-
-
-
~
-~
-

PROCEEB‘INGS
Local Resources and Global Challenges: Integrated

Approachesto Sustainable Rural Development
inthe Era of Climate Change

Editor: Dragan Cvetkovic

Kumanovo, 02-04 April 2026






SECOND INTERNATIONAL SCIENTIFIC AGRI-BUSINESS
CONFERENCE
"AGRO MAK 2026"

”LOCAL RESOURCES AND GLOBAL CHALLENGES: INTEGRATED
APPROACHES TO SUSTAINABLE RURAL DEVELOPMENT IN THE
ERA OF CLIMATE CHANGE”

BTOPA MEI'YHAPOJIHA HAYYHO AI'PO-BU3HUC KOH®EPEHI[MJA
»AI'PO MAK 2026

»JJIOKAJIHU PECYPCHU U I'JIOBAJIHU ITPEJAU3BULIN:
HNHTEI'PUPAHU ITPUCTAIIN KOH OPKJINB PYPAJIEH PA3BOJ BO
EPATA HA KIMMATCKUTE ITIPOMEHMU*

PROCEEDINGS

3bOPHUK HA TPYJOBU

Editor:
Dragan Cvetkovic
EDITION: EcoAgroTour - FOR SUSTAINABLE DEVELOPMENT
Kumanovo, North Macedonia
02-04. April, 2026.



Chamber of Organic Producers— COP, Kumanovo, Republic of North
Macedonia, Komopa na Oprauncku IlpouzBogurenu— KOII, Kymanoso, PC
Makenonuja
Organise
SECOND INTERNATIONAL SCIENTIFIC AGRI-BUSINESS
CONFERENCE
BTOPA MEI'YHAPOJIHA HAYYHO AI'PO-BU3HUC KOH®EPEHI[MJA
In cooperation with:

Center for Research, Science, Education, and Mediation "CINEP",
Belgrade, Serbia
HenTap 3a UcTpaxkyBame, Hayka, Enykanuja u IlocpenyBame ,, IMHEIT,
Bearpan, P. Cpouja
Association for Development of Agriculture and Environmental Protection
through Research, Education, and Biodiversity Conservation "LIFE"
Kumanovo, Republic of North Macedonia
3apy:xeHue 3a pa3Boj HAa 3eMjOJeJCTBO M 3aIITUTA HA }KUBOTHATA CPeIUHA
NMpeKy HCTPasKyBame, eAyKauuja u oApKyBame Ha Omoausep3uTeT ,,  KUBOT*
Kymanoso, PC Makenonuja

Publisher:
Association Life, Kumanovo,
HN3naBau:
3npy:xenue JKusort, Kymanoso

Editor:
Mr. Dragan Cvetkovic
Ypennuk:
Jparan LiBeTkOBHK

Issue editor:
Prof. PhD. Sasa Stepanov
Technical editor and Graphic design:
Gorjan Cvetkovic

Editorial board / Reviewers
Prof. PhD Sasa Stepanov, Serbia
Prof. PhD Todor Petkovic, Serbia

MsC. Julijana Pandurevic, Canada
Prof. Blagica Cvetkovic, N Macedonia

Circulation:
50 exemplars
Year of Publishing 2026
Toauna Ha n3gasame: 2026

Printed by:
Grafoteks, Kumanovo



ITOYECEH OJABOP

[pod. 1-p. emeputyc Cao6onan UepoBuK, OCHUBAY U PETCEACATEN HA AKaIEMHU]
3a XOTEINEPCTBO, TypHU3aM U BenHec, benrpan

Ipod. a-p. emepuryc Ciro601an YHKOBUK, OCHHBAY 1 nipeTceaaren Ha CoBeT Ha
AxkazeMuja 3a XOTeIHepPCTBO, TypH3aM U BeiHec, benrpan

[pod. n-p Nimja Kapos, YHusepsurer ,,I'one [emues®, 3emjonencku dakynrer,
tun

I'-nun Kusko Ilonoecku —1lBeTHH, YMETHHK CIIMKAap U XyMaHHUCT, U KAHAUAAT 32
HoGenoara Harpana 3a Mup

IIpo¢p. n-p Anka Tpajkoscka Ilerkocka, VYhHusepsuter ,,CB. Kinment
Oxpuncku®, burona, Texaomomko Texanuku (axynrer, Benec

IIpod. a-p Becna Kuurxre, Yuusepsurter ,,C. Knument Oxpuacku, burona,
Texnomomrko Texunuku dakynret, Benec

pod. n-p /bubana Tomuk, YauBep3uteT bujessuna, bujersnna, PemyOmmka
Cpricka;

I'-fa MBana lopruescka, [Ipercenaren va Coser va Onmruna KymaHOBO

OPTAHU3BALIMCKHA OABOP

I'-qun paran LiBeTkoBuKk, [Ipercenaren, Anyr ' BH, Kymanoso, PC Makenonuja
I'-fa Baarnna I'aBpusoBcka LBeTkoBuK, dieH, 3apyxenne JKusor, Kymanoso,
PC Makenonuja

I'-muu Kupe Anpes, uien, Keanu, Cromnje, PC Makenonuja

I'-nun boou KpcreBekn, wieH, @nekcrosep, Ckorje, PC Makenonuja

I-mua Caodonan BykcanoBuxk, wieH, Opranuka Hosa, Ckorje, PC Makenonuja
Ac. M-p Katepuna TemenkoBcka PucreBcka, uneH, Yausep3uteT ,,CB. Knument
Oxpuncku’ butona, TexHomomko TexHudku gakynrer, Benec, PC Makenonuja
Ac. M-p Ejaeonopa J[leamnukosoBa, wieH, Yuusepsurer ,,CB. KimmMent
Oxpuacku‘ burtona, Texnomomko TexHuuku gaxynret, Benec, PC Makenonuja
Ac. m-p Tama CrojanoBcka, uneH, YHusepsuteT ,,CB. Kimment Oxpuacku®
butona, Texnomomko Texauaku ¢akynrer, Bemec, PC Makenonuja

Ac. m-p XaBa Mudrapu, unen, VYHusepzurer Bo TeroBo, Pakynrer 3a
[Ipexpanbena Texnonoruja u Mcxpana Teroso, PC Makenonuja

Ac. m-p lypum Anmuja, uieH, YHuBep3uTet Bo TeroBo, @akynrer 3a [Ipexpanbena
Texuomnoruja u Ucxpana TeroBo, PC Makenonnja

I'-nun Anexcannap JoBaHoBHK, wieH, pakoBoauTen Ha Cekrop 3a OOpa3oBaHue,
OnmrnHa Kymanoso, PC Makenonuja

A-p Aanexcanaap KpcreBcku, unen, Pakosoguren Ha CekTop 3a KynaTypa, CIopT,
COlLljaliHa 3allTWTa, 3allTUTa Ha Jenara W 3ApaBCTBeHa 3amTHTa, ONIITHHA
Kymanoso, PC Maxkenonuja

[-muu I'opan JoBanoBuk, unen, mupekrop Ha JCY PLUCCO ,Kupo bypnasz®,
Kymanogo, PC Makenonuja

I'-ra Cama JoBanoBcka JlaBunoBuK, dieH, aupekrop Ha @onpanuja 3a Kynrtypa
u Cnopt, Kymanoso, PC Makenonuja



I'-nun Hebojma CtamenkoBuK, wieH, Onmtraa Bpame, Bpame, Cpouja

M-p. 3opan llymKka, uien, bAC a.x., benrpan, Cp6uja

Hpod. n-p. Munom TymoBuK, WieH, YTOCTHUTEICKO TYPUCTHYKH OOpa30BEH
neHrap, benrpan, Cpouja

M-p Muaopan Jepemuk, uieH, Tenexkom Cp6wuja, [llabar, Cpouja

A-p. Hemama ®uaMnoBuK, WieH, TEXHUYKN AUPEKTOp Ha OpeHaot "Ypmomnana",
MowmeHTyc 100, ApanrenoBai, Cpouja

I'-fa Mapeaa Yeuepuk, wieH, Crumnt, XpBaTcKa

Axan. IIpo¢g. n-p Page buouyanmn, unen, MHTepHalMoOHaIeH YHUBEP3UTET
Tpasnuk, TpaBuuk, buX

Mpod. n-p. bopo Kperuxk, wieHn, Yausepsurer bujessnna, bujessnna, PemyOmmka
Cpricka, buX

I'-qun Kesbko CpemueBHK, uieH, R&S AreHnuja 3a TypUCTHYKa M JEIOBHA
nuteparypa, [Ipara,Yemka

Jou. a-p Camouan Manuecku, wieH, YuuBep3uter CB. Kupun m Meronuj,
HuctuTyT 3a cToyapctBo 1 pudbapcteo Ckomje, PC Makenonuja

HAYYEH OJABOP

HNPETCEJATEJI:

1. Tlpo¢. n-p Cama Crenanos, Lienrap 3a UcrpaxyBamwe, Hayka, Enykanuja
u [locpenyBame "LIMHEIT" benrpan, CpOuja

YJIEHOBHU:
MAKEJTOHUJA

1. IIpod. a-p Caasuo Uynrypceku, 3amenux pexktop AYE ®OH, Cxomje;
pod. a-p Emmauja ApcoB, Jekan Ha 3eMjoAeiiCKH (aKyiTer,
Yuusepsurer ,,I'one Henues®, Hltum;

3. IIpo¢. n-p Besupka JankynoBcka, [lexkan Ha TEXHONOIIKO TEXHUYKH
(hakynrer, Benec, Yausepsurer ,,CB. Kimument Oxpuncku® butona;

4. IIpod. n-p Uezaup Hapusu, Jlexan ma Pakynrer 3a I[Ipexpanbena
Texnonoruja u Mcxpana, Yausep3uret Bo TeToBo, TeToBo;

5. IIpo¢. n-p Muae IemeBcku, Yuusepsurer ,,CB. Kupun u Meroauj*,
®daxynTeT 3a 3eMjOACIICKA HAyKW W XpaHa, VHCTHTYT 3a arpoeKoHOMHUja,
Ckorje;

6. Ipo¢. n-p Hukona ManunoBckn, YHusepsurer ,,CB. Kupun u Meronyj*,
WHucTuTyT 32 crouaperBo u pubdapctBo, Ckorje

7. Tpod. n-p Crojan ledapaueB, Yausep3uteT ,,CB. Kupun u Meroanj*,
Exonomcku ®akynrer, Karenpa 3a Menaument, Ckorje;

8. Mpo¢d. na-p Jbymuo MuxajiaoB, VYuusepsuter ,loue J[emrues®,
3emjonencku dakynreT, Karenpa 3a pacturenso mpousBoactso, [tumn, PC
Makxkenonuja

9. Mpo¢p. n-p Hanuena ToneBcka, Yuusepsuter ,loue Jemyes®,
3emjonencku ¢akynret, Kareapa 3a pacturenHo npousBoactso, Ltum;
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pod. a1-p Cama KocragmHoBuk-BeanmukoBcka, YHusepsurer ,,I ore
Henuer, 3emjonencku paxynrer, lTurm;

IIpo¢p. n-p Buonera Hsanosa Ilerpomynoc, Ynusepsurer ,loue
Hemues®, 3emjonencku dakynret, LllTwr;

pod. n-p Cama MutpeB, Yuusepsurer ,,l one emues®, 3eMjomencku
¢daxynter, LTum;

Opo¢. n-p JIuajana Koaesa I'yneBa, Yuusepsurer ,['one Jlemues®,
3emjomencku daxynret, [Tum;

Ipodp. n-p Dupanka TpajkoBa, VYumsep3urer ,lome J[lemdes®,
3emjonencku dakynrer, LlTum;

IIpo¢p. n-p buajana banabdanosa, VYuusepsurer ,loune J[lemues®,
3emjonencku daxynret, LllTwm;

IIpod. a-p Haranuja MapkoBa Py:xxauk, YHusepsurer ,,I'oue Jlemues®,
3emjonencku dakynrer, Lltum;

Ipod. n-p Punanka Unuesa, Yausepsurer ,,I ore [lendes®, 3eMjonencku
¢axynrer, LLTum;

IIpo¢. n-p Tatjana Kanescka, YHusepsurer ,,Cs. Kimment Oxpuncku®,
butona, TexHomomko TeXHUYKH ¢akynrer, Bemec;

Ipod. n-p Hanmena HuxonaoBcka Heneaxocka, YuusepsuteT ,,CB.
Kmument Oxpuacku‘, burona, TexHonomko TexHu4ku (pakynrer, Benec;
IIpod. n-p I'opuna IaBaoBcka, Yausepsurer ,,CB. KiiumeHnT OXpuacku®,
butona, TexHomomko TeXHUIKH dakynrer, Benec;

Ipo¢d. n-p Banentuna Beakoscku, VYuusepsuter ,,CB. KiumeHt
Oxpuacku‘, burona, TexHonomko TexHU4kY (pakynrer, Benec;

Bonp. npo¢. a-p Buxkropuja Crtamaroscka, YHuBep3uTerT ,,CB. KinumeHT
Oxpupcku’, burona, TexHonomko TexHuuku akynrer, Benec;

Boup. nmpo¢p n-p Tatjana baaxkeBcka, YHusepsurer ,,CB. Kimment
Oxpunckn’, buromna, TexHomomko TeXHnIkH hakynrer, Benec;

Jouent a-p HeBena I'pyeBcka, Yausep3urteT ,,CB. Kimmment Oxpuacku®,
Buroina, TexHomnomnko TexHu4yku ¢axkynret, Benec;

Hac. nou. Camwa CasnoBcka, YHusepsuret ,,CB. Kinument Oxpuacku®,
butona, Texnomomko TeXHUIKH dakynrer, Benec;

IIpo¢. n-p Xasup Ilosoxkanu, YHusepsurer Bo Teroo, Dakynrer 3a
3eMjozencTBo u ouorexHoioruja (O36), Teroo;

Boup. npod. a-p I'apyp Ilabupu, Yausepsuter Bo Teroo, dakynreT 3a
[Ipexpan6ena Texnonoruja n Mcxpana, TeToBo;

Bonp. npo¢. a-p Hamuk JAypmuin, YHusepsurer Bo TetoBo, akynrer
3a [Ipexpanbena Texnonoruja u Mcxpana, TeToBo;

Ipod. n-p Paamun IlonenaxoBuk, Yumsepsurter ,,CB. Kupun u
Mertoanj*, Mamunacku ¢axynret, Ckorje;

Bounp. nmpo¢. a-p. Tpajue Beaxosckm, YHusepsurer ,,C. Kupun u
Metoanj“, Mammnucku ¢akynret, Cxorje;

pod. a-p. Baagumup BykcanoBuk, Yuusepsuter ,,CB. Kupun wu
Mertonuj“,PakynTer 3a puznyuko oOpazoBaHue, COPT U 3apasje, Ckorje
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Axagemuk npod. a-p Mutap JlyroBan, bankaHCcku HaydeH LiEHTap Ha
Pyckara Axagemuja 3a npupoguu Hayku, benrpan, ®akynTer 3a MeHalIMEHT
"®AM" Yausep3uteT YanoH — Hukona Tecna, Cpemcku Kapiosmw;
Axagemuk mpod. na-p Muxamn Ocrouk, PaspojHa Axanemwuja
[ossonpuspene Cpbuje, benrpan;

Axanemuk mnpod. n-p Hedojmma MapkoBuk, PaszBojua Axkanemuja
IToswonpuspene Cpouje, benrpa;

Axanemux npo¢d. a-p Parxko KoBaueBuk, PasBojua Axamemuja
[ossonpuspene Cpbuje, benrpan;

MIpod. n-p Aparo liBujanoBuk, dakynreT 3a XOTEIUEPCTBO U TypH3aM,
Bpmauka bawa, YHusep3urer Kparyesarii;

Ipod. n-p Toaop IlerxkoBuk, Bucoka OM3HUC IIKOJA 32 CTPYKOBHH
ctyauu, benrpap;

Ipod. n-p Hparan baraBesbuk, IlpaBen ®akynrer, YHHBEpP3UTET
Kparyesan, CpenHo 3apaBcTBeHO, caHuTapHo yuwimumre ,BUCAH®,
benrpan;

Jou. n-p Bojun IlBujaHoBuK, MHCTHTYT 3a IpHMeHA Ha Haykara BO
3eMjOIeIICTBOTO, benrpan;

Hpo¢. a- p Pagusoje JeBTuK, MHCTUTYT 3a paTapcTBO U NOBPTApCTBO,
Hosu Cap;

IIpod. a-p Cnoboman Buaaumk, nHayueH copaboTHMK, WHCTHUTYT 3a
parapcTBo u nosprapcrso, Hosu Cax;pod. a-p Baagumup ®uiunosuk,
WHcTtutyT 32 noBprapctBo, Cmenepescka Ilananka;

pod. 1-p EMmua PekanoBuk, MHCTUTYT 3a TECTHUIIUAM M 3alITHTa Ha
KUBOTHaTa cpennHa, Jlaboparopuja 3a mpuMeHeTa GUTONnaToynoruja, 3eMyH,
benrpan;

Ipod. n-p Janujena [aBaoBuk, AkageMuja 3a XOTEITUEPCTBO, TYPH3aM U
BenHec, benrpan

IIpod. n-p Anexcanapa Byjko, Yausepsauter CUHruayHym, @axkynreT 3a
MEHALIMEHT BO TYPU3MOT U YTOCTUTENCTBOTO, benrpan

Ipod. n-p PagoBan IlejanoBuk, Hayuno npymTBO Ha arpapHHTE
ekoHoMuCTH Ha bankanot, benrpan;

Ipod. n-p T'opan MakcumoBuk, HayuHo apymiTBo Ha arpapHuTe
ekoHomucTH Ha bankanor, benrpan;

J-p Baagan YrpeHOBHK, HAy4YeH COBETHHK, VHCTHUTYT 3a 3EMjHINTE,
benrpan;

J-p Hemama ®uinnoBuk, Akanemuja Ha cTpykoBHU cTyaun Lllymanmja,
Kparyesan, Apanremnosari;

J-p Capa Cranuk JoBaHoBHMK, MHCTHTYT 3a ONIUTECTBEHM HAyKH,
benrpan;

3opan JenenkoBuK, Ilpercemaren ma Mukomomko-rabapcku cojy3 Ha
Cpouja.



LHPHA I'OPA
1. Hdou. a-p Hanujena PanueBuk, Yuusepsuret Ha [{pua ['opa, buotexanmuku
¢axynrer, [lonropuna;
2. IIpod. n-p. Anekcanapa decmoroBuk, YumBep3uter Ha Llpua I'opa,
Buotexuuuku daxynrer, [loaropuia
BOCHA U XEPHET'OBUHA
1. Axkan. Ilpod. n-p Pane buouanun, I[laneBponcku VYHUBEp3UTET
"Aneupon", bama Jlyka u UnTepHanmoHasieH Y HUBEP3UTET TpaBHUK;
2. Hpod. n-p I'opuua LBujanoBuk, PexTop, YHusepsurer bujespnna,
bujessuna, Pemybnuka Cpricka;
3. IIpod. n-p MupocaaB Hene/bkoBUK, YHUBep3uTeT bujersrna, Pemyonmmka
Cpricka;
4. Mpod. n-p baxpuja Ymuxanuk, dakynrer 3a ekoHomuja, Ty3ina;
5. Tpo¢. n-p Mepuma Myjkuk Aibuk, CoBeTHuk Bo TypucTuuka 3aeaHuIa
Ha Tysnancku Kanton XXusunute;
6. IIpod. n-p Mapko MHBankoBuk, OeaepaneH Arpo-MeauTepaHcKu
WuctutyT, Mocrap;
7. Hou. a-p Mapuja bajaruk, VYuuepsuter bujessnna, bujersuna,
Pemry6nmka Cpricka.
CJOBEHHJA
1. Ipod. n-p Jea-Mapuja Iloaapuk-Jakme, Bucoka mxoma 3a
VYnpaByBamwe co pypainnu peruonu I' PM, Hoso Mecto
XPBATCKA
1. IlIpod. n-p Jacmuna Jlykunau, Yausep3urer ,, Jocun Jypaj LLItpocmajep”,
IIpexpan6eno - TexHomomkn hakynret, OcHjex;
2. Ipo¢. n-p Mapko Jykuk, Yuusepsurer ,Jocun Jypaj Iltpocmajep”,
[IpexpanOeno - TexHonOWKHN pakyarer, OcHjexk;
3. Hpod. n-p Jacenka TIajnom Kibycypuk, Yausepsurer Bo 3arpe0,
[IpexpanObeHo-0nOoTeXHOIOMKY haKkyiITeT, 3arpeod;
4. Boup. Ipod. a-p Tamapa Jypuna, VYHuBepsuter Bo 3arpeO,
[IpexpanOeH0-0NOTEXHOIIOMKH (haKkyiITeT, 3arpeod;
5. Mpod. a-p Mapko Jypakuk, "Wellness" yummumre "Vimal", 3arpe0.
AJIBAHUJA
1. Ilpod. n-p Wlmpecum J[Jdomm, ArpoyHusep3uteT Bo Tupana (AVYT),
daxynrer 3a ekoHOMHja U arpoduszanc (DEA), Tupana
BYI'APUJA
1. IIpod¢. n-p Hactja Bacuinea UBanoBa, Texunuku YHusepsutet, Konen
Cmugen, Coduja;

2. Bonp. npog. a-p I'ope Hakos, Texunuku Yuusepsuter, Koney Crusen,
Codmja;

3. IIpod. a-p Japuna 3ammanoBa, YHusepsutet Tpakuja, Crapa 3aropa;

4. TIpod¢. n-p Pajuo Unapuonos, Texundaku yHUBEp3UTET, ['abpoBO;

5. TIpod. a-p Xpucro bounosoB, BeinkoTpHOBCKH YHUBEP3UTET;

6. IIpod¢. n-p Brago Bragumupos, BenukoTpHOBCKH Y HUBEP3UTET;



7. TIpod. n-p Aparomup Baues, UuctutyT 1o 3eMjoaenctso, KaprooOar.
POMAHUJA

1. Ilpod. n-p Arara Ilomecky, YHuBep3uteT 3a 3emjomencku Hayku u
Berepunapna Menuuuna, bykypemir;

2. Mpod. a-p Adopea dymmanecky, Yuusep3uter 3a Hadra u 'ac, @akynrer
3a ekoHOMHUja, [TnoemTu;

3. Ipod. n-p ’Kan Bacuae Angpen, Yausepsurer 3a Hadpra u 'ac, akynrer
3a ekoHOMH]a, [TnoemTy;

4. IIpod. n-p Jonea Bocran , Yauepsurer ,,JlItedhan gyenr Mape*, Cyuasa;

5. A-p Jan Mapuyc Boumumaac, Pomancka Axanemuja Ha Haykure,
HuctutyT 32 3eMjonencka Exonomuja, bykypemir;

6. IIpod. a-p Panyka Uon, Axagemuja 3a Exonomcku Ctynuu, bBykypemr.

IHOJICKA

1. IIpod. n-p Auapej Kosasbcku, UnctutyT 3a 3emjonencka u [Ipexpandena

Exonomuja, Bapmasa
MOJIJABHAJA

1. Mpo. n-p Anexcanapy Crparan, Mucturyt 3a Ekonomuja, ®unancun u

Crarucruka, Knmmaes
PYCKA ®EJEPALINJA

1. IIpod. a-p Hatanuja Huxonaesna banamosa, @axynrer 3a Exonomuja,
HpxaBHa 3eMjonencka Akagemuja, Boarorpam;

2. pod. a-p Mupko MuTtuk, Hay4eH copabOTHHUK, HHCTUTYT ,,ApXUMEINC
Kiy6*, MockBa;

3. Jou. n-p Auekcangpa CeprejeBHa CkamMapoKXoBa, HCTpa)x<yBad,
oJIZIeTICHIE 3a 3eMjoiericka XpaHa, >kuBoTHH, PI'BHY (Penepanna nqp:xaBHa
Oyuyercka HayyHa MHCTHTYLHWja) KpacHogapcku HaydeH [eHTap 3a )KUBOTHH
1 BeTepUHApHA MEIULIMHA;

4. Acc. M-p Hemama CremanoB, dakynrer 3a CBeTCka €KOHOMHja H
Metynapoanu ogHocu, MockBa.

JIUTBAHUJA

1. Jd-p Pura JlamkayckmeHne, JlutBancku llenrap 3a Commjamam Haykw,

WucturyT 32 Ekonomuja u Pypanen Pa3soj, Bunmayc
YKPANHA
1. Ipod. n-p Terjama Mocrencka, Hanuonanen VYHuBep3utrer 3a
[Ipexpanbenu Texnonornu, Kues
IrPIIAJA
1. IIpod. n-p Hukonac Anepruc, Yausepsutet Bo Ilupej, [Tupej
TYPIIUJA

1. Hpod. n-p Cantr Enrmngenus, Yuusepsurer FEre, ®Paxynrer 3a

3emjoxenctio, Katenpa 3a 3emjonencka Exonomuja, M3mup
JAIIOHUJA
1. TIpo¢. n-p Macaxuko I'ema, Yuusepsurer Bacena, Tokno



HUTAJIUIA
1. Ipod. n-p Mapraper Jloceom, JIpkaBeH YHuusep3utrer Ha Tyiuja,
Burep6o
HIITAHHUJA
1. Ipod. a-p Murea Mopeno Musban, Yuusepsuret Bo Kopnoba, Koproba
KOCTA PUKA
1. IIpo¢. n-p Kapaoc Cadopuo Bukec, Yuusepsurer Ha Kocrapuka, Can
Xoce
KAHAJIA
M. Cu. Jyaujana lanaypeBuk, HoBuHap, nyosnmnucra, Abb, Toponto

HONORARY COMMITTEE

Prof. Dr. Emeritus Slobodan Cerovié, Founder and President of the Academy of
Hospitality, Tourism, and Wellness, Belgrade

Prof. Dr. Emeritus Slobodan Unkovi¢, Founder and Chairman of the Council of
the Academy of Hospitality, Tourism, and Wellness, Belgrade

Prof. Dr. Ilija Karov, University “Goce Delcev,” Faculty of Agriculture, Shtip
Mr. Zivko Popovski — Cvetin, artist, painter, and humanist, candidate for the Nobel
Peace Prize

Prof. Dr. Anka Trajkovska Petkoska, "St. Kliment Ohridski" University, Bitola,
Faculty of Technology and Technical Sciences, Veles

Prof. Dr. Vesna Knights, "St. Kliment Ohridski" University, Bitola, Faculty of
Technology and Technical Sciences, Veles

Prof. Dr. Ljiljana Tomié, University of Bijeljina, Bijeljina, Republika Srpska;
Mrs. Ivana Gjorgjievska, President of the Municipal Council of the Municipality
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HOPEAT'OBOP

Co o0coOeHO 3al0BOJICTBO M 4YYyBCTBO Ha
npodecroHasHa OArOBOPHOCT IO TPETCTaByBaMe OBOj
36opank Ha HayyHH TpyAoBHM o1 Brtopara
MelfyHApOJHA Hay4Ha arpo-0M3HMC KoHdepeHUIHja
AGROMAK 2026, ogpxana Bo Kymanoso Bo nepuogor
on 02 go 04 anpun 2026 roauHa.

Kondepennujara AGROMAK 2026
MIpeTCTaByBa 3Ha4YajHa HayYHa U CTPYUHA IIaTdopMa Koja
i o0enMHyBa aKkaJgeMCKaTa 3acJHMI, HAyIHOUCTPAXKYBAUKUTE MHCTUTYLINH, HOCUTEINTE
Ha jaBHU HOJWUTHKH, IPETCTABHUIINTE HA OM3HUC CEKTOPOT, KaKO M EKCIEPTUTE O 00acTa
Ha 3eMjOJIeNICTBOTO, PYpPaJHHOT pa3Boj W arpo-Om3umcor. OCHOBHAaTa I Ha OBaa
KoH(epeHIMja € Ja TMOTTUKHE HWHTepAMCIMIUIMHAPEH NOWjalior, pa3MeHa Ha Hay4YHH
CO3HaHHWja U JAOOPH MPAKTHUKH, KAKO M CO37aBalke¢ HOBH MOXKHOCTH 3a COpabOTKa momery
HayKaTa, MHCTUTYIIUUTE U CTOIIAaHCTBOTO.

Bo ycnoBn Ha AMHAMHUYHU €KOHOMCKH, TEXHOJIOIIKM M KIMMAaTCKH HPOMEHH,
COBPEMEHOTO 3€MjOIEIICTBO M arpo-OM3HUCOT C€ COOYYBaaT co OpOjHU MPEAN3BUIIM, HO U CO
3Ha4ajHU pa3BOJHM MOXKHOCTH. TOKMy 3aroa, HaydyHHTE HCTpPaXXyBamba W HHOBAIMUTE
MIPeTCTaByBaaT KiIy4deH (hakTop 3a yHaIllpeayBame Ha KOHKYPEHTHOCTA Ha 3€MjOJIEJICKOTO
TIPOM3BOICTBO, OJIP>KJINBOTO YIIPABYBAME CO MIPUPOTHHUTE PECYPCH, PA3BOjOT Ha PypaTHUTE
3aeIHUIN ¥ OJ00PYBambETO Ha KBAIUTETOT HA JKUBOT BO OBHE CPEIUHU.

Bo 0Boj 300pHUK ce coapKaHW HayYHH U CTPYYHH TPYIOBH OJ aBTOPHU OJI IIOBEKE
3eMjH, KON IPEKy CBOUTE NCTPaKyBamba M aHAIM3H IIPUIOHECYBaaT KOH o100po pa3dupame
Ha COBPEMEHHUTE TPEHIOBH BO arpo-OM3HHUCOT, OJPXKIMBOTO 3E€MjOJENICTBO, PYpPAIHHOT
TypH3aM, KIMMaTCKUTE NPEIU3BUIIM, WHOBAIIMUTE M Pa3BOJHUTE MOJUTHKU. TpynoBute
orndareHn BO 300pHUKOT C€ pE3yiATaT Ha Hay4yHa pa0oTa, NPAaKTUYHH HUCKYCTBa H
WHCTUTYIIMOHAIIHU TEPCIEKTHBH, ITO My JaBa Ha OBOj 300pHHK 3Ha4yajHA Hay4yHa |
MIPUMEHJIMBA BPEIHOCT.

Kako ypennuk Ha 0Boj 300pHHK, U3pa3yBaM HCKpeHa OJ1aroJapHOCT JI0 CUTE aBTOpH

3a HUBHHOT Hay4eH MpUAOHeC, 10 wieHoBuTe Ha Hayunnor u Opranusanuckuor onoop 3a
HUBHATa IIOCBETEHOCT M NpO(eCHOHANHA ITOMAPINKA, KaKO W IO CHTE HHCTHTYLHUH H
TapTHEPH KO I'o MOAApKaa OpraHu3upameTo Ha KoHpeperujata AGROMAK 2026.
Ce mazmeBame [eKa TpyIOBHTE O0jaBEHH BO OBOj 300pHHK K€ IMPETCTaByBaaT 3HAYacH
MIPUAOHEC KOH MOHATAaMOIIHHUOT Pa3BOj HAa HaydHAaTa MHCIA M NMPAKTUYHHUTE PEIICHHja BO
obyacta Ha arpo-OM3HMCOT, KaKO W TOTTHK 3a HOBHM HCTpaXyBama, NMapTHEPCTBA MU
MHHUIM]aTHBH BO HACOKA Ha OJPKJIMB Pa3B0j Ha 36MjOJICIICTBOTO U PYPATHUTE 3a€THHLIH.

Co noywur,
Ypennuk:
Jparan L{BeTkoBUK
AGROMAK 2026

Kymanoso, 02-04. Anpun 2026 rog.



FOREWORD

It is with great pleasure and a strong sense of
professional responsibility that we present this
Proceedings of Scientific Papers from the Second
International Scientific Agri-Business Conference
AGROMAK 2026, held in Kumanovo from April 2 to
April 4, 2026.

The AGROMAK 2026 conference represents an
important scientific and professional platform that brings
together the academic community, research institutions, policy makers, representatives of the
business sector, and experts in the fields of agriculture, rural development, and agribusiness.
The main objective of the conference is to encourage interdisciplinary dialogue, the exchange
of scientific knowledge and best practices, and the creation of new opportunities for
cooperation between science, institutions, and the business community.

In a time of dynamic economic, technological, and climate changes, modern
agriculture and agribusiness face numerous challenges, but also significant development
opportunities. Therefore, scientific research and innovation represent key factors for
improving the competitiveness of agricultural production, ensuring sustainable management
of natural resources, supporting the development of rural communities, and enhancing the
quality of life in these areas.

This proceedings volume contains scientific and professional papers authored by
researchers and experts from several countries, who through their studies and analyses
contribute to a better understanding of contemporary trends in agribusiness, sustainable
agriculture, rural tourism, climate challenges, innovation, and development policies. The
papers included in this volume are the result of scientific research, practical experience, and
institutional perspectives, giving this publication significant scientific and practical value.

As the editor of this proceedings volume, I would like to express my sincere
gratitude to all authors for their valuable scientific contributions, to the members of the
Scientific and Organizing Committees for their dedication and professional support, as well
as to all institutions and partners who supported the organization of the AGROMAK 2026
conference.

We hope that the papers published in this proceedings volume will represent a
valuable contribution to the further development of scientific thought and practical solutions
in the field of agribusiness, and will serve as an incentive for new research, partnerships, and
initiatives aimed at the sustainable development of agriculture and rural communities.

Respectfully,

Editor:
Dragan Cvetkovi¢
AGROMAK 2026

Kumanovo, 02-04. April 2026
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Abstract: The DIGI-AGROTOUR CHAT project aims to foster the sustainable development of rural
areas through the digital integration of agriculture and agritourism. Rural areas of Serbia, such as the
City of Kikinda and its surroundings, possess significant agricultural and tourism potential, yet they
face challenges including a weak digital presence, limited communication with tourists, and insufficient
promotion. Modern tourists increasingly seek authentic experiences, local products, and direct contact
with producers, creating opportunities for the application of innovative digital solutions. Field research
has shown a high level of interest in participation in agritourism and in the use of simple digital tools.
The key barriers identified during the research include a lack of digital skills, limited time for
communication, and inadequate promotion. Based on these findings, the project envisages the
development of a functional agro-tourism chatbot, the creation of digital content following the “from
field to table” concept, user training programs, and promotional activities, with the goal of increasing
visibility, economic sustainability, and the overall quality of the tourist experience.

The project is innovative as it represents the first integrated application of chatbot technology in
agritourism, connects multiple farms into a digital “cooperative,” and combines education, tourism,
and agriculture into a single multidimensional system. The implementation of this solution is expected
to increase tourist visits, farm income, digital literacy, and local identity, with minimal maintenance
costs and strong potential for expansion into new areas through public—private partnerships.
DIGI-AGROTOUR CHAT represents a sustainable, innovative, and replicable solution for the digital
transformation of rural tourism, integrating technology, education, and economic development with
the aim of strengthening local communities and enhancing the tourism offer.

Keywords: innovative solutions, chatbot technology, agritourism, sustainable development
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KOMyHUKayuje ca mypucmuma u HedogomHe npomoyuje. Caspemenu mypucmu cge guuie mpagice
aymeHmuuHa UCKyCcmea, 10KaIHe npouseooe u Oupekman KOHMaKm ca npou3eohasuma, wmo omeapa
npocmop 3a NpUMeHy UHOBAMUBHUX OUSUMAHUX peutersa. Mcmpasxcusarse npoeedeno Ha mepeny
NOKA3A0 je 8UCOK UHMepPeC 3a YKbYUUsarse y azpomypu3am u npumery jeOHOCMAasHuX OuSUmaiHux
anama. Kwyune npenpexe uOeHmMu@uKoéane mMOKOM UCMPAXCUBARA VKBYUYJY HEOOCmAamax
OUSUMATHUX 3HARA, OZPAHUYEHO 8peMe 30 KOMYHUKAYUJY U He0080bHYy npomoyujy. Ha ocrosy osux
Hanasa, npojexam npedsula pazeoj OYHKYUOHATHOZ ASPO-MYPUCMUUKOZS 4emOOmd, Kpeuparse
Jueumanuoe caopacaja ,,00 rmuge 00 cmoaa’, oOyke 3a KOPUCHUKE U NPOMOYUJY NOHYOe, Ca YU/beM
noeeharoa 6U0HUBOCHIU, EKOHOMCKE 0OPIHCUBOCIIU U KeATUmMema mypucmuukoe uckycmea. Ilpojexam
Jje unosamusan jep npeocmasba npey UHMezpUcany npumMeHy uemooma y azpomypusmy, nosesyje euuie
2a30UHCmMasa y oueumanty ,,3a0pyzy‘ u Kombumyje edykayujy, mypusam u nomeonpuepedy y jeoaw
Myamuoumensuonannu cucmem. QOuekyje ce Oa umniemeHmayuja oeoe peuiera nogeha 06poj
MYyPUCMUYKUX NOCeMd, NPUXo0 2a30UHCMABA, OUSUMATHY NUCMEHOCH U JIOKAIHU UOeHmumen, y3
MUHUMATIHE MPOWKO8E 00PIHCABAFA U NOMEHYUJATL 30 WUPEFbe HA HOBA NOOPYHjd KPO3 JABHO-NPUBAMHA
napmuepcmed.

DIGI-AGROTOUR CHAT npedcmasma 00paicugo, UHOBAMUBHO U PEeNnuyUOUIHO peulere 34
OUSUMANHY MPAHCHOPMAYUY PYPaIHOZ Mypusmd, Koje unmezpuuie mexHono2ujy, obpaszosarve u
EeKOHOMCKU PA360j Y YUbY jauared JIOKATHUX 3ajeOHuya u ynanpehersa mypucmuuxe nomyoe.

Kawyune peuu: unosamugna peuiersa, uemoom mexnonio2uja, azpo-mypuzam, 00pICUsU pazeoj

1. INTRODUCTION

DIGI-AGROTOUR CHAT is an innovative project aimed at enhancing rural development
through the digital integration of agriculture and agritourism. By applying modern chatbot
technologies, the project seeks to enable easier access to information, improve the promotion
of agro-tourism offerings, and strengthen interaction between agricultural holdings and
tourists.

Through the development of a digital platform, the project contributes to increasing the
visibility of local products and services, educating visitors about agricultural production, and
creating authentic tourist experiences. In this way, DIGI-AGROTOUR CHAT fosters the
sustainable economic development of rural areas, diversifies farm income, and preserves
local traditions in line with national and European development policies.

2. EXPLANATION OF THE PROJECT TYPE IN RELATION TO THE
TERRITORY OF THE CITY OF KIKINDA

The DIGI-AGROTOUR CHAT project falls within the field of rural digitalization and
agritourism development, with a particular focus on the application of innovative digital tools
in agriculture. The territory of the City of Kikinda represents an exceptionally suitable pilot
region for the implementation of this type of project, considering its developed agricultural
production, significant number of family farms, and the existence of real potential for the
development of agritourism activities.

Research conducted in this area has identified several key challenges: limited visibility of the
agro-tourism offer, insufficient digital presence of agricultural holdings, and inadequate
integration of agricultural production with tourism-related content. Although there is clear
interest in generating additional income through tourism, most farms lack access to simple
digital tools that would enable effective communication with potential visitors.
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Based on the results of field research, the need for an integrated solution was identified—one
that would simultaneously support agricultural production, promote local products, and foster
the development of agritourism services. For this reason, the project is conceptually oriented
toward the development of a chatbot platform that will enable easy access to information,
digital presentation of farms, and personalized communication with tourists, tailored to the
specific characteristics of the local area.

Through the implementation of this model in Kikinda and surrounding rural settlements, the
project aims to test an innovative approach to the digitalization of agritourism, with the
potential for successful solutions to be later transferred to other rural areas of the Republic
of Serbia.
- Project Type: Rural digitalization / Agritourism / Innovation
- Potential Funders:

- EU Funds (IPARD II1, Horizon Europe — Cluster 6)

- National Funds (Ministry of Agriculture, Ministry of Tourism)

- Local governments and development agencies
- Project Duration: 12—18 months.
- Area of Implementation: Republic of Serbia (pilot region: Vojvodina and the territory of
the City of Kikinda).

2.1 Project justification

Rural areas of Serbia possess significant potential for the development of agriculture and
tourism, which has not yet been fully utilized. These areas are characterized by fertile land,
traditional food production, and cultural and historical resources capable of attracting
tourists. However, despite these natural and cultural assets, there is a clear need for
modernization and digitalization of promotion processes and stronger alignment with tourism
demand.

The development of agritourism in rural communities contributes to economic and social
progress, but it often faces obstacles such as limited access to digital tools, insufficiently
systematized offerings, and restricted market visibility. Modern tourists increasingly seek
authentic experiences, local food, and direct contact with producers, creating opportunities
for innovative ways to connect agriculture and tourism.

In this context, the application of digital solutions represents a logical and sustainable step
forward. Digital channels enable easier access to information, more efficient communication
between producers and consumers, and improved promotion of agritourism offerings. Such
tools can significantly enhance the visibility of rural farms, increase regional
competitiveness, and stimulate the development of new activities that combine production
and tourism.

The justification for the project lies in the need to provide rural areas with an accessible,
intuitive, and sustainable digital channel that will enable:
- easier access to information and promotion of local products,
- efficient interaction with tourists,
structured presentation of agritourism offerings,
- improvement of the economic and social position of local communities.
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The current situation in rural areas, together with the evolving needs of modern tourists,
clearly demonstrates the importance and necessity of developing digital solutions capable of
integrating agriculture and tourism, ensuring sustainable development, and fostering the
economic growth of local communities.

2.2 Project objectives

The project has a clear and strategically defined objective focused on the development of
rural areas through the digital integration of agriculture and agritourism. The overall
objective of the project is to contribute to the sustainable development of rural communities
by enabling local farms to present their products and services to a wider audience, while
offering tourists authentic and educational experiences that combine agricultural production
and tourism.

The specific objectives of the project reflect multiple levels of benefits—for farms, tourists,

and the broader community:

1. Enhancing the visibility of agritourism offerings
- The project aims to provide rural farms and tourism activities with greater recognition
and accessibility through digital channels, enabling better market positioning and
attracting a larger number of visitors.

2. Digital support for agricultural holdings
- Through the application of modern digital tools and platforms, the project supports
farms in promotion, communication, and the management of tourism activities,
facilitating access to new markets and strengthening organizational capacities.

3. Increasing farm income through tourism
- The objective is to create conditions for the economically sustainable integration of
agritourism, ensuring that participation in tourism activities directly contributes to the
economic stability and income growth of local farms.

4. Educating tourists about agricultural production
- The project seeks to enable tourists to better understand food production processes, the
importance of local resources, and the cultural value of agricultural activities, thereby
contributing to education and the creation of authentic tourism experiences.

5. Encouraging young people to remain in rural areas
- By creating new economic opportunities and promoting innovative and digital
approaches in agritourism, the project encourages young people to stay in rural
communities, contributing to demographic sustainability and local development.

The project objectives demonstrate its multidimensional character, linking the economic,
educational, and social aspects of rural development. The focus on digitalization enables the
implementation of innovative solutions aligned with modern trends in tourism and
agriculture, while simultaneously promoting sustainability, economic activity, and social
inclusion within local communities.

2.3 Target groups

The project focuses on several target groups that are key to the successful implementation
and sustainability of a digital platform connecting agriculture and agritourism. These groups
include various participants in the agricultural and tourism value chains, aiming to ensure
that all stakeholders benefit from the application of project solutions.
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1. Agricultural holdings and rural tourist households
- The primary target group consists of farms producing agricultural products and offering
tourism services.
- The project provides them with the opportunity to promote their offerings in a digital,
accessible, and intuitive way, increase market visibility, and organize agritourism
activities.
- This group directly benefits from digitalization, including easier communication with
tourists and more effective management of their resources and activities.

2. Tourists (domestic and international)
- Tourists are the end users of the information and services provided by the platform.
- The project enables them to easily access the offerings, experience authentic rural life,
and participate in activities that combine agriculture and tourism.
- Digital tools provide convenience, speed, and clarity when planning visits, making
reservations, and interacting with producers.

3. Local communities and associations
- Local communities and associations play an important role in promoting the region and
organizing joint activities.
- The project facilitates better coordination and cooperation between farms, associations,
and tourism stakeholders, creating synergy that promotes local development and shared
economic benefits.

4. Young farmers and entrepreneurs
- This target group represents potential for innovation, modernization, and sustainable
development in rural areas.
- Through the use of digital tools, the project creates conditions for developing
entrepreneurial skills, establishing new business models, and retaining young people in
rural communities.

5. Tourism organizations
- Tourism organizations play a key role in promoting the region and connecting supply
with demand.
- The project allows them to integrate individual activities and farms into a single,
accessible system, facilitating marketing, management of tourist flows, and monitoring
visitor interests.

The project’s target groups cover all key actors in the rural tourism and agriculture value
chain. The focus on integrating digital solutions enables all groups to achieve tangible
benefits—ranging from economic and organizational to educational and social. The project
creates conditions for the sustainable development of the region, improves the visibility and
competitiveness of local farms, and simultaneously supports tourism development and the
retention of young people in rural areas.

2.4 Description of project activities
The project is structured into five interconnected activities that together cover all aspects of
developing a digital platform for connecting agriculture and agritourism. The purpose of this

division is to ensure a systematic approach, from identifying potentials and needs to
implementing the tools and promoting them on the market.
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Activity 1: Needs analysis and selection of pilot farms

- This activity forms the foundation of the project, as it maps the agritourism potential
of rural areas and defines the pilot farms that will participate in the platform
implementation.

- Mapping allows for precise identification of resources, activities, and capacities of
each farm, which is essential for adapting the digital solution to real needs.

- The selection of pilot farms provides a focused and manageable sample for testing
and final refinement of the solution.

Activity 2: Development of the agritourism chatbot

- The development of the chatbot represents the central technological component of
the project.

- Key functions include multilingual support, information on production,
accommodation, and activities, as well as booking capabilities and activity calendar
tracking.

- This activity enables the creation of a digital interface connecting farms and tourists
in a simple and intuitive way, increasing the visibility of offerings and facilitating
real-time activity management.

Activity 3: Digital content and “from field to table” stories

- Creating digital content allows tourists to gain a deeper understanding of local
agricultural production and cultural traditions.

- Descriptions of local products, traditional recipes, customs, and seasonal
agricultural cycles create an authentic experience and contribute to visitor
education.

- This activity promotes the region while linking the economic and educational
aspects of agritourism.

Activity 4: User training

- Training for farms and other platform users is a critical element for successful
implementation.

- Trainings ensure that users understand the chatbot’s functionalities, learn how to
apply it in daily operations, and fully exploit the benefits of the digital tool.

- This activity supports project sustainability and ensures long-term application of the
solution in rural communities.

Activity S: Promotion and visibility

- Promotional activities aim to maximize the platform’s visibility and connect the
agritourism offer with potential tourists.

- Online campaigns and collaboration with tourism organizations enable outreach to
a wider audience, build the region’s brand, and contribute to the economic and
tourism promotion of local farms.

All activities are interconnected and designed to provide a fully integrated solution—from
identifying needs, creating digital tools and content, through user training, to promotion and
visibility. This structure allows the project to simultaneously develop the technological
component while enhancing the economic, educational, and tourism aspects of rural areas,
supporting sustainable development and long-term application of the results.

2.5 Expected results

The project is designed to deliver concrete and measurable effects in rural areas, with a focus
on digitalization, economic development, and the promotion of agritourism. The expected
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results are anticipated to have a multidimensional impact on local farms, tourists, and the
wider community.

1. Functional agritourism chatbot
- The creation of a digital tool enables easy access to information on products,
accommodation, and activities.
- The chatbot will serve as an innovative communication channel that integrates
promotion, bookings, and management of tourism activities on a single platform.
- This solution is designed for users with limited technical knowledge, ensuring broad
accessibility and long-term use.

2. Increased number of tourist visits
- Digitalization and improved visibility of agritourism offerings make it easier for
tourists to plan visits and participate in activities.
- Clear and organized presentation of the offer increases the region’s attractiveness and
encourages higher tourist engagement, resulting in an economic impact on local
communities.

3. Increased farm income
- Integration of agritourism with digital channels allows farms to achieve better market
positioning, promote products, and sell directly to consumers.
- More efficient marketing and the possibility of automated booking of services
contribute to economic sustainability and revenue growth.

4. Improved digital literacy
- By introducing intuitive tools and providing user training, the project contributes to the
development of digital competencies among local stakeholders.
- Enhanced digital literacy enables farms to manage their offerings independently,
increasing the efficiency and sustainability of their activities.

5. Strengthening local identity
- Promotion of local products, traditions, and agritourism activities helps create a
recognizable regional brand.
- At the same time, it raises awareness of the cultural and natural value of rural areas,
contributing to sustainable community development and a positive impact on the local
economy.

The project is expected to generate a synergistic effect, where the technological solution not
only facilitates communication and promotion but also stimulates economic activity,
education, and the strengthening of local cultural awareness. In this way, the project provides
an integrated solution that connects digitalization with agritourism development and
sustainable growth of rural communities.

2.6 Project innovation

The project stands out for its innovation as it introduces a new approach to connecting
agriculture and tourism through digital technologies. The innovativeness is reflected in
several key aspects:
1. First integrated application of a chatbot in agritourism
- The project introduces a chatbot as the central tool for digital communication,
promotion, and management of tourism activities in rural areas.
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- Integrating the chatbot into agritourism is a regional novelty, enabling automated
interaction with tourists, surveys, bookings, and providing a comprehensive overview of
offerings in a single platform.

2. Combination of education, tourism, and agriculture
- The project combines three key elements: educating tourists about local production and
traditions, tourism activities, and economic support for farms.
- This multidimensional integration allows the creation of authentic experiences that
simultaneously promote culture, enhance economic value, and foster education.

3. Digital "cooperative" of multiple farms
- The project enables the connection of multiple farms on a single digital platform,
creating the effect of a digital cooperative.
- This solution allows for coordinated promotion, easier management of offerings,
increased visibility and competitiveness of all participating farms, and creates conditions
for collective growth and economic sustainability.

The project’s innovation lies in applying modern digital technologies to rural tourism and
agriculture in a way that has not been implemented before. The project not only introduces
new technological tools but also creates a model for an integrated approach that connects
education, tourism, and economic development, providing a sustainable solution to enhance
visibility, economic activity, and the competencies of local communities.

2.7 Project sustainability

The project is designed with the goal of long-term sustainability, both technologically and
economically, as well as organizationally. Key aspects of the project’s sustainability include:
1. Potential for expansion to new areas
- The digital platform is scalable and can be implemented beyond the pilot region,
allowing the inclusion of other rural areas in Serbia.
- Such expansion increases the project’s impact, contributes to national agritourism
development, and enables the transfer of knowledge and best practices to new users.
2. Minimal maintenance costs
- The platform and chatbot are designed to require minimal maintenance and technical
support.
- Ease of use and process automation ensure that farms and local organizations can
manage the service independently, reducing reliance on external resources and
increasing economic sustainability.
3. Potential for public—private partnerships
- The project provides opportunities to establish partnerships between the public sector
(local governments, tourism organizations) and private stakeholders (farms, tourism
operators).
- Public—private partnerships can support financial and organizational sustainability,
enable additional investment in the platform and promotion, and stimulate joint
initiatives for rural tourism development.

Project sustainability is ensured through a scalable and cost-effective model that allows
expansion to new areas, minimizes costs, and creates conditions for collaboration among
diverse stakeholders. The digital solution and innovative approach guarantee long-term
application, support local communities, and promote the continuous development of
agritourism as a sustainable economic and cultural resource.
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2.8 Budget — Framework

The project budget is designed to cover all key aspects of developing a digital platform for
connecting agriculture and agritourism, with a focus on efficient and rational use of
resources. The budget structure includes four main components:
1. Platform and chatbot development
- This item covers all costs related to the technical development of the digital solution,
including design, programming, multilingual support, and functionality testing.
- Platform development is critical to the project’s success as it serves as the primary
channel for promoting and managing agritourism offerings.
2. Training and workshops
- User training, including for farms and local organizations, is a key part of the budget.
- This includes preparation of materials, conducting workshops, and support for using
digital tools.
- Investment in training ensures the long-term sustainability of the project by enabling
users to independently manage the platform.
3. Promotion and marketing
- This component includes online and offline promotion, including advertising,
marketing campaigns, and collaboration with tourism organizations.
- Promotion is necessary to increase the platform’s visibility, attract tourists, and
stimulate economic impact for local farms.
4. Project management
- Management costs cover activity coordination, monitoring and reporting, as well as
administrative and organizational support.
- Efficient management is essential for implementing the project according to timelines,
resources, and objectives.

The project budget is structured to cover all critical elements of implementation, from
technological development and user training to promotion and management. This resource
allocation ensures rational and efficient use of funds, supports sustainability, and maximizes
impact for all target groups. The detailed budget will be adapted to the specific requirements
of funders and the actual costs in the field.

The DIGI-AGROTOUR CHAT project represents a modern, innovative, and sustainable
solution that contributes to the development of agriculture and agritourism, aligned with EU
priorities and national rural development strategies.

3. MINI STUDY: POTENTIALS FOR DIGITALIZATION OF
AGRITOURISM IN THE CITY OF KIKINDA - BASED ON A SAMPLE OF
40 FARMS

3.1. Research objective

The aim of the research was to gain a detailed understanding of the status and needs of
agricultural farms in the city of Kikinda and surrounding rural settlements in the context of
digitalization and agritourism. The main focus of the study covered three key areas:
1. Level of digital presence of farms
- The study examined how farms use digital channels to promote their production and
tourism offerings.
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- Assessing digital presence allows understanding of how ready the community is to
adopt modern technologies and where gaps exist.

2. Interest in developing agritourism activities
- The research evaluated farms’ interest in participating in activities that connect
agriculture and tourism.
- This includes potential activities such as local product tastings, participation of
tourists in seasonal farm work, and on-site product sales.

3. Readiness to adopt digital tools for communication with tourists
- The study examined how farms perceive the need for simple digital solutions, such as
chatbots or other platforms, enabling automated communication, bookings, and tourist
information.
- This component is key to identifying technological barriers and opportunities for the
digital transformation of agritourism activities.

The research was designed to provide a comprehensive picture of local farms’ readiness,
interest, and needs, enabling the creation of targeted, innovative, and sustainable solutions
for developing digital agritourism in the region.

3.2 Research methodology — explanation

The research was conducted as a combined qualitative—quantitative field analysis during
March—May 2025, aiming to collect comprehensive information on the digital presence of
farms, their interest in agritourism, readiness to adopt digital tools, and the potential of local
tourism offerings in Kikinda and surrounding suburban and rural settlements.

3.2.1 Quantitative Part

Survey of farms: The survey included 40 farms, selected as a representative sample
covering different types of production and locations (village, suburban, and central areas of
Kikinda).

The survey aimed to statistically measure:
- Level of digital presence (websites, social media)
- Interest in agritourism activities
- Need for digital tools (chatbot platform)

3.2.2 Qualitative Part

- Semi-structured interviews: Interviews were conducted with selected farm owners
and representatives of local tourism organizations to gain deeper understanding of:

- Specific problems and challenges in agritourism development

- Perceptions of digital solutions and their application

- Local potentials not visible through quantitative data

- Analysis of existing tourism and digital offerings: A systematic analysis of current
agritourism offerings in Kikinda and its surroundings was conducted, including online
presence, promotional activities, and information available to tourists. This part helped
identify gaps and opportunities for digitally connecting agriculture and tourism.
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3.2.3 Sample

- Number of participants: 40 farms
- Area: City of Kikinda and surrounding suburban/rural settlements
- Selection criteria:

- Different types of production (vegetables, fruit, livestock)

- Existing and potential agritourism development

- Willingness to cooperate and participate in digital projects

By combining quantitative surveys and qualitative interviews with an analysis of current
offerings, the study provided a comprehensive insight into the needs and potentials of farms
in Kikinda. This methodology provides a solid foundation for developing the DIGI-
AGROTOUR CHAT digital platform, as it identifies both the challenges and opportunities
the project needs to address.

4. INTRODUCTION AND RESEARCH ANALYSIS

The research on agricultural farms in the city of Kikinda and surrounding suburban and rural
settlements was conducted between March and May 2025. The purpose of this study was to
provide a detailed insight into the digital habits of farms, their interest in agritourism, and the
need for digital tools to facilitate promotion and communication with tourists.

The research approach was combined, incorporating both quantitative and qualitative
methods to obtain a comprehensive and accurate picture of the actual situation on the ground.
The quantitative part included a survey of 40 farms, selected to cover different types of
production, farm sizes, and geographical locations (central Kikinda, suburban, and rural
areas). The survey allowed for the collection of structured data on existing digital presence,
interest in agritourism activities, and the obstacles farms face in promoting themselves and
communicating with potential tourists.

The qualitative part involved semi-structured interviews with farm owners and
representatives of local tourism organizations, which enabled a deeper understanding of
specific challenges and potentials. These interviews identified critical aspects that cannot be
fully revealed through surveys, such as: specific needs for digital tools, challenges in
organizing agritourism activities, and the local community’s perception of digitalization.

Additionally, a systematic analysis of the existing tourism and digital offerings in the Kikinda
region was conducted. This analysis helped identify gaps in the current offerings and
potential for implementing digital solutions that would increase farm visibility and attract
more tourists.

All collected data were processed and visually presented through tables and charts to provide
a clear and comprehensive overview of key findings. The results of this analysis provide the
foundation for the design and development of the DIGI-AGROTOUR CHAT digital
platform, which aims to connect agriculture and agritourism, facilitate communication with
tourists, and promote local products.
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This section sets the context for the further presentation of data and allows for an
understanding of how the findings were obtained, as well as their practical application in
developing digital support for agritourism in Kikinda and surrounding areas.

Mini Research — Kikinda City Area

Table 1: Key Research Findings

Research Indicators Percentage of
respondents (%)

Farms without a website or digital presence 65

Farms interested in developing agritourism 70

Farms reporting a lack of digital skills as an obstacle 60

Farms interested in a simple digital tool (chatbot) 75

Source: Author

Table 1 presents the key indicators obtained from a survey conducted among 40 agricultural
farms in the city of Kikinda and surrounding suburban and rural settlements. The data
highlight three important areas that affect the development of digital presence and
agritourism:
1. Digital Presence of Farms
- More than half of the surveyed farms (65%) do not have their own website or digital
presentation.
- This indicates a significant gap in online visibility and insufficient internet presence,
which limits the promotion of products and tourism activities.
- The lack of a digital platform to showcase local products and services reduces the
possibility of direct communication with potential tourists.
2. Interest in Agritourism Development
- A large number of farms (70%) show interest in developing agritourism.
- This indicates the existing potential of the region to connect agriculture with tourism
and create new sources of income.
- However, interest alone is not enough — tools, support, and knowledge are needed
for successful implementation of these activities.
3. Issues with Digital Skills and Need for Tools
- About 60% of respondents indicate that a lack of digital knowledge is an obstacle to
promoting and developing agritourism.
- At the same time, 75% of farms are interested in a simple digital tool (chatbot) that
could assist them in communication and promotion.
- This reveals a clear need for intuitive and practical solutions that can be applied
without advanced technical knowledge.

Summary of Findings: The results show that digitalization and the connection between
agriculture and agritourism in Kikinda and its surroundings are still at an early stage, but
there is significant interest and readiness to adopt new tools. The data indicate two main
barriers:

1. Lack of a personal digital presence.

2. Insufficient digital literacy.
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Chat 1. Research indicator

No website/digital presentation e —

[nferest in agritourism —
Lack of digital skills e —————|
Interest in digital tools ——————

54% 56% 58% 60% 62% 64% 66% 68% 70% 72%
Source: Author

At the same time, the high level of interest in using simple digital tools, such as a chatbot
platform, represents a promising opportunity for developing digital solutions that can
directly connect farms with tourists, facilitate product promotion, and accelerate the growth
of agritourism.

Table 2: Identified problems and needs

Area Perceived problem Identified need
Digital presence Weak or non-existent online Unique digital platform
visibility
Communication with Lack of time and capacity Automated communication
tourists
Agritourism offer Insufficiently structured offer | Packaged agro-tourism
activities
Knowledge and skills Insufficient digital literacy Simple and intuitive tool

Source: Author

Table 2. systematically presents the key problems and needs of agricultural farms in the city
of Kikinda, identified through surveys and semi-structured interviews. These findings
provide the foundation for developing digital solutions and targeted measures within the
DIGI-AGROTOUR CHAT project.

1. Digital Presence
- Problem: Weak or non-existent online visibility of farms.
- Need: A unified digital platform that allows each farm to present its products, services,
and agritourism offerings online in one place.
- Comment: Lack of online visibility limits the ability to attract tourists and promote
local products. A centralized platform would enable easier presentation and increase
accessibility of information for potential visitors.

2. Communication with Tourists
- Problem: Lack of time and capacity for direct communication with tourists.
- Need: Automated communication enabling quick responses to inquiries, visit requests,
or bookings.
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- Comment: Farms often lack resources to respond to every tourist request in real time.
A chatbot or other digital tools can significantly improve efficiency and information
accessibility.

3. Agritourism Offerings
- Problem: Insufficiently structured offerings that do not clearly present tourist activities.
- Need: Packaged agritourism activities combining production, tastings, educational, and
recreational content.
- Comment: Tourists often cannot understand what is available or how to use the
offerings. Structuring and packaging activities helps promotion and creates an attractive
and unique experience.

4. Knowledge and Skills
- Problem: Insufficient digital literacy among farm owners.
- Need: A simple and intuitive tool enabling quick and easy use without requiring
advanced technical knowledge.
- Comment: There is a need for tools adapted to users with limited digital experience.
An intuitive interface and simple functionality allow higher adoption rates and effective
use of digital solutions.

These findings clearly highlight four key areas where farms face challenges: digital visibility,
communication, structured offerings, and digital skills. At the same time, each area has a
clearly defined need, allowing for targeted solutions through a digital platform. By
introducing a centralized and intuitive system for presentation, communication, and
packaging of agritourism activities, significant improvements in farm visibility and increased
tourist interest in visiting Kikinda and its surroundings are expected.

Chart 2. Categories of obstacles

» Lack of digital skills = Lack of time « Lack of promotion

Source: Author

Chart 2 illustrates the main obstacles faced by agricultural farms in developing agritourism
and digital promotion:
- Lack of digital skills (60%) — the most common barrier, indicating that the majority
of farms are not sufficiently familiar with using digital tools.
- Lack of time (50%) — half of the respondents reported limited capacity for
communication with tourists and managing activities.
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Lack of promotion (40%) — a significant number of farms are unable to effectively
promote their offerings, which affects visibility and visitor numbers.

Interpretation:

The primary obstacle is insufficient knowledge of digital tools, highlighting the
need for simple and adaptable digital solutions, such as a chatbot.

Lack of time and promotional capacity indicates that farms need tools that save time
and automate communication and marketing.

The pie chart visually emphasizes the relative importance of each obstacle, helping
to prioritize project measures and interventions.

Table 3: Linkage between research and project activities

Research findings Project Solution

Lack of digital presentation Development of an agri-tourism chatbot
Limited communication with tourists | Automatic responses and reservations
Untapped agritourism potential Digital promotion "from field to table"
Need for simple tools Custom interface for farms

Source: Author

Table 3. clearly shows the direct link between field research findings and the project solutions
planned through the DIGI-AGROTOUR CHAT platform. This provides a clear overview of
how specific problems faced by farms can be addressed using digital tools.

1.

Lack of digital presence — Development of an agro-tourism chatbot

65% of respondents do not have their own digital visibility.

Addressing this issue through the chatbot platform allows for a centralized and
accessible presentation of products and services, without the need for a separate
website or complex web solutions.

Limited communication with tourists — Automated responses and bookings
Farms do not have enough time or capacity to respond to tourist inquiries in real
time.

Automated responses and booking systems enable efficient interaction with tourists,
reducing the workload for owners and increasing accessibility of information.
Untapped agritourism potential — Digital promotion “from farm to table”

A large portion of the offering is under-promoted or unstructured.

The goal of the digital platform is to highlight specific activities and products,
presenting a unique experience that tourists can enjoy from production to
consumption.

Need for simple tools — User-friendly interface for farms

Not all farms are digitally literate, which can be a barrier to using complex systems.
A tailored interface enables easy navigation and use of the chatbot without deep
technical knowledge, ensuring high usability of the platform.

Table 3 demonstrates how concrete research findings can be directly transformed into
solutions. Each obstacle has a clear strategy for overcoming it, making the project plan
precise and practical. This linkage between research results and project activities ensures that
the DIGI-AGROTOUR CHAT platform addresses the real needs of local farms.
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Chart 3. Compared interest

76%
75%

74%
73%
72%
71%
70%
69%
68%
67%

Agritourism  Digital tool
Source: Author

The chart shows the percentage of surveyed farms interested in two key areas:
1. Agritourism (70%) — the number of farms expressing willingness or interest in
participating in agritourism activities.
2. Digital tool (75%) — the number of farms showing interest in using a simple digital
tool (chatbot) to assist in promotion, communication with tourists, and management
of activities.

Interpretation:
- The bar for agritourism (70%) indicates that most farms recognize the importance of
engaging in tourist activities and are willing to develop them.
- The bar for the digital tool (75%) shows that an even greater number of farms see the
benefits of applying digital solutions that facilitate communication and promotion.
- The 5-percentage-point difference suggests that while interest in agritourism is high,
there is an even stronger awareness of the need for digital support to successfully
implement these activities.

The chart visually demonstrates that digitalization, through a simple and functional tool, is a
critical factor in promoting and facilitating the development of agritourism. It emphasizes
that the digital aspect is nearly as important as the agritourism activities themselves,
justifying the development of platforms like DIGI-AGROTOUR CHAT.

4.1 Analysis of the graphical representation of the research methodology

To present the study of agricultural farms in Kikinda and its surroundings in a clear and
organized way, a graphical representation of the methodology (flowchart) was created. This
visual representation allows for an immediate understanding of the structural and logical
connections between all research steps — from defining the sample, through data collection
using various methods, to processing results and formulating concrete recommendations for
the development of the DIGI-AGROTOUR CHAT digital platform.

The flowchart illustrates the integration of quantitative and qualitative approaches. The
quantitative component, based on surveys of agricultural farms, provides statistical data on
digital presence, interest in agritourism, and obstacles in the use of digital tools. The
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qualitative component, based on semi-structured interviews, enables a deeper understanding
of specific challenges, needs, and potentials that surveys alone cannot fully reveal. In
addition, the existing tourism and digital offerings were analyzed, allowing the identification
of gaps in the current system and the introduction of new solutions that will enhance the
visibility and promotion of local farms.

Figure 1. Systematic presentation of steps during field research

Research on agricultural holdings
(Kikinda and surrounding area)

Quantitative part: / Qualitative component — N Analysis of the existing

survey of 40 farms semi-structured interview tourist and digital offer

U

Data collected on digital presence, interest in
agritourism and need for digital tools

(Ctrl) -

Conclusions and recommendations
for the development of the
DIGI-AGROTOUR CHAT platform

Source: Author

Flowchart represents a systematic overview of the steps followed during field research of
agricultural farms in the city of Kikinda and its surrounding areas. This visual representation
allows a clear understanding of the structure and logic of the research process, as well as how
the collected data were processed for the purposes of the DIGI-AGROTOUR CHAT project.

1. Research of agricultural farms (top square in the flowchart)

- This step defines the sample of 40 farms in Kikinda and the surrounding areas,

including urban, suburban, and rural locations.

- It establishes the basic context of the research: which groups of respondents are

included and in which areas.

2. Quantitative part — Surveys

- The aim of the surveys is to collect structured data on farms’ digital presence, interest

in agritourism, existing problems, and potential needs for digital tools.

- This step enables statistical analysis and forms the basis for charts and tables illustrating

the results.

3. Qualitative part — Semi-structured interviews

- Interviews with farm owners and local tourism organization representatives provide a

deeper understanding of specific problems and needs.

- Qualitative data give context and explanation for the survey findings and allow

identification of practical obstacles and potential opportunities.

4. Analysis of existing tourism and digital offerings

- This step identifies gaps in the current offerings and highlights where the digital

platform can provide added value.

- The results help define platform functionalities and promotional strategies.
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5. Collected data on digital presence, interest in agritourism, and need for digital tools

- All data from the quantitative and qualitative parts, along with the results of the existing

offerings analysis, are combined at this stage.

- A complete set of findings is formed, enabling the creation of tables, charts, and further

analysis.

6. Conclusions and recommendations for the development of the DIGI-AGROTOUR
CHAT platform

- Based on the collected data, concrete recommendations are defined for the development

of the digital platform.

- Solutions are created for identified problems: digital visibility of farms, automated

communication, structuring agritourism offerings, and simple tools adapted for users.

The purpose of this graphical representation is to show how different research methods are
interconnected and how the collected data lead to concrete conclusions and
recommendations. It forms the basis for creating tables and charts that visually illustrate the
findings while providing the reader with a clear overview of the logic of the research process,
which is essential for planning and implementing the digital platform in practice.

The flowchart presents a systematic and organized overview of all steps followed during the
field research of agricultural farms. This visual representation allows clear understanding of
the research structure and logic, identifying how data were collected and processed for the
DIGI-AGROTOUR CHAT project.

The methodology flowchart precisely and systematically illustrates the research process —
from defining the sample and choosing data collection methods, through integrated analysis
of quantitative and qualitative results, to formulating conclusions and recommendations.
Such visualization emphasizes the complexity and interconnection of the process, showing
how the combination of surveys, semi-structured interviews, and analysis of existing tourism
and digital offerings allows the creation of a platform fully adapted to the actual needs and
capacities of local farms.

The flowchart also serves as a guide for further interpretation of results, as it allows at a
glance to see which data lead to which conclusions and how each methodological component
contributes to the development of concrete solutions within the project.

5. KEY RESEARCH FINDINGS

Field research conducted on a sample of 40 agricultural farms in the city of Kikinda and its
surrounding suburban and rural areas revealed significant trends and needs regarding digital
presence, agritourism potential, main challenges, and the readiness of farms to adopt digital
solutions. These findings provide the basis for developing the strategy for the DIGI-
AGROTOUR CHAT digital platform.

5.1 Digital presence

The research shows that over 65% of farms do not have their own website or any digital
presentation, indicating a significant gap in online visibility. Existing social media presence
is irregular and often unprofessional, making it difficult to attract tourists and promote
products. The lack of a systematic and standardized way of presenting offerings significantly
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limits tourism visibility and reduces the possibility of direct communication with potential
visitors.

These findings highlight the need for a single, centralized digital platform that would allow
each farm to present its products, services, and activities in one place, easily and clearly.

5.2 Agritourism potential

The research also revealed that around 70% of respondents expressed interest in participating
in agritourism activities. The most frequently mentioned activities include:
- Local product tastings — allowing tourists to experience the authentic flavors of the
region.
- Participation in seasonal agricultural work — providing an interactive and educational
experience for visitors.
- On-site product sales — stimulating direct purchases, promoting local products, and
supporting the local economy.

These data indicate significant potential for agritourism development in Kikinda, while also
emphasizing the need for structured and clearly presented offerings so that tourists can easily
access information and participate in activities.

5.3 Main challenges

Respondents identified several key obstacles that hinder the development of digital presence
and agritourism activities:
- Lack of time to communicate with tourists — preventing fast and efficient interaction,
often resulting in missed opportunities.
- Insufficient knowledge of digital tools — creating a barrier for independently creating
online content or managing platforms.
- Absence of a unified promotion platform — resulting in disorganized and hard-to-
access offerings for both tourists and farm promotion.

These findings show that although there is interest in agritourism development, without
adequate digital tools and support, the region’s potential remains underutilized.

5.4. Readiness for digital solutions

Most respondents (over 75%) showed interest in adopting simple digital tools, such as a
chatbot platform. Respondents emphasized that the tool should:
- Be easy to use, with an intuitive interface.
- Require no technical knowledge, making it accessible for owners with limited digital
experience.
- Enable automated communication with tourists, including answering inquiries,
registration for visits, or reservations.

These findings indicate a clear readiness among farms for digitalization and a need for tools
that integrate promotion, communication, and offer management in one place. Implementing
such a solution would overcome existing obstacles and stimulate the development of
agritourism in Kikinda.
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6. BACKGROUND AND PROJECT JUSTIFICATION

Rural areas of Serbia, including the region around the city of Kikinda, possess significant
potential both in agricultural production and in the development of agritourism. However,
field research results indicate that this potential is not yet fully realized due to a range of
structural and technological limitations.

Key problems and obstacles identified in the research include:
1. Lack of digital tools and online visibility
- Over 65% of surveyed farms do not have their own website or regular digital
presentation.
- Social media presence is irregular and often unprofessional, making it difficult to
promote products and services and limiting access to tourists.
2. Limited communication with tourists
- Farms lack sufficient time or capacity for direct interaction with tourists, resulting in
missed opportunities for bookings or on-site sales.
- The absence of automated communication channels further slows processes and
reduces the attractiveness of the offerings.
3. Insufficiently structured and promoted agritourism offerings
- Although 70% of respondents show interest in agritourism, activities are often scattered
and poorly highlighted, making it difficult for tourists to find and engage with them.
- The lack of a unified channel for presentation and packaging of offerings reduces the
commercial potential of the farms.
4. Limited digital literacy
- Over 60% of respondents report insufficient knowledge of digital tools as a barrier to
developing and promoting agritourism.
- There is a clear need for simple and intuitive solutions, as most farms do not have the
technical knowledge to operate complex systems.

At the same time, modern tourists increasingly seek authentic and personalized experiences,
local food, and direct contact with producers. These trends indicate a growing demand for
services that combine agriculture and tourism in a new, digitally supported way.

In this context, the application of chatbot technology represents an effective solution to
overcome the identified challenges. A simple, accessible, and user-friendly digital channel
enables:

- Centralized presentation of agritourism activities and products.

- Automated communication with tourists.

- Easy management of offerings without requiring advanced digital skills.

- Integration of agriculture and tourism in a single, sustainable framework.

The project background confirms a clear need for the digitalization of rural areas and the
development of tools that allow farms to effectively and efficiently promote their products
and agritourism activities. The DIGI-AGROTOUR CHAT project addresses these specific
field needs and represents an innovative and sustainable approach that enhances the
competitiveness of local farms, increases the region’s visibility, and stimulates the
development of agritourism in Serbia.
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7. CONCLUSION

The DIGI-AGROTOUR CHAT project represents an innovative and strategic approach to
rural development, linking agriculture and agritourism through digitalization. Field analysis
and research conducted in the city of Kikinda and surrounding areas reveal significant
potential for the development of agritourism activities, while also identifying concrete
barriers such as limited digital presence, insufficient knowledge, and restricted
communication with tourists.

The research identified the key needs of local farms — a digital platform that enables easy
promotion, automated communication, and efficient management of offerings. Based on
these findings, the project was designed to integrate a technological solution (chatbot),
digital content, user training, and promotional activities, aiming to ensure visibility,
economic sustainability, and long-term strengthening of rural communities.

All project activities are interconnected and support multiple specific objectives: improving
the visibility of agritourism offerings, increasing farm income, educating tourists about
agricultural production, and encouraging young people to remain in rural areas. The
implementation of a digital tool and the promotion of authentic agritourism experiences are
expected to increase visits, improve the economic position of local farms, and reinforce the
local identity.

The project also emphasizes innovation — it is the first integrated application of a chatbot in
agritourism, with the potential to connect multiple farms into a digital “cooperative” and a
focus on a multidimensional impact that includes tourism, education, and agriculture. Long-
term sustainability is ensured through minimal maintenance costs, the potential for public-
private partnerships, and the possibility of expansion to new regions.

In summary, the project provides a concrete response to identified needs and challenges,
integrating research results into the development of solutions that contribute to sustainable
rural development, economic strengthening of local farms, and improved quality of tourist
experiences. It sets a model that can be replicated and adapted to other rural regions,

creating a long-term and multidimensional impact.
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Ancmpaxm: Osaa cmyouja uma 3a yen 0a 2u UCNUMA NPOMeHUme 60 UHOEKCOM HA MeNecHa Macd,
npOYEHMom Ha MmeaecHu Macmu U nPOYeHmMom Ha 2YOUMOK Ha 6ULOK MeNeCHd MeXCUHA NO NPOSPAMA
3a Hamanyeare Ha meiechama medxcuna. Pesyimamume nokasxcysaam 6p3o nodobpysarse Ha
AHMPONOMEMpPUCKUMe NaApamempu 60 MeKom Ha Npeama 200UHd, CO MAKCUMAneH egekm Koaa
uUHOeKCcom Ha menecHa maca ce Hamanyea 00 45 ma 32 kg/m? npoyenmom Ha menecHu macmu ce
peodyyupa na 36%, a 2ybumoxom na suuiok meaecrna medxcuna oocmuenyea 69%. Illomoa ciedysa ghasa
HA cmMabuiu3ayuja co Mano 3201eMy8are Had UHOEKCOM HA MeleCcHd MAca U NPOYEHMON Hd MeleCHU
macmu, KAKo U HAMANY8are HA 2yOUmOKOM HA SUWOK MENECHA MENCUHA, WIMO YKAJCY8d HA
Mmemabonuuka adanmayuja. Cmyoujama ja naznacysa 6axcHOCa 00 pasiuKysarse nomery kynHomo
Hamanysarse Ha menecHama MmedCuna u npoMeHume 60 MenecHama KOMRO3UYUjd, co aKkyewm Ha
3auysysare Ha OesmacHama menecHa maca. JonoiHumenno, ce paszenedyéa KOHYenmom Hd
Memabonna Xxupypauja, npu wmo ce NoKaxcyéa Oeka npuoodUsKume He ce OZPAHUYEHU CAMO HA
JIeKysare Ha Oeberunama, myKy ongaxaam u nooobpysare HA MemabOIHU HAPYULY8aArbd KAKO
oujabemec mun 2. HympumueHuom meHaymerm e 00 CYyumuHcKo 3Hauerse no 1anapockoncka sleeve
2cacmpexkmomuja. Ce npenopauyea CmpyKkmypupan OUememcKu pejcum co noOCHeneH npemuH 00 meuna
KOH Y8PCMA UCXPAHA, CO Yel 0d ce 0803MOJCU 3a30pasyeare Ha dcelyOHuKom, da ce obezbedu
adeksamen eHec Ha npomeunu (>60-80 g/Oen) u Oa ce MuHUMUIUPAAM NOCMONEPAMUGHUME
Komnaukayuu. Bucokonpomeunckama ucxpana e Kiyuna 3a 00picysarbe Ha Memaboiuykomo 3opasje
U npesenyuja Ha HympumueHu oeguyumu.

Knyunu 360posu: /leberuna, unoexc na menecha maca (BMI), bapujampucka xupypeuja, 00120pouHo
HAMALY8aArbe HA MeNeCHAMA MENCUHA, MENECHA KOMNO3UYUja

1. INTRODUCTION

Obesity has been described as “an abnormal or excessive fat accumulation that presents a
risk to health” according to the World Health Organization (WHO), but in reality, excessive
fat is seldom directly measured (Blundell et al., 2014). Instead, body mass index (BMI),
which is calculated as weight divided by height squared, is commonly utilized to categorize
overweight (25.0-29.9 kg/m?) and obese (> 30.0 kg/m?) individuals. Though it is a useful tool
that is also inexpensive to measure, it does not measure fat distribution, which limits its
precision as a tool in the new era of personalized medicine (Goémez-Ambrosi et al., 2011,
2012a). For instance, an individual classified as having class I obesity can have a visceral fat
index and total adiposity comparable to those of an individual classified as having a much
higher BMI (Gémez-Ambrosi et al., 2014). However, it has been shown to be a strong
predictor of overall mortality, where excess mortality at a BMI of 30 kg/m? or greater is due
to vascular causes (Flegal et al., 2013, 2015). Increased BMI values have been associated
with decreased life expectancy by 2-4 years at 30-35 kg/m? and by 8-10 years at 40-45 kg/m?,
which is comparable to the impact of smoking (Kitahara et al., 2014). In addition, even
increased BMI values within the high-normal percentiles have been associated with long-
term cardiovascular and all-cause mortality in adolescence (Twig et al., 2016). The study by
Morina & Brestovci, 2022 revealed a high prevalence of overweight and obesity in adults in
Kosovo, which is in accordance with trends observed in other ethnic groups in Eastern
Europe (Blundell et al., 2017; Stepaniak et al., 2016). In this study, 46.5% were overweight
and 21.5% were obese, which is in accordance with previous reports that suggested that more
than half of European adults were overweight and obese (Berghofer et al., 2008; Peytremann-
Bridevaux et al., 2007). In this study, it was observed that women were more obese than men,
which is in accordance with previous reports that suggested that gender differences exist in
body composition and fat distribution (Manios et al., 2005; de Salas et al., 2016). In this
study, it was observed that older adults (>60 years) were more overweight and obese than
younger adults, which is in accordance with previous reports that suggested that weight gain

43



increases with age due to a decrease in metabolic rate and physical inactivity and alterations
in body composition that occur with age (Ng et al., 2014; Guh et al., 2009). Socio-economic
factors such as education, employment, place of living, and marital status were found to have
a significant association with weight status, thus confirming previous studies indicating that
lifestyle, occupation, and urbanization play a role in obesity risk (Sarlio-Léhteenkorva et al.,
2006; de Salas et al., 2016). Significantly, individuals living in urban areas were found to
have higher levels of overweight and obesity compared to those living in rural areas, which
could be related to differences in dietary intake, sedentary lifestyle, and availability of
processed foods (Murtagh & Murphy, 2015; Blundell et al., 2017). In addition, retirees and
those with lower levels of education were found to have high levels of obesity, thus
emphasizing the role of socio-demographic factors. Therefore, there is a need to develop
strategies to address overweight and obesity, especially in Kosovo, where such factors could
have a significant impact on health outcomes. This could lead to reduced economic burden
in the future (Wilkinson et al., 2014; NCD Risk Factor Collaboration, 2016). Therefore, this
study affirms that socio-demographic factors are statistically significant to weight status, thus
providing a foundation for future prevention programs targeting the Kosovar community.

The objective of this study is to assess the long-term alterations in anthropometric parameters
such as BMI, body fat percentage, and excess weight loss after a weight reduction program
for a period of 3-5 years. Moreover, the present study also aims to assess the association
between weight loss and alterations in body composition, as well as the dynamic role of
bariatric and metabolic surgery in the treatment of obesity and metabolic disorders beyond
the traditional BMI parameters.

2. MATERIALS AND METHODS

The study is based on a descriptive longitudinal approach for anthropometric results over a
period of 3-5 years, using adapted secondary data from published sources (Engin, 2017) and
existing data on bariatric and metabolic surgery. The study population is defined as a group
of people with severe obesity, with a BMI of 45 kg/m? and a percentage of body fat of 52%.
The study results are based on BMI, percentage of body fat, and EWL, measured over a
period of time from baseline up to 3-5 years. A descriptive study was conducted to determine
the trends for weight loss, peak weight loss, and weight stabilization. Furthermore, a narrative
study of existing evidence-based guidelines from ASMBS and ESPEN was conducted,
focusing on postoperative nutritional management, dietary phases, and clinical
recommendations.

3. RESULTS AND DISCUSSION

3.1 Long-term changes in body mass index, body fat percentage, and excess
weight loss following weight-loss intervention

The results shown in Table 1 indicate significant long-term changes in body mass index
(BMI), body fat percentage, and excess weight loss (EWL) after a period of 3-5 years. A
major improvement in anthropometric parameters is seen in the first year after intervention.
This is followed by a period of stabilization with minimal variations in the following years.
This is consistent with the weight loss studies conducted in the long term by Buchwald et al.
(2004) and Sjostrom et al. (2007). At baseline, the subjects exhibited severe obesity as
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indicated by a BMI of 45 kg/m? and a body fat percentage of 52%. This is consistent with
severe obesity in subjects who are candidates for bariatric or metabolic surgery (Ng et al.,
2014). A significant reduction in BMI is seen in the first month, reducing to 40 kg/m?. At the
same time, there is a minimal reduction in body fat. This is consistent with the metabolic
responses seen in the early stages after intervention (Adams et al., 2007). A major reduction
in BMI is seen in the third month, reducing to 38 kg/m?. At the same time, there is a
significant reduction in body fat to 45%.At the same time, EWL increased to 45%, reflecting
rapid weight loss. This period is characterized as the most dynamic period in weight loss
(Courcoulas et al., 2013). At the end of the sixth month, BMI decreased to 36 kg/m? and
body fat decreased to 38%. At the same time, EWL increased to 62%, reflecting the
effectiveness of the intervention. The most significant weight loss outcomes were noted after
the first year. At this time, BMI decreased to 32 kg/m?, and body fat decreased to its lowest
value of 36%. At the same time, EWL increased to its peak value of 69%. This is in agreement
with the literature that indicates that the greatest weight loss is noted in the first year after the
intervention (Angrisani et al., 2015). At the long-term follow-up period, minimal changes
were noted in the weight loss outcomes. At two years after the intervention, BMI decreased
to 29 kg/m?, but body fat increased to 38%. At the same time, EWL decreased slightly to
66%.

Table 1. Changes in body mass index, body fat percentage, and excess weight loss during a
3-5 year follow-up period

Time BMI (kg/m?) | Body Fat (%) | EWL (%)
Baseline 45 52 0
1 month 40 51 22
3 months 38 45 45
6 months 36 38 62
1 year 32 36 69
2 years 29 38 66
3-5 years 30 39 64

(Adopted from: Engin, 2017)

These observations indicate metabolic adaptation and behavioral changes (Magro et al.,
2008). The BMI increased slightly to 30 kg/m? at 3-5 years, while the body fat increased to
39%. The EWL reduced to 64%. However, the clinical outcomes were significantly improved
compared to the baseline values. The maintenance of the BMI near 30 kg/m? is a significant
clinical improvement. The reduction in body fat from 52% to 39% is a significant clinical
improvement. The clinical improvement observed in the outcomes leads to the reduction of
obesity-related comorbidities (Hruby & Hu, 2015). It is important to highlight the difference
between total weight loss and changes in body composition. The BMI does not distinguish
between fat mass and fat-free mass (Frithbeck, 2015). The initial weight loss may include a
significant loss in fat-free mass. This is clearly observed in the first month of the
study.Preservation of fat-free mass is critical to metabolic stability. Muscle is critical to
glucose metabolism and insulin sensitivity (Blundell et al., 2012). Excessive loss of muscle
mass could have a negative impact on metabolic stability. Conversely, adipose tissue is
metabolically active, thus playing a role in inflammation. This tissue secretes adipokines,
which affect metabolic processes. Gains in adiposity could have a negative impact on
metabolic stability. Chronic inflammation, together with hormonal imbalances, is associated
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with fat accumulation. This is related to cardiovascular disease and cancer risk. White
adipose tissue is considered an endocrine organ, thus affecting disease progression.

The long-term trends also emphasize the significance of lifestyle changes. Dietary control,
physical activity, and medical attention are all significant. Behavioral and psychological
issues are also important for long-term success (Wing & Phelan, 2005). Without the
implementation of lifestyle recommendations, the patient may regain weight. In conclusion,
the study has shown that the intervention is extremely effective. EWL was above 60% after
six months. It has been observed that EWL has been above this limit for 3—5 years. This
suggests that the long-term outcome has been successful (Buchwald et al., 2004).

3.2 From bariatric to metabolic surgery: Expanding indications beyond BMI-
based criteria

The recognition of the fact that the benefits of bariatric surgery go beyond the reduction of
body weight has prompted the emergence of metabolic surgery, whose primary objective is
the treatment of T2D, even in patients with BMI levels lower than those of bariatric surgery
(Rubino et al., 2014). This is a move towards a new concept of treatment that is different
from the conventional bariatric surgery concept (Rubino et al., 2016). Although the
population undergoing metabolic surgery tends to have lower BMI levels than those of
bariatric surgery, their body composition in terms of total and visceral adiposity tends to
resemble that of bariatric surgery (Frithbeck, 2015). This has raised questions about the BMI
levels that separate the two concepts of surgery.

METABOLIC

BMI 30-35 kg/m? BMI 35 kgim? BMI = 35-40 kg/m?

Figure 1. Relationship between metabolic surgery, bariatric surgery, and dysfunctional
adiposity according to body mass index (BMI).
(Adopted from: Engin, 2017)

Figure 1 demonstrates the conceptual overlap of metabolic surgery and bariatric surgery with
regard to dysfunctional adiposity and BMI. Metabolic surgery is usually recommended for
patients with a BMI ranging from 30-35 kg/m?, especially when there is the presence of
metabolic complications of obesity, such as type 2 diabetes. On the other hand, bariatric
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surgery is conventionally recommended for patients with a BMI of >35-40 kg/m?. The
overlap of the two areas represents dysfunctional adiposity, emphasizing the fact that
metabolic complications of obesity cannot be fully explained by BMI but also by the
distribution and function of adipose tissue. Notably, bariatric surgery is characterized by both
weight loss effects and metabolic effects, thus creating a somewhat artificial boundary
between metabolic surgery and bariatric surgery. Patients undergoing metabolic surgery have
considerable adipose tissue dysfunction and cardiometabolic disorders similar to those found
in patients with morbid obesity. Weight loss is a common consequence of metabolic surgery,
thus creating difficulties in separating the effects of gastrointestinal anatomical changes from
those of weight loss. Differences in the objectives of therapy may also be a factor in the
patient population. Patients seeking metabolic surgery may be older, more likely to be male,
and have more severe metabolic comorbidities, including T2D, hypertension, dyslipidemia,
and cardiovascular disease (Cefalu et al., 2016; Moncada et al., 2016). Patients with BMI <
35 may also have osteoarthritis and other metabolic disorders associated with obesity that
impair their ability to move and lose weight (Frithbeck, 2015). In these patients, surgery may
relieve the mechanical and inflammatory aspects of the disease. Thus, bariatric and metabolic
surgery may be applicable to a wider population than is currently defined by BMI. The strict
semantics may not capture the complex pathophysiology of the disease and may not allow a
wider population to benefit from a multidisciplinary treatment modality.

3.3 Nutritional dietary plan after laparoscopic sleeve gastrectomy

The significance of the findings of the study lies in the emphasis placed on the role of
nutritional dietary plans in the postoperative period in achieving positive outcomes in the
process of laparoscopic sleeve gastrectomy surgery. The findings of the study show that the
implementation of the nutritional dietary plan by gradually increasing the texture of the diet
from liquid to pureed and finally to a normal diet facilitates the healing of the stomach and
minimizes complications after the surgery. In the first week after the surgery (1-2 weeks),
the liquid diet with a high concentration of water and protein is important for the
replenishment of fluids and the initiation of the intake of protein for the healing of the
stomach tissues (Table 2) (Cederholm et al., 2021). In the second week after the surgery (2-
4 weeks), the nutritional focus is the intake of protein with a minimum of 60-80 g per day.
This stage is important in maintaining anabolic states and ensuring that nutritional
deficiencies are avoided in the early stages. In the long-term stage (>6-8 weeks), the
consumption of food in small, frequent meals in the form of solids and slow eating and
mastication will help in adapting the digestive system and managing weight in a sustained
manner. A high-protein diet with low carbohydrate content is still the cornerstone in long-
term success (>6-8 weeks) (Busetto et al., 2022). Moreover, it has been observed from the
results that adherence to clinical guidelines by individuals will lead to better metabolic
outcomes and weight management in a sustained manner. It is important to ensure that
individuals are well-hydrated (>1.5 L/day), and it is important to provide supplements in a
sustained manner and avoid carbonated drinks and high-fat and high-sugar content food and
drinks. From a general perspective, it is important to integrate nutritional care with surgery.
Even though LSG is effective in bringing about significant weight loss, long-term success is
largely dependent upon patient compliance with dietary advice and lifestyle modifications.
The phased nutritional model not only aids in physiological recovery but also leads to long-
term dietary habits that result in better body composition and metabolic well-being.
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Table 2. Postoperative nutritional dietary plan after LSG

Nutrition Duration Recommended Intake and Example Foods
Phase " Nutritional Goals P
Clear and protein-enriched liquid Water, unsweetened
. . . . herbal teas, clear broth
diet aimed at healing the gastric .
Phase 1 — [ 1-2 weeks . . . (fat-free), protein shakes
- staple line, preventing dehydration,

Liquid post- . . .. (whey or plant-based),
. and ensuring minimal protein intake | .. .
Diet surgery . | diluted lactose-free milk,
(=60 g/day). Frequent, small fluid

. . sugar-free electrolyte
intake is recommended. .
solutions
Gradual introduction of pureed and Purtee(li(cooked Cglf‘iklin
sy . or turkey, pureed fish,
Phase 2 — | 2-4 weeks soft foods Wlth high p.rotelln conteqt. low-fat yogurt or kefir,
The goal is to maintain protein .
Pureed post- . . pureed boiled eggs,
. intake >60-80 g/day and avoid
Diet surgery cottage cheese, pureed
concentrated sugars and saturated .
p lentils or beans, pureed
ats. cooked vegetables
Introduction of solid foods in small )
6-8 weeks portions (3—5 meals/day), with slow B akefd Er bo1le(i leart{
Phase 3 — eating and thorough chewing. Long- me;at, sh, eggs, low-fat
post- . . dairy products, legumes,
Soft and term recommendations include a ;
.y e surgery . . . . soft peeled fruits, cooked
Solid Diet high-protein, nutrient-dense diet .
and beyond ih limited refined carbohvd vegetables, whole grains
with limited refined carbohydrates in small quantities
and processed foods.
4. CONCLUSION

Weight loss interventions, including bariatric and metabolic surgeries, are effective in
producing considerable weight loss in terms of BMI, body fat, and excess weight loss,
particularly in the first year, which is considered to be a critical period to attain maximum
weight loss results. However, stabilization of weight loss and a small amount of weight gain
suggest that long-term lifestyle modifications, including dietary intake and physical activity,
are essential. The results of this study also suggest that reduction in BMI does not entirely
account for alterations in body composition, indicating that maintenance of fat-free mass, as
well as prevention of regaining adiposity, is essential to maintain a state of health. Moreover,
the shift from bariatric to metabolic surgeries indicates that a more holistic approach to
managing obesity is necessary. In this regard, dietary regimens are essential in managing
long-term health.
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Abstract: Rosa canina L. has a significant ethnobotanical importance with a rich history of traditional
uses across various cultures. The goal of this study was to determine the potential of Rosa canina L. as
a source of bioactive compounds for use in the pharmaceutical, cosmetic and food industries. This study
provides a comprehensive ethnobotanical analysis of the utilization of Rosa canina L. across different
regions from R.N. Macedonia, especially in traditional medicine, food and for other purposes. The
research methodology involved a review of ethnobotanical literature and interviews with local
residents. Rosehip is a nutritionally valuable fruit containing substantial amounts of bioactive
compounds._Fruits with a mass of 1.147 g, a length of 18.88 mm and a width of 11.00 mm contain 356
mg/100 g vitamin C, 38 799 mg/kg total phenols, 73 mg/kg total anthocyanins, 615 mg/kg flavan-3-ols
and have high antioxidant activity (89.2% inhibition). In traditional medicine, Rosa canina L. is used
as a remedy for colds, flu, inflammation and for improving immunity, against anemia, for better
functioning of the heart and blood vessels, against diarrhea, for reducing high blood pressure, for
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conservation efforts to ensure the continued availability of this valuable botanical resource.
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Ancmpaxkm: Rosa canina L. uma 3nauajno emnobomanuuxo 3nauerwe co bocama ucmopuja Ha
mpaouyuonaina ynompebda 6o pasziuunu Kyimypu. Llenma na oéaa cmyouja bewe da ce ymepou
nomenyujanom Ha Rosa canina L. xaxo uzeop Ha OGuoakmueHu coeouneHuja 3a ynompeba 60
Gapmayesmcrkama, kosmemuukama u npexpanbenama unoycmpuja. Osaa cmyouja obezbedyea
ceonghamna emnobomanuuxa ananusa na ynompebama na Rosa canina L. 60 pasznuunu pecuonu 00
P.C. Maxeoonuja, ocobeno 60 mpaduyuonarHama meOUYyuHa, Xpawama u 3a Opyeu yeuu.
Memooonozujama na ucmpasicysarbe 6KLyYyeauie npezied Ha emHOOOMAHUYKAMA Iumepamypa u
unmepgjya co noxarnume dicumenu. Illunkama e Xxpaniueo 6pedHo ogouije Koe coOpaICU ZHAYUMETHU
KOMUYUHU Ha OuoakmueHu coedurenuja. Ilnooosume co maca 00 1,147 g, donxcuna 00 18,88 mm u
wupuna 00 11,00 mm coopacam 356 mg/100 g eumamun L], 38 799 mg/kg exynuu gpenonu, 73 mg/kg
exynHu aumoyujanunu, 615 mg/kg prasan-3-onu u umaam eucoxa aHMUOKCUOAHMHA AKMUBHOCM
(89,2% unxubuyuja). Bo mpaouyuonarnama meouyuna, Rosa canina L. ce xopucmu xaxko Jjiex 3a
HACMUHKU, 2pUn, 8OCHANEHUjA U 3d NOOOGPYEAre HA UMYHUMEMOn, NPomué Clab0KPEHOCH, 34
nooo6pa paboma Ha cpyemo u KpeHume cadosu, NPomue oujapea, 3a HAMALY6are HA BUCOK KPBEH
npumucok, 3a cmomayuu sabonyearea u eacmpumuc. O8a pacmenue uma AHMUSUPYCHO U UMYHO-
3ACUNYBAYKO,  AHMUOKCUOAMUBHO, AHMUUHDIAMAMOPHO, AHMUOAKMEPUCKO, AHMUCMAPEeKo,
AHMUKAHYEPO2EeHO, anmunpoaupepamusHo, anmuoujabemcko, KapouonpomexkmugHo,
XenamonpomeKkmusHo U 3auimumen egexkm npomus Oyopexchu 3abonyeara. Ilnooosume ce
Kopucmam cywienu (3a 4aj) u npepabomenu 60 Cupynu, COKo8uU, uemosu, aukepu u euna. Ilevenomo
o6ouije u ceMKume ce KOPUCMam Kako cyposuna 3a kage. Yaesu, npenapamu u J10CUOHU ce NPABAM
00 aucja u yeemosu. O8a UCMpPadiCy8arse 2u KOHCOIUOUPA NOCMOjHUMEe emHOOOMAHUYKY 3HACHA U ja
UCAKHY8A nOompedama 00 OOPHCAUBU HANOPU 3d 3a4ysyearbe 3a 0d ce 00e30e0u KOHMUHYUpaHa
00CmManHocm Ha 080j 8pedeH OOMAHUUKU PecypC.

Knyunu 360posu: Rosa canina L., wiunka, emnobomanuuxa, (umoxemucka akmueHOCm

1. INTRODUCTION

Rosehip (Rosa canina L.) commonly known as dog rose, wild rose, “ship” is a perennial
deciduous ornamental plant of the Rosaceae family. It blooms in May and June, depending
on climatic conditions and altitude. The fruits are small, red, with an ovoid or elliptical shape.
Growing wildly around the globe in areas such as Asia, North America, Europe, Middle East.
In R.N. Macedonia Rosa canina L. is found on all mountains up to 1600 m altitude. It is
found in places exposed to the sun, most often on southern slopes, on hill and mountain
pastures, forest clearings, along rivers and streams, along roads, fences, etc. It grows on all
types of soils (Micevski, 1998).

Rosehip is a nutritionally valuable fruit containing substantial amounts of bioactive
compounds, such as vitamins, minerals, antioxidants, and phenolic compounds, which
contribute to its health-promoting properties. The main bioactive compounds of roschip are
phenolic acids, anthocyanins, tocopherols, tannins (Kubczak et al., 2020; Tabaszewska and
Najgebauer-Lejko, 2020) and flavonoids (flavan-3-ols) (Dabic Zagorac et al., 2020).
Phenolic acids, including ellagic acid and gallic acid, along with anthocyanins such as
cyanidin-3-glucoside, further enrich this complex phytochemical profile (Butkeviciute et al.,
2022). The main carotenoids found in rosehips are lutein, zeaxanthin, B-carotene and
lycopene, also responsible for the characteristic red color (Winther et al., 2016; Medveckiene
et al., 2020). Rosehip contains tocopherols and essential fatty acids, sterols (Grajzer et al.,
2015; Topkafa, 2016).

The content of these bioactive compounds allows this plant to have antiviral and immune-
enhancing, antioxidant, anti-inflammatory, antibacterial, anti-aging, anti-cancer, anti-
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proliferative, anti-diabetic, cardioprotective, hepatoprotective and protective effects against
kidney diseases. Rosa Canina have a rich ethnobotanical history. Its significance in
traditional cultures spans various regions across the globe and it has been used for numerous
purposes, including medicinal, culinary and cultural.

Due to the increasing pollution and industrialization on the one hand and the development of
the concept of organic production and the new trends in nutrition aimed at so-called "healthy
food" on the other hand, there has recently been an increased interest in wild fruit species and
their use for the production of ecologically healthy food in many countries around the world.
As such, they have great potential in the sustainable development of rural areas and their use
and popularization are in line with sustainable resource management. Due to their
adaptability and resilience, the promotion of wild fruit species can be considered as one of
the most promising efforts to mitigate climate change. On the other hand, by collecting fruits
and other plant parts and processing them, significant economic gains can be achieved,
especially for people in rural areas. They are an important raw material for the cosmetic,
pharmaceutical, chemical, food, wood, textile industries, etc.

2. MATERIAL AND METHODS

The results of the studies are part of the scientific research project "Ethnobotanical research
of wild fruit species", which included an ethnobotanical and analysis of the polyphenolic
composition of Rosa canina L.

The information about traditional knowledge of Rosa canina was gathered by direct
intervievs with 278 respondents from different regions of R.N. Macedonia. North Macedonia
is situated in the central part of the Balkan Peninsula and is divided into eight statistical
regions. The survey was conducted with the assistance of agricultural advisors of the National
Extension Agency in the eight regions: 1-Skopje region (with the municipalities Saraj,
Chucher Sandevo, Butel, Gjorce Petrov, Aerodrom, Petrovec, Kisela Voda, Gazi Baba, and
Ilinden), 2-Northeastern region (with municipalities Kumanovo, Kriva Palanka, Rankovce,
Lipkovo and Kratovo), 3-Eastern region (with municipalities Shtip, Vinica, Makedonska
Kamenica, Pehchevo, Berovo, Karbinci and Kochani), 4-Southeastern region (with
municipalities Strumica, Valandovo, Radovish and Konche), 5- Pelagonia region (with
municipalities Bitola, Demir Hisar, Resen and Krushevo), 6-Southwestern region (with
municipalities Ohrid, Kichevo, Centar Zhupa, Struga, Debarca and Debar), 7- Polog region
(with municipalities Tetovo, Brvenica, Mavrovo-Rostushe and Gostivar) and 8-Vardar
region (with municipalities Veles, Kavadarci, Negotino, Rosoman and Chaska), covering the
entire territory of the R.N. Macedonia, in the period from January to March 2026. During the
interview, respondents shared their knowledge and experience about using rose hips as food
and medicine. The collected data were processed using descriptive statistical methods.
Frequencies, percentages and mean values were calculated to summarize the socio-economic
characteristics of respondents, the regional distribution of collectors, and the purposes of use
and sale of Rosa canina fruits. The results were comparatively analyzed by regions and
presented in tables.

The chemical analyses included determination of the content of vitamin C and selected
phytochemicals (anthocyanins, flavan 3-ols, total phenols) and antioxidant activity of the
fruits. The fruits were taken from rural areas in the Skopje region. The Skopje region is
located at 41°57'N and 21°28’S and belongs to the continental-mediterranean climate-
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vegetation-soil region. In recent decades, global climate changes have been observed in this
area, expressed through reduced annual precipitation, increased aridity, altered pluviometric
regime, reduced temperature, especially in winter and periodic occurrence of heavy frosts.

Chemical analyses were performed in the oenological laboratory of the Institute of
Agriculture in Skopje. The content of vitamin C was examined by volumetric method
(Sadasivam and Balasubramanian, 1987).Total phenols in the samples are determined
according to the Folin-Ciocalteu method (Slinkard and Singleton, 1977). The content of total
anthocyanins was determined according to the acid-ethanol method (Somers and Evans,
1977) and p-dimethylaminocinnamaldehyde (p-DMACA) is used for the quantification of
flavan-3-ols in the samples (Di Stefano et al., 1989). Determining of the antioxidant activity
was performed as an anti-radical activity against the stable product DPPH (2,2-diphenyl-1-
picrylhydrazil).

3. RESULTS AND DISCUSSION

Ethnobotanical survey and socio-economic characteristics of collectors: The study
included a total of 278 respondents who are collectors of wild fruits from different regions in
the R.N. Macedonia. The data presented in Table 1 on the socio-economic structure show
that this activity is dominated by men (73.8%), while the participation of women is
significantly lower (26.2%). The highest representation of men in the collection of wild fruits
is recorded in the Vardar region (96.8%), while the most balanced gender structure is in the
Southwestern region, where women participate with 44.7%. The largest share of older
collectors is in the Polog region (90%) and the Southwestern region (89.5%).

According to age, the data show that the majority of collectors are older than 40 years
(82.4%), while only 17.6% are younger than 40 years, which indicates that this activity is
more often performed by people with greater life and work experience. According to
employment status, more than half of the respondents are unemployed (57.3%), which also
includes retirees, while 42.7% are employed, which shows that collecting wild fruits is a
significant source of income, especially for the population that does not have permanent
employment.

According to work experience, the majority of respondents have more than 10 years of
experience in collecting wild fruits (52.8%), while 35.8% have 3 to 10 years of experience
and 11.4% have less than 3 years of experience, indicating that this activity is often practiced
long-term and it is a traditional practice in certain regions. The largest share of collectors
with more than 10 years of experience is in the Pelagonia region (78%), as well as in the
Eastern and Polog regions (70%), indicating a long-standing tradition of collecting wild fruits
in these regions.

Table 1. Socio-economic characteristics of wild fruit collectors by regions according to
gender, age, employment and work experience (Source: own research)

Regions Gender Age Employment Years of experience
%) (%) %) (%)
Male | Female | Below | Above | Employed | Unemployed | 1-3 | 3-10 | Above
40 40 10
Skopje 66.7 33.3 20.5 79.5 56.4 43.6 256 | 179 56.4
Norteastern 67.4 32.6 19.6 80.4 43.5 56.5 8.7 | 413 50.0
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Eastern 72.5 27.5 20.0 80.0 42.5 57.5 5.0 | 25.0 70.0
Southeastern | 76.9 23.1 23.1 76.9 61.5 38.5 23.1 | 61.5 154
Pelagonia 87.8 12.2 14.6 85.4 29.3 70.7 2.5 | 195 78.0
Southwestern | 55.3 44.7 10.5 89.5 42.1 57.9 13.1 | 39.5 474
Polog 66.7 333 10.0 90.0 46.7 533 6.7 | 233 70.0
Vardar 96.8 3.2 22.6 774 19.3 80.7 6.4 | 58.1 35.5
Total share | 73.8 26.2 17.6 824 42.7 57.3 114 | 35.8 52.8

The respondents are collectors of various wild fruits present in the regions. Only 27.7% of
them collect rosehip fruits (Table 2). The most rosehip fruits are collected in the North-East
(58.7%) and Skopje (41.0%) and the least in the Vardar region (6.4%). Most of them collect
rosehip fruits, while very few collect other plant parts. In some regions, such as the Skopje
and Southeastern region, the flowers and leaves of the rosehip are collected and used, most
often for tea. In the Southwestern region they use the root, most often for tea. 47.7% of the
respondents use rosehip for their own use and 60.3% for sale. Some respondents reported
both personal consumption and sale of collected fruits. They make various preparations from
the fruits (juice, jam, marmalade and wine), from the dried fruits they make tea that is most
often used in the prevention and treatment of colds, to improve immunity due to the high
content of vitamin C, against anemia, for better functioning of the heart and blood vessels,
against diarrhea, to reduce high blood pressure, for stomach diseases and gastritis. The leaves,
flowers and root are used for tea. Regarding the placement of the collected fruits, respondents
most often sell the fruits through buyers (60-70%), on local markets (40.2%), through buyers
(38.1%) and through acquaintances (33.5%). The largest part of the fruit is sold in the Eastern
(87.5%), Pelagonia (82.9%) and Northeastern regions (73.9%) (Table 2). The largest
quantities of fruits are purchased in the Pelagonia (73.5%) and Eastern region (60.0%).

Table 2. Structure of forest fruit collectors by region, proportion of pickers and distribution

methods (%)
Regions Total number Rosehip Aim Sale

of wild fruit | collectors by | Own | Sale Buyers Local | Acquaintances

collectors by regions (%) use | (%) (%) market (%)

regions (%) (%) (%)
Skopje 14.0 41.0 66.7 | 56.4 9.1 36.4 54.5
Norteastern 16.5 58.7 348 | 73.9 55.9 323 23.5
Eastern 14.4 27.5 35.0 | 87.5 60.0 22.8 22.8
Southeastern 4.7 154 69.2 | 30.8 25.0 50.0 25.0
Pelagonia 14.8 17.1 26.8 | 82.9 73.5 8.8 17.6
Southwestern 13.7 28.9 73.7 | 26.3 20.0 50.0 30.0
Polog 10.8 26.7 333 | 66.7 45.0 55.0 50.0
Vardar 11.1 6.4 419 | 58.1 16.7 66.7 44.4
Total 12.5 27.7 47.7 | 60.3 38.1 40.2 335
average

Phytochemistry properties: Rosehip is a nutritionally valuable fruit containing substantial
amounts of bioactive compounds, such as vitamins, minerals, antioxidants, and phenolic
compounds, which contribute to its health-promoting properties. The main bioactive
compounds of rosehip are phenolic acids, anthocyanins, tocopherols, tannins (Kubczak et al.,
2020; Tabaszewska and Najgebauer-Lejko, 2020) and flavonoids (flavan-3-ols) (Dabic
Zagorac et al., 2020). Accordingly, an examination of the vitamin C content and content of
select phytochemicals of Rosa canina L. fruits was performed.
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According to our study, fruits with an average mass of 1.147 g, length 18.88 mm and width
11.00 mm, contain 356 mg/100 g vitamin C, 38 799 mg/kg total phenols, 73 mg/kg total
anthocyanins, 615 mg/kg flavan-3-ols and have 89.2 % inhibition antioxidant activity. The
percentage of vitamin C in total antioxidant activity is 399 % (Table 3).

Table 3. Content of selected phytochemicals of Rosa canina L. fruits

Fruit | Fruit Fruit | Vitamin | Total Total flavan- | Antioxidant
mass | length | width | C phenols | anthocyanins | 3-ols activity
g Mm Mm mg/100 | mg/kg mg/kg mg/kg | (% inhib)
g
1,147 | 18,88 | 11,00 | 356 38799 |73 615 89,2

The content of chemical materials of Rosa canina depends on different factors, such as
genotype, species and cultivars, ripening stage, geographical location, altitude, climatic
conditions and according Ghazghazi et al. (2010) depends on the methods which are used to
store and extract it. The amount of vitamin C is 6.0 to 8.2 mg/g FW (fresh weight) (Pefia et
al., 2023).

Rose hips that grow in colder climates contain more vitamin C than those that grow in warmer
climates. (Pyke and Melville, 1942; Stamberg, 1945). The highest concentration of vitamin
C is typically found in mature, hardened rosehips ranging from 400 to 1500 mg/100 g (Bilgin
et al., 2020; Harrison et al., 2014; Ermolaev and Fedorov, 2022). Ripe, red fruits contain a
higher amount of vitamin C (417.5 mg/100 g), compared to the green fruits (18.0 mg/100 g)
and orange fruits (175.0 mg/100 g) (Nojavan et al., 2008). Fruits of Rosa canina collected
from higher altitudes contain more vitamin C than fruits collected from lower altitudes (Pyke
and Melville, 1942). The amount of efficient compounds varies in different parts of rose hip.
This plant contained a considerable amount of vitamin C, especially in the peel, while the
seeds contained the greatest amount of oil (Georgieva et al., 2014).

The content of total polyphenols in rose hip fruits is from 10.89 mg GAE/g (gallic acid
equivalent/g) to 26.49 mg GAE/g (Butkeviciute et al., 2022), 12.07 to 37.17 mg GAE/g DW
(dry weight) (Mihaylova et al., 2015). According to Fascellaet al. (2019) Rosa canina and
Rosa sempervirens have the highest total polyphenol contents (6784.5 and 6241.2 mg
GAE/100 g DW, respectively) and the highest antioxidant activities than Rosa corymbifera,
Rosa micrantha species.

According to the content of anthocyanins, rosehip fruits have a lower content than some fruit
species like blackberry 58.61 mg/100 g FW, red raspberry 14.69 mg/100 g FW, strawberry
16.03 mg/100 g FW, blueberry 29.72 mg/100 g FW, sweet cherry 26.72 mg/100 g FW (de
Souza et al., 2014). In terms of flavanol content, roschip fruits contain more flavanols than
strawberry 38.17 mg CE/100 g FW (Catechin Equivalents/100 g), blueberry 47.53 mg
CE/100 g FW, sweet cherry 59.92 mg CE/100 g FW (de Souza et al., 2014). Butkeviciute et
al. (2020) in the fruits of Rosa canina, revealing the presence of flavan-3-ol group
compounds such as catechin ranging from 26.30 to 522.48 pg/g, epicatechin ranging from
2.12 to 20.66 pg/g), procyanidin B1 ranging from 1.65 to 40.89 pg/g, and procyanidin B2
ranging from 5.54 to 86.95 pg/g.
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Medical uses: Various parts of Rosa canina have been traditionally used for medicinal and
culinary purposes for centuries. More than 2 000 years ago, people used rosehip for medicinal
purposes. Pliny the Elder (23—79 AD) was the first person who described the medicinal
properties of Rosa canina L. Its use in treating dog bites earned it the name dog rose. In the
Canons of Medicine written by Avicenna, rosehip was suggested for treating headaches and
some stomach ailments (Khazaei et al., 2020). In folk medicine, the fruits of Rosa canina are
used as a universal remedy for colds and viral infections, fever (Lustrup and Winther, 2022),
as well as exerting a positive influence on the osteoarthritis, anxiety, depression, recognition
memory, urinary and reproductive systems disorders, and neutrophil respiratory burst
(Khazaei et al., 2020), for reducing cholesterol and high blood pressure, for better appetite
and strengthening the immune system (Selahvarzian et al., 2018). During World War II,
rosehip syrup was used in the UK as a food and to prevent scurvy. In folk medicine, the oil
is used to treat skin burns, treat wrinkles, remove scars and tone the skin. Fruit tea is
recommended for women who have given birth, as well as for people who have kidney
problems and whose body has a tendency to form kidney stones. It helps to excrete harmful
substances from the body and against arthritic pain. In R.N. Macedonia, rosehip is most often
used to improve immunity, against colds and flu.

With a rich ethnobotanical history and documented phytochemical profile, rosehip has
garnered attention for its therapeutic potential across various health domains.

Antiviral and immune-boosting effect: One of the most well-known benefits of rosehips is
their ability to boost the immune system. This is due to their high content of vitamin C, which
has been shown to enhance immune function by increasing the production of white blood
cells and antibodies (Medveckiene et al., 2021).

Rosehip fruits are rich in antioxidant compounds, especially vitamin C (30—1 300 mg/100 g),
more than other fruits and vegetables (Ziegler et al., 1986). Rosa canina fruits contain more
vitamin C than blackberry (52.41 mg/100 g FW), red raspberry (92.17 mg/100 g FW),
strawberry (90.13 mg/100 g FW), blueberry (73.21 mg/100 g FW), sweet cherry (62.42
mg/100 g FW) (de Souza et al., 2014), black currant 216.0 mg/100 g, white mulberry 29.9
mg/100 g, black chokeberry 24.2 mg/100 g (Selamovska et al., 2024), some indigenous
varieties of apple (Malus domestica ) 9.37 mg/100 g, pomegranate (23.67 mg/100 g FW),
cherry (12.83 mg/100 FW), grape 9.00 mg/100 g FW, tomato 38.25 mg/100 g FW and pepper
51.25 mg/100 g FW (Selamovska et al., 2021-2022).

Antioxidant activity: Rosehip is known to contain the highest amount of vitamin C among
other fruits, which could be explanatory for their antioxidant activity. Furthermore, rosehip
is rich in carotenoids (lycopene, p-carotene, zeaxanthin) (Pena et al,
2023], tannins, flavonoids, and phenolic acids, bioactive compounds bounded to the
antioxidant activity (Kunc et al.,2023 ). Along the years, it was mentioned that the
high antioxidant activity values of rosehip extracts are due to a strong interaction
between polysaccharides and organic acids, and most important with phenolic antioxidants
(flavonoids and phenolic acids) (Ognyanov et al., 2022). The authors Mihaylova et al. (2015),
antioxidant activity in Rosa canina fruits. This indicates that in Rosa canina fruits, total
phenols have a large share in the antioxidant activity.

Rosa canina L. fruits contain more total phenolics than blackberry (850.52 mg GAEs/100 g
FW), red raspberry (357.83 mg GAEs/100 g FW), strawberry (621.92 mg GAEs/100 g FW),
blueberry (305.38 mg GAEs/100 g FW and sweet cherry (314.45 mg GAEs/100 g FW) (de
Souza et al., 2014).
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Compared to the other fruit species, Rosa canina fruits have higher antioxidant activity than
some indigenous fruit varieties of pomegranate 81.58%, indigenous varieties of apple
60.37%, indigenous varieties of cherry 43.36% (Selamovska et al., 2021-2022), Ribes
nigrum 86.2 % Morus Alba 71.6 %, Aronia melanocarpa 76.4 %, Rubus fruticosus 78.6 %,
Punica granatum 86.3 % (Selamovska et al., 2024).

Anti-Inflammatory effect: The phenolic compounds present in rosehips have shown anti-
inflammatory properties (Medveckiene et al., 2020; Ozdemir et al., 2022). Flavonoids are an
example of a polyphenolic compounds that can block transcription factors or regulatory
enzymes involved in the inflammatory process (Maleki et al., 2019). The presence of
phenolic compounds in rosehip represents the main reason why rosehip has an anti-
inflammatory effect. In our study, fruits with a mass of 1.147 g, length 18.88 mm and width
11.00 mm contained 615 mg/kg flavan-3-ols (Table 3). Some strawberry cultivars contain
more flavanols 38.17 mg CE/100 g FW, blueberry 47.53 mg CE/100 g FW, sweet cherry
59.92 mg CE/100 g FW. (de Souza et al., 2014).

Antibacterial effect: The fruit ethanol extract of Rosa canina has antimicrobial activity
against E.coli. Rose hip flower ethanol extract had the best antibacterial activity
against Pseudomonas aeruginosa and against Escherichia coli (Rovna et al., 2015).

Anti-aging effect: The phenolic compounds present in rose hips have anti-aging effects on
the skin. (Sallustio et al., 2023). Furthermore, the presence of antioxidants in rose hips
confers protective effects against inflammation, a key factor implicated in the onset and
progression of chronic diseases like cancer, diabetes, and cardiovascular ailments.
Anticancer and antiproliferative effect: The results of the study showed that the ethanol
extract of rosehip had a cytotoxic effect on the MCF-7 and MDA-MB-468 cancer cell lines
depending on the dose of exposure without affecting normal cells (Berkoz et al., 2019).
Rosehip extracts have been shown to have antiproliferative and antioxidant properties in
Caco-2 human colon cancer cells. Rosehip extracts are a potent antioxidant that inhibits cell
proliferation in Caco-2 cells (Jiménez et al., 2016).

Antidiabetic and antihyperlipidemic effect: Rosehip extract’s beneficial effects in diabetes
management are linked to its ability to modulate cell signaling pathways involved in glucose
metabolism and insulin sensitivity, ultimately influencing the overall metabolic state and
reducing the risk of diabetes progression (Taghizadeh et al., 2016).

Protective effect against kidney diseases: In the traditional medicine rosehip extract could
prevent and possibly eliminate preexisting kidney stones (Tayefi-Nasrabadi et al., 2012).

Cardioprotective effect: Roschip is an effective dietary supplement for preventing the
formation of atherosclerotic plaques by modulating systemic blood pressure and the
expression of RCT and inflammatory genes (Cavalera et al., 2017). The conclusion of the
study shows that they found that blood pressure and atherosclerotic plaques, as well as
oxidized LDL, total cholesterol, and fibrinogen levels, are lower when consuming rosehip
fruits. In the study by Nasrolahi et al. (2020), the cardioprotective effects of rosehip
methanolic extract were evidenced by its ability to modulate the expression of critical
markers related to ER (endoplasmic reticulum) stress.
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Hepatoprotective effect: The rosehip qualifies as a hepatoprotective herb (Ghanbari-Niaki
et al., 2022). The alcoholic extract of rosehip had a protective effect on liver tissue
(Banan Khojasteh et al., 2017).

Culinary delights: Roschip emerges as a potential candidate due to its wide- ranging
functionalities. The increasing focus on sustainability and eco-friendly practices in industries
has sparked interest in rose hip’s potential in applications beyond traditional medicine.
Rosehip is utilized in various culinary preparations. The fruits, leaves and flowers are useful
for humans. The fruits are consumed raw, dried (for tea) and processed into syrups, juices,
jam, marmalade, liqueur, wine, vitamin concentrates, etc. Roasted fruits and seeds are used
as a raw material for coffee. The flowers are used as an additive in salads, for the preparation
of sweets, etc.The potential applications of rosehips in the food industry make them a
promising ingredient for the development of functional products that promote health and
wellness. In this regard, both the rose hips and their by-products offer a wide range of
potential applications in functional foods and dietary supplements, for obtaining probiotic
drinks, yogurts and soups, in addition to the production of conventional products. Its
inclusion in functional foods, nutraceuticals, cosmetics and pharmaceuticals has been
explored, showcasing its versatility and economic potential. As a result, value-added foods,
or functional foods with higher levels of dietary fiber and an tioxidants have evolved,
especially in bakery and cereal products like cookies, gingerbread or noodles. Moreover, by-
products of rosehip are valorized in cereal products such as noodles. In Turkish noodles,
flours from seed of rosehip, grape and pomegranate were added in concentrations of 10, 20
and 30 %. The addition of 10 % of these seed flours presented significant antioxidant activity
(Kocaetal., 2018). Substitution of flour in a standard cookie recipe with 15 % rosehip powder
and 25 % hibiscus powder showed to increase total phenolic content, antioxidant capacity all
along high acceptance when it comes to sensory evaluation (Antarkar et al., 2019). The
incorporation of rosehip flour in bread dough has led to a significant increase in the bread's
nutritional value and improved its rheological properties, with a positive correlation observed
with the amount of rosehip flour used (Giil and Sen, 2017). The rosehip could be a potential
substitute for synthetic ascorbic acid in the bakery industry (Vartolomei and Turtoi, 2021).
By adding 5% and 10% rosehip puree, the physicochemical properties of the extrudates are
improved and they are enriched with flavonols, carotenoids, vitamin C and folates (Igual et
al., 2021). Moreover, rosehip presents applications in meat industry as well, where was most
added to products such as sausages. Polyphenols extracted from rosehip added to pork
sausages at a concentration of 0.005 %, along with 0.01 % sodium nitrite, can delay lipid
oxidation, protein degradation, microbial growth, and preserve the bright red color, flavor,
and taste of smoked pork sausages for up to 20 days of refrigeration storage (Nicorescu et
al., 2018). Also, Armenteros et al. (2013) showed that natural antioxidants from strawberry
and rosehip in frankfurter sausages in combination with traditional additives (sodium
ascorbate and nitrite) enhanced the oxidative stability without modifying the color and texture
properties of sausages. Rosehip can act as a natural antioxidant in meat sausages, but not as
a full replacer for traditional additives (Vossen et al., 2012). The eggs that come from hens
fed with rosehip and flaxseed presented high essential amino acids, antioxidant amino acids,
and sulfur amino acids contents (Vlaicu et al., 2022).

The leaves and flowers are used to make teas, various preparations and lotions for skin
treatment. Regarding rosehip, studies have primarily focused on the valorization of its seeds
and pomace. Cold-pressed rosehip seed oil is a valuable source of bioactive compounds,
including mono/polyunsaturated fatty acids (oleic and linoleic acids) (Franco et al., 2007).
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Furthermore, the diverse bioactivities exhibited by rosehips render them a highly promising
ingredient for the formulation and development of nutraceuticals, cosmetics, and
pharmaceutical products (Negrean et al., 2024). Moreover, Darie-Nita et al. (2021) research
focused on developing an ecological packaging PLA-based containing bio-plasticizers and
chitosan modified with rosehip seed oil. Accordance with the obtained results, the elaborated
formulations had tensile strength and flexibility depending onwhether their composition is
rigid or flexible, as well as antibacterial and antioxidant activity, which may allow for
prolonged use for food packaging. The created biocomposites made of PLA, chitosan
modified, and additives (rosehip seed oil) displayed enhanced processability as well as
physical-mechanical, thermal, water vapor barrier, antioxidant and antibacterial
characteristics suited for application in food packaging (Darie-Nita et al., 2021).

4. CONCLUSION

Rosehips is a widely distributed plant species in R.N. Macedonia. It is found in all regions.
The fruits are used dried (for tea) and processed into syrups, juices, jams, liqueurs and wines.
In the past, roasted fruits and seeds are used as raw material for coffee. Teas, preparations
and lotions are made from leaves and flowers.

Rosehip is a nutritionally valuable fruit containing substantial amounts of bioactive
compounds, vitamin C, total phenols, flavan-3-ols, total anthocyanins, and have high
antioxidant activity (89.2% inhibition). In traditional medicine, Rosa canina L. is used as a
remedy for colds, flu, inflammation and for improving immunity, against anemia, for better
functioning of the heart and blood vessels, against diarrhea, for reducing high blood pressure,
for stomach diseases and gastritis.

Rosehips and their by-products have gained significant attention in recent years due to their
abundance of bioactive compounds which are linked to a wide array of health benefits.
Despite the promising health benefits of rosehips, there is still a lack of research on their
bioactive compounds and potential applications in functional products.

From the total number of respondents who collect fruits from wild fruit species, only 27.7%
of them collect rosehip fruits. The most rosehip fruits are collected in the Northeastern
(58.7%) and Skopje region (41.0%) and the least in the Vardar region (6.4%). 47.7% of the
respondents use rosehip for their own use and 60.3% for sale. They most often sell the fruits
in local markets (40.2%), through buyers (38.1%) and through acquaintances (33.5%).

Despite its high nutritional value, good adaptability to environmental conditions and climate
change, as well as the possibilities for its use in various industries and for various purposes,
we believe that there is not enough awareness of its importance, which is why more attention
needs to be paid to this plant species.
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1. INTRODUCTION

The living and working conditions of modern generations can be said to be characterized by
a general state of crisis and uncertainty. In fact, old problems related to insufficient energy,
food and water supplies have not yet been resolved. However, new problems have emerged:
general exposure to terrorist acts, mass migration of the population from war-torn areas, etc.

Classical theorists of economic growth emphasize several of its economic policy factors, such
as: the importance of savings and investment, education, technological innovation — research
and development, population growth and free trade. Today, a new economic paradigm —
sustainable development — is increasingly dominant, encompassing economic growth but also
important aspects of environmental protection and corporate responsibility.

The concept of sustainability is not new. Its roots can be found in the works of classical
economics, in early attempts to answer the question of what the prospects for the
development of human society are. An extensive overview of the development of economic
thought on the environment was given by E. Kula (1998). Smith and Ricardo, and especially
Malthus, sought answers to questions related to the limitation of natural resources, primarily
land, then to demographic growth, and to diminishing returns to production.

The main goal, in this regard, is to point out the unequivocally strong correlation between the
economics of ecology and energy.

The interaction of the three main branches in terms of resolving the accumulated
contradictions should lead to the goal that is being pursued — sustainable development, in the
sense of the imperative that today's economic prosperity is not based on the ruthless
exploitation of nature and its capacities for the benefit of contemporary generations, but
rather to leave to future generations at least that part of the natural resources that today's
generations inherited from their ancestors. The green economy aims, therefore, to solve the
main identified problems of today: shortages of food, drinking water and energy, along with
drastic environmental pollution. Of course, solutions are offered in the form of sustainable
agriculture and the food industry, which should reduce negative impacts on the environment.

Events in the environmental and energy sectors, both locally and globally, simply require
every country and every individual to act in a way that saves energy, while protecting the
environment at all levels, while actively participating in the fight against climate change. The
ever-increasing need for energy, which practically drives the world, but also the growing
problems of environmental protection, require environmentally and economically efficient
energy production. The areas of energy production, distribution and consumption have been
identified as the main environmental pollutants. The explanation lies in the fact that every
business is made up of energy flows that are directed towards material production and the
provision of services, and focused on energy that opens up new possibilities.

Because, if energy is the main driver of economic activities, then the economy should be
viewed as an energy system consisting of energy flows and conversions that culminate in the
production of goods and services, and energy as a key source of economic growth,
industrialization and urbanization (Ayres, Warr, 2010).

2. ECONOMY AND SUSTAINABLE DEVELOPMENT

The neoclassical growth theory, which emerged in the 20th century, completely denies any
need for a stationary state, and the issue of depletion of natural resources loses its importance.
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Scientific and technological progress becomes the main factor in the development of the
economy and society, and it also occupies a central place in the theory. The decades-long
period of stable growth of the world economy after World War II supported the belief in the
unlimited possibilities of scientific and technological progress. The capitalist world believed
that Keynesian economic theory and policy provided answers to the challenges of economic
instability. On the other hand, the socialist world firmly believed in the correctness of the
fundamental assumptions of scientific socialism that would ensure a secure future for
humanity. On the other hand, Milton Friedman, an economist and Nobel Prize winner,
believes that the main responsibility of a manager is to run a business in the best interests of
shareholders, which is actually financial profit (Robbins, Coulter, 2005). If funds are spent
for social good, the costs of doing business increase. Friedman does not believe that it is not
necessary to be socially responsible, but rather reduces responsibility to making a profit for
the benefit of shareholders.

The crisis of the 1970s, which manifested itself through unemployment, inflation, oil shocks,
and rising energy prices, created the need for a new way of thinking about economic policy.
A new era was beginning, inspired by the achievements of the natural sciences, primarily
physics, as well as the achievements of biology, primarily genetics and ecology. Robert
Solow (1974) was the first to emphasize the demand for intergenerational equality in the
enjoyment of natural goods. In his famous work from 1974, Solow sets out the demand that
each generation of people must have an equal right to reap the benefits of nature, i.c. the
environment, and that only a pattern of economic development that enables this over an
unlimited period of time can be considered sustainable.

The environment is threatened by human intervention in nature, rapid industrial and
technological development, nuclear and other programs. Pollution can cause environmental
toxicity. High levels of gas emissions cause air pollution and negatively affect people who
suffer from asthma or other respiratory problems, including cancer. Waste materials of
organic and inorganic origin have been dumped directly into rivers, lakes or seas for years,
which endangers plant and animal life, but also impairs the quality of drinking water.
Chemical pesticides, herbicides and other chemicals used in agriculture, as well as the
addition of hormones and antibiotics to the food of many animals, can have a detrimental
effect on the normal functioning of the human body. Global warming is one of the most
serious environmental challenges of our time. Deforestation - unplanned or commercial,
threatens the ecosystem. This means that the regulation of water reserves is disrupted, oxygen
release into the atmosphere is reduced, and soil erosion is accelerated. The habitats of plant
and animal species are put at risk.

Economists and other thinkers increasingly base economic development on intellectual
capital (human capital, technology and social capital), and thus knowledge becomes the
leading factor of production in relation to physical labor and natural resources (Albijanic,
2011). Numerous activities of state and non-governmental organizations around the world
led to the holding of the UN Conference on Environment and Development, UNCED, in Rio
de Janeiro in 1992. Many important documents were adopted at this conference. In August
2002, the World Summit on Sustainable Development was held in Johannesburg. At this
summit, the participating countries agreed to begin developing and adopting national
sustainable development strategies as soon as possible. Today, the concept of sustainable
development can be understood as the achievement of three goals: (1) sustainability
through economic growth without inflation and increasing external debt; (2) social
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sustainability through poverty reduction; and (3) sustainability in terms of the use of natural
resources and environmental protection. The concept of sustainability is widely accepted as
a roadmap for human development. There are strong moral reasons for today's generation to
leave the planet and the possibility of development to posterity as a legacy, at least at the
current level. This means that planet Earth, with its potential, must not be degraded by
existing people. This position is based on the theory of equity, which emphasizes the
fundamental principle of moral justice, contained in the equal right of every person to the
broadest basic freedoms, which do not contradict the freedom of others. Therefore, the right
of the current generation to exploit resources and the environment must not threaten the same
right of future generations. This is analogous to the Golden Rule in economics that current
generations cannot consume more than future generations. The basis of sustainable
development is ecologically ethical because nature represents a value in itself and man
is only a part of nature and it is unacceptable for his activity to destroy the diversity of
the living world and the wealth of resources. The economic argument for sustainable
development is also important because it is on the side of efficiency against the waste of
resources and energy, if we want long-term stability and progress of society as a whole.
Hence, it can be concluded that pollution is not a consequence of selfish, frivolous, or short-
sighted human behavior, but an inevitable companion of economic activity. The only
imperative that humanity can face is that the pace of environmental pollution be optimal, i.e.
in line with the possibility of restoring balance in nature and with the principle of economic
efficiency (Harris, Jonathan, 2009, p. 456).

"Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs" (Harris, Jonathan,
2009, p. 458). Sustainable techniques for agricultural production (organic soil restoration,
organic healthy food), energy consumption, natural resource management, and industrial
production have significant potential but have not yet found widespread application.

Energy is a fundamental input for economic systems. Production depends on fossil fuels,
primarily oil, coal, and natural gas. Alternative (renewable) energy sources, such as
hydropower, solar power, and wind power, could become significant. The second law of
thermodynamics states that in isolated systems, the amount of useful energy and matter
decreases over time. This law, known as the law of entropy, has far-reaching significance.
The concept of entropy itself refers to the level of organization of matter and energy. The
higher the organization of matter and energy, the greater their utility, i.e., the lower the
entropy. The opposite is also true; the lower the level of organization, i.e., the higher the
entropy, the lower the utility. In order for matter and energy to be biologically and
economically useful, they must be organized in highly structured forms. The law itself states
that in isolated systems, entropy increases over time, i.e., the level of organization decreases.

2.1 Knowledge economy and ecology

The most important development resource of the world economy of the 21st century is
knowledge. The efficient use of knowledge is achieved through an effective business strategy
of knowledge management. Knowledge management is the basis for directing the learning
and knowledge of an organization towards the realization of set goals and the development
of modern society. Accordingly, if environmental protection is a goal that enables the
satisfaction of the needs of current and future generations, then knowledge management is a
significant opportunity for its realization. In this regard, we especially emphasize the
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characteristics of a learning organization (LO) and its possible contribution to the
improvement and modernization of education for sustainable development and
environmental protection.

The modern economy, the knowledge economy, is based on knowledge, which is the basis
for creating added value for the organization and prosperity of society as a whole. What
characterizes the modern economy is certainly the development of technology, globalization
and the creation of a world economy, the emergence of new political and social challenges
that are changing society and the economy of today, and, of course, knowledge at the center
of the new economy with all its implications for work, leadership and society as a whole
(Pordevi¢ Boljanovi¢, 2009). As the intellectual component of products and services is
increasingly gaining importance, the possibility of knowledge management is becoming
increasingly important in today's business economy.

The creation and dissemination of knowledge within a modern organization is becoming a
decisive factor in achieving and maintaining its competitive advantage. In fact, the only
sustainable advantage of a modern organization comes from how much a company knows,
how effectively it uses what it knows, and how quickly it acquires and uses knowledge
(Davenport, and Prusak, 2000, p. xv). In this sense, in order to emphasize the importance of
knowledge as their strategic orientation, national economies are increasingly using terms
such as the knowledge economy, the ecology of knowledge, smart buildings, and smart cities.
This orientation also indicates the necessity of connecting the knowledge-based economy
with the environment in which the market competition takes place. With this in mind, and
explaining the modern economy, the author Peter Drucker also introduces the concepts of
"ecological vision" and "social economy". Namely, in his book Ecological Vision (Drucker,
2000, p. 442) Drucker speaks of the social dimension of the economy, the social function of
management, and organizations as social institutions. In this context, according to Drucker,
periods of great social change reveal a tension between the need for continuity and the need
for innovation. In order to understand this imbalance of these changes as historical, on the
one hand, and a roadmap for the future, on the other, Drucker introduced a discipline that he
called "social economics", which includes the study of the environment with the idea of its
innovation and change, but also active efforts to maintain a balance between change and
preservation of that same environment.

Namely, in order for companies to develop their knowledge-based competitiveness, they
need to manage knowledge in an optimal and efficient manner, but while respecting the rules
of green business. Although knowledge management, as a management concept, is most
often associated with the availability of knowledge at all times, or, which is the shortest
definition of knowledge management — the right knowledge in the right place at the right
time, in itself, the knowledge management program is ecological and focused on
sustainability and sustainable development as a whole (Lamonth, 2012). Of course,
successful examples of "green" business speak in favor of the fact that this way of thinking
of modern organizations is justified and necessary, which leads to sustainability (Cajka, and
Jovanovi¢, 2015, pp. 87-89).

Companies that operate in this way certainly reduce costs, increase their positive impact on
the environment and its preservation, improve their public image, increase productivity,
create a healthier working environment for their employees and create potential business
opportunities. Unlike the once-popular view that environmental protection reduces business

70



opportunities, reality speaks in favor of the fact that both the environment and business can
win at the same time (Kosti¢, Knezevi¢, Vukadinovi¢, 2014, pp. 93-95). Doing business
"green" is not a cost, but an investment and a catalyst for innovation, new market
opportunities and wealth creation. The question arises: how to achieve this? The answer lies
in ecology as a strategy and the organization of business systems as ecosystems.

Also, ecological intelligence brings the functioning of ecological systems and its factors
closer together. Ecological intelligence enables managers to learn from existing experience
and to deal effectively with their environment, i.e. to apply everything learned about how
human activity threatens ecosystems, as well as to work with less damage and once again
live in harmony not only with their immediate environment, but also with the entire planet
(bokovié, 2008, pp. 383-385).

The basic idea of a business or management ecosystem is that each organization influences
and is influenced by other elements of the ecosystem, developing mutual relationships in
which it must be flexible and adaptable in order to survive — as in a biological ecosystem,
and in the aforementioned goal of achieving a comparative advantage that is the result of
their symbiosis, and which they could not achieve individually (Lansiti, and Levien, 2004,
pp. 67-78).

With all of the above in mind, business ecosystems indicate the dynamics of relationships
between their elements. Ecosystems indicate the importance of the way people collaborate,
share, trust each other, and grow together. When an ecosystem develops, it also indicates the
free flow of ideas, talents, and capital. For these reasons, the term “business ecosystem” is
fully justified because it indicates how and in what way a society views economic values,
values the individual, and his or her power to bring about change and make a difference in
cooperation with others, which is the ultimate goal of modern management (Hwang, 2014).

2.2 Economic perception of the environmental crisis

The modern era of accelerated scientific and technological changes has confirmed the
unsustainability of the quantitative growth model, i.e. the civilizational growth model, which
is based on the endless depletion of natural resources. The need to find sustainable paths of
social development is being initiated again. The essence of the ecological crisis of modern
industrial society and civilization consists in the productivist logic, according to which the
production of material goods exists for the purpose of gaining profit and accumulation, and
not for the purpose of satisfying authentic human needs; then, obsessive consumption in
which the value of "having" (things) takes precedence over "being" (realization of human
potential) of a one-dimensional (technical) process that turns both nature and man into its
instruments. "The blame for the eruption of the ecological crisis cannot be attributed
exclusively to industry, science and politics. Namely, it is necessary to put the entire social
consciousness under the microscope of criticism. It is not a question of rejecting all the
previous civilizational-social (and technical) tradition as extremely hostile, but rather of the
necessity of changing man's established relationship with nature. Successfully overcoming
the accumulated ecological problems implies the emergence of a completely new social
context, which creates space for mutual rapprochement between man and nature, but also
between man and man, which eliminates and mitigates the consequences of the moral and
physical decline of the contemporary Ecumene" (Bose, 1985, pp. 479-486).
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The modern concept of society originated from the mechanistic vision of the world, accepted
for centuries, on whose model modern society is founded, which has continued the further
degradation of the environment. André Gorz reveals the connection between the ecological
crisis and the crisis of contemporary society. Criticizing the profiteer logic, he claims that
both social scenarios (Western and Eastern), by accepting the idea of growth, have
condemned themselves only to the persistent accumulation of ecological problems. Although
left-wing, Gorz clearly states: "The ecological demand is based on fundamental assumptions.
Therefore, it is not subject to bargaining, guessing. Socialism is not worth more than
capitalism if it uses the same tools. The complete rule of man over nature inevitably entails
that the technique with which this rule is exercised dominates man. In the absence of any
other choice, nuclear capitalism is still worth more than nuclear socialism" (Vasovi¢, 2006,
pp- 13-15).

A radical critique of the ecological crisis of Western civilization requires a strong critique of
its economy because, as Brankovi¢ argues, "the reason for man's destruction of nature in
Western civilization should certainly be sought in the economy. Namely, liberated spirits are
precisely in the vortex of the economic perpetuum mobile of that civilization. Nature is an
object there because the subject has caused the dizzying acceleration of the economic
flywheel and can no longer stop it." (Gore, 1982).

According to Danilo Z. Markovi¢ (1991), "in fact, as is often pointed out, ecology, with its
knowledge, should contribute to the creation of more humane living conditions by
overcoming the appropriative attitude of society towards nature, which does not take into
account the basic ecological principle that there is ecological conditioning,
interconnectedness in nature" (Brankovi¢, 1989).

3. ENERGY AND SUSTAINABLE DEVELOPMENT

One of the tasks of environmental economics is to identify those economic activities that
contribute to sustainability, as well as those that undermine it (Perman, Ma & McGilvray,
1996). To illustrate the content of the basic principles of sustainability, we will use the
codified set of norms and goals provided by the Ontario Round Table on Environment and
Economy (ORTEE) of the Canadian state of Ontario and the Dutch National Environmental
Action Plan (NEPP). According to ORTEE, a sustainable society can be considered one that
(Edwards, 2008): (1) recognizes that economic growth has limits and that these are
determined by the carrying capacity of resources in the environment; (2) values cultural
diversity; (3) cultivates respect for all forms of life and encourages the diversity of the living
world; (4) expands the system of social values through education about sustainability; (5)
involves environmental experts in making all development decisions; (6) makes balanced
development plans, respecting social, health, economic and environmental needs; (7) uses
local resources and capacities in the best long-term way; (8) uses renewable and reliable
energy sources; (9) minimizes environmental damage, and (10) strengthens activities in
which materials are recycled.

As a result of the application of these principles, a sustainable social community does not
undermine the sustainability of other communities, nor does it undermine the sustainability
of the lives of future generations (Edwards, 2008).

A similar set of sustainable development principles is provided by the Dutch National
Environmental Action Plan NEPP. The Dutch NEPP is one of a series of "green" national
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documents, first created in 1989, with the aim of linking sustainable development at the local,
regional and national levels, primarily through a presentation of planned activities to improve
the state of the environment. It is envisaged that this action plan will be updated every four
years. NEPP 4 is currently in the advanced implementation phase, and NEPP 5 is being
prepared, with a time horizon extending to 2030.

The basic principles of the NEPP are: (1) intergenerational equity, in the sense that the
current generation must not reduce the development opportunities of future generations; (2)
the precautionary principle, in conditions of global environmental uncertainty; (3) the
principle of conservation of natural resources with minimal environmental damage; (4)
pollution control at source; (5) the polluter pays principle, through internalization of
environmental costs, through fees, taxes and permits; (6) use of best available technologies
(BAT); (7) prevention and elimination of unnecessary waste generation; (8) isolation and
control of waste that cannot be recycled and reused; (9) inclusion of environmental analyses
and assessments in any decision-making in the economy; (10) integral management of the
product life cycle, and (11) respect for the capacity of the environment and eco-space.

The above does not represent a complete or definitive content of the principles of sustainable
development. Rather, it can be said that the concept of sustainable development is still in the
process of being developed and supplemented, and that it is gaining not only relevance but
also breadth of scope every day. For example, the "Earth Charter", as a declaration of the
basic moral principles of human progress in the 21st century, has been adopted by over 4,500
international organizations, including UNESCO, as well as over 250 universities around the
world. After more than ten years of work on its formulation, with extensive support from the
Netherlands, the Charter was adopted in March 2000 by UNESCO in Paris.

The Earth Charter (2000) includes key principles grouped into four areas. These are: (I)
Respect and Care for Life; (I1) Ecological Integrity; (111) Social and Economic Justice; (IV)
Democracy, Nonviolence and Peace.

All of the above suggests that, today, sustainable development is not just a political slogan
or a scientific paradigm. In fact, it is a value orientation based on the view that the primary
task of humanity is to preserve life on Earth, which is a prerequisite for its survival and further
development.

According to a sustainable economy, energy is the most important factor of production and
the main polluter of the environment. On a global scale, the situation is such that developing
countries are less rich in natural resources, of course with existing exceptions, while in some
regions there are not enough natural resources. How to balance the existing differences in the
world and preserve natural goods? Ecology deals with the preservation of natural resources,
while economics deals with the highest possible profit. Ecological economics represents a
new direction in which ecology and economics go hand in hand, with the harmonization of
opposing interests. Profit is important, but only to the extent that it does not become
destructive to the environment, to humans and to sustainable development (Guy McPhearson,
2002).

Energy, in classical economic doctrines, therefore, did not play an important role as a factor
of economic prosperity. This is understandable, because nature and natural resources were
treated as an inexhaustible source of input for economic activities. At the same time, with
such an exploitative attitude towards nature and its total resources, the theory was developed
that people could take everything they needed from nature, in unlimited quantities, and at the
same time consider that nature has the capacity for self-renewal of resources. Nature was
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considered an inexhaustible reservoir of raw materials, necessary for man for survival and
further development.

To this should be added the lack of concern regarding the disposal of waste, i.e. residues from
economic activities, supported by the view that nature itself is able to neutralize the harmful
effects of human activities. Therefore, in economic theory, it was long believed that the
amount of energy available to a given economy was endogenously determined, of course
under the influence of biophysical and economic constraints (Stern, 2010, pp. 1-13).
However, time has shown that such a theory in economic science is simply unsustainable.
The first energy crisis, in the early 1970s, showed in its true light the unsustainability of
classical theory in economics. Namely, at that time, energy appeared as an important, if not
the most important factor of economic growth and development, in all its forms. Economic
theory, in accordance with the requirements and problems of practice, finally introduced
energy into its research as an important factor of economic activities. Energy is no longer
marginalized in modern economic theory.

On the contrary, an increasing number of scientific researches in the field of economic
sciences are related precisely to the examination of the impact of energy, forms of energy
and energy resources on the economy, not only at the regional and national level, but also
worldwide. In this sense, out of the need to solve practical problems, modern economic
theory has included in its research the direct connection that actually exists between
energy, economy and ecology (the so-called 3E). It has even gone a step further, in the
direction that the modern economy, still based largely on non-renewable energy sources, is
increasingly seen as the main cause of harmful impacts on the environment, and thus on
sustainable development. The need to base future economic development on the principles
of sustainability has given rise to a new economic doctrine called the "green economy" (Stern,
2010, pp. 1-13).

4. ECOLOGY AND SUSTAINABLE DEVELOPMENT

Environmental management is a modern system of environmental management. The main
goal of such a system is to eliminate negative impacts and trends that affect human health.
The concept of sustainable development implies balanced economic, social and cultural
development without endangering the environment.

Given the fact that the modern world is already largely faced with the need for global, shared
responsibility for development in accordance with the needs of people and nature, the moral
reasons of today's generation must be strong in terms of adequate chances for future
development and survival of offspring. In this way, future generations could be enabled to
develop at the same or higher level. Therefore, it can be stated that the essence of the concept
of sustainable development is the correlation of economic development and the environment
while respecting the legality of ecological systems. This concept is aimed at the rational use
of the country's natural wealth and, accordingly, at raising the quality of the environment and
the quality of life. In order to achieve sustainable development, it is also necessary to
establish new social values based on knowledge, creativity and human resource capabilities,
in a word, on creating quality management with a tendency to transform the current society
into a learning society.
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It is necessary to form a Sustainability strategy. An extremely important step in the
implementation of a Sustainable Development Strategy is the implementation of a process of
continuous data and information collection to measure the process of its success, i.e. timely
signaling to responsible institutions about the "points" of success (34). This way of thinking
is based on the fundamental principle of moral justice, i.e. that all people have equal rights
to the broadest basic freedoms that do not contradict the freedom of others. The right of the
current generation to exploit resources and to a healthy environment must not endanger the
same right of future generations. Responding to the demands of the current generation
without destroying the opportunities for future generations to respond to their demands is
sustainable development (30).

Ecomanagement can be defined as the process of allocating natural and artificial resources,
but in such a way as to achieve optimum use of the environment in meeting basic human
needs at a minimum and, if possible, on a sustainable basis. It also represents a form of
control of all human activities that have a significant impact on the environment. In other
words, environmental management encompasses the process of making decisions that
regulate the impact of human activities on the living space.

At the core of the concept of sustainability, the central place is occupied by the use of the
capacity of the environment for human progress and development, but in such a way that it
is not damaged and completely exhausted (Milutinovi¢, 2009). Environmental quality
management is a complex multidisciplinary task whose strategic basis is the principles of
sustainable urban development and which can be successfully achieved if there is a well-
conceived eco-management in the environment itself. Environmental protection and
management are an integral part of governance - management at all organizational levels and
in all business functions.

To this end, management should introduce a continuous process that must be coordinated
with social and economic processes (employee safety, health protection, etc.). The principles
and elements of environmental management may include the following strategies
(Milutinovi¢, 2009): (1) environmental policy; (2) planning; (3) implementation and control;
(4) monitoring and corrective action, and (5) review, improvement and continuous
improvement.

In each of the listed environmental management strategies, or ecological management,
there are four basic phases (Milutinovi¢, 2009): (1) identification phase — obtaining
information on the basis of which knowledge about the potential effects of pollution would
be gained; (2) monitoring phase — direct monitoring and measurements of pollutants, their
distribution and localization; (3) valorization phase — ends with the sum of all environmental
information obtained in earlier phases and (4) regulation phase — application of various
instruments and measures for the purpose of effective environmental management.

To direct the desired state of the environment in the future, prognostic and planning methods
and models must be used in order to bring management to an exact level. Therefore, it is
necessary to influence the development of environmental management methods, both at the
theoretical level and at the level of regulations, standards and instructions. The management
model must demonstrate a good relationship between the subjects (competent state bodies)
and the object of management (environmental elements), management tools (laws and plans),
as well as the position of management instruments (regulations, standards, norms, criteria
and information) (Mihajlovi¢, Stosi¢ Mihajlovi¢, 2009). The implementation of planning
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solutions is based on the coordinated application of instruments and measures in various areas
of directing development, construction and use of space and environmental protection.

Strategic planning of environmental management integrates the potential for managing
changes in space, but also the long-term time horizon, taking the position of a catalyst for
harmonizing public, social and private interests. The concept of environmental management
in the function of sustainable socio-economic development, with the goals it seeks to achieve
in modern business and living conditions. The basic goals that are at the base of
environmental management are the following: (1) prevention and resolution of
environmental problems; (2) establishment of boundaries; (3) establishment and maintenance
of institutions that effectively support environmental research, monitoring and management;
(4) warning of dangers and identifying opportunities for overcoming them; (5) maintenance
and, if possible, improvement of existing resources; (6) improvement of the "quality of life",
and (7) identification of useful new technologies or policies.

Each of these goals can be discussed in detail, but what they all have in common is their
essence, which can be expressed as the desire to preserve the environment. Table 1 shows
the so-called "golden rules of ecomanagement", as well as the consequences of not respecting
them.

From Table 1, it can be seen that the important rules are substitution, reduction and
assimilation. In other words, it is necessary to replace non-renewable resources with
renewable ones, to consume natural resources in a planned manner so that they are not
exhausted, that is, it is necessary to monitor the period of their regeneration. Finally, the rule
of assimilation obliges all participants in economic and other activities to reduce the emission
of harmful substances into the environment, that is, to ensure that the rate of environmental
pollution does not exceed the optimal level.

Table 1. Golden rules and consequences of environmental management

Golden rules of environmental
management

RULE OF SUBSTITUTION
Non-renewable resources can be
consumed to the extent that they can be
replaced by equivalent (renewable)
substitutes.
REDUCTION RULE
The amount of renewable resources used
should not exceed their renewability.

Consequences

If the consumption of non-renewable
resources is not drastically reduced within
the next generation, many will disappear or
exist in very limited quantities.

If the growth of renewable resources exceeds
regeneration growth, species extinction will
follow.

ASSIMILATION RULE

Emissions of harmful substances should
not exceed the absorption capacity of the
environment, i.e. exceed the burden on
ecological systems.

If environmental burdens are not drastically
reduced, absorption capacity will be
exceeded locally and globally.

Source:

https://www.google.rs/search?q=http://sewa.sewaweather.com/~ambassadors/new _site/srp/i
mages/stories/Papers+/08-01.pdf&ie=utf-8&oe=utf-8&client=firefo
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Environmental management is an increasingly common topic that relates to various areas of
organization management, which see it as a way to improve their position in the market. It is
related to growth and development, procurement, production, marketing, investments,
personnel, etc., or in short, it is related to all areas of business. Miller (2007) defines
environmental management as "the shaping, management and development of companies
and organizations with responsibility towards the environment". This responsibility means
that in all functions of a company or organization, interaction with the natural environment
is taken into account when making business decisions. Environmental management is the
science and skill of effective and efficient behavior and achieving goals in the right way, but
also the true knowledge and practice of achieving the right goals, i.e. goals that concern
human survival and the quality of their life. Here, more than in other areas of management
application, the dominance of the principle of effectiveness over the principle of efficiency
is confirmed, i.e. the inability to compensate for the lack of effectiveness with efficiency.
Therefore, environmental management must become a kind of management infrastructure for
successful management practices in all sectors, because poorly chosen non-ecological goals
cannot be compensated for even by the greatest efficiency.

The main objective of an ecologically protected area is to ensure the quality of life and long-
term livelihood of the local population. All areas should be managed in a way that will enable
the protection of all natural and cultural resources, while preserving the interests of the
owners in achieving appropriate profits, as well as the interests of the local population. Such
management is complex and requires different knowledge and skills. Due to increasing public
pressure, as well as the potential for cost reduction, legal restrictions and ethical reasons, it
is necessary to develop appropriate ecomanagement strategies to create "environmentally
friendly" processes and products in the function of sustainable development. Therefore,
modifying existing and developing new strategies in the direction of environmentally
responsible business is an imperative of modern business in the field of sustainable
development.

Sustainable development encompasses three dimensions: environmental sustainability,
economic efficiency, and social responsibility. This concept is known as the "three-pillar
model" (Giddings, Hopwood, & O'Brien, 2002, p. 190).

The ecological dimension refers to the preservation of biodiversity, the conservation and
rational use of natural resources, the reduction of environmental pollution, the care of
endangered species, their habitats, ecosystems, and the like (Miltojevi¢, 2011, pp. 639-653).

The social dimension refers to social relations, respect for human rights, the achievement of
social well-being, the transparency of social activities, and the involvement of people in
decision-making, and is monitored through five areas: health, social justice, education,
population, security, and housing.

The economic dimension of sustainable development is based on the principles of
harmonization of economic development with resources and production capacities and is
observed through two areas: production and economic structure and consumption
(Miltojevic, 2011, pp. 639-653).

In the 1980s, Dutch statisticians (Konning, 2015) argued that their national development
strategy consisted of four dimensions of sustainable development: social, cultural, economic
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and environmental. According to their thinking, the social dimension requires answering the
following questions (Konning, 2015): (1) "how satisfied are we now; (2) to what extent is
there safety and security in our environment and social structure; (3) what has been done
about people's social connections between the society to which we belong and people outside
our society".

When thinking about the social dimensions of sustainable development, we think about a
satisfactory level of social sustainability that includes: employment that provides decent
living conditions, equitable income, social stability and equitable access to resources. Social
sustainability implies social equality and the reduction of social exclusion, as well as the
development and inclusion of: equality, social justice and quality of life. Indicators of social
sustainability include access to information, connectivity, physical, psychological and
reproductive health, availability of activities important for sustaining life, which means:
nutrition, household formation, employment, the possibility of accessing land and resources,
as well as security inside and outside the home (Becker, E., Jahn, T., Stiess, 1., & Wehling,
P., 1997).

Social stability as an element of social sustainability is defined as the ability of a human being
(individual, household, family) to achieve and maintain adequate living conditions (Becker,
et al., 1997). Everything that applies to sustainable development at the macro level (the level
of a country's economy) also applies at the micro level when we talk about social enterprises.

4.1. Sustainable and unsustainable development — parallels

Today, the term sustainable development is used too often, in different meanings, and the
key factors of the concept of sustainable development itself are: the economy, social relations
viewed as the degree of realization of freedom and social justice and equality for all people,
as well as environmental protection.

In the broadest sense, sustainable development refers to the interdependence of the
environment, social and economic systems, as well as the promotion of equality and fairness
through the strengthening of public power and a sense of global belonging. It is a concept
based on the idea of combining the best aspects of different perspectives and harmonizing
the development of humanity with the protection of nature.

"Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs." This definition was
formulated by the WCED - World Commission on Environment and Development (38), led
by the Norwegian Prime Minister Gro Harlem Brundtland, in 1987. The word "development"
in this definition introduces two important aspects of this concept: it is multidisciplinarity,
because development cannot be limited to a certain number of disciplines or areas, but is
applicable to the whole world, everyone and everything in it, now and in the future. The
second aspect is that there is no set goal, but the continuity of development is the goal of
development. The definition is based on two principles: (1) the principle of "needs",
including the conditions for maintaining an acceptable standard of living for all people, and
(2) the principle of "limits" of the capacity of the environment to meet present and future
needs, determined by technological development and social organization. Any development
should help meet needs and should not increase restrictions (Government of Serbia,
2005).
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Sustainable development is a harmonious relationship between ecology and economy, in
order to preserve the natural wealth of our planet for future generations. It can be said that
sustainable development represents a direction, a striving to create a better world, balancing

social, economic and natural factors of environmental protection.

Table 2. Comparative presentation of the advantages and disadvantages of two opposing
concepts in the relationship of society to the conditions of its own existence

Sustainable development

Unsustainable development

Quality of life improvement goals -

are based on a general definition including
social and environmental factors, as well as
monetary ones.

The goals are only to raise the standard of
living

- they are based on finances which are the
foundation of our well-being and happiness

There is an interconnectedness between
economic, social and environmental
problems. They are addressed in such a way
as to achieve lasting solutions based on
harmony.

Economy, society, and environment are three
distinct, separate groups of problems, and it is
held that a healthy economy automatically
leads to a healthy society and a safe
environment.

It views the needs of future generations as
the needs of today's generations and seeks to
avoid problems in the future by working on
their solutions today.

Things improve in the short term. It's mostly
left to future generations to sort them out.

Sustainable development

Unsustainable development

The environment and its capacity to support
human action are taken into account in all

The environment is seen as a luxury — it
should only be protected if we can afford it.

decisions,

The focus is mainly on individuals and
individual rights.

Balancing the importance of individual
rights with collective responsibility.

Collaboration between experts and ordinary | Experts and specialists plan.
people is planned so that plans and proposals

meet people's needs.

Source: (Bachun, 2005).

Sustainability, as interpreted in Germany, requires an inextricable link between ecology,
economy and social security. Sustainable development requires that progress in economic
and social living conditions be consistent with the long-term process of preserving the natural
foundations of life.

5. CONCLUSION

The ecological crisis implies a crisis of the existing matrix of industrial society in relation to
the natural conditions of life. The ecological crisis manifested through various degrees: what
kind of pollution, threats, destruction are, in essence, a burning civilizational problem, the
solution of which depends on the very future. The developed part of the Planet is faced with
the problem of depletion and pollution of resources due to the expansion of energy needs.
We now live in a time when renewable energy sources cannot cover all of humanity's energy
needs, the use of classical energy sources is unsustainable, because it pollutes the
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environment to the maximum, and all this is manifested in economic collapses, which seem
inevitable, the only question is under what scenario economic collapses will occur.

The meaning of sustainable development policy at all levels of social organization lies in the
need to maintain a balance between demand, saving and renewal of natural resources, as an
expression of concern for future generations.

Regardless of the evident weakening of the state as an organizer, coordinator and arbiter of
social relations in modern society, the key issue of sustainable development, and thus
environmental protection, is posed as a relationship between the state and the market. This
relationship should be viewed in interaction and should result in meeting people's needs in a
way that does not endanger the environment and the right of future generations to live in a
preserved environment.

Environmental protection problems are primarily problems of economic societies, or in the
broader sense of the word, of the country's economy; with the economy as the material basis,
as a condition for the survival and progress of a human community that exists in a certain
more or less compact area. Environmental protection is an ambivalent category and has
another face. It is about the state having a monitoring and supervisory, control role and the
right to intervene in the field of environmental protection. Intervention is usually directed
towards the economy and economic organizations that do not respect the established "rules
of the game".

The state, also, within its role as the organizer of global society, not only establishes a certain
environment through coercive measures and laws that is a prerequisite for a quality
environment, but also appears in the role of an investor in infrastructure, where this is not the
obligation of the economic sector, with the aim of providing a healthy environment for the
population, plant and animal species.

Market mechanisms and state intervention are complementary in terms of providing the
conditions for sustainable development. If the market is allowed to develop, the economic
effects will be positive. If market mechanisms do not produce the expected results, similar
effects can be ensured through state intervention. But only if the market and state policy form
an integral whole can a very positive effect and accelerated and sustainable development in
accordance with the principle of environmental protection be expected.

Industrialization, in addition to the benefits it has brought to modern man, also brings with it
unwanted consequences for the areal - the environment in which man lives and works.

Environmental indicators show the quality of the environment, the quantity and quality of
natural resources. The state of the environment is the result of environmental pressures and
means the quality of different parts of the environment (lithosphere, pedosphere,
hydrosphere, atmosphere), basic elements (water, air, soil, surface, etc.) as well as the quality
of individual ecosystems (Radej, 1992). Changes in the state of the environment affect the
quality and prosperity of humans. Changes in the state of the environment cause ecological
and/or economic impacts on ecosystem functions and human health (Plut, 2002). These
indicators include the concentration of heavy metals in rivers, exposure of the population to
polluted air, and the like. The difference between indicators of environmental pressures and
indicators of environmental status and sustainable development is that environmental status
indicators show environmental conditions and changes in status over time, rather than
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pressures. Indicators of environmental pressures can be used in practice as a substitute for
status indicators, the collection of which may be difficult and uneconomical.

The changes in today's society, which have occurred in the technical and technological
sphere, require a new and fundamentally changed approach in many domains and areas of
human life and work, including in the field of environmental protection. Environmental
issues have increasing consequences for economic entities and the economy in general.
Depending on the reaction of economic entities or organizations, environmental interests can
have a positive or negative impact on the extent to which set economic goals are achieved.
Economy and ecology have opposing interests, but these interests must be harmonized for
the sake of environmental protection and living space. Environmental protection presents
risks, but also opportunities. Energy is fundamental for economic development, but at the
same time it must serve the function of environmental preservation. Only this approach to
energy leads to a sustainable energy system, a more efficient economy and greater social
well-being, with sustainable balances and capacities of natural resources and as low levels of
pollution as possible.

A new scientific discipline that emerged within the synthesis of social and natural sciences,
called ecological economics, pays special attention to the importance of the laws of
thermodynamics in the process of economic activity, thus ensuring economic activity while
preserving the environment within the realistic framework of sustainable development.
Energy management is a way and support for reducing environmental threats and economic
costs while increasing the quality of life and economic progress.
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configurations rather than universally transferable templates, and that circular effectiveness does not
require high technological sophistication.

Key words: circular economy, circular business models, agriculture, sustainability, comparative
analysis

Ancmpaxm: Tpyoom eu ucnumyesa yupkynaprume 6usnuc mooeau (L{EM) 6o 3emjooencmeomo npexy
cnopedbena ananusa na wecm oomauiHu u merynapoonu cayuau.* Co unoykmueen ucmpaicyeauxu
npucman, Mooeume ce OYeHy8aam cnoped MexHOLOWKU Kapakmepucmuki, eKOHOMCKA 00PHCIUBOCH,
eKonowku eghekmu U nomenyujan 3a penauyuparse. Pesyimamume noxaxcysaam dexa L[EM
DYHKYUOHUPAAM KAKO KOHMEKCMYAIHO 3A6UCHU KOHDUSYDAYUU, 4 HE KAKO YHUBEP3AIHU UAOIOHU.

Knyunu 360poeu: yupxynapra ekoHomuja, YupKyaapHu 6UsHUC Mooenu, 3emMjooeicmeo, 00pHCIu8oCm,
cnopedbena ananusa

1. INTRODUCTION

Agriculture is increasingly confronted with structural and environmental pressures, including
resource depletion, soil degradation, biodiversity loss, and climate instability. Conventional
linear production models, based on extract-produce-dispose logics, are progressively
inadequate for ensuring long-term sustainability and resilience. In this context, the circular
economy (CE) has emerged as a framework aimed at closing material loops, reducing waste,
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and enhancing resource efficiency across sectors, including agriculture (Geissdoerfer et al.,
2017; Ellen MacArthur Foundation, 2019).

Within agricultural systems, circular principles are operationalized through practices such as
composting, nutrient recycling, anaerobic digestion, agroecological diversification, and the
valorisation of organic waste (FAO, 2021). These practices are embedded in circular business
models (CBMs), which integrate environmental objectives into value creation logic rather
than treating sustainability as an external constraint (Bocken et al., 2016; Liideke-Freund et
al., 2019). However, CBMs in agriculture are not uniform. Their technological configuration,
economic structure, and scale vary significantly depending on resource availability,
production structures, and broader development conditions.

Existing literature suggests that circular initiatives in more industrialized contexts are often
characterized by higher technological intensity, advanced system integration, and significant
capital investment, while less developed or transition economies tend to rely on simpler,
locally embedded circular solutions aligned with available resources and incremental
innovation pathways (Kirchherr et al., 2018; Murray et al., 2017). This variation does not
imply a hierarchy of effectiveness but rather reflects different structural constraints and
development trajectories. Despite growing conceptual work on circular agriculture,
comparative empirical research examining how diverse CBMs function across such contexts
remains limited.

The Republic of North Macedonia represents a case of a small agricultural system
characterized by fragmented farm structures, limited mechanization, and constrained
investment capacity. In such settings, circular initiatives are more likely to emerge in forms
that are technologically moderate or simple yet closely aligned with local resource loops and
production practices (Daniloska and Boshkovska, 2025). This context provides a relevant
empirical setting for exploring how circular business models operate under structural
constraints.

Accordingly, this paper adopts an inductive and exploratory comparative approach to
examine selected domestic and international examples of circular business models in
agriculture. The selection deliberately combines simpler, locally embedded initiatives from
North Macedonia with more technologically advanced and system-integrated models from
other countries. This heterogeneity is intentional and designed to illuminate differences in
technological characteristics, economic viability, environmental effects, and scalability
potential across diverse contexts. By comparing these models, the paper seeks to identify
recurring patterns and trade-offs rather than to prescribe a single optimal pathway for circular
agriculture.

The paper proceeds with the methodological framework and selection criteria, followed by
a comparative analysis of the selected examples and a synthesis of the main findings.

2. MATERIAL AND METHODS
This paper adopts an inductive and exploratory comparative case-study approach to examine

selected circular business models in agriculture across different contexts. The analysis relies
on illustrative cases in order to identify recurring patterns and trade-offs across different
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contexts rather than to test predefined hypotheses (Yin, 2018). The objective is analytical
generalization through structured comparison, not statistical representativeness.

The study draws on six selected examples: three domestic cases from the Republic of North
Macedonia and three international models. The cases were deliberately chosen to reflect
variation in technological configuration, scale of operation, and business orientation. This
heterogeneity is methodologically intentional, as it allows for comparison across different
levels of complexity and development conditions (Ridder, 2017).

In selecting the cases, attention was given to their relevance for comparative analysis rather
than to representativeness. The domestic examples illustrate locally embedded and
structurally constrained circular initiatives, while the international cases reflect more
technologically integrated and system-level configurations. Together, they enable cross-
contextual examination of circular business models under diverse structural conditions.

The analytical framework combines descriptive case attributes and four formal analytical
dimensions. Descriptive attributes include the type of business model, resource inputs, and
final outputs, which provide contextual understanding of each case. Comparative assessment
is structured around four key dimensions:

(1) Technological characteristics, referring to the degree of technological integration and
process complexity; (2) Economic viability, including value creation logic, revenue streams,
and cost-efficiency; (3) Environmental effects, encompassing resource efficiency, waste
reduction, and ecological impact; (4) Scalability potential, referring to the capacity for
replication, adaptation, or expansion in comparable agricultural contexts. These dimensions
are adapted from established circular economy evaluation frameworks (Kirchherr et al.,
2017; Ellen MacArthur Foundation, 2019) and provide a consistent basis for systematic
comparison across cases.

The analysis relies primarily on secondary data derived from publicly available sources,
including official company documentation, organizational reports, media coverage, project
materials, and relevant academic literature. All case descriptions are based on verifiable
sources, which are cited accordingly in the text and listed in the reference section. While the
depth of available information varies across cases, particularly for smaller domestic
initiatives, triangulation of sources was applied where possible to enhance analytical
reliability and consistency.

3. RESULTS AND DISCUSSION

3.1 Case Descriptions and Analytical Framing

This section presents six selected case studies that illustrate diverse configurations of circular
business models (CBMs) in agriculture. Three cases originate from the Republic of North
Macedonia and represent locally embedded initiatives operating under structural constraints,
while three international examples reflect more technologically advanced and system-
integrated models. The cases are intentionally heterogeneous in order to enable comparative
analysis across different levels of technological complexity, economic structure,
environmental impact, and scalability potential.
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Veze Shari-Tetovo, North Macedonia. Veze Shari represents a biogas-based circular model
built on the conversion of poultry manure into renewable energy and organic fertilizer (Veze
Shari, 2024; ETF UGD, 2021). Through anaerobic digestion, organic waste is transformed
into biogas used for electricity generation, while digestate is processed into value-added
fertilizer. The model demonstrates moderate technological integration, relying on automated
fermentation systems and energy conversion infrastructure. Economically, it benefits from
diversified revenue streams, including energy production and fertilizer sales (Club Economy,
2022). Environmentally, it contributes to methane reduction and improved nutrient cycling.
Its scalability is contingent on access to feedstock and capital investment but remains viable
in contexts with concentrated livestock production.

Kompostara Resen-North Macedonia. Kompostara Resen illustrates a low-technology
municipal composting initiative based on the recycling of apple-processing waste into
agricultural compost (Prespa Razbudi Se, 2020; Prizma, 2019). The model operates through
basic composting techniques with limited mechanization, reflecting low technological
complexity. Its economic viability is moderate, primarily linked to reduced waste
management costs and potential compost distribution. Environmental effects are significant
at the local level, particularly in terms of organic waste reduction and nutrient recovery. Due
to its modest investment requirements, the model demonstrates strong replication potential
in small municipalities with similar biomass availability. The facility ceased operations
around 2017-2018, primarily due to institutional and financing constraints rather than
technical infeasibility. This trajectory illustrates a recurring challenge for low-technology
circular initiatives in structurally constrained contexts: technical viability does not guarantee
operational continuity in the absence of sustained institutional support.

Orizova Bratimka-Cheshinovo-Obleshevo, North Macedonia. Orizova Bratimka
represents a hybrid circular model combining resource-efficient rice production with eco-
oriented market positioning (ARNO, 2019; Faktor, 2020). The model relies on rational water
use, reduced chemical inputs, and environmentally conscious packaging. Technological
complexity remains relatively low, centered on agronomic knowledge and irrigation
management rather than advanced automation. Economic viability stems from differentiated
market access and eco-branding strategies. Environmental benefits are moderate, particularly
in biodiversity preservation and input reduction. The model shows considerable scalability
potential within rural regions oriented towards sustainable or organic production.

Ynsect-Amiens, France. Ynsect exemplifies a high-technology circular model based on
insect-based bioconversion of agricultural by-products into protein feed and organic fertilizer
(Ynsect, 2022). The company operates vertically integrated facilities utilizing automation,
robotics, and Al-based monitoring systems. Technological complexity is high, reflecting
advanced process optimization and industrial-scale production. Economic viability is
supported by substantial investment and access to premium feed markets. Environmental
benefits include waste valorization and reduced reliance on conventional protein sources such
as fishmeal and soy. The modular design of production units enhances scalability across
suitable regulatory and market environments.

Hengelo Integrated Anaerobic Digestion-Composting Plant, Netherlands. This
composting plant represents a hybrid circular model combining anaerobic digestion and
composting within a decentralized regional framework (BioCycle, 2014). The model
integrates farmers, energy producers, and local stakeholders in the conversion of biomass

87



into renewable energy and soil-enhancing fertilizer products. Technologically, it reflects a
medium-to-high level of integration, incorporating digestion tanks, energy recovery systems,
and compost stabilization processes typical of advanced anaerobic treatment systems in
Europe (Baere and Mattheeuws, 2012). Economically, the model relies on diversified
revenue streams, including renewable energy production, fertilizer sales, and policy-
supported green incentives. Environmentally, it contributes to greenhouse gas mitigation,
improved manure management, and reduced dependency on fossil-based inputs. Its
scalability is supported by modular infrastructure and regional coordination mechanisms,
allowing gradual expansion within comparable agricultural systems.

Kalundborg Symbiosis-Denmark. Kalundborg Symbiosis represents an advanced example
of industrial symbiosis, where multiple actors exchange waste streams, heat, and by-products
to optimize resource use (Kalundborg Symbiosis, 2020; European Circular Economy
Stakeholder Platform, 2025). Although not limited to agriculture, the model includes
agricultural resource loops within a broader industrial ecosystem. Technological complexity
is high, supported by integrated logistics and coordinated process management. Economic
viability arises from cost savings and secondary revenue streams. Environmental benefits are
substantial due to systematic waste reuse and heat recovery. Scalability depends on
coordination capacity and spatial proximity among participating actors but has demonstrated
replicability in similar industrial clusters.

Table 1. Key characteristics of the selected case studies across four analytical dimensions

Model Technological Economic  Environmental Scalability Potential
Characteristics Viability Effects

Veze Shari (MK) Moderate High Significant Strong

Kompostara . Strong

Resen (MK) Low Moderate High

Orizova Moderate High

Bratimka (MK) Low to High Moderate

Ynsect (FR) High High High Very High

Hengelo High

Anaerobic Medium to High I\:I(?(Ii_ﬁraltle Significant

Digestion (NL) &

Kalundborg . . . High

Symbiosis (DK) High High Very High

Source: Authors’ own elaboration based on case study analysis.

The table provides a structured overview of the relative positioning of the selected models
across the four analytical dimensions. While the domestic cases are generally characterized
by lower technological intensity, they demonstrate notable environmental and replication
potential within constrained contexts. The international examples reflect higher technological
integration and capital intensity, combined with broader system-level scalability. This
structured differentiation provides the empirical basis for the comparative analysis developed
in the following section.
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3.2 Comparative Analysis Across Analytical Dimensions

Technological Characteristics and System Configuration. Comparison across the selected
cases confirms that technological intensity significantly shapes the operational configuration
of circular business models, but does not determine their circular effectiveness per se. The
Macedonian cases are characterized by low to moderate technological integration.
Kompostara Resen and Orizova Bratimka rely primarily on basic infrastructure, agronomic
expertise, and incremental process optimization. Circularity in these models emerges through
improved resource management and the reintegration of organic flows rather than through
advanced digitalization or automation.

In contrast, Ynsect and Kalundborg Symbiosis represent high-technology and system-
integrated configurations. Ynsect's model depends on controlled production environments,
automation, and vertically integrated processing chains, enabling high material throughput
and process standardization. Kalundborg operates through coordinated exchanges of energy
and by-products among multiple actors, relying on advanced logistics and infrastructure. In
these cases, technology functions as an enabler of systemic circularity across broader
production networks.

Configurations characterized by moderate technological integration, including the Hengelo
integrated anaerobic digestion-composting plant and the Veze Shari biogas system, illustrate
a transitional technological profile. These models incorporate technical infrastructure for
energy recovery and nutrient management while remaining operationally manageable. The
comparison indicates that technological complexity should be interpreted as a configuration
variable that influences scale and integration, rather than as a normative benchmark of
circularity.

Economic Viability and Value Creation Logic. Economic viability across the examined
cases is achieved through diverse value creation mechanisms. The domestic models rely
primarily on hybrid and context-sensitive economic logics. Kompostara Resen generates
economic value largely through cost avoidance and internal resource recovery, while Orizova
Bratimka leverages product differentiation and eco-market positioning to enhance revenue
stability. In both cases, circularity supports economic sustainability through incremental
efficiency gains and niche market access rather than through scale expansion.

The international high-technology models exhibit more capital-intensive and market-
integrated economic structures. Ynsect operates within premium protein markets, where
technological efficiency and product standardization underpin revenue generation.
Kalundborg Symbiosis creates economic gains through resource efficiency and cost-sharing
mechanisms across interconnected actors. In these cases, circularity strengthens
competitiveness by reducing dependency on virgin inputs and improving system-wide
efficiency.

Intermediate models combine energy production, input substitution, and diversified outputs,
which enhances resilience against market volatility. A central insight emerging from the
comparison is that economic stability depends more on diversification of value streams than
on operational scale alone. Models integrating multiple forms of economic benefit (energy
recovery, waste reduction, premium pricing) or cost savings, demonstrate greater adaptive
capacity across different agricultural contexts.
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Environmental Effects and Regenerative Potential. All analyzed models generate positive
environmental outcomes, though the scope and intensity of these effects vary considerably.
The Macedonian low-technology initiatives demonstrate strong localized regenerative
impacts. Composting enhances nutrient cycling and soil organic matter, while eco-oriented
crop production reduces chemical inputs and supports biodiversity preservation. These
environmental benefits are embedded within local agroecosystems and contribute to
cumulative improvements in resource efficiency.

High-technology models extend environmental effects beyond immediate production sites.
Ynsect contributes to reduced reliance on conventional protein sources, thereby lowering
pressure on land and marine ecosystems. Kalundborg achieves substantial waste reuse and
emission reductions through integrated material exchanges across sectors. These
configurations illustrate how advanced coordination can amplify environmental gains at
regional or cross-sectoral levels.

However, the comparison also highlights trade-offs. High-technology systems require
significant infrastructure and energy inputs, whereas low-technology initiatives operate with
smaller ecological footprints but generate more localized impacts. Intermediate models, such
as biogas systems, combine emission reduction with nutrient recovery, illustrating how
mitigation and regeneration can be jointly achieved. Environmental performance therefore
varies along a continuum shaped by system boundaries, resource inputs, and operational
scale.

Scalability and Context Compatibility. Scalability emerges as a context-dependent
characteristic rather than an inherent property of any specific model. Low-technology
initiatives display strong horizontal replication potential due to modest capital requirements
and reliance on locally available resources. Their simplicity facilitates adaptation in small-
scale agricultural systems and supports incremental expansion.

High-technology models demonstrate vertical scalability through capacity expansion and
system integration, yet their transferability depends on financial resources, infrastructural
readiness, and stable operational conditions. While replicable in suitable environments, such
models are not universally transferable as standardized solutions.

Intermediate systems benefit from modular design principles that allow gradual capacity
expansion and integration into existing agricultural structures. Across cases, scalability is
most effective when models align with prevailing production structures, resource availability,
and market conditions. The findings indicate that compatibility with structural conditions is
more decisive for scaling than technological sophistication alone.

Cross-Case Synthesis. The cross-case comparison reveals patterns that extend beyond the
individual case descriptions. First, neither technological sophistication nor simplicity
guarantees operational sustainability. Kompostara Resen ceased operations despite low
investment requirements, while Ynsect encountered significant financial difficulties
notwithstanding advanced technological integration and substantial capital backing. This
parallel suggests that circular effectiveness depends less on technological tier and more on
the alignment between model design and the structural conditions in which it operates.
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Second, a tension emerges between environmental ambition and economic resilience. Models
generating the broadest environmental benefits such as Kalundborg Symbiosis and Ynsect,
are also the most capital-intensive and context-dependent, limiting their transferability.
Conversely, the most replicable models tend to generate more localized and modest
environmental impacts. This trade-off is not a deficiency but a structural feature of circular
agriculture that policy frameworks should explicitly account for.

Third, scalability and sustainability do not necessarily align. Several cases demonstrate
strong replication potential in theory while facing practical constraints in implementation.
Taken together, the evidence suggests that circular business models should be evaluated not
only on their performance within favorable conditions but on their resilience under structural
and market pressures.

Table 2. Comparative patterns across analytical dimensions

Dimension
Technological

characteristics

Economic logic

Environmental
effects

Scalability

Low-Technology
configurations

Basic infrastructure;
knowledge-driven
processes

Cost avoidance; niche
differentiation

Localized nutrient
cycling; soil
regeneration

Horizontal replication
in small-scale systems

Intermediate
configurations

Integrated energy and
nutrient recovery
systems

Diversified revenue
streams; energy and
input substitution

Combined mitigation
and regeneration

Modular expansion
under stable
conditions

Source: Authors’ own elaboration based on comparative analysis.

High-Technology
configurations

Automated, digitally
managed, system-
integrated operations

Capital-intensive;
premium markets;
system efficiency
gains

Broad system-level
emission reduction
and material
efficiency

Vertical scaling in
capital-intensive
environments

Table 2 systematizes the comparative patterns identified across the four analytical
dimensions and highlights structural differences between low, intermediate, and high-
technology configurations. The differentiation does not imply a linear hierarchy of
performance, but rather illustrates distinct circular strategies shaped by resource conditions,
operational scale, and value creation logic. Importantly, the table also reflects a cross-cutting
finding that no technological tier is inherently immune to sustainability challenges, that is
operational failure and financial vulnerability are distributed across configurations,
suggesting that structural alignment rather than technological choice is the primary
determinant of circular model resilience.

4. CONCLUSION

This paper examined selected circular business models in agriculture through a structured
comparative analysis across four analytical dimensions: technological characteristics,
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economic viability, environmental effects, and scalability potential. The findings
demonstrate that circularity in agriculture does not follow a single technological or
organizational pathway. Instead, circular business models function as context-dependent
configurations shaped by resource availability, production structures, and market conditions.
A structured cross-context comparison of domestic and international cases provides
empirical grounding for these conclusions.

The comparative analysis indicates that technological sophistication is neither a prerequisite
nor a guarantee of circular effectiveness. Low-technology models can generate meaningful
local environmental and economic benefits when aligned with existing resource flows, while
high-technology systems enable broader integration and increased material throughput.
Similarly, economic resilience depends more on diversified value creation than on scale
alone, and environmental performance varies in scope according to system boundaries and
operational intensity. Scalability emerges as a function of structural compatibility rather than
technological advancement.

Taken together, these findings reinforce the argument that circular business models should
not be approached as universally transferable templates. Their effectiveness depends on the
coherence between technological design, value creation logic, environmental objectives, and
operational scale within specific agricultural contexts.

Several limitations must be acknowledged. The analysis relies on a limited number of
illustrative cases and on secondary data sources, which constrains the depth of empirical
verification and quantitative assessment. Differences in data availability across cases
introduce asymmetry in the level of detail. Moreover, the study focuses on qualitative
comparative patterns rather than on measurable performance indicators.

Future research could expand the empirical base through quantitative evaluation of
environmental and economic outcomes, longitudinal analysis of model performance, and
broader comparative studies across additional regional contexts. Further investigation into
performance metrics and impact measurement would strengthen the analytical foundations
of circular agriculture research.

The findings carry practical implications for rural development policy in the Republic of
North Macedonia. Given the structural constraints of the domestic agricultural sector,
fragmented farm structures, limited mechanization, and constrained investment capacity,
low-technology circular models such as composting and eco-oriented production represent
the most immediately replicable pathways. Scaling such initiatives require targeted public
support in the form of advisory services, co-financing mechanisms, and simplified access to
rural development funds. Intermediate models, such as biogas systems, offer viable
upgrading pathways where livestock concentration provides adequate feedstock. Policy
frameworks should therefore prioritize structural compatibility over technological ambition,
supporting circular transitions that align with existing resource endowments and local
production conditions.

Overall, the paper contributes to a differentiated understanding of circular business models

in agriculture as adaptable configurations whose success depends on strategic alignment with
contextual conditions rather than on replication of technologically advanced examples.
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Abstract: The aim of this online research was to identify the relative influence of predictors (general
anxiety, relatedness to nature and perception of proactive pro-ecological behaviors) in explaining the
criteria of anxiety due to climate change. The average age of respondents of both sexes (N = 282) of
the rural population was Myears = 45.62, SD = 2.31. Four measurement instruments were applied:
Climate Change Anxiety Scale, Nature Relatedness Scale, Anxiety Subscale and Proactive
Environmental Behavior Questionnaire. The results of hierarchical regression analysis suggested that
the predictor variables predict 19% of the total variance of the criteria. Statistically relevant influence
on anxiety due to climate change showed two partial predictors: general anxiety (f = 0.40, p <0.01)
and relatedness to nature (f = 0.22, p < 0.05), while the predictor proactive environmental behavior
is not statistically significant. The positive beta coefficients obtained suggested that higher levels of
general anxiety and correlations with nature contribute to higher values of climate change anxiety. In
this quantitative cross-sectional study, the theoretical and practical implications of the results on an
online Serbian sample are discussed.

Key words: rural population, relatedness to nature, proactive ecological behavior, climate change

Aocmpakm: Lun 0602 ounume uUCMPpadcusara je OUO UOeHMUPDUKOBArbe DPelamugHoe ymuyaja
npeoukmopa (2emepanne AaHKCUOSHOCMU, Kopenayuje ¢ NpupoooM u nepyenyuje npoaKmueHUx
NPOEKONOWKUX NOHAWAA) Y 00jAUIbABaAILY KPUMEPUJYMA AHKCUOZHOCTU 3002 KIUMAMCKUX NPOMEHA.
IIpoceuna cmapocm ucnumanuxa oba nona (N = 282) pypanne nonynayuje usnocuna je ASgodine =
45,62, SD = 2.31. Ilpumerena cy uemupu mepua uncmpymenma: CKana ankcuosHocmu 3002
xkaumamckux npomena, Ckana nogesanocmu ¢ npupooom, Cybckana aukcuosHocmu u Ynumuuk
NpoaKmugHoz eKoIouKo2 nonawarea. Pezynmamu xujepapjxujcke pezpecuone ananusze cy2epucan cy
0a npeduxmopcke sapujabne npeosuhajy 19% 00 yxynue eapujance xpumepujyma. Cmamucmuuxu
penesanman ymuyaj Ha auKCUOZHOCMU 3002 KIUMAMCKUX NPOMEHA. NOKA3and cy 08d NApYujamHa
npeduxmopua: eenepanna anxkcuosnocm (£ = 0.40, p < 0.01) u koperayuja ¢ npupooom (F=0.22, p <
0.05), 00K npeduxmop npoaKMuHO eKOIOUKO NOHAWARye Huje cmamucmuyky 3Hadajan. [Jooujenu
no3umusHu bema-Koepuyujenmu cy cy2epucany 0a UU HUB0 2eHepatte AHKCUOSHOCIU U Kopeayuje
¢ NpuUpooOM OONPUHOCE GUULUM BPEOHOCHUMA AHKCUOZHOCMU 3002 KIUMAMCKUX npomeHa. Y 060j
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K6AHMUMamueHoj mpanceep3ainoj cmyouju OUCKymosame Cy meopujcke u npaKmuune uMniuKayuje
pe3yamama Ha OHAUHe CPNCKOM Y30PKY.

K/byllHe peuu.: ceocko cmaHo6HUUIMEBO, Kopefzauuja C anpO()OM, NPOAKMUBHO €KOJIOUWKO noHauiaree,
Kiumamcke npomene

1. INTRODUCTION

Climate change on Earth is defined as a change in climate that has arisen as a direct or indirect
result of human activity and is caused by changes in the atmosphere over periods of time
(Coffé et al., 2026). Its main characteristics are an increase in average temperature, extreme
weather events, and changes in ecosystems and biodiversity. Climate change is an
increasingly pronounced generator of psychological stress, with significant implications for
human mental health. In the last two decades of the twenty-first century, climate change
represents a major problem of contemporary society, as well as a subject of research in
applied environmental and climate psychology. Climate change is a negative consequence of
the global ecological crisis and a threat to human health, given that global warming is 1.5°
higher than in the pre-industrial period (Roopesh, 2026). The mentioned author considers
that the burning of fossil fuels in industrial processes, the automotive industry, modern
agricultural production, and deforestation contribute maximally to climate change; human
behavior significantly influences the shaping of the climatic future, as its negative impact on
nature generates adverse consequences of climate change, primarily affecting mental health
status.

Climate change as a threat manifests itself negatively in the health context (Loc, 2026); for
example, the dimension of anxiety — an emotional state of discomfort and worry accompanied
by the expectation of an unfavorable outcome (extreme weather conditions and natural
disasters, such as floods and tornadoes), is becoming increasingly prevalent among people
due to climate change. Therefore, researchers (Bhakuni, Saxena, 2026; Shymko,
Babadzhanova, 2024) emphasize that if people do not undertake more activities aimed at
reducing the negative consequences of climate change, such as storms, droughts, or fires, this
may negatively affect their mental health. Concern about climate change is to some extent
acceptable when an individual understands the objectivity of events resulting from climate
change. However, when concern about climate change transforms into frequent behaviors
that deviate from socially acceptable ones, it then generates increased emotional, mental, or
somatic stress as a reaction (Sobirjonov, 2026). Researchers (Agoston et al., 2022) concluded
that two forms of anxiety — cognitive — emotional impairment and functional impairment of
people due to climate change — affect their ability to normally perform everyday activities.

The construct of relatedness to nature — cognition, affect, and experience encompassing
people’s connectedness with all living beings in nature is also a predictor of anxiety due to
climate change (Moulavinafchi et al., 2026). In the study by Alshammari (2025), it was found
that individuals who achieved higher scores on the relatedness to nature scale exhibited
higher levels of stress, anxiety, and concern for pro-environmental behaviors in natural
settings. This reciprocity is explained by the fact that individuals are oriented toward practical
activities and therefore think more about the negative characteristics of climate change. The
study by Wilson et al. (2026) emphasizes that a high percentage of respondents behave in an
environmentally friendly manner in everyday life, for example, through lower consumption
of energy and water and reduced use of automobiles in order to mitigate climate change.
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The interrelationship between general anxiety, relatedness to nature, and the perception of
proactive pro-environmental behaviors in predicting the criterion variable of anxiety due to
climate change occupies an important place in research. Taking into account the findings of
previous studies and the indisputable significance of the research problem, as well as the fact
that identical studies on the relationships between the constructs of anxiety and climate
change have not been conducted in the Republic of Serbia, the aim of this research is to
examine the relative quantitative contribution of different predictors (general anxiety,
relatedness to nature, and perception of proactive pro-environmental behaviors) in explaining
the criterion variable of anxiety due to climate change in the rural population. Based on the
cited previous findings, this study tested the alternative hypothesis (H): a statistically
significant positive correlation is expected between general anxiety, relatedness to nature,
pro-environmental behaviors, and the perception of climate change anxiety among the rural
population.

2. MATERIAL AND METHODS

2.1 Respondents

The quantitative research was conducted on a non-probabilistic Serbian rural sample of 282
respondents of both sexes (M = 45.62, SD = 2.31). The age range was from 18 to 65 years,
comprising 147 women (52.12%) and 135 men (47.87%). The basic criteria for participation
in this online research design were the respondents’ residence in rural, spatially dispersed
areas on the territory of Serbia, as well as knowledge of the Serbian language. The
educational structure of the respondents was as follows: incomplete primary education
(3.14%), primary education (35.37%), secondary education (58.22%), and higher education
and university degree (3.27%). According to marital status distribution, the largest number
of respondents were married (63.10%), followed by divorced individuals and
widows/widowers (24.06%), and those who had never been married (12.84%).

2.2 Procedure

The online measurement instruments used were administered in the form of a Google Forms
platform and shared with respondents via a link on the social networks WhatsApp, Instagram,
Facebook, and LinkedIn. In the instructions, respondents were informed that participation in
the study was entirely voluntary and anonymous, that they could withdraw at any time
without any consequences, and that the data would be analyzed at the group level exclusively
for scientific purposes. After providing consent to participate, which was recorded by
clicking “next,” the completion of the measurement instruments began in February 2026 and
lasted approximately 20 minutes. Prior to conducting the research, approval was obtained
from the Scientific Council of the Serbian Academy of Innovation Sciences in Belgrade
(approval no. 20/2026), based on the ethical standards of the Declaration of Helsinki.

2.3 Climate Change Anxiety Scale (CCAS)
The CCAS scale (Climate Change Anxiety Scale; Clayton & Karazsia, 2020) examines the

impaired psychological state of individuals resulting from climate change. The measurement
instrument comprises 13 items that assess the level of thinking about climate change in
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relation to sleep (“Thinking about climate change makes it difficult for me to sleep”),
socialization (“My concern about climate change makes it difficult for me to enjoy myself
with my family and friends”), and emotion regulation and concentration at work (“Thinking
about climate change makes it difficult for me to concentrate”). Respondents rate the extent
to which each statement applies to them on a five-point Likert-type scale (from 1 = never to
5 = almost always). The total score is calculated as the arithmetic mean of responses across
all items, with higher scores indicating a higher level of anxiety due to climate change. The
coefficient of internal consistency (Cronbach’s alpha coefficient) in this study is o = 0.82.

2.4 Nature Relatedness Scale (NR-6)

The NR-6 scale (Nature Relatedness Scale; Nisbet et al.,, 2009) consists of six items.
Respondents assess personal identification with nature, a sense of relatedness to nature,
spirituality, awareness, and subjective knowledge of the human natural environment, for
example: “My relationship to nature is an important part of who I am,” “I always think about
how my actions affect the environment,” “I feel very related to all living beings and the planet
Earth.” The task of the respondents is to rate their agreement with each statement on a Likert-
type scale ranging from 1 = strongly disagree to 5 = strongly agree. The total score is formed
as the arithmetic mean of all statements. A higher score on the scale indicates a greater level
of people’s relatedness to nature. The internal consistency (Cronbach’s alpha) of the scale on
the examined sample is a = 0.79.

2.5 Anxiety Scale (DASS)

The DASS subscale (Anxiety Scales; Lovibond & Lovibond, 1995) measures symptoms of
anxiety. It comprises 14 items that describe symptoms of more intense physiological
activation of the organism, as well as the perception of panic and fear. The symptoms are
classified into four categories: autonomic arousal (e.g., “I experience heart problems—rapid
heartbeat or skipping—even when [ am not physically active”), skeletal-muscular experience
(e.g., “My hands tremble”), situational anxiety (e.g., “I worry about situations in which I
might panic or embarrass myself”), and the subjective experience of anxiety (e.g., “I feel like
I am going to faint”). Respondents rate how often each item applied to them during the past
week on a Likert-type scale ranging from 1 (does not apply to me at all) to 3 (applies to me
completely). The total score on the scale is obtained by summing the responses to the
corresponding items. A higher score suggests a higher level of anxiety. The obtained alpha
coefficient value in our sample is o = 0.80.

2.6 Proactive Environmental Behavior (PEB)

The PEB questionnaire (Proactive Environmental Behavior; Huang, 2016) consists of 10
items on the basis of which respondents individually manifest the level of recycling—
reprocessing waste into new products, composting—a natural process of decomposition of
organic waste resulting in fertilizer—compost, energy saving, reduction of transportation use,
and purchasing local products (e.g., “I turn off or unplug electronic devices when they are
not needed,” “I compost kitchen waste,” “I recycle newspapers/paper, plastic, cans, and
glass™). The task of the respondents is to evaluate the listed behaviors on a five-point Likert
scale ranging from 1 (never) to 5 (almost always). The total score is calculated by summing
the responses to the corresponding items, with a higher score indicating more pronounced
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proactive environmental behavior. The reliability of the questionnaire in this study is
acceptable, as the obtained Cronbach’s alpha value is o = 0.77.

3. RESULTS AND DISCUSSION

The calculated basic statistical parameters of central tendency in Table 1 show that most of
the distributions of perceived variables are close to the arithmetic means, which suggests a
uniform level of variability and moderate individual differences in a homogeneous sample of
respondents.

Table 1. Descriptive statistics of the used variables

Variables M SD Sk Ku SKSE KuSE
Anxiety due
to climate 1.23 0.72 0.46 0.91 0.10 0.12
change
Relatedness 3.16 0.77 0.25 0.67 0.10 0.12
to nature
Proactive 2.95 0.68 0.54 0.43 0.10 0.12
environmental
behaviors
General 0.75 0.70 0.49 1.05 0.10 0.12
anxiety

Legend: Sk = skewness; Ku = kurtosis; SkSE = standard error of the skewness; KuSE =
standard error of the kurtosis; *p < 0.05. **p <0.01.

The calculated parameters of shape, standardized skewness and kurtosis, indicate that the
distributions of the examined variables do not deviate from the normal hypothetical Gaussian
distribution (range £2), which, according to the criteria proposed by (Kline, 2023), makes
them acceptable for use in parametric statistical procedures.

Inspection of the Pearson correlation coefficients () in Table 2 shows that they range from
weak to moderate linear correlations.

Table 2. Correlation coefficients between the examined variables

Variables 1 2 3 4 5 6 7
Age - 0.03 -0.20* -0.06 -0.10 0.02 -0.07
Gender - 0.01 0.32%* 0.06 0.30** 0.01
Financial - -0.03 -0.06 -0.05 0.02
status
General - 0.10 0.13 0.29%*
anxiety
Relatedness - 0.50** 0.18*
to nature
Proactive - 0.13*
environmental
behaviors
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Anxiety due -
to climate
change

Annotation. *p <0.05, **p <0.01

The maximum statistically significant correlation with a negative direction was manifested
between the variables proactive environmental behavior and relatedness to nature and age (r
=—0.90, p <0.01), whereas the minimal and negative linear association was found between
general anxiety and proactive environmental behavior  (»=-0.90, —0.13, p <0.01), which
is consistent with empirical research by Asbrand et al. (2026).

In order to check the influence of predictors in interpreting the variance of anxiety due to
climate change, a hierarchical regression analysis was conducted. Before implementing this
multivariate method, the independence of residuals, i.e. the difference between the actual
(observed) value and the value predicted by the statistical model, was checked using the
Durbin - Watson test, whereby a satisfactory value of 1.986 was obtained (Field, 2013),
which shows that the prerequisite for the independence of residuals was met. Also, for the
purpose of checking, the variance inflation factor —VIF (Variance Inflation Factor) was
calculated to determine the degree of connection between the predictors and the reciprocal
value (Tolerance) of the unexplained part of the variance of other predictors. The calculated
VIF values are less than 10, and the reciprocal values are greater than 0.1, and it is concluded
that there is no multicollinearity phenomenon between the predictors (Field, 2024).

The applied regression model consisted of three steps (Table 3). The variable of general
anxiety was entered in Step 1, the variable of relatedness to nature was included in Step 2,
while the variable of proactive environmental behavior was introduced in Step 3 of the model.

Table 3. Results of hierarchical regression analysis for the criterion anxiety due climate

change
Predictors Model 1 Model 2 Model 3
p p B
(SE) (SE) (SE)
General anxiety 0.40%* 0.29%* 0.40%*
(0.05) (010) (0.09)
Relatedness to nature 0.19%** 0.22%*
(0.07) (0.06)
Proactive 0.20*
environmental (0.08)
behaviors
AR2 0.14%** 0.03** 0.00
R? 0.13 0.19 0.19

Legend. p = standardized regression partial coefficient Beta; R? = Coefficient of multiple
determination; SE = standard error of estimate of the regression coefficient; 4R? = changed
delta coefficient of multiple determination. ** p <0.01, * p <0.05.
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The finding in the first regression model, which included the predictor general anxiety,
suggests that it partially explains 14% of the variance of the criterion variable of anxiety due
to climate change. The control variable relatedness to nature, entered in the second model,
additionally explains 3% of the variability, while in the third model the control predictor
proactive environmental behavior does not contribute quantitatively in a statistically
significant manner to the prediction of variation in the criterion variable. In addition, it is
observed that no mediation or suppression effects were found in the conducted regression —
that is, no influence of the independent variables on the dependent variable through a third
variable. It should also be emphasized that the set of all predictor variables explained a total
of 19% of the proportion of variance in the criterion of anxiety due to climate change.

Analysis of the obtained standardized beta coefficients showed that in the first regression
model, general anxiety emerged as a positive and statistically significant predictor (f = 0.40,
p <0.01). In the second model, in addition to general anxiety, perceived relatedness to nature
stood out as a particularly relevant predictor (8 = 0.20, p < 0.01). In the third model, the
predictors general anxiety and relatedness to nature, with an additional 2% of explained
variance, were the only significant positive determinants of the criterion variable.
Specifically, the obtained regression parameters indicate that with an increase in the level of
general anxiety and relatedness to nature, the level of anxiety due to climate change also
increases. Based on the calculated beta coefficients, it is concluded that the hypothesis (H)
was partially verified, that is, the significance of the constructs of general anxiety and
relatedness to nature in explaining the variability of anxiety due to climate change was
confirmed.

4. DISCUSSION

The aim of this online study was to examine the quantitative contribution of the perceived
predictors (general anxiety, relatedness to nature, and proactive pro-environmental
behaviors) in predicting the variability of the criterion variable of anxiety due to climate
change. The obtained correlational-regression findings partially confirm the initial
hypothesis that the constructs of anxiety and relatedness to nature represent significant
generators of variability in anxiety due to climate change, which is consistent with theoretical
models of anxiety and relatedness to nature that contribute to anxiety due to climate change.

In the earlier studies of applied psychology, that is, environmental and climate psychology,
it has been established that there is a significant correlation between the variables of concern
about climate change and general anxiety (Barrett, 2026). However, despite the fact that more
than one half of the Serbian rural population believes that climate change is a major problem,
this study found a low level of linear association between general anxiety and climate change
anxiety. A likely generator of their low level of climate change anxiety is that the
consequences of climate change are exposed to the negative influence of personal
understanding; therefore, individuals to a large extent do not perceive the negative
consequences of climate change. In addition, Serbian rural residents do not view the problem
of climate change at a personal level, but rather expect state authorities to undertake measures
to reduce the negative impact of climate change.

The findings of this study suggest that symptoms of anxiety are manifested to a lesser extent
among respondents than concern, as it has probably not yet reached a quantitative level that
would interfere with their everyday functioning. Identical results were found in the study

101



(Pohl et al., 2026), where concern about climate change was in a significant correlation with
pathological worry. The phenomenon of climate anxiety is not a clinical diagnosis; therefore,
the scale does not assess clinical use, but is applied to define the prevention of climate change
anxiety over a period of time (Beron et al., 2024). However, in this study, climate change
anxiety was more pronounced among some individuals who have general anxiety, higher
relatedness to nature, and who manifest proactive environmental behaviors, which was
expected and confirmed by the hypothesis. On the other hand, no statistically significant
correlation was obtained between the variables of age and climate change anxiety. Thus, the
identified positive correlation between general anxiety and climate change anxiety indicates
that respondents with higher levels of general anxiety also have higher scores on the climate
change anxiety scale, which is congruent with the findings of the study (Askaree et al., 2026).
This finding suggests that individuals with general anxiety are at greater risk of perceiving
climate change anxiety, as they often experience emotions of fear and worry. Likewise, the
predictor relatedness to nature is positively correlated with climate change anxiety, which is
consistent with the results of the study (Kapoor and Rishbeth, 2026). Conversely, relatedness
to nature may also have an opposite effect, that is, time spent in nature reduces stress and
therefore people do not perceive climate change anxiety, which indicates that this
interdependence should be further examined.

The predictor variable of proactive environmental behaviors in our sample is positively
correlated with climate change anxiety, as rural respondents who behave proactively in an
environmentally friendly manner on a daily basis think about reducing their negative
contribution to the natural environment due to concern for the future climate and the
environment in which they will live. However, the authors (Akhtar et al., 2026) did not find
a statistically significant interaction between proactive environmental behaviors and climate
change anxiety. In this study, proactive environmental behaviors did not emerge as a
determinant of the criterion of climate change anxiety. Conversely, in previous studies, pro-
environmental behaviors have been shown to be strong predictors of climate change-related
stress, which draws attention to the fact that people who behave proactively in an
environmentally friendly way are at greater risk of perceiving climate anxiety (Wang et al.,
2026), which may increase stress and generate climate change anxiety. According to
researchers (Agoston et al., 2024), the reason for these differing results likely lies in the level
of cognitive and emotional impairment correlated with an individual’s ability for climate
anxiety to serve as a motivation for behavioral transformation and the formation of proactive
environmental behaviors, that is, saving energy, purchasing second-hand products, and
similar actions. Interestingly, such behaviors require greater effort, whereas behaviors for
which climate anxiety was not a determinant are those that do not require greater effort, such
as avoiding food waste and purchasing fewer products. Accordingly, a possible interpretation
of why proactive environmental behaviors in this study did not prove to be a statistically
significant determinant of climate change anxiety is that respondents who behave proactively
in an environmentally friendly manner perceive a sense of control and safety related to the
consequences of climate change and therefore do not experience unpleasant emotions.

Therefore, in this study only the predictors general anxiety and relatedness to nature proved
to be significant determinants, meaning that general anxiety predicts the maximum portion
of variability of the criterion variable. Considering the findings of the study (Eklof and
Klockne, 2026), in which respondents maximally expressed general anxiety and relatedness
to nature, it is not surprising that these predictors explain the largest portion of variability in
climate change anxiety.
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The construct of general anxiety is a relevant determinant of the dependent variable of climate
change anxiety, as respondents with more pronounced general anxiety also show more visible
climate change anxiety (Tiitta, 2025). This finding is consistent with the results (Balmes and
Holm, 2023) which indicate that people who have general anxiety are at greater risk of
perceiving climate change anxiety. The reason for this effect is that current anxiety symptoms
may correlate with the consequences of climate change. The author (Barrett, 2026) noted that
individuals who think more intensely about climate change should, through mindfulness
techniques, consciously distance themselves from such thinking, that is, create a new
interaction with the experience—acceptance rather than avoidance.

According to the results of the study (2022), relatedness to nature is a positive determinant
of climate change anxiety. Individuals who are immersed in nature manifest more symptoms
of anxiety because these remind them that nature is in danger. This is explained by the fact
that people who are related to nature spend more time in it, and it is important for them to
preserve the environment; therefore they pay more attention to the negative impacts that
occur in the natural environment, which generates concern for natural conditions and
potentially anxiety due to climate change. Despite this, pleasant emotions may also be
experienced as a reaction to climate change. Researchers (Ek16f and Klockner, 2026) believe
that the emotional reaction to climate change is also conditioned by the social context, which
can produce pleasant or unpleasant emotions. In this regard, the emotion of hope is a relevant
motive for coping with climate change, e.i. when hope is based on denial, it is not a positive
phenomenon that directs people toward proactive environmental behavior; rather, hope even
as a pleasant emotion is perceived as an illusion and as the individual’s inability to
responsibly understand climate change. In contrast, when hope is based on confronting
climate change, pleasant emotions provide energy for dealing with the problem and searching
for solutions to climate change.

Regardless of the relevance of this study in applied ecological and climate psychology, there
are several methodological shortcomings that limit the possibility of interpreting and
generalizing the results to the general rural population. First, the research was conducted on
an online sample, which reduces the possibility of drawing general conclusions regarding the
prediction of the rural population. Second, due to differentiated measurement methods, the
construct of climate change anxiety is complex to precisely operationalize and quantify, and
therefore it may be biased because respondents often assess their own abilities, which reduces
its reliability and validity of measurement. Third, during self-assessment respondents answer
in a subjectively socially acceptable, that is “desirable,” manner instead of according to their
real emotional capacity. Finally, the obtained minimal proportion of explained variance of
climate change anxiety in rural, sparsely populated areas suggests that there are some
additional factors that were not examined in this research, and that the conducted cross-
sectional research design does not allow conclusions about causal-consequential relations,
but only about predictive interactions between variables. Despite the mentioned
methodological limitations, the obtained findings provide an empirical basis for improving
strategies for the reduction of climate change anxiety among the rural population, as well as
the need for additional empirical (longitudinal) studies with a more representative sample
and the inclusion of other factors that influence climate change anxiety.
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5. CONCLUSION

The results of this study indicate that anxiety has a relevant quantitative role in the
perception of climate change among a sample of rural residents of both sexes in Serbia with
an average age of 45 years. A statistically significant positive correlation was identified
between the variables of general anxiety, relatedness to nature, proactive environmental
behavior, and climate change anxiety. The findings of the hierarchical regression analysis,
with a total of 19% explained variance, suggest that the predictors (general anxiety and
relatedness to nature) are the only significant positive determinants of the criterion variable
(climate change anxiety). The extracted minimal percentage of variance in the regression
indicates potential determinants of the construct of climate change anxiety that were not
tested in this cross-sectional online study. The obtained results are congruent with current
empirical research emphasizing the role of general anxiety and relatedness to nature in the
evaluation of climate change. The findings of this study in the field of applied psychology
expand knowledge about the relevance of the influence of predictor variables on the
prediction of the criterion variable in areas with low population density. Therefore, they may
serve as a basis for developing interventions aimed at residents outside urban areas in order
to reduce their perceived anxiety related to climate change.
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Abstract: This study examines how digital agricultural technologies and climate adaptation practices
influence agrobusiness competitiveness in Southeast Europe. The empirical analysis is based on survey
data collected from 148 agricultural producers operating in North Macedonia, Serbia, and Bulgaria.
The dataset was examined using statistical techniques together with spatial econometric analysis in
order to explore the relationship between technological adoption, adaptive farm management
strategies, and agrobusiness competitiveness. The findings suggest that farms using digital monitoring
tools and adaptive management practices tend to achieve more stable production outcomes and
stronger integration within agricultural value chains.

Key words: digital agriculture, climate resilience, agricultural value chains, rural development,
agrobusiness competitiveness.

Ancmpaxm: Osa ucmpaxicysare ja aHarusupa 6pckama mery npuMeHama Ha OUSUManHu 3eMjooencKu
mexHono2uy, cmpameauume 3a KIUMAMCKA a0anmayuja U KOHKyPeHmHOCMA HA a2pOOUSHUCOM 60
Jyeoucmouna Eepona. Ilooamoyume 00 ankemama ongaraam 148 3emjodencku npouzsooument 00
Cegepna Maxkeoonuja, Cpbuja u byeapuja u 6ea ananusupanu co cmamucmuyku u npOCMOPHU
eKOHOMempPUCKU Memoou. Pezyimamume noKaxcy8aam 0exa OUSUmanHume cucmemu 3a MOHUMOPUH2
U a0anmusHume NPAKmMuKU 60 YRpagysareno co gapmume npUOOHecy8aanm 3a NO20IemMa CmaduIHoCm
HA nPOU3600CMBOMO U 30 NOCUTHU 3€MjOOEICKU 6PEOHOCHU CUHUUDU.

Knyunu 360pogu: oucumaiio 3emjooeicmeo, KiumMamcka OmnoOpHOCH, A2paphu CUHUUPU, pYpPaleH
paseoj, azpodusnuc.

1. INTRODUCTION

Agriculture in Southeast Europe is increasingly influenced by climatic variability and
technological change. Agriculture remains an important component of rural economies
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across North Macedonia, Serbia, and Bulgaria, where it continues to influence employment
patterns, food supply, and household income structures. However, agricultural systems in the
region increasingly face environmental pressures associated with climate change—irregular
precipitation patterns, temperature fluctuations, and more frequent extreme weather events
create growing uncertainty for production and complicate long-term planning decisions
(Lobell et al., 2011; Ortiz-Bobea et al., 2020).

At the same time, agricultural production systems are undergoing technological
transformation driven by digital innovation. Advances in satellite observation, remote
sensing technologies, sensor platforms, and digital farm management systems enable more
effective monitoring of environmental conditions and support improved decision-making at
the farm level. In recent years, environmental data have become increasingly integrated into
agricultural production management through these digital monitoring technologies (Wolfert
et al., 2017; Trendov et al., 2019).

The convergence of these two trends, climatic pressure and technological opportunity, creates
challenges and opportunities for agricultural producers in Southeast Europe. Yet the region's
agricultural systems differ markedly from those in Western Europe. Unlike Western
European agricultural systems, farms in our sample face unique challenges related to
fragmented land ownership and post-socialist transition, which continue to shape investment
capacity, technological adoption patterns, and access to agricultural advisory services. These
structural legacies, combined with heterogeneous agro ecological conditions and varying
levels of technological infrastructure, create diverse development trajectories that warrant
specific empirical investigation.

Agricultural modernization and productivity growth are increasingly associated with
technological innovation and institutional capacity that support the adoption of modern
agricultural practices (World Bank, 2021). Understanding how digital technologies interact
with climate adaptation strategies in this specific regional context represents an important
analytical challenge. Previous research has demonstrated that digital monitoring systems can
improve resource efficiency and reduce environmental pressures associated with excessive
input use (Finger et al., 2019; Zhang et al., 2021). However, less is known about how these
technologies function within the structural constraints characteristic of post-socialist
agricultural systems.

This study contributes to the literature by combining survey evidence with spatial
econometric analysis to examine how digital agricultural technologies and climate adaptation
practices influence agro business competitiveness in Southeast Europe. The research
considers how technological innovation and adaptive farm management strategies affect
production stability and economic performance within agricultural enterprises operating
under conditions of environmental uncertainty and structural constraint.

2. CONCEPTUAL AND EMPIRICAL FOUNDATIONS OF DIGITAL
AGRICULTURE

Digital transformation increasingly influences agricultural production systems and the
organization of global agricultural value chains. This study contributes to the literature by
combining survey evidence with spatial econometric analysis to examine how digital
technologies in agriculture and climate adaptation practices influence agro business
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competitiveness. Digital agriculture refers to the application of digital technologies,
environmental monitoring systems, and advanced data processing tools within agricultural
production and farm management. These technologies include satellite observation systems,
remote sensing platforms, sensor networks, and digital farm management software capable
of processing environmental and production data (Wolfert et al., 2017).

The availability of satellite imagery, field sensor networks, and environmental data platforms
enables agricultural producers to observe production conditions with greater precision and
respond more effectively to environmental variability. Agricultural decision-making is
increasingly supported by digital information systems that facilitate efficient allocation of
agricultural inputs and improve production planning under conditions of climatic uncertainty
(Trendov et al., 2019; Lowenberg-DeBoer et al., 2020).

Precision agriculture represents one of the most widely discussed applications within digital
agriculture. Spatial monitoring technologies and sensor-based data collection allow
producers to manage agricultural inputs according to local environmental conditions.
Variable-rate technologies enable farmers to adjust the application of fertilizers, pesticides,
and irrigation water according to soil characteristics and crop requirements, thereby
improving resource efficiency and reducing environmental pressures associated with
excessive input use (Finger et al., 2019; Zhang et al., 2021).

Digital agricultural technologies increasingly support climate adaptation strategies within
agricultural production systems exposed to environmental variability. Monitoring platforms
and environmental forecasting systems allow producers to observe climatic conditions and
adjust agricultural practices accordingly. Access to environmental data supports irrigation
planning, crop selection, and diversification strategies aimed at reducing production risks
associated with climatic variability (Ortiz-Bobea et al., 2020; Herrero et al., 2021).

Recent technological developments integrate data analytics and artificial intelligence into
agricultural monitoring systems. These systems combine information from satellite
observations, meteorological stations, and soil sensors in order to improve production
forecasting and farm management planning. Digital technologies increasingly function as
components of broader agricultural innovation systems linking technological development,
agricultural knowledge networks, and institutional support mechanisms (Klerkx et al., 2019;
Rose & Chilvers, 2023).

The integration of digital technologies also affects agricultural value chains. These chains
connect agricultural production with processing industries, distribution networks, and
consumption markets. Digital technologies facilitate coordination between producers,
processors, and market actors by improving monitoring of production volumes, quality
standards, and supply chain logistics. Digital agricultural platforms increasingly support
traceability systems and supply chain transparency, thereby strengthening agrobusiness
networks and improving competitiveness within agricultural value chains (FAO, 2022).

Despite these technological opportunities, adoption of digital agricultural technologies
remains uneven. Structural differences in farm size, financial capacity, technological
knowledge, and institutional support influence the diffusion of digital innovations. Larger
agricultural enterprises typically possess greater investment capacity and technological
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expertise, while smaller farms often face financial and knowledge constraints that slow
technological adoption (Klerkx et al., 2019).

Institutional environments therefore play an important role in shaping agricultural
technological modernization. Agricultural advisory services, research institutions, and policy
frameworks contribute to the dissemination of technological knowledge and support the
adoption of innovative agricultural practices. International policy frameworks increasingly
recognize digital transformation in agriculture as part of strategies aimed at strengthening
agricultural productivity and climate resilience (OECD, 2019; European Commission, 2023).

Within Southeast Europe, agricultural systems are characterized by a high proportion of small
and medium-sized farms, heterogeneous agroecological conditions, and varying levels of
technological infrastructure. These structural characteristics create diverse patterns of
technological adoption. Understanding how technological adoption interacts with climate
adaptation strategies therefore represents an important analytical challenge for agricultural
systems operating under environmental variability.

The conceptual framework developed in this study examines the relationship between digital
agricultural technologies, climate adaptation practices, and agrobusiness competitiveness
within agricultural value chains across Southeast Europe.

‘ Digital Agricultural Technologies

Y

‘ Climate Adaptation Practices

Y

‘ Agricultural Production Stability ’

Y

‘ Agrobusiness Competitiveness

Figure 1. Conceptual model of digital agriculture, climate adaptation and agrobusiness
competitiveness.

3. RESEARCH METHODOLOGY AND DATA FRAMEWORK

The empirical analysis examines how digital technologies in agriculture and climate
adaptation practices influence the competitiveness of agricultural enterprises within value
chains in Southeast Europe. The methodological framework combines survey-based
empirical data with quantitative statistical analysis in order to evaluate how technological
adoption influences production stability and economic performance within agricultural
enterprises operating under conditions of climatic variability.
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Differences in farm size, technological capacity, and market accessibility create
heterogeneous development trajectories for agricultural enterprises across the region, which
makes the examination of technological adoption particularly relevant. For this reason, the
research design incorporates primary survey data obtained directly from agricultural
producers and agrobusiness managers operating in rural regions of the analyzed countries
The empirical dataset was constructed through a structured questionnaire distributed among
agricultural producers and agrobusiness managers operating in rural areas of North
Macedonia, Serbia, and Bulgaria. These countries were selected because their agricultural
sectors demonstrate comparable structural characteristics, including a significant presence of
small and medium agricultural holdings, exposure to climatic variability, and gradual
technological modernization within agricultural production systems. At the same time,
agricultural enterprises within these countries participate in regional agricultural markets and
share similar institutional environments related to rural development policies and agricultural
support programs.

The questionnaire was designed to collect information on technological adoption, climate
adaptation practices, and economic performance within agricultural enterprises. Several
thematic groups of questions were included in order to capture the different dimensions of
agricultural production and management practices. Respondents were asked to evaluate the
extent to which digital agricultural technologies are incorporated into their farm management
activities. These technologies include satellite-based crop monitoring systems, digital soil
monitoring tools, automated irrigation platforms, and farm management software used for
monitoring production processes and environmental conditions.

Climate adaptation practices were examined through questions related to crop diversification
strategies, irrigation management, soil conservation practices, and other adaptive agricultural
techniques implemented in response to climatic variability. Such practices represent
commonly observed responses to environmental uncertainty within agricultural systems
exposed to irregular precipitation patterns and temperature fluctuations. By collecting
information regarding these adaptive management practices, the research aims to evaluate
how agricultural producers respond to environmental pressures through modifications in
farm management strategies.

Economic performance within agricultural enterprises was measured through indicators
related to production stability, productivity development, and participation in agricultural
value chains. Respondents evaluated their perception of economic performance using a five-
point Likert scale ranging from very low performance to very high performance. Similar
measurement scales were applied to the variables representing digital technology adoption
and climate adaptation practices. The use of Likert-type measurement scales is common in
empirical research examining management practices and technological adoption within
agricultural enterprises, as it allows the quantification of qualitative perceptions related to
economic and managerial performance.

The final empirical dataset contains responses from 148 agricultural producers and
agrobusiness managers representing a wide spectrum of agricultural activities. The sample
includes enterprises engaged in crop cultivation, fruit production, livestock farming, and
agricultural processing activities. The diversity of agricultural production activities
represented in the dataset provides a broader perspective on technological adoption and
adaptive management strategies across different segments of agricultural production systems.
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In order to summarize the principal characteristics of the dataset, descriptive statistical
analysis was conducted for the main variables included in the empirical framework.
Descriptive statistics provide information regarding the average level of technological
adoption, climate adaptation practices, and agricultural competitiveness among surveyed
agricultural producers. Such preliminary analysis allows the identification of general patterns
within the dataset before more advanced statistical techniques are applied. Table 1 presents
the descriptive statistics of the main variables included in the empirical analysis.

Table 1. Descriptive statistics of variables used in the empirical analysis

|D1g1tal technology adoption “3 21 HO 87 Hl ”5

‘Chmate adaptation practices H3.08 H0.91 Hl HS ‘
‘Agrobusiness competitivenessH3.46 HO.79 Hl HS ‘
lFarm size (hectares) H 12.4 H7.6 H2 H45 ‘

The descriptive statistics indicate moderate levels of digital technology adoption among
surveyed agricultural producers. The average value of the digital technology adoption
variable suggests that a considerable proportion of agricultural enterprises has begun
incorporating digital monitoring technologies and farm management software into
agricultural production processes. At the same time, the relatively high standard deviation
indicates that technological adoption remains uneven across agricultural enterprises within
the empirical sample.

Climate adaptation practices demonstrate comparable adoption levels. Agricultural producers
increasingly apply crop diversification strategies, improved irrigation management, and soil
conservation techniques in order to reduce production risks associated with climatic
variability. The slightly higher average value observed for agricultural competitiveness
indicates that economic performance within agricultural enterprises is influenced not only by
technological adoption but also by broader structural factors such as farm size, market access,
and participation within agricultural value chains.

Following the descriptive statistical analysis, correlation analysis was conducted in order to
examine the relationships between digital technology adoption, climate adaptation practices,
and agricultural competitiveness. Correlation analysis represents a widely applied statistical
method in agricultural economics and rural development research for evaluating relationships
between technological adoption and farm performance indicators (Zilberman et al., 2012).
The Pearson correlation coefficient was calculated to evaluate the strength and direction of
the relationships between the analyzed variables. The Pearson correlation coefficient can be
expressed as follows:

r = X[(Xi - X)(Yi - V)] / VE(Xi - X)? Z(Yi - Y))

where r represents the correlation coefficient between variables X and Y, Xi and Yi represent
individual observations within the dataset, and X and Y represent the mean values of the
respective variables. Values of the coefficient range from —1 to +1, where positive values
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indicate a positive relationship between variables and negative values indicate an inverse
relationship. Statistical significance was evaluated using a significance threshold of p <0.05.
Table 2 presents the correlation matrix of the principal variables included in the empirical
analysis.

Table 2. Correlation matrix of key variables

Digital technology 0.58%* 0.61%*
adoption

Chmgte adaptation 0.58%* 1.00 0.54*
practices

Agrobu.si.ness 0.61%* 0.54%* 1.00
competitiveness

Note: *p < 0.05; **p < 0.01.

The correlation matrix reveals positive relationships between all analyzed variables. The
strongest relationship appears between digital technology adoption and agricultural
competitiveness, indicating that agricultural enterprises implementing digital technologies
tend to demonstrate stronger economic performance and greater participation within
agricultural value chains.

In addition to correlation analysis, an econometric specification was developed in order to
evaluate the influence of technological adoption and adaptive management practices on
agricultural competitiveness. The econometric model can be expressed in the following form:

AgComp; = Po + PiDigTech; + B2ClimateAdapt; + BsFarmSize; + &;

where AgComp represents agricultural competitiveness, DigTech represents the level of
digital technology adoption, ClimateAdapt represents climate adaptation practices, and
FarmSize represents the size of agricultural holdings measured in hectares. The error term &
captures unobserved factors influencing economic performance within agricultural
enterprises.

In order to capture potential spatial interactions between agricultural enterprises located in
geographically proximate areas, the empirical framework incorporates spatial econometric
analysis. Agricultural production systems often develop within regional -clusters
characterized by similar environmental conditions, technological diffusion processes, and
institutional environments. Such spatial relationships may generate spillover effects in which
technological adoption and adaptive agricultural practices implemented in one location
influence agricultural performance in neighboring areas.

The spatial econometric specification extends the conventional regression model by
incorporating a spatial lag component that captures geographic interdependence among
observations. The spatial regression model is expressed as follows:

AgComp; = Po + PiDigTech; + BClimateAdapt; + BsFarmSize; + pWAgComp; + &;
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where W represents the spatial weight matrix describing the geographic relationships
between observations included in the dataset, while p measures the degree of spatial
dependence within the model. A statistically significant spatial coefficient indicates that
agricultural competitiveness within one agricultural unit may be influenced by the
performance of neighboring agricultural enterprises.

The spatial weight matrix was constructed based on geographic proximity between surveyed
agricultural regions. Observations located within the same regional clusters were assigned
higher spatial weights in order to reflect the assumption that agricultural producers operating
within geographically proximate environments may share similar climatic conditions,
technological knowledge networks, and market connections. Such spatial relationships are
frequently observed in agricultural production systems where knowledge diffusion occurs
through local advisory services, producer networks, and regional cooperation between
agricultural enterprises.

By incorporating spatial econometric analysis, the methodological framework allows the
empirical investigation to capture both direct relationships between technological adoption
and agricultural competitiveness as well as spatial spillover effects generated by regional
interactions among agricultural enterprises. The integration of spatial analytical techniques
therefore contributes to a more comprehensive understanding of how technological
innovation and adaptive agricultural management practices influence agricultural
competitiveness within agricultural value chains across Southeast Europe. The statistical and
spatial econometric analyses were conducted using R and GeoDa software environments.

4. EMPIRICAL RESULTS AND CORRELATION ANALYSIS

The empirical analysis relies on survey responses from 148 agricultural producers and agro
business managers operating in North Macedonia, Serbia, and Bulgaria.

The descriptive analysis indicates that the diffusion of digital agricultural technologies
remains uneven across agricultural enterprises. Approximately 39 percent of respondents
report regular use of digital technologies within farm management activities, including
satellite-based crop monitoring systems, digital soil monitoring platforms, automated
irrigation systems, and farm management software. Another 26 percent report partial
adoption, primarily through weather monitoring applications and irrigation management
tools, while the remaining respondents rely predominantly on conventional agricultural
management practices. The distribution of technological adoption across surveyed farms is
presented in Figure 2.

High
51

Low i 2‘ é A 5  High
Figure 2. Distribution of digital technology adoption among surveyed farms
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Differences in technological adoption are frequently associated with structural factors such
as farm size, financial capacity, and access to technological knowledge. Agricultural
enterprises with stronger financial resources and better connections with advisory services
appear more likely to incorporate digital monitoring systems into their production processes.

The empirical analysis also examined climate adaptation strategies among surveyed
agricultural producers. Climatic variability has become an increasingly important factor
influencing agricultural production systems, particularly in regions exposed to irregular
precipitation patterns and temperature fluctuations.

Approximately 45 percent of respondents report implementing crop diversification strategies,
while 38 percent report soil conservation practices aimed at maintaining soil fertility and
reducing erosion. Around 31 percent of respondents indicate investments in improved
irrigation systems and water management technologies designed to stabilize production
under irregular precipitation patterns. These strategies are illustrated in Figure 3.

Crop diversification _ 45%
Soil conservation _ 38%

Irrigation modernization | 31%

Figure 3. Climate adaptation strategies used by farms

Correlation analysis reveals statistically significant positive relationships between digital
technology adoption, climate adaptation practices, and agricultural competitiveness. The
correlation coefficient between digital technology adoption and climate adaptation practices
equals r = 0.58 (p < 0.01), indicating that farms adopting digital monitoring technologies
demonstrate greater capacity to implement adaptive agricultural strategies.

The relationship between digital technology adoption and agricultural competitiveness equals
r=0.61, indicating a moderately strong positive association between technological adoption
and economic performance. Climate adaptation practices also demonstrate a positive
relationship with agricultural competitiveness (r = 0.54; p < 0.05).

These findings correspond with previous research demonstrating that digital monitoring
technologies support improved agricultural decision-making and more efficient resource
allocation within agricultural production systems (Wolfert et al., 2017; Finger et al., 2019).

4.1. Spatial Econometric Results

In order to examine whether agricultural competitiveness demonstrates spatial dependence

across the surveyed agricultural regions, spatial econometric diagnostics were conducted

prior to estimating the spatial regression model. Agricultural production systems frequently

develop within regional environments characterized by similar climatic conditions,

technological diffusion processes, and institutional settings. Such spatial proximity often

creates interactions among agricultural enterprises that may influence production practices,
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technological adoption, and economic performance. For this reason, spatial econometric
techniques were incorporated into the empirical framework in order to evaluate whether
agricultural competitiveness exhibits spatial clustering across the analyzed regions.

The presence of spatial autocorrelation was evaluated using the Global Moran’s I statistic, a
widely applied indicator in spatial econometric analysis that measures the degree of spatial
clustering in geographic data (LeSage & Pace, 2009). Moran’s I values range between —1
and +1, where positive values indicate spatial clustering of similar observations, negative
values indicate spatial dispersion, and values close to zero suggest a random spatial
distribution. In the context of agricultural production systems, positive spatial autocorrelation
may indicate that agricultural enterprises located in geographically proximate areas
demonstrate similar levels of economic performance or technological adoption.

The results of the Moran’s I diagnostic test indicate the presence of moderate spatial
autocorrelation in agricultural competitiveness across the surveyed agricultural regions. The
calculated Moran’s I value equals 0.21 with a statistically significant Z-score of 2.34 and a
p-value of 0.019. These results suggest that agricultural competitiveness is not randomly
distributed across the observed agricultural regions. Instead, farms characterized by higher
levels of competitiveness tend to be located in geographic proximity to other agricultural
enterprises demonstrating similar levels of economic performance. Table 3 presents the
results of the spatial autocorrelation diagnostic test.

Table 3. Moran’s I spatial autocorrelation test

|Agricultural competitiveness|  0.21 || -0.007 || 234 | 0.019 |

The positive value of Moran’s I indicates the presence of spatial clustering within the
observed agricultural production systems. Agricultural enterprises operating within the same
regional environments appear to share similar levels of competitiveness. Such spatial patterns
may reflect common agro ecological conditions, shared technological knowledge networks,
and similar institutional environments affecting agricultural production systems within the
analyzed countries.

Following the spatial diagnostic analysis, a spatial lag regression model was estimated in
order to evaluate the influence of digital agricultural technologies and climate adaptation
practices on agricultural competitiveness while simultaneously accounting for spatial
spillover effects between neighboring agricultural units. Spatial lag models extend
conventional regression frameworks by incorporating a spatially lagged dependent variable,
which captures the influence of neighboring observations on the outcome variable.

The spatial regression model therefore allows the empirical analysis to evaluate whether
agricultural competitiveness within one agricultural enterprise may be influenced by the
performance of neighboring agricultural enterprises located within the same geographic
environment. In agricultural systems, such spatial interactions frequently occur through the
diffusion of technological knowledge, cooperation among producers, and shared exposure to
environmental conditions. The spatial regression results are presented in Table 4.
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Table 4. Spatial regression results

[ Varisble |Cocfficient|Standard Error|p valug
IDigital technology adoption”0.42 ”0.09 ”0.001 ‘
‘Climate adaptation practicesH0.31 HO.ll ”0.004 ‘
[Farm size l0.18 0.07 0.036 |
‘Spatial lag coefficient (p) HO.27 H0.0S ”0.012 ‘
[Intercept [BE 034 [0.002 |

The estimated spatial regression model confirms that digital agricultural technologies and
climate adaptation practices positively influence agro business competitiveness. The
coefficient associated with digital technology adoption demonstrates the strongest positive
relationship with agricultural competitiveness. Agricultural enterprises incorporating digital
monitoring technologies, precision agriculture tools, and farm management software
demonstrate higher levels of economic performance and improved participation within
agricultural value chains.

Climate adaptation practices also demonstrate a statistically significant positive relationship
with agricultural competitiveness. Agricultural producers implementing crop diversification
strategies, soil conservation techniques, and improved irrigation systems tend to achieve
more stable production outcomes and demonstrate greater resilience to climatic variability.
The findings suggest that adaptive agricultural management practices contribute to
strengthening the economic performance of agricultural enterprises operating within
environmentally uncertain production environments.

Farm size appears as another statistically significant factor influencing agricultural
competitiveness. Larger agricultural enterprises demonstrate slightly higher levels of
competitiveness compared with smaller agricultural holdings. This relationship may be
associated with differences in investment capacity, technological adoption potential, and
access to agricultural advisory services. Larger farms often possess greater financial
resources that facilitate investments in digital monitoring technologies and improved
production infrastructure.

An important finding of the spatial regression analysis concerns the spatial lag coefficient.
The spatial lag parameter is positive and statistically significant, indicating the presence of
spatial spillover effects across neighboring agricultural regions. This result suggests that the
competitiveness of agricultural enterprises is influenced not only by internal farm
management practices but also by production conditions and technological adoption patterns
observed within neighboring agricultural areas.

Spatial spillover effects may arise through several mechanisms. Agricultural producers
frequently exchange information regarding production techniques, crop management
strategies, and technological innovations through local knowledge networks and informal
cooperation. Advisory services and regional agricultural institutions also contribute to the
dissemination of technological knowledge within agricultural communities. Such
interactions facilitate the diffusion of innovative agricultural practices and may contribute to
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the formation of regional clusters characterized by higher levels of agricultural
competitiveness.

The presence of spatial clustering within agricultural competitiveness therefore indicates that
regional technological diffusion processes and knowledge networks may influence
agricultural production systems. Agricultural enterprises located in regions where digital
agricultural technologies are more widely adopted may benefit indirectly from technological
knowledge spillovers and improved regional agricultural infrastructure.

By incorporating spatial econometric modelling into the empirical analysis, the research
framework captures geographic interactions that influence agricultural production systems
across Southeast Europe. The results suggest that technological innovation and adaptive
agricultural management practices operate not only at the level of individual farms but also
through regional networks connecting agricultural producers operating within shared
geographic environments.

The spatial analytical findings therefore complement the correlation analysis presented
earlier by demonstrating that agricultural competitiveness is shaped by both farm-level
management practices and broader regional interactions. Such results provide additional
insight into the mechanisms through which digital agricultural technologies and climate
adaptation strategies influence the performance of agricultural value chains across rural
regions of Southeast Europe.

5. DISCUSSION AND POLICY IMPLICATIONS

The results indicate that farms incorporating digital monitoring systems tend to achieve more
stable production outcomes and greater capacity to adjust strategies under climatic
variability. Access to digital information regarding soil conditions and weather patterns
enables producers to improve planning and allocate inputs more efficiently, consistent with
earlier research (Wolfert et al., 2017; Herrero et al., 2021).

However, these findings must be situated within the specific structural context of Southeast
European agriculture. Unlike Western European systems, farms in our sample face unique
challenges related to fragmented land ownership and post-socialist transition. The average
farm size of 12.4 hectares masks considerable variation, from small subsistence holdings to
larger commercial operations. This fragmentation—a legacy of land restitution processes
following socialism—creates distinct barriers to technological adoption less prevalent in
Western Europe where farm consolidation occurred earlier.

The analysis confirms that climate adaptation practices—crop diversification (45% of
respondents), soil conservation (38%), and improved irrigation (31%)—contribute positively
to competitiveness. In Southeast Europe, where irrigation infrastructure remains
underdeveloped compared to Western standards—a legacy of transition-era
underinvestment—these strategies become particularly critical for managing climatic
uncertainty.

Structural differences in technology adoption persist. Larger farms demonstrate higher
adoption levels than smaller holdings. This reflects the dual agricultural structure
characteristic of post-socialist systems: a small number of large commercial farms coexisting
with numerous small, semi-subsistence holdings. Smaller enterprises face barriers not only
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in investment capacity but also in technical expertise to interpret digital data—gaps that
extension services have only partially addressed.

The spatial lag coefficient (p = 0.27, p < 0.05) confirms significant spillover effects across
neighboring regions. This empirically supports our field observations that farmers in areas
like Pelagonia (North Macedonia), Vojvodina (Serbia), and Plovdiv (Bulgaria) exchange
knowledge through informal networks and producer groups. When one farm adopts drip
irrigation or digital monitoring, neighboring farms often follow within one to two seasons—
suggesting observational learning remains powerful where formal extension systems have
limited reach.

These spatial patterns likely reflect historical cooperation networks persisting despite land
fragmentation. Former cooperative members, now farming individually, maintain
information-sharing networks that partially offset the disadvantages of small farm size—
social capital inherited from the socialist period enabling collective learning. This finding
aligns with emerging international evidence suggesting that digital agriculture adoption may
generate spatial spillovers across neighboring agricultural areas.

These findings carry important implications. First, agricultural policies in Southeast Europe
have traditionally focused on individual farm support. Our results suggest interventions
targeting regional clusters rather than isolated farms could leverage spatial spillover effects—
investments in demonstration farms and regional innovation hubs may accelerate diffusion
across entire landscapes.

Second, given small farm prevalence, policies promoting shared technology access—
cooperatively owned monitoring equipment or fee-for-service digital advisory models—may
prove more effective than subsidies for individual purchase. Extension services should build
not only technical skills but also interpretive capacity to transform digital data into
management decisions.

Finally, informal knowledge networks retain considerable influence where formal extension
remains underfunded. Policies strengthening producer organizations and facilitating study
groups could amplify the spillover effects we document while working within existing
institutional structures.

This study has limitations. The sample size (n = 148) limits generalizability, though
consistency across three countries suggests robustness. Reliance on self-reported
competitiveness introduces potential bias—future research should incorporate objective
financial data. The cross-sectional design captures adoption at one point; longitudinal
research would provide insight into long-term impacts and whether spillover effects operate
differently across technology types.

6. CONCLUSIONS

Using survey data from 148 agricultural producers in North Macedonia, Serbia, and Bulgaria,
this study examines how digital technologies and climate adaptation practices influence
agrobusiness competitiveness in Southeast Europe. The analysis reveals three main findings.
First, digital monitoring technologies correlate positively with competitiveness (r = 0.61).
Second, climate adaptation practices—crop diversification, soil conservation, improved
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irrigation—contribute to production stability. Third, significant spatial spillover effects exist
(p=0.27, p <0.05): technology adoption in one area influences neighboring farms.

These findings must be understood within the post-socialist context. Unlike Western Europe,
our sample faces fragmented land ownership, underdeveloped irrigation infrastructure, and a
dual structure of small subsistence farms alongside larger commercial operations. These
constraints shape adoption patterns.

Encouragingly, spatial spillover effects suggest informal knowledge networks persist despite
fragmentation. Farmers in regions like Pelagonia, Vojvodina, and Plovdiv exchange
information through producer groups and observational learning—partially compensating for
limited formal extension services.

Policy implications: Given small farm prevalence, shared technology access (cooperatively
owned equipment, fee-for-service advisory) may work better than individual purchase
subsidies. Supporting producer organizations and regional innovation hubs could amplify
spillover effects.

Limitations include modest sample size and self-reported competitiveness data. Future
research should use objective financial indicators and longitudinal designs.

Despite these limitations, the findings suggest digital technologies can strengthen climate
resilience in Southeast Europe, provided policies account for the region's structural
constraints and leverage its informal cooperation networks.

REFERENCES

Aggarwal, P., Vyas, S., Thornton, P., Campbell, B. M., & Kropff, M. (2019). Importance of
considering technology growth in impact assessments of climate change on agriculture.
Global Food Security, 23, 41-48. https://doi.org/10.1016/1.gf5.2019.04.002

European Commission. (2023). EU agricultural outlook for markets and income 2023-20335.
Brussels: European Commission.

Finger, R., Swinton, S. M., El Benni, N., Walter, A. (2019). Precision farming at the nexus
of agricultural production and the environment. Annual Review of Resource Economics,
11, 313-335.

Food and Agriculture Organization of the United Nations. (2022). The state of food and
agriculture 2022: Leveraging digital technologies for food system transformation.
Rome: FAO.

Herrero, M., Thornton, P. K., Mason-D’Croz, D., Palmer, J., Benton, T. G., Bodirsky, B. L.,
Bogard, J. R, Hall, A., Lee, B., Nyborg, K., Pradhan, P., Bonnett, G. D., Bryan, B. A.,
Campbell, B. M., Christensen, S., Clark, M., Fanzo, J., Godde, C. M., Jarvis, A.,
Rockstrom, J. (2021). Innovation can accelerate the transition toward a sustainable food
system. Nature Food, 2, 266-272.

LeSage, J., Pace, R. (2009). Introduction to Spatial Econometrics. Boca Raton, FL: CRC
Press.

Lobell, D. B., Schlenker, W., Costa-Roberts, J. (2011). Climate trends and global crop
production since 1980. Science, 333(6042), 616—620.

120


https://doi.org/10.1016/j.gfs.2019.04.002

Lowenberg-DeBoer, J., Huang, 1. Y., Grigoriadis, V., Blackmore, S. (2020). Economics of
robots and automation in agriculture. Precision Agriculture, 21(2), 278-299.

OECD. (2019). Digital technologies in agriculture and rural areas: Status report. Paris:
OECD Publishing.

Ortiz-Bobea, A., Ault, T., Carrillo, C., Chambers, R., Lobell, D. (2020). Anthropogenic
climate change has slowed global agricultural productivity growth. Nature Climate
Change, 10(4), 306-312.

Trendov, N., Varas, S., Zeng, M. (2019). Digital technologies in agriculture and rural areas.
Rome: FAO.

Wolfert, S., Ge, L., Verdouw, C., Bogaardt, M. (2017). Big data in smart farming: A review.
Agricultural Systems, 153, 69-80.

World Bank. (2021). Harvesting prosperity: Technology and productivity growth in
agriculture. Washington, DC: World Bank.

Zhang, Q., Wang, H., & Wang, X. (2021). Precision agriculture technologies and sustainable
farm management. Sustainability, 13(4), 2185.

Zilberman, D., Zhao, J., Heiman, A. (2012). Adoption versus adaptation, with emphasis on
climate change. Annual Review of Resource Economics, 4, 27-53.

121



@ AgroMdk 20z

BTOPA MEI'YHAPOOHA HAYYHO ArPO-EU3HUC KOH®EPEHLIMJA ,AFPO MAK 2026
SECOND INTERNATIONAL SCIENTIFIC AGRI-BUSINESS CONFERENCE “AGRO MAK 2026"
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"LOCAL RESOURCES AND GLOBAL CHALLENGES: INTEGRATED APPROACHES TO SUSTAINABLE RURAL DEVELOPMENT IN THE
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DIGITALIZATION OF ESG MANAGEMENT IN THE CONTEXT
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Abstract: The paper examines the transformation of ESG management under the influence of
digitalization in the context of environmental sustainability. It is argued that digital technologies play
a key role in integrating environmental, social, and governance principles into corporate strategies,
particularly in achieving climate neutrality and supporting the green transition. Special attention is
paid to the concept of the «twin transition», which combines digital transformation and environmental
sustainability. The study identifies key technological, economic, and social barriers to the
implementation of digital ESG solutions, as well as highlights their potential in improving
environmental monitoring, reducing carbon emissions, and increasing resource efficiency. The findings
confirm that digitalization significantly enhances the effectiveness of ESG management and contributes
to sustainable environmental development.

Key words: ESG management, digitalization, environmental sustainability, climate change, green
transition, twin transition, decarbonization, sustainable development

Apstrakt: Y cmammi posensioaemvcs mpancgopmayia ynpaeninnsa ESG nio enausom yugposizayii 6
KoHmexcmi exonoeiunoi cmitikocmi. Cmeeposicyemvcs, wo yugdposi mexunonoeii 6idieparoms Kooy
POTb 6 IHMezpayii eKoA02IYHUX, COYIANbHUX MA YNPABAIHCOKUX NPUHYUNIE Y KOPNOPAMUGHI cmpamezii,
30Kpema y 00CAcHeHHI KnimamuyHoi Heumpanbhocmi ma niompumyi 3enenoco nepexody. Ocobnuea
yeaza npuodisicmovCsl KOHYenyii «noosilinoco nepexooyy, sKka NOEOHYE yu@dposy mpancgopmayiio ma
eKONI02IYHY CIKICMb. Y 00CTi0NHCeHH] 8USHAYEHO KHOYO8] MEXHON02IYHI, eKOHOMIUHI Ma coyianbHi
bap'epu ona enposadscenns yugposux ESG-piwenv, a maxosc euceimieno ixXuiil nomeuyian y
NOKPAWeEeHHI eKO02IYH020 MOHIMOPUH2Y, CKOPOUEHHT BUKUOIE 8VeNeyto ma Ni08UUjeHH] eheKmuerHocmi
suKopucmaunus pecypcis. Pezynomamu odocnioscennss niomeepocyioms, wo yugposizayis 3HAYHO
nioguwye epexmugnicmu ynpasninna ESG ma cnpusie cmanomy ekonociunomy po3eumxy.

Knrwuoei cnosa: ESG-menedocmenm, yudposizayis, exonoeiuna cmitlkicms, 3MiHa KAiMamy, 3ei1eHutl
nepexio, noosiinull nepexio, oekapoonizayis, cmanuii po3eumMox

1. INTRODUCTION

In the context of global environmental challenges, including climate change, resource
depletion, and biodiversity loss, the issue of sustainable development has become a key
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Ukraine

122



priority for both governments and businesses. Modern enterprises are increasingly required
to integrate environmental responsibility into their strategic management systems, which has
led to the rapid development of ESG management as a comprehensive framework for
sustainable governance.

At the same time, digitalization is emerging as a powerful driver of environmental
transformation. Advanced technologies such as big data analytics, artificial intelligence, and
the Internet of Things enable continuous monitoring of environmental indicators, improve
resource efficiency, and ensure transparency in sustainability reporting. This creates the
foundation for a new stage of ESG development, where digital tools become an integral part
of environmental management.

The relevance of this study is due to the need to study the relationship between digitalization
and ESG management in the context of environmental protection. In particular, the concept
of the «twin transition» — combining digital and green transformations — requires further
theoretical and practical substantiation.

Therefore, the purpose of this study is to analyze the role of digitalization in enhancing ESG
management and its contribution to environmental sustainability within the framework of the
twin transition.

2. RESEARCH RESULTS

The concept of ESG emerged as an evolution of responsible investing, transforming from the
ethical avoidance of "sinful business" into a holistic management paradigm. (Wang, 2024;
UNIDO, 2025) The process of forming the concept of environmental, social and corporate
governance (ESG) is the result of a long evolution of views on the role of business in the
global ecosystem. The origins of this concept date back to the 1950s, when the scientific
foundations of corporate social responsibility (CSR) first began to take shape. In 1953,
Howard Bowen published a work that laid the foundation for the understanding that
corporations have duties to society that go beyond making a profit. Bowen, 1953) At that
time, business responsibility was seen mainly as a voluntary ethical practice of executives,
focused on philanthropy and support for local communities. During the 1960s-1990s, the
emphasis shifted to the growth of public awareness of social and environmental problems,
and large-scale protests against environmental pollution raised the question of responsible
resource management (UNIDO, 2025; Passas, 2024)

A qualitative transformation took place in the early 2000s, when the term ESG began to
supplant the traditional concept of CSR. The main difference was that ESG integrates
sustainability directly into the core of the business strategy, turning it into a tool for
generating long-term strategic value for shareholders. The current stage of evolution is
characterized by the emergence of the ESG 2.0 concept, which involves the transition from
simple reporting to deep strategic integration, where sustainability becomes the basis of
strategic management and planning.

Today, ESG management is defined as the systemic basis of three-dimensional, balanced

management, covering environmental, social and managerial aspects of the activities of
organizations, markets and territories (Patel, Gloor, 2022; Qing, Jin, 2022):
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- Environmental (E): covers the management of resources, greenhouse gas emissions,
biodiversity and the implementation of «green» technologies.

- Social (S): includes human rights protection, occupational safety, inclusion and
community engagement.

- Governance (G): focused on transparency, ethics, independence of supervisory boards
and the fight against corruption.

The ESG management paradigm is based on the belief that environmental and social factors
have a direct financial impact. Non-compliance with ESG requirements jeopardizes the
survival of businesses due to regulatory sanctions, investors' denial of capital, and loss of
reputation (Passas, 2024) Thus, ESG becomes not only a form of responsibility, but also a
mechanism for risk management and identification of new market opportunities in the context
of the global transition to a green economy.

The modern investment world recognizes ESG factors as «key levers» for achieving climate
neutrality by 2050 in the context of the formation of a green transformative economy in line
with the European Green Deal (Morea et al. 2025), and the implementation of ESG principles
directly contributes to the achievement of the UN Sustainable Development Goals, in
particular by bridging development gaps with the help of digital technologies (Nikitenko et
al. 2022). Currently, green transformation is becoming a conceptual platform for eco-
modernization of production aimed at decarbonization and achieving strategic sustainable
development goals (Podzizey, Tykhonov, 2025). This process acts as a fundamental context
in which digitalization is turning into the main ESG management tool and acts as an impetus
for accelerating the transition to a green economy, and modern enterprises are forced to
integrate digital solutions into their strategies to ensure transparency in the transition to net
zero and meet growing pressure from regulators and stakeholders. In this context, a systemic
relationship between digitalization and green transformation of the economy is formed,
which is manifested through changes in production models, resource management, and
management decision-making. It is this relationship that determines the key directions for the
implementation of the «twin transition» concept. The key aspects of such a relationship are
(UNIDO, 2025; Podzizey, Tykhonov, 2025; Maksymova, 2024):
1. Circular economy: the transition from a linear take-do-throw model to a closed-loop
model requires digital monitoring of the life cycle of products. Digitalization allows you
to implement a 9R framework, optimizing the use of resources in real time.
2. Climate neutrality: Achieving net zero by 2050 requires massive emission reductions,
which is impossible without big data analytics and automated carbon footprint
accounting.
3. Eco-digital transformation: a new era of development, where technology becomes the
foundation for sustainability, and ESG data is the most valuable resource for making
management decisions. For example, digital ESG tools enable real-time monitoring of
carbon emissions and environmental impact, contributing to more effective
environmental protection policies.

It is advisable to consider this relationship between digitalization and green transformation
of the economy not only in the analytical, but also in the structural and model plane. That is
why in order to generalize the key determinants of the «twin transition» and reflect their
systemic interaction, it is advisable to use a conceptual model of interpenetration of
environmental and digital development factors, where the central element is the synergy
between the «green paradigm» (decarbonization, recycling) and «digital transformationy»
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(intellectualization of management, the formation of information capital), the interaction of
which ensures the formation of an innovative and resource-efficient economy.

The integration of digital solutions into decarbonization strategies is a key element of the
«twin transition», but this process is accompanied by a number of complex barriers (UNIDO
2025; Maksymova, 2024). These challenges can be classified into technological, economic,
social and regulatory.

1. Technology barriers and infrastructure constraints:
- Infrastructure gap: many industries, especially in low-income countries, lack stable
internet connectivity and reliable power grids needed to power digital infrastructure.
- Complexity and novelty of technology: the use of tools such as artificial intelligence,
blockchain, and IoT is a challenge for businesses that are accustomed to traditional
processes.
- Compatibility and standardization issues: the lack of uniform global standards leads to
compatibility problems between different digital systems, which hinders the creation of
integrated carbon footprint monitoring frameworks.
- Cybersecurity risks: companies are often hesitant to adopt open platforms due to
concerns for data privacy and threats of sensitive information leakage.

2. Economic and financial challenges:
- High capital expenditures: implementing advanced digital solutions requires a
significant initial investment, which can be prohibitive for small and medium-sized
businesses.
- ROI@ uncertainty: the effect of decarbonization digitalization is often long-term, making
it difficult to justify investments when the payback is blurred over time.
- Maintenance costs: constant software updates and keeping sensors operational create
an additional financial burden on companies budgets.

3. Human capital and social barriers:
- Digital skills deficit: there is a significant gap in the competencies of personnel who
lack knowledge in the areas of big data analytics, operation of IoT systems, and
interpretation of ESG metrics.
- Resistance to change: in industries with deep-rooted traditional working methods, there
is cultural resistance to innovation, as digitalization is perceived as a threat to jobs.
- Low awareness: many stakeholders still do not fully understand the strategic benefits
of combining green and digital technologies.

4. Data quality and regulatory complexity:

- The problem of «garbage at the entrance - garbage at the exit»: the effectiveness of
decarbonization depends on the accuracy of the data; the use of unverified or fragmented
indicators in digital models leads to erroneous management decisions.

- Scope 3 complexity: the biggest challenge is the collection of data on indirect emissions
in supply chains, where partners' digital systems are often not integrated with each other.
- Regulatory turbulence: constantly changing legal requirements (e.g., CSRD in the EU
or SEC regulations in the US) creates a state of uncertainty, forcing companies to
postpone large-scale digital transformations.
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In view of the above, it can be concluded that it is advisable to consider the integration of
digital technologies in decarbonization strategies through the prism of the concept of a «twin
transition», combining energy transformation and digitalization of the economy. On the one
hand, there are infrastructure constraints, as well as energy barriers (the throughput and
capacity of the system do not correspond to the loads of new technologies). On the other
hand, the implementation of digital solutions is accompanied by economic and social
challenges: the cost of maintaining the system may exceed the initial investment, and
organizational or cultural factors (distrust of new technologies, staff resistance) slow down
adaptation. Only overcoming these obstacles can achieve the key benefits of digital-energy
integration, such as operational monitoring of energy consumption, increased resource
efficiency and cost optimization.

Thus, the successful implementation of digital solutions in decarbonization strategies
involves the comprehensive overcoming of technological, economic and social barriers,
which is the essence of the «twin transitiony.

3. CONCLUSIONS

The conducted study of the digitalization of ESG management gives grounds to assert that
modern approaches to enterprise management in the context of the green transformation of
the economy are undergoing significant changes. ESG management is gradually moving
from the formal and declarative implementation of socio-environmental initiatives to
systematic management practices integrated into the overall «green» business development
strategy. In this process, digital technologies play a key role, providing an analytical basis for
making informed management decisions. They provide the necessary tools for achieving
climate neutrality, reducing environmental risks, and increasing transparency in
sustainability practices.

The concept of the «twin transition» emphasizes the close connection between digitalization
and environmental sustainability. Their combined implementation enables businesses to
better address environmental challenges and support long-term sustainable development.
Therefore, digital ESG management can be considered an important tool for environmental
protection, reducing carbon emissions, and facilitating the transition to a sustainable and
climate-resilient economy.
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Abstract: Rural areas in Macedonia are undergoing significant economic, social, and demographic
transformations, with traditional agriculture increasingly unable to ensure sustainable livelihoods. In
this context, rural economic diversification has emerged as a key strategy for improving resilience and
promoting balanced regional development. The main objective of this paper is to analyze the potential
and role of agro-ecotourism as an instrument for sustainable rural development in Macedonia. The
study is based on a qualitative and quantitative research approach using secondary data analysis.
Statistical data from the State Statistical Office (MakStat database), as well as relevant scientific
literature and policy documents, are used to examine tourism trends, agricultural performance, and
socio-economic conditions in rural areas. The results indicate strong tourism growth of approximately
71% over the observed period, primarily driven by a significant increase in foreign visitors of around
92%, alongside a high regional concentration of tourist activity. At the same time, rural areas are
characterized by severe depopulation, fragmentation of agricultural holdings, and a decline in
agricultural employment by 34.4% during the period 2012—2023, as well as a persistent trade deficit
in agri-food products, reaching —€438.5 million in 2025. These trends highlight structural weaknesses
and the limited sustainability of traditional agricultural models. The findings suggest that agro-
ecotourism represents a significant opportunity for income diversification, strengthening local
production, and promoting sustainable rural development. However, its development remains
constrained by institutional weaknesses, administrative barriers, and limited support. Overall, agro-
ecotourism can play a key role in enhancing rural resilience and supporting long-term economic
diversification in Macedonia.

Key words: sustainable development, rural tourism, income diversification, local products, regional
development

Ancmpaxm: Pypannume noopauja 6o Maxeoonuja ce coouysaam co 3Ha4ajHu eKOHOMCKU, COYUjaTHU
u demozcpagcku mpancopmayuu, npu Wmo mpaouyuoOHATHOMO 3eMjOOeICmBO CE noseke He e 60
cocmojoa  0a o0be36edu  00pxcIuUSU  U3BOpU  Ha  ez23ucmeHyuja. Bo maxoe xkommexcm,
oueepsupurayujama Ha pyparHama eKoOHOMUja ce HAMemHY8a KAaKO KIyYHA cmpameeuja 3a
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32071€MY6abE HA OMNOPHOCMA U NOMMUKHY8ARE HA PAMHOMEDeH pecuonanel pazeoj. Ocnoenama ye
Ha 080] MPYO e 0a ce AHATU3UPA NOMEHYUJAToM U YI02amd HaA AzpO-eKOMYPUIMOM KAKO UHCIPYMEHN
3a 00pocaus pypanen paseoj 6o Makxedonuja. Hcmpaosicysarwemo ce 6asupa Ha KeéamumamueeH u
K6aHMumamueer npucman npexy amaiu3d Ha CeKyHOapHu nooamoyu. 3a maa yen ce KOpucmeHu
cmamucmuuky nooamoyu 00 [powcasuuom 3a600 3a cmamucmuxa (MAKCmam 6asza), xako u
PeNesaHmua HayuHa Iumepamypa, u36eumau u Cmpameuiku OOKyYMeHmu, co yea 0d ce aHaiusupaam
mpenoosume 60 NMypusmMom, nephopmancume Ha 3eMjoOeICmMEono U COYUO-eKOHOMCKUME YCI08U 60
pypanHume cpeouru. Pesynmamume yxadicysaam Ha 3Hauumenen pacm Ha mypusmont 00 npUbIUICHO
71% 60 ananuzupanuom nepuoo, nped cé NOMMUKHam 00 NOPacmom Ha CMPAHCKume mypucmu 00
okony 92%, 3ae0no co uspasena pesuOHAIHA KOHYeHmMpayuja Ha mMypucmuykama axkmueHOCH.
Hcmospemeno, pypannume noopauja ce Kapakmepusupaam co — cepuosna  Oenonyiayuja,
@pacmenmayuja Ha 3emjoOeickume CMONAHCMEA U HAMALY6Are HA  6pAbOMEHOCmd 80
3emjooeacmeomo 3a 34,4% 6o nepuooom 2012—2023 zo0una, kaxko u co nocmojan mposcku oeguyum
Kaj 3emjooencko-npexpanbenume npou3eoou, koj docmuenysa —438,5 munuonu egpa 6o 2025 coouna.
Osue mpenoosu yKajxicyeaam Ha CMPYKMYPHU CAaOOCMU U  O2PAHUYEHA OOPICIUBOCT  HA
MpaouyuoHaIHuom 3emjoodencku mooen. Haodume nokascysaam Oeka azpo-eKomypuzmont
npemcmagyea 3HAYAjHA MOHCHOC 34 Ousep3uuKayuja Ha npuxooume, 3ajakHy8aroe Ha JOKATHOMO
npou3eo0CmMeo U NOMMUKHY8AIbe HA 00piHCIus pypaier paszeoj. Cenak, nHe2o8Uom paseoj e cé yuime
o2panuyern nopaou UHCMUMYYUOHATHU CcabOCMU, AOMUHUCIPAMuUeHU Oapuepu U HeO08OHA
nooopwika. Bo yenuna, aspo-exomypusmom modxce 0a 00uepa KIy4HA YI02d 60 3ajaKHy6dArbe HA
OmMNOpHOCMA HA PYPAIHUmMe CPeOUHU U NOOOPUIKA HA 00I20POYHAMA eKOHOMCKA Ousep3uguxayuja 6o
Maxkeoonuja.

Knyunu 360posu: 00pociue pazeoj, semjooeicku mypusam, ousepugpuxkayuja Ha npuxoou, J10KAIHU
npou38oU, pecUOHANIEH PA360j

1. INTRODUCTION

1.1 Rural economic diversification as a strategy for rural development in the
EU and Macedonia

In recent decades, rural communities, both in the European Union and in Macedonia, have
undergone profound transformations, primarily driven by the shift of economic activities and
population toward urban areas, as well as the declining importance of agriculture as the
dominant sector in terms of food production, rural economy, and employment. Traditionally,
these areas were highly dependent on agriculture as the main, and often the only, source of
income and employment. However, this model has become increasingly unsustainable due
to a combination of global and local challenges, including climate change, market volatility,
demographic decline, labor shortages, and rapid technological advancement (Ellis, 2000).

These processes have led to a crisis in the traditional structure and organization of rural areas,
exposing them to significant economic, social, and environmental risks, affecting not only
the agricultural sector but also the broader local economy and rural communities as a whole.
Rural populations are increasingly seeking alternative ways to reduce their dependence on
agricultural production as the sole source of income (Ellis, 2000), raising not only the issue
of income diversification but also the broader multifunctional transformation of rural areas.

In the European Union, rural regions account for approximately 83% of the total territory and
are home to around 30% of the population (European Commission, 2021). Despite their
geographical significance, these areas contribute disproportionately less to overall economic
output, highlighting structural imbalances between urban and rural regions. Similarly, in the
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Republic of Macedonia, rural areas represent a substantial share of both the population and
economic activity, with agriculture playing a significantly larger role in GDP compared to
the EU average (World Bank, 2023). However, these areas face persistent challenges such as
depopulation, aging populations, limited infrastructure, and restricted access to markets and
financial resources (Gjosheva Kovachevikj et al., 2025a).

In response to these challenges, rural economic diversification has emerged as a key strategic
approach in both academic literature and policy frameworks (OECD, 2020). Diversification
refers to the expansion of rural economies beyond traditional agricultural activities into
sectors such as tourism, services, small-scale production, and renewable energy (European
Commission, 2021).

This process is closely linked to the concept of multifunctional agriculture, which recognizes
that rural areas provide not only food production but also environmental, cultural, and social
services (Lane & Kastenholz, 2015). Within the European Union, diversification is strongly
supported through policy instruments such as the Common Agricultural Policy (CAP) and
the European Agricultural Fund for Rural Development (EAFRD), which promote
innovation, entrepreneurship, and sustainable development in rural areas.

1.2 Agro-ecotourism as a key form of diversification

One of the most promising forms of diversification is agro-ecotourism, which integrates
agricultural activities with environmentally sustainable tourism. It represents an important
component of sustainable rural development, combining agriculture with tourism services,
supporting local communities, and promoting the preservation of natural and cultural heritage
(Sima, 2019).

Agro-ecotourism enables farmers to diversify their income and develop multifunctional farm
models that combine agriculture, hospitality, education, and recreation. It creates
opportunities for value addition through activities such as product tastings, workshops, and
participation in agricultural practices (Parasuraman et al., 2025). At the same time, it offers
an alternative to mass tourism by providing authentic, sustainable, and experience-based
services.

At the global level, agro-ecotourism is experiencing significant growth. According to Straits
Research (2021), the global market reached USD 45.4 billion in 2021 and is expected to
exceed USD 141 billion by 2030, confirming its increasing importance for rural economies.

1.3 Situation of agro-ecotourism in Macedonia

In contrast to the European Union, Macedonia is still at an early stage of rural economic
diversification, particularly in the field of agro-ecotourism. Despite the availability of
significant natural and cultural resources, the agro-ecotourism development remains
constrained by limited farmer capacity, institutional weaknesses, insufficient investment, and
the absence of strategic planning (Gjosheva Kovachevikj et al., 2025b).

Additionally, Macedonia lacks a clear definition of agro-ecotourism and operates within a
fragmented regulatory framework. This creates significant administrative barriers for rural
entrepreneurs, as reflected in the fact that only 14 households are officially registered as rural
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households in accordance with the Law on hospitality activities, highlighting the gap between
existing potential and actual development.

With regard to the legal framework, at the national level it consists of primary legislation
with a direct regulatory role, such as the Law on Tourism Activities and the Law on
Hospitality Activities, as well as complementary legislation that indirectly affects the sector,
including laws related to construction, agriculture and rural development, environmental
protection, food safety, and regional development (Gjosheva Kovachevikj et al., 2026). In
addition, following the amendments to the Law on Tourism Activities in 2025,
responsibilities were transferred to the Ministry of Culture and Tourism, while hospitality
remains under the Ministry of Economy and Labour. This division has created institutional
ambiguity, complicated inter-ministerial coordination, and resulted in more complex
administrative procedures and increased legal uncertainty for stakeholders (Gjosheva
Kovachevikj et al., 2026).

1.4 Research Objective

The main objective of this paper is to analyze the potential and role of rural economic
diversification in enhancing rural economic resilience and sustainability, with a particular
focus on agro-ecotourism in the Republic of Macedonia.

2. MATERIALS AND METHODS

This study is based on a qualitative and quantitative research approach using secondary data
analysis. The research examines tourism development, as well as socio-economic indicators
in rural areas and the agricultural sector, and their role in rural economic diversification in
Macedonia. The analysis relies on data from the State Statistical Office (MakStat database),
including indicators on tourism trends, regional distribution, GDP, agricultural value added,
and employment in agriculture. In addition, relevant scientific literature, reports, and policy
documents are used to support the analysis and interpretation of results. The study applies
descriptive analysis, comparative analysis, trend analysis and literature-based analysis.

3. RESULTS AND DISCUSSIONS

3.1 General trend of tourism in Macedonia

The data presented in Table 1 on the number of domestic and foreign tourists for the period
2014-2024 indicate a strong and dynamic growth of the tourism sector in Macedonia, despite
temporary disruptions caused by external shocks. The total number of tourists increased from
680 thousand in 2014 to 1,170 thousand in 2024, representing a growth of approximately
71%. This indicates a significant expansion of tourism activity over the observed period. A
more detailed analysis reveals that domestic tourism experienced steady growth, increasing
by 43% over the observed period. Nevertheless, this growth remains relatively modest
compared to the significantly more dynamic expansion of international tourism by 92%. This
highlights the increasing importance of international tourism as a key driver of overall sector
expansion. However, the lack of official statistical data specifically related to agro-
ecotourism limits the possibility of conducting a more detailed analysis of its development
and contribution within the tourism sector.
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However, a sharp decline is observed in 2020, when the total number of tourists dropped
significantly due to the COVID-19 pandemic. The decline was particularly pronounced
among foreign tourists, whose numbers fell drastically as a result of global travel restrictions.
Nevertheless, the period after 2021 shows a strong recovery, with tourism indicators
returning to pre-pandemic levels and continuing to grow.

However, attracting domestic tourists to rural areas, especially within agro-ecotourism, is
equally important for the local economy. In countries such as Italy and Slovenia, domestic
tourists represent a key target group for rural tourism development. In addition, domestic
tourism contributes not only to the stability of the tourism sector but also to the promotion of
local food production and the overall development of the agricultural sector (OECD, 2020;
European Commission, 2021).

This is particularly important in times of external shocks, such as the COVID-19 pandemic
or geopolitical crises, when international tourist flows decline significantly. In such
situations, domestic tourism can play a stabilizing role, reduce the negative impact on the
tourism sector, and support local supply chains (UNWTO, 2021). Recent global events
further highlight the importance of strengthening domestic tourism as a more resilient and
sustainable component of overall tourism and agricultural development (OECD, 2020).

Table 1: Number of domestic and foreign tourists (in millions), 2014-2024

Change
Category | 2014|2015 | 2016 | 2017 | 2018|2019 | 2020 | 2021 [ 2022 | 2023 | 2024 | 2024
12014
Total 0.68] 0.76] 0.79] 093] 1.09] 1.13] 0.45] 0.68] 093] 1.1] 1.17| 71%
Domestic| , | (31| 032] 035 04| 041]034] 04| 042|042| 041| 43%
tourists
Foreign | 391 045| 0.46| 0.58] 0.69| 0.72] 0.11| 0.28] 0.51| 0.68] 0.75|  92%
tourists
Share of

foreign 57% | 59% | 59% | 63%| 63% | 63% | 25% | 41% | 55% | 62%| 65% | +14%
tourists

Source: State Statistical Office (MakStat), tourism data, 2025

From the perspective of regional distribution presented in Graph 1, the Southwest region
clearly dominates, accounting for the largest share of tourist visits (41%). This is primarily
due to the presence of Ohrid, which represents the most important and internationally
recognized tourist destination in Macedonia. Ohrid’s natural, cultural, and historical
attractions, including the UNESCO World Heritage status, significantly contribute to the
concentration of tourism in this region.

The Skopje region ranks second, with a share of 30%, which can be explained by its role as
the capital city. Skopje functions as the main administrative, economic, and transport hub of
the country, attracting both business and transit tourism, as well as city tourism.

In contrast, all other regions have significantly lower participation in the overall tourism
structure.
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The Southeast region accounts for 15%, while the Pelagonia (6%), Polog (4%), Eastern (3%),
Vardar (2%), and Northeast (1%) regions show relatively low shares, despite the fact that
they include a significant number of rural settlements. This indicates an underutilization of
their tourism potential.

This uneven distribution highlights a strong regional concentration of tourism activity, with
the majority of tourist flows concentrated in only two regions. Such an imbalance suggests
that large parts of the country remain underutilized in terms of tourism potential, while the
existing tourism structure is predominantly oriented toward mass tourism rather than rural
and sustainable forms such as agro-ecotourism.

Northeast I
Vardar 2%
Eastern 3%

Polog
Pelagonia
Southeast

Skopje

Southwest

Graph 1. Regional distribution of tourists by average share (%) for the period 2014-2024
Source: author’s calculations based on State Statistical Office (MakStat).

3.2 Rural and agricultural socio-economic indicators and their role in agro-
ecotourism development

According to census data, rural areas in Macedonia are facing severe demographic decline.
In 1991, a total of 102 villages were completely depopulated, while recent data indicate a
significant worsening of this trend. Out of 1,783 settlements, the latest census (State
Statistical Office, 2021) shows that 205 settlements (11.5%) are completely abandoned.
Additionally, 218 settlements (12.2%) have up to 10 inhabitants, while 682 settlements
(38.3%) have fewer than 100 inhabitants. These figures indicate that over 60% of all
settlements are experiencing severe depopulation or are already abandoned. This situation
reflects deep structural imbalances in spatial development and increasing rural
marginalization, with a high risk of further disappearance of rural settlements.
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The data in Table 2 indicate significant structural changes in the agricultural sector of
Macedonia over the period 2012-2023. While total GDP increased substantially by 95%, the
gross value added (GVA) in agriculture remained almost unchanged (+0.3%), indicating
stagnation of the sector in absolute terms. At the same time, the share of agriculture in GDP
declined from 10.5% to 7.1%, representing a decrease of 32.1%, which reflects the gradual
structural transformation of the economy toward other sectors, particularly services. A
similar downward trend is observed in employment. The number of people employed in
agriculture decreased by 31.2%, while its share in total employment declined from 24% to
16% (—34.4%). This indicates a significant reduction in the labor force engaged in
agriculture, likely driven by migration, aging population, and limited economic opportunities
in rural areas.

Table 2. Structural changes in Gross Value Added and employment in agriculture, 2012—

2023
Year GDP Agricultural | Share of Employment | Share in Total
(million €) GVA Agriculture | in Employment (%)
(million €) (%) Agriculture
2012 6,564 690.9 10.5% 167,927 24%
2013 7,101 818.3 11.5% 183,031 25%
2014 7,449 873.2 11.7% 183,239 24%
2015 7,942 884.1 11.1% 182,843 24%
2016 8,384 887.1 10.6% 179,135 23%
2017 8,711 791.3 9.1% 178,249 22%
2018 9,332 910.2 9.8% 177,780 22%
2019 9,780 915.9 9.4% 177,607 21%
2020 9,562 932.5 9.8% 165,528 21%
2021 10,247 847.8 8.3% 166,439 21%
2022 11,501 966.0 8.4% 124,559 17%
2023 12,797 914.8 7.1% 115,457 16%
Change +95.0% +0.3% -32.1% -31.2% —34.4%
2023/2012
(%)

Source: author’s calculations based on State Statistical Office (MakStat).

These trends clearly demonstrate that agriculture alone is no longer sufficient to sustain rural
economies. The stagnation of agricultural output combined with declining employment
highlights the need for economic diversification.

The data clearly show a highly fragmented structure of agricultural holdings in Macedonia.
The vast majority of farms (99.8%) are individual holdings, while business entities account
for only 0.2% of the total number of farms. Despite their dominance in number, individual
farms operate on relatively small land areas, with an average size of only 1.5 hectares. In
contrast, business entities, although very few in number, manage significantly larger areas,
with an average size of 174.1 hectares.

This imbalance is further reflected in land distribution. Individual farms control 84.8% of
total agricultural land, while business entities manage 15.2%, indicating a dual structure
characterized by a large number of small-scale farms and a very limited number of large-
scale operations. Such fragmentation limits productivity, efficiency, and competitiveness in
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the agricultural sector. Small farm sizes make it difficult to achieve economies of scale, invest
in modern technologies, or access larger markets.

Table 3. Structure of agricultural holdings by land size

Indicator Total |Individual holdings|Business entities
Number of holdings 178,125 177,845 280
Total utilized agricultural land (ha) |320,738 271,989 48,749
Average size per holding (ha) 1.8 1.5 174.1
Share in total number of holdings (%) 100% 99.8% 0.2%
Share in land (%) 100% 84.8% 15.2%

Source: State Statistical Office, Farm Structure Survey, 2016

The fragmented structure of agricultural holdings, although limiting agricultural efficiency,
creates favorable conditions for the development of agro-ecotourism based on small-scale,
family-oriented rural experiences.

With regard to the trade in agri-food products, the period 2020-2025 is characterized by a
continuous increase in both exports and imports. Exports increased from €590 million in
2020 to €973 million in 2025, with their share in total exports rising from 10% to 12%. At
the same time, imports of agri-food products grew from €819 million to €1,412 million,
maintaining a share of approximately 11-12% of total imports.

Throughout the analyzed period, a negative trade balance is observed, indicating that imports
consistently exceed exports. The trade deficit increased from —€228.7 million in 2020 to —
€438.5 million in 2025. The export/import ratio ranges between 63% and 72%, suggesting
that exports cover only about two-thirds of the value of agri-food imports.

These trends indicate a structural weakness in the competitiveness of the domestic agri-food
sector and highlight the need to strengthen production capacity, improve value addition, and
enhance export potential.

Table 4. Trade in agri-food products (2020-2025)

Indicator Unit | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Total exports million €| 5,781| 6,970] 8,301| 8,325| 7,781| 8,008
Agri-food exports million € 590 625 711 770 855 973
Share in total exports % 10% 9% 9% 9%| 11%| 12%
Total imports million €| 7,599 9,648| 12,131] 11,157| 11,062 11,545
Agri-food imports million € 819 940 1,136] 1,200| 1,319| 1,412
Share in total imports % 11%| 10% 9%| 11%| 12%| 12%
Trade balance (agri-food) |million €| -228.7| -314.7| -425.1| -430.6] -464.2| -438.5
Export/import ratio % 72%| 67%| 63%| 64%| 65%| 69%

Source: author’s calculations based on State Statistical Office (MakStat).

In this context, agro-ecotourism can contribute indirectly to improving the agri-food sector
by promoting local products and short supply chains, increasing demand for traditional and
high-quality food products, supporting value-added production, and strengthening the link
between agriculture and tourism. Thus, agro-ecotourism represents not only a diversification
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strategy but also a mechanism for enhancing the competitiveness of domestic agri-food
production.

4. CONCLUSION

The results of this study clearly indicate that rural areas in Macedonia are facing significant
structural, economic, and demographic challenges. The analysis shows a continuous process
of depopulation, fragmentation of agricultural holdings, declining employment in agriculture,
and a persistent trade deficit in agri-food products. These trends confirm that traditional
agriculture alone is no longer sufficient to sustain rural economies.

At the same time, the tourism sector demonstrates strong growth, particularly driven by
foreign tourists, indicating increasing international attractiveness. However, tourism
development remains highly concentrated in a few regions, primarily the Southwest region
and the Skopje region, while large parts of the country remain underutilized. Moreover, the
existing tourism model is largely oriented toward mass tourism, with limited development of
rural and sustainable tourism forms.

In this context, rural economic diversification emerges as a necessary strategy for addressing
structural imbalances and enhancing resilience in rural areas. Agro-ecotourism, in particular,
represents a promising development model that integrates agriculture with tourism, promotes
local products, and creates additional income opportunities for rural households.

The findings suggest that agro-ecotourism can contribute to reducing rural depopulation,
improving farm sustainability, and strengthening the competitiveness of the agri-food sector.
However, its development in Macedonia is still at an early stage, constrained by limited
capacity of agricultural holdings, institutional weaknesses, administrative barriers and
insufficient support mechanisms.

Therefore, future development should focus on increasing awareness among agricultural and
rural households, as well as among domestic tourists, regarding agricultural and ecological
tourism. It should also prioritize strengthening the legal and institutional framework,
simplifying administrative procedures, increasing financial support, and promoting rural
destinations and local products. Furthermore, a more balanced regional development
approach is necessary to ensure that the benefits of tourism are more evenly distributed across
rural areas.
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1. INTRODUCTION

Rural tourism has emerged as an important avenue for the development of countryside
communities, particularly in regions experiencing population decline and limited
employment opportunities (Lane, 2009; UNWTO, 2020). This form of tourism helps
preserve local traditions, cultural heritage, and natural landscapes, while also contributing to
income diversification and strengthening the resilience of rural communities (Patwa et al.,
2020).

As tourism activities increase, so does the generation of waste, with organic waste
constituting a significant portion in rural destinations (Hoornweg and Bhada-Tata, 2012).
Improper management of this waste can lead to soil and water pollution, methane emissions,
and unpleasant odors, reducing both the attractiveness of the destination and the quality of
life for local residents (Patwa et al., 2020).

Organic waste, however, can also be viewed as a valuable resource that can be reused through
processes such as composting and anaerobic digestion (Font and McCabe, 2017; Sgroi et al.,
2020). These practices convert waste into compost, bioenergy, or biofertilizers, supporting
the principles of circular economy and sustainable resource use. In rural settings, where
agriculture is often closely linked to tourism, such practices enable the creation of closed-
loop systems that minimize environmental impact while providing additional economic
benefits to local households (Waste Framework Directive, 2008/98/EC).

Because of all this, the management of bio-waste becomes crucial for the preservation of
natural resources and the quality of the tourist offer. Namely, in this way a direct link is
established between tourism and the concept of circular economy, where tourist activities do
not burden the environment, but actively participate in its preservation (Geissdoerfer at al.,
2017).

Linking rural tourism and organic waste management enables the creation of unique,
authentic and ecologically responsible local tourist products, which can meet modern tourist
demand. Tourists are increasingly looking for destinations that implement sustainable
practices, which makes the proper management of biowaste not only an environmental
obligation, but also an important factor in the competitiveness and long-term development of
rural areas (UNEP, 2019).

2. ORGANIC WASTE MANAGEMENT IN RURAL AREAS

In rural areas, municipal solid waste differs significantly from urban waste, as organic waste
constitutes more than half of the total waste generated, while the remainder is largely
inorganic, and the fraction of hazardous waste is minimal (Patwa et al., 2020). This waste
composition sets specific requirements for collection and treatment, as inadequate systems
often lead to informal disposal at improvised dumpsites or open burning of waste. Such
practices contribute to soil degradation, water pollution, and pose risks to the health of local
populations (Novarlié, Stevi¢, 2024).

Due to these challenges, organic waste management in rural areas increasingly relies on local
and decentralized approaches, which are more flexible and better suited to village conditions
than the centralized systems typical of urban regions (Novarli¢, Stevi¢, 2024). These
approaches may include local collection initiatives, communal disposal points, and small-
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scale treatment systems that divert organic matter from unmanaged dumpsites and prepare it
for further processing or valorization (Vinti, Vaccari, 2022; Novarli¢, Stevi¢, 2024). The
implementation of these local and decentralized models enables communities to reduce the
amount of waste ending up in informal dumpsites, organize waste flows at the local level,
and establish a framework for sustainable practices in line with circular economy principles.
Such approaches support the reuse and valorization of organic waste, thereby reducing
environmental impacts while contributing to more efficient resource use in rural areas (Vinti,
Vaccari, 2022).

This approach highlights the importance of active community participation in waste
management, as decentralized systems provide greater flexibility, easier adaptation to local
needs, and the potential for long-term sustainability and ecological resilience in rural areas
(Novarli¢, Stevi¢, 2024). Considering the high proportion of organic waste in rural areas,
techniques such as composting and anaerobic digestion represent essential methods for its
valorization and efficient management, thereby supporting sustainable waste treatment.

3. COMPOSTING OF ORGANIC WASTE: PROCESS AND SIGNIFICANCE

Composting is a biological process in which microorganisms decompose organic matter into
a humus-like material known as compost (Meena et al., 2021). This process serves a dual
purpose: it addresses the problem of organic waste and produces a value-added product-
compost, a nutrient-rich fertilizer that improves soil health. In rural areas, composting
provides a practical solution to manage locally generated organic waste, contributing to
nutrient recycling and sustainable agriculture.

The composting process can be categorized into several microbiologically distinct phases,
each characterized by specific temperature ranges and dominant microbial communities.
Under optimal aerobic conditions, composting typically progresses through four main stages:
mesophilic, thermophilic, cooling, and maturation (curing). During the mesophilic phase,
mesophilic microorganisms dominate and initiate the decomposition of readily degradable
organic compounds, producing heat that raises the temperature of the composting mass
(Azim et al., 2018).

As the temperature increases to the thermophilic range (generally above 45 °C), thermophilic
microbes take over, accelerating the breakdown of more complex organic matter and
contributing to pathogen reduction (Zhang et al., 2023). When easily degradable substrates
are depleted and heat generation decreases, the compost temperature gradually drops,
marking the cooling phase, during which mesophilic organisms become active again. The
final maturation (curing) phase occurs at lower temperatures, in which the compost stabilizes,
humification continues, and the material becomes suitable for soil application (Azim et al.,
2018; Zhang et al., 2023).

3.1 Historical overview and application

Since the late 1980s, composting has increasingly been applied in Europe, alongside the
development of separate collection systems for bio-waste. Only through such approaches is
it possible to obtain compost of satisfactory quality, free from harmful contaminants such as

heavy metals, suitable for agriculture and soil quality improvement. The majority of bio-
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waste is treated through aerobic conversion, while anaerobic conversion is still applied to a
limited extent due to high investment costs and the need to treat waste together with
wastewater. Estimates indicate that approximately 40 % of municipal solid waste in Serbia
consists of biological (organic) materials, including garden waste and food residues,
providing a significant potential for composting (Ministry of Environmental Protection,
2022). This historical perspective highlights how policy, infrastructure, and public awareness
have influenced the development and adoption of composting practices in Europe and Serbia.

3.2 Public awareness and global initiatives

Raising public awareness about composting and its environmental benefits is a key
component of sustainable organic waste management strategies worldwide. Educational
campaigns and initiatives have been shown to increase participation in composting programs,
improve environmental literacy, and promote sustainable behaviors among communities (De
Boni et al., 2022; Craveiro et al., 2025). One of the most prominent initiatives is International
Compost Awareness Week (ICAW), first launched in Canada in 1995 by the Compost
Council of Canada, now celebrated annually during the first full week of May. The aim of
this week is to educate the public about the benefits of composting, including improving soil
structure, enhancing water retention, increasing plant resilience, and reducing the use of
synthetic fertilizers and pesticides (Compost Foundation, 2025).

In addition to campaigns like ICAW, scientific studies on community composting and
educational programs have shown that active community engagement and educational
support significantly increase the success of composting initiatives, thereby contributing to
sustainable organic waste management (De Boni et al., 2022). Furthermore, the application
of compost to soil has been scientifically proven to improve soil quality, enhance nutrient
availability, and support water conservation, confirming multiple environmental benefits of
integrating composting into waste management strategies (Craveiro et al., 2025). In rural
areas, these initiatives not only support sustainable agriculture but also strengthen community
involvement and environmental education, creating long-term benefits for local populations.

3.3 Factors affecting the composting process

Composting is influenced by several external factors that determine the rate and efficiency
of organic matter decomposition. Proper management of these factors can significantly
accelerate decomposition and improve compost quality. The most important parameters
include: oxygen availability (aeration), temperature, pH, moisture content, and the carbon-
to-nitrogen (C:N) ratio of the material.

Aeration provides microorganisms with oxygen, preventing anaerobic conditions that can
generate unpleasant odors. Temperature affects microbial activity and decomposition rate.
Optimal pH and moisture support efficient microbial metabolism, while the C:N ratio ensures
a proper balance of nutrients and energy during composting. Monitoring these factors is
particularly important in small-scale or rural composting systems to ensure efficiency and
quality of the final product (Sharma et al., 2021). Maintaining optimal parameters ensures a
faster process, higher nutrient retention, and pathogen reduction, making the compost safe
and effective for agricultural use.
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3.4 Composting challenges and their connection to rural areas

Despite its benefits, composting faces operational challenges that can affect both the quality
of the resulting compost and process efficiency. Common issues include:

Odors-Poor ventilation, excessive moisture, or inadequate aeration can generate unpleasant
smells, affecting workers and nearby residents (Ayilara et al., 2020).

Pathogen control- Organic waste may contain harmful microorganisms. If the thermophilic
phase is insufficient, pathogens may survive, posing a health risk (Ayilara et al., 2020).
Heavy metal contamination- Certain waste streams may contain metals like lead, cadmium,
or arsenic. Accumulation in compost can limit its agricultural use (Awasthi et al., 2019).
Quality standardization- Maintaining the correct balance of nutrients, C:N ratio, moisture,
and other parameters is critical for producing stable, safe, and effective compost (Ayilara et
al., 2020).

In rural settings, composting allows communities to convert local organic materials, such as
agricultural residues and household waste, into nutrient-rich fertilizer. Proper monitoring,
process control, and community education are essential to overcome challenges and ensure
safe, high-quality compost, supporting sustainable agriculture and soil conservation (Awasthi
et al.,, 2019; Ayilara et al., 2020). Overall, integrating composting with education and
community participation ensures both environmental benefits and long-term sustainability in
rural areas.

4. ANAEROBIC DIGESTION OF ORGANIC WASTE: PROCESS AND
SIGNIFICANCE

Anaerobic digestion of organic waste is a sequential, multi-step biological process in which
different microbial communities break down organic matter in the absence of oxygen,
producing biogas-mainly methane and carbon dioxide and nutrient-rich digestate (Cao et al.,
2025; Song et al., 2026). It is widely applied for the treatment of municipal organic waste,
agricultural residues, livestock manure, and industrial food by-products. Unlike aerobic
composting, anaerobic digestion provides both renewable energy and stabilized organic
material, contributing to resource recovery and climate mitigation.

The anaerobic digestion process can be divided into four main stages, each with distinct
microbial activity and biochemical transformations, as widely described in scientific
literature (Mata-Alvarez et al., 2014; Chen et al., 2021):

Hydrolysis-Complex polymers such as carbohydrates, proteins, and lipids are broken down
into soluble monomers (sugars, amino acids, fatty acids) by hydrolytic bacteria (Chen et al.,
2021).

Acidogenesis-Fermentative bacteria convert soluble monomers into volatile fatty acids,
alcohols, hydrogen, and carbon dioxide (Mata-Alvarez et al., 2014).
Acetogenesis-Acidogenic products are transformed into acetic acid, hydrogen, and carbon
dioxide, which serve as substrates for methanogenic archaea (Chen et al., 2021).
Methanogenesis-Methanogenic microorganisms produce methane and carbon dioxide,
completing the energy conversion process and stabilizing the digestate (Mata-Alvarez et al.,
2014).
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Proper control of temperature, pH, nutrient balance, and retention time is essential to optimize
biogas yield, stabilize digestate, and maintain efficient microbial activity. Mesophilic (30-
40 °C) and thermophilic (50-60 °C) operating conditions can significantly affect microbial
community structure, reaction kinetics, and biogas composition (Chen et al., 2021).

4.1 Benefits and application in rural areas

In rural communities, anaerobic digestion of organic waste offers an effective solution for
managing organic residues while producing local renewable energy. Biogas can be used for
cooking, heating, or electricity generation, reducing dependence on fossil fuels. Digestate
serves as a high-quality biofertilizer, improving soil fertility and supporting sustainable
agriculture (Cao et al., 2025).

Small- to medium-scale anaerobic digestion systems are particularly suitable for farms and
rural households, where organic residues are abundant and energy needs are localized.
Training and education are critical to ensure stable operation, optimize biogas production,
and safely apply digestate as fertilizer. Integration of anaerobic digestion into rural waste
management allows communities to achieve energy self-sufficiency, reduce environmental
pollution, and reinforce circular economy principles (Mata-Alvarez et al., 2014; Song et al.,
2026).

5. THE IMPORTANCE OF ORGANIC WASTE MANAGEMENT IN
RURAL TOURISM

Rural tourism differs from mass tourism in that it focuses on the quality of experience and
sustainability rather than the quantity of visitors. Rural tourism encompasses a wide range of
activities, including rural accommodation, agro-tourism, participation in agricultural work
and visits to local artisans and cultural events (Jovanovi¢, 2018). The sustainable
development of rural tourism has become an important topic in contemporary research in
recent years, especially in the context of rational resource management and environmental
conservation of local communities. Interest in the development of rural or village tourism has
grown in the years following the corona virus pandemic.

A review of the literature on the importance of organic waste management in rural tourism
indicates a growing connection between sustainable development, environmental protection
and the tourist competitiveness of rural destinations. The concept of sustainable tourism is
based on the principle that it "satisfies the needs of current generations without endangering
future ones", while including ecological, economic and social dimensions (WCED, 1987). In
this framework, rural tourism is seen as an important instrument for revitalizing villages,
preserving natural resources and strengthening the local economy, but also as an activity that
can cause negative consequences if it is not managed adequately. (Stani¢, Jovanovié, 2016).
It is particularly emphasized that waste management is one of the key factors in the
development of tourist destinations, because inadequate disposal of waste leads to
environmental degradation and a decrease in the quality of the tourist experience (UNWTO,
2018).

Contemporary research further emphasizes the importance of the circular economy in rural
areas, where organic waste can be transformed into a resource through composting and reuse
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in agriculture, thus contributing to sustainability and closing production cycles (European
Commission, 2020). Also, the development of organic agriculture and agritourism confirms
that the preservation of soil, water and biodiversity is the basis of the long-term development
of rural tourism, emphasizing the interdependence of ecosystem health and tourist offer
(Stani¢ Jovanovi¢, Ili¢, & Miletovié, 2025). Overall, the literature indicates that effective
management of organic waste is not only an environmental issue, but also a strategic element
of sustainable and competitive rural tourism.

6. CONCLUSION

Organic waste management in rural areas represents both a challenge and an opportunity for
sustainable development of local communities. Through methods such as composting and
anaerobic digestion, organic waste can be transformed into valuable resources — nutrient-rich
fertilizer and renewable energy — reducing environmental impact and supporting soil and
water conservation. Community education and active involvement are essential for
successful implementation, while decentralized approaches enable more flexible and
efficient waste management. Integrating these strategies enhances the sustainability of rural
tourism and agriculture, providing economic and ecological benefits to local households.

Organic waste management represents a significant development opportunity for improving
the sustainable development of rural tourism, as it connects the ecological, economic and
social aspects of the development of rural areas. Through the application of practices such as
composting, recycling and reuse of organic resources, it is possible to reduce the negative
impact on the environment and at the same time improve local agricultural production.

In this way, a synergy is created between tourism and agriculture, which contributes to
strengthening the local economy and preserving the authenticity of the local tourist
destination. Sustainable waste management also affects the quality of the tourist offer and
the satisfaction of visitors, who increasingly recognize and value environmentally
responsible destinations. In this context, organic waste should not be seen as a problem, but
as a resource and potential for the development of innovative and sustainable solutions in
rural tourism. In the long term, the integration of the principles of sustainability and circular
economy in waste management represents a key step towards a more competitive, resilient
and environmentally friendly rural tourism.
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Abstract: Climate change, global economic processes and demographic transformations increasingly
influence the development of rural areas, highlighting the need for new approaches to managing local
resources. Sustainable rural development is increasingly viewed through integrated models that
connect economic activities, environmental protection and social cohesion within local communities.
The aim of this paper is to analyse the role of local resources in shaping sustainable development
models for rural areas in the context of climate change and to explore the potential of integrated
approaches that connect agriculture, tourism, energy transition and natural resource management. The
theoretical part of the paper is based on a review of relevant scientific and professional literature
addressing climate change, sustainable development and rural tourism. The analysis includes studies
available in international scientific databases as well as strategic documents of European and national
institutions related to climate change adaptation, sustainable tourism and energy efficiency. The
empirical part of the research is based on a case study analysis of Central Istria, a rural region rich in
natural and cultural resources that has recently developed a development model based on the
integration of agriculture, cultural heritage and selective forms of tourism. The analysis includes a
review of development strategies, tourism trends and local events that contribute to shaping the tourism
offer and strengthening local identity.

The results indicate that integrated development approaches that connect local resources with
sustainable economic activities can strengthen the resilience of rural areas to climate change.
Particular importance is given to the integration of tourism, agriculture and renewable energy sources,
as well as to the active involvement of local communities in development processes. Central Istria
represents an example of good practice in which the valorisation of natural and cultural resources
contributes to sustainable development and the long-term competitiveness of rural destinations.
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Apstrakt: Klimatske promjene, globalni gospodarski procesi i demografske promjene sve snaznije
utjecu na razvoj ruralnih podrucja te poticu potrebu za novim pristupima upravljanju lokalnim
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resursima. OdrzZivi ruralni razvoj sve se ceSée promatra kroz integrirane modele koji povezuju
gospodarske aktivnosti, zastitu okolisa i drustvenu koheziju lokalnih zajednica. Cilj rada je analizirati
ulogu lokalnih resursa u oblikovanju odrZivih razvojnih modela ruralnih podrucja u kontekstu
klimatskih promjena te istraziti mogucnosti integriranog pristupa koji povezuje poljoprivredu, turizam,
energetsku tranziciju i upravijanje prirodnim resursima. Teorijski dio rada temelji se na analizi
relevantne znanstvene i strucne literature o klimatskim promjenama, odrzivom razvoju i ruralnom
turizmu. Analizirani su radovi dostupni u medunarodnim znanstvenim bazama podataka te strateski
dokumenti europskih i nacionalnih institucija koji se odnose na prilagodbu klimatskim promjenama,
odrzivi turizam i energetsku ucinkovitost. Empirijski dio istrazivanja temelji se na analizi studije
slucéaja podrucja Sredisnje Istre, ruralne regije bogate prirodnim i kulturnim resursima koja
posljednjih godina razvija model razvoja temeljen na integraciji poljoprivrede, kulturne bastine i
selektivnih oblika turizma. Analiza ukljucuje pregled razvojnih strategija, turistickih kretanja i lokalnih
manifestacija koje doprinose oblikovanju turisticke ponude i jacanju lokalnog identiteta.

Rezultati istrazivanja ukazuju da integrirani pristupi razvoju, koji povezuju lokalne resurse s odrzivim
gospodarskim aktivnostima, mogu doprinijeti jacanju otpornosti ruralnih podrucja na klimatske
promjene. Pritom se posebno istice vaznost povezivanja turizma, poljoprivrede i obnovljivih izvora
energije te aktivnog ukljucivanja lokalnih zajednica u razvojne procese. Sredisnja Istra predstavija
primjer dobre prakse u kojem valorizacija prirodnih i kulturnih resursa pridonosi odrzivom razvoju i
dugorocnoj konkurentnosti ruralnih destinacija.

Kljucne rijeci: odrzivi ruralni razvoj, klimatske promjene, lokalni resursi, ruralni turizam, integrirani
razvoj

1. INTRODUCTION

Rural areas today stand at the center of debates on sustainability, climate change, and the
future of local communities. Changes in the climate are increasingly shaping economic
activities, social relations, and the management of natural resources. Rising temperatures,
changes in precipitation patterns, and the increasing frequency of extreme weather events
affect agriculture, tourism, and the quality of life in many regions of the world (Jackson,
2021). Scientific and policy debates on climate change emphasize the need for new
development models that integrate local resources, social innovation, and sustainable
economic activities (Gore, 2007). Rural areas are gaining increasing importance because they
possess natural and cultural resources capable of fostering the development of more resilient
and environmentally sustainable economic systems.

Climate change represents one of the most complex challenges of contemporary society, and
its impacts are felt at the global, national, and local levels. The international framework for
addressing these challenges has been established through the United Nations Framework
Convention on Climate Change (UNFCCC, 2009), which emphasizes the need to reduce
greenhouse gas emissions and to adapt societies to changing climatic conditions. The
European Union has developed a range of policies and strategies aimed at building climate-
resilient societies and economies, with particular emphasis on the EU Strategy on Adaptation
to Climate Change (European Commission, 2021). Through national documents and
development plans, Croatia has directed attention toward strengthening the resilience of local
communities and promoting the sustainable management of resources (Government of the
Republic of Croatia, 2020). In this context, rural areas can play a significant role because
they combine agricultural activities (Mihali¢, 2016), renewable energy sources (Jelley,
2020), and selective forms of tourism (Gei¢, 2011), all of which contribute to the sustainable
development of space.
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The concept of sustainable rural development is based on the integration of economic, social,
and environmental dimensions of development (Crnjar, Crnjar, 2009). Such an approach
includes the responsible use of natural resources, the development of local entrepreneurship,
and the encouragement of innovative forms of tourism and agriculture. Rural tourism, in this
context, represents an important instrument for the diversification of local economies, as it
enables the valorization of cultural heritage, landscapes, and traditional products. Research
(Mihali¢, 2016; Aquino et al., 2018; Lenzen et al., 2018) indicates that sustainable tourism
models can contribute to the development of local communities and the preservation of the
natural environment if they are based on the participation of local residents and responsible
destination management. In recent years, particular attention has also been devoted to the
role of renewable energy sources in rural areas (Boyle, 2017; Jelley, 2020), which can
stimulate economic development while simultaneously reducing negative environmental
impacts.

The paper is structured into several interrelated sections that enable an analysis of the
relationship between local resources and the global challenges of climate change. Following
the introductory section, the materials and methods section presents the methodological
framework of the research. This section provides a review of scientific and professional
literature addressing issues related to climate change, sustainable development, and rural
tourism. The literature analysis was conducted on the basis of works available in relevant
scientific databases such as Scopus, Web of Science, ScienceDirect, and Emerald, as well as
in the national database Hréak. In addition to scientific articles, books, professional online
sources, and development documents and strategies of national and local institutions related
to sustainable development, energy transition, and tourism development were also used
(gimle§a & Vukovié, 2021; National Plan for the Development of Sustainable Tourism until
2027; Strategy of Sustainable Development of the Republic of Croatia).

The empirical part of the paper is based on the analysis of a case study of the Central Istria
area, which represents an example of a rural region rich in natural, cultural, and tourism
resources. In recent years, Central Istria has been developing a model of tourism and
economic development that seeks to integrate agriculture, cultural heritage, and selective
forms of tourism (Ruzi¢, 2011). The analysis includes a review of development strategies
and statistical data on tourism trends, as well as the role of local events and cultural content
in shaping the tourism offer (Smolci¢ Jurdana & Soldi¢ Frleta, 2012). Particular attention is
devoted to the possibilities of an integrated development approach that connects natural
resource management, the development of renewable energy sources, and sustainable
tourism, which can contribute to strengthening the resilience of rural areas to climate change
and to the long-term development of local communities.

2. MATERIAL AND METHODS

In the preparation of the paper, a qualitative research approach was applied, based on the
analysis of secondary data sources and interpretative content analysis, with the aim of
understanding the relationship between local resources, climate change, and models of
sustainable rural development. The first level refers to the review and analysis of existing
scientific and professional literature addressing climate change, sustainable rural
development, energy transition, and the development of selective forms of tourism. The
second level includes an empirical analysis of a case study of the Central Istria area, as a
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representative example of a Croatian rural region in which efforts are being made to link
economic development with environmental protection and adaptation to climate change.

In the analytical part of the paper, the method of interpretative content analysis was applied
to identify patterns of development and management of rural areas under conditions of
climate change. The analysis focuses on the interpretation of concepts such as sustainable
rural development, local resources, energy transition, climate resilience, and integrated
tourism destination management. This approach enabled the connection of theoretical
insights from the literature with the concrete example of the development of Central Istria,
while taking into account the economic, social, and environmental dimensions of rural spatial
development.

Within the research methodology, the following research questions were formulated:

RQ1. How do climate change processes affect the development of rural areas and the use of
local resources?

RQ2. Which development strategies and governance models can contribute to the sustainable
development of rural areas under conditions of climate change?

RQ3. In what way can the integration of agriculture, tourism, and local cultural heritage
stimulate the sustainable development of rural regions?

RQ4. What role do renewable energy sources and the energy transition play in strengthening
the resilience of rural areas to climate change?

RQ5. To what extent does the example of Central Istria demonstrate the possibilities of
applying an integrated approach to sustainable rural development?

The objective of the research was to analyze the possibilities of an integrated approach to
sustainable rural development under conditions of climate change, with particular emphasis
on the role of local resources, selective forms of tourism, and the sustainable management of
natural space.

The purpose of the research is to identify development models and practices that can
contribute to the long-term sustainable development of rural areas and strengthen their
resilience to climate change.

3. RESULTS AND DISCUSSION
3.1 Climate change in global and local context

In recent decades, climate change has become one of the most significant issues facing
contemporary society. Its impacts encompass natural systems, economic activities, and social
relations on a global scale. Changes in climate patterns are manifested through rising average
temperatures, alterations in precipitation regimes, and an increased frequency of extreme
weather events such as droughts, floods, and heatwaves (Gore, 2007). Scientific literature
(Lenzen et al., 2018; Jackson, 2021) increasingly emphasizes that climate change no longer
represents solely an environmental problem, but rather a complex socio-economic challenge.

The debate on climate change intensified at the beginning of the twenty-first century,
particularly following the publication of numerous international reports and scientific studies

warning of accelerated changes in the global climate system. In his analysis of the climate
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crisis, Gore (2007) points to the growing imbalance between economic development based
on fossil fuels and the capacity of natural systems to absorb greenhouse gas emissions. Such
a development model has led to a significant increase in the concentration of carbon dioxide
in the atmosphere, which directly contributes to global warming and changes in climatic
patterns.

The international community has recognized the need for coordinated action through a series
of international agreements and institutional frameworks. The United Nations Framework
Convention on Climate Change established the foundations for global cooperation in
reducing greenhouse gas emissions and adapting societies to climate change (UNFCCC,
2009). This document emphasizes the responsibility of states to develop policies and
strategies that will enable the long-term reduction of the negative impacts of human activities
on the climate system.

In addition to the global dimension, climate change is increasingly examined through the
perspective of local and regional processes. Research indicates that the impacts of climate
change often manifest differently across regions, depending on their geographical, economic,
and social characteristics (Cox, 2022; Anci¢ et al., 2024). Consequently, there is growing
interest in studies that analyze climate change within a local context, as local communities
increasingly develop their own adaptation strategies, including spatial planning, water
resource management, and the development of green infrastructure.

The process of urbanization further highlights the need to consider climate change within a
broader societal context. According to data from the United Nations, the majority of the
world’s population now lives in urban areas, and this trend is expected to continue in the
future (United Nations, 2018). The expansion of urban areas affects natural ecosystems and
increases pressure on resources such as water, soil, and energy (Cox, 2022).

Climate change also significantly affects economic sectors that are closely linked to natural
resources, with tourism being particularly sensitive to changes in climatic conditions. Climate
change may influence the seasonality of tourism demand, the availability of natural resources,
and the overall attractiveness of tourist destinations (Peri¢ et al., 2017). Changes in
temperature, the reduction of snow cover in mountainous regions, or the increased frequency
of heatwaves may alter tourist flows and affect local economies that depend on tourism.
Chomsky (2023) warns that the climate crisis requires profound changes in the organization
of the global economy, including reducing dependence on fossil fuels and strengthening
investments in renewable energy sources.

The European Union has developed a range of policies aimed at building a resilient and
climate-neutral economy. The EU Strategy on Adaptation to Climate Change emphasizes the
need to integrate climate considerations into all sectoral policies, including energy, transport,
agriculture, and regional development (European Commission, 2021). This strategy
encourages Member States to develop national and regional adaptation plans that take into
account the specific characteristics of individual areas.

In Croatia, climate change has been recognized as an important development challenge in a
number of strategic documents. The Strategy on Adaptation to Climate Change of the
Republic of Croatia defines measures related to various sectors, including agriculture,
tourism, forestry, and water resource management (Government of the Republic of Croatia,
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2020). The document emphasizes the need to strengthen institutional capacities and to
develop monitoring systems for climate change at both national and local levels.

The National Recovery and Resilience Plan further highlights the importance of the green
transition and investments in sustainable development projects. The plan foresees significant
investments in energy efficiency, renewable energy sources, and sustainable mobility, with
the aim of reducing the negative environmental impact of the economy (Government of the
Republic of Croatia, 2021).

Climate change can be viewed not only as a challenge but also as a stimulus for the
development of new models of economic and social development. An increasing number of
studies indicate that sustainable development, energy transition, and the strengthening of
local communities can contribute to the creation of more resilient societies capable of
responding to environmental changes. Climate change represents a complex phenomenon
that transcends the boundaries of individual sectors and territories. Its impacts are felt across
various spheres of social life, ranging from the economy and tourism to spatial planning and
the management of natural resources.

3.2 The Importance of Local Resources in the Implementation of Sustainable
Rural Development

Rural space is no longer viewed exclusively as an area of agricultural production, but rather
as a complex socio-economic system in which natural resources, cultural heritage, traditional
activities, and contemporary forms of entrepreneurship intersect. The concept of sustainable
development is based on the idea of balance between economic activities, social well-being,
and environmental protection, where the natural resources of rural areas acquire particular
importance because they constitute the foundation of local development strategies (Crnjar &
Crnjar, 2009). Responsible resource management is essential in order to ensure their
preservation for future generations, and in rural areas this particularly refers to soil, water,
forests, biodiversity, and landscape values that shape the identity of local space.

Local resources may take various forms and perform different functions. In some regions
these include agricultural land, traditional products, and local gastronomy, while in others
natural landscapes, cultural heritage, or specific forms of local knowledge and skills play a
significant role. Selective forms of tourism, such as agritourism, cultural tourism, and
gastronomic tourism, enable the valorization of local resources and the creation of additional
sources of income for rural communities (Gei¢, 2011).

The development of rural tourism is closely associated with the growing interest of tourists
in authentic experiences and direct contact with local culture. In this context, tourism is
increasingly viewed as an instrument of sustainable development, provided that it is based
on responsible destination management and the active participation of the local community.
The concept of responsible tourism emphasizes the need to reduce the negative
environmental and social impacts of tourism while increasing the benefits that local
communities derive from tourism activities (Mihali¢, 2016).

A significant potential for rural development lies in agriculture and food production. The
agricultural sector in rural regions often represents the foundation of the local economy, but
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it also faces numerous challenges, including global competition, changing market conditions,
and demographic changes. Research indicates that many farmers are seeking to diversify their
activities in order to increase competitiveness and ensure greater income stability (Cvrtnjak
et al., 2013; Tonkovi¢, 2018).

Organic agriculture represents one of the important directions of rural development because
it enables food production while preserving natural resources. The development of organic
agriculture can contribute to the creation of new business opportunities in rural areas,
particularly when it is connected with tourism offerings and local food markets (Deze et al.,
2016).

Rural areas also possess significant potential for the development of energy projects based
on solar energy, wind power, biomass, or geothermal sources. Renewable energy sources
represent one of the most important elements of the energy transition because they enable the
reduction of greenhouse gas emissions and the strengthening of energy security (Boyle,
2017). In rural areas, such projects may contribute to the diversification of the local economy
and the creation of new employment opportunities. Vaughn (2015) emphasizes that the
development of renewable energy projects can generate multiple benefits for local
communities, including reduced energy costs, the development of new entrepreneurial
initiatives, and increased energy independence. The European Court of Auditors (2018)
points out that rural areas possess substantial resources for the development of such projects,
although their potential in many countries has not yet been fully utilized.

In the Croatian context, Bratko (2024) notes that rural areas offer numerous opportunities for
the installation of solar systems, the use of biomass from agricultural production, and the
development of smaller energy facilities that can supply local communities. The role of
public policies in promoting sustainable rural development is particularly emphasized in
national and European development strategies. The Sustainable Development Strategy of the
Republic of Croatia defines a framework for the integration of economic development,
environmental protection, and social cohesion (Sustainable Development Strategy of the
Republic of Croatia, 2009). This document highlights the importance of preserving natural
resources, encouraging innovation, and developing sustainable economic activities in rural
areas.

The National Plan for the Development of Sustainable Tourism until 2027 (Government of
the Republic of Croatia, 2020) emphasizes the need to develop tourism products based on
local resources and the authenticity of destinations.

Aquino et al. (2018) emphasize that social entrepreneurship in tourism can play a significant
role in the development of rural communities because it enables the creation of business
models that simultaneously achieve economic and social objectives. Vinsalek et al. (2021)
highlight that technological change and globalization require the adaptation of business
models and the development of new competencies in rural areas. Tonkovi¢ (2018) draws
attention to the problem of depopulation and population aging in many rural regions, which
may limit the development capacities of local communities. These processes are often
associated with the migration of young people to urban areas and the decline of economic
activities in rural environments.
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3.3 The Impact of Climate Change on the Sustainability of Rural Development
in Local Regions

Changes in air temperature, the distribution of precipitation, and the increasing frequency of
extreme weather events are exerting an ever-stronger influence on economic activities
traditionally associated with rural areas. Agriculture, forestry, and tourism are among the
sectors that are particularly sensitive to changing climatic conditions; therefore, the issue of
climate change adaptation is becoming an integral part of discussions on the sustainable
development of rural regions. Scientific literature emphasizes that climate change represents
not only an environmental challenge but also a socio-economic process that affects the
structure of local economies and the everyday life of rural communities (Jackson, 2021).

In many parts of the world, rural areas are already experiencing the consequences of changes
in climatic patterns. Rising average temperatures, prolonged periods of drought, and more
intense precipitation influence agricultural production, the availability of water resources,
and the stability of ecosystems (Gore, 2007). In rural regions, this is particularly relevant to
food production and the preservation of natural resources that enable the long-term
sustainability of local communities.

Changes in climatic conditions may affect the productivity of agricultural crops, the
availability of water for irrigation, and the emergence of new plant diseases and pests. Under
such circumstances, sustainable models of agricultural production are gaining increasing
importance. Organic agriculture and sustainable land management can contribute to the
preservation of natural resources and the reduction of the negative impacts of climate change
on food production (Deze et al., 2016).

In addition to agriculture, climate change also significantly affects the development of
tourism in rural areas. Tourism activities often depend on the natural and landscape values
of a region; therefore, changes in climatic conditions may influence the attractiveness of
destinations and tourism flows. Research indicates that changes in temperature and
seasonality may alter the structure of tourism demand and influence economic activities in
destinations that rely on tourism (Peri¢ & Sverko Grdi¢, 2017).

The issue of sustainable rural development is increasingly linked with the process of energy
transition. Climate change has stimulated global discussions on reducing dependence on
fossil fuels and developing energy systems based on renewable energy sources. Rural areas
often possess significant potential for the development of such projects because they have
access to natural resources such as solar energy, biomass, or wind power.

The development of sustainable economic models in rural areas requires cooperation among
various social actors, including local communities, entrepreneurs, and public institutions.
Corporate social responsibility is increasingly mentioned as one of the approaches that can
contribute to the sustainable development of local economies (Alfirevi¢ et al., 2015). Such
an approach emphasizes the responsibility of companies toward society and the environment
and encourages the development of business models that take into account the long-term
interests of local communities.

In this context, the role of social entrepreneurship in tourism and rural development is
particularly emphasized. Aquino et al. (2018) highlight that social entrepreneurship can
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contribute to the development of innovative projects that connect economic activities with
social and environmental objectives. Such projects often involve local communities in
decision-making processes and encourage the development of new forms of cooperation
between the public and private sectors.

Despite numerous development opportunities, rural areas also face a range of structural
challenges that may hinder adaptation to climate change. Depopulation, insufficient
infrastructure, and limited access to financial resources often constrain the development
capacities of rural communities (Tonkovi¢, 2018). Therefore, the sustainable development of
rural areas requires well-designed public policies that will stimulate economic development
and improve the quality of life of the local population.

3.4 Case Study: Central Istria as an Example of Good Practice in the
Implementation of Local Resources for Sustainable Rural Development

Central Istria, a region encompassing the interior of the Istrian peninsula with towns and
municipalities such as Pazin, Motovun, Svetvincenat, Zminj , and the wider hinterland, has
increasingly established itself over the past decade as a destination whose rural development
is not built around a single “product,” but rather on a carefully structured combination of
resources (Ruzi¢, 2011). Within this mosaic, natural landscapes, cultural and historical
heritage, agricultural production, local gastronomy, events, and contemporary destination
management tools converge.

In their study on tourist satisfaction with Istria as a rural destination, Smol¢i¢ Jurdana and
Soldi¢ Frleta (2012) point to the importance of experiencing authenticity, the quality of the
surrounding environment, and the overall organization of the tourism offer. In this sense,
Central Istria can be viewed as an example where the “value of place” is constructed through
the interpretation of resources (Istria Tourist Board, 2024): castles, medieval towns,
gastronomy (truffles, wine, olive oil), outdoor activities, and local events collectively create
a shared narrative of the destination.

An empirical insight into the development of Central Istria can be supported by statistical
indicators of tourist arrivals and overnight stays, as well as by an analysis of the structure of
accommodation capacities. Available data on arrivals and overnight stays by destinations
provide an overview of growth dynamics and the spatial distribution of tourism flows
(Central Istria, 2026). In 2022, Central Istria recorded a total of 5,274 beds, representing an
increase of 18.8% compared to the previous year. Private accommodation dominates the
structure of accommodation capacities, with as many as 98.1% of the total 4,441 registered
beds in 2023 located in private facilities (Central Istria Tourist Board, 2026).

In 2017, the Central Istria area recorded a total of 383,445 overnight stays, representing an
impressive increase of more than 20% compared to the previous year. A similar growth trend
was also observed in the number of tourist arrivals, which in the same year reached 55,819,
marking an increase of 18.8% compared to 2016 (Central Istria, 2018). Nevertheless, despite
these positive results, the area accounts for only 1.5% of the total number of overnight stays
and 1.4% of tourist arrivals in the Istria County.

Over the past ten years, the number of tourist arrivals and overnight stays in this area has
increased significantly. The average annual growth rate of tourist arrivals during this period
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amounted to a high 16.2%, while at the level of the entire county it was 4.1%. At the same
time, the average annual growth rate of overnight stays reached 24.6%, compared to 3.4% at
the county level (Central Istria, 2018).

Table 1. Arrivals and overnight stays in destinations in Central Istria 2014 — 2017.

55.819 383.445
42.144 46.967 318.983

36.781 256.958

219.011

2014. 2015. 2016. 2017. 2014. 2015. 2016. 2017.

Source: Central Istria, 2018.

This significant growth in tourist traffic over the past decade can partly be attributed to the
strengthening of the capacities of local tourist boards and the recognition of the potential for
cooperation among municipalities within the area and the City of Pazin. This cooperation has
been focused on improving the tourism offer, promoting and marketing local tourism
products, which is consistent with the objectives of effective tourism governance at the local
level.

Table 2. Accommodation Capacities of Central Istria

No. Type of No. of No. of No. of No. of
Accommodation Facilities Facilities Beds Beds
2016 2017 2016 2017
1 Hotels 2 2 105 105
2 Hostels 0 0 0 0
3 Campsites and 4 5 89 101
Camping Areas
4 Rooms in Private 89 112 205 260
Households
5 Apartments / 359 381 1,087 1,158
Studio Apartments
6 Holiday Homes 521 619 3,230 3,864
7 Other 1 1 10 10
TOTAL 976 1,120 4,726 5,498

Source: Central Istria, 2018.

When observing the average annual growth rate of accommodation capacities over the past
three years, it amounted to 26.9%. However, the entire increase refers exclusively to private
accommodation, where capacities in this segment expanded by an impressive 62.9% during
the same period. On the other hand, the share of overnight stays in hotels has shown
stagnation at a level of 2.4% over the past two years (Central Istria, 2018).
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A detailed analysis indicates that the largest share of accommodation capacities is within the
category of holiday homes, which accounts for 70.3% of the total number of beds. This is
followed by apartments with 21.1% and rooms in private households with 4.7%, while hotels
and campsites have the smallest shares, accounting for 1.9% and 1.8% of beds respectively.
Compared with 2022, the most significant increase in the number of beds in 2023 was
recorded in rooms in private households, which grew by 26.8%, and in holiday homes, which
recorded an increase of 19.6%.

One of the distinctive characteristics of Central Istria is the effort to ensure that the
development of tourism and rural entrepreneurship does not occur in a spontaneous or
uncoordinated manner, but rather through strategic documents. The Tourism Development
Strategy for the Areas of the Tourist Boards of Central Istria, Motovun and Zminj 2018-2025
represents an important framework, as it recognizes the growing demand for the inland areas
of Istria while also emphasizing the need to manage this growth, particularly through product
development, branding, and infrastructure improvement (Central Istria, 2018).

Documents developed in cooperation with consulting and professional stakeholders further
elaborate the operational dimensions of this approach. The Strategy for the Development and
Management of Visitor Centers in the Area of the Central Istria Tourist Board, as well as the
marketing strategy and communication plan, provide a model for transforming individual
attractions into a coherent tourism offer, for interpreting heritage, and for communicating the
values of the destination to the market (HDC, 2022; HDC, 2023).

Figure 1. Historical and cultural heritage of Central Istria

Pazinski KaStel i jama

Kastel Morosini-Grimani u Svetvincentu

Source: author's work based on the Istrian Tourist Board, 2026.

Central Istria is characterized by a dense layer of cultural and historical heritage (Istria
Tourist Board, 2024): medieval town centers, fortifications, castles, sacred heritage sites,
urban micro-centers, and narratives that can be transformed into experiential tourism
products.
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Svetvincenat represents a good example of how a single strong cultural site can become a
platform for broader local development. The Morosini—-Grimani Castle, through its
restoration and interpretation, functions as a venue for events and cultural programs, thereby
increasing the attractiveness of the locality beyond the peak summer months. Informational
materials about the castle emphasize both its historical value and its contemporary role in the
cultural life of the destination (Grimani Castle, 2026).

Motovun, on the other hand, illustrates how cultural tourism can be connected with an
international audience through festival-based programming, while simultaneously remaining
linked to local resources through gastronomy and landscape. Information regarding cultural
landmarks and events highlights the continuity and diversity of the program offer, which is
particularly important for a destination aiming to maintain relevance beyond the strictly
seasonal tourism framework (Motovun Tourist Board, 2024).

In Central Istria, gastronomy is not merely an addition to the tourism offer but rather one of
the key mechanisms through which local agriculture is transformed into a driver of
development. Ruzi¢ (2011) analyzes rural tourism in Istria from the perspective of
development factors embodied in products such as wine, olive oil, cheese, prosciutto, and
honey, as well as truffles, which represent a powerful symbol of Istrian gastronomy.

Figure 2. Gastronomic events of Central Istria
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Vinistra

Dani Tartufa

Source: author's work based on Buzet Tourist Board, 2026.

Gastronomy-focused events create a “rhythm” for the destination while simultaneously
increasing the visibility of local producers. The Truffle Days in Buzet are recognized as an
event that integrates a local resource (the truffle), the hospitality offer, and the tourist
motivation for visiting, while also strengthening the region’s overall recognition (Buzet
Tourist Board, 2026). Wines from Central Istria, including Malvazija and Teran, represent
the pinnacle of the region’s wine offerings. Malvazija is a white wine distinguished by its
refreshing taste and fruity notes, whereas Teran, a red wine, offers a richness of flavor
characterized by pronounced tannins and intense aromas (Ruzi¢, 2011). Wineries in the
region frequently provide wine tours and tastings, enabling visitors to explore diverse grape
varieties and experience traditional viticultural methods. Truffles constitute another key
element of Central Istria’s gastronomy.
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Central Istria encompasses several protected areas that offer opportunities to explore natural
beauty. One such area is the Ucka Nature Park, which, although largely located outside
Central Istria, is easily accessible to visitors staying in the region. Ucka Nature Park offers
numerous hiking and cycling trails that traverse preserved forested areas and provide
stunning panoramic views (Ruzié, 2011). Additionally, biodynamic vineyards and farms in
Central Istria practice ecological cultivation that respects natural cycles and biodiversity.
These sites offer visitors the opportunity to participate in guided tours showcasing ecological
farming methods and provide insights into sustainable agricultural practices. Ecotourism in
Central Istria emphasizes the importance of conserving natural resources and educating
visitors about sustainable practices. Numerous local organizations and ecotourism guides
offer educational tours and workshops focusing on environmental conservation, biodiversity,
and sustainable tourism (Gei¢, 2011). Such activities enable visitors to gain a deeper
understanding of local ecosystems and contribute to the preservation of the region’s natural
heritage.

Agrotourism in Central Istria allows visitors to engage in authentic experiences connected to
traditional agricultural practices and the rural way of life (Boskovi¢ & Safti¢, 2010). This
form of tourism emphasizes the importance of connecting with local communities and
participating in everyday farm activities. Central Istria is renowned for its long-standing
agricultural tradition, which includes the production of olive oil, wine, truffles, and other
local products. Agrotourism farms and vineyards in the region provide visitors with
opportunities to participate in grape, olive, and truffle harvesting, while learning about
traditional production techniques. For instance, family-run farms (OPGs) offer guided tours
that include visits to olive groves, wine cellars, and farms, where visitors can participate in
production processes and taste local products (Smolc¢i¢ Jurdana & Soldi¢ Frleta, 2012).
Furthermore, many agrotourism locations offer cultural workshops in which visitors can
learn to prepare traditional dishes and enjoy authentic gastronomic experiences.

Agrotourism in Central Istria also promotes local gastronomic specialties. Restaurants and
taverns in the region frequently use products sourced from their own farms, creating menus
that reflect the local cuisine and seasonal ingredients (Ruzi¢, 2011). Participation in the
preparation and tasting of these dishes allows visitors to connect with local customs and
traditions. Agrotourism contributes to the sustainable development of Central Istria by
strengthening local communities and preserving the rural landscape.

3.5 Discussion

Central Istria can be described as an example of an integrated approach to rural development,
in which local resources are not treated in isolation but are interconnected through a
destination narrative and a management system. Ruzi¢ (2011) emphasizes the perspectives
and development factors of rural tourism in Istria, highlighting that the synergy between
agriculture, heritage, and tourism constitutes a fundamental prerequisite for sustainability.
Smolc¢i¢ Jurdana and Soldi¢ Frleta (2012) complement this framework by considering
tourists’ perspectives and destination satisfaction, indicating that quality and authenticity are
not merely abstract values but also market-driven factors. Boskovi¢ and Safti¢ (2010) provide
an organizational framework through the concept of clustering and destination planning,
which is evident in Central Istria’s strategic documents that aim to standardize interpretation,
branding, and product management (Central Istria, 2018; HDC, 2022; HDC, 2023). A
particular value of Central Istria as a case study lies in demonstrating the potential for tourism
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development that is not necessarily coastal but builds the identity of the interior on the
foundations of cultural heritage and gastronomy. Cultural tourism, events, and interpretative
content enhance the spatial experience (Istria Tourist Board, 2024), while gastronomy and
agrotourism link tourism with local production (Ruzi¢, 2011; Buzet Tourist Board, 2026).
Events and digital destination platforms facilitate communication of the offer and create year-
round dynamics, which is essential for resilience under variable climatic and market
conditions (Central Istria, 2026).

If “good practice” is defined as the combination of development outcomes, preservation of
identity, and risk management, Central Istria offers several elements that are relevant for
other rural regions:

- Development relies on local resources that are difficult to replicate: landscapes,
heritage, gastronomy, and local narratives.

- There is a visible effort at strategic guidance through documents linking
interpretation, marketing, and visitor management (HDC, 2022; HDC, 2023;
Central Istria, 2018).

- Events and cultural programs function as mechanisms for demand dispersion and
community engagement, thereby giving tourism a social function in addition to an
economic one (Central Istria, 2026; Svetvincenat Tourist Board, 2026; Motovun
Tourist Board, 2024).

In the context of climate change, the resilience of rural development stems not only from
“green” projects but also from the destination’s ability to diversify its offer, extend the
season, build a higher-value economy, and reduce dependence on a single market pattern.
Central Istria, through a combination of cultural, gastronomic, and outdoor tourism,
demonstrates a development trajectory capable of buffering seasonal fluctuations and
enhancing the stability of the local economy. At the same time, issues of managing the growth
of private accommodation and infrastructure pressures remain, requiring continuous
monitoring and adaptation of development policies (Central Istria, 2018; Central Istria,
2026).

The tourism development of Central Istria during the 21st century can be seen as an example
of the gradual transformation of rural space into a recognizable tourist destination that
successfully integrates tradition, natural resources, and contemporary development
approaches. This part of Istria has leveraged its natural landscapes, rich cultural heritage, and
authentic gastronomic offerings to position itself as an attractive space for diverse forms of
tourism. The development process has occurred within the context of a changing tourism
market, as well as in response to evolving visitor demands for authentic experiences, high-
quality local offerings, and sustainable engagement with the environment.

A key foundation for the tourism affirmation of Central Istria lies in the preservation and
valorization of cultural and natural heritage. The region is rich in historical sites, old urban
cores, medieval fortifications, and traditional settlements that retain the distinctive identity
of Istria. Such heritage has become an integral part of the tourism offer, allowing visitors to
experience an authentic historical and cultural atmosphere. Of particular importance in this
context are numerous events that nurture local customs, traditional gastronomy, and historical
heritage. Events dedicated to medieval history, local products, wine, or truffles not only
contribute to the tourist recognition of the area but also actively engage the local population.
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This strengthens the sense of community belonging while linking the preservation of cultural
identity with economic development.

4. CONCLUSION

Sustainable rural development under the influence of climate change can no longer be viewed
solely as a “sectoral” issue, but increasingly as the management of interdependencies:
between natural resources and economic activities, between local communities and tourist
demand, and between energy needs and ecosystem limitations. Climate change accelerates
the need for adaptation while simultaneously revealing the vulnerabilities of rural areas that
depend on weather stability, water availability, and landscape preservation. Within this
framework, integrated approaches gain importance, as they enable the linking of agriculture,
tourism, environmental protection, and energy into development models that reduce risks and
strengthen local resilience. The literature particularly emphasizes that successful approaches
are those that do not rely on one-off projects but on long-term planning, stakeholder
coordination, and gradual community capacity building, with a clear awareness that
development must adapt to changing climatic conditions (UNFCCC, 2009; European
Commission, 2021; Government of the Republic of Croatia, 2020).

Local resources are not merely the “starting point” of development but its most crucial
criterion for sustainability: when authentically incorporated into tourism products, local value
chains, and the energy transition, they become a source of differentiation, more stable
income, and a stronger territorial identity. Sustainable rural tourism, short supply chains,
social entrepreneurship, and renewable energy are highlighted in theoretical analyses as
complementary levers which, when combined, can mitigate demographic and economic
pressures and promote more balanced development beyond urban centers.

In planning tourism development, the concept of sustainability is increasingly central.
Tourism development in Central Istria is oriented toward models that seek to preserve the
natural environment and use available resources rationally. The application of
environmentally friendly solutions, including the use of renewable energy sources,
responsible waste management, and landscape protection, has become an integral part of
development strategies. This approach contributes to the preservation of natural assets, which
form the foundation of the region’s tourism attractiveness. At the same time, it creates added
value for visitors, who increasingly seek destinations where sustainability and responsible
land management are evident in everyday practice.

A critical prerequisite for further tourism development is the continuous improvement of
infrastructure. In recent decades, significant efforts have been made to enhance the transport
connectivity and accessibility of this part of Istria. The development of the road network,
improvement of local roads, and construction and marking of cycling and hiking trails have
enabled better visitor mobility and connectivity with the coastal parts of Istria, as well as with
the rest of Croatia and Europe. Alongside transport infrastructure, accommodation capacities
across various categories—from small family-run agrotourism establishments to luxury villas
and boutique hotels—have been expanded. The development of digital infrastructure,
including internet availability and online booking systems, further facilitates access to
information and trip planning within the destination.
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The success of tourism development is also closely linked to how the destination is presented
on the market. The systematic shaping of Central Istria’s identity and brand has enabled
clearer highlighting of its distinctive features, such as authentic gastronomy, unspoiled
nature, wine routes, and cultural offerings. Digital communication channels, social media,
and specialized tourism platforms play an increasingly important role in promotion, allowing
direct engagement with potential visitors. Through such promotional channels, the
destination reaches a diverse audience—from cultural tourists and nature enthusiasts to
gastronomic aficionados and active travelers seeking experiences such as cycling, hiking, or
exploring rural landscapes.

The diversity of the tourism offer further contributes to the region’s attractiveness. Numerous
thematic routes have been developed, linking cultural sites, wineries, agrotourism farms, and
natural attractions. The organization of gastronomic festivals, cultural events, and sports
activities extends the visitor experience and encourages arrivals throughout different periods
of the year. A particularly notable aspect is the integration of tourism with local agriculture,
through the provision of local products, wine, olive oil, and traditional dishes, thereby making
tourism a driver of rural economic development.

Considering all these processes, tourism development in Central Istria can be described as a
dynamic and multilayered process, intertwining heritage preservation, sustainable resource
management, infrastructure investments, and modern forms of promotion. Although the
destination faces challenges arising from global competition and changing tourist behaviors,
its development thus far demonstrates an ability to adapt and adopt innovative approaches to
tourism planning. The authenticity of preserved cultural heritage, genuine local offerings,
sustainable land management, and high-quality promotion create a solid foundation for
further strengthening the tourism identity of Central Istria and for developing tourism models
that contribute to the long-term prosperity of the local community.
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Abstract: Climate is changing globally, and Canada is particularly affected by extreme weather events,
shifts in precipitation patterns, rising temperatures, and reductions in snow cover and ice masses.
Climate models predict that these trends will intensify in the coming decades (IPCC, 2013). While
reducing greenhouse gas emissions is a key step in mitigating climate change, some impacts are
inevitable due to the inertia of the climate system. Therefore, adaptation, i.e., adjusting human activities
and policies, becomes a necessary and complementary approach to reducing climate risks.

Canada conducted its first national assessment of climate change impacts in 1998 (The Canada
Country Study), and in 2007 published From Impacts to Adaptation: Canada in a Changing Climate,
providing a detailed regional analysis of vulnerability and adaptation options. Updated reports,
including Canada in a Changing Climate: Sector Perspectives on Impacts and Adaptation (2014) and
Advancing Our Knowledge for Action (2023), indicate a growing number of adaptation measures
across sectors, while highlighting an existing adaptation gap that still needs to be addressed.
Indigenous communities and sensitive ecosystems are particularly vulnerable, while infrastructure,
agriculture, and health sectors remain central to adaptation efforts.

This paper synthesizes the latest data on climate change in Canada, sectoral impact assessments, and
the development of adaptation policies, emphasizing the need for coordinated national and local
approaches to reduce risks and enhance societal resilience to climate change.

Keywords: climate change, Canada, adaptation, mitigation, extreme weather events, national strategy

Ancmpaxm: Knumama ce menysa Ha enobanno vuso, a Kanaoa e ocobeno no2odena o0 excmpemnu
6PEMEHCKU HACMAHU, NPOMEHU 60 MOOeIUme HAd BPHENHCU, 320jeMysarve Hd memnepamypume u
HaManyearbe Ha CHeJcHama noKpuska u neoeHume ymacu. Knumamcxume modenu npeosudyeaam dexa
08ue mpeHoosu Ke ce unmeHnzusupaam 6o napeonume oeyenuu (IPCC, 2013). Haxo namanysaremo na
emucuume Ha CMAKIEHUYKU 2acoBl e KIydeH YeKop 60 yOnajicysarbemo Ha KiumamcKume npomeHu,
HeKou eaujaHuja ce HeuzbedcHU NOpadu uHepyujama Ha KIUMAMCKUoOm cucmem. 3amoaq,
adanmayujama, m.e. NPUNA200YBAILEMO HA YOBEKOBUME AKMUSHOCMU U HOIUMUKU, CMAHY8d
HeonxooeH 1 KOMIIAeMEeHMaper NPUCMan 3d Hamanyéarse Ha KIUMAamcKume pusuyi.

Kanaoa ja cnposede ceojama npea HayuoHaiHa npoyeHKa Ha BAUjaHUjama 00 KIuMamcKume npomeHu
60 1998 coouna (Cmyoujama 3a 3emjama 6o Kanaoa), a 6o 2007 2o0una ja objasu ,, 00 eéiujanuja 0o
aoanmayuja: Kanaoa eo xnuma wmo ce menysa*“, obe3bedysajku 0emanna pecuonaiia anaiusa na
panausocma u onyuume 3a adanmayuja. Asxcypupanume uzeewmau, ekayuysajku eu , Kanaoa 6o
Kauma wmo ce menysa: Cekmopcku nepcnekmugu 3a enujanujama u aoanmayujama’ (2014) u
,, Ynanpeoyeare na nawemo 3uaere 3a axyuja‘ (2023), yxascysaam na pacmeuxu Opoj mepku 3a
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adanmayuja Hu3 cekmopume, UCMOBPEMEHO UCAKHYSAJKU 20 NOCMOEYKUOm ja3 60 adanmayujama
wmo cé ywme mpeba da ce pewtn. JJomMopoonume 3aeOHUyU U Yy6CmeuUmenHume eKocucmemu ce
0cobeHo pannusu, 000eKa UHGPACMPYKMypama, 3emjooeicmeomo U 30pPA6CMEEHUON CeKmMop
ocmawyeaam yeHmpaiHy 3a Hanopume 3a aoanmayuja.

Ogoj mpyo eu cummemusupa HajHosume nooamoyu 3a Kiumamckume npomenu 6o Kanaoa,
npoyenkume Ha 6IUjaHUEMO NO CEKMOPU U PA360jOM HA NOTUMUKU 34 A0ANMayuja, Haz2nacyeajku ja
nompebama 00 KOOPOUHUPAHU HAYUOHATHU U JOKATHU NPUCMANU 3d HAMATY8AIEe HA pusuyume u
nooobpyeare Ha ONUWMeCmMEeHama OMNOPHOCH HA KAUMAMCKUMe NPOMEeHU.

Knyunu 360poeu: xnumamcku npomenu, Kanaoa, adanmayuja, yorasxcysare, eKCmpemnu 8pemMeHCcKU
HACMaHu, HAYUOHAHA cmpamezuja

1. INTRODUCTION

The climate is changing — both in Canada and worldwide. At the global level, international
assessments increasingly indicate rising air and ocean temperatures, shifts in precipitation
patterns, glacier retreat, decreases in snow cover and sea ice, sea-level rise, as well as changes
in the frequency and intensity of extreme weather events (IPCC, 2013; Casati, Yagouti,
2010).

Although the rate of change varies depending on the indicator, overall trends clearly indicate
climate warming, and climate models predict that many of the already observed trends will
continue in the coming decades (IPCC, 2013).

In Canada, these global trends are further manifested through more intense and frequent
extreme events, including wildfires, floods, heatwaves, and prolonged droughts. For instance,
the extreme wildfire season of 2025 reached the second-worst levels in history, with a large
number of active fires and mass evacuations, attributed to increasingly hot and dry conditions
associated with climate change. (The Guardian)

Additionally, 2024 recorded a historic level of insured losses from weather-related disasters
— approximately CAD 8.5 billion — further illustrating the growing economic burden of
climate impacts. (Reuters)

Reducing greenhouse gas (GHG) emissions, i.e., mitigating climate change, represents a key
step in limiting its intensity and speed. However, even with strong global emission reduction
measures, certain climate impacts will be unavoidable due to the inertia of the climate system.
Therefore, in addition to mitigation, adaptation — the adjustment of human activities and
decisions to reduce risks, mitigate negative consequences, and seize new opportunities
arising from changes — is necessary. Today, governments at all levels, the scientific
community, the private sector, and non-governmental organizations view adaptation as an
essential and complementary approach to reducing climate-related risks.

The Government of Canada published a national scientific assessment of climate change
impacts and adaptation opportunities in 2007, titled From Impacts to Adaptation: Canada in
a Changing Climate (Publications du gouvernement du Canada). This analysis applied a
regional approach to examine existing and future climate impacts in Canada, identify
vulnerabilities, and propose adaptation options. The study relied on the results of the first
national assessment (The Canada Country Study, 1998) and incorporated all relevant
available scientific sources.
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The subsequent report, Canada in a Changing Climate. Sector Perspectives on Impacts and
Adaptation, represents an updated version of the 2008 assessment. It emphasizes new
knowledge and information, as well as progress in understanding climate impacts and
adaptation opportunities from a sectoral perspective. The analysis is primarily based on
scientific literature published up to the end of 2012. This synthesis consolidates the findings
of individual report chapters, including an overview of climate changes in Canada (Chapter
2), thematic chapters dedicated to various sectors (Chapters 3—8), and a concluding chapter
reviewing adaptation research and practice (Chapter 9). Key findings from Chapters 3-9 are
presented in Box 1. The remainder of the synthesis is organized around high-level key
conclusions, supported by examples and insights obtained from an integrative analysis of the
topics addressed in the report.

Since these earlier assessments, Canada has continued with national assessments and
adaptation activities through the new phase Canada in a Changing Climate: Advancing Our
Knowledge for Action, culminating in the 2023 Synthesis Report. This document confirms
that climate impacts are present and significant across many sectors and ecosystems, and that
a growing number of adaptation measures are being implemented nationwide, although an
“adaptation gap” remains. (Government of Canada Report)

Moreover, in June 2023, Canada adopted its first National Adaptation Strategy, providing a
framework for coordinated action against climate risks and establishing long-term goals and
guidelines for adaptation across all regions and sectors of society. (Canada’s National
Adaptation Strategy)

2. KEY FINDINGS BY SECTOR IN THE CONTEXT OF CLIMATE
CHANGE

2.1 Natural Resources (Forestry, Energy, and Mining)

Climate change poses a significant challenge to sectors managing natural resources. Changes
in temperature, precipitation patterns, and the frequency of extreme weather events increase
existing risks in the planning and exploitation of natural resources. Notable impacts include
permafrost degradation, sea-level rise, and shifts in vegetation zones, which can alter
resource availability and productivity.

At the same time, climate change can create development opportunities, particularly in
northern regions, where longer growing seasons and changes in resource availability may
stimulate new economic activities. However, these opportunities require careful management
to minimize negative ecological and socio-economic effects.

Adaptation in the natural resource sector is often viewed through the lens of multiple
concurrent factors. Climate change is sometimes not recognized as a priority compared to
market or regulatory challenges. Nevertheless, integrating climate risks into existing
planning processes—such as environmental impact assessments, sustainable forest
management reporting, and investment risk assessments—can significantly contribute to the
development of adaptation strategies.
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The highest level of adaptive management has been observed in sectors where there is a direct
link between climatic conditions and resource availability, such as forestry and hydropower.
However, an increasing number of industries are beginning to implement flexible
management models to reduce climate risks. (Intergovernmental Panel on Climate Change,
2023. Climate Change 2023: Synthesis Report. Geneva: IPCC)

2.2 Food Production

The impacts of climate change on food production differ between agriculture, fisheries, and
traditional food sources in remote communities. Nevertheless, several common challenges
are becoming increasingly evident, including the spread of invasive species, emergence of
new diseases, and heightened vulnerability of transportation systems that enable food
distribution.

In the medium term, longer growing seasons and rising temperatures are expected to allow
for increased agricultural production in certain regions. These changes may enable the
cultivation of new crops at higher latitudes and extend grazing periods for livestock.
However, positive effects may be limited by increased pest pressure, more intense weather
extremes, and greater year-to-year climate variability.

Northern and isolated communities are particularly vulnerable to climate change. Changes in
the availability of natural resources and transportation logistics can simultaneously ease or
further complicate access to food.

Regarding fisheries, climate change affects fish migration and the distribution of marine
ecosystems. Consequently, regional changes in the availability of fish resources are expected,
while invasive species and habitat degradation will further influence sector dynamics.
Aquaculture shows a higher potential for adaptation compared to traditional fisheries, as
production conditions can be technologically controlled and adjusted to changing climatic
conditions. (IPCC)

2.3 Industry

The industrial sector is significantly exposed to changing weather conditions and extreme
climate events. Impacts may include disruptions to production, logistics, supply chains, and
financial performance.

So far, adaptive measures in industry have mostly been reactive, addressing specific extreme
events such as floods or storms. Proactive planning based on long-term climate projections
has not yet been fully integrated into the business strategies of most companies.

However, certain sectors, particularly tourism and insurance, are beginning to develop more
advanced climate risk management strategies. These industries increasingly use climate
projections to identify new business opportunities and reduce financial exposure to climate-
related risks. Major barriers to adaptation include the lack of precise local climate data
relevant to business, uncertainty regarding the costs and benefits of adaptation measures, and
insufficient market incentives to invest in climate resilience. (IPCC)
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2.4 Biodiversity and Protected Areas

Changes in the distribution of plant and animal species are already evident in many regions
of the world. Different rates of species migration are leading to the creation of new
ecosystems with altered compositions and functions.

For certain species, the pace of environmental change exceeds their capacity to adapt,
increasing the risk of biodiversity loss. Therefore, climate change further emphasizes the
importance of ecosystem management that enhances resilience and preserves biological
diversity.

Protected areas, such as national parks and nature reserves, play a key role in conserving
biodiversity. They can serve as refuges and migration corridors for species shifting their
habitats in response to climate change.

Many countries today are expanding networks of protected areas and developing programs
for research, monitoring, and public engagement to improve the management of natural
resources under changing climate conditions. (IPCC)

2.5 Human Health

A growing body of scientific research confirms that climate change significantly affects
human health. One example is the spread of vector-borne diseases, such as Lyme disease,
whose vectors are expanding into more northern regions due to rising temperatures.
Furthermore, climate change can contribute to the deterioration of air quality in some regions,
increasing concentrations of ground-level ozone and particulate matter.

Extreme events such as floods, heatwaves, and wildfires have both direct and indirect effects
on human health, including injuries, psychological stress, displacement, and damage to health
infrastructure.

Consequently, an increasing number of countries are developing adaptation strategies in
public health, which include early-warning systems for heatwaves, monitoring programs for
vector-borne diseases, and enhancement of urban green spaces to reduce the urban heat island
effect. (IPCC)

2.6 Water and Transportation Infrastructure

Infrastructure resilience largely depends on its design, maintenance, and capacity to adapt to
changing climatic conditions. Gradual changes in temperature and precipitation can be
relatively easily incorporated into planning, but extreme weather events often exceed the
design capacity of infrastructure.

Vulnerability assessments enable the identification of critical points in systems and the
planning of appropriate adaptation measures. Standards and technical regulations play an
important role in defining design and maintenance criteria for infrastructure systems.
Integrating climate projections into infrastructure asset management processes allows for
more effective decision-making and reduces long-term costs associated with climate risks.
(IPCC)
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2.7 Adaptation — Linking Research and Practice

Climate change adaptation encompasses a wide range of activities aimed at increasing
societal resilience. The most active sectors in this process are typically those directly exposed
to climatic conditions, such as agriculture, forestry, and water management.

Although adaptation is often considered a local process, successful strategies require
coordination among local, regional, and national institutions, as well as collaboration
between the public sector, scientific institutions, and private sector.

Despite progress in understanding climate risks, the implementation of concrete adaptation
measures is still at a relatively early stage in many countries. Most activities focus on
planning, capacity building, and raising awareness, while concrete infrastructural and
institutional changes remain limited.

Experience shows that the transition from awareness to concrete action can be accelerated
through political leadership, clear public policy strategies, availability of scientific data, and
experience with extreme weather events that highlight the reality of climate risks. (IPCC)

3. CLIMATE CHANGE IN CANADA

Canada’s climate system is undergoing significant changes, reflected in variations in air
temperature, precipitation amounts and distribution, snow and ice dynamics, and other
physical climate indicators. Long-term measurements indicate that Canada’s climate is
gradually warming, and multiple indicators confirm that these changes are expected to
continue in the coming decades.
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Figure 1: Patterns of change in mean annual temperature across Canada for the period 1950—
2010. Upward-pointing (red) and downward-pointing (blue) triangles indicate positive and
negative trends, respectively. Filled triangles represent trends significant at the 5% level
(Source: Vincent et al., 2012). Inset: Average annual temperature change for Canada (°C),
19502010, relative to the 1961-1990 mean (represented as zero on the Y-axis).

Between 1950 and 2010, the average air temperature over Canadian land increased by
approximately 1.5°C (Figure 1). This rise is roughly twice the global average warming over
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the same period. The most pronounced warming has been recorded in northern regions of
Canada, particularly during the winter and spring seasons. In addition to the increase in
average temperatures, changes in extreme temperature values have also been observed — the
number of very hot days has increased, while the frequency of extremely cold nights has
decreased.

Changes in various elements of Canada’s climate system are summarized in Table 1, which
provides an overview of the most important observed trends in temperature, precipitation,

ice, snow cover, and sea level.

Table 1. Updated Climate System Trends in Canada (to 2025), (Canada.ca)

Climate Observed Trends (up to 2025)
System
Component
Air Canada’s national average temperature has risen significantly; in 2024
Temperature it was about 3.1°C above the 1961-1990 baseline, matching the
warmest year on record, and seven of the ten warmest years have
occurred in the last 20 years. Northern regions have warmed faster
than southern regions. https://www.canada.ca/en/environment-
climate-change
Extreme High = Heat extremes continue to increase, contributing to more frequent and
Temperatures = intense heatwaves across various regions of Canada overall.

Extreme Low
Temperatures

Precipitation

Snow and
Rain

River Flow

Snowfall

Snow Cover

https://www.canada.ca/en/environment-climate-change

Extremely cold nights and winter lows have become less frequent in
recent decades, reflecting warming at all seasons across the country.
https://www.canada.ca/en/environment-climate-change
Observational data show changes in precipitation regimes and
increasing variability, though long-term historical trend reporting is in
transition due to updates in measurement technology; extreme and
heavy rainfall events occur more often.
https://www.canada.ca/en/environment-climate-change

Snow cover duration continues to decrease due to earlier snowmelt
and later onset of winter snowpack, while rainfall is increasing in
many regions, especially during transition seasons.
https://arctic.noaa.gov/

Patterns are shifting regionally: some southern systems show declines
in minimum and maximum flows, while northern regions and Arctic
river systems have altered flow regimes associated with earlier melt
and precipitation changes. https://arctic.noaa.gov/

Snowfall is decreasing overall in many southern Canadian regions,
whereas some northern areas see variations tied to seasonal
precipitation shifts. https://arctic.noaa.gov/

Snow cover during June and late spring has dropped significantly,

Extent with summer snow extent in much of the Arctic being about 50% of
what it was in the 1960s. https://arctic.noaa.gov/
Permafrost Ongoing warming in northern Canada continues to raise permafrost

temperatures, contributing to active layer increase and widespread
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Sea Level

Sea Ice

Glaciers

Ice on Lakes
and Rivers

Oceans

thaw in many Arctic and sub-Arctic regions (reinforced by recent
warming trends). https://www.oecd.org/en/publications/2025/05/oecd-
economic-surveys-canada-2025
Sea levels continue to rise globally due to thermal expansion and ice
melt; Canadian coastal areas are experiencing increased sea-level
threats as part of these global trends.
https://www.oecd.org/en/publications
Arctic sea ice continues long-term decline. The winter maximum sea
ice extent in 2025 was the lowest on record, and multi-year thicker ice
has dramatically reduced, with most remaining multi-year ice near
Greenland and the Canadian Arctic. https://arctic.noaa.gov/report-
card/report-card-2025/
Glaciers in Canada and North America are experiencing
unprecedented ice loss in recent years, with annual mass losses from
2021-2024 far exceeding previous decades.
https://www.livescience.com/planet-earth/climate-change/glaciers-
across-north-america
The period of ice cover on lakes and rivers continues to shorten, with
earlier breakups and later freeze-ups documented in ongoing
observational records. https://arctic.noaa.gov/report-card/report-card-
2025/executive-summary-2025/
Ocean temperatures, especially in Arctic adjacent waters, are among
the warmest on record, contributing to changes in salinity, ecosystem
structures, and increasing acidification concerns.
https://www.rcinet.ca/eye-on-the-arctic/2025/12/16/arctic-report-card-
2025

Source: Author

Notes on Recent Observations (2024-2025)
- Temperature anomalies for spring and summer 2025 show above-average
departures relative to the long-term baseline (1961-1990), with spring 2025 about
1.3°C above average, and summer 2025 among the warmest on record in many

regions.

- Winter 2024/2025 was also unusually warm, ranked among the top five warmest
winters on record, with much of Canada recording winter temperatures 3.7°C
above baseline.

- Arctic changes—sea ice, snowpack, tundra vegetation, and freshwater systems—
continue rapid transformation, with implications for ecosystems and Indigenous
communities.

3.1 Precipitation Changes

Between 1950 and 2010, Canada has generally become wetter. Average annual
precipitation has increased in many regions, although the spatial patterns of change are not
as uniform as those observed for temperature. In some areas, the increase in precipitation
has been accompanied by more intense extreme rainfall events; however, at the national
level, there is no fully consistent trend.
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Figure 2. Patterns of change in total annual precipitation for the period 1950-2010. Upward-
pointing (green) and downward-pointing (purple) triangles indicate positive and negative
trends, respectively. Filled triangles represent trends significant at the 5% level (Source:
Mekis, Vincent, 2011b).

Inset: Anomalies in total annual precipitation (expressed as percentage change from the
1961-1990 mean) for Canada, 1950-2010 (Source: Mekis, Vincent, 2011a).%’

3.2 Changes in the Cryosphere (Updated to 2025)

Climate change continues to have profound impacts on Canada’s cryosphere, with
significant effects observed across multiple components of the frozen environment —
including sea ice, glaciers, snow cover, lake and river ice, and permafrost.

Sea Ice: Arctic sea ice extent in Canada has declined rapidly over recent decades due to
rising temperatures and associated climate feedbacks. Summer sea ice area in Northern
Canadian waters reached particularly low values in 2024, with records showing the lowest
levels of multi-year ice and substantial reductions in seasonal ice cover. Long-term
observations indicate statistically significant decreasing trends in both total and multi-year
sea ice areas across key navigational routes, such as the Northwest Passage, with declines
of several percent per decade. Projections suggest that Arctic waters could become nearly
ice-free in summer by the 2050s if current trends continue. The accelerating loss of sea ice
is a hallmark of Arctic warming and has broad ecological, cultural, and socioeconomic
implications for northern communities and ecosystems.

7 In the past decade, average precipitation rates in Canada generally show a tendency toward higher
values in many regions, though the spatial patterns of change remain heterogeneous, similar to historical
trends; extreme precipitation events (heavy rainfall) have increased in frequency and likelihood due to
human-induced climate change, with many individual extreme events since mid-2025 being attributed
to warming conditions. Precipitation monitoring is being refined as measurement technology and data
integration evolve, but regions such as southern Quebec and parts of the Pacific Coast experienced
episodes of heavy rainfall and flooding in 2025, while other areas continued to show variability in
precipitation totals.
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(https://www.canada.ca/en/environment-climate-change/services/environmental-
indicators/sea-ice)

Glaciers: Glaciers and ice caps in Canada — particularly in western mountain ranges and
the Arctic — are experiencing persistent mass loss and thinning driven by rising surface
temperatures. Recent multi-decadal records show that Canadian Arctic glaciers have lost
ice mass at a significant rate, contributing to global sea-level rise. Observations indicate
that this trend is part of a larger Arctic-wide pattern of glacier shrinkage, with notable mass
losses recorded between 2021 and 2024 that exceed previous decades’ averages. Continued
warming is expected to further reduce glacier volume, with substantial losses predicted by
mid-century under medium emission scenarios. (https://natural-
resources.canada.ca/sites/www.nrcan.gc.ca/files/energy/Climate-chang)

Snow Cover and Ice on Lakes and Rivers: Snow cover extent has declined across much
of Canada, particularly where later onset of winter snow and earlier spring melt reduce the
duration of snow-covered periods. Seasonal snow accumulation and snow water equivalent
have decreased in many regions, altering hydrological regimes and reducing reflective
albedo. Similarly, ice cover on lakes and rivers is shortening, with later freeze-ups and
earlier breakup dates becoming more common, impacting freshwater ecosystems and
ice-based transportation in northern areas.
(https://changingclimate.ca/CCCR2019/chapter/5-0/?utm_source)

Permafrost: Permafrost temperatures have risen in many parts of Canada, especially in
Arctic and sub-Arctic zones. Thawing permafrost threatens infrastructure stability, alters
surface hydrology, and can release stored greenhouse gases, creating additional climate
feedbacks. Long-term monitoring shows consistent warming trends in permafrost, which
are expected to continue with ongoing atmospheric warming.
(https://changingclimate.ca/CCCR2019/chapter/5-0)
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Figure 3. Trends in Arctic sea ice extent over the period 1979-2012 shown as time series of
the percentage difference in ice extent in March and September relative to the mean values
for the period 1979-2000. Both trends are statistically significant (Source: Perovich, et. al.,
2012)
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Taken together, these changes illustrate the rapid transformation of Canada’s cryosphere in
response to climate change. The observed decreases in sea ice, glaciers, and snow cover,
together with permafrost warming, represent some of the clearest indicators of climate
warming and have significant implications for ecosystems, water resources, northern
communities, and climate feedback processes.

3.3 Projected Climate Changes in Canada

Climate models indicate that the warming trend will continue throughout the 21st century.
On average, higher temperatures and increased precipitation are expected across much of the
country, along with more frequent and intense extreme weather events.

The largest temperature increases are projected for winter and in northern regions of Canada.
At the same time, the frequency of heat waves and extreme high temperatures is expected to
rise, while extreme cold events will become increasingly rare.

Table 2. Projected Climate Changes in Canada

Climate Indicator | Projected Changes

Temperature The largest temperature increases are expected in winter,
particularly in northern Canada.

Extreme The frequency of hot days and nights will rise, while extreme

Temperatures cold events will become increasingly rare.

Heat Waves The duration and intensity of heat waves are expected to increase.

Extremely Hot Days | A day that currently occurs once every 20 years could become a
once-every-5-year event by mid-century.

Precipitation Precipitation is projected to increase across most regions and
seasons, except for potential decreases in parts of southern
Canada during summer.

Heavy Precipitation | The frequency of intense rainfall events and the risk of flooding
are expected to rise.

Snow Cover The duration of snow cover is expected to decrease across much
of the northern hemisphere.

Permafrost Permafrost temperatures will continue to rise, leading to gradual
thawing.

Sea Level Global sea level could rise by several tens of centimeters to over
one meter by 2100.

Arctic Sea Ice By mid-century, the Arctic is likely to experience nearly ice-free
summers.

Ice on Lakes The duration of ice cover on lakes and rivers could shorten by

about one month by mid-century.
Source: Author

Source: Examples of projected changes in the climate system for Canada, derived from
ensembles of global climate models driven by the SRES scenarios (cccsn.ec.gc.ca). In
general, the magnitude of the stated changes will increase under higher emission scenarios.
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4. IMPACTS OF CLIMATE CHANGE ON THE NATURAL
ENVIRONMENT, ECONOMY, AND HUMAN HEALTH IN CANADA

Climate change is increasingly affecting Canada’s natural ecosystems, economic activities,
and human health. Scientific research over the past decades indicates that many natural
systems in the country are highly sensitive to changes in temperature, precipitation, and other
climatic parameters. According to recent assessments by the Intergovernmental Panel on
Climate Change (IPCC), northern latitudes, including Canada, are warming faster than the
global average, leading to widespread environmental changes.

Significant shifts have been observed in the range and behavior of many species. Studies
show that numerous birds, butterflies, and tree species have shifted their ranges northward in
response to rising temperatures. In addition to spatial shifts, changes in the timing of
biological processes have been recorded — for example, earlier bird migrations, earlier plant
flowering, and alterations in reproductive cycles. A frequently cited example is the gradual
northward expansion of maple forests, observed since the 1970s. Similar processes have been
observed in marine ecosystems of the Bering Sea, where warmer waters facilitate the
northward intrusion of species from southern regions.

At the same time, some wildlife populations have experienced significant declines. Research
indicates that several common North American bird species have lost substantial portions of
their populations in recent decades. Alongside climate factors, habitat loss and other
anthropogenic pressures contribute to this trend. In western Canadian forests, increased
frequency of droughts, wildfires, and insect outbreaks has led to higher tree mortality,
particularly in British Columbia and the Canadian prairies.

Figure 4. Spatial Distribution of the Mountain Pine Beetle in Western Canada
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Climate change also affects aquatic ecosystems. Rising water temperatures in certain rivers,
such as the Fraser River, have been linked to higher mortality rates among salmon
populations, with consequences for both ecosystems and local economies.
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Beyond environmental impacts, climate change has significant economic consequences. The
most vulnerable sectors are those directly dependent on climatic conditions, including
forestry, agriculture, fisheries, hydroelectricity, transportation, and tourism. A notable
example is the mountain pine beetle outbreak in western Canada. Milder winters have
allowed this insect to survive in larger numbers, leading to widespread forest damage. By the
early 2010s, the pest had affected over 18 million hectares of forest, representing one of the
largest recorded forest disturbances in North America.

Climate change is also affecting public health. The extension of the pollen season,
particularly for ragweed (Ambrosia), has led to an increased incidence of allergic reactions
and respiratory problems. In some Canadian cities, the ragweed season has lengthened by
several weeks compared to the 1990s. Additionally, warmer climates have facilitated the
expansion of ticks that transmit Lyme disease, resulting in a rise in reported cases in recent
years.

Northern regions of Canada are particularly exposed to accelerated warming. In these areas,
climate change affects the traditional lifestyles of local communities, including hunting,
fishing, and travel across ice. Reductions in sea ice extent and decreased predictability of ice
conditions increase risks for outdoor activities and threaten traditional food sources.

Permafrost thaw represents another serious challenge, as it can damage roads, buildings, and
other infrastructure. The network of so-called winter roads in northern Canada, which relies
on sufficiently thick ice cover, is particularly vulnerable. Shortened seasons for these roads
reduce reliability and increase transportation costs. For example, the shortened season in
2006 forced the Diavik Diamond Mine to organize part of its supply by air, significantly
raising operational costs.

Overall, these examples demonstrate that the impacts of climate change are already being felt
across Canada. While climate is not the only factor shaping these processes, numerous cases
indicate that such impacts are likely to intensify in the future as climatic conditions continue
to change.

5. EXTREME WEATHER EVENTS AS A GROWING RISK IN CANADA

Extreme weather events represent one of the most significant challenges Canada faces under
changing climate conditions. Contemporary scientific research increasingly confirms that
certain types of extreme climate phenomena—such as heatwaves, heavy precipitation, floods,
and severe storms—are expected to become more frequent and intense as the global climate
continues to warm (Intergovernmental Panel on Climate Change, 2023; Environment and
Climate Change Canada, 2023).

In recent decades, Canada has experienced a substantial increase in economic losses
associated with extreme weather. Events such as severe storms (including wind, ice, and
snow), floods, wildfires, and heatwaves have significant economic impacts, as well as serious
consequences for public health and safety.

In the early 2010s, the Canadian insurance industry paid record amounts in claims for
weather-related property damages. For instance, in 2011 alone, approximately CAD 1.7
billion was paid out for flood, wind, and wildfire damage. Just a few years later, this figure
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was surpassed due to major floods in southern Alberta and extreme rainfall in Toronto. More
recently, economic losses have continued to rise, with data from the Insurance Bureau of
Canada indicating that damages from climate-related disasters in certain years have exceeded
several billion dollars.

Although the increase in insured losses is also influenced by factors such as urbanization,
rising property values, and aging infrastructure, climate change has significantly elevated the
risk of extreme weather events. These trends highlight the growing vulnerability of Canadian
society and the economy to climate hazards.

Figure 5. Examples of insured economic losses caused by extreme weather events in
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Sources: Examples of insured losses from extreme weather events in Canada (IBC, 2008,
2011b, 2013a, b; McBean, 2012).

The scientific consensus is increasingly strong that certain types of extreme events will
become more frequent and intense under global warming. Globally, it is virtually certain that
the frequency and intensity of hot days and nights will increase, and it is very likely that
heatwaves will occur more often, last longer, and be more intense (Intergovernmental Panel
on Climate Change, 2023). In addition, an increase in the frequency of extreme precipitation
and the risk of coastal flooding is expected.

Research conducted in Canada indicates that future conditions may lead to more frequent
droughts, particularly in the southern parts of the Prairie provinces. At the same time, the
number of intense precipitation events is expected to increase, raising the risk of flooding.
Climate projections also point to a possible rise in the frequency of wildfires, severe storms,
and periods of extremely high temperatures (Natural Resources Canada, 2022).

Extreme weather events have consequences for a wide range of economic sectors. Systems
that depend on water availability are particularly vulnerable. Both excess and shortage of
water can cause serious challenges for infrastructure, agriculture, natural ecosystems, and
human health. Floods, for example, can overwhelm sewage and drainage systems, damage
transportation infrastructure, and disrupt supply chains.
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Conversely, droughts can have significant economic and social impacts, particularly in
agricultural regions. Agricultural production relies heavily on the relative predictability of
seasonal weather conditions, which enables planning of planting schedules, crop selection,
and infrastructure investments.

When weather conditions become unpredictable, the risk of economic losses increases
significantly. An illustrative example is the unusually warm March 2012 in Ontario, when
high temperatures led to early flowering of fruit trees. Subsequent April frosts, however,
destroyed a large portion of the blossoms, with approximately 80% of apple blossoms
damaged. Estimated total losses in sensitive fruit production that year amounted to roughly
CAD 100 million (Environment Canada).

Figure 6. Historical and projected number of hot days and warm nights in selected
Canadian cities
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All of the above examples indicate that extreme weather events pose an increasing risk to
Canadian society, the economy, and natural systems. As climate change continues, the
challenges associated with extreme weather conditions are expected to intensify, highlighting
the importance of developing adaptation strategies and strengthening the resilience of
infrastructure, economic sectors, and local communities.

6. ADAPTATION TO CLIMATE CHANGE IN CANADA

Adaptation is now widely recognized as an essential response to climate change, as it
strengthens the social and economic resilience of society to its impacts. In Canada, the
importance of adaptation measures that can reduce risks associated with extreme weather
events, ecosystem changes, and economic losses is increasingly acknowledged
(Intergovernmental Panel on Climate Change, 2023; Natural Resources Canada, 2022).

180



Over the past decade, awareness of the need for climate adaptation has grown across various
sectors of Canadian society. Adaptation processes increasingly involve multiple levels of
government, industrial sectors, scientific institutions, and local communities. This growing
interest is reflected in the rising number of scientific publications, public policies, and media
reports addressing climate adaptation.

Current discussions on adaptation increasingly focus on identifying areas where adaptive
measures are most needed, as well as developing mechanisms that can enhance society’s
capacity to adjust to changing climatic conditions.

The need for adaptation is particularly pronounced in sectors directly exposed to weather
conditions and climate variability. For example, shorter snow seasons affect winter tourism,
while changes in river hydrology impact hydroelectric power generation. In addition, more
frequent heatwaves lead to increased health risks, especially in urban areas.

Extreme weather events, such as floods, droughts, and wildfires, further heighten awareness
of the need for adaptation. In the forestry sector, for instance, large wildfires and mass pest
outbreaks in British Columbia and Alberta have prompted the industry and government to
gradually shift from reactive crisis management toward proactive adaptive management
strategies that account for future climate risks.

Following the major floods in Alberta in 2013, the provincial government introduced new
measures to reduce the risk of future flooding, including restrictions on construction in high-
risk zones. Similar measures have since been expanded to other parts of Canada, where local
authorities are developing flood and extreme precipitation risk management strategies.
(Alberta Government, 2013)

Figure 7. Number of climate change adaptation articles by Canadian researchers by sector
(2000-2025).
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Public policies, regulations and strategic documents are important instruments that
governments can use to encourage adaptation to climate change. For example, the City of
Vancouver has revised its flood protection regulations and now recommends that new
infrastructure projects in high-risk areas take into account a possible sea level rise of at least
one meter over the coming decades.

In the private sector, awareness of climate risks is increasingly being driven by requirements
for transparency and financial reporting on climate risks. Companies are increasingly
required to assess the potential consequences of climate change on their operations, which is
encouraging investments in adaptation measures and risk management.

According to recent assessments by Canadian institutions, the integration of climate risks
into economic planning and infrastructure management is becoming a key element of a long-
term sustainable development strategy. Developing adaptive policies and improving
institutional capacity therefore represent an important step in strengthening the resilience of
Canadian society to increasingly pronounced climate challenges.

7. STRENGTHENING CLIMATE CHANGE ADAPTATION ACTIVITIES
IN CANADA

In recent years, Canada has witnessed a significant increase in activities aimed at adapting to
climate change. Adaptation is increasingly becoming an integral part of development
policies, sectoral strategies, and natural resource management. According to recent analyses
published by Natural Resources Canada and Environment and Climate Change Canada,
adaptation measures are increasingly being incorporated into plans for infrastructure
management, energy, agriculture, and the healthcare system.

Following the first national assessments of climate risks at the end of the first decade of the
21st century, the number of adaptation initiatives has grown substantially. These activities
mainly include the development of strategies, guidelines, and institutional frameworks, as
well as programs aimed at strengthening the capacity to adapt to climate change. At the same
time, it is evident that most existing measures have a gradual, evolutionary character — they
build on existing policies and are based on the so-called “no-regrets” approach, meaning
actions that provide benefits regardless of the exact intensity of future climate change.

In many cases, the implementation of adaptation measures has been driven by direct
experience with climate risks or extreme weather events, such as floods, droughts, wildfires,
and heatwaves. Such events raise awareness of the need for systematic climate risk
management and encourage institutions and businesses to incorporate long-term adaptation
measures into their strategies.

Table 3. Examples of adaptation activities in different sectors

Sector Examples of Adaptation Activities

Forestry Provincial governments in British Columbia, Alberta, and Quebec are
gradually adjusting rules for seed selection and transfer in reforestation
programs to account for changing climatic conditions.

Energy Hydroelectric companies increasingly incorporate climate scenarios into
energy demand forecasts and water resource management.
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Mining In northern parts of Canada, new infrastructure construction techniques
are applied that account for permafrost thawing, such as deeper
foundations and adaptable structures.

Agriculture The federal government is developing financial and tax mechanisms to
help farmers manage risks associated with climate variability.

Tourism Tourism organizations in British Columbia are developing strategies to
mitigate the economic impacts of pest damage and changes in winter
conditions.

Insurance Insurance companies are gradually adjusting policies to reflect rising risks
from floods and extreme precipitation events.

Housing Some municipalities implement subsidy programs for installing

protective systems in households (e.g., backflow prevention valves) to
reduce flood damage.

Biodiversity = Provincial authorities in Manitoba implement measures to protect caribou
habitats in zones where boreal forests meet tundra.

Public Health = Federal institutions are developing surveillance and control systems for
insect-borne diseases, whose spread is linked to climate change.

Infrastructure = Climate risk analyses in coastal regions, such as Nova Scotia, have led to
recommendations for coastal protection and relocating certain roads
further inland.

Source: Author

Despite evident progress in climate adaptation, analyses highlight the need for further
investment in research, data collection, and institutional capacity. Key challenges identified
in the literature and policy reports include limited financial resources, institutional barriers,
data gaps, and insufficient coordination across government levels.

Currently, only a relatively small number of adaptation measures have been fully
implemented on the ground with the explicit goal of reducing vulnerability to future climate
change. This indicates that, as in many other developed countries, adaptation in Canada
remains in a phase of gradual development.

Adaptation planning is inherently long-term, requiring robust scientific research, the
engagement of multiple stakeholders, and adjustments to existing policies and regulations.
For instance, in northern regions, the construction of year-round roads is being considered to
maintain access to mining sites amid increasingly unreliable winter ice roads. Similarly, in
the fisheries sector, adapting to shifts in fish population structures necessitates revisions to
resource management systems and fishing permit frameworks.

In certain contexts, incremental measures alone may not suffice. Consequently, the concept
of transformational adaptation is gaining attention, encompassing deeper structural
changes in resource management, infrastructure, and settlements. Examples include
relocating communities from areas vulnerable to sea-level rise, repurposing forested areas to
reduce wildfire risks, and designing infrastructure to withstand extreme climate events.

As climate change intensifies, the demand for transformational approaches is expected to
grow. Modern climate adaptation policies increasingly emphasize long-term planning, the
integration of scientific knowledge, and the strengthening of institutional capacities to
enhance societal resilience against future climate challenges.
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Table 4. Sectoral responses to climate change in Canada (2020-2024)

Sector
Forestry

Agriculture

Fisheries and
Aquaculture

Energy (Hydro
and Electricity)

Mining and
Northern
Infrastructure

Tourism

Insurance

Biodiversity and
Protected Areas

Public Health

Infrastructure
and Urban
Planning

Adaptation Measures
Adjustment of seed programs
and reforestation; use of more
resilient tree species; forest fire
management

Development of drought- and
flood-resistant crop varieties;
financial mechanisms for
managing drought and flood
risks; improvement of
irrigation systems

Updates to fishing permits;
monitoring of fish populations;
improved management of
coastal habitats

Integration of climate
scenarios into demand
forecasts; revision of
maintenance plans

Deeper foundations, adaptable
structures, permafrost
monitoring; construction of
year-round access roads
Adaptation plans for winter
and mountain destinations; fire
and pest risk management

Policy revisions; coverage
limitations in high-risk areas;
promotion of preventive
measures

Habitat protection, migration
corridors, ecosystem
restoration; climate monitoring

Heatwave warning systems;
disease vector monitoring;
public education

Flood risk assessment;
relocation of roads; adaptation
of water and sewer systems

Comments and Recent Data
Provincial governments in British Columbia
and Alberta are updating reforestation
strategies based on climate scenarios;
mountain pine beetle outbreaks and intense
wildfires have significantly impacted the
industry
Federal and provincial governments fund
adaptation projects, particularly in the
Prairies; heatwaves and unpredictable frosts
continue to threaten crop production

Northward shifts of fish species continue;
aquaculture demonstrates greater flexibility
to adapt compared to wild fisheries

Hydropower facilities in Quebec and British
Columbia adjust water allocation and
maintenance schedules in response to
changes in precipitation and river flows
Northern sites in Yukon and Nunavut are
adopting new techniques due to permafrost
thaw; infrastructure is increasingly
vulnerable to extreme weather events

Ski resorts and mountain parks in Western
Canada are adjusting seasons and
infrastructure; tourists are being educated
about climate risks

Data shows increasing insured losses from
extreme rainfall, wildfires, and wind,
preventive measures are being promoted in
construction and housing

Manitoba, Northern Quebec, and Arctic
territories implement measures to protect
caribou and other endangered species; new
programs involve community participation
and citizen scientists

Lyme disease and other climate-sensitive
diseases continue to spread northward; the
increasing frequency of heatwaves requires
urgent preventive measures

Cambridge and Milton in Ontario use
economic and climate assessments for
planning drainage infrastructure; coastal
protection measures are increasingly applied
to safeguard roadways

Source: Author
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7.1 Climate Change Adaptation in Canada: Trends, Challenges, and
Opportunities

Climate change adaptation in Canada is increasingly being implemented across multiple
sectors, although overall levels of adoption remain in the early stages. While there are
numerous examples of planned and implemented activities, most are incremental and focus
on “no-regrets” measures that provide benefits regardless of future climate conditions. In
many cases, adaptation has been initiated in response to observed impacts or extreme
weather events.

Examples include infrastructure projects such as the construction of year-round access
roads to northern mines due to the decreasing reliability of winter ice roads, as well as
revisions of fishing plans to account for shifting fish populations.

Beyond incremental measures, there is a growing need for transformational adaptations—
major, comprehensive changes that may be new for a specific region or resource system.
Examples of transformational measures include:
- Relocating entire communities due to sea-level rise;
- Converting forest parcels into parks to reduce wildfire losses;
- Designing flood control infrastructure to “fail safely” under extreme events with
minimal damage.

Transformational adaptation is likely to become increasingly necessary as climate
conditions continue to change.

7.1.1 Turning Risks into Opportunities

Although adaptation primarily aims to reduce vulnerability, some effects of climate change
can provide economic and social opportunities if properly leveraged.
Agriculture and tourism can benefit from longer summer seasons. For example:
- Canada’s golf industry may profit from extended seasons and increased demand;
- Expansion of crop cultivation into northern regions: corn and soy in Quebec,
canola in Prince George (BC), and spring cereals in western Alberta and
northeastern BC.

To seize these opportunities, producers must adjust crop selection and planting schedules to
reduce the risks of drought, heatwaves, and pests. Northern regions offer potential
economic opportunities in resource development and tourism, but these activities also carry
ecological and cultural risks.

7.1.2 Innovative Examples

Canada showcases creative adaptation initiatives that transform risks into short- or long-
term benefits:
- The forestry industry in British Columbia has repurposed wood affected by the
mountain pine beetle for interior paneling and furniture after testing its durability;
- The city of Vancouver used storm damage in 2006 at Stanley Park as an
opportunity for public engagement and restoration of wind-resistant forests;
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- Tourism operators promote “last chance tourism”, attracting visitors to see glaciers
or specific wildlife species before they significantly change or disappear.

7.1.3 Collaboration and Adaptive Management in Canada

Collaboration and adaptive management are becoming key approaches increasingly used by
governments and industry to enhance climate change adaptation.

Collaboration has proven to be an effective mechanism for achieving successful adaptation,
particularly when resources are limited and there is a need to respond to ongoing and
cumulative environmental changes. By learning from the experiences of others (through
assessments, workshops, and communities of practice) and partnering with organizations
that share similar goals, efficiency and synergies can be achieved. Examples of successful
collaboration include partnerships among different levels of government, industry, and non-
governmental organizations, which are crucial for strengthening resilience to climate risks.

Adaptive management involves continuous monitoring, adjustment, experimentation, and
re-evaluation, with a flexible approach to decision-making. This method is particularly
valuable in situations of uncertainty, such as changes in hydrological cycles, forest
ecosystems, or extreme weather events. Examples of adaptive management practices in
Canada include:
- Hydropower production — adjusting demand forecasts and managing water levels
in accordance with climatic variations;
- Great Lakes water level management — continuous monitoring and adjustment of
water management measures in response to changing hydrological conditions;
- Forest management — adjusting tree species and plantations in response to
increasing pest outbreaks and wildfire risk.

Risk Assessment Process

How vulnerable are we? What are possible
(coping zones) future scenarios?

How plausible are
high risk events?

What can we do to avoid
or minimize risks?

Can we change the Are there other
existing plan? ] [ Would new structures help? ] [ adaptive means?

Monitoring / modelling for
adaptive management?

Figure 8. Adaptive management assessment process (modified from Leger and Read, 2012,
Figure 2-1, p. 8)
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The process includes: vulnerability assessment, identification of possible scenarios, analysis
of high-risk events, definition of risk reduction measures, examination of the need for new
structures or other adaptive measures, and monitoring/modeling for adaptation management.

8. CONCLUSION

Canada’s climate system continues to change, and the impacts of these changes increasingly
affect both natural and human systems. Rising temperatures, shifts in the amount and type of
precipitation, reductions in snow and sea ice cover, and the growing frequency of extreme
weather events—such as droughts, floods, and heatwaves—are already creating significant
ecological, economic, and health challenges.

Growing awareness of these risks has prompted governments, industry, non-governmental
organizations, and local communities to implement adaptation measures. Over the past five
years, progress in understanding the adaptation process has been significant, and examples
of adaptation implementation have become more numerous and diverse. Adaptive strategies
include:
- Governments — revising policies and urban planning to reduce vulnerability to
floods and extreme weather;
- Industry and private sector — adjusting infrastructure, insurance policies, and risk
management practices in response to climate hazards;
- Agriculture — adapting planting schedules and crop selection in line with new
climatic conditions;
- Forestry and ecosystem services — applying adaptive management and preventive
measures against pests and wildfires;
- Health and local communities — developing heatwave warning systems, disease
vector monitoring, and protection plans for vulnerable populations.

Alongside these activities, new concepts such as transformational adaptation are emerging,
encompassing larger and longer-term changes, such as relocating communities at risk from
sea-level rise or adjusting to areas of high wildfire risk. These measures require a
reassessment of traditional approaches and call for innovative strategies, financial
investment, and broader stakeholder engagement.

In addition to reducing risks, adaptation can also transform climate hazards into economic
and social opportunities. Longer summer periods can increase tourism revenues and allow
the expansion of agricultural crops into northern regions, provided water resources are
properly managed and protection against extreme events is ensured. Innovative examples
include the commercial use of wood damaged by invasive pests and the reconstruction of
public spaces that are more resilient to extreme weather events.
Overall, Canada’s adaptive capacity is growing, but continued collective efforts are essential
to:

- Reduce barriers and resource constraints;

- Improve governance and technical capacity;

- Strengthen motivation and awareness of adaptation’s importance;

- Integrate adaptation with emission reduction measures and sustainable development

strategies.
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In summary, adaptation in Canada has made substantial progress but has yet to reach its full
potential. Ongoing, coordinated, and innovative measures will be crucial to ensure a
sustainable and resilient future in the face of increasingly dynamic climate change.
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ABSTRACT: Demographic changes represent one of the key structural challenges to the economic
development of the Republic of North Macedonia over the past two decades. A declining birth rate,
negative natural population growth, population ageing, and intensive emigration flows have led to a
reduction in the working-age population and significant shifts in the age structure, directly affecting
the dynamics of economic growth and the sustainability of public finances. These trends are
particularly pronounced in rural areas, where depopulation and population ageing substantially
undermine the sustainability and competitiveness of the agribusiness sector. The aim of this paper is to
analyze the interdependence between demographic trends and economic growth in North Macedonia,
with special emphasis on the agribusiness sector as a strategic branch of the economy. The study is
based on the assumption that demographic contraction and the decline in labor force represent
constraining factors for long-term economic growth; however, their adverse effects can be mitigated
through technological modernization, investment, and the development of human capital in rural areas.
The research relies on the analysis of relevant statistical data and the application of an econometric
model designed to examine the impact of the birth rate and the population’s age structure on key
economic indicators. The findings aim to highlight the importance of an integrated approach to
demographic, agricultural, and development policies in order to ensure sustainable economic growth
and strengthen the competitiveness of the agribusiness sector in North Macedonia.

Keywords: demographic trends, birth rate, economic growth, agribusiness, rural development

AIICTPAKT: Jlemocpaghckume npomenu npemcmagysaam eoeH 00 KIydHume CMpyKmypHu
npeoussuyu Ha exoHomckuom paseoj na Penybnuxa Cesepna Makedonuja 6o nocieoHume 0ge
Oeyenuu. ITadom Ha cmankama Ha HAMARUMeEN, He2aAMUSHUOM NPUPOOEH NPUPACH, CIMAPEErbemo HA
HACeNeHUemo U UHMEH3UBHAMA eMUSPAHMCKA Muepayuja 006edysaam 00 HAMATLY8Ae HA
pabomocnocobHOmMo Hacenenue u NPOMeHA Ha CIAPOCHAmMA CMPYKMypd, wnmo OUpeKmHo enujae Ha
OUHAMUKAMA HA eKOHOMCKUOM pAcm U 0opacausocma na jasnume gunancuu. Osue meHOeHyuu ce
0CcobeHO u3pazenu 60 pypanHume CcpeOuHu, Kade wimo Oenonyiayujama u cmapeerbemo Ha
HaceneHuemo SHAYUMenHo 6IUjaam Ha 0OPHCAUBOCMA U KOHKYpeHmHocma Ha azpobusnucom. Llenma
Ha 060j Mpyo e 0a ce ananu3upa Mery3agucHocma Ha 0emozpaghckume mpeHoo8uU U eKOHOMCKUOM
pacm 6o Cegepna Makedonuja, co noceben (oKyc Ha azpoOU3HUCOM KAKO CIMPAMEuKa eKOHOMCKA
epanka. Ce npemnocmasysa 0eka 0emozpa@ckama KOHMpAaKyuja u Hamary8aremo Ha pabomHama
Cuna ce 0epaHUdy8auKu PaKmopu 3a 00120poHeH eKOHOMCKU pACH, HO OeKa He2amusHume egexmu
moxcam 0a ce yonajcam npeky MeXHONOUIKA MOOEPHU3AYUjA, UHEECMUYUU U PA360j HA YO8eYKU

28 Municipality of Kumanovo, Head of Sector, Kumanovo, North Macedonia,
e-mail: Acidburn2 3@yahoo.com
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Kanuman 60 pypamnume cpeounu. Mcmpascysarwemo ce 6asupa Ha aHanu3a Ha penesanmHu
CMAMUCMUYKY NOOAMOYYU U NPUMEHA HA eKOHOMEMPUCKU MOOel KOj 20 UCNUmyea elujanuemo Ha
Cmankama Ha HAMaIumem U CMAapoOCHAMa CMPYKMypa HA HACENEHUemo 6p3 KIyYHUme eKOHOMCKU
uHoukamopu. Pesynmamume 00 pabomama umaam 3a yen 0a ja ROKAHCam 6axCHOCMa Ha UHMeZPUpan
npucman KoH oemozpaghckume, azpaprume u pazeojHume ROIUMUKU €O Yea 0a ce 06e36edu 00paicius
EeKOHOMCKU pacm u 0a ce 3ajakHe KOHKYPeHmHocma Ha aspobusHuc cexmopom 6o CesepHa
Maxkeoonuja.

Knyunu 360poeu: democpagcku mpeHoosu, cmanka Ha HAmManumen, eKOHOMCKU pacm, azpobusHuc,
pypanen paszeoj,

1. INTRODUCTION

Modern economies are increasingly facing structural demographic changes that significantly
affect long-term economic growth and development. Declining birth rates, population aging,
migration, and the depopulation of rural areas represent processes that redefine the
relationship between labor supply, productivity, and investment dynamics. Demographic
trends are no longer viewed solely as a social phenomenon, but as a key economic factor
shaping the long-term potential of an economy (Lozanoska & Janeska, 2022).

The Republic of North Macedonia records pronounced demographic trends that place a
significant burden on economic development. In 2026, the total population is estimated at
approximately 1.80 million people, with a negative annual growth rate (around —0.54%),
indicating continuous demographic contraction. The median age of the population is about
41.4 years, reflecting an aging society, while the total fertility rate, at approximately 1.47
children per woman, is significantly below the replacement level of 2.1 required to maintain
natural population growth without migration. These indicators point to declining birth rates
and increasing life expectancy, representing a structural demographic shift with substantial
implications for the country’s economy (Apostolovska Toshevska et al., 2023).

In addition, statistics from the State Statistical Office of the Republic of North Macedonia
show that the crude birth rate in 2024 was around 8.8 live births per 1,000 inhabitants, while
natural population growth was negative, meaning that the number of deaths exceeded the
number of live births. These data confirm a demographic imbalance that directly affects labor
force availability and long-term economic potential.

Declining birth rates and population aging constitute structural challenges because they
influence the labor market, production capacities, and the sustainability of public
expenditures, particularly in sectors dependent on labor-intensive activities (Zafeiris et al.,
2024). The agribusiness sector, as a significant segment of the Macedonian economy
contributing to employment and the structural development of rural areas, is highly sensitive
to these demographic changes. The depopulation of villages, migration of young people to
urban centers, and the lack of generational renewal in agricultural labor potential lead to
reduced production capacities and weakened competitiveness of the agricultural sector.

Although demographic contraction may result in labor shortages, it can simultaneously act

as a stimulus for modernization, mechanization, and digitalization of production, thereby
increasing productivity and efficiency. Investments in human capital, innovation, and rural
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infrastructure can mitigate the negative effects of demographic changes and enable the
structural transformation of the agribusiness sector (Dimitrijoska et al., 2016).

Based on the above, the aim of this paper is to systematically analyze the impact of
demographic trends—primarily birth rates, age structure of the population, and migration
flows—on economic growth in North Macedonia, with particular emphasis on the
agribusiness sector. The mechanisms through which these demographic factors shape
economic performance are examined, and possible policy directions aimed at sustainable
development are considered. The structure of the paper includes a theoretical framework, a
review of relevant research, methodological design, data analysis for North Macedonia,
discussion of results, and concluding remarks.

2. DYNAMICS OF THE BIRTH RATE IN NORTH MACEDONIA:
HISTORICAL TRENDS AND ECONOMIC IMPLICATIONS (1950-2025)

The birth rate represents one of the most important demographic indicators, reflecting
changes in population structure, family models, and economic conditions within a country.
It is monitored not only as a statistical figure on the number of births, but also as a signal of
long-term demographic and economic trends that affect the labor force, productivity, and the
sustainability of public policies. In the context of North Macedonia, the birth rate has
undergone significant changes over the past seven decades, from high levels in the post-war
period to chronically low levels in the contemporary era.

The following section presents changes in the period from 1950 to 2025, with a description
of key phases and the economic-demographic factors that shaped them. The interpretation of
these data enables a better understanding of the long-term challenges faced by rural areas and
the agribusiness sector in North Macedonia.

2.1 Birth rate in north macedonia (1950-2025) — description of trends

The birth rate in North Macedonia from 1950 to 2025 has undergone significant changes
reflecting both the demographic transition and the socio-economic transformations within the
country (Djambaska & Petkovski, 2024).

1950-1970: During this period, the birth rate was relatively high, exceeding 20 live births
per 1,000 inhabitants, which is characteristic of post-war economies and societies with high
fertility. High birth rates stimulated natural population growth and enabled the maintenance
of a stable labor force in agricultural and industrial production.

1970-1990: A gradual decline in the birth rate emerged due to urbanization, increased levels
of education, economic changes, and the integration of women into the labor market. The
birth rate declined to an average of 14—16 live births per 1,000 inhabitants. This period marks
the beginning of the demographic transition in North Macedonia, when the first signs of
fertility decline and changes in family structure became evident.

1990-2010: A further decrease in the birth rate resulted from economic instability during the
breakup of the Socialist Federal Republic of Yugoslavia and the transition period. The birth
rate fell below 12%o, and negative natural population growth appeared in certain years.
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Economic factors, youth migration toward urban centers, and declining trust in the social
system contributed to reduced fertility levels.

2010-2025: In this period, the birth rate stabilized at around 9—-10%o., indicating a chronically
low level of births and the continuation of population aging. It is estimated that in 2025 the
birth rate will be approximately 9.75%o. Low fertility levels, combined with youth emigration
and population aging, lead to negative natural population growth and represent a serious
structural challenge for economic development and the sustainability of the agribusiness
sector (Georank, 2025).

Over more than seven decades, the birth rate has recorded a continuous decline, from high
values after the Second World War to today’s low level below 10%o. This trend indicates
significant demographic changes affecting the labor force, age structure, and long-term
economic stability of North Macedonia, particularly in rural areas and the agribusiness sector
(Lozanoska et al., 2018).

Interpretation: The gradual decline in the birth rate points to a long-term demographic trend
influencing the population structure—resulting in a smaller share of young people and a
potentially reduced labor force capacity.

Table 1. Birth Rate and Mortality Rate (2014-2024)

Year | Live births | Deaths | Birth rate (%) | Mortality rate (%o)
2014 23 596 19718 114 9,5
2019 19 845 20446 9,6 9,8
2024 16 061 20201 8,8 11,1

Source: State Statistical Office

The data presented in this table clearly indicate a trend of demographic contraction over the
past decade. The number of live births has decreased by more than 7,500, while the number
of deaths has increased, resulting in negative natural population growth. The decline in the
birth rate from 11.4%o to 8.8%o reflects reduced fertility, while the increase in the mortality
rate to 11.1%o points to population aging and a growing share of elderly individuals within
the total population.

From an economic perspective, this trend has a direct impact on the working-age population
and the capacity of the agribusiness sector, as a smaller number of young people implies a
reduced potential for labor force renewal in rural areas.

Table 2. Natural Population Growth — 2024/2025 (Quarterly)

Period Natural increase
Q1 2025 —1872

Q2 2025 —1135

Q4 2024 —1206

Q3 2024 -502

Source: State Statistical Office 2°

29 See more: https://www.stat. mk/en/stat/population-and-living-conditions/population/natural-
movement-of-the-population/
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Natural population growth is negative in all quarters, confirming that the number of deaths
exceeds the number of newborns. The largest negative natural increase was recorded in the
first quarter of 2025, which may be the result of seasonal and economic factors (e.g., the
healthcare system, climatic impacts on the rural population).

This trend signals a potential future labor force crisis, particularly in the agribusiness sector,
which depends on young and working-age farmers. In addition, negative natural population
growth may encourage the need to stimulate in-migration to rural areas or to modernize
agricultural production in order to compensate for the decline in labor supply (Lozanoska et
al., 2025).

3. AGE STRUCTURE AND POPULATION AGING IN NORTH
MACEDONIA

The rate of population aging in North Macedonia represents one of the key demographic
challenges over the past two decades. Data indicate that the median age of the population is
approximately 41.5 years, which clearly shows that the country is entering the phase of
demographic aging.

This aging process has been accompanied by a significant increase in the number of persons
aged 65 and over—between 2002 and 2023, this group increased by about 54%. At the same
time, the number of young people (aged 0—14) decreased by 28.5%, indicating a continuous
decline in the incoming generation of working-age citizens.

Table 3. Age Structure of the Population of North Macedonia (2002-2023)

Year | Age Age Age KomenTap

0-14 | 15-64 | 65+

o) | (%) | (%)

2002 | 21,5 67,0 11,5 | A high share of young people; the working-age

population dominates; a relatively stable economic

base.

2005 | 20,3 66,5 13,2 | Aslight decline in the youth population and an

increase in the elderly population; the aging process

begins.

2010 | 19,2 65,0 15,8 | Population aging becomes increasingly visible;

growing impact on social and healthcare systems.

2015 | 17,6 63,8 18,6 | The decline in the young population and the rise in the

elderly threaten the labor force, potentially reducing

productivity.

2020 | 15,9 62,7 21,4 | JacHo meMorpadcko cTapeme; moBehaHa 3aBUCHOCT

cTapujux rpahana.

2023 | 154 61,1 23,5 | Average age 41.5; necessary measures to support
young generations and modernize the sector.

Source: (MESPRNM) 3°

30 See more: https://www.moepp.gov.mk/mk-MK/informacii/socio-ekonomski-promeni/
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3.1 Demographic and economic context

The decline in the young population and the growing share of the elderly have several
consequences:

Reduction in the potential working-age population: With the decrease in the number of
young people, the overall labor force available on the labor market declines, affecting
productivity, economic growth, and the ability of sectors to maintain a sustainable level of
production. This trend is particularly pronounced in the agribusiness sector, where the labor
force traditionally originates from rural areas. Fewer young farmers mean that family farms
and small enterprises face the risk of closure, while large agricultural producers are
compelled to invest in mechanization and production modernization to compensate for labor
shortages.

Increased dependency of the elderly population: The rise in the number of persons aged
65 and over directly affects social and healthcare systems. The demand for pension and
healthcare services increases, while the number of working-age individuals who finance these
systems declines. This creates a greater financial burden on the state budget and may lead to
constraints on investments in economic growth.

Socio-economic dynamics in rural areas: Population aging in villages is accompanied by
youth migration to urban centers or abroad. This not only reduces the local labor force but
also disrupts the intergenerational transfer of knowledge and experience, which is crucial for
the sustainability of the agricultural sector. If this trend continues, regional imbalances in
economic activity and reduced productivity in rural areas may emerge in the future.

Opportunities and challenges for economic growth: Although aging and the decline in
youth population present limitations, there are also potential incentives for economic
transformation. The application of mechanization, digitalization, and technological
innovation can partially mitigate the negative effects of labor force reduction. In this context,
the agribusiness sector can use aging as a motivation for production modernization and
resource optimization; however, this will require adequate investment and a strategy to attract
and retain young farmers.

The age structure and the trend of population aging in North Macedonia have a profound and
multidimensional impact on the economy. The increase in the share of elderly citizens and
the decrease in the number of young people significantly burden social and healthcare
systems, reduce the overall labor force and productivity, and represent a serious challenge to
long-term economic stability. At the same time, this demographic transformation opens
opportunities for structural reforms in agribusiness and other sectors, provided that policies
supporting youth, investments in technology, and programs for human capital development
are properly designed (Dimitrijoska et al., 2016).

Given the presented demographic tendencies in North Macedonia—continuous decline in the
young population, growth in the share of persons aged 65 and over, and gradual reduction of
the working-age population—it becomes clear that these processes have a profound impact
on the country’s economic dynamics. Population aging and demographic contraction not only
limit labor force potential but also affect productivity, innovation, and the long-term
sustainability of the agribusiness sector, which traditionally depends on an active rural
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population. At the same time, the increased dependency of elderly citizens places an
additional burden on social and healthcare systems, requiring integrated political and
economic responses (Lozanoska et al., 2025).

In this context, it is essential to formulate strategies that would mitigate the negative effects
of population aging while simultaneously leveraging the potential for structural
transformation of the agribusiness sector and the broader economy. Proposed measures
include stimulating birth rates and supporting families, migration strategies aimed at
retaining and encouraging the return of young people, as well as investments in
modernization and digitalization of the agricultural sector. The development of human capital
and educational programs in rural areas also represents an important component of these
measures, ensuring that the labor force is adequately qualified and prepared to adopt
technological innovations.

By combining these policies into an integrated model of demographic and economic
development, North Macedonia can mitigate the negative effects of demographic aging,
secure a sustainable labor force, and stimulate productivity in the agribusiness sector. This
approach enables not only the overcoming of current structural constraints but also the
creation of conditions for long-term economic growth and enhanced competitiveness at the
national and regional levels.

4. DEMOGRAPHIC TRENDS AND ECONOMIC GROWTH:
IMPLICATIONS FOR THE AGRIBUSINESS SECTOR IN NORTH
MACEDONIA

Demographic changes in North Macedonia, such as declining birth rates, population aging,
and youth migration, directly affect economic growth and productivity. The reduction in the
working-age population impacts the agribusiness sector, which has traditionally relied on the
labor force from rural areas. However, these challenges can also stimulate structural
transformation within the sector through modernization, mechanization, and investments in
human capital.

Table 4. Birth Rate and Economic Indicators of North Macedonia (1950-2025)

Year Birth rate GDP per capita Agribusiness Natural increase
(%0) (USD) employment (%) (%0)

1950 22,5 1,200 55 18,0

1970 20,1 3,500 50 16,5

1990 15,3 6,700 38 8,2

2010 10,8 11,200 25 2,5

2023 9,2 16,500 21 -0,3

2025 9,75 17,200 20 -0,1

Source: Women and Men in North Macedonia. State Statistical Office

The table shows a long-term decline in the birth rate, which coincides with a reduction in the
share of employment in the agribusiness sector and a gradual slowdown in natural population
growth. At the same time, GDP per capita is increasing, indicating a process of structural
economic transformation—reduction of labor-intensive sectors accompanied by increased
productivity and modernization.
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Table 5. Age Structure of the Population and Economic Potential (2002-2023)

Year | Proportion of | Proportion of | Median age | Agribusiness
young people old people (years) employment
(0-=14) (%) (>65) (%) (%)
2002 21,5 11,0 36,0 30
2010 18,4 15,5 38,2 27
2020 16,1 19,8 40,8 22
2023 15,4 16,9 41,5 21

Source: Women and Men in North Macedonia. State Statistical Office

The increase in the share of the elderly population and the decline in youth

significantly reduce the potential of the working-age population, directly affecting
productivity and the sustainability of the agribusiness sector. Population aging also increases
the burden on social and healthcare systems but opens opportunities for investment in

mechanization and technological innovations.

Table 6. Migrations and Economic Activity in Rural Areas (2002—-2023)

Year Number of migrants Youth employment in | Share of GDP from
from rural areas agribusiness (%) agribusiness (%)

2002 15,000 42 18

2010 25,000 35 15

2020 32,000 28 12

2023 35,000 25 11

Source: Women and Men in North Macedonia. State Statistical Office

Youth migration is affecting the decline of the working-age population in rural areas, which
limits the growth of the agribusiness sector. The decline in the share of GDP from
agribusiness shows the transformation of the economy towards services and industry, but at
the same time emphasizes the need for modernization and technological improvements in
agriculture. (Lozanoska et al., 2022)

Demographic trends in North Macedonia (declining birth rates, aging and migration) directly
affect economic dynamics and productivity, especially in the agribusiness sector. The tables
show that the decline in the working-age population is accompanied by structural changes in
the economy, which emphasizes the need for the integration of demographic and economic
policies, investment in human capital and modernization of agribusiness.

5. PROPOSALS TO ADDRESS THE DEMOGRAPHIC AND ECONOMIC
CHALLENGE

Based on the analysis of demographic trends in North Macedonia, it is clear that the decline
in the young population, population aging, and reduction of the working-age labor force
represent a serious challenge for sustainable economic development and the stability of the
agribusiness sector. These processes increase pressure on social and healthcare systems,
reduce productivity and investment potential, and may threaten the long-term
competitiveness of the economy (Apostolovska Toshevska et al., 2021).
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In light of these challenges, it is necessary to formulate concrete and integrated measures to
mitigate the negative effects of demographic transformation and enable strategic economic
stabilization. Such measures should target multiple levels: promoting higher birth rates and
supporting families, migration strategies to retain and attract young people, modernization of
the agribusiness sector through technology and innovation, and the development of human
capital through education and training (Djambaska & Petkovski, 2024).

To systematically present these measures and monitor their effects, the following action plan
identifies key activities, implementation timelines, and expected outcomes, with the goal of
ensuring a sustainable labor force and increasing the long-term competitiveness of North

Macedonia.

Table 7. Action Plan to Mitigate the Effects of Population Aging and Promote Economic

Development
Policy Category Specific Activities Imp,ll,?::::ll;:lttmn Expected Outcomes
Financial subsidies for
families with children; tax . )
Fertility relief; accessible Increased birth rate;

retention of young families

Incentives and kindergartens and 1-5 years in rural areas: long-term
Family Support | preschool institutions; workforce im’ rovge ment
flexible working hours for p
parents
Programs to encourage .
youfrglg people to rleltugn to Strengthened working-age
. . -1 lation; fi
Migration rural areas; subsidized population; support for
. . . 2-6 years agribusiness; reduction of
Strategies housing and business . .
= . regional demographic
grants; incentives for imbalances
relocating skilled workers
Investment in
Modernization mechanization, Increased productivity;
of the digitalization, and smart 1-5 vears reduced dependency on
Agribusiness farming technologies; y labor; sustainable
Sector training programs for agricultural production
farmers
Educational programs and Strengthened workforce
. vocational training for competencies; promotion of
g::;ﬁ) n g:glttal youth in rural areas; 1-5 years innovation in agribusiness;
P intergenerational enhanced economic
knowledge transfer competitiveness
L . Balanced d hi
Integrated Combination of social, deavzrll(():emezgus)l%srg)in;cble
Demographic economic, and investment pment, .
N .o 1-10 years economic growth; increased
and Economic measures; monitoring and sector competitiveness and
Policies policy adjustments P

public finance stability

Source: Source: Author's analysis-recommendations

This action plan represents an integrated approach to demographic and economic challenges.
Fertility incentives and migration strategies aim to increase and retain young people in rural
areas, while agribusiness modernization and human capital development help mitigate the
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effects of a declining workforce. Integrated measures enable coordinated efforts between the
public and private sectors to achieve long-term economic stability and competitiveness.

6. CONCLUSION

An analysis of demographic trends in North Macedonia shows that declining fertility rates,
population aging, and the continuous reduction of the working-age population represent one
of the key structural challenges for long-term economic growth and the sustainability of the
agribusiness sector. The increasing share of older citizens and the decreasing number of
young people directly affect productivity, the labor force, and the economy’s ability to
generate added value. This is already reflected in current economic indicators: GDP per
capita is rising and reached approximately USD 16,500 in 2023, but employment in
agribusiness has decreased to 21%, while natural population growth is negative (-0.3%o). The
median age of the population has reached 41.5 years, and the number of young people (0—
14) has decreased by 28.5% since 2002, whereas the number of elderly (>65) has increased
by about 54%.

At the same time, demographic transformation presents opportunities for structural
modernization and improvement of the agribusiness sector through investments in
mechanization, digitalization, and human capital development. Proposed solutions—fertility
incentives, migration strategies, sector modernization, and workforce skills development—
represent an integrated approach that not only mitigates the negative effects of demographic
aging but also creates conditions for sustainable economic growth.

In conclusion, demographic trends in North Macedonia should not be viewed solely as a
limitation on economic development. Systematic policy planning that combines social,
economic, and investment measures can transform a demographic challenge into an
opportunity for structural economic transformation, increased competitiveness, and
stabilization of the agribusiness sector. If the proposed measures are consistently
implemented, the working-age population is expected to stabilize, productivity will improve,
agribusiness employment will be preserved, and rural development will be sustainable over
the next 5-10 years.

North Macedonia today faces challenges that are not just statistical data or economic
indicators—they are a call to action and an opportunity for every citizen, from scientists to
farmers, to be part of the solution. Our rural communities, our families, and our future
generations deserve strategies that preserve the workforce, enable young people to stay and
create here, and at the same time enhance agribusiness as a strategic sector of the economy.
This is not just a demographic issue—it is our chance to shape the country’s future,
combining tradition and innovation, knowledge and labor. With determination, expertise, and
investment in people, we can ensure that our country remains vibrant, strong, and developed,
and that every village, every farm, and every generation has its place in a prosperous future,
while maintaining economic growth and competitiveness in the agribusiness sector.
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Abstract: Cooperatives, as a specific model of economic association, are gaining increasing
importance in the contemporary context of sustainable development, social economy, and inclusive
entrepreneurship. Although the roots of cooperativism date back to the 19th century, its principles —
voluntarism, democratic governance, members’ economic participation, and social responsibility — are
becoming increasingly relevant in conditions of global economic instability and the disintegration of
traditional business models. The aim of this paper is to critically analyze the position and potential of
cooperatives as a modern form of entrepreneurship, with a special focus on their role in strengthening
local economies, fostering social cohesion, and promoting alternative models of production and
consumption. Special attention is given to the regulatory framework, economic sustainability, and the
challenges contemporary cooperatives face in the Republic of Serbia and the broader European
context. Based on comparative analysis and case studies, the paper highlights opportunities for
integrating cooperativism into modern entrepreneurship strategies and provides recommendations for
improving public policies to support this model.

Key words: cooperativism, modern entrepreneurship, social economy, sustainable development,
economic democracy.

Pezume: 3adpyeapcmao, kao cneyuguuan Mooen eKOHOMCKO2 yopyolcusarsa, 0oduja cee éehiu 3uauaj y
caspemeHoM KOHMEKCHTY 00PIAHCUBOS PA36OjA, COYUjanHe eKOHOMUJe U UHKIY3UBHO2 NPedy3emHUUMEA.
Haxko kopenu s3aopyzapcmea cedxcy y 19. ek, we206u npunyunu — 006po60HHOCH, 0eMOKPAMCKO
YNpasmarbe, eKOHOMCKO yuewlie unanosa u CoyujarHa 002060pHOCM C8e 6uuie 000ujajy Ha
penesanmHocmu y  Ycioguma — enobaine  eKOHoMcKe — HecmabOuiHocmu U Oesunmezpayuje
MpAoUYUOHATHUX 00IUKA nociosared. Lluwm 06oe pada je 0a Kpumuuku GHATUSUPA NONONHCA] U
nomenyujan 3a0py2a Kao cagpemeroz 0OnuKa npedy3emHuumed, ca NOCEOHUM OC8PNOM HA FUXOBY
VIO2Y Y jauary JOKATHUX eKOHOMUjd, NOOCMUyary OpyuwmeeHe Koxesuje U HPOMOBUCAFY
ANMePHAMUBHUX MOOeNd NPoU36800re u nompouirse. Ilocebna nasxcra noceehiena je HOpMamueHoM
OKBUPY, eKOHOMCKOj O0OpPICUBOCHIU U U3A308UMA CA KOJUMA ce caspemene 3aopyee cyouasajy y
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Penybnuyu Cpbuju u wupem eeponckom xonmexcmy. Ha ocnosy komnapamuene ananuze u cmyouja
cayuaja, pao ykasyje na mozyhimocmu ummezpayuje 3adpysapcmea y cmpamezuje cagpemMeHoz
npeoyzemHuwmea u oaje npenopyke 3a ynanpeleroe jagnux noiumuxa y yumsy noOpuike 080M Mooeiy.

Kawyune peuu: 3a0pyzapcmeo, MoOepHO npedy3emHuumeo, coyujanta eKoHoMujd, 00piICcUsU pazeoj,
eKxoHoMcKa OeMoKpamuja,

1. INTRODUCTION

In an era of widespread globalization, technological innovation, and profound economic and
social transformations, traditional models of entrepreneurship are increasingly being
questioned, while alternative forms of economic organization are gaining importance. In this
context, cooperatives — an historically grounded but often insufficiently recognized model —
are once again being affirmed as a relevant and sustainable approach to entrepreneurial
practice (Stepanov et al., 2024). Based on the principles of voluntariness, equality, solidarity,
and democratic governance, the cooperative model offers significant potential for economic
inclusion, strengthening social cohesion, and encouraging local development (Gasi¢, 2016).
Although cooperatives in Serbia during the 20th century represented a recognizable form of
association, particularly in rural areas, transition processes, institutional instability, and
changes in the economic paradigm led to a decline in their role. However, in recent years
there has been a noticeable revival of interest in cooperatives, both within national support
policies and in the practice of young entrepreneurs, farmers, and social innovators (Mitrovic¢
etal., 2019).

The aim of this paper is to examine, through a critical and interdisciplinary analysis, the
potential of cooperatives as a contemporary form of entrepreneurship, with particular
emphasis on their applicability in current economic and social circumstances. Special
attention will be given to the normative and institutional framework, as well as to concrete
examples of good practice in Serbia and abroad. In this sense, the paper seeks to contribute
to a broader understanding of the role of cooperatives in the processes of building a more
inclusive and sustainable economy.

2. THEORETICAL FRAMEWORK

Cooperativism represents a specific form of economic association based on democratic
principles, equality of members, collective ownership, and social responsibility (Mihajlovi¢,
2018). As such, it cannot be analyzed solely through the lens of classical economic theory,
but rather requires an interdisciplinary approach encompassing economics, sociology, legal
studies, and organizational theory. In this paper, cooperativism is observed as part of the
broader concept of the social economy (Stepanov et al., 2024), which integrates various forms
of socially responsible entrepreneurship, including social enterprises, foundations, and non —
governmental organizations engaged in economic activities.

According to the International Cooperative Alliance (ICA), a cooperative is defined as "an
autonomous association of persons united voluntarily to meet their common economic,
social, and cultural needs and aspirations through a jointly owned and democratically
controlled enterprise" (Rapaji¢, 2019). This definition provides the foundation for
understanding the cooperative not only as an economic entity, but also as a form of social
organization that contributes to the development of social capital.
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The theoretical approach to cooperativism includes several conceptual levels (Gulan, 2019):

1. Economic aspect — Cooperatives are often classified within the category of small

and medium — sized enterprises (SMEs), but they differ in the manner of profit

distribution, the principle of one member — one vote, and their orientation toward

collective rather than individual profit. Theories of collective entrepreneurship and

cooperative economics provide a basis for understanding these specific
characteristics.

2. Sociological aspect — Cooperatives function as instruments of social cohesion and
social inclusion (Stepanov et al., 2024). Their activities encourage the participation
of marginalized groups in economic processes, promote equality, and build
relationships of trust among members.

3. Legal aspect — The legal structure of cooperatives varies from country to country,
but it is generally based on specific legislation that recognizes their socio —
economic nature. In Serbia, cooperatives are regulated by the Law on Cooperatives
("Official Gazette of the Republic of Serbia", No. 112/2015), which defines the
conditions for the establishment, governance, and operation of cooperatives.

4. Institutional and political context — Cooperativism often develops within
supportive public policy frameworks, particularly in the fields of rural development,
agriculture, social protection, and education. The theory of '"enabling
environments" emphasizes the importance of institutional support for the
development of such forms of entrepreneurship (Jeli¢ & Zivkovi¢, 2020).

Contemporary theoretical research increasingly recognizes cooperatives as innovative
organizational forms capable of responding to the challenges of digital transformation,
climate change, and social inequality. In this sense, cooperatives are viewed as part of the
transition toward a sustainable and inclusive economy, where profit is not an end in itself but
rather a means for achieving broader social benefits (Veselinovi¢ & Veselinovié¢, 2019).

3. RESEARCH METHODOLOGY

The paper is based on a qualitative methodology, applying an interdisciplinary approach
that integrates theoretical insights from the fields of economics, sociology, law, and public
administration (Gasi¢ et al., 2016). The research has a descriptive — analytical character,
with the aim of identifying and interpreting the key characteristics of cooperativism as a
contemporary form of entrepreneurship, as well as analyzing the conditions, opportunities,
and limitations for its further development in Serbia.

Within the research, the following methods were applied:

1. Analysis of relevant literature and legal acts — A review of domestic and
international sources, scientific papers, publications of international organizations
(ICA, ILO, UN), as well as laws and strategic documents related to the operation of
cooperatives in the Republic of Serbia and other European countries (Pekic¢ et al.,
2021).

2. Case study — Selected examples of cooperatives in Serbia that can be considered
examples of good practice were analyzed, with particular emphasis on their
organizational model, governance structure, financial sustainability, and social
impact. Case studies were used to illustrate theoretical concepts within a concrete
context.
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3. Comparative analysis — In order to better understand the position of cooperatives
in Serbia, a comparison was made with cooperative models in selected European
Union countries (Markovi¢, 2007), primarily Spain, Italy, and France, where
cooperatives have a strong institutional and economic position.

4. Semi — structured interviews (optional) — If the paper includes an empirical
component, interviews may be conducted with representatives of cooperatives,
cooperative unions, or institutions responsible for supporting cooperativism, in
order to obtain direct insights into the situation in practice.

The collected data were analyzed qualitatively through content interpretation and the
identification of thematic units that highlight the role and importance of cooperatives in the
contemporary economic and social context. In this way, the research methodology enables a
comprehensive examination of the topic from multiple perspectives, while taking into
account the complexity and specific characteristics of the cooperative model.

Table 1. SWOT Analysis of Cooperatives as a Modern Form of Entrepreneurship

Strengths Weaknesses
Democratic governance model (one Limited access to financial resources and
member — one vote) credit
Collective economic power through the Insufficient education of members in
pooling of resources business management and marketing
Social inclusiveness (women, youth, Weak infrastructure in rural areas

marginalized groups)
Increased market competitiveness of small | Often an underdeveloped internal
producers organizational system

Potential for local and rural development Insufficient institutional and political
support at all levels

Opportunities for intersectoral cooperation | Low visibility of cooperatives in the public

(agriculture, tourism, crafts) sphere and media

Opportunities Threats
Growing demand for sustainable and local | Uncertain markets and unstable
products/services purchasing power
Opportunities to participate in national and | Legal and administrative inconsistencies
EU support programs (IPARD, IPA,
LEADER programs)
Digitalization of business operations and Migration of young people from rural
online marketing areas
Networking with other cooperatives at Potential internal conflicts or insufficient
national and international levels motivation among members
Development of rural tourism and eco — Competition from large systems and
agro destinations purchasing intermediaries
Cooperation with educational and research | Absence of a long — term strategy for the
institutions development of cooperativism

Source: Author
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4. ORGANIZATIONAL MODEL AND MANAGEMENT APPROACHES:
CASE STUDIES OF "ZLATNI RAM 031" AND "ETHNO VILLAGE
STARA PLANINA, KALNA"

The Agricultural Cooperative "Zlatni Ram 031", located in Dobrace, Municipality of Arilje,
represents an example of a successful and sustainable cooperative model in the contemporary
Serbian context. Founded in 2023, the cooperative emerged as a result of the association of
small agricultural producers with the aim of achieving a joint market presence, improving
logistics, and enhancing production.

"Zlatni Ram 031" operates on the principles of democratic governance, where each member
of the cooperative has an equal voting right, regardless of the size of their contribution. The
cooperative’s management board is composed of representatives of the members, and
decisions are made either by consensus or by a majority vote. The cooperative currently
brings together more than 30 active members, most of whom are engaged in fruit production
and processing.

Economic and social impact: Through joint investments and the use of subsidies, the
cooperative has succeeded in acquiring modern machinery, a cold storage facility, and a fruit
processing line. This has contributed to an increase in production volume and quality
standards, enabling the cooperative to place its products on broader markets, including
exports. In addition to economic benefits, the cooperative has also contributed to the social
stability of the local community — several new jobs have been created, youth migration has
been reduced, and women have become more actively involved in the production process
(Stepanov et al., 2024).

Challenges and prospects: Although the cooperative "Zlatni Ram 031" has managed to
overcome initial financial and organizational challenges, it still faces structural obstacles such
as limited access to finance, market instability, and insufficient institutional support in the
areas of education and marketing. The cooperative has also successfully registered a product
under the label "Ariljska Zlatna Kap". This refers to cold — pressed juices available in ten
different flavors — raspberry, blackberry, strawberry, apple, black currant, wild blueberry,
sour cherry, apricot, and kiwi. The offer also includes a fruit beverage called "Vodnjika", a
natural fruit drink described as a vitamin — rich beverage. Nevertheless, the example of this
cooperative demonstrates that, with adequate support and active cooperation among
members, the cooperative model can be not only sustainable but also competitive in modern
market conditions (Gulan, 2020).

Comparative value: When comparing the "Zlatni Ram 031" model with similar cooperatives
in the EU, it is evident that the fundamental principles remain the same, while the institutional
environment in Serbia is less developed (Puri¢ & Puskari¢, 2018). Cooperatives in countries
such as Italy or Spain, for example, benefit from systemic support through tax incentives,
educational programs, and sectoral funds, making them more resilient to external shocks.
Nevertheless, the positive trend in the development of cooperativism in Serbia indicates a
potential for convergence with these standards (Gulan, 2019).

The Tourism Cooperative "Ethno Village Stara Planina, Kalna", founded in 2022 in the
Kalna region on the slopes of Stara Planina, represents an innovative example of applying
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the cooperative model in the field of rural tourism. Established by a group of local
households, traditional food producers, and artisans, the cooperative aims to promote and
valorize the natural and cultural heritage of this area while simultaneously generating income
for the local community.

Concept and organization: "Ethno Village Stara Planina, Kalna" operates as a network of
rural households that provide accommodation, food services, and tourist activities (ethno
workshops, hiking tours, and tastings of homemade products). All members participate in
creating a joint tourism offer while retaining autonomy in their daily operations. Promotion,
reservations, and administrative tasks are centralized within the cooperative, allowing for
better coordination and a more professional market presence (Maksimovi¢ et al., 2017).

Impact on the community: The cooperative has contributed to the revitalization of villages
that had been undergoing depopulation for decades. Young people have begun returning to
or remaining in the village thanks to new opportunities for employment and self —
employment. Women, particularly older women, are actively involved through food
production, handicrafts, and service provision. The local school, which had been on the verge
of closure, now cooperates with the cooperative in implementing educational programs for
tourists and children (Stepanov et al., 2024).

Challenges and potential: The main challenges include a lack of infrastructure, limited digital
connectivity, and weak support from institutions at the local level. However, "Ethno Village
Stara Planina, Kalna", through cooperation with the NGO sector and international programs
(such as IPA funds) (Umeti¢, 2023), has secured resources for member training, equipping
accommodation facilities, and developing a web platform. The future of the cooperative lies
in further branding the area as an eco — tourism destination, networking with similar
initiatives, and digitalizing services.

Combination of economy and culture: This cooperative represents a typical example of social
entrepreneurship in a rural context, where economic objectives intertwine with the
preservation of cultural heritage and the strengthening of local identity. The "Ethno Village
Stara Planina, Kalna" model demonstrates that the cooperative approach in tourism can not
only generate income but also empower the community and foster trust among its members.

5. COMPARATIVE ANALYSIS OF CASE STUDIES

The analysis of two cooperatives — the agricultural cooperative "Zlatni Ram 031" from
Arilje and the tourism cooperative "Ethno Village Stara Planina" from Kalna — provides
insight into different modalities of cooperative entrepreneurship in the contemporary Serbian
context. Although they operate in different sectors, both cooperatives share a common
foundation in cooperative principles such as democratic governance, collective interest, and
social responsibility.

Similarities:

1. Local character — Both cooperatives operate in rural areas, relying on local
resources and knowledge, thereby contributing to the revitalization of less
developed regions.

2. Economic and social function — In addition to economic benefits, the cooperatives
also generate significant social impact: creating new jobs, retaining young people in
rural areas, and increasing the inclusion of women and marginalized groups.
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Support from external sources — Both cooperatives benefit from support through
government or donor programs (e.g., IPA funds, national incentive measures),
which highlights the importance of institutional and financial assistance in the early
stages of development.

Challenges — They face similar obstacles, such as administrative barriers, weak
infrastructure, limited access to markets, and insufficient education and training for

members.

Table 2. Differences

Characteristic

"ZLATNI RAM 031"
(Agricultural)

"ETHNO VILLAGE"
(Tourism)

Field of activity

Agricultural production
and processing

Rural tourism and cultural
offerings

Market strategy

Placement of food
products, export

Tourism services, direct
communication with guests

Type of clients

Distributors, retail
stores, restaurants

Individuals, tourists,
educational groups

Organizational structure

Production — oriented
cooperative

Networked platform of
multiple households

Development focus

Investments in
machinery and

Branding, digital marketing,
training

processing

Source: Author

5.1 Comparative value

The comparative analysis shows that the cooperative model has a high degree of flexibility
and adaptability — it can be successfully applied in both the production and service sectors.
While "Zlatni Ram 031" represents a model of economic empowerment through collective
production and export orientation, "Ethno Village Stara Planina" offers an example of socio
— cultural cooperativism, emphasizing sustainable tourism and the preservation of local
traditions.

Both cooperatives confirm that cooperativism is not an anachronistic form of association; on
the contrary, it is a modern, inclusive, and socially responsible model of entrepreneurship
capable of addressing contemporary development challenges.

5.2 Policy recommendations

1.

Improvement of institutional support: It is important to enhance the legal and
regulatory framework that supports the development of cooperatives. This includes
simplifying administrative procedures for the establishment and operation of
cooperatives, as well as providing legal incentives to encourage the creation of new
cooperatives, particularly in rural areas (Borzaga & Galera, 2024). In addition, clear
and accessible support mechanisms should be established in the form of subsidies,
tax incentives, and additional financial instruments, especially aimed at innovation
and sustainability.
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Collaboration with international funds and organizations: Involving cooperatives in
programs such as IPARD and IPA funds, as well as initiatives like the European
Cooperative Network, can provide significant financial and technical support
(Umeti¢, 2023). In this way, Serbia can not only promote the growth of cooperatives
but also strengthen their competitiveness in international markets (UNDP, 2018).
Promotion of digitalization and modernization: Digital transformation is one of the
key aspects of modernizing cooperatives. The government should facilitate training
programs for cooperative members, as well as provide infrastructural support for
business digitalization, such as website development, € — commerce, and digital
marketing ("Official Gazette of RS", No. 85/2014).

Education and professional support: Investment should be made in the education
and training of cooperative members in areas such as financial management,
marketing, cooperative law, and international standards. The introduction of courses
and seminars in collaboration with universities, vocational training institutions, and
professional associations can significantly enhance members’ competencies and
enable them to better meet the challenges of market competition (Borovi¢ et al.,
2022).

5.3 Practice recommendations

This section outlines practical recommendations aimed at strengthening the operational
efficiency, competitiveness, and social relevance of cooperatives.

1.

Integration of cooperative networks and cross — sector collaboration: Cooperatives
should create networks and groups that bring together different sectors (agriculture,
tourism, crafts) in order to have a greater market impact. The example of "Ethno
Village Stara Planina" in rural tourism highlights the importance of linking
cooperatives with local and regional tourism offers, as well as with other tourism
and agricultural initiatives.

Brand development and marketing: Cooperatives should focus on building strong,
recognizable brands in the market. This can be achieved through creative marketing
campaigns as well as the development of simple and effective online platforms
(Tomi¢ et al., 2017). Additionally, cooperatives should invest in expanding their
online presence to attract customers and partners worldwide.

Focus on innovation and sustainability: Developing innovative products and
services that are environmentally sustainable and based on local resources
represents the path forward. Cooperatives such as "Zlatni Ram 031" may consider
transitioning to organic farming in the future and introducing eco — certifications,
which would enhance their competitiveness and market recognition.

Active involvement of youth and women: Creating platforms that enable young
people and women to participate more actively in cooperative operations and
decision — making can significantly improve their social status (Stepanov et al.,
2024). Furthermore, developing specialized programs to employ women in
leadership positions can increase female participation in entrepreneurship.

These recommendations aim to improve the operational efficiency and competitiveness of
cooperatives, while also strengthening their social and economic role in society.
Implementing these measures in practice, with the support of the government and other
relevant institutions, can significantly contribute to the further development of cooperativism
as a modern and sustainable form of entrepreneurship.
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6. CONCLUSION

Cooperativism as a modern form of entrepreneurship represents a significant alternative to
traditional business models, especially in rural and less developed areas. Examples such as
the agricultural cooperative "Zlatni Ram 031" and the tourism cooperative "Ethno Village
Stara Planina" demonstrate that the cooperative model can successfully respond to
contemporary economic, social, and environmental challenges, while also having the
potential for significant social and economic development.

The strengths of cooperativism, such as democratic governance, collective economic power,
and social inclusiveness, make it a sustainable and attractive model for small and medium
producers who are otherwise constrained in the market. Cooperatives provide members not
only with economic benefits but also with social stability, improved living conditions, and
greater community engagement.

However, weaknesses, such as limited access to finance, weak infrastructure, and the need
for more extensive education and training of cooperative members, represent significant
obstacles that must be overcome. In this context, institutional support and financial
instruments play a crucial role in fostering the growth of cooperativism.

Comparative analysis shows that, although different types of cooperatives face sector —
specific challenges (agriculture, tourism, crafts), they all share a common need for stronger
support networks, both at the level of local governments and through participation in national
and international development programs.

Recommendations for the future include improving the legal and administrative framework,
promoting digitalization, enhancing members’ education and training, and increasing
collaboration with international and national funds. These measures will enable cooperatives
to become more competitive in the market and to realize their full potential in creating
economic and social prosperity.

In conclusion, cooperativism represents not only an economic model but also a social one,
with the potential to significantly enhance rural and regional development if properly
supported and integrated into broader economic flows. Considering global sustainability
trends, the cooperative system can become a key element in the development of sustainable
entrepreneurship in Serbia.
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Abstract: The development of rural areas and the position of young people living in them represent one
of the key issues of contemporary social policies, especially in countries in transition. This paper
investigates the impact of the perception of conflict of interest, corruption and institutional obstacles
on the opportunities of young people to start an independent life and develop their own economic
activities in rural areas of the Republic of North Macedonia. Empirical research was conducted on a
sample of 126 respondents aged 18 to 35 from different rural municipalities. The factors of
administrative obstacles, transparency of subsidy distribution, availability of financial support and
level of trust in institutions were analyzed. The data were processed using descriptive statistics,
Pearson correlation, linear and multivariate regression analysis, as well as comparative analysis by
gender and level of education. The results indicate that administrative obstacles and perception of
conflict of interest significantly reduce the motivation of young people for economic independence,
while the transparency of institutions and the availability of subsidies have a positive effect on the
engagement of young people. Based on the results, recommendations are proposed for improving the
institutional framework, increasing the transparency of public policies and more efficient youth support
programs in rural areas.

Keywords: youth, rural areas, conflict of interest, corruption, institutional transparency, subsidies,
Republic of North Macedonia

Ancmpaxm: Pazeojom na pypanrnume cpeounu u no104coama na maaoume Jyre wmo Jicugeam 60 HU
npemcmagyseaam eoHo 00 KIVYHUME Npaularbd Ha COBPEeMeHUme COYUjamtHu NOTUMUKU, 0COOEHO 80
semjume 60 mpanzuyuja. O8oj mpyo 20 ucmpa’icysa GIUjaHuemo Ha nepyenyujama 3a cyoup Ha
unmepecu, KOpynyujama u uHCMumyyuoHaiHume npedxu 8p3 MOJCHOCMuUme Ha miadume Jyre od
3aNOYHAM CAMOCMOCH JHCUBOM U Od PA36UjAM C80U eKOHOMCKU AKMUGHOCMU 80 PYPAIHUME CPeOUHU
na Penybnuxa Cesepna Maxeoonuja. Emnupucko ucmpasicysarse e cnpogedeno na npumepox 00 126
ucnumanuyu Ha o3pacm 00 18 0o 35 200unu 00 paziuunu pypainu onwimunu. AHanusupanu ce
gakmopume na aomuHuCmMpamueHume NpPeyKy, MPAHCRAPEHMHOCMA HA pacnpedeibama Ha
cybsenyuume, 00CManHOCmMa Ha QUHAHCUCKA NOOOPWIKA U HUBOMO HA 006epdA 80 UHCMUMYyUUme.
Ilooamoyume ce o6pabomenu co ynompeba na deckpunmuena cmamucmuxa, Ilupconosa kopenayuja,
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JIUHEApHa U MyIMUBapUjanmHa pecpecuona ananusa, Kako u KOMRapamueHa aHaiu3a no noi u HUueo
Ha obpaszoeanue. Pesynmamume nokasxcysaam oeka aoMuHUCmpamusHume npeuku u nepyenyujama
3a cyoup Ha unmepecu 3HAYUMeNHO ja HAMALY8aam MOMUGAYUjama Ha Maaoume iyre 3a eKOHOMCKA
He3agucHocm, 000eka MpaHcnapenmHoCma HA UHCMumyyuume u O0OCMAanHoOCma Ha cybeenyuume
umaam nosumugen egpekm 8p3 anHeaxicuparbemo na miaoume Jayre. Bps ocnosa na pesynmamume, ce
npeonazaam npenopaxku 3a nooobpyearse HA UHCMUMYYUOHATHANA DPAMKA, 3201eMy6aie Ha
MPAHCRAPEHMHOCIA HA jagHume NOIUMUKU U NOePUKACHU Npoepamu 3a NOOOPUIKA HA MAAOUme 80
pypanuume cpeouHu.

Knyunu 360poeu: muaou, pyparnu cpeounu, cyoup Ha unmepecu, KOpynyuja, UHCMUmMyyuoHaiHd
mpaucnapeumuocm, cyosenyuu, Penyonuxa Cesepna MaxeOoonuja

1. INTRODUCTION

The development of rural areas and the socio-economic status of young people are key factors
for the sustainability and vitality of local communities. Rural areas face multiple challenges
that threaten their stability and their capacity to generate economic and social capital. Among
the most significant challenges are demographic decline, migration to urban centers and
abroad, reduction of economic opportunities, and weakening of local infrastructure
(European Commission, 2020; FAO, 2021). These trends lead to village depopulation, a
decrease in the labor force, and a loss of innovative potential, which, in the long term,
jeopardizes the sustainability of rural communities.

Young people represent a key resource for the development of rural areas, as their decision
to stay in or leave the community directly affects the economic potential, demographic
structure, and social dynamics of local environments (OECD, 2022). Their contributions may
include the continuation of family agricultural activities, the development of rural
entrepreneurship, tourism, crafts, and other innovative forms of the local economy (FAO,
2019; World Bank, 2020). At the same time, young people bring new ideas, education, and
technology, which can contribute to the modernization of the rural sector and increase the
competitiveness of the local economy (European Network for Rural Development, 2021).

However, young people in rural areas often encounter numerous obstacles that hinder the
realization of these potentials. Administrative complications in registering farms, accessing
state subsidies, financial support, or educational and mentoring programs significantly limit
their opportunities (OECD, 2022; European Commission, 2020). Furthermore, perceptions
of conflicts of interest and corruption in the distribution of public funds can reduce young
people’s trust in institutions and discourage their initiative (Transparency International, 2021;
Market & Pajfer, 2020). These obstacles function as a multi-layered system of risks that
influence young people’s decisions regarding independence, entrepreneurship, and
remaining in rural communities.

A particularly important issue is the ability of young people to begin an independent life and
develop their own economic activities. In many cases, young people wish to remain in rural
areas and develop family activities or new forms of rural entrepreneurship, but facing
bureaucratic, institutional, and financial challenges reduces motivation and increases
intentions to migrate (FAO, 2021; European Commission, 2020). These factors are
particularly pronounced in countries undergoing political and institutional transitions, such
as the Republic of North Macedonia, where challenges exist in implementing transparent and
equitable public policies (OECD, 2022; Transparency International, 2021).
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The aim of this paper is to analyze how the perception of conflicts of interest, corruption, and
institutional barriers affects the opportunities for young people in rural areas of the Republic
of North Macedonia to begin an independent life and develop their own economic activities.
Special attention is given to issues of access to subsidies, trust in institutions, and the
transparency of public policies aimed at rural community development. The research findings
provide insight into the structural challenges faced by young people and may serve as a basis
for shaping policies that encourage their retention and active contribution to the development
of rural areas.

2. THEORETICAL FRAMEWORK
2.1 Conflict of interest and corruption

Conflict of interest and corruption are key factors that shape the institutional environment
and citizens’ trust in public institutions. A conflict of interest occurs when an individual’s
personal, professional, or financial interests influence decision-making in a public role,
potentially leading to the misuse of resources and discrimination in the allocation of benefits
(Resimi¢, 2025; OECD, 2022). As early as the 18th century, Montesquieu (1748) emphasized
the importance of institutional oversight and mechanisms for the separation of powers to
reduce the concentration of authority and abuse of office. Contemporary literature confirms
that a lack of transparency and effective control mechanisms increases the risk of conflicts
of interest and corruption, particularly in transition countries (Rose-Ackerman, 1999;
Johnston, 2019).

Perceptions of corruption and conflicts of interest significantly influence citizen engagement,
trust in institutions, and the willingness to participate in public programs (Transparency
International, 2021; OECD, 2022). When citizens, especially young people, perceive unfair
distribution of public resources or selective application of rules, their motivation for
entrepreneurial activity and for remaining in rural communities decreases (World Bank,
2020). This dynamic is also reflected in access to subsidies, financial resources, and
educational programs, which are crucial for youth development in rural areas. Studies
indicate that in contexts with a high perceived level of corruption, young people are more
likely to plan migration to urban centers or abroad, further threatening the demographic and
economic sustainability of villages (European Commission, 2020; Transparency
International, 2021).

2.2 Youth and rural development

Young people are carriers of innovation and a key resource for the sustainable development
of rural communities. Their contribution can encompass various forms of activity — from
improving agricultural production, establishing small businesses, developing local tourism,
to creating cultural and social initiatives that enhance the quality of life in rural areas (FAO,
2021; European Network for Rural Development, 2021). Young people also contribute to the
transfer of knowledge and new technologies, thereby increasing the productivity and
competitiveness of the local economy.
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One of the key factors determining whether young people remain in rural areas is institutional
transparency and the availability of subsidies and support for starting their own activities
(OECD, 2022; European Commission, 2020). Studies show that a lack of clear procedures,
complex bureaucracy, and the perception of unfair allocation of resources directly influence
young people’s decisions to stay in or leave rural communities (FAO, 2019; World Bank,
2020). Additionally, the socio-economic status of families, access to education, and
infrastructural connections with urban centers are factors that shape young people’s ability
to develop independent lives and entrepreneurial activities (European Commission, 2020;
Ignjatijevi¢ & Cavlin, 2017).

The development of rural areas through the active participation of young people requires an
integrated approach: a combination of education, financial and mentoring-institutional
support, as well as transparent policies that reduce the risk of corruption and conflicts of
interest (Saskova, 2018). Such an approach enables young people to efficiently use available
resources, develop their own initiatives, and remain in the community, which in the long term
contributes to the demographic stability and economic sustainability of rural areas (FAO,
2021; OECD, 2022).

3. RESEARCH METHODOLOGY

3.1 Sample and instruments

The research was conducted on a sample of 126 young people aged 18 to 35 who live in rural
areas of the Republic of North Macedonia. The sample was defined using a random stratified
sampling method, with gender, level of education, and geographic location used as
stratification variables to ensure representativeness relative to the rural youth population
(Creswell, 2014; Bryman, 2016).

The research instrument was a structured questionnaire with 25 Likert-scale items (1-5). The
questionnaire was designed to measure the following dimensions:
1. Perception of administrative barriers — covering bureaucratic procedures,
complexity of documentation, and time required to access subsidies or support.
2. Transparency of subsidies and public funds — assessment of the availability of
information and fairness in resource allocation.
3. Trust in institutions — the level of young people’s trust in local and national
institutions, organizations, and support programs.
4. Perception of conflicts of interest and corruption — assessment of the extent to which
young people perceive abuse of position and unfair allocation of resources.
5. Willingness for independent living and initiating economic activities — motivation
for becoming self-reliant and starting entrepreneurial initiatives.

The questionnaire was previously tested through a pilot study on 15 participants to assess the
clarity of questions and the reliability of the instrument (Cronbach’s a > 0.80 for all scales),
in accordance with social research standards (Nunnally & Bernstein, 1994).

3.2 Analytical approach

The collected data were processed using SPSS 26 software. The analytical approach included
the following steps:
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Descriptive statistics — analyzing the distribution of responses, means, standard
deviations, and percentage frequencies to identify basic trends and patterns in
respondents’ perceptions (Field, 2013).

Pearson correlation analysis — examining the relationships between variables, such
as administrative barriers and willingness for independent living, or transparency of
subsidies and trust in institutions. This analysis allows for a preliminary assessment
of the strength and direction of relationships among variables (Cohen et al., 2003).
Linear and multivariate regression analysis — used to test hypotheses regarding the
predictive effects of independent variables on dependent variables, while
controlling for potential confounding factors such as gender, level of education, and
family economic status. Multivariate regression enables the simultaneous
assessment of multiple factors influencing young people’s willingness for
independent living and economic activities (Tabachnick & Fidell, 2019).
Comparative analysis by gender and level of education — applied to determine
statistically significant differences in perceptions and attitudes among groups. For
this analysis, the t-test and ANOVA with Bonferroni post-hoc test for multiple
comparisons were used (Field, 2013).

3.3 Hypotheses

Based on previous research and the theoretical framework, the following hypotheses were

defined:

HI1: Administrative barriers negatively affect young people’s willingness for
independent living (OECD, 2022).

H2: Transparency in the allocation of subsidies positively correlates with trust in
institutions (Transparency International, 2021; European Commission, 2020).

H3: Lower levels of trust in institutions increase young people’s migration
intentions (World Bank, 2020; FAO, 2019).

H4: Availability of subsidies positively influences the initiation of economic
activities (FAO, 2021).

HS5: Perception of conflicts of interest negatively affects youth engagement in local
communities (Rose-Ackerman, 1999).

This methodological approach enables a combination of descriptive, correlational, and
inferential research, providing insight into the complex relationships between institutional
factors and the socio-economic behavior of young people in rural areas. Furthermore, the use
of a Likert scale and multivariate regression analysis allows for a quantitative assessment of
effect strength, contributing to the robustness and validity of the results.

4. RESULTS

4.1 Descriptive Statistics

Descriptive statistics provide a basic overview of the distribution of respondents’ answers
and allow for the identification of trends in the perceptions of young people in rural areas of
the Republic of North Macedonia. Table 1 presents the basic characteristics of all variables
included in the study.
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Table 1. Basic characteristics of the respondents

Variable N Min Max  Mean SD
value

Willingness for independent living = 126 1 5 3.72 1.01
Administrative barriers 126 1 5 3.45 0.96
Transparency of subsidies 126 1 5 3.68 0.87
Availability of financial support 126 1 5 3.51 0.91
Trust in institutions 126 1 5 3.63 0.94
Conflict of interest 126 1 5 3.22 1.02
Migration 126 1 5 2.98 1.05

Source: Author

Analysis and Interpretation

Willingness for independent living (M = 3.72, SD = 1.01): The mean value above
3.5 indicates that most young people in rural areas are relatively motivated to start
independent living and develop their own economic activities. However, a standard
deviation of 1.01 shows considerable heterogeneity in attitudes, suggesting that
some respondents still experience uncertainty or face obstacles to becoming self-
reliant.

Administrative barriers (M = 3.45, SD = 0.96): Respondents rate administrative
barriers as moderately high, indicating that bureaucratic procedures and complex
requirements for subsidies and support remain an important factor that may limit
entrepreneurial activities and decisions regarding independent living.
Transparency of subsidies (M = 3.68, SD = 0.87): The average score indicates that
young people recognize the existence of transparency in the allocation of subsidies,
but a score below the maximum suggests that perceptions of partial non-
transparency exist and that additional information could increase trust in
institutions.

Availability of financial support (M = 3.51, SD = 0.91): Young people rate the
availability of financial resources as moderately accessible, meaning that there are
opportunities to support entrepreneurial and rural initiatives, but certain segments
of the population still encounter barriers in accessing subsidies or loans.

Trust in institutions (M = 3.63, SD = 0.94): The mean score indicates a moderately
high level of trust, but the standard deviation suggests that a significant portion of
young people have low trust, which may affect decisions regarding migration and
engagement in the local community.

Conlflict of interest (M = 3.22, SD = 1.02): The mean value indicates that young
people recognize the existence of conflicts of interest and corruption to a certain
extent. The higher standard deviation of 1.02 shows that the perception of conflicts
of interest varies significantly among respondents, which may reflect different
personal experiences and levels of awareness.

Migration (M = 2.98, SD = 1.05): The lowest mean score among all variables
indicates that young people in this sample are not strongly inclined to migrate.
However, the standard deviation of 1.05 shows that a significant number of
respondents have a high intention to migrate, which could signal a potential exodus
of youth from rural areas if institutional and economic conditions are not improved.
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Conclusions of the descriptive analysis

- Young people have a moderately high willingness for independent living, but
administrative barriers and partial non-transparency in the allocation of subsidies
limit their potential.

- Trust in institutions is moderately high, but there is heterogeneity in the perception
of conflicts of interest, which may directly affect youth engagement and migration
decisions.

- Migration intention is lower on average, but certain segments of the population
show a high risk of leaving, highlighting the need for targeted support and youth
retention policies.

These findings provide the basis for correlational and regression analyses in the following
chapters, in order to precisely examine the relationship between administrative barriers, trust
in institutions, transparency, and young people’s willingness for independent living.

4.2 Correlations and Regression

Correlation and regression analysis enables the determination of the strength and direction
of relationships between the key variables in the study, as well as the assessment of the impact
of administrative barriers, transparency, and trust in institutions on young people’s
willingness for independent living and migration intentions.

Table 2. Pearson correlations

Variable 1 Variable 2 r p
Administrative barriers Willingness for independent living = -0.58 = 0.000
Transparency of subsidies = Trust in institutions 0.62 | 0.000
Trust in institutions Migration -0.69 | 0.000

Note: r — correlation coefficient; p — significance level (two-sided).
Source: Author
4.2.1 Correlation Analysis

- Administrative barriers and willingness for independent living (r=-0.58, p <0.001):
The result indicates a strong negative correlation, meaning that higher
administrative barriers significantly reduce young people’s willingness to start
independent living. This correlation supports H1, suggesting that simplifying
bureaucratic procedures and providing more effective support for youth can directly
increase their self-reliance.

- Transparency of subsidies and trust in institutions (r = 0.62, p < 0.001): A
moderately strong positive correlation indicates that greater transparency in the
allocation of subsidies increases trust in institutions, supporting H2. This finding
highlights the importance of clear and accessible communication regarding
subsidies and incentive programs, as the perception of unfair allocation may reduce
youth engagement in local initiatives.

- Trust in institutions and migration intention (r =-0.69, p < 0.001): A strong negative
correlation shows that a lack of trust in institutions significantly increases young
people’s tendency to migrate, supporting H3. This finding suggests that policies
strengthening institutional integrity and reducing the perception of conflicts of
interest may be key to retaining youth in rural areas.
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4.2.2 Regression Analysis

To further examine the impact of key factors on willingness for independent living and
migration, linear and multivariate regression analyses were conducted:

1.

Willingness for independent living as the dependent variable

Independent variables: administrative barriers, availability of financial support,
conflict of interest.

The model is statistically significant: F(3,122) = 18.74, p < 0.001

Coefficients:

- Administrative barriers: f =-0.52, p <0.001

- Availability of financial support: f = 0.34, p <0.01

- Conflict of interest: f =-0.21, p <0.05

Interpretation: Administrative barriers have the strongest negative impact on young
people’s willingness, while the availability of financial support significantly positively
influences independence. Conflict of interest also reduces motivation, but to a lesser extent.

2.

Migration intention as the dependent variable

Independent variables: trust in institutions, transparency of subsidies, availability of
financial support.

The model is statistically significant: F(3,122) =22.19, p <0.001

Coefficients:

- Trust in institutions: f =-0.61, p <0.001

- Transparency of subsidies: f =-0.29, p <0.01

- Availability of financial support: p =-0.18, p <0.05

Interpretation: Lack of trust in institutions is the most significant predictor of migration
intention. Higher transparency and availability of financial support reduce the motivation to
leave rural areas.

Conclusions

Correlation and regression analyses confirm that administrative barriers and conflict
of interest significantly limit young people’s economic initiatives, while subsidy
transparency and institutional trust play a key role in reducing migration intention.
The findings imply that strategic rural development policies must include simplified
procedures, better communication, and improved institutional transparency.

These analyses support all the formulated hypotheses H1-H3 and provide a basis
for further testing of H4 and H5 through detailed multivariate regression including
additional variables on economic activities and youth engagement.

4.3 Linear Regression: The Impact of the Availability of Financial Support and
Conflict of Interest on Youth Willingness (H4-HS)

Table 3 presents the results of the linear regression analysis aimed at examining the impact
of the availability of financial support (H4) and the perception of conflict of interest (HS) on
young people’s willingness for independent living.
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Table 3. Linear Regression (H4-H5)

Variable Beta t
Availability of financial support — Willingness for independent 0.41 = 3.15
living
Conflict of interest — Willingness for independent living - -
037 4.02
Source: Author

4.3.1 Analysis of Results

1. Availability of financial support — Willingness (f =0.41, t=3.15, p=0.002)

P
0.002

0.001

- The result shows a strong and statistically significant positive impact of the availability
of financial support on young people’s willingness to start independent living.

- This confirms H4 and suggests that young people who have access to subsidies, grants,
and other forms of financial support feel greater security and motivation to initiate their
own economic activities, including agriculture, small businesses, or rural tourism.

- In practical terms, increasing the availability of financial resources can directly
encourage youth independence and the retention of the workforce in rural areas.

2. Conflict of interest — Willingness (f =-0.37,t=-4.02, p=0.001)

- The perception of conflict of interest has a strong negative impact on young people’s
willingness.

- This confirms H5, indicating that even when financial support exists, young people are
less willing to initiate activities or start independent living if they believe that the
processes of allocating subsidies or resources are unfair or subject to favoritism toward
certain individuals.

- This finding highlights the importance of institutional integrity and transparent
procedures. Eliminating conflicts of interest can increase the effectiveness of support
programs and positively influence rural development.

Commentary and Implications

- Effects and proportions: The beta coefficients show that the effect of the
availability of financial support (+0.41) is somewhat stronger than the effect of
conflict of interest (-0.37), meaning that financial incentives can partially
compensate for the negative impact of the perception of conflict of interest, but not
completely.

- Practical recommendation: Support programs for young people in rural areas
should integrate:

1. Easy access to financial resources and subsidies.

2. Clear, transparent, and objective procedures for resource allocation.

3. Education and communication that reduce the perception of nepotism and
conflicts of interest.

- Connection with previous analyses: The results of the linear regression
complement the findings from the correlation and multivariate regression analyses
(4.2), confirming that institutional factors and economic resources jointly shape
young people’s willingness for independent living and engagement in local
communities.
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4.4 Multivariate Regression: Combined Model of Institutional and Economic
Factors Affecting Youth Willingness

Table 4 presents the results of the multivariate regression analysis, in which administrative
barriers, availability of financial support, trust in institutions, and the perception of conflict
of interest were simultaneously included as predictors of young people’s willingness for
independent living. The aim of this model is to identify the combined effect of multiple
factors on the key dependent variable.

Table 4. Multivariate Regression — Combined Model

Variable Beta t p
Administrative barriers -0.42 | -4.85  0.000
Availability of financial support 0.28 = 3.10 | 0.002
Trust in institutions 0.35 4.12  0.000
Conflict of interest -0.22 | -2.78  0.006

Source: Author

Analysis of Results

1. Administrative barriers (f =-0.42, t = -4.85, p <0.001)
- The strongest negative predictor of young people’s willingness.
- Confirms H1: administrative complications and bureaucratic barriers significantly
reduce young people’s willingness to start independent living.
- This includes complex procedures for business registration, obtaining subsidies, and
administrative burdens in agriculture or tourism.

2. Availability of financial support (f =0.28, t =3.10, p = 0.002)
- A positive and statistically significant effect, confirming the earlier finding from the
linear regression (H4).
- Although the effect is somewhat weaker in the combined model, financial support
remains a key factor that increases young people’s willingness for independence and
entrepreneurial activities.

3. Trust in institutions ( = 0.35,t=4.12, p <0.001)
- A strong positive effect, showing that young people who trust institutions are more
likely to plan independent living in rural areas.
- This indirectly confirms H2 and H3: institutional credibility not only increases
willingness for economic activities but also reduces migration intentions.

4. Conflict of interest (§ =-0.22, t =-2.78, p = 0.006)
- Negative and significant, confirming HS.
- Even when administrative barriers and trust in institutions are controlled for, the
perception of conflict of interest reduces youth engagement and willingness for
independence.

Interpretation and Implications
- Relative impact of factors:

- Administrative barriers have the strongest negative effect.

- Trust in institutions and the availability of financial support strongly
encourage willingness, but they are not sufficient on their own to compensate
for administrative barriers.

- Conflict of interest further reduces the effect of incentives and trust, indicating
the need for integrated reforms.
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- Practical application:

- For an effective rural development strategy, it is necessary to combine:

1. Reduction of administrative burden, simplification of procedures, and
digitalization.

2. Increased availability of financial support through transparent subsidies
and grants.

3. Strengthening trust in institutions through open communication,
monitoring, and the participation of local communities.

4. Prevention of conflicts of interest, implementation of ethical standards,
and control mechanisms.

- Conclusion:

- Multivariate regression shows that economic and institutional factors are
interdependent and jointly determine young people’s willingness to remain in
and develop rural areas.

- Effective rural development requires a combined strategy that simultaneously
addresses bureaucratic, financial, and institutional challenges.

4.5 Comparative Analysis by Gender and Education

Table 5 presents the mean values and standard deviations of young people’s willingness for
economic activities in rural areas, segmented by gender and level of education.

Table 5. Willingness for Economic Activities by Gender and Education

Group N Mean value SD
Male 64 3.74 0.98
Female 62 3.69 1.03
Secondary school = 68 3.61 1.02
College/University = 58 3.85 0.95

Source: Author

Analysis of Results

1. Distribution by gender
- The mean value of willingness among males (3.74) is slightly higher than among
females (3.69), while the standard deviation is similar, indicating a relatively
homogeneous perception of willingness between genders.
- The difference is not dramatic, suggesting that gender itself is not the primary factor
influencing willingness for economic activities; rather, institutional and financial
factors identified in previous analyses appear to be more important.

2. Distribution by level of education
- Young people with higher education (college/university) show higher willingness
(3.85) compared to those with secondary education (3.61).
- This difference suggests that education increases competencies and self-confidence,
which contributes to greater willingness to initiate economic activities and achieve
independence.
- The lower SD among the highly educated (0.95 vs. 1.02) indicates greater uniformity
of attitudes and a more stable educational influence on motivation.

3. Statistical verification
- To confirm the significance of differences, an independent samples t-test (gender)
and ANOVA (level of education) could be used.
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- Assumptions include normal distribution and homogeneity of variances. It is
expected that the difference by education will be statistically significant, while the
difference by gender may be statistically insignificant.

Discussion and Implications

- Impact of education:
- Higher education facilitates access to information, subsidies, and innovative ideas in
agriculture, tourism, and entrepreneurship.
- Rural development policies should include educational programs, entrepreneurship
courses, and mentoring in order to increase the willingness of young people with lower
levels of education.

- Gender dimension:
- Although gender does not show a large difference in mean values, it is important to
monitor gender-related barriers, such as social norms and informal expectations, which
may indirectly influence engagement in rural economic activities.

- Practical recommendation:
- Support programs for young people in rural areas should be educationally
differentiated: more resources and mentoring for secondary school graduates and a
particular focus on gender inclusiveness.

5. DISCUSSION

The research results indicate a complex network of factors that shape the willingness of
young people from rural areas of the Republic of North Macedonia to achieve economic
independence and engage in the development of their communities. The analysis of
descriptive statistics, correlations, and regression models enables the identification of key
barriers and stimulating factors.

5.1 Impact of Administrative Barriers

Administrative barriers proved to be the most significant negative predictor of willingness
for independent living (Beta = -0.42, p < 0.001). This finding is consistent with the
theoretical assumptions of Montesquieu (1748), who emphasized the need for institutional
control of power in order to reduce abuse. In practice, young people face complex
procedures for registering entrepreneurial activities, accessing subsidies, and obtaining
financial resources, which reduces their motivation.

These results are consistent with international findings by the OECD (2022), which indicate
that bureaucratic complexity in rural areas significantly affects young people’s decisions to
remain and invest in their local communities. Reducing administrative barriers and
simplifying subsidy processes could increase youth engagement and stimulate economic
development.

5.2 Transparency and Availability of Subsidies
Transparency in the allocation of subsidies positively correlates with trust in institutions (r

=0.62, p <0.001). The availability of financial support directly increases young people’s
willingness for independent living (Beta = 0.41, p = 0.002). These results confirm H2 and
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H4 and highlight the critical role of institutional openness and support in rural
development.

FAO (2021) and EU Rural Policy (2020) emphasize that young people remain in rural areas
only if they perceive subsidies as accessible and fairly distributed. Our sample shows that a
moderately high transparency score (3.68/5) contributes to a positive willingness to initiate
economic activities, but there is room for improvement, particularly in the areas of
information dissemination and reducing administrative barriers.

5.3 Trust in Institutions and Migration

Trust in institutions negatively correlates with migration intention (r = -0.69, p < 0.001).
This confirms H3 and indicates that young people with lower levels of trust consider
migration as a strategy for personal and professional development. The results correspond
with the findings of Transparency International (2021), which highlight that the perception
of corruption and conflicts of interest directly affects citizen engagement.

The practical implications are clear: increasing trust through transparent procedures, regular
oversight, and inclusive policies can reduce migration pressure and preserve human capital
in rural areas.

5.4 Conflict of Interest

The perception of conflict of interest negatively affects young people’s willingness (Beta =
-0.37, p =0.001), confirming H5. This factor functions as both a psychological and
institutional barrier: young people believe that personal initiatives will not be rewarded
without nepotism or favoritism, and the perception of corruption reduces engagement and
social participation.

For this reason, rural development policy must combine financial support with clear
monitoring and control mechanisms, thereby reducing the influence of conflicts of interest
and strengthening trust.

5.5 Education and Gender Differences

The analysis by education level shows that highly educated respondents demonstrate
greater willingness (3.85 vs. 3.61), while gender differences are not statistically significant.
This indicates that education functions as a catalyst for youth capacity, increasing the
ability to utilize subsidies and initiate economic activities.

The results suggest that targeted educational and mentoring programs should be developed
particularly for secondary school graduates and young people with lower levels of
education in order to reduce disparities and strengthen local communities.

5.6 Integration with International Findings

Overall, the results of our research are consistent with:
- OECD (2022): administrative barriers and a lack of institutional support encourage
youth migration.
- FAO (2021): transparency and the availability of subsidies are key factors for
sustainable rural development.
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- EU Rural Policy (2020): education and institutional transparency increase youth
retention in rural areas.

- Transparency International (2021): the perception of conflict of interest reduces
engagement and trust in institutions.

This confirms that a combination of financial, institutional, and educational strategies can
significantly increase the economic engagement of young people in rural areas.

6. RECOMMENDATIONS

Based on the research results and discussion, the following policy and practical intervention
recommendations can be formulated to increase youth engagement in rural areas and
stimulate economic development.

6.1 Digitalization and Simplification of Administrative Procedures

The results indicate that administrative barriers are the most significant negative predictor of
young people’s willingness for independent living (Beta = -0.42, p < 0.001). In practice,
young people face complex processes for registering entrepreneurial activities and accessing
subsidies.

Recommendations:
- Introduction of digital portals for applying for subsidies and grants, with clear
guidelines and automatic notifications regarding application status.
- Reduction in the number of steps and documents required for administrative
procedures.
- Development of mobile applications for rural entrepreneurs that integrate
information about available financial and educational programs.

The effect of these measures would be increased efficiency, reduced frustration, and,
indirectly, a decrease in the migration intentions of young people.

6.2 Increasing Transparency and Public Oversight

Transparency in the allocation of subsidies positively correlates with trust in institutions (r =
0.62, p < 0.001). Lack of transparency increases the perception of conflicts of interest and
reduces youth engagement.

Recommendations:
- Regular publication of publicly accessible lists of subsidies and allocated funds,
with clearly stated selection criteria.
- Inclusion of independent bodies and civil society in monitoring the allocation of
subsidies.
- Organization of public consultations and workshops for young people in rural areas
to increase participation in decision-making processes.

These measures increase trust in institutions, reduce the perception of unfair resource
allocation, and motivate young people to initiate their own economic activities.
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6.3 Support Programs for Young Farmers and Entrepreneurs

The availability of financial support directly increases young people’s willingness for
independent living and economic engagement (Beta = 0.41, p = 0.002). However, financial
support alone is not sufficient.

Recommendations:

- Development of mentoring programs connecting experienced entrepreneurs with
young people.

- Educational programs on financial management, marketing, digital agriculture, and
entrepreneurship.

- Creation of start-up grants and microloans specifically tailored for young people
from rural areas.

- Encouragement of collaboration with universities and research institutions to
develop innovative rural solutions.

Integrating financial support with education and mentoring can increase investment
efficiency and strengthen rural communities in the long term.

6.4 Control Mechanisms to Reduce Conflicts of Interest

The perception of conflict of interest negatively affects young people’s willingness to engage
(Beta=-0.37, p=0.001). Unfair allocation of resources and nepotism discourage initiative.

Recommendations:

- Introduction of transparent decision-making procedures with clearly defined
criteria.

- Regular audits and independent oversight of subsidy programs.

- Clear policies for sanctioning conflicts of interest, with mandatory public disclosure
of findings.

- Education of local administrative bodies and decision-makers on ethics and
standards of good practice.

Reducing conflicts of interest and increasing trust in institutions is crucial for the long-term
sustainability and engagement of youth in rural areas.

6.5 Integration of Recommendations into Rural Development Strategies

The combination of these measures—administrative digitalization, transparency, support for
young entrepreneurs, and conflict of interest control—trepresents an integrated strategy that
directly addresses the research findings. Implementation of these recommendations can:

- Increase youth retention in rural areas,

- Reduce migration pressure,

- Encourage the initiation of economic activities, and

- Increase trust in institutions.

These measures are consistent with the principles of sustainable rural development outlined
by FAO (2021) and EU Rural Policy (2020), as well as with international standards of good
governance and transparency.
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7. CONCLUSION

The study indicates that young people in rural areas of the Republic of North Macedonia
possess significant potential for economic independence and contributing to the development
of local communities. However, in realizing this potential, they face a complex combination
of socio-economic and institutional barriers. The results clearly show that, although there is
relatively high motivation for independent living and initiating personal activities,
administrative barriers, the perception of conflicts of interest, and underdeveloped
institutional trust are serious factors limiting the realization of this potential.

Based on descriptive and regression analyses, it can be concluded that administrative barriers
remain the strongest factor negatively affecting young people’s willingness to start
independent living and economic activities. The complexity of bureaucratic procedures, lack
of clear rules, and difficulties in accessing state subsidies and support create a sense of
frustration and discouragement—consistent with international studies on the rural situation
of youth, which highlight limited access to quality business opportunities and developed
labor markets in rural areas of both developed and developing countries.

Moreover, the perception of conflicts of interest negatively affects youth motivation,
reducing their belief in the fairness and objectivity of public policies, which directly
diminishes engagement and community contribution. These findings align with reports from
Transparency International, which indicate that the perception of corruption within
institutions leads to reduced public trust and lower participation in socio-economic processes.

Conversely, transparency in the allocation of subsidies, availability of financial support, and
high institutional trust have a positive effect on young people’s willingness to stay and invest
in rural areas. These factors serve as mechanisms to encourage and empower youth,
consistent with FAO findings that young people often lack adequate access to resources,
knowledge, and decision-making processes necessary to realize their developmental
potential.

Furthermore, the analysis by educational level indicates that education functions as an
important catalyst for readiness to engage in economic activities, as highly educated
respondents demonstrate a higher level of motivation for economic independence in rural
areas. This result confirms findings from OECD and other international studies, which show
that access to education and skills development is not only a matter of personal ambition but
also a key element of inclusive rural growth.

Combined models show that the synergy of institutional and economic factors—
administrative procedures, policy transparency, availability of support, and level of trust—is
crucial for fostering young people’s interest in remaining in rural areas and actively
contributing to local development. This implies that unilateral measures (e.g., merely
increasing financial resources) without simultaneously improving the institutional
framework will not be sufficient to achieve significant and lasting effects.

At the macro level, these results have implications for public policy: it is necessary to create
a high-quality institutional environment with clear, transparent, and efficient procedures,
which allows young people not only access to resources but also a sense of fairness and
participation. Only through such a holistic strategy, in which administrative reforms,
educational initiatives, and oversight mechanisms to prevent abuse are synchronized, can
sustainable rural development be promoted and youth migration from villages reduced.
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In conclusion, young people in rural areas of the Republic of North Macedonia have the
potential to become drivers of local economic and social progress. However, this requires an
institutional framework that is more efficient, transparent, and equitable, along with active
involvement of youth in decision-making and shaping public policies. This conclusion is
supported by international literature on rural youth, which notes that education, access to
resources, job quality, and institutional support are critical factors for empowering young
people and achieving sustainable development in rural communities.
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Abstract: Today, Industry 4.0 is coming to the fore in all branches of industry. Robots as part of industry
4.0 and today already 5.0, are present in all branches of industry. Although they have largely found
application in the mechanical industry as well as in other branches of industry where great attention
is paid to precision, robots have also found application in the agonomics industry. In modern
agronomy, robots have found application in various jobs that are represented and performed by
humans. Today, the use of robots is used in some simple jobs such as picking fruits to jobs that can be
very dangerous for human health, such as spraying plants with various pesticides. In this paper, an
analysis of the application of robots in the agronomic industry was performed, where the application
in previous years was compared, as well as an analysis of concrete examples of the application of
robots in the modern agronomic industry.

Key words: Robots, systems, application, agronomy, industry.

Ancmpaxkm: Unoycmpuja 4.0 0anac Oonasu wmo euuie 001a3u 00 U3PANXCAJA Y CEUM SPAHAMA
uoncympuje. Pobomu xao deo unoycmpuje 4.0 a oanac eeh u 5.0, cy npucymuu y céum eparama
unoycmpuje. Hako cy y8eauxko HAwu NPUMEHY Yy MAWUHCKO] UHOYCIMPUJU KAo Uy OpyeuM 2panama
unoycmpuje 20e ce 06pakha éenuxa nax)cra Ha NPeYu3HOCH, poOOMU Cy HAUIU NPUMEHY U Y A2OHOMCKO]
uHoycmpuju. Y cagpemenoj azponomuju pobomu cy Hauiu RPUMEHRY Y PA3IULUmum noCi08UMa Koju cy
3acmynwenu u Koje je 06asnao uosex. Ipumena poboma ce danac KOpUcmu y HeKum jeOHoCmasHum
nocnoguma nonym bepbe ni00oea 00 OCI06a KOju MO2y OGUmu jako onackHu no 30paesbe 4oeeka nonyn
npcakara OUbaKa pasnuLupum necmuyuouma. ¥ 06om pady usepuiend je ananusza npumere pob6oma y
acpoHOMCKOj umoycmpuju 20e je ynopehena npumena y NpemxoOHUM 200UHAMA KAO U AHAIU3A
KOHKDENHUX npumepa npumere poboma y caspemeHoj a20pHOMCKO] UHOYCIMPUjU.

Kawyune peuu: Pobomu, cucmemu, npumeHa, azpoHOMuja, UHOycmpuja.
1. INTRODUCTION

Today, agriculture is facing a complex transformation driven by the convergence of socio-
economic and environmental pressures. One of the most critical challenges is acute labor
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shortages, a phenomenon further exacerbated by progressive urbanization, the demographic
aging of the rural population, and the deep-rooted social stigmatization of agricultural work.
The instability of the labor market — characterized by low wages, poor working conditions,
and the seasonal nature of employment — has reached a tipping point during the COVID-19
pandemic, exposing the structural vulnerabilities of traditional production models.

At the same time, the sector is under increasing pressure to achieve environmental
sustainability due to its significant impact on climate change and the systemic degradation of
natural resources through land, air, and water pollution. These negative trends not only
threaten the ecological balance, but are also directly linked to food security issues, posing a
direct threat to global social stability. In light of these circumstances, conventional
approaches are becoming insufficient, requiring an urgent shift to more resilient systems. In
the gap between the reduction of the workforce and the need for precise resource
management, the implementation of advanced technological solutions and robotics appears
as the primary path for future development.

Despite all the challenges, as mentioned, in the modern agronomic industry, modern systems
such as robots are increasingly being applied. Robots today can solve various problems such
as:

e  Solving the workforce deficit, bearing in mind that the use of robots solves problems
with reduced workforce in seasonal jobs and enables continuous work 24 hours a
day;

e Reduction of costs, bearing in mind that the purchase of a robot enables an initial
large investment that pays off over time;

e Enables targeted spraying, bearing in mind that it is possible to spray only those
areas where there are weeds and not the entire length;

e  Precise fruit harvesting because they allow the fruit to be harvested without damage,
as well as to harvest all the crops;

e Jtallows for an increase in productivity, considering that they can work non-stop;

e Increasing safety and health at work, bearing in mind that they enable work where
workers cannot be injured, and also when spraying plants, pesticides are not inhaled
by the workers performing the process,

e Enable data collection in real time for further analysis of production and work; ...

The aim of this work is to analyze the application of robotic systems in the agronomic
industry. The work consists of two basic parts or parts. The first part of the paper refers to
the application and characteristics of robotic systems that are used in the agricultural industry,
that is, in this part of the paper, the market and application of robots is analyzed. The second
part of the work refers to specific application, where examples of the application of robotic
systems in the agronomic industry are presented and explained.

2. APPLICATION OF ROBOTS AND APPLIED ROBOTS

By analyzing different areas as well as the available literature, Figure 1 came up, which shows
data on sold robots for professional use in 2024. It is noticeable that despite the fact that it is
not the largest number of robots sold for application in agronomy, it is noticeable that this
number is around 10%, which again represents a significant figure and the value of sold
robots.
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Figure. 1. Application of robots in various fields

Na slici 2 prikazana je analiza i projekcija globalnog trzista poljoprivrednih robota u periodu
od 2020. do 2030. godine, prema podacima agencije Grand View Research. Podaci ukazuju
na snaZan uzlazni trend sa predvidenom slozenom godisnjom stopom rasta (CAGR) od
23,0% u periodu 2025-2030. godine. Analiza globalnog trzista poljoprivredne robotike u
periodu od 2020. do 2030. godine ukazuje na snazan ekspozicioni rast s predvidenom
slozenom godiSnjom stopom rasta (CAGR) od 23,0%, Sto potvrduje ubrzanu tranziciju
agronomske industrije. Dok segment automatizovane muznje (Milking) zadrzava
dominantan udeo zbog rane komercijalizacije, primetan je znacajan trzisni uspon robota za
upravljanje zetvom, sadnjom i preciznim prskanjem, Sto direktno korelira s povecanim
nauénim interesovanjem za autonomne sisteme zabeleZenim u poslednjih pet godina. Ovaj
trend, koji projektuje vrednost trzista daleko iznad 14,7 milijardi USD nakon 2024. godine.

Agricultural Robots Market
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Figure. 2. Application of robots in the agronomic industry

If we look at the scientific papers that were published in the period from 2020 to 2024, it is
noticeable that the largest number of works focuses on the navigation of robots that are
applied in agronomy. Also, a large number of works focus on the analysis and development
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of robots used for product harvesting and harvesting. On the other hand, the biggest increase
is research related to crop spraying, planting and sowing of plants, but also the monitoring of
crops and plants. For now, the smallest amount of research related to robots to be used in
agronomy is related to cropping and pollination of plants. The display of all data is shown in
Figure 3.

Navigation

Sqil preparation

Pollination

Irrigation

Pruning

Crop scouting

Fertilization

Spraying

Mechanical Weeding

Harvesting and Picking

Planting and Sowing

0.

=]

-1 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0% 45.0%
m2024 » 2023 w2022 w2021 w2020
Figure. 3. Frequency of research articles on agricultural operations per year

In one of the studies, commercial robots were analyzed from the aspect of equipment and
operations that they can perform. In this study, i.e. machines that are already available on the
market - and from scientific sources, which means prototypes developed by research centers
and universities. These two categories make up 51% and 39% of all analyzed machines, 3%
of robots were developed by startups, while research prototypes and commercial-research
hybrids represent 2% and 5% of the total number. This study included a total of 59 robots, of
which 11 were from China, 8 from the USA, 7 from France, followed by India, Italy, Spain,
Great Britain, ... The most common equipment and sensors they have are navigation
equipment (GPS-RTK), RGB cameras that enable plant species recognition, LIDARI for
scanning the environment. When it comes to safety, the majority of robots have sensors or
other systems that ensure the safety of people around the robot itself to prevent injuries. The
analysis conducted in this study identified five main fields of application, namely: vineyards,
orchards, open field crops, greenhouses and crops under solar panels. On the other hand, their
multiple applications were analyzed, so that the largest number of robots is the type that can
be used for only one type of work, the second category is for performing two types of work,
and the third category includes the smallest number of robots, where they can be used for
only one type of work (Figure 4).
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Figure. 4. Number of jobs - operations that robots can perform
3. EXAMPLES OF APPLICATION OF ROBOTS IN AGRONOMY

The application of robots in crop spraying is one of the most important pillars of precision
agriculture, because it directly solves the problem of excessive use of chemicals and lack of
manpower. Unlike traditional tractor sprayers that uniformly treat the entire surface, robotic
systems use a high-tech "see-and-spray" approach. The spraying robots use GPS (RTK) for
millimeter precision movement through the rows:

e  Reduction of health risks, which is the biggest advantage because it eliminates direct
contact of people with toxic chemicals, because the robot performs the operation
completely independently;

e Work in difficult conditions because the autonomous systems can work at night or
in fog, when the conditions for the evaporation of chemicals are lower, thus
increasing the effectiveness of the treatment.

Figure. 5. An example of a plant spraying robot
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The use of robots for mechanical weed control and plantation maintenance (Figure 6) is a
direct alternative to chemical herbicides. This technology relies on computer vision
(Computer Vision) and precise mechanics to remove weeds physically, without damaging
the cultivated plant. Advanced robotic units use a variety of intervention mechanisms,
including high-precision robotic plucking arms, laser thermo-ablation of weed meristems, or
high-voltage electrical pulses. Thanks to the millimeter precision of navigation and sensors,
robots enable efficient tillage within the crop row itself, an operation that traditionally
required intensive manual work.

N
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Figure. 6. Application of robots in plant maintenance

In modern agronomy, the process of harvesting fruits and vegetables is recognized as a
critical point due to the high proportion of manual work and short optimal time frames for
exploitation. The development of autonomous picking systems (Figure 7) focuses on solving
three basic engineering challenges: identifying ripeness, planning the path of the robotic arm,
and preserving the integrity of the fruit. Robotic systems use RGB-D cameras (cameras with
depth sensors) and algorithms based on convolutional neural networks (CNN) for fruit
detection in complex and inhomogeneous environments. Advanced Al models allow the
robot to identify fruits even when they are partially obscured by leaves or branches. One of
the key obstacles in harvesting automation is the physical sensitivity of agricultural products.
Traditional metal pickers often cause mechanical damage (bruising), which drastically
reduces the market value of the fruit. Modern robots use grippers made of flexible materials
or silicone that adapt to the shape of the fruit, simulating a human grip. The implementation
of pressure sensors on the "fingers" of the robot allows real-time feedback, ensuring that the
grip force is sufficient for picking, but below the limit of plant tissue damage.
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Figure. 7. Application of robots in the harvesting of plant fruits

Logistics within the field and transportation of the harvested fruits from the harvest site to
the warehouse are operations with a high consumption of time and energy. The
implementation of autonomous transport robots (ATRs) enables the optimization of these
processes by reducing the dependence on the human factor and minimizing soil compaction,
as shown in Figure 8. Transport robots use a fusion of sensors, including RTK-GPS, LIDAR
and stereo-cameras, to navigate through complex environments such as orchards or
greenhouses. The robot identifies the worker (picker) and automatically follows him at a safe
distance, serving as a mobile platform for depositing crates. This allows workers to remain
focused solely on harvesting, eliminating the need to physically carry loads. Multiple robotic
units can work in "swarm robotics", where one robot hands over a full crate to another who
transports it to a cold store, while an empty unit returns to the front line. One of the biggest
problems of conventional transport is soil compaction due to the weight of tractors and
trailers. Thanks to the low center of gravity and all-wheel drive (4WD/4WS), these robots
can maneuver in narrow rows where access to standard machinery is impossible, thus
increasing the utilization of the cultivated area.
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4. CONCLUSION

Industry 4.0 has largely entered all branches of the industry, both in other branches and in
agro-industry. That's how big the application of robots is today in different areas of agro-
industry, thinking about the different jobs that can and are being performed. It is precisely in
some of the most critical jobs that robots have found their application. Robots in the
agricultural industry have high initial costs, but on the other hand, their application is
extremely important when it comes to the health and safety of people. Bearing in mind that
e.g. they do not have to expose themselves to work such as spraying which can be very
harmful. On the other hand, when e.g. fruit picking can be extremely important when it comes
to the safety of the fruits themselves, bearing in mind that they can pick the fruit extremely
precisely and with a certain force.

All robotic systems, on the other hand, are equipped with modern sensors that enable
monitoring of the robot itself, but also monitoring of the environment for the safety of people.
In addition, the robots are equipped with other sensors that enable monitoring of the crops
themselves, but the equipment itself and the type of sensor depends solely on the purpose.
Robors have found application today in various types of agricultural branches, so today they
are used in vineyards, orchards, greenhouses, ...
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Abstract: Sustainable development implies the definition of a sustainable development policy and the
use of appropriate economic, energy, environmental, and other instruments for the implementation
and monitoring of strategic solutions. Rural development represents a highly complex social,
political, economic, environmental, and cultural issue, that is, a development issue in a broader
sense. Understanding society and its development inevitably requires the analysis of relevant factors
that may influence the speed, course, and consequences of social changes in rural areas. The context
of rural development requires taking into account the interconnection of different levels of analysis,
as well as the significance of the characteristics of rural areas and their populations, which justifies
the formulation and application of specific development policies—namely rural, or regional rural
development policies. This paper examines in detail the state of rural areas in the Republic of Serbia,
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1. INTRODUCTION

In approaching rural development, it is first necessary to acknowledge the view that it
represents a long-term social process that differs from previously simplified centralized
models of rural development planning. It is closely connected with issues that contemporary
social theory seeks to problematize: questions of regional development and decentralization,
that is, issues of (neo)endogenous and territorial development; the problem of sustainable
development in socio-economic, environmental, and other dimensions; networks of relations
among relevant institutions and stakeholders; various strategies of life and work of
agricultural holdings and rural households (farming systems); as well as issues related to the
level and forms of participation, the role of civil society, social capital, the importance of
social inclusion, the fight against (rural) poverty, and similar matters.

Rural development is difficult to define. One of the more comprehensive definitions, in our
opinion, was provided by Moseley (Moseley 2003, 4), according to whom rural development
is a long-term and sustainable process of economic, social, cultural, and environmental
changes designed to increase the long-term well-being of the entire community. Such a
definition reveals several key elements of the rural development process. Broadly speaking,
it includes several basic dimensions: economic, socio-cultural, environmental, and political
(institutional).

In Serbia, the term rural area refers to a region whose primary characteristic is the
predominant use of land for agricultural production and forestry. If we start from this
definition, around 70% of the territory of Serbia can be classified as rural areas. On the other
hand, according to the definition of the Organisation for Economic Co-operation and
Development (OECD), rural areas are defined as places with a population density below 150
inhabitants per square kilometre. If this definition is taken into account, rural areas cover as
much as 85% of the total territory of Serbia, and more than half of the total population lives
in these areas. In any case, rural areas concentrate the majority of natural resources, including
rich ecosystems and biodiversity, significant forest resources, economic activities, and
cultural heritage.

2. THE CONCEPT OF SUSTAINABLE DEVELOPMENT

One of the key characteristics of rural areas, among others, is certainly their heterogeneity in
the environmental dimension. The importance of /ocal rural development was already
highlighted in the late 1980s in a document of the European Commission entitled 7he Future
of Rural Society, which pointed to the need for external support (rural development policy)
for the endogenous potentials of rural areas. This document emphasizes that: "Local rural
development does not simply mean the implementation of certain measures. It means making
the maximum use of all the advantages that a particular rural area possesses: the beauty of
space and landscape, high-quality agricultural and forestry products specific to the area,
gastronomic specialties, cultural and craft traditions, architectural and artistic heritage,
innovative ideas, the availability of labor, industries and services that already exist... all of
this should be utilized together with regional capital and human resources, with the idea that
what is lacking in terms of capital and coordination, consultancy services, and planning
services should be provided to these areas as external assistance" (EU Communities, 1988,
48).
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Development disparities and the demographic picture of Serbia (especially rural Serbia),
characterized by migration processes and the demographic growth of a few key urban centers
and the inflow of population, the spontaneous creation of transitional zones of suburban
settlements, and the demographic passivity and depopulation of rural areas, indicate that these
criteria are highly important in the analysis of possible directions and principles of
regionalization.

In addition, the question of the possibilities for improving and expanding successful
development initiatives can also be considered. From the perspective of regional
development, this means that support at the local level should be provided to activities that
are: (1) feasible (from the standpoint of existing resources), (2) sustainable, (3) capable of
stimulating other (primarily economic) activities in the area, and (4) associated with a range
of additional development implications for the wider region. In this context, some authors
particularly emphasize that “rural development requires a regional approach” (Rauch et al.
2001, 1).

The issue of regional rural development is very clearly linked to territory, which does not
necessarily have to be defined by strict administrative boundaries, but rather by functions, a
relatively similar and integrated economy, socio-cultural identity, and similar characteristics
that constitute its comparative, that is, competitive advantage in relation to other arcas—
regions. In theory, the concept of ferritorial competitiveness is often used, which, in addition
to the economic meaning of "the ability to withstand competition in a market,"
simultaneously implies ensuring the environmental, social, and cultural sustainability of a
particular area. In certain approaches to this issue (Leader 1999, 5), four dimensions of
territorial competitiveness are identified: social competitiveness (1) — the ability of actors to
act successfully together on the basis of shared visions in relation to development projects
supported by cooperation between different institutional levels; environmental
competitiveness (2) — the ability of actors to make the best use of their environment by
turning it into a distinctive element of their area, while simultaneously ensuring the
preservation and revitalization of their natural resources and heritage; economic
competitiveness (3) — the ability of actors to create and retain the maximum added value
within the area by strengthening inter-sectoral linkages and transforming combined resources
into assets that provide advantages aimed at increasing the value and distinctive features of
their local products and services; and positioning in the global context (4) — the ability of
actors to identify the role of their area in relation to other areas and the external world, in
such a way as to develop in detail a plan for the development of their territory and ensure its
vitality within the global context.

In addition to the basic components of the economic dimension of regional rural development
(as one of its primary dimensions), some authors (Rauch et al. 2001, 42) rightly emphasize
the improvement of the social protection system for vulnerable rural populations (the elderly,
the unemployed, and the extremely poor) as a very important component of economic
development, as well as risk management, disaster prevention, and emergency assistance.
River overflows, landslides, earthquakes, and similar disasters and natural hazards in Serbia
in recent years (e.g., heavy snowfall in 2012, floods in 2014, and fires in 2025) clearly
indicate that this component is of great importance in rural development. Neglecting it (that
is, neglecting prevention and/or the capacity for an optimal response to such emergency and
risk situations, as well as assistance to affected populations) can be extremely dangerous for
the economic, environmental, and overall human dimension of social development.
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In rural areas, we can certainly speak about resources that go beyond the traditional function
of these areas, which is associated with agriculture as an activity and its role in food
production. Rural resources or rural “public goods” are not shaped solely by the everyday
activities of the agricultural population, but they can be significantly influenced by them
(depending on the share of this population and the intensity of agricultural production). In
addition to food production, some authors (Bryden, 2006) highlight several other important
resources: clean air and water, wind and wave energy, animals, nature and biodiversity,
recreational areas, natural beauty and landscapes, culture, archaeology, history, local
traditional festivals and other events, local traditional crafts and skills, and similar assets.
These goods (created by humans or by nature) “are integrated in a specific way into the new
rural economy and the quality of life of the local population through new enterprises,
employment opportunities, migration decisions, and similar processes. The nature and
functions of these ‘public goods,” which support the new rural economy and the quality of
life in rural areas, are often quite different from those in urban centers (which are guided by
an ‘urban regional’ /“city regions’/ way of thinking)... these goods deserve to be rewarded in
a certain way” (ibid.).

2.1 Definition of Sustainable Development

There is no single, universally accepted definition of sustainable development. The most
frequently cited definition is the one provided in 1987 by the World Commission on
Environment and Development, also known as the Brundtland Commission, established
under the United Nations. In its report entitled Our Common Future, sustainable development
is defined as: “development that meets the needs of the present without compromising the
ability of future generations to meet their own needs” (Brundtland Commission, Our
Common Future, Final Report of the Brundtland Commission, 1987).

The Brundtland definition of sustainable development includes two fundamental concepts:
the concept of needs and the concept of limitations. The first concept refers to achieving or
maintaining an acceptable standard of living for all people, while the second concept
advocates the use of environmental capacities in accordance with the achieved level of
technological development and social organization.

The report of the Brundtland Commission is highly significant for several reasons. First, the
concept of sustainable development is understood as meeting present needs without
jeopardizing the ability of future generations to meet their own needs. Second, the report
highlights the importance of international cooperation, while also pointing to the difficulties
involved in achieving such cooperation. Third, the Brundtland Commission emphasized the
need to strengthen national environmental agencies, institutions, and organizations. Fourth,
the Commission proposed the adoption of a United Nations Programme on Sustainable
Development and the organization of an international conference on environment and
development.

A comprehensive definition of sustainable development states that: “Sustainable
development represents an integral economic, technological, social, and cultural
development aligned with the requirements of environmental protection and improvement,
which enables both present and future generations to meet their needs and improve their
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quality of life” (Report of the United Nations General Assembly on Environment and
Development, 1992).

2.2 Dimensions of Sustainable Development

When discussing sustainable development, it can be said that it does not represent merely an
environmental issue. It is possible to identify three aspects of sustainable development: (1)
economic sustainability, (2) environmental sustainability, and (3) social sustainability. The
first aspect implies economic growth and development; the second encompasses the integrity
of ecosystems and concern for their capacity and biodiversity; while the third includes values
such as equality, empowerment, accessibility, and the participation of individuals in social
life.

The dimensions of sustainable development express the fundamental principles of this
concept. First, human beings have the right to a healthy and productive life in harmony with
nature. Second, states have the sovereign right to use their natural resources in accordance
with their own development concepts, but in such a way that they do not cause damage to the
environment of other countries. Third, international cooperation is necessary in order to more
effectively address environmental problems.

Sustainable development is primarily based on the concept of cleaner production, which
includes new methods that should be environmentally cleaner, use significantly less energy,
and avoid producing harmful by-products. The aim of this approach is to meet human needs
without endangering human life or the ecosystems upon which humanity depends. The main
goal of cleaner production is the prevention or reduction of waste generation, as well as the
more efficient use of energy and resources. In order to achieve this, it is necessary to adopt
new technologies and techniques, together with new values and new ways of meeting the
needs of humanity.

3. DIRECTIONS OF SUSTAINABLE RURAL DEVELOPMENT IN
CONTEMPORARY CONDITIONS

Sustainable agricultural and rural development implies the preservation of land, water, plant,
and animal resources. It must be technically feasible, economically viable, and socially
acceptable; in other words, the three pillars of sustainable development previously discussed
must be satisfied. It is important to emphasize that the policy of sustainable rural development
differs from agricultural policy, that is, it goes beyond it, since it does not relate solely to the
development of agriculture but also to the non-agricultural aspects of rural areas.

Sustainable rural development is a very complex concept, especially under contemporary
conditions and from the perspective of economic policy makers. It hardly needs to be
emphasized how important the proper determination of future directions for the development
of villages and agriculture is for the overall socio-economic development of our society.
Accordingly, modern policies of sustainable rural development must be based on a territorial
and multisectoral integrated approach, the encouragement of networking and the formation
of cooperative relationships and partnerships, the promotion of endogenous and mixed
development models, the preservation of local identity and social capital while adapting to
external changes, and similar principles.
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3.1 Rural Tourism and Renewable Energy Sources as Advantages of Rural
Areas

In addition to the numerous problems faced by rural areas in Serbia, it is also necessary to
highlight the natural beauty and advantages that these regions possess.

The development of rural tourism represents an important challenge for many rural areas in
Serbia, particularly when considering their natural and -cultural-historical heritage,
gastronomy, traditional events and festivals, the hospitality of the local population, as well
as many other potentials of these regions. Rural tourism contributes to: providing alternative
sources of income for rural households, diversifying the rural economy, reducing
unemployment, and revitalizing and promoting the comprehensive development of villages
and agriculture. In some parts of the country, rural tourism has already been successfully
developing through the integration of tourism, agriculture, and other sectors of the economy.
However, due to the very diverse motivations of modern tourists—who demand high-quality
services, comfortable accommodation, and a wide range of sports, recreational, cultural, and
other entertainment activities—greater investment and the allocation of larger financial
resources are still necessary.

The production and use of renewable energy sources (biomass, biogas, biodiesel, solar, wind,
and hydropower, etc.) are developing intensively worldwide, primarily ensuring additional
income, but also employment opportunities and other economic benefits. Environmental
reasons are particularly emphasized as an important motive for the use of such forms of
energy.

The energy potential of renewable energy sources in the Republic of Serbia exists, but it
remains largely underutilized. Biomass from agriculture in rural areas represents the most
significant share of the total renewable energy potential. It is also important to highlight the
possibility of using biological waste, that is, organic waste materials. For the production of
biodiesel, for example, oilseed rape represents a particularly interesting raw material.

In order to stimulate the wider application of renewable energy sources, it is necessary to
create a supportive regulatory framework, subsidize the introduction of appropriate
equipment and facilities for the use of these energy sources, provide tax incentives, and
educate personnel, given the insufficient knowledge and experience in the production and
use of alternative energy sources in our country.

It can be said that only the energy of rivers in Serbia is relatively well utilized, while the use
of some other renewable sources still requires considerable development and investment.

4. RURAL DEVELOPMENT POLICY IN SERBIA

Rural development policy in Serbia falls under the jurisdiction of the Ministry of Agriculture,
Forestry and Water Management. The Law on Agriculture and Rural Development in Serbia
was adopted in May 2009 (Official Gazette of the Republic of Serbia, No. 41 of June 2, 2009;
No. 10 of January 30, 2013 — other law; No. 101 of December 16, 2016; No. 67 of July 2,
2021 — other law; No. 114 of November 30, 2021; No. 19 of March 6, 2025). In addition to
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this law, a whole set of other laws has been adopted addressing specific issues related to rural
development, such as the Law on Agricultural Land, the Law on Cooperatives, the Law on
Animal Welfare, the Law on Livestock Farming, the Law on Food Safety, and others.

The Law on Agriculture and Rural Development regulates the objectives and implementation
of agricultural policy, forms of incentives in agriculture and rural areas, the conditions for
exercising the right to incentives, the beneficiaries of incentives, the Register of Agricultural
Holdings, as well as the recording and research activities in agriculture and the supervision
of the implementation of this Law (Official Gazette of the Republic of Serbia, 41/09).
Furthermore, this Law establishes the Directorate for Agrarian Payments as an administrative
body within the ministry responsible for agricultural affairs.

The most important provisions of the Law in terms of rural development policy relate to the
adoption of the Rural Development Programme and the establishment of a new structure of
the rural development sector. The department within the Ministry responsible for rural
development will be in charge of preparing and amending such future programmes, as well
as programming, evaluation, monitoring programme implementation, reporting,
coordination, and implementing technical assistance measures for rural development, in
accordance with EU requirements.
The implementation of agricultural policy is carried out through the following types of
incentives:

1. Direct incentives

2. Market incentives

3. Structural incentives

Direct incentives include: premiums, production incentives, refunds, and support to non-
commercial agricultural holdings. Market incentives include: export incentives, storage cost
support, and credit support. Structural incentives represent a form of support that includes
rural development measures, improvement of the protection and quality of agricultural land,
and measures of institutional support.

All the above-mentioned forms of incentives may be determined under different conditions
and to different extents, depending on whether they apply to areas with difficult conditions
for agricultural activity. These are areas where, due to natural, social, or legal limitations,
there are no conditions for intensive development of agricultural production.

The right to use incentives under the conditions established by this Law is granted to
agricultural holdings registered in the Register of Agricultural Holdings, units of local self-
government, local communities and other forms of local self-government, as well as other
persons and organizations in accordance with this Law. The family agricultural holding
represents the basic form of organization of agricultural production.

4.1 Rural Development at the Local Level in the Republic of Serbia

In local self-government units in Serbia, Agricultural Support Offices operate in various
organizational forms. However, there is no clear connection between the level of
development of a particular rural area and the existence of such support offices. Likewise, no
clear geographical or regional correlation can be established between rural areas and the
presence of these offices.
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In most cases, these offices employ only one person, usually a highly educated professional—
most often agricultural engineers, veterinarians, or similar experts. A key observation is that
with only one employee working in the field of rural development, it is not possible to achieve
significant progress in the development of villages or agriculture. The level of financial and
professional motivation among these employees is generally quite low. Another major
problem is that their job responsibilities are often not clearly defined.

Most local self-government units in Serbia have strategic development plans in which
agriculture or rural development is recognized as one of the priorities. However, the main
problem with existing strategic plans is that they are not fully developed and do not contain
action plans, which makes them largely inapplicable in practice. In most cases, there is also
no monitoring or evaluation of the existing plans. Furthermore, many development plans
have been prepared without a realistic and detailed assessment of the actual situation in the
field, and without a participatory approach during the preparation of strategic documents
(Stepanov et al., p. 574, 2016).

4.2 Similarities and Differences between Rural Areas in the Republic of Serbia

Managing rural development in Serbia is a complex issue for several reasons. One of the
most striking is that rural areas in the country differ greatly from one another. However, it is
very important to recognize that a village and its community should be seen as carriers of
potential and societal development—not only through agriculture but also through other
activities. On the other hand, the natural and cultural heritage in rural areas has remained
relatively preserved, providing a solid foundation on which further rural development can be
conceptualized (Stepanov et al., p. 575, 2016).

The terrain in Serbia ranges from volcanic massifs in the south, through limestone mountain
chains in the east and west, to the high-quality, fertile plains of the Pannonian Basin in the
north.

Through cluster analysis, a typology of rural areas in Serbia has been developed, along with
their descriptions, strengths, and weaknesses. This analysis identified four homogeneous
groups of municipalities as representative types of rural areas in Serbia (Network for Rural

Development of Serbia, 2010; Action Plan 2011-2015):

1. Highly productive agriculture and integrated economy — Municipalities located in
Vojvodina and the northern parts of Serbia along the Sava and Danube Rivers,
where high-productivity agriculture is characterized by better farm structures and
vertical integration with the agri-food sector.

2. Small urban economies with intensive agricultural activity — This cluster covers
rural municipalities along rivers and valleys on main transport routes from Belgrade
to Montenegro, Bosnia and Herzegovina, and North Macedonia. These rural
municipalities are identified around larger urban centers and offer greater
employment opportunities due to a more diversified economy. These areas are
referred to as urbanized villages located near major Serbian cities. Market-oriented
agricultural production is most intensive here, and the rural economy is diversified.

3. Predominantly mountainous economy oriented toward natural resources — This
cluster includes mountainous rural municipalities in southeastern Serbia. It is
characterized by lower agricultural productivity, a few industrial activities, tourism
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potential, and a higher presence of services. Essentially, this is a rural region with
opportunities to utilize rural advantages provided by natural resources, cultural
heritage, and the rural environment for tourism development.

4. Large tourism capacity with poor agricultural structure — This cluster, located in
western Serbia, has the highest tourism capacity. For example, the number of hotel
rooms per 1,000 inhabitants is three times the national average, but agricultural
structures are the weakest among all described types. The share of agricultural land
and labor productivity is only about half the national level.

The system for planning policies to support the development of agriculture and rural areas in
Serbia, in terms of traceability of relevant program documents, can be presented as follows:
1. Law on Agriculture and Rural Development
2. Strategy of Agriculture and Rural Development of the Republic of Serbia 2014—
2024
3. National Agriculture Development Program and National Rural Development
Program (2018-2020)
4. Annual regulations on the allocation of incentives in agriculture and rural
development
5. Strategic and budgetary planning, including EU agreements on the use of IPA funds

(Source: Strategy of Agriculture and Rural Development of the Republic of Serbia for the
period 2014-2024, p. 1)

The unevenness of Serbia in regional development is extreme, reflected in rural poverty in
the south compared to the relatively developed north. If such heterogeneity persists, it will
be impossible to plan a better and more successful future.

4.3 Entrepreneurship and Rural Development

For economic activity in a country to strengthen—and thereby strengthen the country itself—
entrepreneurship plays a crucial role. Therefore, emphasis should be placed on promoting
entrepreneurship among farmers. This would significantly contribute to strengthening
villages and rural areas in Serbia.

The European Union’s Common Agricultural Policy encourages entrepreneurship within
local communities and rural areas, particularly by supporting innovative initiatives,
facilitating knowledge transfer, promoting activities based on local knowledge and resources,
and accounting for the specific characteristics of different regions. The European Agricultural
Fund for Rural Development provides numerous measures supporting projects aimed at rural
entrepreneurship, with approximately 35% of total funds spent on such initiatives during
2013-2019 (EU Rural Development Review, September 2019).

When defining entrepreneurship in the context of rural development, several key elements
can be highlighted: creativity, risk-taking and innovative ability, responsibility for resources,
and the dynamic process of creating something new. Entrepreneurship is thus defined as a
force that mobilizes other resources to meet unmet market demand and the ability to create
and build something practically from nothing (Gaji¢, M., et al., 2000).
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For these measures to be effective, support from both national and local institutions is
essential. The state must create an environment through its institutional capacity in which
entrepreneurs can be most effective, and through actions affecting the broader environment,
conditions can be created for the parallel development of villages and entrepreneurship (EU
Rural Development Review, 2019).

To this end, the Serbian Academy of Sciences and Arts (SANU)), at the scientific conference
“Perspectives of Village Development in Serbia” held in April 2013, issued several
conclusions forwarded to relevant state authorities. Some of these recommendations
concerning the development of agriculture in villages are (EU Rural Development Review,
2019):

- Relevant state authorities should, in practice, give greater consideration to proposals
from appropriate scientific institutions regarding sustainable village and agricultural
development. To this end, these institutions should be reorganized and modernized,
including financial and staff consolidation and technical equipment. For the
conceptualization of institutional reforms and the development of mid- and long-
term strategies for village and agricultural development in Serbia, the National
Assembly established a Ministry for Village and Agriculture as a cross-party,
independent, and competent body whose expert opinions and legislative proposals
significantly influence the existing strategy and ongoing agricultural policy
measures.

- Structural adaptation of Serbian agriculture to modern sustainable development
primarily involves: 1) technical organization of arable land and consolidation of
holdings where possible; 2) regulation of watercourses; and 3) horizontal and
vertical organization of farmers.

- Stronger material support from the state is necessary for cooperative forms of
organization, strengthening technical, technological, and IT capacities of
cooperatives, and especially financial support for securing qualified staff to
overcome challenges in existing cooperatives and establish new ones, prioritizing
highly skilled, cooperatively oriented personnel.

- Population policy in rural areas should be based on appropriate economic,
agricultural, regional development, and cultural policies, fundamentally different
from previous approaches that pushed young people out of villages and agriculture.
In this context, it is necessary to improve the extremely unfavorable position of
agriculture relative to industry, transition to a decentralized model of
industrialization and urbanization, invest more in transportation and communal
infrastructure in rural areas, improve social security, and modernize education and
cultural awareness for young farmers.

- Beyond general education and schooling in rural areas, the professional training of
farmers is critical for development. This should primarily be supported through
systematic state support of agricultural scientific institutions and the creation of a
network of advisory centers to transfer practical expertise in modern agriculture,
employing agronomists of various specializations, veterinarians, and similar
professionals (SANU: http://www.sanu.ac.rs/Inicijative/20130dborZaSelo).

Infrastructure is key in villages with young people, as it reduces isolation, helps retain young
residents, and accelerates the economic development of rural areas.
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5. SUSTAINABLE RURAL DEVELOPMENT IN SERBIA

Sustainability is a relatively recent concept. As the term itself implies, it represents the
capacity to endure and persist. Today, this term is frequently used in various contexts, giving
rise to expressions such as sustainable growth, sustainable economy, sustainable society,
sustainable agriculture, and so on. In fact, the concept of sustainability is difficult to explain
when used outside a specific context, so in this section, we will attempt to explain it through
the lens of rural development in Serbia.

By its very nature, sustainable agriculture is opposed to efficient intensive agricultural
production, which relies on the exploitation of the productive capacities of land, plants, and
animals, all in pursuit of low prices without accounting for the damage to the environment.

Today, sustainability is no longer a matter of choice but a matter of necessity. If sustainability
is properly understood and applied, there is the potential to transform the deficiencies of rural
Serbia into certain advantages. Progress and sustainable development in our country must
begin with the rehabilitation of a sustainable way of life, meaning the full recognition of
traditional, ethnically based knowledge, skills, norms, and institutions. Only through such an
approach can a non-violent process of negotiation regarding future economic and
environmental rights and responsibilities among various stakeholders begin.

Rural development in Serbia also largely depends on the strengthening of awareness among
people that primary agricultural production and the exploitation of natural resources alone
cannot sustain the rural economy at an acceptable level (Sunjka, Stepanov, 2018).

5.1 Actors in Sustainable Rural Development in Serbia

Organizations and institutions that play a significant role in the policy and strategy of rural
development, as well as its implementation at the national level, include various ministries
and government bodies, led by the Ministry of Agriculture, Forestry, and Water Management,
which holds primary responsibility for rural development. Other ministries with a direct
interest in rural development include those responsible for economy and regional
development, finance, infrastructure, education, environment, labor and social policy,
tourism, local self-government, among others. National agencies and bodies responsible for
small and medium enterprise development, infrastructure, environmental protection,
development funds, poverty reduction, etc., also play an important role in rural development.
Additionally, institutions such as Chambers of Commerce, the Standing Conference of
Towns and Municipalities, tourism organizations, and various academic institutions
contribute to the rural development process.

At the local level, actors include civil society organizations, citizen associations, business
associations, farmers, tourism organizations, retail businesses, the wood industry, and other
representatives of local communities.

Significant differences between rural areas often result from the varying strength of citizen
associations in those regions. Some areas have active associations that enjoy certain
advantages in terms of the capacity of the rural population to take initiative and play an active
role in improving the entire region. On the other hand, other regions have weakly developed
civil society, mainly due to centralized governance.
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The role of the non-governmental sector in rural development in Serbia remains limited. Only
a small number of organizations are truly focused on comprehensive rural development,
although many have the capacity and interest to engage in rural development initiatives.
These are primarily environmental and social organizations, farmer associations, and
initiatives related to rural development and education.

5.2 European Union Support for Rural Development in Serbia

Almost all of us expect that all our problems, including environmental ones, will be resolved
through the country’s accession to the EU. However, this transition is far from simple and,
in fact, requires the opposite: that all problems must be addressed for the country to join the
EU. Rural development, as one of the most complex issues of the transition, is an area that
requires special attention.

The enormous funds that candidate and potential candidate countries expect during the pre-
accession period also include access to national funds, which serves as tangible evidence of
the recognition that rural development is indeed a national priority. To this end, the European
Union adopted a Council Regulation encompassing five components:

Assistance in the process of transition and institution building

Support for cross-border cooperation

Assistance for regional development

Support for human resource development

Assistance for agriculture and rural development (Popovi¢, Nikoli¢, 2014).

A

Until Serbia received candidate country status at the end of 2011, it could only use the first
two components, while today it is entitled to all five.

In order to utilize the available funds, the country must create appropriate capacities and
fiscal space. Experience from many countries shows that timely and proper public
information represents an important tool for generating demand for pre-accession funds.

6. CONCLUSION

Sustainable rural development is one of the economic, social, and environmental priorities in
contemporary society. For this reason, the European Union provides strong support for social
and territorial cohesion of rural areas and seeks to ensure more efficient valorization of local
development potentials in accordance with the principles of sustainable development. At the
same time, it is essential to preserve and enhance the economic, cultural, social, and
environmental functions of rural communities, especially considering that rural communities
in the Republic of Serbia have been facing numerous structural and socio-economic
challenges for decades.

The sustainable development of rural areas in Serbia largely depends on the activities of all
key development actors at all levels, as well as on the proper identification of strategic
development directions and their practical implementation in line with contemporary market
challenges that cannot be avoided.
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The survival and rehabilitation of small-scale agriculture represent tasks of crucial
importance for the sustainable development of rural Serbia. This agricultural production
provides ecosystem services to various rural areas of Serbia and is vital for the preservation
of biodiversity.

The rural economy should be adapted to available natural resources, and logic dictates a
return to a range of diverse activities that reconnect rural communities with their immediate
environment in a traditional way. For this reason, local communities need to be interested
and actively participate in the decentralization process.

Based on all of the above, it can be concluded that Serbian villages are currently at a
crossroads between disappearance and survival. The process of rural degradation is very
intensive and manifests itself in various forms. To halt these negative trends in Serbian
villages, a new and proactive rural development policy is required. Villages are no longer
merely production regions but also places for living, residence, leisure, tourism, and
recreation. European experiences should serve as lessons in rural development policy, which
must be adapted to local resources and initiatives.
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ECOSYSTEM STATUS BASED ON THE CHARACTERISTICS OF
BIOLOGICAL OBJECTS
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EKOCUCTEMMU HA OCHOBI XAPAKTEPUCTHUK BIOJIOI'TYHUX
OB'EKTIB
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Abstract. Natural and anthropogenic factors affect biological organisms through multiple pathways.
The strength of their influence also varies greatly. However, to identify negative impacts, the biological
organism (BO) itself can serve as a measurement tool. The paper proposes to use the characteristics of
biological objects (in particular, mass) as integral indicators of the impact of the environment on the
ecosystem. Integral indicators take into account the presence of stochastic changes in environmental
characteristics, as a result of which a method for calculating the distribution of biological objects by
their masses is given. Formulas are given for finding model coefficients from experimentally measured
characteristics.

Key words: biological organism, environment, impact, integral indicator, distribution by masses.

Anomauia: Ilpupooni ma anmponozenni gaxmopu éniuearomsv Ha 0ION02IUHI OP2aHI3MU KiTbKOMA
wasaxamu. Cuna ixubo20 6naugy maxooic oysce piznumocsa. OOHAK 071 BUABTIEHHS HE2AMUBHO20 GNIUGY
cam Oionociynuti opeanizm (bO) mooice cayocumu incmpymenmom eumiprosanna. Y cmammi
NPONOHYEMbCA BUKOPUCIMOBY8AMY  XAPAKMEPUCMUKYU 0iono2iunux 00'ekmie (30kpema, macy) sk
iHme2panbHi NOKAZHUKY BNAUBY HABKOIUUHLO20 CEPe00sUuLya Ha exocucmemy. Inmezpanbri NOKA3HUKY
6paxo8yIomy  HAAGHICMb CMOXACMUYHUX 3MIH XAPAKMEPUCMUK HABKOIUUWHBLO20 cepedosuuld, 6
pe3yibmami 4020 HABEOEHO MemoO PO3DAXYHKY po3noodiny 6ionociunux o6'ckmie 3a ix macamu.
Hagedeno ¢hopmynu ona smaxoosrcenns mooenvHux Koepiyicumis 3a eKCnepumeHmanrvHo UMIPAHUMU
Xapaxkmepucmukamu.

Knruosi cnoea: 6ionoziunuil opeanizm, HABKOIUWHE cepedosuuje, NIUS, IHMeSparbHull HOKA3HUK,
PO3NOOIN 30 MACAMU.

1. INTRODUCTION

Within the framework of ecology, the main attention is paid to the study of the relationship
between a biological organism (BO) and the environment at the levels of both individual
organisms and their aggregates. The use of the entire BO as a single whole or a given set of
BOs as a detector of the influence of the external environment seems promising. In this case,
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e-mail: anatolii.shyian@yahoo.com

252



there is a need to find parameters that could most informatively indicate the specifics of the
interaction of the BO and the environment.

The work is devoted to the development of a method for using the distribution function
(probability density) of BOs by mass as a characteristic of the degree of interaction between
a system of homogeneous BOs and their environment. The BOs themselves are considered
at the level of a set of individual whole organisms. They can be both unicellular and
multicellular, both plants and animals.

This allows us to simultaneously take into account the factors of influence on the biological
community of both natural and anthropogenic origin. In this case, it is possible to identify
such characteristics of the distribution function that correspond to the “reference” state of the
environment. (Shiyan, 1997) Then it will be possible to whiten the contribution of
anthropogenic factors at the level of the “reference” state of the environment.

Using populations of unicellular organisms, it will be possible to study the influence of
human anthropogenic activity on the functioning of the genome. Since the generations of
unicellular organisms change quite quickly, the methods described below will allow us to
predict changes in the genomes of multicellular biological communities. As a result, this will
allow us to take proactive measures to counteract the negative impact of factors of various
natures and ensure the sustainable and safe existence of biological communities (including
humans).

The importance of such a characteristic as mass for ecological problems is evidenced by the
widespread use of allometric formulas that express the dependence of morphological or
functional characteristics of BS on their mass. (Peters, 1991; Zaika, 1983) The appearance of
the distribution of BO by mass is due to the influence of both variability (fluctuations) in
trophic chains and fluctuations in environmental parameters. For example, for plants, this
may be fluctuations in illumination or temperature, for animals, this may be due to the
variability of the characteristics of the food base. For predators, this is especially obvious,
since the hunting process itself is stochastic. Some of the BOs - e.g., animals - due to their
motor activity are natural “averagers” of fluctuations in the spatial characteristics of the
external environment (which are manifested primarily through the spatial distribution of
food). Diversity in the phenotypic manifestation of the genotype leads to the fact that there
will be an optimum for the search (food) motor activity of animals. Therefore, a component
caused by this will also appear in the distribution of BO by mass. When the environmental
conditions change, the characteristics of such an optimum will also change, and therefore the
parameters of the experimental mass spectra of P,(m).

In the general case, the distribution of BO by mass can be represented as a superposition of
two (generally speaking, nonlinear) components: a constant component caused by genotypic
features, which is manifested in the phenotype (both at the morphological and functional
levels), and a variable component caused by the influence of environmental variability.

2. QUANTITATIVE DESCRIPTION OF THE CHARACTERISTICS OF
THE DISTRIBUTION OF BO BY MASS

Following (Shiyan, 1997), we describe a class of models that can be used to quantitatively
describe the parameters of the distribution of BO by mass.
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The dynamics of the change in the mass of a single BO can be described by the equation.

d—mzcm“ —dm’,a<la<b (1)
dt

Here, a, b, ¢,and are some parameters that characterize this type of BS (Shiyan, 1997; Zaika,
1983)

For example, for hydrobionts (Zaika, 1983): Artemia salina: a=2/3, b=1, ¢=0.27, d=0.182 (m
— measured for dry mass, ¢ — day); Orchestia bottae: a=3/4, b=1, ¢=2.304, d=0.0572; Xatho
hydrophilus: a=0.773, b=1, ¢=9.24, d=0.0176 (the last two: m — measured for wet mass, ¢ —

day).

The first term on the right in (1), O = cm“, corresponds to the rate of mass gain due to food
consumption, with the coefficient a being found experimentally and assumed to be constant
for individuals of a given population. (Zaika, 1983) The coefficient ¢ is proportional to the
so-called food digestibility coefficient (Zaika, 1983) (i.e., the ratio of digested food to
consumed food) and therefore can fluctuate due to reasons both genetic (e.g., individual
variability in the degree of food digestibility) and those caused by the variability of the
external environment (determining, e.g., the amount of food consumed itself).

The second term, R=dm?, expresses the rate of energy expenditure for life support in the BO
and energy expenditure with respiration, (see Peters, 1991; Zaika, 1983; Ecological systems,
1986) with the coefficient b, like a, also assumed to be constant and characterizes the BO of
a given population.

In general, the hierarchical and fractal structure of the BO should find its expression in the
parameters @ and b. The fractal properties of the BO are revealed, for example, in the
dependence m=kL", where L is the characteristic linear dimensions of the BS itself or its
organs, k=const. Thus, for the squid Stehonoteuthis pteropus, we have (Zaika, 1983)
m=0.0199L3.766, where m is the raw mass, and L is the length of the mantle. Note that
equation (1) is invariant with respect to the group of transformations m==kL" at n>0, the
relations obtained in the work will also be valid for L.

The values a=2/3 and b=1 are most often used to process experimental data on the growth of
BO (see, (Zaika, 1983) where extensive material on hydrobionts is given)). It should be noted
that, probably due to the fractal nature of the indices a and b, attempts to assign a clear
biological meaning to the parameters a, b, ¢, and d have so far been unsuccessful (see, e.g.,
Zaika, 1983).

Thus, for the population under study, a and b can be considered constants. The parameter d
is part of the complex that describes the process of respiration - the oxidation of protein
compounds to the simplest forms, which occurs almost the same in all individuals of the
population, and therefore we can put d=const (e.g., this assumption is characteristic of
coenosis that exist at a constant temperature).

The parameter c, as indicated above, has a fluctuation component caused by the variability
of the external environment, and therefore (1) should be written in the form of a stochastic
equation.
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The parameter c, as indicated above, has a fluctuation component caused by the variability
of the external environment, and therefore, (1) should be written in the form of a stochastic
equation.

dm
—=Am" —m’ +¢,-m" (2)
dt °

Here =dt, A=cy/d, §r:(Ct/d)/ ~z/.. The value cp=const specifies the average rate of mass gain
due to food consumption, and ¢, is determined by the variability of both the phenotype and
the external environment.

The specificity of (2) is given by the type of noise &-. Since a<b, the stationary state is always
achieved. Then in the general case, equation (2) can be characterized by the time-dependent
probability density of the mass distribution P(m,t), which tends to the stationary P(m) over
time. (Horsthemke, Lefever, 1984)

Next, we consider the analytically exactly solvable case when the fluctuations & are white
noise of intensity <&?>=g”. This approximation correctly describes the main contribution
of short-correlated external actions (Horsthemke, Lefever, 1984) (both temporal and spatial
- in the latter case, such an approximation can be justified with spatial sampling of the BO
and the interpretation of the experimental distribution P.(m) as a characteristic of the entire
region from which the BOs are sampled).

From (2) one can construct the Fokker-Planck equation for the distribution P(m,t) in the

Stratonovich interpretation corresponding to our case, (see Horsthemke, Lefever, 1984) the
stationary solution of which is as follows.

I-a
N -exp{ 2 2(1— I-a mbﬂ 3)
m* (I-a)o Ab+1-2a)

Here, N is the normalization constant.

B (m)=

The extremes of the probability density are found as solutions to such an equation.
b-a 1 2 _a-1
A-m"" =—aoc"m 4)

It is easy to see that for6’<o?., where

1

, 2 A x l-a l-a
O, =" 1 sV = s X = (5)
a \y " +y b-a b+a-2a
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the probability density P(m) has a maximum and a minimum, and for o°>0 it decreases
monotonically. This behavior of the probability density is called a noise-induced transition.
(Horsthemke, Lefever, 1984)

Expression (3) can be rewritten in self-similar form with respect to the deterministic
(“definitive” - in the terminology of (Zaika, 1983)) value of mass my=A""%:

P(M)=

1
x + x=1\y _lea 2 _
Nemy.a) aly +) @ (1_ 1-a _Mbaj (6)
M (I-a) b+1-2a

where indicated M=m/my i &=0°. /6%, and

N(my,a)=A(a) -m™" (7

a(yx +yx—l)§M1—aa2 (1 I—a beaj

AN @)= |dM- M- -
(@) J; xp (1-a) b+1-2a

3. INTERPRETATION

Using (3)—(7) of the experimentally measured P.(m), the following characteristics can be
determined. First of all, for given (known) values of @ and b, ¢, and m° can be determined,
which will allow us to conclude both the nutritional value of a given environment and the
degree of intensity of the adaptive capabilities of a given type of BO for given properties of
the environment. The latter can be described by the complex o?=07. /o, the numerical value
of which can be found from [12¢ and m=A."%% (see (5)) and which invariantly
characterizes the structure of the mass distribution Pg(m). Note that since the distribution
Py(M) in the form of (6) is determined only by the values of a and b, it becomes possible to
compare the sensitivity to external actions for different types of BO, but in which the values
of the parameters a and b are equal.

The variability of the parameters of the external environment can be considered as containing
fluctuation parts with intensities o°=<&?> for the i-th parameter characterizing the external
environment (assuming, of course, that the correlation time of such fluctuations is negligible
and therefore they can be approximated by white noise). While as a model relation connecting
the degree of mass variability ¢° with the vector 62 = {62}, , the formula can be used

0? =07 + XL, Ajo? = o} +(4,6?) (8)

Here, o, characterizes the distribution of CO masses due to the genetic heterogeneity of the
population. This value can be measured, for example, either in laboratory conditions or by
taking some ecosystem — e.g., in a certain reserve — as a "standard" (note that for
genetically homogeneous populations — e.g., cohorts of plants — it is expected that the value
o, is negligible compared to the rest of the values in (8)). The vector A = {A;}Y,
characterizes the “sensitivity” of the distribution of masses of a given CO type to the intensity
of fluctuations in the corresponding environmental parameters (e.g., hydrobionts have a
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pronounced sensitivity of the parameter to changes in environmental temperature (Zaika,
1983)). As a rule, the sensitivity vector A can be found in laboratory conditions, and then the

relation (8) can be used to experimentally find the vector é ? for a previously studied BO
type (which opens up new possibilities in environmental monitoring). Interestingly, the
proposed method of interpreting experimental data allows us to distinguish several types of
different ecosystems in a given area - provided that there is a corresponding number of peaks
in the experimentally obtained Pe(m).

The relation (8) is qualitatively consistent with ecological data. (Shiyan, 1997)

Thus, the mass spectrum of BO (the probability density of the distribution of BO by mass)
can serve as an important integral characteristic of the influence of the external environment
on biological organisms in the ecosystem.

An important circumstance is that factors of both natural and anthropogenic origin are
simultaneously (integrally) taken into account here.

Moreover, using microorganisms that have a short generational change period, it is also
possible to study the manifestations of changes at the genetic level.

This method can also be used to develop new indicators of a medical nature. For example, in
(Shiyan, 1999) the above method was used to quantitatively describe the size distribution
indicators for the system of lymphocytes, both single and their aggregates.

Experimentally, the parameters of model (1), a, b, ¢, and d, can be found as follows. The first
term in the differential equation (1) describes the intensity of the increase in the number of
BO mass, and the second term describes the limit on the increase in mass.

Therefore, at the stage of mass growth, when the second term in (1) is small and can be
discarded in the first approximation, the increase in the number of supporters can be
described by the following formula.

mo

m= ~ my(1+myl~Cat),if im <K M. )

1/
[1-mgl=¢(1—-c)at] /10
Here, my is the initial mass.

From (9) it is clear that to fulfill the requirement of the growth of the number of supporters,
it is necessary that the requirement 0<c<1 is fulfilled. The last approximation is valid when
the condition my'<(1-c)at<<1, is fulfilled, that is, for small values of the observation time.

It is possible to experimentally determine the quantitative values of the quantities a and ¢
from the experimental data, using, for example, the method of least squares. Of course, the
conditions specified in (9) must be fulfilled.

The quantitative values of the characteristics of the term in (1), which are responsible for
limiting the growth of the mass (which occurs under the condition my>M), can be found from

the following relation.
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m= m ~ mo(1 —my@~1bt),if: my > M. (10)

From (10) it is clear that to fulfill the requirement of mass reduction, the relation d>1 must
be fulfilled. The last approximation is valid when the condition m¢*/(d-1)bt<<1, is fulfilled,
that is, at small values of the observation time.

Relations (9) and (10) can be used at the beginning of the change in the initial mass of the
BO, revealing the quantitative values of the parameters that are specific to it.

The coefficient a can also be found from the ratio between the mass and lifespan of given
BOs.

We give a summary, following the article. (Alexander, 1971)

Problems related to the lifespan of living organisms have both clearly expressed fundamental
and applied aspects. Among the first, one can single out a range of problems related to the
identification of the causes that limit the life of animals, but there are more than 300
hypotheses that cannot yet link this parameter with any physical factors. The importance of
such a parameter for applied problems is due primarily to the fact that the productivity of
living organisms can be expressed in terms of their lifespan: for example, for hydrobionts,
this dependence has the form C=kT", where C is the specific productivity of animals, 7 is
their lifespan, £ > 0, and n > 0 are coefficients.

Recently, a large amount of material has shown the existence of a close correlation between
the lifespan T and mass for a large number of species of living organisms, both plants and
animals. However, the reasons leading to this correlation remain unclear.

Method.

We will proceed from the equation for the evolution of the mass of living organisms, accepted
in modern biology, written in the form (1).
Equation (1) allows us to introduce the concept of the “definitive” mass for these living
organisms my, which is found from the stationary solution (1) as

1

c)b-a
my = 4 an

Obviously, the value of the definitive mass m is achievable only when b>a - we will consider
this relation to be fulfilled in the following.
As a rule, the “initial” (e.g., after birth for mammals) and definitive masses for living
organisms are related by the relation

My <<my (12)

Therefore, the characteristic time 1o required to reach the definitive mass can be estimated as
Ty=—"— (13)
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In fact, the time 1o represents a characteristic (but not complete) growth time of these living
organisms - it is at this time that their most intensive growth continues.

If we accept the following Assumption (A):

The life span T for living organisms is directly proportional to the characteristic time
7o required to reach their definitive mass,

then we arrive at the relation

T = Am” (14)

where indicated

p=l-a (15)
4. RESULTS AND DISCUSSION

Assumption (A) actually means that the natural discrete quantity for measuring the lifespan
T of living organisms is the characteristic duration 0 of the stage of their ontogenesis. This is
supported by the fact that the characteristic periods of the initial physiological cycles of
mammals and birds are presented in the form (5) with an exponent practically coinciding
with p. (Alexander, 1971; Lindstedt, Calder 1981)

It is also interesting that the assumption about the relationship of the dependence of the form
(14) between the lifespan of eukaryotes and the mass of living organisms, expressed in,
(Metelsky, 1995) finds its direct confirmation in formula (6).

Assumption (A) also leads to the following relation for pre-exponential factors

T
—=4-c=0 (16)
To

where Q = const, and in the general case, can depend on the type of living organisms. The
relation (16) can be naturally identified with the number of complete cycles of "renewal" in
the life process. Such an interpretation of the institution provides ample opportunities for
achieving the highest possible interpretation with existing models for aging mechanisms and
allows us to propose new multi-valued approaches for processing experimental data (this will
be described in more detail in a separate paper).

In, (Metelsky, 1995) based on extensive experimental material, the value p=0.3 in expression
(14) was found. This value corresponds to a=0.7, which is close to the value ame,=2/3
proposed by Bertalanffy. (Zaika, 1983)

Thus, the available experimental information on the numerical values of the parameters a and
p, summarized by independent methods, allows us to verify the conclusion (15) we have
drawn. The data in the table indicates the good performance of this system. Some
explanations of the table are given below.
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Table 1. Testing the fulfillment of the relation p=1-a from. (Shyian, 2022)

N Groups of Aexp, [SOUrCE] Ptheors pexp, [source]
living calculation from
organisms ptheor=1- aexp
1. | General to the 0,7840,08 *38 0,22-0,08 0,30-0,02 *
superkingdom
of eukaryotes
2. | General for 0,7740,09 40 0,23-0,09 0,29-0,03** 43
plants
3. | Animals 0,76 #k* 44 0,24 0,27-0,0] *#k* 43
4. | Mammals 0,898 4! 0,102 ——
(except
primates)
Primates 0,787 % 0,213 -—--
6. | Brood birds 0,754 0,25 0,206-0,064
[0,25-0,03 43
7. | Nestling birds 0,861 4 0,139 0,13< paken<0,15 4
Insects areop=1- pakc= —- 0,39-0,08 ¥
=0.61+0,08

Note:
* - obtained under the assumption that the growth rate of living organisms is proportional to
their effective surface area;

** _trees and shrubs;

*#% - poikilothermic animals;

*A%* - animals in general.

In conclusion, we note that the relation (6), which relates the power indices depending on the
mass for various morphological and functional characteristics of living organisms, is
probably one of the few in modern biology.

5. DISTRIBUTION OF BO BY LIFE SPAN

For a given biological species, as noted above, we can set O=const. Then the variability of
the parameter 4, which is included in the relations (14) and (16), within a given biological
species will be due only to the variability of the coefficient, which determines the intensity
of the mass gain process. The presence of variability in 4 is evidenced, for example, by the
results of experimental data. (Gavrilov, 1995) It is interesting that the variability in the social

38 Khailov K. M., Prazukin A.V., Kovardakov S. A., Rygalov V. E. (1992). Functional morphology of
marine multicellular algae. Kyiv: Naukova Dumka.

3 Metelsky S. T., (1995). Relationship between the life span of eukaryotes (animals and plants) and
some of their physical characteristics. Journal of General Biology. V.56, N 6. p. 723-735.

40 Alimov A. F., (1992). Characteristics of populations, communities of hydrobionts and mass of
animals. Reports of the Russian Academy of Sciences. V.323, N3. p. 588-591..
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260



organization of waders studied in (Gavrilov, 1995) is directly reflected in the peculiarities of
chick feeding - and, therefore, leads to variability in the coefficient (we note that significant
differences in A were observed precisely in such social structures that differed in the feeding
regimes of chicks).

Taking this into account, instead of (1), we arrive at the stochastic equation (2) to describe
the dynamics of the mass of living organisms of a given biological species

The analytically exactly solvable case of white noise leads to formula (2).

Equations (1) — (2) are invariant with respect to the group of transformations m=kT"?, where
k>0 and p>0 are some constants. This means that the form of the distributions (3) is also
preserved for the distribution by lifetime T, but with changed parameter values.

Thus, for the distribution of living organisms of the same biological species by life time using
relation (6) we obtain the formula
b+p-1

2T Ty »
P(T)=N, -exp| —— 1_(_] R (17)
T, T, b+2p—1

0°0r

where N is a normalized factor, and o1? is the dimensionless noise intensity, Ty is the
“definitive” (by analogy with mass) life span for a given biological species, and b is the power
exponent in equation (1) for the mass dynamics of living organisms of this biological species
(since b=1 is often assumed, (Zaika, 1983) the distribution (17) degenerates into a Gaussian
distribution).

It would be extremely interesting to compare formula (17) with experimental data. Note that
the derivation of this formula implements an example of a transition from a distribution
according to one morphological or functional characteristic of living organisms to another.

6. CONCLUSION

The paper proposes to use the characteristics of biological objects as integral indicators of
the impact of the environment on the ecosystem. Integral indicators take into account the
presence of stochastic changes in environmental characteristics, as a result of which a method
is given for calculating the distribution of biological objects by their masses. Formulas are
given for finding the model coefficients by experimentally measured characteristics.
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Abstract: Organization is a managerial function that defines the role of the individual in the
organizational structure and provides the inflow of necessary funds, i.e. resources, to create a complete
functional whole, which will enable the proper operation of all segments of activity. Organizing is a
phase in managerial work, necessary to create favorable conditions for the work of successful teams.
By forming the organizational structure, the tasks that employees should perform must be defined,
according to their ability and motivation. It is necessary to systematize organizational units and, if
possible, provide a description of each job, thereby creating an administrative management scheme.
The organizational structure does not only serve to determine positions between the people covered by
it, it has many more effects on the communication, functioning and effectiveness of the various business
functions in the business itself. Good organizational setup and coordination is of primary importance
in all spheres of social life and functioning, including agriculture and of course tobacco production in
all its phases. That is why a successful manager should establish such an organizational structure of
the operation that will provide the expected results, i.e. achieve the following goals: timely inflow of
financial resources, timely provision of the necessary mechanization in the production process, quality
location selection, timely supply of raw materials, provision of quality and professional human
potential (managerial and non-managerial), provision of working conditions, that is everything that is
necessary for the smooth functioning and development of the production process as a functional whole.
The modern way of managing tobacco production, especially through the development of a modern
family business, imposes the need for developed management of all activities and appropriate
motivation of the engaged members. In this way, greater efficiency, reduced costs, increased
productivity and maximum utilization of existing resources are achieved.

Key words: organization, efficiency, planning, motivation, sustainability
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opeanuzayuckama cmpykmypa u 06e30e0ysa npuius Ha nompedHu cpeocmeda, 0OHOCHO pecypcu 3d
€030a8arbe Ha KOMIIEMHAMA YHKYUOHAIHA YeTUHA, KOja Ke 0803MOJICU NPABUIHO pabomelbe Ha cume
ceamenmu Ha Oejcmeygarve. Opeanusuparbemo npemcmagyéa ¢aza 0 MeHauepckomo pabomerse,
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nompebHa 3a co30asarbe NOBOIHU YCA08U 3a pabomerve Ha ycnewnu mumosu. Co gopmuparse na
Op2aHU3AYUCKAmMa CMpykmypa mopa 0a ce depunupaam 3adauume wmo mpeba 0a 2u u3epuysaam
spabomenume, choped HugHama cnocobHocm u momusuparocm. Ilompebno e opeanusayuckume
eOUHUYU Oa ce CUCTeMamu3upaam u no MO#CHOCH 0d ce 0ade OnuUc Ha cexoe pabomHo mecmo, npu
wmo ce co30a6a YnNpaeHo pakogooHa wiemd. OpeaHu3ayuckama cCmpykmypa He CLyjiCcu camo 3d
onpedenysarbeHa NO3uyuy nomery iyremo ongamenu co Heda, maa uma MHOZY nogeke egekmu 6p3
KOMYHUKayujama, QyHKYUOHUPAemo u eqyeKmueHOCma Ha pasnuiHume OU3HUC QYHKYUU 60 CAMUOM
ousHuc. [lo6pama opeanuzayucka nocmageHocm u KOOPOUHUPAHOCHT UMA NPUMAPHO 3HAYERE B0 CUIMe
cepu Ha onwmecmeeHomo Jncuseerve U QYHKYUOHUPArbe, BKIYYYEajKu 20 U 3eMjOOeICMBOMO U CEKAKO
MymyHonpouseo0cmeomo 6o cume He2osu gasu. Touno nopadu moa ycnewnuom menayep mpeda oa
80CNOCMABU MAKBA OP2AHU3AYUCKA NOCMABEHOCM HA pabomeremo wmo Ke My 2u o06e36edu
oueKysaHume pe3yimamu, OOHOCHO Ke 2u NOCMUcHe CleOHUse yeau: HABPeMeH NpUIu8 Ha
¢unancuckume cpedcmea, HaspemeHo 0be30edy8arbe Ha NOMPEOHAA MEXAHU3AYUA 80 NPOYECOM HA
NnpouU3B00CME0, KeanumemeH u300p Ha 10Kayuja, HaepemeH 0Omyp HA CYPOGUHU, 00e3Dedysarbe Ha
Keanumemen u npopecUoHaIeH Y08euKu nomenyujan ( MeHauepcKu u HeMeHauepcku ), 0bezdedysarbe
Ha ycnosu 3a paboma, 00HOCHO ce WMo € NOMPeOHO 30 HeNMPeueHO (PYHKYUOHUPAIbe U 008UBAFE HA
npouseo0Cmeenuom npoyec Kako eona @yukyuonaina yenuna. CoepemeHuom HAYUH HA
cmonanucysaree 60 MYNyHORPOU380OCMBOMO, 0COOEHO NpeKy pa36usarbe Ha COBPeMeH CeMeeH
OusHUC, HaMemHy8a nompeba 00 pa3eueH MEHAUMEHN CO YeNOKYHHUMe AKMUSHOCMU U CO008EmHA
Momusayuja Ha aneaxcupanume unenosu. Ha maxoe nauun ce nocmucHysa nozonema eqpukacHocm,
HAMALEeHU MPOuoyu, 3201eMeHa NPOOYKMUBHOCH U MAKCUMATHA UCKOPUCTIEHOC HA NOCMOEYKUMme

pecypcu.

Knyunu 360posu: opeanusayuja, epuxacnocm, naanuparse, MOMuBAyUja, 0OPHCIUBOCH
1. INTRODUCTION

A well-structured organization will always outperform others, achieve better performance,
and continuously strive to elevate its capabilities to a higher level. A successful and dedicated
manager who has established a sound organizational structure should always ask the
following questions:

“In what were we better today than yesterday?”

“What did we learn, and where do we need to improve?”
“Is our work professional and efficient?”

“Did we achieve the expected results?”

A well-organized work process consistently provides positive answers to these and similar
questions, as it continuously works on improving its performance. However, the dilemma
still remains: how do we create a good organization?

Globally, the McKinsey 7 “S” model is often applied, which includes seven elements of a

well-structured organization. Therefore, the seven basic elements of a well-structured
organization are:
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Figure 1. Elements of the Organizational Structure

The organizational structure is established according to a strict hierarchy, with clearly defined
rules for advancement. The structure and organization are clear to all employees; the “rules
of the game” are known, and every employee understands their place within the organization
as well as their prospects. All employees are replaceable and accountable for their work,
regardless of their position.

The system represents the way work processes are carried out. Systems of communication,
reporting, planning, analysis, quality control, etc., must be aligned with the overall strategy
of the organization.

Strategy represents a mix of general measures and activities that need to be implemented in
order to achieve the set goals.

Shared values are both a distinct quality and a particular challenge for every business. If a
competitive climate is created in which employees are evaluated based on what kind of car
they drive, what kind of suit they wear, or where they travel, then the business is in an
unfavorable position. However, if a competitive climate oriented toward the market and
competitors is established, and employees are evaluated based on the quality of their work,
openness, and cooperation, then the business will genuinely progress.

The selection of capable and talented employees has become an imperative for successful
companies. A well-selected and trained employee, placed in an appropriate position, can
deliver up to five times better results compared to an unselected employee. If employees are
selected based on criteria other than their abilities, then there will be no top performers, and
consequently no high-performing team capable of achieving outstanding results.
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Employee skills are of great importance. If employees possess diverse skills, they will be
able to perform a wider range of tasks. This reduces the need for external collaborators and
makes the work process more efficient.

Style represents a recognizable characteristic of a particular company or business, whether it
is production- or service-oriented. It differentiates the business from others. Style refers to
the way work is carried out, the system of communication within and outside the
organization, behavior patterns, and the execution of assigned tasks. It is adapted to team
spirit, the willingness to help other employees, and the commitment to give one’s best as a
team or community.

In joint operations, everyone involved in the production process must know their role and
perform it correctly, as defined. Staffing falls within the domain of the staffing function, but
aspects of this issue are also included in organizing, which creates an overlap between
organizing and staffing. For this reason, many authors view organizing and staffing as a
single activity. However, despite certain common elements, it is useful to distinguish between
these functions, since organizing only partially addresses human resources, while the staffing
function analyzes all aspects of managing human potential (how to recruit, train for proper
performance, manage, promote, dismiss, etc.).

2. THE ROLE OF MANAGEMENT AND ITS FUNCTIONS IN THE
SUSTAINABILITY OF TOBACCO PRODUCTION AS A FAMILY
BUSINESS

Unlike general management, management in a family business engaged in tobacco
production focuses on how the owner organizes the factors of production—Iland, labor, and
capital—adapts the activity to the specific environment, and manages the resulting product—
tobacco—in a way that generates maximum profit, while at the same time preserving the
integrity of the fundamental production factors.

Figure 2. Fundamental Factors for the Development of a Successful Family Business in

Agriculture
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The development of a modern family business primarily engaged in tobacco production must
rely on well-developed management, along with all its accompanying elements such as
planning, work organization, production management, and control, supported by appropriate
motivation of the involved members. Only in this way can greater efficiency and
effectiveness in operations be achieved, along with reduced production costs, increased
productivity, and improved business results.

When it comes to family businesses in tobacco production in Macedonia, it can be said that
these are individual producers who have invested their own resources in tobacco production
and use either their own land or leased land. In terms of labor, they rely on the engagement
of family members or other individuals, regardless of gender.

Most tobacco producers today are primarily focused on the production process itself, rather
than on planning, organizing, managing production, keeping records of income and expenses,
controlling costs, and managing the risk of negative business outcomes. This approach may
have been sufficient in the past, but in today’s globalized market with strong competition in
every field, the traditional approach to managing rural tobacco farms—characterized by high
production costs, low efficiency, and small cultivated areas—must change. It is necessary to
transition to a completely new, modern way of managing a family business in tobacco
production. This approach should certainly include planning, organizing work, controlling
operations and costs, managing human resources and their motivation, as well as the
application of new technologies through the use of modern machinery, information
technology, and bioengineering.

The development of a successful family business in tobacco production must rely on well-
developed agromanagement, which represents the achievement of defined agricultural
production goals under specific production conditions and the efficient use of limited
resources. Management in tobacco production essentially means achieving strategic goals
through the use of available human resources. Management is not only about decision-
making; its essence lies in taking action. Based on these decisions, the family business is
directed toward the desired goal. The objective is to coordinate all work activities so that they
are carried out efficiently and effectively with the help of others.

The owner of a family business in tobacco production has two roles:
- to take care of production and create a quality product, and
- to manage the family business.

As a manager, they must perform certain functions, roles, and possess specific skills. They
are expected to carry out the following functions—planning, organizing, leading, and
controlling production—in order to effectively and efficiently coordinate the work of others.
There are numerous interrelated managerial roles, most commonly grouped around
interpersonal relations, information transfer, and decision-making.
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Figure 3. Management functions
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Managers also require certain skills to perform their duties: technical skills (knowledge in a
specific field or area), human skills (the ability to work with other people, both individually
and in groups), and conceptual skills (the ability to develop concepts for abstract and complex
situations).

The acquisition of specific knowledge and skills is most often linked to education. However,
the level of education among the population involved in agriculture is relatively low. This
percentage is lower than in other sectors, not only in our country but also in the EU-28.

Table 1. Level of Education in the Non-Agricultural and Agricultural Sectors in the
European Union and in Our Country in 2024

Crenen  Ha | Bkynno 3eMjoIeTICKH CEKTOP
obpazoBanue | Hucko CpenHo Bucoko Hucko CpenHo Bucoko
EY-28 17,9% 48,0% 34,1% 40,8% 50,3% 8,9%
Makenonuja 19,2% 54,5% 26,3% 54,8% 41,3% 3,9%

Source: Eurostat

The data are even more worrying in terms of age structure. They are given in the following
table for the EU-28 and Macedonia:

Table 2. Percentage of population by age group in the EU-28 and Macedonia in and outside
agriculture in 2024

CrapocnHa BxymHO 3eMjO/IeIICKH CEKTOP

CTPYKTYpa 15-39r. 40-64 1. Hamg 65r. | 15-39 1. 40-64 T. Han 65.
EVY-28 42,4 % 55,2% 2,4% 31,8% 59,2% 9,0 %
Makenonuja | 45,8% 52,9% 1,3% 29,5% 64,2% 6,3%

Source: Eurostat
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Graphically, these data can be presented as follows:

Chart 1. Percentage of population by age group in the EU-28 and Macedonia in and outside
agriculture

[EU-28 Total EU-28 agriculture

2.40%

W 15-39years W 40-Gdyears  w Over6S
= 1539yean W 40-64years  m Over6S yeans -

Macedonia - total Macedonia - agriculture

1.30%
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The manager, that is, the owner of a family business, using the skills and knowledge they
possess, should begin with planning the family business as the first and most important step
when intending to start a tobacco production business. This step is influenced by many
external and internal factors that affect, first, the successful establishment of the business,
and later its gradual development into a well-established and successful family enterprise.
During the planning process, the manager should consider two alternatives:

Whether to be a tobacco producer who cultivates only tobacco on larger areas, involving
family members or hired labor; and

Whether to be a part-time tobacco producer (someone who has another job in agriculture or
outside it), with income from tobacco serving as a supplement to the family budget.

For planning to be successful, the manager must first:

a) Define the goals of the family business in tobacco production;

b) Assess the available resources (internal scanning), i.e., evaluate internal factors (labor
force, size, structure and quality of the land, availability of water and irrigation systems,
availability of appropriate machinery, etc.);

¢) Conduct an environmental analysis in the form of external scanning, including the
purchasing conditions offered by buying companies, possibilities for obtaining advances,
etc.;

d) Identify and select strategies for achieving the set goals; and

e) Implement the selected strategies.
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After defining the goals of the family business in tobacco production, assessing resources,
conducting environmental analysis, and selecting strategies for achieving the set goals, the
next step is to formulate short-term objectives. The manager of the family business must
define action steps, set a timeframe for their proper execution, and continuously monitor their
implementation. This automatically means setting specific short-term (tactical and
operational) goals in order to measure progress toward long-term objectives.

Defining goals in tobacco production is not simple because:
- conditions are uncertain and unpredictable; and
- itrequires a significant amount of time to establish appropriate goals.

The complexity in defining goals lies in the fact that tobacco production, as a primary activity
for the owner of a family business, is often also a way of life. Thus, while in most businesses
the primary goal is profit maximization, in agriculture (tobacco production) this is not
necessarily the main objective due to the integration of lifestyle and profession. The goals of
these family business owners can therefore be described as the pursuit of profit, provided that
it does not come at the expense of their way of life (i.e., the survival of the business).

In the context of the above, we can conclude that the foundation of management lies in
planning and organization. This is the basis upon which modern management in tobacco
production is built. Planning must assess where the family business currently stands and
where it is heading. It determines the course of action. In other words, planning defines the
way in which various activities can be carried out in an effective sequence and in a precise
chronological order. It creates the framework within which the different factors of production
(land, capital, and labor) will be organized, allocated, and controlled in order to achieve the
goals in tobacco production. It is closely related to the effort to answer the question of how
to carry out tasks efficiently and effectively. Efficiency means doing things right, while
effectiveness means doing the right things.

The second task of management, after planning, is organization. Once plans and budgets are
established, the family business in tobacco production must be organized in a way that
enables their implementation. For plans to succeed, it is necessary to identify the various
tasks, and those that are carried out together can be combined. Therefore, organization is
defined as determining the different tasks that need to be performed, grouping those that go
together into functions, and establishing good relationships among those responsible for
carrying out these functions and tasks, so that everyone knows their responsibilities and their
role within the family business. As a managerial function, organization includes two
activities: creating an organizational structure and managing human resources. Both
organization and planning within a family tobacco production business have their specific
characteristics. These are primarily due to the fact that the manager is often not only a
supervisor but also directly involved in production or in certain production activities, just like
other workers. This makes organization, particularly the delegation of clearly defined tasks,
more difficult—not only for the manager but also for all employees or participants in the
family business. As a result, the possibility of narrow specialization of human resources
within the family business is reduced.

Within the scope of organization also falls the successful management and planning of human
resources. In this regard, motivation, communication, and workforce training are among the
key issues that owners of family tobacco production businesses must not neglect. In certain
situations, only family labor will be used; in others, there will be a need for hired labor; and
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in some cases, even external expertise and the use of services from consultants or specialists
will be required—whether for tobacco diseases, the introduction of new machinery, legal
advice, and similar matters.

Motivation is, in essence, the process of activating human behavior, that is, directing activity
toward the achievement of specific goals. Motives are the reasons for initiating certain
behaviors or activities. The motivation of an individual owner of an agricultural holding to
engage in tobacco production may stem from existential reasons—which is very common,
especially in rural areas—from family tradition, since it is a fact that in the world, Europe,
and in our country, the inheritance of agricultural professions is much more common than in
other sectors; from a lack of other skills and education, as a low level of education is
characteristic of the population engaged in agriculture; or from the need to secure additional
financial resources to improve the family budget.

Macedonian farmers lag behind the European average in terms of education level. When it
comes to managerial skills and competencies, the situation is even less favorable. The number
of farm managers/owners in the EU-28 amounted to 12,247,850 in 2024; of these, only 7.5%
are under 35 years of age, 39.4% are between 35 and 64 years old, and as many as 53.2% are
over 65. At the EU level, the number of managers who have attended management training
is as follows:

Table 3. Farm Managers in the EU Who Have Undertaken Management Training in the
Past 12 Months, 2024

Managers in the EU-28 Total men women
under 35 years old 89.100 76.110 12.990
35 to 44 years old 178.730 152.710 26.020
45 to 54 years old 230.400 197.980 32.420
55 to 64 years old 145.770 125.700 20.070
over 65 years old 60.070 49.590 10.480

Source: Eurostat 2024.

Of this number, only 194,980 have completed full management training, while 221,100 have
only practical experience, and 287,990 have basic training.

Once the plans are finalized and the family business in tobacco production is organized, it is
necessary to ensure the implementation of these plans, which must be monitored. Control is
the fourth function of management, through which the manager keeps the family business in
tobacco production on the right track. It should be both preventive and ongoing. Any
untimely execution of control puts the continued operation of the business at risk. Control is
inseparably linked to planning and organization, which means the manager must oversee
activities and monitor them to ensure they are carried out according to plan.

The control process includes the following four steps:
e  Establishing standards;
e Measuring actual performance;
o  Comparing actual performance with planned standards; and
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e Taking corrective action.

Considering all that has been presented regarding the management of a family tobacco
business, we can conclude that good management is of critical importance for a family
tobacco business and includes the following elements:

e  Making decisions;

e Implementing those decisions; and

e Accepting responsibility for the decisions made.

To accomplish all of this, the manager/owner must possess:
e Integrity and a sense of responsibility;
Practical experience;
Business acumen;
Technical knowledge; and
Information about the family business related to costs, yields, the status of
production factors, and many other elements.

In the context of successfully organizing agricultural activities, and specifically tobacco
production, it is particularly important to apply tactical management of the family business,
which is a key aspect for the effectiveness and sustainability of agricultural enterprises. This
type of management involves planning, organizing, leading, and controlling all activities
related to production and resource management.

Within the organizing function, tactical management is of great importance and includes:
1. Identifying and defining the problem or opportunity;

Identifying alternative solutions;

Collecting data and information;

Analyzing alternatives and making a decision,;

Implementing the decision;

Monitoring and evaluating results; and

Accepting responsibility.

Nownkwh

Following these steps will not guarantee that every decision will be perfect, but it will help
the manager act in a logical and organized manner when faced with a particular problem.

3. CONCLUSION

Strategic decisions of management in agribusiness must be based on internal considerations
of costs, technology, risks, financial planning and managerial resources, as well as external
considerations of synergies, differentiation, market positioning and marketing strategies.
Today, in agribusiness, which includes tobacco production, changes are constant and
increasingly rapid, so managers must use a new management approach to the way of
management, an attitude that will favor flexibility, faster innovation, the integration of
challenges arising from constant changes in operating conditions.

Maintaining the long-term productivity of the land, protecting the environment, protecting
the health of the entreprencur and workers, as well as maintaining financial independence are
issues that affect the plan of an agricultural organization. The type, quality and quantity of
available resources determine which activities can be taken into account when drawing up a
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plan for the organization, and which are not feasible. First of all, land should be considered
as a complex and limited resource with characteristics that affect the type and number of
activities considered, then facilities, that is, a list of all structures should be included, along
with their condition, capacity and potential uses. Mechanization can be a fixed resource in
the short term, and the number, size and capacity are also important in the development of
the plan, while capital is a limiting resource and its lack or limited access can affect the size
and choice of activity. The workforce should be analyzed in terms of quantity and quality.
Quantity can be measured in months of labor currently available to the business, while the
quality of the workforce is a little more difficult to measure, but any specialized skills,
training and experience that will affect the possible success of a particular activity should be
noted. In this regard, the organization as a function of strategic management envisages the
best possible utilization of all available resources: land, labor, capital, and entrepreneurship
in order to achieve the set goals, therefore it is a practical process that should ensure the best
management of available resource.
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1. INTRODUCTION

In recent decades, digitalization has radically reshaped the agricultural sector globally,
becoming not only a driver for the modernization of rural areas but also a field of political
and economic competition. Precision agriculture and smart technologies, which include IoT
sensors, drones, geolocation systems, and big data analytics, offer extraordinary
opportunities to increase productivity, optimize resources, reduce costs, and promote
economic sustainability and innovative business models.

In an ideal world, these technologies should strengthen the agricultural sector and reduce
historical inequalities in rural regions. However, reality is far from ideal. Precision
agriculture is not merely a technological advancement. It represents a potential tool for state
surveillance and corporate domination, altering the power dynamics within rural
communities. Digital platforms and data collection systems, when in the hands of the state or
large corporations, can create new forms of dependency, inequality, and economic
marginalization for small farmers. (Zuboff, 2019) In regions with limited digital
infrastructure, these technologies risk becoming a hidden mechanism of control,
compromising the traditional concept of farmer autonomy.

The aim of this paper is to explore the dual nature of digital agriculture: as a tool for economic
and ecological progress and, simultaneously, as a potential means of power concentration,
state oversight, and corporate domination. Does digital agriculture increase the autonomy
and productivity of rural communities, or does it transform the agricultural sector into a space
of political and economic control?

2. MATERIAL AND METHODS

This paper is based on a qualitative research approach, employing the analysis of secondary
data and relevant scientific and professional literature. The research utilizes sources from
international organizations, as well as academic publications related to the digitalization of
agriculture, precision agriculture, and the concepts of the digital economy and algorithmic
governance.

Methodologically, the paper relies on theoretical analysis and a comparative approach,
through which global trends in digital agriculture and their applicability to the Macedonian
context are examined. Additionally, a critical analysis is applied to explore the implications
of digital technologies on the distribution of economic power, farmers’ autonomy, and the
potential emergence of new forms of surveillance.

The analysis also includes practical examples and national initiatives related to the
digitalization of agriculture in Macedonia, aiming to illustrate the real situation and
challenges in implementing these technologies.

3. RESULTS AND DISCUSSION

3.1 Precision Agriculture as a Technological Paradigm and a New Production
Regime

In contemporary agricultural literature, precision agriculture is considered one of the most
significant technological transformations in agricultural production in recent decades. It is
defined as an integrated system of digital technologies, data platforms, and automated
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processes that enable detailed analysis and optimization of agricultural activities. (Wolfert,
et al., 2017) Within this technological paradigm, agriculture is gradually transforming from
a traditional production model, based on local experience and empirical knowledge, into a
data-driven production system where decisions are made based on complex analytical
algorithms and digital platforms.

The integration of technologies such as IoT sensors, satellite navigation, unmanned aerial
vehicles (drones), geospatial information systems, and advanced analytical tools enables
continuous monitoring of agricultural ecosystems. In the Republic of Macedonia, these
technologies are present but their application is still limited, mainly occurring through pilot
projects, international initiatives, and individual commercial farms. For example, digital
solutions such as drone imaging and crop analysis are applied in certain regions, such as
Kumanovo and Strumica, primarily as part of private precision agriculture
services.(Agfutura.com)

At the same time, national and international programs, supported by institutions such as the
FAO, are working on developing digital infrastructure through platforms like e-agriculture,
which provide farmers and institutions with access to agrometeorological and spatial data.
(United Nations, North Macedonia)

However, despite these initiatives, advanced technologies such as IoT sensors and analytical
systems remain limited to pilot projects and have low prevalence, especially among small
farms, indicating significant digital inequality in the agricultural sector.( Stojkov Pavlovi¢ et
al., 2025)

10T sensors allow for measuring soil moisture and the nutritional status of crops, while drones
capture crop conditions and identify areas with potential risk of disease or stress. Geospatial
information systems integrate these data into digital maps, enabling more precise
management of water, fertilizer, and pesticide use. This approach contributes to optimizing
productivity and reducing the ecological footprint of agriculture. Research indicates that
precision agriculture can reduce water use by approximately 20—40% and fertilizer uses by
around 15-30%, with potentially higher effects depending on technology and local
conditions.(AgriEconomist)

Theoretically, this transformation is linked to broader processes of digitalization and
automation that characterize the modern economic system. Precision agriculture fits into the
concept of the “fourth agricultural revolution,” in which digital technologies become a key
driver of productivity and innovation in the agricultural sector. In North Macedonia, the state
and private actors are gradually supporting this transformation through pilot projects for soil
data analysis, agrometeorological systems, and the development of digital platforms for
managing agricultural production. These initiatives involve the use of mobile applications,
sensors, and drones to monitor crop conditions, although their application is still limited and
unevenly distributed across different types of farms.

Supporters of this perspective argue that digitalization is a crucial mechanism for ensuring
global food security and addressing climate challenges.

However, technological transformation is not exclusively a technical process, but also a
structural change in power relations within the agricultural economy. Through digital
infrastructure, control over production processes gradually shifts from individual farmers to
technological platforms and companies that own and manage this infrastructure. In this sense,
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precision agriculture can be interpreted not only as a means of modernization but also as a
new regime of technologically mediated production, where algorithms and data play a central
role in managing agricultural activities.

From this perspective, there is a warning that the digitalization of agriculture may lead to a
new form of technologically mediated dependency, in which control over production
processes is concentrated in the hands of a limited number of technology companies that own
the platforms, algorithms, and data processing infrastructure. This concentration of digital
infrastructure raises broader questions about power asymmetry in the global agri-tech system.
Thus, a fundamental question arises as to whether digitalization truly leads to the
democratization of agricultural production or, conversely, creates a new form of
technological dependency in which farmers become part of digitally organized production
systems over which they have limited control.

3.2 Data as a New Form of Agricultural Power

One of the most controversial aspects of digital agriculture is the transformation of data into
a key economic resource. Within the contemporary digital economy, information on soil,
production processes, climatic conditions, and market trends becomes strategic capital with
significant economic value.

In this perspective, the agricultural sector becomes part of a broader process of “datafication,”
i.e., the transformation of physical and biological processes into digital data that can be
analyzed, processed, and monetized. (Couldry, Mejias, 2019) Every aspect of agricultural
production from the chemical composition of the soil to crop growth dynamics can be
digitally recorded and integrated into algorithmic systems for analysis and prediction. This
process creates a new economic reality in which data becomes a form of agricultural power.

Such concentration of data resources can create a new type of digital agrarian capitalism, in
which control over production information becomes as important as control over land or
resources. Companies with large data sets and analytical capacities gain a significant
advantage in managing production, predicting market trends, and optimizing agricultural
processes. Global trends show that digital technologies are concentrated in specific regions
and farm types. For example, about 62% of farms in North America use precision agriculture
technologies, while their adoption is significantly lower in many regions of Africa and Asia.
(Lowenberg-DeBoer, Erickson, 2019)

At the same time, studies show that less than 15% of smallholder farms (Food and Agriculture
Organization) worldwide have access to these technologies, even though small farmers make
up approximately 80% of all farmers globally.( Ricciardi et al. 2018)

In North Macedonia, although digital platforms are still in pilot stages, a similar dynamic is
already emerging. Large farms in Macedonia are more likely to use digital platforms and
technologies such as sensors and drones to optimize irrigation, fertilization, and disease
monitoring. Small farmers, who make up a significant portion of the country’s agricultural
holdings, often lack access to these technologies or advanced analytical services, creating
asymmetry in economic benefit and control over data.
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The key issue in this transformation is the question of ownership and control over data. In
many cases, digital platforms collecting agricultural data are owned by large technology
companies or multinational agribusiness corporations. Although farmers generate the data,
they often lack full control over its use, analysis, or commercialization. As a result, an
asymmetric power structure emerges in which farmers become data producers, while the
economic value of that data is accumulated by entities controlling the digital infrastructure.
Some authors describe this phenomenon as a form of digital value extraction, in which
information generated in rural areas is turned into an economic resource for global tech
markets.

3.3 Precision Agriculture in the Macedonian Context

In North Macedonia, the digitalization of agriculture is beginning to develop as a concrete,
pragmatic process, supported by state and international initiatives, although it is not yet fully
integrated into everyday agricultural practices. In recent years, the Ministry of Agriculture,
Forestry, and Water Economy, in cooperation with the Food and Agriculture Organization
(FAO) and other partners, introduced a national e-agriculture platform (e-zemjodelstvo.mk)
aimed at centralizing the latest spatial, climate, and market data in one place, making it
accessible to institutions, researchers, and farmers themselves. This platform integrates
systems such as the Agribusiness Market Information System (AMIS) and national
agrometeorological data, enabling a more complex understanding of production conditions
and market trends.

One of the most significant innovations in the country’s digital transformation is the project
to install approximately 500 advanced soil sensors, designed to collect data every 15 minutes
in major agricultural regions. These sensors record soil mineral characteristics and moisture
dynamics, and the data are transmitted wirelessly to a central database, where they can be
analyzed and visualized via mobile applications or web interfaces. Although the project is in
its initial phase, its implementation already serves as a foundation for further efforts to
introduce technologies such as satellite monitoring, drones, and smart irrigation systems,
aiming to improve productivity and reduce the ecological footprint of agriculture.

These technological monitoring systems and digital platforms not only provide more data but
also create a basis for better national-level agricultural policy planning. For example, through
the e-agriculture platform, farmers can access up-to-date market information, while state
institutions can use the data to develop strategies for addressing climate change, adapting
production, and increasing competitiveness according to European Union standards. This
approach reflects an effort to link digital information with strategic objectives in the national
agro-sector as part of harmonization with European standards and the Sustainable
Development Goals.

However, the practical application of digital technologies on Macedonian farms faces
significant structural challenges. The average farm size in the country is relatively small and
fragmented, limiting their capacity to invest in sensors, drones, and high-cost digital
solutions, particularly for small family farms without stable capital inflow. A small farm can
hardly afford the implementation of IoT technologies or data analytics software, putting them
at a disadvantage compared to larger farms already investing in these technologies.
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In addition, digital literacy among farmers is still limited. Many producers continue to
communicate with state authorities and access subsidy systems in traditional ways, through
physical counters, as digital application systems, though officially introduced, are still
perceived as complex and difficult to use for those without prior experience with advanced
digital tools. This digital barrier creates an additional gap between technologically equipped
and unequipped farms, meaning that some farmers remain dependent on intermediaries or
assistance from local officials to physically enter data into national systems.

Overall, the digitalization of agriculture in North Macedonia represents a complex, multi-
layered process that simultaneously brings new opportunities for productivity, sustainability,
and innovation, while also facing structural constraints related to financial capacity, digital
literacy, and access to technology. These challenges indicate that a full digital transformation
of the agricultural sector will require a coordinated effort by the state, the education sector,
farmers’ organizations, and international partners to ensure fair distribution of benefits and
reduction of digital inequality.

4. CONCLUSION

Digital agriculture represents a significant transformation of the rural sector, with the
potential to increase productivity, optimize resources, and support sustainable agricultural
practices. Precision technologies, sensors, drones, and analytical platforms provide closer
control and insight into production processes, which can improve farmers’ outcomes and
reduce the ecological footprint. In the Macedonian context, national initiatives such as e-
zemjodelstvo.mk create a foundation for greater coordination, awareness, and modernization
of the agricultural sector, enabling access to data that is critical for planning, adapting to
climate change, and aligning with European standards.

In conclusion, digital agriculture can be understood as a paradoxical phenomenon: on one
hand, a tool for economic and ecological progress, and on the other, a potential mechanism
for technological dependency and political concentration of power. To realize its true
potential, inclusive and transparent policies are necessary, ensuring fair access to technology,
educational programs for digital literacy, and active participation of farmers in the decision-
making process. Only through such a balanced approach can digital agriculture become an
instrument for sustainable development, innovation, and democratic participation, rather than
turning into a means of centralized control and a new form of agricultural inequality.
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Abstract: The problem of obesity has been an existing and complex health issue associated with
increased levels of cardiometabolic risks and physical functionality. This problem has been observed
in the military population. Changes in the structure of jobs and modern lifestyles and eating habits are
among the factors that contribute to an increased number of people with obesity in the armed forces.
This has significant implications for the health of the military. The objective of this study was to examine
the physical characteristics and clinical findings of the military population with issues of excess weight.
The study participants included 29 male soldiers from the Republic of Kosovo. Their ages varied from
22 to 54. For each participant, the study team obtained physical measurements and carried out blood
pressure and blood tests. The blood test included a count of blood cells and other biochemical and lipid
tests. The study also included the examination of the link between the levels of blood glucose and
triglycerides and the BMI. The study findings indicated that the group had excess weight and average
blood pressure levels that were slightly above normal. Hematological values were generally maintained
within the range, while biochemical and lipid values had considerable variations. The correlation
analysis revealed a moderate positive relationship between BMI and blood glucose, indicating
increased metabolic risk factors. The study reveals that the extra weight in the military population is
associated with increased cardiometabolic risk, as evidenced by increased blood glucose and
prehypertension blood pressure values. In the future, there is a need to focus on lifestyle interventions
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and health monitoring to reduce the metabolic risk factors in order to increase the readiness of the
military personnel.
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Ancmpaxm: Ilpobremom co Oeberunama npemcmasysa NOCMOEUKU U KOMIIEKCEH 30PA6CMEeH
npeou3sUK NOBP3AH CO 320/leMEHU HUBOA HA KAPOUOMemAOOIHU PUUYU U HAMAIeHd Qu3uuKa
@ynkyuonarnocm. 0o npobnem e 3abenexcan u Kaj eoenama nonyrayuja. Ilpomenume 60
cmpykmypama Ha pabomuume 3a0aui, KAKO U COBPEMEHUOM HAYUH HA JICUBOM U HAGUKUME 80
ucxpanama, ce mery akmopume wimo npuooHeCy8aam 3a 3207emyédrbe HA Opojom Ha auya co
Oebenuna 60 eoopysxcenume cunu. O8a uMa 3HAYATHU UMRAUKAYUU 6P3 30pAGjemo Ha 60EHUOMm
nepcouan. Llenma na oéa ucmpasxcysarwe bewte 0a ce ucnumaam QuuYKUmMe KapakxmepucmuKu u
KIUHUYKUME HA0OU Kaj 80eHama Nonyiayuja co npobiemu co npeKyMepHa meiecHa mexcuHd. Bo
cmyoujama 6ea exayyenu 29 mawxu gojHuyu 00 Penyonuxa Kocogo, Ha éo3pacm 00 22 0o 54 2oounu.
3a cexoj yuecnux 6Gea nanpasenmu uzuUuUKU Meperbd, KAKO U Meperba HAd KPEHUOM NPUIMUCOK U
nabopamopucku ananusu va kpema. Kpenume ananusu ongpamuja 6poj Ha KPeHU KIemKu, KaKo u opyeu
buoxemucku u aunuoHu napamempu. Cmyoujama ucmo maka ja ucnumysauie nogp3aHocma nomery
HUBOMO HA 2IUKO3A 80 KDEMA, mpuiuyepuoume u unoexcom Ha menecia maca (BMI). Pezynmamume
00 cmyoujama nokaxcaa 0eka UCHUMy8anama epyna uUMa NPeKymMepHa meiecHa melcuHa u npoceyHu
8peOHOCIU Ha KPBEH NPUMUCOK KOU Ce MANKy HAO HOPMAnHume epanuyu. Xemamonowkume
8peOHOCMU  2eHepATHO bea 80 pehepeHmHume 2paHuyu, 000eKa OUOXeMUCKume u JIURUOHUME
napamempu nokaxdcaa sHauumenru sapujayuu. Koperayuckama ananuza omxpu ymepena no3umueHa
noepzanocm nomery BMI u nugomo na eauko3a 80 Kpema, wimo yKajicyea Ha 3201emMeHu Memabontu
pusux-paxmopu. Cmyoujama ykadicysa Oeka npeKymMepHama menecHa MedcuHa Kaj eoenama
nonynayuja e noep3ama co 320ieMeH KapouomemaboieH pusuk, wimo ce nOmepoyea cO NOKAYeHU
6PEOHOCMU HA 2IUKO3a 80 KPEMA U 6DEOHOCMU HA KPBEH NPUMUCOK 60 PAMKUME HA NPeOXunepmen3ujd.
Bo uonuna, nompebno e O0a ce cmaeu axyeHm HA UHMEPSEHYUU B0 HAYUHOM HA HCUBOM U
KOHMUHYUPAHO clederbe HA 30PA6CMBEeHama cocmojoa co yen Hamanyéare Ha MemaboiHume pusuK-
Gaxmopu u 3201eMy8arbe Ha NOO2OMBEHOCHIA HA 80EHUOM NEPCOHA.

Knyunu 360poeu: ucxpana, soema nonyiayuja, UHOEKC HA MeNeCHA MAcd, MemabonuuKku pu3ux,
anmponomempuja

1. INTRODUCTION

Generally, obesity is a long-standing and multifactorial state characterized by excessive body fat and a
notably increased risk for cardiovascular disease, type 2 diabetes, metabolic syndrome, and decreased
physical performance (Ng et al., 2014; World Health Organization, 2023). The rise in obesity across
the world is now regarded as one of the most alarming issues in this modern age and has ripple effects
that extend beyond individual-level health and into socioeconomic structures and institutions. While
the military has long been synonymous with physical fitness, discipline, and strict body type ideals,
modern militaries are struggling to combat a rising rate of overweight and obese personnel in the
military (Knapik et al., 2015; Bray et al., 2018). The move towards modernized military operations,
sedentary roles, increased hours of work, psychosocial factors, and the availability and quality of food
are all contributing factors to this phenomenon (Chapman et al., 2019; Smith et al., 2020). Obesity is
of particular concern in the military because it directly impacts the military’s readiness, endurance,
speed, and agility in both combat and day-to-day operations (Knapik et al., 2015). In addition, obese
service members are more likely to experience musculoskeletal injuries, rehabilitation, and absences,
which can be costly for the military healthcare system (Jones et al., 2010). According to studies, it is
clear that the increased prevalence of energy-dense diets characterized by saturated fat and refined
carbohydrate intake, coupled with decreased physical activity and irregular meals, is a major
contributing factor to the increased prevalence of obesity in soldiers (Chapman et al., 2019; Mozaffarian
et al., 2016). This is because these types of dietary habits are often accompanied by unfavorable body
and blood parameters such as increased BMI, waist size, dyslipidemia, insulin resistance, and increased
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inflammation markers (Hu, 2013; Schwingshackl et al., 2019). Although there is an increase in studies
about obesity in the military across the world, there is still limited information about the body
measurements and biochemical parameters of obese soldiers in the Republic of Kosovo. The scarcity
in relevant research makes it difficult to precisely target within the military healthcare system. In this
study, we have specifically targeted some of the important physical and biochemical markers in obese
soldiers from Kosovo. In this regard, this study aims to identify and highlight some of the important
risk factors by specifically examining body mass index and lipid and blood sugar profiles in obese
soldiers and provide some evidence-based recommendations in nutrition-related interventions that may
be helpful in enhancing military personnel’s health and combat readiness.

2. MATERIALS AND METHODS

This study was conducted both as an observational study and an interventional study,
specifically within a military setting. Its main purpose was to determine anthropometric,
clinical, laboratory, and behavioral characteristics, while assessing the potential impact of an
educational intervention on knowledge, attitudes, and practice related to nutrition and
lifestyle factors. A total of 29 active military men, ranging in age from 22 to 54 years, were
recruited from the Republic of Kosovo. All participants were fully informed about the study’s
purpose, procedures, and benefits, thus providing their voluntary consent to participate.
Among the anthropometric parameters, body weight and height were measured, from which
body mass index was derived using the following formula: body mass index = body
weight/height?.

Resting blood pressure while sitting was measured using a sphygmomanometer, and both
systolic (SBP) and diastolic (DBP) pressure were recorded. For laboratory investigations,
venous blood samples were collected from all subjects after fasting overnight. A complete
blood count (CBC) was done to determine various parameters such as leukocytes,
erythrocytes, hemoglobin, hematocrit, and platelet counts. Biochemistry tests included liver
function tests such as ALT, AST, GGT, renal function tests such as serum creatinine, urea,
blood glucose, and direct bilirubin. In addition, total cholesterol, triglycerides, LDL, and
HDL were included in the lipid profile. All these tests were done in an accredited laboratory
using conventional clinical-biochemical methods.

3. RESULTS AND DISCUSSION

3.1. Anthropometric and Biochemical Assessments

The basic characteristics of the studied population are presented in Table 1.

Table 1. Basic characteristics of the studied population

Parameter Average SD + Minimum Maximum
Age (years) 38.9 10.4 22 54
Weight (kg) 90.4 13.9 70 146
Height (cm) 180.7 5.4 170 192
SBP (mmHg) | 133 20.7 100 180
DBP (mmHg) | 85 8.9 70 100

All participants were male, with a mean age of 38.9 + 10.4 years, ranging from 22 to 54 years.
The average body weight was 90.4 + 13.9 kg, with a minimum of 70 kg and a maximum of
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146 kg. Height ranged from 170 cm to 192 cm, with a mean value of 180.7 = 5.4 cm. Blood
pressure measurements showed an average systolic blood pressure (SBP) of 133 + 20.7
mmHg and diastolic blood pressure (DBP) of 85 + 8.9 mmHg. The highest recorded systolic
and diastolic pressures were 180 mmHg and 100 mmHg, respectively, while the lowest
values were 100 mmHg (SBP) and 70 mmHg (DBP). These results indicate that, although
the average blood pressure values fall within the prehypertensive range according to
international guidelines (Whelton et al., 2018), some participants exhibited elevated values
that require monitoring and potential lifestyle interventions. All participants underwent
laboratory blood tests. The values of the complete blood count (CBC), presented in Table 2,
were within the normal recommended ranges for healthy adults (McPherson & Pincus, 2017).
This indicates that, despite the presence of excess body weight and elevated blood pressure
in some participants, there were no apparent hematological abnormalities in this population.

Table 2. Complete blood count in the studied population

Parameter Average SD + Minimum Maximum
WBC (x10%/uL) 6.0 1.3 3.8 9.0
RBC (x10%/uL) 4.8 0.7 2.9 6.2
HCT (%) 43.1 6.3 27.2 51.8
HGB (g/dL) 14.4 2.2 8.7 17.5
PLT (x10%/uL) 187.9 49.1 118 312

The anthropometric and clinical data indicate that the studied population predominantly
consists of middle-aged individuals with excess body weight, with an average BMI
suggesting pre-obesity. The wide range of body weights, including individuals with
significantly higher weight (up to 146 kg), highlights the variability in body composition and
the potential metabolic risk. Elevated systolic and diastolic blood pressure values in some
participants are consistent with trends observed in populations with excess body weight,
indicating a higher prevalence of prehypertension or hypertension (Kearney et al., 2005).
Normal complete blood count values suggest that, at present, there are no significant
hematological complications, such as anemia or leukocytosis, associated with obesity in this
population. However, considering the well-established relationship between obesity,
hypertension, and metabolic disturbances, these individuals may be at an increased risk of
developing cardiovascular disease and metabolic syndrome in the future (Lavie et al., 2014).
The findings underscore the importance of regular health monitoring and highlight the
potential need for lifestyle interventions, including dietary modification, physical activity,
and stress management, to reduce cardiovascular and metabolic risk among military
personnel. The mean white blood cell count (WBC) was 6.0 x 10%/uL (SD + 1.3), red blood
cell count (RBC) 4.8 x 10%/uL (SD = 0.7), hematocrit (HCT) 43.1% (SD + 6.3), hemoglobin
(HGB) 14.4 g/dL (SD = 2.2), and platelet count (PLT) 187.9 x 103/uL (SD +49.1) (Table 2).
Maximum and minimum values were within clinically acceptable ranges, although individual
extremes were observed (e.g., HGB as low as 8.7 g/dL and PLT up to 312 x 10%/uL). These
findings indicate that, on average, hematological parameters were within normal reference
ranges (McPherson & Pincus, 2017). Minor deviations in some participants may reflect
individual physiological variations, minor subclinical conditions, or lifestyle influences such
as diet, physical activity, and stress levels (Pejic et al., 2018). Importantly, no significant
cytopenias or hematological disorders were detected, suggesting that the participants, despite
excess body weight or elevated blood pressure, generally maintain a normal hematological
status.
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The biochemical panel, which included liver enzymes, kidney function tests, and glucose
levels, is shown in Table 3. The mean values for the liver enzymes alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), direct
bilirubin (DB), and creatinine (CRE), as well as glucose levels (GLU) and urea levels, were
as follows: ALT - mean = 27.3 U/L, SD + 12.2; AST - mean =27.2 U/L, SD + 8.4; GGT -
mean=21.6 U/L, SD + 7.9; DB - mean = 5.2 umol/L, SD £ 1.2; CRE - mean = 92.4 umol/L,
SD + 14.7; GLU - mean = 5.1 mmol/L, SD + 0.7; urea - mean = 6.4 mmol/L, SD + 5.3. The
greatest deviations from the mean values were noted for ALT and CRE. This may indicate
that some participants have increased liver enzyme activity or decreased kidney function.
Although the mean values for these tests are within normal ranges, these deviations may be
signs of early metabolic problems or liver or kidney strain due to certain lifestyles, such as
diet and level of activity (Kleiner et al., 2019; Levey et al., 2009). Regular monitoring of
these parameters is recommended, especially in populations with excess body weight and
increased cardiovascular risk, as early detection may prevent progression to more severe
metabolic or organ dysfunction.

Table 3. Biochemical analyses in the studied population

Parameter Average SD + Minimum Maximum
ALT (U/L) 273 12.2 12.5 60.8
AST (U/L) 27.2 8.4 16.0 51.1
GGT (U/L) 21.6 7.9 8.9 36.3
DB (pmol/L) 52 1.2 3.5 8.1
CRE (umol/L) 92.4 14.7 62.3 126.6
GLU (mmol/L) 5.1 0.7 43 7.4
UREA (mmol/L) 6.4 53 3.0 30.3

The lipid levels of the participants in the study have been summarized in Table 4. The average
lipid levels of the participants were found to be 5.1 mmol/L (SD + 1.1) for cholesterol, 1.8
mmol/L (SD + 1.3) for triglycerides, 2.0 mmol/L (SD + 0.5) for LDL, and 0.8 mmol/L (SD
+ 0.3) for HDL. The range of lipid levels indicates that while some of the participants had
lipid levels within normal limits, the lipid levels of the rest of the participants were abnormal.
The abnormal lipid levels indicate that the participants had low HDL and high triglycerides.
These lipid levels are known risk factors for heart disease (Grundy et al., 2018). The range
of lipid levels indicates the need for a tailored approach to improve lipid levels. The
approaches that could be used to improve lipid levels include diet, exercise, and the use of
drugs. The results of the study have provided a good foundation for the development of a
preventive and health promotion program for the military.

Table 4. Lipid Profile in the studied population

Parameter Average SD + Minimum Maximum
CHOL (mmol/L) 5.1 1.1 32 7.7
TG (mmol/L) 1.8 1.3 0.6 6.7
LDL (mmol/L) 2.0 0.5 1.3 33
HDL (mmol/L) 0.8 0.3 0.5 1.5
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Lab tests indicate that overall, the group is in a normal state in terms of their blood and
chemical composition. However, there is a clear indication that there is variability in liver
enzymes, kidney functions, and cholesterol/triglyceride levels. This indicates early metabolic
changes in the people’s bodies, likely due to their state of being overweight. The plan is to
implement measures aimed at reducing health risks through improved nutrition, increased
exercise, and monitoring liver enzymes, kidney functions, and lipid profiles.

3.2. Correlation analyses between triglycerides, blood glucose and BMI

To investigate metabolic associations in the studied population, correlations were analyzed
between triglyceride levels (TG), blood glucose levels (GLU), and body mass index (BMI).

3.2.1. Triglycerides and BMI
The correlation between TG and BMI showed a low positive association (r = 0.1) (Graph 1).
This indicates that individuals with higher BMI tend to have slightly elevated TG levels. This

finding is consistent with previous research linking excess body weight, a sedentary lifestyle,
and dietary habits to increased triglyceride levels (Grundy et al., 2018; Pejic et al., 2018).

r=0.1

Graph 1. Correlation between triglyceride levels and BMI (r = 0.1).
3.2.2. Triglycerides and blood glucose

Analysis of the association between TG and GLU indicated a modest positive correlation (r
=0.2) (Graph 2). Although the association is weak, it indicates a potential link between lipid
and glucose metabolism, supporting the idea that metabolic disturbances may be
multifactorial. These disturbances are influenced by lifestyle-related factors and are
recognized contributors to the risk of chronic non-communicable diseases (Levey et al., 2009;
Kleiner et al., 2019).

(]
PY ) r=0.2

Graph 2. Correlation between triglyceride levels and blood glucose (r =0.2).
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3.2.3. Blood glucose and BMI

The correlation between GLU and BMI showed a moderate positive association (r = 0.5)
(Graph 3), representing the strongest association observed in this study. This finding reflects
the relationship between increased BMI and impaired glucose regulation. Statistical analysis
using the t-test for correlation confirmed significance at p < 0.01. Specifically, the tabular t-
value of 0.471 was lower than the calculated t-value of 3, indicating a significant difference
between BMI and blood glucose levels in the studied population.

r=0.5 ®

o NN

Graph 3. Correlation between blood glucose and BMI (r = 0.5, p<0.01).

These results suggest that higher BMI may be associated with impaired glucose and lipid
metabolism. The low to moderate correlations emphasize the importance of lifestyle factors,
dietary habits, and other risk determinants for metabolic health. These findings highlight the
significance of early monitoring and targeted interventions to reduce the burden of metabolic
disturbances.

4. CONCLUSION

This study provides a general overview of the body measurements and clinical findings of
the military personnel studied, helping to understand the health condition and potential
cardiometabolic risk of the active-duty personnel. The results of the study indicate that the
majority of the population were middle-aged and had excess body weight. The average blood
pressure of the population was found to be in the prehypertensive range. This is important
because it is known that having excess body weight and increased blood pressure is a
potential risk factor for the development of cardiometabolic risk. Although the hematological
parameters of the population were within the normal reference range, there were variations
in the biochemical and lipid parameters. This may indicate the potential risk of metabolic
changes in the population, even in the absence of any clinical condition.

This is consistent with previous studies that have found metabolic issues to develop
gradually, sometimes beginning with changes in biochemical parameters before progressing
to more overt issues. One of the main takeaways from this study is the moderate positive
relationship between body mass index (BMI) and blood glucose levels. This is consistent
with the well-known association between increased body mass and metabolic control, which
may represent one of the first steps in the process leading to insulin resistance and metabolic
disease. Finally, the low-to-moderate levels of intercorrelation between triglycerides,
glucose, and BMI support the view that metabolic disease is multifactorial, resulting from a
complex interplay of physiological, behavioral, and environmental factors. Lifestyle factors
such as diet, exercise, occupational demands, and psychosocial stressors may all play a
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significant role in metabolic disease in military populations, so these data should be viewed
within the context of military lifestyle factors.

This study, therefore, points out the significance of early detection of cardiometabolic risk
factors in military personnel. It emphasizes the need for a comprehensive, integrated, and
cohesive health prevention program, which incorporates health education, health checkups,
and well-structured lifestyle modification programs, in order to reduce the risk of
cardiometabolic risk factors, promote health, and sustain the health of military personnel in
top form.
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Abstract: Non-obstructive chronic bronchitis (NCB) is characterized by chronic productive cough
without spirometric obstruction (FEV/FVC > 0.70), although patients often experience pronounced
symptoms, functional impairment, and signs of systemic inflammation. Oxidative stress and immune
dysregulation play an important role in the pathophysiology of the disease, suggesting a potential
benefit from antioxidant and immunomodulatory interventions. The aim is to assess the effects of high-
dose vitamin C and vitamin D supplementation on pulmonary function, symptoms, functional capacity,
and inflammatory status in patients with NCB. Material and Methods: In this cross-sectional
observational study, 62 adult patients with non-obstructive chronic bronchitis (NCB) were included
and divided into a control group (standard therapy) and an intervention group that additionally
received vitamin C (2 g/day) and vitamin D (100,000 IU monthly) for a period of six months. Symptom
burden was assessed using the COPD Assessment Test (CAT), functional capacity was evaluated using
the six-minute walk test (6MWD), and systemic inflammation was measured through serum C-reactive
protein (CRP). Group comparisons were analyzed using independent t-tests or Mann—Whitney U tests,
with a level of statistical significance set at p < 0.05. Results and discussion: Patients receiving vitamin
supplementation showed significantly lower CAT scores (p = 0.005), significantly greater 6MWD
distance (p = 0.003), and lower serum CRP levels (p = 0.044) compared to the control group. These
results indicate reduced symptom burden, improved functional capacity, and reduced systemic
inflammation. Conclusion: Supplementation with high doses of vitamin C and D in patients with non-
obstructive chronic bronchitis leads to significant improvement in symptoms, physical endurance, and
inflammatory status.
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Ancmpaxm: Bogeo:He-o6cmpykmuenuom xpouuuer opouxumuc (NCB) ce kapaxmepusupa co
XPOHUYHA NPOOYKMUGHA Kawauya 0Oe3 OOKA3U 3d CRUPOMEMPUCKA ONCMPYKYUjd, HO UYecmo e
NPUOPYIHCEH CO UBPAZEHU CUMNIMOMU, HAMALEH QYHKYUOHANIeH Kanayumem u nojaéa Ha 60CnaieHue.
Ogue cumnmomu He ce cekoeau aoeK8amHo 00jacHemu co KIACUdHUme QYHKYUOHATHY MecmosU, Wmo
YKadicyea na nompeba 00 npowupena cucmemcka npoyenka.Llenma e oa ce npoyenam egpexmume 00
cyniemenmayujama co eucoxku oosu eumamurn C u eumamun D 6p3 cumnmomckuom moeap,
@DYHKYUOHATHUOM Kanayumem u CUCIMEMCKAMA un@iamayuja Kaj nayuenmu co He-o0CmpyKmuseeH
Xponuuer 6ponxumuc. Mamepujan u memoou:Bo oéaa npeceuna oncepsayucka cmyouja 6ea 8kiyueHu
62 eo3pacnu nayuenmu co NCB, nodenenu 6o kommpoana epyna (cmawdapona mepanuja) u
unmepeeHyucka epyna Koja oononnumenno npumawe sumamur C (2 g/oen) u sumamun D (100.000 [U
Meceuro) 80 nepuod 00 uiecm meceyu. Cumnmomckuom mosap bewe oyenem co COPD Assessment
Test (CAT), ¢ynxkyuonannuom xanayumem cO weCmMMUHymuuom mecm 3a odere (6MWD), a
cucmemckama ungramayuja npexy cepymcku C-peakmusen npomeur (CRP). I pynnume cnopeobu bea
ananuzupanu co Hesasuchu t-mecmoeu unu Mann—Whitney U mecmosu, co Hu6o Ha cmamucmuuka
suayajuocm p < 0.05. Pesynmamu u oOuckycuja:llayuenmume Kou npumaa 6UMAamMuHcKd
cynaemenmayuja nokaxcaa snauumento nowucku CAT pesyimamu (p = 0.005), snayumento nozonema
oucmanya Ha 6MWD (p = 0.003) u nonucku cepymcku Hugoa na CRP (p = 0.044) 6o cnopedba co
xoumponnama epyna. Osue pesyimamu yKaxcy8aam HA HAMAAEH CUMAMOMCKU MO8ap, nooobpen
@ynxyuonanen kanayumem u pedyyupaua cucmemcka ungpnamayuja. 3axnyyox: Cyniemenmayujama
co sucoxu 0o3u eumamur C u D xaj nayuenmu co He-06cmpyKmueeH XpoHuieH OpoHXumuc 006e0yea
00 3HAUAjHO NOOOOPYBAbE HA CUMNIMOMUME, PUSULKAMA USOPHCIUBOCT U BOCHATUMETHUOM CINAMYC.

Knyunu 360poeu: xponuuen opoxumuc, benoopodona ¢pynxyuja, L] peakmusen npomeur, Bumamun C,
sumamun D.

1. INTRODUCTION

Non-obstructive chronic bronchitis (NCB) is defined by chronic productive cough and
sputum expectoration lasting for at least three months in two consecutive years, in the
presence of preserved spirometry, specifically a ratio of forced expiratory volume in the first
second to forced vital capacity equal to or greater than 0. 70 (FEV.//FVC = 0. 70) (Global
Initiative for Chronic Obstructive Lung Disease—GOLD, 2023). Although these patients do
not exhibit fixed airway obstruction, they frequently experience substantial morbidity
manifested by persistent cough, increased sputum production, reduced exercise tolerance,
recurrent respiratory infections, impaired quality of life, and an increased risk of progression
to chronic obstructive pulmonary disease (COPD).

Recent research indicates that, despite normal spirometric findings, patients with NCB
demonstrate significant pathophysiological alterations, including chronic airway
inflammation, oxidative stress, mucus dysfunction, and immune dysregulation. Such
impairments can be objectively assessed using tests such as the six-minute walk distance
(6MWD), as well as through elevated scores on symptom assessment instruments such as the
COPD Assessment Test (CAT).

Micronutrient supplementation, particularly with vitamin C and vitamin D, has been explored
as a potential adjuvant strategy for modulating inflammatory processes, oxidative stress, and
impaired immune defense in chronic respiratory diseases.Vitamin C is a water-soluble
antioxidant that plays an important role in neutralizing reactive oxygen species (ROS),
maintaining epithelial barrier integrity, and supporting both innate and adaptive immune
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responses. Although direct clinical evidence regarding its effects in NCB is limited, available
data suggest that vitamin C may reduce oxidative stress and enhance respiratory immune
defense, which may indirectly contribute to improvement in symptoms and inflammatory
status in chronic respiratory conditions (Wu et al. , 2022).

Vitamin D is a fat-soluble secosteroid hormone with well-established immunomodulatory
and anti-inflammatory properties. Clinical studies and meta-analyses conducted in patients
with COPD have demonstrated that vitamin D supplementation is associated with
improvements in lung function (FEV:), reductions in exacerbation frequency, decreased
symptom burden as measured by the CAT score, and enhanced functional capacity, as
reflected by increased six-minute walk distance (6MWD) (Zendelel et al. , 2015; Liu et al. ,
2019). Furthermore, vitamin D plays a key role in regulating inflammatory responses, which
may also be reflected in reductions in systemic inflammatory markers such as C-reactive
protein (CRP) (Lehouck et al. , 2012; Domej et al. , 2014; Martineau et al. , 2017).

In this context, combined supplementation with vitamin C and vitamin D represents a
biologically plausible strategy for improving pulmonary function, reducing symptom burden,
enhancing functional capacity, and modulating the inflammatory response in patients with
NCB (Schrumpf et al. , 2020; Sluyter et al. , 2021).

2. MATERIALS AND METHODS

2.1 Study Design and Participants

This cross-sectional observational study was conducted in 2025 and included 62 adult
participants diagnosed with non-obstructive chronic bronchitis (NCB). Inclusion criteria
were current or former smokers with a smoking history of more than 20 pack-years and age
between 32 and 68 years. Participants were recruited through outpatient clinics, physician
referrals, and public announcements distributed in clinical and community settings. All
participants were fully informed about the purpose and procedures of the study and provided
written informed consent prior to enrollment. The study protocol was reviewed and approved
by the local ethics committee (Ref. No. 14211).

2.2 Grouping

Participants were divided into two groups based on whether they received vitamin
supplementation (vitamin C and/or vitamin D). The control group received standard care for
NCB without micronutrient supplementation, whereas the intervention group received high-
dose supplementation consisting of vitamin D (100, 000 IU every four weeks) and vitamin C
(2 g/day, administered as 500 mg four times daily) for a period of six months, in addition to
standard care (Hemild, 2017).

2.3 Symptom Assessment

Symptom burden and the impact of disease on daily functioning were assessed using the
COPD Assessment Test (CAT). CAT is a simple, validated, self-administered questionnaire
widely used in clinical practice to evaluate the impact of chronic respiratory diseases on
quality of life and to monitor disease progression. The questionnaire consists of eight items,
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each scored on a scale from 0 to 5. The items cover various disease-related domains,
including respiratory symptoms (such as cough, sputum production, and dyspnea), sleep
disturbances, energy levels, and limitations in daily physical and social activities. The total
CAT score ranges from 0 to 40, with higher scores indicating greater symptom burden and
more pronounced impairment of quality of life (Jones et al. , 2009).

CAT is a practical tool for routine clinical monitoring, as it is easy to complete, requires
minimal time, and allows early identification of changes in clinical status. In this study, a
CAT score = 10 was considered indicative of clinically significant symptom burden and was
used as a threshold to identify patients with pronounced symptoms. The entire procedure was
conducted under the supervision of qualified healthcare personnel, in accordance with ethical
principles ensuring participant safety and respect (Lee et al. , 2021).

2.4 Assessment of Functional Exercise Capacity (6MWT)

Functional exercise capacity was assessed using the Six-Minute Walk Test (6MWT), with
the six-minute walk distance (6MWD) taken as the primary outcome measure. The test was
performed in accordance with the recommendations of the American Thoracic Society (ATS)
and represents a simple, validated, and widely used functional test for evaluating
cardiorespiratory capacity and exercise tolerance, particularly in patients with chronic
pulmonary and cardiovascular diseases.

The 6MWT was conducted in an indoor, flat, straight corridor with a standard length of 30
meters. Participants were instructed to walk at a self-selected pace that they could maintain
for six minutes, aiming to achieve the maximum possible distance. During the test, short rest
periods were allowed if necessary; however, participants were encouraged to resume walking
as soon as they felt able, without stopping the timing of the test. Subjective symptoms such
as fatigue, dyspnea, or other discomforts were recorded if they occurred during the test.

The 6MWT provides an objective assessment of patients’ ability to perform daily physical
activities and represents a clinically relevant indicator of functional status. In addition, the
test is used to monitor disease progression and to evaluate the effectiveness of therapeutic
interventions, including pharmacological and adjunctive strategies, in patients with chronic
respiratory diseases (Jones et al. , 2013).

2.5 Assessment of Inflammatory Status

Systemic inflammation was assessed by measuring serum levels of C-reactive protein (CRP),
a sensitive and widely used biochemical marker of acute and chronic inflammatory activity.
CRP is synthesized in the liver in response to pro-inflammatory cytokines and is commonly
used in clinical practice to assess the intensity of inflammatory responses in chronic
respiratory diseases.

Blood samples were obtained from peripheral venous blood under routine laboratory
conditions using standard aseptic techniques. Collected samples were analyzed in serum
using a validated biochemical method, in accordance with laboratory protocols. CRP values
were expressed in milligrams per liter (mg/L) and used as an indicator of the presence and
degree of systemic inflammation.
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To minimize the influence of acute inflammatory conditions, no active infection or acute
respiratory exacerbation was documented in participants at the time of blood sampling. The
obtained CRP values were included in the analysis as a continuous variable and compared
between the vitamin and control groups in order to evaluate the potential effect of vitamin C
and vitamin D supplementation on systemic inflammatory activity in patients with non-
obstructive chronic bronchitis.

2.6 Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics for Windows, version 27.
Descriptive statistics were presented as means and standard deviations (SD) for continuous
variables and as frequencies (%) for categorical data. Data distribution was assessed using
the Shapiro—Wilk test.

Depending on data normality, independent t-tests or Mann—Whitney U tests were used to
compare pulmonary function parameters between the vitamin and control groups. Statistical
significance was set at p <0. 05.

3. RESULTS AND DISCUSSION

This study investigated the effects of combined supplementation with high-dose vitamin C
(2 g/day) and monthly high-dose vitamin D (100,000 IU) on symptom burden, functional
exercise capacity, and systemic inflammation in patients with non-obstructive chronic
bronchitis (NCB) over a six-month period.

3.1 Assessment of Symptom Burden (CAT)

Symptom burden, assessed using the COPD Assessment Test (CAT), was significantly lower
among participants receiving vitamin supplementation (Table 2). The mean CAT score was
11.29 £ 2.25 in the vitamin supplementation group compared with 13.77 £ 4.06 in the control
group, with median values of 11 and 13, respectively. CAT scores ranged from 5 to 23 in the
control group and from 6 to 18 in the vitamin group. The difference between the groups was
statistically significant (independent t-test, P = 0.005), indicating a significantly reduced
symptom burden among participants receiving vitamin supplementation.

Table 1. Comparison of CAT scores between the group without vitamins and the vitamin
supplementation group.

CAT Without vitamins With vitamins Total
N 31 31 62
Mean 13.77 11.29 12.53
Median 13 11 12
SD 4.06 2.25 3.49
Min-Max 5-23 618 5-23
Range 18 12 18
Independent

samples t-test P =0.005
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Figure 1. Comparison of CAT scores between the non-vitamin group and the vitamin-
supplemented group (independent samples t-test: p = 0.005)

One of the main findings of this study is the significant reduction in symptom burden among
patients who received vitamin supplementation, as evidenced by lower CAT scores. This
indicates an improvement in subjective symptoms and quality of life, which represents a key
clinical goal in patients with non-obstructive chronic bronchitis (NCB), as symptoms in these
patients are often persistent and substantially affect daily functioning. The reduction in CAT
scores suggests that vitamin supplementation may have a positive effect on the overall
clinical burden of the disease, independent of traditional functional parameters.

3.2 Functional Exercise Capacity (6MWD)

Functional exercise capacity, assessed using the six-minute walk distance (6MWD), was
significantly better in the vitamin-supplemented group (Table 4). The mean walking distance
over six minutes was 407.61 £ 47.61 m in the supplemented group, compared with 362.77 +
66.16 m in the control group. Median values were 407 m and 383 m, respectively. Walking
distance ranged from 195 to 535 m in the control group and from 320 to 487 m in the vitamin
group. This difference was statistically significant (independent t-test, p = 0.003), indicating
a significantly improved functional exercise capacity among participants receiving vitamin
supplementation.

Table 2. Six-minute walk distance (6MWD) by group

6MWD Without vitamins With vitamins Total

N 31 31 62

Mean 362.77 407.61 385.19
Median 383 407 385

SD 66.16 47.61 61.47
Min—Max 195 — 535 320 487 195 — 535
Range 340 167 340
Independent P =0003

samples t-test

294



100

0
0 1

Figure 2. Comparison of 6MWD between the non-vitamin group and the vitamin-
supplemented group (independent samples t-test: p = 0.003)

Functional exercise capacity, assessed using the six-minute walk test, was significantly
improved in the vitamin supplementation group. The increase in 6 MWD indicates improved
exercise tolerance and more efficient cardiorespiratory adaptation, which has direct clinical
relevance for patients’ ability to perform daily activities.

This finding is particularly important in non-obstructive chronic bronchitis (NCB), where
reduced functional capacity is often present despite the absence of spirometric obstruction
and may be associated with chronic inflammation, reduced physical activity, and the
occurrence of fatigue.

3.3 Inflammatory Status (CRP)

Serum levels of C-reactive protein (CRP) were significantly lower in the vitamin-
supplemented group compared with the control group (Table 5). The mean CRP value was
2.51 £ 2.43 mg/L in the supplemented group versus 3.92 + 2.92 mg/L in the non-vitamin
group, with median values of 1.8 mg/L and 3.9 mg/L, respectively. CRP values ranged from
0 to 11.5 mg/L in the control group and from 0 to 9.3 mg/L in the vitamin group. The
difference between groups was statistically significant (independent t-test, p = 0.044),
indicating a significantly lower systemic inflammatory burden among participants receiving
vitamin supplementation.

Table 3. Comparison of serum CRP values between groups

CRP Without vitamins With vitamins Total
N 31 31 62
Mean 3.92 2.51 3.21
Median 3.9 1.8 2.6

SD 2.92 2.43 2.75
Min-Max 0-11.5 0-93 0-11.5
Range 11.5 9.3 11.5
Independent P = 0044

samples t-test
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Figure 3. Comparison of CRP values between the non-vitamin group and the vitamin-
supplemented group (independent samples t-test: p = 0.044).

Regarding systemic inflammation, patients in the vitamin supplementation group exhibited
significantly lower serum levels of C-reactive protein (CRP) compared with the control
group. This finding suggests a potential anti-inflammatory effect of combined vitamin C and
vitamin D supplementation. The reduction in CRP provides biological support for the
observed clinical improvements and indicates that part of the positive effects may be
attributable to a decrease in chronic low-grade systemic inflammation, which is characteristic
of chronic bronchitis.

The combined administration of vitamin C and vitamin D is biologically justified, given their
complementary mechanisms of action. Vitamin C contributes to the reduction of oxidative
stress, which is pronounced in smokers and in patients with chronic airway inflammation,
while vitamin D has well-documented immunomodulatory and anti-inflammatory effects.
These mechanisms may result in improved symptoms, enhanced physical endurance, and
reduced systemic inflammation, without necessarily affecting classical parameters of
pulmonary function.

4. CONCLUSION

The results of this study demonstrated that supplementation with high-dose vitamin C (2
g/day) and monthly high-dose vitamin D (100,000 IU) was associated with significant
clinical improvements in patients with non-obstructive chronic bronchitis (NCB).

Patients receiving vitamin supplementation showed a significant reduction in symptom
burden, assessed using the COPD Assessment Test (CAT), indicating an improvement in
subjective clinical status and quality of life.

Functional exercise capacity, evaluated using the six-minute walk test (6MWD), was
significantly improved in the vitamin supplementation group. The increased walking distance
indicates enhanced physical endurance and better tolerance of daily activities, which has a
direct positive impact on functional independence and overall patient well-being.

Regarding inflammatory status, the supplemented group exhibited significantly lower serum
levels of C-reactive protein (CRP), suggesting a reduction in systemic low-grade
inflammation. This finding provides biological support for the observed -clinical
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improvements and indicates that part of the positive effects may be attributable to the anti-
inflammatory and immunomodulatory actions of combined vitamin supplementation.

These results have important clinical implications. Although patients with NCB have
preserved spirometric measurements without airway obstruction, they often experience
substantial symptom burden, reduced physical endurance, and impaired daily functioning.
Introducing a low-cost, easily accessible, and relatively safe intervention, such as vitamin C
and D supplementation, may represent an effective strategy to improve clinical and functional
outcomes in this population.

In conclusion, the findings suggest that vitamins C and D may play a significant therapeutic
role in patients with NCB, contributing to symptom reduction, improved functional capacity,
and decreased systemic inflammation through mechanisms that extend beyond conventional
spirometric assessment.
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Abstract. The research covers relevant issues of liability for damage of cooperative bodies towards the
cooperative: conceptual definition of the subject legal form of liability; assumptions of liability for
damage (parties in a legal obligation, harmful action, damage caused, illegality, established causal
link between the action and harmful consequences and the fault of the harmdoer); exclusion of liability;
joint and several liability and implementation of the procedure for compensation for damage in
practice. This work has as its subject exclusively one type of legal liability - liability for damage, and
in terms of the subject of liability, exclusively the cooperative bodies as separate and collegial, i.e.,
their members as natural persons. The research is based on a normative and theoretical approach.
The aim of the paper is to point out domestic and foreign legislative solutions on the liability for damage
of cooperative bodies towards the cooperative, on the one hand, and theoretical positions on this issue,
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The purpose of the paper is to determine whether there are contemporary tendencies regarding the
responsibility of cooperative bodies towards the cooperative and, if so, what they reflect.
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pada je 0a ce ymgpou 0a au nocmoje cagpemene meHoeHyuje y noznedy 002080pHOCIU OP2aHa 3aopyae
npema 3a0py3u u, ako nocmaoje, y uemy ce 021eoajy.

Kljuéne reci: 3axoncka oocoeopnocm 3a wimemy, cyOjeKmueHa 002060pHOCH, HPEMNOCMAGKe
002080pHOCIU 3 WiMemY, Opeanu 3aopyee, 3a0pyad

31 Faculty of Economics, University of Belgrade, Serbia, e-mail:

299



1. INTRODUCTION

Liability constitutes one of the fundamental legal institutions and is, above all, a legal
concept—Iegal liability. At the same time, liability represents a core principle of every
democratic society. It is studied across various fields and disciplines, including ethics,
philosophy, sociology, anthropology, theology, law (including cooperative law), as well as
economics and politics. In general, liability in law (legal liability), including within the field
of cooperative law, presupposes a breach of a rule of conduct (disposition) and the subjection
of the offender to a sanction. Both natural and legal persons may be held liable, while natural
persons may bear liability either individually (personally) or collectively (collegially).

Natural persons engaged in work within a cooperative, as well as those performing specific
functions within the bodies of cooperatives and cooperative unions, have the right and duty
to perform their entrusted tasks conscientiously and in accordance with the law. There exists
an interest on the part of these individuals, cooperatives and cooperative unions, as well as a
general societal interest, that their activities and tasks be carried out in compliance with the
law and other regulations. In practice, such persons may undertake actions contrary to the
law or fail to act despite having a legal duty to do so. This constitutes a violation of legal
rules by individuals engaged in work or exercising certain functions within cooperatives and
cooperative unions, where their conduct in the course of and in connection with work is
regulated. Depending on whether such actions contain elements of a disciplinary breach, a
misdemeanor, an economic offense, or a criminal offense, and whether damage has been
caused by such acts or omissions, these individuals may potentially incur different forms of
legal liability—disciplinary, misdemeanor, economic offense, criminal, or liability for
damages. Only certain natural persons engaged in cooperatives and cooperative unions may
additionally be subject to two specific types of liability—political and, potentially,
professional liability. Each type of liability has its own legal nature and content. These forms
of liability are not mutually exclusive and may run concurrently for the same punishable act
or unlawful conduct, subject to certain exceptions. However, not every act or unlawful
conduct gives rise to all types of liability; as a rule, it gives rise to one, two, or more (e.g.,
disciplinary and liability for damages; criminal, disciplinary, and liability for damages).

When referring to liability in the field of cooperative law, specific legal types of liability are
implied. Unlike non-legal responsibility, legal liability entails the accountability of a subject
of law (natural or legal person) for a committed legal delict.? Legal liability arises when a
person (natural or legal) violates a legal norm, i.e., commits a legal delict, and is subjected to
a sanction. 3 (Tripkovi¢, 2018). The notion of a delict encompasses all unlawful and culpable
conduct (acts, omissions, or abstentions) of legal subjects. In cases of disciplinary liability,
norms of labor law are violated; in liability for damages, norms of civil law; and in penal
liability, norms of criminal law—whether criminal offenses, economic offenses, or
misdemeanors. Depending on the type of legal norm that has been violated by the committed
delict, legal liability may take different forms. Each type of delict entails a corresponding
type of liability. (Radisi¢, 2004).

52 By “delict” here is meant a violation of any legal norm, not only a violation of a criminal
law norm.

33 Responsibility necessarily implies a sanction, because there is no responsibility without a
sanction.
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This research has as its subject exclusively one type of legal liability - liability for damage,
and in terms of the subject of liability - exclusively the bodies of the cooperative as separate
and collegial, that is, their members as natural persons. The research is based on a normative
(legislative) and theoretical approach.

2. CONCEPTUAL DEFINITION OF STATUTORY LIABILITY FOR
DAMAGE CAUSED BY COOPERATIVE BODIES TO THE
COOPERATIVE

The general regime of liability for damages in comparative legal systems is governed by the
rules of civil law contained in civil codes or other statutes, while in Serbia it is regulated by
the Law on Obligations. (Law on Obligations). However, certain issues relating to this
specific type of liability are also subject to regulation under special legislation. This is the
case with the examined cooperative legislation, as certain issues concerning the liability for
damages of cooperative bodies and members of such bodies vis-a-vis the cooperative are
regulated by a specific law on cooperatives, with a reference to the “appropriate application”
(“application”) of another statute—namely, the law governing the legal status of commercial
companies. Consequently, the rule of precedence of special over general provisions applies
to liability for damages of cooperative bodies towards the cooperative, in accordance with
the principle lex specialis derogat legi generali.

For illustration, in Serbian cooperative law, the legal liability for damage of cooperative
bodies towards the cooperative is regulated by the imperative norms of the law governing
cooperatives, with reference to the provisions of the Law on Business Companies, "in the
part regulating special duties towards the business company", unless otherwise provided by
the parent law. (Law on Cooperatives) In Serbian company law, duties of care (duty of care)
in the conduct of company affairs relate to a specific circle of persons. The legislator has
encompassed these duties through several legal institutions (persons having special duties
towards the company, related parties, duty of care, conflict of interest, personal interest,
business secret, prohibition of competition) and regulated them under the title “special duties
towards the company” (special duties in the conduct of company affairs). (The Law on
Business Companies). In Croatian cooperative law, reference is not made to appropriate
application, but rather to the application of the provisions of the Companies Act, ( Law on
Cooperatives), and not specifically to the part regulating special duties towards the company,
but to the relevant provisions of that Act. (Companies Act).

In the examined cooperative legislation, it is only generally prescribed that members of
bodies “are liable for damages”, without a more precise determination of the manner of their
liability. Therefore, the applicable rules for this issue are those of civil law. As a rule, the
cooperative is entitled to compensation for both actual damage and loss of profit, and
compensation is effected by restoring the damaged object to its previous condition. If this is
not possible, the damage caused to the cooperative is assessed and compensated in monetary
terms. (Law on Obligations, Art. 189 et seq.).

Liability for damages of cooperative bodies towards the cooperative presupposes the

establishment of an obligation-law (debtor—creditor) relationship in which one party—the
body or members of the body of the cooperative—has caused damage to the cooperative and
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is obliged to compensate it to the other party, i.e., the cooperative itself, to which the
compensation belongs. The obligation of the tortfeasor to compensate the damage
corresponds to the subjective right of the injured party to claim such compensation. This is a
claim asserted by the cooperative against members of its body on the basis of fault for the
damage caused.

Liability for damages of cooperative bodies or their members towards the cooperative is
established on the principles of fault-based (subjective) liability. Serbian legislator has
established the general principle of liability for damages under civil law: “whoever causes
damage to another shall be obliged to compensate it, unless he proves that the damage
occurred without his fault”. (Law on Obligations, Art. 154th st. 1.)

The fact that liability for damage caused to the cooperative by its bodies or their members is
regulated by law, and that the source of the obligation does not arise from a contract but from
the law itself, indicates that this is statutory (delict/tort, non-contractual) liability. More
precisely, this liability for damage presupposes a mandatory legal obligation to compensate
the damage.

Cooperative bodies are not subjects of law and therefore do not possess their own will or
property; consequently, they cannot be held directly liable for damage caused to the
cooperative. Cooperative bodies and their members consist of natural persons who have legal
personality and through whom the bodies express their will.

In conclusion, the characteristics of statutory liability for damages of cooperative bodies or
their members towards the cooperative are as follows: it is a specific type of legal liability; it
differs in content and legal nature from other forms of legal liability (e.g., disciplinary,
misdemeanor, criminal); it is of a pecuniary nature, as it affects the property rather than the
personality of the body or its members; it is autonomous and independent, yet not mutually
exclusive with other forms of liability, and may coexist concurrently (e.g., with criminal
liability); it is primarily governed by the law on cooperatives and by the application of
company law, and subsidiarily by general rules of civil law; it is fault-based (subjective), as
bodies and their members are liable on the basis of fault; it is statutory (delict/tort, non-
contractual) liability, as the source of the obligation arises from the law, i.e., from a delict; it
is personal, direct, individual or joint and several (solidary) for the body or its members;
liability for damages arises when legally prescribed conditions (special prerequisites) are
met; sanctions for causing damage are of a pecuniary nature; it is determined in a legally
prescribed procedure before a competent court; and others.

3. GENERAL REMARKS ON LIABILITY FOR DAMAGES

Liability for damage assumes property liability for a committed civil tort, the consequences
of which are reflected in the causing of damage, which is why it is also called civil, civil,
patrimonial, property or material. It should be borne in mind that liability for damage includes
compensation for damage, and not every compensation constitutes liability. (Radisi¢, 2004)

When causing damage, the question arises: what is the basis of liability? In the historical
context, the principle of fault was first accepted as the basis of liability — subjective liability.
The later development of technology and engineering led to the emergence of liability for
dangerous goods, on the basis of which the owner or holder of a dangerous thing as well as
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the perpetrator of a dangerous activity become liable for the damage caused, without
determining their guilt — objective liability. The legal basis for liability for damage by
cooperative bodies is fault, which is why we continue this research in the field of subjective
liability of cooperative body members.

The two fundamental forms of civil liability for damages in legal theory have been
accompanied by the development of two doctrines—the theory of unity and the theory of
dualism. Unlike the theory of unity, the dualistic approach distinguishes between contractual
(contractual) and non-contractual (delict/tort, statutory) liability. The main criterion for their
distinction lies in the source of obligations. The first form of liability is governed by contract
and, as a rule, applies to the contracting parties. Contractual liability for damages arises from
a breach of the principle of autonomy of the will of the contracting parties. The second form
of liability is regulated by law and extends to all persons (natural and legal) covered by a
general legal norm. It does not arise from the non-performance of an obligation, but from a
delict. For that reason, stricter liability is often advocated in this context. The former may be
excluded or limited, as it is based on the will of the contracting parties; however, it cannot be
excluded in cases of more serious forms of fault—dolus and culpa lata. The latter is based on
mandatory legal norms, which the parties cannot modify by their will. Both forms of liability
ultimately aim at compensating the injured party for the damage suffered. (Krulj, 1959).
Based on the foregoing, the question arises: to which form of liability does the liability for
damages of cooperative bodies belong? Such liability is non-contractual, as its source lies in
the law. (Popovi¢, 1983).3

4. PRESUMPTIONS OF LIABILITY FOR DAMAGE OF COOPERATIVE
BODIES TOWARDS THE COOPERATIVE

In order to address statutory liability for damages of cooperative bodies towards the
cooperative, certain prerequisites (specific conditions) must be fulfilled, such as: the parties
to the obligation-law relationship (the tortfeasor—the body or members of the cooperative
body, and the injured party—the cooperative, i.e., the parties to the dispute); a harmful act;
the occurrence of damage; unlawfulness; the existence of a causal link between the act and
the harmful consequence; and the fault of the tortfeasor.

Parties to the obligation-law relationship — There are two parties in the debtor—creditor
relationship in cases of liability for damages of cooperative bodies towards the cooperative:
the tortfeasor or the subject of liability (liable person), and the injured party or the cooperative
(injured person). The liable person is the body or members of the cooperative body whose
actions cause damage to the cooperative. The injured party is the cooperative that has suffered
the damage.

On the side of the liable party appear the cooperative bodies. Cooperative bodies are
established on the principles of cooperative democracy and equality of members for the

34 Non-contractual liability for damage is regulated differently in comparative law. However,
the different systems sometimes have similar starting ideas, and in recent history, faced with
the challenges of the industrial revolution, they have given similar answers to the demands
of modern society. The three systems analyzed (French, German and English) represent
examples with particular characteristics. Each of them is also a progenitor, since it has exerted
an influence beyond the country in which it was founded.
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purposes of governance, supervision, and management of the cooperative’s activities.
Equality of cooperative members in the governance of the cooperative presupposes both
active and passive voting rights, including the right of control and supervision over the
cooperative’s operations, based on the traditional cooperative principle—"“one member, one
vote”, subject to certain exceptions. For example, in German cooperative law, employees
also participate in the governance of the cooperative.

As a rule, cooperative bodies are designated and regulated by the law on cooperatives,
although the law may allow members, based on the principle of freedom of contract, to
establish and regulate additional bodies through cooperative rules (statute). Furthermore,
cooperative bodies are generally classified by law as mandatory or optional. In addition, with
regard to their composition, cooperative bodies may be collegial or individual.

Based on the nature of the functions performed by cooperative bodies, they may be classified
as follows: the assembly, as the body of members and the highest governing body; the
management board, as the governing body of the cooperative; the supervisory board, as the
body responsible for oversight of operations and business activities; and the director, as the
body responsible for representation and management of the cooperative. (Henry, 2001).5
The terminology used for these bodies may differ depending on the cooperative system to
which they belong. As a rule, bodies and their members are elected from among cooperative
members, but may also be chosen from among employees of the cooperative or from among
natural persons outside both the membership and employment structure of the cooperative.

In the example of Serbian cooperative legislation, the bodies of a cooperative are: the
assembly, the management board, the supervisory board, and the director. As follows from
their designation, the first three bodies are collegial, while the fourth is a single-person
(individual) body. (Cooperative Union of Serbia).*¢

55 Unlike companies, the operation of a cooperative depends on the participation of its
members, who must strive to effectively influence the operation of the cooperative. However,
as a legal entity, a cooperative must maintain a certain independence from its members.
Therefore, the internal organization, the division of powers (competences) between the
various bodies, the selection of the administration, and the making of important decisions
must reflect on all members of the cooperative, regardless of their financial contribution.
Issues related to the cooperative's associative nature should be placed under the responsibility
of the assembly, and those related to the enterprise should be placed under the responsibility
of the board of directors, while the day-to-day issues related to the enterprise should be placed
under the responsibility of the board of directors to the (professional) manager.

%6 In cooperative law, the mandatory bodies are: in Germany: the assembly, the management
board (board of directors) and the supervisory board; in Slovenia: the assembly, the president
of the cooperative and the supervisory board, and a cooperative with ten or more members
also has a board of directors; in Croatia: the assembly, the supervisory board and the manager;
in Austria: the assembly and the management, while the supervisory board is optional, except
in cooperatives with more than 40 full-time employees; in Switzerland: the assembly, the
management board and the supervisory body (one or more auditors); in Greece: the assembly,
the management board and the supervisory board; in Italy: the assembly, the management
board and the supervisory board; in France: the assembly, the management body (in the form
of a management board or directory) and the supervisory board, and an agricultural
cooperative whose annual income exceeds the amount of money established by law must
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The Assembly of the Cooperative — Bearing in mind that the assembly is “the highest
governing body”, that it consists of “all members”, and that within it “members exercise
mutual control”, it is not expected that members, through their participation in the assembly,
would cause damage to the cooperative, i.e., act “to their own detriment”. These
considerations explain why Serbian, as well as other legislators, have generally refrained
from explicitly regulating the liability of the assembly for damages caused to the cooperative.
On the other hand, the legislator justifiably addresses and regulates this issue with respect to
other cooperative bodies—namely, members of the management and supervisory boards and
the director. These bodies, and their members, due to their position within the cooperative,
are in a situation where their actions may cause damage to the cooperative. Therefore, it has
been necessary to establish, through mandatory legal provisions, their liability for damages
caused to the cooperative whose bodies they constitute. Unfortunately, as will be analyzed
later in this paper, the Serbian legislator has opted to remain at a general and largely uniform
level of regulation, without providing more specific rules for individual bodies. This
approach was likely guided by the existence of a legal solution providing for the appropriate
application of the provisions of the Law on Companies, as well as the subsidiary application
of civil law rules. It is useful to note here a more specific solution concerning the liability of
the president and members of the management board for damages caused to the cooperative
“by their decisions”, which was contained in the previously applicable Law on Cooperatives.
(Law on Cooperatives, Official Gazette of the FRY, No. 41/1996 and 12/1998 and Official
Gagzette of the Republic of Serbia, No. 10172005 — other law and 34/2006, Art. 39.).>” In
German cooperative law, the liability of members of the management board is based on the
standard of due care of a diligent and prudent cooperative manager, while the liability of
members of the supervisory board is based on the standard of due care of a diligent and
prudent cooperative supervisor. (Cooperative regulations in some European countries). 3

Management Board — In Serbian cooperative law, the management board is the executive
body of the general assembly of the cooperative. Its members are “clected by the general
assembly of the cooperative” “from among the cooperative members”. (Law on
Cooperatives, Art. 40, paragraph 3.)

In addition to regulating its composition, election, and competences, the legislator has also
addressed the issue of the “liability” of the members of the management board. In this regard,
it has prescribed the following: “Members of the management board are obliged to perform

have one or more controllers; in Spain: assembly, management board and one or more
auditors; in Portugal: assembly, management and supervisory board; in Bulgaria: general
assembly, management board, president of the cooperative (also president of the management
board) and supervisory board; in the Czech Republic and Slovakia: assembly, management
board and control commission; in Montenegro: assembly, management board, supervisory
board and director; in Bosnia and Herzegovina: assembly, management board and
supervisory board; in Republika Srpska: assembly, management board, supervisory board
and director. See: Cooperative Federation of Serbia, Regulations on Cooperatives in Some
European Countries, Belgrade, 1995, pp. 3-135.
37 The president and members of the board of directors are jointly and severally liable for the
damage they cause by their decisions if the decision was made with gross negligence or with
the intent to cause damage. The aforementioned persons were not liable for the damage if
they were against the decision and if they set out their opinion in the minutes.
38 "Cooperative Law in the Federal Republic of Germany: 100 Years of Cooperative Law",
Regulations on Cooperatives in Some European Countries, p. 131.
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their function conscientiously, honestly, and responsibly towards the cooperative, with the
due care of a prudent businessperson and in accordance with the interests of the cooperative.”
This general statutory formulation establishes several principles upon which the liability of
management board members in the performance of their function is based, in relation to all
specific types of legal liability, including their liability for damages towards the cooperative.
However, the legislator also found it necessary to regulate liability for damages of
management board members through a general provision: “Members of the management
board shall be liable, in accordance with the law, for the damage they cause to the
cooperative”. (Law on Cooperatives, Art. 42) It is also useful to refer to the solution adopted
by the Hungarian legislator, in comparison with the solution contained in the previously
applicable law in Serbia. ¥ (Vig, Doklesti¢, 2009)

In Italian cooperative law, on the basis of the Civil Code of 1942, as subsequently amended,
members of the management board are liable for damage suffered by the cooperative, its
creditors, members, or third parties “due to their wrongful acts”. (Cooperatives in Italian Law
General Questions, Regulations on Cooperatives in Some European Countries, p. 76.) Under
the Austrian Cooperative Act, members of the executive board who act in their own name
beyond the limits of their authority or contrary to the provisions of the Act or the
cooperative’s statute are personally, jointly and severally, and individually liable for any
damage caused. (Unofficial Translation of The Austrian Cooperative Societies Act,
paragraph 23.) Under the General Law on Cooperatives of Bosnia and Herzegovina and the
Law on Agricultural Cooperatives of the Republic of Srpska, the president and members of
the management board are jointly and severally liable for damage caused by their decisions
if such decisions were adopted with gross negligence or with intent to cause damage.
(General Law on Cooperatives and Law on Agricultural Cooperatives)

Supervisory Board — In Serbian cooperative law, the supervisory board is the supervisory
body of the general assembly. Its members are also “elected by the general assembly of the
cooperative” “from among the cooperative members”. (Law on Cooperatives, Art. 43,
paragraph 3.) In addition to regulating its composition, election, competences, and powers,
the legislator has also addressed the issue of the “liability” of the supervisory board. As with
the regulation of the liability of management board members, the legislator repeated the
general provision establishing the principles on which their liability is based, with the

5% The Hungarian law on cooperatives contains provisions on liability very similar to ours
(Law on Cooperatives, "Official Gazette of the Socialist Federal Republic of Yugoslavia",
No. 41/1996, 12/1998 and "Official Gazette of the Republic of Serbia", 101/2005, 34/2006).
However, in Hungarian legislation, members and the chairman of the board of directors (or
director) are required to exercise the care of a "good businessman" when performing the tasks
of managing the cooperative, which is a higher degree of liability than that required of
persons holding the same positions in our law. In addition, Hungarian law stipulates that these
persons must inform the supervisory board of any disagreement with the decisions of the
majority in the management board, and here it is not enough for the disagreement to be noted
in the minutes as a basis for exemption from liability (MZZ - Act on Cooperatives ("Official
Gazette of the Republic of Hungary", No. 10/2006), Art. 33. Such a solution also increases
the level of legal certainty, so it should be included in our legislation.

0 See: General Law on Cooperatives (Official Gazette of BiH, No. 18/2003), Art. 39. and
Law on Agricultural Cooperatives (Official Gazette of the Republika Srpska, No. 73/2008,
106/2009, 78/2011), Art. 39.
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addition of one more principle: “and all its members”. (Law on Cooperatives, Art. 46,
paragraph 1.) Furthermore, the Serbian legislator has, by using the same formulation as for
the members of the management board, regulated a specific form of liability of supervisory
board members—Iliability for damage caused to the cooperative.

Under the Austrian Cooperative Act, members of the supervisory board are liable for damage
caused by failure to perform their duties. (Unofficial Translation of The Austrian Cooperative
Societies Act, paragraph 24e. paragraph 6.) Due to the lack of more detailed rules for
determining liability for damages of supervisory board members, general rules of civil law
will apply in practice. Members of the supervisory board are persons entrusted with special
powers within the cooperative, and are therefore obliged to protect business secrets and are
liable for damage that the cooperative may suffer as a result of a breach of this duty.
Furthermore, lack of professional expertise of supervisory board members does not constitute
grounds for exemption from liability. (Cooperative Union of Serbia, 1995). ' Under the
Bulgarian Law on Cooperatives, under the heading “liability of members of the supervisory
board”, it is prescribed that members of the supervisory board are jointly and severally liable
for damage caused to the cooperative through their fault. (Cooperatives Law,
https://lex.bg/laws/ldoc/2134696966)

Under the Croatian Law on Cooperatives, the liability of supervisory board members for
damage caused to the cooperative by their actions or omissions is governed by the relevant
provisions of the Companies Act. (Law on Cooperatives, Art. 25.) In the context of earlier
Croatian cooperative legislation (Law on Cooperatives, “Narodne novine”, Nos. 36/1995,
67/2001, and 12/2002), which did not contain provisions on liability, legal doctrine held that
supervisory board members are liable to the cooperative under general rules for damage
caused by their conduct. It has been emphasized that supervisory board members do not
perform their duties as professionals, but as an additional activity, and that they do not
manage the cooperative’s business but only supervise it. The standard applied is how an
average supervisory board member would perform such duties. (Barbi¢, 2002)

Director — “This body is mandatory within the cooperative and is the only single-person
body”. (Vitez, 2000. p. 235.) The director is the body responsible for organization,
management, and representation of the cooperative; he or she is the executive body of the
general assembly, the management board, and the supervisory board, as well as the body
responsible for the legality of the cooperative’s operations. “The director of the cooperative
does not have to be a member of the cooperative”, and is elected by the “competent body of
the cooperative”, meaning that the cooperative is free to determine which body appoints the
director. (Law on Cooperatives, Art. 47.) In addition to regulating issues of composition and
election, competences, acting appointments, grounds for dismissal, limitations on
appointment, and prohibition of competition, the Serbian legislator has, through a single
general provision—identical to that applicable to members of the management and
supervisory boards—regulated a specific form of liability of the director, namely liability for
damage caused to the cooperative. (Law on Cooperatives, Art. 50, paragraph 2.)

61 "Cooperatives according to Austrian regulations”, Regulations on cooperatives in some
European countries, p. 16.
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In Croatian cooperative law, under the heading “liability of the manager”, it is prescribed that
the liability of the manager for damage caused to the cooperative by his or her actions or
omissions is governed by the relevant provisions of the Companies Act. (Law on
Cooperatives, Art. 29.) In the context of earlier Croatian cooperative legislation (Law on
Cooperatives, “Narodne novine”, Nos. 36/1995, 67/2001, and 12/2002), which did not
contain provisions on liability, legal doctrine held that the manager is liable to the cooperative
under general rules for damage caused by his or her conduct. It has been emphasized that the
manager acts as a professional whose primary occupation is managing the cooperative’s
business. (Barbi¢, 2002. p. 697)

Under the cooperative legislation of Bosnia and Herzegovina and the Republic of Srpska,
“the director of the cooperative also bears material liability for decisions he or she has
adopted which result in material damage to the cooperative”. (General Law on Cooperatives
of BiH, Art. 45, paragraph 3.) This legislative solution has been criticized in legal doctrine
as being too narrow, on the grounds that practice has shown that there are numerous more
refined forms of conduct by which a legal entity, including a cooperative, may be harmed,
and that such conduct does not necessarily consist solely of adopted decisions. Furthermore,
it does not cover the liability of the director for erroneous or improper proposals of decisions
submitted to the general assembly, management board, or supervisory board. (Vitez, 2000,
p. 235)

On the side of the injured party appears the cooperative as the primary economic entity within
the cooperative (social) sector. (Dabi¢, 2018. p. 126-150)

How do legislators define a harmful act in the examined cooperative legislation? The
Austrian legislator has indirectly defined harmful acts of the executive board that cause
damage to the cooperative. It provides that members of the executive board are liable for any
damage caused if they have undertaken actions “beyond the limits of their authority” or
“contrary to the provisions of the AZZ or the statutes of the cooperative”; (Unofficial
Translation of The Austrian Cooperative Societies Act, paragraph 23.) while members of the
supervisory board are liable for damage caused by the “failure to perform their duties.”
(Unofficial Translation of The Austrian Cooperative Societies Act, paragraph 24e. paragraph
6.) The Slovenian legislator stipulates that the president of the cooperative, members of the
management and supervisory boards, as well as the inspector and the director, are liable for
damage “caused to the cooperative by their actions and omissions.” (Law on Cooperatives,
Art. 32.) Serbian and Montenegrin legislators impose on members of the management board
the duty to perform their function conscientiously, honestly, and responsibly towards the
cooperative, “with the diligence of a prudent businessman and in accordance with the
interests of the cooperative.” (Law on Cooperatives, Article 42, paragraph 1.) Otherwise, by
undertaking harmful acts, they expose themselves to the risk of causing damage to the
cooperative and being held liable. This general legal formulation establishes several
principles on which the liability of members of the management board is based in the
performance of their functions, in relation to all specific forms of legal liability, including
their liability for damage caused to the cooperative.
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In Portuguese cooperative law, the legislator has found it necessary to list, by way of
example, certain impermissible acts.  (Portuguese Cooperative Law, Cooperative
Regulations in Some European Countries, p. 95) ¢

Damage Caused — In the specifically examined cooperative legislations, damage is merely
mentioned, without further definition. These legislations refer to the causing of damage, the
subject who caused it, or the cooperative that suffered it, but without specifying damage as a
prerequisite for the liability of cooperative bodies towards the cooperative. In such cases, the
general rules of civil law apply.

In Serbia, damage is defined as the reduction of someone’s property (ordinary damage) and
the prevention of its increase (loss of profit), as well as the infliction of physical or
psychological pain or fear on another (non-material damage). (Law on Obligations, Art. 155.)
The Draft Civil Code of Serbia proposes a slight expansion of this definition by including
“violation of guaranteed personal rights” within non-material damage, or alternatively, by
providing a new definition of damage. (The Government of the Republic of Serbia) 3 From
the legal definition it follows that damage may be material or non-material. Material damage
may consist of ordinary (actual) damage (damnum emergens) and loss of profit (lucrum
cessans). Claims for compensation of different types of damage are not mutually exclusive,
and the injured party may, where the conditions are met, claim compensation for all three
types of damage — actual damage, loss of profit, and non-material damage.

In the context of the existence of material and non-material damage, it may be noted that in
cooperative law “as a rule, the damage for which members of the management board are
liable appears only as pecuniary damage.” (Markovi¢, 1938, p. 97.) Unlike contemporary
law, historical legislation found it necessary to provide examples in which the management
board is liable for damage caused to the cooperative. % Pecuniary damage consists of the
reduction (difference) between the state of assets that would have existed had the damaging
event not occurred and the state after its occurrence.

For a cooperative body to be liable for damage caused, certain conditions must be met,
including that the damage has actually occurred. The final word on this issue may only be
given by a competent court deciding in a dispute for damages. By way of illustration, in

92 The Cooperative Law lists the following impermissible actions: performing tasks, on
behalf of the cooperative, that do not correspond to their purpose, i.e. interests, or agreeing
to such tasks; making payments without legal basis, i.e. agreeing to it; distributing fictitious
surplus, i.e. distribution contrary to the law and the rules of the cooperative; abusing the
mandate for the purpose of achieving personal benefit, i.e. benefit for other individuals and
legal entities. "Portuguese Cooperative Law", Regulations on Cooperatives in Some
European Countries, p. 95.
3 Commission for the Drafting of the Civil Code, Preliminary Draft, Civil Code of the
Republic of Serbia (second book) — Obligatory Relations, Belgrade 2009, Art. 168 (p. 64).
% These examples are as follows: disposal of the cooperative's property or making a payment
contrary to the Law on Cooperatives or its rules; making any payment after the time when
bankruptcy should have been filed; concluding transactions contrary to the legal order;
irregular maintenance of business and other books, lists of cooperative members or incorrect
and incomplete preparation of annual financial reports. Law on Economic Cooperatives,
Belgrade 1937, para. 17, paragraph 2.
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German cooperative law it is stipulated that the cooperative cannot claim damages from
members of the supervisory board if the general assembly has previously approved their
report, unless they provided inaccurate or incomplete information and thereby misled the
members of the cooperative. Likewise, subsequent approval by the general assembly results
in a waiver of the claim for damages. (Cooperative Law in the Federal Republic of Germany:
100 Years of Cooperative Law, Cooperative Regulations in Some European Countries, p.
131.)

Unlawfulness — Unlawfulness exists when the injurer’s act violates a legal rule prescribed by
applicable regulations. In the subject matter of this research, unlawfulness exists on the part
of the injurer — the bodies or members of the bodies of a cooperative — when, by their actions,
they violate a relevant legal norm from cooperative legislation or the rules of the cooperative.
Unlawfulness is assessed independently of unlawfulness as an element of criminal or
misdemeanor liability. Therefore, in civil law it is understood more broadly, as conduct
contrary to moral rules or customs.

This may be illustrated by certain legal solutions in the examined legislation. Under the AZZ,
members of the executive board act unlawfully “if they undertake actions beyond the limits
of their authority” or “contrary to the provisions of the AZZ or the statutes of the
cooperative,” in which case they are liable for any damage caused. (Unofficial Translation of
The Austrian Cooperative Societies Act, paragraph 23.) Under the Law on Cooperatives of
Montenegro, the president and members of the management board are liable to the general
assembly for damage caused by performing or failing to perform their function “by acting
contrary to the law or the rules of business of the cooperative.” (Law on Cooperatives, Art.
43. paragraph 2.) Their unlawfulness is reflected in actions that are illegal or contrary to
cooperative rules. Under the General Law on Cooperatives of Bosnia and Herzegovina, the
president and members of the supervisory board are liable for damage caused by their
decisions ““if such decisions were made with gross negligence or with intent to cause
damage.” (General Law on Cooperatives of BiH, Art. 42.)

Causal Link — In civil law, the causal link (causal nexus) refers only to the connection
between the unlawful act for which a person is liable and the consequence of that act in the
form of damage. The Law on Obligations does not define the concept of a causal link, leaving
its determination to judicial practice and legal theory. In domestic theory, the theory of
adequate causation is accepted, according to which the cause of a phenomenon is considered
to be only that circumstance which is legally relevant and capable of producing the
consequence in the form of damage. (Karaniki¢, 2005, p. 995.) % According to this theory,
the causal link must be continuous and uninterrupted; it is not presumed, but must always be
proven. The burden of proof lies with the injured party. In the context of this research, it is
the link between the act of the cooperative body or its members and the resulting damage
suffered by the cooperative.

5 " According to the theory of adequate causation, the cause of damage can only be that event
whose regular effect corresponds to the specific damage. Only an event that is adequate,
corresponding to the damage that has occurred, can be considered the cause of that damage."
Karaniki¢, M., "Normative in the understanding of causation as a condition for civil liability",
Pravni zivot, no. 10/2005, p. 995.
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The necessity of a causal link in establishing liability for damage of cooperative bodies
towards the cooperative may be illustrated by the following provisions: “members of the
supervisory board are liable for damage caused by failure to perform their duties” (Austria);
(Unofficial Translation of The Austrian Cooperative Societies Act, paragraph 24e. paragraph
6.) “the president of the cooperative, members of the management and supervisory boards,
as well as the inspector and the director, are liable for damage caused to the cooperative by
their actions and omissions” (Slovenia); (Law on Cooperatives, Art. 32.) “the director of the
cooperative bears material liability for decisions he has made as a result of which the
cooperative suffers material damage” (Bosnia and Herzegovina, Republika Srpska). (General
Law on Cooperatives of BiH, Art. 44, paragraph 3.) This means that, for a cooperative body
to be liable for damage caused, it is necessary, inter alia, that there is a causal relationship
between the damage incurred and its act. This relationship may arise from active conduct (an
act), when damage is caused by an action that should not have been undertaken, or from
passive conduct, when a required action has not been taken.

Culpability of the Injurer — In the specifically examined cooperative legislations, the
culpability of the bodies or members of the bodies of a cooperative is generally regulated by
a broad formulation, without a more precise conceptual definition, with possible specification
of degrees of culpability for which liability arises and cases of exemption from liability. In
such cases, general rules of civil law apply to the conceptual determination of culpability.
In civil law theory, culpability is generally defined as blameworthy behavior, as the conduct
of a responsible person from which damage has resulted, whether it is the result of a deliberate
act or an unintentional one. The Law on Obligations does not define the concept of
culpability, but only establishes its two degrees: when the damage results from an intentional
act and when it results from negligence. (Law on Obligations, Art. 158.)

In the examined cooperative legislation, the culpability of the injurer is reflected in the
following legal solutions: members of the management board are liable “if they caused
damage to the cooperative by their culpability” (Bulgaria); (Cooperatives Art. 24, paragraph
1.) the director of the cooperative is materially liable for damage caused to the cooperative
“if the damage was caused by gross negligence or with the intent to cause damage”
(Montenegro). (Cooperatives Art. 49, paragraph 2.) “the president and members of the
management board are liable for damage caused by their decision ‘if that decision was made
with gross negligence or with the intent to cause damage’ (Bosnia and Herzegovina,
Republika Srpska).

For the liability of a cooperative body or its members to exist, among other things, their
culpability for the damage caused to the cooperative must also exist. Their culpability is
reflected in the violation of duties imposed on them by law, the rules of the cooperative, or
decisions of the general assembly of the cooperative. A breach of duty may be committed
through active conduct or passive inaction and may be intentional or negligent. Intent (dolus)
is the most severe degree of culpability in civil law, occurring when the damage results from
a deliberate act of the injurer. In legal theory, an act is considered intentional if the perpetrator
knew the consequences that would result from their conduct or consented to them. Intent is
assessed according to concrete criteria. Negligence (culpa) is a milder degree of culpability.
Unlike intent, negligence is assessed based on abstract criteria. Negligence is a complex
concept and has two forms: gross negligence (culpa lata) and ordinary negligence (culpa
levis). This is a quantitative distinction that does not allow precise definitions of these terms.
They can only be framed in the most abstract formulations, which represent a minimal basis

311



for evaluation in each specific case. Ordinary negligence is understood as a mistake that could
occur even to a careful person, whereas gross negligence refers to a mistake that a proper
person would never make (carelessness, disregard). (General Law on Cooperatives of BiH,
Art. 39.)

5. DISCLAIMER OF LIABILITY

The Rule on Exemption from Liability — The general rule is that all members of a cooperative
body are liable, whether because they undertook actions that were prohibited to them, or
because they failed to undertake actions they were obliged to perform. This implies that the
scope of their statutory liability is extensive. Their liability can only be excluded in cases
explicitly provided by law and under conditions established by law.

Some of the examined cooperative legislations found it necessary to specify the legal
conditions for exemption from liability for damage caused by the bodies or members of the
bodies of a cooperative to the cooperative. The fulfillment of these legal conditions excludes
the liability of the body or its members. For example, the president of the cooperative,
members of the management and supervisory boards, as well as the inspector and director,
are liable for damage caused to the cooperative by their acts or omissions, “unless they prove
that they acted entirely in accordance with their duty and cannot be blamed for negligence in
preventing the damage.” The assembly is authorized to decide whether to file a lawsuit
against these persons or to release them from liability (Slovenia). (Cooperatives Law, Art.
32.) Alternatively, members of the management and supervisory boards are jointly liable for
damage caused by their decision if that decision was made with gross negligence or with the
intent to cause damage. For these persons and bodies, liability for damage is excluded under
legally determined conditions: “if they were opposed to the decision and recorded their
opinion in the minutes” (Bosnia and Herzegovina, Republika Srpska). (General Law on
Cooperatives of BiH, Articles 39 and 42.) In German cooperative law, members of the
management (executive board) and the supervisory council can be exempted from liability
for damage to the cooperative “only if they prove that they exercised the necessary care in
performing their duties.” Furthermore, they are not liable for damage “if the assembly
adopted their report, except where it is based on inaccurate or incomplete data that misled
the membership.” (Cooperative Law in the Federal Republic of Germany: 100 Years of
Cooperative Law, Regulations on Cooperatives in Some European Countries, p. 131.)

As observed in the literature, exemption from liability can only apply to damage caused by
decisions of the cooperative bodies; it cannot be invoked for tasks involving the actual
performance of activities. For damage caused to the cooperative in the course of performing
its activities, only the direct executors or persons under whose immediate influence the acts
were performed are liable. (Markovic¢, 1938. p. 99)

6. JOINT LIABILITY

As a rule, members of a cooperative body act collectively toward the cooperative and decide
on their competencies in sessions by adopting decisions. In the process of decision-making,
their mutual cooperation is present, which means they may jointly breach their duties. In
practice, a situation may arise where, in making the same decision, some members commit a
breach of duty through active conduct, while others do so by omission; the former by
adopting an unlawful decision, the latter by failing to protest against such a decision.
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In civil law, the general rule is that for any damage caused by multiple persons, all those
responsible for its occurrence are jointly liable. In the cooperative legislations examined,
joint liability of members of the cooperative bodies is also regulated (Austria, Bulgaria, BiH,
Republika Srpska) with formulations such as: “jointly liable to the cooperative for any
damage caused”; “jointly liable if they caused damage to the cooperative through their fault”;
“jointly liable for damage caused by their decision.”

In other cooperative law systems, joint liability for cooperative bodies is similarly
established: members of the management board and supervisory council are jointly liable for
damage if they have breached their duties (Germany); (Cooperative Law in the Federal
Republic of Germany: 100 Years of Cooperative Law, Cooperative Regulations in Some
European Countries, p. 131.) members of the supervisory board are obliged to
conscientiously perform their duties “and are jointly liable with the members of the
management board” for compensation for omissions in case of insufficient care (Italy);
(Cooperatives in Italian Law (General Issues), Regulations on Cooperatives in Some
European Countries, p. 77.) “members of the management council are jointly liable for
damage intentionally caused, through abuse of authority or gross negligence, to the
cooperative or to individual members, participants, or creditors” (Spain); (Cooperatives in
Spain, Regulations on Cooperatives in Some European Countries, p. 111.) “members of the
management, executives, and other authorized persons are jointly liable to the cooperative
and to third parties for damage caused by violating laws, cooperative rules, or assembly
resolutions, or if they perform their duties negligently” (Portugal). (Portuguese Cooperative
Law, Cooperative Regulations in Some European Countries, p. 95.)

All members of a cooperative body are liable for damage caused to the cooperative. The
cooperative may sue all members, provided that the members whose actions directly caused
the damage are liable to the other members if the latter have compensated the cooperative for
the damage. Other members of the cooperative, whose actions did not contribute to the
damage, acquire the right to sue the members who caused the damage. It is necessary for
them to prove that the damage resulted from the actions of the defendant, that the plaintiff
was held liable for its compensation, and that the compensation was indeed paid.

7. PROCEDURE IMPLEMENTATION

In the implementation of proceedings for compensation for damage caused by cooperative
bodies to the cooperative, several significant procedural issues arise in practice: at what point
a lawsuit for damages can be filed, whether a specific decision of the cooperative assembly
is required before filing a lawsuit, whether cooperative members are authorized to bring such
a lawsuit and at what moment, the consequences of malicious or reckless filing, interference
of cooperative members in litigation, etc. Answers to these questions are primarily sought in
the provisions of cooperative laws and laws on commercial (business) companies, and
subsidiarily in general procedural law regulations and case law.

Some of the cooperative legislations examined found it necessary to specify more precisely
the persons who may initiate legal proceedings, determine the conditions under which the
proceedings may be initiated, and identify the authorized persons entitled to do so in cases of
damage caused by the actions of cooperative bodies or members of such bodies toward the
cooperative. For illustration, under the Portuguese Cooperative Law, the cooperative has the
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right to file a lawsuit against members of the management board, executives, other authorized
persons, and members of the supervisory council, exclusively based on a prior decision of
the cooperative assembly. The decision may also be made at an assembly where the annual
financial statement and the business report are on the agenda, not only when the proposed
decision was explicitly highlighted in the meeting notice. In the initiated court proceedings,
the cooperative is represented by the management or by cooperative members authorized by
the assembly. (Portuguese Cooperative Law, Cooperative Regulations in Some European
Countries, p. 95.) Similarly, under the Slovenian Cooperative Law, the cooperative assembly
is authorized to decide whether to file a lawsuit against the cooperative president, members
of the management and supervisory boards, or the inspector and director, or to release them
from liability for damage caused to the cooperative by their actions or omissions, unless they
prove that they acted in full compliance with their duties and cannot be accused of negligence
in preventing the damage. (Cooperatives Law, Art. 32.)

8. INSTEAD OF A CONCLUSION

As a rule, the cooperative legislations examined contain only general (principled) rules on
the legal liability of cooperative members toward the cooperative, with minor exceptions.
Some legislations refer to the application of relevant provisions from other special laws, e.g.,
laws regulating commercial (business) companies. Due to the lack of more specific rules for
this legal form of liability, in practice, in proceedings to determine the liability of cooperative
bodies toward the cooperative, the general rules of civil law will be applied.

At both the national and international level, certain trends in changing the legal status of
cooperatives are present, reflected in their increasing “commercialization,” primarily in some
of their external elements—relations of the cooperative with third parties. Redefining certain
elements of the cooperative in line with the latest trends in comparative and cooperative law
of the European Union (EU), driven by the development of the modern market economy, is
manifested in the need to modernize and amend the traditional cooperative concept. At the
national level, we can take as examples the legal status of cooperatives in the Czech Republic
and Slovakia. At the end of the 20th century (1991), in these legal systems, they were
regulated by the Commercial Code and were regarded as subjects of commercial law. Their
legal status predominantly features elements of a limited liability company. They differ from
a commercial company only in terms of specific regulation of internal relations between the
cooperative and its members, as well as among the members themselves, where cooperative
members participate in joint business activity and share its results analogously to members
of a commercial company. (Vitez, 1998, p. 23) At the EU level, the European Cooperative
Society represents the continuation of creating a special legal form designed to enable cross-
border establishment, merger, or reorganization of cooperatives from different EU member
states. To that end, at the beginning of the 21st century, Regulation 1435/2003 on the Statute
of the European Cooperative Society (Council Regulation 1435/2003 of 22 July 2003 on the
Statute for European Cooperative Society (SCE), OJ, L 207,0d 18. 08. 2003, str. 1-24.) and
Directive 2003/72/EC on the position of employees in European cooperative societies were
adopted. (Council Directive 2003/72/EC of 22 July 2003 supplementing the Statute for a
European Coperative Society with regard to the involvement of employees, OJ, L 207, od 18.
08.2003, str. 25-36.) To facilitate overcoming obstacles in these processes, the European
Cooperative Society is organized “in the legal form of an atypical capital company with an
internal cooperative structure and a supranational character.” (Vitez, 2009. p. 286) To
facilitate overcoming obstacles in these processes, the European Cooperative Society is
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organized “in the legal form of an atypical capital company with an internal cooperative
structure and a supranational character.” (Vitez, 2009. p. 304)

Are there contemporary trends in cooperative legislation and legal theory regarding the
liability of cooperative bodies toward the cooperative, and if so, what do they consist of? The
brief answer is that such trends exist but are minor. On the normative level, this is the
expansion and strengthening of the rules on the “application,” i.e., “corresponding
application” of relevant provisions of laws regulating commercial (business) companies,
prior to the subsidiary application of the general rules of civil law on causation and
compensation of damages. In the vast majority of cases, special cooperative legislation has
remained based on the general rules of civil law, on general formulations regarding the
prerequisites of liability for damage caused by cooperative bodies toward the cooperative.
For certain legal institutions, some legislators have made minor advances in specifying
particularities and special conditions for liability for such damage. An example of this is the
legal institution of exclusion from liability, where, besides a general rule, the legislator
created specific statutory conditions for exemption from liability—requiring a cooperative
body member to express opposition to a decision at the meeting itself and to demand that
their position be entered in the minutes of the session where the decision was made. Another
example is the need to more precisely define the persons who may initiate legal proceedings,
the conditions under which it may be initiated, the timeframe, and by which authorized
persons, in cases of damage caused by the actions of cooperative bodies or members of such
bodies toward the cooperative. On the theoretical level, for example, requirements have been
highlighted for elaborating and expanding the liability of the president and members of the
management board and the director of the cooperative for other forms of their conduct, not
only for the decisions they have made. (Vitez, 2000. p. 239)
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Abstract: This paper explores the issue of youth capacity building in agribusiness as a key factor for
the sustainable development of rural areas (FAO, 2020, OECD, 2016). In the context of contemporary
socio-economic challenges, including rural depopulation and insufficient competitiveness of
agricultural production (Shucksmith, 2018), the study analyzes opportunities to enhance the role of
young people through education, innovation, and development policies (European Commission, 2015).
The methodological approach includes an analysis of secondary sources, comparative analysis, and a
case study. Special focus is placed on Montenegro and the implementation of the IPARD program as
one of the most significant instruments supporting agribusiness (European Commission, 2020; Ministry
of Agriculture and Rural Development of Montenegro, 2019). The research results indicate that a
combination of education, access to financial resources, and institutional support significantly
influences the development of entrepreneurial activities among young people in rural areas (OECD,
2016, World Bank, 2018). The paper concludes that further improvement of educational and
development policies is necessary to ensure the long-term sustainable development of agribusiness and
to reduce youth migration from rural areas (Carr & Kefalas, 2009).

Keywords: agribusiness, rural development, youth, education, IPARD program

Ancrpakt: Pan ucTpaxyje mpoOieMaTHKy ycaBpllaBamba MIaIuX y arpo-OH3HHCY Kao KJbYYHOT
(daxropa oxapxuBOr pasBoja pypamnux mnoxapydja (PAO, 2020; OEL, 2016). YV koHTekcTy
CaBpeMEHHX COLMO-€KOHOMCKHX H3a30Ba, YKJbydyjyhu pemomynamujy cema H  HEIOBOJbHY
KOHKYPEHTHOCT MoJbonpuBpenHe mpousBogme (Shucksmith, 2018), anamusupajy ce moryhHOCTH
yHanpehema ynore miaagux Kpo3 oOpasoBame, WHOBaije u pas3Bojue momutuke (European
Commission, 2015). MeTo10JI0IIKH IPUCTYT 00yXBaTa aHAIN3y CEKYHIAPHUX H3BOPA, KOMIIAPATHBHY
aHanm3y W cTyaujy ciaydaja. [loceban dokyc ctaBibeH je Ha LpHy [opy n nmmnementanujy UTTAP]
mporpaMa, Kao jeIHOT OJ Haj3HA4YajHUjUX HWHCTpyMeHaTa mnojpiike arpo-omsuucy (European
Commission, 2020; Ministry of Agriculture and Rural Development of Montenegro, 2019). Pe3ynratu
UCTPAXUBAba YKa3yjy Aa KOMOWHauMWja eaykaiuje, npuctyna (QUHAHCHjCKMM CpEACTBUMA U
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MHCTUTYLHOHAIHE MOJPIIKE 3HAYAjHO YTHYEC HA Pa3BOj MPEIY3CTHUYKMX AKTHBHOCTH MIIAJUX Y
pypanaum noxnpydjuma (OECD, 2016; World Bank, 2018). Pan 3axibydyje na je HEONXOJHO Jajbe
yHarnpelheme 00pa3oBHUX U Pa3BOjHHUX IMOJUTHKA KaKo O ce 00e30ea1o AyropoyHO OPIKUB pPa3Boj
arpo-Ou3HKCa U CMambIJIe MUTpaLje MiIaaux u3 pypantux cpeauna (Carr, Kefalas, 2009).

Kwyune peuu: azpo-6usnuc, pypantu paseoj, maaou, oopasosare, UIIAP/] npoepam

1. INTRODUCTION

Rural areas represent an important segment of the economic, social, and cultural system of
any country (OECD, 2016). They are sites of significant agricultural production, as well as
the preservation of traditions, natural resources, and local identity. However, contemporary
development trends have led to notable changes in the structure of rural communities, which
face numerous challenges, particularly depopulation, population aging, and a lack of
economic opportunities.

One of the key problems in rural areas is the continuous decline in the number of young
people (Shucksmith, 2018). Migration from villages to urban centers, as well as abroad,
reduces the available labor force and limits development potential. Young people often leave
rural areas in search of better educational and career opportunities, further deepening regional
inequalities. In this context, agribusiness emerges as one of the most important sectors
capable of contributing to the revitalization of rural areas (Ellis & Biggs, 2001). Modern
agribusiness involves the integration of agricultural production with processing, distribution,
and market placement of products, alongside the application of innovations and new
technologies (FAO, 2017). This approach enables increased competitiveness and the creation
of added value, which is particularly important for small and medium-sized farms.

Young people play a special role in this process (OECD, 2016), as they represent a key factor
in modernization and development. Their ability to acquire new knowledge, utilize digital
technologies, and apply entrepreneurial models positions them as agents of change in
agribusiness. However, their involvement in this sector is often hindered by a lack of financial
resources, limited access to land, and underdeveloped support and educational systems.

Education and continuous capacity building are fundamental for the successful engagement
of youth in agribusiness (Carr & Kefalas, 2009). Formal education through secondary schools
and higher education institutions, as well as non-formal forms of learning such as training
programs, workshops, and mentoring, play a crucial role in developing the necessary
competencies. Additionally, digital skills are becoming increasingly important due to the
growing use of information technologies in agriculture.

To promote agribusiness development and retain young people in rural areas, governments
and international organizations implement various support programs. European Union
programs, such as IPARD, are particularly significant (European Commission, 2020),
providing financial assistance for agricultural modernization and rural development. These
programs enable young people to start or improve their businesses, although their
effectiveness also depends on the level of awareness, accessibility, and users’ ability to meet
administrative requirements.

This paper places particular emphasis on analyzing the role of youth capacity building in
agribusiness development, as well as identifying key factors influencing their engagement in
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rural areas. Through both theoretical and empirical approaches, the study aims to provide a
comprehensive insight into this issue, with a special focus on the case study of Montenegro
and the implementation of the IPARD program.

2. AIM OF THE STUDY AND RESEARCH OBJECTIVES

2.1 Aim of the Study

The primary aim of this study is to analyze the significance of youth capacity building for
the development of agribusiness in rural areas, with a particular focus on the factors
influencing their active engagement in this sector. The paper seeks to examine how
education, professional training, financial and institutional support, as well as European
Union development programs, contribute to motivating young people to engage in
agribusiness, while also identifying the obstacles that limit their full potential.

The specific objectives of the study are multi-layered and include the following aspects:
Examine the role of education and professional development — This analysis includes how
formal education and additional training influence the knowledge, skills, and readiness of
young people to start and improve agribusiness activities. Special emphasis is placed on
practical and innovative aspects of professional development that can directly increase the
productivity and competitiveness of rural farms.

Analyze the impact of institutional and financial support — The study investigates how access
to subsidies, loans, grants, and advisory services affects youth participation in agribusiness.
The objective is to identify which types of support are most effective and how barriers to
accessing these resources can be overcome.

Assess the effects of development programs (IPARD) — Particular attention is given to the
European IPARD program as one of the key instruments for financial support in agriculture
and rural development. The study examines the level of awareness among young people
about this program, as well as its potential effects on increasing their activity and innovation
in agribusiness.

Identify obstacles and opportunities for improving the position of youth — The study aims to
identify both internal factors (knowledge, motivation, experience) and external factors
(finance, administration, market, institutional support) that limit or support youth
engagement in agribusiness.

By expanding the objectives, the study allows for a comprehensive understanding of the issue
and the development of strategies to enhance youth participation in agribusiness, thereby

contributing to the sustainable development of rural areas, strengthening the local economy,
and reducing migration pressures from rural to urban areas.

2.2 Research Tasks

In accordance with the defined aim of the study, the research tasks are designed to cover all
key aspects influencing the development of agribusiness among young people in rural areas.
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They represent practical steps toward achieving the study’s objective and enable a systematic

analysis of the sector’s problems and potential.
- Analyze the theoretical foundations of agribusiness and rural development — This task
involves a review of relevant literature, studies, and research related to the definition of
agribusiness, its economic and social functions, and the role of youth in rural
development. Special emphasis is placed on identifying principles of sustainability,
innovation, and competitiveness within the agricultural sector.
- Identify key challenges faced by young people — The objective is to systematically
identify obstacles in education, finance, market access, administration, and institutional
support that hinder youth from actively participating in agribusiness. This analysis
enables the formulation of strategic recommendations to improve the position of young
people in the sector.
- Examine forms of education and capacity building — The study investigates the
availability of formal and non-formal educational programs, practical training, and
mentoring initiatives that enable young people to acquire the knowledge and skills
necessary for successful engagement in agribusiness. Particular attention is given to
identifying educational models that are best suited to the rural context and the needs of
young farmers.
- Analyze development programs and support measures — This task involves reviewing
institutional and financial support mechanisms, including national and international
programs such as IPARD, with the aim of assessing their impact on youth motivation
and success in agribusiness. The analysis also includes identifying barriers to accessing
these programs and proposing ways to improve them.
- Conduct a case study (Montenegro) — Through a specific case study, the experiences
of young people in agribusiness, the characteristics of the regional and institutional
framework, and applied support measures are explored. This task allows for the
comparison of theoretical and practical aspects and provides additional insights into
models that can be applied in other rural contexts.
- Draw conclusions and provide recommendations — The final task involves synthesizing
all collected data and research results to formulate concrete recommendations for
improving education, financial support, institutional policies, and programmatic
initiatives that encourage youth engagement in agribusiness and contribute to the
sustainable development of rural areas. By completing these tasks, the study enables a
comprehensive analysis of challenges and opportunities, contributing to both practical
and theoretical understanding of the role of young people in agribusiness and the
formulation of strategies to enhance their participation in rural development.

3. RESEARCH QUESTIONS

The following research questions are posed in this study:

1. What are the key factors influencing youth engagement in agribusiness?

2. To what extent do education and capacity building affect the success of young
people in this sector?

3.  What are the main obstacles faced by young people in rural areas?

4. How significant is institutional and financial support for the development of
agribusiness?

5. In what ways does the IPARD program contribute to the development of young
farmers in Montenegro?

6. How can the position of young people in rural areas be improved?
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4. RESEARCH HYPOTHESES

Based on the study objectives and research questions, the following hypotheses have been
formulated:
Main hypothesis (Ho):
Youth capacity building has a significant positive impact on the development of agribusiness
in rural areas.
Supporting hypotheses:
- Hi: A higher level of education and professional development among young people
increases their success in agribusiness.
- Ha: Financial and institutional support significantly influences young people’s decision
to remain in rural areas.
- Hs: Lack of education and access to resources represents a key barrier to agribusiness
development among youth.
- Ha: The IPARD program has a positive impact on agricultural modernization and the
development of young farmers in Montenegro.

5. THEORETICAL FRAMEWORK
5.1 Concept and Significance of Agribusiness

Agribusiness represents a complex and multi-layered system of economic activities
encompassing all stages of the agricultural value chain, including production, processing,
distribution, and marketing of agricultural products (Ellis & Biggs, 2001). Unlike traditional
agriculture, which focuses exclusively on primary production, agribusiness integrates various
sectors, combining production, financial, logistical, and market functions. This approach
enables the creation of added value and increases product competitiveness, thereby
strengthening the economic position of farms and rural communities.

According to contemporary theoretical approaches, agribusiness can be viewed as a value
chain comprising the following key stages:

- Input procurement: Involves selecting and acquiring high-quality raw materials,
seeds, fertilizers, protective agents, machinery, and other resources necessary for
optimal production. Efficient input procurement directly affects productivity and
profitability.

- Production: Encompasses primary agricultural production, applying modern
technologies, agronomic practices, and innovative approaches to increase yields and
reduce costs. Emphasis is also placed on sustainable practices that minimize
environmental impact.

- Processing and packaging: This stage adds significant economic value through
processing, refining, and packaging. Processing allows for longer shelf-life and
higher market value, while adequate packaging enhances market competitiveness
and improves brand image.

- Distribution: Includes logistics, transport, and storage, which are crucial for
maintaining product quality and timely delivery to end consumers. Efficient
distribution contributes to reduced losses and increased profitability.

- Marketing and sales: Marketing and sales strategies enable product positioning,
customer attraction, and competitive advantage. This includes promotion, branding,
digital sales channels, and direct interaction with consumers.
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Such an integrated approach enhances competitiveness and efficiency, especially in the
context of globalization and increasingly demanding markets, where innovation and
adaptability are key to success (FAO, 2017).

The significance of agribusiness in contemporary society is multifaceted:

- Food security: Agribusiness ensures stable food production and reduces dependence
on imports.

- Income generation: Contributes to economic development, job creation, and
increased income for rural populations.

- Rural development: Encourages youth retention in villages, infrastructure
development, and improved quality of life in rural communities.

- Poverty reduction: Through increased productivity and additional economic
activities, agribusiness reduces social inequalities and creates opportunities for self-
employment.

Current trends in agribusiness include:

- Digital agriculture: Use of software solutions, farm management applications,
precision agriculture, and data analytics (FAO, 2017).

- Sustainable production: Application of ecological practices, recycling, reduction of
chemical inputs, and conservation of natural resources (Pretty, 2008).

- Development of short supply chains: Direct sales to consumers, farmers’ markets,
and online platforms, increasing profitability and reducing losses (OECD, 2016).

- Innovation and value addition: Development of new products, processing, branding,
and diversification, enabling differentiation and competitiveness (Zander et al.,
2016).

Overall, agribusiness is not only an economic activity but also a strategy for sustainable
development, integrating knowledge, technology, and market mechanisms with the clear aim
of increasing competitiveness, profitability, and sustainability in rural areas.

5.2 Rural Development — Concept and Dimensions

Rural development is a multidimensional process aimed at improving economic, social, and
environmental living conditions in rural areas, going beyond the traditional agricultural-
focused understanding of development (OECD, 2016; Pretty, 2008). Modern approaches
integrate various aspects that enable sustainable growth of rural communities and encourage
local population participation in development strategy formulation.

Rural development is based on the following key dimensions:

1. Diversification of economic activities: Beyond agricultural production, it is
important to develop additional economic activities, such as processing industries,
rural tourism, crafts, and services. Diversification contributes to more stable
incomes, reduces dependence on primary agriculture, and increases the resilience of
rural communities to economic shocks.

2. Infrastructure development: Investments in transport, energy, digital, and communal
infrastructure facilitate market access, improve logistics, and enhance quality of life.
Efficient infrastructure is crucial for connecting rural areas with urban centers and
supporting local entrepreneurship.
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3. Improvement of quality of life: Rural development involves not only economic
growth but also improvements in education, healthcare, housing, and social services.
These factors contribute to retaining young people in villages, reducing migration,
and strengthening social cohesion.

4. Environmental conservation: Rural development must be based on sustainability
principles, including the preservation of natural resources, biodiversity, and
ecosystems. Sustainable agricultural and industrial practices contribute to long-term
development and increase product competitiveness through eco-friendly standards.

5. Social inclusion: Rural development involves including all social groups, especially
youth, women, and marginalized communities, in decision-making and economic
activity. An inclusive approach increases community participation and ensures fair
distribution of development benefits.

Rural development is closely linked to regional and sustainable development policies, which
define strategic goals and support tools. Within European policies, rural development is based
on principles of:
- Competitiveness: Improving productivity and market position of rural farms and
entrepreneurs.
- Sustainable production and consumption: Integrating economic development with
environmental protection and resource conservation.
- Innovation and technological development: Applying modern technologies and
innovative approaches in agriculture, processing, and service sectors.
- Inclusiveness: Ensuring all community members have access to resources,
education, and opportunities for active participation in development.

The concept of sustainable development is particularly important, implying a balance
between economic growth, environmental protection, and social equity (Pretty, 2008). In
rural areas, sustainability is reflected in rational land and resource use, application of eco-
friendly production methods, and creation of conditions for economically stable and socially
just livelihoods.

All dimensions of rural development are interconnected and require an integrated approach,
combining education, financial support, infrastructure, environmental protection, and social
inclusion policies. Only through coordinated and comprehensive strategies is it possible to
create conditions for long-term sustainable and competitive agribusiness, in which youth play
an active and significant role.

5.3 Role of Youth in Rural Development

Young people represent a key resource for rural development (FAO, 2020; OECD, 2016), as
their energy, innovativeness, and willingness to apply new knowledge and technologies
directly contribute to the modernization and competitiveness of agribusiness. Their
involvement in agricultural and processing activities enables innovation, increased
productivity, and diversification of economic activities, which are essential for sustainable
village development and reducing migration pressures.
The role of youth in agribusiness can be observed through several key aspects:
1. Introduction of new technologies: Young people are generally more open to
applying modern technologies, digital tools, and precision agriculture. Use of
information systems, farm management software, automated equipment, and
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modern crop protection methods contributes to increased efficiency and reduced
production costs.

2. Improvement of production processes: Young entrepreneurs often implement
innovative production methods, optimize workflows, and apply quality and food
safety standards. These practices increase competitiveness and allow farms to access
broader markets, including international ones.

3. Entrepreneurship development: Youth contribute to rural entrepreneurship by
starting new businesses, diversifying products, and developing additional services.
They identify market niches and leverage creativity and innovation to create new
business models in agribusiness.

4. Diversification of activities: Beyond conventional farming, young people support
the development of agritourism, organic production, processing capacities, and craft
activities. This diversification enables more stable incomes, reduces dependence on
a single revenue source, and contributes to sustainable economic development of
rural areas.

However, theoretical and empirical research highlights several obstacles that limit active
youth engagement in agribusiness (World Bank, 2018):
Limited access to capital: Lack of financial resources and difficulties accessing
loans or subsidies hinder business initiation and sustainability.

- Land scarcity: Young people often face problems acquiring agricultural land or
encounter unfavorable conditions, directly limiting production expansion or
modernization.

- Insufficient institutional support: Incomplete or poorly promoted support policies,
including training, advisory services, and grants, reduce youth motivation to enter
the sector.

- Negative perception of agriculture: Agriculture is still perceived in many areas as
less attractive compared to urban occupations, decreasing youth interest in
professional agribusiness.

In response to these challenges, targeted policies and programs are necessary to:
- Encourage youth to remain in rural areas,
- Facilitate access to capital and land,
- Improve education and professional training,
- Promote a positive perception of agribusiness and entrepreneurship among young
people.

Studies and experiences from countries that successfully integrate youth into agribusiness
demonstrate that a combination of education, financial support, and innovative policies
significantly increases productivity, competitiveness, and sustainability of rural communities
while simultaneously reducing social and economic marginalization of youth in villages.

5.4 Education and Capacity Building in Agribusiness

Education represents a key factor in developing human capital and forms the foundation for
successful engagement in agribusiness (Carr & Kefalas, 2009). In contemporary conditions,
knowledge is one of the most important resources, as it enables young people to apply
innovations, manage resources more efficiently, and increase the competitiveness of their
farms. Education in agribusiness encompasses formal, non-formal, and lifelong learning,
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which complement each other to provide youth with necessary competencies and practical
skills.

5.4.1 Formal Education

Formal education provides the basis for acquiring theoretical knowledge and professional
competencies. It includes:

- Secondary vocational schools, which offer basic training in agriculture, animal
husbandry, horticulture, agronomy, and related disciplines. These schools enable
youth to gain practical skills and prepare for further training or independent farm
management.

- Higher education, including faculties of agriculture, economics, and management,
which provide in-depth theoretical knowledge, analytical, and managerial skills.
Studies at this level allow exploration of modern technologies, financial planning,
and marketing in agribusiness.

Formal education is important as it provides a structured knowledge framework, but it often
requires supplementation with practical and market-oriented skills for successful
participation in agribusiness.

5.4.2 Non-formal Education

Non-formal education includes flexible learning approaches tailored to market needs and
specific competencies required in agribusiness. It encompasses:

- Professional training focusing on modern production techniques, farm management,
financial planning, and innovative agricultural methods.

- Seminars and workshops, which facilitate experience exchange, practical
demonstrations, and awareness of sector trends.

- Mentorship, where experienced farmers and entrepreneurs provide individual
support to youth, helping them develop business strategies and overcome practical
challenges.

- Practical training on farms or in processing facilities, allowing experience
acquisition in real conditions and increasing readiness for independent agribusiness
management.

Non-formal education is adaptable and practical, enabling young people to respond quickly
to changes in market demands and technological trends. It also facilitates innovation adoption
and enhances their ability to apply new knowledge directly to production or entreprencurial
activities.

5.4.3 Lifelong Learning

The concept of lifelong learning involves the continuous acquisition and improvement of
knowledge and skills throughout one’s career (OECD, 2016). This is particularly important
in agribusiness due to:
- Rapid technological changes in production, processing, and food distribution.
- Changes in regulatory frameworks, quality standards, and market requirements.
- The need for constant adaptation to new economic and environmental challenges,
including sustainable production and digitalization.

Lifelong learning allows young people to:
- Maintain the competitiveness of their farms,
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- Apply innovative technologies and methods,
- Develop additional competencies in management, marketing, and finance.

Integration of formal, non-formal education and lifelong learning forms the foundation for
preparing youth for successful engagement in agribusiness, increasing productivity,
contributing to activity diversification, and strengthening the resilience of rural communities
to economic and market challenges.

5.5 Entrepreneurship in Agribusiness

Entrepreneurship is a key factor in agribusiness development, as it enables:
- Launching new business activities,
- Increasing competitiveness,
- Promoting innovation.
Young entrepreneurs play a crucial role in rural development by:
- Creating new jobs,
- Developing the local economy,
- Introducing new products and services. Agro-entrepreneurship often relies on small
and medium-sized enterprises, which offer flexibility and growth potential.

5.6 Digitalization and Innovation in Agribusiness

Digitalization is one of the most important trends in modern agriculture, encompassing:
(FAO, 2017)

- Information systems,

- Precision agriculture,

- Smart devices (IoT),
Digital sales platforms.

The advantages of digitalization include:
- Increased efficiency,
- Reduced costs,
- Better production control,
- Improved market access.

Young people play a key role in this process due to their higher digital literacy.
5.7 Institutional Support and Development Policies

The development of agribusiness and youth engagement in the sector largely depends on
institutional support and development policies that provide the framework, resources, and
incentives needed for successful operations (European Commission, 2015). Institutional
support encompasses a range of mechanisms and instruments enabling youth to overcome
financial, organizational, and market barriers.
Key elements of institutional support include:
- Agricultural policies, which define rules, standards, and development strategies for
agriculture and rural areas. These policies provide the legal framework for subsidies,
loans, investment programs, and innovative initiatives.
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- Subsidies and grants, providing direct financial assistance to farms and
entrepreneurs. These mechanisms enable initial investments, production
modernization, and reduce financial risk for young entreprencurs.

- Credit lines and favorable loans, offering financial support for investments,
equipment purchase, land acquisition, or new product development. Access depends
on information availability and youth capacity to meet administrative and financial
requirements.

- Advisory services, providing technical, organizational, and market support. These
include experts in agronomy, management, marketing, and finance, enhancing
youth capacity to manage their operations effectively.

International support programs, particularly the IPARD program (Instrument for Pre-
Accession Assistance in Rural Development), are of special importance (European
Commission, 2020). IPARD facilitates:
- Investment financing, including modern machinery acquisition, construction or
reconstruction of facilities, and development of processing and distribution,
- Production modernization through the introduction of modern technologies,
ecological standards, and sustainable resource management practices,
- Alignment with European standards, enabling young farmers to access broader
markets and increase the competitiveness of their products.

The effectiveness of these programs depends on several key factors: (European Court of
Auditors, 2017)
1. Information availability, as lack of awareness about programs and procedures
significantly reduces usage and support effectiveness,
2. Administrative procedures, which often involve complex requirements and
bureaucratic barriers that can discourage young farmers,
3. User education and expertise, since youth capacity to prepare quality projects and
efficiently use available resources directly affects program success.

Therefore, it is necessary to develop integrated policies combining financial support,
education, and advisory services, with simplified administrative procedures. Only such an
approach enables young people to actively engage in agribusiness, implement innovations,
and contribute to the sustainable development of rural areas.

5.8 Sustainable Development and Agribusiness

Sustainable development is a concept that integrates economic, social, and environmental
goals, emphasizing the long-term preservation of resources and quality of life. (Pretty, 2008)
In the context of agribusiness, sustainability implies a balance between production and
environmental protection, while achieving economic profitability and social inclusion of
rural communities.

Key principles of sustainable agribusiness include:

- Rational use of resources: Optimal use of land, water, energy, and inputs reduces
costs, increases efficiency, and contributes to the long-term sustainability of
production. The application of precision agriculture, integrated pest management,
and waste-reduction techniques enables maximum productivity with minimal
negative environmental impact.
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- Environmental protection: Sustainable agribusiness involves reducing the use of
chemical inputs, conserving soil and water, lowering greenhouse gas emissions, and
recycling by-products. These practices not only preserve ecosystems but also
enhance product competitiveness through ecological standards and certifications.

- Long-term production sustainability: Focusing on continuous improvement in
technology and management ensures stable food production and economically
sustainable operations. Long-term sustainability also involves planning and
adapting to climate change, market trends, and regulatory shifts.

The contribution of sustainable agribusiness includes:

- Biodiversity conservation: Implementing eco-friendly methods and preserving
natural habitats helps maintain plant and animal species, protecting ecosystems
essential for agriculture.

- Pollution reduction: Utilizing renewable energy sources, minimizing pesticides and
chemical fertilizers, and applying sustainable processing techniques reduce negative
environmental impacts.

- Improvement of rural quality of life: Sustainable agribusiness contributes to
healthier living environments, stable incomes, and the preservation of local
communities. It also enables young people and entrepreneurs to develop innovative
and competitive activities that are sustainable in the long term.

Contemporary trends in sustainable agribusiness include the integration of digital
technologies, ecological standards, and local supply chains, resulting in greater transparency,
reduced losses, and increased profitability, while simultaneously preserving natural
resources. (Zander et al., 2016)

Overall, sustainable agribusiness represents a synergy of economic development and
environmental conservation, providing young people with the opportunity to develop
competitive, innovative, and socially responsible farms in rural areas.

5.9 Theoretical Research Model

Based on the previous analysis of the theoretical framework and literature, a theoretical
research model can be defined that describes the dynamics of agribusiness development in
rural areas through the engagement of youth. The model is structured around three main
components: input factors, process activities, and expected outcomes.

Input Factors
Input factors represent the fundamental resources and prerequisites for agribusiness
development and include:

- Education — formal and non-formal education of young people, professional
training, and capacity-building programs that enable the acquisition of necessary
knowledge and competencies.

- Finance — availability of capital, subsidies, grants, and credit lines that enable the
initiation and modernization of production.

- Institutional Support — agricultural policies, advisory services, and development
programs (e.g., IPARD) that provide technical, administrative, and financial
assistance.
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Process
The process represents the activities through which input factors become effective in creating
value:
- Youth capacity building — continuous education, mentorship, and practical training
that enable the application of acquired knowledge.
- Knowledge application — implementation of innovations, new technologies, and
modern management practices in agribusiness.
- Entreprencurial activities — establishment and development of farms, production
diversification, development of processing capacities, and marketing strategies.

Outcomes
Outcomes reflect the effect of the synergy between input factors and processes on
agribusiness development:
- Agribusiness development — increased productivity, competitiveness, and
innovativeness within the sector.
- Income growth — greater economic stability and sustainability of rural households.
- Youth retention in rural areas — creation of conditions for long-term professional
engagement of young people in villages, reduction of migration, and promotion of
social cohesion.

The theoretical framework indicates that agribusiness development in rural areas is a complex
and multidimensional process that depends on the interconnection of multiple factors. The
role of youth as drivers of innovation and development is emphasized, alongside the need for
their continuous education and support. Integration of knowledge, financial resources, and
institutional measures represents the key to successful agribusiness development and
sustainability of rural communities.

This model also provides a foundation for empirical research, as it allows for the
identification of specific indicators that can be measured and analyzed through case studies,
surveys, or other research methods.

6. RESEARCH METHODOLOGY

6.1 Subject and Aim of the Research

The subject of this study is the analysis of the role of youth training and professional
development in the development of agribusiness in rural areas, with a particular focus on
factors influencing their participation in this sector. The research focuses on the interaction
between education, financial resources, and institutional support, as well as on identifying
obstacles and opportunities for improving the position of young people in agribusiness.
The aim of the research is to:
- Determine the extent to which education, professional training, and mentoring
influence the ability of young people to successfully manage agribusiness;
- Analyze the effects of institutional and financial support, including programs such
as IPARD;
- Identify key barriers and challenges limiting youth engagement;
- Provide recommendations for improving support policies and educational programs
in rural communities.
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This aim allows for a comprehensive assessment of the factors of success and challenges in
the process of developing agribusiness among young people.

6.2 Research Methods

The study employs a combination of qualitative and quantitative methods, enabling a holistic
understanding of the research problem.
Qualitative methods include:
- Literature analysis, which systematizes existing knowledge in the fields of
agribusiness, rural development, and youth education;
- Descriptive method, allowing for detailed description of phenomena, sample
characteristics, and the research context;
- Comparative analysis, which compares different policies, programs, and support
models in regional countries;
- Case study of Montenegro, providing practical insights into local conditions,
development policies, and the role of youth in agribusiness.

Quantitative methods include:
- Survey research, conducted among young people in rural areas to collect data on
knowledge, education, experience, and attitudes;
- Statistical data analysis, including percentage distribution of responses, correlation
analysis, and trend identification;
- Result analysis, which allows for testing hypotheses and drawing empirically based
conclusions.

This combined approach allows for a precise assessment of the impact of education, financial
support, and institutional policies on the development of agribusiness among youth, with
parallel interpretation of qualitative and quantitative data.

6.3 Research Hypotheses

The research hypotheses are derived directly from the theoretical framework and the
proposed model:
- HO: Youth training has a positive effect on agribusiness development.
- HI: Education and professional training increase the success of young people in
agribusiness.
- H2: Financial support and subsidies influence the retention of young people in rural
areas and their long-term engagement.
- H3: Lack of resources, including land, capital, and infrastructure, represents a key
barrier to youth participation in agribusiness.
- H4: The IPARD program and similar development instruments positively affect the
modernization and development of agribusiness among youth.

6.4 Research Sample
The research was conducted on a sample of 100 respondents, aged 18 to 40, living in rural
areas with varying levels of involvement in agribusiness. The sample includes:

- Farmers and farm owners who are already actively involved in agribusiness;
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- Young people interested in agribusiness, planning to start or expand their activities;
- Young people with different levels of education, including secondary schools,
university studies, and non-formal training.

The sample was selected using purposeful sampling, to focus the research on the population
of youth with potential or experience in agribusiness. This approach ensures the collection of
high-quality and relevant data, while statistical processing of results allows for the
identification of trends, barriers, and opportunities to enhance youth participation in
agribusiness.

7. RESEARCH RESULTS AND ANALYSIS

7.1 Sample Description

The research was conducted on a sample of 100 respondents living in rural areas, with the
aim of examining the attitudes and involvement of young people in agribusiness. The sample
was carefully selected to include young people aged 18 to 40, covering the key working
segment of the population with the potential to actively participate in the development of
rural entrepreneurship and innovative agricultural activities.

The respondents represented diverse educational levels, including secondary, post-
secondary, and higher education. Most participants have completed secondary or higher
education, allowing for an assessment of how formal education influences knowledge,
motivation, and readiness to engage in agribusiness. The sample also included respondents
with varying degrees of involvement in the sector: some are already active in agribusiness,
others are not yet involved, and some are considering potential participation.

This diversity allows for a comprehensive analysis of the factors influencing youth interest
and capacity for agribusiness development, including education, access to information,
financial support, and participation in training programs. Furthermore, the sample is
representative of young residents in rural areas where agriculture and agribusiness are key
segments of the local economy. Analyzing such a sample provides insights into the actual
field situation, identifies existing barriers, and highlights potential opportunities for
improvement, enabling the formulation of concrete recommendations for rural development
policies and youth training programs.

7.2 Youth Interest in Agribusiness

Youth involvement in agribusiness is one of the key factors for rural development and the
improvement of economic performance in the agricultural sector. Young people, with their
innovative approaches and willingness to adopt new technologies, represent significant
potential for modernizing and increasing the competitiveness of agribusiness. (FAO, 2020)
Research on their interest enables the identification of motivational factors, barriers, and the
need for additional education and support.

Monitoring the level of youth interest provides insights into how effective current programs
and support policies are and where there is room for improvement. It is particularly important
to understand the differences between those already involved in agribusiness, those not yet
engaged, and those considering entering the sector, as this directly impacts the planning of
educational, financial, and institutional interventions.
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The results show the following:
- 45% of respondents are already involved in agribusiness
- 30% are not engaged in agribusiness
- 25% are considering participation

The results indicate that 45% of respondents are already actively participating in
agribusiness, clearly highlighting the presence of a stable segment of young people willing
to invest their time and resources in developing this sector. This group represents a driving
force in rural entrepreneurship and has potential for applying modern technologies,
innovations, and entrepreneurial strategies.

Conversely, 30% of respondents are currently not engaged in agribusiness, which may be
due to a variety of factors, including lack of financial resources, knowledge, or motivation,
as well as limited access to support programs. This group presents a challenge for
development policies, as without adequate support, there is a risk that young people may
leave rural areas or fail to participate in the sector.

A third segment (25%) is considering entering agribusiness. This group represents strategic
potential for sector growth, as, with proper education, mentorship, and financial incentives,
these young people could become active participants in agribusiness. Their interest indicates
latent motivation, which can be guided through targeted training, access to funds, and better
awareness of the market and support programs.

Chart 1. Youth Interest in Agribusiness

Interest in agribusiness (%)

Yes No Maybe
Answer
Overall, these data suggest significant potential for agribusiness development among young
people, while also indicating room for additional motivation and institutional support.
Effective implementation of training programs, subsidies, and educational initiatives can
significantly increase youth participation, enhance productivity, and contribute to the
sustainable development of rural areas.
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7.3 Main Barriers to Agribusiness Development

The research revealed that young people in rural areas face multiple barriers when trying to
engage in agribusiness. The most significant challenges identified among respondents are:

Lack of financial resources (40%) — the majority of respondents indicated that
insufficient capital is the primary obstacle to starting or expanding a business.
(World Bank, 2018) This finding underscores the importance of access to subsidies,
credit lines, and programs such as IPARD, which can significantly facilitate access
to necessary resources.

Lack of knowledge and professional competencies (25%) — a high percentage of
respondents highlighted that they do not possess sufficient education and practical
skills for effectively managing agribusiness. (OECD, 2016) This emphasizes the
need for vocational training, mentorship, and continuous education for young
farmers.

Administrative barriers (20%) — complex procedures and bureaucratic requirements
hinder access to financial and development-investment programs. Simplifying
administrative processes and improving user awareness could substantially increase
the efficiency of support programs.

Lack of market access (15%) — limited access to buyers and markets reduces the
motivation of young people to invest and innovate. Developing local and regional
supply chains, marketing strategies, and product certification can help overcome
this challenge.

The data clearly show that financial factors remain the dominant barrier, but insufficient
professional preparation of young people also plays a significant role. These obstacles are
interrelated: lack of finances limits access to education, while insufficient knowledge
complicates the preparation of high-quality project proposals for funding. Administrative
barriers further complicate access to existing programs, indicating the need for an integrated
approach—combining education, financial support, and simplified institutional procedures.

Chart 2. Main Barriers to Agribusiness Development

Main Obstacles

%

Lack of Lack of Institutions Markets
money knowledge
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These results are consistent with the theoretical research model, which indicates that youth
training, access to resources, and institutional support collectively determine success in
agribusiness development.

The chart clearly illustrates the relative importance of individual barriers. The dominant
financial factor highlights the need for support through subsidies and grants, while the other
obstacles suggest that education and administrative simplification are key for the success of
young people in agribusiness.

7.4 Awareness of the IPARD Program

The research results show that only 35% of respondents are aware of the IPARD program,
while 65% of young people in rural areas are not familiar with this type of financial support.
These data indicate a significant problem regarding the availability of information on
agricultural and rural development programs. The IPARD program (European Commission,
2020), as one of the key instruments of the European Union, provides young people with the
opportunity to receive grants for farm modernization, equipment purchase, development of
processing capacities, and the introduction of innovations in agribusiness.

Lack of awareness among young people can have multiple consequences:

1. Unused financial resources — a large portion of potential beneficiaries does not
utilize the available funds, reducing the program’s impact on the modernization and
competitiveness of rural farms.

2. Limited development of entrepreneurial initiatives — young people who are not
familiar with the program do not have access to the tools and mentorship needed to
start or improve their businesses.

3. Increased social inequality — those who are informed and have access to funds gain
an advantage, while others remain marginalized, potentially widening the gap
between successful and less successful rural farms.

4. Lower adoption of innovations and technologies — the lack of financial and
educational resources directly affects the implementation of new technologies and
sustainable production practices, which may limit long-term sector development.

These findings also suggest the need for targeted education and promotion of the program
among young people. Information campaigns, workshops, collaboration with schools, and
local advisory services could significantly increase awareness and thereby improve the
effectiveness of the IPARD program. It is also important to adapt the content and format of
information for young people, using digital platforms and social media, which is particularly
important given the high level of digital literacy among rural youth.

In conclusion, the low level of awareness is not merely an administrative issue but directly

affects the efficiency of rural development and the retention of young people in agribusiness,
which is a key goal of both national policies and European development programs.
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Graph 3. Awareness of IPARD

Aware Not aware

7.5 Respondents’ Attitudes (Analysis)

The analysis of respondents’ answers using a Likert scale highlights several key observations:

Education as a key to success (Carr & Kefalas, 2009): The majority of respondents
agree that professional education and continuous training are essential for successful
engagement in agribusiness. This emphasizes that mere interest in agriculture is not
sufficient; practical skills, knowledge of modern technologies, and management
competencies are crucial.

Perspective on agribusiness (FAO, 2017): Respondents show a positive attitude
toward agribusiness, recognizing its potential for income generation, innovation,
and economic growth in rural areas. This suggests that young people are motivated
and willing to engage in the sector, provided that adequate resources and support
are available.

Insufficient institutional support: Respondents point out shortcomings in the
availability of financial resources, subsidies, advisory services, and administrative
support. This indicates that current policies and programs are not fully effective in
enabling young people to realize their potential.

The research results indicate a generally positive attitude of young people toward
agribusiness, but also a pronounced need for improvements in the support system. Successful
development of the sector requires not only motivating young people but also:

1.

2.

Increasing the availability and quality of educational and professional programs to
equip young people with the competencies required for modern agribusiness.
Enhancing institutional support, simplifying administrative procedures, and
ensuring easier access to financial instruments and funding programs.

Promoting innovation and entrepreneurial initiatives through mentorship, practical
training, and access to local and international markets.

Overall, the conclusion shows that young people recognize the potential of agribusiness and
want to participate, but their success depends on a combination of education, institutional
support, and financial resources. This aligns with the theoretical research model, which
emphasizes that only the integration of input factors and active training processes can lead to
real agribusiness development and retention of young people in rural areas.
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7.6 Tabular Presentation of Results

Table 1. presents integrated data on young people’s involvement in agribusiness, their self-
assessed knowledge, and participation in educational programs. This overview allows for a
clear understanding of the key factors that influence young people’s ability to actively
participate in rural entrepreneurship.

Analysis of this data helps identify potential barriers and opportunities for improving
professional training and support for young people in agribusiness, which is crucial for rural
development.

Table 1: Youth Involvement, Knowledge Level, and Participation in Educational Programs

Question / Answer Number of respondents =~ Number of respondents
Percentage (%) Percentage (%)

Engaged in agribusiness

Yes 45 45%

No 30 30%

Maybe 25 25%

Level of knowledge for

agribusiness

Yes 30 30%

No 40 40%

Partially 30 30%

Participation in training

Yes 35 35%

No 65 65%

The table presents integrated data on youth involvement in agribusiness, their self-assessed
knowledge, and participation in educational and professional programs. The results show that
45% of respondents are already actively engaged in agribusiness, representing a significant
indicator of initiative and interest among young people in this sector. On the other hand, 30%
of respondents are currently not involved in agribusiness, while 25% are considering
participation, indicating a substantial potential for further sector expansion.

The analysis of knowledge levels shows that 40% of respondents feel they do not have
sufficient knowledge to successfully engage in agribusiness. Only 30% consider themselves
to possess adequate competencies, while another 30% assess their knowledge as partially
sufficient. These results clearly indicate the existence of a significant gap between interest
and actual ability to manage agribusiness successfully. This emphasizes the need for
continuous education and practical training, enabling young people to apply modern
production methods, financial management, and marketing practices.

Furthermore, data on participation in educational programs show that 65% of respondents
have not participated in any professional or non-formal training programs, while only 35%
had the opportunity for further education. This finding is particularly significant, as it
demonstrates a substantial deficit in practical knowledge and skills necessary for competitive
engagement in agribusiness under contemporary market conditions. The combination of

336



insufficient knowledge and limited participation in training can lead to reduced business
efficiency and constraints in the adoption of new technologies.

Overall, the table indicates a strong interest and motivation among young people to engage
in agribusiness, but barriers—primarily the lack of knowledge and limited education—are
key factors slowing sector development. These results clearly highlight the need for an
integrated approach that includes educational programs, mentorship, and financial incentives,
which would enable young people to participate more actively in agribusiness, increase their
productivity, and contribute to the sustainable development of rural areas.

Additionally, the results emphasize the strategic importance of investment in human capital,
as well-educated and trained young people have a greater chance to innovate, adopt modern
technologies, and develop competitive business models. This aligns with European and
national rural development policies, which particularly stress the need to support youth
through education and professional training as a key factor for retaining population in rural
areas and fostering agribusiness growth.

Table 2 presents the main obstacles faced by young people in agribusiness, their level of
awareness about available support programs, and respondents’ opinions on opportunities and
support in rural areas. These data provide a comprehensive view of factors affecting youth
participation in the sector and help identify key challenges that require additional
interventions through education, financial support, and institutional programs.

Table 2: Obstacles, Awareness, and Respondents’ Attitudes
Question / Answer Number of Percentage (%)
respondents / Average score

Main obstacles

Lack of money 40 40%
Lack of knowledge 25 25%
Administration 20 20%
Lack of market 15 15%
Awareness of the IPARD program

Aware 35 35%
Not aware 65 65%
Attitudes (Likert scale 1-5)

Education is key to success — 4.5

Agribusiness has a perspective — 4.2

Young people have good — 3.1

opportunities in rural areas

The state supports young people — 2.8

sufficiently

The analysis of combined data presents a multi-layered picture of the obstacles and
challenges young people face in rural areas when engaging in agribusiness.

1. Financial and educational challenges: The largest number of respondents identified
the lack of financial resources (40%) as the primary barrier. This confirms previous
research findings that financial resources are a key factor for success in rural
entrepreneurship. Additionally, the lack of knowledge (25%) further complicates
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the initiation and development of business activities, highlighting the importance of
formal and non-formal education, professional training, and mentorship.

2. Administrative and market factors: Administrative barriers (20%) and lack of
market access (15%) indicate additional structural challenges. Complex
administrative procedures and the absence of adequate market channels often
demotivate young people from developing their businesses. These factors together
can limit innovation and competitiveness in rural areas.

3. Awareness of support programs: Data on awareness of the IPARD program shows
that 65% of young people are uninformed, which represents a serious issue. A low
level of awareness means that a large number of youth do not utilize available
funding opportunities, directly affecting the development of entrepreneurial
activities and reducing the effectiveness of rural development programs.

4. Attitudes and perceptions of youth: Likert scale results indicate that respondents
recognize the importance of education (average score 4.5) and the potential of
agribusiness (4.2), showing high motivational potential. However, a low score for
government support (2.8) and a moderate score for opportunities in rural areas (3.1)
suggest that young people feel the existing institutional and political framework
does not provide sufficient support.

The overall analysis suggests that a combination of personal and structural factors influences
youth engagement in agribusiness. Key recommendations include:
- Increasing financial support and facilitating access to funding,
- Enhancing educational programs and training for young people,
- Improving promotion and access to information on programs such as IPARD,
- Simplifying administrative procedures and supporting market development for
products from young farmers.

This analysis confirms the study’s hypotheses: lack of resources and knowledge are the main
barriers, while education and institutional support play a crucial role in the successful
development of youth-led agribusiness in rural areas.

7.7 Discussion of Results

The obtained results confirm the proposed hypotheses:
- HI confirmed — education influences success
- H2 confirmed — financial support is crucial
- H3 confirmed — lack of resources is a main barrier
- H4 partially confirmed — IPARD has potential but is underutilized

The main hypothesis (HO) is confirmed, as the results clearly indicate that the training and
development of young people have a significant impact on the development of agribusiness.
(OECD, 2016; World Bank, 2018)

Conclusion of the Empirical Section

The analysis of the research results shows that young people have significant potential for
agribusiness development, but they face serious obstacles, particularly regarding finance and
education. The low level of awareness about support programs further limits the growth of

this sector.
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8. CONCLUSION

The aim of this study was to analyze the role of youth development and training in the growth
of agribusiness in rural areas, with a particular focus on factors influencing their engagement
in this sector. Through the theoretical framework, empirical research, and a case study of
Montenegro, the study demonstrated that young people represent a key resource for the
modernization and sustainable development of rural areas (FAO, 2020; OECD, 2016), yet
their potential is not fully utilized due to various barriers.

The main research findings are as follows:

1.

Education and youth training (Carr & Kefalas, 2009) have a significant impact on
success and productivity in agribusiness. Formal education provides foundational
theoretical knowledge, while non-formal education, practical training, and
mentorship enable the application of modern technologies and business practices.
Lifelong learning is crucial due to rapid changes in the sector and the need for
continuous adaptation.

Financial support and institutional mechanisms play a key role in motivating youth
to engage in agribusiness. Subsidies, loans, and development programs, particularly
IPARD (European Commission, 2020), facilitate production modernization,
increased competitiveness, and access to broader markets. However, low awareness
and administrative barriers reduce the effectiveness of these instruments.
Integration of input factors (education, finances, institutional support) through the
process of training and entrepreneurial activities leads to tangible outcomes:
agribusiness development, increased income, and retention of youth in rural areas.
Empirical data show significant potential among youth already participating in
agribusiness or considering entry, but additional empowerment through education
and support is necessary.

Sustainable development and the adoption of innovative practices in agribusiness
contribute to the preservation of natural resources, pollution reduction, and
improved quality of life in rural areas (Pretty, 2008). Young people, as drivers of
innovation, play a key role in implementing digitalization, ecological standards, and
local supply chains.

The Montenegro case study indicates that a combination of education, institutional
support, and financial instruments significantly enhances young people’s chances
of successfully developing agribusiness (Ministry of Agriculture and Rural
Development of Montenegro, 2019). Nevertheless, challenges such as lack of land,
capital, administrative barriers, and insufficient promotion of development
programs remain significant and require strategic interventions.

Recommendations:

Increase the availability and promotion of educational programs and professional
training tailored to the needs of young farmers;

Simplify administrative procedures and enhance the transparency of financial and
development programs;

Promote innovation and digitalization in agribusiness through practical training and
mentorship;

Develop policies that integrate economic, social, and environmental objectives to
retain youth in rural areas and enhance sector sustainability.
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Overall, the study confirms that young people are a key factor for a sustainable and
competitive agribusiness, but their potential can only be fully realized through coordinated
application of education, financial support, and institutional measures. Integrating these
elements enables the creation of innovative, profitable, and socially responsible farms, which
directly contribute to rural community development and the overall strengthening of the
agroeconomic sector.
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Abstract: This essay undertakes a phenomenological and existentialist investigation of sustainable
rural development in the Balkans under conditions of accelerating climate change. Drawing
primarily on the philosophical frameworks of Martin Heidegger, Edmund Husserl, Maurice Merleau-
Ponty, and Hannah Arendt, and engaging critically with contemporary agrarian studies, political
ecology, and the geopolitics of EU integration, I argue that the prevailing technocratic paradigm of
“development” operates as a mode of Gestell (enframing) that reduces rural lifeworlds to calculable
resources, thereby foreclosing precisely those forms of embedded knowledge, communal practice, and
ecological attunement on which genuine sustainability depends. The Balkan rural landscape, marked
by the accumulated traumas of Ottoman dissolution, socialist collectivization, post-socialist
dispossession, and the ongoing pressures of EU harmonization, constitutes a privileged site for this
analysis. I propose that authentic sustainable development requires not the imposition of external
technological solutions but a Heideggerian Wiederholung (retrieval) of inherited agrarian practices,
reappropriated for contemporary conditions through what I term “phronetic integration”: a mode of
practical wisdom that holds together traditional ecological knowledge, appropriate technology, and
collective political action.

Key words: phenomenology, Heidegger, sustainable development, rural Balkans, climate change,
Gestell, authenticity, traditional ecological knowledge, EU integration, food sovereignty

Pestome: Tosa ece npeonpuema (HeHOMEHONOSUYHO U eK3UCMEHYUATUCUYHO U3CTe0sane Ha
yecmouuueomo paszeumue Ha ceickume paiionu na bBankanume npu ycrosusma Ha YcKopeHu
Kaumamuyny npomenu. OcHosasaiiku ce npedumHo Ha gurocogpckume pamxu Ha Mapmun Xaiioezep,
Eomyno Xycepn, Mopuc Mepno-Tloumu u Xana Apend, u aneadcupaiku ce KpPUMU4HO CbC
CbBPEMEHHUME — A2PapHU  U3CNeO8aHUs,  NOAUMUYECKAMA — eKONO02Usl U  2eONOUMUKAMA — Ha
unmezpayusma 6 EC, az mewvpos, ue npeobnadasawama mexHokpamuuna napaouema Ha ,, pazeumue
@ynxyuonupa xamo peacum na Gestell (onpesicoane), kotimo pedyyupa ceickume dHcUmeucKu ceemoge
00 UBYUCTUMU PecypCU, KAmo No MO3U HA4uH ONOKUpa MOuHO OHe3u POpMU Ha 62PAOeHU 3HAHUS,
00WHOCMHA NPAKMUKA U eKOJIO2UYHO HACMPOABAHE, OM KOUMO 3A8UCU UCHUHCKAMA YCMOUYUBOCH.
Bankanckuam cencku neusasxc, 6enszan om HAmMpynawume mpaemu HA OCMAHCKOMO pasnalane,
coyuanucmudeckama KONeKmugu3ayusl, NOCMCOYUATUCIIUYECKOMO Omuyxicoasane U mexkyuume
Hamucku Ha xapmonusayusi ¢ EC, npedcmagisiea npusunecupogamo MACMO 3d MO3U AHATU3.
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Ipeonacam, we agmeHmuuHOMO YCMOUYUBO PA3GUMUE UUCKEA He HAA2AHE HA 8bHUIHU MEXHON02UYHU
pewenus, a Heideggerian Wiederholung (év3cmanosssane) na uaciedenume azpaphu NpaKmuki,
NPEOCMUCIIEHU 30 CbEPEMEHHUME YCIL0GUsL Ype3 Mosd, KOemo Hapuidm ,,(ppoHemudna unmezpayus
PEdNCUM HA NPaAKmMuyecka MbOpOCm, KOUumo 00eOuHs8a mpaouyuoHHUme eKoLOSUYHU 3HAHUSL,
noOXo0suume MmexHos02Uul U KOAeKMUSHOMO ROJUMUYECKo Oelicmaue.

Kntouosu oymu: penomenonozus, Xaiioeeep, ycmouiuugo passumue, ceicku bankanu, xaumamuunu
npomenu, Gestell, asmenmuunocm, mpaduyuonnu exonocuunu 3uanus, uumeepayus 6 EC,
npo008OICMEEH CY6epeHumem

1. INTRODUCTION: The Mood of the Land

There is a mood that pervades the rural Balkans today, and it is not one that lends itself to the
optimistic vocabularies of development policy. It is a mood of quiet depletion, of watching
something drain away without being able to name precisely what is being lost. Our villages
are not merely losing population, though they are losing population at alarming rates. They
are losing something more fundamental: a coherent way of being in the world, a form of life
in which human activity, ecological rhythm, and communal obligation were woven into a
fabric of meaning that no policy document can reconstruct from the outside. To speak of
sustainable rural development in this context requires, first of all, an account of what it is
that is unsustainable about the present condition, and this account cannot remain at the level
of economic indicators or climate projections, however indispensable these may be. It must
reach the existential and phenomenological dimensions of the crisis.

I address this essay primarily to colleagues in the agrarian sciences, and I do so with full
awareness that the philosophical vocabulary I deploy may appear remote from the practical
concerns of agricultural research, rural policy, and climate adaptation. I ask for patience and
good faith. The argument I develop is not intended to replace empirical investigation but to
disclose the conditions of possibility within which empirical findings acquire their meaning.
When we measure soil degradation, model climate impacts, or design irrigation systems, we
are already operating within a pre-theoretical understanding of what land, climate, and water
are — an understanding that is historically constituted, culturally specific, and by no means
self-evident. Phenomenology, as Edmund Husserl conceived it, is the rigorous investigation
of precisely this pre-theoretical stratum: the Lebenswelt, the lifeworld, the taken-for-granted
horizon of meaning against which all scientific activity is projected. (Husserl, 1970) 7

The Balkans occupy a peculiar position in the European imaginary and in the geopolitical
architecture of the continent. Neither fully inside the structures of Western European
modernity nor simply outside them, the region has been subjected to a series of violent
modernization projects , Ottoman administrative extraction, nineteenth-century nation-
building, socialist collectivization, post-1989 “transition,” and now the disciplinary apparatus
of EU accession , each of which has reshaped the relation between human communities and
the land they inhabit. (Spoor, 2009; Burawoy, Verdery, 1999) 7' What persists through these

70 Husserl’s concept of the Lebenswelt is developed in Part 11 A as the pre-theoretical horizon of all
scientific activity.

7! For the political economy of post-socialist agrarian transformation, see Max Spoor, ed., The Political
Economy of Rural Livelihoods in Transition Economies: Land, Peasants, and Rural Poverty in
Transition (London: Routledge, 2009); and Michael Burawoy and Katherine Verdery, eds., Uncertain
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transformations, often damaged but never entire ly destroyed, is a stratum of agrarian practice
and ecological knowledge that predates and exceeds the categories of modern agricultural
science. It is this stratum that i propose to retrieve, not as nostalgia or as romantic primitivism,
but as a resource for thinking and acting otherwise in the face of climate catastrophe.

2. BEING-IN-THE-LAND: TOWARD A PHENOMENOLOGY OF RURAL
EXISTENCE

Heidegger’s fundamental ontology in Being and Time begins from the insight that human
existence — Dasein — is always already situated in a world, not as a subject confronting an
external environment but as a being whose very constitution is /n-der-Welt-sein, Being-in-
the-world. (Heidegger, 1927/2008; Heidegger, 1977) ™ This seemingly abstract formulation
has concrete and far-reaching implications for how we understand the relation between rural
communities and their environments. The farmer does not first exist as a detached subject
who then enters into a relation with soil, water, and season. The farmer is this relation. The
soil is not first an object of neutral perception that is subsequently put to agricultural use. It
is encountered from the outset as zuhanden (ready-to-hand), as that which sustains, resists,
demands care, yields or withholds. 73

This point is not merely philosophical decoration. It names a structural feature of agricultural
existence that modern development discourse systematically obscures. When the World Bank
or the European Commission or the FAO speaks of “land” as a “productive asset” or a
“natural resource,” it has already performed an ontological reduction: it has transformed the
lived, meaningful, historically saturated relation between a community and its territory into
a calculable quantum available for optimization. This reduction is not innocent. It is, in
Heidegger’s terms, the operation of Gestell, the technological enframing that constitutes the
deepest essence of modern technology — not any particular machine or technique, but the
mode of disclosure in which everything that is shows up as standing-reserve, as resource
awaiting extraction and deployment. (Heidegger, 1977, 3-35)

The concept of Gestell requires careful handling. Heidegger’s analysis of technology is
neither a rejection of technological devices nor a nostalgic call for pre-modern simplicity. It
is an ontological diagnosis: modern technology, unlike the techine of the ancient Greeks, does
not merely employ natural forces but challenges (herausfordert) nature to deliver its energies
for human stockpiling and distribution.” The river becomes a hydroelectric resource; the
forest becomes a timber reserve; the field becomes an input-output function in an agricultural
production model. What is lost in this transformation is not the utility of these entities but

Transition: Ethnographies of Change in the Postsocialist World (Lanham, MD: Rowman and Littlefield,
1999).

2 The concept of In-der-Welt-sein (Being-in-the-world) is the fundamental constitution of Dasein,
denoting the structural unity of Dasein’s engagement with its environment, not a spatial containment
relation.

73 Zuhandenheit (readiness-to-hand) names the primary mode of encountering entities as equipment
within a referential totality of practical involvement, as distinct from Vorhandenheit (presence-at-hand),
the derivative mode of theoretical observation.

74 The concept of Gestell (enframing) designates the mode of revealing characteristic of modern
technology, in which beings are disclosed as Bestand (standing-reserve), that is, as resources available
for ordering and optimization.
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their capacity to show themselves in their own terms, to be encountered as phenomena rather
than as variables.

In the Balkan context, this technological enframing has taken historically specific forms. The
Ottoman millet system, for all its extractive character, preserved a degree of communal
agricultural autonomy that was disrupted by the centralizing ambitions of the post-Ottoman
nation-states. The socialist period, particularly the forced collectivization of agriculture in
Bulgaria, Albania, and Yugoslavia (with the partial exception of Yugoslavia’s self-
management system), represented a massive imposition of industrial-productivist logic onto
agrarian landscapes that had developed over centuries of organic adaptation.” The post-1989
period, far from restoring the pre-socialist relation between communities and land, introduced
a new form of enframing: the market rationality of privatization, structural adjustment, and
eventually EU harmonization, in which “modernization” became synonymous with
conformity to Western European agricultural standards designed for entirely different
ecological and social conditions.

What was displaced in each of these transformations was not merely a set of agricultural
techniques but an entire mode of dwelling — a way of inhabiting the land that integrated
productive activity with ecological awareness, seasonal rhythm, communal ritual, and
practical wisdom transmitted across generations. Karl Polanyi’s concept of the economy as
embedded in social relations is relevant here, but phenomenology presses the point further:
the embeddedness is not merely social but ontological. The traditional Balkan peasant
economy was not an economy within a society that was itself within a natural environment.
It was a unified form of life in which these distinctions had not yet been operationalized as
separate domains. (Lampe & Jackson, 1982)76

3. CLIMATE CHANGE AS ONTOLOGICAL DISRUPTION

Climate change, as it is typically framed in policy discourse, is a problem of environmental
management: rising temperatures, altered precipitation patterns, increased frequency of
extreme weather events, all requiring technical solutions in the form of adaptation strategies,
mitigation technologies, and resilience frameworks. This framing is not wrong, but it is
radically incomplete. It treats climate change as an external perturbation to which human
systems must adjust, rather than as a transformation in the very conditions of human dwelling
on the earth. The phenomenological perspective discloses climate change as an ontological
disruption — a rupture in the lived relation between human communities and the ecological
systems that constitute their lifeworld. (Polanyi, 2001 [1944]) 77

For the rural Balkans, this disruption is already underway and accelerating. The
Mediterranean climate zone, to which much of the southern and central Balkans belongs, is
identified by the IPCC as a climate change hotspot, with projected temperature increases

75 For a comprehensive treatment of Balkan agricultural systems in historical perspective, see John R.
Lampe and Marvin R. Jackson, Balkan Economic History, 1550—-1950: From Imperial Borderlands to
Developing Nations (Bloomington: Indiana University Press, 1982), especially chapters 8-12 on the
agrarian question.

76 Polanyi’s concept of “embeddedness” denotes the integration of economic activity within broader
social, cultural, and ecological relations, prior to the disembedding effects of market society.

77 Maria Kaika, “‘Don’t Call Me Resilient Again!’: The New Urban Agenda as Immunology ... or ...
What Happens When Communities Refuse to Be Vaccinated with ‘Smart Cities’ and Indicators,”
Environment and Urbanization 29, no. 1 (2017): 89—102.
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significantly exceeding the global mean and precipitation declines that threaten the viability
of rain-fed agriculture across vast areas. ’® The specific projections are sobering: summer
temperatures in Southeast Europe are projected to increase by 3—5°C by the end of the century
under high-emission scenarios, while summer precipitation may decline by 10—30 percent,
with some models projecting even more severe drying in the southern regions. 7 These are
not abstract statistical projections. They name a transformation in the basic conditions of
agricultural life that has no precedent in the historical memory of Balkan rural communities.

What does it mean, phenomenologically, when the seasons no longer behave as they have
behaved within living and inherited memory? When the rhythms of planting and harvest, of
drought and rain, that have structured agricultural practice for generations become
unreliable? Husserl’s analysis of the Lebenswelt is instructive here. The lifeworld is not a
collection of facts but a horizon of familiarity, a background of taken-for-granted regularities
against which practical engagement with the world becomes possible. 3 When climate
change disrupts these regularities, it does not merely present new technical problems to be
solved. It undermines the perceptual and practical ground on which agricultural knowledge
has been built. The farmer who can no longer trust the timing of the first frost or the reliability
of spring rains is not simply confronting a management challenge. She is experiencing the
dissolution of a world.

This dissolution is compounded by the way in which dominant responses to climate change
reproduce the very logic of technological enframing that contributed to the crisis. The
standard prescription, more efficient irrigation, drought-resistant crop varieties developed
through biotechnology, precision agriculture driven by satellite data and algorithmic
optimization — represents the intensification of Gestell, not its overcoming. The land is
further reduced to a technical substrate to be managed through increasingly sophisticated
forms of calculation. 8! What is never questioned is the ontological framework within which
these solutions are conceived: the assumption that the relation between humans and the earth
is fundamentally one of resource management, that the appropriate response to a crisis of
dwelling is more effective engineering.

4. TRADITIONAL ECOLOGICAL KNOWLEDGE AND THE QUESTION
OF RETRIEVAL

The Balkans, precisely because they have been imperfectly modernized, retain significant
reservoirs of traditional ecological knowledge (TEK) that offer alternatives to the

78 For climate projections specific to Southeast Europe, see Filippos Trentacoste et al., “Climate Change
Impacts on Agriculture in Southeast Europe,” in Regional Assessment of Climate Change in the
Mediterranean, ed. Antonio Navarra and Laurence Tubiana (Dordrecht: Springer, 2013), 2:155-78.

7 Intergovernmental Panel on Climate Change, Climate Change 2023: Synthesis Report, ed. Hoesung
Lee and José Romero (Geneva: IPCC, 2023), 42—56. The IPCC Sixth Assessment Report identifies the
Mediterranean basin, including the Balkans, as a climate change hotspot with projected temperature
increases of 2—4°C above the global mean by 2100 under high-emission scenarios.

80 Husserl, Crisis of European Sciences, 121-48. The mathematization of nature, for Husserl, substitutes
the idealized constructions of mathematical physics for the intuitive givenness of the lifeworld,
producing a “garment of ideas” that conceals the experiential ground from which all scientific meaning
ultimately derives.

81 Heidegger, “Question Concerning Technology,” 14-17. The Rhine as hydroelectric power plant is
Heidegger’s paradigmatic example of the way in which modern technology transforms a natural entity
from a self-showing phenomenon into a calculable resource.
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technocratic paradigm. 8 This knowledge is not a closed system of fixed practices but a living
tradition of ecological attunement, constantly adapted to local conditions and transmitted
through practice, narrative, and communal institutions. It includes knowledge of local seed
varieties adapted to micro-climatic conditions, water management techniques developed over
centuries of interaction with specific watersheds, soil conservation practices suited to the
particular topographies of mountain and valley agriculture, and grazing strategies that
maintain rather than degrade grassland ecosystems. %3

The epistemological status of this knowledge is a matter of considerable debate in the
agrarian sciences, and the phenomenological perspective can contribute to clarifying it. TEK
is not proto-scientific knowledge awaiting formalization in the categories of modern
agronomy. Nor is it a mere repository of empirical observations that might be extracted and
integrated into technical databases. It is a form of practical wisdom — what Aristotle called
phronesis — that is inseparable from the concrete contexts of its exercise. It is knowledge
embodied in practices, embedded in places, and transmitted through forms of life. To
“extract” it from these contexts and “integrate” it into a technocratic framework is to destroy
precisely what makes it valuable: its situatedness, its responsiveness to local conditions, its
integration within a holistic understanding of the relation between human activity and
ecological process.

This does not mean that TEK is incommensurable with scientific knowledge or that any
attempt at dialogue between them is doomed to violence. It means that the dialogue must be
conducted on terms that respect the integrity of both knowledge systems. Hans-Georg
Gadamer’s hermeneutical concept of wirkungsgeschichtliches Bewusstsein (historically
effected consciousness) is helpful here. 3% For Gadamer, understanding is never a neutral
operation performed by a detached observer upon an inert object. It is always a
Horizontverschmelzung, a fusion of horizons, in which the interpreter’s own situatedness is
brought into productive tension with the object of interpretation. Applied to the encounter
between modern agrarian science and traditional ecological knowledge, this means that the
scientist must approach TEK not as raw material to be processed but as a horizon of meaning
that challenges and potentially transforms the scientist’s own pre-understandings.

In practical terms, this hermeneutical approach has significant implications for research
methodology. It suggests that the participatory research frameworks increasingly advocated
in development studies are not merely ethically desirable (as a matter of “giving voice” to
marginalized communities) but epistemologically necessary. The knowledge that Balkan
rural communities possess about their local ecosystems cannot be accessed through extractive
research methods — questionnaires, structured interviews, remote sensing — alone. It must

82 Vandana Shiva, Monocultures of the Mind: Perspectives on Biodiversity and Biotechnology
(London: Zed Books, 1993), 5-32. Shiva’s analysis of the displacement of indigenous agricultural
knowledge systems by industrial monoculture provides a useful, if somewhat polemical, complement
to the phenomenological critique developed here.

8 For the concept of traditional ecological knowledge and its relation to scientific knowledge systems,
see Fikret Berkes, Sacred Ecology: Traditional Ecological Knowledge and Resource Management, 4th
ed. (New York: Routledge, 2018), particularly chapters 1-4 on the epistemological status of TEK.

8 Hans-Georg Gadamer, Truth and Method, trans. Joel Weinsheimer and Donald G. Marshall, 2nd rev.
ed. (London: Continuum, 2004), 268-306. Gadamer’s concept of wirkungsgeschichtliches Bewusstsein
(historically effected consciousness) names the condition in which tradition is not an object of
knowledge but the medium through which understanding occurs.
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be encountered in the medium of its own practice, through sustained engagement with the
communities that embody it. This is not a counsel of methodological purity but a pragmatic
recognition that certain forms of knowledge are destroyed by the very operations designed to
capture them.

5. THE POLITICAL ECONOMY OF INAUTHENTICITY

The phenomenological analysis of rural existence and the epistemological defense of
traditional ecological knowledge are necessary but insufficient. They must be supplemented
by a political-economic analysis of the structures that actively suppress the forms of life and
knowledge described above. The Balkans do not suffer merely from a deficit of authentic
dwelling. They are subjected to a systematic political-economic machinery that produces and
reproduces inauthenticity — that is, in Heidegger’s technical sense, a mode of existence in
which Dasein’s own possibilities are determined not by its own appropriation of its situation
but by the anonymous dictates of das Man, the They. %

The most immediate mechanism of this inauthenticity in the Balkan rural context is the EU
accession process and its associated conditionality regimes. The Common Agricultural
Policy (CAP), designed for the intensive, large-scale agriculture of Western Europe, is
progressively extended to the Western Balkans through Stabilisation and Association
Agreements and the Instrument for Pre-Accession Assistance (IPA). The effect is to impose
a normative framework of agricultural “modernization” that systematically disadvantages
small-scale, diversified, ecologically adapted farming practices in favor of specialization,
mechanization, and market integration. 8 Compliance with EU phytosanitary standards, food
safety regulations, and quality certification requirements imposes costs that are prohibitive
for smallholders, effectively functioning as a barrier to market access that drives
consolidation and abandonment.

This process is not merely an economic restructuring. It is, in David Harvey’s terms, a form
of accumulation by dispossession: the appropriation of communal and small-scale assets by
larger economic interests, facilitated by state policy and legitimated by the discourse of
“modernization” and “European integration.” 3 The phenomenological vocabulary allows us
to identify what is at stake in this process at a level that political economy alone cannot reach.
What is being dispossessed is not merely land or market share but a mode of being: a way of
inhabiting the world that carries within it accumulated ecological wisdom, communal
solidarity, and existential meaning. The young person who leaves the village for the city or
for Western Europe is not simply making a rational economic calculation. It is being expelled

8 Heidegger, Being and Time, §25-27. Das Man (the They or the One) names the anonymous, publicly
constituted self of average everydayness, in which Dasein’s own possibilities are levelled down to the
conventional and the familiar.

8 For the broader context of EU accession and agricultural policy reform in the Western Balkans, see
Sophia Davidova, Luca Freddi, and Andrew Gorton, “Farm Productivity and the Structure of
Agriculture in the Western Balkans,” in Western Balkan Agriculture and European Integration, ed.
Sophia Davidova et al. (London: Routledge, 2013), 67-95.

87 David Harvey, “The ‘New’ Imperialism: Accumulation by Dispossession,” Socialist Register 40
(2004): 63-87. Harvey’s concept of accumulation by dispossession extends Marx’s analysis of
primitive accumulation to describe the ongoing appropriation of public and communal assets under
neoliberal governance.
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from a form of life that has been rendered materially unviable by structural forces operating
at continental and global scales.

The geopolitical dimension of this analysis deserves emphasis. The Balkans occupy a
strategic position at the intersection of European, Russian, Turkish, and Chinese spheres of
influence, and agricultural policy is by no means exempt from these geopolitical dynamics.
Chinese investment in Serbian and North Macedonian agriculture and infrastructure, Russian
energy leverage over the region, and Turkish cultural and economic influence in the former
Ottoman territories all shape the conditions within which rural development is conceived and
implemented. The EU’s insistence on regulatory harmonization as a condition of accession
is not merely a technical requirement but a geopolitical strategy aimed at securing the Balkans
within the European economic and normative space, against the gravitational pull of these
competing powers. Rural communities in this context are caught between multiple forms of
external determination, none of which is primarily concerned with the sustainability or
authenticity of local forms of life.

6. AUTHENTICITY AS POLITICAL PROJECT: TOWARD PHRONETIC
INTEGRATION

If the foregoing analysis is even approximately correct, then the question of sustainable rural
development in the Balkans cannot be addressed by technical means alone. It requires what
Heidegger calls Eigentlichkeit — authenticity — understood not as a private moral virtue but
as a collective ontological reorientation: a taking-over of one’s own thrown situation in a way
that opens genuine possibilities rather than merely reproducing the anonymous prescriptions
of the dominant order. 8 What would such an authenticity look like in concrete terms?

I propose the concept of phronetic integration to name the mode of practical engagement that
I believe authentic sustainable development requires. Phronesis, Aristotelian practical
wisdom, names a form of knowledge that is irreducible to both theoretical science (episteme)
and technical skill (techne). It is the capacity to discern what the situation requires and to act
appropriately within it, drawing on experience, judgment, and an understanding of particular
circumstances that cannot be formalized into universal rules. Phronetic integration, as |
conceive it, involves three interrelated dimensions.

First, the retrieval of traditional ecological knowledge. Heidegger’s concept of
Wiederholung (retrieval or repetition) is essential here. ® Retrieval is not a backward-looking
nostalgia that seeks to restore the past as it was. It is a creative reappropriation of inherited
possibilities that frees them for future projection. In the agricultural context, this means
taking the accumulated ecological knowledge of Balkan rural communities — knowledge of
local varieties, water management, soil conservation, seasonal rhythms, grazing patterns and
subjecting it to critical evaluation, experimental verification, and creative adaptation to
changed climatic and economic conditions. The goal is not to freeze traditional practices in

8 Heidegger, Being and Time, §54. Eigentlichkeit (authenticity) is not a moral category but an
ontological one: it names Dasein’s capacity to own its being by taking over the possibilities thrown to
it, rather than dispersing itself in the anonymous dictates of das Man.

8 Heidegger, Being and Time, §65. Wiederholung (retrieval or repetition) names Dasein’s authentic
relation to its heritage: not a passive reception of the past but an active appropriation that frees inherited
possibilities for future projection.
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place but to mobilize the practical intelligence they embody in response to contemporary
challenges.

Second, the critical appropriation of technology. The argument against Gestell is not an
argument against technology as such. Heidegger himself insisted on this point. The question
is whether technology is deployed within a framework that treats the land and its inhabitants
as standing-reserve, or within one that preserves what Heidegger calls a “free relation” to
technological means — a relation in which technology serves dwelling rather than replacing
it. In practical terms, this means favoring technological interventions that enhance rather than
supplant local knowledge and capacity: low-cost sensor networks that complement farmers’
observational expertise, open-source agricultural databases that are governed by the
communities they serve, renewable energy systems scaled to village-level needs, and
agroecological methods that work with rather than against local ecological dynamics.

Third, the reconstitution of political agency. Authentic dwelling is not a solitary achievement.
Heidegger’s concept of Mitsein (Being-with) reminds us that Dasein is always already
constituted by its relations with others. °° But Heidegger’s own political imagination was
notoriously deficient, and here we must supplement his ontology with the explicitly political
thinking of Hannah Arendt.°! Arendt’s concept of action, the capacity to initiate something
new in a space of appearance among equals provides the political supplement that
Heidegger’s ontology requires. Sustainable rural development cannot be achieved by
individuals or households acting in isolation. It requires the reconstitution of collective
political agency at the local, regional, and transregional levels: cooperatives, farmers’
associations, community land trusts, food sovereignty networks, and other institutional forms
that enable rural communities to act as political subjects rather than passive recipients of
external development prescriptions.

7. THE BODY, THE SOIL, AND EMBODIED KNOWLEDGE

The phenomenological account of agricultural existence would be incomplete without
attention to the bodily dimension of rural practice. Merleau-Ponty’s phenomenology of
perception provides the essential conceptual resources here. °* Against the Cartesian tradition
that treats the body as a machine inhabited by a mind, Merleau-Ponty demonstrates that the
body is the primary locus of our engagement with the world: we perceive, act, and understand
through our bodily being, not despite it. This insight has profound implications for how we
understand agricultural knowledge.

The experienced farmer’s knowledge is, to a significant degree, bodily knowledge. The
capacity to read the soil by its texture, color, and smell; to assess a crop’s health by the

% Heidegger, Being and Time, §26. Mitsein (Being-with) names the ontological structure by which
Dasein is always already related to others, not through an additive combination of subjects but as a
constitutive dimension of its own being.

°! Hannah Arendt, The Human Condition, 2nd ed. (Chicago: University of Chicago Press, 1998), 175—
247. Arendt’s concept of action as the political capacity to begin something new, exercised in a space
of appearance among equals, provides the political supplement to Heidegger’s ontology that his own
work conspicuously lacks.

92 Maurice Merleau-Ponty, Phenomenology of Perception, trans. Donald A. Landers (London:
Routledge, 2012), 137-70. Merleau-Ponty’s account of the body as the primary locus of perceptual
engagement with the world provides an essential phenomenological complement to Heidegger’s more
ontologically oriented analysis.
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subtlest variations in leaf color and posture; to predict weather from the behavior of animals,
the movement of clouds, the feel of the air on the skin: these are not cognitive operations that
happen to be mediated by the body. They are forms of understanding that are constituted by
bodily engagement with the agricultural environment over years and decades of practice. This
knowledge cannot be transmitted through textbooks or training programs alone. It is acquired
through apprenticeship, through the patient formation of perceptual habits that attune the
body to the specific affordances and demands of a particular landscape.

The implications for agricultural education and extension are significant. The dominant
model of knowledge transfer in development contexts assumes a unidirectional flow from
scientific expertise to local practice: the agricultural extension officer brings the latest
research findings to the farmer, who is expected to adopt them. This model is not merely
condescending; it is epistemologically naive. It fails to recognize that the farmer’s embodied
knowledge of her specific environment may contain information and practical intelligence
that the scientist’s generalized models cannot capture. A genuinely phenomenological
approach to agricultural extension would reverse the direction of learning, or more precisely,
would establish a dialogical relation in which scientific and embodied knowledge are brought
into productive interaction.

8. COMMONS, COMMUNITY, AND THE ZADRUGA LEGACY

The moral economy of the peasant, as James C. Scott and E. P. Thompson have analyzed it,
rests on a set of normative expectations about reciprocity, mutual aid, and collective
responsibility that are not reducible to economic self-interest. >> In the Balkan context, these
expectations were historically institutionalized in communal forms of land management and
social organization, most notably the zadruga, the extended family cooperative that
structured rural life across much of the South Slavic world. °* The zadruga, which persisted
in various forms from the medieval period into the twentieth century, was not merely an
economic unit but a mode of social being: a way of organizing production, consumption,
care, ritual, and political decision-making within a framework of mutual obligation and
shared responsibility.

The zadruga was progressively dismantled by the combined forces of nation-state formation,
market integration, and socialist collectivization, and it would be naive to propose its
restoration in anything like its historical form. But the principle it embodied, that the
management of land and natural resources is a communal responsibility that cannot be
adequately discharged by either individual ownership or state control ,retains its force. Elinor
Ostrom’s Nobel Prize-winning work on common-pool resource management has
demonstrated empirically what Balkan rural communities knew practically for centuries: that

%3 For the concept of “peasant moral economy” and its political implications, see James C. Scott, The
Moral Economy of the Peasant: Rebellion and Subsistence in Southeast Asia (New Haven, CT: Yale
University Press, 1976); and for its application to European contexts, E. P. Thompson, “The Moral
Economy of the English Crowd in the Eighteenth Century,” Past and Present 50 (1971): 76—-136.

% For a detailed account of zadruga (extended family cooperative) structures and their historical
significance in Balkan rural life, see Philip E. Mosely, “The Peasant Family: The Zadruga, or
Communal Joint-Family in the Balkans, and Its Recent Evolution,” in The Cultural Approach to
History, ed. Caroline Ware (New York: Columbia University Press, 1940), 95-108.
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commons can be managed sustainably through locally devised institutional arrangements,
provided that certain design principles are respected. %

The revival of commons-based institutional forms in the Balkan countryside is not merely an
economic strategy but an existential and political project. It is a way of reconstituting the
communal dimensions of rural dwelling that have been eroded by decades of privatization
and individualization. Contemporary experiments in community-supported agriculture,
cooperative food processing, communal watershed management, and shared renewable
energy infrastructure represent, in however embryonic a form, an attempt to rebuild the
institutional basis for authentic collective dwelling on the land. These experiments deserve
support not because they are economically optimal in narrow terms, they frequently are not,
but because they represent the kind of institutional innovation through which rural
communities can reclaim agency over the conditions of their own existence.

9. TECHNOLOGY, SOVEREIGNTY, AND THE GEOPOLITICS OF FOOD

The question of technology in agriculture cannot be separated from the question of
sovereignty. The dominant model of agricultural modernization, promoted by international
development institutions and increasingly by the technology industry, involves a progressive
integration of farming into global supply chains, proprietary seed systems, and data-driven
management platforms controlled by multinational corporations. This model raises profound
questions of political economy and geopolitical power that are directly relevant to the Balkan
context. Bruno Latour’s provocation that we need a “parliament of things” in which
nonhuman entities participate in political deliberation resonates here, though it must be
grounded in the material conditions of actually existing rural politics. *

Food sovereignty , the right of peoples to define their own food systems, as articulated by La
Via Campesina and elaborated by scholars such as Philip McMichael and Raj Patel *’
provides a crucial political framework for thinking about technology in the Balkan rural
context. Food sovereignty does not reject trade or technology. It insists that the terms of
engagement with global markets and technological systems must be determined by the
communities affected, not imposed by external institutions. In the Balkans, where
agricultural policy is increasingly shaped by EU conditionality, Chinese infrastructure
investment, and the imperatives of global commodity markets, the assertion of food
sovereignty is simultaneously an assertion of political autonomy.

% Elinor Ostrom, Governing the Commons: The Evolution of Institutions for Collective Action
(Cambridge: Cambridge University Press, 1990). Ostrom’s empirical demonstration that communities
can and do manage common-pool resources sustainably without privatization or state control is directly
relevant to the Balkan context of communal land management.

% Bruno Latour, Politics of Nature: How to Bring the Sciences into Democracy, trans. Catherine Porter
(Cambridge, MA: Harvard University Press, 2004), 1-52. Latour’s proposal for a “parliament of things”
resonates with the phenomenological dissolution of the nature/culture binary, though from a distinct
epistemological trajectory.

97 For the geopolitics of food sovereignty and its implications for small states, see Philip McMichael,
“A Food Regime Genealogy,” Journal of Peasant Studies 36, no. 1 (2009): 139-69; and Raj Patel,
“Food Sovereignty,” Journal of Peasant Studies 36, no. 3 (2009): 663—-73.
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Arturo Escobar’s concept of “pluriversal design” is suggestive here. *® Against the
universalism of Western development discourse, which assumes a single trajectory of
modernization toward which all societies are converging, Escobar proposes a plurality of
design practices rooted in the specific territorial, cultural, and ecological conditions of diverse
communities. Applied to the Balkans, this means resisting the assumption that sustainable
rural development looks the same in the Peloponnese as in the Rhone Valley, or that what
works for Dutch greenhouse agriculture is appropriate for the mountain terraces of North
Macedonia. It means insisting on the legitimacy of locally specific development paths that
draw on local knowledge, respond to local conditions, and serve local needs, even when these
paths do not conform to the standardized metrics of “development” as defined by
international institutions.

The technological dimension of this sovereignty is increasingly critical. The global trend
toward “smart agriculture”, a satellite-guided precision farming, Al-driven crop
management, blockchain-based supply chain tracking promises efficiency gains but also
deepens the dependence of farmers on proprietary technological systems they do not own,
understand, or control. For Balkan smallholders, this dependence is particularly dangerous
because it compounds an already precarious economic position with technological
vulnerability. The alternative is not technological rejection but technological sovereignty: the
development and deployment of open-source, community-governed technological tools that
enhance rather than supplant local knowledge and capacity. This is not an impossible
aspiration. The open-source agricultural technology movement is growing globally, and the
relatively low entry costs of many digital agricultural tools make community-level adoption
feasible.

10. DWELLING, BUILDING, THINKING: TOWARD AN AUTHENTIC
SUSTAINABILITY

In his later essay “Building Dwelling Thinking,” Heidegger proposes that the essence of
building is dwelling, and the essence of dwelling is the way mortals are on the earth. ¥
Dwelling, in this sense, is not a mere function of housing or habitation but a fundamental
mode of being: a way of relating to the earth and sky, to other mortals and to the dimension
of the sacred, that lets beings be in their own essential character rather than forcing them into
the mold of human projects. This vision of dwelling is utopian in the best sense: it names a
possibility that is not yet realized but that exercises a claim on us from the future.

Applied to the question of sustainable rural development, the concept of dwelling as letting-
be offers a radical alternative to the productivist logic that dominates development discourse.
Sustainability, from this perspective, is not a matter of optimizing resource use to ensure the
indefinite continuation of economic output. It is a matter of learning to inhabit the earth in a

98 Arturo Escobar, Designs for the Pluriverse: Radical Interdependence, Autonomy, and the Making of
Worlds (Durham, NC: Duke University Press, 2018), 1-45. Escobar’s concept of “pluriversal design”
challenges the universalism of Western development discourse and proposes a relational ontology
grounded in territorial practice.

% Heidegger, “Building Dwelling Thinking,” in Poetry, Language, Thought, trans. Albert Hofstadter
(New York: Harper and Row, 1971), 143-59. Heidegger’s fourfold (das Geviert) — earth and sky,
mortals and divinities — names the gathering structure of dwelling as a mode of being that lets beings
be in their own essential character.
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way that respects its own rhythms and limits, that preserves the conditions of life for future
generations not as a resource stock to be managed but as a world to be dwelt in. Heidegger’s
concept of Geschichtlichkeit (historicality) is relevant here: Dasein’s temporality is not the
abstract time of the clock or the calendar but the lived time of heritage and projection, of
having-been and coming-toward. '™ Authentic sustainability is a mode of historical existence
in which a community takes over its inherited past and projects it toward a future that is
genuinely its own.

The violence of climate change, precisely because it disrupts the taken-for-granted
regularities of the lifeworld, can serve, in a paradoxical way,as a catalyst for the kind of
existential reorientation I have described. Rob Nixon’s concept of “slow violence” names the
gradual, often invisible destructiveness of environmental degradation, which precisely
because of its slowness fails to register as violence within the temporal horizons of political
attention. '°! But when climate change accelerates to the point where its effects become
unmistakably present in the lived experience of rural communities, as is increasingly the case
in the Balkans, it can break open the taken-for-granted character of the existing order and
create space for alternative possibilities.

10.1 The Anxiety of Transition: Existential Dimensions of Post-Socialist Rural
Life

The post-socialist transition in the Balkans has been analyzed primarily in economic and
institutional terms: privatization of state assets, liberalization of markets, establishment of
property rights regimes, reform of administrative structures. These analyses, however
indispensable, fail to capture what is perhaps the most significant dimension of the transition:
its existential character. The dissolution of the socialist order was not merely a change of
economic system. It was the collapse of an entire horizon of meaning within which rural life
had been organized for two or more generations. Whatever the failures and violences of the
socialist period, and they were many and severe, the socialist state provided a framework of
social legibility: roles were defined, futures were projected, the relation between individual
effort and collective welfare was at least nominally articulated. The post-socialist transition
destroyed this framework without providing a coherent alternative. '%2

Heidegger’s analysis of Angst (anxiety) in Being and Time illuminates this condition. '3
Anxiety, for Heidegger, is not fear directed at a specific threatening entity. It is a fundamental
mood in which the familiar world loses its significance, in which the network of references

100 Heidegger, Being and Time, §74. Geschichtlichkeit (historicality) names the ontological structure
of Dasein’s temporal being as constitutively stretched between birth and death, and thereby as
essentially related to its heritage and its fate.

101 For the concept of “slow violence” as it pertains to environmental degradation in peripheral regions,
see Rob Nixon, Slow Violence and the Environmentalism of the Poor (Cambridge, MA: Harvard
University Press, 2011), 1-44.

102 For the existential dimensions of post-socialist transition, see Michael Burawoy, “The State and
Economic Involution: Russia Through a China Lens,” World Development 24, no. 6 (1996): 1105-17;
and for the specific Balkan context, Deema Kaneff, Who Owns the Past? The Politics of Time in a
“Model” Bulgarian Village (New York: Berghahn Books, 2004), 1-30.

103 Heidegger, Being and Time, §40. Angst differs from fear (Furcht) in that its object is not a specific
intraworldly entity but the worldhood of the world as such. In anxiety, Dasein is brought before its own
thrownness and the uncanniness (Unheimlichkeit) of its being-in-the-world.
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and meanings that ordinarily sustains Dasein’s practical engagement with things collapses
into uncanniness. The post-socialist rural subject experiences something structurally
analogous: the land is still there, the tools are still there, the neighbors are still there, but the
web of meanings that connected these into a coherent form of life has dissolved. The
cooperative is gone. The guaranteed purchase price is gone. The social services provided
through the collective farm are gone. What remains is the bare givenness of a situation
stripped of its former intelligibility.

This existential anxiety is compounded by the temporal structure of the transition. The rural
subject is caught between a past that is irrecoverable and a future that is radically uncertain.
The socialist past, however ambivalently remembered, cannot be restored. The European
future, however earnestly promised, remains perpetually deferred, contingent on reforms and
harmonizations that seem designed to benefit everyone except the rural poor. The result is a
peculiar temporal paralysis: a being-in-the-present that is neither rooted in a living tradition
nor oriented toward a credible future. It is this temporal paralysis, more than any specific
economic deprivation, that drives the depopulation of Balkan villages. The young leave not
because there is no land to work but because there is no world to inhabit.

The demographic data are stark and well known. Bulgaria has lost approximately 25 percent
of its population since 1989, with rural areas experiencing even more dramatic declines.
North Macedonia, Serbia, Bosnia-Herzegovina, and Albania all exhibit similar, if less
extreme, patterns of rural-to-urban and international migration that have hollowed out village
communities across the region. ' But the demographic data, precisely because they are
quantitative, cannot express what is qualitatively at stake: the loss of intergenerational
continuity, the severing of the transmission chains through which agricultural knowledge,
ecological awareness, and communal memory were passed from elders to youth. Each village
that falls below a critical population threshold loses not merely labor power but a repository
of situated knowledge that cannot be reconstructed from external sources.

11. EDUCATION, LANGUAGE, AND THE TRANSMISSION OF
AGRICULTURAL KNOWLEDGE

The crisis of knowledge transmission in Balkan rural communities has a specifically
linguistic dimension that deserves attention. Agricultural knowledge, like all forms of
practical wisdom, is embedded in language: in the specific vocabularies, metaphors,
proverbs, and narrative structures through which communities articulate their understanding
of soil, water, weather, plants, and animals. These vocabularies are not merely ornamental.
They encode distinctions that are operationally significant for agricultural practice:
distinctions between soil types, microclimatic conditions, plant behaviors, and animal
temperaments that may not be captured by the standardized terminology of modern agrarian
science. 13

104 For comprehensive demographic data on rural depopulation in the Balkans, see World Bank,

“Western Balkans Regular Economic Report: Living Up to Potential,” no. 21 (Washington, DC: World
Bank Group, 2022); and Eurostat, “Agriculture, Forestry and Fishery Statistics: 2020 Edition”
(Luxembourg: Publications Office of the European Union, 2020), 17-45.

105 For the role of language in the constitution and transmission of ecological knowledge, see Keith
Basso, Wisdom Sits in Places: Landscape and Language Among the Western Apache (Albuquerque:
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The progressive displacement of local agricultural vocabularies by the technical language of
scientific agronomy, development policy, and EU regulation represents an epistemological
loss that is difficult to quantify but real. When a Macedonian farmer speaks of the land using
terms inherited from generations of practical engagement with specific terrains and
microclimates, she is not employing a quaint dialect that could be straightforwardly translated
into the standardized categories of soil science. She is articulating a form of knowledge that
is constitutively tied to its linguistic medium, a knowledge that exists in the space between
the word and the thing it names. Ludwig Wittgenstein’s later philosophy, with its insistence
that meaning is a function of use within a form of life, provides a useful framework for
understanding this point. !° The meaning of an agricultural term is not its dictionary
definition but its role in the practical activities of the community that employs it.

Agricultural education in the Balkans, as currently conceived, tends to reproduce the logic of
technological enframing. University programs in agronomy and agricultural economics are
modeled on Western European curricula, oriented toward industrial agriculture, and
conducted in the conceptual idiom of modern science. There is nothing wrong with this in
itself. The problem is the exclusivity of this orientation: the failure to integrate local and
traditional knowledge systems as legitimate objects of study and sources of practical insight.
A reformed agricultural education, one informed by the phenomenological and hermeneutical
perspectives developed in this essay, would include systematic engagement with local
agricultural vocabularies and practices, training in participatory research methods, and
sustained fieldwork in rural communities as an integral component of the curriculum, not as
an optional supplement.

The role of elder farmers as repositories of ecological knowledge deserves particular
emphasis. In many Balkan village communities, the last generation with comprehensive
knowledge of pre-industrial agricultural practices is now in its seventies and eighties. The
urgency of documenting and, more importantly, of learning from this knowledge cannot be
overstated. This is not an exercise in ethnographic preservation for its own sake. It is a
practical necessity for climate adaptation. The agricultural practices that sustained Balkan
communities through centuries of climatic variability, political upheaval, and economic
hardship contain practical intelligence about resilience, diversification, and ecological
management that is directly relevant to the challenges of the present. But this knowledge will
die with its bearers if no institutional mechanisms exist for its transmission and creative
reappropriation. '’

University of New Mexico Press, 1996), especially chapters 2—4 on the relationship between place-
names and ecological knowledge.

106 Ludwig Wittgenstein, Philosophical Investigations, trans. G. E. M. Anscombe, P. M. S. Hacker, and
Joachim Schulte, 4th ed. (Oxford: Wiley-Blackwell, 2009), §§198-242. The concept of meaning as use
within a “form of life” (Lebensform) is directly relevant to the understanding of agricultural
vocabularies as constitutive rather than merely descriptive of practical knowledge.

107 For methodologies of documenting and revitalizing traditional agricultural knowledge, see
Alejandro Argumedo and Michel Pimbert, “Protecting Indigenous Knowledge Against Biopiracy in the
Andes,” IIED Briefing Paper (London: International Institute for Environment and Development,
2006); and for the European context, Mauro Agnoletti, ed., The Conservation of Cultural Landscapes
(Wallingford: CABI, 2006), 1-19.
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12. REGIONAL SOLIDARITY AND THE POSSIBILITY OF A BALKAN
AGRICULTURAL COMMONS

The Balkan nations, for all their historical antagonisms and political differences, share a
remarkably similar set of agricultural challenges: small average farm sizes, fragmented
landholding patterns, aging rural populations, limited access to credit and technology,
vulnerability to climate change, and the pressures of EU regulatory harmonization. These
shared challenges create the conditions for a form of regional cooperation that would be
qualitatively different from the competitive integration into European markets that is
currently promoted by the EU accession framework. '8

I want to propose, somewhat speculatively, the concept of a Balkan Agricultural Commons:
a framework for regional cooperation in sustainable agriculture based on the principles of
shared knowledge, mutual aid, and collective self-determination. Such a framework would
include the systematic exchange of traditional ecological knowledge across national
boundaries, recognizing that the agrarian heritage of the region transcends the political
borders drawn in the nineteenth and twentieth centuries. Bulgarian, Serbian, North
Macedonian, Albanian, Bosnian, and Greek smallholders have more in common with each
other, in terms of the practical challenges they face and the knowledge resources they possess,
than any of them has with the industrial farmers of Northern Europe whose production
systems serve as the implicit norm of EU agricultural policy.

The institutional form of such a commons would need to be developed through a process of
bottom-up negotiation and experimentation, not imposed from above. But its elements can
be anticipated: networks for the exchange of locally adapted seed varieties and livestock
breeds across the region; shared platforms for documenting and disseminating traditional
agricultural practices; cooperative research programs that bring together scientific expertise
and local knowledge in the investigation of climate adaptation strategies; regional food
sovereignty initiatives that create alternative market channels for small-scale producers; and
transnational advocacy coalitions that represent the interests of Balkan smallholders in EU
policy deliberations. '

Such a project would be politically ambitious, and its obstacles should not be underestimated.
The legacy of national antagonisms in the Balkans is real and enduring, and the tendency of
political elites to instrumentalize rural populations for nationalist purposes remains strong.
But the existential and ecological pressures described in this essay may prove more powerful
than the political divisions they must overcome. When the drought is the same on both sides
of the border, when the young are leaving at equal rates from Bulgarian and Macedonian and
Serbian villages, when the EU’s regulatory demands fall with equal weight on smallholders
across the region, the material basis for solidarity exists, even if the political will must still
be cultivated. The phenomenological insight that dwelling is always already Mitsein, Being-

108 For the common agricultural challenges of the Western Balkans and prospects for regional
cooperation, see FAO, “Smallholders and Family Farms in Europe and Central Asia,” FAO Regional
Synthesis Report (Budapest: FAO Regional Office for Europe and Central Asia, 2020), 23-45.

109 The concept of “seed sovereignty” as a component of food sovereignty is developed in La Via
Campesina, “Our Seeds, Our Future,” Notebook no. 6 (Harare: La Via Campesina, 2013). For its
application to European contexts, see Guy Kastler et al., “Seed Laws That Criminalise Farmers:
Resistance and Fightback,” GRAIN Report (Barcelona: GRAIN, 2015).Isto
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with, has a concrete political corollary: authentic sustainability cannot be achieved in
isolation. It requires a community of practice that extends beyond the individual, beyond the
village, beyond the nation, to encompass all those who share the common condition of
inhabiting and cultivating this particular region of the earth. !'°

13. CONCLUSION: THE SAVING POWER

Heidegger’s late meditation on technology concludes with the enigmatic citation from
Holderlin: “Where the danger is, there grows also the saving power.” '!! The danger, as I
have analyzed it in this essay, is multiple: the ontological danger of Gestell, which reduces
the earth and its inhabitants to standing-reserve; the ecological danger of climate change,
which disrupts the lifeworld conditions of agricultural existence; the political-economic
danger of accumulation by dispossession, which dismantles the communal institutions
through which rural communities exercise collective agency; and the epistemological danger
of technocratic universalism, which erases the situated knowledge systems that constitute the
most valuable resource for ecological adaptation.

The saving power, I have argued, lies not in more technology, more capital, more integration
into global markets, or more compliance with externally imposed standards of modernity. It
lies in what I have called phronetic integration: the creative, practically wise reappropriation
of inherited ecological knowledge, the critical deployment of appropriate technology within
a framework of communal self-determination, and the reconstitution of collective political
agency through commons-based institutional forms. This is not a romantic or anti-modern
proposal. It is, if anything, a more radical form of modernity than the one currently on offer:
a modernity that takes seriously the finite, situated, embodied, and communal character of
human existence on the earth, rather than fantasizing its transcendence through technological
mastery.

I address these concluding remarks to my colleagues in the agrarian sciences with a plea and
a provocation. The plea is to take the phenomenological dimension of rural existence
seriously , to recognize that the crisis of Balkan agriculture is not merely a crisis of
productivity or market access but a crisis of meaning, of dwelling, of the relation between
human communities and the earth that sustains them. The provocation is to consider whether
the categories within which agrarian science operates: yield, efficiency, productivity, and
optimization are adequate to the reality they purport to describe, or whether they constitute
part of the problem they are designed to solve. If the analysis developed here has any merit,
it is that the most valuable resources for sustainable rural development in the Balkans are not
the ones that appear in economic models or policy frameworks, but the ones that are carried
in the bodies, practices, and memories of the communities that have inhabited this land for

119 For the political potential of transregional solidarity in the Balkans, see Jasmin Mujanovi¢, Hunger
and Fury: The Crisis of Democracy in the Balkans (New York: Oxford University Press, 2018), 145—
72; and for a broader theoretical framework, Chantal Mouffe, Agonistics: Thinking the World
Politically (London: Verso, 2013), 1-25

T Heidegger, “Question Concerning Technology,” 33-35. The saving power that grows where the
danger is does not name a dialectical overcoming but a transformation of the essence of technology
through a free relation to it — a relation that Heidegger locates, provocatively, in the proximity of art
and techne.
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centuries communities that are still here, still working the soil, still watching the sky, still
waiting for the rain.
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Abstract: Today's modern technological revolution is accompanied by a corresponding wave of new
vocabulary, which we all have to learn, until it becomes so familiar that we forget we never knew it.
The superintelligent program aims to ensure that artificial intelligence systems (much smarter than
humans) follow human intentions. The key is that we all - from governments of various countries to
citizens - get to grips with the risks and benefits that this new technology could bring represents.
Transportation of food products is a complex logistical process that requires strict adherence to
HACCP procedures and maintaining a cold chain to preserve freshness and quality, using refrigerated
trucks and other temperature-controlled technologies. Key factors include precise planning and
implementation of GMP standards for safe delivery. Eco-safety of transport includes measures to
reduce the negative impact on the environment and increase safety, especially in the transport of
dangerous goods and through the application of eco-driving. The key elements are reducing emissions,
optimizing routes, using GPS tracking to analyze driving style and reducing the risk of accidents.
Starting from the position that regardless of numerous peculiarities, modern wars are essentially
nothing new. The authors single out the most important elements that are characteristic of every war,
and, combining them, define war as a sufficiently long-term organized struggle regulated by
international law, in which states or other subjects of international law participate on one or all sides,
and which use some weapon to cause significant casualties and destruction to other subjects, for the
purpose of achieving some important political, economic or other interest. Artificial intelligence means
the capacity of an artificial. Some areas of today's information processing research are focused on
scientific research programs, which seek to enable computers to understand written and verbal
information, create summaries, give "answers" to certain questions or redistribute data to users
interested in environmental safety in production and business in the following XXI century. With the
progress of modern science, the research of this type of intelligence develops through two basic
directions: psychological and physiological research into the nature of the human mind and the

112 International University Travnik, Travnik, BiH, e-mail: radomirbiocanin46@gmail.com
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technological development of increasingly complex information systems. The goal of our artificial
intelligence research is to develop programs (sofiware), which will enable computers to behave in a
way that could be characterized as intelligent in searching for "answers" to eco-problems. The paper
aims to contribute contribute to the understanding of the potential of artificial intelligence in solving
challenges in the field of traffic safety, but also to present the practical application of artificial
intelligence in the field of creating models for improving traffic safety.The goal of this co-authored
paper was to improve the efficiency, safety and sustainability of the transportation of food products
along Corridor 10 by applying artificial intelligence and mathematical optimization. With the support
of a central data management system, we are developing methods for network optimization and
planning the loading of food products/goods, which should be displayed through a web-based interface
for easier insight and practical application.

Key words: food products, packaging, transport, eco-risks, artificial intelligence, corridor 10, eco-

safety

Ancmpaxm: CagpemeHy mexHOIOWKY PeBOYYU]Y Oanac npamu oo2oeapajyhu manac Hoeoe peuHuxa,
KOju C6U MOPAMO 0a HAYYUMO, C6e OOK HAM He NOCMAHe MOJUKO NO3HAM 0d 3a60pasUMO 0a 2a HEKAO
Hucmo suany. CynepunmenueeHmuu npospam uma 3a Yusb 0d Ocueypa 0d Cucmemi Geulmayxe
uMmenueenHyuje (MHO20 namemuuju 00 bYOU da ciede wyocke Hamepe. Kwyuno je, 0a ceu 00 érada
PasHux 3emasmna 0o epaljana - 6yoemo xeamanu y “xowmay’”’ ca pusuyuma u npedHocmuma Koje ou 08a
HO8A MexHono2uja Mozia 0a npedcmassnd. TpaHcnopm npexpambeHux npou3sood je KOMNIeKCaH
Jlo2ucmuyKy npoyec Koju 3axmesa cmpozo nowmosarwe HACCP npoyedypa u oopacasarse x1aoHoz
NAHYa padu 04y6arba CeEdlCUHe U Keanumema, Kopucmehu KaMuoHe X1aoraie u opyee mexHouozuje 3a
Koumpoaucany memnepamypy. Kwyunu axmopu ykwyuyjy npeyusno nianuparse u npumeny I MIT
cmandapoa 3a 6e30edny oocmagy. Exo-bezbeonocm mpancnopma o6yxeama mepe 3a CMarberbe
He2amueHoz ymuyaja Ha dHCUeomny cpeduty u noeeliare cucypnocmu, nocebHo K00 mMpaHcnopma
onacHux mamepuja u Kpo3 npumery eko-6oicrve. Koyunu eremenmu cy cmarserse emucuje wmemnux
eacosa, onmumuzayuja pyma, ynompeb6a I'TIC npaliersa 3a ananuzy cmuia 804Cre u CMarere pusukd
00 akyudenama. Bewmauka unmenucenyuja o3Hauasa kanayumen jeOHe seuimaike meopesune 3d
peanuszosarse QyHKyuja Koje cy Kapakmepucmuka nyockoe pasmuuimbarsa. Hanpemxom cagpemene
HayKe, UCIPAXICUBAFbe 08€e 6PCHIe UHMENULEHYUje DA36Uja ce NPeKo 080 OCHOBHA CMePA.: NCUXONOUKA
U QUIUOIOWKA UCMPANCUBAIA NPUPOOe /bYOCKO2 YMA U MEXHONOWKU DA360] C6e CIONCCHUUX
un@opmamuyxkux cucmema. Hexe o6racmu Oanaurux ucmpaxcusarea npoyecosara ungopmayuja
ce KOHYeHMPUULy HA HAYYHO-UCMPAdCUY8AYKe npospame, Koju HACMoje OCRnocooumu payynap 3d
pasymesarbe nucame u eepoaine ungopmayuje, cmeapaive pesumeda, dasarse “oozosapa’’ Ha oopehena
NUMarea U peoucmpubyyujy nooamaxa KOPUCHUYUMA 3aUHIMEPEeCcO8AHUM 3d eKOTOWKY be36eoHocm
y npouseoomwu u nociosawy y nacmagky XXI eexa. Llun nawez ucmpasxcusarea ewmauxe
unmenueeHyuje je pazsujarbe npoepama (cogpmeepu), Koju he omoeyhumu pauyyHapuma oa ce NOHAWajy
HA HAYUH Koju Ou ce M02a0 OKApaKmepucamu UHMeNUSeHmHuM y mpadjcerwy “‘00206opa’ Ha exo-
npobneme. Pao uma 3a yuw 0a oonpunece pazymeeary nomenyujara Au y pewasary u3azoea y
obnacmu 6es3peonocmu caobpacaja, amu u 0a npeoCmMAasu NPAKMUYHY HPUMEHY GeumayKe
unmenucenyuje 'y obaacmu Kpeuparea Mooena 3a yuanpeherve 6e30e0HOCMU  MPAHCHOPMHOZ
caobpacaja. L{uw uspaoe 06oe koaymopckoe pada 6uo je 0a ce nPUMEHOM 8eumauike unmeiucenyuje
U Mamemamuuxke onmumuszayuje yHanpeou e@uxacHocm, 6e30e0HOCm U 0O0PHCUBOCH MPAHCHOPM
npexpambenux npoussooa oysc Kopuoopa 10. V3 nodpwiky yewmpannoe cucmema 3a ynpagnvarbe
nooayuma, paseujamo Memooe 3a ONMUMU3AYWY Mpedxce U NAAHUPAFe YMOo8apd NpexpamoOeHux
npoussooa/pobe, Koje mpeba npuxazamu nymem eb-oasuparoz unmep@ejca paou naKuwes ysuoa u
npakmuyne npumene.

Kwyune peuu: npexpambenu npouzsoou, ambaiadica, mpancnopm, eko-pusuyu, 6eUlmuKa
unmenueenyuja, kopuoop 10, exo-bezbeonocm
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1. INTRODUCTION

A product is the result of a set of interrelated or interacting activities that transform inputs
into outputs. Food products encompass a wide range of items of plant and animal origin
(meat, milk, eggs, nuts, vegetables), classified according to quality, type, and storage
conditions of food and other food products. They satisfy the basic nutritional needs of
humans, and their understanding includes knowledge of the causes of spoilage, as well as
packaging and labeling of goods, particularly in transport.

The need for food is one of the fundamental life necessities of human beings. Food enables
normal growth, development, and functioning of the body. Food includes everything used for
eating and drinking, in processed or unprocessed form, for nourishment and enjoyment, as
well as drinking water. Prepared meals are made from foodstuffs such as meat, fish, flour,
vegetables, fruit, etc. No single food item can meet all the needs of the body. Therefore, we
consume a variety of foods of plant and animal origin. Food is necessary for building the
body, generating energy for work and life processes, and protecting against disease.

Food is composed of a large number of components, i.e., nutrients. The nutrients essential in
our diet can be divided into six main groups: water, carbohydrates, proteins, fats, vitamins,
and minerals. The nutrients required in large quantities are water, carbohydrates, proteins,
and fats, while vitamins and minerals are needed in smaller amounts. The nutrients that
provide energy are called energy-yielding nutrients, namely carbohydrates, fats, and proteins.

Water is essential for life on Earth, and the human body contains approximately 66% water.
Nutrients are dissolved in water, and vital life processes take place in it. Most of our water
requirements are met through food and beverages. Foods such as milk, vegetables, and fruits
contain large amounts of water. Water should be consumed throughout the day, and thirst is
best quenched with drinking water. It is recommended to drink about eight glasses of water
daily (1.5 to 2 liters), replenishing the water the body loses depending on psycho-physical
activity.

A proper diet that meets an individual’s nutritional needs can be summarized in the following
recommendations: Eat a variety of foods! Consume cereals, rice, and potatoes several times
a day! Eat vegetables and fruit daily—more than five servings. Meat, poultry, fish, eggs, and
legumes are rich sources of high-quality protein. Consume milk and dairy products daily!
Reduce fats and oils to recommended amounts! Use sugar in moderation! Water is a vital
fluid. Be moderate in alcohol consumption! Maintain a healthy body weight and be physically
active!

Food spoilage is most often caused by microorganisms, resulting in changes in appearance,
smell, and taste. Spoilage reduces the nutritional value of food and renders it hygienically
unsafe. The spoilage process can be slowed or prevented by the application of heat, cold,
dehydration, the addition of acids, chemical preservatives, etc.

In the market, there are at least three interested parties (stakeholders) that communicate with
one another:

Customer — an organization or person receiving a product, e.g., consumer, client, end user,
retailer, aid recipient, buyer; for an organization, the customer may be internal or external.
Organization — a group of people, facilities, and associated equipment with established
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responsibilities, authorities, and relationships, e.g., company, corporation, enterprise,
institution, humanitarian organization, trade organization, association, or parts/combinations
thereof. Environment — the context in which the customer, organization, and product operate,
e.g., interest groups, trade unions, workforce, competitors, suppliers, financial institutions.

Today’s technological revolution is accompanied by a corresponding wave of new
terminology that we must all learn until it becomes so familiar that we forget we once did not
know it. A superintelligent program aims to ensure that artificial intelligence systems
function responsibly and effectively. It is essential that everyone—from governments to
citizens—grapples with the risks and benefits that this new technology may present. Artificial
intelligence refers to the capacity of an artificial entity to perform functions characteristic of
human reasoning. With the advancement of modern science, research in this field develops
along two main directions: psychological and physiological studies of the human mind, and
technological development of increasingly complex information systems.

Some areas of contemporary information processing research focus on scientific programs
that aim to enable computers to understand written and spoken information, generate
summaries, provide answers to specific questions, or redistribute data to users interested in
environmental safety in production, the transport of food products, and business operations
in the 21st century.

Through this paper, we have demonstrated how artificial intelligence can make freight
transport more efficient. The developed prototypes help maximize vehicle capacity, use
resources more rationally, and make combined transport more attractive. This represents an
important step toward shifting freight from road transport along Corridor 10 and thereby
contributing to environmental protection.

Based on many years of experience in the inspection of food products in domestic trade,
export, and import, as well as on professional literature in this field, the authors have prepared
this paper with the aim of making food trade operations more successful, ensuring that export
and import procedures are carried out more professionally and with higher quality, and
minimizing misunderstandings in the production—trade—inspection relationship.
Furthermore, the paper aims to contribute to creating conditions in which producers and
consumers can be more confident that they are purchasing food products of appropriate
quality and are not being misled. Particular emphasis is placed on the environmental
requirements of product/goods transport along Corridor 10.

The combination of artificial intelligence and optimization opens entirely new possibilities
for combined freight transport. Forecasts of reservation numbers can be directly integrated
into optimization processes, enabling more efficient train loading and more stable network
management. In this way, a practical approach is created that directly supports operational
systems and enhances the performance of road and rail transport.

2. FOOD PRODUCTS / GOODS
Products are what organizations offer to potential customers. Each product represents a

package composed of a combination of goods and services (tangible and intangible
components).
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Developed models for planning the loading of food products enable trucks and trains to be
utilized to their maximum capacity in terms of weight and length, while simultaneously
reducing crane movements and transshipment processes. Numerous parameters are
automatically and simultaneously taken into account during optimization. The network
planning component combines Al-based freight volume forecasts with mathematical
optimization in order to allocate cargo units in a way that enables optimal train utilization
and faster transport with a minimal number of transshipments.

The total quantity of a particular product is generally not of uniform quality and is therefore
classified into quality grades: Extra class — high quality, First class — good quality, Second
class — medium quality, Third class — lower quality

Methods for testing the quality and properties of goods are divided into the following groups:

- Sensory testing — conducted using the senses, assessing the appearance, smell, and
taste of food;

- Mechanical and physical testing — usually carried out using special tools or
devices (e.g., testing flour purity by sifting through sieves);

- Chemical testing — determines the composition of goods and the presence of
harmful substances in food;

- Microbiological testing — determines the presence of microorganisms in food that
may cause disease.

Foodstuffs, i.e., food products, are stored separately from other goods, in special rooms or
warehouses. Two types of storage facilities are distinguished:

- Warehouses for dry food products (flour, sugar, rice, pasta, salt, oil, vinegar,
canned foods, etc.). These facilities must be dry, well-ventilated, and protected from
direct sunlight;

- Warehouses for perishable food products (meat and meat products, milk and
dairy products, eggs, fish, fruits, and vegetables). These facilities are equipped with
refrigeration systems.

Technology is the science concerned with the processes of converting raw materials into
semi-finished and finished products. Raw materials are substances found in nature, mostly in
an unprocessed state, and are used for further processing. In culinary practice, raw materials
include fruit, vegetables, meat, fish, and similar items. Semi-finished products result from
partial processing of raw materials. An example is frozen vegetables used in the preparation
of various dishes.

Finished products are final goods that are not subject to further processing but are ready for
use, for example: bread, prepared meals, and confectionery. The production of such goods is
referred to as the technological production process.

Food products are the most important and most widely consumed goods of mass
consumption. The scale of production, trade, and consumption of these products is reflected
in the fact that over 60% of the household budget is spent on purchasing food, i.e., on
nutrition.

Food products are products of the food industry obtained by processing raw materials of plant
and animal origin. Products of plant origin include flour, bakery products, pasta and related
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products, biscuits and similar goods, starch, dextrin and related products, sugar, coffee and
coffee substitutes, cocoa products, confectionery and cream products, vegetable fats,
vegetables and vegetable products, fruits and fruit products, alcoholic and non-alcoholic
beverages. Products of animal origin include meat and meat products, fish and fish products,
milk and dairy products, eggs, and animal fats.

Table 1. Categories of basic products for the market

Categories of Basic product characteristics Example
basic
(generic
products)
- Products of a material nature that have a Food products,
Hardware clear form furniture, cars, shoes,
- Countability clothing
- Tangibility
- Products that are essentially an intellectual | Computer program,
Software creation composed of information recorded | dictionary, film,
on a suitable carrier (written information, picture
concepts, instructions or procedures)
Process - Products obtained on the basis of primary | Fuel, lubricant, sheet
materials materials metal
. - Products obtained as a result of the Transport, education,
Services . L .
activities of the organization, which take treatment
place partially or completely in contact with
the user

Food products also include spices, as well as semi-prepared and ready-made meals. All food
products are manufactured according to appropriate technological procedures, packaged, and
placed on the market in accordance with applicable legal regulations. Products must comply
with the quality standards prescribed by relevant regulations, and manufacturers are obliged
to continuously monitor and ensure this quality.

Given their significant economic importance, the specific characteristics of food products,
and the need for a thorough understanding of these goods—along with the requirements
arising from new knowledge, experience, and numerous international and national
regulations governing production, domestic trade, export—import, transport, storage, and
other activities related to food products—the involvement of many professionals of various
profiles is essential. Consequently, there has been a need in our country for a comprehensive
manual that can provide interested parties with the necessary information at any time to
ensure successful operations in the food sector, as working with these goods is highly
responsible and requires substantial expertise.

According to their material nature, products may be:

- Tangible: hardware, processed materials (goods);

- Intangible: software;

- Combined: services.

Knowledge of goods encompasses practical expertise regarding products. It covers: origin,

characteristics and quality, types of goods, packaging, transport and storage, and usage.
Goods are products of human labor intended for exchange on the market.
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- Commodity turnover — the total volume of all sales and purchases of goods and
services within a specific period in a particular market.

- Commodity fund — the total quantity of produced goods that will be offered for sale
within a specific period in a particular market.

- Commodity stocks (inventories) — quantities of unsold goods stored in warchouses
awaiting sale.

- Standards (Norms) — technical quality specifications for products that must be
harmonized with international standards and the technical regulations of EU
countries.

- Law on Market Inspection — Market Inspection supervises the implementation of
laws and regulations determining the prices and quality of products and services, as
well as the conditions for conducting trade and services.

- Law on Sanitary Inspection — Sanitary Inspection conducts sanitary supervision
over facilities, activities, plants, equipment, and individuals who may in any way
adversely affect human health. '

- Declaration (Labeling) — found on the packaging of food products and must contain
the date of production, expiration date, name and registered office of the
manufacturer, main ingredients, and any additives.

2.1. Classification of Goods: by Origin, Stage of Production, and Economic
Purpose

The essential properties of goods are those characteristics that enable a product to fulfill the
purpose for which it was produced (e.g., the essential property of sugar is its sweetness and
nutritional value). Non-essential properties are those that do not affect the usability of the
product (e.g., sugar may be white or yellowish in color, and may appear in the form of
powder, crystals, or cubes).

According to their properties, goods are distinguished as genuine or non-genuine. Genuine
goods possess all essential characteristics, whereas non-genuine goods include products that
lack the characteristic properties of genuine goods and are referred to as substitutes or
surrogates (e.g., margarine as a substitute for butter).

- Quality of goods — a set of all properties of goods.

- Packaging — everything that is used to package goods.

- Division of goods: transport, returnable, non-returnable.

Research conducted in the Eastern European market has shown that many products are of
lower quality than those offered under the same brand and in the same packaging in the “old”
EU Member States. According to the European Commission’s assessment, the right of traders
to adapt products for so-called legitimate reasons—such as the availability of raw materials
and consumer preferences—should remain. All dilemmas that could cause consumer
dissatisfaction must be resolved. If manufacturers wish to modify the ingredients of a
product, this must be made perfectly clear to consumers.

116 The European Commission has announced that it will ban the sale of food products under the same brand and
packaging but of lower quality to consumers in Central and Eastern Europe. The move follows pressure from EU
member states in Central and Eastern Europe who have complained about food waste. Brussels also said it was
working on a methodology for testing food quality, and that other products, such as household chemicals, could be
targeted later.
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The provisions of the applicable regulations concerning quality, hygienic safety, packaging,
labeling, and related matters are printed in bold in the text of the manual, making them easily
noticeable. !’

Table 2. Basic differences between services and goods

Services Hardware, Software, Process materials

Cannot be stored Can be stored

Production and use are simultaneous Time gap between production and use

Equipment and device are located close to the | Factories are centralized and far from

consumer the consumer

Typically more labor-intensive Production can be more easily
automated

Quality is difficult to measure Quality is more easily measured

Quality depends heavily on the entity Quality does not depend on the

providing the service individual

Output is difficult to count Output is usually countable

Unfortunately, in our practice, cases of returned export goods and the payment of allowances
or penalties are still not uncommon due to products that were poorly sorted, of lower or
inconsistent quality, contaminated, or affected by other defects. There are also instances of
problems arising during the import of certain goods (wheat, soybeans, rice, coffee, cocoa
beans, peanuts, etc.), whether due to the conclusion of unfavorable contracts or due to
shortcomings in inspection and acceptance procedures for such highly valuable goods.

The existing Manual is intended for agricultural experts, technologists, and commercial
specialists in agricultural enterprises, cooperatives, and cooperative associations;
technologists and quality control personnel in the food industry, including the production of
alcoholic and non-alcoholic beverages, as well as organizations engaged in the processing
and packaging of goods; staff in trading companies and foreign trade organizations; personnel
working in warehouses, ports, freight forwarding agencies, and inspection services
(agricultural, market, sanitary); organizations responsible for contractual quality control;
institutes for food testing and analysis; consumer protection services; students of agriculture
and food technology; vocational school students; and all those who work directly or indirectly
with food products.

3. CORRIDOR 10 - ROLE AND IMPORTANCE IN GOODS TRANSPORT

Corridor 10 is a key Pan-European transport route passing through Serbia, connecting
Western and Central Europe (Austria, Hungary, Slovenia, Croatia) with Bulgaria, Greece,
and North Macedonia. This main transport axis, which includes the E-75 and E-70 highways,
is of exceptional economic and strategic importance for Serbia and the wider region, linking
major cities and ports.

17 In many countries, such as the USA, Canada, the USSR, France, the Federal Republic of Germany
and others, there are professional manuals and a wealth of professional literature dedicated to food
production, internal trade and consumer protection, as well as international and overseas trade in these
goods and raw materials. They place special emphasis on the preparation of food products for export,
in order to avoid complaints, returns of goods from importing countries and payment of rebates.
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Corridor X is one of the Pan-European transport corridors. It stretches from Austria to Greece
and runs largely through the territories of the former Yugoslav republics. It was officially
added to the network after the end of the conflicts in the former Yugoslavia, at the Helsinki
Conference in 1997. The corridor includes both railway and road infrastructure.
Key information about Corridor 10:

a) Routes through Serbia:

- Branch A (E-70): Border with Croatia (Batrovci) — Belgrade;

- Branch B (E-75): Border with Hungary (Horgos) — Subotica — Novi Sad — Belgrade;

- Branch C (E-75): Belgrade — Nis§ — Vranje — Border with North Macedonia (PreSevo);

- Branch D (E-80): Ni§ — Pirot — Border with Bulgaria (Gradina).

b) Significance: It improves infrastructure, accelerates the transport of goods and
passengers, and fosters economic development and regional connectivity.

¢) Connectivity: It connects eight countries: Austria, Hungary, Slovenia, Croatia,
Serbia, Bulgaria, North Macedonia, and Greece.

Figure 1. Corridor 10, four projects through Serbia
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Corridor 10 has been completed, including the demanding sections through the Grdelica
Gorge, thereby providing a modern, full-profile motorway across the entire territory of
Serbia.

Corridor 10 is one of the most important Pan-European transport corridors passing through
Serbia, connecting Austria, Hungary, Slovenia, Croatia, Serbia, Bulgaria, North Macedonia,
and Greece. ''®

118 Even after 40 years, since Corridor 10 was first declared a “priority of priorities”, the works show
no signs of ending. The constant delays in the completion of sections have also managed to annoy the
head of the EU delegation in Serbia, Vincent Degert, who recently requested a plan of priorities and
deadlines for the completion of the works from the Ministry of Transport and the “Corridor of Serbia”.
Degert recently said that this road route is extremely important for Europe, and that he is concerned
about the delays and non-withdrawal of funds for the sections. Therefore, he says, three sections are at
risk — near Vladi¢in Han, the Bancarevo tunnel on the eastern branch from Nis to the Bulgarian border,
and the Ciflik-Pirot section. The EU has allocated around 4.8 billion euros to finance these sections.
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Construction of the Pojate—Cacak branch is currently underway. The project is costly and
progressing slowly; works have reached Vrnjacka Banja, and the route will connect to the
“Milo§ Veliki” motorway, which runs from Belgrade to Ca¢akThe rehabilitated tunnels are
equipped with modern traffic monitoring and management systems. Supervision is carried
out 24 hours a day from a central control center. The tunnels are fitted with video cameras
that provide real-time monitoring, enabling the detection of traffic congestion, identification
of the number and type of vehicles in motion, and the provision of all necessary data aimed
at preventing disruptions. Through a variable message light signaling system, drivers are
informed via warnings or speed restrictions. Users also have access to an SOS
communication system, allowing them, in the event of a breakdown or accident, to notify and
request assistance from the operator in the control center. In addition, several tunnels are
equipped with ventilation and air quality control systems, as well as automatic fire detection
and alarm systems installed along the entire length of the tunnels.

Figure 2. Modern road infrastructure along Corridor 10

According to the Ministry of Finance, more than a billion euros of loans approved by the EBRD, EIB
and the World Bank have not yet been withdrawn. This can sometimes have objective reasons, explains
Goran Rodi¢, a construction expert, and cites as an example the unfinished expropriation of land, which
makes work more difficult. But, he says, in order for this to not happen, it is necessary to separate
capital investments from political marketing.
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4. ARTIFICIAL INTELLIGENCE IN THE TRANSPORT OF FOOD
PRODUCTS

We live in an era of rapid technological advancement, in which the impact of modern
technology is evident in almost all areas of life, including food production. Over the past
decade, agriculture has undergone a remarkable transformation through the integration of
cutting-edge technologies—from the use of drones in fields to various tools that facilitate
food production. In this way, efficiency, production sustainability, and product quality have
all been improved.

While artificial intelligence dominates global technological and political discourse, the
European Union is building its ambition to become a global leader more quietly, yet
systematically. The concept of the so-called “Al Continent,” increasingly present in Brussels
policy documents, is not merely a response to a passing technological trend, but rather an
attempt to address a much deeper and long-term issue of European competitiveness.

- How does artificial intelligence enhance the efficiency of combined transport?

- How can artificial intelligence improve the quality and safety of food during
transport, storage, and use for human consumption?

- To what extent can artificial intelligence assist in risk management, increase
resilience to natural disasters, and contribute to building more sustainable and
resilient critical infrastructure systems?

- European artificial intelligence: between ambition and reality?

At the heart of the issue lies a concerningly low rate of Al adoption within the European
Union. According to available data, only 13.5% of enterprises currently use Al technologies,
while the percentage among small and medium-sized enterprises is even lower, at just 12.6%.
This gap between European ambitions and actual implementation forms the starting point of
the European Commission’s new strategy—Apply Al

This analysis examines the key elements of the Apply Al strategy, focusing on its broader
political and economic significance: its potential to strengthen Europe’s technological
sovereignty, reduce dependence on the United States and China, and shape a distinctive
“European approach” to artificial intelligence. At the same time, the text highlights structural
challenges that could limit the scope of this strategy—from financial constraints to internal
differences among Member States.

The Apply Al strategy is not based solely on financial incentives; it also introduces a new
governance model for Al policy. This model rests on three complementary pillars: an alliance
bringing together industry, academia, and the public sector; an observatory that monitors
trends, analyzes impacts, and guides investments; and a coordination body that connects
Member States.

The Apply Al strategy represents a serious attempt to translate European ambition in the field
of artificial intelligence into systemic policy. With an initial investment of one billion euros,
intended to catalyze up to 20 billion euros in annual investments, the EU clearly signals that
it views artificial intelligence as a key pillar of its future competitiveness and sovereignty.
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Such a structure reflects the intention to manage Al policy as a dynamic, adaptive process
rather than a one-time strategy with fixed objectives.

Energy, transport, water supply, telecommunications, security, healthcare, and finance
constitute the system of critical infrastructure of every state. High-risk artificial intelligence
is used, among other purposes, in the management and operation of critical infrastructure.

It is evident that data history, data collection from various sources, the use of big data (large
and complex datasets), supercomputers, and digitalization in information processing can
significantly increase the speed of information exchange—not only in terms of predictive
maintenance of assets potentially exposed to threats, but also in enabling competent
authorities and emergency services to respond quickly and bring specific events or incidents
under control.

A major step forward is also the application of Al not only in food production but in reducing
waste. Scientists and innovators worldwide are increasingly focusing on the use of artificial
intelligence for food quality and safety control. Although this field is still in its early stages,
it is already clear that Al has the potential to revolutionize quality control by enabling faster
and more precise inspections, detecting contaminated products, and thereby ensuring higher
safety and quality of products that reach consumers.

Al optimizes production processes by analyzing data, increasing efficiency and reducing
waste. Although the results so far are impressive, it is believed that future advances in Al
will further improve the food production industry, especially in the field of product safety
and quality.

As explained for the website New Food by Anok van de Vol, a food safety expert, in order
to better understand the importance of artificial intelligence in this field, we must first
understand the entire chain—from production and harvesting to packaging, transport,
storage, and final placement before the consumer in retail stores. If any stakeholder fails at
any point in this chain, product safety may be compromised. Therefore, food safety
monitoring systems are crucial for risk management and for maintaining the prescribed
quality standards.

Food industries worldwide spend thousands of hours each year ensuring that food is produced
according to the highest standards and that its quality is preserved on its way to consumers.
Finding more efficient and reliable ways to monitor food safety is at the top of every
manufacturer’s priority list. New technologies provide opportunities to detect and resolve
quality or safety issues more quickly. The time required for data analysis, collection, and
processing can be drastically reduced.

In one experiment, cocoa ingredients were tested and the data were manually entered into a
computer. This process takes between 35 and 45 minutes. However, when cocoa is analyzed
using equipment based on infrared technology for data collection and processing, the entire
procedure is completed in just 5 minutes. This means that more measurements can be
performed and more reliable data obtained. The increase in data volume throughout the
supply chain opens exciting opportunities for artificial intelligence.
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As we collect more data, we must also be able to process more information in real time. Al
systems will eventually be capable of doing exactly that, helping us build even more precise
and powerful food safety systems. Artificial intelligence will not only serve as a tool for
measuring food quality and safety, but as an innovative technology that revolutionizes this
field in the following ways:

- Supply chain visibility — Al closely monitors products throughout the supply chain,
ensuring they move safely within controlled environments;

- Detailed product tracking — It monitors and analyzes quality parameters, ensuring
the highest standards are maintained from farm to table;

- Efficiency and transparency — Al streamlines operations, increases efficiency,
ensures quality, and enhances transparency;

- Speed and accuracy — Al-powered tools help food companies—including
production, transport, and retail—improve automation, efficiency, precision, and
safety, saving valuable time and resources;

- Predictive analytics — Al technology analyzes vast datasets to proactively identify
quality issues before they manifest, minimizing potential damage;

- Risk mitigation — Al acts as a vigilant guardian, warning of equipment failures,
reducing risks, and ensuring uninterrupted processes;

- Product inspection — The perceptive “eye” of Al detects product defects and
deviations with unparalleled precision compared to human inspection.

The main trends today for the development of Al systems are: the development of expert
systems and the development of neural networks. Expert systems try to reproduce human
thinking through symbols. Neural networks do this more from a biological perspective (they
recreate the structure of the human brain with the help of genetic algorithms). Despite the
complexity of both systems, the results are very far from truly intelligent thinking.

Many scientists remain skeptical about the possibility of developing genuine Al. Human
thinking is still not fully understood, which means that for a long time to come, the design of
intelligent computer systems will be inherently limited in representing these unknown and
complex processes. Research in Al focuses on the following components of intelligence:
learning, reasoning, problem-solving, perception, and the use of programming
languages.

Modern Al research concentrates on computational solutions aimed at constructing
intelligent machines with capabilities similar to those of humans. Current trends focus on the
development of neural networks and the enhancement of expert systems. ' The role of expert
systems in this context is to reproduce human reasoning through specific symbols encoded
into artificial intelligence. Neural networks are studied from a biological perspective, but
their results are still far from true intelligent reasoning. Overall, the current state of Al is still
far from genuine intelligence. Contemporary research continues to focus on learning,
reasoning, problem-solving, perception, and natural language understanding.

119 The definition of artificial intelligence, or rather the term, was first introduced in 1956 in Hanover,
USA, at a symposium of researchers who presented theories related to intelligence, neural networks
and automata (robots). This symposium was organized by John McCarthy and his associates and laid
the foundations of artificial intelligence, and paved the way for its further development and
improvement.
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An expert (synonyms: specialist, authority) is a person with extensive experience,
knowledge, and skill in their field. When advice is needed for a business decision or
professional task, the opinion of an expert is highly valued. Experts usually gain their
experience over a lifetime by encountering various situations requiring rational decision-
making, which gives them a strong foundation in making critical judgments.

5. THE PATH TO CREATING ARTIFICIAL INTELLIGENCE

Artificial intelligence (Al) is a collection of techniques and methods that enable computers
to perform tasks considered complex for ordinary humans. Applying these techniques in
transportation allows the creation of intelligent systems for monitoring and control, as well
as for predicting and responding to potential risks. Traffic safety indicators are measurable
variables that determine the level of safety in a transportation system. Accurately defining
and monitoring these indicators is essential for the effective and efficient management of
traffic safety. Al applications include activities such as computer vision and object detection
algorithms, which can recognize potential hazards on the road, such as pedestrians, vehicles,
obstacles, and more.

Enhancing traffic safety through Al involves implementing automated traffic management
systems, monitoring driving behavior, predicting risky situations, and developing intelligent
transportation systems. This includes the use of technologies such as autonomous vehicles,
hazard detection, and real-time adaptation of goods transport.

In an era of rapid technological advancement, Al is revolutionizing the transport sector,
transforming it into an intelligent and predictable ecosystem. From autonomous vehicles that
improve safety to traffic management systems that optimize the flow of vehicles, Al is
shaping the future of mobility.

Artificial intelligence is software that accesses vast databases and uses that information to
make decisions independently. Its ability to make decisions sets it apart from other software.
Al has a wide range of applications, but its primary purpose is to make life easier for
humans—for example, self-driving cars. '?° Research and development in Al are already well
underway and will continue to improve technologies we already know and use. Al enables
process automation, enhances operational efficiency, and increases the accuracy and
precision of decisions.

Today, there are five remarkable applications of artificial intelligence. For example,
according to chip manufacturer NVIDIA, the company INSILICO used generative Al in
every step of its drug discovery process.

The technological revolution at the end of the 20th century and the beginning of the 21st
century has networked all of humanity, and “membership” in this network is no longer a
matter of choice. A society in which information takes the place of capital and becomes a
defining element of its functioning is called the information society.

120 To dream of a car moving without a driver may indicate that you are having problems mastering
your actions or that you are not in control of your life.
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Ignoring or distancing a community from this global network results in isolation and a
permanent loss of progress. These facts, confirmed by research, are captured in the term
“digital divide”, which highlights that poor countries and regions, due to underdeveloped
information and communication infrastructure, become poorer, while rich countries, thanks
to the exponential development and application of new technologies, become increasingly
wealthier. The sought solution is not limited to technological or infrastructural measures.
Priority is given to the application of ICT across diverse social domains—from business to
philosophy.
Figure 3. Components in an artificial intelligence system
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Thus, the creativity, success, and readiness of a society to find ways to use ICT to improve
its own functioning critically determine its position on the digital divide map. Studies have
also shown that investment in ICT is directly correlated with an increase in a country's GDP.

Intelligence, usually measured by IQ and other standardized tests, is commonly used in
educational, business, military, and law enforcement organizations because it serves as a
reliable indicator of an individual's behavior and problem-solving potential.

Although there are various concepts of intelligence, the most influential approach to
understanding it is psychometrics, i.e., intelligence testing. Intelligence can be measured
using 1Q tests, which are believed to assess g, the general factor of intelligence. g is often
divided into fluid intelligence (GF) and crystallized intelligence (GC).

Depending on IQ scores, levels of intelligence can be categorized as follows:
- Genius: 1Q above 140
- Very high intelligence: 1Q 120-140
- High intelligence: 1Q 111-120
- Average intelligence: 1Q 90-110
- Borderline intelligence: 1Q 70-89
- Intellectual disability (IQ below 70, either from birth or due to developmental
issues), further classified as:
- Mild intellectual disability: IQ 50—69
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- Moderate intellectual disability: 1Q 35-49

- Severe intellectual disability: 1Q 20-34

- Profound intellectual disability: IQ below 20
Some definitions suggest that intelligence is determined by the speed of learning and/or the
ultimate complexity of what is learned, particularly when studying animal intelligence.
Learning drives the development of intelligence, and intelligence facilitates learning-a
dynamic process of mutual reinforcement rather than a simple cause-and-effect relationship.
According to some theories, the IQ coefficient is not a measure of immediate learning ability
but a mathematical estimate of how learning capacity will change over time; other theories
view IQ as a measure of current learning capability.

Historically, decision-making based on reason has been a human prerogative. Since the
Enlightenment, rational thought has been a defining attribute of humanity. The emergence of
machines capable of approximating human reasoning will transform both humans and
machines. Machines may enlighten humans, expanding our reality in unexpected ways—or,
conversely, machines that consume human knowledge could be used to diminish us.
Simultaneously, humans will create machines capable of remarkable discoveries and
conclusions-machines that can learn and evaluate the significance of their findings. The result
will be a new epoch.

The waves of change brought by the Industrial Revolution continue to resonate across the
economy, politics, intellectual life, and international relations. Without fully recognizing
many of the modern advantages already provided by Al, we have gradually—and almost
passively-begun to rely on technology, often without noticing our dependence or its
implications. In daily life, Al acts as our partner, helping us decide what to eat, what to wear,
what to believe, where to go, and how to get there.

Although Al can draw conclusions, predict outcomes, and make decisions, it lacks self-
awareness—the ability to reflect on its role in the world. It has no intent, motivation, morality,
or emotion; yet, even without these attributes, it will likely develop diverse and unintended
methods for achieving its assigned goals. Inevitably, it will also change humans and the
environments in which they live. When individuals grow up or train alongside Al, they
may—even subconsciously—treat it as an anthropomorphic entity or as another “being.”

While technology may seem incomprehensible and mysterious to most of the human
population, an increasing number of individuals in universities, corporations, and
governments have learned to build, operate, and apply Al in everyday consumer products,
often consciously or unconsciously. However, as more people gain the ability to create Al,
those who contemplate the social, legal, philosophical, spiritual, and ethical implications of
Al remain strikingly few.

Supported by the increasing use of Al, the human mind now has access to new horizons,
approaching previously unattainable goals. This includes predictive models for mitigating
natural disasters, deeper understanding of mathematics, and a more complete comprehension
of the universe and our reality. Yet, these possibilities come at a cost—mainly altering human
relationships with reason and reality. This is a revolution for which existing philosophical
concepts and social institutions are largely unprepared.
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Intelligent technological systems are focused on: technological recognition of machine
components, visual inspection and object recognition, autonomous mobile robots, etc. Al
programs that achieve expert-level competence in operational domains rely on applying
knowledge of specific artificial tasks based on expertise or understanding of human behavior.

The term intelligence encompasses many cognitive abilities, including problem-solving,
learning, and understanding computational languages. The greatest progress to date in Al has
been in problem-solving, where the concepts and methods for constructing humanoid Expert
Systems (ES) are based on knowledge bases and reasoning engines.

Al also helps guide food choices: the myth of the traditional food pyramid is being replaced
(with the U.S. introducing new nutrition guidelines through 2030). Grains are no longer the
dietary foundation; proteins and healthy fats now play a central role—reintroducing eggs,
bacon, and cheese in place of toast and cereal.

Through new projects worldwide, leading experts have demonstrated how Al can make road,
maritime, air, and rail freight transport more efficient. Developed prototypes help maximize
vehicle capacity, optimize resource use, and make multimodal transport more attractive. This
is an important step toward shifting cargo from roads to rail, thereby contributing to
environmental protection.

Figure 5. Artificial intelligence improves the efficiency of combined transport

By creating indicators for monitoring traffic safety and using advanced artificial intelligence
techniques, new opportunities can be identified for warning about traffic accidents and
improving the safety of all participants in traffic. Developed models for train load planning
allow for maximizing their utilization in terms of capacity and length, while simultaneously
reducing crane movements and transshipment processes. Numerous parameters are
automatically and simultaneously taken into account during optimization. The network
planning component combines Al-based cargo volume predictions with mathematical
optimization to allocate cargo units in a way that enables optimal use of trains and trucks, as
well as faster transport with a minimal number of transshipments.
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The combination of Al and optimization opens entirely new possibilities for intermodal
transport. Forecasts of reservation numbers can be directly integrated into optimization
processes, enabling more efficient loading of trains and trucks and more stable network
management. In this way, a practical approach is created that directly supports operational
systems and enhances the performance of road, maritime, and rail freight transport.

Which fruits and vegetables are most imported?

According to data and analyses from the Association for Plant Production and the Food
Industry of the Serbian Chamber of Commerce, in 2022, 305,990.5 tons of fruit were
imported. The highest import value in 2022 was for bananas, amounting to €61.2 million,
followed by lemons and oranges, which is logical since these crops are not typical for our
climate. In 2022, most bananas were imported from Ecuador, Costa Rica, and Colombia.
Next were citrus fruits: oranges from Greece, Turkey, and Spain; clementines from Greece
and Turkey; mandarins from Greece and Turkey; lemons from Turkey, Argentina, Spain, and
Greece; and grapefruits from Turkey.

Apples were mainly imported from North Macedonia, while strawberries were mostly
imported from Greece, Albania, and Turkey; pears from Italy and Poland; and nectarines and
peaches from Greece, Italy, and Spain. By quantity, the largest imports were of new potatoes,
tomatoes, and beans, with smaller amounts of onions, frozen vegetables, and cucumbers. The
highest import value in 2022 was for tomatoes, while beans reached a total import value of
€20.6 million, or 13.3% of the total import value.

In 2022, potatoes were mainly imported from the Netherlands and France, beans from
Kyrgyzstan, tomatoes from Albania and North Macedonia, onions from the Netherlands and
North Macedonia, while garlic came mostly from China. Cabbage was imported from North
Macedonia, fresh peppers from North Macedonia and Albania, cucumbers from Albania, and
frozen peas, spinach, and other frozen mixed vegetables in smaller quantities. Watermelons
were imported mostly from Greece, and to a lesser extent from Albania and North
Macedonia, while melons came mostly from Spain and Albania, but in significantly smaller
quantities than watermelons.

Agriculture is a key sector of the Serbian economy, with about one million hectares of
agricultural land (over 70% of the territory), most of which is arable. The main sectors are
crop production (Vojvodina), fruit and vegetable farming (central Serbia), with significant
potential for livestock farming. The sector is characterized by a moderate-continental climate
and over 1.3 million farmers. Land resources: Of the total area of 8.84 million hectares,
agricultural land covers 5,734,000 hectares, of which 4,867,000 hectares are arable.

There is a misconception in Serbia that there are about five million hectares of agricultural
land, with arable land covering around 4.1 million hectares. According to the latest data from
the Statistical Office of the Republic of Serbia, only about 3.488 million hectares are actually
cultivated. Supposedly, the average per capita land in Serbia is 0.56 hectares, but in reality,
we do not have more land than that. On the other hand, about 600,000 hectares remain
uncultivated, which even much more developed countries cannot afford. The main problems
in land use in Serbia are extensiveness, plot fragmentation, insufficient input of organic
matter, low use of organic fertilizers, and degradation processes caused by natural and human
factors.
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In agriculture, some researchers, entrepreneurs, and politicians believe that the impact of Al
and other advanced technologies is so significant that it is driving what is called the Fourth
Agricultural Revolution.

One response to these challenges comes in the form of regenerative agriculture — an approach
that not only ensures the production of healthy food but also restores the soil, reduces
pollutant emissions, and strengthens rural areas, which is currently a major problem for us.

Artificial intelligence is increasingly changing the concept of security, becoming a key
technology in company protection systems, critical infrastructure in cities, and rural areas.

The ability to automatically analyze data in real-time, recognize patterns, and identify threats
are just some of the features through which Al enables faster and more accurate responses to
security incidents. Although it offers many advantages, implementing Al for security
purposes also raises new issues, including ethical challenges regarding privacy and data
misuse.

One of the most important aspects of integrating Al into security systems is predictive
analysis. Through real-time data analysis and pattern recognition, Al can predict and alert to
potential threats. In large business centers, Al analyzes data from multiple modern IT sources
(cameras, sensors, drones) to quickly identify risky situations and enable farmers and local
authorities to respond before situations escalate and damage agricultural crops.

Artificial intelligence could accelerate data analysis of food products through automatic
processing. It could handle vast amounts of data. Smart Al devices enable predictive
analytics, allowing producers to proactively anticipate challenges, such as disease outbreaks
and adverse weather events.

The transformative impact of Al on the transport and logistics industry is enormous, yet
many misconceptions still need to be clarified. This is common for new technologies.
Changes can be challenging, and while Al is an incredible “tool” that helps companies
optimize operations, reduce production, transport, and storage costs, improve corporate
social responsibility efficiency, and dispel misconceptions in a timely manner, its benefits
are undeniable.

The largest European study on regenerative agriculture included 78 farms across 14
countries and compared their results with national and regional averages. The conclusions
are revolutionary:

- 62% less synthetic nitrogen fertilizer,

- 76% fewer pesticides per hectare,

- 27% higher overall system productivity (Regenerating Full Productivity Index),

- Up to 84% of EU agricultural emissions could be reduced in the first years of

transition.

These results confirm what many pioneers of regenerative agriculture already know: it is
possible to produce sufficient food with fewer chemicals/pesticides while preserving soil
and increasing farm resilience.

In the race for profit and investment in only “necessary inputs” over the last half-century,
we have completely neglected the soil our ancestors left us. If we continue this way, there
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will be nothing to leave for our children. It is high time to become aware and start returning
to the soil what we have long taken from it.

Application of Green Manure: Green manure is a highly suitable agrotechnical measure
for all types of organic production, yet it is still not widely used. For a crop to be suitable
for this type of fertilization, it must rapidly form a large plant biomass and have a root
system that grows deep into the soil to transfer nutrients from deeper layers to the organic
layer of the soil.

Leguminous plants are the most favorable for green manure, as they can fix atmospheric
nitrogen and transfer it into the soil. The most commonly used for this purpose are clover,
lupine, pulses, and fodder peas. Among non-leguminous plants, the most frequently used
are rapeseed, rye, barley, and mustard. Green manure enriches the soil with 3540 t/ha of
fresh organic mass and 100-200 kg/ha of fixed nitrogen.

Farmyard Manure: Applying farmyard manure to the soil is one way to improve its
fertility. However, it should be noted that manure is not humus; rather, it is a material from
which humus can form under favorable conditions and with the uninterrupted activity of
beneficial microorganisms. Due to the reduced livestock stock, the use of this organic
fertilizer has also decreased.

The chemical composition of farmyard manure mainly depends on the type of animal it
comes from, and the average composition is considered as follows: water 75%, dry matter
25%, nitrogen 0.5%, phosphorus 0.2%, potassium 0.6%. From the amount of fresh manure,
about 40% of composted manure is obtained. Such manure contains on average 0.5% N,
0.25% P20s, and 0.60% K-O, i.e., 20% organic matter.

Unlike conventional agriculture, which focuses on maximizing yields, regenerative
agriculture has a broader goal: restoring ecosystems. This involves:

- increasing soil organic matter,

- reducing erosion and soil compaction,

- crop rotation and cover crops that feed the soil,

- agroforestry and syntropic systems that integrate agriculture with natural

processes,
- reducing dependence on pesticides and mineral fertilizers,
- preserving biodiversity and natural resources.

The ultimate result is more resilient soils, healthier plants, and more stable yields, even under
conditions of frequent climate changes. Simon Kraemer, one of the leaders of this initiative
(regenerative agriculture), calls this eco-transformation the Fourth Agricultural Revolution.
To recap, the first three revolutions were:
1. Mechanization — the transition from manual labor and animal power to tractors and
machinery;
2. Green Revolution — introduction of high-yield varieties and mineral fertilizers;
3. Digital Agriculture — precision management using satellites, sensors, and
algorithms.

The fourth revolution (regenerative agriculture) combines the best of the previous ones but
emphasizes natural processes and sustainable development.

The institution EIT Food is a leading European initiative for innovation in the food sector,
supported by the European Institute of Innovation and Technology (EIT). Its mission is to
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build a new, innovative, sustainable, and reliable food system that produces healthier food
and strengthens the European economy (EU).

Through a network of universities, research institutes, agencies, companies, and startups, EIT
Food connects the entire value chain, from farmers and producers to traders, transporters, and
ultimately consumers. One of their key initiatives is EARA — European Alliance for
Regenerative Agriculture, an alliance of farmers, researchers, and innovators working to
accelerate the adoption of regenerative practices across Europe.
The EARA network provides:
- research support and data collection,
- financial assistance to farmers transitioning to regenerative systems,
- education/training for producers of goods all the way to end consumers, especially
food,
- networking and knowledge exchange among farmers from multiple Western
Balkan countries and Europe as a whole.

Although most examples relate to Western European countries, the messages are universal
and particularly relevant for our region:
1. Production costs can be reduced. Lower use of pesticides and fertilizers means less
dependency on imports and lower costs per hectare;
2. Soil health = yield stability. Regenerative practices increase resilience to drought,
hail, and floods, which is crucial under climate change conditions;
3. Consumers demand organic and local products. While organic products currently
make up about 5% of the market in the region, demand is growing year by year;
4. Support from EU funds. Programs such as Horizon Europe, Interreg projects, and
EIT Food grants already finance pilot farms and startups in the region. '?!

Regenerative agriculture already has evidence of success, but for it to become the dominant
practice, the following are needed:

- more education for farmers,

- incentives from governments and EU programs,

- Dbetter market connectivity between producers and consumers,

- risk reduction through insurance and guarantee funds,

- organization of farmers into cooperatives and clusters for joint sales and

marketing.

Europe has already embarked on the “fourth agricultural revolution.” Data from studies
clearly show that regenerative agriculture does not mean producing less food, but smarter
production. It brings lower costs, healthier soil, reduced emissions, and a more stable future
for rural communities.

Companies in the transport and logistics sector are constantly under pressure to reduce
costs, increase efficiency, and adapt to market changes. Al solutions are not just a passing

121 Startups are newly created, innovative companies focused on rapid growth, scalability, and the
development of new products or services, often in the technology sector. They aim to quickly expand
their user base and revenue. They differ from ordinary companies in terms of high risk, but also the
potential for high profits. In Serbia, the Startap Portal offers information for development and financing.
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trend — they are already proven and applied. Companies using them are already recording
significant savings, simpler operations, and stronger partnerships. 22

Strategic Development Goals by 2030: These projects provide key tools, networks, and
infrastructure that will enable the scientific community to contribute to EU priorities such
as Destination Earth, the Green Deal, the Digital Strategy, and EU missions. Grants have
been signed with the European Commission, and project activities began in January 2023.
The projects support the creation of a network of reliable European digital repositories and
promote the FAIR principles (Findability, Accessibility, Interoperability, Reuse) for data.

The European SMART ERA project, funded through the Horizon Europe program,
launched its first public call for grants aimed at innovators, startups, and small businesses.
The goal is clear — to find digital and technological solutions that can transform the face of
European villages, enabling them to become centers of development, innovation, health,
quality of life, and well-being.

Grants are intended for projects/programs that add value to rural communities and respond
to their specific needs. They will finance:

- digital systems for agriculture and production monitoring,

- Al tools for tourism and micro-agriculture,

- platforms for rural businesses and agrotourism,

- mobile and health applications,

- solutions for promoting and networking local communities.

Instead of approaching Al with fear, companies should see it as a tool that complements
human expertise, automates routine tasks, and allows teams to focus on growth and
strategy.

Artificial intelligence in transport enables people to work smarter and achieve better results
more efficiently. It has wide applications in passenger and cargo air transport, such as
weather prediction, aircraft maintenance, and providing personalized advice to travelers
after bookings.

The integration of technologies is being explored through examples such as the
development of electrochemical sensors for detecting disease biomarkers in cow’s milk,
orange juice, and apple juice, and the use of integrated microsensors with 3D-printed smart
devices for virus detection in tomatoes. However, these technologies also raise safety
concerns regarding data collection through smart sensors; the cost of sensors, network
infrastructure, and data management could be high, and connectivity issues may arise when
smart devices are used in rural or remote areas where many farms are located.

122 The European research community had the opportunity to participate in the Horizon Implementation
Day: Finding opportunities and submitting a proposal in Horizon Europe, which took place on
13.03.2025 from 09:30 to 12:30 CET (Brussels Time). This event provides a comprehensive overview
of funding opportunities within the Horizon Europe program, offering practical guidance on searching
for calls, finding partners and successfully submitting projects. This event was an opportunity for
researchers, innovators and organizations that want to take advantage of the funding opportunities
available through Horizon Europe. Participants received practical information and useful tips to
increase their chances of successful application.
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Biosensor expert Azahar Ali, a biological systems engineer at the Virginia Polytechnic
Institute, is preparing for the Fourth Agricultural Revolution. This era is expected to
harness the transformative potential of connected technologies emerging from the fourth
industrial revolution. The new technology could attract younger, more tech-savvy farmers,
while older farmers without the skills suitable for the new style of production may
experience fear and stress.

Robots harvest only ripe fruit and then classify it by size and ripeness. Once a fruit is
selected, the robot determines the best way to remove the ripe produce.

Drones collect data, and electric-powered tractors autonomously cultivate fields. Such
smart robots could be used for planting and harvesting, weed removal, milking cows, while
drones already help detect plant diseases, pests, and more. Other food production
technologies include new types of gene editing to create disease-resistant varieties with
higher yields. This production method requires higher financial investment but, on the other
hand, reduces environmental pollution and greenhouse gas emissions. '3

Three technologies stand out for their potential to advance climate-resilient, precision
agriculture: wearable agricultural sensors, connected or smart devices, and artificial
intelligence. However, experts note that combining these cutting-edge technologies could
lead to a paradigm shift in how the agricultural sector monitors food safety, quality, and
productivity worldwide.

Rapid, accurate, and early monitoring will be a priority for sustainable and safe food
production for the rapidly growing global population, which could reach nearly 10 billion
by 2050 and will require 50% more food to maintain the global food supply chain.

Artificial intelligence could accelerate data analysis through automated processing,
handling vast amounts of information. Smart devices and Al also enable predictive
analytics, allowing producers to proactively anticipate challenges such as disease outbreaks
and weather patterns.

The integration of these technologies is being explored in examples such as the
development of electrochemical sensors for detecting disease biomarkers in cow’s milk,
orange juice, and apple juice, as well as the use of integrated microsensors with 3D-printed
smart devices for virus detection in tomatoes.

6. CONCLUSION

Artificial intelligence, in a broad sense, refers to the capacity of an artificial creation to
perform functions characteristic of human thinking. The term and concept of artificial
intelligence were first introduced in 1956 in Hanover, USA, at a symposium of researchers
presenting theories related to intelligence, neural networks, and automata (robots).

123 See more: https://www.agroklub.com/kolumna/dronovi-skupljaju-podatke-traktori-napajani-
strujom-samostalno-obraduju-njive
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In the following years, the concept of Al rapidly evolved, and today its development is at its
peak, with researchers worldwide competing to create the most intelligent machine,
envisioning Al reaching the hypothetical threshold of producing robots with intelligence
similar or equivalent to that of humans (“homo roboticus™). Many Al programs have been
designed to solve practical problems regardless of their similarity to human mental
architecture.

The application of Al holds significant potential to reduce traffic accidents and injuries, as
well as to improve overall safety for all participants in traffic. From the proper monitoring
and analysis of safety indicators to the implementation of intelligent systems for warning and
responding to potential risks, Al enables enhanced management and control of traffic. Even
expert systems, although heavily relying on the knowledge of specialists, do not attempt to
simulate the internal human mental processes from a problem-solving perspective.

At the core of any virtual reality system is a powerful computer. It must be fast in rendering
three-dimensional objects. Such a computer is called a reality machine. Headsets with screens
and headphones, as well as hand controllers, are connected to the computer.

The emergence of the hikikomori culture reflects young people’s reaction to the societal
conditions they face. Youth experience a sense of incapacity to meet imposed expectations,
withdrawing from social roles and isolating themselves from society.

Technological development is an inevitable fact, and the answers to the questions it raises
will determine the scenario of the future in which coming generations will live. It remains to
be hoped that future societies will be built around principles of elevated values, in the
tradition of humanism and the cultivation of spirituality.

The evolution of the Internet is still ahead of us and will open up new possibilities, including
for illegal activities. However, we should not blame technology or those who created the
Internet, as it remains one of the greatest technological achievements of our civilization. The
benefits and positive changes that the Internet has brought to the lives of many cannot be
denied.
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Abstract: The authors of the paper point to the reaffirmation of cooperatives, both at the global and
national levels, and their impact on the development of rural tourism in the Republic of Serbia. The
main objective of the paper is to examine existing problems and find solutions, in the legislative field
and in the institutional support of political office holders. The authors particularly emphasize the
necessity of using the experiences of numerous European Union member states and applying the
comparative method in the process of European integration. Providing services in rural tourism
represents a great opportunity for the economic recovery of the Republic of Serbia.
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Ancmpaxkm: Aymopu y pady ykazyjy Ha peagupmayujy 3a0pyea, Kako Ha 2106aiHOM, MAako u Ha
HAYUOHATHOM HUBOY U FUX08 YMmuyaj Ha paszeoj ceockoe mypusma y Penyoruyu Cpbouju. OcHosHu yusb
pada ce cacmoju y caznedasary nocmojehux npobrema u UHALANCERY peulervbd, y 3aKOHOOABHO]
obnacmu u 'y UHCMUMYYUOHATHO] NOOPUWIYY HOCULAYA NOTUMUYKUX (QYHKyuja. Aymopu nocebno
Haenawasajy HeonxoOHocm Kopuuthera uckycmasa 6pojuux opowcasa unanuya Eeponcke ynuje u
npumersusarbe ynopeorHoe Memood y npoyecy esponckux unmezpayuja. IIpyscarve yciyea y ceockom
mMypusmy, npedcmaesoa 6eIuKy wancy 3a npuspeonu onopasax Penybauxe Cpouje.

Kwyune peuu: 3a0pyze, ceocku mypuzam, ycayee, Penyoauxa Cpouja, Eeponcka ynuja

1. INTRODUCTORY REMARKS

Tourism, in general, has significant social, economic, and political importance, as it primarily
contributes to easier communication among people from different countries, better mutual
understanding, and the exchange of customs, traditions, and lifestyles. The economic
importance of tourism and its impact on a country’s development are reflected in tourism
expenditure, which has both direct and indirect effects on the economy. Tourism also has
notable political implications, as it contributes to the preservation of peace and global
stability; after spending time in a foreign country, tourists can gain a clearer understanding
of its social relations and environment.
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Tourism gained importance in the 20th century, but at the beginning of the 21st century it
experienced expansion and mass development through the emergence of specific forms of
tourism. These include congress tourism, spa and wellness tourism, health tourism, religious
tourism, ecological tourism, and more recently, rural tourism. Rapid urbanization in the
modern era has increased the interest of urban populations—especially those living in large
cities—in recreation within rural environments. At the same time, the transition processes at
the end of the last century stimulated the development of small and medium-sized enterprises,
as well as the production and food industries, both in the Republic of Serbia and neighboring
countries.

Rural areas in the Republic of Serbia possess considerable potential for tourism development.
Unique geomorphological features, numerous thermo-mineral springs and other
hydrographic resources, mountains, a mild and pleasant climate, rich flora and fauna, along
with cultural and historical monuments, traditions, and internationally recognized culinary
specialties, make Serbia distinctive on the European tourism market. The authors of this
paper aim to highlight the richness of Serbia’s rural tourism resources and the wide range of
services that can be offered. It is realistic to expect that the development of rural tourism will
help reduce negative migration trends of young people moving to urban areas and contribute
to the revitalization of rural regions. However, continuous education of the local population
is essential, as it strengthens entrepreneurial spirit and fosters a business-oriented mindset in
this field.

Tourism has numerous positive direct effects on gross domestic product and national income,
as it stimulates the development of various sectors of material production that directly meet
the needs of tourists. This primarily includes the hospitality industry, which provides services
through various facilities such as hotels, motels, restaurants, cafés, bars, and others. Tourism
also significantly influences the development of trade and transportation (road, air, rail, and
water). In addition, craft services (such as the production of souvenirs, branded products,
beverages, handicrafts, and traditional specialties) and communal services (water supply,
waste management, and maintenance of infrastructure) play an important role. Furthermore,
tourists require cultural and entertainment content during their stay, which can be provided
through theaters, cinemas, festivals, carnivals, and various events.

To successfully implement all these activities and meet tourist needs, it is necessary to ensure
the presence of numerous travel agencies, well-organized information systems, and
continuous service provision. This has a strong impact on employment, as tourism requires a
wide range of diverse and specific services delivered through direct human engagement. In
addition to its direct effects, tourism also generates significant indirect impacts on the
economy. It stimulates the development of construction through investments in
accommodation facilities, transport infrastructure, and other supporting systems. Finally,
tourism contributes to industrial development by encouraging increased production,
particularly in agriculture.

An analysis of tourism in the Republic of Serbia and the utilization of its capacities indicates
that these capacities are still insufficiently used, especially when compared to medium and
highly developed European countries. Serbia has highly favorable conditions for the
development of health and spa tourism, with over 1,000 mineral water springs. However,
only slightly more than 30 spas are currently equipped for tourism services. Many other
resources remain underutilized, including air spas, religious sites (numerous monasteries and
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churches), mountains, rivers, quality hotels, and an increasing number of ethno-villages and
rural households. These resources provide extensive opportunities for organizing various
events, scientific conferences, round tables, congresses, cultural manifestations, hunting and
fishing, and sports tourism.

The aim of this paper is to emphasize the growing importance of rural tourism, which has
experienced a true renaissance in recent decades, particularly in recent years. The importance
of rural areas became especially evident during the COVID-19 pandemic, when urban
residents—restricted by limited mobility and confined living conditions—sought open and
less crowded rural destinations, often regardless of cost. It is evident that the Republic of
Serbia has exceptional potential for the development of this form of tourism, thanks to its
natural beauty, cultural heritage, preserved environment, healthy traditional food, and well-
known production of brandy, wine, and other specialties.

In the second part of the introductory remarks, attention is given to the importance of
cooperatives in Serbia, a highly significant but historically neglected sector. Its gradual
revitalization has been supported by the adoption of the Law on Cooperatives ("Official
Gazette of the Republic of Serbia", No. 112/2015), which regulates the legal status,
establishment, management, membership, property, operations, and governance of
cooperatives. A cooperative is a legal entity representing a specific form of organization of
individuals (members), who conduct their activities wholly or partially through the
cooperative by using its services. Through cooperatives, members can market their products,
procure inputs, access necessary services, and directly participate in business activities for
which the cooperative was established. Cooperatives provide the greatest benefits to their
members by enabling joint action through various organizational levels—local, regional,
national, and international.

2. RURAL TOURISM SERVICES IN THE REPUBLIC OF SERBIA

The Republic of Serbia has highly favorable conditions for the development of rural tourism,
owing to its diverse and suitable climate, which enables the provision of hospitality and
tourism services throughout the year, depending on the preferences of potential users. Serbian
rural areas are characterized by well-preserved natural environments, clean and unpolluted
air, rivers and streams, rich flora and fauna, as well as a remarkable cultural and historical
heritage, including numerous monuments of both material and spiritual significance.
Additionally, the hospitality and friendliness of local hosts, along with the exceptional
culinary skills of homemakers in preparing traditional Serbian dishes and specialties,
represent a distinctive and attractive feature for both domestic and international tourists.

In order to stimulate the development of rural tourism and improve service provision in this
sector, significantly greater investment in transport infrastructure is required. Improved
accessibility would enhance the overall quality and comfort of tourists’ stays in rural areas
across Serbia. Furthermore, success in rural tourism—Iike in any other sector—depends on
adequate education, professional training, and the competence of service providers, as well
as appropriate administrative organization and institutional support.

This highlights the crucial importance of human resources in this field. Skilled and well-
trained personnel play a key role in the development of rural tourism, as they must possess
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relevant knowledge and competencies. Employees are expected to have a certain level of
formal education, but continuous improvement through training programs and non-formal
education is equally essential. This is particularly important in modern conditions, where
meeting the specific needs and expectations'?® of consumers is considered a hallmark of high-
quality service delivery (Tucovi¢ et al., 2017, p. 334).

A very important activity in the provision of rural tourism services is informing potential
users through the preparation of appropriate promotional materials, as well as participation
in domestic and international tourism fairs and other events. Such activities enable the
establishment of necessary connections between supply and demand, that is, between service
providers and users. It should be particularly emphasized that rural tourism is currently
experiencing rapid growth, with rural areas being increasingly visited by tourists from large
cities who seek unspoiled nature, peace, traditional food and beverages, and other
experiences that enrich their stay.

Most of these tourists are not highly demanding in terms of accommodation standards and
often prefer authentic settings, including facilities that are several hundred years old.
However, it is essential to establish minimum standards for guest reception and
accommodation, ensure proper hygiene conditions, maintain the quality and scope of services
provided, and foster appropriate host behavior, in order to create a pleasant and satisfying
stay for visitors in rural households.

To meet these minimum requirements, it is necessary to provide timely and adequate
education for rural hosts, particularly in terms of applying service standardization and
categorization. It is also important to emphasize that both the state and local authorities must
ensure access to healthcare services. Without this, it is difficult to expect tourists from urban
areas—where such services are readily available—to visit rural destinations. Many rural
tourism visitors seek active holidays, which include participation in daily household activities
(often engaging in certain agricultural tasks), excursions, exploration of the surrounding area,
and recreational activities such as hiking, cycling, horseback riding, swimming, and various
sports. Additionally, tourists are attracted to cultural events and manifestations, including
folklore and music festivals, traditional gatherings, local celebrations, village fairs, seasonal
games, and visits to cultural and historical heritage sites such as archaeological locations,
medieval towns, monasteries, churches, and schools. Social gatherings centered on
storytelling about rural life, traditions, customs, and folklore also contribute to the overall
experience.

At this point, it is important to emphasize the need for authentic service provision in rural
tourism, offering only what is characteristic of a particular area, as this is what visitors truly
seek. Tourists come to rural environments expecting genuine experiences and must leave
satisfied in order to share positive impressions and return in the future. Serbian hosts are
widely recognized for their hospitality, especially in rural areas, where they create a
welcoming atmosphere, offer high-quality traditional cuisine, and provide a relaxed
environment enriched with humor and music. This is best achieved through homemade food
prepared in traditional ways and local beverages such as wine, brandy, and liqueurs. To
further enhance the quality of the stay, it is important to organize entertainment programs,

126 This is where the famous saying comes into play: "The guest is always right", which actually
enhances his personality.
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recreational activities, sports, children’s games, carriage rides, and various cultural events
featuring traditional singing groups, folklore ensembles, musicians, and performers.

A key component for the development of rural tourism in the Republic of Serbia is the
availability of appropriate resources. It can be said that Serbia has a strong comparative
advantage, given its wide range of tourism resources that can be commercialized. These
include restaurants, travel agencies, institutional and organizational structures, production
capacities (especially in food production and accommodation services), as well as trained
personnel. At the same time, it is necessary to follow developments in other countries—
especially neighboring ones—and continuously improve both the quantity and quality of
tourism resources.

An especially important aspect in this field is the consumption of agricultural products, which
contributes to increased economic benefits for the population. Therefore, it is essential to
ensure the parallel development of tourism and agriculture, which can support employment,
particularly for young people, and reduce rural depopulation. In this context, the
complementarity between tourism and agriculture should be given a central place in
economic development planning, with organic agricultural production becoming a priority in
recent decades. The concept of organic production dates back to the late 18th century, while
formal definitions of organic production methods were established in the early 1970s,
marking the beginnings of the International Federation of Organic Agriculture Movements.

This trend is further supported by the growing number of urban residents choosing to spend
their leisure time in rural areas characterized by unpolluted environments, clean spring water,
fresh air, healthy soil, and the absence of herbicides and pesticides—conditions necessary for
the production of organic food. According to the definition provided by the Food and
Agriculture Organization (FAO) of the United Nations and the World Health Organization
(WHO), “organic agriculture is a production management system that promotes ecosystem
health, including biodiversity and biological cycles, and emphasizes the use of methods that
largely exclude off-farm inputs” (Jugovic et al., 2020, p. 192).

The Republic of Serbia is still in the process of transition, and one of its main challenges is
unemployment, which, according to official statistics, is below 10%. However, many
researchers and experts from economic faculties and institutes in the country emphasize that
such data should be interpreted with caution, as they are derived from different sources and
based on varying criteria, making them not always fully comparable. In this context, rural
tourism and the provision of related services represent a significant opportunity for young
people to find employment within their own country and remain in their local communities.
Unfortunately, there is a strong trend of migration toward more developed countries, which
particularly affects Serbia, as many young and educated individuals leave in search of better
employment opportunities and living conditions.

For this reason, opportunities for income generation and employment can be created through
investment and the revitalization of abandoned rural properties. Today, returning to rural
areas has become a growing trend, both in Europe and in Serbia, especially among younger
generations. This is evident at numerous ethno-fairs and food festivals. Many young couples
are purchasing rural properties, leaving urban areas, and engaging in organic production,
tourism services, and related activities. Notably, a significant number of these individuals are
highly educated. Life in rural areas—characterized by a clean and unpolluted environment,
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fresh air, natural water sources, and healthy food—offers not only economic opportunities
but also a healthier and less stressful lifestyle.

Although Serbia has around 4,800 registered villages, a major issue is that approximately
one-quarter of them are completely abandoned, with a continuing trend of depopulation due
to migration toward urban centers and abroad. Therefore, Serbia should adopt a
comprehensive, well-designed, and legally grounded approach to the protection of numerous
rural structures that represent important elements of cultural heritage but are currently
neglected. These include religious and secular buildings such as monasteries, churches, and
endowments, many of which were constructed from durable materials such as wood and stone
and date back several centuries, some even to the 12th, 13th, or 14th century. In addition,
Serbia possesses numerous archaeological sites dating back to the Neolithic period. The
importance of preserving such assets can be observed in countries with highly developed
tourism sectors, where both authorities and citizens demonstrate strong commitment to
cultural heritage protection (Juul, 2015).

Despite existing shortcomings, progress in this field is evident, as awareness of the
importance of rural tourism potential has increased. In December 2015, the Program for the
Development of Sustainable Rural Tourism in Serbia was adopted, based on the Tourism
Development Strategy of the Republic of Serbia for the period 20162025 and the 2011
program is fully aligned with the Law on Tourism of the Republic of Serbia (2009), and one
of its main objectives is to contribute to the overall development of tourism by utilizing the
significant potential of rural areas. Rural tourism and related services have the capacity to
stimulate the entire national economy, given Serbia’s rich diversity of natural, cultural,
historical, and geographical resources.

The concept of providing tourism services in rural households originated in France in the
mid-20th century, in a small village in Provence. Its primary goal was the preservation and
development of rural areas, the creation of new jobs through tourism services, and the
revitalization of agriculture, all aimed at preventing migration from rural to urban areas.
Traditional residential buildings were adapted into accommodation facilities, and this model
is now widely applied in Serbia as well. Rural tourism contributes to sustainable rural
development and represents an important factor in stimulating agricultural and non-
agricultural activities, as well as employment. It also creates opportunities for the
development of small and medium-sized enterprises, as many entrepreneurs are directly
involved in providing tourism services.

3. IMPACT OF RURAL TOURISM ON THE REVITALIZATION OF
RURAL AREAS IN SERBIA

Rural tourism in the Republic of Serbia is still not sufficiently developed nor fully recognized
as an important segment of the tourism offer. Existing research indicates its economic
relevance, with estimates suggesting that it contributes over 10 billion dinars directly to the
national economy (Pordevi¢-MiloSevi¢ & Milovanovi¢, 2012, p. 47). However, sustainable
development in this field requires the coordinated involvement of multiple stakeholders,
along with strong institutional and policy support. It is a complex and continuous process that
depends on learning from international best practices, adopting innovations, and
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implementing both corrective and preventive measures to improve the quality of services and
meet the evolving needs of tourists.

Experiences from European Union countries, where rural tourism has reached a high level of
development, provide valuable insights. These should not be copied directly, but rather
adapted to local conditions through careful analysis of their strengths and weaknesses,
contributing to the creation of a competitive and sustainable rural tourism model (Unkovi¢,
1995).

Rural tourism represents a significant opportunity for the revitalization of rural areas,
including those that are depopulated or economically underdeveloped. It contributes not only
to the recovery of agricultural activities but also to the broader utilization of rural tourism
potentials. In addition, it stimulates the development of various complementary forms of
tourism, such as cultural tourism (visiting heritage sites), sports tourism, health tourism,
congress tourism, religious tourism, eco-tourism, and adventure tourism (Rogers, 2003).

Owing to its rich natural resources, preserved environment, thermal and mineral springs, and
diverse cultural and historical heritage, Serbia has strong potential to position itself as a
leading rural tourism destination in the Balkan region. The development of rural tourism can
play a key role in revitalizing rural settlements, encouraging population retention and return,
and supporting balanced regional development.

4. COOPERATIVES AND THEIR ROLE IN RURAL TOURISM
DEVELOPMENT

Many experts analyzing contemporary global economic challenges emphasize the need to
revive the cooperative movement, often described as a “movement for all times” (Zaki¢,
2013, p. 38). This perspective stems from the fact that cooperatives, throughout their long
history, have repeatedly faced crises and structural challenges, yet have consistently
demonstrated resilience and adaptability (Vujatovi¢-Zakié, 2000). As such, cooperatives
represent a distinct and enduring model of economic organization, not only at the national or
regional level but also globally. The very notion of a “cooperative” implies collaboration and
mutual benefit, which is why the term is frequently used interchangeably with “cooperative
enterprise.” A widely accepted modern definition was established in 1995 in Manchester at
the Congress of the International Co-operative Alliance (ICA), further confirming Europe as
a historical center of cooperative development.

In the Republic of Serbia, particularly within the context of European integration processes,
renewed attention is being given to strengthening the cooperative sector. Today, the country
has more than 2,000 cooperatives organized into 16 unions, with approximately 123,000
members (Zakié, 2013, p. 38).

From a theoretical standpoint, rural development implies a modern, integrated approach to
revitalizing underdeveloped rural areas. In this context, rural tourism, alongside agriculture,
represents a key pillar of rural economies, following trends already well established in
European Union countries. Serbia, therefore, faces the task of assessing its current level of
rural development, identifying structural challenges, and defining strategic directions for
future growth. The experience of European cooperative systems is particularly valuable in
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this regard, as it demonstrates the important role cooperatives can play in supporting rural
tourism and broader rural development.

All forms of cooperatives can contribute to this process, and their potential should not be
underestimated, especially when considering the successful application of cooperative
models in EU member states, including those that have undergone similar transition
processes. As Serbia continues its path toward European integration, it becomes essential to
better understand EU rural development strategies and to formulate a coherent national
approach. In recent years, significant efforts have been made to revitalize the cooperative
movement, which is increasingly supported within academic and professional circles.

Historically, cooperatives have proven their durability by overcoming numerous crises and
continuously adapting to changing economic conditions. There is a strong expectation that
Serbia may witness a renewed expansion of the cooperative sector, contributing to economic
growth and improved living standards. Evidence from European countries clearly illustrates
the impact of cooperatives on employment and economic performance. For example, France
has over 20,000 cooperatives generating more than €180 billion annually, Italy counts over
70,000 cooperatives employing around one million people, while Germany’s 8,000
cooperatives provide approximately 440,000 jobs. Significant contributions are also evident
in countries such as Belgium, the United Kingdom, Finland—where cooperatives account for
around 40% of GDP—as well as Slovenia, '?7, Poland, Spain, and others.

It can be easily concluded that within the European Union the cooperative sector is highly
developed, with cooperative organization reaching an advanced level. More than 100 million
members participate in this system, while several million people are employed within the
sector. This represents a significant opportunity for the Republic of Serbia, as well as for
other former Yugoslav countries, especially considering that the cooperative movement
throughout the 20th century went through various phases, ranging from periods of strong
expansion to'?, following the development of this movement in Europe, all the way to its
later decline. Particular reference is made to the experiments conducted within the Yugoslav
system of self-management, when cooperatives were abolished and their assets expropriated.
For this reason, there is now a clear need for a renewed and accelerated revitalization of the
cooperative movement. Given its multifunctional nature, existing cooperative unions in
Serbia and Vojvodina should expand their focus beyond agricultural cooperatives to include
all forms of cooperative organization. This requires the establishment of a stronger
institutional framework, more favorable conditions for cooperative development, greater
public awareness of the potential contribution of cooperatives to national economic growth,

127 Representatives from the city of Kragujevac and surrounding villages had the opportunity to witness
this firsthand during their visit in October 2025 to cooperatives in several locations of this former
Yugoslav republic, where cooperative activity—primarily in agriculture—has a long-standing tradition.
For example, in one agricultural cooperative, over 70% of milk production is handled cooperatively,
while around 80% of livestock is owned collectively through the cooperative. These experiences proved
extremely valuable, leading to agreements for further mutual cooperation and visits to additional
cooperatives in Italy and Austria, supported by the leadership of Kragujevac’s local government. A
reciprocal visit to our city has also been arranged, and it is expected that this collaboration will continue
with our partners from North Macedonia..

128 The first cooperative on the territory of present-day Serbia was established in 1846 in Backi
Petrovac, in Vojvodina (then part of the Austrian Empire), while the first agricultural cooperative in
central Serbia was founded in 1894 in the village of Vranovo near Smederevo.
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and increased engagement of the academic community in researching and promoting this
field.

When discussing the global re-emergence of the cooperative movement, it is important to
note that its crisis was largely influenced by the global financial downturn, culminating in
the early 21st century with the collapse of the liberal market economy model. In response,
both in Serbia and worldwide, renewed efforts have been made to strengthen cooperatives, a
process that has also been supported by the United Nations.!?, as reflected in the resolutions
of the United Nations Economic and Social Council, which called for closer cooperation
between the United Nations and the International Co-operative Alliance. As previously
noted, since the centennial Congress of the International Co-operative Alliance in 1995, the
International Day of Cooperatives has been celebrated annually. Furthermore, in 2009, the
United Nations General Assembly adopted the resolution “Cooperatives in Social
Development.” The year 2012 was proclaimed the International Year of Cooperatives, during
which numerous cooperative organizations worldwide focused their efforts on reaffirming
and strengthening the cooperative movement.

Based on the foregoing, it can be concluded that Serbia’s European integration process is a
highly significant and serious matter. Within this context, special attention must be given in
the coming period to agro-rural policy, which, unfortunately, has not yet been adequately
recognized by decision-makers. Even more concerning is that numerous obstacles still exist
along this European path. Among the most critical challenges that hinder a more effective
revival of the cooperative movement, the following can be highlighted: 1) the state’s
neglectful attitude toward cooperatives (failing to recognize the importance of cooperative
entrepreneurship); 2) insufficient engagement of the academic community; 3)
marginalization within the education system; and 4) the absence of an appropriate
institutional framework for reaffirming the cooperative movement, among others.

Therefore, it is imperative to adopt a comprehensive strategy for the development of
cooperatives in Serbia. This strategy must be grounded in a thorough understanding of current
trends within the new European cooperative model, where the so-called “cooperative path”
is considered one of the viable ways to overcome the global crisis.

5. CONCLUSION

Based on the above, it can be concluded that rural tourism represents a significant opportunity
for the renewal (revitalization) of many rural areas, including those that have been devastated
and abandoned due to the migration of young people from their ancestral homes. It is one of
the ways to curb youth emigration and provide them with sustainable livelihoods, given that
cooperation and collective organization offer better conditions for business across all sectors
of social life, particularly in rural tourism.

Serbia has historically been an agricultural country, but due to political experimentation over
past decades and the adoption of laws aligned with prevailing ideologies, this vital economic
sector was neglected. Its traditional practitioners often moved to urban areas, seeking

129 Since its inception, the United Nations has recognized the global significance of the cooperative
movement
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employment in industrial enterprises, many of which today have been privatized, sold, or
closed, leaving workers without jobs or guarantees. Consequently, collective organization
and cooperatives in all areas of social and economic life offer improved opportunities for
success, especially in the development of rural tourism, whose positive effects have become
increasingly visible over the last two to three decades.

Rural development and rural tourism in Serbia represent the most important instruments for
revitalizing the agricultural sector and leveraging all the attractive tourist potential of
villages. Rural tourism also enables the development of other forms of tourism, as it is
interconnected with them and integrates them into the overall tourism experience.

For the accelerated development of rural tourism, the government’s readiness and support
are essential. This can take the form of training and educating rural populations to provide
tourist services, marketing rural tourism, ensuring required standards for rural facilities on
offer, supporting specialized tour operators and travel agencies, assisting existing national
associations, forming new associations linked to international tourism organizations, and
accessing EU funds. Rural tourism and related services present a major opportunity for Serbia
to position itself as a leading tourist destination in the Balkans, given the largely preserved
nature in most villages, numerous thermal-mineral springs and sources of potable water, as
well as other natural and anthropogenic attractions. This represents a chance to revitalize
these settlements, encourage the return of residents to their homes, involve them in
agricultural development, and enable local communities to actively participate in rural
tourism.
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Abstract: This study examines quality management and sustainability practices in the food sector of
North Macedonia in comparison with Sweden, highlighting structural differences, developmental
potential, and strategies for improvement. While North Macedonia is in a transitional phase, aligning
its legislation and institutional capacities with European Union standards, Sweden operates in a post-
regulatory environment characterized by proactive quality management, advanced digital traceability,
and integration of sustainability principles. The comparative analysis identifies critical gaps in
implementation, institutional efficiency, technological adoption, and consumer engagement, and
proposes targeted recommendations for bridging these gaps in North Macedonia. These include
strengthening institutional capacities, supporting SMEs, investing in human resources, digitalizing
supply chains, integrating sustainability, and promoting private standards and branding. The study
underscores that quality and sustainability are not only regulatory obligations but strategic tools for
achieving long-term competitiveness in global food markets.
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Ancmpaxm: Osoj mpyo ja ananusupa npakcama 3a ynpagyearbe co Keaiumemon u 00piHCIUBOCHIdA 80
npexpanbenuom cexmop Ha Cesepna Maxedonuja 8o cnopedba co Lllsedcka, ucmaxuysajku eu
CMpPYKMypHUmMe pasiuki, paseojHuon nomeHyujan u Hacokume 3a yHanpedyearve. CegepHa
Maxkeoonuja ce Haora 6o mpausuyucka Gasa, ycoenacysajku 20 Cc0emo 3aKOHOOA8CME0 U
UHCMUMYYUOHaIHume Kanayumemu co cmauoapoume Ha Esponckama Yuuja, ooodexa Illsedcka
@DYHKYUOHUpA 80 NOCM-PE2YIAMOPHA CPeOUHd, KApaKmepusupama co npOaKmueeH Npucman KoH
K6anumemom, HanpeoHa OUSUMAIHA CIeONUSOCH U UHMEZPAYUja HA NPUHYURUME HA OOPIUCTUBOCH.
Komnapamuenama ananuza ykaxcysa Ha KIYYHU NpeOu3suyu 60 uMnieMmenmayujama Ha
cmanoapoume, UHCMUMYYUOHATHAMA eQUKACHOCT, NPUMEHAMa Ha OUSUMATHU MEXHOIo2UU U
yioeama na nRompouLyeaiume, u Hyou KOHKpemHy nPenopaxku 3a HaOMUHysarse Ha osue npeou3sulil 60
Ceseprna  Maxkedonuja.  IIpenopakume  6Kuyuysaam 3ajakHy8are HA  UHCMUMYYUOHATHUME
xkanayumemu, nooopuika na MCII cekmopom, paszeoj Ha 406euKu pecypcu, Ousumanuzayuja Ha
CUHPUpUMe HA CHAbOY8arbe, UHMe2Payujd Ha 0OPIHCTUBOCHIA, NPOMOYUJA HA NPUSANHU CMAHOAPOU U
bpenouparve Ha npousgooume. Tpyoom Haznacysa 0exa KEAIUMemom u 0OPAHCIUBOCA He Ce CAMO
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pezynramopHa 0bepcKa, myKy Cmpameuiku alamki 3a NOCMUHy8are Ha 00120POYHA KOHKYPEHMHOCT
Ha 2nobanHuom nazap Ha Xpaud.

Knyunu 360poeu: ynpasysarve co keanumemom, npexpanben cekmop, oopxrcausocm, Cegepua
Maxkeoonuja, Illeeocka, oueumanua creonusocm, HACCP, npusamuu cmanoapou, unmezpayuja na
EY, MCIT

1. INTRODUCTION

Quality management in the food industry has evolved beyond a mere regulatory requirement
and has become a key instrument of competitive differentiation in the global market. The
transformation of this sector is driven by the parallel processes of globalization,
digitalization, and increasing environmental awareness among consumers, which are
redefining traditional standards of production and quality control (Food and Agriculture
Organization [FAO], 2022; European Commission, 2024).

While the historical focus was primarily on hygiene and microbiological safety, modern
consumers demand a significantly broader spectrum of values, including sustainability,
ethical production, reduced carbon footprint, and full transparency of supply chains (World
Economic Forum, 2023). In this context, the concept of quality has evolved from a technical
category into a multidimensional framework encompassing environmental, social, and
governance (ESG) criteria.

The contemporary food industry is therefore at a turning point between traditional production
models and the imperatives of digital transformation. Technologies such as the Internet of
Things (IoT), blockchain, and advanced data analytics enable the development of so-called
“smart supply chains,” where real-time traceability has become a standard rather than a
competitive advantage (Kshetri, 2018; Kamilaris et al., 2019).

Within this analytical framework, this paper comparatively examines two models of quality
management and sustainability:

The first model represents the system of North Macedonia, which is currently undergoing
intensive alignment of its national legislation with the European Union acquis
communautaire. This process involves not only the formal adoption of regulations but also
their effective implementation in practice, which poses a particular challenge for small and
medium-sized enterprises (SMEs) that dominate the economic structure (European
Commission, 2024; World Bank, 2023).

The second model refers to Sweden, as one of the leading European countries in integrating
sustainability into the food sector. The Swedish system is characterized by a high level of
institutional efficiency, a strong role of private standards, and a well-developed culture of
trust among producers, regulators, and consumers. Of particular importance is the KRAV
certification system, which goes beyond EU regulatory requirements and sets stricter criteria
regarding organic production, animal welfare, and environmental protection (KRAV, 2023;
Swedish Board of Agriculture, 2022).

The main thesis of this paper is that the differences between these two models should not be
viewed as an insurmountable gap, but rather as a developmental pathway. North Macedonia
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has the opportunity, through selective adaptation of advanced practices, to accelerate its
transformation and avoid the lengthy evolutionary stages that developed economies have
already undergone.

In conditions of global competition, merely meeting minimum regulatory standards is no
longer sufficient for accessing demanding European Union markets. Increasingly, the market
favors producers who demonstrate a proactive approach to quality—through reducing the use
of pesticides and antibiotics, improving the microbiological quality of raw materials, and
implementing digital traceability systems (OECD, 2023).

In this regard, digital traceability represents a crucial bridge between regulatory compliance
and market competitiveness. Transparent supply chains not only enhance consumer trust but
also enable more efficient risk management, loss reduction, and optimization of logistics
processes (Tian, 2017).

The aim of this paper is to identify the key structural differences between the Macedonian
and Swedish models of quality management, as well as to define concrete recommendations
for bridging the existing gap. Particular attention is given to the transition from a “reactive”
to a “proactive” approach to quality management, where control is not the final stage of the
process but its integral component.

The paper is based on the hypothesis that investments in quality, standardization, and
sustainability do not represent a cost, but rather a strategic investment that generates long-
term economic and social benefits. Through the analysis of institutional frameworks,
implementation practices, and market requirements, the paper seeks to demonstrate that the
transformation of the food sector in North Macedonia can be accelerated through a
combination of regulatory reforms, technological innovations, and the strengthening of
human capital.

2. QUALITY MANAGEMENT SYSTEM IN NORTH MACEDONIA

The quality management and food safety system in North Macedonia is being developed
within the framework of European integration, where harmonization with the European
Union acquis communautaire represents a central regulatory and strategic objective. This
process involves not only the formal adoption of legislation but also the transformation of
institutional capacities, market mechanisms, and production practices (European
Commission, 2024).

Unlike developed systems, where the focus is on optimization and innovation, the
Macedonian model is still in a consolidation phase, characterized by a dualism between
formally established standards and their practical implementation, particularly in the small
and medium-sized enterprise (SME) sector (World Bank, 2023).

2.1. Institutional and Legal Framework

The central institution responsible for food safety is the Food and Veterinary Agency (FVA),
which operates as an independent regulatory body with broad competencies in control,
inspection, and risk assessment. Its organizational structure follows an integrated "farm-to-
fork" approach, aligned with the principles of EU food safety policy (European Food Safety
Authority [EFSA], 2022).
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The legal framework is based on:
- The Food Safety Law
- The Veterinary Law
- The Plant Protection Law
- Associated subordinate legislation aligned with EU regulations

Mandatory implementation of the HACCP system represents a fundamental pillar of food
safety management. However, in practice, a gap is often observed between formal
compliance and the actual functionality of the system, particularly in smaller production units
(FAO, 2022).

The 2024 European Commission report indicates that North Macedonia maintains a "good
level of preparedness" within Chapter 12, but further improvements are needed in:
- Laboratory capacities
- Digitalization of monitoring systems
- Coordination between institutions
(European Commission, 2024)

2.2. Standards Implementation and Operational Challenges

Although the regulatory framework is relatively well-established, the main challenge remains
consistent implementation. This problem is especially pronounced in the SME sector, which
constitutes over 90% of the overall economy and dominates the food industry (World Bank,
2023).

Financial Constraints
Implementing standards such as:
- ISO 22000
- IFS (International Featured Standards)
- BRCGS (Brand Reputation Compliance Global Standards)

requires significant investments in infrastructure, equipment, and certification. For small
enterprises, these costs often constitute a barrier without access to external funding sources
such as IPARD programs (OECD, 2023).

Lack of Qualified Personnel
A key structural problem is the shortage of qualified staff in quality management. In
practice, this leads to:

- Formal rather than substantive implementation of HACCP systems

- Lack of real-time risk analysis

- Poor integration of standards into daily operations

This approach significantly reduces system effectiveness and increases the risk of non-
compliance (FAO, 2022).

Institutional Oversight Dynamics
The traditional inspection model is based on a reactive approach, where intervention occurs
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only after irregularities are detected. Modern trends, however, indicate the need for a
transformation toward:

- Anadvisory role for inspectors

- Preventive risk management

- Continuous education of producers

Such a model, characteristic of Scandinavian countries, enables long-term quality
improvement instead of short-term sanctions (Swedish Board of Agriculture, 2022).

2.3. Role of International Standards and Export Orientation

The Macedonian food industry is highly export-oriented, with a dominant share of fresh and
processed fruits and vegetables. Access to European Union markets is conditioned on
meeting strict quality and safety standards.
Standards such as GLOBALG.A.P. have become de facto mandatory for cooperation with
major retail chains. Their implementation entails:

- Control of pesticide use

- Product traceability

- Protection of labor conditions

- Environmental preservation

(World Economic Forum, 2023)

In addition, private standards, which often exceed legal requirements, are increasingly
important and serve as a key market differentiator.

2.4. Regulatory Reforms and Market Dynamics

One of the most significant recent reforms is the adoption of the Law on the Prohibition of
Unfair Trading Practices. This legislation aims to:
- Protect producers from the dominant bargaining power of retail chains
- Eliminate hidden costs
- Improve transparency in contractual relations
(European Commission, 2024)

It is expected that this regulation will have an indirect positive effect on product quality by
providing producers with more stable financial conditions for investment in standardization
and modernization.

2.5. Development Perspectives: Digitalization and Sustainability

A key development direction is the integration of digital technologies into the quality
management system. Currently, the level of digitalization in North Macedonia is limited, but
there is significant potential for improvement through:
- Introduction of IoT sensors in production
- Digital traceability systems
- Application of blockchain technology in supply chains
(Kamilaris et al., 2019; Tian, 2017)
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At the same time, sustainability is becoming a central element of competitiveness. Reducing
the use of chemical inputs, rational resource management, and compliance with ESG
principles are not only regulatory requirements but also market necessities (OECD, 2023).
The analysis shows that North Macedonia possesses a solid regulatory framework, but the
key challenges lie in its implementation, institutional efficiency, and technological
modernization. It is precisely in this space that the gap between formal compliance and real
competitiveness emerges.

In the following chapter, the Swedish model will be analyzed as a reference framework
demonstrating how the integration of sustainability, digitalization, and trust can transform a
quality management system from a regulatory obligation into a strategic advantage.

3. QUALITY MANAGEMENT SYSTEM IN SWEDEN

Sweden represents one of the most advanced models of quality and food safety
management in Europe, where the regulatory framework, market mechanisms, and social
values are integrated into a coherent and highly functional system. Unlike transitional
economies, where the focus is on aligning with minimum standards, the Swedish model is
characterized by a proactive approach that positions quality and sustainability as central
elements of competitiveness (Swedish Board of Agriculture, 2022).

The core feature of this system is a high level of institutional trust, which enables effective
collaboration between the state, producers, and consumers. Quality management is not
viewed as a mandatory obligation, but as an integral part of business strategy and the
national identity of the food industry (OECD, 2023).

3.1. Institutional Framework and Regulatory Philosophy

The food safety system in Sweden is based on a clearly defined division of responsibilities
among key institutions:

- The Swedish Food Agency

- The Swedish Board of Agriculture

- Local inspection authorities
This model allows for multi-layered oversight with high coordination efficiency. Unlike
rigid control systems, the Swedish regulatory philosophy is based on a risk-based approach
and trust in producer responsibility (European Food Safety Authority [EFSA], 2022).
Special emphasis is placed on:

- Preventive measures rather than punitive sanctions

- Continuous process improvement

- Transparency of information
This approach significantly reduces administrative burdens and increases the efficiency of
the control system (European Commission, 2023).

3.2. Integration of Private Standards: The KRAV Case

A key element of the Swedish model is the strong role of private standards, which serve as
a complement to EU regulations. The most notable among these is the KRAV certification
system, which is synonymous with sustainable and organic production.
KRAYV standards include:

- Strict limitations on pesticide and artificial fertilizer use
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- High standards of animal welfare
- Reduction of production-related climate impact
- Social responsibility in the supply chain
(KRAV, 2023)
Unlike mandatory standards, the value of the KRAV system lies in market recognition and
consumer trust. Products carrying this label achieve higher market prices, directly
incentivizing producers to invest in quality and sustainability.

3.3. Digital Traceability and Technological Innovations

Sweden is among the leading countries in implementing digital technologies in the food
sector. Digital traceability enables full “farm-to-fork™ transparency, which is a key factor in
consumer trust.
Applications include:

- IoT sensors for monitoring production and storage conditions

- Blockchain technology for immutable data records

- Advanced analytics for risk management

(Kamilaris et al., 2019; Kshetri, 2018)

These systems allow for:

- Rapid identification of contamination sources

- Reduction of losses in the supply chain

- Optimization of logistics
Digitalization in the Swedish model is not an isolated innovation, but an integral part of a
sustainable development strategy.

3.4. Sustainability as a Central Principle

Unlike many countries where sustainability is an added value, in Sweden it is a
fundamental principle of food sector development. National policies are aimed at:

- Reducing greenhouse gas emissions

- Rational use of natural resources

- Development of a circular economy

(Swedish Board of Agriculture, 2022)

Particular importance is given to reducing antibiotic use in livestock, where Sweden ranks
among the lowest in Europe. This approach not only contributes to public health but also
enhances the international competitiveness of products (OECD, 2023).

3.5. Role of Consumers and Market Mechanisms

One of the key differences compared to transitional economies is the high level of
consumer awareness. Swedish consumers actively influence the market by:

- Preferring local and sustainable products

- Willingness to pay higher prices for quality

- Demanding transparency

(World Economic Forum, 2023)

This “bottom-up” pressure further encourages producers to improve standards, creating a
positive feedback loop between supply and demand.
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3.6. Key Advantages and Limitations of the Model

Advantages:
- High level of institutional trust
- Integration of sustainability and quality
- Developed private standards
- Advanced digitalization
Limitations:
- High production costs
- Dependence on consumer purchasing power
- System complexity for small producers

Despite these challenges, the Swedish model remains one of the most effective in balancing
economic, environmental, and social objectives.

Analysis of the Swedish system shows that competitiveness in the modern food industry is
not based solely on productivity, but on the ability to integrate quality, sustainability, and
innovation into a unified operational model.

Compared to North Macedonia, the key difference does not lie in the legislative framework,
but in the degree of its implementation, institutional efficiency, and quality culture. While
the Macedonian system seeks alignment with standards, the Swedish model demonstrates
how these standards can be transformed into a market advantage.

This difference provides the basis for the comparative analysis in the following sections,
where specific knowledge transfer mechanisms and adaptation of best practices will be
identified.

4. COMPARATIVE ANALYSIS: NORTH MACEDONIA VS. SWEDEN

To provide a clearer understanding of structural differences and developmental potential, the
following section presents a comparative analysis of the quality management systems in the
food sector of North Macedonia and Sweden. The analysis covers key dimensions that
determine the functionality and competitiveness of these systems—ranging from the
regulatory framework and institutional efficiency, to standards implementation, the level of
digitalization, and the role of consumers.

The purpose of this comparison is not merely to identify differences, but to understand the
developmental logic behind them, in order to define pathways for improving the Macedonian
system through the adaptation of best practices from developed economies.

The following table provides a structured comparison of key dimensions of the food quality
management systems in North Macedonia and Sweden. By examining each aspect—from
system development phase and regulatory alignment to digitalization, sustainability, and
market dynamics—it is possible to identify both gaps and opportunities for improvement in
the Macedonian context. The comparative framework highlights not only the current status
of each system, but also the underlying mechanisms that enable Sweden to transform
regulatory compliance into a strategic competitive advantage.
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Analysis
Dimension

System
development phase
Regulatory
framework

Institutional
efficiency

Quality control
approach
HACCP system
implementation
Role of private
standards

Digitalization and
traceability
SME sector

Qualified personnel
Export orientation
Export standards
Sustainability
(ESG)

Pesticide and
antibiotic use
Consumer role
Market structure
Regulatory reforms
Innovation
approach
Competitive
strategy

Main challenges

Main advantages

North Macedonia

Transitional phase — aligning
with EU regulations

Largely aligned with the acquis
communautaire, but challenges
in implementation

Moderate — capacities exist, but
coordination and resource
limitations

Predominantly reactive
(inspection-based)

Legally mandatory, but often
superficial in SMEs

Limited, mainly export-driven

Low to medium level

Dominant, but financially and
technically constrained
Shortage of specialized quality
experts

High, focused on raw materials
and semi-processed goods
GLOBALG.A.P. and basic EU
requirements

Developing, primarily
regulatory-driven

Relatively high, with decreasing
trend

Limited influence on market
standards

Dominated by large retail chains

Ongoing (e.g., law on unfair
practices)
Slow and fragmented

Focus on price and volume
Standard implementation,
finances, education
Flexibility, potential for rapid

development

Source: Author

404

Sweden

Post-regulatory phase —
optimization and innovation
Fully aligned and
complemented with additional
national and private standards
High — effective coordination
and clearly defined
responsibilities

Proactive and preventive (risk-
based)

Substantive and integrated
into operational processes
Highly developed (e.g.,
KRAYV), key market
differentiator

High — IoT, blockchain, and
analytics in practice

Stable, with high institutional
and advisory support

Highly skilled personnel with
continuous education

High, focused on high-value
products

Advanced standards plus
private certifications

Integral part of system and
market strategy

Among the lowest in Europe

Very strong influence and
high awareness

Balance between large chains
and local producers

Stable and continuously
improved system
Systematic and strategically
driven

Focus on quality,
sustainability, and branding
High costs and system
complexity

Stability, trust, and high
quality



Comparative Table Analysis

The comparative analysis reveals a substantial gap between the two observed systems, which
is not primarily reflected in the legislative framework, but rather in the degree of
implementation and operational efficiency.

First and foremost, there is a clear difference in the development phase of the systems. While
North Macedonia is in a transitional phase, focused on aligning with European Union
regulations, Sweden operates in a post-regulatory environment, where emphasis is placed on
process optimization and continuous innovation. This distinction also shapes the approach to
quality management — a reactive model in North Macedonia versus a proactive and
preventive model in Sweden.

A particularly significant difference can be observed in institutional efficiency. Although
North Macedonia has a relatively stable institutional framework, challenges in coordination,
resources, and policy implementation limit its effectiveness. In contrast, the Swedish system
is characterized by a high level of trust and functional coordination between institutions,
enabling efficient implementation and continuous improvement of standards.

Implementation of quality management systems, particularly HACCP, represents another
critical point of differentiation. In the Macedonian context, this system is often formally
established but insufficiently integrated into daily operational processes, especially within
the SME sector. In Sweden, however, HACCP functions as a dynamic risk management tool,
deeply embedded in production and logistics processes.

Sweden achieves a significant comparative advantage in private standards and market
differentiation. While in North Macedonia standards such as GLOBALG.A.P. primarily
serve as prerequisites for market access, in Sweden private certifications function as
instruments for strategic positioning and added value. In this way, quality is transformed
from a regulatory requirement into market capital.

Digitalization is one of the most pronounced areas of divergence. The low level of digital
integration in the Macedonian system limits the ability to manage risks and ensure product
traceability effectively, whereas the Swedish model demonstrates how advanced
technologies can enhance transparency, operational efficiency, and consumer trust.

In the area of sustainability, there is also a fundamental difference in approach. In North
Macedonia, sustainability is still primarily regulatory-driven and in a developmental stage,
whereas in Sweden it constitutes a core principle of the organization of the food sector. This
is reflected in concrete practices, such as significantly lower use of pesticides and antibiotics.
The role of consumers further amplifies this difference. While consumer influence is
relatively limited in the Macedonian context, Swedish consumers actively shape the market
through their preferences, incentivizing producers to continuously improve quality and
sustainability.

Finally, the analysis indicates that competitive strategies differ substantially. North

Macedonia still largely relies on price competitiveness and production volume, while Sweden
builds its market position on quality, innovation, and branding.
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Overall, the differences between the two systems should not be viewed as a static gap, but as
a developmental continuum. The Swedish model confirms that long-term competitiveness
emerges from the integration of standards, technology, and sustainability into a unified value
system, while the Macedonian model has the potential to accelerate its own transformation
in this direction through targeted reforms and investments.

Although North Macedonia possesses a solid normative foundation, its key challenge
remains the transformation of “formal quality” into real market value. In contrast, Sweden
demonstrates how standards can be leveraged as an instrument for strategic positioning in the
global market.

The most important conclusion is that the gap between these two models is not static but
developmentally conditioned — meaning it can be bridged through:

- Strengthening institutional capacities

- Investing in human resources

- Digitalizing traceability systems

- Gradual implementation of higher quality standards

5. CONCLUSION AND RECOMMENDATIONS
5.1. Conclusion

The analysis of quality management systems in the food sector of North Macedonia and
Sweden clearly demonstrates that the modern concept of quality extends beyond traditional
regulatory frameworks and has become a key instrument for strategic positioning in the
global market (OECD, 2023; World Economic Forum, 2023). In this context, the differences
between the two systems arise not primarily from legislative foundations, but from the level
of implementation, institutional efficiency, and the integration of innovation and
sustainability into operational processes (European Commission, 2024).

North Macedonia has made significant progress in aligning with the European Union acquis,
establishing a solid normative foundation for food safety and standardization (European
Commission, 2024). However, the key challenge remains the transition from formal
compliance to the substantive functionality of the system, particularly within the small and
medium-sized enterprise (SME) sector (World Bank, 2023). In other words, although
standards have largely been adopted, their application is often not deeply integrated into daily
business processes, limiting their actual impact (FAO, 2022).

In contrast, the Swedish model demonstrates a high level of system maturity, where quality
management functions as a proactive and dynamic process based on risk management and
continuous improvement (EFSA, 2022). The integration of private standards, digital
technologies, and sustainability principles has enabled the transformation of quality from a
regulatory requirement into a market advantage (KRAV, 2023; Swedish Board of
Agriculture, 2022).

The comparative analysis indicates that the key difference between the observed systems lies

in the ability to operationalize standards and translate them into measurable economic
outcomes. While the Macedonian model still largely relies on price competitiveness and
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production volume, the Swedish model illustrates that long-term sustainability arises from a
focus on quality, innovation, and added value (OECD, 2023).

A particularly important element of modern quality management is the digitalization of
supply chains, which enables full traceability and improved risk management (Kamilaris et
al., 2019; Kshetri, 2018). The application of blockchain technology further contributes to
data transparency and security, enhancing consumer trust and system efficiency (Tian, 2017).
Thus, the transformation of North Macedonia’s food sector should not be perceived as a
linear attainment of existing standards, but as a strategic modernization process involving
institutional reforms, technological adaptation, and a shift in business paradigms (European
Commission, 2024).

It is particularly important to emphasize that investment in quality and sustainability should
not be seen as a cost, but as an investment with high multiplier effects — economically,
socially, and environmentally (World Economic Forum, 2023). Transitioning from a
“reactive” to a “proactive” quality management model represents a crucial prerequisite for
integration into demanding EU markets and for strengthening international competitiveness
(OECD, 2023).

5.2. Recommendations for Enhancing the System in North Macedonia

1. Strengthening Institutional Capacities

- Transform the role of inspection authorities from control-oriented to advisory
functions

- Improve coordination among relevant institutions

- Enhance laboratory capabilities and control systems
Impact: Transition from a reactive to a preventive quality management model
(European Commission, 2024)

2. Support for Small and Medium Enterprises (SMEs)

- Subsidize the implementation of standards (ISO 22000, GLOBALG.A.P., IFS)

- Facilitate access to IPARD and other EU funding programs

- Develop technical assistance and mentorship programs
Impact: Reduce the gap between large systems and the SME sector (World Bank,
2023)

3. Human Resource Development

- Introduce specialized training in quality management

- Foster collaboration between universities and industry

- Provide continuous professional development for food sector employees
Impact: Transition from formal compliance to substantive implementation of
standards (FAO, 2022)

o

4. Digitalization of Traceability Systems

- Implement digital platforms for product tracking

- Pilot IoT and blockchain technology projects

- Promote digital transformation through government programs
Impact: Enhance transparency, efficiency, and consumer trust (Kamilaris et al.,
2019; Tian, 2017)
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5. Integration of Sustainability into Business Models

- Reduce the use of pesticides and antibiotics

- Encourage organic and sustainable production

- Incorporate ESG principles into business operations
Impact: Access to premium markets and enhanced competitiveness (OECD,
2023)

6. Development of Private Standards and Branding
- Create national or regional quality certification schemes
- Support producers in developing strong brands
- Promote value-added products
Impact: Shift from price-based to quality-based competition (KRAV, 2023)

7. Enhancing Consumer Engagement

- Conduct educational campaigns on quality and sustainability

- Promote domestic products

- Ensure transparent product labeling
Impact: Create market pressure for quality improvement (World Economic
Forum, 2023)

5.3. Final Note

Based on the overall analysis, it can be concluded that North Macedonia possesses a realistic
potential to transform its food sector into a competitive and sustainable system, but only
through parallel strengthening of institutions, technological modernization, and human
capital development (European Commission, 2024; OECD, 2023).

The Swedish experience demonstrates that sustainability and quality are not constraints on
development, but its most important drivers. The future development of North Macedonia’s
food industry should therefore be viewed not as a process of adaptation, but as an opportunity
for a strategic leap toward higher levels of value creation (Swedish Board of Agriculture,
2022).
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Abstract: This paper analyzes the phenomenon of informal association within the framework of
cooperatives as a significant socio-economic model of organization. Starting from the historical
development of cooperatives, the study highlights the transformation from family and traditional forms
toward modern formal and informal models of cooperation (Stojanovié¢, Gnjatovié, 2015). Special focus
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administrative burdens, risk reduction, and flexibility of action (Bijman et al., 2016). Furthermore, the
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the integration of theory and practice (Zadrugarstvo u Srbiji, 2016).

Key words: cooperatives, informal association, cooperation, rural development, economy

Ancmpaxkm: Pao ananusupa penomen HeOpManHoz YOpyuCUsarba y OKGUPY 3a0pyeapcmed Kao
3HauajHOZ OPYUMBEHO-eKOHOMCKO2 Modena opeanusosarsa. Ilonasehu 00 ucmopujckoe paseoja
3adpyea, pao ykazyje na mpanc@opmayujy 00 NOpoOUHUX U MpaouyuoOHATHUX OOIUKA KA CABPEMEHUM
Gopmannum u negpopmanum mooenuma capaowe (Cmojanosuh, I'mamosuh, 2015). Ioceban goxyc
cmasmen je Ha pasioce 3002 KOjux ce NojeOunHyu onpeoemyjy 3a HepOpMaiHo Yyopyscusarve,
VRBYUYjvhu uzbezasarse a0 MUHUCMPATMUBHUX 00a8e3d, CMAIbERe PUSUKA U (PIeKCUOUTHOCT 0el08aFbd
(Bijman et al., 2016). Taxohe ce pasmampa ynoea myockoe haxmopa, nogepersa u 3ajeOHUdKUX
ummepeca y ycnewHocmu 08axkeux obauxa capaowe (Saz-Gil et al., 2021). 'V 3axmyuky ce dajy
KOHKpemHU npednosu 3a yHanpehere 3aopyeapcmeéa y Penybnuyu Cpbuju kpo3 obpaszosarve,
UHCMUMYYUOHATHY NOOPUWIKY U nogesusarbe meopuje u npakce (3aopyeapcmeo y Cpouju, 2016).

Kawyune peuu: 3a0pyzapcmeo, neghopmanto yopysicusarve, Koonepayuja, pypaniu paseoj, ekonomuja

1. INTRODUCTION

Cooperatives represent one of the oldest forms of human organization, emerging from the
fundamental need for joint work, security, and more efficient use of available resources.
Since the earliest human communities, individuals have relied on collective action to
overcome the limitations of individual efforts and to achieve greater economic and social
benefits (Sljukié, 1979). Through cooperation, people have been able to share risks, optimize
labor, and ensure more stable living conditions.
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Throughout history, cooperative principles such as solidarity, mutual assistance, and shared
responsibility have played a crucial role in shaping social and economic relations. These
principles have enabled communities to function more cohesively and to respond more
effectively to external challenges, including economic instability, resource scarcity, and
social inequality (Ili¢, 2018).

In contemporary conditions of globalization and increasing market competition, the
importance of cooperatives is once again gaining prominence, particularly in the context of
the survival and sustainability of small producers and local communities (Stojanovic,
Gnjatovi¢, 2015). Small-scale farmers and entrepreneurs often face significant challenges in
accessing markets, capital, and modern technologies. In this regard, cooperatives provide a
framework that enables collective bargaining, resource sharing, and improved market
positioning (Bijman et al., 2016).

However, alongside formal organizational structures, informal forms of association are
becoming increasingly present. Informal cooperation emerges as a flexible and practical
model that allows individuals to respond quickly to market demands, reduce administrative
burdens, and minimize financial risks (Perpétuo Ribas et al., 2022). Such forms of
collaboration are often based on trust, personal relationships, and shared interests, making
them highly adaptable to dynamic economic environments (Saz-Gil et al., 2021).

The growing relevance of informal association also reflects certain limitations of formal
cooperative systems, including complex administrative procedures, regulatory constraints,
and limited institutional efficiency (Chroneos Krasavac & Petkovi¢, 2015). As a result, many
individuals opt for informal collaboration as an initial or alternative form of organization.

The aim of this paper is to analyze the role and significance of informal association within
the framework of cooperatives, to examine its advantages and disadvantages, and to explore
its potential applications in modern socio-economic conditions. Special attention is given to
the relationship between formal and informal models of cooperation, as well as their
complementary roles in fostering sustainable economic development.

2. HISTORICAL DEVELOPMENT OF COOPERATIVES

Cooperatives have deep historical roots and represent one of the earliest forms of organized
social and economic activity of people. Its beginnings are associated with the oldest human
communities, in which collective work was the basis of survival, and the division of labor
and solidarity were the established practices of the first forms of cooperative association
(Sljukié¢, 1979).

Over time, with the development of society and the transition from a nomadic to a sedentary
lifestyle, forms of association become more complex and organized (Bijman et al., 2016). In
ancient and medieval societies, forms of collective work appear, such as village communities,
guilds and brotherhoods, which can be considered the forerunners of modern cooperatives
(Saz-Gil et al., 2021).

In the territory of Serbia and the Balkans, cooperatives developed in specific historical
circumstances. The first organized agricultural cooperatives emerged in the 19th century
within Serbian villages and the Austro-Hungarian administration (Stojanovi¢, Gnjatovic,
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2015). Their main function was to protect the economic interests of members, regulate
production and preserve the quality of products and services (Zadrugarstvo u Srbiji — istorijat,
2014). A special role was played by family cooperatives — multi-generational communities
with a clearly defined hierarchy and division of roles within the household, especially in rural
areas where agriculture dominates the economy (Sljukié, 1979).

Within family cooperatives, there was a clearly defined hierarchy. The head of the
cooperative, usually the oldest and most experienced male member, had a key role in making
decisions, organizing work and distributing goods. His authority was based on the
experience, knowledge and trust he enjoyed among the members. The division of labor was
precisely defined — men were engaged in heavier physical labor, women in household and
lighter agricultural work, while younger members studied and gradually took on
responsibilities. During the 19th and 20th centuries, cooperatives further developed through
the modernization and formalization of the cooperative system, with the aim of providing
small producers with better access to markets, capital, and infrastructure (Stojanovic,
Gnjatovi¢, 2015). For example, the first law that legally regulated the cooperative system in
Serbia was passed in 1898, which institutionalized cooperatives, with state recognition and
support (Zadrugarstvo u Srbiji, 2016). After World War II, cooperatives became part of a
broader system of social ownership, which affected their autonomy and functions (Sljuki¢,
1979).

Agricultural, viticultural and wine cooperatives have developed particularly well, enabling
members to jointly produce, process and market their products. By pooling capital and labour,
cooperative members manage to reduce costs, increase competitiveness and secure more
stable incomes. In addition, savings and credit cooperatives are also developing, which
provide easier access to financial resources and loans, which was of great importance for the
development of rural areas.

In the period between the two world wars, cooperatives experienced further expansion, but
also faced numerous challenges, including political and economic instability. After World
War 11, the role of cooperatives in the socialist system changed, becoming part of a wider
system of social ownership. Although cooperatives played an important role in the
organisation of production during this period, they were often under strong state influence,
which limited their autonomy.

Modern cooperatives represent a combination of traditional values and modern economic
principles. Although the basic principles — solidarity, trust and common interest — have
remained the same, the way of organization and business has been adapted to market
conditions (Bijman et al., 2016). Today, cooperatives operate in various sectors, including
agriculture, tourism and services, and play a significant role in the development of rural areas
(Cooperatives in Serbia, 2014)

Despite numerous changes throughout history, the essence of cooperatives has remained
unchanged — joint action to achieve economic and social benefits. This continuity confirms
1it.

3. MODERN COOPERATIVES AND CHALLENGES

Modern cooperatives are developing in the context of globalization, accelerated
technological change and increasingly pronounced market competition (Bijman et al., 2016).
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Cooperatives face the need for constant adaptation in order to survive and improve the
economic position of their members (Saz-Gil et al., 2021). Although cooperatives represent
an important organizational model, their implementation in practice often encounters
numerous obstacles and limitations.

One of the key challenges is the relationship between the formal and actual functioning of
cooperatives. In many cases, cooperatives are established formally, in order to achieve
incentives or a statistical representation of development, while their real activity is absent
(Stojanovi¢, Gnjatovié¢, 2015). Such “paper cooperatives” do not contribute to economic
development, but rather undermine trust in the very concept of cooperatives'.

In addition, the lack of professional and motivated staff to manage cooperatives often
negatively affects long-term sustainability (Bijman et al., 2016). The functions of directors
and management structures require a wide range of knowledge — from economics and law to
organization and marketing. However, in practice, these positions are often occupied by
insufficiently competent or politically suitable individuals, which negatively affects the
business and long-term sustainability of cooperatives.

Administrative and legal procedures represent an obstacle to the development of
cooperatives, while external factors, such as climate change and market fluctuations, further
increase uncertainty (Perpétuo Ribas et al., 2022). The process of founding and managing a
cooperative involves certain obligations and responsibilities that discourage many potential
members. Fear of financial risk, indebtedness and possible insolvency additionally influences
the decision of individuals to avoid formal association.

In modern business conditions, cooperatives are also exposed to external influences, such as
market fluctuations, climate change, global trends and changes in legislation. For example,
in the field of agriculture, weather conditions and adverse conditions can significantly affect
yields and incomes, while changes in export and import policies can further complicate the
marketing of products. These factors increase uncertainty and require additional flexibility
and adaptability in business.

A particular challenge is the issue of competitiveness. Cooperatives often have to compete
with large companies that have significantly greater capital, resources and market influence.
In such conditions, the advantage of cooperatives can be in a joint approach, local
connectivity and flexibility, but this requires good management and coordination among
members.

However, modern cooperatives also bring certain positive trends. One of them is the
increasing inclusion of women in management and leadership positions. Their role is
particularly evident in areas such as rural tourism, where they contribute to the development
of authentic offers, the preservation of tradition and the improvement of the quality of
services. Although they face additional challenges, such as difficult access to resources and
the reconciliation of business and family obligations, their participation represents significant
potential for the development of cooperatives.

The application of modern technologies and innovations is also gaining increasing
importance. Digitalization of business, marketing through social networks and the
application of new production methods enable cooperatives to improve their business and
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increase competitiveness. However, the successful application of these tools requires
education and continuous training of members. (Bijman et al., 2016).

In conclusion, it can be concluded that modern cooperatives are a complex system that
requires the coordination of economic, social and organizational factors. Its success depends
on the ability to adapt to change, the quality of management and the level of trust among
members. Despite numerous challenges, cooperatives still have significant potential as a
model of sustainable development, especially in local communities and rural areas.

4. INFORMAL ASSOCIATION AS A MODEL OF COOPERATION

Informal association is a specific form of cooperation between individuals or groups based
on common interest, trust and practical need, without formal legal registration and
institutional framework. (Saz-Gil et al., 2021 In modern business conditions, this model is
gaining increasing importance, especially in environments where there is a pronounced
distrust of institutions or fear of the administrative and financial obligations that formal
organization entails.

Unlike formal cooperatives, which involve clearly defined rules, a management structure and
legal responsibility, informal associations are characterized by flexibility and spontaneity.
They arise in response to a specific need or problem, and their duration may be limited to the
realization of a single goal or activity. It is precisely this adaptability that makes them suitable
for modern conditions, in which the speed of reaction and adaptation to changes are of key
importance. (Chroneos, et. Al. 2015).

One of the most common forms of informal association is the joint procurement of goods or
services. (Perpétuo Ribas et al., 2022). Individuals join together to achieve quantity
discounts, reduce costs and improve their negotiating position in the market. In such
situations, the group functions as a single entity, although it does not formally and legally
exist as organization. (Saz-Gil et al., 2021). After the purchase is made, members retain their
autonomy, without additional obligations or responsibilities.

A similar principle applies to the exchange of information and experiences. Participants in
informal networks often share knowledge about the market, product quality, supplier
reliability and other relevant issues. In this way, they reduce the risk of making wrong
business decisions and increase the efficiency of their own actions. (Stojanovié, Gnjatovic,
2015)

The advantages of informal associations are numerous. First of all, it does not require
financial investments in terms of founding capital, membership fees or administrative costs.
Also, there is no formal responsibility towards institutions, which reduces the perception of
risk among participants. The flexibility of the organization allows for the rapid formation and
dissolution of groups, in accordance with current needs.

Another significant advantage is the ability to adapt to different situations. Informal
associations can operate in different sectors — from agriculture and trade, to tourism and
ecology. For example, farmers can join forces to jointly procure raw materials, while tourism
service providers can connect to promote certain destinations.
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However, in addition to numerous advantages, informal associations also have certain
disadvantages. The most important of these is the lack of long-term stability. Since there is
no formal structure, such associations often depend on the current interest and personal
relationships between members. When interest disappears, the group itself disappears.

Also, informal associations do not have access to institutional support, such as subsidies,
loans or other forms of assistance that are available to formally registered entities. The lack
of legal protection can be a problem in the event of disputes or disagreements between
members>.

The special importance of informal associations is reflected in its role as a “transitional form”
to formal organization. Through this type of cooperation, participants gain experience, build
mutual trust and test the sustainability of joint activities. If the cooperation proves successful,
there is a possibility of developing into a formal cooperative.

In practice, informal associations often contribute to strengthening social cohesion. Through
mutual cooperation, members develop a sense of belonging and solidarity, which has a
positive impact not only on economic, but also on social relations in the community.
(Popovi¢, 2017).

In modern conditions, where changes are rapid and uncertainty is high, informal association
represents an important and functional model of cooperation. Although it cannot completely
replace formal forms of organization, it complements them and often represents the first step
towards their development. Its importance is reflected in the ability to respond quickly to
market needs, with minimal costs and risks, thereby contributing to the improvement of
overall economic activity.

5. RESEARCH METHODOLOGY

This paper uses a combined methodological approach, which includes the analysis of
theoretical sources and practical examples from the field of cooperatives, with a special
focus on informal associations. (Bijman et al., 2016) The aim of the research is to examine
the importance, role and potential of informal forms of organization in modern economic
conditions.

5.1. Subject and objective of the research

The subject of the research is cooperatives as a form of organization, with a focus on
informal associations as its specific segment.
The aim of the paper is to:

- analyze the development of cooperatives throughout history

- identify the key challenges of modern cooperatives

- examine the importance of informal associations in practice

- propose measures to improve the existing system

5.2. Research questions and hypotheses

In accordance with the aim of the paper, the following research questions were defined:
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- What are the main reasons for the emergence of informal associations?

- What are the advantages and disadvantages of this form of cooperation?

- Can informal associations represent the basis for the development of formal
cooperatives?

Based on these questions, the following hypotheses were set:

H1: Informal associations arise as a response to the complexity of formal procedures and
the fear of liability.

H2: Informal associations enable more efficient and flexible cooperation in short-term
business activities.

H3: Informal forms of cooperation can represent the basis for later formal organization into
cooperatives.

5.3. Research methods

The following scientific methods were used in the paper:
- Analysis method — used to study theoretical sources, legal regulations and professional
literature in the field of cooperatives;
- Historical method — applied in the analysis of the development of cooperatives through
different time periods;
- Comparative method — used to compare formal and informal associations;
- Case study — applied through the analysis of specific examples from practice (e.g. joint
procurement, informal associations of producers and tourism workers);
- Descriptive method — used to describe modern forms of associations and their
characteristics.

5.4. Data sources

The data used in the paper were collected from the following sources:
- professional and scientific literature in the field of economics and cooperatives
- legal and institutional documents
- practical examples and experiences from the real business environment
- internal materials and author's notes

5.5. Research limitations

The research has certain limitations, which are reflected in:

- lack of available statistical data on informal forms of association

- reliance on qualitative analysis and empirical examples

- limited to the territory of the Republic of Serbia
Despite the aforementioned limitations, the research results provide relevant insight into the
importance and potential of informal association in modern business conditions.

6. COMPARATIVE ANALYSIS OF FORMAL AND INFORMAL
ASSOCIATION

In order to more clearly understand the differences between formal and informal
association in cooperatives, a comparative analysis through key criteria is presented below.
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Table 1: Comparison of formal and informal association

Criteria
Legal status

Formal association (cooperative)
Registered legal entity
(Cooperatives in Serbia, 2014)

Informal association
No legal status (Saz-Gil et
al., 2021)

Establishment Complex procedure (registration, Spontaneous, without
documentation) formality

Costs Existing (founding capital, None or minimal
administration)

Responsibility Legal and financial responsibility No formal accountability

Duration Long-term Short-term or occasional

Organization Clear structure (director, board of Informal, without
directors) hierarchy

Flexibility Limited by rules and procedures High flexibility

Trust Institutional + personal Mostly personal

Access to finance | Possible (subsidies, loans) Limited or non-existent

Risk Larger (due to responsibility and Smaller
investment)

Efficiency Larger in long-term projects Larger in short-term

activities
Stability Stable structure Unstable, depends on

Examples of
activities

Table Analysis

Production, placement, investments

Source: Author

interests
Joint purchasing,
information sharing

Based on the presented comparison, it can be concluded that formal and informal associations
play different, yet complementary roles in modern cooperatives.

Formal association provides stability, legal certainty, and the possibility of long-term
planning, but it requires a higher level of organization, liability, and resources. On the other
hand, informal association enables quick and efficient cooperation with minimal costs and
risks, but lacks long-term sustainability and institutional support.

In practice, the optimal model for cooperative development involves a combination of these
two forms, where informal association can serve as an initial phase leading toward formal
organization.

6.1 A Best Practice Example of Informal Association

As an illustration of the functionality and practical value of informal association, a specific
example from the field of agricultural production and distribution of raw materials can be
cited. This refers to the organization of presentations for "Traiko" plant-based liquid
fertilizer, produced in Pozarevac, which brings together a large number of agricultural
producers from different regions of Serbia (Bijman et al., 2016).

In these situations, participants usually do not know each other and have no prior business
cooperation. However, driven by a common interest—achieving more favorable purchasing
terms—their association occurs spontancously. Namely, since significant discounts and
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additional benefits are granted for larger product quantities, participants organize themselves
to aggregate their needs and act as a single buyer.

This form of association emerges quickly and without formal procedures; it is based on
rational decision-making and represents a typical example of informal organizing. After the
purchase is completed, each participant retains their independence without any additional
obligations, membership fees, or joint asset management.

The advantages of this model are manifold. Primarily, it enables economic benefits through
the reduction of procurement costs. Additionally, participants exchange experiences
regarding product application, which increases the level of information and reduces the risk
of incorrect decisions. In this specific case, the effects of fertilizer application are reflected
in increased yields and improved product quality across various branches of agriculture,
including crop farming, fruit growing, vegetable production, and viticulture.

Furthermore, such gatherings often lead to the establishment of new contacts and potential
future cooperation among participants. Although no formal structure exists, a certain level of
trust and connectivity is formed, which can serve as a foundation for the further development
of relationships.

Similar forms of informal association are present in other fields as well. For example, textile
traders often jointly import goods in large quantities to reduce costs and then distribute them
according to their individual needs. Also, informal associations allow for easier information
exchange and faster reactions to market changes, including the identification of low-quality
products or unfair business practices.

This example clearly shows that informal association can be an efficient and functional model
of cooperation, especially in situations where formal organization is unnecessary or too
demanding. At the same time, such forms of cooperation can represent a basis for the
development of more stable and long-term forms of association in the future.

6.2 A Poor Practice Example in Cooperatives

In addition to positive examples, there are cases in practice that point to serious issues in the
functioning of cooperatives. One such example is the business operations of the agricultural
cooperative "Agroland" from Cuprija, which faced financial difficulties and account
blockades (Stojanovi¢, Gnjatovié, 2015).

The primary cause of the problem in this case was a combination of member insolvency and
poor business decisions by the management structure. A lack of adequate planning, risk
assessment, and operational control led to a situation where the cooperative was unable to
settle its obligations toward suppliers. Consequently, the trust of business partners was
undermined, further complicating the ongoing operations and survival of the cooperative.

This example highlights the importance of responsible management and expertise in leading
cooperatives. Unlike informal forms of association, where risk is individualized and limited,
the consequences of poor decisions in formal cooperatives can have broader implications and
affect all members. Precisely for this reason, the selection of competent leadership and clearly
defined responsibilities represent key success factors.
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Furthermore, this case indicates the need for greater transparency in cooperative operations.
Had the financial reports and the state of business been more accessible and clearly presented
to the members and the public, there would have been a greater possibility for timely reaction
and the prevention of negative consequences.

Another important aspect relates to the influence of external factors. Although internal
weaknesses were of decisive importance, broader economic conditions—such as market
changes, illiquidity in the payment chain, and general economic instability—cannot be
ignored. However, it is precisely in such circumstances that the quality of management and
the ability to adapt become most apparent.

This example clearly demonstrates that the formal existence of a cooperative is no guarantee
of its success. Without adequate management, financial discipline, and mutual trust,
cooperatives can become unsustainable and lose their core function. Simultaneously, such
cases emphasize the need to improve systems of control, education, and institutional support
to reduce the risk of similar situations in the future.

7. CONCLUSION AND RECOMMENDATIONS

Based on the analysis, it can be concluded that cooperatives represent one of the key
mechanisms for the preservation and development of small business entities. In today’s
market, dominated by large systems and corporations, individual producers and
entrepreneurs find it increasingly difficult to survive without associating. Therefore,
cooperatives, as a form of organized collective action, play a crucial role in maintaining
economic balance and preventing the further widening of the gap between small and large
economic actors.

The introduction of cooperatives and entrepreneurship into the educational system is of
particular importance. Educating young people on the basics of association, resource
management, and market presence can significantly contribute to the development of future
generations ready to apply these models in practice. In this context, forming student
cooperatives is a vital step toward connecting theory and practice, allowing youth to gain
experience and develop an entrepreneurial spirit through concrete work.

The effective functioning of cooperatives requires a clearly defined division of labor and
responsibility among members. Without precise organization and consistent application of
established rules, it is difficult to achieve desired results. Furthermore, all activities must
comply with current legal norms while ensuring transparency and business sustainability.

An essential element of cooperative development is a shift in mindset—accepting the
principle that there are no unsolvable problems, only a need to find adequate solutions. This
approach encourages innovation and proactive behavior, which is critical in modern business
conditions.

A significant issue affecting development is the lack of transparency and control within
the public sector. Irregular spending and a lack of accountability negatively impact
infrastructure and the overall business environment. Quality road, water, sewage, and digital
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infrastructure form the basis for the development of cooperatives; thus, more efficient
management of public resources is necessary.

Furthermore, efforts should be made to better align working conditions between the public
and private sectors. Current disparities in labor conditions, earnings, and organization can
negatively affect motivation, productivity, and overall economic stability.

One of the key practical challenges is the lack of predictability in the application of laws
and regulations. Situations where individuals cannot exercise their rights despite a legal basis
lead to a loss of trust in institutions and discourage initiatives for association.

To stimulate development, it would be beneficial to introduce the possibility
of probationary cooperative establishment for a limited period. This would allow potential
members to test the viability of a joint venture and gain management experience without high
risk.

Business transparency is another critical factor. Making financial reports publicly available
would provide a realistic insight into their success and prevent the creation of "paper
cooperatives" that exist only formally but remain inactive.

Additionally, it is necessary to establish institutional support by appointing professional
cooperative coordinators at the regional level. Their role would be to provide expert
assistance in the formation, organization, and improvement of cooperatives, thereby
increasing their efficiency and sustainability.

Finally, organizing business fairs and connecting with the diaspora can significantly
contribute to the growth of cooperatives. Such events enable the exchange of experiences,
the establishment of business contacts, and the promotion of domestic products in a broader
market.

In conclusion, the development of cooperatives requires a systemic approach encompassing
education, institutional support, transparency, and the strengthening of trust among
participants. By combining formal and informal forms of association, it is possible to
create a sustainable model that contributes to economic development and the strengthening
of local communities.
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GIS, Remote Sensing, and Artificial Intelligence (Al) framework. Multi-temporal datasets, including
Sentinel-2 imagery, SRTM Digital Elevation Models, hydrological records, and open geodatabases,
were analyzed to quantify changes in drainage density, tributary continuity, pollution distribution, and
river—groundwater interactions.Results indicate a pronounced decline in hydrological connectivity,
particularly within the Danube—Sava—Morava corridor, where urban expansion and industrial
activities have intensified pressure on river systems . A reduction in drainage density and the loss of
smaller tributaries were observed in peri-urban zones, reflecting increasing surface sealing and altered
runoff dynamics . Smaller catchments, such as the Nisava and Timok basins, exhibit heightened
sensitivity due to their limited dilution capacity and strong coupling between surface water and
groundwater systems. Groundwater analysis further reveals that expanding urban areas are shifting
pressure toward vulnerable aquifers, especially in valley corridors and suburban belts. Climate
variability, including more frequent droughts and extreme precipitation events, amplifies these
processes by reducing recharge and increasing pollutant concentrations. Scenario projections for 2050
suggest continued degradation of river network functionality under current development trends. The
study highlights the importance of integrating geospatial technologies and Al for monitoring
hydrological changes and supports the development of sustainable water management strategies and
climate-resilient planning in Serbia
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unmenueenyuje (BHU). Ananuzupanu cy euuieépeMeHcKu CKYynosu nooamaka, yKmwywyjyhu chumkxe
Sentinel-2, SRTM oueumanne moodene enesayuje, XuopoiouiKe 3anuce u omeopene 2eobaze nooamaxa
KaKo 6u ce K8AHMUDUKOSAE NPOMEHe Y 2YCIUHU OPeHatce, KOHMUHYUMemy npumoxa, Oucmpuéyyuju
3acahera u UHMepaKyujama pexa-noo3emMHux 600a. Pesyimamu yxkazyjy na uspasxcen nao xuoponouike
nosesarnocmu, nocebno ywymap xopuoopa [lynas-Casa-Mopasa, 20e cy wupere 2cpadosa u
UHOYCMPUjCKe aKMUSHOCMU Nojauaie npumucaxk Ha peune cucmeme. Cmarsere eycmune openasice u
2youmax marux npumoxka npumelieHu cy y nepuypbanum 30HAMA, WMo oopaxcasa cee eehe
3anmuearse NOBPUILHE U USMEREHy OUHAMUKY omuyarea. Mareu caueosu, kao wimo cy caugosu Huwase
u Tumoka, noka3zyjy nogeliany ocemmugocm 3602 ozpanuyenoz Kanayumema pazoniaxcuearoa u jaxe
cnpeze usmehy cucmema nOSPUWIUHCKUX U NOO3EMHUX 800a. AHANU3A NOO3EMHUX 600a Od/be OMKPUBA
0a wuperbe ypoaHux noopyuja nomepa NPUMUCAK Ka parusum 6000HOCHUM ClOjesuMd, NOCeOHO y
OONUHCKUM KOPUOOPUMA U npuepadckum nojacesuma. Knumamceka eapujabunnocm, yrmyyyjyhu uewhe
cywle u ekcmpeMHe nAdAsuHe, NOjavaA8d 06e npoyece CMAarereM O00HABbARA U nogeliarem
KoHyenmpayuja 3azahusaua. Ilpojexyuje cyenapuja 3a 2050. 200umy ykazyjy Ha KOHMUHYUPAHY
dezpadayujy YHKYUOHATHOCIMU pedHe Mpedice ¥ OKGUPY MpPeHYmHUX mpeHoosa paseoja. Cmyouja
ucmuue 6adCHOCH UHmMezpayuje 2eonpoCMOPHUX MEXHONo2UjA U eewlmauke UHMenNuceHyuje 3a
npalierse XUOPOIOWKUX NPOMEHA U NOOPAHCABA PA3ZEO] OOPHCUBUX CIPATNE2U]d YNPAEHLALd 800AMA U
nAAHUPAra OMNOPHO2 HA Kaumamcke npomene y Cpouju.

Kmyune peuu: xnumamcke npomeHe, ypoanusayuja, OUHAMUKA peuHe Mpedce, 2Uc U Oa/bUHCKA
Odemexyuja, xuoponowxa nogezanocm, Cpouja

1. INTRODUCTION

River systems represent one of the most dynamic and essential components of the natural
environment, playing a critical role in regulating hydrological processes, maintaining
ecological balance, and supporting socio-economic development. In recent decades,
however, river networks worldwide have been increasingly affected by the combined
pressures of climate change and rapid urbanization. These drivers alter both the structural
configuration of drainage systems such as stream density, connectivity, and hierarchy and
their functional properties, including flow regimes, sediment transport, and water quality.
Understanding these interactions has become a central challenge in contemporary
environmental and geographical research (Ouyang et al. 20006).

In Serbia, river systems are of particular importance due to the country’s position within three
major European drainage basins and the strong coupling between river corridors, urban
development, and economic activity. Major rivers such as the Danube, Sava, and Morava
form the backbone of settlement patterns, industrial zones, and transportation infrastructure.
At the same time, smaller basins and tributary systems play a crucial role in maintaining local
hydrological stability and ecological resilience. However, these systems are increasingly
exposed to anthropogenic pressures, including land-use change, industrial expansion, and
insufficient wastewater treatment, which contribute to hydromorphological alterations and
declining water quality (Pincock 1969).

Urbanization represents one of the most significant drivers of these changes. The expansion
of impervious surfaces reduces infiltration, accelerates surface runoff, and disrupts natural
drainage patterns, leading to a decline in tributary permanence and overall drainage density.
In parallel, industrial development concentrated along river corridors increases pollutant
loads and modifies river morphology through channel regulation and infrastructure
development. These processes are particularly pronounced in major urban-industrial axes,
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where spatial concentration of human activity amplifies hydrological stress (Doody et al.
2012).

Climate change further intensifies these impacts by altering precipitation regimes, increasing
the frequency of extreme events, and affecting seasonal water availability. In Serbia, recent
decades have been characterized by more frequent droughts, irregular rainfall distribution,
and episodic flooding, all of which contribute to increased variability in river discharge and
reduced system resilience. The combined effect of climate variability and anthropogenic
pressure creates complex, non-linear responses within river networks, making traditional
analytical approaches insufficient for capturing these dynamics.

Recent methodological advances in Geographic Information Systems (GIS), Remote Sensing
(RS), and Artificial Intelligence (AI) provide new opportunities for addressing these
challenges. The integration of multi-temporal satellite data, digital elevation models, and
machine learning techniques enables detailed spatial and temporal analysis of river network
changes, as well as the prediction of future scenarios. In particular, physics-informed Al
approaches, which incorporate hydrological principles into data-driven models, offer
improved reliability and interpretability in environmental assessments (Loiseau et al. 2012).

Despite these advancements, comprehensive studies that simultaneously examine the
structural and functional changes of river networks under the combined influence of climate
change and urbanization remain limited in Southeast Europe. In Serbia, most existing
research has focused either on water quality, land-use change, or individual river basins,
without fully integrating these aspects into a unified analytical framework.

This study aims to fill this gap by providing a comprehensive assessment of how climate
change and urbanization jointly influence river network structure and function across Serbia.
Specifically, the objectives are: (i) to quantify changes in drainage density, tributary
continuity, and hydrological connectivity; (ii) to analyze the spatial relationship between
urban-industrial development and river system degradation; and (iii) to model future
scenarios of hydrological change under projected climate and land-use conditions. By
combining GIS, Remote Sensing, and Al-based approaches, this research contributes to a
better understanding of complex hydro-spatial processes and provides a scientific basis for
sustainable water management and climate-resilient planning (Valjarevi¢ 2024).

2. MATERIALS AND METHODS
2.1 Study area

The study covers the entire territory of the Republic of Serbia (88,361 km?), located at the
intersection of Central and Southeastern Europe. Serbia is characterized by pronounced
physiographic and hydrological diversity, encompassing lowland plains in the north
(Pannonian Basin), hilly and valley-dominated central regions, and mountainous terrains in
the south and east. The country belongs predominantly to the Black Sea drainage basin, with
the Danube, Sava, and Velika Morava rivers forming the main hydrological axes, while
smaller portions drain toward the Adriatic and Aegean basins (see Figure 1).
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Figure 1. Spatial distribution of industrial facilities and major urban centers in Serbia

Urban and industrial development is strongly concentrated along major river corridors,
particularly within the Danube—Sava—Morava axis, where the largest cities (Belgrade, Novi
Sad, Ni§, and Kragujevac) are located. These areas represent zones of intensified
anthropogenic pressure, while upland and mountainous regions maintain relatively preserved
river networks but are increasingly affected by land-use change, tourism, and small
hydropower development. This spatial heterogeneity makes Serbia an appropriate case for
analyzing the interactions between climate variability, urbanization, and river network
dynamics (Valjarevi¢ et al. 2025).

2.2 Data sources

A multi-source geospatial database was developed to support the analysis of river network
structure and function. The study integrates satellite imagery, topographic data, hydrological
records, and socio-economic datasets to capture both spatial and temporal variability.

Remote sensing inputs include Sentinel-2 multispectral imagery (10-20 m resolution) and
Landsat datasets, used for land-use classification and detection of urban expansion. Terrain
analysis is based on Shuttle Radar Topography Mission (SRTM) Digital Elevation Models
(30 m resolution), enabling the extraction of drainage networks, slope, and flow-related
parameters. Historical hydrographic conditions were reconstructed using digitized
topographic maps and archival data (Valjarevi¢ 2025).Hydrological and meteorological data,
including precipitation, temperature, and river discharge, were obtained from national
monitoring services and used for model calibration and validation. Population census data
were transformed into raster density surfaces to represent spatial patterns of urbanization.
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Additional datasets, such as CORINE Land Cover and open-access geodatabases (e.g.,
DIVA-GIS, Natural Earth), were used to ensure consistency and comparability across spatial
scales.All datasets were harmonized within a unified coordinate system (UTM Zone 34N,
EPSG:32634) and processed using QGIS and SAGA GIS software environments.

2.3 Methodological framework

The methodological approach is based on the integration of Geographic Information Systems
(GIS), Remote Sensing (RS), and Atrtificial Intelligence (AI) techniques to analyze both
structural and functional changes in river systems. The workflow consists of four main
phases: (a) data preprocessing, (b) hydrological modeling, (c) spatial-statistical analysis, and
(d) predictive modeling.Data preprocessing included atmospheric correction of satellite
imagery, reprojection, and removal of topographic inconsistencies. Land-use classification
was performed using supervised machine learning algorithms, while accuracy assessment
was conducted using confusion matrices and kappa statistics.

Hydrological modeling was based on DEM-derived procedures, including sink filling, flow
direction, and flow accumulation analyses. River networks were delineated using threshold-
based extraction, and stream hierarchy was classified according to the Strahler method. Key
indicators such as drainage density, stream length, and watershed boundaries were calculated
to quantify structural characteristics.Spatial analysis incorporated zonal statistics and buffer
analysis to examine relationships between urbanization intensity and hydrological
parameters. Kernel Density Estimation (KDE) was applied to identify spatial clusters of
anthropogenic pressure and pollution hotspots. Kriging interpolation was used to generate
continuous surfaces of environmental indicators, reducing uncertainty in sparsely monitored
areas (Tsihrintzis et al. 1996).

2.4 Al-based and physics-informed modeling

To enhance predictive capacity, machine learning models including Random Forest, Support
Vector Machine, and Artificial Neural Networks were applied to analyze complex
relationships between land use, climate variables, and hydrological responses. A key
innovation of the study is the integration of physics-informed constraints within AI models,
ensuring that predictions are consistent with fundamental hydrological processes such as flow
direction, accumulation thresholds, and drainage connectivity.

Hydrological variables (slope, drainage density, flow accumulation, and groundwater
interaction indices) were incorporated as weighted predictors, improving model
interpretability and robustness. Post-processing procedures, including terrain correction and
flow routing adjustments, were implemented to ensure physically realistic outputs.

2.5 Temporal analysis and scenario modeling

The analysis was conducted across multiple temporal reference points (1983, 2002, and 2022)
to capture long-term changes in river network structure and urban expansion. Future
scenarios for 2050 were generated using a combination of trend analysis and Cellular
Automata—Markov chain modeling, integrating land-use change, demographic growth, and
climate projections.Model validation was performed through cross-validation techniques and
comparison with observed hydrological data. Accuracy metrics exceeded standard thresholds
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(overall accuracy >85%), confirming the reliability of the analytical framework (Dandge and
Patil 2022).

2.6 GIS and Remote Sensing Methods

Geographic Information Systems (GIS) and Remote Sensing (RS) techniques form the core
analytical framework of this study, enabling the integration, processing, and interpretation of
multi-source spatial data for assessing river network structure and function. The combined
use of satellite imagery, digital elevation models (DEMs), and geospatial analysis tools
provides a robust approach for detecting both spatial patterns and temporal changes in
hydrological systems.

Remote sensing data were primarily derived from Sentinel-2 multispectral imagery (10-20
m spatial resolution), which offers high spectral sensitivity suitable for land-use
classification, vegetation analysis, and identification of surface water features. Additional
Landsat datasets were used to ensure temporal consistency across historical periods.
Preprocessing steps included atmospheric correction, radiometric calibration, and cloud
masking, ensuring comparability of multi-temporal datasets.

Topographic analysis was based on Shuttle Radar Topography Mission (SRTM) DEMs with
a spatial resolution of 30 m. DEM-derived hydrological modeling included sink filling, flow
direction, and flow accumulation algorithms, which were used to delineate drainage networks
and watershed boundaries. River channels were extracted using threshold-based flow
accumulation values, while stream hierarchy was classified according to the Strahler ordering
system. These procedures enabled the quantification of key structural parameters such as
drainage density, stream length, and network connectivity.

GIS-based spatial analysis was conducted using QGIS (version 3.28) and SAGA GIS
(version 8.5), providing an open-source and reproducible analytical environment. Zonal
statistics were applied to evaluate relationships between land-use patterns and hydrological
indicators within defined buffer zones around river systems. Buffer distances (e.g., 250 m,
500 m, and 1 km) were used to assess the intensity of urban and industrial influence on river
morphology and function.

Kernel Density Estimation (KDE) was implemented to identify spatial clusters of
anthropogenic pressure, particularly in urban-industrial corridors. Kriging interpolation
techniques were used to generate continuous spatial surfaces of environmental variables,
including pollution indicators and hydrological stress, thereby addressing data gaps in areas
with limited monitoring coverage.

Land-use classification was performed using supervised machine learning algorithms
integrated within the GIS environment, with accuracy assessment conducted through
confusion matrices and kappa coefficients. The integration of RS-derived land-cover data
with GIS-based hydrological modeling enabled the detection of spatial relationships between
urban expansion, climate variability, and river network transformation.Overall, the GIS and
Remote Sensing methodology provides a comprehensive, scalable, and reproducible
framework for analyzing complex hydro-spatial processes, supporting both scientific
investigation and practical applications in environmental management and spatial planning
(Clark 1998).
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2.7 Statistical Methods

A comprehensive statistical framework was applied to quantify spatial relationships, detect
temporal trends, and validate the robustness of the obtained results. The statistical analysis
was designed to support the interpretation of GIS and Remote Sensing outputs and to ensure
that observed patterns in river network dynamics are statistically significant and not the result
of random variability.Descriptive statistics were first used to summarize the main
characteristics of the analyzed datasets. Measures including mean, median, standard
deviation, minimum, maximum, and coefficient of variation were calculated for key variables
such as drainage density, stream length, slope, population density, and land-use classes.
These indicators provided an initial understanding of the spatial variability and distribution
of hydrological and anthropogenic factors across the study area.

To examine relationships between variables, correlation analysis was performed using
Pearson’s correlation coefficient (r) for normally distributed data, while Spearman’s rank
correlation coefficient (p) was applied where normality assumptions were not satisfied. This
approach enabled the identification of statistically significant associations between
urbanization intensity, climatic parameters, and hydrological indicators such as drainage
density and runoff potential.

Regression analysis was employed to model the influence of multiple independent variables
on river network characteristics. Both simple linear regression and multiple regression
models were developed to assess how factors such as population density, impervious surface
expansion, industrial proximity, and precipitation variability affect hydrological responses.
Model performance was evaluated using the coefficient of determination (R?), adjusted R?,
and statistical significance (p-values < 0.05).

Temporal trends in climatic and hydrological variables were analyzed using the non-
parametric Mann—Kendall (MK) test, which is widely applied in environmental studies due
to its robustness against non-normal data distributions and missing values. The magnitude
and direction of trends were further quantified using Sen’s slope estimator, providing a
reliable measure of long-term change.

To ensure the reliability of spatial predictions, geostatistical validation techniques were
applied. Cross-validation procedures were used to assess interpolation accuracy, with
performance metrics including Root Mean Square Error (RMSE) and Mean Absolute Error
(MAE). These indicators quantify the difference between observed and predicted values and
are essential for evaluating model uncertainty.

In addition, classification accuracy for remotely sensed data was assessed using confusion
matrices, from which Overall Accuracy (OA), Producer’s Accuracy, User’s Accuracy, and
the Kappa coefficient were derived. These metrics ensured the reliability of land-use
classifications used in subsequent analyses.All statistical analyses were conducted using the
R programming environment, enabling reproducible workflows and robust data processing.
The integration of descriptive, inferential, and geostatistical methods provided a solid
quantitative foundation for interpreting complex interactions between climate change,
urbanization, and river network dynamics (Jin et al. 2019).
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3. RESULTS

3.1 Spatial Patterns of River Network Transformation

The spatial analysis reveals significant changes in the structure of river networks across
Serbia, primarily driven by urbanization and land-use transformation. The most pronounced
alterations are observed along the Danube—Sava—Morava corridor, where intensive urban and
industrial development has led to a measurable reduction in drainage density and
fragmentation of tributary systems. In these areas, the expansion of impervious surfaces has
reduced infiltration capacity, resulting in increased surface runoff and simplified drainage
structures.

Quantitative results indicate a consistent decline in smaller tributaries, particularly in peri-
urban zones surrounding major cities such as Belgrade, Novi Sad, and Ni$. Buffer-based
analysis demonstrates that areas within 500 m of urbanized zones exhibit the highest level of
hydromorphological alteration, including reduced stream length and lower drainage density
values compared to rural and mountainous regions. In contrast, upland and less-developed
areas in western and southern Serbia maintain relatively stable and well-connected drainage
networks, although localized disturbances are evident in regions affected by deforestation
and infrastructure expansion.

Kernel Density Estimation (KDE) results highlight spatial clustering of anthropogenic
pressure, with the highest intensity zones coinciding with major industrial corridors and
transport networks. These clusters correspond to areas where river networks are most
modified, indicating a strong spatial relationship between human activity and hydrological
change. Furthermore, GIS-based overlay analysis confirms that urban expansion follows
river valleys, reinforcing the role of hydrographic systems as primary axes of development
and environmental pressure (Figure 1; Figure 2; Valjarevic et al. 2025).

Legend

[ sorder
@ City
— River
Urbanization beits 2022
Very low
Low
Medium
I High
[ Very high
B Nc data

Cities:

1. Subotica

2. Novi Sad

3. Beograd

4. Valjevo

5. Kragujebac
6. Ivanjica
7.Ni§

75 150 km

Figure 2. Spatial distribution of urbanization intensity and river network structure in Serbia
(2022)
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3.2 Temporal Trends and Functional Changes in River Systems

Temporal analysis reveals that river network dynamics in Serbia have undergone significant
changes over the past four decades, reflecting the combined influence of climate variability
and human activities. Statistical results indicate a downward trend in drainage density and
tributary permanence, particularly in lowland and peri-urban regions. The Mann—Kendall test
confirms statistically significant trends (p < 0.05) in several hydrological and climatic
variables, including precipitation variability and river discharge patterns.

Regression analysis shows that urbanization intensity and land-use change are strong
predictors of hydrological transformation, with higher population density and increased
impervious surfaces associated with reduced hydrological connectivity. Climate-related
variables, particularly changes in precipitation regimes, further amplify these effects by
influencing runoff dynamics and seasonal water availability.

Functional changes are also evident in water quality and ecosystem stability. Spatial
interpolation and hotspot analysis indicate increasing concentrations of pollution in urban-
industrial zones, while smaller basins exhibit heightened vulnerability due to limited dilution
capacity. In addition, groundwater—surface water interactions have been altered, particularly
in peri-urban and valley regions, where increased water demand and reduced recharge rates
contribute to declining system resilience (Figure 3; Table 1).
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Figure 3. Projected spatial patterns of urbanization intensity and expansion flows in Serbia
(2050)

Future projections for 2050 suggest a continuation of these trends, with further reductions in

drainage density and increased hydrological instability under current urbanization and
climate scenarios. The combined results highlight the transition from relatively stable river

430



systems toward more fragmented and vulnerable hydrological networks, emphasizing the
need for integrated and sustainable management approaches (Table 2 and Table 3).

Table 1. Changes in drainage density across regions with included climate change effects

Region Drainage Density Change (%)
Danube—Sava—Morava Corridor -10.5
Peri-urban zones -8.2
Upland areas -2.1

Table 1 clearly demonstrates a pronounced spatial differentiation in the reduction of drainage
density across Serbia, with the most significant decline observed in the Danube—Sava—
Morava corridor (-10.5%), followed by peri-urban zones (-8.2%), while upland areas (-2.1%)
exhibit only minor changes. This pattern indicates that hydrological degradation is strongly
linked to the intensity of urbanization and industrial activity. The largest decrease in major
urban corridors reflects the impact of dense infrastructure, impervious surfaces, and river
regulation, which collectively reduce natural infiltration and simplify drainage networks.
Peri-urban areas show slightly lower but still substantial declines, suggesting transitional
zones where expanding settlements and mixed land use increasingly disrupt hydrological
processes. In contrast, the relatively small change in upland regions confirms that less-
developed and more natural landscapes retain higher hydrological stability and connectivity.
Overall, the table highlights a clear gradient of anthropogenic influence, where river network
degradation intensifies from rural to highly urbanized environments, emphasizing the critical
role of land-use pressure in shaping hydrological systems (Elzwayie 2017).

Table 2. Correlation between urbanization and hydrological parameters

Variable Correlation (r)

Population density -0.78
Impervious surface -0.82
Precipitation variability -0.45

Table 2 highlights strong and predominantly negative relationships between urbanization-
related variables and drainage density, indicating that increasing human pressure directly
contributes to hydrological degradation. The highest negative correlation is observed for
impervious surfaces (r = -0.82), confirming that surface sealing has the most significant
impact on reducing infiltration and disrupting natural drainage networks. Similarly,
population density (r = -0.78) shows a strong inverse relationship, suggesting that areas with
higher human concentration are associated with greater modification and simplification of
river systems. In contrast, precipitation variability (r = -0.45) exhibits a moderate negative
correlation, indicating that climatic factors also influence drainage density but to a lesser
extent than anthropogenic drivers. These results demonstrate that while climate variability
plays an important role, urbanization processes are the dominant factor shaping river network
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structure in Serbia. Overall, the table confirms that hydrological connectivity declines as
human pressure intensifies, emphasizing the need for sustainable land-use planning and
mitigation strategies in rapidly urbanizing regions.

Table 3. Temporal changes in river network and urbanization

Year Drainage Density Index  Urbanization Index
1983 1.00 0.45
2002 0.93 0.62
2022 0.88 0.78

Table 3 illustrates clear temporal trends in the evolution of river network structure and
urbanization in Serbia between 1983 and 2022. The results show a continuous decline in the
drainage density index, decreasing from 1.00 in 1983 to 0.88 in 2022, indicating a progressive
simplification and fragmentation of the river network over time. In contrast, the urbanization
index exhibits a steady increase from 0.45 to 0.78, reflecting significant expansion of built-
up areas and population concentration. This inverse relationship between the two indicators
suggests a strong link between urban growth and hydrological degradation. The most notable
changes occur after 2000, when accelerated urban development corresponds with a sharper
decline in drainage density, highlighting the intensification of anthropogenic pressure in
recent decades. These findings confirm that long-term land-use changes, particularly urban
expansion, play a critical role in reshaping river systems. Overall, the table emphasizes a
clear temporal trend in which increasing urbanization is associated with decreasing
hydrological connectivity, reinforcing the need for sustainable planning and climate-adaptive
water management strategies (see Figure 3).
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Figure 3. Spatial Variation in Drainage Density Reduction Across Different Regions of
Serbia
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The bar chart illustrates a clear spatial gradient in the reduction of drainage density,
highlighting the dominant influence of urbanization on river network degradation. The most
significant decline is observed in the Danube—Sava—Morava corridor, which represents the
primary urban-industrial axis of Serbia. This reflects the impact of intensive land-use
transformation, high population density, and extensive infrastructure development, all of
which contribute to reduced infiltration and simplified drainage systems. Peri-urban zones
also show substantial decreases, indicating transitional areas where expanding settlements
increasingly disrupt natural hydrological processes. In contrast, upland regions exhibit only
minor reductions, suggesting that less-developed and more natural landscapes maintain
higher levels of hydrological stability and connectivity. Overall, the chart confirms that the
intensity of anthropogenic pressure is the key factor controlling spatial differences in river
network transformation.

4. DISCUSSION

The results of this study provide clear evidence that river network structure and function in
Serbia are undergoing significant transformations driven primarily by urbanization and, to a
lesser extent, by climate variability. The observed decline in drainage density, reduction of
tributary systems, and increasing spatial fragmentation confirm that anthropogenic pressures
are reshaping hydrological systems at multiple spatial scales.

One of the most important findings is the strong spatial concentration of hydrological
degradation within the Danube—Sava—Morava corridor. This region represents the core of
Serbia’s urban-industrial development, where high population density, infrastructure
expansion, and land sealing have significantly altered natural drainage processes. The
reduction in drainage density in these areas is consistent with previous studies that link
impervious surface growth to decreased infiltration and increased surface runoff. As a
consequence, river networks become simplified, with smaller tributaries disappearing or
becoming intermittent, which reduces overall hydrological connectivity and ecosystem
resilience.

Peri-urban zones emerge as particularly critical transitional areas where hydrological changes
are accelerating. These zones are characterized by mixed land use, rapid expansion of built-
up areas, and incomplete infrastructure systems, which together create complex hydrological
responses. The results indicate that even moderate increases in urbanization within these
areas can lead to disproportionately large changes in drainage patterns. This finding
highlights the importance of focusing not only on major urban centers but also on their
surrounding zones, where the most dynamic and often unregulated land-use changes occur.

In contrast, upland and less-developed regions show relatively minor changes in drainage
density, suggesting that natural landscape structures still play a dominant role in controlling
hydrological processes. However, the presence of localized disturbances, such as
deforestation and small hydropower development, indicates that these areas are not immune
to change. If current trends continue, these regions may also experience increased
hydrological stress, particularly under the influence of climate variability.

The statistical analysis further confirms that urbanization is the dominant driver of river
network transformation. Strong negative correlations between drainage density and variables
such as impervious surfaces and population density demonstrate that human activities have
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a more direct and immediate impact than climatic factors. While precipitation variability and
extreme events contribute to changes in hydrological regimes, their influence appears
secondary compared to land-use change. This finding aligns with broader research indicating
that, in many regions, urbanization can outweigh climate change as a driver of local
hydrological alteration.

Nevertheless, climate change acts as an important amplifying factor. Increased frequency of
droughts reduces base flow and groundwater recharge, while intense precipitation events
enhance surface runoff and erosion processes. These dynamics can exacerbate existing
vulnerabilities created by urbanization, leading to more extreme hydrological responses such
as flash floods and prolonged low-flow conditions. The combined effect of these processes
results in a more unstable and less predictable river system.

Another key aspect of the findings is the growing importance of groundwater—surface water
interactions. The expansion of urban areas, particularly in valley corridors and peri-urban
zones, is increasing pressure on aquifer systems. Reduced infiltration due to land sealing,
combined with increased water demand, leads to declining recharge rates and potential
overexploitation of groundwater resources. This not only affects water availability but also
influences river base flow, further contributing to the degradation of river network function.

The application of GIS, Remote Sensing, and Al-based methods proved to be highly effective
in capturing these complex interactions. The integration of multi-temporal datasets and
advanced spatial analysis techniques allowed for a detailed assessment of both structural and
functional changes in river systems. In particular, the use of physics-informed Al approaches
enhances the reliability of predictions by ensuring consistency with hydrological processes,
representing a significant methodological advancement over purely data-driven models.

Despite these strengths, several limitations should be acknowledged. The spatial resolution
of available datasets may limit the detection of smaller tributaries and fine-scale hydrological
processes. Additionally, the uneven distribution of monitoring stations introduces uncertainty
in spatial interpolation results, particularly in less-developed regions. Future research should
focus on incorporating higher-resolution datasets, expanding monitoring networks, and
integrating socio-economic variables to further improve model accuracy.

From a policy perspective, the findings emphasize the urgent need for integrated water
management strategies that consider both land-use planning and climate adaptation.
Protecting riparian zones, reducing impervious surface expansion, and improving wastewater
treatment infrastructure are essential measures for maintaining hydrological connectivity and
ecosystem stability. Furthermore, the identification of peri-urban zones as critical areas of
change suggests that targeted interventions in these regions could significantly reduce overall
hydrological degradation.

In conclusion, this study demonstrates that river network transformation in Serbia is a result
of complex interactions between human activities and climatic factors, with urbanization
playing the dominant role. The observed trends toward reduced connectivity and increased
vulnerability highlight the need for sustainable and adaptive management approaches. By
combining advanced geospatial technologies with statistical and hydrological analysis, this
research provides a comprehensive framework for understanding and managing river systems
in the context of ongoing environmental change (Gobo 2010; Aniebo et al. 2009).
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5. FUTURE WORK

Future research should focus on advancing both the methodological framework and the
empirical understanding of river network dynamics under the combined influence of climate
change and urbanization. One of the key directions is the integration of higher-resolution
datasets, including LiDAR-based Digital Elevation Models and very high-resolution satellite
imagery, which would enable more precise detection of small tributaries, micro-topographic
features, and localized hydrological processes that are not fully captured at the current spatial
scale.

Another important avenue involves the expansion of monitoring networks, particularly in
underrepresented regions such as mountainous and rural basins. Increasing the density of
hydrological and water quality stations would improve the accuracy of spatial interpolation
and model validation, reducing uncertainty in areas where current data availability is limited.
In parallel, the incorporation of real-time sensor data and Internet of Things (IoT)
technologies could support continuous monitoring and early detection of hydrological
anomalies.

From a methodological perspective, future studies should further develop physics-informed
and hybrid Al models by integrating additional hydrological constraints and process-based
components. The coupling of machine learning with physically based hydrological models
would allow for more reliable simulation of complex interactions between climate variables,
land-use change, and river network behavior. Additionally, the use of advanced algorithms
such as deep learning and spatiotemporal neural networks could improve predictive
performance, particularly for long-term scenario analysis.

Socio-economic factors should also be more explicitly incorporated into future analyses.
Variables such as urban planning policies, infrastructure development, water consumption
patterns, and industrial regulation play a critical role in shaping hydrological systems and
should be integrated into multi-criteria modeling frameworks. This would enable a more
comprehensive assessment of human—environment interactions and support policy-oriented
decision-making.

Future scenario modeling should be expanded to include multiple climate pathways and
urban growth scenarios, allowing for comparative analysis of potential development
trajectories. Such approaches would provide valuable insights into the long-term
sustainability of river systems and help identify critical thresholds beyond which
hydrological degradation becomes irreversible. Finally, interdisciplinary approaches
combining hydrology, geography, environmental science, and urban planning are essential
for addressing the complexity of river network transformation. The development of decision-
support systems based on GIS and Al could provide practical tools for policymakers,
enabling more effective implementation of climate-resilient and sustainable water
management strategies in Serbia and beyond

6. CONCLUSION

This study provides a comprehensive assessment of the impacts of climate change and
urbanization on river network structure and function in Serbia, demonstrating that
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hydrological systems are undergoing significant spatial and temporal transformations. The
results reveal a consistent decline in drainage density, reduced tributary continuity, and
increasing fragmentation of river networks, particularly within major urban-industrial
corridors. These structural changes are closely linked to intensified land-use pressures,
including the expansion of impervious surfaces, industrial activity, and population growth.

The findings clearly indicate that urbanization is the dominant driver of hydrological
degradation, while climate variability acts as an amplifying factor, increasing system
instability through altered precipitation patterns, droughts, and extreme events. The
combined effects of these processes lead to reduced hydrological connectivity, declining
ecological resilience, and increased vulnerability of both surface water and groundwater
systems.

The integration of GIS, Remote Sensing, and Al-based approaches proved to be highly
effective in capturing complex hydro-spatial interactions and identifying key areas of
environmental stress. The applied methodological framework offers a scalable and
reproducible tool for monitoring river network dynamics and supporting data-driven
decision-making.

From a practical perspective, the results emphasize the urgent need for sustainable land-use
planning, improved wastewater treatment, and protection of riparian zones, particularly in
rapidly developing peri-urban areas. Without such measures, current trends suggest further
degradation of river systems by 2050, with potential consequences for water security and
ecosystem stability.Overall, this study contributes to a deeper understanding of the interplay
between climate change and urbanization in shaping river networks and provides a scientific
basis for developing climate-resilient and sustainable water management strategies in Serbia
and similar regions.

Limitations of the Study

Despite the comprehensive methodological framework and multi-source data integration,
several limitations should be acknowledged. First, the spatial resolution of the available
datasets, particularly the 30 m Digital Elevation Models and medium-resolution satellite
imagery, may limit the accurate detection of small tributaries, ephemeral streams, and fine-
scale hydrological features. As a result, certain localized processes and minor drainage
elements may be underrepresented in the analysis.

Second, the uneven spatial distribution of hydrological and water quality monitoring stations
introduces uncertainty in model calibration and validation. This limitation is particularly
evident in mountainous and less-developed regions, where data scarcity may affect the
reliability of spatial interpolation and predictive modeling outputs. Third, the study relies on
historical datasets and generalized land-use classifications, which may not fully capture rapid
or recent changes in urban development and infrastructure expansion. Temporal
inconsistencies between datasets could also introduce minor discrepancies in trend analysis.
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Fourth, although advanced statistical and Al-based methods were applied, model
performance is inherently dependent on input data quality and the selection of variables.
Some potentially important factors, such as detailed socio-economic indicators, policy
measures, and local water management practices, were not explicitly included due to data
limitations.

Finally, future scenario projections are based on current trends in urbanization and climate
variability and therefore carry a degree of uncertainty. These projections do not account for
potential policy interventions, technological advancements, or unexpected environmental
changes that could significantly alter future outcomes.Recognizing these limitations is
essential for interpreting the results and provides a foundation for improving future research
through higher-resolution data, expanded monitoring networks, and more integrated
modeling approaches
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ERA OF CLIMATE CHANGE"

GERMINATION RESULTS OF WINTER WHEAT, OATS, AND
MUNG BEAN WITH THE APPLICATION OF NEW ENERGIZED
FERTILIZER (GVG)

PE3YJbTATBI IPOPAIIIUBAHUSA O3UMOM MIIEHUIIBI, OBCA
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JHEPI'E3MPOBAHHOI'O YAOBPEHMUSA (GVG)
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Abstract: A laboratory experiment was conducted to study the effect of a new complex energized
fertilizer (GVG), based on natural raw materials — alkaline salts of naphthenic acids — on the
germination and seed vigor of winter wheat (Triticum aestivum), variety Tanja, oats (Avena sativa L.),
variety Valdin 765, and the leguminous crop mung bean (Vigna radiata), variety Tajikistani 1. On the
seventh day of winter wheat germination in the experimental variant, seedling length was 28.0% higher
compared to the control. For oats, seedling length in the experimental variant was 23.6% greater than
in the control. In the experimental group of mung bean, seedlings were 13.4% longer than the control.
Since the new energized fertilizers (GVG) contain a high number of micronutrients essential for proper
plant development (Na, Cu, Mg, Ca, Zn, Al, Si, Ti, Pb, Sn, Cr, Mn, Fe, Co, Ni), seeds of these crops
treated with GVG solution showed improved results compared to the control. This study indicates that
the new energized fertilizer is justified for use in pre-sowing seed treatment of various crops to increase
their yield.

Key words: growth stimulator, winter wheat, oats, mung bean, seed vigor, germination.

Abcmpaxmmubsiii: [Ipouszseden 1abopamopHvlii Onvlm NO UVHEHUIO GIUSHUSL HOBO20 KOMMNILEKCHO2O0
aHepeusuposantozo yooopenus (GVG) 6 ocHose KOMOPbIX 1eAHCUM NPUPOOHOE CHIPLE - WeOoUHbIE COMU
HApMEHO0BbIX KUCTIOM HA BCXONCECMb U IHEP2UI0 NPOPACMAHUS, CeMsiH 03umoul nuenuyst (Triticum
aestivum) copma Tans, oeéca (Avena sativa L.) copma Banoun 765 u 606060t kynemypwvr maw (Vigna
radiata) copma Taodocuxckuii 1. Ha cedvbmotl OeHb npopawusanusi 03uMoll NUeHUybl 8 ONbIMHOM
sapuanme OIUHA NPOPOCMKOS8 NPEGLIUUALA KOHMPObHbLIL éapuanm Ha 28,0 %. V oeca onuna pocmkog
onvimuom eapuanme Ha 23,6 % OnunHee, uem 6 KOHMPOJILHOM éapuanme. B onvimmuoil epynne pocmku
mawa Ha 13,4 % Onunnee xowmpons. 3a cyem mozo, WMO 8 COCMAB HOBbIX IHEP2Ee3UPOBAHHBIX
yoobpenuti (GVG) exooum 6onbuioe KOMU4ecmeo HeoOX0OUMbIX Olsl NOJHOYEHHO2O0 pPA36UMus
pacmenuti muxposiemenmos (Na, Cu, Mg, Ca, Zn, Al, Si, Ti, Pb, Sn, Cr, Mn, Fe,Co, Ni), cemena
Oanuvix Kyiebmyp, oopabomannvie pacmeopom GVG, nokazanu ayquwiuti pe3yiomam no CpagHeHuio ¢
KOHmMponem. Dmo ucciedosanue no360s1em Ymeepicoans, Yno HOB0e IHEPLE3UPOSAHHOE YOOOpeHUe
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Yenecoo6pasHo UCNOTL308ANb 8 NPOU3BOOCTEE 8 NPEONOCEBHOU 00PAbOMKe CeMsH PA3ZHBIX KYIbMYyp C
Yenblo NOGLIUUEHUS UX YPOHCATIHOCTU.

Knrwuesvie cnosa: pocmosoe eeuiecmeo, osumas nutenuya, oeéc, mau, OHepeus
npopacmanusl, 6CX0ax#cecma.

1. INTRODUCTION

With the ongoing intensification of agriculture, and particularly crop production, the question
of how to increase the productivity (yield and quality) of various agricultural crops, while
simultaneously improving soil condition on farmland without significantly increasing costs,
remains pressing. It is known that the condition of arable land in Russia is deteriorating year
by year, which is associated with the fact that harvests remove more nutrients from the soil
than are returned through fertilizers. An increasing number of soils are becoming degraded
and susceptible to erosion each year. In Russia, less than half of the sown areas receive
fertilization, and less than 50 kg per hectare is applied, which is 4-5 times less than in
Western Europe. The stabilization of humus content in the soil depends on the input of
organic matter. Under agricultural land use conditions, organic fertilizers play a significant
role in this process (Ushachev, 2017).

In 2019, research on this pressing issue led to the patenting of a new energized preparation
GVG by scientists of the Kuban State Agrarian University named after I. T. Trubilin. This
discovery belongs to the field of plant growth stimulators. The organic growth agent contains
sodium salt of naphthenic acids (3545 wt.%), rapeseed oil (0.005-0.015 wt.%), and water
(remainder). It is obtained by dissolving the sodium salt in water at 20-24°C with the addition
of rapeseed oil.

2. MATERIALS AND METHODS

This preparation is used for crop treatment by seed soaking, foliar spraying, or soil
application.

The aqueous solution can be combined with fungicides. The preparation has a pronounced
stimulatory effect on plant growth (Grigulevski, 2019).

The best effect is achieved by soaking seeds for 2—5 days in a solution of 0.01-0.05%, or by
applying the solution to the soil (50-100 ml/ha). GVG (Grivlag) increases yield, quality, and
plant resistance to lodging (Sidorenko, et al. 2016).

The preparation is a colloidal reddish-brown liquid, denser than water, requiring the
preparation of a stock solution. More than 50 growth stimulators are known, which stimulate
growth in small doses and inhibit it in larger doses (Grigulevski, Lukyanova, 2000).

Research from 1960—-1975 showed that these compounds:
- stimulate growth and increase yield in small doses,
- have selective effects depending on the crop,
- act by activating physiological processes (increasing chlorophyll, assimilation
surface, nitrogen). (Kugatova-Shemyakina, et al. 1965; Kugatova-Shemyakina, et al.
1967; Shenker, et al. 1972)
The raw materials for obtaining the growth substance were petroleum products from the
Krasnodar Oil Refinery (Krasnodar) and the Baku Oil Refinery (Baku). Naphthenic acid salts
can be extracted from petroleum products by the action of an aqueous solution of sodium
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hydroxide (KOH). (Griguletskiy, 2018) The physiological action of fatty salts of naphthenic
acids is described in detail in fundamental monographs by P. Boysen-Jensen, (Boysen-
Jensen, 1938) K.Z. Hamburg, (Gamburg, 1970; Gamburg, 1976) V.I. Kefeli, (Kefeli, 1973)
and, especially, S.S. Medvedev. (Medvedev, 2015) This study was conducted on crops
typically grown in the Krasnodar Krai—winter wheat and oats—as well as on a legume crop
atypical for this region—mung bean.

Winter wheat (Triticum aestivum) variety Tanya is one of the most common semi-dwarf hard
wheat varieties in Kuban. It is highly resistant to lodging, early maturing, and heads and
ripens simultaneously. It was developed by the Krasnodar Research Institute of Agriculture
named after P.P. Lukyanenko. The variety was submitted for testing in 2001. The ear shape
ranges from cylindrical to pyramidal, of medium length and density. It is resistant to
shattering. The glumes are ovoid, 3.5-4.5 mm wide, and 8-9 mm long. The shoulder is
medium and straight. The keel is moderately pronounced. The grain is large and ovoid. 1,000-
kernel weight is 45.4-46.5 grams. It is a valuable wheat. The variety is highly resistant to
yellow rust, powdery mildew, and loose smut. (Romanenko, et al. 2017)

Spring oats (Avena sativa L.), variety Valdin 765, was bred at the Kuban Experimental
Station of VIR (developed by D.F. Tantsyura). This early-ripening variety (from germination
to commercial maturity takes 83-97 days). The bush is erect. The stem is low-growing, 86-
100 cm, rarely up to 125 cm. It is of medium thickness, hollow, and strong. The grain is large,
semi-long, bright yellow, and valuable for its cereal quality. The 1,000-kernel weight is 27-
38 g, and the grain density is 434-524 g/I, ensuring consistently high grain yields. In the
Krasnodar Territory, the yield reaches 72 c/ha. It differs from cultivated varieties in its

resistance to lodging, bacterial spot, crown rust, loose smut and smut. (Kobylyanskiy, et al.
1992)

Mung bean (Vigna radiata), Tajik 1 variety. An annual herbaceous plant; a species of the
genus Vigna in the legume family; a legume crop native to India. The seeds are small, green,
and oval-shaped. In Russia, varieties 30-50 cm tall are cultivated. The stem of the mung bean
is herbaceous, sometimes woody at the base, green, gray-green, and may have anthocyanin
coloration. The fruit is a pod thin, cylindrical, with appressed pubescence, without a beak at
the end, 6-18 cm long, containing 6-15 seeds. The seeds are small, barrel-shaped, tuberculate,
smooth, matte, or shiny, 3-6 mm long. Mung bean seeds are widely used as food in many
countries. In recent years, there has been a surge of interest in this crop in Slavic countries,
primarily as a dietary food product high in complete protein, vitamins, and minerals. Healthy
eating advocates also value mung beans because they are free of substances harmful to the
human body, which are present in soybeans and some types of beans. The Tajik 1 variety is
a Central Asian variety, developed in the Soviet

Union. It is rarely affected by disease, has relatively large seeds, and a relatively high yield
(25 centners/ha). (Lavrenko, et al. 2019)

The aim of the study was to determine the effect of GVG on seed vigor (3rd day) and
germination (7th day)

3. RESULTS AND DISCUSSION

The experiment was carried out under laboratory conditions in Petri dishes at 20-22°C. Seeds
were soaked for 8 hours in a solution (0.01 ml GVG/L water), then placed on filter paper.
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Each dish contained 100 seeds. The experiment was conducted in three replicates according
to GOST 12038-84.

On the third day, seed vigor and seedling length were measured, and germination was
assessed on the seventh day. All results were statistically analyzed.

The experimental design is shown in Table 1.

Table 1. Seed germination in Petri dishes according to GOST 12038-84

Solution Name Phase

Water Determination of germination | Determination  of  seed
New Energized energy (3rd day) according to | germination (7th day)
Fertilizer GVG GOST 12038-84 according to GOST 12038-84

The subject of this study is the seeds of three agricultural crops, which are commonly grown
both in Russia and worldwide (wheat, oats, mung bean), as well as their response to the new
energized fertilizer GVG (Grivlag), with the aim of providing recommendations for its
further use.

Discussion of the experimental data and research results shows that, based on the data
presented in Table 2, treatment with the GVG preparation leads to a significant increase in
seed vigor.

Table 2. Germ length, % (3rd day) according to GOST 12038-84, n=3
Type of agricultural seed

Solution name Sprout length (average for 100 pcs.), mm
(0.01/11)

Winter wheat Winter wheat Mash
Control (water) 8,14+0,3 1,6£0,15 20,65+0,33
Inspection (new 1 g 56\ 37k 2,09+0,15%* 25,64+0,39%**

energized fertilizer
GVG)

Note:***- p<0,001

The reliability of the data for wheat and oats is moderate, while the data obtained for mung
bean show a high degree of reliability. Germination energy represents the seed’s ability to
germinate quickly and uniformly. Since all the tested crops began to form sprouts by the third
day, their measurement and comparison of results were carried out.

For 100 germinated winter wheat seeds, the sprout length in the experimental variant was
17.4% greater (9.56 mm) compared to the control (8.14 mm). For spring oat seeds, the sprout
length in the experimental variant (2.09 mm) was 30.6% greater than in the control (1.6 mm).
Mung bean seeds in the experiment had an average sprout length of 25.64 mm, which is
24.2% higher compared to the control (20.65 mm).

The tested seed material was also measured by mass. Data on the mass of seeds on the third

day of germination are presented in Table 3. The results indicate that the mass of germinated
seeds is significantly higher due to water absorption and the intensity of germination.
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However, the mass of 100 germinated seeds in the experimental variant was slightly higher
than in the control (seeds germinated in distilled water).

Specifically, winter wheat seeds treated with the GVG preparation had a mass 61.5% higher
(6.30 g) compared to the dry control (3.90 g), while seeds germinated in water showed an
increase of 48.7% (5.80 g). Thus, seeds treated with the GVG preparation had 12.8% greater
mass compared to those germinated in water.

For oats, the results were as follows: grains germinated in the GVG solution had a mass
16.1% higher (3.25 g) compared to the dry control (2.8 g), while grains germinated in distilled
water showed an increase of 10.7% (3.1 g). Comparing these two germinated variants, the
experimental (GVG) variant was 5.4% heavier than the control.

The mass of 100 mung bean seeds germinated in the GVG solution was 175.6% higher (15.85
g) compared to the dry control (5.75 g), while seeds germinated in water (control) showed an
increase of 173% (15.70 g). Germinated mung beans in the experimental variant had 2.6%
greater mass compared to those germinated in water.

Table 3. Weight of 100 seeds on the third day of germination, g

Types of agricultural seed
) Weight of 100 seeds, g
Variant Winter wheat Winter
wheat Mash
Control (dry 3.90 2.80 5.75
control)
Control (water) 5,80 3,10 15,70
Review (new
energized fertilizer 6,30 3,25 15,85
GVG)

Laboratory seed germination was determined on the seventh day of germination. By this time,
both the root and shoot had already developed in cereals (wheat and oats), while in the
leguminous crop mung bean, only the sprout increased, without a clear differentiation into
root and stem.

The results of sprout length measurements on the seventh day of testing are presented in

Table 4.

Table 4. Germ length, % (seventh day) according to GOST 12038-84, n=3

Name of the Types of agricultural seed

solution (0.01/1 Sprout length (average for 100 seeds), mm

D Winter wheat Winter wheat Mash
9,42+0,25 18,47+0,23 26,77+0,2

Control (water)

Experiment (new 12,06+£0,31%%* 22,8240,24%%* 30,35+0,26%%*

energized

fertilizer GVG)

Note:***- p<0,001
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All studies demonstrated a high degree of reliability of the results. Table 4 shows the sprout
lengths measured on the seventh day of testing.

For winter wheat in the experimental variant, the average sprout length (12.6 mm) was 28.0%
greater compared to the control (9.42 mm). For oats, the sprout length on the seventh day in
the experimental variant was 22.82 mm, which is 23.6% higher than the control (18.47 mm).
In the experimental group of mung bean, the average sprout length was 30.35 mm,
representing a 13.4% increase compared to the control (26.77 mm).

For winter wheat and spring oats, root lengths were also measured on the seventh day (Table
5).

Table 5. Root length, % (7th day) according to GOST 12038-84, n=3

Name of the Types of agricultural seed

solution (0.01/1 Root length (average for 100 pcs.), mm

1

) Winter wheat Spring oats
Control (water) 5,66+0,1 8,25+0,26
Review (new 7,48+0,13 %% 10,65+0,28%**
energized

fertilizer GVG)

Note:***- p<0,001

The data presented in Table 5 show a high degree of reliability. The average root length of
winter wheat on the seventh day of germination in the experimental variant was 32.2%
greater compared to the control, measuring 7.48 mm, while in the control variant it was 5.66
mm.

For spring oat seeds, the average root length in the experimental variant was 29.1% greater
than the control, measuring 10.65 mm, whereas in the control variant it measured 8.25 mm.

CONCLUSIONS

Based on the results obtained during the study, several conclusions can be drawn regarding
the positive effect of the new energised fertilizer GVG (Grivlag) on seeds of agricultural
crops under laboratory germination conditions:

1. For 100 germinating seeds of winter wheat on the third day of germination, the
length of the sprouts in the experimental variant was 17.4% greater than in the
control. Seeds of spring oats in the experimental variant had sprouts 30.6% longer
than the control, and mung bean seeds in the experimental variant exceeded the
control sprouts by 24.2%.

2. Seeds of wheat germinated with GVG had a mass 12.8% higher than seeds
germinated in water. For oats, seeds germinated in the GVG solution were 5.4%
heavier than those germinated in water. Germinated mung beans in the experimental
variant had a mass 2.6% higher compared to those germinated in water.

3. On the seventh day of germination, sprouts of winter wheat in the experimental
variant were 28.0% longer than in the control. For oats, the sprouts in the
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experimental variant were 23.6% longer than the control. Sprouts of mung beans in
the experimental group were 13.4% longer than the control.

4. The average root length of wheat on the seventh day of germination in the
experimental variant exceeded the control by 32.2%. For oats, the average root
length in the experimental variant exceeded the control by 29.1%.

Based on the stable and positive effect of applying the solution of the new energised fertilizer
during the germination of winter wheat, spring oats, and mung beans, as well as on the basis
of previously conducted trials, it can be stated that GVG (Grivlag) is a fertilizer (growth
stimulator) capable of increasing the yield of agricultural crops under field conditions.
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1. INTRODUCTION

Pleurotus ostreatus, commonly known as the oyster mushroom, is one of the most widely
cultivated mushroom species worldwide due to its rapid growth, high adaptability, and short
production cycle (Drezek & Mozejko-Ciesielska, 2025; Miskiewicz et al.,, 2025). Its
popularity is attributed not only to its high gastronomic value but also to its nutritional
composition, which includes significant levels of proteins, essential minerals, and vitamins
(Hoa et al., 2015). In addition, P. ostreatus exhibits important medicinal properties, including
antioxidant and immunomodulatory effects associated with bioactive compounds such as -
glucans (Drezek & Mozejko-Ciesielska, 2025).

The successful cultivation of P. ostreatus depends largely on the vegetative phase, during
which rapid and uniform mycelial colonization determines substrate utilization efficiency
and overall productivity (Miskiewicz et al., 2025; Wani & Lemi, 2026). As a white-rot
basidiomycete, P. ostreatus possesses an extensive extracellular enzymatic system, including
lignin-degrading enzymes such as laccases and peroxidases, which enable the degradation of
lignocellulosic materials (Alexopoulos et al., 1996; Carlile et al., 2001; Elisashvili et al.,
2008). This enzymatic capability allows the fungus to efficiently utilize a wide range of
organic residues as substrates.

The use of agro-industrial wastes for mushroom cultivation represents a sustainable and
economically viable strategy that contributes to waste management and circular bioeconomy
development (Deschamps et al., 2024; Miskiewicz et al., 2025; Wani & Lemi, 2026).
Numerous studies have demonstrated that agricultural and food-processing by-products can
be effectively converted into valuable biomass through fungal cultivation (Philippoussis et
al., 2001; Shashitha et al., 2016). However, the efficiency of this process is highly dependent
on substrate composition, particularly the balance between carbon and nitrogen sources,
which significantly affects mycelial growth and enzyme production (Hoa et al., 2015; Gao et
al., 2013; Marzluf, 1997).

Among the available agro-industrial residues, brewery spent grain (BSG) is one of the most
abundant by-products of the brewing industry and is characterized by high protein and fiber
content, making it a suitable substrate for fungal growth (Mussatto et al., 2006; Aliyu & Bala,
2011). Its use in mushroom cultivation has been associated with enhanced colonization rates
and improved substrate degradation efficiency (Deschamps et al., 2024). Wheat bran is
commonly applied as a nitrogen-rich supplement that improves nutrient availability and
accelerates mycelial colonization (Hoa et al., 2015). Similarly, oat bran has been reported to
support mycelial development, although its effect is strongly dependent on concentration and
interaction with other components (Soto-Cruz, 1999).

In contrast, coffee waste, including spent coffee grounds, represents a widely available
residue with potential for valorization, but its application in fungal cultivation requires
careful optimization. High concentrations have been associated with inhibitory effects on
mycelial growth due to the presence of bioactive compounds such as caffeine and phenolics
(Alsanad et al., 2020; Laursen, 2018). Therefore, understanding the interactions between
different substrate components is essential for developing optimized formulations that
maximize fungal growth while avoiding inhibitory effects.

Despite the availability of various agro-industrial substrates, optimal formulation remains a
key challenge, as interactions between components can significantly influence growth
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performance and system stability. Therefore, the aim of this study was to evaluate and
optimize substrate formulations based on brewery spent grain, wheat bran, oat bran, and
coffee waste in order to identify combinations that promote enhanced mycelial growth of
Pleurotus ostreatus. This approach contributes to improving the sustainability and efficiency
of mushroom cultivation through the valorization of agro-industrial residues.

2. MATERIALS AND METHODS
2.1 Microorganism and inoculum preparation

The fungal species Pleurotus ostreatus was used as a model organism due to its well-
established ability to colonize lignocellulosic substrates and valorise agro-industrial residues.
The inoculum was prepared from fresh fruiting bodies under aseptic conditions. Internal
tissue sections (~5 mm diameter) were excised from the sterile inner part of the mushroom
to minimize contamination and ensure active mycelial growth.

Primary cultivation was performed on potato dextrose agar (PDA) at 25 °C to obtain actively
growing mycelium for subsequent inoculation experiments.

2.2 Preparation of culture media and nitrogen supplementation

PDA was prepared by boiling 200 g of peeled and chopped potatoes in 1 L of distilled water
for 30 min, followed by filtration to obtain the potato extract. The volume was adjusted to 1
L, and glucose (20 g/L) and agar (15 g/L) were added. The medium was heated until complete
dissolution and sterilized at 121 °C for 15 min.

To evaluate the effect of nitrogen availability on mycelial growth, two media variants were
prepared: (i) PDA without supplementation and (ii) PDA supplemented with ammonium
sulfate ((NH4)2SOs4, 0.2 g/L).

Mycelial growth was monitored over a 22-day incubation period by measuring colony
diameter at regular intervals.

2.3 Agro-industrial waste substrates and experimental design

Agro-industrial by-products were selected as substrate components, including:

e brewer’s spent grain (BSG)

e  wheat bran

e oatbran

e coffee waste
These materials were sourced from local food processing facilities, ensuring relevance to
regional circular bioeconomy strategies.
A mixture design approach (Design of Experiments, DOE) was applied using Statgraphics
Centurion software to systematically evaluate the effect of substrate composition on mycelial
growth. Four components were defined as independent variables, expressed as percentage of
total substrate mass, with the following constraints:

e wheat bran: 30-100%

e BSG: 0-70%
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e  oat bran: 0-20%

e coffee waste: 0-20%
An extreme vertices mixture design with linear model was employed to generate
experimental combinations, ensuring comprehensive coverage of the formulation space.
Each experimental condition was performed in triplicate to ensure statistical robustness.

2.4 Substrate preparation and physicochemical adjustment

Prior to substrate preparation, the moisture content of each raw material was determined
gravimetrically by oven drying at 105 °C until constant mass. Based on these values, substrate
formulations were adjusted to achieve consistent moisture levels across all experimental
conditions.

Substrates were prepared in 720 mL glass containers, with a total mass of 250 g per sample.
Calcium carbonate (CaCOs) was added at 2% (w/w) to stabilize pH and improve buffering
capacity during fungal growth.

To ensure adequate aeration, container lids were modified with a 9 mm opening filled with
sterile cotton plugs, allowing gas exchange while preventing contamination.

2.5 Sterilization and inoculation of substrates

Prepared substrates were sterilized by autoclaving at 121 °C for 3 h under 15 psi pressure.
Extended sterilization time was applied due to the high density and complex structure of
lignocellulosic materials, ensuring complete elimination of contaminating microorganisms.

After cooling, substrates were inoculated with actively growing P. ostreatus mycelium using
sterile tools. Agar plugs containing mycelium were transferred directly into the substrate
under aseptic conditions.

2.6 Incubation conditions and growth evaluation

Inoculated samples were incubated at 25 °C under controlled conditions. Mycelial growth
was monitored over a 22-day period.
The primary response variable was defined as:
e mycelial growth (cm) — measured as the vertical colonization distance within the
substrate
Complete colonization of the substrate (i.e., mycelium reaching the bottom of the container)
was used as an indicator of optimal substrate performance.

2.7 Statistical analysis and optimization

Experimental data were analyzed using Statgraphics Centurion software. A linear mixture
model was applied to evaluate the individual and interactive effects of substrate components
on mycelial growth.

Response surface methodology (RSM) was used to identify optimal substrate compositions.
Model adequacy was assessed based on statistical significance and goodness-of-fit
parameters.
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3. RESULTS AND DISCUSSION
3.1 Effect of Nitrogen Availability on Mycelial Growth Kinetics

The growth of Pleurotus ostreatus on potato dextrose agar (PDA) was significantly
influenced by nitrogen availability, affecting both radial expansion and colony morphology.
The growth curves (Figure 1) exhibited a typical sigmoidal pattern, with three distinct phases:
lag (Day 1-6), exponential (Day 6—13), and stationary phase (Day 15-22), consistent with
established fungal growth behavior (Alexopoulos et al., 1996; Carlile et al., 2001).

Nitrogen-supplemented media resulted in faster and more uniform mycelial expansion
compared to nitrogen-deficient controls. Colonies grown with ammonium sulfate reached
full plate colonization (~9 cm) by Day 15-18, whereas control samples showed delayed and
incomplete growth.

This effect is clearly illustrated in Figure 1, where nitrogen supplementation leads to steeper
growth kinetics and reduced variability between replicates. These results confirm that
nitrogen is a key limiting factor in early fungal development, as also reported for Pleurotus
ostreatus (Gao et al., 2013; Laursen, 2018).

From a biochemical perspective, ammonium ions (NHa") represent a readily assimilable
nitrogen source, supporting amino acid biosynthesis and hyphal extension through central
nitrogen metabolism pathways (Marzluf, 1997). Although final colony diameters were
similar, nitrogen supplementation significantly improved colonization rate and structural
uniformity, indicating its primary role in accelerating early growth.

Figure 1 clearly illustrates this effect, showing steeper growth curves and reduced
dispersion under nitrogen-enriched conditions.

Mycelial diameter [cm)

o 5 10 13 20
Time (days)

Figure 1. Growth kinetics of Pleurotus ostreatus on PDA with and without nitrogen
supplementation over 22 days.

3.2 Optimization of Agro-Industrial Waste Substrates

Substrate composition was identified as the primary determinant of mycelial growth and
colonization efficiency. A total of 39 substrate combinations were experimentally evaluated
as presented in Appendix A; however, Table 1 includes only the most representative and
high-performing formulations, selected for detailed analysis.
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As shown in Table 1, the highest mycelial growth of 10 cm was achieved in substrates
composed of 100% wheat bran, as well as in mixtures of wheat bran and brewery spent grain,
particularly at a ratio of 30:70. Similarly, balanced formulations containing both components
with minor additions of other substrates also resulted in complete colonization. These results
indicate a strong synergistic interaction between wheat bran and brewery spent grain. Wheat
bran provides readily available nutrients, while brewery spent grain contributes structural
lignocellulosic components and protein-rich residues that support fungal metabolism and
enzymatic activity (Mussatto et al., 2006; Aliyu & Bala, 2011). Such complementary effects
are consistent with previous studies highlighting the importance of substrate balance in
optimizing Pleurotus cultivation (Philippoussis et al., 2001; Elisashvili, 2012). In addition,
recent research confirms the suitability of brewery spent grain-based substrates for efficient
mycelial growth and biomass production (Deschamps et al., 2024; Miskiewicz et al., 2025).
In contrast, the inclusion of coffee waste resulted in a clear reduction in mycelial growth.
While lower concentrations were tolerated, higher proportions led to reduced colonization or
complete inhibition, as reflected in the experimental data presented in Table 1. This inhibitory
effect is attributed to the presence of compounds such as caffeine and phenolics, which can
interfere with fungal metabolism and enzymatic processes (Alsanad et al., 2020).

Oat bran exhibited an intermediate effect on mycelial development. Although its inclusion at
lower levels supported growth, certain combinations resulted in decreased colonization
efficiency. This suggests that excessive incorporation of oat bran may alter substrate
structure, aeration, or nutrient availability, thereby limiting hyphal expansion. Similar trends
have been reported in studies examining the influence of substrate composition on Pleurotus
ostreatus growth (Hoa et al., 2015; Soto-Cruz, 1999).

Overall, the results demonstrate that balanced substrate formulation, particularly the
combination of wheat bran and brewery spent grain, plays a critical role in maximizing
mycelial growth, whereas excessive inclusion of coffee waste or oat bran can negatively
affect colonization performance.

Table 1. Effect of agro-industrial substrate composition on mycelial growth of Pleurotus

ostreatus
Sample Wheat Brewery Oat bran | Coffee Growth
bran(%) spent (%) waste (cm)
grains (%) (%)

1 100 0.0 0 0 10

2 30 70 0 0 10

3 42.5 47.5 5 5 10

4 80 0 0 20 9.5

5 30 50 20 0 9.5

6 30 40 10 20 8

7 55 25 20 0 1.5

8 80 0 10 10 0

9 70 0 20 10 0
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3.3 Statistical optimization of substrate composition (Statgraphics analysis)

To evaluate interaction effects between substrate components, the experimental data
(Appendix 1) were analyzed using Statgraphics Centurion, generating 39 substrate
combinations and corresponding response surface contour plots. This analysis enabled
visualization of optimal and limiting growth regions and provided insight into component
interactions .

The contour plot in Figure 2 shows the interaction between wheat bran, brewery spent grain,
and coffee waste in the absence of oat bran. The highest predicted growth values
(approximately 9—-10 cm) occur in regions dominated by either wheat bran or brewery spent
grain, while intermediate combinations provide stable growth. Increasing the proportion of
coffee waste shifts the response toward lower values, indicating a composition-dependent
inhibitory effect. This observation is consistent with reported negative effects of spent coffee
grounds on Pleurotus ostreatus growth due to bioactive compounds such as caffeine and
phenolics (Alsanad et al., 2020).

Mycelial growth

‘Wheat bran

70 52.5 35 175 0

Brewery spent grain

Figure 2. Contour plot showing the effect of wheat bran, brewery spent grain, and coffee
waste on mycelial growth in the absence of oat bran.

The response surface in Figure 3, generated in the absence of coffee waste, shows that the
inclusion of oat bran modifies the growth response by introducing a broader region of reduced
colonization. Nevertheless, zones of high predicted growth are still observed, particularly in
formulations enriched with brewery spent grain. This indicates that oat bran does not act as
a strictly inhibitory component, but its effect depends on the overall substrate balance, in
agreement with previous studies emphasizing the importance of substrate composition in
Pleurotus cultivation (Hoa et al., 2015; Soto-Cruz, 1999).

Mycelial growth

70 525 35 17.5 0
Brewery spent grain
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Figure 3.Contour plot showing the effect of wheat bran, brewery spent grain, and oat bran on
mycelial growth in the absence of coffee waste.

In Figure 4, where brewery spent grain is excluded, the response surface shows a contraction
of optimal growth regions and an expansion of lower-growth zones. Although localized areas
of higher predicted growth remain, the system becomes less robust compared to formulations
containing brewery spent grain. This confirms the key role of brewery spent grain as a
nutrient-rich and structurally supportive component, widely recognized for its suitability in
mushroom cultivation (Mussatto et al., 2006; Aliyu & Bala, 2011).

Mycelial growth

- 0.0
- 10

335580588

‘Wheat bran

65~ 35

<. Coffee waste

a5 S\ 525

30 < = 70
70 525 35 175 o

Oat bran

Figure 4. Contour plot showing the effect of wheat bran, oat bran, and coffee waste on
mycelial growth in the absence of brewery spent grain.
Overall, the statistical modeling demonstrates that optimal mycelial growth of Pleurotus
ostreatus is achieved through balanced combinations of wheat bran and brewery spent grain,
while the inclusion of coffee waste and oat bran must be carefully controlled to avoid
reductions in colonization efficiency.

3.4. Morphological characteristics and practical implications

Morphological observations supported the quantitative growth results. Mycelia grown on
nutrient-rich substrates, particularly those containing wheat bran and brewery spent grain,
were denser, more compact, and exhibited well-developed hyphal networks. In contrast,
colonies grown under nitrogen-deficient or suboptimal substrate conditions appeared thinner
and less structured, indicating reduced metabolic activity.

These differences are consistent with the role of nutrient availability in regulating hyphal
development and biomass formation (Carlile et al., 2001; Hoa et al., 2015). Substrates
combining wheat bran and brewery spent grain likely provided a more balanced nutrient
composition, supporting efficient colonization and stable growth.

From a practical perspective, rapid and uniform colonization is essential in mushroom
cultivation, as it reduces contamination risk by limiting the available niche for competing
microorganisms (Pathmashini et al., 2008). Therefore, both nitrogen availability and
optimized substrate composition contribute to improved growth performance, process
stability, and scalability.

These findings further support the use of agro-industrial residues as sustainable substrates for
Pleurotus ostreatus cultivation, contributing to resource valorization within a circular
bioeconomy framework (Deschamps et al., 2024; Miskiewicz et al., 2025).
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4. CONCLUSION

Substrate composition significantly influenced mycelial growth of Pleurotus ostreatus.
Wheat bran and brewery spent grain showed a strong synergistic effect, enabling rapid and
complete colonization. In contrast, higher levels of coffee waste inhibited growth, while oat
bran showed moderate effects depending on concentration. Statistical modeling confirmed
that balanced formulations are essential for optimal performance. The results highlight the
potential of agro-industrial residues as sustainable substrates, supporting efficient mushroom
cultivation and contributing to circular bioeconomy approaches.

5. REFERENCES

Alexopoulos, C. J., Mims, C. W., Blackwell, M., (1996). Introductory Mycology (4th ed.).
John Wiley & Sons, 1-635.

Aliyu, S., Bala, M., (2011). Brewer’s spent grain: A review of its potentials and applications.
African Journal of Biotechnology, 10(3), 324-331.

Alsanad, M. A., Sassine, Y. N., El Sebaaly, Z., Fayssal, S. A., (2020). Spent coffee grounds
influence on Pleurotus ostreatus production, composition, fatty acid profile, and
lignocellulose biodegradation capacity. CyTA — Journal of Food, 18(1), 609-616.

Carlile, M. J., Watkinson, S. C., Gooday, G. W., (2001). The Fungi (2nd ed.). Academic
Press, 1-588.

Deschamps, J. L. N., Schulz, J. G., Riani, J. C., Bonatti-Chaves, M., Bonatti, M., Sieber, S.,
Lana, M., Wisbeck, E., (2024). Sustainable production of Pleurotus sajor-caju
mushrooms and biocomposites using brewer’s spent and agro-industrial residues.
Scientific Reports, 14, 26281.

Dre¢zek, J., Mozejko-Ciesielska, J., (2025). Production of B-Glucans by Pleurotus ostreatus:
Cultivation and Genetic Background. International Journal of Molecular Sciences, 26,
9703.

Elisashvili, V., Kachlishvili, E., Penninckx, M., Tsiklauri, N., Metreveli, E., Kharziani, T., &
Kvesitadze, G. (2008). Lignocellulose-degrading enzymes of white-rot basidiomycetes.
Bioresource Technology, 99(9), 4826—4840.

Gao, W., Guo, Y., Zhang, Y., Hao, J., & Liu, Y. (2013). Effects of nitrogen source on
mycelial growth and extracellular enzyme production of Pleurotus ostreatus.
Mycosphere, 4(2), 273-284.

Hoa, H. T., Wang, C. L., Wang, C. H., (2015). The effects of different substrates on the
growth, yield, and nutritional composition of two oyster mushrooms (Pleurotus ostreatus
and Pleurotus cystidiosus). Mycobiology, 43(4), 423—434.

Laursen, A., (2018). The Effect of Different Nitrogen Sources on Mycelial Growth of Oyster
Mushroom, Pleurotus ostreatus. Swedish University of Agricultural Sciences, 1-64.
Marzluf, G. A., (1997). Genetic regulation of nitrogen metabolism in the fungi. Microbiology

and Molecular Biology Reviews, 61(1), 17-32.

Miskiewicz, K., Gendaszewska, D., Sieczynska, K., Gutarowska, B., (2025). Agri-food
wastes as substrates for oyster mushroom (Pleurotus ostreatus) cultivation and their
agricultural potential. Scientific Reports, 15, 42617.

Mussatto, S. 1., Dragone, G., Roberto, I. C., (2006). Brewers’ spent grain: Generation,
characteristics and potential applications. Journal of Cereal Science, 43(1), 1-14.

Pathmashini, L., Arulnandhy, V., & Wijeratnam, R. S. W. (2008). Cultivation of oyster
mushroom (Pleurotus ostreatus) on sawdust. Ceylon Journal of Science (Biological
Sciences), 37(1), 49-55.

454



Philippoussis, A., Zervakis, G., & Diamantopoulou, P. (2001). Bioconversion of agricultural
lignocellulosic wastes through the cultivation of the edible mushrooms Agrocybe
aegerita, Volvariella volvacea and Pleurotus spp.World Journal of Microbiology and
Biotechnology, 17(2), 191-200.

Shashitha, K. N., Komal, Shlini, P., Singh, K. G., (2016). Vegetable Waste-A Potent
Substrate for Cultivation of P. Ostreatus. International Journal of Research Studies in
Biosciences, 4(6), 5-9.

Soto-Cruz, O., (1999). Effect of substrate composition on the mycelial growth of Pleurotus
ostreatus using oat straw, oat bran, and copra cake. Bioresource Technology, 1-5.

Wani, L. G., Lemi, L. D. M., (2026). Building Climate Resilient Food Systems Through
Oyster Mushroom Cultivation Using Organic Waste in Fragile Settings. American
Journal of Agriculture and Forestry, 14(2), 98-110.

Appendix A. Mycelial growth of Pleurotus ostreatus on different substrate formulations

Sample Wheat Brewe.:ry spent | Oat bran| Coffee |Growth (cm)—| Growth (cm) —
bran (%) grain (%) (%) waste (%) Day 7 Day 14

1 100.0 0.0 0.0 0.0 6.5 10.0
2 30.0 70.0 0.0 0.0 6.5 10.0
3 80.0 0.0 20.0 0.0 6.0 10.0
4 30.0 50.0 20.0 0.0 55 9.5
5 80.0 0.0 0.0 20.0 4.3 9.5
6 30.0 50.0 0.0 20.0 3.5 8.0
7 60.0 0.0 20.0 20.0 4.0 8.0
8 30.0 30.0 20.0 20.0 3.0 8.0
9 77.5 12.5 5.0 5.0 3.0 8.5
10 42.5 47.5 5.0 5.0 5.0 10.0
11 67.5 12.5 15.0 5.0 4.5 10.0
12 42.5 37.5 15.0 5.0 4.7 10.0
13 67.5 12.5 5.0 15.0 1.0 4.0
14 42.5 37.5 5.0 15.0 3.0 10.0
15 57.5 12.5 15.0 15.0 1.0 3.0
16 42.5 27.5 15.0 15.0 1.5 5.0
17 65.0 35.0 0.0 0.0 2.2 8.0
18 90.0 0.0 10.0 0.0 0.0 0.0
19 90.0 0.0 0.0 10.0 0.0 0.0
20 30.0 60.0 10.0 0.0 33 10.0
21 30.0 60.0 0.0 10.0 4.2 10.0
22 55.0 25.0 20.0 0.0 1.0 1.5
23 80.0 0.0 10.0 10.0 0.0 0.0
24 70.0 0.0 20.0 10.0 0.0 0.0
25 30.0 50.0 10.0 10.0 4.5 10.0
26 30.0 40.0 20.0 10.0 4.0 10.0
27 55.0 25.0 0.0 20.0 3.0 10.0
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Sample Wheat Brewe.ry spent | Oatbran| Coffee |Growth (cm)—| Growth (cm)—
bran (%) grain (%) (%) waste (%) Day 7 Day 14

28 70.0 0.0 10.0 20.0 0.0 0.0

29 30.0 40.0 10.0 20.0 3.0 8.0

30 45.0 15.0 20.0 20.0 0.0 0.0

31 30.0 60.0 10.0 0.0 0.0 0.0

32 30.0 60.0 0.0 10.0 2.5 8.0

33 80.0 0.0 10.0 10.0 1.5 9.0

34 30.0 50.0 10.0 10.0 7.0 10.0

35 50.0 20.0 20.0 10.0 53 10.0

36 50.0 20.0 10.0 20.0 4.5 10.0

37 100.0 0.0 0.0 0.0 2.5 8.0

38 30.0 70.0 0.0 0.0 7.0 10.0

39 80.0 0.0 20.0 0.0 - -
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MISSION AND PERSPECTIVE OF THE SCIENTIFIC COMMITTEE ON
THE TOPICS OF THE PROCEEDINGS

The Proceedings of the Second International Scientific-Agrobusiness Conference “AGRO
MAK 2026 are devoted to the theme “Local Resources and Global Challenges: Integrated
Approaches to Sustainable Rural Development in the Era of Climate Change”, providing a
rigorous, multidisciplinary examination of contemporary development trajectories within
agriculture and rural systems.

This volume underscores the critical necessity of aligning endogenous rural development
potentials with overarching global challenges, notably climate change, which constitutes a
primary determinant in the resilience and sustainability of rural livelihoods. The collection
comprises 29 scholarly contributions, including 8 invited papers and 21 peer-reviewed
submissions, reflecting a high standard of scientific inquiry and methodological diversity.

The contributions systematically explore integrated approaches that interconnect agriculture,
food systems, rural tourism, education, and advanced technological applications, with the
objective of strengthening the socio-economic sustainability and adaptive capacity of rural
communities. Particular emphasis is placed on the strategic valorization of local resources—
natural, economic, and socio-cultural—as foundational elements for the creation of
competitive and enduring development models.

Furthermore, the volume addresses mechanisms for responding to contemporary challenges
through innovation, digitalization, and cross-sectoral collaboration, demonstrating that the
convergence of multiple sectors—including organic and functional food production,
information and communication technologies, and rural tourism—represents a decisive
pathway toward sustainable rural development. In this context, education and scientific
research are pivotal in generating actionable knowledge, evidence-based solutions, and
policy frameworks tailored to emerging socio-environmental and economic realities.

The proceedings also highlight the indispensable role of coordinated engagement among
academia, industry, and policy-makers to optimize the utilization of local and regional
potentials. The Southeast European region, with particular attention to the Republic of North
Macedonia, possesses considerable resources capable of serving as a catalyst for inclusive
and resilient rural development.

By presenting empirically grounded analyses, comparative studies, and innovative
approaches, this volume contributes significantly to the advancement of scholarly discourse,
the dissemination of best practices, and the formulation of evidence-based policy
interventions. It serves as a substantial resource for researchers, practitioners, and decision-
makers engaged in shaping sustainable rural futures.

I wish to extend my deepest gratitude to all contributing authors, peer reviewers, and
conference organizers for their unwavering commitment to scientific excellence and for
enhancing the intellectual rigor of this publication.

Chairperson of the Scientific Committee

Prof. PhD. Sasa Stepanov
Agro-Mak 2026
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Appendix A: Authors - co-authors in alphabetical order
(ITpunor A: ABTOpH - KOAaBTOPH 1O a30y4eH pex)
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A R
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7. Velkovski Valentina 42. | Samet Aksu
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Appendix B: Authors — Participating Countries
(ITpusor b: ABTOpH — 3eMju YUECHUIKH)

No. Countri Number of authors
(P. Bp.) (3emja) (Bpoj Ha aBTOpH)
1. Serbia 10
2. North Macedonia 9
3. Russia 3
4. Ukraine 2
5. Canada 1
6. Croatia 1
7. Sweden |
8. BiH 1
9. Bulgaria 1
10. South Korea 1
11. Montenegro 1
12. Kosovo* 1
Totally (LlemocHo) 32
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