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AKAJIEMHMK 'OPI'M ®MJINITIOBCKHA
(ITo noBoa 100—rogumHuHATA 011 parameTo)

Baago Marescku, I'stnrop JopaHoBCKH

MakenoHcka akazieMHja Ha HAYKUTE U YMETHOCTHUTE,
Byn. Kpcre Mucupkos 6p. 2, 1000 Ckomnje, Penyonika Makenonuja

[IpercraByBa rosiemMa OAroBOPHOCT, HO, MPEX
c¢é, YecT Ja ce MOArOoTBaT M HAIHIIAT HEKOJKY
CTPaHHUIM TEKCT BO KOW Tpeba na ce omdaru eaHo
CTOJIETHE OJl JKUBOTOT W paOOTHHOT BEK Ha
akagemuk [ opru @ummmoscku. Ipex cé mopagu Toa
IITO Haj3HAYajHUTE AaKTHBHOCTH O] CEBKYITHATa
HACTaBHO-HAyYyHa M OININTECTBEHAa JIGJHOCT Ha
akagemMuk 1 opfu (HIMIOBCKH Ce CiydyBaie BO
€/lecH MHOTY 3HadaeH MepuoJ 32 Hallata 3emMja —
CBEJOYAT 3a TIOYCTOIMTE Ha (OPMHUPAHETO Ha
HEJ3UHHUTE TPBH BHCOKOOOPA30BHU WHCTUTYIMU
CKOIICKMOT YHUBEP3HUTET, 3€MjOJICIICKO-TITyMapCKH-

oT Qakynter, MakeqoHCKaTa aKajeMHja Ha HAYKUTE
Y YMETHOCTHUTE, U TpaaT ce 0 JIeHeC.

Axagemuk 'opfu DUIHIIOBCKH € POJCH BO C.
Coposuy, Jlepuncko, Ha 6 maj 1919 roguna. Poau-
TeJIUTEe My c€ o MoTekso o buroma, kage mrTo ro
3aBpIIWI THMHA3UCKOTO 00pa3zoBanue. Ctymupan Ha
3emjoencko-myMapckuot (akynrer Bo benrpan u
Bo Codwuja, Kaje IITO M IUIUIOMUPAT BO 1942
rojdHa €O Hajaobap ycrex BO TIeHepaldjata u
nopanu Toa 6ua u3bpaH 3a acucteHT. Bo 1944 ro-
JIMHa ce Bpaka BO buTona m Hackopo 3aMHHYyBa BO
MapTU3aHM.



6 Buago Marescku, I'nurop JoBanoBcku

Bo HempeknHaTHOT pabOTEH BEK Ha aKaJeMHK
lopfu PUINIIOBCKH KAaKO [a OHIO MPEeIOIpeIcHO
TOj TIOCTOjaHO Ja CE€ COOYyBa CO MPEIU3BHKOT Ha
€/IeH TPaJnuTell — MOCTOjaHO HEIITO Jla BTEMENyBa,
Ja Tpaaim W Jga OOHOByBa. 3a TOa, CEKako,
IIPUIOHENa HEeropaTa CIIOCOOHOCT M ITOJTOTBEHOCT
na ce 3aaTh co TakBUTE MPEIU3BUIHM BO MOYETO-
LIUTEe Ha OPraHM3UPAETO Ha HacTaBHO-HAay4yHATa
JIEJHOCT Ha 3eMjO/IeTICKO-IITyMapCKUOT (PaKyITeT BO
Ckorje, HO W HWCTOBPEMEHO W HEroBaTa Trojema
cMHcia U Japba 3a aHANUTHYKH, CHCTEMaTCKH, 00-
JEKTUBEH, MHOTY pallOHaJeH U IparMaTHYeH MpH-
CTam KOH pa3pelryBameTo Ha CeKoj o1 HUB. Toa Om
MOKEJIO J]a €€ TMOTKPENH CO CIIEAHOBO:

— Bo nmexemBpu 1944 romuna, Ha TOBUK O
ACHOM, pnoara BO 3eMjOIEICKHOT HCIUTATENCH
uHctutyT Bo Ckomje, kanue mto ro ¢opmupa Ilemo-
JIOUIKO-arpoXeMHUCKOTO OJICJICHUE, CO KOE PaKoBO-
I 1B TOJMHU.

— Bo 1947 roguna, o1 MaTn4HaTa KOMHUCH]a €
n30paH Kako HajMJjiaJ HACTaBHHK (Ha 28-roiuiiHa
BO3pacT) BO NpBUOT HacTaBHMYKM COBET Ha IUTO-
TyKy (OpMHpaHHOT 3eMjoJleNcKo-TyMapcku (ha-
kynreT Bo Ckorje, Kaae MTo CO TOJIeM eHTYy3Hja3aM
Ce aHraKUpa BO OPraHU3UPA-ETO HAa HACTaBHATA U
HayyHaTa paborta Ha Pakynreror. Bo 1949 ronuna
ja ocHoBa u opranusupa Kareapara 3a nemosoruja u
arpoxeMuja Ha UCTHOT (aKyJITeT U CO Hea PaKOBOAU
MOBEKe JCLEHUH, BO TOj MEPHOA Toa Oelle exHa o
Haj100p0o OpraHU3UPaHUTE U OMPEMEHHU KaTeApH CO
MOJIepHH  Jlaboparopud W OoraTu  30HMpKH.
AKaJIEMUK fopr dwmrnoscku Oeme eneH o
npBute Tpojua aekanu Ha Pakynreror (Ha 37-ro-
JWITHA BO3pAcT) W c€ N0 TeH3uoHupamero (1987)
BaKellle 3a €AEH OJf HajOMWICHUTE Npodecopu Ha
3emjoaerncko-myMmapckuot (akyarer (ox 1975 ro-
IHA, 3eMjOoeNCKH (aKynTeT), YUM HpeAaBama Co
rojxeMo uHTepecupame Oea cnenenu ox 40 rene-
paluy CTyICHTH.

— 3a pexTop Ha YHuBep3ureToT ,,Kupuia u
Mertoauj* e nzbpan ecenra 1963 roguna, mo ckom-
CKHOT 3eMjoTpec, MPH IITO 332 KPaTKO BpeMe ycrieBa
Jla cO3/1aJie YCJIOBH 3a MMOYHYBamhe HA HAacTaBaTa Ha
YHHBEP3UTETOT, OOHOBYBamk€ MM MONpaBKa Ha OLI-
TeTeHuTe (aKyJITeTH M CTYIEHTCKH JomoBU. HMcro-
BPEMEHO, TOj OpraHu3upa o0eMHa IMOMOII U OIpeMa
Ol CTpaHCTBO, a rojeM Opoj acucTeHTH Oea uc-
MpaTeHH Ha MOCTIUIDIOMCKH U JIOKTOPCKH CTYIHU
BO CTPaHCTBO.

— Ilpu ocnoBamero Ha MAHY (1967) aka-
IEMUK fopr’n dununoscku Oemie n3dpan ox Ma-
TUYHATa KOMHCHja BO IMPBHOT COCTaB, AO/EKa BO
npBoTo IIpercenarencrso na MAHY Geme u3bpan
3a Hay4eH CEKpeTap BO Tpacwme Ol 8 roauHu, Ie-
pHOJ HCIONHET €O TOJEMO AaHTAXKHUPAkE OKOIy

opranusupamero Ha MAHY u mounyBameTro Ha
Hej3uHaTa nejHocT. [locebHO Tpeba ma ce mcTakHe
pakoBoaemeTo co OmdopoT 3a m3rpamba Ha HOBATa
srpanma Ha MAHY. Ilotoa 12 romuuu Oemie mOT-
npetrcenaren Ha MAHY.

— Axamemuk lopfu DUINIIOBCKH mIperT-
CTaByBa CTOKEP, OCHOBOIIOJIOKHUK HAa COBPEMEHHTE
MENONIONIKM HCTpaKyBamkba Ha TEpUTOpHjaTa Ha
PenyOnnka Makenonmnja.  YmTe o0on  caMuTe
MOYEeTOlM Ha CBOjaTa HAayYHOUCTpaKyBauka [ej-
HOCT, aKageMuk | opfu OUIMMOBCKH HaHe HA LIH-
POKO M PEYHCH HEHCTPaXEHO II0JIe BO 00jacTa Ha
MPOyJyBamETO Ha MOYBHTE BO PemyOnmka Makemo-
HUja ¥ CO CBOUTE HCTPaXKyBamba JTA00KO MPOHHUKHA
BO pa3jaCHyBame Ha HAj3HAYAJHUTE C€JIEMCHTH Ha
THE CJI0)KEHU CUCTEMHU.

— Bemnam mo ¢popmupameto Ha Katenpara 3a
MeAO0JOTHja H arpoHOMHja TIpH  3eMjOIeIICKO-
nrymapcknoT dakyirer Bo Ckomje, akagemuk I opru
OUIUIOBCKU CEe BKJIYYH BO €JCH OJ HajTOJIEMUTE
npoekTH Bo Penybimka Makenonuja, ,,Mennopanun
— oxBomHyBame Ha 65 000 ha u HaBomHyBame Ha
100 000 ha*, Bo unu paMKu ce BPIICHH MEI0IOIIKH
HCTpa)XyBama BO MOBEKe KOTIMHH BO MakeaoHHja.
[Ipuroa, mpB mar Bo MaxkenoHuja ce qOOMEHH
JIETaJlHH HAyYHH W CTPYYHH CO3HAHHja 3a MOYBUTE
KoM Oea JHMPEKTHO KOPHUCTEHH BO TOJIEMHUTE
notdaTH — OJBOJAHYBAKE U M3TrPai0a Ha CUCTEMH 32
HaBOJHYBambe€ M INOAWIHYBamkE IECeTULH WIjaan
XEKTapH J103ja ¥ OBOILITAPHULIU.

— AxaJeMuk fopfn Ddununoscku co3znane
IIKOJa 3a TEJOJIOMIKH HCTPaXkyBamba, OCIOCOo0Y-
BajKkM HOBM KaJpd KOM TU MPOJOIDKYBaaT MeNo-
JIONIKUTE MCTPaXXyBara, U Taa JIOJTH TOJUHH Oere
TJIaBeH LIEHTAp Ha arpolieiofiorijaTa Bo MOpaHelIHa
JyrocnaBuja. Kako pesynrat Ha Toa, MOArOTBEHA €
[legonomxka kapra Ha Pemy6mmuka Makenonmja (1:
50 000), koja € HICKOPUCTEHA IPU COCTABYBAHETO HA
negoromkara kapra Ha EBpoma ox ctpana Ha ®AO
u YHECKO.

— Hemocroemero equHCTBEHA CBETCKa KIIacH-
dUKaIMja HA HOYBM IO HAacOUyBa aKajeMHK I opiu
OUIUIIOBCKM KOH pa3BUBAalk¢ HOBHU HAECHU KOM Ce
peanu3upaHd BO MPOEKTOT ,,MoHorpaduja Ha Moy-
BuTe BO Jyrocmasuwja“. IloceOHO MmecTo 3a3zemaar
HETOBHUTE MCTPAXyBama IITO CE OJHeCyBaar Ha yc-
noBuTe 3a oOpasyBame, I'eHe3a, Kiacupukanuja u
CBOjCTBaTa Ha COJICHUTE TMOYBH, O0JIACT O] KOja MMa
o0jaBeHO morosieM Opoj HAy4YHU TPYIOBH, a OA Taa
o0JlacT € W HEroBOTO IPHCTAITHO TpENaBame BO
MAHY, ,.Xanomopduure nousu Ha CP Maxenonu-
ja“. Akagemuk "opfu OHIMIIOBCKH Ce CMeTa 3a elIeH
Ol HajHoOpHUTE IMO3HABaYM HA OBaa MPOOJIEMATHKA,

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 40 (1), 5-16 (2019)



Axagemuk I'opru ®umimosckn (ITo moox 100-roaumHIHATa 0 parameTo) 7

YUUINTO TPYAOBH CE MHOTY LHMTHPaHW BO HAay4YHU
CTKCaHuja BO 3eMjaBa U BO CTPAHCTBO.

— HeroBara mocBeTeHOCT Ha MpoOIEMHTE
MOBP3aHU CO EKOJIOUIKAaTa M arpoeKoJIONIKaTa pe-
oHm3anuja Ha PemyOnmka MakenoHuja, Bp3 OCHOBa
Ha Mef'yceOHMUTE OJHOCH M BIIMjaHUETO Ha perjedor,
KIIUMaTa, Bereralujata W MOYBHTE, Pe3yITHpa CO
3aeJHAYKaTa KoaBTOpcka MoHorpaduja ,.Kapak-
TEPUCTUKM Ha KIMMATCKO-BEr€TALlUCKO ITOYBEHHTE
pernonn Bo PemyOnuka Makenonunja“ (1996). Osa
KaIMTaJIHO JIEJI0 CO MCKITyYHTENIHA BPEIHOCT JCHEC
ce cMeTa 3a €IHO OJ HAjIUTHPAHUTE TPYIOBH O
Makenondja BO TOCIEAHUTE 15-MHA TOAMHU Of

CTpaHa Ha ToJeM Opoj TeH0NI03U, IIyMapH,
OoTaHMYAPH, 300J103H, Teorpadu U APYyTH.
Axanmemuk l'opru  @unumoBcku, o00jaBUI

okoiy 90 Hay4ynu Tpynosu (Hag 30 % BO CTPaHCTBO
Y BO mopanemniHa Jyrocnasuja), 14 mororpadun (11
Bo MakenoHckara akaJemMMja Ha HAyKATE U
yMeTHOCTHTE U 3 Ha 3eMjoJIeNICKHOT (aKyIaTeT BO
Ckomje). Emna op ommupHuTe MOHOTpaduu
(,,3emsbuinta Jyrocnasuje, 600 ctp.) e mpeBeneHa
Ha aHTJINCKH ja3UK W C€ KOPUCTH BO MHOTY 3€MjH.
HeroBo kamutanHo neno mpeTcraByBa MOHO-
rpadpwujara ,,IlouBute Ha Makenonuja“ Bo 6 TOMa.
Toa e KanuTagHO AEN0 CO HENpOIECHIINBO 3HAUCHE U
MpETCTaByBa TpajHa BPEAHOCT, BO KOE BP3 COBpEMEHa
Hay4YHa OCHOBa ce ondareHH u 00paboTeHH cure
CO3HaHMja O]l IOCETAIIHUTE NCTPa)KyBamba Ha ITOYBUTE
Bo PemyOmuka Maxkenonmnja.  Jlemoro  ,,Kia-
cuduKaipjaTa Ha TMOYBHTE BO Jyrociasuja“ monro
BpeMe Oellie KOPUCTEHO KaKO €IUHCTBEHO O] TOj BHJT
BO IOpaHelHa Jyrociasuja.

AKaneMuk fopr OUINNOBCKU OCTBapUI
MHOTY Oorara MefyHapogHa aKTHBHOCT W copa-
0oTKa:

— y4ecTBYBaJI Ha ToyieM Opoj HAydyHH COOUpH
Ha CHTE KOHTHHEHTH co pedeparu, o1 KOW rojem
Opoj OuIie BOBEIHH;

— Oun BusuTHHT-TIpodecop Bo Kanudopuuja,
CA/ (1 ronuna);

— TIOBeKe TOAWHHM Jp)Kell TIpeaaBarba Ha
MOCTAMIUIOMCKH CTYJHHM HA YHUBEP3UTETUTE BO
Bbenrpan, bapu (MUranuja) u va Kput (I'pumja), kaze
mTo Oua u30paH 3a mpodecop Ha MeryHapoICcH
KOHKYPC;

— HocuTen e Ha THTynata Doctor honoris
causa, mojaenieHa Ha YHUBep3uTeTOoT BO bpandopn,
AHrnyja;

— HazaBopeuieH wiedH ¢ Ha AHY Ha bocHa u
XepueroBrHa;

— YJIeH € Ha TOBEKe MeIryHapOIHU acolld-
januu;

— KaKo eKCIIePT MPEecTojyBall IOBEKE Meceln
B0 Eruner Bo Bpcka co KOPUCTEHETO HA BOJMTE OJ1
Acyanckara OpaHa 3a MENIHOPHUpame Ha COJCHHUTE
MIOYBH BO JleNiTaTa Ha pekara Hu,

— uneH e Ha Kommcujata Ha ®AO 3a m3pa-
00TKa Ha MeoNIoIIKa KapTa Ha EBpona;

— Kaj Hero MpecTojyBaje Ha YCOBPIIYBame
JOKTOpM Ha HAayKH W MarucTpd Ha HAyKH OJ
CTpPaHCTBO.

Toj e BHCTMHCKM TONUTIOT KOj 300pyBa 8
Jja3uIM, OJT KOM 3 CBETCKH U 5 OaJIKaHCKH.

Axagemuk ['opfu DHIMIOBCKH ¢ HOCHTEN Ha
rojeM Opoj OpAeHH U ONIMKYBambha:

— 6 opmeHM oX mopaHemHa JyrocnaBuja, of
kon HajBucok ¢ OppeHor Ha PemyOnmkara co
cpeOpeH BeHell;

— Opaen 3a 3aciayru 3a Makeionuja, 1oJieJieH
on nmperceaarenoT Ha Penybnuka Makenonuja;

— HOCHTEN € Ha 7 IJIaKeTH Off CTPAHCKHU aKa-
JIEMHU ¥ CTPAHCKH HAYYHU JIPYIITBA.

Axanemux [opfu (DHIMMOBCKM GHI MHOTY
aHT2KHPAH BO Pa3JIMYHH HAYYHH JPYHITBA W
APKABHU OPraHU KaKo:

— mpercenaren Ha PemyOaMmukuOT COBET 3a
Hay4Ha paboTa;

— mpercenaren Ha PemyOIMYKHOT COBET 3a
3allITUTA HA )KUBOTHATA CPE/IMHA,

— npetcenaren Ha On00poT 3a Harpajara ,,13
HoemBpu®™ u unen Ha Onbopor 3a Harpagute ,,11
OxktomBpu“ u ,,ABHOJ*;

— mpercenaTen Ha JyrocioBeHCKOTO APYIITBO
3a IPOYYyBamke Ha MOYBHTE;

— 4YJEeH Ha PENAKIUCKU OJ00pH Ha TOBEKe
CIIUCaHuja.

ITo moBox 80-rogumiHuOT jyOwie] Ha aka-
nemuk Topfu (DHMIIMIOBCKH, HErOBHUTE OIHCKH CO-
pabotHum — mpod. a-p Jocud Mutpukecku wu
akagemuk Pucro Jlozanoecku (2000), ke ro 3abe-
JIeKAT CIICAHOBO: ,,braroapeHre Ha HErOBUOT Kpe-
aTHUBEH JOyX, TBOPEUYKUTE CIHOCOOHOCTH, aHalu-
THYKHOT TPUOJ M KPUTUYHOCT BO HAYYHOUCTPA-
’KyBadkara paboTa, KO He ce HaMaJIeHH HU JI0 OBOj
80-romuiiieH jyousej, UCKPEHO ce HajaeBaMme JeKa
TaKBHM K€ OCTaHAT W IOHATaMy, a MMOCTHUTHATHTE pe-
3yJITaTH Of CEKOE TeMAaTCKO Mojpayje ke uMaaT He-
OJIMUHJINBA BPETHOCT"".

Jenec, o0enexyBajku ro 0BOj rojieM jyousiej
HA aKageMuk 1opru (DHIHIOBCKH, CO TOJIEMO
3aJI0BOJICTBO M PAJIOCT MOXKEME Jia KakeMe JIeKa THe
HaJie)kM Ha HErOBHTE COPaOOTHHLM CE€ HAroJIHO
OCTBApEHH, a CETO Toa aKajeMHK | opfu MHIMIOB-
CKU TO MOTBpAM MOMery JBara jyouseja, BO U3MH-
HatuoT 20-roxuiieH mepuoa. Bo oBoj mepuon Toj
MMOATOTBH M 00jaBU yIITe TpU TOMa OJ MOHO-

Ipunosu, O00. tipup. maill. 6uotiiex. nayku, MAHY, 40 (1), 5-16 (2019)



8 Buago Marescku, I'nurop JoBanoBcku

rpadwujarta ,JlouBute Ha MakenoHuja“, ABE MOHO-
rpaduu 3a nerpajandja u Kiacudukaiuja Ha Mod-
BUTE, KAaKO M €JJHa OMNILIUpPHA CTY/AHja 3a MOYBUTE BO
PerryOnmka Makenonmja oOpa3yBaHH IO PacTh-
TEJHU 3a€JHHULM IPOydyBaHU of axkageMuk Kupun
MpuueBcky, eIeH TPy IOCBETEH Ha HalllaTa HayKa 1
Hay4YHUTEe pabOTHUIM, KaKo M €JeH KOaBTOPCKU
Tpya (3aeqHO co Mapjan AHAPECBCKHU) 32 YCIOBUTE
3a  oOpa3dyBame  Ha, TeHe3a, EBOIyLHja,
KkinacupuKanija W HEKOW CBOJCTBA HA TOYBUTE
o0pa3yBaHM Bp3 THIICEH CTE€HH BO PemyOmmka
MaxkenoHuja.

1999 — tom IV: ,TlouBute Ha PemyOnuka
Maxkenonrja — xuzmpomopdHu mouBn™, 548 cTp.
(MAHY, Ckorje)

2001 — Tom V: ,IlouBute BO PenyOnuka Ma-
KenoHuja — xanomopduu mousu‘, 435 crp. (MAHY,
Ckomje)

2004 — Tom VI. ,IlouBute BO PemyOmmka
MakenoHdja — aHTPOIOTEHH MOYBH (aHTPOIIOCO-
m)“, 253 ctp. (MAHY, Ckomje)

2003 — ,,[lerpamamyja Ha TOYBUTE KAKO KOM-
MOHEHTH Ha JKMBOTHAaTa cpelauHa Bo PemyOimka
Maxkenonuja“, 348 ctp. (MAHY, Ckomje)

2006 HKimacudurkanmja Ha TIOUYBHMTE Ha
Peny6mmka Makenonuja®, 341 ctp. (MAHY, Cxkomje)

2007 — ,,ITouBute Ha PenyOnnka Makenonuja
00pa3yBaHM MO PACTUTEIHU 3a€AHULN NPOYUYBaHU
on Kupun Munescku®, 35 ctp. (MAHY, Cxkorje).

2016 — VYcioBu 3a oOpa3yBame, TI'€HE3a,
€BONyNHja, KiacupUKalyja U HEKOM CBOjCTBA Ha
nmouBuTe 00pasyBaHW Bp3 THUIICEHH CTEHH BO
Peny6muka Makenonwuja, [Tpuno3u, MAHY, Oxn. 3a
[IpupoaHo-MaTeMHATHYKH M OMOTEXHUYKH HAYKH,
37 (2):69-78 (co Mapjan AHIpEEeBCKN).

2016 — Ilemosomiku kKapTu Ha PemyOmuka
Maxkenonuja, Ilpumosu, MAHY, Opnenenue 3a
[IpuponHo-MaTeMaTHYKy ¥ OMOTEXHUYKU HAYKH, 37

(2):55-68.
2017 — 3a wnamara Hayka u Hay4yHH
pabotaumm, I[lpuno3zn, MAHY, Onnenenue 3a

Menaunuacku Haykw, 38 (1):9-14.

Co Toa e 3aoKkpykeHa 6-ToMHaTa MOHOTpa-
¢wuja ,IlouBure Ha PenyOnuka MakenoHuja®, Koja
npercTaByBa O0O€MEH KalWTaJlleH TPYA CO TpajHa
BPEITHOCT, BO KOja BP3 COBpEMEHA Hay4Ha OCHOBA Ce
orndaTteHn W 0OpabOTEHHW pEYHCH CHTE HAYYIHU
CO3HaHMja 3a MOYBHUTE O]l TepUTOpHjaTa Ha Pemy0-
nMka MakesoHMja U THE c€ TOJPENCHU CIIopen
KTaCH(UKAIIMOHMOT CHCTEM Ha aKajAeMHK 1 opru
OUINIIOBCKH, KOMNATHOWJIEH cO Kiacu(uKaIu-
OHHUOT CHCTEM Ha MOYBUTE O] 3aIaTHUTE 3EMjH.

ITokpaj HaBeneHnTe MOHOTPAdCKH Aeia, Kako
moceOHO 3HAYacH HaydeH NPUAOHEC Ha aKaJIeMHUK

lopfu DMINIOBCKM BO M3MHHATHOT TEPUOJ Tpeba
Ja ce Harjgacd (GUHAIM3UPAKETO HAa IPOEKTOT
"Tlenonomka kapra Ha Pemybnuka Makenonuja".
OBa KamuTalHO [JeJI0 € pe3ylaraT Ha eAeH
JOATOTOUILECH HUCTPAKYyBaYKU MPOEKT KOj Tpaerie
ckopo 70 rommuu (om 1947 mo 2015 rommna), Koj
Geme  pakoBOZCH ~ ox  Akamemuk  lopfu
Oununoscku. Toj, 3aegHO co pabOTHHOT TUM OX
HeroBu copaboTHuiM (I-p M. Angpeescku, 1-p K.
Bacunescku, n1-p 1. Munescku, a-p M. MapkoBckH,
1p T. MurkoBa, a-p J. Mwurpukecku, a-p /.
MyxkaetoB u a-p . [lerkosckn) 3a 10 moapauja on
Pemry6nmka Makenonuja nzpabotrja 63 meI0I0mIKH
KapTH BO MeYaTeHa W AUTHTaiIHa dopMma (o1 kKou 62
kaptu Bo pa3mep 1:50 000 3a onenHuTe MHICTOBH HA
Tonorpad)ckuTe KapTH M €IHAa KapTa BO pasMmep
1:200 000, 3a memata TepuTopHja Ha PemyOmmka
Maxkenonuja). 3a  cekoe  Moapadje  MOKpaj
MefoNIoNKaTa KapTa, HalnWilaHa € W CTyAWja 3a
MOYBHUTE, KAaKO M CTyOWja 3a IOYBUTE 3a Iejara
teputoprja Ha PenyOmuka Makenonuja. 3a cure
MIEIOJIONIKY KapTH € COCTaBeHa 3aeJHUYKA JIereH1a
co 63 kaprorpadcku equanny. OMUIIaHA CE CUTE
KOPUCTEHU KIIacu(UKau, W3BpILICHA e
JQUruTann3aladja Ha CHTE KapTH W Ha Oa3ara Ha
MOJATOIM 32 TIOYBHUTE CBOjCTBA. 3aBPIIHUTE
pabotu Ha mpoekToT ce ¢uHancupanu on FAO.
IloctaBena e BeO CcTpaHHMIATa HAa HHTEPHET
(www.maksoil.ukim.mk).

Bo paMKuTe Ha OBOj IPOEKT akageMuk I opfu
OUMUMoOBCKM  ce  jaByBa Kako aBTOp  Ha
ToMKOBHUKOT M TOuYBEeHaTa KapTa Ha PemyOnmka
Maxkenonuja Ha Tomorpadcka ocHoa 1:200 000
(ucrouno on ['puHHMY), KOj MpeTCTaByBa CKpaTcHA
Bep3Wja Ha MoHOrpadujaTta 3a T[OYBUTE Ha
Peny6nuka MakenoHuja, IOTOJIHETa CO PE3yiaTaTu
0]l UCTpaxKyBamaTa 3a mu3paboTKa Ha I[OBEKe
JIOKTOpaTH U MarkucTepCKy TPYJOBHU, OAOPAaHETH TO
o0jaByBame Ha MoHoTpadwujara. [lokpaj ynorara Ha
TONIKOBHHK TEKCTOT JaBa T[OKpPaToK U  II0-
yIoTpeOaMB TIperjiel Ha CUTE pe3ylnTaTd ol
UCTpaXyBamaTa Ha IOYBHTE Ha TEpUTOpHjaTa Ha
PenyOmuka Makenonunja Bo nepuogor 1947-2013
roguna. OcBeH Toa, AKaJgeMUK fopfn dunnoscku
€ aBTOp Ha MOuYBEHAaTa KapTa M TOJKOBHHKOT Ha
MOYBUTE Ha TOjpadjaTa omndareHH cO JIMCTOBUTE
Itun 2 u 4, beposo 1, 2, 3 u 4 u nen ox Paszsor 3
Ha Tonorpadckute kaptu Bo pasmep 1:50 000.

2015 — I'. ®uwmmoscku:  Ilousnte Ha
PenyOnuka Makenonuja Ha Tomorpadcka OCHOBa
1:200 000 (ucrouno on ['puHNY) (TOJIKOBHUK),
YKUM, 3emjonencku MuacturyT Cromje, 251 crp.

2015 — I'. ®dmwmmnoscku: [lousuTe Ha mMOIpad-
jero ondareno co auctopure lllTimn 2 u 4, beporo
1,2,3 u 4 u nmen on Pazmor 3 Ha Tomorpadckute
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kaptd Bo pasmep 1:50 000 (ronkoBHuk), YKUM,
3emjonencku Uuacturyt Cromje, 120 cTp.
Pa30upnmBo € neka o1 eleH BaKOB KyC IpH-
Ka3 He OM MOXKeJo Ja ce AoOWe MOMIMpOKa M Io-
[IEJIOCHA TIPETCTaBa 3a TOJIEMOTO JIEN0 Ha aKaIeMHUK
Topfu (DHINIOBCKH, KAKO BO OZHOC HA HETOBHOT
Hayd4eH OITyC, TaKa U OKOJTy HETOBaTa aHT &) KMPAHOCT
BO (opmMHpameTo Ha HACTaBHO-HAyYHHTE WH-
CTUTYLIMH, HAyYHUTEe M CTpy4YHHTE Kajapu. Toa 3a
e/lHa BakKBa MMPHUrofa He Oelle HU BO3MOXKHO, Mery-
TOa, 32 Cpeka, MocTojar rojaeM Opoj MUIIAHH JOKY-
MEHTH, MHOTY Oorara Omorpadmuja, kako U obOeMHa
oubnHorpaduja Ha akageMuk I'opru DHIHIOBCKH,

KOM IO JOKYMEHTHPAAT LEJIOKYIHHOT HETOB IpH-
JIOHEC BO M3MUHATHOT HEPHO/I.

YecTuTajku My TO YIITE€ €IHAII TOJIEMHOT
jyomnej Ha akagemuk I'opfu (DHUIMIIOBCKH, 1 My
rmocakame, mpeq ce, T00po 3[paBje W YIITe MHOTY
TOIMHM HEroBaTa TBOPEUYKa EHEeprija 1 MoHaTaMy Ja
ja HacouyBa KOH HOBU HU3JlaHWja O] o0JiacTa Ha
nenonorujara. Kako u mocera, mocakyBame ceKora
Ja ce cpekaBaMe M Ja HE Pa3BecelyBa CO CBOUTE
IYXOBUTH JIOCETKH W QaHETJOTH, BO CaMO HEMY
CBOJCTBEH CTHJ, CO HETOBHOT BpPOJCH IIapM,
JYXOBHTOCT Y MIIQJICIIKH JIyX.

ACADEMICIAN GJORGJI FILIPOVSKI
(On the occasion of his 100" birthday)

Vlado Matevski, Gligor Jovanovski

Macedonian Academy of Sciences and Arts
Bul. Krste Misirkov 2, 1000 Skopje, Republic of Macedonia

It is both a great responsibility and, above all,
an honour to prepare and write a few pages of text
intended to encompass a whole century of the life
and accomplishments of Academician Gjorgji Fil-
ipovski. This is so, first of all, because the most im-
portant activities of the whole corpus of the teach-
ing, scientific and public undertakings of Academi-
cian Gjorgji Filipovski have taken place in a very
important period for our country and witness the
beginnings of the formation of its first institutions of
higher education — the University of Skopje, the
Faculty of Agriculture and Forestry, and the Mace-
donian Academy of Sciences and Arts.

Academician Gjorgji Filipovski was born in
the village of Sorovich near Lerin on 6" May 1919.
His parents were from Bitola and this is where he
completed his high-school education. He studied at
the agriculture and forestry faculties first in Bel-
grade and then in Sofia. In the latter he graduated in
1942 with the highest grades among the students of
his generation and where, correspondingly, he was
elected to the position of teaching assistant. In 1944
he returned to Bitola, and soon after he joined the
partisan armed forces.

It would appear that the whole uninterrupted
working life of Academician Gjorgji Filipovski was
predetermined for him to continuously face the chal-
lenge of a constructor — to lay foundations, build and
restore. There is no doubt that an important contri-
bution to all his undertakings has been his ability

and readiness to face the challenge to organize the
educational and scientific activity at the Faculty of
Agriculture and Forestry, but also his overwhelming
gift for an analytic, systematic, objective and very
rational and pragmatic approach to the solution of
any of them. This could be supported, among others,
by what follows.

In December 1944, being summoned by AS-
NOM (the provisional parliament of Macedonia), he
came to the Institute for Agricultural Studies in
Skopje where he established the Pedological and
Agrochemical Division which was headed by him
for two years.

In 1947 he was elected, as the youngest (28
years old) member to the first Educational Council
of the newly formed Faculty of Agriculture and For-
estry where, with great enthusiasm he engaged him-
self in the organization of the educational and scien-
tific activities of the Faculty. In 1949 he established
and organized the Department of Pedology and Ag-
rochemistry, being its chairperson for several dec-
ades, a period during which this department was one
of the best organized and equipped units with mod-
ern laboratories and abundant collections. Academi-
cian Filipovski was (at the age of 37) among the first
deans of the Faculty of Agriculture and Forestry.

He retired in 1987, and in the whole period of
his teaching engagement he was one of the most
admired, respected and beloved professors, his lec-
tures being followed by 40 generations of students.
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As the Rector of the Cyril and Methodius
University of Skopje (elected to the post in the au-
tumn of 1963, after the earthquake that struck Skop-
je) he succeeded in creating conditions for restarting
the educational activity at the university and for re-
storing the damaged university buildings and stu-
dent dormitories. During his Rector’s years he orga-
nized remarkable aid and equipment donations from
abroad, and provided a significant number of teach-
ing assistants with grants for postgraduate or post-
doctoral studies abroad.

When in 1967 the Macedonian Academy of
Sciences and Arts (MASA) was founded, he was
elected as one of its first members, and in its first
Presidency he took the position of Scientific Secre-
tary, a post he kept for eight years, years full of en-
gagements in the organization of MASA and the
commencement of its activities; particularly im-
portant being his chairmanship of the Committee for
building the new MASA building. Later on, for
twelve years he was Vice-president of MASA.

Academician Gjorgji Filipovski is the founder
of the modern pedological studies in the Republic of
Macedonia and the leading person in this field.

Since the very beginnings of his scientific
work, Academician Gjorgji Filipovski found a vast
and practically unexplored area in the investigation
of the soils of the Republic of Macedonia, and with
his studies he gained deep insights into the interpre-
tation of the most important elements of these com-
plex systems.

Immediately after the establishment of the
Department of Pedology and Agrochemistry at the
Faculty of Agriculture and Forestry, Academician
Filipovski took part in one of the largest projects in
Macedonia — Melioration — drainage of 65 000 ha
and irrigation of 100 000 ha, within which pedolog-
ical studies were conducted in a number of valleys
in Macedonia. As a result of these studies, for the
first time in Macedonia detailed scientific and prac-
tical knowledge of the soils was obtained and the
results were directly used in the large undertakings —
drainage and building of irrigation systems, this be-
ing the basis for raising of tens of thousands hec-
tares of vineyards and fruit plantations.

Academician Filipovski established a school
for pedological studies, educating and training new
generations of researchers who would continue the
soil investigations. Thus this school was the main
center for agrochemistry and pedology in former
Yugoslavia. As a result, the soil map of the Repub-
lic of Macedonia (1 : 50 000) was prepared, and this
map was later used by FAO and UNESCO in the
process of creation of the soil map of Europe.

The lack of a unified world classification of
soils directed Gjorgji Filipovski toward develop-
ment of new ideas, later implemented in the project
A Monograph on the Soils of Yugoslavia. Particular-
ly important are his studies related to the conditions
for formation, genesis, classification and properties
of the saline soils, an area to which his inaugural
speech for MASA Halomorphic soils in the Social-
ist Republic of Macedonia was devoted. Academi-
cian Filipovski is considered to be one of the best
experts in this area, with publications often quoted
in scientific journals both at home and abroad.

The devotion of Academician Filipovski to
problems of ecological and agro-ecological region-
alization of the Republic of Macedonia on the basis
of the mutual relations and the effects of the relief,
climate, vegetation and soils resulted in a co-
authored monograph entitled Characteristics of the
climate—vegetation—soil regions in the Republic of
Macedonia (1996). This capital publication of ex-
traordinary value is considered to be one of the most
cited research works from Macedonia in the last fif-
teen or so years, being used as a reference by nu-
merous soil scientists, forestry specialists, botanists,
zoologists, geographers, etc.

Academician Filipovski has published about
90 scientific articles (over 30 % abroad and in former
Yugoslavia), including 14 monographs (11 in MASA
and 3 in the Faculty of Agriculture). One of the most
voluminous ones (Soils of Yugoslavia, 600 pages, in
Serbian) has been translated into English and has
been used in many countries.

His capital work is the monograph series Soils
of the Republic of Macedonia in six volumes. It is of
an invaluable lasting importance. In this collection of
monographs all pertinent knowledge resulting from the
investigations of the soils in Macedonia has been treat-
ed on a contemporary scientific basis.

Academician Gjorgji Filipovski has a very
rich international activity and cooperation.

He is a real polyglote who speaks eight lan-
guages of which three are international and five are
from the Balkans.

He has participated in many scientific con-
ferences all over the world, presenting contributions
of which many were introductory. He was, for a
year, a visiting professor in California, USA, and,
for a number of years, has lectured at postgraduate
courses at the universities of Belgrade, Bary (ltaly)
and Crete (Greece) where he was elected to profes-
sorship in an international competition. He is a
holder of the Doctor honoris causa degree given by
the Bradford University in UK, a foreign member of
the Academy of Sciences and Arts of Boshia and

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 40 (1), 5-16 (2019)



Academician Gjorgji Filipovski (On the occasion of his 95t birthday) 11

Herzegovina and a member of several international
associations.

As an expert, he has spent several months in
Egypt in relation to the utilization of the Asuan dam
water for melioration of the saline soils in the delta
of the Nile.

He is a member of the FAO commission for
preparation of the soil map of Europe.

As a mentor he was the host of a number of
PhD and MS holders from abroad.

Academician Filipovski is a recipient of many
decorations of which six are in former Yugoslavia
(the one with the highest rank is the Order of the
Republic with Silver Garland), the Order of Merits
for Macedonia (awarded by the President of the
Republic of Macedonia) and seven plaquettes of
foreign academies and scientific societies.

Academician Filipovski has had many en-
gagements in various scientific societies and public
bodies:

— Chairman of the State Council for Research;

— Chairman of the State Council for Environ-
mental Protection;

—Chairman of the Committee for the 13
Noemvri award and member of the committees for
the 11 Oktomvri and AVNOJ awards;

—President of the Yugoslav Society of Soil
Science;

—Member of the editorial boards of a number
of scientific journals.

On the occasion of the eightieth birthday of
Academician Gjorgji Filipovski (in 2000), his close
collaborators  Professor Josif Mitrikevski and
Academician Risto Lozanovski would say: "Thanks
to his creative spirit, inventive capabilities, analytic
approach and critical views in research work which
have not deminished up to this 80th birthay cele-
bration, we honestly believe that these virtues will
remain unchanged and that his results achieved in
every thematic field will be of permanent value™.

Today, when we celebrate this great jubilee of
Academician Gjorgji Filipovski, we can say, with
great satisfaction and joy, that the above hopes of
his collaborators have been completely fulfiled and
that Academician Filipovski has attested that in the
20-year period between the two jubilees. It is in this
period that he has prepared and published three
volumes of the monograph series Soils of Mace-
donia, two books about the degradation and classi-
fication of soils and a comprehensive study of the
soils of the Republic of Macedonia formed under
the vegetation communities studied by Academician
Kiril Micevski, one paper devoted to our science
and scientists, as well as a co-authored article

(together with Marjan Andreevski) on the formation
conditions, genesis, evolution, classification and
some features of soils formed on gypsum rocks in
the Republic of Macedonia.

1999 — Vol. IV. Soils of the Republic of Mace-
donia: Hydromorfic Soils, MASA, Skopje, 548 p.

2001 — Vol. V. Soils of the Republic of Ma-
cedonia: Salt-affected Soils, MASA, Skopje, 435 p

2004 — Vol. VI. Soils of the Republic of Ma-
cedonia: Anthropogenic Soils Anthroposols, MASA,
Skopje, 253 p.

2003 — Soil degradation as a component of the
environment of the Republic of Macedonia, MASA,
Skopje, 348 p.

2006 — Soil Classification of the Republic of
Macedonia, MASA, Skopje, 341 p.

2007 — The soils of the Republic of Mace-
donia formed under the vegetation communities
studied by Kiril Micevski, MASA, Skopje, 35 p.

2016 — Formation conditions, genesis, evolu-
tion, classification and some features of soils formed
on gypsum rocks in the Republic of Macedonia,
Contributions, MASA, Sect. of Natural, mathemati-
cal and Biotecnical Science, 37 (2):69-78 (togeather
with Marjan Andreevski)

2016 — Soil Maps of the Republic of Macedo-
nia, Contributions, MASA, Sect. of Natural, math-
ematical and Biotecnical Science, 37 (2):55-68

2017 — On our Science and scientific workers,
Contributions, MASA, Sect. Of Medical Sciences,
38 (1):9-14.

This completes the six-volume monograph
series Soils of the Republic of Macedonia in which,
on the basis of contemporary scientific knowledge
the soils in the Republic of Macedonia have been
studied and classified according to the classification
system of Academician Filipovski which is com-
patible with the systems for soils in the western
countries.

Among the published monographs, as a sig-
nificant scientific contribution by Academician
Gjorgji Filipovski in the past period, the finalization
of the project "Soil maps of the Republic of Mace-
donia" should be emphasized. This capital work is
the result of a long-term research project that lasted
almost 70 years (from 1947 to 2015), which was
managed by Academician Gjorgji Filipovski. He,
together with the working team of his collaborators
(Dr. Marjan Andreevski, Dr. Kole Vasilevski, Dr. I.
Milevski, Dr. M. Markovski, Dr. T. Mitkova, Dr. J.
Mitrikeski, Dr. D. Mukaetov and Dr. D. Petkovski)
prepared 63 soil maps for 10 regions of the Republic
of Macedonia in printed and digital form (out of
which 62 in a scale of 1:50 000 for a specific sec-
tions of the topographic maps, and one map in a
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scale of 1:200 000, for the whole territory of the
Republic of Macedonia). For each section along the
soil map, a soil study has been written, as well as a
study of soils for the entire territory of the Republic
of Macedonia. In addition, a common legend has
been developed for all soil maps with 63 cartograph-
ic units. All classifications used are described, digit-
ization of all maps and the database for soil proper-
ties has been performed. The final works of the pro-
ject are financed by the FAO. A Web site is set up
on the Internet (www.maksoil.ukim.mk).

Within this project, Academician Gjorgji Fil-
ipovski is author of the Soil map and Interpretation
Manual of the Republic of Macedonia of the topo-
graphic map in a scale of 1:200 000, which is a short
version of the monograph on the soils of the Repub-
lic of Macedonia, supplemented with the research
results for the preparation of several doctorates and
master theses, defended after publication of the
monograph. In addition to the role of the Interpreta-
tion Manual, the text gives a shorter and more de-
tailed overview of all the results of soil research in
the territory of the Republic of Macedonia in the pe-
riod 1947-2013. Academician Gjorgji Filipovski is
also the author of the Soil maps and the interpretation
manual of the areas covered by the sheets Stip 2 and
4, Berovo 1,2,3 and 4 and part of Razlog 3 on topo-
graphic maps in the scale 1:50 000 .

2015-G;j. Filipovski: Soils of the Republic of
Macedonia on topographic maps 1:200,000 (East of
Greenwich) (Interpretation manual), "Ss. Cyril and

Methodius" University, Institute of Agriculture, 251
pp.

2015-Gj. Filipovski: Soils of the regions out-
spread on sheets Stip 2 and 4, Berovo 1, 2, 3 and 4 and
part of Razlog 3 on topographic maps scaled 1:50,000
(Interpretation manual), "Ss. Cyril and Methodius"
University, Institute of Agriculture, 120 pp.

It is clear that in such a short presentation it
would be not possible to give a wider and more
profound presentation of the fundamental achiev-
ments of Academician Gjorgji Filipovski not only
regarding his scientific opus, but also regarding his
engagement in the formation of institutions for edu-
cation and research and the development of human
potentials for these important needs. Fortunately,
there are present numerous documents, a rich biog-
raphy and comprehensive bibliography of Acade-
mician Gjorgji Filipovski which, all together, doc-
ument all his contributions in the preceding period.

Congratulating once again to Academician
Gjorgji Filipovski on his great jubilee, we wish him,
first of all, good health and many years of life in
which his creative energy will be again directed to-
wards new publications in the field of soil science,
especially in terms of the preparation of the Soil
Map of the Republic of Macedonia.

As before, we wish always to meet him and to
enjoy with his witty jokes and anecdotes in its
unique style, with its innate charm, wit and youthful
spirit.
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EJEH )KUBOT LHEJI BEK UCTOPUJA*
(Tpute amaHeTH Ha akajeMuK ['opru OUIUITOBCKN)

Taku ®utu
npercenaren Ha MakeZoHCKaTa akajieMuja
Ha HayKUTE U YMETHOCTUTE

Jlenec mmaMe rosiemMa 4ecT U 3aJ0BOJICTBO U
petka mpuroga na ja omoenexxkmme 100-rogumi-
HUHATA O] parameTo Ha akaj. | 'opfu MUINIOBCKH,
€IUHCTBECHUOT XWMB wieH Ha MAHY on npsuor
paboTeH cocTaB, OZHOCHO OJ OCHOBAaHETO Ha
Axkanemujara Bo 1967 roguna.

PasmmcnyBaB kako ga ja HacioBaM MojaTa
no3paBHa Oecema 3a akana. 1opfu (DHIHIOBCKH,
HaNHIIaHa Mo MOBOJ OA0ENCKYBAmHETO HA HETOBUOT
100. ponenneH, HO HE ycIeaB Aa HajaaM 1moAodap u
[0aJeKBaTEeH HAcJOB OJl HACIOBOT Ha (UIMOT ILTO
ro m3pabotu u ro cumumu MPT 3a akan. fopfﬂ
Ouwmmnoscku — EJIEH JXKHUBOT IEJ BEK
NCTOPUJA. Ce onpenenuB 3a Baka CPOYECHUOT
HAcJIOB, CEEJHO IUTO jac HE CyM HEroB aBToOp,
Oujejku MuHCIaM JieKa HAcJIOBOT € BUCTHHCKH
cyomumar W oapa3 Ha JnmabokaTa CylmITHHA Ha
MprKa3HaTa (cTopujaTa) 3a XUBOTOT M JEIOTO Ha
€/IeH HM3BOHPEIEH YOBEK, BPBEH YHHBEP3UTECTCKU
npodecop, coO OrpOMHA W HECIOpHA peryTalyja,
JIOMa M BO CTPAHCTBO, W3BOHPENEH HAyYHUK WU
UCTpaXyBad BO oOJacTa Ha IMENONOTHjaTa, aKaie-
MUK of ocHoBameTo Ha MAHY wu mnpB HaydeH
CeKpeTap Ha HallaTa HajBHCOKAa WHCTUTYIHja O]
oOyacta Ha HaykuTe u ymetrHocTuTe. Cemnak, 0TKaKko
ja Hamumas Oecegara, Ha HAcJlOBOT JOA3IOB U
ITOAHACIIOB — Wipuilie amManeiiy Ha aKagQemuK I opéu
Qunutioscku. IlogHacmoBoT, HEKakKo, C€ HaMETHa
cam mo cebe, Ounmejku CyONUMHpPajKH T'M Haj3HA-
YajHUTE TpHIOHecH Ha akaja. Pununoscku 3a
pa3BojoT Ha Hamero oOpa3oBaHHe, HayKa H
KyJITypa, JI0jI0OB W JIO TPH 3HAUYQjHH TPETOPaKd
noBp3aHu co jejHocta Ha MAHY kowu, unHam, akaj.
OUIUIIOBCKH, MOCTOjaHO HU TH Cyrepupa Ham, Ha
HETOBUTE TOMJIagM KOJErH M TpHjaTeld BO
AkanemujaTa.

Axap. fopfn OUINIIOBCKHM € JKHBa JICTCHA,
WKOHa W MCTOpHMja Ha MaKeIOHCKaTa HayKa W Ha
MAHY. HeroBute kaxyBama 3a COICTBEHHOT
JKUBOTEH TMaT W HAyYHO TBOPEUITBO, MPE3EHTHUPAHU
Ha jaBHU HacTald IO pa3IM4YHU IOBOJH, BO
Akanemujata, BO Jpyrd OOpa3oBHM H HAy4YHU
WHCTUTYLMH, BO MEIUyMHTE (IHEBHHUTE BECHUIIH,

PagroTO M TEJIEBU3MHTE) MPETCTaByBaaT AParoleHN
3alHMCH M aBTEHTHYHU CBEJIOLITBA 33 HCTOpHUjaTa Ha
MaKeJIOHCKHOT 00pa3oBeH cHUCTeM — ToceOHO 3a
BUCOKOTO oOpa3oBaHme, 3a YHHBEp3UTETOT ,,CB.
Kupun u Meronmj®, 3a dakynreTure, 3a pa3BojoT Ha
MaKeJOHCKaTa HayKa W Ha MaKeJIOHCKUTE HaydHH
MHCTHTYIIMH, Ha MaKeJIOHCKaTa YMETHOCT H Kyll-
Typa W 0cOOEHO 3a OCHOBamETO U Pa3BOjOT Ha
MakenoHckata — akaJeMWja Ha  HAyKUTe W
ymeTHOcTHTe. CHUTE HETrOBH  KaXyBama  Ce
OJUTMKYBAaT CO jacHa, yJapHa U OCTPOYMHA MHCIIA,
CO HarjaceHa CYreCTUBHOCT M CO EJIOKBEHTHOCT
MMAaHEHTHA Ha HMCKYCEH U BPBEH YHHUBEP3UTETCKU
mpocecop.

OrpoMeH e HpUIOHECOT Ha akaig. 1opfu
OUMUMoOBCKM 32 pa3BOjoT Ha 00pa30BaHHETO,
HayKaTa, YMETHOCTa M KyJTypaTa BO Hallara 3emja.
dakTuTe W HACTAaHUTE BO JOJITHOT W BO30Y/UIUB
JKMBOTEH Nar Ha akaja. DUIMIIOBCKH, NPUIPYKEHU
co OypHuTe ® TYpOYJCHTHH HACTaHU Ha
0aJKaHCKUTE TPOCTOPH, HEJBOCMHUCIEHO  TO
nmotBpAyBaat toa. Ha 23-rogmmua Bospact (1942
r.), Owmnosckn e wu30paH 3a aCHCTEHT IO

MPEIMETOT Me10JI0THja Ha 3eMjoeIcKo-
mymapckuot Qakynrer Bo Codwuja. Tamy 1
CTeKHYBa IIPBHTE HWCKyCTBa BO  HAacTaBHO-

00pa30BHHUOT MPOIEC U BO HAYYHO-AIIMKATUBHATA
JICJHOCT, HCTPaXyBajku BO JIabopaTOpHHMTE Ha
couckunor dakynrer. Bo 1945 roauna ce Bpaka Bo
Makenonrja u cranyBa me¢ Ha Ilemomomko-
arpoTEXHUYKHUOT OTCEK npu TOTAIIHUOT
3emjoaeiicko-ucnuTarejieH uHCTHTYT BO CKomje.
®dopmupajku CBOj THM COpabOTHHUITH, 3aTIOYHYBA CO
WHTEH3UBHA UCTpaKyBayKa pabora Ha
MIEIOJIONIKUTE KapaKTEePUCTUKU Ha 3€MjUIITETO BO
MaketoHHja — aKTUBHOCT IIITO K€ CTaHE W K& OCTaHe
HETOBa OCHOBHA Hay4YHa MPEOKyMaIyja JIo JeHEIIHA
mau. Bo mepuwon on 13 rommuum (1947 — 1960),
MIIaJHOT ¥ €HeprUueH HayuHUK | opiu OUINIOBCKH
ke TH TIOMHHE CHUTE CKalWwia W 3Bama Ha
3emjomencko-nrymMmapckuoT (akynrer Bo Ckorje —
npeaasay, AOLCHT, BOHPEICH U PEIOBEH Mpogecop.
Bo nepuogor 1955 — 1956 ronuna cranyBa AekaH

#“[loznpaBua Gecema Ha axax. Takm ®uth, npercematen Ha MAHY, Ha ombenexysamero mHa 100. poxenmes Ha akam. Iopfu

Oumnosckn, MAHY, maj 2019 1.

Welcome address of Acad. Taki Fiti, President of the Macedonian Academy of Sciences and Arts, on the occasion of marking the
100th anniversary of the Acad. Gjorgji Filipovski, MASA, May 2019.
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Ha CcBOjOoT MaTmyeH akyirer. Bo 1963/1964
romnHa W BO 1964/1965 rommHa € peKTOp Ha
Yuusep3ureror Bo Ckomje — Toa € €IeH Of
HajTCIIKUTe  TEePHOAM  OA  Pa3BojoT  Ha
VYHHUBEP3UTETOT — MEPUOJOT KOWHIMANpA CO
karacTpodarHuoT 3emjoTpec Bo Ckomje kora Oea
pasypHaTd  YHHUBEP3UTETOT,  (aKylITEeTHUTE U
noMoBuTe Ha mpogecopute. MckycTBoTo Ha
OuUnMnoBcKM, HeroBaTa pabOTOXOIMYHOCT, OPTaHH-
3alUCKH CIIOCOOHOCTH U MCKIYYHUTENHA IIOCBE-
TEHOCT Ha Pa3BOjOT Ha BUCOKOTO 00pa3oBaHWE W
Hay4yHaTa JE€jHOCT, MoMomTa Ha Briamata u
Mel'yHapoJHaTa MOMOII, MPHIOHEcoa Op30 na ce
CaHMpaaT TeIIKUTE TMOCICAUNN O Pa3sOpHUOT
semjotpec. Bo 1967 romuna, I'opfu ®uinmoBckn e
n30pan 3a wieH HAa MAHY u e eIMHCTBEHHOT XKHB
aKageMHuK o 14-Te OCHOBOIIOJIOKHUIIM HA HaIlaTa
Axkanemuja.

Moxe MHOTY Aa ce TOBOpHU 3a NMPHIOHECHUTE
Ha akag. [opfu (UIMIOBCKHM BO CHTE CIIOMEHATH
o0nacTi, BO aBTOHOMHUTE W BUTATHH 00IacTH Ha
OIITECTBOTO — OOpa3oBaHHETO, HAayKaTa, KYJTY-
parta, T.e. BO O0JIACTUTE IITO CE€ HEPACKUHIIUB JIEI
on ocHoBHara mucuja Ha MAHY. 3a HUB cTaHyBa
300p BO TMOATOTBEHHWTE W3/aHUja Ha HAIIETO
OpneneHue 3a MPUPOJHO-MATEMAaTHYKA W OHO-
TEXHWYKH HAyKW, 9dj WieH ¢ ® aKkamx 1opru
@uIMNoBCKU. 3a HMB JAEHEC K& TrOBOpar IMPOMO-
TOpUTE Ha W3JAAHUETO, MOTOA HETOBUTE KOJETH H
copaboTHUIM 0J1 3eMjONIENICKUOT (pakynTeT, 3a HUB
cTa"yBa 300p u Bo ¢unmor Ha MPT mocBereH Ha
akas. fopr’n OUINNOBCKU U Cll. 3aT0a, J03BOJIETE
MU BO OBaa MPHUrojia, co rojeMo 3aJ0BOJICTBO, Jia ce
obuiam J1a T CyMHUpaM, BO HajCHHTETHUYKa (opma,
BO (hopMma Ha ,,amMaHeTH", OPaKH, IITO OBOj rOJIEM,
UCKIIy4uTeNeH npogecop, HAyUHUK U aKaJeMHK HU
M HCIopayyBa HaM, Ha uieHoBute Ha MAHY,
MOpaKd BO KOW € COJpKaHa MYJIpOoCTa Of HeroBara
KOHTHHYUpaHa, Oe3MajKy, OCyMJIECETIOAMIIHA
MOCBETeHa paboTa BO CIOMEHATUTE cdepu.

IIpBo, 32 OjJIe)IHU acleKTH Ha TPUIOHECOT
Ha akaa. PwimMnoBcku Bo cdepaTa Ha BHCOKOTO
o0pa3oBaHME M HAyYHOMCTpa)kKyBaukara JejHOCT,
KaKO HITO MPETXOAHO HAIIOMEHaB, JOBOJIHO TOBOPAT
HETOBUTE OHOTrpad)CKM TOAATONM, MOJATOIUTE 32
HETOBHOT JKMBOTEH TaT W 3a HEeroBaTra akajeMcKa
kapuepa. OBIe cakaM Ja HCTaKHaM JeKa akas.
OUINIOBCKH KOHTHHYHPAHO, CO HArjaceH MHTEpeC
I CJIeM W T'M aHaJlM3upa COCTOjOMTE BO HalaTta
3eMja BO croMeHatuBe cgepu. OMNIITONO3HAT €
¢dakror nexa Bo mocnennure 10—15 roguam m0jae
JI0 €BHJICHTHO BIIOLYBamk-€, Ha3alyBame, a Aypu U
70 T[0jaBa HA TEHACHLUWH Ha Jerpagupame Ha
cocTojOMTe BO OBHE BHTAIHH cdepu Ha
OTIIIITECTBEHOTO JKHMBECHmE. M3pasyBajku raboka
3arpM)KEHOCT 32 BAaKBUTE TEHICHLUH, aKas.
OununoBcku, KOH Kpajor Ha 2016 rogwna, BO

»YTPUHCKH  BeCHHK,  00jaBU  aBTCHTHYHO
CBEJIOMITBO (BO TPH MPOJIOIDKEHHja) 32 Pa3BOjOT Ha
oOpa3oBanmeTo W Haykara Bo wusMuHaTHTe 70
roAnHU Bo MakeoHHja ¥ yIaT CepUO3Ha OMIOMEHa
U TpeaynpenyBame N0 KpeaTopuTe Ha MOJTUTHKUTE
3a UTHH peopMU U TIPOMEHH BO OOPa30BAaHUETO M
Haykara, OujejKku craHyBa 300p 3a moapadja O
KpyUHWjaTHO 3HAueHke 3a HMIHMHATA Ha 3eMjaTa.
Hammuot nosnat HoBuHap Epon Puzaos co npaso ro
HACJIOBH NPBUOT NPHUJIOr Ha akaa. PuimnoBcku BO
,»Y TPHHCKH BECHUK ,AMAHEWiowl Ha eQUHCIEEHUOUL
ocug ceegok. I'eHepamHuOT craB Ha akaa. Dumm-
MOBCKH, BO CIIOOOJHA WHTepHpeTanyja, € JaeKa
OJITOBOpHAa M TMaMeTHA Biaja Mopa Aa Oxee Hax
pa3BojoT Ha aBTOHOMHHUTE c(epu Ha OIIITECTBE-
HOTO JKuBeeme (00pa3oBaHMETO, HayKaTa "
KynTypata) U Ja o0e30eau IOBOJHO pPecypcH 3a
HUBHHOT KOHTHHYHpPaH Pa3Boj. Bo 0BOj KOHTEKCT,
akan. OuinmoBckw, HajHAmNpenA, ja  TOTCETH
Bnamata, ™M mOTCeTH HaIJIEKHHUTE PECOPH H
KpeaTopuTe Ha TOJNWUTHKATE BO oBaa oOmact 3a
OJTHOCOT Ha PaKOBOJCTBOTO Ha MIIafiaTa MaKeJOHCKa
Jp’)kaBa KOH COCTOjOMTe BO 0Opa3oBaHHETO U
Haykara. [lpuroa, TOj ke KOHCTaTHpa JdeKa e
(acuMHaHTHO, 3a4yAyBayku, MPOCTO HEBEPOjaTHO,
3a ¢HAa MaJjla Hepa3BHEHA 3eMja KakBa IITO Oere
MakenioHHja TIO 3aBpIIYBalkE€TO HA BOjHATA, BO
nepuon on camo 4 romuHu, ox 1945 go 1949
rojJuHa, Ja co3Jane cBoja as30yka, Ja 1o
KOJAU(HUKYBa CBOJOT ja3WK, MaKEIOHCKHOT ja3uUK U
Jla co3aze cBoj yHUBep3uTeT. BakBaTa TpaekTopuja
Ha HAaCTaHUTE, BO BOHPEIHO KpaTKa BPEMEHCKa
CeKBeHIMja Ja ce (opMHpaarT KIy4YHUTE aTpuOyTH
Ha THUCMEHOCTa, O0Opa3oBaHMETO M Haykara e
NPaKTUYHO HacTaH 0Oe3 mpeceraH BO OJHOC Ha
apyru 3emju. CiuyeH BakoB MpHMEp, Ke pede
q)I/IHI/IHOBCKI/I, MCHE€ HE€ MH € II0O3HAaT HHUTY Ha
OajKaHCKHTE TPOCTOPH HUTY THommpoko. Ceto oBa
ce ciydyBallle BO yCJIOBU KOra pakOBOAMTEIINTE HA
MaketoHHja, HEMOCPEIHO [0 3aBPIIYBAaKETO HAa
Bropara cBercka BojHa, He ©0Oea  JJOBOJIHO
o0pa3oBaHW, MHOTY OJf HUB HeMaa 3aBpIICHO HH
cpenHo oOpa3zoBaHME, HO 3a4ylyBayku €, Ke peue
OUIUIOBCKH, KAaKO 3Haeja JeKa 00pa30BaHUETO €
Haj3HAuajHO 3a WJHWOT pa3Boj Ha 3emjara u
BJIOKYBaa, 3a Toa BpeMe, roJIeMH CPEJICTBA TOKMY
BO OBaa BHTaJHA M aBTOHOMHa cdepa Ha
ommTecTBOTO. M1 TOKMY BakBMOT OJHOC Ha pPako-
BOJICTBOTO HAa MJIajaTa MakKeJIOHCKa Jp)KaBa ja
n30aBu 3emjara oOJl rojeMara W HEeloJHOCINBA
3aoctaHarocT. Jlemec, 70 roguHM TOAOIHA, BO
YCIIOBH Ha WH(OPMATHYKO OIIITECTBO, OazupaHo
Bp3 3HACHE M HAYYHHU JOCTHTHYBamba, CE CIydyBaat
oOpatHu, HechaTIMBU M OIMACHU TEHICHITUH, KOW
Mopa Jla ce cIpedaT, Jja ce IpecedaT oJ] KOpEH.
TakBute TeHAeHUUN (DUIMIOBCKH T'M MPENO3HABA
BO HEIO3BOJCHO HHCKOTO HW3JBOjyBame jaBHU
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CpeACTBa 3a HMCTPaXyBame W pa3Boj M 3a HAY4YHHU
MIPOEKTH, BO OJOKHPAHUOT N300p HA MIIAIN HAYYHHU
paboTHUIM, BO MalHMOT Opoj HCTpakyBadd BO
cniopeaba co €BPOICKUTE CTaHAApAM U BO HCKITY-
YeHOoCcTa Ha HaydHata (ena ox KpeHpamero Ha
oOpa3oBHaTa W HaydHaTta moJWTHKa. [IpBaTta
MOpakKa, aMaHEeTOT O]l BaKBUTE COTJIETyBamba, aKasl.
OUINMOBCKM ja CpodyBa TMOBHKYBajKM ce Ha
30opoBuTe Ha HamumoT Benukan Kpcre IleTkoB
Mucupkos, koj mpen 100 roguHn ke Hariacu Aexa
pPa3BoOjOT Ha HayKaTa W IJUTepaTypara ce Haj3Ha-
YajHUOT (aKTOp 3a pa3BojoT Ha €JCH HApOJ U JeKa
KyJITypHUTE HapoAu BIajeaT CcoO CBETOT, a
HEKyJATYpHUTE poOyBaar.

Bo oBaa mpuroma, cakam moceOHO ma ja
MCTaKHAM ToJieMaTa Tprka, YOBeUKa M J100IecHa, Ha
aKaj. fopfﬂ DuInuoBCcKM KOH HETOBUTE KOJIETU U
npujatend o AkaJeMjaTa ¥ TOIIUPOKO Of
MakKeJIOHCKaTa Hay4Ha ¢ema. Huxoram Hema nga ja
3a0opaBuMe ocTpara peaknuja Ha axaa. Dwmu-
MOBCKM TIPOTHB Oe3yMHara JIycTpaluja Koja He
TOJIKY OZIaMHa Ce CIIpOBEe/yBallle BO HalllaTa 3eMja u
Koja omndaTy ¥ HAIIA akaJeMuIy. Torar, Mo moBox
mycrpanujata Ha akan. CmaBko JaHeBckW, Iienata
MaKeJ0HCKa jaBHOCT IO CIYIIHA TJIacoT Ha PasyMoOT
Ha HajctapuoT wieH Ha MAHY — criopen Bo3pact u
aKaJeMCKH CTaX. BO OTBOPEHOTO THCMO JI0
Komucujara 3a Bepudumkanuja Ha QakTuTe, aka.
OUINNOBCKH, Mefy JApPYroTto, PpE3UTHHpPAHO Ke
KOHCTaTHpa: ,,He MokaM Ja He TOMHCIaM JieKa
uMare JApPYrH Ieid, a Toa € Ja TU ypHuBare
CTONIOOBHTE Ha HAmaTta JUTEepaTrypa W KyITypa,
ounejku CnaBko JaneBcku 3aemHo co braxke
Konecku n Auo Illomnos Oemie 0CHOBOMOIOXKHUK Ha
Hamara JMTeparypa Ho ociobomyBamero. [lpen
MOBEKe TOAMHH MMalle OOuan Jla ce TUCKpPEeIUuTHpa
bnaxe Konecku®. U monatamy ,,...3ap HE MOXeBTe
Jla TIOKaKeTe MOBEKEe YyBCTBO 3a ONCTAaHOK Ha OBaa
3eMja 1 0BOj Hapox?*

BTtopo, nako 3a Hay4YHUTE JOCTUTHYBama Ha
axaz. ['opfu MHIHIOBCKH ke TOBOPAT mpodecopy u
aKaJeMUIld OJ] IOTECHOTO HAy4yHO Tojpadje u
CPOJIHUTE HAYYHU JUCLUUILUIMHH CO KOU C€ 3aHMMaBa
akaa. OWIMIIOBCKH, CEemNak, BO OBaa NPHUroja, He
MOXaM, a Ja He CIIoMHaMm 1Be paboTu kom Oea
KIyYHH 32 HEroBaTa BHCOKA Hay4Ha penyTaiuja BO
3eMjaTa W BO crTpaHcTBO. IIpBata e HeroBuor
OTPOMEH U HECIOpeH HaydeH NpHAOHEC BO
nejojorujara. Toj € MMoHEep U OCHOBOIOJIOXKHHK Ha
OBaa 3HayYajHa HAy4YHA JUCIUILTHHA BO MakeoHHja.
Pano mounan na T'M HCTpaXKyBa II€AOJIOUIKUTE
KapaKTePUCTUKN Ha 3E€MjUIITETO BO MakeaoHHja.
Toj, co cBOjoT TUM, 3a BpeMe Ha JICTHUTE MECELH,
coOMpal TpUMEpOI Ha 3eMja O]l pa3IudyHU
nojpadja, a BO 3MMCKHOT IEPHOJ TM HCTPaXKyBal
HUBHHTE KapaKTEPUCTHKH BO Jabopatopujata. OBue
UCTpaXyBama MY OBO3MOXHja J1a ja u3paboTH u

on0paHM CcBOjaTa JIOKTOpPCKa JUCEpTalja BO
benrpan. Pabotejkm HamopHO, CHCTEMATCKH W
JONTH TOOWHM Ha HWCTPaXyBamke Ha IOYBUTE HA
Makenonrja, Toj Hanuman moBeke ox 20
MOHOTpaUu KOW TH COIpXKAaT, Taka Ja ce Kaxke,
CHUTe 3Haewma 3a 0Baa npodiemMarnka Bo MakemoHja
n o0jaBun noBeke oz 200 HayYHH TPYIOBH BO HAIIH
U BO CTPaHCKM CHOHCaHWja oJ oOJacTure
nenoyoruja, reorpaguja, reHe3a Ha Kiacupukamyja
Ha TOYBHTE M MEIHOpAlUH M €po3Hja Ha IOYBHTE.
Bp3 Taa ocHOBa, HaCTaHAJIO M HETOBOTO IIECTOMHO
KanuraiaHo aeno [lousuite na Maxegonuja Bo od6eM
on okony 2.400 crpanuiu. Toa € ocHOBeH, Oa3uycH
W HajpelieBaHTECH TPYJ Ol oBaa OOJACT BO Hamlara
3emja. Criopes; KaxkyBamaTa Ha akaj. DUIHIIOBCKH,
HETOB COH M COH Ha HETOBHOT MCTPA)XyBAaYKH TUM
Oemie m3paboTkaTa Ha 63 mouyBeHHM KapTd u 11
cTyauu 3a mouBuTe Bo PemyOimka MakenoHwuja.
[IpoekroT Gemre 3aBpmieH npen 10 roquHu, HO EIH
8 romuHu akajy. QOWIMNOBCKM Cce€ Madelle Ja
00e30eau cpeAcTBa 3a o0jaByBamkbe Ha PE3YJITATUTE
Ol TPOEKTOT H Ha TIOYBEHUTEC KapTH Ha
Maxkenonuja. J[lebunutnBHO, OnaromapeHne Ha
TOJIEMOTO 3ajarame Ha akaja. OWINNOBCKM M Ha
HETroBaTa BHUCOKA pemyTamnuja Kako MeryHapoJcH
EKCIIepPT 3a TOYBH, CPEICTBAaTa 3a O0jaByBame Ha
pe3ynTaTuTe OJ HCTPaXyBAamETO BO W3HOC OJ
340.000 amepukaHcku nmonmapu Tu 00e30emu DAO.
[IpoektoT mokuBea U cBoja npomonurja Bo MAHY.
Toj, IneHec, OBO3MOXYBa CO OOMYEH KIHMK Ha
KOMIIjyTep Jia ce MoOujaT peIeBaHTHU TOAATOIH 3a
NEOJTOIIKUTE KapaKTePHUCTHKA Ha 3EMjHIITaTa BO
Makenonuja. [Ipopminpajiu ce u apupMupajku ce
KaKoO BPBEH HAy4HHK BO 00JacTa Ha IEN0JIOTHjaTa,
akafn. ['opfu @unmnoscku craHa ekcnepT Ha PAO u
BO TOa CBOjCTBO IPECTOjyBajd W paboTeNl BO HH3A
3eMju Ha JyroucrouHa A3uja, a KaKo jyrocJIOBEHCKU
eKCIIepT 3a COJIEHH TI0YBH, HEMOCPEJAHO IO
u3rpagdara Ha AcyaHckara OpaHa, TIPecTOjyBal H
paborenr u Bo FErumer. Axan. OunmmmnoBcku
peann3upan CTYAUCKHA TPECTOM W CHENWjaIn3aliu
BO OpOjHM CTpaHCKM 3€MjH, VYYECTBYBaJll Ha
MelyHapOAHU KOH(EPEeHIMH M HAcTalyBal CO CBOU
npenasamwa u pedeparn Bo CAJl, Benuka bpura-
nuja, CCP, ®pannmja, I'epmanuja, IlIBajuapwuja,
Arctpuja utH. [loyeceH pgokTop € Ha YHUBeEp-
3uteToT Bo bpardopa (AHrimja), cTpaHCKHM YJIeH Ha
AkajeMyjaTa Ha HayKUTE€ M ymeTHocTHTe Ha buX
uTH. BakBute pedepeHIMHM W HEroBHTE HAYYHU
UCTpaXyBaka W  alJIMKaTUBHA  JIEJHOCT IO
cMecTyBaaT akaz. I opru HUIHIIOBCKH BO CBETCKATA
MEIOJIONIKA €IMTa — HEIUTO IITO NpEeTCTaByBa HE
camo JIMYHa caTucQakiyja 3a HauoT Jopro, TyKy U
roproct W adupmanmja Ha MAHY wu Ha
MaKeJOHCKaTa Hayka, BoommTo. Kora axan.
OUIUIOBCKU TO MpalryBaMe Kako € MOXHO Jia ce
3a[pku Jo0para (hU3MYKa U YMCTBEHA KOHUIIM]ja
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0 anaboka CTapocT M JAa Ce MOCTHUTHAT BPBHU
pe3yiaTaTH BO HACTaBHO-OOPA30BHHUOT IIPOLIEC U BO
HayKaTa, TOj, CO JIyIIUTHOCT CBOjCTBEHA 3a HEro, Ke
OJITOBOPH JIeKa BO JKUBOTOT MYy OMJIO Ba)KHO J1a TO
3ayyBa 3/paBjeTo, Oujaejku 0e3 Toa HeMa KBallu-
TETeH JKMBOT W HEMa J[OJIOTrOJAMINIHA HaydHa
pabora, meka BO Toa My IIOMOTHaja HeropaTa
CMHPEHOCT, H30€THYBamke€ COCTOjOM Ha CTpec,
NyTHHA, THEB, HO M HEroBaTa KOHTHHyHpaHa
(¢u3nUKa aKTUBHOCT — KaKO CTPACTeH IUIaHUHAP U
JpyOuTen Ha XopTukyaTypara. Kora cute oBue
MPeoyCcIOBH Ke ce HCIONHAT, OCTaHyBa M Haj3Ha-
YajHUOT YCJIOB 32 YCIIeX U BUCOKHU JIOCTUTHYBamba BO
HayKaTa — KOHTHHyHMpaHa, HamopHa M CaMo-
nperopsa pabora. Toa e KIy4oT Ha yCIIeXOT U T0a €
BTOPHOT aMaHeT Ha akai. 1'opru MUIHIIOBCKH, KOj
WM T'0 UCTIOpavyyBa Ha CBOUTE TIOMJIAJH KOJIETH.
Tpero, mnpugoHECOT Ha akaix. lopfu
OUINTIOBCKH 32 OCHOBAWmETO U pazBojoT Ha MAHY
e orpomeH. [lo HeroBnoT n36op 3a wieH Ha MAHY
BO TpBUOT paboTeH coctaB Ha Akagemwujarta (1967
.), TOj BemHall ¢ W30paH 3a HAaydeH CEKpeTap Ha
MAHY wu mo aBromMaTm3aM 3a WIEH Ha MPBHOT
WzBpmmen onbop Ha Axagemujata (BO COCTaB: akKa.
bnaxe Konecku — npetcenaren, akaja. Xapajiamnue
TloneHaKOBHK — TOTHOpeTCenaTeNl M akajg. 1 opru
OumunoBcku — cekperap). M3BpmHHOT 0m00p Ha
AxazeMyjaTa, yTpeleHTa, IO H300pOT, IMOYHA CO
pabota. [IpucekaBajku ce Ha TOj HCTOPUCKU HACTaH
O]l KpyILIMjaJIHO 3HAuUCHE 32 MaKeJoHCKaTa HayKa,
YMETHOCT U KYyJITypa, aKkaji. fopfn OUIUNOBCKHU Ke
kaxe: ,,Ham Hu OGeme mHory Temko. [louHaBme on
HUINTO U 0€3 ONUT 3a OpraHU3Nparbe TaKBa CIOXKCHA
yCTaHOBA CO BHUCOKO HAyYHO W YMETHHUYKO HHUBO.
[Ipen nac Oea Temkm 3amauu: nma ce obOe30emu
cmectyBarbe Ha MAHY, na ce u3pabortu npemior-
CTaTyT, Aa ce u30epaT BpaOOTCHU HA PAKOBOJTHHTE
(yHKIMU BO aJMHHHUCTpalMjaTta, na ce obe3deaar
CpeZACTBa 3a 3al04YHyBame co padoTa U Jla ce CBUKA
CoOpanue Ha MAHY 3a ycBojyBame Ha CTaTyTOT U
3a u300p Ha JPYyrUTe YETBOPHIA WICHOBU Ha
[percenarencrBoro. Cure THe 3a/1a4u Oea yCIenHo
3aBpIIEHH 3a IMeT Mecenu”, Akas. fopfn
OUINIIOBCKY OLIEHYBa JIeKa pealn3alyjara Ha OJKY
KOMIUIEKCHH 3aJladll U OOBPCKH, 32 MHOI'Y KpaTOK
nepuoJi, Oemre OBO3MOXeHa OyarojapeHue Ha TpU
OJIECHUTEITHH OKOJIHOCTH: PBO, AKajeMujaTa Oeie
CeCTpaHO TOAApXaHA W IOMOTHAaTa OJ LEJIO0TO
OIIIMITECTBO, O] peHY6J'[I/IT-IKI/ITe Oopranu U 0J
I'paackoro coOpanue nHa Ckomje; BTOpPO, IPB
npercenaren Ha MAHY Geme akan. Bnaxe
Konecku, n3BoHpeaeH HayyHHK, €pyIUT, YOBEK CO
BHCOKH YOBEYKM U MOPATHU JOOJIECTH M, KAKO ILTO
Beaun DUIMIIOBCKH, YOBEK CO ,jacHa BH3HWja 3a
nnanHata Ha MAHY 1 Hej3nHaTa yimora Bo Mjiaaara
IpXaBa“; W TpeTo, Oe3pe3epBHATa MOAJAPIIKA U
MOMOII IITO ja noOuBame miiagata MaxenoHCKa

akazeMuja o]l TOTAallHUTE YEeTUPU aKaJeMHu Ha
Jyrocnasuja. Ha6p3o, Ha akax. I'opfu OHIAIOBCKH
My Oelle JOBEpeHa U TELIKa U OATrOBOPHA 3a/ada —
Ja ce u3rpanud Hosa 3rpaga Ha MAHY. O®unn-
MOBCKHM Oelle Ha3HaueH 3a npeTcenaren Ha Oadopot
3a rpaaba. U Taa 3amada Oerne yCrenrHo 3aBpIleHa,
Mery JIpyroTo, OnarojapeHue W Ha HECHOPHHTE
OpraHu3allMcKd crnocoOHOCTH Ha akan. lopfu
®ununoscku. Bo Bpcka co Toa, TOj ke KOHCTAaTHpa:
»Mamara 3emja, cO CKPOMHHM MO>XHOCTH, CMOTHA
cwim Aa (QuHaHCHpa TakBa 3rpaja KakBa INTO
Hemalle BO OalKaHCKUTE 3E€MjU M IOIIHUPOKO.
Toram Akanemujata Oemie eaHa OJf HajyOaBUTE
3rpaau Bo rpaaoT. OrpomMeH € NOPHUAOHECOT Ha
akanx. lopfu (UIHIOBCKM BO YCTAHOBYBAHCTO,
adpmanmjaTa W OICTOjYBAaKETO HAa OCHOBHUTE
MOCTYJIaTH W NPUHLIMIHN Ha paboTeme W JejCTBY-
Batbe Ha MAHY, kou BOoeIHO ce MMaHEHTHHU 3a
MOJICPHUTE E€BPOIICKM HALMOHAIHHU akagemuu. Tue
npuHIMNU akag. PwIMNoBCKUM TI'm cyOiauMupa Ha
CJICTHMOB Ha4WH: AKaJeMujaTa € caMOCTOjHA jaBHA
HayYHa M YMETHHYKAa YCTaHOBa, Taa T'H IUTUTH
HaIlMOHAJHUTE MHTEPECH BO HAJLIIMPOKA CMHCIA HA
300pot, He mpudaka MOTUTH3ANNja U TapTU3AIH]a
Ha YycraHoBaTa, copaOoTyBa, Bp3 pPaMHOIPAaBHU
OCHOBH, CO COCEIHHUTE M CO IPYTUTE aKaJeMHH BO
CBETOT, AKTUBHO YYECTBYBa BO H3TOTBYBAETO
MelfyHapOAHM NPOEKTH W HeryBa CTPOTH KpuTe-
puymMu 3a wu300p Ha WICHOBH, T.e. U30Mpa
KaHAMJATH CO BHCOKH W JIOK&XKaHW JIOCTUTHYBamha
BO HaykaTa M BO YyMeTHocTa, Oe3 orjex Ha
pasiMKuTe BO HHUBHAaTa HAlUMOHAJHA, BEpPCKa H
WJIEOJIONIKA  TPHIIAJHOCT.  3acTalyBamero  3a
BAaKBUTE TPUHIMIIM MITO ja OTEIOTBOpYyBaaT
nejaocra Ha MAHY e koHcTanTa Bo paboTemeTo Ha
akang. Pwmnoscku. Bo 0Boj KOHTEKCT, TOj
MOTCeTyBa: ,,...Bo0 MAHY unenyBane win dieHy-
BaaT Maxkenoniu, Anbaniu, Typuu, Brnacu, CpOwu,
EBpen, emna Ilonmjauka W uineHOBM Of MEIIaHH
OpaxoBu. Toa e eHa O PETKUTE YCTAHOBU IUTO '
obenMHyBa CHTE €THUYKMA 3aeJHUIM W HeryBa
TpajHa TOJEPAHTHOCT KOH pa3MYHUTE O] cebe’.
Toa e, mounTyBaHu, TPETHOT aMaHET Ha HAIIUOT
Jopro, amaHer ynateH A0 CHTE WICHOBUTE Ha
MAHY, on akTyeTHHOT U WIHUOT COCTaB Ha AKaje-
MUjara, 0 aKTYeJIHOTO W HMJHWTE PAKOBOJCTBA HA
AkazeMujaTa, HEIITO IITO MOpa Jia ce Heryea u Ja
ce pa3BHBa, OMJEjKH ja rpaJuMe HallaTa 3eMja Kako
JIEMOKPATCKO, MYITHKYJITYPHO H TIPOCHEPUTETHO
OIMIITECTRBO.

Ere, mouuTyBaHu, oOBa ce, CHOpE] MOETO
MUCIICHhE, OCHOBHHUTE KOHTYpM Ha ToJiemMara
NMpUKa3Ha 3a eJieH TrojieM 4YOBeK M Hay4YHHK, 32
HammoT apar Jopro @ummnoscku. OBa ce OCHOB-
HUTE KOHTypM Ha cropujata HacinoBeHa EJIEH
JKNBOT LEJI BEK UICTOPHUJA.
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ITountyBan akan. fopfn Oununoscku — Tu
ro uectutam 100. pomennmen! Tu mocakyBam
nmoraramy na Te ciyxu Jo00po m Kpemko 3xapasje!
Tu mocakyBam nn4Ha cpeka M cpeka Ha TBOHTE
Hajonmcku! Moja xenba €, a CUTYpPEeH CyM JieKa ro
CIIOJIENTyBaM TOa CO CHTE WICHOBM Ha AKajeMujata,

yIITE J0JITO JIa CE IPYKUME U J1a paboTUME 3ae/iHO,
Jla TH CITylllaMe TBOWTE MYJPH COBETH U TOTall KOra
HU € Jo0po | Toram Kora ce COOYyBaMe CO
npoOjeMd M TEIKOTHH KOW CE COCTaBeH Jed Ha
Hamata padoTa ¥ Ha HAIIETO )KUBECHHE.

ONE LIFE - A WHOLE CENTURY OF HISTORY
(Three Pledges of Academician Gjorgji Filipovski)

Taki Fiti
President of the Macedonian Academy of Sciences and Arts

Today we have the great honor and pleasure,
and a rare occasion to mark the 100" anniversary of
the birth of Acad. Gjorgji Filipovski, the only living
member of the Macedonian Academy of Sciences
and Arts from the first working composition, that is,
from the establishment of the Academy in 1967.

I was thinking how to title my greeting speech
for Acad. Gjorgji Filipovski, written on the occasion
of marking his 100" birthday, but I failed to find a
better and more adequate title than the title of the
film made by the Macedonian Radio Television
about Acad. Gjorgji Filipovski - ONE LIFE — A
WHOLE CENTURY OF HISTORY. I selected this
title, regardless that I am not its author, because |
think that the title is a real sublimate and a reflection
of the deep essence of the story about the life and
work of a remarkable person, prime university pro-
fessor, with a huge and undeniable reputation, at
home and abroad, an outstanding scientist and re-
searcher in pedology, an academician since the es-
tablishing of the Macedonian Academy of Sciences
and Arts, and the first scientific secretary of our
highest institution in the field of sciences and arts.
However, after I had written the speech, I added a
subheading to the title — Three Pledges of Academi-
cian Gjorgji Filipovski. The subheading, somehow,
is imposed by itself, because, by sublimating the
most important contributions of Acad. Filipovski for
the development of our education, science and cul-
ture, I have come to three important recommenda-
tions related to the activity of the Macedonian
Academy of Sciences and Arts, which, I think,
Acad. Filipovski is constantly suggesting to us, his
younger colleagues and friends at the Academy.

Acad. Gjorgji Filipovski is a living legend, an
icon and a history of the Macedonian science and of
the Macedonian Academy of Sciences and Arts. His
thoughts about his own life and scientific work, pre-
sented at public events on various occasions, at the
Academy, in other educational and scientific institu-
tions, in media (daily newspapers, radio and televi-

sion) are valuable records and authentic testimonies
of the history of the Macedonian educational system
— especially about the higher education, the St. Cyril
and Methodius University, the faculties, the devel-
opment of the Macedonian science and of the Mac-
edonian scientific institutions, the Macedonian art
and culture, and especially the establishment and
development of the Macedonian Academy of Sci-
ences and Arts. All his statements are characterized
by a clear, striking and witty thought, with a pro-
nounced suggestion and eloquence immanent to an
experienced and leading university professor.

Huge is the contribution of Acad. Gjorgji Fil-
ipovski to the development of the education, sci-
ence, art and culture in our country. The facts and
events in the long and exciting life of Acad. Filipov-
ski, accompanied by the stormy and turbulent events
in the Balkan region, unambiguously confirm this.
At the age of 23 (1942), Filipovski was elected an
Assistant in the subject of Pedology at the Faculty
of Agriculture and Forestry in Sofia. There, he ac-
quired the first experiences in the educational pro-
cess and in the scientific and applicative activity,
doing research in the laboratories of the Sofia Facul-
ty. In 1945, he returned to Macedonia and became
Head of the Pedological and Agro Technical de-
partment at the then Agricultural and Research Insti-
tute in Skopje. By establishing his team of associ-
ates, he began with an intensive research work on
the pedological characteristics of the soil in Mace-
donia — an activity that will become and will remain
his basic scientific interest to the present day. In the
period of 13 years (1947 — 1960), the young and
energetic scientist Gjorgji Filipovski will pass all
the steps and titles at the Faculty of Agriculture and
Forestry in Skopje — lecturer, assistant professor,
associate professor and full professor. In the period
1955 — 1956, he became a Dean at his home faculty.
In 1963/1964 and in 1964/1965 he was a Rector of
the University of Skopje — this is one of the most
difficult periods in the development of the Universi-
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ty — the period coincides with the catastrophic
earthquake in Skopje when the University, the facul-
ties and professors’ homes were destroyed. Filipov-
ski’s experience, his working ability, organizational
skills and exceptional commitment to the develop-
ment of the higher education and the scientific activ-
ity, as well as the governmental and international
assistance have contributed to the rapid rehabilita-
tion of the severe consequences of the devastating
earthquake. In 1967, Gjorgji Filipovski was elected
a member of MASA and is the only living academi-
cian out of the 14 founders of our Academy.

Much can be said about the contributions of
Acad. Gjorgji Filipovski in all mentioned areas, in
the autonomous and vital areas of the society — edu-
cation, science, culture, i.e. in areas that are insepa-
rable part of the basic mission of MASA. They are
discussed in the publications prepared by our De-
partment of Natural, Mathematical and Biotechnical
Sciences, whose member is Acad. Gjorgji Filipov-
ski. The promoters of the publication will talk about
them today, then his colleagues and associates from
the Faculty of Agriculture, and they are also dis-
cussed in the film of the MRT dedicated to Acad.
Gjorgji Filipovski and others. Therefore, allow me
on this occasion, with great pleasure, to try to sum-
marize, in the most synthetic form, in the form of
“pledge”, the messages that this great, outstanding
professor, scientist and academician delivers to us,
the members of MASA, messages that contain the
wisdom of his continuous, of almost eighty years,
dedicated work in the mentioned spheres.

First, concerning some aspects of the contri-
bution of Acad. Filipovski in the field of the higher
education and scientific and research activity, as
previously mentioned, his biographical data and the
data on his life path and his academic career articu-
late sufficiently. Here, [ would like to point out that
Acad. Filipovski continuously, with high interest,
follows and analyzes the situation in our country in
the mentioned areas. It is a common knowledge that
in the last 10-15 years there has been an evident
deterioration, decline, and even tendencies of degra-
dation of the situation in these vital spheres of the
social life. Expressing deep concern for such
tendencies, Acad. Filipovski, at the end of 2016, in
Utrinski vesnik newspaper published an authentic
testimony (in three sequels) on the development of
the education and science in the past 70 years in
Macedonia and made serious caution and warning to
the policymakers for urgent reforms and changes in
the education and science, because it is about areas
of crucial importance for the future of the country.
Our famous journalist Erol Rizaov rightly named
the first article of Filipovski in Utrinski vesnik a
"Pledge of the only living witness". The general po-
sition of Acad. Filipovski, in free interpretation, is

that a responsible and smart government must watch
over the development of the autonomous spheres of
the social life (education, science and culture) and to
provide sufficient resources for their continued de-
velopment. In this context Acad. Filipovski, firstly
reminded the Government, and the relevant depart-
ments and policy makers in this area about the atti-
tude of the leadership of the young Macedonian
state towards the situation in the education and sci-
ence. In doing so, he will conclude that it was fasci-
nating, astonishing, simply incredible, for a small
underdeveloped country that Macedonia has been
after the end of the war, for a period of only 4 years,
from 1945 to 1949, to have created its own alphabet,
to have codified its language, the Macedonian lan-
guage and to have created own university. Such tra-
jectory of events, in an extraordinary short time se-
quence, to form the key attributes of literacy, educa-
tion and science is practically an unprecedented
event in relation to other countries. "I’m not familiar
with a similar example in the Balkans or beyond",
Filipovski says. All of this has happened in condi-
tions when the leaders of Macedonia, shortly after
the end of the Second World War, were not educat-
ed enough, many of them had not finished second-
ary education, but it is amazing, Filipovski said, that
they knew that education is the most important for
the future development of the country and invested,
for that time, large funds precisely in this vital and
autonomous sphere of the society. And exactly this
attitude of the leadership of the young Macedonian
state has saved the country from the great and un-
bearable backlash. Today, 70 years later, in situation
of an information society, based on knowledge and
scientific achievements, reverse, incomprehensible
and dangerous tendencies occur, which must be pre-
vented, cut off from the root. Filipovski recognizes
such tendencies in the inadmissible low allocation
of public funds for research and development and
for scientific projects, in the blocked election of
young scientists, in the small number of researchers
compared to the European standards and in the ex-
clusion of the scientific profession from the creation
of the educational and scientific policies. The first
message, the pledge of such observations, Acad.
Filipovski addressed in line with the words of our
great personality Krste Petkov Misirkov, who, 100
years ago said that the development of science and
literature is the most important factor for the devel-
opment of one nation, and that peoples with culture
rule the world, whereas, the peoples without culture
are the ones that slave.

On this occasion, I would like to emphasize,
in particular, the great care, human and virtuous, of
Acad. Gjorgji Filipovski for his colleagues and
friends from the Academy, and from the Macedoni-
an scientific vocation. We will never forget the
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sharp reaction of Acad. Filipovski against the sense-
less lustration that, not so long ago, has been im-
plemented in our country, and which has included
our academicians. Then, on the occasion of the lus-
tration of Acad. Slavko Janevski, the whole Mace-
donian public heard the voice of the reason from the
oldest member of MASA — by age and by academic
experience. In an open letter to the Commission for
verification of facts, Acad. Filipovski, among other
things, reluctantly will conclude: "I can’t help but
think that you have other goals, which is to destroy
the pillars of our literature and culture, because
Slavko Janevski together with Blaze Koneski and
Aco Sopov was the founder of our literature after
the liberation. Many years ago there were attempts
to dishonor Blaze Koneski." And further
"...Couldn’t you have shown more sense for the sur-
vival of this country and this people?"

Secondly, although about the scientific
achievements of Acad. Gjorgji Filipovski will talk
professors and academicians from the closest scien-
tific field and the related scientific disciplines of
Acad. Filipovski’s filed of interest, however, on this
occasion, I can’t help but mention two things that
were crucial for his high scientific reputation in the
country and abroad. The first one is his huge and
undeniable scientific contribution to pedology. He is
the pioneer and founder of this important scientific
discipline in Macedonia. He began early to explore
the pedological characteristics of the soil in Mace-
donia. He, with his team, collected samples of soil
from different areas during the summer months, and
during the winter period he examined their charac-
teristics in the laboratory. These studies enabled him
to prepare and defend his doctoral dissertation in
Belgrade. By working hard, systematically and for
many years of research of the soils of Macedonia, he
has written more than 20 monographs that contain,
so to speak, all the knowledge about this subject in
Macedonia, and has published more than 200 scien-
tific papers in our and in foreign journals in the are-
as of pedology, geography, genesis of soil classifi-
cation and melioration and erosion of soils. On this
basis, his six book capital work, Soils of Macedonia
has been created in the volume of about 2,400 pag-
es. It is the fundamental, basic and the most relevant
work in this field in our country. According to the
statements of Acad. Filipovski, his dream and the
dream of his research team was the creation of 63
soil maps and 11 studies on the soils in the Republic
of Macedonia. The project was completed 10 years
ago, but for entire 8 years Acad. Filipovski was
struggling to provide funds for publishing the results
of the project and the soil maps of Macedonia. Defi-
nitely, thanks to the great effort of Acad. Filipovski
and his high reputation as an international expert on
soils, the funds for publishing the results of the re-

search in the amount of 340.000 USD were provid-
ed by FAO. The project also experienced its promo-
tion in MASA. Today, it enables by simple click on
the computer to obtain relevant data on the pedolog-
ical characteristics of the land in Macedonia. Profil-
ing and affirming himself as a prime scientist in the
field of pedology, Acad. Gjorgji Filipovski became
FAO expert, and in that capacity he has stayed and
has worked in a number of countries in Southeast
Asia, and as a Yugoslav expert on saline soils, he
stayed and worked in Egypt just after the construc-
tion of the Aswan Dam. Acad. Filipovski has had
study visits and specializations in numerous foreign
countries, he has participated in international con-
ferences and has held lectures and abstracts in the
USA, UK, USSR, France, Germany, Switzerland,
Austria, etc. He is an Honorary Doctor at the Uni-
versity of Bradford (England), a foreign member of
the Academy of Sciences and Arts of Bosnia and
Herzegovina, etc. These references and his scientific
research and application work has placed Acad.
Gjorgji Filipovski in the world pedology elite -
something that represents not only personal satisfac-
tion for our Jorgo, but also pride and affirmation of
MASA and of the Macedonian science, in general.
When we ask Acad. Filipovski how it was possible
to maintain a good physical and mental fitness at an
older age, and to achieve top results in the educa-
tional process and in science, he, with the lucidity
inherent in him, will answer that in his life it was
important for him to preserve the health, because
without it there is no quality life and no long-
standing scientific work, and, that, in doing so
helped his calmness, avoiding stress, anger, rage,
but also his continuous physical activity — as a pas-
sionate mountaineer and lovers of horticulture.
When all these preconditions are met, remains the
most important condition for success and high
achievements in science — continuous, hard and sac-
rificing work. That is the key to the success, and that
is the second pledge of Acad. Gjorgji Filipovski,
which he delivers to his younger colleagues.

Third, the contribution of Acad. Gjorgji Fil-
ipovski to the establishment and development of
MASA is enormous. After his election as a member
of MASA in the first working structure of the Acad-
emy (1967), he was immediately elected a Scientific
Secretary of MASA and automatically, a member of
the first Executive Board of the Academy (com-
posed of: Acad. Blaze Koneski — President, Acad.
Haralampie Polenakovic — Vice President and Acad.
Gjorgji Filipovski — Secretary). The Executive
Board of the Academy, the day after the election,
started working. Recalling this historic event of cru-
cial importance for the Macedonian science, art and
culture, Acad. Gjorgji Filipovski will say: "It was
very difficult for us. We started from nothing and
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without experience in organizing such a complex
institution with high scientific and artistic level. Dif-
ficult tasks were ahead of us: to provide a building
for MASA, to prepare a draft statute, to elect em-
ployees of the management functions in the admin-
istration, to provide funds for commencement of the
work and to convene an Assembly of MASA for the
adoption of the statute and for the election of the
other four members of the Presidency. All those
tasks were successfully completed in five months."
Acad. Gjorgji Filipovski estimates that the realiza-
tion of such complex tasks and responsibilities, for a
very short period, was made possible thanks to three
facilitating circumstances: first, the Academy was
widely supported and assisted by the whole society,
from the state authorities and the City Hall of Skop-
je; secondly, the first President of MASA was Acad.
Blaze Koneski, a remarkable scientist, erudite, a
man of high human and moral virtues and, as Fil-
ipovski says, a man with "a clear vision for the fu-
ture of MASA and its role in the young state"; and
third, the unconditional support and assistance re-
ceived by the young Macedonian Academy from the
then four academies of Yugoslavia. Soon, Acad.
Gjorgji Filipovski was entrusted with a difficult and
responsible task — to organize the construction of a
new MASA building. Filipovski was appointed a
Chairman of the Construction Board. That task, too,
was successfully completed, among other things,
thanks to the undisputed organizational skills of
Acad. Gjorgji Filipovski. Regarding this, he will
note: "The small country, with modest possibilities,
was able to finance such building as there wasn’t in
the Balkan countries and beyond. At that time the
Academy was one of the most beautiful buildings in
the city." Huge is the contribution of Acad. Gjorgji
Filipovski in the establishment, affirmation and sur-
vival of the basic postulates and principles of work-
ing of MASA, which are also immanent for the
modern European national academies. Acad. Fil-
ipovski sums up those principles as follows: the

Academy is an independent public scientific and
artistic institution, it protects the national interests in
the broadest sense of the word, it does not accept
politicization and partisation of the institution, it
cooperates on equal bases with the neighboring and
other academies in the world, it actively participates
in the preparation of international projects and fos-
ters strict criteria for the selection of the members,
ie. it elects candidates with high and proven
achievements in science and art, regardless of the
differences in their national, religious and ideologi-
cal background. Supporting such principles that em-
body MASA’s activity is a constant in the work of
Acad. Filipovski. In this context, he reminds us:
"...Macedonians, Albanians, Turks, Vlachs, Serbs,
Jews, one Pole, and members of mixed marriages
were or are members of MASA. It is one of the few
institutions that unites all ethnic communities and
nurtures lasting tolerance towards the different
ones." That is, dear all, the third pledge of our Jorgo,
addressed to all members of MASA, from the cur-
rent and the future composition of the Academy, to
the current and the future leadership of the Acade-
my, something that must be nurtured and developed,
because we are building our country as a democrat-
ic, multicultural and prosperous society.

In my opinion, these are the basic outlines of
the great story of a great man and scientist, our dear
Jorgo Filipovski. These are the basic outlines of a
story entitled ONE LIFE — A WHOLE CENTURY
OF HISTORY.

Dear Acad. Gjorgji Filipovski — I would like
to congratulate you on your 100th birthday! I wish
you a good and robust health! I wish you personal
happiness and happiness to your loved ones! My
wish is, and I am sure that I share it with all the
members of the Academy, is to associate and to
work together for a long time, to listen to your wise
advices when we are well, and also, when we are
facing problems and difficulties that are an integral
part of our work and our living.
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Forest ecosystems provide a wide range of environmental services with an important role in the Earth’s life-
support system. Climate change in Southeastern Europe (SEE) and forecasts for the period until 2070 have a huge
impact on the present and future planning in forestry and watershed management, due to the observed trends: the
increment of mean annual air temperature from 2,5-5,0 °C until the end of the XXI century; redistribution of annual
precipitation, with much more precipitation in the spring-summer period, during short, intensive rain events; a decrease
of annual precipitation and soil moisture of 10-20 %, with extreme consequences: dieback and disappearance of forests
in huge areas of hilly-mountainous regions. Degradation and loss of forests leads to spread and intensification of soil
erosion, with frequent torrential floods, mudflows, landslides, and avalanches. Stable forest ecosystems are pillars of
sustainable development, repopulation and could provide means and resources to battle and overcome poverty in moun-

tainous regions of southeast Europe.

Key words: forest ecosystems; climate change; flood prevention; erosion control; planning

INTRODUCTION

Forest ecosystems are the most complex land
ecosystems whose functions are public goods [1]:
protection against natural hazards (soil erosion and
desertification, mudflows, torrential floods, land-
slides, avalanches); preservation of biological diver-
sity; water supply; recreation; carbon-dioxide fixa-
tion; spiritual and aesthetic values; education. At the
same time, they provide raw materials for the wood
processing industry.

According to the Serbian National Forest In-
ventory [2], forests in Serbia cover 2.252.400 ha
(29.1 % of the total area of the country). Forests
cover approximately 40 % of the SE European
countries while the EU average is 42 % [3]. The
average volume in state-owned forests is 184 m®ha,
and the annual volume increment amounts to 4.5
mi/ha (2.4 %). The average volume in privately-
owned forests is 133 m*/ha and the annual volume

increment is 3.5 m*ha (2.6 %). Private forests cover
some 1.058.400 ha, or approximately 47 % of
Serbia’s total forest area [2]. There are about
500.000 private forest owners, who on average each
possess about 2 ha of forests, often divided into six
or seven parcels, which are often not spatially con-
nected. Due to the small size and low productivity,
most private forest owners cannot afford to pay for
professional forest management.

Protective, productive and social functions of
forest ecosystems have to be harmonized through
the concept of Sustainable Utilization, which means:
"...to meet the needs of the present without com-
promising the ability of future generations to meet
their own needs by practicing a land stewardship
ethics which integrates the reforestation, managing,
growing, nurturing and harvesting of trees for use-
ful products with the conservation of soil, air and
water quality, wildlife and fish habitat, and aesthet-
ics” [4].

#Dedicated to academician Gjorgji Filipovski on the occasion of his 100" birthday
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DOMINANT FACTORS THREATENING
FOREST ECOSYSTEMS

Climate change

The observed climate data in the period since
1961 until the present, shows considerable changes in
temperature and precipitation. Most affected by the
temperature increase are central parts of Serbia. The
hottest year in Serbia was 2014, and additionally, out
of the 10 hottest years on record, 9 happened since
the year 2000 [5]. The average temperature increase
on the territory of Serbia was 1.2 °C for the period
1996-2015, with the highest increase of maximum
daily temperature during the summer season, 2.2 °C
[6]. At the same time, mean annual precipitation de-
creased during the summer period (9.2 %). The fre-
guency and duration of heat waves showed a sudden
increase after 1982 [7]. The flow of warm and dry air
from North Africa has caused severe heat waves in
Serbia, with an absolute maximum temperature in
2007 (44.9 °C). During the summer of 2012, the
worst drought since the beginning of measurement
was recorded at several stations in Serbia [7].

The IPCC (International Panel on Climate
Changes) created scenarios A1B and A2, known as
'medium' and ‘high’ forcing scenarios: scenario
Al1B considers a future world of strong economic

growth, declining world population, rapid introduc-
tion of new and more efficient technologies, and
balanced use of all energy sources, with atmospheric
CO, concentration close to 690 ppm; the A2 scenar-
io describes a very heterogeneous world, with con-
tinuously increasing global population and econom-
ic growth and technological change more fragment-
ed and slower than in scenario A1B. Considered
atmospheric CO, concentration at the end of the 21
century is up to 850 ppm (between 1.8 and 2.2 times
higher than the present value of ~390 ppm) [8]. By
the end of the 21% century, according to scenario
AlB, an overall increase of about 2.5-5 °C is ex-
pected over Serbia for surface air temperature [5].
The largest warming and decrease of precipitation is
projected for summer periods [9]. The most extreme
prediction, based on scenario A2, is for the period
2071-2100, with summer temperatures increasing by
about 7 °C in the Balkan countries (including Serbia),
while changes for the rest of the region will be within
the range of 34 °C [10]. The number of days with an
absolute maximum temperature >30 °C (tropical
days) is expected to increase (especially in northern
parts of Serbia), while the total number of days with
an absolute minimum temperature <0 °C (frost days)
will decrease [11]. The vegetation period will start
earlier, and end later, as is already registered to be
happening in the Northern Hemisphere [12].
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Figure 1. Spatial disposition of the recorded precipitation for 24 h and 72 h at rain-gauge stations
in West and Central Serbia, during catastrophic torrential floods in May 2014
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Scenario A1B shows a precipitation deficit
between 9-18 %, except an increase in spring in
northern Serbia. According to scenario A2, precipi-
tation will decrease by as much as 16.4 % in spring
in south Serbia and increase by 9.6 % in winter in
northern Serbia [11]. According to scenario A2, an
increase of number of days with heavy precipitation
(precipitation >10 mm) is expected. In south Serbia
an increase of about 20 % is expected during winter,
and in the north, an increase of heavy precipitation
days is expected for all seasons. According to scenar-
io A1B, there will be an increase of heavy precipita-
tion days during spring and winter in the north, while
at other seasons, and in the south, there be a decrease
of less than 15 % [11]. In both scenarios, the duration
of the dry period (maximum number of consecutive
days with daily precipitation <1 mm) is expected to
be extended. For the period of 2079-2100, the reduc-
tion of rainfall in the Balkan region might be
considerably large, i.e. about 20 % of the mean pre-
cipitation found during the period 1961-1990 [13].

The paradigm for altered climate conditions
was the giant cyclone formed over the Balkans in
May 2014, with the following characteristics: immo-
bility, duration of about 7 days and huge spatial cov-
erage of more than 50.000 km? [14]. The cyclone
produced intense precipitation which was the domi-
nant input for fast surface runoff generation and tor-
rential flood forming, with recurrence intervals from
once in 1.000 years to once in 5.000 years [14]. Dur-
ing this event, historical records for 24 h and 72 h at
rain gauge stations were overcome at most measuring
points in West and Central Serbia (Figure 1).

Forest fires

Fires are a significant factor of deforestation
in Serbia. In 2007 alone, 258 forest fires were regis-
tered on an area of 33,000 hectares (of which 16.000
hectares were forests), which caused damage of
about 40 million €, with the reclamation cost of 24
million € [15]. During the summer of 2007, heat
waves registered in the Balkan region including
Serbia, were responsible for the largest fire-
damaged area. There was an increased frequency of
forest fires (2002, 2007, 2012 and 2017), that corre-
sponds to the appearance of heat waves and drought
periods. In the period 2012-2016, in forests man-
aged by the Public Enterprise "Serbian Forests", 316
fires were recorded, on a total area of 8.074,55 hec-
tares [15]. In 15 cases the cause was thunder, in 158
the fires were man-induced and in 143 cases the
causes were unknown (likely man-induced).

Forest dieback

The extreme drought recorded in 2012 dam-
aged sensitive relationships between spruce and root
pathogens (Heterobasidin parviporum), after which
there was a collapse of the trees and weakening of
their resistance [16]. On damaged and physiological-
ly weakened trees, populations of Ips typographus
and Pityogenes chalcographus have increased mani-
fold [16]. In the following years, these two species
also colonized completely healthy trees, which led to
extensive spruce dieback in the Golija region. The
extension of the vegetation period caused an increase
in the number of generations of bark beetles which
added to the intensity of damage in the Park of Na-
ture "Golija" (PNG) [16]. The total volume of spruce
trees logged because of the dieback (2012-2016) in
PNG amounted to 67,434 m® [16]. Increases in aver-
age annual temperatures and longer periods of
drought lead to more frequent outbreaks of defolia-
tors that cause great damage to temperate broad-leaf
forests. In 2013, Gypsy moth (Lymantria dispar dis-
par) caterpillars defoliated 60,000 hectares of oak
and beech forests in Serbia [17].

Forest fragmentation

Fragmentation of forests is initiated when for-
est roads, electric power and water-supply installa-
tions, ski trails and ski lift corridors, penetrate into
old growth or mature forest, dividing large surfaces
into small elements, changing their habitat condi-
tions [18]. Fragmentation is followed by habitat loss
that seriously endangers forest wildlife. The changes
of forest microclimate are noticeable at a distance of
up to 60 m from fragment edges [19].

Altered radiation, wind, water, and nutrient
regimes create new habitat conditions, inducing tree
mortality in fragments and strongly influence forest
dynamics and structure. An illustrative example of
forest fragmentation is the destruction of 26 ha of
native mature forest in the ski resort "Stara Planina™
[20], when two fragments were created (Figure 2),
endangering two local endemic plant species -
Campanula calycialata (found only in the proximity
of), and Senecio pancici (steno endemic of the Cen-
tral Balkans). After the development of the ski re-
sort, the buzzard (Buteo rufinus) disappeared from
the area (IUCN Red list of threatened species,
2006), and populations of skylark (Alauda arvensis,
IUCN Red list of threatened species, 2008) and Eur-
asian Woodcock (Scolopax rusticola, IUCN Red list
of threatened species, 2008) have been significantly
reduced [21, 22].
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Figure 2. Forest fragmentation at the "Stara Planina” ski resort [18]
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Illegal logging

According to the EU definition, "illegal log-
ging and related trade occur when timber is harvest-
ed, transported, processed, bought or sold in violation
of national or sub-national laws" [3]. Illegal logging
in Serbia is strongly linked to numerous factors
including unfavourable social and economic condi-
tions; low awareness for the importance of forest pro-
tection; institutional inefficiencies, weak law en-
forcement; inefficient judicial and sanctioning sys-
tems [23]. Two types of illegal logging can be clearly
distinguished in the Western Balkans: poverty-driven
illegal logging and commercial illegal logging. Illegal
logging carried out to fulfil the needs of poor local
populations is negligible compared to the overall en-
terprise of illegal logging [23].

The estimated volumes of illegally cut wood
in Serbian public forests are between 10.000 and
32.000 m® per year, while the total amount of
illegally cut wood in private forests is estimated at
about 500.000 m® [24]. Illegal logging is also very
pronounced in southern Serbian municipalities
(Vranje, KurSumlija, Leskovac, Raska and Le-
posavic), near Kosovo and Metohija [25]. The total
quantity of registered illegal logging in this part of
Serbia is more than 200.000 m?® for the period 2002
to 2008 [3].

Small hydro-power plants
In accordance with the National Renewable

Energy Action Plan of the Republic of Serbia
(http://www.mre.gov.rs/doc/efikasnost-izvori)

around 90 Small Hydro-power Plants (SHPP) have
been built in Serbia, of Derivation Type (SHPP-DT),
with pipelines in length of 2-5 km. Additionally, 856
SHPP-DTs are planned for construction [26] in
mountainous regions of Serbia, mainly in protected
natural areas (National Parks, Nature Parks, Special
Nature Reserves). Serbia is the least auspicious coun-
try in the Balkans when it comes to indigenous sur-
face waters (annual specific runoff g = 5,7 I's1 km)
[27], which is why mass construction of SHPPs be-
gan on rivers considered to be hydrologically, but
also ecologically most valuable. The implementa-
tion of this has led to the endangerment or even dis-
appearance of endemic and protected fish species,
fragmentation of the most valuable aquatic habitats,
fragmentation of forests (due to the construction of
access roads and derivative pipelines), endangered
water supply of local communities and intensive
erosion along access roads [28].

The problems identified as a result of con-
struction of the existing SHPPs require urgent re-
view of procedures for issuing licenses for both
planned and already constructed facilities, with the
imperative of prohibiting further construction in
protected areas. All the planned SHPPs would pro-
vide only 2-3.5 % of the annual energy needs of
Serbia, but that would mean total devastation of
most of the quality watercourses in the mountain
regions of Serbia [29].

For example, due to the small energy contri-
bution and detrimental environmental consequences,
the authorities in the US have removed more than
1,000 (SHPP-DT), in the period 1993-2017 [30].
Similar processes are taking place in France, Spain,
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Germany, and Sweden. Other ways of producing
energy from renewable sources have far less nega-
tive effects on the environment, and if the current
losses of the Public Enterprise "Electric Power In-
dustry of Serbia" during the transmission of electric-
ity, were reduced by only 2 % that would eliminate
the need for derivative SHPP [29].

According to the Study of European organiza-
tions dealing with the protection of watercourses
[31], eight SHPPs built in Albania, Croatia, and
Macedonia in the period 2013-2015, were financed
by the European Bank for Reconstruction and De-
velopment (EBRD) and the European Investment
Bank (EIB). Drastic examples of violations of na-
tional legislation and environmental standards have
been noticed, so the EBRD and the EIB reviewed its
business policy for the year 2018, in terms of fi-
nancing the construction of MHE [32]. Neverthe-
less, the construction of as many as 2.800 objects
[33] has been planned in the Balkans, although this
region is already one of the most endangered by cur-
rent climate anomalies, which, among other things,
leads to significantly reduced flow rates in low flow
periods.

TORRENTIAL FLOODS, EROSION
PROCESSES, AND FOREST ECOSYSTEMS

Torrential floods are the most frequent natural
catastrophic events in the SEE region, causing loss
of human lives and huge material damage, in both
urban and rural areas [34]. In Serbia alone, torrential
floods have caused death of more than 130 people in
the last 64 years and material damage estimated at
more than 10 billion € [34]. Representative exam-
ples are torrential floods that occurred in Serbia in
May and September 2014 (more than 50 people
died, direct material damage of over 2 billion dol-
lars), in Bosnia and Herzegovina in May 2014 (27
people died) and in Macedonia in August 2016 (21
people died). The frequency of these events, their
intensity and diffusion throughout the country make
them a permanent threat with severe consequences
to environmental, economic and social spheres [35].
The climate, along with the specific characteristics
of the relief, distinctions of the soil and vegetation
cover, severe erosion processes result in the frequent
occurrence of torrential floods. Torrential (flash)
flood represents a sudden appearance of maximal
discharge in a torrent bed with a high concentration
of sediment. In extreme cases, the two-phase fluid
flows out from the torrent bed with enormous de-
structive energy. The two-phase fluid (water and
sediment) can contain fractions (60 % of total vol-
ume) with different granulations ranging from clay

particles to rock fragments, with diameters of up to
5.0 m and a total mass of over 200 tons [36].

The soil and vegetation cover directly affect
the intensity of the surface runoff by creating "loss-
es" of precipitation through the processes of inter-
ception, evaporation, transpiration, and infiltration
[37, 38]. The eroded soil becomes compacted with
an insufficient amount of nutrients and organic mat-
ter. The infiltration rates and water-storage capacity
of the soil profile are reduced, which, in turn, in-
creases the overland flow and erosion. The amount
of surface runoff depends on the total precipitation,
the type of land use, and the characteristics of the
vegetation cover as well as on the air and water ca-
pacity of the soil [39, 40]. Clearcutting and the re-
moval of forest vegetation influence the water bal-
ance by affecting evapotranspiration and possibly
snow accumulation and melting. These activities
increase the peak discharge by as much as 50 % in
small basins and 100 % in large basins [41]. Timber
harvesting has the potential to increase the total flow
and lengthen the duration of larger flows while ena-
bling sediment movement [42]. The risk of erosion
processes, fast surface runoff, and torrential floods
can be significantly decreased by land-use changes
(afforestation of bare land, reclamation of degraded
forests, meadows and pastures, siltfiltering strips,
contour farming, and terracing) in order to reduce
erosive material production and meliorate water in-
filtration and water storage capacity of the soil.

CONCLUDING REMARKS

Climate change and natural hazards cannot be
prevented, but a better understanding of the process-
es and scientific methodologies for their prediction
can help mitigate their impacts. Very often, the hu-
man factor contributes significantly to the effects of
climate change and a range of disasters, with activi-
ties such as deforestation, mismanagement of forest
and agricultural surfaces, man-induced forest fires,
uncontrolled urbanization and the lack of erosion
control and flood protection structures.

The observed data processing and model-based
climate projections show that until the end of XXI
century, climate warming in Serbia and SEE will
cause an increase in the mean temperature of 2.5-5.0
°C, with a reduction of summer precipitation, an in-
creased frequency of heavy precipitation, and signifi-
cantly less snow precipitation, while the total annual
values do not show significant changes [11].

The impacts of climate change associated
with negative anthropogenic influence lead to the
degradation of forests and huge soil surfaces which
endanger biodiversity, economic activities, and
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health conditions in SEE countries. The derived re-
sults should raise public awareness and point to im-
perative action to apply mitigation and adaptation
measures in the fields of water resources manage-
ment, forestry, agriculture, nature protection, and
biodiversity preservation. Wood processing industry
practices and products must be raised in order to
achieve higher ratio of final products when com-
pared to raw wood, maximizing financial benefits
and decreasing the volume of exports of semi-final
products, which would provide a more rational utili-
zation of the growing stock.

Forest management from the aspects of miti-
gation of climate change effects and natural hazards
prevention should be complementary with other
demands such as environmental protection, sustain-
able soil usage, drinking water supply, local eco-
nomic development and sustained biodiversity. The
restoration of eroded and deforested watersheds is
one of the key activities in the process of mitigation
and adaptation to the effects of climate change, as
well as the reduction of disaster risk. It involves bio-
technical works on slopes and technical works in the
channel network, coordinated within a precisely de-
fined administrative and spatial framework. Cooper-
ation and overcoming of conflicts between the sec-
tors of water resources management, forestry, agri-
culture, energetic, environmental protection and lo-
cal economic development are indispensable at the
following levels: policy, spatial planning, practice,
investments and education. It is very important to
connect these measures with the process of mitiga-
tion and adaptation to climate change in accordance
with the platforms of UNFCC (United Nation
Framework Convention on Climate Change) and
UNCCD (United Nation Convention on Combat
Desertification), inform and educate all stakeholders
about the planned activities and provide subsidies
for their implementation and media support.
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YJIOT'ATA HA ITYMCKHUTE EKOCUCTEMMH BO ITPOLECOT HA YBJIA’KYBAIGE U
AJANITAIINJA KOH E®OEKTUTE HA KIIMMATCKUTE IIPOMEHHU

Parko Puctuk’, UBan Manymesuk, Bopuc Paguk, Ca1o601an MujiaHoBHK,
Bykamun MunyanoBuk, Cunnma IlonoBuna

UMlymapcku pakynrer, Vausepsurer Bo benrpan, Cpouja

Hlymckure exocucteMn 00e30eayBaaT IIMPOK PaHr Ha EKOCHCTEMCKM YCIyTM M HMaaT BaKHa yJora BO
OJIp)KYBambETO Ha JKMBOTOT Ha IuiaHerara 3emMja. Kimmarckure npomenu Bo CeBepoucrouna EBpona u mporHosure 3a
neprozot a0 2070 roauHa UMaat rojemMo BiIWjaHUe BP3 CETalllHUTE U WAHUTE IUIAHUPAatha BO YIIPABYBAKETO CO NIYMUTE
U CO BOAMTE MOPAaU 3a0esekaHuTe TPEHAOBU: 3T0JIeMyBahe Ha CPEIHOTOUIIHATA TeMIIepaTypa Ha BO3AYXOT 3a 2,5—
5,0 °C mo kpajot Ha 21 Bek; peaucTpuOyIHja Ha TOAUITHATE BPHEKH, CO MHOT'Y ITOBEKE BPHEKH BO MEPHOAOT HPOJIET-
JIeTO, MPEKy KPaTKOTPajHU U MHTCH3MBHU BPHEXKH; HAMATyBarhe¢ Ha TOJMIIHUTE BPHEKH M Ha BIIAKHOCTA HA TIOYBHTE 32
10-20 %, co ekcTpeMHH IOCIEAMIH, KAaKO IITO C€ CYIICHE M HCUC3HYyBame Ha LIYMHTE BO PHACKO-TUIAHUHCKUTE
peruonu. Jlerpananujata u ry0emBeTo Ha IyMHUTE BOIY KOH 3roJieMyBarbe 1 HHTCH3UBHPAKkE Ha epo3rjaTa Ha MOYBHTE,
€O 3auecTeHH OYWYHM MOIUIABH, KAIWIITA, JM3raka Ha 3eMjUIITETO W JaBHHU. CTaOMIHUTE IIYMCKH €KOCHCTEMH Ce
cTOo00BY Ha OJPKJIMBHOT Pa3Boj U Ha peromynalyjara, 1 Moxe Ja 00e30eaT CpeACTBa U PECYPCH 3a CIIPaBYBambe U 3a
HaJIMHHYBamb€ Ha CUPOMAILITHjaTa BO IUNIAHWHCKHTE Mojpadja Ha Jyroucrouna Espoma.

Kayynu 360poBH: IIYMCKM €KOCHCTEMH, KJIMMAaTCKU MPOMEHH; 3aIUTHTa Of IOIUIaBH; KOHTPOJIA Ha epo3Hja,
IUTaHUPAE
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The paper deals with the two new species for the flora of the Republic of Macedonia - Moenchia erecta (L.) G.
Gaertn., B. Mey & Scherb. and Catapodium marinum (L.) C.E. Hubb. and their distribution on the territory of the Re-

public of Macedonia.
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INTRODUCTION

The floristic and vegetation researches per-
formed intensively in the Republic of Macedonia in
the last period have led to new knowledge about the
presence of new, hitherto unknown species for the
territory. During our research of early spring ther-
mophilic vegetation of the alliance Romulion (Heli-
anthemetalia, Helianthemetea), which develops in
the southern and southeastern parts of the discussed
territory (Dojran, Strumica, Radovi§) and scrub veg-
etation in the zone of pseudomaquis (Paliuretalia,
Crataego-Prunetea) (Gevgelija, Valandovo, Bog-
danci, Dojran, Strumica, Demir Kapija) [1] we
found two new species in the flora of the Republic
of Macedonia - Moenchia erecta (Caryophyllaceae)
and Catapodium marinum (Poaceae).

MATERIAL AND METHODS

The floristic investigation has been carried
out according to the standard methods. For the pur-

poses of determining the plant species, the most im-
portant floristic works concerning the flora of Eu-
rope [2, 3], Balkan Peninsula [4-7], Republic of
Macedonia [8] and other regional floras, as well as
some special papers and databases [9] dealing with
taxonomy, nomenclature and chorology of the taxa
studied were used. The herbarium material is de-
posed in the Herbarium of the Institute of Biology,
Faculty of Natural Sciences and Mathematics in
Skopje (MKNH).

RESULTS AND DISCUSSION

Moenchia erecta (L.) G. Gaertn., B. Mey &
Scherb.

Moenchia erecta is a small annual plant with
ascending basal branches. Flowers are tetramerous
with 4 stamens and cylindrical capsule, usually
slightly exceeding the sepal. It is widespread in
most of Europe (mainly in the Mediterranean re-
gion, Atlantic Europe — West, Central and South

#Dedicated to academician Gjorgji Filipovski on the occasion of his 100" birthday
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Europe, North, North-West Africa and the Middle
East [3, 9], and secondarily in North America [10]
(Figure 1).

It is a rare plant species in the Balkan Penin-
sula, only known from few localities in the territory
of Greece [7], Bulgaria [6], Croatia [11] and Slove-
nia [12].

In Republic of Macedonia it was first discov-
ered in the southeastern parts (Strumica-Novo Selo),
near the border with Bulgaria (Figure 2). It develops
in habitats with typical early spring thermophilic
vegetation that belongs to the sub-Mediterranean
ass. Lago-Poetum bulbosae, alliance Romulion (He-
lianthemetalia, Helianthemetea). In the elaborated
territory, such vegetation is dominated by: Aira ele-
gantissima Schur, Alyssum desertorum Stapf, Achil-
lea coarctata Poir., Galium divaricatum Pourr. ex
Lam., Hypochoeris cretensis (L.) Bory et Chaub.,
Hypochoeris glabra L., Linaria pelisseriana (L.)
Mill., Lotus angustissimus L., Myosotis ramosissima
Rochel, Ornithopus compressus L., Plantago bel-

lardii All., Poa bulbosa L., Psilurus incurvus (Gou-
an) Schinz et Thell., Romulea bulbocodium (L.) Se-
bast. et Mauri, Scleranthus verticillatus Tausch, Tri-
folium campestre Schreb., Trifolium scabrum L.,
Tuberaria guttata (L.) Fourr., Vulpia ciliata Dumort
and others.

In the northern and northeastern parts of
Greece (Thassos, Kavala, Myrtofito, Askos, Nea
Peramos), M. erecta appears in the population of the
Mediterranean community - ass. Romuleo graecae-
Poetum bulbosae [13]. It can be found on grazed
places also elsewhere in the Mediterranean basin
[14, 15] and it belongs to an element of Mediterra-
nean heavily grazed dry grasslands [16].

Distribution in Republic of Macedonia:

Mk: Strumica-Novo Selo, on silicate bedrock
41.43231; 22.90296, 361 m., 16.5.2007 (leg. et det
V. Matevski et A. Carni) (MKNH)

Mk: Strumica-Novo Selo, on silicate bedrock
41.42425, 22.89463, 514 m., 16.5.2007 (leg. et det
V. Matevski et A. Carni) (MKNH)

Moenchia erecta

Native (incl. archacophytes)
(Prosumably) extinct

Botanical Musoum. Helsinki. Finland 2016
Data from BGBM. Berlin-Dahlem. Germany

Figure 1. Map of distribution of Moenchia
erecta (according the Euro+Med Plant
Base)

Catapodium marinum (L.) C.E. Hubb.

Syn.: Desmazeria marina (L.) Druce, Cata-
podium loliaceum (Hudson) Link., Desmazeria loli-
acea (Hudson) Nyman; Catapodium pauciflorum
(Merino) Brullo, Sclerochloa loliacea (Hudson)
Woods.

The distribution range of Catapodium mari-
num covers dry open habitats near the sea in the
South and West coasts of Europe, northwards to 59°
N in Scotland (Orkney), North Africa and Middle

%

N 4 7
| Bulgaria
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ey E\
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Figure 2. Distribution of Moenchia erecta
in the Republic of Macedonia

East [2, 9] (Figure 3). This species can be found
along the Adriatic sea [17-19] and also elsewhere
along the coast of Balkan Peninsula [20]. Most often
this species appears on coastal habitats, close to the
sea: sand dunes, and also in trampled habitats [21].
According to the available literature data this
species has not been known for the Republic of
Macedonia. It was discovered in surrounding of the
city of Strumica (Figure 4), in the zone of shrubby
vegetation (pseudomaquis) dominated by the fol-
lowing woody and shrubby species - Quercus coc-
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cifera L., Carpinus orientalis Mill., Crataegus mo-
nogyna Jacg., Ligustrum vulgare L., Lonicera etrus-
ca Santi, Pyrus amygdaliformis Vill., Quercus pu-
bescens Willd., Rosa sempervirens L. and others. In
the herb (ground) layer of the pseudomaquis along
with Catapodium marinum dominate Alyssum minu-
tum Schitdl. ex DC, Arabidopsis thaliana (L.)
Heynh., Aristolochia pallida Willd., Asterolinon
linum stellatum (L.) Duby, Cardamine hirsuta L.,
Carex distachya Desf., Cephalaria ambrosioides
(Sibth. et Sm.) Roem. et Schult., Crepis pulchra L.,
Cystopteris fragilis (L.) Bernh., Dianthus pinifolius
Sm., Draba muralis L., Filago gallica L., Lathyrus
sphaericus Retz., Lupinus angustifolius L., Luzula
forsteri (Sm.) DC., Medicago minima (L.) L., Scan-
dix australis L., Sedum cepaea L., Silene italica (L.)
Pers., Stipa bromoides (L.) Doerfl., Thymus
sibthorpii Benth., Torilis arvensis (Huds.) Link, Tri-
folium angustifolium L., Trifolium arvense L., Trifo-
lium dalmaticum Vis., Valerianella turgida (Steven)

Betcke, Veronica arvensis L., Vicia hirsuta (L.)
Gray, Vicia lathyroides L., Vicia villosa Roth, Viola
kitaibeliana Schult., Vulpia myuros (L.) C.C.Gmel.
and others.

Ecological conditions in the reported locality
were somehow different from that, reported by other
authors. This area has been overpopulated already
from the ancient times, there have been migrations
of people (e.g. recent of "Syrian refugees™) and the
transhumance has been practiced for a long time
[22]. So the species can move easily from the
neighbouring coast in the pseudomaquis in the
southern part of the Republic of Macedonia. But it is
a question whether its occurrence here is stable or
may be ephemeral.

Distribution in the Republic of Macedonia:

Mk: Strumica-Carevi Kuli, on silicate bedrock,
41.434333, 22.622861; SW, 518 m, 15.05.2011 (leg.
et det V. Matevski et A. Carni) (MKNH)

Botanical Museus. Helsinki, Finland 2016
Data from BGBM. Berlin-Dahlem. Germanu

Figure 3. Map of distribution of Catapodium
marinum (according the Euro+Med Plant
Base)

CONCLUSION

The work deals with the newly established
populations of two new species of the flora of the
Republic of Macedonia and their distribution on its
territory - Moenchia erecta (L.) P. Gaertn. (Strumi-
ca-Novo Selo) and Catapodium marinum (L.) C. E.
Hubb (Strumica-Carevi Kuli).

These and many other thermophilous species
with Mediterranean distribution pattern (e.g. Anthe-
mis auriculata Boiss., Chaenorhinum rubrifolium
(DC.) Fourr., Convolvulus elegantissimus Mill.,
Corynephorus divaricatus (Pourr.) Breistr. Dit-
trichia graveolens (L.) Greuter, Dittrichia viscosa

Ir b 7
st o | Ll
J

Figure 4. Distribution of Catapodium marinum

in the Republic of Macedonia

(L.) Greuter, Galium setaceum Lam., Helianthemum
aegyptiacum (L.) Mill., Hymenocarpos circinatus
(L.) Savi, Silene galica L., Tolpis umbellata Bertol,
Urtica pilulifera L. and others) [23-31) that have
been found in the Republic of Macedonia in the near
past show the influence of global warming [32] on
flora and vegetation in the region. We can consider
plant species as a good indicator of changing cli-
mate. In this way we have to monitor the appearance
of those species and predict the climatic changes
that are foreseen.
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Land degradation neutrality (LDN) is defined as a "state whereby the amount and quality of land resources nec-
essary to support ecosystem functions and services and enhance food security remain stable or increase within specified
temporal and spatial scales and ecosystems". The baseline is expressed as the initial (to) estimated value of each of the
three indicators, used as proxies of land-based natural capital and the ecosystem services that flow from that land base:
land cover/land use change, land productivity status and trends, soil organic carbon status and trends. The baseline of
LDN was calculated with estimation of the average values across the 10 years baseline period of the following indica-
tors: Land Cover/Land Cover change (LC/LCC), Land Productivity Dynamics (LPD) and Soil Organic Carbon (SOC).
Three tier approaches for computation of the selected indicators were used: Tier 1: Global/regional Earth observation,
geospatial information and modelling; Tier 2: National statistics (only for LC/LCC) and Tier 3: Field survey. Most sig-
nificant changes in LC for the period 2000/2012 are in the categories of Forest land and Shrubs/grasslands. According
the global data sets used for analysis of LPD, the total affected area with depletion of Land productivity for the period
2000/2010 is identified on a only 2.35 % of the country territory. The available global data sets gives a model SOC lev-

els for the period 2000/2010. According these data, the total loss of SOC in our country is estimated on 3951 t.

Key words: land degradation neutrality; land cover/use changes; land productivity; SOM

INTRODUCTION

Demands on global land resources are in-
creasing as the world’s population increases in
number and affluence, yet the health and productivi-
ty of land is deteriorating [1]. Land degradation is a
consistent loss of ecosystem functionality due to
human and natural processes [2].

Land degradation is an interactive process in-
volving multiple causal factors, among which cli-
mate variability, soil quality and land management
play a significant role [3]. Land degradation is a
global concern for sustainable development, conser-
vation of biodiversity and mitigating and adapting to
climate change. It refers to reduction or loss of the
biological or economic productivity and complexity
of land, reducing carbon storage in soil and
vegetation, driving the loss of biodiversity and
accelerating climate change [4].

Land degradation affects livelihoods, biodi-
versity and ecosystem services through reduction or
loss of the biological or economic productivity and
complexity of rain fed cropland, irrigated cropland,
or range, pasture, forest and woodlands resulting
from land uses or from a process or combination of
processes arising from human activities [5].

Increased competition for land resources will
increase social and political instability, exacerbating
food insecurity, poverty, conflict and migration [6].

The concept of Land Degradation Neutrality
(LDN) has been adopted as part of the 2030 Agenda
for Sustainable Development and is enshrined in
Target 15.3: "by 2030, combat desertification, and
restore degraded land and soil, including land affect-
ed by desertification, drought and floods, and strive
to achieve a land-degradation neutral world".

While Sustainable Development Goals
SDG15, calls for the protection of terrestrial ecosys-
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tems and the fight against land degradation in gen-
eral terms, target 15.3 explicitly formulates the vi-
sion of a "land degradation neutral world" [7].

LDN is defined as a "state whereby the amount
and quality of land resources necessary to support
ecosystem functions and services and enhance food
security remain stable or increase within specified
temporal and spatial scales and ecosystems" [8].

The LDN conceptual framework focuses on
the supporting processes required to deliver LDN,
including biophysical and socio-economic aspects,
and their interactions. Neutrality implies no net loss
of the land-based natural capital relative to a refer-
ence state, or baseline [9].

LDN target setting is a complex process that
includes numerous political and technical aspects.
The concept of Land Degradation Neutrality (no net
loss) is a maintenance or enhancement of the status
of land based natural capital degradation in relation
to a referent state (base line), hence the "base line"
becomes a "target to be achieved" in order to main-
tain the neutrality of degradation processes. The
LDN related to the "base line™ maintenance is con-
sidered as a minimum target.

The accepted base line indicators are a) Land
cover changes, b) Land productivity dynamics and
c) Carbon stocks (bellow and above ground). These
indicators are chosen to be used since they provide a
good evaluation of the land based eco system ser-
vices, these soil variables gives a good hint of soil
quality and together can be used to monitor the quan-
tity and quality of land-based natural capital.

In addition, the indicators address change in
the system in different yet highly relevant ways: a)
land cover provides a first indication of a reduction
or increase in vegetation, habitat fragmentation and
land conversion, b) land productivity captures rela-
tively fast changes while ¢) SOC reflects slower
changes that suggest trajectory and proximity to
thresholds. Land degradation trends analysis is an
important step in the process LDN, since it should
not be an expression of the current status of LD, but
a chronological assessment of land degradation pro-
cesses and drivers, which is crucial for understand-
ing of the current conditions of land degradation,
revealing anomalies and identifying degraded areas.
Such evidence based assessment provides a sound
base for LDN target setting and identifying needs
and opportunities of interventions [10].

Primarily, comparable and standardised na-
tional official data sources were used for calculation
of "base line", identification of hot-spots and trends
of land degradation

Main aim of this work was defining the LDN
baseline indicators and their dynamic in the last 10
years in the Republic of Macedonia.

EXPERIMENTAL SECTION

The baseline is expressed as the initial (to) es-
timated value of each of the three indicators used as
proxies of land-based natural capital and the ecosys-
tem services that flow from that land base.

- Land Cover/Land Cover change,
- Land Productivity status and trends,
- Soil Organic Carbon status and trends

Land cover refers to the observed physical
cover of the Earth’s surface, which describes the
distribution of vegetation types, water bodies and
human-made infrastructure. It also reflects the use
of land resources (i.e., soil, water and biodiversity)
for agriculture, forestry, human settlements and oth-
er purposes [11].

Land cover provides a first indication of
changing vegetation cover, to some extent as proxy
of the underlying use, and of land conversion and
resulting habitat fragmentation. Land Cover can be
considered as indicator for the sensitivity of land to
degradaton related to socio-ecological dynamics of
land management, especially: land abandonment and
unsustainable use of rural and peri-urban areas [12].

Land productivity refers to the total above-
ground net primary productivity (NPP) defined as
the energy fixed by plants minus their respiration
which translates into the rate of biomass accumula-
tion that delivers a suite of ecosystem services. Land
productivity captures relatively fast changes in land
capability for bio production.

Soil organic carbon (SOC): carbon stock is the
quantity of carbon in a pool (i.e., a system which has
the capacity to accumulate or release carbon). Car-
bon pools are biomass (above-ground biomass and
below-ground biomass), dead organic matter (dead
wood and litter), and soil (soil organic matter). It is a
summarizing parameter including all of the carbon
forms of dissolved (DOC: Dissolved Organic Car-
bon) and total organic compounds (TOC: Total Or-
ganic Carbon) in soils [10].

The baseline LDN indicators were calculated
with estimating of each of the following indicators,
the average value across the 10 years baseline period.

There are 3 Tier approaches for computation of
the selected indicators. The Tier approach, generally
provides advice on estimation methods used at three
levels of detail, from Tier 1 (the default method) to
Tier 3 (the most detailed method). In the context of
the LDN TSP, the following approach were used:

e Tier 1: Global/regional Earth observation,
geospatial information and modelling;

o Tier 2: National statistics based on data ac-
quired for administrative or natural reference units
(e.g. watersheds) and national earth observation;
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o Tier 3: Field surveys, assessments and
ground measurements.

Such approach, allows to use methods con-
sistent with national capacities, resources and data
availability and facilitates comparability at global level.

For our work in the absence of national data
generated from field surveys and ground measure-
ments, the global graphical data sets were provided
for the 3 indicators used in the process of the "base
line" assessment as presented in the Table 1. Global

data sets are generated from various referent sources.

Table 1. Default Tier 1 data provided by LDN TSP — Global Data Set

Indicator (metric)

Default Tier 1 data source

Land cover

ESA Climate Change Initiative Land Cover dataset : spatial resolu-

tion 300m; 3 epochs 2000, 2005 and 2010 (2015 available shortly)

Land productivity
(net primary productivity)

JRC Land Productivity Dynamics dataset:15-year time series (1999
to 2013) of SPOT Vegetation NDVI; spatial resolution 1 km.

Carbon stocks above and below ground

ISRIC SoilGrids250m (2016, in prep.)

(SOQC)
Table 2. Description of LC categories
Value Categories Short description ESA CCI-LC classes (codes)
1 Forests Geographical areas dominated by natural Tree broadleaved evergreen,

tree plants with a cover of 15 % or more.
This class also includes:

- mosaic tree and shrub (> 50 %) / herba-
ceous cover

- seasonally or permanently tree flooded
with fresh water

Tree broadleaved deciduous,

Tree needle leaved evergreen,

Tree needle leaved deciduous,

Tree mixed leaf type,

Mosaic tree, shrub / herbaceous cover,
Tree flooded, fresh water

(50, 60, 61, 62, 70, 71, 72, 80, 81, 82,
90, 100, 160)

2 Shrubs, grasslands
and sparsely
vegetated areas

Geographical areas dominated by:

- natural shrubs; or

- natural herbaceous plants; or

- sparse natural vegetation with a cover of
15 % or less;

This class also include:

- mosaic natural vegetation (> 50 %) / crops
- mosaic herbaceous cover (> 50 %) / tree
and shrub

Mosaic natural vegetation / cropland,
Mosaic herbaceous cover / tree, shrub,
Scrublands,

Grassland,

Lichens and mosses,

Sparse vegetation

(40,110, 120, 121, 122, 130, 140, 150,
152, 153)

3 Cropland Geographical areas dominated by:

- herbaceous crops; or

- woody crops; or

- mixed herbaceous and woody crops;
This class also include:

- mosaic crops (50 %) / natural vegetation

Cropland rainfed,

Herbaceous cover

Tree or shrub cover

Cropland, irrigated or post-flooding,
Mosaic cropland / natural vegetation
(10, 11, 12, 20, 30)

4 Wetlands and
water bodies

Geographical areas dominated by:

- shrub or herbaceous vegetation, aquatic
or regularly flooded; or

- mangroves or

- water bodies (natural / artificial,
standing / flowing, inland / sea)

Tree cover, flooded, saline water,
Shrub or herbaceous cover, flooded,
fresh/saline/brackish water

Water bodies

(170, 180, 210)

5 Artificial areas Geographical areas dominated by artifi-

Urban areas

cial surfaces, including urban and associ- (190)
ated areas (e.g. urban parks), transport
infrastructures, industrial areas, burnt
areas, waste deposits, extraction sites.
6 Bare land and Geographical areas dominated by: Bare areas,

- bare areas or
- snow and glaciers

other areas

Permanent snow and ice
(200, 201, 202, 220)

Ipunosu, Q00. tipup. maild. 6uoitiex. nayku, MAHY, 40 (1), 39-51 (2019)



42 Dusko Mukaetov, Ivan Blinkov, Hristina Poposka

Global data sets used for all three indicators
were in format different from the national standards;
hence, the initial step in this research was to convert
the digital data sets which enables its overlapping with
other national data sets for the future in depth analysis.

As for the LC/LCC indicator, LC classes with-
in ESA-CCI significantly differs from these used in
CORINE LC dataset. In order to make both data sets
comparable, the following approach of harmoniza-
tion and reclassification was uses (Table 2).

The dynamics of LC/LCC has been analyzed
over 10 years period with comparison of ESA-CCI
data sets for year 2000 and year 2010, while for
CORINE LC datasets were used for the period
2000-2012.

Land productivity refers to the biological pro-
ductive capacity of the land, as source of all the food,
fiber, and fuel that sustains humans [5].

The JRC’s Land Productivity Dynamics (LPD)
dataset is used as default source for land productivity
data. The LPD dataset used, was derived from a 15-
year time series (1999 to 2013) of SPOT Vegetation
global NDVI observations composited in 10-day
intervals at a spatial resolution of 1 km.

Global data set used during setting of the
"base line" and estimation of SOM dynamic has

been derived by the International Soil Reference and
Information Centre (ISRIC).

All digital analyses were launched in a GIS
environment using an appropriate software: ArcGIS
10.1 and QGis 3.1.

Finally, all results about land degradation
hotspots, were checked and validated through on-
field work, by recognition of the terrain and collect-
ing relevant historical information from local people
for the previously defined hotspots.

RESULTS AND DISCUSSION

Land Cover/Land Cover Changes

Global data recommended for validation of
LC/LCC dynamics are originated from the European
Space Agency-Climate Change Initiative for the
periods 2000/2010 (Figure 1). In addition, it was
recommended, if possible, to use national referent
digital data sets. For this purpose, in our work the
recommended global data set of LC (ESA-CCI) was
compared with the existing data set of CORINE LC
data base for the country.

ESA CCI LC dataset 2000

macedonia_lc2000_D
4/ GRIDCODE

ESA CCI LC dataset 2010

Imaudoni-_lcn!oj
‘GRIDCODE

)

\\ _"

Legend
CORINE_2010_LDN_finish

<allothar valies
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) i -
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2] winetians
B2 otner

Cropland (ine. pastures)
B oot

Shrubs, grassiands and 1p
P57 Wetiands &

CORINE LC_2000

Legend

GORINE_2012_LDN _finish
“al e sclucs
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(§ At l2g

CORINE LC_2012

Figure 1. Land Cover by ESA CCI, 2000 and 2010
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This data base was previously used in the
country for many other analysis of LC and is con-
cerned as the only existing referent data base of LC
on a country level. The periods used for this com-
parison were 2000-2012. The classes of the LC in
CORINE LCU on level 3, were grouped into 6 cate-
gories in a line with the IPCC Guidelines. Similar
reclassification has been already made for the ESA-
CCI data set as well.

For better comparison of the LC/LCC, vector
files containing info for the spatial distribution of
LC under each of the 6 categories, for each period
for the both digital datasets were developed, as pre-
sented in (Figure 2). This procedure, enables calcu-
lation and comparison of the surface area under each
of LC categories for both periods.

ESA-CCILC dataset (v. 1.6.1) - 2000 o
T,
}"’ e ¥

ESA-CCI-LC dataset (v. 1.6.1) - 2000

i FSA-CCT-L.C dataset (v. 1.6.1) - 2000 - 3

FSA-CCT-LC dataset (v. 1.6.1) - 2000

i A

FSA-CCT-LC dataset (v. 1.6.1)-2000 =/

[ESA-CCI-LC dataset (ver. 1.6.1.) - 2010 .p5

[Esa-cci-Lc dataset (ver. 1.6.1.) - 2010

[ESA-CCI-LC dataset (ver. 1.6.1.) - 2010 3 s

Lagend

Figure 2. Separate ESA — LC categories of land use for the year 2010 and 2010

In the Figure 3 a land use change for both da-
ta sets are presented graphically, while the cumula-
tive areas of land use change for each category are
presented in Table 3.

Out of the presented data, a differences between
the two datasets: ESA CCI and CORINE LC in terms
of LC change for the period 2000/2010 are significant.
Most significant differences are notable among the

first two categories forest and shrubs, grassland and
sparsely vegetated areas. The ESA-CCI data base rec-
ognizes a total loss of 6, 5 sg. km, out of which 3, 9 sq.
km are converted to shrubs, grassland and sparsely
vegetated areas and 2, 9 to cropland. According this
data base, there is no other land cover changes with the
other 3 categories: wetland and water bodies, artificial
areas and bare land and other areas.
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Figure 3. Land Cover change - differences ESIA-CCI and CORINE LC

Out of the data presented in Table 3 and 4, it
can be noticed that according CORINE LC data
base, the most significant changes in LC for the pe-
riod 2000/2012 are in the categories of Forest and

SG&Sva. Most probably the majority of reduced
areas under forests are result of conversion to
SH&Sva, in the process of interpretation of the sat-
ellite images for the period.

Table 3. Area under different categories of LC of CORINE Land Cover Data base

CLC categories ESA-CCI, in km? CORINE Land cover in km?
2000 2010 Netarea 2000 2010 Net area
change change
Forest (F) 11.159.00  11.152.00 -6.50  8.60850  8.242.66  -365.83
Shrubs, grassland and sparsely veg-
etated areas (SG&Sva) 2.631.00 2.635.00 3.90 4.388.61 4.722.81 334.20
Cropland © 10.345.00  10.347.00 2.6 11.256,61 11.228.94 -27.67
Wetland and water bodies (W&Whb) 497.00 497.00 0.00 723,11 698.30 -24.82
Artificial areas (Aa) 713.00 713.00 0.00 387,18 428.44 41.25
Bare land and other areas (BI&Oa) 4.00 4.00 0.00 74,26 113.54 39.28
Total 25.349.00  25.349.00 25.438.27  25.434.69

The reasons of this changes are result of for-
est fires in 2007 when almost 40 000 ha were
burned. After fire, the land is bare and in the next
period the self-restoration usually starts, firstly as a
ground flora: grass and bushes and later in most
cases forest species. For decoding and calculation of
LC changes in 2010 aerial images from the period
2008/9 were used when significant land areas were
affected with forest fires due to what in most cases
forest areas were classified in the category of
SG&Sva. There is also a notable increasing of the
categories of bare-land (39, 28 km?) and artificial
land (41, 25 km?) which is most probably result of
urban expansion and conversion of fertile cropland
and pastures. Of particular interest is the decreasing
of the area classified as wetlands& water bodies.
There are several reasons for this: errors which
might appeared during the photointerpretation of

satellite images, drought that cause decrease of wa-
ter level and surface area of the Prespa Lake and
variations of water level and surface area of the res-
ervoirs due to the intensive usage of water for irriga-
tion.

Changes in land cover may be characterized as
positive or negative when contextualized with na-
tional or local information. Some critical transitions
are generally considered as negative, for instance
those:

o from natural or semi-natural
classes to cropland or settlements;

o from forest land to other land cover classes
(i.e. deforestation), as well as those

e from natural or semi-natural land cover
classes and cropland to settlements (i.e. urbaniza-
tion).

land cover
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Table 4. LC changes and its effects on land productivity (ha)

Land cover  Areaof LC Converted to LLSJC Hot
ots
type changes Forest Shrubs Cropland* Wetland  Urban Other P
Forest land 13.404.31 68.17 12.898.812 3.128  11.772 422.442 13.336.14
Shrubs 7.910.81 7.192.24° - 281.278  164.872 — 272.442 718.58
Cropland* 4.328.37 266.09P 373.49° 2780.13 21.35 27.242 860.072 -
cropland 3.307.63 191.73° 208.24° 2368.7° — 11.49 527.46 538.96
pastures 1.020.73 74.36° 165.242 411.422 21.352 15,752 332.612 946.37
Wetland 347.95 91.39b - - 247.23 9.332 — 9.33
Urban 5.67 — — — 5.67° - - -
Other 638.37 - 112.13° 391.93° 48.46° 57.722 28.13 57.72
TOTAL .
CHANGE 26.635.49 13.064.05 692.69 189.34 106.07 1554.94 15.607.1

a - decline of land productivity (negative changes); b- improvement of land productivity (positive change)

*Sum of cropland and pastures

Land Productivity Dynamics

Land productivity is an expression of the
bioproductivityof all land components and their
interaction, especially for regional assessments, not
just those components related to human activities
and direct use. Therefore, Land productivity is not
to be confused with agricultural productivity [13].

Land productivity points to long-term chang-
es in the health and productive capacity of the land
and reflects the net effects of changes in ecosystem
functioning on plant and biomass growth. Land
productivity is also important for assessing changes
in the carbon stocks of natural and managed sys-
tems, and thus their contribution to climate change
mitigation efforts. LPD was performed on the base
of the NDVI analysis for estimation of Net Plan
Productivity. The Normalized Difference Vegetation
Index (NDVI) so far is the most commonly used
vegetation index. Simmilar analysis for estimation
of total anyal biomass (TWB) and NPP for big areas
or global level with usage of MODIS data set can be
find in the work of Conijn at al. [14].

The normalized difference vegetation index
(NDVI) is a simple numerical indicator that can be
used to analyze remote sensing data and assess
whether the target area contains live green
vegetation [15]. NDVI is one of the simplest and
most frequently used indices in plant studies [16].

The LPD dataset provides 5 qualitative
classes of land productivity trends over the above
mentioned time period. These qualitative classes do
not directly correspond to a quantitative measure
(e.g. t/ha of NPP or GPP) of lost or gained biomass
productivity. The 5 classes are rather a qualitative
combined measure of the intensity and persistence

of negative or positive trends and changes of the
photo-synthetically active vegetation cover over the
observed period.

The JRC dataset's 1 km resolution is unlikely
to be of appropriate scale to reflect human activities
at a sub-national scale [17], especially in small scale
landscape mosaics. Still, in a case of missing of na-
tional data sets, UNCCD suggests using the above-
mentioned dataset and classification to determine
the degree of land degradation.

As mentioned before, LPD data set provides 5
classes of land productivity (Table 5), among which
the first 3 classes are considered to be an indication
of potential land productivity decline, as an indica-
tor of land degradation.

Table 5. Classes of Land Productivity Dynamics (LPD)

Value Description
1 Declining productivity

Early signs of decline

Stable, but stressed

Stable, not stressed

Increasing productivity

unacceptable

acceptable

gl wN

The Global data set for LPD was transformed
into national projection for its further use with other
re-projected data sets in the process of “base line”
assessment (Figure 4). The LDN raster data set was
converted into shape file. All classes were identi-
fied, integrated separated into separate files.

This was necessary, to identify the total area
and spatial distribution of the first 3 classes which in-
dicate decline or stress in terms of land productivity.
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Figure 4. LPD data transformed in Macedonian geodetic system — an example dataset 2000

In Figure 5, are presented all 5 classes that
present Land productivity dynamic (map on the left
hand side) while on the other map are presented are-
as with unacceptable LPD classes’ (1-3 class).

According to the calculations, the total area of
LPD defined as unacceptable or only 2.35 % of the
territory of the country and it seems as to be very
small area, but in reality it is 58 500 ha with nega-
tive land productivity dynamic.

LPD_classes for 2000-2010

AL
macedonia_lpd_D

.o
S S GRIDCODE

Figure 5. Land Productivity dynamics

= Early sighns of decline
(¥ Stable not stressed

@l Increasing
B Stable but stressed

Figure 6. Distribution of the territory
of the Republic of Macedonia per LPD classes — [km?]

Dengiz [18] reports data for land productivity
dynamics (LPD) of a degraded catchment located in
sub-humid terrestrial ecosystem estimated via a land
degradation assessment using three indicators: LC,
land productivity, and SOC density. In more than 23 %
of the catchments’ area of approx. 3896 ha, land
productivity is observed to decline while about 24 %
shows early signs of decline level (Figure 6).

Soil Organic Carbon dynamic

Soils contain the largest dynamic reservoir of
carbon on Earth. This makes soils a critical compo-
nent of the global carbon cycle [19]. The factors
controlling the rates andprocesses for SOC
accumulation and lossinclude many factors, like:
climate, topographic position, parent material,
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potential biota, time, and human activity;these are
also thefactors that govern soil formation in general,
hence the monitorign of SOC dynamuc is a very
complex task.Yang Li-xia and Pan Jian-jun [20]
noted that modelling of SOC is an one of the possi-
ble approaches in estimation of SOC dynamics,
suggesting that future soil organic matter models
should be developed toward based-process models,
and not always empirical ones.

With a reference to the third indicator ana-
lysed in the process of the "base line™ assessment, it
should be noted that, two types of information are
required:

1. the baseline SOC stocks (e.g. ton/ha) for
the country in the year of interest (here 2000),and

2. corellation of changing of land use/cover
conditions to changes in SOC stocks (aboveground
and belowground-soil organic carbon SOC).

For the purposes of this study, modeling of
the SOC content based on over 150,000 soil profiles
collected over several decades by ISRIC, the depth
of the soil layer to the parent substrate, the content
of the skeleton, the apparent density, and other co-
variables which are determined by means of remote
sensing, and modeling of all realizations between
these co-variables and the soil properties of the
multi-index database for the soil has been
modeled.In this way (although soil profiles have
been monitored over the course of decades), the
basic content of the SOC for 2000 has been set in a
250 m grid map.

To obtain an estimate of the change in SOC
reserves in time period (2000-2010), suitable for
setting LDN targets, a modified IPCC methodology
is used that is used to produce National GHG
inventories to predict the movements (changes) in
SOC at the country level based on land use change /
coverage [21].

The following dynamic trends (i.e. variables)
were used to make a rough estimate of the change in
SOC:

— the change in the soil cover/utilization
associated with the ISRC assessment of the SOC
content in 2000.

— The general bioclimatic zones (boreal,
temperate, temperate continental, etc.) and the
assumptions for change in the input of agricultural
inputs with the change of soil cover/utilization, were
considered as well.

On the base of these assumptions in change of
land cover/land use change and inputs in different
climatic zones, estimated quantities for each catego-
ry of land cover was derived.

The general data set for the SOC was re-
projected in a line with the national projection. The
SOM raster file has been transformed from raster to
shape file, and reclasified into 11 classes of SOM
contents. Same procedure has been applied for both
peridos 2000 and 2010 in order to idnetify the areas
with decrease of SOM content in the surface layer
(0-30 cm) in t/ha (Figure 7).

SOC_2000_ESA-CCI_ver.1.5 3 Jﬁ

SOC_ESA-CCI_2000_georeferenced

SOC_ESA-CCI_2000_reclass

s o J

s

SOC_ESA-CCI_2010_reclass

Figure 7. -SOM content classes spatial distribution for 2000 and 2010
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Figure 8. Area with SOM changes

The differences in soil organic matter are pre-

sented in Table 6 and Figure 8. SOC change is relat-
ed and calculated on the base of land use change.

Out of the presented data it can be seen that
conversion of forest to cropland (2.6 km?) for the peri-
od 2000/2010 yields a total SOC decreasing of 3951 t.

Table 6. SOC change for the period 2000/2010

Net area change

Soil organic carbon 0 — 30 cm (2000-2010)

Conversion of LC classes Km?2 t/ha total (t) loss (t)
2000 2010 2000 2010 2000/10
Forest to Cropland 2.6 86.6 71.4 22590 18639 -3951
Forest to Shrubs, grasslands and 39 89.2 892 34504 34524 0
sparsely vegetated areas
Total -6.5 - - 57114 53163
Total loss of SOC stock (country) -3951

CUMULATIVE LAND DEGRADATION
TRENDS

The three indicators used for setting the base-
line (i.e. land cover, land productivity and carbon
stocks above and below ground (metric: SOC)),
complemented as needed by nationally relevant in-
dicators, can also be used to assess trends. When
setting the baseline, it is necessary to estimate for
each indicator, the average value across the five-
year baseline period. However a retrospective trend
analysis requires an observation of the changes in
the value of the indicators over a 10-15 year as-
sessment period prior to the current condition (in
our case 2000/2010).

As these indicators are complementary rather
than additive and components of land condition,

they should be analysed separately. However, land
cover, being considered as an important indicator in
itself, should also be used to stratify the other two
indicators.

Degradation is generally considered to occur
when:

e land productivity shows a significant nega-
tive trend; or

e SOC shows a significant negative trend; or

e negative land cover change occurs; or

¢ a negative change occurs in another nation-
ally relevant indicator.

However, trends in the indicators need to be
interpreted in the context of local conditions. Cumu-
lative land degradation consists of area with nega-
tive trends in LPD (I —I1I class) and area with SOC
decrease (Figure 9).
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Figure 9. Cumulative Land degradation per watershed and priority watersheds

According to the ESA CCI data, the total de-
graded area is 588.6 sq. km (LPD — 585 sg. km and
SOC loss — 2.6 sq. km). The area of degraded land
per watershed according to the delineation by ESA
CCI are presented in Table 7 (note: it is different
than Macedonian delineation of watersheds). Total

degraded area (negative status in dynamic of LPD
+SOC) in the country cover 589 km? out of which
585 km? from LPD and 3.5 km? with SOC losses.
More detail data about cumulative land degradation
per watersheds in the country is presented in the
following table.

Table 7. Cumulative land degradation per watersheds

Degraded area

Watersheds Watershed area LPD 1-3 area SOC loss LPD+SOC
km? km? t km? km?
Vardar 20.331.00 422.00 -2.979.00 2.00 424.00
Black Drim 2.782.00 124.00 —855.00 0.00 124.00
Struma/Strumica 1.699.00 25.00 -270.00 1.00 26.00
South Morava 40.00 15.00 0.00 0.00 15.00
Total 24.852.00 586.00 —4.104.00 3.00 589.00

CONCLUSIONS

Differences between two datasets for land
cover/use changes: ESA_CCI and CORINE LC for
the period 2000/2010 are significant.

Soil Organic Matter is estimated on the base
of a global data and its dynamics over the period is
limited to the land cover change.

Exhaustive and long term monitoring system
of land degradation neutrality indicators dynamic
should be established on a national level. Such sys-
tem will enable implementing of Tier 2 and Tier 3
methodology for monitoring of LDN indicators.

The analyzes showed significant negative trend
in dynamic of LDN indicators, due to what the coun-
try should adopt and implement “Land Degradation

Neutrality Target setting program™ for achieving the
obligations aroused from the SDG 15.3.
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JUHAMUKA HA THAUKATOPUTE 3A OHEHKA HA CTATYCOT HA HEYTPAJIHOCTA HA
JEI'PAJAIIUJATA HA BEMJUIITETO BO PEIIYBJIMKA MAKEJOHUJA

JNymxo Mykaetos!, UBan Baunkos?®, Xpucruna ITonockal

3emjonencku uncruryt, Yausepsurer ,,Cs. Kupun u Metomuj“, Cxomje, Perry6nuka Makenonuja
’[llymapcku dakynter, Yuusepsurer ,,Cs. Kupun u Metoauj“, Ckonje, Peny6nka Makenonuja
SUcTpaxyBaduky LIEHTap 3a )KMBOTHA CPEIMHA U MaTEPH]jallH,
MaxkenoHcKa akageMHja Ha HayKuTe U yMeTHOcTHTe, CKotje, Permy0irka Makegonuja

Heyrpanrocta Ha gerpaganujata Ha 3emjumrero (H/I3) e nepurupano kako cocrojba mpu Koja KOJTHYMHATA H
KBAJIUTETOT Ha 3EMjUIIHUTE PECypcH MOTPEOHW 3a MOAJPIIKA Ha EKOCHCTEMCKUTE (YHKIMHM U YCIYyTH, Kako H
noJo0pyBameTo Ha Oe30eHOCTa Ha XpaHaTa OCTaHyBaaT CTaOMJIHM WIM CE 3rojieMyBaaT BO PaMKUTE Ha OAPEICHU
BPEMEHCKH W TIPOCTOPHU paMku M ekocuctemu. OcHoBHaTa cocrojbOa (baseline) e m3paseHa kako mnouerHa (t0)
NpoLIeHeTa BPEJIHOCT Ha CEKOja OJ TPUTE MHAWKATOPH IITO C€ KOPHUCTAT Kako pedepeHTHH 3a NpolieHa Ha TIPUPOAHUOT
KaluTaJl 3aCHOBaH BP3 3E€MjHUILIHUTE PECYPCH, KAKO M €KOCHCTEMCKHUTE YCIYT'H IITO MpPOM3JIEryBaaT O HEro, U Toa:
3eMjUIIHATa MOKPUBKA/TIPOMEHA BO 3€MjHUILATa MOKPHBKA, CTATYCOT M TPEHAOBHTE BO OJHOC Ha MPOAYKTUBHOCTa Ha
3eMjHUILITETO, KAKO U CTAaTyCOT U TPEHAOBHUTE BO OJHOC HA COJPXKMHATA Ha OPTaHCKH jarjepo] BO MOYBATA.

OcHoBHata muHMja Ha HJ/I3 e mpecMeTaHa co MpolieHa Ha NMPOCEYHHUTE BPEAHOCTH BO TEKOT Ha pedepeHTEeH
nepuoa o 10 roauHu 3a ClIeIHMBE WHIUKATOPH: 3€MjHIIHA MOKPUBKA/TIpoMeHa Ha 3eMjuinHarta nokpuska (LC/LCC),
IUHAMUKa Ha MpoayKTuBHOCTa Ha 3emjumtero (LPD) m mouBenmor oprancku jarnepon (SOC). bea xopucrenu tpu
auBoa (Tier) 3a mpecMmeryBame Ha u30OpaHUTe HWHAMKATOpW: Tier 1 HHUBO: KOpHCTEHE TIIOOATHO/PErHOHAIHO
HaOJbyqyBate Ha 3emjara, reompoCTOpHH WHPOPMAIMH W MOJCTHpame; TIef 2 HHUBO: KOPHCTCHC HAI[MOHAITHA
craructrka (camo 3a LC/LCC) u Tier 3 HUBO: TEPEHCKO HCIUTYBamke. Haj3HauajHU IPOMEHHU BO OJHOC HA 3eMjHIITHATA
mokpuBka 3a nepuonot 2000 — 2012 ronuHa ce BO KATEropuUTe IIyMH U rpMyliku/macumira. Cropen riobaniHuTe 6asu
Ha MOAATOLM, ITO Oea KOPHCTEHW 3a aHallM3a Ha HPOJYKTHBHOCTA Ha 3EMjHIITETO, BKyNHATa IOTOJIeHa 00JacT co
HaMallyBame Ha MPOAYKTUBHOCTA Ha 3eMjuiirero 3a nepuoaot 2000 — 2010 roquna e uneHrudukyBana Ha camo 2.35 %
o1 TepuTopHjaTa Ha 3eMjaTta. JloctamHaTta rio0agHa 0a3u HAa MOMATOIM COAPXKU MOMATOIM JOOHMEHM MO MaT Ha
MOJIeNpamke 32 COApKUHATA Ha mouBeH opraHcku jariepoxa (SOC) 3a mepuomor 2000 — 2010 roamna. Criopen oBue
moaTony, BKynHara 3aryoa Ha CIIL] Bo HamaTa 3eMja ce mporeHyBa Ha 3951 t.

Kay4unu 360poBH: HEyTpaHOCT Ha IeTrpajaliyja Ha 3eMjHIITETO; POMEHA Ha TOKPOBHOCTA/HCKOPHCTYBAETO
Ha 3eMjHIITETO; NPOIYKTUBHOCT Ha 3€MjUINTETO; IIOYBEHA OPraHCKa MaTepHja
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WATER USE EFFICIENCY AND PEPPER YIELD UNDER DIFFERENT
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The primary objective of this study was to determine water use efficiency (WUE) and pepper yield under differ-
ent irrigation and fertilization regimes. For this purpose, a three-year field experiment was conducted with pepper,
grown in a plastic house in the Skopje region. Four experimental treatments were applied in this study. Three of the
treatments were drip fertigated (DF1, DF,, DFs3), while the last one was furrow irrigated with conventional application of
fertilizer (@s). The results obtained clearly showed that treatments DF;, DF,, and DF; resulted in significantly higher
marketable and dry pepper yield in comparison to treatment Jg. Also, drip fertigation frequency at four and two days
(DF2 and DF;) resulted in 9.6 % to 13.6 % higher marketable and 17.6 % to 20.1 % dry pepper yield when compared
with drip fertigation scheduled by tensiometers (DFs). Also, our results indicate that drip fertigation is an effective prac-
tice in achieving significantly higher WUE. Namely, WUE was 2.50, 2.47, 1.99 and 1.54 kg/m? for the treatments DF4,

DF,, DF® and O, respectively.

Key words: furrow irrigation; conventional fertilization; drip fertigation; yield; water use efficiency

INTRODUCTION

Water scarcity and drought are the major fac-
tors constraining agricultural crop production in arid
and semi-arid zones of the world. Innovations for
saving water in irrigated agriculture and thereby
improving water use efficiency are of paramount
importance in water-scarce regions [1].

Worsened water availability conditions
caused by the recent processes of climate warming
evoke the attention of the scientists to the efficiency
of the water use by crops [2]. A useful tool for suc-
cessful yield and water management is the yield-
water relationship [2, 3]. Development of water and
fertilizer management technology that improve wa-
ter use efficiency is the key to guaranteeing sustain-
able cultivation of facilities vegetable [4]. However,
efficient use of water by irrigation is becoming in-

creasingly important, and alternative water applica-
tion method such as the dripping one may contribute
substantially to the best use of water for agriculture
and to improving the irrigation efficiency [5].
Pepper is one of the most important vegetable
crops produced under irrigated agriculture [6].
According to Dorji et al. [7], pepper production is
confined to the warm and semi-arid countries where
water is often a limiting factor for production,
necessitating the need to optimize water manage-
ment. Furthermore, Tanaskovik [8] reported that
pepper is among the most sensitive horticultural
plants to drought stress. Such sensitivity has been
noticed in several researches that studied the fresh
and dry matter yield reduction affected by water
stress [9-12]. Generally, the low pepper yield may
be associated with water stress or inadequate soil
nutrient [13, 14], which is a result of inadequate

#Dedicated to academician Gjorgji Filipovski on the occasion of his 100" birthday
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water and soil nutrients procurement affected by
irrigation and fertilization regime [15-17].
However, water shortage can be more detrimental to
pepper than nutrient deficiency [18].

The pepper water requirements during the
vegetation period are quite big compared to other
crops, which is a result of the poorly developed root
system [19] and large transpiring leaf surface [20,
21]. Water deficit during the period between
flowering and fruit development reduces the final
productivity of pepper [22, 23]. Therefore, in order
to obtain high yields, pepper needs to be provided
with adequate quantities of water throughout the
vegetation period. In this relation, many authors
have elaborated the topic as to how much attention
should be paid to irrigation practice of pepper crop
[9, 13, 16, 24-31].

Generally, the pepper producers in the
Republic of Macedonia have used drip irrigation
systems to increase the yield in recent years, but
more research is still needed, related to the proper
use of water and fertilizers to maximize pepper
yield [17]. Also, there are limited results for water
use efficiency under different irrigation and
fertilization regimes. Therefore, the main objectives

of this study were to compare irrigation and
fertilization regimes in order to improve water use
efficiency, with an aim not only to improve the
pepper yield but also to increase the farmer’s
benefits and tenvironmental protection.

MATERIAL AND METHODS

The field experiment was conducted with
pepper crop (Capsicum annum L. var. Bela dolga)
pruned at two main shoots (“V” system) and grown
in experimental plastic house nearby the Faculty of
Agricultural Sciences and Food in Skopje, Republic
of Macedonia (42° 00' N, 21° 27' E), during the pe-
riod of May to October in 2005, 2006 and 2007. The
soil type of experimental field is Fluvisol [32] with
average field capacity of the 0-60 cm soil layer
30.31 %, at a permanent wilting point — 12.61 %,
and soil bulk density — 1.52 g/cm®. The average soil
pH at 0 to 60 cm depth was 7.30, while soil electri-
cal conductivity ECe was 2.31 dS/m. The soil 0-60
cm layers contained respectively 2.80 mg/100 ¢
available forms of N, 13.2 mg/100 g available P>Os
and 22.5 mg/100g available KzO.

Table 1. Chemical and physical characteristics of the 0-60 cm soil layer

Chemical characteristics

Reaction (pH in water) 8.04
Electrical conductivity (ECe dS/m) 231
CaCO3: % 3.54
Organic matter % 0.77
Available N mg/100 g soil 2.80
Available P,0s mg/100 g soil 13.2
Available KO mg/100 g soil 225
Particle size of the soil layer

Total sand in % 62.2
Siltin % 13.0
Clay in % 24.8
Water physical properties

Permanent wilting point (soil moisture retention at 15 bars) in volume %  14.37
Field capacity (soil moisture retention at 0,33 bars) in volume % 34.05
Bulk density in g/cm? 1.52

According to the literature data for the region
[19], pepper planted in our conditions and yields up
to 60 t/ha need the following amount of nutrients:
485 kg/ha N, 110 kg/ha P and 485 kg/ha K. The ap-
plication of the fertilizer for the treatments was done
in two portions. The first application of fertilizers was
applied before transplanting of pepper, while the re-
maining amount of fertilizers was applied through the

fertigation system for drip fertigation treatments (Ta-
ble 2) and conventional fertilization for the control
treatment (in two applications, one application at the
flowering and second application at fruit formation).
Namely, all investigated treatments have received the
same amount of fertilizers, but with different methods
and frequency of application.
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Table 2. Type and amount of fertilizers used in drip fertigation treatments in kg/ha

Type of fertilizers

Amount of applied fertilizer

Period of application

15:15:15 318 kg ha !
0:52:34 375 kg ha !
0:0:51+18S 802 kg ha'!
46:0:0 952 kg ha'!

before transplanting

drip fertigation during the vegetation
drip fertigation during the vegetation
drip fertigation during the vegetation

*Remark: the same amounts and quantity of fertilizers were used for furrow irrigation treatment

The drip irrigation system was designed ac-
cording to the objectives of the study. Polyethylene
pipe with 32 mm diameter was used as the main line
to supply irrigation water, while 20 mm for sub-
main lines. Lateral lines were equipped with inte-
grated compensating drippers with a discharge of 4
I/h each crop row. The spacing between the lateral
drip pipes was 0.75 m, while the spacing between
emitters was 0.33 m. The fertigation equipment used
for drip fertigation treatments was Dosatron 16, with
a plastic barrel as a reservoir for concentrated ferti-
lizer. Electrical Conductivity of the irrigation nutri-
ent solution throughout the cultivation season was
between 0.5-0.7 dS/m. The source of water was of
high quality (municipal water supply system for the
city of Skopje). The water flow meter was installed
for measuring the irrigation application rate.

The first irrigation application rate for all treat-
ments in all three experimental years was based on the
soil moisture deficit that would be needed to bring the
0-60 cm soil layer to field capacity. The irrigation
program in all three years started immediately after the
first irrigation application rate (around 20" May) and
according to the experimental treatments designed for
this study presented below. The last irrigation applica-
tion rate was realized seven days before the last har-
vest (around 15" October). The irrigation scheme of
the experiment (treatment DFi, DF,, and @s) was
scheduled according to the long-term average (LTA)
daily evapotranspiration of pepper in the Skopje region
(Figure 1). LTA crop evapotranspiration was calculat-
ed by using FAO software CROPWAT for open field
and by using crop coefficient (K¢) and stage length
adjusted for the local condition.

The irrigation scheme used in the experiment
was designed according to a randomized block design
for experimental purposes with four treatments, each
treatment replicated three times. The experimental
treatments were set up according to the daily evapo-
transpiration rate. The following experimental treat-
ments were applied in this study: Drip fertigation ac-
cording to daily evapotranspiration rate with applica-
tion of water and fertilizer in every two days (DF1);
Drip fertigation according to daily evapotranspiration
rate with application of water and fertilizer in every
four days (DF); Drip fertigation scheduled with ten-

siometers (DFs) with recommendations undertaken
by Tekinel and Kanber [26]; Furrow irrigation ac-
cording to daily evapotranspiration with application
of water in every seven days and conventional fertili-
zation (Qg). The daily evapotranspiration rate of DF;
and DF, was decreased by 20 % (coverage coeffi-
cient) as a result of applied irrigation technique and
regime, similarly to Xie et al. [33].

mm ET (mm/day)

200 @mOmms ET (mm/month)
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Figure 1. Long-term average daily and monthly
evapotranspiration (mm) of pepper
in Skopje region calculated by FAO software CROPWAT

Each plot (with a single replication) was de-
signed with five crop rows and five plants in each
row. The size of each plot (replication) was 6.6 m?
(25 plants in 0.75 m of row spacing and with 0.35 m
plant spacing in the row). The middle row was as-
sumed for experimental purposes. The experimental
plants were three in the middle of the experimental
row and these plants were used for sampling and
determination of WUE. The picking of fruits from
the representative plants was carried out in the stage
of technological maturity, part of the leaves, most
often the older ones, were picked during the vegeta-
tion, the other part of the leaves and the entire stem
were collected at the end of the vegetation. The pro-
cedure for laboratory preparation of the material was
carried out according to the recommendations of
IAEA [34]. The results for WUE were obtained as a
ratio of the total biomass of dry matter and the sea-
sonal water use by crop (evapotranspiration).
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The data collected were subjected to analyses
of variance using R 3.1.3 statistical software. LSD
test at P < 0.05 was used to group the means per
treatment when the F-test was significant.

RESULTS AND DISCUSSIONS

The meteorological conditions during
the research

The optimal air temperature for growing pep-
per in a controlled environment is 20-30 °C during
the day time and 18-20 °C during the night [35, 36].
Bosland and Votava [22], reported that best pepper
yields can be obtained when the air temperature dur-
ing day time is 18-32 °C, especially during the stage

35

30

Average monthly temperature in °C
- N N
v o (%)

[
o

[0}

of fruit formation. According to Dasgan and Abak
[37], maximum daytime temperatures inside the
greenhouse depend on the outside air temperatures and
vary from 20 °C to 34 °C. In our investigation, the
average seasonal temperature in the experimental plas-
tic house during 2005, 2006 and 2007 was 22.83 °C,
22.95 °C and 24.10 °C respectively (Figure 2).

For the normal growth of pepper and for high
and quality yields, the optimal relative air humidity
should range from 60 to 70 %. Gvozdenovi¢ et al.
[38], reported that lower relative air humidity fol-
lowed by high air temperature can affect flower and
fruit falling. With the exception of October, the aver-
age relative air humidity during all three years of in-
vestigation was close to the recommended values for
pepper production in the protected environment [39].

Figure 2. Monthly air temperature (°C) and monthly relative air humidity (%)
in the experimental plastic house (by our measurements)

As was mentioned above, the field experi-
ment was conducted in a controlled environment
(plastic house), where precipitation does not have
any influence on the crop water supply.

Potential evapotranspiration of pepper under
different irrigation and fertigation regime

Potential evapotranspiration or crop water use
(ETP) was determined monthly and seasonally by soil
water balance method by using direct measurements
over the soil layer 0-100 cm [40-42] and under

permanent content of soil moisture and nutrients, as
well as permanent agro-technical measures.

ETP month = Wl +1- W2 (1)

ETPmontn in equation 1 presents the potential
evapotranspiration (m3/ha) total for each month, W,
is active soil moisture content at the beginning of
each month, | is irrigation water (mm) during the
month and W is active soil moisture content at the
end of each month. As was mentioned above, our
investigation was realized in an experimental plastic
house, where precipitations (P) haven’t influence on
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the soil water income. Also, as a result of the con-
trolled irrigation practice of drip and furrow irriga-
tion treatments applied in the study, there were no
excess irrigation applications or runoff during the
irrigation seasons. Therefore, surface runoff (RO)
and deep percolation (DP) were assumed to be zero.
Also, the subsurface water and water transported
upward by a capillary rise (CR) haven’t influence on
water income in the root zone, and they were ex-
cluded from this estimation. The sum of monthly
evapotranspiration present seasonally potential
evapotranspiration or ETP = ETPmonth 1 + ETPmonth 2
+ .... + ETPmonth x (Where ETP month 1, ETPmonth 2, ETP
month x, Present each individual month included in the
investigation). The average results for the monthly
and seasonal ETP totals are presented in Table 3.
The seasonal water use (ETP) varied from
4887.9 to 5881.4 m*ha in the different treatments.
The highest water use was observed in @g treatment
with 5881.4 m3/ha, and the lowest was measured in
DF, and DF;, with 4840.1 and 4887.9 m*/ha. DF;
resulted in 5107.3 m*/ha seasonally water use. The
result for the average seasonal ETP total in our in-
vestigation was lower than that recommended by
Doorenbos and Kassam [24], from 600 to 900 mm,
which is connected with the proper and controlled
irrigation and fertilization regime during all three
years of investigation. On the other hand, the results
for average the seasonal ETP in our investigation

were similar to those observed in our previous in-
vestigations [17], and vary from 492 to 592 mm.
Orgaz et al. [43], reported lower ET in three stems
pruned pepper than ours, which was likely enough
of different cultivation period and pruning system
compared to our investigation.

The results for the average monthly and sea-
sonal ETP in our investigation indicated small dif-
ferences between the treatments DF; and DF,, which
is connected with the closer irrigation interval of
these two treatments. Statistically, there is no signif-
icant difference in ETP. As a result of lower drip
fertigation frequency, the treatment DF3 showed 4.5
% to 5.5 % higher average seasonal ETP, compared
to DF; and DF1, and the differences were statistical-
ly significant. Sezen et al. [16], reported lower
evapotranspiration in drip irrigation treatment with
moderate frequency from 6 to 10 days. Generally,
the effect of drip fertigation on ETP is presented by
the achieved results in treatments DFs in comparison
with @s. DF3 showed from 14.4 % to 16.5 % lower
average monthly ETP and about 15 % lower average
seasonal ETP compared to @g. The results are statis-
tically significant at 0.05 level of probability. High-
er ETP in treatment @ may be associated with con-
tinuous water stress and inadequate soil moisture
and nutrient content, which also was reported in
some other investigations [9, 17].

Table 3. Average (2005-2007) monthly and seasonal potential evapotranspiration (ETP in m%/ha)
of plastic-house grown pepper

Treatments May June July August September Seasonally
DF, 275.32 1043.82 1627.72 1512.72 428.5% 4887.92
DF; 27177 1028.92 1618.72 1495.82 425.0% 4840.12
DF3 282.42 1088.5° 1717.1° 1580.3° 438.9? 5107.3°
OB 328.9° 1245.1° 1985.4¢ 1816.9° 505.1° 5881.4¢

*Values in rows followed by the same letter are not significantly different at the 0.05 probability level

Marketable pepper yield and fruit weight under
different irrigation and fertilization regime

The influence of irrigation and fertigation re-
gime on marketable pepper yield and fruit weight
are shown in Table 4. From the data presented in
Table 4, it can be concluded that the highest average
pepper yield of 71.11 t/ha has been obtained in the
treatment DF1, followed by DF, with 68.40 t/ha or
2.71 t/ha less yield, and treatment DF3z with 8.5 and
5.79 t/ha less yield when compared to DF; and DF-.
The lowest yield of 54.74 t/ha in our study was rec-
orded in the control treatment (@Jg). All three treat-

ments with drip fertigation show statistically signifi-
cant differences at 0.05 level of probability when
compared to the control treatment @s. The lowest
pepper yield in treatment Qg in our study is a result
of continuous soil moisture stress during mass fruc-
tification and inadequate soil nutrient procurement
affected by the applied irrigation and fertigation
technique, what was the purpose of other our re-
search [17]. Candido et al. [13] emphasized that wa-
ter deficit and reduced fertilizer availability, espe-
cially of nitrogen, are very harmful to bell pepper
during the reproductive phase. Furthermore, the low
pepper yield in treatment Qg in our study is associ-
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ated with the results of several researches where soil
moisture stress and limited irrigation caused de-
creases to yield and vegetative growth of pepper [3,
12, 18, 28, 44]. For high pepper yields, an adequate
water supply [31] and relatively moist soils are re-
quired during the total growing period [19, 27].
Therefore, the positive effect of drip fertigation on
yield in our research is due to the continuous intake
of the readily available water and nutrients in the

small volume of soil, from where they were actively
extracted by the plant. If nutrients are applied out-
side the wetted soil volume they are generally not
available for crop use [45]. A number of other in-
vestigators emphasize results with higher pepper
yields, where drip irrigation or drip fertigation was
applied in comparison with conventional irrigation
and fertilizerapplication [9, 13, 15, 16, 29, 30].

Table 4. Average (2005-2007) results for marketable pepper yield and fruit weight

Treatment Mark_etable Comparison \_Nith Av_eragg pepper Comparison YVith
pepper yield (t/ha) treatment @gin %  fruit weightin g treatment @g in %
DF1 71.118 129.9 73.152 128.4
DF2 68.40° 125.0 69.18° 121.4
DF3 62.61° 1144 63.42° 111.3
OB 54.74¢ 100 56.99¢ 100.0

*Values in rows followed by the same letter are not significantly different at the 0.05 probability level

When we compared the drip fertigation treat-
ments among themselves, it is clear that the high
drip fertigation treatments DF; and DF; create a bet-
ter environment for increasing of the yields in com-
parison with the low drip fertigation treatment DFs.
Namely, treatment DF; resulted in a 9.6 % to 13.6 %
lower pepper yield in comparison to DF; and DF;.
According to Agele et al. [46], the trend to increase
crop yields has led to frequent fertigation and there-
fore the time intervals between successive fertiga-
tion events have diminished to hours or even less.
Bar Yosef [47] reported better pepper vyields in
treatment with drip fertigation 2 or 3 times a day (71
t/ha) compared to every day (68 t/ha) or every 2 day
drip fertigation (66 t/ha). Also, various researches
reported better yields in pepper and other crops by
using high-frequency in comparison with low-
frequency drip irrigation and fertigation [16, 48-52].

In the present study, we have documented that
drip fertigation has an influence on the average pep-
per fruit weight too. The highest values of average
pepper fruit weight were noted in treatments DF;
and DF; with 73.15 g and 69.18 g, then comes the
treatment DF; with 63.42 g and then comes the Og
with the lowest fruit weight 56.99 g. All treatments
under drip fertigation showed a statistically signifi-
cant difference compared to the control treatment
Os. Also, statistically significant differences were
noted among any of the drip fertigation treatments.
Generally, the lower average pepper fruit weight in
treatment @s compared to the drip fertigation treat-
ments can be attributed to the irrigation and fertiga-
tion technique, while in DF; as a result on prolon-
gated drip fertigation frequency proceeded with a
pretty higher quantity of water and nutrients in

comparison with DF; and DF,. The water deficit
imposed during the late flowering-early fruit set
phase causes lower size, number, and weight of
pepper fruits as well as yield losses [13]. Abayomi
et al. [14], reported that the number and weights of
marketable fruits decreased by low soil moisture
and increased by the application of nitrogen fertiliz-
er. Also, our results from the present investigation
correspond with those of Tanaskovik et al. [51],
where drip irrigated and fertigated tomato was com-
pared with banded and furrow irrigation. Further-
more, a number of other researchers report better
yield components in pepper and different vegetable
crops especially when different irrigation and ferti-
gation techniques were applied [26, 30, 53].

Dry matter pepper yield and water use efficiency
under different irrigation and fertilization regime

The results for total dry matter pepper yield
show the same pattern as a fresh fruit yield, which
would once again indicate yield increase with the
simultaneous application of water and nutrients
through the drip irrigation system. The results ob-
tained for dry matter pepper yield (D. M. yield) in
drip fertigation treatments showed a statistically
significant difference at 0.5 level of probability
compared with the control treatment @s. Similar
results of D. M. yield in drip compared with furrow
irrigated and drip fertigated compared with conven-
tional irrigation and fertilization in pepper crop re-
ported Antony and Singandhupe [9] and Tanaskovik
et al. [17]. In this context, Gonzalez-Dugo et al.
[10] indicated that a continuous deficit of soil mois-
ture affects the decrease of pepper D. M. yield.
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Table 5. Average (2005-2007) results for dry matter pepper yield and WUE

ETP

Dry matter pepper

Comparison with

Treatment g, yield (t/ha) WUEKG/M® o tment @g in %
DF1 4887.9° 12,244 2 50° 1623
DF2 4840.12 11.98° 2470 160.4
DF3 5107.3" 10.19° 1.99° 1292
O 5881.4° 9.07¢ 1 54¢ 100.0

*Values in rows followed by the same letter are not significantly different at the 0.05 probability level

Also, in the present study, the drip fertigation
frequency points to differences in the yield of total
dry matter, i.e. the treatment DF; (average at seven
days drip fertigation) has noted a yield lower by
2.05 t/ha in comparison to DF1, i.e. by 1.79 t/ha in
comparison to DF2, and the differences were statis-
tically significant at 0.05 level of probability. And
many other authors [17, 50-52] have noted a higher
dry matter yield individually by leaf, stem, fruit and
totally in different vegetable crops in higher than in
lower drip fertigation frequency.

The data obtained for water use efficiency
(WUE) in our study are in relation to the previously
mentioned results. From the data presented in Table
5, it can be concluded that treatments DF; and DF,
with 2.50 and 2.47 kg/m?, respectively, have shown
the highest water use efficiency. As a result of lower
irrigation frequency, the treatment DF; has shown
1.99 kg/m® WUE, or by 0.51 and 0.48 kg/m? lower
produced dry matter yield compared to DF; and
DF,, and the differences were statistically signifi-
cant. The differences between the drip fertigation
treatments are a result of irrigation and fertigation
frequencies. Sezen et al. [16] in their investigations
with different irrigation regime in pepper crop, re-
ported the highest yield and WUE in the treatment
with drip irrigation frequency of 3 to 6 days, while
in the drip irrigation treatment with irrigation fre-
guency from 6 to 11 days and 9-15 days yield and
water use efficiency decrease. Also, the results from
our investigation correspond with those to Oguzer et
al. [25] were daily irrigated pepper show almost
three times higher WUE in comparison with
irrigation at every three days. Tanaskovik et al. [51]
and Phene et al. [48], reported better WUE in high
compared to low drip fertigated tomato crop. In this
context, Bar-Tal et al. [54] indicated that high con-
centrations of nutrients used in prolongated fertiga-
tion lead to fluctuations from high or even excessive
concentration immediately after irrigation in the rhi-
zosphere to deficit levels as time proceeds. There-
fore, high fertigation or irrigation frequency may
represent a strategy to increase N uptake efficiency
in many vegetable crops [55].

Furthermore, from the data obtained by WUE
in our study, once again it is clear that the treat-

ments under drip fertigation indicated the best re-
sults with a statistically significant difference in
comparison with @g. If our results are presented in
comparative values, then WUE in the treatments
DF; and DF; were almost 60 % higher in compari-
son with @g. Also, the treatment DF; obtained more
than 29 % higher WUE in comparison with treat-
ment @s. Our results correspond with several re-
searches [9, 15, 16, 26], where different irrigation or
fertigation techniques were evaluated over the
pepper WUE. Also, a number of other researches
with different vegetable crops reported higher WUE
as a result of suitable drip irrigation and applying
fertilizer’s through the system in comparison with
conventional irrigation and spreading of fertilizers
on soil [4, 49, 51, 56]. Moreover, higher WUE in
drip fertigation treatments compared with @g in the
present study can be associated with higher nitrogen
fertilizer use efficiency (NFUE), which was the pur-
pose of our other research [17]. Similar results as
ours are observed in drip fertigation pepper, tomato,
cucumber, melon and eggplant by Halitligil et al.
[15]. Yasuor et al. [57], reported that a higher con-
centration of nitrogen in irrigation water significantly
influenced its uptake in the whole plant and among
the plant's organs. According to Drechsel et al. [58],
improvements in nutrient use efficiency should not be
viewed only as a result of fertilizer management, be-
cause nutrient plant use is closely related with soil
water stress and water management.

Stagnari and Pisante [59] and Ouzounidou et
al. [60] indicated that nitrogen is one of the major
potential environmental contaminants and, there-
fore, our results for water use efficiency are very
important for the environmental protection from
nitrogen pollution, especially in intensive agricul-
ture, where water and nutrients are the most utilized
resources for obtaining greater yields per unit area.

CONCLUSIONS

From the results in the present study, it can be
concluded that the irrigation and fertilization tech-
niques and drip fertigation frequencies are signifi-
cantly important in order to obtain higher marketa-
ble yield and pepper fruit weight, as well as dry

Ipunosu, O00. tipup. maild. 6uoitiex. nayku, MAHY, 40 (1), 53-62 (2019)



60

Vjekoslav Tanaskovik

pepper yield. Furthermore, water use efficiency was
significantly increased with the application of ferti-
lizer through drip irrigation as compared to the fur-
row irrigation and spreading of fertilizer on the soil.
Moreover, high-frequency drip fertigation are highly
recommended for improving water use efficiency.
Therefore, for similar conditions of growing pepper
as ours, to achieve appropriate marketable yield, we
recommended drip fertigation with high frequency
(two or four days) in order to increase water use ef-
ficiency and to minimize the environmental impact
from nitrogen pollution.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

REFERENCES

A. Yazar, F. Gokgel, M. S. Sezen, Corn yield re-
sponse to partial rootzone drying and deficit irriga-
tion strategies applied with drip system, Plant Soil
Environ., v. 55, n. 11 (2009), pp. 494-503.

M. Moteva, V. Spalevic, A. Gigova, V.
Tanaskovik, Water use efficiency and yield-
dependences for canola (Brassica napus, 1.) under
irrigation, The Journal Agriculture & Forestry, v.
62, n. 1, (2016), pp. 403-413.

DOI: 10.17707/AgricultForest.62.1.42.

A. Ferrara, S. Lovelli, T. Di Tommaso, M. Pernio-
la, Flowering, growth and fruit setting in green-
house bell pepper under water stress, Journal of
Agronomy, v. 10, n. 1 (2011), pp. 12-19.

Z. Ou Yang, X. Mei, Y. Li, J. Guo, Effect of Vari-
ous Nitrogen Fertilizers and Their Levels on Big-
Arch Shelter Cucumber Yield and Water Use Effi-
ciency. Advance Journal of Food Science and
Technology, v. 5, n. 6 (2013), pp. 726—731.

K. Nagaz, M. Moncef Masmoudi, N. Ben Mechlia,
Journal of Agriculture and Environment for Interna-
tional Development, v. 106, n. 2 (2012), pp. 85-103.

F. Rubio, P. Flores, J.M. Navaro, V. Martinez, Effects
of Ca2+, K+ and cGMP on Na+ uptake in pepper
plants, Plant science, 165 (2003), pp. 1043-1049.

K. Dorji, M. H. Behboundian, J.A. Zegbe-
Dominguez, Water relations, growth, yield and fruit
quality of hot pepper under deficit irrigation and
partial rootzone drying, Scientia Horticulturae 104
(2005), pp. 137-149.

V. Tanaskovik, The influence of irrigation regime
with micro-irrigation on yield and water use
efficiency of green pepper in Skopje region (in
Macedonian), Ph.D. Thesis, Ss. Cyril and
Methodius University, Faculty of Agricultural
Sciences and Food, Skopje, (2009), p.152.

E. Antony, R. B. Singandhupe, Impact of drip and
surface irrigation on growth, yield and WUE of
capsicum (Capsicum annum L.), Agricultural Water
Management, 65 (2004), pp. 121-132.

V. Gonzalez-Dugo, F. Orgaz, E. Fereres, Response
of pepper to deficit irrigation for paprika produc-
tion, Scientia Horticulturae, 114 (2007), pp. 77-82.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

S. M. Sezen, A. Yazar, Y. Dasgan, S. Yucel, A.
Akyildiz, S. Tekin, Y. Akhoundnejad, Evaluation
of crop water stress index (CWSI) for red pepper
with drip and furrow irrigation under varying irri-
gation regimes, Agriculture and water manage-
ment, 143 (2014), pp.159-70.

H. Kuscu, A. Turhan, N. Ozmen, P. Aydinol, O. A.
Demir, Response of red pepper to deficit irrigation
and nitrogen fertigation, Archives of Agronomy and
Soil Science, v. 62, n. 10 (2016), pp. 1396-1410.

V. Candido, V. Miccolis, A. R. Rivelli, Yield traits
and water and nitrogen use efficiencies of bell pep-
per grown in plastic-greenhouse. Italian Journal of
Agronomy, 3 (2009), pp. 91-100.

Y. A. Abayomi, M. O. Aduloju, M. A. Egbewunmi,
B.O. Suleiman, Effects of soil moisture contents
and rates of NPK fertilizer application on growth
and fruit yields of pepper (Capsicum spp.) geno-
types, International Journal of AgriScience v. 2, n.
7 (2012), pp. 651-663.

M. B. Halitligil, A. I. Akin, H. Kislal, A. Ozturk, A.
Deviren Yield, nitrogen uptake and nitrogen use effi-
ciency by tomato, pepper, cucumber, melon and egg-
plant as affected by nitrogen rates applied with drip-
irrigation under greenhouse conditions, In: Water bal-
ance and fertigation for crop improvement in West
Asia, IAEA, Vienna, Austria, (2002), pp 99-110.

S. M. Sezen, A. Yazar, E. Salim, Effect of drip irri-
gation regimes on yield and quality of field grown
bell pepper. Agricultural Water Management, 81
(2006), pp. 115-131.

V. Tanaskovik, O. Cukaliev, S. R. Kanwar, L. K.
Heng, M. Markoski, V. Spalevic, Nitrogen Fertiliz-
er Use Efficiency of Pepper as Affected by Irriga-
tion and Fertilization Regime. Notulae Botanicae
Horti Agrobotanici Cluj-Napoca, v. 44, n. 2 (2016),
pp. 525-532.

R. Wiertz, F. Lenz, The growth and yield of pepper
(Capsicum annum L.) depending on water and nu-
trient supply, Gartenbauwissenschaft 52, (1987),
pp. 39-45.

B. Lazi¢, M. Djurovka, V. Markovi¢, Z. Ilin, Vege-
table Production (2" ed) (in Serbian), Tampograf,
Novi Sad, (2001).

A. Alvino, M. Centritto, F. De Lorenzi, Photosyn-
thesis report of sunlit and shade pepper (Capsicum
annum) leaves at different positions in the canopy
under two water regimes, Australia Journal of
Plant Physiology, 21 (1994), pp. 377-391.

S. Delfine, R. Tognetti, F. Loreto, A. Alvino, Phys-
iological responses and growth responses to water
stress in field-grown bell pepper (Capsicum annum
L.), Journal of Horticulture Science and Biotech-
nology 77 (2002), pp. 697—704.

P. W. Bosland, E. J. Votava, Peppers: Vegetable
and Spice Capsicums, New Mexico State Universi-
ty, Las Cruces, USA, CABI Publishing, (2000).

R. E. Jaimez, O. Vielma, F. Rada, C. Garcia-
Nunez, Effects of water deficit on the dynamics of

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 40 (1), 53-62 (2019)


http://www.sciencedirect.com/science/article/pii/S037837741400184X
http://www.sciencedirect.com/science/article/pii/S037837741400184X
http://www.sciencedirect.com/science/article/pii/S037837741400184X
http://www.sciencedirect.com/science/article/pii/S037837741400184X

Water use efficiency and pepper yield under different irrigation and fertilization regime 61

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

flowering and fruit production in Capsicum
chinense Jacq in a tropical semiarid region of Ven-
ezuela, Journal of Agronomy and Crop Science,
185 (2000), pp. 113-1109.

J. Doorenbos, A. H. Kassam, Yield response to
water, FAO Irrigation and Drainage Paper 33,
Food and Agriculture Organization of the United
Nations, Rome, (1986), pp. 157-160

V. Oguzer, A. Yazar, T. Yardimcioglu, Effect of dif-
ferent cover materials and trickle irrigation intervals
on the yield and quality of green peppers grown under
high plastic tunnels, Turkish Journal of Agriculture
and Forestry, v. 15, n. 2 (1991), pp. 406-422.

O. Tekinel, R. Kanber, Trickle irrigation experi-
ments in Turkey, In: Ozay M., Bicak. A. H. (ed.):
Modern and Traditional Irrigation Technologies in
the Eastern Mediterranean, Ottawa, Canada, Inter-
national Development Research Centre, (2002), pp.
27-72.

G. C. Shao, N. Liu, Z. Y. Zhang, S. E. Yu, C. Chen,
Growth, yield and water use efficiency response of
greenhouse-grown hot pepper under Time-Space
deficit irrigation, Scientia Horticulturae, v. 126, n.
2 (2010), pp. 172-179.

A. Kurunc, A. Unlukara, B. Cemek, Salinity and
drought affect yield response of bell pepper, Acta
agriculturae scandinavica section b-soil and plant
science, v. 61, n. 6 (2011), pp. 514-522.

V. Tanaskovik, O. Cukaliev, M. Moteva, M.
Jankulovska, M. Markoski, V. Spalevic, R.
Rusevski, Z. Bogevska., M. Davitkovska, The
influence of irrigation and fertilization regime on
some phenological stages and earliness of pruned
pepper, The Journal Agriculture & Forestry, v. 61,
n. 2 (2015), pp. 7-17.

S. M. Sezen, A. Yazar, H. Sengiil, N. Baytorun, Y.
Dasgan, A. Akyildiz, S. Tekin, D. Onder, E. Ag-
cam, Y. Akhoundnejad, O. Giigercin, Comparison
of drip- and furrow-irrigated red pepper yield, yield
components, quality and net profit generation, Irri-
gation and Drainage 64 (2015), pp. 546-556

H. Kirnak, Z. Gokalp, H. Demir, S. Kodal, E. Yild-
irim, Paprika pepper yield and quality as affected
by different irrigation levels, Tarim Bilimleri
Dergisi-Journal of Agricultural Sciences, 22
(2016), pp. 77-88.

WRB, World reference base for soil resources
2014, FAO, Rome, (2015).

J. Xie, E. S. Cardenas, W. T. Sammis, M. M. Wall,
L. D. Lindsey, L.W. Murray, Effects of irrigation
method on chili pepper yield and Phytophtora root
rot incidence, Agricultural Water Management, 42
(1999), pp. 127-142.

International Atomic Energy Agency, Use of isotope
and radiation methods in soil and water management
and crop nutrition, IAEA, Vienna, Austria, (2001).

I. Rylski, M. Spigelman, Effect of different diurnal
temperature combinations on fruit set of sweet pep-
per, Scientia Horticulturae, 17 (1982), pp. 101-106.

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

M. Purovka, B. Lazi¢, A. Bajkin, A. Potkonjak, V.
Markovi¢, Z. Ilin, V. Todorovi¢, Vegetable and
flower production in protected environment (in
Serbian), University in Novi Sad, (2006).

Y. H. Dasgan, K. Abak, Effects of plant density and
number of shoots on yield and fruit characteristics of
peppers grown in glasshouses, Turkish Journal of Ag-
riculture and Forestry, v. 27, n. 1 (2003), pp. 29-35.

Dj. Gvozdenovi¢, A.Takac, Pepper (in Serbian)
Agricultural library, Draganic, Beograd, (2004).

C. Penella, S. G. Nebauer, S. Lopez-Galarza, A.
San Bautista, A. Rodriguez-Burruezo, A.
Calatayud, Evaluation of some pepper genotypes as
rootstocks in water stress conditions, Horticultural
Science, v. 41, n. 4 (2014), pp. 192-200.

b. Bosnjak, Irrigation of Agricultural Crops (in
Serbian), University of Novi Sad, Faculty for Agri-
culture, Novi Sad, (1999).

S. Dragovi¢, Irrigation (in Serbian), The Research
Institute for Field and Vegetable Crops, Novi Sad,
(2000).

S. Evett, Soil Water and Monitoring Technology, In:
Lascano R. J. and Sojka, R. E. (ed): Irrigation of Ag-
ricultural Crops, Agronomy Monograph No.30, Sec-
ond Edition, Madison, Wisconsin, USA, (2007).

F. Orgaz, M. D. Fernandez, S. Bonachela, M. Gal-
lardo, E. Fereres, Evapotranspiration of horticultur-
al crops in an unheated plastic greenhouse, Agricul-
tural Water Management, 72 (2005), pp. 81-96.

L. Dalla Costa, G. Gianquinto, Water stress and
waterable depth influence yield, water use efficien-
cy, and nitrogen recovery in bell pepper: lysimeter
studies, Australian Journal of Agricultural Re-
search, 53 (2002), pp. 201-210.

R. J. Haynes, Principles of fertilizer use for trickle
irrigated crops, Fertilizer research 6, Martinus
Nijhoff/Dr W. Junk Publishers, Dordrecht, Nether-
lands, (1985), pp. 235-255.

S. Agele, S. Shabtai Cohen, S. Assouline, Hydrau-
lic characteristics and water relations of net house-
grown bell pepper as affected by irrigation regimes
in a Mediterranean climate, Environmental and Ex-
perimental Botany, 57 (2005), pp. 226-235.

B. Bar-Yosef, Optimizing the use of drip fertigation:
soil, water, nutrients and crop considerations, Train-
ing course notes: Irrigation and Fertigation in Con-
trolled Environment, MASHAYV, Israel, (2003).

C. J. Phene, K. R. Davis, R. L. McCormick, R. B.
Hutmatcher, J. D. Pierro, Water-fertility Manage-
ment for Subsurface Drip Irrigated Tomatoes, To-
mato and Pepper Production in the Tropics, Inter-
national Symposium on Integrated Management
Practices, Tainan, Taiwan, (1989), pp 323-338.

I. lljovski, O. Cukaliev, D. Mukaetov, V.
Tanaskovik, Z. Jankuloski, Drip fertigation for im-
proved crop production and environment protection
(in Macedonian), In: Proceedings of the Ninth Sym-
posium of Water Economy of the Republic of Mace-
donia, Ohrid, Macedonia, (2003), pp. 235-242.

Ipunosu, O00. tipup. maild. 6uoitiex. nayku, MAHY, 40 (1), 53-62 (2019)


http://www.sciencedirect.com/science/article/pii/S0304423810003043
http://www.sciencedirect.com/science/article/pii/S0304423810003043
http://www.sciencedirect.com/science/article/pii/S0304423810003043
http://www.tandfonline.com/author/Kurunc%2C+Ahmet
http://www.tandfonline.com/author/Unlukara%2C+Ali
http://www.tandfonline.com/author/Cemek%2C+Bilal

62 Vjekoslav Tanaskovik

[50] O. Cukaliev, V. Tanaskovik, R. S. Kanwar, L. processing tomato grown with high nitrogen and
Heng Kheng, D. Mukaetov, Irrigation and fertiga- water supply, Agricultural Water Management, 154
tion effects on nitrogen use efficiency and tomato (2015), pp. 52-58

yield, International Agricultural Engineering Jour- [56] 1. Papadopoulos, Micro-irrigation systems and fer-
nal, 17 (2008), pp. 19-26. tigation, In: Pereira L. S. et al. (Ed.). Sustainability

[51] V.Tanaskovik, O.Cukaliev, D. Romi¢, G. Ondrasek, of Irrigated Agriculture, Kluwer Academic Pub-
The influence of drip fertigation on water use effi- lishers, (1996), pp. 309-322.

ciency in tomato crop production, Agriculture Con- i . .
spectus Scientificus, v. 76, n. 1 (2011), pp. 57-63. [57] H. Yasuor, A. Ben-Gal, U. Yermiyahy, E. Beit
Yannai, S. Cohen, Nitrogen management of green-

[52] B.Y. Colak, A. Yazar, I. Colak, H. Akga, G. Du- house pepper production, Agronomic, nutritional,
raktekin, Evaluation of crop water stress index and environmental implications. HortScience, V.
(CWSI) for eggplant under varying irrigation re- 48, n. 10 (2013), pp. 1241-1249.

gimes using surface and subsurface drip systems,
Agriculture and Agricultural Science Procedia, 4
(2015), pp. 372-382.

[58] P. Drechsel, P. Heffer, H. Magen, R. Mikkelsen, H.
Singh, D. Wichelns, Managing water and nutrients
to ensure global food security, while sustaining

[53] K. J. P_etrevska, Cultivati_on of tomato on inert su_b— ecosystem services In: Drechsel P, et al. (Eds),
strates in protected area (in Macedonian), PhD thesis, Managing water and fertilizer for sustainable agri-
Faculty of Agriculture, Skopje, Macedonia, (1999). cultural intensification, IFA, IWMI, IPNI, IPI, Par-

[54] A. Bar-Tal, P. Fine, U. Yermiyahu, A. Ben-Gal, A, is, (2015), pp. 1-7.

Hadss, tP(ac'Etlces “;?.t _5|mult?neo:1_sly optimize .Witer [59] F. Stagnari, M. Pisante, Slow release and conventional
and nutrient use etticiency, sraefi Experiences in fer- N fertilizers for nutrition of bell pepper, Plant, Soil

tigation and irrigation with treated wastewater, In: :
Drechsel P et al. (Eds), Managing water and fertiliz- and Environment, v. 58, n. 6 (2012), pp. 268-274.

er for sustainable agricultural intensification, IFA,  [60] G. Ouzounidou, C. Paschalidis, A. Petropoulos, A.
IWMI, IPNI, IPI, Paris, (2015), pp 209—241. Koriki, P. Zamanidis, A. Petridis, Interaction of soil
moisture and excess of boron and nitrogen on let-
tuce growth and quality, Horticultural Science, v.
40, n. 3 (2013), pp. 119-125.

[55] M. Farneselli, P. Benincasa, G. Tosti, E. Simonne,
M. Guiducci, F. Tei, High fertigation frequency
improves nitrogen uptake and crop performance in

E®PUKACHO KOPUCTEILE HA BOJJIATA U TIPUHOC HA INMITEPKATA ITPH PA3JINYHU
PEKUMU HA HABO/IHYBAIGE U I'YBPEILE

Bjexocaas Tanackouk!’, Opaan Yykanues', Jlasop Pomuu?, 'adpujea Ouapamex?,
Panosan Capuu®, Muiae Mapkocku®, Crojanuye Heuxobckn®

ldakynrer 3a 3eMjosIeICKU HAyKU U XpaHa, YHuBEp3uTeT ,,CB. Kupun u Metoauj“,
Ckomje, Penybnka Makenonuja
2Bemjonencku (hakynrer, YHUBEP3UTET BO 3arpel, XpBaTcka
¥3emjonencku daxynrer, Yausepsurer Bo Hosu Can, Cpouja

I'maBHa Lesl Ha HMCTpaXyBameTo Oelle Ja ce YTBpAM €()UKAaCHOTO KOPHUCTEHE Ha BoJara M NPHHOCOT Kaj
MUIMepKaTa Npy pa3livuHi PEKUMH Ha HABOJHYBambe U ryOpeme. 3a oBaa 1ieJl, U3BPIIUBME TPUTOJUIIHE UCTPAKyBaha
CO MHIepKa OJriie[yBaHa BO IUIACTEHMK BO perMoHOT Ha Ckorcko. Yerupu BapujaHTH Oea cCIOpeoyBaHH BO
HCTPaXXyBamweTO, 011 Kou TpH co deprupuranuja (DFi, DF,, DF3), noneka yeTBpTaTa BapujaHTa Oelle HABOJHYBaHa CO
OpazauM W Kinacu4HO rybpeme (Dp). HobueHHTe pe3yaTaTd O] HCTPaXKyBameTO MOKaKyBaaT JeKa BapHjaHTHTE CO
(depTupuranmja (KarnkoBo HABOJHYBame M IyOpeme NPEeKy CHCTEMOT) MOKaXyBaaT CTaTHCTHYKH 3HA4YajHO IOTOJIEM
NIPUHOC Ha MTUIIEpKa BO CBEXKa cocToj0a, Kako M Ha CyBaTa MaTepHja OJl LIeJIOTO PacTeHHe BO CIopenda co BapHjaHTaTa
Ogp. Ucto Taka, GepTupuranja co HHTepBai Ha yetupH U asa aeHa (DF, u DF1) mokaxysa o1 9.6 1o 13.6 % moronem
IIPUHOC Ha CBeXa, ogHocHO of 17.6 mo 20.1 % Ha cyBa MaTepHja Of IEJIOTO pacTeHHE CIOPEAEHO CO BapHjaHTara co
WHTEepBaJ yTBpAcH mpeky Teusumomerpu (DF3). IMonaTamy, Hammute pe3yiTaTd yKakyBaaT Aeka yOpemeTo TMpexy
CHCTEM Kamka I0 Kamka € MHOTY e(exTHBHa ajaTka 3a 00e30emyBame MoepHKacCHO KOPUCTEHE Ha BoOJaTa O]l
pacrenujara. ViMeHo, o1 JoOMEHHUTE Pe3yJITaTh MOXe Ja Ce BUIM JIeKa 3a MOTPOIICH KyOeH MeTap BoJia BapHjaHTUTE
DF;, DF;, DF3 u @g co3mane 2.50, 2.47, 1.99 u 1.54 npuHOC Ha cyBa MaTepuja O LIEJIOTO PACTEHHE.

Knyuynu 300poBu: HaBogHyBame co Opasau; KiacuuHo TyOpeme; ¢eprupuranuja, NpuHOC; e(HKacHO
KOpHUCTEH€ Ha BoJaTa

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 40 (1), 53-62 (2019)


http://www.sciencedirect.com/science/article/pii/S0378377415000773
http://www.sciencedirect.com/science/article/pii/S0378377415000773
http://www.sciencedirect.com/science/article/pii/S0378377415000773
http://www.sciencedirect.com/science/article/pii/S0378377415000773
http://www.sciencedirect.com/science/article/pii/S0378377415000773
http://www.sciencedirect.com/science/article/pii/S0378377415000773

ITPUJIO3U, Onjenenue 3a NpupoAHO-MaTeMaTHIKU U OnoTexHmdku Hayku, MAHY, tom 40, 6p. 1, crp. 63-72 (2019)
CONTRIBUTIONS, Section of Natural, Mathematical and Biotechnical Sciences, MASA, Vol. 40, No. 1, pp. 63-72 (2019)

Received: October 29, 2018
Accepted: January 23, 2019

ISSN 1857-9027

e-ISSN 1857-9949

UDC: 631.48(497.7)

DOI: 10.20903/csnmbs.masa.2019.40.1.131

Review

A REVIEW TO THE GENESIS, EVOLUTION AND CLASSIFICATION OF THE SOILS
FORMED ON LIMESTONES AND DOLOMITES IN THE REPUBLIC OF MACEDONIA*

Tatjana Mitkova“, Mile Markoski

Faculty of Agriculture Sciences and Food, Ss. Cyril and Methodius University,
Skopje, Republic of Macedonia

“e-mail: tmitkova@fznh.ukim.edu.mk

The soils formed on limestones and dolomites in different locations in the Republic of Macedonia have been ex-
amined. These soils differ in their genesis, evolution and properties from soils formed on other substrates and have a
number of specificities, whereby all their properties largely depend on the parent material. They occupy much of the
soil cover of the Republic of Macedonia. The field examinations were carried out according to the generally accepted
method in our country [1, 2]. Most of them are under high mountainous pastures, some plots are under meadows and
fields. They have great importance for the faster development of some industries in the country, forestry, tourism, as

well as the agricultural development in the hilly and mountainous underdeveloped areas in our country.

Key words: soils formed on limestones and dolomites; genesis; evolution; classification

INTRODUCTION

The soils formed on limestones and dolomites
occupy a large part of the soil cover of the Republic
of Macedonia. Based on the pedological (soil) map
of the Republic of Macedonia in scale 1:200.000
[3], these soils occupy around 12.45 % of the total
area of the Republic of Macedonia or 2.571.300ha.
In this area, Calcomelanosols /WRB-Rendzic Lepto-
sol [4], covers around 220.000ha or 8.55 %, Calco-
cambisols /WRB-Chromic Leptic Luvisol on hard
limestones [4], covers around 100.000ha or 3.88 %,
but Terra Rossa /WRB-Rhodic Leptic Luvisol on
hard limestones [4], rarely form continuous soil cov-
er. These can be found on really small areas of karst
relief, they have a concave shape and are character-
ized with mosaic and fragmented appearance, and
cover around 260 ha or 1.00 % of the total area [5].

The soils formed on limestones and dolomites
differ in their genesis, evolution and properties from
soils formed on other substrates and have a number
of specificities. All their properties (physical, physi-

cal-mechanical, chemical and biological) greatly
depend on the parent material.

Calcomelanosols, and especially Terra Rossa
and Brown soil on hard limestones and dolomites
(Calcocambisols), are some of the insufficiently
studied soil types in our country.

The motive for this research arose from the
fact that they occupy much of the soil cover of the
Republic of Macedonia and have great importance
for the faster development of some industries in the
country, forestry, tourism, as well as the agricultural
development in the hilly and mountainous underde-
veloped areas. The preservation of these soils in the
Republic of Macedonia is especially important due
to the higher extent of erosion, forest cutting, fires,
excessive grazing, which made these researches
even more significant.

In addition, the cartographic units with Terra
Rossa areas were not distinguished on the pedologi-
cal (soil) map of the Republic of Macedonia until
these studies took place because did not exactly
know their total area.

#Dedicated to academician Gjorgji Filipovski on the occasion of his 100" birthday
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MATERIAL AND METHODS

The field examinations of soils formed on
limestones and dolomites were carried out on vari-
ous locations on the territory of the Republic of
Macedonia (Figures 1 and 2). Following the field
recognition, a total of 52 basic pedological profiles
out which, 34 were calcomelanosols, 13 calcocambi-

Macedonia

| ®Terrarossa
® Calcocambisols

| @ Calcomelanosols

sols and 5 profiles of terra rossa were excavated
(Figure 3, 4 and 5) were collected regarding the soil
genesis conditions (parent material, relief, climate,
vegetation and human factor). The field examina-
tions were carried out according to the generally
accepted method in our country [1, 2]. Detail facts
and data about soil properties and methods were
presented in [6].

Maps with soil profiles at different locations in the Republic of
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Figures 2. Map with the altitude of the soil profile at different locations in the Republic of Macedonia
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Figure 3. Calcomelanosols
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Figure 4. Calcocambisols
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Figure 5. Terra Rossa
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RESULTS AND DISCUSSION

Geneza of the soils formed on limestones
and dolomites

Calcomelanosols in their first stadium of de-
velopment, appear in all climate-vegetation zones in
our country, thus it can be said that the substrate is
the main soil forming factor. However, the opinions
on the soil forming factors in the literature differ.
According to some authors cf. in [7], terra rossa are
lithogenic soils, as they are formed in a similar way
as calcomelanosols, on pure compact limestones and
dolomites, and according to other authors, these are
zonal soils as they appear only in the Mediterranean
and modified Mediterranean climate. Third authors
cf. in [7] combine these opinions and claim that
these are lithogenic-climatogenic soils since the
substrate is dominant soil forming factor for their
formation, and the climate factor contributes for
their preservation or evolution. Similar to cal-
comelanosols, calcocambisols can be treated for
lithogenic soils, however, according to [7], these
soils are not formed in some climate-vegetation
zones of limestone - dolomite mountain ranges in
our country, which speaks for the strong influence
of other soil forming factors and points out to their
zonal character.

Markoski, et. al., [6, 6a] described each of the
soil forming factors and their significance in the
formation of soils on limestones and dolomites in
the Republic of Macedonia.

The following three processes take place in
calcomelanosols: 1. Dissolving of CaCO; and
MgCO; from limestone and dolomite and their
leaching; 2. Accumulation of organic matter and
formation of the humus horizon and 3. Formation of
(B)rz horizon (only in brownised calcomelanosols).
The third process is the most specific in the genesis
of calcocambisols [7].

The first process takes place in all climate-
vegetation zones, however, with different intensity.
The limestone dissolving mostly depends on the
mineralization and humification intensity, i.e. on the
guantity of produced H.COsz and humic acids, as
well as on the temperature, the amount of rainfalls,
vegetation etc. This process of the limestone dis-
solving has consequences and effects on the genesis
and properties of calcomelanosols.

The second very important process in their
genesis is the accumulation of organic matter. The
humification creates humus which is important for
the soil properties. The mollic humus-accumulative
horizon is reach in organic matter (humus), it has a
dark color and much better thermal properties. The

organo-mineral complexes, the humates and copro-
genic humus formation of stable crumb structure
and have a special effect on the water-air regime in
the soil. At the same time, the accumulation of hu-
mus increases the absorption capacity of these soils.

The third process appears in the brownised
calcomelanosols and calcocambisols that form the
cambic horizon (B)rz, and it is marked as degrada-
tion, clay-forming process and brownization. Opin-
ions for this process are given by Filipovski [8], as
well as by Ciri¢ and Paviéevi¢ [9, 10] who claim
that the brownization process leads to dehumization
and release of clay from the clay-humus complexes,
without changing its mineralogical and chemical
composition, and [10] points out that it is not clear
whether clay decomposition is carried out in this
process as well. In addition, Filipovski commented
Spirovski [11] and Filipovski [12] who claim that
chemical weathering through hydrolysis takes place
in this process, at the same time forming clay (argil-
lisation) and releasing iron oxides, and Laatsch [13]
has determined that in this process, with the chemi-
cal weathering of the secondary minerals releases
iron sesquioxides that give the soil brown and red-
dish-brown color. This brownization process occurs
in conditions when the calcomelanosols form solum
with depth from 30 to 40 cm even in conditions with
fewer temperature variations. The intensity of the
brownization process grows in the case of higher
temperatures. New humus is no longer accumulated
in the lower part of the solum at the brownised cal-
comelanosols and calcocambisols, which is located
under the depth of the biological accumulation.
When the solum will reach a depth of 30 to 40cm,
the humidity in its lower part will become higher,
the temperature will become more constant and the
conditions for microbiological processes for humus
mineralization will become more favorable. With
the decreasing of the content of humus, the crumb
aggregates decompose, the clay is released, the mass
becomes more compacted, and nut, polyhedral
structure. New quantities of clay can be obtained
with the deepening of the (B)rz horizon and thus,
(limestone dissolution- decarbonization) accompa-
nied by a release of the clay silicate residium from
it, a process that runs quite slowly.

According to [8], the brownisation starts from
the bottom up, i.e. from the limestone up, and can
take place in two phases whereby in the first phase
only the color begins to change (the humus is lost),
it becomes brown, while in the second phase, the
other properties, especially physical properties of
the soil begin to change (the structure is changed, i.e
it becomes less loose, the non-capillary porosity
decreases and the aeration and water permeability
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decreases). The chemical properties also change the
content of humus and nutrients decreases, the acidi-
ty of the reaction increases, and the base saturation
percentage decreases. This process can explain the
increased content of clay in the horizon (B), which
in these soils is marked as (B)rz, as it is formed with
the release of the residuum from the limestone. In
the first phases (B)rz is shallow, even shallower
than in the Amo horizon at the subtype brownised
calcomelanosols and in the later phases, it goes
deeper and becomes more dominant, as in the calco-
cambisols, and becomes one of the diagnostic signs
of this soil type.

Clay eluviation can occur in the genesis of the
calcocambisols, a process characterized by soil sub-
type: Luvic. This process contributes for a larger
textural differentiation of the horizons, and initial
formation of the horizon E. Information on the gen-
esis of calcomelanosols and calcocambisols can be
found in the papers of [7, 14-29].

There are various opinions for the genesis of
terra rossa. All of them refer to the origin of terra
rossa and the relation between terra rossa and the
parent material, whereby some of the opinions are
even opposed. Most of the theories and opinions are
presented by [8]. There is a so called residual theory
regarding the genesis of terra rossa. It has been pre-
sent for a longer time and it is a result of several
years of studies carried out by some Croatian geolo-
gist Tu¢an and Mari¢ cf. in [7] who studied the Cro-
atian karst. This theory is accepted by some soil sci-
entists [30]. According to this theory, terra rossa are
mainly lithogenic soils as there are no significant
differences between the residium and the mineral
part of the soil. This opinion is also shared by the
authors as they have been comparing the chemical
and mineral composition of the residium and terra
rossa. According to the residual theory, during the
genesis of terra rossa, the residuum does not change
significantly, which means that the terra rossa repre-
sents release residuum obtained from the limestone
dissolution. This dissolution takes place in various
climate conditions, which means that the Mediterra-
nean climate is not a prerequisite for the formation
of terra rossa. The genesis of terra rossa takes place
in the presence of pure limestone, with a small con-
tent of residium, with red color and close ratio of
SiO2:R203, whereby this residium originates from
terra rossa which material was integrated in the
limestones during the formation. In the later process
of decarbonization, the residuum releases from the
limestone and creates the mineral part of the soil.
This process of releasing residuum is really slow,
takes place for a long time with biochemical disso-
lution at various climate conditions.

According to the other theory cf. in [7], the
silicate residium of the limestone is not identical to
terra rossa. It is released with the dissolution of the
limestone dissolves and as such, it represents a sub-
strate which, with the rubification process, forms
into terra rossa. The rubification process that took
place in the past, but also takes place currently, es-
pecially in the Mediterranean and Subtropical areas,
characterized with various pronounced characteris-
tics, and especially dry and hot summers and dry
and hot soil climate.

The processes that form terra rossa and some
other ferralitic soils, Duchaufour, cf. by Filipovski
[7] are called ferrallitisation, and the formation of
terra rossa - rubification.

The author [31] has noted that in very warm
and humid Mediterranean areas, such as Lebanon,
the release of the residium and rubification occurs
quickly and recent terra rossa is formed. Pavicevié,
[32] also considers that in the karst of the Adriatic
Sea, where there are exceptionally high amounts of
rainfall, the rubification is a modern process and
that terra rossa is formed directly or with rubifica-
tion of other soils. The same author divides terra
rossa in the karst of the Adriatic coast into two
groups: primary, formed with direct rubification of
the residium and secondary, formed with rubifica-
tion of other soil types.

Our research of the mineral composition of
fractions (sand, silt) of the total soil, the geological
substrate and the unsoluble remains in terra rossa,
have indicated that the largest portion of minerals in
the soil is the same as in unsoluble remains, but we
must not disregard the fact that there is increased
content of quartz in the sand fraction and the for-
mation of vermiculite whose presence was not noted
in the unsoluble remains [6].

Evolution of the soils formed on limestones
and dolomites

The evolution of calcomelanosols has been
studied by several authors in our country. Using the
knowledge from our additional research from then
until today, Filipovski, [8] has concluded that the
evolution of calcomelanosols has taken place in
three directions: a) forming of calcocambisols (or-
ganogenic — organomineral/haplic — brownized
calcomelanosol); b) forming of terra rossa (organo-
genic — organomineral/haplic — rubified cal-
comelanosol); and c¢) forming of calcomelanosol
with mor or tangel-humus (organogenic — ofr-
ganomineral/haplic — calcomelanosol with mor
humus with organic O horizon). Whereby, the same
author states that the evolution of the calcomelano-
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sols can stop in the initial phase and it can be per-
manent (for example, during the phase of organo-
genic calcomelanosol). With the evolution of cal-
comelanosols, there is growth in the percentage of
coverage of the ground with soil, the depth of the
profile is increased, and this reduces the effect of the
limestone over the soil processes and properties.
Also, the author continues to state, the evolution
significantly changes the other soil properties: struc-
ture, water-air properties, humus contents, as well as
the morphological properties of the profile. Evolu-
tion is also influenced by the depth of the profile,
relief, climate-vegetation conditions, nature of the
substrate, erosion etc.

The first, organogenic phase is formed as an
initial phase (A-R) in conditions when the accumula-
tion of humus, due to any reason (poor residium, ex-
treme permeability of the substrate, unfavorable cli-
mate conditions) occurs more intensively that the
dissolving of limestone and formation of clay. Or-
ganogenic calcomelanosols are characterized by a
very shallow Amo horizon (around 10 cm) which lies
directly on top of the hard limestone and dolomite.
They contain high amounts of humus, over 15 % in
our region. Due to the dry soil climate conditions,
microbiological processes in organogenic cal-
comelanosols have a weak intensity, and humifica-
tion mainly occurs under the influence of the fauna.

In the second organomineral/haplic phase,
calcomelanosols reach their full maturity and maxi-
mal biological activity. The organomineral/haplic
calcomelanosol has a deeper profile. The Amo hori-
zon amounts to about 30cm, it contains less humus,
has a crumby structure, and a well developed hu-
mus-clay complex. A limestone skeleton can be pre-
sent in the humus horizon. The organominer-
al/haplic calcomelanosol is a more frequent subtype
than the previous subtype and it dominates the zone
of high-mountain pastures.

The third phase, when these is brownization
of calcomelanosol occurs with deepening of the pro-
file. The brownized calcomelanosol represents a
transitional phase towards calcocambisols. It is
formed from the previous subtype with the initial
appearance of the cambic horizon (B)rz which has
lower depth than the humus-accumulative Amo
horizon. The increase of the clay content in this
cambic (B)rz horizon is mostly residual clay, left
after the dissolution of CaCOs.

Filipovski [8] has also described the evolution
of calcomelanosols up to the formation of rubi-
fied/rhodic luvic calcomelanosols. Rubified/rhodic
luvic calcomelanosols is a transitional phase leading
to terra rossa. In this phase there is the initial for-
mation of red cambic (B)rz horizon which has a

smaller depth than the humus-accumulative horizon.
In our conditions, it can be found in the lowest
zones of Galichica, immediately next to Ohrid Lake,
where the impact of the modified Mediterranean
climate can be felt, with the respective vegetation
and limestones with red residium.

Certain authors, such as [15, 33] describe the
evolution of calcomelanosols towards cinnamonic
forest soils/Chromic Luvisol on saprolite (WRB). In
addition to calcomelanosols, terra rossa is men-
tioned as a previous stadium of calcocambisols.

In the case of calcocambisols, depending on
the processes present in the soils, similar to the pre-
vious type, they can evolve into three directions:
lesivation (illimerization), rubification, humusation
and transformation into terra fusca.

In our region, illimerization is the most com-
mon case of evolution of calcocambisols, whereby
there is the following evolution sequence: typical
calcocambisol — illimerized/luvic calcocambisol.
Illimerization according to [7] is usually present
when the solum of these soils reaches a depth of
around 50 to 60cm. Such is the case in level fields
and in negative forms of the karst relief. In these
relief forms, there is little surface running-off of
water and it leaches the bases more intensively,
there is weak acidification, as well as peptization
and eluviation of clay. After this process reaches a
certain level, under the A horizon there is an initial
formation of the eluvial E horizon, and the clay is
then transferred mechanically, without any changes
to its chemical and mineral composition.

The rubification of calcocambisols has been
described by [32, 34], cf. by Filipovski [7]. It is pre-
sent in the lowest zone of the oak region, where
these soils are present in complexes with terra rossa.
The devastation of the forest and tillage on these
soils contribute to the reduction of humus, for big-
ger heating and drying of the soil, which are key
conditions for the hydrated sesquioxides to trans-
form into nonhydrarted (hematite) which are red in
color.

In addition, Ciri¢ [9] cf. by Filipovski [7] de-
scribes the third direction, humification of calco-
cambisols in the higher zones where these soils are
present. This evolution occurs with the devastation
of forests and the increase of surfaces with grass
vegetation, where under its influence, after the ero-
sion of the A horizon in the remainder of the solum
((B)rz horizon) the A horizon is formed again.
These humificated calcocambisols do not differ
from the brownized calcomelanosols.

The evolution of terra rossa researched by
several authors: [12, 34, 35], by certain authors from
the former Yugoslavian Republics: [29, 32, 37-39],
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as well as by others: [31, 40-43]. In all of the re-
search by these authors, three directions of the evo-
lution of terra rossa have been pointed out: 1.
Brownization, 2. Illimerization and 3. Progradation
(humification).

Brownization, according to [7], is present in
terra rossa which after the withdrawal of the Medi-
terranean climate, has remained in conditions with
higher moisture and lower temperatures. This is
even more intensified if the Mediterranean climate
is additionally weakened or the environmental con-
ditions change (forest, deeper solum, cooler and
wetter expositions). With all of these processes, the
top part of the solum is brownized, where under the
influence of more humid and cooler conditions the
rubification is incomplete and slow. The author has
pointed out that there is a partial regression of rubifi-
cation with the formation of more hydrated sesquiox-
ides (goethite) and with the appearance of brown or
more often red-brown color (brownized terra rossa).

Illimerization is present in climates that are even
more humid, at higher altitudes, in negative forms of
karst relief with stronger surface humidification and

deeper solum. In this terra rossa the processes of acidi-
fication and peptization of colloids and their leaching
are stronger. The author clarifies that these processes
strengthen the texture differentiation with clear signs
of leaching the clay from the A horizon into the Bt
horizon and with the appearance of the initial for-
mation of the E horizon (luvic terra rossa).

The third direction of evolution is prograda-
tion (humification) which consists of an accumula-
tion of a higher quantity of humus into the already
formed terra rossa (most often under the influence
of grass vegetation). The dark humus horizon differs
from the one in rhodic luvic calcomelanosols be-
cause it contains less humus and has a crumb struc-
ture (humic terra rossa) [7].

Classification of the soils formed
on limestones and dolomites

The studied soils formed on limestone and
dolomite have been classified according to the clas-
sification of Skori¢, [24], Table 1.

Table 1. Classification of the soils formed on limestones and dolomites according to Skori¢, [24]

Calcomelanosol

Subtypes Variety Form
Organogenic
(profile N° 6,11,12,13,17,21, 24) Lithic - with mollic horizon
Organomineral (typic)
(profile N° 1,2,5,8,19,23,25,26,34,35,37,39,40
41,42,43,44,45,47,48,49,52) Lithic - with mollic horizon
Cambic

(profile N° 3, 16,18, 33, 36)

- with mollic horizon

Brown soil on hard limestones and dolomites (Calcocambisol)

medium deep (35-50cm)
(profile N° 22, 28, 30, 31, 46)

deep (> 50cm)

Haplic (typic)

Clay (profile N°
4,14,15,20,22,27,29,38,46)
Loamy (profile N° 28,30,31,32)

(profile N° 4, 14, 15, 20, 27, 29, 32)

Terra Rossa

Haplic (typic) 1.
2.

51)

shallow (to 40cm) (profile N° 50)
medium deep (40 — 70cm) (profile N° 7, 10,

Clay

3. deep (> 70cm) (profile N° 9)

We have determined almost all types and sub-
types of soils formed on limestone and dolomites:
soil type - Calcomelanosol with subtypes: organo-
genic, organomineral (typic) and cambic, variety:
lithic and form: with the mollic horizon. Calcocam-
bisol, subtype Haplic (typic), variety: medium deep
and deep and forms: clay and loamy. Soil type -

Terra Rossa, subtype Haplic (typic), variety: shal-
low, medium deep and deep and form: clay.

In calcomelanosols, the division into subtypes
is based on the evolution principle. The division into
varieties is based on the nature of the substrate, and
the division into forms is based on the nature of the
humus horizon.
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In calcocambisols and terra rossa, the division
into subtypes is based on the evolution principle. In
these two soil types, the division into varieties is
based on the profile depth, and the division into
forms is based on the mechanical composition.

According to WRB (World Reference Base
for Soil Resources) [4], Calcomelanosol is classified
as Rendzic Leptosol (lithic, molic), and according to
the FAO Soil Classification, [41] it is designated as
Rendzic Leptosol.

Brown soil on hard limestones and dolomites
according to the WRB classification represents
Chromic Leptic Luvisol on hard limestones
(skeletic, humic), and according to the FAO Classi-
fication: Chromic Luvisol on hard limestones.

According to the World Reference Base for
Soil Resources, Terra Rossa is classified as WRB
Rhodic Leptic on hard limestones, and according to
the FAO Classification it falls within Ferric Luvisol
on hard limestones.

According to the proposed classification of
Filipovski, [44], calcomelanosols fall within the ma-
jor group of Molisols, while calcocambisols and
terra rossa fall within the major group of Cambisols.

CONCLUSION

The key processes in whose genesis are: the
dissolving of CaCOs and MgCOs from limestone
and dolomite and their leaching; accumulation of
organic matter and the formation of humus horizon
and formation of horizon (B)rz (only in brownized
calcomelanosols). The third process is the most spe-
cific in the genesis of calcocambisols and terra rossa.

The evolution of the soils formed on lime-
stones and dolomites happens in three directions:
calcomelanosol appears as a first phase and goes
towards: the formation of calcocambisols (organo-
genic — organomineral — chromic luvic); the for-
mation of terra rossa (organogenic — organomineral
— rhodic luvic); and the formation of calcomelano-
sol with (mor) or tangel humus (organogenic — or-
ganomineral — calcomelanosol with mor humus
with O organic horizon.

In our research, we have determined the fol-
lowing soil types and subtypes formed upon lime-
stones and dolomites: soil type - Calcomelanosol
with the subtypes: Organogenic, Organominer-
al/Haplic and Cambic, variety: lithic and form: with
mollic horizon; Calcocambisol with subtype: Haplic
(typic), variety: medium deep and deep and forms:
clay and loamy and Terra Rossa with subtype: Hap-
lic (typic), variety: shallow, medium deep and deep
and form: clay.

(1]
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(3]
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[5]

(6]
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I'EHE3A, EBOJIYIHIUJA U KIIACUPUKAILIUJA HA IIOYBUTE OGPA3YBAHMU BP3
BAPOBHUIIN U 1OJIOMHUTHU BO PEITYBJIMKA MAKEJTOHUJA

Tatjana MutkoBa, Musie Mapkocku

dakynreT 3a 3eMjOJeIICKH HAYKH U XpaHa, YHuBep3ureT ,,Cs. Kupun u Meroauj «,
Ckorje, PenyOonnka Makenonuja

HcnutyBann ce mo4BuTe 00pa3yBaHM Bp3 BapOBHMIM W JOJIOMHUTH Ha Pa3IM4YHM JIOKauuu BOo PemyGiuka
Makenonuja. OBUE TMOYBH IO CBOjaTa I'eHE3a W CBOJYIHja W 1O CBOWUTE CBOJCTBA CE pa3IMKyBaaT OJ IOYBUTE
00pa3yBaHU Bp3 JIPYTUTE CYNCTPATH W MMAaT PeAWIa CIeHU(GUYHOCTH, MPHU IITO CUTE CBOjCTBA BO HAjrojieMa Mepa
3aBHCaT O] MaTHYHHOT cyrcTpar. OBHWEe MMOYBH 3a3eMaaT TOJeM el O] IMOYBEHHOT MOKpHWBad Ha PemyGinka
Makemonnja. TepeHCKUTE HCTPaXKyBarba Ce M3BPIIEHH CIOPE OIIITO MPU(PATEHHOT METO BO HamiaTa 3emja [1, 2].
IMoronem e o HUB ce O BUCOKOIUIAHMHCKH TACHINTA, HEKOH TAapIIeNIn ce TOJ JIMBAIW W HUBU. THe UMaar royieMo
3HaYeHE 3a MOOP3MOT pasBoj Ha IMYMapCTBOTO, TYPU3MOT Kako W 3a PasBOjOT HA 3€MjOMEICTBOTO BO PHICKO-
TUTAHHHCKUTE HEJOBOJIHO Pa3BMEHH TOJpadja BO HaIllaTa 3eMja.

Knyuynu 300poBu: 104BM 00pa3yBaHU Bp3 BAPOBHUIIM M JIOJIOMUTH, T'eHE3a, EBONIYLIHja, KiIacuduKalija
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DISTRIBUTION OF CHEMICAL ELEMENTS IN SOIL
FROM CRN DRIM RIVER BASIN, REPUBLIC OF MACEDONIA#
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nstitute of Chemistry, Faculty of Natural Sciences and Mathematics, Ss Cyril and Methodius University,
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The aim of this study was to investigate the distribution of chemical elements in topsoil and subsoil, focusing on
the identification of natural and anthropogenic element sources in the area of the Crn Drim River Basin, Republic of
Macedonia. For that purpose, by using sampling network of 5 x 5 km, 124 soil samples from 62 locations (topsoil and
bottom soil) were collected. In total 60 elements were analysed, from which 18 elements (Ag, Al, B, Ba, Ca, Cr, Cu, Fe,
K, Li, Mg, Mn, Na, Ni, P, Pb, V u Zn) were analysed by inductively coupled plasma - atomic emission spectrometry
(ICP-AES) and an additional 42 elements were analysed by ICP - mass spectrometry (ICP-MS). Multivariate statistical
analysis was applied to the obtained data. Factor analysis applied to the ICP-AES results produced four geogenic fac-
tors: F1 (Ba and K); F2 (Ag, Cd, Cu, Ni, Pb and zZn), F3 (Cr, Fe, Na, Ni and V) and F4 (Al, Ca, Mg and Mn). Data ob-
tained from the distribution maps and data analysis on soil samples, indicate the natural occurrence of the analysed ele-

ments as well as low concentrations of heavy metals in the studied area.

Key words: soil; Crn Drim River Basin; Republic of Macedonia; multivariate statistics; geochemical mapping

INTRODUCTION

Pollution with heavy metals is a global prob-
lem initiated by progress in world technology and
the human exploitation of natural resources; this has
become a subject of many studies. The regional con-
tamination of soil occurs mainly in industrial re-
gions and within large settlement centres, where
factories, traffic and municipal waste are the most
important sources of trace metals [1]. The level of
environmental pollution depends on the proper con-
trol of anthropogenic activities; these factors indi-
cate a global problem of environmental pollution
[2].

Heavy metals occur as natural constituents of
the Earth’s crust, and are persistent environmental
contaminants since they cannot be degraded or de-
stroyed. Some heavy metals have bio-importance as
trace elements, but the biotoxic effects of many on
human biochemistry are of great concern. Hence,

there is a need for the proper understanding of the
conditions, such as concentrations and oxidation
states, which make them harmful, and how biotoxi-
city occurs [3]. The major causes of emission are
anthropogenic sources, specifically mining opera-
tions, where, in some cases, even long after mining
activities have ceased, the emitted metals continue
to persist in the environment [4-6].

The soil cover of the Republic of Macedonia
is very heterogeneous, with great changes over
small distances. Almost all of the relief forms, geo-
logical formations, climatic influences, plant associ-
ations and soils that appear in Europe (with the ex-
ception of podzols) are represented. More than 30
soil types are found in Macedonia [7-9]. According
to Filipovski [10] negative degradation of soils in
Macedonia started a long time ago. In recent years,
results suggest that the Republic of Macedonia has
the same problem of pollution by heavy metals, and
the most important emission sources are mines,

#Dedicated to academician Gjorgji Filipovski on the occasion of his 100" birthday
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drainage systems and smelters near the towns of
Veles, Tetovo, Kavadarci and Probistip [11-21].
The goal of the present study was to investi-
gate the spatial distribution of about 60 chemical
elements in soil from the Crn Drim River Basin, in
the Republic of Macedonia. For this purpose, apply-
ing a sampling network of 5 x 5 km, 124 soil sam-
ples from 62 locations (topsoil and bottom soil)
were collected. The soil samples were analysed by
inductively coupled plasma - atomic emission spec-
trometry (ICP-AES) for macro-elements (Ag, Al, B,
Ba, Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, V
u Zn) and inductively coupled plasma - mass spec-
trometry (ICP-MS) for trace elements (As, Be, Bi,
Br, Cd, Ce, Co, Cs, Dy, Er, Eu, Ga, Gd, Ge, Hf, Ho,
I, In, La, Lu, Mo, Nb, Nd, Pd, Pr, Pt, Rb, Sbh, Sc,
Sm, Sn, Sr, Ta, Tb, Te, Ti, T, Tm, W, Y, Yb u Zr).

Dojran L.
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Figure 1. The investigated area on the map
of the Republic of Macedonia

In the far southwest of the Republic of Mace-
donia, the Ohrid-Struga valley stretches between the
Mts. of Jablanica, Belicka and Mokra in the west;
Mts. Galicica, Petrina, Pla¢enska and Ilinska in the
east; Stogovo and its branch Karaorman to the north
and the hilly region of Gora to the south. It is char-
acterised by a changed Mediterranean climate and
winds coming from the west and north. The last val-
ley is the Debarca valley, located to the north of the
Ohrid valley [24].

STUDY AREA

The investigated area is located in the south-
western part of Macedonia and covers the basin of
the Crn Drim River (Figures 1 and 2). This river
passes through two valleys: Ohrid-Struga and the
Debar-Radika River basin. Crn Drim flows from the
Ohrid Lake in the town of Struga. First it flows
through Struga Field to the village of TaSmaruniste,
where it enters into the Drimkolska Gorge and im-
mediately in the artificial Globoc¢ica Lake. After the
Globocica dam, a short river flow is again formed to
re-enter the nearby Debar Lake. It leaves it at Debar
Lake dam and continues 12 km as a border river and
then enters into Albania. The Crn Drim River Basin
covers an area of 3,350 km? The area receives an
average of 933 mm of precipitation per year [22, 23].
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Figure 2. Topographic map of the investigated area

The largest part of the Crn Drim River Basin
is tectonically separated as part of the West-
Macedonian zone with properties formed during the
Hercynian and Alpine orogeny. During the Hercyni-
an orogeny, Paleozoic metamorphism was formed in
synclines and anticlines, while the Alpine orogeny
was characterised by intense metamorphism. Later
in this orogeny, Tertiary tectonic trenches were
formed. Triassic sediments were formed during the
Alpine orogeny, in huge structures orientated mostly
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in the north-south and northwest-southeast direc-
tions [25-28].

The area of Debar and low flow of the Radika
River (Debar zone) is in the Cukali-Krasta zone
[25-28]. The Cukali-Krasta zone is composed of
Upper Cretaceous (i.e. Turonian) conglomerates:
sandstones, claystones and limestones with olisto-
stromes. In this zone, evaporites and minor Paleo-
gene sediments are present. The boundary with the
West-Macedonian zone is marked by the Stogovo
nappe, after which the Paleozoic, Triassic and Ju-
rassic complex occurs as a bundled mass; it has an
allochthonous length of at least 710 km through the
Upper Cretaceous sediments and evaporites of the
Cukali-Krasta zone. This zone of the Debar area
essentially represents a tectonic half-window. The
diapiric structure of DeSat Mountain is very im-
portant in the Cukali-Krasta zone; it is composed of
anhydrite and gypsum, characterised by partial but
noticeable diapiric, internal folding and brecciation,
with the development of tectonic breccias — mylo-
nites at the contacts with the adjacent rock masses.

The geological structure of the investigated
area is dominated by alluvial creations and semi-
sedimentary sediments, distributed in the plains
(Figure 3). This area is located in the West-
Macedonian geotectonic zone, within the Ohrid Ne-
ogene Basin. In the bases of the Neogene and Qua-
ternary sediments lies the Triassic rocks, while on
the surface of the terrain are the lake and swamp
sediments that are deposited in the Quaternary peri-
od; here they have the greatest distribution [25-28].

The creation of this graben structure is related
to the end of the lower and early middle Pliocene:
that is, the period when the expansion of the orogen-
ic phase began with the manifestation of intense dif-
ferentiated vertical movements. As a result of such
processes, in the beginning, the old fault structures
were reactivated and later on, they came to be a sink
in the space (i. e. its transformation into Pliocene
lake basins) [25, 29].

The Pliocene sediments in this area are found
in the southern part, as well as in the northwest part.
The Gali¢ica Mountain is a dominant relief appear-
ance located between Ohrid Lake to the west and
Prespa Lake to the east. According to its structural
characteristics, Gali¢ica Mountain is a typical horst
that has been elevated by the dominant neotectonic
interblock faults.

The maximum vertical movement in the
western part of Mt. GaliCica was accomplished via

the system of scalable faults. Due to the massive-
ness of limestones and the intensive radial tectonics,
with which the mountain is cut into several blocks,
the dials cannot be noticed. In the lower parts, the
synclinal structure is constructed of Triassic con-
glomerates that lie over the Paleozoic metamor-
phites [25-28].

The area of Ohrid is characterised by Paleo-
zoic, Triassic, Jurassic, Neocene and Quaternary
formations. The Paleozoic formations consist of a
thick complex of metamorphic and magmatic rocks.
Based on fossil remains, this complex is divided
over the Cambrian, Ordovician and Devonian peri-
ods. The Cambrian and Ordovian sections are com-
posed of phyllite schists, and the Devonian is char-
acterised by phylitic shales, metaconglomerates,
carbon shales and marble limestones. Through the
Paleozoic metamorphism, granodiorites and syenites
were intertwined. The Triassic formations lie trans-
gressive over the Paleozoic complex. In some locali-
ties (Mt. Jablanica), the Triassic sediments are over-
lapped with conglomerates composed of diabase,
gabbro, Triassic limestone and, in the final bounda-
ries, serpentinites and shales. Neocene sediments
have the character of fresh water, and with their mi-
croflora are assumed to have formed during the
Middle Pliocene period. There are also sediments of
the new Pliocene. Quaternary sediments are wide-
spread and consist of glacial, morene, and fluvio-
glacial sediments, Terra Rosa, travertine, breccias,
thallus and alluvial deposits [29].

EXPERIMENTAL
Sampling

Samples of natural surface soils in the Crn
Drim River Basin, in the Republic of Macedonia,
were collected according to the European guidelines
for soil pollution studies [30], and also according to
our experience [12, 13, 20, 31]. The study area
(3350 km?) was covered by a sampling grid of 5 x 5
km (Figure 4). Altogether 124 soil samples were
collected from 62 locations, with the collection of
topsoil (0-5 cm) and subsoil (20-30 cm) samples.
The possible organic horizon was excluded. One
sample represents the composite material collected
at the central sample point itself, and at least four
points within a radius of 10 m around it towards the
north, east, south and west. The mass of the compo-
site sample was about 1 kg.
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Figure 4. Soil sampling locations in the Crn Drim River Basin
Sample preparation
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The soil samples were air dried indoors at
room temperature for about two weeks. They were
then gently crushed, cleaned of extraneous material
and sifted through a plastic sieve with 2 mm mesh
[30]. The sifted mass was quartered and milled in an
agate mill to produce an analytical grain size below
0.125 mm.

For the digestion of soil samples, open wet
digestion with a mixture of acids was applied. The
digestion was carried out in this order: the precisely
measured mass of dust samples (0.25 g) was placed
in Teflon vessels. After this, 5 ml of concentrated
HNO; was added, until brown vapours left the ves-
sels. Nitric acid is a very suitable oxidant for the
digestion of organic matter in samples. For the total
digestion of inorganic components, 5-10 ml HF was
added. When the digest became a clear solution, 2
ml of HCIO, was added for the total digestion of
organic matter. After cooling the vessels for 15 min,
2 ml of HCI and 5 ml of water were added for the
total dissolution of metal ions. Finally, the vessels
were cooled and digests were quantitatively trans-
ferred to 50 ml calibrated flasks [20].

Instrumentation

All samples were analysed by ICP-AES (Var-
ian, model 715-ES) for the elements with higher
contents according to the instrumental conditions
presented by Balabanova et al. [14]. Trace elements
were analysed by ICP-MS measurements on a SCI-
EX Perkin Elmer Elan DRC Il (Canada) inductively
coupled plasma mass spectrometer (with quadruple
and single detector setup) under the instrumental
conditions presented earlier [16]. The quality con-
trol of the applied techniques was performed using
the standard addition method, and the recovery for
the investigated elements ranged from 98.2 % to
100.8 %.

Data processing

Data analysis and the production of maps
were performed on a PC using Paradox (ver. 9), Sta-
tistica (ver. 6.1), AutoDesk Fig. (ver. 2008) and
Surfer (ver. 8.09) software. All field observations,
analytical data and measurements were introduced
into the data matrix. Parametric and nonparametric
statistical methods were used for data analysis [20].
Based on the results of the normality tests and visual
inspection of the distribution histograms, for all el-
ements, logarithms of the element content were used
to acquire normal distributions. Basic statistics for
all 60 elements in the topsoil and bottom soil are
given in Tables 1 and 2.

Multivariate R-mode factor analysis [20] was
used to reveal associations of the chemical elements
that had been determined by ICP-AES. From nu-
merous variables, the factor analysis (FA) derives a
smaller number of new, synthetic variables. Factor
analysis was performed on variables standardised to
a mean of zero and one unit of standard deviation
[32]. As a measure of similarity between variables,
the product-moment correlation coefficient (r) was
applied. For orthogonal rotation, the varimax meth-
od was used.

The universal kriging method with linear
variogram interpolation was applied for the con-
struction of the areal distribution maps of the 18
elements determined by ICP-AES and the factor
scores (F1-F4) for topsoil (0-5 cm) and subsoil
(20-30 cm) samples. Seven classes of the following
percentile values were selected: 0-10, 10-25, 25—
40, 40-60, 60-75, 75-90 and 90-100.

RESULTS AND DISCUSSION

ICP-AES was applied for the analysis of 18
macro-elements (Ag, Al, B, Ba, Ca, Cr, Cu, Fe, K, Li,
Mg, Mn, Na, Ni, P, Pb, V u Zn) while the additional
48 elements (As, Be, Bi, Br, Cd, Ce, Co, Cs, Dy, Er,
Eu, Ga, Gd, Ge, Hf, Ho, I, In, La, Lu, Mo, Nb, Nd, Pd,
Pr, Pt, Rb, Sb, Sc, Sm, Sn, Sr, Ta, Tb, Te, Ti, TI, Tm,
W, Y, Yb u Zr) were analysed by inductively coupled
plasma — mass spectrometry (ICP-MS).

Descriptive statistics of the measurements for
topsoil and bottom soil samples from 62 locations
(124 soil samples total) are presented in Tables 1
and 2. Values for Al, Ca, Fe, K, Mg, Na and Ti are
in %, values for I, Lu, In, Te and Tm are in pg/kg,
and the values for the remaining elements are in
mg/kg. In Tables 1 and 2, the following statistical
parameters are given: X — arithmetic average;
X(BC) — arithmetic average after Box-Cox method,;
Md — median; min — minimum; max — maximum;
P10— 10th percentile; Pgo— 90th percentile; Pzs— 25th
percentile; P75 — 75th percentile; S — standard devia-
tion; SX — standard error; CV — coefficient of varia-
tion; A — skewness; E — kurtosis; BC — Box-Cox
transformed values.

The order of the distribution of concentrations
of the major elements Al, Ca, Fe, K, Mg, Na and Ti
were in the following ranges: 0.42-6.5% Al; 0.09—
4.7 % Ca; 2.2-6.7 % Fe; 0.16-2.4 % K; 0.21-7.2 %
Mg, and 0.027-0.68 % Na and 0.10-0.84 % Ti. The
contents of major elements are most frequently a
result of the dominant geological formations of the
area: Quaternary sediments, Precambrian and
Paleozoic schists, Paleozoic sandstones and
Paleozoic and Mesozoic carbonates.
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Table 1. Descriprive statistics for the content of analyzed elements in top-soil samples the Crn Drim River Basin

r'f]'eem N Unit X XBC) Md Min Max Py Py Ps Ps S Sx CV A E A(BC) E(BC)
Ag 62 mgkg 078 076 075 048 12 058 10 065 087 017 0022 219 066 005 024 -0.44
Al 62 % 21 18 17 044 65 091 38 12 28 12 016 601 135 199 012 -0.38
As 62 mgkg 27 16 16 47 270 71 46 11 28 38 48 141 499 2943 -010 -0.25
B 62 mgkg 58 55 54 26 114 37 84 43 71 19 24 323 071 027 -006 -0.37
Ba 62 mgkg 310 270 250 65 940 150 570 180 390 190 24 609 139 180 031 -0.08
Be 54 mgkg 23 22 23 0072 49 051 38 16 29 11 015 492 020 009 -021 0.1
Bi 54 mgkg 023 018 018 0005 083 0050 049 010 032 018 0025 795 130 166 -005 -0.13
Br 54 mgkg 32 27 29 0005 69 087 60 16 47 19 026 596 023 -103 -099 120
Ca 62 % 078 055 056 011 46 026 15 039 076 078 0099 101 3.04 1093 -006 065
Cd 62 mgkg 064 030 030 0005 34 0035 21 015 062 086 011 133 190 260 -020 0.6
Ce 54 mgkg 20 16 16 13 58 50 46 70 27 15 20 739 080 -016 -031 -0.54
Co 57 mghkg 17 14 13 10 76 69 28 10 19 14 18 812 296 1019 031 273
Cr 62 mgkg 120 85 87 50 1000 59 180 69 110 130 17 112 581 39.14 008 -0.43
Cs 54 mgkg 35 31 31 024 11 095 66 21 45 24 033 682 127 148 039 0.09
Cu 62 mgkg 34 31 30 80 125 19 47 23 41 17 21 502 281 1348 031 228
Dy 54 mgkg 16 11 15 0037 60 023 29 053 21 14 018 859 148 240 -028 -0.29
Er 54 mgkg 081 056 071 0016 35 011 15 021 11 072 0098 892 156 303 -028 -0.41
Eu 54 mgkg 053 040 040 0051 17 010 11 023 074 042 0057 787 114 084 -020 -0.72
Fe 62 % 38 37 36 22 66 28 52 33 45 091 012 238 078 029 001 -0.23
Ga 54 mgkg 13 12 12 35 37 57 21 87 15 61 083 471 141 352 026 071
Gd 54 mgkg 22 16 19 0077 76 042 40 075 30 18 025 829 140 191 -0.28 -021
Ge 54 mgkg 036 022 020 0070 24 0099 081 014 041 043 0058 118 305 1094 022 -0.61
Hf 54 mgkg 11 090 10 0065 34 026 19 047 15 074 010 688 103 154 -0.22 -0.39
Ho 54 mgkg 030 021 026 0005 12 0045 056 0085 039 026 0036 881 152 272 -030 -0.29
| 54 pgkg 55 23 22 50 250 50 140 50 98 64 88 116 138 119 003 -157
In 54 pgkg 38 34 36 50 111 15 64 21 48 21 29 562 118 212 007 035
K 62 % 14 14 13 033 24 077 21 11 17 050 0063 359 012 -0.65 006 -0.62
La 54 mgkg 12 84 98 059 57 25 26 40 14 11 15 944 224 638 -011 014
Li 62 mgkg 32 31 30 12 62 19 46 25 39 11 14 352 042 -014 008 -031
lu 54 pgkg 120 88 110 50 460 18 230 43 160 94 13 802 131 233 -025 -047
Mg 62 % 092 067 064 022 72 035 15 047 10 096 012 105 492 3068 001 019
Mn 62 mgkg 820 730 820 61 3700 320 1200 510 1000 510 65 620 300 1623 -0.01 235
Mo 54 mghkg 071 024 043 0005 30 0005 19 0005 11 081 011 115 125 072 -0.33 -1.42
Na 62 % 016 013 012 0029 067 0061 029 0089 020 012 0015 706 210 605 014 -0.08
Nb 54 mgkg 61 19 19 30 950 79 140 12 34 150 20 237 487 2705 -027 073
Nd 54 mgkg 94 75 83 054 29 21 19 34 13 70 096 748 118 125 -025 -0.24
Ni 62 mgkg 92 63 61 12 1000 32 140 42 98 130 17 142 582 3878 003 127
P 62 mgkg 810 720 730 250 2600 430 1300 530 950 420 54 521 200 575 001 043
Pb 62 mgkg 32 32 31 14 62 21 4 26 39 93 12 287 050 073 032 046
Pd 54 mgkg 051 041 041 0050 17 011 10 026 072 038 0052 756 138 186 -0.14 -0.06
Pr 54 mgkg 24 19 22 014 70 057 48 091 34 17 024 725 108 099 -026 -0.27
Pt 54 mg/kg 031 024 030 0005 10 0063 068 0098 048 026 0035 825 090 018 -0.08 -0.88
Rb 54 mgkg 52 47 46 35 148 14 100 24 68 33 46 642 101 067 024 -0.26
Sb 54 mgkg 15 057 064 0074 45 020 13 048 087 60 082 398 730 5350 -032 357
Sc 54 mgkg 63 51 55 11 33 20 10 35 81 49 067 782 333 1665 003 026
Sm 54 mgkg 19 15 17 010 61 038 38 069 26 15 020 780 128 151 -023 -0.26
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Table 1 (continuation)
Sn 54 mglkg 17 11 10 030 141 2.2 3% 58 24 21 29 124 389 2061 -0.19 0.60
Sr 54 mglkg 28 25 27 088 79 9.6 46 17 39 17 23 588 088 097 -047 0.70
Ta 54 mg/kg 1.0 0.62 0.75 0.050 76 0.16 20 0.36 12 12 0.16 117 359 16.66 -0.80 1.08
Tb 54 mg/kg 0.29 0.22 0.26 0.005 10 0051 053 010 041 025 0034 839 143 213 -0.32 -0.05
Te 54 pug/kg 27 11 5.0 5.0 200 5.0 64 5.0 40 38 5.2 144 292 10.00 040 -1.54
Ti 54 % 032 029 029 010 084 018 049 023 036 014 0019 442 145 318 016 046
TI 54 mg/kg 046 036 038 0.050 15 0050 090 017 071 035 0047 764 084 022 -018 -091
Tm 54 pgkg 110 82 100 50 480 16 220 33 150 100 14 875 150 282 -0.18 -0.63
\Y 62 mg/kg 110 99 98 65 410 71 150 87 120 48 6.2 440 421 2467 0.00 -0.09
W 54 mg/kg 14 11 1.1 0.064 48 0.20 28 061 21 11 014 741 097 088 -019 -0.55
Y 54 mg/kg 7.2 53 49 0.22 29 1.6 12 28 11 6.1 083 848 163 301 -024 006
Yb 54 mgkg 073 052 066 0018 31 011 14 022 099 063 008 864 148 282 -025 -0.49
Zn 62 mg/kg 140 130 130 58 290 90 210 110 170 52 65 361 105 103 -020 034
Zr 54 mglkg 58 53 56 7.1 144 21 95 37 78 30 41 517 066 042 -025 -0.17

N — Number of samples; X — mean; X(BC) — mean of Box-Cox transformed values; Md — median; Min — minimum;

Max — maximum; P1o — 10" percentile; Ps — 25t percentile; P-s — 75" percentile; Pgo — 90™ percentile; S — standard deviation;
Sx — standard deviation of transformed values; CV — coefficient of variation, A — skewness; E — kurtosis;

BC — Box-Cox transformed values

Table 2. Descriprive statistics for the content of analyzed elements in sub-soil samples from the Crn Drim River Basin

rELem n Unit X XC()B Md Min Max Py Pw Ps Ps S Sx CV A E AC(;3 EC()B
Ay 62 mgkg 08 08 08 044 12 059 11 068 093 018 0022 215 020 -051 -024 -0.29
Al 62 % 24 20 19 042 59 08 44 14 32 14 017 580 089 017 -015 -058
As 62 mgkg 27 16 16 55 280 82 50 11 31 39 50 143 500 3039 020 -0.39
B 62 mgkg 60 56 59 25 140 38 8 45 67 21 27 355 143 351 004 0.60
Ba 62 mgkg 310 260 240 28 980 90 580 150 390 210 26 672 119 127 -013 -0.11
Be 58 mgkg 23 23 21 0005 53 084 39 18 31 12 016 507 036 020 -008 020
Bi 58 mgkg 020 016 017 0005 078 0048 040 010 024 015 0020 779 158 303 000 0.42
Br 58 mghkg 39 30 27 0005 20 076 81 18 45 42 055 106 252 687 054 138
Ca 62 % 10 056 054 0095 47 021 27 031 10 12 015 117 198 310 002 -0.28
cd 62 mgkg 083 034 029 0005 73 0052 21 013 094 13 017 160 292 990 014 -0.07
Ce 58 mgkg 21 15 14 037 105 25 55 79 29 22 28 102 197 432 015 -0.05
Co 59 mgkg 16 14 14 19 56 70 29 99 22 95 12 585 151 393 -026 0.74
Cr 62 mgkg 120 86 86 49 910 59 180 69 110 120 15 102 503 3075 023 -0.43
Cs 58 mgkg 32 29 32 0069 89 08 55 19 41 19 025 584 071 075 -045 053
Cu 62 mgkg 35 33 34 11 75 21 50 25 44 13 17 379 056 034 -030 -0.05
Dy 58 mgkg 16 11 11 0091 67 023 47 060 21 16 021 994 178 262 021 -024
Er 58 mgkg 084 057 052 0046 38 011 23 030 10 086 011 103 181 277 022 -024
Eu 58 mgkg 052 037 035 0025 22 010 12 018 065 049 0065 945 173 264 013 -0.19
Fe 62 % 40 39 39 24 67 30 53 33 47 091 012 226 074 024 007 -051
Ga 58 mgkg 13 12 13 28 30 67 20 95 16 52 069 401 076 140 -0.25 0.72
Gd 58 mgkg 23 16 15 011 96 031 51 070 28 23 030 986 179 275 019 -0.28
Ge 58 mgkg 037 023 020 0075 15 009 11 015 048 035 0047 962 1.80 264 003 -1.03
Hf 58 mgkg 11 092 094 0071 30 031 27 043 16 082 011 738 084 -031 004 -0.79
Ho 58 mgkg 031 021 021 0018 14 0041 088 012 037 032 0041 102 179 263 025 -0.26
I 58 pgkg 110 36 42 50 1500 50 290 14 95 230 30 209 484 2793 003 -0.66
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Table 2 (continuation)

In
K
La
Li
Lu

Yb
Zn
Zr

58
62
58
62
58
62
62
58
62
58
58
62
62
62
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
62
58
58
58
62
58

ng/kg
%

mg/kg
mg/kg
pg/kg
%

ma/kg
ma/kg
%

mg/kg
mg/kg
ma/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ngrkg
%

mg/kg
pg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

37
14
12
34
120
0.91
820
0.68
0.16
79
9.5
100
750
30
0.45
2.4
0.28
45
11
6.3
2.0
15
27
3.2
0.30
36
0.31
0.47
120
120
14
8.0
0.76
140
62

34
14
7.8
33
88
0.67
720
0.21
0.12
22
7.1
64
650
30
0.34
1.8
0.22
41
051
52
14
9.5
23
0.71
0.22
14
0.29
0.36
81
110
11
54
0.53
130

55

36
15
6.8
33
79
0.69
770
0.44
0.12
20
6.8
68
650
29
0.36
17
0.28
40
0.59
51
13
8.5
21
0.82
0.22
18
0.29
0.40
75
110
11
4.6
0.47
130

51

5.0
0.16
0.39

7.4

5.0
0.21

87
0.005
0.027

3.3

0.39

12
250
5.0
0.050
0.098
0.005
0.95
0.067
1.2
0.050
0.67
2.9
0.050
0.017

5.0

0.11

0.050
5.0
65
0.060
0.33
0.036
68

11

96
24

157

15
0.73
14
19

18
0.30
350
0.005
0.051
10
14
31
320
19
0.050
0.35
0.053
12
0.17
2.4
0.32
25
8.8
0.22
0.043
5.0
0.18
0.050
16

81
0.32
15
0.098
94

22

59
21
30
51
340
17
1300
1.4
0.29
150
22
160
1300
43
0.95
5.6
052
79
11
13
44
42
51
18
0.76
95
0.44
0.96
320
170
32
20
21
210
120

25
1.0
35
26
46
0.44
530
0.005
0.071
13
3.6
43
500
23
0.15
0.98
0.10
28
0.37
35
0.67
3.9
13
0.42
0.11
5.0
0.23
0.16
46
90
0.54
24
0.30
110

35

47
1.9
17
39
150
11
1000
0.80
0.20
37
13
99
890
37
0.61
33
0.44
57
0.82
8.1
2.6
19
36
12
0.40
46
0.37
0.70
150
130
21
12
0.94
170
97

18
0.51
13
12
110
0.84
600
1.2
0.12
210
8.7
150
430
9.0
0.39
2.2
0.23
26
3.4
41
1.8
18
20
17
0.30
49
0.11
0.38
120
49
11
79
0.75
52
36

2.4
0.064
17
15
15
0.11
76
0.16
0.015
27
11
20

54
11
0.052
0.29
0.030
3.4
0.45
0.54
0.24
2.3
2.7
2.3
0.039
6.5
0.014
0.050
16
6.2
0.15
1.0
0.099
6.5
4.7

49.1
359

105
35.1
93.8
915
73.0

175
75.8
261
91.2

154
57.0
29.8
88.1
90.0
80.7
57.9
310
66.0
93.6

118
75.2
535
98.1

138
349
80.4

101
421
80.7
99.4
99.4
36.3
58.2

0.88
-0.13
1.66
0.43
1.67
3.66
3.92
4.24
1.98
4.66
1.61
6.03
1.96
-0.01
1.80
1.60
141
0.87
7.33
1.90
1.65
2.88
1.75
7.58
1.78
297
112
0.95
1.79
3.37
1.32
1.61
177
1.58
0.63

1.26
-0.55
271
0.53
2.50
18.66
23.58
22.22
5.64
23.90
2.37
41.27
6.03
-0.08
4.25
2.47
311
1.53
54.95
5.70
2.36
11.57
3.85
57.62
2.64
11.77
3.54
0.35
2.81
15.88
1.87
214
2.74
3.59
-0.61

-0.06
-0.21
0.06
-0.09
0.15
0.01
0.24
-0.09
-0.04
0.33
0.13
-0.14
0.06
-0.23
0.07
0.13
-0.12
-0.36
-0.02
-0.02
0.12
0.19
0.41
0.60
0.26
0.04
-0.24
-0.03
0.09
0.07
0.06
0.13
0.17
0.24
0.06

0.19
-0.45
-0.50
051
-0.14
-0.36
3.00
-1.08
-0.35
0.73
-0.30
1.08
-0.21
0.34
-0.41
-0.28
-0.30
0.65
2.69
-0.15
-0.22
-0.14
0.25
4.49
-0.26
-1.64
0.85
-1.01
-0.08
0.21
-0.40
-0.45
-0.21
0.18
-0.90

N — Number of samples; X — mean; X(BC) — mean of Box-Cox transformed values; Md — median; Min — minimum

Max — maximum; P;o — 10" percentile; Pos — 25" percentile; P-s — 751 percentile; Pgo — 90" percentile; S — standard deviation;
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Table 3. The ratios of the element average content in topsoil (TS) and subsoil (SS) samples

from the Crn Drim River Basin

Ratio

Element Topsoil Subsoil (TS/SS) T (test) Sign F (ratio) Sign R (TS/SS) Sign
Ag 0.76 0.80 0.95 -1.35 NS 1.07 NS 0.45 *
Al 17900 20100 0.89 -1.09 NS 111 NS 0.51 *
As 16.23 16.44 0.99 -0.10 NS 1.08 NS 0.30 *
B 54.8 56.3 0.97 -0.46 NS 1.09 NS 0.52 *
Ba 274 256 1.07 0.60 NS 1.44 NS 0.86 *
Be 2.18 2.25 0.97 -0.31 NS 111 NS 0.58 *
Bi 0.18 0.16 1.14 0.79 NS 1.24 NS 0.25 NS
Br 2.69 2.96 0.91 -0.56 NS 1.72 NS 0.23 NS
Ca 54799 5560 0.99 -0.10 NS 171 NS 0.79 *
Cd 0.30 0.34 0.88 -0.47 NS 1.13 NS 0.64 *
Ce 15.52 14.82 1.05 0.25 NS 1.39 NS 0.40 *
Co 14.23 14.15 1.01 0.04 NS 1.26 NS 0.54 *
Cr 85.0 86.2 0.99 -0.20 NS 1.05 NS 0.90 *
Cs 3.14 2.89 1.09 0.63 NS 1.15 NS 0.48 *
Cu 30.95 33.05 0.94 -0.86 NS 1.22 NS 0.76 *
Dy 1.13 1.14 1.00 -0.02 NS 1.00 NS 0.40 *
Er 0.56 0.57 0.99 -0.07 NS 1.03 NS 0.43 *
Eu 0.40 0.37 1.07 0.37 NS 1.08 NS 0.31 *
Fe 36932 38931 0.95 -1.32 NS 1.15 NS 0.87 *
Ga 12.11 12.32 0.98 -0.21 NS 1.20 NS 0.21 NS
Gd 1.64 1.60 1.03 0.14 NS 1.08 NS 0.36 *
Ge 0.22 0.23 0.96 -0.27 NS 1.10 NS 0.00 NS
Hf 0.90 0.92 0.98 -0.12 NS 1.10 NS 0.20 NS
Ho 0.21 0.21 0.98 -0.08 NS 1.04 NS 0.43 *
| 0.02 0.04 0.63 -1.72 NS 1.00 NS 0.35 *
In 0.03 0.03 0.99 -0.08 NS 1.27 NS 0.08 NS
K 13792 14033 0.98 -0.27 NS 1.04 NS 0.91 *
La 8.40 7.75 1.08 0.40 NS 1.34 NS 0.46 *
Li 31.18 3291 0.95 -0.83 NS 1.09 NS 0.93 *
Lu 0.09 0.09 1.00 0.00 NS 1.07 NS 0.33 *
Mg 6722 6701 1.00 0.03 NS 1.07 NS 0.88 *
Mn 732 715.6 1.02 0.20 NS 1.18 NS 0.93 *
Mo 0.24 0.21 1.18 0.42 NS 1.02 NS 0.21 NS
Na 1328 1205 1.10 0.82 NS 131 NS 0.91 *
Nb 19.4 221 0.88 -0.69 NS 1.28 NS 0.62 *
Nd 7.48 7.07 1.06 0.33 NS 1.24 NS 0.36 *
Ni 62.6 64.2 0.97 -0.20 NS 1.15 NS 0.93 *
P 720 648 111 1.20 NS 1.24 NS 0.90 *
Pb 32.24 30.01 1.07 1.35 NS 1.00 NS 0.73 *
Pd 0.41 0.34 1.21 1.13 NS 1.17 NS 0.24 NS
Pr 1.94 1.81 1.07 0.39 NS 1.28 NS 0.36 *
Pt 0.24 0.22 1.09 0.46 NS 1.21 NS 0.02 NS
Rb 46.83 40.59 1.15 1.14 NS 1.21 NS 0.42 *
Sh 0.57 0.51 111 0.67 NS 1.05 NS 0.66 *
Sc 5.09 5.20 0.98 -0.17 NS 1.12 NS 0.28 NS
Sm 1.47 1.42 1.04 0.22 NS 1.20 NS 0.35 *
Sn 10.75 9.48 1.13 0.59 NS 1.13 NS 0.17 NS
Sr 25.03 22.97 1.09 0.64 NS 1.14 NS 0.55 *
Ta 0.62 0.71 0.88 -0.65 NS 1.01 NS 0.45 *
Th 0.22 0.22 1.01 0.03 NS 1.01 NS 0.37 *
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Table 3 (continuation)

Te 0.01 0.01 0.79 -1.22
Ti 2921 2906 1.01 0.07
Tl 0.36 0.36 0.99 -0.07
™ 0.08 0.08 1.01 0.03
\% 99.1 105 0.94 -1.26
W 1.14 111 1.03 0.16
Y 5.34 5.38 0.99 -0.04
Yb 0.52 0.53 0.98 -0.09
Zn 132.8 132.6 1.00 0.03
Zr 52.82 55.22 0.96 -0.40

NS 1.07 NS 0.66 *
NS 1.43 NS 0.22 NS
NS 1.06 NS 0.18 NS
NS 1.06 NS 0.42 *
NS 1.16 NS 0.90 *
NS 1.02 NS 0.26 NS
NS 1.26 NS 0.61 *
NS 1.00 NS 0.40 *
NS 1.16 NS 0.65 *
NS 1.25 NS 0.51 *

NS — non-significant; * — significant

In order to determine the dependence of the
average contents (Box Cox) of the analysed ele-
ments between the topsoil and the subsoil, the ratio
of the contents was calculated (Table 3). The ele-
ments distribution should not vary significantly be-
tween the topsoil (0-5 cm) and the subsoil (20-30
cm), except if certain destructive anthropogenic or
natural processes contribute to variation in the con-
centration. For almost all elements, insignificant
differences were noted for their content in the top-
soil versus subsoil. Thus, this relation varied from
0.88 for Cd and Ta to 1.18 for Mo, which shows an
absence of a significant influence of possible soil
pollution from anthropogenic activities. It should be
noted that the significant difference in iodine content
(ration of 0.63) is due to iodine dynamics in soils, by
its movement beyond the topsoil during rainfall or
drainage events; it appears to be effectively retained
in the deeper soil horizons by the substantial adsorp-
tion capacity provided by relatively small amounts of
humus [33].

A comparative analysis conducted based on
the contents of the analysed elements in topsoils
from the Crn Drim River Basin region and soil from
Macedonia [20] and Europe [29] is given in Table 4.
For the comparative analysis, median values were
used as a more stable parameter, as well as the range
of the content for each element. The median content
of Al (1.7 %) and Fe (3.6 %) was higher than the
median for the soil from the whole territory of Mac-
edonia (1.3 % and 3.5 %, respectively), while the
contents of the other macro-elements (Ca, Fe, K, Li,
Mg, Na and Ti) were lower in relation to the Mace-
donian soil. The median values for some of the trace
elements were lower (Ba, Bi, Ce, Co, La, Mo, Rb,
Sh, Sc, TI, W and Y), higher for some elements (As,
Be, Nb, Ni, P, Sn, Sr, Ta and V) and very similar for
other elements (Cd, Cr, Cu, Hf, Li, Mn, Pb) in soil
samples from Crn Drim River Basin compared with
those from Macedonian soil, which shows that their
distribution corresponds to the lithogenic origin of

the rocks. Comparing the median values of soil from
Crn Drim River Basin with the European soil (Table
4), the content of Al and Na was much lower in rela-
tion to the data published by Salminen et al. [30],
while for the other macro-elements the values did not
show significant variations. The distribution of the
remaining chemical elements corresponded to the
lithogenic origin of the rocks in the separate sub-
regions of the area (Figure 3). The only major
difference was in the content of Cu and Zn, which
were more than two times higher in topsoil from the
Crn Drim River Basin than in the European soil. It is
important to note that, except in the case of Ba, the
median value for all the elements included in The
New Dutchlist, such as As, Cd, Co, Cr, Cu, Pb, Mo,
Ni and Zn (http://www.contaminatedland.co.uk),
were mostly below the target values.

Because of the great number of variables,
data reduction was performed using factor analysis;
this was performed only for the elements analysed
by ICP-AES. A matrix of correlation coefficients
was produced based on previously standardised and
Box-Cox transformed values for element contents in
the samples of topsoil and subsoil (Table 5). In the
factor analysis, 62 samples of topsoil (0-5 cm) and
62 samples of subsoil (20-30 cm) and the analysis
of 19 chemical elements were considered. From the
R-mode factor analysis, three chemical elements (B,
Li and P) were eliminated from further analysis be-
cause they had low shares of communality or low
tendencies to form independent factors. Table 5
shows the loadings of values for each individual
element on each factor, showing four geochemical
associations. The total communality of the factors
was 69.8 % (Table 5).

Based on the results of the factor analysis
(Table 5) and the trends shown on the geochemical
maps, four natural geochemical associations in the
soil have been defined: Factor 1 (Ba, K, Ni), Factor
2 (Ag, Cd, Cu, Pb, Zn), Factor 3 (Cr, Fe, Na, Ni, V)
and Factor 4 (Al, Ca, Mg, Mn).
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Table 4. Comparison of the median, minimal and maximal values of the content of the analysed elements
in top-soil from the Crn Drim River Basin with soil from Macedonia and Europe
Element Unit Dutchlist Crn Drim River Basin Macedonia [20] Europe [30]
Target  Action Md Min-Max Md Min—Max Md Min—Max
Ag mg/kg 0.75 0.48-1.2 - - 0.27 0.01-3.15
Al % 1.7 0.44-6.5 1.3 0.05-35 5.8 0.70-14.1
As mg/kg 29 55 16 4.7-270 10 1.0-720 12 0.32-562
B mg/kg 54 26-114 - - - -
Ba mg/kg 200 625 250 65-940 430 6-2900 375 30-1870
Be mg/kg 2.3 0.072-4.9 2.0 <1.0-8.0 <2.0 <2.0-18.7
Bi mag/kg 0.18 0.005-0.83 0.30 <0.1-15 <0.5 <0.5-9.57
Br mg/kg 2.9 0.005-6.9 - - - -
Ca % 0.56 0.11-4.6 1.3 0.05-35 0.66 0.019-34.3
Cd mg/kg 0.8 12 0.30 0.005-3.4 0.30 0.01-110 0.92 0.03-14
Ce mg/kg 16 1.3-58 56 1.0-180 48.2 1.04-379
Co mg/kg 20 240 13 1.0-76 17 0.50-150 8.0 <1.0-191
Cr mg/kg 100 380 87 50-1000 88 5.0-2700 60 <3-6230
Cs mg/kg 31 0.24-11 - - 2.71 <0.5-69
Cu mg/kg 36 190 30 8.0-125 28 1.6-270 13 0.81-256
Dy mg/kg 15 0.037-6.9 - - 3.42 0.18-45
Er mg/kg 0.71 0.016-35 - - 1.98 0.12-26
Eu mg/kg 0.40 0.051-1.7 - - 0.77 0.05-7.0
Fe % 3.6 2.2-6.6 35 0.03-12 1.34 0.049-10.6
Ga mg/kg 12 3.5-37 - - 135 0.54-34
Gd mg/kg 1.9 0.077-7.6 - - 3.85 0.20-36
Ge mg/kg 0.20 0.070-2.4 - - - -
Hf mg/kg 1.0 0.065-3.4 1.0 <0.10-6.6 5.55 <0.2-21
Ho mg/kg 0.26 0.005-1.2 - - 0.72 0.03-9.2
| mg/kg 22 5.0-250 - - 3.94 <2-71
In mg/kg 0.036 0.005-0.11 - - 0.05 <0.01-0.41
K % 1.3 0.33-24 1.9 0.02-5.3 1.59 0.022-5.1
La mg/kg 9.8 0.59-57 25 0.60-88 23 1.10-143
Li mg/kg 30 12-62 26 1.8-210 - -
Lu mg/kg 0.11 0.005-0.46 - - 0.30 <0.02-3.21
Mg % 0.64 0.22-7.2 0.94 0.12-13 0.47 <0.006-15
Mn mg/kg 820 61-3700 900 17-10000 510 31-6070
Mo mg/kg 10 200 0.43 0.005-3.0 0.90 <0.10-51 0.61 <0.10-21
Na % 0.12 0.029-0.67 1.3 0.007-3.7 0.6 0.03-3.34
Nb mg/kg 19 3.0-950 11 0.30-2000 9.68 0.45-134
Nd mg/kg 8.3 0.54-29 - - 21 1.14-132
Ni mg/kg 35 210 61 12-1000 46 2.1-2500 18 <2-2690
P mg/kg 730 250-2600 620 110-3900 960 82-9900
Pb mg/kg 85 530 31 14-62 32 1.2-10000 23 5.3-970
Pd markg 0.41 0.050-1.7 - - - -
Pr mg/kg 2.2 0.14-7.0 - - 5.6 0.29-31.6
Pt mg/kg 0.30 0.005-1.0 - - - -
Rb mg/kg 46 3.5-148 86 0.70-390 - -
Sh mg/kg 0.64 0.074-45 0.80 <0.10-630 0.60 0.02-31
Sc ma/kg 55 1.1-33 12 <1.0-39 8.21 <0.50-54
Sm mg/kg 1.7 0.10-6.1 - - 3.96 0.23-30
Sn mg/kg 10 0.30-141 2.6 <0.10-680 3.00 <2.0-106
Sr mg/kg 27 0.88-79 140 21-1400 89 8-3120
Ta mg/kg 0.75 0.050-7.6 0.70 <0.10-30 0.68 <0.05-6.8
Th mg/kg 0.26 0.005-1.0 - - 0.60 0.03-7.0
Te mg/kg 0.005 0.005-0.20 - - 0.03 <0.02-0.93
Ti % 0.29 0.10-0.84 0.34 0.004-1.2 0.34 0.012-3.27
T mg/kg 0.38 0.050-1.5 0.70 <0.50-16 0.66 0.05-24
Tm mg/kg 0.10 0.005-0.48 - - 0.30 0.05-4.03
\Y% mg/kg 98 65-410 89 1.0-470 60 2.7-537
w mg/kg 11 0.064-4.8 13 0.20-18 <5.0 <5.0-14
Y mg/kg 4.9 0.22-29 18 0.30-110 21 <3.0-267
Yb mg/kg 0.66 0.018-3.1 - - 1.99 0.09-25
Zn mg/kg 130 58-290 83 8.0-10000 52 <3-2900
Zr mg/kg 140 720 56 7.1-144 35 0.80-210 231 5.0-1060

Md — median; Min — minimum; Max — Maximum
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Table 5. Matrix of dominant rotated factor loadings (n = 124, 16 selected elements)

Element F1 F2 F3 F4 Comm
Ba 0.82 0.17 0.05 -0.22 75.5
K 0.86 -0.13 -0.02 -0.07 75.7
Ag -0.08 0.67 0.21 0.20 54.0
Cd -0.34 0.71 -0.01 0.01 62.4
Cu -0.14 0.55 0.30 0.45 58.5
Pb 0.33 0.67 -0.25 0.00 62.1
Zn 0.16 0.79 0.34 0.17 80.0
Cr -0.39 -0.02 0.82 0.12 82.9
Fe -0.09 0.20 0.72 0.38 70.2
Na 0.15 -0.17 0.60 0.38 56.0
Ni -0.60 0.17 -0.62 0.31 87.2
\Y/ 0.24 0.28 0.77 0.02 73.0
Al 0.09 0.12 0.22 0.80 71.0
Ca -0.28 0.34 -0.06 0.72 72.2
Mg -0.19 -0.12 0.29 0.84 84.1
Mn -0.27 0.18 0.19 0.62 52.4

Prp. Totl. 15.6 16.6 19.1 18.6 69.8

Eigen Val 5.52 2.42 1.90 1.33

Expl. Var, 2.50 2.65 3.05 2.97

F1, F2, F3, F4 — Factor loadings; Com — Communality (%); Var — Variance (%)

Factor 1 (Ba, K, Ni) is a lithogenic and geo-
genic association. The spatial distribution of the
scores of this factor is given in Figure 5, both for
topsoil and bottom soil samples. It is obvious that
the highest values for Ba and K content were in are-
as occupied by the Precambrian and Paleozoic
schists, and Paleozoic sandstones. From Tables 1
and 2, it can be determined that the Ba content in the
topsoil ranged from 65 to 940 mg/kg, while in the
bottom soil its values were from 28 to 980 mg/kg.
The median in the surface layer was 250 mg/kg, and
in the subsoil was 240 mg/kg. The highest contents
of this element were observed in soil samples from
the Precambrian and Paleozoic schists, represented
in the central part of the area; that is, on the border
between the municipalities of Ohrid and Struga. The
high Ba content was also found in the soils from the
Paleozoic sandstones, represented in the Gorna De-
barca area, which is primarily characterised by hilly

and mountainous relief. Potassium content ranged
from 0.33 % to 2.4 % in the topsoil and from 0.16 to
2.4 % in the subsoil, with median values of 1.3 %
and 1.5 9%, respectively. According to the
distribution map, its representation extends to the
Precambrian and Paleozoic schists, Paleozoic
sandstones, and Paleozoic and Mesozoic carbonates.
The correlation for Ni in this Factor is negative and
its spatial distribution was much different than that
of the other elements (Figure 6); it is obvious that its
content was the lowest in the previously mentioned
areas and highest in the areas occupied by Paleozoic
and Mesozoic carbonates (Mts. Galicica and Jablan-
ica) and by Tertiary sediments (Figures 3 and 6).
Nickel content ranged from 12 to 1000 mg/kg and
from 12 to 1200 mg/kg in top- and subsoils, with
median values of 61 mg/kg and 65 mg/kg, respec-
tively.
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Figure 5. Spatial distribution of factor scores
of F1 (Ba, K, Ni) in the Crn Drim River Basin

Factor 2 (Ag, Cd, Cu, Pb, Zn) represents the
geogenic association. The spatial distributions of the
factor scores of this factor for topsoil and bottom
soil are shown in Figure 7. The origins of these ele-
ments are mostly related to the Paleozoic and Meso-
zoic carbonates. The highest contents these elements
were in the areas of Mts. Gali¢ica and Jablanica.

The content of silver ranged from 0.48 to 1.2
mg/kg in both top- and subsoil, with very close me-
dian values of 0.75 mg/kg and 0.80 mg/kg, respec-
tively. From the similarity of these values, it can be
concluded that there is no contamination of the
surface layer of the soil from anthropogenic sources.
The highest contents for silver were found in the
Palaeozoic and Mesozoic carbonates, that are no-
ticeable over Mount Gali¢ica and around the city of
Ohrid, and in the northeastern part of Gorna
Debarca, where many types of rocks are present:
Tertiary sediments, Precambrian and Paleozoic
schists and magmatic rocks. A similar distribution
was also observed for Cd and Cu. The median value
for Cd was 0.30 mg/kg in the topsoil, with a range
of 0.005 to 3.4 mg/kg, and 0.29 mg/kg in the subsoil
soil with a range of 0.005 to 7.3 mg/kg. The median
value for Cu in the topsoil was 30 mg/kg, which is
significantly higher compared to the median of the

Ni (mg/kg)

s
Scale (km)
T —
0 3 6 9

Figure 6. Spatial distribution of nickel
in the Crn Drim River Basin

surface layer at the Europe (13 mg/kg) and Macedo-
nia (16 mg/kg) levels. The same applies to the me-
dian in the surface layer with a value of 34 mg/kg.
The minimum and maximum values ranges were 8—
125 mg/kg and 11-75 mg/kg, respectively. The spa-
tial distributions of the content of Pb and Zn (Fig-
ures 8 and 9) were similar to the other elements
from Factor 2 (i.e. the areas occupied by the Paleo-
zoic and Mesozoic carbonates, as well as by Paleo-
zoic sandstones in the northern and eastern part of
the basin). According to the data presented in Table
4, the median value for Pb was higher in relation to
the median for European and Macedonian soils,
both in the topsoil and in the subsoil. In the study
area, it was 31 mg/kg (range: 14-62 mg/kg) and 29
mg/kg (range: 5-50 mg/kg), whereas the values for
European and for Macedonian soil were 10 and 17.2
mg/kg, and 17 and 14 mg/kg, respectively. The last
element in this factor was zinc, whose spatial distri-
bution is given in Figure 9. The median value for Zn
was the same for top- and subsoil samples (130
mg/kg), and it was higher than in the sampled than
in the European and Macedonian soil (Table 4)
These findings for some parts (the town of Ohrid
and its surroundings) of the investigated region
could be also explained by anthropogenic influence
of the urban and industrial activities [34].
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Figure 8. Spatial distribution of lead Figure 9. Spatial distribution of zinc
in the Crn Drim River Basin in the Crn Drim River Basin
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Factor 3 (Cr, Fe, Na, Ni, V) is a natural fac-
tor that depends on the underlying soil lithology and
the spatial distribution of the factor scores. Figure
10 shows that the sources of these elements are
mainly natural phenomena such as the erosion of
rocks and soil chemical processes. Higher content of
these elements was located in areas of Tertiary sed-
iments in the area of Debar, while lower contents
were found in the areas of Paleozoic and Mesozoic
carbonates on the Gali¢ica and Jakupica Mountains,
and of Quaternary sediments in the Ohrid-Struga
Valley. Typical examples of this association of ele-
ments are chromium and nickel (Figures 11 and 12).
The highest values for Cr and Ni were obtained in
soils around the Debar Lake and Center Zupa and
near the village of Slivovo). The content of Cr
ranged from 50 to 1000 mg/kg and from 49 to 910
mg/kg, in top- and subsoil, with median values of 87
mg/kg and 86 mg/kg, respectively. Corresponding
values for Ni content were: a range of 12 to 1000
mg/kg in both layers, and medians of 61 mg/kg and
68 mg/kg.
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-

62

69
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10

130
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0 3 6 9

Figure 11. Spatial distribution of chromium
in the Crn Drim River Basin
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Figure 10. Spatial distribution of factor scores
of F3 (Cr, Fe, Na, Ni, V) in the Crn Drim River Basin
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Figure 12. Spatial distribution of nickel
in the Crn Drim River Basin

Ipunosu, Q00. tipup. maill. 6uoitiex. nayku, MAHY, 40 (1), 73-92 (2019)



88 Trajée Stafilov, Robert Sajn, lvana Mickovska

Factor 4 includes Al, Ca, Mg and Mn. The
highest contents were found in the areas of
Paleozoic and Mesozoic carbonates present on the
Galicica and Jakupica Mountains, and on the eastern
part of the basin, as well as in the areas of volcanic
and magmatic rock in the western part of the area
(Figure 13). This distribution was related to areas
with carbonate rocks; which is very characteristic of
the spatial distribution of Ca and Mg (Figures 14
and 15). The median content for Mg was 0.64 % and
0.69 % for top- and subsoil, respectively, with a
range of 0.22 % to 7.2 % in the surface layer and
0.21 % to 5.8 in the sub-layer. The median value for
Ca was slightly smaller; 0.56 % and 0.54 %
respectively, for the two layers. High value of Ca
and Mg occured in several places: in the middle part
of Gali¢ica Mountain, but also near the village of
Konjari, where the soil is predominantly over the
Paleozoic and Mesozoic carbonates, near the village of
Lukovo, an area dominated by magmatic rocks,
southwest of the city of Struga, near the village of
Radozda, located on the surface of the Paleozoic and
Mesozoic carbonates, and in Upper Debarca, where
Precambrian and Mesozoic schists, magmatic rocks
and Paleozoic and Mesozoic carbonates are dominant.
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Figure 14. Spatial distribution of calcium
in the Crn Drim River Basin
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Figure 13. Spatial distribution of factor scores
of F4 (Al, Ca, Mg and Mn) in the Crn Drim River Basin
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Figure 15. Spatial distribution of magnesium
in the Crn Drim River Basin
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Bivariate statistics were also applied to the ra-
re-earth elements (REE) determined by ICP-MS.
The matrix of correlation coefficients is given in
Table 6, where the correlation for the content of the
following 14 rare elements is represented: Ce, Dy,
Er, Eu, Gd, Ho, La, Lu, Nd, Pr, Sm, Th, Tm and Yb.
It is obvious that the correlation coefficients for all
of the REE were very high (from 0.75 to 1.0). The
map of their spatial distribution is presented in Fig-

ure 16. It can be noted that the highest values exist-
ed in the areas dominated by the Paleozoic and
Mesozoic carbonates (in the vicinity of Velestovo
and Konsko, as well as on the part of the Galicica
Mountain, but also in the Struga area near the vil-
lages of Oktisi and Vevcani). There are also high
values for their content in the region of the Precam-
brian and Paleozoic schists in Debarca, occupied by
Precambrian and Paleozoic schists.

Table 6. Matrix of correlation coefficients for the rare-earth elements (n = 124)

Element Ce Dy Er Eu Gd Ho

La Lu Nd Pr Sm Tb Tm Yb

Ce 1.00

Dy 0.81 1.00

Er 0.75 099 1.00

Eu 0.90 092 0.88 1.00

Gd 091 097 094 097 1.00

Ho 0.77 1.00 1.00 0.89 0.95 1.00
La 093 083 079 0.86 090 0.80
Lu 081 098 098 092 096 0.98
Nd 096 091 086 096 0098 0.87
Pr 097 089 084 095 096 0.85
Sm 095 094 089 097 0.99 0.90
Th 0.87 099 097 095 0.99 0.98
Tm 0.76 099 1.00 0.88 0.94 0.99
Yb 0.77 099 1.00 0.89 0.95 0.99

1.00
0.82
0.95
0.95
0.92
0.87
0.78
0.79

1.00
0.90
0.88
0.93
0.97
0.98
0.99

1.00
1.00
0.99
0.95
0.86
0.87

1.00
0.99
0.93
0.84
0.85

1.00
0.97
0.89
0.90

1.00
0.97 1.00
0.97 1.00 1.00
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Figure 16. Spatial distribution of rare-earth elements
in the Crn Drim River Basin
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CONCLUSION

The study on the distribution of sixty ele-
ments in soil from 62 locations in the Crn Drim
River Basin, Republic of Macedonia, was per-
formed. Factor analysis with the multivariate R-
method was applied in order to show the associa-
tions between chemical elements. Four factors were
obtained from applying factor analysis to the first
group of the elements analysed by ICP-AES: Factor
1 (Ba and K), Factor 2 (Ag, Cd, Cu, Ni, Pb and Zn),
Factor 3 (Cr, Fe, Na, Ni and V) and Factor 4 (Al,
Ca, Mg and Mn). Data obtained from the distribu-
tion maps of the factors and individual elements, as
well as data analysis on soil samples, indicate the
natural occurrence of the analysed elements as well
as low concentrations of heavy metals in the studied
area.
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JAUCTPUBYIINJA HA XEMUCKHU EJIEMEHTH BO ITIOYBUTE O/] CJIMBOT HA PEKATA IIPH
JAPUM, PEITYBJINKA MAKEJOHHNJA

Tpajue Cradpuios’’, Podepr Ilaju®, Usana Muukoscka®

HCTHUTYT 3a XeMHja, [IpupogHo-MaTemMaTtuuku dakynrer, Yausepsutet ,,CB. Kupun u Meroauj*,
n IT v Cs. K M “
Ckorje, PenyOnnka Makenonuja
T'eonomku 3aBog Ha CroBennja, Jby6ibana, CioBeHuja

[enTa Ha HCTPaXKyBameTO € YTBPIYyBambe Ha JAUCTPUOYIMjaTa HA XEMHCKHUTE €JIEMEHTH BO MOBPIIUHCKUTE U
MOTIOBPIIMHCKAUTE TOYBHM OFf PETMOHOT Ha cimBOT Ha pekarta LlpH [Jlpum, PemyOnmka Makemonuja, co moceOHO
BHUMaHHE Ha MPUPOJHOTO U aHTPOIIOTEHOTO MOTEKIIO Ha eIEMEHTHTE. 3a Taa eI, CO Mpexa 3a 3eMarhe Ha IIPUMEPOLIU
on 5 x 5 km, 3emenu ce BkymHo 124 mpumepoun mnouBa ox 62 yokauud (MOBPLIMHCKH M TMOTIOBPIIMHCKH).
Awnanmsupanu ce BkynHo 60 enementu, ox kou 18 enementu (Ag, Al, B, Ba, Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P,
Pb, V 1 Zn) ce aHanm3upaHu co NpUMEHa HA aTOMCKaTa EMHCHOHA CIIEKTPOMETPHja CO MHIYKTUBHO CIIPErHaTa Ijia3Ma
(ICP-AES) a ocranatute 42 eleMEHTH CO MPUMEHA Ha MaceHaTa CIEKTPOMETPHja CO MHIAYKTUBHO CIperHara Iia3ma
(ICP-MS). Mobuenute pesynTtatu ce 00pabOTEHH CO MYJITHBapUaTHATA CTATUCTHYKA MeTona. PakTopHaTa aHA3a Ha
nojarorure goduenu co |ICP-AES nasa wyerntu reorenu dakropu: F1 (Ba u K); F2 (Ag, Cd, Cu, Ni, Pb u Zn), F3 (Cr,
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Fe, Na, Ni u V) u F4 (Al, Ca, Mg u Mn). TlogarouuTe 0o/ aHaIM3aTa HA MPUMEPOLIMTE M OJ KAPTUTE HA AUCTPUOYIIH]ja
MOKa)KyBaaT MOBP3aHOCT CO JIUTOTEHE3aTa HA UCIIUTYBAHUTE €JIEMEHTH U CO PEIATUBHO HUCKH COJPKMHU HA TEIIKUTE
MeTalli BO MCIIUTYBAHOTO Tojpadje.

Kayunu 300poBu: mousy; cnuB Ha pekata Lpr IpuM; PenyOimka Makenonuja; MynTHBapHjaTHa CTaTHUCTHKA,
TEOXEMHUCKO MaITUpame
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From 2013-2017, 11 chestnut populations and 16 apple orchards/plantations in Macedonia were examined for
health; soil, root and bark samples were collected from trees expressing symptoms regarded as Phytophthora specific.
Using leaf baits of Prunus laurocerasus and selective V8 Agar (PARPNH), 19 pure Phytophthora sp. cultures were
isolated and identified as P. cactorum by ITS sequencing. Sixteen isolates were from apple trees and 3 from chestnut
trees. Phylogenetic analyses suggested slight distance between P. cactorum isolates originating from chestnut trees
compared to those from apple orchards. Assessment of pathogenicity using chestnuts twigs showed no differences be-

tween P. cactorum isolates from the two tree host species.

Key words: Malus spp.; Castanea sativa; pathogenicity; phylogenetic analysis

INTRODUCTION

The genus Phytophthora was first reported in
1845, when Botrytis infestans, fully described in
1876 as Phytophthora infestans (Mont) De Bary
was identified as the causal agent of potato blight,
the main factor causing yield losses during the in-
famous Great Irish Famine (1844-1886). The dis-
ease was responsible for the death of approximately
1-1.5 million people and sparked massive emigra-
tion from Ireland because of the lack of food availa-
ble to ordinary people [1]. Soon after these events,
in 1870 Peronospora cactorum (Levert and Cohn) J.
Schrot was first described as the cause of rot on the
cacti Cereus giganteus and Melocactus nigrotomen-
tosus in the Czech Republic (Lebert and Cohn,
1870, cited in [2]). This fungus-like organism (FLO)
was later transferred to the genus Phytophthora.

Phytophthora cactorum is a generalist plant
pathogen with a worldwide distribution. It causes a

variety of symptoms on many plant hosts: damping-
off of seedlings, fruit rot, leaf and stem rot, collar
and crown rot, stem canker and root rot [3]. Numer-
ous plant diseases have been attributed to this oo-
mycete, and it has been recorded on over 200 plant
species, causing disease on 150 genera (e.g. includ-
ing Fagus spp., Juglans regia, Malus, Castanea sa-
tiva), in 60 plant families (Tucker, 1993; Nienhous,
1960; cited in [2]). P. cactorum causes necrosis on
inoculated plants of Quercus robur [4], on apple,
rhododendron and strawberry, with genetically dif-
ferent isolates expressing different host specificity
[5], and is also one of the Phytophthora spp. com-
plex responsible for ink disease of chestnut trees [6].
The only accessible relevant data on Phytophthora
species detected in Macedonia is the paper pub-
lished by the European and Mediterranean Plant
Protection Organization (EPPO) for presence of dy-
ing off symptoms caused by P. cryptogea, dating
from 1985 [7].
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The morphological characteristics used for
detection of Phytophthora spp., such as dimensions
and shapes of zoosporangia and oogonia, may be
highly variable and often overlap between species,
making identification to the species level difficult
[8, 9]. Leonian [10] stated that P. cactorum is a spe-
cies easily identified by morphological characteris-
tics, while later, isozyme analysis and mtDNA stud-
ies showed a high level of similarity between iso-
lates originating from different geographical loca-
tions [11, 12].

In the last 15-20 years there has been an in-
crease in the number of newly described Phy-
tophthora species [13-16], but keys available for
morphological identification are not in accord with
the natural division to species level sensu stricto
[17]. Molecular methods applied to Phytophthora
species isolates, therefore, are a necessary tool for
accurate identification to the species level.

In this study, we assessed chestnut popula-
tions and apple orchards in the Republic of Mace-
donia for symptoms of Phytophthora sp. infections.

Bark and roots from symptomatic trees, plus sam-
ples of surrounding soils were collected for isolation
of Phytophthora spp. and the pathogenicity of P.
cactorum strains isolated during the study was as-
sessed.

MATERIALS AND METHODS

Collection of samples. Between 2013 and
2017, we assessed 27 sites for presence of symp-
toms on apple and chestnut trees (Table 1). Soil
samples were collected from four sides of sympto-
matic trees after removal of the soil surface organic
layer using methods described previously [18-20].
The four soil samples from a single tree, each from a
pit of ca 25 x 25 x 25 c¢cm, were mixed in sterile
plastic bags, and stored at room temperature (24 °C
+ 4 °C) until processed. Bark samples, taken from
trunk lesions and rotten tissue (mostly from the col-
lar area), or root fragments, were collected using a
knife or axe previously surface sterilized in 70 %
ethanol.

Table 1. List of sites assessed for presence of disease symptoms characteristic for Phytophthora infection

Symptomatic

N . GPS coordi- Host Collected S)/ Type of soil
0 Site . .
nates ~age material  asymptomatic [37]
(A)
1 ,,Agroplod* Lat: 41.090597 Malus Soil S Fluvisol
Resen Lon: 21.019831  domestica Roots
Apple orchard ~15
2 v. Perovo Resen Lat: 41.016807 Malus do- Soil S Gleysol
Apple orchard Lon: 20.990369 mestica Roots
~15 Bark
3 v. Gorna Bela Crkva Lat: 41.051997 Malus do- Soil S Fluvisol
Resen Lon: 21.021626 mestica Roots
Apple orchard ~10 Bark
4 v. Grncari Resen Lat: 41.010382 Malus do- Soil S Fluvisol
Apple orchard Lon: 21.052023 mestica Roots
~15 Bark
5 v. Brajcino Resen Lat: 40.898478 Malus do- Soil S Fluvisol
Apple orchard Lon: 21.152175 mestica Roots
~15 Bark
6 v. Carev Dvor Lat: 41.036188 Malus do- Soil S Fluvisol
Resen Lon: 21.004805 mestica Roots
Apple orchard ~15 Bark
7 v. Ezerani Lat: 41.024585 Malus do- Soil S Fluvisol
Resen Lon: 21.025962 mestica Roots
Apple orchard ~15 Bark
8 v. Pretor Lat: 40.988544 Malus do- Soil S Fluvisol
Resen Lon: 21.055793 mestica Roots
Apple orchard ~15 Bark
9 v. Stenkovec Lat: 41.55523 Malus do- Soil S Dystric
Resen Lon: 20.613661 mestica Roots Cambisol
Apple orchard ~15 Bark
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Table 1 (continuation)

10 v. Gradsko / Malus Soil Humic Calcaric
Gradsko domestica Roots Regosol +Regosol
Apple orchard ~5 Bark

11 v. Sopotsko / Malus Soil /

Resen domestica Roots
Apple orchard ~15 Bark

12 . Jankovec / Malus Soil /
Resen domestica Roots
Apple orchard ~15 Bark

13 v.Bolno / Malus Soil /
Resen domestica Roots
Apple orchard / Bark

14 v. Gorno Dupeni / Malus Soil /
Resen domestica Roots
Apple orchard ~15 Bark

15 v.DolnaBelaCrkva / Malus Soil /
Resen domestica Roots
Apple orchard ~15 Bark

16 v. Mislesevo Lon: 41.178572 Malus sp. Soil Fluvisol
Struga Lat: 20.705224 ~10 Roots
Apple orchard

17 v. Skudrinje Lon: 41.559646  Castanea Soil Rendzic Leptosol
Debar Lat: 20.602625 sativa Roots

~50

18  v. Osoj Lon: 41.530615 Castanea Soil Rendzic Leptosol
Kicevo Lat: 20.934237 sativa Roots

19 v. Kaliste Lon: 41.166303  Castanea Soil Rendzic Leptosol
Struga Lat: 20.650994 sativa Roots

~60

20 v. Recane Lon: 41.745676  Castanea Soil Cambisol

Gostivar Lat: 20.825748 sativa Roots
/

21 v. Kale Lon: 42.019510  Castanea Soil Cambisol
Tetovo Lat: 20.958687 sativa Roots

~15

22 v. Vrutok Lon: 41.763703  Castanea Soil Cambisol
Gostivar Lat: 20.825986 sativa Roots

~50

23 v. Trebenista Lon: 41.196587  Castanea Soil Rendzic Leptosol
Ohrid Lat: 20.772027 sativa Roots and Chromic

~50 Leptic Luvisol on
hard limestones

24 g “Strazha” Lon: 41.695773  Castanea Soil Chromic Leptic
Kicevo Lat: 20.844772 sativa Roots Luvisol on hard

~40 limestones

25  v. Knezino Lon: 41.517146  Quercus Soil Chromic Luvisol
Kicevo Lat: 20.919102 pubescens Roots on saprolite

~30

26 v. Smolari Lon: 41.370692  Castanea Soil Cambisol
Strumica Lat: 22.902385 sativa Roots

~40

27  v. Vratnica Lon: 42.145672 Castanea Soil Cambisol + Um-
Tetovo Lat: 21.113922 sativa Roots brisol

~60
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Isolations. The baiting method was applied to
all soil and bark samples, using fully open young
plant leaves of Prunus laurocerasus as bait. Sail,
250-300 g per sample, with root fragments, was
placed in plastic containers and flooded with sterile
distilled water, to a depth of approx. 1 cm above the
soil level, and bait leaves floated on the water sur-
face. Containers were incubated in the dark at room
temperature (24 °C + 4 °C) and leaves observed dai-
ly for discolored lesions. When observed, small
fragments (10-20 mm?) were cut from the lesions
and placed on selective PARPNH V8 agar (200 ml
V8 juice/l, pimaricin 10 mg/I, ampicillin 200 mg/I,
rifampicin 10 mg/l, pentachloronitrobenzene
(PCNB) 25 mg/l, nystatin 50 mg/l and hymexazol
50 mg/l) described in Jung et al. [4], and incubated
at room temperature in the dark. Cultures with mor-
phology similar to Phytophthora were sub-cultured
to fresh PDA, V8 agar or malt extract agar (MEA).

Morphological identification. Morphologi-
cal characteristics of isolates were recorded after
two weeks of growth in the dark on PDA, V8 agar
or MEA, at room temperature (24 °C + 4 °C). To
induce production of sexual and vegetative fruiting
bodies, plugs (ca. 1 cm?) of young cultures were
placed in non-sterile soil extract solution (NSSES)
[2]. After 24 hours in NSSES, plugs were washed in
sterile distilled water and observed under micro-
scope [20]. Morphological structures were meas-
ured, and the identification key of Erwin & Ribeiro
[2] used to identify isolates based on morphology.
All structures were photographed.

Growth rate. All isolates were subjected to
growth-rate trials according to the protocol de-
scribed in [21]. Agar plugs (2 mm?) were sub-
cultured from culture margins to Petri plates con-
taining ca. 20 ml V8 agar amended with 0.2 % Ca-
CO; with 4 replicates per sample and incubated at
24°C + 4°C. Growth was measured in 2 perpendicu-
lar directions after 6 days of incubation.

DNA isolation and amplification. DNA was
isolated from cultures grown in the dark on PDA at
room temperature (24 °C + 4 °C). Surface mycelium
was gently collected with a spatula, lyophilized and
ground. DNA was extracted from 50-100 mg of
lyophilized tissue per sample, using the Plant-fungi
DNA isolation kit (PureLink™ Plant, Total DNA
Purification Kit) following the manufacturers’ in-

structions. Extracted DNA was subject to PCR using
ITS 4 [22] and ITS 6 [23] universal Phytophthora
primers, with the following amplification condi-
tions: initial denaturation at 95 °C for 3 min.; 35
cycles of denaturation (95 °C for 30 sec.), annealing
(55 °C for 30 sec.), and extension (72°C for 50
sec.); and a final extension at 72 °C for 10 minutes.
Amplicons were subjected to electrophoresis on 1 %
agarose gel, 1 x TBE at 120 V for 90 minutes,
stained with SYBR® Safe DNA gel stain and ob-
served under UV light. All samples with visible
DNA bands ranging from 800 to 1000 bp were se-
guenced (Macrogen, The Netherlands) utilizing both
ITS 4 and ITS 6 universal Phytophthora primers.
Sequences were analyzed using DNA Dynamo and
compared against accessions in the online Phy-
tophthora database (http://www.phytophthoradb.org/;
[24]). Sequences were aligned using MEGA 7, and
the ClustalW Multiple alignment tool, as implemented
in MEGA 7 [25]. Phylogenetic trees were constructed
using the maximum likelihood method implemented in
MEGA 7, with 1000 bootstrap replicates. In addition
to sequences obtained in this research, several se-
guences available on http://www.phytophthoradb.org/
were utilized to compare our sequences with other
available Phytophthora spp. sequences.

Pathogenicity test. For the pathogenicity test,
material from dormant one year old chestnut shoots
taken from a single coppice was used [26]. The
chestnut shoots (length 10-15 cm; width 5-15 mm)
were inoculated by removing a small piece of bark
and insertion of agar plugs (ca 3 x 3 mm) extracted
from a fresh culture of P. cactorum. Inoculation
points were covered with sterile moist cotton plugs
and secured with Parafilm. Two isolates were used
for inoculations; one isolated from a chestnut, the
other one from an apple tree. Forty replicate inocu-
lations were made per isolate, 20 were on 5-10 mm
diam. shoots, 20 on 10-15 mm diam. shoots. Inocu-
lated shoots were placed on sterile moist filter pa-
pers in 15 cm diam. glass Petri dishes, with 10 repli-
cate shoots per Petri dish, and incubated in dark for
7 days at room temperature (24 °C + 4 °C; Figure
1), after which lesion lengths were measured. Ten
random samples were taken for re-isolation on se-
lective PARPNH medium to prove that the Phy-
tophthora isolates caused the lesions.
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Figure 1. Inoculation of chestnut twigs for pathogenicity tests

RESULTS AND DISCUSSION

Eighty-one soil, root and/or bark samples were
collected from apple trees which exhibited disease
symptoms characteristic of Phytophthora infection in
16 apple orchards. In addition, 54 soil, root and/or
bark samples were collected from symptomatic
chestnut trees from 11 sites. Of these, fifty cultures
with morphologies resembling Phytophthora spp.
were obtained on selective media. Twenty-one iso-
lates were identified as P. cactorum by culture mor-
phology and microscopic features. Of these 19 iso-
lates, 16 were from apple trees, and 3 from chestnut
trees. All isolates were with coralloid culture mor-
phology (Figure 2) and an average daily growth rate

of 6.5 mm when incubated at room temperature (24
°C £ 4 °C) in the dark on V8 agar. Oogonia measured
29 x 27 um on average, whereas oospores measured
21 x 21 um on average. Antheridia were 13 x 11 pm.
The mean zoosporangia dimensions were 45 x 35
um; chlamydospores were rare but measured 22 x 21
um on average (Figure 3).

All Phytophthora spp. isolates obtained from
apple and chestnut trees in Macedonia clustered to-
gether on the same branch of the phylogenetic tree
as P. cactorum, P. hedraiandra and P. pseudotsu-
gae. While the aforementioned species are highly
similar and poorly resolved between themselves, the
whole branch is highly supported with a bootstrap
value of 91 (Figure 4).
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Figure 2. Characteristic coralloid morphology of P. cactorum on (left to right) PDA, V8 Agar and MEA

Figure 3. Reproductive structures of P. cactorum: typical formation of zoosporangia in groups (upper left);
characteristic oospore proliferation in sporangium (upper right), chlamydospore (middle left), hyphal swellings (middle right),
oospore (down left) and oogonia with paragenic antheridium (down right).
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Figure 4. Phylogenetic tree constructed using MEGA7, using maximum likelihood method and Tamura-Nei substitution
model. Bootstrap values were obtained after 1000 pseudereplicates. Isolates characterized in this study are in red, while the
ITS sequences, publicly available at http://www.phytophthoradb.org are in black.
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Nevertheless, most sequences from Macedo-
nia were highly similar, indicating a single Phy-
tophthora sp. was responsible for the infections in
both apple orchards and chestnut forests. No differ-
ences in morphologies of cultures and the dimen-
sions of the reproductive structures were observed
between the isolates of P. cactorum originating from
the two different host plant species. The pathogenic-

ity tests also showed no difference between the
length of the lesions on the chestnut twigs induced
by the isolates originating from the two different
host plant species. Lesion lengths ranged from 22
mm to 59 mm on the 5-10 mm diam. shoots, and
between 30 mm and 59 mm on shoots 10-15 mm in
diam. (Table 2; Figure 5, 6).

Table 2. Lengths of the lesions on chestnut twigs, induced by inoculation
of P. cactorum isolates originating from the 2 plant host species

Shoot diameter

Dimensions of emerged lesions according to

Number (mm) Phytophthora isolates (mm)
P. cactorum (chestnut)  P. cactorum (apple)
1 49 57
2 32 49
3 34 41
4 39 47
5 38 40
6 51 29
7 31 34
8 47 47
9 41 51
10 32 39
11 5-10 34 42
12 39 46
13 30 49
14 47 50
15 50 40
16 32 59
17 52 36
18 33 32
19 41 22
20 49 31
1 0 39
2 37 35
3 31 44
4 41 49
5 38 33
6 38 39
7 30 33
8 33 49
9 42 38
10 35 47
11 10-15 36 53
12 41 30
13 39 39
14 51 59
15 51 55
16 34 41
17 36 41
18 47 40
19 33 31
20 42 35
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These results further support the conclusion
that Phytophthora isolates from Macedonia had sim-
ilar growth rates and pathogenicity on chestnut, and
were most likely P. cactorum, or at least within this
species complex.

Regarding other countries in the region, P.
cactorum has been reported as pathogen on peach,
almond, apple and strawberry [27, 28] as well as
from cherry [29, 30], all in Greece. Regarding
pathogenicity, isolates originating from peach and
almond trees were more aggressive than apple and
strawberry isolates [31]. In Bulgaria, P. cactorum
has been reported on American ginseng [32], and on
apple and cherry [33]. The pathogenicity of P. cac-

torum has been assessed on young apple trees and
apple fruits [33]. In Serbia P. cactorum has been
reported on maple [34], in the soils of young hybrid
poplar stands [35], on sycamore, walnut, common
hawthorn, sessile oak, Hungarian oak, common al-
der, European wild pear and apple [36]. Having in
mind these findings and the generally accepted view
of P. cactorum as a generalist pathogen, we would
expect that this plant pathogen is present on numer-
ous other plant hosts in Macedonia. Further research
is needed in order to gain important data on plant
hosts, as well as diversity and pathogenicity of P.
cactorum in the country.

Figure 5. Lesions emerged after inoculation of chestnut twigs with P. cactorum

Dimensions of the emerged lesions on chestnut twigs

(lenghtin cm)

10-15 mm

P, cactorum (chestnut)

= P cactorum (apple)

Figure 6. Dimensions of the emerged lesions on chestnut twigs
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PHYTOPHTHORA CACTORUM (LEBERT & COHN) J. SCHROT, TIPUYUHUTEJ
HA CYHIEILE HA KOCTEHOBH U JABOJIKOBH APBJA BO MAKE/IOHUJA

Muxajno Pucrecku?, Stephen Woodward 2, Marin Jezié¢ 3, Paxe Pycescku?,
Bunjana Kysmanoscka?, Kupuin Cotuposcku®

UMymapckn pakynrer, Yuusepsurer ,,Cs. Kupun u Metoauj*, Cxomnje, Peny6iuka Makeonuja
The Institute of Biological and Environmental Sciences, University of Aberdeen, Scotland
3Faculty of Science, University of Zagreb, Croatia
2akynTeT 3a 3eMjOIEIICKU HAYKU U XpaHa,, Y HuBepsureT ,,CB. Kuput u Metomuyj*,
Ckomje, Penybnuka Makenonuja

Bo nepuogot ox 2013-2017 r., Bo Penyosiinka Makenonuja Oeliie HCTpakyBaHa 37paBCTBeHaTa coctojba Ha 11
KOCTCHOBH momyJyanuu U 16 jabonkoBu oBoritapHuii/Hacaan. On HUB Oea KOJCKTHPAHH MMOYBCHH, KOPECHOBU H
NPUMEPOLH OJl Kopa 0of cTe0sia KO IMOKaXKyBaa CHMIITOMH KOHM ce cMmeTaar TurnuydHu 3a Phytophthora. Kopucrejku
nuBuMmba of Prunus laurocerasus kako MaMmku u cenektuBHa nomiora V8 Arap (PARPNH), mzonupasme 19 uucrtu
kyatypu Ha Phytophthora sp. kou 6ea nnentuduxysanu kako P. cactorum mpeky cekBeHuuoHupamwe Ha | TS pernoHoT.
[lecTHaeceT u30s1aTH MOTEKHYBaa O] jaOONKHUIM, a 3 Oea 01 KOCTeHOBH cTebna. DHUIOreHeTCKUTE aHaJIM3H MOKaxaa
Majla pasnuka Mely n3onarute Ha P. cactorum kow HOTEKHyBaaT OJf KOCTEHOBH CTeOjia CIIOpEAEHO CO OHHE O
jabosikoBu Hacamu. On IpOLIEHKATa Ha NMAaTOT€HOCTa CO KOPHUCTEHE Ha KOCTEHOBHM I'paHUMIba HE Ce IOKaXKaa PasivKu
Mery m3omatute Ha P. cactorum xou moTeKHyBaa o pa3iIndHU BUIOBH PACTEHH]ja-IOMaKUHH.

Knyunn 360posu: Malus spp.; Castanea sativa; maToreHOCT; GUIOTCHETCKH aHATH3H
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FARM RESPONSE TO CLIMATE CHANGE: EXPLORATORY ANALYSIS OF
MACEDONIAN AGRICULTURE USING THE RICARDIAN MODELING APPROACH
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Agriculture is one of most vulnerable sectors in the country, with the imminent intensification of global warming
effects. In this paper, we attempt to assess the adaptation of Macedonian crop farmers to the impact of climate change.
An alternative specification of the Ricardian model is adopted by using a composite aridity index to capture the re-
sponse of farm returns to temperatures and precipitations. The econometric results indicate the significance of winter
and summer season weather-related variables and confirm the non-linearity of the climatic function in relation to the
farmers’ economic results and adaptation capacity. The farm returns are highly sensitive to different climate change
scenarios and tend to decrease unless adequate adaptation and mitigation measures take place, both at micro and macro

levels.

Key words: Ricardian modeling approach; climate change; crop farms; Macedonian agriculture; aridity index

INTRODUCTION

Global warming and climate change are at this
point a recognized threat and a top priority on policy
makers’ agendas (Angelini et al. [1]). Climate change
will influence all spheres of living to a certain extent,
but unquestionably, it will have a deep effect on agri-
cultural systems through higher temperatures, greater
crop water demand, more variable rainfalls, and
weather extremes (Sutton et al. [2]).

Agriculture is particularly important for the
Macedonian economy as a major contributor to the
national gross domestic product (around 10%, or
15% with the food industry) and as a major em-
ployment and social absorber. Indeed, agriculture is
a direct or indirect generator of income and liveli-
hood in rural areas; it employs roughly 20% of the
population (442 thousand engaged persons or 243
thousand full-time equivalents, SSO [3]).

The country is classified in the Continental
South agro-climatic zone in Europe, where it is ex-

pected that climate change brings potential changes
in the precipitation pattern consisting of increased
rainfall in winter and decreased water availability in
summer (lIglesias et al. [4]). Although Macedonia is a
small landlocked country "comparable to a single
grid-cell of current global climate models that are
used to simulate the future climate change in a large
scale", there is great variance in elevation and high
heterogeneity in climate conditions (Bergant [5]).
Three major types of climate can be distinguished
(Aladzajkov [6]): i) moderate Continental climate, ii)
modified Mediterranean climate and iii) Mountain
climate. The annual temperature cycle is divided into
a warm summer and relatively cold winter connected
with transitional seasons of spring and autumn. An-
other important characteristic of the Macedonian cli-
mate is the uneven spatial distribution of precipita-
tions throughout the country, by seasons and years.
Usually there are periods of droughts, followed by
high intensity rainfalls, which contribute to soil ero-
sion and land degradation (MEPP [7]).
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Climate change projections foresee a severe
impact over the next 30 years that could lead farm-
ers losing up to half of certain crops’ yields (rainfed
maize, apple, grapes, vegetables) under the medium
impact scenario, unless adaptation measures are im-
plemented (Sutton et al. [8]). Similarly to the previ-
ous finding, other sources (Bergant [5], MEPP [7],
MEPP [9]) estimate in the period between 2025 and
2100 a continuous increase in temperature, especial-
ly in the summer, and a decline in precipitations in
all seasons and at annual level, most emphasized or
even absent in the months of July and August. Addi-
tionally, substantial water shortages are projected,
especially for the Crna River basin, which will af-
fect the water availability for irrigation purposes.

The impacts of climate change and identified
areas where adaptation may be necessary were the
focus of few studies (Callaway et al. [10], Sutton et
al. [2] and [8], MEPP [9]). They conclude that cli-
mate change will have an impact on the reduction of
yields in most crops and additionally assess that wa-
ter resource management implications of the fore-
cast change in climate could be severe, with in-
creased water shortages especially during the sum-
mer season. Adaptation is pointed out as the key
remedy for addressing climate change effects;
"without adaptation, the climate change damages
may grow to become approximately the same or
bigger than current net income - jeopardizing the
economic sustainability of farming in some areas"
(Callaway et al., p. 16 [10]). With these challenges
in mind, the aim of this article is to assess the im-
pact of climate change and farmers’ adaptation in
the Macedonian context using a Ricardian model
approach.

METHOD

This section presents the Ricardian modelling
approach as it has been used in the literature and
applied in the United States, Europe or other conti-
nents (Mendelsohn and Massetti [11]). As explained
further down, the typical Ricardian model specifica-
tion had to be adapted to this work by considering
alternative variables representing climate change.
This latter aspect is captured using a measure which
in the fields of meteorology and geography is
known as the "aridity index".

Traditional Ricardian model

Hertel and Rosch [12] identify three catego-
ries of models that are adequate in assessing the im-
pact of climate change on agriculture: i) crop growth
simulations, ii) statistical studies and iii) hedonic

(Ricardian) models. The crop growth simulations
use extensive data, and provide highly detailed out-
put, but as a result of that are not applicable on a
large area. The statistical methods which analyze the
relationship linking climate variables such as tem-
perature and rainfall, and crop yields, have modest
data requirements and can be applied on a wide lev-
el, but do not consider adaptation, hence they may
give results that are extreme, i.e. which are either
too optimistic or too pessimistic. The ‘Ricardian’
approach overcomes this issue with land values as
the key variable to explain. It has a moderate re-
quirement for data, accounts for regional level
changes, and takes account of farmers’ adaptation to
the new conditions. It is convenient to use in devel-
oping countries, which usually do not have long
strains of historical data (Mendelsohn et al. [13];
Mendelsohn and Massetti [11]).

Mendelsohn et al. [13] developed the "Ri-
cardian approach” based on David Ricardo’s theory
that rent of land is equal to the economic advantage
obtained by its most productive use, relative to the
advantage obtained by using marginal land for the
same purpose (Ricardo [14]). This approach exam-
ines "the impact of climate on farm revenue, while
including adaptations that farmers would make in
response to the changing economic and environmen-
tal conditions", by directly measuring farm prices or
revenues, hence accounting for the direct impacts of
climate change on yields of different crops, substitu-
tion of inputs, introduction of diverse activities, and
other potential adaptations to different climatic con-
ditions (Mendelsohn et al. [13]).

The Ricardian approach is an economic cross-
sectional model, with geographic areas as units of
observation. The method itself consists of regression
analysis of statistical relationships between econom-
ic indicators and climate variables; the end-result
measures the degree of influence of each factor
(climatic and other control variables) on land values.
Farmland prices are the first choice as a dependent
variable, given that data are readily available and as
such were used in a number of studies in the U.S.
and Europe (Mendelsohn et al. [13], Chatzopoulos
and Lippert [15], Van Passel et al. [16]). However,
such indicator is not applicable in many developing
or transition countries, due to the lack of data on
agricultural farm values and poorly functioning land
markets. Instead, the dependent variable used in
most studies across the world (but mainly dealing
with developing countries) is the net revenue of
farms (often expressed on a per hectare basis). This
latter approach has been applied in studies of cli-
mate change impact on agriculture in Africa (Ku-
rukulasuriya et al. [17], Seo and Mendelsohn [18]),
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South America (Seo and Mendelsohn [19]), and
China (Wang et al. [20], Chen et al. [21]).

Generally speaking, the explanatory variables
based on the Ricardian model approach could be
grouped into few categories: i) climatic, ii) geo-
graphical, iii) geophysical/edaphic and iv) socio-
economic variables. Apart from the compulsory
presence of temperature and precipitation indicators
in an empirical Ricardian model, a combination of
other variables is used in the various studies, de-
pending on their availability and relevance. This
includes soil attributes (quality, salinity, pH, ero-
sion), altitude, latitude, irrigation, distance from
city, population density, labor, etc. Irrigation is also
taken into account in some of the studies.

The following formulation of the Ricardian
model has been adopted in most of the studies ap-
plying this approach so far:

GR, =+ fi(T)+ 2 h(R) + 2 mG +, (1)

In expression (1), GRx is the (unit) gross re-
turn (measured in general on a per hectare basis) of
the unit of observation & (most likely a farm), f (Ti)
and h (Pi) are assumed to be quadratic functions of
temperatures and precipitations, subscript i refers to
seasons, G is a vector of all other control ; variables
(farm elevation, irrigation, agro-climatic regions,
etc.), o and m; are parameters and ¢ is the error term.

However, in model (1), the explanatory varia-
bles, temperature and rainfall, are more likely to be
defined at a macro (region) level, while the depend-
ent variable is defined at a micro (i.e farm) level.
There is a potential issue in regressing land rent,
observed at micro level, and aggregate variables
such as temperatures and rainfall, defined at macro
level (region or station proximity), that can lead to
difficulties in obtaining robust estimates. If this lat-
ter problem is not taken into consideration, it could
lead to a spurious regression in estimating the effect
of aggregate variables (temperatures and rainfall) on
micro units (farms) (Moulton [22]). More specifical-
ly, the standard errors of the estimated coefficients
could exhibit a downward bias that increases with
the average group size, the intraclass correlation of
the disturbances and the intraclass correlations of
the regressors (ibid).

Another problem that could emerge in the
traditional Ricardian model could be that interac-
tions or more complicated nonlinearities between
temperatures and rainfall could occur. This problem
has been recently evidenced by Fezzi and Bateman
[23] in the case of the United Kingdom. Climatolo-
gists and geographers have been aware of this prob-
lem and for this reason they suggest that so-called

aridity indices should be used. To our knowledge, the
idea of specifying a Ricardian model using aridity
indices has not been explored in the relevant litera-
ture and it is one of the objectives of this work to at-
tempt to estimate a Ricardian model where tempera-
tures and rainfall are replaced by an aridity index.

Ricardian model based on the use
of aridity index

The effects of climate through temperature
and precipitation on agricultural rents tend to be
highly non-linear and vary considerably by season
(Mendelsohn et al. [13]; Kurukulasuriya et al. [17]).
In order to capture this issue in our study, instead of
using second order polynomial forms linking direct-
ly the dependent variable to temperatures and pre-
cipitations, we introduce the de Martonne (aridity)
indicator, implicitly assuming a different (and un-
conventional) nonlinear function within which pre-
cipitations and temperatures interact.

The de Martonne aridity index (DMI), a mod-
ification of Lang’s rain factor index, is a “relatively
simple approach to the problem of allowing for
weather influence upon crops in agricultural produc-
tion analysis” (Oury, p. 270 [24]). This index allows
to determine the climatic zone and as such is used in
several recent studies linking the aridity index to
crop yield (Cukaliev et al. [25], Lungu et al. [26]).
The de Martonne index is computed based on the
following formulation:

DMI, = =1 @)

where P; = monthly rainfall for month i (mm), T =
average monthly temperature for month i (°C). Low
aridity index indicates low degree of moisture, i.e.
presence of higher temperatures and lower rainfall.
Climatic conditions expressed through DMI values
can be classified as extremely dry (<5), dry (5-15),
semi-dry (15-20), mildly wet (20-30), wet (30-60)
and very humid over 60 (Lungu et al. [26]).

We regress the gross return per ha over the de
Martonne index and other control variables:

GR =a+ Y (DMl )+> ' m,G; +& (3)
i i

where i (DMI;) is a quadratic function of the
aridity index in month or season i (DMI;) and where
Srand B, are parameters:

1,(DMI;) =B, DMI, +0.55,(DMI,)*  (4)
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Replacing the DMIis and [;(DMI;) functions
by their respective expressions (2) and (4) in the
Ricardian model specification (3) leads to a complex
nonlinear relationship between the dependent varia-
ble and the temperatures and rainfall. This will serve
as the basis to estimate the Ricardian model in the
Macedonian context.

DATA

The data used in this study are obtained from
several sources. For the farm level variables we use
the annual Farm Monitoring Survey (FMS) of the
National Extension Agency. The empirical applica-
tion of the Ricardian model is based on 439 obser-
vations from 2011. The following farm types pro-
ducing the respective crops are considered: cereals,
fodder and industrial crops (Specialized field crop
farms); orchards and vineyards (Perennial crops
farms), mixed crop and mixed crop/livestock farms
(Mixed farms) and vegetable farms. The FMS
source also provides general farm data such as loca-
tion (village and region) and utilized agricultural
area (UAA). Basic economic results such as farm
income, specific costs and gross margin are also de-
rived from the FMS survey. The land market in the
country is insufficiently developed to allow the use of
land values. The use of gross margin as a proxy for
the dependent variable instead of net income is justi-
fied on the grounds that there is insufficient data with
regard to the fixed costs in the FMS survey.

The National Hydro-Meteorological Service
gathers climatic data for the territory of Macedonia,
such as temperature expressed in Celsius degrees
and precipitation measured at monthly sums in mil-
limeters. The variables with meteorological data are
obtained from the eight meteorological stations reg-
ularly reported by the State Statistical Office, name-
ly: Skopje, Bitola, Prilep, Shtip, Kriva Palanka,
Ohrid, Demir Kapija and Berovo (SSO [27]). Farm
data are linked with the nearest corresponding mete-
orological station. In our study, the climatic varia-
bles are calculated on a three-month season basis
(winter, spring, summer and autumn).

Farm elevations are determined based on the al-
titude above sea level of the farm village. The soil at-
tributes are extracted from the Macedonian Soil In-
formation System (Filipovski [28], MASIS [29]), fol-
lowing the farm village location and dominant proper-
ties (pH, humus, clay, silt, lime, soil capability).

RESULTS AND DISCUSSION

We begin this section by providing a brief
overview of the main characteristics of the farm
sample. Then we present the specification of the
Ricardian model assessing the relationship between
the farm returns and the key climatic and control
variables, followed by impact analysis scenarios and
underlining the limitations.

Characteristics of the sample

An overview of the variables with descriptive
statistics is given in Table 1. The average per hec-
tare farm gross return in 2011 is 124 thousand
MKD, ranging from 3 to 815 thousand MKD/ha.
Looking at different farm types, expectedly, lowest
per hectare margins are met at field crop farms and
mixed farms (53 and 94 thousand MKD, respective-
ly), followed by perennial crops (176 thousand
MKD) and vegetable farms (183 thousand MKD).

The mean seasonal temperature ranges from
2.4 °C in the winter period to 22.1°C in the summer,
in all seasons being lowest in Berovo and highest in
Demir Kapija. The lowest annual rainfall is recorded
by the Stip meteorological station and highest by the
Ohrid station. The calculated De Martonne aridity
index has peak values in winter, but pointing out to
semi-arid conditions and high vulnerability in the
remaining seasons. The values in 2011 for all sea-
sons are lower than those reported for the eight me-
teorological stations for the period of 1971-2000 by
Cukaliev et al. [25], especially with regard to the
spring and autumn season (with 1971-2000 spring
DMI equal to 29 and autumn DMI equal to 32.1,
respectively).

In our sample, most farms are within the
Mediterranean and Continental zones (only seven
farms are located on altitude over 1.000 m above sea
level). In terms of irrigation, only 12 % of the land
is reported to have irrigation related costs, as a
proxy to this farm practice. In this respect, it is an
interesting finding that when cross-analyzed, farms
located in areas with lowest De Martonne index ap-
ply irrigation most frequently (for instance, in re-
gions with lowest aridity index of 5.0, 50 % of the
land is irrigated).

In Table 1, we also report the major soil prop-
erties of the land in a farm village (in absence of
exact farm land coordinates) and the calculated soil
capability index that ranges from 31 to 58 in the
sample.
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Table 1. Descriptive statistics (n = 439)

Variable Mean St. Dev Minimum Maximum
Gross return (MKD/ha) 123.972 119.325 3.457 814.834
Temperature (winter) (°C) 2.4 1.0 0.7 3.7
Temperature (spring) (°C) 10.9 1.7 8.2 13.3
Temperature (summer) (°C) 22.1 2.3 18.5 25.4
Temperature (autumn) (°C) 115 1.8 8.1 13.5
Precipitation (winter) (mm) 135.8 20.3 105.8 160.6
Precipitation (spring) (mm) 104.1 20.9 77.9 144.5
Precipitation (summer) (mm) 94.5 48.1 44.4 169.2
Precipitation (autumn) (mm) 102.9 17.7 82.2 126.6
De Martonne index (winter) 44.0 7.3 32.2 52.6
De Martonne index (spring) 20.2 4.3 13.8 28.7
De Martonne index (summer) 12.2 6.9 5.0 23.7
De Martonne index (autumn) 19.3 4.4 14.7 28.0
Elevation (m) 494 266 41 1223
UAA per farm (ha) 45 9.2 0.2 120.7
Irrigated UAA per farm (ha) 0.6 1.8 0.0 26.9
Distance to town (km) 104 6.9 0.0 43.0
pH value 6.9 0.7 5.3 8.3
Humus (%) 2.7 1.1 0.0 8.0
CaCOs (%) 3.9 4.9 0.0 42.0
Clay (%) 12.9 6.8 3.0 36.0
Sand (%) 60.9 8.3 41.0 83.0
Silt (%) 26.3 6.9 12.0 54.0
Favorability (soil capability index) 50.9 4.7 31.0 58.0

Ricardian model specification of Macedonian
farmers’ adaptation to climate change

The empirical implementation of the modified
Ricardian model used in this work leads us to select
an estimated model specification as presented in
Table 2. The dependent variable in the model is the
unit farm return (gross margin per ha) expressed in a
logarithmic form. Initially, we specify regressions
with climatic variables (aridity indices), along num-
ber of control variables such as irrigation, elevation,
distance to town, latitudinal data and the extracted
farm proximate soil properties. However, these es-
timated model specifications exhibit a low explana-
tory power, but also reveal poor and unstable statis-
tical significance of numerous control variables,
which stem from a strong multicollinearity among
these control variables. Hence, we reduce the pre-
sented model specification to the core climatic vari-
ables and the farm type dummy variables. The mod-
el is estimated with the Ordinary Least Squares es-
timation method. Despite a low explanatory power
as shown by the value of adjusted R? equal to 0.275,
an F-statistical test of zero slopes rejects the null
hypothesis of no impact on the dependent variables

of the selected climatic (aridity indices) and other
control (farm type) variables.

The estimated model aims to capture the farm
type effects by dummy variables (mixed crop farms
as the reference type), since the impact of climate
change on farm revenue reflects not only yields var-
iations but also crop substituting (Seo and Mendel-
sohn [19]). The econometric results indicate that the
gross margin for mixed farm group is on average
not significantly different from the reference mixed
crop farm. The specialized field crops farm estimat-
ed coefficient is significant, but interestingly, with
negative effect, suggesting that this strategy to focus
on field crops and not diversify into other types of
production does not contribute to higher returns to
the farmer. Some adaptation measures, such as ad-
justment of sowing dates and cultivation depth, as
well as irrigation, are proposed as beneficial in
avoiding or lessening the negative effects of climate
change in field crops farming (MEPP [9]). The spe-
cialized vegetable farms and perennial farm types
(orchards and vineyards) dummy variables are sta-
tistically significant and positively related to the unit
farm gross returns, thus showing that it is more prof-
itable to grow vegetables, fruit and grapes relative to
a mixed farm.
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Table 2. Econometric results

Estimated

Explanatory variables - Standard error  t-statistic P-value
coefficient

Intercept 3.12182 1.94451 1.60545 0.109
Mixed farm -0.129461 0.113492 -1.14071 0.255
Specialized field crop farm -0.591234 0.142103 -4.16061 0.000
Specialized vegetable farm 0.518671 0.125188 4.14314 0.000
Specialized perennial crop farm 0.488594 0.111704 4.37401 0.000
De Martonne index (DMIwinter) 0.378100 0.097005 3.89773 0.000
De Martonne index (DMIsummer) 0.093282 0.040130 2.32449 0.021
De Martonne index (DMlautumn) -0.026423 0.016737 -1.57869 0.115
0.5 x DMIwinter x DMIwinter -0.008517 0.002319 -3.67193 0.000
0.5 x DMIsummer x DMIsummer -0.008552 0.002886 -3.03269 0.003
Adjusted R?: 0.275224

F statistic(zero slopes): 19.4805 0.000

Global warming will cause switch in produc-
tion structure; some studies imply changes in South
American agriculture from cereal production to-
wards fruit and vegetables that succeed in warmer
locations (Seo and Mendelsohn [18]), other switch
to maize and wheat instead of vegetables in warmer
conditions such as expected in China (Wang et
al.[20]). Vegetable, fruit and grape systems are
more intensive than cereals and other field produc-
tions. Production under plastic tunnels is character-
istic for early vegetables in Macedonia, as it enables
hedging from the outdoor conditions and producing
in a protective environment. Fruit and grape produc-
tion is generally very sensitive to certain weather
circumstances (such as spring frosts, hail, extreme
high temperatures and uneven rainfall distribution)
and typically with high production variations
throughout the years due to these climatic factors.
Investments in ultraviolet and hail protective nets
and more sophisticated irrigation techniques could
mitigate many of the effects of global warming.
Climate change causes flooding and torrential rain-
fall in the low altitude Mediterranean zone, and the
main issue in the Continental zone is the water
availability (Sutton et al. [8]), hence it confirms the
positive effect of irrigation. Enhancing some rainfed
agricultural systems, such as organic farming
(where soil qualities are improved and water use is
more efficient), is also seen as part of the mitigation
strategy (MEPP [9]).

The climatic variables (measured by de Mar-
tonne indices) for the winter and summer seasons
are statistically significant, indicating that climate
change has an impact on Macedonian farms. In both
cases, higher value of the index is associated with an
increase in the farm gross margin, albeit with a
much stronger estimated coefficient for the winter

period and with quite low value for the summer pe-
riod. Although the estimated coefficient associated
with the autumn DMI is not statistically significant
at a 10 % level but close to it (p-value equal to
0.115), this climatic variable is kept in the estimated
model because it shows that season is characterized
by a drier climate pattern which results in slowing
down crop growth.

All the estimated coefficients associated with
the quadratic climatic variable terms are statistically
different from zero, which confirms the non-linear
relationship between aridity indices and unit gross
return. This finding is consistent with the literature
(Mendelsohn et al. [13], Kurukulasuriya et al. [17]).
We include winter and summer aridity indices, as
the extreme seasons with highest and lowest De
Martonne values. The squared terms of both the
winter and summer aridity indices are negative, im-
plying that their relationship with the farm gross
return is inverted-U shaped. This relationship is dif-
ficult to interpret, since climate sensitivity of crops
varies according to their vegetation phase, but nev-
ertheless points out to hill-shaped functions as the
usual response in crop production (Van Passel et al.
[16]). Overall, these concave-relationship curves
suggest the best adaptation of farmers to be within
the mean index values, not the extremes. In winter,
too much humidity can cause pests, too little is also
not beneficial.

Climate scenario effects on farm returns

In Table 3, we examine the scale of the global
warming effect on the unit farm gross margin. The
estimated Ricardian model (Table 2) is used to de-
rive projected changes in the farm returns under dif-
ferent future climatic conditions. We use MEPP [9]
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predicted projections that provide five different pre-
cipitation and temperature change scenarios for the
years of 2025 and 2050, hence obtaining the abso-
lute changes in the de Martonne index. The marked
negative percentage changes in gross margin per ha
resulting from the predicted changes in precipita-
tions and temperatures are pointing to pronounced
adverse climate change effect across all scenarios,
similar to findings in comparative studies (for in-
stance, Van Passel et al. [16] estimate farm land
value losses of —5 to —9% per °C at farms in South-

ern Europe). In our study, farm returns shrunk as the
scenarios aggravate and the time period gets longer
(5.6 % decrease at the 2025 lowest impact scenario,
23.1 % decrease at the 2025 lowest impact scenario,
28.8 % decrease at 2025 medium impact scenario,
etc.). The estimations for the highest impact scenar-
ios are overinflated, but nevertheless this exercise
emphasizes the pressing need for farm-level and
government-level measures, which will have to take
place.

Table 3. Change in climate variables and farm gross margin per ha in different scenarios

2025 2050
§ 8& 3§ g2 2 S g& 3 32 ¢
£ £ £ = £ £

o Winter -1 1 -3 -4 5 -3 -4 -6 -8 -10
o
i

ZE  summer 4 6 <13 20 25 12 15 25 38 -48
Uv
[«b]

& Autumn -1 1 -2 -4 5 5 7 -9 A1 -14

@ Winter 05 07 08 09 11 08 1 15 1.9 24
]

gg Summer 12 16 17 19 24 15 21 30 38 48
£

= Autumn 07 10 11 12 15 10 13 19 24 30

@ Winter -25 -31 51 63 -76 51  -65 -94  -12  -145
S x

;g Summer -18 25 50 74 92 46 57 -92 -134 -165
[«b]

| Autumn  -11 <13 -19 30 37 34  -46 -60 72 -89

Fri;Tg?r:/oﬁ; 57% 91% -288% -487% -T12%  23.1% -351% -814% -1511% -222.8%

Limitations of the Ricardian approach
in the Macedonian context

The theoretical and methodological frame-
work underlying the Ricardian modelling approach
to the impact of climatic change to agriculture is
suitable in the Macedonian context, considering the
predicted climate-induced changes hindering agri-
cultural development. Instead of the more traditional
approach of using specific crops yields, this ap-
proach uses the value of the farmland or net rent and
estimates how it is affected by the climate in differ-
ent regions. One of the basic assumptions of the Ri-

cardian approach is that every farmer tends to max-
imize profits by adapting the production to the
changing environment. Further assumption is that
there is no change in real crop prices in response to
climate change, which may be considered as a dis-
advantage of the model (Cline [30]). Critical com-
ments on this model focus, on one hand, on the ex-
clusion of the adaptation adjustment costs (Hertel
and Rosch [12]), while Quiggin and Horowitz [31],
on the other hand, challenge the comparative static
nature of the empirical results. Taking into careful
consideration these limitations, yet the Ricardian
(hedonic) model is viewed as the best suited ap-
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proach in most widely received economic studies,
since the strength of this approach is that it ac-
counts, to a large extent, for behavioral responses
(Schlenker and Roberts [32]).

The most notable limitations of the present
study are of empirical nature, namely the available
type and quality of data, and hence the need to use
different types of proxies in order to assess factors
important in the adopted modeling framework. Alt-
hough we were able to acquire micro-level farm da-
ta containing the basic economic indicators, still
many essential variables were difficult to obtain. For
instance, irrigation could be assessed only through
water costs, while in reality some farmers would
irrigate, but either not report or not recognize a cer-
tain expenditure as an irrigation related cost. Never-
theless, not including irrigation as a variable in the
specification does not necessarily mean bias in the
model. Schlenker and Roberts [32] argue that irriga-
tion critically influences predicted climate impacts,
but Seo and Mendelsohn [18] suggest that although
their results show that irrigation lessens the damages
of the climate change, there are no conclusive re-
sults indicating that not including irrigation in an
empirical Ricardian model will yield a significant
bias. Vanschoenwinkel and Van Passel [33] suggest
farm irrigation response to climate change to be sig-
nificantly different, depending on how irrigation is
defined. The soil variables are not significant re-
gressors — one explanation could be that since we do
not have information on the exact location of the
farm land plots, we have taken into account the
dominant village soil type and properties, but still it
does not seem to be influencing the farm gross mar-
gin. Latitudinal data are also insignificant, as the
country is small and stretches across a small space.
Distance to town is also insignificant, although it is
expected that an important factor inflating farm land
value can be proximity to urban centers due to non-
agricultural pressure (Chatzopoulos and Lippert
[15]), but also that farm returns can often be higher
due to market vicinity, more marketing options and
higher prices. Some of these issues may be over-
come by conducting a tailor-made survey, or sup-
plementing the annual farm accounting survey with
several focused control variables through an accom-
panying questionnaire.

CONCLUSIONS

The Ricardian approach is a widely applied
and popular analytical model when assessing the
impact of climate change on agriculture. It estimates
climate-induced changes in farm returns and cap-
tures the first-round adaptations by farmers as ap-

proximation of the economic value of climate
change on agriculture (Mendelsohn et al. [13]). Tak-
ing into consideration the particularities of the Mac-
edonian conditions, and the availability and reliabil-
ity of data, this approach has been modified for the
purpose of this study. The adapted specification
combines temperature and precipitation, as key ex-
planatory variables, into a single index (de Mar-
tonne aridity index), and uses it as such in the model
regression.

Recent studies have raised the issue on cli-
mate change, reporting the predictions on the nature
and scale of the impact (Sutton et al. [2] and [8],
Bergant [5], MEPP [7], Callaway et al. [10], MEPP
[9]). There is improved awareness of this issue, but
still it is not highly positioned in the policy frame-
work. These studies have stressed the need for adap-
tation and proposed concrete courses of action in
order to mitigate the effect. This study captures the
adaptations with the current farming systems, as a
response to the changing climate. In this respect, we
attempt to add to the efforts to increase the under-
standing of the impact of climate change on Mace-
donian agriculture and its sensitivity, as the study
discloses that climate change has influence on farm
returns.

Climate change will affect the choice of crops
and influence the production structure, moving to-
wards systems that are more efficient in using the
available resources, especially water and soils. Tradi-
tional and innovative adaptation measures must take
place in a timely manner in order to prevent and han-
dle the expected weather climate change effects; irri-
gation, as the key responding strategy to the inade-
quate rainfall during vegetation period, combined
with different supplementary adjustments such as
introducing heat-resistant varieties, protective netting,
increase in vegetable production under protected are-
as, advanced plastic or glass tunnels etc.

It is important to close this paper by stressing
the fact that the empirical results presented herein are
exploratory and further in-depth investigation must
be conducted. The empirical analysis can be further
refined by examining more closely the characteristics
of the non-linear response of unit farm returns of crop
farms to precipitations and temperature.
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3eMjoIeTICTBOTO € €/ICH O] HajpaHIMBUTE CEKTOPH BO 3eMjaTa CO OrJie] Ha MHTCH3MBHPAWHETO Ha e()CKTUTE Ha
rIo0amTHOTO 3aTomulyBatbe. Bo OBOj Tpya ce obOuayBame Ja ja MpOICHHME ajanTandjata Ha MaKeIOHCKUTE
MPOU3BOIUTEIN O] BIIMjaHHMETO HAa KIMMATCKUTe MpoMeHU. BoBeayBaMe anTepHaTMBHA creruduKanyja Ha
PuKapAUCKUOT MOJEN MPEKy BKIydyBarbe KOMIIO3UTEH apUIeH MHAEKC 3a 1a ce omdaTh peakiijata Ha JOXOJOT Ha
(dapMuTe BO OJHOC Ha TEMIIEPATYPUTE W BPHEXKHTE. EKOHOMETPHCKHTE PE3yITATH YKaKyBaaT Ha 3HAYajHOCT Ha
MPOMEHJIMBHTE TTOBP3aHH CO 3UMCKHTE U JIETHUTE CE30HHM M ja TIOTBPAYBaaT HEJMHEAPHOCTA HA KIIMMaTCKaTa (GyHKIIHja
BO OJHOC Ha €KOHOMCKHMOT Pe3yJITarT Ha (papMepuTe W KaIallMTeTOT 3a ajanTtarmja. J[oXomoT Ha (GapMHTe € BHCOKO
YyBCTBHTEJIEH Ha Pa3JIMYHM CIIEHAPHja 3a KIIMMATCKH MPOMEHN U Ke ce HamMallyBa JIOKOJKY He ce TPe3eMaT COOBETHH
MEPKH 3a MPUCIIOCOOYBarbe U YOIaKyBarbe, Ha MUKPO W HA MAaKpO HUBO.

Kayynu 360poBu: Puxapaucku mnpucran Ha MOAENHMPAke;, KIMMAaTCKH NPOMEHH; pacTHTENHH (dapMu;
MaKeJIOHCKO 3€M]jO/ICJICTBO; apHUICH MHACKC
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Landslides are natural disasters that have an impact in many areas around the world including the territory of the
Republic of Macedonia. In this country, about 300 large landslides are registered, most of which cause serious damage to
the infrastructure almost every year. In that sense, the mapping of sites that are susceptible to landslides is essential for the
management of these areas. This is a crucial step to prevent landslides in places where this could be expected or to mini-
mize its damages. Therefore, a heuristic approach of Analytical Hierarchy Process (AHP) combined with Geographic In-
formation System (GIS) and Remote Sensing (RS) is used in this work for the assessment of potential landslide areas in the
Republic of Macedonia. In the procedure, 6 triggering factors indicating a strong influence on the landslide activity are
selected, including lithology, slope angle, land cover, terrain curvature, distance from rivers and distance from roads.
Through the procedure, expert-based weight of these factors is made. The LS model is produced with the summing up of
the factor layers in the form of harmonized raster grids. Finally, the values of the grid model are classified according to the
quantiles and natural breaks scheme. The produced maps show acceptable results confirmed by validation methods and
ROC analysis, indicating that about 40% of the country area is under high and very high landslide susceptibility. This ap-

proach can be further improved if combined with statistical methods in the form of a hybrid model.

Keywords: Landslide susceptibility; landslide hazard zonation; AHP; ROC; AUC

INTRODUCTION

With large areas of erodible crystalline rocks
(gneiss, mica-schists, other schists), sandstones, la-
custrine and fluvial deposits, steep slopes (39.5 % of
the area above 15°), semi-arid climate and sparse
vegetation, landslides are very common in North
Macedonia. Frequent storms with heavy or pro-
longed rains contribute to excess runoff and
hillslope instability. Landslides, slumps, and soil
creep are especially often on the valley sides, where
Neogene lacustrine sands and sandstones are super-
imposed over inclined impermeable clay and schist
layers. In more compact weathered rocks (igneous,
limestone, marble), rockfalls, rockslides, debris
flows, and other gravitational processes occur. In
addition to the natural factors, increased human im-
pact (road-cuts and heavy constructions on steep

terrain) significantly contribute to the activation of
landslides resulting in economic damages and even
casualties [1, 2].

To reduce the risk from the landslides, identi-
fication and mapping of the landslide-prone area is a
very important task. This information is often de-
scribed in the form of landslide susceptibility zona-
tion (LSZ) [3-9]. According to Brabb [10], land-
slide susceptibility (LS) is the likelihood of a land-
slide to occur in an area on the basis of local terrain
conditions. It is the degree to which a terrain can be
affected by slope movements, i.e., an estimate of
"where" landslides are likely to occur. According to
van Westen et al. [11], a landslide susceptibility
analysis (LSA) involves essentially four main phas-
es: (a) the production of a landslide inventory map,
(b) the assessment of event — controlling factors that
influence the landslide manifestation, (c) the appli-

#Dedicated to academician Gjorgji Filipovski on the occasion of his 100" birthday
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cation of appropriate methods for determining the
weights of each factor and (d) the compilation of the
landslide susceptibility map using a GIS procedure.
In most cases, the complexity of the causative and
triggering factors, their unknown interrelationship
and the lack of knowledge, make the LSA a very
demanding task [12]. However, with the help of
GIS, it is possible to integrate spatial data of differ-
ent layers to determine the influence of the causative
factors on landslide occurrence [13-17].

Besides the high frequency and yearly dam-
ages of up to several million euro, in the Republic of
Macedonia, only a few small-scale studies of GIS

and RS based landslide area assessments were made
with different success. Thus, Milevski et al. [18] use
SAGA GIS-based cluster classification of landslide-
related factors for susceptibility zonation of
Gevgelija-Valandovo basin, and later, frequency-
ratio model was implemented in landslide hazard
zonation of Pehéevo Municipality [19, 20], Vlaina
Mountain [21] and index-based method in landslide
susceptibility of the Kriva River catchment [22].
Meanwhile, PesSevski [23] made a very detailed
landslide inventory of the Polog-Reka (NW) area as
a basis for landslide hazard zonation (LHZ).
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Figure 1. Geographic location of North Macedonia

Currently, Macedonia is without detailed (na-
tional-scale) landslides inventory and landslide sus-
ceptibility zonation whichis necessary for any land
use planning purpose. Thus, the aim of this paper is
to make an attempt to determine areas or zones in
the country susceptible to landslides. That is made
with an analytical hierarchy process (AHP) imple-
mented through geographical information system
(GIS) and remote sensing (RS). The advantage is
the cost-saving and large-area identification of haz-
ard zones. Therefore, it can be used in hazard zoning
of the disaster management authorities [24].

METHODOLOGY

Modeling and mapping of landslide-prone ar-
eas on a regional scale is a very complex task, be-
cause of many natural and anthropogenic factors
related to landslide processes. The first step in this
regard is the selection of the most suitable method
for landslide susceptibility assessment. Keeping in
mind the large extent of the area and the small
landslide inventory, heuristic approach with the
Analytical Hierarchy Process (AHP) is selected as a
method in this paper.
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The AHP is one of the most popular Multi-
Criteria Decision-Making (MCDM) tools for
formulating and analyzing decisions [25, 26] and it
consists of three main operations, including hierar-
chy construction, priority analysis, and consistency
verification [27]. Recently, this approach is widely
used in the GIS-based assessment of landslide sus-
ceptibility [28, 29]. Within the approach, compari-
son of the contributions of different landslide trig-
gering factors is estimated, where the weight of each
criterion is determined by expert-based pair-wise
comparison matrix as described by Saaty and Var-
gas [30].

The implementation of AHP methodology in
the assessment of landslide susceptibility firstly re-
quires the finding of interdependencies between the
most important influential attributes. It is highly
recommended to normalize the values of input at-
tributes and classify them into a specific number of
classes. In our case, a 5-class range was used, mean-
ing that 1 is the least likely, while 5 is highly likely
to trigger landslide occurrence. Reclassified and
ranged attributes, with their weights, give the final
impact on the susceptibility model. Thus, a proper
selection of most influencing factors or triggers is a
very important step in this process.

There is a lort of researches worldwide about
the selection of most important landslide triggering
factors. According to Crozier [4], depending on the
characteristics of the study area, at least three trig-
gering factors have to be included in GIS analysis
including topography, lithology and land use.
Donati and Turrini [31] indicate that the most com-
mon landslide triggering factors are: lithological
units, tectonic features, slope angle, proximity to
(road and drainage) networks, land cover and rain-
fall distribution. In the preliminary LS mapping on
the national level in Slovenia, Komac and Zorn [32]
used 6 factors as a most relevant: lithology, surface
inclination, surface curvature, land use, maximum
24-hour precipitation, and surface aspect. Thus, the
proper selection is of greater importance than the
number itself. Based on the previous knowledge and
experience, and keeping in mind data availability, in
this work 6 landslide triggering factors were consid-
ered: slope, lithology, land use, plan curvature (con-
vexity), distance from streams and distance from
roads. When the aspect is analyzed, a weak correla-
tion with landslide distribution is shown, and be-
cause of that, aspects as a factor are excluded in the
modeling. Actually, numerous other studies are con-
troversial about aspects-landslides correlation [33-
36]. The similar is with precipitations which do not
have significant spatial differences (in average 500
to 800 mm per year) and there is no accurate data

about the heavy rain distribution. In the entire pro-
cedure, SAGA GIS v.7 software is used, where all
of the factors were converted to raster grids with 20-
m resolution. For the purpose of the study, each fac-
tor is divided into proprietary classes according to
its range, distribution and structure. The data for
slope and curvature were calculated from the 20 m
digital elevation model (DEM) of the entire country,
based on the combined freely available 20-m ALOS
and 30-m SRTM DEM. Slope values are classified
into 5 classes (0-5°, 5-10°, 10-30°, 30-45°, and more
than 45°). In a similar way, according to the values,
terrain (profile) curvature is split into 5 classes:
highly convex, convex, flat, concave and highly
concave. The lithology grid was prepared from a
1:100,000 scale digitalized geological map of the
country with 78 lithological units: from Precambrian
gneiss and mica-schist through Mesozoic limestone
to Cenozoic sediments of marine, lacustrine and riv-
erine origin. These lithological units are reclassified
according to the erodibility and engineering-
geological features into 5 classes: from clastic sedi-
ments and tuffs to very resistant rocks (marble,
limestone, quartzite etc.). Land use layer was pre-
pared according to CORINE (CLC2012) general
classification hierarchy. Distances from the streams
were derived using DEM-based drainage network
tool, while the distance from the roads was prepared
from the latest (2018) freely available OSM (Open
Street Map) road network in vector format. Accord-
ing to the relevant research experience and consult-
ed bibliography, 5 buffer zones for roads (on 50 m
steps) and streams (on 100 m steps) were created
and rasterized.

In our study, previously selected factors are
weighted according to the AHP matrix by the com-
bination of the experts opinion, the field experience
of the authors, as well as the results of landslide
susceptibility assessment (LSA) from the former
researches on smaller (test) areas in the country [18-
23]. For the ranking of factor classes, two approach-
es are used: expert opinion in combination with sta-
tistical analysis of the landslide frequency for that
class.

One of the basic requirements for AHP-based
landslide susceptibility modeling is to have suffi-
cient landslide inventory as a basis for the validation
of the model accuracy. However, in Macedonia, de-
tailed inventory is not prepared on the national level
yet. For that reason, considering the available time,
we prepare inventory based on the landslide records
from the field trips and our previous works, then
different kinds of maps (especially geological one),
landslide records with remote-sensing of satellite
imagery, reports from the media etc. The final land-
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slide dataset consists of 270 landslides as the valida-
tion dataset used during the verification of the re-
sults produced from the model.

RESULTS

To acquire factor weights in AHP, each factor
is rated against every other factor by assigning a
relative dominant value between 1 and 9 to the
intersecting cell. When the factor on the vertical axis
is more important than the factor on the horizontal
axis, this value varies between 1 (equally important)
and 9 (very important). Conversely, the value varies
between the reciprocals 1/2 (0.5) and 1/9 (0.11).
Since we have used 6 parameters, the comparison
matrix has 36 boxes (Table 1). The matrix-based
weight of the factors, as well as the consistency ratio

(CR) of the matrix, is calculated with the AHP
Excel template [37]. According to the prepared
landslide inventory, own experience and relevant
publications, most of the landslides in the Republic
of Macedonia occur on moderate slopes (10-30°)
and on terrain composed by clastic sediments (Neo-
gene lacustrine deposits, colluvium sediments) and
schists (mica-schists, green-schists etc.). Also, a
significant number of landslides occur in terrains
with weak vegetation (pastures, grasslands, bare and
erodible rocks), but also in the cultivated land on
steep terrains and in urban areas. The statistically
substantial number of landslides are located on the
distance up to 100-200 m from the streams and up
to 50 m from the roads, mostly as a large roadside
rock falls. Based on these facts, the AHP matrix in
Table 1 and the class ranks in Table 2 are prepared.

Table 1. AHP comparison matrix for the selected factors

Factor Slope Lithology Landcov. Conv. Roads Streams Weight
Slope 1 3 3 4 3 4 0.378
Lithology 0.33 1 1 3 3 4 0.212
Vegetation 0.33 1 1 1 2 3 0.154
Convergence 0.25 0.33 1 1 1 2 0.104
Roads 0.33 0.33 0.5 1 1 1 0.086
Streams 0.25 0.25 0.33 0.5 1 1 0.066

Consistency ratio (CR) which shows how
consistent is the hierarchy of the factors in the AHP
matrix is a very important parameter. Saaty [25]
suggest that the CR must be less than 0.1 to accept
the computed weights otherworld the ratings should
be re-evaluated. CR for the matrix in Table 1 is
0.035 indicating the acceptable consistency of the
comparison matrix.

The factor class ranking (R) is made in a
range of 1 (insignificant influence) to 5 (highest in-
fluence for that factor). Thus, it is found that the
highest number of recorded landslides (86) is pre-
sent in the slope class of 10-30° and that class is
ranked with the value 5. Contrary, in the slope class
of 0-5° only 3 landslides are registered so that the
slope class is ranked with 1. A similar procedure is
taken for all other factors. However, some expert-
based evaluation is made when the statistical results
are problematic. That is the case with road buffers
wherein the first buffer (0-50 m) statistically very
large number of landslides is found (135). Our ex-
planation is that most of the recorded landslides
with field surveys (for this study) were visible from
the roads. For that reason, a weighting of the factor

proximity to roads was lower on the matrix scale
(but the < 50 m road buffer is with a value of 5).

Finally, the weight of each factor is multiplied
by its rankings R (based on the qualitative and
expert rankings [38]), then multiplied by 5 and
rounded to the final value (Table 2).

The final map (Figure 2) is calculated by
summing up the values of each grid cell of all of the
6 digital layers. The values of the resulting model
are in the range from 2.6 (areas with the lowest po-
tential for landslides) to 26 (areas with the greatest
potential for landslides or already under landslides).

However, the LS map with continuous values
provides an only general view of the landslide-prone
areas. For better differentiation and landslide sus-
ceptibility zoning, the classification of these values
must be done. In that sense, using GIS-based natural
breaks and quantile classification, we try to classify
LS values into five classes of very low, low, medi-
um, high and very high landslides susceptibility
zones. Both classifications are performed in SAGA
GIS software and their results are compared to ROC
curve validation.
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Table 2. The weight values of factors used for AHP model
Factor Rank R*w*5 Value Factor Rank R*W*5  Value
Slopes w =0.378 Cultivated lands 3 3.1 3
0-5° 1 1.9 2 Urban areas 3 3.1 3
5-10° 3 5.7 6 Transitional forests 2 15 2
10-30° 5 9.5 10 Dense forests 1 0.8 1
30-45° 4 7.6 8 Water bodies 0 0.0 0
>45° 2 3.8 4 Convexity w =0.104
Lithology w=0.212 Concave 5 2.6 3
Clastic sediments 5 5.3 5 Highly concave 4 2.1 2
Schists 4 4.2 4 Flat 3 1.6 15
Gneiss 3 3.2 3 Convex 2 1.0 1
Flysch 3 3.2 3 Highly convex 1 0.5 0.5
Granitic rocks, andesite 2 2.1 2 Roads w =0.086
Quartzite, amphibolite 1 1.1 1 0-50 m 2.1 2
Limestone, marble 1 1.1 1 >50m 1 0.4 0
Land Cover w =0.154 Streams  w =0.066
Bare rocks 4 3.9 0-100 m 5 16 2
Pastures 4 3.1 >100m 1 0.3 0
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Figure 2. Unclassified AHP-based landslide susceptibility map of North Macedonia

Natural breaks (or Jenks) algorithm perform-
ing classification by grouping similar values while
maximizing the differences between classes. It gives
good results when the histogram shows evident
breaks, and for this reason [39]. During this classifi-
cation method, a problem appears with too small

areas of very low and very high susceptibility zones.
For that reason, natural breaks (jenks) method is
updated with the histogram specific breaks (with the
following ranges: 2-12, 12-14, 14-16, 16-18 and 18-
26 for the very high LS zone) and the result is
shown in Figure 3.
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LANDSLIDE SUSCEPTIBILITY MAP
BASED ON AHP AND JENKS CLASS.
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Figure 3. AHP-based landslide susceptibility map of North Macedonia according
to the natural breaks (jenks) classification

The second method, i.e. quartile classification
is well suited to linearly distributed data assigning
the same number of data values to each class. There
are no empty classes or classes with too few or too
many values [40]. The map prepared with quantile
classification (Figure 4) is with a slightly more dom-
inant high and very high landslide susceptibility
zone. That is even more evident from the map crops
which cover the Skopje basin (Figure 6). Evidently,
there is a more significant difference in very high
landslide susceptibility area which is confirmed with
validation tables. However, the generally small dif-
ference is only a result of the class breaks threshold
and not related to the AHP procedure itself.

In order to choose the more accurate map of
both implemented classifications, the validation
technique was used to compare known landslide
location data with the landslide susceptibility zona-
tion map. That is made with validation data and
ROC curve derived AUC (Area Under Curve).

Both GIS-based classifications (quantiles and
natural breaks) shows the acceptable accuracy of the
implemented model because more than 70 % of the
landslides in the inventory are in the class of high

(H) and very high (VH) landslide susceptibility (Ta-
ble 3). However, natural breaks classification here is
superior because only 18 landslides fall in the class
of low and very low susceptibility vs 31 landslides
in quantile classification. Also, within natural breaks
classification, 203 landslides (75 %) fall in the zone
of high and very high susceptibility vs only 193
landslides (71.6 %) in quantile classification. How-
ever, the number of landslides (in %) compared with
the area (in %) of high and very high susceptibility
class, show an equal ratio for both classifications i.e.
3.61. From the other side, the same ratio for the are-
as with low and very low susceptibility class is 0.39
for natural breaks and 0.57 for quantiles which fa-
vors natural breaks. Taken that the ratio tends to be
as close to 0 for very low LS class, and increase
well above 1 for very high LS class, then natural
breaks classification shows slightly better overall
accuracy. Thus, according to the AHP map prepared
with natural breaks classification, 93.4 % of the
landslides fall within very high, high and moderate
landslide susceptibility zones (covering 66.6 % of
the country area).
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LANDSLIDE SUSCEPTIBILITY MAP
BASED ON AHP AND QUANTILE CLASS.
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Figure 4. AHP-based landslide susceptibility map of North Macedonia according
to the quantile classification

Table 3. Data for AHP-based LSZ according to natural breaks and quantile classification

Natural breaks (jenks) classification

Quantile classification

LS class

Areakm? Area% Lds.N Lds.% Ratio

Area km?

Area% Lds.N Lds.% Ratio

very low
low
moderate
high
very high

3882.1 15.1 7 26 017
4697.7 18.3 11 39 022
6190.1 24.1 50 184 0.77
6227.9 24.2 98 36.2 149
4715.2 18.3 105 38.8 212

5142.6
5091.2
5271.2
4962.6
5245.5

20.0 11 40 0.20
19.8 20 72 037
20.5 46 17.1 0.83
19.3 101 375 194
20.4 92 341 1.67

Total

25713.0 100.0 270 100

25713.0

100.0 270 100.0
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An alternative way to the above statistics is
the receiver operating characteristic (ROC) value
and the area under the ROC curve (AUC). This
method has been widely used as a measure of per-
formance of a predictive rule. ROC plots the differ-
ent accuracy values obtained against the whole
range of possible threshold values of the functions,
and the AUC serves as a global accuracy statistic for
the model, regardless of a specific discriminate
threshold. This curve is obtained by plotting all
combinations of sensitivities and proportions of
false negatives (1-specificity) which may be ob-
tained by varying the decision threshold. The range
of values of the ROC curve area is 0.5-1 for a good-
fit, while values below 0.5 represent a random fit
[41]. In our case, for better assessment of the model,
except the recorded "true-positive™ landslides (value

1) in the validation dataset, 540 "false-positive"
landslides (value 0) are also selected as random
points sampling from DEM (using SAGA GIS). Ac-
cording to our results, with non-random spatial
sampling (i.e. on flat areas, highly convex areas
etc.), AUC is inadequately high compared with ran-
dom sampling (excluding the areas of already con-
firmed-recorded landslides).

The ROC curve and AUC in this study are
calculated in SPSS-statistical software (trial version)
and presented in Figure 5. It is interesting that both
AHP-based maps have almost the same AUC with
the very slight advantage of the natural breaks clas-
sification (0.780 vs 0.776). Thus, for both, there is
nearly 78 % agreement with the landslide locations
which is a reasonable result at this scale.

AHP-BASED LSM ROC CURVE

08
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00 02 04

~ AHP-model AUC = 0.789
= AHP-quantile AUC = 0.776
e AHP-naural breaks AUC = 0.780

08 08 10
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Figure 5. ROC curve and AUC for the AHP-based LS maps produced in this study
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Figure 6. Part of the AHP landslide susceptibility map in the area of Skopje
Basin according to the natural —break (up) and quantile (bottom) classification

CONCLUSIONS

LSA is a crucial step to prevent landslides in
places where this could be expected or to minimize
its damages. At the regional scale, statistical meth-
ods like frequency ratio are generally considered the
most appropriate for LS mapping because they are

objective, reproducible and easily updatable [33].
However, for the implementation of these methods,
sufficient landslide inventory is needed. Without
that, a semi-quantitative approach can be used as in
this paper where Analytical Hierarchy Process
(AHP) in a GIS environment is applied. Within the
procedure, six factors are selected, analyzed and
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weighted according to the expert judgment and sta-
tistical rankings from the few case studies through
the country. Among the factors, slope, lithology,
plan curvature, land use, distance from streams and
distance from roads are used as the most influenc-
ing. The final model is prepared as a sum of
weighted grid cells values for each of the 6 factors -
layers. With further quantile and natural breaks clas-
sification, 5 landslide susceptibility classes are de-
fined and represented on the map. Even with very
limited landslide inventory, statistically, there is
about 78% agreement (AUC value) between the
maps (models) and 270 landslide locations, which is
an acceptable result taking into consideration the
scale of analysis. It is interesting that both classifi-
cations show very similar AUC in slightly favor of
natural breaks (0.78) and indicate that about 40% of
the country area is under high and very high land-
slide susceptibility. Regionally, most of the area
with high and very high landslide susceptibility in
Macedonia is extended over hilly terrains and in
mountain foots, on the side of valley bottoms in
gorges, and on the sides of depressions and basins
which are usually covered with Neogene lacustrine
sediments (Fig. 2, 3 and 4). Thus, according to the
maps, the areas in the central part of the country
(Tikve$s depression), the north-east part on the
hillslopes of Osogovo and Bilino mountains and
upper Bregalnica catchment, on the edges of Skopje
Basin (Fig. 6), and the foothills of Sara Mountain
are among the most susceptible to landslides. On the
contrary, larger plains in the country and terrains
built by solid rocks (limestone, marble, andesite
etc.), especially in the western part, show low land-
slide susceptibility. However, the field studies found
that even there the occurrence of (smaller) land-
slides is not totally excluded (near channels, roads,
constructions, and other sites with substantial an-
thropogenic activities).

The LS approach implemented in this work
can be further improved in combination with statis-
tical methods if larger and more reliable landslide
inventory database is prepared [42] and if other trig-
gering factors (TWI, SPI etc.) are evaluated.

The ultimate goal of producing an accurate
LS map that willcover the entire country is not only
to indicate endangered areas but to take actions and
activities toward prevention and decreasing of the
hazard risk itself. If applied properly, such maps are
suited for minimizing or avoiding future risks and
damages [43]. Nevertheless, in Macedonia, national
funds are primarily used for recovery from damages
by landslides, and much less for prevention and es-
pecially in producing quality mass-movement sus-
ceptibility models and maps. In that sense, this

model is the first attempt on the country level hop-
ing that further improvement will be made soon.
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30HUPAILE HA ITOJJIOKHOCT O/ CBJEYUIIITA HA TEPUTOPUJATA HA PEITYBJINKA
MAKEJOHMJA, CO IPUMEHA HA AHP (ANALYTICAL HIERARCHY PROCESS
APPROACH) NIPUCTAII

UBuna Munesckn®, C1aposbyo JIparukeBuk?

TIpupoano-maremarruku daxynrer, Yausepsurer Cs. Kupun u Meroauj, Ckonje, Pery6nnka Makenonuja
2T'eorpadcku pakynrer, Yausepsuret Bo benrpan, Cpouja

Ceneuninrara ce MPUPOTHI HEIOTOAN KOM MMaaT rojieMO HeTaTHBHO BIIMjaHWE BO MHOTY IOJpadja HHU3 CBETOT,
BKITy4yBajku ja u PenmyOmmka Maxkenonuja. OBue ce peructpupanu OpojHH (GOCHIHHM W PEUCHTHU CBIICYHINTA, a TPH
MMOVHTCH3MBHA BPHEXKM WM TOMEHE HAa CHET, YeCTO CE€ AaKTHBUpPAaT HOBU. TWe Mpeau3BHUKyBaaT 3HAYUTEIHU
MaTepHjallHi INTETH, a MOHEKOTall W YOBEYKH KPTBH (KaKO IITO OWIIO CO CBJICYHINTETO Ha pUAOT ['pamor Bo
Kapagapru Bo 1956 rogmna). Bo Taa cMmmcia, MoJenmupameTo M 30HHPAKHETO Ha TOApadvjaTa IMOAJI0KHA Ha IojaBa Ha
CBJICUMINTA € OJ OCOOCHO 3HaYeHe, 0COOCHO NPH IUTAaHUpPamke HA KOPHCTeHE Ha mpoctoporT. O HeomgaMHa, 3a OBaa
HaMmeHa ce kopuctaT coBpemenn I MIC-nipucTaru, riaBHO 3a IOMaJlk TEPUTOPHH, a BO TIOCJIE/IHO BPEME M 32 pEerHOHaJIeH
J0 ApkaBeH ondar. Bo taa cmucia, 0Boj Tpyx € NpB 00M[ Jla ce U3paboTH MOJET Ha 30HU CO pa3iiMueH CTEeleH Ha
OJUIOKHOCT Ha CBeuuinTa. [IpuToa, KOPUCTEH € aHAIMTHYKO-Xuepapxuckuotr mpucrtan (AHP) koj ce 6asupa Ha
paHrupame Ha 3HAUCHETO Ha (akTOpHUTE IITO BIMjaaT Ha IojaBaTa Ha cBieuMinTa. Bo mocramnkara ce u3OpaHu 6
(baKTOpI/I, 1 TOA: HAKJIOHU HAa TEPEHOT, JIUTOJIOTUIIKHA COCTaB, TIOKPOBHOCT U KOPUCTCHC HA 3eMjI/IIJ_ITeTO, THUII HA HAKJIOH
(KOHKaBeH WM KOHBEKCEH), ONM3MHA JO PEKH M OJM3WHA N0 TATUINTA. PaHTHpameTo € M3BEIACHO CO IOMOII Ha
eKCIIEPTCKH OIICHW 32 3HAYCHETO Ha HaBeACHUTE (HaKTOPH H3HECEHH BO JOCETallHaTa pelieBaHTHa OuOimorpadwuja,
KaKO W Ha CTaTHCTUYKA aHAJH3a Ha JIOKalujaTa Ha peructpupanute (270) cBIeUnITa BO OJHOC Ha CEKOj OJ NaJACHUTE
¢dakTopu. BeymHOCT, BO paMKuTe Ha ceKoj ()aKTop OIENHO Ce W3IBOCHHU KJIacH Ha KOW CIIOpe]] TOPEHABEICHHOT
TIPUHITUIT IM € TOJeJIeHa pas3ianyHa ,,rexuHa’. Co coOupame Ha CHUTE ,,Te)KHHCKU* BPSIHOCTH 32 (PAKTOPHUTE U KIACUTE
BO PaMKHTE Ha HUB, IIPEKy pacTepcku Jieepu Bo copTBepckroT nakeT SAGA GIS e nobuen mojen Ha 1MoJUI0KHOCT Ha
CBJICUYMINTA 32 IIeaTa TEPUTOpHja Ha IpKaBaTa. BpemHOCcTHUTE O] OBOj MOJEN, KOM ce ABIDKAT momery 2.5 m 26, ce
MoJieIeH BO S5 30HHM: OJ 30Ha CO HajMana (Wiau 0e3) TOJUIONKHOCT Ha CBJIEYMINTA, JO 30HA CO MHOTY TojieMa
TIO/ITIOKHOCT (BEPOjaTHOCT) 3a MOjaBa Ha CBiIeUHINTa. MOJIETIOT € MPOBEPEH IEeTAIHO cO T.H. pyHknuja Ha ROC-kpuBa,
TIpH ITO € J00ueH conuaeH pe3yntar of 0.78 umu 78 % tounocT. [ToHaraMy ocTaHyBa OBOj MPHUOJ J1a C€ JOMOIHHU CO
METOJIOT Ha CTATUCTHYKA BEPOjaTHOCT WJIM (PpEKBEHIMja 3a JOOMEHHOT pe3ynTar aa Ouje ymre mojobap. 3a TakBo
HEIUTO, NaK, HEONXO/HA € Mo/IeTallHa 1aTaba3a Ha CBJICUHILTA BO Jp)KaBara.

Kiay4nu 3060poBH: 0 UT0KHOCT Ha cBJIeuHIITa; 30HUpame; AHP; ROC;AUC
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EFFECT OF NATURAL AMORPHOUS SILICA - MULTIMINERAL FERTILIZER FLO-
RAL MICROSIL ON SOME MORPHOLOGICAL AND YIELD COMPONENTS IN RICE
(ORYZA SATIVA L))

Trajche Dimitrovski'", Danica Andreevskal, Dobre Andov?, Emilija Simeonovskal,
Ljube Lozanovski?

*e-mail: dimitrovskitrajche@gmail.com

nstitute of Agriculture, University Ss. Cyril and Methodius, Skopje, Republic of Macedonia
2U¢ilisten Centar “Krste P. Misirkov”, Demir Hisar, Republic of Macedonia

The effect of natural multimineral fertilizer Floral microsil (FM) (50 % bio-available amorphous SiO; + macro-
nutrients and trace elements) was investigated on some morphological and productive properties in rice at the environ-
mental conditions of Republic of Macedonia, on cultivar San Andrea. Two treatments were studied: control (standard
fertilization) with 450 kg/ha complex mineral fertilizers NPK (16:16:16) as basic fertilizer + two splits with Urea 46 %
N (200 + 100 kg/ha), and FM treatment: 20 kg/ha FM before sowing, seed treatment with 20 kg/ha FM + three splits of
FM + Urea (30 + 100; 20 + 60 and 20 + 60 kg/ha respectively). The field trials were set up in Zade design during 2014
and 2015. Results were analyzed with ANOVA and LSD test.

The FM treatment significantly affected plant and stem height (2014), producing shorter plant (103.02 cm) and
stem (87.47 cm) compared to the control (111.81 cm and 95.91 cm). Significantly lower biological (20958.34 kg/ha)
and straw yield (10769.67 kg/ha) were determined in the FM treatment compared to the control (24852.00 kg/ha and
15101.34 kg/ha). The FM treatment significantly increased the 1000 grains weight (39.97 g against 38.28 g control av-
erage). The paddy and white rice yield (9839.99 kg/ha; 5856.75 kg/ha) in FM treatment were statistically on par with
the control (9368.60 kg/ha and 5907.91 kg/ha), as well as the panicle length, number of productive and non-productive
tillers per m?, the head rice yield (whole grains and broken grains) and the hectoliter weight.

The application of FM significantly increased the nitrogen use efficiency estimated thru the partial factor produc-
tivity (97.24 kg paddy rice/lkg N and 57.88 kg white rice/kg N), as compared to the control average (44.61 kg paddy
rice/kg N and 28.14 kg white rice/kg N). Therefore, paddy and white rice yield statistically on par with the standard
fertilization were produced with a lower amount of applied nitrogen fertilizer. These findings are of ecological signifi-
cance for the rice production in the Republic of Macedonia.

Key words: fertilizer; morphological; partial factor productivity; productive; rice; silica

INTRODUCTION

High and stable yield along with good crop
quality is of main importance for farmers in plant
agriculture, including rice production. The implemen-
tation of adequate fertilization that allows balanced
crop nutrition with the required nutrients is essential
in achieving high yield and quality products in rice
production. The optimal nutritional balance in rice for
production of 1 t of paddy is achieved by uptake of
around 14.7 kg N, 2.6 kg P and 14.5 kg K [1], or 14.8
kg N, 3.8 kg P and 15.0 kg K [2].

The improvement of rice production technol-
ogy in the Republic of Macedonia is a continuous
process. As fertilization is an important part of rice
production, over the years different types of fertiliz-
ers and fertilization techniques have been investi-
gated. This process is ongoing, depending on the
availability of new fertilizers. A number of studies
have shown that basic rice fertilization before sow-
ing with nitrogen or NPK fertilizers is necessary for
obtaining good yield results [3-7]. The study of fo-
liar application with NPK fertilizers with trace ele-
ments - Kristalon™ Special [8] and Lactofol O [9]

#Dedicated to academician Gjorgji Filipovski on the occasion of his 100" birthday
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showed a positive effect of this type of fertilizers on
rice yield. Calcium-based foliar fertilizers Mega-
green and Herbagreen generally showed no signifi-
cant effect in rice production [10, 11].

The standard rice production technology in the
Republic of Macedonia includes basic crop fertiliza-
tion and supplemental fertilization. The largest
amount of the fertilizer in the field (around 2/3 of N,
and completely P and K) is applied with the basic
fertilization prior to seeding, usually with application
of 400 to 600 kg/ha complex mineral fertilizers
(NPK: 15-15-15, 16-16-16, 17-17-17, 20-13-15). The
rest amount of N is applied with the supplemental
fertilization (second split application) during vegeta-
tion in the tillering stage by using 150 to 250 kg/ha
nitrogen fertilizers such as urea, ammonium nitrate or
CAN [12, 13]. Fertilizers containing other nutrients,
including silica and other trace elements are not used,
as N, P, K, S and Zn are the nutrients generally con-
sidered critical for the rice crop [14-18].

The aim of this study was to evaluate the ef-
fect of Floral microsil fertilizer (50 % SiO, + mac-
ronutrients and trace elements) on some important
morphological and yield properties in rice. Although
silicon is not considered an essential element for
rice nutrition, it has a positive effect on s the rice
plant as it supports healthy growth and development
[1, 19-21]. A number of studies point to the positive
effect of silica fertilizers in rice production, such as
resistance to lodging, increased uptake of nutrients
(N, P, K), increased yield components, yield and
resistance to diseases [22—31].

Other elements present in Floral microsil, such
as calcium, magnesium, iron, boron, copper and
manganese are not considered critical for the growth
and yield of the rice crop, as their deficit in irrigated
paddy fields is generally considered a rare case [32—
37]. The essential elements for rice present in the fer-
tilizer are potassium, sulfur and phosphorus.

The results obtained from this study are im-
portant in understanding the effect of silica from
silica-based fertilizers on the rice crop in the envi-
ronmental conditions of the Republic of Macedonia.

MATERIAL AND METHOD
Material

Floral microsil (FM) is a natural multimineral
fertilizer. By chemical composition, FM contains:
silica (Si) — the main component of the fertilizer, as
amorphous SiO2 50 %, aluminum (Al) 18.9 %, po-
tassium (K) 7.8 %, magnesium (Mg) 4.2 %, calci-

um (Ca) 3.6 %, iron (Fe) 3.2 %, sulfur (S) 2 %, so-
dium (Na) 1.2 %, titanium (Ti) 0.5 %, phosphorus
(P) 0.1 %, strontium (Sr) 0.1 %, barium (Ba) 969
ppm, fluorine (F) 500 ppm, copper (Cu) 327 ppm,
vanadium (V) 156 ppm, zirconium (Zr) 144 ppm,
manganese (Mn) 119 ppm, zinc (Zn) 78 ppm, ceri-
um (Ce) 68 ppm, rubidium (Rb) 42 ppm, chlorine
(Cl) 40 ppm, nickel (Ni) 30 ppm, gallium Ga 17
ppm, lithium (Li) 17 ppm, boron (B) 15 ppm and
molybdenum (Mo) 13 ppm. In water, the amorphous
silica forms a colloid solution of monosilicic acid
H4SiO4 or Si(OH)4 which is bioavailable to the plant
roots. A concentration of 1400 ppm monosilicic acid
is present in 2.5 g of fertilizer dissolved in 1 | water.
This fertilizer is not available on the market, as it is
still in the phase of evaluation. Cultivar San Andrea
was used in this experiment.

Method

The field trials were set up in Zade design
(trial with plot arrangement in long stripes devel-
oped by Adolf Zade) during 2014 and 2015, under
typical rice producing conditions of the Republic of
Macedonia. Two treatments of Floral microsil (FM)
treatment and control were studied. The size of each
application was 1000 m?. The standard rice produc-
tion technology was applied in both treatments. The
only difference between the treatments was the ferti-
lization. The overview of the types and quantities of
applied fertilizers in each treatments and time of
application, along with the quantity of applied nutri-
ents from fertilizers is shown in Table 1.

At the end of vegetation, prior to harvest, the
plant height, stem height and panicle length were
measured in field conditions on a total of 30 plants
in each treatment (10 random plants per replication).
Prior to harvest, average sample (bundle of whole
plants — above ground biomass from 1 m? crop area)
was taken from each replication in order to assess
the number of productive and non-productive tillers
(sterile tillers, unripe panicles and weedy rice pani-
cles) per m?, the biological yield (straw + paddy),
straw yield and paddy rice yield. In laboratory con-
ditions were determined the hygroscopic grain mois-
ture at harvest, the 1000 grains weight and hectoliter
weight of paddy rice, and the head rice yield. In
order to determine the head rice yield, paddy rice
samples of 100 g from each replication were milled
on a laboratory milling machine during 1.40 min.
The white rice yield was estimated on the basis of
obtained paddy rice yield and head rice results. Re-
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sults were analyzed by ANOVA and LSD test at
0.05 and 0.01 levels of probability.

The partial factor productivity from applied
nitrogen was calculated according to Cassman et al.
[38], as a ratio of the grain yield to the applied N:

PFP =Y/ N, where Y is grain yield (kg/ha) and
N is the amount of applied N (kg /ha). Partial factor
productivity was calculated for both paddy and white
rice yield per 1 kg nitrogen from applied fertilizers.

The effect of FM fertilizer was studied on
Italian rice cultivar San Andrea, which was at the
period of the trial the most prevalent variety in cul-
tivation in the Republic of Macedonia. This cultivar
is a line from the cultivar Rizzoto, with a plant
height of 107 to 116 cm, vegetation length of 150 to
160 day, head rice yield of 61 to 66.5 %, 1000
paddy grains weight of 35 to 37 g, and paddy yield
of 6480 to 8710 kg/ha [39, 40].

Table 1. Quantities and time of application of the used fertilizers in the study

Control (standard rice production technology)

Time of application

Fertilizer type and quantity (kg/ha)

Nutrients kg/ha

Basic: before sowing

NPK 16:16:16 (450)

72 (N); 72 (P); 72 (K)

1t split: active tillering

Urea 46 N (200)

92 (N)

2" split: end of tillering

Urea 46 N (100)

46 (N)

Total quantity of applied fertilizers: 750 kg/ha (450 NPK + 300 Urea 46 N)
Total active nutrients from fertilizers: 210 (N) + 72 (P) + 72 (K)

Floral treatment

Time of application

Fertilizer type and quantity

Nutrients kg/ha

kg/h
Before sawing FI\/QII/(Z%) 10 (Si); 1.56 (K); 0.4 (S); 0.02 (P)+ trace elements
Seed treatment FM (20) 10 (Si); 1.56 (K); 0.4 (S); 0.02 (P)+ trace elements
1% split: early tillering FM(;OUJrrelaOg()S N 15 (Si); 2.34 (K); 0.6+(225; (ON())3 (P); trace elements
21 split: active tillering FM(*Z-OUiegOA),G N 10 (Si); 1.56 (K); O.j 287)6008)2 (P); trace elements
3 split: end of tillering FM(*Z-OUiegOA),G N 10 (Si); 1.56 (K); O.j 287)6008? (P); trace elements

Total quantity of applied fertilizers:
Total active nutrients from fertilizers: 101.2 (N) +

330 kg/ha (220 Urea 46 N + 110 FM)
55 (Si) + 8.58 (K)+ 2.2 (S)+ 0.11 (P) + trace elements

Weather and soil conditions

The field trials were set up in the Rice exper-
imental station of the Institute of Agriculture Skop-
je, in the Sredorek area of Kochani. The trial site is
located within the main rice-producing region that
belongs to the temperate continental sub-
mediterranean region of the Republic of Macedonia
[41] and represents typical rice producing conditions
of the country. The temperatures and precipitation
sums during rice vegetation in the trial years 2014
and 2015, along with long-term average data for the
1998-2013 period are presented in Table 2 (data

obtained from the meteorological station at the Insti-
tute of Agriculture Skopje — Rice research station in
Kochani).

From previous surveys [42] the soil in the
Sredorek area where the field trial was set up is
classified as alluvial. pH (reaction) of the soil solu-
tion has been determined with a glass electrode in
water suspension and in IMKCI suspension [43].
The content of CaCOs; was determined using
Scheiblers calcimeter [43]. Easily available forms of
P.Os and KO were determinate by the Al method
[44]. The major soil characteristics are given in Ta-
ble 3.
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Table 2. Average temperatures and precipitation sums for 2014 and 2015, along with 1998 — 2013 averages

Months Average
IV v ViVl vl X X Yearly During
average  vegetation
Year Mean monthly temperatures (°C)
2014 124 168 208 232 238 183 138 13.8 18.4
2015 114 189 210 263 255 216 139 13.9 19.8
AVG 1998-2013 139 187 228 255 252 200 148 14.1 20.1
Mean monthly maximum temperature (°C)
2014 180 230 281 309 318 250 207 20.1 254
2015 183 259 282 341 332 283 202 20.4 26.9
AVG 1998-2013 194 241 287 316 316 263 204 19.5 26.0
Mean monthly minimum temperature (°C)
2014 7.4 108 140 165 166 134 87 8.5 12.5
2015 5.2 125 141 179 175 148 93 7.8 13.0
AVG 1998-2013 5.8 103 134 152 152 108 6.8 6.4 11.1
Monthly precipitation (mm) Precipitation sum (mm)
2014 1210 920 1160 65.0 31.0 89.0 37.0 794.0 551.0
2015 31.0 320 620 2.0 320 59.0 127.0 605.0 345.0
AVG 1998-2013 39.7 491 593 279 33.0 418 585 493.9 309.3
Table 3. Some chemical characteristics of the soil in Sredorek area
Soil depth CaCOs3 (%) Pu Easy available mg/100 g soil
(cm) H,O N KCI P,Os K,0
0-20 0 5.60 4.70 23.61 13.30
20-40 0 6.00 5.30 7.48 12.95

RESULTS AND DISCUSSION

The results obtained in this study are present-
ed in Tables 4 to 11. FM treatment resulted in lower
average plant height (103.02 ¢cm) and stem height
(87.47 cm) as compared to the control (Table 4).
Similar results were reported by Hekimhan et al.
[28]. Statistically significant differences were ob-
tained in 2014. On the other hand, the differences in
2015 were non-significant. In the control, the culti-
var San Andrea had an average plant height of
111.81 cm and an average stem height of 95.91 cm.
This plant height value corresponds to the range of
107 cm to 116 cm reported for this cultivar in the
country of origin [39, 40].

Shorter panicle in FM treatment was observed
in both years, with significant differences.

The lower values for the plant height, stem
height and panicle length in the FM treatment can
be attributed to the lower nitrogen rate as compared
to the control. Nitrogen level plays an important role
in increasing rice plant height [45]. According to
Dastan et al. [25], while plant height, stem length
and panicle length increased by increasing the nitro-
gen fertilizer, their values decreased by silicon ap-
plication.

While lodging occurred in the control in both
years, resistance to lodging was evident in the FM
treatment, as lodging was not observed. These re-
sultsare in accordance with the reported effect of
silica on rice resistance to lodging [31]. Silicon is
distributed to tissues involved in maintaining rigidi-
ty of the plant to prevent lodging, specifically the
leaf sheath, the outermost part of the stem and the
leaf blade midrib [23]. According to Dastan et al.
[25], the silicon application increased resistance to
lodging because of a decrease in plant height, stem,
panicle, 3rd and 4th internodes length, which de-
creased the bending moment of the 3rd internode.
The effect of silica on rice stalk rigidity was greater
at lower doses of applied nitrogen [22].

During the tillering stage (monitored at early
and active tillering), the rice plants are grown in the
FM treatment developed longer roots compared to
control, as evident in Figures 1 and 2. These obser-
vations are in accordance with Jawahar et al. [46],
who reported that silica fertilizer (Silixol) signifi-
cantly increased the root length and volume in rice.
Similarly, Adhikari et al. [47] reported enhanced
length, volume and dry matter weight of root in rice
seedlings with the application of silica nanoparti-
cles.
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Table 4. Effect of Floral microsil fertilizer on plant height, stem height and panicle length (cm)
in rice cultivar San Andrea

Plant height
Floral SD CVv min  max  Control SD Cv min max
2014 103.97* 6.16 5.94 94 115 118.85 8.57 7.21 105 133
2015 102.07 5.33 5.22 92 111 104.77 4.12 3.93 96 111
Average 103.02 111.81
* the result for the Floral microsil treatment significantly differs from the control (p< 0.05)
LSD (2014): 9.26 (a0.05), 21.37 (00.01); LSD (2015): 10.42 (0a0.05), 24.03 (00.01)
Stem height
Floral SD CcvV min  max  Control SD Ccv min max
2014 87.67* 5.96 6.80 78 99 102.52 8.92 8.70 88 118
2015 87.27 4.83 5.53 79 96 89.30 4.00 4.48 81 97
Average 87.47 95.91
* the result for the Floral microsil treatment significantly differs from the control (p< 0.05)
LSD (2014): 9.81 (a0.05), 22.62 (00.01); LSD (2015): 9.82 (a0.05), 24.64 (00.01)
Panicle length
Floral SD CcVv min  max  Control SD Ccv min max
2014 16.30 165 1021 13 21 16.33 231 1415 12 23
2015 14.80* 1.32 8.92 13 18 15.47 1.37 8.86 13 18
Average 15.55 15.90
* the result for the Floral microsil treatment significantly differs from the control (p< 0.05)
LSD (2014): 1.32 (00.05), 3.03 (a0.01); LSD (2015): 0.63 (00.05), 1.44 (a0.01)

Floral microsil

Floral microsil

Figure 1. Root development in rice at early tillering stage: Figure 2. Root development in rice at active tillering:
Control- plants grown with standard fertilization; Floral Control- plants grown with standard fertilization; Floral
microsil- plants grown with Floral microsil fertilizer microsil- plants grown with Floral microsil fertilizer

Table 5 presents the results for the number of ~ 4.00 accordingly) were produced as compared to the
productive and non-productive tillers per m?. In the  control (381.50 and 1.17 respectively). The differ-
FM treatment, a higher average number of produc-  ences were non-significant.
tive and non-productive tillers per m? (412.50 and
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Table 5. Effect on Floral microsil fertilizer on the number of productive and non-productive tillers per m?
in rice cultivar San Andrea

No. productive tillers/m? No. non-productive tillers/ m?
2014 2015 Average 2014 2015 Average
Floral 420.33 404.66 412.50 6.33 1.66 4.00
SD 111.38 94.55 4.16 1.91
Control 430.33 332.66 381.50 0.33 2.00 1.17
SD 63.34 42.52 0.58 4.00
Ftest p>0.05 p>0.05 p>0.05 p>0.05
LSDo.0s 224.46 215.16 8.96 8.37
LSDo.o1 517.72 394.96 20.66 15.36

The biological yield (straw + paddy), straw
yield and paddy rice yield at 14 % grain moisture
are presented in Table 6. The FM treatment resulted
in significant differences in the biological and straw
yield, while the paddy rice yield was statistically on
par with the control values.

In the FM treatment, significantly lower bio-
logical and straw yield was produced in both years,
with an average of 20958.34 kg/ha and 10769.67
kg/ha accordingly, as compared to the control (bio-
logical yield- 24852.00 kg/ha; straw yield 15101.34
kg/ha). The average paddy rice yield at 14 % grain
moisture was higher in the FM treatment (9839.99

kg/ha) as compared to the control (9368.60 kg/ha).
The differences were non-significant.

The decrease in biological yield in the FM
treatment in both years was mainly due to the de-
crease in straw yield as compared to the control. The
significantly lower straw yield can be attributed to
the lower N rate applied. According to Pramanik
and Bera [45], nitrogen application increased the
straw yield significantly with an increase in levels
up to 200 kg/ha.

The average hygroscopic grain moisture in
paddy rice at harvest ranged from 17.43 % in the
FM treatment to 17.92 % in the control (Table 7).
Significant differences were found in 2015.

Table 6. Effect of Floral fertilizer on the biological yield (straw + paddy), straw yield and paddy rice yield
at 14 % grain moisture in rice cultivar San Andrea (kg/ha)

Floral SD Control SD F test LSDo.os LSDo.01
Biological yield
2014 20016.67 1164.40 23116.67 236.29 p<0.05 2602.63 6003.05
2015 21900.00 1195.83 26587.33 1553.16 p<0.05 2932.49 5382.99
Average 20958.34 24852.00
Straw yield
2014 9466.67 557.52 12650.00 259.81 p=<0.05 1868.77 4310.37
2015 12072.67 1384.59 17552.67 1437.99 p=<0.01 1084.76 1991.23
Average 10769.67 15101.34
Paddy rice yield at 14 % grain moisture
2014 10152.30 721.61 10054.87 275.41 p>0.05 1961.43 4524.09
2015 9527.67 837.17 8682.33 603.61 p>0.05 2263.14 4154.30
Average 9839.99 9368.60

Table 7. Effect of Floral fertilizer on hygroscopic grain moisture at harvest in rice cultivar San Andrea (%)

Floral SD Control SD Ftest LSDo.0s LSDo.01
2014 17.80 0.26 17.93 0.06 p>0.05 0.80 1.84
2015 17.05 0.10 17.90 0.08 p<0.01 0.21 0.38
Average 17.43 17.92
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The application of FM had a significant effect
on the 1000 grains weight, but not on the hectoliter
weight (Table 8). Significantly higher 1000 grains
weight was obtained in both years in Floral with an
average value of 39.97 g, as compared to the control
(38.28 ¢). Significantly increased 1000 grains

weight due to silica application was also reported by
Hekimhan et al. [28], Pati et al. [29] and Cuong et
al. [30].

Significant differences were not determined
for the hectoliter weight, which ranged from 51.69
kag/hl in FM to 51.35 kg/hl in the control.

Table 8. Effect of Floral microsil fertilizer on 1000 grains weight (g) and hectolitre mass of paddy (kg/hl)
in rice cultivar San Andrea

Floral SD Control SD Ftest LSDo.os LSDo.o1
1000 grains weight

2014 39.20 1.44 37.33 2.00 p=<0.05 1.60 3.68

2015 40.73 0.96 39.23 0.50 p=<0.05 0.92 1.69
Average 39.97 38.28

Hectolitre mass

2014 51.50 0.50 51.33 0.29 p>0.05 0.72 1.65

2015 51.87 0.48 51.37 0.25 p>0.05 0.65 1.19
Average 51.69 51.35

The head rice yield in the FM treatment was
statistically on par with the control values. Insignifi-
cantly higher values were found in the control for
the whole grains (Table 9). The FM had average
values for the total milled rice, whole grains and
broken grains of 69.32 %, 59.80 % and 9.52 % ac-
cordingly as compared to 70.18 %, 63.53 % and
6.65 % in the control.

The head rice yield (whole grains) in both the
control and the FM treatment was higher in 2015 as
compared to 2014. Accordingly, the broken grains
percentage was higher in 2014. This variation of the
head rice yield can be explained by the environmen-
tal factors that prevailed during the study, as 2014
was a cooler and wetter year during rice vegetation
and grain filling period compared to 2015.

Table 9. Effect of fertilizer Floral microsil on the head rice yield in cultivar San Andrea (%)

Floral SD Control SD F test LSDo.0s LSDo.01
Whole grains
2014 53.87 2.40 58.03 2.53 p>0.05 7.25 16.73
2015 65.73 2.37 69.03 0.97 p>0.05 4.77 8.75
Average 59.80 63.53
Broken grains
2014 12.13 2.76 10.00 1.85 p>0.05 9.82 22.65
2015 6.90 2.17 3.30 0.87 p>0.05 4.52 8.31
Average 9.52 6.65
Total milled rice
2014 66.00 0.46 68.03 1.27 p>0.05 3.07 7.07
2015 72.63 0.53 72.33 0.29 p>0.05 0.84 1.53
Average 69.32 70.18

The results for the white rice yield are shown
in Table 10. The white rice yield in FM treatment in
both years was statistically in par compared to the
yield obtained in the control, with the average yield
difference of only -0.87 %. The FM treatment yield-

ed 5856.75 kg/ha average white rice, while the con-
trol 5907.91 kg/ha. The results show that the appli-
cation of FM in combination with a lower amount of
nitrogen yielded white rice yield that is statistically
on par with the standard fertilization method.
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Table 10. Effect of Floral fertilizer on white rice yield in rice cultivar San Andrea

Floral SD Control SD F test LSDo.os LSDo.o1

2014 5457.70 166.89 5824.64 511.26 p>0.05 1636.51 3774.67

2015 6255.80 508.38 5991.17 339.05 p>0.05 1275.81 2341.92
Average 5856.75 5907.91

The partial factor productivity from applied
nutrients is a useful measure of nitrogen use effi-
ciency because it provides an integrative index that
quantifies total economic output relative to the utili-
zation of all nutrient resources in the system, includ-
ing indigenous soil nutrients and nutrients from ap-
plied inputs [38]. According to Pati et al. [29] and
Cuong et al. [30], Si application significantly in-
creased the uptake of nutrients (N, P, K), and in-
creased the yield and yield components. This was

also evident in the trial, as the FM treatment signifi-
cantly increased the nitrogen use efficiency estimat-
ed thru the partial factor productivity from applied
nitrogen. In FM treatment average partial productiv-
ity of 97.24 kg, paddy rice/kg N and 57.88 kg white
rice/lkg N was obtained as compared to the control
(average values of 44.61 kg paddy rice/kg N and
28.14 kg white rice/kg N). Therefore, a significantly
higher quantity of paddy and white rice per 1 kg
applied nitrogen was produced in the FM treatment.

Table 11. Effect of Floral microsil application on partial factor productivity of applied nitrogen
in rice cultivar San Andrea

Floral SD Control SD F test LSDo.0s LSDo.01
Partial factor productivity from applied nitrogen (paddy rice)
2014 100.32 7.13 47.88 131 p<0.01 18.23 42.04
2015 94.15 8.27 41.34 2.87 p<0.01 17.56 32.23
Average 97.24 44.61
Partial factor productivity from applied nitrogen (white rice)
2014 53.93 1.65 27.74 2.43 p<0.01 9.77 22.53
2015 61.82 5.02 28.53 1.61 p<0.01 10.13 18.59
Average 57.88 28.14

The application of Floral microsil fertilizer sig-
nificantly increased the nitrogen use efficiency esti-
mated thru the partial factor productivity. Therefore,
paddy and white rice yield statistically on par with the
standard fertilization were produced with a lower
amount of applied nitrogen fertilizer. These findings
are of ecological significance, as they suggest that the
application of plant bio-available silica in Macedonian
rice production could reduce the use of mineral ferti-
lizers prevalent in the standard fertilization.
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BJIMJAHHUETO HA IPUPOJHOTO MYJTUMHUHEPAJTHO I'YEPHBO CO AMOP®EH
CUWJIMIUYM FLORAL MICROSIL BP3 OAPEAEHU MOP®OJIOHNIKHA U NTIPUHOCHHU
CBOJCTBA KAJ OPHU30T (ORYZA SATIVA L))

Tpajue Jumurposcku’’, lanuna Auapeescka’, Jloope Aunos!, Emuinja Cumeonosckal, Jbyoe
JlozanoBcku®

! 3emjonencku uncturyt — Cromnje, Yuusepsurer ,,Cs. Kupun u Meroauj“, Cxomje, Peny6ika Makeionuja
2 Vuunumrren uentap ,,Kpere I1. Mucupkos®, Jlemup Xucap, Peny6ika Makeionuja
e-mail: dimitrovskitrajche@gmail.com

Brujanuero Ha npupogHoTo MyntuMuHepaiHo ryopuso Floral microsil (FM) (50 % 6uonocranen amopdeH
SiO; + MakpOHYTPHEHTH M €JIEMEHTH BO TPard) Bp3 HEKOH MOP(OIONIKA H IPOLYKTHBHH CBOjCTBA HA OPH30T Oelie
HCITUTAHO BO arpoeKOJIONIKATE yciaoBu Ha PemyGmmka Makemonuja kaj coprara San Andrea. Bea wcmnmranu mnse
BapHjaHTH. KOHTpOJa (CTaHmapjaeH HauwH Ha ryopeme) co 450 kg NPK (16:16:16) kako ocHOBHO FyOpuBO + IBE
npuxpanysama co Urea 46 % N (200 + 100 kg/ha), u FM Bapujanra: 20 kg/ha FM mpen cennba, TpeTMaHn Ha ceMe co
20 kg/ha FM + tpu mpuxpanysama co FM + Urea (30 + 100; 20 + 60 u 20 + 60 kg/ha cooxsetro). ITosickuTe onuru
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Oea moctaBenu cropen Zade-meronot Bo TekoT Ha 2014 u 2015 romuna. Pesynrature Oea anammnsupanu co ANOVA u
LSD-recr.

Tpermanot co FM 3HauajHo BiMjaciie Ha BHCHHATAa Ha pacTeHHeTo M crebnoro (2014), pesyarupajku co
norwucko pacrerue (103.02 cm) u cre6io (87.47 ¢cm) Bo criopenba co kortposata (111.81 cm u 95.91 cm). 3HauuTenHo
noHn30K Gromnomku npuHoc (20958.34 kg/ha) u mpuroc Ha cinama (10769.67 kg/ha) 6ea noGuenn kaj FM-BapujanTaTa
BO cmopenba co xkoHTponara (24852.00 kg/ha u 15101.34 kg/ha). TpermanoT co FM 3Hauajuo ja 3rosemMu mMacaTta Ha
1.000 3pna (39.97 g mactpoTr 38.28 g mpocek BO KOHTpoJara). Pa3nukuTe BO PHHOCOT Ha apra u 6en opus (9839.99
kg/ha; 5856.75 kg/ha) Bo FM-BapujanTata Gea CTaTHCTHYKK Ha MCTO HHUBO co KoHTponata (9368.60 kg/ha u 5907.91
kg/ha), kako u JloJKMHATA HA METJIMYKATa, OPOjOT HA MPOJYKTHBHM M HENPOJYKTHBHU OPaTUMKHM Ha M2, paHJAMaHOT
(uernu 3pHA U KpIICHM 3pHA) U XEKTONUTapcKaTa Maca.

Amnmkanujata Ha FM 3Ha4ajHO ja 3rojieMHM HCKOPHCTEHOCTa Ha a30TOT, OJpejAeHa NPEeKy OJHOCOT Ha
KONMYMHATA Ha JOOWCH 3eMjoMEeNICKH MpoM3BOJ (MPUHOCOT) M KOJMYHHATA HA ymoTpeOeHo yOpHBO Ha eAMHHIIA
noepiuuna — partial factor productivity (97.24 kg apma/kg N u 57.88 kg 6en opus/kg N), Bo cropenda co KoHTposaTa
(44.61 kg apma/kg N u 28.14 kg 6en opus/kg N). Cropen Toa, npu amnukanuja Ha ryopusoto Floral microsil Bo
KOMOWHAIIHja CO IMoMaja KOJIWIWHA a30THO I'YOPHBO ce TIOCTHTHA MIPUHOC Ha apma U 0eJ Opy3 CIIMYCH CO CTAaHIAPIHUOT
HadrH Ha TyOpeme. OBHE pe3yiITaT ce 0] €KOJIOIIKO 3HAYCHE 32 OPU30NPON3BOICTBOTO Ha Pemrybnmnka Makenonwmja.

Kayunu 300poBu: ryopuso; mopdonomky; partial factor productivity; mpogykTuBHE OpH3; CHITUIILYM
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After the cheese production process, the whey, obtained as a by-product, is not valorised and remains in the
waste water which is usually disposed of in natural watercourses. The aim of the study was to analyse the profile of
whey proteins, as well as, to quantify the amount of those fractions. 12.5 % SDS-PAGE was used. The total amount of
proteins in whey from cow white cheese was 0.73 % = 0.15, while in cow kashkaval whey was 0.91 % = 0.08. In whey
from white cheese, the relative protein percentages were: lactoglobulin 67.29 % + 4.99, lactalbumin 20.64 % =+ 2.02 and
other fractions related to bovine serum albumin with 12.07 % + 3.05. In whey from yellow cheese, the proteins percent-
ages were: lactoglobulin 52.62 % =+ 1.21, lactalbumin 17.62 % + 1.26 and other fractions related to bovine serum albu-
min with 29.74 %, respectively. Predominantly, g-lactoglobulin was present in the analysed samples. The valorisation
of the waste whey obtained in the white cheese production, and development of new product also contributes in the en-
vironment protection.

Key words: whey proteins; protein profile; by-product

INTRODUCTION

Whey is a by-product in cheese manufactur-
ing process, in general defined as the serum or
watery part of milk that remains after the separation
of the curd that forms as a result of the milk
coagulation by acid or proteolytic enzymes. The
whey composition depends on the type milk and
cheese or the method of casein precitipation that the
manufacturer has applied [1].

The whey protein fractions contains about 50 %
FLg, 25 % o-La and 25 % other protein fractions,
including immunoglobulins. There are wide variations
in composition depending on the milk supply, and the
process involved in the production of the whey. Whey
is classified into three groups: sweet whey (pH

typically 5.8-6.6), medium acid whey (pH typically
5.0-5.8) and acid whey (pH > 5.0). In general, the
whey obtained from rennet-coagulated cheese
develops low levels of acidity, whereas the whey
from fresh acid cheeses, such as Ricotta or Cottage
cheese, yields medium acid or acid whey. The whey
from caseins produced by acid is classed as high
acid whey, whereas whey from rennet casein is
sweet whey [2].

Whey proteins are well known for their high
nutritional value and versatile functional properties
in food products. The worldwide production esti-
mation of whey indicate that about 700.000 tons of
whey proteins are available as valuable food
ingredients. The nutritional and functional characte-
ristics of whey proteins are related to the structure
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and biological functions of these proteins [3]. Whey
protein products, such as whey protein concentrate
or whey protein isolate are widely used in the food
industry due to the high functional and nutritive
properties. Also, these products represent the best
way for the utilization of whey proteins [4].

Another option for whey utilization is whey
cheese production. Worldwide, the whey cheese
types are manufactured according to traditional pro-
cedures by denaturation of whey proteins. Ricotta is
the most important, and well-known, whey cheese
in the world. The Macedonian type of whey cheese
recognised as urda is produced from whey originat-
ing from kashkaval production [5].

The aim of this study was to compare protein
profiles of different types of whey in relation to de-
velop possible technology for the whey cheese ob-
tained from white cheese. The knowledge of the
protein profile of the whey derived from white and
yellow cheese production will contribute in the de-
velopment of procedures for valorization of the
waste whey from white cheese production process.

EXPERIMENTAL SECTION

The samples of the whey obtained at the
white brined cow cheese and yellow hard cow
cheese production were analysed. White cheese pro-
duction process is a vat technology with pasteurized
milk at 79 °C, whereas yellow cheese technology is
a tank process with pasteurised milk at 72 °C. Due
to the different types of technologies, vats vs. tank,
the yields of the final product were different. The
yield obtained at white brine cheese production was
5.5 L milk/kg product, while at yellow hard cheese
9.8 L milk/kg product. The pH value of cheese
whey and yellow cheese whey was 5.89 and 6.37,
respectively. The total number of analysed samples
was 6 in 4 repetitions.

Electrophoretic analyses were done using so-
dium dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE). The samples were analysed
using 12.5 % T resolving gels and were previously
treated with equal amount of reducing buffer (8 M
urea/2 M thiourea, 75 mM DTT, 50 mM Tris, 3 %
SDS, and 0.004 % bromophenol blue, pH 6.8) [6].

The gel used for electrophoresis was divided
into an upper 3 % T stacking gel pH 6.8. The stack-
ing gel has a role to deposit the proteins at the top of
the resolving gel as a narrow band. SDS-PAGE was
performed according to Laemmli method [7]. Briefly,
samples were loaded onto a 12 cm x 10 cm x 1 mm
polyacrylamide running gel consisting of a 12.5 %
resolving gel [30:0.8, acrylamide/ (N,N’-methylene

bis-acrylamide)] and a 3 % stacking gel containing 1
% SDS. Milk protein standards containing bovine
casein (ap. 22 kDa), lactalbumin (ap. 14.5 kDa) and
lactoglobulin (ap. 18 kDa) and bovine serum albu-
min (ap. 66,5 kDa) prepared as mixture in concen-
tration of 20 mg/ml. Electrophoretic separation was
carried out at a constant voltage of 10 V/cm?!. Gels
were stained with Coomassie Brilliant Blue G-250
and distained with 10% acetic acid. The analysis of
the gels was done with Phoretix software (Nonlinear
Dynamics New Castle on Tyne, UK) [8].

Photometric quantification of total proteins
was performed in order to determine the residues of
proteins in waste water after the cheese-making pro-
cess using Bradford method [9].

RESULTS AND DISCUSSION

Utilization of the remaining proteins in whey
waste water after the cheese-making process was the
topic of this study with two objectives. The first one
was to protect the natural water streams from pollu-
tion, and the second was to recycle the valuable re-
maining compounds to develop a new by-product.
For such purposes were estimated the profile of the
protein residues in whey waste water and their quan-
tity.

The method of choice for protein profiling
was SDS-PAGE. The type of electrophoresis used
was of the denaturing type because it used dithio-
threitol (DTT) that reduces all the disulphide bonds,
while the sodium dodecyl sulphate bonds to all the
protein regions, breaking all the non-covalent bonds
and gives the proteins a negative charge. The opti-
mization of conditions for SDS-PAGE electrophore-
sis on milk proteins from whey waste was done
changing the voltage, duration and amount of ap-
plied sample. We found that the most conclusive
results are reached using 12,5 % SDS-PAGE (Fig-
ure 1).

To confirm reproducibility of the electropher-
ograms, two gels were prepared with 2 different
sample concentrations, a stock and 1:1 dilution of
the stock which were run under the same conditions
(Figure 2).

The results showed that in all samples B-
lactoglobulin was present in the highest concentra-
tion, followed by o-lactalbumin and ending with
fractions with the similar molecular weight as bo-
vine serum albumin. Densitometric quantification of
each fraction confirmed the visual observation.
(Figure 3).
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1 2 3 4 5 6 7 8 9 10

Figure 1. 12,5 % SDS-PAGE on milk proteins: #1 casein (standard), #2 lactoglobulin (standard),
#3 milk protein mix (casein, lactoglobulin, bovine serum albumin - standards),
#4-6 three whey samples after production of cow white brine cow cheese,
#7-9 three whey samples after production of yellow hard cheese, #10 BSA (standard)

12 3 4 5 6 7 8 9 10 1 2 3 45 6 7 8 9 10

Figure 2. SDS-PAGE electroforegrams of the same samples with different dilutions. #1mix (casein,
p-lactoglobulin, a-lactoalbumin ,BSA) #2-3 whey from sheep white cheese ; #4-5 whey from sheep yellow cheese;
#6-7 whey from mixed sheep-cow yellow cheese; #8-9 whey from mixed sheep-cow white cheese; #10 BSA standard.
A) Undiluted samples. B) Diluted samples 2x

Figure 3. Phoretix analysis of 12.5 % SDS-PAGE on separate fraction in protein profile:
#2,4,5 Waste whey from white cheese; #6-8 Waste whey from yellow cheese; #3 Milk protein standard.
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Numerical data on percentage participation of
each fraction are shown in Graph 1 and 2. Because
we didn’t have precise distinction between the frac-
tions with molecular weight close to BSA, we la-
beled those fractions a BSA 1, 2, 3 and 4.

After cheese processing, the total amount of
proteins in the whey waste water from white cheese
was 0.71 % + 0.15, while it was 0.91 % + 0.8 in the
waste water after yellow cheese production (Graph. 3).

The results showed that the quantity and
composition of proteins in whey waste water after
the production of white and yellow cheese are stable
and is a good basis for recycling of those proteins in

80

development of new products. Future product de-
velopment should be turned in the direction of val-
orisation of the white cheese whey waste for whey
cheese production. Knowledge of whey composition
and adjustments of the process parameters in whey
cheese technology could allow manufacturing of
whey cheese to realize maximal yield. Also, white
cheese whey could be the basic raw material for the
production of traditional lactose free whey cheese
[10, 11]. Usage of waste whey in some products will
contribute in improvement of physicochemical pa-
rameters (COD, BOD, pH) of waste water and envi-
ronmental protection [12].
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KAPAKTEPU3AIINJA U KBAHTUOPUKALINJA HA TPOTEMHUTE BO CYPYTKA
KAKO HYCIIPOU3BO/ O TPOU3BOJACTBOTO HA CUPEILE U KAIIKABAJI

Aaexcanaap Yaguxosckn', Tome Hecroposeku?, Becna Padajnosekal, Macdonald Wick?,
3opan T. lonoseku?

'Onnen 3a [Npexpanbena TexHOIOTHja U GHOTEXHOIOTUja, TEXHOMOMIKO-METATYPIIKH (aKyITeT,
Yuusepsurer ,,C. Kupun u Meronuj“, Ckomnje, PemyOnuka Makenonuja
2Qpen 3a OMOXEMHja U TEHETCKO MHKEHEPCTBO, DaKyIITeT 3a 3eMjOENICKU HAYKH H XPaHa,
Yuusepsurer ,,CB. Kupwun u Meronnj*, Cxomje, Penyonnka Makenonuja
3Department of Animal Sciences, College of Food, Agricultural and Environmental Sciences,
Ohio State University, Columbus OH — USA

CypyTkara no0ueHa Kako HYyC-IPOM3BOJ Ol MPOM3BOJACTBOTO Ha O€JI0 CUpEeme, He Ce Bajopu3upa BO
HHJyCTpHjaTa 32 MICYHH MPOM3BOIM M TUPEKTHO OIM KaKo OoTmajgHa Boja. LlenTa Ha oBa MCTpaxyBame Oelie na ce
YTBPAX TPOTEHHUCKHUOT TIPOQHIT HA CYpYyTKaTa, & BOCSJHO U Ja e KBAaHTH(HUIMPA KOIUYECTBOTO HA OJICTHU (GpaKIHH.
12,5 % SDS-PAGE oOemie koprceH kako cTaHmap] 3a eJIeKTpodoperckaTa TeXHHKAa. BKYNMHOTO KOJHUYECTBO Ha
MIPOTEHHHU BO CYpYyTKa 01 0ello KpaBjo camamypeHo cupeme ¢ 0,73 % = 0,15, nomeka Bo CypyTKa Off KpaBjH KalllkaBal ¢
0,91+0,08. Kaj cypyTkata o7 0el0TO CUPCH-E, OMICTHUTE (PPAKIHUK Ce 3aCTACHU CO CIEAHMBE mpoueHTH: 67,29 % +
4,99 nakrorno0yauH, 20,64 % + 2,02 nakroanoymun u 12,06 % + 3,05 roBencku cepym anbymuuu. Bo cypyTtkaTa of
KaIlKaBaJl, CypyTKUHHUTE MPOTEHHH CE MPUCYTHU CO CIEIHUBE MPOIeHTH: 52,62% + 1,21 makrormobymus, 17,62 + 1,26
nmakToanoymuH, u 29,74 % roBeacku cepym anOymuHH. Bo aHanmm3mpaHUTE IPUMEPONH HAa CypyTKa € YTBPIACHO JIeKa
JIOMHUHHUpA [-1akTorno0ynuHOT. Banopu3amujata Ha oTHagHaTa CypyTKa oJf IPOU3BOJCTBO Ha 0OEJ0 CHUpPEhe BO Pas3Boj
Ha HOB TPOM3BO/I MPHUIOHECYBA BO 3aIlITUTATA HA )KUBOTHATA CPEAMHA.

Knyunu 300poBH: CypyTKHUHHU NIPOTEUHH; IPOTEHHCKH MPOQHIT; HYC-IPOU3BOA
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