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H3cienBane HA IUIOJ00TAE/ISIHETO U MOBPEIUTE 110 MJIOAOBETe P UHEPLUUOHHO
BB3AelicTBHE

Investigation of fruit detachment and fruit damage in inertial impact

HBan Moptes, Muxo Muxos, Pymsna Kupesa, Bukropus KpHuepa
WHcTHTyT 110 TOYBO3HAHUE, arPOTEXHOIOTHH | 3amura Ha pactenusta "H.Ilymkapos", Codus, CenckocTonancka akageMusl.

PE3IOME: Ananusupanu ca ¢hakmopume oxazeawyu 6iusHue Ha npoyeca nio0oomoeisHe npu UHePYUuoOHHU 6b30elCmEus 6bpxXy 0OMami.
Dopmynupanu ca Kpumepuu 3d Kauecmeo, OnpedeieHu ca napamempume HA npoyeca u unmepsanume Ha eapupane. IIposeden e
MmHo2opakmopen  excnepumenm. I[lonyuenume pesynmamu ca 006pabomenu NO MemMoOOUmMe HA PEeSPEeCUOHHUS AHAMU3 U CA NOLVYECHU
MamemamuyHume Mooenu Ha npoyeca. Mzevpuiena e onmumusayus u ca 0adenu npenopvru 3a NPAKmukamd.

Ivan Mortev, Miho Mihov, Rumyana Kireva, Victoria Kancheva
Institute of Soil Science, Agrotechnology and Plant Protection "N. Pushkarov", Sofia
Agricultural academy

ABSTRACT: The factors influencing the process of fruit separation in the case of inertial effects on tomatoes were analyzed. Quality
criteria are formulated, process parameters and variation intervals are defined. A multifactorial experiment was conducted. The obtained
results were processed according to the methods of regression analysis and the mathematical models of the process were obtained.

Optimization is performed and recommendations for practice are given.

YBOJ

IIn0J00TACISIHETO € Hali-ChIIECTBEHATa YacT OT MEXaHU3UPAHOTO
npubupane Ha gomatute 3a mpepabotka [1,2,3]. To Bimse Haii-
CHJIHO BBPXY Ka4eCTBOTO Ha MOJIy4aBaHATA JOMATCHA HPOIYKIIHS.
B nepuoabT Ha npHOMpaHe IUIONOBETE ca MOAJIOKCHH Ha
MHOJKECTBO BB3JCHCTBHS, KOUTO HECBMHEHO OKa3BaT BIMSHHE Ha
KauecTBOTO WM. IIpM  IUIOZOOTAENSIHETO €  HEOOXOIUMO
BB3JEHCTBUATA Ja ObJAaT JOCTATHYHH 3a MPEOJOJIBaHE Ha cuilaTa
Ha BPB3KaTa MEXy IUIOJa U CTHONOTO M CHIIEBPEMEHHO Ja Obaar
HO-MaJKH OT TE€3H, NPU KOWTO MIE HACTHIM pa3pyllaBaHe Ha
OOBHBKaTa Ha IUIOJA W e JJOBEAE MPOIYKIHUSITA B KaTEropusra ¢
MO-HUCKO KayecTBO. Te3n creuudHYHN HM3UCKBAHHUS, KbM
IUIOZI0OTACIIUTEHUTE MEXaHH3MH, Ca JIOBEJIM [0 HajaraHeto Ha
WHEPIMOHHHUSA TPHHLMI Ha IUIOJOOTACISIHE Karo Haif-ynaueH.
CuinTe, KOMTO NPEAU3BUKBAT OTKHCBAHETO HA IUIOJOBETE HE Ca
NPWIOKEHH BBHIIHO, a BB3HHKBAT B CaMHTE IUIOZOBE, MOPAIH
KOETO Te He MOraT Jia MPUYHHAT IMOBPEAH BbpXY mioza. [loBpean
Ouxa ce MOIyYMIIH aKo IPH OTKBCBAHETO IUIOABT CPEILIHE CIEeMEHT
OT IUIOJOOT/ICIUTEIIHUS MEXaHH3bM. BBIpPeKkH, 4e TEOPETHYHO
pasriefaHo cuiaTa, OTKbCBAIlA 110/, HE3aBUCHMO OT CTOWHOCTTa
W ¥ BIMSIHAETO W BBPXY IUIOJOOTHEISIHETO, cama mo cebe cu He
npeu3BUKBa MoBpeau. IToBpeanTe, NPHYMHEHH OT MHEPIHMOHHATA
CHJIa ca BCJIEICTBHE Ha HEITHOTO BIIMSIHUE BbPXY APYTH CHIIH, KOHUTO
OT CBOS CTpaHa MPHYMHABAT IIPOMEHHMTE B CTPYKTypara Ha
IJIO/IOBETE.

Beunuku Te3u 0COGCHOCTH MMOKa3BaT IPOTHBOPEYHNBATA CHUIHOCT Ha
pasriexaands npuHiMn. ToBa Hamara HEOOXOJMMOCTTa OT
3abI00YCHO H3SCHSBAHE HA BCHYKHTE CJIEMCHTH Ha Ipoleca
IUIOZI0OTACIISIHE.

METOJUKA HA U3CJIEABAHETO

Ilpn TOBa wW3cie[BaHe wie ObAe NPUIOKEH IPHHLIUIIBT Ha
JeAyKIUATa T.e. e Obje pasriefaH Ipoleca KaTo IS0 U CIex
TOBA HCTOBUTE CbCTABHHU CIICMCHTH.

BBpXy MJIOIOOTAENSHETO BIUSHUE OKa3BaT MHOXKECTBO (hakTopH.
Te3u ¢akTopu CrOpen CHIIHOCTTA UM U MSCTOTO Ha MPOSIBSIBaHE
Morar ja ObaaT pa3[eieHH Ha BE OCHOBHHU rpynu (BbTPEIIHU U
BBHIIHN). BBHIIHHTE (aKTOpH HE 3aBUCAT OT IapaMeTpuTe Ha
cucreMara. TAXHOTO BIMSHHE MOXE Ja C€ OTYHTa, HO HE U Jia Cce
perynupa. Te ca cBbp3aHH C TOJaBaHHs B CHCTeMara Marepuai 3a
obpabotka. B ciydas Te ca OWOJNIOTMYHH, TEXHOJOTHYHH H
TEXHHYECKH.

KbM Ononornunute (hakTopu ce NMPUYHUCISIBAT BCUYKH CBBP3aHU C
Ouonornunute obekTH. B ciydas ToBa ca JOMaTeHUTE PAaCTEHHS M
texuure mapamerpu [9,10]. - BHCOYMHA, MIMPOYHHA, CTHOINUCTOCT,
eIpHHA Ha IUIOZOBETE, pAa3MOJIOKCHHE Ha IUIOJOBETE IO
pPAaCTEeHHETO, 3aBUCHMOCT MEXAY eIpHHAaTa Ha IUIOJOBETEC U
PAa3NOJIOKECHUETO UM B PACTEHHETO, IbIDKHHA HA Pa3KIIOHCHHATA Ha

cThONAaTta W TUIOMOAPHKKATE M Hal-BaKHHUS 3a W3CIEIBAHETO -
cuIlaTa Ha OTKbCBaHe. HeChbMHEHO ChHINECTBYBAT U IPYTH, HO TE HE
Ca CBILECTBEHH 3a HACTOSIIIOTO U3CIIE/BAHE.

TeXHONOTMYHHUTE Ca CBBP3aHH C TEXHOJOTHATA HA OTTIEKIAHE W
npubupane [4,5]. Tyk morar ga ce BKoyar (akTopure: CpOK 3a
npubupaHe, ChCTOSHHUE Ha [OCEBA, 3aIUICBEICHOCT U APYTH.
TexHuyeckn  ca  BCHYKA  (AaKTOpH,  KOMTO  CBBP3BaT
IJIOAOOTACIUTENS ¢ APYTHUTE €IEMEHTH Ha AoMatokoMbaiina. Kem
TSX  CHAgaT  3aXpaHBaHETO € XHUAPABIMYHA  TEYHOCT,
€JICKTPO3aXPAaHBAHETO, OKAYBAHETO HA IUIOAOOTHCIUTENS KbM
pamarta Ha MallMHATA, BBH3MOKHOCTHTE 3a TpPOMSHA Ha
PA3MOI0KEHUETO My U JIP.

3a HACTOSLIETO M3CJIEBAHE UHTEPEC MPEICTABIABA BTOpATa rpyma
dbakropu. Te 3aBUCAT OT camaTa CUCTEMa Ha IUIOAOOTAEIAHE W
omnpenenar paborata u. Bcuuku XuapaBindHu €1eMEHTH U TEXHUTE
XApaKTEPUCTHKH €a KbM XHUAPABIMYHUTE (DAKTOPH, EJTEMEHTUTE HA
eJICKTPOHHOTO Ta0Jl0 W CUTHAIMTE, KOUTO TO TeHepupa ca
enexTpuyeckn. M KakTo mpu BCsSKa CHCTEMa U TyK Ca BaXHH
CHJIOBHTE B3aUMOJIEHCTBUSI, KOUTO OTIPEJIENST CHIIOBUTE (DaKTOPH.

ITpHIMIIHA cXeMa HA MOETbT HA NVIOA00T/EISIHETO
Pa3rienaHoTo MHOXECTBO (PAKTOPH, KOUTO OKA3BaT BIMSHUE BbPXY
nporieca, Ch3/1aBaT 3HAYMUTEITHH TPYAHOCTH npu
SKCIePUMEHTAIHOTO M3CJIeZIBAaHE Ha BCHYKH BB3MOXKHH BapHUAHTH.
Ta3u TpyaHocT Om Moryia Ja ce M30erHe 4pe3 NOCTPOsIBaHE Ha
MoOZiel Ha WMHEPLHOHHUS IUIOJOOTACIMTEN, KOWTO na 0OBBP3Ba
BCHYKU cChbliecTBeHH (akrtopu. [lo TO3M HauyMH MOXKe nda ce
M3CNIe/IBa CPABHUTENIHO JIECHO KaK BCEKHM (PakTop Bb3JCHCTBA U
HEroparta CTEeMeH Ha 3HAYUMOCT.

IT1OI00TACAUTENHMAT TPOLEC MOXKe Ja Ce pasriIexzaa 1o
OTHOLICHHE Ha MPOTHYAHETO Ha OT/EIHHUTE ChCTABHU ETald BbB
BpPEMETO, HO TOBa € KpailHO HEZOCTaThYHO 3a OMNHCAHHE W
U3SICHSBAHE Ha BIMSHUETO Ha BCHYKM eJeMeHTH. [lom3Ba ce
cxeMara Ha KUOEpHETHYHHsS MOAXOJ, NPU KOHUTO MPOLECHT Ce
Hapu4a NPpUHIHUII Ha Y€pHaTa KyTHUs U HE CE€ B3€Ma IO BHUMAHHUC
CTPpYKTYypaTa u (bH3HLleCKaTa CBhIIHOCT HAa BCHUYKH CBCTABHHU C€TAIlU
Ha IUI0N00THAeIsAHeTo. TyK ce B3eMa MpeIBHA LiIaTa HajludHa
uHbOpPMAIKS 32 BCUUKH BXOAHH (HakTOpH U GyHKIHHUTE Ha TAXHATA
npomsHa. ToBa ce Hapuya NPUHIMI Ha Osiata Kytus. Tyk ce
CchbUeTaBaT MpPEIUMCTBATA HAa KHOGPHETHYHUS MOAXON H
TEOPETHYHUS aHAIN3. 3a IeTa ce U3X0X/Ja OT IUIOCTHATa CXeMa
Ha IUIOZIOOT/ACISIHETO, KOSATO C€ CBhCTaBi IO CIEIHUS HAYUH:
IUIOIOOT/AGIMTENAT C€ IOCTaBs B LIEHTbPA, KAaTO Hai-ChIIECTBEH
enemeHT (¢ur.l). BxogHu eneMeHTH ca JOMAaTEHHTE PacTeHHMs, a
U3XOHM €JIEMEHTH Ca JOMAaTHTE M pPACTHTEIHUTE OCTATBIIM.
EnepreTryHN N3TOUYHHUIM ca XUAPABINYHATA TEIHOCT I10]] HAJISITaHe
U €JIeKTPO3aXpaHBaHETO.
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Quz.1l. Cxema na e3aumoodeticmguemo. paxmopu u napamempu -
nrodoomoenumen

Tyx ca pasriienaHu OCHOBHO BBTPEUIHUTE 3a CHCTeMara (pakTopu U
BBHIIHUTE, KOUTO OKa3BaT BIMSHHE BBPXY TAX. ToBa ca BCHYKH
YacTH Ha IUIOAOOTHENHTeNs. B cimydas mimomooTnenurensT e
pasriefaH B IIMPOK CMHUCHI. VmaT ce mpexBug He camo
TPaHCHOPTHHTE JIEHTH, KOUTO NpeAaBaT BHOpALUHN Ha PACTEHHATA,
HO ¥ BCHYKH MEXAaHH3MH, OCBIICCTBABAIIN 3aABIDKBAHETO.
ChIIecTBEHH ca M XapaKTePUCTHKHTE Ha JBIDKCHHETO Ha
NOoJaBaHaTa Maca BbPXY IUIOJOOTACIHUTENHUS TPAaHCIOPTHOD,
MOIaBaHETO Ha XWAPABIMYHATA TEYHOCT M PEXKUMBT Ha paboTa Ha
SJIEKTPOHHOTO YCTPOWCTBO, I'€HEPHPAIIO HMIIYJICHTE 3a PEXHMA.
Bceunuky n30poeHn chcTaBHU KOMITIOHEHTH €a HOAPOOHO pasriiefaHu
TEOPETHYHO W aHAJIM3UPAHHU 3a IOJyYyaBaHETO Ha HH(MOpMAaIus
OTHOCHO TSXHOTO BIIUSHHE.

W3scnensanero € mpoBeJeHO IO ONHTHA ypeada, YMpaBIsieMH
¢daxkTopym W mapaMeTpu Ha Mpoleca  ONMCaHa B TIPEIXOIHU
nyomukamuu (Moptes, 2024). OnutuTe ca MPOBEAECHH CHC COPT
Tomnas.

Onummna ypeooda 3a npogedxcoane Ha U3Cie06anemo

W3cnensaHeto Ha IIONOOTAENSHETO B Mpollec Ha paboTa Ha
JIOMaTOKOMOAifH BOAM 0 HEJOCTATHYHO TOYHM PE3YNTATH MOPAIH
rogeMuss Opoit cnydaitHn (¢akTopH, OKa3Ballld BIMSHHE Ha
HM3CJIeIBAHETO. 3a a ce M30ErHaT MHOXKECTBOTO OT TAx, B UITA3P
,,H.IlymkapoB” e m3paboTeH CTEHA C BB3MOXHOCTH 3a paboTa B
71a00paTOpHU U B MOJICKK ycinoBus ((ur. 2). OCHOBHUTE eEMEHTH
Ha CTeHJa ca. 3axpaHBal] NPBTOB TPAHCHOPTHOP 6 W
IUIOZIOOTENUTENl 8§ — WHEPUUOHEH THI, MOHTHPAaHH BBPXY
HOJYIIPUKAYHO JIBYKOJIECHO IIACH, CHCTOSIIIO ce OT pama 13 u
xoJ10BM Kojena 11. B npeanara yact Ha pamara € MOHTUPAH TETrIuY
1, 32 1a MOXe CTEHIBT Ja Ce NMPHUABIKBA IO CHOTBETHUS OMHTEH
y4JacTBK C TIOMOIITAa Ha TpakTop. B mporeca Ha H3cIeABaHETO
CTEHIBT € CTAlMOHAPEH.

ITpu n3cneqBaHus Ha MOJIETO € NPEIBHICHA Bh3MOKHOCT
3aJIBIYKBAHETO J1a CE OCHLIECTBSABA YPe3 TPAKTOP. XHUAPABINIHUTE
noMnu 3 1 4 mpueMar BbPTEJIUBO ABHKEHHE OT Bajla 32 OTHEMaHe
Ha MOIIIHOCT OT TpakTopa. Basa 3a oTHeMaHe Ha MOIIHOCT OT
TpaKTOpa MOCPEICTBOM KapJaHSH BaJl C€ MPUKPENBa KbM

BXOJAUIMS Bajd 2 Ha penykTopa 3. Toif 3aBuKBa cABOEHATa
xuapaBiuyHa rnommna 4. Ts 3axpaHBa XuJIpoMoTopa 7 u
3aIBIKBAIIS OJIOK Ha IuofooTAenuTesnst 9. B3BpaTtHo
MOCTBIIATETHOTO JIBIDKCHHE Ha BEPUTUTE CE OCHIIECTBSIBA OT OJIOKa
9, OT XUAPOPA3NPEICIUTEN C SICKTPOMATHUTHH PEBKIIIOYBATENIH U
Xupoakymyaatopu. PexumuTe Ha paboTa ce 3aaBat oT
SJIEKTPOHEH OJIOK, Ype3 KOMTO MOTar Jia Ce MPOMEHST YeCTOTUTE U
aMIUIMTyIUTe Ha KojeOanusATa. Ha pamaTa ca MOHTHpaHU
pe3epBoapH 3a Macio 5, QUITPH, H3PAaBHUTETHH IIIHHAPH U APYTH
TIOMOIIIHY CPEJICTBA.

Enextpudeckara ympasisiBamia CHCTeMa Ha CTEHZA Ce 3aXpaHBa OT
akymynaropHa Oarepus. Ilpm mabopaTopHHTE EKCIIEPUMEHTH €
NpEeIBUACHO 3apexJaHe Ha aKyMylaTopHaTa Oarepust OT
TOKOM3IIPAaBUTEN, KOETO C€ Hajlara OT rojsmMara KOHCyMauusTa Ha
€JIEKTPOEHEPT Ul OT €JIEKTPOMAarHUTHUTE NPEBKIIOUBATENN.

-
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@uz. 2. Cxema Ha cmeHO 3a U3C1e08aHe HA UHEPYUOHEH
niodoomoenumenes npoyec:

1 — meenuy; 2 — 6xo0aw éan Ha pedykmopa; 3, 4 — cogoena
Xuopaeiuuna nomna; 5 — pesepgoapu,; 6 — 3axpanéauy npvmog
mparcnopmeop; 7 — xuopomomop, 8 — nrodoomoenumen, 9 —
3a0sudiceawy 610k, 10 — cexkmopna ckapa, 11 — xo0o6u xonena; 12 —
pezyrupauy MexanuzbM 3d b2bid HaA HAKIOHA HA NA0000MOETUMEIs;
8, 13 — pama.

Onpedenane na usmepeanume napamempu
CMHCBHIBT Ha 3EMEIEJICKOTO IPOU3BOJACTBO € IMOJYYaBaHETO Ha
MaKCHUMaJIHH KOJIMYECTBa KayeCTBEHa MPOIYKIHUS NPH MUHUMAaIHU
3aryon. Ilpy mnpom3BOACTBOTO Ha [OMAaTH II0 MEXaHH3HMpaHa
TEXHOJIOTHS € Ba)XKHO Jla Ce OTIEILIT IIOOBETe OT cThOiiara, 3a aa
ce HaMaJAT 3aryOuTe OT HEOTKBHCHATH IUIOAOBE U CHUIEBPEMEHHO
Jla He ce IMOoJTydaBaT MOBpPEIH, KOWUTO BJIOIIABaT KayecTBOTO. BHB
BPB3Ka ¢ TOBa ca IeGUHUPAHM [[Ba U3CEIIBAHH TapaAMETPH:
Y — cremeH Ha IIOAOOTACIISIHE;
Y, — moBpeH MO IIOJOBETE.
CroiiHOCTTa Ha MapaMeThpa CTENEH Ha IUIOAOOTACIsIHE Y; ce
W3YHCIIsABa 110 opMyIiaTa:

M
Y, = —2.100[%], &)

M;
KbJeT0: MO — ¢ MacaTa Ha OT/EJIEHUTE OT PACTEHUETO IIOI0BE, KQ;

Mp — Maca Ha BCHYKH IUIO/IOBE B PACTEHHETO, K(J.

CroifHOCTTa Ha apaMeThbpa MOBPEIU ce N3UNCIsIBa 1o (hopMyriaTa:

Y, =22 100[%],
Mp
(2

KbaeTo: My — e Macara Ha MOBpeAEHHTE IUI0I0BE, Kg.

Onpedenane na ynpaenaemume pakmopu

BBbpxy IJI0I00TIEISHETO OKa3BaT BIMSHHE MHOXECTBO (akropu —
TEXHUYECKH, OWOJIOTMYHM M TEXHOJOTHYHH. TEeXHUYECKUTe ca
CBBP3aHH C PSXKUMHTE Ha paboTa M KOHCTPYKTUBHUTE pa3Mepu Ha
IUIOJIOOT/ASNTUTENSI. BHOIOrMYHUTE XapaKkTepu3npaT ChbCTOSIHUETO Ha
Macata. TeXHOJOIMYHHMTE ONpENEeNsAT HMBOTO HAa peaM3UpaHaTa
arpoOTeXHHUKA MPH MPOU3BOACTBOTO.

Ha 6a3a na ampmopna mHbopMmanus [6, 7, 8] u mpenBapuTenHH
W3CJIC/IBAHMS 32 HaW-CHIIECTBEHM Ca OIpeAeNieHH (aKkTopure:

- X1 (f) — yecrora Ha ummyncure, Hz;

- X3 (K) — koeduIMeHT Ha 3ambIBaAHE HA UMITYJICUTE;

- X3 (f) — ©Brenm Ha HaKIOHA, TMOJ KOWTO ce
TUTOJOOTACIUTENSI CIIPSIMO XOPHU30HTAIHATA PABHHHA, °.
dakTopuTte Xy (f) wm X, (K) ompememsit pexuma Ha
IUTOOOTHENUTENS 8 Te ce 3a/1aBaT MOCPEICTBOM EJIEKTPOHEH OIIOK.
Toll TeHepupa WMIYJICH 3a YIpaBICHHE HA EJIEKTPHIECKHUTE
TPEBKITIOYBATENIM HAa XHUAPABINYHHUS pasnpenenuren. ®Dakropa
gecrora Ha ummyicure (f) mpencrasnsiBa penunpoyHara CTORHOCT
Ha MHTEpBaja OT BpeMe, Mpe3 KOWTO ce IMOAaBaT WMITYJICHTE 3a
enrH HUKBI. DakTopa KOCQUIMEHT Ha 3aIbJBaHE HA WMITYJICHTE

HaMupa

C€ OmpeaAcisd KaTO OTHOLICHUE MEXKAY XOJa Halpen Iy 06mara

t

MPOABIDKUTEIIHOCT Ha HUKBJIA a .
o
t

1



Conserving Soils and Water 2024

ToBa ChOTHOIICHHE MOKA3Ba, PE3 KAKBA YacCT OT PAOOTHUS LIUKbJI
nocThlmiIaTa 3a 00paboTBaHE pAcTUTENHA Maca Ce MpPEeABHKBA
BbPXY TPAHCHOPTHOPA B II0OCOKA HATIPE.

VHTepBanuTe Ha M3MEHEHME Ha ympasiseMure (akTtopu ca
OIIPE/ICNICHN C TIPEIBAPUTETHN eTHO(MAKTOPHU eKCIepuMeHTH. Bb3
OCHOBAa Ha TE3M eKCIHEPHUMEHTH Ca YCTaHOBEHH CIIEIHUTE
HWHTEpPBAJIH:

-3a X; —ot 2,00 1o 3,33 Hz;

-3a X, — ot 0,28 10 0,56;

-3a X3—or 0 go 13°.

Crnen ompezenssHETO Ha IapaMeTpUTe, YHETO IOBEACHUE Ce
Ha0mo1aBa, € He0OXOIUMO 3aAbI00YCHO aHANU3UpaHe U U30upaHe
Ha (paKTOpHTE, OKAa3BAIM BIMSHHUE BBPXY CHOTBETHHUS MapaMeThp.
EnHO OT OcHOBHHTE M3WCKBaHMS KbM (DaKTOpUTE HAa AKTHBHHS
eKCIIepHMEHT € J1a ObJaT YIpaBIsIeMH, T.€. 1a € Bb3MOXKHO TSXHOTO
MOJIbpJKaHe Ha JafeHO HUBO C OIpeJelieHa TOYHOCT Hpe3 ISUIOTO
BpeMe Ha oruTa. OCBEH TOBa € HeoOXoanMo (akTopute aa ObIar
CHBMECTHMHM M HE3aBUCHMH.

CroiiHocTHTe Ha (aKTOpuUTe TpsAOBa Ja c€ U3MEHAT C KOJIKOTO €
BB3MOXKHO IO TOJIIMa TOYHOCT. Ta3u TOYHOCT TpsiOBa na Obae
cpoOpa3eHa ¢ MHTepBajia Ha U3MEHEHHE Ha (aKTOpUTE, IPH MalIbK
MHTEpBaJ € He0OX0IMMa roJsiMa TOYHOCT B 00paTHo.
VHepUMOHHUAT IJIO00TACINTENIEH MEXaHH3bM PaboTH ChoOpa3HO
TEXHOJIOTHYHHUTE, TEXHUYECKUTE U PEKUMHHTE IapaMeTpH, KOUTO
My ce I0JaBaT WU ca IPeBapUTEeNTHO 3a1a1eHu. Haii-cpinecTBenn
OT THIX Ca XapaKTePUCTHUKUTE HA PEKUMA U BI'bIBT HAa HAKJIOHA, IO
KOWTO ce Hammupa mwiogootnaenutess. OT XapaKTepHCTUKHTE Ha
pexnMa  Haii-BaXKHMTE ca 4ecToTata Ha MMIYJICHTE U
KOoe(HIMeHTHT Ha 3albJIBaHE Ha UMIyJcuTe. [Ipuern ca ciieqHuTe
O3HAUCHUS:

Onpedensane Ha XapaKmMepUCMuKume Ha percuma

XapakTepUCTHKHTE HAa  pEKAMAa HA  IUIOJOOTACIUTEIIHUS
TPaHCHOPTHOpP C€ NMPOMEHAT MOCPEACTBOM €IeKTpoHHO Tabmo. To
TeHepHpa HWMIYICH 32 KOMaHABaHe Ha  XUAPABINIHHSA
pasmpemenuren. mmyncute KOMaHABAT JABAa  €IEKTPUYECKH
MIPEBKIIIOYBATENN Ha Pa3NpeAeNuTeNsi. eIUHUSAT € 3a JBIKEHHE
Harpes, a Apyrus 3a JBWKEHHe Hazal. BbupXy npenHusT nmaHen Ha
TabJIOTO ca M3BEICHM JBa IOTCHIHMOMETbpPAa 3a IPOMSHA Ha
XapaKkTepUCTUKUTE Ha IOJaBaHUTE HMIIyJcH. Upe3 eauHus ce

Tabnuya 1. [Inan Ha excnepumenma u NOAYYeHU pe3yImamu

HPOMEHS 4ECTOTaTa Ha IOJABaHUTE MMITYJICH B MHTepBaia 1,25 —
3,33 Hz.

OT cTOMHOCTTA HA Ta3W BEJIMYMHA 3aBUCH IPOABIDKUTEIHOCTTA HA
eIMH paboTeH LUKbBI. Upe3 BTOPHAT HOTEHIIMOMETHD c€ KOMaH/Ba
CHOTHOIIICHNETO MEXAY XOJa Hampe] ¥ o0IIaTa MpoXbKUTEITHOCT
Ha IMKBJIa. ToBa CHOTHONIEHHE M3pa3siBa KakBa 4acT OT pabOTHHUS
IUKBJI TOCTBIIMIIATA 3a 00pabOTBaHE pAacTUTENIHAa Maca ce
HPHUJIBIDKBA BBPXY TPAHCIOPThOpa B mocoka Hampex. Ot Hero B
Haii-roJsIMa  CTENeH  3aBHCH  NPOM3BOJMTENHOCTTAa  Ha
IUIO/I00TACITHUTEIS.

Te3u 1Ba mapaMeTbpa Ha PEKHMa ca ONPEACIICHH KaTo PeryaaTopu
Ha ympaBisiemMuTe (akTopH B IUTaHHpPAHUA  TPUPAKTOPEH
eKCIEPUMEHT.

ITnanupane na excnepumenma

OnuTHTe ca MPOBEACHHU IO IUTaH B3 B eIHOKpaTHA MOBTOPSEMOCT.
Jlucriepcusrta Ha BB3IPOU3BOAUMOCT € ONIpEAeNIeHa Ype3 IeTKPaTHO
NOBTOPEHHE HA OIMT B LIEHTHPA Ha IUIAHA, NP IPEANOCTaBKa 3a
€/IHaKBO pa3ceiiBaHe BbB BCUUKHM TOUKH OT IUIaHA.

B pesynTaT Ha [OpeIBapUTENHUTE ONUTH W aHainW3a Ha
n3cineaBaHuTe 00OeKkTH, W30paHus Opoil (akTopm W HUBaTa Ha
TAXHOTO BapHpaHe € ChCTaBEHa pa0OTHA MaTpulla Ha IUIaHA, B
KOSTO Ca BKJIIOUCHH HATypallHUTEe M KOJMPaHHUTE CTOHHOCTH Ha
(akropure Tabmuna 1.

PE3YJITATHU U AHAJIN3

3a ycTaHOBsBaHE HUBATa Ha BApHMpPaHE Ha ympaBisieMuTe (HakTopH,
npead  NPOBeXKAAHETO  Ha  IUIAHUpPaHUA — MHOTO(aKTOpeH
CKCIEPUMEHT Ca TIPOBEACHH MPEIBAPUTEIHH eIHO(DAKTOPHU
excriepuMeHTH. OT TIX € YCTaHOBEHO, Y€ TIIPOIEChT Ha
IUIOJIOOT/ENISIHETO TpH  paboTa C  JOMAaTOKOMOAHH mpoTHYa
crabuiHo npu f — gecrora Ha ummyncure ot 2,00 no 3,33 Hz; k —
Koe(pMIMEeHT Ha 3ambiBaHe Ha ummyncure ot 0,28 mo 0,56 u f —
BI'BJ Ha HaksIoHa OT 0 o 13°.

3a wu3cieABaHe Ha CHBMECTHOTO BIHUSHHE Ha YIPABISIEMHUTE
tdakTopu BBpXy mapamerpure Y; —Y, € TIPOBEACH AaKTHBEH
Tpu(akTOpeH eKCIepuMeHT To IulaH B, BkmrouBamy 14 omura.
OnuTHTe ca MPOBEIEHH IO ONMUCAaHATa METO/IMKA, KATO MOTyYeHUTE
pe3ynTaTH ca mokasaHu B Tab. 1.

Ilnan Ha CroiiHocTH Ha
ExcnepumenTa U3cIeIBAHNTE MapaMeTpu
CreneH Ha IloBpean no
Ne B xonupan B Harypasen IJIOI0-0TAC/ISIHE IUIO/I0BETE
BUJ Buna
Xy Xz X3 X1 Xz X3
Hz ° Y1 Yz
1 1 1 1 3,33 0,56 13 82.99 0,50
2 -1 1 1 2,00 0,56 13 80.05 0,50
3 1 -1 1 3,33 0,28 13 66.17 0,00
4 -1 -1 1 2,00 0,28 13 70.29 2,25
5 1 1 -1 3,33 0,56 0 82.50 2,12
6 -1 1 -1 2,00 0,56 0 54.05 1,93
7 1 -1 -1 3,33 0,28 0 63.90 0,50
8 -1 -1 -1 2,00 0,28 0 41.00 0,50
9 1 0 0 3,33 0,42 6 42.00 0,50
10 -1 0 0 2,00 0,42 6 88.92 0,50
11 0 1 0 2,66 0,56 6 75.46 0,50
12 0 -1 0 2,66 0,28 6 99.53 1,03
13 0 0 1 2,66 0,42 13 65.46 0,50
14 0 0 -1 2,66 0,42 0 79.22 1,03

IIpoBepka Ha 3HaYMMOCTTa Ha (pakTOpHUTE

CremneHTa Ha BIMSHHE Ha YIpaBisieMHTe (AaKTOPH ce OHpenels ¢
MOMOIITa Ha pa3paboTeHaTa 3a LeNTa MporpamMa B cpela Ha
Microsoft Excel. IlpoBepkara e mpoBeneHa KaTto BCEKH OT
ynpasisemure Qaxkropu ce Qukcupa Ha OCHOBHOTO HHBO U Ce
ompezens ocTarbyHaTa aucrepcus. CpaBHABAaT c€ IOTyYEHHUTE

OCTaThYHU AUCICPCHU U (DAKTOPBT, IIOKa3al Hal-HUCKH CTOHHOCTH
ce OIIpezielIs KaTo Haif-crabo BIIHSEI.

VYcTaHOBEHO €, 4e pa3iIMKUTE B CTEIICHTA Ha BIMSHHUE HE €
chbuiecTBena (tabmuua 2). To3u pe3yaraT onpenenn HyKaaTa aa ce
aHaMM3UpaT (UKCHpAHWTE HHBAa Ha BCHUYKH BKJIIOYCHH B
W3CIeABaHETO (PaKTOPH.
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[Tomydenure excmepuMEHTAJIHH pe3ynTatu ca o0paboTeHH 1o
METOJIUTE Ha PErPECHOHHUS aHaJIM3 U Ca M3BEICHU PErpeCHOHHM
YpaBHEHHUsS, OINMCBAllM  B3aUMOJAECHCTBHETO HAa HM3y4aBaHUTE
ynpapisieMd (aKTOPH BbPXY U3CIIEIBAHUTE TAPAaMETPH.
M3BbpineHara mpoBepka 3a aJeKBaTHOCT MOKa3Ba, Ye T€ OIUCBAT C
JOCTAaThYHA TOYHOCT M3CIIEABAHMUS ITPOLIEC.

3a mojy4aBaHeTO HAa  MareMaTHYHH  MOJCIM  OIMCBAIH
M3MEHEHHETO Ha mapamMerpure Y; U Y, € NPHIOKEH PerpecuoHeH
aHaymM3. 3a ChCTABSIHETO MM € M3IIOJI3BaHa pa3paboTeHa 3a Leira
mporpama B cpena Ha Microsoft Excel. Ilomydenu ca ciegnute
pErpecHOHHN ypaBHEHUS:

3a CTCIICHTA Ha IJIOAOOTACIISIHE:

Y omis = 7884 +033x, +342x, +443x, +158x,X, —657x,x, —0.637x,X, —1338x,” +866X,” —65x,” 3a nospean

110 IIJIOJOBETE:

\4

T0I1A3

=0.5-0.21x, +0.13x, —0.23x, + 0.31x,X, — 0.31x,X, —054x,x,0.01x,* +0.27x,” +0.27x,” cszero:

Xl — Ca KoAupaHu CTOWHOCTH Ha YeCTOTa Ha HUMITYJICUTE TOAaBaHU KbM XUAPABJINIHUSA PA3IIPEACITUTEIL;
X2 — KOApaHu CTOITHOCTH Ha KOQ(l)I/IIII/IeHTa Ha 3abJIBAHC HA UMITYJICUTC,
X3 — KOApaHu CTOMHOCTH Ha BI'bjla HA HAKJIOHA Ha IO AOOTACIIUTECIHUA TPAHCIIOPTHOP.

Pesynaratm oT mpoBepkuTEe 3a aJEKBaTHOCT HA PETrPEeCHOHHHMS
MO

IIpn 3amecTBaHe Ha ONHUTHUTE pE3YyNTaTH B ONHCAHHTE OT
MeTonukara (opMynM ca MOJNY4eHH CIIEJHUTE CTOMHOCTH Ha
kputepus Ha Ourep:

- a/IeKBaTHOCT Ha MO/JI€TIa Ha MJI0J00TAEIIHETO

F,,, =8.36 < Fygg s, =19.35
- aJIeKBaTHOCT Ha MoJieNla TOBPEIHTE Ha IIOJOBETE

F,,, =0.09 < Fyg, =19.35

uszd

3a wW3cieBaHUS COPT TOJNydeHaTa H3YKMCIEHAa CToWHOoCT 3a F-
KPHUTEpHs € I0-MaJKka OT TabJMYHATa IIPU ONPEAEICHOTO PaBHHUILE
Ha 3HAYUMOCT M CBOTBETHHsS Opoil Ha CTEmeHUTe Ha CBOOOJA.
CremoBaTeTHO MOXE Jla C€ KOHCTaTHpa aJeKBaTHOCT Ha
PErpeCHOHHNTE MOJIEIIH.

Crex mpoBepka Ha 3HAYMMOCTTA Ha KOS(HUIMEHTUTE U H3KIIOYBaHE
Ha HE3HAYMMHUTE [0 ONKCAHATa B METOIMKATA CXeMa Ce MOJIy4aBar
CIICTHATE YPABHEHHUS:

. CTEIEH Ha IUIOJIOTO/IeIIsTHE

L4 CTCIICH Ha IMMOBPCIU I10 IJIOJAOBETE

Y, . =05+0.01x° +0.27x,” +0.27x,°

TOIIA3

Pe3yJITaTd OT ONTUMHU3ANUSATA HA PErPeCHOHHUTE MOIETH
OnruMusanusrta € HM3BbPIIEHA ¢  I[IOMOIITa Ha
pa3paboTeHa 3a IenTa mnporpama B cpema Ha Mathcad 2001
Professional. [TosydeHUTE ONTUMAIHE CTOMHOCTH Ha KOJAUPAHUTE U
HATypaJHK CTOWHOCTH Ha ()aKTOPHTE ca MpeICcTaBeHH B Tabiuia 3.

Taonuya 2. Cmoiinocmu na ocmamvyHume OUCNEPCUU npu
Qurcupanu pakmopu Ha OCHOBHUME HUBA

OcraThyHu JUCIIEPCUH S2
COPT oct
Xl X2 X3
IlnonooTneinsne 69018 66997 68383
IMoBpeau 19.67 19.14 19.14

Y omis = 1884+ 4.43x, —063x,X, —1338%,” +866X,” —65X%,

Taonuya 3 Kooupanu u namypannu cmouHoCmu Ha ONMUMUUPAHUmMe Gaxmopu

LeneBn Excrpemanna OnTHMAJIHU CTOHHOCTH HA (haKTOpUTE
napamMeTpu cTOIHOCT B xoaupan Bua B HarypaJieH Buj
Y; Ha LeJIeBUTe
napameTnp Xy X2 X3 Xy X2 X3
Hz
Y, — max 91.47 0 1 0.29 2.66 0.56 8.35
Y, —min 0,01 1 0.197 1 3.33 0.49 12.95

I'papuuna uHTEpnperanuss M AaHAJM3 Ha pe3yaTATHTe Ha
MJI0/I00T/AEISTHETO.

3a rpaduyHaTa MHTEPNpPETANys Ha ONWTHUTE JAHHU € (UKCHpaH
enuH (axkTop M ca IMOCTPOCHH MOBBPXHUHUTE Ha OTKIUKA IPU
U3MEHCEHUE Ha APYTrUTE JIBa.

PesyntaTu, mosiyuenn npu puKCHpaneTo Ha pakTopa X,

3HAYUTCIIHU
BIIMSIHHUE Ha

[Tonydyenute rpaduuHu
pasiimyuss B IOBBPXHUHHUTE
yIpaBisieMuTe (GakTopu.
Wscnensanust copr Tomaz (¢wur. 3) MPOsIBSIBA  PA3IIIHO
MOBEJICHHE CIpsAMO mpeaxonHu wusciensanus [8]. Ilpu Hero
MOBBPXHUHATA HA OTKIMKA CE€ XapakTepushpa ¢ TOISIM pasMax,
KOETO  IpejroJara, HO-TOJIsIMAaTa  YYBCTBHTEJIHOCT  Ha
IUIOZIOOT/ISISIHETO OT CTOWHOCTUTE Ha YNpPaBIsieMUTe (aKTOPH.
ToBa ompenens copra Toma3 KaTo NO-MajJKO TMPUTOAEH 3a
MexaHu3upaHo mnpubupane. IIpemopsuBa ce  OorpaHMYeHO
MIPUIIOKEHHE NP MEXaHW3MpaHa TEXHOJOTWS Ha NpHOHMpaHe, Thi
KaTo ca B3MOXKHH IIOBEUE 3aryon OT HEOTIEICHH IIII0I0BE.

3aBUCUMOCTH  IOKa3BaT
U XapakTepa Ha

Due. 3. [Tnoooomaoensne npu copma Tonas npu vevi Ha HAKIOHA HA
o
naodoomoenumens ﬂ =13" 6 sasucumocm om wecmomama na
umnyncume X u koeguyuenma na sanvieane na umnyacume X,
PesynraTu, mony4enn npu puxcupane Ha pakropa X;
DakTopbT TOYHO

X3 OKa3Ba MIPOTHUBOIIOJIOKHUTE

XapaKTePUCTUKH HA TOBbPXHUHHATA B cpaBHeHue ¢ dakropa X,
(Dur. 4).
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@Due. 4. [Inoooomoenane npu copma Tonaz npu uecmomama Ha

umnyicume f = 266 HZ 6 3dsUcuUmMocm ont v2vjld HaA HAKJIOHA

na niodoomoenumens  Xq u Koeuyuenma Ha 3anvisane HA

umnyncume X,

ToBa CHbBMECTHO BIIMSIHHE Ha JBara (akropa OIpeuels

CCIIOBUIHH MOBBPXHHUHH, KOMTO MOTaT [a CC ONpUIMYAT Ha
xunepbonounu mo ¢akropa X,. CemnoBuHaTa € CpPaBHUTENTHO

CUMETPUYHA IO OTHOLICHUE Ha KOOPAUHATHUTE OCU. U3MECTBAHETO
C€ OBJDKU Ha PA3JIMKUTE B CKCTPEMAJIHHUTE TOYKU CHPAMO [ABaTa

¢axropa. Ilpu momHoTo HMBO Ha (akTopa X; MOBBPXHHMHATA CE
CITycKa C yBenu4aBane Ha X, , & Cle/] OCHOBHOTO HUBO — OOpaTHo.

PesynraTu nony4yenn npu ¢puxcupane na gaxropa X,

@ue. 5. [Inoooomoensne npu copma Tonas npu Koeguyuenm Ha
k =0.56

yecmomama Ha umnyicume Xl

sanvjieane Ha umnyicume 8 3aesucumocm om

U bebld HA HAKIOHA HA
nrodoomoenumens Xg

Ilpu ¢ukcupano nuBo Ha pakTopa X, CEANOBUHHHS XapakTep Ha

MOBBPXHMHATA BEYe Ce M3MECTBa B HM3IIbKHana. IIpu ToBa Ta3u
M3ITBKHATIOCT € CHITHO M3pa3eHa crpsiMo jaBara (akropa. (¢ur. 5)
ToBa ce IBIDKH Ha TOJIEMUS TOJNEPAHC B CHIIMTE HA 3aJbp)KaHe Ha
WIofa, a OT TaM M ToJAMara 3aBHUCHMOCT OT IapaMeTpuTe Ha
pexuma. [lpu HempaBHJICH peXXuM Ha paboTa Ha JoMaToKoMOaiiHa
U3CIIeBAHUAT cOpT Toma3 IMoka3Ba HE3aJIOBOJIMTENHM pE3yJTaTy,
MPOLEHTHT Ha ToJiepaHca jgoctura 60.

I'papuuna uHTEepmperanusi W aHAAU3 Ha pe3yaTaTuTe OT

NOBpeIUTE 110 NUI00BeTe NpH puKcupanero Ha dpakTopa X,

@uz. 6. [lospedu npu vevi Ha HAKIOHA HA naodoomoerumens 3=0°,

6 3asucumocm om yecmomama Ha umnyicume Xl u Koeqbuuuenma

HA 3anvjiedre Ha umnyicume X2

JOJHOTO HHBO H MTOBPETUT! BEIMYaBaT IpPH
B momHOTO 0 Ha X;, TMOBpEIMTE CE€ YBEIMYABA

yBEIMYaBaHETO Ha (Qakropa X; 0NpH BCcHYKM HHBA Ha X, .
OUKCHPaHOTO CPEIHO HHUBO NPENCTaBs 3ama3BaHe Ha Tasu

TCHACHIMS NPU I'OPHOTO HUBO Ha X2 , @ B JOJIHOTO C€ NMPOMEHA

TpOTHBOMOJIOXHO. [lpn ¢ukcnpano ropHo HuBO Ha X5 ce
HOoJTy4aBaT OOpaTHHUTE XapaKTePUCTHKM WM NPY BCHYKH HUBA Ha
XZ Xl
C yBeJIMYaBaHETO Ha (hakTopa ~ | MOBPEAWTE HAMAJISBAT.
Pe3yaratH oT moBpenuTe MO TJIOAOBETE MOJYYeHH
caen puxcnpane na gpakropa X;
IMToBpenuTe ca MUHMMAJIHU IIPH TOPHUTE HUBA Ha BI'bja Ha HAKIOHA

Ha momootaemurens X5 (dur. 7) m Ha KoeduuueHta Ha

3ambIBaHe Ha ummyicure X,

@uz. 7. [lospeou ewvpxy nnodogeme npu Hecmomama Ha

umnyicume f = 266 HZ , 6 3deUucumocm om v2vjlad HA HAKIOHA

Ha Na0000MOenumers X3 u Koegpuyuenma Ha 3anvieaHe HA

umnyncume X,

JluHMM HA eIHAKBB OTKJIMK HA [JIOJAO0OTAEISAHETO U

noBpeanTe
Coprer Toma3 ©Oe ompenerseH KaTo He HaH-MOAXOIANL 3a
MEXaHU3UPAHO MPUOHMpPaHE, HO MPH MOA00P HA MOAXOAIIN PEKUMU
Ha pabora m30panu ot ¢ur. 6. Morar ma ce moaydar A0OpH
pesyaratu. @ur. 8 naBa HarienHa HHGOPMAIHS 32 TEHICHIIMUTE Ha
J(BaTa ONTHMHU3AMOHHH TTapaMeThpa 3a copta Toma3s. 3HaunmocTTa
HA YBEJIMYEHHUTE MTOBPEIH € HECHIIECTBEHA U MOXKE J1a Ce CUUTa, U
ONTHMAJHATA 30Ha Ha IJIO00T/IENSHETO € ONTHMAIIHA 33 TIPOIieca.
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nrodoomoenane Y - u cmenen na nospedcoane Ha niooogeme Yl

Jlunuu Ha eoHakve OMKIUK 3d napamempume

- 3a copma Tonasz npu qbchupaHo HUBO HA Bb2bjld HA HAKJIOHA HA

nroooomoenumensn Ha Hueo 0,29 npu usmeHeHue Ha Yyecmomama

Ha umnyicume Xl u Koed)uuuenma HA 3anviedaHe Ha umnyjicume

X

V3cnenBaHuATa Ha IUIOJOOT/IEISHETO M MOBPEIUTE MO IUIONOBETE
NOKa3BaT, Y€ MOBpPEIWTE KAaTO YHCICHH CTOWHOCTH ca
HE3HAYMTEIHH U HE CE BIUSAT TOJKOBA CBIECTBEHO OT PEXKMMaA Ha
paboTa, KakTO ILIOAOOTACIsIHeTOo. ExHo 0000IIeHO mpencTaBsHe
JaBa BB3MOXKHOCT Jla Ce Tpociequ  TEHJICHIMATa  Ha
IUIOZIOOT/IEISIHETO W CHIIEBPEMEHHO NPOMEHHTE B HOBpPEIUTE II0
IIoZoBeTe. 3a MOCTHraHe Ha Ta3W el € NMpeACTaBeHa rpadudHa
uHTepnperanus B cpema na Mathcad. CeBMecTHO TpencraBsiHe B
paBHHHA € Bb3MOXKHO Jia Ob/Ie OCHIICCTBEHO Ype3 YCTAHOBSBAHE Ha
eInH OT (QakTopuTe Ha (PUKCHPAHO HUBO M TIOCTPOSBaHE Ha
JMMHUUTE Ha €IHAKBB OTKIMK. 3a ONpeAelstHeTO Ha (akTopa ¢
(UKCHpaHO HMBO ca AHAIM3MPAHH ONTHUMAIHHWTE CTOHHOCTH Ha
BCHYKH (DAaKTOPU 3a JiBaTa W3CJIEIBAHH IapaMeThpa U € OIpeeeH
(daxkTopbT, KOHTO M TNpU aBaTa MapaMeTbpa Ha ONTHUMH3ALUS
noyy4aBa €IHAaKBU WIM Onm3ku croifHocTu. Cnen ToBa TO# ce
(uKkcHpa Ha Taka OIPEAENICHOTO HUBO U €€ ChCTaBs PErPECHOHHOTO
ypaBHeHue. M3uepTaBar ce JIMHUHUTE HA €AHAKBB OTKIMK B €lHA U
ChIl[a PaBHHHHA KOOPJIMHATHA CHCTEMA.
Ha ¢ur. 8 ca nmokasaHu JMHHUUTE Ha €AHAKBB OTKJIUK. Te3M JMHUU
MMaT Ba)XKHO MPAaKTHUYECKO 3HAYCHHUE, 3alI0TO CrioMarar 3a nu3bop Ha
pa3NMYHN CTOWHOCTH Ha YympaBmsiemuTe ¢aktopu X; u X; 3a
MOCTUTaHE Ha ONPEACIICHN PE3YNITAaTH.
Hanpumep, npy HKOHOMHYECKHS aHAJIM3 Ha MPOU3BOACTBOTO MOXKE
Jla ce OKaxe, 4e € IO-M3TOAHO Ja ce MOBPEeAUM MajKa 4acT OT
MPOAYKIHATA OTKOJKOTO Jla OCTaHe HEeNpHOpaHa Ha MOJIETO.
Korato ce Hanara B3eMaHe Ha TaKOBa YIIPABJICHCKO PEIICHHE MOXE
Ia ce n30epaT BapuaHTH OT JIMHUHUTE Ha €THAKHB OTKIHK (¢ur. 8) n
Ia ce n3bepe pekuM Ha paboTa Ha ToMaToOKOMOaliHa.

U3BOIM
1. CoproBuTe OCOOCHOCTM  BIMSSAT  CBIIECTBEHO  BBPXY
IUIOZ00TAeUTeNHNUS mporec. ToBa ce onpeness KakTo OT ToJeMHUTE
pa3nuuKs B CTOIHOCTHTE Ha OTKBCBAILATA CHJIA, TaKa U OT JIPYTHTE
CBOWCTBA Ha JOMaTEHHUTE PACTEHUs, XapaKTEePHH 3a JAJCHHS COPT.
V3cieBaHus COPT HE TOKa3Ba JOOPH pe3ysTaTH HO HPH MPABUITHO
oaOpaH pexuM Ha paboTa Ha MEXaHU3MHUTE MOJXKe Jia Ce TIpuIiara.
2. OnruManHuTe CTOMHOCTH Ha mromooTaensuero Yq e 91.47 % u
ce IOCTHra IpU YeCcTOTaTa Ha MMIIYJICHTE B JIOJHMTE HHMBAa Ha
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Bapupane 2.66 HZ , xoeduumenr ma sambnsame ma mMmysicute
0.56, ¥ BI'bJI Ha HAKIOHA HA IUIOAOOTACTHTEIHUSI TPAHCIOPTHOP
8.35°.

3. Tlpy MIOZOOTACTUTENHHS MPOLEC COPTOBUTE OCOGEHOCTH HE
BIIUSAT CBIIECTBEHO BBPXY IOBPEIAUTE MO IUIOAOBETE, MOraT Ia
ObIaT CBEICHM [0 MPAKTHYECKH HE3HAUYMMH CTOMHOCTH. ToBa ce
ompenens OT BB3ACHCTBHATA, NPHIATaHH BBPXY pacTUTENHATa
Maca, KOMTO Ca CIHH W CBhIIHM, HE3aBHCHMO CBOWCTBAaTa Ha
JOMAaTeHWTe  pACTeHHs, XapaKTepHH 3a  HaJeHHsI  COpT.
OnrtumManaute croitHocti Ha moBpeaute Y 0.01 % ce momydaBar
OpU YecToTaTta Ha MMIIYJICHTE B TOpHHTE HUMBAa Ha Bapupane 3.33

Hz , xoebummentsr Ha sambiBame Ha HMIyNCHTE - MEKIY
OCHOBHOTO M TopHOTO HHMBO 0.49, ¥ BIBl Ha HaKioOHa Ha
IO OO TAEIUTENHHS TpaHcmopThop 12.95°

4. JIuanuTe Ha eqHAKBB OTKIHNK ((ur. 8) maBaT BH3MOXKHOCT Jia ce
n30epaT BapHaHTH 3a PeXXUM Ha paboTa Ha JoMaTrokomOaiiHa. Te3n
JMHAM MMAaT BaXHO NPAaKTHYECKO 3HAUCHUE, 3aIlOTO CIIOMAarar 3a
n300p Ha Pa3IUYHHU CTOMHOCTHU Ha ynpasisiemure gakropu X1 n X2
3a IOCTUTI'aHEe Ha OIPEJCIICHU PE3YNTATH.

Acknowledgments. The publication is a result of the work on
Project KP-06-H 56/14 of 13 Dec 202%4-funded-by the Research
Fund, Bulgarian Ministry of Education and Science.
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Differential equations of motion of table beet root crop of round shape on the surface of a
spiral separator

Volodymyr Martyniuk
National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
E-mail: vbulgakov@meta.ua

Abstract. An actual problem in the technological process of table beet production is the cleaning of root crops from adhered soil, soil
impurities and plant residues after digging them out of the soil. In this paper we have constructed a mathematical model of table beet root
crop movement along the working channel of the new construction of the spiral separator developed by us, because at such movement just
the cleaning of root crops from these impurities takes place. On the basis of the equivalent scheme developed in this article, a system of
differential equations of motion of table beet root crop along the surface of the working channel of the spiral separator is drawn up. The
solution of the obtained system of differential equations on the PC makes it possible to investigate the influence of constructive and
kinematic parameters of the separator on the speed of movement of the root crop in the working channel before its descent from the
spirals. Thus determined constructive and kinematic parameters will provide improvement of the quality of cleaning of table beet root

crops from soil impurities and plant residues.

KEYWORDS: TABLE BEET, ROOT CROP, SPIRAL SEPARATOR, EQUIVALENT SCHEME, DIFFERENTIAL EQUATIONS,
MATHEMATICAL MODEL, DESIGN AND KINEMATIC PARAMETERS.

1. Introduction

At the time of table beet harvesting, its haulm is in a lodged
state. Therefore, the harvesting technology is a continuous cutting
of the haulm and further digging of root crops, which requires
their cleaning from loose and sticky soil, as well as plant residues.
It should be noted that a number of works [1-6] are devoted to the
cleaning of potato roots and tubers immediately after digging
them out of the soil. This stage should ensure high quality of
harvesting with minimal damage to root crops, which makes it
possible to store them for a long time.

The most suitable cleaner of table beet root crops from the
specified impurities can be a spiral separator. For this purpose, a
spiral separator can be used as a prototype [7, 8]. Experimental
studies have shown that this separator provides a sufficiently high
level of cleaning with minimal damage to root crops, which are
within the agrotechnical requirements. However, table beet
harvesting takes place in conditions different from potato
harvesting. In addition, there is a difference and technological
material. Therefore, there is a need to change the technical and
technological characteristics of the above-mentioned separator
[9].

For this purpose, we have developed a new construction of
spiral separator of table beet root crops, which has significant
advantages over existing separators.

However, to determine the rational construction and kinematic
parameters of our proposed construction of the separator it is
necessary to conduct a number of theoretical and experimental
studies of the interaction of table beet roots with the working
bodies of the separator. Such studies of the spiral separator for
potato peeling are presented in [10, 11]. For this purpose, we will
make differential equations of motion of table beet root crop
along the working bodies (spiral springs) of the mentioned
separator. In this regard, it should be noted that the most common
form of table beet root is round, i.e. in the form of a ball or
slightly flattened along the vertical axis of the ellipsoid.
Therefore, in the mathematical model, we will consider the
movement of a spherical-shaped root crop.

The developed mathematical model will give an opportunity to
carry out numerical modeling with the use of PC, i.e. machine
experiment, as a result of which the considered process will be
comprehensively studied and rational constructive and kinematic
parameters of the separator will be theoretically determined taking
into account the non-damage of table beet roots in the process of
their cleaning.

2. Results and discussions

To build the mentioned mathematical model, let us consider one
of the most probable variants of the root crop location in the
working channel of the spiral separator. This is the case when the
table beet root crop is located on the lower spiral 1, and its lower
part is between two neighboring turns of the mentioned spiral, thus
contacting its surface at two points K; and K, (Fig. 1). The rotation
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of the spiral 1 causes the root crop to move in said working channel
in a longitudinal axial direction before descending from said spiral.
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Figure. 1. Equivalent scheme of interaction of table beet root crop
with turns of the separator cleaning spirals

More precisely, turns of spiral 1 at the points of contact K; and K,
with the root crop at rotation of spirals will slip on its surface, thus
involving the root crop in translational motion along the working
channel before coming off this channel at the free end of the spiral.
In this case, the cleaning of root crops from free soil and plant
residues will be carried out by separating impurities through the
interscroll space of spiral springs, due to transverse oscillations of
cantilever springs in the vertical plane. However, the main
movement of the root crop will be its translational movement along
the longitudinal axes of the spirals, due to which the pile will be
transported along the working surface of the separator. Therefore, it
is necessary to theoretically investigate the process of root crop
movement along the longitudinal axis of the spiral.

To make differential equations of root crop motion along the
longitudinal axis of the spiral, it is necessary to develop an
equivalent scheme of its interaction with the surfaces of the spiral
turns at the contact points K; and K, (Fig. 1). As shown in the
scheme, the lower part of the root crop is located in the depression
between two neighboring turns of the spiral 1. Moreover, the first
coil in the direction of movement of the root crop will be pushing
and the second coil will be supporting.

As shown in the equivalent diagram, at each point of contact K;
and K, act normal reactions and respectively.

The normal reactions N1 and N: are directed along the normals
to the surface of the corresponding turns at the contact points K;
and K,. The direction of action of the normal reactions is formed by
the turns of the helix, the geometrical properties of which are
described by the equations of the helical line of the said helix. The
mentioned equations of the helical line of the spiral serve as
coupling equations, which specify geometrical properties of the
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trajectory of movement of the contact points K; and K, as they
move along the turns of the spiral.

At the center of mass of the root crop (point C) is applied its
gravity In addition to the already mentioned forces, the equivalent

diagram shows friction forces F. and F:, applied at the
corresponding contact points K; and K,. These forces arise from the
slippage of the turns of the spiral 1 on the surface of the root crop.
They are directed in the direction of rotation of the spiral along the
tangents to the surface of the coils at the points of contact with the
surface of the root crop.

In addition, to ensure the movement of the root crop in the
direction of the longitudinal axis of the spiral 1 there is a driving

force Fr, applied at the point of contact K;. This force is directed
parallel to the longitudinal axis of the spiral in the direction of
movement of the root crop in the working channel.

The equivalent diagram also shows the active force of the crop
fed to the spiral separator, which causes the spirals to bend and,
because of its variable value due to the change in the mass of the
crop fed, causes transverse oscillations of the spirals. It is directed
vertically downwards.

To compose the differential equations of motion of table beet root
crop in the working channel, we choose a fixed spatial Cartesian
coordinate system xOyz, the origin of which (point O) is located on
the longitudinal axis of the spiral 1, axis Oz coincides with the
longitudinal axis of spiral 1, axis Oy is directed vertically upwards,
axis Ox is directed to the right, perpendicular to the plane Oyz, and
axes Ox and Oy are located in the plane of the cross-section of
spiral 1 (Fig. 1).

Taking into account the scheme of forces shown in the equivalent
diagram, using the basic law of dynamics of a material point, let us
write down the equation of motion of the table beet root in vector
form:

m-a=G+N,+N,+F +F,+F +P, @
where & - is the acceleration of the table beet root along the
working channel under the action of the forces indicated in the
diagram.

Let's write further vector equation (1) in projections on axes of
Cartesian coordinate system xOyz:

m-X =N, -cos(x,M)+N,-cos(x,"n,)—-
—Fl-cos(x,"\71)—Fz-cos(x,"\72),
m-§ =N, -cos(y, )+ N, -cos(y,,)—
—Fl-COS(y,"Vl)—Fz -cos(y,"\72)—G—PK, @
m-Z=N,-cos(z,n,)+ N, -cos(z,"n,) -

~F,-cos(2,"V1 )~ F, -cos(2,V2 ) +

where 1, and N, — normal to the surface of the spiral turns at the

contact points K; and Ky, respectively; V, and \/_2 — velocity vectors

of relative movement of the table beet root along the spiral turns at
the contact points K; and K,, which are directed along the tangent to
the spiral surface in the direction opposite to the circumferential
velocity of the turn at the contact points K; and K, respectively.

Further, we define the directional cosines of the angles included
in the system of differential equations (2).

The directional cosines of the angles between the axes of the
xOyz coordinate system and the direction of the normals to the
surface of the coils at the contact points K; and K, are determined
according to [12], which are conveniently represented in parametric
form. For this purpose, the parametric equations of the helical line
[13] are used.

As a result, we obtain the values of the directional cosines of the
angles between the coordinate axes Ox, Oy and Oz and the normal
reactions of the spiral turns at the contact points K; and K, in
parametric form:
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cos(x,", ) = cos(x,"f,)

=(L-sinet+M -cosat -sin 2at) x 3)
-1
x(\/LZ+(2ML+Mz)-sinZZwt+Q200522a)t) ,
cos(y, ) =cos(y, )=
=(L-cosat+M -sinet-sin 2mt ) x 4
-1
x(\/LZ+(2ML+MZ)-sin22mt+Q200322a)t) )
cos(z,~M,) =—cos(z,"n,) =
1 (5)
=QCOSZa)t~(\/LZ+(2ML+Mz)-sin22mt+QZCOSZZa)t) .
Where
2 S
=— cos| — |, 6
47°R (Zﬂ'RJ ©)
2 3
M = Sz -cos(ij—%-sin i) (7)
47°R 2z7R ) 8x°R 27R
S S
=—-.cos| — |, 8
Q 2r (Zﬂ'Rj ®)

where R — is the radius of the helix, S is the pitch of the helical line,
o is the angular velocity of the helix.
Let us further determine the directional cosines of the friction
forces.

This is reduced to the determination of the cosines of the angles
between the vectors of relative velocities of movement of the root
crop along the turns of the spirals at the contact points K; and Kj,

and the coordinate axes Ox, Oy and Oz, i. e. cos(x,"V),
cos(y,"V;) and cos(z,7V;), (i = 1, 2).

It should be taken into account that vectors V, and V, are
collinear. Therefore, the following equations hold:

cos(x,"l72) = cos(x,"l71) :

cos(y,"V, ) =cos(y,"V;), 9)

cos(z,’\\72)=cos(z,’\\71) .

The directional cosines cos(x,"l7.), cos(y,"\Z) and cos(z,"?)

, (i =1, 2), in the Cartesian coordinate system can be found
according to [12] and represented parametrically using the
parametric equations of the helical line [13]. As a result, we obtain:

27R -sin wt
Jar*R? £ 5%
27R - cos wt
Jar*R? ys?
cos(z,"\72) = cos(z,"\71) = ﬁ .
T

Substituting expressions (3) — (5) and (10) — (12) into the system
of differential equations (2), after a number of transformations we
obtain the following system of differential equations in parametric
form:

cos(x,"l7z) = cos(x,"l7l) = (10)

cos(y, "V, ) =cos(y,"V; ) =— (12)

(12)
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m-X=(N;+N,)-(L-sinwt+M -coswt -sin2et)x

-1
x(\/LZ +(2ML+M?)-sin’ 20t + Q” cos’ 2a)t) -

27R -sinwt
JarR? 457

m-§=(N,+N,)-(L-cosat+M -sinet-sin2wt)x

-(F+F,)-

-1
x(\/L2+(2ML+MZ)-sinZZa)t+Q2c0822wt) + (13)

27R - cos wt _
Jar*R? 4 52

m-Z=(N,—N,)-Qcos2et x

+(R+F,): -P,,

-1
x(\/Lz + (2M|_ +M 2)-sin2 2at + Q2 cos? 2a)t) -

—(F1+F2)-$+ F.

Jar?R? + 52

The system of differential equations (13) is a system of
differential equations of motion of table beet root crop under the
action of rotating spirals along the working channel formed by
cantilever spiral springs, where the root crop is cleaned from soil
impurities and plant residues.

As a result of twofold integration of the system (13) taking into
account the initial conditions, it is possible to obtain the laws of
movement of table beet root crop along the working channel of
the spiral separator as functions of time t and values of its
parameters.

3. Conclusion

1. The system of differential equations of motion of table beet
root crop along the working channel of spiral separator is
obtained, on the basis of which it is possible to determine rational
design parameters and kinematic modes of operation of the
mentioned separator by means of PC.

2. As a result of solving the system of differential equations on
the PC will be obtained graphical dependencies of the influence of
kinematic parameters of the separator on the speed of movement
of root crops along its working channel.
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Determination of dynamic loads during operation of a flexible screw sectional working
body
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Abstract. The article presents the design of a flexible screw sectional working body that will improve the functional and operational
characteristics of screw conveyors during the utilization of the removed contaminated soil layer. A mathematical model of the dynamic
system of a flexible screw conveyor was created, and dynamic starting torques were calculated at the rated load of the loaded screw and
when the system was braked. The analysis of the results shows that with significant damping coefficients, the startup transient process is
smooth and the load reaches its nominal value without fluctuations in torque and speed.
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1. Introduction

As a result of the military actions, Ukraine's soil resources are
being significantly destroyed, their quality is deteriorating, and
degradation processes are intensifying, with a number of
mechanical, physical, and chemical impacts on the soil cover.
Such impacts lead to the destruction of the structure and functions
of the soil ecosystem and deterioration of physical and
geochemical properties.

Enemy aircraft and artillery have the greatest impact on
agricultural land and soil cover, accounting for about 80% of the
impact. As a result of missile and artillery shelling, the fields are
covered with craters (craters) from the explosions of shells, mines,
and missiles. The craters are of different diameters and depths [1].

The depth of the craters in the fields ranges from 30 cm (82 mm
mortar) to 5 m (cruise missiles), and the soil remaining at the
impact site is turbulized, subject to dynamic compaction, and
contains numerous metal fragments with residues of explosive
toxic substances, i.e., deterioration of physical properties of soils,
changes in particle size distribution, compaction and
disintegration due to a decrease in the content of agronomically
valuable fractions, etc.

Other important impacts on the soil cover are the consequences
of explosions, detonations, or burning of heavy machinery on
agricultural land. The results of the analysis of the soil particle
size distribution showed that the content of physical clay
decreased in places where heavy machinery burned and fuel and
lubricants leaked [2].

Therefore, restoring and ensuring the conditions for preserving
the fertility of agricultural soils in Ukraine that have been
destroyed by military operations is a very acute, global and urgent
problem for the entire agricultural sector, which has a state
priority.

In order to restore areas damaged by explosions, it is necessary
to remove or clean the surface layer of soil, since in addition to
chemical contamination with heavy metals, the fertile soil layer
also burns out, dehydration and “sterilization” occur, Killing both
pathogenic microorganisms and beneficial biota [1].

To remove and clean the damaged surface layer of soil in the
crater formed as a result of explosions, it is recommended to use a
working tool that will allow mechanizing this process. This
working tool is attached to the boom of an excavator with a
hydraulic system.

To dispose of the removed contaminated soil layer, a flexible
screw conveyor with a sectional auger working body can be used,
which will allow it to be transferred to the truck body.

Screw conveyors are used for transportation of various types of
bulk agricultural materials, including: cereals, granular seed
materials, clay, sand, loose soil, mixed fodder, mineral fertilizer
granules, etc. From the analysis of the literature, it can be
concluded that the least resource-intensive technology for moving
bulk and lumpy agricultural materials along curved routes is the
use of flexible screw conveyors, which are made on the basis of
individual screw sections that are hinged to each other [3]. Works
[4, 5] substantiate the structural, kinematic, and technological
parameters of screw working bodies in terms of their functional
purpose.
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However, the existing flexible screw impellers cannot fully
meet the operational requirements for these types of conveyors.
The use of shaftless flexible screw spirals leads to their rapid
destruction when conveyors operate on curved routes due to the
occurrence of alternating cyclic loads. The design of the working
body in the form of a solid or sectional shaft, on which individual
elements of screw ribs are located, leads to a significant
complication of the design of the technological body, an increase
in its material consumption, which, accordingly, causes an
increase in energy consumption, as well as damage to the
transported materials.

Therefore, the task of developing new designs and
substantiating the parameters of flexible screw conveyor working
bodies that will improve the functional and operational
performance of the process of utilizing the removed contaminated
soil layer is relevant.

2. Results and discussions

To improve the performance of flexible screw conveyors, a design
of a screw sectional working body was developed, which is shown
in Fig. 1. It contains sections 1 of equal diameters and lengths,
which are made in the form of welded structures of tubular blanks
2, to one conditional inner end of which a cylindrical sleeve 3 is
rigidly fixed. The latter is made with a system of axial parallel
grooves 4, which are placed evenly around the circumference, for
example, four, and are parallel to the axis of the tubular blank and
which are in interaction with rolling elements 5. On the other side,
the rolling elements 5 are in contact with the spherical recess 6 of
the spherical body 7 with the possibility of axial and angular
rotation of the spherical rod 8. In addition, from above, the
cylindrical sleeve 3 is in rigid interaction with the spherical body 7,
in which the inner sphere 6 is in interaction with the outer surfaces
of the rolling elements 5, and at the free inner end of the spherical
body 7 there is a cylindrical ring with an outer triangular profile 9,
which is in rigid interaction with a similar recess 10 of the
cylindrical sleeve 3, which is made at its free end outside. From the
other end of the welded cylindrical section, a connecting sleeve 11
with an internal square or shaped hole 12 is rigidly installed in the
inner hole perpendicular to the axis, which is in interaction with the
corresponding end of the spherical rod of the neighboring section
and rigidly fixed in a known way. Four jumpers 13, for example,
are welded to the outer diameter of the connecting sleeve 11 evenly
around the circumference at one end, and at the other end the
jumpers are welded to the outer diameter of the cylindrical sleeve 3.
A screw section 13 is rigidly welded to the outer diameter of the
cylindrical section 2, which is actually a continuation of the helical
spirals of the neighboring sections, a recess 14 is made in the center
of the spherical rod 8, which is in contact with the lubricant, which
in turn is connected to the rolling elements 8 by a system of holes,
and a central hole is made at the free end of the rod, which is
connected to the recess 15 and an oiler is screwed at its end.
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Figure 1. Constructional diagram (a) and general view (b) of the
screw sectional working body

The operation of the screw working body is as follows. During the
rotation of the spiral section 14, the rotational motion is transmitted
through the rolling elements 5 to the spherical linkage 7 and the
adjacent sections of the screw working body.

In order to estimate the maximum loads that occur in the elements
of a flexible screw conveyor during the transient processes of
starting and braking, we will create its dynamic model and analyze
the resulting solution.

The simplified dynamic model will be written in the form of an
elastic three-mass rotating system subject to external torques from
the motor and the transported material. The dynamic model is
shown in Fig. 2.

Figure 2. Scheme of the dynamic model

The first rotating mass J; represents the combined mass of the
drive mechanism (motor, gearbox, coupling). It is affected by the
torque of the motor's electromagnetic forces Ty , reduced to the
screw's axis of rotation, and the force T, of friction in the drive
mechanism. The second rotating mass J, — is the combined mass
of the first link of the flexible screw conveyor together with the
mass of the transported material. It is subjected to a moment of
resistance, which can be represented as the sum of two components
- a constant dry friction moment T, and a viscous friction moment

that depends on the speed of movement. Similarly, J5 the

following corresponds to the combined mass of the next link of a
flexible screw conveyor.

Obviously, if there are several conveyor links, the number of
rotating masses should correspond to their number. However, in
models that study transient processes, due to the presence of
significant friction forces of bulk material, which causes damping of
oscillations of subsequent links, it is possible to replace a long chain

of links with a reduced torque of resistance Ts, applied to the link
by mass J3, as well as a certain viscous friction moment. This

15

assumption significantly reduces the complexity of the system
analysis, with virtually no effect on the determination of the
maximum dynamic loads that occur in the drive mechanism and the
first link of the screw. Therefore, for the purpose of the study, we
will limit ourselves to a dynamic system consisting of three
characteristic rotating masses.

Each link is connected to the next elastic element, the combined
stiffness of which is determined by the elastic properties of the
screw link and the hinge mechanism.

The dynamic model shown in Fig. 2, the dynamic model is
described by a system of three differential equations of motion.
Each equation describes the motion of the corresponding rotating
mass:

I =Ty —calgr—2)- i ~Toson ()

3262 =Cilr — 02)—Calp2 — 03)— Baio — T 50922 )

33 = Co(2 — 03)— Bads ~Tason(gs )
where @, ¢, @3 — rotation angles of rotating masses Jq, J,, J3
accordingly; ¢, Cy
B Po. B3 — coefficients of viscous damping forces acting on the

respective masses.

The torque of a motor is described by its mechanical
characteristic, which relates rotational speed and torque. The
simplest is the static mechanical characteristic of an electric motor,
which does not take into account electromagnetic processes in the
motor. As a drive motor, an asynchronous electric motor with a
squirrel-cage rotor is most often used without a starting current and
speed control circuit, i.e., the motor is directly connected to the
mains. In this case, its mechanical characteristic can be written as:

2T,
T, = k_, 2
75 s @
S¢ S

The values in expression (2) are determined by the following

formulas:

_ D — @
(0]

_ D=

(2]

@

— rigidity of the connecting elements;

Sk — critical slip of the electric motor;

S — running sliding of the electric motor,

where @y — synchronous rotor speed of the electric motor;
wy — critical rotor speed of the electric motor;

Ty — critical torque of the electric motor.

The last three values are determined from the motor's tabulated
parameters and must be reduced to the screw's axis of rotation.

The system of differential equations (1) is nonlinear, so its
analytical solution is difficult, and therefore we will use a numerical
method based on transforming the system of second-order
differential equations into a system of first-order differential
equations with twice as many of them. To do this, we will make the
appropriate substitutions and replacements. As a result, we get the
following system of equations:

o =U;
o Td —cien—02)- B —Tason ().

3 ’
P2 =V,
vz(&(%—(/’z)—cz((/’z—f/’s)—ﬂz{bz ~Tosgn(¢2). ©)

J; ’
p3 =W,
W Ca(@2 — 03) - Bags — T 50 (¢5)
I3

To solve system (3), it is advisable to apply the Runge-Kutta
numerical method, which has proven to be convenient and reliable
for solving systems of equations describing dynamic models of
oscillating mechanical systems.
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During the startup, the system of masses was at rest at the

beginning of the movement, so the initial conditions are written in
the form:

»(0)=0;

©2(0)=0;

03(0)=0; 4
u(0) =g (0)=0;

v(0) =, (0) =0;

w(0) = ¢3(0)=0

In order to analyze the influence of certain system parameters on
the magnitude of dynamic loads during the startup period, we will
perform the calculation by assuming the following numerical values
of mass, power, and elastic coefficients:

— Rotating mass of the drive J; =2 kg m?;

— Rotating masses of 1 and 2 screw links J, = J3 =0.01 kg m?;
— Rigidity of drive elements ¢; = 2000 N m;

— Rigidity of the 1st link elements ¢, =1000 N m;

— Coefficient of viscous friction of the drive mass £ =0.5Nm
S

— Coefficients of viscous friction of 1 and 2 links f, = i3 =5 N
ms;

— Torque of the drive elements T; =10 N m;

— Moment of resistance of 1 link T, =20 N m;

— Resistance torque 2 links T3 =200 N m;

— Rated speed of the drive @y =10s™

— Critical sliding s, =0.25

— The critical torque T, =500 N m.

The values of friction moments and critical torque are selected for the
calculated rated power of the electric motor of 2.2 kW. In order to
increase the starting torque, which is necessary when starting the screw
conveyor under load, we choose an asynchronous motor with increased
slip. The second, particularly loaded case of flexible screw conveyor
movement is its sudden braking due to material jamming or accidental
entry of a certain object into the transportation zone. At this point, the
system, which has been rotating at a constant speed, begins to brake,

increasing the braking torque until the drive comes to a complete stop.
Mathematically, applying certain assumptions, this can be written as a

linear increase in torque T3 in time t from the initial value Tsq to the
maximum value when the movement of the rotating mass J is stopped:

T3 =Ty +Mt, ®)
where M — braking torque growth factor.

The value M determines the braking speed of the drive. In real systems,
the braking time can last from 0.1 s to 5 s. A short time is typical for
incompressible bulk materials (sand, dry grain materials), and a long
braking time is typical for the transportation of compressible media (soft
grain materials, feed, seeds, chaff). The conveyor movement during
braking can be divided into 2 stages. The first is braking until the rotating

mass Jg stops. At this stage of motion, the system is described by the
same equations (1-3), but with different initial conditions that correspond
to the final values of the angles and their velocities in steady-state motion
before the start of braking at time t;, and the braking torque is determined
from expression (5):
21 (0) = (t);
?2(0) =5 (ty);
?3(0) = p3(ty);
u() = (ty) = a;
V(0) =2 (ty) = aoy;
w(0)=@3(ty) =y
The second stage of motion is the oscillation of masses J; and

(6)

J,, connected through elastic elements c; and c, to the stopped

mass Jg. At the second stage, the elastic system is described by a
system of two differential equations:
3161 =Ty —ci(or—p2)- B —Tyson (g ) } )
3262 =@ —92)—Ca(p2 —03)— Bar ~ T2 s (932 )
Accordingly, after substitution, we obtain a system of four first-
order differential equations:

p=u
i Jd —cile - 2)- A ~Tison (@),
] ;
- ' ®
P2 =V;
Ve ol —02)—Co(02 —03) - Boio - To 59”((?2).
J2

with the corresponding initial conditions, which are final for the
moment of time t, of the mass J5 stopping:

21 (0) =1 (t2);
?2(0) = o (t5);
u(0) =g (tz) = wsy;
V(0) =, (tp) = ws;

Thus, a mathematical model of the dynamic system of a flexible
screw conveyor was obtained, and dynamic starting torques were
calculated at the rated load of the loaded screw and when the system
was braked.

On the basis of the created mathematical model of the dynamic
system of a flexible screw conveyor, we calculated the dynamic
starting torques at the rated load of the loaded screw. The
calculation results are shown in Fig. 3 — 6. The graphical results of
calculating the dynamic loads during braking of the system

described by Fig. 5-9 are shown in Fig. 7 — 10.
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Figure 3. A change of the dynamic torques of the drive and in the
elastic sections of the conveyor with significant external damping
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Figure 4. A change of the dynamic torques of the drive and in the
elastic sections of the conveyor with small external damping
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Figure 5. The rotation speeds of masses with significant external
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Figure 10. The speeds of the conveyor sections during fast braking
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The analysis of the results shows that with significant damping
coefficients, the start-up transient process is smooth and the load
reaches its rated value without fluctuations in torque and speed.
At low damping, a certain transient oscillatory process is
observed, but the dynamic loads do not exceed 20% of the
nominal value.

The cases of slow and fast braking are considered. The analysis
of the graphs shows that fast braking significantly increases
dynamic loads, which can significantly exceed the maximum
critical torque of the electric motor (on average by 50-70%) and
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the rated load torque (by 2.5-3 times). To ensure the strength of
the screw links during braking, it is necessary to provide safety
elements (clutches) with an actuation torque not exceeding 1.5
times the nominal torque.

The analysis showed that the dynamic loads during system
startup are not critical, and in case of jamming, they significantly
exceed the permissible values.

3. Conclusion

Based on the analysis of literature sources and patent search, a
flexible screw sectional working body has been developed and
manufactured, which will improve the functional and operational
characteristics of screw conveyors. On the basis of the created
mathematical model of the dynamic system of a flexible screw
conveyor, the dynamic starting torques were calculated at the rated
load of the loaded screw. The analysis of the results shows that at
significant damping coefficients, the startup transient process is
smooth and the load reaches its nominal value without fluctuations
in torque and speed. At low damping, a certain transient oscillation
process is observed, but the dynamic loads do not exceed 20% of
the nominal value.

The analysis of the results of calculating the dynamic loads
during braking of the system shows that rapid braking
significantly increases the dynamic loads, which can significantly
exceed the maximum critical torque of the electric motor (on
average by 50-70%) and the rated load torque (by 2.5-3 times). To
ensure the strength of the screw links during braking, it is
necessary to provide safety elements (clutches) with an actuation
torque not exceeding 1.5 times the rated torque.
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Abstract. The article studies the damage and destruction of the fertile soil layer as a result of military operations, in particular the
detonation of various kinds of explosives, and examines the level of contamination of agricultural soils with heavy metals and other
harmful substances. A method of restoring the surface of damaged land caused by bombing is proposed, which involves first cleaning the
craters from damaged and contaminated soil with heavy metals and other dangerous substances. If a dangerous concentration of heavy
metals and other dangerous substances is found on the surface of the crater, the removed contaminated soil layer must be disposed of.
When disposing of the removed contaminated soil layer, it is proposed to use a flexible screw conveyor with a sectional auger working
body. The constructive scheme of the experimental setup with a hitch system of a machine-tractor unit and a flexible screw conveyor is
shown. To select the rational design parameters of the screw sections of the working body, computer modeling of the influence of power
loads on the corresponding deformations depending on the conditions of their operation was carried out.
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More than 5 million hectares of arable land in Ukraine have
been damaged by the war. Explosion craters, trenches, toxic
substances from missiles and the movement of heavy machinery
all affect the quality of the soil and the food we grow. During
explosions and the operation of military equipment, a large
amount of toxic substances, including explosives and heavy
metals, enter the soil. This causes chemical damage to the soil [1].

There are four types of soil destruction. Mechanical — a change
in the structure of the soil cover. It occurs when the fertile layer is
destroyed or mixed with other layers due to digging trenches or
trenches. After such changes, the soil loses its fertile properties,
retains moisture worse, and becomes less suitable for growing
crops. Mechanical pollution is also caused by the movement of
military equipment — the soil is compacted and becomes more dry.

The second type is physical pollution, which is a change in soil
properties. Military equipment causes vibrations, and explosions
or fires, in addition to direct destruction, disrupt the temperature
regime that determines the moisture supply of plants [2, 3].

The third — chemical — is caused by fuel leaks, combustion
products that settle on the soil from the air, and toxins from
explosives in shells. However, an ammunition explosion is not
only a chemical pollution, but also a mechanical one. The blast
wave leads to soil erosion, which further exacerbates the issue of
climate change and adaptation to it.

The fourth type is biological — the death of all living things in
the soil, primarily the microbiota, which is responsible for its
health and fertility. It dies both from soil compaction, thermal
shocks, destruction of soil horizons, and explosive toxic
substances [4].

Based on the results of previous studies, it was decided to
consider all craters from shelling, places of explosion and fall of
unexploded rockets with rocket fuel spills, places of fuel spills
from military equipment, and places of burnt-out equipment as
dangerous to the life and health of citizens and the environment.
Craters from explosions and the area around craters, depending on
the radius of the debris, are contaminated with heavy metals
(nickel, zinc, lead, cadmium, copper, etc.). Hazardous substances
can get through the soil into water or plants grown on it, they can
migrate in the environment and accumulate in the bodies of plants
and animals. The ingestion of such substances into the human
body can lead to damage to the functioning of internal organs, in
particular the liver and kidneys, damage to the nervous system,
and general poisoning of the body [5].

The combination of various impact factors leads to a
cumulative negative effect. The consequences are the loss of the
soil's buffering capacity for recovery, loss of humus, and a
decrease in natural fertility [1].

Substances that enter the soil during explosions remain in the
crater without special treatment.

If we do not take post-war restoration measures, we will get
soils with flooding, salinity, erosion processes, etc. This can
undoubtedly lead to devastating consequences in crop production,
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soil cover disturbance, lack of natural moisture, desertification,
and the development of wind and water erosion [6].

Plowing will have no effect because the land itself is not alive
in this place. The scorched earth — the biological component of
the soil, the humus, and the bacteria that should be there and make
the earth alive — are practically destroyed.

To restore the fertility of the affected soils and put them into
operation, it is not enough to demine and then fill in all the
existing sinkholes [7].

To restore the areas damaged by explosions, it is necessary to
remove or clean the surface layer of soil, as in addition to
chemical contamination with heavy metals, the fertile soil layer
burns out, dehydration and “sterilization” occur, killing both
pathogenic microorganisms and beneficial biota. If the surface
contaminated layer is not cleaned off, but the sinkhole is
mechanically sealed with bulldozers and graders, soil fertility
restoration will take decades, requiring serious investments in
organic fertilizers, ameliorants, phytomelioration, etc. [8, 9].

If a dangerous concentration of heavy metals and other
dangerous substances is found on the surface of the funnel, the
removed contaminated soil layer must be disposed of. If the
removed layer of the sinkhole surface contains an acceptable
concentration of pollutants, the peeled layer can be left at the
bottom of the sinkhole [10, 11].

Shallow craters (up to 0.5 m) can be filled with soil mass
remaining at the explosion site (at the permissible concentration of
pollutants) or mineral soil (loam, loess loam, sandy loam, sand),
followed by leveling the surface.

Deep sinkholes (more than 0.5 m) should be filled with soil mass,
but the order of soil layers should be close to the undamaged areas,
so the sinkhole should be filled with mineral soil first, and the top
layer (20-30 cm) should be covered with fertile black soil. If
backfilled in a chaotic manner, such a site will be low-productive
for crops, and its restoration will require additional measures
(application of organic fertilizers, ameliorants, phytomelioration,
etc.). Based on the measurements of the parameters of the explosion
craters, the need for mineral and fertile soils is calculated in the
working land management project.

To remove and clean the damaged surface soil layer in the crater
formed as a result of explosions, it is recommended to use a
working body that will allow mechanization of this process. This
working tool is attached to the boom of an excavator with a
hydraulic system.

To utilize the removed contaminated soil layer, a flexible screw
conveyor with a sectional auger working body can be used, which
will allow it to be transferred to the truck body.

Fig. 1 shows a schematic diagram and general view of such a
screw sectional hinged working body. This working body is made
of separate sections, to which a cylindrical sleeve 1 is rigidly fixed
at the right end. It contains a system of axial parallel grooves 2,
which are arranged evenly around the circumference and parallel to
the axis of the cylindrical sleeve and the groove and interact with
balls 3. At the same time, the balls 3 interact with the inner
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spherical surface of the spherical sleeve 4 and have the ability to
axially and angularly rotate the spherical pin 5.

At the other end, the welded cylindrical section comprises a
connecting sleeve 6 with an internal shaped hole 7, wherein the
sleeve 6 is rigidly positioned in the internal hole of the section,
perpendicular to the axis. The sleeve 6 is connected to the spherical
pin of the neighboring section and is rigidly fixed with a nut 8.
Jumpers 9 are welded to the outer diameter of the connecting sleeve
6 evenly around the circumference at one end, and at the other end
the jumpers are welded to the outer diameter of the cylindrical
sleeve 1. A screw section is rigidly welded to the outer diameter of
the cylindrical section, which is actually a continuation of the
helical spirals of the neighboring sections.

4

Figure 1. Structural diagram (a) of a flexible screw sectional
articulated working body

The operation of the flexible sectional screw impeller is as
follows. During the rotation of the spiral section, the rotational
motion is transmitted through the rolling elements 3 to the
spherical pin 5 and the adjacent sections of the screw working
tool.

The reloading of the removed contaminated soil layer using a
flexible screw conveyor will allow to mechanize this process.

To study the process of reloading the removed contaminated
soil layer, Fig. 2 shows a schematic diagram of the experimental
setup with a tractor-machine hitch system and a flexible screw
conveyor.

This conveyor contains a loading 1 and an unloading 12
flexible casing with screw sectional hinged working bodies. The
loading and unloading covers have openings on one side for self-
loading and unloading of soil, respectively, and on the other side
they are connected to the drive shafts of the overloading nozzle 2.
Co-axially with the flexible covers on the opposite side of the
reloading nozzle 2, sprockets 10, 13 are arranged on the drive
shafts, which are kinematically connected to the intermediate
shaft 11 by means of chain gears.

The lower 8 and upper 3 brackets are mounted on the body of
the reloading nozzle, with the help of which the conveyor is
connected to the central 5 and longitudinal 8 rods of the hinged
system of the machine-tractor unit 6. The output shaft 10 of the
unloading line is connected to the gearbox 4 through a chain
transmission, which, in turn, is driven by a cardan gear 7 from the
PTO shaft of the machine-tractor unit.

To simplify the design of the drive, the intermediate shaft 11
can be the output shaft of the gearbox 4, the axis of which is
located in a plane equidistant from the drive shafts of the
highways (Fig. 2, b). This installation is universal, since after
dismantling it is installed on an autonomous frame driven by an
electric motor, and the study of various working bodies can be
carried out in stationary conditions.
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Figure 2. Structural diagram of the experimental setup with a
tractor-machine hitch system (a, b) and a flexible screw conveyor
©

During operation, the kinematically connected drive shafts,
intermediate shaft and power take-off shaft of the machine-tractor
unit ensure rotation of the flexible screw sectional articulated
working members.

To dispose of the removed contaminated soil layer, the loading
casing with the flexible screw sectional articulated working body is
placed in a pit. The conveyor auger captures the cleaned soil
through the self-loading hole and, while rotating the working body,
transports it in the casing towards the reloading nozzle of the
experimental installation and, using the unloading casing with a
flexible screw sectional working body, to the unloading zone in the
truck body.

To select the rational design parameters of the screw sections of
the working body, we performed computer modeling of the effect of
power loads on the corresponding deformations, depending on their
operating conditions.

A computer model of a section of the working body of a flexible
screw conveyor with articulated transmission mechanisms fixed in
it was created using the Solid Works application package. The
general view of the model is shown in Fig. 3.

Figure 3. Model of the assembled section with the load applied to it

To calculate the twisting angle of the section ¢ and obtain the
corresponding graphical dependences of the torque, the
corresponding test conditions were simulated. One intermediate
element was rigidly fixed (shown on the left side in Fig. 3), and a
torque was applied to the other (shown on the right side). The
variables were: the number of rods of the section base n; the
thickness of the section helix J; and the applied torque T.

Next, a graphical display of the movement of the components of
the working body (Fig. 4) and the deformation of the components of
the working body (Fig. 5) under the action of the applied torque was
obtained in the program window.
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Figure 4. Movement of working body components under the
influence of torque
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Figure 5. Deformation of working body components under the
influence of torque
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Based on the obtained values, we calculated the twisting angle of
the section ¢ when changing the number of rods n, the thickness of
the helical spiral of the section J, and the values of the applied
torque T. The corresponding graphical dependences are shown in
Fig. 6 and 7.
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Figure 6. Graphical dependence of the section twist angle ¢ on
the number ofrods: 1-n=2;2-n=3;3-n=4

Analysis of the graphical dependencies (Fig. 6, 7) shows that the
twisting angle of the sections increases with increasing torque. Its
largest increase is observed for the number of axial rods of the
section base n = 2, and the smallest — for § =4 mm.
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Figure 7. Graphic dependences of the twisting angle of the
section ¢ on the change in the thickness of the helical spiral:
1-0=2mm;2-6=3mm;3-0=4mm

As can be seen from the graphical dependence shown in Fig. 7,
the number of axial rods of the section base n has a much smaller
effect on the twist angle of the section ¢ compared to the parameter
¢, and the graphical dependences are close to linear.
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Optimization of vertical surfaces with continuous and discrete finning
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Abstract: The article deals with the optimization of vertical surfaces with continuous and discrete finning under conditions of natural
convection. The optimization was carried out using experimental data obtained for finned surfaces made of steel, taking into account the
non-isothermal temperature distribution over the surface of continuous and discrete fins. The dependences of the optimal distance between
the ribs on the Rayleigh number and the geometric dimensions of the ribs are found. It was found that with a decrease in the Rayleigh
number for discrete non-isothermal fins, the optimal distance between the fins increases compared to the same distance for continuous
non-isothermal fins. The differences can be more than 30%. The obtained results for continuous non-isothermal fins are compared with the
known results for isothermal fins. It is shown that the presence of non-isothermicity on the surface of continuous fins made of metal
materials leads to the need to reduce the inter-fin distance by up to 40%. The results obtained can be useful in the design of finned surfaces

under natural convection conditions.

KEYWORDS: CONTINUOUS AND DISCRETE FINNING, VERTICAL SURFACE, NATURAL CONVECTION, NON-ISOTHERMAL,

OPTIMIZATION.

1. Introduction

The experimental study of heat transfer of a radiator with flat
vertical fins was first conducted by Elenbaas W. [1]. The studies
were conducted in a wide range of changes in the geometric and
thermal characteristics of the system under study. In [2], the
dependence of the surface-averaged Nusselt number Nus on the
parameter Ra,- s-L %, L — is the total length of the plate along the
length of the fin, was obtained, and the optimal distances between
the fins were found.

In subsequent theoretical studies [3], the results obtained in [2]
were confirmed by numerical calculation. The author of [4],
assuming that the heat transfer coefficient over the surface is
constant, determined the efficiency of the fins and found the
optimal spacing between the fins depending on the Gr; number and
the thermal and physical properties of the fin material and the
external coolant. These dependencies were presented in the form of
nomograms.

Levi E. K. [5] determined that in the case of a laminar flow
regime, the optimal distance between the plates sy is 1.2 times the
maximum thickness of the boundary layer on a single plate.

Bar-Cohen A. and Rosenau V. M. [6], based on the dependencies
obtained in previous studies, determined the optimal inter-rib
distances sqy at T = const and q = const on the flow surface.

In [7, 8], the heat transfer of radiators was studied, respectively,
taking into account the fin thermal resistance of the fins and for
large numbers Ra.

In [9], during the experimental study of heat transfer for a smooth
and longitudinally finned surface in a channel, local distributions
for the Nusselt number, as well as graphical and criterion
dependences for the average Nusselt number on the Grasgoff
number at T = const and q = const on the surface were obtained. A
good agreement with the data of Elenbaas W. [1] for the averaged
characteristics was obtained.

In [10], when solving the system of equations for the transfer of
mass, momentum, and energy between two vertical plates located
on a vertical wall, the correlation dependences Nug, = f (s:L %, Ra)
were found. It was shown that at Pr 0.7 the longitudinal
component of heat transfer in a finned channel should be taken into

account at
(s'L™) < 10.
In the experimental work [11], the influence of the

nonisothermicity of finned surfaces on their heat transfer was
investigated and the criterion dependences of the Nusselt number on
the Rayleigh number were obtained.

The above studies examined heat transfer for surfaces with
continuous fins. The main disadvantage of such systems, especially
those with a large length in the vertical direction, is its low thermal
efficiency in the upper part of the finned surface. In this area, there
is a regime of developed flow in which local values of the heat
transfer coefficient are small. The intensity of heat transfer in this
area is much lower than in the lower part of the radiator, where the
initial boundary layer on the plates is formed and the local heat
transfer coefficients are high. To overcome this drawback, it was
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proposed to use discrete fins. The discretization of the fins leads to
the disruption of the boundary layer on the plates and the formation
of a new layer on the subsequent plates. Given the large values of
local heat transfer coefficients at the initial sites of boundary layer
formation, the use of discrete fins leads to an intensification of heat
transfer for the entire system.

Sparrow E. M. and Prakash K. [12] conducted a theoretical study
of a system of discrete edges staggered on a vertical surface. In
[12], calculations were also performed for a vertical system with
continuous flat fins. Local and integral thermal characteristics for
both cases were obtained. It is shown that for some fin geometries,
the discretization of the fins allows for a 2-fold intensification of
heat transfer. An experimental study [13] confirmed the presence of
heat transfer intensification when using discrete fins.

However, for real heat transfer conditions that occur in practice,
the temperature of the finned wall and the density of the heat flux
being removed vary significantly over the surface. In the case of
forced or natural flow of the external coolant, a change in the
temperature head on the flow surface can in some cases
significantly affect the heat transfer conditions of finned surfaces.

An experimental study of the effect of nonisothermicity on the
heat transfer of vertical surfaces with discrete fins was conducted in
[14]. The dependence of the Nusselt number on the Rayleigh
number was found and the results obtained were compared with the
results of numerical modeling for discrete isothermal fins [12].

Paper [15] evaluated the efficiency of various rectangular finned
heat sinks in 8 orientations. It was found that denser fin arrays are
more sensitive to orientation. The experimental results are in good
agreement with the current prediction and previous experimental
data. We propose correlations in the simple form Nu = C-Ra,, for
different orientations, which have rarely been studied before. The
exponent m turns out to be almost the same for ordinates 45, 135,
225, and 315. In addition, the calculation results show that the
mismatch between the heat transfer area and the natural convection
flow and the blocking of the convection flow are the two dominant
factors that impair the heat transfer of rectangular finned radiators.

Numerical studies of natural convection heat transfer from radial
radiators with a perforated ring have been conducted [16]. The
effect of the number of perforations (0 — 6), perforation diameter
(0 — 3 mm), perforation length (1.5 — 6 mm), and orientation angle
(0 —180) on thermal efficiency was investigated. The results show
that radial radiators with a perforated ring obviously have better
thermal performance than those with a non-perforated ring.

Paper [17] proposes and demonstrates a new cross-finned heat
sink that improves natural convective heat transfer compared to a
reference plate-fin heat sink widely used for electronics cooling.
Numerical simulations are performed taking into account both
natural convective and radiation heat transfer, and the results are
confirmed by experimental data. Compared to the plate radiator, the
total and convective heat transfer coefficients of the cross-finned
radiator were increased by 11% and 15%, respectively.

Paper [18] discusses the methods used to improve the
hydrothermal characteristics of heat sinks. It can be concluded that
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the angle of inclination, orientation, and Ra number play an
important role in increasing heat dissipation from the radiator.

In this work [19], based on the study of inclined plate fins, a W-
type finned heat sink for natural convection was proposed. Taking
into account thermal radiation, the efficiency of natural convective
heat transfer of W-type fins on a vertical substrate was investigated
depending on variations in geometry. In addition, the W-type finned
radiator was experimentally investigated. The experimental results
show that the W-type finned heat sink achieves a cooling effect
with a maximum temperature drop of 4.6 °C and an average
temperature drop of 2.9 °C. Compared to the optimized finned heat
sink with parallel plates, the heat dissipation area is reduced by
10%.

It should be noted that for vertical finned surfaces, no studies
have been conducted on the effect of changes in temperature
pressure along the fin height and length on the value of the optimal
distance between non-isothermal fins, which is typical for real fins
made of metals.

2. Materials and Methods

In [11, 14], as a result of experimental studies, the criterion
dependences for the Nusselt number for vertical surfaces with
continuous and discrete fins under natural convection were
determined (Fig. 1). The studies were carried out for non-isothermal
fins, for which the temperature head between the fin surface and the
external environment varied along the fin height.

Figure 1. Diagram of vertical surfaces with continuous (a) and
discrete (b) finning

For continuous ribbing, the criterion dependence for the Nusselt
number is obtained as:

Nu, :o.7[( RaS-S»L’l)MS—l}
, 1)
which is valid in the following range of parameter changes
Ra,- s.L ™' =1.5-10*% s-h™t=0.08 — 0.58.
For discrete fins, the dependence for the Nusselt mean number
[14] is as follows:

Nu, =0.314-(Ra,-s- L1

019 B

obtained for the following parameter range
10 <Ra,- s.L ' <1.1-10% It should be noted that for discrete edges,
the distance s is twice the distance between adjacent rows s = 2s'.

3. Results and discussions

Using the criterion relations (1), (2), it is possible to determine
the optimal inter-rib distances sy, at which the amount of heat Q,
dissipated to the external environment will be maximized. The total
amount of heat removed is equal to:

Q=a-AT-F,» (3)

where Fs= m-(2-L-h + Ls) — finned surface area, m = H-(s+5)* —
the number of ribs in a system with continuous fins.

The maximum value of the heat flux Q is determined from the

condition dQ/ds = 0. Taking into account the relation a = Nus* A4~
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L and dependence (1), after differentiating equation (3), we find the
condition for determining the optimal inter-rib distance:
[(2h+s)-(s+5)+s-(s+5)f(2h+s)-(23+5)]>< @

><(RaS -s- L*l)o’25 =

s+(s+8)—(2h+s)-(2s+5).
In the limiting case, when the edge thickness § approaches zero,
the solution of equation (4) can be obtained explicitly:

s} _ 2
(hlp‘ (Rah L)~ 05, ®)

where Ra, = Pr g AT s>v 2.

From relation (5), it follows that the optimal inter-fin distance for
continuous fins depends not only on the temperature head AT and
the thermophysical properties of the coolant, but also on the size of
the fin. We compared dependence (5) with dependence:
5, =2714-P7% ©)
opl 1

where P = ¢, p-g-f-AT(v4y L), obtained in [6] for isothermal
parallel plates and shown in Fig. 2. The analysis of the obtained
dependences shows that for the edges with finite thermal
conductivity, the value of s, is somewhat lower and depends on the
parameter Ras h/L. The differences increase with the growth of Ra
h-L"* and for small values can be more than 40%.

(s/h)w,
0.5
04—
A
0.3 \
02 N\
]
0.1
0 L —
107 10° 10°  Ra s/L

Figure 2. Dependence of s, on the parameter Ra h-L for
continuous finning: 1 — calculated curve; 2 — calculation for an
isothermal surface [6]

For vertical surfaces with discrete edges, using the same
methodology for determining s, taking into account the relation (2)
for the Nusselt number Nug we find the equation:

[0.188-(2h+5)-(s+6)+0.31-5-(s+5)—
0.314-s-(2h+s)]-(Ra, -s- L‘l)o'25
=0.19-[s-(s+5)—(2h+s)-(25+75)].

U]

For infinitely thin edges (6 — 0), equation (7) becomes simpler:

s 2.6 s 1.6 s Ra .5 -0.4
H _1.341.H +1.011.H.(+J .
h h h L

-0.4
+4.044- (?J -0.

where Ra; = PrgﬁATss/vz.

The numerical solution of equation (8) with respect to s/h makes
it possible to determine the optimal dimensions of the inter-edge
distance for a system of discrete edges at different values of the Rag
s/L parameter. The results of the numerical calculation are shown in
Fig. 3. For comparison, Fig. 3 shows the results of calculating the
optimal values of s:h™, which are found by formula (5) for a system
of continuous edges.

®)
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Figure 2. Dependence of sy, on the parameter Ra, h-Lt:
1 - continuous finning; 2 — discrete finning

As can be seen from the figure, as the Ra, h-L™* parameter
decreases for discrete edges, the optimal distance sopt increases
compared to the same distance for continuous edges. At the same
time, for small values of Rag h-L* the differences can be more than
30%.

4. Conclusion
The optimization of vertical surfaces with continuous and

discrete finning under natural convection was performed. The
optimization was carried out using experimental data obtained for
finned surfaces made of steel, taking into account the non-
isothermal temperature distribution over the fin surface. The
results obtained for continuous fins are compared with the known
results for isothermal fins. It is shown that the presence of
nonisothermicity on the surface of continuous fins made of metal
materials leads to the need to reduce the inter-fin distance by up to
40%. When the fins are discretized, the optimal distance between
adjacent rows of non-isothermal discrete fins increases compared
to continuous fins. The differences can be up to 30%. The results
obtained can be useful in the design of finned surfaces under
natural convection conditions.
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Development of experimental setup, program and methods
experimental research of carrot heads cleaning from root haulm residues
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Abstract. Mechanized carrot growing technologies involve the use of various operations, in particular, digging by pulling the root and
removing it inside the combine, as well as by pre-cutting the green mass of the root and subsequent cleaning of the heads from the remains
of the root before digging. Due to the fact that there are high requirements for cleaning carrot root heads from residues, the development
of new, more improved cleaners is an important and urgent task. The solution to this problem was implemented by developing a new
design of the purifier, which is able to perform the specified cleaning process with high quality. The cleaner consists of two shafts that
cover each row of carrots on both sides and rotate in opposite directions. Cleaning shafts are located in a horizontal plane at an angle to
each other. As cleaning elements, pairs of rubber blades are used, which are installed on hubs on each shaft, which are fixed on the shafts
with the appropriate step. The rubber blades are mounted on hubs hinged and the ends of the blades of one shaft are located between the
pairs of blades of the second shaft. By simultaneously hitting the heads of the carrot root crops with flexible blades from both sides, the
process of cleaning them from residues is carried out. In order to study the process of cleaning carrot heads from the remains of ghee on
the root, an experimental installation was made and a program of experimental studies of this technological process was developed.
KEYWORDS: CARROTS, PUMP COLLECTION, REMAINS, EXPERIMENTAL RESEARCH, INSTALLATION, PROGRAM.

1. Introduction

Among the modern technologies for harvesting root crops, in
particular carrots, which are grown industrially, the most common
is the technology of separate harvesting, that is, when a separate
unit is used to collect the ghee on the root, and then the root crops
are dug out of the soil with a root harvester.

Previously, the technology of harvesting the gorse involved its
previous continuous cut at an elevated height and the subsequent
mechanical cutting of the upper parts of the heads together with
the remains. At the same time, the cut parts of the heads were not
collected, but, on the contrary, were scattered over the surface of
the field, and later, as fertilizers, they were plowed into the soil.
However, recently it has been thoroughly investigated and found
that along with the cut parts of the heads, the useful parts of root
crops are irreversibly lost. Yes, this is especially noticeable when
harvesting sugar beets, when up to 14% of sugar can be lost
together with the cut root heads. In addition, due to the
mechanical cutting of the heads of root crops, juice is almost
immediately lost from their bodies, the cut part becomes a place
through which microbes and viruses begin to penetrate into the
body, causing their subsequent decay and loss. In general, it is
impossible to store such root crops, even for a small period of
time, and they urgently need to be processed. In addition, even
with short-term storage, their marketability is intensively lost.
Modern gorse harvesting machines of foreign production provided
not only for cutting, but also for grinding the entire massif of cut
green gorse and spreading it on the field, also as a plant fertilizer.

In this regard, in the future, the technology of collecting gorse
was improved and provided for a preliminary continuous section
of the green array of gorse, and then a separate operation was
performed to clean the carrot heads from the remains of gorse on
the root without damage and to knock out the bodies of root crops
from the soil. Recently, carrot husks have been collected, taken
from the fields and effectively used in the production of biogas.

The technological process of harvesting scallions and cleaning
carrot heads from residues on the roots must meet agrotechnical
requirements. Thus, the appropriate operation related to the final
cleaning of the heads of carrot root crops from residues involves
the waste of parts of the heads of no more than 5% by mass, and
contamination by residues should be no more than 0.5% [1].

Thus, careful cutting and harvesting of a solid mass of carrot
tops, high-quality cleaning of their heads from residues on the
root, ensuring the quality of the root heads, in which they do not
have plant remains on their surface, nor their damage, nor the
roots themselves being knocked out of the soil, are a very
important and urgent problem in the field of vegetable growing.

Research was devoted to the solution of the problem of
cleaning the heads of root crops, including carrots, from the
remains of ghee on the root, which were reflected in numerous
scientific works [2, 3]. In particular, the works of L. V. Pohorily
[4, 5] are devoted to the fundamental basis of creating various
designs of cleaners and the development of the theory of cleaning
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the root heads of sugar beet root crops. The works of V.Ya.
Martynenko [6, 7] and V.M. Bulgakov [8, 9] are devoted to the
creation of the theoretical foundations of mechanical combing and
removal of chaff residues from the root heads of sugar beet root
crops. The development of various designs of cleaners for the
heads of root crops from the remains of ghee on the root and the
theoretical and experimental substantiation of their parameters
were reflected in the works of M. M. Helemendik [10], B. P.
Shabelnyk [11], M. M. Borys [12] and others.

However, a thorough analysis of both the design of the existing
cleaners (with horizontal and vertical drive shafts on which the
cleaning elements are installed) and studies of their performance
indicators, obtained from the results of testing and field
experimental studies, shows that the quality of their work is
largely depends on the type of root crops and the condition of
their crops at the time of harvesting. Thus, even the OGD-6 root
head cleaner, which was industrially manufactured and used as a
separate cleaning unit, was not under all conditions able to
effectively separate all the residue from root heads from 6 rows of
crops with a continuous drive shaft with a horizontal axis of
rotation and hingedly mounted on it flexible cleaning blades. The
more advanced cleaner OGD-6A, which was also manufactured
industrially and is still used, already had two successively
installed same cleaning shafts, but it was also unable to effectively
separate the remains of ghee on the heads of sugar beet root crops,
especially their short and strong stems, which remained after the
main continuous section of the massif of the haulm.

This is due to the fact that when moving in a straight line along
the rows of cut root heads, the flexible cleaning blades have
planes of rotation that are parallel to the specified rows. As a
result, the ends of the cleaning blades may not touch the rear and
side parts of the heads of root crops located above the field
surface. Taking into account the increase in the speed of
translational movements of modern harvesting units, this
drawback is not only insurmountable, but also has the ability to
strengthen.

The development of new designs of cleaners, which have
individual cleaning working bodies for each row of crops, is also
not without the indicated drawback, since the application of
cleaning efforts to each head of the root crop can be more directed
to the spherical surfaces of the heads of different sizes and shapes,
however, with progressive rectilinear movement with at a
considerable speed, they are also unable to clear the front and
back of the heads located in the row of crops along which they
move. In addition, those root crops that have an offset from the
center line of the row of crops (this is due to the agricultural
techniques of cultivation and the peculiarities of cultivation) may
generally be uncleaned by such types of cleaners. This type of
cleaners has increased energy costs for this process.

The use of harder materials as cleaning elements also has a
negative effect on the quality of cleaning, as the heads and bodies
of root crops can be significantly damaged and lost.
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Increasing the effort of pressing even flexible cleaning
elements to the heads of root crops also negatively affects the
quality of the execution of this technological process, as it leads
not only to their damage, but most importantly to the intensive
knocking out of the bodies of root crops from the soil. Clamping
forces must be applied simultaneously from several sides of the
heads, but this is not always possible.

Thus, the search for the most effective constructive solutions
for cleaning the heads of root crops from residues on the root
should take into account the noted features and shortcomings, and
their justified kinematic, constructive and operational indicators
should ensure high-quality performance of this technological
process.

2. Results and discussions

An experimental setup was developed and manufactured for
experimental research. In fact, a new carrot head cleaner was
developed, which is at once two cleaning shafts, on which
working cleaning elements in the form of pairs of rubber blades
are hinged. The cleaning shafts in this design cover each row of
root crop crops on both sides and, due to counter-rotating
movements, they hit the carrot heads with the ends of their
working cleaning elements simultaneously from both sides,
combing the remaining husks from them. Undoubtedly, the main
mass of green gorse from the carrot heads has already been pre-
cut by a gore harvester, but there are remnants left on them, in the
form of uncut green tips, as well as dry and fallen thin stems of
considerable length, which actually lie on the surface of the soil.
At the same time, the carrot roots themselves are in the soil and
are firmly connected to it. After cleaning the carrot heads from the
remains of goo on the roots, the next operation is to directly dig
out the root crops from the soil.

To simulate the functioning of this cleaner in real field
conditions and, accordingly, study the quality of its work under
different parameters and regimes, a construction of a field
experimental installation, inside which this cleaner was installed,
was developed and manufactured. The experimental setup
provides for the study of the quality of cleaning the heads of root
crops from one row of crops, it is aggregated by a class 1.4
wheeled tractor, which sets the cleaner, during field experimental
studies, different speeds of translational movement along the row
of crops of root crops, and different angular speeds of rotational
movements of its cleaning workers bodies.

In Fig. 1 shows the scheme of the experimental setup for
researching the quality of cleaning yorkie heads from the remains
of burdock on the root. The experimental setup is a carrot head
cleaner on the root installed on frame 3, which is single-row. The
frame 3, with the help of the attachment device 2, is installed
behind the wheeled aggregate tractor 1. At the same time, the
frame 3 in its front part rests on two support-copying wheels 5
with mechanisms for changing the distances of the frame 3 to the
soil surface. In the rear part of the frame 3, there is a cleaner,
which consists of two horizontal cleaning shafts 6. The drive of
the shafts 6 in counter-rotating movements is carried out with the
help of drive elements 4 from the rear power take-off shaft of the
tractor 1. The cleaning shafts 6 are installed in the transverse
plane horizontally, and their longitudinal axes in this plane are
located at an angle o.
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Figure 1. Structural and technological diagram of a field
experimental installation for researching the quality of cleaning
carrot heads from the remains of the root rot:

a) side view; b) top view:

1 —tractor; 2 — attachment device; 3 — frame; 4 — elements for

driving the cleaning shafts into a counter-rotating motion; 5 —

supporting and copying wheels; 6 — drive cleaning shafts; 7 —
pairs of rubber cleaning blades; 8 — hubs with articulated
cleaning blades

At the same time, five hubs 8 are installed on each cleaning
shaft 6 with the corresponding step by means of a key connection
9. Each hub 8 contains a pair of rubber blades 7 on the outer
surfaces, mounted with the help of leashes, hinged on the axes of
a pair of rubber blades 7, of which it contains four (located at the
ends of mutually perpendicular axes). At the same time, the ends
of the rubber blades of one cleaning shaft are located in the gaps
between the blades of the second cleaning shaft. The angle a,
under which the cleaning shafts are installed, provides a suitable
area for root crops in the front part of the cleaner and is of little
importance.

The directions of translational movement of the experimental
setup and rotational movements of its component elements are
shown in the diagram with arrows.

In this cleaner, ordinary rubber blades are used, which have
standard dimensions: length 25...33 cm; width 6...8 cm, thickness
1.5...2.0 cm. At the outer ends of each blade, along their entire
width, rubber protrusions with a height of 0.3..0.5 cm and a
hemispherical shape were arranged in a checkerboard pattern. The
place of hinged installation of each blade was reinforced with a
thin metal - tin. All blades are made of solid molded rubber.

In Fig. 2 shows the general view of the experimental setup
attached to the wheeled aggregate tractor during field experimental
research.

SR Ry e S AT

Figure 2. View of the experimental setup

The method of conducting field experimental studies to determine
the quality of cleaning carrot heads from the remains of burdock on
the root in some issues was consistent with modern requirements
and was as follows [13, 14].

From the very beginning, the area of the field with carrot crops
was carefully prepared (for this, the area with crops was most
suitable), which was (according to the terms and according to the
indicators of agrophysical assessment of the crop) suitable for
harvesting. Measurements and a comprehensive analysis of the
physical and mechanical properties of the soil with crops were
carried out, as well as indicators of the biological state of the root
crops themselves. Next, they performed an operation to cut the
gorse from the heads of root crops with a regular machine for
harvesting gorse. At the same time, the string harvesting machine
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itself did not have a head cleaner from residues in its composition.
After the passage of the gorse harvesting machine, an assessment of
the state of the plantation was carried out based on the results of the
first main continuous cut of the green mass of gorse. Here, the main
indicator in the evaluation of the work of the gorse harvesting
machine was the quality of the cut of the carrot heads itself (the
presence of highly cut root bodies, chips, cracks, knocking out of
the root bodies themselves from the soil) and the assessment of the
presence of those remains of gorse, which the gore harvester was
unable to cut and collect qualitatively. Such a thorough assessment
of the quality of the work of the gorse harvester gave every reason
to conduct further comparisons and reliably evaluate the quality of
cleaning the heads of root crops from residues on the roots by the
most improved cleaner, that is, to actually "divide" the quality of
cleaning during the first and during the second cleaning.

In the future, the process of cleaning the carrot heads with this
cleaner took place, while two adjacent rows were immediately
selected and similar conditions were determined with the help of a
frame that had the contours of one linear meter. Next, manual
cutting of all the remains was carried out, both after passing through
only the ginseng machine and after simultaneous passage of the
ginseng machine and the cleaner. All remains, in both cases, were
carefully collected and weighed on electronic scales with an
accuracy of = 0.1 g. The obtained weighing results in both cases,
that is, before and after the passage of the cleaner, made it possible
to evaluate the quality of cleaning the heads of root crops from
residues.

The very degree of cleaning of carrot heads from residues on the
root was then calculated using the following formula:

§ =21 100, 1)
where § is the degree of cleaning of carrot heads, %; M is the mass
of the remaining scum before the cleaner passes, g; M, is the mass
of the residue after passing through the cleaner, g.

The conditions for conducting field experimental studies of the
improved purifier were as follows: soil type and name according to
mechanical composition — chernozem, low-humus, medium loam;
average soil hardness — 2.0..2.8 MPa; average soil moisture —
12.1...14.5%; the relief of the surface is flat; yield of root crops —
534 tha; vyield of buckwheat — 13.3tha™; plant density —
82.9 thousands pcs.-ha™; the average distance between carrot roots
is 8.8 cm.

The following devices and equipment were used during field
experimental research: measuring and recording the angular speed
of the rotational movements of the driven cleaning shafts was
carried out using a strain gauge, the speed of the translational
movement of the experimental installation was measured using a
travel measuring wheel.

At the same time, the strain gauge was installed on the rear pick-
up shaft capacity of the aggregate tractor, which made it possible,
with the help of a developed program and connection to a PC using
an electronic converter, to immediately fix and measure the angular
velocity of its shank. This was followed by recalculation into the
angular velocity of the drive shafts of the cleaner and with the help
of variable sprockets in its drive to set the required variable angular
velocities of the rotational movements of the cleaning shafts
themselves. The construction of the drive of the cleaning shafts in
the experimental setup was carried out with the help of cardan
shafts, a reducer and chain gears, which ensured their counter-
rotation in the direction of the axis of the row of root crops. The
distance-measuring wheel, which was connected to the frame of the
cleaner, also with the help of a developed program and connection
through a converter to a PC, gave accurate values of the
translational movement of the cleaner during field experimental
studies in different modes of its operation. Setting the exact location
of the ends of the rubber blades relative to the field surface was
carried out each time with the help of a metal ruler, which made it
possible to accurately set different values of the height of the
location using the screw mechanisms of the copying wheels of the
cleaner frame. These measurements were made with an accuracy of
1 mm.

In order to establish the influence of independent factors on the

performance indicators of the investigated carrot head cleaner from
the remains of burdock on the root, a comparative multifactorial
experiment of the FFE P¥ type was planned and carried out, where
P is the number of levels of variation of the factor; k is the number
of factors present in the experiment [15]. The indicator that
characterizes the quality of the cleaner is the residue on the running
meter (g'm) that occurs after it passes through the line section.
This parameter in the model of the multivariate experiment was
chosen as an optimization function, that is, a dependent variable that
can be taken in the form of a functional: Y = f(xy; x,; x3), where Y
is the residuals of the hook from the 1-st to the i-th case; x1, x5,...,
x; — are natural independent variable factors.

The indicated natural independent factors were selected
according to the corresponding conditional plan of the multivariate
experiment, the implementation of which was carried out in the
following sequence.

In order to determine the value of the remaining Y hooks on each
linear meter, independent variable factors were adopted:

—speed of translational movement V, which was coded with the
index X ;

—the angular speed of rotation w of the cleaning shafts, which was
coded with the index X5;

— height of installation of the ends of the rubber blades relative to
the horizontal surface of the soil h, which was coded with the index
X;.
When coding the factors, the factor space will be linearly
transformed — the origin of the coordinates is moved to the center of
the experiment, the scale along the axes is selected in units of factor
variation. Coding of factors was carried out using such a

dependence:
_ 2:(xi=xi0)

Xi Xmax~Xmin ' (2)
where X; is the coded value of the factor (dimensionless quantity);
x; — value of the factor in named (natural) units; x;, — the natural
value of the factor at the zero level; Xpmay, Xmin — the maximum and
minimum value of the factor, respectively.

When constructing the plan-matrix of the multifactorial
experiment, coded designations of the upper, lower and zero levels
of variation by each factor were entered, which were respectively
marked as (+1), (-1), (0). The results of the coding of variable
factors and the levels of their variation are given in the table. 1.

Table 1. Results of factor coding and levels of their
variation FFE 3°

Factors Marking Levels of variation,
coded natural natural / coded

The speed of tranﬁllatlonal X, X 0.9/-1 1.6/0 2141
movement V, ms
Angular speed of rotary
movements of cleaning X, Xy 36.6/-1 56.5/0 76.6/+1
shafts w, rad-s*
The height of the blade
ends relative to the soil X3 X3 0/-1 2/0 4/+1
surface h, cm
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The coding of natural variables based on the data in Table 1 has
the following values:

X, =167V —267,
X, =0.05-w— 2.81, ®3)
X;=05-h—1.

After coding the factors, a plan-matrix of the appropriate
multifactorial experiment of the FFE 3° type was drawn up for the
total number of experiments N = 33,

In order to reliably assess the quality of the cleaner of carrot heads
from the remains of burdock on the root during field experimental
studies, the required number of measurements of controlled
indicators (repeatability of experiments) was determined according
to the methodology outlined in [16]. In our case, the experiments
were carried out in six replicates.

In the implementation of composite plan-matrices, in order to
eliminate the influence on the obtained results of the value of the
residual amount of the hemlock on the running meter from
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uncontrolled and unregulated factors, the randomization of the plan-
matrix was carried out using the method of random balance, which
was implemented by the method of arbitrarily extracting the serial
numbers of experiments, that is, it is carried out randomly.

Statistical processing of the results of experimental studies, which
were obtained after the implementation of the multifactorial
experiment, was carried out in the following sequence.

Thus, the response function (i.e., the optimization parameter) was
adopted in the form of an approximate mathematical model of a full
quadratic polynomial [16], which describes a real experimental
process:

Y=b0+b1'x1+b2'x2+b3'x3+b12 'xl'x2+
+by3 Xy X3+ by3 Xp X3+ bigg 1 xq Xy X3+ by x{ +
+bgg * X3 + bsz * x5, 4)
where Y — is the value obtained experimentally; by, by, by, b3, bi3,
b3, by3, b3, bi1, by, bzz — regression coefficients of the
corresponding values of input factors x;; x;, x, x3 — are input
coded factors.

The coefficients of the approximating polynomial, presented in
the form of a complete quadratic equation, under the condition of
orthogonality and symmetry, were determined by the corresponding
general formulas [16].

The statistical significance of the coefficients of the regression
equation by(j) were conducted according to the Student t-

criterion. If the condition of significance was not fulfilled, then such
coefficient  byj) of the regression equation was taken as

insignificant (equal to zero), and the corresponding member x; of

the regression equation was excluded.
Thus, the following regression equation was obtained:
Y =48.6309 + 10.1185 - x; — 17.1025- x, + 20.4086 - x3 +
+4.0951 - xy - x, — 6.5278 x5 - x3 + 6.1716 - xq - x3+
+1.6531 - x; - x5 * x3 — 2.207 - x3. (5)
Accordingly, in natural coordinates, the regression equation after
transformation and simplification of the expressions will have the
following form:
Y =63.498 —4.9527 -V —0.8498 - w + 19.5504 - h —
—0.2723-w-h+1.2733-V-h+ 02026V -w +
+0.0688 V- w-h—0.5518- h2. (6)
Thus, the obtained regression equation (20) describes the
dependence of the residue Y on the heads of root crops when they
are cleaned by the improved design of the cleaner on its speed V of
translational movement, the angular speed w of the rotational
movement of its two cleaning shafts when they move in the opposite
direction and the height h of the location of the ends rubber blades
relative to the soil surface, which separate the remains from the
heads of root crops.

3. Conclusion

1. Designed and developed an improved design of a carrot root
head cleaner from residues on the root, and developed a program
and methodology for conducting experimental field studies.

2. According to the results of the field experimental study of the
cleaner of carrot heads from the residues on the root, equipped with
pairs of rubber cleaning blades, installed on the drive horizontal
shafts with appropriate steps along the length, which cover the row
on both sides, it will be established that the use of the improved
cleaner will make it possible to significantly improve the quality
cleaning.

3. When carrying out regression analysis and numerical
calculations using statistical methods with the help of a PC, it will
be possible to establish the optimal structural, kinematic and
operational parameters of the improved purifier, which will provide
the highest quality of cleaning (the least amount of residue on the
heads of carrot root crops per linear meter of its crops).
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Establishment of training of specialists in agricultural engineering at the kyiv polytechnic
institute
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Abstract. Together with the foundation of Kyiv Polytechnic Institute in 1898, it was introduced at its Agricultural Department to teach the
academic discipline "Mechanics in Adaptation to Agriculture”, which will be called "Agricultural Mechanics" in the future. Three years
later, that is, in 1902, students of this department began to study this subject, having previously studied the subject "Elementary
Mechanics" at the beginning of the Il year. Soon, after a period of time, the students of the Mechanical Department began to study a
subject called "Agricultural Mechanical Engineering"”. It was from 1906-1908 that students of both departments began to carry out so-
called "Special projects" in agricultural engineering during their studies, and in the following years to carry out diploma projects
dedicated to this area of science and study. The teaching of the specified subjects, as well as the students' careful study of real agricultural
machines and tools that worked in the field at the Kyiv Machine Testing Station at the Polytechnic Institute (the students even took part in
the tests themselves) and gives grounds for the assertion that the organization of training specialists in in the field of agricultural
engineering began at the Kyiv Polytechnic Institute at the indicated times.
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INSTITUTE.

In many previous numerous publications, it was claimed that
from the moment of the foundation of the Kyiv Polytechnic
Institute in 1898, the Department of "Agricultural Machines"
immediately existed (under the conditions of that time, a position
that was filled by a professor). It was also indicated that students
were immediately taught the academic discipline called
"...mechanics as applied to agriculture..." (original language of the
document) at the Agricultural Department. However, this is not at
all true and it is proved in detail in [1]. It is also obvious that the
specified subject, which had to be studied only by the students of
the "Agricultural Department” of Kyiv Polytechnic Institute
(KPI), could not be taught to them earlier than these students will
already be studying in the 3rd year. And this was to happen only 3
years after the establishment of this institute, i.e. no earlier than
1901-1902. And of course, for students of other departments of
higher education, who had to study according to their own,
previously declared and approved programs, this subject was
completely unnecessary and it is here was not. It should also be
taken into account, and this is generally known, that in the year of
the foundation of the Kyiv Polytechnic Institute in 1898, it was
originally located in the building of the Kyiv Commercial
College, namely, as was reliably stated in the historical documents
of that time [2]. By the way, the funds for the construction of the
"First Commercial School" in Kyiv (then it had such an initial
name) back in 1896 were allocated by rich merchants Lev and
Lazar Brodsky, who were the owners of a large number of sugar
factories in Ukraine. It is also known that the project of the school
building was developed by the well-known Kyiv architect of
German origin Shleifer H. P., and the construction of the school,
which was originally two-story, was carried out by the Kyiv
builder-contractor Ginzburg L. B. So, after its foundation, the
Kyiv Polytechnic Institute began its work and the first full
academic year was temporarily housed (of course, on lease) in the
building of this Commercial School. Although, according to
preliminary calculations, the premises of the school building were
not enough even for giving lectures and conducting some practical
classes for the first full set of students (for the 1st year of study) in
the number of 360 people. But, despite such limited conditions,
the Kyiv Polytechnic Institute started its work right here, since
there were no other necessary premises in Kyiv at that time.
Several separate free buildings, but located not far from each
other, were also not found at that time, although such a possibility
was considered. It was here in the assembly hall of the
Commercial School that the ceremonial opening of this university
took place. Not about any teaching of subjects related to the
systematic study by students of the methods of experimental
research of materials and machines, according to the statement of
the rector of the higher education professor V. L. Kirpychov, as
well as the methods of experimental mechanics in special
mechanical laboratories, which must first be studied by students
for at least two years, it was out of the question, since the location

28

of the university in this area was temporary and it did not have
any laboratory or other equipment at that time [2, c. 16].
Therefore, there were not and could not be here, in the first year
of KPI’s existence, neither subject laboratories, nor classrooms
for the relevant academic disciplines, nor halls for drawing with
models, nor pavilions, nor workshops, nor test stations, nor
museums, nor any workshops , not even a library.

It is known that after the first academic year, in the fall of 1899,
the Polytechnic Institute was forced to vacate the premises of the
Commercial School (although the admission of students to the
new 1st year of study this year took place within the walls of the
school) and the relocation of the institute and its property to the
building of the chemical building, which had already been built,
was owned by the institute, although at that time it was not yet
fully suitable for direct use (mainly the interior work and
numerous arrangements, including furniture, etc., were not
finished). And although the building of the chemical building of
KPI was designed and rebuilt in full accordance with its name and
purpose and did not have significant dimensions, the institute was
forced to move there.

And so it continued until 1902, since the construction of all the
premises of the Kyiv Polytechnic Institute was mostly completed
only then, and the commission headed by the rector of the
university, Professor V. L. Kyrpychov, accepted them for use and
signed the corresponding act. Another period in the life of KPI
has begun, associated with the relocation and reconfiguration of
its educational units in the new building. Therefore, only in the
summer of 1902, all the educational and scientific departments of
the institute were finally distributed in the corresponding
buildings and buildings that belonged to it. By the way, by this
act, in addition to the main buildings on the territory allocated for
the institute, in accordance with paragraph 3, Research Field No.
2 was also accepted for use: «...3) On the territory located near
the dacha village ‘“Karavaevskie dachi”, allocated for the use of
the Institute by the Kiev city public administration and indicated
on the drawings under the name of experimental field No. 2»
(original language of the document), namely:

1) A stone building for testing agricultural implements with a
wooden extension for a riding arena and living quarters for
workers with a volume of 384 cubic fathoms and an area of 125
square fathoms;

2) A wooden barn for storing agricultural implements with a
stone cellar;

3) A wooden shed for agricultural machinery;

4) A wooden cellar;

5) ...a place (for sanitary use), a cesspool and a well (original
language of the document) [2, c. 141].

Such were the historical events that took place at that time
during the organization and the first steps in the foundation and
work of the Kyiv Polytechnic Institute. Therefore, there are
grounds for confidently asserting that permanent relocations,
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construction, reconstruction, furnishing, equipment, etc., had a
significant impact both on the implementation of the educational
process at the institute and on its quality.

So, taking into account such incredibly complex organizational
difficulties that arose from the beginning of the work of the Kyiv
Polytechnic Institute, as well as the complete lack of conditions
for testing agricultural machines and tools at its own Machine
Testing Station (which was organized and built for this purpose)
until 1902, there is every reason to believe that that, most likely, it
was only after that that the subject, which began to be called
"Agricultural Machines", began to be taught to students, and then
only at the Agricultural Department. That is, there are no solid
grounds to believe that the training of specialists in agricultural
engineering began here in 1902. Teaching at the Agricultural
Department to students of the last year of study (that is, future
agronomists, veterinarians and economists) only one academic
discipline "Agricultural machines" does not mean preparing
"Agroengineers". This was the case with the training of engineers
at the Mechanical Department and the reading of the "Agricultural
Machines" discipline to students in the last course of study, which
also did not give the right to consider it as the training of
"Technological engineers for the field of agriculture”. At that
time, the Mechanical and Agricultural Department of KPI trained
technological engineers and agronomist scientists, according to
the training programs according to the Charter of KPI. So, the first
graduates of specialists with higher education, i.e. technologists
and agronomists at the Kyiv Polytechnic Institute were in no way
connected with agricultural engineering. These graduate engineers
and agronomists were only familiar with agricultural machinery
and implements by taking very short descriptive courses on
agricultural machinery in their final training courses. At that time,
even the term "agricultural engineering" was not yet used. By the
way, in these first years of the institute’s work, the name
"Machine Testing Station at KPI" was not yet used, pointing to its
then name: "Experimental Field No. 2". To conduct tests of some
agricultural machines and tools outside the Experimental Field
No. 2, for example, on farms that belonged to private landowners
(which were located even at a small distance from Kyiv) is
another matter, since it is precisely in these very difficult times
related to the organization of training in the newly created higher
education institution, attracting students for this and taking them
to trials to demonstrate and teach this subject directly in the field,
most likely, was simply impossible. And testing "on the side" of
agricultural machines or tools without appropriate measuring
devices, fixing equipment, the necessary adjustment, and most
importantly without specialists in the field of testing and technical
workers, of which there must be a lot, was unlikely.

As for the theoretical study of the subject "Mechanics in
Adaptation to Agriculture", for the students of the Department of
Agriculture, its teaching began, most likely, in 1902 or even later.
Without a doubt, from the beginning, it was necessary for the
students of this department to study the academic discipline
"Elementary Mechanics”, which was foreseen by the
"Regulations" and "Statute™ of the university, precisely in the Il
year, and this was carried out by the acting extraordinary
professor of the Department of Mechanics, mechanical engineer
Schindler K G., who was employed at the Kyiv Polytechnic
Institute since September 1, 1899. It was during this period that
Kyiv Polytechnic Institute was forced to vacate the premises of
the Commercial School and relocate to the building of its own
chemical building.

In this connection, a completely logical and fundamental
question arises: "Since the educational subject, i.e.: mechanics in
adaptation to agriculture, was intended only for students of the
Agricultural Department (as defined in the "Regulations" and
"Statutes” of KPI, i.e. official documents of that time ), but higher
mathematics, descriptive geometry, theoretical mechanics, applied
mechanics (theory of mechanisms and machines, resistance of
materials, machine parts, etc.) and mechanical engineering
(fundamentals of design and construction, machine mechanics,
production technology, etc.) they will not study (also according to
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these official documents), then what kind of "mechanics in
agriculture” can we talk about when training agronomist
scientists? And therefore, only an elementary study of the basics
of mechanics, only familiarization with the designs of existing
agricultural machines, only a possible demonstration of the
operation of these machines in the field! This situation still exists
in agricultural universities of Ukraine during the training of
agronomic specialists (they very briefly study the descriptive
course of agricultural machines), but now only without
demonstrating their work in the field.

On the other hand, the subject "Mechanics in Adaptation to
Agriculture” was not at all intended to be studied according to the
"Regulations" and "Statute" of KPI by the students of the
Mechanical Department who studied according to their program.
But after some time, it was introduced and began to be taught in
this department in the IV year, as a subject called "Agricultural
mechanical ~ engineering” or  "Agricultural  mechanical
engineering”. However, the Kyiv Polytechnic Institute did not
train mechanical engineers specifically for agriculture, but only
technological engineers for other various branches of industry and
transport.

So, it turns out that for the students of one of the departments of
KPI, the subject "Agricultural mechanical engineering” or
"Agricultural mechanical engineering" (as they were later called)
was almost superfluous, actually unnecessary during education
(what is the benefit of studying this subject for agronomists, soil
scientists , animal breeders, veterinarians and economists?), and
for students of another department, i.e. Mechanical, these subjects
may be useful for general familiarization with the designs and
technologies of industrial production of agricultural machines and
tools, but to train mechanical engineers for this branch of
production (especially engineers , who would work directly in
agriculture) was not foreseen according to the existing training
programs.

In addition, it should be clearly understood that the content of
the academic disciplines "Mechanics in adaptation to agriculture”
(or agricultural mechanics) and "Technology of the production of
agricultural machines themselves", or "Agricultural engineering"
are essentially different subjects. And therefore these subjects for
teaching at a polytechnic institute had to be distinguished in the
training of different specialists. In the first case, it is the study of
technological processes carried out with the help of agricultural
machines or tools and their working bodies and the study of their
interaction with the soil, plants or other agricultural environment,
and these processes take place in the field, on the farm, on the
farm, etc. And that is why it is necessary to study the
technological regularities of the interaction of working bodies
with processing objects, that is, what will be the properties and
what will be the condition of the soil, plants, and animals. In the
second case, it is a study of the basics of design, construction and
industrial production of the same machines and tools at a
machine-building plant or at some industrial enterprise. Here it is
already necessary to study the basics, based on which preliminary
calculations of machines and tools (as well as their constituent
elements) can be carried out during construction for strength,
wear, questions regarding the selection of materials for working
bodies, as well as to know the machines and equipment that will
be used in the manufacture . That is, it is necessary to study the
technology of manufacturing the components of machines, as well
as their subsequent assembly, debugging, and regulation, which
should be used in the mass industrial production of this or that
agricultural machine.

If we look at such an obvious contradiction, then it is most
likely to assume that something similar to the "average" was
initially chosen within the walls of the Kyiv Polytechnic Institute:
in the main building (and that is where the Agricultural
Department was located) students studied "pure"” mechanics (or as
defined in the Charter for the Agricultural Department —
elementary mechanics), and at the Machine Testing Station real
designs of existing agricultural machines and tools were studied
during practical classes and were shown working in the field,
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although the educational subjects had different names. All the
more so since the specified official documents of that time
"Regulations" and "Statutes” of KPI state that ["Teaching is
accompanied by exercises and practical classes in educational and
auxiliary institutions." (the original language of the document)], to
which since 1902 ["Station for testing agricultural machinery and
tools." (original language of the document)] and it was there that
practical classes in this academic discipline were to be held.
Therefore, to say that within the walls of the Kyiv Polytechnic
Institute from the beginning of its establishment, as it were,
trained agricultural engineering engineers is, unfortunately, a
regrettable mistake of modern historians.

On the basis of a thorough study of the teaching staff of KPI for
each academic year, it was established that K. G. Schindler, acting
extraordinary professor of the Department of Mechanics, began to
teach students of the Department of Agriculture a course on
elementary mechanics and did so until the end of the 1900-1901
academic year.

However, it should be assumed that the mechanical engineer K.
G. Schindler, acting as an extraordinary professor of the
Department of Mechanics even at that time and not yet an adjunct
at KPI, began to feel the above-mentioned contradiction, since
already in the 1903-1904 academic year he began to teach for
students who have just become students of the Il and IV courses,
the following educational disciplines, namely: agricultural
machines for students of the 11l and 1V years of the Agricultural
Department and agricultural machines for students of the IV year
of the Mechanical Department. This is the same training course
for two different departments, since it is not known how
"agricultural machines" differ from "agricultural machines", and
therefore, obviously, such a different name for essentially the
same courses was artificial. At the same time, since 1903-1904,
he has been in charge of drawing up special projects (most likely,
we are talking about course projects) at the Agricultural
Department. It was also noted that the mechanical engineer
Schindler K. G. leads practical classes on agricultural mechanical
engineering in the Il and IV courses of the agricultural
department. It should be noted that in this academic year and
beyond, he is no longer listed as a lecturer (or teacher) of
elementary mechanics at the Agricultural Department. In addition,
there were no educational disciplines with the name "Agricultural
Mechanical Engineering” at that time.

Therefore, during the first five years from the day of the
foundation of KPI, the appropriate adjustment of the educational
programs took place, due to which in the last courses of study,
students of two departments, Agricultural and Mechanical, began
to study at once several educational disciplines in the field of
agricultural machinery with different names (but the same in
essence) . It should be assumed that the students of the
Agricultural Department studied only the structure of most
agricultural machines, most likely using the Atlas developed for
this purpose and published in 1902 by K. G. Schindler. This
assumption is the most reliable, since for future agronomists, soil
scientists and veterinarians in the form of sketches and schemes of
agricultural machines and tools, which were manufactured at that
time in the world, it was the most simple and convenient to study
them. In addition, in the practical classes that Schindler K. G.
conducts with students of the last years of the Department of
Agriculture on the subject called "Agricultural Machine Science",
he tries to involve future agronomists in some initial elementary
foundations of their theory and calculation. Most likely, during
practical classes, students at that time gained knowledge of soil
tillage machines and learned to draw plow bodies, made drawings
on the rotation of soil strips during plowing, etc. The students of
this department did not need more in-depth knowledge of
agricultural mechanics. Special projects, which were carried out
by students most likely and were devoted to drawing the shelves
of plows, probably the working bodies of planters and potato
diggers, etc. As for the students of the last years of the
Mechanical Department, when studying agricultural machines,
they most likely received the same knowledge of the initial
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foundations of the theory and construction of plowing tools, since
K. G. Schindler had already written and almost finished his own
monograph on this topic. It was at this time that he performed the
duties of the dean of the agricultural department, where he was
appointed on August 1, 1904, and definitely had the right to adjust
the educational programs with his own hands.

In the following 1904-1905 academic year, the dean of the
Agricultural Department and acting extraordinary professor of the
Department of Mechanics, mechanical engineer Schindler K. G.
performs the same pedagogical work in two departments and
manages the station for testing agricultural machines and tools. In
addition, he prepares and on October 14, 1905, at the meeting of
the Institute's Academic Council, he defends his own scientific
work "Theory and Construction of Plowing Tools" and receives
the title of adjunct of the Kyiv Polytechnic Institute.

In the following years, in particular in the academic year 1906—
1907, Schindler K. G. was no longer the dean of the agricultural
department, but left the position of extraordinary professor at the
department of mechanics. Protected scientific work and receiving
the title of associate professor of KPI gave him such an
opportunity. As before, he gives lectures for students of the two
departments mentioned earlier, but at the same time, he introduces
new courses to the students of the Agricultural Department, in
addition to the existing ones, in particular, "Mechanical Science"
and "Theory of Agricultural Machines and Tools", "Fundamentals
of Mechanical Science", " Machines-tools", "Machines-engines".
That's when a new subject called "Mechanical Engineering"” is
introduced in the Mechanical Department. As we can see, the
range of subjects for study by students in the field of agricultural
mechanics and agricultural engineering at KPI is gradually
expanding, which indicates a significant increase in the
knowledge and competencies of graduates of the Kyiv
Polytechnic Institute. In addition, it is during this period that
Schindler K.G. leads practical classes at the station for testing
agricultural machines, and also begins to manage the diploma
theses of students of the Department of Agriculture. Therefore, it
should be assumed that during the management of the Department
of Agriculture, as a dean, Schindler K.G. proposed the completion
of diploma theses for a certain group of future scientists-
agronomists, in accordance with their desire to more broadly and
confidently possess knowledge in the engineering field of
agriculture. Although even then future agronomist scientists
needed only initial, actually familiar knowledge of agricultural
machines, for which their descriptive course was suitable.

In the following academic years, in particular in the 1908-1909
academic year, K. G. Schindler already works as a full professor
in the Department of Mechanics, which he received on November
14, 1906, continues to teach all the previously listed academic
disciplines, manages special and diploma projects. In addition,
studying the designs of various agricultural machines at the
Machine Testing Station, which was managed by K.G. Schindler,
was very useful for the students of the Mechanical and
Agricultural Departments, since not only the visual perception of
their real designs, but also the visual demonstration of work in the
field gave incomparable advantages in the students' acquisition of
knowledge and acquisition of the necessary competencies. At the
same time, students of both departments were involved in the tests
themselves, performing work on the adjustment of various
agricultural machines during their preparation for the tests,
participating in various adjustments, setting up devices, obtaining
the results of the tests themselves, during measurements, etc. In
1908, the appointment of K. G. Schindler as the dean of the
Mechanical Department gave him the opportunity to introduce
here in larger volumes educational disciplines and the
implementation of special and diploma projects in the field of
agricultural engineering. It should be assumed that it was at that
time that the work of this scientist in the field of education was
very fruitful and, most likely, the time could not be far off when a
new separate department (or a new faculty) should be opened at
the Kyiv Polytechnic Institute, which would exclusively prepare
engineers-designers of agricultural machines, or mechanical
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engineers of agricultural production. But the unexpected and
forced dismissal of K. G. Schindler from the position of dean of
the Mechanical Department of the Kyiv Polytechnic Institute in
early February 1911 most likely prevented this.
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Abstract. A new approach for analyzing the content and structural units of modern lectures in a higher educational institution is presented.
The requirements that should be presented to the lecture in order for it to meet its modern purpose in the continuous education of students
have been analyzed. It is quite natural that individual lectures from certain disciplines may not meet all the listed requirements at the same
time. However, any lecture should satisfy the educational, developmental and educational functions as much as possible.
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1. Introduction

The lecture, among other forms of education in a modern
university, occupies a special place. Many scientists, researchers
and famous lecturers consider the lecture as the main form of
university education. On this occasion, the distinguished scientist,
the first rector of the Kyiv Polytechnic Institute, Professor V.L.
Kirpychev said: "As long as humanity lives, the living language
and the transmission of the principles of science in this language
will not become silent.”

However, there is also an opposite opinion about the lecture, as
if the lecture teaches to uncritically accept other people's opinions,
i.e. passive assimilation of scientific truths; that so-called lecture
teaching has no feedback and is therefore unmanageable.

The given evidence cannot be extended to lectures of a
problematic nature, which lead to active rather than passive
assimilation of knowledge and increase the level of manageability
[1].

If we also take into account that the lecturer can convey the
educational material to the listener convincingly, emotionally,
captivating the listener with a living word, then the positive
qualities of the lecture increase even more. Here it is appropriate
to mention the well-known expression "berba magistri" - the word
of the teacher. The teacher's word is a means of pedagogical
influence that neither a textbook, nor technical teaching aids, nor
other means can compare with. The teacher's words have a
psychological effect on the pupil, student, listener. The great
scientist and pedagogue M.E. Zhukovsky characterized this
method of imparting knowledge as follows: "By the power of
impressions, the lecture method is superior to other methods of
teaching and cannot be replaced by anything, at the same time,
this method is also the most economical in terms of time" [2].

Keeping in mind that our time is characterized by a rapid
update of information (“information explosion™), the
transformation of public consciousness, a lecture with its
advantages of prompt presentation of material, the possibility of
concentrating the latest information in it, differentiating it in
relation to different audiences depending on the level of
preparedness of the latter , becomes simply irreplaceable [3, 4].

Along with this, the lecture always carries information about
the current trends in the development of the issue or phenomenon
under consideration, which is very important for scientific
orientation and assessment of the state of the issue. Through the
lecture, the scientist (lecturer) carries out the educational process
of students, conveys his point of view, his ideas, which is
characteristic of university activity.

Thus, the lecture should be recognized as the leading form of
education, its influence extends to the remaining forms of
education (seminars, practical classes, laboratory work, games
and other types of classes), it organizes the formation of
knowledge into a system, determines the student's attitude to the
subject being studied.

2. Results and discussions

It is appropriate to first consider the structure of the lecture.
There are various options, but we consider the most acceptable
one that distinguishes its three constituent parts: content, structure
and elements. The latter should probably be divided into elements
and functions, since the elements characterize the quality of the
lecture according to certain indicators, and the functions - how far
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the lecture corresponds to a certain purpose. Each such part is
determined by certain factors. For clarity, the structure of the
lecture is presented by us in the form of the following structural
diagram (Fig. 1).

Components of
the lecture
i Y i
1. Content 2. Structure 3. Elements and
(classical trinomial] functions

3.1. Scientific
element

P __ 33 Educa-
tional function

3 4 Methodo-
logical function

T

2o | | H AR | 5 Conciy-
duction (explanation, course sioncourse
of evidence)

T

Systematicity and
systematicity

Consistency (logic) ...

... evidence
_..explanation

T

Principles
Postulate
Methods

Lecture topic

Aim of the lecture T

Didactics,
logicMethods

Course discipline

Figure 1. Lecture construction scheme

It can be seen from the scheme that the content of the lecture (1)
is determined by the topic, which, in turn, follows from the set goal.
The goal is dictated by the program, which provides for the
formation of the necessary knowledge.

The structure of the lecture (2) is determined by didactic
principles used mainly in the course of proofs and the logic of
presentation. Let's point out some principles, postulates, methods
that are considered by didactics:

— the principle of learning activity (the fundamental principle that
determines the assimilation of knowledge by a student if he has
cognitive independence);

— the principle of systematicity and systematicity (logical
sequence and systematic approach in studying the material);

— the principle of developing and educational training (formation
of mental abilities and cognitive needs of students while
simultaneously forming progressive views and beliefs in them);

— the principle of connection with practice (the unity of theory
and practice in the acquisition of knowledge, skills and abilities);

— the principle of scientificity (presentation of scientific
information in accordance with the state of development of science
for the current period);
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— the principle of strength of knowledge (clear assimilation and
memorization of that knowledge which is the basis, a tool for further
knowledge, independently; to a large extent, this includes
knowledge that is formed by fundamental disciplines);

— method of analogy (knowledge through comparison, contrast);

— the induction method (a logical method based on the
conclusions that arise from the knowledge of individual phenomena
and lead to general conclusions: the descent from the particular to
the general);

— the deduction method (logical inference that allows you to know
the partial on the basis of the general);

— modeling method (spreading conclusions of a certain degree of
commonality to new knowledge of the same degree of commonality,
i.e. knowledge of a subject, if it is similar in characteristic features
to others);

- algorithm (regarding the educational process - knowledge as a
result of performing a set of educational operations in a strictly
recognized sequence to obtain a solution to any problem of a given
type);

— heuristics (cognition based on free thinking when combining the
psychological, subjective with the rational-logical, objective);

— invariants (that part of different systems, which is common or
invariant to them and allows, based on the study of the invariant, to
be freed from the study of sets of individual systems), etc.

Let's consider in more detail the structure of the lecture and its
components, as well as the elements and functions of the lecture, in
order to formulate the requirements for a modern lecture based on
them. In the structure of the lecture, its three main parts are usually
distinguished: the introduction, the content part and the conclusions,
which have been established as a classic trinomial.

Introductory part (item 2.1). The main thing in the lecture is to
awaken the listener's cognitive need and condition his independent
mental activity. It follows from this that in the "introductory part" it
is advisable to use appropriate methodological techniques: an
unusual beginning that intrigues the listener; setting an educational
problem that leads to a problematic situation; the beginning of the
lecture on a question left unsolved from the previous lecture, etc. In
other words, one should look for opportunities for the lecture to be
problematic in terms of structure and content.

Let us give an example of the scheme of constructing a problem
lecture:

1. Initial data. In previous lectures, it was shown that device
(process, substance, method, etc.) U has advantages (a), (b), (c).
Property (c), which is inherent in U, limits the limit of its use by
some parameter, the maximum value of which is (P).

2. Formulation of the problem situation. It is necessary to propose
U* (closer to U), which, keeping (a), (b), and (c), would expand the
limit of application of U to P! (more than P).

The content of the wording is clarified.

3. The general direction of finding a solution. Change (c) in such
a way that, while retaining (a), (b) and (c), ensure the
implementation of (P*) and at the same time, if possible, more fully
satisfy the requirements (1), (2), (3) and ( 4) (the higher the serial
number of the requirement, the more important it is).

4. Breakdown of the problem into subproblems. The problem can
be solved in two ways:

path (A): change (c) due to (t);,

path (B): change (c) due to (n).

In accordance with (A) and (B), two subproblems are formulated
and explained.

5. Solving subproblem (A).

Hypothesis 1. Its content is explained: (c) changes to (c%); (a), (b)
and (c) are retained; (1), (2) are satisfied, and (3) and (4) are not.

Hypothesis 2. Its content is explained: (c) changes to (C?); (a), (b)
and (c) are retained; (3), (4) are satisfied, and (1) and (3) are not.

Hypothesis 3. Its content is explained: (c) is replaced by (c*); (a)
and (b) are preserved, (c) - not; (1), (2), (3) and (4) are satisfied.

6. Analysis of the results of solving subproblem (A). Hypothesis 3
is not acceptable because (c) is missing. Since (1) and (2) are more
important than (3) and (4), hypothesis 1 gives the best results.

7. Solving subproblem (B).
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8. Analysis of the results of solving subproblem (B).

9. Conclusions.

The results of (A) and (B) are compared, a rational solution is
chosen, and the practical significance of the obtained result is
clarified.

Other schemes for constructing a problem lecture are also
possible.

During lectures, students can take part in solving a problem
situation by proposing their own hypotheses or analyzing the results.
But even in the case when the solution will be taught by the lecturer
himself, students will still be involved in the solution process.

Is it possible to build the entire course from only problematic
lectures? This is impossible and unnecessary, because the material is
descriptive, axiomatic, factual, classification, in which the problem
cannot be identified.

Therefore, problem-based learning, with all its importance, should
not be absolutized. It is also worth noting that the activation of
students at lectures is impossible without the activation of the
teacher himself.

Students, as a rule, are satisfied with such lectures and listen to
them carefully. We will also note that such a (similar) lecture has
great educational value.

Of course, the "Introduction” should name the topic of the lecture,
its place and significance in the system of other topics, consider its
main issues, name the bibliography (or make a reference to the
bibliography contained in the work program of the course. It is
desirable that such methodological support was displayed for
student viewing or use).

In the lecture, a systematic approach should be implemented in
the presentation of the educational material, and in the lecture
course in general - the entire discipline. That is why it is essential
for the lecture to inform the audience in the "Introduction” (writing
on the board, presenting information with the help of TZN) of the
structural elements of the lecture with an indication of their
subordination, the adopted systematization of the material taking
into account the categorical composition and categorical structure,
its internal and intersubject connection . In other words, the student
or listener must see a complete picture of his employment in this
lecture from the very beginning. At the same time, the knowledge to
be learned appears in a systematic form, the method of building this
system, its essential features are visible. Such information is
extremely important. It determines the mood of the listener for
perception, waiting for the solution of the next questions. Thereby,
we contribute to the gradual formation of meaningful units and
activate the psycho-emotional factor - positive emotions of hope,
curiosity, etc. In addition, the student psychologically adjusts to a
certain volume of information, internally preventing premature
fatigue and loss of attention.

The significance of this technique has been known for a long
time. The meaning of its reflection in the phrase: "to teach in such a
way that the student, like a swimmer, sees the opposite shore (one
who does not see the shore can drown one step away from it").

Systemic knowledge is better assimilated, well remembered, in
contrast to scattered and fragmentary, not logically connected, i.e.
unsystematic.

In the presentation of lecture material, it is important not to
neglect, but on the contrary, to comprehensively use the methods of
classification (processes, phenomena, concepts), which also
illuminates the interdependence between these phenomena,
processes, organizes ideas, reveals the logic of interconnection.
There is an opinion that knowledge begins with classification.

From our point of view, nothing so organizes and brings the
lecture presentation of the material into a coherent system and does
not contribute to its systematic perception as much as its
classification gradation. D. I. Mendeleev's periodic system of
chemical elements is an excellent example of this, which shows the
enormous cognitive power of classification. A special system of
concepts that exists in any classification, called a hierarchy, contains
the relationship between the main (general) and the subordinate (less
general or partial). Knowing the relations of subordination,
establishing the place of a phenomenon or an object on a
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hierarchical ladder is not only an unconditional moment in the
formation of a concept, but also a necessary condition for its solid
assimilation. With this approach, this concept is included in the
hierarchy of many concepts that make up the system, and this allows
us to penetrate into the essence of the (researched) phenomena being
studied, it emerges as a concept with a high degree of generalization
and becomes a contribution to the worldview. Classification is the
first level of scientific generalization.

In addition to the above, the classification makes it easier to take
notes of the material, and in the future, to use it more effectively for
further cognitive purposes.

Systematicity is one of the most important qualities, a factor of
creative thinking.

In conclusion, we will cite the statement of the great teacher K. D.
Ushinsky about the role of systematicity for knowledge: "Only a
system, of course, is reasonable, one that comes from the very
essence of the subject, gives us full power over our knowledge."

The main part of the content (explanation, course of evidence)
(item 2.2). This part is the basis of training.

In this part, the lecturer forms concepts about some objects,
processes, phenomena, revealing their essential features. At the
same time, the lecturer uses various techniques and methods from
the arsenal of didactics (some of them were mentioned), searches for
ways of proof, involving students in this process. The provability of
advanced scientific propositions, when they come to a conclusion
(solution) in a logical way, through the disclosure of the genesis of
the phenomenon under study, determines purposeful cognitive
activity, not formal perception of knowledge. In other words, the
lecture should contain evidence of scientific (theoretical)
propositions, and not offer listeners to accept them on faith. Proving
the truth in a finished form reduces interest in science. The
justification of this or that phenomenon often requires the
involvement of knowledge from related sciences (mathematics,
physics, chemistry, etc.), since many phenomena have a physical,
chemical, or other nature. For example, M.V. Lomonosov, the
founder of Russian science, characterized the relationship between
chemistry and physics as follows: "These two sciences are so
connected that one cannot be perfect without the other." In many
cases, a historical excursion is necessary, a story about the ways of
scientific research, the evolution of this or that concept, the
disclosure of its genesis, biographical information about the
activities of the scientist, etc., as mentioned above.

Due to this, the teacher needs knowledge of the historical aspect,
the ability to attract the necessary knowledge from related sciences,
skillfully using them.

The proof of scientific truths, along with the need to justify them,
implies a logical sequence of decisions, which teaches the student to
think logically. A truth that is taken for granted (unless, of course, it
is obvious, like a postulate or an axiom) does not cause mental
activity. "It is impossible to teach only on the basis of authority -
you need evidence that sharpens the mind and feelings,” said the
classic of world pedagogy, Ya.A. Kamenskyi.

Here we must be careful not to get carried away with
mathematical proofs, which in some cases leads to formalism, to the
loss of the general direction of the lecture in the case of long
mathematical expositions.

The lecture should correspond to the unity of theoretical and
applied (dialectical unity of theory and practice), because theoretical
knowledge is ultimately designed to serve practical needs. The
scholastic presentation of the course without an indication of the
application of knowledge in practical activities gives rise to the
student's perception of the uselessness of knowledge and, as a result,
a negative attitude towards its assimilation. That is why it makes
sense more often than usual to start the lecture with instructions on
the application of the material studied in a specific field of practical
activity of the future specialist. It is even better if this beginning is
raised in the form of a problem that leads to the emergence of a
problematic situation.

Theory becomes pointless if it is not connected with practice, that
is, theory should not only generalize already existing practice, but
also run ahead, show it the way of further development.
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There should be room for analogies in the lecture. Compared to
others, the method of analogies is the most common. In lectures in
general (and of a problematic nature, in particular, for solving
problematic situations), the method of analogies is effective. This or
that concept is formed, if it is not firmly "tied" to the ideas, images,
objects, concepts already existing in the student's mind, it is poorly
remembered and poorly assimilated. It is necessary to include a new
concept in the system of established connections that the student
already has.

This is easily achieved through analogy, comparison with an
already known, usually simpler object or phenomenon, but one that
has some common features. In other words, the journey from the
known to the unknown through comparison (or contrast) facilitates
the establishment of new connections. That is why the method of
analogies can be qualified as one of the essential didactic techniques
in the process of learning. This is how Y.I. Frenkel determined the
importance of the method of analogies in teaching such a complex
discipline as "Wave Mechanics": "For didactic reasons, | widely
used the method of analogies in teaching, sometimes superficial, but
having the advantage of clarity. Analogy, if you treat it rather
cautiously, | represent the simplest and most understandable way
from the old to the new: one should not forget that every analogy
has certain limits."

Along with the above, depending on the specifics, the content of
the lecture should reflect:

— connection with the urgent tasks of the present or the future,
indications of real ways of solving these tasks (problem-target
assignment);

- the state of issues (problems) in our country and abroad, the
main directions of scientific (or design) developments,
unconditional fixation of attention on unresolved issues.

Conclusions (end) (item 2.3). The part of the lecture called
"conclusions” in the classical plan involves the formation of a
strictly reasoned result in a systematized form.

However, it is not always possible to finish the lecture in a
classical way. In a number of cases, it can be finished with a
logically completed material, a question for reflection, a technique
for perplexing students. In other cases, in the final part of the
lecture, it is useful to sum up the concepts discussed in the lecture
and establish new connections between them (consider from other
points of view). From the point of view of activating the mental
activity of students, the conclusion proposed by the well-known
specialist in active learning methods, Doctor of Technical Sciences,
Prof. Rybalsky V.I. (KIBI). He practices answering 1-2 questions
(in writing) to all present at the end of the lecture. This procedure
takes 5-10 minutes, and the questions are formulated in such a way
that you will not find the answer in an explicit form in the lecture
material: you need to think logically, compare, and this is possible
when the material is understood. The questions are asked to
everyone the same (the lecturer has thought them through in
advance), but the depth of the answers can be different. At the next
lecture, the results are announced, 2-3 best answers and the same
number of unsuccessful, casuistic answers are read out. Along the
way, the number of attendees at the lecture is controlled, although
work is added, of course: you have to evaluate 100-150 answers, it
takes personal time. Of course, such an approach disciplines
students, encourages them to work actively during the lecture,
especially those who, although present, are in "internal exile". For
the teacher, this is also an effective method of feedback, the absence
of which is characteristic of most lectures. The consequences of
such a blitz poll in V.. There are several Rybalsky: if someone had
successful, that is, the most complete answers in all the lectures -
there can be a score "automatically”, those who missed or answered
unsuccessfully - additionally work on these topics, etc.

Elements and functions of the lecture (item 3). Its quality can be
judged by the elements of the lecture, and its fulfillment of its
purpose by its functions.

The scientific element of the lecture (item 3.1) is that the lecture
should be scientific, not dogmatic. Dogmatism, as is well known, is
thinking with frozen, unchanging positions, established formulas.
Science is dynamic, constantly developing, its concepts sometimes
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change; are deepened, supplemented. In other words, science is
constantly reassessing scientific accumulations: some scientific facts
are developing, others are losing their past significance, new
hypotheses are emerging, etc. In this regard, the presentation of
scientific information should be in full accordance with the state of
development of science for the current period and the trends of its
development. A student should not imagine that everything has been
decided in science and there is nothing left for him to do in it; on the
contrary, he must constantly be aware that the formation of a certain
level of knowledge and concepts in his head only corresponds to the
current state and is by no means complete once and for all. V.
Humboldt perfectly expressed this side of the activity of the higher
school: "The peculiarity of universities is that they always present
science as a problem that is not completely solved and therefore
constantly research it."

The above implies the participation of teachers in research work,
interest in scientific and methodological problems (how to teach?),
his wide scientific knowledge and erudition in the chosen field of
knowledge, as well as the presentation of his scientific research and
his own point of view on this or that problem.

This is what distinguishes a higher school from the system of
secondary special and general education.

Rhetorical element of the lecture (item 3.2).

"Speak so | can see you." (Socrates).

Language culture, verbal sophistication, well-known oratorical art
should be the subject of constant care of the teacher. Language
culture should be constantly cultivated in students as well.

Let's turn to some components of this activity of the teacher-
lecturer, which should be at his disposal:

- confidence in "what one intends to assure others";

— logic of teaching;

- harmony of thought and word,;

— charm of gesture, impulse, facial expressions, voice intonation,
body movements, teaching manner;

- a life-giving word, the scope of which is unusually large (it
teaches, excites, reassures, disappoints, excites passions, wounds,
heals, and many others);

- refusal of extensions when expressing an opinion and the use of
clogging words;

- precisely selected terms, expressions, comparisons;

- emotionality, clarity and conciseness of speech;

- clear diction and sufficient literacy. These and other techniques
determine eloquence.

What gives eloquence? First, the effects of eloquence are
extremely pleasant. Secondly, as Plato claims, “"eloquence is the art
of controlling the mind and consciousness." Thus, eloquence is a
powerful tool for both learning and education. The German poet and
public figure I. Becher also places eloquence in the rank of art, who
believes that "a report or a lecture can become a work of art."

"Neither art nor wisdom can be achieved if it is not learned"
(Demaocritus).

The educational function of the lecture (item 3.3) (worldview
aspect). A worldview is considered to be a system of generalized
views, concepts, ideas about the world as a whole. This is a natural-
scientific vision, philosophical and socio-political views, ethical and
aesthetic concepts, etc.

To the extent that the purpose of a lecture is to convey new
knowledge, any lecture is designed to shape a scientific outlook.
Thus, education exerts an educational influence and forms a
personality. On the educational value of science (learning) K.D.
Ushinsky wrote: "The development of consciousness is, without a
doubt, one of the most important goals of education, and the truth of
science is a tool for this development.”

It should be noted, however, that while forming this or that
knowledge about the object, the lecturer consciously or
unconsciously forms in the minds of the students an attitude towards
this object, a concept. This attitude can be different: either it is
related to the emphasized meaning of the concept or phenomenon,
or on the contrary, its insignificant value, invoking a sense of
responsibility, hostility, etc. Therefore, along with the objective
factor, there is also a subjective factor that depends on the lecturer
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as a person, his beliefs. The sum of these attitudes (relationships) to
specific phenomena of the objective world, to material that can be
known cannot but influence the formation of a worldview in
general.

The content of a worldview is a system of beliefs. In order to turn
knowledge into conviction, a deep feeling of it and a personal
assessment of this knowledge by the subject as an undeniable
reflection of reality are necessary. Without this, knowledge cannot
become personal property. In other words: the emotional
background (curiosity, interest, need, significance, etc.) is a
necessary condition for this.

Arousing inquisitiveness, curiosity, the lecture conditions the
feeling of acquired knowledge.

The value of such an approach lies in the fact that in such cases
the educational element does not appear in an imperative or
intrusive form, but is organically woven into the fabric of the lecture
material.

The above example of constructing a problem lecture shows (and
similar examples can be presented from almost any discipline,
having spent time on it, of course), how in the educational process,
through the formation of attitudes to objects, phenomena, the
principle of the unity of education and upbringing is implemented.
One could cite many examples, in which it is just one step from the
essence of the concepts formed by the teacher during lectures to the
formation of students' motives for labor and social activity, concepts
of thrift, a sense of responsibility, willpower, patriotism, pride for an
independent Ukrainian state, etc.

Methodological function of the lecture (item 3.4). Philosophical
views are the core of any worldview. Of course, not those dogmatic
postulates that have discredited philosophy as a science for more
than 70 years. We are talking about a wide, internationally
recognized spectrum of philosophical science, which, as is known, is
the methodological foundation for all other sciences.

Therefore, any lecture should be aimed at forming a student's
philosophical, dialectical thinking. It should be borne in mind that
both materialists and idealists cannot do without dialectics: be it
engineering, teaching or some other activity. All disciplines,
especially the natural sciences, contain many examples to illustrate
the categories of dialectical and historical materialism. However, if
someone is not satisfied with materialism, then such categories as:
matter and motion, time and space, quantity and quality,
discontinuity and continuity, new and old, necessity and
contingency, form and content, essence and phenomenon, remain
equally eternal. base and superstructure, etc.

Categories, since they reflect the most general and essential
connections and relationships of objects, allow a person to get to
know the surrounding reality more deeply, because cognition is a
complex process of assimilating categories, concepts, and laws.

Therefore, with such an approach, natural sciences, general
engineering, economics, and other sciences can to a large extent
cause knowledge to grow into conviction.

Along with the general methodology, there is also a special one,
which is based on the general one, but contains and uses a number
of specific principles, theories, methods of research that are
characteristic of this science. Let us point out some characteristic
features of such methodological preparation.

The amount of information in any science becomes so large that a
student is unable to learn and remember everything necessary from
this science, which he will need in further practical activities. This
necessitates a clear selection of material that would meet the
requirements of minimum volume and maximum informational
significance on the one hand, and on the other - the possibility of its
use for independent learning of new material. An example of a
methodological approach can be the study of an invariant (see
above), since in this case there is no need to study many separate
systems. Academician N.F. In this regard, Talizina points to the
need for a new way of preserving information: "instead of
preserving a large amount of ready-made knowledge, preserve a
method that allows analyzing and re-creating the entire system of
individual phenomena."
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The methodological function of the lecture requires painstaking
selection of educational material, i.e. presentation and assimilation
of such knowledge, which are key (knowledge base) and the
application of which allows one to understand the factual material
independently to one degree or another.

For this purpose, the lecture gives preference to consideration of
theoretical issues: categories, principles, laws, definitions, that is,
what refers to the elements of the categorical composition and the
disclosure of logical connections between the elements of the
composition (categorical structure).

The elements of the categorical composition are methodologically
general, and the formation of concepts about them and the
clarification of their essence should be of primary importance. After
all, it is known that the one who undertakes the solution of
individual issues without first solving the general ones will
inevitably "stumble" on these general issues unconsciously at every
step.

The methodological function of the lecture implies a reduction in
the volume of factual material in the lectures, which the student
must study independently. Academician spoke very aptly about this.
M.N. Lavrentiev: "It is necessary to learn to think from the school
bench, and for this it is necessary to drastically reduce purely
informational material in the curricula of all levels."

A genetic approach to revealing concepts is also essential in
cognition. This or that concept about some object, phenomenon, can
be formed in its pure form, that is, by describing it, giving ready-
made definitions, in other words: by showing what a thing is in
isolation from how it became so ( or in isolation from what made it
S0).

Concepts (or knowledge in general) presented in this way are
perceived formally by students. At the same time, the purposeful
action of the teacher regarding the development of students' thinking
is wasted.

Thinking (and above all logical thinking) develops when
implementing the technique of genetic disclosure of the content of
concepts, following the logic of discovery, researching cause-and-
effect relationships, forming generalized concepts about objects,
processes, phenomena, that is, professing the thesis that it is
important not only what a thing is, but also how it came to be. It is
not difficult to guess that such an approach requires mental actions.
The cognitive need and mental activity resulting from it, as it was
repeatedly noted above, is generated by a problematic structure.

By following the logic of discoveries, that is, by bringing the
stages of research to students, the teacher gives him the opportunity
to apply them in similar situations that require the same or similar
stages.

The importance of acquiring knowledge through the illustration of
the development of concepts (a genetic method of revealing a
concept instead of a description) can be figuratively defined as
follows: "not bare conclusions, but on the contrary, study is what we
need most; conclusions are nothing without the development that led
to them."

Thus, the methodological function of the lecture is that the
method of presenting knowledge teaches the student, and their
content creates prerequisites for further independent acquisition of
knowledge. In other words, the methodological function of the
lecture involves teaching methods, methods of self-mastery of
knowledge, teaches logical thinking (developmental function of
education).

3. Conclusion

Thus, based on everything stated, the main requirements for the
lecture are:

1. In most lectures, you should look for opportunities to create
problem situations; in other words, lectures of a problematic nature
(in terms of structure and content) should be predominant in lecture
courses.

2. In the lecture, a systematic approach to the selection of material
and the teaching of the course should be implemented.
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3. A mandatory requirement for a lecture is the provability of
scientific propositions, and not their communication by the lecturer
in the form of ready-made truths.

4. The constant implementation of the principle of the unity of
theoretical and applied, i.e., the combination of theory with the
future practical activity of a graduate specialist on examples of
consideration of specific material - this is an attribute of a modern
lecture.

5. In lectures, there should be a place for the method of analogy,
which is quite effective in assimilating new knowledge.

6. An important function of the lecture is its methodological
orientation: to teach a way of knowing, to master the method, to
develop thinking.

7. The lecture should be scientific in nature, not dogmatic, form
knowledge that corresponds to the current level, bearing in mind
that they correspond to the state of the not fully resolved problem.

8. Any lecture through the formation of the relationship to
concepts, phenomena, objects fulfills the necessary worldview
function, and through the examination of philosophical categories is
designed to form a philosophical worldview (even on non-
materialistic grounds) and dialectical thinking.

9. The lecture should be rhetorical and effective.

Fulfillment of these requirements in education (first of all, in
lecture teaching) will allow a comprehensive approach to the
implementation of its corresponding functions: teaching, developing
and educating, which are the subject of didactics, psychology and
theory of education, that is, the psychological and pedagogical cycle
of sciences.

All these requirements, which can be considered basic, are
designed to awaken the cognitive need of students, to cause them to
think, to condition the strength of knowledge, to teach methods of
independent knowledge, to form a philosophical outlook and
dialectical thinking, to realize the unity of the process of education
and upbringing.

It is quite natural that individual lectures from certain disciplines
may not meet all the listed requirements at the same time. However,
any lecture should satisfy the educational, developmental and
educational functions as much as possible.
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Abstract: The use of complex mineral, organo-mineral and organic fertilizers on Haplic Chernozems for 8 years leads to changes in the
composition of soil organic matter. Certainly the organic fertilizer Excell°™%® and its combination with the complex mineral fertilizer Suprefos
increase the content of soil organic carbon, and humic acids, related with calcium. A positive trend is also the increase of carbon in insoluble
residue. A statistically reliable positive influence of organic and organo-mineral fertilization on individual groups and fractions compared to those in
the control variant was established. The trend is especially well expressed on the carbon values of humic acids and those related to calcium. This
leads to a sustainable level of humification and an increase in the share of agronomically valuable groups and fractions in the organic carbon of the

soil.
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Introduction

Soil is one of the most important natural resources and is the basis
of life on the planet. In addition to productivity and quality
requirements, modern managed ecosystems face a number of challenges
- regulating and conserving water flow, protecting its physico-chemical
properties, soil organic matter and its genetic potential.

The main component of soil organic matter is the general hemes
substances, which are characterized by high biological activity. From a
chemical point of view, they are heteropoly (oligo)mers having
different molecular weights. They are a very important structure former
of the individual fragments of organic macromolecules [1]. The
application of modern agrotechnical practices, regardless of the method
of agricultural production - conventional or biological, require not only
maintaining, but also increasing the content of organic C in the soil [2].

For decades, research at the DAI-G. Toshevo has included this topic
in its scientific program, including the influence of the ways of utilizing
the plant remains of the predecessor on the state of soil fertility [3-12].

The purpose of the present study is to characterize the changes in
the concentration of organic carbon in the soil, as well as the changes
occurring in the composition of the soil organic matter as a result of the
application of complex mineral, organo-mineral and organic fertilizers.

Materials and Methods

In the experimental field of Dobrudzha Agricultural Institute -
General Toshevo on Haplic Chernozem, in a long-term study, the
influence of fertilizers for basic soil fertilization - Suprefos and
ExcellOrga - was studied. The experiment is a continuous wheat
monoculture and does not include the application of nitrogen fertilizers
during the growing season. Suprefos is a combined mineral fertilizer
containing: 12% N; 24% P,0s; 0.5% Mg; 14% Ca; 25% S. The all-
organic fertilizer ExcellOrga is manufactured by Angibaud &
Specialites (France). It represents composted waste from the fishing
industry and guano, and its composition is 50% organic matter, org.N-
4%, P-2%, K-6%, Mg-3%. It is produced in the form of pellets - 6 mm.
Fertilizers were applied before the last pre-sowing treatment of wheat at
the rate of 350 kg/ha (physical). The experimental setup consists of 4
backgrounds of soil fertilization: 1. Control; 2. Mineral Fertilization
(Superfos -350 kg/ha)-MF; 3. Organo-Mineral Fertilization (Superfos +
Excel®% (175+175 kg/ha)-OMF and 4. Organic Fertilization (Excel°®
350 kg/ha)-OF.

At the end of the study, the changes in the group and fractional
composition of the organic matter were tracked. From the tested
variants, soil samples were taken in three replicates from the layers 0-20
cm, 20-40 cm and 40-60 cm.
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To determine the composition of soil organic matter, we used the
method of Kononova-Belchikova [13;14]. The carbon content (C%)
was determined by the modified Tyurin method (oxidizing with
K,Cr,0,/H,S0, solution in thermostate at 125° C, 45 min, in the
presence of Ag,SO, and titration with (NH,),SO,.FeSO,.6 H,O [13;
15]. The methods of Konnova [14] and Filcheva & Tsadilas [16] were
used to determine the composition of soil organic matter by groups.

Results and Discussions

Before discussing the obtained results, it is necessary to recall some
of the characteristic features of the soils in the area. Southern Dobrudja,
according to its geomorphological zoning, refers to the Danube
epiplatform plain. It is distinguished by a low layer-denudation and
accumulation relief. The Southern Dobrudja Plateau is formed by
Sarmatian limestones. According to Ismail& Dimov [17] the emergence
of the modern black soil dates back to the middle of the Bronze Age (11
millennium BC). Medium-thick leached and weakly leached
chernozems, developed on loess-like, sandy clays and loess, layered on
highly fractured Sarmatian and Lower Cretaceous limestones, prevail.
Their characteristic feature is their more pronounced washing regime
and more powerful profile compared to carbonate and typical
chernozems. In some areas, the humus-accumulative horizon can reach
80 or more than 80 cm.

The results of the analyzes of the variances of the composition of
the soil organic matter (SOM) along the depth of the humus-
accumulative horizon up to 60 cm show the strong influence of the
nutrient regime of the soil created by fertilization (Table 1). Both tested
factors influence the values of the tested indicators, and the types of
fertilizers included in the study for basic soil fertilization with
maximum statistical reliability influence all the tested indicators
characterizing the composition of the SOM. Depth as a factor in the
study has a strong impact on some of its main characteristics - Cq,
THS, FA, HAR203, HAC; and Ciesigue- This, in turn, affects the credibility
of the interaction between the two factors. The same is most clearly
expressed for fulvic acids at an early stage of formation, free and
associated with — R;05, as well as their share relative to Co. The
proven influence of the interaction between the factors on THS, HA,
HAca HA/Corg, Cresiaue/ Corg also deserves significant attention.

The eight-year application of the tested fertilizers reflects not only
the absolute values of carbon in individual groups and fractions, but
also their share relative to the organic C of the soil, respectively humus.
For the most part, the tested indicators are subjected to statistically
reliable changes, which are preserved according to the depth of the root-
inhabited horizon.

The used fertilizer products have a significant influence on the
values of Sorg compared to the control variant (Table 2). In the surface
layer 0-20 cm OMT and OT definitely lead to its increase compared to
the variant with MT. Fertilization with the tested fertilizer products has
a positive effect on Sorg values in the 40-60 cm layer as well.
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Table 1.

Analysis of the variances of the indicators characterizing the composition of SOM by depth and dependin

on the type of fertilizers used

Depth (1) Fert. variants (2) 1x2
Dependent Variable df F Sig. df F Sig. df F Sig.
Corq (Organic Carbon) 2 ]69,809 ,000%** 3 [12,293 | ,000** | 6 | 881 515
FA.q (Agressive Fulvic Acids) 2 [3412 ,039* 3 [72,101 [,0004** | 6 |4,041 | ,002**
THS (Total humic substances) 2 15,074 ,000%** 3 | 7,737 | ,000*** 6 | 2,767 | ,019*
HA (Humic acids) 2 |1,982 1477 3 [9,445 |,000%* | 6 |2338 | ,043*
FA (Fulvic acids) 2 |9,917 ,000%** 3 29,977 | ,000%* | 6 |,179 ,082N°
HAJ/FA ratio 2 |2973 ,059° 3 [16,088 | ,000%** | 6 | 466 830
HAR203 (connected with sesqui oxides) 2 106,439 ,000*** 3 11,198 | ,000*** 6 | 1,243 297"
HA, (connected with calcium) 2 | 5,937 ,004** 3 15,719 | ,000%** 6 | 2,597 | ,026*
Cresidue (insoluble residue) 2 | 11,787 ,000%** 3 21574 | ,000%* | 6 |1,978 |,083"°
FA/Corg 2 [3933 ,025* 3 [54,956 |,000** | 6 [4973 | ,000%**
THS/Cyq 2 |.,154 ,857™° 3 [16/455 | ,000** | 6 | 2,644 | ,024*
HA/THS 2 | 2,894 063" 3 |26,814 |,000** | 6 |,381 ,888"°
FA/ITHS 2 [2,894 063" 3 [26814 [,000* [ 6 [,381 888"
HA/Cyrq 2 [1816 1717 3 [6427 [,001** |6 [2622 [,025*
FA/Cyq 2 |3523 ,036* 3 [34,304 |,0004** | 6 |,186 ,980"°
HAgz03/HA 2 | 43713 ,000%** 3 [19,322 [,000~* |6 |1581 [,168™
HAG/HA 2 | 43713 ,000%** 3 [19,322 [ ,000~* |6 |1581 |,168™
Cresidue/Cora 2 |.,154 857" 3 [16/455 [ ,000** | 6 |2,644 | ,024*
Table 2. Content of organic C in individual groups and fractions of POV by soil layers depending on the type of fertilizers used
e 1PN e | RA | T | HA | FA | HAFA | HAws | HAG | Co
Control | 0-20 1,7785a | ,0353a ,9549 b 6061a | ,3488b 1,83a 3205b | 2856a | ,8236a
20-40 1,7473a | ,0353a ,9383 b 6061a | ,3322b 1,90a 2657b | ,3404a | ,8090b
40-60 15951a | ,0311a | ,7844ab | 5148a | ,2696b 213a A777a | 3371a | ,8106ab
MF 0-20 1,8305a | ,0398b | 1,0144c | 6958b | ,3186b | 2,34ab | ,3152b | ,3806b | ,816la
20-40 1,7606 a | ,0377a 9892b | ,6539ab | ,3353b 197a 2649b | 3890ab | ,7714a
40-60 1,6104a | ,0377b ,8970b | ,6371ab | ,2599b 249 a 1760a | 4611a | ,7134a
OMF 0-20 1,9283b | ,0563d | ,9345ab | ,7259b | ,2086a 3,82b 2720a | ,4539b | ,9939b
20-40 1,8200a | ,0459b 8635 a 6841b | 1794 a 3,90 b 2186a | ,4655b | ,9565¢
40-60 1,6349a | ,0542d 7424 a 6091a | ,1333a 5,40 b 1769a | 4322a | ,8925b
OF 0-20 1,9353b | ,0501c¢ 8927 a 6858 | 2069 a 4,20b 2770a | ,4089b | 1,0426b
20-40 1,8375a | ,0528¢ ,8886 a 6842b | 2044a 4,00 b 2002a | ,4839c | ,9489¢c
40-60 1,7190a | ,0459c¢ 9119 b 7692b | 1427a 5,48 b A1352a | ,6340b | ,8072ab

As a result of fertilization, changes also occur in the values of total
humic substances (THS), with their absolute values being the highest in
the 0-20 cm layer in the variant with MF application. Their certain
reduction was found when using OT. At the same time, in comparison
with the control variant and the one with MT, an increase in CHA and a
decrease in SFC were observed in the variants with the use of organo-
mineral and organic fertilizers. This fact applies to all three studied
layers by profile depth. Ultimately, there is a change in the HC/FC
ratio. From the fulvate-humate type in the control variant (0-20 and 20-
40 cm) the values increased more than 2 times and in the variants with
the use of OMF and OF the type of humus is already markedly humate.

Changes were found in both main fractions of HC - free and
sesquioxide-bound oxides and those with calcium. In the variants with
OMF and OF, C of HAR,03 decreases along the profile depth compared
to those found in the control variant. At the same time, a positive trend
was expressed for the increase of those related to calcium. Positive
changes in the direction of increasing Cresidue were also found when
using OMF and OF in the 0-20 and 20-40 cm layers.

Soil organic carbon in the 0-20 cm layer is in very strong positive
correlations with Cygique and HA¢, carbon (Table 3). A clear correlative
relationship with the most dynamic and low molecular fraction of
organic matter, called the fraction of "aggressive" fulvic acids"
(0.807**) was also established. In the 20-40 cm layer, the correlations
keep their direction, but the correlation values slightly decrease. In the
layer below, a large part of the correlations between Corg and the indes
characterizing the composition of the POV are statistically unreliable.
However, at this depth, the correlation between C,y and HA and
between C,4 and HAc, still remains very well pronounced. Correlative
dependencies between Cresidue and other indicators characterizing the
composition of the POV are also clearly expressed.
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Throughout the studied depth, carbon of the insoluble residue is
strongly negatively correlated with THS, FA HAR03.

One of the main characteristics of SOM - Cy, THS and Cresigue
clearly show that their values gradually decrease with depth of the
investigated layers (Fig. 1). The constituent components of THS - HA
and FA also show a tendency to decrease along the depth of the profile.
The established changes in HA are unreliable. However, FA carbon has
higher values in the surface layers and at a depth of 40-60 cm it reliably
decreases. On average for the tested factors in the experiment over the
entire studied depth, the type of humus is markedly "humate".

The obtained results show that the slightly leached Chernozem in
this section retains a high degree of humification of the organic matter -
from 36.31% (0-20 cm) to 38.58% (40-60 cm). The presented results
give us an opportunity to obtain information about the behavior of the
HC factions. With depth, the sesque-related HA oxides decrease, and
the differentiation by layers is very well expressed. The fraction bound
to calcium inversely increases. In the surface layer 0-20 cm their level
is defined as "average" (56.34%), while in the following layers
according to Orlov and Grishina [18] is defined as "high" and reaches
73.68% of the THS.

The tested types of fertilizers for the period of their application also
influence the studied indicators (Fig. 2). Application of complex
mineral fertilizer does not lead to proven changes in Corg. The
application of OMF and OF increased the values of the indicator by
5.1% (1.794%) and 7.2% (1.831%) compared to the control (1.707%),
respectively. Regarding THS, the differences are insignificant, only the
variant using MT stands out, where the increase is credible. The carbon
of the insoluble residue (humin, or also called the "guard" of the humus)
shows a tendency towards a reliable increase in the variants with the
introduction of OMF and OF.
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Against this background, the used fertilizer products lead to changes in
the carbon values of HA and FA. The most significant increase was
found in the use of OF, where the increase was 23.8% compared to the
control variant. In the case of FA carbon, the differentiation in the
average values for the study period is less pronounced.

The variants using OMF and OF were distinguished by lower levels
of FA carbon compared to the control and MF. This, in turn, leads to
the formation of a fulvate-humate type of humus in the control variant
and a gradual increase in the values of the HA/FA ratio. This fact leads
to consolidation of the "humic" type of humus of this soil type.

Table 3. Correlations between C,, and some indices, characterizing soil organic matter composition in depth layers (Pearson Correlation)

Indices Orgc THS Cresidue
0-20 20-40 40-60 0-20 20-40 40-60 0-20 20-40 40-60
Core 1 1 1 -,579(**) |-0,285 ,504(*) ,919(**) ,757(**) 10,335
FAaqgr ,807(**) ,462(*) 0,335 -0,364 -,590(**) | 0,031 ,692(**) ,662(**) | 0,263
THS -579(**) |-0,285 ,504(*) 1 1 1 -,854(**) -,842(**) | -,645(**)
HA ,586(**) ,616(**) |,646(**) |-0,098 -0,008 ,833(**) ,422(%) 0,352 -0,337
FA -,786(**) |-,637(**) |-0,323 ,726(**) |,702(**) |0,159 -,853(**) -,837(**) | -,460(*)
HA/FA | ,737(**) ,597(**) 0,276 -, 795(**) | -,547(**) | 0,073 ,855(**) ,709(**) 10,164
HAgooz | -,591(**) |-,406(*) |0,153 ,522(**) |,699(**) | 0,085 -,630(**) -,705(**) | 0,042
HACa ,644(**) ,617(**) | ,578(**) |-0,261 -0,328 JT4(%%) ,538(**) ,571(**) |-0,333
Cresidue ,919(*%) ,757(**) 0,335 -,854(**%) | -,842(**) | -,645(**) |1 1 1
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Figure 1. Composition of SOM depending on the depth of the studied layer, C%
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Figure 2. Composition of SOM depending on the type of fertilizers used for main fertilization, C%

The degree of humification of SOM is between 30 and 40% and is
defined as "high". However, the differences between the tested fertilizer
variants compared to the control are very well expressed, with the use
of OF approaching a "very high" rating. Another positive trend is
observed, expressed in an increase in the carbon of calcium-related HA,
as well as their share of total HA and that in soil organic carbon.

Of the many correlative dependencies between the complex of
tested indicators, we present the most clearly and reliably standing out

(Fig. 3).
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A well-expressed negative correlation was established between the
"aggressive" FA and the group of FA, as well as between the fractions
of HA associated with sesquioxides and those associated with Ca. The
highest positive correlation was found between the HA group and the
fraction of the same related to Ca. The correlative dependence of the
latter with the HA/FA ratio is also high. A strong positive correlation
between Cyrg — Cresique Was also found.
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Figure 3. Strong correlative relationships between some of the components characterizing the composition of the SOM (Pearson Correlation)

Conclusions

The long-term application of different types of fertilizer products
leads to changes in the organic carbon of the soil at the depth of the root
layer. The upper soil layers 0-20 cm and 20-40 cm are richer in organic
carbon, in total humic substances and in insoluble residue compared to
the 40-60 cm layer.

In addition to the depth of the studied profile, differences were
found depending on the type of tested fertilizer products. Certainly the
organic fertilizer Excell®® and its combination with the complex
mineral fertilizer Suprefos increase the content of soil organic carbon,
and humic acids, related with calcium. A positive trend is also the
increase of carbon in insoluble residue. A statistically reliable positive
influence of organic and organo-mineral fertilization on individual
groups and fractions compared to those in the control variant was
established. This trend is especially well expressed on the carbon values
of humic acids and those related to calcium. This leads to a sustainable
level of humification and an increase in the share of agronomically
valuable groups and fractions in the organic carbon of the soil.
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0611[3 XAPaAKTEPUCTUKA HA MOYBUTE B I'PAJICKUTE 3€JICHU IJIOIIHU Ha K'Lp[l)l(a.]'[l/l H
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Pestome: [paockume 3eienu npocmpancmea npedocmassim peouya eKoCUCmeMHU YCIy2u 3a MeCmHume 06uHOCmU, HO Me3u eKoCUcmemu
ca 3aceznamu Om KOMIIEKC OM 8b30€UCmEUsl - KAKMO eCMeCmeeHu, maka u anmponozentu. IIpooykmusHusm nomeHyuan Ha novgume ce
onpedensi om NOYGEHUME XAPAKMEPUCMUKU U KIUMAMUYHUME YCI06Usl HA PESUOHATHO HUo. MedcoyspemMeHno anmpono2eHHomo
8v30elicmeue Modxce 0a NPeou3sUKa NPOMeHU U 0a YIeCHU npoyecume Ha decpadayusi u eposus 6 nousume. CiedosamenHo aHaiuzume Ha
06wume XapakxmepucmuKy Ha NO4YsUmMe 8 2paocKume 3eeHu NIoWU we NO360IsN NPULAAHEMO HA NOOX00sWU NPAKMUKY 3d YNpasneHue Ha
nougama u 3a 6b3CMAHOBABAHE HA 30PABOCIOBHOMO CbCMOsIHUE HA napkosama pacmumennocm. Ouepmanu ca mpancekmu 6 08a epaodcku
neconapka ,,Apnesoc” u ,, [lpocmop” 6 Kvpoowcanu u ca 6zemu npoou om nogvpxrnocmuus 0-10 cm noueen cnou 6 nem mouxu /npuxonxu/ Ha
mpancekm 6 nepuod om 5 200unu (2019-2024). O6wume xapaxmepucmuku Ha HOYEAMA CA AHANUZUPAHU HO CMAHOAPMHUME MEMOOU.
Tonyyenume pesyimamu NOKA36am GIOWEHO CIMPYKIMYPHO CoCMOSHUE HA U3CLe08aAHUmMe NOY6U U NPOMUYAWU NPOYECU HA ANKATUZUPAHE.
Vemanosena e cunna eapuayus 6 CbOBPIUCAHUEMO HA OPSAHUYHO BEUeCmEO 6 Noueamad, Koemo € 6 NpsiKd 6pb3KAd C NpUlazanume
Menuopamueny npakmuku. ExonocuyHomo cocmosnue Ha noY6ama no OMHOUIEHUE HA CbObPICAHUCTNO HA MENCKU Memdaiu e 000po.
3akniouenuemo e, ue aHanUzLM HA NOYEAMA € OM PEUABAWO 3HAYEHUe 3a Npediazane Ha Nooxooawu Oelicmeusi 3a nodobpsasamne Ha
cvemosinuemo Ha epadckume 3enenu naowu. Iloseama na Hogu uneasusHu 6osecmu u epeoument 8 3eienume 30Hu Ha epad Kvpoowcanu ce
onpedens Kamo ompuyamenen egekm, Koumo ce y8eiudasda no 4ecmoma u 8b30elcmsue bpxy 0bpEecHUme u Xpacmogu 6u0oee, Koumo
onpedensm ecmemuieckama susus u 006pomo 30pase u CoyuaieH Cmamyc Ha Jcumenume u nocemumenume Ha epaod.

Kniouoeu oymu: I'PA/[CKHU 3EJIEHU 30HH, [I09BU, [bPBECHA PACTHUTEJIHOCT

1. Bveeoenue

B mocneHUTE JIECETUNIETHS EKOJIOTMYHHMTE IpoOJeMH Ha
rpajckarta cpega ce 3aabia0ouaBaT Opagd  KIMMAaTHYHUTE
U3MEHEHHs, HapacTBallaTa KOHIGHTPalUs Ha TPaJICKOTO HacelleHHUe
U CBbp3aHaTa HUHQPPACTPYKTypa, IJIOOAIHOTO 3aMbpCsABaHE Ha
okoyHaTa cpena. Edekture, KOUTO ce NPOSABSIBAT B TPaACKUTE
3€NICHH 30HH, Ca CBBP3aHH C M3MEHEHHE Ha OHOEKOJOTMYHUTE
YCIIOBHS, HEOOXOAUMH 32 TObPKaHEe Ha JbPBECHATa PACTUTEIHOCT
B 100p0 (U3HOJIOTHYHO CHCTOSIHHUE. [IPOAYKTHBHHAT NOTEHIMAT Ha
MOYBHTE, OCHOBHA KOMIIOHEHTa B YypOaHH3HPAaHHUTE 3EJICHU
CHCTEMH, 3aBHCH OT TEXHHTE CBOICTBA W OT KIMMAaTHYHHUTE
YCJIOBHMSI Ha PErMOHAJHO HHUBO. AHTPOIIOTEHHOTO BB3JICHCTBHE
MOJKE J]a IpEeM3BHKa MM YCUIIU TIpoLieca Ha epo3us U Jerpaianus
Ha moyBaTa. B pe3yirar Ha NMOHM)KaBaHE Ha TAXHATA YCTOHYMBOCT
ce HaOiogaBa yBeNMYaBaHE Ha BPEJHOTO BB3JICHCTBHE Ha
OMOTHYHY areHTH (HACEKOMHH BPEIUTEN! 1 I'bOHU MTATOTEHN).

3a TPOCTPAaHCTBEHOTO IUIAHMPAaHE M YCTPOMCTBO Ha
ypOaHN3UpaHUTE TEPUTOPHH HE € JOCTAaTHYHO Ja CE OIECHH CaMo
CBbCTOSHUETO Ha 3€JIEHUTE CHCTEMHM M IPEJOCTaBSHUTE YCIYIH,
KaTo ce HpeHeOpersa aHAIU3bT HA MOYBUTE U NPHCHCTBHETO Ha
BpeIHH a0OMOTUYHH M OHOTHYHM (akTopu. HTErpupaHHUsIT HOAXO0.
Ha KOMOMHMpaHa OLIEHKA Ha CBCTOSHHETO Ha 3eleHaTa
nH}pacTpyKTypa B ypOaHM3UpAHUTE €KOCHCTEMH, €KOCHCTEMHHUTE
YCIyTM W Bpeld ce IpHeMa Karo HaAeKIHAa KOHIEIIUS IIpH
TEPUTOPHAITHOTO IUIAHUPAHE B ABJITOCPOYCH IUTaH [1].

Heo6xomumoctra OoT moaabpkaHe Ha 3€JCHUTE 30HHA B J00PO
3/IpaBOCJIOBHO CBHCTOSIHUE € Hali-3HauMMa B CHJIHO ypOaHM3MPaHU U
I'bCTO HACEJICHU pallOHU, KAKBUTO ca 00JIACTHHUTE TPa/IOBE.

Ilenta Ha mNpoydyBaHETO € Ja CE€ M3BBPIIM OlEHKAa Ha
CBbCTOSHUETO Ha OCHOBHHUTE XapaKTepUCTUKH Ha TIOYBUTE B
ypOaHM3MpaHN 3€JeHH 30HM B paioHa Ha rpax Kvpmrkamn BB
BpB3Ka ¢ (PUTOCAHUTAPHOTO CHCTOSIHUE HA JIBbPBECHATA M XPACTOBA
PaCTHTEIHOCT B TAX, Upe3 M3IIOI3BaHEe Ha HHTETPUPAH MOJXO.

2. Mamepuanu u memoou

B nieprioma 2019-2024 r. ce mpoBeaoxa TePEHHN 00CTICIBAHUS U
npoboHabupaHe B paiioHa Ha rpaa Kepmkanmu. BzaumoneiictBuero
MEKIY €CTECTBEHHUTE (PHU3HKO-reorpad)CKu yCIOBHs, ONPEACICHH OT
MecTononoxenuero Ha rp. Kepmxamu B W3rounure Pomomu u
AHTPOTIOTCHHUTE (AaKTOPH, pE3yNTaT OT 4YOBENIKAaTa JEHHOCT,
BIMSAT PAa3lIM4HO BBPXY KOM(MOpPTHOCTTA Ha OOWTaBaHE B
pa3imuHUTEe 4YacTd Ha rpaga. OOCKT Ha MPOYYBAHETO Ca 3CJICHU
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30HA B TApKOBH TEPHTOPHUH, B KOHUTO ca 000COOCHM NpPOOHU
IUIOMIAAKA 3a OIeHKa Ha IOYBUTE W HaJ3eMHAara JIbpBECHA
PaCTHTEIHOCT.

INapk ,,Apnes3oc® e Hali-HOBUAT mapk B rp. Kepmxanu, oTKput
mpe3 centemBpu 2012 r. M e YacT OT IUIOCTCH IIPOEKT 3a
61aroycTpOMCTBOTO HA Ta3H YacT OT Ipaja, U3rpajeH 110 KOPUTOTO
Ha IJIaBHHSA Tpagoobpasysan aktop - peka Apna.

[Tapx 3a otaux u kynarypa ,IIpocTop e Bp3HHUKHAN KaTo mapk
3a KylTypa M OTAWX Ha HaceneHuero Ha rp. Kepmkamm. Cp3naneH e
npe3 nepuoga 1958-1959 r. B u3TouHATa YacT Ha rpaja. 3aMUCICH
M3IUI0 KaTO CIOPTEH MapK ¢ WrpUIla 3a BoJjelOous, GackeTdour,
XaHa0an ¥ TeHHC, cera eMHCTBEHO CTaJMOHBT M OTYACTH “‘anesiTa
Ha 3/IpaBeTo” ca CIIOPTHUTE IUIONIY B IapKa.

IIpe3 2019 u 2024 r. mocpeacTBOM NpuiaraHe Ha €IUHHA
METOJIMKA Ca ChOpPaHH U aHATM3UPAHU ca MPOOU OT MOBBPXHOCTHHS
0-10 cM moYBeH CIO¥ 10 MPOIBIDKEHHE HA TPAHCEKT, IPEMHHAI OT
LHeHThpa KbM mepudepusiTa Ha ABETE NPOYYBAHH 3€JCHU 30HH.
Cw0panu ca mpoOu B BE MOBTOPEHHUS OT MET TOYKH IO TPAHCEKTA -
¢ obm Opoit or 10 mpobum Ha 3eleHa 30HA, IOKPUBAIIU
NPOCTPAHCTBEHAaTa  NPOMEHJIMBOCT B JIOKajeH  Mamad.
IMpoGoHabupane U aHAIM3 Ha MapaMeTPUTE € M3BBPIICHO U Ipe3
2024 r. no chuUs AU3alH. 3a OnpeaelisiHe Ha OCHOBHUTE MOYBEHU
CBOICTBA ca aHAJIM3UPAHU CPEIHU MpoOu 3a Beska Todka [2, 3], a
CTOHHOCTHTE ca YCpPEeJHEHHU 3a CHOTBETHATA 3€JeHa 30HA 32 JBETE
TOJMHH, Karo € OIpEAENeH0 CTaHAapTHOTO oTkioHeHue (SD).
OmnpeneneHn ca CIeIHUTE TapamMeTpd Ha I[0YBara: IOYBEHA
KHACEMMHHOCT PH, o0eMHa TUTBTHOCT, TEKCTypa Ha IOoYBara IO
Kaunucku [4], opranuden Bbriaepo/ (opr. C) mo meroaa Ha TropuH,
Bbruepoaer 3amac [5,6]; o6m asor N mo Kjeldal [7].
KoHleHTpaluuTe Ha Makpo- M MHUKPOEJIEMEHTH B IOYBHTE ca
OIpeIeNieHH TI0 CTaHaapTHHUTE npoueaypu [8] u aHamusupanu c
OIITHYEH EMUCHOHEH criekTpoMmeTsp mozen ICP-Varian 715-ES.

31paBOCIIOBHOTO CHCTOSIHHE Ha IbPBECHaTa M XpacToBa
PaCTHTEIHOCT € OIEHEHO B 14 MOCTOSHHM IMPOOHH TUIOIIH - CETIEM B
TpaJICKu Mapk ,,Aprezoc u cegem — B [lapk 3a oTauX U KyjaTypa
LI IpocTop*. 31paBOCIOBHOTO CHCTOSIHUE HA IBPBECHATA U XpacToBa
PACTUTEITHOCT € OIIEHEHO Bb3 OCHOBA Ha KOMIUIEKCHATa OICHKa,
BKJIIOYBAINA MOKA3aTEINTE MPOLEHT Ha 00€3/IMCTBAHE U MPOMSIHA B
oLBETsABaHE Ha KopoHuTe. OTYETEHH ca MOBPEAU IO JIUCTATa,
cTp0naTa, KIOHHTE M MIIAJHUTE JIETOPAcid, HPUYUHSABAHU OT
HAaCeKOMHM BpEIWTEIM M IaTOTEHHH MHKPOOpraHm3Mu. B
OTHENHHUTE 00EKTH ca OIEHSIBAaHH MUHUMYM 10 MHIUBHIA OT BCEKH
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BHUJI, C U3KIIIOYCHUE Ha CITy4auTe, B KOUTO OpOSAT HA pacTeHHATA €
OuJI IO-MaJTbK.

OueHkara € U3BBPIICHA 110 METOAMKATa Ha MEXIyHapoaHaTa
KoomneparuBHa nporpama ,,['opu (ICP Forests) kato ca oreHeHH
MOBpEANTe, IPHYMHEHM OT HACEKOMHHM BpEIHWTEIH W T'HOHH
MIaTOTeHHH T10 JIMCTA, CTHOIA, KOPEHH, KIIOHU U MIIQJU JIETOPACIH.
B nmombiHeHHE ca OTYMTAHH HOKa3aTeNH KaTo:

M HaJIM4IM€ Ha HU3CbXHaAJIM, CBXHCIIW WK THUIIA ABPBETA,
3acTpaliaBaliy )XUBOTa U 31paBETO HA XOpaTa,

° TIPOHUKBAHEC HAa UHBA3WBHU BUJOBE;

° HaIM4yue€ Ha ObpBE€Ta CbC CHMITOMH Ha OIAaCHH
3a00/IsIBaHUsL WM 3aCElBaHHUS OT BHUCOKOAarpe€CuBHU KCI/IJ'IO(i)aFI/I,
MPEACTABJIABAIIM 3aI1J1axa 3a OKOJIHUTC HACAKACHU .

3a W3BBpIIBAaHE Ha JIA0OPAaTOPHM aHAIM3M € ChOpaH
OuonormueH Marepuan (IpoOM OT JIMCTa/MITIHIM, KIOHKH,
JIETOPAaciy, BIIKK; CTHOI0 U Kopa), U oTHeceHu B JlabopaTopuute
1o eHroMoJjorus u ¢uromnartosorust B MHcTuTyT 32 Topara, Codus.
VnenTnduiupanero Ha rbOHM NATOrCHU € OCBLIECTBSBAHO upe3
MAaKpOCKOIICKH M MHMKPOCKOIICKH HaONIOICHUS Ha IUIOAHH Tella U
CIopu ¢ momolnra Ha MUKpockon Zeiss NU2 u OuHOKymsap Zeiss
Sremi 305, u3onupaHd ca MHIETHU KYJITypU BBPXY H3KYCTBEHA
XpaHUTeNHa cpena u Jp.

3eneHara uHQpacTpykTypa B M30paHHUTE MAPKOBE € 3aCHETa ¢
MYJTHCIIEKTpaiHa Kamepa ,,Parrot Sequoia“, MHTerpupaHa cbC
CIIelMaIM3UpaHa podecroHanta Jietsima cucrema ,,Flying Wing®.
MynTucnekTpaiHata Kamepa Jaje Bb3MOXKHOCT 3a ChOMpaHe Ha
crenManu3upaHa HMHpOpManus 3a CHhCTOSIHHETO HAa 3eleHaTa
uHOpPACTPyKTypa B TpajgCKUTe paifloHd 10 HU3KIIOYUTEIHO
edexTuBeH HauuH. J[OMBIHUTENHO Gelle M3BBpPIICHA IIPOBEpKa Ha
MACTO 3a OLCHKA Ha ChCTOSHMETO Ha KOPOHATa HAa OCHOBHHTE
JIBPBECHU BUJIOBE B 3aCHETUTE TIOIIH.

3a omeHkaTa Ha ()M3HOJOTMYHOTO CHCTOSIHUE HA 3aCHETUTE
3eneHn teputopun ¢ usmon3BaH NDVI (Normalised Difference
Vegetation Index), momydeH 4dpe3 1M(pPOBO CMecBaHE Ha
m3o0pakenusi, 3acHeTn B uepBeHHs (Red) m Ommskumsa mo
uHppauepseHuss (NIR) nuamazoH w e W3YMCIIEH TO clegHara
cTaHgapTHa Gopmyma:

NDVI=(NIR-Red)/(NIR+Red)

NDVI e cnekrpajieH HWHIEKC, H3MOJ3BaH 3a OICHKA Ha
CBhCTOSSHUETO HA PACTUTEJIHOCTTA IMOpaad MOTNIbINAHE Ha
xyopoduiia Ha cienu(UYHU TBIKMHU Ha BhJIHATA HA CBETIMHATA B
YepBEHMsI CIIEKTpAJleH JHMala30oH ¢ BHCOKAa KOCQHIMEHT Ha
OTpaXeHHE B PaMKUTE Ha ONM3KHA 10 MH(padepBEHHsS THAIA30H.
Wupexcer Bapupa mexny -1,0 m +1,0. 3enenara pacTuTenmHOCT
00uKHOBeHO MMa ctoitHOCTH Mexay 0,3 u 1,0.

3. Pesynmamu u OucKycus

3.1. O6ma XapaKkTepuCTHKA HO No4BHTE B
ypOaHu3upaHuTe 3e1eHH 30HHM ,,Apne3oc” u ,IIpocTtop“ B Ip.
Kbpmxaau

IlouBnte oT mnpoydeHWTe aBa OOEKTa, KOWTO ca YacT OT
rpajgckara 3eneHa HHpacTpykrypa Ha OOmuna Kbpmxamm, ca
(¢opMupaHn O BIHMSHUE HA YOBENIKA JICHHOCT, B pe3ynraT Ha
KOSITO ca HACTBIIWIM CHIIECTBEHH INPOMEHH B TEHETHIHUTE UM
NpH3HALM M CBOWCTBAa. Pa3mpocTpaHeHHETO Ha aHTPOIOTEHHHTE
nouBH (Anthrosols) uMa UHTpa3oHAIEH XapakTep B 3aBUCHMOCT OT
KOHKPETHOTO JIOKAJIHO BB3ZCHCTBHE Ha aHTPONOTEHHUs (akTop,
KOWTO ce MposiBIBa B JIBE HACOKH: M3MCHEHHE HAa E€CTCCTBEHHTE
MmoYBM WM o00pa3yBaHe Ha ,HOBH IIOYBH. B HacTosmoro
NIpOoydYBaHE THIBT aHTPOIIOT€HHU II0YBH, HA 0a3aTa Ha OCHOBHHTE
HalpaBJIeHWsT HAa AaHTPOIIOTEHHO BB3zeiicTBHE, MopdororndHu
0COOCHOCTH Ha NPOQUINTE M IO KAdeCTBEHH M KOJIMYECTBCHU
XapaKTepPUCTUKU Ha HSIKOM JMAarHOCTUYHM CBOMCTBA, € NMPEACTaBEH
ot Buaa nmousd Ypbanorenuu (Urbic). Mwma pemuna cnennpudsu
0COOEHOCTH, KOHTO OTIMYaBaT ypOAHOTEHHHWTE MOYBH OT
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©CTECTBCHUTE IOYBHM, KOHUTO 3a MapK ,,Apre3oc’ ca ajgyBUAJIHU,
HECHYWINBH W MECHWINBO-TIIMHECTH, @ 3a LEHTPAICH IPAACKU MapK
Ca M3IY)KCHH KaHEJIeHH TOPCKH, cropex 6a3oBara KiIacH(HKALus
Ha mouBuTe B bbarapus [9]. dakropure, KOMUTO OMPEACIST TE3H
crieu(pUIHA 0COOEHOCTH ca: TOJIEMUHATA Ha HACENEHOTO MSCTO,
TEXHOJIOTHATA HA CH3[aBaHe, MOJI3BAHE U MOIbPKAHE HA 3ETICHHUTE
IUTOMIH, KAaTO MpHIaraHe Ha TeKKa MEXaHU3allisl, YThIIKBaHe, 4ECTO
MPEKONaBaHe, HEMPABWIHO TOJIWBAaHE W TOPEHE, HMHTEH3UBHO
KOCEHe, M3HACSIHe Ha TpeBara, ChOMpaHe M M3HACSIHE HA JIMCTHHS
Olaji, HaTPyIBaHe Ha CHSIT, IPUMECeH ChC Coil. [IpH Te3u ycmoBus,
B MO-CTAPUTE MAPKOBE MM KPaWTpajCKUTE MapKOBE W CIOPTHH
30HH, QHTPOIIOTCHU3ALMATA B 3€ICHUTE IIIOLLH CE TIPOSIBsIBA CaMo B
ropHara 4acT Ha po¢uia Ha eCTECTBEHHTE MTOYBH.

[MouBuTe B W3CIICABAHUTE TPAJCKH TOPCKU MAPKOBE CE OTHACAT
kbM Luvisols u Anthrosols sols [9, 10], kakTo e mpencraBeHo B
Tabmuma 1.

Taonuya 1: Ilousu 6 3enenu 30uu 6 ep. Kvpooicanu

3enena IlouBen Tun
30Ha
Kiacuduxans [9] WRB [10]
“Aprnesoc” | Yp6aHoreHHa ¢ kapGoHaTH Urbic Anthrosols
“IIpoctop” | Kanenena ropcka mouBa, Haplic Luvisols
H3JTyKeHa

Tabnuya 2: OchosHu napamempu Ha U3C1e08aHUmMe NOYEU

3enena Opr. C, O6m N, pHB C:N C 3amac
30Ha % % H,O
t/ha
3,62 0,44 7,45 8,23 22,58
“Apnesoc” | (+0,26) (£0,18) (£0,64) (£0,76) (£7,24)
3,47 0,93 6,68 3,73 38,13
“TIpoctop” | (£0,39) | (*087) | *046) | (*0,26) | (+21,12)

Tabnuya 3: Ilapamempu na noueume u cvovporcanue na Cu, Zn u Pb
(mg/kg)

3enena 06. MMopro3 Cu Zn Pb
30Ha INTBTHOCT HOCT mg/kg mg/kg mg/kg
glem?® %
0,65 92 16,42 98,51 39,92
+ + + + +
S— ®034) | @12) | @244 | ®1122) | (£19,02)
- . 1,02 52 23,88 182,24 117,21
POCTOP™ | 022) | @*7) | *6,13) | (£935) | (+30,01)

ITouBuTe Ha uU3CIEABaHUTE OOEKTH ca (OPMUpPAHH IOA
BB3/ICHCTBHETO HAa YOBEIIKata JICHHOCT, B PE3yNTaT Ha KOETO ca
HACTBITHJIN 3HAYUTEIIHU TIPOMEHH B TEXHUTE T'CHETUYHU Oene3u u
cBoiicTBa. Pa3mpocTpaHeHHETO Ha  AHTPONOTEHHUTE  IOYBH
(Anthrosols) mMa HWHTpa3OHaJeH XapakTep B 3aBHCHMOCT OT
CreU(pUIHOTO JIOKATHO BB3ACHCTBHE HA aHTPONOTeHHHs (akTop,
KOETO Ce TIPOsIBsIBA B JBE MOCOKHM: MPOMSIHA Ha €CTECTBEHUTE [IOYBU
WM oOpasyBaHe Ha "HOBM" NOuYBM. B Hacrosmoro usciensaHe
THIIBT QaHTPOIIOTCHHH IIOYBH, Bb3 OCHOBA Ha OCHOBHUTE HACOKH Ha
AHTPOILOTCHHO BB3AeiicTBHE, MOPGHOIOrHYHUTE OCOOEHOCTH Ha
npodUInNTe ¥ Ka4eCTBEHUTE M KOIMYECTBEHU XapaKTEPUCTUKH Ha
HAKOM JMAarHOCTHYHU CBOMCTBA, € IPEJCTAaBEH OT THUIA IOYBH
Urbanogenic (Urbic). Mma pemuna crnenupuyHn 0coOEHOCTH,
KOUTO OTJINYABAT I'PAJICKUTE IOYBH OT €CTECTBEHHUTE MOYBH, KOUTO
3a Aprie3oc ca alyBHalHH, NECHYWIMBH U NECHUYIMBO-TIIMHECTH, A B
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napk IIpocTop ca M3Jly)KeHH KaHEJeHH TOpH, CIOpPEA OCHOBHATA
knacudukanys Ha mouyBd B bwarapus [3, 10]. ®akropure, KOUTO
00ycnaBsIT Te3u 0COOCHOCTH Ca: FOJIEMHUHATA Ha HACEICHOTO MSICTO,
TEXHOJIOTHSATA Ha Ch3/aBaHe, IOJI3BAHE U MOIbPIKAHE HA 3EJICHH
IUIONIM, KAaTO TpPWIAaraHe Ha TEXKH MAIlWHH, YTBIKBAHE, YECTO
KOIacHe, HEMpPAaBIJIHO TOJMBAaHE M TOPEHE, MHTEH3WBHO KOCEHE,
00e3TpeBsiBaHe, ChOUpPaHe W OTCTPAHSBAHE HA JIMCTHH OTIABIIH,
HATPYIIBaHE Ha CHSAT, IIPUMECEH ChC COJ. IIpH Te3u yCIoBHS B MO-
CTapy NapKkoBEe WM KpalrpajCcKd MapKoBEe W CIOPTHH 30HH
AHTPOIIOrCHU3ALKATA B 3€JICHUTE ILUIOLIM CE CIIy4dBa CaMo B TOpHATA
9acT Ha MPOQHIIA HA ECTECTBEHUTE OYBH.

MopdonornyHOTO ONMCaHWE Ha IOYBUTE IO OOEKTH U
OCHOBHHTE (U3HKO-XMMHYHH XapaKTEPUCTHKU Ha IIOYBHTE OT
H3CNIeBAaHUTE 3€JI€HH 30HM OCTaBaT ©0e3 TPOMEHH OT
nyonmukyBanute npe3 2019 r. [13]. Moxe na ce 0606mu, ue ce
Ha0ofaBa TEHJCHIMS Ha 3HAUUTEIHO yBEJIMUCHUE Ha CKeJeTHaTa
¢pakmus (Hag 1 MM mmm Hax 3 MM) B ITOBBPXHOCTHHUTE CJIOEBE HA
noyBuTe Ha Apme3oc B cpaBHeHue ¢ mapk [Ipoctop. ITogoOna
TEHJICHIIUS C€ YCTaHOBSBA [0 OTHOIICHHE Ha IACHYHATA (PPAKIHS,
SICHO u3pa3zeHa npu nousure B mnapk [Ipocrop. Ilo mexanmuen
CBCTaB MOYBHUTE B MapK ,,ApHe30oc’ ce ONpeaesnsT KaTo MeChYINBU
JI0 TIPaXOBHJIHH, a MMOYBHUTE B Iapk ,,[IpocTop™ ce ompenensar xaro
HNEeChWINBH. B pesynraT Ha Te3n OCOOCHOCTH IOYBUTE B JIBETE
3eJIeHH 30HM MOTaT Jla c€ OTHEeCaT KbM TaKWBa, C BJIOLICHO
CTPYKTYPHO CHCTOSIHHE.

KucenMHHOCTTa Ha MOYBATa CE OIPEJENs BbB BOJICH EKCTPAKT
[9], a croitHocTiTe Ha pH H3pa3sBaT aKTHBHOCTTA HA BOJOPOIHUTE
katHoHH B pastBopa (Tabm. 2). Ilo To3u mokaszaTen TpajcKuTe
MOYBH OT 3€jJeHaTa CHCTeMa Ha TIpaja Cce ONpPEAeIiT KaTo
HeyTpanHu 10 ciabo ankanHu (no [lemwmiex), ¢ M3KIIOYEHHE Ha
nousute B mapk I[IpocTOp, KOMTO Ce XapakTepH3UparT C HHCKO
KHCENMHHO 0 HeytpaiHo pH. B mer-romuiiHus [epHo] Ha
obcnenBaHe ce HabirogaBa ciaba, HO SCHO HM3pa3eHa TEHICHIIMS
KBbM ajnkanm3anus Ha noBbpxHocTHHA 0-10 cM mouBeH cioii.

3amaceHoCTTa Ha TIOYBUTE C XPAaHUTENIHHM BEIIECTBA CE€
ompenens OT KOJMYECTBEHOTO CBHABPKAHWE HAa OpraHHYeH
BBITIEPO], 0o0m a30T u o0m ¢ochop, KAKTO M CHOTHOIICHHETO
MEeX]ly OpraHu4yHus Beriaepon u ooums a3ot (C:N). CpappixaHuero
Y CHOTHOLICHHETO Ha XPaHUTEIHUTE BEIIECTBA B IT0YBATA Ca MPSIKO
CBBP3aHH C MMOYBEHOTO IUIOJOPOJME M XPAaHEHETO Ha PAaCTEHHUSTA.
Ortnorrennero C:N e okoino 8 B mapk “Apme3oc” u 0koj0 4 B mapk
“IlpocTop”, KaTo CTOMHOCTUTE B TOAWHHUTE HE C€ M3MEHAT
cpmectBeHo.  CpotHOomenmero C:N e  mokasaren  3a
OJaronpHATHUTE YCIOBHS 3a CBIIECTBYBaHE W pa3BUTHE Ha
TOYBEHOTO OWoOpa3zHooOpa3ue M CTaOMIIHOCTTa Ha TIIOYBEHATa
cTpykrypa. Criopen MONy4eHHTe CTOWHOCTH 32 CHOTHOLICHHETO
C:N, peructpupano moj 14 B 1BeTe 3eJIeHN 30HU THIBT Ha Xymyca
¢ oTHeceH KbM Myt [4].

[TouseHoTto oprannyHo BemecTBo (IIOB) ce omensBa mo
ChIBPKAHUETO HA OPTraHUYCH BBIVIEPOJ, PECI. XyMyC B IOYBarTa.
TTo kosMYecTBEHO ChaAbpKaHHe Ha opr. C 1 MO MEXaHWYEH ChCTaB
MOYBHUTE CMAJAT KbM cpeqHoxymychure (3-5%) [11]. 3anmacure ot
BBIVIEPO]] B T04YBaTa [3], Bb3 OCHOBa Ha JaHHHM OT U3MEPBaHMS Ha
CBHIbPIKAHUETO Ha OPraHMYEH BBIIIEPO] B % M 00eMHAaTa IUIBTHOCT
B g /om® B mousen cioii 0-10 cm [2]. CobiiecTByBa 10CTa rojisMa
Bapualnus Ha BBITICPOAHUTE 3amacu Me>1<11y CpE€OHHUTE CTOMHOCTH
NpHU JBETEe M3CIEABAaHM 3eJeHU 30HM. [10-BHCOKMST 3amac B mapk
,lIpocTop® ce 0O0sACHABa ¢ MO-BHCOKara OOEMHa IUTBTHOCT Ha
royYBara B CpaBHEHHE C JIpyrara 3eJieHa 30Ha.

TTomoGHO Ha BBIVIEPOAA, CHABPKAHHETO Ha oON[ a30T B
W3CJIE/IBAHUTE TIOYBH T'W OMpENeNs KaTo MHOro 100pe 3almaceHd
(mazx 0,35%) B mapk ,,Apnesoc” u oTau4HO 3anaceHu (Hag 0,55%) B
napk ,,I[Ipocrop® [12].

Ilo oTHOmIEHME Ha CBIBPKAHMETO HA TEXKKH METaIu H
METaJIONIH, PE3YNTaTUTE OT aHAJIM3UTE Ha HU3CICIBAHUTE IOYBU
MOKa3BaT, Y€ HE € PETHCTPHPAHO HAJHOPMEHO ChABP)KAHUE, T.C.
Hajx mpenenHo pomycrumure koHmentpammu (ITJIK) nHa Texkm
METaJIM B IOYBHTE OT 3ejeHaTa cucreMa Ha rpana. OmpeneneHu
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KaTo o0IIo chabpkanne B mg/kg cyxa mousa Mpu eKCTPAKLUs C
napcka Boga [14, 15], cerimacuo Hapen6a Ne 3 ot 1 asrycr 2008 r.
3a HOPMHUTE 3a JOIyCTHMH CHIBP)KAHHE Ha BPEAHM BEIIECTBA B
nousure [16] (Tabn. 3). Haii-BeposATHO TO3HM (DakT € pe3ynTaT OT

MPEKpaTsABAaHETO TIpe3 TMOCICTHUTE TOIWHU Ha Jo0WBa |
npepaboTKaTa Ha OJIOBHO-IIMHKOBH PY/IH.
3.2. 3apaBocioBHO ChCTOSTHHE HA 3ejieHaTa

uH(pacTPpyKTypa B Napk ,,Apne3oc

Pesynrature OT H3BBpIICHUTE TEPEHHH OOCIEABaHUA B
n30paHuTe rpaicku napkose B Kbppmrkanu mokasBat, 4e IpaabT ce
XapakTepusupa ¢ Jo0pe pa3BuTa 3eieHa HHPpPAcTPyKTypa ¢
npeoOiajaBaHe Ha MECTHH bPBECHY BUIIOBE.

[TapkoBOTO MPOCTPAHCTBO B ,,Apre3oc’ € 0OpMEHO B OTACIHU
KbTUCTA C PA3JIMYHO NpE€AHA3HAYCHUE - MECTa 3a OTAUX, NETCKHU
30HH, U3IJICAHU 30HU, BOAHH KaCKaJd, Pa3BJICKATCJIHU H OusHec
crpaay, u JOp. OHeHKaTa Ha 3JpaBOCJIOBHOTO CBCTOSHHUE Ha
ABbpPBECHATA U XpacTOBA PACTUTCIIHOCT B IIapKa € U3BBPIICHA BbPXY
CpaBHHUTEIHO MasbK Opoit Bumose (19 Op.), mopamu CKOPOUTHOTO
W3rpaKIaHe Ha IeHTpaiHata My 3eileHa dyact. C Hail-roiasimo
yuactie ca Bugoere Acer platanoides L., A. pseudoplatanus L.,
Buxus sempervirens L., Cupressus arizonica Greene, Platanus
acerifolia Willd, Quercus rubra L. u Robinia pseudoacacia L.

B pesynraT Ha TpOBENCHUTE HAOMIOACHUS M OIICHKATa Ha
KOMITJICKCa OT HACCKOMHHM BPEIUTEIHN U I'bOHH MATOTCHU U O0IIOTO
(DUTOCAHUTAPHO CHCTOSHHEC Ha PACTHTEIHOCTTA B H3CJICIBAHUTE
00eKTH € YCTaHOBEHO, Y€ MapKbT € C J00pe pa3BUTa 3elIeHa
CHCTeMa W CPaBHHUTEJIHO BHCOK IIPOLIEHT HA O3CJICHCHH IUIOLIH,
KOHTO ca MOAIbPXKAHHK B JOOPO CaHUTApHO cheTosiHue. OT BCUYKH
orieHeHH BuIoOBe 79% ca 0e3 miM cbC cinabo 00€3TUCTBaHE U
MpoOMsiHA B OLIBETsIBaHETO Ha Koponute. Cpen ocranamurte, 15,8%
ca CBC cpenHa cTerneH Ha YyBpexagane W 5,2% ca CWIHO
00e3/TUCTCHHU.

B mHaii-nomo cwcrosHMe ca xpactute ot uemmmp (B.
Sempervirens), mpu KOWTO CTeNeHTa Ha moBpena € mexay 70 u
100% B pe3ynaraT Ha HamajJeHWE OT HWHBA3MBHHUS HACEKOMEH
Bpeauten Cydalima perspectalis (Walker).

B crmaba creneH ca 3acerHaTH IbpBETATa OT IBOPOJIHUCTCH YHHAD
(P. acerifolia) ot unnaposara kopuryxa (Corythucha ciliata Say) u
Pa3sBUTUETO HAa aHTPAKHO3a IO KJIOHUTE U JIMCTaTa Ha AbpBETarta,
uspassBaiia C€ BbHB (bOpMPlpaHe Ha pPaKOBUHH, HU3CHXBAHEC Ha
KJIOHUTE U YBAXBAHC Ha JIMCTaTa, C MPUIUHUTEI rBEOHHUAT IATOrEH
Apiognomonia veneta (Sacc. & Speg.) Hohn.

Crnen o6paboTka Ha nzobpaxenusra ot BJIC e cp3magen NDVI
MOJIeNT Ha 3acHeTaTa TePHTOpHATa Ha mapk ,,Ampesoc” (dwur. 1).
KaprtHara cxema sICHO IMOKa3Ba HAJIMYWE HA 3€JICHU TUIOIIH C BUCOKA
CTOMHOCT Ha )KU3HEHOCT Ha pacTUTEJHATa MOKPHBKA, KAKTO M TE3H -
C JMICa Ha pacTUTENHA TIOKPUBKA WM DPAcCTUTENHOCT B
HE3aJI0BOJICHO cbhcTossHMe. Han 50% oT wu3cnenBaHara ILIOII
pactuTenHUAT uMHIAeKc e Hax 0,75, koeTo e mokaszaTten 3a J00po
(bl/ISI/IOJ'[Ol"PI'-lHO CBbCTOAHUC U I'IOTB'bp)K)IaBa pe3ynTaTnTe, l'IOJ'Iy'-[eHI/l
OT TEpEHHO 00CIIeIBaHE Ha PACTHTEIHOCTTA B MapKa.

IMoxspkaHeTo Ha ABPBECHATA U XPACTOBA PACTHTEITHOCT B MApK
»ApIIe30c”  TOBHIIAaBa KadeCTBOTO HA JXHBOT M CHOTBETHUTE
€KOJIOTHYHH YCIIOBUSI, BKIIIOUNTETHO NPEIOTBpPaTsABaHEe HA PUCKOBE,
KakTO M TojoOpsBaHe Ha (Qu3Myeckara cpera Ha TPAJICKUTE
LIEHTPOBE M arjoMepalnul KaTto 4acT OT MO-IIMPOKOOOXBaTHATa
CTpaTerys 3a COLUATHO M €KOJOTMYHO Bb3paxjaaHe. Cb3aBaHETO
Ha 3€JeHa 30Ha B CaMHsi LEHTBD Ha TIpaja, B TEPUTOPHUS ChC
3HAQUMTENHO 3aMbpCSIBAaHE W TIOUIOKEHA HA  eKCTPEMHH
TEeMIIepaTypHH BapHallW{, C€ OYaKkBa Ja IOAOOpH 3HAYUTEIHO
CBbCTOSHUETO U IPUBJIEKAaTEIHOCTTA HAa TIpajcKara cpeaa 3a
HACEJIECHUETO U T'OCTUTE Ha Ipaja.
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Mapk "Apne3soc”

B osse-0mn

o o a1 0z o3 os as I o5+ - 0008

Queypa 1: Kapmno usobpascenue na NDVI ¢ 3acnemama mepumopus 6
napxk ,,Apnesoc

2.2. 3apaBoCJOBHO ChCTOSIHHE Ha 3eJIeHATa

uHpacTpyKkTypa B napk ,,IIpocrop“

Ionacrosimem mapk ,JIpocTop” m3mBIHABA (QYHKIUATA Ha
Jecomapk, KbAETO Cce MPOBEXAAa MEpHOANYHO CaHUTapHO
MIPOYNCTBAHE HAa CTAPH W 3aTWHAIN ABPBETa, U OOHOBSBAHE C HOBH,
MIPEANMHO MECTHHU IBPBECHH BHAOBe. [Ipu TepeHHaTa OIeHKa Ha
3/[PaBOCIIOBHOTO  CBCTOSIHHE HAa  JbpBECHaTa M  XpacToBa
pacTuTenHOCT B mapka ca obcnensann obmo 30 Buma. C Haii-
royisiMo ydyactue ca Bugosere Pinus nigra Arn., Quercus cerris L.,
Q. robur L., Q. rubra, R. pseudoacacia.

OueHkara Ha  3[paBOCIOBHO  CBCTOSIHHE — [I0Ka3a, d4e
M3MOJI3BaHaTa PACTUTENHOCT 3a O3ejJeHsABaHE Ha Iapka € B
CPaBHHUTENHO T00PO 3/PaBOCIOBHO CHCTOSHHE, C HU3KIIOYEHHE Ha
4acT OT BHOBETE, [0 KOUTO Ca YCTAHOBEHH MTOBPEAU OT HHBA3UBHH
HACEKOMHH BpPEIUTENH U I'bOHM matoreHu. [10 UrITHIUTe Ha BCHYKH
obcnenBanuTe abpBerata or depen 6op (P. nigra) ca orderHu
noka)eHsABaHKUS ¥ M3CHXBAHHS HAa MIIAUTE JICTOPACIH, IPHINHEHU
or rebuus maroren Diplodia sapinea (Fr.) Dyko & Sutton.
Hacekomuute Bpemurenn Cinara pini (Linnacus 1758) wu
Thaumetopoea pityocampa (Denis & Schiffermiiller, 1775) cbio ca
MPUYMHAIA TOBPEAU IO HUIJIUIMTE, KATO BTOPHUAT BHI € CHIICH
allepreH, MPUIUHSBAI KOXKHU aJEPTUH U € YCTAHOBEH B GJIM30CT 10
JIETCKA TUIOMIA/IKA.

IIpu BumoBete ot pox QUErcUS ca OTYETEHH CPEJHU IO CHITHHI
HOBpeIy OT MHBa3MBHUs HacekoMeH Bpexuten Corythucha arcuata
(Say, 1832), mpuumHsBaIl JACIUTMEHTALMS M IPEKACBPEMEHHO
OllaJIBaHE Ha JINCTATA.

Bwnpekn HanmmuMeTo Ha HOBOYCTAaHOBEHH MHBAa3UBHM BHJIOBE Ha
TepUTOpUATa Ha mapk ,,IIpocTop®, 31paBOCIOBHOTO CBCTOSIHHUE Ha
IBbpPBECHATa M XPacTOBAa PACTHTEITHOCT MOXe Ja ObJe OTYETEHO
KaTo J00pO MOpaad IOXBPIKAaHETO W CBOEBPEMEHHO OTCTPAHSBaHE
Ha CHJTHO 3aCeTHATH OT BPEAUTENN U MaToreHH abpBera. [lokazarern
3a ToBa ca M Bucokute croHoctd Ha NDVI (mexny 0,75 u 0,98)
npu Hag 80% oT 3acHeTHs yyacTwK oT mapka (®ur. 2). ITo-Hucku
croiiHocTn Ha uHAekca (mexnay 0,47 u 0,75) ce nHabmiomaBaT B
3amajgHaTa 4acT Ha MapKa, KbJAETO ca PasMosIoKEHH MOo-ToIIMa 4acT
OT MecTaTa 3a OTAUX, AETCKUTE 30HH U MIUPOKHU ajeH.
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Duzypa 2: Kapmno usobpascenue na NDVI ¢ 3acnemama mepumopus 6
napx ,, [Ipocmop “

OO0cnenBaHuTE 3€JCHU 30HU B Tp. Kbpmkanu ce moagppkaT B
J0OpO 3[paBOCIOBHO CHCTOSHME M CE IpHIArar JECOBBJICKA U
3alIMTHA TOAXOAM W MEPOIPHATHS 3a KOHTPOJN HA HACTHIMIM
KaJIaMUTETH Ha BpPEIUTENIM M WHBAa3MBHM 3a0O0NSIBaHHS B THiX.
OcurypsiBaHeTo Ha ycioyrara, o0aue, € Haii-HaJIOXHUTEIHA B
YA3BUMHTE [IEHTPAJIHU 3€JICHU 30HHU, KBETO MOTOKBT OT HaceJICHNUE
€ Hal-TOJSIM M M3MOJI3BAaHETO Ha HMHTPOJYLHPAHH DPACTHTETHH
BHJIOBE 3a 03€JICHsABaHE ¢ Haif-IIMPOKO, KOETO YeCTO € MPUYHHA 3a
MOSiBa HAa HOBH BPEAUTEIH U TIATOTCHH.

HaCKOpO IIOABHUIIMTEC CC€ MHBA3MBHHU BHUJIO0OBEC, KAKTO ITAaTOI'CHU,
TakKa M HACCKOMU BpPCAUTECIIM, CC€ pas3sBUBAT IO0-arpE€CUBHO IIPHU
NPOABJDKUTEIIHA CyIIa WU ApYyru a0MOTHYHU H AHTPOIIOTCHHU
HapylIeHUA. Pa3H.IPIpHBaHeTO Ha Or”Huijara Ha bojmectd u
BPCAUTEIIA MOXKE Ha 3acTpalid 3APaBOCIOBHOTO CHLCTOAHHUE Ha
MECTHHU IBPBECHU U XPACTOBU BUIOBE.

3a TepuTOopHATa Ha MPOYIBAHHTE 3€IE€HH CHCTEMH B IApKOBETE
»Apresoc” u ,,JIpocTop® KOHTPOIBT HA BPEIUTEIHUTE CE ONPEAEIIS
KaTo MpPEHNOpBUUTENICH C OMNIeJd Ha TOMIMOTO 3HA4YeHUE 3a
HOAAbPIKAHE HA 3€JIEHHTE IUIOMM B JOOPO CBCTOSIHHE, KOETO €
CBBP3aHO C NPEIOCTaBSIHETO Ha eKocucTeMHHUTe yciyrH. IlosBaTa
Ha HOBY MHBA3UBHU 00JIECTU U BPEAUTENH B 3€IEHUTE 30HU Ha rpaj
Kbpmkanm ce ompenens Karo HeratuBeH e(eKT, KOHTO ce
yBelUuYaBa [0 YeCTOTa U Bb3JEHCTBUE BBPXY IbPBECHUTE U
XpacTOBH BHUAOBE, KOWUTO OINpPEAEIAT €CTeTHYEeCKaTa BU3US Ha
TIapKOBeTe M JIOOPOTO 3[paBe Ha XXUTEIHUTE M IOCETHTEIHTE Ha
rpana.

AHaJIM3UpaHUTE XapaKTEePUCTHKUM Ha ypOAaHW3MPAHHUTE MOYBU
WHIVKUPAT 3a HETaTUBHU W3MEHEHHMS Ha HSKOU MOYBEHH CBOMCTBA
B U3CIE/IBaHMS 5 TOJMIIEH NMEPUO — TEHJCHIMSA KbM allKaTH3aIys,
VIDTBTHSIBAHE ¥ HAJIMYHE Ha TEXKH METaIH. AHTPONOT€HHOTO
BIMSIHAE BBPXY IIOYBHTE B IApKOBHTE 30HH B palioHa Ha TIp.
Kepmkamu mocpencTBoM mpwilaraHust HHTETPHPAH IOAXOX Ce
OLICHSBAa KaTO HETaTUBHO CBC CpeIdHa JO BHCOKA CTEHNEeH Ha
Bb3JelicTBue. ToBa MONBIHMUTENHO BOAM JO BIOIIABAHE Ha
yCIOBHSATA HAa MECTOPACTEHE 3a HMHTPOAYLHUPAHUTE IbPBECHU
BUJIOBE B TpajicKaTa Cpefa M Hajara NpujaraHeTo Ha MHTETPHpaH
MOAXO/ TIPY OIIEHKA Ha ChbCTOSIHUETO HA 3€JI€HUTE 30HU.
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Study of the seasonal dynamics of microcystins and nutrients in Kokalyane bent
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Abstract: This article presents a summary of data derived from studies conducted on the seasonal dynamics of microcystins and nutrients in
the water of Kokalyane bent in 2023 and 2024. The chromatographic analytical method (HPLC) was employed for the determination of
microcystins in water samples from Kokalyane bent. Ten water samples were examined, and traces of microcystins were identified in two
samples from 2023 (equivalent concentration of MYC-LR approximately 0,2 ug L™). The measured concentrations of total nitrogen ranged
from 0,58 to 1,75 mg L%, while those of total phosphorus ranged from 0,02 to 0,04 mg L

Keywords: MICROCYSTINS, HPLC, DRINKING WATER

Introduction

Kokalyane bent is located at 600 m height above mean sea level
in the eastern part of the Sofia field, in the valley of the Iskar river,
at 12 km southeast of the capital [1]. Kokalyane bent delivers water
in the high parts of Kokalyane and Pancharevo villages.

In 1956, the construction of the second level of the Iskar
Hydroelectric Station, part of the Iskar cascade on the Iskar river,
was completed. This very large construction is part of the national
plan for electrification of Bulgaria. The main facilities of the
hydroelectric junction are the massive concrete wall of the Iskar
dam with which the water catchment of the Iskar river is carried out
and a multi-year equalization of the river's outflow is ensured. This
dam solves the capital's water supply, irrigation of the Sofia field
and is also used for silage extraction. The hydroelectric complex
includes the Kokalyane bent, the Pasarel hydroelectric power plant,
the Pasarel dam, the Pancharevo lower leveling dam and the
designed and partially constructed Sofia navigation canal and the
Sofia hydroelectric power plant.

The water resources from Kokalyane bent serve as a reserve for
supplying the Pancharevo water treatment plant [2].

Cyanobacteria, or  blue-green algae, are pervasive
microorganisms in freshwater ecosystems [3]. The proliferation of
cyanobacteria in surface waters is accelerated by global warming
and human-induced eutrophication, which create optimal conditions
for their development [4]. Furthermore, they are frequently linked
to toxic blooms, which emerge when a confluence of environmental
elements, including elevated temperatures and the presence of
nitrogen and phosphorus compounds, stimulate the proliferation of
these microorganisms, potentially resulting in their extensive
blooms [5].

Cyanotoxins occur naturally, although high concentrations are
typical of eutrophicated freshwater bodies. For example,
contamination of nutrients and acceleration of cyanobacteria growth
can occur from sewage or agricultural runoff. The most probable
route of exposure is through drinking water. Additionally,
cyanotoxins can accumulate in certain food products. Furthermore,
recreational activities in lakes with cyanobacterial blooms can also
periodically expose individuals to elevated concentrations of
cyanotoxins.

The current requirements for the quality of drinking water in
Europe are reflected in the recently adopted Directive (EU)
2020/2184 of 16 December 2020 on the quality of water intended
for human consumption. The directive was incorporated into
Bulgarian legislation as an amendment to Ordinance No. 9/2001 on
the quality of water intended for drinking and domestic purposes
(promulgated SG No. 30 of 2001, last amended SG No. 43 of 16
May 2023). Among the newly identified pollutants that will be
subject to mandatory monitoring from 2026 onwards is microcystin-
LR, for which an assessment of the potential risk of water pollution
is also required. It is a representative of microcystins, which are a
group of cyanotoxins produced by blue-green algae. The directive
establishes a maximum permissible concentration of 1 pg L™ [6] for
microcystin-LR in drinking water.
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Microcystins (MYCs) are secondary metabolites that are
produced by cyanobacterial genera, including Microcystis,
Anabaena, and Planktothrix [7]. They are comprised of seven
amino acids, and due to substitutions and structural modifications,
over 240 variants are currently known, each with a distinct degree
of toxicity [8, 9]. MYC are classified as hepatotoxins. Individuals
who have been exposed to microcystins have also reported
experiencing neurological symptoms, which has led to the
hypothesis that microcystins may have adverse effects on the
nervous system [10].

Their cyclic structure endows them with resistance to extreme
pH values, high temperatures, and sunlight. The isomer with the
highest toxicity is the known hepatotoxin microcystin-LR (MYC-
LR). Similarly, microcystin-LA exhibits comparable toxicity,
followed by microcystin-RR (MYC-RR) and microcystin-YR
(MYC-YR) [11]. Adverse effects on human health may result from
direct physical contact, inhalation, or ingestion of contaminated
food or water. The World Health Organization (WHO) has set a
maximum allowable concentration of microcystins in drinking
water at 1 ug L™ [12], a guideline that is reflected in the recently
introduced drinking water directive.

The study of cyanobacterial blooms around the world has been
a topic of research for decades. In Bulgaria, the initial investigation
into the presence of microcystins in Bulgarian water bodies
designated for drinking water and recreational use was conducted
by a research team from the National Center for Public Health and
Analyses (NCPHA) between 2004 and 2005 [13, 14].

The aim of the present study is to investigate microcystins
monthly during the warm seasons of 2023 and 2024, as well as the
nutrients in samples from Kokalyane bent.

Experimental

The Kokalyane bent water samples considered in this paper
were taken during the summer and autumn months of 2023 and
2024. A total of ten samples were taken during the considered
periods, which were intended for the analysis of microcystins, and
nutrients (total nitrogen and total phosphorus).

Determination of microcystins by liquid chromatography
(HPLC)

Water samples for the determination of microcystins are stored
frozen in plastic bottles of 1,5 L. Before processing, they were
thawed and frozen three times to ensure lysis of the cyanobacterial
cell walls, then filtered with a glass microfiber filter (glass
microfiber filter GF/A, 47 mm-Cytiva).

Filtered samples were extracted by solid phase extraction with
cartridges (Oasis HLB 60 pm (LP) 6 mL, Waters Corporation,
USA). Elution was performed with methanol (HPLC grade) and
evaporated to dryness using a gentle stream of nitrogen. Add 0,5 ml
of 50 % (v/v) methanol. The final extracts were filtered with PTFE
filters (0,45 um, Alltech).

Chromatographic determination was performed with a liquid
chromatograph with an Agilent 1200 diode array detector. The
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analytical column was a Supelcosil ABZ+Plus column (150 mm x
4,6 mm, 5 um, Supelco), thermostated at 25 °C. A gradient of
acetonitrile (HPLC purity) and ultrapure water (0,055 uS) was used
with the addition of 0,1 % trifluoroacetic acid (spectroscopically
pure) to both solvents: 20 % acetonitrile at 0 min to 46 % at 20 min,
chromatography time - 25 min at a flow rate of 1 mL min-%,
wavelength - 238 nm. Certified reference materials for MYC-LR
and MYC-RR and reference material for MYC-YR (Cifga
Laboratorio S.A, Spain) were used for calibration.

Determination of nutrients

The determination of total nitrogen is carried out after
mineralization of the sample with concentrated sulfuric acid in a
thermoblock (Digestor unit DS6, type 2006, FOSS TECATOR,
Sweden). The ammonium sulfate obtained in this process is
decomposed with sodium hydroxide to ammonia, which is captured
in a boric acid solution in a distillation apparatus Kjeltec 2100,
FOSS TECATOR, Sweden). Ammonium borate is determined by
back titration with 0,01 mol L (0,01 N HCL) solution
Hydrochloric acid 10 cm® burette, tolerance + 0,02 cm®, ISOLAB,
Germany is used to calculate the total nitrogen, with a limit of
quantification of 0,5 mg L™.

The determination of total phosphorus was carried out
according to the procedure described in BDS EN ISO 6878:2005
"Water quality. Determination of phosphorus. Ammonium
molybdate  spectrometric method [15] using Specol 11
spectrophotometer, Carl Zeiss Jena. The limit of quantification is
0,02mg L™

Results and discussion

The results of the analyzes of water samples from Kokalyane
bent taken monthly during the warm seasons of 2023 for the
presence of microcystins and presence of nutrients (total nitrogen
and total phosphorus) are summarized in Table 1.

Table 1: Kokalyane bent 2023. Results of analyzes for microcystins
content and nutrients.

Table 2: Kokalyane bent 2024. Results of analyzes for microcystins
content and nutrients.

Sampling MYC-RR, YR,

site/ LR, pg L* Total N,mgL* | TotalP, mgL*

Date of LOD 0,1 ug L* LOQO05mgL? | LOQO,02mgL?

sampling LOQ 0,2 ug L*
Kokalyane

Bent <LOQ 1,20 0,02
25.06.2024
Kokalyane

Bent <LOQ 1,01 0,02
25.07.2024
Kokalyane

Bent <LOQ 1,02 0,04
23.08.2024
Kokalyane

Bent <LOQ 0,58 0,04
12.09.2024
Kokalyane

Bent <LOQ 0,66 0,04
18.10.2024

Sampling MYC-RR, YR,

site/ LR, pg L* Total N, mg L™ Total P, mg L™

Date of LOD 0,1 ug L* LOQO05mgL? LOQ 0,02 mg L*

sampling LOQ 0,2 ug L*
Kokalyane

Bent <LOQ 0,86 0,04
14.06.2023
Kokalyane

Bent LR eqv~0,2 1,62 0,04
19.07.2023
Kokalyane

Bent LR eqv~0,2 1,75 0,05
22.08.2023
Kokalyane

Bent <LOQ 1,46 0,02
12.09.2023
Kokalyane

Bent <LOQ 0,73 0,02
13.10.2023

In two of the five samples taken in 2023, trace amounts of
MYC-LR equivalent (a compound with a spectrum similar to LR,
but with a different retention time in the chromatogram than that of
the three investigated MYC-RR, MYC-YR and MYC-LR). The
described samples were taken in July and August 2023, and these
samples are characterized by the highest concentration of total
phosphorus among all the samples of the study.

The results of the analyzes of water samples from Kokalyane
bent taken monthly during the warm seasons of 2024 for the
presence of microcystins and presence of nutrients (total nitrogen
and total phosphorus) are summarized in Table 2.
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The results obtained for microcystin content (MYC-RR, MYC-
YR and MYC-LR) from the present study show that no presence of
microcystins was observed in the samples taken during the summer
season of 2024.

Trace amounts of toxins correspond to the highest values found
for total nitrogen (1,75 mg L™ and 1,62 mg L™ respectively).

Regarding total nitrogen content, the results obtained ranged
from 0,73 to 1,75 mg L. The total phosphorus concentrations
obtained ranged from 0,02 to 0,05 mg L™

Conclusions

The results of the studies on the presence of microcystins in the
water of Kokalyane bent of the dynamics of toxins in 2023 and
2024 showed the presence of traces in two samples in 2023. Given
the use of the water from the reservoir for drinking domestic
purposes and the rapidly occurring changes in the climate and
eutrophication, it is necessary to periodically examine the waters of
Kokalyane bent in terms of the presence of cyanobacteria and toxins
produced by them in the seasons and conditions suitable for
blooming.
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Abstract: Land suitability analysis plays a crucial role in land use planning and decision-making processes. The utilization of Geographic
Information Systems (GIS) in land suitability analysis has become increasingly prevalent in recent years. GIS combined Multi-criteria
decision analysis (MCDA) is a powerful process that integrates geographical data to make informed decisions. By considering multiple
spatial factors, this method generates a comprehensive map highlighting the optimal locations for specific land-use purposes. This review
paper aims to examine the application of GIS-based MCDA in land suitability analysis, based on a comprehensive review of the literature.
Moreover, the review examines case studies that have applied GIS-based MCDA in land suitability analysis across various disciplines,
including agriculture, urban planning, and environmental management. Overall, this review paper provides valuable insights into the role of
GIS-based MCDA as a tool for land-use suitability analysis, highlighting its significance in sustainable land management practices.

Keywords: LAND SUITABILITY ANALYSIS, GIS, MCDA

1. Introduction

Land suitability analysis is an essential component of effective land
use planning, aimed at identifying the best uses for land based on its
inherent characteristics and potential [1]. As urbanization and
population growth intensify pressures on land resources, there is an
increasing need for sophisticated analytical tools that can provide
deeper insights into land evaluation processes. Geographic
Information Systems (GIS) have emerged as a pivotal tool in this
arena, enabling the integration of spatial data and analytical
processes that enhance decision-making capabilities [2].

The integration of GIS with Multi-Criteria Decision Analysis
(MCDA) represents a substantial advancement in land suitability
assessments. This synergistic approach not only allows for the
incorporation of diverse data sources including socio-economic,
environmental, and physical criteria but also facilitates a more
participatory decision-making framework by engaging stakeholders
in the evaluation process [3]. This approach results in the creation
of comprehensive suitability maps that guide land use decisions in a
transparent and informed manner [4] . The versatility of GIS-based
MCDA has led to its application across diverse fields, from
agriculture, where it helps optimize crop production [5] to urban
planning, where it aids in identifying optimal locations for
infrastructure development [6]. In environmental management, it
supports the identification of areas suitable for conservation or
restoration [7]. Each of these disciplines benefits from the ability
to incorporate a wide range of criteria, analyze trade-offs, and
visualize complex spatial relationships, making GIS-based MCDA
an invaluable tool for sustainable land use. However, despite its
widespread adoption, the application of GIS-based MCDA is not
without challenges. Issues such as the availability and quality of
data, the appropriate selection of criteria, and the subjective nature
of weighting decision factors can affect the accuracy and reliability
of land suitability models [8].

Despite its growing adoption, the methodologies and effectiveness
of GIS-based MCDA in land suitability analysis warrant further
examination. This review aims to provide a comprehensive
assessment of GI1S-based MCDA applications in land-use suitability
analysis, drawing on a range of case studies across different
disciplines. By synthesizing existing research, this paper seeks to
highlight the role of GIS-based MCDA in promoting sustainable
land management and to offer insights into its future potential for
improving land-use decisions.

2. Methodology

This literature review follows a systematic approach to identify and
evaluate studies that utilize GIS-based MCDA in land suitability
analysis. A Boolean search utilizing keywords and phrases was
employed to navigate scientific research engines and platforms. The
search strategy involved querying academic databases, including
Google Scholar, Scopus, and Web of Science, using keywords such
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as:  GIS; Multi-Criteria  Decision  Analysis;  Multi-Criteria
Evaluation; site suitability; land suitability; and land use planning
focusing on publications from 1999 to 2024. However, we referred
to a few articles prior to the year 2000 that are important to
understanding concepts or methods. Each identified study was
assessed based on its methodological, the clarity of its MCDA
framework, and the integration of GIS technology.

3. GIS in Land Suitability Analysis

3.1 Principles of Geographic Information System

GIS is an essential tools that facilitate the collection, management,
analysis, and visualization of spatial data [9], playing a vital role in
various fields such as urban planning, environmental management,
agriculture, forestry, geology etc. Three fundamental principles of
GIS are: data collection, data management, and spatial analysis.
Each of these components contributes to the system's ability to
handle and interpret complex spatial datasets effectively.

The first principle, data collection, involves gathering geographic
information from a variety of sources including remote sensing
technologies, field surveys, and existing databases. Geographic data
can be divided into two primary types: vector and raster. VVector
data represent discrete geographic features via points, lines, and
polygons, which are particularly useful for depicting unique objects
like roads and land parcels. In contrast, raster data consists of a grid
of cells, with each cell containing value information, enabling the
representation of continuous variables [10].

After collecting data, managing it well is crucial. This means setting
up a strong database that effectively organizes, stores, and retrieves
different types of spatial data. Relational database management
systems (RDBMS) are commonly used to handle attribute data,
linking it to geographic features through unique IDs. It is also
important to keep metadata, which documents where the data comes
from, its accuracy, and how it has been processed, ensuring
transparency and the ability to replicate results [11]. Good data
management is vital due to the complexity of spatial datasets, which
often involve combining information from many sources. GIS help
users integrate various datasets of different scales and formats,
allowing for comprehensive analysis, particularly in assessing land
suitability.

The third principle, spatial analysis, serves as the core functionality
of GIS, enabling users to examine relationships, patterns, and trends
within spatial data. Various analytical techniques can be applied,
such as overlay analysis, buffering, and spatial interpolation, which
help derive meaningful insights. For example, overlay analysis
allows users to superimpose different layers of information to
evaluate land suitability based on combined criteria [12]
Additionally, GIS supports advanced capabilities such as network
analysis, which helps assess transportation networks and optimize
routes, and suitability modeling, which utilizes weighted factors to
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identify the best locations for specific land uses based on multiple
criteria [4].

Moreover, GIS excels in visualizing complex spatial datasets
through diverse formats such as maps, charts, and 3D
representations  [13] [14].This capability enhances the
interpretability of spatial relationships and is essential for effective
communication of findings to decision-makers and stakeholders.

The fundamental principles of GIS encompass systematic data
collection, effective data management, and thorough spatial
analysis, enabling the handling and interpretation of complex spatial
datasets. Through these principles, GIS significantly enhances our
ability to derive insights into spatial relationships and patterns,
making it an invaluable tool for land suitability analysis and
numerous other applications across various domains.

3.2 Applications of GIS in Land Suitability Analysis

GIS have become indispensable in land suitability analysis, where
they facilitate the evaluation of various factors influencing land use.
One of the primary applications of GIS in this context is the
integration of environmental data, including hydrology and soil
types, which significantly affect land productivity and
sustainability. For example, GIS can be employed to analyze
watershed characteristics, assess drainage patterns, and identify
flood risk areas, providing essential insights for planning
agricultural land or urban development [15]. Soil characteristics,
such as texture, pH, and fertility, can also be mapped to determine
the most suitable crops for specific locations, enabling optimal
agricultural practices [16]. In addition to environmental
considerations, socio-economic data plays a critical role in land
suitability analysis [17]. GIS allows researchers to incorporate
population density, land ownership patterns, and access to essential
services such as transportation and healthcare. By overlaying these
socio-economic factors with environmental data, decision-makers
can identify ideal locations for housing development, commercial
establishments, or infrastructure projects. Furthermore, GIS helps in
the evaluation of regulatory constraints, such as zoning laws and
land-use policies, which can impact land development decisions. By
mapping these constraints alongside other data layers, planners can
make informed choices that align with legal and environmental
sustainability standards [18].

GIS has many uses in land suitability analysis that help us
understand how physical and social factors interact. This overall
perspective not only helps find the best ways to use land but also
encourages collaboration among stakeholders by providing clear
visual data. This promotes better decision-making for sustainable
land management.

4. MCDA in Land Suitability Analysis
4.1 Understanding Multi-Criteria Decision Analysis

MCDA is a systematic approach used to evaluate and prioritize
conflicting criteria in decision-making processes, especially in
complex scenarios such as land use planning. MCDA is important
because it can take many different factors into account at the same
time, just like how real-life problems are often complex and involve
many aspects. The methodology begins with the identification and
definition of relevant criteria, which can encompass a diverse range
of factors including environmental, economic, social, and regulatory
considerations [4]. The criteria must be carefully selected to ensure
they align with the objectives of the decision-making process and
adequately capture the various dimensions of land use suitability.

Once the criteria are defined, the next step involves assigning
weights to reflect the relative importance of each criterion in
relation to the decision objectives. Weighting can be performed
through various techniques, which aim to derive a consensus on the
significance of each factor [19]. This weighting process is critical,
as it directly influences the outcomes of the analysis and ensures
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that more crucial factors have a proportionate impact on the final
decision.

After establishing criteria and weights, alternatives are evaluated
against these criteria using a range of quantitative and qualitative
assessment methods. Common techniques include scoring systems,
where alternatives are rated based on how well they meet each
criterion, and aggregation methods that synthesize these scores into
a singular value representing overall performance [20]. The results
of an MCDA give a clear way for everyone involved to see the
trade-offs between different goals, helping them make better land
use decisions. This makes MCDA an important tool for managing
the complexity of land use planning, ensuring that various interests
and goals are considered in the decision-making process [21].

4.2 Common MCDA Techniques Used in Land Suitability
Analysis

MCDA techniques are vital in land suitability analysis, particularly
when integrated with GIS. One of the most widely used methods is
the Analytic Hierarchy Process (AHP), which allows decision-
makers to structure complex problems into a hierarchy, facilitating
comparisons among various criteria [19]. One significant strength
of AHP is its ability to integrate both qualitative and quantitative
data. However, AHP has limitations, particularly in managing
subjective biases in the pairwise comparison process. The technique
can also become difficult when dealing with a large number of
criteria or alternatives due to the exponential growth of pairwise
comparisons [22].

Another common technique is the Weighted Sum Model (WSM),
which aggregates different criteria by applying weights according to
their importance. WSM s straightforward and easy to understand
[23], making it accessible for various stakeholders. The WSM
excels in addressing single-dimensional problems; however,
challenges arise when applied to multidimensional scenarios [24].

The Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) [25] is another effective MCDA method used in land
suitability analysis. This method determines the best option by
comparing the geometric distance from each alternative to an ideal
solution and a negative-ideal solution. TOPSIS is advantageous due
to its intuitive approach and ability to incorporate both benefit and
cost criteria simultaneously. The TOPSIS method has two main
drawbacks. Firstly, the normalization of the decision matrix often
results in a narrow scale for the criteria, which can hinder effective
ranking and fail to accurately represent the true superiority of
options. Secondly, the method does not incorporate risk assessment
for decision-makers, limiting its comprehensiveness in evaluating
alternatives [26].

Another technique involves Fuzzy Multi-Criteria Decision Making
(FMCDM) [27], which enhances conventional MCDA methods by
integrating fuzzy logic to address uncertainty and imprecision in the
assessment of criteria. While FMCDM provides a robust framework
for dealing with uncertainty, it can be more complex to implement
and may require advanced statistical and computational skills,
which might limit its accessibility for some users.

5. Integration of GIS and MCDA
5.1 Synergistic Benefits

The combination of GIS and MCDA provides unique synergistic
advantages that greatly improve land suitability assessments. The
synergistic benefits of combining GIS and MCDA can be
summarized as follows: (i) Improved Accuracy: Enhanced spatial
analysis leads to more precise assessments of land suitability; (ii)
Visual Clarity: GIS visualizations make complex data more
accessible improving stakeholder understanding and engagement;
(iii) Getting stakeholders involved: Supporting community
participation in the planning process; (iv) Comprehensive Analysis.
This approach brings together different aspects of land use, leading
to a more detailed understanding [28].
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5.2 Case Studies of GIS-Based MCDA in Land Suitability
Analysis

The study by Hussain et al. in 2024 [29] investigates agricultural
land suitability in Southern Punjab, specifically the Multan region,
using the AHP and MCDA methods. The researchers defined clear
objectives and relevant criteria, created a hierarchical framework,
and conducted pairwise comparisons to assess the relative
importance of various factors. The findings revealed that 43% of the
land was highly suitable for agriculture, with the most fertile areas
characterized by silty clay or clay soils. The study produced a
detailed suitability map, serving as a valuable resource for
sustainable land use planning and agricultural policy decisions.

The research conducted by Chenying Li et al. in 2022 [30] focuses
on the site selection for urban parks in Nanjing, China, emphasizing
sustainable urban development. This study employs a combination
of GIS and the Fuzzy-Analytic Hierarchy Process (F-AHP) to
evaluate multiple criteria, including environmental factors,
accessibility, and human activity. Key findings highlighted that
areas in western and eastern Nanjing demonstrated the highest
suitability for urban parks, with carbon storage being the crucial
factor influencing site choice. The combined approach helps urban
planners make better decisions by creating helpful maps for
choosing park locations.

Kumi-Boateng, B. et al. in 2016 [31] address the urgent need for
irrigational reservoirs in the Upper East Region of Ghana, where
agriculture heavily depends on increasingly unreliable rainfall and
drying rivers. Employing a MCDA within a GIS framework, the
researchers evaluated five factor criteria alongside three constraint
criteria to identify optimal sites for irrigational dams. The findings
revealed that only 3.69% of the area was deemed suitable initially;
however, applying the constraint criteria narrowed this down to just
0.45%, pinpointing optimal locations for dam construction. The
optimal sites were primarily concentrated in the central part of the
region, highlighting critical areas for enhancing agricultural
resilience. This research offers valuable insights for water resource
management and agricultural sustainability.

The research conducted by [32] Sayed Ishag Deliry and Hakan
Uygucgil in 2020 focuses on land suitability analysis for sustainable
urban development in Eskisehir, Turkey. Urban planning
necessitates careful consideration of various criteria, making GIS a
crucial tool for effective site selection. This study identifies suitable
locations based on six primary criteria: safety, connectivity, socio-
economic factors, compactness, topography, and eco-environmental
conservation alongside ten sub-criteria. By integrating the AHP
with GIS, the researchers assessed geophysical and socio-economic
data. The findings revealed that 44% of the area is of low suitability
for sustainable development, while 42% is deemed unsuitable. Only
0.01% of the region is highly suitable, highlighting significant
challenges for future urban growth in Eskisehir. This research
underscores the importance of GIS-based methodologies in
navigating complex urban planning landscapes.

The study conducted by Karakus, C.B. and Yildiz, S. in 2022 [33]
focuses on identifying suitable dam sites in Sivas, Turkey, utilizing
GIS and the AHP as part of a MCDM framework. The research
evaluates various criteria, including elevation, slope, proximity to
infrastructure, and hydrological factors, to determine optimal
locations for dam construction. The findings indicate that a
significant portion of existing and planned dams falls within
varying levels of suitability, highlighting potential challenges for
future developments. The suitability mapping produced serves as a
valuable resource for decision-makers in regional water resource
management, emphasizing the importance of incorporating multi-
faceted criteria to support sustainable development in the area.

The research by Debasish Roy et.al in 2022 [34] addresses the
critical issue of landfill site selection for municipal solid waste
management in Siliguri, West Bengal. The study employs a GIS and
MCDA to evaluate potential sites based on various factors, such as
elevation, geology, and proximity to rivers and residential areas.
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Utilizing the AHP, the authors prioritized these criteria and
conducted an overlay analysis to identify suitable locations. The
findings provide essential

insights and guidelines for urban planners, facilitating effective
waste management while addressing environmental and public
health concerns.

6. Challenges and Limitations

Using GIS-based MCDA for land suitability assessment faces
several challenges and limitations. A significant issue is the
availability of reliable and accurate data, which can negatively
influence the results of the analysis [35]. High-quality, up-to-date,
and accurate data are often essential for effective MCDA.
Additionally, the subjective nature of criteria weighting leads to
potential prejudices, given that stakeholders may assign different
levels of importance to specific factors [36].

Bringing together different types of data makes things more
complicated. When the data comes in different sizes, formats, or
categories, it can make it hard to analyze everything clearly. To fix
this problem, a lot of preparation work is needed, which can take a
lot of time and resources.

Lastly, computational demands can be a significant limitation, as
advanced GIS analyses with multiple criteria may require
considerable processing power and time, especially for large
datasets. Addressing these challenges is crucial for enhancing the
reliability and effectiveness of GIS-based MCDA in land suitability
studies.

7. Future Directions

Future research in GIS and MCDA should prioritize several key
areas to enhance effectiveness. Technological advancements,
particularly in machine learning and artificial intelligence, can
improve data processing within GIS-MCDA frameworks [37].
Additionally, enhancing stakeholder involvement is essential for
more effectively meeting community needs and achieving fair
outcomes. Moreover, enhancing the adaptability of GIS-MCDA
frameworks to cope with changing environmental conditions is
essential, utilizing real-time data and predictive modeling to offer
resilient solutions. These efforts will contribute to creating a more
robust framework for land suitability assessments amongst ongoing
environmental changes.

8. Conclusions

In this study, we have conducted a comprehensive review of the
existing literature to highlight the essential role that GIS and
MCDA play in land suitability analysis. This examination reveals
that the integration of GIS and MCDA significantly enhances the
decision-making process for a variety of spatial issues,
encompassing site selection, land susceptibility assessments and
land-use planning. Specifically, Table 1 and Table 2 which include
45 research papers and 6 Proceedings of International conferences
reviewed, illustrates the importance of GIS-based MCDA in
facilitating informed decision-making across these fields.

The application of MCDA techniques proves to be particularly
beneficial in addressing complex environmental and civil
engineering challenges. Table 3 delve deeper into the practical
applications of MCDA, showcasing its relevance in diverse fields
such as environmental management and infrastructure development,
along with a discussion of various weighting methods and their
impact on MCDM models.

Figure 1 outlines the distribution of reviewed publications over the
years, emphasizing the growing interest in GIS-based MCDA. Our
literature review indicates a significant rise in the use of GIS-
integrated MCDA methodologies to address various spatial
challenges in recent years, reflecting an increasing trend in their
adoption. Figure 2 showcases the range of references included in
this review.
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Table 1. References on Multi Crieria Decision Analyisis

Number | Refer.no. Author/Year of publication Application Method used
1 [38] Johnny K.W. Wong , Heng Li (2008) Selection of Intelligent building system MCA/AHP
2 [39] Sarath.M et al. (2018) Site suitability MCA/AHP/GIS
3 [33] C. B. Karakus, S. Yildiz (2022) Dam site selection MCA/AHP/GIS
4 [40] Sallwey, J. et al. (2019) Site suitability (aquifer recharge) Review (GIS-MCDA)
5 [41] Joshua, Jonah Kunda et al. (2013) LSA for agriculture planning MCDA/AHP/GIS
6 [42] Sari, F., & Koyuncu, F. (2021) Suitability of agricultural crops MCDA/GIS
7 [43] Maddahi, Zeinab, et al. (2017) LSA for rice cultivation MCDA/Fuzzy AHP/GIS
8 [44] Villacreses, Geovanna, et al. (2017) Wind farms suitability MCDA/AHP/GIS
9 [45] Martine Nyeko (2012) Land Use Resource Planning MCDA/GIS
10 [46] Owusu, Seth, et al. (2017) Land suitability for aquifer storage/recharge | MCDA/GIS
11 [47] Balew, Abel, et al. (2022) Suitable landfill site selection MCDAJ/GIS
12 [48] Hamide Aliani et al. (2021) Urban development suitability TOPSIS/WLC/ANP/GIS
13 [49] Octaviansyah, Decky, et al. (2024) Best road selection MCA
14 [50] Withanage, Neel Chaminda, et al. (2024) | Suitable areas for ecotourism GIS-integrated MCDA
15 [51] Rashid Ahmad et al. (2024) Rainwater harvesting (RWH) structure MCDA/AHP+FAHP/GIS
16 [52] Muhammad, Akhtar Malik, et al. (2023) | Potential Groundwater recharge zones MCDA/GIS+RS
17 [53] Rashwan, Mohamed, et al. (2024) Landslide susceptibility MCA+GIS
18 [54] Md. Saalim Shadmaan et al. (2023) Earthquake vulnerability GIS based MCDA (AHP)
19 [55] Rikalovic, Aleksandar et al. (2014) Industrial site selection MCDM/GIS
20 [56] Akay, A. E., & Erdogan, A. (2017) Forest fire risk MCDM/GIS based AHP
21 [57] Hansen, H. S. (2005) Wind Farm Development GI1S-based MCDA
22 [58] Hammami, Salma, et al. (2019) Flood susceptibility MCDA based AHP/GIS
23 [59] Prasetyo, Daniel Hary (2018) Public school - site selection MCDA based AHP/GIS
24 [60] Abdul Rasam, A.R. (2016) Risk map GIS-based MCDA
25 [61] Das, P. T., & Sudhakar, S. (2014) LSA for orange & pineapple MCDM/GIS
26 [62] Perveen, F., et al (2007) Crop-land suitability analysis MCDA based AHP/GIS
27 [63] Kamau, Samuel W., et al. (2015) Land suitability analysis GI1S-based MCE/RS
28 [64] Quinta-Nova, L. C., et al. (2020) Fruits suitability MCDA based AHP/GIS
29 [65] Saeedavi, Z., et al. (2017) LSA for urban green space planning MCA (AHP)/GIS
30 [66] Ullah, K. M., & Mansourian, A. (2016) Urban land-use planning GI1S-based AHP
31 [67] Granados-Dieseldorff, P.A.B.L.O. (2009) Habitat suitability GIS
32 [68] Beedasy, J., & Whyatt, D. (1999) Tourism planning SDSS
33 [69] Gorsevski, Pece V., et al.(2013) Wind farm site selection SDSS
34 [70] Nurda, Nety, et al. (2020) Extension of Potential Forest Areas MCDA/GIS+RS
35 [71] Malczewski, J. (2006) GIS- based MCDA Review
36 [72] Abu-Taha, R. (2011) Renewable energy analysis MCDA-review
37 [73] Dalalah, Doraid et al. (2010) Construction MCDM-AHP
38 [74] MASRON, Tarmiji, et al. (2015) Tourism planning SDSS (GIS)
39 [75] Prakash, T. N. (2003, December) Land Suitability Analysis MCDM-Fuzzy AHP/GIS
40 [76] Yohannes, H., & Soromessa, T. (2018) Land Suitability Analysis MCDM-ANP/GIS
41 [77] Hussain, S. et al. (2024) LSA for agriculture MCDM-AHP/GIS
42 [31] Kumi-Boateng, B. et al. (2016) Site selection-irrigational reservoirs MCDM-AHP/GIS
43 [30] Chenying Li et al. (2022) Site selection for urban parks GIS based Fuzzy AHP
44 [78] Fu Yang et al. (2008) Urban land management GIS/RS/AHP
45 [79] Hossen, B. et al. (2021) Land suitability analysis GI1S-based MCDA
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One important finding from this review is that GIS-based MCDA
can handle different types of data, which helps provide detailed
information about land suitability. This flexibility allows everyone
involved—from local planners to decision-makers—to make
smarter choices that address both current needs and future
sustainability goals. The ability to see data on maps helps engage
stakeholders better and encourages teamwork in planning. It also
makes it easier to share results and explain the reasons for land-use
decisions.

Despite its advantages, this review also acknowledges several
limitations and future challenges associated with GIS-based
MCDA. The accuracy of assessments can be affected by the quality
and availability of data, especially in areas where information is
scarce. Additionally, the subjective nature of the MCDA methods
can lead to inconsistent results. To overcome these issues, future
research should focus on improving data integration, refining
decision-making processes, and creating standardized methods to
ensure more reliable analyses. Ongoing study in this area is crucial
for enhancing the effectiveness of GIS-based MCDA in adapting to
changing land-use needs and environmental challenges. By
addressing these limitations, GIS-based MCDA can become an
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even more valuable tool for sustainable land management.

Table 2 References from the Proceedings of the International

Conference on MCDA

References Author Title
Multi-Criteria Decision
Making Methods And Their
Eltarabishi F Applications— A Literature
[80] et al.(2020) Review
A hybrid multi-criteria method
for performance evaluation of
Radulescu, romanian South Muntenia
C.Z et Region in context of
[81] al.(2010) sustainable agriculture
Fuzzy analytical hierarchy
Ziaei M, process (FAHP): a GIS-based
Hajizade F. multicriteria
[82] (2011) evaluation/selection analysis
GIS modeling for landfill site
selection via multi-criteria
Abujayyab | decision analysis: A systematic
[83] SK (2017) review
Suitable site selection using
Kuznichenk two-stage GIS-based fuzzy
[84] 0, S. (2020) | multi-criteria decision analysis.
Bibliometric analysis for site
selection problems using
geographic information
Wigati SS et | systems, multi-criteria decision
[85] al. (2019) analysis and fuzzy method.
Table 3 Bibliographic References for Books on MCDA
References Author Book title
Dean, Marco Advances in Transport Policy
[86] (2020) and Planning
Ozsahin, Application of MCDA in
Dilber Uzun, environmental and civil
[87] etal., (2021) engineering
Zardari, Weighting methods and their
Noorul effects on MCDM model
Hassan, et al. outcomes in water resources
[88] (2014) management
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Abstract: The use of complex mineral, organo-mineral and organic fertilizers on Haplic Chernozems for 8 years lead to changes in the
composition of soil organic matter. These fertilizers without the use of mineral N fertilization have a positive effect on the values of *NH,-N,
available and total phosphorus in the soil, as well as cation exchangeable potassium.

Certainly organic fertilization as well as its combination with multicomponent mineral fertilizer has a positive impact on the agrochemical
status of the soil. The potential nitrogen supplying capacity of the soil determined on the 28" and 56™ days of incubation significantly
increased the amount of mineralized nitrogen. The same was highest in the use of the organic fertilizer Excel®™®, where the excess over the

control in the values of net mineralizing capacity was 24.20%.

Keywords: ORGANIC, ORGANO-MINERAL, COMPLEX MINERAL FERTILIZERS, pH, AVAILABLE AND TORAL FORMS OF
MACROELEMENTS, POTENTIAL NITROGEN SUPPLYING ABILITY OF SOIL IN DYNAMICS (14, 28 AND 56 DAYS OF INCUBATION)

Intorduction

The high productivity and quality of crops is an impossible task
without ensuring the plants' need for nutrients and optimal soil
status in terms of its water-physical and agrochemical properties.
Nutrient deficiency not only reduces plant tolerance to adverse
environmental conditions and damages yield, but also lowers soil
fertility [1, 2]. This forms the main task of applying nutrients to the
soil - to restore the soil regime, to influence the soil-forming
process and the genesis of the soil, because with the export of
manufactured agricultural products, significant transformations
occur in a negative direction [3].

In the region of slightly leached chernozems in South Dobrudja,
studies on the influence of various agrotechnical practices on the
fertility of these soils have been summarized in a series of
publications [4, 5, 6].

The aim of the present study is to investigate the influence of
different origin and content fertilizers for basic soil fertilization,
excluding the introduction of nitrogen fertilizers during the growing
season of long-term monoculture wheat cultivation, on the changes
in the content of absorbable and common forms of the main
macroelements, as well as on the potential nitrogen-supplying
ability of the soil.

Material and Methods

At Dobrudzha Agricultural Institute - General Toshevo on
Haplic Chernozem [7], the influence of main soil fertilization with
the combined mineral fertilizer Suprefos (12% N; 24% P,0s; 0.5%
Mg; 14% Ca; 25% S) and the organic fertilizer Excell®% (50%
organic matter, org. N - 4 %, P-2%, K-6%, Mg-3%) produced by
Angibaud & Specialites (France) was followed for 8 years. Four
variants of the created nutrient regime in the soil were studied: 1.
Control, reflecting the natural fertility of the site; 2. Superfos (350
kg/ha) — Mineral fertilization (MF); 3. Superfos + Excel®®
(175+175 kg/ha) — Organo-Mineral Fertilization (OMF) and 4.
Excel®® (350 kg/ha) — Organic fertilization (OF). Agrochemical
characterization was done in 0-20 cm, 20-40 cm and 40-60 cm
layers which included soil reaction, mineral nitrogen forms,
potential nitrogen supplying capacity of soil - mineralization ability
(MA), available phosphorus, cation exchangeable potassium and
total nitrogen (TN) and phosphorus (TPh) forms.

Table 1. Varians analysis of the agrochemical indices

After grinding and drying to an air-dry state, the soil samples were
sieved through a 2-mm sieve. Agrochemical analyzes include
determination of: potentiometric determination of soil acidity in 1n
KCI; forms of mineral nitrogen inl % K,SO, by using
spectrophotometric methods (NO3z-N — its ability to form an intense
yellow coloration in an alkaline medium upon interaction with
disulfophenolic acid [CgH;OH(HSO3),], and NH,-N  was
determined by the phenolic method [8] available phosphorus was
determined spectrophotometrically by the AL-method (by the
modification of lvanov [9], and cation exchange potassium - flame
photometrically.

The general forms were determined according to the classic
methods of Kjeldahl and Bonnet, and the mineralizing ability of the
soil - in dynamics at 14, 28 and 56 days of incubation. It aims to
provide optimal conditions for nitrification and takes place at
constant temperature levels (30° C) and 60% humidity from its total
moisture absorption capacity. Its determination is identical to the
method of determination of NO5-N.

The obtained results were subjected to statistical analysis -
analysis of variances (ANOVA). Multivariate statistical analysis
includes analysis of variance, F test and LSD (Least Significant Dif-
ference) test, after which the mean values for each variant were
compared by applying the Duncan Multiple Range Test. Pearson
correlation coefficients (“R coefficients”) were also determined,
which were also tested for significance.

Results and Discutions

Based on ANOVA, the results of the multifactorial analysis of
variances of the studied agrochemical indicators by depth of the
studied layers show high levels of statistical significance (Table 1).
Changes in profile depth are unproven only in terms of NO3-N
content and exch. K,O. The introduction of fertilizers of different
origin and content lead to the formation of a similar trend, although
with a different degree of statistical significance in relation to some
indicators. The established differences in the Pure MA 14-56 and
Pure MA 0-56 indicators remain unreliable.

The interaction between the factors affects with the maximum
degree of credibility in the absorbable P,0s, MA-14, Pure-to14 and
Purel4-28. The same is significant, but with a lower level of
statistical confidence in Min-N and MA-28. For all other indicators,
this interaction is unreliable.

Depth (1) Fert. Var (2) 1x2

Dependent Variable df F Sig. df F Sig. df F Sig.

pHKCI 2 25279 | ,000%**| 3 4608 | ,006**| 6| 2184 057
“NH,-N 2 112,014 | ,000** | 3 | 12539 | ,000**| 6| 1,683 141
"‘NOs-N 2 714 494N |3 2,773 049* | 6| 2,063 071N
Min. N 2 64,434 | ,000%**| 3 3,568 019*| 6] 2,760 ,020*
P,0s - available 2 193,210 | ,000*** | 3 | 39,694 | ,000*** | 6| 5763| ,000***
K,0 - exchengeable 2 2,822 067 | 3 | 12385| ,000***| 6| 1,968 ,084N°
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Total N 2 73,492 [ ,000%** | 3 8,035 ,000**| 6] 1,885 ,008"°
Total P 2 9,929 | ,000%** | 3 | 12,048 | ,000***| 6 872 ,521N°
MA - 14 2 506,799 | ,000*** | 3 | 11,411 | ,000**| 6| 7,881 | ,000%**
MA - 28 2 84,585 | ,000%** | 3 5511 | ,002=**| 6| 3,139 1010**
MA - 56 2 61,440 | ,000%** | 3 2,836 046% | 6 878 517N
Pure MA- tol4 2 262,721 | ,000%** | 3 8,373 | ,000**| 6| 6,536 | ,000%**
Pure MA -14-28 2 8,250 | ,001*** | 3 4062 | 011 | 6| 3913 ,002%**
Pure MA - 28-56 2 3,522 036% | 3 1,218 311 [ 6| 1,489 19708
Pure MA - total 2 43,890 000%** | 3 2,068 114851 6| 1,038 4100

The soil reaction is an important characteristic of the quality of
the soil and an indicator of the processes taking place in it, because
affects the microbiological activity, the mobility and solubility of
nutrients, the mobilization of soil organic matter and, in general, the
biogeochemical cycle of the planet [10, 11, 12]. From the surface
layer to the layers lying below, the values of this indicator increase
(Fig.1). Nankova [13] reported that, depending on the amount of
macronutrient fertilization rates and especially with nitrogen
fertilization at high rates for 50 years, exchangeable Al** appeared
in the surface layer of Naplic Chernozems. In this experiment, the
variant with MF (5.20) stands out with the lowest pH value.
Certainly OMF and OF have an ameliorating effect and increase the
values of the indicator by 4.8%.

Phosphorus available to plants quite naturally decreases with
depth of the profile, but in general the experimental section is
poorly stocked. The applied fertilizers and especially MF and OMF
the amount of available phosphorus. The influence of the tested
fertilizers on the content of total phosphorus is particularly strong.

For the study period, no statistically significant differences were
found between them. However, they contributed to an increase in
the phosphate status of the soil by about 8% compared to the
control. The strength of the influence of the depth factor on plant-
available phosphorus is 71.55%***, while for TPh, the influence of
the fertilization factor is stronger.The experimental site is very well
stocked in terms of cation-exchanged potassium. Its content very
smoothly decreases along the depth of the profile from 23.79 to
22.93 mg K,0/100 g of soil, which is a characteristic feature of this
soil type. A strong positive influence of MF and OMF was found
compared to the control variant and that with OF.

The content of TN in the soil maintains a tendency to decrease
along the depth of the profile - from 169.84 (0-20 cm) to 146.74 mg
N/100 g of soil (40-60 cm). Of the tested fertilizers, only MF
(167.44 mg N/100 g) had a reliable contribution to increasing the
content of TPh in the soil.

From the changes in basic agrochemical characteristics of soil
fertility discussed so far, it is necessary to pay attention to the
changes in the forms of mineral nitrogen and the potential ability of
the soil to supply this nutrient during the growing season. Of the
forms of Min. N most significant and the differentiation in profile
depth for NH4-N, while for NO3-N the differences are insignificant
(Table 2). Regardless of this fact, at the end of the wheat growing
season, the concentration of Min. N is low, but well differentiated
by layers, which also determines its high power of impact
(82.54%***). The fertilizers used also affect the values of the
indicator, but with a strength of 6.86%*. Again, the differentiation
is best marked with NH,4-N.

The mineralizing ability of the soil at all incubation periods
shows that the 0-20 cm layer has the greatest potential N-supplying
ability of the soil. It decreases gradually with the depth of the
studied layer.

Different types of fertilizers also affect mineralization
processes, but the differentiation in values is much less pronounced.
In all three incubation periods, the lowest amounts of mineralized
nitrogen were found after fertilization with Excel®®. As with the
forms of Min. N, the influence of the depth factor is decisive - over
80%***. The influence of the fertilization factor is also credible,
but its influence reaches only 8.08%**.

The Pure/net amounts of mineralized nitrogen (when Min. N
was eliminated before incubation) showed increasing values with
increasing duration of incubation. Again, the surface layer 0-20 cm
has the greatest potential for nitrogen supply. The differences
between individual fertilizer products are small, and in the case of
incubation between the 28" and 56™ day, they are insignificant. As
for the influence of the tested factors, the depth of the layer is
decisive. On average for Pure MA 0-56, the same is determined at
87.60%, and the fertilization factor, as well as the interaction
between the two factors, has an unreliable power of influence. The
latter only reliably influence Pure MA 0-14 and Pure MA 14-28.

Numerous correlative dependencies between the studied
indicators have been established, which indicate the main
interrelationships and their direction (Fig. 2). The results of the
analysis show that the soil reaction is in a negative relationship with
all the investigated indicators. The same is most pronounced with
MA at the early incubation periods, Min. N, available phosphorus
and Total N. The ammonium form of nitrogen is in strong
correlative relations with all the studied indicators except for NO5-
N and Total P. They are particularly strongly manifested with Min.
N (0.854**) MA-14 (0.828**), P,O5 (0.796**). NO3-N is in proven
correlation only with Min. N. For available phosphorus, the best
correlations are with MA-14 (0.842**), PMA-14 (0.807**) and
Total N (0.743**).

Cation exchange potassium is characterized by less pronounced
interrelationships, the most significant being the one with the
content of available phosphorus.

Pure soil MA at the beginning of incubation (14 days) is
distinguished by high levels of correlation coefficients with almost
all indicators. For the 2™ and 3" terms, in most cases, they are
insignificant. The interrelationships of PMA 0-56 with all terms of
determination of the potential nitrogen supplying ability of soil,
with NH4-N, Total N and available phosphorus in the soil are
markedly high values.

Indices By depth, cm By kind of fertilizers
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Figure 1. Changes in soil acidity values, available forms of phosphorus and potassium, and total nitrogen and phosphorus in the soil

Table 2. Changes in the composition of the forms of mineral nitrogen and the mineralizing ability of the soil by profile depth and depending
on the type of applied fertilizers

Nitrogen mineral forms, mg /1000 g soil

Depth, cm NH,-N NOs-N Min. N Fertilizer variants NH,-N NOs-N Min. N
0-20 3,73¢c 5,24 a 8,97 c Control 3,09¢ 5,06 ab 8,16 b
20-40 2,76 b 5,07 a 7,84b Superfos 3,02¢ 4,89 a 7,91 ab
40-60 1,87 a 510a 6,97 a Superfos+Ecxel°™® 2,73b 535h 8,08 b
Ecxel°™® 2,30 a 5,24 ab 754a
Mineralization ability according to days of incubation, mg NO3-N /1000 g soil
Depth, cm 14 28 56 Fertilizer variants 14 28 56
0-20 16,761 c 26,58 b 40,39 ¢ Control 11,69a 22,73 b 35,42 b
20-40 13,37b 24,95 b 35,64 b Superfos 13,20 b 22,71b 35,55b
40-60 7,14 a 15,27 a 26,92 a Superfos+Ecxel°™® 13,11b 23,92b 34,40 ab
Ecxel°™® 11,69 a 19,70 a 31,89a

Pure mineralization ability between days of incubation , mg NO-N /1000 g soil

Depth, t014™ day 14" - 28" 28" - 56" Fertilizer variants to14™ day 14" - 28" 28" - 56"
cm day day day day
0-20 7,79 ¢ 9,82 a 13,81 b Control 3,54 a 11,03 b 12,70 a
20-40 554b 11,57 b 10,70 a Superfos 529b 9,51 ab 12,84 a
40-60 17 a 8,13 a 11,64 ab Superfos+EcerO'ga 503b 10,81 b 10,48 a
Ecxelo™® 415a 8,01 a 12,19 a
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Figure 2. Strong correlative relationships between investigated
agrochemical indices of soil fertility (Pearson Correlation)
Conclutions

In general, the results show that with prolonged discomfort in
relation to the predecessor and without the application of nitrogen
fertilization during the growing season, the tested technological
solutions in terms of optimizing wheat nutrition by selecting
different origin fertilizers for main fertilization have a positive
effect on the agrochemical status of Haplic Chernozems.

The investigated layers by depth of the profile influence the
values of a number of the studied indicators. A high level of
statistical reliability of this influence was found in the changes in
soil reaction (pHkc), the content of mineral forms of nitrogen,
referring mainly to the ammonium form. In this regard, the potential
nitrogen supplying capacity of the soil determined on the 28" and
56" days of incubation significantly increased the amount of
mineralized nitrogen. The same was highest in the use of the
organic fertilizer Excel®™?, where the excess over the control in the
values of net mineralizing capacity was 24.20%. There was also a
significant effect on the plant available phosphorus content, as well
as an increase in total nitrogen values in the soil.

Tested fertilizers of different composition and origin without
the use of mineral nitrogen fertilizers have a positive effect on the
values of ammonium form of nitrogen, available and total
phosphorus in the soil, as well as cation exchangeable potassium.
Certainly organic fertilization as well as its combination with
multicomponent mineral fertilizer has a positive impact on the
agrochemical status of the soil. Numerous clear correlations
between soil acidity, digestible and total forms of macronutrients
have been established.
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Abstract. The article studies and analyzes the impact of military operations on the soil cover, in particular, damage and destruction of the
fertile soil layer as a result of detonation of various explosive objects (missiles, bombs, artillery shells, etc.) and its contamination with
heavy metals and other harmful substances. A method is proposed for the technical reclamation of damaged land as a result of bombing. It
involves first cleaning the craters from damaged and contaminated soil with heavy metals and other hazardous substances. It is proposed
to use a new working body for this purpose. If a dangerous concentration of heavy metals and other hazardous substances is found on the
surface of the crater, the removed contaminated soil layer must be disposed of. If the removed layer of the sinkhole surface contains an
acceptable concentration of contaminants, the removed layer can be left at the bottom of the funnel. A flexible screw conveyor with a
sectional auger working body can be used to dispose of the removed contaminated soil layer. To restore the relief, it is necessary to
backfill the craters, i.e. level the surface. After that, the land can be disked and cultivated, and plowed if necessary.
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Thousands of hectares of Ukrainian land were bombed during
the aggressor's full-scale invasion of Ukraine. Military actions
lead not only to mechanical and physical deterioration of the soil,
but also to its chemical contamination.

Deformation of the soil cover due to the formation of craters
from bombing or demining of territories, movement of military
equipment, troop movements, construction of protective
structures, and bombing sites lead to disruption of the soil
structure. The consequence of this impact is compaction,
waterlogging, and contamination of the territory with war
products [1]. The main mechanical impact on the soil is
compaction with damage to the humus layer, which has direct
negative consequences, such as disruption of the soil's water
balance and the development of wind and water erosion. Physical
impact involves changes in the physical parameters of the soil as a
result of the use of weapons and military equipment, i.e. vibration,
radioactive and thermal effects. Chemical impact changes the
natural physical and chemical parameters of the soil cover,
primarily pH, cation exchange and humus content. It also
increases the concentration of toxic chemicals [2].

The combination of various impact factors leads to a
cumulative negative effect. The consequences are the loss of the
soil's buffer capacity for recovery, loss of humus and a decrease in
natural fertility.

Currently, about a third of Ukraine's agricultural land has been
affected by the hostilities. During explosions and the operation of
military equipment, large amounts of toxic explosives and heavy
metals enter the soil. The soil is chemically damaged [3].

A very negative aspect is that pollutants can move around. This
happens in two ways:

— horizontal, which occurs immediately after the bombing,
primarily due to air transport;

— vertical, due to factors such as ion diffusion, transfer with the
flow of moisture or plant root systems, soil mesofauna, and
human activities [4].

Most often, pollutant migration occurs through groundwater,
which has the ability to retain heavy metals through selective
uptake (adsorption). Many factors influence the proportion of
heavy metals that migrate. In particular, soil composition, organic
matter in the soil, moisture, microbiological activity, etc. are
important. The presence of plants also affects the mobility of
explosives and heavy metals [2].

In craters caused by missiles, bombs and mines, and in places
where military equipment burned, the content of heavy metals in
soil samples exceeds the norm by 10-20 times. These include
mercury, arsenic, lead, iron, copper, and chromium [3].

Rocket and bomb explosions pollute not only the air. Harmful
substances do not stay in the air for long, but return as
precipitation and accumulate in the soil. Sulfur, which is a
component of a large part of ammunition, remains in powder form
not only in the craters but also around them, and in contact with
precipitation it turns into sulfuric acid. And this is very bad for the
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soil, because millions of organisms that form the upper living
layer of the soil and the ecosystem are burned in this acid.

Toxic elements such as lead, cadmium, arsenic, and mercury
will be absorbed by plants with background levels ten times
higher than normal. Other elements, such as zinc and nickel, will
seriously inhibit crop growth [5].

So, soil contamination can be a hidden danger. If potential
areas of contamination are not identified and recorded in time,
harmful substances will leach into grain or other agricultural
products and poison the crop. This is a direct threat to food
security and export opportunities.

Physical and mechanical damage can be seen with the unaided
eye, but to determine the chemical impact, it is necessary to
analyze it, because heat, explosion, and soil rupture all have an
impact. This also destroys the biological component of the soil -
the microbiota, humus, and other substances responsible for the
biological activity of the soil are practically “burned out”. For
example, high concentrations of hydrocarbons can cause
symptoms of poisoning in earthworms [2].

Products grown on such lands may be unsafe for consumption,
so such lands require measures appropriate to the level of
contamination: reclamation or even conservation. Conservation is
recommended for the most damaged lands (i.e., those with more
than 75% of the land area damaged), as the cost of remediation for
this level of damage is so high that it is no longer economically
feasible.

Fig. 1 shows a field damaged by artillery shell craters [5].

The conservation of the most damaged areas also allows
communities to improve soil biodiversity, increase their ability to
adapt to climate change, and reduce the risks of wind and water
erosion. In other words, conservation, in addition to the natural
restoration of the sites themselves from pollution, has a number of
related environmental benefits for the entire territory [6].

Figure 1. A field disfigured by artillery shell craters

However, if the level of heavy metal contamination due to
explosions is high, and a dangerous pollutant can easily migrate



into groundwater (depending on soil and climatic conditions),
then improvement measures are unavoidable! The issue here is
not one of economic feasibility, but of environmental safety of the
state. Before conservation of the most damaged areas, it is
necessary to remove or clean the damaged soil layer and then
utilize it. Almost all studies show highly contaminated profiles of
the topsoil (0-10 cm). With increasing depth, the level of
contamination decreases, except for those potentially toxic
elements that have relatively higher levels of accumulation with
increasing depth. Contamination is generally limited to the first
half meter of depth [7].

If the damage to the surface of the plots is 75-100% of the area,
the damaged plots can be preserved and nature can start the
process of self-healing, as further import of good quality soil is
costly. If the damage amounts to 50-75% of the area of the plots,
the land is subject to reclamation.

In order to carry out reclamation, i.e. to transform contaminated
land into a usable area, it is necessary to conduct thorough
monitoring of the areas of soil damaged and contaminated as a
result of hostilities, which will allow timely measures to be taken
to rehabilitate them, as well as to establish the boundaries of
contaminated areas in order to restore them [8, 9].

Land monitoring to maximize coverage of the entire potentially
affected area using modern technologies:

— high-precision satellite data for remote monitoring and
digitization of areas affected by hostilities;

— drones for both photo and video recording and magnetometric
surveys for remote detection and identification of metal and
explosive objects for further demining and neutralization.

This will allow you to record, digitize, and determine the level
of damage to each potentially dangerous area of the field.
Progressive farms and holdings that already use precision farming
elements on their fields can digitize damaged areas, sinkholes, etc.
with their own resources. Next, you need to take samples in the
affected area (separately) and the surrounding area (separately).
Based on the analysis of pollutants (especially heavy metals), the
optimal reclamation option can be selected [10].

To restore the areas damaged by the explosions, it is necessary
to remove or clean the surface soil layer, as in addition to
chemical contamination with heavy metals, the fertile soil layer
burns out, dehydration and “sterilization” occurs, killing both
pathogenic microorganisms and beneficial biota. If the surface
contaminated layer is not cleaned off, but the sinkhole is
mechanically sealed with bulldozers and graders, soil fertility
restoration will take decades and require serious investments in
organic fertilizers, ameliorants, phytomelioration, etc. [11, 12].

If dangerous concentrations of heavy metals and other
dangerous substances are found on the surface of the crater, the
removed contaminated soil layer must be disposed of. If the
removed layer of the sinkhole surface contains an acceptable
concentration of pollutants, the removed layer can be left at the
bottom of the sinkhole [13, 14].

Shallow sinkholes (up to 0.5 m) can be filled with soil mass
remaining at the explosion site (at an acceptable concentration of
pollutants) or mineral soil (loam, loess loam, sandy loam, sand),
followed by leveling the surface.

Deep sinkholes (more than 0.5 m) should be covered with soil
mass, but the order of soil layers should be close to the
undamaged areas, so the sinkhole should be covered with mineral
soil first, and the top layer (20-30 cm) should be covered with
fertile chernozem. If backfilled in a chaotic manner, such a site
will be low-productive for crops, and its restoration will require
additional measures (application of organic fertilizers,
ameliorants, phytomelioration, etc.). Based on the measurements
of the parameters of explosion craters, the need for mineral and
fertile soils is calculated in the working land management project.

Fig. 2 shows the appearance of craters from air bombs.
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Figure 2. The appearance of craters caused by bombs:
a —shallow crater (0.5 m); b — deep crater (8 m)

To remove and clean the damaged surface layer of soil in the
crater formed as a result of explosions, it is recommended to use a
working tool that will allow mechanizing this process. This
working tool is attached to the boom of an excavator with a
hydraulic system. Fig. 3 shows a general view of an excavator
with a working body installed to clean the damaged soil inside the
craters and a general view of this working body. It contains a
frame made in the form of circles to which channels and angles
are welded.

Figure 3. General view of an excavator with an excavating tool
for cleaning damaged soil inside sinkholes (a) and general view
of this tool (b)
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This working body can be rotated by a hydraulic motor
connected to the excavator's hydraulic network and can be rotated
at an angle to the horizon. As the working body rotates, the angle
of the sinkhole whose surface needs to be cleaned will be
selected. The ribs of the channel shelves and angles welded to the
working body will allow you to remove the top layer of the
sinkhole surface from damaged contaminated soil containing
heavy metals and other harmful substances.

To dispose of the removed contaminated soil layer, a flexible
screw conveyor with a sectional auger working body can be used,
which will allow it to be transferred to the truck body.

The working body is made in the form of a cut-off cone, the
inner surface of which is hollow, and is attached to the excavator
boom with brackets.

The excavator operation scheme with the working body
installed is shown in Fig. 4.

Figure 4. Schematic of an excavator with an installed working
body for cleaning damaged soil inside sinkholes:
1 — excavator; 2 — excavator boom; 3 — working body;
4 — screw conveyor with a sectional auger working body;
5 —truck

In this way, technical land reclamation can be carried out,
which involves first cleaning the craters from damaged and
contaminated soil with heavy metals and other dangerous
substances. After that, it is necessary to backfill the craters, i.e.
level the surface. After that, the land can be used for disking and
cultivation, and, if necessary, plowing.

Subsequently, to restore land productivity and soil fertility after
technical reclamation, it is necessary to carry out a set of
agrotechnical, agrochemical and phytomeliorative measures by
deoxidizing soils, applying organic and mineral fertilizers and
sowing perennial grasses.
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Currently, Ukraine's land fund is suffering from exorbitant
damage and destruction, as a large proportion of land, including
agricultural land, is severely damaged by rocket attacks and
hostilities. As a result, the quality of the soil has deteriorated
significantly.

Each shell explosion on the field creates a blast wave and
chemical pollution. The blast wave results in sinkholes, soil
compaction, destruction of vegetation and death of soil fauna. All
of this causes a change in the hydrolytic regime and destruction of
the soil structure, and ultimately provokes soil erosion and
desertification. Military weapons and explosives use chemical
compounds that are not biodegradable and can contaminate soil
and surface water [1].

Harmful chemical contamination of agricultural soils as a result
of hostilities can be considered from three perspectives:
contamination with potentially toxic elements, explosives and
other substances.

Chemical contamination of land as a result of hostilities can be
of varying degrees: from permissible to moderately dangerous and
hazardous. According to DSTU 7243- 2011 SOIL QUALITY.
Land is technogenically contaminated. Inspection and use, land
plots with very hazardous and extremely hazardous chemical
contamination are subject to conservation for a certain period of
time depending on the decomposition of chemicals or their
decontamination [2].

The degree of land contamination with chemicals is determined
based on the results of the inspection of such land and rapid soil
analysis on the land plot based on the results of the analysis of
samples taken on the land plot [3].

Soil samples should be collected from every area where the
presence of explosive ordnance is suspected, such as known target
areas, firing lines, and open detonation zones.

The approaches most commonly used in soil sampling are
discrete sampling, systematic random sampling, simple random
sampling, and others. These approaches can also be combined to
improve the quality of information collected during sampling [4].

Discrete sampling involves taking soil samples from a specific
location where the information obtained gives reason to suspect
contamination. One of the specific features of this sampling
method is that it detects the highest levels of contamination at the
site, rather than the average level of contamination [5].

Systematic random sampling involves dividing the study area
using a square, triangular or herringbone grid and taking samples
from nodes (intersections of grid lines). The start and direction of
the grid is set using an initial random point. From this point, the
coordinate axis and the grid over the entire area are built. The
distance between the sampling points in a systematic grid is
determined by the size of the area to be sampled and the number
of samples to be collected. Systematic grid sampling is often used
to determine the level of pollution and to determine the
concentration of pollutants [5].

Fig. 1 shows a scheme of systematic random sampling on a
rectangular grid [5].

This sampling is a flexible method for estimating the average
concentration of a contaminant in grid cells and is sometimes also
referred to as stratified random sampling. To reduce the influence
of warfare sources on the average concentration estimate for the
study area, it is recommended that 30 or more evenly spaced
increments are taken to form a pooled sample. A small number of
discrete samples will almost always result in a lower estimate of
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the average concentration than a sampling strategy with many
increments [5].
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Figure 1. Scheme of systematic random sampling on a
rectangular grid

Simple random sampling involves taking samples from
randomly selected locations on the site. From a statistical point of
view, it can be used to estimate the average level of contamination
in an area. Due to the internal variability of soils, it can provide
high accuracy if the soil is suspected to be homogeneously
contaminated. Sampling locations are selected using a random
sampling procedure (Fig. 2) [5].

The random selection of sampling points implies that each of
these points should be selected independently of the location of all
others. As a result, all points within the relevant area have an
equal opportunity to be sampled.
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Figure 2. Scheme of simple random sampling on a rectangular
grid

In addition, the interpretation of the results of analyses of
samples taken by simple random sampling can be time-
consuming. Therefore, systematic random sampling is preferred.

For areas of several types of battle damage, a field sampling
strategy called multi-stage sampling is also used, where a 100-
incremental soil sample is taken (from the 0-5 cm layer) at evenly
spaced intervals (50 x 50 m) at each decision unit to form one
sample (Fig. 3) [5].

In areas where anti-tank missile systems are used for direct fire,
the highest concentrations of explosive residues are recorded
around targets and behind the line of fire.
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Figure 3. Scheme of 100-incremental sampling using a
systematic random approach

Other sampling approaches are used to estimate average
explosive concentrations. The first is a "box" sampling scheme,
where a 7 x 7-m sampling unit is used to form a pooled sample of
five increments, with samples taken from the centre point and four
corners, as shown in Figure 4, a. The following Figure 4, b uses a
"wheel" sampling scheme of seven increments, with six samples
taken from the periphery of a 1.2-m diameter circle and the
seventh from the centre point [5].

Territory for
sampling
A Sampling point

a
Territory for
sampling
A Sampling point b

Figure 4. Soil sampling schemes: a) box sampling plan; b)
wheel sampling plan

Direct fire artillery combat zones are among the most common
in military operations. The high explosives used in artillery shells
and mines typically contain mainly TNT, sometimes tetryl. When
the munitions are detonated, the detonation often creates an
explosive crater in the ground, the size of which depends on the
type of munition, the physical properties of the soil, and the type
and setting of the fuze. Impact zones can therefore be identified
by the presence of targets, debris from former targets and areas
with a large number of explosive craters.

In general, high-order detonations consume the explosives in
the warhead very efficiently, leaving only micrograms to
milligrams per hundreds of square metres of surface per shot.
Low-order detonations result in a different type of soil
contamination, which is also confirmed by our research: 70 per
cent of soil samples collected from individual explosive craters in
Zaporizhzhia, Donetsk, Kyiv and Sumy regions did not contain
explosive residues, but only heavy metals. In almost all cases, the
surface layer of the sampled soils was affected by low-order
detonation [5].

In a relatively small number of cases, a projectile partially
detonates on impact, resulting in a low-order detonation. In these
cases, only a portion of the explosive filler is consumed,
sometimes leaving a significant portion of the explosive in the
ruptured case or near the ruptured jacket. Sometimes a close high
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explosive detonation causes a low explosive detonation at a
certain distance. In this case, a significant portion of the explosive
will accumulate on the ground surface. These events are generally
rare for most munitions, so their distribution is random. Low-
order detonation results often exist in the form of distributed point
sources with very high concentrations of contaminant residues.
Furthermore, unlike anti-tank targets, there is usually no well-
defined explosive gradient around artillery munitions explosion
sites. This random spatial array in the event of low-order
detonations is explained by indirect fire and the large distance
between the firing position and the target. However, the
concentrations of explosive residues in the surface soil layer in
areas where shells have experienced low-order detonations can
reach hundreds of mgkg™ [5].

For direct fire artillery battlefield sampling, it is recommended
to use a decision unit size of 50x50 m centred on each target and
to collect 100-incremental samples from the top 5 cm of soil using
a systematic random approach [5].

If low-order detonations are present or fragments of explosive
remnants are visible and identifiable by field screening methods,
then a 10x10 m grid or smaller decision unit should be used for
sampling, centred on each target and a 30-increment sample taken

from the top 5 cm (Figure 5) [5].
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Figure 5. Scheme of taking 30 incremental samples on a 10x10
m plot

To assess the risk to human health, the initial sample is taken
from the soil surface to a depth of 0-5 cm. After that, the sampling
intervals should be close enough to each other, e.g. 5-10 cm or 20-
30 cm, to ensure relevant depth segregation. Almost all studies
show heavily contaminated topsoil profiles (0-10 cm). With
increasing depth, the level of contamination decreases, with the
exception of those potentially toxic elements that have relatively
higher accumulation levels with increasing depth. Contamination
is generally limited to the first half metre of depth [4].

It is also necessary to take into account the depth of
groundwater when determining the sampling site, as the
mechanisms of migration of pollutants in the zone saturated with
organic or mineral substances are different. In the case of surface
contamination, the presence of organic matter can affect the
migration of contaminants to deeper layers.

Samples to determine the level of contamination should be
taken in a way that limits the possibility of contamination itself
during the sampling process.

For one thing, sampling should start from the least
contaminated to the most contaminated area. This minimises the
risk of contamination from the sampling equipment.

Once the soil sample is collected, it is transferred to a suitable
container for storage and transport to the laboratory [5].

Depending on the contaminant parameters to be analysed, the
container may be a plastic bag or a glass or rigid plastic container.
In general, plastic containers are only acceptable when soils are
analysed for inorganic contaminants, while glass containers are
intended for organic contaminants.



It is always advisable to collect more soil than required for
repeat analyses if necessary. For the analysis of organic and
inorganic contaminants, 1 kg of soil is generally sufficient.

All sampling equipment should be of sufficient quality to
prevent contamination of samples (e.g. painted surfaces that may
chip and enter the sample). In addition, the sampling equipment
should either be easy to disinfect or cost-effective if it is
considered costly.

Several types of tools can be used for soil sampling, depending
on whether shallow sampling is intended.

Depending on the sampling method, different types of samplers
are used (Figure 6) [5].

T

Figure 6. Tools for taking samples

When the sample to be taken is very close to the surface, a
shovel or trowel is used to take the required volume of soil.

The sampler is used as systematically as possible to be able to
reproduce the same sampling conditions at successive points. The
main disadvantage of this method is that it mixes the soil
considerably during sampling, which can lead to volatile
compounds evaporating. This soil sampling tool is easy to use in
cohesive (clay, loamy) soils. However, they are not practical for
non-cohesive (sandy) soils, so metal trowels are more suitable for
sampling.

Hand-held auger. This sampling system consists of an auger, an
extension and a T-handle, which are connected together and can
be easily dismantled. The auger models are designed to take
samples from a variety of soil types, from sandy to clayey. To
take a sample, the auger is inserted into the soil by turning it
clockwise. As a rule of thumb, two to three turns will drive the
auger approximately 10 cm. Once the auger has been inserted to
its full length, it is removed from the soil and a sample is taken.
The auger is removed from the soil and the sample is taken by
turning the auger over. We recommend using augers with a
diameter of 5 cm or more. Sampling tube. This method involves
taking a sample by inserting a tube into the soil from the surface.
After the tube is pushed as far as it will go, it is pulled out and a
soil sample is taken [5].

There are different models of sampling tubes on the market,
depending on the type of soil. The length of the tube itself varies
from 20 to 52 cm in different models. The inner diameter should
be 2-3 cm. Although the sampling tube is typically used for
surface sampling, the use of additional extensions can allow for
sampling from greater depths [5].

The preparation of soil samples in the field should generally
involve a minimum of measures to preserve the integrity of the
sample.

A composite sample consists of a set of point samples
combined in proportion to the weight each sample represents. A
pooled sample can be prepared in the field or in the laboratory
using an inert, clean and sufficiently large container. The first step
is to collect each of the subsamples (increments) using the same
sampling method, mixing the subsamples in the container, and
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then transfer the pooled sample to a suitable container for storage
and transport to the laboratory [5].

Once collected, soil samples should be stored in a cool place in
suitable, hermetically sealed containers in a manner that ensures
sample integrity and protects them from light as far as possible.

Depending on the sampling requirements, additional controls
should supplement the interpretation of the results, such as

- background sample: a field sample taken from a nearby site
that has not been affected by military-technological
contamination, which allows for the establishment of a reference
value or basis for comparison.

- replicate sample: a sample divided into several representative
subsamples used to assess the repeatability of results obtained
over a long sampling period.

Soils are classified according to the degree of contamination by
comparing the maximum permissible concentration and
background content of substances that pollute the soil. The main
calculated indicators of the degree of contamination are the
concentration coefficient K. and the total contamination index Z.

[2].
The concentration factor K. is calculated by the formula:
C
K.=—, 1
e M

where C; is the actual content of the i-th element; C; is the
background content of the i-th element.
The total pollution index Z. is calculated by the formula:

Z.=Y K ~(n-1), @
1

where n is the number of chemical elements that meet the
condition C; > Cs.

Heavy metal contamination can take decades to be felt. For
example, bullets can release lead, which is then absorbed by
plants [4]. Lead distributed in different soil fractions may initially
be inert, but then become reactive due to changes in soil
conditions (e.g. pH, moisture). In addition to lead, metals such as
chromium (Cr), arsenic (As), mercury (Hg), nickel (Ni), zinc (Zn)
and cadmium (Cd) are also released into the soil with weapon
residues. There are lead-free weapons made of iron, steel and
various metals. However, they can become a source of
contamination with other heavy metals, such as bismuth,
chromium, and nickel [4].

The specific characteristics of acidic soils, sandy particle size
distribution, low cation exchange capacity or low organic matter
(individually or in combination) will enhance the mobilisation of
heavy metals. Whereas alkaline soils, loam/silt loam/clay texture,
high capacity and high organic content limit the mobility of
potentially toxic elements."

A study of the impact of hostilities in Amvrosiivka and
Shakhtarsk districts of Donetsk region using satellite imagery
identified the size and number of craters, the type of shell whose
explosion led to the formation of the crater, and assessed the
extent of soil destruction and estimated the damage caused to the
state [4].

It was found that on the territory of 225 km?, shell bursts led to
the formation of 15,505 craters. In places of high density, the
craters contained mixed layers of soil, bedrock, and a lot of
debris. In addition, tonnes of toxic substances formed during the
detonation were released into the environment. No less than 392
tonnes of metal fragments were scattered over the area. In
addition, oxidation products from at least 58 tonnes of explosives,
as well as 70 tonnes of aluminium oxide formed as a result of the
oxidation of powdered aluminium used in conjunction with TNT
as an explosive, were released into the environment [4].

Metal fragments are also hazardous to the environment. Cast
iron with sulphur and copper impurities is commonly used to
produce ammunition casings. Copper is a heavy metal and some
of its compounds can be toxic and affect the functioning of living
organisms.

Table 1 shows the amount of elements that enter the soil from
shells [4].
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Table 1. Number of elements entering the soil from shells

Table 2. Kameeopii npudamnocmi 3a6pyonenux semeins

Number Mass
Projectile of Mass
d - Carbon of Mass of
calibre, funnels of iron, mass. t sulfur copper. t
mm of this t ' ! Pper,
t
type
82 4342 12.50 0.20 0.23 0.09
120 2775 47.95 0.75 0.90 0.35
152 8347 31251 4.88 5.86 2.28
220 41 3.90 0.06 0.07 0.03

Based on the analysis of soil samples taken in fields near the
towns of Sloviansk and Shchastia, directly in the areas where
shells hit and 500 metres away, the average value of chemical
contamination indicators was generally at the level of background
values. Soil samples were taken from the test site using the
"envelope" method with averaging over 5 points. Systematic
exceedances of 1.1 - 1.3 times were recorded for mercury,
vanadium, cadmium, non-radioactive strontium and gamma
radiation. The maximum exceedance for some indicators was 1.2-
2 times the background level, and only in some cases the
exceedance reached 7-17 times [4].

As for the chemical analysis of the soil conducted on the
territory of the Kreidova Flora reserve as part of the same study,
the concentration of titanium in the soil sample at the site of the
shell burst was 150 times higher than the background. The
concentration of vanadium was 100 mgkg?, and there was no
vanadium in the clean sample at all. Titanium-based alloys with
vanadium additives are used in aviation and missile technology.
We also detected a 2.3-fold excess of sulphates and mobile forms
of heavy metals: lead - 1.3 times, cadmium - 1.5 times. In
addition, strontium was found to be exceeded in Zakvitne village
at the site of shell bursts. Its concentration was 150 mg-kg™. The
content of sulphates in the same sample exceeded the standard by
more than 4 times, and cadmium - by 9 times. At the site of shell
bursts in Donetsk region, excesses were recorded for mobile
forms of heavy metals, including manganese, copper, iron, lead,
cadmium, chromium and zinc [6].

Heavy metals can get into crops from the soil and then into
food. Therefore, it is impossible to give up on soil analysis and
cultivate the fields. Otherwise, people will simply refuse to buy
your products.

Commission Regulation (EC) No. 1881/2006 of 19 December
2006 laying down maximum levels of certain contaminants in
foodstuffs sets the following permissible levels of lead (mg-kg™ of
raw weight):

-Cabbage vegetables, leafy vegetables and cultivated
mushrooms - 0.30;

- Cereals, wheat, rice, legumes, soya, and berries - 0.20;

- Fruits and vegetables (except cabbage and leafy vegetables) -
0.10.

Strict restrictions in this document also apply to other heavy
metals, including cadmium, tin, etc. If animal feed is grown on the
fields, contaminated soils can indirectly affect the quality of
livestock products.

Table 2 shows the possible levels of agricultural land
contamination and proposed measures for the use of such land
depending on the level of chemical contamination [2].

Based on the findings of the analysis, the optimal reclamation
option can be selected. To select a land reclamation methodology,
a cumulative assessment of the level of damaged land is required,
which involves determining the category of land use suitability.

To restore the fields damaged by explosions, it is necessary to
digitise the areas using satellite / UAV / ground monitoring with
reference to the coordinate system. All areas need to be digitised,
regardless of the scale of the damage. Even if the physical damage
to the soil is minor, severe chemical contamination is possible. If
the surface damage is 75-100% of the area, it is possible to
preserve the damaged areas and allow nature to start the process
of self-healing, as it is costly to import good quality soil.

Total soil Levgl Of. Land Proposed
otal soil ~jcontamination suitability | Areas of use remediation
contamination| (% of the site categories measures
index Z area)
Very low level
Cﬁr?tcaermﬁgii)n of Definitel Cultivation of
ind is | contamination| . bl Y crops without Not allowed
mth?r(\ ﬁcﬁls €ss up to 10 % of suitable restrictions
the land area
Low-level o
Moderately |contamination Cultivation of
hazardous. |(10-2506 of the crops without Agricultural

Contamination| |anq plot area)| Suitable restrictions  |practices, liming,

index Z; up to subject to product| application of
32 quality control organic and

mineral fertilisers

Agrotechnical

Hazardous. | Medium level Use for industrial measures,

Contamination| contamination SZ?:;E% crops without  [phytoremediation,
index Z. from |(25-50% of the food production chemical
32 to 64 land area) reclamation
Very unsafe.

Use for pastures

Contamination es] )
- " and cultivation of | pp lan
index Z; from | - High level - (Conditionally|essential il crops ysical and

64 to 128 pollution (50- | suitable reccr::mlai?(!n
75% of the
land plot area)
Extremely Very high Withdrawal from
hazardous. level of intensive use.

Remediation or

Contamination ination | Not suitable | Conservation
contamination natural recovery

index Zcis | (75-10 0% of

more than 128/ the land area)

If the damage amounts to 50-75% of the area, the land is
subject to reclamation.

Next, samples should be taken from the affected area
(separately) and the surrounding area (separately) and analysed
for contaminants. First of all, heavy metals.

Based on this data on the level of contamination of agricultural
land, a decision should be made on the possibility of farming and
further intended use.

After the sites have been cleared of the source of contamination
and debris, it is necessary to restore the soil damaged by the
explosions. Shallow sinkholes (up to 0.5 m) can be filled with soil
mass remaining at the explosion site (at an acceptable
concentration of pollutants) or mineral soil (loam, loess loam,
sandy loam, sand), followed by levelling the surface [7, 8].

Deep craters (more than 0.5 m) should be covered with soil
mass, but the order of soil layers should be close to the
undamaged areas, so the crater should be covered with mineral
soil first, and the top layer (20-30 cm) should be covered with
fertile black soil. If filled in in a chaotic manner, such a site will
be low-productive for crops, and its restoration will require
additional measures (application of organic fertilisers,
ameliorants, phytomelioration, etc.). Based on the measurements
of the parameters of explosion craters, the need for mineral and
fertile soils is calculated in the working land management project
[7, 8].

In order to restore areas damaged by explosions, it is necessary
to remove or clean the surface soil layer, as in addition to
chemical contamination with heavy metals, the fertile soil layer
burns out, dehydration and “sterilisation" occur, killing both
pathogenic microorganisms and beneficial biota. If the surface
contaminated layer is not cleaned off, but the sinkhole is
mechanically sealed with bulldozers and graders, it will take
decades to restore soil fertility, requiring serious investments in
organic fertilisers, ameliorants, phytomeliorants, etc. [9, 10].
Subsequently, after levelling the surface of the damaged area, to
restore its fertility, it is possible to loosen the soil to increase
oxygen penetration and redox reactions, apply organic and
mineral fertilisers and sow grasses to intensify natural
biochemical treatment processes.
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Study of moisture conditions of chernozem in the left-bank forest-steppe of Ukraine
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Abstract: The article analyzes the dynamics of moisture content of the chernozem soil and the accumulation of productive moisture reserves
in its thickness based on the data set from 1947 to 2022. Changes in the moisture regime within the periodically flushing water regime of the
central part of the Left-Bank Forest-Steppe of Ukraine are analyzed. The central Forest-Steppe zone is characterized by a periodically
flushing water regime, when an average of 165 mm of moisture accumulates in the meter thick chernozem, and therefore tends to the values
of the moisture reserve under the non-flushing water regime, which exceeds its value by 25 mm, which is a stable trend of aridization of soil
conditions in the spring. In the current climatic conditions of the central part of the Left-Bank Forest-Steppe, a regime of black soil moisture
has been formed in the long-term time interval, which, under the influence of agrotechnical influences, cannot be shifted beyond the
parameters of the non-flushing or periodically flushing water regime in the agrocenosis. The process of self-regulation of the Forest-Steppe
zone's resistance to active aridization and the Steppe's "advance" on the Forest-Steppe is manifested.

KEYWORDS: PRODUCTIVE MOISTURE RESERVE, EVAPOTRANSPIRATION, COLD-SEASON PRECIPITATION, MOISTURE INDEX,
FACTOR ANALYSIS, CLIMATE.

1. Introduction on the state of the black soil moisture regime, especially on the

In the family of soils of non-washing and periodically washing type ~ formation of spring moisture reserves, within the framework of the
of water regime, typical chernozems of the Forest-Steppe zone are ~ Non-flushing and periodically flushing water regime, and the nature
the most optimally moistened, as they do not have the _of t_he formation of spring moisture reserves in agrocenoses is an
disadvantages of soils of washing regime and the disadvantages of ~ indicator of the response to synoptic changes in the composition of
SOiIS of non_Washing regime of moisture’ Wh|Ch Contributes to the CIlmath factors in the Central pal’t of the Left Bank Forest. It is
manifestation of ’[he chernozem type of SOiI formation. The impOI’tant to Carry out a Compl’ehensive analySiS of the data Obtained
formation of the water regime of chernozems in agrocenoses is ~ in the long term (76 years) on moisture accumulation on
determined primarily by changes in the nature of consumption of chernozems and climatic indicators in the agrocenoses of the central
the root system of crops in agrocenoses, which varies in depth and ~ Part of the Left Bank Forest-Steppe agrolandscape, as well as to
volume. The water balance of chernozems in agrocenoses is formed ~ Nnormalize the processes of formation of productive moisture
at a lower level compared to virgin chernozems. Agrocenoses reserves in the thickness of the chernozem under the influence of
manifest the consequence of "aridization" of chernozems, i.e., less  changing climatic factors and conditions.

soil moisture supply to the chernozem layer than is possible under

the given climatic conditions. In agrocenosis chernozems, the water 2. Results and discussions

regime is formed in two opposite directions: the total volume of  The research was carried out in the central part of the Left-Bank
moisture is reduced, and at the same time, the moisture of the lower Forest-Steppe of Ukraine in a long-term stationary experiment of
horizons is not completely consumed, but accumulates in a multi- the Drabivske experimental field of the Cherkasy State Agricultural
year cycle [1, 2]. Research Station "NSC "Institute of Agriculture of NAAS".

In the Forest-Steppe, virgin chernozems and agrocenosis Geographically, the research was conducted in the
chernozems differ in the nature of moisture consumption during the Sredniodniprovsko-Seym agro-soil district, which covers the lands
growing season: in virgin analogues, there is a gradual and of Kyiv, Poltava, Sumy, Chernihiv, and Cherkasy regions.
consistent moisture consumption from spring to autumn with the According to the results of the research, it was found that the stock
deepening of the drying front deeper into the profile, and in the of productive moisture in November for the period 1947- 2023
hydrological profile of chernozem in agrocenosis, there are three averaged about 62 mm, and the median was 10 mm less. The
zones with differently directed soil moisture dynamics compared to amplitude range of the moisture reserve was 128 mm, and the
natural chernozems: The upper half meter is characterized by an normalized range was 24.5 mm (50%) and 33 mm (10%). At the
unstable actively changing water regime, the middle part of the same time, the median moisture reserve tended to L0.25 = 44 mm,
profile, which corresponds to the accumulative carbonate horizon, is which indicates a decrease in the moisture reserve in the meter-long
drier in all seasons, and the lower part of the profile is always wetter soil layer from 1947 to 2023. The coefficient of variation was
than in virgin soils, even in dry years. [3-5]. 54.4%, which corresponds to a very high level of variation. The
The negative change in water-physical properties naturally leads to variability of the moisture reserves in the meter-long soil layer in
a decrease in the profitable items of the water balance of November was 2.3 times higher than the variability of precipitation.
chernozems in agrocenoses and the moisture-release capacity of the The amount of precipitation for April-August during the
agro-horizon, where the bulk of crop roots are concentrated [6-9]. observation period averaged 257 mm, and the median average
The lack of precipitation and active physical evaporation of soil precipitation was 9 mm higher, and the median precipitation itself
moisture is facilitated by the low permeability of the topsoil, which was more inclined to the upper typical value, which is due to their
is close to critical (about 50 mm/h) and does not sufficiently ensure increasing amount from 1947 to 2023.

the absorption of moisture from the soil, the absorption of moisture The amplitude range of precipitation for November-March was 145
from the cold season in spring and the moisture of intense rainfall mm, and the normalized A = 49 mm (at a 50% significance level).
during the growing season of crops in the agrocenosis [9, 10]. An During the observation period, the average amount of precipitation
important feature of the moisture supply of crops in agrocenoses was about 191 mm, and the median amount was 4 mm higher. The
during the growing season, associated with changes in water- amplitude range of An = 129 mm. The coefficient of variation
physical properties, is manifested in the sharply variable nature of exceeded 20%, which indicates a slight variability. The average
the moisture content of the tilth layer: relatively short periods of reserve of productive moisture in the one-meter soil layer in April
waterlogging, when there are no air-occupied gaps in the thickness was about 156 mm, and the median value was about 158 mm. The
of 0-30 cm, repeatedly alternate with periods of complete drying amplitude range was 58 mm. The normalized range was 20 mm
[11, 12]. (50%) and 35 mm (10%), which is close to the normalized range of
The relevance of the study is that in order to deepen the the moisture reserve of 0-100 cm in November.

fundamental understanding of the impact of global climate change The coefficient of variation of moisture reserves in April was 10%,
on the development and functioning of agrocenoses, it is necessary which was 5.3 times lower compared to the variation of reserves in
to conduct a comprehensive analysis of the available long-term data November. The variation in precipitation between November and
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March was 2.3 times higher than the productive moisture reserves
formed in April. On average, during the cold season, the soil
accumulated about 94 mm of precipitation moisture, and the median
was 5 mm more.

The accumulation of moisture in the soil tended to the upper typical
value (L0.25 = 105 mm) and indicates that the less moisture was
accumulated before entering winter, the more moisture from
precipitation was absorbed by the soil column in spring, which is
more typical for the early periods of observation, while in 2020-
2023 the pattern was reversed. The amplitude range of moisture
inflow into the meter-thick soil was 92 mm, and the normalized
range was 13 mm (50%) and 35 mm (10%) with a coefficient of
variation greater than 25%, indicating a high level of variation.

The average potential moisture reserves (April water content in the
one-meter soil layer + April-August precipitation) were 421 mm,
with a median of about 420 mm. The amplitude range was 111 mm,
and the normalized range was 36 mm (50%) and 69 mm (10%). The
moisture potential at the median was more inclined to L0.25 =
405.5 mm, which indicates a steady downward trend in its level
from 1947 to 2023. The coefficient of variation of the moisture
potential was 7.3 %, which is 3.5 times lower than the variability of
productive moisture accumulation in April and indicates a high
level of stabilization (by legalization) of vegetation conditions by
precipitation in April-August.

The stock of productive moisture in the meter thickness in July
during the observation period was about 50 mm, and the median
was 5 mm less, which led to a shift in the value to L0.25 = 39 mm
and indicates a decrease in the amount of moisture in the meter
layer of soil in July from 1947 to 2023. The amplitude range of the
moisture reserve in July was 56 mm, and the normalized range was
24 mm (50%) and 35 mm (10%). The coefficient of variation of
moisture reserve formation in the 0-100 cm layer in July exceeded
30%, which indicates a high level of variability, which exceeded the
variability in April by 3.2 times, and was 1.65 times lower than in
November.

The consumption of the productive moisture reserve from the meter
thick soil in April - July by the average value and median was 105
mm. The moisture consumption from the soil by both statistical
indicators tended to the upper typical value (L0.75 = 122 mm),
which indicates an intensive consumption of moisture from the soil
over the entire observation period. The amplitude range of soil
moisture consumption was Aa = 35 mm, and the normalized range
was AH = 8.5 mm (50%) and Ax =23 mm (10%). The coefficient of
variation of the productive moisture reserve consumption was less
than 10%, which indicates the stability of the growth of moisture
consumption from the soil thickness over time. The average
moisture potential discharge for April-August was 363 mm, and the
median discharge was 13 mm higher. The median discharge tended
to the upper typical value of L0.75 = - 384 mm, which indicates an
increase in moisture potential discharge from 1947 to 2023. The
amplitude range of moisture consumption was Aa = 84 mm, and the
normalized range was Au = 43 mm (50%) and Ax = 72 mm (10%).
The closeness of the A(10%) flow rate to the amplitude range
indicates the stability of this parameter, which is reflected in the
coefficient of variation, which, being less than 10%,

was 1.2 times lower than the moisture flow from the soil.

The average evapotranspiration for April-August was 428 mm, and
in terms of amplitude, the evapotranspiration reached a maximum
value of 561 mm and a minimum value of 325 mm. The amplitude
range was Aa = 236 mm. The normalized evapotranspiration range
was AH = 122 mm (50 %) and Ar = 185 mm (10 %), and the
coefficient of variation of evapotranspiration was 18.2 %. The
median value of evapotranspiration tended to the upper typical
value (L0.75 507.5 mm), indicating an increase in
evapotranspiration from 1947 to 2023.

The mean value of the moisture coefficient (K38 .) was at K3 .=
1.02 (optimal moisture), and the median value K3 = 0.98, which
was more inclined to the lower typical value (L0.25 = 0.88) or
increasingly dry conditions. The amplitude range Ax3(a) = 0.66, and
the normalized range An/p = 0.25 (50%) and An/p = 0.45 (10%). At
the same time, the coefficient of variation Kv. was 18.6 %, which
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indicates a progressive increase in drought conditions over the
observation period from 1947 to 2023.

Over the observation period (1947-2023), the moisture index for
November averaged P3 = 0.42, and the median P3 = 0.35. With an
amplitude range of Am3(a) = 0.90 and normalized Am3(u) = 0.16
(50%) and Am3(u) = 0.23 (10%), the coefficient of variation was
high, exceeding 50%. The average value of P3 in April was P3 =
1.05, which corresponds to optimal moisture. According to the
amplitude range, Apz(a) = 0.71, while the normalized range at 50 %
and 10 % significance level was Apz(n) = 0.12 and Apz(n) = 0.42,
respectively, at a level of variation of 17.5 %, which indicates a
stable level of P3 in April for the entire observation period with a
weak tendency to decrease P3 in the period 2010-2023.

On average, the humidification index in July was 1.23 times lower
than in November, and compared to April, P3 was 3.1 times lower.
The amplitude range was Am3(a) = 0.38, and the normalized Am3(m)
= 0.16 (50%) and Am3(a) = 0.25 (10%), with an increase in the
coefficient of variation to 32.9%, indicating a rapid increase in
legalization in the meter thick soil in July.

The moisture deficit coefficient (DB ) in November averaged D =
0.59 with a median value of DB = 0.65, which indicates that the Ds
indicator in November tended to the upper typical value, and the
high range in amplitude and normalized values was associated with
a high value of the coefficient of variation, which exceeded 30%.
The moisture deficit coefficient in July was DB = 0.66, and with a
median value of D = 0.69, which tended to the upper typical value,
and the level of amplitude and normalized value corresponding to
Dv in November provided a coefficient of variation of 17 %,
indicating the formation of more arid conditions in the soil in July.
The normalized Selyaninov parameter shows that in the period
April-May over the period of observation (75 years), the SCC was
1.0, and the median SCC was 0.95, which was more inclined to the
lower typical value and the formation of arid conditions. In terms of
amplitude range, the spring period was characterized by excessively
moist conditions (HCC > 1.5) to dry conditions (HCC = 0.79) with
an amplitude range AHCC(a) = 0.86. The normalized range was
AHTC(n) = 0.40 (50%) and AHTC(n) = 0.60 (10%) with a
coefficient of variation of more than 25%, indicating high
variability and an increase in high droughts, especially since 2010.
The average value of the HST for the summer period was HST =
0.97 with an amplitude range of AHST(a) = 0.57 and a normalized
range of AHST(n) = 0.35 (50%) and AHST(n) = 0.49 (10%) with a
coefficient of variation of more than 20%, which is 1.2 times lower.
On average, in April- August, the HST was 0.99 with an amplitude
range of AHST(a) =

0.45. The normalized range was AHTC(n) = 0.18 (50%) and
AHTC(n)

= 0.34 (10%). The HCC indicators for the minimum value of the
spring and summer periods were HCC = 0.61-0.76 (arid conditions),
and for the normalized range of L0.1 and L0.25, HCC = 0.78-0.91
and HCC = 0.66-0.79, which corresponds to arid and acutely arid
conditions. The indicator of hydrothermal conditions for the
summer period had a coefficient of variation of 13.5 %, which
indicates the stability of the prevailing conditions for 1947-2023
with a steady trend of increasing arid conditions in the summer
period

Between the amount of moisture in the meter thickness in
November and the moisture reserve in April, it was found that the
lower the moisture reserve before entering winter, the higher its
reserve in April and July (R = + 0.78-0.84). A direct correlation was
found between the April soil moisture reserves and the moisture
reserves in July (R = + 0.82).

A direct correlation (R = + 0.95) was found between precipitation in
April-August and the consumption of moisture potential during this
period. A direct correlation (R = + 0.65-0.84) was found between
the reserves of productive moisture in November and April and
moisture content (R = - 0.80-0.84), and an inverse strong correlation
with moisture deficit (R = - 0.80-0.84). The soil moisture reserve in
July correlated with P3 in November with a direct strong correlation
of R =+ 0.83, in April R = + 0.65, and in July at the level of direct
functional relationship.
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The correlation between moisture content in July and April was at
the level of a direct average correlation, and between P3 in
November and July the correlation was at the level of a direct strong
correlation (R = + 0.83). The relationship between soil moisture
deficit and P3 in November-July was inverse at the level of strong
correlation: R = + 0.65-0.87.

The calculation showed that correlations were found between
evapotranspiration and thermal climate indicators. With GWC (IV-
XI1) and GWC (VI-XII1) at the level of inverse average correlation
(R = + 0.74-0.96). The relationship between evapotranspiration in
April-August and the moisture coefficient was at the level of an
inverse strong correlation (R = - 0.91).

The block of thermal indicators (average monthly air temperature
and the sum of active temperatures) by observation periods
correlated with each other at the level of direct correlations (R = +
0.86-0.99), and the indicator K3 had correlations with the block of
thermal indicators at the level of strong inverse correlation (R = -
0.83-0.91). The relationship between the humidification index (K3s
) and the GTC for the spring-summer period was at the level of a
direct strong correlation (R = 0.68-0.72).

It should also be noted that the cluster analysis made it possible to
establish the affinity of semi-thicknesses (0-50 cm, 50-100 cm, 100-
150 cm, 200-250 cm, 250-300 cm) and thicknesses of 0-100 cm, 0-
150 cm, 0-200 cm, and 0-300 cm. These objects formed two
clusters: semi-thick and thick. Thus, the half-meter soil layers
formed a cluster at the level of 25% similarity, and the semi-
thicknesses 100-150 cm, 200-250 ¢cm, 250-300 cm formed clusters
at the level of 18% and 10% similarity, and the unification of all
semi-thicknesses occurred at the level of about 29%. 100 cm, 0-150
cm, 0-200 cm, and 0-300 cm thicknesses clustered with a higher
degree of similarity from 58% to 70%. The clusters of strata and
semi-strata were clustered at a high distance of > 90 % (Fig. 1).
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Fig. 1. Clustering of soil horizons within the periodically flushing
water regime

There is a probability (10 %) of the formation of a through flushing
water regime when the moisture reserve in the thickness of 0-100
cm exceeds 190 mm (>NV) at P3 = 1.33, in the thickness of 0-150
cm - 265 mm (>NV) according to P3 = 1.21, in the thickness of 0-
200 cm - 320 mm (>NV) according to P3 = 1.08 and in the
thickness of 0-300 ¢cm - 435 nn (0.85 % of NV) according to P3 =
0.98.

3. Conclusion

In order to form a non-flushing moisture regime, it is necessary to
accumulate 117-135 mm in the 0-100 cm thickness, which will
correspond to a reserve in the 0-200 cm thickness of 167-117 mm.
For the periodic flushing water regime, 160-165 mm of moisture
should be accumulated in the 0-100 cm thickness, which will
provide a moisture reserve of 300 mm of moisture in the 0-200 cm
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thickness. The flushing water regime is formed when the moisture
reserve in the 0-100 cm layer is 175 mm, which provides a moisture
reserve in the 0-150 cm and 0-200 cm layers of 250 mm and 315
mm, which corresponds to the NV-VRK reserve, and the 0-300 cm
layer is saturated with moisture over 400 mm (NV-VRK).

2. The calculation of pairwise coefficients showed that an
inverse strong correlation was found between the amount of
precipitation in November - March and the supply of moisture to the
meter-long soil layer (R > - 0.70), and the moisture consumption
from the soil in April - July correlated with precipitation in
November - March at the level of direct strong correlation (R > +
0.70). The relationship with the moisture consumption from the
moisture potential in April - August was at the level of inverse
strong correlation (R < 0.70), i.e. the higher the amount of
precipitation in the autumn - winter - spring period (cold period),
the less moisture is recorded in the meter thickness, the greater its
consumption in April - July from the soil and the lower the
consumption of moisture potential in April - August

3. The zone of the central Forest-Steppe is characterized by
periodically flushing water regime, when an average of 165 mm of
moisture accumulates in the thickness of 0-100 cm, which
corresponds to the median values, and therefore tends to the values
of moisture reserves under the non-flushing water regime, which
exceeds its value by 25 mm, which is a stable trend of aridization of
soil conditions in the spring
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Integrated low-carbon practices for managing key resources in agriculture, soil and water
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Abstract : The purpose of this report is to present the possibilities, goals and benefits of implementing integrated low-carbon practices for
managing basic resources in agriculture, soil and water and achieving the main goals of the EU programs - "circular economy" and "green

deal”, as well as and mitigating the causes of climate change.
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1. Introduction

The strategic directions laid down in the visions, strategies,
programs and guidelines for development in the field of
environment and agriculture for the next program period up to 2030
developed at the national and European Commission level. They are
aimed at mitigating the causes and overcoming the consequences of

climate change.

Basic developments directly related to achieving the goals
during the program period until 2030 in the fields of environment
and agriculture are concentrated in the strategies for implementing
the Circular Economy and the European Green Deal. Their basis is
the "4 per 1000: Soils for Food Security and Climate" initiative
adopted at the World Climate Summit in Paris, December 2015,
supported by the Republic of Bulgaria, putting on the agenda the
introduction of low-carbon decentralized practices, with the purpose
of regenerating the basic nutrients of the soils to guarantee their soil
fertility and the nutrition of the population, creating conditions for
permanently guaranteeing the irrigation conditions for agricultural
areas and retaining the necessary moisture in them, creating
conditions for mitigating the causes of climate change

To realize the objectives of the "Circular Economy" and that of
the "Green Pact" substantiating the need to introduce regenerative
Low-carbon and socially acceptable practices to reduce and mitigate
the causes and effects of greenhouse gas emissions from agriculture
and land use and from here the consequences of climate change in
our national agriculture, it is necessary to introduce the new policies
of the European Union related to climate change and the reduction
of carbon emissions and defining the goals that Bulgaria must
achieve by 2030, namely: a significant reduction in net CO2
greenhouse gas emissions and the commitment to collectively
achieving climate neutrality by 2035 in the land use, forestry and
agriculture sector. .

One of the main priorities of the Common Agricultural Policy
for the program period is defined as the introduction of low-carbon
agriculture and carbon sequestration in agricultural areas . The
Commission will propose an EU regulatory framework for the
certification of carbon sinks, based on robust and transparent rules
and carbon accounting requirements. With the introduction of these
innovative approaches for implementing the principles of the
""Circular Economy" in agriculture and forestry, as well as in the
sectors that process the products produced in them, it will be
possible to utilize the biodegradable waste generated in them by
applying decentralized and decarbonized practices for retention and
storage of organic carbon in soils (BioCCS practices) [5],.

2. Problem discussions

What problems arise from the current policies and the
challenges facing Bulgarian agriculture?

In accordance with the objectives of the CAP for the
development of rural regions in the current program period, two
strategic groups of objectives are set:
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1.1. Increasing the competitiveness and balanced development
of agriculture and the food industry;

1.2. Protection of ecosystems and sustainable management, use
and restoration of natural resources in agriculture and forestry and
the food industry;

1.3 Prevention, adaptation and mitigation of the consequences
of climate change;

1.4. Socio-economic development of rural social

inclusion and better quality of life;

areas,

2. Problems related to the development of agriculture and
climate changes in our country:

2.1. Restoration of basic elements of the environment to
guarantee sustainable regional development of agriculture: soils
(soil fertility), water resources (soil moisture, moisture retention and
protection of groundwater), micro and macro flora, air.

2.2. Climate, climate change, adaptation and mitigation of the
consequences of climate change.

According to representative data published in the Third
National Climate Change Action Plan for the period 2013-2020, the
delta of emissions generated by the agriculture sector is 10.4% of
the volume of total greenhouse gases (GHG) in Bulgaria.

According to the National Inventory of GHG (2011), methane
(CH4) emissions are 36% of emissions in the sector (CO2eq./2009),
and nitrous oxide (N20) emissions are 64%, respectively. Main
sources of emissions from the agriculture sector are:

* Agricultural soils — 56.08% ammonium gases from the use of
mineral fertilizers ¢ Biological fermentation in animal husbandry —
21.78%

» Manure management — 19.34% .

The remaining 2.8% is due to stubble burning (1.68%), and rice
production — 1.13%.

The specified main GHG polluters in the Agriculture sector are
also defined as the main problem for the protection of groundwater
from nitrate pollution as a result of excessive and disproportionate
use of mineral nitrate fertilizers, the formation of both nitrate-
vulnerable zones, and purified ammonium emissions into the
atmosphere.

In order to overcome the above-mentioned problems related to
the generated GHG in agriculture and the protection and restoration
of the main elements of the environment used in it - soil, water and
atmosphere, it is necessary to implement priority measures for the
sectors of agriculture, land use and forestry and industry. They are
grouped into two directions:

Direct measures: to reduce generated ammonium emissions
from the application of nitrate fertilizers and with the expected
effect of preserving and restoring organic carbon in soils, improving
the balance between emissions and absorption of GHG by using the
potential possibilities of soils, forests, pastures and meadows to
fulfill the role of "Carbon Sink", to guarantee soil moisture
retention, fertility and soil quality.

Indirect measures: regarding soils, the capacity and the ability
to apply integrated practices to improve the quality of soils, energy-
saving and water-saving technologies to improve productivity in the
sector and the efficiency of the resources used.
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The groups of measures indicated above were aimed at
promoting the efficiency of natural resource use and creating
conditions for the transition to a low-carbon and climate change-
resistant circular economy. With their implementation, modern
innovative approaches and cross-sectoral integrated policies in
environmental management, agriculture and climate change actions
would be implemented through a system of low carbon practices for
climate change adaptation management actions.

Regrettably, our current national documents lack a realistic
assessment and adequate measures to overcome the increasingly
clearly manifested consequences of climate change threatening the
fulfillment of strategic tasks in the management of the national
economy - guaranteeing the nutrition of the population, ensuring
public health through management for the main components of the
environment - soils, water and atmospheric air, guaranteeing
sustainability of ecosystems and territories.

Moreover, in none of the problematic directions of the current
agricultural policy mentioned in [4], [5], [6] are the measures
necessary to achieve real results for the adaptation and overcoming
of the consequences of climate change foreseen in the three the
priority for climate action: climate change mitigation, climate
change adaptation, climate-related governance and information. The
main problem stems from the lack of innovative approaches for the
utilization of generated waste in agricultural production, processing
enterprises, from logging and other sectors of the economy that
generate biodegradable waste.

There is a lack of analyzes and evaluations of low-carbon
innovative global practices for their feasibility in the conditions of
Bulgaria, construction and functioning of horizontal management
systems for regional adaptation to climate change for sustainable
development of regions in Bulgaria.

Introducing a similar approach in the management of activities
to mitigate the causes and overcome the consequences of climate
change through feasible low-carbon practices would prevent and
significantly reduce economic damage caused by recent natural
manifestations such as:

» large-scale forest fires caused mostly by burning stubble
(application of carbon negative practices to restore and maintain
soil fertility);

* losses - quantitative and qualitative in the production of basic
cereals and especially spring crops due to permanent droughts (low-
carbon practices to guarantee soil moisture retention and soil
fertility);

* the permanent reduction of the content of organic carbon in
soils (1.29% at a critical minimum of 2% to guarantee soil fertility)
in our main agricultural regions;

Particularly impressive is the inaction and reluctance of the
Ministry of Environmental Protection to introduce the fair European
principle "the polluter pays" and legal mechanisms for the recovery
of resource costs for the management of a basic element of the
environment - water services.

The lack of scientific research and innovation, including and in
the direction of analysis and evaluation of existing European
practices, the lack of actually functioning systems for the utilization
of waste from agriculture and forestry and the processing industry
through socially acceptable regenerative practices for the protection
and restoration of basic elements of the environment - soils and
water, the dilution of the planned measures under Priority Area 5 of
the current OPSRDP led to the lack of funding projects for training
and introduction of low-carbon practices to mitigate the causes and
overcome the consequences of climate change, introduction of
control and monitoring systems for the results of low-carbon
practices, preparation and development of projects for the
improvement of existing normative documents and methodologies,
methodological and informational materials on the individual
regional low-carbon practices for:
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- soils and soil fertility, limiting direct pollution by partially
replacing mineral fertilizers with microbiological, composts and
biological carbon in land use, improving the moisture-retaining
characteristics of the soil to adapt to droughts;

- utilization of biodegradable agricultural waste to restore and
maintain soil fertility, to restore and increase soil carbon content;

- efficient technologies and systems for the carbonization of
waste biomass for decentralized energy production and soil
improvers to overcome the effects of climate change;

- cessation of stubble burning and prevention of large-scale
forest fires and atmospheric pollution, creation of economically
justified incentives for utilization of waste biomass, improvement of
soil quality and introduction of highly efficient production of
biological products;

Actions needed to introduce low carbon practices for climate
change adaptation management actions.

For this purpose, it is necessary to be developed, demonstrated
and evaluated for subsequent introduction through specific regional
systems for the analysis, evaluation and monitoring of waste
generated in the specified sectors with the aim of their utilization as
resources in the introduction of integrated decentralized low-carbon
practices for sustainable adaptation to climate change. introducing
the principles of the circular economy and regenerative agriculture,
creating conditions for the realization of the goals of the European
Commission for the implementation of the European Green Deal

The specific goals set for implementation are grouped in the
development and implementation of integrated approaches for
actions to mitigate the consequences of climate change at the local,
regional or national level, with proven feasibility for the specific
region and climatic conditions and are feasible through low-carbon
regional practices in the areas :

« Agriculture - soils and soil fertility, limiting direct pollution
by replacing mineral fertilizers with microbiological ones, composts
and biological carbon in land use, improving the moisture-retaining
characteristics of the soil to adapt to droughts;

¢ Waste management - utilization of biodegradable waste to
restore and maintain soil fertility, to restore and increase soil carbon
content;

* Renewable energy sources — efficient technologies and
systems for the carbonization of waste biomass for decentralized
energy production and soil improvers to overcome the effects of
climate change;

e Forests and forestry - assessment of basic eco-services
guaranteed by forests and creation of objective and evaluable
mechanisms for their compensation in infrastructure projects that
violate forest areas and use of basic eco-resources - soil and water.
Learning about effective practices for restoring forests with the
utilization of waste generated during their management.

e Sustainable development of the regions - Introducing
justified systems for the sustainable development of the region and
mitigating the consequences of climate change through low-carbon
practices such as: stopping stubble burning and preventing large-
scale forest fires and atmospheric pollution, creating economically
justified incentives for the utilization of waste biomass for
regeneration and improvement of the qualities of basic elements of
the environment related to one of the main sectors for the region -
agriculture, including soils, groundwater, guaranteeing soil fertility
for the introduction of highly efficient productions in agricultural
practice, animal husbandry and processing industry;

e Introduction of practices accredited and certified
according to current European legislation for the removal and
retention of carbon dioxide from the atmosphere and issuance
of carbon certificates.

With the implementation of such systems of viable low-carbon
decentralized practices, it is possible to quickly and effectively
multiply the effects in purely economic and social terms by



introducing low-carbon technologies for soil recarbonization, the
development of decentralized and decarbonized systems for the
production of alternative energy, to build the foundations for
introducing an economically justified circular, low-carbon
economy.

Below are the main directions for implementing integrated low-
carbon practices in various sectors of the economy and show (fig. 1
and fig. 2) part of realized technological schemes and technical
means for introducing integrated low-carbon BioCCS practices in
agriculture and forestry, as well as and to generate low-carbon
decarbonized energy..

Fig.l Realized installation for utilization of biodegradable
waste, production of biochar for application in BioCCS practices

Control
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Fig.2 Application of BioCCS practices in the production of
water-loving agricultural crops - for example, in corn and in
afforestation in reforestation projects with highlighted yield and
economic effects.

3. Conclusion

With the application of BioCCS practices in soil management
by introducing biological carbon into them, permanent
improvements of their qualities are achieved and especially the
overcoming of degradation processes in soils is stimulated which
includes :

- improving the structure of the soil;

- increased water retention and aggregation;

- reduction of acidity;

- reduction of nitrogen oxide emissions;

- improving porosity;

- decentralized wastewater treatment for direct use
agricultural production;

- production of decarbonized energy from agricultural waste;

- mandatory construction of scientific structures accredited and
certified according to the current European legislation of practices
for removing and retaining carbon dioxide from the atmosphere and
for issuing valid carbon certificates

- expanding the scope of scientific research on a global scale
and introducing BioCCS practices in sectors: metallurgy,
construction products, including building elements and materials for
plastering internal walls (with particular efficiency in wine cellars),
the production of road surfaces, etc. sectors.

in
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Migration ability and bioaccumulation of 152Eu from Calcaric Chernozem soil to
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Abstract: Europium is widely used in industry and improper waste management in its recycling can cause environmental pollution. **2Eu
is obtained as a result of neutron activation of the control rods of nuclear reactors and may enter the soils after nuclear accident. The
distribution of *?Eu in the environment and its transfer through the food chain can threaten the human health through its beta and gamma
radiation. Therefore, knowledge of the geochemical forms of Eu and its transfer from soil to plants is important for the risk assessment in
case of environmental pollution. The paper presents the results of a model study on the mobile geochemical forms and bioaccumulation of
152E from chernozem soil to peppermint (Mentha Piperita L.). Peppermint plant was planted in a pot with Calcaric Chernozem soil, taken
from the 0-10 cm surface layer. Aqueous solution of **?EuCl; was spiked in the soil, simulating radioactive contamination. The peppermint
was grown during 8 months and samples of the soil and peppermint stems and leaves were taken at the 5™ and 8" month after the radioactive
contamination. The transfer factors (TFs) soil-to-plant were determined. The water-soluble, exchangeable and bound to humic and fulvic
acids forms of 52Eu were studied after the 1%, 5™ and 8" month after the contamination. The transfer of **Eu from the mint leaves to tea and
tincture was examined. The results showed higher TFs for the soil-leaves than soil-stems system. More than 40% of *52Eu, accumulated in
the dry leaves was found to be extracted in the tea, while no radioactive europium was found in mint tincture.

Keywords: EUROPIUM-152, PEPPERMINT, HUMIC AND FULVIC COMPLEXES, TRANSFER FACTORS, WATER EXTRACT,
TINCTURE

1. Introduction Mentha Piperita L. has established choleretic, antispasmodic,
local anesthetic and antiseptic effects. Peppermint is used for pain

Europium (Eu, Z=63) belongs to the group of the light rare jn the stomach and intestines, for biliary dyskinesia, liver diseases,
earth elements and has two characteristic oxidation states: Eu(ll)  flatulence, as well as for removing the symptoms of intoxications of
and Eu (I1). It is present in the Earth's crust at a concentration of  gastrointestinal origin [6-10]. Although less common, peppermint is
about 1.8 milligrams per kilogram (mg/kg), while its concentration  ysed for headaches, epilepsy, and depression. Peppermint, and
in seawater is about 0.00013 micrograms per liter. Traces of **Eu  especially peppermint oil, is used alone and in combinations to treat
and ***Eu are found in soil from radioactive waste. It can also be  hemorrhoids by topical application. A very common form of
present in some nuclear facilities, such as reactors and spent fuel peppermint oil with chlorophyll is in oral breath lozenges. The most
reprocessing plants [1]. Eu has wide industrial applications, such as  essential in the action of mint and the essential oil contained in it is
in the production of fluorescent glass, phosphors, mobile phones,  their cholagogic and choleretic action. It is experimentally

smartphones, portable wireless installations and optical fibers.  established that the infusion of mint leaves increases bile secretion
Europium is also used in old fashioned TV-screens (cathode ray [11].

tube TVs, CRTs) or luminescence lamps [2-5] and may enter the o . )
nature during recycling process. Europium can enter the human Peppermint is a widely used herb and the accumulation of
body through food, drinking water or inhalation. Gastrointestinal poIIL_Jtants in it from contaminated soils is of interest in a number of
absorption from food or water is a major source of internal intake of ~ studies [12, 13].

europium in the general population. Europium is not well absorbed
in the body after ingestion, only about 0.05% of the ingested
amount is absorbed into the bloodstream through the
gastrointestinal tract. Of the europium that reaches the blood, 40%
is deposited in the liver, and another 40% is deposited on the bone
surface, where it can irradiate the bone cells. Thus, deposited
europium is preserved in the body with a biological half-life of
almost 10 years (3500 days). An additional 6% of absorbed The use of radionuclides as tracers of stable isotopes is an
europium is deposited in the kidneys, where it is retained with a efficient approach to trace the path of the elemental contaminants
short biological half-life of 10 days. The rest of the absorbed through the soil phases and via the food chain.

europium is released [1].

To assess the transfer of pollutants in the soil-plant system, are
used the transfer factors (TFs). They are defined as the ratio of the
radionuclide content in the plant (or in part of the plant) to that in
the soil (Bq kg™ dry weight plant tissue/Bq kg™ dry weight soil).
Their values can vary significantly, depending on the soil
characteristics, plant species and agricultural practice [14].

The aim of the present study is to investigate the
Radioactive europium poses both an external and an internal bioaccumulation of **2Eu from Calcaric Chernozem soil to stems

health hazard. The strong gamma-radiation from **2Eu and **Eu  and leaves of peppermint (Mentha Piperita L.) and its transfer to

causes external irradiation. While in the body, europium poses a peppermint tea and tincture. Water-soluble and exchangeable forms

health hazard from both gamma rays and beta particles, with the of ?Eu, as well as its complexes with humic and fulvic acids in soil

primary health hazard associated with an increased likelihood of were determined.

causing liver and bone cancer [1].

Therefore, the data on the migration ability, bioavailability and .
transfer of radioactive isotopes of europium in food and beverages 2. Materials and Methods
is important when preparing predictive risk assessments in case of Peppermint plant was sampled and transplanted into a plant pot
pollution. Knowledge of the soil to medicine plant transfer of filled with Calcaric Chernozem soil, taken from the 0-10 cm
contaminants is important to prevent pollutant’s uptake in the surface.
human body above the permissible levels. The main characteristics of the soil are presented in Table 1.
Table 1. Main characteristics of the studied Calcaric Chernozem

soil
The subject of investigation in the present paper is the [ ggj] pH Humus, | Sand, Silt, % | Clay,
accumulation of radioactive europium from chernozem soil to one | texture [ KCI | H,0 | % % %
of the most popular herbs — the peppermint (Mentha Pipertia L.). Clay 71 |78 259 329 36.8 303
loam
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Aqueous solution of **EuCl, (pH 5.5) was spiked into the plant
pot, simulating radioactive contamination.

The peppermint was grown at 15-22 °C and 20-30 % soil
moisture during 8 months. Samples of the soil and peppermint
stems and leaves were taken at the 1™, 5™ and 8™ months after the
radioactive contamination. The plant parts and the soil samples
were air dried to constant weight and the transfer factors (TF) soil-
plant were determined.

Water-soluble, exchangeable and bound to humic and fulvic
acids forms of ?Eu were determined by using the following
extraction procedures:

Water-soluble forms of *Eu: 2 g dry weight of the studied
soil samples were mixed with 20 cm® of distilled water. End-over-
end extraction was performed by shaking at about 20 °C for 2 h at
200 rpm, followed by vacuum filtration of the leachates through 0.2
um cellulose nitrate filters.

Exchangeable forms of 2Eu: 2 g dry weight of the studied
soil samples were mixed with 20 cm® of 0.01 M CaCl,, as described
in [15]. End-over-end extraction was performed by shaking at about
20 °C for 3 h at 30 rpm, followed by vacuum filtration of the
leachates through 0.2 pm cellulose nitrate filters.

Complexes of ®°Eu with humic and fulvic acids: 5 g dry
weight of the soil sample were shaken twice for 1 h with 15 ml 0.1
M Na,P,0- (pH = 9) to extract the complexes with humic (HA) and
fulvic acids (FA) as described in [16]. The fulvic complexes were
separated by adding k.H,SO, to the extracts, which caused
precipitation of the humic complexes. The extracts were filtered by
0.20 pum cellulose nitrate filters.

The radionuclide content in the different fractions was
measured in the supernatant, and the extraction yield was
determined by dividing it by the initial radioactivity of the sample.

All the extracts, soil and plant samples were measured by y-
spectrometry. HPGe detector Canberra 7221 coupled to a 16000-
channel analyzer DSA-1000 was used to measure “’Eu by its
gamma peak at 121.78 keV.

The preparations of the tincture and the peppermint tea
were carried out as follows:

Tincture: 2 g dry leaves were mixed with 30 ml 86 % C,H;OH,
left for six weeks (at 18 °C) in darkness and filtered. Afterwards the
radioactivity of °2Eu in the tincture was determined by y-
spectrometry.

Water extract (Peppermint tea): 0.5 g dry leaves were added
to 200 cm? distilled water and were gently boiled for 20 minutes.
The leachant was filtered and the radioactivity of >?Eu in it was
determined by y-spectrometry.

3. Results and Discussion
3.1. Distribution of >2Eu in the soil phases

The results from the extraction of the complexes of >2Eu with
humic and fulvic acids and the water-soluble and exchangeable
forms of the radionuclide after 1, 5 and 8 months after the soil
contamination are presented in Figs. 1-2.

The data presented in Fig. 1 show that 42% of europium was
bound to humic and fulvic acids in the first month after
contamination. Its exchangeable form is only 1.5% of its total
radioactivity, while the water-soluble form amounts to 11%.
Tracking the change in the geochemical forms of *Eu over time
(Figs. 1-2) shows that its % content in the complexes with fulvic
acids on the fifth and eighth months after the pollution does not
change significantly and remains 13-14%. In contrast, the humic
acid complexes significantly decreased with the time and amounted
to less than 2% at the fifth and about 4% at the eighth month after
europium application to the soil. This corresponds to a 15- and 7-
fold decrease in europium content in this form compared to the data
from the first month after the contamination.
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Figure 1 Content of *2Eu in % in the extracted fulvic complexes
(Eu_FA), humic complexes (Eu_HA), watersoluble forms (WTRS)
and exchangeable forms (EXCH) after 1 month after the soil
contamination.

ERUEE = . =
e -
%5
5
2 13 s . 14 " - .
S .
0.1 189
032 030
0.01
Y N N S\ ) S\ &N
& & &° & & & &
0 © B & S
v & & K < Fo&F O
&7 o7 S < < <& =Y <5

Figure 2 Content of *2Eu in % in the extracted fulvic complexes
(Eu_FA), humic complexes (Eu_HA), watersoluble forms (WTRS)
and exchangeable forms (EXCH) after 5 and 8 months after the soil
contamination.

The content of radioactive europium in the water-soluble
fraction was also reduced by 24% from the first to the fifth month
and by 33% to the eighth month after contamination. The europium
content in the exchangeable soil fraction also decreased fivefold.
These changes can be explained by the redistribution of °2Eu
between soil phases with the time and binding in less mobile forms.

3.2. Transfer factors values after 5 months and 8 months
vegetation on the contaminated soil

The values of TFs in the soil-leaves and soil-stems systems,
determined on the fifth and eighth months after the pollution are
presented on Fig. 3.

It can be seen that the values of the TFs of **2Eu for the leaves
are four to five times higher than the TFs for the stems of the
peppermint. The data show that TFs from the fifth to the eighth
month increased by 75% for the soil-leaves system and by 39% for
the soil-stems system. The accumulation of '*2Eu from the soil to
the plant determines the need to investigate the degree of transfer of
the radionuclide to products for consumption. It is necessary for
assessing the danger of its entry into the human body in case of
radioactive contamination of the soil.
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Figure 3 Transfer factors of ®*Eu from soil to mint leaves and mint
stems after 5 and 8 months after the soil contamination.

3.3. Leaching of 52Eu from peppermint to alcohol tincture and
tea

The results, obtained from the measurements of the peppermint
tea samples showed that 42 + 2% from **Eu was leached.

No 2Eu was detected in the tincture. This result showed that the
radionuclide is bound to the hydrophilic part of the plant.

4. Conclusions

The present study showed that the entrance of radioactive
europium solution to Calcaric Chernozem soil over a period of 8
months resulted in bioaccumulation by Mentha piperita L. that was
4 to 5 times greater in leaves than in stems.

An increase in the soil-stems and soil-leaves TFs was measured
with the increase of the exposure time of the plant to the soil
pollutant. The amount of **Eu bound to fulvic acids in the soil was
found to remain constant from 1 to 8 months after the
contamination. The content of the radionuclide bound in complexes
with humic acids, as well as in water-soluble and exchangeable
geochemical form, significantly decreased with the time.

42 % from 52Eu, accumulated in the peppermint dry leaves was
found to be leached in the mint tea and could endanger the human
health. No danger of contamination of 86 % C,H;OH peppermint
tincture with 2Eu was found, when radioactive contaminant
entered the soil in aqueous solution.

The data obtained from the present study can be used in the
assessment of the danger of internal radiation exposure with
radioactive europium in case of nuclear contamination.
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Conditions for restoration of agricultural land after the bombing
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Abstract. The main indicators of the impact on agricultural fields of the military actions that are currently taking place in Ukraine are
determined. In particular, not only the damage to the surface relief, but also the contamination of fields with chemicals has been
established. The indicators of soil contamination, as well as the directions of further use of the fields and general rehabilitation measures

for agricultural land affected by chemicals are determined.
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As a result of the ongoing hostilities in Ukraine, agricultural land is
being severely damaged and destroyed, and its condition,
especially its environmental condition, has deteriorated
significantly.

The explosions create a blast wave and sinkholes on the field that
destroy the terrain, as well as chemical contamination. The
consequences of the blast wave are the formation of sinkholes of
various sizes, soil compaction, destruction of vegetation and death
of soil fauna. All of this causes a change in the hydrolytic regime
and destruction of the soil structure, and ultimately provokes soil
erosion and desertification. Military weapons and explosives use
chemical compounds that are not biodegradable and can
contaminate soil and surface water [1].

In this case, chemical pollution is considered based on three
components. These include contamination by potentially toxic
elements, contamination by explosives, and conventional
contamination due to high temperatures.

In addition, chemical contamination of agricultural land can have
different degrees: from acceptable to moderately dangerous and
hazardous. In this case, uprooting the standard: «<DSTU 7243:2011
Soil quality. Technogenically contaminated lands. Inspection and
use» land plots with very dangerous and extremely dangerous
degrees of chemical contamination are subject to conservation for
a certain period of time depending on the decomposition of
chemicals or their decontamination [2].

The degree of land contamination with chemicals is determined
based on the results of a survey of such land and a rapid soil
analysis on the land plot based on the results of the analysis of
samples taken on the land plot [3].

The approaches most commonly used in soil sampling are as5
cm. Thereafter, the sampling intervals should be close enough to
each other, such as 5-10 cm or 20-30 cm, to ensure relevant depth
segregation. Almost all studies show highly contaminated profiles
of the topsoil (0-10 cm). With increasing depth, the level of
contamination decreases, except for those potentially toxic
elements that have relatively higher accumulation levels with
increasing depth. A thorough study of soil contamination is usually
limited to the first half meter of its depth [4].

Another important point is the following. It is also necessary to
take into account the depth of groundwater when determining the
sampling site, since the mechanisms of pollutant migration in the
zone saturated with organic or mineral substances are different. In
the case of surface contamination, the presence of organic matter
can affect the migration of pollutants to deeper layers.

To assess the degree of contamination, agricultural soils are
classified by comparing them to the maximum permissible
concentration and background content of hazardous substances that
pollute the soil. In this case, the main calculated indicators of the
degree of pollution are the concentration coefficient K. and the total
pollution indicator Z. [2]. These indicators are determined by
calculations based on field measurements.

Thus, the concentration factor K.
following simple formula:
Ke=Ci-(C) ™, 1)

is calculated using the

where C; is the actual content of the i-th chemical element; Cs is
the background content of the i-th chemical element.

After that, it is possible to determine the total pollution index Z.
which can be calculated using this expression:

Z :ch_(n_l) ’ ()
where n is the number of chemical elements that meet the condition
Ci > Cs.

Based on the measurements and analysis of soil samples taken
near the towns of Sloviansk and Shchastia (Donetsk Oblast),
directly in the areas of fields where shells hit and 500 meters away,
the average value of chemical contamination indicators was
generally at the level of background values. At the same time, soil
samples were taken from the test site using the «envelopex»
method with an average of 5 points. Systematic exceedances of
1.1 to 1.3 times were recorded for mercury, vanadium, cadmium,
non- radioactive strontium and gamma radiation. The maximum
exceedance for some indicators was 1.2-2.0 times the background
level, and only in some cases the exceedance reached 7-17 times.
As for the chemical analysis of the soil conducted on the territory of
the Kreidova Flora reserve as part of the same study, the
concentration of titanium in the soil sample at the site of the shell
explosion was 150 times higher than the background. The
concentration of vanadium was 100 mg-kg™, and there was no
vanadium in the clean sample at all. Titanium-based alloys with
vanadium additives are used in aviation and missile technology.
There was also a 2.3-fold exceedance of sulfates, and mobile forms
of heavy metals: lead — 1.3 times, cadmium — 1.5 times. In
addition, strontium was found to be exceeded in Zakvitne village
at the site of shell bursts. Its concentration was 150 mg-kg™. The
content of sulfates in the same sample exceeded the norm by more
than 4 times, and cadmium — by 9 times. At the site of shell bursts
in Donetsk region, excesses were recorded for mobile forms of
heavy metals, including manganese, copper, iron, lead, cadmium,
chromium, and zinc [6].

Heavy metals can get into crops from the soil and then into food.
Therefore, it is impossible to give up on soil analysis and cultivate
the fields. Otherwise, people will simply refuse to buy the products.
Commission Regulation (EC) No. 1881/2006 of December 19,
2006 laying down maximum levels of certain contaminants in
foodstuffs sets the following permissible levels of lead (mg-kg™)
of wet weight):

- Vegetable (cabbage), leafy and cultivated mushrooms —
0.30;

- Cereals, wheat, rice, legumes, soybeans, and berries — 0.20;
—  Fruits and vegetables (excluding cabbage and leafy

vegetables) — 0.10.

Strict restrictions in this document also apply to other heavy
metals, including cadmium, tin, and others. If animal feed is grown
on the fields, contaminated soils can indirectly affect the quality of
livestock products.

Based on the above, pollution indicators, areas of use and
rehabilitation measures were formulated for agricultural land
damaged by military operations in cases where chemical
contamination occurred [2].
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Table 1. Indicators of contamination, areas of use and
remediation of agricultural land
Level of Categories Proposed
Total soil  |contamination| of land |Areas of rehabilitatio
pollution (% of the | suitability fapplication n measures
index Zc area) of the
Acceptable |Very low level
pollution | contamination [Definitely ~ |Growing crops
index Zc less| up to 10% of [suitable without Not
than 16 | the land area restrictions conducted
Moderately | Low-level Growing crops
hazardous | pollution (10- without Agronomic
pollution 25% ofthe [Suitable for restrictions, measures,
index Zcup | land area) subject to product|  liming,
t0 32 quality control [application of]
organic and
mineral
fertilizers
Dangerous Use for industrial |Agrotechnical
pollution [Medium level |Not very crops without measures,
index Zc |pollution (25- [suitable obtaining food |phytoremedia
from 32to [50% of the from them tion,
64 land plot area) chemical
reclamation
Very
dangerous Use for pastures | Physical and
pollution High-level |Conditionally|and cultivation of| chemical
index Zc | pollution (50- [suitable essential oil crops| reclamation
from64to | 75% of the
128 land area)
Extremely
dangerous | Very high \Withdrawal from
pollution level of  [Not intensive use. Involvement
index Zc | pollution (75- fapplicable  [Preservation or natural
morethan | 10% of the recovery
128 land area)

Determining and analyzing pollution indicators makes it possible
to choose the optimal reclamation option. In this case, the choice
of land remediation methodology is based on a cumulative
assessment of the level of damaged land, which involves
determining the category of land use suitability.

To carry out this restoration of agricultural fields damaged by
explosions, it is first and foremost necessary to digitize the areas
using satellite / UAV / ground monitoring with reference to the
coordinate system of each specific field. All areas should be
digitized, regardless of the state of damage and the extent of the
impact. This is also necessary because, even if the physical damage
to the soil of an agricultural field is minor, it may be chemically
contaminated. So, we can recommend this approach. In case of
damage to the surface of a field where 75-100% of the area is
affected, it is recommended to preserve the damaged areas and
allow the process of self-healing to occur naturally, since removing
the damaged soil and bringing in high-quality soil in its place will
be quite costly from an economic point of view.

Furthermore, if the damage amounts to 50-75% of the area of the
plots, the soil cover requires mandatory reclamation.

Next, samples should be taken from the affected area (separately)
and the surrounding area (separately) and analyzed for
contaminants. First of all, heavy metals.

Based on this data on the level of agricultural land contamination,
a decision should be made on the possibility of farming and
further intended use.

After agricultural fields have been cleaned from the source of
contamination and debris, it is necessary to take measures to restore
the soil damaged by explosions. According to the developed
recommendations, if there are relatively shallow craters, up to 0.5
m in size, they can be covered with the soil mass remaining at the
explosion site (at the permissible concentration of pollutants) or
mineral soil (loam, loess loam, sandy loam, sand), followed by
leveling the surface [7, 8].

If there are deep sinkholes on damaged agricultural fields,
measuring more than 0.5 m, they should be filled with soil in the
following sequence. It is necessary to ensure that the order of soil

layers is close to the order of undamaged areas, so the sinkhole
should be filled with mineral soil first, and the upper fertile soil
layer up to 30 cm deep should be filled with already fertile soil. If
the soil is backfilled in a chaotic manner, it is likely that such a field
will be low-productive for further crop cultivation and its full
restoration will require additional measures, such as additional
application of organic fertilizers, ameliorants, phytomeliorants, etc.
Based on measurements of the parameters of explosion craters, the
required need for mineral and fertile soils is calculated in the
working land management project [7, 8].

To restore the areas damaged by explosions, it is necessary to
remove or clean the surface soil layer, as in addition to chemical
contamination with heavy metals, the fertile soil layer burns out,
dehydration and “sterilization" occurs, killing both pathogenic
microorganisms and beneficial biota. If the surface contaminated
layer is not cleaned off, but the sinkhole is mechanically sealed
with bulldozers and graders, soil fertility restoration will take
decades, requiring serious investments in organic fertilizers,
ameliorants, phytomelioration, etc. [9, 10]. Subsequently, after
leveling the surface of the damaged area, to restore its fertility, it is
possible to loosen the soil to increase oxygen penetration and redox
reactions, apply organic and mineral fertilizers and sow grasses to
intensify natural biochemical treatment processes.

Conclusions.

1. Based on the study of literary sources and their analysis,
the conditions for restoring agricultural land after bombing have
been formed, which should be carried out in the following
sequence:

- after cleaning agricultural fields from the source of
contamination and debris, it is necessary to monitor their size;

- Based on the analysis of the monitoring, develop specific
measures to be taken in each case of soil damage.

2. The following algorithm is recommended for the
restoration of soils damaged by explosions by mechanical means:
- relatively shallow craters, up to 0.5 m in size, are
recommended to be filled with soil mass left at the explosion site
(at an acceptable concentration of pollutants) or mineral soil
(loam, loess loam, sandy loam, sand), followed by leveling the
surface;

- sinkholes larger than 0.5 m should be backfilled with soil
mass in an order of soil layers that is close to the order of
undamaged areas, so the sinkhole should first be filled with
mineral soil;

3. Restoration of agricultural fields damaged by explosions
and contaminated with heavy metals and hazardous chemicals is
recommended in the following sequence:

- First, it is necessary to remove or clean and remove for
disposal the damaged surface soil layer inside the explosion crater,

since this layer of damaged soil, in addition to chemical
contamination with heavy metals, also contains a
burnt (baked) fertile soil layer, dehydration and
"sterilization™ occurred, which kills both pathogenic

microorganisms and beneficial biota;

- Further restoration should be carried out in the manner
described above, with the obligatory observance of alternating
layers of the grant.
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Abstract: Albania has significant water resources, yet seasonal fluctuations and inefficient usage increasingly threaten these. This study
examines the repercussions of changes in the hydrological cycle on the country's land and ecosystems, as well as the broader social,
economic, and environmental pressures. Through qualitative and quantitative analyses of industrial and agricultural practices, alongside the
effects of urban population growth, we highlight how these factors exacerbate climate change impacts on water resources. Specifically, we
investigate shifts in water quality and quantity, alterations in precipitation patterns, and the intensification of temperatures, evaporation,
humidity, and soil aridity. The National Strategy for Water Resources Management (2018-2027) aims for sustainable water usage and
improved quality across all resources by 2027, while also addressing disaster risks associated with droughts and floods. However, Albania
faces escalating challenges in water resource management, impacting both supply and demand. Climatic trends indicate a decline in rainfall
and river flows, particularly during summer, as well as increased soil dryness and more frequent extreme weather events. Currently,
hydropower plants generate nearly 90% of the country's energy, further straining water resources. According to the SPEI Annual Drought
Index, by 2100, Albania is projected to face a marked decline in precipitation, compounded by heightened dryness and reduced moisture
levels. Recent data shows that the number of days exceeding 20°C has doubled and tropical nights have tripled compared to historical
averages. Over the past three decades, floods and landslides have accounted for significant economic losses, with 40.2% and 33.5% of
damages respectively. To address these challenges, urgent and long-term measures are required, including the sustainable management of
water resources, modernization of distribution networks, and enhanced water efficiency to mitigate waste.

Keywords: CLIMATE CHANGE, WATER RESOURCES, METEOROLOGICAL CONDITION, RESILIENCE, HYDROLOGICAL CYCLE

snowmelt patterns. Shifts in precipitation impact the timing and
magnitude of floods and droughts, alter flow regimes, and change

A historical approach to water management (drinking water, ~ groundwater recharge characteristics. Groundwater supplies 80% of
rainwater, and wastewater) emerged early in human history, gaining ~ the population's drinking water needs and contributes 23% of the
significant momentum in industrialized cities in Europe and the  annual flow. On a broader scale, climate change can alter major
United States during the late 19th century [1-2]. In the early 20th regional atmospheric circulation patterns and the frequency and
century, population growth and economic development directly intensity of storms. While much global climate research focuses on
impacted the water supply-demand balance [3]. Moreover, the how climate change will affect the water balance—particularly
projected impacts of climate change are expected to undermine the precipitation, evaporation, and runoff—it remains unclear exactly
ability of many existing water supply systems to meet the future and ~ how hydrology and water management systems will be impacted,
current needs of populations [4-5]. and how these challenges can be addressed [12]. According to the
Intergovernmental Panel on Climate Change [13], the water sector
will bear the brunt of most climate change impacts. These impacts
on the urban water sector can be categorized into two main aspects:
water as a resource and water as a hazard. As a resource, the
availability of good quality water is essential for the well-being of
the growing urban population. It is also vital for many economic
activities in and around cities, including peri-urban agriculture, food
production, and other industrial operations [14].

1. Introduction

The concept of "sustainable water resources management™ was
defined [6] as “the use of water that supports the ability of human
society to endure and thrive into the indefinite future without
compromising the integrity of the hydrological cycle or the
ecological systems that depend on it.” This principle emphasizes
considering climate change and incorporating both supply and
demand strategies while accounting for the impacts of
anthropogenic activity. Undoubtedly, spatial planning can play a
critical role in implementing water quality management and Since the early 1990s, the IPCC has identified anthropogenic
adapting to climate change in the water supply sector. The  influences on climate, which have led to catastrophic global
concentration of pollutants in soil and water has serious  changes such as rising temperatures, sea-level rise, and ocean
consequences for the well-being of residents [7]. acidification [15-16]. Clean, sufficient, and fresh water is critical for
population well-being and natural ecosystems. It plays a vital role in
human health, industrial production, energy generation (both
directly and indirectly), transportation systems, extensive outdoor
recreation, and waste disposal [17].

From a spatial planning perspective, economic and service
sectors—such as housing, energy, economic development, water
transport, urban waste, and social and health welfare—affect land
use in social, economic, and environmental contexts [8]. This

perspective recognizes that natural and environmental resources The population's capacity to safeguard water resources and
support human societies, and land-use decisions are made within the maintain water quality is fundamental to supporting livelihoods,
broader social and economic context. ensuring human well-being, and driving socio-economic

development. This includes protecting against water pollution [18],
mitigating water-related disasters, and maintaining ecosystems in
the face of climate change [19].

This paper aims to demonstrate the correlative relationship
between the potential of spatial planning under climate change
impacts and the promotion of sustainable water resource
management. 2. Materials and Methods

Albania is considered a country rich in relatively abundant water This study analyzes climate data on average monthly
resources, with freshwater flowing from east to west [9]. The  temperatures and precipitation for the period 20202021, compared
country’s major rivers contribute a total annual water flow volume to the 30-year average from 1961-1990. Meteorological
of 39,220 x 1076 m?/year [10] with 95% of this flow discharging ~ measurements from various climatic zones and subzones of the
into the Adriatic Sea and 5% into the lonian Sea [11]. country were used to assess several factors influencing the quality
and quantity of surface and groundwater, such as soil moisture, soil
dryness, evaporation, and transpiration. By integrating findings
from literature reviews and qualitative methodologies, water data
and results were compared over a specific period. Climatic
pressures were examined for their interactions across different

The hydrological cycle is a dynamic and integrated component
of the Earth’s geophysical system, continuously influenced by
climatic conditions. Changes in temperature affect evaporation
rates, cloud characteristics, soil moisture, and precipitation and
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spatial and temporal scales, impacting water availability. This
availability depends not only on the quantity of water in various
sources but also on its quality. The structure of this study focuses on
analyzing parameters to conceptually describe the relationships
between extreme weather conditions and water availability in nature
(see Fig. 1).

Climate Impact of
Change average
temperatures
precipitation
Growth  of
i Increasin
Climate population demand ‘ for
Challenges water resources
and Causes
Affecting
Water .
Resources Water Changes in
uses 11 e water supply
- availability

Fig. 1 Structure of study methodology

3. Results and discussions

Albania is characterized by relatively abundant freshwater
resources. The country's hydrographic basin covers an area of
43,305 km?, of which 14,557 km? is within the Drin and Vjosa river
basins, shared with neighboring countries such as Greece, North
Macedonia, and Kosovo. Major rivers, including the Drin, Buna,
Mati, Ishmi, Erzeni, Shkumbini, Vjosa, and Semani, are grouped
into six watersheds that flow from east to west across the country
[20]. These rivers are a vital source of hydropower, with several
artificial lakes constructed for electricity generation. The energy
sector utilizes approximately 14 billion m®> of water annually
through the hydroelectric power system. Additionally, these
artificial lakes are used for irrigating agricultural lands. Along the
Adriatic-lonian coastal zone, numerous lagoons play a critical role
in tourism, ecosystem protection, and fishing [21].

Human activities are driving increases in atmospheric
concentrations of greenhouse gases and aerosols, which, if left
unchecked, will continue to rise, exacerbating climate-related
challenges. Albania faces mounting difficulties with water quality
due to growing demand for water resources, particularly in regions
where inland waters are scarce. As atmospheric greenhouse gas
concentrations increase, global average precipitation is also
expected to rise, directly affecting the quality and quantity of
surface water. Changes in river flow could have dual effects:
improving water quality by diluting pollutants when flows are high
or worsening it when flows are scarce [17].

Future changes in runoff and water resources depend on a
variety of factors, particularly precipitation and temperature. These
climate variables have a direct impact on surface and groundwater
systems. Rising global average temperatures, coupled with
increasing monthly average temperatures in Albania, will intensify
greenhouse gas concentrations. If emissions remain unchecked,
temperature increases will become more pronounced. Consequently,
the region may face a significant rise in wildfires, droughts, food
shortages, and environmental and human risks [22].

Numerous studies indicate that climate change will increase the
frequency and intensity of precipitation events. Reduced snowfall
and earlier snowmelt into watercourses are expected to heighten the
probability of flooding earlier in the year and reduce water flow
during late spring and summer. Increased atmospheric CO,
concentrations will influence vegetation's water use, potentially
reducing transpiration rates in some plant species under certain
conditions. Other factors influencing plant transpiration include
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vegetation type, soil conditions, and groundwater interactions.
Projected trends of more frequent droughts and floods are
anticipated to alter water flow patterns, potentially causing reduced
spring flows and increased winter flows. These changes will have
significant implications for agriculture and water management.
Additionally, more intense rainfall, river erosion, and flooding are
likely to damage water management infrastructure and services
[23].

According to a study [24] data from 10 meteorological stations
across Albania showed that during 2020, the average maximum
annual temperatures increased by +2.8°C above the multi-year
average of 1961-1990. Concurrently, the average annual
precipitation decreased by 300 mm [25]. Comparisons of minimum
air temperatures in 2021 revealed an increase of +1.1°C above the
same multi-year average. Similarly, the average maximum
temperature in 2021 increased by 2.3°C, while the minimum
temperature rose by 0.9°C. These findings indicate a consistent
trend of rising temperatures and declining precipitation.

The analysis reveals that Albania is increasingly experiencing
conditions of reduced precipitation and elevated temperatures. River
flows, particularly during the summer, have significantly decreased.
For instance, measurements at the Rogozhin Bridge on the
Shkumbin River show that summer season flows (June—August)
account for only 8% of the annual flow, compared to 77% during
the winter and spring seasons [26].

Furthermore, the study [27], analyzed precipitation data from 21
meteorological stations, revealing that in 2020, precipitation ranged
from 122.9 mm to 959.7 mm less than the 30-year averages (1961—
1990), with only four stations recording higher values. Precipitation
data for 2021 also showed a reduction in rainy days compared to the
30-year average, exacerbating drought conditions. These findings
suggest that precipitation levels are likely to decrease in a more
stable and intensified manner throughout the year, with negative
implications for Albania's water resources and agricultural
productivity.

Observed Climatology of Average Mean Surface Air
Temperature 1991-2020; Albania

Monthly Climatology of Average Minimum Surface Air
Temperature, Average Mean Surface Air
Temperature, Average Maximum Surface Air
Temperature & Precipitation 1991-2020; Albania
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Fig. 2 Average air temperature and precipitation in Albania for the period
1991-2020 (CCKP, 2022)

Fig. 2 shows the average air temperatures and precipitation in
Albania for the period 1991-2020, highlighting a significant
increase in temperatures. The circulation of water back to the
atmosphere occurs through evaporation from land and water
surfaces, as well as transpiration from plants. The process of water
evaporation depends on several factors, including climatic and
landscape conditions such as humidity, wind speed, water and
energy availability, vegetation and soil characteristics. As
temperatures rise, the energy available for evaporation increases,
and the atmospheric demand for water from land and water surfaces
also grows.

Increasing average temperatures generally lead to an increase in
the potential for evaporation, although factors such as lower
radiation and increased atmospheric water vapor content may
reduce evaporative demands. Vegetative cover is also crucial, as
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plants absorb precipitation and return water to the atmosphere.
Different types of vegetation have distinct characteristics in terms
of evaporation. With rising temperatures, soil moisture deficits are
likely to increase, as well as the amount of precipitation in a given
area.
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Fig. 3 Annual drought index SPEI, Albania (CCKP, 2020).

According to the Climate Change Knowledge Portal [28], (see
Fig. 3) presents the Standardized Precipitation Evaporation Index
(SPEI), which measures the extent of water deficits in Albania.
Negative values on the graph represent dry conditions, with values
below -2 indicating severe drought. Positive values indicate
increasing wet conditions. Based on the graph, the significant
decline in the SPEI, by more than 2 units from the baseline period
to the end of the century, suggests a strong correlation between
reduced precipitation and an increased probability of drought.
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Fig. 4 Spatial representation of SPEI across Albania for the period 2040—
2059 (left) and 20802099 (right), according to RCP8.5

Additionally, the report [28], specifies that Albania will
experience water stress by the 2050s and severe water stress by the
2090s, with the greatest droughts occurring in the central and
southern regions. This phenomenon is illustrated in Figure 3, which
shows the spatial variation of the annual drought index across
Albania.

Water quality and quantity significantly impact natural
ecosystems, human health, and economic activities. Conversely,
human activities directly affect both water quality and quantity.
Global climate change has the potential to substantially alter water
resources by changing temperature patterns, flow rates, timing, and
the ability of watersheds to assimilate waste and pollutants. The
sustainability of water bodies, land use, and agricultural practices is
heavily influenced by these changes [29].

In regions sensitive to climate change, particularly those
vulnerable to increased temperatures and variability in precipitation,
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there will likely be even greater impacts on both surface and
groundwater quality and availability.

The amount of water accumulated and stored in soil is
influenced by factors such as vegetation type, soil composition,
porosity, evaporation rates, and rainfall intensity. Soil moisture is a
critical hydrological variable of particular importance to sectors like
agriculture. Groundwater use in agriculture accounts for up to 8.7%
of total consumption.

When atmospheric precipitation falls, part of it flows into rivers,
lakes, or seas, while another portion is absorbed by vegetation, and
a smaller amount infiltrates to replenish groundwater. According to
the study [24], a reduction in precipitation of up to 8% by 2050 will
require increased water storage capacities for agriculture.
Additionally, increased temperatures will raise transpiration and
evaporation rates, potentially causing a moisture deficit in Albania
of up to 18%—roughly equivalent to 700 m?® of water per hectare
for agricultural use. The combination of reduced precipitation and
rising temperatures will intensify drought conditions and reduce
available water for irrigation, with agricultural productivity per unit
area potentially decreasing by 25-35%. In areas with decreased
precipitation, soil moisture may be significantly reduced.
Conversely, in areas with increased precipitation, soil moisture may
rise, though this will depend on the rate of evaporation driven by
higher temperatures.

The primary source of groundwater is atmospheric
precipitation. In some areas, current groundwater usage is already
unsustainable. The impacts of climate change on specific
groundwater basins, as well as on the overall dynamics of
groundwater recharge and water quality, can significantly affect
long-term basin sustainability.

A decrease in precipitation in the future, similar to the
conditions observed in 2020 and 2021, could reduce groundwater
recharge, adversely affecting energy and agricultural production.
Increased monthly temperatures will likely shorten the infiltration
period and accelerate evaporation. Projections indicate that
precipitation will continue to decline across all seasons,
exacerbating irrigation shortages, particularly in saline soils, where
salinity levels could increase to 10 times the maximum limit [27].

4. Conclusion

The study emphasizes the need for collaboration among all
water users and stakeholders to achieve a shared vision for the
protection, conservation, and sustainable management of water
resources. It is recommended that water resources planning, and
adaptation strategies be integrated into the development strategies
for key sectors such as agriculture, energy, and infrastructure—
sectors that are most vulnerable to the impacts of climate change,
affecting economic, social, environmental, and foreign exchange
balances at the national level. Ministries should coordinate efforts
across sectors to develop climate change adaptation strategies and
action plans.

Particular attention should be given to ensuring the productivity
and sustainability of irrigation and drainage systems, improving
water use efficiency, and mitigating the risks of floods and
droughts. Climate change impacts place significant pressure on
water resources, with potential negative effects on human health,
economic stability, and the environment. These impacts are driven
by extreme weather events, including floods and fluctuations in
temperature extremes across the country.

Adaptation strategies for water resources must be tailored to
specific regions, as they are closely linked to local climatic
conditions. Therefore, decisions related to land use, drainage,
infrastructure planning, and water supply and treatment are
influenced by a variety of public and private stakeholders. Effective
adaptation to climate change requires coordination and cooperation
among various actors and interest groups, along with the fulfillment
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of responsibilities by local municipalities, especially following the
transfer of many competencies from the central government to local
authorities for water management.

5. Summary

Albania is characterized as a country with a relatively high
presence of water resources. However, resources and reserves are
vulnerable due to seasonal variations and inefficient water use. This
study aims to analyze and evaluate the possible consequences of a
drastic change in the hydrological cycle, causing a series of impacts
on the land in the context of the pressures exerted on the social,
economic, and environmental sectors. A qualitative and quantitative
analysis of industrial, agricultural activities, etc., together with a
growing population and concentration in the country's big cities,
contribute to climate change processes. Also, it affects water
resources in terms of their quality and quantity, variability and time,
form and intensity of rainfall as well as increasing temperatures,
evaporation, humidity, and soil dryness. In the National Strategy for
Water Resources in Integrated Management (2018-2027),
sustainable use of water resources was foreseen, for achieving water
quality in all water resources by 2027, reducing and managing
disaster risk for drought, and floods, and increasing scientific
knowledge on water. And yet, the challenges the country is facing
in terms of water resource management are worsening both in
supply and demand for providing sufficient water resources.

Climatological conditions in Albania have shown variability in
reducing the amount of rainfall and its intensity, decrease in river
flows, mainly during the summer months, decrease in water
penetration into the ground, predicted trends for droughts, more
frequent floods, etc. Almost 90% of energy production is provided
by hydropower plants, which brings a serious problem to the
country's water resources. According to the SPEI Annual Drought
Index, our country, by the year 2100, is likely to experience a
significant increase in reduced precipitation, increased dryness, and
lack of moisture. The data shows that the number of days with
temperatures of 20 °C has doubled and the number of tropical
nights has tripled, compared to the long-term average rate. During
the last 30 years in Albania, almost 40.2% of economic damage was
caused by floods and 33.5% by landslides. Therefore, sustainable
management of water resources, modernization of the distribution
network, reduction of wastage, and increase of water efficiency are
some of the emergency and long-term plans that should be
undertaken.
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The influence of the method of agricultural production on the state of surface water
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Abstract: According to various researchers, the ever-increasing pollution of water resources in the world by wastewater from agricultural
sectors poses a great challenge to human health, especially in economically developed areas. Agriculture and its methods of operation
constantly influence the water quality of surface water bodies. It was established that in Lithuania, 63% of water bodies in the categories of
rivers and 64% of lakes are classified as risk water bodies and do not meet the criteria of good condition. One of the main group of factors
that led to the deterioration of the condition of water bodies is the continuous and increasing pollution, mainly from agricultural activities.
This study aims to find out how much the ecological method of agricultural production affects the nearby surface water bodies. The obtained
results show that the larger the area of organic farms from the entire area of the lake's nutrient basin, the lower the values of biochemical
oxygen consumption, total phosphorus, phosphate phosphorus, nitrate nitrogen and total nitrogen concentrations. It was established that
most of the surface water bodies in southern Lithuania corresponded to the values of the class of very good and good ecological status. The
ecological method of agricultural production has a positive effect on the condition of surface water bodies.

Keywords: WATER BODY, CONDITION CLASS, ORGANIC FARM

1. Introduction Phosphorus (P) and nitrogen (N) compounds added to the soil
The increasing level of use of water resources by polluting them ~ With organic and mineral fertilizers have the greatest influence on
with wastewater from the domestic, industrial and agricultural ~ Surface water quality and eutrophication processes in surface water
sectors, according to various researchers, poses a great challenge to  [8-9], therefore, in order to assess agricultural impact of production
human health, especially in economically developed areas [2]. ~ ©n the quality of surface water, phosphorus and nitrogen content in
Various studies show that excessive use of chemical fertilizers and ~ the soil is evaluated.
pesticides has caused serious non-point source water pollution [1]. The purpose of the study: to evaluate the influence of the

Diffuse and other water pollution is a major problem in many  gqqogical agricultural production method on the state of surface
agroecosystems, especially in irrigated areas associated with

water.
ecosystems of high ecological value [3]. Modern agriculture is
increasingly dependent on chemical fertilizers, especially in 2. Materials and methods
developing countries [4]. Fertilizers and manures applied to crops to To assess the influence of ecological methods of agriculture on

increase yields are often lost through surface erosion, soil leaching,  the quality of surface water, the surface water bodies of southern
and runoff, and water quality is degraded as nutrients are added to Lithuania, the  Nemunas RBD, located near farms whose
surface and groundwater. agricultural production method is ecological and meets the
established requirements (certified), were studied in this work. A
comparative analysis of the results was carried out. The lakes
researched included Alové, Aviris, Galstas, Pabezninkai, Giluitis,
Dusia, and Guostus. (Figure 1). The studied surface water bodies
were analysed according to the data obtained from the database of

64% of lakes are classified as risk water bodies and do not meet the me ItEntwronmentaI I:rotect_lton_Ager}cy_ from Ithlf reseadrch re;ulti_r?f
criteria of good condition. 57% of rivers and 62% of lake water € stale program of monitoring Of TIvers, 1akes and poncs. The

bodies in the Nemunas RBD, 94% and 95% in the Lielupa RBD, ecolqgical cgndition O.f Suffa"_e water was ass_essed according to
66% and 90% in the Venta RBD, and 22% and 44% in the Dauguva physic-chemical - quality indicators: total nitrogen (N), total
RBD do not meet the criteria of good condition. p_hospho_rus (P). phosphate_ phosp_horus (PO4-P), nltrm_es (NO.Z)’
nitrate nitrogen (NO3-N), biochemical oxygen consumption during
The condition of surface water bodies is most negatively Day 7 (BOD?7).
affected by diffuse pollution, mainly from agricultural activities
(42% of significantly affected bodies). Diffuse agricultural pollution
consists of leaching of nitrogen and phosphorus compounds into the
soil with animal manure and mineral fertilizers into surface water
bodies. The extent of the impact is determined by the intensity of
agricultural activity. Crop production in Lithuania has greatly
intensified compared to the period of 2010-2013. According to
statistics, on average, in the period 2016-2022, agricultural land was
used 5.3% more than in the previous period. The area of intensively
cultivated crops (cereals and rape) also increased by 21%.
Compared to the previous period, the sales of mineral nitrogen The 2021-2022 data on the areas of organic farms from
fertilizers in Lithuania increased by 14%, phosphorus - by as much  certification institutions (databases) are used, which include all
as 31%. Also, the areas of extensively used crops (meadows and  declared and certified areas of organic farms in Lithuania located
herbaceous plants) decreased by 14%. The number of contracted near the surface water bodies studied.
animals decreased by about 9%. Since the areas of intensively . . .
cultivated crops have increased, the use of mineral fertilizers has The water bodies studied are evaluated according to the values
also increased. These changes led to the increasing impact of  ©f hydro morphological indicators: the water body area, in square
agriculture and a significant impact on water bodies. In order to  Kilometers; maximum depth, in meters; average depth, in meters;
assess the influence of organic agriculture on the quality of  the area of the nutrient basin, in square kilometers; length of
underground and surface water, surface water of rivers or other coastline, in kilometers. The intensity of economic activity in the

water bodies and drainage water are usually studied in Lithuania [5-  Pasin is assessed according to the area of organic farms in the
6]. basin, in square kilometers; the area of organic farms in the total

area of the basin, as a percentage, and the number of organic farms
in the basin of the water body.

According to the requirements of the General Water Policy
Directive, surface water bodies are divided into the categories of
rivers, lakes, intermediate and coastal water bodies and are assigned
to UBR. After assessing the state of water bodies, it was found that
in Lithuania, 63% of water bodies in the categories of rivers and

The assessment of surface water is based on the methodology
for determining the condition of surface water bodies (total nitrogen
(N), total phosphorus (P) and biochemical oxygen consumption
within seven days (BOD?7), criteria for classes of the ecological
condition of lakes based on the values of the indicators of physico-
chemical quality element. Phosphate phosphorus (PO4-P) and
nitrites (NO2) were evaluated according to the requirements for the
protection of surface water bodies where freshwater fish can live
and breed.
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Correlation coefficients were calculated to assess the
relationship between the values of surface water quality indicators
and the area, maximum and average depth of water bodies, the area
of the nutrition basin, the length of the shoreline, the area of
organic farms in the basin, the area of organic farms in the total area
of the basin, and the number of organic farms in the water body
basin, p < 0.05, with STATISTICA 10 software.

Fig. 1 The lakes researched included Alove,

Pabezninkai, Giluitis, Dusia, and Guostus in Lithuania

3. Results and discussion

Aviris,

Galstas,

In order to evaluate the influence of ecological agricultural
production on surface water bodies, the results of water monitoring
studies were analyzed.

The research results of the above-mentioned lakes from 2006 to
2022 were examined. The state of surface water was assessed by
systematizing physic-chemical quality indicators: total nitrogen (N),
total phosphorus (P), phosphate phosphorus (PO4-P), nitrites
(NO2), nitrate nitrogen (NO3-N), biochemical oxygen consumption
during 7 days (BOD7) and dissolved oxygen concentration (O2).
The assessment of the condition of the investigated surface water

bodies is presented in Table 1.

Tyrimy N mg/IN P mg/IP PO,-P NO;-N mg/I | NO, BDS; mg/l | Prisotinimas
metai mg/IP [N mg/IN | O, deguonimi
%
Aloveés ezeras
2009 2,45 0,088 0,037 [0,29 0,025 [5,52 0,97
2013 0,008 [ 0,55 0,007 |5,75 1,24
2016 0,006 0,18 0,138 | 565 1,27
2019 0,014 [0,58 0,007 | 4,48 1,21
2022 0,022 0,23 0,0065 [13,9500 1 0,91
Avirio eZeras
2006 0,038 0,009 [0,27 0,007 1,102
2011 0,75 0,024 0,012 [0,05 0,003 1,087
2016 0,5 0,027 0,007 _[0,10 0,001 1,069
2022 0,7 0,027 0,012 [ 0,09 0,003 |22 1,091
Galsto eZeras
2010 0,75 0,031 [0,04 0,004 1,045
2014 0,65 0,022 0,009 [ 0,04 0,001 1,007
2022 0,32 | 0,024 0,009 [0,08 0,005 [2,23 1,004
Pabezninky ezeras
0,051 [0,35 0,003 H 0,891
0,074 0,009 [0,24 0,006 | 4,8 0,972
0,073 0,015 [0,19 0,006 | 2,08 1,015
0,064 0,015 [0,14 0,009 0,697
Giluitio ezeras
2010 0,025 0,012 [0,54 0,007 1,116
2014 095  [0,032 0,013 [0,3 0,006 1,001
2022 0,024 0,008 [1,16 0,030 1,023
Dusios eZeras
2007 0,9 0,028 [0,010 [0,03 0,002 [12)5800 0,956
2013 0,45 0,0195 | 0,005 [0,02 0,005 [1,05 0,978
2017 0,45 0,024 0,003 [0,02 0,007 [2,23 0,964
2022 0,41 0,029 0,009 [0,05 0,003 |[2,08 0,973
Guostus eZeras
2008 @50 0,021 [ 0,007 [0,11 0,003 H 0,944
2012 0,88 0,017 0,005 [ 0,05 0,003 |[1,78 0,962
2015 0,5 0,011 0,006 | 0,03 0,001 [ 1,53 1,041
2022 0,66 0033 (0,013 [014 0,005 F 1,013
Labai gera ekologines buklés -lekulu_ginés Vidutiné ekologinés buklés Klase
klasé buklés klasé

Table 1 The condition of the investigated surface water bodies
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After analyzing the data and based on the 2007 decision of the
Minister of the Environment of the Republic of Lithuania April 12
No. According to the order D1-210 "On the approval of the
methodology for determining the condition of surface water
bodies", the surface water bodies tested in terms of N and P
concentrations corresponded to the values of the class of very good
and good ecological status, except for Lake Alovés according to N
and P in 2009, it corresponded to the values of the class of average
ecological status, Lake Pabezninkai in terms of P concentrations in
2016, 2019 and 2022 corresponded to the values of the average
ecological status class. According to BDS7 values, all studied water
bodies corresponded to the values of the class of very good and
good ecological status, except for Lake Alovés, according to the
years 2009, 2013, 2016 and 2019, it corresponded to the values of
the class of average ecological status, and Lake Pabezninkai in 2016
corresponded to the values of the class of average ecological status.

Since phosphorus (P) and nitrogen (N) compounds introduced
into the soil with organic and mineral fertilizers have the greatest
influence on surface water quality [8-9] band nitrogen (Nb, mg/ I)
and total phosphorus (Pb, mg/l) indicators, and are presented in
diagrams. Fig. 2 - 8 the variation of total nitrogen (Nb, mg/l)
content in the investigated surface water bodies is presented.

Alovés e?. - azotas bendras (N, mg/l)

y =+0,102x+ 207,12

R*=0,823

15

1,0
0,5

0,0

2008 2010 2012 2014 2016 2018 2020 2022 2024

Figure 2 Total nitrogen in Alové Lake (Nb, mg/l)

Avirio eZ. - azotas bendras (N, mg/l)
16

y=-0,0416x 484,637
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Figure 3 Total nitrogen in Aviris Lake (Np, mg/l)
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Galsto ez. - azotas bendras (Ny, me/I) Guostus eZ. - azotas bendras (N;, mg/l)
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Figure 4 Total nitrogen in Galst Lake (Np, mg/l)

Figure 8 Total nitrogen in Lake Guostus (N, mg/l)

From the presented diagrams of total nitrogen, it can be seen
that the curve rises in Pabezninkai and Giluitis lakes, which
v T o indicates an increased entry of nitrogen (N) compounds into the

Pabezninky eZ. - azotas bendras (N,, mg/)

16 mentioned surface water bodies. In all other studied surface water
16 bodies, the curve does not rise.
15 Fig. 9 — 15 the variation of total phosphorus (Pb, mg/l) content
. in the investigated surface water bodies is presented.
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Figure 7 Total nitrogen in Lake Dusia (Np, mg/l)
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Figure 11 Total phosphorus of Galst Lake (Py, mg/l)
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Figure 12 Total phosphorus of Lake Pabezninkai (P,, mg/l)
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Figure 13 Total phosphorus of Lake Giluitis Py, mg/l)
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Figure 14 Total phosphorus in Lake Dusia (Py, mg/l)
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Guostus ez - bendras fosforas (P, mg/l)
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Figure 15 Total phosphorus of Lake Guostus (Py, mg/l)

From the presented diagrams of total nitrogen, it can be seen that
the curve rises in Pabezninkai, Dusios and Guostas lakes, which
indicates an increased entry of phosphorus (P) compounds into the
mentioned surface water bodies. In all other studied surface water
bodies, the curve does not rise.

Area of studied water bodies, km?;, maximum depth, m; average
depth, m, area of the nutrition basin, km?, length of the shoreline,
km, area of organic farms in the basin, km? the area of organic
farms from the total area of the basin, % and the number of organic
farms in the basin of the water body are presented in Table 2.

Ezero Plotas, Maksimalus | Vidutinis | Baseino | Ekologiniy | Ekologiny Kranto Ekologiniy
pavadinimas | km? gylis, m gylis, m | plotas, akiy plotas, | iikiy plotas | linijos tkiy sk.
Name of the | Lake Max depth, | Average | km? m? nuo viso ilgis, m vnt.
lake area,m | m depth,m | Pool Area of baseino Length of | Number of
area, organic ploto,% the organic
km? farms, km? | The area of | coastline, | farms,
organic m units
farms from
the total
area of the
basin %
Alovés 0.797 4.40 25 7.75 05121 6.61 542 1
Avirio 1.500 32.8 96 26.2 1.4598 557 114 4
Galsto 3918 50.0 141 68.0 2.1087 3.10 18.99 1
Pabezninky 0.661 3.00 19 118 0.9119 773 4.6 1
Gilui¢io 2350 220 89 34.8 27300 7.85 9.15 1
Dusios 23.46 324 154 107.8 0.3807 0.35 23.46 1
Guostus 0.756 33.7 185 23.2 0.2019 0.87 4.85 1

Table 2 Hydromorphological and economic indicators of the studied
surface water bodies

The largest in terms of area is Lake Dusios (23.46 km?), the
smallest is Lake Pabezninkai (0.661 km?). The deepest lakes in
terms of maximum and average depth - Galsto (50/14.1 m); Avirio
(32.8/9.6 m); Guostu (33.7/18.5 m) and Dusios lake (33.7/18.5 m).
The shallowest lakes are Pabezninkai (3/1.9 m) and Alové lake
(4.4/2.5 m). The largest area of the nutrition basin is Lake Dusias
(107.8 km?); the smallest - Alové lake (7.75 km?). The longest
shoreline length - Dusios lake (23.43m); the shortest of Lake
Pabezninkai (4.6 m). The largest area of organic farms is in the
basin of Lake Giluitis (2.72 km?), the smallest is in the basin of
Lake Guostus (0.2019 km?). After evaluating the area of organic
farms as a percentage of the entire lake nutrition basin, it was found
that the largest percentage of organic farms is in the basin of Lake
Giluitis (7.85%), the lowest is in the basin of Lake Dusios (0.35%).
In the basins of all studied lakes, only one organic farm was
registered, only in the basin of Lake Aviris were registered two.

Correlation coefficients were calculated in order to evaluate the
relationships between the surface water quality indicator values and
the area of water bodies, maximum and average depth, area of the
nutrition basin, the length of the shoreline, the area of organic farms
in the basin, the area of organic farms from the total area of the
basin, and the number of organic farms in the basin of the water
body. The results are presented in Table 3.
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Vandens | Ezero Maksimalus | Vidutinis | Kranto Baseino | Ekologiniy | Ekologiniy tukiy plotas
kokybés | plotas, gylis, m gylis, m linijos plotas, | uikiy nuo viso baseino
rodiklis m Max. depth, | Average ilgis, m km? plotas, ploto,%
Water Lake m depth,m | Length of | Pool km? The area of organic
quality | area,m the area, Area of farms from the total
indicator coastline, | km? organic area of the basin,%
m farms, km?
N, mg/I r=-0.538 | r=-0.897 r=-0.854 r=0.750 r=0.73 r=0.122 r=-0.862
N p=0.213 | p=0.006 p=0.014 | p=0.042 | p=0.049 | p=0.795 | p=0.013
P, r=-0.339 | r=-0.828 r=-0.899 r=0.488 r=0.53 r=-0.197 r=-0.739
mg/l P p=0.458 | p=0.021 p=0.006 p=0.266 | p=0.217 | p=0.672 p=0.042
PO4-P, r=-0.487 | r=-0.554 r=-0.779 r=0.395 r=0.48 r=0.115 r=-0.744
mglP | p=0.268 | p=0.197 p=0.039 |[p=0.381 | p=0.272|p=0.806 | p=0.020
NOsz-N, r=-0.374 | r=-0.519 r=-0.520 r=0.451 r=0.43 r=0.535 r=-0.755
mg/IN | p=0.409 | p=0.233 p=0232 |[p=0.310 | p=0.331|p=0216 | p=0.049
NO;-N, |r=-0247 [1=-0632 | r=0613 |r=0391 |r=043 |r=0093 | r=-0.469
mgIN | p=0593 | p=0.128 p=0144 |p=0.385 | p=0.337 | p=0.842 | p=0.289
BDS7, r=-0.494 | r=-0.786 r=-0.858 r=0.598 r=0.69 r=-0.131 r=-0.676
mg/l 0z | p=0.259 | p=0.036 p=0.014 p=0.156 | p=0.047 | p=0.779 p=0.045
Table 3 Correlation matrix of the values of surface water quality

indicators and the area of water bodies, maximum and average depth, the
area of the nutrition basin, the long shoreline, the area of organic farms in
the basin, the area of organic farms from the total area of the basin, and the
number of organic farms in the water body basin.

After calculating the correlation coefficients, a statistically
strong negative relationship was found between the maximum lake
depth and total nitrogen concentration (N) (r=-0.897, p=0.006), total
phosphorus concentration (P) (r=-0.828, p=0.021), biochemical
oxygen consumption values (BDS7) (r=-0.786, p=0.036). The
higher the maximum water depth, the lower the values of
biochemical oxygen consumption, total phosphorus and total
nitrogen concentrations.

A statistically strong negative correlation was found between
the average lake depth and total nitrogen concentration (N) (r=-
0.858, p=0.014), total phosphorus concentration (P) (r=-0.899,
p=0.006), phosphate phosphorus concentration (PO4- P) (r=-0.779,
p=0.039), and biochemical oxygen consumption values (BDS7 )
(r=-0.858, p=0.014). The greater the average water depth, the lower
the values of biochemical oxygen consumption, total phosphorus,
phosphate phosphorus and total nitrogen concentrations.

A statistically strong positive relationship was found between
the length of the shoreline and total nitrogen concentration (N)
(r=0.750, p=0.042), the longer the shoreline, the higher the total
nitrogen concentration.

A statistically strong positive correlation was found between the
area of the nutrient pool and the concentration of total nitrogen (N)
(r=0.730, p=0.049), and the wvalue of biochemical oxygen
consumption (BOD7) (r=0.690, p=0.047). The larger the area of the
nutrient basin of the water body, the higher the values of
biochemical oxygen consumption and total nitrogen concentrations.

A statistically strong negative correlation was found between
the area of organic farms from the total basin area and total nitrogen
concentration (N) (r=-0.862, p=0.013), total phosphorus
concentration (P) (r=-0.739, p=0.042), phosphate phosphorus
concentration (PO4-P) (r=-0.744, p=0.020), nitrate nitrogen
concentration (NO3-N) (r=-0.755, p=0.049) and biochemical
oxygen consumption values (BOD7) (r=-0.676, p =0.045). The
larger the area of organic farms from the total basin area, the lower
the values of biochemical oxygen consumption, total phosphorus,

phosphate phosphorus, nitrate nitrogen and total nitrogen
concentrations.

4. Conclusions
1. It was established that the investigated surface water

bodies according to N, P and BOD7 values corresponded to the
values of the class of very good and good ecological status, with the
exception of Alovés lake according to N and P in 2009, which
corresponded to the values of the class of average ecological status,
Pabeznkinkai lake according to P concentrations in 2016, 2019 and
in 2022 corresponded to the values of the average ecological status
class. According to BDS7 values, Lake Alovés in 2009, 2013, 2016

89

and 2019, Lake Pabezninkai in 2016 corresponded to the values of
the medium ecological status class.

2. After calculating the correlation coefficients, a statistically
strong negative relationship was found between the maximum lake
depth and N (r=-0.897, p=0.006), P (r=-0.828, p=0.021), BDS7 (r=-
0.786, p=0.036) . A statistically strong negative correlation was
found between average lake depth and BDS7 values of N (r=-0.858,
p=0.014), P)(r=-0.899, p=0.006), PO4-P (r=-0.779, p=0.039) (r=-
0.858, p=0.014). A statistically strong positive correlation was
found between shoreline length and N)(r=0.750, p=0.042).
p=0.047).

3. The larger the area of organic farms from the total basin
area, the lower the values of biochemical oxygen consumption, total
phosphorus, phosphate phosphorus, nitrate nitrogen and total
nitrogen concentrations. A statistically strong negative correlation
was found between the area of organic farms from the total basin
area and total nitrogen concentration (N) (r=-0.862, p=0.013), total
phosphorus concentration (P) (r=-0.739, p=0.042), phosphate
phosphorus concentration (PO4-P) (r=-0.744, p=0.020), nitrate
nitrogen concentration (NO3-N) (r=-0.755, p=0.049) and
biochemical oxygen consumption values (BOD7) (r=-0.676, p
=0.045).
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Utilization of solar energy in application of drip irrigation in gardens of mountainous and
foothill areas of uzbekistan
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Majidov *
!National Research University "Tashkent Institute of Irrigation and Agricultural Mechanization Engineers”, Tashkent, Uzbekistan
NGO (non-governmental organization) “Suvchi”, NRU “TIIAME”, Tashkent, Uzbekistan

Abstract: Under the conditions of climate change, the provision of clean drinking water for population and irrigation water for crops has
become one of the main problems in the world. With population growth and development of economic sectors, water resources deficit in the
Republic of Uzbekistan and Central Asian countries is increasing from year to year. With population growth and development of economic
sectors, water resources deficit in the Republic of Uzbekistan and in Central Asian countries increases from year to year. The solution of
water deficit problem lies in water saving and rational water use. The main objective of scientific research is application of water and
energy saving technologies in fruit orchards located in mountainous and foothill zones and in different soil-reclamation conditions of the
Republic of Uzbekistan (Republic of Karakalpakstan, Bukhara, Kashkadarya, Namangan, Surkhandarya and Khorezm provinces), where
water and electricity deficit is strongly felt. As a result, water saving in fruit orchards in comparison with traditional irrigation amounted to
67.4 % in the Republic of Karakalpakstan, 76.1 % in Bukhara province, and on average in the republic the saving reached 6080 %. In
order to reduce the human factor in garden irrigation, all processes were automated. A mobile solar system with a capacity of N=4.0+4.2
kWh (8 photovol-taic solar panels with a capacity of 500 W each) was manufactured to provide energy to the pumping unit supplying water
to the driop irriga-tion system. Also, a system of cooling of solar panels was developed to increase the efficiency factor at high temperatures (t
= 40+50" C).

KEYWORDS: WATER DEFICIT; WATER- AND ENERGY-SAVING TECHNOLOGIES; GARDENS; DRIP IRRIGATION; SOLAR
ENERGY, PANEL COOLING SYSTEM; IRRIGATION AUTOMATION.

1. Introduction. The use of renewable energy to replace traditional fossil fuels

Nowadays, providing the rapidly growing population with reduces CO, emissions and is a greener option to overcome the
environmentally friendly food is becoming one of the major  threat of global warming. These benefits are particularly noticeable
problems on Earth. Therefore, all countries of the world, and the in rural and agricultural areas where access to the grid is
United Nations, have food security programs [1]. In our country, the problematic [7, 8].

program “On measures to further ensure food security of the In the countries of Central Asia and in the Republic of
country” was adopted by the decree of the President of the Republic Uzbekistan, the most available renewable energy source is solar
of Uzbekistan in 2018 [2]. energy. On average, we have more than 300 sunny days per year

Agriculture is the main source of food security and the main with a duration of 14+16 hours, the average temperature is +42° C
consumer of water resources. Today, our republic is allocated an (in desert areas the temperature can rise to +70° C); the capacity of
average of 51+53 billion m3 of water resources under the limit, of solar energy reaches 19002000 kW/m2 [9, 10].
which: 90+91 % - for irrigation of 4.3 million hectares of The use of photovoltaic systems will provide the necessary
agricultural land; 4.5 % - to the sphere of communal and household electricity for pumping units and control equipment required for the
economy; 1.4 % - to industry; 1.2 % - to fish farming; 0.9 % - to effective operation of the integrated drip irrigation system [11].
energy; 1.0 % - for other branches of economy. [3]. With the The purpose of the research work is to introduce a complex
growth of population and development of economic sectors, water automated drip irrigation system using renewable energy sources to
demand also increases. The deficit of water resources in the ensure energy and water resources conservation, timely and
Republic of Uzbekistan and in Central Asian countries increases efficient irrigation in agriculture. As a result, there will be an
from year to year [4]. The most optimal solution of water deficit opportunity for additional development of new lands, determination
problem is water conservation and reasonable water use [5]. of irrigation norms for fruit orchards in 6 regions of the republic,

Application of non-traditional methods of irrigation provides also crop yields will increase, labor costs will decrease, which will
30+45% increase in crop yield and 25+30% increase in labor reduce poverty and increase profit of rural population, as well as

productivity, 45+60% decrease in water resources consumption [6]. ensure sustainability of food security in the country/region.
To date, the following methods of water-saving technologies are The project has been implemented in gardens of water users
applied in our republic: irrigation with short furrows; sprinkling; of the Republic of Karakalpakstan, Bukhara, Kashkadarya,

use of hydrogel granules; land leveling with laser devices; irrigation Namangan, Khorezm and Surkhandarya provinces. In future, the
from under the soil; irrigation with portable flexible plastic pipes project will be implemented in all horticultural farms of the
and polyethylene trays; irrigation along furrows with film Republic of Uzbekistan and in Central Asian countries.
perforated cover; subirrigation (raising the groundwater table); drip
irrigation and others.
Table 1: Objects of the study

Ne | Location of research objects

1 | Republic of Karakalpakstan, Beruni district, farm
“Ozod intensiv bog”.
2 | Khorezm region, Gurlensky district, “Mevazor
gardens” Ltd.
. 3 | Bukhara oblast, Kagan district, “Training and
UZBEKISTAN _ 8 24 Research Center” of Bukhara Institute of “Natural

Lake Ayasr—J o' o Resources Management”.

4 | Kashkadarya province, Kasan district, “Karshi
Canal Operation Department”.
3 5 | Surkhandarya province, Sariasi district, farm

KAZAKHSTAN

TURKMENISTAN

&/ “Mindal Agro”.
R CLANISTAN i 6 | Namangan province, Novonamangan district,
“Samarkand Golden Fiber” farming enterprise
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To implement an integrated automated drip irrigation system using renewable energy sources to ensure conservation of energy and
water resources, timely and efficient irrigation in agriculture, an integrated drip irrigation system consisting of the following three systems is
proposed (Fig. 2).

1. Drip irrigation system.
2. Solar energy system with pumping units.
3. Irrigation automation system.

A o s 2 Fig. 1.
oo /2- 35 :dripirrigation:

Scheme of the complex automated system

1,0 o o
5 1 1 1-mobile solar power unit; 2-pumping unit; 3-tank for water; 4-pipeline
! g = Zoifor water supply; 5-crane for water flow regulation; 6-distribution
o - Zi/—fxo o o :pipes; 7-irrigation pipeline with drippers; 8-automation devices; 9-
J 0 o9 - So—<o—<, control unit; 10-fruit trees.
' 1

3. Results and discussion

3.1 Drip irrigation system.

Traditional drip irrigation system is a pressure system. It is known that the main sources of surface water resources - Amu Darya, Syr
Darya and Zarafshan rivers move large amounts of sediment (Table 2) [13], which quickly clog the drip lines of the system [14]. Therefore,
the liquid entering the drip lines must be purified to acceptable values (Table 3). Water is pumped by a pump from the source to the settling
tank, and from the settling tank to the filters (Fig. 3).

Table 2. Size and number of suspended particles in water sources.

Diameters of suspended sediment fractions (mm) and their quantity (%) D sverage
0.1+ 0.05+ 0.01+ 0.005+ '
2.0-1.0 1+0.5 0.5+0.2 0.2+0.1 0.05 0.01 0.005 0.001 >0.001 MM
Zarafshan River (Hydropost 124, Navaiy, 2015.10.08)
- | - ] 203 | 263 | 275 | 34 25 | 55 | 145 | 0133
Sirdaryo River (Hydropost 1, Kal village, 2017.08.06)
- | 225 | 185 | 99 | 154 | 49 | 288 | - | - | 0264
Amudaryo River (Hydropost 83, Tuyamuyun gorge, 2017.29.06)
- | 75 | 168 | 169 | 221 | 46 | 13 | 174 | 134 | o016l

Figure 3. General scheme of the drip irrigation
system irrigation:

1-main  pump; 2-management computing
complex; 3-meteorological station; 4-field of
experience (module); 5-site pipeline; 6-closing-
regulating fittings; 7-"compact" filter; 8-
fertilizer connection complex; 9-distribution
pipe; 10-fertilizer application device; 11-pump;
12-water cleaning filter; 13-regulating collecting
basin; 14-main pipe.

Table 3. Permissible values of concentration and size of suspended particles contained in irrigation water of drip irrigation systems.

Size of through holes, mm Permissible concentration of suspended particles in water and their sizes

Concentration, g/l Particle size, mm
<1 0.03 - 0.05 <0.05
1-2 0.05-0.1 <0.07
>2 0.1-0.3 <0.1

3.1.1 Efficiency of drip irrigation system

As a result of 3-year field studies on drip irrigation conducted in Surkhandarya province, water savings amounted to 39.4+41.7% in
soybean and sunflower irrigation, as well as 58.3+62.0% in orchards and vineyards [6]. Taking into account saving up to 60% of water under
drip irrigation in comparison with furrow irrigation, the purpose of the conducted research works was to develop new irrigation rates for drip
irrigation of fruit orchards. Comparison of research results of furrow irrigation and drip irrigation is presented in Table 4.

Table 4. List of irrigation regime for orchards and vineyards by hydromodule districts of the Republic of Karakalpakstan, Kashkadarya,
Surkhandarya, Khorezm, Bukhara and Namangan regions of the Republic of Uzbekistan.
Information about the orchard

Types of irrigation

@ Furrow irrigation Drip irrigation X
izati ) @ |8 5 3 - k=
The organization where 2 8155 |= € o | = E || ¢
Ne the project is being Mechanical, structure ofthe | 51 % (6| © | & 2g| = 8 2zl 28| &
. - [ —
implemented soil, % 5 2 5| 2|8 S—|%| .8 5§~ 28| &
o4 SK|E |88 |E€E| e | B [EE|EE| S
G| F 5|28 |8 | 2|28 |8 25|53
= | ET | S8 |
x - © = = o |k
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1 | Republic Karakalpakstan,| -heavy sand and clay-12,1%; | 3,5fpricot | 2 | 4x3 | 11.05 | 3600 | 4 | 11.05 |1102| 18 |694
Beruni district «Ozod | -medium sandy-32,5%; + +
intensive bogy farm -light sandy-38,0%; 31.08 31.08
(N-1-A-b-V) -sandy -17,4%. 11 113
2 | Khorezm region, Gurlan | -heavy sand and clay-30%; 25| apple | 3 | 5x3| 10.05 | 3600 | 4 | 10.05 (1026| 18 |71,5
district «Mevazor -medium sandy -47%; + -+
gardens» LLC -light sandy -19,4%; 31.08 31.08
(N-1-A-b-V) -sandy -3,6%. 114 114
3 | Bukhara region, Kogon | -heavy sand and clay-18,3%; | 2,5|apricot,| 1 |6x5 | 21.04 | 5300 | 6 21.04 (1265| 27 |76,1
district, Bukhara Institute | -medium sandy -30,9%; peach 5x3 + -
of Natural Managament | -light sandy -49,7%; 15.09 15.09
«Educational and scientific| -sandy -5,7%. 148 148
center» (C-1-A-b-V)
4 Kashkadarya region, -heavy sand and clay -14,3%;| 3,0|apricot,| 1 | 6x5| 11.04 | 4800 | 6 11.04 (1566| 30 (67,4
Koson district, -medium sandy -32,5%; almond 6x4 + -
«Agrosuvtexmontaj»LLC | -light sandy -38,0%; 26.09 26.09
,» Department of -sandy -17,4%. 168 168
Exploitation of Karshi
Main Canals(C-1-A-b-V)
5| Surkhandarya region, -heavy sand and clay -21,7%;| 55| apple | 7 | 5x4 | 16.04 | 4900 | 7 | 16.04 (1350| 27 [725
Sariosia district, “Mindal- | -medium sandy -50,0%; + =
agro” farm (C-1-A-b-V) | -light sandy -29,0%; 15.09 15.09
-sandy -0,3%. 153 153
6 | Namangan region, New | -heavy sand and clay -39,0%;| 3,5| plum | 1 | 5x5| 11.04 | 4300 | 7 11.04 ({1120| 28 |74,0
Namangan district, -medium sandy -39,7%; + =
«Samarkand oltin tolasi» | -light sandy -17,4%; 10.09 10.09
farm (C-11-A-c-1V) . -sandy -3,9%. 152 152
*Planting scheme: the first number is the distance between rows; the second number is the distance between trees (seedlings)
1A | odnmmfmg o | B R :
o o - s | o o
““_r_.--' i el . I': o o o
- po—_— ol = et
.,_F--"-'- -rl' e L . Ll S N — P B S

Kashkadarya region.

Figure 4. Relationship between irrig

3.2 Solar energy system with pumping units

The use of mobile photovoltaic system will provide the
necessary electricity for pumping units and control equipment of
drip irrigation system. In summer period the air temperature in the
regions of Central Asian countries, in particular in the Republic of

Photothermal batteries

ation rate and vegetation period-m=f(T) by regions: A - Republic of Karakalphakistan; B -

Uzbekistan, rises up to t=40+50° C. As a result of temperature

C (Fig. 5 and Table 5) [11].

increase the efficiency of photovoltaic battery (PVB) decreases up
to 80%. To avoid the loss of efficiency, PVBs were equipped with a
cooling system, which allows maintaining the temperature at t=25°

Table 5. Physical and technical characteristics of FTB parts with power of

i[ A i) i) —
z . ) . = Maximum power of PVB, P« 500W 8 PVB
), [— bialol AAEETD PVB efficiency factor, n 20, 3% 20,3%
ol PVB no-load voltage, Uoc 22,8V 22,8V
Water capacity — PVB short-circuit current, Isc 89 A 8.9 A
For irrigation
2 ‘ Filling coefficient of VAC, ff 0,71-0,73 0,71-0,73
Pump
‘ Cellul_ar polycarbonate heat collector (HC) 17 liters 17x8=136 liters
i capacitance, V
. P o Thermal conductivity of honeycomb 0,2+3,9 0,2+3,9
Figure 5. Schematic diagram of water lifting, redundancy polycarbonate, r W/m-°C W/m °C

and flow rate using autonomous photovoltaic installation.

3.3 Irrigation automation system

To reduce the role of human factor in the drip irrigation

Conclusions

1. The most cost-effective water-saving technology is drip

irrigation, which allows: to achieve savings of water resources up to
50 percent and more; additional development of new agricultural
lands; increase crop yields; reduce costs for irrigation works, as
well as for the treatment of crops.

2. Application of mobile solar photo thermal battery (PTB)
for power supply of drip irrigation systems will allow its
implementation in hard-to-reach mountainous and foothill regions.

3. The efficiency of the mobile PTB system is ensured by
the possibility of its universal use throughout the year and for a
variety of purposes (not only for irrigation systems).

system, automation means are introduced, which will control the
drip irrigation process on the basis of a special program that takes
into account the water demand of plants [12]. By studying the type
of soil on the site and its water-physical properties such as water
permeability, capillarity, maximum field moisture capacity, volume,
comparative soil weight and porosity depending on the growing
season, the estimated soil moisture for these crops is established.
All these data are put into the irrigation management program.
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4. Due to cooling of PTB in summer time (at t = 40+50° C) Acknowledgements:
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Influence of soil organic matter on the water-soluble forms of technogenic radionuclides in
soils —a model study

Miryana Varbeva, Petya Kovacheva*
University of Sofia “St. Kliment Ohridski”, Faculty of Chemistry and Pharmacy, Sofia, Bulgaria
*nhpk@chem.uni-sofia.bg

Abstract: Soil contamination with radionuclides poses a serious threat to the health of the population. It can occur in radioactive incidents
and accidents and improper management of radioactive waste. The mobile and bioavailable forms of radioactive contaminants are critical in
predicting their transfer through food chains. This study presents the influence of soil organic matter on the leaching of ***Am, ®°Co and
1%7Cs by distilled water from soils, taken from six regions in Bulgaria. The experiment was carried out by Chromic Cambisol, Eutric
Fluvisol, two Calcaric Chernozem soils, Gleyic Fluvisol and Vertisol, taken from the surface soil layer 0-10 cm. The initial soil samples did
not contain radionuclides and were contaminated by radioactive solution in the laboratory. The soil organic matter was removed from
aliquot of the samples by treatment with 6 % NaClO and heating at 96 °C. The investigation aimed to examine the water-soluble forms of the
radionuclides in soils, containing aliquots with removed organic substances as well as in natural soils. The contaminated soils were stored
at 18 °C and water extraction of the radionuclides was performed after 75 min and 3 weeks after radioactive pollution. The radioactivity of
the samples was measured by gamma spectrometry. The results showed that removing soil organic matter has different effects on the water-
soluble forms of radiocesium and radiocobalt. No changes in the water-soluble forms of americium were measured. Adding soil with
removed organic matter to Calcaric Chernozem soil was found to be an efficient approach to decrease the water-soluble forms of ®°Co in the
first three weeks after contamination.

Keywords: AMERICIUM-241, COBALT-60, CESIUM-137, SOILS, ORGANIC MATTER REMOVAL, WATER EXTRACTION

1. Introduction Table 1. Main characteristics of the studied soils
Soail Soil pH CEC | % % % %
Contamination of soils with technogenic radionuclides is a order/Texture H,0 | KCI | (meg/ | Sand | Silt | Clay | Humus
serious problem of radiation protection and radioecology. The class 100
danger of external irradiation of the population and possible internal q)
exposure to radioactivity requires the implementation of timely | Chromic 66 |63 |320 |43 |317)|253 |23

control of the specific activity of the soil and the geochemical forms | -cambisol/Loam

of radioactive isotopes. Water-soluble forms of radionuclides | EUtric 1T |72 1332 | 743 | 215 | 42 | 450
gt . . fluvisol/Loamy-
represent the most mobile fraction. They can penetrate deep into the sand

soil layer thus reducing the external exposure to radiation and Calcaric 78 | 71 1381 | 329 | 368 | 303 | 259
becoming unavailable to the plant roots. At the same time, the chernozem
water-soluble forms that are found at the level of the root system (1)/Clay loam

can be absorbed by plants and enter the food chain. Numerous Calcaric 78 | 74 | 132 | 247 | 702 | 511 | 3.18
investigations have been focused on various methods of chernozem
immobilizing radioactive contaminants that have entered the | (2)/Siltloam

environment [1-5] in order to exclude their spread and entry into the | Gleyic 79 | 7.7 | 980 | 777 | 191 | 314 | 3.09
food and drinking water of the population. fluvisol/Loamy

o . . . . . sand
Flndmg an effectlv_e sorbent to bind radlonucllde_s in forms that Vertisol/Sandy 73 170 | 128 629 [ 312 | 382 | 295
are more difficult to migrate and bioaccumulate can limit the danger loam

of their entering into the food chain.

It is known from the literature that soil particles are often coated
with a layer of organic matter, which may inhibit the sorption of
radionuclides on the soil minerals [6]. - Soils with normal values of CEC (15-40 meq/100 g):

Therefore, preparing an additive consisting of soil with removed Chromic Cambisol, Eutric Fluvisol, Calcaric Chernozem 1 and
organic matter and applying it to the contaminated soil could
improve and accelerate radionuclide immobilization. For this
purpose, it is necessary to study the effect of removal of soil organic
matter on the water-soluble forms of technogenic radionuclides in Aliquot parts of the soil samples were treated with 6 % NaClO
soils with different characteristics. at 96 °C for 60 min in order to remove the organic matter, referring
to the procedure, described in [6]. After the end of heating, the
samples were rinsed several times with distilled water and dried to a
constant weight. Thus, the obtained soil samples without organic
matter were added to the respective order of natural soil in different
mass concentrations and were contaminated with a radioactive
solution.

Aqueous solutions of 2*Am, ®Co and **Cs in chloride forms
were used to simulate radioactive contamination. The specific
activity of the contaminated soil samples was S = 45 + 0.01 Bq g*
for *!Am, S =15+ 0.01 Bq g™ for ®*Co; and S=18+ 0.01Bqg™
2 Materials and Methods for *¥'Cs. The samples were stored at 18 °C and 15-20 % humidity.

The water-soluble forms of 2Am, ®Co and “'Cs were

Soils from six different regions in Bulgaria were selected for determined after 75 min and 3 weeks after the radioactive

It can be seen, that the soils can be devided to two groups
according to their cation exchange capacities (CEC):

- Soils with low values of CEC (< 15 meq/100 g): Calcaric
Chernozem 2, Gleyic Fluvisol and Vertisol.

The aim of the present work was to determine the influence of
soil organic matter on the water-soluble forms of 2**Am, ®Co and
1%7Cs. A model experiment was conducted in which a radioactive
solution, containing the isotopes of interest was introduced into soil
samples taken from six different regions in Bulgaria. In aliquot
parts of the soils the organic matter was removed. The water-
soluble forms of the radionuclides were studied in natural soils and
soils without organic matter, as well as in soils with mineral soil
matrix of different mass concentration.

this study. The soil samples were taken from the surface 0-10 cm- contamination by using the following extraction procedure [9]:
layer a_nd characterized as described in [7]. _They were classified 2 g dry weight of the studied soil samples were mixed with 20
according to the World Reference Base for Soil Resources [8]. cm® of distilled water. End-over-end extraction was performed by

) o ) ) ) shaking at about 20 °C for 2 h at 200 rpm, followed by vacuum
The main characteristics of the soils, used in this study are filtration of the leachates through 0.2 pm cellulose nitrate filters.
presented in Table 1.
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All the extracts were measured by y-spectrometry. HPGe
detector Canberra 7221 coupled to a 16000-channel analyzer DSA-
1000 was used to measure the activities of *Am, ®°Co and **¥'Cs.
Gamma peaks of >**Am at 59.54 keV and of ®°Co at 1173.2 keV and
1332.5 keV were used to measure their activities. The radioactivity
of ¥'Cs in the samples was determined, using the gamma peak of
187mBa (daughter product of ©*'Cs) at 661.5 keV, 25 min after the
extraction.

The radionuclide content in the different fractions was
measured in the supernatant, and the extraction vyield was
determined by the ratio of the extracted and the initial radioactivity
of the sample. The amounts of radionuclides remaining in the soil
after the aqueous extraction was calculated by the difference
between the total activity and the extracted activity.

3. Results and Discussion

The results obtained for the content of the radionuclides (in %)
remained in the soils after the water extraction, 75 min after their
introduction into the soils are presented in Figs. 1-2. It can be seen
that *Am and ®°Co were rapidly bound into non-water-soluble
forms. Almost all of the americium and 82-92 % of radiocobalt
were found to be retained to the soil after the extraction. The
retention of radiocesium amounts from 58 to 68%, which indicates
that 32-42% of it is in a soluble state, in the form of ions or soluble
fulvate complexes 75 min after its entry into the soil.

120
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3 60
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= 40
2
& 20
0
Chromic  Eutric Fluvisol  Calcaric Chromic  Eutric Fluvisol ~ Calecaric
Cambisol Chemozem 1  Cambisol (no organic) cheznozem 1
(no organic) (no organic)
Soil order

EAm-241 mCo-60 m(Cs-137

Figure 1 Content of 2**Am, ®°Co and **'Cs (in %) in the soil after
water extraction, 75 min after the contamination of natural soils
with normal CEC and after removal of their organic matter.

The data presented on Fig. 1 showed that no statistically
significant difference was observed in the retention of ?!Am and
137Cs by the soils with normal CEC. Slight increase (12 %) of the
retention of ®Co by Calcaric Chernozem 1 soil with removed
organic matter was registered.

The results for the soils with low CEC (Fig. 2) confirmed that there
is no influence of the soil organic matter on the retention of 2**Am
at the 75" min after the contamination.

Nearly twice lower retention of °Co in Vertisol soil and of **'Cs in
Gleyic Fluvisol soil without organic matter was observed.

Increase of the retention of *'Cs by 66 % in Vertisol soil with
removed organic matter, compared to the natural soil was
registered.

Figures 3-8 present the retention of the radionuclides (in %)
after the water extraction of the six soils, containing from 0 to 50 %
mass concentration of soil without organic matter, 3 weeks after the
contamination.
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Figure 2 Content of 2'Am, ®Co and *'Cs (in %) in the soil after
water extraction 75 min after the contamination of natural soils
with low CEC and after removal of their organic matter.
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Figure 3 Content of 2*Am, ®Co and ¥'Cs (in %) in the soil after
water extraction 3 weeks after the contamination of Calcaric
Chernozem 1 soil, containing different content (%) of soil without
organic matter.

The data showed that the retention of 2!Am and **’Cs in the soils
was not influenced by the organic matter content in all the studied
soils, 3 weeks after the contamination.

The addition of organic matter-free soil up to 33 % and 50 % in the
Calcaric Chernozem 1 soil (Fig. 3) increased twice the retention of
89Co, while no influence in the other soils was found.

Eutric Fluvisol
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Figure 4 Content of 2*'Am, ®°Co and **¥Cs (in %) in the soil after
water extraction 3 weeks after the contamination of Eutric Fluvisol
soil, containing different content (%) of soil without organic matter.
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Chromic Cambisol
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Figure 5 Content of 2*!Am, ®Co and ™*'Cs (in %) in the soil after
water extraction 3 weeks after the contamination of Chromic
Cambisol soil, containing different content (%) of soil without
organic matter.
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Figure 6 Content of 2**Am, %°Co and *Cs (in %) in the soil
after water extraction 3 weeks after the contamination of Calcaric
Chernozem 2 soil, containing different content (%) of soil without
organic matter.

Gleyic Fluvisol
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Figure 7 Content of 2**Am, %°Co and *’Cs (in %) in the soil
after water extraction 3 weeks after the contamination of Gleyic
Fluvisol soil, containing different content (%) of soil without
organic matter.

97

Vertisol

100

8
6
4
0
0 17 33 50

Content of soil without organic matter, %

=3 S t=]

Radionuclides in the soil, %

=]

HAm-241 mCo-60 mCs-137

Figure 8 Content of 2!Am, ®°Co and **Cs (in %) in the soil
after water extraction 3 weeks after the contamination of Vertisol
soil, containing different content (%) of soil without organic matter.

These results confirmed our hypothesis that adding soil with
removed organic matter can be used to lower the mobility of
radionuclides in some soils. This depends on the soil characteristics
and the geochemical behavior of the radionuclides. Establishing the
appropriate mass concentrations of soil mineral additives (soil with
removed organic matter) as well as the mineral composition of soils
will contribute to the development of a successful remediation
strategy. An advantage of this approach would be the preservation
of the mineral composition of the contaminated soil without
introducing chemical substances that are not characteristic for the
ecosystem.

4. Conclusions

The present study found a fast fixation of more than 80 % of
2 Am and *°Co in forms, not extractable by water in all the studied
natural soils and soils without organic matter. The results from the
water extraction of the radionuclides 75 min after the contamination
showed that:

- Removing soil organic matter increased of the retention of
89Co in Calcaric Chernozem and **¥’Cs in Vertisol soil.

- The water-soluble forms of ®Co in Vertisol and **'Cs in
Gleyic Fluvisol soils increased after the removal of the soil
organic substances.

Adding 33 % to 50 % organic matter-free soil to Calcaric
Chernozem soil caused twice decrease of the water-soluble forms of
0Co 3 weeks after the contamination, while no changes in the other
soils were detected.

Further studies are needed to clarify the impact of organic
matter content in soils with different characteristics on the retention
and immobilization of radionuclides in case of radioactive
contamination.
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Abstract: Soil conservation is paramount to sustainable agriculture, particularly in regions facing environmental challenges. Nigella sativa
L., commonly known as black cumin, is a versatile annual crop recognized for its nutritional and medicinal properties. This study
investigates the potential of integrating N. sativa cultivation into Albanian agriculture to assess its impact on soil quality and conservation.
Employing a comprehensive approach encompassing field experiments, laboratory analyses, and geospatial modeling, this research
evaluates the adaptability of 8 diverse N. sativa genotypes to the agro-climatic conditions of three distinct Albanian regions: Tirana
(central), Shkodra (northwestern), and Korca (eastern). The study particularly emphasizes the influence of soil structure, organic matter

content, and water-use efficiency on N. sativa growth and yield.

Preliminary results indicate that the genotype originating from Turkey demonstrated superior performance, achieving a seed yield of 12.8 g
in the Tirana region, characterized by silt-loam soil structure and an organic matter content of 1.78 %.
KEYWORDS: SOIL CONSERVATION, GIS-BASED ANALYSIS, NIGELLA SATIVA L., SUSTAINABLE AGRICULTURE, AGRO-CLIMATIC

ADAPTATION

1.Introduction

Sustainable agricultural practices that prioritize soil health are
crucial for ensuring long-term food security and environmental
resilience [1]. Nigella sativa L., a versatile annual crop with a wide
range of food, medicinal, and pharmaceutical applications, [2] , has
gained increasing attention as a potential contributor to agro-
ecosystem stability [3]. Albania, a country facing complex
environmental and agricultural challenges, may benefit from the
integration of N.Sativa L. Cultivation into its cropping systems. The
application of GIS methods provides a reliable framework for
generating detailed databases and suitability maps, offering
essential insights to local farmers and decision-makers for the
effective management of arable land in Albania. [4]. Despite its
potential, there remains a significant gap in the literature regarding
the land suitability of N.Sativa.L. based on GIS methodologies,
particularly in the context of Southeastern Europe. This study
represents the first attempt to address this gap in Albania by
assessing the agro-climatic suitability of the country's arable land
for N. Sativa L. cultivation. By combining field experiments,
laboratory analyses, and geospatial modeling, the research aims to
provide a comprehensive evaluation of the crop’s adaptability under
diverse environmental conditions. This novel approach highlights
the role of advanced technological tools in modern agriculture,
offering a model for integrating innovative practices to improve
resource management and crop productivity. The study underscores
the potential of N. sativa L. not only to enhance soil health and
biodiversity but also to contribute to the sustainability and resilience
of Albania’s agricultural systems.

2.Materials and Methods

2.1 Collection of population

Eight different populations were collected from the following
sources: 1-Nabial MORSI.CO sample NO:136; 2- Jeddah Kindom
of Saudi Arabia Sifa international Mfg.; 3- Medical plant Tirana; 4-
Egypt; 5- Syria Almnarco.com; 6-Turkey; 7- Syria code 353
Natural dry nuts& herbs; 8- Turkey product No 012 Sakli Doga

2.2 Field experiment

The present research was carried out at three different areas of
Albania, 1- Didactic Experimental Field of the Agricultural
University of Tirana (DEF-AUT) 41.3998180, 19.7285460, 2-
Didactic Experimental Field of F.S.Noli University Korce (DEF-
Korca), 3- Shkoder Agricultural Technology Transfer Center (TTC-
Shkoder) , during May- September 2023, for the first time in
Albanian arable land. The agro-climatic zones of the three regions
are categorized as follows: Ana e Malit falls under the Moist
Mediterranean (Category 2), Preza is classified as Dry
Mediterranean (Category 1), and Priska belongs to the Sub-
Montane Dry zone (Category 4), The experiment was design using

99

a randomized complete block with three replications. Each
population in each replication consisted of three rows with 30cm
apart and 2.5m in length with inter row plant distance of 5cm.
Sustainable agricultural practices were applied to the experiment
throughout the growing season.

2.2. Soil physical and chemical analysis

The chemical and physical properties of soil at a depth of 0-40 cm
were analyzed at the Agroenvironment and Ecology Laboratory of
the Agricultural University of Tirana. Soil pH was determined
according to [5] Soil Quality methodology. Soil texture was
assessed using the Hydrometer Method for particle size analysis [6].
Organic matter (OM) content was evaluated by the Walkley-Black
method for Soil Organic Carbon. Assimilable phosphorus (P.a) and
exchangeable potassium (K.ex) were quantified through Mehlich 3
extraction for extractable elements [7]. Total nitrogen (N) content
was measured in accordance with I1ISO 11261:1995/R-2021 Soil
Quality standards [8].

2.3 Methodology for Thematic Map creation:

Inverse Distance Weighting (IDW) interpolation technique was
used in QGIS environment, for mapping soil fertility and soil
texture. The slope raster was created in the QGIS environment
using a 30-meter resolution Digital Elevation Model (DEM)
sourced from the Shuttle Radar Topographic Mission (SRTM). The
IDW approach is a deterministic spatial interpolation technique
used in many GIS-based location selection application for mapping
various parameters [9]. IDW will use the values surrounding the
prediction location to predict a value for any unmeasured location.
The points closest to the target location are given more weight [10].
All thematic maps were developed in QGIS format (either as
shapefiles or rasters) and transformed into layer maps, which were
then converted and georeferenced to the Universal Transverse
Mercator (UTM) projection, specifically zone 34 N of the WGS
1984 coordinate reference system, to facilitate the mapping of
Albanian territory. Three suitability criteria including soil texture,
soil fertility (organic matter, Ph, K, P), topography(slope) was
selected, based on FAO framework for land evaluation [11], and are
as follows: Class S1 (highly suitable); Class S2 (moderately
suitable); Class S3 (marginally suitable); Class N (not suitable).
The output maps are according to FAO framework.

2.3.1 Data sources

The physical-chemical soil data (Organic matter, K, P, pH, H,0,
texture) for three region 1-Priske Tirana, 2-Ana e Malit Shkodra, 3-
Pirg Korce, were obtained from Agriculture Technology Transfer
Center, Fushe Kruje, part of Ministry of Agriculture and Rural
Development of Albania.
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3. Result

3.1 Result of onsite experiment

Physical and chemical analyses of the soil were determined in Table
1.

The physical and chemical properties of soils in the three regions
significantly influenced the growth and yield of Nigella sativa L. In
the Tirana region, a silt-loam texture with 1.78% organic matter and
a slightly alkaline pH of 7.71 supported satisfactory yields, although
increasing soil organic matter could further enhance productivity.
Population 8, originating from Turkey, achieved the highest seed
yield per plant in this region 12.8 g. In Korga, the clay-loam texture,
higher organic matter content (2.72%), and a pH of 7.55 provided
optimal conditions, with Population 8 again achieving the highest
yield, likely due to improved water retention and nutrient
availability. Conversely, in Shkodra, loam soil with 2.25% organic
matter and an acidic pH of 6.21 restricted germination, with soil
acidity likely restricting nutrient uptake. However, Population 8
achieved the highest seed yield per plant (5.75 g) in this region as
well.

Table 1. Chemical and physical properties of the soil

Code Physical properties (%0)
Loa | Texture
Unit San | Clay | m
d% | % %
DEF- 15.1 65.5 | Silt-
AUT 8 19.28 | 4 Loam
TTC- 40.8 46.2 | Loam
Shkode | 9 1285 | 6

r
FDE 35.5 | Clay-
Korca 36.8 | 2765 | 5 Loam
Chemical properties
pH | N P K
pH | total | O. mg/kg mg/k
unit | mg/k | M g
Unit g %
DEF- 771 | 1.732 | 1.78 | 23.95 175.
AUT 379
QTTB 6.21 | 2.006 | 2.25 | 98.33 87.7
Shkodr 54
a
FDE 7.55 | 2.318 | 2.72 | 207.78 236.
Korca 372

3.2 Result of land suitability based on GIS approach

Table.2 provides GPS coordinates of the sampled profiles and key
soil parameters, including bottom horizon depth (cm), pH (H, O),
organic matter (OM, %), available phosphorus (P, ppm),
exchangeable potassium (K, me/100g), exchangeable sodium (Na,
me/100g), and detailed particle size distribution (% clay <0.002
mm, % silt 0.002-0.05 mm, % sand 0.05-2.0 mm, fine sand 0.05—
0.10 mm, coarse sand 0.1-2.0 mm). Additionally, it includes soil
texture classifications based on analysis, offering a comprehensive
overview of soil fertility and physical properties across the study
areas.

Table 2. Soil Profile Characteristics: GPS Coordinates, Fertility Parameters, and Texture Analysis

The table summarizes soil profiles by GPS coordinates, fertility parameters (organic matter, pH, available phosphorus, exchangeable
potassium and sodium), and texture classifications. Textures are categorized into Sandy (LS, S), Coarse-Loamy (SL, SCL), Loamy (L, ZL),

Fine-Loamy (CL, ZCL), and Clayey (C, ZC, SC).

2 S B - g Uo\j 2 o> o E £ 'U—‘?; ‘—I' Eu)
= [l = |12 . |2 s ' c o : [
2 CER |SEs|2EIMS 28|38 s BLElE. 28|32
£ G SE|sbElza 52 X8 | sT 22 k32 ESc (52128
1 4372645 | 4654349 | 23 85|10 |70 |02 [01 |68 |257 |675 |00 00 |SL
2 4370746 | 4651345 |30 |82 |23 |77 |07 [o02 [325 [477 |198 |00 00 |CL
3 4370467 | 4652376 | 24 |82 |14 |71 |02 [o01 |75 |402 [523 |00 00 |SL
2[4 4369633 | 4653216 | 27 85|11 |71 |02 [o01 |96 [633 [271 o0 00 |zL
s |5 4366435 | 4654548 |25 |8 | 1.1 |88 | 048] 0.15 | 3488 | 501 | 150 | 0.0 ZCL
® [6 4369168 | 4654680 | 20 | 8.2 | 2 6.4 | 039 | 024 | 172 | 518 |31.0 |00 00 | ZL
Z |7 4363010 | 4656017 | 23 | 84 | 1.1 | 95 | 028 | 0.1 | 944 | 533 | 373 |00 00 | ZL
1 4475705 | 4517468 | 35 |69 | 1.6 | 154|033 |01 |00 |100 |00 0.0 0.0 | SCL
2 4476027 | 4515947 | 35 |57 | 1 84 |015|008|00 |100 |00 0.0 0.0 | SCL
3 4476856 | 4517658 | 35 | 75 | 1 107 | 011 (011 | 00 | 100 |00 0.0 00 | L
4 4477608 | 4517782 | 35 |82 |1 6.6 | 015|016 |00 | 100 |00 0.0 00 |SL
5 4477916 | 4517769 | 30 | 85 | 1.8 | 181 | 0.18 | 0.22 | 0.0 | 100 | 0.0 0.0 00 | CL
36 4477308 | 4515635 | 25 | 7.1 | 2 81 |024|012]|00 |100 |00 0.0 00 | C
= |7 4475348 | 4512116 | 25 | 6.4 | 06 | 193|042 |01 |00 |100 |00 0.0 00 |CL
1 301224 | 4584974 | 27 |81 | 2 66 |03 | 014 | 19.72 | 6056 | 19.72 | 19.72 |00 | zZL
2 301437 | 4584497 | 30 | 82 |23 |6 041 | 015 | 47.12 | 4816 | 472 | 472 |00 | zC
3 300819 | 4587153 | 25 | 85 | 22 | 49 | 0.65 | 0.15 | 4824 | 41.92 | 9.84 | 9.84 |00 | ZC
4 300801 | 4587446 | 27 | 84 | 1.2 |42 |02 | 0.16 | 28.68 | 62.52 | 8.8 8.8 00 | zCL
g [5 387624 | 4588018 | 30 | 8.4 | 1.4 | 2.7 | 0.49 | 0.11 | 2856 | 54.96 | 1648 | 1648 | 0.0 | ZCL
£ ls 387173 | 4587931 | 30 | 84 | 1.1 | 48 | 053 | 0.12 | 29.44 | 4532 | 2524 | 2524 |00 | CL

These details provide insights into soil properties critical for assessing suitability for Nigella sativa L. cultivation.

Table 3 Land suitability for Nigella Sativa L. under different
classes

Classification Index
Highly Suitable S1
Moderate Suitable S2
Not suitable N

Fig.1 Land suitability map for Nigella Sativa in the Preza

Commune of the Tirana District.
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The GIS-based land suitability analysis for Nigella sativa L. in
the Preza Commune of the Tirana District, focusing on soil
texture and fertility, reveals promising potential for cultivation.
The results indicate that 63% of the area falls under the highly
suitable category (S1) based on soil texture loamy, fine-loamy,
while 88% is classified as moderately suitable (S2). Regarding
soil fertility, 12% of the area is highly suitable (S1), and 88% is
moderately suitable (S2). These fertility evaluations were
determined by considering critical parameters, including pH
(H,0), exchangeable potassium (Kex), assimilable phosphorus
(Pas), and organic matter content. These findings suggest that
while the majority of the area shows moderate suitability,
targeted soil management practices could enhance the land's
overall potential for cultivating Nigella sativa L.

Fig.2 Land suitability map for Nigella Sativa on Pirg Commune
of the Korca District.
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In the Pirg Commune of the Korga District, the GIS-based land
suitability analysis for Nigella sativa L. highlights varying levels
of suitability. Based on soil texture, 28% of the area is classified
as highly suitable (S1), 62% as moderately suitable (S2), 9% as
marginally suitable (S3), and less than 1% as not suitable (N).
Regarding soil fertility, 12% is categorized as S1 and 88% as S2,
considering pH (H,0), exchangeable potassium (Kex),
assimilable phosphorus (Pas), and organic matter. These results
underline the potential for cultivation in the region, with
moderate  improvements recommended for maximizing
productivity.
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Fig.3 Land suitability map for Ana e Malit Commune of the

Shkodra District.
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In the Ana e Malit Commune of Shkodra District, the GIS-based
land suitability analysis for Nigella sativa L. demonstrates a high
level of suitability based on soil texture Coarse -loamy, loamy,
with 88.9% of the area classified as highly suitable (S1), 8.12%
as moderately suitable (S2), 1.84% as marginally suitable (S3),
and less than 1% as not suitable (N). However, soil fertility
analysis shows that 100% of the area falls under the moderately
suitable category (S2), evaluated through pH (H,0),
exchangeable potassium (Kex), available phosphorus (Pas), and
organic matter.

Considering the results from the three communes analyzed Preza
in Tirana, Pirg in Kor¢a, and Ana e Malit in Shkodra it is evident
that land suitability for Nigella sativa L. cultivation varies
significantly across regions. Preza demonstrates moderate to high
suitability, characterized by favorable agro-climatic conditions,
but with potential for improvement through enhanced soil
fertility management. Pirg, on the other hand, exhibits a more
balanced distribution across suitability classes, with highly
suitable areas interspersed with zones requiring targeted
intervention to address limitations such as soil texture and
nutrient availability. Ana e Malit stands out for its predominantly
highly suitable soil texture, yet its moderate fertility levels
indicate that increasing organic matter and nutrient content is
critical to fully realize its cultivation potential. Our study aligns
with prior research such as [12], [13] [14] which highlight the
subtle interaction between soil properties and regional agro-
climatic conditions, emphasizing the need for tailored agronomic
strategies. By addressing specific constraints in each commune,
these results provide a roadmap for optimizing N. Sativa L.
cultivation, contributing to more efficient land use and
sustainable agricultural practices.

4. Discussion

This study represents a notable advancement in agricultural
research in Albania, introducing GIS-based analysis for land
suitability assessment an innovative and underexplored approach
in the region. By incorporating spatial and environmental data,
this methodology provides a comprehensive framework for
evaluating agro-ecological conditions, enabling more precise and
effective crop management strategies. In this context, the
research focused on optimizing the cultivation of Nigella sativa
L., a plant valued for its nutritional and medicinal properties,
across varying agro-climatic zones. The results offer critical
insights into the most suitable areas for its cultivation,
highlighting its potential contribution to Albanian agriculture.
Furthermore, the study establishes a precedent for integrating
advanced geospatial tools into agricultural research, promoting
sustainable land-use planning and encouraging future
applications for other crops and regions.
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Influence of effective microorganisms on the biological activity of the soil in greenhouse
pepper cultivation
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Abstract: The article presents the results of a study of the influence of effective microorganisms Trichoderma viride, Bacillus subtilis and
Enterobacter cloaceae on the biological activity of the soil when growing pepper on the plot with mineral fertilization (fertilizer rate N2z P16
K20 kg/da). The experiment was carried out at the Maritsa Vegetable Crops Research Institute, Plovdiv in an unheated steel-glass greenhouse
with the Pirouette F1 variety, planted according to the scheme (90/60/40 cm). The studied microbial substances were used as 0.1% aqueous
solutions of the standardized biological preparations "Trichodermine" (Trichoderma viride, strain Trv1, titer 2.10° ¢/ml); "Extrasol" (Bacillus
subtilis, titer 1.10% CFU/ml) and a bacterial preparation based on Enterobacter cloaceae (titer 1.10° CFU/ml) at a consumption rate of 10
L of solution per 20 m2. The biological activity of the soil in the experiment was followed in different phenological phases of the development
of the culture using the methodology for cultivating diluted aqueous soil solutions on solid nutrient media. As a result of the studies, it was
established that the use of bioproducts based on Trihoderma viride, Bacillus subtilis and Enerobacter cloacae leads to optimization of the
structural composition of the microbiome in the soil. Among the tested biopreparations with the greatest efficiency is the biopreparation
"Trichodermine". The introduction of the biopreparation "Trichodermine™ increases the biogenicity of the soil by 12% towards the middle and
by 74% - towards the end of the growing season. The agrochemical effectiveness of the application of the biopreparation "Trichodermine" to
regulate the nitrogen-phosphate-potassium nutritional regime has been established. During the period of active harvesting, the content of
mineral forms of nitrogen in the variant with "Trichodermine" increases to 50%, of mobile phosphorus - to 40%, of mobile potassium - to 71%.
An article confirms the expediency and effectiveness of the application of biological preparations to optimize the structural composition of the
microbiome in the soil and regulate the nitrogen-phosphate-potassium nutritional regime.

KEYWORDS: CAPSICUM ANNUUM, TRICHODERMA VIRIDE, BACILLUS SUBTILIS, ENTEROBACTER CLOACEAE, MINERAL
NUTRITION, SOIL MICROORGANISMS

effective one for optimizing the structural composition of the soil

1. Introduction microbiome in the studied fertilization system.

The use of fertilizers and chemical products for plant protection 5 ial d hod
in agrocenoses is one of the main sources of anthropogenic impact - Materials and methods

on the soil cover. C.rop pr(_)Quctivitydepends 2/_3 on miperal fertilizers The experiment was carried out on the territory of the Maritsa
and 1/3 on organic fertilizers [1]. The main requirements when  y/egetable Crops Research Institute, Plovdiv in an unheated steel-
choosing a system for fertilizing crops are optimizing the nutritional glass greenhouse with the Pirouette F1 variety, planted according to
regime and meeting the needs of plants for macro- and microelements 6 90/60/40 cm scheme. The studied microbial substances were used
during the growing season, especially during the critical periods of 550 194 aqueous solutions of the standardized biological preparations
plant growth and development [2]. The application of mineral — “Trjchodermin® (Trichoderma viride, strain Trvd, titer 2.101 ¢/ml);
fertilizers compensates for the loss of soil minerals after their “Extrasol" (Bacillus subtilis, titer 1.101° CFU/ml) and a bacterial
extraction from the crop. In recent years, fertilization is considered preparation based on Enterobacter cloaceae (titer 1.101° CFU/ml) at
not only as a means of increasing yields, but also their use is 5 consumption rate of 10 L of water per 20 m2. As a standard, organic
associated with the quality of the produced products. The correct fertilizer "Humustim" (humic acids) was used, applied as an aqueous
selection of nutrients changes the direction of biochemical processes solution at a consumption rate of 5 ml/10 L of water for 20 m? after
in plants and makes them resistant to diseases [3, 4]. Mineral  yrangplanting and during mass flowering. Agrochemical analysis of
fertilizers influence the biological activity of the soil. The excessive the soil samples was done before planting the experiment and one
use of mineral fertilizers and pesticides leads to suppression of the month after transplanting the plants to a permanent place, which
protective functions of the soil and an increase in the infectious coincides with the period of the first pepper harvests. The nitrogen
background of phytopathogens [5, 6, 7]. When growing greenhouse  content (NHs-N + NO3z-N) was determined by the distillation
vegetable crops, fast-acting fert_ilizers cor}taining ba_sic mineral method; mobile P20s and mobile K20 according to Egner—Riem, soil
elements NPK are used. They increase yield, but nitrogen and  reaction pHunos - potentiometrically. The applied norms of mineral
phosphorus fertilizers applied in large quantities can serve as NPK fertilizers were carried out in accordance with the
pollutants of wastewater, soil and produce [8, 9]. To optimize plant recommendations of the laboratory of Agrochemistry based on
nutrition and reduce soil toxicity, biological products containing primary agrochemical analysis of the soil. The one-month fertilizer
antagonists or hyperparasites of phytopathogenic fungi can be used. a6 N, Py K2o kg/da according to the Technical Content: (N1.8 P0.7
Fertilizers affect the process of soil colonization with antagonists [10 K2.4 g/plant ammonium nitrate 34%, triple superphosphate 18% and
- 14]. Nitrogen fertilizers increase the accumulation of the  hotassium sulfate 50%) was introduced according to the following
saprophytic fungi Trichoderma and Gliocladium [15, 16]. In tum,  scheme: in the first application - 5 kg/da ammonium nitrate + 10
Trichoderma fungi help to absorb the difficult-to-dissolve forms of kg/da triple superphosphate + 4 kg/da potassium sulfate; second
phosphorus from the soil [17, 18]. The aim of the work was to application - 5 kg/da ammonium nitrate +2 kg/a triple
evaluate the influence of the effective microorganisms Trichoderma superphosphate + 5 kg/da potassium sulfate; third application - 5
viride, Bacillus subtilis and Enterobacter cloaceae on the biological kg/da ammonium nitrate + 2 kg/da triple superphosphate + 5 kg/da
activity of the soil and the agrochemical efficiency of the system of potassium sulfate; fourth application - 7 kg/da ammonium nitrate + 2

basic mineral fertilization in the cultivation of greenhouse pepper. kg/da triple superphosphate + 6 kg/da potassium sulfate with an
To achieve this goal, the following tasks were solved: interval of 10 days. .
study of the influence of the biopreparations "Trichodermin”, ~ Total soil microbiological activity (CFU/g) and number of fungal
"Extrasol” and a bacterial preparation based on Enterobacter  colonies in 1 g of dry soil in percent (%) were read. For this purpose,
cloaceae on the biological activity of the soil; soil samples were taken from each variant at the beginning, middle
to determine their influence on the agrochemical efficiency of ~ @nd end of the growing season. Selection of the soil samples was
mineral fertilization with NPK: made according to the following methodology: samples for analysis

among the studied biological products, to choose the most ~ Were taken from five locations on the “envelope” principle from a
depth of 0-20 cm [19], after which they were mixed to obtain a total
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sample. Samples dried to 60% of the marginal field moisture (MFM)
were used for the analysis of the number of soil microorganisms. The
biological activity of the soil was determined according to the
generally accepted microbiological method for cultivating diluted
aqueous soil solutions on solid nutrient media [20], the taxonomic
affiliation of the fungi - according to the key determinant of
Pidoplichko [21]. Aqueous solutions of the soil samples with a
dilution of 1.10° were sown on agarized nutrient media - PDA,
Czapek, Saburo in Petri dishes and were incubated at a temperature
of + 23°C for 10 days in a thermostat. Number of bacterial colonies
- on the third day, actinomycetes and fungi - from the third to the
tenth day after sowing, inclusive. Microbiological analysis and
diagnosis of the fungi were made according to morphological signs
after the formation of the colonies. The number of microorganisms
(thousand/g soil) was determined by counting the colonies of
bacteria, actinomycetes and fungi on individual sectors.
AxD?x20

dx5
X- number of fungal colonies in 1 g of soil; A - number of
colonies on 5 agar circles; D- diameter of Petri dish; d- diameter of
agar circle.

3. RESULTS AND DISCUSSION

3.1. Study of the influence of the biopreparations
"Trichodermin®, ""Extrasol" and a bacterial preparation based
on Enterobacter cloaceae on the biological activity of the soil.

The microbiological analysis of the soil samples showed
that the biological activity of the soil in the experiment changed
throughout the vegetation period (Table 1). The highest values of the
total biological activity of the soil (TBAS) were obtained in the
variants with the introduction of the bioproducts "Trichodermine"”,
"Extrasol" and organic fertilizer "Humustim”. Among the
biopreparations studied, the biopreparation "Trichodermin” is the
most  effective. The introduction of the biopreparation
"Trichodermin" increases the biogenicity of the soil by 12% towards
the middle and by 74% - towards the end of the growing season. The
study of the composition of soil microorganisms in this variant shows
that the amount of bacteria increases - from 0.48 mill/g at the
beginning to 1.18 mill/g of dry soil towards the end of the growing
season, of actinomycetes - from 1.43 mill/g g to 5.19 mill/g,
respectively. The structural composition of micromycetes in the soil
is reduced to four functional groups: saprophytes, pathogens,
antagonists and toxin-producing fungi [22]. The use of bioproducts
leads to optimization of the structural composition of micromycetes
in the soil and to suppression of pathogenic microflora [23]. In the
course of the experiment, it was established that in the soil samples
taken from the variant with mineral nutrition, the composition of the
micromycetes was dominated by toxin-producing fungi of the genera
Penicillium, Aspergillus and Fusarium (Table 2). The content of
fungal colonies in the soil taken from the variants with the
introduction of the biological preparations "Trichodermine™ and
"Extrasol" is significantly weaker than in the control, and in the
composition of the micromycetes, fungi of the genus Trihoderma are
more often found (Figure 1). The content of micromycetes in the soil
is maximum at the beginning of the growing season, after which a
reduction of the fungal colonies is observed both in the variant with
mineral fertilization and in the variants with bioproducts. The
obtained results show that biological products have an impact on the
soil biome. The introduction of 0.1% aqueous solutions of the
standardized biological preparations "Trichodermine" (Trichoderma
viride, strain Trvi, titer 2.10%° s/ml); "Extrasol" (Bacillus subtilis,
titer 1.10° CFU/ml) and a bacterial preparation based on
Enterobacter cloaceae (titer 1.10'° CFU/ml) at a consumption rate of
10 L of water per 20 m? ensures stability of the functional
relationships between the main ecological-trophic groups of
microorganisms.

Table 1: Biological activity of the soil in a greenhouse experiment with
bioproducts during the growing season. Pirouette F'1 variety, 2022

Number of microorganisms in one gram of soil

Variant/Phase | million/g thousands/g | million/g | mycetes,
million/g
Before conducting the experiment
General 1,770000 50,000 0,240000 | 1,490000
sample
The first harvest
E. cloaceae 3,380000 340,000 0,600000 | 2,440000
Effect 47,63 85,29 60,00 38, 93
B. subtilis 3,180000 160,000 0,600000 | 2,420000
Effect 44,34 68,75 60,00 38,43
T. viride 2,010000 370,000 0,480000 | 1,430000
Effect 11,94 86,49 50,00 0,00
Humustim 9,680000 300,000 1,970000 | 7,410000
Effect 81,71 83,33 87,81 79,89
Conrtol 2,560000 440,000 0,440000 | 1,680000
(N22P16K20)
Effect 30,86 88,64 45,45 11,31
End of vegetation
E. cloaceae 2,190000 60,000 0,160000 | 1,970000
Effect 19,18 16,67 0,00 24,37
B. subtilis 2,280000 50,000 0,290000 | 1,940000
Effect 22,37 0,00 17,24 23,20
T. viride 6,440000 70,000 1,180000 | 5,190000
Effect 72,52 28,57 0,00 71,29
Humustim 4,390000 60,000 1,560000 | 2,770000
Effect 76,54 0,00 60,26 90,25
Control 4,670000 70,000 0,190000 | 4,410000
(N22P16K30)
Effect 77,94 0,00 0,00 93,37
Structural composition of micromycetes in soil samples.
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n

Classification of fungi

N22P16K20 E. cloaceae Extrasol = Trichodermine Humustim

Figure 1. Structural composition of the micromycetes in the soil samples,
taken from the variants with introduction of the biological products
"Trichodermin”, “Extrasol" and a bacterial preparation based on
Enterobacter cloacea

Table 2. Structural composition of the Micromycete fungi in the soil samples

Percentage of fungal colonies in Petri dishes by
. variants, %
Variant
1 2 3 4 5 6
Alternaria 17,7 3,8 0,0 0,0 0,0 55
Fusarium 5,9 5,3 0,0 0,0 3,5 0,0
Trichoderma 0 5,5 6,7 7,25 6,5 55
Penicillium 5,9 8,5 6,7 0,0 7,0 2,3
Aspergillus 17,7 22,3 23,3 123 | 238 | 218
Mucor 43,0 26,8 30,0 10,0 | 5,0 6,3
Rhizoctonia 10,0 7,3 0,0 0,0 5,0 12,8
Cladosporium | 5,9 2,0 2,0 0,0 7,2 5,3
Mycelia 0,0 10,8 123 | 205 | 322 | 108
sterilia

Total, | Fungi, | Bacteria, | Actino
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Trichoderma viride, 5 — Humic acids, 6 - Control

3.2. Study of the influence of biological preparations on
the agrochemical efficiency of the investigated system for mineral
fertilizers

In the study of the influence of biological preparations on
the agrochemical efficiency of imported mineral fertilizers, the
following results were obtained (Table 3).

Table 3. Agrochemical analysis of the soil samples in the
experiment with Pirouette F1 pepper variety one month after planting the
plants in a permanent place.

N
Variant pH EC (Total) | P,0s | K0 | Ca?* | Mg?*
mS/cm ppm

Control (before starting the 7,03 | 0,23 50,0 8,70 16,60 12,00 7,20
experiment)
Without preparations 7.09 | 0.08 25,0 2.00 8.30 8.0 14.40
Percentage to control, % -50,0 -68,96 | -50,0 -33,33 | -50,0
Background (N2P1sKz0) 6.63 | 0.59 100,0 12,40 28.20 16.00 28.80
Percentage to control, % +50,0 +29,84 | +41,13 | +25,00 | +75,00
Background (N2P1sKz0) 7,00 | 049 100,0 14,60 58,10 20,00 14,40
+ "Trichodermine"
Percentage to control, % +50,0 +40,41 | +71,42 | +40,00 | +50,00
Background ®omu (N2:P1sKz) | 6,89 | 0,60 100,0 9,00 26,56 24,00 14,40
+Humustim
Percentage to control, % +50,0 +3,33 +37,50 | +50,00 | +50,00
Background (N2P1sKz0) 6,97 | 042 100,0 12,45 10,79 20,00 7,20
+ "Extrasol”
Percentage to control, % +50,0 +30,12 | -35,00 | +40,00 | 0,00
Background (N2P1sKz0) 6,67 | 0,30 100,0 12,00 41,50 12,00 7,20
+Enterobacter cloaceae
Percentage to control, % +50,0 +27,50 | +60,00 | 0,00 0,00

In the variant without the mineral fertilizers and biological
preparations, the content of mobile nitrogen decreases by 50%,
phosphorus - by 68.96%, potassium - by 33.33%. Importing the
biopreparations "Trichodermine", "Extrasol" and a bacterial
preparation based on Enterobacter cloaceae increases the content of
mineral forms of nitrogen up to 50%, mobile phosphorus - up to
40.41%, mobile potassium - up to 71.42%. In the variant with the
introduction of organic fertilizer "Humustim", these indicators are
50%, 3.33% and 37.50%, respectively. It was established that the
application of biopreparations did not significantly change the soil
pHmzo/ in the experiment. A slight increase in pHmzo/ was reported
in the variant with the introduction of the biopreparation
"Trichodermine". This shows that the fungus Trichoderma viride is
able to stabilize the redox conditions of the soil. The results of studies
of the influence of the mineral fertilization system and
biopreparations on the content of mobile potassium in the soil show
the following: in the control, the K2O content decreased by 55%
compared to the indicators in the soil sample taken from the plot
before the start of the experiment. In the variant with the studied NPK
application system, the K2O content exceeded the control by 41.0%.
For comparison, in the variant with the introduction of
"Trichodermine" on a background of NPK, an increase in K>O
compared to the control was 71.42%, Enterobacter cloaceae + NPK
- 60%. In the variants with the introduction of microbial substances -
the fungus Trichoderma viride, the bacteria Bacillus subtilis and
Enterobacter cloaceae, the increase in mobile phosphorus and
potassium is explained by the active processes of mineralization in
the soil.

The following conclusions can be drawn as a result of the
conducted research:

The introduction of  biological preparations
"Trichodermin™ (Trichoderma viride) and "Extrasol" (Bacillus
subtilis) on a standard mineral background (N22P1sK20) in greenhouse
pepper enhances the process of biological activity of the soil.

The use of effective microorganisms improves the
phytosanitary condition of the crop at the expense of the lower
content of toxin-producing fungi in the soil.

Inoculation of the soil with "Trichodermine” during
greenhouse pepper cultivation enhances the biological activity of the
soil and regulates the structural composition of the soil microbial
community. The number of colonies of Trichoderma spp. in the soil
is the main regulating factor.
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Among the biopreparations studied, the most effective in
terms of regulating nutritional regime in pepper cultivation is the
biopreparation "Trichodermine", which increases the content of
mineral forms of nitrogen in the soil up to 50%, of mobile phosphorus
- up to 40%, of mobile potassium - up to 71% on the mineral
background (N22P16K20).

The scientific article confirms the expediency and high
agrochemical efficiency of the application of the biopreparations
“Trichodermine” and “Extrasol” for regulating the nitrogen-
phosphorus-potassium nutritional regime.
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Ternary magneto-biochar-clay composite as efficient adsorbent for aqueous naproxen and
carbamazepine from Ishmi river water in Albania
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Abstract: The quality of surface waters in Albania is an issue particularly as the country aims to join the EU. Organic compounds in water
matrix are difficult to remove, and recent Ishmi river monitoring shows that the anti-inflammatory such as naproxen is predominant among
other pharmaceuticals. The commonly used antiepileptic such as carbamazepine is also detected. Thus, their removal from effluents is of
high environmental relevance. Therefore, ternary magneto-biochar-clay (MBC 1:2:1) adsorbent was prepared from low-cost feldspar (FLC),
grape cluster stalk waste (GC) biochar, and iron oxide magnetic nanoparticles (MNP), and was used as an adsorbent. Adsorption
experiments tested the effect of solution pH (2.5-10) of naproxen and carbamazepine with simulated contaminated and Ishmi river water,
after pH optimization. The results showed that the maximum adsorption was achieved at a pH value of 2.5 for naproxen and carbamazepine
in a single compound solution. Interestingly, for naproxen in both cases (single and combined), the maximum adsorption was achieved at pH
value of 2.5, while for carbamazepine the maximum adsorption was achieved at pH value of 2.5 for single and no significant adsorption was
achieved in combined compound solution. The adsorption of naproxen and carbamazepine at optimized pH of 4.5 in Ishmi water remained
stable, with the only difference for carbamazepine in single compound, where the adsorption was lower compared to simulated contaminated
water. This study demonstrated that in addition to easy handling, the MBC 1:2:1 adsorbent was efficient for naproxen and carbamazepine
removal.

Keywords: FELDSPAR; GRAPE CLUSTER STALK; pH; NAPROXEN; CARBAMAZEPINE; ADSORPTION

; of the water bodies, in accordance with the EU policies (Directive
1. Introduction 2000/60/EC).

Pharmaceutical active compounds presence in the surface water

bodies is becoming a challenge with the increase of world  |shmi river basin is located in the central north-west part of Albania
population. It is reported that in a global scale, the presence and with more than 30% of the country population living in this area
concentration of pharmaceuticals is problematic, especially in low- (Census 2023). The area is the most important in the economically
to middle-income countries related with poor wastewater treatment aspect with the highest industrial activity, and with no active
facilities or even without any treatment technology (direct wastewater treatment plant. A two year (2023-2024) assessment
discharge) [1]. Pharmaceuticals reach the water bodies mainly g realized and the study focus compounds were detected with
through direct discharge of wastewaters, wastewater treatment 201 and 2.04 ug/L for naproxen, and 0.35 and 0.16 pg/L for
plants effluent discharges, pharmaceutical industry, livestock, etc. carbamazepine, respectively for the two years (Fig. 2). These results
are in line and reflect the consumed amounts (only the Albanian
state reimbursed amounts) of naproxen with 1879.7 and 1311.8 kg,
and carbamazepine with 432.1 and 430.5 kg, respectively for the
two years (Fig. 1). The presence in water and the reimbursed
relatively high inputs and concentrations in the water environment ~ consumed amounts of naproxen and carbamazepine represents a
could negatively impact the water species. Naproxen toxicity js  Potential threat to the water organisms. Therefore, the proposed
confirmed to Daphnia magna, zebrafish embryos, microorganisms ~ Study aims to test the capacity of the low-cost prepared composite
(Bacillus thuringiensis) [3, 4]. Another frequently globally detected ~ fOr their removal at different solution pH from Ishmi water.
pharmaceutical in the water environment is the commonly used

The commonly used nonsteroidal anti-inflammatory drugs
(NSAIDs) such as naproxen, is frequently detected in surface waters
[2]. This, as a result of continuous input due to relatively high
consumption and preference compared with other NSAIDs. The

antiepileptic, such as carbamazepine [1]. Carbamazepine toxicity is 2100
also reported to Daphnia magna [5]. Thus, these compounds need
to be removed from water. ;51800 1
Adsorption technique, which is also proposed in this study, 31500+
stands as a cost-efficient, free by-product formation, easy to £
operate, and environmentally friendly when bio-waste origin 7 1200+
material is used for as an adsorbent. In addition, their combination 5
(bio-waste) with other materials such as minerals (clays), and f’_, 200+
magnetic nanoparticels surpass some of their disadvantages such as = 600 4
low durability, leaching, and make easier the solid-liquid separation g
(magnetic properties) [6, 7]. < 300+
Therefore in this study grape cluster stem waste, feldspar clay, 0
and magnetic nanoparticles were combined in a composite, which 2023 2024
was used to remove naproxen and carbamazepine in certain pH Year

Fig. 1 Amounts of consumed naproxen and carbamazepine for the years

conditions and from river water. The solution pH is one of the main 2023 and 2024 in Albania (only state reimbursed amounts)[8]

factors in the sorption process as directly rules the composite charge
and compound’s speciation in the water.

As Albania is aiming and preparing to join the European Union
(EV), it has to monitor, report and to achieve a good quality status
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Fig. 2 Concentrations of naproxen and carbamazepine in Ishmi river basin
for the years 2023 and 2024 (data in publication process)

2. Materials and Methods

Standards of naproxen and carbamazepine, and sodium azide
(NaNs), were purchased from Merck-Sigma-Aldrich GmbH,
Germany. HPLC grade acetonitrile and MilliQ water (Purelab, UK)
were used throughout the study. Mettler Toledo Scale (ME 204) and
pH meter (inoLab® pH 7110) were used for weighing and pH
measurements.

For the preparation of the low-cost ternary magneto-biochar-
clay (MBC 1:2:1) adsorbent, the adjusted mass of dried biomass of
grape cluster stalk (GC), feldspar clay (FLC), and MNP were used.
The GC was collected in a vineyard in the central part of Albania.
The GC and FLC were cleaned, washed and dried, while the
magnetic nanoparticles (MNP) were prepared by chemical co-
precipitation [9] of FeCl; (7.8 g) and FeSO,7H,O (3.9 g) in 400
mL water by drop-wise of 2.0 M NaOH addition (until dark
colored).

The first step for MBC 1:2:1 preparation, was the MNP
preparation as mentioned above, followed by the addition of the
calculated mass of GC, and the mixture was shaken for 30 minutes
at 200 rpm. After that, the FLC was added and the mixture was
shaken for 2 hours at 200 rpm in a horizontal shaker. The mixture
was centrifuged for 5 minutes at 2500 rpm, dried overnight at 80 ‘C,
transferred into crucibles, and calcined under limited air for 2 hours
at a temperature of 500 "C. The calcined adsorbents were sieved
through a 1 mm sieve size, washed several times with Milli-Q, dried
at 40 'C over night, and kept in glass bottles for further use.

For the sorption experiments, stock solutions of naproxen and
carbamazepine (10000 mg/L) were prepared in acetonotrile:MilliQ
(50:50, v:v) and kept at 4 °C. The working solutions were prepared
from the stock with 100 mg/L NaNj acting as biocide. The
acetonitrile percentage was less than 0.1 %, in order to eliminate the
co-solvent effect in the adsorption process. The sorption
experiments were realized using 5 mg adsorbent mass and 10 mL of
2.5 mg/L naproxen and carbamazepine solution in 20 mL brown
glass vials at different solution pH (2.5 — 10). Meanwhile, those
with Ishmi river water at pH 4.5 only. The mixture was agitated at
200 rpm for 24 h at room temperature (20 ‘C). Samples were
filtered with 1 um glass fiber filters and measured using HPLC-UV
(naproxen at 230 nm wavelength and carbamazepine at 285 nm
wavelength with a mobile phase of acetonitrile:0.2% formic acid in
water (60:40, v:v), and a flow rate of 0.3 mL/min) The solution pH
was adjusted usig 0.2 M HCI or NaOH.

3. Results and Discussion

The effect of solution pH is one of the most important vital
factors in the sorption process due to the impact and the control of
the sorbent charge and speciation of the compounds in the solution
[10]. Therefore, the solution pH effect for naproxen and
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carbamazepine was tested over five different pH points (2.5 — 10),
and the results are given in Fig. 3 and Fig. 4. The highest sorption
capacity of naproxen was achieved at solution pH of 2.5 (Fig. 3).
The sorption had a decrease trend up to solution pH of 6.5 and after
that remained stable until solution pH of 10. This trend could be as
a result of the composite charge and naproxen. As the pHpzc of the
composite is around 9, at low pH values, the composite is mainly
positively charged, indicating high electrostatic interaction between
the positive functional composite groups with the ionic naproxen
species in the solution. Naproxen has a pKa of around 4.2
(Pubchem), thus at low solution pH conditions dissociates, while in
higher solution pH (> 4.2) mainly exists in the neutral form.
Therefore, with the increase of the solution pH the surface of the
composite becomes progressively less positively, resulting in a
weak electrostatic interaction. Starting from the solution pH of 6.5
up to 10, there is still some adsorption observed from the
composite. This behave indicates that not only the electrostatic
interaction is involved in the sorption process; also hydrophobic
interactions occur between the aromatic composite groups and the
benzene structures of naproxen (in these pH conditions naproxen is
in its neutral form). In binary solutions (naproxen and
carbamazepine), the same trend was achieved, but the sorption
capacity resulted lower compared with single solution system,
indicating some competition between the two compounds.

Carbamazepine was also tested at five different solution pH
same as naproxen in single and binary solution systems, and the
results are presented in Fig. 4. The highest adsorption was achieved
at pH 2.5, and the lowest at solution pH of 8 and 10. Carbamazepine
has two pKa values (2.3 and 13.9), thus at all tested solution pH
mainly existed in the neutral form (Pubchem). In these conditions
the sorption of carbamazepine was mainly driven by interactions
mainly from cationic groups of the composite (pHpzc 9) and the
benzene ring of carbamazepine. This is also supported by binary
solution results trend, which shows that the competition with
naproxen was higher at solution pH of 2.5 and 4.5. After that, the
competition reduces and at solution pH of 10 was almost the same
sorption capacity. The higher competition at low solution pH
(where naproxen is ionized), indicates that both compound compete
for the same sorption sites of the composite.

The MBC 1:2:1 composite sorption capacity for naproxen and
carbamazepine removal from water was also tested with Ishmi river
water and the results are given in Fig. 5 and Fig. 6. It was observed
that for naproxen in single system the sorption capacity remained
similar, meanwhile in the binary a slight decrease was observed,
reflecting the same trend as in the MilliQ (Fig. 5). For
carbamazepine, in single system the sorption capacity was slightly
lower compared to that of MilliQ, but remained stable in the binary
system solution, indicating a relatively low competition with
naproxen.
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Fig. 3 The effect of pH on naproxen adsorption onto MBC 1:2:1 composite
in simulated contaminated MilliQ water (low capital letters — significance at
p<0.05)
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Fig. 4 The effect of pH on carbamazepine adsorption onto MBC 1:2:1
composite in simulated contaminated MilliQ water
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Fig. 5 The adsorption capacity of the MBC 1:2:1 composite for naproxen at
pH 4.5 with Ishmi river water
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Fig. 6 The adsorption capacity of the MBC 1:2:1 composite for
carbamazepine at pH 4.5 with Ishmi river water

4, Conclusions

The adsorption of naproxen and carbamazepine was tested over
five different solution pH onto the low-cost MBC 1:2:1 composite.
The highest adsorption for both compounds was achieved at
solution pH of 2.5. The competition resulted to be higher at low pH
conditions, mainly at 2.5 and 4.5. The sorption capacity of the
composite for both compounds with simulated contaminated Ishmi
river water was similar with that of simulated contaminated
ultrapure water. These results demonstrate that even in real
environment water conditions (river water), the sorption capacity of
the prepared MBC 1:2:1 composite is efficient and applicable for
naproxen and carbamazepine removal from water.
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