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CUMANIAN MOUNDS:

FROM CLASSIFICATION THROUGH
LAND REGISTRATION TO TOWN VALUE

COLLECTIONS
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ABSTRACT

Common Agricultural Policy has gone through many re-
forms since it was established. In 2010, whether agricul-
tural support was payable was tied to the requirement of
protecting the area’s characteristic elements. At this time
the protection of the mounds was introduced into the
requirement system of cross-compliance. | began my doc-
torate research in 2010 and tracked the changes to the
states of 185 mounds in Békés county via field-walking
and monitoring examinations until 2015. My results show
that community regulation has provided the mounds
with protection more effective than ever before, as at the
end of my research 5 of the 185 mounds were under
cultivation in 2018. In my present research | have, after
three years, examined the state of the county mounds
via field-walking in search of changes. In the past years,
| have made recommendations to the settlement securi-
ties depository board to increase the protection of certain
mounds. The county government office has begun the
entry of these mounds into the land registry. It has been
determined that none of the mounds that were previ-
ously left have been placed under cultivation again, and
of the 8 mounds that were cultivated in 2015, 3 have
ceased to be disturbed. The securities depositories of the
affected settlements have accepted 10 of the municipal
securities depository propositions, and in the case of 82
mounds of the 185, the mounds were entered into the
real estate registry of the real estate they are contained
in. On the whole, we can determine that the present
measures and processes will guarantee that the mounds
will be preserved for posterity.

keywords: common agricultural policy, cross compli-
ance, nature conservation, kurgan

INTRODUCTION

The European Common Agricultural Policy (CAP) has un-
dergone continuous transformation in the past decades.
Initially, the goal was the regulation and adjustment of
the internal and global market as well as the production
environment. At around the turn of the millennium the
regulations related to rural development and sustainable
agriculture were placed into the focus, such as the forma-
tion of an ecologically correct production environment,
environmental and scenery protection.

About the kurgans

Cumanian mounds are manmade formations that are
the ancient cultural historical vestiges of the Carpathian
Basin, which hold a great deal of valuable information
(Barczi and Jod 2009). In Hungary Cumanian mound is
the collective designation of various size and age pre-
historic mounds that are artificial, anthropogenic forma-
tions, which are outstandingly significant from the aspect
of archeology, botany, scenery and cultural history (Toth
1999).

Their archeological and cultural historical value is shown
by the fact that a significant portion of Cumanian mounds
contain Copper Age and early Bronze Age burial sites,
cemeteries from the Sarmatian, Germanic periods as well
as the age of the Hungarian Conquest of the Carpathian
Basin. There burial mounds (kurgans) hold information
regarding the culture, religion and funeral customs of the
Prehistoric Age and the Great Migration Age. They have
preserved the cultural heritage of all people, who have
settled here and have come into some kind of contact
with the mounds, since the Prehistoric Age practically to
this day (Csanyi 2003).

The outstanding botanical value of Cumanian mounds
is that in an undisturbed condition they are very rich
habitats and they are the last refuge of the increasingly
rare steppe-flora (Sudnik-Wojcikowska and Moysiyenko
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2008, Sudnik-Wojcikowska et al. 2011). With the advent
of intense agricultural cultivation, the lands with excellent
quality soil (Chernozem, black fertile soil) were ploughed
(Gojda and Hejcman 2012), thereby the potential flora
only remained in an extremely fragmented way. There-
fore, the botanical and zoological value of kurgans is
represented by the fact that they are the preservers and
the last refuge of ancient habitats which have survived in
island-like forms.

They are also the carriers of scenery, geological and paleo-
ecological values (Hejcman et al. 2013). They represent a
part of the Hungarian Great Plain’s image as scenery val-
ues (Toth 1999). The mounds are valuable from a geolog-
ical aspect as well. They contribute to the detailed exami-
nation of the soils that were buried in the past and those
that have been formed in past millennia (Alexandrovskiy
2000, Khoklova et al. 2001, Barczi et al. 2006a,b, Barczi
2009), and they also assist in the evaluation of artificial
soil formations (Puskas and Farsang 2008).

During recent decades their complex archeological and
environmental research has broadened in Hungary. The
research mostly involved the chronological classification
of the mounds, as well as the lifestyles of Copper Age
and early Bronze Age populations (Kalicz 1965, Ecsedy
1979, Raczky et al. 2002, Csanyi 1999, Dani and M. Nep-
per 2006, Dani and Horvath 2012).

The prehistoric environment research started with the
geo-archeological examination of Bronze Age Body-
mounds (SUmegi et al. 1998). Toth Cs. (2006, 2007) per-
formed geomorphological, layer study research on Bute-
mound. With the geomorphological, geochemical and
carbon dating of 3 kurgans Csipé-mound, Lyukas-mound
and Ban-mound, the reconstruction of the prehistoric
environment and clarification of the circumstances of
mound construction became possible as well the (Barczi
et al. 2006a,b, Barczi and Jod 2009, Molnar et al. 2004).
Nowadays comprehensive assessment research has been
conducted by Bede (2014), while geological studies were
performed by Pet6 (2010). The study of the species-
rich loess-grass and animal varieties surviving on certain
mounds, and their description is broad as well as (Téth
Cs. et al. 2008, Novak et al. 2009, Toth Cs. et al. 2012).
The agricultural disturbance of mound bodies (ploughing,
removal) is the most damaging process from the aspect
of their survival. Téth Cs. et al. (2014) have pointed out
that if the disturbance ceases, favorable soil geological
processes may commence on the surface of the mounds.
Based on map sources it can be proven that originally
tens of thousands of Cumanian mounds existed in the
territory of Hungary (Viragh 1979), but by the middle of
the 20" century their number considerably diminished,
while their condition drastically deteriorated (Bede 2014).
Nowadays, when we walk around the Hungarian Great
Plain we rarely see an intact mound, where we can be
proud of its condition (Rakdczi 2013).

Protection of the kurgans

According to estimates, at one time there were over
40,000 Cumanian mounds in Hungary, and there are
studies that describe even larger numbers. Accord-
ing to the registry of the Kérdés-Maros National Park, of
these mounds there were 1,533 in the territory of Békés
County. Throughout Hungarian history, for a long period
there was no protection on any kind regarding Cumanian
mounds. Since a large majority of them is situated on the
Hungarian Great Plain, interest in saving and preserving
them was more intense in these Counties.

At the same time, a significant portion of them have al-
ways been located in areas affected by agricultural activ-
ity. Throughout the centuries their number continuously
diminished, primarily as a result of agricultural use and
the reduction of their religious significance (Téth 2002).
In the second half of the 20" century, as a consequence
of intensive and large scale agricultural production that
characterized Hungary, the mounds were destroyed in
large numbers, nowadays only a fraction of them remain
in their original condition.

The Curgans Conference of Békéscsaba in 1994

Upon the initiative of the Békés County Local Govern-
ment, on behalf of the Directorate of Békés County
Museums, the Kords-Maros National Park Association
published a conference announcement for the protec-
tion and preservation of Cumanian mounds for 24 No-
vember 1994. The addressees of the conference were
representatives from the Hungarian Great Plain, arche-
ologists, museum supervisors, the experts of National
Parks, historians and of course civic groups interested
in the topic. The conference was held at the County
Hall of Békés County with hundreds of participants. The
purpose of the conference was to provide assistance for
the legal regulation of Cumanian mound protection as
soon as possible, and to send this as a recommendation
to the Ministry of Environmental Protection and Rural
Development. A further goal and expectation was that
the law to be enacted at that time must clearly describe
as a separate theme the legal protection of the oldest
manmade cultural historical heritage in the interest of
uniform management.

The closing document of the conference included the
most important recommendations: to assess Cumanian
mounds, classify them into categories according to their
condition (classification), and to enter them into the land
registries of the affected properties (Szelekovszky 1999).

Act LIll of 1996 on Environmental Protection

The association sent the recommendations of the confer-
ence to the competent Ministry at the time, they accept-
ed and processed it. The contents of the recommenda-
tions were taken into consideration while drafting Act LIl
of 1996 on Environmental Protection. The mounds were
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given actual protection under the law, so-called legal (Ex-
lege) protection (Szelekovszky 1999). However, a defi-
ciency of the regulation was that it lacked the applicable
implementation decree, thus farmers didn’t stop the cul-
tivation of the mounds, and the authorities couldn’t force
them to do so either.

European Union protection and requlation

When Hungary joined the European Union numerous EU
subsidies became available to agricultural producers (So-
mai 2014). To access the EU subsidy funds, farmers are
required to comply with various rules, including the regu-
lation system of cross compliance (Hart 2015). The range
of regulations is continuously expanding with environ-
mental and scenery protection factors (Brady et al. 2009).
In 2010 the protection of scenery elements characteristic
of the region became part of the above regulation, with
Ministry of Agriculture and Rural Development Decree
No 32/2010 (lll. 30). By the efforts of the Kérés-Maros
National Park Association and their supporters Cumanian
mounds were included in the list of scenery elements.
According to the Decree, if a protected scenery element
is located on the land of a farmer, he must ensure its
protection and abandon the cultivation of mound bodies,
if he fails to comply an amount determined by sanctions
may be deducted from the subsidy amount applicable to
the concerned year.

The results of my previous research, research ante-
cedents

| studied the changes that occurred in the land use of
the 185 Cumanian mounds included in the Good Ag-
ricultural and Environmental Conditions (GAEC) Decree,
in Békés County, starting from the introduction of the
Decree, meaning 2010, until 2015. | performed the re-
search year after year by area surveys. The changes that
occurred in the land use of the mounds as a result of the
Decree are shown in Table 1.

Table 1: The condition of Békés County’s kurgans between 2010 and
2015, and in 2018 (Rakoczi 2018)

num. examined arable non-arable
VCEL (pieces) (pieces)

1. 2010 98 87

2. 2011 78 107

3. 2012 40 145

4. 2013 24 161

5. 2014 11 174

6. 2015 8 177

7. 2018 5 180

The Table displays that never before seen improvement
could be observed in the case of the Cumanian mounds in-

cluded in the GAEC Decree. At the beginning of the study
the farmers disturbed the area of 98 mounds, by 2015 this
number was reduced to 8. After the introduction of the
sanctioning system some cultivated mounds still remained,
the primary reasons for this were problems related to undi-
vided, shared ownership land areas, and the characteristics
of the selection viewpoint system of the subsidy payout
agency. The empirical portion of my research concluded
that the farmers are willing to work in the interest of pro-
tecting the mounds (Rakoczi and Barczi 2015).

In 2018 | inspected the condition of the mounds in the
County again, and | established that in the 3 years that
had passed cultivation ceased in the case an additional
3 mounds, thus the number where cultivation had been
abandoned grew to 180 (Rakoczi 2018).

MATERIAL AND METHODS

In my present study | analyze how the condition of the
185 Cumanian mounds included in the Decree has
changed during the years that have passed since my
doctoral thesis research, also considering the results of
my 2018 inspections. In summary, | was searching for an
answer to the question how well the Decree serving for
the protection of the mounds is functioning nowadays.
| performed this study by area surveys in the autumn of
2018 and in January 2019. | studied the 180 abandoned
mound base population by representative sampling us-
ing a 10% sample rate. The compilation of representa-
tive samples occurred with a random number generator,
by means of the program Random Number Generator
Pro 1.71 (version: 1.71). | listed the mounds according
to their unique identifiers (FOMI identifier) in an increas-
ing sequence, and assigned a serial number to them. By
using the generator | selected the serial numbers of the
mounds included in the sample, and the sample was
completed based on the unique identifiers assigned to
those. In the case of the 5 mounds registered as culti-
vated, | performed a complete study.

In recent years, based on the applicable rules | made rec-
ommendations to the town value collection regarding
several mounds, for the higher level protection of certain
outstanding mounds. In my work | present the decisions
of the town value collection.

In recent years, the works related to the land registration
of the mounds in the County have also started. Based on
the data reporting provided by the Békés County Gov-
ernment Office | present the current status of the land
registration process.

RESULTS AND DISCUSSION

Results of the area surveys
Of the 180 mounds registered as abandoned during my
previous studies (2010-2015 and 2018), based on the selec-

Hungarian Agricultural Research 2019/1



Table 2: The condition of earlier given up registered of 180 pieces kurgan

the Government issued implementa-
tion Decree No 114/2013 (VI. 16.)
on the Management of Hungarian
National Values and Hungaricums.
According to the Decree the data
of national values can be registered
by various categories in Town, Re-
gional and County value collections,
in Sectoral value collections, beyond
the borders Hungarian value collec-
tions, the Hungarian Collection of
Values as well as the Collection of
Hungaricums. The Act provides for
the establishment and operation of
Town, Regional and County value
collection councils. By filling in the
Recommendation that constitutes
an Annex of the Decree anyone may
initiate the registration of a value to-
ward the Town, Regional and County

value collection councils. The coun-

num. result of identification name of kurgan status
generate number

1. 132 5278 Jukai-halom non-cultivated
2. 2 1062 Vadaszan-domb non-cultivated
3. 174 8579 Koleras non-cultivated
4. 177 8576 névtelen-halom non-cultivated
5. 91 5099 névtelen-halom non-cultivated
6. 102 5181 névtelen-halom non-cultivated
7. 171 8573 névtelen-halom non-cultivated
8. 126 1564 Vagott-halom non-cultivated
9. 163 5279 Velki-halom non-cultivated
10. 93 5106 Harmashatar-halom non-cultivated
11. 10 1083 Godény-halom non-cultivated
12. 7 1081 Dinnyés-halom non-cultivated
13. 58 1448 Foldvari-dombok non-cultivated
14. 181 8583 névtelen-halom non-cultivated
15. 118 5238 névtelen-halom non-cultivated
16. 138 6220 Hullato-halom non-cultivated
17. 56 1502 Szappanos-halom non-cultivated
18. 54 1417 Toviskes-halom non-cultivated

cils make the decisions regarding the

tion, area surveys were conducted in the case of 18 mounds
in 2019, the results of which are shown in Table 2.

It is shown that none of the previously abandoned
mounds have been reintroduced into cultivation by the
affected farmers.

The results of the 2019 area surveys of the mounds that were
still registered as disturbed in 2018 are shown on Table 3.

Table 3: The condition of earlier given up registered of 5 pieces kur-
gan in 2019

num. identition name of kurgan status
1. 5003 Liviusz-halom cultivated
2 1074 Bodisné halma cultivated
3 5259 Vas-kapu-halom cultivated
4. 5264 Mécses-halom cultivated
5 8572 Négyesi-domb cultivated

The results show that the 5 mounds previously registered
as cultivated were still in disturbed condition in 2019.
However, based on the results of the representative
study, we can conclude that further mounds were not
reintroduced into cultivation, thus the Decree and the
applicable sanctioning system continually protects Békés
County mounds effectively.

Decisions of the municipal collection of values
Based on the authorization included in Act XXX of
2012 on Hungarian National Values and Hungaricums,

values, this is how the recommended
value is registered in the various level
value collections. The registration of values in a value
collection may provide extraordinary attention and
protection for them, to preserve them for future gen-
erations.

During the past 4 years | have made recommendations
toward the value collections of 14 towns regarding cer-
tain Cumanian mounds or groups of Cumanian mounds
that have outstanding significance. The summary data of
my submissions are shown in Table 4.

Of the submitted recommendations 10 have been ac-
cepted by the town councils. In 4 cases a decision has
not been made yet, but the reason for this in the case of
Nagykamaras, Kaszaper and Zsadany is that their town
value collection councils have not been established so far.

Entering the mounds into land registries

One of the emphasized recommendations of the 1994
Békéscsaba Conference was the necessity of entering the
mounds into land registries. However, even after the law
took effect no steps have been taken in this regard. | also
described this necessity among the recommendations of
my doctoral research thesis, which | based on the inter-
views conducted with farmers. In the year 2017, at the
Békés County Government Office the registration of the
mounds recorded in the Békés County Agricultural Land
Parcel Identification System (MePAR) into land registries
commenced. The data reported by BMKH-BCSJH-KTF
(2018) are shown in Table 5.
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Table 4: The settlement value collection towards commissions the summary of proposals

name of

minicipal
board

name of national value

date of advance adopted/

comment

1. Battonya A battonyai Ciké-halom mondavildga 2016.08.29. adopted
2. Kétegyhaza Kétegyhazi kurgdnmezé 2016.08.29. adopted
3. Nagykamaras  Nagykamarasi Botosi-halom 2016.08.29. decision is process
4. Ujkigyos Az Ujkigydsi Sas-halom 2016.08.29. adopted
5. Szabadkigyés A szabadkigyosi Keresztes-halom 2016.12.01. adopted
6. Biharugra A Biharugra kornyéki kunhalmok 2017.01.03 adopted
7. Dévavanya A Dévavanyai-sik, mint az emberiség, igy kunhalmok bélcséje 2017.01.03 decision is process
8. Flzesgyarmat A Flzesgyarmat kornyéki kunhalmok 2017.01.03 adopted
9. Gyomaendréd A Szilasok nev(i gyomaendrédi halomsor 2017.01.03 adopted
10. Kaszaper A kaszaperi Nadas-halom 2017.01.03 decision is process
11. Kondoros A kondorosi Hegyes-halom 2017.01.03 adopted
12. Oroshaza Az oroshazi Mécses-halom 2017.01.03 adopted
13. Zsadany Zsadany-fancsikapusztai halmok 2017.01.03 decision is process
14. Totkomlds A tétkomlési Docogé-halom 2017.01.11 adopted

Table 5: The position of registering of Békés county’s kurgans in the
property register

number status of authority register number of kurgan
(piece)
1. under authority’s administration 127
2. under authority’s design plan 31
3. beginning of registration 27
Osszesen 185

Reviewing the data of the tables we can establish that
the land registrations guaranteeing the eternal preserva-
tion of Cumanian mounds have begun, and in the case
of most mounds it has been completed. With this a long
awaited and the earliest declared protection measure has
been implemented.

The sketches of Cumanian mounds entered into the land
registry are shown in Figure 1. Figure 2 shows the Cuma-
nian mound data recorded on the affected land registra-
tion sheets.

CONCLUSIONS

The research shed light on the fact that the protection
of Cumanian mounds is ensured for the long term by
Hungarian and European Union laws. The mounds and
mound groups registered in town collections of values
have been placed under highlighted protection. The
process of Cumanian mound area registration in land
registries is in an advanced stage. In summary, it can be
concluded that the measures taken and the processes on-
going in the present point in the right direction from the

aspect of Cumanian mound
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preservation, at the same
time the nationwide expan-
sion of studies conducted by
Bede (2014), more precisely
the development of a na-
tionwide database would be
absolutely essential.

ACKNOWLEDGEMENTS

The research has been con-
ducted as part of an appli-
cation for the Szent Istvan
Egyetem Szenatusa Gras-
salkovich  scholarship  and

Figure 1: Kurgan in the public authority’s design plan

for the EFOP 3.4.3-16-2016-

Hungarian Agricultural Research 2019/1



BIHARUGRA
kiilterulet HRSE: 0317/21 :;

-------------------------- O---‘-— I.2é8% ====escccccccne
i .flll latok “FQ
; (kivett)s .
. o \/) ] I
os O 2.4
6 Q)’?
| ‘_;[_.' t
B wuedinssna G
- 00 teriilet ( \<S‘ _
4.Bejegyz8 hatarozat: 31050/2018.03.09
Kunhalom 1063 m2 terlletre 6@
————————————————————————————————— II.rész ————————————@

ba torténd bejegyzéseinek

folyamatarol

9. Brady, M., Kellermann,
K., Sahrbacher, C. and
Jelinek, L. 2009. Impacts
of Decoupled Agricul-
tural Support on Farm
Structure. Biodiversity
and Landscape Mosaic:
Some EU Results. Journal
of Agricultural Econom-
ics, 60:563-585

10.Csanyi M. 1999. A Kun-
halmok régészeti értékei.
38-45. p. In: TOTH A.
(Szerk.): Kunhalmok, ,Ti
vagytok a mi katedralisa-
ink”. Kisujszallas: Alfold-

Figure 2: Kurgan in the public authority’s administration

00012 scholarship for agricultural knowledge develop-
ment with integrated practice and methodological devel-
opment for the digital age.

REFERENCES

1. A. Barczi - T. M. Téth - A. Csanadi - P. Simegi — I.
Czinkota 2006. Reconstruction of the paleo-
environment and soil evolution of the Csip&-halom
kurgan, Hungary. Quaternary International, Vol.
156-157: 49-59.

2. A. Barczi — K. Jo6 2009. The role of kurgans in the
Palaeopedologicaland Palaeoecological reconstruction
of the Hungarian Great Plain. Zeitschrift fir Geomor-
phologie, Berlin-Stuttgart, Vol. 53: 131-137.

3. Alexandrovskiy, A. L. 2000. Holocen development
of soils in response to environmental changes: the
Novosvobodnaya archaeological site, North Caucasus.
Catena, Vol. 41: 237-248.

4. Argay Z. — Balcz6 B. — T6th P. 2013: A kunhalmok
meg6rzésének hagyomanyos és Uj modjai, szerepl6i.
A Falu 28 (1):69-80.

5. Barczi, A. - Jod, K., - Petd, A. - Bucsi, T. 2006. Survey
of the buried paleosol under the Lyukas Mound in
Hungary. Eurasian Soil Science, 39 (1): 133-140.

6. Barczi A. 2009. Kunhalmok eltemetett talajainak vizs-
galata. MTA Doktori értekezés, Godollé. p. 32-61.

7. Bede A. (2014). A tiszantuli halmok régészeti geoldgi-
ai és kornyezettorténeti szempontu vizsgalati lehet6-
ségei. Doktori (PhD) értekezés, Szeged. 178 p.

8. Békés Megyei Kormanyhivatal Békéscsabai Jarasi Hi-
vataldnak Koérnyezetvédelmi és Természetvédelmi
F6osztalya (BMKH-BCSJH-KTF) 2018. Adatszolgalta-
tas a Békés megyei kunhalmok ingatlan-nyilvantartas-

kutatasért Alapitvany, 77.
p.

11. Csanyi M. 2003. Zwei
Graber aus dem frihbronzezeitlichen Graberfeld von
Nagyrév-Zsidohalom In: Morgenrot der Kulturen.
Frihe Etappen der Menschheitsgeschichte in Mittel-
und Sudosteuropa. Festschrift fir Nandor Kalicz zum
75. Geburtstag Hrsg. von E. Jerem und P. Raczky Ar-
chaeolingua 15, Budapest, 2003, p. 497-512.

12.Dani J.—Horvath T. 2012. Oskori kurganok a magyar
Alféldon. Budapest: Archaeolingua. 215.

13.Dani, J. — M. Nepper, |. 2006. Sarrétudvari-Orhalom
tumulus grave from the beginning of the EBA in
Eastern Hungary. Communicationes Archaeologicae
Hungariae. 29-50.

14.Ecsedy I. 1979. The people of the pit-grave kurgans
in Eastern Hungary. Fontes Archaeologici Hungariae,
Akadémiai Kiado, Bp., p. 148

15.Gojda, M. — Hejcman, M. 2012. Cropmarks in
main field crops enable the identification of a wide
spectrum of buried features on archaeological sites
in Central Europe. Journal of Archaeological Science,
Vol. 39: 1655-1664.

16.Hart, K. 2015. Green direct payments: implementa-
tion choices of nine Member States and their envi-

ronmental implications. http://www.eeb.org/index.
cfm?LinkServiD=  ODFEF8B2-5056-B741-DBO5EBE-
F517EDCCB.

17.Hejcman, M. — Souskova, K. — Kristuf, P. — Peska, J.
2013. What questions can be answered by chemical
analysis of recent and paleosols from the Bell Beaker
barrow (2500-2200 BC), Central Moravia, Czech
Republic? Quaternary International, 01/2013, Vol.
316:179-189.

18.Kalicz, N. 1965. Die Frihbronzezeit in Nordost-Un-
garn. In: Archaeologia Hungarica, XLV.: 77-84.

79.Khoklova O., S. — Sedov S., N.-— Golyeva A., A. —

Hungarian Agricultural Research 2019/1

9



Khoklov A., A. 2001. Evolution of Chernozems in the
Northern Caucasus, Russia during the second half of
the Holocene: carbonate status of paleosols as a tool
for paleoenvironmental reconstruction. Geoderma,
104 (2001): 115-133.

20.Koroés-Maros Nemzeti Park (KMNP) 2018. http://
www.kmnp.hu/index.php?pg=menu_1140. Letoltés:
2017.12.28.

21.Molnar M. - Jo6 K. - Barczi A. - Szant6 Zs. - Futo I.-
Palcsu L. - Rinyu L. 2004. Dating of total soil organic
matter used in kurgan studies. Radiocarbon. 46 (2):
413-419.

22.Novak T. - Nyilas I. - Toth Cs. 2009. Preliminary stud-
ies on landscape ecological structure of fragmented
loess grasslands on the Zsolca mounds (Felsézsolca,
Hungary). Tajokologiai Lapok. 7 (1): 161-173.

23.Pet6, A. 2010. Burial mounds: detecting ancient sur-
faces. The method of (semi) quantitative phytolith
and biomorph analysis. In: Archeologia E Calcolatori
21:315-324.

24. Puskas |.— Farsang A. 2008. Diagnostic indicators for
characterising urban soil of Szeged, Hungary. Geo-
derma, Vol. 148 (3-4): 267-281.

25.Raczky P. — Meier-Arendt, W. — Anders A. — Hajdu
Zs. — Nagy,E. — Kurucz K. — Domboroczky L. — Sebék
K. — SUimegi P. — Magyari E. — Szantd Zs. — Gulyas
S. — Dob6 K. — Bacskay E. — T. Bird K. — Schwartz, C.
2002: Polgar — Cs6szhalom (1989-2000). Summary
of the Hungarian-German Excavations on a neolithic
Settlement in Eastern Hungary. Mauer Schau, Band
2., Verlag Bernhard Albert Greiner, Remshalden —
Grunbach, 833-860.

26.Rékéczi A. 2018. Ujabb Iépések a kunhalmok
meg6rzésében. Tajokoldgia Lapok 16:(1): 1-11.

27.Rakoéczi A, — Barczi A. 2015. A Kords-Maros Nemzeti
Parkért Egyesilet kunhalmok védelméért folytatott
tevékenységének eredményei 20 év tavlatabol. Civil
Szemle, XII. (2): 57-74.

28.Rakoczi A. 2013. Kurgans as landscape elements pro-
tected by the European Community. Ecoterra 10 (34):
7-12. p.

29.Rakoczi A. 2016. A Kozos Agrarpolitika tajvédelmi
el6irasainak hatasai a Békés megyei kunhalmok all-
apotara. Doktori értekezés. Godolls, p. 171.

30.Somai M. 2014. Agrartdmogatasok az Europai
Unidban. http://real. mtak.hu/17418/1/Somai_Agr%C
3%A1rt%C3%ATmogat%C3%A1sok....pdf

317.Sudnik, B. - Wojcikowska, I. - Moysiyenko, I. 2008.
The floristic differentiation of microhabitats within
kurgans in desert steppe zone of Southern Ukraine.
Acta Societatis Botanicorum Poloniae, Vol. 77., No.
2.:139-147.

32.Sudnik, B. — Wojcikowska, I. - Moysiyenko, I. -
Zachwatowicz, M. - Jabtonska, E. 2011. The value
and need for protection of kurgan flora in the
anthropogenic landscape of steppe zone in Ukraine.
Plant Biosystems. Vol. 145. (3): 638-653.

33.Szelekovszky L. 1999. Békés megye kunhalmai. Koros-
Maros Nemzeti Parkért Egyesulet Kiadvanya, Siralyka
Nyomda, Békéscsaba, p. 64

34.T6th A. (szerk.) 1999. Kunhalmok. Alfoldkutatasért
Alapitvany Kiadvanya, Kisujszallas, p. 77.

35.Toth A. 2002. Az Alfold piramisai. Alfoldkutatasért
Alapitvany, Kisujszallas.

36.Toth Cs. 2006. Az orszagos kunhalomfelmérés ered-
ményei a foldtani értékvédelem szemszogébdl. Acta
Geographica Ac Geologica et Meteorologica Debre-
cina 1(1): 129-135.

37.T6th Cs. 2007. Jasz-Nagykun-Szolnok megye kunhal-
mainak allapotfelmérése. Jaszkunsag 50 (1-2) 42-59.

38.T6th Cs. - Novak T, - Nyilas I. 2008. Otezer esztendd
6rzéi - A Zsolcai-halmok. Természetbuvar 63 (3): 20-
23.

39.T6th Cs. - Pethe M. - Molnar M. 2012. A Zsolcai-
halmok komplex féldtudomanyi vizsgalata. In: Nyari,
D. (ed.): Kockazat-Konfliktus-Kihivas. VI. Magyar Fol-
drajzi Konf. Tanulmanykétete. Szeged. p. 897-904.

40.Té6th Cs., Novak T. J., Téth A. 2014. A kunhalmok
terllethasznalat-valtasanak idészer( kérdései. Tisza-
vilag. A Tiszazugi Foldrajzi Muzeum Kozleményei 6:
61-76.

41.Virdgh D. 1979. Cartographical data of the kurgans
in the Tisza region. In: Ecsedy, I. (ed.): The people of
the pit-grave kurgans in Eastern Hungary. Budapest,
Akadémiai Kiadoé. p. 117-148.

10

Hungarian Agricultural Research 2019/1



COUMARIN- REAL THREAT

OR OVERSTATEMENT?

PATRYCJA SOWA - MARIA TARAPATSKYY — MAtGORZATA DZUGAN

'University of Rzeszéw, Faculty of Biology and Agriculture, Department of Chemistry and Food Toxicology, 35-601 Rzeszéw, Poland
2 University of Rzeszow, Faculty of Biology and Agriculture, Department of Bioenergetics and Food Analysis, 35 -601 Rzeszéw, Poland

Corresponding author: Patrycja Sowa, e-mail: patrycjasowa@op.pl

ABSTRACT

Coumarin (benzo-a-pyrone) is a natural substance found
in a wide variety of plants. The best-known source of this
metabolite is cinnamon, sweet clover, and holy grass. Due
to the unique flavor, synthetic chemical coumarin was
used as a food flavoring. Its use was banned based on the

researches on laboratory animals, where its hepatotoxicity
was confirmed. However, recent scientific reports do not
specify clearly the toxicity of this compound on the hu-
man organism. It has been also confirmed that coumarin
hepatotoxicity is species-dependent. At the same time, in
the laboratory and clinical studies, the health-promoting
effect of coumarin has been repeatedly demonstrated.

Figure 1: Structure of coumarin (I) and exemplary occurence of this compound: yellow sweet clover (Il), white sweet clover (l11), tonka bean (IV),

sweet grass (V), bastard balm (V1), sweet woodruff (VII) (own elaboration)
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It was used in the treatment of lymphoedema, venous
insufficiency (CVI), and has anti-inflammatory, antithrom-
botic, sedative and spasmolytic activity. Tolerable Daily
Intake (TDI) of 0.1 mg coumarin per kg body weight and
its maximum limit in foods as 2 mg/kg were established.
However, there is no legal regulation about coumarin
content in plant species and herbs. In this paper, the main
attention was focused on the source of coumarin in diet,
the potential risk of its intake, and medicinal application.
The main attention was focused on the basic source from
diet-cinnamon and cinnamon-containing foods. What is
important producers do not provide information about
the content of this compound in food products.

Keywords: coumarin, biological activity, toxicity,
medicinal usage, dietary intake

INTRODUCTION

Coumarins is an extremely diverse group of naturally
occurring chemical compounds, classified as secondary
plant metabolite. They are often called biologically ac-
tive substances. Each plant family, genus, and species
produce compounds characteristic for itself (Wink 2015).
Nowadays, over 1300 coumarins have been identified,
not only in the plant but also in bacteria and fungi. Cou-
marins have an important role in the regulation of plants
growth, as well as in defense against herbivores and mi-
crobes. It has been proven that they exhibit a range of
health-promoting properties and thanks to that used as
pharmaceutical agents (Venugopala et al. 2013). The ba-
sic compound of this group is coumarin. Many positive
effects of this compound were confirmed in clinical tri-
als, however many scientists warn, that excessive intake
of this substance in the diet can be toxic for the human
body. It is also a potentially toxic compound for livestock.
Anyhow, is there really anything to fear?

OCCURRENCE AND ORGANISMS EXPOSURE

Coumarin (1,2- benzopyrone; 2H-1-benzopyran-2-one,
cis-o-coumaric acid lactone) was identified in many plant
species, including sweet vernal grass (Anthoxanthum od-
oratum), tonka bean (Dipterix odorata), sweet grass (Hi-
erochloe odorata), bastard balm (Melittis melissophyllum)
yellow sweet clover (Melilotus officinalis), white sweet
clover (Melilotus albus), lavender (Lavandula officinalis),
as well as cinnamon, citrus fruits, bilberry, cherries, pep-
permint or green tea (IARC monographs 2000, (Sproll et
al. 2008). Another potential source in the diet is alcoholic
beverages such as vodka enriched with H.odorata known
as Zubrowka produced for example in Poland or Maitrank
(may wine) with Asperula odorata (sweet woodruff) tra-
ditional German alcoholic drink (Lake 1999). What is
more interesting coumarin was also found in some variety

of honey, especially obtained from the nectar of lavender
and sweet clover (Baroni et al. 2006, (Castro-Vazquez et
al. 2014), and in Mexican vanilla extracts (IARC mono-
graphs 2000). Coumarin was isolated for the first time in
the 19th century from tonka bean (Dipterix odorata com-
monly known as Coumarouna odorata-coumarou) (Sproll
et al. 2008). Synthetic coumarin, due to its specific smell,
similar to vanilla, was used as a flavoring additive for
food, alcoholic beverages, tobacco products, perfumes,
and many other cosmetics like toiled soap, toothpaste,
face creams, shampoos (IARC monographs 2000).

CONTROVERSIAL TOXICITY AND LAW
REGULATIONS

The use of synthetic coumarin as a food additive was
banned in 1954 by FDA (Food and Drug Administration),
due to the suspicions that, may have genotoxic, carci-
nogenic and hepatotoxic activity on human organism
based on laboratory tests on animals. It has been proven,
that coumarin can induce liver cancer in rats and mice
and lung tumor in mice, as well as can damage the in-
ternal organs (liver, kidneys) in dogs (Lake 1999, (Abra-
ham et al. 2010). However, there are no reported data,
which confirmed such an effect on the human organ-
ism. Additionally, EFSA (European Food Safety Authority)
found in 2004, that coumarin does not covalently bind
to DNA and therefore does not show genotoxic activity.
Moreover, IARC (International Agency for Research on
Cancer) cancer qualified the coumarin to group lIl, i.e.
compounds that do not show carcinogenic effects on the
human body (Felter et al. 2006, (Sproll et al. 2008). How-
ever, the toxicity of this compound, especially hepatotox-
icity is strongly species-dependent. Primates metabolize
coumarin mainly into 7-hydroxycoumarin, whereas ro-
dents into coumarin 3,4-epoxide, that immediately con-
verts to o-hydroxyphenylacetaldehyde (o-HPA), the main
compound responsible for the toxic effect of coumarin.
7-Hydroxycoumarin does not exhibit hepatotoxic effect
(Felter et al. 2006). However, some studies have shown,
that the part of humans population is more susceptible
to coumarin-induced hepatotoxicity. This resulted in a to-
tal ban on the use of coumarin as medicine in Australia
and France (Wang et al. 2013). It was initially suspected
that a sensitive group metabolizes coumarin in a differ-
ent way. EFSA established Tolerable Daily Intake (TDI) of
0.1 mg coumarin per kg body weight (Felter et al. 2006).
Meanwhile, Iwata et al. (2018) who investigate the re-
lation between hepatotoxicity and the coumarin intake
from Kampo medicines (traditional Japanese medicine
containing cinnamon bark), concluded that coumarin
contained in these medicines, even it exceeds the TDI,
was not correlated with hepatotoxicity. Either Felter et al.
(2006), based on the analysis of many studies, empha-
sized that no adverse liver effects have been reported in
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Figure 2: Cassia cinnamon (I) vs Ceylon cinnamon ,,true cinnamon” (ll) (https://stock.adobe.com)

humans following coumarin exposure via dietary sources
or dermal application as well as the only negative effect
was observed in patients exposed to a very high dose
(often g/day). What is also important there is no evidence
of coumarin and its metabolites accumulation in living
organisms (Lake 1999).

Despite this maximum level of this compound in food as
2 mg/kg was evaluated by the European Parliament and
Council, except for cinnamon-containing traditional and/
or seasonal baked goods containing a reference to cin-
namon in the labelling and chewing gum (50 mg/ kg),
breakfast cereals including muesli (20 mg/kg), other fine
baked goods (15 mg/kg), alcoholic beverages and special
caramels (10 mg/kg), other desserts (5 mg/kg) (Sproll et
al. 2008). There is no legal regulation regarding coumarin
content in species and herbs (Wang et al. 2013).

MEDICINAL USE OF COUMARIN

Coumarin was used in many clinical traits to treat
lymphedema and venous insufficiency (CVI) (Felter et al.
2006). It removes protein and oedema fluid from injured
tissue by stimulating phagocytosis and production of
proteolytic enzymes, additionally alone or together with
rutin improves lymph flow (Perrin and Ramelet 2011).
Coumarin was very effective in wound healing, exhibits
anti-inflammatory, antithrombotic, sedative and spasmo-
lytic activity. (Venugopala et al. 2013). It has been reported
that this compound can inhibit lipid peroxidation, lipoxy-
genase activity, and prevent chemically generated oxida-
tive stress as well as inhibits the proliferation of many hu-

man cell lines, e.g., malignant prostate
and kidney cancer (Kubrak et al. 2017).
Coumarin also shows antidepressant
activity by a different mechanism such
as MAOQ inhibitors (Dighe et al. 2016).
Pereira et al. (2009) presented the possi-
bility of using coumarin in the treatment
of neurodegenerative diseases because
it affects the amino acid levels in mice
prefrontal cortex and hippocampus. Fur-
thermore, Ariza et al. (2007) concluded
that coumarin is responsible for anxio-
lytic, anticonvulsant and sedative activity
of Hygrophila tyttha Leonard, a medici-
nal plant traditionally used in Colombia.

COUMARIN DIETARY SOURCES

Due to the previously mentioned, poten-
tial hepatotoxicity, products containing
coumarin are included in legal control.
The used of tonka bean or tonka extract
are prohibited as a food additive in the
USA, but other species like cinnamon
are available on the market without information on the
content of coumarin (Wang et al. 2013). The average
human exposure to coumarin from the diet was estab-
lished as 0.02 mg/kg/day (mostly from cinnamon) com-
pared to 0.04 mg/kg/day from cosmetic products (Felter
et al. 2006). There are two types of cinnamon available
on the market: Ceylon, so-called “true cinnamon” (Cin-
namomum verum) from Sri Lanka, and cinnamon cassia
with different botanical sources, derived from e.g. China
(Chinese cinnamon- Cinnamomum cassia) or Indonesia
(Indonesian cinnamon, korintje- Cinnamomum burmani-
ni). True cinnamon differs from cassia mainly in the cou-
marin content (Ceylon —trace amount, whereas cassia is
very diverse from 2 mg/kg to 9 mg/kg). Additionally, pro-
ducers do not label information about the origin of the
spice on the packaging (Wang et al. 2013). Furthermore,
researchers warm, that high consumption of foodstuffs
with cinnamon could exceed the TDI. Ballin and Sorensen
(2014) analyzed the content of coumarin in cinnamon
containing food products, available on the Danish mar-
ket. Although most products met the acceptable limit,
the content of coumarin was very diverse. For example,
the content of coumarin in seasonal or traditional baked
goods with cinnamon addition ranged from 3.8 mg/kg to
35 mg/kg, while in breakfast cereals from 0.9 mg/kg to
10 mg/kg. Sproll et al. (2008) based on their results con-
firmed, that children can eat only about 3-4 cinnamon
star cookies, and adults about 10 (determined coumarin
amount 88 mg/kg, the weight of cookie 5g). In many ar-
ticles posted on websites, we can found the information,
that coumarin is related to warfarin (also known as Cou-
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madin) used in medicine as an oral anticoagulant. How-
ever, unmodified coumarin itself, as it occurs in plants,
has no anticoagulant effect. Some authors suggested
that coumarin can be converted by fungi to dicoumarol
(natural, very strong anticoagulant). Dicoumarol was re-
sponsible for the bleeding disease known as “sweet clo-
ver disease” in cattle eating moldy sweet clover silage.
However, the mechanism of this transformation has not
been explained (Sowa et al. 2018).

CONCLUSION

In summary, coumarin has many positive effects, what
is used in treating many diseases like lymphoedema, ve-
nous insufficiency, and it seems promising in neurode-
generative diseases also. However, due to potential toxic-
ity of coumarin, the content of this compound should be
monitored in product available on market.
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INTRODUCTION

In 2017 agriculture had a share of 3.3% from the gross
domestic product. Although the production volume was
5.2 % lower, prices were 4.7% higher (KSH, 2017). The
distribution within the production sector was the follow-
ing: 58% were plant products, 34% animals and animal
parts, and 7.5% belonged to agricultural services and
secondary activities (KSH 2017).

Agricultural output within the EU

In 2017 the agricultural output was 5.2% higher within
the EU, it summed up to altogether EUR 427 billion. The
priority list for the output within the Member States is the
following: Italy, France, Spain, Germany, Netherlands and
U.K, which summed up to 72%. Within the agricultural
sectors crop production has risen by 2%, while animal
husbandry went up by 10% compared to last year (Varga
2018).

Agricultural output in Hungary
Hungary contributes to the agricultural production of the
European Union by 1.9% in 2017, which shows a slight

Figure 2: Dual-use hen poultry (Photo: Annamaria Holes)

reduction compared to previous years. Within this the
percentage 2.2% were plant products and 1.6% animal
products. 4.3 % of the total crop production came from
Hungary, most importantly maize, which adds up to 10%
from the whole amount of crops. 5% of industrial crops
came from Hungary with oily crops giving the bulk of this
amount. Our chicken production adds up to 3.8% within
the European sector (KSH 2017).

Distribution within agricultural production in
Hungary

= Crop production = Animals and animal production = Agricultural services and secondary activities = Other

Extreme weather affecting production
One of the hottest years was 2017 in
terms of temperature on Earth. The effect
of this was felt also in Hungary, because
the average temperature was higher in
2017. The mean temperature shows the
same values as for the previous year, but
it is below the hottest year of 2014. In
2017 the national mean temperature was
nearly 0.8 C° higher, than the 1981-2010
average temperature of years and in the
past 100 years this has been the eleventh
hottest one with the 11,14 C° mean tem-
perature value. According to the data the
trend shows continuous increase. In the

Figure 1: Agricultural production in Hungary in 2017 (Source: KSH)

past 117 years the national annual mean
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temperature has increased by 1.15 C°, and in the past 30
years it has increased by 1.22 C°. For the past 100 years,
the year 2017 can be considered more rainy, but the distri-
bution of precipitation differs from usual. Until the end of
the summer, in the first half of the year there wasn't a lot
of rain, but it has been compensated in the second half of
the year. The average annual amount of rainfall was only
a few percent higher than the 1981-2010 average value. If
we look at the last 100-year interval, we see a slight de-
crease, but there was an increase of about 15% over the
past 30 years compared to the amount of precipitation in
2017.

Extreme weather phenomena are a serious problem
throughout Europe and are expected to increase in the
future as a result of global climate change.

Increasing droughts and windstorms would likely cause
of damages to agricultural crops. The adaptability of agri-
culture is good, but there is still a need for investments to
increase agricultural production costs. Careful planning
and the best possible prognostication of future condi-
tions are essential to ensure the crop production pro-
grams (EASAC). Prepare for climate change, along with
creating food security and generating crop surpluses,
also serves the sustainable ‘reproduction’ of the natural
resources used in the sector.

The protection of agriculture and forestry is particularly
important as the above-mentioned weather anomalies
cause great damage to our natural and environmental
values, including loss of yield, soil degradation, quanti-
tative and qualitative deterioration of crops, and risk to
machinery, equipment, buildings and the environment.
transport infrastructure. The protection of agriculture
and forestry is specifically important as the above-men-
tioned weather anomalies cause of huge damages to our
natural and environmental values, including loss of yield,
soil degradation, quantitative and qualitative deteriora-

tion of crops, and furthermore it can endanger machiner-
ies, equipment, buildings and the environment. transport
infrastructure.

As the atmospheric conditions are very volatile, it is nec-
essary to prepare for big extremes, such as abundant and
indigent years, creating reserves, and deduction of sur-
pluses.

In the last hundred vyears, there has been around 30
very droughty years, and it is common almost in every
next years, but there are years when both inland water,
flood, frost damage and drought can happen, for exam-
ple, 2000 was such one. These areas and places are the
most endangered in point of food security in Hungary.
There are some years when the price of imported prod-
ucts can also rise, procurement can be complicated and
the country may be more vulnerable. However, if we
increase the adaptability of plants, the harmful effects
can be reduced, thus more predictable agricultural pro-
duction increases security of supply (Mika 2011). Among
other things, the most important concern is the choice
of varieties, soil cultivation and adaptation to changes.
There were years when most of the crop was lost due to
drought, but next year the abundance was the problem.
But the other important factor is the precipitation, the
lack of which causes the great drought, but if it rains
suddenly, in large quantities, we have to think over how
we could store and utilize it. The solution can be the cul-
tivation of the drought-tolerant and extreme weather-
resistant varieties, as well as changes in the proportion of
crop production and crop rotation conditions.

Effect of extreme weather on agriculture

During plant production, it must be prepared to appear
of the new pathogens, pests and weeds. Typically, they
are more aggressive and massive, so defending against
them is an important target.

In the case of fruit cultivation, the big-

19478

36,6 35,5
= agricultural area = forest
= reeds fishpond

= growing area

Land use and cultivation area in Hungary,
2018 (thousand hectares)

= excluded from the cultivation area

gest problem is caused by weather ex-
tremes, especially frost damage, summer
thunderstorms associated with hail and
temperature rise are the most typical
risk factors. Among the adverse effects
are the expected deterioration in quality
and crop vyield safety, yield reductions,
and quantitative changes. The figures 4.
and 5. show the yields harvested from
the most important arable crops in Hun-
gary in 2017 and 2018. The quantity of
harvested wheat did not change signifi-
cantly compared to the previous year,
but the amount of barley, rye, oats and
triticale decreased. Maize is cultivated in
Hungary in significant quantities, mostly
silage corn, which can be seen in the

Figure 3: The land use and cultivation area in Hungary in 2018 (Source: KSH)

2017 data. Maize is extremely sensitive
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The all harvest of the major field plants in
2017 (thousand tons)
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Figure 4: The all harvest of the major field plants in Hungary (2017) (Source: KSH)

The all harvest of the major field plants in
2018 (thousand tons)
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Figure 5: The all harvest of major field plants in Hungary (2018) (Source: KSH)

Distribution of agricultural lands in
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Figure 6: Distribution of the agricultural lands in Hungary (2017)(Source: KSH)

to rainfall and drought periods, so the
amount of cultivation can be signifi-
cantly affected by the weather. For the
year 2018, data on the quantity of maize
harvested is not available.

The trends and rates of animal hus-
bandry are a big issue for farmers. The
breeding of livestock kept in Hungary is
based on cereals for food, which is more
resistant to weather conditions than in
the case of livestock consuming fibrous-
juices forage. The hot-dry tendency has
less impact on the grain-holding live-
stock, despite the possible deterioration
of quality and the decrease in specific
yields. In the event that the number of
fodder eater animals decreases in the
future, the storage, transport and sale
of the accumulated grain should be re-
solved.

From the point of view of viticulture,
the shifting of the zones to the north is
expected, and due to extreme weather
conditions, the life, yield and the quan-
tity and quality of the wine may dete-
riorate. It is likely that the variety struc
ture will be transformed and that the
varieties of table grapes, late ripening
and red wine grapes will be present in a
higher proportion.

The warmer weather is favourable for
some species, for example tomatoes,
peppers, watermelons, cucumbers,
sweet corn, which yield can be en-
hanced by the use of intensive technolo-
gies. Cold tolerant species — for example
green peas and cabbage seeding are
preferable in the early spring, as the av-
erage temperature at this time favours
these plants. In areas where the number
of warmer days is increasing and where
there is a drier and warmer year in the
given year, the cultivation of warm-de-
manding species is preferable.

The effects of climate change on crop
production

The following factors have to be taken
into account in the relationship between
climate change and crop production:
precipitation, temperature, CO, concen-
tration and crop area (land use). One
of the most important factors for plant
growth is the amount and time distribu-
tion of falling precipitation. The investi-
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gations are generally limited to two parameter ranges,
the temperature increase and the change in atmospheric
CO, concentration. Other factors, such as water balance,
evapotranspiration, or the length of the growing season,
may or may be related to this.

As temperatures rise, plant growth accelerates in the
presence of sufficient precipitation and nutrients. How-
ever, above a certain level, the process may turn back,
or even lead to the plant dying. The rise in temperature
leads to increased evapotranspiration as the water va-
pour pressure increases in the leaf and the vapour pres-
sure drop (VPD). As the VPD increases, more and more
steam pressure is eliminating from the plant, resulting in
a loss of moisture. More intense evaporation can lead to
soil drying, which is another stress factor.

In addition to the effects mentioned above, it is very im-
portant that plants fixing CO, from the atmosphere dur-
ing photosynthesis. Many attempts have been made by
the researchers to show that there is a positive feedback
between the increase in atmospheric carbon dioxide and
the productivity of C3 plants. There may be large dif-

can be counterbalanced by using more fertilizers, but this
method is not only more expensive but also has an envi-
ronmental impact (for soil, for water balance, for ambi-
ent air ...etc.). The process will also increase CO, and N,O
greenhouse gas emissions.

Warming will help the pests to proliferate, overwinter,
and spread, so defending against them will be more im-
portant and cost more than before.

From the production point of view, the shifting of the
zones to the north is expected, which means 150-250
km for a 1°C rise of average temperature. For example,
in Hungary, a 2°C rise can bring serious changes, and the
climate in the country may become Mediterranean (Zs.
Harnos 2011).

In 2016, the weather was milder than average, which
helps for producing. All in all, fewer areas have been
damaged, but more serious damage has occurred. Al-
most every month was warmer than average. The figure
7. shows the deviation of the national monthly average
temperatures, on the left side there are the months, first
of the top is January.
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Figure 7: The deviation of the national monthly average temperature from the average of many years (1981-2010) in 2016 (Source: OMSZ)

ferences between species. For example, the aforemen-
tioned C3 plants are capable of absorbing the intensity
of photosynthesis at a lower light intensity, whereas C4
plants often do not exhibit saturation even in the pres-
ence of full sunlight intensity. For example, the afore-
mentioned C3 plants are capable of absorbing CO, in
the maximum intensity of photosynthesis at a lower light
intensity, whereas C4 plants often do not exhibit satura-
tion even in the presence of full sunlight intensity (Ordég-
Molnar 2011).

Changes in climatic conditions can also affect the soil.
The rise in air temperature also causes an increase in the
temperature of the fertile topsoil layer. Thus, the decom-
position of organic matter, together with many other fac-
tors, accelerates the impact on production. This process

The daily mean temperature values were also above the
annual average. Due to the heavy rainfall in the win-
ter, the rivers were flooded and the arable lands were
flooded by inland water (mainly in the middle and eastern
part of the Great Plain). In spring, the late frost caused
great damage to many parts of the country. The biggest
destruction occurred on the apple and vineyards. In the
summer, there were great extremes in the amount and
in the spatial distribution of rainfall, and in the suddenly
falling hail. During this period, winter wheat, sunflow-
ers, corn and apples were the ones who mostly suffered
from the adverse weather conditions. In spite of the high
yields, around 60-70% of the wheat has become a feed
quality thanks to high rainfall.

Due to the more favourable weather conditions, the size
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Table 1: Key data for the first pillar in 2015 and 2016 (Source: made by AKI (Research Institute of Agricultural Economics)
Horizontal Analysis Department from data of MAK (Hungarian State Treasury))

Megnevezés 2015 2016 zg:g:fef !
L. pillérben tag termelok szama, fo 72474 73 543 1015
Befizetett karenyhitési hozzajarulas, millio HUF 4160 4184 100.6
A Karenyhitési Alap targyévi forrasa, millio HUF 21473 23507 109.5
Bejelentett kiresemények? szima, darab 10014 10919 109.0
Bejelentett kirosodott teriilet, ha 203 058 131 544 64.8
Jogosnak megitélt karenyhitd juttatis iranti kérelmek szama, darab 3312 3303 99.7
Jogosan igényelt dsszeg, millio HUF 6050 4928 815
A kiarenyhitd juttatas alapjat képezd kirosodott teriilet, ha 61824 29 143 471

Table 2: Number of reported damage events and size of affected areas (hectares) in Hungary in 2015 and 2016 (Source:
made by AKI (Research Institute of Agricultural Economics) Horizontal Analysis Department from data of MAK (Hungarian

State Treasury))
Bejelentett kiresemeények Bejelentett karosodott Az adott karesemenyre kifizetett
szama, teriilet, karenyhité juttatis osszege,
darab ha millio HUF
Kiresemény 2015 2016 2015 2016 2015 2016

Aszalykar 5226 64 121 657 2123 42617 19
Belvizkar 299 472 12 281 17124 713 341.6
Felhdszakadaskar 30 175 528 3130 3.6 845
Jégesokar 2868 2911 51768 48 152 9149 1073.1
Mezdgazdasagi arvizkar 16 7 122 97 0.0 0,0
Tavaszi fagykar 1360 6534 11104 43 472 758.1 3 086,1
Téli fagykar 19 38 101 557 0,0 5.7
Oszi fagykar 1 14 7 172 0,0 36,2
Viharkar 195 704 5491 16 718 342 293.0
Osszesen 10 014 10919 203 058 131 544 60499 49280

of the damaged areas caused by the extreme weather
has reduced in 2016 compared to the previous year. This
year, the spring frost and hail were the two most signifi-
cant damage events. Damaged areas approx. 36% were
damaged by hail and 33% by spring frost.

Figure shows more data from 2015 and 2016 (last col-
umn is the percent value). First column

Table 2. shows more data from 2015 and 2016, first col-
umn is type of the damage, second column is number of the
reported damage, third column is reported damaged area
and the last column is the amount paid for the damage. The
first column from above: damage of drought, -inland wa-
ters, -rainstorm, -hail, - agricultural flood, -spring hail, -win-

is the denomination: the number of the
member producers (person), paid com-
pensation contribution (million HUF),
source of compensation for a given
year (million HUF), number of reported
damages, reported damaged area (ha),
the number of claims for compensatory
damages granted, number of requests,
required amount (million HUF), size of
supported damaged area (ha).

2010

2015

2016

2017

The figures in the figure also show that 0 10
the reported damaged area is approxi- ol
mately it fell from 200 hectares to 130 H Vegetables

hectares compared to last year. The to- ¥ Other plants

tal number of reported damages has in-

» Fodder plant
®potato

®Industrial plants and beet
® Dried leguminous

creased slightly overall.

Figure 8: Crop production rates in Hungary between 2010 and 2017 (Source: KSH)
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Million tons
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area, the damage to the inland water-
fall, the rainfall caused the frost dam-
age in the spring frost damage and the
storm damage area grew more (Badbané,
2018). In case of drought damage, this
value decreased significantly.

Changes in crop production in recent
years
Large-scale transformations took place

2010 2011 2012 2013 2014 2015
—\Wheat

Corn Barley

between 2010 and 2017 in the sow-
ing structure. Compared to the total
quantity produced, the share of cereal

2016 2017

Figure 9: Wheat, maize and barley production in Hungary between 2010 and 2017 (million

tons) (Source: KSH)

production is at least 9%, maize, wheat
and barley have declined by one tenth.
In contrast, the share of industrial crops

Million tons
25

s _\,,/\/__

has increased significantly, for exam-
ple, by 34% for sunflower and 16% for
rapeseed. For example, the crop area of
sugar beet shows a positive change.

In 2017, about 16% less grain was har-
vested than in the year before, when
crop yields showed excellent results
(close to the five-year average). The cul-
tivation of maize covered a 2.3% small-
er area, and the harvested maize were

2010 2011 2012 2013 2014 2015
Rapeseed

Sunflower seeds

6.8 million, 22% less than compared
to 2016. But the 2017 performance
was still higher than the 5 years aver-

2016 2017

(million tons) (Source: KSH)

Figure 10: Sunflower seeds and rapeseeds production in Hungary between 2010 and 2017

age. The amount of harvested wheat
was 5.2 million tonnes, it is also 6.5%

Thousand tons

2010 2011 2012 2013 2014 2015

= Potato Grape e Apple

pRatgagt

less than in 2016 and the production
area was 7.9% smaller. In the case of
barley, 1.4 million tons were harvested,
which was 12% lower than last year,
but significantly exceeded the five-year
average.

In the case of oilseeds, the area of sun-
flower and rapeseed harvested in 2017
also increased by 10% and 18%, re-
spectively. The amount of sunflower is
6.5% and rape rose by 1.5% compared
to 2016. The amount of rapeseed har-
vested was never high before. The vol-

2016 2017

Figure 11: Potato, grape and apple production in Hungary production in Hungary between

2010 and 2017 (thousand tons) (Source: KSH)

ter hail, -autumn hail and —storm. Last line is the summary.
In 2016, the number of drought damage has dropped
remarkably compared to the previous year. By contrast,
the number of spring frost damage rose sharply. In ad-
dition, the number of inland water damage, hail dam-
age and storm damage increased even more compared
to other factors. According to the size of the damaged

ume of sugar beet increased by 16% to
1.1 million tonnes.

The area and quantity of potatoes has
been decreasing for years. In 2017, a 6.2% decrease was
observed. The total amount of vegetables decreased by
about 10%, the yield of vegetables was about 1.5 mil-
lion tonnes in the last year under review. However, the
amount of fruit production increased (788 thousand
tons in 2017), but the apple was less, it decreased by
7.5%.
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PROTECTING DRINKING WATER
RESOURCES ALONG THE DANUBE BEND -
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ABSTRACT

The Hungarian region along the Danube Bend contains
highly sensitive water resources that are the basis of
drinking water supply for a large number of citizens living
in the region.

The current paper provides a summary of the work of the
PROLINE-CE project, with a focus on best management
practices relevant to the Hungarian test areas. The aim of
the project was to develop a transnational manual for the
selection and application of best practices regarding sus-
tainable land use and flood and/or drought management,
with a focus on the protection of drinking water resources.
Sustainable land use practices along rives such as the
Danube can significantly influence related ecosystem ser-
vices and through them effect drinking water resources
and floods. During the project, a number of best man-
agement practices (BMPs) that are most relevant to the
Danube Bend region were collected. While most of these
BMPs (proper agricultural practices, improvement of sew-
age systems, addressing the effects of floods) are already
under implementation in the region, there are a few ar-
eas with still room for improvement.

keywords: land use, drinking water, Danube, best
management practices

INTODUCTION

The main objective of the PROLINE-CE project is to de-
velop transnational guidelines for the implementation
of sustainable land use and flood/drought management
practices that can improve the protection of drinking wa-
ter resources.

Best practice examples are tested in selected project pilot
areas with different characteristics. While the project is
still ongoing, there have been a few related studies.

ISTVAN WALTNER"2 — ANNA BOGLARKA POMUCZ" - BALAZS SZELENYI" — JANKA MEZEP — VERONIKA KISS? —
BARBARA BEZEGH' — ANDRAS BERES' — NORA KOPLANY!'

2Szent Istvan University, Faculty of Agricultural and Environmental Sciences, Godoll6, Hungary

Land use - CORINE Land Cover 2012 - R s Bl

PA3.2 Along Danube Bend, Hungary

* w—aton sl border of Hungary
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Figure 1: Project area 3.2, along the Danube Bend - outline and land
cover. (green - forest/semi-natural habitat, yellow - agriculture, red
- artificial surfaces, blue — water/wetland)

ECOSYSTEM SERVICES AND SUSTAINABLE
LAND USE ALONG RIVERS

As sustainable land use practices can improve ecosystem
services, a part of the PROLINE-CE project included the
collection of a list of relevant ecosystem services, along
with potential supporting measures. The project was fo-
cusing on provisioning and regulating services, forest and
grassland ecosystems in mountainous areas, agricultural
ecosystems and wetland ecosystems.

Wetlands are among the most important environmental
resources on Earth. They are also one of the most threat-
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ened and vulnerable ones. Riverine wetlands provide a
significant water protection functionality, including the
protection of drinking water resources and the preven-
tion and/or mitigation of floods. (Tucker et al. 2010)
Water purification in wetlands is achieved through the
removal of sediment and suspended solids by reed beds
and other plants. Seepage of water from the riverbed
into the groundwater can also be filtered through wet-
lands and thus improve the water quality in riverside wells
(Heged s, 2016). Through the increase of microbial activ-
ity, wetlands can also help reduce nutrients in the water
body, including the treated wastewater of sewage works.
Other harmful substances (including, but not limited to
heavy metals, toxic elements and pesticides) can also be
absorbed by the wetland sediment, thus reducing their
presence in the aquifers.

Riverine wetlands can provide a significant natural buffer
against flood events. Peak flow rates can be reduced by
the wetland area, while at the same time it can also delay
the timing of peak flow. The proper management of such
wetlands can be very important, as it can either increase

or decrease the intensity of floods. The establishment of
embankments separating wetland areas from their riv-
ers — while it can reduce inundation behind the embank-
ments — can increase flood levels and intensity in the
floodway area. The establishment of drainage schemes
can also negatively affect the flood reduction capacity of
these wetland areas (Acreman and Holden, 2013).

While the proper maintenance of riverine wetlands is es-
sential, the sound management of other land areas ad-
joining rivers can also provide significant benefits to both
flood reduction and drinking water quality and quantity.
As soil erosion can potentially have moderate to severe
effects on 26 % of the total area of Hungary (Pasztor et
al., 2016; Waltner et al. 2018), riparian strips can provide
a key role in the reduction of sediments in rivers. They
can reduce surface runoff and trap sediments and other
suspended solids that would otherwise end up in the wa-
terbody. Riparian forest strips can also reduce nutrient
loads, potentially removing up to 90 % of nitrogen (Bal-
estrini et al. 2016) and 74 % of phosphorus (Peterjohn
and Correll 1984).

Figure 2: Wetland and riparian strip along the Danube river (Photo: Istvan Waltner)
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BEST MANAGEMENT PRACTICES IN THE
DANUBE BEND AREA

A number of best management practices have already
been implemented in Hungary aiming at the application
of sound land use practices in order to protect drinking
water resources.

While the continued improvement of sewage treatment —
most notably in certain areas of Szentendre Island —, and
protection against the polluting effects of flood events
are key elements in reducing possible contamination of
local wells, land use related measures can mostly be pre-
sent through agriculture-related applications.
Considering possible founding opportunities, participa-
tion in the Hungarian Agro-Environmental Program is
most likely the most straightforward way for farmers to
receive financial support for the implementation of dif-
ferent measures influencing drinking water resources and
floods, such as the application of grassed buffer strips or
limitations in fertilizer use.

Stakeholder evaluation of the selected BMPs indicated

that while in certain areas (particularly in and around
Budapest) cooperation between waterworks companies
and land users is well established, other areas could still
use better coordination.

Figure 3: Buffer strips can help reduce sediment and nutrient load on watercourses (Photo: Istvan Waltner)

CONCLUSIONS

Results of the PROLINE-CE project indicated that the
land use related ecosystem services in Danube Bend re-
gion are mostly related to the state of riparian wetlands
and buffer strips. Relevant best management practices
are mostly available and known to local stakeholders.
However, there is still a lack of proper application of
sound land use and management measures in certain
regions. This lack of cooperation between waterworks
and farmers is often originating in the lack of proper
financial incentives. While the Agro-Environmental Pro-
gram proved to be a popular driving force towards bet-
ter land use application, involvement in such schemes is
still often lacking.
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