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A tiszainokai Fekete-halom tajtorténete és aktualis novényzete

BEDE ADAM*, VALKO ORSOLYA, DEAK BALAZS

HUN-REN Okolégiai Kutatokdzpont, Okoldgiai és Botanikai Intézet,
Lendiilet Vegetacid és Magbank Dinamikai Kutatocsoport, 2163 Vacratot, Alkotmany at 2—4.
email: bedeadam@gmail.com

Kulesszavak: halom (kurgan, kunhalom), sztyeppcserjés, gyomvegetacid, spontan regeneracio, torpe
mandula (Prunus tenella syn. Amygdalus nana)

Osszefoglalas: A Tiszainoka kiilteriiletén talalhaté Fekete-halom egy éskori kurgan, valészintileg a
Jamnaja-kulttira épithette a késé rézkorban. A halom felszinét a 18. szazadban mar mtivelték. Az 1960-
as években a tetején foldmérési pontot allanddsitottak. A halom északi oldala erésen erodalt, a roncsolas
a korabban rajta athalado foldat hasznalata miatt alakult ki. Az eurdpai unids agrar-kornyezetvédelmi
tamogatasoknak koszonhetéen a halom teriiletén 2014-re felhagytak a szantéfoldi muvelést. A felszint
spontan jol regeneralddoé parlag boritja, tobbek kdzott a déli és nyugati oldalon megjelent a védett torpe
mandula (Prunus tenella) is. Természetvédelmi kezelésként a kiméld kaszalas indokolt, tovabba
érdemes lenne a halom koriil széles gyepi pufferzonat kialakitani.

Bevezetés

A kurgéanok (halomsirok, kunhalmok) az eurazsiai sztyepp és erddsztyepp zoéna
meghatarozo tajrégészeti elemei. Egyfajta idOkapszulaként is felfoghatdk, részletes
vizsgéalatuk betekintést nyujthat az elmult 6tezer év kdrnyezettorténeti és torténeti
okoldgiai valtozasaiba, tajhaszndlatdba és tajtorténetébe (Stimegi et al. 2015, Dedk
2020).

Az els6 halmokat a kelet-eurdpai eredeti Jamnaja-kulttra épitette a késé rézkor—
kora bronzkor folyaman (Kr. e. 3600-2700). Ez a népesség tobb hulldmban, folyamatos
bedramlassal (infiltracioval) érte el a Karpat-medence siksagi, hegylabi és folydvolgyi
tertileteit (Dani és Horvath 2012). Kés6bb, a romai korban a szarmatak is emeltek
kurganokat, tovabba nagy sirszdmu aprohalmos és keritdarkos temetdket is
létesitettek (Parducz 1950, Kulcsar 1998).

A halmok megjelenésiikkel, a tdjat urald szerepiikkel nagy hatast gyakoroltak a
kovetkezd kulturdk térszemléletére, sok esetben utakat, telepiiléseket, hatarvonalakat
igazitottak hozzdjuk, oldalaikon temet6t, tetejiikon templomot emeltek; masodlagos
funkcidik tarhaza szinte kimerithetetlen (Bede 2019). Ezer szallal kotheték nem csak
az egyes kulturdk és kozosségek mindennapjaihoz, de a torténeti legendak és
folklérhagyomanyok vilagahoz is (Bede 2014).

Mindezek ellenére — elsGsorban az utdbbi masfél évszazadban — a halmok jelentds
részét elpusztitottak az infrastrukturalis beruhdzasok és az intenziv mezdgazdasagi
tevékenységek. A fenndlldé kurgdnok megmentése a hazai Orokségvédelem és
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természetvédelem kiemelt feladata, de egyben a helyi kozosségek kotelessége is (Toth
et al. 2018).

A kurganok egyben a tajtorténeti és az ezzel egyiitt jard novényzeti valtozasok
indikatorai is, hiszen a természetes vagy természetkozeli gyepek meglétébdl és
allapotabol kovetkeztetni lehet egy-egy halom bolygatottsdganak mértékére és
jellegére (Bede és Szarka 2003, Deak 2018). Bar a magyarorszagi halmok jelentds része
a mezOgazdasag és a varosiasodas altal atformalt tajakban fordul el§, mégis kiemelt
természetvédelmi potencidllal birnak ezek a kiilonleges tajelemek. Ezekben az
atalakitott tdjakban sok esetben csak az utak mezsgyéi mellett vagy a halmokon tudtak
fennmaradni a természetes gyepi él6helyek és a hozzdjuk kot6d6 novény- és allatfajok
(Dedk et al. 2020, Molnar 2025). Az 8si bolygatatlan gyepekkel és 6parlagokkal boritott
halmok él6helyszigetekként ma is Orzik az egykorvolt tdjakra jellemzd faji
sokféleséget. Ugyanakkor a fiatal, par éves parlagokon is szdmos esetben
telepedhetnek meg olyan bolygatast(ir6 vagy ritka gyomfajok, amelyek az intenziven
hasznalt tadjakban megritkultak az utdbbi idében (Dedk 2018).

Anyag és modszer

A kutatas soran a Tiszainokahoz tartozo Fekete-halmot vizsgaltuk, mely morfologiai
jellemz8ibdl, topografiai helyzetébdl és a régészetileg feltart parhuzamokbdl itélve
valdszintileg egy tobb felhordasi rétegbdl felépitett késd rézkori kurgan (Dani és
Horvath 2012).

A halom tajtorténeti leirdsa és allapot-0sszehasonlitdsa soran elsdsorban a kéziratos
(T.1-7) és a késébbi nyomtatott (T.8-18) térképeket hasznaltuk fel a teljesség igényével,
levéltari és internetes forrasokra tAmaszkodva (Mapire.hu, Hungaricana.hu). Tovabba
a helytorténeti szakirodalmat, a kéziratos dokumentumokat, valamint az internetes
bazisokban fellelhetd légifelvételeket (Fentrél.hu) és mtiholdfotdkat (Google Earth) is
bevontunk a vizsgdlatba. Az egyes évtizedekben rogzitett felvételek ugyanis jol
mutatjak a halom alakjaban és novényzetében bekovetkezett valtozasokat.

A halom allapotfelmérését, morfoldgiai és morfometriai adatainak rogzitését Bede
Adam végezte el 2018. oktdber 28-an, 2022. méjus 17-én és 2024. mércius 31-én. A
felmérés soran kézi GPS-késziilékkel feljegyeztiik a kurgdn kozponti koordinatajat,
felvettitk korvonaldt, lemértiik atmérdit és tertiletét is. Az allapotleirashoz a
helyszinen részletes feljegyzés és fényképes dokumentacio késziilt.

A halom botanikai felmérését 2022. majus 17-én Dedk Baldzs és Valkd Orsolya
végezte. A felmérés soran a halom teljes teriiletén (3 170 m? kiterjedésben) feljegyeztiik
az ott el6forduld edényes novényfajokat, valamint azok szazalékos boritasat. A fajok
nevezéktana Kiraly (2009) munkajat koveti.
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Eredmények

A halom tajtorténete és mai allapota

A Fekete-halom a Tiszazugban, Jasz-Nagykun-Szolnok megyében, Tiszainoka
kiilteriiletén, a kozségtdl 4 km-re keletre, szantofoldi kornyezetben talalhatd (Bede
2019). A halom az északkelet fel8l beékel6d6 nagykunsagi siksag felsd pleisztocén kori
16sztablajan (A. Nagy 1954, Bagdi 1970, Dovényi 2010), annak egy észak—déli iranyt,
keskeny hatvonulatan all, melyet nyugat, észak és kelet feldl is régi érmedrek
hatarolnak. A teriiletre a réti csernozjom talaj a jellemz6 (Pasztor et al. 2018).

2

( )
o {

_® Tiszainoka

1. dbra. Tiszainoka (A) és a Fekete-halom (B) elhelyezkedése (alaptérkép: Google Earth)

Figure 1. Location of Tiszainoka (A) and the Fekete-halom kurgan (B) (base map: Google Earth)

A halomtol 170 m-re északkeletre all kisebb (0,5 m magassagu) névtelen parja,
amely ma is Tiszainoka és Nagyrév hatarpontjat képezi. A rajta athalado, késo
kozépkori eredetti hatarmezsgye 1977-ben még megvolt, 1980-ra teljesen beszantottak
a tertiletet (Fentrol.hu).

A Fekete-halom térképi és irodalmi névirdsai: Jnokai halom (T.5 — 1861; 2/A. abra),
Fekete halom. (T.6 — 1864), Fekete halom (T.7 — 1881, T.8 — 1883; 2/B—C. abra), Fekete-
halom (Kovach 1893, Toth 1988, Farkas 1994, Toth 2008), Fekete hal. (T.9 —1943), Fekete
hlm. (T.10 - 1951, T. 11 — 1955), Fekete-hlm. (T.12 — 1959, T.13 — 1966, T.16 — 1978, T.17
- 1991), Feketehalom (T.14 — 1976, T. 15 — 1978, T.18 —2000). A halom megnevezése
Inokai-halom volt (a név Tiszainokara utal), késébb mar csak Fekete-halomként
emlitik (ez az elnevezés személynévi eredetli lehet, esetleg a halom tulajdonsagat,
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szinét fejezi ki). A fentieken kiviil név nélkiil jelolik még egyéb térképek is (T.1 — 1744,
T.3-1784, T.4 —18. szazad vége). Az els6 katonai felmérés (T.2 — 1783) pedig tévesen
a Zsido-halom (Zsido Hal:) nevet irja mellé, azonban ez a név egy masik,
északnyugatabbra, mar Nagyrév hataraban allt halomra vonatkozik.
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2. dbra. A Fekete-halom 19. szazadi térképeken. A: Masodik katonai felmérés (T.5 — 1861);
B: Kataszteri felmérés (T.7 — 1881); C: Harmadik katonai felmérés (T.8 — 1883)

Figure 2. The Fekete-halom kurgan on maps from the 19th century. A: Second military survey
(T.5 - 1861); B: Cadastral survey (T.7 — 1881); C: Third military survey (T.8 — 1883)

A 18. szazad végén mar szantoként hasznaljak a halom tertiletét, kozvetleniil délre
régi orszagut haladt (Turi at) (T.2, T.6). Ezt az utat a 20. szdzad kozepén mar nem jelzik
(T.10; 3/A-B. 4bra). 1962-ben még teljes felszinén szantottnak mutatja a halmot a
légifotd, 1963-ban mar egy foldmérési pont is lathato a tetején, ekoriil pedig egy észak—
déli iranyban korbeszantott, gyepes feliilet(i, orso alapteriilet(i szantassziget talalhato
(Fentr6Lhu; 3/C. abra). 1965-ben mar nyugat—keleti irdnyt a szantas, és sokkal kisebb
a muvelésbdl kihagyott rész teriilete (Fentr6l.hu). A késobbi légifelvételek is igy
mutatjdk (Fentr6l.hu, 1977, 1980). 1979-ben a halmon harmadrendli vizszintes
alappontot allandodsitottak, illetve megujithattak a korabbit (Geoshop.hu). Az 1980-as
években atalakitjdk az itt fekvé mezdgazdasagi tablak szerkezetét, a halmon keresztiil
pedig egy nyugat-északnyugat feldl kelet-délkeleti irdnyba tartd foldutat vezetnek at
(T.17-18). Az évtizedes uthasznalat okozhatta az északi oldalon a cstics alatti meredek
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er6zidt (4/A. abra). Késébb az utat megsziintették, azonban a kurgan kozepén a
parcellahatdr és a szdntdssziget megmaradt (Fentrél.hu, 1999, Google Earth, 2007,
2011; 4/B. abra).

A kurgan allapotét els6 izben Téth Albert mérte fel 1986-ban, ekkor rajta csak
szantot emlitett (Toth 1988). Ezt kovetden Téth Csaba Albert is felmérte a halmot 2007
augusztusaban, rajta szantofoldi mtvelést, a kozponti részen pedig gyomos
parlagnovényzetet dokumentalt (T6th 2008).

Az eurdpai unids szabalyozasnak koszonhetden (Toth et al. 2018) a halom teriiletén
2014-re szabalyos kor alakban felhagytak a mezdgazdasagi mtvelést (Google Earth;
2D., 4/C-D. ébra).

3. dbra. A Fekete-halom 20-21. szazadi térképeken, 1égi- és miiholdfelvételeken. A: 1959-ben (T.12);
B: 1963-ban (Fentrél.hu); C: 1976-ban (T.14); D: 2022-ben (Google Earth)

Figure 3. The Fekete-halom kurgan on maps, aerial and satellite photos from the 20-21t century.
A:1In 1959 (T.12); B: In 1963 (Fentrél.hu); C: In 1976 (T.14); D: In 2022 (Google Earth)

A Fekete-halom ma is szép megjelenés(i, kiip alaku kurgan, még enyhén roncsolt
allapotaban is meghatarozo tajképi érteéket képvisel; karakteres megjelenésével uralja
kornyezetét (4/D. abra). Szinte teljes felszinén felhagytdk a miivelést, csupan
délnyugati szélét szantjak; jelenleg gyomos, kaszalt parlag fedi, északi szélén elszortan
néhany bodzabokorral. Csticsan haromszogelési betonpont all, melynek tablai mar
széthullottak (a felszinen tégla- és betondarabok hevernek), kozponti oszlopa téglaba
agyazva azonban még ép. A mérdpont koriill mély és meredek rézstjii erézids
szantasnyomok lathatdk, az északi oldal az egykor itt dthalado6 foldut lemetszése miatt
még meredekebb (a rézsli északi és keleti oldalan valamivel jobb allapota
parlagnovényzet talalhato). A cstcs kozvetlen kornyékeét eltorzitottak, talajat teljesen
atmozgattak a rokak, hatalmas kotorék talalhatd itt, tobb kijarattal és nagy mennyiségti
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kiasott folddel. A halomtol nyugatra fiives savon foldat halad, korben szantofoldek
tertilnek el.

Fébb morfometriai adatai a kovetkezdk. Kozponti koordinatai: EOV 739166, 173818
(EOTR 47-322), WGS 46.902619, 20.217764 (Google Earth). Relativ magassaga: 4,9 m.
Hosszabb (nyugat-—keleti) atmérdje: 70 m; rovidebb (észak—déli) atmérdje: 60 m.
Keriilete: 200 m. Tertilete: 3.170 m2 Abszolut tengerszint feletti magassaga az egyes
térképeken (idében visszafelé): 92,32 m (Geoshop.hu), 93,0 m (T.17 - 1991, T.18 — 2000),
93,1 m (T.13 -1966, T.15-16 - 1978), 92,3 m (T.12 - 1959), 92,4 m (T.11 — 1955), 95 m (T.8
- 1883, T.9 — 1943, T.10 — 1951), 95,2 m (50,2 6l) (T.7 — 1881).

A B

4. dbra. A Fekete-halom. A: 2007-ben (Toth Cs. A. felvétele); B: 2009-ben (Varro Cs. felvétele; tiszazugi-
kunhalom.hu); C: 2018-ban (Bede A. felvétele); D: 2022-ben (Bede A. felvétele)

Figure 4. The Fekete-halom. A: In 2007 (photo by Cs. A. Téth); B: In 2009 (photo by Cs. Varro;
tiszazugi-kunhalom.hu); C: In 2018 (photo by A. Bede); D: In 2022 (photo by A. Bede)

A halom aktualis névényzete

Tekintettel arra, hogy a Fekete-halom kornyezetében nincsenek jelen nagykiterjedésti,
jo természeti allapota gyepek, ahonnan a gyepi fajok be tudtak volna telepedni, a
halom novényzetében csak kevés gyepi lagyszaru fajt talaltunk, és ezek is elsésorban
bolygatast jelz6 novények (1. melléklet). Ftfajok koziil a deres tarackbuza (Elymus
hispidus) és a keskenylevel rétiperje (Poa angustifolia) voltak jelen nagyobb
tomegességgel, kétsziktiek koziil ilyen fajok voltak a vesszdés kutyatej (Euphorbia
virgata), kozonséges szikipozdor (Podospermum canum) és a vajszinii Ordogszem
(Scabiosa ochroleuca). A halmon két olyan faj is el6fordult, amelyek kifejezetten
bolygatasjelzdk, de természetvédelmi szempontbodl érdekesek lehetnek. Az egyik ilyen
faj a kozonséges sarlofti (Falcaria vulgaris), amely a térségben elsésorban mezsgyékben
és gyepesedo parlagokon fordul el6, a masik faj pedig egy az intenziv mezdgazdasag
térhoditasaval parhuzamosan csokkend tendenciat mutatd gyomfajunk, a vetési
gomborka (Camelina microcarpa). A halom jelent6s részén szantofoldekre, fiatal
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parlagokra jellemz6 gyomfajok voltak jelen (Bromus tectorum, B. arvensis, Cardaria
draba, Lamium amplexicaule, Capsella bursa-pastoris, Carduus acanthoides).

A Fekete-halom novényzete jol tiikrozi azt az orszdgosan megfigyelhetd kedvezd
jelenséget, ami a teriiletalapt tdmogatdsok bevezetésével indult el Magyarorszagon
(Rakoczi és Barczi 2017). A tdmogatassal érintett halmokon a mezdgazdasagi mtivelés
megsziinését kovetden biztositottd valt a még megmaradt gyepi fajok populdcidinak
megmaradasa. Ezzel egyidében a halmon fennmaradt populaciok at tudtak terjedni,
illetve a kornyezd gyepekbdl, mezsgyékbdl spontan mddon be tudtak telepedni
természetvédelmi szempontbdl értékes fajok a kordbban szantott felszinekre (Argay
és Dedk 2024). Bar a spontdn gyepesedési folyamat lasst, de kedvezd tdji
kornyezetben, ahol a célfajok propagulumai jelen vannak a tajban, végiil egy jo
természetességli vegetacio kialakuldsat eredményezheti (Dedk et al. 2025, Toth et al.
2018). Erre jo példaval szolgalnak a tadgabb térség dparlagokkal boritott halmai (ilyen
példaul a szelevényi Kis-halom vagy az 6csodi Mogyoros-halom; Bede et al. 2022).
Mivel a megtelepedés folyamata lassu, akar évtizedekig is eltarthat, igy a
vegetaciofejlodés elsd szakaszdban a halmokon sok esetben a gyepekre jellemzd, de
bolygatast jol trd fajok telepednek meg, mint ahogy az tortént az altalunk vizsgalt
halmon is. Mellettiik egyes esetekben a térségre jellemzd ritka gyomfajok is hosszu
ideig fenn tudnak maradni (Dedk et al. 2025). Bar magyarorszagi szinten és igy a
régidban is (példaul a cibakhazi Kett6s-halom esetében; Olasz et al. 2019) jelentSs
természetvédelmi problémat okozhat az invazids fafajok megjelenése — elsGsorban a
fehér akac (Robinia pseudoacacia) jelent problémat (Argay és Deak 2024, Molnér 2025) —,
a Fekete-halomndl ezt a jelenséget nem tapasztaltuk, a szukcesszios folyamat
részeként a fasszadriak megjelenése azonban itt is tetten érhetd (Prunus cerasifera,
Sambucus nigra).

A torpe mandula (Prunus tenella) a vizsgalt tajban el6forduld védett névényfaj.
Eredeti él6helyeik (sztyeppcserjések) megsemmisiilését kovetéen allomanyai a
térségben elsdsorban mezsgyékbe szorultak vissza. A halmon talalhaté torpemandula-
allomany (5. dbra) kiterjedése a 2022-es terepi felmérés alapjan 165 m? volt, becsléseink
szerint hozzavetdleg 15.000 tovet szamlalt (90 t6/m?). Azt, hogy a faj a déli és nyugati
lejtékon tudott elterjedni, valdszintleg e két mikroélShely — a tobbi lejt6hoz képest —
viszonylagos hlivos és nedves mikroklimdja indokolhatja (Dedk et al. 2021). Az
allomany eredetére tobb lehetséges magyarazat 1étezik: legvaldszintibb a spontdn,
magkészletbdl vald megjelenés, azonban a tudatos betelepités sem zarhatd ki teljes
mértékben. A torpe manduldnak a Fekete-halomhoz legkozelebb a Tiszainoka és
CserkeszOl6 hatarmezsgyéjén, akacfasorban, a Mezei-foldek teriiletrészen talalhato
két egymashoz kozeli, de jol elkiiloniilé allomanya (Dedk et al. 2023a).



10 BEDEET AL.

5. dbra. A torpe mandula (Prunus tenella) a tiszainokai Fekete-halmon. A, C: 2024-ben (Bede A.
felvételei); B: 2022-ben (Dedk B. felvétele)

Figure 5. Russian almond (Prunus tenella) on surface of the Fekete-halom mound in Tiszainoka. A, C:
In 2024 (photos by A Bede); B: In 2022 (photo by B. Deék)

Természetvédelmi javaslatok

A Fekete-halom délnyugati peremét sajnos még mindig szantjak, ezért célszer(i lenne
ennek a résznek a miivelését is felhagyni, valamint az egész kurgan tertiletét korben
széles, kaszalt gyep pufferzéonaval védeni. A novényzet kimélése mellett érdemes
lenne a korabbi szdntds erdzids nyomait helyredllitani (a rézsti leszantott anyagat
visszatolteni), a rossz allapotti haromszogelési pontot pedig renovalni. Az itt talalhato
rokakotorék megsziintetése is sziikséges lenne, mert az 4llatok okozta bolygatas — a
jaratok kidsasa és a fold mozgatdsa — nagymértékben roncsolja a halomtestet
(els6sorban a halomtet6t).

Tekintettel arra, hogy a védett torpemandula mind regionalis, mind orszagos
szinten ritka faj, igy a Fekete-halom kiemelkedd természetvédelmi jelentdséggel bir,
mivel a térség legnagyobb ismert allomanyat Orzi (a tajban a faj ezen kiviil csak
mezsgyén maradt fenn két, egymastdl elkiiloniilé populdcioban; lasd Dedk et al.
2023a). A faj fennmaradasat elésegitendd, érdemes lenne a halom degradalt
vegetacidval boritott teriiletén a gyomokat visszaszoritani, és el0segiteni a természetes
gyepi novényfajok és a torpe mandula megtelepedését. Ezt a gyomos teriiletek
rendszeres kaszalasaval lehetne elGsegiteni, amit hasznos lenne még a gyomok
termésérése elStti idészakban elvégezni (Dedk et al. 2023b). A térpemandula-alloméany
kiilon kezelést nem igényel, azonban keriilni kell minden olyan tevékenységet, ami az
egyedek sériilésével jarhat (ilyenek példaul a taposas, kaszalas és legeltetés).
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Indokolt lenne tovabba a halomfelszinrdl az egyéb fasszaruakat (cseresznyeszilva,
fekete bodza) eltavolitani, mert ezek terjedése hosszii tdvon negativan hat a
regeneralodo gyepi kozosségekre. A megfelel6 természetvédelmi kezelés mellett
tovabbi gyepi célfajok spontdn megjelenésére lehet szamitani, akdr a szlikebb
kornyezetbdl megtelepedve, akar a halom talajanak magbankforrasabol.
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Landscape historical and actual botanical researches on the Fekete-halom

kurgan in Tiszainoka
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The Fekete-halom mound, located within the administrative territory of Tiszainoka (Jasz-Nagykun-
Szolnok County, Hungary), is a prehistoric kurgan, most likely built by the Yamnaya Culture in the
Late Copper Age. The surface of the mound had already been cultivated in the 18% century. In the 1960s,
a geodetic point was established on its top. The northern slope of the mound is heavily eroded by a dirt
road that previously passed through the kurgan. Due to the agri-environmental schemes provided by
the European Union, arable farming was abandoned on the mound in 2014. Today, the surface of the
mound is covered with spontaneously regenerating old-field vegetation, including the population of
the protected dwarf species, the Russian almond (Prunus tenella) on the southern and western slope. In
order to support grassland regeneration, gentle mowing (in areas without Russian almond) is
recommended as a conservation management measure. Establishment of a non-tilled buffer zone
around the kurgan that suppresses the anthropogenic effects arriving from the adjacent areas, and at
the same time allows spontaneous grassland regeneration around the mound, could also considerably
contribute to the protection of the kurgan.
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1. melléklet. A tiszainokai Fekete-halmon el6forduld novényfajok listaja és szazalékos boritasértékeik

Appendix 1. List and percent cover values of vascular plant species on the Fekete-halom mound, Tiszainoka

Fajnév Boritas (%)
Alopecurus pratensis 1
Anthemis arvensis 0,1
Atriplex oblongifolia 0,2
Ballota nigra 0,1
Bromus arvensis 2
Bromus mollis 0,1
Bromus tectorum 20
Calamagrostis epigeios 1
Camelina microcarpa 0,3
Capsella bursa-pastoris 2
Cardaria draba 8
Carduus acanthoides 1
Chenopodium album 0,1
Cirsium vulgare 1
Consolida orientalis 0,2
Consolida regalis 0,2
Convolvulus arvensis 4
Crepis biennis 0,1
Cynoglossum officinalis 0,5
Descurainia sophia 0,5
Elymus hispidus 23
Euphorbia virgata 0,5
Falcaria vulgaris 0,4
Fumaria officinalis 0,1

Fajnév Boritas (%)
Galium spurium 1
Geranium molle 0,5
Hyoscyamus niger 0,5
Lactuca serriola 0,5
Lamium amplexicaule 4
Lamium purpureum 0,1
Lathyrus tuberosus 0,5
Matricaria inodora 0,1
Myosotis ramossissima 0,1
Myosotis stricta 0,1
Papaver rhoeas 0,1
Picris hieracioides 1
Poa angustifolia 10
Podospermum canum 0,5
Prunus cerasifera 2
Prunus tenella 28
Rubus caesius 1
Rumex patientia 3
Sambucus nigra 2
Scabiosa ochroleuca 0,2
Stellaria media 0,1
Torilis arvensis 0,1
Veronica arvensis 0,5
Veronica persica 0,1
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Az ,,6kologiai-tipusi” gazdalkodasi formak jellemz6i Békés varmegyében
Az agrar-6koldgiai program, az agrar-kornyezetgazdalkodas és az 6kologiai
gazdalkodas adatai az EU Biodiverzitasi Stratégiajanak tiikrében
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Kulcsszavak: kozos agrarpolitika, normativ tamogatas, diverzifikacio, 6koldgiai gazdalkodas, tajvéde-
lem

Osszefoglalas: A kozosségi és nemzeti agrartdmogatasi rendszerek kulcsfontossdgtiak az agrarium sza-
mara. A 2023-t6l induld tamogatasi iddszak jelentds valtozasokat hozott a kdzvetlen tamogatasokban
is. Tobb jogcimen — kiilonféle el6irasok betartasa mellett — jogosultak a gazdak a tamogatasra, amelyek-
nek egy része kotelezd elem, mas résziik valaszthaté tamogatasi forma. Utdbbiba tartozik az un. agrar-
okologiai program is, mely a magasabb tamogatasért cserébe, tobb 0koldgiai eldirast is tartalmaz a ter-
mel6k szamara (kornyezetvédelmi, természetvédelmi, tajvédelmi el6irdsokat). Vizsgalatomat Békeés
varmegyére vonatkozoan végeztem, amely soran a Békés Varmegyei Kormanyhivataltdl, valamint a
Magyar Allamkincstartdl igényelt adatokat elemezve mutatom be a magasabb szintti 5ko-eléirasok jel-
lemzd adatait a tamogatasi id6szak kezdeti éveire vonatkozdan. Megallapitottam, hogy az elmult idé-
szakban nétt az agrar-kornyezetgazdalkodasi és dkologiai-gazdalkoddasi tdmogatdsban részt vevé gaz-
dak aranya, és a bevitt teriileteik nagysaga. Emellett széles korben igénylik a varmegyében az Agrar-
okoldgiai Program tamogatasait is. Utobbiak mind hozzajarulnak a fenntarthatobb, kdrnyezet-, és ter-
mészetbaratabb agrartermelés kialakitasahoz.

Bevezetés

Hazank adottsagait figyelembe véve, agrar-berendezkedésti orszag, teriiletének jelen-
tds része mezdgazdasagi mivelés alatt 4ll. Nemzeti szint(i agrarpolitikank kozéppont-
jaban a kisebb, de annal nagyobb jelentdségti, specidlis alagazatok tamogatdsa (méhé-
szet, gyogy- és fliszernovény-termesztés, virdgtermesztés, szOlészet-boraszat, 16te-
nyésztés, agro- és gasztroturizmus stb.), az dgazati fejlesztések szélesitése, a feldolgo-
zas fokanak novelése, a jovedelmezdség fokozasa, a hazai sziikségletek minél széle-
sebb kort kielégitése, az agrar-exportunk szélesitése allnak. A felsorolt alagazatoknak
még inkdbb jelentéségiik van Okologiai termesztés/termékek esetében. Ezen kisebb
specidlis dgazatok tdAmogatasara is van hazai forrasbdl lehetdség; erre mutat ra Kranitz
et al. (2014) tanulmanya. Ugyanakkor a térségek fejlesztése, a teriileti kiilonbségek le-
kiizdése is kiemelt cél. Utdbbi indokoltsagat tdmasztjak ala Egri (2023), Komarek
(2019) és Horvat és Komarek (2016) kutatasai is.
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Mindezek mellett folyamatosan igazodunk a kozosségi szint(i agrarpolitikai elSira-
sokhoz, azaz a K6zos Agrarpolitikahoz (a tovabbiakban: KAP) (Farkas 2000). A KAP
eldiras- és tdamogataspolitikajanak kozéppontjaban a mikodésének kezdetétdl a 2000-
es évekig f6ként a mennyiségi szabalyozasi kérdések, azaz a piacpolitika, a kozvetlen
tamogatasok alltak. Jelentds valtozas allt be az tun. Agenda2000 nevl agrarpolitikai
reform altal, hiszen ettd]l kezd6d6en a hétéves koltségvetési ciklusok soran egyre in-
kabb erdsodtek a kornyezetvédelmi, természetvédelmi, tajvédelmi, fenntarthatdsagi
teltételek betartasanak kovetelményei a tdmogatasokért cserébe (Rakoczi 2024). Széle-
sedtek a vidékfejlesztési intézkedések is (Rakoczi 2022), ebben a helyi vidékfejlesztési
stratégiadk is (Ritter et al. 2011).

A mezbgazdasagi miivelés helyes gyakorlata szamos kornyezeti elemre lehet joté-
kony hatasu. Utobbiakat tdmasztjak ald a kovetkez6 kutatasok. Gyuricza és szerzotar-
sai (2005) a talajok szervesanyag-tartalmat vizsgaltak; Centeri et al. (2015) a mezdgaz-
dasagi talajok erdézidjat kutatta; Dedk et al. (2024), Bede és Csatho (2019), valamint T6l-
gyesi et al. (2022) természetvédelmi vizsgalatokat folytattak. Az agrar-kornyezetgaz-
dalkodasi tdmogatas egyes vonatkozasait Tirjak (2016) vizsgalta. Ezen tényezdk miatt
a tdmogatasi rendszeren keresztiil tudjuk a gazdalkodokat motivalni a fenntarthato
termelés irdnyaba, igy a kornyezet- és klimavédelemre.

Mindezek mellett a jové mezégazdasaganak diverzifikalnia sziikséges a tevékeny-
ségét, igy jelentds lesz a kiilonféle gasztro- és agroturizmus. Ezt tdmasztjak ala Bujdoso
et al. (2024), Zhoya et al. (2024), Arpési (2018), valamint Arpasi et al. (2021) kutatasai
is. A turisztikai dgazat gazdasagfejlesztési lehetdségeire mutat ra tovabba Kabil et al.
(2023). Emellett egyre inkabb elkeriilnek vallalkozasfinanszirozasi kérdések is (Lent-
ner 2017). Ugyanakkor 4j kihivasokat jelentenek a klimavaltozas okozta hatasok, ame-
lyek a termelés eddigi gyakorlatara is kihatnak, erre mutatnak ra Malatinszky et al.
(2013) kutatasai is.

Az ezredfordulétdl napjainkig altaldanossagban elmondhato, hogy az agrartamoga-
tasokért cserébe egyre fokozddo eldirasokat kell betartaniuk a gazdalkodoknak. Tobb
esetben egy kordbbi valaszthatd, tobblettdimogatasért jaro eldiras a kovetkezd ciklus-
ban az alapkdvetelmények kozé épiil be (azaz a tdmogatas kifizetésének feltételévé
valik). Utobbira példa a 2015-2022 kozotti tin. zolditési eldirasok egyes feltételeinek
valasztasi lehetdségei, melyek a 2023-tdl 2027-ig tarto ciklusban a feltételesség részévé
valtak, és tAmogathatdsagi feltételek lettek. A zoldités bevezetésének elsGéves tapasz-
talataival kapcsolatban kordbban vizsgalddott mar Rakdczi (2017a, 2017b) is.

Az Europai Unio ,Zold Megallapodasa”, Biodiverzitasi Stratégiaja

Az Eurépai Kozosség COM(2020) 380 final dontésével — igazodva az UNIO a Kérfor-
gasos Gazdasag célkit(izéséhez, valamint az un. Z6ld Megallapodashoz — meghozta a
2030-ig sz0lo Biodiverzitasi Stratégidjat.

A Bizottsag 2020 marciusdban nyujtotta be a javaslatat az Eurdpai Parlamenthez,
amelyben rogzitette, hogy a Biodiverzitasi Stratégia végrehajtasahoz 2021-t6l intézke-
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déseket vezet be a bioldgiai sokféleség megdrzése és a fenntarthatd gazdalkodas el-
érése érdekében. Ennek fényében a cél, hogy az EU szdrazfoldi teriiletének, valamint
tengereinek 30%-at fokozottabb természetkozeli, 6kologiai gazdalkodas (ellendrzés)
ala kell vonni (EP, 2026).

A fenti célkitlizések elérése érdekében hazank is bevezette az 6koldgiai szempont-
bol magasabb hozzaadott érték(i gazdalkodasi formdakat, amelyek adatait vizsgalja je-
len kutatas.

A 2023-2027-es agrartamogatasi ciklus kozvetlen timogatasainak jellemzdi

A 2023-tdl induld tdamogatasi rendszer kozvetlen kifizetései tobb elembdl allnak. Eb-
ben vannak kotelezd elemek (amelyeket minden gazdalkoddnak vallalnia kell), és van-
nak vdalaszthatd elemek. A kotelezd tdmogatasi tipus az alapveté KAP irdnyzatainak a
végrehajtasardl szdl, ilyen az alapjovedelem-tamogatds, amelyhez szamos kovetel-
meény betartasa tartozik, igy az un. feltételességi elSirasok kore. Utdbbi a kolcsonos
megfeleltetés, a helyes mezdgazdasagi és kornyezeti allapot, valamint a zolditési eld-
irdsok egy-egy elemét tartalmazza Gj megkozelitésti ,csomagban”.

A valaszthat6 tAmogatasi tipusok egy-egy gazda sajatossagaira (ndvénytermesztés,
z0ldségtermesztés, allattartas stb.), illetve adottsdgaira (Natura2000-es teriilet, termé-
szetvédelmi, tdjvédelmi értékek a teriiletén) adnak lehetdséget tovabbi tobbletvallala-
sok utan tobblettdmogatasokra.

Ilyen valaszthaté tdmogatasi forma az tn. ,kis” agrarkdrnyezet-gazdalkodasi tAmo-
gatasként (a tovabbiakban: AKG, angol forditasban: AES) emlitett agrar-ckologiai
program tamogatas (a tovabbiakban: AOP), amely a timogatasi rendszerben nem ko-
telezo elem, a gazdalkodok valaszthatjak. Ebben a kiilonboz6 miivelési dgak vonatko-
zasaban specialis, az alaptamogatasi eldirdsokon feliil vallalt tobbletvallalasokért (f6-
ként klimavédelem, tajvédelem, természetvédelem, biodiverzitas-védelem) kiilon-
b6z6 mértéki tobblettdmogatast kaphatnak az érintett gazdak.

Az agrar-okoldgiai program jellemz6i

Az AOP kovetelményeit a 17/2024. (IV. 9.) AM rendelet szabalyozza (a tovébbiakban:
AOP rendelet, angol forditdsban: AEP).

A NAK (2025:10) alapjan ,,az AOP-ben olyan gyakorlatok keriiltek meghatarozasra,
amelyek jelentds része a gazdalkodok szamara a korabbi tdmogatasi jogcimekbdl (tob-
bek kozott zoldités, AKG, OKO) mar ismertek, érthetéek, ugyanakkor kornyezeti
szempontbdl is hasznosak. Tovabba lényeges, hogy az AOP évente valaszthatd, on-
kéntes és tertileti alapon a teljes {izemtertiletre, vagy bizonyos gyakorlatok valasztasa
esetén a mezdgazdasagi tizem szantoteriiletének legalabb 50%-4an valo teljesités esetén
igényelhetd tamogatas. Az AOP vélasztdsa esetén viszont az dsszes foldhaszndlati ka-
tegoriara (szantd, egyéb gyep, egyéb allando kultara) kotelezd gyakorlatot valasztani
kategorianként legalabb 2 pont értékben.”
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A tobblettdmogatasért cserébe a gazdék az AOP keretein beliil a talaj- és vizvéde-
lemre, a tajvédelemre, a természetvédelemre, a biologiai sokféleségre gyakorolnak po-
zitiv hatdst a termelésiik soran. E tevékenységiiket kiilon vallaljak szanto, gyep és iil-
tetvény hasznositasok esetében. Olyan tobbletvallaldsokra kell gondolnunk, mint:

— szantofoldi foldhasznalati kategoria: talajtakaras, novénydiverzifikacié novelése,
tajképi elemek megOrzése, tablaméret korldtozasa, méhek védelme (novényvédelmi
szerek), karbamid mitragya hasznalata, forgatas nélkiili talajmivelés;

- gyepfoldhasznalati kategoria: gyepek megdrzése, pasztorold legeltetés, extenziv
gyepek évi egyszeri kaszalasa, 6shonos allatokkal torténd legeltetés, kaszalas soran ki-
zarolag alternalo kasza, vagy szarzuzo nélkiili kasza hasznalata, legalabb 10 cm-es ka-
szalt ,tarld” hasznalata;

— lltetvény foldhasznalati kategoria: bioldgiai agens, vagy feromon haszndlata,
mikroontozés alkalmazdsa, mikrobiologiai készitmények, valamint talaj- és novény-
kondicionald szerek alkalmazasa stb.

Ezen elGirdsok esetében sajatos pontozasi rendszer keriilt bevezetésre, és a tamogat-
hatdsagi feltétel a foldhasznalati kategoridnként a fent emlitett minimum 2 pont el-
érése.

Az AOP el8irasai ugy lettek meghatérozva, hogy igazodjanak az AKG és az Okolé-
giai-gazdalkodasi (a tovabbiakban: OKO, angol forditasban: OES) tdmogatasi el8ira-
saihoz, azért, hogy egy-egy gazda parhuzamosan is igényelni tudja ezeket.

Az AKG és az OKO tamogatasok jellemz6i

Az AKG el6irdsait az 54/2023. (IX. 13.) AM rendelet szabdlyozza. A NAK (2024a:7)
alapjan ,,az Agrar-kornyezetgazdalkodasi tAmogatas 0sszefoglaloan egy olyan onkén-
tesen vallalhat6 kifizetési- és kovetelményrendszer, amellyel a gazdalkoddk hozzaja-
rulhatnak egy hossztutdvon fenntarthatd agrarkornyezet megteremtéséhez, mely segit
a kornyezeti kihivasokhoz torténd alkalmazkodasban”.

Az el6irdsok sordn a gazdak szanto, gyep és tiltetvény kategoridkban valaszthatnak
un. horizontalis, vagy MTET (magas természeti értékii teriilet), és/vagy Natura2000
teriileten torténd gazdalkodas esetén tobbletvallalasokat. Ezen tobbletvallalasok f6-
ként kiemelt talajvédelemrdl], termOhely-védelemrdl, él6hely-védelemrdl, természet-
védelemrdl szolnak.

Az OKO tamogatéasok 2014-t8] elvéltak az AKG tamogatdsoktol (1. tablazat), és in-
nentdl kezdve 6nallé timogatasi jogcimként igényelheték. Az OKO tdmogatds elSira-
sait az Eurdpai Parlament és a Tandcs (EU) 2018/848 (V. 14.) rendelete szabdalyozza. A
NAK (2024b:7) alapjan , az okologiai gazdalkodas olyan gazdalkodasi és élelmiszer-
el6allité rendszer, amely tiltja, illetve korlatozza a szintetikus novényvédd szerek, mi-
tragyak, valamint a mesterséges hozamfokozdk hasznalatat. Kiemelten kezeli a kor-
szerl allatjoléti elvarasokat, a természeti kornyezet megovasat és a fenntarthatdsagot.
Ezeket az elveket, szabalyokat fokozott ellendrzés mellett alkalmazza a termeléstdl a
tfeldolgozason keresztiil a kereskedelemig.”
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AKG és OKO tdmogatasok orszagos igénylési adatait 2002 és 2024 kdzott az 1. tab-
lazat mutatja be. Lathato, hogy az id6 eldérehaladtaval mindkét kiemelt tdmogatasi
programban folyamatosan nétt a belép6 gazdasagok szama, és a bevitt teriilet nagy-
saga. Napjainkra meghaladja az 1,2 milli6 ha-t, amely a mezdgazdasag altal mivelt
orszagos teriiletnagysag kozel negyede.

1. tdbldzat. AKG és OKO tdmogatasok orszagos igénylési adatai (2002-2024) [Forras: Nemzeti Agrar-
gazdasagi Kamara (2024) alapjan sajat szerkesztés]

Table 1. County’s data of AES and EFS supports between 2002 and 2024 [Source: edited by the authors
based of Hungarian Chamber of Agricultural (2024)]

20152021
db/ha 2002 2003 2004-2009  2009-2014  (AKGI15és  2022-2024
AKG16)

igénylSk szama 5321 7 503 35 855 24 973 23 374 22 027
igényelt teriilet 271 751 301 383 1833 705 2259984 1466376 1281773
tamogatottak 2493 5056 23 840 14 688 13261 16991
Szama

z?jrlr;fgawtt te- 148 627+ 234 631* 1 481 000* 1163 663* 661 376 1215981

* A VP keretén beliil az okoldgiai gazdalkodas tamogatasa — az UMVP rendszerétdl eltéréen — mar nem része az
AKG-nak, az OKO tdmogatas a VP-ben kiilon intézkedésként jelent meg.

Anyag és modszer

Kutatdsomat Békés varmegyében végeztem, a 2023-2027-es agrartdamogatasi idészak
kezdeti éveit vizsgalva. A sziikséges adatokat (az Un. egységes kérelmek adatait) a
nemzeti kifizet$ iigynokség (Magyar Allamkincstar) adatbazisabdl, a Békés Varme-
gyei Kormanyhivatalon (a tovabbiakban: BEVKH) keresztiil igényeltem. A BEVKH az
agrartamogatasok kezelésében a KAP kozvetlen kifizetési, és vidékfejlesztési forrasai
tekintetében latja el az tin. delegalt-, és az in. kdzbensd szervi feladatokat.

A vizsgalat soran a kérelemadatokra vonatkozodan iddsoros elemzést és egyszerti
adatelemzést végeztem. Az egységes kérelem 2025. évi orszagos igénylésadatait a 2.
tablazat tartalmazza.
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2. tdbldzat. 2025. évi egységes kérelmek orszagos adatai (BEVKH 2025)

Table 2. The national data of area support applications in 2025 (BEVKH 2025)

varmegye igényl6k szama (db) igényelt teriilet (ha) atlag (ha)

Bacs-Kiskun 18 843 471 871,62 25,04
Szabolcs-Szatmar-Bereg 18 832 314 340,86 16,69
Hajdu-Bihar 15 659 434 438,23 27,74
Békés 11 840 432 563,32 36,53
Pest 12 552 382 554,90 30,48
Csongrad-Csanad 11 866 274 920,38 23,17
Jasz-Nagykun-Szolnok 8 348 387 920,31 46,47
Borsod-Abatj-Zemplén 7 862 287 976,89 36,63
Gy6r-Moson-Sopron 5972 239 945,02 40,18
Somogy 5613 246 699,89 43,95
Fejér 5486 272982,23 49,76
Heves 4981 163 527,89 32,83
Tolna 4 546 217 715,71 47,89
Baranya 4484 220 290,61 49,13
Veszprém 4 401 160 076,77 36,37
Zala 4252 138 436,81 32,56
Vas 3979 153 702,53 38,63
Komarom-Esztergom 2521 104 657,28 41,51
Nograd 2504 74 574,55 29,78
Osszesen 154 541 4979 195,80 32,22

A 2. tdblazat adataibdl lathatd, hogy 2025-ben orszagos szinten 154 541 gazdalkodo
igényelt tdmogatast kozel 5 millié ha mezbégazdasagi teriiletre. Békés varmegyében
11 840 gazda igényelt tobb mint 432 ezer ha teriiletre tdimogatast. Ez a termelSk szamat
tekintve orszagosan a hatodik helyen all, mig a mtvelt tertilet esetében a harmadik.

A varmegyei atlagos birtokméretek szérast mutatnak. A legnagyobb Fejér varme-
gyében kozel 50 ha-ral, mig a legkisebb atlagbirtoktestek Szabolcs-Szatmar-Bereg var-
megyében taldlhatoak kevesebb mint 16 ha-ral.

Eredmények és megvitatasuk

Békés varmegyei teriiletadatok

Békés varmegye az orszagos igénylések soraban a harmadik legtobb igénylést mutatja
a tobb mint 432 ezer ha teriilettel. A tAmogatast igényl6 gazdak esetében a hatodik a
11 840 kérelemmel (2. tablazat).

A varmegyében az elmult 12 évben folyamatosan csokkent a gazdasagok szama.
Mig 2014-ben kozel 16 ezer termel6 igényelt tdAmogatast, addig 2025-ben kevesebb,
mint 12 ezer. Az igényelt teriiletek nagysdga 4llandonak tekinthetd, igy — az el6zdek
okdn - az atlagos birtokméret folyamatosan nétt, 2025-ben mar meghaladja a 36 ha-t
(3. tablazat).
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3. tdblizat. Békés varmegyei egységes kérelem adatok (2014-2025) (BEVKH 2025)

Table 3. Data of Békés county’s area support applications (2014-2025) (BEVKH 2025)

év igények szama (db) igényelt teriilet (ha) atlag (ha)
2014 15780 432 873 27,43
2015 15397 432 449 28,08
2016 15132 436 928 28,87
2017 14971 438 775 29,30
2018 14 564 438 651 30,11
2019 14 053 439 796 31,29
2020 13 814 440 016 31,85
2021 13 408 438 590 32,71
2022 13118 437 167 33,32
2023 13 042 437712 33,33
2024 12 389 432763 34,93
2025 11 840 432 563 36,53

AKG és OKO varmegyei adatok eredményei

A 4. tablazat adatai a Békés varmegyei AKG igényléseket mutatjak 2023 és 2025 kozott.
2025-t8l egy 1j tamogatasi idOszak kezdddott, a gazdak a , KAP-RD19a-1-24 — Agrdr
kornyezetgazdilkoddsi kifizetések” palyazati felhivasban foglaltak szerint adhattak be ta-
mogatasi kérelmet. Az 1. tdblazat adatai mar szemléltették, hogy folyamatosan né az
AKG-ba bevont teriiletek nagysaga orszagos szinten, ez a Viharsarokra is jellemzd.

Lathatd, hogy a kiemelt tdmogatasba bevont teriilet 2023-ban és 2024-ben 60 ezer ha

koriil volt, és ezen beliil f6ként a szantd miivelési ag a talnyomo tobbségti, nagyjabodl
45 ezer ha-ral.

A 2025-t6l indul6 idészakban mar 88 ezer ha f6lé€ nétt a tAmogatott teriiletek nagy-
saga, és ezen beliil jelentdsen ndtt a szantoteriiletek aranya, amely meghaladja a var-
megyében a 73 ezer ha-t. A kifizetd tigynokség tapasztalatai azt mutatjak, hogy a meg-
novekedett értékek oka a gazdak részérdl a min€él nagyobb forrasok elérése.
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4. tabldzat. Békés varmegyei AKG kérelem adatok (2023-2025) (BEVKH 2025)
Table 4. Data of Békés county’s AES applications (2023-2025) (BEVKH 2025)
, mivelési | miivelési ag teljes teriilete tamogatott teriilet AKG kérelmek szama
év ,
ag (ha) (ha) (db)
2023 | 6sszesen: 60 052,59 582*
egyéb 8 779,75 436,84 37
gyep 40 042,16 13 711,86 206
szanto 386 562,42 45 491,80 464
iltetvény 864,07 412,08 29
2024 | 6sszesen: 58 519,51 575*
egyéb 14 727,24 102897 66
gyep 40 183,37 13 690,41 206
szanto 379 865,79 43 411,01 457
iiltetvény 855,62 389,10 28
2025 | 6sszesen: 88 102,53 768*
egyéb 6 904,37 22,11 1
gyep 40 669,12 14 365,58 217
szanto 386 155,40 73 368,80 658
iiltetvény 1222,51 346,03 21

* A tabldzat év-soraiban az Osszesen kérelem érték és az aldbontott mifvelési dgak értékeinek dsszegei azért nem
egyeznek, mert vannak dtfedések a gazdasigokban a miivelési dgak kozott, tehdt egy kérelem van ugyan, de tobb
mifvelési dgra vonatkozéan is vannak AKG-ba bevitt teriileteik.

Az 5. téblazat adatai is hasonlé ndvekvd tendenciat mutatnak az OKO kérelmek
vonatkozdsaiban, mint a 4. tdblazat. E tAmogatasba belép6 gazdalkoddk szama is je-
lentésen nétt a Viharsarokban. Mig 2023-ban 249 {6 volt, a 2025- 6s , KAP-RD20a-1-24
- Okoldgiai gazdéalkodasi kifizetések” felhivas alapjan mar 314 gazdasag folytathat
okologiai gazdalkodast kozosségi és hazai tdmogatdassal, Osszesen tobb mint 23 ezer
ha-teriileten. Az OKO tdmogatasok esetében is a szantéteriiletek a jellemz8 mtivelési
agak, melyek mara megkozelitik a 16 és fél ezer ha-t.



Az ,0kolégiai-tipusii” gazddlkoddsi formdk jellemzdi Békés virmegyében 25

5. tdbldzat. Békés varmegyei OKO kérelem adatok (2023-2025) (BEVKH 2025)

Table 5 Data of Békés county’s OES applications (2023-2025) (BEVKH 2025)

év m“;:"'s‘ m“;j:l_‘*;‘t:%f:;’es tamogatott teriilet (ha) Ofgizrf;:;ek
2023 o0sszesen: 18 430,95 249*
egyéb 8779,75 877,76 40
gyep 40 042,16 5 049,55 99
szanto 386 562,42 12 386,65 171
iltetvény 864,07 116,97 19
2024 o0sszesen: 17 675,46 236*
egyéb 14 727,24 799,11 33
gyep 40 183,37 4 787,00 92
szanto 379 865,79 11 972,60 167
iiltetvény 855,62 116,74 19
2025 0sszesen: 23 097,19 314*
egyéb 6 904,37 405,78 9
gyep 40 669,12 5579,14 112
szanto 386 155,40 16 453,48 234
iiltetvény 122251 658,78 29

* A tablazat év-soraiban az Osszesen kérelem érték és az aldbontott miivelési agak értékeinek Osszegei
azért nem egyeznek, mert vannak atfedések a gazdasagokban a mtivelési agak kdzott, tehat egy kérelem
van ugyan, de tobb mtivelési 4gra vonatkozéan is vannak OKO-ba bevitt teriileteik.

A 4. és 5. tablazat adatait 0sszevetve a 3. tdbldzat soraival megallapithatjuk, hogy az
egységes kérelmekbe bevitt 432 563 ha Osszes varmegyei teriileten 111 199,72 ha-on
folytatnak a gazdak AKG és OKO gazdalkodést. Ez tobb mint 25%-o0s aranyt jelent,
tehat a varmegyénk teriiletének a negyedén ,emelt szinti” természet-, és kornyezet-
védelmi szempontokat is figyelembe vevd termelés folyik. Utdbbi trend orszagos szin-

ten is jellemzd.

Az Agrar-okoldgiai Program varmegyei adatainak eredményei

Az AOP szamadatainak (6. tdblazat) elemzésekor, értelmezésekor az AOP rendelet
eldirasait is figyelembe kell venniink. A mar fentebb leirtakon tul sziikséges kiemelni
e tAmogatas igénylésének alapfeltételeit. E tdAmogatasban négy muvelési 4g tipus (an.
foldhasznalati kategoria) van megjeldlve, tigy, mint: szanto, gyep, Natura 2000 gyep,
valamint tiltetvény.
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6. tabldzat. Békés varmegyei AOP kérelem adatok (2023-2025) (BEVKH 2025)
Table 6. Data of Békés county’s AEP applications (2023-2025) (BEVKH 2025)
2023 2024 2025
, témoga"- kérelem témoge:— kérelem taimoge'i.- kérelem
Gyakorlat megnevezése tott terii- (db) tott terii- (db) tott terii- (db)
let (ha) let (ha) let (ha)
Szanto6 hasznositasi mod esetén valaszthato gyakorlatok

Talajtakaras 2646,41 123 2294,83 111 1008,58 144
Novénytermesztés diverzifikacidja 207712,65 2289 210149,74 2514 101100,31 2675
Tajképi elemek és teriiletek kijelolése 1263,01 14 10318,24 76 618,64 15
Tajképi elemek és teriiletek emelt szint ki-
jelolése - - - - 375251 49
Téablaméret korlatozas 8159,31 78  5939,18 58  1574,06 36
Méhekre veszélyes szerek hasznalati ti-
lalma 48241,62 1389  45351,86 1592 21334,11 1657
Karbamid mfitragya kornyezetbarat hasz-
nalata 30974,39 1742 33696,07 1925 39173,43 2014
Mikrobioldgiai készitmények alkalmazasa
szantoteriileten 85628,47 3146 71326,01 2695 72253,25 2816
Biologiai készitmények alkalmazasa 62443,71 1446  45097,97 994 55974,61 1209
Forgatas nélkiili talajmiivelés 19113,95 526 16755,19 592 12686,89 566

osszesen: | 466183,51 10753 440929,11 10557 309476,41 11181

Gyep hasznositasi méd esetén valaszthato gyakorlatok nem Natura 2000 gyepek esetén

Gyepek megoérzése 4542,44 363 4157,55 388 1749,56 360
Pasztorold, illetve szakaszos legeltetés 1411,51 71 1264,26 56 1497 41 60
Az extenziv gyepek legalabb évi egyszeri
kaszalasa 4614,14 359 411472 380 1705,54 347
Kizarélag alternald kasza hasznalata 1711,35 81 2346,27 135 3292,38 201
Oshonos haszonéllatokkal torténd legelte-
tés - - 11,19 2 8,49 1
10 cm-es tarlémagassag meghagyasa - — 66,74 8 139,73 13

Osszesen: | 1227944 874 11960,73 969 8393,11 982

Gyep hasznositasi mod esetén valaszthato gyakorlatok Natura 2000 gyepek esetén

Pasztorold, illetve szakaszos legeltetés 10503,61 92 9974,64 87 11048,88 85
Kizarélag alternald kasza hasznalata 6474,51 166 10782,48 306 12180,61 374
Oshonos haszonallatokkal torténé legelte-
tés - - 83,34 2 57,09 1
Oshonos haszonallatokkal emelt szintti le- 6670,45 1
geltetés - - - -
10 cm-es tarlémagassag meghagyasa - - - - 57,67 2

Osszesen: | 16978,12 258 20840,46 395 30014,7 463

Ultetvény hasznositasi mod esetén valaszthaté gyakorlatok

Mikroontozési technoldgiak alkalmazasa 151,56 14 170,61 14 141,41 17
Meéhekre veszélyes szerek hasznalati ti-
lalma 208,71 34 114,08 30 190,86 33
Biologiai agensek alkalmazasa 91,59 2 88,68 1 88,33 1
Mikrobioldgiai készitmények alkalmazdsa 39,51 12 40,95 21,86 8
Biologiai készitmények alkalmazasa 147,68 20 57,87 16 209,34 21
12% alatti lejtésti teriileteken gazdalkodas 1,41 1 3,23 2 1,97 2
Talajtakaras 273,25 50 341,31 61 433,95 53
Karbamid mfitragya kornyezetbarat hasz-
nalata 13,16 8 10,31 8 9,97 9

0sszesen: 913,71 133 816,73 133 1087,72 135
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Amennyiben egy gazda tigy dont, hogy AOP-t igényelne, abban az esetben meg kell
jelolnie a foldhasznalati kategoriat, és abban az 0sszes teriiletét be kell vinnie a tamo-
gatdsba. Természetesen lehet egyszerre tobb foldhasznalati kategdriaban is indulni,
akar mind a négyben (ha van mindegyikben foldteriilete), de amennyiben valamely
kategoridban indul, — a korabban leirtak szerint — abban valamennyi, abba a mtvelési
agba tartozo tertiletét be kell vinnie.

Ezen tulmenden tovabbi szabadly, hogy 2 pontot (vallalas) kell foldhasznalati kate-
géridnként sszegytijteni ahhoz, hogy tamogathatéva valjon a kérelem. Az AOP ren-
delet melléklete részletesen tartalmazza a vallaldsok utan jaré pontok mértékét. A 6.
tablazatban a négy foldhaszndlati kategoria vallalasainak a felsorolasai lathatoak. A
vallalasok — 6koldgiai hatdsukat tekintve — eltérd pontot érnek, 1 és 2 pontot érhetnek.
Az 1 pontos vallaldsokbol kett6t kell valasztani, illetve betartani a gazdalkodas soran.
De van olyan vallalas, amely valasztasaval mar onmagaban egy vallalassal tAmogat-
hatova valhat az tigyfél.

Utdbbira példak a kovetkezdk:

1. szantd esetében: nem termeld tajképi elemek és teriiletek emelt szint( kijelolése
szantoteriileteken, vagy a bioldgiai dgens, vagy feromon légtértelitési eszkoz al-
kalmazasa egyéb allandé kultaraban stb.

2-3. gyep és Natura 2000 gyep esetében: dshonos haszonallatokkal torténé emelt
szint(i legeltetés, vagy a kizdrolag alternalod kasza vagy hatso felfliggesztést, il-
letve vontatott, szarsérto néelkili kasza hasznalata stb.

4. ultetvény esetében: biologiai dgens vagy feromon légtértelitési eszkoz alkalma-
zasa liltetvényeken.

A fent leirtak szerint, mivel a legtobb gazdalkodd kiilonféle modon tud belépni az
AOP rendszerébe, és kiilonféle vallaldsokat tehet, igy adédhat az, hogy ha évenként
osszeadjuk foldhasznalati kategoridnként a varmegyei bevitt teriileteket, akkor maga-
sabb teriiletméretet ad ki a tdbldzat, mint a varmegye teriilete. Mindemellett az is el6-
fordulhat — ahogy az mar a korabbiakbdl kidertilt —, hogy e teriiletek AKG-ban, vagy
OKO-ban is atfedésben vannak.

A tablazat elemzése soran lathatd, hogy a négy foldhaszndlati kategdria koziil
mindharom vizsgalt évben a szantdba bevitt AOP teriiletek a legnagyobbak a varme-
gyében (2023-ban: ~460 ezer ha). Ezt koveti a Naturra 2000 gyep, majd a gyep teriiletek
mértékei, és a legkisebb a bevitt {iltetvények tertilete.

Aztislathatjuk, hogy alapvetden csokkentek az AOP-be bevitt teriiletek (szanto ese-
tében: 2024-ben: ~440 ezer, 2025-ben: ~310 ezer ha, gyepek esetében: ~17 ezer ha-rol
csokkent ~8 ezer ha-ra). Utdbbiak oka, tapasztalataink alapjan az Osszetett eléirdsok
miatt kovetkeztek be. Kivételt képeznek a Natura2000 gyep és az iiltetvény kategdridk.
El6z6 esetében mig 2023-ban ~17 ezer ha volt, addig manapsag a ~30 ezer ha-t is meg-
haladja a timogatott teriilet. Ultetvény esetében is ldthaté némi emelkedés, 4m ez nem
nagysagrendi, nagyjabol ezer ha a bevitt teriilet Békésben.
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Amennyiben foldhaszndlati kategorianként elemezziik a vallalasok fajtait a varme-
gyében, akkor az alabbiakat allapithatjuk meg;:

1. Szant6é muvelési ag: a ,legnépszer(ibb” vallalds a novénydiverzifikacio foko-
zasa. Ez azt jelenti, hogy a feltételesség (korabbi zolditési) elGirasokon tul to-
vabbi diverzifikacids vallalasokat tiztek ki célul a gazdak, tehat tobbféle no-
vény egyidejli termesztését vallaltak. Ezt tobb, mint 200 ezer ha-on vallaltak a
termelSk. Ezt koveti a mikrobioldgiai készitmények hasznalata ~85 ezer ha-on,
majd ~62 ezer ha-on a biologiai készitmények hasznalatdnak vallalasa. Ezen
aranyok mind a harom vizsgalt évben megfigyelhetok. A novénydiverzifikacio
esetében minden esetben 2 ezer fol6tti kérelmeket lathatunk, mikrobioldgiai ké-
szitmények esetében 3 ezer koriili kérelemszam olvashato ki, és a bioldgiai sze-
rek esetében ~900 és ~1 400 koriili e szam. Ebbdl azt allapithatjuk meg, hogy a
diverzifikdcidt inkabb a nagyobb teriilet(i gazdasagok valasztjak, a mikrobiold-
giai és kémiai szereket inkabb a kisebb farmok alkalmazzak.

2. Gyep mivelési ag: az extenziv gyepek legaldbb évi egyszeri kaszalasa a legna-
gyobb teriilet(i vallalas 2023-ban és 2024-ben 4 000 ha {616tti tertiilettel, 2025-ben
~1700 ha-on. A masodik , legnépszertibb” vallalas a gyepek megdrzése, szinte
ugyanazzal az arannyal, mint az el6z6 esetben. A harmadik az alterndld, vagy
fiiggesztett kasza haszndlata, melyet az els6 évben ~1700 ha-on, 2024-ben
~2 300, 2025-ben 3 000 ha fol6tt jeloltek meg a kérelmekben. Az egyszeri kasza-
lasra vonatkozd vallaldst a harom évben ~350 és 400 kérelemszam kozott jelol-
ték, a gyepek megoOrzését ~360 és 400 kozotti, mig a kaszalasi eszkdzre vonat-
kozd kérelmet ~80 és 200 kozotti kérelemben lathatd a harom vizsgalt évben.

3. Natura 2000 gyep miivelési ag: az elsé évben a pdasztorold legeltetést vallaltak
(92 db kérelemben) a legnagyobb teriilettel, ~10 ezer ha-on, &m ez valamelyest
csokkent a kovetkezd évben, és ~10 ezer alda keriilt (87 kérelemben), majd 2025-
ben ~11 ezer f6lé emelkedett 85 kérelemmel. Ezt koveti az alternald, vagy fiig-
gesztett kasza haszndlatanak a vallalasa, mely a kezdeti ~6 000 ha-rél a dupla-
jara emelkedett napjainkra, és ezt a kérelmek szdma is kovette 166 db-rol 374
db-ra.

4. Ultetvény miivelési a4g: minden vizsgalt évben a talajtakarast vélasztottak a leg-
tobben 273 és 433 ha kozott, 50-60 kérelemben. Ezt koveti a méhekre veszélyes
szerek alkalmazasanak kertilése 200 ha kortili teriiletekkel, ~30 koriili kérelem-
ben. Ezeket koveti a mikroontozés alkalmazasa évenként 150 és 170 ha-on, 14

és 17 kérelem tekintetében.
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A 6. tablazat adatait végigtekintve 0sszességében megallapithatjuk, hogy Békés var-
megyében a gazddk nagy szamban, nagyaranyu tertiletet bevonva, széles korben foly-
tatnak AOP tevékenységeket, ezzel is timogatva a fenntarthaté agrargazdalkodas cél-
kittizéseit. E trendek a kifizetd tigynokség adatai alapjan orszagos szinten is lathatoak.

Kovetkeztetések

Az adatok alapjan megallapithatd, hogy a gazdalkoddk egyre szélesebb korben foly-
tatnak agrar-kornyezetgazdalkodasi, Okoldgiai-gazdalkoddsi tdamogatdsokat Békés
varmegyében, illetve egyre nagyobb ardnyban vallaljak a magasabb kozvetlen tdmo-
gatasokeért cserébe a kornyezet- és természetbaratabb, fenntarthatobb gazdalkodasi
formadkat, tigy, mint az agro-okoldgiai programot.

A kozosség célkitlizése, hogy a jovOben induld KAP ciklusok tdmogatdsai esetében
minél szélesebb korben l1épjenek be a gazdalkodok az 6koldgiai tipusu gazdalkodasi
formakra. A vizsgalatom ramutatott, hogy e teriiletek ardnya orszagunkban folyama-
tosan nétt az utdbbi években, igy jo esélye van hazdnknak és a magyar gazdalkoddk-
nak, hogy felkésziiljenek a jovébeni nagyobb arany teriileti teljesitésekre az EU 2030-
ig sz016 Biodiverzitasi Stratégidjahoz.

Koszonetnyilvanitas

Eztton mondok koszonetet a Magyar Allamkincstarnak, mint a nemzeti agrar- és vidékfejlesztési kifi-
zet6 tigynokségnek a tamogatasi kérelem adatok rendelkezésemre bocsatasaért.
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The Community and the national agricultural support system are crucial for agriculture. The support
period starting in 2023 has also brought significant changes in direct support. Farmers are entitled to
support under several legal titles - in addition to complying with various regulations - some of which
are mandatory elements, others are optional forms of support. The latter includes the so-called Agro-
ecological Program, which, in exchange for higher support, also includes several ecological require-
ments for producers (environmental, nature conservation, landscape protection regulations). I con-
ducted my examination in Békés County, during which I analyzed the data requested from the Békés
County Government Office and the Hungarian State Treasury and presented the characteristic data of
the higher-level eco-regulations for the initial years of the support period. I found that the proportion
of farmers participating in agri-environmental and ecological management support, as well as the size
of their areas, has increased in the recent period. In addition, the support of the Agro-ecological Program
is also widely requested in the county. The latter all contribute to the development of more sustainable,
environmentally and nature-friendly agricultural production.
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Osszefoglalas: 2022 és 2025 kozott hadroméves kisparcellas 6szi btiza fajta-Gsszehasonlité kisérletet foly-
tattunk le Karcagon kotott, mélyben sos réti csernozjom talajon 6kologiai és konvenciondlis termesztési
feltételek kozott, tiz karcagi nemesitésti Gszibuiza-fajtaval, a '"KG Kunhalom’ fajtat hasznalva standard-
ként. A terméshozamokat és agronomiai paramétereket Osszevetettitk egymassal, a helyi meteorologiai
adatokkal, valamint az azok alapjan szamitott klimatikus vizmérleggel. Az eredmények kiértékelése
leir¢ statisztika, egy- és tobbvaltozos varianciaanalizis, valamint korrelacidanalizis segitségével tortént.
Vizsgalataink sordn nem tapasztaltunk fagykart; a talajfelszinen mért hémérséklet egyetlen esetben sem
hiilt -10 °C ala. A 2023-as év csapadékosabb és hlivosebb tavaszi-nydri id6jarasa az enyhébb téllel paro-
sulva kedvezett a sargarozsda-jarvanynak, amely jelentds fert6zést okozott. Bar csekélyebb mértékben,
de szintén megjelentek ekkor a gabona-lisztharmat, a szarrozsda €s a vorosrozsda is. A fajtak kozott
szignifikans kiilonbségek mutatkoztak betegség-ellenallésagban és a f6bb agrondmiai jellemzok tekin-
tetében. Okoldgiai termesztésben a terméshozam pozitivan korreldlt a fenofézisok hosszaval, a ndvény-
magassaggal és az alloképességgel; a gyomossag €s a terméshozam kozott negativ kapcsolatot igazol-
tunk. A terméshozamot minden tenyészidészakban statisztikailag igazolhatéan befolyasolta a fajtava-
lasztas, és a termesztési rendszer; ezen feliil szignifikans évjarathatast, valamint kolcsonhatast mutat-
tunk ki a genotipus és az agrookologiai tényezdk kozott is. A csapadékdsszeg és a klimatikus vizmérleg
(kiemeltképp szarbainduldskor) szorosan, pozitivan korrelaltak a kevésbé fert6zott fajtak esetében, a
konvenciondlis kezeléshez hasonld tendenciat kdvetve. Ugyanezen fajtaknal az okologiai termesztési
rendszerben az 6szi vegetacids idoszakban pozitiv-, mig a szarbaindulastol a reproduktiv szakasz vé-
géig negativ igazolhatd Osszefiiggést talaltunk a terméshozam és az atlaghomérséklet kozott; konven-
ciondlis termesztési feltételek kozott hasonldképp viselkedett mindegyik vizsgalt buzafajta.

Bevezetés

A szintetikus és egyéb , természetidegen” anyagok hasznalatat mell6z6 mezdgazda-
sagi gyakorlatot organikus-, bio- vagy okologiai gazdalkoddsnak nevezziik (Berényi
2012). Ez 6kologiai novénytermesztés esetében magaba foglalja a kiméletes talajmiive-
lést (Radics 2001, Balog et al. 2024); szervestragya, komposzt, illetve nitrogénmegkotd
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novények hasznalatat tapanyagutanpotlas céljabol (Nielsen 2019); az okoldgiai no-
vényvédelmet (Radics 2001), és az adott agrookologiai feltételek- és az dkoldgiai ter-
mesztés feltételei kozé jol illeszkedd fajta valasztasat (Fehér 2021). Okolédgiai gazdal-
kodasban kiemelt hangsulyt kapnak a tajfajtak, illetve az azokbdl kinemesitett helyi-,
tigynevezett ,modern t4jfajtak” (Angyan és Menyhért 1997, Megyeri et al. 2021).

A kozonséges buza (Triticum aestivum L.) az emberiség egyik legjelent&sebb és leg-
nagyobb teriileten termesztett novénye (Radics 1994), vetésteriilete a legfrissebb ada-
tok szerint vilagszinten 220 millioé hektar koriil van (http1), hazankban pedig megko-
zelitdleg 1 millié hektaron folyik 8szi btiza termesztése (KSH 2025). A globalis mez6-
gazdasagi-élelmiszeripari rendszerekben és az élelmezésben betoltott szerepe miatt az
okologiai novénytermesztésben is az egyik legjelentdsebb novényfaj (Dundreanu et al.
2023).

A buzatermés mennyisége az adott fajta genetikai sajatossagai mellett fOképp a talaj
tdpanyag- és vizellatottsdganak fiiggvényében véltozik (Agoston és Pepd 2006). A ter-
més- és a tavaszi csapadék mennyisége kozott tobb szerzé (Jolankai et al. 2004, Agos-
ton és Pepo 2005, Li et al. 2018) is szignifikans pozitiv korrelaciot igazolt. A tdpanyagok
hasznosuldsanak mértékét az agrodkoldgiai feltételek (Blaskd és Zsigrai 2003), az al-
kalmazott fajta (Pep6 2007) és az agrotechnika is befolyasoljak (Pep6 2022). A buizater-
mesztés legnagyobb kockdzati tényezdjeként Pepd (2002) a valtozékony, gyakran szél-
sOséges iddjarast nevezi meg. A klimavaltozas karos hatdsai koziil Gyuricza et al.
(2025) az aszalyt emelik ki a novénytermesztés legnagyobb kihivasaként, egyuttal az
ellene valo védekezés elemei kozt emlitik a helyi klimatikus viszonyokhoz alkalmaz-
kodott helyi-, illetve tajfajtdk haszndlatat. Az el6fordulé hdmérsékleti szélséségek ko-
ziil a buzatermés mennyiségét a téli, bokrosodasi csomo mélységében tartésan -10 °C
alatti hémérséklet (Varga-Haszonits 1977), a tavaszi, szdrbainduldst kovetd fagyok
(Klein és Lyon 2006) és a reproduktiv szakaszban 30 °C feletti léghdmérséklet befolya-
soljak negativan (Ullah et al. 2022).

Amint az altalanosan elmondhat6 (De La Cruz et al. 2023) a buza is kevesebbet te-
rem Okoldgiai termesztési koriilmények kozott, atlagosan a konvencionadlis termésho-
zamok 65-80%-at. Az 6koldgiai rendszerekre jellemz6 a nitrogénhiany, mely abbdl
ered, hogy a szerves tdpanyag-forrasokbol a tadpelemek feltdrodasa a novények sza-
mara felvehet6 formdba lassabban megy végbe, igy késébb tudjak hasznositani azokat,
mint a muatragyakat (Wilkinson et al. 2023), ami a kritikus fenofdzisokban jelentésen
befolyasolhatja a novény fejlédését (Grausgruber et al. 2024). A gyomok szintén jelen-
tés kihivast jelentenek az 6koldgiai gazdalkodasban (Costanzo et al. 2021). Habar a
mechanikai gyomirtas jelentds hatdssal bir az 6koldgiai termesztés eredményességére,
gyakran kevésbé hatékony, mint a konvenciondlis gazdalkodasban alkalmazhaté ké-
miai védekezés (Marino 2023). Az 6koldgiai moédon termesztett buiza kitettebb a beteg-
ségeknek és kartevoknek, igy kiemeltképp a rozsdabetegségek jelentds terméskiesést
okozhatnak (Kaur és Mukherjee 2020). Mindemellett az 6koldgiai termesztési rendszer
Campiglia et al. (2015) tobbéves durumbuzaval folytatott vizsgalatai soran érzéke-
nyebbnek mutatkozott egyes okoldgiai tényezdkre, mint a konvencionalis. A 1éghd-
mérséklet az 0koldgiai termesztési feltételek kozott ersebb Osszefiiggést mutatott a
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terméshozammal. Els6sorban a kelleténél hiivosebb tavasz esetén mutatkozott na-
gyobb terméscsokkenés az dkologiai termesztésben. Mdasrészt azt is kimutattak, hogy
csapadékosabb évjaratban a konvencionalis termesztés irdnyaba mozdul el a két ter-
mesztési rendszer kozotti terméshozam-arany, mely egyrészt a nitrogén mutragyak
hasznalatabol eredd jobb vizhasznosuldsnak, masrészt a nagyobb mértékii gyomoso-
dasnak tudhaté be.

Az egyes buzafajtak teljesitménye is jelentdsen eltérhet 6koldgiai és konvencionalis
termesztési feltételek kozott, ami indokoltta teszi azok tesztelését mindkeét termesztési
rendszer keretein beliil (Kamran et al. 2014, Mesterhazy et al. 2024). Okoldgiai termesz-
tésben kulcsfontossagu szerepet kap az alacsony tdpanyagsziikséglet és a jo tapanyag-
hasznositd képesség (Yadav et al. 2020), az adott novényfajt érintd betegségekkel
szembeni ellenalloképesség (Urbanaviciute et al. 2024) és a gyomokkal szembeni ver-
senyképesség (Lyon et al. 2020). A fuzarium elleni megel6z8 védekezés részeként els-
nyosebbek a magasabb és egyben erdsebb szart, megddlésre minél kevésbé hajlamos
buzafajtak (Mesterhdzy 2021), tovabba eldnyben részesitenddek azok, amelyek minél
kovetkezetesebben teljesitenek eltérd agrookologiai feltételek kozott (Fehér 2021).

Magyarorszagon, illetve hazai kisérleti helyszint is magaba foglald 6kologiai buza
(Triticum aestivum L.) fajtakisérletekrdl eddig néhany tudomanyos tanulmany (Cs6sz
L-né et al. 2014, Foldi et al. 2014, Mik¢ et al. 2014, Foldi és Drexler 2015, Rakszegi et al.
2016a, b, Foldi et al. 2022) jelent meg a martonvasari (jelenleg HUN-REN) Agrartudo-
manyi Kutatokdzpont, a szegedi Gabonakutaté és az OMKi (Okoldgiai Mezdgazda-
sagi Kutatdintézet) kutatdinak részérdl. Utobbi intézet 2012 6ta tizemi (on-farm) fajta-
kisérletek, valamint 2020 6ta zajlo kisparcellas okoldgiai 8szi buza fajtateszthalozat
(Fehér et al. 2020) fajtakisérleteinek eredményeit minden évben kozzéteszi online
(http2, http3). A fajtateszt-halozat hidnypotld jellege mellett fontos kiemelni, hogy az
igy vizsgalhato fajtak szama korlatozott.

Jelen tanulmany célja (1) karcagi nemesitési 8szibuza-fajtdk termoéképességének
Osszehasonlitdsa 6kologiai koriilmények kozott, harom év eredményei alapjan, stan-
dard fajta alkalmazasaval; (2) az eredmények értékelése a legfontosabb agronémiai tu-
lajdonsagok és a biotikus kartételek (vadkar, rovarkar, betegségek, gyomossag) tiikré-
ben; (3) az 6koldgiai és konvencionalis termesztési modok terméseredményeinek 0sz-
szehasonlitdsa; (4) a hozamok és a meteoroldgiai mutatdk (csapadékdsszeg, atlaghd-
mérséklet, klimatikus vizmérleg) kozotti Osszefliggések elemzése.

Anyag és modszer

Kisérletiinket Karcag nyugati kiilteriiletén, a Magyar Agrar-és Elettudoményi Egye-
tem (MATE) egy 0koldgiai tantsitassal rendelkezd (GPS koordinatak: 47.2861, 20.9021)
és egy, az azzal szomszédos konvenciondlisan kezelt tablajan (GPS koordinatak:
47.2864, 20.8910) allitottuk be 2022 és 2025 kozott, kisparcellds (10 m?), 4 ismétléses
véletlen blokk elrendezésben, 550 csira m csiraszammal, gabonasortdvra (12,5 cm)
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vetve, 10 karcagi 6szibuza-fajtaval, a KG Kunhalom fajtat kijelolve azok koziil stan-
dardként annak addigi 6kologiai fajtakisérletekben elért eredményei alapjan (Foldi et
al. 2022, http2, http3). A kisérleti helyszin tengerszint feletti magassaga 86 m, talaja
agyagos valyog fizikai féleségli, mélyben soOs réti csernozjom. Az egyes részkisérletek
talajvizsgalati adatait és eldveteményeit az 1. tdblazat tartalmazza. A mintdk elemzését
a MATE Laborkdzpont akkreditalt Kérnyezetanalitikai Laboratériuma (OVKI) vé-
gezte el.

1. tdblizat. A kisérleti helyszin legfontosabb talajvizsgalati (0-30 cm réteg) adatai (Karcag, 2022-2025)

Table 1. The most important soil (0-30 cm layer) test data of the experimental site (Karcag, 2022-2025)

Termesztési mod Okolégiai Konvencionalis
Tenyésziddszak 2022-2025 2022/2023 2023/2024 2024/2025
Elgvetemény fekete ugar tak;::szny- szegletes lednek pannonbiikkdny

Vizsgalt paraméter
pH (KCl) 5,49 5,17 5,37 5,19
Ka 48 49 46 47
Sétartalom (m/m%) 0,07 0,08 0,08 0,08
CaCOs (m/m%) <0,5 <0,5 <0,5 <0,5
Humusztartalom (m/m%) 3,80 3,76 3,36 3,67
NO= + NOs (KCl) (mg kg 1) 34,0 48,0 29,2 42,9
P20s (AL) (mg kg ) 389 108 135 89
K20 (AL) (mg kg 1) 600 540 402 491

A kisérleti idszak meteoroldgiai adatai a MATE Nemzeti Eghajlat- és Tajkutatasi
Kozpont (NETK) teriiletén kihelyezett HungaroMet méréallomés (allomasszam:
55405) 4ltal rogzitett adatbazisbol szarmaznak. A meteoroldgiai paraméterekkel vég-
zett vizsgalatainkhoz a tenyészid6szakot Erdei és Szaniel (1975) tagolasa alapjan, Za-
doks (1974) skéla szerint a kdvetkezSképp osztottuk fel: Oszi vegetativ periédus (Z00-
Z19); Vernalizacio, bokrosodas (Z20-Z29); Szarbaindulas — kalaszolas (Z30-Z59); Vi-
ragzas — teljes érés (260-299). Az egyes résziddszakok intervallumait a kiilonbozd fe-
nofazisok kezdetének megfigyelése alapjan hataroztuk meg tenyésziddszakonként. Az
igy kapott periddusok és a teljes tenyésziddszakok csapadékdsszege, valamint a csa-
padék és a potencidlis evapotranszspiracio kiilonbozeteként szamitott klimatikus viz-
mérlege (Thornthwaite és Mather 1955) a 2. tablazatban; a 1ég- és talajhOmérsékleti
adatok pedig a 3. tablazatban tekintheték meg.



Oszibiiza-fajtak termdképességének dsszehasonlité vizsgalata 37

2. tabldzat. A kisérleti tenyésziddszakok és azok periddusainak csapadékosszege és klimatikus vizmér-
lege (Karcag, HungaroMet —- MATE NETK, 2022-2025)

Table 2. Precipitation and climatic water balance of the experimental growing seasons and their peri-
ods (Karcag, HungaroMet - MATE NETK, 2022-2025)

Csapadékosszeg (mm) | Klimatikus vizmérleg (mm)
Periodus Tenyészidbdszak
2022/2023 | 2023/2024 | 2024/2025 | 2022/2023 | 2023/2024 | 2024/2025
Oszi vegetativ 38,6 144,1 34,2 -3,6 93,9 4,6
Vernalizacio, bokrosodas 196,7 97,1 107,1 45,0 -96,8 -56,9
Szarbaindulas - kalaszolas 55,8 29,2 28,1 -46,9 -100,5 -113,7
Viragzas - teljes érés 71,9 80,3 40,7 -160,6 -156,2 -266,9
Osszesen 363,0 350,7 210,1 -166,1 -259,6 -432,9
3. tabldazat. A kisérleti tenyészidGszakok lég- és talajhémérsékleti adatai
(Karcag, HungaroMet - MATE NETK, 2022-2025)
Table 3. Air and surface temperature data of the experimental Growing seasons
(Karcag, HungaroMet - MATE NETK, 2022-2025)
Tenyésziddsza
Peribdus 2022/2023 | 2023/2024 | 2024/2025
Légh6meérséklet(°C)
Min. | Atlag | Max. | Min. Atlag | Max. | Min. Atlag | Max.
Oszi vegetativ -1,2 8,8 21,9 -4,6 8,0 23,6 -4,4 3,7 18,3
Vernalizacid, bokrosodas -8,8 43 23,2 9,5 6,1 28,2 -10,2 40 22,4
Szarbaindulds — kalaszolas 04 12,7 25,2 0,5 14,9 29,8 1,5 15,3 29,9
Viragzas - teljes érés 7,1 20,1 33,7 7,1 20,5 35,2 5,9 22,0 38,1
Atla - 11,5 - - 12,3 - - 11,2 -
Felszinhémérséklet (°C)
Oszi vegetativ 0,5 8,7 - 2,9 7,3 - 4,2 2,9 -
Vernalizacid, bokrosodas -8,9 3,8 - -7,6 5,1 - -9,9 3,3 -
Szarbaindulds — kalaszolas 0,1 14,0 - 0,9 15,1 - 0,0 14,7 -
Viragzas - teljes érés 7,2 22,0 - 6,1 21,7 - 53 22,9 -
Atlag - 12,1 - - 12,3 - - 10,9 -

A talajmiivelés a MATE NETK helyi viszonyokra adaptalt redukalt, forgatés nélkiili
rendszere szerint tortént (Zsembeli et al. 2015, Tuba et al. 2022). Az 6koldgiai teriilet a
kisérletet megel6zden ugaroltatva volt (1. tdblazat), ahol a gyomok felszaporodasanak
megakadalyozasdra azok megjelenésének mértékétol fliggden tobb menetben szarzu-
z6t és talajmarot alkalmaztunk (a teriilet kis méreteibdl kifolydlag). A teriiletre tap-
anyagutanpotlasként az elsd évben, 2022 augusztusaban érett juhtragyat juttattunk ki,
15 t ha' dozisban [N: 151,5 kg ha, P: 186 kg ha, K: 447 kg ha! Csizi és Monori (2009)
alapjan], melyet még aznap a nehéztarcsas (IH 6,2) tarlohantassal egy menetben be-
dolgoztunk a talajba. A juhtragya kijuttatott dozisanak ily mérték maximalizalasat —
10%-os hibahatarral szamolva N hatoanyagra — az 0kologiai termelésre vonatkozo
2018/848 EU rendeletbe és a 59/2008. (IV. 29.) FVM rendeletbe (nitratrendelet) foglalt
170 kg N ha! év'hatarérték indokolta, amely az egyszerre kijuttathato teljes nitrogén-
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tartalomra vonatkozik, nem pedig az évente feltdrodo, novények 4ltal felvehetd (mi-
neralizalodott) nitrogén mennyiségére. Az alapmuvelést kovetden a kisérleti tertiletet
Viaderstad TopDown 300 kultivatorral mtiveltiik meg, majd annak elmunkalasara
gyurtshengert hasznaltunk. A magagykészités kombinatorral tortént, a vetés Hege 80
stirtisoros vetdgéppel, a vetés lezarasa pedig gytir(ishengerrel, minden évben oktober
masodik felében, az iddjarasi koriilményekhez igazodva. A kovetkezd évi kisérletek
helyét az oda torténo vetésig tovabbra is ugaron hagytuk. Szarbaindulasig a gyomo-
sodas mértékétdl fliggden a kisérleti parcelldkon tobb menetben alkalmaztunk gyom-
féstit minden évben. Az utak tisztantartasat szintén mechanikai titon, talajmaréval vé-
geztiik. A konvenciondlis teriileten minden évben egyéves, §szi hiivelyes eldvetemény
(1. tablazat) utan vetettiik el a kisérletet, vetésforgot kovetve. A talajmiivelés mindkét
muvelési mod esetén minden évben azonos mddon tortént, egymashoz kozeli datu-
mokon. A konvencionadlis teriileteken minden tenyésziddszakban NP 15:25 mitragyat
juttattunk ki 6sszel alaptragyazasként, 200 kg ha' (N: 30 kg ha?, P: 50 kg ha) d6zisban.
Tavasszal szarbainduldskor pétisot juttattunk ki, az elsd és a harmadik tenyészidd-
szakban 200 kg ha! (N: 54 kg ha'), a masodik tenyészidészakban pedig 300 kg ha (N:
81 kg ha') dozisban, a talajvizsgalati eredmények alapjan. A kisérlet konvencionalis
teriileten elvetett része minden évben megkapta a sziikséges névényvéddszeres keze-
lést. Gombak elleni védekezéshez Vibrance Duo csavazoszert (hatéanyag/dozis: fludi-
oxonil: 0,05 g kg, szedaxan: 0,05 g kg™), illetve tavasszal hdrom szdrcsomos allapotban
és a virdgzas kezdetén torténd allomanykezelésképp Teson gombadldszert (hato-
anyag/ddzis: tebukonazol: 250 g ha') alkalmaztunk. Rovarok ellen fert6zottségtol, il-
letve kartétel megjelenésétdl fliggden adprilisban és majusban Judo rovardldszert jut-
tattunk ki (hatéanyag/dozis: lambda-cihalotrin: 7,5 g ha”, pirimikarb: 150 g ha?). A
gyomosodas mértékétdl fiiggden tavasszal tobb menetben Xanadu WG gyomirtoszert
hasznaltunk (hatdéanyag/ddzis: benszulfuron-metil: 500 g ha!, metszulfuron-metil: 40
g ha). A betakaritds mindegyik évben és teriiletr6l Wintersteiger Classic parcellakom-
bajnnal tortént jaliusban.

A vizsgalt agronomiai tulajdonsagok koziil a télalldsagot, ndvénymagassagot, allo-
képességet, valamint a kalaszolasig- és érésig eltelt napok szamét a NEBIH fajtakisér-
leti metodikdja (Pods és K6rosi 2025) szerint hatdroztuk meg. A novénykortani elem-
zések soran a fert6zott célfeliilet aranyat levélbetegségek esetén a fert6zott levélfeliilet
%-0s mértéke, kaldszbetegségek esetén pedig a McMullen et al. (1997) éltal leirt FHB-
index jelentette. Utobbi meghatdrozasa az incidencia (fert6zott kaldszok %-a) és a su-
lyossag (fert6zott kalaszkak %-a) szorzataként adddik (osztva 100-zal). A vizualis becs-
lés pontossagat James (1971) standard skaldinak hasznalata mellett a Canopeo alkal-
mazassal (v. 1.1.7.) hatdroztuk meg a nagyobb pontossag érdekében. A bokrosodas
mértékét, mely alatt a parcelldkon a talajfelszin kultirndvény altal boritott %-os ara-
nya értendd, szintén az emlitett alkalmazas hasznalatdaval meghatarozott teljes zoldfe-
lillet és a szemrevételezéssel becsiilt gyomarany kiilonbségeként szamitottuk ki. A
gyomosodas mértékét tavaszi és juniusi felvételezéssel rogzitettiik; az elemzésekhez a
maximumot mutatd juniusi értékeket vettiik alapul, ahol a domindns faj a kaporlevel
ebszékfh (Tripleurospermum inodorum L.) volt. A terméshozamot légdramos tisztitas
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utan, FOSS Infratec 1241 analizatorral mért szemnedvesség alapjan, 14%-os viztarta-
lomra korrigalva szamitottuk ki.

Az adatok feldolgozasa és kiértékelése Microsoft Windows 11 operacios rendszeren
futo Microsoft Excel 16 tdblazatkezel$ program hasznalataval tortént, a legfontosabb
leir6 statisztikai mutatok meghatdrozasaval, korreldcidanalizissel, valamint Svab
(1973) modszere alapjan elvégzett egytényezOs varianciaanalizissel, illetve a termés-
hozamok esetén egy- és kéttényezds varianciaanalizissel, valamint az azokra épiild
"Kisérletsorozatok 6sszevonadsa, a kisérletek kétirdnyu csoportositdsaval’ cimen ismer-
tetett tobbtényez0s, tobb helyszinen és évben megismételt kisérletsorozatok kiértéke-
lésére alkalmazhaté modszerével. A varianciaanalizisekre épiild post-hoc tesztként
minden esetben meghatdroztuk a p=0,05 szignifikanciaszinten jelentkezd legkisebb
szignifikdns kiilonbséget (SzDs%), majd az alapjan szignifikanciacsoportokba soroltuk
az atlageredményeket. Ahol azt indokoltnak lattuk — terméshozam-eredmények elem-
zése, korrelaciovizsgalatok a meteoroldgiai paraméterekkel — a fajtdk eredményeit kii-
16n (betegségre vald fogékonysag mértéke alapjan) csoportositva is vizsgaltuk. A szan-
tof6ldon vizsgalt agrondmiai paraméterek eredményeinek szoveges értékelésére a ter-
jedelemre val¢ tekintettel csak azokban az esetekben tériink ki, ahol az adott tulajdon-
sag szignifikdans mértékben befolyasolta a terméshozamot. Az eredmények konvenci-
ondlis kezelésen beliili egymassal vald Osszevetésére (szintén a terjedelemre valo te-
kintettel) nem tériink ki, jelen tanulmanyban azokat csupan az 6kologiai kezelés kont-
rolljaként vessziik alapul.

Eredmények

A vizsgalati id6szakban kifagyast nem tapasztaltunk; a bokrosoddsi csomo6 mélységé-
hez (1-3 cm) kozeli, talajfelszinen mért hémeérsékleti minimum egyetlen esetben sem
siillyedt -10 °C ala, igy a télallésag nem képezte tovabbi elemzés targyat. A 2023-as
tenyésziddszak csapadékos és hiivos iddjarasa kedvezett egyes gombas fertézések ki-
alakuldsanak (gabonalisztharmat, szarrozsda, sargarozsda, levélrozsda). A 2023-as év-
ben orszagos szinten jelentkezd sargarozsda-jarvany (Fiizi 2024, http4) ckologiai ter-
mesztési feltételek kozott 0sszességében jelentds fertézést okozott. A tobbi emlitett be-
tegség kisebb mértékben volt tapasztalhatd, am a legfogékonyabbnak mutatkozo fajta
esetén szintén minden esetben elérte, vagy meghaladta az 5%-os fert6zottségi szintet
(4. tablazat). A kisérlet tobbi évében az dkoldgiai koriilmények kozott sem jelentkezett
semmilyen fert6zés 5%-ot meghalad6 mértékben.

Bar a méasodik vizsgalt tenyésziddszakban az dsszesen lehullott csapadék mennyi-
sége megkozelitette az elsd tenyészidOszak értékeit, annak jelentdsebb része az Oszi
id6szakra koncentralodott, a téli és a tavaszi vegetativ fejlédési periodus joval szara-
zabbnak bizonyult az el6z6 évhez képest. A tavaszi vegetativ fejlédési fazisban az at-
laghdmérséklet is magasabb volt az el6z6 évhez képest, igy a potencidlis evapotransz-
spiracio (PET) mértéke és a vizhidny is nagyobb volt, a téli — bokrosodasi idészakban
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ekkor mutatta a legalacsonyabb, negativ értéket. A harmadik tenyésziddszak bizo-
nyult a legszarazabbnak az 8szi és a téli bokrosodasi periddust egyiittvéve, valamint
a tobbi id6szakban. Az 8szi és téli id6szak ebben az évben volt a leghtivosebb, ugyan-
akkor a szarbainduldskor €s a generativ fejlddési szakaszban a legmelegebb (3. tabla-
zat). A vizhidny a klimatikus vizmérleg alapjan ebben a tenyésziddszakban volt a leg-
kritikusabb (-432,9 mm), melynek jelentds része (-266,9 mm) a reproduktiv szakaszban
jelentkezett (2. tablazat).

A rovarkartétel egyik évben sem érte el az 5%-ot. Ennek kapcsdn fontos megjegyez-
niink, hogy a veresnyaku drpabogar (Oulema melanopus L.) kartétele a szomszédos 6szi
arpa okologiai fajtakisérletben 2024 tavaszan helyenkeént elérte az 50%-ot is, mely Gal-
lun et al. (1966) azon megallapitasat latszik igazolni, miszerint a kartev6é az arpat
(Hordeum wvulgare L.) preferdlja a buzaval szemben, igy ezt véltiik az alacsony rovar-
kartétel f6 okdnak a jelen tanulmany targyat képezd buiza kisérletben. A vadkar mér-
téke szintén elhanyagolhato (5% alatti) volt.

4. tablazat. A vizsgalt 6szibtiza-fajtakon 6koldgiai termesztési koriilmények kozott megjelent kiilon-
b6z6 fertdzések mértéke (levélfeliilet %) a 2022/2023-as tenyészidbszakban (Karcag)

Table 4. The extent of various infections (% of leaf area) on the tested winter wheat varieties under or-
ganic crop production conditions in the growing season 2022/2023 (Karcag)

Fajta Lisztharmat Szarrozsda Sargarozsda Vorosrozsda
Kondor 12,50 g 4,25 c 35,00 f 2,00 b
Hunor 7,50 ab 0,00 a 10,00 b 1,00 a
Réna 11,88 fg 5,00 c 40,00 g 1,00 a
Alex 9,38 c 4,25 c 15,00 c 1,00 a
KG Magor 10,63 de 1,00 ab 25,00 e 2,00 b
KG Kunhalom (st.) 10,00 cd 0,00 a 20,00 d 1,00 a
KG Széphalom 11,25 ef 7,50 d 50,00 h 1,00 a
KG Kungléria 11,88 fg 1,00 ab 35,00 f 1,00 a
KG Bendegtiz 6,88 a 2,00 b 15,00 C 5,00 C
KG Vitéz 8,13 b 0,00 a 5,00 a 1,00 a
Atlag (6) 10,00 2,50 25,00 1,60
SzDsy (7) 1,02 1,28 4,05 0,75

Megjegyzés: az azonos bettjeloléssel nem rendelkezé értékek kozott adott oszlopon beliil p=0,05 szinten szignifi-
kéns a kiilonbség

A szanto6foldon vizsgalt agrondmiai paramétereknél (5. tablazat) a gyomossag kivé-
telével minden esetben mutatkoztak szignifikdns kiilonbségek p=0,05 szignifikancia-
szinten a kisérletben szerepl6 buzafajtak kozott. Gyomosodast illetéen a 2023/2024-es
tenyészid6szakban jelentkezett egyediil statisztikailag igazolhato kiilonbség, amikor a
legnagyobb mérték(i gyomfertézottséget tapasztaltuk.
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5. tdbldzat. A kisérletbe vont 8szibtiza-fajtak okologiai termesztési koriilmények kozotti szantofoldon
vizsgélt agronémiai eredményei (Karcag, 2022-2025)

Table 5. Agronomic results of the winter wheat varieties included in the experiment, tested in the field
under organic production conditions (Karcag, 2022-2025)

. Kaldszolasig Erésig eltelt | Bokrosodas | Gyomossig | Novényma- Allolr<ep,es’seg
Fajta eltelt napok , , (skalaérték
. napok szama (%) (%) gassag (cm)
szama 1-9)
Tenyésziddszak (8): 2022/2023
Kondor 212 b 256 C 76,00 b 11,25 82,50 d 8,50
Hunor 213 C 256 C 6350 | od | 11,25 78,75 | de 8,50 a
Rona 212 b 256 c 61,50 d 15,00 82,50 d 6,00 bc
Alex 212 b 256 c 80,00 | ab 8,75 77,50 e 6,00 bc
KG Magor 212 b 256 C 76,50 b 5,25 82,50 d 8,50 a
éf) Kunhalom | 21 0 1 060 | e |8350| a | 525 10125 a | 7,00 | ab
KG Széphalom 210 a 254 b 84,25 a 10,50 87,50 C 4,50 c
KG Kungléria 210 a 252 a 67,00 C 11,25 78,75 de 7,50 ab
KG Bendegtiz 214 d 259 d 67,50 C 7,75 87,50 C 8,50 a
KG Vitéz 218 f 261 f 66,75 C 5,25 93,75 6,50 abc
Atlag 213 257 72,65 9,15 85,25 7,15
SzDs% 1 1 3,76 - 3,22 1,71
Tenyészidészak: 2023/2024
Kondor 193 c 240 c 73,00 ab 27,50 b 82,50 e 9,00
Hunor 194 d 241 d 62,50 C 18,75 | ab | 77,50 f 9,00 a
Réna 194 d 241 d 60,25 C 1750 | ab | 88,75 d 8,00 ab
Alex 194 d 241 d 69,75 27,50 b 82,50 e 8,00 ab
KG Magor 193 c 240 c 74,00 ab 27,50 b 82,50 e 9,00 a
ZS) Kunhalom | 167 | ¢ | 244 | e [7500| ab | 625 | a 103’5 a |75 | b
KG Széphalom 192 b 239 b 75,25 ab 11,25 a 92,50 cd 7,50 b
KG Kungloéria 191 a 237 a 74,75 ab 32,50 b 82,50 e 8,00 ab
KG Bendeguiz 195 e 241 d 76,25 a 17,50 ab 87,50 d 9,00 a
KG Vitéz 199 g 245 f 74,00 ab 8,75 a 97,50 b 7,50 b
Atlag 9) 194 241 71,48 19,50 87,63 8,25
SzDsy (10) 1 1 5,11 14,31 3,49 0,92
Tenyésziddszak: 2024/2025

Kondor 196 b 243 b 71,25 bc 7,75 81,25 C 7,50 ab
Hunor 198 c 244 C 59,50 5,25 78,75 c 8,00 a
Rona 198 c 244 C 59,25 6,25 85,00 b 7,00 bc
Alex 198 d 244 d 69,00 cd 5,00 81,25 C 6,00 cd
KG Magor 196 b 243 b 70,50 bc 5,25 80,00 c 6,50 bc
ZS) Kunhalom| 50y | ¢ | 246 | e |7400| ab | 400 9500 | a | 650 | be
KG Széphalom 194 a 239 a 76,75 a 5,25 87,50 b 5,50 d
KG Kungléria 194 a 239 a 68,75 cd 8,75 80,00 c 7,50 ab
KG Bendegtiz 200 d 245 d 69,75 | bed 5,25 87,50 b 8,50 a
KG Vitéz 203 f 247 f 65,50 d 4,00 92,50 a 6,00 cd
Atlag 9) 198 243 68,43 5,68 84,88 6,90
5zDs9% (10) 1 1 4,14 - 2,37 1,17

Megjegyzés: az azonos bettjeldléssel nem rendelkezd értékek kozott adott oszlopon beliil p=0,05 szinten szignifi-

kans a kiilonbség.
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Az 6. tablazat a kisérletsorozat terméshozam adatai alapjan elvégzett sszesit6 va-
rianciaanalizis eredményeit mutatja be, mely szerint minden vizsgalt tényezdn beliil
kiilonb6z6 mértékii (de mindegyik esetben <0,05 p-értékii) szignifikans kiilonbség, il-
letve -kolesonhatas mutatkozott azok kozott a Fajta x Termesztési mod x Ev koleson-
hatas kivételével.

6. tabldzat. A kisérletsorozat 0sszesit6 varianciaanalizise, a kisérletek kétirdnyt1 csoportositasaval (Kar-
cag, 2022-2025)

Table 6. Summary analysis of variance of the experimental series, with two-way grouping of the expe-
riments (Karcag, 2022-2025)

Tényez6 Négyzetosszeg Szabadsagfok Négyzetatlag F-érték | p-érték
Osszes 247,43 256
Fajta 12,75 9 1,42 2,97 | 7,31E-03
Kornyezet 213,25 5 42,65 89,54 | 3,12E-22
Termesztési mod 204,99 1 204,99 153,90 | 5,80E-07
Ev 2,63 2 1,31 8,11 | 4,42E-04
Termesztési méd x Ev 5,63 2 2,81 17,36 | 1,48E-07
Fajta x Kornyezet 21,44 45 0,48 2,94 | 3,58E-07
Fajta x Termesztési méd 11,99 9 1,33 8,21 | 5,11E-10
Fajta x Ev 6,29 18 0,35 2,16 | 3,04E-02
Fajta x Termesztési mod x Ev 3,15 18 0,18 1,08 | 3,76E-01
Osszevont Hiba - 162 0,16

A 7. tdblazat a hdrom tenyésziddszak okoldgiai és konvenciondlis termésatlagait,
valamint a vizsgalt tényezOk atlagai kozti p=0,05 szinten kapott legkisebb szignifikans
kiilonbségeket szemlélteti. Az elsd tenyészidészakban a Hunor a KG Bendegtz és a
KG Vitéz terméshozama szignifikdns mértékben meghaladta a standardként kijelolt
KG Kunhalom fajtdét. A szoban forgd tenyésziddszakban jelentdsebb fertézést okozo
betegségek (lisztharmat, szarrozsda, sdrgarozsda) az atlagosnal kevésbé fogékonynak
mutatkozo (Hunor, Alex, KG Bendeguz, KG Vitéz) fajtak ekkor adtdk a legtobb ter-
mést. A leginkabb fert6zott fajtak (Rona, KG Széphalom, KG Kungldria) els6éves ter-
meéseredményei azonban nemcsak a masodik, hanem még a harmadik, legszarazabb
tenyészidészakban mértékhez képest is szignifikdns mértékben elmaradtak. Ezek
alapjan a tovabbiakban indokoltnak lattuk a modszertani korrekcio alkalmazdasat a
négy legkevésbé fertdzott fajta eredményei alapjan. Az igy kapott , korrigalt 6ko” ter-
mésatlagok a masodik és harmadik évben nem tértek el szignifikdnsan az 6sszes fajta
okoldgiai termesztésbeli dtlagatdl. Az elsé évben azonban a korrigdlt atlag szignifikan-
san magasabb volt az Osszes vizsgalt fajta okoatlaganal és a masodik, illetve harmadik
tenyésziddszak 0koldgiai atlagaindl.
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7. tdbldzat. Az dkoldgiai és konvencionadlis 6szi biza fajta-6sszehasonlito6 kisérlet hdrom évének ter-
méshozam (t ha') eredményei (Karcag, 2022-2025)

Table 7. Yield (t ha') results of the three growing seasons of the organic and conventional winter wheat
variety tests (Karcag, 2022-2025)

Tenyészidbszak
Eait 2022/2023 \ 2023/2024 | 2024/2025
ata Termesztési mod

oko konvencionalis oko konvencionalis| ©0ko |konvencionalis
Kondor 3,98 c 9,80 a 5,02 cd 9,06 al|475| cd 8,51 bc
Hunor 6,47 a 9,96 a 5,26 cd 8,89 a|490| bc 8,21 bc
Roéna 2,71 d 8,42 b 4,99 cd 8,04 b | 4,55 | cde 7,41 d
Alex 5,04 b 8,76 b 4,64 d 8,13 b|4,28 e 7,39 d
KG Magor 4,67 b 9,90 a 5,03 cd 9,09 a|4,76 | cd 8,48 bc
KG Kunhalom (st.) 5,04 b 8,39 b 5,87 a 7,93 b|521| ab 7,31 de
KG Széphalom 2,61 d 8,50 b 4,94 cod 8,21 b|4,51| de 8,02 [
KG Kungléria 3,29 cd 9,78 a 4,87 cod 9,23 a|4,58 | cde 9,04 a
KG Bendegtiz 5,99 a 9,97 a 5,77 ab 9,11 a|549 a 8,68 ab
KG Vitéz 5,82 a 7,75 c 534 | bc 7,33 c|492| bc 6,89 e
Atlag (6) 4,56 F 9,12 A 5,17 E 8,50 B | 4,80 | EF 8,00 BC
Korrigalt atlag 5,83 D 9,11 A 5,25 E 8,36 B |490 | EF 7,79 C
SzDs% Fajta 0,69 0,39 0,51 0,37 0,39 0,50
5zDs% Kornyezet 0,52
S,ZDS% I}a’rfnfly két 0,95
tényezd kdzott

Megjegyzés: az azonos bettijel6léssel nem rendelkezd értékek szignifikansan kiilonbdznek p=0,05 szignifikanciaszinten; a kisbe-
tlik az egyes kisérleteken (kdrnyezeten) beliil a fajtak kozotti-, a nagybet(ik pedig a kisérleti (kdrnyezeti) atlagok kozotti szignifi-
kanciat jelzik.

A korrigalt termésatlagok alakulasa a két termesztési rendszeren beliil hasonlo ten-
denciat kovetett. Az 6koldgiai terméshozamok minden esetben szignifikdns mérték-
ben elmaradtak a konvenciondlis kontroll eredményeitdl. A Hunor mindkét termesz-
tési mod esetén szignifikdnsan tobb termést hozott az elsd, csapadékosabb tenyészidd-
szakban, mint a kovetkez6 két évben.

A terméshozamok alakuldsat részben a 8. tablazatban bemutatott Osszefliggések
magyarazzak. A kaldszolasig, illetve érésig eltelt napok szdma minden esetben koze-
pes, pozitiv korrelaciot mutatott a terméshozammal (mely egy esetben nem bizonyult
szignifikdnsnak). A gyomossag mértéke negativ irdnyu korreldciot mutatott a termés
mennyiségével minden esetben, melyek koziil az elsé két-, gyomosabb tenyészidd-
szakban azok szignifikdnsak voltak. A novénymagassag mindegyik vizsgalt tenyész-
idészakban pozitiv irdnyu Osszefliggést mutatott a terméshozammal, dm az szignifi-
kans egyediil a leginkabb gyomos 2023/2024-es tenyésziddszakban volt. Az elsd, il-
letve harmadik tenyésziddszakban, amikor a megddlés mértéke jelentGsebb volt, az
alloképesség is kozepes, pozitiv iranyu korreldciét mutatott. A lisztharmat-, szar-
rozsda- és sargarozda-fert6zottség mértéke erds, negativ iranyt, szignifikans ossze-
fliggést mutatott a terméshozamokkal.
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8. tdblizat. A kisérletbe vont &szibuiza-fajtdk okoldgiai termesztési koriilmények kozott vizsgalt agro-

nomiai paramétereinek a terméshozamra gyakorolt hatdsara irdnyuld korrelacidvizsgalatok tenyész-

id6szakonkénti eredményei (Karcag, 2022-2025)

Table 8 Results of correlation analysis on the effect of agronomic parameters on the yield of the
examined winter wheat varieties under organic crop production conditions, by growing season

(Karcag, 2022-2025)

. . Tenyésziddsza
Agrondmiai paraméter
2022/2023 2023/2024 2024/2025
Kalaszolasig eltelt napok szama 0,642* 0,624* 0,631*
Erésig eltelt napok szama 0,640* 0,585* 0,528
Bokrosodas (%) -0,191 0,278 0,072
Gyomossag (%) -0,561* -0,646* -0,338
Novénymagassag (cm) 0,170 0,562* 0,489
Alloképesség (1-9 skalaérték) 0,539 0,029 0,531
Lisztharmat fert6zottség (%) -0,884*** - -
Szarrozsda fert6zottség (%) -0,706** - -
Sargarozsda fert6zottség (%) -0,950*** - -
Vorosrozsda fert6zottseég (%) 0,334 - -

Megjegyzés: * - az eredmény p=0,05 szinten szignifikans, ** - az eredmény p=0,01 szinten szignifikans,
*** - az eredmény p=0,001 szinten szignifikans

A kortani (4. tablazat) és a terméshozam-adatokkal (7. tablazat) 6sszevetve lathato,
hogy okologiai termesztési kortilmények kozott az els6 vizsgalt tenyésziddszakban el-
sOsorban a sargarozsdara, de a szarrozsdara, illetve a lisztharmatra is fogékonyabbnak
mutatkozo fajtdk esetében a terméshozamok szignifikdnsan alacsonyabbak voltak
okoldgiai termesztési koriilmények kozott, mint az azt kovetd tenyésziddszakban. A
terjedelemre valo tekintettel a szant6foldon vizsgalt agronomiai paraméterek egymas-
sal kapott korreldcidit is tartalmazo tablazatot a tanulmany végén az 1. mellékletben
ismertetjiik.

A terméshozamok, valamint az id4jarasi paraméterek kozotti mélyebb Osszefiiggé-
seket a 9. tablazat eredményei mutatjak. Bar informativ jellege és a teljesség igénye
miatt az Osszes vizsgalt fajta termésatlagai alapjan kapott korrelacios eredményeinket
is kozoljiik, a tovabbiakban a korrigalt termésatlagok (7. tablazat) felhasznaldsaval ka-
pott eredményeinkre fokuszalunk. Ily médon vizsgélva, a terméshozam az 8szi vege-
tativ periodus kivételével minden esetben erds pozitiv korreldciét mutatott a csapa-
dékkal és a klimatikus vizmérleggel, mely a szarbaindulas és a kaldszolas kozotti id6-
szakban volt a legszorosabb. A klimatikus vizmérleg minden esetben erésebb Ossze-
fiiggést mutatott a termésatlagokkal, mint a csapadékosszegek.

A hOémeérséklet hatdsa Osszetettebb képet mutatott. Az Oszi fejlédési szakaszban
szignifikdns és erds pozitiv, mig a szarbainduldskor és a generativ fejlédési periddus-
ban erds negativ Osszefiiggést mutatott. A vernalizacids és bokrosodasi iddszak, illetve
a teljes tenyésziddszak atlaghdmérséklete és a terméshozam kozott nem talaltunk ér-
demi Osszefliggést.
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9. tdbldzat. A vizsgalt meteoroldgiai paramétereknek az 8szibtiza-fajtak terméshozamaira gyakorolt

hatasara irdnyuld korrelaciovizsgalatok eredményei (Karcag, 2022-2025)

Table 9 Results of correlation analysis on the effect of meteorological parameters on the yield of the le-

ast susceptible winter wheat varieties (Karcag, 2022-2025)

Osszes vizsgalt fajta Legkevésbé fert6zott fajtak
., Termesz- , , . ‘
Periodus tési mod Csapadék CWB T atlag | Csapadék CWB T atlag
(mm) (mm) (°C) (mm) (mm) (°C)
Gszi vecotativ oko (13) 0,911 0,9517*** -0,016 -0,104 -0,214 0,871***
& konv. (14) -0,022 -0,928*** 0,909*** -0,040 -0,151 0,9017***
Vernalizacié, bok- oko (13) -0,844*** -0,664** 0,876*** 0,889*** 0,790*** -0,027
rosodas konv. (14) 0,848 0,168 0,055 0,858*** 0,749** 0,037
Szarbaindulas - oko (13) -0,770*** -0,217 0,705** 0,940%** 0,981*** -0,968***
kalaszolas konv. (14) 0,908*** -0,016 -0,944%** 0,916*** 0,966*** -0,950***
Virdgzas - teljes oko (13) 0,330 0,876™** 0,038 0,648** 0,766** -0,882%**
érés konv. (14) 0,708** 0,705** -0,918*** 0,695** 0,806*** -0,910%**
T (sridészak oko (13) 0,061 0,038 0,840*** 0,831*** 0,952*** 0,043
n YAl y4
enyeszicosza konv. (14)| 08747 | 0,840 0,125 08647 | 0,970% 0,107
Megijegyzés: * - az eredmény p=0,05 szinten szignifikans, ** - az eredmény p=0,01 szinten szignifikans, *** - az ered-

mény p=0,001 szinten szignifikans. Roviditések jelentése: konv. — konvencionalis, CWB - klimatikus vizmérleg, T -
hémérséklet

A korreldcios értékek alakuldsa mindegyik vizsgalt meteorologiai paraméter tekin-
tetében hasonlo tendenciat mutatott 6koldgiai és konvencionalis termesztési feltételek
kozott a novénybetegségek altal nem (illetve legfeljebb csak elhanyagolhatd mérték-
ben) torzitott eredmények kozott.

Kovetkeztetések

A novénybetegségek és a terméshozamok kozotti statisztikailag is igazolhatd erds ne-
gativ korrelaciok alapjan Kaur és Mukherjee (2020) megallapitasait tudjuk megerdsi-
teni lisztharmat, szdrrozsda és sargarozsda tekintetében, miszerint az okologiai ter-
mesztésben az egyes kdrokozdk, kivaltképp a rozsdabetegségekért felelés gombafajok
jelentds terméskiesést képesek okozni. Ezen eredményeink és a tobbtényezds statiszti-
kai vizsgdlataink sordn a fajta x termesztési mod kolesonhatésa szignifikdnsnak bizo-
nyult. Kamran et al. (2014) valamint Mesterhazy et al. (2024) azon megallapitasait ta-
masztjuk ala, hogy az egyes buizafajtak teljesitménye 6kologiai és konvencionalis ter-
mesztési koriilmények kozott jelentdsen eltérhet, ezért fontos azokat mindkét termesz-
tési rendszer keretei kozott tesztelni.

Az agrondmiai paraméterek vizsgalatabdl szarmazo6 eredményeink alapjan Mester-
hazy (2021) azon megallapitasat, miszerint 6kologiai gazdalkoddsban a magasabb (és
egyben minél jobb megdolés-ellenallésaggal rendelkezd) fajtak elényosebbek a fuzari-
ummal szembeni megel6z6 védekezés szempontjabol, azzal egészitjiik ki, hogy a ma-
gasabb fajtak gyomosabb teriileten és a btiza gyomnovényeinek kedvezd évjaratban
meghatarozé eldnnyel rendelkeznek. Ennek kapcsan hasonloképp, mint Lyon et al.
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(2020) kihangsulyozzuk a kompetitiv képesség kulcsfontossagat az dkologiai gazdal-
kodasban. Bar az alloképesség és a terméshozamok kozotti korreldcié nem mutatko-
zott egyik esetben sem szignifikdnsnak, a nagyobb mértéki megddléssel kisért te-
nyészid6szakokban a korrelacio mértéke kozel allt a p=0,05 szinten szignifikanshoz,
ami alapjan arra a megallapitasra jutottunk, hogy az alloképesség Mesterhazy (2021)
erre vonatkozo, fentebb ismertetett megallapitasan feliil a pusztadn megddlésbdl vald
termésveszteség elkeriilése/csokkentése érdekében is elénydsebb a stabilabb szara bu-
zafajtak hasznalata 6kolodgiai gazdalkodasban (is).

A fenoldgiai adatok megerdsitik a szakirodalomban (Koltay és Balla 1982, Skowera
et al. 2024) leirtakat, miszerint a szarazabb és melegebb idGjarasi periddusokban a buza
tenyészideje lerovidiil. Az emlitett paraméterek és a terméshozamok kozotti minden
évben pozitiv és tobbnyire szignifikans Osszefliggés alapjan nem vontunk le kovetkez-
tetéseket, tekintettel arra, hogy ahhoz magasabb mintaelemszamu sokasagra lenne
sziikség. Annak eldontésére, hogy a vizsgalt (kiilonosen az 6kotermesztésre alkalma-
sabb) fajtak alacsonyabb fert6zottsége rezisztenciagéneknek, vagy a késdbbi érésidd-
bdl fakado ,elkeriil6 mechanizmusnak” koszonhet6-e.

Korrelaciovizsgalataink alapjan megallapithatd, hogy amennyiben a biotikus
stresszfaktorok (korokozdk, gyomok, kartevék) nem okoznak szdmottevd terméski-
esést, az 0koldgiai termesztés terméshozamai a konvencionalishoz hasonlé meteoro-
logiai Osszefiiggéseket mutatnak. Az 8szi vegetativ fejlédési periddusra kapott igen
gyenge (nem szignifikdns) negativ korreldcidkra abbdl kiindulva, hogy a szamotte-
vOen csapadékosabb 8szii (144,1 mm) mdsodik tenyésziddszakban a korrigalt termés-
hozamok jelentds mértékben alacsonyabbak voltak, mint a kevésbé csapadékos 0sz(i
els6 (38,6 mm) tenyésziddszakban, egyrészt azt a magyarazatot talaltuk, hogy a maso-
dik tenyésziddszakban lehullott 8szi csapadék talzott mértékd volt a buzafajtak sza-
mara a kisérleti helyszin kotott, rossz vizgazdalkodasu talajan, masrészt, hogy ponto-
sabb meteorologiai Osszefliggések vizsgalatahoz tobb, mint harom év adataira lenne
sziikség. Habar a csapadékosszegek is szoros pozitiv korreldciot jeleztek a vizsgalt id6-
szakokban, a klimatikus vizmérleg (CWB) minden esetben magasabb egytitthatokat és
pontosabb magyardzé er6t mutatott. Ez valaszt ad arra a latszolagos ellentmondasra
is, hogy a terméshozamok miért a masodik és a harmadik évben voltak hasonloak
(amikor a vizhiany mértéke volt azonos), ahelyett, hogy az elsd és masodik évhez (a
hasonl6 csapadékosszegekhez) igazodtak volna. Kovetkeztetésiink szerint a potencia-
lis parolgassal (PET) is kalkulalé klimatikus vizmérleg alkalmasabb mutatd az agro-
meteorologiai kutatdsokhoz, mint a tisztan csapadékalapu elemzések, ezért hasznala-
tat javasoljuk. Kutatasunk lehetséges folytatasaként jeloljiikk meg tovabbi, a csapadék
eloszlasat is figyelembe vev6 komplex agrometeorologiai indexek bevonasat a vizsga-
latokba.

Wilkinson et al. (2023) azon megallapitdsat, miszerint az 6kologiai/konvencionadlis
terméshozam-arany buzanadl atlagosan 65-80% kozé esik, azzal a kdvetkeztetésiinkkel
egészitjiik ki, hogy fert6zésnek kedvez6 évjaratokban ez az arany kizarolag rezisztens
(vagy tolerans) fajtak hasznalataval tarthatd fenn. Emellett megallapithatd, hogy a ma-
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gas tdpanyagdozisokhoz adaptalodott fajtak még jarvanymentes id6szakban sem fel-
tétlentil érik el ezt az ardnyt. Az évenként tapasztalt eltéré terméshozam-aranyok alap-
jan Campiglia et al. (2015) azon megallapitasat is meg tudjuk erdsiteni, miszerint csa-
padékos évjaratokban ez az arany a konvencionalis termesztési rendszer iranyaba
mozdul el. Végezetiil ennek kapcsan kiemeljiik, hogy az alkalmazott 6koldgiai agro-
technika hatékonysaga tovabb javithatd lenne olyan kiegészitd elemekkel, mint a bak-
tériumtragyak, valamint a kiilonb6z6 novény- és talajkondicionalo készitmények
hasznalata, amelyek valoszintisithetéen kedvezden befolyasolnak a keét termesztési
mod kozotti hozamaranyt.

Eredményeink alapjan 6kologiai termesztésre a Hunor, az Alex, a KG Bendeguz, a
KG Vitéz és a KG Kunhalom bizonyultak alkalmasnak. A standard KG Kunhalom ese-
tében azonban szamolni kell azzal, hogy gabona-lisztharmat és sargarozsda érzékeny-
sége miatt jarvanyos években jelentds (akar tobb mdazsas) terméskiesést produkalhat.
A Hunor fajtat illetéen eredményeink megerdsitik Bélteki (2013) azon megfigyeléseit,
miszerint csapadékos évjaratban ugyan bétermd, de kedvezdtlen koriilmények kozott
jelentésen visszaesik a hozama, igy a Nagykunsaghoz hasonld, aszalyra hajlamos te-
riileteken termesztését termésbiztonsag szempontjabdl kockazatosnak itéltiik meg. Az
Alex-fajta bar kivalo ellendlloképességet mutatott a fellépett betegségekkel szemben,
jarvanymentes években tapasztalt alacsonyabb terméshozamai miatt ezt a fajtat is ke-
vésbé ajanljuk.

Osszegzésként a legmagasabb Skoldgiai terméshozam elérésére torekvé gazdalko-
doknak a KG Bendeguz fajtat javasoljuk. A parhuzamos (konvencionalis és 6kologiai)
gazdalkodast folytatok szdmdra — a 2018/848 EU rendeletnek megfelel6en — a konnyt
fenotipusos megkiilonboztethetdség és a kiemelkedd terméshozamok miatt a konven-
cionalis parcelldkra a mindkét termesztési rendszerben kiemelked6 hozamui KG Ben-
deguz (tar kaldszu), az 6koldgiai teriiletekre pedig a KG Vitéz (szalkas kalaszu) fajta
termesztését ajanljuk.
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Comparative study of the yield potential of winter wheat varieties in organic
and conventional cropping systems under the agro-ecological conditions of

Karcag
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Keywords: organic farming, winter wheat, variety test, yield, agronomic parameters

Abstract: Between 2022 and 2025, a three-year small-plot winter wheat variety comparison experiment
was conducted in Karcag (Hungary) on a heavy-textured meadow chernozem soil saline in the deeper
layers under organic and conventional cultivation conditions, with ten winter wheat varieties bred in
Karcag, using the variety 'KG Kunhalom' as a standard. Yields and agronomic parameters were com-
pared with each other, with local meteorological data, and with the climatic water balance calculated
based on them. The evaluation of the results was performed using descriptive statistics, univariate and
multivariate analysis of variance, and correlation analysis. During our examinations, no frost damage
was observed; the temperature measured at the soil surface was never below -10 °C. The wetter and
cooler spring-summer weather of 2023, combined with the milder winter, favoured the yellow rust ep-
idemic, which caused significant infection. Although to a lesser extent, powdery mildew, stem rust, and
leaf rust also appeared at that time. Significant differences were observed among the varieties in terms
of disease resistance and key agronomic characteristics. In organic cultivation, yield correlated posi-
tively with the length of phenophases, plant height, and lodging resistance, while a negative relation-
ship was confirmed between weediness and yield. Yield was significantly influenced in every growing
season by variety selection and the cultivation system; furthermore, a significant year effect and geno-
type x (agro-ecological) environment interaction were also demonstrated. Precipitation and climatic wa-
ter balance (especially at jointing) correlated closely and positively in the case of less infected varieties,
following a trend similar to the conventional treatment. For the same varieties under an organic crop-
ping system, a significant positive correlation was found between yield and average temperature during
the autumn of the vegetation period, while a negative one was found from jointing until the end of the
reproductive phase; all examined wheat varieties behaved similarly under conventional cultivation con-
ditions.
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1. melléklet. A kisérletbe vont 8szibuiza-fajtak 6koldgiai termesztési koriilmények kozott vizsgalt agrondmiai eredményei kozotti korrelaciok (Karcag, 2022-2025)

Annex 1. Correlations between the agronomic results of the winter wheat varieties included in the experiment, examined under organic production conditions
(Karcag, 2022-2025)

Tenyész- , Kalaszolasig ~ Erésig eltelt . . Novény- Alloké-  Liszthar- Szar- Sarga-  Vords-
. . ; , Terméshozam Bokrosodas Gyomossag g 3
idészak Vizsgalt paraméter (2) (3) (t ha') eltelt napok napok ©) (%) @) (%) magassag pesség(l- mat (10) rozsda  rozsda rozsda
(1) szama (4) szama (5) ’ ’ (8) (cm) 9) (9) (%) (%) 11) (%) (12) (%) (13)
Terméshozam (3) (t ha?) 1
Kalaszolasig eltelt napok szama (4) 0,642* 1
Erésig eltelt napok szama (5) 0,640* 0,951* 1
Bokrosodas (6) (%) -0,191 -0,062 -0,010 1
2022/ Gyomossag (7) (%) -0,561* -0,641* -0,628* -0,418 1
2023 Novénymagassag (8) (cm) 0,170 0,764** 0,735** 0,332 -0,591* 1
Alléképesség 9) (1-9) 0,539 0,119 0,120 -0,339 -0,181 -0,183 1
Lisztharmat (10) (%) -0,884*** -0,553* -0,595* 0,263 0,447 -0,188 -0,252 1
Szarrozsda (11) (%) -0,706** -0,609* -0,440 0,329 0,546* -0,264 -0,624* 0,496 1
Sargarozsda (12) (%) -0,950*** -0,717** -0,676* 0,254 0,576* -0,179 -0,411 0,834* 0,742* 1
Vorosrozsda (13) (%) 0,334 0,066 0,272 -0,140 -0,198 0,041 0,510 -0,417 -0,059 -0,181 1
Terméshozam (3) (t ha?) 1 - - - -
Kalaszolasig eltelt napok szama (4) 0,624* 1 - - - -
2023/ ]:Zrésig eltelt napok szama (5) 0,585* 0,979*** 1 - - - -
2024 Bokrosodas (6) (%) 0,278 0,055 -0,035 1 - - - -
Gyomossag (7) (%) -0,646* -0,705** -0,726** -0,053 1 - - - -
Novénymagassag (8) (cm) 0,562* 0,664* 0,654* 0,365 -0,832%** 1 - - - -
Alléképesség (9) (1-9) 0,029 -0,315 -0,306 -0,148 0,536 -0,740** 1 - - - -
Terméshozam (3) (t ha?) 1 - - - -
Kalaszolasig eltelt napok szama (4) 0,631* 1 - - - -
2024/ ]:Zrésig eltelt napok szama (5) 0,528 0,921*** 1 - - - -
2025 Bokrosodas (6) (%) 0,072 -0,170 -0,332 1 - - - -
Gyomossag (7) (%) -0,338 -0,702 -0,657* -0,057 1 - - - -
Novénymagassag (8) (cm) 0,489 0,736 0,490 0,311 -0,612* 1 - - - -
Alloképesség (9) (1-9) 0,531 0,007 0,083 -0,393 0,419 -0,347 1 - - - -

Megjegyzés: * - az eredmény p=0,05 szinten szignifikans, ** - az eredmény p=0,01 szinten szignifikans, *** - az eredmény p=0,001 szinten szignifikans.

growing season (1), examined parameter (2), yield (3), days to heading (4), days to maturity (5), tillering (6), weediness (7), plant height (8), lodging resistance (scale value from 1 to 9) (9), powdery
mildew (10), stem rust (11), stripe rust (12), leaf rust (13); note: * - the result is significant at p=0,05 level, ** - the result is significant at p=0,01 level, *** - the result is significant at p=0,001 level
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Abstract: Rapid urbanization has reduced the availability of agricultural land and limited access to fresh
vegetables in many urban areas, particularly in developing countries. Urban agriculture, including ver-
tical farming systems, has emerged as an adaptive strategy to enhance food availability and strengthen
social-ecological resilience in densely populated environments. This study evaluates the performance
of a garden tower (GT) system as a vertical landscape element for community-based vegetable produc-
tion in urban and peri-urban areas of Bogor, Indonesia. The research employed a descriptive—
evaluative approach involving 105 GT units distributed to 21 women farmers groups (WFG). The GT
system utilized tarpaulin-based cylindrical containers filled with a soil-based growing medium com-
posed of soil, rice husk charcoal, and organic manure. Data were collected through field observations,
photographic documentation, online questionnaires, and WhatsApp group communication, focusing
on plant growth performance, pest and disease occurrence, container effectiveness, and community
participation. The results showed that all GT units were successfully established and produced harvest-
able vegetables. Tomato (Solanum lycopersicum) exhibited the highest growth success rate (92.59%),
while leafy vegetables such as water spinach (Ipomoea aquatica) and bok choy (Brassica rapa)
demonstrated rapid growth and frequent harvests. In contrast, red lettuce (Lactuca sativa) and celery
(Apium graveolens) showed lower survival rates. Pest and disease incidence in the GT system was com-
parable to that in conventional vegetable gardens, indicating good integration with local agroecological
conditions. Social factors, particularly active participation and collective management by WFG mem-
bers, were identified as key determinants of system performance and sustainability. The study con-
cludes that the GT system represents a practical and adaptable form of vertical green infrastructure that
supports community-based urban food production. By integrating locally available materials, efficient
spatial use, and strong social organization, the GT contributes to urban food and nutrition security and
offers potential for wider application in rapidly urbanizing landscapes.

Introduction

Rapid urbanization has become a major driver of global urban landscape change, with
significant implications for spatial structure, ecological function, and community life-
styles. The expansion of built-up areas often occurs at the expense of urban green
spaces, reducing public access to green spaces and weakening the connection between
urban residents and local food production systems (Mcdonald et al. 2020; Seto et al.
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2012). This landscape transformation has a direct impact on urban food systems, par-
ticularly in the declining availability and consumption of fresh vegetables, which play
an important role in maintaining human health and nutritional balance (Springmann
et al. 2020). Several studies have shown that low vegetable intake is strongly correlated
with an increased risk of non-communicable diseases, such as cardiovascular disease,
type 2 diabetes, and several types of cancer, the prevalence of which is relatively higher
in urban areas (Aune et al. 2017).

In many developing countries, including Indonesia, the challenges of urban food
systems are becoming increasingly complex due to the ongoing conversion of agricul-
tural land to residential areas and urban infrastructure. This land-use change limits
local food production capacity and increases cities' dependence on external food sup-
plies, thus increasing the vulnerability of food systems to social, economic, and envi-
ronmental disruptions (d’Amour et al. 2017; van Vliet et al. 2017). In this context, urban
agriculture is increasingly seen as an adaptive strategy that has the potential to in-
crease local food availability, strengthen household food security, and support socio-
ecological resilience in urban environments (Artmann and Sartison 2018; Evans et al.
2022). Various forms of urban agriculture, such as yard gardening, vertical farming,
and container-based cultivation, are widely used to produce food in limited spaces,
especially in areas with high population density.

Among these approaches, vertical farming systems are an innovation gaining in-
creasing attention for their ability to use vertical space for crop production in urban
environments where horizontal land is scarce. This system allows for efficient use of
space while maintaining crop productivity, thereby reducing pressure on open land
conversion in cities (Al-kodmany 2018; Kalantari et al. 2017). From a landscape ecology
perspective, vertical farming structures can be understood as small-scale green infra-
structure elements that contribute to various urban ecosystem functions, including mi-
croclimate regulation, increasing connectivity of green elements, and strengthening
social interactions and environmental awareness of the community (Haase et al. 2014;
Russo et al. 2017). However, the success and sustainability of vertical farming systems
are not only determined by technical aspects, but also depend greatly on their suita-
bility to local environmental conditions, the availability of materials, and the social and
institutional capacity of the community in managing the system sustainably (Camps-
Calvet et al. 2016; Tornaghi and Dehaene 2020).

The garden tower (GT) is a vertical farming system developed using simple tech-
nology and local materials to support vegetable cultivation in limited urban spaces.
Unlike commercial vertical farming systems, which generally rely on high technology
and large capital investments, GT uses tarpaulin planting containers and conventional
soil-based growing media, making it more accessible, affordable, and replicable by the
community (Goldstein et al. 2016; Weidner et al. 2019). This approach is in line with
the principles of community-based landscape management, which emphasizes the
role of local knowledge, social organization, and collective participation in shaping
and maintaining productive landscapes that are adaptive to local conditions (Camps-
Calvet et al. 2016; Cohen and Reynolds 2014).
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In a social context, Women Farmers Groups (WFG) play a strategic role in the de-
velopment of community-based agriculture in Indonesia, particularly at the household
and neighborhood levels. Various studies have shown that the involvement of wom-
en's groups in local food systems not only contributes to food production but also
strengthens knowledge exchange, capacity building, and social empowerment at the
community level (Doss et al. 2018). Women's participation in agricultural systems is
closely linked to improved household food security and community-level develop-
ment outcomes. In implementing the GT system, WFG could serve as early adopters
and primary managers, thereby playing an important role in diffusing vertical farming
innovations to the wider community.

Although numerous studies have addressed vertical farming and urban agriculture
from both technical and ecological perspectives, studies specifically evaluating the
performance of community-based vertical farming systems using simple technologies
and integrating ecological and social aspects within the context of urban landscapes in
developing countries remain relatively limited. Therefore, this study aims to evaluate
the performance of the GT system as a vertical landscape element in a community gar-
den managed by a WFG. Specifically, this study examines plant growth and produc-
tivity, the occurrence of pests and diseases, the effectiveness of tarpaulin-based plant-
ing containers, and the willingness of the women farmers' groups to continue and ex-
pand the GT program. By filling this knowledge gap, this research is expected to con-
tribute to the development of community-based vertical farming as an important com-
ponent of sustainable urban landscapes in areas experiencing rapid urbanization.

Materials and Methods

Study Design

This study employed a descriptive-evaluative research design to assess the implemen-
tation and performance of a community-based GT system as a vertical landscape ele-
ment for urban food production. The research focused on evaluating plant growth per-
formance, pest and disease occurrence, container effectiveness, and community par-
ticipation in managing the GT system. Data were collected through field observations,
documentation, and an online questionnaire survey.

Study Area

The study was conducted in Bogor City and Bogor Regency, West Java, Indonesia. GTs
were installed in gardens managed by 21 WFGs, located both within and outside the
IPB University campus (Figure 1). On-campus locations included gardens associated
with several faculties at IPB University. Meanwhile, off-campus sites were situated in
urban and peri-urban villages surrounding Bogor. These areas are characterized by
relatively higher population density compared to rural settings and, in many cases,
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have limited space available for conventional agriculture due to ongoing urban devel-
opment.
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Figure 1. Location of garden tower (GT) sites
1. dbra. A vertikalis iiltetétornyok (garden tower — GT) lokacidja

GT System Description

The GT system used in this study consisted of a cylindrical tarpaulin container meas-
uring approximately 1.0 m in height and 0.5 m in diameter (Figure 2). Planting holes
were evenly distributed across the tarpaulin container. The GT system demonstrates a
distinct spatial configuration compared to conventional horizontal planting systems.
The physical footprint of a single GT unit is approximately 0.2 m?, while the effective
growing area may expand to 0.6-0.9 m? due to canopy development. In conventional
planting systems, vegetable cultivation generally requires approximately 0.04-0.09 m?
per plant, depending on crop type and management practices. Vertical farming sys-
tems, including GT configurations, are widely recognized for their potential to opti-
mize space use in land-constrained environments (Beacham et al. 2019). Within an
equivalent area, this corresponds to approximately 7-22 plants. In contrast, the vertical
configuration of the GT allows a greater number of planting points within a relatively
small ground footprint, suggesting its potential to increase planting density per unit
area. However, as no direct experimental comparison was conducted, this advantage
should be interpreted as a structural characteristic rather than a quantified measure of
productivity.

A perforated PVC pipe (approximately 7.6 cm in diameter) was installed vertically
at the center of each tower to facilitate water distribution throughout the growing me-
dium (Figure 1). The planting medium was composed of a mixture of local soil, rice
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husk charcoal, and organic manure derived from commonly available livestock
sources (e.g. poultry manure) in a 1:3:3 ratio. This composition was selected based on
material availability and suitability for vegetable cultivation under local conditions.
The tarpaulin-based design was chosen to ensure portability, ease of assembly, and
cost efficiency, allowing the system to be easily replicated in community settings.

Figure 2. The model of garden towers (GT)

2. dbra. Példa a vertikalis iiltettorony alkalmazasara

Plant Materials

Vegetable species cultivated in the GT system included green spinach (Amaranthus
sp.), water spinach (Ipomoea aquatica), celery (Apium graveolens), green lettuce (Lactuca
sativa), red lettuce (Lactuca sativa), bok choy (Brassica rapa), choy sum (Brassica rapa var.
parachinensis), tomato (Solanum lycopersicum), and chili (Capsicum frutescens). Seedlings
were typically raised in trays before transplanting into the GT system. However, se-
lected leafy vegetables, such as green spinach (Amaranthus sp.) and water spinach (Ip-
omoea aquatica), were directly sown into the GT.

Implementation Procedure

A total of 105 GT units were distributed to the 21 WFGs, with each group receiving
tive units. The GT units were assembled at each WEG site with technical guidance from
the research team. After assembly, seedlings were transplanted into the planting holes,
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while regular maintenance activities included watering through the central PVC pipe
and surface irrigation as needed.

Harvesting was conducted based on the growth characteristics of each vegetable
species. Leafy vegetables were harvested approximately four to five weeks after plant-
ing, whereas fruiting vegetables such as tomato and chili were harvested repeatedly
over a longer period.

Data Collection

Data collection was carried out using multiple approaches. Field observations and
photographic documentation were conducted to record plant growth conditions, pest
and disease incidence, and structural performance of the GTs. In addition, an online
questionnaire distributed via Google Forms was used to gather information from WFG
representatives. The questionnaire covered respondents' identities, the condition of
each GT, the occurrence of pests and diseases, the effectiveness of tarpaulins as plant-
ing containers, their willingness to participate in the second phase of the GT program,
and their expectations regarding program development.

WEG representatives served as key informants because they were directly respon-
sible for the daily maintenance and monitoring of the GTs. Supplementary data on
harvesting activities were also collected through regular communication via
WhatsApp groups.

The questionnaire respondents included at least one representative from each WFG
participating in the program. In total, 23 respondents were included in this study, rep-
resenting all active groups involved in implementing the GT systems. Selecting group
representatives as respondents was appropriate because they had direct operational
knowledge of the establishment, maintenance, and performance of the GT units within
their respective groups. In community-based agricultural research, key informant re-
sponses from responsible group representatives are commonly used to capture collec-
tive experiences and management practices, thereby providing reliable insights into
group-level implementation and outcomes.

Data Analysis

The collected data were analyzed using both qualitative and quantitative approaches.
Descriptive statistics were applied to summarize plant growth success rates, pest and
disease occurrence, and levels of community participation. Qualitative data obtained
from observations and open-ended questionnaire responses were analyzed themati-
cally to identify key patterns related to system performance, management challenges,
and community perceptions. The combined analysis provided an integrated evalua-
tion of the GT system as a component of community-based urban landscapes.
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Results and Discussion

All GT units installed across the 21 WFG sites were successfully established and used
for vegetable cultivation. Vegetables grown in the GT system were harvested and uti-
lized by WFG members and, in several cases, shared with surrounding households.
Field observations indicated that the overall performance of the GT system was
strongly influenced by active community involvement in assembly, maintenance, and
harvesting. Sites with higher levels of collective participation generally exhibited bet-
ter plant growth and system maintenance.

Effectiveness of Tarpaulin Containers and Irrigation System

This study was conducted as part of an initial project implementation; therefore,
WhatsApp groups were established and managed by the research team to facilitate
coordination and data collection. Each Women Farmers Group (WFG) was repre-
sented by one designated member responsible for monitoring the GT units and com-
pleting the questionnaire, indicating that responses were collected at the WFG level
rather than from individual members. The total number of respondents corresponded
to the number of participating WFG representatives (n = 23), which is specified in the
revised manuscript.

Of the 23 respondents, 13 (56.52%) reported that the tarpaulin-based Garden Tower
(GT) structure functioned effectively as a planting container, maintaining its form and
adequately supporting plant growth. Although several Women Farmers Groups
(WFGs) observed that some GT units tended to lean due to the weight of the planting
medium, this condition did not lead to structural damage and was generally resolved
through reassembly after harvesting. The overall structural performance indicates that
the tarpaulin material provided sufficient mechanical stability to support the GT sys-
tem under field conditions.

Regarding irrigation performance, 55.56% of respondents considered the central
PVC pipe effective in distributing water throughout the growing medium. However,
33.33% reported uneven water distribution, with some planting areas receiving insuf-
ficient moisture. These findings suggest that while the irrigation system was generally
functional, design refinement — particularly in pipe diameter and perforation configu-
ration — could improve water uniformity. Overall, the results highlight common trade-
offs in low-technology urban agriculture systems, where simplicity and affordability
are balanced against technical performance and maintenance requirements (Specht et
al. 2014). Incremental design improvements could therefore enhance system stability
and irrigation efficiency while maintaining the low-cost and easily replicable nature of
the GT system.
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Vegetable Growth and Survival Rates

Based on questionnaire responses and field observations, most vegetable species cul-
tivated in the GT system showed satisfactory growth. Leafy vegetables such as water
spinach (Ipomoea aquatica), bok choy (Brassica rapa), and green spinach (Amaranthus sp.)
showed high survival rates and rapid growth. Among all crops, tomato (Solanum lyco-
persicum) exhibited the highest success rate, with 92.59% of planted seedlings growing
and producing fruit (Table 1).

Table 1. Percentage of Vegetable Growth in GTs at Each WFG

1. tabldzat. Az egyes termesztett novébyfajok névekménye

Vegetable Growing Well Grow But Growing but Not growing/failed
.y affected by .
commodities (%) Dwarf (%) o in the nursery (%)
pests (%)

1. | Green Lettuce 62.96 14.81 11.11 7.41
2. | Red lettuce 44.44 11.11 3.7 37.04
3. | Spinach 62.96 18.52 7.41 3.70
4. | Water spinach 66.67 18.52 7.41 3.70
5. | Celery 55.56 14.81 3.70 18.52
6. | Bok choy 77.78 3.70 11.11 3.70
7. | Chilli 74.07 11.11 3.70 3.70
8. | Tomato 92.59 3.70 0.00 0.00

In contrast, red lettuce (Lactuca sativa) showed the lowest growth performance, with
only 44.44% of seedlings growing successfully, while 37.04% failed to establish. Celery
(Apium graveolens) also displayed relatively low survival rates, with a notable propor-
tion of seedlings failing to grow. These variations indicate species-specific responses
to the vertical planting environment and the soil-based growing medium used in the
GT system.

The results showed variation in growth and survival rates among vegetable species
cultivated in the GT system. Leafy vegetables such as water spinach, bok choy, and
green spinach generally showed high survival rates and rapid growth, indicating their
compatibility with short-cycle cultivation in vertical systems. Tomato exhibited the
highest overall success rate, which may reflect its relatively robust growth character-
istics. However, these differences may also be influenced by management factors, par-
ticularly irrigation practices and planting methods. Leafy vegetables are typically
more sensitive to water availability, and variations in watering consistency, as well as
the use of direct sowing for some species, may have affected their performance. There-
fore, the observed differences should be interpreted with consideration of both plant
characteristics and system management conditions.

In contrast, red lettuce and celery showed lower establishment success and higher
failure rates. These differences reflect species-specific sensitivities to root-zone vol-
ume, water availability, and microclimatic conditions, which are often amplified in
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container-based and vertical systems. Similar patterns have been observed in urban
horticulture studies, where physiological traits and adaptability to constrained grow-
ing environments strongly influence crop performance (Orsini et al. 2013). The Results,
therefore, indicate that careful crop selection is essential to optimize productivity and
reduce failure rates in the GT systems.

Harvesting Patterns and Household Food Contribution

Harvesting of leafy vegetables generally began four to five weeks after planting, de-
pending on the species. Water spinach and bok choy were the fastest-growing crops
and could be harvested repeatedly within a short period. Fruiting vegetables, particu-
larly tomato and chili, required longer cultivation periods but allowed multiple har-
vests over time (Figure 3).

Figure 3. Bok choy vegetables were harvested from the GT system

3. dbra. Bordaskel termesztése vertikalis iiltet6tornyos rendszerben

In this study, the success of the GT system is primarily defined in terms of system
establishment, functionality, and the ability to produce edible crops, rather than quanti-
tative yield performance. Although systematic quantitative measurements of total yield
were not conducted in this phase, reported harvests from WFG representatives indi-
cated that all groups were able to obtain edible produce from the GT units. The har-
vested vegetables were primarily consumed by WFG members, suggesting a potential
contribution to household food availability. However, in the absence of quantitative
yield data, these findings should be interpreted as indicative rather than conclusive.

Harvesting patterns reported in the Results indicate that leafy vegetables can be har-
vested within four to five weeks, whereas fruiting vegetables such as tomato and chili
require longer cultivation periods but allow repeated harvesting over time. These obser-
vations suggest differing production cycles between crop types within the GT system.

Taken together, these findings suggest that the GT system has the potential to sup-
port both short-term and sustained household food provisioning. Rapid harvest cycles
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may contribute to immediate food availability, while repeated harvests from fruiting
crops may help sustain household consumption over time. Such multifunctional pro-
duction patterns are commonly associated with small-scale urban agriculture systems
that prioritize household use over commercial output (Poulsen 2017).

Pest and Disease Occurrence within the Local Agroecological Context

Pests and diseases were reported based on field observations conducted by WFG
members and documented through questionnaires and WhatsApp group discussions.
Identification of pests and plant health issues was based on farmers’ local knowledge
and visual assessment, rather than laboratory or expert-based diagnostic procedures.
Insect pests were the most frequently mentioned, including grasshoppers, caterpillars,
aphids, mites, beetles, and thrips, which commonly attack vegetable crops in small-
scale cultivation systems. In addition to insect pests, disturbances were also caused by
wild animals such as rats, birds, and snails that feed on or damage plant tissues. Live-
stock, particularly chickens, goats, and cattle, were also reported to occasionally inter-
fere with the planting structures, especially in areas located near household yards or
semi-rural environments. Furthermore, domestic pets such as cats and dogs were men-
tioned as minor sources of disturbance around the GT units.
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Figure 4. Percentage of pest categories

4. dbra. A megfigyelt kdrositok aranya

Fungal infections were commonly observed, including general mold or fungal
growth on plant tissues. Leaf-related diseases were also frequently mentioned, partic-
ularly symptoms such as leaf spots and rust that appear as discoloration or lesions on
the leaf surface. In the early growth stage, some respondents reported the occurrence
of damping-off disease in seedlings, which typically causes young plants to collapse
during the nursery phase. Powdery mildew was also identified as a disease affecting
plant leaves, characterized by the appearance of a white powder-like layer on the leaf
surface. In addition, some respondents reported symptoms such as leaf scorching and
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plant wilting, which may be associated with physiological stress or pathogen infection.
These observations indicate that both fungal diseases and stress-related symptoms
were present in the GT cultivation systems and may influence plant health during the
production cycle.

Fungal infection (mold); 6;

21%

o
W
S
3

= 7 ;ﬁﬁgfgﬂ/ # Fungal infection (mold)

Y = Anthracnos
) " Anthaacaose

e A
e - /

%%%%ﬁ%ig Anthracnose: 0: 0% Leaf spot / rust symptoms
e

e . . .
/‘// e 8 Damping-off (seedling stage)

Z
r_'%
=
\
S
S
SRR
S
R

o
N

e
3

SRR
T
L
\'x:\ R
X
o
o

|

S

o

\\

Faa Powdery mildew

Leaf scorch / burn

B

2

i - ;
[ %} Leafspot / rust

8 Wilting

2 symptoms: 6; 21% 8 Others

SN
Leaf scorch / burn; 3; 10% ﬁ%%%%?ﬁ
.
. - —
L Damping-off (seedling
stage): 4; 14%

Powdery mildew: 2; 7%

Figure 5. Disease and symptom types

5. dbra. A megfigyelt novényi betegségek és tiinetek

Pests and diseases reported across the GT sites were generally consistent with those
commonly encountered in surrounding home gardens and conventional vegetable cul-
tivation systems. Insect pests represented the most frequently mentioned disturb-
ances, while plant health issues such as wilting, fungal growth, and leaf spot symp-
toms were also observed. These conditions are widely recognized as common chal-
lenges in small-scale vegetable production, particularly under tropical growing condi-
tions. It should be noted that the identification of pests and diseases in this study was
based on field observations and participants” reports of visible symptoms rather than
detailed pathological diagnosis. Therefore, the observations primarily reflect com-
monly recognized cultivation problems experienced by growers. Overall, the types of
disturbances reported in the GT units followed patterns similar to those typically ob-
served in conventional ground-based planting systems. This indicates that the use of
the GT structure did not introduce new pest or disease pressures, but instead operated
within the same ecological and agronomic context that characterizes traditional vege-
table gardening practices.

This finding is consistent with studies showing that pest and disease dynamics in
urban agriculture are largely shaped by local landscape context rather than by cultiva-
tion structure alone (Philpott et al. 2014). From an ecological perspective, the GT
system functions as an integrated component of the urban agroecosystem, sharing
biotic interactions with nearby gardens and green spaces.
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Figure 6. Vegetables in GT are affected by pests and diseases

6. dbra. Példak a vertikalis iiltet6tornyokban megfigyelt névénykarositasra

Community Participation and Willingness to Continue the Program

The successful establishment and utilization of the Garden Tower (GT) units demon-
strate the technical feasibility of the system for vegetable cultivation in land-limited
urban and peri-urban environments. Harvested produce was primarily consumed by
WFG members and in several cases shared within surrounding households, indicating
that the GT system contributes to household-level food availability through small-
scale routine production, a common feature of urban agriculture initiatives
(Guitart et al. 2012; Okvat and Zautra 2011).

The frequency distribution of participant keywords further supports these findings
(Figure 7). Dominant terms such as “good,” “grow,” “fertile,” and “plant” suggest
generally positive perceptions of plant growth performance and cultivation outcomes
within the GT system, while the occurrence of “harvest” reflects its functional role in
food production. These findings indicate that participants primarily perceived the GT
as supporting productive household cultivation.

Several responses also reveal practical challenges during implementation, including
pest disturbance, uneven structure, and planting media issues. These constraints sug-
gest that GT performance remains influenced by operational and maintenance-related
factors. Overall, the benefits identified in this study appear concentrated on support-
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ing plant growth and household consumption, with limited evidence of broader eco-
nomic impacts, a pattern commonly observed in early-stage community-based urban
agriculture initiatives (Okvat and Zautra 2011).
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7. dbra. A kulcsszavak gyakorisagi eloszlasa a résztvevok valaszaiban a vertikalis {iltetétorony-rend-
szerek kapcsan végzett felmérésben

Implications for Landscape Ecology

From a landscape ecology perspective, the Garden Tower system represents a fine-
grained, multifunctional green element embedded within the urban residential matrix.
The Results and Discussion together demonstrate that the GT integrates food production,
social interaction, and ecological processes at the household and neighborhood scales. Ra-
ther than functioning as an isolated production unit, the GT interacts with surrounding
gardens and green spaces, sharing pest dynamics and management practices.

By utilizing vertical space, the GT enhances spatial efficiency and adds provisioning
functions to existing residential landscapes without requiring a change in land use.
This aligns with landscape ecology perspectives that emphasize multifunctionality,
spatial configuration, and human management as key drivers of ecosystem functions
in urban environments (Colding and Barthel 2013; Wu 2014). As urban areas continue
to densify, vertically oriented, community-managed food production systems such as
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the GT may play an increasingly important role in maintaining resilient and multi-
functional urban landscapes.

Conclusion

This study demonstrates that the Garden Tower (GT) system is a viable and practical
approach to community-based vegetable cultivation in densely populated urban envi-
ronments with limited land. Using tarpaulin-based vertical containers and a soil-based
growing medium composed of locally available materials, the GT system supported
satisfactory plant growth. It enabled regular harvesting across all participating
Women Farmers Groups (WFGs). These findings confirm that the GT system can func-
tion effectively as a small-scale vertical landscape element contributing to household-
level food availability.

Variation in crop performance highlights the importance of species selection in ver-
tical planting systems. Leafy vegetables such as water spinach, bok choy, and green
spinach, along with fruiting crops such as tomato and chili, showed high adaptability
to the GT environment. In contrast, celery and red lettuce exhibited lower survival and
productivity. Pest and disease occurrence within the GT system was comparable to
that in conventional urban vegetable gardens, indicating that the system integrates
well into existing urban agroecological conditions without introducing additional eco-
logical pressures.

Beyond technical performance, the success of the GT system was strongly shaped
by social factors. Active participation, collective management, and effective communi-
cation within WFGs were central to maintaining system performance and ensuring
regular harvesting. While all WFGs expressed willingness to continue participating in
the program, differences in time availability and human resources limited their capac-
ity to serve as facilitators for future program expansion. This finding underscores that
social capacity is a key determinant of scalability in community-based urban agricul-
ture initiatives.

From a landscape ecology perspective, the GT system represents a multifunctional
vertical green infrastructure embedded within residential urban landscapes. By com-
bining spatial efficiency, local material use, and community-based management, the
GT system contributes to the multifunctionality of urban landscapes through food pro-
visioning and social engagement at the neighborhood scale. Future research should
focus on quantifying crop yields and economic benefits, refining irrigation design, and
assessing the long-term ecological and social impacts of GT systems at broader urban
scales. Such efforts will strengthen the role of community-based vertical agriculture as
a sustainable component of urban landscapes in rapidly urbanizing regions.
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Vertikalis iiltetétornyok mint fiigg6leges tajelemek a k6zosségi alapu

varosi élelmiszer-termelésben Indonéziaban
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Kulcsszavak: vertikalis {iiltetétorony, varosi ndvénytermesztés, fliggéleges gazdalkodas, kozosségi
alapu tajgazdélkodas, élelmiszer- és taplalkozasbiztonsag

A gyors litemi urbanizdcié szamos varosi térségben — kiilonosen a fejléd6 orszagokban — csokkentette
amezdgazdasagi miivelésre alkalmas teriiletek nagysagat, valamint korlatozta a friss zoldségekhez valo
hozzaférést. A varosi mezdgazdasag, beleértve a vertikalis termesztérendszereket is, olyan alkalmaz-
kodasi stratégiaként jelent meg, amely hozzajarul az élelmiszer-ellatas javitasahoz, valamint a stirtin
lakott teriiletek tarsadalmi-okologiai reziliencidjanak erdsitéséhez. Jelen tanulmany a Garden Tower
(GT) rendszer teljesitményét értékeli mint a kozosségi alapt zoldségtermesztést tamogatd vertikalis
tajépitészeti elemet az indonéziai Bogor varosi és varoskornyéki térségeiben. A kutatds leiré—értékeld
megkozelitést alkalmazott, amelynek keretében 105 darab GT-egységet osztottak ki 21 N6i Gazdalkoddi
Csoport (Women Farmers Groups, WEG) szamara. A GT-rendszer ponyvaalapd, hengeres termesztde-
dényekbdl allt, amelyeket talajalapt termesztékozeggel toltottek fel. A termesztOkozeg talaj, rizshéj és
szerves tragya keverékébdl allt. Az adatgytjtés terepi megfigyelések, fényképes dokumentacid, online
kérdéivek és WhatsApp-csoportokon keresztiili kommunikacié révén tortént. Az értékelés a névények
novekedési teljesitményére, a kartevék és betegségek el6fordulasara, a termesztéedények ha-
tékonysagara, valamint a k6zosségi részvétel mértékére terjedt ki. Az eredmények alapjan valamennyi
GT-egységet sikeresen telepitették, és mindegyik alkalmas volt betakarithat6 zoldségek el6allitasara. A
paradicsom (Solanum lycopersicum) mutatta a legmagasabb novekedési sikerességi ardnyt (92,59%), mig
a levélzoldségek — példaul a vizispenot (Ipomoea aquatica) és a bordas kel (Brassica rapa) — gyors
novekedést és gyakori betakaritast tettek lehetévé. Ezzel szemben a vords salata (Lactuca sativa) és a
zeller (Apium graveolens) alacsonyabb ttlélési aranyt mutatott. A GT-rendszerben megfigyelt kartevo-
és betegség-el6fordulas hasonlo volt a hagyomanyos zoldségkertekben tapasztaltakhoz, ami arra utal,
hogy a rendszer jol illeszkedik a helyi agrookoldgiai adottsagokhoz. A tarsadalmi tényezdk — kiilonosen
a WFG-tagok aktiv részvétele és a kozosségi alapti szervezés — a rendszer miikodésének és hosszu tava
fenntarthatésaganak meghatarozo elemeinek bizonyultak. A vizsgalat megallapitotta, hogy a GT-rend-
szer a vertikalis z6ld infrastruktira olyan gyakorlati és rugalmasan alkalmazhaté formajat képviseli,
amely hatékonyan tdmogatja a k6z0sségi alapt varosi élelmiszer-termelést. A helyben rendelkezésre
allé anyagok felhaszndldsanak, a térhatékony kialakitdsnak és az erds kozosségi szervezettségnek
koszonhetéen a GT-rendszer hozzajarul a varosi élelmiszer- és taplalkozasbiztonsag erdsitéséhez, vala-
mint jelentds alkalmazasi potenciallal rendelkezik a gyorsan urbanizalédo térségekben.
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Summary: The objective of the research was to examine the effects of the Asvanyi estuary sill located in
the lower inter-island area of the inter-island wave field water replenishment system on water surface
coverage using remote sensing data and the Normalized Difference Water Index (NDWI). The analysis
covered the period from 2013 to 2023 and was based on Landsat 8 OLI satellite imagery, processed in
QGIS. The research focused on monitoring temporal and spatial changes in water surface area and on
comparing conditions before and after the construction of water-level control structures. Based on the
results obtained, it can be concluded that the operation of the Asvanyi estuary bottom sill and the lower-
island water replenishment system had a positive effect on water surface coverage. The NDWI maps
clearly show that the change was most noticeable in the tributaries close to the structures, where the
riverbed widened. The spatial variations in water surface area observed during the study period indi-
cated that many factors, including climatic, hydrological, riverbed morphological, and hydro-meteoro-
logical parameters, can influence changes in water surface area.

Introduction

The discipline of water management is among the most prominent areas of hydrology.
Moving further, the accessibility of available water resources and analyses of the nat-
ural water supply system are very recent topics, in the shadow of the increasing num-
ber of extreme drought phenomena. Increasingly widely available remote sensing
techniques -satellites, UAVs — provide a good opportunity for analyzing and measur-
ing water-related issues (Dobrentey et al. 2024). Parallel to the development of differ-
ent remote sensing techniques, a new scientific discipline emerged: geoinformatics.
GIS (Geographical Information System) is a geoinformatics tool that enables the effi-
cient processing and storage of large datasets linked to geographical locations (Deli
and Mészaros, 2010). One of the most important points in water management is pro-
tecting and managing our existing water resources wisely. To do this, it is essential to
map water resources and examine their temporal and spatial distribution, which can
be achieved through remote sensing and geoinformatics (Nagy 2010).

Remote sensing provides basic data on water resources, hydrological processes, and
the impacts of droughts and floods, while geographic information systems offer the
most effective tools for managing water resources and drought and flood risks (Wang
and Xie 2018). Remote sensing indices are often used to measure the extent of surface
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water. During water and moisture content monitoring, indices such as NDWI (Nor-
malized Difference Water Index) and MNDWI (Modified Normalized Difference Wa-
ter Index) are often used, which provide information on surface water coverage and,
indirectly, on soil moisture conditions (Mustafa et al. 2017).

In the recent study, the NDWI index was used to distinguish water-related surfaces
from other land cover types. The water index is based on a mathematical model that
uses predetermined bands for calculation, making it easy to distinguish between water
and non-water surfaces. Stuart McFeeters developed the NDWI index in 1996, which
is still a widely used satellite remote sensing method (Ozelkan 2020). The method uses
the near-infrared (NIR) band and the green wavelengths of visible light (VIS) to deter-
mine surface water. The basis for distinguishing between water and other surfaces is
determined by the ratio of reflectance values in the green and near-infrared bands.
Water surfaces show higher reflectance in the green band and lower reflectance in the
near-infrared band. In contrast, soil and vegetation show the opposite values.

The study area of the research is connected to the Danube River watershed. Szige-
tkoz is one of Hungary's most unique landscapes, characterized by its hydrography,
located at the first section of the Danube as it enters the country at Rajka. Its territory
is bordered by the main branch of the Danube and the Mosoni-Duna, which are con-
nected by a diverse system of tributaries, backwaters, and floodplains (Kun 2016).
Szigetkoz is an extremely important region from a hydrological and ecological per-
spective, as the tributary systems here support a rich wildlife and provide high-quality
groundwater resources of outstanding importance (Chappon et al. 2024).

The area's water system underwent major changes due to the Bés (Gabc¢ikovo) hy-
dropower plant, which began operating in the early 1990s. The construction of the ar-
tificial headrace canal and the diversion of the Danube resulted in a huge water short-
age and the drying up of the tributary systems, leading to an ecological disaster (Trasy
et al. 2024). To mitigate the adverse effects, rehabilitation measures were implemented,
and bottom sills were installed to restore water flow and maintain a relatively constant
water level in the branch systems.

The confluence structure of the Asvényi branch, one of the most important water
replenishment elements in Alsd-Szigetkdz, was also built as part of the rehabilitation
action (Jakus et al. 2024). The project was completed, and the newly created artifacts
were handed over in 2015. Its operation directly affects the water-surface coverage of
tributary systems.

In the hydrological state of surface waters, not only is water volume the determining
parameter, but many other hydrological parameters must also be considered, such as
tlow systems, bed characteristics, and hydrometeorological parameters. The region is
referred to as the "land of a thousand islands," as its ramified branch system divides
the landscape, which is essentially 52 km long, 6-8 km wide on average, and covers
375 km?, into small islands (Gocsei 1979). Its altitude ranges from 110 to 125 m above
sea level.

Due to Szigetkoz's geographic location, numerous factors influence its climate. As
with the entire Kisalfold region, Szigetkoz also has a moderately warm, moderately
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dry continental climate with mild winters (Szabd 2005). Its proximity to the Atlantic
Ocean exerts an oceanic influence, reflected in cloud cover, balanced temperatures,
and precipitation distribution (Bozs¢ 2025). In addition, due to the basin-like nature of
the region, air currents from the surrounding mountains have a strong climate-modi-
fying effect. This can result in extreme precipitation distribution and unpredictable
rainfall (Szab6 2005).

From a water management perspective, the evaporation rate is of great importance.
In Szigetkdz, evaporation from open water surfaces is around 600 mm (EDUKOVIZIG,
2010). Looking at the annual water balance, lower precipitation, hot summers, and
predominantly windy weather result in a negative water deficit of 50-75 mm per year
(Szabd 2005).

The primary objective of the research is to demonstrate, using remote sensing, that
rehabilitation measures in Als6-Szigetkoz, particularly the construction of the conflu-
ence structure on the Asvényi branch, have affected the water-surface coverage of the
active floodplain water replenishment system.

The following sub-objectives support the research:

— to create a satellite database covering a period of several years

—using the NDWI index in the analyses of water surface changes

— to describe the use of Landsat 8 and QGIS in remote sensing-based hydrological

studies

Materials and methods

Szigetkoz is located in the northwestern region of Hungary, in the northern part of the
Kisalfold landscape. It is bordered by the Mosoni-Duna and Oreg-Duna. As previously
mentioned, the area is approximately 375 km?, stretching 52.5 km in length and averaging
6-8 km in width. Based on its slope, it can be divided into two parts: Upper and Lower
Szigetkoz. The Szigetkdz branch system can be further divided into sub-branch systems.
The study area comprises two sub-branch systems, the Asvanyrar6i and Bagaméri sub-
branch systems, which were significantly affected by the 1992 Danube diversion and sub-
sequent rehabilitation works (Figure 1). The study area was 25 km? (2500 ha) during the
satellite-based analyses. These human interventions have significantly altered the former
appearance of the naturally formed alluvial fan (Jakus et al. 2024).
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Figure 1. Location of study area (Source: Google Earth)

1. dbra. A vizsgalt teriilet elhelyezkedése (Forras: Google Earth)

Landsat 8 satellite imagery was used in the study. Since the Landsat 8 satellite was
launched in February 2013, it was appropriate for the research to examine the 10-year
period between 2013 and 2023. It operates with two instruments, the OLI (Operational
Land Imager) and the TIRS (Thermal Infrared Sensor). It has 11 bands that could pro-
vide data for the different analyses. The resolution of most bands is 30 m, and the pan-
chromatic band has a resolution of 15 m, and the thermal bands have a resolution of
100 m (Duan et al. 2021).

The Landsat 8 satellite provides two data quality levels (Level 1 and Level 2), which
differ in processing level. Level 1 data provide radiometric and geometric corrections
but lack atmospheric corrections and show the reflection from the upper atmosphere
and the radiation measured by the sensor. Level 2 data includes all Level 1 corrections
and also includes atmospheric correction using the LaSRC algorithm, thereby measur-
ing surface reflectance and surface temperature.

At the beginning, the data collection focused on the summer period, but this was
not possible due to many images being cloud-covered. Therefore, the targeted period
will be the spring season to obtain a uniform sample series. In the data-preprocessing
phase, Level-2 images were used in the analyses.

The satellite-based analysis focused on the two previously mentioned sub-branch
systems (Asvanyraré and Bagaméri). To separate the land and water-covered areas,
the Normalized Difference Water Index (NDWI) was used during the study. As a re-
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sult, water shows positive NDWI values, while vegetation and soil show negative val-
ues. The index values theoretically range from -1 to +1, with values between +0.1 and
+1.0 typically indicating water cover, while values below 0 indicate a dry surface or
vegetation (Acharya et al. 2018).

For the NDWI calculation, two satellite bands were required: the Green (visible
light, Band 3) and NIR (Near-infrared, Band 5) bands. To conserve computer resources,
a mask layer was used during the calculation, focusing on the previously introduced
study area. In the separation process, the applied threshold value was 0,1 during the
NDWI calculation.

One limiting factor in water surface analysis based on satellite remote sensing is
shading, which can cause errors in NDWI values (Acharya et al. 2018). The index result
can be greatly distorted by the increase in areas covered by forest and vegetation, as
these easily shade the water surface, resulting in a smaller water surface area than in
reality. As a result, narrow tributaries, reeds, and swampy areas, which are relatively
common in the research area, may show uncertain index values.

Results and Discussion

The reason for choosing the period between 2013 and 2023 is to enable comparison of
the condition before the construction of the confluence structure of the Asvanyraréi
branch with the water coverage during the works, as well as with the period following
the completion of the project and the current conditions.

Table 1. Changes in water surface

1. tablazat. A Vizboritas valtozasa

Year Water coverage Water coverage Water-cover
(m?) (ha) changes (%)

2013 3557374 355,74 Basic year
2014 2028 426 202,84 -43
2015 1799 837 179,98 -49
2016 3279298 327,93 -8
2017 3590 671 359,07 1
2018 3377 388 337,74 -5
2019 3 555572 355,56 0
2020 4020 828 402,08 13
2021 3 601 466 360,15 1
2022 3274796 327,48 -8
2023 3 578 068 357,81 1

NDWI index maps created over a ten-year period clearly illustrate both the tem-
poral and spatial changes in the floodplain water system of Szigetkoz. After calculat-
ing the NDWI index, it became apparent that water coverage was greatest in the main
branch of the Danube and in the wider tributaries directly connected to it. In the inner
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areas of the tributary system, along the narrower, shallower channels, the water sur-
faces varied greatly. This less stable condition may depend on the functioning of the
water replenishment system, the Danube's water flow, and the extent of vegetation.
Based on NDWI index values, Table 1 shows the water surface area by year and de-
scribes the change in water coverage as a percentage relative to the base year of 2013.

Based on NDWI values, the water surface area of the Asvanyrardi tributary system
showed significant annual fluctuations during the study period. The area's climate, the
increasingly severe climate change of recent years, additional water management in-
terventions, and the Danube's water flow may all be contributing factors.

To validate our satellite-based data, we compared the remotely sensed data with
the water-level datasets available on the websites of the General Directorate of Water
Management and the National Hydrological Forecasting Service (httpl, http2). The
dataset connected to the General Directorate of Water Management is a daily dataset,
and the measuring point is located at the Asvényi confluence structure. Another da-
taset that is related to the National Hydrological Forecasting Service is a monthly da-
taset, and the measuring point is located in Medve. The monthly water-level dataset
showed the trend for the period we examined (2013-2023). Based on basic statistical
analyses, an 83% correlation was observed between the satellite-based data and the
water-level dataset. During the examined period, the main trends matched between
the two datasets.

The NDWI maps created from satellite images are shown in Figure 2. Thus, Figure
2 shows the situation before the intervention in 2013; 2014 shows the depleted water
supply during the works; 2017 shows the start of water retention after construction
was completed; and 2019 shows the growing and widening water surface.

To illustrate the changes in water cover over the analyzed period at a finer scale,
Figure 3 shows the differences in a specific area near the water discharge structure.

The starting point is 2013, so this is the basic year for the comparison. This shows
the status of the branch system before the intervention. In the analysis of water surface
coverage, this is the starting year. The created satellite images show jagged riverbeds
and small patches in the middle of the riverbeds, which may represent groups of is-
lands formed by the drop in water level caused by the diversion, with vegetation grow-
ing on them.

The work was mainly carried out in 2014, with further interventions in 2015 in the
tributary systems below the study area. As a result, the water flow into the Szigetkoz
during construction was lower than usual. This is also shown by the significantly re-
duced water surface area, which fell by almost half compared to 2013. In numerical
terms, this represented a 43% reduction in water surface area in 2014, and in 2015 it
continued to decline by 49%.
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Figure 2. NDWI maps show the water cover changes for the whole study area (2013-2023)

2. abra. NDWI térképek a kutatasi teriilet vizboritasanak valtozasara (2013-2023)

Following completion of the works, the water surface area increased again between
2016 and 2018 with the start of operation of the Asvanyi estuary structure. The water
surface area, which had halved in previous years, showed a change of only -8% in 2016.
As shown in Table 1, the first positive year after the intervention, i.e., the year with an
increase in water surface area, was 2017, with a 1% increase. In the following year,
2018, the area covered by water decreased again, albeit minimally, by 5%. In terms of
data per square meter, there is no significant change compared to the starting year of
2013, but satellite images show that the widening of channels and larger branches
within the tributary system has begun, and previously fragmented sections of the
branch system have become connected.

The most spectacular increase in water surface area occurred between 2019 and
2020. The structure successfully contributed to increased water retention and im-
proved water movement in several sections of the floodplain. This resulted in a +13%
change in water surface area by 2020 compared to 2013 conditions. Smaller channels
that were not visible on satellite images began to fill with water, and the riverbeds
continued to widen. The size of the islands that had formed in the middle of the riv-
erbed has also begun to decrease as water levels rise, and at the same time, the shallow
banks covered with vegetation have been submerged, causing the terrestrial vegeta-
tion there to recede due to the excessive water cover.
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In 2021-2022 (compared to 2020, which was almost the same as the base year), the
water surface area decreased again, attributed to drought conditions and low Danube
water flow. Based on the images, the retreat of water was particularly noticeable in the
narrower tributaries during this period. However, the data also show that even during
periods of water shortage, the area maintained a water volume close to that before the
intervention. In 2021, thanks to water retention, this resulted in a +1% increase in water
surface area, while in 2022, the water supply to the tributaries decreased by 8%.

In 2023, the water surface area increased again. The tributaries within the branch
system visibly widened, and the smaller islands mentioned earlier almost completely
disappeared. This year's images show an increasingly coherent picture of the area's
water coverage, yet based on the data obtained during the calculations, we can con-
clude that the increasing temperature caused by climate change and the parallel in-
crease in evaporation have a negative effect on the water body, as we observed only a
1% increase compared to the data from 10 years ago.

Figure 3. Water-covered area changes between 2013 and 2023 at a specific location near the confluence
structure

3. dbra. A vizzel boritott teriilet valtozasa 2013 és 2023 kozott egy adott helyen a miitargy kozelében

Possible reasons for annual changes

Several factors can influence annual and spatial changes in water coverage. Some of
these have had a significant impact on the study area:
— Climate
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— The impact of climate change

— The water yields and flow of the Danube

— Water regulation measures

— Operating procedures of water replenishment systems
— Other applied water management aspects

— Land-use and changes in land use and land-cover

It is important to emphasize that these factors, on their own, do not result in the
current state; rather, they have a combined effect on the area.

Climate conditions mainly affect the hydrometeorological parameters (precipitation
amount, temporal and spatial distribution of precipitation, water flow, etc.). Climatic
conditions are clearly reflected in the NDWI time series. The increase in average tem-
perature in recent years and the annual fluctuations in precipitation can be compared
to the expansion of water surfaces. According to HungaroMet data, temperatures have
risen significantly since the turn of the millennium, while precipitation has fluctuated
considerably (http3).

As shown in Table 1, the water surface area of the study area increased in 2020, then
decreased again in 2021 and 2022. This can be explained by the fact that while 2020
was exceptionally rainy, the years 2021-2022 were characterized by drought. Before
2020, the size of the water surface was quite variable, as were the annual precipitation
totals.

The rise in temperature and the spatial and temporal unevenness of precipitation
distribution lead to increased evaporation and a decrease in surface water resources.
Increasingly dry summers place a heavy burden not only on groundwater resources,
but also on the condition of our lakes and rivers. According to HungaroMet's national
data series (http3), the average summer temperature has increased by more than 1 °C
over the past decade compared to the summers of 1981-2010. This trend is particularly
pronounced in shallow tributaries, where water depths are low, and evaporation is
relatively greater. This is exacerbated by the lack of precipitation over the past few
years.

The annual and seasonal fluctuations in the Danube's water flow are closely related
to the extent of water coverage. During periods of low water, the water supply to the
floodplain branch system weakens, while in years of high water, the proportion of
tflooded areas increases. It is important to note that the water supply of the Szigetkoz
catchment area is regulated, so that major flood waves on the Danube do not neces-
sarily affect the water supply of the tributary systems, or only to a minor extent. Fur-
thermore, according to the agreements following the diversion of the Danube, artificial
flooding is carried out in the area between April 15 and May 31 each year (Jakus et al.
2024). The aim is to simulate the larger flood waves that occurred before regulation,
thereby helping maintain biodiversity in the area.

Changes in water coverage are determined not only by natural factors, but also by
human intervention. During the period under review, the most significant impact was
exerted by the operation of the Asvanyi estuary structure and the bottom sills and clo-
sures built in parallel with it. Their purpose was to stabilize the tributary system and
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water levels. Based on the NDWI maps, after the structure was put into operation, the
water surface area increased in the nearby areas, especially in the Asvanyraréi tribu-
tary system and in the area between the estuary structure and the bottom sill built in
the Bagameéri tributary system. In other areas, the change was less noticeable.

Changes in land use also contribute significantly to the extent of water coverage.
Before the Danube was regulated, there was significant agricultural activity in the
Szigetkoz region, but this became difficult due to water shortages caused by diver-
sions. Subsequently, the proportion of agricultural land decreased, and plant commu-
nities began to develop in an unregulated manner in many places (Szabd, 2006).

As shown on the map prepared by the Water Authority, Szigetkoz features an ex-
tremely diverse water system. From the wider tributaries connecting to the main
branch, narrower channels branch off in all directions, forming smaller internal lake
systems. In contrast, the NDWI map does not show most of these channels, and even
larger contiguous water areas are marked only as individual points, so there is a pos-
sibility of shadowing errors during the investigation.

Conclusions

The climatic, hydrological, and anthropogenic factors presented jointly explain the an-
nual and spatial changes in water coverage. The database confirms that the decrease
in water surface area during drought years is not solely due to engineering structures,
but rather a complex process that may be partly driven by climate change.

Before the construction of the Asvanyi estuary sill, water shortage was the main
problem in the branch systems of the Lower Szigetkoz. After the diversion of the Dan-
ube, water supply to tributaries decreased significantly, leading to the gradual drying
up of backwaters, the disappearance of aquatic and marsh habitats, and a drop in
groundwater levels (EDUVIZIG, 2020). In the period before the intervention, the
amount of water flowing into the tributaries decreased significantly, especially in the
Asvanyraréi tributary, where low water yields often caused the shallow channels to
dry up completely in the summer. This water shortage led to the destruction of aquatic
vegetation, a decline in species richness, and a decline in water-related fauna (Jakus et
al., 2024).

Based on remote sensing analysis, the intervention increased the extent of water
surfaces, especially near the structure. NDWI-based analyses also showed that in sev-
eral years, the area covered by water surfaces was larger than before the structure was
built. This change brought about a revival of aquatic habitats. Plants that prefer shal-
low water areas reappeared in the backwaters.

However, the intervention also has a negative side. Rapid water-level fluctuations
can cause local soil erosion and siltation in some areas, altering the morphology of
riverbed and floodplain habitats in the long term. Nevertheless, the construction of the
structure is overall positive, as it has altered the natural functioning of the floodplain
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water system, created a different habitat, improved hydrological and ecological con-
ditions, and provided resources for maintaining biodiversity.

In summary, the research yielded several findings. Based on recent research, it can
be concluded that the construction of the Asvanyi estuary bottom sill and the associ-
ated water replenishment system have played a significant role in increasing water
surface coverage in the Lower Szigetkoz over the past few years. Based on satellite
image analysis processed using the NDWI index for the period 2013-2023, the water
surface area in the study area increased in certain periods after the intervention, espe-
cially in the wider side branches and near channels close to the structure. This suggests
that the structure's water-retention effect improved water supply in the floodplain,
stabilized the groundwater level, and supplied water to dried-up areas.

However, the extent of the water surface did not show consistent increases year
after year. For example, the drought period between 2021 and 2022 and the simultane-
ous rise in temperature are clearly evident in the analyses, confirming that the extent
of water coverage is greatly influenced not only by the hydrological impacts of human
intervention but also by climatic and hydrological conditions. On the other hand, with-
out the constructed structures, the 2021-22 drought would have been even more se-
vere.

From an economic and social perspective, the construction of the water replenish-
ment system had a positive impact on local recreational and tourism opportunities.
The damming resulted in a nearly constant water level in the tributary systems, boost-
ing water tourism, rowing, and fishing. Thanks to the stabilized water surface,
campsites were established, boat marinas were built, and accommodation and other
services became available, boosting the local economy.
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A Duna hullamtéri vizp6tl6 rendszerén elhelyezkedé Asvanyi torkolati

miitargy hatasai a vizpotlo rendszerre miitholdas tavérzékelés alapjan
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Osszefoglalé: A kutatds f6 célkitlizése az volt, hogy tavérzékelt adatok segitségével (NDWI-index)
megvizsgaljuk az Asvanyi torkolati miitargy hatésat a vizfeliilet-boritottsag véltozasara vonatkozoan.
Az elemzés a 2013 és 2023 kozotti idGszakra készitett Landsat 8 OLI miholdfelvételeken alapult, ame-
lyeket QGIS szoftver segitségével dolgoztunk fel. A kutatas a vizfeliilet idébeli és térbeli valtozasainak
nyomon kovetésére, valamint a vizszint-szabalyozdé miitargyak megépitése elStti és utani allapotok
osszehasonlitdséra dsszpontositott. A kapott eredmények alapjan megallapithats, hogy az Asvanyi
torkolati mutargy és az also-szigeti vizpotlo rendszer miikddése pozitiv hatassal volt a vizfeliileti kit-
erjedésére. Az NDWI-térképek egyértelmiien mutatjak, hogy a valtozas leginkdbb a mttargyak koze-
lében 1év6 mellékfolydkban volt észlelhetd, ahol a folydmeder kiszélesedett. A vizsgalati periodusban
tapasztalt vizfeliilet teriileti valtozasai ramutattak arra, hogy sok tényezd, koztiik éghajlati, hidroldgiai,
medermorfoldgiai és hidrometeoroldgiai paraméterek befolydsolhatjdk a vizfelszin feliileti kiterjedé-
sének valtozasat.
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Abstract: The brown hare is an important component of agro-ecosystems and is also considered a good
indicator species for habitat changes or predator-control interventions. Predator management to protect
Great bustards can therefore affect this small game species. Our study aimed to assess this impact in an
experiment, where we estimated the abundance of the brown hare using spotlight count in three
National Park study sites and an independent but similar control habitat and we surveyed the
populations of red fox, Eurasian badger and hooded crow between 2021 and 2023. The effectiveness of
predator management was characterised by the culling rate. The population size of the brown hare did
not change over the years. No correlation was found between predator culling rate and hare population
size. The population size of predators also did not vary with changes in the intensity of the culling rate,
except for the red fox in the control area. Here, the population size of foxes decreased as a result of more
intense predator removal. Overall, the experiment did not provide clear evidence of a positive effect of
predator management, as in many other studies, but this may have been due to the small sample size
(short period). It is also possible that the habitats are currently able to support this amount of hare and
that further habitat development and predator management would be necessary to significantly
increase the population size.

Introduction

The hare (Lepus europaeus) is a species of special importance from several points of
view. It has an important role in the food web, it serves as prey for several predatory
species (Goszczynski and Wasilewski 1992, Panek 2013, Reynolds et al. 2010, Kovéacs
et al. 2005), it can also participate in regulating the pattern of vegetation (Katona et al.
2003, Kertész et al. 1993, Matrai et al. 1998), but it is also an important species as an
indicator of the habitat quality.

The predator-prey relationship is two-way, the accessibility of the prey population can
regulate the population of predators, but predators can also reduce the populations of
their prey. In his study, White (2013) showed that in a natural environment, predators do
not control the population of their prey, but the prey animal as a food source, controls the
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predator population. The herds of herbivorous animals are regulated by the amount of
available food sources, which in nature is most strongly influenced by the weather.

At the same time, Jedrzejewska and Jedrzejewski (1998) confirmed with their
research that predators are able to exert a more significant effect on prey species when
the population density of the prey species is low, so that it is not able to grow quickly
despite the improvement of the habitat. Lindstrom et al. (1994) showed in Sweden
between the 1970s and 1980s that when the number of red foxes (Vulpes vulpes) fell by
70% due to mange spread throughout the country, the volatility of the vole population
was not affected by the decline in the fox population, but the population density of
grouse and hares increased by 40-100%. After fox populations recovered by the late
1980s, hare population densities fell back to pre-mange levels or even lower. A similar
phenomenon was described by Jensen (2009) in his doctoral thesis. In Denmark, in
areas where the population density of foxes decreased due to manage, only the density
of hares increased. However, the research also found that predators alone cannot cause
the decline of the hare population, since the linear regression set up between the
change in the fox harvest and the change in the hare harvest showed only a 14%
determination between the two variables.

However, according to Norrdahl and Korpimaki (1995) in Finland, there was no
significant correlation between the size of the fox population and the size of the hare
population, other factors may also influence the size of the hare population. In his
study in Poland, Panek (2013) concluded that predator control and habitat
improvement can be used to help preserve the hare population. Based on the
comparative study of Bird and Sebdk (2024), it appeared that the food diversity of the
habitat is an important factor for the behavior of hares, which can increase the time
spent feeding and thereby contribute to population growth.

Reynolds et al. (2010), on the other hand, emphasized the importance of predator
management based on their experiments in England. As a result of the removal of
predators, the population density of hares in the treated area without habitat
development increased from 15 individuals/km? to 28.5 individuals/km? within 3
years. In contrast, Estrada et al. (2015) showed in Spain that, among wildlife
management interventions, habitat development and feeding and watering places
have a greater impact on the occurrence of birds than fox control.

However, Banks et al. (1998) had a predator removal experiment in Australia, where
they examined the effect of a fox population on a population of rabbits (Oryctolagus
cuniculus), showed results similar to those of Reynolds et al. (2010) later found in
England. In two sample areas, the number of foxes was strongly reduced, after 18
months the rabbit population increased by 6.5 times in one place and 12 times in the
other, while in the control areas, where culling was not carried out, the population of
rabbits barely increased or even decreased.
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Based on all of this, it is still questionable how much impact intensive predator
reduction can have on the hare population in the agricultural landscape. Therefore, the
aim of our research was to examine whether the intensive predator management in the
protection sample areas of the great bustard (Otis tarda) had a positive effect on the
hare population compared to a control area, where the removal of predators was less
intense.

Materials and methods

In the cross-border protection of great bustard in Central Europe (LIFE15
NAT/AT/000834) program, the goal is to protect the great bustard population with
intensive predator control. A possible indicator of the favorable effect of this
intervention is the change in the hare population (Faragé and Nahlik 1997; Panek et al.
2006; Reynolds et al. 2010; Szemethy et al. 2015).

To assess the effectiveness of the treatment, we therefore selected three Natura 2000
areas in the territories of three National Park Administrations (Kiskunsagi National
Park, Koros-Maros National Park, Biikk National Park) (Upper Kiskunsagi salt
marshes and Turjanvidék (HUKN10001); Dévavanyai plain (HUKM10003); Borsodi
plain (HUBN10002)) and Hevesi plain (HUBN10004), within which we have
designated 3 treated test areas, as well as a control area far from them (Ladanyi
Foldtulajdonosok Vadasztarsasag Egyesiilet, Plispokladdny), which have similar
habitat features (Figure 1).
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Figure 1. Location of the selected study areas. The mesocarnivore-control sites indicated in dark gray,
and the control sites with white and black outline

1. dbra. A kijelolt vizsgalati teriiletek elhelyezkedése. A sotétsziirke teriiletek a kezelt részek, mig a
fehér teriilet a kontroll vizsgalatok helyszine
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The test areas are typically covered by large-scale agricultural fields and grasslands.
The main cultivated crops are rapeseed, alfalfa, winter wheat, winter barley, spring
barley, triticale, corn and sunflower. It is dotted with farms and farmsteads. The roads
are bordered by rows of trees and strips of bushes in an irregular distribution. In its
overall picture, a landscape typical of the large-scale agricultural areas of the Great
Plain can be found everywhere.

The population density of hares was estimated in all study areas using spotlight
counts between 2021 and 2023 based on the methodology of Kovacs and Heltay (1985),
Biré and Szemethy (2010), Majzinger (2017) and Pavliska et al. (2018). Every year in
early spring, depending on the weather, we travelled along the predetermined routes
(KMNP: 8, KNP: 13, BNP: 9, control: 8 transects). The tests were carried out with 3
overnight repetitions and strip transect estimation was used in the calculations.

To do this, the observers measured the visible distance along the transects each time.
The length of each route segment was then multiplied by the distance covered and
thus the area actually covered for the given route was obtained. Then we calculated
the hare population density (D) separately for the right and left sides for each line
using the following formula:

_ number of observed hares along the line (individuals)

the size of the area observed along the line (ha)

For the left and right sides, we calculated the average population density for each
day from the values obtained based on the formula above for all transects. We
calculated a total of 6 mean values from the data of the three-night repetitions and the
two sides. We calculated the average population density and the error of the estimate
(standard error) for the entire area using these values.

Predator hunting was carried out by professional hunters in all areas using firearms
and trapping. The effectiveness of this was characterized by the culling rate (the
species' annual harvest/estimated population size in a given year) (Heltai et al. 2010),
which was examined in the case of three species (fox, badger (Meles meles), hooded
crow (Corvus cornix)). According to Heltai and Szab¢ (2008), the culling rate of the fox
must reach a value of 2 in order to decrease its population. In the case of the badger,
this level is 0.7 (Nagy and Heltai 2014).

In the case of the hooded crow, if we count 2.8 reared and fledged chicks per nest
(Farago 2002), then a culling rate of 1.4 is required. Hooded crows usually cause little
damage to the hare population, but can have a negative impact on small game,
especially in the case of pheasant populations by robbing nests (egg-stealing is a typical
behavior of crows: Draycott et al. 2008, Goransson and Loman 1986, Kriiger et al. 2018).

As a result of habitat development and predator management, the growing small
game population (Reynolds et al. 2010) also has an attractive effect on the hooded crow
population (Pringle et al. 2019), which can lead to greater predation pressure, thus
their reduction can be beneficial for the small game population of the entire area. In
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the case of all three species, the estimated population size was determined based on
den and nest mapping and this value was used to calculate the culling rate.

Within the study areas, the change in the estimated population size of the hare was
checked with a one-way ANOVA after the Shapiro-Wilk test confirmed the normality
of the data. The relationship between the culling rate of the predator species and the
estimated population density of the hare, as well as between the culling rate and the
estimated population of the given predator, was analyzed using linear regression.
Each time, the culling rate was compared with the estimated population sizes of the
following year, because a stronger effect of the harvest in a given year can be expected
on the size of the surviving population in the following year (Heltai et al. 2016).
Statistical analyzes were performed using SPSS v20 (IBM Corp.) and Instat v3.05
(GraphPad Software).

Results

The results of the population density estimates of the three years were compared in
Figure 2 in our different areas.
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Figure 2. The spring population densities of the European hare in the study areas and in the control
site between 2021 and 2023 (mean+SE). The different capital letters show a significant difference
between the years inside a study area.

2. dbra. A mintatertiletek és a kontroll teriilet mezei nyul populaciostirtisége 2021-2023. tavasz
(atlag+SE). Az eltérd nagybetlik szignifikans kiilonbséget jeleznek az évek kozott egy teriileten beliil.

In the area of KMNP, the hare density estimated for the year 2023 showed a
significantly higher value than for the year 2022 (one-way ANOVA with Welch
correction: Fz6145= 9.41; p = 0.013; Tamhane post-hoc test, p = 0.004), however, there
was no difference compared to 2021.
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Based on the combined examination of the three years, no significant difference
could be detected between the BNP estimation results. The result of the analysis of
variance (F2s4s3=3.45; p = 0.08) did not support the fact that there was a change in the
density of the hare population over the years.

According to the results of the one-way ANOVA (F215=1.057; p = 0.372) in the area
of the KNP, there were no significant changes over the years.

Welch's correction of the one-way ANOVA was used in the control area. There was
no significant change in the hare population density in this area either (F29.204=0.312; p
=0.739).

Among the treated areas, in the case of the KMNP, it can be seen that the fox culling
rate exceeded the recommended value of 2 every year, and from 2021 it was also higher
than this level in the BNP area (Figure 3).

In the case of the badger, the recommended level of 0.7 was also exceeded in these
two national park areas, except in 2019 and in 2023 in the case of KMNP (Figure 4).
The reduction of the hooded crow was also effective in these two treated areas,
although in the case of KMNP the rate remained below the desired level of 1.4 in 2021

(Figure 5).
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Figure 3. The culling rate of the red fox in the study areas between 2018 and 2023. The thick black line
shows the threshold value that is necessary for the effective decreasing of the population.

3. dbra. A roka gyéritési rataja a vizsgalati teriileteken 2018-2023. kozott. A vastag fekete vonal a
populdcié csokkentéséhez sziikséges hatarértéket jeloli.
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Figure 4. The culling rate of the European badger in the study areas between 2018 and 2023. The thick
black line shows the threshold value necessary for the effective reduction of the population.

4. dbra. A borz gyéritési rataja a vizsgalati teriileteken 2018-2023. kozott. A vastag fekete vonal a
populaci6 csokkentéséhez sziikséges hatarértéket jeloli.
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Figure 5. The culling rate of the hooded crow in the study areas between 2018 and 2023. The thick
black line shows the threshold value which is necessary for the effective decreasing of the population.
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5. dbra. A dolmanyos varju gyéritési rataja a vizsgalati teriileteken 2018-2023. kozott. A vastag fekete
vonal a populdci6 csokkentéséhez sziikséges hatarértéket jeloli.

Although the levels necessary to reduce populations were not reached in almost any
year in the KNP area, it should be mentioned that in the case of the hooded crow, this
was already achieved in 2022 and 2023.
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In the control area, only in 2022 did the predator culling rate, which was considered
adequate, reach the target level in the case of the fox, but the populations of the badger
and the hooded crow continued to be reduced at a low level.

Based on the linear regression, it was not possible to show a clear positive effect
between the 2018-2022 values of the culling rates in our study areas and the values of
the estimated populations of hares, foxes, badgers and hooded crows in the following
years (2019-2023).

Among the correlation studies, only in the KNP area was there a significantly
negative relationship between the culling rate and population size of the hooded crow
(ANOVA: Fi;3 =31.399; p = 0.011); and between the culling rate and population size of
the fox in the control area (Figure 6; ANOVA: F13=11.365; p = 0.043).
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Figure 6. The relationship between the culling rate and the population abundance of red fox in the
control site between 2018 and 2023.

6. dbra. A roka gyéritési ratdja és populacionagysaga kozotti dsszefliggés a kontroll teriileten 2018—
2023 kozott.

In this case, the decrease in the fox population could have been caused by increasing
culling, since the variability of the decrease is explained by R*=79% of the increase in
the culling rate. At the same time, this relationship was even stronger in the case of the
hooded crow in the area of the KNP, since there the variability was explained in
R?=91% by the increase in the culling rate.
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Discussion

With an appropriate culling rate of predators, the size of predator populations can be
reduced (Heltai 2016) and, in parallel, the growth of small game populations can be
promoted (Lindstrom et al. 1994, Reynolds et al. 2010). However, this cannot be
demonstrated in all cases (Jensen 2009, Norrdahl and Korpimaki 1995, Panek 2013).

Although the culling rate recommended by the literature was achieved in several
sample areas over the years, the comparison of hare population sizes between years
did not show a significant change anywhere. Only in the area of KMNP was there a
significant increase from 2022 to 2023, but this was followed by a decrease from 2021
to 2022, and thereafter the hare population rose back to its previous value. It is also
possible that under the current habitat conditions, these population sizes are the
sustainable quantities under intensive predation control.

It may also be important that until June 30, the desired reduction rate was not
reached in the case of the most effective predator species, the fox (not even in the case
of the badger and the hooded crow, except for BNP), which may be a problem because
the hares were already past their most important pup-rearing period by this time, so
the desired reduction did not take place in the period of greatest risk. The larger part
of the year-round predator harvest should be reached during the spring, because this
is the time when the small game is rearing its offspring, when the predators are able
to cause the greatest losses (Heltai et al. 2010).

At the same time, it should be noted that in all cases the number of samples for the
analysis is small, so the aggregated analysis of the data of additional years can support
demonstrable changes. However, the growth of hare populations does not necessarily
depend solely on predator reduction, as explained by Jensen (2009), who found only a
weak relationship between the two variables. So, in addition to the uncertainty caused
by the low number of samples, it is also conceivable that the effect of predator
management cannot be detected in these areas, because the quality of the habitat is
limited. Possibly, the hare population could be increased more significantly with
further habitat improvements (Marada et al. 2023, Schai-Braun et al. 2020, Weber et al.
2019), but intensive predator management must also be maintained, as habitat
improvement alone is not always sufficient (Bro et al. 2004, Reynolds et al. 2010).
Together, these interventions can be beneficial for other small game species and the
great bustard (Kuijper et al. 2009, Martin et al. 2012, Nelli et al. 2012).
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Kulcsszavak: gyéritési rata, csapdazas, reflektoros létszambecslés, kotoréktérképezés, él6helyfejlesztés

A mezei nyul fontos eleme az agrar Okoszisztémdaknak, az élShelyi valtozasok vagy a
ragadozogazdalkodasi beavatkozasok jé indikator fajanak is tartjak. A ttzok védelme érdekében
végzett fokozott ragadozogazdalkodasnak feltehet8en lehet hatdsa ezen aprévadfajra is. A vizsgalatunk
célja e hatas felmérése volt. A kutatas soran harom Nemzeti Park mintateriiletein és egy azoktol
fiiggetlen, de hasonléd kontroll él6helyen becsiiltiik a mezei nyul allomanyat reflektoros
létszambecsléssel és csokkentettiik a roka, a borz és a dolmanyos varju populacidjat 20212023 kozott.
A ragadozdgazdalkodas hatékonysagat gyéritési rataval jellemeztiik. A mezei nytl allomanynagysaga
nem valtozott az évek soran. A ragadozo fajok gyéritési rataja és a mezei nyul allomdany nagysaga kozott
nem talaltunk Osszefiiggést. A ragadozok populdcidnagysaga sem valtozott jelentGsen a gyéritési rata
intenzitasanak novelésével, kivéve a kontroll teriileten a roka esetében. Ott a réka populacionagysaga
csokkent az erételjesebb ragadozdgazdalkodas hatasara. Osszességében a vizsgalat nem tdmasztotta ala
egyértelmtien a ragadozogazdalkodas pozitiv hatasat, ahogy sok mas vizsgalatban sem, de ezt az
alacsony mintaszam (révid idészak) is okozhatta. Valamint az is elképzelhetd, hogy az élShelyek
jelenleg ennyi mezei nyulat képesek eltartani és él6helyfejlesztéssel, valamint a ragadozogazdalkodas
tovabbi fokozasaval lehetne csak novelni az allomany nagysagat.
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Abstract: The persistence and variety of anthropogenic factors have only accelerated the degradation
process of Mediterranean forests. This study focuses on the cork oak forest of Mziraa located northwest
of El Kala in northeastern Algeria. The objective of this study is to evaluate the ecological status (floristic
composition and vegetation structure) of the flora in selected areas of the Mziraa forest. The study is
based on the development of a floristic matrix using a systematic sampling method in each study local-
ity. The findings revealed a regressive spatio-temporal dynamism of the flora and vegetation of the
forest. In addition, a floristic dynamics and analysis using NDVI for the study area indicated that there
is rapid degradation of the Mziraa forest. This implies that the forest is under serious ecological threats
and needs urgent management strategies to protect the forest from further degradation. This study pro-
vides crucial information for researchers, policymakers, and forest protection authorities in Algeria.

Introduction

Since the 1980s, conflicts have arisen between preserving the natural characteristics of
forest environments and utilizing wood and cork biomass for economic gain. The sci-
ence of landscape ecology emphasizes the importance of maintaining a balance be-
tween nature and its management practices (FAO 2001).

While the rate of deforestation is slowing down, forests face pressure from climate-
related stress factors, and the demand for forest products is on the rise (FAO 2024).

The biodiversity of Mediterranean forests is characterized by genetic, species-level
and functional richness that should be upheld and supported through development
programs (Quézel and Médail 2003). Despite this ecological value, the structure and
composition of Mediterranean forest vegetation present challenges in terms of dynam-
ics and dispersal (Quézel et al. 1980, Lacoste and Salanon 2005). The continued pres-
ence of anthropogenic factors has worsened the decline of this type of habitat (Iker-
moud 2000, Abdelfettah 2014), making it essential to develop effective conservation
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methods. Over the years, conservation methods, and forest research approaches have
evolved, due to numerous research works carried out in this field. These include quan-
titative and qualitative assessments of biodiversity, evaluation of spatio-temporal dy-
namics (Huston 1994, Jager 2000, Gibelin and Decque 2003), studies on the diversity of
ever-changing forests. The forest is never static; it functions like a living organism is in
a constant evolution (Véla 1998); thus, the state of habitat stratification has an impact
on the taxonomic and functional diversity of the flora and fauna of the undergrowth
(Naumburg and De Wald 1999, Van Pelt and Franklin 2000, de Coignac 2001, Vennetier
2002, BNEDER 2009).

The Algerian forests cover approximately 4 million ha, which is less than 2% of the
country's surface area. However, due to the degradation of this forest ecosystem by
repeated fires, overgrazing and agricultural exploitation; only 1.4 million ha are actual
forested land, with the rest mainly being scrubland (DGF 2020). The sites of these for-
ests vary greatly; they are often of irregular characteristics, with trees of varying sizes
and ages, dense undergrowth that limits visibility and accessibility, and conditions
that favor the spread of fires.

The forest of Mziraa, a cork forest located in the center of the National Park of El
Kala (north-east of Algeria) one of the Mediterranean basin’s hotspots (Véla and Ben-
houhou 2007) with a high level of endemism (Sakhraoui et al. 2020), is considered a
typical example of Mediterranean forests that often face a high risk of devastating fires.
This risk is largely associated with prolonged dry and hot periods due to climate
change as well as increasing anthropogenic pressures, such as: fires; overgrazing; log-
ging and the exploitation of forest clearings for agriculture. In this context, this study
was conducted, with the main objective of analyzing the floristic diversity and the
structure of vegetation of the Mziraa cork oak forest and the pressures acting upon it,
with a focus on assessing the ecological status of its flora.

Material and Methods

Characterization and geographic location of the study area

The study area (forest of Mziraa) is located in the El Kala National Park in the district
of El Tarf (North-Eastern Algeria) near the border with Tunisia (Figure 1). It belongs
to the floristic sub-sector of Numidia (K3) previously identified by Quézel and Santa
(1962-1963). According to Emberger’s climagram (1955), the El-Kala region is situated
within the sub-humid bioclimatic zone with warm winters, on the border with the hu-
mid zone. However, the topography largely determines the existence of sub-zones,
which in turn influence the physiognomic diversity of the habitats. Thus, from the
coast to the Medjerda forest massif, three bioclimatic zones can be distinguished: the
sub-humid zone with warm winters; the humid zone with warm to temperate winters;
and the humid zone with temperate to cool winters.

The area of Mziraa embodies a mosaic of vegetation varying from maritime pine
(Pinus pinaster subsp. pinaster Ait.) stands/groves on the coastal dunes to cork oak
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(Quercus suber L.) groves on the Numidian sandstone, located northwest of the town
of El Kala. The forest of Mziraa stretches over an area of 158.35 ha with a state-owned
legal status. It belongs to the Mziraa region, approximately 5 km away from the new
port of El Kala. It extends between 8°23’46.7”" and 8°23’10.1"" East longitude and from
36°54'39.1” to 36°54'24.5” North latitude. It is geographically limited to the North by
the Mediterranean Sea, to the South-East by Lake Oubéira and to the West by Lake
Mellah and Blue Lake. In the study area, eight localities were selected with similar
physical characteristics and topography, but with different vegetation structures.
These localities are spread out across 4 sites spaced approximately 1 km apart. Each
site comprises two localities, one at low altitude and one at high altitude (Table 1).

Table 1. Geographical coordinates of the eight study localities

1. tabldzat. A nyolc vizsgalati helyszin foldrajzi koordinatai

Study area: Mziraa cork oak forest
Site 1 Site 2 Site 3 Site 4

Low alti- Al:70m A2: 67 m A3:73m A4:78 m
tude lo- 36°54'45.27"N, 36°54'45.78"N, 36°54'44.39"N, 36°54'43.57"N,

calities 8°22'28.63"E 8°2226.35"E 36°54'44.39"E 8°22'16.49"E
High alti- B1:93m B2:85m B3:85m B4: 86 m
tude lo- 36°54'39.38"N, 36°54'43.39"N, 36°54'42.87"N, 36°54'41.36"N,

calities 8°22'28.83"E 8°22'26.17"E 8°22'23.36"E 8°22'16.74"E
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Figure 1. Location map of study area and geographical position of
study sites (51, 52, S3, S4) and localities

1. abra. A vizsgalati teriilet térképe és a mintateriiletek (S1, S2, S3, S4),
valamint a vizsgalati helyszinek foldrajzi elhelyezkedése
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Study method and sampling

To evaluate the current state of floral diversity in the Mziraa cork oak forest, a simple
random sampling method was used for the initial survey, combined with systematic
sampling within each survey. Each transect is represented by a series of surveys, each
covering 25 m?; there is a 5 m gap between each survey. This involved a series of tran-
sects, with four at low altitude and four parallel transects at high altitude. Each transect
required several surveys.

A total of 84 surveys were conducted between 2020 and 2023 at the eight localities.
Each site was the subject of a series of studies during which a systematic inventory of
the flora was carried out and ecological indicators such as vegetation density, taxo-
nomic diversity and the relative species frequency index, the stratification, the biolog-
ical type, the biogeographical origin of the inventoried flora and the spatio-temporal
dynamics of this flora were assessed. Field data collected during this time period, were
used to create a matrix, focusing on parameters like changes in floristic richness, dom-
inance-abundance, frequency of occurrence of the inventoried taxa, taxonomic diver-
sity, uniformity, the vegetation stratification of the habitat, and phytoecological struc-
ture (Frontier and Pichod-Viale 1991).

Plant species were identified using Algerian and North African floras (Quézel and
Santa 1962-1963, Maire 1952-1987). The nomenclature was updated according to
Dobignard and Chatelain (2010-2013) and Euro+Med PlantBase (2024).

The level of endemism was deduced from the geographical distribution of taxa, ver-
ified in Euro+Med PlantBase (2024) and POWO (2024).

To assess the ecological state of the forest, alpha diversity was calculated as a pa-
rameter of habitat composition and structure using Shannon and Weaver H” index. In
addition, we evaluated equitability E to detect changes in the structure and balance of
the plant community in our case study (Daget 1989, Frontier and Pichod-Viale 1991).

Normalized difference vegetation index Landsat (NDVI)

Normalized Vegetation Index (NDVI) is used to quantify the greenness of vegetation
and is useful for understanding vegetation density and assessing changes in plant
health (Kahli et al. 2018, Garcia Cardenas et al. 2019).

Very low NDVI values (< 0.1) correspond to barren rock, sand or snow surfaces.
Moderate values (0.2 to 0.3) represent shrubland and grassland, while high values (0.6
to 0.8) indicate forests. To calculate the NDVI, we used the reflectance of the red (R)
and near-infrared (NIR) channels measured in the visible band by sensors on board
drones or satellites (Abdi 2013, Tagesson et al. 2017), ranging from 0.1 to 0.5 for sparse
vegetation and from 0.6 to above for dense green vegetation (Kurnaz et al. 2020).

Correspondence Analysis (CA), also known as Simple Correspondence Analysis, is
an exploratory method for analyzing contingency tables (Dagnelie 1975, Godron et al.
1983). During this study, the analysis was based on a matrix of 94 rows and 42 columns
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for 2020 and 91 rows and 42 columns for 2023. Table 2 shows the inertia of the multi-
year factors that best structure the flora inventoried during the fieldwork.

Table 2. CFA analysis method

2. tablazat. CFA elemzési modszer

DiagoRC: General program for two diagonal inner product analysis.

Total inertia: 0.428141 (CFA Fig 8. Rows and Fig 10. B Columns)

Num Eigenval. R. Iner. R. Sum
1 +1.4849E-01 +0.3468 +0.3468
2 +4.6906E-02 +0.1096 +0.4564
3 +3.8943E-02 +0.0910 +0.5473
Total inertia: 1.49948 (CFA Fig 9. Rows and Fig 10.A. Columns)

1 +3.6309E-01 +0.2421 +0.2421
2 1.4863E-01 +0.0991 +0.3413
3 +1.3597E-01 +0.0907 +0.4319

The structural analysis of the data was carried out using the ADE.4 programme,
enabling a comparison of two configurations of Correspondence Analysis (CA). The
tirst configuration exhibits moderate total inertia (0.428), with relatively concentrated
information, as the first axis accounts for 34.68% of the variance (totalling 54.73%
across three axes). Conversely, the second configuration shows a much more pro-
nounced dispersion with an inertia of 1.499, indicating clearer structural differences
between the profiles; however, this complexity makes the information more diffuse,
with the first axis explaining only 24.21% of the total inertia. These indicators confirm
the relevance of a multidimensional approach to interpreting the significant contrasts
observed in Figures 8, 9 and 10.

Results
Phyto-ecological analysis

Specific habitat diversity

The specific diversity and equitability of the study sites indicate that the habitat exhib-
its a taxonomic diversity associated with a moderate distribution balance (Figure 2).
This is evident considering the state of senescence that the study area has experienced
since 2010, as reported by the Forest Service of El Kala National Park.

Plant stratification

The eight localities have a relatively stable stratified structure, consisting of three strata
(herbaceous, shrubby and tree-lined), each with a significant floristic composition. Fig-
ure 3 illustrates the dominance in the number of the herbaceous layer throughout the
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entire study site. The specific richness and complexity of the shrub layer indicate the
degraded state of this forest.

During the inventory, conducted from 2020 to 2023, a total of 98 taxa, belonging to
39 genera and 41 families, were identified. Each family and genus includes a group of
taxa specific to the forest, clearing, or forest edge, in addition to introduced species
resulting from sandification caused by forest destruction.

B Equitability (E) M Diversity (H') 2020 B Equitability (E)  Diversity () 2023
Study site 4 p——— Study site 4
Study site 3 __ Studysite 3 | NG —
Study site 2 __ Study site 2 | TG ——
Study it | ——— Study site | | —
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Figure 2. Study sites diversity and Equitability index

2. dbra. A vizsgalati helyszinek sokfélesége és egyenldségi indexe

Fern N
Moss N
Herbaceous plant I
Creepers H
Shrub I
Tree =
specific richness NI

Number of species

0 20 40 60 80 100 120
Figure 3. Floristic structure and stratification of the habitat during the sampling

3. dbra. Az él6hely taxondmiai szerkezete és rétegzddése a mintavétel soran
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Floristic structure

Distribution of families

In the study area, the Asteraceae family is dominant with eight species, followed by
the Geraniaceae and Poaceae with five species each. The Fabaceae, Asparagaceae, Ra-
nunculaceae and Rubiaceae have the same species richness (4 species each). The other
families encountered during the fieldwork are represented by only one to three species

9 Number of species
8
7
6
5
4
3
2
1I 1l I (NN IIIIIII IIIIIIIIIIIII
0
LYW YWY YL YL Y Y YLY Y YL YL YWY Y YL Y YYD LYY Y YYD Y Y Y YYD Y Y v W
S O 0 U T U T T T - T T - - T T T - T - T T - T T O T T T T T T ©T ©T T T ©T ©T © ©
LYWL L LYY LY YL LYY Y Y Y Y Y Y Y LYY Y YL Y YL YYD Y Y Y Y Y Y L W
O O O O O O O O O O O LU O O O U O O LU U O LU U O U 0 L LV LU L LU O LU L U LV O O O O O
S22 8838888 TLSs gL ELSsLseg8<<ggeegE8eesgEgsgEesEs
Q . : £ L = K £ S S = 3T L = =
E§§§‘&‘l’£m§“§:§EE&3&§E§§§§O m5§§:-§g§ga§~8és
X < & S S 3 S 38535 8 8 S 3 & 8 E £ o S S Q2
~2°C 8 SESs288¢8:8 §Y£S5§2=& % S £
S S SE<IC 58S = © T N
€ T S < 8 S &

Figure 4. Number of species within the botanical families in the study area

4. dbra. A vizsgalati teriileten el6forduld botanikai csalddok fajainak szama

Biogeography and endemism

The Mediterranean species predominate (43%) compared to other biogeographical or-
igins (Figure 5). On the other hand, endemic taxa represent 13%, namely Cyclamen af-
ricanum Boiss. (Mor-Alg-Tun), Arenaria cerastioides Poir. subsp. cerastioides (Mor-Alg-
Tun), Gagea algeriensis (Chabert) Batt. (Mor-Alg), Carduus nutans subsp. numidicus
(Coss. & Durieu) Arenes (Alg), Genista ferox Poir. (Alg-Tun-Sardinia), Genista ulicina
Spach (Mor-Alg-Tun), Hypericum afrum Lam. (Alg-Tun), Linaria pinifolia (Poir.) Thell.
(Alg-Tun), Hyacinthoides aristidis (Coss.) Rothm. (Alg-Tun), Solenopsis bicolor (Batt.)
Greuter & Burde (Alg-Tun), Squilla anthericoides (Poir.) Jord. & Fourr. (Alg) and Thymus
munbyanus Boiss. & Reut. (Mor-Alg).
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Figure 5. Biogeographical origin of plant species in the study area

5. dbra. A vizsgalati teriilet névényfajainak biogeografiai eredete

Biological spectrum of flora

Therophytes have the highest rate (36%) followed by Hemicrytophytes (18,5%). On the
other hand, Geophytes, Chamaephytes, Macrophanerophytes, Mesophanerophytes,
Microphanerophytes, and Nanophanerophytes have the lowest rates (Figure 6). This
distribution is a clear indication of forest and/or pre-forest formation in the study area.

W Therophyte
B MacroPhanerophyte

R OHemicryptophyte
9,30%

OChamephyte

y 10,30% O Geophyte

O Nanophanerophyte
O Mesophanerophyte

O Microphanerophyte

Figure 6. Biological type of plant species in the study area

6. dbra. A vizsgalati teriileten el6fordulé névényfajok bioldgiai tipusa

Phyto-ecological analysis (CFA)

Factorial Correspondence Analysis (CFA) highlighted the spatial distribution of the
species studied within a habitat, revealing a progressive or regressive evolution de-
pending on the current state of the vegetation. In 2020, the distribution of species fol-
lows the plant groupings that make up a cork oak forest: the positive part of axis 2
groups together the edge species that accompany Pistacia lentiscus L.; the negative part
of axis 1 groups together the co-occurring species of Olea europaea L.; the factorial plane
groups together all the species characteristic of the undergrowth of Quercus suber L.
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The negative side of axis 2 contains some co-associated species of Q. coccifera L., in-
cluding the existence of Solenopsis bicolor a species that follows the seepage in the forest
(Figure 7). The analysis revealed that 37 of the 94 taxa recorded in the field during 2020
are the most characteristic of the cork oak forest.

In 2023, this distribution is present on both sides of the factorial axes according to
the rate of their contributions. The CFA separates (Figure 8) the flora of the study site
into several groups according to two gradients: A gradient linked to the frequency of
each species found throughout the habitat; thus, separating rare species such as Cytisus
triflorus Lam., Erodium botrys (Cav.) Bertol., and Rubus ulmifolius Schott. from fairly
common species such as Daphne gnidium L. and Cistus halimifolius L., and very common
species (or taxa) from all localities such as Calicotome villosa (Poir.), Crataegus oxyacantha
subsp. oxyacanthoides (Thuill.) Arcang., Pistacia lentiscus L. and Smilax aspera L.

A second gradient, linked to the density of vegetation for each studied locality, thus,
dividing the habitat into three groups. The first group, located on the edge of the forest,
consisted of a psammophilous species such as Cistus halimifolius L., Linaria pinifolia
(Poir.) Thell., Lobularia maritima (L.) Desv., Malcolmia ramosissima (Desf.) Thell., and Poa
annua L. The second group, found in forest clearings, included species like Aira
cupaniana Guss., Arenaria cerastioides Poir.,, Campanula dichotoma L., Erodium botrys
(Cav.) Bertol., Hypericum afrum Lam., and Tuberaria guttata (L.) Fourr. The final group,
strictly forest-dwelling, comprised species such as Asperula hirsuta Dest., Asplenium on-
opteris L., Bellis sylvestris Cirillo, Blackstonia perfoliata (L.) Huds., Geranium dissectum L.,
Polypodium cambricum L., and Teucrium fruticans L.

The factorial analysis highlights a specific distribution of the surveys in the eight
localities managed by the density gradient of the vegetation (Figure 8). This gradient
regressively subdivides the study site into three sub-habitats: forest — clearing — edge
or always in gradually three sub-habitats: edge — clearing — forest. According to Fig-
ure 9, the edge is represented by surveys n°1-4 characterized by less dense and de-
graded vegetation. Forest glade is represented by surveysn°5, 6,7, 8, 9 and 19, which
characterize moderately dense vegetation whereas the forest is represented by the
other surveys characterizing fairly dense vegetation (Figure 10).

As shown in Figure 10, the vegetation underwent significant physiognomic changes
between 2020 and 2023. These shifts are marked by expanding clearings and the trans-
formation of former scrublands into forest edges, reflecting an overall decline in total
forest area.
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Figure 7. CFA; Axis. 1-2. Distribution of 94 species out of 84 surveys according to following factors:
specific frequency and density of vegetation of each studied localities in 2020

7. dbra. CFA; 1-2. tengely: 84 felmérésbdl szarmazo 94 faj eloszlasa a kovetkez6 tényezdk szerint: a
vizsgalt helyszinek névényzetének fajspecifikus gyakorisaga és stirtisége 2020-ban.
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Figure 8. CFA; Axis. 1-2. Distribution of 91 species out of 84 surveys according to following factors:
specific frequency and density of vegetation of each studied localities in 2023

8. dbra. CFA; T1-2 tngely: 84 felmérésbol 91 faj eloszlasa a kovetkezd tényezdk szerint: a vizsgalt hely-
szinek novényzetének fajspecifikus gyakorisaga €s stirtisége 2023-ban
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Figure 9. CFA; Vegetation physiognomy across the study area in 2020 (A) and 2023 (B)

9. dbra. CFA; A novényzet fiziogndmiajaa vizsgalati tertileten 2020-ban (A) és 2023-ban (B).

Spatio-temporal dynamics (2020-2023)

Statistical studies on the evolution of the floristic composition of the study site between
2020 and 2023 show a regressive change in the average abundance-dominance of plant
species inventoried in the field. In 2020, there were 94 species compared to 91 species
in 2023 with a taxonomic composition that differed by 10% between the two sampling
periods (Figure 10). The graph shows a total absence of Arisarum vulgare O. Targ. Tozz,
Asplenium obovatum Viv., Ephedra fragilis Dest., Luzula forsteri (Sm.) DC., Thymus ciliatus
L. and Tulipa sylvestris L. in 2023. In addition, certain species not characteristic of forest
habitats, appeared in 2023, such as Gagea algeriensis (an endemic species with a very
low presence), Cistus halimifolius L., and Lamium album L.

The variation in the frequency of occurrence of all species recorded during the field
study is illustrated in Figure 10. We observe a regressive change in the frequency of
forest and clearing species, while edge species and those bordering the forest on grass-
land have increased their frequency of occurrence within the forest. It should be noted
that, in 2020, these species were rare and/or absent.
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Figure 10. Spatial dynamic of plant species between 2020 and 2023

10. dbra. A novényfajok térbeli dinamikaja 2020 és 2023 kozott

Mapping plant dynamics

The monitoring of vegetation dynamics using cartography, and the assessment of the
NDVI index for the El Kala region between 2020 and 2023, clearly show a decline in
vegetation density and the appearance of patches dotted with a few populations of
herbaceous flora (yellow zones) (Figures 11 and 12), with an index varying between
0.19 and 0.26. Thus, the ecological data mapped for the study area clearly illustrate its
degree of degradation.

Spatio-temporal cinetics mapping of the flora of the Mziraa forest between 2020 and
2023 (Figure 11), highlights not only a decline in the density of certain shrub popula-
tion characteristic of the forest habitat, such as Arbutus unedo L., Chamaerops humilis L.,
Erica arborea L., Genista ferox Poiret, Myrtus communis L. and Pistacia lentiscus L., but
also a significant decline in the abundance of species indicating forest health, ranging
up to the total absence of the population in question, such as Asperula hirsuta Desf.,
Asplenium triquomanes subsp. quadrivalens D.E.Mey., Lonicera implexa Aiton, and Rubia
perigrina L. The absence of certain species was also noted, such as Asplenium obovatum
Viv., Luzula forsteri (Sm.) DC., Thymus munbyanus Boiss, and Tulipa sylvestris L.
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Figure 11. Mapping plant dynamics (The graphs only concern species that show variation in presence
and abundance between the two sampling periods)

11. abra. A novényi dinamika feltérképezése (A grafikonok csak azokat a fajokat érintik, amelyek
jelenléte és abundanciaja a két mintavételi id6szak kozott eltérést mutat.)
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12. gbra. El Kala normalizalt névényzetindexe (NDVI) 2020 és 2023 kozott
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Discussion

Estimating diversity is crucial for evaluating the balance of a habitat. A high value of
H’ indicates a habitats with a rich variety of species whose abundance is evenly dis-
tributed. Conversely, a low value suggests a habitat with few species (Frontier and
Pichod-Viale 1991, Huston 1994).

The specific diversity (H’) in the studied habitat is quite high, indicating a structural
complexity nearing climax, as supported by previous research (Barbault 1995, Haou et
al. 2011, Haou and de Bélair 2019). Due to the inadequate management and restoration
efforts in the study area, the forest is rapidly moving towards ecological imbalance.
This is exacerbated by various human activities, such as urban waste in clearings, un-
sustainable timber harvesting, and unregulated and illegal agriculture at the forest’s
edge. All of these factors have led to the replacement of the tree and shrub layers in
certain parts of the forest with a tangle of lianas. Additionally, the sand encroachment
has caused Cistus halimifolius L. to invade the forest edge. Field observations, along
with statistical analysis, allowed the classification of the site as a cork forest in a re-
gressive evolutionary phase but with a specific distribution balance.

Diversity varies depending on the richness of the community and the distribution
of its species. The higher the richness, the more balanced the distribution of abun-
dance, leading to greater diversity (Blondel and Bonin 2018). In all of the study loca-
tions, four out of the 98 recorded species are considered to be a highly consistent with
stable abundance and dominance, making up 9.75% of the floristic composition. These
species include Erica arborea L., Lavandula stoechas L., Quercus coccifera L. and Q. suber
L. They have a high relative frequency (80 <F <100%) indicating their dominance and
optimal adaptation to the habitat conditions. These species have a broad ecological
range within the habitat and play a significant role in the formation of thermo-xero-
philic matorrals in the study site. Among these four species, Q. coccifera and Q. suber
show a stable presence compared to E. arborea and L. stoechas. They are thermo-xero-
philic species that thrive on a siliceous soil with a high percentage of stones. These
species characterize the floristic procession that accompanies Lavandula stoechas in the
Mediterranean forest composed of cork oak, holm oak and kermes oak brush (de
Coignac 2001, BNEDER 2009, Haou and de Belair 2019, Zennir and Khallef 2023).

To better highlight the balance of species distribution, the equity index (E) is added
to H'. This index ranges from 0.8 to 0.9 across the four study sites in 2020 and from 0.7
to 0.81 in 2023. Therefore, we can talk about a decline not only in taxonomic diversity
but also in the imbalance of population distribution for each inventoried population.

Analysis of the biological spectrum of flora in the study area revealed a higher com-
position of Therophytes (38%), comprising a fairly rich variety of herbaceous plants,
and 25% Phanerophytes represented by shrubs and trees, including Macrophanero-
phytes, Mesophanerophytes, Microphanerophytes and Nanophanerophytes. Geo-
phytes are mainly represented by rupicolous plants. Barbero and Quézel (1989) and
Jager (2000), explain that the high number of Phanerophytes is evidence of an ecolog-
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ical succession of vegetation from the pre-forest stage to the forest stage. This phenom-
enon is confirmed in the study sites by the fact that the shrub layer exhibits an im-
portance competitive interaction with the tree layer, even though the region is subse-
quently recognized as a reference habitat for the study of post-fire ecological succes-
sion (Rambal 2008, Zennir and Khallef 2023). This regression effect of evolution is jus-
tified by the settlement of Chamaephytes and Therophytes in the habitat. According
to Barbero et al. (2001) and Blondel et al. (2010), therophytization (settlement of nitro-
philic plant species), is considered a sign of degradation, which is linked to the effects
of overgrazing. According to Le-Houerou (1992) and as in our case, associated with
the presence of urban solid wastes. The presence of Hemicrytophytes enriches the or-
ganic matter in the forest soil (Barbero and Quézel 1989, Blondel et al. 2010, Blondel
and Bonin 2018). Despite the degradation it is beginning to undergo, the site still main-
tains significant biological diversity, as well as a varied architectural stratification.
Quézel (2000) and Quézel and Medail (2003) justify this diversity in all Mediterranean
African habitats as a result of floristic migration from the tropical region during the
Miocene era, coinciding with climate change. Based on observations made in the field,
three factors contributing to human-induced environmental disturbance have been
identified: grazing, trampling and solid waste (particularly plastic). These factors are
all present in the study area, with trampling being significantly prevalent in all study
localities, followed by waste observed in the first two localities. Grazing was mini-
mally observed in the second study site. The high levels of trampling and urban waste
are attributed to the combined impact of beach visitors (2 to 3 km from Mziraa forest)
and travelers using the road near the forest’s northern side. This type of tourism has
diverted the traditional livestock paths towards paths established by residents, even
within the forest, leading to habitat degradation (Vennetier 2002, Abdelfettah 2014).
De Coignac (2001) concludes in his research that the forest has a vital role, and must
be protected and restored.

Since independence in 1962, annual reforestation and restoration campaigns in Al-
geria have only managed to increase forest cover to between 10% and 12%, with veg-
etation constantly under threat from fire, parasites, poaching and overgrazing. These
practices contribute to desertification; furthermore, the water table in the study area
has fallen by half over the last 70 years (DGF 2020). This clearly indicates a catastrophic
phenomenon, as seen in the NDVI of the El Kala wetland catchment areas from 2020
to 2023, where the study site is situated, showing a decline ranging from 0.04 to 0.26,
signifying low density and unhealthy vegetation (Kurnaz et al. 2020). This mapping is
supported in the field by a spatio-temporal dynamics map showing the regression in
the natural succession of Mziraa forest vegetation. This deterioration affects not only
the structure and arrangement of the flora, but also the silting up of the forest edge,
increasing competition and sometimes even exclusion of forest flora by psammophi-
lous flora. The field observations revealed that loamy texture is the most prevalent
across the entire study site compared to clay and sand textures. The determination of
a soil’s porosity and water regime is linked to its texture, a stable characteristic that
changes over the long term (Gobat et al. 2004, Inoussa et al. 2011).
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The abundance of silt in the soil indicates a structure highly vulnerable to degrada-
tion, as it easily separates from the soil matrix and can be carried away by the wind
(Le-Houérou 1992, Quézel and Médail 2003, Rambal 2008). This helps explain the soil
erosion observed in the study area. In contrast, coarse sand, while less easily displaced
has low cohesion (de Bélair 1996). However, the study site has a high clay content,
which aids in water retention despite the generally low soil moisture levels found
there. This clay enrichment also contributes to the abundance of mosses, notably Fu-
naria hygrometrica Hedw., facilitating the pedogenesis, a process characterized by a
slowing of water flow during dry periods in Mediterranean habitats (Quézel and Mé-
dail 2003). This observation is likely due to the high temperatures observed during the
dry season, which caused the soil to crack and led to significant water loss through
evaporation. Regarding soil color, a predominance of yellow-red hues was observed.
Daget (1977), Santonja et al. (2015), and Zribi et al. (2017) confirm that this is decarbon-
ation, which results in an increase in organic matter content. This highlights the high
sensitivity of the Mzirda forest ecosystem to degradation, particularly soil erosion,
which could significantly influence vegetation distribution. Analysis of the floristic di-
versity of the study area identified approximately 100 plants between 2020 and 2023,
characterized by their taxonomic and biological diversity (family, genus, biological
type and biogeographical origin). Despite this diversity, the study site is experiencing
severe degradation due to human intrusion, which is altering the evolution of its veg-
etation over time and space. This has led to a significant presence of Chamaephytes,
which is associated with overgrazing in the study area.

Conclusion

The study of the ecological status of a habitat is strictly based on the knowledge of the
flora and assessment of its composition and architecture, including the determination
of anthropogenic actions that influence the evolution of plants over time and space.
This study focuses on the Mziraa cork oak forest, located in the municipality of El Kala.

The assessment of these parameters and characteristics revealed that the Mziraa for-
est is experiencing severe ecological degradation and anthropogenic intrusion. This
intrusion is currently altering the evolution of its vegetation over time and space. De-
spite this ecological imbalance, the floristic composition of the study area, still shows
significant taxonomic diversity and a specific balance of distribution between plant
strata in certain small forest plots. This implies that the forest is resilient in nature even
with the threats of anthropogenic activities. Thus, protecting the flora of this forest
against overgrazing and other anthropogenic actions is crucial for the sustainability of
this forest ecosystem. One possible approach to achieve this is through ecological res-
toration of riparian forests situated on the edge of the Mziraa forest. This study is im-
portant because it provides critical baseline information that will enhance the stability
and sustainability of this forest for the current and future generations.
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Abstract: Az antropogén hatasok tartds fenndllasa és sokfélesége jelentdsen felgyorsitotta a mediterran
erdék degradacids folyamatait. Jelen tanulmany az Algéria északkeleti részén, El Kalatol északnyugatra
fekv6 Mzirda paratolgyerddre dsszpontosit. A kutatas célja a Mziraa-erdd kijelolt teriileteinek 6koldgiai
allapotfelmérése a flora fajosszetételének és a vegetacié szerkezetének vizsgalata alapjan. A vizsgalat
alapjat a mintateriileteken alkalmazott szisztematikus mintavételi mddszerrel osszeallitott florisztikai
adatmatrix képezte. Az eredmények a flora és a vegetacio regressziv tér- és iddbeli dinamikajat igazol-
tdk. Emellett a florisztikai dinamika elemzése, valamint a vizsgdlati teriilet NDVI (Normalizalt Diffe-
rencialt Vegetacios Index) alapu értékelése a Mziraa-erdd gyors iitemi degradacidjat mutatta ki. Az
eredmények arra utalnak, hogy az erdd stlyos dkologiai veszélyeztetettségnek van kitéve, ezért tovabbi
allapotromlasanak megakadalyozasa érdekében siirg6s természetvédelmi és erd6gazdalkodasi intézke-
dések bevezetése sziikséges. A tanulmany fontos informacidkkal szolgal a kutatok, a dontéshozdk és az
algériai erdévédelmi hatosagok szamara.
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15 EUCALAND Meeting on fishpond landscapes,
Go6dolls, Hungary, 28t — 30, April, 2025

On behalf of the Dept. of Nature Conservation and Landscape Management, Institute
for Wildlife Management and Nature Conservation of the Hungarian University of
Agriculture and Life Sciences, as organizer, we wish to give a short summary of the 15th
EUCALAND workshop. EUCALAND Network is an expert network focused on the
agricultural landscapes of Europe (http://www.eucaland.net). The network is
continuously working on the description of European agricultural landscapes (EAL),
one landscape type per year. The new landscape type for the upcoming year is decided
by the Members’” Assembly. In 2025, the fishpond landscape was chosen.

The meeting host was Csaba Centeri (Hungary). The participants were as follows:
Zdenék Kucera (Czechia), Alexandra Kruse (France/Germany), Martina Slamova and
Adeeba Rashid (Slovakia), Gabor Onodi and Krisztina Demény (Hungary), Natalia
Pitta-Osses (Colombia/Hungary) (Figure 1).

Figure 1. On the first day, participants (left to right: Gabor Onodi, Natalia Pitta-Osses,
Krisztina Demény, Alexandra Kruse, Martina Slamova and Adeeba Rashid) presented the situation of
the fishpond landscape in their countries, KTT House, G6d6l116, Hungary
(Photo: Centeri, Cs., 28t of April, 2025)

1. dbra. Az elsé napon a résztvevok (balrél jobbra: Onodi Gabor, Natalia Pitta-Osses, Demény Krisztina,
Alexandra Kruse, Martina Sldamova és Adeeba Rashid) bemutattdk a halastavakkal kapcsolatos
helyzetet a sajat orszagukban KTI Haz, G6dollé, Magyarorszag
(Foto: Centeri Cs., 2025. aprilis 28.)

Csaba Centeri presented the Hungarian situation, Zdenék Kucera presented the
Czech situation (Figure 2), Alexandra Kruse presented the German situation (co-
authored by Martina Kaup), Natalia Pitta-Osses presented the Colombian situation (as
international lookout), Adeeba Rashid and Martina Slamova presented the Slovakian
situation.

One main outcome of the presentations is that fishpond landscapes are a common
European feature, some of them already existing since early Medieval times. There is a
considerable number of related cultural landscape elements, like channels, water
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regulation mechanisms and infrastructure related to both production and leisure.
Furthermore, cultural elements like festivities and costumes are connected to the fish
pond landscapes, which again often have a direct link to religious tradition.
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Figure 2. Zdenék Kucera presenting the Czech situation of the fishpond landscape, KTI House, G6ddllg,
Hungary (Photo: Centeri, Cs., 28t of April, 2025)

2. dbra. Zdenék Kucera ismerteti a cseh halastavas tajak helyzetét, KTI Haz, Godoll6, Magyarorszag
(Fotd: Centeri Cs., 2025. aprilis 28.)

EUCALAND working meetings are always organized with a half to one day field
visit to some of the evaluated landscape types. In this case, the location of the meeting
offered several possibilities near the venue. First, the group visited a chain of fish
production ponds of the Arany Ponty Ltd., appr. 6 km south of the venue (Figure 3).

Figure 3. The fishpond chain of Arany Ponty Ltd., God6l16-Allami telepek, Hungary
(Photo: Centeri, Cs., 29t of April, 2025)

3. dbra. Az Arany Ponty Zrt. egymashoz kozeli halastavai, God116-Allami Telepek, Magyarorszag
(Fotd: Centeri Cs., 2025. aprilis 29.)
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During the visit, the workers were fishing with a net, collecting fish to transport them
to other fishing lakes. The second site was also an artificial fishing lake in the Babat
Valley, appr. 6 km east of the venue (Figure 4).

Figure 4. During the field trip, the participants visited a typical fishpond landscape. There is an artificial
lake with a bench for fishermen, Babat Valley, Hungary
(Photo: Centeri Cs., 29t of April, 2025)

4. dbra. A terepnapon a résztvevék meglatogattak egy tipikus halastavas tajat. Van egy halasto, a partjan
az egykori horgaszat emléke, Babat-volgy, Magyarorszag
(Foto: Centeri Cs., 2025 aprilis 29.)

The Babat fishing lake is not used for fishing anymore, due to many reasons. This
gave space for more nature conservation related values, e.g., European pond turtle (or
European pond terrapin or European pond tortoise) (Emys orbicularis) uses the site for
living (Figure 5). They also have a nesting site nearby.

Figure 5. European pond turtle (Emys orbicularis) sunbathing on a fallen tree trunk at the shore of the
Babat Valley fishpond, Hungary (Photo: Centeri Cs., 29t of April, 2025)

5. dbra. Mocsari tekn6sok (Emys orbicularis) napoznak egy kiddlt fatdrzsén a Babat-volgyi halastd
partjan, Magyarorszag (Fotd: Centeri Cs., 2025 aprilis 29.)
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On the 30% of April, 2025, the EUCALAND members’ assembly was organized in a
hybrid form. The main topics were:

confirmation of new members

planning of our common publication

discussion about a planned COST Action on transhumance

discussion about the state of the art of the publications of last year’s topics
EUCALAND’s special session at the 2024 PECSRL conference:
https://www.umcs.pl/en/s09-heritage-of-european-cross-border-landscapes-
issues-of-their-identification-management-and-interpretation,28661.htm

The participants of the meeting prepared a conference paper about the fishpond
landscapes and published it in the Proceedings Book of the IX. International Symposium

- 2025

“Environmental Health and Biosecurity Strategy” May 8-9, 2025:

https://symposium.rkk.uni-obuda.hu/wp-
content/uploads/2026/01/Complete_Proceedins-Book_IX_Symposium-2025.pdf

Csaba Centeri

Department of Nature Conservation and Landscape Management
Institute for Wildlife Management and Nature Conservation
Hungarian University of Agriculture and Life Sciences

Alexandra Kruse
insitu World Heritage consulting
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16" EUCALAND Workshop & Member's Assembly,
Cornillac, France, 28" March — 4% April, 2026
Summary report

Introduction

The Institute for Research on European Agricultural Landscapes e.V. (EUCALAND)
was established as a non-profit association in 2012. Its main aim is to collect national
data on European Agricultural Landscapes (EALs), including classifications, genesis,
descriptions, surveys and mappings, along with striving to connect actors and raise
awareness on the concept and value of agricultural landscapes. Yet it began to take
shape long before that, back in 2006, and will celebrate its 20th anniversary in 2026. Its
members come from countries all over Europe and meet nearly every year for a
workshop to exchange ideas and work on a selected thematic topic. This year’s
meeting took place in Cornillac, France.

The host of the 2026 EUCALAND Meeting was Alexandra Kruse. France was
selected as the venue through the joint efforts of Alexandra and the late EUCALAND
member, Mr. Pierre-Frangois Toulze, who had enthusiastically agreed to help organize
and co-host the meeting. Although Pierre-Francois sadly passed away before the event
took place in France, his memory was warmly honored throughout the gathering. The
group stayed in a traditional farm complex with small holiday houses (Figure 1) in the
91-inhabitant mountain village of Cornillac.

E8g s

Figure 1. Place of accommodation, kitchen and dining room at the EUCALAND's spring meeting in
Cornillac, France, 28th of March to 4th of April 2026 (Photo: E. Athanasiadou)

1. abra. A szallast, a konyhat és az étkez6t magaba foglald épiilet az EUCALAND tavaszi talalkozojan
Cornillacban, Franciaorszag, 2026 marc. 28.-4pr.4. (Fotd: E. Athanasiadou)
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The accommodation featured a shared kitchen where all meals were prepared and
enjoyed together. EUCALAND adopting such an accommodation format for its annual
meeting proved to be a success. This communal living arrangement created a warm
and welcoming atmosphere, offering countless opportunities for constructive
discussions, the exchange of ideas and experiences, and the strengthening of
professional and personal connections among participants. The event lasted
(exceptionally) for a week, including desk study and field visits, whereas the
traditional length is 2-3 days.

The desk study was conducted as several hybrid meeting sessions (Figure 2),
including the creation of two groups of members present, to work on two topics:
‘Commons’ and ‘Firescapes’, to produce journal articles.

Figure 2. The working room used during the 16" EUCALAND meeting in Cornillac, France, 28 of
March to 4t of April 2026 (Photo: E. Athanasiadou)

2. dbra. A 2026. marcius 28. és aprilis 4. kozott megrendezett 16. EUCALAND-talalkozé soran hasznalt
munkaterem a franciaorszagi Cornillacban (Foté: E. Athanasiadou)

At the moment, the Commons article includes information from Czechia, France,
Germany, Norway, Slovenia, the UK, Hungary, Slovakia and Greece. Notably,
Commons was a theme discussed during the 15th meeting of 2024 in Germany. This
article is currently under development, coordinated by and still open for contributions.

The ‘firescapes’ article is coordinated by Eleni Athanasiadou and will provide
information from the following countries: Cyprus, France, Germany, Greece,
Hungary, Slovakia, Slovenia, Spain and the United Kingdom. The article is based on
the 13" working meeting that took place in Kalavasos, Cyprus, in 2023, under the
hosting of the Laona Foundation, an institutional member of EUCALAND. The work
of the late beloved friend & colleague PF Toulze (Independent French Consultant of
Cultural Heritage), who was present at the spring meeting of 2023 and who died in
2025, will be our co-author. Its structure will be generally a comparative study of
various forms of firescapes across Europe, introducing heritage and socio-cultural
aspects of fire-shaped landscapes, whether fire is used as a traditional management
method of agricultural landscapes (i.e., prescription burning) or it takes the form of
arson. This article is currently under development and closed for further participation.
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Both articles are based on collective information from members representing a
country and filling in a questionnaire prepared by EUCALAND for describing a
selected landscape type. Main parts include existence in one’s country, name chosen
(in the country’s language), occurrence and physical geography (mapping), type(s),
related legal frame, traditional and historical value, creation and historical value,
occurrence, public awareness and characteristic examples.

Field visits during the workshop

During the first field visit, the French Coltura Promiscua landscape of the departments
of Drome and Haut-Provence was visited, including a visit to Cornillac, Rémuzat and
a short tour to see the Vautours des Baronnies (griffon vultures). A short hike from
Rémuzat leads to observation points (Figure 3), where visitors can enjoy panoramic
views of the surrounding mountains.

Figure 3. Group photo at the Rocher du Caire (alt. 780m) summit, at the edge of the Plateau du Saint-
Laurent, where the flight of the griffon vultures can be observed,
31st of March 2026, Rémuzat, France (Photo: A. Kruse)

3. dbra Csoportkép a Rocher de Caire csticson (tszf. 780 m), a Saint-Laurent Plat6 szélén, ahonnan a
keselytik ropte lathatd, 2026. marcius 31., Rémuzat, Franciaorszag (Foté: A. Kruse)

The site offers an excellent opportunity to observe griffon vultures (Gyps fulvus)
soaring above the cliffs in their natural habitat. It also offers a possibility for a little
play, the construction of a EUCALAND sign (Figure 4).
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Figure 4. EUCALAND sign made of local materials at the summit where the flight of the griffon
vultures can be observed, 31st of March 2026, France (Photo: A. Kruse)

4. dbra A keselytik kozelében 1év6 csticson helyi anyagokbol készitett EUCALAND felirat,
2026. marcius 31., Franciaorszag (Fot6: A. Kruse)

March 31, 2026, Farm ‘Plantago’ (Cornillac, des Baronnies en Drome Provencale, FR.)

Participants visited (Figure 5.) the farm of Odile Guignabaudet and Amélie Coulombel
are engineers from top-end universities who decided to become organic farmer-
herbalists.

Figure 5. Participants of the 16" EUCALAND Workshop at the Farm ‘Plantago’,
31t of March 2026, Cornillac, France (Photo: E. Athanasiadou)

5. dbra A 16. EUCALAND Workshop résztvevdi a Plantago Farmon,
2026. marcius 31., Cornillac, Franciaorszag (Foto: E. Athanasiadou)
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They created the farm ‘Plantago’ seven years ago on a rented property of 0.25 ha,
where they cultivate, harvest, and process organic medicinal plants into a wide range
of herbal products, including dried herbs, essential oils, hydrolats, syrups, and herbal
preparations. They not only sell directly from the farm, but also on local markets (like
in Rémuzat), cooperate with naturalists, herbalists, veterinary doctors and have an
active e-shop. They cultivate 30 plants and they collect 70 plants from the wild in the
direct environment. They use stormwater management to irrigate, with one filtration
pond (Figure 6.) exhibiting phytoremediation.

Their work combines sustainable agriculture with the preservation of Traditional
Ecological Knowledge (TEK) (Figure 7.).

Challenges and opportunities

Despite the success of the endeavor, several challenges remain. The lack of ownership
of the farmland creates uncertainty about the future of their business. Furthermore,
several ecological factors, such as climate change and water scarcity, pose serious
challenges. Looking ahead, Plantago has just established a dedicated drying facility,
opened a small shop on the farm for the direct sale of their products (Figure 8), and
will eventually relocate to a property where they own both the house and the
surrounding farmland, ensuring greater stability and long-term sustainability.

Figure 6. A little fenced filtration pond at the Farm ‘Plantago’,
31st of March 2026, Cornillac, France (Photo: E. Athanasiadou)

6. dbra Egy kis bekeritett t6 a Plantago Farmon,
2026. marcius 31., Cornillac, Franciaorszag (Foto: E. Athanasiadou)
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Figure 7. Herb production at the Farm ‘Plantago’,
31st of March 2026, Cornillac, France (Photo: E. Athanasiadou)

7. dbra Gyoégyndvények termesztése a Plantago Farmon,
2026. marcius 31., Cornillac, Franciaorszag (Foto: E. Athanasiadou)
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Figure 8. One of the herb products at the Farm ‘Plantago’,
31st of March 2026, Cornillac, France (Photo: E. Athanasiadou)

8. dbra Az egyik gyogyndvényes termék a Plantago Farmrol,
2026. marcius 31., Cornillac, Franciaorszag (Foto: E. Athanasiadou)
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March 31, 2026 Farm ‘Ferme de Pierre Vieille’ (Drome, Chemin de Pierre vieille
26510, Cornillac FR.)

EUCALAND also visited the farm of Horticulturist Laurence Montlahuc, a local with
a farming tradition of four generations, owner of the family farm (divided between her
and her brother). Ferme de Pierre Vieillle started as an agricultural business 20 years
ago, based on donkey keeping (Figure 9) for hiking groups, growing cereals, fruits and
herbs and providing camping opportunities for people loving nature. In her former
life, Laurence worked at a company of deep-fried herbs and herbal plants before she
started her own business.

Figure 9. Donkeys kept for hiking groups at the Farm ‘Ferme de Pierre Vieille’,
31t of March 2026, Cornillac, France (Photo: Cs. Centeri)

9. dbra A kirdanduldk miatt tartanak szamarakat a ‘Ferme de Pierre Vieille’ Farmon,
2026. marcius 31., Cornillac, Franciaorszag (Foto6: Centeri Cs.)

Laurence smartly figured out that successful farming should not come at the
expense of fulfilling social life; thus, to encourage the social aspect of her life and to
familiarize more people with the benefits of farming, she started providing eco-
tourism opportunities, because: ‘As we as farmers cannot go to others, we have to
bring the people here.” The engagement of people in farming activities is evident; while
tourists learn to read a map of the landscape in their hiking endeavors, they take care
of the donkeys that are used only to carry their luggage.

Laurence Montlahuc’s farm is a 10-ha area, where aromatic and medicinal plants,
flowers, vegetables and also the ancient einkorn wheat (Triticum monococcum, French:
petit épeautre) are cultivated in 2,5 ha and in several cold frames. The farm also has
fruit orchards (including apricots and cherries) in 1.5 ha, produces herbal teas,
essential oils, dried herbs and sells directly from the farm, and through a local
producer’s shop, of which Laurence is the founder. The rest of the area is used as
pasture for grazing and as fallow land. The neighboring farm operates donkey
trekking, and the orchard is leased to it. The farm provides camping, with a shared
kitchen and communal dining area, gites and tiny houses. Furthermore, it uses
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stormwater management techniques and phyto-sanitation/purification techniques for
wastewater management.

Laurence initiated the producer’s shop approximately 10 years ago, with the legal
status of the business being an ‘association’. Sixteen producers share all running and
administrative costs and management practices, and make decisions. All 16 partners
have to run the shop every 16" day. The shop is open every day, all year long. 7% of
the benefit goes to the association. There are another 15 producers, who do not
participate in the association but only use the shop to enlarge the offer and get their
products sold. Their administrative share is 23 %. The turnover/sales of the shop is
increasing year by year.

The farm is a member of the Accueil Paysan, a French national and international
network of farmers and rural hosts who offer authentic farm-based accommodation,
educational activities, local products and social hospitality. It promotes sustainable
agro-tourism, small-scale farming and meaningful exchanges between tourists and
locals. Camping is encouraged in the farm, reaching up to 300 camping nights per year
and acting as “social host’ for children from children’s homes, children in difficulties,
seniors, handicapped people, with a maximum stay of two months.

Challenges and opportunities

The long-term viability of the camper-based tourism activities remains uncertain due
to their seasonal nature. Plans include expanding the production of herbs and flowers
in cold frames, developing a perfume production line (Laurence in collaboration with
her daughter), and possibly gradually shifting towards year-round accommodation
through tiny houses.

Conclusion

EUCALAND members explored the sounding landscape of Cornillac and of the small
town of Rémuzat, experiencing a mountainous region where opportunities for making
a living are naturally limited by the landscape geomorphology. Attention was given
to how agriculture has historically adapted to this challenging terroir, characterized
by steep slopes, rugged topography and limited flatbeds. The physiography of the
landscape shaped a valuable mosaic of small-scale mixed organic farming systems
based on ingenuity and the interaction of agro-tourism, thus maintaining vibrant rural
livelihoods. Both farms are perfect examples of multifunctional farming, proving that
brave entrepreneurship and flexibility pay off. However, they also show that it is a
hard daily work with little free time and that flexibility in all senses is not only a luxury
attribute but a must.
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As EUCALAND emphasizes socio-ecological aspects of agriculture, the annual
meeting provided excellent opportunities for reflecting on the relationship between
landscape morphology, TEK, quality of life and human adaptability.

To complete the scientific program, two thematic articles were further developed:
Commons and Firescapes. Furthermore, a hybrid member’s assembly took place and
last but not least, the board worked on the association’s homepage, which is still on its
way to being renewed and updated. This is important to mention as EUCALAND is a
voluntary network and all association’s work is performed without any payment.

Eleni Athanasiadou
Lab. Teaching staff School of Agriculture Aristotle University of Thessaloniki Greece

Alexandra Kruse
insitu World Heritage consulting
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