t is sz8mol hatunk: nett -, brutt ., f
j°vedel mdnek maxi mal Rz le§sael Eztvalg®t nfhved
vagy c¢cs%kkenti aiegymelePdil egomi s@Geke Rt

irre8lis. A k°lts®gek cs°kkent ®se a gyakor

208



RE£Z GISNK KEZELE£SEK HATCSA AZ  SAZDRBZLASI HEZAEMCRSA,

j°vedel met ad- j + smign ResI@yri®st®dhzamme nm§fior d

techni kailag kev®ss® megval -s2that -, eset
|l eggyakrabban a r8ford2t8sok, azaz a term
jovedel emn®veked®steldle®rtnia, taemeney ®sme IG® S ®
meghal ad- m®rt ®kben n°vekszik.

A mi kroel emes knezveell BRs ehka tn8yse8rneask® gk i mut at §s
volt, hogy a b¥Wzatermeszt®s az adott ter ¢l
kezek ®8 ®1 k ¢ | is nagyon j - volt, ez®rt ebhb
r®szl etez®sre.

A bYzatermesztR gazd8l kod§8st v®gz Rk sz§i

n°vel ®se. Ehhez ter mel ®si r8ford2t8sai ke
s z § ms2zteernfis kel |, aminek alapj8n racion8li
d°nt ®s ekn®l a gazdass§8gi el Rny a ter mel ®si

r§ford2t8sokkal m®rhetR.

3.1. A kezel ®sek hat8§s8nak p®nz¢gyi el emz
A vizsg§8l atoelénR rc8®@lyj8as & emied ®s ek, mint r §f c
a hozamra p®nz®rt ®kben, azaz k°lts®g ®s §
®r dek®ben csak a |l egf ontosabbakra kel I
alkalmazni: nem egy adog zemr e vonat koznak az adat ok,
§tl agos bY¥zater med &r eet 2at eftatj)l ag®rsz a(dlath& k
szerepel a 2019. ®v, a r®z ®s cink mikroel
el ®rt hozam.

A tov§8badisak®dmint §sokn§l

-ter mel ®si ®rt ®k a hozam ®s a felv8s8rl §
forintos pontossg8ggal (50eFt/t),

-k°1lts®g a termel ®si kel ts®gek °sszess®g
ter¢l et ter melt®BRliegkod t ba®y,®t & mki°h@ebzlo2 h oz z §
kezel ®sek miatti kel ts®g: a mikroelem tr

hozamn®veked®shbRI ad-d- egy®b k°lts®gekk
A kezel ®s k°l ts®ge mi kroel em tnr§88 g y 8Rrzk &nste |
1,260 eFt/ ha, cink eset ®n 2,240 eFt/ ha
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bokrosod8skori

munk 81

a virg8§gzgskori

kelts®get

Az
3.

hat

2 gy
4

®s
ammeynangy i s ®g g e |
§bhrn8keg2t s®g®vel |

A m-dszer

regresszi

kezel ®smennyi s®g

szeml ®I

Table 3 Copper- when bushing

3.t §b| B®@izbto:ckr osod8s kar

at ok

ugyanaz,
féeggv®ny
megkaphat

S

sor 8§n a

sz8m2tott

et ess® |

kezel

kez

val

mi

ehet

®s n®lI
t°bbi
el @&sanl®| mejgenl ®evnetlkie zai kd, - zainsi

bev®t el

ehet

nt

ek

°sszelf3.9,0 WL

el v®gezni, ami

tenni

ni

a

ncs

et ,

k¢l ©n

vegyszé@idnesl®ge g at

meghat 8roz8sa
El Rny®°s,
vi zsgs8lt

b o k r-eoss odd-8zsiksorr § |

kol

t

k°lts®geket
5mut a&.] 8tk 8§ b IA8 zr&®estzkl & t b s v @tl ®lmz ®s e

@®st &

me g
d otkdhrome Il @gij ofbhbaamv ¢
ut §n

ho

®rt ®}

t SR®&zZ2atgigz8skor
Table 4:Copper- during flowering

D-zi eFt/ha eFt/ha eFt/ha D- zi eFtlha eFt/ha eFt/ha
(kg/ha) bevetekol t Jag er e (kg/ha) bev®tjek°l t d@g er e
cu00 [ 2575 | 2189 38,6 Cu0,0 | 2575 2189 38,6
Cu 0,1 262,5 219,1 434 Cuo1 252,5 219,4 33,1
Cu0,3 | 2750 219,7 55,3 Cuo03 273,8 221,2 52,6
Cu05 | 2775 220,0 57,5 Cuo0,5 307,5 223,3 84,2
Cul,0 | 3013 221,3 80,0 Cul,0 293,8 226,1 67,7
Cu20 | 3075 222,7 84,8 Cu 2,0 282,5 232,0 50,5
450 450
< <0 y=-369x2+87 2x + 2542
g %0 e g 0 =
§ 71 ®  eFUna bevétel § 77 . *  cFthabevétel
;!‘: 250 —=— eFtha koltség % 250 ° T —=— eFtha kokség
§mu e S | o eFtha hatarbevétel _?Tzun e - ) PR
% 150 eFtha hozamndvkig % 150 - EFL-‘ha -
H 5 oty
100 e Polinom. (eFtha 100 Polinom (eFtha
bevétel) T . bevétel)
50 A 50 e
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13. RB®ikbackr osod8skor 14. RB®ivai:r §gz8skor
Figure 13 Copper- when bushing Figure 14 Copper- during flowering
A r®z mikroelemes kezel ®s
®ri el itt a bev®tel maxi mum 308, 6
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a 2 kg/ha d-zis¥Y r®ztartal m¥ st®g8 gay a 8§hbal s§zzmg
84,2 eFt/t lesz. Ezzel a kezwebethgartes®me s
mint k®t szeres n°veked®st ®&r el

A r®z mikroelemes kezel ®s vir-8gz@gskosng
adj a, ittt a bR,yv®tederaxfiomuimnt3 tonn8&§nk®nt . (
az 1 kg/ha d-zis¥% r®ztartalm¥% tr8gya has
al apj 8n 67,7 eFt/t |l esz, a mi al acsonyabhb
nyeres®gn®l . Ez trmeSrrmenieRy kd°°vnett®esl®@t : a t er mel
a nyeres®gn®°vel ® a priorit§8sa. Akal, 1 kgl
nyer es®&gael 1In8R% -AsOk®zkygP®ba®l ugyanezek az
n°veked®s.

Ez r8vil §g&°%nta®sphRonzzastgayli sar kal atos probl
szerep®r e. A termel Rnek a jelenben kell m

nN°v®nytermeszt ®sben 1 ®ves el hat8roz-d§st

akkor ez ipkRE€bHebhemnagpss8gra ir8nyul. Ha ¢
a hozam n°vel ®se mel |l et ti d°nt ®s, akkor é
k°nnyebben kihaszn8l hat | a. Ezen szemponto

kg/ ha d-zis¥% kezel ®s.

5. It8&Ginkirbokr osod8sk®r. t §Gnk8wziat8gz8skor

Table 5:Zinc - when bushing Table 6 Zinc - when flowering
D-zi eFt/ha eFt/ha eFt/ha D-zi eFt/ha eFt/ha eFt/ha
(kg/ha) beve@tekel t Jagere (kgha) bev®tfekol t d@g er e
Zn 0,0 256,3 217.9] 384 Zn 0,0 256,3 2179 384
Zn0,1 250,0 2179 321 Zno0,1 260,0 218,71 41,3
Zn 0,3 255,0 218,5| 36,5 Zn 0,3 308,8 221,4] 874
Zn 0,5 278,8 219,5| 59,2 Zn 0,5 341,4 223,6] 117,7
Zn 1,0 298,8 221,2| 77,6 Zn 1,0 3375 227,2] 1103
Zn 2,0 287,5 2231 64,4 Zn 2,0 308,8 233,71 751
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Figure 15:Zinc - when bushing

€ibki bokr osod8skor 16. :€bkiwai r 8gz8skor

Figure 186 Zinc - when flowering

A cink mikroelemes kezel ®s bok+wes add s lsmr§
®r i el , ittt a bev®tel maxi mum 297, 9 eze
d°nt ®shozatal. megfontol 8sok al apj 8ns¥ g)
cinktartal m¥% tr8gya haszn8l ata. Ekkor a n)
a kezeletlen ter mes 2ts®s meyze rke@pRegset kbRa vs@tee lee

A cink mikroelemes kezel ®s vi-es8 gz &si ksonr§ |l a
el itt a bev®tel maxi mum 354,6 ezer forir
cinktartal m%“ tr8§gya haszng8l atgt jelenti,k6 ¢
nagyon kicsit t®&r el az el ®ebketf R m@tiam&lti
kezeletlen ter meszt ®ssh,e zn KeRrpeess@g eb emajt derl eem

n°veked®st

3.
A

a mi
A bev®tel
k al

al

2. A bokrosod8skori

®r el

®s

Virg8gz8gskori

k eze
®s €

mu

Virg8gzgskori
®s

mennyi s®gi

bokrosodg8skori kezel
®s

®s a

a ter mel
e k

mas a k

eredm®ny®t i s
nyeres®gek ®rt®ke®mep&k k° z
(i1l eszked®3$®rkt &kz¢okr onsu taazt )a.dat ol
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Cu BEVETEL eFtit Cu NYERESEG eFtit
m— hokrosodas C—viragzas B bokrosodas C—viragzas
e Polinom. {bokrosodés) = e Polinom (viragzas) tha = Polinam {( i)  ===e- Polinom. (viragzas)
400 140
350 120
300 == ———a
L by 100
250 1 -
80 —— T —
1m 60 — T S S,
100 | 40
50 - 20 1 H \’»
0 0
001 03 05 1 kezelés kgha 2 001 03 05 1 kezelés kgha 2

17. B®rhkezel ®s hatB&a: &R k®zel ®s hat 8§8s a
Figure 17 Impact of copper treatment  Figure 18 Impact of copper treatment

on revenue on profits

A grafikudg78pbr8&88ol ®s jL9l. ,s 20ml &lbtreat i mi nd
ke¢elkeenl ©°n el emz®sek adatainak °sszehasonl 2t

A bev®telek alakul §s8b- | | 8that -, hogy a:z
k° zhealsonl - eredm®nyt mut a2 nkhg/ hMi n@k ®td - B 6 8
|l egi nk8bb bev®@&t amlyrrvesl®geiatsdsBzol - k®t pa
el ej ®n k°zel azonos ®rt®ket vesz fel, a ma
a bokrosod8skori kezel ®st l e2r - fut mer e
|l egnagyobb d-zi sV kezel ®s n®| v8rhat -
hat - anyagtartalomng8l ®ri el a nyeres®g ma:
is kzv§gn.

¥sszebsest®g®e g8l |l ap2that -, hogy p®nzg¢ggyil e
fenol - giai f8zisban v®gzett kezel ®s hat §8s:
v8lasztja. A r®z mikroelemes kezel ®s mi nd ¢
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In BEVETEL eFtit Zn NYERESEG eFtlt
. bokrosodas C—vragzés . bokrosodas C—viragzés
= Polinom. (bokrosodas) == == Polinom (virgzas) s PolinOM. (b0 KroS0d4S) === =Polinom (virdgzas)
400 140
#0 e 120 I -
. .~ ~
300 T = e N
Ps I 100 s
e L] P ~
250 ] -~ ™,
80
’ -
200 — i I e~
60 +—*
150 - J
’
100 — 407
50 — 20
0 0
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19. €Eikk&zel ®s hat 8s0a. a8 bbream ®t kez el ®s hat §s
Figure 19 Effect of zinc treatment Figure 20:Zinc treatment effect

on income on profits

Mi ndk ®t eset-b&®In magylobkbg/cdiank hat- - anyag a
ha t8§ s

A grafikon alakul 8s8b-1 is | 8that-, hogy

is jobban n°velik a bev®tel A, bek®Rosoeddnld
virg§gz8g8skori kezel ®s k°z¢l ez ut - blk&i hoz:
virg§gz8g8skori kezel ®st l ezr . fut mer edekel
hamarabb nagyobb, ®s a maxi mum ®rt ®k i s j ¢
3. 3. R®z ®s cink kezel ®sek ©°sszevet ®se fel

A t8bl 8zatokban speaépkRssB8®d8mBzol §sadatzek
egyes mi kroel emes kezel ®s e k2 1h.a t®8ss).8t2 .a 8bberval
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f SAZDRBZLSI HEZ EMEZRAS,

BOKROSODAS  BEVETEL oFtl BOKROSODAS  NYERESEG eFtl
=réz ==k  =——Poinom {8z} = « =Polinom (cink) == =n e Polinom (Cu) =+ = Poiinom (21
400 140
350 -
300 DR e |
____.-‘E-’:..l 100
250 et Th—
L ——
8 —
200 HHIF— T T T T
60 o
150 {1 /I(-
10 Il e
50 HH 209K
0ot 03 05 1 kezelés kyha 2 0t 03 03 1 kezelés kgha 2
21. :8bRr®z ®s cink bokrosod8skori keze
Figure 21 Financial impact of copper and zinc bushirgatments
Az 8brg8kb-1 egy®rtelmien | 8tszik, hogy bec
a bev®telben, m2g a nyeres®g eset®n a r ®z
sz8m8ra az a racion8lis d°nt®st,almbagyanyneg
haszng8l at 8§t v§8lassza.
VIRAGZAS BEVETEL eFtt VIRAGZAS NYERESEG eFtit
‘ EEmé; E=onk s Polinom iEz) == Polinom (cink) ==y ==ain  ===Poinom(Cuy) == Folnom (n)
400 140
0 T Tl 0 I s
0 5 B
- o 100 z
] / -
250 | — . \
80 /| \'.
20 fHI— A \
80 +——{=
50 4HIH| , N
100 e “ B
50 AHI— 2 ]
= = | (RULEIIS | A ‘
por 03 03 1 kezslés kgha 2 0305 kezelés kgha 2
22. :8bR®z ®s cink vir8§gz8skori kezel¢

Figure 22:Financial impact of copper and zinc flowering treatments
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A virg§gz8skori kezel ®sekn®l m8r jelentRs
p ®rgzyy er edm®nkemdla®s edatk®n nagyobb ®rt ®k
l1kg/ ha d-zisig, ut 8na is jav?2t a kontroll
sz8m8ra ez azt jelenti, hogy Vvirg8gz8g8skor.i

AZ EREDMENYEK BBBIZEFORTELEKELESE

R®z ®s cink mi kroelem tr8gya eset®n a &

kezel ®sek sor8&8n is 0, 1; 0, 3, 0, 5; 1, 0;
kijuttat8sra ®s mar adoO0ekse zReviteRtl| ev® gkzoentttr &klu -
v®gzett vizsg8lataim varianciaanal 2zissel
b%zami nRs®g jell emzRi is ittt ker¢ltek ele
®vben) be |l ehet mut atnol ta tetz®d s e®s hema

vonatkoz8sait.

A hozamok mennyi s®g®nek kezel ®st RI v al
seg?2t s®g®vel meghat 8rozhat - az optim8lis
hozam. Az el emz®s eredm&nyRsi caizntk nreuStkatt®&ng k
nagyobb d-zisok a | eghat8sosabbak, a vir 8§
mint a bokrosod8skoriak.

A k®t hat-anyag k©°zg¢gl bokrosod8skori kezé
kezel ®s n®l arRitek j mslebbehemaemn® veked®st o
A termel ®s eredm®ny ®rbeekv ®t @ 2kgy iki &tdt8esloikn
sz8m2tot talnaypejr®ems ®gl mondhat -, hogy a haszo
hat 8s8r a megn®vekedett . Az keomél klead®s| ®a@Tr
®r z®kel het R, de k°zel azonos hat8s¥% r ®z ®:¢
®r t ®kek magasabbak a bHav®Poebm®ken®yi a®ghecr:
a cink hat8sa erRteljesebb Ivoad tf.enfo|t-egrinaeis

kez°otti d°nt®sn®l a vir8§gz8skori Kkijuttat
nagyobb hozamn°®velR hat 8s, a bokrosodg8sk
munkamenet . ¥sszess®g®ben a hgzam mpeEmapie
eredm®nyei al apj &n a r ®z ®s cink mi kr o

bWzatermeszt ®s n®]|
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EFFECT OF COPPER AND ZINC TREATMENTS ON WINTER WHEAT
ECONOMIC ANALYSIS

REZSA CISBTAINT SZ!LE
Sz®chenyi Il stv8n Uni ver si Dgpartmeéngof Watenand ur al

Environmental Sciences Mosonmagyar - v§8r

SUMMARY

Wheat is one of the most important crops in Hungary. In order to achieve the right
quality and quantity, the nutrient demt of the soil must be ensured, which also means
the replacement of missing microelements. This is made possible by the use of copper
and zinc fertilizers during bushing and flowering. It is then necessary to review their
impact on the yield factors ofheat production: the amount of yield and its financial
implications through detailed economic studies. Based on the analyzes, the use of copper
and zinc microelement fertilizers can be recommended and the highest yielding and
profitable material, dose amhenological phase can be determingldis will help the
producer to make the optimal decision.

Keywords: foliar fertilizer, winter wheat, economic analysis
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Giczi, Zs.- Kalocsai, R- Vona V.- S z a k § Teschnér, G- Lakatos, E. (20200R ® z
kezel ®sek hat8§sa Rszi b¥%za (Triticum aest
Acta Agronomica BZ8riensis 61, (1) 23
Szak §bchmiiRiBar k Md 8z a k § $chmidt, P. (2012Effect of copper
containing ion exchanged syntethesised zeolite ont he yield and quality parameters of

winter wheat, N°-¥6@nyt er mel ®s 61, 157
Samuelson, P. A. Nordhaus, N. D( 198 7)) : K zgazdas@sgthmngi K
Knyvkiad-, Budapest.

Szak §l2,01BXar R@&t m¥% mi kroel ektron-i eacséadu®l @
zeol it mezRgazdas§8gi felhaszn8l §sa. | n:
Tudom8nyos Napok,-1®.0:18Fe mmtvaer@®bleak® 9 naygerz&rti,
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Agr 8rtudom8nyi Szakbizotts§8g, Sz®®lseny i
£l el mi szertudombhyi Kar. 482, 448
Szak§gI12,02T.)-tetrarAinkro®ep | e ®A®s$ na at ioncser ®l t s
| ombtr 8gyak®nt t°rt®nR alkal maz8sa az Rs:
annak beltartal mi par am®t-er €i@sat £ W4 It minmsazme
tudom8nyi Multidiszciplin8ris Doktori I s Kk

SzakK.8%z (| -Kalocgi, R-Korim, T.-Szal kb, t IESz &k §0021): P.

lon exchange with coppé¢etraamine on NaA (LTA) type synthesised zeolite, Nova
Biotechnologica et Chimica 20 : 1 Paper: e886.

Steinhause, HJi Langbehn, C.i Peters, U ( 198 4) : Bevezet ®s a
czemgazdas8gtanba. MezRgazdas8gi Kiad-, B
SzTcs I(.2082¢r k. Al kal mazott statisztika. A
Budapest.

Kezponti Statisztikai Hivatal adatbg8zisai
Agr8rgazdastt@®zeKuaadatb$zisai ®s repozit - ri
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A sz er z RkAdUresy abthecatitmores:
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Sz®chenyi |l stv8n EgyetemudMenRuypizdkas8g ®s
V2-®s K°rnyezettudom8nyi Tansz®Kk

9200 Mosonmagyar -A%®r Lucsony utca 15

E mail: csatai.rozsa@sze.hu
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MEZi GAZDASCGI £S | PARI HULLADEKOK HASZNOS
SZABCLYOZCSA, KI EMELTEN AZ EU CLTAL TCI
K¥ RFORGCSOS GAZDCLKODCSRA

HORNYCK MARGEGITRECZKI FERENC
Sz®chenyi | stv8§n E@®@yefkbel mMMez&ghawmvdam8g]

Mosonmagyar - v§8tr

BEVEZETES

Ma m8r mindannyiunk 81t al megtapasztalt ¢
vele ©°sszef¢ggg®sben fell ®p R t er m@rdak,et i k
erdRt ¢zek, vill 8m8rvi zek, hurri k8nok, j ®¢

el Rf ordul 8s8nak gyakoribb8 v&8l8sa jelez.
termel ®s ®s a fogyaszt8&s jelenlegi m- dj &
erf®rr8sok t¥l zott kitermel ®s®ben ®s feld
nagym®rt ®kT kibocs8t8&s8ban | 8tj 8k, vagyis
hogy F°ld¢nk csalk agyiVvény, “dg 205%aszt ma
EgyOECDg¢l ent ®s ( OECD 2019) szerint a biomass
®s af ®mens 8sv8§nyi anyagok glob8lis f-ogyasz
hez k®p-ea} 2860at: - an megk®t szerezRdi k, m?2
hul | azdd P# ® ®-pe 27109k 0a | n®°vekszi k. Az Eur - pai L
helyzetre egy Uj gazdas§8gqgi ®s t8rsadal mi
°sszehangolt esturap®gi 8kbd( B8y EpdiapBidBstt s
mel yben mindg8l R@dmukhitel edzett s@dgaEUtasg! | al
vil 8gon el sRk®nt kl 2masemleges kontrd nenss
|l egal 8-khbl 56%°kkenti k az ¢(vegh8zhat®st okc
szinthez k®pest.
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Az eur:lmdaimemg8l |l apod8sban °sszehangolt s t
fenntarthat - nN° vekad®@9@®dfok ghjsomengatdasg@je
csel ekvMsri- geaeirvBi zotts8g 2020). Ez a- csel e
ig tort ®nRs 8nheogzv ad |-ys&nm gazdas§gi n°veked®s

nevel.i ateleh®So>nEIESs hat ®konys8&gsgt, cs°°kk
megdupl 8zza a k°rforg8sban d el hlalszd®@K i - lana
| egnagyobbkim@retr@k bkeémv 81 - mi nRs®gT (m8&sod)

Kulcsszavak:k ©r f or g8sos gazdas8g, hull ad®kgazd?sl

SZAKI RODALMI CEBEKI NT

A fenntarthat- -s8got szol g8l - k°rnyezetpoldi

Az EU k°rnyezetpolitik8j8ban az %] csele
ink8bb egy hosszabb folyamat e rBeuddte®ch vy e , 3

Bi zottslggn 1983F) el ent "K°z°%s j°vRnk"™ c2mT
eredezt gtehethR®sSAfR ¢zenet e, hogy a n°vek
°sszeoml §s8hoz vezet, ez®rt a gazdas8g f e]
sokkal i nk8bb mi nRs®gi n®°veked®sk®nt kel
gyakorolgra p@kdéasB azzal, hogy k°rnyezet't
technoél tgéSjkeszt ®s ®t , a meg¥jul - er Rf orr ¢
seg2tette

A fenntarthat - megol d8sokra t°rt®nR 8t §
k°rnyeziete®eelkemhv®si programban fidarftbdskpr i
kez?Patterm®szeti er Rf orr8sokkal ®s a hull
k®r d®seinek el Rt ®rbe hel yez®s ®t . P20 a po
kezottrai dBaabdakoz- 7. k°rnyezetv®del mi cs

c®l okat tTzott kiig, imitretl |azgte,nshodgye nn@t2ad t ha
p&8ly8ra 8ll2tja az EU gazdasg8gsgt, ®s k¢lo
elmozdulaz al acdioxdki be®s 8t §s ®at @komeyrsREPrir €S

illetve az EU arra t°rekszik, hogy teljes
n°veked®st ®s a k°rnyezet k8ros2t8st. A
ketelezeltdlst®gatr a,81 hogy <c¢cs®°kkenti a hull
dolgozza fel, hogy az fontos ®s megb2zhat -
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kiz8r-1ag YVaj ra  f el nem dolgozhat - anyagoc
megsze¢ntetiak-khkuhbad®Bl at 8§t .

Fontos dokumentuma az EU k°rnyezet.i stral
szeptember ®ben kiadott, BHBton a k°rk°r°®°s ge
sz&m8ra c.dakzlae m@njyak ashagypt alp@s Ripla,r | ame

v8l aszt8sokat k°vetRen fels&8llt, %W ©°9sszetd
A bizotts§ggi ki°tzqd ebne®ln § la k7 %&tidte |kiut at 8§ si ®s
keretprogramja, a Hori zont 2020 keret ®b e
j el ent Rs ®g @&ta,t ®kz neyrskBfgar rc®4d ®r t ®kek ®s a hul
meg¥j 2t 8§s 8t , a tnegeB L ®aimok pr gt & md ®k | @
sz¢,¢ks®gess®go®t . K¢l on kit®r a hull ad®kokk

k¢l °n®sen a tengereken k-pz REKRI hhoul lad®
mTanyaghul | ad®k, az ®l el miszePRPbel Il ad®kh, ®f

a kritikus nyersanyagok Y rafel dol goz8s§v:

2015ben az Eur - pai Bi zotts8g %% , az egy ®v
terjesztett el R. A csomag k®t fR ir®szbRI
korf or gg8dszodas 8§gra vonatkoz- wuni-s csel ekve
Bizotts§gg, 2015), -nv-adloasmitn8tsi a | fvaslkzabgkly
int®®zked®sek a term®kek teljes ®letcikI us
®l etci klusraszdk&kaszgll . A k°zl em®ny me | | ¢
szakaszaihoz hozz8rendel ve, hat 8ri dRket i
jogszab8lycsomag a tag8llamok sz8m8ra W,

Ysj rafeldol goz8§sl @sé&ny Prsakezzeh® Ww8r huzamos
ar8§ny8nak a cs°kkent ®se ®rdek®ben. A bi z

hul I-lead®&t i r 8nyel v, a hull ad®kl erak-kr | S
gy 8rt i fel el Rss®yg ad &kmd gmalzEssi§ nh wll lagpd®k gk r
g®pj §rmivekre, az elektromos ®s elektroni
el emekre ®s akkumul 8torokra vonatkoz- ir 8
A k°rforg8sos gazdasg8gr -1 r°viden

Az ipari forradabm -t a gazdas 8§ Glag giyioyadri§ rat aA kmantyl earn :
nN°veked®si mi nt a lalnekBulits lkoaleydke ke gayl kal r
gyakorl atban sajnos m®g napjainkban is §8I
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er Rf orr8sokat i aertmneerln®skz,et b&l dokl goz 7uk, m
t°bbnyire PS8srekmmelrap2tjuk. bPgy visel keo
bRs®gesen rendel kez®sre §8lln8nak, k°nnyer

hull ad®k olcs-n 8rhabmhbaharygtyhat kev®sh®. Vv
nyilv8nval -bb8&8 v8lik,-uthogy miantlai n@8trjia a2z
hat ®konyabb felhaszn8l 8s8nak, ezzel egy¢t
Ez a model |l Ki mer 2t arngmokeg¥ al m8st e k mE
hatal mas hull ad®kkezel ®si kol ts®geket oko:
Ezzelszembenlka® r f or g 8 s 0 s azpayagdsarB 8 gpamat ok ter vez
kerben zajlanak, a-osainl ehda®kz nos a k nwe®m 1a0 0%

technol - gi ai anyag8ramok kevered®s ®s mir
biol - -giai, illetve gaz##asggrgksSobogpamas@gl
a lehetR |l egtov8bb megRrzik a ter m®kek

meggsze¢egntetik a hull ad®k k®pzRd®s ®t . Ennek
| 8t hat - a kevet,ke KRr rfypaBent. v ®d 6 RIm1 Szol g8

Sz°vets®ge 2021) .

9D BANVASZAT/GYARTAS

FELDOLGOZAS

TERMEKGYARTAS
s u
KISKERESKEDO / SZOLGALATO

BIOLOGIAI TECHNOLOGIAI
ANYAGOK ANYAGOK

mmMs

Forr8s: Z°ldgazdas8§8§g 2021 KSZGYSZ
1. 8brka®:rforgg8§sos gazdas§g mTk°d®si

Figure 1: Circular economy operating model
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A k°rforg8sos gazdas8gban-iatgazdas88giyagghk
nyersanyagok el sRdl eges kiter mel ®s ®r RI §t |

Y“wi-haszn8l at , a fel %% 2t8s, az Y ragy8rt§gs
az anaerob | ebont8s, a komposzt§8l §8§s ®s a |
egy ter m®k el ®r i az ®l etci kl us8§n&ka v®g®t
gazdas8gon bel ¢l tartj8k az erRforr8sokat
|l ehessen haszn8lni. A -oklirffeodr g8sadsz gasz d@Isa&
koncepci -t a helyres8ll2t8gssal v8lmnzia fel,

m®r gezR vegyszerek haszn8l at 8§t megszg¢gnt et

bi oszf ®r §ba biztons8gosan visszaengedni , ¢
®s az ¢zl eti model |l ek tervez®s ®verteliek2 v8nj
megvsgltoztat s 8§t jelenti. l nnov§8ci - sz¢k
Sszervez®s, a t8rsadalom, a finansz2ro0z8si
ugyanakkor, hogy a linearit8s egryfear @8 o |
gazdas8gban is megmaradnak, mi vel sz¢ks®g
kel etkeznek nem hasznos2that- hull ad®kok i
Ahul |l ad®kkal, mint erRforr8ssal kapcsol at ¢

A k°erforg8sos gazdasg8ggal okk agyakaslatil at os
megval -s2t8&8s8hoz a hull ad®kokr a vonat k
egyszeris2t®s®re ®s hat®konyabb al kal maz§:
Ahul |l ad®kok kezel ®s®nek | egba®l askebbl ad@k
®s eigy@®&msyel vek hat 8l yon2&k®8&/:9 8 /hEeK yierz&rsywe IR
reviHKeamely sz8mos for mai ®s | ®nyeges tar
keretir8nyelvekhez k®peat hulTloawvdB®kdtrwal aij €l on
sz&§nd®k§te fviegwR| bmb| Ad®kad®&l oo | ¢ An anya

amel ytRI birtokosa megv§8lik, me)gv@sl naz sezg8yr
hull ad®kf ajt §k, hul |l ad®kt2pusok al apvet
hull ad®kj egyz®kbefnggalmmdk e®d ‘ajzojnda@inn t¥®z m¢
anyilv8nval - jogal kot - i sz8§nd®kkal, hog
hull ad®khasznos2t§8st, az anyagnak a | ehe;
tart s 8t . E c®lt szol g8 lk-(By-gr&tcts)Ylptve aogal o

hul | ad®k s tEBdofuVdazs t ve®@ g er °(viedveerz e E ®'¥Ay, k\kaBl a t &so z -
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8l taté@ho®tel ek meghat 8§roz§8s8val | ehet Rv®
amelyek egy m8si k termel ®s i hufldlayda®nkat lbane
kevet Ren felhaszn8l hat-ak, ®s a fel&daaszns§
hull ad®kokra vonatkoz:- szigor Ybb adminisz
ell enRrz®s, stb. terhei al |

A mel | ®kt evrorm@&kt rkeo z - a ncikka renddkezik.b z aliapgzj 8n
ir8nyel vben meghat §rneam ttte kfi enlt te@tdaRbkeakh ul ° za°
Aanyagok vagy tS&8rgyak, amelyek olyan el R§I
el sRdl eges c¢c®l ja nem ezeBsaoyafokevmgly®s §1
c®l jak®nt egy technol - gi 8ban sz¢ks®gk®pp
mel | ®kt er m®k ne k mi nRs ¢ 1|, ®s ki ker ¢l a hul
al -1, amennyi ben

- valamely el R8I 1 2t 8§8sti §&loll?ytajnBakt eslzRe,r ve

- a szok8sos i pari gyakorl att | el t®

fel haszn8l hat -,

- biztos2tott a tov8bbi felhaszn8l 8§sa
- a k°rnyezetet ®s az emberi eg®szs®ge
- tovs8bhbi haszn§l at a | otgts zteeerTm®karzea,z vnae

k°rnyezet ®s az eg®szs®g ve®del Mm®Tr e

jogszab8lyi el R2r 8snak.
A mezRgazdas8gban klasszi kus p®I d§i a mel
vagy azt k°vetRen el k¢l °n2tgathto nmSw@n yma, r ®
t8ny®r, z°l dbors-sz8r, embgyimflogyasgtiBsy)y
el adg8§sra alkal matlanng v§8lt ter m®s . De me
ist8ll - -tr8gya vagy a szaykSjs® zosAi rEhlyat v
meghat 8rozott felt®telek k°z°tto kit®tel e
anyagokat 8§talak2tsg8s n®l k¢l fel haszn8l j 8Kk
kezvetl engl tr8gy8z8sr agr m®KIinaejkj ami2n Bs g lan e
szemben hull ad®kk®nt, a hull ad®kgazd§8I| kod &

azokat , h a a v®gsR fel haszn8l §st megel R
hul |l ad®k |l er aki -ztkeanbwa kye r kil mge&kz
Az ir8nyel vwatakcmhkza azokat a felt®tel,

megszTinik a hulvlagdy®kss taSzt ussreyag vagy t 8rgy
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hull ad®knak, ed hfaglythalt g az &s shaull | ad®kk°rt ®s
El Rfelt®tel ,bbhoglhyul bad®&kr §val amel y hasznc¢

Wi rafeldolgoz8son) essen 8t, tov8bbg§ felel
- adott rendeltet ®ssel 8l tal 8nosan has
- piack®pes, illetve van r8 kereslet,
- megfelel az adototnaftklokasmA$lz@aki &®lvre
®s a term®kre vonatkoz- hats8lyos jog
- nem vesza®lkye zntyeetziet et ®s az emberi eg
Ez azt jelenti, hogy megszTnhet a kor8bhbi
pl . a hublimzdedrtloen vagy komposzt&8l - -ban kez

gy8rtanak, az el hullott 81 | atsork, thegge mei bR
verl isztet 8ll2tanak lkdmRg§bbhitts kaeh gl ymeg®ani d
sz¢ke®gtBelf ed®sek el ker | ®se @®KlIldak®bgna, at §.
1774/ 2002/ EK rendel et (URL3) hat8lya al § t
feldol gozo®st nem mPkeks Y%tj8&n el pusztult §
hul ad®kl er ak8sravaoyyl laoninmae s bti oIg-8zzemben t°
sz8nt mel |l ®kt er mBlkaekrse | @t ely®RIslzas PPk Glyi a j og
hull ad®kra vonatkoz:- jogszab8lyok rendel k¢
A konkirt®®r ikumrendszerek méegh atd§mao m&d d Rk re
mind a hull ad®ksigt kooami v®fegiezses®PheB8I yai
el j8r 8sban) el fogadott jogszabs8llyal, m®
al kal mazandf-ormg@badal ett®irt ®nhet me g . Az 2 g
tartal mazza azokat a r®szletes krit®riumol
a hulilhlad®k ks®ges hasznosel®st mTheldoblgen,
fok8ra, h cagkyb aam thewm8 bhbuil | ad ®k nak, hanem te
nyersanyag8nak tekinthetR. A biol - -giailag
komposztra ®s a ferment8lt anyagra vonat k¢
EoW Kkrit®ri umokKU krielmnod egloezt§ sEzmnban m®g nem
kéel°nb°zR minRs®gT komposztokra egyes tag

azzal a |l ehet Rs®ggel ®I ve, hogy amennyi bet
krit®riumokat, leamra Rs®gp §tvapoa@s ztaabgs8llyl el
Eur - pai Bi zotts8§got ®rtes?2teni kel l . (Mag)
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A fent ismertetett jogint®zm®nyek mell ef
gazdas8§8§g mTk°d®s ®t seg?2tR 8§ltalagrongl aen ®e
hul |l ad®k Yaj r a feldol gozg8s8nak el sRbbs®ge
§r t al2mastsl saanl szemben, ahmui 1t aad ®k v &b Bp  BR sh X
bRv2t ®s®vel ®rtek el. Ezt mutatja be az al

Legjobb alternativa

Anyagaban torténd
hasznositas

Legkevéshé jo alternativa

For:rh&d | ad®k-Bingimagesc hi a
2. 8braHul |l ad®khi erarchi a
Figure 2 Waste hierarchy

A  HKI 4 . ci kke a hul | ad@®K®ing r atr °crhti &n Re | |
alkal maz8s8t 2rja elR. EbbRI kevetkezRen
hat -s8gnak wegyar §nt a kedvezRbb kezel ®si

biztos2that - annak mTszaki megg®aqd .- SEmdlalt e
t 8mogat8§si politik8knak a kedvezRbb kezel(
°szt°n®zni ¢k. A hierarchi a al kal maz§g8s§8t -

eredm®ny el ®r ®se ®rdek®ben ki p&ZrRdl®asd@®nakk d
kezel ®s®nek 8§l tal 8nos hat 8saimz®sf i gyelf emt
AssessmenliCA)al v igdnas zt j a.

A fenti r einad eH Kkl e ze®ysye®kbe,t i tt nem r ®3$al et ez
hull ad®kr -1 sz-1t°R2VA@RY @i etCLXXENV.a magye
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Hazai helyzet k®p

A hull ad®kk®pzRd®s megel Rz®s®t a k°rforg
priorit8sk®nhulkledd®kk ec@d mRd ®@A@/re&kl®bmaeg dleR 2
int ®zked®s ek me n nnyei gseRlgR z ®® $ miehR&k®@®Ygi egyar

Mennyi s®gi megel Rz®s a hull ad®k k®pzRd®s:
mennyi s®g®nek c¢cs°kkent ®s e, mi nRs ®q i me g e |
kernyezetre, illetve enp®ark aPEsSBEKE®Ps®t Vv DI
ol yan beavatkoz8s megel Rz®snek sz8m2t, am
nevel. a termel ®si ®s szol g8l tat &s®is foly

energiafel haszng8l 8st, vuwlglya &K krkeemntyi i sa® gkEel|
A HKI el R2r 8§sainak megfelel Ren a tags8ll a
hull ad®kgazd8l kod§8si tervet ®s megel Rz®si
el fogadni uk O®Magwarehsaid§anenohkkRkalak afl eolntm@t! e
20142 020 ko zotti i dRszakra vonatkoz:- Or sz 8§
r ®sz®t Ok®p&pgRs Megel RO®I®)) Bt a ®samt ®s ®v e |
(Magyarorsz8g AKorolMRyagpPiOKR4)JR c®l ja a szg¢
®sszazdag8§gi n°veked®s ®s a hull ad®kk®pzRd
kozotti °sszef ¢gg®s megsz¢gntet ®se. Ennek
meg

- az anyagfelhaszng8l 8s cs°khgend DsROJd 8 <

megval -s2t8s8t ;
- a ter®@®kteki kl us8§nak n°vel ®s ®t ;
- a k°rnyezetre a Il ehetR |l egkisebb hat

- a Program c®l kitTz®seinek be®p2t®s®
°szt°nzR rendszerekbe.
A hull ad®kk®pzRd®s megel Rz ®@s e¥%gy |@rehevteR ces

a gys8rt-kat ol yan al apanyagok, mi NRs®g i

biztos2tj8k, hogy az anyag vagy ter m®k ®I
il letve jav2tani | ehessen, @®Ilst 2sgeyg 2kt®s ReblbR
felel Rss®g®nek kiterjeszt®se is, kiindul v:

rendszer®nek z8rtt8§8§ alak2t8sa nem csak a
kedvezR v8ltoz8§sokhoz a ketetkedBkpan 8z
egyc¢cttmTkod®se is szgigks®ges.
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vidRszakra vonatkoz: OHT ®s OMP hat §ly
®pt §v¥% strat®giaiyaor®l kukTa®®lkgazhdosd yk o ¢
forg8sos gazdas8g egyi k minta®rt®kT moc

8§n el sRdleges c¢®lI az Yjrafeldolgoz§gs
amint a hull ad®k | sBrlEBssafkkeént ®a&. §A
fejleszt®seket az eur: -pa®sufier MPBaA &L N @
i -tervben foglalt c®l kitTz®sek ®s t o\
ks®ges megval -s2tani®n R &t°FIflogFsg 8smrs§ g ae
ci szerepl Rk bevon8s8ra ®s a k°lcs®°n®s
Rdl eges c®l , hogys abulelgaydr®&k gazdgbkods
jes2t®s®t az 8llam or8§trt8bhak2scg8snsen8kol
I l enni a kialak2tg&g8sra ker¢l R kiterjes
ezet ®sr e ker ¢ R Vi sszav§glt8si rendsz
gyarorsz8g Korm8nya 2021)

Orsz8gos Megeh®z®si hFrbgd@kmk ®pzRd®s me
ir8nyvonal 8t hivatott kitTzni. A nev®v
es szektorokban megval  -s2tand- tennival
|l yekben teabhB8sbkgiadi svEkertesen cs®kkent
nyi s®g®t .

hull ad®kban | ®v R anyagok ki nyer ®s e ®s
afelkdol gesz@st oss8g¥% el eme a k°rforg8so:
8§n a hul kde®kothaamng&kaer c®l j8ra, vagy

Yy nyersanyagg8 alak2tjgk §t. Az eredm
felelR, m§ s hull ad®kt - | el k¢l °n2tett (
del kez®sreaen §iltlt8smn ,e |l essRestolrebg k¢l f°1 d°n.
KSH adatai (URLA4) szeRi0Adt9 MAgYart or sizdsk
dol gozott, teh8t anyag8ban hasznos2tot
ri ®s egy®b gazd§8l kod:- i Ffruwinlyd d3®lg,Bthvrad a |
|l alja °ssze.
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Forrgs: KSH
3. §brekaggyes hull ad®kkateg-ri 8k anyag8ban

tonnal/ ®v]
Figure 3: Quantity of waste recovered in materials of certain categories of waste

[thousand tonnes/year]

(A KSH a telepbb®sBsi®shalzl ®p®Kk®tsii s vi zs
viszont e cikk szempontij 8b- | irrelev8§ns.)
A fenti §bra alapjg&n a vizsgs§lt hul | ado@
hasznos2tott mennyi s®grseRsgy dlaar ocalzt ippoazriit :
figyel hetR meg. Annak ellen®re nRtt az ip
hogy ebben az idRszakban a k®paRderzEr°ts®
56 44 ezerre cs°kkent . A meripdRogra kRetbthezetg b a n
hull ad®kok, valamint a vesz®l|l yes0h& | k %adw®tkti
gyakorlatilag stagn8lt. A mezRgazdas8gi ®
2019ben egy ugr 8s k %endetddgezote288 z dre : t Aa®R2 0@ANn NNy
k®pest t°bb mint dupl 8 8ra, 583 ezer t/ ®v
mennyi s®ge, mik°zben az °sszes k®pzRd°tt
t/ ®vr RI 790 ezerre. Ez aalz-ad z?z2insh,| elyo ys sa
Bizottsg&8§g a tag8l-1 8mok ®®s ntagt t®l 2 eni szleRi
platformot hozohtul |l ®d®kr azv®heaetl mMoszefennt
el ®r ®s ®r e, a kor 8bbi ®l el ntibs-zle r eskzn&rkma z
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mel | ®kt er m®k e k-ak R§ lal 2ttaSksabram§ nty® r t ®n R f el ha
an®l k¢gl, hogy az ve®z®l ylkeantr m§ mPbiazt ®h 8§ gno t

EREDMENYEK A TCGPNELLEWMKERTENF VILSSZ ARELIJCRA BLKALMA
TECHNOLEGI Al HOKLERDBASZNCLCSA TEREN

A n°v®nytermeszt ®sben ®s az 8llatteny®szt
hull ad®kok ®s mel |l ®kter mPkek a ter m®szeti
kock8zata n®l k¢l 8ltal 8ban bidasBgBagos¥an

azonbara me zRgazdas8g sz8m8ra hasznos?2that- o
k®pzRdne&,pielzl8dn@:l8br8n (1 8sd 1. 8bra) ber
anyag8ramokb-1 a biol . -giai B? 8coky amat®dleb:
®s takarm8nybiztons8g ®rdek®ben fokozott

mikroelemp - t | 8sra fel haszn8l hat -, eddi g megku
egy r®sze (pl. a mikroelekgViom®ktaariabmi: h
vesz®l yes hull ad®k, ami azt jelenti, hogy
sz- | - 2012. ®vi 1CLXeXV.®kt &2t ®Ber W meghat §r
jell emzRk | egalAkiBhr e gwizl®e® gels@luyaks8d ® knre n

azonban sz-, a hasznos2t8shoz elsR | ®p®shb

kapacit8s felett a k°rnyezetv®del mi hat - s

Hul |l ad®k hasznos?t §s8hoz sz¢ks®ges enged®l|

Hul |l ad®kgazd8l kod8si enged®l| y
Egy hull ad®k fel dol goaz raud | aldi®kmgake8d ket Bs

nyilv8ntart§8shba vet el ®r RI , val ami nt |
439/2012(XIl. 29.)Korm. rendele® . A szerinti tartal mi k°ve
beny % ebetmm &®apj8§§n a hull ad®kgazd8§8l kod§8s
joger Rss® v§&lik. A k®r el met a hull ad®kg
124/2021(11l. 12)K o r m. rendel et alapj8n a megyei k
hul |l ad®kgazds&8lgknasSd8skelHatel Rt erjeszteni. (
hat - s8g illet®kess®ge a sz®khelye szerint
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Pest Megyei Kor m§nyhivat al il l et ®kess®ge
terjed ki.)
Azenge®l y i r 8§nti k®r el emnek az al 8bbiakat k
- a k®relmezR neve, sz®khel ye, tel eph
adatai-, (KT k-sd,at KSHt i kai sz8&8mjel,
ad-sz8&8m), egy®ni vVv§8llalkozma eset ®n a
- a tervezett hull ad®kgazdg8l kod§&gsi t
megnevez®se, a kezel ®si mTvel et n®I
technol -gia r®szletes | e2r 8sa;
- a hullad®k fajtsgja, t2pusa, jellege,

tonnBbhejezett ®ves hull ad®kmennyi s®
mTvelet megjel°l ®s®vel ;

a tervezett kezel ®si mTvelettel ®r i n
az al kal mazni k2vsgnt kezel ®si techno
sz¢ks®ges szeh®izpig®s 2E®Pgyady i ®sf el t ®t
eszk?°z°k, a berendez®sek ®s a j&§rmTv
mi nRs®ge ®s felszerelts®ge;

a tervezett kezel ®si mTvelettel ®rir
tel ephely c2me, h®lsyrk&jrniyegerg m®de mmk

8l 1l apot a, mi nRs®ge, felszerelts®ge,
hely t8rol §si kapacit8gssgt), a teleg
kezel ®shez haszn8l ni k2vgnt eszk®°z©°k
vagyi ndgel i, akkor e jogviszony igazol
a kezel ®s technol -gi 8j §val kapcsol at
seg®danyagok, biol -gi ai kezel ®s eset

csurgal ®ketve csapad®kv2z ©°sszegyTjt
a kezel ®s sor8n k®pzRd°tt anyag ®s
jell ege, °sszet ®t el e, fizikai megj el
m-dja, tov8bbi felhaszn8l 8si | ehetRs
a kezel ®s anyagm®r | ege;

a kezel ®si fol xamati kszempdbenR8§E®i p
a kezel ®s technol  -gi8j8nak mTszaki ®
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- a kezel ®si mTvelettel el ®r ni k2vgnt
hasznos?2t §ssal el R8I 1 2t ani k2vgnt
gy8rt8ss8vaglal vagy Hozat al §val j 8r -
gazdas8gi el Rny, haszon, tov8§bbg a |
vonatkoz- igazol 8s;

- a kezel ®si tev®kenys®g v®gz®s®hez sz

gl I - p®nz¢gyi eszk?z%k meggd ®R (karanwaoir
nyil atkozat ; a c®l tartal ®k k®pz ®s G
kernyezet v®del mi biztos2t8&8s megk®°°t ®s

- a k°rnyezetbiztons8gr a, az esetleges
el hg§r2t8&8s8ra vonatkoz- terv;

- ahull ad®k telephelyen t°rt®nR t8rol
vonatkoz- adatok, inform8ci - k;
- k¢l °nb°zR, a korm8nyrendel etben el R?

A hull ad®k hasznos? i gngsr aegiy®dnyhud!-| ald®@k gl
t ev®k eny shGgshoén & - akn®r el me z R szakirg8§ny¥ v®g:
al kal mazottj a, vagy a k°rnyezetv®del mi,
t8§j vedel mi szak®rtRi tO€lv22kKeonryns.® grreRnld eslze-tl -a
hull ad®kgazd8§é¢tkenw§sszalRk®ZLt Rir ¢ 1j ogosul t s§gg
k®sz2theti el.

A hull ad®kgazd8l kod8&8si enged®ly hats8rozot

A kezel ®sr e S8tt&realtgsh8ulgl8d d ®khoukl | ad ®kt §r ol
hul |l ad®kgazd§gIlykeokd §lsii alla®t?ets§st8m@nk ®s (Zeme
sz- | - 2(620.2K001r 4m. rendel et 9. fejezet®ben e
czemel tetni. A hull ad®kt 8§r ol - hely r ®s z |
czemel tet ®si s z2athe8niy,z aatnbiatn akze leln gredg®&l ye z ®s
a hull ad®kgazd8l kod8si hat-s8&ggal j-v§ kel

A hull ad®khasznos?2t§si t ev @kyeln yt sR&g®k gy § n
mi nt a ter mel R tev®kenys®ge sor 8n k G
246/2014(1X. 29.)Ko r m. rendel et 7. ®s 8. fejezet
munkahelyi ®s/vagy ¢zemi gyTjtRhelyet kel
| t es2t ®s®re akkor van sz¢ks®g, ha a tel e

amunkahel yi gyTjtRhel yr RI sz8IlI12t)8k el a
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gyTjtRhely iczemeltet ®s ®hez nincs sz¢ks®g
nyilv8ntart8sba v®telre. A hullad®k a mun
legf el j ebb 6 h-napig gyTjthetR, ezzel szemb

gyTjt®s i dRtartama, Vi szont naprak®sz ¢ze
egyes hull ad@®PkTjtt Rhlzy ¢mEBkmid®si ®s el |l enRr
szab8lyzatban kel regz2teni, amit a hull
Forgal omba hozatali ®s felhaszn8l 8si enge:

A hull ad®k hasznos2?t8s8val el Rg8l12tott an
p®l d8§ul a novoenytgymk®nt ®s hemr mPEn°vel R ar

ter mPket 8l 1l 2tottak el R belRI e. Ennek bi.
sz¢ks®ges el v®gezni, ®s a ter mekk®nt t°ort G
£l el mi daenlofirsdgagil alHi v(aNNE BI H) , mi nt hat §s
il l et ®kess®ggel ar¢eede®PEr2RehBRtansBggak enge
forgal maz8s8r - | ®s f e(vha)s ¥ M8 | r8esrm8dellet s ze Il R:
megfelhel Remm®sn°ketcRalngédfgor enged®l yezhe
il letve akkor haszng8l hat - k fel, ha vizsg:¢
hat §st fejtenek ki a talajra vagy a ter.|

al kal maz8s sor8n memebtk®khak Sk¢edaenRivIRayTr
®s az 8ll at eg®szs®gyg®re, ®s nem jelentene
ter mPszetterem®sHr® vel R anyag n°v®nyv®dR sze

n®ve®nyv®dR szer ek drkpped®l ykz®I®re j oygszr
(89/2004 (V. 15.)FVM rendeletffoglaltakat is.

A forgal omba hozatali ®s felhaszn8l 8si en
a36/2006(V.18)FVMr endel et 1. ®s 2. mel |l ®kl et ®ben
adabkat, dokumentumokat kell megadni a NE£BI

- A term®sn°vel R anyag kereskedel mi ne

- A term®sn®°vel R anyag t?2pusa, az 1. S
mTtr8gya, szerves-viagygwynad,yvoeohykpmsiit, o

- Gy8rt- ®d®lay jemgosultj8nak neve, c2m
gy8rt8&8s helysz2ne, b®r gy 8rt 8s eset ®i
sz8mjele;

- A k®rel mezR neve, c2me ®s statisztik
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A k®sz2t m®ny teljes °%9sszet ®tele, a
anyagok megnevez®se ®s koncentr8gci - j
®s koncentr8ci - -ja;

A gy8rt- 8ltal szavatolt minRs®gi | e
A gy8rt- 8ltal megadotatl kfagd Imaagfzn§ld§ «
k®sz2t m®ny hat 88§smechani zmusa;
TTzvesz®l yess®gi oszt§lyba sorol §s;
A gys8rt- 8ltal megadott t&8rol 8si ®s
A gys8rt.: §l1tal forgal mazni k2vgnt ki
anyaga, c2mketerv;

A ter nl®s n&ivkedrge | me z R §ilvt8amt ame of aadsazt8tma
sz8mjegyi g;

Ha a term®sn°vel R anyag a vesz®l yes
szab8lyzatok hat8lya al 8§ esik, a ter
B&8ny8szott t er mPk e kmed sResti®nmTas zfadli t &rz

j -v8hagyg8s8r- -1 sz-I- b8&8nyafel ¢igyel et
A term®sn°vel R anyag gy8rt8&8stechnol
A k®rel emhez mell ®kel endR dokumentum
0 A k®sz2t m®ny vVvizsg8lati eredm®nye
0 A k®sz2t m®ny biztons8g8gradatsdza:plj
t°rv®ny el R2r8sai szerint;
o A k¢l ©°n jogszab8ly szerint koc
ter m®sn°vel R anyagok eset ®n an

visel kednek a kock8zatos anyagok
vannak a felsz2zn alatti vizekre;
o K¢l °nbrfelRl,®kal et ben r®szl etezett n
o Hull ad®kok feldolgoz8sa eset®n a
o Cllati eredet T mel | ®kt er m®k e k
8l |l ateg®szs®g¢igyi hat - s8g enged®l
o Telepenged®l y;
o A kz2s®rleti enged®ly m8sol at a.

Azengel ®1l y i r8nti k®rel emmel egy¢tt benyVjte

azF VM

rendel et r2®@s sldatl demit ®R&t ev@agy mel | ®Kkt e
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term®sn®°vel R anyagok eset®n az enged®l| yez
mi nRs®g®t RI f ,ggR tov8bbi vizsgg8latokat i :
Term®sn°vel R anyag ki z8r -1l ag az enged®l ybce

Egy®b enged®l yek

Mind a vesz@lsy®3 y@s mam!| ad®mdk rBgyangy3r §
rakt 8§rtogi8clagtseal epekh§eed®ley tev®kenys®gek I
tel epenged®ly, illetve a telep | ®t es?2t®s®n
®s egyes szolgs8ltat- tev®kenys®gekr RI , Vi
bej el eny ®isr sBE/RAMFHN. R7:)Korm.rendeleb | apj §n. A tel epe
telep fekv®se szerint iAljee®Kkz2R adelepegp &8
k®relem el b2r 8l 8sa sor8n k°teles meggyRzF
ilet ve annak hi 8ny8ban az ®p2tett k°rnyezet

LXXVI11. t°rv®ny 18. A (2) bekezd®se szer
tev®kenys®g v®gezhetR

A kernyezetv®del mi enged®l| yle%ted Ihas,z n 8il |
enged®l yk°teles tev®kenys®gek k°r ®be sorol
az enged®d ykz®esp&pnet.i hat 8svizsg8l ati ®s
enged®l yez®si e | j (XIlt. 85s)Korml. rersladetbéroglaltald skerir 0 0 5 .
kel l el j8rni. Ebben az eseAb&k®r el amse sizpg
kezigazgat8si el j8r8st az illet®kesAzk®°rny

el j8r8s ®s az annak v®g®n kia da@tde s 2etng@ndy®,|
a tev®kenys®g a korm8nyrendel et meil®&s mel |
bi zonyos felt ®t édlae k3 .f esnzng8m¥ 8mseal | eRskel teRnb e n
tev®kenys®g khephpeed®s ®BPdaslzipik s@®gged®Ilayni t K

hat 8svizsgs8latnak kel megel Rzniegy sA®g2x.s s
kornyezethaszn§laatiszehg®g®| ySrzéd nt ®n egy s ®c¢
enged®ly kell, ha azl ®t e @Y% a®ady |/ @dedvEBtk e enry s
szerepel ®s a k°rnyezethaszn8l: - ©°9sszevont
Haanenvesz®l yes hull ad®kot hasznos?2t - t el e
®rt ®ket , akkor a Xke®Kenms®geadaglldde2®05sz
107. pontja al g8 tartozi k, ez®rt el Rzetes
hat - s8g el Rzetes vizsg8l atban hozott de
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hat 8svizsgg8l at v®gz®s®re is. M®r et megk°t ®

fel sorolt vesz®l yes hull ad®kot hasznos?2t -
A hull ad®kkezel ®si tev®kenys®gek enged®]|
ki bocs§&8t §si hat 8r ®r t ®keket kel meghat 8ro

czemel t@tt ®lsek frmeélt] et t a kibocs8t&sok nem
vonate&lo&r-het R | e g(BestbAbailablee Tethniquds eaBATeferencia
dokumentumban( URL5) meghat 8rozott | egjobb techr
szinteket. A vhounlaltakdo®k-kaenz ejle®@sernel eg albman Eur - p
kiadot't 2018/ 1147 v®grehajtsgsi hat 8rozatt
BREF dokume n tABAT-k&rweBtnkyeezst.et ®s ek a 2010/ 75/
|l efedett hul | aRk®kngyasz®g8el kk ojdeSlseinttResv r ®s z ®r e
vonatkoznak a hull ad®kl erak§8sr a, a hull ad
k¢l on BREF ker¢glt ki ad§8sriaannakl eregks&simar
miatt i ni ncs BREF. ) odfutl§sad @kled ®nn aesk®p ygeist !
hul |l ad®kn§gl 1W0e st zo@&lnyad sn alpy | Inaed®k n § | 75 tonn
Az | ED ir8nyelv-talgRBaddjaanokhongy!| &®v REUa v ®g
®rintett hull ad®kkezel R ¢( ®omai rhed ¢d , K Vagng®
augusztus ¥ g meg kel I -K %V etl eli p&n yae KBrAeTk . A v®gr
hat 8l yba | ®p ®s ®t k°ovet R Yj enged®l yez®si
figyelembe kellett venni.
Az el ®rhetR | egj algls 8§n &t h AXIERE Kdred GdbhdetetS r o
9. sz8m¥% mel |l ®kl et e szerint k¢l °on2sen a k€
- kev®s hull ad®kot termel R technol -gi a
- kev®sb® vesz®l yes anyagok haszn§8l at a;
- a folyamatban keltet&rwydg otks ¥jerlahhaasszznng

hul |l ad®kok % rafeldolgoz8s8nak el Rsec

- alternat?2y czemel tet ®si folyamat ok,
amel yeket sikerrel pr-b8ltak ki i pari
- a miszaki fejl Rd®sben ®s felfog8sban
- avonatkoz- kibocs8t8sok term®szete, h
- az Y, illetve a megl ® R | ®t es2t m®nye
- az el ®hetR | egjobb technika bevezet
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- a folyamatban felhaszn8lt nyegasa®y agc
jell emzRi ®s a folyamat energi ahat ®kc

- annak iig®nye, hogy a kibocs8t8sok kb¢°
kock8§zatgt a minim8lisra cs°kkents®Kk

- annak ig®nye, hogy megel Rzz®k a bal e:

ezekk °rnyezetre gyakorolt hat8s8t ;

- a magyar kernyezetv®del mi k°ezigazgat
szervezetek 8ltal k°zz®tett inform8§ci
tag8llamok ®s az ®rintett ipar8gak k¢
kapc s ol - d - monitoringr | ®s a fejl Rd®s

Bizotts8g 8ltal k°zz®tett tapasztalat

Esszenci 8lis mikroelemek jelent Rs®ge
J - mi nRs®gT ®s megfelel R hozam% mezRgazde

al apvetR fejydalk®t mégf al enn°Ry, ®nhar moni kus t 8pa

nemcsak a |l egfontosabhb makr o t 8pel emek (
i g®nyei hez igaz2tott mi kr oel emek megfel el
kutat8sok a SZB®s Mei®gtadidam8mgy i Kar §8n Dr .
vezet ®s ®vemi ka®nt ||, ethowtgynagy tisztas8g¥% ip
ter m®sn°vel R anyagok, N venyv®dR szerek

kifejleszt ®s ®r e hasznlk&d mfigr ggirs48 ¢ pd g @reywd i
cs°kkentve a hul | ad®k ok el hel yez®s ®b RI
energiahat ®Koncy®&l§gohogy ezek r ®v ®n j avul
®l el mi s z e rSezka kn8il(20B83tGlagebt al.(2021).

A mikroelemek a n°v®nyekben c¢csak csek®l:

ell en®re a n°voe®nyi ®l et fol yamatokban bet?©
vagy felesleg¢k biok®mi ai v8ltoz8sokat okc
esszenc 81 i s mi kroel emek t°bbs®g¢kben f®mi ono

j el enSRa®@g {§AW)LS zaalk.§ I( 2012131 . nyom8n az al 8bl
be.

Ar®z @aCwmPve®enyekbead mgkylsmpmesangi 2®gben f or
speci feitkwmasni ®lhat §s 8§t a szakirodalom kis i

v8l toz: vegy®rt ®k®vel ®s kompl exk®pzR
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al kot -r®szek®nt r ®s zt vesz az elektrontr e
szerepet j 8t sziik @s fadomritpdszdmeg ®f ol yamat &
felv®etele k®t v¥gyf®rn @K|jT§ bkaant i wangy( Cuzer v e s
t °© r tSezna kk8 | (2082) Gica kt.al.(2020).A t al aj okban a humin
fulv-savakkal al Kdthattt- .kompl exekben tal

R®zhi 8ny k°vetkezt®ben a n°v®nyek n°veke

v8l nak, kl orotikusak | esznek. A hi8nytg¢ne
Gabonaf ® ®kn®l a r®zhi88ny a Il evelenkifeh
Af eh®rkal §sz%s8§go. A r®zhi8nikbetvel | bmmEB ¥y
val amint a | ®ha szemek r®szar §ny8nak ne v

Gabonaf ® ®kr e -tj éerl d tearkz BRl. § t&baht8-Bkn ya
A r®z p-tl8santRet®ahetl a(makapel em tr 8§
s-k, kel 8tok), illetve |l ev®l tr8gy8z8s for:i

For rA8 sMi kr oel emek N° v ®hPDF (Scpld.8omE s i Jel ent Rs®ge
4. 8lberlal:egzettesnert@Zhig&rbynaf ®1 ®k en

Figure 4: Typical copper deficiency symptoms in cereals

Acink (Zn) j el ent Rs enzi mal kot - r ®sz ®s enzim
anyagcser ®benn°®&se ke d®ss@map&k yoz8s8&ban. A n

(Zn?) il letve kel ati z§I1t form8&8ban veszik
n°venyekben 25 ®s 150 mg/ kg sza. Az 811 oms§
ha a | ev®l sz®° wglkgsz.ialatkvnar t al ma 20
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Cinkhi 8ny eset®n a felsR levelek ®rk°zi Kk
tapasztal hat - . A | evelek apr-k maradnak,
torzul 8s, valamint t°rpehisg@gB8ytagkisRBagr ifc gIy:e
a legszembet TnRbb.

For rA8 sMi kroel emek N°v®nyt S 8pl 8l §8sii Jel ent Rs®ge | P D
5. 8lbllegaetes i nk Hichrex ek a kukoric8gn

Figure 5 Typical zinc deficiency symptoms in maize

Jellegzetegneti ek hb 8nghtABhkhia8zny k°vetkezt ®

n°veked®se visszafogott8 v8lik, az 2zk°z®°
fenol - gi ai f8zisra jellemzR n°v®nymagass:¢
l evel eken a k°z®p®r mellab8bys i g8&®k| ot diall
alakulnak ki . Tart-s hi8ny eset®n a | ev®l
eg®szen fiatal l evelek is jellegzetes hi 8§
sz2nTek lesznek. Ezt ka jneelveerzsz®gket Ar ¢gyf el

Kr-nikus cinkhi8ny eset®n a vir8§gk®pzRd®s
®s ter mBsk®pz ®si zavarok ko°viakeizs ®behkleel

hekt 8ronk®ntii ter mPsmennyi s®g. ®5 e&ibnk megn
orvosol hat -, azonban gyakor | ati szempo
talajvizsg8latokon alapul - -ResgdleRBOLINTSIgYE
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egyar 8§nt megol dhat - . Az al kal maz$sakt - -langa
kel °Rblampl ex vegye¢l et eMatusietab(208). es s k8§81 8§n n
A vas (Fe) a nNevenyi | ®gz ®s ben, anyagcser ®ber

feh®rjek®pzR folyamatokban n®l k¢l °zhetetl ¢
|l evel eiben, al®bemt ¢ atl ¢ hla®k .k Szerepe a k.
egy®b vastartal m¥% enedmé&kbes &Q®pas s®giRHS ali
vas a-t®sk @t§r om vegy®r BK)T, kvaali eomikmdtntk o nfpel e x
form8j8ban iaze®pas [ e3fverkBd bf alzv Fteel e dom
mennyi s®ge a k¢l °nb°2®ROnmMyPhyisz®sz@Kktb@ke K

A vashi8ny jellem@R S§hnateit mutatja be a

For rA8 sMi kroel emek N°v®nyt&pl 81 8si Jel ent Rs®ge | PD
6. 8lberlal:e gz e ttessn evtaeskh igg8anbyonaf ® ®k, kukoric

Figure 6 Typical iron deficiency symptoms in cereals, marapeseed, grapes

Vashi 8§8ny eset®n a n°v®ny klorofiltartal me
A hi8ny jellegzetes t¢nete a klor-zis. A
m2g az erek z°ldek maradna&nt iEglysv®kdeXklc

jelentkezi k. S%W yos hi8ny eset®n a | evel ek
sem k¢l °ngl el a |l ev®l |l emez t°bbi F®s z ®n e |
hajt8sel hal §s, val amint kuwl haz RIKRin®| mebloyg y
termBPsvesztes®ghez vezethet. A vashi 8nyr s

k¢l °onosen ®rzRk@syk&vePttEgyazEasal egyar
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Nagytisztas8g¥% technol - gi ai -ph-utllh8sdb®k ok h a:
Al apvet Ren a hul |l ad®jle2g vM®@dndeRtl szesnt 06 - 72
fRcsoportban, a szervetlen k®miai folyama:

azok a nagytcinks®est/avsa8ggy¥s vra®zt art al m¥% t echnol

m8sodnyersanyagk®nt haszng8l hat - k f el me z
vegy¢letek (k®sz2tm®nyek) el R8I 12t8s8n§gl
aternRt al aj esszevrhcii88nlyias, mm8ksrroBeslze¢m a n°v®ny

kozvetl en kijuttat 8ss aihk, mée § $§ 2¢ n e tvhaesthR e8kn
termeszt ®si probl ®m8k, ez8&ltal n°vel hetR a
A ke®ny ek -ki®@miiakiai Yt on t°rt®nR el R8I I 2
nagytisztas8§g¥% techhdpugokbtvmeatz@®@t ybehabkl
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1. t 8bl: Blikreetemt ar t al m¥%s k®sz2t m®nyek

vesz®l yetsthpud 9 eakd ®k

Tablel: Types of hazardous waste for the production of microelements

HAK k- Megnevez®s

01 03 07* F®mt artal m“ 8sv8nyok fizikai
vesz®l yes anyagokat tartal maz

06 01 01~ K®nsav ®s kwuilketsesinktartalomnzal)

06 01 02* S - s a v, vak ille®ve cinktartalommal)

06 01 04* Foszfor sav ®s- vasdllstzetiokiartakwrsnaaly ( r

06 01 05* Sal ®t r omsav ®s- wsilet@tcinktartatosiread) v

06 02 01* Kalcium-hidroxid ( r -@as illetve cinktartalommal)

06 02 03* Amm- nihu mr o %, vad illetve @nktartalommal)

06 02 04* Ngt r-®s mk $li idu m x, vad illefve @nktartalommal)

06 02 05* Egy ®b | vagilletve ci®ktartalommal)

06 03 13* Neh®zf ®meket tartal mazvasiletve | §
cink-tartalommal)

06 03 15* Neh®zf ®meket t ar-tvadileteez - f ®mo x
cinktartalommal)

06 06 02* Vesz®l yes szul fidvegyg¢l easidekve t
cink-taralommal)

11 01 05* Reve el t 8vol 2t §sv8srillatve ltirksarzalorgnhak)

1101 07* P8col 8§sr a h-awiletglcibktaftaltommal) r ® z

11 01 08* Foszf8toz8sb- I sz8rmaz- iszap

12 01 14* Vesz®l yes anyagarkagtmutnkr§tl s8lsmasz
i s z a{ vag iltet®ezcinktartalommal)

16 03 03* Vesz®l yes anyagokat tar-tvad maz
illetve cinktartalommal)

16 05 07* Haszng8l atb-|I kivont, vesz®l ye
szennyezett zer vet | en -wasgligtee ziektaalomnial)

ACkompl ex term®kcsal §d
A k¢l onb°zR nov®enyi fajoknak ®s

ez®rt a
kompl exe

t 8panyag

el R§I |

fajts8g8kna

n°v®nytermeszt®si c¢c®l okra al kal ma:c
k k¢lonb°zR koncentr8ci it tart al
(vinasz) hozz8ad§s8val -KBmplexagy c
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kial ak2tgsgval v8l nak a mezRgazdas8gban |
A stabilszachar -z komplex kialakul §s§t kar bami
fizikai-k ® mi a i m-dszerekkelmTelr Bglylsktkat t dimtisR it @ ¢ It

kijuttat8sa k°zvetl eng¢l a n°v®nyek felg¢ le
n°viRolt Y%ur §nk®nt v8ltoz- mennyis®gT cukor
jobb megk°t Rd®s®t is szolgg8lja, emedlett
tartalma.

A k®sz2tm®nyhez felhaszngl't vinasz szint
mennyi s®ghben kel etkezik a szeszipatc ferr

al kohol nak/ bioetanolnak a cukortartal m¥% (

izocukor), kem®ny?2tRtartal m¥“w (kukorica,
I i gnoctedrltuad-maa g o k , mi nt alapanyagok fe
el R§l 1l 2t8sakor. A vinasz jellemzRje a nag

21% feh®rjetartal o @®Psp alaifafem.remlt Rs szerves

A Nemzet.i £-b e £ moHivat® bl ? ByR Wlalaf ®s Agr 8r-k°r nye
v®del mi | gaz gtaetr-ns®sgn° §lel &1 aayagok enged®l
forgal mazgs 8r - Is z®3b6/200&(V. L&) EVMrehdelets ISap jl 8n ki ad
forgal omba hozatali ®safehel bheek 8B Elelkvl R

Ckomplex term@lcs kKIRSE2t m®nyei vil 8gosbarr
vinasz szag¥% folyad®kok, ®s a k°vetkezR ke
- C-komplex Universal A;
- C-komplex Universal B;
- Ckompl e xo skoakl,8 snzapr aforg- ;
- Ckomplex Keresztesvir8g¥wak, pillang:- s
- C-komplex Bio;
- C-komplex Kukorica.
Az egyes term®kek felhaszng§l 8si jell emzF

al 8bbiak szerint 2rja el R az enged®l| y.

C-komplex Universah

Val amenny?1 dsz8®s$ - fker tI®swv@lttir § 4% 4/ifas &r a
mennyi s®gben, toesgf 6P m®hb h s ®g,be n % a teny®s
al kal ommal, a gy8rt:- szaktan8csad8sa szer.

244



HORNYCKi PETRE CZKI F.

Javasolt kezel ®si i dRpont ok:

kal 8szos nPol®myseskd®BY w®g®n, majd a kal
kukor i-gleveldsimajdd 2 | evel es 8l 1l apotban,
pillang-s n°v®nyekben az intenz?2v veg:t
virg8§gzgs el Rtt,

ol aj os magv¥% n°ve®nyelnGi®td e Ps|[®ktza ® k v
m8&rciusban) valamint a bimb-s 8l1lapot
z°|l d®®gd2szn®°v®nyekbem &h®kek®sth@mht @é t3
k®sRbb, de | egk®sRbb bimb-s 8l apothban
gyémel cs ®s szRIR ¢l tetv®ndy enk@tetne la, | neavj
4 k®ttk®sRbb, de | egk®sRbb a vir8§gk®pzF

C-komplex UniversaB
Gabonaf ® ®k, ol ajos nolven®lekr § 430SHNEE@ Sz eat
mennyi s®gben, osegPeal®ngb®gbed, %a teny®szidl

a gy8rt:- szaktan8csad8sa szerint Kkijuttat\

Javasolt kezel ®si i dRpontok:

kal 8szo0s n°v®nyekn®l a bokrosod8s v®gRe
kukor i-glévele,imadd 2 | evel es 8l 1l apotban,

ol ajos magv% n°v®nyelbn@Gl®td ekel( ®Rstzi k v
m8rciusban) valamint a bimb-s 8l1lapot
Zz°l ds®g ®s d2szn°v®eMy ekt e redl ah Gneal j &ls t3k ® 8
de | egk®sRBRbBIl bamot ban,

gyémelcs ®s szRIR ¢l tetv®ndy enk@tetne la, | neavj
4 h®ttel k®sRbb, de | egk®sRbb a virggk

Ckompl ex Kal 8szosok, napraforg-

kal §8szosl edW®I®INy#ERWE 2 §h&r ane n n b B2®g b e n ,

0s t°m®nys®gben, a teny®szidRszak al at
®s kal 8szol 8s kezdet®n (s°r8rpa eset ®n
naprafev@ltr 892y08 zI8/slBa amennyi s ®g-bse n, | €
t°menys®gben, laatttenk®ts zRIdRaskakmal 81 6 ap
a vir8gz8st megel RzR i dRszakban ki jutt
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Ckompl ex Keresztesvirg8gw%ak, pillang:-sok
- keresztesvilregvg@t tnrog@MSyteEKh &r mennyi s®gbe
02 %0s t°m®nys®gben, a teny®szi dRszak

kevet-Reh®6tt el (Rszi vet ®s Tekn®l m8r ci
kezdet ®i g,

- pill ang- svilreSvyg® tnr° g8y teK$ & rbancleyieljpbbs ® g
02%0s t°m®nys®gben, az intenz2v vegeta
virg8§gzgs el Rtt kijuttatva.

C-komplex Bio
Val amennyi sz8nt - fol dil ev@&l t k@g-R®BBEEeErH a |
mennyi s®gben, oseg P ®Pnegb®gbed, a teny®szi dl
a gy8rt:- szaktan8csad8sa szerint Kkijuttat:\
Javasolt kezel ®si i dRpont ok:
- kal 8szos n°v®nyekn®l a bokrosod8s v®gR®@
- kukor i-glévelesIimadd 2 | evel es 8l 1l apotban,
- olajos magv¥% n°v®nyelnGi®td ekel  ®stzi k v
m8&r ciusban) valamint a bimb-s §l1lapot
- 291 ds®g ®s d2szn°v®Ay ekt & redl a,h &nead j @lls t3k ® 8
de | egk®sBRbBIlI bamot ban,
- gyeémPlcs ®s szRIR ¢l tetv®ndy enk@tetne la, | neavj
4 h®ttel k®sRbb, de |l egk®sRbb a virsggk

C-komplex Kukorica

Kukorica | ev®l tr §g-2g 8z 8IsBh a mennyi s®ghbeos, | ec
t °menys ®gdbet eny®s zi dRs z ak-8 walamint t812 Ke®eles a |l k a |
8l |l apotban.

Ckomplex term®kcsal 8§d felhaszn8l 8§s8ra vo
forgalomba hozatali ®s felhaszn8l 8si engec
A k®sz2t m®ny bep®helBs®s ve®gy®brovar ok v ®de
i dRszakban nem al kal mazhat ! Virggz:- gy

al kal mazhat !
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Til os a k®sz2t m®nyt , fel nem haszn§gl
csomagol - burkol at 8t f clokblbhbat 8§8lolz- kibaek e,
Bi oszf ®r a rezervs8tumokban, fokozottan v
Ter mRszet v®del mi ter¢l eteken, nemzet.i par
az illet®kes term®szet v®edeltmit hkaegzelkR .el Rz ¢
A v2zi szervezetek v®del me ®s a Vv2zminRs(/

az -®BIsl foly-vizek paerst jt88tv-oll ss§zgSomm? thoetlts |15 0t Sm

¥SSZEFOGLALCS

Az Eur - pai Uni - kernyezet v®del mi pol iti k.
er Rf orr 8sok v ®d edioriak i bao cgsa8zt dS8ass88nga ks zd®&na s z t i kK
versenyk®pess®g®nek n°vel ®se, a k°rnyezet
nemut ol s - sor ban az ember ek eg®szs®g®nek,
j egy®ben k®szg¢lt az el m¥%l t ®vben el fogadc
csel ekv®si _Klermas eamelgysat®g t BORO megval - s2
gazdas8gissetvdlkad® z hozz8j 8rul-fnal, h aassmenl8y §
hat ®konys8gs8t, cs°kkenti a nyersanyagfog:
fel haszn§8lt anyagohular8d®lgh .| r®skbbatR |
kinyert kiv§gl -nyemsanyalgg@®g T ( m§sod)

A k°rforg8§sos gazdas8g innovat?2v gyS8rt§8si
egyi k, haz8nkban ms§r megval -s2tott fornm
feldol pon8s®nyter meezm®sbewnel R anyagk®nt
k ®s zentyn® Az erre vVtriSnegdie k -ktua aft Blsyod®@sk® a S.
£l el mi szertudom8nyi Kar &8n Prof. Dr . Szak.
reviden mizk®nhoglyehet nagy tisztas8g¥% ipa
ter m®dsn°vek R rRhYw@mgy v®dR szerek ®s azok
kifejleszt ®s®r e hasznl@Imfigr ggyw%t t@d z drmes §fg
cs°kkentve a hul | ad®k ok el hel yez®s ®b RI

energiahat ®konys8§gotc ®epynschaky aazmeal &p me t

®l el mi szerek mi nRs®g®nek jav2tgsa.
Ez a ci kkN°wy QN§ld sl Agr §r-k®d emlymizet gazgat - s
term®sn®vel R anyagok enged®l yez®s®r RI , t &
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s z - B6/2006.(V.18.)FVM rendelet al apj 8§n f &«i g@alod mb a hozat
felhaszn8l 8si enged®ly felhaszn8l §s8val b ¢
- aCGkomplex term®kcsal §8dot, annak el R8I I
- szab8l yoz§gsi szempontb-| pedig azt, h
el R§lott term®sn°vel R anyag mi k®ppen ®r

LEGAL REGULATION OF THE RECOVERY OF AGRICULTURAL AND
INDUSTRIAL WASTE, ESPECIALLY FOR EU -SUPPORTED CIRCULAR
FARMING

MARGI T HORNE®RKENC PETRECZKI
Sz®chenyi Il stv8§n S§g@®@yefbkbel MmMez&gaaradamsn)
Mosonmagyar - v§8tr

SUMMARY

The European Union's environmental policy is characterized by the need for
sustainability, the protection of natural resources, the drastic reduction of the economy's
carbon dioxide emissions artle increase in its competitiveness, the protection of the
environment from various pressures and, last but not least, the protection of human health
and weltbeing. To this end, a new action plan for the circular economy, adopted last year,
aims to contfiute to economic neutrality by 2050 through economic growth that
increases resource efficiency, reduces raw material consumption and doubles the
proportion of materials used in the cycle, in part with the highest possible (second) raw
material extracted ém the waste as much as possible.

The circular economy strives to use innovative production technologies, one of the
forms of which has already been implemented in Hungary is the processing of inorganic
chemical waste into a product that can be used as aig@ehsing substance in crop
production. Research on this has been going on for decades under the leadership of Prof.
Dr. P81 Szak8l at the Faculty of Agricult
University. In short, research focuses on how pghty industrial waste canebused to
develop new compounds, crop enhancers, plant protection products and their application

methods, while meet withs the needs of the circular economy, reducing waste disposal
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problems and increasing energy efficiency, however, the original aimngtove the
quality of the food produced.
This article is based on Act No. 36/2006 Coll. (V. 18.) using a marketing authorization
issued on the basis of a MARD decree
- the Gcomplex product family, its production and use;
- from a regulatory point of vig, how the cropenhancing material produced by
the recovery of industrial waste has reached the end of its waste status.

Keywords: circular economy, waste management, nutrients
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REJTETT KE£SZLETEK HASZNOSETCSA
LI GETVCRI FERENC
Sz®cheng¥gykesewmgnMéd®PRgAL dthlsdBgm&nryi Kar ,

V2-®s K°rnyezettudom8nyi Tansz®k, Mo

¥SSZEFOGLALCS

Vil 8§8gviszonyl at ban felgyorsult i pari t e
mennyi s®gben keletkezi k hut abhdpk, Wi heaek dts
szennyezi. A 21. sz8zad:kn8argoys 2ptr-o bhla®& ng8sjaa naa
ACO;jelentRsen hozz§8j 8rul a kl2mav8§ltoz§8s|

ENSZ, EUos hat 8rozatok sz¢lettek?khomgtye mil ae
ki bocs8t8&8st a f°ld 8tlaghRm®r s®kl et ®nek s
k°vetkezt ®ben mi nd nagyobb terg¢l eten kel
ter mel ®s hat ®konys§8g§t cs°kkenti8bambj aut a
k¢l °nb°zR °nto°z®si m-dok fejleszt®se, me
v2zell 8t 8sa. A k°rforg8sos gazd8l kod§8s I
anyagokat jelentRs m®rt®kben tudjuk bevont
Kulcsszawk: k | 2 mav 8l toz8s, szennyv2z, k°rforg§8sc

BEVEZETES

A term®szeti k°rnyezet v®del me egyre i nkeEé

“j dons8got el Rid®zR termel ®se mind°®ssze n

vil 8gunkat. JellemzR p®l da a pand®mia ide
i dehjals zngl at ut8&n hull ad®kk§8 v8&ltozott. A
foeldgoly-t. Legnagyobb szomor %s8gunkra a
mi nden¢gtt, egyar8nt megjelent. Az Ygyneve:
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is betakartaOl yan orsz8gban, mint Ausztr8lia igy
hel yezni . M8shol , a&shlhdkl gtoald®ltk coAkwrek , |welzes b
hi b8s. A gond a t8rsadalom tagjainak tudat
mindenn e h®z s ®g n®l k¢l a saj 8§t szemetes-ed®ny,
“t f ® en el haj 2tjuk. Pedig a hullad®kgyTjtl
kivont ter m®kkel

M8s a helyzet a n®hs8&8ny m8sodperce®k hasz
elt8vol2t8&s8ra felhaszng8lt v2z n®h8ny m§s

Teh§t nem kel vele tov8bb foglalkdzni, |
szervezetten b e ker ¢ | a ter mPszeti kerforgg8shba
muat kozi k. Az eddig gondtal anul el helyeze
megvsgltozott. Gy-gyszer ek, hor monok, dr og
jelennek meg a kor 8bbhi tartal omhoz k®pest

egym8sral et Rar g Mok §®y I d®zhetnek el R. Ez
hel yez®se helyett azok °sszetevRit | ebont e
b2znunk. Ezt segz?zti el R az Eur - - pai K? z9° s s
haszions2t

Az ENSZ jelent®s szetiamt e2®5 () ¢ kelay enits f ®§

fel mel eged®st . Az ®l Rvil 8¢ Yaj ki hz2v8sok
megvs8ltoznak az ®letfelt®telek. A hol |l anc
or sz8®IEBRkN mi vel emel kednek aitt®ebnbgeekr skz®izntt
ir8nyunkban i s. A vil8g sok orsz8g8ban |
har moni z81 §s8r a. Ezt t8jform8l 8snak h2vju
megRr zep®vyek k&®gyunk megRrizni, il az e
fejl Rd®st garant §1l - komfortos meg®l het ®s't
cs®°kkent ®s e. Mi vel az ®ghajlatvsgltoz§8st r
k®sz¢lnireg8§rhat 8sdagnak cs°kkent ®s ®rie. Az

| ®ny egnesveenk e d n i fog a v2zhi8nyos, de a v?2:
i dRtartama i s. Az ®letet ad:- ®l el em menny

mut atkozhsen &zI| &gr 8rszakm8ban v8Ilik egyr
birtokl 8sa, amely k®pes a rendel kez®sre §
gazd8§8l kod§8sra |l esz smikz®kgi akW§srerepefibg.
tanulni ®s jgglakmr®d na j°VvR ig®nyeit kiel ®c
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fRleg a v2zhasznos2t§8st. A felmeleged®s n
mezRgazdas8g8§nak egyre t°bb v2zre |lesz sz
8ron tudlImegyv&&snferl yet a n°v®nyzet a talajhb
a mezRgazdas8g kedvezR k°lts®g&&gamteal. | et t
(2019),Vargaetal( 202 2) . Haz8&8nk akt2van r®szt vesz
nemzet k°®zi Bpl @@l8).a mban

AGLOBALI zCCl &€ SSEEERY¥ERHELE SLARAPCS

X X. sz8zad m8&sodi k fel ®ben d at kol Bibkba h®

vi szonyHhhetetlan m®r t ®k b e n felgyorsult, ®s az
k°vetkezt ®ben, a tudom8ny eredm®nyei rovi
j 8rt, hogy az eg®sthony007).8g gl obaliz8&Il -dott
AA globaliz8ci- a vil 8gont e8ntzfiotg§ s §tnSarks and°ay
amely r®ve®n t8voli helyek %gy kapcsol - dn:
bek°vet kezR esem®nyeket sok kil om®t erny
befoly8solj&8k, ®s viszont. o
Anthony Giddens

Az anyagi javhhkeprggltlbet aRs®Pgedel kez®sr e. |

®s a Vvil &g nagy r ®sz®n lathtorlejazt te gay rAef onglyvae
javak ®s szolg8ltat8sok fogyaszt8sd@®saz en
egyszersmind sokak legfons abb szem®l yes motiv8ci - | a.

A termelR sz8&8m8ra A®rt®kes emberodo csak

eszk®°zzel °szt°n°zt®k is a fogyaszt§8st.
rekl §mipar .

JelentRs pozit2v hat 8ssala \wamiedetteddmusr - p a i
l ehetett tudni, azonban a Deloitte §ltal

sz8mokat i s k°z9Vaueof Adertisingdzeanaokt mgwmnden, |
kelteoett eur - 7 eur - nyaz EhaztjelerBijhfgy aad0Bea 92 j el e
mi |l 1 i 8rsdorsekBEB mpiac 643 milli8rd eur-nyi
kez°ss®®n@GBP 4, 6 sz8zal ®k&§t. o0 (°sbjeg486asonl

millig&rd 0 volt.)

254



LI GETVCRI F.

Ez a folyamat m®&r haentyeatgl ®hns e en e rigdi®z e® t e

egyr ®szt a f°old erRforr8sainak egyre nag)

hull ad®k mennyi s®g®nek soha nem | 8§8tott n?°\
Az ®l et k°r ¢l m®nyek javul 8§8s8va@s meYQhlbestze
hal 81 0z8si ar8ny, 2gy a n®pess®g robban§8s:
Mindemel |l ett a sz8zad v®g®re vil8§goss§8 v
k¢szob®n 8§11 .-a( Ifloyan tfoalt yRadrdalt®o®e ®betne IME+ &
hi tredegml®Ren dokument 8l tak, amikor ember m®
a v8rhat:- felmeleged®s kiz8r-1lagos el Ri d®

ember.i tev®kenys®g 81t al produk8lt sz®ndi
5%a ) 8§l tal okozott cveghsg8zhat8s n°veked®s
felt®tel ez®s, hogy ma m§r bi zony2tottnak
peri-dusokban a fel mel eged®st mi ntegy 700

koncentjr8&hcak n°veked®se ®s nem ford2tva.)
M8 r kor8bban sz8mos tud-s pr-b8lta felh?
ki bocs8t &8s minden 8ron val - Kabekrddik2811,t ®s e
M° c s ®Q08) i

AT2zezrek kut at ntakkr,gyka®lzrd kn,e kk °

sz8&zmil | iAfkaantt oamoC®d Tve°ol et ®ben.
Net 8n az®§ttokkymlgyt az s®lkk&ang en
Ezzel ©°sszef¢gg®sben fel mer ¢l
t §j °tven ®v m%lva, ha f %zi - s

ener,gih&at fokozat ckiamocs8kgEen®a

a | ®gtr8§gy8§z8s?0
Dol |l 8rmilli8rdokat kol tenek vil 8gszerte
Hat 8rozatok sz¢letnek (ENSZ, EU) arra vone

8§tl aghRm®r @k Imétlgg,e n®m®ehii®kben kell cs°®°kke
(Ut&na persze rendre meg8llap2tj 8k, hogy
er Rf esz2t ®seket kel l tenni .) Ek°zben a A
l egnagyobb ¢zbenk®v®&divE8Il mkl | i( Kadosok) .

A fel mel eged®s meg8lIl 2t8sa, m®g i nk8bb
v8l |l al koz§s. Ahhoz viszont m§r rendel kezyg
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hogy felk®sz¢glje¢nk a v8rhat:- hadjilsé@E&Erra, a
persze Kkor 8nt sem hozyedHllkearia spEred sneatl altnyhaaimi
(2004).

Az ms§r szinte mi ndenki el Rtt vil 8goss§
fejl RI®s ®vel ol yan m®rt®kT pr obladegékk (el
val -ban vesz®lyeztetik az emberi t 8rsada
Fenntarthat: -s8g felt®teleivel, mi vel fel

hosszabb t8von nem fenntarthat -
AA viial 8ggazdas8§g mMERe dAyeirzg@mMEBea gs acmPpront j §

el ®rt e, s Rt t Yal is | ®pte a fennt aB0t hat - s
sz8zal ®k k al t°bb k°rnyezeti er Rf orr §st i
regener 8l -di k. o Dennis Meadows

Sokan fogal mazt®& megkedunlg alsapvetR prob

meg kell oldani, ahhoz, hogy civiliz8ci - -nl

A jelenkor alapveto problem

A kontinensek népességardnya
18302025 | Avikemipsmigs s

.
= - -

A kirnyezet szennyezese | Fokozédé szegényseg

Aranytalan
jovedelemelosztas

1. 8brA§g el enkor al apvetR probl ®m§
Figure 1 The fundamental problems of the preseay d
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Sokakkal egy¢tt magam i s ¥gy | 8t om, hogy

(a fentiek megol d8sa mellett) a bolyg- ®1
val - ell 8t8sa lesz. A bolyg:- eg®sz®nek ®d
AvBr hat - fel mel eged®s okozta v8ltoz8§sok m

egyr e n ¥dnes(20e9M. b ®

AK¥RFORGCSOS GBZRBSLELENESE

Az ®vezredek sor §8n az ember.i c®l ra has:
kerforg8shba.a Itsemegetr,e khovglyz ®b R a | ®gk®°rbe
tart alKoteeral.(s2@14). Mintegy desztill lt forn
a term®szet szennyezetts®g n®l k¢l ter m®k
(n®ha t°nkre tesszg¢gk).

Jelen viszonyok k°z°tt b8rmire is haszn
minimglis szennyez®se m®g a |l egegyszerThbhb
i s bek°vetkezik. A |l egi nk8bb vesz®l ynek
At ®vedet ®eket Lel kii smeret¢nk megnyugtat 8:
jelenl egi fokgn, az ®ppen el fogadhat - ar
szennyez®s m®rt®k®t. Azt is ®rdemes megj e
el Ri d®z Rr e, dahlasnme mt °ab bti§rtsaagj ai ra h§8r ul a |/
Ezeket a t8rsadalmi jelens®geket h2vja a
vagy t8volabb ® Rk 8ltali tehervisel ®snek.

Teh8t a felhaszn8lt (szenrRnydnetjtu® twadljtuk
ter mRszet §l1tal el fogadhat - vagy el viselt
ke zbensR i dRben mechani kai ®s biol -igi ai ,

bef ogad-s zra®@sozn&r®p es s ®. A s zeetnkneyzvH zsezke nkneyzve?| :
mezRgazdas8g sz8m8ra ®rt®kess® v§8Il hat kol
jav2tj8k a talajszerk8zegle@0dxRsah. tal aj ok

Ez az igyekezet | egi nk8bb sz dkhmrsaz a kvreaz ®ar
t8rsadal mi termel ®s olyan ter mRkeket §I1 2
nem kerg¢l kiv8laszt8&8sra. | lyen meglepet ®s

®s mi krom®retT mTanyag szemcs ®kszemeitehn el en @
(t ¢dR, m8j, vese). Az 8talakul §s, il a
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| SMERT. Ez arra utal, hogy m®g a partiszTi
(esetleg k8ros) anyagokt - 1| . FRI eg az®rt,
hasonl - form8ban j el ennek -kmengc,ende §8& 1 m&ab ¢

|l ebont 8s Amilyens®ged nehezen prognoszti z:
A tiszt2t8s sor8n keletkezR iszap vesz(
kezvetl en az ®I| Rv tnzybeer.s etha svzangoys 2kt cSrsplgbaszotr §&f no
k er ¢39 zheekt 8 1(2015)S zaalk.8 I( 2®tl 4al.. Az ®get ®s f ol yam
n°vel ®s ®t jelentheti. A szigeteletlen h u
kernyezetterhel ®st .
Erdemi§swv 8idmzj el entkezi k a biog8zter mel G

folyamat §ban nem bomlana |l e a mianyagok.

A szennyv?2zre-fdllzapazaetstzte®rser gi a

Kor 8bban is utaltunk r8, hogy a szennyyv
k8roszt - anyag ker ¢! . Jel en k°or ¢l m®nyek
orsz8§gokban sincs me g az anyagi fedezet
el t8voAzt I NRwva& . zbe, az ®I Rvil8g t8pl 8l kozé¢
emberi szervezetben is. Hat8sa kev®sb®, s:

Ez adta a gondol atot, hogy haz8nkban ne
tiszt2tott szennyvgyzenge htaenremR kv@pzeessss&gkT etl e
esetben a mechanikai tiszt2t8§8s utgn, Aeny

eutrofiz8gci -t el Rid®zR a foszfor seml ege
hanem k°rforg8sos 0Og aRvdvaesl § genza ke | (Rat e | Ayze®r -3 e
neveztek) megfelel Ren hasznos2tsuk n°ve®ny.i

A megfelelR t8panyagell 8t8s k°vetkezt ®b

®l etteret alak2tunk ki. S aif@epy faz vBEmd ® D¢«
k2s®rletei (Sitkei Judit tud. fRmunkat 8rs
-az emberi szervezetre -¥epr®t yre8kni ®soargk
voltak kimutathat- - ko. Ezt ®t8e¢ lo®@A@nennpilem gy, n k e
l eheta®ge®y sz8g ©°9sszes szennyvi z®t a benn
helyezz¢k el, megakad§8lyozva az ® Rvizek ¢
tov8bb8 (®s ez is fontosfla ame nenryd GsRzgeRtv e § |
fat°meget 8l 1 2tsunk el R, amel yet me g Y4j ul
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er RmTvekben. A keletkezR hamu a mezRgazds
t8panyagok k°rforg8§sa folyamanhov®geselk®sR
form8j 8ban jelenlevR foszfor hasznos?2t8sa

Annak ®r dek®ben, hogy a v2zadagol 8s a n¢
foly-medrekbRI ki ker¢lt fTz 8lland- ell §t
szerzRtg,avehegw a rizs°nt°z®st vegyéik p®l
kRagyagy mTanyag cs®°vekben t°rt®nj ®k a v?2

megfelel R adagol 8s automati z8l 8sa is megol
®s fenntategsk°miveh el |l 2nRybirmahet Rk | enn®]

Ez a z8rt csRvezet ®kes, de szabad ki fo
mi ni m8l i s szakmai fel k®sz¢l ®st i g®nyel
javasoljuk.

Szennyvizontozéses energindvény termesztés

13
333 333 Fovezeték Vi d

Feliilnézet

= €—————3z3bad kifolyasi hidransok —>

Tablahatar.

Keresztmetszet
Hidransok védéraccsal

Foldtoltés [

2. 8brAa:szennyv?2z°nt°z®ses energian?o©

Figure 2 Cultivation of energy crops for wastewater irrigation
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UTILIZATION OF HIDDEN STOCKS

FERENC LI GETVCRI
Sz®chenyi Il stv8n Uni ver si Dgpartmeéngof Wateuand ur al

EnvironmenthScience Mosonmagyar - v§8r

ABSTRACT

Accelerated industrial production is generating more and more waste worldwide. Some
of the waste pollutes the soil, water and air. Overcoming the harmful effe@&,o0f
emissions is a major challenge for the 21st centG9. contributes significantly to
climate change and rising temperatures. UN and EU decisions have been made on the
extent to whichCO, emissions must be reduced in order to maintain the average
temperatre of the earth. As a result of climate change, water scarcity is occurring in an
increasing area, which is reducing the efficiency of agricultural producticanibe a
new way the development of different irrigation methods, that can secure the @anom
water replenishment of the soilgvith the introduction of circular farming, we can
significantly involve substances that damage our environment in efficient agricultural
production.

Keywords: climate change, wastewater, circular farming
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ActaAgronomicaDv § r i WIn68K s1 © n ¢

TCIEKOZTATE £S PTMUTATE A SZERZfK RES
Cltal 8nos szempont ok

. Csak ©°ns§gl|I - kutat8son alapul -, m8&s k¢©°
t udo m8(nkyeorkt ®s z et , geneti ka, n°ve®nyk-rtan,
n° v®ny®l ettan, a gtrwdom&Bmyakkat mSnhpoa §st8anat
8l 1l ateg®szs®gta®ds @&z b° kon  ®hiedimi szdom8nyok

szakci kket k°z©°]l het ¢nk. Szeml e rovat unkbe
°sesfzogl al - k, t®&madokument88ci - k, m- dszertan
2. Tudom8nyos foly-iratunkban a dol gozatoc
k°zz®. Ez att- -1 f¢ggg, hogy az Yj tudom8ny
®rdekl|l Rd®&r szg8amot hatiBas nyel ven a tov8bbi .
ci kkeket . A k°zl em®nyek megjelentet®sekor
angol nyelvT anyagok el Rnyt ®l veznek. A

®r dek®ben angolubr 2ahyamnké&l wienlyddkt s akl t a
k®r ¢nk csatol ni

3. Csak formailag kifogg8stalan k®ziratot
4. Ak ®z i taantnatk me |l | ® k ¢lekttomkusargeima e ¢ pen) kel | me
Dr.Szal ka2 mM®ae (Acta AaqrsarsonSzcer kew&rtiR Bi z
Mosonmagyar szallGarev@s2éy 2. ;

A k®zirat °ssze8ll2t8sa
1. For mai k°vetel m®nyek
1.1. A k®zirat t8bl 8zat ok20al®p@sbzt8&borz&k K aaln
oldal legyen, Times New Romane t Tt 2lpu s deelt TIn®r et-¢ €l mak§r b e
hagyva. A g®p2r&s f-ekptpapet Tk gegsl ks oortkd°dzhzBe
t°rt ®nP®OkKkL §Fe®Pc (M8sk®nt: ® Rfej ®s ®I RI 8§t
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1.2. Az al c?2 me kneetk,et f, e jeegzye®tbc 2el-k ¢ L P rgl Ror ®at

elvg§lasztani a fR sz°vegtRI, al 8h%z8s ®s :
1.3. Az idegen szavak 2r 8s8t foneti kusan va
hel yes2r 8ssal k®rj¢k.

A magyar fajnevek wet | eesetnaenki®@ mtm8ayosmmer
®sIRbeét Tvel 2rni. A fajtg&8k nev®t (magyar @

szerint kelRbez TwviSihapEghecv.®ndakal §sz s8&rga) .

2. A k®zirat szerkezete
2.1. A dolgozatc 2 me al at't a szer zR(k) neve, mu n |
szerepeljen. Pontos ¢c2m megad8sa itt ker¢l

beoszt8§st nem k°z°lj¢k.

2.2. A tudom8nyos k°zlem®nyek kialakult re
csoportos2t8s szerint k®rj¢k:

-Bevezet ®s

-lrodal mi §ttekint®s

-Anyag ®s m-dszer

-Er edm®nyek

-Kevetkeztet ®sek

¥sszefogl al §8s

-lIrodalom

az Acta Agronomica Cv8riensis hagyom8nyai
jellege, terjedelme szerinP sszevonhat - k: Bevezet ®s ®s
Eredm®nyek ®s a K°P°vetkeztet ®sek. Az Anyag

|l e2r8sa c2met is haszn8l hatja.
2.3. Az Ilrodalom uts8n k®rj¢k felte¢egntetni F
sz®khelye a postaiaiilr @8dydt- - sz8mmal ,; e

A fentiek szerint csoportos2tott k®ziratot
Lmagyar nyelvT k°zl em®ny eset ®n

-magyar nyelvT °sszefoglal 8s a v®g®n kul cs
-angol nyelvT °sszefoqlyall §sT a2d®vegdzata &g
munkahely(¢k) feltegntet®s®vel, a v®g®n an
-t 8bl 8zat ok ®s 8br §k
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-angol nyel®sT §h§lalc8§ matk
-az 8brs8k feliratai ®s a t8bl 8§zatok fejl ®c
1. t8Maeggrwn8ri sz®IfT -HamRd®derdas | §sa a Fe
kukoricavet ®sei ben

Table 10ccurrence oMercurialisannud . i n mai ze 4fHiaelshsdpn i n t h

EgynyS8ri sz ®l
Fel vt el(®|f el viRRgeylzie®@)e kb|Ct | ag
1. 2. 3. 4. db/4n? (3)
1. |[Hans 8gf |46 72 54 36 52
2. |1J8no0osso|38 27 25 30 30

3. [Hansggl |2 1 4 0 2
* a teny®szidRszak folyam8n sem mechanikai, sem pedi

(1) location of survey, (2) the numberMercurialis annual. in sample squares, (3) average p&4muring

the vegetation period neither mechanical nor chemical weed control was carried out

L

angol nyelvT k°zlem®ny eset ®n

-angol nyelvT °sszefoglal §8s a v®g®n kul css
-magyar nyelvT °ssmafypagt alcg§m®aeldol gozsatker z

munkahel y(¢k) feltegntet®s®vel, a ve®g®n ma
k¢lkenl ©n ol dal akra g®pelt t8bl 8zatok ®s §
ford2t8sa nem sz¢iks®ges)

3. Il rodal mi hivatkozg8sok

3.1. Az Irodd mi §ttekint-®s vax mezfSesjlcaraecert bR eset ®b e
csal §dmdeRb@nteTkv el t°rt®nR |l e2r§s8§val ®s z8§
®vsz8&m8val Pacsa( a@8l6j))en SzelrzRp8&rosra t°rt®

ne®v Kk " ®s " sPochi®sSegqapeds83) . Kett Rn®I t°bb
el sRk®nt feltg¢nteteatretvi ds2zte@shnidt lei@I(LP83)kEGY 8§ n
mondaton vagy t®mak°r°n bel ¢l , ha t°bb sz

t ®Mark t 8rgyal 8sa v®g®n z8r - -jelben k®rj ¢k ¢
®vsz8&m8nak a | fveInm&iGrely8gsssttzz ®85, ST earjlady)i
Tudom8§nyos k°zl em®nyben, k°nyvben szerepl
revi dit @sats Weagherla7b citfFahn1982).
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3. 2. Az |l r odal oam_d°osl sgzoez8altlb2atnSrs e ®z e@B C s z e

megjelen®si idRsorrendT felsorol sban k®r

felt¢gntetni
-Foly-iratban megjelent cikkre val .- hivatk
kezdRii&ktl $ped v e, a cikk megjelen®s®nek ®vs

foly-irat megnevez®se, az ®vfolyam sz§8ma
befejezR ol dal sz8&8ma ker ¢l felsorol 8sra.

Pl:PocsaiK(1986): A | -bab vetRmagsz¢iks®glet <cs
N°v®nyter meM&s. 35, (1) 39

-Ha az id®zett hivatkoz8s k°nyvben jelent
megj ePes®8mM8t z8r - -jelben, a k°nyv c¢c2m®t, |
Pl:Schmidtd (1995): Gazdas8gi 8l lataink takar m
-Ha ol yan szerzRre hivatkozi k, aki t8rssze

8lltaa 2rt (hivatkozott) fejezet c2m®t KkOr,j

szerkesztRj®nek a nev®t, a k°nyv c2z2 m®t , K i
Pl:..GimesiA( 197 9) : A lucerna BegyazdrAdsengyro mki.r
ter meMez®gazdas§qgi Kiad:-, Budapest.

-Ha az Ilrodalmi 8ttekint®sben t°bb szerzR
ban az °sszes szerzR nev®t ki kell 2rni ®:

Pl:VargaHaszonits Zi Varga Zi Schmidt Ri Lantos Zs(1997): The effect of climatic
conditions on the maize producelildn. Acta /
Kel fol di szer zMWs e kKetr@segn n®s alk®dk ® vesszR

szerzRkn®l ez ker ¢l endR.

4. Cbr8k ®s t8§hbl 8zatok

41. Adigitalizg8lt k®peket, §br8kat | ehet RI
k¢l dj ®k, ®s ne a dokumentumba 8gyazva.

42. T8bl §zatok eset®ben k®rj ¢k, hogy szi
haszn8ljanak. Lehet Rl eg mel | Rzz®ks a t

vonal vastags8gokkal t°rt®nR tark?2t§8s8t.
4.3. K®rj ¢k az eredeti 8§8br 8§k, t 8bl 8zat ok |
ment ®s ®t, ezeket se illessz®k a dokument ul

4.4, Ugyanazon adatsorokat grafikus ®s t §hbl
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K®rj ¢k, vheoglyem asz°8br 8§kra ®s t 8bl §zatokr a

hivatkozzanak.

5. Lektor 8l §s, korrekt %r a

5.1. Az angol nyelvT cikkek lektor 8l §sa
tort®ni k. CIMi alt 8§ masb sazeenmboht ekt ¢k, a k°zl e
beny%jtott anyanyel vi elleRkzteotreis ingygeahowli§ se Ibli
szakmaik°bvzert8 | at

5.2. A szerzRk javaslatot tehetnek a k®t
t udo m§ n yso?st ®mis e R rendel kezR szem®l yek | eg
SzerkesztRbizotts8g hagyja j-v§, il l etve
utols- | apsz8mbaniaa bBar§82dtt.- ch &lksfRedatljgedti°tng s¢
53. Alekbr i v®l em®nyeket a szerzRknek a k®zi
szerzRket, hogy dol gozatulasts?2tava?2mi§él- Rbl :
vissza e-mail-ben &zalka.ev@szehu). Csak a v®gl eges °©s5Zc¢

dolgozatot tudjuk szedszteni.

A
A

A

megj el ent dolgozatok®rt a Szerkeszt Rbi z«

k®ziratokat a dol gozat megj el en®s ®i g me (

SzerkesztRbi zotts8§gg
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