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Genetic Structure of Karachai Horses on ISSR-PCR Markers
Valery I. Glazko »?-*, Timur A. Erkenov 2 Tatina T. Glazko 2", Khisir M. Dzatoev ¢

a Russian State Agrarian University — MAA named after K.A. Timiriazev, Moscow, Russian
Federation

b Centre of Experimental Embryology and Reproductive Biotechnologies RAAS, Moscow, Russian
Federation

¢ Ministry of Agriculture of Karachai-Cherkes Republic, Russian Federation

Abstract

Loss of biodiversity, irreversible extinction of local gene pools of native species, highly
adapted to local agro-ecosystems requires the development of methods to identify the unique
features of domestic genetic resources of farm animals. In this regard, in the present work the
studies of the gene pool of representatives of the national Karachai breed horses, characterized by
adaptation to conditions of mountain hypoxia, was carried out. The analysis of the genotypes of the
43 loci from 47 mares, 47 year-old fillies and 6 stallions with the use of methods for genotyping on
the amplification products of the horse genome DNA fragments, flanked by inverted repeats of
microsatellite loci (AG),C, (GA),C and (GAG)sC with the using of the polymerase chain reaction
(Inter-Simple Sequence Repeats — ISSR-PCR markers). The data obtained indicate a high degree of
consolidation of the studied groups of animals, it was found that the average index of genetic
identity between animals is 0.9345. The relatively high polymorphism of amplification product
spectra obtained with the using as primer the sequence (GA)9C. In all spectra only 13 loci from
43 ones were polymorphic and only 5 of them were involved in the subdivision of the investigated
animals on the genetic distances to the two clusters. Given the genotypes of stallions can be
expected that the differentiation between one-year-old fillies due to their different contribution
stallions in the formation of their gene pools.

Keywords: Karachai breed horses, the spectra of amplification products, genetic
differentiation, ISSR-PCR markers, consolidation.

1. BBegenue

OpHOli W3 LEHTPAJIBHBIX IPOOJEM >KUBOTHOBOJCTBA SIBJISETCA COKpAIlleHHEe B MUPOBOM
MacITabe TeHeTUIECKUX PECYPCOB JKUBOTHBIX CEJTbCKOX03AHUCTBEHHBIX BUIOB. I1o manabiM FAO, B
MeCSI TTPOUCXOAUT UCUE3HOBEHUE B CPEHEM OFHOU MOPOJbl. B 0cO00M OmacHOCTH HaXOIATCS
MecTHBIE TTOpoibl. COKpallleHre TOPOTHOTO Pa3HOOOpa3us IMIPOUCXOJIUT ¢ BHICOKOM CKOPOCTHIO, B
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YaCTHOCTH, Y JIOMAIITHEH JIOIIa i YyTpaueHO OKoJIo 87 mopoj u3 HUX 71 nopojia — EBpomnsl u
Kagkaza (FAO, 2007). ITo gamabiMm FAO, Ha gosro Poccun mpuxoauTces Aecsitas 4acTh MUPOBBIX
MIOPOHBIX PecypcoB KOHEBOZCTBA. JIOKasbHBIE MOPOABI JIOMIAZEN IIPEJICTABJIAIOT MHTEPEC KaK
HeCyll[ie B CBOEM T€HOMe PeJKUe aJUIed, acCOIMMPOBAHHBIE C HMX IPHUCIOCOOJIEHHOCTHIO K
YCJIOBHSIM CpeJlbl OOUTaHUsI, M KaK pe3epB reHernueckoro pasHoobpasus (Hendrickson S.L., 2013;
Khrabrova, 2011; Zaitseva, 2010). Cienyer OTMETUTh TaKKe, YTO COKpAI[€HHE MECTHBIX ITOPOJT
CKa3bIBAETCSI HA COOTBETCTBYIOIIUX 5KOCHCTEMAaX, B KOTOPBIX KOIBITHBIE SBJIAIOTCA JIAHAMADT
obpasyromumu Bugamu Kalinitchenko et al., 2014; Kalinitchenko et al., 2016).

K TakuMm mopoziam, B 4aCTHOCTH, OTHOCUTCA U OTEUECTBEHHAs IOpoja — KapaudaeBCKasl.
KapauaeBckasg Jiomasib He3aMeHHMMa B YCJIOBUSX TOPHOW THUIIOKCHH, O00J1aIa€T BBICOKOU
PpaboTOCTIOCOOHOCTHIO, BHIHOCTUBOCTBIO M IUIOJIOBUTOCTHIO (89,3—89.9 % »kepebsT Ha CTO KOOBLI),
vMeeT MATKMH W ynoOHbIM miar. KapauaeBckas mopojia JIONIAJied YHHKaJIbHA TEM, UTO OHA
YHUBEpCAJIbHA U YCHEIIHO MOXKET MCIIO0JIb30BaThbCA, HApsAAy C BBIINOJHEHUWEM 33/1a4
CEJTbCKOXO3SIMCTBEHHOTO TMPOU3BOJACTBA B TOPHBIX YCJIOBUSAX, JIJII MAacCOBOTO KOHHOIO CIIOPTa,
KOHHOU OXOTBI U TYPHU3Ma, CJIY?KOBbI B aDMHH U IIOTPAaHUYHBIX BOMCKAX.

KapauaeBckasg 1mopoza Jiomafied  fABJAETCA  CYHIECTBEHHBIM  3JIEMEHTOM  3THOCA
KapayaeBCKOTO HAapoa, TECHO CBSI3aHHOTO C OCOOEHHOCTSIMH 3KOJIOTO-TeorpadUUecKuX YCIOBUH
ero (popmupoBanus. /lerasibHOE 300TeXHUYECKOE 0OciieioBaHue KoHeBoAcTBa CeBepHOTO KaBkasa,
MIPOBO/IMBIIIEECS B 20—30-€ TOABI, IMO3BOJIMJIO OTHECTH K YHCJY IMOJJTMHHO CaMOCTOSTETHHBIX
IIOPOJ] PETMOHA /IBe MOPOAbI: KabapAWHCKAasA M KapadaeBckasd. Ha 5ToM ocHOBaHUU B 1935 ToOy
6pu1 BhIIyIeH I Tom T'ocymapcTBEHHOU IUIEMEHHOM KHHUTH TOPCKUX JIOMIAZEeH, KyAa W ObLIn
3aIMCaHbI JIydIlIFe MPEeJCTaBUTENN 3TUX JIBYX MOpo. Ilociie BpIceIeHNs KapayaeBCKOTO HAapo/a B
peciyouku  CpenHell A3uu, JIOMIAAM KApadaeBCKOM IMOPOABI OBUIM  «IEPENUCAHBI» B
kabapauHCcKHe, yTo U 0bUI0 3adukcupoBano Bo II, III, u IV Ttomax ['ocriemkuur. Tem He mMeHee,
YHCTOIIOPOTHOCTh KapayaeBCKHX JIOMIAJied Oblla coXpaHeHa. 300TEXHHYECKOe Ha3BaHUeE
«KapaJyaeBcKas IOpoJia JIomaziei» ObLIO Bo3BpamieHo B 1989 roxy. B 1992 roay B V tom I'TIK
KapayaeBCKHe JIOIIA/IN yKe ObLIM 3alMCcaHbl CAMOCTOSTEIbHBIM Pa3/ieJIoM, KaK U KabapUHCKUE.
2010 Tojly BBINIEN OT/EJbHBIH VI TOM Jomazeli kapadaeBckoil mopoxasl (Parphenov, Khotov,
2010). B T0 ke BpeMms, /10 CHX ITOP 0COOEHHOCTH T€eHETHYECKOHN CTPYKTYPhl KapauyaeBCKOM JIOIIAU
OCTAIOTCA HEIOCTAaTOYHO UCCAeAOBAaHHBIMU. JIJ1 BBIACHEHHSA IOMYJIAINAOHHO-TEHETUYECKUX
XapaKTEePUCTUK TPYII KapauyaeBCKOM JIOIIAZM B HACTOAIIed paboTe BBINOJIHEHO MOJIMJIOKYCHOE
reHOTUNHUpOBaHHEe (T€eHOMHOE CKaHWPOBaHHE) C UCIIOJIb30BAHUEM OIIEHOK IoJuMOopdusMa
yuyactkoB TeHoMHOHW JIHK, (draHKMpOBaHHBIX HWHBEPTUPOBAHHBIMHU ITIOBTOpaMU (pParMeHTOB
mukpocaTestutoB  (AG)9C, (GA)9C, (GAG)6C rpynmbpl KapayaeBCKOW JIOMIA[W XO3SUCTBa
«Axtamac» (KapauaeBo-Uepkecckas Pecirybsimka).

2. MarepuaJjbl 1 METOAbI

B wucciemoBanusa BKIIIOUEHBI 00pas3ibl KpPOBU KapauaeBckux Jiomazein OO0 «Ilnem-
Penpoaykropa «Axtamac» (100 rosoB). OOO «AxTtamac» pacrosiokeHo B craHuile CTOpOKeBOH
3esieHuyKckoro pavioHa KapauaeBo-Uepkecckoil PecryOsuku. B ananus BOIUIM 47 KOOBLI U
6 3xepebI1IoB pokaeHus 1998—2008 ro10B (53 roJIOBBI), a TaK:Ke KOOBLIKHU, POXKIEHUA 2014 rojia
(47 rosoB B Bo3dpacre 1 rox). Craryc IJIEMEHHOTO PENPOAYKTOpPAa C IIPABOM OCYIIECTBJIEHUS
JIeATEJIbHOCTH B 00JIaCTH IJIEMEHHOTO YKUBOTHOBOJZICTBA U BHECEHUEM B €IMHBII roCyZapCTBEHHBIH
Peructp miemenHbIx x03sicTB Poccun OO0 «AxTaMac» MOIYINIIO B 2004 T.

OO6pasnbl KpOBU TOJyYTH U3 SIPEMHOHW BEHBI JKHUBOTHBIX, IIOMEIIAs B WHWBUJIyJIbHbIE
MIPOOUPKH C TMPeABAPUTEIBLHO J1I00aBIeHHbIMU KaTuUHbBIMU cossiMu DJITA (Vacuette K3EDTA).
[Tocne B3ATHA MPOO KPOBU MX COXPAHSIM Ha XosoJie (He 3amopakuBas). V3 oO6pasIoB KpoBU
reHoMHy©0 /IHK BbIIEISIIM ¢ MOMOINBIO KOMMepUYecKoro Habopa peareHToB «/IHK-dxcrpaH-1»
(CunTos, Poccusi) B COOTBETCTBHHM C pPEeKOMEHAANMSAMHU IpousdBoauTessA. [lporiecc BbIAeTeHUS
BKJIIOUAJI JIM3UC 3PUTPOLIUTOB M A7ep KJETOK, ocakaeHue JIHK nzonponaHosoM U MPOMBIBKY
70 % BTAHOJIOM C OKOHYATEJIbHBIM PACTBOPEHUEM B OMAUCTHLIMPOBAaHHOU Boze uiu Oydepe TE.
ITocne BoIIEIEHUS onIpeiesisiyin KoHIeHTparuio /IHK B pacTBope ¢ moMoIibio cieKTpodOTOMETPA,
kosinuectBo /THK cocraBiisiio OT 1,5 0 200 MKT IIPU KOHIIEHTPALUAX OT 15 10 2000 HT/MKJIL.

Bce ncnonp3oBaHHbIE NTpaiiMepsl ObLIM CHHTE3UPOBAHBI 10 3aKasy ¢upmoii Cunros, Poccus.
B kauectBe mpaiiMepoB I TOJWJIOKYCHOTO TreHOTHUNUpoBaHuss 1o ¢parmentam JIHK,
(IaHKMPOBAHHBIM WHBEPTUPOBAHHBIMH IMOBTOpaMu MukpocatesutnToB (Inter-Simple Sequence
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Repeats — ISSR-mapkeps!) MIPUMEHSINUCH M- U TPUHYKJIEOTU/IHbIE MUKPOCATEJIUTHI C IKOPHBIMU
HykieotuaaMu — (AG),C, (GA),C u (GAG)sC.

[TonmMepasHylo IEMHYI0 peakIUi0 IMPOBOJWIN B 00beMe 20 MKJI € HCIHOJIb30BAaHUEM
KoMMepueckoro Habopa peareHtoB III[P-PB (Cunrtosn, Poccus) mo merony (Zietkiewicz et al.,
1994). CocraB peaknuonHoi cmecu: JTIHK - 2 Mkt (0K0J10 150 HT), 1€30KCUHYKIe03UATPpHdOChATHI
(2,5 MM) — 2 Mk, 10-kpatubiid ITIP 6ydep — 2 mxia, MgCl2 (25 mM) — 2 mkia, Taq JTHK-
MoJIMMepas3a € WHTHOUPYIOIINUMH aKTHBHOCTh (epmeHTa auTurenamu (5 E/mxi) — 0,2 Mk,
mpaitmep (10 TKMOJIb/PEaKIUIo) — 2 MKJI, JENOHU3UPOBAaHHAA BOA — 10 MKJL.

Amruindukanys BRIIOJHAIACH M0 CIIEAYIONIed IMporpaMMe: MepBUYHAsA JleHaTyparus (t =
94 °C, 2 muH.); geHarypamnus (t = 94 °C, 30 c.), omxur (t = 55 °C, 30 c.), anonrarmus (t = 72 °C,
2 MUH.) — 35 NUKJIOB; duHanbHas ajoHramus (t = 72 °C, 10 mwun.), [IIIP npoBoamnu Ha
ammuindukarope «Tepruk» (JJHK-texuosmoruu, Poccust). ITpoaykTs! ammmndukanyuu pasieisin B
TOPU3OHTAIBHOM 1,5 % arapos3HoM reje B TBE-Oydepe. Ilepen HanecenueMm B resib ITL[P-ipoaykT
CMEIINBAJIN ¢ KpacureaeM — GpoMdeHO0JIOM B PaBHBIX KOJHW4YecTBaX. HampsokeHHe HCTOYHUKA
TOKa BO BpeM:A 3jIeKTpodope3a COCTABJIANO 100 B, JJIATEJBHOCTh paszesieHus 80 MHUH.
OxparmuBaHue rejieil MpOBOAUIN OPOMUCTBIM 3TH/ANEM KOHIIEHTpanuei 0,5 MKr/mi. ®parMeHThI
JTHK BusyanusupoBaiu B YO cBeTe Ipu MoMolinu TpaHcuwuiroMmuHaTopa YBT-1 (buokom, Poceust)
C UCIOJIb30BaHUEM cHcTeMbl resib-gokymeHTanuu VITRAN-PHOTO (Buokom, Poccust). Pazmepsr
dparmentoB THK omnpesesnsyiv Ipu MOMOIIM MapKepa MOJIEKYJIAPHBIX Mace 100 bp+1.5 Kb+3 Kb
(12 pparmeHTOB OT 100 710 3000 bp) M27 (Cu6dH3UM, Poccus).

Jna KaKAoro CIIeKTpa HIPOAYKTOB aMIUTHUKANuM (aMIUIMKOHOB) CTPOMJIM MATPHILY,
OTpPa’KaloIIyI0 IPUCYTCTBHE/OTCYyTCTBE B HEM KOHKPETHBIX aMIUITUKOHOB. [[yis1 o06paboTku
MIOJIyYEeHHBIX JTAHHBIX UCIIOJIB30BAHUCh mporpamMMbl Microsoft Excel, TFPGA. Kaxaplii aMILTMKOH
criekTpa paccmaTtpuBanu kak oxuH Jiokyc JJHK. [Tosmumopdusm Takoro Jjiokyca OIEHHBAJIH II0
HAJINYUIO/OTCYTCTBUIO AMIUIMKOHA COOTBETCTBYIOIIEN JUJIMHBI B CIEKTPAaX C HCIOJIH30BAHHEM
KoMIIbIoTepHOU nmporpamMmbl TFPGA.

Pacuer mHzexkca PIC (Polymorphic Information Content) BbeImoHsICA mo dopmysie I
JIUAJIEJIbHBIX JIOKYCOB, /U1l KoTopbix PIC = 2f(1-f), rne f — 4acrora OZHOTO W3 ABYX aJUIeseH.
ITockospky wucnonb3dyemble Hamu Mapkepbl ISSR-PCR, uMeOT JOMHHAHTHBIM XapakTep
IIPOSIBJIEHUS IO MPUCYTCTBUIO MpoAyKTa aMiumndukanud, f paccuntsiBain no gopmyse: f = Ro5,
rae R — 4yacroTa BCTPEYaeMOCTH >KUBOTHBIX CpeJl HCCJIe/IOBAHHBIX, Y KOTOPBIX B CIIEKTpax
MPOAYKTOB aMIutupukanuu oTcyTcTBoBa1 ¢parment JIHK panHol sgiuHbl. 3HaueHue R
paccMaTpUBaIOCh KaK JI0JI1 TOMO3UTOT 110 PeeCCUBHOMY aJLJIeIo.

3. PesyabTarsl 1 UX 00CYy:KAeHUE

B pesynbraTe BBIIIOJTHEHHBIX KCCJIEOBAHUM, ITOJIyUdeHBI cCJeayioliue jaHHble. CIeKTphI
MIPOZYKTOB aMIUIM(UKAIIUA C WCIIOJIH30BAHUEM B KauvecTBe ITPAMEPOB IIOC/IENOBATEIHHOCTEH
(AG),C, (GA)sC u (GAG)sC cylecTBEHHO OTJUYAJINCh APYT OT JIpyra, Kak II0 KOJUYECTBY
MOJIyYaeMbIX aMIUIMKOHOB, MX JUIMHAM (B mapax HYKJIEOTHIOB), TaK U IO UX MOJIUMOPGUIMY
(Tabsuma 1, puc. 1—3). Haubosiee mosiumMopdHbBIE CIIEKTPHI MOJIyUYEeHBI Y HUCC/IEIOBAHHBIX TPYIIIT
JIOIIa/IeN TPU UCIOJIb30BAHUH B TIOJITMMEPA3HOU IEMTHOU peakIiuu nocsienoBaTebHOCTH (GA)oC.

CyMMapHO IO TpEM IpaiiMepaM B CII€KTpaxX aMILUIMMUKAIUN OBbLJIO IMOJYyYEeHO 43 UYETKO
BOCIIPDOMBBOIMIMBIX JIOKyCa, W3 KOTOPBIX 13 OKasaiuch moauMopdubiMu. OOmmas mosis
OJIMMOP(HBIX JIOKYCOB cocTaBuiaa 30,2 %, ycpeqHEéHHoe 3HaueHne unzaekca PIC mo Tpém
IpaliMepaM COCTaBUJIO 0,112 (Tabswura 1). Ha ocHOBaHWM JJAaHHBIX O pacIpe/ieIeHUH aMILIMKOHOB
mo crnekrpaM aMmiuindukanuu mo meroay Hes (Nei M., 1972) ObLin ompeziesieHbl TeHeTHYecKue
JINCTAHIIUA MEXKAY WCCJIETyeMbIMHU JIOIIAJAbMH, a TaKyKe MEXKAY KaxKA0H OTHeJIbHOU 0COObI0 U
OCTaJIbHOHW 4YacThio BhIOOpKH. Cpe/iHee 3HaUYeHHME T€HEeTHUUECKOW JMCTAHIIUM Mekay obOpasiaMu
OBLI0 0,0683; cpeHee 3HAUEHHE TeHETUYECKOH HJIEHTUYHOCTH MeK/Ty 00pasiiaMu — 0,9345.

CpaBHUBasl TOJIyYeHHBbIE JaHHBIE C pe3yJibTaTaMU IPOBEIEHHBIX pPaHee HCCIeNOBAHUH
(Feofilov et al., 2011; Voronkova et al., 2011), MO3kHO 00HApY>KHTh, UTO JaHHAS BHIOOPKA JIOIIAEH
KapavyaeBCKOH IMOPOIbl UMEET BhIPA’KEHHBIE 0OCOOEHHOCTH TI0 COCTaBY CIIEKTPOB aMILTU(DUKAIIUHN U
MOJIUMOP(U3MY TOJYIYEHHBIX T€HOMHBIX Y4acTKOB. MOJKHO YTBEPIKZATh, UTO HCCJIEOBAHHBIE
gomaaun u3z 000 «Ilnem-PenpoaykTtop «AxTamac»» Te€HETUUECKM MCKJIIOUYUTETBHO BBICOKO
KOHCOJIUJTUPOBAHbI, OCOOEHHO JIJII YPOBHS JIOKAJIbHOW IMOPObI, HO, TEM HE MEHee, COXPAHSIOT
OTIPE/IEJIEHHYIO CTElleHb TeTEPO3UTOTHOCTH, YTO OCODEHHO BAXKHO I ycliexa JajbHeHInen
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IJIEMEHHON paboThl U COXpaHeHUs MOpojbl. B o0imieM, B CIIEKTpe MPOAYKTOB aMILUIMGUKAINI
npaiimepa (AG),C 6pUI0 00HApY:KeHO 18 BOCIPOU3BOJMMBIX JIOKYCOB M TOJIBKO 4 U3 HUX ObLIH
nostuMopdHBIME (C JTMHAMU B 1360-1390 Iap OCHOBaHUH — 11.0., 1330-1350 11.0., 870-900 11.0.,
720-750 1.0.). Ilo mnpaiimepy (GA);C OBLIO BBISBJIEHO 15 BOCIPOU3BOJUMBIX JIOKYCOB,
o TUMOP(HBIME ObLTH 6 M3 HUX, C JJIMHAMHU B 1120-1170 I1.0., 720-750 I1.0., 630-640 11.0., 560-
590 11.0., 530-550 11.0., 380-400 11.0. [To mpatimepy (GAG)sC Hab0AaTH! 10 BOCIIPOU3BOIUMBIX
JIOKYCOB, U3 HUX MOJUMOPGHBIMU OBLIIA TOJIBKO 3 € JUIMHAMU B 1060-1110 I1.0., 1000-1050 I1.0. U
950-980 11.0.

Takum o00pa3oM, BBITIOJTHEHHBINH AHAIU3 CBUJIETEJIBCTBYET O BBICOKOU 3(h(PEKTUBHOCTU
ucrosib3oBaHuss ISSR-PCR MapkepoB sl OIEHKH KOHCOJIUAUPOBAHHOCTH TPYIII JIOMIAZEH C
HCIIOJIb30BAHHMEM B KayecTBe IIpaiiMepOB B IOJMMEPA3HON I[EITHOM peaKINU YJIacTKOB
MHUKPOCATEJIUTOB ¢ KOPOBBIM MOTUBOM AG, GA 1 GAG.

Ha ocHoBaHMU OLleHOK DOJMMOpP(}U3Ma NPOAYKTOB aMIIUGUKAIUY, IOJIYyYEeHHBIX C
HCIIOJIb30BAHUEM B KauecTBe IIpaliMepoB (parMeHTOB MUKPOCATeJIJIUTHBIX JIOKYCOB, C
npuMmeHenueM nporpaMMmbl TFPGA pgna ISSR-PCR  mapkepoB mocTpoeHa JAeHAporpaMMa,
OTpaKkarolas TreHeTUYeCKHWe B3aUMOOTHOIIEHUSA MeXKJy HCCJIeJIOBAHHBIMU IIpPe/CTaBUTEAMU
KapadaeBcKko# somanu (pucyHok). Ha 3TOM puCyHKe BHIHO, YTO B OCHOBHOM BCE€ >KUBOTHBIE
dopMupylOT JBa  OTUETIMBO OTIMYAIONIUXCA  KJIacTepa, He CMOTpsA Ha  oOmIyio
KOHCOJIUZIUPOBAHHOCTH UCCJIEOBAHHBIX JKUBOTHBIX.

Insa Toro 4YToObI OLEHUTh WCTOYHHUKH HAOJIIO/IaEMBIX OTJIUYHNA, OTAEJIHHO OBbLIN
paccMOTpPEHBI T€HOTHUITHI JKUBOTHBIX, BXOZAIIME B 3TU JIBA PA3HBIX KJIACTEPA U COMIOCTABJIEHBI APYT
¢ apyrom. Okasasoch, YTO OCHOBHBIE OTJIMYUS MEXJy ABYMs TPYIIAMH KUBOTHBIX B CIEKTPE
npaiimepa (AG),C HaOII0/IAI0TCA B 30HE «TSIXKEJIBIX» (DPArMEHTOB C JUIMHAMH B 1360—1390 I1.0. U
1330—1350 11.0., B crekTpe mpanmepa (GA),C — ¢ mmmHaMu B 1120—1170 11.0. 1 630—640 11.0., B
cnektpe npaimepa (GAG)sC — 1o ¢parMmeHTy JIHHOH B 1060—1110 11.0. TO €CTh, OT/IMYUS MEKIY
JIByMsl TpyIIIaMu Jiomazel, cdOopMUPOBAaBIINX JBA OT/IeJIbHBIX KJIacTepa Ha JIeH/IporpamMmax,
Ha0JII0/IaJINCh TOJIBKO 10 5-TU pparmenTam JIHK u3 43-x. B kiacrep, yci0BHO 0003HaUeHHBIN Kak
nepBas IpyIa, BXOAWIO 49 KUBOTHBIX (M3 HUX 2 jKepebIja), BO BTOPOU — 35 KUBOTHBIX (M3 HUX
4 xepebIia).

Kax ormeuasiochk B paszesne «Marepuasbl U MeTO/IbI», B UCCJIEIOBAHHYIO TPYIIILY KUBOTHBIX
BXO/IJIN KOOBUIBI POXKIeHUs 1998-2008 rofoB (47 TOJOB), a TakkKe KOOBUIKH, POKIEHUS
2014 roaa (47 rosoB). BHyTpu Ka)k/10H BO3PACTHOUM TPYNIbI KUBOTHBIE OTJIMYAJIUCH €I[e U TI0
MacCTH — BOPOHOU WJIV THEJIOH. PacrpeziesieHus 1o MacTAM B KK/I0U BO3PACTHOU IPyIIe KOObLT U
KOOBLJIOK, BXOJAINEH Ha JeHJIporpaMMe B IEePBBIN (47 T0JI0B) U BTOPOH (31 rojioBa) KJacTephl,
TIpeJicTaBJIeHbI B TAOJIHIIE 2.

Cyzns mo pacmpefie/IeHUI0 KUBOTHBIX, IPEICTABJIEHHOTO B TAaOJHIE 1, «CTapble» KOOBLIbI
IIPUMEPHO B PABHOM KOJIMUECTBE BXOZAT B 00a KJIacTepa, B TO BpeMs KaK KOOBLIKU BXO/SAT IIOYTH B
Ba pasza damle B kjactep NO1 (25 rojioB) mo CpaBHEHHIO ¢ KiacTrepoM NO 2 (14 roJioB).
OtnnyaroTcs KOOBLJIKM U NPEUMYIeCTBEHHOUN IIpe/CTaBJIE€HHOCTBIO KUBOTHBIX THEJOM MacCTH.
YuutsiBas TO, UTO U3 6-TU KepebIOB 4-U 110 pe3yIbTaTaM reHOTUIIMPOBAHUA ONAJAI0T BO BTOPOM
kiactep (NON? 60, 68, 72 1 85) u To/IbKO 2 B mepBbli Kiaactep (NONQ 83 u 84), MOKHO OKHIATh,
YTO UMEHHO UX Pa3HbIM BKJIQ/l B BOCIIPOU3BO/ICTBO KOOBLJIOK MOBJIMSI HA UX AuddepeHnnanuio Ha
JiIBe TPYIIBI IO pe3yJsbTaTaM TeHOTHUIIUPOBAHUSA, U YTO KepebIbl IepBOro KjacTepa BHECIU B
BOCIIPDOU3BOJICTBO  KOOBLIOK  OTHOCHUTEJIBHO  OOJBIINM  BKIaA. OTO  IPEAIOJIOKeHUe
MIO/I/IEP’KUBAETCA €llle M TeM, YTO BO BTOPOM KJIacTepe y KOOBUJIOK HAOJIIOZAETCS OTYETIUBOE
MIPEUMYIIECTBO THEZOW MacTH, HE CMOTpS Ha TO, YTO Bce 4 KepebIlla, BXOZAIIUE BO BTOPOU
KJ1acTep, ObLIM BOPOHOU MacTH, a »kepebirbl N2 83 u NO 84 — rueson.

4. 3akJaoueHue

[TosiyueHHBIE pPe3yJIbTaThl ITOKA3bIBAIOT BBICOKYID KOHCOJIUJIHUPOBAHHOCTH JIOIIAJIEH
KapayaeBCKON Mmopojbl 1Mo 43 JyokycaM ISSR-PCR mapkepoB. DTO IMO3BOJIAET MPEANOJIONKUTD
Pa3HBIA BKJIAJT B BOCIPOU3BOJICTBO KOOBLIOK 3KEpPeOIlOB, OTIMYAIOIIUXCSI I10 HEKOTOPHIM
TEHOTUIIAM B CIIEKTPaX 3TUX MapKEPOB.
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Tao6auna 1. OCHOBHBIE ITapaMeTpPhI CIIeKTPoB mpoaykToB amiuindukanuu (ISSR-PCR mapkepsr),
oJTydeHHbIX Ha TeHoMHOU /IHK kapauaeBckux jommazier (100 royioB) X035 IMCTBA «AXTamac».

o B cymmMme 1o Tpém
[Tpaiimep (AG),C (GA)C (GAG)sC IpaiiMepan
KosiruecTBO JIOKYCOB B CIIEKTpE

MMPOAYKTOB aMILTU(MUKAITNN

18 15 10 43

I'paHuIBI UTUH aHATTU3UPYEMBIX 380- 380- ) )
JIOKYCOB, IL.O. 1490 1550 380-1350 | 380-1550
ITosmumop@dHOoe nHPOpMaLIIOHHOE

conepranne (PIC) 0,002 0,133 0,118 0,112
o nonmumopdHbIX JI0KycoB (P, %) | 22,2 40,0 30,0 30,2

Tabauna 2. PacrpesiesieHrie 10 BO3pAaCcTHBIM TPYINIaM U 10 MAcTAM JIOLIaZed, BXOAAIIUX HA
JleHJIorpaMMe B YCJI0BHO 0003HaueHHbIH Kyiactep NO1 u kinacrep NO2.

«Crapble» KOOBLIBI T'ogoBasible KOOBLIKH

Knacrep N21 Knacrep N22 Kiacrep N21 Knacrep N22

22 17 25 14

THeJble BOPOHBIE | THE/IbIE | BOPOHBIE | THEJIBIE BODOHBIE | THEJIbIE BOPOHBIE
13 9 10 7 16 9 11 3
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Puc. 1. IIpumep cnekrpa amiundukanuu mnpariMepa (AG),C y yomaseil kapayaeBCKOH TOPOIBI
00O «Ilnem-Pernpogykrop AxTamac».
M — MapKep MOJIEKYJIAPHBIX Macc

TENEE R

8
=
)

M

al

Puc. 2. [Ipumep crekrpa ammmndukanuu npaimepa (GA)oC y Jomazeil kapauyaeBCKON MOPObI
00O «Ilnem-Penpogykrop AxTamac».
M — MapKep MOJIEKYJIIPHBIX Macc
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Puc. 3. [Ipumep crekrpa ammutndukanuu mnpaimepa (GAG)eC y jomajielt KapauyaeBCKOH MOPOBI
00O «Ilnem-Pernpogykrop AxTamac».
M — MapKep MOJIEKYJIIPHBIX Macc.
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2 15 A1 .05 0. I]ﬁg

Puc. 4. JleHnporpaMMa TeHETHYECKHX B3aMMOOTHOIIEHWH MEXy «CTapbIMH» KOOBLIAMUY»,
TOJIOBAJILIMH KOOBLIKAMU U 6-ThIO kepebiaMu KapadaeBckoi mopoasl OO0 «Ilimem-PenpoaykTrop
AxTamac», IOCTPOeHHas Ha OCHOBAHUM OLIEHOK nosmMopdusma 43 jsokycoB ISSR-PCR.
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YK 539.1.047:575.224
I'eneTnueckan crpykrypa Kapauaesckoii somaau mo ISSR-PCR mapkepam
Basnepuii U. I'masko 2%, Tumyp A., dpkeHos 2, I'nazko T.T. &b, Xp13b1p M. /I:kaTOEB ©

aPTAY-MCXA umenu K.A. TumupsizeBa, Poccuiickas ®enepariust

bTIeHTp 5KCIIEpUMEHTATFHON SMOPHOJIOTHU U PENPOIyKTUBHBIX OHOTeXHOIOTHH, Poccuiickas
Qenepanus

¢ MuHcesbx03 KapauaeBo-Uepkecckoi peciyosinku, Poccuiickas ®engepariust

AnHoTtamusa. CokpaileHre 6MopazHO0Opasusa, HEOOpaTUMOE HCUEe3HOBEHUEe TeHOMOH]I0B
MECTHBIX OTEYEeCTBEHHBIX IOPOJ], BBICOKO aJaNTHPOBAHHBIX K JIOKAJIBHBIM arposKOCHCTEMAM,
TpeOyeT pa3BUTHS METO/IOB BBIABJIEHUS YHUKAIBHBIX 0COOEHHOCTEN OTEUEeCTBEHHBIX T€HETHUYECKUX
PEeCypCcoB CeJIbCKOXO3SICTBEHHBIX JKHMBOTHBIX. B 3TOH CBA3M B HacTosiIeld paboTe BHIOJTHEHBI
HccrieloBaHusA TeHOOoHAA MpefCcTaBUTENIe OTeuecTBEHHON KapayaeBCKOM IOpOAbI JIOMIAZEH,
OT/IMYAIOIIEeNCs aJalTUPOBAHHOCTHIO K VYCJIOBHUSM TOPHOW TUIIOKCHU. BBINOJIHEH aHaIM3
TEHOTHIIOB 43 JIOKYCOB y 47 KOOBLI, 47 TOAOBAJIBIX KOOBLIIOK M 6-TH 3KePeOIIOB C UCI0Ib30BaHUEM
METO/IOB TeHOTHUIIMPOBAHUA NMPOAYKTOB aMIindukanuu pparmenToB renomHor JJTHK snomazei,
(b;TaHKMPOBAaHHBIX HMHBEPTHPOBAHHBIMHU IMOBTOPAMH VYacTKOB MHUKPOCATEJIMTHBIX JIOKYCOB
(AG)yC, (GA)C u (GAG)¢C c ucmoap30BaHHEM IOJIUMEpPa3HON IemHou peakiuu (Inter-Simple
Sequence Repeats — ISSR-PCR mapkepsl). IlosryueHbl JaHHBIE, CBUETEIBCTBYIONINE O BBICOKOM
CTEIIeHN KOHCOJTUAUPOBAaHHOCTH HCCIEA0BAHHOU TPYIIIBI YKUBOTHBIX, 00OHAPYKEHO, UTO B CPETHEM
WHJIEKC TEHETUUYECKOW WEHTUYHOCTH MEeXKAy JKHUBOTHBIMH paBeH 0,9345. OTHOCHTEIHHO
MOBBINIIEHHBIM MOJUMOP(PU3MOM OTIUYAJIUCH CHEKTPHI MPOIYKTOB aMILUIN(UKAIINU, IOJTyUYeHHbIe
C WCIOJIb30BAaHMEM B KauecTBe IpaiiMepa mocienoBaTeabHOCTH (GA)oC. Bo Bcex cmekTpax,
CYMMapHO, TOJIBKO 13 JIOKYCOB U3 43-X ObUIH HMOJHUMOP(MHBIMH H TOJIBKO 5 U3 HUX OKa3aJINCh
BOBJIEUEHHBIMHU B MIOPA3/IEJIEHHOCTh UCCJIEOBAHHBIX JKUBOTHBIX TI0 TeHETUUECKUM PACCTOSIHUAM
Ha J[Ba KJIacTepa. YUUTHIBAsi TEHOTHUIIBI JKePeOIIOB MOKHO O3KUIATh, YTO b depeHIIuanusa MexKIy
TOJIOBAJIBIMH KOOBUIKAMHU OOYCJIOBJIEHA WX PAa3HBIM BKJIAZIOM KepeOIoB B (GOPMUPOBAHUE HX
reHO(OH/IOB.

KaroueBsle cj10Ba: KapauaeBcKas IOPO/Ia JIOIIA lel, CHEKTPhI IPOAYKTOB aMILIU(UKAIINY,
reHetnueckas auddepennuanusi, ISSR-PCR mapkepbl, KOHCOTUAUPOBAHHOCTb.

* KoppecnoHAUpYIOLIUH aBTOP
Aspeca ayekTpoHHOM mouThI: vigvalery@gmail.com (B.W. I';tazko)
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Abstract

At the present time soils are exposed to increasing anthropogenic impact. The construction of
new resorts, roads, pipelines — all of which can increase the soil pollution with heavy metals and
oil. One of the most sensitive and informative indicators of the ecological condition of soils is the
determination of the activity of the dehydrogenase. As a result, modeling studies found that
pollution of chromium, copper, nickel, lead and oil reduces the dehydrogenase activity in all major
soils of the Black Sea coast of the Caucasus: southern chernozem, brown typical, brown leached,
brown carbonate, brown forest acidic, brown forest acid podzolized, sod-carbonate typical, sod-
carbonate leached soils, zheltozem. As a rule, for all investigated heavy metals and oil was a direct
relationship between the content in the soil contaminant and the degree of reduction of the
biological indicator. The results indicate that the most significant negative impact has chrome.
In terms of the negative impact of the change dehydrogenase activity in the studied soils Black Sea
coast heavy metal oxides to form the following generalized sequence: Cr > Cu > Ni > Pb.
A comparative evaluation of the stability of the dehydrogenase activity to contamination with heavy
metals and oil for the main soils of the Black Sea coast of the Caucasus. Heavy metal pollution is least
affected dehydrogenase activity typical sod-carbonate soils. For oil pollution on a particular indicator
were more stable brown soil Resistance to the chemical contamination of soil depends on the nature
and concentrations of pollutants in the soil, as well as the genetic properties of the soil itself.

Keywords: chrome, nickel, lead, copper, oil, dehydrogenase, stability, pollution.

1. BBeaenue

HecmoTpss Ha TIONMBITKU TMPUPOAOOXPAHHBIX MEPONPUATHH, BHEJIPEHUE PA3JTUYHBIE
SKOJIOTUYECKUX TIPOTPAMM, CO37lJaHUE OXPaHSIEMbIX TEPPUTOPHUN, YCHWINHA JIUKBUAUPOBATDH
MIPOIIUIBIN 5KOJIOTUYECKUH yiiepb H T.II., y>Ke OKoJIO 60 % 3KocHUCTeM Halllel IJIaHEeThl HapyIIeHO
(Reid et al., 2005), ucTomawTCsA pecypchbl, a MHOTHE IIOYBBI HAXOASATCSA B COCTOSTHUHM JIeTPalallii B
BUle YpOAHU3MPOBAHHBIX, HPOMBINLIEHHBIX TEPPUTOPHAIIBHBIX KOMIUIEKCOB WJIH IIyCTHIHD
(Kalinitchenko, 2016a). [lnsa mnpeomosieHUss Jerpajallid 3eMejib, CO3/IaHUSA TEXHOJIOTHH
ouoreocucremorexuuku (Glazko, Sister, 2016) ciemyeT umeThb afeKBaTHbIE PEIIEHHIO 3aJa4d

* Corresponding author
E-mail addresses: kolesnikov@sfedu.ru (S. I. Kolesnikov)
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koHcTpyupoBaHus 1moyB (Illo6a u ap., 2015; [TTUHYIIKWH U 7p., 2016), perukiauHTra otxoA0B (Teaf
et al., 2010; Kanuamuenko, 2016), kauectBa (Pardo et al., 2014), ycTOHYHUBOCTH U OTIPEIEIEHHOCTH
o6uocdepsl (Batukaev et al., 2016; Kalinitchenko, 2016b) cBegeHuUs 0 cBo¥CTBaX IOYB B pa3THYHBIX
YCJIOBHSIX aHTPOIIOT€HHOTO BO3/I€CTBHS.

B Poccuiickoii ®enepanmu Ha Teppuropun UepHOMOpPCKOro mobeperkbs KaBkasza
BCTPEYAIOTCA PeAKHe, IPEACTABJISION[Me HAayYHBIH HWHTEPEC IIOYBBI: JKEJITO3EMbl BJIAKHBIX
CYyOTPpOIIUKOB, KOPUYHEBBIE IIOYBHI CYXHX CyOTPOIMKOB, UEPHO3EMBI OJKHBIE (KallTAHOBBIE)
Tamanu. B Hacrosimue BpeMs IIepeYUC/IEHHbIE IIOUBBI IIO/IBEPralOTCs Bce OOJIbIIEMY
AHTPOITIOTEHHOMY BO3JEHCTBUIO. A CTPOUTEIHCTBO HOBBIX KYPOPTOB, aBTOMOOWJIBHBIX OPOT,
HeTEIPOBOIOB MOTYT YCHUINTD 3arpsI3HEHHUE STUX MTOYB TsKeJIbIMU MeTasuiaMu (TM) u HedThIO.
Cuwmraercs, yto 3arpsasHenue TM (Minnikova et al., 2016) u HedThi0 (Smirnova, Breus, 2013;
Yakovleva, Beznosikov et al., 2012) oTHOcsATCA K HamboJIee OMACHOW KaTETOPHUH 3arps3HSIONINX
BEIIlECTB U SIBJISETCs BaXKHOU Te0-3KoJIormdeckoi mpobemoit (Urazmetov, Smirnova, 2014).

B cuity 3HAUUTENIPHBIX OTJIMYHUE 3KOJIOTO-TEHETUYECKUX CBOUCTB HCCJIEyEMbBIX ITOYB, TAKHX
KaK KOJIMYECTBO TyMyca, WHTEHCHUBHOCTb OWOJIOTHYECKHUX IIPOIIECCOB, PEAKIHSA Cpebl,
MIOTJIOTUTEJIbHAS CIIOCOOHOCTH | Jp. (BasbkoB U Ap., 2008), moUBbl YepHOMOPCKOTO MOOEPEKbS
KaBkaza cyliecTBeHHO pas3HATCS MeXay Cco0OH 10 YCTOMYHBOCTH K AHTPOIIOTEHHOMY
BO3/E€HCTBUIO.

OZHUM U3 BaKHBIX IAaPaMETPOB HKOJIOTMUYECKOTO COCTOSIHHS IIOYB SIBJISIETCS OIpeZesIeHUe
depmentatruBHOl akTuBHOCTU (Kotroczd et al., 2014; Karaca, 2010; KonecHukoB u ap., 2000;
Mganga et al., 2015). ATOT MoOKa3aTesb Bce Yallle MIPUMEHSIOT /I JHATHOCTUKH KavyecTBa IOYB
(Paz-Ferreiro et al., 2011; Vasconcellos et al., 2013). AKTyaJIbHOCTh HCIIOJIb30BAaHUS JAAHHOTO
IoKaszaTesJid B KayecTBe JUATHOCTHYECKOTO TMapaMerpa Ipu HePTIHOM 3arps3HEeHHU
MOATBEPXKAAIOT ©  mociaeauue  uccaemoBanus — (CynmelimMaHoB, 2005). IIpuMeHeEHHIO
(depMeHTaTHBHOW aKTUBHOCTH B KadecTBe JHArHOCTHUYECKOTO IIOKa3zaTessd OHOJIOTHUYECKOTO
COCTOSIHHSI TIOYB CIOCOOCTBYIOT HHU3Kas OIIHOKAa OIBITOB 5-8 %, Xopolas YCTOWYHBOCTD
(epMeHTOB K IUTEJTLHOMY XpaHEHHIO MOYBEHHBIX 00pasioB ([ayicrsaH, 1982; /lajgeHko u ap.,
2003).

[lesp Hacrosimed pabOThI — UCC/IENOBAaTh HW3MEHEHHE AaKTHUBHOCTH JIETHIPOTEHA3bl B
OCHOBHBIX THIAX M IOATUIIAX MMOYB YepHOMOpPCKOTO Mmobepexkbsi KaBkaza INpu 3arps3HEHUU
TSKEIBIMUA MEeTAJUIAMU U HeThIO.

2. MarepuaJjbl 1 METOAbI

B kauectBe OOBEKTOB HCCIAEAOBAHUSA OBLIM HCIOJH30BAHBI BCE OCHOBHBIE IIOYBBI
UepHomopckoro mobeperxkbsi KaBkaza: uYepHO3eM I0KHBIM, KOPUYHEBas BBIIIEJIOUEHHAS,
KOpUYHEBAs TUIMYHAsI, KOPUUYHeBas KapOoHaTHAsA, Oypas JiecHas Kucjas, Oypas jiecHass Kucaas
OTO/I30JIEHHAs, JEPHOBO-KapOOHATHAs THUIMHMYHAs, JIEPHOBO-KapOOHATHAasi BBIIEJIOUEHHAS],
JKeaTo3eM (puc. 1, Tabt. 1).
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Puc. 1. Mecra orbopa mouB UepHOMOpCKOTO TT06epekbsi KaBkasa /11 MOJIeJIbHBIX OITBITOB Ha
IMIOYBEHHOU KapTOCXeME.

YcioBHble 0003HaueHus: Yio — yepHO3eM [0KHBIN, K(T) — kopuuyHeBas tunuuHasi, K(B) —
KOpuuYHeBas BbImenodeHHas1, K(x) — xopuuyHeBass kapOoHaTHas, bi — Oypas JiecHas Kwucsas,
Bba(om) — Oypas jiecHas Kucias onoji3oseHHasd, JIk(T) — repHoBo-kapOoHaTHasA TUnngHasA, Jk(B) —
JIepHOBO-KapOOHAaTHasI BhIIeIoueHHasd1, YK — JKerTo3emM

OG6pasipl MoYB 1A J1abopPaTOPHOTO MOJIEJTMPOBAHUS 3arpsi3HEHUs ObLIM OTOOPaHbI B CJIOE
0-10 cM, TJle HaKarInBaeTcsl OCHOBHOE KOJIMUECTBO 3arPA3HAIOIUX BEIECTB.

B kauectBe TM Obutu BbiOpanbl Cr, Cu, Ni, Pb, IOCKOJIbKY UMEHHO MMM B 3HAUHTEJIbHOMN
CTelleH! 3arpsi3HEeHbl MOouBbl Ha tore Poccum (AsekceeHKO W 1p., 2012). Kpome Ttoro, stu TM
WHTEPECHBI VIS CPaBHEHUS — WX TMpeAesbHO aomyctuMble KoHIeHTpanuu (IIJIK) cocrapistior
100 mr/kr ouBsbl (KacbsiHeHKo, 1992). Mcnons3oBanu 3Havenus [1/1K, paspaboranubie B 'epMaHum.
Bo-miepBhIx, motromy, uto II/IK B mouBe o01iero (BajoBOro) cofeps:kaHusi Med M HUKesasa B Poccun
OTCYTCTBYIOT. Bo-BTOpBIX, «poccutickasi» [1/IK cBMHIIA 3a4acTyio HE MOXKET OBITh UCIOJIb30BAHA, TaK
KaK MEeHBbIIIE CO/IEPKaHMsI ATOTO 3JIeMeHTa BO MHOTUX ITouBax (KosiecHHUKOB U J1p., 2000).

[TIK B mouBe HedTH Takke He pazpaborana (OkosesoBa u Ap., 2015), ITIO3TOMY ee Coep:KaHue
B MOYBE BBIPAKaIM B IpolleHTax. HedTh BHOCWMIIM B KOHIIEHTPAIWH 1, 5, 10 % OT Macchl IIOYBHI.
YcraHoBieHO, UTO TOMaJaHUE B TOYBY MHUHEPAJIbHBIX U OPraHUYECKUX KOMIIOHEHTOB He(pTH
BBI3bIBAET 3HAYWTEIbHbIE U3MEHEHUs CBOWMCTB CAaMUX IIOYB M YCJIOBUM ITPOU3PACTAHUs PaCTEHHH.
A reoxummyeckas TpaHcdopmMariysa nouB Mpu HeTAHOM 3arpsa3HEHUN IPUBOUT JleTPaiallusiOHHBIM
IpolieccaM U IoTepe MoYBeHHOoro wioopoaus (OkosiesioBa u ip., 2016).

TM B mouBy BHOCWIH B popme okcuaoB: CrO; CuO, NiO, PbO. Ux cyiecTBeHHas 10
MOCTyIIaeT B TOYBYy MMeHHO B 3ToH ¢opme (Kabara-Ilenmuac, ITenamnac, 1989). IIpumeHeHue
okcuzioB TM MCKIIFOYaeT BO3/IENCTBHE HA MOKA3aTEIU MOYBBI COMYTCTBYIOIINX AaHUOHOB, KaK 3TO
OBIBaeT MPU BHECEHUH COJIEH METAJLIIOB.

[TouBy MHKYOUPOBAIN B BETETAIMOHHBIX COCY/IaX IPU KOMHATHOH Temmeparype (20-22 °C) u
ONTUMAaJIbHOM YBJIQKHEHHH (60 % IOJIHOU BJIaTOEMKOCTH) B TPEXKPATHOH IIOBTOPHOCTH.

KosmuecTBO Tymyca ompenessiyii B He3arpsA3HEHHBIX oOpasmax mo mMeroauke TroopuHa co
cnektpodoromerpuueckuM okoHuanueM (Opsios, ['pummHa, 1981).
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Ta6smna 1. Mecra or6opa nouB UepHomopckoro nobepexbs KaBkaza u ux 3K0j10ro-
TreHeTHUUeCcKe XapaKTEPUCTUKU

Conepxanue T’panynomer
ITouBa Mecto oTbopa KoopauHaTel 7ep o pH pUYECKUH
rymyca, %
COCTaB
UepHo3em Temprokckuit paiiot, | 45°10'51.73"N 5 Tsxenocyrn
FOXKHBIH r. TamaHb 36°41’30.47"E 3 77 MHUCTBIN
KopuuneBas Awnanckutii p-, I'TI3 44°46.764 E. 5 Tsxenocyrn
TUITAYHASA «YTpulI» 37°31.702 N 9,3 75 WHUCTHIN
KopuuneBas Awnanckuii p-g, ['TI3 44°47.139 E 150 o Cpennecyrimn
KapOOHaTHas «YTpui» 37°24.971 N o 75 HUCTBIH
KopuuneBasa Awnanckuii p-g, ['TI3 44°45.880 E 6.8 ) Tsxenocyrn
BBINIEJI0UEHHAas «YTpUIII» 37°26.958 N ’ 75 MHUCTBIN
bypas srecnasa TyancuHCcKu# p-H, C. 44°23.342' N 1 Tsxesocyra
KHcJas I'opckoe 038°43.894' E 3 44 WHUCTBIN
bypas necnasa | r. Couwn, )IasapeBcicuu 43°52.048' N Jlerkocyrmm
Kucias p-H, CounHCKuU o ) 1,7 4,1 N
. 039°24.214' E HWCTHIN
OIIO/I30JIeHHAas | HaAIMOHAJIbHBIN MapK
Kﬁ)%%igiﬁ;ﬂ TyancuHCKHH p-H, 44°19.624' N 4 o5 TsKenocyr
T HAST 1. JI>xyora 038°41.636' E MHUCTBIN
r. Coun, XOCTHHCKUH
JepHOBO- p-H, KaBkasckuit o '
KapOOHaTHast 3aM0BEJIHUK, 43 031'683, N 4,8 6,9 TH}KEHOCYUM
39°52.412' E HHUCTHIN
BBIIIIEJIOUEHHASA TucocammutoBas
poria
MKeTTo3eM r. Coun, Anjiepckui 453 O27.445 'N 32 5.2 TmKeJIocyurﬂ
p-H 039°56.952' E UHUCTHIU

pH mouB omnpexaenssn B KOHTPOJBHBIX BapuaHTAX IIOTEHIIMOMETPHYECKHUM METOJIOM
(ITpakTuKyM I10 TTIOYBOBEIEHUIO, 1986).

AKTHUBHOCTB JIETHJIPOTEHA3bI OIpeAessiiid MeTosioM ['asicTsaHa B Mmoaudukanuy Xazuesa (KazeeB
U 7p., 2003) depe3 30 CyTOK ITOCJIe 3arpsi3HEHUsI. YCTaHOBJIEHO, UTO 3TOT CPOK fABJIsIETCS Haubosiee
MH(POPMATHUBHBIM JIJIsI OIIEHKH XMMUYECKOTO BO3/IeCTBHA Ha MouBy (KoJIeCHUKOB U J1p., 2006).

3. Pe3yabTaThl M 00CYyKAEHUS

B pesysibTaTe IpoBeIeHHBIX MOJIJIBHBIX OIIBITOB YCTAHOBJIEHO, UTO 3arpsA3HeHue nouys TM u
HeThIO, KaK IPaBWIO, CHUKAaeT aKTUBHOCTH JIeTH/IPOreHas3bl MoUB UepHOMOPCKOTO MOOepekbs
KaBkasa (ta61. 2).

TM cBa3bIBaOTCA € CYJIbOTUAPUIBHBIMYU IPYNIIAMU MOJIEKYJIBI IETUIPOTeHAa3bl, TEM CaMbIM
Hapymiasa ee ¢hpepMeHTHbIE cBoMcTBa. HedTh 00BOSIAKMBAET MOYBEHHBIE YACTUIIBI, OTPAHUYHBAET
JIOCTYTI BO3/yXa U OJIOKHUPYeT paboTy OKUCIUTETPHO-BOCCTAHOBUTEIBHOTO (DepMeEHTA.

ITo creneHn HeraTUBHOTO BJIWSHMSA HA aKTUBHOCTH JIETU/IPOTeHa3bl MOUYB UepHOMOPCKOTO
mobeperkbsa KaBkasza okcuansl TM o6pasyroT ciemayromiui psaa: Cr > Cu > Ni > Pb.

ITockonbky ITJIK Bcex yeThIpex uccieoBaHHBIX TM OIMHAKOBO — 100 MT/KI — BO3MOXKHO
KOPPEKTHOE CpaBHEHHE MX TOKCHUYECKOTO JIEMCTBUA 10 OTHOIIEHWI0 K HCCIeJOBAHHBIM
O6uosioruueckuM nokasaresisiM. [TosyueHHbIe pe3ysIbTaThl CBUAETEIBCTBYIOT O TOM, YTO HamboJee
3HAUUTEJbHOE HEraTHBHOE BO3JelcTBUe OKazas XpoM. CBUHeIN, Me[b U HUKEJIb IPOSABUIN
MeHBIIIee 110 CUJIe BO3/IeCTBHE.
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Ta6smna 2. BausHusa XuMU4ecKoro 3arpsA3HeHNs Ha aKTUBHOCTD JIETH/IPOTeHasbl B TOUBAX
UYepHomopckoro nobepexbsa KaBkasa

JTo3a 3arpA3HSIOIIETO BEIECTBA

DJIeEMeHT
Kontposb 1 IIIK (1 %) 10 ITJIK (5%) 100 ITJJK (10 %) HCPos5
YepHO3€eM I03KHBIH
Cr 16,5 12,8 10,2 3,2 1,4
Cu 16,5 13,7 12,6 7,3 1,7
Ni 16,5 16,5 12,2 8,3 1,8
Pb 16,5 15,8 10,6 6,9 1,7
Hedtp 16,5 14,2 11,4 6,8 0,8
HCPos 1,4 1,1 0,9
KopuuHeBas TUnnyHas
Cr 9,0 755 3,6 2,9 4,2
Cu 9,0 8,8 6,4 3,3 2,5
Ni 9,0 8,9 7,3 3,9 2,9
Pb 9,0 8,7 7,1 4,5 1,0
Hedts 9,0 9,3 8,6 5,4 4,1
HCPos 1,0 1,0 0,8
KopuuHeBas BblesI0ueHHAA
Cr 7,3 6,6 3,8 2,5 0,7
Cu 7,3 6,8 6,1 2,7 0,8
Ni 7,3 6,5 5,6 1,7 0,7
Pb 7,3 6,2 5,1 5,1 0,8
Hedrs 7,3 6,7 53 34 0,8
HCPos 0.9 0,7 0,5
KopuuneBast kap6oHaTHAs
Cr 8,7 8,5 4,6 1,3 1,4
Cu 8,7 8.4 5,2 2.2 0,8
Ni 8,7 9,1 6,1 4,2 0,7
Pb 8,7 8,8 7,5 3.4 1,0
Hedrtb 8,7 8,9 6,6 5,3 1,0
HCPos5 1,0 0,9 0,7
Bypas necnas kucnas
Cr 5,0 2,7 2,2 1,2 0,7
Cu 5,0 2,7 2,5 1,4 0,4
Ni 5,0 2,8 2,2 1,9 0,3
Pb 5,0 3,1 2,6 1,1 0,4
Hedrsb 5,0 2,4 1,6 1,4 0,4
HCPos 0,3 0,3 0,2
Bypaﬁ JIECHasA KHucJsiad OIIoa30JI€EHHasA
Cr 3,7 1,5 1,4 1,2 0,5
Cu 3,7 2,0 1,5 1,3 0,3
Ni 3,7 2,0 1,5 1,5 0,2
Pb 3,7 2,6 2,5 1,4 0,3
Hedrnb 3,7 1,9 0,7 0,7 0,2
HCPos 0,2 0,2 0,2
JlepHOBO-KapOOHATHAS TUITUYHAS
Cr 6,3 6,3 4,7 2,1 1,1
Cu 6,3 5,8 4,5 2,9 0,7
Ni 6,3 7,1 4,5 3,5 0,6
Pb 6,3 6,8 5,4 3,9 0,8
Hedrb 6,3 4,8 4,3 3,8 0,6
HCPos 0,7 0,6 0,6
JlepHOBO-KapOOHATHAS BBINEIOUEHHAS
Cr 6,9 4,4 2,4 2,0 0,9
Cu 6,9 7,1 3,9 2,3 0,7
Ni 6,9 5,9 5,2 4,2 0,6
Pb 6,9 6,1 5,1 4,9 0,8
Hedrb 6,9 7,6 4,3 2,6 0,7
HCPos5 0,8 0,7 0,6
Kerozem
Cr 14.5 12.6 8,3 5,8 2.4
Cu 14,5 13,1 9,1 7,4 1,5
Ni 14,5 13,7 11,5 6,6 1,2
Pb 14,5 12,3 10,3 7,5 1,5
Hedrb 14,5 13,1 6,1 4,1 1,3
HCPos 1,5 1,3 1,0
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Kak mpaBwiio, a1t Bcex ucciieoBaHHbIx TM u HedpTu Habsr0/1a1ach IpsMasi 3aBUCUMOCTh
MEK/Ty COZIEPKaHHEM B IOYBE 3aTPsI3HSIONIETO BEIECTBA M CTENEHDIO CHIKEHUs OMOJIOTHYECKUX
IoKasaTeJiel.

[Togo6GHbIE 3aKOHOMEPHOCTH HAOJIIOJIAJINCh B HCCIEAOBAHHAX C JIDYTUMH IO0YBAMHU OTA
Poccuu: yepHO3eMaMu, KalITAHOBBIMH, OYPBIMU U CEPBIMHU JIECHBIMHU, OYPHIMH HOJIYIIYCTHIHHBIMH,
cybanpuiickumu, necuanbiMu u Ap. (Kolesnikov et al., 2009-2011, 2013a,b, 2014).

B pesysnbrare cpaBHUTEIBHOU OIIEHKH, ObLI IOJIyYeH P IOYB UepHOMOPCKOTO MOOepeKbs
KaBkaza (puc. 2) 10 CTemeHW YCTOMYMBOCTH AKTUBHOCTU JETHAPOTeHasbl K 3arpsa3HEHUIO
TSOKEJIBIMUA MeTa/ulaMu (IIOYBBI PACIIOJIOKEHBI 10 MePe CHUKEHHS UX YCTOMYHUBOCTH): JIEPHOBO-
kapOoHaTHass TunudHasA (82) > kopwuHeBass TunudHasa (76) = xenaroszem (76) > KopudyHeBas
BhINNIeIOUeHHasA (75) = Kopu4yHeBasg KapOoHaTHas (75) > 4YepHO3eM IOXKHBIN (74) > J€pHOBO-
kapOOHaTHas1 BbIIeoYeHHass (73) > Oypas JecHas kuciaass (59) > Oypas JiecHas KHCJIas
omoj3osenHad (58).
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Puc. 2. YcToHYMBOCTh aKTUBHOCTH JIeTHIPOTeHa3bl OCHOBHBIX IT0YB YepHOMOPCKOTo Mobepexbs
KaBka3za k 3arpssaenuio TM, % ot KOHTpOJIA. YCJIOBHbIE 0003HAYEHUS COIVIACHO PHC. 1.

[To cremeHW CHUKEHUS aKTUBHOCTH JETHPOTeHa3bl IIOCjae 3arpsA3HeHus HepThIo
(B cpemuem) mouBbl  YepHOMOpcKOro  mobepekbss KaBkaza  00pasyloT — CJIEAYIOINIYIO
IIOCJIe/IOBATEIFHOCTD (pHC. 3): KOpUUYHeBash THHWYHasA (Q0) > Kopu4yHeBas KapOoHaTHas (85) >
KOpUYHEBas BblesoueHHas (78) > mepHOBO-KapOOHATHasl BBINeIOUeHHass (77) = Je€pPHOBO-
KapOoHaTHasi TUIIUYHAsA (76) > YyepHO3eM I03KHBIH (74) > kenrTo3eM (65) > Oypas JiecHasi KUCIast
(52) > Oypas secHas Kucsast onoA30ieHHas (46).
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Puc. 3. YceToHUMBOCTD aKTHBHOCTHU AeruporeHa3dbl OCHOBHBIX IIOYB ‘IepHOMopcxoro HO6ep6)KI)}I
Kaskaza k 3arpA3HEHUIO Heq)TbIO, % ot KOHTPOJIA. YcoBHBIE 0003HAUYEHMA COIJIACHO puc. 1.

INosyueHHass MOC/I€A0BATEIFHOCTh YCTOMYHUBOCTH IIOYB OIIPEAENSIeTCS HX T'€HETHYECKHUMU
CBOMCTBAMH, B UYACTHOCTH, IIEJIOYHO-KUCJIOTHBIMU W OKHCJIUTEIFHO-BOCCTAHOBUTEIbHBIMU
CBOUMCTBaMH, TpaHyJIOMETPHYECKHUM COCTAaBOM, COJIEpKaHUEM OpPTaHUYECKOTO BEIECTBa,
OMOJIOTMYECKON aKTUBHOCTBHIO. Tak, 3arpssHeHre TM MeHee BCero MOBJIUSIO Ha aKTUBHOCTH
JIETUJIPOTEHA3bl JIEPHOBO-KApOOHATHON THUIIUYHON IOYBBI. JTa IMOYBA OTIUYAETCA TSIKETBIM
TPAHYJIOMETPUIECKUM COCTaBOM, c1a00IIETOYHOU peakmuen cpensl. TsoxenpIi
rPaHyJIOMETPUYECKUH COCTAB OIPEJEISAIOT BBICOKYI0 €MKOCTh moriomeHus. CiabolnesouHas
cpejia criocoOCTBYET 3aKpEIIEHHI0 KATHOHOOOPA3yIOIIUX METaJLJIOB.

K sarpsasHeHU0 HeQTHIO 10 OINPEAEIIeMOMY IIOKA3aTeN0 Oojlee YCTOMYUBBIMI OKa3aJIUCh
KODUYHEBbIE [TOYBBI, UTO OOBSACHSAETCA M OTHOCUTEIHHO BBICOKON OMOJIOTHYECKON aKTUBHOCTHIO U
XOPOIIUMH OKHUCJIUTETbHBIMH YCJIOBUSIMH, CIIOCOOCTBYIOIIMMHU PA3JI0KEHHIIO HEDTH.

4. 3akJaoueHue

CorsiacHO BBITIOJTHEHHBIM HCCJIEIOBAHUAM, 3arpsA3HEHNe MOUYB UYepHOMOPCKOTO MOOEePeKbs
KaBkaza HedTHIO, XpOMOM, HUKEJEM, CBHHIIOM W MEAbIO CYIIIECTBEHHO CHW)KAeT aKTHUBHOCTH
JleruiporeHaspl. B OOJBIIMHCTBE ciIyyaeB HaOJofaeTca TMpsAMasg 3aBUCUMOCTD  MEXKIY
COZEPKaHUEM 3arpsA3HAIIIEr0 BeIIeCcTBA U CTENEeHbI0 YXyAIIEeHUs HCCJIeAyeMOro IT0OKa3aTesid
mouBbl. [l0 cTemeHW HETraTMBHOTO BJIMSHHS Ha H3MEHEHWE AaKTUBHOCTH JerdJIpoTeHasbl B
HccIIelyeMbIX MmouBax YepHoMopckoro mobeperkbss KaBkaza oxcuabl TM 00pasyroT ciiemyroniui
0606menHbIn psaa: Cr > Cu > Ni > Pb. Ilo creneHu CHMJKEHUS YCTOMYHMBOCTH AKTUBHOCTH
neruziporeHassl K 3arpsasHeHno TM mouBsl UepHOMOPCKOTO mobepexbs 00pa3yloT CIIeAYIONU
psAA IepHOBO-KapOOHATHAs TUIIWYHASA > KOPUYHEBas TUMHYHAS = JKEJITO3EM > KOPUYHEBas
BBIII[EJIOYEHHASI = KOPUYHEBas KapOOHATHAs > YepPHO3eM IOXKHBIM > JepHOBO-KapOOHATHAas
BBIII[eJIOUEHHAsA > Oypas JiecHas Kucjasd > Oypas jecHas Kucjiasd omnojzosieHHas. [lo creneHu
CHIDKEHHsI aKTHUBHOCTH JIETHU/IPOTEHA3bl IIOCe 3arpsa3HeHus HedTblo (B cpegHeM) TMOYBBI
YepHOMOpPCKOTO MOOepekbss KaBkaza o0pas3yloT CIIEAYIONIYIO ITOCIEA0BAaTETbHOCTh: KOPUYHEBAs
TUIWYHAS > KOPUYHeBasA KapOOHaTHas > KOPUYHEBAs BBIIIEIOYEHHAsI > JePHOBO-KapOOHATHAs
BBIIIIEJIOYEHHAsd > JIEPHOBO-KapOOHATHAs THUIIMYHASA > YEePHO3eM IOXKHBIA > JKeJITO3eM > Oypas
JlecHas1 Kucyias > Oypas JiecHass Kucjaas OIOA30JIeHHAasA. YCTOWYHBOCTh IMMOYB K XUMUUYECKOMY
3arPsA3HEHUIO 3aBHUCHUT OT IIPUPOJIBI 3arpsi3HUTEEH W WX KOHIIEHTpaluy B IIOYBE, a TaKKe
TreHEeTUUECKUX CBONCTB CAaMUX ITOYB.
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H3MeHeHN e aKTUBHOCTH JIETHAPOTeHAa3bI B TOYBaX UepHOMOPCKOTO IMO0epe Kb
KaBka3sa npu 3arpsi3HEHUH TAKEJIBIMHA METALIAMHU U HEPTHIO

Cepreii nbpnu KonecHukos #-*, AHHa AHzipeeBHa Ky3uHna 2, Kamuss [laruaysiosuy Kasees?,
Haranba AsekcanziposHa Bepauroposa 2, Haranpsa AggpeesHa EBcrerneena 2

aJOxHBIN deZlepabHBIN YHUBepCUTET, Poccuiickaa @enepanus

AHHOTamuA. B Hacrosmye BpeMs IMOYBBI IIOJABEPTAIOTCS BCe OOJIBIIEMY aHTPOIIOTEHHOMY
BO37IeicTBUI0. CTPOUTEILCTBO HOBBIX KYpPOPTOB, aBTOMOOWJIBHBIX JOPOT, HE(PTEIIPOBOJIOB — BCE
5TO MOJKET YCWJINTb 3arpsi3HEHHE II0YB TSDKEJIBIMH MeTaulaMu U HedTbo. OnHUM U3
YyBCTBUTEIBHBIX M HHGOPMATUBHBIX ITOKa3aTeJaeld 3KOJOTHUYECKOTO COCTOSHUS TIOYB SIBJISETCS
ompejieJiIeHUEe aKTUBHOCTU JEeTHApOTeHasbl. B  pesysbTare MOJEJBHBIX  HCCJIEIOBAaHUN
YCTAaHOBJIEHO, UYTO B3arps3HEHHE XPOMOM, Me€JIbl0, HHUKEJIEM, CBHHIIOM ¥ He(MTHIO CHIKAET
aKTUBHOCTb JIETHUAPOTEHA3bl BO BCEX OCHOBHBIX IMOuYBax YepHOMOpPCKOro mnobepexbsi KaBkasa:
YyepHO3eMe 0KHOM, KOPUYHEBOW THIIMYHOM, KOPWUYHEBOH BBIIEIOUEHHONH, KOPHUYHEBOH
KapOOHATHOUM, OypoH JIECHOM KHCIOH, Oypou JIECHOW KHCJIOH OIOJI30JIEHHOMH, JAepPHOBO-
KapOOHATHOW TUIHUYHOM, JEPHOBO-KApDOOHATHON  BBIIIEJIOUEHHOH IIOYBAX, JKEJITO3EME.
Kaxk nmpaBuio, 115 Beex uceieoBaHHbIXx TM u HeTH HaOII0/1a1ach IpsAMas 3aBUCHUMOCTDh MEXKTY
co/iep;KaHWEeM B IIOUBE 3arps3HSIONIETO BEIECTBA U CTENEHBI0 CHIDKEHUS OWOJIOTHYECKOTO
mokasaresis. [lojlydeHHbIEe pe3yIbTaThl CBUIETEIBCTBYIOT O TOM, UTO Haubojiee 3HAUUTEIHHOE
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HEraTMBHOE BO3JIEHCTBHE OKaszaj XpoM. II0 CTenmeHW HEraTUBHOTO BJIMSHHWS Ha H3MeHEHHe
AKTHMBHOCTH JIETHPOTeHa3bl B UCCIEAYEMBIX TIOUBaX UepHOMOPCKOTO mobepeskbss KaBkaza OKCH/IbI
TSDKEJIBIX METAJIJIOB 00pasyloT cieAylomuil 0600mennbd psaa: Cr > Cu > Ni > Pb. IIpoBenena
CpaBHUTEJIbHAS OIEHKA YCTOMYMBOCTA AaKTHMBHOCTU JIETHAPOTeHa3bl K 3arPA3HEHUIO TSHKEJTBIMHU
MeTaJUlaMi ¥ He(ThIO /JIsI OCHOBHBIX MOYB UepHOMOpCKOro mobepexnbs KaBkaza. 3arpsisHeHue
TSOKEJIBIMA  MeTa/IaMU MeHee BCEro IOBJIHSJIO Ha AaKTUBHOCTh JIETUJIPOT€Ha3bl JEPHOBO-
KapOOHATHOW TUIUYHOM MOYBHI. K 3arpsa3HeHNI0 HEDTHIO IO OIIpeeisieMOMYy ITOKa3aTesio 6osiee
YCTOHYUBBIMU OKA3aJIMCh KOPUYHEBBIE ITOYBHI. YCTOHYUBOCTD ITOYB K XUMUUECKOMY 3arpsI3HEHHUIO
3aBUCUT OT IPUPO/IBI 3aTPA3HUTENIEN U UX KOHIIEHTPAIIUH B II0YBE, a TAK}KE TeHETHYECKUX CBOMCTB
CcaMUX II0YB.

KiioueBble cjoBa: XpoM, HUKEJb, Me/lb, CBUHEI, He(Th, JETUIpOreHasa, yCTOMIHBOCTb,
3arpsisHEHUE.
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Abstract

This study employs the integrated approach of Remote Sensing and Geographic Information
Systems (GIS) techniques in flood management with the goal of deriving flood vulnerability
modelling factors. Flood vulnerability studies have become more efficient in recent years because
of the availability of advanced computational facilities and use of GIS. Almost every year, Nafada
Town has been experiencing repeated flooding during the rainy season (July to September). As a
consequence, properties are lost or destroyed and sometimes lives are lost. The aim of this research
is to develop factors that could be used in flood vulnerability modelling of terrain features that
favored the incidence of the floods as part of the solution to the problem. The objectives were to
process Shuttle Radar Topographic Mission (SRTM) Scene 186/052 with a resolution of gom-9om
which covered the study area, downloaded from United State Geological Surveys (USGS) and the
factors were obtained. These fetors were fill sink (elevation), terrain wetness index, proximity to
river and overland flow length using the Integrated Land and water information system (ILWIS
3.3) Software, the factors were then classified using Natural breaks extension of ArcGIS
9.3 software. Hence, GIS techniques were proved to be useful in deriving the flood vulnerability
modelling factors in a time and cost effective manner. It is recommended that GIS methods should
be incorporated in planning and management of floods in the study area and further study should
be conducted to combine these factors to develop a flood vulnerability model of the area.

Keywords: Flood, Vulnerability, GIS, Remote Sensing, Mission, Nafada Town, Modelling,
Proximity, Overland, Terrain wetness Index.

1. Introduction

In simple terms, flood is defined as temporary covering of land by water as a result of surface
water escaping from their natural confines or as a result of heavy precipitation (Opolot, 2013).
Perhaps, in contemporary times, it is the most consistent serious natural disaster affecting most
countries of the world. For instance, Asian countries have been at the frontline of the incidence and
severity of flooding in the world. It is estimated that the countries experienced 1/3™ of the 1562
floods that occurred in the world between 1994 and 2004 (Uddin et al., 2013; Bhatt et al., 2014).
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In Europe, flooding was reported in countries like Italy, Russia, Romania etc. (Ebi et al., 2003).
Itis even forecasted that the incidence of floods in Europe will double by 2050 while annual
economic losses resulting from them will increase five folds (Conner, 2014). Thirty-two major
floods occurred in the United States in the 20t Century (Perry, 2000).

Flooding is also wide spread in Africa (Emmanuel, 2013), Nigeria has had its own experience
of flooding. Whitworth et al., (2015) classified the floods that occur in Nigeria into fluvial (along
the plains adjoining rivers especially in the North), coastal (along the low lying coastal areas of the
South) and pluvial (inundation of urban areas due to severe rainfall and poor drainage). The recent
floods in the country include those of 2012 (30 States were affected, NEMA, 2012), 2013 (156 Local
Governments in 31 States, NEMA, 2013), 2014 (35 cases across 8 States, NEMA, 2014), 2015
(7 States, NEMA, 2015). During the 2016 rainy season, the Nigerian Hydrological Services Agency
(NIHSA) has highlighted the possibility of flooding in fourteen States (Nnodim, 2016).
The incidence of flooding in Uyi Udele (Ebonyi State) (Davies, 2016), Lafiya (Nassarawa State)
(Eleazu, 2016) and Hayin Gwarmai (Kano State) in June and July, 2016; attests to the potency of
the forecast by NITHSA, and the need for serious mitigating action by stakeholders.

The destructive effects of floods on lives and properties and associated socio economic
disruptions are also monumental. Globally, in the 20t century, 6.8 million deaths resulted from
flooding and, between 1980 and 2009 2.8 billion people were affected by the disaster (Doocy et al.,
2013). Opolot (2013) reported that between 2000 and 2008 flooding affected an average of
99 million people each year. A shortlist of some of the losses associated with floods in Nigeria since
2001were provided by Etuonovbe (2011). The 2012 floods, reported as the worst in forty years,
displaced about 1.3 million people and killed 431 others (Emmanuel, 2012). It is obvious that the
destructive effects of floods should qualify their mitigation to command priority in issues of
environmental management, human and material safety. This is more so as the principal causes of
flooding i.e. the incidence of high intensity rainfall, rise in sea levels associated with climate
change, rapid urbanization and environmentally unfriendly land use practices (Dabara et al., 2012)
all require the consistent deployment of required human, technological and material capacities to
tackle.

Interactions with residents of Nafada town in Gombe State, Nigeria suggest that the town has
been experiencing floods and their associated effects for a long period of time. The last major flood
in the town was in 2013 whose consequence was the displacement of over 500 people, the injury of
112 people and the submerging and destruction of several houses and farmlands (NEMA, 2013).
However, most of the floods have not commanded serious publicity and attention because of the
rural character of the town coupled with the relative lower magnitude of the floods compared to
others on the national scale. So far, efforts at addressing the problem has been restricted at the
construction of about 16 km of drainage in 2004 and 2012 by the collaborative efforts of the Local
and State Governments (Nafada LGA, 2013). The incidence of the 2013 flood suggests that this
effort is not adequate for the problem. Therefore, it is imperative that more effective, knowledge
derived measures be deployed. Specifically, knowledge about the factors, expected frequency,
character, and magnitude of hazardous events in an area as well as the vulnerability of the people,
buildings, infrastructures and economic activities in potentially dangerous areas is required (Van
Western & Hosfstee, 2001). A combination of Remote Sensing and Geographic Information System
(GIS) tools are effective for this purpose (Jayasselan, 2006). However, local capacities to deploy
these tools for the purpose appear to be lacking. Hence, the purpose of this paper is to derive the
physical factors that make the study area (Nafada town of Gombe State, Nigeria) vulnerable to
flood. Remote Sensing and GIS techniques, specifically, the Shuttle Radar Topographical Mission
(SRTM) Digital Elevation Model (DEM) and ILWIS software were used to evaluate four flood
vulnerability factors: elevation, terrain wetness index, proximity to river and overland flow length.

2, Study area

The location of Nafada town is at latitude 110928mN and longitude 113289mE. It is the
administrative headquarters of Nafada Local Government Gombe State, north eastern Nigeria
(Fig. 1). It has an average altitude of 306 m and a largely agrarian population of 22,920 according
to the 2006 population census. The town has distinct wet (rainy) and dry seasons whose incidence
is governed by the movement of the inter-tropical convergence zone, a zone where warm and moist
air from the Atlantic Ocean converges with hot, dry, and often dust-laden air from the Sahara
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Desert known locally as the harmattan. The rainy season lasts for three months (July-September).
The average rainfall varies from 760 mm to 1000 mm annually, with the highest rainfall recorded
during the months of July and August. Temperatures are high throughout the year, averaging from
25 to 28 °C (777 to 82 °F).

The area has the Sudan Savannah vegetation that is characterized by predominantly tall and
short grasses, with scattered trees and shrubs. The trees are mostly locust bean trees, baobabs and
some other forms of deciduous trees. They are heavily cut by inhabitants to make firewood as a
source of energy for cooking. The consequence of this is the increased tendency for runoff (and
flood) due to the loss of the protection provided by the vegetation. While the geology of Nafada
town is hilly and flat land with streams that runs from west to east, the geology of the area is made
up of Fika shell that comprises blue-black gypsifereous with thin limestone bed. There is
inadequate drainage system for the safe channeling and disposal of runoff within the area. Patches
of ponds can be seen within the town especially during the rainy season. The Gongola River and its
tributaries form the main drainage systems in the area, River Nafada is the prominent hydrological
feature in the area (Abdul Kareem, 2014).
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Fig. 1. The Study Area
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3. Materials and methods

The Shuttle Radar Topographical Mission (SRTM) Digital Elevation Model (DEM), Scene
186/052 with a resolution of 90 m-90 m which covered the study area was obtained from (USGS,
2008). The ILWIS 3.3 was used for data processing. The flow chart in Fig. 2 describe how the DEM
was processed to achieve the purpose of the study.

The SRTM DEM was imported into the ILWIS 3.3 environment and was process and the
flood vulnerability criteria (fill sink/elevation, terrain wetness index, proximity, overland flow
length) were obtained.

Classification is based on natural breaks using ArcGIS 9.3, classes are based on natural
groupings inherent in the data. ArcMap identifies break points by picking the class breaks that best
group similar values and maximize the differences between classes. The features are divided into
classes whose boundaries are set where there are relatively big jumps in the data values. It is typical
to use this type of thematic classification on continuous phenomena, such as slope, distance, or
suitability, where you want to classify the range into a small number of classes and assign colors to
those classes.
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Fig. 2. Process of Deriving the Factors
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Fill sink (elevation) is the process of cleaning the DEM so that local depressions (sinks) are
removed from it; it will remove depressions that consist of a single pixel, i.e. any pixel with a
smaller height value than all of its 8 neighboring pixels and depressions that consist of multiple
pixels, when a depression of a single pixel is encountered: then the height value of this pixel will be
increased to the smallest value of its 8 neighbor pixels, while if a depression of multiple pixels is
encountered: then the height values of this depression will be increased to the smallest value of a
pixel that is both adjacent to the outlet for the depression, and that would discharge into the initial
depression. Elevation explains the height above the sea level. The height above the mean sea level
of a particular place helps determine the level of vulnerability of such places to sea rising or flood
occurrences, areas with low elevation can be vulnerable to flooding than areas with appreciable
height. However, the factor holds that the height of a place determines the level that a place can be
affected given a particular rise in the water body this was obtained through
“ILWIS3.3>Operation>Dem Hydro Processing>Flow Determination>Fill Sink.”

Terrain Wetness Index: The soil water volume/capacity helps in determining the saturation
level of the soil within a given area. The wetness level of a terrain shows the amount of water that
will be added to saturate the soil and eventually dispense as surface flow when percolation must
have taken place and soil is over saturated. Higher wetness index (values) signifies places of high
flood hazards and vice versa. Terrain wetness index sets catchment area in relation to the slope
gradient, it depicts the spatial distribution of soil-water in the study area, thereby showing surface
saturation zones in the study area.

TWI =1 ( As )
= "\ Ttanp

A, is the specific catchment area (m=), T is the soil transmissivity when the soil profile is
saturated, and f is the slope gradient (in degrees, I. D) (Moore et al., 1991).

This was obtained from “ILWIS3.3>Operation>Dem Hydro Processing>Compound Index
Extraction>Compound Index Calculation.” The input maps are Elevation and Flow accumulation
map, the output map is terrain wetness index Map

Proximity to river: The Proximity toolset in the Analysis toolbox were used to discover
proximity relationships. These tools output information with buffer features. Buffers are usually
used to delineate protected zones around features, in this case, river or to show areas of influence.
This factor was chosen to show the nearness or the distance of the study area to the river which is
another factor that shows how vulnerable the area will be to flooding, this was achieved through
“ILWIS3.3>Operation List>Double Click On Distance Calculate>Input Catchment Extraction
Map>Ok or ArcGIS 9.3>Spatial Analyst Tools>Distance>Euclidian Distance>Input Raster>Ok”.

Overland Flow Length: The Overland Flow Length operation calculates for each pixel the
overland distance towards the 'nearest' drainage according to the flow paths available in the Flow
Direction map, the operation produces a raster map that contains the overland down-flow
distances towards the drainage into which a pixel will drain according to the flow direction map.
This was obtained from “ILWIS3.3>Operation>Dem Hydro Processing>Compound Parameter
Extraction>Overland Flow Length”. The input maps are Drainage Network Ordering and Flow
Direction Map while the output map is Overland Flow Length.

4. Results and discussions

The results obtained from the data processing described above are presented below.

Elevation

The graphical representation of the elevation values of the study area is shown in figures 3A
and 3B. Fig. 3A show that the average geodetic height of the study area ranges from 246 m (lowest)
to 499 m (highest elevation). Fig. 3B show that elevation is lowest (depicted in green) around the
River and increases outwards to the height of about 499 m above sea level. This suggests a
difference of 53 m between the lowest and highest elevations. This difference is large enough to
ensure that in line with the law of gravity, the low lying river and its immediate vicinity is the
destination of runoff from surrounding higher elevations.
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Fig. 3A. Elevation of the study area Fig. 3B. Classified Elevation of the study area
Using natural breaks, the DEM was classified into five classes as indicated in Table 1.
Table 1. Classified Elevation of the Study Area
S/NO Elevation (m) No of pixels Area (%) Vulnerability class
1 246 — 264 109195 31.14 Vulnerable to flood (VTF)
2 265 — 273 105057 29.96 Moderately vulnerable to flood
(MVTF)
3 274 - 299 98447 28.07 Less vulnerable to flood (LVTF)
4 300 — 369 23360 6.66 Very less vulnerable to flood(VLVTF)
5 370 — 499 14623 4.17 Not vulnerable to flood (NVTF)
TOTAL 350682 100

Table 1 shows that 31.14 % of the study area lies between 246-264 m and is therefore
Vulnerable to Flood (VTF). Heights between 265-273 m occupy 29.96 % and are therefore,
Moderately Vulnerable to Flood (MVTF). The heights between 300-386 m, classified as Less
Vulnerable to Flood (LVTF) cover 28.07 %. And 6.66 % of the land have elevations between 274-
299 m and is within the Very Less Vulnerable to Flood (VLVTF). Incidentally, the least portion of
the study area 4.17 % with elevations of 370—499 m is Not Vulnerable to Flood (NVTF). Hence, the
seriousness of efforts at flood prevention and mitigation should follow the vulnerability
classification.

Raw and Classified Terrain Wetness Index

Terrain Wetness Index (TWI) provides an indication of how saturated a given cell will
become during a rainfall event, and is therefore an indication of soil moisture. The higher the value
of the index, the wetter the cell will be and vice versa. The results from the use of natural breaks
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suggests that the Terrain Wetness Index in the study area ranges from 9.45-28.00 (Fig. 4A).
Fig. 4B shows the different classified colors used to indicate different wetness indices. Light blue
for areas with high index and brown for those with low index. It can be observed that the wetter
areas close to the river appear in light blue color whereas areas that are far-off are represented in
brown color. The higher the wetness index the wetter the place becomes and the darker the light
blue color becomes and apparently the more susceptible the place will become to flooding.
Therefore, the low lying areas, extending from the river source are more susceptible to flooding
than the highlands with dominant brown color.
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High : 27.9076 =t [ 16.01-18.00
Fig 4A. Raw TWI Image Fig 4B. Classified TWI Image

The attribute data drawn from the Classified Image for terrain wetness (Figure 4B) is shown
in the Table 2.

Table 2. Area Occupied by Various Terrain Wetness Index Classes

S/No TWI Value Range No Of Pixels  Area (%) Vulnerability class

1 9.45-11.50 2397 0.68 Not vulnerable to flood

2 11.51-16.00 242784 69.23 Very less vulnerable to flood
3 16.01-18.00 58941 16.81 Less vulnerable to flood

4 18.01-20.00 38633 11.02 Moderate vulnerable to flood
5 20.01-28.00 7927 2.26 Vulnerable to flood

TOTAL 350682 100
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Table 2 shows that using the TWI factor, the TWI value range of 20.01-28.00 is occupied by
about 2.26 % of the land in the study area. This area is Vulnerable to Flood. 11.02 % of the area is in
the Moderately Vulnerable to Flood category while about 16.81 % is Less Vulnerable to Flood.
The areas in the Very Less Vulnerable to Flood and Not Vulnerable to Flood categories are
69.23 and 0.68 % respectively.

Raw and Classified Proximity

The proximity/distance of the neighborhoods to the source of River is shown in Fig. 5A. In the
Fig. 5A, it can be observed that the brown color used to indicate proximity to the river gradually fades
with increasing distance away from it. Expectedly, inundation (and its effects) from the overflow of the
river should affect areas with closest proximity to the river. Hence, the brown color is darkest in those
areas. The risk of vulnerability decreases with increasing distance from the river.

The classified map (Fig. 5B) from which its attributes were derived and represented in the
Table 3 indicates that the distance range of 0-399 m claims the highest percentage of about
(49.9 %). The implication of this is that almost half of the neighborhood has close proximity to the
river and is hence, susceptible to flood. While areas that are between 400—1250 m away from the
river cover 29.61 %, those in the 1251-3000 m range occupy 15.15 % of the study area. Areas with
the farthest proximity to the river are those that are >3000m from it. They cover 5.34 % and are
the least vulnerable to the incidence of flood.

11°30'0"E B 11°15'0"E 11°20'0"E 11°25'0"E 11°300°E

A 11°15'0"E 11°20'0"E 11°25'0"E
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11°15'0"E 11°20'0"E 11°25'0"E

o High : 11372 Classified Proximity To River
Proximity 1:295,000 B - 100 B 1251 - 3000
To River (m) 0 25 5 7.5 10Km [ 101 - 400 M 3001 - 11372

B Low - 0.000 — [ 401-1250

Fig. 5A. Raw Image of Proximity to River Fig. 5B. Classified Image of Proximity to River

Table 3. Percentages Covered by Various Heights of the Classified Proximity to River

S/No Proximity (m) No of Pixels Area (%) Vulnerability class

1. 0 — 100 24723 7.05 Vulnerable to flood

2. 101 — 399 150266 42.85 Moderate vulnerable to flood

3. 400 — 1250 103837 20.61 Less vulnerable to flood

4. 1251 — 3000 53126 15.15 Very less vulnerable to flood

5. 3001 — 1172 18728 5.34 Not vulnerable to flood
TOTAL 350682 100
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Raw and Classified Overland Flow Length

Percentages derived by natural breaks, of the various Overland Flow Length (OFL) ranges of
the neighborhoods to the nearest drainage shown on the Figure 6A indicates that areas colored in
dark red are closer to the drainages which are closer to the river, the color faints away from
drainages showing least overland flow length value to source of hazard, by implication the closer
the overland flow length value, the higher the risk of being affected by flooding in the area.
The classified map, Figure 6B and the attributes on Table 4 indicates that the overland flow length
value between 0-300 m claims the lowest percentage about 6.57 % which classified as VTF, while
the overland flow length value between 7001-26170 13.81 % shows the area that is NVTF while the
remaining once fall in between.
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Fig. 6A. Raw Image of OFL Fig. 6B. Classified OFL

Table 4. Area Occupied by Various Overland Flow Length of the Study Area.

S/NO Overland Flow No of Pixels Area (%) Vulnerability class
Length

1 0 — 300 23027 6.57 Vulnerable to flood
2 301 — 1200 38552 10.99 Moderate vulnerable to flood
3 1201 — 3500 116956 33.35 Less vulnerable to flood
4 3501 — 7000 123729 35.28 Very less vulnerable to flood
5 7001 — 26170 48417 13.81 Not vulnerable to flood
TOTAL 350682 100

5. Conclusion and recommendations

Nafada town and its environment has been experiencing flooding over the years, this
according to the research has been attributed to many factors amongst which are excess stage
discharge, vulnerability, nature and rate of the Terrain Wetness Index, Proximity to the river and
Geodetic Height of the area. High Terrain Wetness Index is recorded in areas around river Nafada,
significant percentage of the area is low-lying, larger percentages of the people lives very close to
the river, hence with close proximity to the river Nafada, the vulnerability and susceptibility of the
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people to flooding is very high. Hence, the application of this method (RS and GIS) in Nafada to
developed flood vulnerability factors like Terrain Wetness Index, DEM, Proximity to the river and
overland flow length, it is in no doubt a holistic approach in flood management in the Nafada town
and its surroundings. This study was conducted under major constraint of limited data availability.
Therefore, the following recommendations are made for the further studies in the future.

i. Topographical Data: For modeling flows in overbanks, topographic data should be of high
resolution so that the topography of the floodplains could be properly represented.

ii. Use of new technology to generate TIN: TINs obtained using new technologies such as
LIDAR (Light Detection and Ranging), which improves the quality of the digital terrain
representations can be used for further study.
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Abstract

The interaction of microorganisms with mineral part of the soil solid phase determines the
number of processes, such as weathering of primary minerals, their destruction or transformation
due to the production of organic ligands and acids. The article describes the modification of the
surface of the clay minerals kaolinite and montmorillonite by the pure culture of Bacillus circulans,
capable of removing silicon and potassium from the minerals. After two months of culturing the
bacteria in a clay medium, where the clay minerals were the source of potassium, the surfaces
properties (contact angle, surface area) and microaggregate composition of clays were changed.
The composition of the microbial community was reconstructed according to the microbial
markers (fatty acids and their derivatives—fatty hydroxyacids and aldehydes) that were determined
after the acid methanolysis of the samples using the molecular method of gas
chromatography—mass-spectrometry. It is shown that the result of adsorption of bacteria and their
metabolites and the formation of tightly bound microbial biofilm on the surface of a solid mineral
phase was the clay surface hydrophobization. Sorption of bacterial metabolic products on the clay
surface causes a decrease in the specific surface area, contact angle and C/N ratio. The formation of
stable microaggregates with a diameter of about 30 mkm was noted. The role and importance of
microorganisms in the changing mineral surface and in the initial stage of formation of aggregate
waterproof structure are highlights.

Keywords: microorganisms-mineral interactions, contact angle, microaggregate formation,
clay specific surface.

1. Introduction

Physical and chemical properties of the surface of the soil solid phase largely determine the
transport and sorption/desorption of the substances in the soil solution. It depends on the
properties of the surface of the spatial distribution of solutes and gases in the soil and their
accessibility to the soil biota, in particular for plants and microorganisms. The role of
microorganisms emphasized primarily in the formation of soil structure and nutrient availability to
plants. In 9o-ies of the last century there were even the first mathematical models for the effects of
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microorganisms in the processes of decomposition of organic matter and the formation of soil
structure (Van Veen and Paul, 1981; Van Veen et al., 1985; Van Veen and Kuikman, 1990).
However, the conventional physically-based mechanisms of microorganisms influence on the
creation of water stable soil 1959structure, the formation of microaggregates so not offered to date.
The interaction of microorganisms with mineral part of the soil determines the number of
processes in the soil, such as weathering of primary minerals, their destruction or transformation
due to the production of organic ligands and acids, which allows them to produce so weathering
products for its operation, such as potassium from biotite (Shelobolina et al., 2012; Hazen et al,
2013; Simon et al, 2014) and demonstrate that biofilms can exert an effective control on clay
mineralogy (Cuadros et al, 2013). Microorganisms themselves are undergoing the morphological
changes. Since silicate bacterium Bacillus mucilaginosus forms flagella in the presence of
bentonite mineral (Yun Zhu et al., 2011) from which they free Si and Al in the soil solution,
reducing communication Al-O-H and Si-O-Si in the mineral. It describes in detail the mechanism
of transformation of basalt for chemolitoautotrophic microorganisms that oxidize Fe (II) species as
a source of energy, and using rocks NO; as electron acceptor (Shrenk et al., 2011). Microbial
transformation of the surface of the soil solid phase affects many processes occurring in the soil,
including infiltration, preferential flows and runoff, which depends on the wettability of solids with
water, numerically characterized by the contact angle (CA) (Shein, 2010).

Changing the wettability of the solid phase from the soil depends on the hydrophilic-
hydrophobic properties of soil organic matter, including the specific organic substances produced
by microorganisms, as shown in numerous experimental studies middle of the last century
(Vershinin et al., 1959). So in the thesis (Lyapshina, 1952, cited by Basic agrofiziki, 1959) on the
role of microorganisms in the formation of soil structure, the conclusion is made that the creation
of water-stable soil structure due to the activity of fungi and anaerobic bacteria — butyric,
denitrifying and anaerobic cellulolytic and facultative anaerobic ammonifiers. According to current
data, using molecular techniques refined their species Mass spectrometry of microbial markers
(MSMM data) confirm that anaerobes of Clostridium and Propionibacterium, and aerobe
actinobacteria of Rhodococcus and Mycobacterium are dominant in soil. Such species as
Acetobacter diazotroficus, Bacillus sp., Bifidobacterium sp., Lactobacillus rhamnosus and
Clostridium spp. are always present in the microbial community of soils. Questions concerning the
potential effects on plant health (the oxygen content, redox potential, water activity, concentration
of nutritious elements) and soil biofertilization (formation of water-stable aggregates, humus
preservation) in agricultural systems are considered (Verkhovtseva et al., 2014). The favorable
structure of the pore space in heavy textured soils with the low humus content is suggested to be
stipulated by the activity of the numerous and diverse representatives of soil biota. Four phyla
predominate in the microbiological composition of the soils studied; among them, Actinobacteria
is the dominant. The composition of this phylum is dominated by the elevated number of both
higher (Streptomyces) and lower (three species of Rhodococcus) actinobacteria (Shein et al., 2014).

When the content of soil organic matter (SOM) > 2 % there was a direct linear relationship
between the SOM and the boundary wetting angle. In the range 0 < SOM <1 % of the variability
observed extremal value of the contact angle of 0 ° to 90 ° (Bachmann et al, 2008). The reason for
varying the degree of surface hydrophobicity authors relate to the spatial organization of organic
compounds on the surface of the mineral particles. At low levels of SOC hydrophilic groups organic
molecules are directed to the active centers of the mineral particles surfaces. In the "flat" molecular
layer, most of the hydrophobic molecules are oriented outwardly zones, hydrophobicity of mineral
surface increases. With the increase in the organic load, the spatial structure of molecules of SOM
rarefied plane orientation is changed to a vertical tight. Here again is an increase in surface
wettability. At a high RH/mineral, the outer surface of a separate "molecular layer" can interact
"with excess" SOM molecules, forming a second molecular layer. The outer surface again becomes
hydrophobic. This process can also be linked to formation of biofilms of microorganisms on
mineral soil. As it was shown (Fucamizo et al., 2005), some strains of Bacillus circulans, who
possessed chitinase activity in communication with the substrate through lysine residues of amino
acids (mostly) and tyrosine (less), which provides a special kind of stacking cells or hydrogen bond.
Physical modeling transformation surface of the individual minerals pure cultures of
microorganisms, allows us to study this process in more detail.
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The purpose of this study was to examine changes in the physical characteristics of the
surface of the two primary minerals solid soil phase (kaolinite and montmorillonite) under the
influence of silicate bacterium Bacillus circulans. The objectives were to (1) create a model system
controlled the mineral-microorganisms with known initial properties, (2) control of
microorganisms in terms of a model system, and (3) to register the change in the surface state of
the mineral solids (the contact wetting angle).

2. Materials and methods

Objects of study. We used highlighted with river sand surface strain Bacillus circulans, which
had the ability to interact with silicates in accordance with its habitat isolation and possessed the
ability to chitinase activity. Kaolinite and montmorillonite — clay minerals that brought in nutrient
medium for a bacterium. At the same time, there was a transformation of their surface.

Culture media and culture conditions. In the model experiment, the culture medium for the
isolation of silicate bacteria (breeding ground by Aleksandrov, 1953), where as potassium silicate
source was added kaolinite and montmorillonite, the following composition, (g/1): starch — 20.0,
kaolinite/montmorillonite — 2.0, CaCO; - 2.0, Ca; (PO,) . — 1.5, MgSO, x 7H.O — 0.15, NaCl — 0.15,
MnSO, — 0.05, FeSO, — 0,05, water. The medium was sterilized for 20 minutes in an autoclave at 1
atm, pH = 7.0. The sterile medium was added nystatin (1 g/liter) to inhibit fungal growth. The test
was conducted 3 times repeatedly.

Experimental Set. Microbial suspension Bacillus circulans (1 % vol) was inoculated in flasks
V = 1000 ml where 200 ml of breeding ground were placed for silicate bacteria. This ratio (volume
flask/volume ground) provided a weak aeration mode when this culture was performed without
forced aeration. Flask was equipped with replaceable tool receiving sterile test tubes for sampling
the culture medium and its analysis (after centrifugation to separate the clay mineral) for protein
content, and the construction of growth curves. Cultured at 28 °C for 2 months. According to the
growth curve of the culture of that time it remained on the stationary phase. Minerals after
culturing were separated by centrifugation, washed with distilled water several times and dried.
Next, they were used for determining the wetting contact angle (CA), the specific surface area by
nitrogen desorption (m2/g), as well as nitrogen content, organic carbon (Coy, %) and the ratio
(C/N), on the surface of clay minerals.

Contact angles determination was performed by static sedentary drops on digital protractor
(Analysis System drop shape, DSA100, Kriiss, Germany) equipped with a video camera and
software.

The particle size composition was determined using the laser diffraction method and a
FRITSCH Analysette 22 device with the preliminary treatment of the samples with ultrasound in
pure water. The contents of C and N were measured using a CNHS analyzer (Vario EL III
Elementar) for solid samples. The composition of the microbial community was reconstructed
according to the microbial markers (fatty acids and their derivatives-fatty hydroxyacids and
aldehydes) that were determined after the acid methanolysis of the soil samples using the
molecular method of gas chromatography-mass-spectrometry (GC—-MS). The analysis was
performed using a GC-MS system (HP-5973 Agilent Technologies, USA). This methodology is
described in detail in (Osipov, Turova, 1997; Shekhovtsova et al., 2003). The organic carbon
content was determined on an automatic analyzer (AN-7529) at the temperature of 900-1000 °C in
the flow of purified oxygen (Shein et al, 2009). The specific surface was also determined by the
method of the heat desorption of gases (nitrogen) with the help of a SORBTOMETER_M device
and particle size distribution in the fraction <0.25 mm was determined on a FRITSCH Analysette-
22 laser diffraction-meter after the ultrasonic pretreatment (Shein et al., 2009).

3. Results and discussion

Sorption on the clay surface of the bacteria metabolic products causes a decrease in the
specific surface area and eliminates the differences in the surface area of CA the original minerals.
The measured values of CA of the initial forms of clay minerals indicate a better wettability of the
surface of kaolinite (Table 1).
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Table 1. Some analytical characteristics of the clay minerals in their modification in the culture
medium after cultivation of Bacillus circulans

Minerals Sample C. % C/N Surface area, Contact
m2/g angles, ©
initial forms |0.39 19.5 11.01 30.8
Kaolinite after
incubation 7.82 6.6 6.02 54.5
initial forms |0.42 21.0 49.29 48.4
Montmorillonite after
incubation 6.33 4-9 14.03 67.7

According to the literature, the contact angle wettability of the kaolinite is 27.8 ©,
montmorillonite — 55.7°. Thus, Bacillus circulans, was sorbed on the surface of kaolinite and
montmorillonite and thanks to the ability to extract silicon from minerals led to modification of
their surface that increased their hydrophobicity. The organic matter sobbed on mineral surface
was characterized by C/N ratio, which is characteristic of the organic matter of bacteria (Zavarzin,
2003) — about five, which confirms our assumption about the formation of tightly bound microbial
biofilm on the surface of a solid mineral phase.

Integral due to a decrease of the specific surface of clay minerals during the growth of their
hydrophobic properties is the formation of a very stable microaggregtes fractions with a diameter
of about 30 mkm, which is absent in samples of kaolinite and montmorillonite from mild to
incubation experiment ;Fig. 1).
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0.1 10 0.1 10 mkm

Fig. 1. Size distribution of kaolinite (1) and montmorillonite (2) particles: original (dashed line)
and after incubation with the bacteria (solid line).

Processes of interparticlal bonds formation, ensuring the stability of the fractions under
intense ultrasonic dispersion, require further research. At this stage, it can be assumed adhesion
contacts between the organic matter sorbed on the surface of minerals. Microaggregates formation
should lead to the development of the pore structure in the clay minerals and this pores will be the
main channels for the root exudates, water and matter transport in soil (Ashman et al., 2003).
These conditions favor the specific functioning of soil biota; microorganisms may participate in the
transport of various ions (Ca, Fe, etc.), and new interparticle bonds of crystallization type are
formed; in turn, these bonds strengthen the first aggregates and contribute to the development of
specific water stable structure. Assumptions about the nature of the relationship of microbial
organic matter with the mineral surface can be based on the research of Japanese scientists
(Fucamizo et al., 2005), which showed that some strains of Bacillus circulans, who possessed
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chitinase activity in communication with the substrate through lysine amino acid residues (mainly)
and tyrosine (less), which was provided by a special type of cell stacking or stacking hydrogen
bond.

4. Conclusions

In special laboratory experiments, special suspensions of kaolinite and montmorillonite were
inoculated by silicate Bacillus circulans and then cultured at 28 °C for 2 months. According to the
growth curve of the culture of that time it remained on the stationary phase. Minerals after
culturing were separated by centrifugation, washed with distilled water several times and dried.
After inoculation phase minerals have been investigated by the value of the contact angle, the
specific surface area by nitrogen desorption, and the concentration of the fractions of
microaggregates. It was shown that due to the bacteria, the formation of microaggregates was
noted and the most intense for montmorillonite in suspension, which revealed a maximum,
content of 20—30 mkm microaggregates. The suspension of kaolinite also found an increase in this
fraction, however, is not so noticeable. There was a significant increase in the contact angle and the
reduction of the specific surface minerals after cultivation of silicate Bacillus. The formation of
stable microaggregates may be associated with an increase in adhesion contacts between the
organic matters, sorbed on the surface of minerals. The role and importance of microorganisms in
the changing mineral surface and in the initial stage of formation of aggregate waterproof structure
is highlights. It is assumed that the formation of macroaggregates should lead to the development
of the pore structure. On the next stage soil pores will be the main channels by which plant roots,
root exudates and largely determine the transport and sorption / desorption of the substances in
ecosystems.
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Abstract

The analysis is presented of basic agroclimatic indexes characterizing the weather terms of
South Ukraine — average monthly air temperature and amount of atmospheric fallouts, as the
factors, stipulating stability of plant-grower industry in the agro-climatic zone of research fulfilled.

For the last 8—10 years of supervisions, the agroclimatic zone weather terms changed
substantially. The main concern is the increase of average annual temperature of air — it became
for 1.3—1.5°C higher. It appears on the background of decline of average atmospheric fallouts, and
change of its vegetation period distribution as well.

According obtained results, the maintenance of plant-grower industry of region demand the
diversification of technologies. The key moment is the necessity to take the following: transfer the
date of winter crops sowing (wheat, barley, rape) to later periods, which former were considered as
critical in agronomical terms (the III ten-day period of October); revision of the planting system’s
base elements; introducing to crop rotations more ecologically plastic alternative grain, leguminous
and oil-bearing crops able to form the economically expedient level of productivity in an
unfavorable growing conditions, which are critical according to actual hydrothermal coefficient
terms (flax oily, types of mustard, chick-pea, sorghum).

Keywords: change of climate, agroclimatic indexes, temperature of air, atmospheric
fallouts, hydrothermal coefficient, terms of sowing, planting system, alternative cultures.

1. BBegenue

®JIyKTyanuu KJIuMaTa 3Ha4UMBI 711 KPATKOCPOYHOTO U JIOJITOCPOYHOTO IIPOTHO3a Pa3BUTHUS
skoHomuku (Bronnimann et al., 2008; Deke et al., 2001; Fankhauser et al., 1999; Greiner, 2005;
Jones, 2002; Kondratyev et al., 2003; Leemans and Eickhout, 2004), oHu cBsi3aHBI C
ycroitunBocThio reocdep (Blunier et al., 2012; Continents under climate change, 2010; Lionello et
al., 2005; Letcher, 2009; Natural forcing factors for climate change, 2002), 6uocdepsi, arpocdepsr
(Drewniak et al.,, 2015; Lousteau, 2010; Mitloehner, 2014; Yuan et al., 2014;) ¥ reOXHUMHUYECKOTO
nykiIa BemectBa 3emutu (Batukaev et al., 2016; Kalinitchenko, 2016; Kalinitchenko et al., 2016).
Ha Ttexkymuii MomeHT A1 OOJIBIIMHCTBA JieATesiell HAyKU U INPOU3BOJICTBEHHUKOB Bce OoJiee
oueBHJHa mpoOsiema KoH(pumKkTa Oumochepsr u arposkocucreMm (Glazko, Glazko, 2015),
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Mporpeccupymomiero cHwkeHusa 5hGeKTUBHOCTH (GYHKIIMOHUPOBAHUA AaTrPONPOMBIIIIEHHOTO
KOMILJIEKCA U, B YaCTHOCTH, PACTEHUEBOTUECKOH OTPAC/TH KaK YaCTH S9KOHOMHUKH (A/TaMeHKO, 2014;
BTopoe HanpoHaabHOE cOO0IIeHue, 2016). YacThi0 TPUUMHBI CUTYallMH JIEKAT HA MOBEPXHOCTH,
UX KJIAaCCUUITUPYIOT CAEAYIONTAM 00pa3oM:

" arpOTEXHOJIOTUYECKHE: IPOTrPeCcCUpyIolllee HapylleHHe OTPabOTaHHBIX TOJAMH CUCTEM
ceBOOOOPOTOB, 3JI0YHOTPebIeHNe TTOBTOPHBIMH IOCEBAaMU U, HEPEAKO, MOHOKYJIBTYPOU, HU3KUHI
00U YpOBEHb arpOTEXHUKU M KYJIBTYPBI 3eMJIEZIEIIHsA, TIOTEPS YPOBHSA ILIOOPOUS TOYBHI Ha
(one mpeHeOpeKeHUsI 3aKOHAMH KJIACCUUYECKOTO 3eMJIEJIeNINs, KOHCEPBATUBHOCTH B BOIIPOCE
pa3pabOTKH CTPYKTYpPbI IIOCEBHBIX IUIOIIAZIEN, KOTOpas 3aK/I04YaeTcsi B IIPHOPUTETHOCTU
BBIpAIIUBAHUS YKOHOMHUYECKU IPUBJIEKATEIbHBIX KYJIbTYP, KOTOPbIE HEPEIKO HE SIBJIAIOTCS
TaKOBBIMH, UTO YJIyYIAlOT OOIee 3KOJOTHYECKOe IoJiokeHrue arposagmmadToB (CrenmaHos,
PyGeinnb, 2016; BobbL1eB, 2003; ['0JIHIBIH, 2006);

" OpraHu3alMOHHO-9KOHOMHUYECKHE — B TMEPBYI0 OuYepenb, 3TO He B3BelleHHas
rocy/iapcTBeHHas MO3UITUS OTHOCHUTEJIBHO MOIEPKKU OTEYECTBEHHBIX
CEeJIbX03TOBAPOIIPOU3BOIUTENEN, CII0KHOCTb, HEMPO3PAYHOCTh U HEAOCTATOYHAs JIEHCTBEHHOCTD
CYIIECTBYIOINX  KPEAUTHBIX MEXaHU3MOB, HEAJeKBATHOCTh IIEHOBOM  IOJIMTUKH  Ha
CEJTbCKOXO3SIMCTBEHHOE CBhIPbe, KOHBIOHKTYPHOCTh B NPUHATHUU YIIPABJIEHUYECKUX PpEIIeHHud Ha
YPOBHE PErHMoHa M OTAEJIbHBIX XO3SUCTB, OTCYTCTBHE Jlaske 0Aa30BbIX arpPOHOMHYECKUX 3HAHUU U
HaBBIKOB Y OIPE/IeJIEHHOU YacTH 3€MJIEII0JIb30BaTeIe, UX HEY0BJIETBOPUTEIPHOE MaTEPHUATHLHO-
PECypCHOEe COCTOsIHHE, pa3paboTKa CTpaTeruid Pa3BUTHA XO3SIUCTB IO OCTATOYHOMY IIPHUHITUITY
(National Policy, 2008);

" HOPMATHBHO-TIPABOBBIE: HE OTpabOTaH ¥ apXawWdyeH IPaBOBOM HWHCTPYMEHTapHUH
OTHOCHUTEJIBHO cOOCTBEHHOCTH, apeH/IbI, cybapeH I, PEHTHI, HacJIeI0BaHUs
CEJTbX03TOBAPOIIPOU3BOIUTEISIMU 3€METbHBIX MACCHBOB.

Kpome mepeuncieHHBIX MPUYUH HEYJOBJIETBOPUTEIHHOTO COCTOSIHUS PacTEHHEBOUECKON
OTpacjIy, Ha Halll B3IV, OT/IEJILHO CJIEAYET PaCCMaTPUBATh TaAKOH (paKTOP, KOTOPBIN MPUHYKAAET
JIOCTaTOYHO  PaJUKAJIILHO [IEPECMOTPETh  CYIIECTBYIOIIME  TOAXOABl K  BEIEHUIO
arponpoOn3BOJICTBEHHON JIeATEIbHOCTH TOCyapcTBA B I[€JIOM U PEruoHa B YACTHOCTU. ITO
CYII[eCTBEHHbIE KJIMMATUUYEeCKHUE U3MEHEHMsl, KOTOPhIE SIBJIAIOTCA TUIIUYHBIMU I 30HBI FOKHOM
Crenu (JloruHOB, 2003), CIEAYIOT 3a AWHAMHKON KJIMMaTa pa3JIUYHON IEePUOIMYHOCTH,
MTO/IBEP?KEHBI AHTPOIIOTeHHBIM BO3/elcTBUsIM. HeoOX0oiMMOoCTh aHATU3UPOBATh U IIPUHUMATH BO
BHUMaHHE B arPOHOMHYECKOU MPAKTHUKe KINMaTHYeCKUH pakTop 00yC/IOBJIEHA TEM, UTO UMEETCs
OYEHb MAJI0O COBPEMEHHBIX BO3MOXKHOCTEH aallTalliy K HEMY Ha COBPEMEHHOM 3Talle Pa3BUTHUS
MHPOBBIX arpapHbIX TexHosiorud. Ho, TeM He MeHee, MakKCHUMa/IbHAasA aJialTaIlus
MIPOU3BO/ICTBEHHBIX ITIPOIIECCOB B PACTEHHEBOJICTBE K AarpOKJIMMATHYECKUM OCOOEHHOCTSM
pervoHa, IMHAMUKE KJINMAaTa, sIBJIsieTcs HeoT/I0kHOU 3a/iaueli (MoauH, COHeUKHH, 2005).

AxTyasibHasi TpobsieMa — IMporpeccupyoIee U3MeHeHNe TOTOAHbBIX YCJIOBUH KaK B IIEJIOM Ha
YkpauHe, Tak M, B 4YacTHOcTH, B 30He IOkHOo¥ Crenu. YXyjmiaercs 3HAYEHHE OCHOBHOTO
IoKazaTesIsA, KOTOPBIM TMpeompesessier  CTabWIbHOCTh  (PYHKIIMOHHMPOBAHHUS  OTPACIIH
pacreHueBosicTBa — ruaporepmudeckoro  koadounuenta (I'TK) (Ilopdupses, 2011).
3HauynTeIbHOE BHUMAaHUE yJIEJISIOT TaKKe mpobiieMe AeUIUThl BO3AYIITHON U MOYBEHHOH BJIard
Ha ¢OHE BHICOKUX Y KDUTHYECKHUX ITHEBHBIX TEMIIEPATYP BO3/[yXa HA MPOTSIKEHUU BETETAITMOHHOTO
Tepuo/ia, TAKXKE OTAEJIbHBIX ATAallOB OpraHOTeHe3a BeAYIINX 3€PHOBBIX U TEXHHUYECKUX KYJIBTYD
arporeno30B lOra Ykpauns! (CupoteHko, 2007; Bacuwibuyk, 2004).

OpHako, Ha HaIl B3IJIAJ, OJJTHOBPEMEHHO C HEOIPOBEPIKUMON HAYYHOW B3BEIIEHHOCTHIO M
MPUHITUITHAIBHOCTHIO YIIOMSIHYTBIX HCCJIEIOBAaHUM, CJIEAYET OTMETHTh TO OOCTOSITEJIBCTBO, UYTO B
OOJIBIIIMHCTBE W3 HUX IIEPHOJI, 32 KOTOPBIH aHAJU3UPYIOTCSA U3MEHEHUS IOTOAHBIX YCJIOBUU, He
MPEBBIIIIAaeT 10—15 JIET, a IMyTAM peIleHus po0JieMbl, KOTOpPbIE IIpeJJIaraloTcs, HEJIOCTaeT
COOTBETCTBHUS PECYPCHOMY ITOTEHITUAY XO3SHCTB PErHOHA.

2. MaTepuaJjibl 1 METOAbI

MarepuajioMm Il CTaTbU TOCHYKWIN JAHHbIe METEOCTAHIINU, PACIIOJIOKEHHOU Ha
TeppuTopuu MHctuTyTa oporaemoro 3emienenus HAAH YkpauHbl, laHHbIE 00 ypOXKaWHOCTH
3ePHOBBIX, 3€pHOO00OBBIX Y TEXHUUECKHUX KYJIBTYP 10 OIBITHBIM XO35IMCTBAM HHCTUTYTA.

Hcnosb30BaHbl CIEAYIONINE METOAbI: MUCTOPUYECKHN — I PETPOCIIEKTHBHOTO aHaJIM3a
3HAUYEHUU KJIMMATUUYECKUX JAHHBIX PETrHOHAa, OMbITa OTEYECTBEHHBIX M 3apyOeKHBIX aBTOPOB B
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BOIIpOCE HAYYHOI'O obocHOBaHUA U MIPaKTUYIECKOIO obecrieueHuss TEXHOJIOTHH BbIpallilUBaHUA
OCHOBHBIX CEJIbCKOXO03AHCTBEHHBIX KyJIbTYD B YCJIOBUAX HN3MEHEHHUA KIUMaATa; IOJIEBOX

KPAaTKOBDEMEHHBIN OAHO, JIBYX U TpexaKTOPHBIN SKCIEPUMEHT — I OIpeJeseHUs
ypoxkaliHOCTH, obecrieueHUss OHMOMeTPUYECKUX HAOJIIOJIEHUH U COIYyTCTBYIOIIUX HCCIIEAOBAHUMT;
CTAaTUCTUYECKUH — TIPOBEJEHUE /NCIIEPCHOHHOTO aHaIM3a U CTAaTHUCTUYECKOW 00paboTKu

YPO?KaMHBIX JTAaHHBIX U PE3yJIbTATOB COIYTCTBYIOIIUX HAOIOZEHUI; pacueTHO-KOHCTPYKTUBHBIMU,
IIPOTHO3UPOBAHUA M MOJEJHPOBAHUA — IPU CO3JAHUU MOJeseH, OTPaKAIOIIUX CTPYKTYPHBIE
U3MEeHEeHUs1 W NPUYUHHO-CJIEJICTBEHHbIE B3aMMOCBA3U B CJIyyae [AUCKPETHOTO XapakTepa
MOKa3aTesell TeXHOJOTUUECKUX IIPUEMOB BBIPAIIMBAHUSA, U3YYEeHUN U O0OOCHOBAHUU METO/IOB U
C1I0CcOOO0B TOTyYEHUS BBICOKUX U YCTOMUUBBIX YPO3KAEB KYJIBTYP.

3. Pe3ysabTaThl M 00CyXKAEHUE

B mocnenHue mecATHIETHS 1A TOTOAHBIX YCJIOBHH pEruoHa XapaKTEPHBIM SBJISETCS
OpHEHTAIlNA UX BEKTOPa B CTOPOHY 3acylLIMBOCTU. KilMMaTa B I1€JI0M MOJKHO OXapaKTepPHU30BaTh
U3MeHEHHEM C yMePEHHO-KOHTHHEHTAIFHOTO JI0 PE3KO-KOHTHHEHTAIBHOTO, B OT/IEJIbHBIE TOJBI, C
TOYKH 3PEHHUS PEXKUMa YBJIA’KHEHUsI, — BIIOTH /10 IOJIYITyCTHIHHOTO.

Tak, B cpaBHEHUU ¢ 1980-MU rofilaMu, cpeJlHeCyTOUHas TeMIlepaTypa BO3/yxa IOBBICHIACH
Ha 1,8 °C, 4TO 00yCJIOBWIO yBeJUYEHHE JJTUTETHHOCTH OCEHHEH BereTaludl O3UMBIX KyJIBTYp Ha
12—15 cyTok (tabs. 1). [Toka3aTesbHBIM B 3TOM CMBICJIE SIBJIIETCS OCEHHUH IIepHOJ 2015 Toja,
KOT7Ia OCEHHUI 0€3MOPO3HBIHA MEPHO/], 0KA3aJICA ITPOJIEHHBIM IMPAKTUUECKU Ha 30 CYTOK.

Taosmma 1. CpegHeMecsTuHast TEMIIEpaTypa BO3/yXa 3a IMOCIeTHUE 40 JIEeT 0 IAHHBIM
METeOPOJIOTUUECKOMN CTaHITNH T'. XepcoHa, °C

Tox Mecsan 3a

I 11 111 v \'% VI | VII | VIIT | IX X XI | XII TOJ
1976 -3/ -7,1| 0,8| 11,3| 14,2| 18,2 20,1| 18,5| 154| 6,3| 3,6/ 0,7 8,3
1977 _578 375 3;8 976 1575 18’4 2171 2073 1474 872 7’2 _2,9 974
1978 -4| -0,7| 4,8 9,6| 14,1| 18,5| 20,4| 19,6 16| 10,5/ 4,9| -2,9 9,2

1979 -1,3| -1,8| 4,6| 8,8| 19,3] 22,1 20| 21,6| 16,8 7,5 4,1 2.1 10,3

1980 4,4 -1,9 -0,1 8’4 13,9 18,6 21,7 19’8 14,9 10’6 5,1 2,3 9,1

1981 ol 06| 35 73| 15| 225[ 228] 21,7 16,5 12,2 43| 33| 108

1982 -2,7 -3,5 2,3 8’6 1672 18,9 19,9 21,7 17,9 9,5 4 3,5 9,7

1983 051 -076 3’6 1179 18’1 1977 2178 20 17’5 9’7 2,4 -1’2 10,3

1984 1 -3’2 179 973 1773 1877 2077 19)6 1872 1179 2,5 -3’1 976

1985 1276 -3,5 978 17,9 18’4 20 2276 14,4 874 2,8 -0,4 778

!

=

N
1

1986 04| -54| 27| 11,6] 16,1] 204| 21,6 231 17| 93] 19| -2,2| 97

1987 _8,3 -3,1 -5,3 578 1478 19,5| 23,2 19,2 15,5 8;8 4,5 -1,4 7,8

1988 -3 -1,1 3’6 9a6 15,3 19’8 23,6 22,1 16 8;8 -0,7 -1,3 9.4

1989 0,1 2,5/ 6,5 12,4| 154| 20,2| 21,5 23,4| 16,2 10,8| 2,5 1,1 11,1

1990 0,1| 2,6| 6,9 10,6 14,9| 19,2 22,1| 20,8| 154| 9,9 8 0,6 10,9

1991 0,1| -4,6| 21| 10,1| 14,7 21,2| 24,4| 21,5/ 16,7 12,3| 3,9 -2,1| 10,0

1992 | -1,5| -2,1| 4,4| 88| 14,6 19,5] 21,7 24,9| 15| 10,2| 4,5 -2.4] 9,8

1993 -1,5 '1’6 2,2 878 1673 18,7 20,4 21,3 15,3 10,5 -3,4 1,9 9,1

1994 1,9] -3,1] 3.4| 12 155] 18,6] 24| 22,2| 20,8] 11,7] 26 -1.4] 107

1995 | -2,3] 3.6] 46| 9,6] 15| 22,2] 23,6] 21,5/ 16,5 10,1 22| -2,6] 10,3

1996 -6,1| -3,5| -0,2| 9.4 19| 204| 23,7| 21,9 14| 10,3| 8,3 -1,3 9,7

1997 -6| -2,1| 24| 76| 16,8] 20,6] 21,3| 19,8] 13,5| 8,9 5,1 -0,3 9,0

1998 -0,9| 0,4| 2,9| 12,2| 16,1] 21,2 23,6/ 22,2| 17,2 11,1 1,5 -2,9 10,4

1999 0,1 1,71 5,2 11,3| 13,4 23| 25,7| 22,5| 17,5| 10,2] 2,1 3.4 11,3

2000 -3,2] 0,71 3,7 13| 15,9| 19,7| 22,4| 22,7 14,9 10| 56| 3.1 10,7

2001 14| -0,1| 52| 11,4] 14,4] 18,6] 26,5] 23,9| 17,3 10,8] 4,7] -4,5/ 108

2002 23| 4,3/ 6,4 9,9| 17,3] 20,6| 26,6 224| 18,1] 10,2| 6,3| -6,3 11,1

2003 _2>6 '6a3 0,3 8’4 19,5| 20,3 21,5 22’6 16 10,1 55 1,3 9,7
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2004 -0,3| -0,3| 5,3| 10,2| 14,9| 18,6| 22,6| 21,4| 17,1| 10,8| 5,5/ 2,5 10,7
2005 1,5/ -2,1| 1,5/ 10,8| 17,9| 19,6| 23,3| 23,3| 19,1 10,7| 4,5 1,9 11,0
2006 -7l -3,8] 3,6| 10,6 15,3| 21,3| 22,5| 24,2 18| 11,7 4,8| 2,8 10,3
2007 3,8| -0,3 6| 96| 194 23,6| 257 255 17,4| 12,3 3| 0,6 12,2
2008 -3,7| 0,7 6,6| 11,4| 14,9| 21,1 22,8| 24,3| 16,3 12| 5,6] 0,7 11,1
2009 -1,5 1,8| 4,2| 10,3 16| 22,5| 24,4| 21,8| 18,4| 12,2| 6,6| 0,5 11,4
2010 -4,2| -0,9| 3,4| 10,8| 17,5| 22,6 24,7| 26,1 17,8 7,9/ 10,5 1,6 11,5
2011 28| -3,8| 24| 9,7] 16,8| 21,4| 24,7 22,3| 18,4 9,5/ 2,2/ 3,8 10,4
2012 -1,7| -7,4 2,5| 13,2 2078 23,4 2636 23)6 19,1 14,7 6)6 -0,9 11,7
2013 0,4 23| 3,1 11,9| 20,7 23| 23,2| 24,2| 15,1 9,3| 7,5/ 0,5 11,7
2014 -1,5| 0,1 74| 11,5/ 18,0| 20,8| 25,1| 24,5/ 184| 9,3| 3,3] 0,8 11,9
2015 -0,4| 0,8 5,2 9,3] 17,0 20,0| 23,4| 24,2| 20,9 94| 7.3 2,3 11,6
2016 -3,6| 4,0/ 6,3 12,6 18,5| 22,1| 24,4| 24,7 - - - - —
Cp.
vroroL | 22 -1,8| 3,3| 10,0| 16,0| 19,9 21,9| 21,3| 16,4| 9,8 4,4 1,9 10,8

He MeHee CYH_[eCTBeHHBIE HN3MEHEHUA OTMEUYEHBblI B O6H_IeM KOJIMYECTBE aTMOCCbeprIX
0CaJIKOB B T€UEHUE T0/ia, U, UTO CaMOe IJIaBHOEe, XapaKTepa ¥ PABHOMEPHOCTH UX PacIpesiesIeHust
Ha TPOTSHKEHWU BereTallMOHHOrO Iepuwosa (Tabmi. 2).
COHpOBO)KI[aIII/ICB 3HAUYUTEJIbHBIM ,Z[e(l)I/II_II/ITOM HO‘-IBCHHOEI BJIarl B nepnon aBI'yCT - nepBaﬂ
ITOJIOBHHA CEHTSAOPs. ATO, B CBOIO OUEpPe/ib, He MO3BOJIMIO MOJIYIUTD APY:KHbIE M PAHHUE BCXO/bI
O3UMBIX KYJIBTYD, BHICESTHHBIX B TPAJMIIHOHHBIE CPOKHU, KaKUE eIlle HECKOJIBKO JIECSATKOB JIET Ha3a/|
OBLIIN /IJIsI 03UMOTO parica 20—25 aBIrycTa, 03UMBbIX KOJIOCOBBIX — 15—25 CEHTAOP.

B TO Xke BpeMA OTHU ABJICHUA

TaGJII/IIIa 2. KoanugecTtBo aTMOC(i)eprIX OCaKOB 3a IIociegHue 40 JeT II0 JaHHBbIM
MeTeOPOHOFquCKOfI CTaHIIUH T. XepCOHa, MM

T'o Mecsig, 3a
& 1 II | III v \% VI VII | VIIT | IX X X1 XII ToJ,
1976 36| 2,5/26,2| 16,6 13| 55,1] 51,2|105,2| 95,2 5| 21,1] 42,9] 470,0
1977 | 35,1/ 39,6| 15,3 93| 46,9| 60,2| 110,1| 96,5 13| 15.4| 55,2| 48,3| 628,6
1978 |13,6/56,6] 54,1| 51,1 48,5| 49,8| 75,6| 16,1] 67,1 26,6| 12,9] 36,1] 508,1
1979 | 77,6/40,8|45,6| 34,3| 104,5 4,1| 57,2 31 42| 49,5| 43,6| 22,2| 5524
1980 |43,6| 10,3|87,9| 72,6 52| 61,4| 3,7| 27,7 58| 51,9| 60,8| 252| 555,1
1981 |50,3|33,6|23,3| 51,5| 78,4 53| 30,5| 33,8] 21,9| 31,5/ 96,3| 71,3| 527,7
1982 | 16,5| 14,8| 21,3 36| 16,6| 65,1|125,4| 26,6| 16,6 45,2 7,9 18,1 410,1
1083 | 11,8|23,7| 11,1] 21,8| 33,2| 54,7| 65,1| 92,3 1,7| 21,8| 14,7 18| 369,9
1984 |36,4| 41,4| 44,5 62 70 27,2| 24,7| 73,8 9,5| 35,2 63,8] 12,6] 438,1
1985 |26,3|69,4| 16,3 41,1| 41,6| 955|117,8| 10,3| 54,1| 31,8| 47,2| 18,3| 572,7
1986 | 66,7|36,7| 1,5/ 36,7| 359| 46,8| 34,3| 2,7 7,3| 65,6 2,5 43| 379,7
1987 |62,3| 12,6] 21,7| 33,2| 45,1 34| 19,2 32,7| 57,9 8,2| 41,9| 33,8| 402,6
1088 | 13,3| 15,7| 49| 44,3| 45.4| 70,6| 86,8 4 118 57| 47,3| 48,6] 600,0
1989 6,3 16,2| 14,5| 17,6 39| 30,1 1 24,7 85| 21,2] 14,4| 14,2| 284,2
1990 |19,9|36,2| 3,4| 34,4| 40,6| 23,6| 97,3 15 61| 24,7| 14,6] 59,3| 430,0
1991 | 17,5|27,4| 1,8| 17,5 59| 81,4| 38,9| 23,7 9,6| 30,6 8,2| 36,3| 3519
1992 | 12,9|29,2| 23 55| 353| 61,4| 34,2 o| 31,6| 551| 54,2| 13,1| 355,5
1993 4,1| 24|38,4| 49,5 34| 33,2| 21,9] 9,8| 354| 10,1 11| 38,1| 309,5
1994 12| 3,7| 21,6| 68,7 28| 44,5| 1,8| 79,7 5,2 9,8| 33,2| 16,7| 324,9
1995 | 61,9]|26,4(48,8 55| 59.4| 30,7| 24| 55,9| 71,9| 16,6] 758 36,5| 541,3
1996 | 23,5|42,3|23,3| 24,2| 27,4| 16,7| 11,5| 254| 107,9 7,8| 30,3| 51L,7| 392,0
1997 | 12,4| 24|39,5| 51,2| 26,5|100,9|124,2|115,8 8| 45,3| 49,6] 81,6| 679,0
1998 |32,9|18,6| 46,1 25,6| 143,3| 74,9| 19,8| 13,8| 21,7| 254| 61,8| 12,7 496,6
1999 |43,3/28,9|30,7| 26,2 47,7 52,5| 87| 12,9| 68,4 13,6] 64,7 68,5] 466,1
2000 |28,4| 25|277| 31,2| 20,8| 67,1] 93,1] 38,9| 120,2 71| 13,2| 15,7| 488,4
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2001 | 16,5| 38,1| 66,2| 39,1 38| 57,5 19| 158| 74,8| 34,7 50| 25,6|] 475,3
2002 |10,2|22,3|48,7| 11,7 7,1 62,0/ 38,6 18,2| 38,9| 72,6|/ 40,8 9,9| 381,9
2003 |48,3/48,6| 44,6 14| 54,1 39,2| 67,7| 46,9 4,9| 45,7| 23,7| 20,4| 458,1
2004 |59,6/32,9| 14| 13,1] 96,8| 54,3|101,9|120,3| 20,5| 42,8| 47,7| 52,6/ 656,5
2005 |25,4|78,9| 15,2 16,4| 17,3| 79,6| 34,9| 58,8 9,8| 10,8| 40,1] 79,6] 466,8
2006 |20,4| 12,4| 71,9 8,2| 471 62| 5,9 39,5| 19,5 6,4| 25,9 2| 321,2
2007 | 48,1| 25,4| 14,8| 23,2| 10,2 24| 12,8| 28,9| 44,4| 53,7 73,2| 23,2| 381,9
2008 13| 7,8|46,2| 62,3| 29,7 38,1 137| 0,6 83| 29,4| 221 3| 472,2
2009 |22,3| 61,3| 23,2 4,6| 80,7/ 78,1 22,3 1| 18,9| 41,2| 31,4| 82,1 4671
2010 |72,4|69,3| 14,8| 11,2 61 77,3| 39,4| 30,1| 66,9| 133,7| 42,3| 67,7 686,1
2011 | 25,5/ 10,6| 3,8| 39,1 36,7| 76,2 1, 5,4 17,1 7 1| 50,3| 283,7
2012 |70,8| 18,7| 25,6 5,9/ 39,6| 20,1| 40,2| 79,2 1,6 27,6 7,1 33,5/ 369,9
2013 |29,6| 19,6|38,8 37 03| 791| 44,1| 12,4 43,7| 53,3 4 3,7| 258,9
2014 |40,6| 9,6| 15,0 29,5/ 38,2| 64,4| 19,4| 20,7| 43,0 34,2 21,5/ 12,8| 348,9
2015 [39,8| 47,4| 55,7| 68,8| 86,0/ 38,3|104,6| 12,1 4,6 18,6| 44,2 2,1| 523,1
2016 | 67,3(/30,9| 19,5/ 56,8| 20,7| 43,0| 46,3| 26,7 — — — — —

CPeA 133.0/31,0 26,0| 33,0 | 42,0 | 45,0 | 49.0 | 38,0 | 40,0 | 28,0 | 36,0 | 28,1 | 463.7

Ha npotsbkeHun nocyiegHux 18—20 JieT pe3ysibTaThl HAYYHBIX HUCCJIEOBAHUU, MPAKTHKA
OosibIiuHCTBA X03sAMCTB HOkHOM CTenu NOATBEPIKIAIOT, YTO ONTHUMAJIbHBIMH CPOKaMH II0CEBa
paccMaTpUBaeMbIX KyJIBTYP SBJISAIOTCS 25 CEHTAOpPS — 5 OKTAOpsi. ITponuIblii arpOHOMHYECKUH
CEe30H  3aCBHUJIETEJIBCTBOBAJ, UYTO  YPOMKAHHOCTH  O3WMBIX  XJI€0OB,  BBICEAHHBIX B
«CBEPXKPUTHYECKHE» Ha TEPBBIA B3IVIAJ CPOKH (BIUIOTh JI0 KOHIIAa BTOPOU J€Kaabl OKTSOPsI)
IIOYTH HE YCTyIlajla ypPOKaWHOCTH, UTO ObLiia chOpMHpOBaHa IMPH IOCEBE KYJIBTYP BO BTOPYIO
IIOJIOBUHY ONTUMAJIBHBIX CPOKOB (I'osuitbiH, 2006). EcTecTBEHHO, OTMEUYEHHBIE OOCTOSITEIHCTBA
BBIHYK/IAIOT II€PECMOTPETh OPTaHU3aIUI0 U IPOBEJeHUE IOCEBHOM KaMIIAaHWH, a WMEHHO:
HCIIOJIb30BaTh COPTa O3UMBIX XJI€00B C MEHEe JIUTUTETbHBIM IIEPHUOOM SIPOBU3AIINH, KOTOPHIN /IaCT
BO3MOJKHOCTbH PACTEeHUSAM C(POPMHUPOBATHh ONTUMAIBHYI0 HAZI3EMHYI0 Maccy, KOPDHEBYIO CUCTEMY U
3amac IUIACTUYHBIX BEIEeCTB, 00eCIIeUnBaIOIINI YCIEITHYI0 ITIePE3UMOBKY KyJIbTYpbl. Bo3HHKAIOT
OCOOEHHOCTH KauyeCTBEHHOW TOJATOTOBKU IIOYBBI K 0OoOJiee IIO3HUM CPOKaM II0CeBa, YTOOBI
MIOJIyYUTh MAaKCUMaJIbHO PAHHUE U JIPYKHbBIE BCXOAbI. [10/IJIEKUT KOPPEKIIMHU cUCTEMA YA00peHus
Y 3aIUThI PACTEHUHN OT KOMILIEKCA BPETOHOCHBIX OPTaHU3MOB.

Ha ¢one coBpeMeHHBIX KJIMMATHUYECKUX TpaHcOpMaIUi, KOTOPBIE  SBJISIOTCS
XapaKTepHbIMH JJIsi PErvoHa, IOJJIe’KAaT HU3MEHEHUIO arpoTEeXHOJIOTUYECKHUE IOAXOAbI K
BBIpAIIMBAHUIO 03UMOTrO parca (JIoruHoB, 2003). J/la’ke onTUMasbHOE JJIsI arPOKJINMaTHYECKOU
30HBI cpeaHeMHOroJsieTHee 3HaueHue ['TK 3a BereTanmoOHHBIA TEPHUOJ JAHHOW KYJIbTYpbl HE
IT03BOJISIET IIOJIyYaTh CTAOWJIBHYI0 YPOXKAaWHOCTh 0e3 IpUMEHEHHs OPOIIEeHHs, a CyIeCTBEeHHbIE
U3MEHEHUSI IIOTOHBIX YCJIOBHHA B CTOPOHY 3acCyIIMBOCTH, XapaKTEepPHbIE IS IIOCJIETHETO
BpPEMEHU, CYIIECTBEHHO YBEJIUYUBAIOT PHUCK HEIMOJYyYeHHUs TOBApHBIX CEeMSAH parca.
Cyl1iecTBEHHBIH JIe(UITUT ITOYBEHHOU BJIaTM HA MOMEHT HACTYILIEHUSI ONITUMAJIbHBIX CPOKOB CeBa
o3uMoro parca (a 5To, OOBIYHO, Ha 2—3 HEJEJH pPaHbIe CPOKOB CeBa O3UMbBIX XJIeOOB)
HaOJTIOZJaeTcs MPAKTUYECKU €KeroTHO. 3arac BJard B ¢JI0€ MOYBBI 0—20 CM BMECTO MUHHUMAJIBHO
JIOCTaTOYHOTO 15—18 MM YacTo cOCTaBjsAeT 5,5—9 MM. [IpuueM moceB KyJIbTypPhl HE MOKET OBITh
BBITIOJTHEH B CyXyIO IOYBY, KaK YaCTO BBIHYKJEHHO IPUXOJUTCA JIeJIaTh B CJIydae ¢ O3UMBIMHU
xaebamu. Mopdos0ro-6mnoornyecke 0COOEHHOCTH parica He Jal0T HUKAKUX IIAHCOB Ha TO, YTO
OpraHOTeHe3 KYJIbTYPhI CJIOKUTCA OJIaTOMPHUSTHO, €CIU 4Yepe3 KaKoe-TO BpeMs II0CJIe IT0CeBa
BBIMAAYT aTMOcGepHbIE OCAJKHU, MOCKOJIbKY AeDUIUT BJard B IIOYBE HEMOCPEACTBEHHO IIOCTIE
IoceBa KPUTHYEH JIJIA Pa3BUTUSA ITPOPOCTKOB M MOJIOJIBIX PacTeHUU parica. B pesysbraTe CpoOKu
1oceBa KyJIbTYpPbl CMEIIAIOT Ha OoJiee MO3/HUE, U B IAHHOM CJIydae Ha MEPBBIN IUIAH BBICTYTIAET
Jpyras mpobsiema: mo3auue moceBbl (I-I1 u Hepenko gaske 111 ekayma ceHTAOPS), KOTOPHIE JaKe
JlaJTH  YIOBJIETBOPUTEIPHBIE BCXO/IbI, HE YCIIEBAlOT c(OPMHPOBATh K MOMEHTY ITpEeKpaIlleHUs
OCEeHHeH BereTanuu OINTUMAJILHBIN radbutyc (B IEpPBYIO O4Yepe/ib, IPUKOPHEBYIO PO3ETKy U3 5-—
6 HACTOAIIUX JINCThEB KM KOPHEBYIO INEHKy AuaMeTpoM 6—6,5 Mmwm). ITO IIpeJIOIpe/iesisier
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KpUTHYECKOe U3PEeKMBaHME WIM IOJHYI0 T'mbesb MaccuBa pamca IpH Iepe3WMOBKe, IMpexze
BCETO, OT BBIMEP3aHUA HAa (POHE HEYCTONUNBOTO WIH OTCYTCTBYIOIIETO BOOOIIlE CHEIKHOTO IIOKPOBA.

YesoBus npoTekaHUsA BTOPOH IOJIOBUHBI BereTalluy 03UMOI0 parica Tak:Ke B 3HaUUTeJIbHOU
CTeNleHU YXYAUIWJIUCh B IIOC/Ie/lHEE BpeMs B CBA3M C HU3MeHEHHeM KJIMMATHYeCKUX YCJIOBUU
pernoHa Ha Oosiee 3acynuiuBble. OUeHb YaCTO OCTaeTCs HEWCIOJIb30BAHHBIM CYIIeCTBEHHBIN
pe3epB TOBBIIIEHUS CEMEHHON IPOU3BOJIUTENHHOCTH KYJIBTYPhl 32 CUeT IUIOZOBBIX BETOK
Il nopsika, IBeTEHHE KOTOPBIX YacCTO COBHAZA€T IO BPEMEHH C CYyXOBEUHBIMU SBJIEHUAMU,
XapaKTepPHBIMU IS TOTOJHBIX YCJIOBUU 30HBI B mepuop Il mosoBMHA Mas — HA4ajgo HIOHS.
Pemenne mpo06sieMbl ONTUMHU3AIMK YCJIOBUM OpraHOTeHe3a parica, Ha HAIl B3IVIAJ, JIEXKUT B
IUIOCKOCTH CO3J]JaHUSA W WHTPOAYKIMU COPTOB M THOPHUZOB O3MMOIO parca, KOTOpble Obl
MaKCHUMAaJIbHO OTBEUATH aTrPOIKOJIOTHUYECKUM YCJIOBUSAM 30HBI BBIPAIIIUBAHUS.

OuepueHHBIE BbIIIE IPOOJIEMBI, KOTOPBIE ABJIAIOTCA XapAKTEPHBIMH JJI1 PACTEHUEBOIECKOH
OTpacju B IOcjefHee BpeMsA U IpeJonpesieieHbl KJIMMaTU4eCKUMU (QIIyKTyalusaMU, HepesKo
ABJIAIOTCA OCHOBHOM IPUYMHOM Ype3MepHOI0 yBJIeYeHHUs cesbXOo3ToBapomnpousBojuteseil HOra
YKpauHbl 1O/ICOTHEYHUKOM. TUNWYHOU fABJAETCA CUTyallusd, KOTJa B CJydae, €C/IM 3alachl
IIOYBEHHOU BJIaTM B OCEHHUU NIEPUOJ Jajd BO3MOKHOCTb IIPOBECTH IIOCEB O3UMBIX KOJIOCOBBIX
xJ1e00B B ONTHMAJIbHBIE CPOKH JIMIIb HA IApOBBIX MaccuBax (ILUIOIIASM KOTOPBIX B PErHOHE
KaTacTpopUUIECKH YMEHBIIAIOTCA), O3UMBIE KYJIBTYPBI, BBICESHHbIE B HEONTHUMAJIbHBIE U
KPUTHYECKH II037JHUE CPOKH IIPEKPAaTWIM OCEHHIOI BETeTAalii0 B HEYZOBJIETBOPUTEILHOM
COCTOSIHMH, a O3WMBIA pamnc [0 TeM JKe MPUYMHAM BOOOINEe He Iepe3uMoBaj, Y
3€MJIETIONH30BaTe el OOBEKTUBHO MPAKTUYECKH HE OCTAeTCs JIDYTUX BAPUAHTOB YJIyUIIEHUSA
MaTepUAIbHOTO TIOJIOKeHUsT Xxo3sucrBa (Bacuipuyk, 2004; MouuH, COHEUKHH, 2005;
ITopdupres, 2011; Cuporenko, 2007). Iloromy miomanp moceBa MOACOJHeUHUKA B HOKHOMU
Crenu, Kak W B I[eJIOM B YKpauwHe, 3a IIOCJEJHUE TOAbl BBIpOCJA B IIOUTH 5 pa3. ITO — OpH
CHIIKEHUH CPeHEH ypOXKaWHOCTH KYJIBTYPHI Ha 32 %. B OTAeNpHBIX cIydasx CyObeKThl BeJl€HUs
X03AHCTBA CO3HATEJIbHO UIYT Ha HapyllleHHe KjacCuuecKuX TpeOOBaHUU 3eMJie/leius, COKpalas
CPOK IIOBTOPHOTO pa3MellleHUs II0JICOJTHEUYHHKAa B arpolieHo3e /10 3—4 JieT, KOIJla Hay4dHo-
000CHOBaHHAsI peKOMEH/IOBAaHHAsA peKOMEHIAIA TpeOyeT epepbiBa He MeHee 6—8 JieT, HepeaKo
JIOIIyCKAIOTCAA JlaskKe IIOBTOPHBble T1oceBbl. Kak anpTepHAaTHUBY B JAHHOM CUTyallud MBI
paccmaTpuBaeM 0oJiee aKTUBHOE IIPUBJIEYEHHE B CEBOOOOPOTHI IOXKHOTO PETHOHA HE TOJIBKO
TPAJUIIMOHHBIX, HO U MaJOpPAaCIpPOCTPAaHEHHBIX, AJbTEPHATUBHBIX KYJBTYp. ITU KYJIbTYpHI,
O/THOBPEMEHHO C BBICOKOU HKOHOMUUYECKOU 3 (HEKTUBHOCTHIO IIPOU3BOICTBA, TEXHOJIOTUYHOCTHIO,
CTaOWJILHBIM CIIPOCOM Ha BHYTPEHHEM WM BHEIIHEM PBIHKAX CEJIbCKOXO3SIWCTBEHHOU MPOAYKIIUU,
mpu OJIaTOTBOPHOM BO3JENUCTBUH Ha IIOYBY, BO3MOXKHOCTBIO COXPaHEHHS MPODUIUTHOTO
xXapakTepa 0ajlaHca OPraHUYECKOTO BEIeCTBA U 3JIEMEHTOB MUHEPAIBHOTO MMUTAHUSA, YIYyUIIEHHEM
(uToCaHUTAPHOTO COCTOSTHUA, 0OecreunBaIN Obl MOJyYeHHe CTaOMJIPHBIX M TapaHTUPOBAHHBIX
YPO’KaeB TOBApHBIX M PEMPOJAYKIIMOHHBIX ceMsH B ycimoBusx kectkoro I'TK. Torma medunur
3aIracoB IOYBEHHOU BJIaTU B OCEHHUI U BECEHHUU MepUO/ibl, TIOUYBEHHAs U BO3/AYIIHAsA 3acyxa Ha
(dbuHATBPHBIX 3TamaXx OHTOTeHe3a He ObUI CTOJIb KPUTHUYEH /IS COCTOSIHHUS U IPOAYKTUBHOCTH
arpoduUTOIleHO03a, YeM 3TO HMMeeT MeCTO B Hacrosllee BpeMs. IlojlaraeM, 4TO pelIUTh 3a7javy
JuBepcuUKanUM cocTaBa arpodUTOLIEHO30B MOXKHO PEIINTb, HUCIOJIb3ys BUABl TOPYUIBI —
capenrckas (Braccica juncea), 6enas (Braccica alba), uepnas (Brassica nigra), o3umas (Braccica
Jjuncea), nen macauuHbIi (Linum sativum olieferum), peapky macianunyto (Raphunus sativus).

W3MmeHeHns KauMaTa, XapakTepHble i 30HBI IOxHOU Crenu, B 3HAUUTEJIBHON CTENEHU
00yCJIOBWJII TIEPECMOTP MHOTHMHU CEJIbXO3TOBAPOIPOU3BOJIUTEISIMH  CTPYKTYPhl ITOCEBHBIX
IUTOIIAZIEN SIPOBBIX KYJIBTYp. 3a IOCAeAHWE 10 JIEeT IUIOMA[b II0CEBAa 3EPHOBOTO ToOpoXa
COKpaTUJIach MOUTH Ha 50 %, UTO OOBSICHAETCS HEOCTATOYHON CTOMKOCTHIO KYJIBTYPHI K BBICOKUM
CPEeIHECYTOYHBIM TEMIIEPATypaM BO3/IyXa, TOYBEHHOU U BO3/IYIIHOU 3aCyXe BO BTOPYIO MOJIOBUHY
Beretaruu. Cyie/icTBHe — Pe3KOe CHIKEHNE CEMEHHOU ITPOIyKTUBHOCTH. B pe3ysbrate, cokparas
MIOCEBHbIE IUIOMIAAN Topoxa (B OOJBIIMHCTBE CIIyYyaeB, OISTH K€ B IIOJIb3Y IIOJICOTHEYHHKA),
arpoIpeNnpuHUMaTeId CO3HATEJbHO OTKA3bIBAIOTCA OT OTJIMYHOTO IIpeAllecCTBeHHUKA JJIf
O3UMBIX XJIe00B, Uy/IeCHOTO MOYBOYJIyYIIaTeass U (GUTOMETHOPAHTA, KOTOPBIN oboramaeTr mno4py
a30TOM, KYJIbTYPBhI, KOTOpas o0ecreunBaeT MoIydeHne BEICOKOJIMKBU/IHOE ChIpbe. B 3TOM cMbIciie
cepbe3Hble MePCIeKTUBbl UMeeT BBe/leHHe B arpo(UTOIeHO3bI 30HBI 3epHOO000BOM KYyJIBTYDHI,
KOTOpasg IO KOMIUIEKCY aJIalTUBHBIX CBOMCTB, CEMEHHOU IPOJYKTUBHOCTU, KauyeCTBEHHBIMU
MIOKa3aTeAMU CIOCOOHA JIOTIOJIHUTh 3€PHOBOM TOpOX, a B HeOJAronpusATHbIE IO 3HAYEHUIO
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THIPOTEPMUYECKOT0 K03 duIeHTa arpoce30Hbl U MTOJTHOCTHIO €r0 3aMEHUTh. ITO — O6eI03epHBIN
U 3eJIeHO3epHBIH HyT. [IpakTHKa OT/IeJIbHBIX XO3AHCTB, KOTOPHIE CIIENHATU3UPYIOTCA HAa TOBAPHOM
BBIPAIIMBAHUN OTMEYEHHOH BHICOKOPEHTA0eJbHOU 3epHOO000BOM KYJIBTYPHI, CBUJIETETHCTBYET,
YTO Jla>Ke B 3aCYyILLJIMBBIE TOJBI, KOTJA CPEIHSAA YPOKAMHOCTh 3€PHOBOTO TOpPOXa HE IPEBBIIIAET
1,0—1,3 T/ra, NpU YCJIOBUU COOJIOAEHUA HAYIHO-OOOCHOBAHHOM TEXHOJIOTUM BBIPAIIMBAHUSA
peayIbHO TOJIy4aTh /10 1,8—2,3 T cemeHa HyTa. [0 KaueCTBEHHBIM MOKA3aTEIAM HYT IPAKTHYECKU
He YCTyIlaeT TOpOXY, a M0 COAEPKAHUIO OTJEIbHBIX AMUHOKHCJIOT JaKe MPEBBINIAET IT0Ka3aTesu
TPpaNITMOHHOU Ky IbTYpHI (banarmos, ['oses, 1998).

B oTnmenpHBIE TOABI, KOJIMYECTBO KOTOPBIX 3a IOCJIEIHUN NEPHUOJ 3aMeTHO BBIPOCIIO,
MIOTOZHbIE  YCJIOBUsSA, XapaKTepU3YIOI[Uecs KPUTHYECKU BBICOKMMH  CpPEJHECYTOUHBIMU
TeMIepaTypaMu Bo3zayxa (40 °C U BIIlE) U UINTEIFHBIMU [TEPUOJAMU OTCYTCTBHUA aTMOC(HEPHBIX
0cagKoB (25—30 CYTOK U 0oJibllle), He SABJIAIOTCA 0JIaTONPUATHBIMU /IS MOJIyYeHUs CTaOUIbHBIX
ypO’KaeB fAPOBBIX KyJIBTYD MO37HEeN TIpynmbl. Bee wamie ciaydam, Korja M3-3a KPUTHUYECKHX
sHaueHnii ['TK cHmwkaerca ¢epTWIBHOCTh MBUIBLBI  IO/ICOJTHEUHHUKA M KYKypY3BL.
9TO 00yCJIaBIMBAET CYIIECTBEHHBIN He0O0Op TeHEepaTHBHOM YacTH ypoxkasd, He peayiu3yercs B
IIOJTHON Mepe OHMOJIOTHYECKHH TOTEHITUA Jla’Ke TaKOHM 3acCyXO- U KapPOCTOUKOH KYJIbTYPBI, Kak
poco (JIsicoB, 2008). B jaHHOM cilyyae 4yTh JIM HE €ANHCTBEHHON aJIbTEPHATUBOU YBEJIUYEHHUS
JIOXOZHOCTU KYJIBTYD IIO3/HEH SPOBOH TPYHIBI B CTPYKTYpe IOCEBHBIX IUIOMIAZIEH XO3SUCTB
permoHa sBJISIETCA YBEJIHMYEHWE MAacCUBOB 3epHOBOro copro. Copro 1mo KOMILIEKCY,
MOP(OOHNOIOTUUECKUX CBOUCTB, BBICOKOU CTPECCOYCTOMYMBOCTH, QJANTUBHOCTH, HE WMEET
QHAJIOTOB cpenu KyabTyp. Copro cnoco6HO 06ecieYnBaTh YPOKAMHOCTh 3€PHA B IITUPOKOM CIIEKTPE
YCJIOBUH WCIIOJIB30BAaHUA HA YPOBHE 5—7 T/Ta, Aa)ke KOTZa OCTaJbHbIE KYJIbTYPHI BOOOIIE
IIPEKPATUJIN BETeTAlHI0 M3-3a JiepUIuTa IOUYBEHHOU BJIATH, BO3AYIITHON 3aCyXU M KPUTHYECKH
BBICOKHX JTHEBHBIX TeMIlepatyp Bozayxa (Myciumos, Xaankosa, 2007).

B ompeziesieHHOM CTEleHW pa3Bs3aTh «IATOBYIO» CHUTYAIlHMIO C YPE3MEPHOW SKCIIaHCUEH B
ceBoobopoTel HOkHOM Crenmu MOACOTHEYHWKA, HA HAIl B3IVIAZ, PeaJlbHO IyTEM BBEAEHUA B
arpo®UTOIEHO3bI TAKON MACIUYHOHN KYJIBTYPBI, Kak cadsiop kpacmwibHbli (Chapman et al., 2010;
Jaradat & Shahid, 2006). He ycTynasi mojco/iHEUHHUKY IO KayeCTBEHHBIM IIOKa3aTeJisIM CEeMsH,
cadsop, 6yaromapsi 3HAYUTEIBHO 0O0Jiee BBICOKOMY YPOBHIO 3aCyXOyCTOMUHMBOCTH, CIIOCOOEH
dopMupoBaTh 5KOHOMUUECKU I1e71ecCO00pa3HbIN YPOBEHD YPOKAWHOCTH MPU MOTOJHBIX YCIOBUAX,
B KOTOPBIX MOJIYYUTh PEHTAOEbHYI0 YPOJKAHHOCTh IOJICOJTHEUYHHKA IMPAKTHYECKU HEPETHHO.
B xauecTBe [IONMOJIHUTEIBHOTO TO3UTHUBHOTO (akKTopa cjefyeT paccMaTpuBaTh HU3KUU
duTocaHUTApHBIM U MeJIUOPATUBHBIN IIpeccHHT caduopa Ha arpoUTOIEHO3bl, HAJIUYHeE
OTpabOTaHHOM 30HAJIPHOW TEXHOJIOTUU BBIPAIIUBAHUA KyJbTYPbl, KOTOpas O0OecleurnBaeT
MIOJIyYeHHEe CTaOMILHON YPOIKAaHHOCTH BHICOKOJIMKBUHBIX CEMSH Ha YPOBHE 1,8—2,4 T/ra, mMeeTcs
otedyecTBeHHBIH copT cadopa (http://www.driada.net.ua/ru/sorta-gibridy/saflor-sort-lagidnyj),
KOTOPBIN MaKCUMAaJIBHO ITOJTHO OTBEYAET HKOJIOTHUECKUM YCIOBUSIM 30HBI BHIPAIIIUBAHUSA.

4. 3axjoueHue

1. B mnocrnegHee Bpemsa kiamMaTtuueckue ycsoBusa B 30He IOkHoit Crenmu YKpauHBI
XapaKTepusyloTcs TpaHchOpMalUAMU, B YCJIOBUAX KOTOPHIX TPAJIUIIMOHHbBIE CIIOCOOBI M METO/IbI
(YHKIIMOHUPOBAHUSA PACTEHHEBOIYECKON OTpaciu ABIAIOTCA Hed()ODEKTUBHBIMH U TPEOYIOT
CYIIECTBEHHBIX U3MEHEeHUH.

2. ArpowImMaTH4ecKHe MoKa3aTeau (ruapoTepMudecKuil KoadPUIEHT, CpeHeCcyTOUHAsd
TeMIlepaTypa BO3/yxa, KOJUYECTBO MPOJYKTUBHBIX OCA/IKOB, UX IlepepaclpeziesieHre B TeUeHHe
BEreTar[MOHHOTO TIEPUO/A, CPOK MPEKPAIlleHUsI OCEHHEH U BO30OHOBJIEHUE BECEHHEW BereTaluu,
KOJINYECTBO CYXOBEHHBIX JIHEH) JAl0T BO3MOKHOCTb YTBEPIKAATh O CYIECTBEHHOM YXYAIIEHUU
YCJIOBHH BereTanuy abCOJIOTHOTO OOJIBIITMHCTBA TUIIMYHBIX JIJISI 30HBI CEJIbCKOXO3SIHCTBEHHBIX
KYJIBTYD.

3. Cpoku ceBa O3UMBIX 3€PHOBBIX KYJIBTYP CJIeJlyeT CMECTUTh Ha 10—15 JIHEU II03Ke
ONTUMAJIBbHBIX U TPOBOJIUTH B IIEPUOJ, 25 CEHTAOPS — 5 OKTAOPA.

4. Ilpwu ycioBuu mpoBezieHUs TToceBa B 60s1ee M03/ITHIE OTHOCUTEIBHO ONITUMAIBHBIX CPOKH
IIPEUMYIIECTBO CJIEZyeT OT/IaBaTh COPTAM C MUHUMAJIBHOU JUIUTEIFHOCTBIO IIEPHO/IA IPOBU3AIUH,
BBICOKUX PENPOJyKINI ¢ MAaKCUMaJIbHBIMU IOKa3aTeIAMHU J1ab0OpaTOPHOU BCXOKECTH U HHEPIUU
IIpOpacTaHUs CeMsH.
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5. TloceB o3umMoro parca MpoBOJAUTh Ha 15—20 JHEH paHee MOceBa O3UMOH IMIIEHUIBI IIPU
YCJIOBHH COJIEPKaHUS B CJIOE TIOUBBI 0—20 CM 3aI1acoB BJIarH HE MeHee 17—20 MM.

6. OO0s13aTeJIbHBIM TEXHOJIOTHYECKUM D3JIEMEHTOM, HAIpaBJeHHBIM Ha YJydIleHUe
BJIarOO0ECTIEYEHHOCTH CEMSH M TIOJIyueHHe MaKCUMaJbHO PAaHHHUX BCXOJIOB, JOJDKHO OBITH
ITOCJIETIOCEBHOE ITPUKATHIBAHUE TTOYBHI.

7. Ilpu mpoBefeHWH IIOCEBAa O3MMOTO palica B IO3JHHE U CBEPXIIO3JHHE CPOKU
MIPEUMYIIECTBO CIEAYET OTAABATh COPTAM U THOPHUIaM C MAaKCUMAaJIbHBIM YPOBHEM 3UMOCTOHKOCTH
1 MUHHUMAaJIbHBIM KOJIMYECTBOM ILIOZIOBBIX BETOK 11 mopsika.

8. B wiyuyae HebJIarOIPHUSATHOTO YPOBHS IEPE3UMOBKH O3UMBIX XJI€00B U parica, Iepeces
KPUTUYECKH HU3DEKEHHbIX U TOTUOIIHUX MAaCCHBOB CJIEAyeT IPOBOAUTH HE TOJBKO
ITO/ICOJTHEUHUKOM, HO U aJbTEPHATUBHBIMH MAaCIUYHBIMU KYJIbTYPaMH: MACJIHUYHBIM JIBHOM,
ropuuiiei, peibKou.

9. [I'pynmy B3epHOOGOOOBBIX KyJIBTYP, VYHTBIBAs 3aCyXOyCTOMUHBOCTH M  BBICOKYIO
9KOJIOTUYECKYIO IUIACTHYHOCTh, CJIEAyeT IIOMOJHUTh HYTOM, a TPYIIy ITO3AHUX SPOBBIX —
3€PHOBBIM COPTo U cadIOpOM KPACHIbHBIM.

IIepcnekTHBa JaJbHEUIINX UCCIAETOBAHUI COCTOUT B yUyeTe IJI00abHBIX U3MEHEHUH
KJIMMAaTHYECKHUX YCJIOBUH MPH pa3pabOTKe 30HAJBHBIX PECYPCO-3HEProcOeperamIux TeXHOJIOTHH
BBIpAIIMBAHUs TEXHUUYECKUX MAaCJIUYHBIX KYJIBTYp ceMeictBa Kanycmmuwle (Brassicaceae), B
YACTHOCTH, O3UMOH (OpPMBI TOPUHMIIHI CApeNTCKON, U ceMmelictBa bobosvle (Leguminodsae), B
YaCTHOCTH, HyTa.
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KoHnenTyaJsbHbIE BEKTOPBI Pa3BUTHUSA pacTeHHEBOUecKoi oTpacau I0ra Ykpaunsl
B YCJIOBUSAX COBPEMEHHBIX KJINMAaTHUYECKUX TpaHcdopMarui

Anekcanjp 'ennaibeBud 2KynkoB  *
2 XepCOHCKHI TOCYZIapCTBEHHBIN arpapHbIll YHUBEPCUTET, I'. XepPCOH, YKpanHa

AnHoTtamusAa. IIpuBeseHbI pe3ysbTaThl aHATW3a 0A3UCHBIX  ATPOKJIMIMATHYECKUX
MOKa3aTesield, XapaKTePU3YIOIIUX IOrogHble ycaoBusa Ira YkpawmHbI — CpeIHEMECAUHOU
TEMIIEPATYPhI BO3/AyXa U KOJIMYECTBA aTMOCHEPHBIX OCAJIKOB KaK (PAaKTOPOB, 00YCIOBIUBAIOIIUX
CTabOMIbHOCTH PACTEHUEBO/ICTBA B arPOKJIMMATUYECKOU 30HE UCCIIEOBAHUH.

B mocnennue 8—10 Jier npoBeneHus HAOJIIO/IEHUI TTOTOAHbIE YCJIOBHUSA arpOKINMaTHUECKOH
30HBI CyIIIECTBEHHO U3MeHWIHNCh. OCHOBHAsI 03a00U€HHOCTh KAaCaeTCs MOBBIIIIEHUS CPETHETOI0BOU
TeMIiepaTypsl Bo3zayxa (B cpeaHeM, Ha 1,3—1,5°C), mpUueM 3TO MPOUCXOAUT HA (POHE CHHUIKEHWUS
Kak o0mmeld cyMMbl aTMOC(eEPHBIX OCAJKOB, TaK W XapaKTepa HX pacupejeeHus 3a
BereTarMOHHbIN MTePUO/I.

CorslacHO TOJIyYeHHBIM pe3yJbTaTaM, JJIs COXPAHEHHs JOCTUTHYTOTO B IPOILJIOM YPOBHS
(pYHKIITMOHUPOBAHUS OTpPaAcJd PpACTEHUEBOJCTBA pEruoHa HeoOXoamMa e€ auBepcugUKaIlUA.
KittoueBbIM MOMEHTaMHU CJIEZYeT I0JIaraTh: MEPEHOC CPOKOB ITPOBEAEHUS ITOCEBA O3UMBIX KYJIBTYD
(mreHuIa, AYMeHb, parc) Ha OoJiee MO3AHHE arpoHOMHYecKHe cpoku (BILIOTh o III mexasbr
OKTAOps1), MPUYEM Jla’Ke KPUTHUYECKHE I0 OTHOIIEHWIO K paHee BBHIPAOOTAHHBIM i1 MEHee
JKECTKUX KJIMMATHYECKUX ITOKa3aTesel; MepecMOTp Oa3WCHBIX 3JIEMEHTOB CHUCTEMBI yXOJla 3a
pacTeHHUsIMU; BBeZlEHHE B CEBOOOOPOTHI 0OJiee SKOJIOTUYECKH IUJIACTUYHBIX aJbTEPHATHBHBIX
3€PHOBBIX, 3€PHOO0OOBBIX M MAaCIUYHBIX KYyJIBTYpP, CIHOCOOHBIX (DOPMHPOBATh SKOHOMUYECKH
11eJiecoo0pa3Hble  YPOBHU YPOKAaHHOCTH B HEOJIArONPHUATHBIX U KPUTUYECKUX 110 3HAUYEHUIO
TUZPOTEPMUUECKOTO KO3 HUIIMEeHTa yCIOBUAX BbIpaliuBaHusA (JIeH MacIUUYHbIA, BUIbI TOPYHIIBL,
HYT, COPTO 3ePHOBOE).

KiroueBble cj1oBa: U3MeHEHHE KJIMMaTa, arPOKJIMMaTHUECKHUE TTOKAa3aTed, TeMIlepaTypa
BO3/yXa, aTMocdepHble OCaJKU, T'HAPOTEPMHUYECKUH KOo3(p(PUIMEHT, CPOKU IIOceBa, CUCTEMA
yX0/1a, AIbTEPHATUBHbBIE KYJIBTYPHI.

* KoppecnioHAUpYIOIINi aBTOP
Anpeca asekTpoHHOH TouTh: docent6977@gmail.com (A.T. XKyiikos)
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