AHOTAIISA

Bimsiyvkuii 4. U. Jlerpamauis dopHO3eMiB IIpumHicTepchKOi BHCOYMHH. —
KBamidikamiitHa HayKoBa Mparis Ha paBax pyKOIUCY.

JucepTartiist Ha 3100yTTS CTymeHs JokTopa ¢iutocodii 3a cnemiaabHicTIO 103
«Hayku npo 3emnwy tanysi 3Hanb 10 «llpupoonuui nayxku». — JIbBIBChbKUIA

HaI[lOHATBHUH yHIBepcuTeT iMeH1 [Bana dpanka, JIbBiB, 2023.

Jlerpanaiis  TPyHTIB  BBaXKA€ThCS ~ OJHIEID 13  HAWOUIBIIMX  3arpo3
30aJJaHCOBAHOI0 YIPABIIHHS I'PYHTOBUMH pPECypcaMU Ta € CBOEPITHUM BHUKIUKOM
JUISL CTaJIOTO PO3BUTKY CYCILIBCTBA, 3arOCTPIOIOYM MPOOJIEMU K €KOJOTIYHOTO, TaK 1
COI[1aJIbHO-€KOHOMIYHOTO XapakTepy. Y CHCTEM1 HAYKOBUX JIOCIIHKEHb JeTpajallis
IPYHTIB HaJEXWUTh J0 YHUCJIAa HAMOUIbII aKTyaJlbHUX Mpo0JieM IPYyHTO3HABCTBA,
exoJsorii Ta 3emiepodctBa. OcoOnuBa yBara NpuAUIEHA Cy4aCHOMY CTaHy OpPHHX
YOPHO3€MIB, 110 MOB’S3aHO 3 IXHBOK MPOAYKTHBHICTIO 1 BaXXJIMBUM E€KOHOMIYHHUM
3HAYEHHSIM JIJIs1 IPOJIOBOJIbYOT O€3MEeKH KpaiHu.

[IpuaHicTepchbka BUCOUMHA BBAXKAETHCS PETIOHOM 31 3HAYHUM MPUPOJIHO-
pPECYpPCHMM MOTEHLIAJIOM, 1 30KpeMa pOAIOYUMHU IPYHTaMH, OCHOBY SIKMX CKJIa/laloTh
yopHo3eMu. Pa3zom 3 TuM, 1€ perioH JaBHBOTO 3eMJIepoOCTBa. Y CTPYKTYpi
I'PYHTOBOTO MOKPUBY BUCOYMHHM 3arajbHa IJIOIIa YOPHO3EMiB cTaHOBUTH 406 THC. Ta
(62 % Teputopii BUCOUMHHU), 3 HUX HA YOPHO3eMHU THUMOBI mpunagae 260 tuc. ra
(39 %), yopHO3€eMU OMiA30JIEH] 3aiiMatoTh oy 146 tuc. ra (23 %).

CyuacHuii crtan 4YopHo3eMiB IIpunHiCTepCchbKOi BHUCOYMHM, AK 1 YKpaiHH
3arajoM, BUKIWKAE BCE OILIbIIE 3aHETMOKOEHHA Y 3B’S3KYy 3 I1HTEHCH(DIKAIIEO
JerpajaiiHux MpoleciB. AHalI3 JITepPaTypHUX JXKEpeEIl Ta y3aralbHEeH1 MOPIBHAHHSA
BJIACTUBOCTEH OPHUX YOPHO3EMIB 3acBiAUyIOTh, IO 3a octaHHi 40-50 poxiB
HaNOUIBII 3arpo3IMBUMU JIETPAJALIMHUMU MPOIIECaMU B PErioHi €: AeryMidikaris,
epo3iitHe 3MEHIIEHHS! MOTYHOCTI T'yMYCOBOT'O TOPU30HTY YOPHO3EMIB, YUIUIbHEHHS
IPYHTY B TOJILOBUX CIBO3MIHaX, OCOOJIMBO HA PI/UT, MOOIYHUM HACTIJKOM HYOTO €

pyiiHYBaHHSl CTPYKTypu. 3rajaHi npouecd HeOe3Me4Hi TUM, IO IXHIM mposB



B110yBa€THCSI HETIOMITHO, OJJHAK CHHEPTETUUHHUM €(eKT BITIYTHO BiJOOpaKaeThCs Ha
NPOAYKTUBHOCTI IpyHTIB. CHTyallls TaKoX YCKJIAIHIOETbCS JOMIHYBaHHSIM
CXHJIOBOTO PENbe]yY Y CTPYKTYpi TMOCIBHUX TUIOII, K1 32 YMOBH TEPIOJUIHUX OIAJIB
3]IMBOBOTO XapaKTepy Ta HEXTYBaHHS MPOTUEPO3IMHUMH 3aXOJaMH 3a3HAIOTh
MIOCHJICHOI JIeTpajaltii.

3Bajkalouu Ha 116, OCHOBHOIO METOI0 AMCEPTAIIHOI pOoOOTH € JOCHTIIKEHHS
JOMIHYIOUMX JIeTpaJlalliiHUX TMPOIECiB, SKI MPOSBIAIOTHCS B UYOPHO3EMax
[TpunHicTepChbKOi BUCOUMHU B YMOBAX TEPUTOPIi 3 PO3UIICHOBAHUM PENHEDOM.

HaykoBa HOBH3Ha OTpUMaHUX pe3yJIbTaTiB:

— MIPOBEJICHO KOMILUIEKCHE JTOCTIIKEHHS 1 OLIHKY JeTpajlalliiHuX MPOIIECiB, SKi
JOMIHYIOTh y  4YopHo3emax [lpuaHicTepchbkoi  BUCOYMHHM  (Herymidikaris,
YIIUTBHEHHSI, 3HECTPYKTYPEHHS );

— JOCIIJKEHO ¥ CXapaKTepU30BAHO MPOCTOPOBY HEOJHOPITHICTh XPOMATHYHOT
Ta aXpOMATUYHOI CKJIAJJOBUX KOJIBOPY YOPHO3EMIB, NU(epeHLialis SKUX OB’ A3aHa 3
JerpajgaiiHiMuy MPoIIeCcamu;

— anpoOOBaHO MPAKTUYHE 3aCTOCYBAHHS TEXHOJOT1] KOHTAKTHOTO CKaHyBaHHS
TBep0i Pa3u IpyHTY HA MAaKPOMOP(OIOTTHHOMY PiBHI JJI OI[IHKH BMICTY TyMYCY;

— MPOBEIEHO OLIHKY JAErpajaliiHuX MpOLECIB BUPAKEHUX Y HYOPHO3EMax
[IpuaHicTEpChKOT BUCOUMHU 3 YpaxyBaHHIM MOP(HOMETPUUYHHUX NTapaMeTpiB penbedy.

[IpuanHicTepchbka CTPYKTYpHO-ACHY/alliiiHA BUCOYMHA — 1€ YacTHUHA
[Toxinbchbkoi BUCOUYMHHM Ha JiBoOepexoki [[HicTpa, y Mexupiudi 30pyua i Kamroca,
wiomero 6,7 tuc. kM2. CyuacHi oOpucu TonorpadivyHOl TMOBEPXHI TepUTOPIi
chopMyBalivca MiJ BIUIMBOM PaHHLOUYETBEPTUHHOTO EMEUPOTCHIYHOTO ITiTHSATTS.
3HayHa TPIMIMHYBATICTh MOPiJ, HASIBHICTh MOTYXHOI TOBIII MYyXKHX YETBEPTHUHHHX
BIJIKJIAJIIB, aKTUBHA €pO3iHA MISUTHHICTh PIYKOBUX Ta MOBEPXHEBHX TEKYyYHX BOJI
BU3HAYWIIA ~ MOP(OCKYIbNTYpHI  0coOIMBOCTI  [IpuaHiCTepChKOi  BHCOYMHH.
[IpocTopoBa HEOTHOPIAHICTH MPOsBY penbedodopMyounx (GakTopiB 3yMOBHUIIA
YTBOPEHHSI CUCTEMH TMapajelIbHUX CMYT, sIKi B peibedi MpeacTaBiIeH! TUIOCKUMH,
MOJIOTO-XBUJISICTUMH, OMYKIMMH MEXHPIYYSIMHA Ta TEPACOBUMH KOMIUIEKCAMHU, IO

SAKUX MPUypOUeHi apeanu 4opHo3eMiB [IpuaHicTepchKOi BUCOUHHH.



3a pesynbratamu ['IC-ananizy 3’sicoBano, 110 npudau3Ho 63 % 1ol apeais
YOPHO3EMIB TMPEJCTABICHO CXWJIOBOIO IMOBEPXHEI KpyTicTio a0 3°. YV po3pisi
HABEJACHUX JaHUX, MEPEBaXKAIOUMMHU € TMOXWJl CXWJIM, 3arajibHa IUIOma SIKHX
ctaHoBUTh — 1 700 kM2 (42 %). YV moeaHaHHl 3 KIIMATUYHUMU OCOOJUBOCTSIMHU
perioHy, reomopdooriunuii (hakTop Ma€ 3HaYHHUI BIUIMB HA 1HTCHCUBHICTH MPOSIBY
Jerpaaiii YopHO3EMiB.

BignoBigHo 10 3MiHK O10KIIMAaTHUYHHMX Ta T€OMOP(dOJOTIYHUX OCOOJIMBOCTEM
TEPUTOPIi JOCHIIKEHHS 3aKJIaJIeHO YOTUPHU KIIOUYOBI MIJISTHKHU, SIKI BiIOOpakaroTh
TUTIOBI pUCH arpoia”amadriB, CcHOPMOBAHUX TMPU PO3OPIOBAHHI IIJTMHHUX
YOPHO3EMIB TEPUTOPIi JoCHimKeHHs. [PyHTOBI po3pisu 3aKiafeHi y BUIUISALI KaTeHH
Ha OJHOPIAHIN JITOJOTIYHIA OCHOBI (JIECOMOAIOHI CYTJIMHKH), Y MEXaX PIBHUHHOIO
BOJIOAUIBHOTO pebe]y Ta MPUIETINX CXUIOBUX MIKPO30H.

Pesynpratn  MopdoiioriuHoro  a"amzy — 4opHoszemiB  [IpuaHicTepchbkoi
BUCOYMHM, OTPUMAaHI MiJ Yac MOJabOBUX JociimkeHb 2019-2020 pp., cBiguarh mnpo
CYyTT€BI  3MIHM  MOPQOJIOTIYHMX  O3HAK,  SKI  3YMOBJEHI  TpPUBAJIUM
CUTLCHKOTOCIIOJIAPCHKUM  BUKOPUCTAHHSAM TIPYHTIB mmia puuieo. Hacammepen,
CUCTEMHUN MEXaHIYHHWI BIUIMB MPU3BIB 0 (opMyBaHHS audEpeHIIHOBaHUX 3a
HIUTBHICTIO CKJIQJICHHSI TOPU30HTIB: OPHOTO (3 HETUIIOBOIO MOPOXYBATO-TPYJIKYBATOIO
CTPYKTYPOIO) Ta YIIUIBHEHOTO MiJIOPHOTO (3 XapaKTEpHOIO OpUIYyBaTO-TPYIKYBaTOIO)
CTpykTyporo. KpiM TOro, HasBHICTb BHpaX€HOI IuTyx)HOi1 migomBu (8—12 cm)
NpU3BEJIO A0 (OPMYBaHHS BOJAOTPUBKOIO IIAPY, IKUI YaCTO € CBOEPIAHUM Oap’€poM
JUISL PO3BUTKY KOpPEHEBOI CHCTEMM CUIbCHKOTOCTIOAAPCHKUX KyJIbTyp. Hu3zbka
KUIBKICTh MOP(OJOTIYHO BUPAKEHUX YEPBOTOYMH, KOMPOJITIB, B YIIUIBHEHUX
TOPU30HTAX CBIIUUTH MPO 3HMKEHHSI IHTEHCUBHOCTI 300TypOallii y JOCIIHKYBaHUX
YOpHO3eMax.

Oco0mMBO CyTT€BUMH € 3MiHM MOP(OJIOTIYHUX O3HAK E€pPOJOBAaHUX
YOpHO3€MIB. 30KpeMa, 31 3pOCTaHHSM KPYTOCTI CXWJIOBOTO penbedy MOTY>KHICTh
I'yMyCOBOT'0-aKyMYJIATHBHOTO TOPU30HTY 3HMXKYyeTbcsd 3 60-50 cm no 18 cM Ha
CHJILHOEPOIOBAaHUX OMYKIUX AUISHKaX. BogHouac 3ailydeHHsS B OpaHKY HIDKHIX

MEPEXiIHUX TOPU3OHTIB KOPEITIOETHCS 31 3MIHOIO KOJIbOPY OpHOro Imapy. Takox



CIIOCTEPITa€EThCS TEHJACHIIS /0 3MIHM TPaHYJIOMETPUYHOIO CKJIATy YOPHO3EMIB
OMIA30JICHUX BAKKOCYTJIMHKOBHUX MPHU 301IbIIIEHHI IXHBOTO CTYTICHS €pOI0BAHOCTI.

3amyyeHHs] YOPHO3EMIB Y CLIBCHKOTOCHOJAPChKE BHUPOOHUIITBO B yMOBax
nedinuTy OpraHiyHOl PEYOBUHM MPU3BEIO JO MPOSBY AeryMmydikaiii. 3a OoCTaHHE
CTOJITTS BMICT TyMycy B 4opHo3emax [IpunHicTepchbkoi BUCOUMHH 3HU3UBCS 3 5—6 %
no piBast 3-4%. PesyapTatu mAOCHiKEHb BKa3ylOTh Ha TMOMITHHM TpOsB
nerymidikaiiii B Mexax opHoro ropu3oHTy (0—20 cM), sKa MOCHIIIOETHCS TPH 3MiH1
MOp(HOMETPUYHHUX TapaMeTpiB pelabedy Ta yepe3 IHTEHCUBHICTh MPOSBY €pO3IMHUX
npoiieciB. Tak, Ha (oHI HeepoOBaHUX BIMIH B OPHOMY TOPH30HTI YOPHO3EMIB
CXWJIOBUX JUISHOK, KpyTicTi0O 1-2° 3amacu rymycy 3meHInyroTbess Ha 10-12 %.
HaiiGinpmni BTpatu rymycy 3a(ikCOBaHI Ha ONYKIUMX Ta YBITHYTHUX CXUJIOBHX
ninsakax. Orpumani nokazHuku Crk : Cdk cBilyaTh Mpo JAOMIHYBAHHS TYMAaTHOTO
TUITy TYMYCY B aBTOMOP(GHHX YMOBaxX Ta IUIaBHY 3MiHY 3 TYMaTHOTO Ha ()yJIbBaTHO-
TYMaTHHUM THIT TYMYCY B MEXKaX CXHUJIIB.

[InomuHHMI 3MUB, MPUOPIOBAHHS HIDKHIX MEPEX1THUX TOPU3OHTIB, MEXaHIUHE
NEepeMIIIeHHs] TPYHTOBOI Macu Il BIUIMBOM arpOTEXHIYHUX OIepauiid MpsMo
BIUTMHYJIM HA BMICT JAeskux ¢paxiiiid. [lopiBHUIIBHUI aHami3 JaHUX BMICTY (Di3UYHOT
TJIMHA Ha PI3HUX YaCTUHAX KAaTeH CBITYUTH IMPO TE, IO B YOPHO3EMAaX THUIIOBHX Ta
OMiA30JIEHUX CEPEIHHOCYTIMHKOBUX CIIOCTEPIra€ThCsl CIa00BUpPaXKeHA TEHJICHIIIS 10
MOJICTIIAHHS TPaHYJIOMETPUYHOTO CKJIaAy Ha €epoJAOBaHHMX cxuiax. [IpoTunexHwuii
MIPOIIEC CTIOCTEPITAETHCA B YOPHO3EMAaX OIMIA30JICHUX BAKKOCYTITMHKOBUX. 3HAYHOTO
Mepepo3NoAUTy 3a3Hae MyJucTa (Ppakiisi, BMICT SKOi 3MIHIOETHCS 31 3POCTaHHSIM
€POJIOBAHOCTI penbedy.

3rifHO 3 OTPUMAHUMHU pe3yibTaTaMd, OPHUM YOpHO3EMaM TEepPUTOPil
JOCIIJKEHHSI TPUTAMaHHUNW TPOSB TPOCTOPOBOI HEOAHOPITHOCTI TOKA3HHKIB
IIIJTLHOCTI OyJOBHU Ta BIAMOBIIHO MOPUCTOCTI, KA MPOSBISETHCS Y BEPTUKATBHOMY
Ta TOPU3OHTAILHOMY HampsMmkax. HaliMeHIIl 3Ha4YeHHS WIUIBHOCTI Oya0BU
npUTaMaHHI OPHOMY TOPHU30HTY YOPHO3EMIB PIBHHHHHX BOJOAUIBHUX JUISHOK
nocsiratoud 3HadeHb 1,14-1,32 r/cm3. B epomoBaHux BigMiIHaX JaHUN TMOKa3HUK

3poctae no 1,35-1,48 r/cm3. Ha piBHI MiJOpPHOTO TOPWU3OHTY B YCIX po3pizax



3adikcoBaHe 3pocTaHHs mIbHOCTI OynoBu Ha 0,07-0,2 r/cm3. EdexT MexaHiqHOTro
VIIUIBHEHHS] MAIIMHO-TPAKTOPHUX arperariB MPOCTEXYEThCA A0 Tubounu 40—65 cwm.
Y Mexax cepedHbO- Ta CHIBHOECPOJOBAHUX CXWJIOBUX JUISTHOK (PiKCyeThes
BIIUYTHUM TIPOSB YIIUJIBHEHHS OPHUX YOPHO3€MIB. 30KpeMa, CTAaTUCTUYHI JaHl
OpHUX Ta MiIOPHUX TOPU30HTIB CBITUYATH PO HE3aJOBUIbHY MOPHUCTICTD (<50 %).

[lepuronpuynHOIO Aerpaaailii CTpyKTypH YOPHO3EMIB € 11 pyiHYyBaHHS BaXKOIO
CUICHKOTOCTIOAPCHKOI0 TEXHIKOIO Ta TIPYHTOOOPOONIOBAIbHUMHU —arperataMu.
XapakTepHOIO PHUCOIO JJII OPHOTO TOPU30HTY JOCIHIIKYBaHUX IPYHTIB € aOCONIOTHE
JTOMIHYBaHHs OpmincToi gpakiii (>10 MM), BMICT siKO1 cTaHOBUTH 3142 % B Mexkax
BOJIOAUIBHUX IIJIATO Ta 3pocTae 10 58 % Ha CUIbHOEPOJOBAHUX CXUJIOBUX JUISHKAX.
Po3nuieHHss OpHOTO TOPU30HTY YOPHO3EMIB MPHU [[LOMY HE HAATO BUPaKEHE, BMICT
arperatiB po3mipom MeHiie 0,25 MM craHoButh 2—7 %. OuikyBaHO, HaWOIBIION
Tpancopmariii 3a3Hanu migopHi ropu3oHTH (20—40 cm). Haamipauit mexaHidyHUN
BILJIMB MPU3BIB J0 MOTIPIICHHS CTPYKTYPHO-arperaTHOro CKjiaay BMICT arpOHOMIYHO
minaux arperatiB (0,25-10 mm) 3Hu3uBcs Ha 8—13% 10 piBHS 3a70BUIBHOTO
CTPYKTYpHOTO cTaHy. Pe3ynmpTaTh JOCHIDKEHHS BKa3ylOTh Ha MOTIpPIICHHS,
CTPYKTYpPHOTO CTaHy YOPHO3EMIB 31 3pOCTaHHSAM CTYIEHS €pOJOBAaHOCTI Ta
MOCTYIIOBUM MPUOPIOBAHHSAM HUYKHIX NIEPEXITHUX TOPU3OHTIB.

3acTocyBaHHA ~ KOJIOpUMETpii  Jajo  3MOry  1AeHTH(IKYyBaTH  IpPOSB
3HeOapBIEHHSI YOPHO3EMIB y MeEXaX OPHOro ropu3oHTy. Ha OCHOBI Bi3yasIbHOTO
aHaizy nu(poBHUX 3HIMKIB, MOMITHI KOJIPHI BIIMIHHOCTI CIIOCTEPITAlOThCS JIMIIE
MDXK 3pa3kaMH BilIOpaHUMU Ha BOJOAUIHHHUX IJIATO Ta CUIILHOEPOJOBAHUX JUISTHKAX.
Kpim TOro, excriepiMeHTaaIbHO BCTAHOBJIEHO 3HAYHUN BILJIUB 3BOJIOKEHHS HA 3MIHY
KUIBKICHUX JaHUX KOJIPHUX TNapameTpiB TBepaoi (a3u rpyHTy. 30Kpema, mpu
3BOJIOKCHH1 sickpaBicTh (L*) 3paskiB 3uusmimacas Ha 54-62%, BomHOYAC
axpoOMaTUYHHUM TMOKa3HUKaM a* Ta b* nmputamaHHI HE3HAYH1 KOJMBAHHS. 32 OLIIHKOIO
BEJIMUYMHU KOe(DII[ieHTa KOpemslii MiATBEPKEHO TICHUM B3a€EMO3B’SI30K MIXK
sckpasicTio (L*) dopHO3emiB Ta BMICTOM rymycy. PesynpraTamu KoJopuUMETpii
11€HTU(IKOBAHO 3MIHM MNPUPOJHOTO KOJBOPY UYOPHO3EMIB, IHTEHCHUBHICTH SIKHUX

3pOCTa€ 3 MOCWICHHSM JErpajalliiHuX MPOIeciB. 3a OIIHKOI MOKAa3HUKA KOJIPHOI



BiAMIHHOCTI (AE) 3 ypaxyBaHHSIM BI3yaJIbHOTO CIPUMHSATTS KOJIBOPY CIOCTEpIradem,
YITKOTO 3HEOAPBJICHHS 3a3HAIM YOPHO3EMH CXUJIOBUX JUISTHOK KPYTICTIO TTOHA 3°.

3a [JaHMMH BMICTY arpoOHOMIYHO IIHHUX TOBITPSAHO-CYXUX arperaris,
IIiIJILHOCTI OYyJI0BU, MOPUCTOCTI, BUKOPUCTAHUX Y SKOCTI J1arHOCTUYHUX KPUTEPIiB,
BCTAQHOBJICHO PI3HUN CTYMIHb MPOSBY YUIUIBHEHHS Ta 3HECTPYKTYpPEHHS Ha PiBHI
OpHOTO Ta MiJIOPHOTO TOPU3OHTIB YOPHO3EMIB BOJOMIIBHHX IUIATO Ta CXUJIOBOTO
penbedy. PesynmpTaTH  JIOCHIKEHB 3aCBIAYYIOTH BIJACYTHICTH YOPHO3EMIB, 3
KPUTHYHUM cTyrneHeMm (i3udHoi aerpanamii. B aBromopdHHX ymMoBax 4opHO3EeMHU
BUPI3HAIOTHCS CIA0KUM, PIJIIE€ CEpeAHIM, CTYNEHEM IpOsABY 3HECTPYKTYpPEHHS Ta
VIIUIbHEHHS. Y MeXax CXWJIOBOro penbedy CTymiHb (i3udHOi  Jerpajarii
YOPHO3EMIB OIIIHIOETHCS IEPEBAXKHO SIK CHIIbHUM.

BianoBigHO 10 BUCBITIICHHX PE3yJbTaTIB JOCTIIHKEHb, IUISAXH MiHIMIi3amil
MPOSIBY JErpajlallifHuX MPOIIECIB 1 PEryJIOBaHHS OOYMOBJICHUX HUMHU HETaTHBHUX
SBUIIl TIOBMHHI 0a3yBaTHChb Ha OCHOBI BpaxXyBaHHA pETIOHAJIBHUX IPYHTOBO-
nanamagTHUX ymMoB Tepurtopii. IloctymoBuii mepexii BiA  KJIACHYHOI  JO
nu(depeHI1ioBaHOl CUCTEMU OOpPOOITKY IPYHTY [103BOJUTH MOKPAIIMTH T'yMYCOBHIA
cTaH, (h13U4HI BIACTUBOCTI Ta BOJHO-TIOBITPSIHUI PEXHUM JETPaoBaHUX YOPHO3EMIB,
pU [IbOMY 0€3 HaJMIPHOTO €KOHOMIYHOTO HAaBAHTAXKEHHS JUIsl TOCIIOJIaPCTB PETIOHY.

OTpumaHi pe3yJabTaTH BHUCBITIIOIOTH OCOOJMBOCTI TpaHc(opMalli OpHUX
YOPHO3EMIB Yy CyYaCHHX yMOBaxX [IPYHTOKOPUCTYBAaHHs, 30Kpema iXHIX
MOP(QOJIOTIYHUX O3HaK, a TaKOX (I3UYHUX 1 (DI3UKO-XIMIYHUX BIACTUBOCTEM.
OcHOBHUH 3MICT poOOTH CIPSMOBAHUN Ha JOCITIHKEHHI JETpajaiiiiHuX MPOIIECiB,
iXHIX OCOOJMBOCTSIX TPOSBY, IHTEHCHUBHOCTI Ta CHPSMYBaHHI B YOPHO3EMax
[IpuanHicTepcbkoi ~ BUCOYMHM  HA  KaT€HApHOMY  PIBHI 3 ypaxyBaHHSIM
reoMOpP(OJIOTTYHUX YMOB TEPUTOPI.

Knwuoegi cnoea: vopHosemu, [IpugHicrepcbka BUCOUMHA, Jerpaaallis, peiabed,
OpHUN TOPU30HT, MOP(GOJIOTisl, TyMyc, (DI3UYHI BIACTUBOCTI IPYHTY, KOJIp IPYHTY,

KOJIOpUMETPIS.



SUMMARY

Vitvitskyi Ya. Y. “Degradation of chernozems of the Prydnisterska upland”. —
Qualified scientific work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy degree in specialty 103
“Earth sciences” field of studies 10 “Natural sciences”. — Ivan Franko National

University of Lviv, Lviv, 2023.

Soil degradation is considered one of the biggest threats to the balanced
management of soil resources and is a unique challenge for the sustainable
development of society, exacerbating problems of both ecological and socio-
economic nature. In the system of scientific research, soil degradation as a result of
irrational land use is one of the most urgent problems of soil science, ecology, and
agriculture. Special attention is paid to the current state of arable chernozems, which
is related to their productivity and important economic importance for the food
security of the country.

The Prydnisterska upland is considered to be a region with significant natural
resource potential and, in particular, fertile soils, the basis of which are chernozems.
At the same time, this is a region of ancient agriculture. The structure of the upland
soil cover is dominated by chernozems, which reaches an area of 406 thousand
hectares (62 % of the territory of the upland), of which typical chernozems account
for 260 thousand hectares (39 %), and podzolised chernozems have an area of 146
thousand hectares (23 %).

The current state of the chernozems of the Prydnisterska upland, as well as
Ukraine in general, is causing increasing concern due to the intensification of
degradation processes. The literature sources analysis and generalized comparisons of
the arable chernozems properties show that over the past 40-50 years, the most
threatening degradation processes in the region have been: dehumidification, erosion
of the chernozem humus horizon, soil compaction in field crop rotations, especially
on arable land, which results in the structural destruction. These processes are

dangerous because they are unnoticeable, but the synergistic effect has a significant



impact on soil productivity. The situation is also complicated by the dominance of the
sloping topography in the structure of cultivated areas, which, under conditions of
periodic torrential rainfall and neglect of anti-erosion measures, undergo increased
degradation.

Considering this, the main goal of the dissertation is to study the dominant
degradation processes that are manifested in the chernozems of the Prydnisterska
upland in the conditions of the territory with a fragmented relief.

Novelty in research:

—a comprehensive study of the degradation processes that dominate the
chernozems of the Prydnisterska upland (dehumidification, compaction, and
disintegration) was conducted;

— the spatial heterogeneity of the chromatic and achromatic color components
of chernozems is investigated and characterized;

— the practical application of the solid phase contact scanning technology of the
soil at the macromorphological level for assessing the humus content was
demonstrated;

— evaluation of the degradation processes expressed in the chernozems of the
Prydnisterska upland was carried out, taking into account the morphometric
parameters of the relief.

The Prydnisterska structural-denudation upland is a part of the Podillya upland
on the left bank of the Dniester, between the Zbruch and Kalyus rivers, with an area
of 6.7 thousand km?. The topographic surface current outlines of the territory were
formed under the influence of early Quaternary ephemerogenic uplift. Significant
rock fracturing, the presence of a thick layer of loose Quaternary sediments, and
active erosion activity of river and surface flowing waters determined the
morphosculptural features of the Prydnisterska upland. The spatial heterogeneity of
the relief-forming factors has led to the parallel strip system formation, which is
represented in the relief by flat, gently undulating, convex interfluves and terrace
complexes, to which the main areas of the chernozems of the Prydnisterska upland

are confined.



According to the results of the GIS analysis, approximately 63 % of the area of
chernozems areas is represented by slopes with a steepness of up to 3°. According to
the given data, steep slopes are predominant, the total area of which is 1,700 km?
(42 %). The geomorphological factor has a significant impact on the intensity of
arable chernozems degradation in combination with the climatic features of the
territory.

According to the changes in the bioclimatic and geomorphological features of
the study area, four key areas were established that reflect the typical features of
agricultural landscapes formed during the plowing of virgin chernozems in the study
area. The soil transects are laid out in the form of a catena on a homogeneous
lithological base (loess-like loam), within the plain watershed relief and adjacent
elementary slope microzones.

The morphological analysis results of the Prydnisterska upland chernozems
obtained during field research in 2019-2020 indicate significant changes in
morphological features due to long-term agricultural use of soils under arable land.
First of all, the systemic mechanical impact led to the formation of horizons
differentiated by the density of the compositions: arable with an atypical powdery-
lumpy structure and compacted subsoil with a characteristic clayey-lumpy structure.
In addition, the presence of a prominent plow sole (8—12 cm) led to the formation of a
water-resistant and waterproof layer, which is often a kind of barrier to the
development of the root system of the agricultural crops. The low number of
morphologically pronounced wormholes, coprolites in compacted horizons indicates
a decrease in the intensity of bioturbation in the studied chernozems.

Changes in the morphological characteristics of eroded chernozems are
particularly significant. In particular, as the steepness of the slope relief increases, the
thickness of the humus-accumulative horizon decreases from 60-50 cm to 18 cm on
strongly eroded convex areas. At the same time, the involvement of the lower
transitional horizons in plowing correlates with a change in the color of the arable
layer. There is also a tendency to change the granulometric composition of

podzolized heavy loam chernozems with an increase in their degree of erosion.



The involvement of chernozems in agricultural production under conditions of
organic matter deficit has led to dehumidification. Over the last century, the humus
content in the chernozems of the Prydnisterska upland has dropped from 5-6 % to 3—
4 %. The results of the research indicate a noticeable degree of dehumidification
within the arable horizon (0-20 cm), which increases with changes in the
morphometric parameters of the relief and due to the intensity of erosion processes.
Thus, against the background of non-eroded differences in the arable horizon of the
chernozems of the slope areas, with a steepness of 1-2°, humus reserves decrease by
10-12 %. The largest losses of humus were recorded on convex and concave slope
microzones. The obtained values of Ci.:Cy. indicate the dominance of humate type of
humus in automorphic conditions and a smooth change from humate to fulvate-
humate type of humus within the slopes.

Surface leaching, plowing of the lower transitional horizons, and mechanical
movement of the soil mass under the influence of agricultural operations directly
affected the content of some components. A comparative analysis of the data on the
content of physical clay in different parts of the catenas shows that typical and
podzolized medium loamy chernozems have a weak tendency to lighten the particle
size distribution on eroded slopes. The opposite process is observed in podzolized
heavy loam chernozems. The silt fraction undergoes significant redistribution, the
content of which changes with the growth of eroded relief.

According to the obtained results, the arable chernozems of the study area are
characterized by spatial heterogeneity of structure density and, accordingly, porosity,
which manifests itself in the vertical and horizontal directions. The lowest values of
structure density are inherent in the arable horizon of chernozems of plain watershed
areas, reaching values of 1.14—1.32 g/cm’. In eroded deposits, this figure increases to
1.35-1.48 g/cm’. At the level of the subsoil horizon, an increase in the density of the
structure by 0.07 — 0.2 g/cm® was recorded in all sections. The effect of mechanical
compaction of machine and tractor units can be traced to a depth of 40—65 cm. A

noticeable manifestation of arable chernozems compaction is recorded in moderately



and strongly eroded slope areas. In particular, the statistical data of arable and sub-
arable horizons indicate unsatisfactory porosity (<50 %).

The primary reason for the degradation of the chernozem structure is its
destruction by heavy agricultural machinery and tillage equipment.

A characteristic feature of the arable horizon of the studied soils is the absolute
dominance of the cobble fraction (>10 mm), the content of which is 31-42 % within
the watershed plateaus and increases to 58% on highly eroded slopes. At the same
time, the spraying of the arable horizon of chernozems is not very marked, the
content of aggregates smaller than 0.25 mm is 2—-7 %. As expected, the most
transformed were the subsoil horizons (2040 cm). Excessive mechanical impact led
to a deterioration in the structural and aggregate composition, with the content of
agronomically valuable aggregates (0.25—10 mm) decreasing by 8—13 % to a level of
satisfactory structural condition. The results of the study indicate a deterioration in
the structural condition of chernozems with an increase in the degree of erosion and
plowing of the lower transition horizons.

The use of colorimetry made it possible to identify the discoloration of
chernozems within the arable horizon. Based on the visual analysis of digital images,
noticeable color differences are observed between samples taken from watershed
plateaus and highly eroded areas. In addition, a significant influence of
humidification on the objectivity of quantitative data of color parameters was
established. In particular, when moistened, the brightness (L*) of the samples
decreased by 54-62 %, while the achromatic indicators a* and b* showed slight
fluctuations. The correlation coefficient estimates confirmed a close relationship
between the brightness (L*) of chernozems and humus content. The results of
colorimetry identified changes in the natural color of chernozems, the intensity of
which increases with the intensification of degradation processes. According to the
color difference index (AE), which takes into account the visual perception of color
by an observer, the chernozems of slopes with a steepness of more than 3° were

clearly discolored.



According to the content of agronomically valuable air-dry aggregates,
structure density, and porosity used as diagnostic criteria, different degrees of
compaction and disintegration were found at the level of arable and sub-arable
horizons of chernozems of watershed plateaus and slope relief. The research results
show that there are no chernozems with a critical degree of physical degradation.
Under automorphic conditions, chernozems are characterized by a low, rarely
medium degree of disintegration and compaction. Within the sloping terrain, the
degree of physical degradation of chernozems is assessed as mostly severe.

According to the research results, the ways to minimize the manifestation of
degradation processes and regulating the negative phenomena caused by them should
be based on the consideration of regional soil and landscape conditions of the
territory. A gradual transition from the classical to the differentiated system of soil
cultivation will improve the humus state, physical properties, and water-air regime of
degraded chernozems, without excessive economic burden for farmers in the region.

The obtained results highlight the peculiarities of arable soil transformation
under modern soil management conditions, in particular, their morphological
features, as well as physical and physicochemical properties. The main content of the
work is aimed at studying the degradation processes, their peculiarities of
manifestation, intensity and direction in the chernozems of the Prydnisterska upland
at the catenary level, taking into account the geomorphological conditions of the
territory.

Keywords: chernozems, Prydnisterska upland, degradation, relief, arable

horizon, morphology, humus, physical properties of the soil, soil color, colorimetry.
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