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EKOJIOIN4YHA CUTYALIA
Yy CXIAHIn €BPOII

ENVIRONMENT WORKSHOPS 2010
«ENVIROMENTAL SITUATION IN EAST-EUROPE:
SCIENTIFIC DEVELOPMENT, CURRENT PROBLEMS AND FUTURE ACTIONS»

October 7™ - 9™ 2010, Baeza, Spain

Organized by
Dr. Anatoly Travleyev, Dniepropetrovsk National University /National Academy of Science of

Ukraine.
Dr. José Manuel Recio Espejo, University of Cordoba, Spain.

Coordinated by:
Dr. Lourdes Soria. International University of Andalusia, Spain.

Format of the workshop

The workshop brought together 17 speakers and about 50 participants (including speakers). The
scientific programme started in the morning of Thursday 7" October, and ended on Saturday 9"
October. Ample time for informal discussion was reserved. A field excursion was organized.
Participants were invited to present posters.

Scope

A new action frame in the economic, political, social and environmental development of the
European continent has provoked the quick integration of many of the old eastern european countries.
The influence that they had over the world in scientific development is well known. However the
cultural and social aspects of these countries are less known. Their current concept about the
environmental problems is still unknown, as well as the policies that are implemented at an internal
level by those emerging countries.

This international meeting constituted for us a new and innovative experience and tried to
promote and improve the scientific exchange and the international cooperation in the environmental
field, contributing to a bigger European integration and fusion of the scientific knowledge. The aim of
this workshop was to set up new European foundations, establish new opportunities for students” and
teachers™ education, showing the advance in environmental policy and preservation of natural spaces
and species, to transmit the knowledge and the developed preservation techniques, and to help in
solving the current environmental problems.

More specifically this seminar dealt with great eco-geographical east-european zones, Russian
pedological school and the chernozem as an ecological paradigm, climate change desertification,
erosion and soil conservation. It also dealt with great hydraulic constructions and enviromental
problems (Araal sea and Dnieper river), water sustaintability, conservation and contamination
problems, mining activities, landscape restoration and scientific experimentation (Nicopol station),
the socio-ecological, environmental values and applications of agrarian activities, protected natural
reserves (Ascania Nova and Presamarsky station). And finally the seminar will discuss the
environmental policy and international programmes, atmospheric contamination and global disasters
(Chernobil case).
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Dr. José Manuel Recio Espejo, dr. Lourdes Soria, dr. Anatoly Travleyev (from left to right)

Speakers

Dr. Bilova Natalia Anatolievna. Academy of Customs of Ukraine, Ukraine.

Dr. Glukhov Alexander Zacharovich. Donetsk Botanical Garden of Ukranian National Academy of
Science,Ukraine.

Dr. Radchenko Vladimir Grigorievich. Scientific Center of Ecomonitoring and Biodiversity of
NASU, Ukraine.

Dr. Havrylenko Viktor Semenovych. The F.E. Falz-Fein Biosphere Reserve “Askania Nova”,
Ukraine.

Dr. Havrylenko Nina Olexandrivna. The F.E. Falz-Fein Biosphere Reserve “Askania Nova”, Ukraine.
Dr. Tengiz F. Urushadze. Ivane Javakhishvili Thilisi State University, Georgia.

Dr. Puchilo Anatolij Vikentjevich. Institute of Experimental Botany of Belarusian Academy of
Sciences, Belarus.

Dr. Karpachevskii Lev Oscarovich. Lomonosov Moscow State University, Russia.

Dr. Shevyakova Nina lvanovna. Timiriazev Insitute of Pant Physiology of RAS, Russia.

Dr. Zubkova Tatiana Aleksandrovna. Lomonosov Moscow State University, Russia.

Dr. Ungurean Valentin Georgievich. Agricultural State University of Moldova, Moldova.

Dr. Dimitry Onoprienko. Dniepropetrovsk Agrarian State University, Ukraine.

Dr. Irina Volovik. Dniepropetrovsk Agrarian State University, Ukraine.

Dr. Abror N. Gadaev. Samarkand State University, Uzbequistan.

Dr. Alexander Neghay. Institue for Prospective Technological Studies, Joint Research Center,
European Commission, Spain.

Dr. Travleyev Anatoly Pavlovich. O. Gonchar Dniepropetrovsk National University, Ukraine.

Dr. José Roldan Cafas. Fund Spain-Ukraine for International Projects. University of Cdrdoba,
Cordoba, Spain

J. M. Recio Espejo,
University of Cordoba, Spain.

A. P. Travieyev,
O. Gonchar Dnipropetrovsk national university,
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CEMMHAP MO OKPY>XAIOLLEN CPEQE 2010
«3KOJTOMMYECKAA CUTYALIUSAA B BOCTOYHOW EBPOIE:
HAYYHbIE PA3PABOTKW, COBPEMEHHbBIE NMPOBJIEMbI
U DANbHEULWUME OEACTBUA»

07—-09 okTa6psa 2010 r., Baesa, UcnaHua

7-9 oxts16ps 2010 1. B «Sede Antonio Machado» (r. bae3a, Annanycus, Mcnanus) cocrosuics
CEeMHHAp MO OKpY’Kalomeil cpene «IKoIornueckas CUTyalus B BOCTOUHOH EBporie: Hay4HbIE pa3pa-
00TKH, COBPEMEHHBIE IPOOIEMBI U JadbHEHIINE TEHCTBID.

OpraHuzaTopbl:

Joxkrop Anaronuii TpasneeB, npencenarens Haygnoro Cosera mo nmpodiaeMam MOYBOBEICHHS
HanuonanbHoil akagemuu Hayk YKpauHbl, JIHENpPONETPOBCKUN HALMOHAJbHBIN YHUBEPCUTET HUM.
Onecs ['onuapa (opraHu3aTop CeMUHApa);

Jloktop Xoce Manyens Permo Ocniexo, mupekrop «Nicolay Masyk» n Opranmsanun Hcma-
HUSL — YKpanHa 11 MeXayHapoAHBIX IpoekToB, YHuBepcurer KopnoOsl, Mcnanus (opranusarop
CEeMHHApa).

Koopaunarop:
JHoxrop JIypaec Copust, YuuBepcurer Annanycun, baesa, Mcnanus (koopAnHATOp cCeMHUHApa).

®dopmart cemuHapa

CemuHap cobpan okono 50 yyacTHHKOB, M3 HUX 17 noxiamunkoB. HayuHnas nporpamMma Hada-
nack 7 okT0ps M 3akoHYMIAch 9 okTsA0ps. OCHOBHOE BpeMsl ObLIO MOCBSIIICHO JOKIanaM U HHGOp-
MalMoHHON auckyccuu. [Iporpammoii npeycMoTpeHa 1 moJjieBast SKCKypCus.

CeMmuHap 1o 3amuTte okpyxaromei cpensl 2010 r. sBisSeTCS €CTECTBEHHBIM MPOJIODKEHUEM
TOW MaciuTabHOH paboThI, KOTOpast OblIa MpoBeeHa MeXayHapoJHbIM YHUBEPCUTETOM AHIAITy3HN
u Kopro6cknm yruBepcuTeToM coBMecTHO ¢ ['epmanmueit B 2009 roxy.

Hemmemnuii cemunap 2010 roma mnox HasBaHMeM: «ODKOJOrMYECKas CUTyalus B BOCTOUHOM
EBpomne: Hayunsle pa3paboTKH, COBpEMEHHBIE IIPOOIEMBI U TabHEHIINE AEHCTBHMY, KOTOPHI HBIHE
MIPOBOJUTCST B 3aMedaTeIIbHOM HcTopudeckoM ropoxe baesa (Mcmanms) o MHMIMATHBE KOOPAMHA-
Topa nokropa Jlypmec Copust (MexxayHapoqHbIl YyHEBEpCUTET AHaTy3un, baesa, Mcianus) u opra-
HU3aTOpoB JokTopa Xoce Manyana Penno Ocnexo, IlouerHoro noxropa JIHempomneTpoBCKOro Ha-
nuoHanbEHOTO yHUBepcuteTa MM. Omecst ['oHuapa, uinena 6ropo Hayunoro Cosera mo mpobiemam
noyBoBeneHUs HanmoHnanpHON akageMuy HayK YKpauHBI, Iupektopa meHTpa «Nicolay Masyuk» u
Opranuzammu Mcnanusa — Yipauaa g MexayHapoaHbix npoektoB (YHusepcurer KopmoOsr, Hc-
nmaHusA) u JokTopa TpaBneeBa AHatonus [laBioBuua, wieH-KoppecnoHaeHTa HannonansHOH akane-
MHUH HayK YKpauHbl, npencenarens Haygnoro coBera no npodiaemam nousosenenuss HAH Ykpaunsr,
npodeccopa JJHEPONIETPOBCKOro HAIIMOHATBHOTO yYHUBepcuTeTa uM. Onecst 'ondapa.

MexayHapoAHbIl yHUBEpCUTET AHnanycun mnponoirkaeT B 2010 romy BIOIHEHHE IPOrpaM-
MBI, TIOCBAIIEHHON OPTaHU3alUH CEMUHAPOB IS PEHICHHS] HEOTIOXKHBIX MPOOIEM COCTOSIHUS OKpY-
JKaIOLIEeH Cpelibl.

Lenp 3THX ceMHHAPOB 3aKIIOYAETCA B TOM, YTOOBI MPOABUHYTH U YIIYUIIHTh MEXIyHAPOJHOE
COTPYAHHUYECTBO M OOMEHSTHCS ONBITOM B OONACTH OXPaHbI OKPYXAIOIIEH Cpeibl uenoBeka. Takue
CEMMHApPbl CTHMYJIUPYIOT M CIIOCOOCTBYIOT HAy4HOMY B3aMMOJCHCTBUIO aHIAITYCCKUX, aMEpHKaH-
CKHX 9KonoroB, ctpan CHI', Bcero MexayHapoJHOro Hay4yHOTO COOOILECTBA.

IlepcoHanpHbINH COCTaB Y4aCTHHKOB HAyYHOTO CEMHMHApa 3apyOeKHBIX CTpaH M OBIBIIMX pec-
ny6nuk CoBerckoro Coro3a: nokrop Pamuenko B. I'. (Vkpauna), nokrop benosa H. A. (Ykpauna),
noktop I'myxoB A. 3. (Ykpauna), nokrop ['aBpunenko B.C. (Ykpauna), noxrop I'aBpunenxko H.O.
(Ykpauna), nokrop Ypymamze T. ®@. (I'py3ust), nokrop Ilyumno A. B. (benapycs), nokrop Kapmaues-
ckuii JI. O. (Poccus), nokrop Lllessxosa H. U. (Poccus), nokrop 3yokosa T. A. (Poccus), nokrop YH-
rypean (I'py3us), noxrop Ononpuenko Jl. (Ykpauna), nokrop Bonosuk U. (Ykpauna), noxrop ['agae
A. H. (Y36ekucrtan), nokrop Hexait A. (Mcnanus), nokrop TpasieeB A. I1. (Ykpauna), nokrop Xoce
Ponpan Kanac (Mcnanus).

7 okts16psi 2010 T. COCTOSIIOCH TOPIKECTBEHHOE OTKPHITHE HAYYHOTO CEMHHAPA.
B npe3uanymMe HaXOAMINCE:

Xoce Manyens Ponnan Horyepac — pexrop YauBepcurera Kopro0sr,

Xoce M. Cyapes XanoH — pekrop MexxyHapoJHOTO yHUBEpCUTETa AHNAIYCUU;
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Xoce Manyens Perno Dcniexo — opranusarop, qupekrop snadbopatopuu «Hukomas Maciokay u
opranu3auuu VMcnanus — Ykpauna uigs MexxayHapOoaHbIX IPOEKTOB;

Amnaronuil TpaBneeB — opranuszarop, JHENpONETPOBCKUI HAIMOHAIbHBIA YHUBCPCUTET HM.
Onecs 'onuapa, nmpencenarens Hayunoro coera o mpodiemam mouBoseaeHuss HAH Ykpaunsr,

Jlypnec Copust — koopauHaTop, MexyHapoIHblil yHUBepcUTeT AHAanycu, baesa, Mcnanus.

PaGota cexmmu Ne 1: mpencenarens A. I1. Tpasnees (Ykpanna)

BbuM 3aciyInansl CleayIomue oK bl

Paguenxo B. I'. (Ykpauna): IIpobaemer coxpanenusn 6uopaznoobpasus (exniovas Yepnobulno-
CKYI0 mpazeouro) u ypoaHusupo8aHHvix meppumopuil Ykpaunol,

lapaeB A. (Y30ekucran): Jxonoeuueckue beocmauss 8 ApanbCkom Mope u pe3yismanmvl Ynpag-
JleHuUst BOOHBIMU PeCcypCamil;

IllessixoBa H. (Poccus): Ilympecyun — ocHosHOU d1emeHm Ofisi OemMOKCUKAYUU UYPEIMEPHO2O
COOEPIHCAHUSA HUKETSL 8 PACEHUU, UCNONb3YeMbIlL 015l OUONIEUEHUS 3aPAXHCEHHBIX NOUB;

Ponpaunn X. (Mcnanus): Cmpameausi u Meponpusamust o YMEHbUEHUIO 6IUAHUS 3ACYXU.

B muckyccnu npunsim ydactue 12 neneraros. JloknmagarkaM ObUIO 3aJaHO MHOTO BOIPOCOB H
BBICKa3aHBI NIPEJI0KEHNS, UMEIOIINE B3aUMHBIN HHTEpeC B pa3padoTKe 3aTPOHYTHIX IIPOOIIeM.

Pabota cexnmu 2: [Ipencenarens Xoce Pongan Kanac (Mcnanms)

Bbim 3acoymans! JOKIabL:

UYepnusienko C. (Iepmanust): Mamemamuueckoe mooenupoganue HeauHeluHblX Npoyeccos 6
Ykpaunckux necnvix skocucmemax (camopezynayuu, nocie006amenbHOCmu, UHGOPpMaYUOHHbIE NPO-
yeccol).

Kapmauesckuii JI. (Poccust): I'opod u ¢pynxyuu 20poockux nouswl.

Hexait A. (Mcnanns): Humezpupyrowue coyuansbhvie npeonoumenus u cyoveKmueHdas uH@op-
Mayus CReyuanrucmos 6 ONMUMUIAYUU CEbCKOXO3AUCIBEHHO20 3eMAENONb306AHUSL.

3y6xoBa T. (Poccust): 3aepasnenue noussl 8 3acyunusblx 30Hax.

Ceccus nocmepos

Bompocsl, mauckyccus, BICTYIUICHUS. JJOKTambl BEI3BaNN OONBINON MHTEpeC W OBUIM aKTHBHO,
BCECTOPOHHE O00CYKIEHBI.

B 3akimroyenue Oblia OpraHM30BaHa SKCKypCHs 110 UCTOPUYECKUM M KyJIbTYPHBIM MecTaMm T. baese.

Cexuns 3: INpencenarens benosa H. (Ykpanna)

Bbiy 3acymansl CIeayronye JOKIaIbL:

TpasneeB A. (Ykpauna): Jlecnas pekynomueayusi HApYUeHHbIX 3eMellb Y20abHOU NPOMbIULIEH-
HOCMU 8 YCI08UAX NOOMONNEHUS.

l'aBpunenko B. (Ykpauna): buocgepmviii 3anoseonux «Ackanus Hoea» 6 cucmeme oxpamsie-
Mbix meppumopuii Eéponul.

VYpymamze T. (I'pysust): Iouswt [ pysuu: cocmosinue u nepcneKmugbi.

Omnonpuenko Jl. (Ykpauna): Dxonoeuueckuii 6azuc npumenenus epmueayuu 6 Yxpaune.

I'aBpunenxo H. (Ykpauna): Pezyavmamul uHmpooykyuu OpegecHsvix pacmeruli 0eHoponozuye-
ckozo napka «Ackanua Hosay 6 3acywnugvix cmennuix paiionax Yxpaunul.

Bompocsr, auckyccusi. JIokimansl BBI3BaIM OONBIION MHTEpeC W OBUIH aKTUBHO, BCECTOPOHHE
obcysxeHbl. B o0cyxaennu npunsio yyactue 10 yeaoBek.

Cexus 4: [pencenarens Xoce Manyens Perno Ocnexo (Mcnanus)

Bbumu 3acioymassl ClegyIOMUe JOKIaIbL:

Benosa H. (Ykpauna): Muxpomopgonocuveckan xapaxmepucmuxa UCKYCCMEEHHbIX NOYE 8
JIECHBIX IKOCUCEMAX OeCMPYKMUSHBIX MepPUMOpUil

Bonosux U. (Ykpauna): Coyuanvhule u sxonocuueckue acnekmol pasgumus ceid noo GIusHu-
eM COBPeMEeHHBIX NPOMBIUTICHHBIX MEeXHOA02UIL.

Jloxuazsl BEI3Banu OoJIbIIOi MHTEpec. BBIIM 3amaHbl BOIPOCH], IPOBEICHA AKTUBHAS JUCKYC-
cusl, 8 BBICTYIUICHUN U IPEATIOKEHUM.

Hanee oOcyxaanachk TeMaTHKa MPEACTOAMICH SKCKypCHH N0 TeppUTOpun YHuBepcutera Kop-
JI0OBI T0/T pyKOBOJICTBOM Xoce Manyens Penimo Dcnexo.

Cocrosncs npuem B Kopnodckom yHuBepcurere.

ToprkecTBeHHOE 3aKpbITHE ceMUuHapa u «Kpyriblii cTomy.
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Top:kecTBeHHOE 3aKPbITHS CEMUHapa.

B nenrtpe npesuauyma — AnaroJnii lllep6a, nocos1 Ykpaunsl B Ucnanun
B npesuanyme:
Amnaronuit lllep6a — nocon Ykpaunsl B Vcnanuu;
Xoce Manyens Ponnan Horyepac — pexrop YHuBepcurera Kopmo0Osr;
Xoce Manyens Cyapes XanoH — pekTop MexxayHapoJHOTO YHUBEpCUTETa AHIATYCHH;
Jokrop Xoce Manyeins Penno Ocnexo (Mcnanust) — opranmusarop;
Hoxkrop TpasieeB A. (YkpanHa) — OpraHusaTop;

e Jloxrop Jlypaec Copus (Mcnanust) — KOOpaHHATOD,

a taoke JokTop Pamyenko B. (Ykpauna), noxrop benosa H. (Vkpauna), noxrop Bonosux U.
(Yxpauna), noxtop ['aBpuienko B. (Vkpauna), nokrop I'aBprnenko H. (Vkpauna), nokrop 'amacs A.

ISSN 1726-1112. Exonoeis ma noocgeponoeisn. 2011. T. 22, Ne 1-2 11



(Y36ekucran), mokrop I'myxoB A. (Ykpauna), noktop 3yokosa T. (Poccus), nokrop Kapmaueckuit JI.
(Poccus), nokrop Hexait A. (Mcnanus), nokrop Onompuenko . (Ykpauna), gokrop Ilyumno A.
(benapycs), nokrop Yurypean (I'py3us), noktop Ypymanse T. (I'py3us), nokrop Xoce Ponman Ka-
Hac (WUcnanus), noxtop Llessxosa H. (Poccus).

Pemennem cemuHapa npenycMoTpeHa IyOnukanus MmarepuanoB B xypHasie «Ecology and

noospherology» («3koa0rust 1 HOOCHEPOITOTHD).

12

A. I1. Tpasnees,

yieH-koppecrionieHT HAH Ykpaunsi,
npencenaress HayuHoro cosera

o npo6iemam nouysosenennss HAH Ykpaunst,
npodeccop AHENPONETPOBCKOTr0 HALMOHAIEHOTO
yHuBepcutera uM. O. ['oHuapa

X. M. Peyuo Ocnexo,

mupekrop nabopatopun «Hukomas Macrokay

n opranmzarmu Vcranns — Yikpanna 1yt MexIyHapOoJHbBIX IIPOEKTOB,
ITouerHslil noKTOp JIHENPONIETPOBCKOIO HAUOHAILHOIO
yHusepcurera uM. O. I'oHuapa,

3aMecTUTeNs npejcenarens Hayunoro coera

1o mpo6iemam mouBoBeaeHnst HAH Yikpannst
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EKONOr4HI NPOBJIEMU METANONICY

UDK 574 .4
V. G. Radchenko

THE MODERN CONDITION AND PRESERVATION OF BIODIVERSITY
IN THE ANTHROPOGENIC TRANSFORMED LANDSCAPES OF UKRAINE
INCLUDINC THE CHERNOBYL ZONE

Center for Megalopolis Ecomonitoring and Biodiversity Research of NASU
In the paper the numbers of different species of flora and fauna inhabiting the areas of Ukraine
are presented. The reasons of biodiversity petering in Ukraine are defined.
Key words: biodiversity, rare species, Chernobyl zone, preservation.

B.T. Paguenko
Lenmp exomonimopuney mezanonicie ma 0ocniodicenns oiopisnomanimms HAH Ykpainu
CYYACHUI CTAH BIOPIBHOMAHITTS TA OO 3BEPEXXEHHSA V 3MIHEHOMY
AHTPOIIOTEHHOMY JIAHAIIA®TI YKPAIHU, BKIIIOYAIOUYM HOPHOBUJIBCHKY 30HY
VY cTarTi HaBEeACHO PE3yIbTATH MiAPAaXyHKIB Pi3HUX BUAIB GiopH Ta (ayHH, sSKi MEIIKAIOTh Ha
Teputopii Ykpainu. JJociikeHo MPUYUHN 3MEHIIICHHS 010pi3HOMaHITTS Y KpaiHH.
Kniouoei cnosa: biopiznomanimms, piokuti eud, Yoprnoounvcovka 30na, 36epexcents.

B.T'. Paguenko
Llenmp sxomonumopunea me2anoaucog u ucciedosanus ouopasnoobpaszus HAH Yxpauner
COBPEMEHHOE COCTOAHUE BUOPA3HOOBPA3US 1 ETO COXPAHEHUE
B UIBMEHEHHOM AHTPOIIOI'EHHOM JIAHAITA®TE YKPAUHBI,
BKJIIOYA I YEPHOBBIJIIBCKVYIO 30HY
B crarbe npuBeneHs! pe3ysbTaThl IOJICYETOB PA3IMYHBIX BUIOB (IIOPHI U (hayHbI, OOMTAFOLINX
Ha TeppuTOpuH YKpauHbl. McciienoBaHbl NPUYMHBL YMEHbIICHHs Onopa3HooOpasust Y KpauHBI.

Kniouesvle cnosa: 6uopasznoobpasue, peoxuii 6uo, YepnobwvlibCKkas 30HA, COXpaHeHue.

The biodiversity has a fundamental value in functioning of ecumene, maintenance of
stability of a climate and life on a planet as a whole. Given the scale of the problems
associated with environmental degradation, the United Nations Organization has
proclaimed 2010 year as International year of biodiversity.

The biodiversity of Ukraine in totals consist over 27 thousand species of flora
(including about 7 thousand species of vascular plants, there is more than 15 thousand
species of mushrooms and myxomycetes, more than 1 thousand species of lichens, almost
800 species ofbryophytes and about 4 thousand species of algae) and 45 thousand species
of fauna (from them over 35 thousand species ofhexapods, almost 3,5 thousand species of
other arthropods 1800 — the protists, 3320 — the worms, about 200 species of fishes and
cyclostomates 17 — amphibious, 21 — reptiles, nearly 400 — birds and 108 species of
mammals), that in the sum compounds not less than 35 % of a biota of all Europe. Such
considerable variety is caused by those, that in Ukraine in rather small terrain (the country
occupies 6 % of the area of Europe) there are 4 different natural zones which considerably
differ on flora and fauna. As a result on the biodiversity indication, the Ukraine are excels
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almost all European countries and consequently can be considered as one of powerful
reservation for restoration of a biodiversity of all Europe. The greatest biodiversity is
observed in steppe zone of Ukraine which occupies 34 percent of terrain of the country.
Unfortunately, catastrophic reduction of the area of terrains of natural steppe ecosystems
which have remained only in several reservations and on abrupt slopes of mountains, not
suitable for agriculture is now observed. Other steppe fields are occupied under agricultural
lands or under city and industrial agglomeration.

At the same time, the modern state of a biodiversity of Ukraine under intensifying of
anthropogenic pressure upon connatural ecosystems causes a great anxiety and requires the
use of cardinal measures. Through an anthropogenic load on environment the species
diversity are promptly decreases for as animals, and plants. In Ukraine under the threat of
petering now there is a significant amount of the rare species (in the last edition of the Red
data book of Ukraine, published in 2009 year, 826 species of plants and mushrooms and
542 species of animals are included).

The main threat for a biodiversity of Ukraine is compounded by human activity. So;
on the considerable areas destruction and degradation of environments of existence of
animals and places of growth of plants owing to ploughed up the earths, to cutting down the
forest, artificial infringement of a hydrological mode of terrains, large-scale industrial and
housing construction which leads to a fragmentation of landscapes, environmental
contamination as a result of industrial and agricultural activity, wearisome use of a
biodiversity components, diffusion of illnesses, depredators and parasites, adventive species
are observed. Migration routes of animals that compounds threat for a biodiversity not only
for Ukraine, but also for many other countries are broken. Invasive alien species negatively
influence a biodiversity almost each typical ecosystem on the Earth and is one of the
greatest threats of biological variability, first of all lead to decrease in number or
elimination of aboriginal species and break a normal functioning of ecosystems.

The biggest anthropogenic pressure upon a biodiversity in the conditions of connatural
and contaminated landscapes of megacities is observed. Here the building density is essential
increases, number of urban population and quantity of motor transport grows, etc. Therefore
necessity of implementation of urgent actions for defense and preservation of a biodiversity of
the mentioned terrains is arises. Research of landscape and biological variety of urban terrains
and revealing of the most significant influences of the anthropogenic nature on their dynamics
allows receiving specifications for not wearisome use of recreation potential of wood, forest-
park and park areas. These terrains require augmentation of qualitative and quantitative
structure of a biota in urbanized cenosis and creation of necessary conditions for reproduction
and support of artificial and seminatural ecosystems which are an indispensable and necessary
component of medium of existence of the modem person.

In urban ecosystems the plants and animals undergo considerable changes because
here an environment operates as a negative stressful factor in their life. In urbanized cenosis
the acclimatization of plants are carried out at the expense of infraspecific differentiation
and rearrangement of their population structure. In the forest region of Ukraine there is the
urban technogenic aridization of a climate in city ecosystems which actually change to
zones of steppes and even semi-deserts.

In natural conditions of Ukraine there is a strong tendency to reduction of number of
large mammals. For example, number of the moose from 14 thousand in 1990 now has
decreased almost to 4 thousand. Combined number of the priority kind of rare mammals of
Europe — the auroch which exists in Ukraine in free conditions, has reached the highest
level at 1992-1993 years (664 individuals). It compounded over half of their world
quantity, but now number of aurochs has decreased more than in 2 times. For the last 10
years the number of hoofed animals has decreased on one third. Has sharply decreased and
continues to decrease number of the brown bear and a lynx (modem number about 340 and
360 individuals accordingly). And the unique representative of one of the world's most
endangered marine mammals — a seal-monk does not meet any more in waters of our
country since 50th years of 20th century, and consequently it is necessary to consider, that
from a fauna of Ukraine this kind has disappeared.
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Now from reservoirs of Ukraine the bastard sturgeon and the sterlet have completely
disappeared. The beluga (European sturgeon) is on the verge of petering. Number of the
Azov sturgeon for the last 15 years has decreased from 14 million up to 0,2 million
exemplars, Azov starry sturgeon - from 360 thousand up to 80 thousand exemplars.

The basic means for preservation of a biodiversity at populational-species level is:
conservation or restoration of natural conditions of medium of existence of a biota;
restoration and support of natural populations of species of plants; mushrooms and animal,
including the most rare species from the Red data book of Ukraine; prevention of
anthropogenic degradation of natural ecosystems; essential augmentation of terrains of
Natural Reserve Fund to Central European level; optimization of an interrelation of natural
and artificial ecosystems in frame of agrolandscapes.

On an example of Chernobyl zone, which became as natural reserve, it is possible to
observe the powerful serai processes which have led to fast restoration of a feral fauna and
flora; especially it concerns regenerations of a diversity and number of large mammals. On
the other hand, Chernobyl region continues to remain strong threat of diffusion of
radioactive materials. Owing to Chernobyl accidents it is polluted by radionuclides .about 4
million hectares of woods. In particular, forest fires lead to spread of the radioactive dust
which has collected in fulcrums and branches of trees, together with a smoke on huge
distances and can get even to the remote countries of Europe. Therefore the decision of a
problem of liquidation of consequences of Chernobyl accident should be solved at the
international level, at least on all-European.

The important mechanism of achievement of the purposes of conservation of a
biodiversity is the International cooperation within the limits of global, regional and
bilateral conventions, agreements, programs, etc., in particular, the Convention on
Biological Diversity and Pan-European Biological and Landscape Diversity Strategy.

Haoitiwna 0o peoxoneeii 23.12.10
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UDK 631.4
L. O. Karpachevskiy

THE CITY AND THE FUNCTIONS OF URBAN SOILS

Lomonosov Moscow State University, Russia
First cities developed during the Holocene. Thus, the urban civilization exists already for
8-10 thousand years. Thus, Jericho (Palestine) — the most ancient continuously inhabited city in the
world — was built ca. 9000 BCE. Cities and towns form the urbosphere within the technosphere, thus
making the city a giant specific ecosystem. The urban equivalent of the landscape is called cityscape.
The following cityscape elements can be found in the city.
Key words: cityscape, urbosphere, soils of towns, technosphere, degradation of soils in city.

JI. O. KapnaueBcbkuit
Mockoscokuil Oeparcasnuil yHisepcumem im. M. B. Jlomonocosa
MICTO TA ®YHKIIT MICEKUX IPYHTIB

Ieprmi micta copmyBarucs B Oiocdepi y rononeHi. Bik micbkoi muBinizarnii Be 810 THC. pOKiB.
HaiinaBuime i3 girounx mict — lepuxon, mpubmmsno 9 tuc. pokiB. MicTa Ta cenmIna yTBOPIOIOTh
ypbocdepy Ta TexHochepy 1 MPeacTaBIsAIOTh cO00r0 crenudivai ekocucTeMu. MiCTO eKBiBaJICHTHE
HIPUPOAHOMY JIaHAMIADTY. Y HbOMY MOXKHA 3HAWTH HaHPi3HOMAHITHIII €KOCHCTEMH.

Kouosi cnosa: micvkuil nanowagm, ypoocghepa, tpynmu micma, mexHocepa, despadayis
IpyHmMig Micma.

JI. O. KapmaueBcknit
Mockosckuii cocyoapcmeennbiii ynugepcumem um. M. B. Jlomonocosa
rorPOJ 1 @YHKIINHM I'OPOJICKHMX ITOYB

[epBrie ropona chopmupoBanuch B Orocdepe B rosoneHe. Bozpact ropoackoil THBUIU3aAN
yxe 8—10 Tric. nmeT Camblii cTapeiil U3 IeicTBYONMX ropoaoB — MepuxoH , okomno 9 Teic. net I'opoma
W TOCenKdu o0OpasynT ypbOochepy © TexHOchepy M NPEACTaBISIOT cobol crmemuduyeckue
9KOCHCTEMBI. 1 0pojl SKBHBAICHTEH NPUPOAHOMY JaHAmadTy. B HeM MOXHO HaiiTH camble pasHbIe
9KOCHCTEMBI.

Kniouesvie cnosa: eopoockou nanowagm, ypbocgepa, nousvl 2opooa, mexnocgepa,
dezpadayus nous 2opooa

The urban civilization accompanies human development through most of its history.
There are historic evidences that early cities appeared already in ancient times, at least 10
thousand years ago. Of currently existing cities the most ancient is Jericho (Jordan). Its
habitation is dates back more than 7 thousand years. The most ancient cities of the Russian
civilization are around 1000 years old (Velikiy Novgorod, Staraya Russa). The town of
Derbent in the Caucasus is said to be more than 2000 years old. In Western Europe, some
cities emerged more than 3 thousand years ago. Increasing agricultural productivity and
growing population under conditions of shrinking readily available arable lands force
people to move from rural areas to the cities. This process was observed already in ancient
times. However, once some cities successfully develop, others gradually decline.
Sometimes cities were deserted after being destroyed by aggressive invaders (Troy,
Babylon). However, history knows examples when cities were abandoned without a clear
reason (Latin America, India) or after sharp deterioration of living conditions. The latter
can be exemplified by cases of Chernobyl and Pripyat (Ukraine) and Times Beach (the US).
One of the reasons of city decline is sharp deterioration of the quality of soils in cities.

URBAN SOILS
Early studies of soils in cities were conducted already by V. V. Dokuchaev (soils of

Saint Petersburg). However, the most comprehensive research of soils was conducted quite
recently by G. V. Dobrovolskiy, M. N. Stroganova, T. V. Prokofyeva and A. D. Myagkova.

© Karpachevskiy L. O., 2011
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The classification of urban soils was developed. Briefly all soils were divided in four
groups. The 1st group is morphologically intact soils. The 2d group is soils with disturbed
morphology but with some horizons preserved. The 3d group is completely disturbed soils
(soil-like bodies). The 4th group is man-made soils (under planted trees, lawns, beds of
flowers etc.).

Soils can be also classified by the degree of pollution, although almost all urban soils
are polluted to some extent. Pollution takes place permanently, so urban soils contain a
great number of various pollutants. Some works (Privalov) show that there is certain
dependence between the type of pollution and some particular health problems (including
those typical for children). Relationships between soils and sanitary conditions of cities
were established already by Potenkofer and Gantimurov. These relationships were studies
in details by Yu.N. Ashin and T.A. Zubkova.

The objective of this paper is to discuss possible roles of soils in the life of cities.

SPECIFICS OF CITIES

Globally there are 7 cities with population over 15 million (Mexico City, Shanghai,
Karachi, Istanbul, Tokyo, Mumbai and Buenos Aires) and more than 10 cities with
population over 10 million (Dacca, Delhi, Manila, Moscow, Seoul, Kinshasa, Sao Paolu
etc.). More than 100 cities have more than 1 million inhabitants. The growth of a city
apparently creates serious problems for its inhabitants.

One of the main features of cities is the input of various products fabricated outside of
the city — a great matter cycling. The city with more 1 million inhabitants, which occupies
the area of 1000 thousand km?, creates intensive matter cycling at all its lands (Tables 1 and 2).

Table 1
Matter input (million tons per year) to cities with over 1 million inhabitants
Name of matter Amount
Pure water 470.0
Air 50.2
Minerals and construction materials 10.0
Coal 3.8
Crude oil 3.6
Raw materials for black metallurgy 3.5
Natural gas 1.7
Liquid fuels 1.5
Mineral and chemical raw materials 1.2
Raw materials for colored metallurgy 1.0
Technical plant raw materials 1.6
Raw materials for food industries, ready-to-use food 1.0
Energy and chemical raw materials 0.22
Table 2
Atmospheric emissions (thousand tons per year) in cities with over 1 million inhabitants
Name of matter Amount
1 2
Water (vapor, aerosols) 10800
Carbon dioxide 1200
Sulphurous anhydride 240
Carbon monoxide 240
Dust 180
Hydrocarbons 108
Nitrogen oxides 60
Organic compounds 8
Chlorine, hydrochloric acid aerosols 5
Hydrogen sulphide 5
Ammonia 1.4
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Continued of the table 2

1 2

Fluorides (recalculated per fluorine) 1.2
Carbon disulfide 1.0
Hydrogen cyanide 0.3
Lead-containing compounds 0.5
Nickel (with dust) 0.042
Surface-active agents (including benzo[a]pyrene) 0.08
Arsenic 0.031
Uranium (with dust) 0.024
Cobalt (with dust) 0.018
Mercury 0.0084
Cadmium (with dust) 0.0015
Beryllium (with dust) 0.0012

In natural ecosystems, the respective area (100 thousand km?) annually receives
1-4 million tones of water, 2-5 million tones of organic residues and 50-200 thousand tones
of dust. This shows that in terms of matter cycling the city exceeds natural ecosystems. It
even exceeds local geological matter cycles, of course, except in areas with volcanic
activity.

Natural ecosystems emit into the atmosphere significant amounts of water (1600
thousand tones) and carbon dioxide (5 thousand tones per 1 thousand km?). Emissions of all
other components are many times less.

Atmospheric emissions and general matter cycling in cities is by many times greater
than those in natural ecosystems. The matter cycling in cities is greater than local
geological matter cycling and is comparable with planet’s matter cycling.

THE CITY AS A SPECIFIC ECOSYSTEM

The city is a habitat for numerous human-beings, other animals and plants. The city
can be considered a relatively large urban ecosystem. The latter consists of smaller lower-
level urban ecosystems such as:

City streets

City yards

City buildings

City managed roadside vegetation
Green spaces and boulevards
Parks

Industries

Dumps and

. Sewage water treatment stations.

Urban ecosystems in cities are very specific and even characterized by own biota. For
example, various organisms dwell in ecosystems of city buildings. Birds, wasps and other
insects inhabit mansard roofs. Basements are inhabited by mice, rats, mosquitoes and ants.
Ticks, flies and mosquitoes can be found in apartments. A big variety of domestic animals
(hamsters, turtles, dogs, cats, birds, fishes etc.) is kept in apartments. Domestic plants can
be found in apartments and on stairways. Fungi and microflora are present everywhere.

Urban ecosystems of city yards. Green space in yards can be represented by trees,
shrubs and herbaceous plants. Yards are used to walk domestic animals. Some birds like
crows, sparrows, jackdaws and pigeons permanently live in yards, while some birds could
be found there on occasion: tits, bullfinches, Bohemian waxwings, common magpies. Some
insects (butterflies, mosquitoes, wasps, flies, ants etc.) could often live here. Soil fauna and
microflora, including pathogenic ones, dwell on unsealed patches. Noteworthy, in the 19th
century jackdaws were quite abundant on crosses of churches, while in 20th and 21st
centuries they were outcompeted by crows. This shows that urban ecosystems are
characterized by natural competition among species.

e i e
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Urban ecosystems of streets, lanes and squares. The most typical biological elements
here are individual trees planted in special pits along paved roads. Lawns and beds of
flowers could be established along many streets and near buildings. Typical street
inhabitants are birds, insects, dogs, cats, sometimes rats and mice. One sometimes may
observe riding horses. Streets could have patches of unsealed soil. Each tree and isolated
lawns can be considered as an ecosystem.

Boulevards, green spaces and waste lands are urban ecosystems with man-made and
disturbed soils. Living organisms here are represented by birds, insects and other
invertebrates living in soil and on plants, trees, lawns and beds of flowers.

Parks are remnants of natural ecosystems, often strongly modified by humans, or new
artificial ecosystems. Parks are habitats of numerous native and introduced species — alien
for particular natural conditions. Biological diversity in cities could be higher than in
nearby natural ecosystems because of abundant alien species introduced to urban
ecosystems.

BIOSPHERIC FUNCTIONS OF CITIES

As a totality of different ecosystems, the city plays a special organizing role in the
biosphere.

1. The city accumulates food products and various kinds of natural resources in
general (fuel, mineral resources);

2. The city produces waste;

3. The city is congestion of pathogenic microorganisms;

4. The city is congestion of “parasitic” invertebrates;

5. The city is congestion of a diverse genetic fund,;

6. The city is the source of major ideas of progress in technologies, thinking, health
care and social relations;

7. The city is an island almost at homeostatic conditions (in residential apartments
“climate is constant”);

8. The lifespan of humans in city is longer than in rural areas.

Being a spatial element of the biosphere, the city in various ways influences
conditions of biosphere functioning:

1. It changes climate (climatic characteristics, temperature, amount and composition
of precipitation, illumination);

2. It changes radioactive background and magnetic field;

3. Not only the city pollutes itself, it also pollutes nearby ecosystems;

4. Natural ecosystems of a new type, strongly impacted by recreation, develop
around the cities.

Climate change:

1. The average temperature in cities is by 2-4 degrees above that in nearby natural
ecosystems.

2. In some places in cities, soils become wetter, i.e. the amount of precipitation
increases.

3. Indoor temperature is by tens of degrees higher than outdoor temperature.

4. Flooding regime in river valleys is disturbed inside the city and at some distance
from it.

5. Groundwater discharge increases, thus changing hydrological regime of the area.

6. Discharged sewage waters cause heat, biological and chemical pollution of city
freshwater ecosystems.

Zoos and botanical gardens in cities are keepers of a diverse genetic fund. D. Darrel
even proposed a semi-utopist project to use them for preserving all planet’s diversity.

The proximity of natural ecosystems to the city stimulates outdoor recreation
activities and visits of natural ecosystems. This results in development of a network of
paths, recreation areas, distortion of animals, changes in flora and even destruction of
patches of vegetation. Picnics often cause fires.
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The city is a special element of antroposphere. There is no theory of city decline so
far, while there are recent examples of vanishing and decline of cities. The main reason of
vanishing cities in the past were invasions followed by taking people into slavery,
destroying and robbing houses etc. Among other reason the following could be listed:

1. Lack of water.

2. Unemployment related to destruction (decline) of city’s main industrial activities.

3. Break off with rural population, which supplied city with food.

4. Development of pathogenic microorganisms and epidemics.

Cities, as a rule, were established on rivers, typically on high bank. Nevertheless,
flooding as well as earthquakes could also destroy the city.

Can the humankind exist without cities? It is possible if the size of population does
not exceed that after expelling from Eden. Population growth (which is the case already for
7 thousand years) made cities a necessary social element of anthroposphere. It is
characterized by overuse of energy and water, high pollution, concentration of everything,
including waste. This raises the question, is any internal (immanent) reason for city decline
or only external ones, listed above?

The biosphere is characterized by successions — alternation of communities within the
same ecosystem. This is why natural ecosystems could exist at current climatic fluctuations
almost forever. There is some alternation, replacement and change of urban ecosystems.
According to the ecosystem evolution, urban ecosystems do not have internal reasons for
dying, ... unless:

e They are supplied with water;

o They are supplied with energy;

e They are supplied with water; and

e Pecople have jobs.

Once one of these conditions is breached, the city nears extinction.

Studies of animals and plants in cities show that urban ecosystems are still rich with
plant and animal species, even not accounting for species introduced by humans. Hence, the
city is the same component of the biosphere as other ecosystems. In principle, the city
cannot be treated separately from the biosphere.

SOILS AND THE CITY

One of the reasons of cities decline is destruction of natural soils in cities, partly
because of pollution. Soils play an important role in preventing development of pathogenic
organisms.

As shown above, four main groups of soils occur in cities.

1) Natural soils are preserved in park (forest parks).

They perform their ecological functions only to some extent, or, more precisely,
manifestations of ecological functions are restricted by human pressure. (Almost no
restoration of natural zonal ecosystems takes place, seed pool in soil does not work, soil
partly loses its sanitary functions, and the diversity of soil fauna decreases. Nonetheless,
soils preserve their structure and order of horizons. Nevertheless, properties of these
horizons can be sufficiently changed by chemical pollution.

2) Disturbed natural soils are preserved beneath sealed surfaces, in yards,
wastelands, boulevards, green spaces, some lawns and under trees along streets.

They partly preserve their ecological functions. Once abandoned they may restore
basic zonal properties. Very often they are polluted with various toxic compounds and
pathogenic microorganisms.

3) Man-made soils develop beneath planted trees and some lawns.

Soil-like bodies occur near technological facilities of factories, workshops, gasoline
stations, construction places and dumps. They almost lack basic ecological functions, are
often toxic for plants, soil fauna and even microorganisms. Therefore they may preserve
pathogenic microorganisms.

Can be change of soils be a cause of city decline?

1. City completely change the soil pattern in the area;
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2. City partially destroy and partially disturb soils in the area;

3. Physical and chemical properties of soils in the area are changed;

4. Water, temperature and gaseous regimes of soils in the area are changed;

The original soil pattern of the city area corresponds to zonal soil pattern and is
formed as a result of interaction of elementary landscapes on floodplains, slopes and
watersheds.

City development destroys most of soils (soil of floodplains, slopes and watersheds)
or bury them under mineral substratum, paved surface, construction waste etc. Superficial
soil horizons are being compacted by humans, machines, buildings etc. Soil pH increase
due to growing alkalization.

Some soils completely loose humus horizon, while others are characterized by
increased humus content and higher thickness of humus horizon. The composition of soil
biota, including bacteria and microorganisms, sharply changes.

Natural regimes of soil also change:

1. Winter soil temperatures become higher, thus making the climate milder, because
of higher air temperature and increased temperature inside soil due to underground
communications.

2. Water regime sharply changes. The water content in soil increases due to
additional watering and water discharge. Sealed surfaces prevent evaporation of water from
soils. Hydromorphic soil-like bodies (waterlogged grounds) are developed. Flooding in
river valleys does not occur within the cities. The pattern of water distribution along slopes
also changes.

Gaseous regimes of soils and atmosphere change. Gases toxic for humans could
accumulate in canalization wells. This means that city emits significant amounts of alien
gases into the atmosphere. All urban ecosystems emit into the atmosphere not only gases,
which do not occur in natural atmosphere as well as gases, whose concentration becomes
simply above normal values. Since there is permanent exchange of matter between
atmosphere and soils and soil-like bodies, if they have pores, could contain “unusual” gases
such as CO, CHy, ethylene, CO,, N oxides etc.

Urban soils contain increased contents of nitrogen, phosphorous and potassium.
While nutrient regime is favorable, pollution and technogenic dust adversely affect plants.
Thus, technogenic dust along streets is toxic for plants.

The role of chemical pollution can be illustrated by the fate of American city Times
Beach. The city is the place of one of the most terrible environmental catastrophes in the
US. Since 1972 to 1976 American authorities sprayed waste oil on roads to prevent dust
formation. Unfortunately, someday waste oil was used that contained dioxin, a toxic
carcinogenic compound. Dioxin penetrated into soil; rains and flooding distributed it
throughout the area. Liquidation of the town in 1983 cost American government USD 36.7
million. After multiple attempts to clean the town the area became the Route 66 State Park.

Ukrainian towns Chernobyl and Pripyat had similar fate. Radioactive pollution in
1986 forced people to abandon these towns. However, plants and animals not only continue
to inhabit the cities and the nearby area, but even increased in numbers. Vegetation slowly
takes over streets and squares.

What is the role of soils in sustainability of cities? A dilemma is being proposed.
Until the city is capable to improve its soils, it is sustainable. Once the city becomes
incapable of maintaining its soils, it begins to decline.

Some districts in cities could completely lose natural soils. However, city parks with
natural soils could still preserve a pool of natural microorganisms, thus keeping soil clean
from pathogenic microorganisms. The system of health care in cities partly mitigates the
impact of pathogenic organisms, although the number of the last steadily increases.

By preserving natural soils in landscape we preserve human settlements being part of
this landscape. Therefore, conservation of patches of the biosphere with natural soils is a
necessary condition for survival of humans as a species. This concept is debatable but
plausible. Convincing evidences are not available so far, although this is an intriguing line
of research. Under current conditions fighting against pathogenic organisms is organized
very well, especially in cities. The system of disease prevention is quite developed.
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However, could it be true that in the past, before the development of the modern system of
health care, abandoned and destroyed cities could be the consequence of various health
problems of local people? This is especially applicable to countries with warm climate,
where earth’s first civilizations emerged.

CONCLUSIONS

1. Cities are an obligatory component of anthroposphere. Humankind cannot exist
without them.

2. Cities change all natural elements and their ecological functions, while creating
homeostatic conditions for humans.

3. Natural soils in cities are being destroyed that may lead to unpredictable results, the
death of city in first turn.
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In the paper the ways of biodiversity increase in urban ecosystems of Ukraine are presented.
Among them there are restoration of green areas, maintenance of city ecosystems, etc.
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I. Cepreesa
ITncmumym 300n0¢ii im. 1. 1. lImanveayzena HAH Yxpainu
CITOCOBHU 3BUIBIIEHH T BIOPIBHOMAHITTSI
B YPBAHI3OBAHUX EKOCUCTEMAX YKPAIHU
VY crarti npencraBieHi crocoOH 30UIbILCHHS OiOPI3HOMAHITTS y MICBKHX €KOCHCTEMax
VYxpainu, cepe]] SKUX BiTHOBJICHHS 3€JICHUX 30H, 30€peKeHHs] eKOCUCTEM MiCTa Ta iH.
Kniouosi cnosa: biopisnomanimmsi, micbkiekocucmemu, oioma.

. Cepreena
Hucmumym 3o00n02uu um. M. U. llmanveayzena HAH Ykpaunuvl
CIIOCOBbBI YBEJIMYEHN S BUOPA3HOOBPA3UA B YPBAHU3MPOBAHHBIX
OKOCHUCTEMAX YKPAUHBI
B craTbe mpezacTaBieHsl crioco0b! yBeIHIeHHsT OHOpa3HOOOPa3ust B TOPOACKHX IKOCHCTEMAx
YKpauHBI, Cpeiy KOTOPBIX BOCCTAHOBIICHHE 3€I€HBIX 30H, COXpPaHEHHE SKOCHCTEM ropojia u 1p.
Knioueswvie crosa: 6uopaznoobpasue, 20poocKkue IKOCUcmemyl, 6UOma.

Biodiversity protecting and preservation is the important problem because in
connection with anthropogenic influences on natural ecosystems many species is
disappearing. Normally, the ecosystem can withstand strong anthropogenic pressures due to
the possibility of self-control, self-preservation and maintenance of its species composition
and rebalancing of populations of many species interacting in biocenoses and, in general to
maintain functional stability. But with growth and development of large cities in the vast
territories the sustainability of ecosystems was sharply declined. Reduced species diversity
of plants and animals in urban ecosystems drastically disrupted the natural mechanisms of
regulation biocenoses. It is known that the more diverse views presented by each group, the
more stable the ecosystem as a whole, thanks to the interchangeability of species.

The trophic attitudes between species have special values for normal homeostasis of
ecosystems. The diversity of species determines the stability of biocenoses due to
abundance of trophic chains, the necessary for transformation and destruction of organic
matter of the biosphere. In natural ecosystems the biota supports a balance between
production and destruction of organics. But in urban areas the processes of environmental
degradation is catastrophically increasing. We know that climate and biotic component of
the urban environment is very differing from natural ecosystems. Cities that have
historically created on the field of natural ecosystems, in some areas preserved the islets of
living nature in the form of park areas or simply undeveloped land. At such sites, biota
largely replenished from the surrounding city environment. Therefore condition of the
biocenoses in suburban line plays the extremely important role in maintenance of city
ecosystems. It is necessary to enrich connatural ecosystems symbiosing around the city, to
reduce a degree of their degradation and pollution by urban wastes. The modern city
represents an unstable artificial ecosystem for which maintenance the constant care of the
person is necessary. The special role in cities is played by green regions promoting
conservation of a diversity of aboriginal species of animals and plants. Therefore the main
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task of ensuring normal living of the population in urban conditions is the restoration of
green areas, which clean the air basin, reduce the effect of increased urban temperatures
and employees of food and shelter for animals.

In modern conditions in cities are massive replacement of native species and
introduction of exotic species. As a result is used only a few species of woody plants, which
leads to a dramatic reduction of biodiversity and to forming the unstable fragile natural
ecosystem with few species. Directional and accidental introduction of the resettlement
adventive species also violate the established functional relationships between the
populations in biocenoses and sharply reduce their resistance. In the green areas of cities
with adventive plant species appear their pests, often yielding dramatic flare size,
distributed pathogens of animals and humans. The large cities are generally characterized
by a variety of natural systems and green areas, which gives rise to a large number of
ecological niches. This is created normal conditions for increasing biodiversity and the
existence of the species composition of flora and fauna of cities can be quite rich. Such
diversity is ensured not only by native species, but also a large number of exotic species,
accidentally or purposefully brought by a man for a long history of cities as places of mass
resettling of people. Therefore, introduced species, along with native species, play an
important role in urban biocenoses. Status of-perennials in the city-depends on the degree
of compaction and soil pollution, air quality, water availability. In the maintenance of green
areas at cities the birds and insects particularly important roles are played. They regulate the
number of harmful plants invertebrates, provide pollination and the resettlement of their
seeds and fruits. Studying the dynamics and mechanisms of adaptation of insects to the
urban conditions showed that it is necessary to take care of the maintenance of their habitat
in a state close to their natural conditions. In this case the city should maintain or restore
essential habitat types, to ensure their conditions for nesting. Need to restore native species
of vegetation and protected natural areas still left, which can not be replaced by artificial
ones, because the last usually is not giving shelter and fodder for animals. In parks and
squares should stop mowing flowering wild plants, as this will remain without food and die
many kinds of butterflies, bumblebees and other useful insects. Necessary to create
conditions for the settlement and artificial breeding in parks cities some of the most
important pollinators of flowering plants, such as representatives of the superfamily
Apoidea, in particular the genera Osmia, Megachile, Bombus, which simultaneously
increases the diversity of wild flowering plants.
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Fundamental soil properties defining their genetic biodiversity in compliance with the types of
biogeocoenotic systems are stated.
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A.TII Tpasnees, H. A. benosa
Jnenponempoeckuii nayuonanshwiil ynueepcumem um. O. I'onuapa
HAVYYHBIE ITPUHIUITBI UCCIIEAOBAHU A BUOPA3ZHOOBPA3M S JIECHBIX ITOUB
W3naratorcst OCHOBHBIE CBOWMCTBA IIOYB, KOTOPBIE ONPEAEIAIOT HX T'€HETHYECKOE

Onopa3zHo0Opaszre B COOTBETCTBUU C THIIAMH OMOTEOLEHOTHYECKUX CHCTEM.
Knrouesvie cnosa: nousa, 6uopasnoobpasue, 6u02e0yeHOMuYecKue Cucmembi.

A.II. Tpanees, H. A. Binosa
Jninponemposcokuii nayionanvnuu ynieepcumem im. O. I onuapa
HAYKOBI ITPUHLIMIIN JOCIIKEHH BIOPI3HOMAHITT JIICOBVX IPYHTIB
HaBonsTbCsi OCHOBHI BJIACTHBOCTI IPYHTIB, SIKi BU3HAYAIOTh 1X TeHETHYHE OiOpi3HOMAHITTS Y

BIIIOBIIHOCTI 10 THIIIB 0i0r€OLEHOTHYHUX CHCTEM.
Kniouoei cnosa: rpynm, biopisnomanimms, 6ioceoyeHomuyHi cucmemu.

Forest biogeocenoses passing through natural selection have perfect structural and
functional arrangement, ensuring exchange material-energy processes and self-regulation of
living creatures’ biodiversity in ecosystem. Eventually integrity of biodiversity provides
persistent biological cycle inherent in ecosystem.

Trophic structure and trophic function are presented in ecological pyramid form, the
base of it is the first level — the level of producers; phytophages and zoophages of different
order form the following levels.

Consortiums work on the principle, where multiplicity of pyramids reflected complex
net of consortium relations of different types and levels form eventually synthetic
integrated ecological pyramid characterizing biogeocenosis with its cycle of matters and
energy flow.

Biodiversity of organisms occupying certain ecological (trophic) niche provides
functioning of system. Sharp reduction of specific diversity leads to destruction of trophic
relations, ecological niches, to impoverishment of biogeochemical exchange, to degradation
of ecosystem and finally to collapse and death of biogeocenosis system.

Ch. Darvin told about biodiversity in “Origin of species”.

For the argument of biological diversity of organisms origin Ch. Darvin used different
breeds of animals and plants and showed that natural selection sequent of struggle for
existence can only act for the benefit of the orgaism. “But to fully understand the action of
natural selection we need to imagine, if possible, a complete picture of the universal
struggle between the organic beings.” (Timiryazev, 1905, p.128)
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Biodiversity issues were studied by N.I. Vavilov (1921, 1931) in his classical works
“Linnean Species as a system” and “The law of homology series in genetical mutability”.
Species composition reveals quite clearly the marks of parallelism in genetical mutability of
allied species, allied generations, within the whole families.

Therefore, the basic rightness defining hereditary structure of Linnean species, its
system N.I. Vavilov named “the law of homology series”. Linnean species (Komarov,
1927) is a morphological system multiplied by geographical definiteness.

Linnean species, by definition of N.I.Vavilov, is an isolated complex mobile
morphophysiological system connected in its genesis with certain environment and area,
complied the law of homological series in its intraspecific genetical mutability.

Complex biogeocenosis system (type of forest biogeocenosis) is formed of species
which correspond to ecotypes — groups of biotypes within the same Linnean species united
near the hereditary constant characters and adapted to concrete conditions of habitation.
Environment, by Vavilov, may further or destroy the development of species system. In
consortium system subject to conditions of habitation, to anthropogenic press level on the
basis of homological series the colossal form variety could be recognized, thousands of new
types, races, unknown to science, could be discovered and have great practical interest.
And, finally, the most interesting fact is geographism.

It is known that the position in conditions of certain climatic zone is determined by
ecotope — type of habitat. Hence the zonality impact on biodiversity of plants and animals
species occurs. S. A. Direnkov, V. N. Fedorov, C. O. Grigoryeva (1981) established, that
species diversity of plant associations of aboriginal taiga spruce forests is joined at first
with trophic habitat conditions, then — with variability of ecological conditions and, finally,
with edificatoric characteristics of certain species in basic layers of cenoses. When we
question inevitability of forest podzolic soil formation — we take into account the
geographism, geographic specificity. The truth is clear: the plant impact on the soils is not
biogenic, but bioclimatogenic (Zonn, 1964). New generated paradigm in soil science and
biogeocenology: properties «— processes «— factors, when the researcher examines the
influence of factors through processional block (blackbox), which is controlled by
ecological system developing in certain physiographic zone environment, is a “cornerstone”
of ecology, biogeocenology and nature conservation. Here the resources and properties of
structural-functional organization of biogeocenosis, its exchange of materials and energy
are appeared. Mentioned consortium, structural-functional formations in nature first were
developed by V.N.Beklimishev (1951) and L.G.Ramensky (1952).

Developing the ideas of consortium biological diversity in biogeocenosis
T.A.Rabotnov (1973), V.V.Mazing (1976) suggested the scheme of consortium ctructure.
Consortium associates organisms — consorts, joined in their activity with certain autotrophic
non-epiphitic plant-determinant.

It is known that structural-functional organization of biogeocenosis is formed of
spatial and functional (Dilis, 1964; Byallovich, 1973; Manuel Angel Duenas Lopes, Yose
Vanuel Recio Espejo.- 2000). Studying biodiversity we analyse vertical structure —
biogeohorizons (laterals, radials, biogeomasses) and horizontal (parcels, catenas, etc.).

Functional structure of biogecenosis is presented by consortiums. Consortiums and usable
by organisms constituent stagnant environment could be considered as primary biostagnant unit,
composing biogeocenoses (Rabotnov, 1974). In consortiums the groups of species are
concentrated. They are formed as a result of conjugated evolution, consisting of coenotic
population of autotrophic plant and of dependent on it organisms, generally of trophically
dependent heterotrophs. It should be noted that conjugacy, by A.A.Uranov (1931), is a parallel
change in quantity of two species in the same cenosis. He recognized: negative conjugacy,
positive, two-figure and indifferent, and he also established competitive conjugacy.

Structural-functional organization of different life forms generates biological diversity
of its components, which is determined by heredity, variability, natural selection defining
“appropriateness” which ensure ecological accordance of organisms to habitat conditions.
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Unfortunally scientific-and-technological advance does not always develop in a
balanced manner sparing the interests of natural environment, preserving its multiform
system organization. When we suggest fastness of forest biogeocenosis, we mean the
fastness, vitality of its species biodiversity, which provides functional life activity of all
holocoenotic system, of soil and biogeocenosis.

When the destructive factors (lack of care, ungrounded cuttings, overpasturing, fires,
underfloodings, pesticide poisoning, etc.) influence on a forest biogeocenosis, ecological
niches are being destroyed, the trophic relations are being interrupted, species composition
is decreasing. Monocoenosis (Belgard, 1971) replaced by amphicoenosis, in which the
divergence of cycles is happened (Sibirtsev, 1914).

Here two or sometimes several types of matter cycles and energy flow are crossed:
forest and steppe, steppe and semidesert; in other cases - semidesert and desert, forest and
marsh, meadow and saline, etc. Ecological pyramids, biological matter cycle become
deformed, go to ruin. Former biogeicenoses together with their soil are replased with new
ecosystems, extrinsic for steppe nature.

Under optimal species composition of biota forest associations and soils, rich in their
diversity, are formed. Forest soils are the most interesting; they have perfectly unique
biogeochemical and classification properties, worthy of recording in Red data book of soils.
Their biological diversity appear on kingdom, division, association, family, type, subtype,
generation, species, variety, rank levels (Tichonenko, 2001).

The processes of desertification (other destructive phenomena) reduce species
diversity of forest associations and the diversity of forest steppe zone soils where the
manifestation of type, subtype, generic features concentrates. Forest soils are divided into
groups according to depth of humus horizon, humus content, leaching degree, alkalinity,
salinization, destruction, eroding, depth of carbonate bedding, groundwater level.

Desertification deforms characteristics, peculiarities of evolution and genesis of forest
biogeocenosis, created over a period of long history of its existence.

Spesial meaning we give to works of N.A.Dimo. He was one of the first who
discovered forest chernozem in forests of Moldavia.

Our long-term researches (Belgard, Zonn, Karpachevsky, Krupenikov, Travleyev,
Bilova and others) show clearly, that forest vegetation does not have fatal inevitability to
podzolize the soils. Accumulation of humus and cindery matters is inherent for forest as
well as for steppe vegetation. Quite interesting information K.B. Novosad (2001) adduces
in his works. He discovered and corroborated not only the absence of degradation
processes under the forest vegetation in wooded steppe, but also its positive role that set
conditions for forest chernozem formation under forest canopy.

Protection of biota and soils biological diversity is dictated by necessity of Ukrainian
natural environment preservation. Generated biological diversity of forest soils in steppe is
a great national heritage. It is known how excited was V.V.Dokuchaev when created (with
the help of V.I.Vernadsky) Russian section in Paris, where for the first time the soils of
then Russia, chernozems in the first place, were presented. In October 1900 V.I1.Vernadsky
reported from Paris that on the exhibition the collection of soils got a gold medal.
Dokuchaev obtained the world recognition of his genetic soil science.

At present, when 118 years passed after the appearance of Docuchaev’s Russian
chernozem in the world, considerable negative changes happened in soil cover of steppe zone of
Ukraine and Moldova. Once the curator of V.P.Viliams Soil Museum of K.A.Timirjazev
Agricultural Academy — N.P.Kolpenskaja (disciple of V.P.Viliams) — persuaded us in necessity
of ravine forest chernozem samples delivery for replenishment of museum collection. In many
museums of Ukraine there are collections of soils of our country. But even the most perfect
keeping of soils, delicate herbarium could not be like a natural soil and plant cover of a region. It
could be only a witness of former flora and vegetation as monitoring value for ecologists.

It is necessary to pay attention to preservation of biological diversity of soils, plant
species, animals, microorganisms straight in nature. Conservation of unique worldwide
famous Samara forest is sacred duty of steppe Dnieper residents.
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In Samara biospheric station of DNU by Cabinet Council of Ukraine the wildlife
preserve is established with the aim of conservation of biological diversity of ravines and
small woods, floodplain forests, meadows, marshes, lakes Samara region, forest and forest-
improved chernozems.

Only in Samara area we discovered 111 forest associations worthy of recording in
green book of forest associations and more than 240 soil individuals which are of great
historical-geographical and genetic-evolutional interest.

Uniqueness of biological diversity of forest associations and soils consists is in the
fact that ravine forests, growing in steppe zone with peculiarity of water deficiency, being
under the cross influence of other environment factors, form types of forest and soil of great
biological potential. Methodological base of steppe forest biogeocenoses restoration and
preservation is to direct scientific and practical forces for conservation for future
generations still extant unique forest associations and forest chernozems, for ability not to
allowed the destruction of consortiums, trophical pyramides, biological cycles, to prevent
desertification of natural environment of our region.

It is known that as early as 1989 ecological programme of U.N.O. (UNEP) was the
initiator in preparation of global Convention on biological diversity. In 1992 in Rio (de)
Janeiro (Brasil) the Convention was accepted on the conference of U.N.O. on environment
and development. In Constitution of Ukraine nature and environment conservation issues
are elucidated in 9, 13, 16, 66 articles.

Convention is ratified by Supreme Council of Ukraine on November, 29" 1994,

Biological diversity, its preservation has not only conservation aspect, but social,
connected with mentality of Ukrainian people, with its history and fortunes of future
generations.
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GEOCHEMICAL STRUCTURE LANDSCAPES AND SOILS

Belarusian State University
Different types of lateral and radial geochemical structures have been considered in the
framework of structural approach. The adduced technique of the geochemical diversity assessment is
based on the account of numerous combinations of geochemical structures within elementary
technogenic landscape. Their connection with landscape and biological diversity has been considered
in the article.
Key words: landscape, geochemical structure, diversity.

H. K. Yeptko, I1. B. XKymaps, A. A. Kapnuuenko
KBenopyccxuii 2ocyoapcmeennuiii ynusepcumem
FEOXUMMHYECKAS CTPYKTYPA JIAHIIA®TOB U [TOYB

B pamkax cTpykTypHOro noaxozia pacCMOTPEHBI JaTepaibHble H paJUalibHble Fe€OXUMUYECKHE
CTpyKTyphl. IlpuBeneHHas MeToAMKa OLIEHKH IeOXMMHYECKOro pa3HOOOpa3usi OCHOBaHA Ha ydere
MHO>XECTBEHHBIX KOMOHHALMH F€OXMMUYECKUX CTPYKTYD B MPEIeNax 3JIeMEHTApHOTO0 TEXHOIEHHOrO
nanamwadra. B cratee paccMOTpeHa CBSI3b MEX Iy JIaHAIAGTHRIM H OHOJIOTHYECKHM PasHOOOpa3ueM.

Kniouesvle cnosa: nanomagpm, ceoxumuyeckas Cmpykmypa, pazsHoobpasue.

M. K. Yeprtko, I1. B. XKymap, O. O. Kapnudenko
Binopycexuii 0eporcasnuii yHieepcumem
TEOXIMIYHA CTPYKTYPA JIAHIUA®TIB TA IPYHTIB
V Mexax CTpyKTypHOro MifXO[y PO3IJISHYTO JiaTepalibHi Ta paialibHi reoXiMiuHi CTpyKTypH.
HaBenena meToauka OLIHKM Te€OXiMi4HOTO Pi3HOMAHITTSl IPYHTYEThCS HA BPaxXyBaHHI YHCEIbHHUX
KOMOiHALi} reoXiMiYHHX CTPYKTYp y MexaX eJeMEeHTapHOr0 TEXHOTEHHOro JaHamadry. Y crarTi
PO3IIIHYTO 3B’ SI30K MiX JIaHAMA(THAM Ta 610JOTiYHIM Pi3HOMAHITTAM.
Kniouosi cnosa: nanowagm, 2eoximiuna cmpykmypa, pisHOMaHimmsi.

European landscapes are permanently exposed to the intensive geochemical
technogenic load owing to transborder and regional pollutants. They are transformed into
oxides of elements with different toxicity level. Elements are concentrating in landscapes,
carrying out from them or redistributing within their borders due to natural conditions,
processes and geochemical barriers. Thus geochemical structure forms by mentioned
factors. It may be an indicator of the landscape contamination level. We use it for the
establishment of geochemical diversity of landscapes.

OBJECTS AND METHODS

Geochemical structure is a regular lateral and radial distribution of chemical elements
within landscape geochemical system and caused by their differentiation under the
influence of external and internal migratory factors. Geochemical structure consists of
radial and lateral structure, which characterize vertical (R-analysis) and horizontal or slope
(L-analysis) redistribution migratory vectors of matter in landscapes (Chartko, 1981).

Owing to the absence of general definitions of different geochemical structures and
their difficulty we developed primary concepts of structures kinds with the objective of
systematization of the information about structural geochemical peculiarities of different
landscapes. It allows describe and estimate diversity of landscapes and their technogenic
transformation (tab. 1).

We have selected five type of lateral structures within landscape geochemical profile:
ascended structure is differed by the increasing of element content within the catena from
the top to the bottom; descended structure is identified by the reduction of element
concentration; depressive structure is distinguished by low element concentrations in the
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middle part of the slope and its growth to the top and to the bottom; spike structure,
conversely, has high amounts of element concentration in the middle of the slope, which
are decreased to the top and to the bottom and uniform structure doesn’t reveal any
significant changes of concentration within the profile. The leading feature of radial
structure identification is a set of regularities of chemical elements distribution by soil
layers (tab. 2).

Table 1
The classification of lateral geochemical structure of landscapes
Kind of structure Peculiarities of elements distribution Structure form

: . The element concentration increases from
Ascending (rising) .
eluvial landscapes to superaqual
: The element concentration diminishes \
Descending : ;
from eluvial landscapes to superaqual
The element concentration diminishes
Depresive from eluvial landscapes to transeluvial \/

and increases again to superaqual

The element concentration increases
Peak-looked from eluvial landscapes to transeluvial
with following decrease to superaqual

The element concentration is equal within
catena

Uniform

There are following types of radial structures: uniform (chemical elements are distri-
buted equally); humic (accumulation has occurred in a humic soil layer); humic-illuvial
(accumulation has occurred in humic and illuvial layers); eluvial (elements has
concentrated in humic and eluvial layers); eluvioilluvial (both eluvial and illuvial layers
concentrate chemical elements) and lessivage structure is differed by leaching of elements to
the lower layers with gradual concentration growth with the depth, i.e. bedrocks concentrate
element more then overlying soil layers.

We shell consider the estimation procedure on the example of secondary fluvioglacial
landscape of the Republic of Belarus. Its catena presented on the fig. 2 was built in the
central part of the counry. This genus of landscapes is most common for the Belarusian
ridge and Polessye. Their forming is connected with the activity of melted glacial waters.
The sedimentation of anisomerous sands with gravel and pebble matter had been occurred.
They covered by fluvioglacial loamy sands and loess-type loams. Their thickness is reached
about 0,3-2,0 m.

Absolute altitudes are come to 150—-190 m with relative excesses about 2—5 m. The
relief is wavy, sometimes is flat or flat-wavy with separate hills achieving 5-7 m in height.
Waterlogged depressions with lakes and shallow gullies have a subordinate significance.
Sod-podzol loamy sandy and sandy soils are dominating in such landscapes. Surface wash
is expressgd weakly. Pine forests are prevailing on sandy rocks in dry places.

Arable lands have replaced deciduous forests with spruce, oak, lime-tree, somewhere
with hornbeam and small-leaved species (birch, aspen andalder-tree). Different types of
grasslands are spread in depressions (Klitsunova, Schstnaya, 2002). The share of arable
lands is not exceeding 45% and the share of forests is varied from 20% to 30%.

Biogeochemical barrier is a basic in considering landscapes, because acidic and
subacidic reaction of soils accelerates the transfer of chemical elements into mobile form
and their carrying-out into local waterways. Redox conditions are changing more sharply
and have an influence on the accumulation or on the acceleration of migratory processes for
dome elements with changeable valency.
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Table 2
The classification of radial geochemical structure of landscapes

The element concentration is similar

Uniform : :
in all soil layers

Humic (humic -accumulative); Accumulation of element in a humic
organogenic (for peat soils) (peat) soil layer

Accumulation of element in an eluvial
soil layer

: Accumulation of element in an illuvial
Illuvial .
soil layer

Eluvial

Accumulation of element in an illuvial

SR and a humic soil layers

Accumulation of element in a humic and

Humic-eluvial i :
an illuvial soil layers

Accumulation of element in an eluvial

ERtenigal and an illuvial soil layers

Lessivage or pseudolessivage Accumulation of element in lower soil
(for peat soils) layers

RESULTS AND THEIR DISCUSSION

Lateral differentiation of chemical elements in secondary fluvioglacial landscape is
considered on the example of mentioned catena. Superficial fluvioglacial coherent and
mellow loamy sands are lying down on the substrate of fluvioglacial coherent and mellow
sands with gravel and pebble matter. There are crops of barley in eluvial and superaqual
landscapes of the catena. Sod-podzol sandy soils are combining with sod-podzol bogged
soils (fig. 1). The thickness of loamy sand increases from 30 cm in eluvial landscapes to 60
cm in superaqual landscapes.

Lateral differentiation of chemical elements in soil catena is expressed weakly for
major part of them because of slopes are slightly flat with relative heights 2-3 m. It is
connected with the activity of biogeochemical and agritechnogenic factors.

The concentration of sustainable elements at hypergenic conditions (Si, Al) is not
expressed in superaqual and transeluvial accumulative landscapes. Coefficients of local
migration 1.0—-1.15 are most common for this group of elements.

The monotonic accumulative type of lateral coupling is characteristic in conjugate
series of facies for secondary fluvioglacial landscapes formed on the monolith superficial
rock. Si and Al are excluded, because monotonic eluvial type of composition. They are
well-drained. The acidity variability is not sufficient within the catena.
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All listed circumstances are a cause of wide spreading of uniform lateral (Na, S, Cu,
Co, Mo) and weakly expresses ascending (Ca, Mg, K, P, Mn, Zn, B) geochemical
structures. Discending geochemical structure observes for elements sustainable to
migration, i.e. Si and Al. Depressive structure is expressed for Fe.

Radial differentiation of chemical elements in secondary fluvioglacial landscapes
indicates a presence of humic sorption barrier in a humic layer, which is almost not
expressed.

P.1 1L, P2 L Pz 15
Particles 13,24 - 1582 - 18,29 -
pH in KCl 545 - 245 - 3,10 -
Humus, % 2800 = 356 ~— SUGSRES—
Elements, %o,
51 46,92 1,0 4533 0,92 44 81 0,95
Al Belz i 2,90 0,99 260 083
ikaltar sl 0,92 1,19 1,15 1,04
Ca 0,32 1,0 040 1,14 0,52 1,62
Mg 026 1,0 (533 [IZasseah
Na sl 1.0 e R 0,30 0,96
K 15010 145 1,16 A Sl oy
P 0,047 1,0 S s 0,060 146
3 0073 B 0,072 1,40 0,055 0,89
n 103, %:
Mn - STRHESING 394 1.11 40,34 1,09
Zn 240 1.0 2,57 1,15 279 1,15
Cu 0% 1,0 0,99 1,14 0,99 1,01
B 1,82 1,0 BT 2 e ules] s
Co 0,60 1,0 0,60 1,38 0063 S
o 0,075 1,0 NIOFR 28 0,076 1,04

Fig. 1. Geochemical profile of secondary fluvioglacial landscape
P1-P3 — profile numbers within catena, L — coefficient of lateral geochemical differentiation

Agritechnogenesis influences on the radial differentiation weakly because the
intensity of its impact within soil catena is equal, the infiltration is similar for all soil
profiles. K and P have highest eluvial-accumulative coefficients and caused by the
application of fertilizers (tab. 3). Geochemical structures are practically equal for all
elementary landscapes.

Transeluvial and superaqual landscapes have the greatest similarity, which have
following radial geochemic structures: humic-illuvial (Mg, K, P, S, Mn, Zn, Cu, B, Co,
Mo), lessivage (Al, Fe) and uniform (Si) structures. Eluvial landscapes have a similar
situation but humic accumulative structure observes for Ca, S, Cu, B, Co, Mo.

The spreading of lateral and radial geochemical barriers is insignificant for secondary
fluvioglacial landscape. Humic sorption barrier is dominating. Other types of barriers have
a subordinate significance.
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Ground waters have been sampled from the profile 3 in superaqual landscape from
the depth 130 cm. Their chemical composition is following, mg/l: Si 1,2, Fe 0,015, Ca
26,45, Mg 5,83, Na 2,50, K 3,60, N 0,5, C 65,3, P 0,016, S 8,5, C1 12,31, Mn 0,025, Zn 0,005,
Cu 0,012, B 0,0011, Co 0,009, Mo 0,0012, general mineralization 126,3, pH 5,8. Chemical
elements have composed a following regulation of the water migration coefficient decrease: C
1288>Cl1214>S 122> Ca 52,2>N 26,3 > Mg 14,4 > Mo 13,5> Co 13,4 > Cu 12,9 > Na 8,9
>K1,9>7n1,7>Mn 0,68 >B 0,54 >P 0,28 > Si 0,019 >Fe 0,008. Such elements as C, Cl,
S, Ca, N, Mg are most active migrants in the landscape because a major part of them are
bringing in with fertilizes on the background of high solubility of their compounds.

A chemical composition of barley biomass within the conjugate series of facies of
secondary fluvioglacial landscape has been determined in samples of eluvial and
superaqual landscapes. Total barley biomass in eluvial landscape is averaged to 95,12
centnes/ha at the grain harvest about 28,0 centners/ha. These values for super-aqual
landscapes are equal to 100,14 and 30,10 centners/ha correspondingly. As far as general ash
level is higher in superaqual landscape consequently concentrations of chemical elements
are higher too (tab. 4). However the difference in the contents of chemical elements is not
sufficient. Insignificant augmentation of their concentration is caused by higher
humification of sod-podzol boggy soils. Geochemical conditions are similar within whole
catena, but biogeochemical barrier is expressed better in superaqual landscape.

Biosorption coefficient (Kb) has also similar values and lowers in superaqual
landscape excluding Kb of Si and S, which is caused by the difference f soil fertility.

Barley absorbed vastly such elements as N, P (Kb>100). A number of elements are
adsorbing moderately K, Ca, Mg,S, Zn, Cu, Mo (Kb =10-100) and Si, Na, Mn, B (Kb=1- 10)
are absorbed by barley weakly.

GEOCHEMICAL DIVERSITY

Geochemical diversity may be applied at the establishment of the grade of geo-
chemical optimization of natural and technogenic landscapes, their differentia-tion by
geochemical specialization, determination of the degree of their stability. Landscape
diversity is a basis for the biodiversity preservation, which is considered as variability
among living organisms from all sources including, inter alia, terrestrial, marine and other
aquatic ecosystems and the ecological complexes of which they are part; this includes
diversity within species, between species and of ecosystems (The Convention ...).

In this case landscape diversity is considered as an organizing and structuralizing
system for the biodiversity realization where connection with its elements supports by
flows of matter, energy and information exchange. The key definition at their study is a
geochemical structure. Its account in the landscape diversity research may be considered as
a basis for the analysis of environment-forming function of landscapes, for a number of
ecological assessments and for the solution of applied problems of nature use.

Thereupon we are dealing with structural and functional elements of the diversity.
Structural diversity demonstrates how elements of geochemical structure are correlated in
spatial and temporal dimensions.

Among sizes and shapes of landscapes, disposition of lower rank units inside of it
structural diversity includes a quantity and distribution of different geochemical structures
correlated with them. It is concerning to combinations of radial and lateral structures.

Functional diversity is referred to the diversity of ecologically significant processes of
migration and accumulation of chemical elements (erosion, deflation, sorption, biosorption
etc.). Their spatial and temporal variability determines a geochemical structure balance and a
geochemical balance of landscape as a whole.

As far as it is seeing from the fig. 2 (option 1) a diversity reaches a maximum in case
of big number of individual geochemical structures at their equal and proportional
availability inside of one landscape unit. If one of them is dominating in the presence of
insignificant number of others then such diversity is should to be low. Model of low
diversity is reflected on the fig. 2 (option 2).

Typical diversity occurs if one or several are dominated at about equal quantity of
others. It is seeing on the fig. 2 (option 3).
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Fig. 2. Examples of different degrees of geochemical structures
1 — high; 2 — low; 3 — typical.

A geochemical structure of elementary landscape or estimation results of lower
taxonomic level is taking into account during the assessment of diversity at the transition to
higher landscape level. Diversity may be low in case of comparison of several elementary
technogenic landscapes with identical diversities. As a whole a diversity of estimating
landscapes couldn’t be higher then diversity of their composing units. If each such
elementary division is differed by either the type of structure or the diversity degree even in
case of forming of landscape diversity by different units with lower diversity of
geochemical structures and these structures are different, then landscape diversity may be
high (fig. 3).
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Fig. 3. The model of high landscape diversity at low diversity of geochemical structures
within elementary landscapes

The main source of the information for the landscape geochemical diverdity analysis
is a passport of geochemical structure of landscapes. Given documents are derived from the
field information proceeding and presented in a view, which is convenient for following
works.

The presence of landscape geochemical catena profile with points of soil profiles,
tables of radial and lateral distribution of chemical elements within soil cover inside of
considered catena as well as concentrations of chemical elements in phytomass and in
waters. A kind of lateral and radial geochemical structure establishes for a one or another
taxonomic units on the ground of this passport. Matrixes for the determination of the
diversity degree are composed for each elementary landscape within soil profiles and
catena. Amalogous geochemical structures may be selected for the phytomass (roots,
perennial ground-based part, branches and leaves) and for waters depending on the depth of
their deposition. The frequency of occurrence for one or another kind of geochemical
structure determines after the matrix construction. A diversity degree establishes according
to adduced scheme (fig. 2). The example of such matrix is demonstrated on the fig. 4.

A matrix of lateral structure includes a list of following chemical elements: Si, Al, Fe,
Ca, Mg, K, P, S, Mn, Zn, Cu, B, Co, Mo. The important thing for the studying of lateral
structures diversity is that one geochemical structure is corresponding to a one chemical
element within catena.

A process of the estimation of radial structure diversity is more difficult because it is
necessary to know concentrations of elements within each soil profile. Chemical elements in
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the estimative matrix are situated in columns and appropriate soil profiles are in rows.
Structural indices of occurred radial structures are input according to tab. 3 for each i-
element within each j-profile.

Chemical Geochemical
element structure
1
12
13
in-1
In
Frequency of occurence: 3
=5
Index of geochemical /= 1 >
structure (table 3) \
=1 Diversity
degree

Fig. 4. The scheme of an estimative matrix of the diversity of lateral geochemical structures

The frequency of occurrence of individual geochemical structures is differed both for
the whole facia (columns) and for each profile (raw). It is possible to assess a diversity of
structures on the base of these data for both cases.

A diversity of radial geochemical structure for each chemical element estimates by the
frequencies of occurrence of one or another kind of individual geochemical structures of
elements and their quantity within soil profiles. As far as seeing from the fig. 6 indices of
geochemical structures put down into cells are taken from the tab. 2-3. Thus, individual
structure for each chemical element reflects within each profile.

A number of structures in catena indicates in the total record line as far as seeing on the
fig. 4 (option a). A degree of diversity is depending on this datum: L — low, T — typical, H —
high. The formula of diversity for whole catena is written in the bottom from the right.
Frequencies of occurrence of diversity degrees by elements are put down into the
numerator and one degree with prevalent frequency is written into the denominator. It is
expressed a geochemical diversity for whole catena.

Frequencies of occurrence of different kinds of geochemical structures in each profile
are taking into account at the second stage. A matrix of frequencies of occurrence of
geochemical structures is constructed as far as demonstrated on the fig. 5 (option b).
Profiles are placed in rows and geochemical structures are written in columns. A frequency
of occurrence of an appropriate kind of geochemical structure is put down for each profile.
The assessment of diversity is proceeding by rows of matrix. A degree of diversity is
indicated in the right end of each row of matrix. A degree of diversity for radial structures
for a one elementary landscape is given by prevalent element structures within profile. Their
frequencies are summarizing in rows (by kinds of geochemical structures) and sums should
to be put down in the total record line where prevalent geochemical structure should be
selected.
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Fig. 5. Estimative matrix of the diversity of radial geochemical structures

Thus, we obtained three indices of radial geochemical structure diversity: 1) the
diversity of element structures (for separate chemical elements); 2) the diversity of individual
structures of elementary landscapes (facies) by soil profiles; 3) the diversity of frequencies
of geochemical structures for whole landscape. They should be recorded in tables and map
legends in such order as it is presented in the tab. 4, i.e. LLT, LTT, HTT etc.

This is an integral estimative index of the diversity of geochemical structures. It’s
derived from the results of synthesis of other mentioned indices and indicates a degree of
diversity by three parameters simultaneously.

In case of combined estimation of structures total record has a view of fraction where
structure is placed in a numerator and an integral parameter of radial structures diversity is
put down in a denominator, for example: T/LTT.
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Combinations of degrees of radial geochemical structures diversity

Table 4

Diversity of element
structures for separate
chemical elements

Diversity of

individual structures

of soil profiles

Total degree of frequencies
of occurrences diversity
of geochemical structures for
whole landscape

of the diversity
of geochemical

Integral index

within a facia (urochishehe) structures
I L i ILIGT
I il T LTT
H it I HTT

Thus the assessment of geochemical structures diversity has been realized in the
Republic of Belarus on the level of landscape genera. Its results are reflected in the tab. 5.

Table 5
Landscape diversity of Belarus on the base of geochemical structures
Diversity of radial structures
Diversity of Total index
Diversity Diversity | Diversity of fictpienaies Oft: Integral index of |  of landscape
Landscape | of lateral WWerstty | ndfividual | DeCUmenees ol | g diversity of diversity
of element geochemical :
structures structures of geochemical for whole
SRS F ool profiles S o structures landscae
whole
landscape
Hilly- 15
moraine- IE, L L LLL LLL
erosive
i I
Skt L H L HLL —
acustrine HLL
ik
Loess 15 1 il SIEITE T
a0
Secom.iary T T T T
moraine TLT
I
Secondary . e
fluvioglacial 3 L ¥ Lo T
i H
Alluvial H L T LTT
terraced LIt
Nonsegmen
ted with the L
prevalence E x H FIH TTH
of wetlands
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UDK 631.4
N. I. Shevyakova

NICKEL PHYTOREMEDIATORY POTENTIAL
AND MECHANISMS OF ITS DETOXIFICATION IN PLANTS
USING FOR DECONTAMINATION OF SOILS

Timiryazev Institute of Plant Physiology, Russian Academy of Sciences, Russia

Plants have developed various mechanisms that allow them to tolerate soils that are polluted
with heavy metals (Ni, Cd, Pb et al). One of their main protective mechanisms is excessive HM
chelation by different organic compounds. The aim of this work was the analysis of a possibility to
apply polyamines (putrescine and et al) as possible ligands for Ni detoxification and for Ni increasing
content in plant biomass applying for phytoremediation of contaminated soils. Again, it was
established by us that Ni can induce endogenous accumulation of free polyamines in rape plant
(Brassica napus) by 4.5 times as compared with control.

Key words: heavy metals, soil, polyamines, chelates, phytoremediation.

H. I. IlleBsixoBa
Tnemumym ¢pizionoeii pocaun im. Timipsazesa Pociticokoi akademii nayk, Pocis

®ITOPEME/IIALIITHUI ITOTEHLIAJ HIKEJIIO TA MEXAHI3MHU OO JETOKCUKALIIL
Y POCJIMHAX, SIKI BAKOPMCTOBYIOTBCSI 1151 OUMIIEHHS [PYHTIB

3abpyaHeHHs] IpyHTiB Bakkumu Metaigamu (BM) npencraBisie Benuky HeOe3leKy sK s
KyJbTUBOBAHUX POCJIMH, TaK 1 AJIsl JIOAMHHU i3-32 1X BHCOKOI TOKcHMuHOCTI. I[Ipobiema po3poOku
TEXHOJIOT1l OYMCTKU 3a0pyJHEHHX IPYHTIB Big BM 3a momomororw pocinH-3BepxakyMmyssitopis BM
(Ni, Cd, Pb Ta iH.), 31aTHUX BHHOCHTH iX 3 IpYHTy 3 Oiomacoro HabGyBae Bce OUIBIIOr0O 3HAUYCHHSI.
TMomyk Takux pOCIMH IPYHTYEThCS Ha iX 31aTHOCTI akyMmyitoBatd BM, po3BuBaroun pizHOMaHITHI
MEXaHI3MH 3HEIIKOJDKEHHS iX B KimiTHHaX. OJHUM 3 TOJIOBHHX 3aXHCHHX MEXaHI3MIB SBILSIETHCS
BUHHMKHEHHs KOOPIMHALIHHNX 3B’A3KiB PI3HUX OpraHIYHHX pedoBHH 3 BM, Tak 3BaHe XelaTyBaHHS.
B miii po6oTi pOBEJICHO aHaIi3 3aCTOCYBAHHS 3HEIIKOJKCHHS HIKEJIO MOJiaMiHiB (IyTPECIUHY Ta
IHIMX), SIKI 37aTHI CTBOPIOBATH 3 HHMM X€JaTH Ta THM CaMUM 3HIDKYBAaTH HOTO TOKCHYHICTB i
MiABUIYBaTH akyMyJsiito Ni B Hag3eMHii Maci. Lleit npuiiom 103BONUTE Taki pOCIUHU SIK Brassica
napus L., Amaranthus cruentus L., Calamagrostis epigeios L. 3acToCOBYBaTH JJIsl OYUCTKH IPYHTIB
Bix Ni 3a mormomoror ditopeMemiarii.

Knrouosi cnosa. eadcki memanu, Ipywm, noriaminu, xenamu, gpimopemediayis.

H.U. IlleBsixoBa
Hnemumym gusuonozuu pacmenuii um. Tumupsazesa Poccutickoti akademuu nayk, Poccus

®UTOPEMENAIIMOHHBIN ITOTEHLIMAJ HUKEJISI U MEXAHU3MBbI
EI'O JETOKCUDUKALIMN B PACTEHUAX, UCITOJIB3YEMBIX JIJIS1 OYUCTKU ITOYB

3arpsizHeHHe NOYB TsDKeIbIME MeTaiamu (TM) mpencraBiseT GOJBLIYIO OMACHOCTh KakK st
KyJIbTUBHPYEMBIX PACTEHHUH, TaK M YEIOBEKA M3-3a UX BBICOKOH TOKCHYHOCTH. [Ipobiema pazpaboTku
TEXHOJIOI'MHM OYUCTKH 3arpsi3HEHHBIX MOYB OT TM ¢ IOMOIIBIO pacTeHUNH-CBEpXaKKyMyasTopoB TM
(Ni, Cd, Pb u np.), ctocoOHBIX BBHIHOCHUTH MX W3 MOYBHI ¢ OMOMaccoil mpuoOperaeT Bce Oobliee
3HaueHHe. [IOMCK TakMX pacTeHWIl OCHOBBIBaETCA HA HX CHOCOOHOCTH aKKyMmyJupoBaTte TM,
pa3BHBasl pa3NNYHbIE MEXAaHW3MBI 00€3BPEXMBAHMSA UMX B KieTkax. OHUM M3 TJIaBHBIX 3aIIUTHBIX
MEXaHU3MOB SIBIISIETCSI 00pa30BaHHE KOOPAMHAIIMOHHBIX CBS3€H Pa3IUIHBIX OPTaHWYECKHX BEIIECTB
¢ TM, Tak Ha3pIBaeMoe XenaTupoBaHue. B HacTosimiell paboTe NpOBeIeH aHAIN3 MPUMEHEHUs IS
00e3BpeKMBaHNs HUKEIS TOJIMAMUHOB (IIyTPECIIMHA U APYTHX), KOTOPbIe CIOCOOHBI 00pa30BbIBaTh C
HUM X€JIaTbl U TEM CaMbIM CHUXATh €I0 TOKCUYHOCTH U IOBBIIIATE AKKYMYJISLIUIO Nl B Ha}l?,eMHOi’I
Macce. DTOT MpHEM MO3BOJUT TaKWe PACTeHHs Kak Brassica napus L., Amaranthus cruentus L.,
Calamagrostis epigeios L. TnpuMeHATh Uil OYMCTKA HOYB OT Ni € IOMOLIBIO TEXHOJOTHUH
(duTopeMeTuaNUH.

Kniouesvie cnosa: maicenvie Memainivl, NO48d, NOIUAMUHBL, XEAAMbI, PUMOPeMeOUayusl.

© Shevyakova N. L., 2011
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At present, biosphere pollution with heavy metals (HM), nickel in particular, becomes
increasingly actual problem. HM are accumulated in air, soil and water rather rapidly and
removed from it extremely slowly. Half-life of Pb, Cd and Cu in soil are more than
thousand years. HM are one of the most dangerous pollutants for human and for most crops

(fig. 1).

on most crops

* Inhibition of

photosynthesis
» Disturbance of mineral

nutrition

e Suppress of growth

on human

» Cancerogenic and
mutagenicity action

 Disturbance of
metabolism and
nutrition

» Cytotoxic effect

 Disturbance of water « Action on nervous

and hormonal status

system

Fig. 1. Harmful effect of heavy metals

However, many species of terrestrial plants could inhabit soil ecotops enriched in HM
and accumulate toxic metals in their aboveground organs in high concentration without any
signs of damage (Raskin, Ensley 2000). Most of them are Ni hyperaccumulators (from 1.0
to 30 g Ni/kg shoot dry wt). Potencial use of wild-type plants for extracting contaminant
metals from polluted soils, as it is called, phytoremediation, has received much attention in
recent years (fig.2). Countries in which technologies of phytoremediation are realized:
USA, Bulgaria, Spain, Great Britain, New Zealand, China et al.

Storage or recycling for
decontamination from HM

HM translocation
to aboveground
organs

ﬂ/““'
Mowmg of plant

growing mass

.* || Stabilization of HM
content in roots

Desorbtion
from soil

by roots N ,1. . $
T LS SRR R
Stabilization of HM content in soil

C }-‘dr}i‘—t— “-"3. el I T _'n" ™ ‘-._ -'.

F1g 2 Technologlcal scheme of phytoremedlatlon (Prasad 2003)

However, the main obstacle for application of natural HM-hyperaccumulators for
phytoremediation is their relatively small biomass and low growth rate. Therefore, for
efficient phytoremediation it is necessary to select plant species, which are not only capable
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of HM accumulation but also produce large biomass and have developed various
mechanisms of adaptation to HM.

Screening of Ni-accumulating species could be also performed among ruderal plants
inhabiting waste buring soils in megapolis. As an example, perennial grass Calamogrostis
epigeios (L) Roth is capable of Ni accumulation in the aboveground (more than seven
hundred mg/kg dry wt) (Madzhugina, Shevyakova, Kuznetsov, 2008) (fig.3).

This plant is a typical
flora representative in
the central climatic zone
characterized by a high
tolerance to soil
pollution. On the
polygons for Megapolis
Waste Calamogrostis
epigeios plants
produced the
monopopulation of high
productivity of green

E— : mass.
Fig. 3. Perennial grass Calamogrostis epigeios L (wood small reed-grass)

The main task of our investigations was to characterize plants as C. epigeios
tolerance to HM on basis of cytological and physiological parameters: hystochemical
analysis of Cd, Pb (ditizon) and Ni (dimethylglyoxime) distribution in tissues after seed
germination, potencial of seed germination in the presence of HM and so on.

Like other plant species reed-grass (C. epigeios) accumulated various metals (Pb and
Cd) and especially large amounts in roots (fig. 4).

By means of specific for each metal
hystochemical test (lvanov, Seregin, 2003)
was indicated that Cd and Pb were
accumulated in the main of cortex and
endoderms. The hypothesis provides an
explanation for slowly penetration of these
metals in conductive vessels and may be
further slowly penetrate in leaves.

In presence of 200 uM Pb(NO,), In presence of 200 uM CdCl,
Fig. 4. Cd and Pb distribution in tissues of C. epigeios
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However, distribution of Ni in root tissues of this plant indicates that in distinct of Cd
and Pb, root endodermis is not a barrier limiting Ni transport into stele and Ni rapidly
penetrated in aboveground organs of reed-grass (fig.5).

(C — cortex; P — pericycle; MX — metaxylem; CV — conductive vessel;
E — endodermis; Rh - rhizodermis)

&3 '%’f“" A4 In distinct of Cd and Pb, Ni
. b R - ' accumulated mainly in cell
C s & U pr_otoplasts in all tissues of
/ R - F VX rh_|zomes. _
' = 14 Ni penetrated fluently into the
_ ) s central cylinder tissues and
20um [Pt \ cad’ may be further rapidly
T § o, penetrate in leaves.

——

50 pm

Fig. 5. Ni distribution in tissues of C. epigeios

The assessment of HM action on seed germination of this plant demonstrated their
relatively more higher tolerance to Zn and Ni. Thus, seed germinability was not affected by
1 mM ZnSOy, or Ni (NO;), whereas 1 mM CuSO,4 and 1 mM Pb (NOs), were more toxic

(fig. 6).

80 -
70 -
60 |
50 4
40 |
30 |

20 |

10

Germinability, % germinated seeds

100 200 300 400 500
Concentrations of HM salts (uM)
Fig. 6. Effect of HM salts on reed-grass seed germinability
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On the important characteristics of this plant as a possible phytoremediant could be its
capability to accumulate HM in green mass. To assess a possibility for this plant usage for
recultivation of polluted soils, it was important to evaluate plant tolerance to mowing and to
determine the level of metals removal with mowed plant biomass in plant grown in soil
culture in the presence of HM (fig. 7).

Control
Wood small-reedgrass
plants turned out to be
rather tolerant to periodic
mowing; this was
manifested in repeated
regrowth of their shoots. N
removal with mowed green
mass was 173.2 mg/m?,
and this allows its usage
for soil decontamination.
Fig. 7. Shoot regrowth after mowing of reed-grass

100 mg Cu/kg soil 300 mg Cu/kg soil

These data indicate that, at a short-term action of the high Ni concentration in nutrient
medium, wood small reed-grass plants turned out to be rather tolerant to periodic mowing.
Ni removal with mowed green mass was 173.2 mg/m” and this allows its usage for soil
decontamination.

Potentials of C. epigeos plants for polygon recultivation for megapolis waste in
Moscow oblast (Russia) are demonstrated in figue 8.

a N
3

From 5 cm layer of
soil contained —23
kg/h Ni
Calamagrostis
epigeios (harvest 15
t/h)

carried away ~7 kg
Ni/h

Fig. 8. Green mass of plants C. epigeios periodic mowing on polygons
of waste buring soils would result in soil cleaning of Ni for 5-10 years

Thus, in this work, we performed a search of Ni accumulator among wild ruderal
plants inhabiting polygons. However, to apply this plant species as phytoremediant of
agricultural lands, it is necessary to produce on its basis new cultivars with a higher
efficiency of HM removal and the increased rate of shoot productions.
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The main task of further investigations was to characterize

To assess a possibility usage cultivated plants for recultivation of polluted soils, it was
important to evaluate not only the level of metals removal with mowed plant biomass but
also plant tolerance to HM. Therefore, in the next work we plans for new lines of
approaches to phytoremediatory methods.

It is evident from the foregoing equation (Raskin, Ensley 2000) many species of
terrestrial plants could inhabit soil ecotops enriched in heavy metals and accumulate these
toxic metals in their aboveground organs in high concentration without any signs of
damage. Most of them are wild Ni hyperaccumulators and belong mainly to the
Brassicaceae family but have relatively small biomass and low growth rate. There are in
more than 400 such plant species in the genus Alyssum.

For the goal of such plants selection among cultivated crops we have chosen rape
plants (Brassica napus) (fig. 9). In this connection, we planned to establish upper limit of
rape tolerance to Ni during plant vegetative growth and to reveal physiological targets of
nickel toxicity. Rape (canola) is not HM hyperaccumulator. However, it can be suitable
species for sol decontamination fron Ni due to its genetics (Brassicaceae family) and large
biomass (Prasad 2003). Rape is annual oil plant of hybrid origin resulting from
spontaneous cross-pollination between cabbage (Brassica oleracea) and field mustard
(Brassica campestris), i.e. it is a closest turnip relative. Rape is cultivated in varios
countries; it is characterized by a short growth period, great biomass production, and easy
acclimation. Yield potential for spring cultivar: 2000 to 2800 kg.ha”, for winter canola —
4400 to 5600 kg.ha™ for central Washington (Hang et al. 2008). Rape is a promising target
for agrobacterial transformation aimed the increase in its phytoremediatory potential. It is
also widely applied as a biofue (Hang et al. 2008).

Fig. 9. Rape plants (Brassica napus L.)

Ni accumulation by different leaves of adult rape plants shown in figue 10 A. At 125
uM NiCl, in medium cotyledonary leaves and young leaves accumulated 150 and 325 mg
Ni/kg dry wt, respectively. At 250 uM NiCl, the content of Ni in young leaves almost
doubled, whereas at 500 uM NiCl,, it increased to 1000 mg/kg dry wt. However, in young
leaves content of Fe (B) and Cu (C) — essential elements, were reduced. In result of it,
chlorosis in leaves was manifested.
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Thus, contrasting NI-induced changes in the content of Fe in the leaves of different
age could indicate that Ni prevents Fe and Cu uptake by rape plants. This clearly
demonstrates the disruption of this plant nutrition with essential metals. Moreover, Ni
accumulation in aboveground organs induced oxidative stress and increase the intensity of
lipid peroxidation (content of malondialdehyde —indicator of membrane disturbance) (D).

These features do not allow this plants to extract sufficiently high amounts of Ni from
contaminated soils. Various biotechnological strategies were developed to overcome these
difficulties. One of such technology is application of various plant protective metabolites
and low-molecular ligands for HM, enhancing their absorption and long-distance transport
over the plant.
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Fig. 10. Effect of NiCl, on accumulation Ni, Fe, Cu and MDA

Various natural low molecular chelators (citrate, oxalate, malate, histidine, and
others) and high molecular chelators (phytochelatines, thioneines and so on) can form HM-
chelate complex which detoxifies metal and accelerate its movement along root xylem and
further to shoots (Shevyakova et al. 2010).

One of chelators, forming Ni—PAs, as showed by Koutensky et al (1995) and others,
could be polyamines (PAs). In several studies, a Ni-induced accumulation of universal
organic polycations polyamines was observed (Hauschild 1993; Bergmann et al. 2001).
Stress-induced polyamines accumulation in plants is known to fulfill a multifunctional
protective role against damaging action of various abiotic factors, including HM pollution
(Kuznetsov and Shevyakova 2007; 2010).

As known in plants putrescine, spermidine and spermine are most abound polyamines
(fig. 11). But the PA metabolic pathways are regulated by a limited number of key enzymes
and genes. The main precursor of polyamines are aminoacids of ornitine cicle and
S-adenosylmethionine (SAM).
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(1)- ODC, ornitine dacarboxylase,

Amginine —_ ) . (2)- ADC, arginine decarboxylase,
ADC2
Ciidiveide Oevithing agmatine  (3)- agmatine iminohydrolase,

(6) .
| A*‘P‘l‘"“ rmk ‘/m (4)- N-carbomoylputrescine
Lysing «—— | O —pytrescine —

amidohydrolase,
l S v v )
Methionine SR (5)- SAMDC, SAM decarboxylase,
SAM —— deSAM Spérmiditie (6)- SPDS, spermidine syntase,
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Fig. 11. Pathway of biosynthesis of main plant polyamines
(putrescine, Spermidine, Spermine and Cadaverine)

On the basis of these data, we proposed that polyamines accumulation in plants might
improve plant tolerance to Ni due to chelate formation.

The next aim of this work was to study a possibility of polyamines accumulation in
rape plants (Brassica napus L.) under Ni pollution in soil. We showed that exogenous Ni
stimulates biothynthes of endogenous polyamines of putrescine family in rape plants (Fig. 12).
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Fig. 12. Effect of NiCl, on endogenous content of free polyamines in young leaves
of 5-day-old rape plants

On the basis of these data, we propose rape plant can be as potential Ni accumulator
for soil decontamination. However, it is necessary to increase plant capability of metal
accumulation, aboveground organ biomass and plant tolerance to Ni toxicity. Therefore we
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attempted to improve the aforementioned parameters by increasing polyamines content in
leaves (fig. 13). Earlier we have shown, that treatment of adult plants with putrescine
increased biomass of roots and shoots, the content of chlorophyll in leaves. Taking it into
account, we expected that exogenous putrescine would activate plant growth and improve
tolerance to nickel-induced stress, and what is especially important, activated Ni
accumulation in leaves. We assumed that exogenous putrescine penetrates from leaf surface
via phloem into leaf parenchyma and then into xylem, where it could a complex with nickel
causing Ni detoxification and increasing its transport into aboveground biomass. The
obtained data demonstrated that treatment of exogenous putrescine increased the amount of
Ni in leaves to the level attained by natural Ni-accumulators (~ 3000 mg/kg dry wt).
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Fig. 13. Effect of leaf treatment with exogenouse putrescine on Ni and Fe

In an analogous way leaf spraying with exogenous putrescine of another cultivated
plant (Amaranthus cruenthus) demonstrated the increase of Ni accumulation and its
transport into aboveground biomass. It was shown in figure 14.
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Fig. 14. Effect of leaf treatment with exogenouse putrescine on Ni and Fe accumulation
by young leaves of Amaranthus cruentus L. plants
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Such effects opens a possibility for creation of transgenic plants with enhanced
production of endogenouse polyamines, which would be of interest for phytoremediation.
This could be one of the efficient strategies for accelerated hyperaccumulator-mediated soil
decontamination from HM.
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MICROMORPHOLODGY OF ARTIFICIAL EDAPHOTOPES
IN FOREST ECOSYSTEMS OF DESTRUCTIVE AREAS OF UKRAINE
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In the paper the materials of construction and development of artificial forest edaphotopes, their
micromorphological dynamics in Western Donbass technogenesis environment are stated.
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In Western Donets Basin under the influence of undermining of coal beds subsidence
of valley area of Samara Dniprovska occurs. Consequently underflooding destroys all
components of forest biogeocenoses. But it happens step-by-step that gives an opportunity
to plan the sequence and rates of subsidence phenomena, to identify the death stages of
certain areas of Samara pine forest, to devise the methods and periods of its restoration.

Over the time of 35 years the unit on destructive land recultivation of Complex
Expedition of O. Gonchar Dnipropetrovsk National University have been doing monitoring
researches of destructive edaphotops, have been taking part in development of projects for
design and formation of artificial soils and forest ecosystems in anthropogenic environment
of Western Donets Basin.

Undermining of the territory and subsequent subsidence at 5-7 m runs nonuniformly
and forms wide diversity of silva. This phenomenon is caused by different circumstances:
geological stratigraphy, depth and pace of undermining of coal beds, depth of underground
waters, relief, availability of different types of vegetation, etc.

For prevention of depth of natural valley forests on the area of more than 5 hectares it
was necessary to develop guidelines and introduce into industry a whole number of nature
conservation methods:

e The first method. Making a dam on the territory for delaying the water flowing
from the water basin arisen as a result of subsidence of adjacent woods.

e The second method. So as not to allow the penetration of water through the
protective dum and save the territory from underflooding and death of woodland, the
method of wvertical drainage was used. It was realized through laying of
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the shaft wells with continual pumpdown of the water and dropping it into the riverbed of
Samara.

e The third method is the cases when there is no subsidence, but underflooding
occurs because of the overflow, appeared bodies of water and disturbance of processes of
floodplain in spring.

e The fourth method. Territories where there is no underflooding, but destruction
and death of forest biogeocenoses occurs because of interbiogeocenosis relations. Forest
planting perished with underflooding and affections is a source of disease of weakened and
aged trees.

o The fifth method. The artificial rise of day at original level (5-7 m) by formation of
platforms of mine rocks with subsequent construction of filling on their surface. It ensures
regular growth and development of forest plantings.

e The sixth method. Making soil artificial horizons from substrates of potential
genetic propinquityof creating soil morphons (horisons).

e The seventh method. Use of creating typology of artificial forest culture
biogeocenosis in anthropogenic landscape environment compiling on basis of typological
principles of professor Belgard.

For diagnosing and fundamental guidelines along with conventional physicochemical
methods micromorpholodgical soil structure analysis was made. One side of the study was
ecological micromorpholodgy of standard alluvial genetic types of soil and soils of
different degrees of destruction, degradation and death under the influence of subsidence
deformations and underflooding. The other side of the study was ecological
micromorpholodgy and physicochemical primary and prolonged processes of soil
formation, development of methods of design of artificial soils by arrangement of soil
horizon and whole soil profile in accordance with the selection of wood and shrub species,
defining the principles of typology of artificial forests for revegetation of mine dumps in
Ukraine. Special attention was paid to:

e syngenetic processes — primary embryonic soil formation;

o depth and characters of soil profile;

e depth and characters of soil horizons;

o the possibility of ecological and biological processes interprenetrating between
individual horizons;

o lack of historical and genetic relations of individual bulk layers, soil (geological)
horizons;

e biological compability of horizons;
biological conditional compability;
biological incompability;
absolute biological incompability of constructible horizons;
the level of ecological concordance of forest culture phytocenosis to habitat;
absolute ecological concordance of forest culture biogeocenosis to habitat;
relative concordance;
absolute discordance of forest phytocenosis to habitat.
level of forest suitability of established silvicultural conditions.

Monitoring observations for 1975 — 1985 — 1995 — 2010 testify that under the
influence of underflooding silvicultural characteristics of soil retrogress, destruction of
macro-, meso- and microstructure of soil mass occurs, sodium and potassium penetrate to
soil-absorptive complex.

Ecological micromorpholodgy can penetrate into the depth of soil processes up to
molecular and crystalline level and define by the instrumentality of polarized and scanned
microscopes, computer and video equipment nucleation of chemical compounds which
cannot be defined by method of physical-chemical analysis. Any destruction of soil by
chemical analysis does not enable to define functioning of certain components in their
interaction, interconnection and interdependence. Sample of “mince” made of experimental
frog enable to get empirical notion about chemical composition, but not about structure
functional organization of organism. Triturated watch put to the most careful gross analysis
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does not enable to discover the peculiarities of their construction and principle of operation.
Ecological micromorpholodgy reveals qualitative and quantitative composition of
substratum without destruction of sample’s architectonics. It documents not only the levels
of structural organization, but also in combination with physicochemical analysis it
discovers the secrets and features of soil formation.

Studying the deformed and destructive soils in technogenesis environment in Western
Donets Basin, Alexandria and Lviv-Volyn coalfields we managed to get the data which
throw light upon the ecological essence of soil formation progressing in substrates
(edaphotopes) making by nature or by man.

Among 6 experimental areas let’s dwell on the area Ne 1 (3,2 ha), where the
monitoring tests had been conducted for 35 years. Here 16 wood species are tested on the
common platform with capacity of 10 — 12 m, filled in the territory of subsidence. The
platform serves as a base, on the surface of which the artificial edaphotopes of different
thickness, configuration and structure had been constructed.

Variant 1. Floodplain of the river Samara, subsided area and the platform built of
mine rocks. The layer of the same rock of 2-meter thickness was specially applied on the
platform. The task is to show ecological fitness (unfitness) of mine rock for growing of
forest plantations on it.

Typological formula: heavy clay, dryish clay, level of morphological organization
(LMO) — 1, half-cleared structure of plantation, initial structure of forest — 10 Robinia.

By 1999 plantation of robinia, common birch, black poplar, Bolle polar are
completely degraded.

Micromorphological description of mine rock (2010).

Mine rock is heavy clayey mass on its granulometric composition. It consists of
siltstone, mudstone and 16-20 % of organic matter coagulated irreversibly. The organic
matter is resinous polymerized chemical compounds.

By the research findings the organic matter of mine rocks is not mineralizable and
doesn’t become available for plants’ nutrition. Mine rocks by their physicochemical, water-
air, mechanical properties are unfit for growing plants. They are absolutely impervious,
have high density, hardness, viscosity, stickiness. In the time of drying up they are
cemented, in the time of moistening they turn into sticky clay without air, as a rule with
total moisture capacity. In point of chemical fertility mine rocks are anazotic compounds.
They have trace of phosphorus, potassium, calcium, magnesium, sulfur, iron and
microelements. Pyrite influences distinctly negatively. Content of pyrite is near 1%, it
causes drop of pH to 3,2.

It is paradoxical that mine rock in the leach process has no adverse impact on water
bodies. Our experiments have shown that fresh mine rock ejected on the daylight has solid
residual 0,2 % at the most. Volume weight of mine rock is 1,6 — 2,2 g/cm3, specific weight
-2,7-2,5 g/cm3.

Ratio of Cha/Cfa reaches 10. It indicates that humic humus acids prevail over fulvic
acids.

In consideration of ecological micromorpholodgy of mine rocks it could be concluded that
for 35 years of functioning of rock, its connection with atmospheric air, oxidation processes, had
affected the rock construction, which at the present time is notable for mixed character and
heterogeneity of its structure, compared with fresh rock ejected from a mine (fig. 1).

Light-colored sections alternate with brown-colored carbonate-clay sections. As a
result of physical and chemical weathering, under the influence of exothermal reactions,
against the background of decomposition of primary mine substrates the oxidation process
(combustion) of the rock occurred intensively.

After crushing the coal rock (rock of the Concentration Plant) the total surface, the
area contacting with atmospheric air and primitive but active biota increase. Here the
reactions of hydration, dehydration, hydrolysis, oxidation, dissolution and exchange are the
most accepted. Pyrite interacting with oxygen and water undergoes the following changes:

2Fe Sz (pyrite) + 702 + 2H20 = 2FeSO4 + 2804,

12FeSO,4 + 6H,0 + 30, = 4Fe; (SO,); + 4Fe(OH);;

ZFC(SO4)3 + 9H20 = 2F6203 X 3H20 (limonite) + 6stO4
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As a result of the reaction the limonite is generated. This mineral in the sections has
brown color and is consisted of separate particles capable to absorb the moisture.

Hydration is typical for the reactions attaching water. Red iron ore, ferric oxide —
hematite interacting with water generates hydroxide or limonite.

2Fe, O3 + 3H,0 = 2Fe,0; x 3H,0, dehydration is an inverse process progressing
under water deficit. Pyrite as iron solphide prevails in the mine dumps where considerable
part of iron is represented as its oxide compounds.

On the clear sections after 35 years of their physical, chemical and biological
transformation it can be observed that the top layers of rock are different from the
underlying. On the fig. 1 the primary distribution of plasma, fine-dispersed material
generally consisting of clay are clearly defined.

Fig. 1. Fresh mine rock (a — Nick. II. x 70; b — Nick. +. x 70);
mine rock after 35 years (c — Nick. II; d — Nick. + x70)

Elementary structure changes along the certain sections sandy-plasma-pulverescent.
Structural aggregations are not isolated. Skeleton is of pulverescent size, there are some
sandy grains 1,4 mm, 0,5 mm. Large grains of quartz and calcite are thrown about the
whole mass. The trace of mica in the form of glowing sticks distributed in clayey mass.
Carbonate-clayey plasma is rather saturated, greatly heterogeneous, optically unoriented.
Pores are of anomalous form, not intercommunicating. Diameter of some of them is 0,6
mm. There is no new formation.

Variant 2. Description of plantation and ecological micromorpholodgy of soil
profile on the second variant of reclamation (in 35 years)

Type of silvicultural conditions — LO-1 (dryish loam). Stratigraphic structure of
edaphotope: loess 0 — 50 sm; tertiary sand — 50 — 100 sm; mine rock — 100 — 70 sm.

Type of plantation light structure — half-lighted, light condition — normal, of the
second age phase (polewood).

Type of stand — 10 Robinia of 24 years, height 5,5 — 6,5 m, diameter of a trunk — 95 —
120 mm, spread of branches — 350 — 420 mm, density — 0,9.
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Typological formula:

LO-1 (0—-50 cm)

SO-1 (50 — 100 cm)

C2 (100 — 700 cm) LMO -3

Half-lighted, third age degree.

Macro- and micromorphological structure description of soil profile on the variant 2
in 24 years.

H 0 10— 7 cm Forest litter of robinia leaves, herbal admixture (bedstraw, celandine),
seldom - cereals.

HO 2 7,0 — 15 cm dusty mass covering the soil and serving as a mulch against the
settlement of steppe herbaceous vegetation.

Hpl 15 — 35 cm Loess-like loam medium-humused at a depth of 0 — 15 cm with
grayish tint. Microstructure is friable. Carbonate-clayey material forms aggregates of size
0,02 — 0,5 mm. Grains of mineral skeleton (quartz, feldspars, glauconite, hornblende)
occupy 40 — 60 % of section area; they are homogeneous by size, have rounded and half-
rounded shape. Crystalline calcite fills plasma and cements loessial aggregates. There are
certain large grains of calcite. From 1995 to 1999 pore space had been continuing to form
pores-cracks of 1 —2 mm. In the under study section there are clods and inspissations of
round shape, generated by clayey material. Biopores frequently filled by coprolith or
coprolithlike remains have been progressing. Upper horizonts of soil have acquired grey
color through availability of humic matter and considerable quantity of dusty mass of litter
(fig. 2).

Fig.2. Fresh loess (a — Nick.II; b — Nick. +. x 70); loess after 35 years (c — Nick. II; d — Nick. +. x70)

Comparing the observations of primary soil formation in initial loessial substrates
(1975) and the same rocks in 30 and 34 years it is clear that forest vegetation doesn’t
acidate the loessial substrate so that the destruction process of sparingly soluble compounds
would be evident. At first quite the contrary the process of humus accumulation, structure
formation, arisen humate calcium procure the improvement of silvicultural conditions. On
bare loessial edaphotopes of steppe environment the process of humus accumulation occurs
more intensive under forest vegetation than on open steppe. Forest accumulate the litter
which goes to ruin slowly, undergo the stages of decomposition, mineralization and
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condensation of humus matters. The condition of humus of this “forest” edaphotopes in
comparison with initial not afforested loesses and loess-like loams is at its apogee. In
consideration of the opinion of V. V. Dokuchaev to the effect that “loesses are soils”, it
could be mentioned that falling under the influence of active biological environment they
become capable to resuscitate their potentialities rapidly and to acquire the qualities of
chernozem type of soil formation.

Variant 3, 4. Planting description and ecological micromorpholodgy of soil
section on the forth variant of reclamation (in 35 years).

Considered variant is the most favourable, productive and inexpensive.

The type of forest conditions — L0O-1 (dryish loam). Here sandy interlayer is not on the
bottom of the productive layer, but in the middle, developing receptacle of moisture as a
result of condensation processes and free absorption of backup water level of underlying
loam. The moistening conditions in this connection could be qualified as atmospheric-
ground. The thickness of artificial soils has the following stratigraphy: chernozem — 0 — 50
cm; tertiary sand — 50 — 100 cm; loam — 100 — 150 cm; clay — 150 — 700 cm.

The type of light structure — half-lighted, the type of stand — 10 Robinia, 24 years.

Typological formula:

LO-1 (0—50 cm)

S2 (50 — 100 cm)

L2 (100 — 150 cm) 10 Robinia

C2 (50 — 700 cm)

Half-lighted third age stage

General density — 0,8 — 0,9. The plantation is characterized by high vitality, richness
in fruits, virtually absence of pests. The grass stand is well-developed. Rootstock grasses
predominate (Poa compressa, Elytrigia repens), covering — 45 %.

Description of macro- and micromorphological structure of forest improved
chernozem on Variant 4 in 35 years (2010) (fig. 3).

Fig. 3. Development of chernozem layer on experimental areas 3 — 4 (a — Nick.II; b — Nick. +. x 70)

Hor. 0 — 30 cm over a period of time from 1975 to 2010 under the influence of forest
vegetation had been acquiring a number of positive qualities. The structural composition
has been improved. The quantity of large rounded aggregates has been increased. Pore
space occupies 45-55% in upper layers and 25-35% in lower layers. The horizon’s coloring
is dark-brown, almost black. Mineral skeleton includes feldspars, micas, epidottsoizite
minerals. Zircon is found rarely. Throughout the section the active work of burrowing
mesofauna is found. In the upper horizons there is a considerable quantity of coprolites of
earthworms. The size is 0,2 — 0,6 mm, 1 — 2 mm. Microstructure is friable. Organic matter
is dispersed along the full soil mass. Humus is a sort of silt. In certain zonules the
incrustation of clay are visible. Vegetable remains in half-decomposed and decomposed
condition.

As it has already been said, undermining of coal layer causes slumps of surface area
with consequent various serious consequences, underflooding in the first place conditional
of ground water outlet on the day surface. Underflooding causes the death of forest
plantings, negative transformation of forest fertile soils, with deteriorated water, air,
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physical-mechanical and physicochemical properties. Mineralization of mine water reaches
9,427 mg/l with rigidity of 48,8 mg-eq. According to Alekin (1946) such water labels as
salty, hard, chloride type. In the central floodplain, where forest plantations were filled by
water to 1,5 — 2,00 m the chemical composition of water is notable for increased rigidity
(51, 6 mg-eq.), strong salinity (solid residue > 10 000 mg/l), labels as chloride class,
sodium-potassium group, type of strong mineralized soil. High mineralization of
underflooding water causes by outlet of water from a mine, for instance Pavlograd mine
where the salt load reaches to 46 g/l. For comparison of salt loads, we would remind you
that irrigation water should contain insignificant amount of salt. Water with salt load of 1g/1
fits all types of irrigation. Limiting salt content is 1,5 g/l. It is clear that so high
mineralization of water in mine dumps area with solid residue about 9427 — 10734 mg/1
doesn’t create favourable conditions for growing of forest biogeosenoses. Monitoring
observations for 1975 — 1985 — 1995 — 1999 — 2010 argues for destruction of macro-, meso-
and microstructure of soil mass, penetration of sodium and potassium into soil-absorbing
complex. Solid residue increases to 0,75%. Soils change from meadow-forest into strongly
saline by the degree of salinization, into chloride-sulphate soils by the type of salinization.
To compare the pace and pattern of change of micromorphological features we had
advisedly planned the scientific research on the model test areas, located on monitoring
ecological geobotanical profiles of Samara Biosphere Station of Complex Expedition of
DNU. The level of detrimental effect of mentioned mine high-mineralized water on forest
soils is disclosed: mudding of porous space by fine-dispersed mass, formation of
homogeneous (clayey) and mixed (sandy-pulverescent-cleyey) incrustations, microzonality
foundation, negative transformation of humus form, washing it out of the floor profile,
erosion of floor profile horizons, death of pedofauna. Speed of deformation depends on salt
load of water environment, genetic type of soil, duration of flooding process. For
prevention of forest soils’ destruction it is necessary to apply damming, vertical and
horizontal drainage, carry out regeneration of soils by forestry and silvicultural methods in
the course of their reuse.
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SOILS OF GEORGIA: CONDITION AND PERSPECTIVES

! Ivane Javakhishvili Tbilisi State University, Georgia
2Georgian State Agrarian University, Georgia

Georgia is characterized by very interesting types of soils. Some of the world soils were first
described in Georgia. One of the fundamental laws of soil geography — the law on vertical distribution of
soils was stated by professor. V. Dokuchaev on the example of the Caucasus, particularly on the
example of Georgian soils. Ecological conditions of the soils of Georgia are very heavy. Very big areas
are eroded, polluted by radionuclides and heavy metals. The problems may be decided by joint activities.

Key words: soils, vertical distribution, eroded, radionuclides, heavy metals.

T. ®. Vpymame', T. T. Ypymanse?
"T6inicoxuii depocasnuii ynisepcumem im. I. Heaxxuweini, Ipysia
“Ipysuncekuii deporcagnuil azpaphuti yrisepcumem, Ipysis
[PYHTU I'PY3Ii: CTAH TA ITIEPCIIEKTUBU

Just T'pysii xapakrepHi xyxe IikaBi BUIYM IPyHTIB. JlesiKi BCECBITHBO BiJOMI I'PyHTH BIEpIIe
Oymu omucani y I'pysii. OnuH 3 OCHOBHHMX 3aKkoHIB reorpadii IpyHTIB — 3aKOH BEPTHKAJIBHOTO
po3noxiny IpyHTIiB — OyB chopMmynsoBanuii mpodecopom B. B. [lokyuaeBum Ha npuxiani Kaskasy, B
JAaHOMY BHIAIKy Ha IPUKIAAI TPY3MHCHKHX IpyHTIB. Exomoriunmii cram rpystiB ['pysii myxe
BaXKHA. Benmuki mromi epogoBani, 3a0pyAHEHI pagioHyKIiJaMH Ta BaKKUMH MeTanamu. [IpoGiemu
MOXYTb OyTH BHpIiIICHI 00’ €JHAHIMU 3y CHILTSIMU.

Knrouoei cnosa: ipynmu, epmukanbHuil po3nooin, epo0osanuil, padioHyKIiou, 8ax4CKi Memanu.

T. ®. Ypymamel, T.T. YpyLua;:Be2
"T6unucexuii 2ocydapemeennuiii ynusepcumem um. Heane Hsarxuweunu, Tounucu, Ipysus
I py3unckuii 2ocyoapcemeennvlii acpapuwiti yuugepcumem, Tounucu, I pysus
I[MOYBBI I'PY3UU: COCTOSHUE U ITEPCIIEKTUBBI

Hust T'py3un xapakTepHbl OYeHb WHTEpPECHBIC BHIbI MOYB. HEeKOTOpbIe BCEMHUPHO H3BECTHBIC
MOYBBI BIiepBble ObuTH omnucanbl B ['py3un. OJMH M3 OCHOBHBIX 3aKOHOB reorpaduu moys — 3aKOH
BEPTHKAIBHOTO paclpe/elieHusi ouB — OblT cdopmynupoBan mnpodeccopom B. JlokydaeBbiM Ha
npumepe KaBkasza, B 4aCTHOCTH, Ha NpHUMepe I'PY3UHCKHX MOYB. DKOJIOIMYECKOE COCTOSIHHE IOYB
I'py3un — ouenp Tspkenoe. OOMIMPHBIC TUIONIAM — SPOJUPOBAHBI, 3arpsA3HEHBI PAJANOHYKINAAMU U
TSDKEJIBIME MeTauiaMu. [1po6ieMbl MOTYT OBbITh pelieHbl 00beANHEHHBIMH YCHITHSMH.

Knrouesvie cnosa: nousvl, eepmukanvhoe pacnpeoenenue, 3p0OUpOSAHHbIN, PAOUOHYKIUObL,
msiiceble Memainol.

It is not accidental that at the end of XIX centre founder of soil science professor
V. V. Dokuchaev called Georgia “Museum of soils in the open air”.

For more that 50 soil types have been described on the territory of the Georgia. It is a
result of complex bioclimatic and different litho logical and geomorphologic conditions.
Some of the soils were first described in the Georgia and only afterwards distinguished in
many other countries. Diverse conditions of soil formation are complicated by the influence
of man’s activities of different durations upon the soils

Some of the world soils were first described in Georgia, among them Cinnamonic
(Cambisols Chromic), Meadow-Cinamonic (Cambisols Chromic), Yellow-Brown Forest
(Acrisols Haplic).

It is very important, that one of the fundamental laws of soil geography — the law on
vertical distribution of soils was stated by professor. V. Dokuchaev on the example of the
Caucasus , particularly on the example of Georgian soils

In 2009 the Soil Map of Georgia was published in scale 1 : 500 000. For the first
time in the post soviet space the soil classification was compared with the modern
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international classification of soils (WRB). The map was composed by more than 50
scientists and practitioners under the leadership of professor T. Urushadze. Leader authors
of the map — 7 in all were awarded the State Prize

In 2002-2006 the realization of Cadastre and Land Register Project co-financed by
KFW was of great significance. In the framework of this project large groups of soil
scientists were retrained according to modern standards. The international classification of
soils (WRB) was studied and discussed in the field and cameral conditions. The working
version of “World Reference Base for Soil Resources” was translated into Georgian and
published in 2005. The textbook on field investigation of soils was also prepared and
published in 2006

The following soils are spread in Georgia: Mountan-Meadow (Leptolos), Brown
Forest (Cambisols Eutric), Cinnamonic (Cambisols Cromic), Alluvial (Fluvisols), Raw
Humus Calcareous (Leptosols Rendzic), Yellow Brown Forest (Acrisols Haplic), Meadow
Cinnamonic (Cambisols Chromic), Subtropical Podzols (Luvisols Albic), Yellow Soils
(Acrisols Haplic), Red Soils (Nitisols Ferralic), Black (Vertisols), Grey Cinnamonic,
Meadow Grey-Cinnamonic (Cambisols Chromic, Cambisols Chromic), Chernozems
(Chernozems), Bog (Gleysols), Raw Humus Sulphate and Salt (Gypsisols, Solonetz,
Solonchaks).

Total area of soil cover is 69 958 724 ha, among them — brown forest soils — 24,4 %
(17 089 287 ha), mountain-meadow — 19,7 % (13 791 065 ha), cinnamonic — 8,9 %
(6 218 847 ha), alluvial — 8,2 (5 733 897 ha), raw humus calcareous — 7,1 % (4 939 482 ha),
yellow brown forest — 6,5 % (4 529 358 ha), meadow-cinnamonic — 4,8% (3 371 334 ha),
subtropical podzols — 4,3 % (2 983 831 ha), yellow soils — 4,1 % (2 898 094 ha), black —
3,6 % (2507 539 ha), grey-cinnamonic — 2,6 % (1 841 357 ha), chernozems — 2,3 %
(1 618 394 ha), red soils — 2,2 % (1 533 308 ha) etc

Meadow cinnamonic soils are characterized by low or medium humus contents. Total
nitrogen contents is low or medium, total phosphor — low or medium, total potassium —
medium or high. Hydrolyzable nitrogen contents is medium or high, absorbed phosphor in
virgin soils is low and in developed soils — medium, metathetical potassium contents is
high. Soils are supplied with boron, copper and cobalt. Zinc contents is low what is related
to presence of carbonates in soil and transformation of zinc into heavily digestible forms.

Mountain-meadow soils are of high humus composition. Total nitrogen, phosphor and
potassium contents are high. Hydrolyzable nitrogen contents is high, absorbed phosphor —
medium and high, exchangeable potassium contents is low and medium.

Grey-cinnamonic soils are characterized by low humus contents. Total nitrogen
contents is low and moderate, total phosphor is — medium, total potassium — high.
Hydrolyzable nitrogen contents is moderate, absorbed phosphor is low and metathetical
potassium — high.

Cinnamonic soils are characterized by medium and deep humus contents. Total
nitrogen contents is low and moderate. Hydrolyzable nitrogen contents in low humus soils
is low or moderate; in medium humus soils hydrolyzable nitrogen contents is high. Total
phosphor contents is low, moderate or high and absorbed phosphor contents is low or
moderate. Soils have low zinc contents, high boron contents and medium copper and cobalt

composition.
Black soils (i.e. plane chernozems) are characterized by high humus contents. Total
nitrogen contents is medium, total phosphor — low, total potassium — medium.

Hydrolyzable nitrogen contents is medium, absorbed phosphor — low, medium and high,
metathetical potassium contents is high.

Chernozem (i.e. mountain chernozems) soils are characterized by high humus
contents. Total nitrogen, phosphor and potassium contents are high. Hydrolyzable nitrogen
contents is medium, absorbed phosphor — low, medium and high and metathetical
potassium contents is medium.

Red soils are characterized by quite high humus and nitrogen contents. Total phosphor
contents is low and total potassium contents is medium. Hydrolyzable nitrogen contents is
enough. Absorbed phosphor contents is medium and high, exchangeable potassium
contents is low or medium.
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Brown forest soils are characterized by medium humus contents. Total nitrogen and
potassium contents are high; Hydrolyzable nitrogen and absorbed phosphor — medium.

Subtropical-podzolic soils are characterized by low contents of humus, total nitrogen
and phosphor what respectively rarely exceeds 2.85; 0.15; 0.10. Hydrolitic nitrogen and plant
available phosphor is low or moderate, and exchangable potassium is low, moderate or high.

Alkaline soils comprise saline soils and solonetzs. Solonetzs and solonchak are
characterized with bad physical properties, alkaline reaction, moderate content of humus (3-
4%, total nitrogen concentration is low or moderate, total phosphorous.

Raw-humus calcareous soils are characterized with humus and total nitrogen contents
are moderate or high. Hydrolyzable nitrogen contents is moderate, total phosphor contents
is moderate, available phosphor — low; total potassium contents is high, available potassium —
medium.

Alluvial soils are characterized with total nitrogen contents is low or of medium level,
total phosphor contents is low, moderate or high, total potassium contents is low or moderate.
Hydrolyzable nitrogen contents is moderate or high, absorbed phosphor — low and available
potassium — low or moderate.

The impact of pesticides on the soil is rather substantial, though so far poorly analyzed.
Under the influence of the distant activity of the humid subtropics they accumulate in the soil,
plants, animals and can cause profound and irreversible changes of the biological cycle and a
decrease in the productivity of the landscapes. The most alarming is the fact that animals
feeding on plants that have accumulated biocides cannot dissolve them.

In some regions of the Georgia the cultivation of soil with the frequent use of
watering has a history of many centuries while there are regions where the cultivation of
soil has been conducted for only a century.

A soils of Georgia are eroded — total water eroded area — 196,7 thousand ha, among
them weak and medium — 74,4 thous/ha, strong — 12,1. In West Georgia eroded area — 54,0
thous/ha, weak ans medium — 23,3 and strong — 0,3 thous/ha. In East Georgia — total water
eroded area — 142,7 thous/ha, weak and medium — 51,1 and strong — 11,5 thous/ha

Soils of Georgia are polluted by radionuclide, heavy metals, pesticides Radionuclide
contamination in Georgia took place not only during nuclear weapon tests, but also during
Chernobyl atomic electric power station wreak. At that time Georgia was the fourth among
the most contaminated countries after Ukraine, Belarus and Russia.

The risk of pollution may be external and internal — while consuming food of
vegetative and animal origin.The importance of the investigation of the radioactive
pollution of the territory of Georgia with long living radionuclides (Sr-90 and Cs-137) is
linked with geographical location.

It is known that maximum of pollution with radionuclides is observed on medium
width (40-500, north width) of north hemisphere, where Georgia is located

The capacity of the exposure doses (PER) in some regions of the Black Sea coast
(May 9-10, 1986) thousand times exceeded its maximum permissible background values

During 2005-2009 Ilia Vekua Sokhumi Institute of Physics and Technology (prof.
G. Bokuchava) in collaboration with the Department of Biophysics of the Institute of Plant
Protection (prof. M. Kvachantiradze) and Ivane Javakhishvili Tbilisi State University (prof.
T. Urushadze) have been investigating contents of radionuclides on the whole territory of
Georgia in the framework of MNTZ project (Project G-1106). The Project was financed by
Euro Union, collaborators were Justus Libikh University (Gissen, Germany) and University
of Barselona (Spain).

Now we have the data base which gives a full picture about the pollution of the
country before the Chernobil wreck.

Taking into account that Georgia is in the zone with the most radionuclide fallings from
the atmosphere (40-500 north width) as well as specific features of soil-climate conditions for
realization of the Project ,all the questions were investigated on regional depending of the
territory (total 12 regions) (Urushadze, Kvachantiradze, Bokuchava, 2007).

It was stated that the regions of West Georgia (Adjara, Samegrelo, Abkhazia, Guria,
Imereti, Racha-Lechkhumi, Kvemo Svaneti) are more polluted than regions of East
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(Kakheti, Mtskheta-Mtianeti, Shida Kartli, Kvemo Kartli, Environs of Tbilisi) and South
(Samtskhe-Javakheti) Georgia.
Investigations were conducted both in field and in laboratory conditions with the use
of innovative methods and modern equipment. More than 1600 soil and vegetable samples
were analyzed on the whole territory of Georgia at the altitude from 0 to 4000 meters above

sea level. 56 maps of pollution have been drawn up.

improving environmental conditions were developed.

As a result regional measures of

Table 1
Contents of Radionuclides (Sr®°, Cs'¥) in the regions of West Georgia, bk/kg
Ne Region Sr-90 Cs-137
1 Abkhazia 85-1392 0-637
2 Samegrelo 90-827 16-1279
3 Racha-Lechkhumi. Kvemo Svaneti 0-174 0-177
4 Semo Svaneti 0 0
5 Imereti 35-1050 15-965
6 Guria 87-871 0-640
7 Adjara 101-1205 10-1098
Table 2
Contents of Radionuclides (Sr*°, Cs") in the regions of East Georgia, bk/kg
Ne Region Sr-90 Cs-137
1 Mstkheta-Mtianeti 11416 0-319
2 Shida Kartli 0-397 0-173
3 Kvemo Kartli 95-696 0-343
4 Kakheti 25-566 20-469
5 Environs of Tbilisi 74411 0-166
6 Samtskhe-Javakheti 86393 38-319
Table 3
Contents of Radionuclides(Sr*°, Cs™") in the main soils
Ne Soils Depth, cm S | Cs”
° ) bi/kg
1 Acrisols 0-20 149-503 85-662
20-40 93-368 87436
2 Alisols 0-20 83429 0-898
20-40 33-746 20-242
. 0-20 114-286 62-310
3| Albeluvisols 20-40 36242 41-54
. 0-20 89-706 66794
4 Rendzic Leptosols 20-40 0219 0778
5 Kastanosems 0-20 27156 15-44
2040 18-198 0-25
. 0-20 19-160 671
6 | Cambisols 2040 6239 0-80
. . 0-20 79-157 0-43
7 Cambisols Chromic 20-40 7131 059
] Chernozems 0-20 21-160 39-167
20-40 26-175 0-66
. .. . 0-20 94-249 21-291
9 Eutric and Distric Cambisols 2040 26-189 26133
10 Fluvisols 0-20 59-382 75-653
20-40 24-334 0-258

62

The most damaged was West Georgia which is washed by Black Sea. Soils in West Georgia
are more contaminated, among them yellow brown forest soils — 9200-898 bk/kg, raw humus
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calcareous — 177-680 bk/kg, subtropical podzol — 197-680 bk/kg, yellow soils — 140-396 bk/kg.
Soils of East Georgia are less contaminated than in West Georgia: cinnamonic carbonate — 66228
bk/kg, cinnamonic typical — 80—162 bk/kg, cinnamonic leached — 13—99 bk/kg.

At the 80’s years of last centuries in Georgia were eroded more than 300 000 ha,
among them 200 000 ha with water erosion (in West Georgia) and 100 000 ha with wind
erosion( in East Georgia). At the end of the last centuries total area of eroded soils was nea
1 mln ha, among them 380 000 ha of arable soils and 547 000 ha — pasturages
(Gogichaishvili, Urushadze, 2006). Now in country washed 15-20 t/ha.

Table 4
Loss of Soils in Georgia in Rivers Basin (Gogichaishvili, Urushadze, 2006)
. Square of River Basin (km?)
Loss of Soils, t/ha
West Georgia East Georgia
<5 - 4,217

5-10 5,118 10,803
10-15 — _
15-20 5,900 4,980
20-30 17,060 4,351

» 30 6,484 10,987

Soils of Georgia are polluted by heavy metals in Mashavery river basin in East
Georgia and Kyvirila river basin — in West Georgia.

Situation in Mashavery river basin are investigated last 7 years under the leadership of
famous soil scientist, prof. P. Felix-Hennigsen from Institute of Soil Science and Soil
Conservationm Justus-Liebig-University, Giessen, Germany (Felix-Henningsen, 2007a, 2007b).

The fertile irrigated soils (Chernozems, Kastanozems) of the Mashavera valley have a
high agricultural yield potential The river water used for irrigation, however, is polluted
with heavy metals resulting from mining activities of a copper and gold mine situated in the
mountainous region of the middle reaches of the Mashavera River. Furthermore waste
water from a floatation plant, erosion material from floatation waste deposits and acid mine
drainage leads to high concentrations of dissolved and suspended sulphidic heavy metals.
The Cu, Zn and Cd concentrations of mud from irrigation channels and the Mashavera river
are extremely high. It is estimated that annual transfer of heavy metals by irrigation water is
in the range of several g/ha-1 for Cd and several kg/ha-1 for Cu and Zn.

So it may be concluded that soil cover of Georgia are characterized with big diversity.
Its ecological condition are very heavy. First of all very big area are eroded, polluted by
Radionuclides and Heavy Metals.
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B. A. T'opbanb

OCOBEHHOCTU BJIINAHUA 30J10BO-NMOYBEHHbLIX OTNOXEHUNA
HA CBOWCTBA JNIECOYNYYLUEHHbIX MOYB MNONE3ALLMUTHbIX
NECONONOC CTEMHOW 30HbI YKPAUHbI

Jlnenponemposckuii nayuonanvusiti ynusepcumem um. O. I'onyapa

PaccMOTpeHBI 0COOEHHOCTH 30JIOBO-TIOYBECHHBIX OTJIOKEHHH B TMOJE3aNIMTHBIX JIECOIOJIOCAX
CTENHOM 30HBI YKpauHbl W UX BIMSHME HA CBOWCTBA JIECOYJIydlIeHHbIX MouB. [IpencraBnena
CpaBHUTENBHAS XapPaKTEPUCTHKA IMOTPEOCHHBIX 30JIOBO-IIOYBCHHBIM MAaTEPUATIOM JIECOYIIyYIICHHBIX
[IOYB M 30HAJBHBIX TI0YB M0 HEKOTOPHIM (PH3MYECKUM CBOICTBAM, COJCPIKAHHIO MOJICBOI BIAXKHOCTH,
CONEep)KaHUIO U TPYIIOBOMY COCTaBy TyMyca, BOJHOPACTBOPUMBIM (OpMaM XHMHUYECKUX
COCTMHCHUN.

Knrouesvie cnosa: 301060-nougeHHble OMIONCEHUS, 1eCOVIYYUIEHHbIe NOUEbl, NOAE3AUUMHbIE
J1eCONOoJOChHL.

B. A. 'opbanb
Jninponemposcoxuil nayionanohuu ynieepcumem im. O. I'onyapa
OCOBJIMBOCTI BIUIMBY EOJIOBO-TPYHTOBUX BIAKJIAIIB HA BJIACTHUBOCTI

JIICOTTOKPAIIEHUX IPYHTIB MOJIE3BAXUCHUX JIICOCMYT CTETIOBOT 30HU YKPATHU

Po3risiHyTO 0COOIMBOCTI €ONOBO-IPYHTOBHX BiIKJIAiB Yy MOJE3aXUCHUX JIICOCMYyraxX CTEmoBOl
30HM YKpaiHM Ta X BIUIMB Ha BJIACTHUBOCTI JIiICONMOKpAICHHUX IPYHTiB. HaBeneHo MOPiBHSUIBHY
XapaKTePUCTUKY [TOXOBAHUX €OJIOBO-IPYHTOBUM MaTepiajloM JIiCONOKPAICHUX IPYHTIB Ta 30HAIBHUX
IPYHTIB 3a JesIKMMH (i3HYHUMH BIACTUBOCTSIMH, BMICTOM IIOJILOBOI BOJIOTH, BMICTOM Ta TPYIIOBUM
CKJIAJIOM TYMYCY, BOJOPO3YMHHUMH (POPMAMHU XiMIYHHUX CIIOJYK.

Kniouoei cnosa: eonogo-ipynmosi 6ioknaou, 1iconoKpaujeHi Ipyumu, noae3axucHi 1icocmyau.

V. A. Gorban
O. Gonchar Dniepropetrovsk National University
PECULIARITIES OF AEOLIAN-SOIL DEPOSITS INFLUENCE ON THE QUALITY

OF FOREST-IMPROVED SOILS OF FOREST SHELTER BELTS IN STEPPE ZONE OF UKRAINE

The peculiarities of aeolian-soil deposits of forest shelter belts in steppe zone of Ukraine and
their influence on the quality of forest-improved soils are considered. The comparison characteristic
of buried by aeolian-soil material forest-improved soils and zonal soils by certain physical properties,
content of field water capacity, content and type content of humus, water-soluble forms of chemical
compounds is produced.

Key words: aeolian-soil deposits, forest-improved soils, forest shelter belts.

B yCHOBI/IHX CTeHHOﬁ 30HbI pral/IHbI 1o BJIUIAHUEM l/ICKyCCTBeHHI)IX JICCHBIX
HaCaKACHUH (POPMHUPYIOTCS JIeCOYIyUIIeHHbIe YepHo3eMbl (CTamHudeHko, 1955), kotopsie
OTJIMYAKOTCA OT 30HAJBHBIX ‘iepHOSeMHle I1I04YB yBeJ’lI/I‘leHHblM CO[lep)KaHI/IeM ryMyca nu
MMUTATEIBHBIX BEIIECTB, OONBIICH EMKOCTBIO TIOTIIOMICHNUS, 00Jiee TITyOOKHM BBIMBIBAHHEM
kapOoHaToB, Jy4mumu ¢usuueckumu cpoiictBamu (CosoBbeB, 1967; Tpamnees, 1977,
bemosa, 1999; Hosocax, 2001). Ilone3ammMTHBIE JIECONOJIOCH B CTENH SIBISFOTCS
aKKyMYJISITOPAMH 30JI0BO-TIOUBEHHOTO MaTepHualia, KOTOPhI BO BpeMsl MBUIBHBIX Oyph
BBIHOCUTCA C TI0JIeH. MOIIHOCTh 30JIOBO-IIOYBCHHBIX OTJIOKEHHMH B JIECONOJIOCaX B
HEKOTOPBIX Cly4asx Hocturaer 2 M u Oomee (Beicomxkwmii, 1962; lonrunesuu, 1978;
Mosxeiiko, 2000; Tpasiees, 2008).

Ilenpro maHHON pPabOTHI ABJISAETCS HWCCIIENOBAaHWE BIUSHHUS OTJIOKESHHHA 30J0BO-
MTOYBCHHBIX OTJIOKCHHUI HA CBOMCTBA JIECOYJNYUIICHHBIX IOYB TOJE3AlUTHBIX JIECHBIX
I10JIOC B YCJIOBMSIX CTEIIHOM 30HBI Y KpauHBbI.

© I'opbanb B. A., 2011
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OBBEKTbI U METOAbl UCCITEAOBAHUSA

CBoiicTBa  J0JIOBO-TIOYBCHHBIX  OTJIIOKEHHH B  IOJE3ALIUTHBIX  JIECOIOJIOCaX
uccrnepoBaMch B ycnoBwax IIpucamapes aempoBckoro (HoBoMOCKOBCKHA —p-H,
JuenporieTpoBckast 00J1.) — uYepHO3eM OOBIKHOBEHHBIH JICCOYIIyUYIIEHHBIH C 30JI0BO-
MMOYBEHHBIMH OTJIOKeHMIMA MomtHOCTRIO 47 cM (III1 203) u gepHO3eM OOBIKHOBEHHBII
(IIIT 202), Ipuasosbs (IlepBomaiickuii p-H, [loHenkas 00J.) — YEpHO3EM NPHA30BCKHUN
JIECOYITYUIICHHBII C H0JI0BO-TTOYBEHHBIMH OTIOKEHUSAME MoIIHOCTEI0 15 cm (TIIT YIT-B1)
n uepHoseM npuazoBckuid ([T YIT-B1k) u Ackanun-Hoa (HarumHckuii p-H, XepcoHcKas
00J1.) — TEMHO-KaIIITaHOBAsI TI0YBA JIECOYIIY4IIEHHAs C S0JI0BO-TIOYBEHHBIMH OTJIOKECHUSIMU
montHocTtsio 8 cM (ITIT AH-09) u TemHo-kamranoBas nmousa (1111 AH-09x).

UccnenoBanuch  (usnyeckre  CBOWCTBA:  IpaHyJOMETPUYECKHil  cocTaB  —
apeoOMETPUYECKUM METOJIOM, IUIOTHOCTh CKeJleTa — METOJIOM MapadHHUPOBAHUS,
IUIOTHOCTH TBEPIOH (pa3bl — MMKHOMETPHYECKHM METOROM, 00IIasi IOPUCTOCTh U THAaIa30H
AKTHBHOW BJI&YKHOCTH — C MOMOIIBIO PAacueToB, MOJIEBasl BIAXKHOCTh — BECOBBIM METOJIOM
(Bagmronnna, 1986); obmmii rymyc onpenensiin o U. B. Tropuny (Apunymkuaa, 1970),
rpynmnoBoit coctaB rymyca — nmo M. M. Kononosoit u H. II. bensunxoBoii (Opnos, 1981);
BOJIOPACTBOPUMBIE (DOPMBI XMMHUYCCKHX COEAWHEHUH OINPEIEIsUTM MO OOLICTIPUHATHIM
MeToaukaM (Apunymikusa, 1970).

PE3YJIbTATbI U UX OBCYXAOEHUE

OTIOXEHUE 30JI0BO-MOYBEHHOIO MarepHana B MOJE3aIlUTHBIX JIeCONoJIocax B
pe3yJibTaTe MbUIbHBIX Oypb, KOTOPBIA XapaKTepH3yeTcs CYNEeCUYaHbIM IPaHyJIOMETPUUECKUM
COCTAaBOM, MPHBOJUT K YBEIMYCHUIO COJCPIKAHUs (PU3UUECKOro TecKa B BEPXHUX
TCHETUYCCKUX TOPU3OHTAX HO[‘pe6eHHbIX yepHO3EMax OOBIKHOBEHHBIX JICCOYJTYUIICHHBIX T10
CPaBHEHHUIO C 30HAJBHBIMU YEPHO3EMaMH OOBIKHOBeHHbIMHU (Tabum. 1). B pesynbrare sTOro
MIPOMCXOAUT U3MCHEHHE JICCOPACTUTENBHBIX yCIOBHI Jiecononockl (I"opbans, 2008).

Bceneacreue Oosiee JIETKOTO TPaHYJIOMETPHUYECKOTO COCTaBa S0JIOBO-TIOYBEHHBIC
OTJIOXKCHHUA U HOI’peGeHHbIX YEPpHO3EMOB O6I)IKHOBCHHI)IX JICCOYTYUHICHHBIX Ha6n}o;[aeTca
MX MeEHbIIAss IUIOTHOCTh CKeleTa W IUIOTHOCTh TBEpHOod (pasbl 1O CpaBHEHHIO C
YE€pHO3EMaMU O6I)IKHOBCHH]:IMI/I, 4YTO IIOJIOXKUTECIIBHO BIHWACT Ha (bOpMI/IpOBaHI/Ie
OIaronpUsATHOTO BOJHO-BO3JAYIIHOTO pEXHMA JIECOYJIYYIICHHBIX 4YepHO3eMOB. M3-3a
MEHbIIeH IUIOTHOCTH TOYBBI C DOJOBO-IIOYBEHHBIM MATEPUAIIOM XapaKTepU3YITCS
GouibIeil BeIMYMHON OOIIEH MOPHCTOCTH B CPAaBHEHUH C YEPHO3EMaMH OOBIKHOBEHHBIMHU
(tabm. 1). B memoM mo moYBeHHOMY MPO(WIIO HAOMIOJACTCsS MOCTETICHHOE yBEIHUYCHHE
IUIOTHOCTH ¥ YMEHBIIEHHE ITOPHCTOCTH, YTO O0YCIIOBIMBACTCS JABJICHUEM BEPXHHX CIIOEB
nouBsl Ha HkHUE (Kaunuackwid, 1965).

Tabauya 1
I'panyinomerpuyeckuii cocTaB U HEKOTOPbIe pU3HMUYeCKHE CBOICTBA I0JI0BO-NOYBEHHBIX
OTJIOKEHUI U MOorpefeHHbIX YePHO3eMOB 00bIKHOBEHHBIX JecoyayuimeHubix (I 203)
M 3TAJIOHHBIX YepHo3emos (ITIT 202)

Hazpanue moussr
R — Co/:[epxcaane 110 rpaHynoMeTprdeckomy| [lmotHoCTH H.]IOTHOC;FB OOmmas
FOpH3OHT ¢muygecKoit COCTaBy cxenega, TBEPIOH , MOPUCTOCTD,
TIIUHBL, % (mo H. A. Kaunnckomy, r/cm (hazpl, r/cMm %
1965)

[IpobHas mromanas 203
H,eol 21,63 CYTJIMHOK JISTKHI 1,16 2,22 479
H,eol 17,61 CYIECOK 1,26 2,39 474
[H] 15,11 CYHIECOK 1,31 2,27 42,4
[Hp] 30,29 CYTJIMHOK CPeIHHI 1,36 2,27 40,0
[Ph] 31,92 CYIJIMHOK CPEJHUI 1,30 2,25 423

[IpoOHas miomaas 202
Hop 35,91 CYIJIMHOK CPEJHUI 1,33 2,45 45,7
H 39,15 CYIJIMHOK CPEJHUI 1,40 2,42 422
HP 34,73 CYIJIMHOK CPEJHUI 1,54 2,61 41,0
Pk 36,08 CYIJIMHOK CPEJHUI 1,58 2,57 38,5
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PesynbraTel mncciuenoBaHMs CONEpKAHHS IIOJIEBOM BIAXKHOCTH B IOTPEOCHHBIX
YepHO3eMax OOBIKHOBEHHBIX JIECOYJYYLIEHHBIX NPeIcTaBiIeHbl Ha puc. 1. MakcumanbHble
BEJIMYMHBI TIOJIEBOH BIIQKHOCTH OOHAapyeHbl B BEPXHEM CJOE€ 30JIOBO-IIOYBEHHOTO
MarepHana U NOrpedEHHOM I'yMyCOBOM TOPH30HTE, KOTOPbIE OTJIIMYAIOTCS IOBBIILICHHBIM
cojiepKaHUeM OPraHMYecKOro BelecTBa. Puc. 2 mumocTpupyeT pacipeeneHue IoJIeBoH
BIIQ)KHOCTH B YepHO3EME OOBIKHOBEHHOM, KOTOpBIE, BCIEACTBHE WX Oojee TSKEIoro
IpaHyJIOMETPUYECKOI0 COCTaBa, XapaKTEepU3YIOTCA OoJsiee 3HAUUTENBHBIMHU 3aIlacaMU
BJIQKHOCTH B BEPXHEM METPOBOM cioe (248 MM) IO CpaBHEHHIO C YepHO3EMaMHU
0OBIKHOBEHHBIMH JIECOYITYUIIEHHBIMHU C 0JIOBO-TTIOYBEHHBIMH OTIIOKEHUIMH (220 MM).

IToneBasi BIaKHOCTb, MM
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Puc. 1. Cogep:kaHue 10JIeBOii BJIAKHOCTH B 30J10BO-NIOYBEHHBIX OTJIOKEHUSIX H NOIPeGeHHbIX
YyepHOo3eMax 00bIKHOBEHHBIX JIecOy.Ty4YlleHHbIX MpooHoi miaomanu 203 (oxtsa6ps 2009 T.)
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Puc. 2. Conep:kanue moJieBoii BIaKHOCTH B YePHO3eMaX 00BIKHOBEHHBIX
npooHoii miomaan 202 (oxtsaops 2009 r.)

UYepHo3eMaM OOBIKHOBEHHBIM XapaKTEPHbI MEHbBIINE BEITUUNHBI JUANa30Ha aKTUBHOM
BiaxHoctd ([JIAB) B cpaBHeHMH C TOTpeOCHHBIMHM YepHO3eMaMH BCIEICTBHE HX Oojee
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TSDKEJIOTO TPaHyJIOMETPUIECKOTO COCTaBa, KOTOPBIH 00yCIOBIMBAET 3HAYUTEIBLHBIE 3aachl
MPOYHOCBSI3aHHOM BIIAXKHOCTH, KOTOpasi SBIAETCS HEOOCTYITHOW [UIi HWCIOIBb30BaHU
pacteHussMu. UYepHO3eMBbI OOBIKHOBEHHBIC OTIHYAIOTCS MEHbIIed BemuuunHOW JIAB
(206 MM) B cpaBHeHHH ¢ TOTpeOCHHBIMU ToyBamu (367 MM) B BEpXHEM METPOBOM CJOE.
JIAB 4epH03eMOB 00BIKHOBEHHBIX cocTaBisieT 43—62 % OT moyeBoi BnaroeMkocT, a JJAB
MOrpeOeHHBIX YePHO3EMOB — 73—76 %.

HccnenoBaHHbIE TEMHO-KAIITAHOBBIE MOYBBI M J0JIOBO-IIOYBEHHBIH Marepual
XapakTepusyercs ryMaTHbIM TumoM obmeHa BemiectB mo C. B. 3omny (1964). Donoso-
MOYBEHHBIE OTJIOXEHHS M IOorpeOeHHas TEMHO-KAIlTaHOBas M0YBA JIECOYJIydIIeHHAs
XapakTepusyercs OOJBIIMMH 3amacaMu TyMyca B CPaBHEHHH C TEMHO-KaIlITaHOBBIMU
noyBamu (tabin. 2). Taxke JecoysydlICHHBIE MOYBBI OTIMYAIOTCS OT 30HAIBHBIX II0YB
oonpimmu Bennantamu Cri/Cox.

Tabauya 2
Copepskanue U €OCTaB ryMyca B 30J10BO-II0YBEHHBIX OTJI0KEHUAX
U NMOrpeGeHHbIX TEMHO-KAIITAHOBBIX Mo4YBax JecoyayumeHusix (IITT AH-09)
H ITAJIOHHBIX TeMHO-KamTaHoBbIX nousax (IIT AH-09k)

. C C C uepasio-
o OO0 C
I'eHeTnueckuit . TYMHUHOBBIX | (yJiBBO- | JKMBIIErocs
ryMyc o0mmii Crx/Cox
TOPH30HT KHUCJIOT KHCJIOT ocTaTKa
% % % k mouBe
[Ipo6uas mromrags AH-09
Heol 3,48 2,02 0,55 0,32 1,15 1,72
[H(e)] 3,90 2,27 0,61 0,31 1,34 1,97
[Hpk(i)] 2,84 1,65 0,45 0,27 0,93 1,67
[Ph] 1,59 0,92 0,21 0,20 0,51 1,05
[po6Huas rontans AH-09x
Hop 3,07 1,78 0,54 0,31 0,93 1,74
Hp 2,45 1,42 0,44 0,23 0,75 1,91
Phk 2,07 1,20 0,34 0,22 0,64 1,55
Pks 1,76 1,02 0,23 0,21 0,59 1,07

HccrnenoBanne BOIOPACTBOPUMBIX  (OPM  XHMHYECKHX COCIAMHEHHHA I0Ka3ajo
OTCYTCTBHE MPU3HAKOB 3aCOJICHHS KaK B S0JOBO-TIOUYBEHHBIX OTJIOKEHUAX M MOrPeOCHHBIX
HHMH YCPHO3EMOB MPHA30BCKHX JICCOYJIYUIIICHHBIX, TAK U YEPHO3EMOB MPUA30BCKUX (TabI. 3).
Cpenn arnonoB npeobmamaer HCO;', cpenu KaTHOHOB — Ca*". Peakimst BOMHOM BBITSKKH
OJ3Ka K HEWTPaJILHOM.

Tabnruya 3
Iloxa3zaresu aHAIN3Aa BOJHOI BBITSKKH 0,10BO-II0YBEHHBIX OTJI0KEHUM
M NOrpeGeHHbIX YePHO3eMOB NMPUa30BCcKuUX Jecoyayuymenubix (IIIT YI1-B1)
U yepHo3eMoB npuasosckux (III1 YII-Blk)

. Cyxoit Annonsl, Mr-3ks./100 Karnonsl, mr-3ks./100 r pH
Teneriieciuit OCTaTOK, T IOYBBI TOYBBI BOJTHOH
FOPHSOHT % HCOy | CI [ SO7 [ Ca¥ [ Mg" [ Na' | K| Boimsikkn
IIpo6Hnas miomaxs YI1-B1

Heol 0,12 0,68 |014 ] 0,15 | 0,81 | 0,19 | 0,06 | 0,02 6,8

[H] 0,14 0,72 | 0,11 | 0,13 | 0,72 | 0,21 | 0,09 | 0,04 6,9

[Hp] 0,13 0,51 | 012 | 0,19 | 0,64 | 0,29 | 0,11 | 0,08 6,9

[Ph] 0,16 0,55 | 015 | 0,16 | 0,78 | 0,21 | 0,15 | 0,12 6,9
IIpo6nas mnomans YII-Blx

Hop 0,07 0,53 | 013 | 042 | 0,84 | 0,26 | 0,14 | 0,03 6,9

H 0,08 0,61 | 0,14 | 024 | 0,66 | 0,30 | 0,11 | 0,02 72

hP 0,10 0,64 |013 ] 041 | 0,77 | 0,23 | 0,08 | 0,02 7,1

Pk 0,11 0,71 0,13 | 0,23 | 0,59 | 0,29 | 0,08 | 0,10 6,9
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BbIBOAbI

B pesynbrate uccienoBaHUs CBOMCTB 20JIOBO-TIOYBEHHBIX OTJIOKEHHH, KOTOPHIE
00pa30BaIMCh BCIIEACTBUE IMBUIBHBIX Oypb B IOJIC3AIIUTHBIX JIECOIOJIOCAX CTEITHOM 30HBI
praI/IHI)I, 1 UX BJIMAHUA Ha JICCOYTYHYIICHHBIC TTOYBBI 6]>IJ'IO YCTAHOBJICHO, YTO:

1. OmnoxeHne 530J0BO-TIOYBEHHOTO MaTepuaja B IOJNE3AIUTHHIX JIECOIOIOCaX
MPUBOJUT K OOJIETYEHUIO IPaHYIIOMETPUYECKOTO COCTaBa JIECOYTYIICHHBIX TIOYB.

2. DONOBO-TIOYBEHHBIE OTIOXKEHHWS © TOTpeOEHHBIE TOYBBI  OTJIMYAIOTCS
yIYYIICHHBIMH (DU3UUECKHMMHU CBOMCTBaMHU (IUIOTHOCTh U TOPUCTOCTh) MO CPAaBHEHHIO C
30HAJIBHBIMH ITOYBAMH.

3. DranoHHblE TOYBBI XapaKTEPU3YIOTCS YBEIMYEHHBIMU 3allacaMy IOJIEBOH
BJI&XXHOCTH 110 CPAaBHEHHIO C IOTPEOEHHBIMU JIECOYJIYYLICHHBIMH IOYBAMH, MPU 3TOM
3TaJIOHHBIE TIOYBHI COAEP)KAT MEHBIIIE POTyKTHBHOH BiaxkHoCcTH ([IAB).

4. B mnorpeOCHHBIX JIECOYJIYYIICHHBIX IOYBaX HAOJIOAAeTCs YBEIMYCHHOE
HAaKOIUIEHHE OOINero IyMyca M POCT COOTHOIIEGHHS YIJIEpoJa TyMHHOBBIX KHCIOT K
yriepoay (QyJIbBOKUCIIOT 110 CPAaBHEHHUIO 30HAJIBHBIMU ITOYBaMHU.

5. IlorpeGeHHBIE JIECOYTy4IIEHHBIE W 30HAIbHBIC IIOYBBI OTIMYAIOTCS CIEJaMU
IIPU3HAKOB OCOJIOHIIEBAHUSI.

CMUCOK NCMONb30OBAHHOW NMUTEPATYPbI

Apunymkuna E. B. PykoBonctBo no xumuueckoMy ananusy nous / E. B. Apunymkuna. — M. :
MI'Y, 1970. - 478 c.

Benoa H. A. EcrecTBeHHbIE J1eca U CTEITHBIC OYBBI (IKOJIOTHSI, MUKPOMOP]OIIOTHsl, TEHE3HC)
/ H. A. Benoga, A. I1. Tpasnees. — JI.: AT'Y, 1999. — 348 c.

Banronnna A. ®. MeTozs! uccienoBanus pusndeckux cBoiictB moussl / A. ®. Baatonuna,
3. A. Kopuaruna. — M.: Arponpomuszar, 1986. —416 c.

Boiconxuii I'. H. Matepuais! o n3yueHuro 4epHsIx Oyps B cremsix Poccuu / I'. H. Breiconkmii
/I 36pannbie counnenus. T. 2. [louBeHHbIe WM NOYBEHHO-THIpOJOTrHUeckue padotsl. — M.: AH
CCCP, 1962. - C. 9-18.

I'op6ans B. A. OcoGiuBOCTI BIUIMBY €OJIOBHX BiIKJIAAIB HA JICOPOCIMHHI YMOBH CTEIOBOL
30HK Ykpainu / B. A. I'op6ans // Exosnoris Ta Hoocdepooris. — 2008. — T. 19, Ne 3-4. — C. 83-87.

HJonrmneeny M. WM. IlsueHble OypH H  arpoliecCOMENOpaTUBHBIE MEPONpHUATHS /
M. U. HonruneBuu. — M.: Komoc, 1978. — 160 c.

3onn C. B. IlouBa kak koMHoHeHT JiecHoro GuoreoneHo3a / C. B. 3oun // OCHOBHI JecHOI
6uoreonenonorun. — M. : Hayka, 1964. — C. 372-457.

Kaunnckuit H. A. ®usuka noussl / H. A. Kaunuckwuii. — M.: Beicmr. mk., 1965. — 322 c.

Mowxeiiko I'. A. Jleco-arpapubie nanmmadrer FOxnoit m Cyxoii Crenm Ykpauner /
I'. A. Moxeiiko. — X.: OO0 «OHEW», 2000. — 312 c.

OpuioB . C. Ilpaktukym no xumuu rymyca / 1. C. Opinos, JI. A. I'pummaa. — M. : MI'Y,
1981.-272c.

CoaoBbeB II. E. BnusHue IecHBIX HacaKACHHH Ha TOYBOOOpa30BaTENbHBIA MpolLece M
mwionopoaue crenHbix mous / I1. E. ConoBreB. — M. : MI'Y, 1967. —292 c.

Cragnuuenko B. I'. IToussl Bemmko-Anagonsckoro neca / B. I'. Cragandenko // Bemuxo-
Ananonsckuii jgec. — X.: XI'Y, 1955. — C. 53-63.

TpaBiaeeB A. Il. Jlec xak ¢axrop mouBoobpaszoBanus / A. I1. Tpasnees, H. A. Benosa //
I'pynrosnasctso. —2008. — T. 9, Ne 3-4. — C. 6-26.

TpasiieeB A. Il. XapakTepucTuka Mo4B JIECHBIX KyJbTYPOHOTEOLEHO30B HACTOSIIUX CTenei
YCCP / A. I1. Tpaenees // Bonpocs! cTemnHoro jecoBeaeHus u oxpansl npupogst. — .: AT'Y, 1977. —
C. 8-21.

Haoitiwna 0o peoxoneeii 15.12.10

68 ISSN 1726-1112. Exonozis ma noocgeponozis. 2011. T. 22, Ne 1-2



OXOPOHA HABKOJIMWLUHBLOIO
CEPEAOBULLA NOOWHH

UDK 631.4
A. Martinez Camero, J. Gil Torres, J. M. Recio Espejo

SOIL SALINITATION AND ENVIRONMENTAL CONSERVATION:
RAMSAR NATURAL RESERVE OF EL CONDE SMALL-LAKE
(LUQUE, CORDOBA, SPAIN)

University of Cordoba, Spain
The main objective of this paper is a geomorphological and sedimentary study about the international
Ramsar Reserve of El Conde small-lake (Cordoba, Spain) to know its genesis and current evolution, and to
have more details about the probably influence of anthropic activities in its formation with collecting and
detour of two around streams and the arrival of sediments to a gypsum triassic depression.
Key words: anthropogenesis, Ramsar Reserve formation, El Conde small-lake, Spain.

A. Maprunres Kamepo, X. I'it Toppec, X. M. Pemio Ecriexo
Yuisepcumem Kopoobu, Icnanis
3ACOJIEHHA TPYHTY TA 3AXHCT HABKOJIMIITHBOI'O CEPEJJOBUIIA:
PAMCAPCBKIU ITPUPOJTHNU 3ATIOBITHUK (KOPIOFBA, ICITAHIA)

B poboti onmcaHo reomopdosioriyHe Ta 0caJKoBE NOCIIIDKEHHS MiXHApoIHoro Pamcapcekoro
3anoBinauka o3epa Ens Konne (Kopnoba, Icnianist), METOO SIKOTO € BUBUCHHS MTOXOKCHHS Ta SBOJTFOIIIT
JIAHOTO 03epa, a TAaKoX OfiepykaHHs OuTbIIOT iH(opMalii MPo MOXJIMBHN BIUIMB JIIOAMHU HA HOro
(opMyBaHHsI, MOSBI BOX MIOTOKIB HABKOJIO HHOT'O 1 HAKOITMYEHH] OCa/IKy B TilICOBO-TPiacOBY BIIAIHHY.

Kniouoei cnosa: anmponozenes, Pamcapcokuii 3anogionux, ozepo Env Konoe, Icnanis.

A. Maprunes Kamepo, X. I'unt Toppec, X. M. Perimo Dcnexo
Yuusepcumem Kopoobwi, Hcnanusa
3ACOJIEHHOCTb ITOYBBI 1 3AILLIMTA OKPYIKAIOIEM CPEbI:
PAMCAPCKU TTPUPOJIHBIN 3ATIOBEJIHVK (KOPJIOBA, UCITAHHS)

B pabore omucaHo reoMopdoIOrHueckoe M OCaJOYHOE HCCICIOBAHUE MEXIYHAPOIHOTO
Pamcapckoro 3amoBennuka o3epa Onb Kowpge (KopmoGa, Vcmanust), 1enbi0 KOTOPOTO SIBISCTCS
U3yUYCHHE MIPOUCXOXKICHUS U HBOIIOLUH JaHHOTO 03epa, a TaKkXkKe MojyyeHue Oosbiieil nHpopManuu
0 BO3MOYXHOM BJIMSIHUH 4eJOBeKa B ero (opMupOBaHHH, MOSBICHUU IBYX IMOTOKOB BOKPYT HEro U
HaKOIUIEHHH OC3/IKa B TUIICOBO-TPHACOBYIO BIIAJNHY.

Knioueswvie crosa: anmponoeenes, Pamcapckuil 3anogednux, ozepo Iav Konoe, Hcnanus.

“El Conde” small-lake (40-100 hect. surface) (Luque, Cdérdoba, Spain) (Fig.1) is
currently an international Ramsar Reserve, located in a typical mediterranean semiarid
region of the southern part of Spain (Recio Espejo, 1988). Its genesis and evolution are
directly relationed with an anthropic control carried out in the end of XIX century (Arjonay
Estrada, 1977), and with some swamp soils problems in the neighbouring area Fig. 2 y 3).
The dynamic of this ecosystem is initially related with a current geomorfological evolution
of the drainage net during late-holocene (catchs, palaco-valley and palaco-streams) (Fig. 4
y 5), controlled by a great plain take up by triasic gypsum (El Salobral) (IGME 1988) that
constituted the local basin topographic-level. And later by a human and historical
connection/canalizing during XIX century of two independent fluvial streams. A greater
water volume and sediment arrival in this hydrological basin would be the main factor of
small-lake water sheet origin.
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Fig. 3. “El Conde” small-lake

MATERIALS AND METHODS

Geological information to 1:50.000 scale (IGME, 1988), aerial photographs (1955),
topographic maps (1:10.000), core by percussion Hammer model HM1800; colour (Munsell
Color,1990); carbonate contents (Duchaufour, 1975); X-ray difracction minerals identification
(Bryndley and Brown, 1980); water physico-chemical characteritation (M.A.P.A.,1999). The
preexisting bibliography and the field works completed the materials used.

Figure 4 contain Carrascon headwater stream to £600 m. altitude and with NNW
direction. At £500 m. a important direction change is carried out, changing its course to NE
direction with a clear palacovalley and stingy capture. In 470 of altitude existing a clear
aluvial fan inmersed in olive area cultivation. This geoecological situation with sediments
and hidromorphic presence make impossible the cultivation development.
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To remove this natural situation, a channel was build to connect this alluvial fan in the
finish part of the stream with the initial sector of other smaller water course present in
triassic plain and communal territory of El Salobral area (Fig. 5). Here a paleovalley at 470-
430 m. altitude and a clear migration of drainage system to SE direction is very clear too.
The new water stream created would be the valley of current Carrascon river.

Fig. 4. Geomorfological interpretation of initial part of Carrascon stream

This artificial new situation provoked the formation of +120 cm. thickness clayed
sediments, no carbonate and illitic nature above the gypsum plinth. The permeability
discontinuity existing between both materials to permit the formation of an underground
water layer strongly saline (164 g/l) responsible during the dry winter and summer period
of the water sheet small-lake ecosystem formation (=100 cm of depth).(Fig. 5).

© Core
. locatio

“El Conde*
small-lake

Fig. 5. Geomorfological interpretation of final part of Carrascon stream
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Figure 6 summarize the physico-chemical characterization of this sediments in a core
made in the small-lake bottom depresion (photograph, 1) (Figure 5). The chroma is
indicative of this new situation too: grey in sediments by the hydromorfic situation, and
white colours in gypsum lithology (Munsell colour, 1990). The X-ray diffraction shows the
presence of smectites and illite minerals in sediments, and only gypsum in material
parental.

Table II contain the analysis of this sub-surface water, with a very high concentration
in salt dissolved derived by the evaporation-drained annual processes (Fig. 7).

CONCLUSIONS

The search for a permanently solution to an agricultural problem in XIX century
motivated the formation of the currently international Ramsar Reserve of El Conde small-
lake. An ancient agricultural problem was transformed in a currently ecological advantage.

A natural evolution of drainage water network during holocene period represented an
initial situation of important changes in the territory. Human activities were the final
creative of the current landscapes.

With the new results obtained the ecological and hydrological functioning model of
Moya (1988) must be changed.
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The authors of this paper share their own reflections on drought and drought management.
Different aspects such as the development of drought impact matrixes, drought impact assessment and
strategies designed to mitigate drought have been discussed here. Direct long term or proactive
actions, direct short term or reactive actions and supplementary or indirect actions are also analyzed.
Key words: drought, drought management, drought impacts.
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’[onimexuiunuii yuigepcumem Banencii, Icnanis
CTPATETII TA 3AXO/I1 3 TIOTEPEJIPKEHHS 1f TTOCYXU

B pobori omnmcano ¢opMu il MOCyXH, OLHIOBaHHS IaHOTO BIUIMBY, a TaKOX CTparerii,
CIpSIMOBaHI Ha CKOPOYEHHS PO3BHTKY IIOCYXH. AHAII3YIOTBCSI NpsIMi JOBFOCTPOKOBI abo
npodiIaKTHYHI 3aX0H, MPsIMi KOPOTKOCTPOKOBI ab0 PEaKTHBHI 3aXOIH, a TaKOX HONATKOBI abo
HOCEpPeJIHi 3aXO0.IH.

Knouosi crosa: nocyxa, cucmema KOHmpouio nocyxu, Oist HOCYXu.
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'Vuusepcumem Kopdobel, Hcnanus
’Monumexnuyeckuii yuugepcumem Banencuu, cnanus
CTPATEI'MM W MEPBI 110 IIPEYIIPEXXIEHNIO BO3EMCTBUS 3ACY XU

B macrosimieli paboTre OmMMCHIBAIOTCS (OPMBI BO3ACHCTBUS 3aCyXH, OICHHBAaHHE NaHHOTO
BO3JICUCTBUS, a TAKOKE CTPATETUH, HAIPaBIEHHbIE HAa COKpPAIICHUE PAa3BUTHUS 3aCyXU. AHAIU3HPYIOTCS
IpsIMBIE  JOJITOCPOYHBIE WM HPOMHIAKTHUECKAE MEPONpPUSTUS, IMpPSMbIE KPaTKOCPOYHOTO WIIH
PEaKTHBHBIC MEPOIPHATHS, a TAKKE JOIOJHUTEIBHBIC MM KOCBEHHBIC MEPOIPHSTHS.

Kniouesvie cnosa: sacyxa, cucmema KOHMpOAUPOBAHUsL 3ACYXU, B030elicaUe 3acyXu.

Drought can be defined as a long period of abnormally low rainfall or a prolonged
shortage of rainfall, especially one that adversely affects growing or living conditions.
Drought is a natural phenomenon with a cyclic behavior more frequent in regions where
rainfall is very irregular. However, climate change seems to be responsible for the increase
in extreme weather, such as floods and droughts, in other regions.

In this paper, the authors will discuss aspects such as the development of drought
impact matrixes, drought impact assessment and strategies designed to mitigate droughts.
All droughts raise, namely, “How much damage is inflicted by drought?”, “Who is most
affected by drought?” and “Where is damage inflicted most?”” With this aim, the present
document is structured in such a way as to bring to light certain initiatives whose results
have provided an adequate answer to these three questions. The first question can be
answered from impact matrixes that have been developed to facilitate decision-making
process during periods of drought (WDCC, 1998; Rossi et al., 2005). The answer to the
second question can be found in the Drought Management Plans that have been developed
for this purpose (Wilhite et al., 2005), while the third can be answered from our knowledge
about available water resources, the uses that must be satisfied, the possibilities for saving
water, and finally, the flexibility of the system.

The most innovative document is one in which the impact of droughts is assessed by
means of matrixes constructed for the three components that lead to sustainable water
policy: social, economic and environmental. Not only do we require the necessary
resources and time to carry an action out, but must also consider if such an action or
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measure can be applied immediately or not; an essential step towards defining whether
actions are direct or indirect. At the same, direct actions can be either of a long term (or
proactive) nature or short term (or reactive) nature.

GENERAL IDEAS ABOUT ACTIONS

Let us first refer to direct long term or proactive actions. These are actions whose
results become evident particularly in the mid and long term. Ultimately, they are actions
which will permit water policy to be adapted to the current circumstances. Secondly, there
are short term or reactive actions which are implemented during a drought and follow the
pace of its evolution. To a large degree their efficacy will depend on the proactive actions
that have been implemented in advance. Thirdly, there are the so-called supplementary or
indirect actions. This type of action is aimed at facilitating the implementation and
development of the other groups of measures (proactive or reactive) with which drought is
managed in a direct manner.

Let us take a look at the figure 1 (USACE, 1994), which defines drought from a
hydrologic viewpoint. While water availability largely depends on the hydrologic year,
consumption follows a more uniform pattern. Although the possibilities of increasing
water supply are limited in developed countries, the margin of action concerning
consumption is much larger and continues to widen. In any case, proactive measures are
understood as any action that either contributes to increasing resources (for example,
reutilization) or permits water use to be reduced (for example by improving water network
performance). Measures of a proactive nature require time and how and to what degree they
should be implemented necessitates discussion and negotiation in times of abundance. We
should not forget that, in addition to time, all measures require funding and on many
occasions, legal reforms. Periods of drought clearly do not favor the proper state of mind
needed to introduce the far-reaching proactive measures.

Water Availability

\

Needs
\ m .
! /
\ Drought

Time  w—

Fig. 1. Drought from a hydrologic viewpoint

On the other hand, reactive measures are measures which are implemented to reduce
impact when in the throes of a drought. In other words, these are strategies which are taken
during periods of scarcity, but which should be negotiated by all of the parties involved
when the situation is “normal”. To reduce the impact of water shortage it is useful to
previously develop an impact matrix that classifies the consequences of drought and allows
decisions to be made in a reasonable manner. One example of an impact matrix for drought
management (figure 2) has been developed in detail by the Western Drought Coordination
Council (WDCC, 1998).

In short, drought impact decision matrixes are little more than assessment tools that
account for a variety of criteria (those in the table are some of the most obvious, but not the
only ones) concerning the damage that can be inflicted as a result of restrictions. Based on
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the final ranking in the matrix analysis, it is possible to establish how to ration water in the
most convenient way from the viewpoint of the general public (Wilhite et al., 2005).

Equally Public Equitable

ing?
Distributed? Growing’ Priority? Recovery? Impact Rank

Impact | Cost

Fig. 2. Example of an impact matrix

It is common to group impacts according to a variety of criteria (economic,
environmental and social) that should be envisaged in all sustainable water management
plans. The first of these, albeit not necessarily the most important, are the most evident. Thus,
for example, the loss of crops or livestock or the costs incurred when water is restricted are
perfectly quantifiable. On the other hand, environmental impacts include, among many other
consequences, the loss of animal and plant diversity or the disappearance of wetlands and
natural springs. Finally, droughts produce numerous social impacts. An example of this type
of impact includes the numerous conflicts that arise among users who compete for water in
times of drought. A detailed list of such impacts appears in a report by the Western Drought
Coordination Council (WDCC, 1998). This report also includes tree diagrams to analyze and
follow-up on impacts in terms of the different uses.

Yet of all these criteria, the economic criterion is the most “measurable” (that which
is most quantifiable) and obvious of all. It should come as no surprise, then, that researchers
and institutions (Jenkins et al., 2003; USACE, 1994) propose methods to analyze the
economic losses deriving from water shortages. There is no question that mitigating the
economic impact is an essential part of proper drought management.

In fact, measures are considered reactive precisely because of the fact that they are
provisional. But their development, discussion and implementation are conditioned not only
by the physical and legal framework which encompasses them, but by the serenity that they
demand. When the necessary calm is lacking, it is almost impossible to discuss priorities.
When restricting consumption, the ranking will be more efficient the more robust the system.

Finally, there is a wide range of actions aimed at minimizing the impact of drought.
However, as they do not directly affect the water balance, they should not be considered direct
measures. Instead, these are measures that serve to complement direct actions as their
ultimate objective is none other than to smooth the way for the latter. Thus, for example, a
new economic water policy oriented towards promoting efficiency and therefore giving
meaning to a large number of direct actions, indirectly contributes to achieving a balance
between resources and uses; an especially difficult balance to reach in times of drought.

DIRECT PROACTIVE ACTIONS

Because these measures are incompatible with improvised actions, they should be
implemented in a progressive manner. The principle measures are outlined below according
to how they contribute to increasing resources or rationalizing consumption.

Increasing and diversifying supply

New storage facilities.
New surface water extractions, generally through transfers between basins.
Centers for the exchange of water rights.
Desalination.
New groundwater extractions.

e Recharging aquifers, a simple and efficient way to conjunctively use surface
waters and groundwaters that should be highlighted in an explicit manner.

o Reutilization.

e Optimize resources through better hydrologic planning and monitoring. Make
better use of the enormous possibilities that the conjunctive use of surface waters and
groundwaters affords, especially in times of drought.
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e Finally, it is fundamental to manage a system’s resources in preparation for
episodes of drought. To do so, it is essential to have an adequate early warning system and
drought characterization system as well as using mathematical models that aid in decision-
making processes for the management of reservoirs in real time according to the risk of
drought (Andreu et al., 1996; Rossi et al., 2005).

Many of these actions require an extended period of implementation, large budgets,
political negotiation, social acceptation and when appropriate, modifications to the
legislation. This is of foremost importance given that these are works which, in addition to
affecting hundred of thousands of people, will be carried out over several terms of office
from the time they are conceived until they become operational.

The actions above were ranked beginning with the most difficult (of any kind) to
develop and concluding with the easiest to implement. Nevertheless, and as regards their
execution, the final decision should, as always, be based on economic, environmental and
social criteria. Logically, the work concerning these actions should be oriented towards
analyzing the minimum requisites demanded by each of them and from there, assessing their
possibilities for development and ultimately, their feasibility. Finally, a comparative analysis
of the possibilities afforded by each and every one of the strategies would be of great utility.

Managing demand

This second via began to be explored in detail in the developed world some decades
ago and thanks to this new line of study the margin of savings is now quite large. A recent
survey (Pacific Institute, PI, 2003), which serves as a point of reflection, estimates the
potential savings in urban and residential water use in California (where for some years
programs have been set up to foment efficiency) at a minimum of 33%.

While potential savings in urban and residential water use is notable in Spain, it only
accounts for a quarter of the demand in the country and in fact, much greater savings can be
achieved in irrigation. Indeed, there are clear indications to this effect. When assuming the
energy costs for elevation, groundwater irrigation is five times more productive than
surface water irrigation in economic terms (Corominas, 2000). In this line, and according to
the provisions set out by the Ministry of Agriculture, Fisheries and Foods (MAPA, 2002) in
the National Irrigation Plan, more than 5000 hm3 of irrigation water can be saved in Spain
through programs to improve water consumption in irrigated areas and reduce excess
supply. Indeed, due to the important role of irrigation, numerous studies have been
dedicated to optimizing water use in the countryside (Pereira et al. 2002). This knowledge
is essential for managing droughts in a rational manner.

These are specific actions that contribute to reducing water demand which on many
occasions need to be adapted to the different uses to which water is put (urban, residential,
commercial, agricultural and industrial). Among others, these include:

e Measuring all of the uses and resources (including groundwater wells).

e Improving the performance of water transport systems (canals, irrigation channels,
transport and distribution pipelines and even installations inside buildings).

o Using rainfall (water harvesting).

e Reutilization of gray waters in homes and industries. Industrial recirculation.

DIRECT REACTIVE ACTIONS

In this second group, we must refer to the decision tree diagram that sets out how to
manage a drought according to its evolution based on the established protocol and taking
into consideration risk matrixes. These are decision trees or protocols that, in accordance
with current legislation and logic, should take into account at least two levels: that of the
hydrographic basins and that of the city.

The protocols have to summarize and discuss all of the factors that must be taken into
consideration in the event of a drought. They include such issues as the makeup of the teams
in charge of developing a drought management plan, how to reconcile conflicting interests,
methods of measurement that must be taken into account with a view to making objective
decisions as well the negative impact of outdated legislation on drought management.
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It is important to highlight that after consulting the vast information that is available
on this issue, especially in the United States (drought management plans for thirty different
states can be found at http://drought.unl.edu/plan/stateplans.htm/), we have come to the
conclusion that the Drought Management Plans developed in any country must follow
similar criteria.

In Spain, we are all, in some way or another, following in the wake of the Isabel II
Canal, city of Madrid, that has recently updated its plan (Cubillo and Ibafiez, 2003); a plan
that is, without a doubt, a first-rate document. But, as I have already said, due to its
singular characteristics, the Isabel II Canal is not an example that can be followed by the
majority of Spanish cities.

This is not the case of England where the Environment Agency (EA, 2003) has
recently published the second revision of the drought management plans developed by
water companies in the country. Prior to these plans, the EA had provided clear guidelines
for drought management.

Many other urban contingency plans are available on water company websites,
especially those which are publicly owned. This is the case for example of Melbourne
Water in Australia (MWC, 2001) or Denver Water in the United States (DW, 2004). The
Water Conservation Committee of the AWWA (WCC, 2002) has developed a model
drought management plan. This plan serves as a support tool for the development of
drought plans that will facilitate the work of managers in water companies.

Considering the above, the excellent and thorough work Managing Water for Drought
(USACE, 1994) merits particular attention as it is the result of a thorough study carried out
by more than one hundred professionals. The study was conducted in the early nineties and
it was the administration’s reaction to the low rainfall recorded in the western United States
at the end of the eighties.

SUPPLEMENTARY OR INDIRECT SUPPORT ACTIONS

Given that the indirect actions do not directly mitigate the effects of drought - even
when they lead to the success of direct actions of both reactive and proactive kind - we will
considered them separately by structuring them into two different blocks according to the
type of direct actions that they influence.

Measures that support proactive actions

These measures facilitate the implementation of complex, but necessary direct
proactive actions. Among others, these include:

o Citizen awareness.

e The participation of sociologists and communicators that aid in transmitting the
message.
Media involvement.
Foster citizen participation.
Adequate economic policies that foment efficiency and flexibility of use.
Proactive water policies that monitor both water use and water resources.
Adapt the legislation to the current context. Revise historical water rights.

e Adaptation of the administration. Water management and monitoring needs to be
coordinated.

o Centers for the exchange of water rights.

e Provide technical assistance to towns and irrigation communities

The importance of the first four actions in the above list should be underscored. These
are actions that are essential to achieving the viability of the other actions. The remaining
actions are those that directly contribute to mitigating the impact of drought. However, it is
clear that if we do not prepare the ground beforehand, it will be unfeasible to implement them.

Measures that support reactive actions

A Drought Management Plan resembles a decision tree diagram which, depending on
the circumstances, guides planners in one direction or another. Decision-making is a
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dynamic process. In short, all of the actions that permit us to remain one step ahead of the
problem are included in this section, as well as supplementary actions. Forecasting and
characterizing droughts is a research topic that has gone hand in hand with the stochastic
analysis of hydrologic series (Yevjevich, 1967; Dracup et al., 1980). Due to the growing
impact of water shortages, research continues to be conducted in this line (Salas et al., 2005).

However, in order to manage drought in such a way as to mitigate its impact before a
drought occurs, and from the viewpoint of needs that must be satisfied, we must assess the water
deficit. The balance between availability and need is the origin of other indicators; indicators
which activate the various stages of a Drought Management Plan (Fisher and Palmer, 1997). To
sum up, when reliable information is available, it is possible to foresee the events and properly
manage reactive actions that have been designed in advance for this purpose.

The remaining strategies and actions either facilitate the development of drought
management plans (conflict management) or promote both the acquisition and
dissemination of knowledge. All of these actions would therefore include:

e Meteorological accurate follow-up and adequate data treatment.

Meteorological drought indicators.

Drought management indicators.

Activation thresholds for the different phases of a plan.
Conflict resolution.

International relations.

Technical assistance.

CONCLUSIONS

The main conclusion that can be drawn from the above is that a drought cannot be
managed efficiently without a plan that has been properly developed beforehand. A plan
that takes into account both proactive and reactive measures will permit exceptional
measures to be reduced to a minimum; measures which until now have been applied in a
systematic manner (curiously, exceptional is an antonym of systematic) and characterize
the actions implemented by water administrations in many countries in times of drought.
Thus, the final goal is to ensure that planning, rather than improvisation, prevails in the
event of a drought.

The economic, social and environmental impacts caused by the increasingly frequent
water shortages occurring in the 21st century will continue to worsen. Although it has not
been mentioned explicitly in this report, we should not forget the looming threat of climate
change, making rational drought management of vital importance to the future. To achieve
such an aim, however, we must travel down a very long road that should not demoralize
those who walk upon it.
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In the paper the pollution factors in different zones of Russia are studied. The difference
between further fate of technogenic associations in humid and arid regions is analyzed.
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There are three associations of elements in soils: geochemical, inherited from the
rock, biochemical - inherited from the plants and biogeochemical or soil.

In rocks a correlation of chemical elements is more stably. The biochemical
association depends on selectivity of plants in relation to elements. For enough mature soils
this correlation is stable for the concrete territory, but differs from biochemical and
geological. The technogenic association sharply changes a correlation of elements in soils.
And this can serve as the passport for revealing of pollution source. For example, in east
area of Moscow, where there are 3 factories, pollution of soils by metals (Cu, Pb, Hg, Zn
and others) is established. It is possible to define, from what factory there is a pollution on a
correlation of technogenic elements.

Natural associations of elements are selected on structure of rock, plants and on soil
structure. These three associations can connect with technogenic association, which it is
easy to define on a ratio of elements, even at an initial stage. It is possible to reveal a
direction of technogenic associations development at continuation of technogenic influence.

The composition of technogenic association is defined by intensity of pollutant,
technogenic object, distant from object and an area wind rose. These parameters or
pollution factors are studied. "However it is not enough attention to influence of soils on the
further pollution fate. The part of technogenic association can change up to a total
disappearance depending on character of a soil matrix, type of a water regime, a
hydrological soil profile. .

Theoretically it is necessary to expect that in humid and arid regions the further fate
of technogenic associations will be different. In humid regions the part of elements will
leave with a water drain in ground waters, the rivers and the seas. Other part will be
preserved in humus and illuvial horizons. In arid soils all elements will be fixed in the top
horizons of soils and not to move almost on a profile. Pollution in arid conditions remains
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as a constant factor of these soils. The essential changes of a composition of technogenic
association are possible in humid soils.

In arid and humid soils, one of the factors determining the fate of pollution
(anthropogenic associations) is geochemical barriers. They accumulate number of elements,
changing their ratio compared to the original technogenic association, and create a new soil
association.

The microrelief participates in redistribution of polluting substances also. However if
in an arid zone pollutants are more on macroelevation, in humid zone is on the contrary.

The accumulation of metals is a new stage in the soil life. Heavy metals interact with
organic matter and form organometallic complexes that are catalysts for chemical reactions
in the soil. Oxides of manganese and iron accelerate the redox reactions, for example -
decomposition of hydrogen peroxide and organic hydroperoxides. There are Fe-Mn
formations and mangaia (manganese Kutans), which many in the lower soil horizons
(horizons B). We should expect new catalytic reactions (even unpredictable) as a result of
pollutants accumulation in the soil.
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AGRO-ECOLOGICAL BASIS OF FERTIGATION APPLICATION
IN THE NORTHERN STEPPE OF UKRAINE

Dnepropetrovsk State Agrarian University
The presented results of long-term fertigation research are aimed at energy and resources
increase by optimization of norms, methods and timing of mineral fertilizers under intensive
cultivation technology of maize for corn growing, taking into account environmental factors.
Such studies are of great importance for the development and justification of resource and
environment-friendly cultivation techniques of growing programmed yields of maize under irrigation.
Key words: fertigation, mineral fertilizers, yield.
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Jlninponemposcokuil 0epicasHuil azpapHull yHigepcumem
AT'POEKOJIOTTYHI OCHOBH 3ACTOCYBAHHI ®EPTUT ALIIT
B IIIBHIYHOMY CTEITY YKPAIHU

HaBezneHi pesynbraTn 0araTopiyHMX HAayKOBHX JOCHIDKEHb (epTuramii crnpsMoBaHi Ha
MiIBUIICHHS] CHEPro- Ta pecypco30epekeHHs HacaMIepel 3aBAsSKH ONTHMi3allii HOpM, CrocoOiB i
TEPMIHIB BHECCHHS MiHEpaJbHHUX JOOPHB 32 IHTCHCHBHOI TEXHOJIOTII BUPOILYBaHHS KYKYpyA3H Ha
3epHO 3 YpaxyBaHHSIM E€KOJIOTIUYHHUX (PaKTOpiB.

Taki JOCHiIUKEHHS MalOTh BEJNMKE 3HAYCHHS JUIL PO3pOOKM Ta  OOIPYHTYBaHHS
pecypco30epirarounx Te eKOJOTiYHO Oe3NeYHHX TEXHOJIOTIH BHPOIIyBAaHHS 3alpOrpaMOBaHUX
ypoxaiB 3epHa KyKypy/I3H IPH 3pOIICHHI.
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B CEBEPHO CTEIIN YKPAUHBI

[MpuBeneHHbIe pe3yIbTaThl MHOTOJICTHHX HAYYHBIX MCCIEAOBAHHMN (pepTHTaliy HAaIlPaBIICHBI
Ha TOBBIIICHUE PHEPro- U pecypcocOepexeHns 3a cUeT ONTHMH3AIUUA HOPM, CIOCOOOB M CPOKOB
BHECEHHSI MHHEPAIbHBIX yJOOpPEHHH MpPH MHTEHCHBHOH TEXHOJIOTMM BBIPAIMBAHMS KyKypy3bl Ha
3€pHO C y4ETOM HKOJIOTHYECKUX (PaKTOpOB.

Takue wmccremoBaHUS WMEIOT OONBIIOE 3HAYCHHWE MU pa3padOTKH M OOOCHOBAaHUS
pecypcocOeperaomyx W JKOJOTHYECKH  O€30MacHBIX  TEXHOJOTHil BBIPAIIUBAHHS
3alpOrpaMMHUPOBAHHBIX YPOXKAEB 3€pHA KYKypYy3bl P OPOLIECHHN.

Kniouesvie cnosa: gpepmuzayust, munepaishuie yOoOpeHusl, ypoicail.

The area of irrigated lands in Ukraine is 2,17 million hectares, over 60% of them are
black soils. Nowadays under the current agricultural system on the irrigated lands we often
deal with deterioration of their soil and ecological conditions such as the loss of soil
fertility and the imbalance of the natural systems in general. This happens because the
modern system of agriculture in the most cases is oriented on receiving agricultural
products and doesn’t take into account the need to preserve the soil, to harmonize of its
productive and ecological functions.

An important factor in the development of land irrigation is environmental and
climatic conditions. According to these conditions there are three climatic zones in Ukraine:

- excessively wet forest (25% of the territory);

- insufficient moisture steppe (35%);

- arid steppe (40%).

Almost on the 75% of the territory of Ukraine agricultural crops are grown in the
insufficient natural dampening. Moisture deficit is a major limiting factor in crop
productivity.
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More clearly about the natural moisture supply in different regions of Ukraine we can
talk basing on the zoning of its territory. There is the average long-term dampening
coefficient, proposed by the Institute of Hydraulic Engineering and Reclamation NAAS
(National Academy of Agricultural Sciences) (Ocramuuk, 1989):

() P+Wo)
Kdamp = Z:ZE”

where Ky, - dampening coefficient; Z P - the sum of atmospheric precipitation for
vegetative period, mm; W, - active moisture stocks in the dead soil layer at the beginning of
vegetative period, mm; ZEO - evaporation of water for vegetative period, mm.

The analysis of the territory of Ukraine according to Kyu, gives reasons to consider
that high-yielding growing of agricultural crops, especially hygrophilous ones in the steppe
and forest steppe is possible only under irrigation. The lack of moisture over a large
territory of Ukraine combined with high level of thermal resources provision, solar
radiation and fertile soils are the natural conditions for the irrigation revival and
development. In this case, irrigation should be considered as a factor significantly
increasing the agricultural efficiency and reducing its dependence on the unfavorable
climatic conditions (Pomarmienko, 2000).

Another important factor that should be taken into account while analyzing the
conditions of existence and development of irrigation in Ukraine is global climate change.
On the global, and as a consequence, on the regional level the society should solve the
extremely important and complex issues associated with developing and implementing
strategies of its existence in terms of global climate change.

Ukraine is among the world’s regions, where ongoing climate change is visible. Even
without carrying out special observations, one can see that the duration of winter periods
decreased significantly and the winters themselves became less cold. Droughts were
observed more often. In the last century 43 years of drought were recorded on the territory
of Ukraine, including 7 of them in the past 15 years (Pomamenko, 2003).

Good agro-ecological condition of irrigated lands is a condition for their effective use.
Therefore, the development and implementation of actions for improving agro-ecological
conditions of irrigated lands are among the priority.

In the complex of actions to maintain the fertility of irrigated lands at the necessary
level and to generate the highest possible agricultural crop yields of high quality, a
fertilization program is very important. It should be a plan for the use of mineral and organic
fertilizers in crop rotation with their doses, time and method of application (L1nsixu.., 1999).

One of the ways for intensification of the irrigated agriculture is the combination of
irrigation with the use of chemicals, in particular the application of mineral fertilizers
(which was called fertigation, from the English words irrigation and fertilizer), herbicides
(herbigation), ameliorants and microelements.

Let us consider the results of our research about use of fertigation in the northern
Steppe of Ukraine in the intensive cultivation technology of irrigated corn. Fertigation is a
logical consequence of the development and improvement of irrigation techniques,
increasing the level of use of chemicals and land reclamation, construction of technically
advanced irrigation systems, use of modern wide-sprinkling machines (Caxapos, 1991).

Application of mineral fertilizers together with irrigation water fully meets the idea of
multiple uses of irrigation systems and sprinkler equipment, increases the efficiency of
water and fertilizers, favors the preservation of soil structure, and improves ecological
conditions for growing maize. Fertigation allows to introduce the complex mechanization
and automatization, ensuring corn yields at the level of 10 — 12 t/ha and reduce the energy
resources cost (Kisep, 1995, 2007).

The use of fertilizers with irrigation water solves the problem of even distribution of
fertilizers in the active layer of soil to the level comparable with the even distribution of
irrigation water. Very important advantage of this method is the possibility to apply
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fertilizers in small doses during the vegetative period without mechanical damage of plants
and chemical burns (Kisep, 1993).

The combination of fertilizers and irrigation in a single technological process causes
the phenomenon of synergy. Two of the most important factors of corn yield — irrigation
and fertilization mutually reinforce each other, resulting in an additional factor — their
interaction (Caxapos, 1991).

One third of the energy costs for growing corn in the Steppe of Ukraine is formed by
fertilizers application. Traditional technology of mineral fertilizers application by surface
method remains imperfect. Technological factors are dominated in it above biological ones,
because soil is generally fertilized, not plants. When fertilizers apply with primary
cultivation almost 6 month before they intensively use by maize, plants lose a lot of
nutrients. In the result of mineralization, evaporating into the air and leaching into deeper
soil layers these nutrients contaminate environment.

Technological possibilities of machines with centrifugal dispersive device are very low
(Caxapos, 1991). Allowable uneven distribution of solid mineral fertilizers within a field is +
25%, but in practice fluctuations (deviations) during applying high doses may reach 50 —
75%. It is naturally that uneven applying, especially one of a large amount of fertilizers, leads
to their irrational use and sometimes to the long-term negative consequences not only for the
plants but also for the soil (nutrients surplus in some areas and their shortage in others, nitrate
contamination, etc), which are often difficult to eliminate.

The use of heavy machine-tractor aggregate for application and fertilizers closing cause
compaction of the upper layers of soil, decreasing of its physical characteristics, reducing
yields and quality of maize. Mineral fertilizers are produced and supplied unevenly. So if
producers purchase fertilizers in the period of maize vegetation they cannot use them. This is
due to the fact that the use of row-crop cultivators for feeding is restricted at the moment of
closing of maize crops in rows. Frequent small fertilizer tanks refilling on cultivators lead to
considerable labor costs. Use of aircrafts for feeding have not been widely spread yet.

In view of the above, in recent years the system of intensive cropping includes the
advanced method of applying mineral fertilizers with irrigation water.

Applying fertilizers at the same time with irrigation water provides the opportunity to
optimize the supply of moisture to the plant over the whole vegetative period.

Fractional nitrogen fertilizers application with irrigation water provides more even
nutrient availability, than their one-time application before seeding. In this case the terms
and doses of fertilizers application for feeding are calculated by taking into account
biological characteristics of crops, soil conditions and coordinated with irrigation schedule.

It is well known that the corn till the pinnacle injection phase consumes about 30% of
nitrogen of the overall consumption of this element. Further the need of nitrogen increases
especially in the period from pinnacle injection till milky ripeness of grain. At that time
maize consumes the largest part of nitrogen. In the period from milky to full ripeness
nitrogen consumption decrease to 13,7 — 26,6% (Kisep, 1995).

Experiments, conducted at the Institute of Grain Farming, NAAS of Ukraine showed
that under application of fertigation maize yields increase by 5 — 10% (Kisep, 1993, 2007).
The best were the results of the nitrogen fertilization scheme, where the full amount of
nitrogen was applied with irrigation water fractionally in equal doses after sowing, in 10 —
12 leaves phase, pinnacles ejection and at the beginning of milky ripeness phases. In
conditions of experiment this phase provided the 11,2 — 12,3% of yield increasing (Kynuria,
1990). The elements of this agricultural practice (terms, doses, methods of fertigation,
ecological factor) are not thoroughly studied yet, that’s why the further research is essential.

The aim of our research is to study the optimal norms, methods and timing of mineral
fertilizers application in terms of intensive technology of growing maize for grain under
irrigation.

MATERIALS AND RESEARCH METHODS

Field experiments were conducted over the period of 1999 — 2001 on the educational-
experimental farm of Dnipropetrovs’k State Agrarian University “Samarskiy”. Soils are
ordinary eroded loamy black earth. Thickness of humus layer is 65 — 70 cm, content of
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humus in topsoil is about 3,0%. Content of nitrogen after 7 days of composting (by
Kravkov) in 100 gr. of tight soil is 1,4 — 3,8, phosphorus content (by Chirikov) is 11,9 —
15,5, potassium content (by Maslova) is 10,0 — 14,4 mg/100 gr. of soil. Subsoil water lies at
the level more than 15 meters.

Weather conditions during the research years were generally favorable for growing
maize under irrigation. During the vegetative period (May — September) of the year 1999
there were 128 mm of atmospheric precipitation, in 2000 — 216 mm, and in 2001 — 192 mm.

During the experiments the middle-early hybrid of maize Pioneer 3978 was sown.
The norms of mineral fertilizers calculated for 8 and 10 t/ha, grain yield were studied. The
technology of maize growing has been accepted as common use for this crop in the
northern Steppe zone of Ukraine. Sprinkler irrigation was performed with unit DDA-
100MA. Mineral fertilizers were dosed into irrigation water with a special fertilizer
injector, manufactured in the laboratory of the Institute of Grain Farming NAAS of
Ukraine. Irrigation schedule provided moisture level in the active soil layer not less than 70 —
80% MWC (minimum water capacity). Irrigation rate norm was 1800 — 2100 m*/ha.

Sowing area of the experimental fields was 630, and researched one was 150 m”.
Repetition was fourfold.

Statistical processing of the results was performed with the help of analysis-of-
variance method according to the known procedure (lociexos, 1985).

As fertilizers carbamide, granulated superphosphate and potassium salt were used.
Phosphoric and potassium fertilizers were added in calculated doses to the working plots
for cultivation, carbamide — in accordance with the research program for cultivation and
with irrigation water.

Doses of mineral fertilizers for planned maize grain yield were calculated with the
help of balanced method due to the content of major nutrients in the soil.

To study the efficiency of nitrogen fertilizers with irrigation water compare to the
traditional surface method and defining optimal parameters of fertigation the following
options were developed.

Technological schemes of applying nitrogen fertilizers are the next:

1 — full norm under fall-plowed land cultivation (control);

2 — fractionally: 40% of norm with cultivation, and 20% with irrigation water in the
phases of 10 — 12 leaves, pinnacle ejection and milky ripeness of the grain;

3 — fractionally: 40% of norm with cultivation, and 40% with irrigation water in the
phase of 10 — 12 leaves and 20% in the phase of pinnacle ejection;

4 — full norm of nitrogen with irrigation water fractionally in doses of 20% in the
phases of 10 — 12 leaves, pinnacle ejection and milky ripeness of grain, and 40% in the
phase of pinnacle blooming stage;

5 — full nitrogen norm with irrigation water fractionally in doses, 40% after sowing in
the phase of 10 — 12 leaves, 40% in the phase of pinnacle ejection and 20% in the phase of
milky ripeness of grain.

THE RESULTS OF RESEARCH

The study has shown that the nitrogen content in soil, which plays an important part
in plant fertility under irrigation, depends on method and terms of fertilizers application
(table 1).

In autumn under using mineral fertilizers randomly nitrates migrate from root soil
layer, and according to the received data it gets exhausted. Before the period when maize
plants need nitrogen intensively (10 — 12 leaves) there were less nitrates in the soil than
during the period of 5 —6 leave on 15,3% and in the phase of milky ripeness of grain — on
50,3%. At the same time under numerous nitrogen applications with irrigation water the
content of nitrates in soil in that period was less, furthermore there was much more of them,
especially in a milky ripeness phase that positively affected yields.

The results of research have shown that the use of nitrogen fertilizers with irrigation
water increase maize yields more than under surface application method (table 2).

86 ISSN 1726-1112. Exonozis ma noocgpeponoeia. 2011. T. 22, Ne -2



Table 1
Nitrate concentration in the soil layer of 0 — 60 cm, depending on nitrogen fertilizers application
for programmed yield 8 t/ha (average 1999 — 2001) mg/kg of soil
Phase of Development
Variant 5-6 leaves 10-12 leaves milky ripeness of grain
1 - Ny50 Py Kgp (at random 30.8 26.1 15.3
for cultivation) ’ ’ ’
5 - Niso Py Kg (With irrigation
water)

20,5 25 18,8

With increasing of mineral fertilizers dose corn yield was increasing in average by
2,72 — 4,36 t/ha (6,6 — 10%) comparing to the option without fertilizers.

Table 2
The yield maize hybrid Pioneer 3978, depending on the dose and method
of mineral fertilizers application, t/ha
Calculated dose Nitrogen Year + to control
of mineral fertilizers
fertilizers for application Average )
pp 1999 2000 2001 t/ha %
yield scheme

Without fertilizers 5,16 5,96 5,48 5,53 - -
1 (control) 7,86 7,75 8,01 7,87 - -

8.0 t/ha 3 8,14 8,46 8,54 8,38 0,51 6,6

’ 5 8,28 8,65 8,58 8,51 0,63 8,1
Average 8,09 8,28 8,37 8,25 — —
1 (control) 9,28 9,34 9,46 9,36 - -

10.0 t/ha 3 9,87 10,20 10,06 10,04 0,62 6,7

> 5 10,14 10,32 10,42 10,29 0,93 10,0
Average 9,76 9,95 9,98 9,89 — —
HCP, 5 t/ha for schemes 0,03 0,47 0,21 — — —
HCP, 5 t/ha for doses 0,24 0,32 0,13 — - -

Evaluating any technological method it is important to take into account not only its
impact on the amount of yield but also on its consumer qualities. Under irrigation with
yield increasing, the deterioration of the grain quality is often observed, exactly the
reduction of protein content. Our research had shown that with the increasing of mineral
fertilizers norm the protein content increases too (table 3).

Table 3
Grain quality of maize hybrid Pioneer 3978, depending on the method and terms
of nitrogen fertilizers application for different levels of mineral nutrition (average 1999 —2001)

Option of Content in grain, %
Norm of mineral nitrogen
fertilizers fertilizers Crude Fat Starch Gluten
application protein

Without fertilizers 8,9 49 61,8 2.9
: T (control) 9.1 4.9 62,2 3,1
ES“miitﬁid for 3 9.5 48 643 2.9
g ha 5 9.4 5,0 63,1 3,0
average 9.3 49 63,2 3,0
) T (control) 0.4 4.9 62,9 2.9
ES“miitﬁid for 3 9.4 5.0 63.1 3.0
1{) Uha 5 9,6 5,0 61,8 3,0
average 9.4 49 62,6 2,9

The method of nitrogen fertilizers application has also affected the content of protein
in grain. With the use of fertigation the content of protein in grain was growing. The
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method of applying nitrogen fertilizers hadn’t significantly affected the content of starch,
fat and gluten in grain.

As it is known the application of rised doses of nitrogen fertilizers increases the
danger of nitrates accumulation in yield, that’s why particular attention in our research was
paid to peculiarities of nitrate accumulation in maize grain under different methods of
fertilizers application.

The results showed (table 4) that the nitrate content was varying greatly from year to
year of the research, due to the weather conditions influence in the period of grain
formation. In the year 2000 the grain formatted in conditions of relatively low temperatures,
that is why the nitrate content in grain was 82,3 — 98,05 mg/kg.

Table 3
Nitrate content in the maize grain, depending on the method of nitrogen fertilizers application
and level of mineral nutrition, mg/kg

Option of
Norm of mineral nitrogen Research year
fertilizers fertilizers
application 1999 2000 2001
Without fertilizers 36,80 82,30 47,70
] . 1 (control) 53,73 98,05 47.40
Estimated for yield 3 37.05 84.25 47.45
5 36,25 82,30 49,90
) . 1 (control) 34,85 91,50 52,60
Esumﬁtg‘i /}fl‘;r yield 3 38,55 89.60 44,70
5 37,05 86,70 44,75

In hotter conditions of the given period in years 1999 — 2001 the content was 34,85 —
55,73 and 44,7 — 52,6 mg/kg respectively. At all studied soil fertility nitrate content was
lower than admissible concentration limit (MPC nitrate content in maize corn is 300
mg/kg). Applying of high norms of mineral fertilizers as well as applying nitrogen
fertilizers along with irrigation water didn’t increase the nitrate content in maize grain.

CONCLUSIONS

Nowadays it is very important to implement new, effective and ecologically safe
agricultural technologies, that stipulates the decrease of mineral fertilizers doses and
increase of their rate of return in 1,5 — 2 times by means of optimization of terms and
methods of application. Under the intensive technology of maize growing on irrigated soils
in northern steppe of Ukraine it is reasonable to apply nitrogen fertilizers along with
irrigation water in proportions as follows: 40% of the overall dose in the period of 10 — 12
leaves, 40% — in the phase of pinnacle ejection and 20% in the phase of milky ripeness of
grain. Under these conditions of nitrogen application maize grain yield in average had been
increased on 2,72 — 4,36 t/ha, than without fertilizers application.

The tendency of protein rising in maize grain under nitrogen fertilizers with irrigation
water application was observed. High norms of mineral fertilizers application and fractional
application of nitrogen fertilizers with irrigation water didn’t affect the nitrate content in
grain and didn’t deteriorate its quality.

The results of research indicate that combining irrigation with mineral fertilizers
application (fertigation) is an effective method of decreasing energy and material resources,
increasing yields and quality of maize grain and protect soil from degradation.
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THE BIOSPHERE RESERVE «ASKANIA NOVA» IS A GOOD MODEL
FOR TRACKING OF THE ECOSYSTEM PROCESSES
IN THE PROTECTED STEPPES OF EURASIA

F. E. Falz-Fein Biosphere reserve «Askania Novay, National Academy of Agrarian Sciences of Ukraine

The regularities of location of the steppe reserves of Eurasia are considered. The peculiarities of
behavior of succession processes in different reserving regimes are discussed. It is indicated that
mesophyting processes and phanerization of ecosystems are intensified without pressure of the hoofed
animals especially at the small steppe reserve of the East Europe. The most of regularities of
succession processes founded during one hundred years practice of the steppe reserving has its
reflection in the Biosphere Reserve «Askania Novay.

Key words:  the steppe reserves, productivity, specific diversity, mesophyting processes,
phanerization, hoofed animals.

B. C. I'aBpunenko
Biocgepruii 3anosionux «Ackanis-Hosay imeni @.E. @anvy-Deiina HAAH Yrpainu

BIOC®EPHHIA 3ATIOBIJITHUK «ACKAHIS-HOBA» IMEHI ®.E. ®AJIBL[-OEMHA —
BIAJIA MOJIEJIb IJIA BINCTEXXEHHSI EKOCUCTEMHUX ITPOLIECIB
B 3AITIOBIAHUX CTEITAX €BPA3II

Po3risatoTbCsi  3aKOHOMIPHOCTI  PO3MIILIGHHST ~ CTEHNOBHX  3alOBiAHUKIB  €Bpasii,
0OTOBOPIOIOTHCS OCOOIMBOCTI MPOTIKAHHS CYKLECIHHUX MPOLECIB B PI3HUX PEKUMAX 3alOBiIHOCTI,
BKa3y€eThCsl Ha MIOCHUIICHHS IpoleciB Me3oditu3aii i Gpanepusalii ekocucTeM MpH BiICYTHOCTI mpecy
KONMTHUX TBAPUH, 110 OCOOJIMBO MPOSIBIAETHCA B MAIUX CTEMOBUX 3amoBigHUKax CXigHOi €BpoIH.
BinbIicTh 3aKOHOMIPHOCTEH CyKLECIHHHMX HpOLeciB, BUSABICHUX NpoTsroM 100-1iTHHOT MpakTHKH
CTEIOBOTI'0 3aIlOBiIaHH, MaIOTh CBOE BioOpaxxeHHs B biochepHoMy 3anoBinHuKy «AckaHis-HoBay.

Kniouosi crosa: cmenosi 3an08ioHuKU, npOOYKMUSHICMb POCIUHHUX YePYNOBAHb, U006
pi3HOMaHimms, Me30imuzayis, hanepuzayis, KONUMHI MEAPUHU.

B. C. I'aBpunenko
buocgepnvii 3anoseonux «Ackanua-Hosay umenu @. D. Danvy-Deiina HAAH Yxpaunvl
BUOC®EPHBIN 3AIIOBEJHUK «ACKAHHS-HOBA» — YJAUHA 51 MOJIEJIb
JUISI OTCIEXVBAHNMA SKOCUCTEMHBIX ITPOLIECCOB
B 3ATIOBEIHBIX CTEITAX EBPA3UU

PaccmarpuBaloTcss  3aKOHOMEPHOCTH  pa3MEIICHUs CTeNHBIX 3aloBegHUKOB  EBpasmum,
00CYXKHatoTCsi OCOOEHHOCTH IIPOTEKAaHUs CYKIECCHOHHBIX IIPOLECCOB B Pa3HBIX PeXHMax
3all0BETHOCTH, YKA3bIBAETCS HA YCHWJICHHE IPOLECCOB ME30(UTH3aIUH U (haHePH3AUU SKOCHCTEM
IpH OTCYTCTBHH IIPECCa KOIBITHBIX JKUBOTHBIX, YTO OCOOCHHO IIPOSIBIISIETCSI B MANBIX CTEMHBIX
3anoBegHNKaX Bocrounoit EBpomsl. BonbIIMHCTBO 3aKOHOMEpPHOCTEH CYKIIECCHOHHBIX HPOIECCOB,
BBISIBJICHHBIX Ha NPOTsHKeHUH 100-7IeTHEH IPAKTHKK CTEITHOTO 3al0BEAaHNUs, HIMEIOT CBOE OTPaKCHHE
B buocgepHom 3amoBenHuke «Ackanus-Hosay.

Knrwouesvie cnosa: cmenmnvie 3an06eOHuKu, NpoOyKMUGHOCHb PACMUMENbHbIX CcO0Oujecms,
8Ud0B80€e pasHoobpasue, mezogumusayus, Ganepusayus, KONbIMHbvlE HCUBONHbBLE.

The Biosphere Reserve “Askania Nova” is a largest steppe reserve of Europe and
oldest on Planet by antiquity of the reserving. The fist evaluation of state and productivity
of the Askania Nova steppes was assessed by F. Teetzmann in 30" of XIX century
(Teerumann,1926). On the beginning of XX century the reserve functioned as a private,
and since 1919 it became the state scientific natural protected institution. Every generation
of scientists made their contribution to cognition of reserving processes therefore the long
chronological lines of observations for abiotic and biotic environment factors. The
scientists of the reserve did expeditions to many reserves of Eurasia from Daurian steppes
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to Hungarian pushts (steppes). It gave rich comparative materials for definition of a role of
reserved steppe ecosystems on biodiversity conservation and of contribution of Askania
Nova in cognition of reserving processes.

OBJECTIVE OF RESEARCHES

The objective hereof presentation is an analytical review of steppe ecosystems at the
reserves of States allocated in the steppe zone; identification general trends of succession
processes at the reserves of the steppe zone; description of prospects of biodiversity
conservation, estimate of a state of the protected steppe ecosystems and some approaches
for management of steppe ecosystems.

RESULTS AND DISCUSSION

The variety of living conditions of species, which are adaptive to arid and subarid
conditions, is determined by large length of Eurasian steppes in latitudinal and meridional
directions and also formation of set the steppe biocoenosis.

The numerous indexes of presence of reserves and national parks in the steppe zones,
in which an area of steppe spaces exceeds 30%, are shown in Table.

Quantity of steppe reservats in States of the steppe zone

Hungary | Rumania | Moldova | Ukraine | Russia | Kazakhstan | Mongolia | China
1 1 2 5 5 4 2 2

It should be noted that transition steppe ecosystems occur in many reserves bordering
with natural zones, subzones or conditional by an alpine zonation at the mountain regions.
At that time many steppe reserves are located with deviation from one to three degrees
between 46°22' - 49°58' of the northern Ilatitude: Hortobagy (Hungary), Yagorlyk
(Moldova), Yelanetsky steppe, Askania Nova, The Stone Graves, Khomutovsky steppe
(Ukraine), Naurzum Natural Reserve, Korgaldzhinskiy Nature Reserve, Altyn Dala Reserve
(Kazakhstan), the Rostovsky reserve, The Black Lands, Daurian reserve (Russia), the Great
Gobi reserve (Mongolia). The Biosphere Reserve “Askania Nova” clear fit in with this
coordinates scheme (Fig. 1).

7 A A

Fig. 1. Location of main steppe protected area of Eurasia

We confirm the opinion of many researchers that a man has played the important part
in steppification of the big spaces for 3-4 thousand years and especially for two last
centuries. Absolutely all steppe reserved sites of Europe carry a mark of human activity and
now their spontaneous development in many respects depends on a degree of influence of
the anthropogenic environment. Absolutely reserved regime, which is established in the
most natural reserves of the post soviet space, allowed finding a common mechanism of
rapid spontaneous overgrowing of the herbaceous ecosystems by wood plants.
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Analyzing the results of numerous researches, which are conducted in the protected
steppes, we see that scientists have received most important and summary results there,
where the long-term permanent researches were started, but the reserves had substantial
sizes. On Ukraine only the Biosphere Reserve “Askania Nova” meets these requirements at
present day. The most of our reserves have a steppe territory from some hundreds hectares
till three thousand in spite of great number of the protected steppe plots. Allocation of some
reserves scattering about subzones has a cluster feature. There is no way they create a
continuum of the steppe ecosystems. In this sense there are Asian reserves more preferable:
Naurzum Natural Reserve, Korgaldzhinskiy Nature Reserve and newly creating Altyn Dala
Reserve in Kazakhstan, the Great Gobi reserve in Mongolia, and also a transboundary
Daurian reserve on the frontier with Russia, Mongolia and China. The last ones have areas
from some hundreds of thousands till four million hectares.

The first reserved steppe plots were excluded by Friedrich Falz-Fein — owner, sheep
breeder and naturalist — in 1898.

The first description of the reserved plots was done by Josheph Pachosskiy in 1902,
who continued description of these territories until the middle of XX century. The
expansion of a network of the protected areas on the Eurasian continent gave the
opportunity to go on the studying of peculiarities of the reserving successions, which are
presented in the biosphere reserve “Askania Nova” completely.

The regularities are identified as a result of analysis of the spontaneous ecobiological
processes and exogenous factors at the Biosphere Reserve “Askania Nova”. Also they are
visible in other steppe reserves of Eurasia, but they are shown in the reserve fully. The
replacement of ruderal vegetation by zonal one happens in the first years after reservation.
This regularity was noted by J. Pachosskiy (ITauocckwuii,1908,1917,1924). In the first ten
years after institution of the reserving regime the regular increase of saturation and
projective covering of zonal steppe vegetation happens (ITagocckuit, 1908, [amuT, 1938).
The analysis summarized by Ye.P. Vedenkov (Benenskos,1995) on example of askanian
steppes (Table 2) shows that the protected regime influenced positively on increasing of
some zonal associations of the steppe vegetation prima facie fescue grass (Festuca
vallesiaca Gaud.).

Table 2

Succession of vegetation cover of the first protected plot “Stara” in Askania Nova,
reserved in 1898 (according to Vedenkov, 1995)

Name of Years of investigations and areas of formations on the map of the protected
allotments and steppe in %
associations 1927 1952 1968 1980
Feather grass 474 30,5 26,8 18,1
ormations
Fescue grass 30,9 503 52,5 53,9
formations
Mesophilous 6.2 6.8 18,9 2.1
Rhizome grasses
Anthropogenic
derivative 44 12,4 1,8 1,3
vegetation

It simultaneously happen the reduction of areas occupied by the anthropogenic
derivative vegetation.

However in further the regular accumulation of the steppe felt (litter), that is kept till
present time (Fig. 2), with following stabilization or activation of mesophytization
mechanism, which is leading to gradual increase of areas with rootstock grasses and sedges
is observed (Table 2). Accumulation of the steppe felt (litter) impedes development of the
spring ephemerous species, habitation of steppe mammals’ species: little souslik
Spermophilus pygmaeus, great jerboa Allactaga major, steppe polecat Mustela eversmannii
belonging to protected species, for their sake the reserving was done. Such picture is seen
in the most of steppe reserves. This process is especially observed in north reserves with
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meadow steppes in the Central Chernozem Biosphere Reserve (Russia) for example. On the
figure 3 we represented diagrams of quantity changes of plants’ species subject to regime of
the protected steppe according to materials of Sobakinskikh (1995).

90
° 807 —&— watershtd
=70 A
?
g 60 —B- -slope
‘g 50
= 40 = * = bottom of valley
307 JIMHenHbIn
20 1 (watershtd)
10 1 NunenHbIn (slope)
0 T T T T T T T T
JInHewHbIn (bottom
© N S O N D U
) %) ) > Q Q Q O O
Q7 QT QT TP 0319 of valley)
&
R

Fig. 2. Dynamics of relative weight of dead plant residues in the ecological line
of protected steppe “Askania Nova” (according to ['aBpunenko B.C.,

Hporo6ma H.1O et al., 2006)
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Fig. 3. Influence of natural use regimes on the specific richness of grass stand
in the Streletskaya Steppe of the Central Chernozem Biosphere Reserve (Russia)
on the base of data of Sobakinskikh

It should be noted that besides regimes, a small territory of plot influences and will
influence on reduction of specific diversity in this reserve.

This process is tracked in the Biosphere reserve “Askania Nova” also, because of
territories with different protected regimes are larger here. The process of further
environment transformation is going on and vice versa the increasing of total number of
flora and fauna species is tracking (Table 3).
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Table 3

Change of flora diversity of the Biosphere Reserve “Askania Nova”

Index of
Author of Year of Square of area’s nauﬁ;ﬁl beio(iiin diversity
plants’ list listing investigation (ha) y growing (species number
plants’ species on 100 ha)
Pachosskiy 1923 32 000 310 0,97
Korotkova 1954 22 000 357 1,62
Vodopyanova 1975 11 000 436 4,00
Vedenkov, 1990 11 000 478 4,35
Yelonova
Shapoval 2010 11054 509 4,40

However the increasing of species happens through the adventitious flora and animals
of dendrophilous complex which occupy the ecosystems neighboring with the reserve more
active, penetrating into the core area. The reasons of this process will be considered lower.

It is known that steppe ecosystems have regular substantial fluctuations of
phytocenosis productivity subject to a hydrometric regime. The dynamics indices of
elevated living phytomass of grass stand in grazing period before reserving (according to
Teetzmann), and also under conditions of the reserving (according to Drogobych,
Shapoval) are presented on the fig. 4.
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Fig. 4. Productivity amplitude of herbaceous associations in askanian steppe
(according to data of different authors)

Total growth of productivity increased through both cases the lowering of grazing
load and increasing of total amount of precipitations that is observed last ten years. It is
visually confirmed by comparative analysis of temperature regime and precipitation in
Askania Nova since 1926 (Fig. 5).

The same regularity occurs in the east regions of the steppe zone and that’s why this
process affected the population of saiga antelope Saiga fatarica in Kalmykia (A6atypos,
2007). The growth of average annual amount of precipitations increases not only
accumulation of the steppe felt but assists to intervention of wood vegetation into protected
territories. Phanerization of the protected steppe ecosystems of the East Europe received an
extensive distribution. The influence of this fact is appreciable especially in the small
reserves without impact of the big hoofed animals. Thesis of well-known phytocoenologist
T.A. Rabotnov remains absolutely right and actual: “a first priority of the steppe reserves
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must be permanent destruction of faunistic inferiority” (PabornoB, 1982). Thirty years
passed and we had to state that process of forestation in a line of reserves went so far that
some steppe territories grew over with shrubs and wood vegetation. This fact takes place
even in arid region where the Biosphere reserve “Askania Nova” is situated. The active
overgrowth of new fallow lands by wood vegetation from forest belts happens in the buffer
zone because of absence of the hoofed animals. Such phenomena did not observe here
earlier. (Fig. 6. A.B.)
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Fig. 5. Growth of temperature and precipitation for different periods of observations
(according to data of meteostation “Askania Nova”)

Thereby the steppe reserves of the East Europe lost the big herbivorous animals-
destructors of grass cover; they were unable to resist both the internal tendencies to the
overgrowing by shrubs and external intervention of wood vegetation. The direction of
sylvatization process and its speed is connected directly with area of an object, a degree of
environment transformation of the reserve and an aggressivity of alien species, displanted
by human in the artificial forest belts.

A B
Fig. 6. A. The reserve “Mychajlovskaya tselina” became as a shrub phytoceonosis for 50 years.
B. Overgrowth of the buffer zone by elm in the Biosphere Reserve “Askania Nova”
(ten years fallow land)
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Development of sylvatization processes is begun after removal of the anthropogenic
press. It may be stopped in case of renovation of stress by the roofed animals. The
overgrowing by wood vegetation and change of the steppe associations by forest is
increasing from the south to north. The development of sylvatization processes on the sites
with steppe vegetation is watching for fescue grassland and meadow steppe of the East
Europe in the first 5-10 years of the reserving. A tendency of the steppe’s overgrowing by
wood vegetation because of absence of the hoofed animals influence is clearly visible on
the figure 7 presented below. This tendency was observed in the natural reserve
“Yelanetsky Steppe” in conditions of 15™ years experiment.

- ¥

Fig. 7. The left — 8 American bison at 70 ha keep a steppe in the natural state.
On the right of fence a steppe begins to overgrown by shrubs

The balance of warmth and atmospheric precipitation in the vegetation period and also
thickness of litter complex exerts the largest influence on the rates of the overgrowing. The
litter intensifies mesophyting processes and forwards to the root proliferous overgrowing by
shrub vegetation (i.e. to the first phase of sylvatization at the meadow steppes:
Mychajlovskaya tselina (Ukraine), the Central Chernozem Biosphere Reserve (Russia) and
others (Tkauenko, I'enoB, Jlucenko, 2003; Tkauenko, [aBpmienko, 2007, T'aBpuiieHKO,
2007). These processes are observing at the south steppes where Askania Nova is situated.
For the period of 100 years the overgrowing by shrub vegetation Amygdalus nana and
Caragana scythica, which were presented by solitary shrubs at the steppe in 1917, occupies
nearby 10 ha now due to a large area of the single reserved massif (more than 8 thousand ha
of 11054) (ITagocckwmii, 1923). However the wood introduction plants appeared in the steppe
as a result of the zoochoric and anemochorous distribution. Diaspores of wood plants have the
possibility to grow successfully only in cases of the baring of a soil cover after fires or
zoogenic influence on the steppe vegetation, for example the burrowing activity of rodent.
The further litter’s accumulation gradually favoures the distribution of associations of the
rhizome cereals though the zonal species of feathers and fescues. The reserve succession
doesn’t forward the conservation of many ephemerous species, which often make up a rarity
component of flora. The complex of coprophagous species became poorer because of the
falling of the big roofed animals from nutrition lines. The increasing of habitus of grass plants
under conditions of the reserving doesn’t favour the conservation of many steppe species of
small vertebrate animals. According to observations the steppe species can be in the resting
stage for long time and give the population flash after fires.

Integrally the protected steppes of the East Europe need the management on the part
of human solved a main problem of determination of tendencies of reserved successions.
This is a difficult process. An individual approach and analysis of all previous periods of
ecosystems’ function is necessary for solution of problems of each protected site.

CONCLUSIONS

The Biosphere Reserve “Askania Nova” is a good model for the tracking of long-term
spontaneous processes in the south steppes of Ukraine. It allows discovering the general
regularities of changes happened in the protected steppe ecosystems outside its region.
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The steppe protected ecosystems of Eurasia undergo consequence changes under the
influence of the reserve successions. They have the general processes, which rate and
directions depend on original state of ecosystems excluded from economic use, an area of
the protected site, geographic location, a degree of transformation the areas surrounding it
and peculiarities of the update using of the areas.

The small steppe reserves without renovation of herbivorous animals can promptly
turn into derivatives of the forest ecosystems.
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INTEGRATING SOCIAL PREFERENCES AND EXPERTS’ SUBJETIVE
INFORMATION INTO AGRICULTURAL LAND USE OPTIMIZATION

!Institute for Prospective Technological Studies, Spain
’Instituto de Investigacion y Formacion Agraria y Pesquera, Spain

The production system management of olive plantations (Olea europaea L.) in Southern Spain
is analysed from an economic, social and environmental perspective. The economic approach
addresses the viability of the farming activities, the social criterion aims to prevent population loss in
rural areas, whereas the environmental analysis involves the consideration of the reduction of soil
erosion, the improvement of ecological diversity, the control of fire risk and the provision of quality
agricultural landscapes.

The main purpose of the present work is social optimization of the olive farming area in the
Montoro municipal territory (Andalusia, Spain). This optimization could serve for the local
administration as a support guide to allocation of subsidies and corrective measures. To achieve this
purpose the following exercises was carried out: i) six main functions performed by olive farming were
selected; if) the selected functions was evaluated by the local population via the AHP questionnaire (480
respondents); #i7) at the same time several territorial models were made that evaluate the performance of
the area with respect to each function under consideration; iv) the expert opinions about the performance
of each alternative with respect to the selected function were collected; v) finally each of four considered
alternatives and its most suitable allocation were evaluated.

According to the population’s responses, the groups of environmental and socio-economic
functions have equal importance (42% each), leaving the provision of agricultural landscape with a
weight of 15%. Individually, keeping the rural population in the villages (24%), the production of
olive oil (18%), the prevention of wildfires (17%) and the reduction of soil erosion (16%) are the
most valued functions.

In order to aggregate public and expert opinions we have used the AHP technique which makes
pair-wise comparisons of functions and olive management, respectively. In the erosion evaluation
case, the ANP method was used instead of the AHP, making it possible to consider the interactions
among factors to determine the corresponding map.

Keywords: olive plantations, AHP, ANP, GIS, land use optimisation.
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3AT'AJIBHOBIZAOMI IIEPEBATU TA CYB’€KTHUBHI JAHI EKCITEPTIB
B OITUMIBALIT CIJTbCbKOTI'OCITOJIAPCHLKOI'O BUKOPUCTAHHS 3EMEJIb
Merox npornecy ananitrnaHoi iepapxii (ITAI) OyB BukopucTanmii 1y OLIHKY IepeBar rpoMaisiH
mo0 GyHKUiN IIaHTanii MaciuHn eBporneiickkoi (Olea europaea L.) B ripcekiif micmeBocTi. 3a
BIJIMOBIISIMU HACEJICHHS, HAWOUThII [iHHI (YHKIIT — e 30epeXeHHS HACENCHHS B CUIbCHKIN
micueBocti (24 %), BupoOHMIITBO osuBKOBOi omii (18 %), momepemxenns mnoxapis (17 %),
cKopoueHHs epo3ii IpyHTIB (16 %). 3aranpha Moxmens cucteM reorpadivanx ganux (CI'JI) moxasye,
o0 JBI TPETHHH TPAIUIIIHOI TPOAYKIIIHOI CHCTEMH CJiJ MEPEKIIOYNTH Ha IHTETpOBaHy W
010JIOTIYHY IMTIANPHEMHUIBKY CHCTEMH, & TAKOX BITHOBIICHHS CEPEI3EMHOMOPCHKOTO JIICY.
Knouosi cnosa: naawmayii maciunu €8poneticbkoi, npoyec ananimuunoi iepapxii (I1A1),
npoyec auanimuunoi mepexci (IIAM), cucmema eceocpaghivnux Oanux (CI/), onmumizayisa
BUKOPUCMAHHS 3eMelb.

A. Hexaii', M. Appnasa?
! Huemumym mexnono2uueckux ucciedosanutl, Mcnanus

2Hccnedosamenvekuil u 00paz08amenbHblll UHCIMUMYM CeIbCKO20 X03AUCmEa u puloHou 1061y, Mcnanus

OBIIECTBEHHLIE INPEAIIOUYTEHUA U CYBBEKTUBHBIE JAHHBIE SKCIIEPTOB

B OIITUMM3ALIMM CEJIbCKOXO3SMCTBEHHOIO UCITOJIb30BAHUS 3EMEJIb
Meton mnpouecca ananutudeckoil wuepapxuu (IIAM) Obul ucnonbp3oBaH I OLIGHKU
MPEeANOYTeHNI TpaXkaaH KacaTelbHO (YyHKIMI ITaHTauui MaciuHel eBponeickoit (Olea europaea L.) B
ropHoil MectHocTd. Ilo oTBeTaM HaceneHus, Hauboijee LEHHbIC (YHKUMM — 3TO COXpPaHCHUE
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HaceleHns B CenbcKoM MecTHOCTH (24 %), mTpom3BOACTBO onmBKOBoro wmacima (18 %),
npenoTpanieHue noxapos (17 %), cokpamienue sposzuu mousbl (16 %). O6mas Moaens cuCTeM
reorpadpuueckux ganueix (CIJ]) mokaspiBaeT, 4YTO JABE TPEThbH TPAAUIMOHHON MPOAYKIHOHHON
CHCTEMBI CIIEIyeT IEepPEeKIIOUNTh HAa WHTETPUPOBAHHYIO M OHMOJOTHYECKYIO IPOHM3BOJICTBEHHBIE
CHCTEMBI, a TAK)KE BOCCTAHOBIIEHHE CPETH3EMHOMOPCKOTO Jieca.

Kniouesvie crosa: naammayuu maciunvl eBponelicKol, npoyecc aHAIUMUYecKol uepapxuu
(I1AH), npoyecc anarumuueckori cemu (IIAC), cucmema 2ceocpauueckux Oannvix (CI7),
ONMUMUZAYUS UCTIONL30BANUS 3EMENb.

The production system management of olive plantations (Olea europaea L.) in
Southern Spain is analysed from an economic, social and environmental perspective. The
economic approach addresses the viability of the farming activities, the social criterion aims
to prevent population loss in rural areas, whereas the environmental analysis involves the
consideration of the reduction of soil erosion, the improvement of ecological diversity, the
control of fire risk and the provision of quality agricultural landscapes.

In recent years, the driving force of the observed changes in the management of these
agricultural systems, mainly from conventional management to agricultural land
abandonment in mountain areas, is the implementation of the CAP reform of 2004 (Council
Regulation (EC) No 864/2004) which entitles farmers to a fixed payment irrespective of
their olive oil production'. The socio-economic and environmental consequences of these
changes have been underestimated since more than 20 per cent of the Spanish olive
plantations, mainly located in steeply sloping landscapes, will be better off leaving the
farming activity since their low yields do not cover their higher production costs. Only in
South Spain it has been estimated that an area of 220.000 ha is at risk of abandonment
(Guzmén-Alvarez and Navarro-Cerrillo, 2008).

Since in most cases these agricultural mountain areas neighbour Protected Natural
Parks, like the case presented in this study, their environmental functions, and the risks
derived from agricultural abandonment (MacDonald et al., 2000), must be taken into
account in order to determine which type of management, including a controlled
abandonment, meets what Society demands on the one hand and the profitability of farming
on the other.

In the present study the optimization of the agricultural land use integrates Society’s
preferences for the commercial and non-commercial functions of the olive plantations in
mountain areas and the subjective experts’ opinion about the suitability of the alternative
agricultural system management to achieve these functions into a Geographical Information
Systems (GIS).

Although this integrated approach is common in multiple land use optimization
exercises (Stewart et al., 2004; Tait et al., 2004; Hajkowicz et al., 2005; Vold, 2005; Sikder,
2009), it is less frequent in agriculture (Santé and Crecente 2007; Gerber et al., 2008; Santé-
Riveira et al., 2008; Sadeghi et al., 2009) and even more rare when the landscape component
and other environmental issues are simultaneously considered (Tixier et al., 2008).

Other work that deals with the assessment of three different olive growing systems is
Parra Lopez et al. (2008). Although this work dose not takes in to account a territorial
dimension of the problem, it considers the mayor part of the function of the olive growing
systems under three different scenarios.

The main purpose of the present work is social optimization of the olive farming area
in the Montoro municipal territory (Andalusia, Spain). This optimization could serve for the
local administration as a support guide to allocation of subsidies and corrective measures.
To achieve this purpose the following exercises was carried out: i) six main functions
performed by olive farming were selected; ii) the selected functions was evaluated by the
local population via the AHP questionnaire (480 respondents); iii) at the same time several
territorial models were made that evaluate the performance of the area with respect to each
function under consideration; iv) the expert opinions about the performance of each

! This fixed payment accounts for 95% of the subsidies received during the base period under the
former production-linked scheme.
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alternative with respect to the selected function were collected; v) finally each of four
considered alternatives and its most suitable allocation were evaluated.

The paper is organized as follows: Firstly, the study area, a typical Mediterranean
mountain area covered almost entirely with olive groves, and the methodology followed in
the study are presented. Secondly, based on the opinion of Society and several groups of
experts, the territorial and general models are obtained and discussed. Finally, some
conclusions are outlined.

AREA OF STUDY

The municipality of Montoro is located in the province of Cordoba in Southern Spain
(Figure 1). The territory enjoys typical Mediterranean continental climate conditions with
irregular precipitation distribution during the year (less than 600 mm/year). The
Municipality of Montoro represents a variety of agricultural ecosystems (pasture, olive
groves and annual crops) and forest/shrub natural vegetation near agricultural areas. Its
58,103 hectares are divided into olive plantations (34.2%), arable crops (8.1%), forest
(17.5%), scrubland (28.7%), dehesa and other pastures (8.7%), water reservoirs (1.1%),
urban area and infrastructure (0.8%) and other land uses (0.9%).

Legend
[77] Montoro Natural Park

Il oiive plantations

[ Forestand scrubland

- Dehesa

|7 ] water reservoirs

[ | Arable crops

- Urban area and infrastructure

Cther tree and vegetable crops

Fig. 1. Study area map

MATERIALS AND METHODS

1. Phases of the study

In order to assess the optimum agricultural system management (conventional,
integrated, organic or restoration toward Mediterranean forest) for each pixel (the raster
format of GIS analysis has been used) of the territory five phases were carried out:

1. Selection of most important socio-economic and environmental functions of these
agricultural systems in mountain areas.

2. Preparation of the hierarchy structure of the study.

3. Evaluation of Society’s preferences for these functions (their weightings in the
general optimisation model).
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4. Assessment of how each type of management contributes to achieving the selected
socio-economic and environmental functions.

5. For each pixel, assessment on a 0-1 scale of its current suitability for each
function. This phase produces five partial optimisation maps, one for each objective
(production of olive oil, suitability for wildlife and flora habitat restoration, erosion risk,
wildfire risk and visual impact).

6. Integration of the five maps into one which indicates for each pixel of the territory
the optimum agricultural system management.

2. Primary data

The primary information gathered to implement the general optimisation model
corresponds to the first four aforementioned phases and involves the following activities:

1. A focus group on the main functions provided by olive plantations in mountain
areas. A group of experts on olive agricultural production and environmentalists ranked the
main socio-economic and environmental functions of this agricultural system.

2. A survey in the province of Cordoba following a quota sampling based on sex, age
and size of the municipality with quota sample size chosen by proportional allocation.
Although this is a non-random sampling technique it often produces very good results in
opinion surveys (Barnett, 1997).

3. A group made up of 15 experts assessed how the agricultural system management
of the olive plantations (conventional, integrated and organic) or the abandonment of the
agricultural activity and its restoration toward Mediterranean forest contribute to the
achievement of the selected socio-economic and environmental functions. In order to attain
a consensus a Delphi method was followed.

4. Three groups of experts assess the suitability for wildlife and flora habitat
restoration, the wildfire risk and the erosion risk of the territory, respectively. The first two
groups followed a typical Analytic Hierarchy Process (AHP) questionnaire, the last group
of experts, the one assessing the erosion risk, expressed their opinions using the Analytic
Network Process (ANP), a refinement of the AHP which allows for interactions among
factors.

3. The AHP and ANP methods. Aggregating group opinions

Initially AHP was devised only for individual decision-making. However, after the
multiple use of this method in different areas it was extended to group decision making
(Aczel and Saaty, 1983; Dyer and Forman, 1992; Ramanathan and Ganesh, 1994; Gass and
Rapcsak 1998; Lai et al., 2002). In the present study this method is used to aggregate
individual opinions of the local inhabitants and the experts’ judgment upon the effects of
the agricultural production systems on the selected objectives. In both cases the geometric
mean was used (Forman and Peniwati, 1998).

4. The Geographical Information Systems (GIS)

The analysis of the area of study on a territorial basis involves the use of GIS, which
is defined as an information system for the management and analysis of geographical
information, and the geographical information as an abstraction or representation of the real
world (landscape) (Georgiadou et al., 2004; Santiago, 2005).

The GIS software used as a platform for the representation, management and analysis
of the spatial information was ArcGis 9.1 (ESRI) and ILWIS 3.4 Open with the SMCE
module (ILWIS 3.4 and SMCE module was developed in ITC (Netherlands). This is free
Software available at: www.itc.nl). The SMCE module makes it possible to manage and
solve spatial multicriteria decision making problems. The input data were: land use map
(1999; 1:50,000) corresponding to the study area (EGMASA, 2001); aerial monochrome
orthophotos (2001-2002; 1:5000) and colour orthophotos (2005; 1:10,000); yield map of
the olive plantations (2004; 1:25,000); road infrastructure map (1999; 1:25,000). The
materials were provided by the Cartography Service (Junta de Andalucia, 2004, 2005). All
geographical materials are represented in European Datum 1950, Zone 30N (Spain and
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Portugal). Several trips to the study area were made with a GPS device, in order to check
and if necessary, correct, the accuracy of the geographic information.

Empirical studies that have used multicriteria evaluation methods for the solution of
spatial problems include that of Carver (1991) and later Malczewski (1999), which brought
together two approaches developed much earlier: Multi-Attribute Utility Theory (MAUT)
and the use of GIS as a platform for representing the spatial dimension of the problems. A
large number of studies have since adopted this approach, including Hoctor et al. (2000),
Store and Kangas (2001), Tseng et al. (2001), Thirumalaivasan et al. (2003), Ayalew et al.
(2005), Strager and Rosenberger (2006), and Neaupane and Piantanakulchai (2006), this
last dealing with different fields of the landscape assessment process.

As an example of the use of AHP for solving spatial problems, Thirumalaivasan et al.
(2003) predicted areas that are more likely than others to become contaminated as a result
of activities on or near the land surface. The AHP method computes the ratings and weights
of each criterion on the parameters of the model. Then GIS software provides the spatial
representation of the optimum solution. Similarly, Ayalew et al. (2005) deal with landslide
hazard area prediction using both the AHP and logistic regression techniques. The results
compare two susceptibility maps. According to these authors, the AHP map was closer to
capturing the reality on the ground than the logistic regression. Strager and Rosenberger
(2006) focus on the identification of high-priority areas for land conservation. For this
purpose, individual stakeholders and expert judgements were combined using the AHP. A
recent study by Neaupane and Piantanakulchai (2006) determined landslide hazard zonation
but, unlike Ayalew et al. (2005) using the ANP method.

5. General optimisation model and territorial models

The solution of each AHP multicriteria problem involves the construction of the
hierarchy of the objectives and the alternatives. Thus in the present case, a complex
hierarchy was constructed (Figure 2) consisting of 5 levels.

Levels 1, 2, 3 and 5 are common to all AHP problems. Level 4 represents the
inclusion of the territorial dimension of the analysis. At this level five territorial models are
obtained to assess either the potential or risk of the olive plantations with respect to the
functions demanded by Society: (1) Production of olive oil (the objective of keeping
population in rural areas is considered as an non-territorial); (2) Provision of quality
landscapes; (3) Suitability for wildlife and flora habitat restoration; (4) Soil erosion risk
evaluation; and (5) Wildfire risk evaluation. The last three each required a group of experts
in order to assess the effect of the landscape elements, natural and man-made, on its
corresponding objective.

5.1. Visibility analysis of the study area

In the general model the visual quality of the alternative land uses is weighted
depending on its visibility (Sevenant and Antrop, 2007; Hernandez et al., 2004), therefore
the aesthetic value of the agricultural land is increased in highly visible areas and,
conversely, decreased in areas with lower visibility. The visibility analysis through an AHP
questionnaire included both intrinsic and extrinsic elements (Martinez-Vega et al., 2000;
Martinez-Vega et al., 2003).

5.2. Analysis of potentiality of the area for wild flora and fauna restoration

Mountainous agricultural areas with a high probability of being abandoned could be
used for wildlife habitat restoration. However, there is a problem of how to evaluate
agricultural land in terms of its suitability for wildlife habitat restoration. The competition
between agriculture (particularly intensive agriculture) and wildlife habitats has been
pointed out by several authors (Donald et al., 2006; Osinski, 2003; Santelmann et al., 2006;
Waldhardt, 2003). The negative influence on wildlife habitats of agricultural activities
through the use of agrochemicals and the modification of natural habitats has also been well
documented (Pimentel et al., 1992; Sullivan and Sullivan, 2006).
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It is clear that some indicators are needed for ecological diversity and wildlife habitat
assessments of agricultural areas. Most of the indicators that have been developed to assess
biodiversity and ecological diversity refer to species richness and the habitat requirements
of particular species (Biichs, 2003; Duelli and Obrist, 2003; Jeanneret et al., 2003). The
approach proposed focuses on one key species or “umbrella species”, the Iberian lynx
(Lynx pardinus). The Iberian lynx is included in the Annex of the Habitat Directive
92/43/EEC as a priority species. Currently the Iberian lynx is the most seriously endangered
species of all the felids, and is recognized as critically endangered by the World
Conservation Union (IUCN, 2002), and as the most threatened carnivorous species in
Europe (Nowell and Jackson, 1996; Delibes et al., 2000; Guzman et al., 2004). It is on the
brink of extinction due to a low total population and a highly fragmented distribution
(Rodriguez and Delibes, 1992, 2002; Fernandez et al., 2003; Fernandez et al., 2006). Its
distribution is restricted to the Iberian Peninsula.

The method used involved three phases (Nekhay and Arriaza, 2009):

e first, an inventory of Iberian lynx habitat requirements was drawn up;

e then, the AHP method was implemented based on ten experts’ knowledge;

o finally, GIS technology was used to assess the potential of the study area for
Iberian lynx’s habitat restoration.

This approach is similar to used in Nekhay et al. (2009b) where four regionally
important wild species was considered.

5.3. Soil erosion risk evaluation

The Revised Universal Soil Loss Equation (RUSLE) factors (Wischmeier and Smith,
1978; Renard et al., 1997) were adapted to local olive growing systems in Montoro, with
the addition of the proximity factor of rivers and streams and the expertise-based ANP
evaluation. In contrast to the classic USLE/ RUSLE models, which assume that the factors
are independent, the model proposed here allowed us to consider possible interdependences
and feedback between factors. The factors considered were (Nekhay et al., 2009a): rainfall-
runoff, grass vegetation cover, soil erodibility, river and stream proximity, slope steepness
and slope length.

5.4. Wildfire risk evaluation

The abandonment of the agricultural activity implies higher risk of wildfires. As the
area of study is adjacent to a Protected Natural Park, home of the world most endangered
feline species, the Iberian lynx, this issue is particularly important.

The approach used for wildfire risk evaluation is based on AHP method with experts’
evaluations and several indexes developed in different countries: the Canadian Forest Fire
Danger Index (Lee et al., 2002), the Australian Forest Fire Danger Index (CSIRO Forestry
and Forest Products 2000), the New Zealand experience (Leathwick and Briggs, 2001) and
the National Fire Danger Rating System of the US Forestry Service (Deeming et al., 1978).
The study of Gouma and Chronopoulou-Sereli (1998) was also considered.

5.5. Olive oil production

This map is a simple reclassification of the average olive oil production of the study
area. Six categories of olive oil production (<1000; 1001-2000; 2001-3000, 3001-4000;
4001-5000; >5000 kg of olives / ha) from a four-years time-series were calculated.

5.6. General model

In the general model the public’s preferences about the functions that this agricultural
system should provide to Society, the contribution of each agricultural management type
and current suitability/risk of the territory for each function are mathematically integrated

as follows:
6

Un,g= z Agi ‘BF,

i=l1
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Where n represents each pixel of the study area (10x10 m); g is the type of
management (conventional, integrated, organic and restoration toward Mediterranean
forest); A; represents the adequacy of management g with respect to the function i; P; is the
weight given by Society to the function i; F,; is the value that function i takes in pixel n
(Figs 3t0 9).

Finally, the recommended management type for each pixel of the olive plantations, its
socio-economic and environmental optimum (O,) corresponds with the highest utility,
mathematically: O, =Max (U, ;, U, U, 3 U,,).

RESULTS AND DISCUSSION

1. Society’s opinion about the functions of the olive plantations in mountain areas

A total of 480 citizens were interviewed following a structured questionnaire with
AHP pair-wise comparison of the selected functions of the olive plantations. The
aggregation algorithm produced the general preferences of Table 1.

Table 1
Social preferences of the functions of the olive plantations in mountain areas

Socio-economic Keeping population in rural areas 24.2%
functions (42.5%) Production of olive oil 18.3%
Environmental Wildfire prevention 17.1%
functions (42.2%) Soil erosion prevention 16.2%

Wildlife and flora habitats improvement 8.9%
Provision of quality Olive plantations with vegetal cover between trees 6.4%
agricultural landscape Olive plantations colonized by Mediterranean vegetation 6.2%
(15.3%) Olive plantations without vegetation between lanes 2.7%

Total 100.0%

Source: Survey on social preferences carried out in Cordoba (Spain) with 480 personal interviews.

According to these results, the socio-economic and environmental functions should
have equal importance in the optimisation of the agricultural land use. Notwithstanding, the
aesthetic value of the agricultural systems should be taken into account as well in the
territorial analysis.

2. Contribution of each olive production system to the selected functions

Conventional production systems imply high use of agrochemicals and tillage. In
organic olive plantations industrially synthesised agrochemicals are not allowed and weeds
are controlled by either mechanical techniques or livestock. The integrated alternative is a
technical in-between solution which aims to regulate the type and dosage of agrochemical
with minimal yield reduction.

Following the iterative Delphi method and AHP questionnaire, a group of 15 experts on
agricultural production, agricultural economics and environmentalists assessed the contribution
of each agricultural production system or its restoration toward Mediterranean forest to the
achievement of these functions. The following table 2 shows their aggregated responses.

Table 2
Contribution of alternative land uses to the achievement of the selected functions
Function  Production Keeping Improving  Prevention Prevention Provision
of olive 0il  population  wildlife of soil of wildfire  of quality
in rural and flora erosion agricultural
Alternative areas habitats landscapes
Restoration 0.05 0.06 0.46 0.36 0.06 0.51
Conventional 0.33 0.33 0.05 0.07 0.42 0.09
Integrated 0.35 0.29 0.13 0.20 0.27 0.15
Organic 0.27 0.32 0.36 0.37 0.25 0.26
Total 1.00 1.00 1.00 1.00 1.00 1.00

Source: Survey carried out on 15 experts using an AHP questionnaire.
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4.3. General model for the agricultural land use optimization
For each alternative management of the olive plantations the five maps are
aggregated, as Fig 3 shows:

Fig. 3. Weighed aggregation of the partial maps for each management type

Once we have obtained the scoring of each alternative for each pixel, the highest
value determines the optimum use. Fig 4 compares the current and optimum management
type of the olive plantations in the study area.

The proposed changes imply a significant increase of the integrated and organic
production systems to the detriment of the conventional system, as Table 3 shows.

According to these results, in order to promote a more sustainable agricultural system,
taking into account Society’s preferences and the experts’ judgements about the effects of
each agricultural management type and the suitability of the territory for the achievement of
these functions, part of the conventional olive production system should be shifted toward
either integrated or organic systems of production.
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Fig. 4. Comparison of maps of current and optimum management of the olive plantations

Table 3
Current and optimised agricultural land use in olive plantations

Production system Current situation (ha) Optimised land use (ha)
Conventional 16,292 6,067
Integrated 301 3,773
Organic 344 3,236
Restoration to Mediterranean forest 0 3,862

Total 16,938 16,938

The upland olive growing systems represent a typical example of the unfavourable
agricultural area that could be abandoned in the nearest future. However, these areas
perform several socio-economic, environmental and landscape visual quality functions.
That is why the intervention of the public administration is very important in order to
prevent this uncontrolled abandonment of agricultural activities. Nevertheless, the public
administration needs a scientifically sound tool that could help to support a decision to
implement different agro-forestry systems in uplands areas. The study presented here shows
one possible way to optimize the use of the olive growing area in agreement with the
selected functions.

The main advantage of the proposed approach is the possibility of optimization of the
agricultural land use embedding the opinions of the local inhabitants and the territorial
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dimension of the problem at low cost and in a reasonable time. The results of the
optimization of the agricultural territory suggest the redistribution of the management
systems currently in use in the olive plantations of Montoro toward a much more balanced
situation. The use of Geographical Information Systems in conjunction with the AHP
multicriteria decision making technique make it possible to locate which agricultural
management is suitable in the territory.

The proposed changes in agricultural land use should have the financial support of the
public administration. One example of the compensation payments is presented by Ulbrich
et al. (2008) as specific software.

However, the commented advantages of this approach have several limitations.
Firstly, it is highly sensitive to people’s and experts’ opinions. This problem could be
solved through a dynamic model which updates changes in public opinion. This, however,
should be done with caution since the proposed restoration measures must be planned over
the long-term. Secondly, the use of the geographical boundaries in the submodels with clear
limits instead of a fuzzy or soft consideration to model environmental processes represents
an approximation to reality. Finally, an additional issue is the resolution of available digital
layers: The land use map used is 1:50,000 spatial resolution and other digital layers used
have 1:25,000 or 1:10.000 spatial resolution. This means that allowed spatial errors are
from 10 to 50 m or even 100 m in some layers.

As a remark, some future research lines are being opened from this work. An obvious
one is the consideration of other functions of the agricultural systems not considered in the
present study. The design of a dynamic model able to include the time dimension of the
problem and its influence on the ranking of the alternatives is a second one. Finally, to
overcome the limitations of the AHP linear structure and its main assumption of mutual
independence of elements at the same level and of different levels in the hierarchy,
criticized by some researchers (Dyer, 1990; Holder, 1990; Barzilai and Golani, 1994;
Leung and Cao, 2001), the Analytic Network Process could be applied instead.

CONCLUSIONS

In this paper (a) citizens’ preferences for the functions that olive plantations in mountain
areas should provide to Society and (b) experts’ opinion about the suitability of each olive
production system (conventional, integrated and organic) and the restoration of the olive
plantations toward Mediterranean forest for the achievement of such functions, are integrated
into a GIS to determine changes in the agricultural land use to optimise social welfare.

According to the population’s responses, the groups of environmental and socio-
economic functions have equal importance (42% each), leaving the provision of
agricultural landscape with a weight of 15%. Individually, keeping the rural population in
the villages (24%), the production of olive oil (18%), the prevention of wildfires (17%) and
the reduction of soil erosion (16%) are the most valued functions.

In order to aggregate public and expert opinions we have used the AHP technique
which makes pair-wise comparisons of functions and olive management, respectively. In
the erosion evaluation case, the ANP method was used instead of the AHP, making it
possible to consider the interactions among factors to determine the corresponding map.

The general model integrated the six functions that correspond with five partial maps
(visibility analysis, habitat restoration for the Iberian lynx, soil erosion risk, wildfire risk,
average olive oil production and keeping rural population, not considered as a territorial
function) indicating via a GIS the either most suitable production system management or
abandonment of the farming activity for each pixel of the study area. The results suggest
that part of the conventional production management of the olive plantations should be
changed to (a) Mediterranean forest in areas adjacent to the Natural Park, home of the
Iberian lynx, and those near to rivers; (b) organic production management in steeped arecas
and high visibility areas; and (c) integrated production system, something in between
conventional and organic systems, in steeped areas with higher yields. The conventional
production system is most suitable for open plain with high yields and those near to roads
to prevent wildfires.
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The proposed changes would result in a higher level of social welfare due to the positive
effects of the prevention of soil erosion, the expansion of endangered species’ habitats and the
preservation and improvement of the flora and wildlife in general. In addition, the higher
ecological diversity improves the visual quality of this agricultural system.
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ECOSYSTEM OF DENDROLOGICAL PARK «ASKANIA NOVA» AS A PART
OF AN OBJECT OF THE NATURE PROTECTED FUND OF UKRAINE

F. E. Falz-Fein Biosphere reserve «Askania Novay, National Academy of Agrarian Sciences of Ukraine
The ecosystem of oasis type including the biocoenosis artificial created and formed
spontaneously is described. A stranger element of the dendropark forced by zonal biodiversity
considerably increases the sozological status of the dendropark as a structural compotent of the
Biosphere reserve «Askania Novay.
Key words: irrigated park, cultivated flora, spontaneous flora, fauna, rare species.
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OKOCUCTEMA JEHJIPOITAPKA «ACKAHUA-HOBA» KAK ODJIEMEHT OB BEKTA
IMPUPOJHO-3AIIOBEJHOI'O ®OHJA YKPANHBI

OxapakTepu3oBaHa »JKOCUCTEMa JIEHJpONapKa, BKIIOYAOlas, IIOMHUMO HCKYCCTBEHHO
CO3IaHHBIX, CIOHTaHHO C(OPMHPOBABIINECS OWOIEHO3bI. MHTPOIYyLHMpPOBaHHBIA DJIEMEHT IapKa,
YCHIJICHHBII 30HAJIBHBIM OHOpa3HOOOpa3ueM, CYIIECTBEHHO IOBBIIIAET €r0 CO30JIOTHYECKUI cTaTyc
KaK CTPYKTYpHOTO KoMITOHeHTa brocdepHoro 3anoBennHuka «Ackanus-Hosay.

Kniouesvle cnosa: opowiaemvlii 0enOponapk, Kyibmueupyemas ¢uopa, chowmaunas ¢uopa,
gayna, peoxue uobl.

H. O. I'aBpunenko
biocgepnuii 3anosionux «Ackanis-Hoeay imeni @.E. Qanvy-Deiina HAAH Vrpainu
EKOCHUCTEMA JEHAPOITAPKY «ACKAHIS-HOBA» SIK EJIEMEHT OB’€KTY
[TPUPOJIHO-3ATIOBIJHOT'O ®OH/JTY YKPATHU
OxapaKkTepU30BaHO EKOCHCTEMY MAEHIPOIApKy, sKa BKIIIOYAE, OKPIM MITyYHO CTBOPEHUX,
CIIOHTaHHO c¢opMoBaHi OioNeHO3U. IHTPOXYKOBaHUH €JIEMEHT MNapKy, HOCHICHHH 30HAIBHUM
010pi3HOMAHITTAM, CYTTE€BO MiJBUIIYE HOTO CO30JIOTIYHHHA CTAaTyC SK CTPYKTYPHOTO KOMITOHEHTA
Biocdepnoro 3amoBigauka «Ackanis-HoBay.
Kniouoei cnoea: 3pouysanvHuil OeHOpOnapk, Kyaibmueoeana aopa, cnonmawua iopa,
gayna, pioxicui 6uou.

Dendrological Park “Askania Nova” is unique Woodland Park of oasis type which
exists over 125 years at the region with difficult climatic conditions, great changeability of
the meteorological factors and intensive hot dry winds. It is largest irrigated park at the
south of Ukraine with rich collection of wood plantings, which are growing in azonal
conditions. Such view in estimate of this formation out of the ordinary predominated from
the time of formation of its plantings and landscapes till present days. However other
components and characteristics of artificial ecosystem that were formed without direct
anthropogenic influence were ignored. The researches of total biodiversity have a
fragmentary character and they are determined mainly by professional interests of
executors.

OBJECTIVE OF RESEARCHES

The aim of this paper is to summarize the data presented the dendropark’s
biodiversity.

RESULTS AND DISCUSSION

The growth of woody vegetation under conditions of Askania Nova became possible
due to water from artesian pumps. The Dendrological Park consists of three different age

© Havrylenko N. O., 2011
ISSN 1726-1112. Exonozisi ma noocgeponozis. 2011. T. 22, Ne [-2 113



massifs: the old botanical park (founded during period 1887-1893), the forest-steppe light
forest with oak-wood (laid in 1907-1962 and it was included into composition of a new part
of park after its creation) and the new park (created in 1968-1972). They are differed by
specific composition and phytocoenotic structure of woody planting stands, diversity of
landscapes, a method of glades’ formation, ratio of the open and close spaces. A soil for
planting of trees and shrubs at the old park has been prepared according to system of bare
fallow. The soil has been dug from 50 cm till 100 cm in deep except the plots for glades on
which the soil and vegetable cover was not broken (Kapaces, 1962). When the new park
has been laid out, deep ploughing till 70 cm was done at all area intended for it. Later the
regime of bare fallow was kept before the growing of young plants. The glades of grass mix
were formed at the same time. The grass mix consisted of Bromopsis inermis (Leyss.)
Holub, Festuca pratensis Huds., Dactylis glomerata L.; Lolium perenne L., Phleum
pratense L., Medicago sp. and Trifolium sp.

Before telling about a biota of Dendrological Park we must note the changes taken
place in pedosphere. At the present time glades’ soil (particularly The Big Steppe Glade on
area of 7 ha) is classified as dark chestnut residually alkaline (Ymauoa, Mopryn, 2003)
and typical for the whole region. The soil of park irrigated culture is classified as dark
chestnut calcareous soil improved deeply (Ymauesa, 2001). The last one was formed
because of three main factors: deep manual digging, long term irrigation and forest culture.
Combination of annual broad-leaved tree waste with high level of moisture providing,
perennial activity of soil mesofauna and impact of wood vegetation root system led hereto
that more than 120 years of being the dendropark a soil profile different from the profile of
original virgin dark chestnut residually alkaline soil was formed. It is typical of him an
absence of residually alkalinity, humus redistribution according to profile with
concentration at upper its parts (a ceiling amount of humus of the park’s soil is
concentrated in upper stratum 10 cm: 0-5 cm — 6.21 %; 5-10 cm — 4.09 %; its amount
rapidly falls with depth in stratums 25-30 and 45-50 cm that makes up 1.86 % and 1.56 %
respectively), useful increase of sum of absorbed grounds concerning with weighting of
mechanical composition, supporting of relative density of a bridging part of profile in
optimum range and formation of grainy water-stable structure, contributing to creation of
favourable water-air regime in soil. The soils of old part of the dendropark which is under
conditions of irrigated culture more than 100 years possess the largest potential productivity
as compared to other soils of the biosphere reserve besides of the virgin variants, according
to a set of indices: color, density, composition, structure, moisture, new formations, and
character of transition between horizons (Ymadosa, Moprys, 2005).

Two blocs are studied well: collection fund of aliens and spontaneous component in
flora of the dendropark.

Cultivated flora includes 766 species, 265 forms and sorts (1031 taxons) belonging to
170 genera of 66 families. Pinophyta is presented by 66 species, 65 forms and sorts (131
taxons), 17 genera, 6 families; Magnoliophyta is presented by 700 species, 200 forms and
sorts (900 taxons) relating to 153 genera and 60 families (Karamor..., 2003). Among
Pinophyta two families dominate in taxonomic respect: Cupressaceae Bartl. — 8 genera, 21
species, 51 forms and Pinaceae Lindl. — 5 genera, 38 species, 11 forms. The most numerous
genera are Juniperus L.— 10 species, 18 form; Thuja L. — 3, 22; Pinus L. — 16, 1; Picea Dietr. —
8, 6; Chamaecyparis Spach — 3, 7; Abies Mill. — 7, 1; Larix Mill. — 6, 1; Taxus L. — 3, 3.
Among Magnoliophyta the most taxonomic diverse families are Rosaceae Juss. — 35 genera,
215 species, 69 form and sorts; Caprifoliaceae Juss. — 6, 58, 13; Oleaceac Hoffmgg. et Link —
7, 38, 23; Fabaceae Lindl. — 9, 24, 6; Fagaceae Dumort. — 3, 21, 10; Salicaceae Mirb. — 2, 27,
5; Betulaceae S.F. Gray — 2, 18, 2; Berberidaceae Torr. et Gray — 2, 16, 4; Celastraceae R. Br. —
2, 16, 6; Juglandaceae A. Rich. ex Kunth — 3, 16, 1, the representatives of such genera
dominate: Crataegus L — 43 species, 2 form and sorts;. Rosa L. — 16, 34; Lonicera L. — 36, 4;
Acer L. — 22, 10; Cotoneaster Medik. — 25, 2; Syringa L. — 15, 14; Quercus L. — 18, 4;
Betula L. — 17, 1; Populus L. — 16, 1; Tilia L. — 15,2; Salix L. — 11, 4; Celtis L. — 11, 1.

A list of alien grass plants numbers 564 species, forms and sorts relating to 194
genera of 62 families: Magnoliopsida — 160 genera, 147 families; Liliopsida — 34 genera,
15 families.
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About 138 aliens have the sozological status (Karanor..., 2010): 24 of them is listed
in the Red List of IUCN (Walter, Gillette, 1998), 11 — in the European Red List (Buawu...,
1996), 6 — in the List of Bern Convention (Kousenmis..., 1998), 3 — in the Lists of CITES
(Crmcok.. ., 1998), 62 species are listed in the Red Book of Ukraine (2009), 65 species are
rare species of Eurasia (Penkue Buzsl. .., 1983).

Spontaneous flora is unique in regional scale and numbers 484 species of vascular plants
(T"aBpuienko, Moticienko, [lamosai, 2008). A flora of the core area of the Biosphere Reserve
“Askania Nova” is comparable to volume — 505 species (ILlarosain, 2007), but a square of the
core area exceeds square of the dendropark in more than 66 times. The following families
dominate: Asteraceae — 83 species (17,1%), Poaceae — 50 (10,3%), Fabaceae — 31 (6,4%),
Brassicaceae — 25 (5,2%), Chenopodiaceac — 23 (4,8%), Lamiaceae — 21 (4,3%),
Scrophulariaceae — 20 (4,1%), Cariophyllaceae — 18 (3,7%), Apiaceac — 16 (3,3%),
Boraginaceae and Polygonaceae — in 15 (3,1%). Thus a spectrum of spontaneous flora of the
dendropark is not notable for originality and practically identical with the local floras of the
region and also correlates with the same spectrum of flora of the south of Ukraine. About 27
species are included in protected lists: 6 — in the Red List of IUCN, 6 — in the European Red
List, 3 — in the List of Bern Convention, 2 — CITES, 14 species are listed in the Red Book of
Ukraine, 7 species are listed in the Red List of Kherson Region (Boiiko, [Tinrafiamii, 2002).

Fungi diversity is rather great (I'emora Ta iH., 2009). About 23 species of 7 genera
Erysiphales are founded at the park. Erysiphe s.., Golovinomyces and Podosphaera s.1.
genera predominate (7, 6 and 5 species respectively). The general pests of wood species for
Ukraine make up more than a third. However some rare species occur in the Steppe Zone:
Erysiphe lonicerae, Podosphaera ferruginea, Phyllactinia fraxini, etc; the last one was not
registered on the territories of others protected objects of the Left-bank Ukraine. About 94
species of anamorphous phytotrophic micromycetes of 31 genera are founded. They cause a
blotch of leaves with following their yellowing and falling, drying of sprays. The genera of
Diplodia (22 species), Camarosporium (9), Phoma (9), Phomopsis (8), Septoria (6),
Ascochyta (5), Cytospora (4) are presented most of all. The basidial macromycetes (87
species) are notable for specific diversity: Agaricales — 55 species, Polyporales — 21,
Hymenochaetales — 4, Phallales — 4, Boletales — 2, Russulales — 1. Leucopaxillus rhodoleucus
and Volvariella gloiocephala are rare, and Agaricus romagnesii is listed in the Red Book.

Lichenoflora of the dendropark and the reserve in whole is not studied enough
(Konpgpariok, XomocosieB, 1997). According to the analytical review of A.Ye.
Chodosovtsew (Xomocogies, 1998) 32 species of lichen and lichenophilous fungi occur here.

The park’s bryoflora includes 46 species (boiiko, 1998). The families of Pottiaceae,
Brachytheciaceae, Orthotrichaceae, Bryaceae, Amblystegiaceae predominate. Some rare and
endangered species grow up here: Tortula intermedia, T. papillosa, Didymodon sinuosus,
Pohlia annotina, Bryum bicolor, Amblystegium saxatile, Rhynchostegium murale.

S.I. Medvedev carried out the fundamental researches on entomofauna for 25 years.
He founded 121 species at the park (Measenes, 1950) and drew a conclusion that insect
fauna of artificial plantation has very poor specific composition as compared with nearest
natural forests in bottomland and on the sandy terrace of Dnieper. Fauna is generally
formed due to species widely distributed in this area and immigrants from other more
distant places at less measure. The most of insect imported with building materials or
planting stock didn’t take root here. Further the entomological papers were sporadic. V.N.
Khomenko and Ye.H. Vakarenko had studied the specific composition and changes in
structure of the reserve’s carabidofauna in 1981-1987 and indicated 176 species of carabid
beetles for the park (Xomenko, Bakapenko, 1993); L.A. D’yakonchyk (1998) — Coleoptera,
V.P. Dumenko (2001) — Lepidoptera (the theory of the reserve in whole is considered in
these publications without accent on the dendropark). Since the middle of 80-th till 2004
S.V. Kapitonenko investigated phytophages of aliens and both the independent species and
non-taxonomic insect groups integrated on type of wood plants damages have been studied.

The vertebrate animals of the dendropark are presented by fishes — 2 species
registered in permanent artificial ponds; amphibian — 3 species; reptiles — 5 species
including steppe snake listed in Red Book of Ukraine; birds — 63 species (I"aBpuienko,
2000) and mammals — 13 species.
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CONCLUSSIONS

Dendrological Park “Askania Nova” is the ecosystem of oasis type including the
biocoenosis artificial created and formed spontaneously.

The island character of location having the natural barriers lets to keep the unique
collection funds including rare and endangered species.

A stranger element of the dendropark forced by zonal biodiversity considerably
increases the sozological status of the dendropark as a structural compotent of the
Biosphere reserve “Askania Nova”.
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ENVIROMENTAL PROBLEMS OF THE BELARUS

Kuprevich Institute of Experimental Botany, National Academy of Sciences Belarus, Republic of Belarus
The most significant issues of ecological situation in Belarus are presented; among them there
are the elimination of the consequences of the catastrophe at the Chernobyl nuclear power station,
saving of marsh lakes, water-meadows and peatbogs in Polessje.
Key words: marsh, Polessie, Pripyatsky National Park.

M. Pomanoga, A. ITyuuio
Inemumym excnepumenmanvhoi 6omaniku im. B. @. Kynpesuua Hayionanvhoi akademii nayk binopyci,
Pecnybnixa binopyce
ITPOBJIEMU HABKOJIMIIIHBOI'O CEPEJIOBUIIIA BIJIOPYCI

[pencraBieni HAWOIIBII BaXKIMBI MUTaHHS 3 MPOOJIEM HaBKOJIMIIHBOTO cepenoBuiia binopyci,
cepel SIKMX TMOJOJIAHHS HACHiAKiB KaTacTpou Ha YopHOOHIbCHKiH aTOMHIM cTaHIil, 30epeKeHHs
3ab004eHNX 03ep Ta Topd’ssHuxX 6ot y [Nomicci.

Knrouosi cnosa: 6onomo, Ioriccs, [pun’amcovkuil HayionanbHull napx.

M. Pomanoga, A. ITyuuio
Hnemumym sxcnepumenmanvtou bomanuxu um. B. @. Kynpesuua Hayuonanvrou akademuu HayK
benapycu, Pecnyonuxa Benapyce
[IPOBJIEMbBI OKPYXKAIOIIEI CPE/bI BEJIAPYCH
[pencrasnensl Haubosee BaKHBIE BOIPOCH MO mpobiieMaM OKpyskaromied cpexnsl bemapycn,
Cpeiy KOTOPBIX YCTpaHEHHE IOCHeNCTBUH KaracTpodsl Ha UepHOOBIIBCKOW aTOMHOI CTaHIMH,
COXpaHEeHHE 3a00JI0UCHHBIX 03€p, 3aJIMBHBIX 03ep U TopdsiHbIX 6oioT B [Tosecse.
Kniouesvie cnosa: 6onomo, Ilonecve, Illpunamckutl HayuoHATbHBIL NADK.

Belarus is located on one of the largest marsh territory of Europe - known as Polessie.
Belarus in a landlocked, relatively flat and covered with forest territory with smoothly
dispersed over the country lakes and rivers. There are, 11,000 lakes in Belarus, but the
majority of the lakes as e.g. Naroch are smaller than 0.5 square kilometers. Three major
rivers run through the country, the Neman River, the Pripyat River, and the Dnepr River.
Forest covers about 34 %of the total landscape, making forestry one of the most abundant
natural resources in Belarus. Other natural resources to be found in Belarus include peat
deposits, small quantities of oil and natural gas, granite, dolomite limestone, marl, chalk,
sand, gravel, and clay. As many other countries, Belarus is facing number of ecological
problems. Those include air pollution both from regional sources and as a result of
transboundary transfer, declining quality of surface and ground waters, primarily ground
waters. Nevertheless, the key significance for Belarus, will be the elimination of the
consequences of the catastrophe at the Chernobyl nuclear power station which resulted in
radioactive contamination of over 22 % of its territory. The current environmental situation
in Belarus is adversely impacted in the quality of life and health of people, specifically
children. Pripyatsky National Park is located near the Chernobyl in the lowland of Polesye.
Crossed by numerous small rivers and spotted by 30 small lakes, the Park has unique
population of mammals, birds, reptiles, and fish. Its flora includes among other about 200
moss species. Disappearance of Pripyatsky marshes that are located near the Prirytsky
National Park - is threatening for the landscape on the European continent. Belarus object
to drainage this biggest swamped area in Europe. We aim to save the biggest and the most
valuable marsh lakes, water-meadows and peatbogs of Europe in the lowland of Polessje.
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Scientists see the danger of agricultural attack on 175.000 hectares of swamped areas near
the river Pripyat' that are planned to be drined to turn them into productive land. This action
is supposed to compensate for the loss of useful agricultural lands that were polluted by the
radio-activity. For this gigantic project the Belorussian Goverment has made already an
inquiry to the World Bank for a credit that is considered in a range of billion dollars. The
view of Pripyatsky marshes from the height of a bird's flight reveals a majestic picture of
gigantic water reservoirs, lakes, water-meadows and swamps. Numerous species of flora
and fauna, which are now rare or became extinct in other places, can be still found there.
This work is proceeding in two main directions: first, they explore the places where a reed-
warbler (currently in The Belorussian Red Book) lives; second, more important, they work
out the conception of creation of large natural reservoirs. Finally, these areas have already
been marked on the Belarus map and are currently under protection.
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THE WATER WELL CLOGGING AND REHABILITATION ISSUES

Samarkand State Architectural & Civil Engineering Institute, Uzbekistan

Water is one of the most important components of environment and its resources are limited.
Especially safe and clean water resources are already in deficit. It’s known, that Central Asia is an
agricultural region and has only two rivers as a surface water resources, however ground waters are
enough protected and theirs resources can be one of ecologically safe source for drinking, industrial
and municipal needs. Water wells are the important part of the water supply system. Loosing of
productivity, clogging of the filters and the gravel zone issues are common in Uzbekistan and other
Central Asian countries. This article is about water well rehabilitation and some new methods and
devices for cleaning filter screens and near filter (gravel) zone.

Key words: ground waters, water wells, filters, specific and decreased yield, clogging deposits,
rehabilitation method.

A.TanmaeB
CamapkanocbKuil 0epiHcasHuti IHCImumym apximexmypu ma yuginioHozo OyoieHuymaea, Y3oexucmau
ITPOBJIEMA KOJIbMATAIIIT TA BITHOBJIEHHA BOJIO3ABIPHUX CBEP/JJIOBUH

Boma — oamH 3 HaWBaXJIHMBINIMX KOMIIOHCHTIB HaBKOJMIIHBOTO cepeloBHINA i ii pecypcu
oOMekeHi, 0co0aMBO AeDIMUTHUMH CTald pecypcu OesmeyHoi Ta uucroi Boau. Bimomo, mo
Lentpansaa A3is € CLIBCBKOTOCHOZAPCHKHM PETIOHOM 1 Ma€ JHIIe JABI DPIYKH 5K JKEpeIo
MOBEPXHEBOT BOJH, OJTHAK € TOCTAaTHHO 3aXHIEHI MiA3eMHI BOJIH, SIKi MOXKYTh CIyTyBaTH €KOJOTTYHO
0OE3MeYHNM  JDKEpEeNIOM  MUTHOrO, BUPOOHMYOTO Ta  MYHIIMIAJIBHOTO  BOA03a0€3MEUYEeHHS.
CBepIUIOBHHH € TIEPIIOI0 Ta HAWBaXKIIMBIIIOW YaCTHHOK CHCTEMHU BOA03a0e3NeueHHs. 3HIDKEHHS 1X
MPOIYKTUBHOCTI, KoJbMaTamis (PiabTpiB 1 MpuiIbTPOBOI 30HH € PO3MOBCIOHKEHOI0 MPOOIEMOI0 B
V30ekucTaHi Ta IHIIMX LEHTPAIbHO-a31aTChKHUX JepxkaBax. JlaHa cTaTTs mpucBsdeHa oOpoOui Ta
BITHOBJICHHIO CBEp/JIOBHH, a TAKOX JESIKUM HOBUM METOJaM OOpOOKHM Ta MPHUCTPOSIM IJIsI OUHCTKH
¢inpTpiB Ta nprdinbTPoBOi (rpaBiiHOT) 30HH CBEPJIOBHUH.

Kniouogi crnosa: niosemmi 600u, 60003abipui c6epOnosuny, Giiempu, NUMOMA ma 3HUICEHA
NPOOYKMUBHICTb, KOTbMAMAYIUHT peyo8uHlL, CNOCIO 8iOHOBNEHHS.

A.TanaeB

Camapkanockuil 20cy0apcmeernblil UHCIUMYN apXumeKkmypul U 2padicOaHCKO20 CIPOUmMeibCmed,
Vzbexucman

[MTPOBJIEMA KOJIbBMATAIINU 1 BOCCTAHOBJIEHW I BOJJO3ABOPHBIX CKBAXKWH

Bona — oquH M3 BaKHEHIIMX KOMIOHEHTOB OKPY)KalOIIeH cpelbl U e€ pecypchl OrpaHHYEHHBI,
0COOEHHO pecypchl 0€30IIaCHOM M 4YUCTOH BOAbI, KOTOpas crana neduuuroMm. M3BecTHO, 4TO
LlenTpanbHast A3usi SIBISICTCSI CEIbCKOXO3SIMCTBEHHBIM PETMOHOM M MMEET TONBKO IIBYX PEeK Kak
HCTOYHUK MOBEPXHOCTHOI BOABI OJHAKO, MMEIOTCS JOCTATOYHO 3allMIICHHBIE IOJ3EMHBIC BOIBI U
OHH MOTYT CIIyXHT 3KOJIOTHYECKH Oe30MacHBIM HCTOYHUKOM IIUTHEBOTO, MPOU3BOACTBEHHOIO M
MYHHIUIAIBHOTO BogocHabeHns1. CKBaXXHUHBI SIBISTIOTCS TIEPBOI M caMO BayKHOH 9acTBIO CHCTEMBI
BojocHaOkeHus1. CHIKEHHE WX IPOM3BOAUTENHHOCTH, KOJNBMATAMs (QUIBTPOB M NPHUGHIBPOBOI
30HBI SBIAIOTCS PACIPOCTPAaHEHHOW mpobiemMoit B Y30ekucrane u aApyrux lLleHTpansHO A3mMaTcKux
rocyaapcTBax. JlaHHas CTaThs MOCBSIIEHA HA 00pPaOOTKY M BOCCTAHOBJIEHHE IIPOHU3BOAUTEIBHOCTH
CKBXHH M HEKOTOPBIX HOBBIX METOJIOB OOpabOTKH M YCTPOWCTB JUIsi OYMCTKH (HIBTPOB H
MpuUIBTPOBOH (TPaBUIHOIT) 30HBI CKBAXKHH.

Kurouesvie cnosa: noosemuvie 600bl, 80003A0OOPHLIE CKEANCUHBI, (DUALMPYL, YOelbHAs U
CHUDICEHHAS NPOU3BOOUMENLHOCb, KOTbMAMAYUOHHbIE 6€UeCmed, CHOCO0 80CCHIAHOBIEHU.

This article will address the need for water resource management in Central Asia with
a focus on Uzbekistan. The normal vital activity of population is directly related to their
stable drinking water supply. As it is known the process of society development is
impossible without influence upon nature and such influence leads to change in natural
balance. Solution of the problem of society development is becoming more urgent
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influence of improvement of social condition of population and preservation the
environment. It requests modernization of water supply system, its technologies and
devices. The first and very important part of the water supply system is water intake
stations and lifting equipments such as water wells and it’s screen. This article is about
water wells issues in Central Asia and particularly in Uzbekistan where ground waters are
the primary source of quality drinking water. It represents 85-90% of the general water
budget. There are territories and regions where ground water is the only source. Uzbekistan
is a region with a very hot and dry climate. During the long summer (from May until
October) water consumption increases sharply and wells with declining productivity cannot
meet the demand. Existence of a water supply source, constructions for getting and lifting
water to the consumers is not always sufficient. This brings about necessity of the better
founded approach to operation structure to rational use of water resources. However, some
of these wells are not in a good and operable condition. It is very common for a well to
have years of operation prior to experiencing loss of capacity. With age it is common to see
these lost capacity problems frequently. The increased frequency of lost capacity and the
need for well rehabilitation treatments is due to the incomplete removal of plugging
deposits from prior rehabilitation efforts, thereby not maintaining the original pore volume
of the gravel pack, well screen, or fractured formation. There are lots of deficiencies in the
well pumping system ranging from the wells themselves to the equipment and switchgear
installed.

Over time, it is very common for water wells to experience lost capacity as well as a
variety of water quality problems requiring some form of well rehabilitation. It is common
in the Aral Sea disaster zone where the quality of the ground waters and environmental
conditions are worse in terms of safety. Most of these problems are a result of fouling
material becoming deposited on the surfaces (rock surfaces, gravel pack, well screen) in
water environments.

Effective water well rehabilitation requires the removal of all deposited material
thereby allowing the specific capacity and pore volume to be restored. There are many
different strategies and methods used in water well rehabilitation, some successful, others
less successful. The success in using many of the physical and chemical methods is
dependant on the user being able to fully identify the plugging material, or combination of
plugging material and design a specific chemical treatment to dissolve that material. This
becomes a daunting task due to the variability of the complex geochemical and
microbiological underground environment and the reliance of the user to perfectly design a
specific chemical combination required to fully remove the plugging, while not effecting
well construction.

As it mentioned, 93% of drinking waters in Uzbekistan come from the aquifers and
the quality commonly doesn’t meet the standards. Mainly they are hard and mineralized by
salts calcium, iron and magnesium.

The main reason for ineffective operation of wells is clogging of filters and filter area
by salt deposits and corrosion products of metallic elements. The clogging deposits consists
mainly salts calcium and iron oxides. When wells lost more than 40 % productivity they
need to be rehabilitated (restoring as a cleaning up filters and gravel zone). This situation
requests groundwater use management by improving efficiency existing water wells. From
the economical and ecological points of view the regular water supply of the population
should be based on the active structures of a system of water supply as there is a
considerable potential of increasing the efficiency of use of investments which they can
provide.

The new water well rehabilitation technology called combined uses solid, gaseous and
liquid carbon dioxide with composition of complex acid to restore water wells. Since 1991,
the offered technology has been used on more than two-handred wells in Ukraine and
Uzbekistan with excellent results. A combined water well rehabilitation technology has
been used on a wide variety of wells including vertical wells, drainage wells, from shallow
to very deep wells, from small diameter to large diameter, screened and injection wells.
Offered well restoration method is more effective at removing deposits from both inside the
well screen and the formation surrounding the well because the process is impulsive and
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cyclic. One of the active components from the injected gas is carbonic acid, a mild acid,
which under atmospheric conditions produces a pH of +/-6.0. However, there is pressure in
an aquifer or a sealed well, allowing the pH values to become reduced to as low as 4.0. and
more, still relatively mild. When the pressure is released the pH will return above pH 6.0
and therefore does not become a neutralization or disposal concern. There is also the effect
of localized space in the well and and more importantly, agitation, as the liquid carbon
dioxide is injected at approximately 0°F. The process is not an overly aggressive process,
yet is capable of delivering the necessary energy required to be effective in wells
constructed using PVC or HDPE wells, without problems. The success is achieved through
combination of carbonic acid, agitation, and localized space resulting in superior disruption
and detachment of the encrusted and plugging material. The bulk of the activity is due to
phase changes. The expansion rate from a liquid to a gaseous state of the carbon dioxide is
almost 700 times in volume. The agitation achieved with liquid carbon dioxide is the same
action as when dry ice is placed in water by using a special continer. There is agitation as
the carbon dioxide changes, in this case, from a solid to a gaseous state. The process is the
controlled injection of carbon dioxide, as injection pressure and down-hole pressure are
monitored to regulate the feed rate the well will comfortably accept. The rate and volume of
carbon dioxide injected is regulated to assure that the pressures (and energy) going down
the well can dissipate into the surrounding formations. A new and more compact continer
allows to introduce chemicals and solid ice to the localized spice in the well near filter area.
Gaseous and liquid carbon dioxide contain tremendous energy, described as energy of
dissolution, energy of detachment and energy of agitation. This energy results in the
detachment, dissolution and removal of sediments and encrustation from the surfaces
within the well screen and the surrounding aquifer.

The combined well rehabilitation method by using a new designed chemical complex
and device are relatively broad ranging in its ability to effectively disrupt and remove a
wide variety of plugging deposits, in a wide variety of well construction types and
materials, offering superior deposit removal and more complete pore volume recovery,
without adversely effecting well construction.

All wells are in different state in their performance and use. The further utilization of
some of the wells might be critical for various reasons, such as physical condition of the
well, existing pollution or potential pollution of the water catchments area, risk for
contamination, etc.

Using the new developed water well rehabilitation technology increasing of
productivity of the water well achieved 90 % of original capacity.

The economic benefit of processing one well is $13500 US. The developed method is
combined (blended) for water well rehabilitation by using complexions as chemicals and
solid dioxide carbonic as an agent for pressing of the selective solvent into filter area and
helps make a process as cyclic. The combined rehabilitation method can fully restore the
water well capacity and economic value is equal 15-20% from overall value of construction
of new wells.
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EKONOr4HI NPOBJIEMU
BOOAHUX PECYPCIB

UDK 574.4
A. Gadaev', 1. Niyazov®

UZBEKISTAN: ARAL SEA ECOLOGICAL DISASTER AND WATER
RESOURCES MANAGEMENT ISSUES

!Samarkand State Architectural and Civil Engineering Institute, Uzbekistan
’Samarkand Agricultural Institute,Samarkand, Uzbekistan

Central Asia is a region that is rich in the natural resources. However, water resources,
especially surface water resources are limited. The region’s two main rivers are Syr Darya and Amu
Darya. Uzbekistan, the single biggest consumer of water and is located downstream of these rivers.
The region’s biggest ecological disaster is shrinking of the Aral Sea which is the result of
mismanagement of the water resources.

Key words: water resources, ecology, Central Asian region, Aral Sea, disaster, rational water
use, management, adaptation strategy.

A. Tagaes', . Hiszos?

! Camaprandcoruti depoicagnudi incmumym apximexmypu ma yuginzoho2o 6yoisnuymea, Ysoexucman
2Camaprandcvruii citbcvkozocnodapcskuti incmumym, Yzbexucman
V3BEKHNCTAH: EKOJIOTTYHA KATACTPO®A B APAJIbCLKOMY MOPI
TA YIIPABJIIHHA BOOAHUMU PECYPCAMU

Lentpansaa A3ist € 6araTuM perioHOM 3 HPUPOIHUMH pecypcamu. OmHAK BOAHI pecypcH, a
came MOBEPXHEBi BOAM, BelbMU oOMexeHi. J[Bi rojoBHuX i Benuki piuku — Cupnap’s Ta AMynap’s.
V30ekucTaH € €JUMHUM Ta HaWOLIBLIMM CIIOKMBAdeM BOAM B PEriOHIi i BiH PO3TALIOBaHUN y HIDKHIN
qacTUHi Tewii 1mX pidok. HaiOinbIIow eKonoriuHor KaracTpodoro JaHOTO PErioHy € BHUCHXaHHS
ApanbCbKOro MOpsl, II0 CTAJI0 PEe3y/IbTaToM HepalioHaJIbHOTO YIPABIIiHHS BOJHUMHU PECYpPCaMHU.

Knouosi cnosa: 6o0mi pecypcu, exonocis, pecion Llenmpanvnoi A3zii, Apanvcvke mope,
Kamacmpogha, payionanbre BUKOPUCIAHHA 800U, YIDAGTIHHA, CIPAMeRisi SMEHUEH s HACTIOKIE.

A. FauaeBI, U. Huszo8>
1 . .
Camapkandckutl 20cy0apcmeeHHblil UHCIUMYN apXUmeKmypul U 2pajdicOaHCKO20 CIpoumensCcmed,
Vsbexucman
2 . 9 .
CamapkanOockull cenbCKoxXo3sticmeeHnblil uHcmumym, Y36exucman

VY3BEKHNCTAH: SKOJIOTHYECKA S KATACTPO®A B APAJILCKOM MOPE
" YIIPABJIEHUE BOJHBIMU PECYPCAMU

LenTpansHas A3ns siBIseTCS OOTaThIM PETHOHOM € IPHPOTHBIMU pecypcamu. OmTHAKO, BOXHBIE
pecypchl @ IMEHHO MOBEPXHOCTHBIE BOJBI BEChMa OTPaHUYCHEL. J[Be IMaBHBIE U KPYIHEE PEKH — 3TO
Coiprapbs 1 AMyIapbst 1 Y30€KUCTaH ABJISETCS €AMHCTBEHHBIM U KPYITHEHIINM HOTpeduTeneM BOoabI
B PETHOHE U OH PACIOJIOKEH B HIDKHEW YacTH 10 TeueHHe 3TUX pek. KpymHelmei sxonornieckoi
KaracTpo(ol JaHHOTO PErMOHA SBISETCS BBICHIXaHHE ApAJIbCKOTO MOpS, YTO CTall0 PE3y/IbTaToM
HEPAIHOHAIBHOTO YIPaBIeHHs BOIHBIMU PECYPCAMH.

Kniouesvie cnosa: eoouvie pecypcel, axonozus, peuor Llenmpanvnoti A3uu, Apansckoe mope,
Kamacmpogha, payuoHanbHoe UCNONb308AHUE 600bl, YNpABIEHUe, Cmpamecuss yMeHbuleHue
nocneoCcmaus.
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The Republic of Uzbekistan is 447 km” and is located geographically at the northern
boundary of the subtropical and temperate climate zones. To the north and west of
Uzbekistan is Kazakhstan, west and south are Turkmenistan and Afghanistan, and east are
Tajikistan and Kyrgyzstan. Uzbekistan is only one of two double landlocked countries in
the world, making its access the ocean extremely difficult. Uzbekistan and other Central
Asian countries including Kazakhstan, Kyrgyzstan, Turkmenistan, Tajikistan and
Afghanistan are struggling to come to terms with an ecological disaster affecting the Aral
Sea. The crisis has been brought about by the mismanagement of water resources from the
Aral’s main tributaries, the Amudarya and the Sirdarya rivers. The primary source of
quality drinking water in Uzbekistan and Central Asia is ground water, which accounts for
between 85 an 90% of the general water budget. Agricultural irrigation systems have
caused high pollutions levels in the region’s (unevenly distributed) surface waters.
Historically water flow the Aral Sea was 56 km® per year, which decreased to 47 km’
between 1966 and 1970. Water flow plummeted to 2 km® between 1981 and 1983, and now
stands at less than 1,8 km’.

A key question is how to balance social and economic development with natural
resource protection. Central Asian Republics utilize the same watersheds and share many
water management issues in common. It is clear that the region’s existing multination and
regional water management and environmental protection project are insufficient by
themselves to meet the scale of the problem. Further multinational agreements and joint-
state/joint-agency programs will undoubtedly be required. Central Asian countries are
suffering from regional climate change due to the destruction of the Aral Sea as well as
global climate change, which will drastically alter the environment and have vast
implications for future water resource availability. The two major rivers supplying water
resources to Uzbekistan are being overused for irrigation purposes, which has led to the
diminishment of the once large Aral Sea. Other factors affecting Uzbekistan’s water
resources are the desert-like climate for most of the country, low annual rainfall (7-12
inches), extremely hot summers, and the displacement of around seventy-percent of the
population living in rural areas. Newer more modern strategies to conserve water and use
water more efficiently as well as farm more sustainably must be enacted soon to adapt with
the region’s changing climate. These adaptation strategies include smarter irrigation
practices, better usage of groundwater, and possible diversion of surface waters from
Russian rivers and the Caspian Sea. Drip irrigation is feasible for Uzbekistan and is better
suited for the region due to its diminishing water resources.

WATER RESOURCES MANAGEMENT

Uzbekistan is an arid country that relies on irrigated farming as a major source of its
economy. With around 90% of water resources used in the republic originating from the
mountains of nearby countries, water resource management is a crucial role in Uzbekistan’s
livelihood. The problem associated with such water intensive irrigation practices is the
Aral Sea is shrinking, which leads to many more environmental, economic, and social
problems. Uzbekistan as well as the other Central Asian countries all share the surface
water of the Aral Sea basin as their means of water resources. The sources of water in the
region come from river runoff (glaciers), ground water, and lakes.

The two rivers that fuel Central Asian countries water supply are the Amudarya and
Syrdarya. The Amudarya’s volume is 78.5 km’/year and the Syrdarya’s volume is 37.9
km®/year. The annual volumes are then divided at an agreed upon ratio and each country in
Central Asia can then use that amount; Uzbekistan receiving an average of 43-53 km’
annually. These two rivers flow have been diverted from their natural pathway for the use
of reservoirs and irrigation. Uzbekistan contributes a little less than 10 percent of total river
runoff for the two large rivers, with the majority of the contribution coming from streams in
the mountainous regions of the country, and little to none coming from the plains.
Infiltration of water from rivers, canals, lakes, and irrigated areas into the ground as well as
from precipitation contribute to the 95 deposits of groundwater in Uzbekistan .

Previously the fourth largest inland lake in the world, the Aral Sea has been subjected
to years of inflow from the Amudarya and Syrdarya rivers being diverted and used for
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irrigation. The original size of the Aral Sea prior to it drying up was an area of 66.1 km” and
volume of 1064 km®. The loss of area and volume of the Aral Sea is caused by a decline of
inflow and is causing increased salinity of the remaining water, sand and salt transfer to
nearby areas, loss of fishing, loss of cargo transport, and a change in the local and regional
microclimate that is effecting at least 35 million people. By 1994, the Aral’s area was
reduced to 31.7 thousand km? and salinity had risen to a level almost equal to world’s
oceans, 35 percent. Inflow into the Aral has changed from 1060-2090m’ originally to
between 50-500m’ by the late 1980’s.

To understand how dire water shortages is for Uzbekistan, it is important to
understand the population distribution as well as the percentage of the population involved
in agriculture. Around eighty percent of all population movements in the mid-nineties were
from urban to more rural settings. Almost seventy percent of the population lives in rural
areas of Uzbekistan and future population increases could be seeing even more people
moving out of the cities. This large population group is supplying fifty percent of the work
force in the agricultural sector, which supplies eighty percent of national demand for food.
The other work force sectors are around twenty-five percent in industry and the remaining
workers in service or other categories.

As it can be seen from the large portion of the population working the farms in
Uzbekistan, agriculture is extremely important for national food demand, the economy, and
for the workforce. Mostly all of the farming in this area cannot be accomplished without
the assistance of irrigation, which is extremely water intensive in the hot, dry climate of
Uzbekistan. Less than ten percent of the land used for farming is not irrigated; the irrigated
portion going to grow mainly cotton, but also rice, potatoes, and other grains.

The current loss of the Aral Sea and the continued intensive use of water in Central
Asia will eventually lead to water shortages throughout the region, but this problem
coupled with climate change is extremely dangerous. Uzbekistan’s need for a more
sustainable usage of water resources is greatly increased with the largest natural threat,
climate change. Not only is Central Asia already experiencing a changing microclimate,
but also global climate change is going to intensify the changes. The current method of
irrigation in Uzbekistan is called open or furrow irrigation and this is the traditional method
used for hundreds of years. Water is diverted directly from a stream or water supply and is
forced down the rows of crops through furrows by gravity. This method is cheap and does
not require additional equipment. Furrow irrigation is basically free as long as you have a
water supply, but drip irrigation requires piping throughout the entire plantation as well as a
purification system to prevent saline contamination. With newer technologies being created
everyday, small developing farmers may soon have the ability to create a piped irrigation
infrastructure. Low cost trickle systems are much cheaper, reduce labor by one half, save
water, doubled the amount of land that can be irrigated, and can be used in semi-hilly areas.

Groundwater usage in Uzbekistan is also a valid option for reclamation of water that
infiltrated soils during open irrigation processes. Water tables near irrigated lands are
increasing and this buildup of water is useable for town centers as well as rural areas. The
problem with the usage of infiltrated groundwater is that it is contaminated with surface
salts and it needs to be purified. Uzbekistan’s current ground water pumping stations are
from the previous decades and do not implore any electric extraction or purification
(Ikramov, 2006). This is another infrastructure change that can be adapted along with
trickle irrigation to be better sustainable at using the local water resources.

The most progressive, political, controversial, and difficult adaptations strategy to
diminishing water resources and the loss of the Aral Sea is diverting waters from either
Russian rivers and/or the Caspian Sea. This adaptation is unlike the others because it
involves the cooperation of multiple countries as well as the decrease of water resources in
another country to balance out the gains for the Aral Sea. The problem associated with
sharing between countries of water resources is the fear that the country with the water will
be adversely affected in the future. With the onset of global climate changes, countries are
more reluctant to lose water resources to another country.

With the dissolution of the Soviet Union went the idea of supplying central Asia with
water resources for agricultural processes with canals from the Ob and Volga rivers. A

122 ISSN 1726-1112. Exonoeis ma noocgheponozis. 2011. T. 22, Ne [-2



canal could be constructed from the Volga River to the Aral Sea that would require no
pumping stations due to the favorable elevation gradient (Ring, 2009). The logistics of this
canal is that it would be 800 km long, 200 m wide, and 16 m deep at a cost of eight billion
US dollars (Ring, 2009). Another canal from the Ob and Irtysh rivers would be of similar
logistics, but would require pumping stations to reach the Aral Sea. These pumping
stations would bring the cost up to 22 billion US dollars. Critics to these plans say that
diversion from these rivers will affect other regions of the continent, which will cause even
bigger problems. Also political issues arise between Russia and central Asian countries.

The Caspian Sea is another option for a diversion project. This project is still not
even in planning stages, but is possible some time in the distant future. Water rights are
still being established between the five countries surrounding the Caspian Sea and until
they make compromises, Uzbekistan will not receive aid. Also if a project were being
established, around seventeen pumping stations would be required to make up for the
extreme gradient from the Caspian to the Aral Sea making this project more expensive and
unlikely.

Water resources are going to be a limiting factor in the productivity and survival of
Central Asian countries in the not too distant future. Global climate change compounded
with regional climate change from the loss of the Aral Sea is instilling extreme
environmental impacts on the region. In order for Uzbekistan and the other Central Asian
countries to continue using water like they have been, adaptations must be made. Smarter
irrigation practices and groundwater pumping are two feasible and intra-country solutions
to heavy water usage. Also, the usage of water from the Ob- Irtysh Rivers in Russia via
canal systems as well as diversions from the Caspian Sea are possible for the future.

Haoitiwna 0o peoxoneeii 18.11.10
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COUIAJIbHI MPOBJIEMMU
OXOPOHU HABKOJIMWLUHBLOTIO
CEPEAOBULUA NOOWHHU

UDK 574.4
A. Gomera Martinez, M. Vaquero Abellan, A. de Toro Jordano,
J. E. Aguilar Moreno, C. Guijarro Jiménez

ENVIRONMENTAL MANAGEMENT AND EDUCATION
AT THE UNIVERSITY OF CORDOBA

University of Cordoba, Spain

The main commitments and lines of action at the University of Coérdoba (Spain) in
environmental management and education through projects and strategies implemented by the
Environmental Protection Service / Servicio de Proteccion Ambiental (SEPA) are presented. The
SEPA was established in 2000 and began working to comply with the University's environmental
policy, identifying areas for improvement in environmental management and education and
developing measures to control the different environmental issues arising from university activities.

Thus, the SEPA aims to encourage among all members of the university community (workers,
students and organizations), an environmental culture based on the responsibility to protect and
improve the environment.

Key words: University, Environmental Protection Service (SEPA), environmental management,
environmental education, sustainability, awareness, resources, waste, transport.

A. T'omepa Maptunes, M. Bakyepo Abenan, A. ne Topo Ixoprano,
X. E. Aryinap Mopewno, K. I'yamkapo Xanmenes

Vuisepcumem Kopooou, Icnanis
EKOJIOI'TYHE YITPABJIIHHA TA OCBITA B YHIBEPCUTETI KOPJOB

B po6ori npencTaBiieHo OCHOBHI 00CTaBUHHM Ta HANPSIMKHU AisuIbHOCTI YHiBepcutety Koprobu
(Icmanist) B eKoNOriyHOMY YHpaBJIiHHI Ta BUXOBaHHI uepe3 crpaterii Ta npoektu CiyxOu 3axucTy
HaBkosuuiabeoro cepenopuma (C3HC). C3HC Oyna 3acHOBaHa Ta TodYaja CBOKO POOOTY 3TiJHO
eKOJIOTiuHIN monitui yHiBepcutety, B 2000 p., BCTAHOBIIIOIOUH 00JIACTI 3 MOKPAIEHHS €KOJIOTiYHOTO
YIPaBIiHHA Ta OCBITH, a TaKOX 32 PO3BUTKOM 3aXO[iB KOHTPOJIO PI3HOMAHITHHX IHTaHb IOJO
3aXUCTy HaBKOJMIIHBOTO CEPEIOBHINA, SKi IMiJIHMalOThCsl HAYKOBO-IOCIITHOIO AiSUTBHICTIO.

Takum uwmaoM, Meta C3HC — MOKpamuTH €KOJOTiuHYy KyJIbTYpy BCIX UYICHIB HAyKOBOTO
CyCIiNbCTBA (CHIBPOOITHUKH, CTYIEHTH, OpraHizallii), ska OCHOBaHAa Ha 3aXHCTI Ta MOKpAIICHHI
HaBKOJIMIITHBOTO CEPEOBUIIA.

Kniouosi cnosa: ynieepcumem, Cryowcba 3axucmy HABKOIUWIHBLO2O Cepe0osuuyd, eKoN02iuHe
VAPAGNIHHA, — eKONO2IYHe  BUXOBAHHA,  CMIUKICMb,  KOMNEMEHMHICMb,  pecypcu,  8i0xoou,
MmpancnopmysaHHs.

A. T'omepa Maprtunes, M. Bakyepo Abemnan, A. e Topo Ixopnrano,
X. 9. Aryunap Mopero, K. I'yukapo XKaoumenes.

Cnyorcba 3augumul okpyscaioweit cpeost, Ynueepcumem Kopooswl
SKOJIOTMYECKOE YITPABJIEHUE 1 OFPASOBAHUE B YHUBEPCUTETE KOPZIOBBI

B pabore mpencraBieHbl OCHOBHBIC O0O0s3aTENbCTBA M HANPABICHHUS JEATEIBHOCTH
Yuusepcurera KopmoOsr (Vcrianus) B 9KOJIOTHYECKOM YIPABIECHHH U 00pa30BaHUH Yepe3 CTPATETHH
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1 npoekThl Ciry>x0b1 3amuThl okpysxaromeit cpeasl (C30C). C30C Obia OCHOBaHA W Hadalla CBOIO
paboTy, COrJIACHO 3KOJIOTHYECKO NonuTHKe YHuBepcureta, B 2000 roxy, yctaHaBnuBas o0JacTd MO
YIIYYIIEHHIO 3KOJIOTHMYECKOrO YMpaBlIeHHs M 00pa3oBaHMSA, a TAKKe MO Pa3BUTHUIO Mep KOHTPOJIS
pa3IMYHBIX BOIMPOCOB, KAaCAIOLUIMXCS 3alIUTHl OKpPY’Kalomledl cpeapl, MOJHMMAEMbIX Hay4yHO-
UCCIIeI0BATENbCKON EATEIBHOCTHIO.

Taxum o6paszom, nens C30C — ymydmarh 5KOJOTMYECKYIO KYJIbTYypYy BCEX WICHOB HAy4HOTO
obIecTBa (COTPYAHUKH, CTYAEHTBI, OpPraHU3allMM), KOTOpas OCHOBaHAa HA 3aIlUTE U yIy4dIIEHUH
OKpYy Xarollen cpeabl.

Kniouesvie cnosa: Yuusepcumem, Cuyocba 3auumvl oKpydicaioweil cpeodvl, IKOI0UYECKOe
Yhnpasnenue, dK0102U4ecKoe 00pazosanue, yCmouuugoCcmy, KOMNEMEHMHOCHb, pPecypchbl, Omxoobl,
MPAHCNOPMUPOBAHIUE.

Universities are increasingly aware of the environmental consequences arising from
their research, teaching and administration activities. Like any other organization, a
university uses a range of resources (energy, fuel, water, materials, etc.) necessary for the
implementation of these activities. These activities generate, in turn, a large amount of
waste products in the form of discharges, air emissions or waste. Likewise, transport used
by the university community represents another important environmental aspect to take into
account as for fuel consumption, gas and noise emission and associated waste generation.

The universities also are aware of their responsibility as Higher Education Institutions
to transmit and extend environmental knowledge and values at a personal, social and
professional level. If a framework of study that integrates environmental considerations is
created, students will be more permeable and receptive to acquire environmental friendly
values and habits and will be prepared to incorporate this responsible attitude in their future
jobs. Therefore, the environmental protection in the university has two values: management
and education.

THE UNIVERSITY OF CORDOBA AND THE ENVIRONMENT

The University of Cérdoba is aware of this dual responsibility and is committed to act
accordingly. In addition, the continued rise of interest groups that influence and put
pressure in this area (companies, administration, financial institutions, media, society ...)
facilitates and promotes a. suitable framework for sustainability.

In its Strategic Plan 2006-2015, the University is projected as a "Centre committed to
the environment, advocate for its preservation, for its quality and for the sustainable use of
natural resources as a means of improving the welfare of society and quality of life of its
environment’. In order to achieve this, the University provides specific guidelines and
strategies, such as the ‘Declaration of Environmental Policy’, a public document in which
the chancellor as chief executive of the Institution expresses the commitment of respect and
environmental responsibility in the sphere of the university. To implement actions that
provide compliance with these commitments, the Environmental Protection Service
(SEPA), a central organ of the university, was created. The SEPA, aiming to introduce the
environmental factor in university management and to establish a culture of respect for the
environment among its members, develops and promotes activities related to the
environment and the sustainability in all areas and universitary units. These activities are
aimed, firstly to identify and assess compliance with legal environmental requirements of
the institution, and secondly, with the environmental improvement of the university activity
within the various fields of competence of the SEPA.

MAIN ENVIRONMENTAL COMMITMENTS OF THE UNIVERSITY
OF CORDOBA: SOME EXAMPLES OF HOW TO MAKE THEM EFFECTIVE

1. Studying and analysing the activities in the area of the University that are
generating environmental impacts.

Any academic activity (teaching, research or administration) may be generating
impacts of varying magnitude. For measuring and monitoring, the SEPA has established a
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system of environmental indicators that provide regular information on resource
consumption, waste production and mobility rates, among others.

2. Raising awareness, educating and informing members of the university
community on environmental issues and management.

It is important to provide students with the necessary academic training and
environmental awareness that will allow them to develop their future work and guarantee
the support of a sustainable future of our society. In this sense, the University represents an
area of great interest to develop tools to measure and analyze students' environmental
awareness through various indicators relating to knowledge, attitudes, perceptions and
behaviour, which in turn help to identify the main social groups present around this
concept. An example of one of these measures is a study to design an instrument for
measuring and monitoring the environmental awareness of the students of the University of
Cérdoba, which reflects the four dimensions that define this term and its relations:

-Cognitive dimension: the degree of information and knowledge on issues related to
the environment.

- Affective dimension: perception of the environment, values and beliefs of students in
environmental matters.

- Attitudinal dimension: students' attitudes compared to their environmental
responsibility, willingness of students to adopt pro-environmental criteria in their behavior.

- Active dimension: production of environmentally responsible practices and
behaviors, both individual and collective.

Also, it is aimed to define the possible levels of environmental awareness present in
the university population, to analyse how they are distributed among the reference
population, differentiating the potential social sectors as appropriate. This will result in the
identification of the needs and demands in university environmental management and
education in order to propose possible suggestions and solutions.

On the other hand, it is equally important to educate and inform all employees
(government bodies, teachers, researchers, technicians, administrators) on the main
environmental impacts of their activities, the procedures established to control them as well
as the environmental responsibility and the ‘added value’, ie., having this training and being
able to transmit it to the students.

3. Preventing pollution, both through improved waste management, discharges
and emissions and their minimization.

The SEPA has set up selective collection programs of the majority of waste
(hazardous and non-hazardous) produced in the UCO. Thus, workers and students may use
different containers to ensure the recycling of this waste through delivery management
companies approved by the Administration. Table shows the main lines of separate
collection of waste generated in the UCO.

Main types and quantities of waste collected in 2009

Waste Kgs. (2009)
Hazardous waste 16.700
Ink-jet and tonner 525
Batteries 550
Electric waste and computers 10.500
Confidential Paper 2.000
Cell phones 10
Urban waste: organics 4.200
Urban waste: plastic 129.500
Urban waste: paper 34.500
Urban waste: glass 17.000

Waste production has grown from 2001 to 2009, when it has begun to stabilise. From
2011 a waste minimization plan will start in order to reduce waste generation where
possible, improve environmental management and cost savings.
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In addition, the UCO is beginning to analyse their carbon footprint, to assess the CO,
equivalent emissions produced by their activities and raise awareness and management
actions to reduce them.

4. Promoting energy conservation, water and raw materials.

The UCO has planned an Energy Efficiency Strategy that begins with energy and
water audits, ie., revisions of the buildings that seek to detect deficiencies in electrical,
lighting, air conditioning and piping systems and water supply reflecting an increase in
spending, with a view to proposing measures to remedy these deficiencies and improve the
efficiency and energy and water saving.

With regard to the most widely used material in the university, paper, the SEPA has
developed a specific campaign to promote responsible consumption. The campaign
includes both the dissemination of good practices to reduce its use whenever possible
(opting for digital formats, using paper on both sides, etc...) as the introduction of recycled
paper in the entire university. Recycled paper used follows all required technical and
environmental specifications. As shown in Figure, the general trend of the use of paper is
declining, and in almost all cases the recycled paper is consumed much more than white
paper (the average is at 70% of recycled paper compared to 30% of white paper).
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5. Increasing the use of sustainable transport facilities.

Promoting more sustainable transport in the UCO is one of the biggest challenges of
the SEPA. Two examples are a bicycle loan program and a website to share car journeys to
college.

The bicycle loan program is a system which is available to students and workers so
that they have access to a continued bike loan during the academic year both for traveling
to work or study centres and for private use .Bikes are provided with a road safety kit
(helmet, reflective vest, set of lights, etc.).
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On the other hand, the idea of car sharing is becoming more widespread in large
organizations (industrial areas, large companies, etc.). Everyday more than 7,000 university
students and workers move to the different centers of the UCO in private vehicles, with
consequent damage to the urban environment: emissions of greenhouse gases, fuel
consumption, noise , jams, etc. However, in many cases people need to travel by car due to
personal and working responsibilities and obligations, or, in some cases, to the limitation of
public transport. In these journeys, the average occupancy of cars is very low, not reaching,
according to SEPA estimates, more than two people per vehicle. For this reason, the SEPA
has created the website www.uco.es/compartetucoche, a meeting place between people
doing similar journeys by car, making the car-sharing deal easier. It is a free service for
students and workers in the UCO, which aims to connect people who demand free seats in
cars with those that can make them available to others in the movement to and from the
different university centers.

CONCLUSIONS

Universities play a key role in the society. As Higher Education Institutions, they are
responsible for transmitting knowledge, values and attitudes that contribute to students’
comprehensive education, to train them for working life and to interact with the
surrounding environment in an appropriate manner. This environment is damaged and is
still being damaged due to human activity, the result of a social model based on the
indiscriminate use of resources and generation of waste products which Nature, in many
cases, is no longer able to assimilate.

The responsibility to minimize the environmental impact raises the need of
appropriate environmental policies designed to implement a model of a sustainable campus.
A basic mainstay of this model is environmental education. By making people aware of the
environmental problems which they are part of and the possibilities for tackling them,
environmental management objectives will be achieved in a much more effective way.

The University of Cordoba is strongly committed to integrating environmental criteria
in its management. While there is still a long way to achieve this goal, the foundations are
being layed: a institutional commitment to respect and care for the environment, creating a
specific body on environmental matters, the Environmental Protection Service (SEPA),
which counts on human, technical and economic resources to design and develop activities
that give effect to this commitment. And last but not least, an assumed educational
responsibility and some groups of interest around the institution that enable a favorable and
promising framework to make an increasingly aware and sustainable university a reality.

REFERENCES

Gomera Martinez, A.: “Environmental awareness within university students: a study for its
measurement, analysis and description at the University of Cordoba” (Thesis Project). Directors:
Manuel Vaquero Abellan, Francisco Villamandos de la Torre. University of Cordoba, Department of
Microbiology, 2010.

University of Cérdoba. Environmental Policy, Cérdoba (Spain), 2008.

University of Cordoba. Environmental Protection Service. Action Plan and Work procedures.
Cordoba (Spain), 2001-2010.

Haoitiwna 0o peoxoneeii 25.11.10

ISSN 1726-1112. Exonozisi ma noocgeponozis. 2011. T. 22, Ne [-2 131



UDK 574.4
I. Volovyk

SOCIAL AND ECOLOGICAL ASPECTS OF RURAL DEVELOPMENT
UNDER INFLUENCE OF URBANIZATION

Dnipropetrovsk State Agrarian University
Economic, social and ecology indicators of Ukrainian agriculture development were examined
as well as problems of rural degradation under influence of urbanization. It was proposed to change
the management approach to rural development by redistribution of responsibility between
government, enterprises and institutions.
Key words: rural areas, degradation, urbanization.

1. BonoBix
Jninponemposcoxuii Oeparcagnuil azpapHuil yHieepcumem
COLIAJIBHI TA EKOJIOTTYHI ACIIEKTU PO3BUTKY CUIbCHKUX TEPUTOPII
B YMOBAX VPBAHI3AIIIT

Po3rnsiHyTI €KOHOMiYHI, COIiajibHI Ta EKOJIOTIYHI I1HOWUKATOPH  PO3BUTKY CLIBCHKOTO
rocrnofapcTBa YKpaiHM Ta mpoOieMHu aerpafamii CUTbCBKHX TEpUTOpid B yMoBax ypOaHizaii.
3ampomoHOBaHO 3MIHMTH MiAXiA [0 YNPaBIiHHA PO3BUTKOM CIUIbCHKHX TEPUTOPIH IIIIXOM
MEpepO3NOALTY BiAMOBINAIPHOCTI MDK JEp)KaBHHUMH OpraHaMH BIagd, MiANPUEMISAMH Ta
IHCTUTYLiSIMH.

Knrouoei cnosa: cinvcoki mepumopii, decpadayis, ypoarizayis.

H. Bonosux
Jlnenponemposckuti 20cy0apCcmeeHtbvlll A2papHblll YHUGepCcumem
COLIAJIbHBIE U KOJIOT'MYECKUE ACITEKTHI PASBUTHS CEJIbCKMX TEPPUTOPUIA
B YCJIOBUAX YPBAHU3ALIMU

PaccMOTpeHBl 9KOHOMMYECKHE, COIMAlbHbIE U HKOIOTHYECKHE WHAUKATOPHI Pa3BHTHS
CEIbCKOTO XO034HCTBA YKpaWHbBl M MPOOJIEMBbl AErpafallii CENbCKHX TEPPUTOPHHA B YCIOBHAX
yp6anuzanuu. IIpennoskeHO M3MEHHTh MOAXOJ K YNPAaBIEHUIO PAa3BUTUEM CEIbCKUX TEPPUTOPHI
MyTeM TMepepaclpeneNeHnss OTBETCTBEHHOCTH MEXIy TOCyJapCTBEHHBIMM OpraHaMM BJAcCTH,
HIPEANPUHUMATEIIAMU U MHCTUTYLUSIMU.

Kniouesvie cnosa: cenvckue meppumopuu, decpadayus, ypoanusayus.

Sustainable rural development is one of the targets of the Millennium Development
Goals. Accelerated rural development is essential to reducing poverty and promoting better
standards of life for much of the world's population. Three spheres of development-
economics, society and environment - are extremely important for rural communities all
over the world and especially for countries of transitive economy such as Ukraine.

During centuries agriculture had been the strategic sector of Ukrainian economy.
About one third of the total population of Ukraine lives in the countryside (to 15 ml
person). The area of rural communities is more then 48.3 ml hectares. Agricultural land
occupies 72 % of the country's territory, 69 % of which is arable land. In 1990 the part of
agriculture in gross additional value (GAV) was 22 %; the average profitability of
agribusiness was 37 . In 10 years the part in GAV reduced to 11 %, and 92 % of agrarian
enterprises was unprofitable. Now figures are much better but Ukrainian agriculture has not
still achieved the 1990 year's level. The core factors of such situation are:

-"freezing" the market of land in Ukraine and as a result - lack of foreign and
domestic investors;

- Reduced .role of government in financing agribusiness due to membership of
Ukraine in WTO since 2008.

© Volovyk L., 2011
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Destruction of rural communities, reduction of villages and rural population,
degradation of environment are the consequence of economic unsustainable position of
agrarian enterprises. It is possible to estimate rural well-being by some indicators:

1. Demographic: rural population, age, education, birth and death rates. According to
the State Committee for Statistics of Ukraine, there is a trend of reduction rural population
on 165 thousand people each year (-11 per a thousand), average age of a rural inhabitant is
40, only 10% the inhabitants have diplomas about high education, the rate of death among
babies is 11.2%, the total rate of death is 20.7 %. As conclusion, there is a negative
tendency of reduction and aging of rural population.

2. Economic activities: employment, unemployment, the level of economic activity,
level of the incomes, sources of the incomes. The level of employment is about 60 %; the
most part of incomes is made by selling domestic products (vegetables, fruits, milk etc);
salary in agrarian enterprises is below the middle level in economics. Additional but not the
most important source of income is rent. After privatization each inhabitant of rural area if
he had worked on a collective farm became the owner of land certificate and the plot of
land. But there are no legal opportunities in Ukraine now to sell land so owners can use
their land by themselves or hand them over in rent. But rent is very low (20-100 euro per ha
for year).

3. Social infrastructure: the quantity and quality of habitation, access to water
sources, communication, electricity, natural gas. Availability of medicine care, education,
cultures events etc. Only 10 % of villages in Ukraine have a water pipe, about 1 % use
water delivered from other places. Social infrastructure is available only in a half of the
need. The worst level is in medical sphere. About 90 % of social assets are in property of
rural community and need repairing and modernization.

4. Safety of environment: in Ukraine there is a difficult ecological situation. Annually
60-100 millions tons of harmful substances are thrown out to environment; about 3 billions
tons of toxic industrial wastes are stored in special storchouses in the rural areas. One third
of water dumped in rivers is polluted; the unorganized dumps are placed near villages and
farms. In some villages there are warchouses of the delayed chemical means (fertilizers,
means of protection etc).

Summing up, we can speak about degradation of the rural territory of Ukraine. To
restore such as important part of social and economic life of country have using conceptual
and project approach. That means:

- Develop the government program of protection policy in agribusiness using the tools
approved by WTO. For example, create the ecological-economic zones as the factor of the
sustainability of agriculture and development of rural territories. Ecological-economic
zones are the type of free economic zones with the special regime of the investment, where
organic production is achieved, the newest technologies are used, agro-park or scientific
technical parks function, and the economic stimulation of rational utilization and protection
of the earth which are carried out in conformity of the principles of sustainability.

- Create and stimulate green tourism as alternative incomes for rural communities; use
the principles of eco-tourism promoting alternative sources of energy and implementing
resources-saving technology,

- Implement the co-financing for rural development: use private, government and
international financing. Thus, investment projects provided principles of sustainable
development will have priority.

Further development of extension services (consulting in agribusiness) will create the
opportunities to promote and implement knew sustainable technologies, develop social
projects (for example, to start non-agricultural business) and attract investors for rural
development.
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MATEMATUYHA EKOJOrIA

UDK 574.4
S. V. Chernyshenko', V. S. Chernyshenko?, M. O. Alekseyev*

NONLINEAR THEORY OF SUCCESSIONS
IN FORESTRY BIOGEOCOENOSES: MATHEMATICAL ASPECTS

! Khmelnitskiy National University
?State Higher Educational Institute «National Mining University»

Systems analysis of biological phenomenon of succession has been carried out. The history of
the subject and the current state of art are considered. Classification of both succession process as a
whole and separate succession stages are proposed. Interaction between two main gears of succession —
competition between plant species and their interaction with abiotic part of the biogeocoenose — are
considered. Extreme nature of succession process and polygenetic structure of biogeocoenose, as a
result of succession, are demonstrated.

Key words: biogeocoenose, succession, systems analysis, woodland, mathematical model.

C. B. Yepuumenxo', B. C. Yeprumenko?, M. O. Anexcees”
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Xmenvruykuii Hayionanbruil ynieepcumem
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Hayionanvnuii 2ipnuvuil ynieepcumem

HEJITHIMHA TEOPISI CYKLIECIA JIICHUX BIOTEOIIEHO3IB: MATEMATHYHI ACITEKTH
IIpoBeneno cucreMHuit aHamni3 OiosoriyHOro ¢QeHomeHy cykuecid. PosrisHyTo icTOpiro
npobneMu Ta ii cygacHuit cran. HaBeneHi okpeMi xiiacudikamiifHi cXeMH 1 JUIsl CyKIecii, K IporeciB
y LUIOMYy, 1 ISl OKPEMHUX CYKIIEeCIHUX cTajaiid. Po3rissHyTa B3aeMolisi JBOX OCHOBHHX MEXaHI3MiB
CYKIeCil — KOHKYpEHIIi MK HpPOJyLUEHTAMH Ta iXHS B3a€MOMiS 3 a0iOTHYHUMH KOMIIOHCHTaMHU
OioreomeHo3y. [lokazaHO eKCTpeMaIbHUN XapaKTep MPOIEeCy CyKIecii Ta MONMIreHeTHYHHN XapaKTep
0ioreoneHo3y SK pe3yJbTaT CyKLecii.
Knrouoei cnosa: 6iozeoyenos, cykyecis, CUCeMHUL AHALI3, TiCU, MAMEeMAMUYHa MOOeb.

C. B. Yepnsimrenko', B. C. UepHsimenko®, M. A. Anekcees’
! Xnenvruykuil nayuonanenblii yuugepcumen
?Hayuonansubiii 20pnoii ynusepcumem
HEJIMHEMHA S TEOPUS CYKIECCUI JIECHBIX BUOI'EOLIEHO30B:
MATEMATHUYECKUE ACITEKTEI

BrimosiHeH cucTeMHBIN aHanu3 6uojorudeckoro ¢peHoMeHa cykueccuil. PaccmoTpena ucropus
npoOsieMbl H COBpEMEHHOE cocTtosiHue. IIpencraBieHbl OTACIbHBIE KIaCCH(UKALHMOHHBIE CXEMbI U
UL CYKILIECCHi, KaK MpOLECCOB B LEJIOM, TaKk M A8 OTACNBHBIX CYKLIECCHOHHBIX CTaIHi.
PaccmoTpeHo B3amMmopeiicTBHE OBYX OCHOBHBIX MEXAHH3MOB CYKLIECCHH — KOHKYPEHLHH MEXIY
NPOAYLEHTaMH M UX B3aUMOJICHCTBHE ¢ abHOTHYECKHMH KOMIOHEHTaMH OuoreoreHo3a. IlokazaH
IKCTpEeMaJbHBIIl XapakTep Mpolecca CyKIEeCCHH M MOJIUTeHETHYEeCKH XapakTep OHOreoreHo3a Kak
pe3yJIbTaT CYKIECCHH.

Knmiouesvie cnosa: 6uoceoyenos, cykyeccus, CUCTEMHbIL AHATU3, Tecd, MAMEMAmuiecKkas Mooeib.

Consider issues related to biological gears of successions understanding of which is
necessary for adequate mathematical models of ecosystem dynamics construction. We shall
examine successions in land (uppermost forest) biogeocoenoses. Succession biological
specificity issue is closely connected with emergency of succession ecological system
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problem (Vasilevich, 1983; Peregudov, Tarasenko, 1989; Gorelov, 1998), whereas they
could be examined as specific peculiarities display of synecological systems or as simple
step-by-step substitution of one plants by the others not obeying certain special laws. We
shall hold to the first approach and show that succession may be examined like nontrivial
process of homeostasis and ecosystem self-organization (Kolesov, Majorov, 1986; Armand,
1988; Chernyshenko S.V.,1995). Meanwhile, emergent properties of successions are, from
our point of view, based on two quite clear ecological processes:

- dialectical interaction of biota and stagnant environment (against the background of
evolutional fitness of species to certain ecological characteristics);

- interspecific competition for ecological resources (phased-array, biogenic elements,
water, etc.).

Ecological phenomenon of successions

Succession changes have been being at the centre of attention of biogeocenologists
for more than century and have been staying one of the most urgent problems of ecology.
There is a huge number of publications, dealing with this subject. Short review Russian-
language publications is given in the volumes (Krivolutsky, Pokarzhevsky, 1990;
Berezovskaya and others, 1991; Gorelov,1998), and foreign publications (Pianka, 1994;
Krebs, 1994). But until now these processes have not been interpreted and generally
accepted for their complexity, diversity and long-term character. There are no integrated
approaches to their practical research (Austin, 1977).

Probably the term “succession” was first used in the paper “Disappearance of pine
wood of south breeds as an argument of production change tendency on the same soil
existence in nature” published by American forester J.Edlam in 1806. In 1863 the other
American scientist G.D.Toro used the notion “forest succession” for characterization of
substitution of pine by deciduous breeds in New England. In XIX century the conception of
forest succession was developed in works of T.Duglas and G.Sernander (the Ilatter
suggested the theory about dynamics of plant “formations”). Finally in 1899 American
botanist G.K.Karaulz published the results of classical research of successions on sand
dunes of Lake Michigan, which has not lose its urgency yet and has been examined in
majority of ecology textbooks (Spurr, Barnes, 1984).

F.Klements philosophically (now we could say “systemically”) generalized the results
of predecessors. His theory became a remarkable phenomenon in theoretical ecology
development. It had global character, the author tried to construct on the base of quite simple
and clear assumptions logically proportioned model, globally explaining the diversity of
observed phenomena. From this point of view the idea of self-organization of biogeocenose is
quite organic in his theory. Really at succession lightening each stage of succession prepares
own changing itself, as a result of such step-by-step self-development process, more
determined, biogeocenose returns to its optimal for the climatic zone form — “climax”.

Construction of similar global theories has become the principle direction of physical
science development in the last three hundred years, has changed the period of empirical data
accumulation and first shy generalizations in the time of Newton. But even at comparative
simplicity of physical phenomena (as compared to biological) the theories value not always
seemed evident for practice. High abstractness giving the theory depth and generality creates
inevitably certain problems with its application to real, far from being abstract objects.

Studying extremely complicated, multiple-factor biological processes such problems
appear particularly sharp. Refined theoretical constructions of F. Klements and his
followers are checking up with difficulty in practice. For instance reveal of factors
furthering the development of the following stage, or, on the opposite side, their absence
conclusion is a very complicated task methodologically. Besides, any biological theory, in
contrast to physical, wittingly does not describe the whole diversity of possible phenomena.
Intention to describe maximum large quantity of real situations made Klements
considerably complicate his theory, add there large quantity of complementary terms, why
the theory had lost its orderliness and seemingly increase its practical value insignificantly.

Works of V.N.Sukachev and L.G.Remensky played a remarkable role in succession
studying in domestic biogeocenology. A separate chapter (written by V.N.Sukachev)
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formed a part of the major work on forest biogeocenology, monograph (The basis of
forest...,1964). The chapter deals with dynamical processes in BGC and contains a number
of important theoretical generalizations. V.N.Sukachev regarded successions as many-sided
notion, covering a wide range of dynamical processes, progressing in biogeocenoses.
Following this approach, it could be considered, that fundamental forms of global dynamics
of BGC, starting with seasonal fluctuations and finishing with phylocoenogenesis, have in
their character many common features and could be united under the general term of
successions. Nowadays such approach is supported by the majority of world ecologists
(different points of view on this question could be found for instance in (Ehrlich,
Roughgarden, 1987)).

Succession is a display of two the most important properties of biogeocenoses — to
homeostasis and to self-development (though sometimes it is said about “conditionality” of
ecosystems’ self-regulation (Danilov, 1978), but it is difficult to agree with such opinion). Self-
development processes (evolutional successions, phitocenogenesis) are caused by inner reasons
— micro- and macroevolutional processes, progressing in the components of biogeocenose
populations — and become the display of general tendency of matter to self-development.

Homeostatic and adaptation processes are activated by violation in the structure of
BGC occurrence or by environmental condition change. Violation degree of equilibrium in
BGC is defined by succession complexity and duration. Succession ability is a display of
homeostatic and adaptation properties of biosphere, which strives for its viability
preservation mutating environmental conditions. Homeostasis and successions relationship
is evident; and examination of homeostasis on the ecosystem level without mentioning of
successions (as it sometimes occurs (Golubets, 1982)) is presented incompletely. As
[.G.Emelyanov pointed, environmental mutation “cause adequate reorganization in
structure of species populations, communities, biotas” (Emelyanov, 1992). Successions are
exactly these reorganizations on the level of biogeocenoses.

Successions are defined by non-linear character and come to step-by-step change of
several succession stages — several dominating vegetational associations. In the paper
(Chernyshenko, 1997) for such associations the term “cenoma” was suggested, meanwhile
the view on the succession stage in the capacity of biogenic elements cycle will be
developed. But in many cases more simple approach could be used, considering that for
succession stage description it is sufficient to examine the vegetational association
dynamics (and even — the dynamics of edificators’ populations of these assosiations).

We should note the important relations of successions and spatial heterogeneity of
biogeocenoses. The both phenomena could be connected with external against the biota
factors. Vegetational associations (which could be naturally named “parcels” here) reflect
heterogeneity of phytocenosis in the area, and successions reflect the same but through the
time. G.Valter, for instance, wrote about similarity of temporal and spatial aspects of
biogeocenoses mutability. He suggested to fix for spatial analogs of successional stages a
well-known name “ecological range” (Valter, 1982).

Vegetational associations (ecological ranges) change each other in the area by the
gradient of natural factors. Successional stages also change each other during the gradual
mutability of one or several natural factors, but this mutability occurs not in the area but in
the time. Endogenous successions deals with environment-forming properties of
successional stages, which create the gradient of factors in the time.

Steppe dendrology gives illustrative examples of spatial changes, reflecting temporal
changes. The boundary between steppe and forest areas are often characterized by
intermediate conditions zone existence, where the ecological ranges could be observed (for
example “squawbush forests — blackthorn — elm-black-maple oak-forests — elm-ash oak
forests — lime-ash oak forests — lime oak forests” (Belgard, 1950)). In the conditions of
restless age-old successions ecological ranges shift (to steppe or forest areas), so in every
spot the successional changes of applicable vegetational associations occur.

Succession classification multistage processes

In the classification of V.N.Sucachev (The basis of forest..., 1964) the dynamics of
biogeocenoses is devided into two large forms: cyclic (periodical) processes and
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successions. The dynamics of BGC relating with diurnal and annual rhythms (generally too
significant) does not really deal with its development direction, global trend, which is the
basic observable phenomenon in succession theory. A.L.Belgard calls the first form of
dynamics “dynamics of phytocenosis” and the second — “dynamics of vegetational cover”
(Belgard, 1950).

But to connect periodicity and reversibility directly (as well as aperiodicity and
irreversibility), as it was done in mentioned definition of B.M.Mirkin and G.C.Rozenberg,
to our point of view, is not quite reasonable. As V.N.Sukachev mentioned (The basis of
forest..., 1964), successions, induced by external action on BGC, could be reversible, when
periodical external actions could not lead to reversibility in BGC dynamics. There are
forms of dynamics, when demutation (by G.N.Vygotsky, 1950) do not occur, i.e. when
restoration of external ecological parameters does not lead to BGC restoration (Rabotnov,
1983). In system theory such phenomena, on the ground of physical analogies, are called
hysteresis.

Phenomenon, which is similar to periodic dynamics by several features, is so-called
fluctuations of vegetation (Rabotnov, 1974). Fundamental joint feature of these two types
of dynamics is conservation of the main features of vegetational community in their
progress. In systems approach it is more preferable to use the interpretation of vegetational
grouping, changing each other in the progress of fluctuations, as different display forms of
integrated plant association. The majority of phytocenologists hold this definition
(Nitsenko, 1971; Rabotnov, 1974; Mirkin, 1974) and do not consider that in the case of
fluctuation of environmental parameters the reversible change of plant association occurs
(Vasilevich, 1983). Fluctuation and periodical dynamics, as well as succession, is a
homeostatic process, but in contrast to successions at relative transience and moderate
character of environmental mutability of association adaptation is reached not by radical
reconstruction of system (replacement of elements and change of relationship between
them), as it occurs at succession, and by condition of elements change of existing system
without structure change.

Classification of successional processes (including several stages - from the
beginning to the "climax") is usually based on an analysis of two indicators - the causes of
succession and its duration. Such approach has certainly justified itself, especially in
solving practical problems of ecology. At the same time in the theoretical study of the
succession there is a necessity to develop the classification of successions by the nature of
internal processes in BGC in the succession progress, which are connected with two
mentioned parameters, but not one-to-one correspondence. Consider possible causes and
duration of successions from the position of system analysis, using the obtained results in
this area (Aleksandrova, 1964; Vasilevich, 1983), and then discuss a possible interpretation
of the systemic nature of different successional processes.

We begin by considering the possible causes of succession. Following the common
practice of dividing the succession to the endogenous (autogenic) and exogenous
(allogenic), it should be noted that at the end, almost all successions are caused by external
factors. An exception could be considered phylocenogenetic processes (which are also
stimulated by instability of the environment) related to the global process of self-
development of matter and micro-evolutionary population processes.

By the interpretation of V.N.Sukachev we should refer phylocenogenesis to
endogenous succession processes. In this case, we should refer to successions only
"coherent" phases of phylogenesis (Zherikhin, 1987), which occur under conditions of
relative stability of native environment. Abrupt and global climate changes (or other
catastrophic events) can destroy biogeocenosis, after that a mass extinction of the old and
the intensive formation of new species occurs (Zherikhin, 1987) - a process that can also be
refered to adaptation, but which by its nature has few common features with classic
succession.

Exogenous successions are divided into two categories (according to the character of
causing them external influences):

- autonomous succession, if the influence was nonrecurrent and relatively short-term
(the appearance of island on the river sediments, BGC destruction by fire, etc.);
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- non-autonomous succession, in the case of a constant destabilizing external influences
(global climate change, industrial pollution, moderate economic use of man, etc.)

Notion of "autonomous " and "non-autonomous" system are widely used in system
theory (Kalman and others, 1971; Mesarovich, Takahara, 1978; Van-Gig, 1981).
Autonomous call system, impact of the environment on which does not change through the
time (or changes spontaneously, at random), and non-autonomous - a system the dynamics
description of which requires taking into account the parameters of the environment
depending on the time. Applying these terms to the dynamics of biogeocoenoses, we can
unite under the term "autonomous succession" the types of succession, the course of which
is determined by internal processes in BGC, with no significant effect of changes in
external to BGC environment. These are primary successions, syngenesis, €xogenous
catastrophical (by V.D.Aleksandrova, 1964 - '"postcatastrophical) successions.
V.1 Vasilevich (1983) proposes to unite all the successions of this kind under the notion
postcatastrophical, however, the term " autonomous successions" seems to us more
appropriate, firstly because the beginning of such successions do not always associated
with catastrophic events (for example, in the case of syngenesis), and secondly, following
the common terminology of systems theory makes this term more transparent for
specialists-systemologists.

For successions, caused by permanent and having a tendency to change in the
external environment, V.I.Vasilevich uses the term "permanent" or "continuous"
succession. Concepts of continuity and permanence in mathematical systems theory have
somewhat different shades of meaning. We suggest, in consideration of unsettled character
of terminology, to call such succession with term understood in the framework of systems
analysis - "non-autonomous" succession.

To the reasons causing the non-autonomous succession we can refer solar variability,
which have periodicity, but to which there are no special adaptive devices in biogecenosis
(the mentioned restriction of T.A.Rabotnov is connected with taking into account the
possibility of such factors on a long period of "periodic" processes).

Thus, on the basis of their causes, we can divide the successions into three categories:
- phylocenogenesis (the only in the full sense of the endogenous process);

- autonomous successions - caused by a nonrecurrent and short-term external influence (by
this feature - exogenous), but then progressing under the influence of internal biogeocenotic
processes (in this sense - endogenous);

- non-autonomous successions - caused by constantly progressing changes in the external
environment (in the full sense of an exogenous process).

For autonomous successions it is naturally to define three main types of violation,
"launching" the succession (they can be often combined):

- the environmental parameters change (for example, change in water regime as a result of a
reservoir creation);

- the change of the number biocoenosis species - a violation of equilibrium, a balance of
species (for example, the destruction of undergrowth and most of the plants of the lower
tiers as a result of ground fire);

- changes in species composition of biogeocenosis as a result of extinction or introduction
of species (for example, delivery of rabbits in Australia).

Autonomous succession caused by the first type of violations, wesuggest to call
autonomous parametric, the second - autonomous balanced, the third - syngenesis (in
accordance to the established terminology). To call the dynamic process, caused by any of
the mentioned reason, a succession (in accordance with the definition of the latter), changes
in BGC must be radical enough. The violation must be in such degree that the return of
biogeocenosis in the initial state could not be possible within the existing structure, and
requires step-by-stepits modification. Maintaining and restoring the balance processes
without structural rearrangements progress constantly in BGC and can also be reffered to
the forms of dynamics. They can be reffered to the mentioned fluctuation dynamics (if we
understand the fluctuations in extended sense).

Now we shall consider the issues related to the duration of succession. The division of
the succession into short-term and age-old reflects the nature of the processes within an
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ecosystem in a less degree, as related primarily to the characteristics of the external factors
causing succession or ecological features of the dominant species in BGC.
Apparently, autonomous successions are always relatively short, but even they, if

among the edificators of successional stages long-lived tree species are presented, could last
for centuries. At the literal meaning of the term we could refeer such succession to "age-old",
but now the scale of age-old succession is considered to be of thousands or millions of years.

Duration of non-autonomous succession depends primarily on the duration of the
external factors causing them. Non-autonomous successions reflect BGC tendency to adapt
to changing environmental conditions, so the usual succession of this kind may be called
adaptive. Among the non-autonomous successions are usually distinguished hologenesis —
an age-old succession, which is caused by global climate change, “development of river
valleys, epeirogenetic fluctuations of land and the evolution of soil types” (Belgard, 1950).
To our point of view, age-old successions of this kind do not differ fundamentally from
other non-autonomous successions, as based on the same mechanisms of homeostasis of
biogeocenosis. The exception is the micro-and macroevolutional BGC processes, which in
the case of hologenesis may complement a more adaptive processes. In this case, we
believe that parallel to hologenesis the other process progresses, which is also commonly
referred to age-old successions - phylocoenogenesis.

Microevolution, which is manifested in a change of some population characteristics of
the species-edificators, can occur at fairly short intervals of time and play an important role
during the succession (Becking, 1968). Microevolutional component in phylocoenogenesis
is relatively short, while a more global macroevolutional process on its own time scale even
greater than that which is usually attributed to age-old succession.

As stated in the book (Gorelov, 1998), "one of the major achievements of ecology
was the discovery that not only the organisms and species develop, but also ecosystems
do." Between the evolution of individual species and biogeocenosis generally there are
dialectical relationships. On the one hand, natural selection carries out on cenotic level, and
in this sense biogeocoenosis "controls" evolution. On the other hand - the emergence of
BGC of new life forms (species, subspecies, races - have arisen on-site or migrated from
the outside) can cause rearrangements in BGC ("flashes", by V.D.Fedorov (1970)), which
are also agreed to classify as successions. If we exclude the introduction or accidental entry
of new species by man (unfortunately, getting a colossal scale in the last century) - these
phenomena we refer to the reasons of syngenesis - processes of self-development of BGC
progress very slow, even compared to other types of successions that are traditionally
related to the age-old ones. For suth successions we suggest the term “evolutionary
successions”, which underlines their difference from short-term and age-old ones as in the
time and the inner nature (the system not only keeps or restores its structure, but changes,
“improves” it).

The proposed classification of dynamic processes in forest biogeocenoses is
presented in the table.

The proposed classification is convenient for system analysis and succession
modeling. Selection of phylocoenogenesis in a separate category is justified, since the
processes of self-organization (Levitin, 1975), consisting of the fact that the system can
themselves change their structure, represent a special category of systems theory yet not
well studied models. As a simple example of this approach in the article (Chernyshenko,
1996) a model of successional shifts based on the hypercycle model of M. Eigen is
considered, in which biogeocoenosis itself "chooses" the level of its complexity.

Non-autonomous successions compose a special group in the analysis of dynamic
processes. Non-autonomous (or nonstationary) models with time-dependent coefficients
correspond to these successions. If the time variable tends to infinity, these coefficients do
not tend to some constant values, the ecosystem is also not likely to move in a certain state,
and its dynamics will be determined, ultimately, the dynamics of the coefficients. To study
such systems there are not developed universal methods, although some of their properties
(for instanse, sensitivity, and inertia with respect to a change in the coefficients) can be
investigated.

Classification of dynamical processes in forest BGC
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Type of External . .
ype ¢ . Type of succession Duration
dynamics influances
evolutional
. "age-old"
Endogenous — . succession
. phylocoenogenesis m m
successions . . age-old",
microevolution .
medium
. hologenesis "age-old"
E constant, with non-autonomous £ sgmall
X n . . .
ogenous certain tendency successions adaptation L
successios medium
autonomous parametric
. small,
nonrecurrent (postcatastrophic) balanced .
. - medium
successions syngenesis
Periodic constant periodic
. . . small
dynamics with small period
constant with
Fluctuation accidental small
dispersion

In the case of autonomous successions for the mathematical description of the process
the nature of the initial disturbance is significant. In the case of changes in the number of
species (balance autonomous succession) the disturbance of the system state (with no
change in itself) occurs. In this case, the stability of the system "in the initial conditions” is
interesting, the qualitative behavior of the system can be studied on the basis of the theory
of Lyapunov (Liapunov, 1950; Bautin, Leontovich, 1990).

At the system parameters change (parametric autonomous succession) the system in
terms of systems analysis, changes its properties. The "structural stability" of the system
should be researched, and as a well-developed mathematical apparatus the bifurcation
theory may be used (Yoss, Joseph, 1983).

The case of changing the structure of the system (syngenesis) is the most difficult
methodologically because it is difficult to describe quantitatively the relationship between a
system, in which there are new elements or old disappeared, and the initial system. The
study of the structural stability of this kind is naturally carried, bringing this case to the
previous. For example, when modeling the appearance of a new type of model introduced a
new element with some weighting factors that define the extent of its connection with other
species, which then can be changed from zero to determine the critical values associated
with qualitative changes in the dynamics of the system.

Volterra systems (Volterra, 1976; Maynard Smith, 1974; Svirezhev, 1983) provide a
convenient way to reduce the latter case is not to the more complicated the second, and the
first case. These models have the property that the population with a zero number can not
be developed, so simply "zeroing" population size, we exclude it from BGC. Similarly,
when the introduction we "includes" the species at BGC just giving it the number of non-
zero value. Below at the modeling of successions, we shall use this technique.

When balanced autonomous successions change population size is not going beyond
the boundary of the attraction of the current equilibrium point corresponds to the
fluctuation dynamics. We can talk about succession, if the violations are so large that they
lead to a change in the equilibrium position (structure of BGC changes and the succession
process begins).

When parametric autonomous successions we are dealing with fluctuations, until the
change of parameters does not lead to a bifurcation (a catastrophe). Bifurcation, meaning a
radical change in the dynamic properties of the system, means the beginning of a new
successional stage.

If we consider the model of not only the biotic part of BGC, but also include in it
biostagnant parts and the part of stagnant components, changes in the environment, which
is an essential part of succession, is expressed by the change of the system, rather than its
external parameters. Those effects, that were associated with bifurcations of the system,
become the result of "internal bifurcation" (Chernyshenko, 1995a). So restructuring of the
system is the result of its internal development, rather than external influences. Not all the
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abiotic factors may be included in such a way to the model of BGC (for example, in the
constructions of F.Clements BGC detects even a relief, but beyond its borders of BGC
climatic conditions still remain), but some of them - such as the parameters of soil, litter,
the nature of wetting etc. should preferably not be seen as external, but as internal
parameters of BGC.

Finally, we should note the importance of the territorial aspects of succession.
Succession in the ecosystem do not and can not progress regardless of ecosystems,
surrounding it. Except start-up island in the ocean, the relationship of primary succession in
which other ecosystems are mediated (but which exists, and without which these successions
are impossible! "); the actual succession passes in the territory, surrounded by other
biogeocenoses, and in most cases - in which can be considered as part of some of the existing
ecosystem. A classic example of a primary succession - the formation of a new
biogeocoenose on the river flats - can be interpreted (perhaps more correctly) and as an
extension of the territory of the existing floodplain BGC. Destruction of forest BGC in a fire
can be considered not starting the process of syngenesis on the affected area, which
disappeared most of the species, but the beginning of the balanced autonomous succession in
BGC, in which the density distribution of many species turned into zero. Restoring of an
ecosystem will be progress not only by successional processes in the territory, violated by
fire, but also by the diffusion occupation of it from the surrounding undisturbed parts of BGC.

Mechanisms of succession. The role of competition of populations
of producers-edificators and their interactions with the abiotic environment

As mentioned at the beginning of this article, the change of the dominant association
in succession process occurs under the influence of two driving mechanisms: interspecific
competition between plants-edificators and their dialectical interaction with the stagnant
environment.

Consider in the beginning the first process - the competition of the associations for
the major environmental resources, which has a number of specific features (such as forest
successions its course is largely determined by the properties of the soil block — as
L.O.Karpachevsky  writes (1995) "Soil is the Dbasis of competition").

The role of competition in the successions was highlighted by many researchers. So,
in a monograph (Fundamentals of forest ..., 1964), which gives a classic description of the
forest biogeocenology, appears the following statement. "In development of the forest
biogeocenotic cover the main role played by successions of phytocenosises; mechanism of
any phytocenosises change, and the change biogeocenoses in general is the displacement of
some other species in the process of inter-species fighting for survival and competition. ...
In the process of ecosystem change of one another ... the main leadership role played by
inter-species relationships." Around this the same idea is expressed in the monograph
devoted to the cybernetic analysis of biological systems. "Succession ... is ... the process of
logical sequential change of competing with each other ... communities." (Biological
Cybernetics, 1977).

Competition between species-producers (edificators of plant associations, relevant
successional stages) is the main (or, if you ignore the minor details - the only) mechanism
for actuating the succession of inhibition and tolerance. However, in the case of "relief”
when the previous cenoma in a sense, "promotes" the development of the next, there is
always competition between edificators for resources, i.c. observed the effect of
"inhibition". As noted by the TA Rabotnov, "should not be forgotten ... that the change
occurs phytocenosises while continuing influence of plants on each other, primarily
because of competitive interactions (Rabotnov, 1983).

The fact that competition plays an important role in the functioning of biological
communities, is a universally recognized fact. The interest in the competition, especially
increased after the triumph of the ideas of Darwin, in which "the struggle for existence" is
considered as the main driving force behind the evolutionary process. Numerous studies
have demonstrated the fruitfulness of this approach, particularly when considering the
dynamic processes in Biogeocenoses (Budyko, 1977; Basics forest ..., 1964; Gall, 1976;

ISSN 1726-1112. Exonocia ma noocgpeponoeia. 2011. T. 22, Ne [-2 141



Gilyarov, 1990; Holubec, 1982; Dylis, 1973; Krivolutsky, Pokarzhevsky, 1990 ;
Nomokanov, 1989; Rabotnov, 1983; spurrite, Barnes, 1984).

The most important stage in the development of competition began in the early
twentieth century work of Lotka (Lotka, 1925) and Volterra (Volterra, 1931; Volterra,
1976), containing the fundamental mathematical description of the competition. Using
these models, G. Gause based on extensive experimental material has formulated a well-
known principle of competitive exclusion - "the principle of Gause» (Gause, 1934). The
latter is sometimes considered very broadly, assuming that it operates at different levels of
ecological systems, up to the scale of the noosphere (Gorelov, 1998) (although sometimes
its universality is questioned, even for phytocenosises (Bigon et al, 1989)).

The interest to the problem is not reduced nowadays. On the one hand, reached ever
deeper understanding of the internal mechanisms of competition, but on the other hand, all
the more deeply we study the role of competition in real ecosystems, Biogeocenoses. In
particular, many studies have been devoted to constructing models of competition for forest
BGTS (Rosenberg, 1984, Berezovsky and others, 1991). Many works are devoted to
studying the role of competition in the formation of plant associations in successional
processes (Biological Mechanisms of ..., 1964). A significant development was the doctrine
of life forms and environmental policies as a result of competitive interactions of different
types (Forest Principles ..., 1964; MacArthur, Wilson, 1967; Pianka, 1994).

Regarding the second mechanism - the interaction of populations of producers with
inert environment and their mutual influence - note that it plays an important role when
these two components BGTS not balanced (or, in other words, when there existed a
dialectical contradiction.) This contradiction is resolved by changes in both components,
which changes the biogeocoenosis, leading to the formation of a new successional stage.
Previous stage is not "programmed" to self-depression or training environment for the next
stage. A process of harmonization of biotic and abiotic components BGTS, resulting in
biocaenosis changes its structure - replacing one plant association comes another. It is in
this sense (in his non-compliance with the inert medium), one prepares the next stage of
succession, "facilitates" its development.

Famous examples of chemical "self-depression" of explerents at early successional
stages (Whitteker, 1981) can hardly be regarded as genetically programmed "facilitation" of
succession, as a manifestation of overorganism regulating its flow. Correct to speak about
genetically fixed "doom" of these species in competition with the energetically more
powerful species. Their strategy is to generate 1-2 produce sufficient for the survival of a
population of seeds. Energy as the cost of establishing and supporting the physiological
mechanisms (or a service population of the consorts, decomposers), aimed at the possibility
of long-term coexistence with the products of its own metabolism, are presented in this
meaningless. Another possible explanation "samougneteniya" contained in the paper
(Rabotnov, 1983).

Successions of facilitation play a major role in the early stages of primary succession,
where the discrepancy of biota and environment is particularly high. To some extent the
effects of "harmonizing with the environmental conditions" must be manifested at all stages
of succession, but in the latter stages of their influence in comparison with the competition
is much weaker.

To account for the effect of facilitation it should be entered into the model the
dynamics of abiotic factors, which significantly complicates the construction of a
methodological part. Sometimes this can be avoided by introducing a special nonlinear
relationships between the populations of plant-edificators that allow implicitly consider the
impact of the effects of facilitation on interpopulation interactions.

BGC as polygenetic system. Biogeocenosis compatibility of associations

Conventional progressive succession are a gradual change in the dominant
populations edificators - from simpler to more specialized species with more power. In this
case, the fate of the previous stage may be different. There are two main possibilities.

The first of them occurs when the previous dominant completely disappears as a
structural whole, after the environmental conditions become favorable for the development
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of the next stage of succession. Most of its constituent species fall out of the forming of
ecosystem (as a result of changing environmental conditions of habitat and / or interspecific
competition with species belonging to the new stage) and turn into a "virtual" form. They
are stored in a seed bank as a result of the influx of seeds and / or individuals from
neighboring biogeocoenoses, in the form of relict groups tied to specific areas of relief, etc.
If conditions change, they tend to be fast enough to return to biogeocoenosis, and create a
certain "energy pressure" on the dominant association, forcing it to expend energy on a
constant struggle with the return. At the same time they play a minor role in the
transformation of matter and energy prevailing of BGC. An example of this kind of stage
can serve as a grouping ruderants arising on post-fire known as the temporal association,
which does not leave a noticeable trace in the emerging after it biogeocenoses.

In the second case, the earlier association, albeit in a modified standing, becomes a
part of a new stage of BGC, and species, its components, occupy a position in consorts of
the new dominant. In this case we can speak of "biogeocenosis compatibility" of the two
associations. Such an outcome is very real, especially in the later stages of succession.
Types of previous stages may be presented in BGC long enough, and some of them
(especially soil decomposers) can even play an important role in the functioning of new
communities. Real BGC is always a combination of several associations. This is especially
true for amphicenoses (Belgard, 1950) - biogeocenoses in border environmental conditions.

The number of associations, "overlapping" one by one in the progress of succession
(or, equivalently, the amount passed successional stages) we shall call the dimension of
BGC. Of course, this conditional value largely depends on the subjective understanding of
what should be counted as successional stage, and what - intermediate amphicenose
(Belgard, 1950). However, with the same approach to multiple BGC, the dimension may be
used to estimate the relative complexity of these ecosystems.

More favorable conditions (in terms of the number of available for the photo-
synthetic assimilation of energy) create preconditions for more successional stages
changing each other, and thus for higher dimension (and complexity) level of climax
community. In severe conditions the flow of available energy does not allow BGC pass
more than a few initial steps of succession.

Overlapping of successional stages is one of the factors promoting the biodiversity
enrichment in biogeocenoses. The relationship between biodiversity and informational and
entropic indices is universally recognized. We emphasize that a certain degree of
conditionality of biodiversity level by evolutional effects (Emelyanov, 1992) is associated
with progressive evolution of the energy-producing capabilities of producers-edificators.
The latter is a result of competition and pressure of the populations of heterotrophs
(Chernyshenko, 1997a). The expanding power base creates the conditions for
"proliferation” of ecological niches at all levels of the trophic net.
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EKONOr4HI NPOBJIEMUA KOCMOCY

VK 629.21
M. I'. T'onoBko, B. A. besyrmsiii, C. I'. Borngapenko

AHAJIN3 COCTOAHNA TEXHOEHHOIO 3ACOPEHMA
OKOJIO3EMHOI'O KOCMUYECKOI'O MPOCTPAHCTBA
M CNOCOBbI EFO YMEHbLUEHUA

JInenponemposckuil nayuonanvusiti ynusepcumem um. O. I'onyapa
B pabote paccMoTpeHa mpobiieMa TEXHOICHHOTO 3arpsi3HCHHUS OKOJIO3EMHOTO KOCMHYECKOTO
MPOCTPAHCTBA, KOTOpas craja akTyaJbHOH B MocieqHue JAecatwierus. [Ipoananu3upoBaHo
9KOJIOTMYECKOE  COCTOSIHME  KOCMHUYECKOM  OKpy»Karolled cpeabl, IPHUBEIEHO HEKOTOpbIe
KOHLENTYaJIbHbIE MEPONPUSATHS Ul YMEHBIICHUS 3arpsi3HEHUs] KocMoca.
Kniouesvie cnosa: mexmoeeHHOe 3ACOpeHUe, OKONO3EMHOE KOCMUYECKoe HpOCHMPAHCME0,
SKONI02UYECKOe COCMOsIHIULE.

M. T. T'onosko, B. A. be3yrnuii, C. I'. bonnapenko
Jninponemposcoxuil nayionanvnuu ynieepcumem im. O. I'onuapa
AHAJII3 CTAHY TEXHOI'EHHOI'O 3ABPY/IHEHH I HABKOJIO3EMHOI'O KOCMIYHOI'O
ITPOCTOPY TA CIIOCOBU MOI'O 3MEHIILIEHHSI
B po6oti posrisiHyTa mpobiieMa TEXHOTEHHOTO 3aCMIUCHHS HAaBKOJIO3EMHOTO MPOCTOpY, SKa
CTajla aKTyaJbHOK B OCTaHHI aecsatupivusi. lIpoaHanmizoBaHO EKOJIOTIYHHA CTaH KOCMIYHOTO
HABKOJIMIIHBOTO CEPEIOBHINA, TNPHBEIACHO MOEAKI KOHLENTyaldbHI  3axXOAW Ui 3MCHIICHHS
3aCMi4€HHSI KOCMOCY.
Knrouosi cnosa: mexroeerHe 3acMiverHs, HABKOIO3EMHUL KOCMIYHULL NPOCMID, eKONOSTYHULL CIAH.

M. G. Golovko, V. A. Bezugly, S. G. Bondarenko
O. Gonchar Dniepropetrovsk National University
ANALYSIS OF ANTHROPOGENIC POLLUTION STATE OF CIRCUMTERRESTRIAL SPACE
AND WAYS TO DECREASE IT
In the work was considering problem of technogenic pollution of space what become topical
last ten years. Was analyzed ecological situation of environment, adduced several conceptual
measures by diminution of space pollution.
Keywords: anthropogenic pollution, circumterrestrial space, ecological situation.

Kocmuueckuit mycop (KM) — 3T0 Bce aHTpOmNOreHHbIe 00BEKThI, KOTOPhIC HAXOISTCS
Ha OKOJIO3eMHOW opOmTe, BKIIOYas (parMeHTH WM YacTH TeX OOBEKTOB, KOTOPHIE
MIPEKpaTUIIN CBOE aKTUBHOE CYIIIECTBOBAHUE.

ITpoGnema 3acopeHHs] OKOJIO3EMHOT'O KOCMHYECKOTO HPOCTPAHCTBA «KOCMHYECKHM
MyCOpOM», KaK YHUCTO TEOpeTHuYecKas, BO3HUKJIA II0 CYIIECTBY Cpa3y IOCJE 3aIyCKOB
MEPBBIX MCKYCCTBEHHBIX CIIYTHHKOB 3€MJIM B KOHIE IIITUAECATHIX Toj0B. OduIraibHbIN
CTaTyC Ha MEXyHapOoJHOM ypoBHe oHa nonyumwna 10 gekadps 1993 roxa nocie pokiazna
l'enepampHOro  cekperaps OOH mom HasBanmem «BoszmeicTBHe  KOCMHYECKOH
JIEITEIFHOCTA Ha OKPYXKAIOLIYI0 Cpeay», rie 0co00 OTMEUYeHO, 4YTO INpodiieMa HUMeeT
MEXIyHApOAHBIN, TIO0ANBHBIN XapakTep. HeT 3acopeHnsi HaMOHAIBLHOTO OKOJIO3EMHOTO
KOCMHMYECKOTO IPOCTPAHCTBA, €CTh 3aCOPEHHE KOCMMYECKOro IPOCTpaHCTBA 3eMIlH,
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OJIMHAKOBO HETaTHBHO BIMSIONIEE HAa BCE CTPaHbI, NMPSIMO WM KOCBEHHO YYacTBYIOILIHUE B
ero ocsoenud (http:// rnd. cnews.ru/; http:// www.anafor.ru/).

HeobxoaumMocTs Mep 1O YMEHBIICHHIO MHTEHCHBHOCTH TEXHOTEHHOI'O 3aCOPEHHMs
KOCMOCA CTaHOBUTCSI MOHSTHOW MHPU PAacCCMOTPEHHH BO3MOXKHBIX CIIEHAPUEB OCBOCHMS
KocMoca B Oynymem. Tak, CyIIecTBYIONIME OIIEHKH IOKa3bIBAIOT, YTO TaK Ha3bIBaGMBIH
«KacKagHBIA 3P GHEeKT», KOTOPhIH B CPEIHECPOYHON MEPCHEKTHBE MOXKXET BO3HHKHYTH OT
B3aUMHOI'O CTOJIKHOBEHUsI 00BbeKTOB M YacTHll KM, IpH 3KCTpanoisiuy CyIIeCTBYIOMINX
YCIIOBHH 3aCOpEeHHs] HU3KHX OKojJo3eMHBIX opbut (HOO), nmaxe c¢ ydetom Mep HO
CHIDKCHUIO B OynylieM uucina opOMTalbHBIX B3peIBOB (42 % Bcero KM) m mpyrux
MEpOIPUATHH 10 YMEHBIICHHIO TEXHOTEHHOTO 3aCOPEHUsS, MOXET B JOJITOCPOYHOU
TIEPCIIEKTUBE MTPUBECTH K KaTACTPO(YUIECKOMY POCTY KOJINYECTBA 00BEKTOB OPOUTAIBHOTO
mycopa Ha HOO wm, Kak clencTBHe, K NPaKTHYECKOW HEBO3MOXKHOCTH NalbHEHIIero
ocBoeHMs kocMmoca. Ilpeamnonaraercs, yro nociae 2055 roxa mpouecc caMOpa3sMHOXKEHUS
OCTaTKOB KOCMHYECKOI IeATeIFHOCTH YeIOBEUECTBAa CTaHET cepbe3Hoil mpobmemoit (http://
rnd. cnews.ru/; http:// www.anafor.ru/).

OKxo0J/103eMHOE KOCMHYecKoe POCTPAHCTBO Oy/1eT 3aM0JHEHO CIUIOMHBIM c10em KM,
€CJIM He NPeINPUHUMATH AKTHBHBIX JleiicTBHii 1o ero ynanenuto (http:// www.anafor.ru/)

B nacTosmee Bpems 1mo pasHbIM olieHkaMm B paiione HOO BIUIOTH 0 BBICOT OKOJIO
2000 kM Haxoautcs 1o 5000 TOHH TEXHOTEHHBIX O00BEKTOB. Ha OCHOBE CTaTMCTHYECKUX
OIICHOK JIENAIOTCS BEIBOJBI, YTO OOIIee YHCIO 0OBEKTOB MOJOOHOTO poaa (TIOMePEeYHUKOM
bosee 1 cM) mocTaTOUYHO HEompeneeHHO U MoxkeT gocturatk 60 000 — 100 000. 13 Hux
tonbko mopsinka 10 % (oxomo 15000 oOBEKTOB) OOHApPYKMBAIOTCS, OTCIECKHBAIOTCA H
KaTaJOTM3UPYIOTCS Ha3eMHBIMH PaJMOJOKAIIMOHHBIME W ONTHYECKUMHU CpEIICTBAMH,
npuaéM, TOJIBKO OKOJIO 6 % OTciexnBaeMbIX 00BbEKTOB — aeiicTByromme. Oxono 22 %
00BEKTOB MpeKpaTHiIu (YHKIUOHUPOBaHUE, 17 % NpeACTaBIsIOT CO00i O0TpabOTaHHBIC
BEPXHHUE CTYICHU W pasroHHBIE Oyoku paker-Hocureneil (PH), u oxono 55 % — orxonsl,
TEXHOJIOTUYECKHE AJIEMEHTBI, COIyTCTBYIOIIME 3aIlyCKaM, 00JIOMKH B3pBIBOB H
(parmenTanuu. BoONBIIMHCTBO 3THX OOBEKTOB HAXOMUTCA HAa OPOUTaX C BBICOKUM
HaKJIOHEHHUEM, TUIOCKOCTH KOTODPBIX IEPECeKaloTCs, MOATOMY CPEIHssi OTHOCHTENbHAs
CKOpPOCTh WX B3aMMHOTO TpoJieTa cocTaBisger okoimo 10 xm/c. B crmeactBue orpomMHOTO
3araca KMHETHYECKOW YHEPIHU CTOJKHOBEHHE JIF000T0 U3 3THX OOBEKTOB C ACHCTBYIOLIHM
kocmuueckuM ammapatoM  (KA) MoKeT MOBpeIWTh ero WIH NaXke BBIBECTH U3 CTPOS.
O dextuBHBIX Mep 3ammTH 0T 00BeKTOB KM pazmepom Gomee 1 cM B momepedHHKe Ha
cerogus npakrtuuecku Het (http:// rd. cnews.ru/; http:// www.anafor.ru/).

CreneHp  BIMSHHUS ~ 3arpSA3HEHHOCTH  KOCMHYECKOTO  NPOCTPaHCTBA  Ha
¢ynkmonnpoBanne KA onpenensiercst 4eThIpbMs (pakTOpaMu: BpeMEHEM HaxXOXIICHUS Ha
opburte, palilOHaMH MO TPENINOJOKECHHUI0O HAXOXKIEHHS OOBEKTOB, BBICOTOM OPOHUTEHI,
HaKJIOHOM IUIOCKOCTH opOuThl. st mpeacraBieHuss 00 0ObEKTax 3arps3HEHUS
KOCMHYECKOT'0 TIPOCTPAHCTBA pa3padaThIBalOT MaTeMAaTHIECKHUE MOAETH €r0 3aCOPEHHOCTH.
OHM ONHKCHIBAIOT paclpeeieHUE 3arpsA3HIIONNX 00bEKTOB B NPOCTPAHCTBE, TPACKTOPHU
WX JABIKCHHSA, (HU3MUSCKHE XapaKTepUCTUKU. Pa3pabareiBaeMble MOAETH OBIBAIOT IBYX
BHJIOB: KpaTKocpovHble (repuon 10 10 ner) u gonrocpounsie (mepuon ao 100 nert) (http://
rnd. cnews.ru/; http:// www.anafor.ru/).
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IIpocTpancTBeHHAsl IVIOTHOCTH pacipeieeHust KOCMUYecKUX 00bekToB (PrixmoBa, 1993)

Hauboiree mmpoko UCTIONB3YEMBIMU MOJICIISIMA SBIISIFOTCS:

— ORDEM-96, -2000, -2008 — mmXeHEepHBIE MOAETH, ucnoib3yemble NASA mis
OLICHKHU BeposiTHOCTU cToJKHOBeHUs KA ¢ KM pasmepamu ot 10 MM 0 10 cm, a Takxke
Juisl onpesieneHus koHueHtpaun KM Ha pasnuuHbIX OpOMTax M ee MpOrHo3 Ha Oyayiiee
(Liou et al., 2002).

— MASTER-99, -2001, -2008 — wmmKeHepHbIE MOJENH, UCTonb3yemble ESA mus
ouenku crosnkHoBeHHs KA ¢ KM u meteoponaamu (Sdunnus, 2001).

— EVOLVE — mopnens »Bomroriu nskeHnss KM, ucmomszyemas NASA (Krisko,
2000, 2001).

— LEGEND - mopens 3Bonronnu apmxennss KM, B TOM 9rciie 1 Ha TeOCTallHOHAPHOM
opoure (I'CO), ucnonszyemas NASA (Liou, 2004).

— DELTA - wmogens »Bomronmu ABkeHmst KM, wmcnomp3yemas ESA (Robotic
Geostationary orbit Restorer, 2003).

Lenp HacTosmiel pabOTHI 3aKIOYAeTCs B MPOBEACHUH aHANM3a CYMIECTBYIOIIETO
COCTOSIHHSL TEXHOTCHHOTO 3arpsi3HCHHS OKOJIO3€MHOTO KOCMHYECKOTO IPOCTPAHCTBA
(OKII) u xoHIENTYambHOE 000CHOBaHHE NMPIMEHEHHS PAaKeTHO-KOCMUYECKUX aIlapaToB U
HEKOTOPBIX TEXHHYECKHX MEpOIPUSTHI i1 OOphObI ¢ 00pa3oBaHKEM, a TaKke cOOpoM U
yrunuzanueir KM Ha pa3muaHBIX OpOUTax.
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Poct yncaa B3poiBoB KA (Prixiosa, 1993)
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®parmentsl KM, o6pa3oBaBinecs 1ocie B3pbIBOB, MOTYT CTaTh OJAHUM U3 TIaBHBIX
UCTOYHUKOB 3arpsi3Hernsa. Oparmentst KM, o6pa3zoBaBmnecs B pe3yabTaTe CTOIKHOBCHHUH,
MOTYT ITIOPOX/JIaTh CIEAYIOIIUE 3arpsS3HEHUs, YTO MPUBENET K POCTY 3arps3HEHHOCTH B
T€OMETPHYECKON POTPECCHH.

D¢ heKTUBHBIX MPAKTUYECKUX Mep Mo yHuuTokeHHI0o KM Ha opGurax Gonee 600
KM (TIe HE CKa3bIBaeTcd OdMIIalouinii 3¢ ¢exT oT TopMOXeHHus o0 aTmocdepy) Ha
HaCTOSIIEM YPOBHE TEXHMYECKOTO Pa3BUTHS YEJIOBEUECTBA HE CyLIeCcTByeT. Bmecte ¢ Tem
aKTyaJbHOCTh 33Ja4ll OOECIeYeHUs] Oe30MacHOCTH KOCMHUYECKHX IIOJETOB B YCIIOBHSX
texHorenHoro 3arpsisHeHust OKII u cHmkeHHs omacHOCTH ISl OOBEKTOB Ha 3eMile NpH
HEKOHTPOJIMPYEMOM BXOXKICHHH KOCMHYECKHX OOBEKTOB B IUIOTHBIE CIOM aTMOC(EpHl U
UX MaJeHUH Ha 3eMIII0 CTpeMHTENbHO pacteT. [loaTomMy B oOecrieueHne pemieHust 3TOH
MpoOIeMBl MEXAyHapOTHOE COTpYyAHHYECTBO Mo mpobrmematnke KM pasBuBaercs mo
crenyromM — npuoputeTHeIM  HampasnenusiM  ((http://  mmd.  cnews.ru/;  http:/
www.anafor.ru/):

— Okonornyeckuid MoruTopuHr OKII, Brimrouas obmacte 'CO: Habnronenue 3a KM u
BelleHHe KaTtainora o0bekToB KM.

— Marematnyeckoe MoxaenupoBanue KM u co3maHume  MeXIyHapOIHBIX
WHPOPMALIMOHHBIX CHUCTeM i mporHo3a 3acoperHoctd OKII m ee omacHocTH mms
KOCMHYECKHMX MOJIETOB, a TaKKe MH(OPMAIOHHOTO COMPOBOXIIEHUSI COOBITUH OMACHOTO
commkeHus KocMuaeckux 00bekToB (KO) M WX HEKOHTPOIHPYEeMOTO BXO/a B IDIOTHBIC
cion atMoc(ephl.

— Pa3zpaboTka crioco6oB u cpenctB 3amuThl KA 0T BO3IeCTBHS BRICOKOCKOPOCTHBIX
ygactui KM.

— Pa3zpaboTka W BHeApeHHWE MEPONPHUATHIA, HAMpPaBICHHBIX HA CHIDKEHHE
3acopernoctu OKII.

OTH MEpOTPUATHS MOKHO OTIPENICUTH B [IBa TII00ATHHBIX HAIIPABIICHHS:

A. YMeHbIIICHHE KOJUYECTBA BHOBL oOpasytomierocs KM.

[IpenotBpamenne mosBieHNs HoBoro KM 3akimodaercsi B MPOBEICHHUE CIETYFOIINX
meponpusituii (UNCOPUOS, 1999; NASA, 2007):

1) ITaccuBary KOMITOHEHTOB PAaKETHOTO TOIUIMBA WM Ta30B HATyBa, OCTABIINXCS Ha
nocnenuux cryneHsax PH, pasromseix Omokax (PB) m KA, xoTtopsle 3aBepurmm cBoé
¢ynkronupoBanne. OHa 3aKJIIOYaeTCsl B CTPABIMBAHUM ATUX KOMIIOHEHTOB TOIUIMBA U
ra3oB HajayBa 3a OOpT; KOHCEpBAIMM XWMHYECKHX HMCTOYHHKOB TOKA; [€aKTHBAIIUU
MUPOTEXHUYECKUX YCTPOHCTB. JlaHHOE MEpONpHsITHE MO3BOJSET CBECTH K MHHUMYMY
BEPOSATHOCTH B3pBIBA, KOTOPHII MOXKET MPUBECTH K 00pa30BaHMIO OOINBIIOTO KOIMYECTBA
Mmenkoro KM.

2)  OrpanHpueHHss  KOJMYECTBA  OMNEPAIOHHBIX  JJIEMEHTOB,  (3ariyIIKH,
MUPOTEXHUYECKUE YCTPOMCTBA U T.J.) OTHENIsIeMbIX OT nocnenHux cryneHeid PH, Pb u KA
B IIPOIIECCE UX IMTATHOW PaOOTHI.

3) OrpanudeHus CpoKa OAJTMCTUYECKOTO CYIIECTBOBAHUS MOCIeAHUX cryneHned PH,
Pb u KA 25 romamu. /lanHOE MEpONPHUATHE OCYLIECTBISAETCA MyTEM BBIOOpa OPOUTHI HITH
pa3mMerieHus Ha OOpTy CpPeJICTB YBO/IA C IIETIEBOM OPOUTEHI.

4) YBoma mocnennux cryneneir PH, Pb u KA B miortHbie ciom atmocdepsr 3emin
060 Ha opOWTHI 3axopoHeHus. J{1si HU3KOOPOUTANBHBIX OOBEKTOB OpOUTA 3aXOPOHEHHS
pacmionokena Boime 2000 kM. [t reoctanmonapHbeix 00bekToB — Bhimie ['CO va 200 kM.

5) UcknroueHusi CTOJNKHOBEHHMH KpyINHOraOapUTHBIX OOBEKTOB MEXAY COOOM.
Peammsyercs mubo myTéM BEIOOpa IIeNeBOW OpPOWUTHI MO0 ITyTEM MaHEBPUPOBAHUS
cpeAcTBaMU (QYHKIMOHUPYIOUIUX 00BEKTOB.

6) Hcnonp3oBaHne kocmmdeckoro pemoHTHoro monyns (KPM) mns 3axBara u
MIPOBEJCHUS PEMOHTHBIX pa0OT Ha BHEIUIAHOBO BBIMICALINX U3 dKcIuTyaTaunu KA.

Bce BeImenepedncieHHbIE MEPOIIPHUATHS HEOOXOIMMO IUIAaHHPOBAThH €IIE Ha HTare
MPOEKTUPOBAHMS pakeTHO-KocMuyecko TexHuku. Kocmuueckue arentctBa — CIIA,
EBponsl n Poccun yxe Hauanu BHEOPATH YKa3aHHBIC MEPONPHUATHS HE TOJIBKO Ha 3Tame
NPOEKTUPOBAHKS, HO U Ha 3aKOHOJATE]IbHOM ypoBHe. K coxajeHuro, Imoka He Creuar ¢
STHM JPYTHUE CTPaHBI MEPOBOTO KOCMHUYECKOTO KITy0a.

b. Ynanenue yxe cymectyomero KM.
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CyIecTBYIOT cieqyIOIue MPeAoKeH s M0 YAalIeHuo cynecTytomero KM:

1) Hcnonb3oBanue kocmuueckoro mycopocobopiinka (KMC) mns 3axsara KM u
TIepeBo/ia €ro Ha OpOUTY 3aXOPOHEHHUS TMOO €ro yNpaBisieMOro CBEAEHHS B IUIOTHBIE CIIOH
atMocdepsl 3emmu.  [{nd MaHeBpHPOBaHHA MOTYT OBITH HCIIOJB30BAaHBI Da3IUYHbIC
CpeacTBa:

— xumndeckue nurarenu (Robotic Geostationary orbit Restorer, 2003);

— «COJIHEYHBIH apyc»;

— a’pOoAMHAMHUYECKAs CHCTEMA,;

— anekTponuHaMudeckas cucrema (Dardini, 2006).

2) Hcnonb3oBaHHEe MHOTOPA30BbIX TPAHCIIOPTHBIX KocMuyeckux kopabmein (MTKK)
tuna «Cnetic [llatta». [To3Bonser adpdexTrBHO ocymecTBuTh 3axBaT KM, B TOM 4ncie u
BBIIIEIINA TOCPOUHO C 3KcITyaranuu KA, Npon3BOIUTH MENKUII €T0 PEMOHT U Jaxe
nocraBky nenHoro KA Ha 3emmo. Henocratkom sBisieTcst BBICOKash CTOMMOCTh H
orpanudenust o opbure. Kpome toro, mocne 2010 roga skcmiayaranus MTKK «Creiic
IMaTTn» He npeanonaraercs.

3) Hcnonb3oBaHWE TOHKOCTCHHBIX KOHCTPYKIMH, MPU HEIITATHOM CTOJKHOBEHHH C
KOTOPBIMH TIPOMCXOJMT paszpylieHne KM ¢ mocienyromuM CropaHieM 4YacTH ero
¢parmenroB B atmocepe 3emmu (ITarent 2092409 PP, 1997). Opnako, dHacth
(parMeHTOB pa3pyLIeHUs] OCTAHETCSl HA OPOMTE, YTO MPUBENET K YBEJIMUEHHUIO KOJINYECTBa
menkoro KM u sBisieTcs He COBCEM NMPUEMIIEMO.

4) Hcnonw3oBanue nazepa (I[latent 2092408 Pd, 1997), ¢ nmomouipo KOTOPOTro
mperaraeTcss cBOAUTh KpymHBIH KM B IIIOTHBIE cion atMocdepsl 3a CU€T CO3MaHuUs
peakTHBHOM cuiabl mpu cyOnaumaiuu BemectBa KM moa Bo3meHCTBHEM J1a3epHOTO
n3IydeHns. BO3MOXHO, HCIONB30BaHHME J1a3epa KaKk HAa3eMHOro Oa3MpoOBaHHS, TaK M
KOCMHU4YecKoro. Ha cerofHsHuii JIeHb CYyHIECTBYET OSKCIEPHMEHTANIBHBIA 00paser
Ha3eMHOTO Jla3epa.

5) Ucnonw3oBanue conHeunoro kouieHntpatopa ([Tarent 5120008 CIIA, 1992). C
€ro MOMOMIBI0 TpeIaraeTcsi CBOAUTh KpynHed KM B TUIOTHEIE CIIOM aTMOC(EPHI 3a CUET
CO3JJaHUSl PEaKTHBHOW CWiIbl npu cyOnumanuu BemectBa KM moj Bo3xeiicTBreM
KOHIIEHTPHPOBAHHOTO COJIHEYHOTO M3ITyUCHUSI.

Taxxe mnpoOnemMa COCTOMT B BO3pallleHUH B aTMocdepy 3eMiIM KOCMHYECKHX
o0bekToB. 3a nocnenHue 40 et ux ormedeno 6onee 16000. B teuenne nociennux S5-tu
JeT IPUMEPHO pa3 B HEAENIO MPOUCXOAUT MoMNajaHue B atMocdepy 00beKTa ¢ IUIOma b0
IIOMEPEUHOro ceueHus okojio 1 M. BXOkKIEHHME TOro WM MHOTO 00BeKTa B aTMocdepy
CBSI3aHO HE TOJIBKO C OMACHOCTBIO MEXAaHHMUYECKOTO yJapa, HO M C BO3MOKHOCTBIO
XMMHYECKOT0 JIM00 paJn0IOTHIECKOT0 3apaskeHNs OKPY KaroIeH Cpe/ibl.

Oo0bexT KM, ynaBuuii Ha 3emiio (Anrius) (http:/news.siteua.org/)
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JanbHeilme Hamm — WccnenoBaHWs — OyAyT — HampaBleHBl Ha  pa3paboOTKy
koHCTpYKTUBHBIX cxeM PH, Pb u KA, npexycmarpuBaronix He JOITyIIeHHs 00pa30BaHUs
KM, a raxxe arnmaparos tiuna KPM u KMC st coopa, pemonTa mim ytuiuzanun KM.

B 3axmioueHMn ciemyer OTMETUTh, YTO JIOOble pabOThl B 3TOM HAIPaBICHUU
SIBJISIFOTCSL BECbMa aKTyaJbHBIMH JIQ)K€ C TOM TOYKH 3PEHHMsS, YTO OCBOEHHE KOcMoca JaéT
OTPOMHYIO IOJb3Yy U 3HAYUTENBHBIM IPOrPECC UEIOBEYECTBY, HO JAalbHEHIIas
SKCIITyaTalys Hallero KOCMoca CYIIECTBYIOIIMMH METOAaMH, 0e3 NPUHATHS yKa3aHHBIX
BBIIIIE MEPONPHUATHH, HE TMO3BOJHT €ro JaJbHeHIIee 0e30MacHOe OCBOCHUE YXKE IOCIe
2055 rona.
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PELIEH3II

MoHueHko B. N. CBo60aHOXMBYLME LMKIIONOO6pa3sHble Konenoabl
MoHTto-Kacnuinckoro 6accenHa. — K. : HaykoBa gymka, 2003. — 351 c.

Momnorpadust axagemuka HAH Ykpaunsr B. Y. MondeHko mocBsiieHa oqHoi 13 Haubosee
PacIpOCTPaHEHHBIX TPYIIIT BECTOHOTHX PaKOOOPa3HBIX — CBOOOJHOKHBYIIMM LUKIOMO0OPa3HBIM.

HccnenoBanus aBTopa oxBaThiBatoT Bce Mopst [lonTto-Kacnuiickoro 6acceiina (UepHoe, A30B-
ckoe, Kacrmiickoe, Apanbckoe), a TakKe U IpPECHbIe BOABI BOJXOCOOpHOro OacceiiHa 3THX MOpEH.
HawuGouiee 1oytHO TaKoke UCCieI0BaHbl IPECHBIE BOJBI Y KPauHbI.

B MoHoOrpagum paccMaTpuUBarOTCSL IyTH PEIICHHs OOIIMX BOIPOCOB DBOJIOLUH M OHOJIOTUH
IIUKJIONI000pa3HbIX. Pa3paboTaHbl MpEICTaBICHUS] O PErPECCHBHOI OJMIOMEpH3allMi KOHEYHOCTEH
BECJIOHOTMX PaKoB, K&K OCHOBHOM HaIpaBJeHHH MX Mopdoiorndeckoil sBomornuu. V3snaraercs ru-
HOTeTHYeCKasi KapTHHA YBOJIOIMOHHOTO ()OPMHUPOBAHUS BUIOB y IIUKIONO00Pa3HBIX, CYIIECTBEHHBII
MOMEHT KOTOpOW — HaJIMYKe JIBYX IOCJIEIOBATENIbHBIX ATAIlOB BUI000pa3oBaHus. [1epBrIil n3 HUX —
00pa3oBaHUE KPUNTHYECKOTO BUJIA IIPH CTAHOBJIEHHN Oapbepa HECKPEIINBAEMOCTH Ha OCHOBE M3Me-
HEHUSI OJHOTO WJIM HEMHOTHX aJUIeNeH, KOHTPOJIHMPYIONIMX B OCHOBHOM TOT WJIM HMHOI (hepMeHT.
JIume BTOPBIM 3TaroM SBISETCS (POPMHPOBAHUE MOP(OIOTHIECKOTO BHAA C TEHETHYECKH CIIOXKHO
KOHTPOJIMPYEMBIMH IUTACTUYECKUMH TIPU3HAKaMH. ABTOp TIpeijiaraeT pa3pabOTaHHYIO THIIOTE3Y
YaCTOTHO-BEPOSTHOCTHOI 3KOJIOTMYECKOH JETEPMUHHPOBAHHOCTH B CBS3U C YaCTOTAMH €CTECTBEH-
HOH BCTpedaeMocTH nukionos. MccnenoBana cBoeoOpas3Hasi 0COOEHHOCTh MPECHOBOAHBIX IIUKIIONOB
1 WX CIIOCOOHOCTH BIAJaTh B AWarnay3y Ha IIEpUOA BO3IACHCTBUS HEOIArONPHATHBIX CE30HHBIX (hak-
TopoB. OGOCHOBAH BBIBOA O MOIH(AKTOPHOH 00YyCIOBICHHOCTH ACHCTBHS MEXAaHU3MOB MEPEKIIOUe-
HUS (PU3HOJIOTUYECKHUX NPOLECCOB C PABHOMEPHOTO MHAMBHAYaIbHOTO Pa3BHTHS Ha CE30HHOE CO-
CTOSIHHE TIOKOSI M 00paTHO. BHEceH cyliecTBeHHBIH BKJIaA U B pobieMy 3o0orerpaduu.

YCTaHOBJICH TakXKe BHIOBOI COCTaB MOPCKOW M TPECHOBOAHOW (ayHBI IHKIOMOOOPAa3HBIX
ITonro-Kacnuiickoro 6acceitna. COOCTBEHHBIE W JUTEPATyPHBIC JaHHBIC CBHUICTEIBCTBYIOT O TOM,
970 50 BUIOB HUKIOMOOOPA3HBIX SBISIOTCS MIPOMEKYTOYHBIMHU X035€BaMH 172 BUIIOB TeJIbMUHTOB.

B rnaBe 1 aBTOp MOJUEPKUBACT, YTO UIS UCCIIENOBaHMIA ObII cOOpaH MaTepual B KOJMYECTBE
5550 npob, mepenanHbiit ApyruMu JunamMu — 808 mpoO, TakKe MCIOIB30BAaHBI MaTepHaibl GoHAa
31H PAH B xonmuecte 846 mpoO.

Marepuainsl Ha nodepexse UepHoro Mopst codupanuch B 3anuBax SAropisinkom, TeHAPOBCKOM,
Hosopoccuiickom, I'enenmxuxckom B Teuerne 1969-1974 rr., na nobGepexse A30BCKOTO MOps — ¢
1968 no 1980 r. B 30 myHkrax. 13 MukcoranuHHsix Boa A3oBo-UepHoMopckoro Hacceiina Obl1o 0TO-
6pano 867 mpob, 137 — u3 pasHocoieHbIX BoA, 3 J{HenpoBcko-byrckoro numana 66110 00paboTaHo
119 npo0, u3 HuzoBbeB JyHas — 440 npo6. [To numaHaM U yCThsIM pek A30BCKOTro Mopsi cobpano 83
npoObl. bbut 0TOOpaHb! MPoOs! B yCThsX pek OburouHas, bepaa, Kamsmuyc. U3 YepHoro u A3oB-
CKOT'0 MOpeil BMecTe ¢ X JMMaHaMH M IPHYCThEBBIMH IIPOCTpaHCTBaMu obpaboTtano 1386 mpob.

Marepuainsl, coOpaHHbIE 110 BHYTPEHHHM KOHTHHEHTAIBHBIM BoJaM A30BO-UepHOMOPCKOTO
Gacceitna, cocraBisiroT 3782 npoOel, Matepuaibsl no dayHe Ykpaunckux Kapmar cocraBmstor 250
npo6, no Kpeimy — 103 npo6s1. Ha KaBkase cob6pan matepuan B paiioHax: Tanbimr u Mansriit KaBkas,
Kapabaxckwuii, 3anre3ypckuii, Amxapo-VimepeTnHckuii, XeTTckuil, ApceaHcKuil XpeOThl, CeBEepHbIE
CKJIOHBI U I0HbIe ckIoHBI bosbmoro Kaska3za. B nientpansnoit yactu I'py3un — okpectHoctu Kon-
sopu, Carape/pko, B JIECHKOpaHCKOH HU3MEHHOCTH, 03. PHIla M MHOTHE Ipyrie perHoHbl U 00BEKTHIL.

I'naBa 2 mocBsiieHa aHaNU3y CEPbE3HBIX HENOCTATKOB HOMEHKIIATYPHBIX MPOOJIEM, KOTOPbIE
HaKOIWIKCh B MPOLIECCE MHOTOJICTHUX MCCIJICIOBAaHUIl YYEHBIX, pabOTaloMNX B 00IACTH BBISBICHUS
1 TIO3HAHHUS UKJIONOOOPa3HBIX NpeICTaBUTeNeH SHTOMO(ayHEIL.

VYkazaHHas TJIaBa, Ha HAII B3MJL, SIBISIETCS 00Pa3oM HMPHCTAIBLHOIO MHOTOJICTHETO TPYAA, MO-
CBSIIICHHOTO YTOYHEHUIO U BBIIBJICHUIO OMIMOOYHBIX OINpE/eNIeHHH M HEBEPHOTO HOMEHKJIATypHOTO
MIPUCBOCHNS] HANMEHOBAHMS BU/IaM U MO/BHAM, KOTOPOE YacTO HE COOTBETCTBYET JEHCTBUTEILHOCTH.

JIs yTOYHeHNsT MHOTUX BU/IOB IIpefCTaBHUTENeH MUKION000pa3HoH (hayHBI aBTOp OOHAPY KHIT
OTPOMHBIH IIOTOK HETOYHOCTEH U 3201y KIeHHH, TPUYINHON KOTOPHIX SIBUINCH CIIOXKHBIC MOP(OIIOTH-
YecKHe JUHAMUYECKHE MPOIECCH], NPOTEKAloNINe B MPOCTPAHCTBE M BO BPEMEHH, YTO NPHUBOINT K
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BBIIBJICHHIO JKETaeMOT0 3a AeiicTBUTeNnbHOE. Takas BEICOKONPOIYKTHBHAsS paboTa ¢ Mopdonorude-
CKO MOIUMOP(HOCTBI0 MOXKET AaTh LIAHC TOJIBKO BBIAIOLIEMYCs, TAIAHTIMBOMY, TOHKOMY aHa-
JIUTHKY-UCCIE0BATENIO, 3aMEUYAaTEIbHOMY €CTECTBOMCIIBITATENI0 U TEPNENUBOMY  CIELHAIUCTY,
MEPEONPEAEIUTh U BBIIBUTH MPOMAXU MPEIIIECTBYIONMX CIENUAINCTOB, BHECTH SICHOCTb, YTOUHE-
HHS, UCTIPABICHUS U MPUIATh OTASIBHBIM BUJAM U TOJBHAM UCTHHHYIO HOMEHKIATYPHYIO MPUHA-
JIEXHOCTh U SKOJIOTHYECKOE COOTBETCTBUE BUA YCIOBHAM OOHTaHUSI.

31eck aBTOp YCHENIHO HCIONb30Bal M HAaXOJKM MHOTHX APYTMX HCCIeRoBaTelel, KOTOpbIe
BHECJIM CBOIf BKJIaJ B Hay4HO OOOCHOBAHHYIO0 HOMEHKJIATYPY M KJIACCH(UKALMOHHYIO NPUHAUICHK-
HOCTB IIPEICTaBUTEINICH HUKIONO0Opa3HbIX. [J1aBa sBIsETCS 00pa3LoM aHATUTHKO-CHHTETHYECKOTO
MO/XO0/1a K ITOJOOHBIM CIIOKHBIM U 3aIlyTaHHBIM MaTepHaiaM, ¢ KOTOPBIMH HPUXOAUTCS 4aCTO BCTpe-
YaThCs CUCTEMaTHKaM, HcClIeayomuM ¢iuopy u ¢ayHy Hameil MHOroaukoi mianersl. Kak ormeua-
JIOCH BBIIIE, aBTOP 33JaJICS LIENbI0 IIePEONPEIeIUTh U NCIIPABUTh LIENbIH Ps OMIMOOYHBIX OIpeerne-
HUH KaK OTEYECTBEHHBIX, TaK M 3apyOeKHBIX YUEHBIX, KOTOPBIE Pa0OTaM MPEHMYIIECTBEHHO BO
BTOpOii nososune XIX B.

B ruaBe 3 usnaraercs dayHucTHdeckuil cocTaB Lukionoodpasusix [Tonto-Kacnmiickoro Gac-
ceifna, roxkHbIX Mopell CHI', usydenHocTs rpynnsl B UepHoM U A30BCKOM MOPSIX.

31eck IpUBOASATCS NaHHBIE COOpaHHBIX P00 B YepHOM M A30BCKOM MOPSX M HOAPOOHEBIE 00-
30pHBIC MaTepHalbl B COOTBETCTBYomuUX Tabmmmax Ne 4 u Ne 5, a taxke Matepuainsl 347 o6pabdo-
TaHHBIX P00, B KOTOPBIX IIUKJIONO000pa3Hble 00HapykeHs! B 136 mpobax.

BupoBoii cocTaB IMKIONO00Pa3HBIX HOJIUTAIMHHBIX BoA YepHOTro Mops okasaics 0ojee 4eM B
HOJITOpa pa3a pa3HooOpasHee, YeM JJaHHbIe, IPHBEACHHBIC B IUTEPATYPHBIX CBOAKAX. 31€Ch MpoaHa-
JIM3MPOBAHBI ME30TAIMHHBIE BOIBI A30BCKOTO MOpSI, MUKCOTaJIHHHEIE BOIBI A30B0-YepHOMOpCKOrO
6acceitHa, 9K0JI0r0-(payHHCTHIECKHE TPYTIIH IUKION000pa3HbIX MUKCOTATMHHBIX BOA 1 Kacmuiicko-
T0 MOpsi. B MHOrO4HCIIeHHBIX TabIHI[aX U371araeTcsl BUIOBOM COCTaB, a TAKXKE BCTPEIAEMOCTh U (ay-
HHUCTHYECKas HOBU3HA, UX CHCTEMAaTHYeCcKoe MOJIoKeHue. VHTepecHbIe JaHHBIE TIPUBOSTCS 10 K-
J01000pa3HEIM ApanbCKOro MOpsl. JTH MaTepHajibl B HACTOSIIEe BpeMs, Koraa ApalbCKoe Mope
UCYE3JI0, IMEIOT, 0€3yCIOBHO, HEU3MEPHUMYIO HAy4HYIO [IEHHOCTh KaK CBHIETEIH MPOLIIOro (ayHH-
CTUYECKOTO Pa3sHO00pa3usl, XpPaHAIIEro B ce0e MHOXKECTBO HAYUHBIX TalfH.

Jlanee aBTOp aKIEHTHPYeT BHHIMAaHUE YUTATENEH HA Pa3HOOOpa3HH MOPCKHX LIUKIONO0Opa3-
HBIX B F0)KHBIX Mopsix CHI™ u npyrux gacteit MUpOBOro OKeaHa M BO BHYTPEHHUX KOHTHHEHTAJIBHBIX
BomoeMax. OcoOblii MHTEpeC BBI3BIBAIOT OTKpPBITBIE BomoeMbl A30Bo-UepHOoMopckoro Oacceiina,
BozoeMsl Oacceiina Kacnuiickoro Mopsi, KOIoaubl ¥ pOAHUKY PaBHUHHBIX paiioHOB. OOpaboTaH ma-
Tepuai, coopanHblil B BocTouHbIXx Kapnarax u 3akapnarse, a Taxoke Ha KpbIMCKOM IOIyocTpoBe U Ha
KaBka3ckux ropHbIX MaccuBax. Bce Marepuanbl JTOKYMEHTHPOBaHbI 29 MHOTOMH(OpPMATHBHBIMU
TaOIMIAMH U TTOJPOOHBIM aHATUTHYECKUM TEKCTOM.

I'naBa 4 mnocesmaercs 3ooreorpaduyeckoMy aHauM3y LUKIONooOpasHelx  IToHTO-
Kacnniickoro 6acceiina.

ABTOp MOJYEPKUBACT, YTO IeOJIOTHUCCKast UCTOpHsi A30Bo-UepHOMOpCKOro OacceiiHa cBsi3aHa
¢ ucropueit Kacruiickoro Mopsi ¥ BMeCTe ¢ TeM OTJIMYAeTcss COOCTBEHHBIMH OocoOeHHOCTsMU. U Te-
Hepb, KOrJia BUI0BOH COCTaB IUKIONO00pa3HbIx YepHOro 1 A30BCKOTr0 MOpei yBeIH4eH aBTOPOM OT
12 1o 31 monuraaMHHOIO ¥ MHKCOTaJMHHOTO BHJA, HE BCTPEUYAIOLIErocs B IPECHBIX KOHTHHEHTANb-
HBIX BOZax, a B Kacruu o6Hapy»xeHo ¢ 6 10 122 Takux ke BUIOB, aBTOP COBEPIIEHHO BEPHO CUUTA-
€T BO3MOXKHBIM JIaTh COOCTBEHHYIO HEPBYIO 300reorpaIecKylo XapakTepUCTHKY IPYIIIBI Ha OCHO-
BaHMH XOPOJIOTHYECKOT0 aHAJIH3A.

Janee m3maraioTcst 30ooreorpaguieckue KOMIDIEKCH IMKiIonoobpasuex Kacmmiickoro mops,
UYepHoro u Azosckoro mopei, [ToHTo-Kachnmiickoro aBTOXTOHHOTO KOMIUIEKCA IMKIOIIOOOPa3HBIX
KaK eIMHOTO MOHATHS, 300re0orpaguIecKoro KOMIUIEKCA IIUKIIONH BHYTPEHHIX (KOHTHHEHTAIBHBIX)
BOJIOEMOB.

B rnaBe S pemraroTcs camble HHTEpPECHbIE M OTBETCTBEHHBIC 33/1a4M, IIOCBSIIEHHBIC CHCTEMA-
THKE [IUKIJIOI000Pa3HBIX:

® [UKJIONIO0Opa3HbIE B CHCTEME KOTIETION;

® cucrema KOIeHos;

® MECTO IMKJIOI000Pa3HBIX B CHCTEME POJCTBEHHBIX TAKCOHOB CXOIHOTO PAHTa;

® MOp(oIOrnIecKre 3aKOHOMEPHOCTH BOJIIOIMH IUKIONO000Pa3HBIX;

B urore aHammza OrpoMHOr0 MOpQOJIOro-3BONIOLMOHHOTO MaTepuala yCTaHOBIEHO, YTO Yy
IUKJIONO0OPa3HBIX BBISBICHO HAJIUYUE KOPPENSLMOHHBIX 3aBUCHMOCTE MEXTy pa3sMepamu Tela U
CTENEHBIO OJIMTOMEPH3AIIMN TapaKalbHBIX KOHEUHOCTel. IIporiecc yMeHbIIEHHS Pa3sMEPOB SIBISETCS
BefymuM. OnuroMepusaliys BOMIOIMOHHO HeoOpaTuMa, ee JajbHelInee pa3sBUTHE KaHATU3UPOBAHO
Y caMa OHA JIOJDKHA PAacCMATPUBATHCS KaK OfHA U3 GOPM OPTOreHETHYECKOH 3BOJIOIUH B )KUBOTHOM
mupe. HeBOJIBbHO MPUXOANUT MBICIB O TOM, YTO B YCJIOBHSX 3€MHOTO IPaBUTALMOHHOTO ITOJIST KaXKIbIit
THIT )KUBOTHBIX MMeeT HamOojee yIoOHBIE IS HEro pa3Mepbl, N3MEHEHUS] KOTOPBIX HOBIICKIIO OB
n3meHenue U ¢opMel. CooTHOLIEHHE OOBEMOB, Pa3MEpPOB M Macc OIpEeAeIsieT, HalpuMmep, mapyc-
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HOCTb TIBUIBLIBI i CEMSTH PACTEHHH U CIIOCOOBI X MepeHeceH s. FI3BECTHO, YTO eCiU [UIHHY, BBICOTY U
MIMPUHY XUBOTHOTO yBeIH4HTh B 10 pa3, To Macca ero m3menurcs B 1000 pas, a moepxnocts B 100
pa3. IIoHATHO, YTO MPHU 3TOM JOJDKHO MEPECTPOUTHCS BCE TEJIO.

Botr Ha Takue pa3MBILUICHHS] HATAIKHBAIOT BEIMKOJCHHBIC MCKIIOYMTEIHHO MHTEPECHBIE OT-
KPBITHSI, KOTOPbIC TPUBOAUT ABTOP B CBHX KIIACCHYECKUX HCCIICTOBAHMUSX.

I'naBa 6 mocBsiieHa 3aMeTKaM [0 CUCTEMaTHKE M COCTaBY POJIOB. ABTOp JIOTUYHO PACCYKAAeT
0 TOM, YTO €CJIU CYIIECTBYET OJIMFOMEpH3alsi Kak OCHOBHOE MOP(HOIBOIIOIIMOHHOE HAIPABICHHE B
Pa3BUTHU TPYIIIbI, TO BIOJHE JIOTHYHO MPEANONOKEHHE 00 HCXOHO 3-4JICHHCTHIX BETBSX TOpaKajb-
HBIX HOT' y IIUKJIOII00OPa3HBIX.

ABTOp pacKpbIBaeT POACTBEHHBIC OTHOLICHHS MEXIY CBOOOJHOXKUBYIIUMHU CEMEUCTBAMU —
cemetictBo Cyclopinidae sars, 1913, cemeiictBo Oithonidae, 1852, cemeiicteo Cyclopidea claus,
1863, 1enblii psia MOJACEMENHCTB.

B rmaBe 7 aBTOp paccMaTpUBaeT KPUITHUYECKUE BUIBI U OCOOCHHOCTH BHIO0Opa30BaHHS Y
IIUKJIONI000pa3HbIX. M3ydaroTcst TpyAHO OOBSCHUMBIE BOIIPOCH! 3apaKEHUSI U HE3apa)KEHUsI B IKCIIe-
PUMEHTE IMKJIONOB OJIHOTO M TOTO K€ BHUJA OIPE/ICIICHHBIM BUJIOM I'€JIbMHHTA WM 3BIJICHOUIU/IBL.
IIpennaraercs nuadopMaTuBHas TabNMIa-cBOAKAa IPOTHBOPEUMBLIX JAHHBIX O 3apa)kKaeMOCTH IIUKJIO-
1ooOpa3HEIX TeIbMHHTAMH B dKCHepHMeHTe. [lanee MPUBOIATCS TAaHHBIE SKCIIEPUMEHTAIBHBIX HC-
CJICIOBAaHMI! KPUNTHIECKUX BUIOB C HCIONB30BaHUEM ICHETHIECKHUX IIPHEMOB; HCCIIEJOBAHNE KPHII-
THYECKUX BUJIOB BHE YCJIOBUH SKCIIEPUMEHTA; OCHOBHBIE IIPEANOCHUTKH KPHIITHIECKOTO BUI000pa3o-
BaHHs [IUKJIOMOOOpa3HbIX. BhI3bIBAET HHTEPEC IIOpPA3JIel, IIOCBSIIEHHBIH MOMYJISIIHOHHBIM OCOOEH-
HOCTSIM [UKJIONTOO0PA3HBIX U MOCIIEI0BATENBHOCTD HX CIIEIHAIINH.

B ruaBe 8 ocsemarorcs mpo0ieMpl CHMONOTHYECKIX ACIIEKTOB B3aMMOJCHCTBUH IIUKIIONO00-
pasHbix co cpenoil. Obpaiaercss BHUMaHue Ha (AKThI, YTO [HKIOMbI SIBISIFOTCS MPOMEKYTOUHBIMU
X035€BaMH TEJIbMUHTOB H O00BEKTOB 300()arn MapasuTHPOBAHHA AN OBIICHOBHIX (euglenoidida),
KaK XO3seBa Mapa3sUTHYECKUX TpHOOB, KaKk HOCHTENU CHMQOPHOHTHBIX HH(pYy30pmii (peritricha,
sessilina, suctoria).

I'naBa 9 nocesmena noaudakTopHOH 00yCIOBISHHOCTH Mepexoa IUKIONOB B COCTOSHHE IO-
Kost. VI3MeHeHne YUCIeHHOCTH OMOMAcChl TPECHOBOAHOIO IUIAHKTOHA OTMEYEHBI OCEHBIO U BECHOI.
OnHAKO UCTHHHOM MPUYHMHBI ITOTO SIBIICHUS [TOKA HEYCTAHOBICHHO. B CBSI3U C 9THM, HOMBITKA aHa-
nM3a MPUYUH TaKOTO SIBJICHHs, CONMOCTaBleHne (HaKTOB U MPUBJICYCHHE HOBBIX JAHHBIX MOTYT CIIO-
cOOCTBOBATH PELICHHIO STOr0 HHTEPECHOT0 OHOJIOTMYECKOro CBOMCTBA.

ABTOp cuuTaer, 4YTO HamOOJee IIMPOKOE PACIPOCTPAHEHHE OSTOrO SBICHUS MHPHCYILIC
Cyclopidae.Tak, Hampumep, 13 950 U3BECTHBIX BHIOB, MOABUIOB U (opm 3TOro cemeiicrea mis 34
y’Ke yCTaHOBJIEHA CIIOCOOHOCTh BHAJaTh B COCTOSIHHE MOKOs. B pe3ynbTaTe COOCTBEHHBIX IKCIICPH-
MEHTOB aBTOpa YCTAQHOBJICHO, YTO B OOJBLIMHCTBE CIyYacB B aKTHBHOE COCTOSHHE M3 COCTOSHUS
MOKOSI BO3BPAIAICh 0CO0U 4 1 5 KomenoaguTHbIX ctaguii. KoHKpeTHbIe (hakTOpbl, KOTOPBIE CHOCO0-
CTBYIOT IIEPEXO/y IIMKJIONOB B COCTOSIHHE MOKOS M BO3BpAILICHHE B aKTUBHOE COCTOSIHUE 3TOTO IPO-
mecca 0 HACTOSIIEr0 BPEMEHH MOJHOCTHIO HE BBIICHEHBI. ABTOPOM IOJTBEP)KIECHO TOpPMO3sIIee
BIMSIHUE KOMHATHO# TeMIiepaTyphl Ha pa3Butie Acanthocyclops vernalis (Fisch.). DToT dakT ObuT
TIOATBEPKIECH HAOMIOAEHUAMH HaJl Ce30HHOW JMHAMHKON IUKIIONOB B noime J[Henpa mox Kueom.
W3noxeHHbI MaTepuan JoKyMeHTUpyeTcs Tabnuieit No 64, B KOTOpOW MEPEUYHCICHBI BHIBI U TEM-
nepaTypHbIe TOPOTH HAJIMYHS B INITAHKTOHE aKTUBHBIX MOMYJIIIMI psiia BUJIOB IIUKIIOIOB.

OnHY aBTOPHI NMPUAAIOT OOJIBIIOE 3HAYCHHE KOJNMYECTBEHHBIM IOKA3aTeNsIM HAJIMYKs KHMCIOPO/a,
Jpyrue OOBSCHSIOT MEPEX0]] B COCTOSHUE MOKOSI YBEIIMUEHHEM COJICHOCTH, 3aBUCUMOCTBIO OT JMHAMUKH
CBETOBOTO (haKTOpa, IMPOIOIKUTETEHOCTH CBETOBOrO AHS 1 Jp. OHAKO, [T0 MHEHHIO aBTOpA MOHOTpaduu
B. 1. Mownuenko, 6uonormdecky 6ojee ONpaBJaHHBIM SBISIETCS HAMMUYHE CIIOCOOHOCTH Y OpraHU3MOB
pearupoBaTh Ha OJHOBPEMEHHOE BO3/IEHCTBHE ITHX (hakTOpoB. Peub mier o KOMIUIEKCHOM BIMSIHHM (hak-
TOPOB IPH KX B3auMozeiicTBIN. COCTOSHIE TIOKOSI HE SBILIETCSI, TTO-BHINMOMY, 00s3aTeNIFHON HETIOCpe -
CTBEHHOI! CIIOHTaHHOH peakmyel Ha ONpe/elleHHbIe HeOIaroNpHsATHBIC BHEIITHHE BO3ICHCTBHSL.

Heo6xoauMo 1mMoquepKHyTh O LEJIOM pPsifie OTKPHITHH aBTOPOM, KOTOPHIH B pe3yNIbTaTe MHOTO-
JIETHUX U MPUCTAIBHBIX HCCIEIOBAHUN BHOCAT B MpoOJIeMy MONU(AKTOPHOH 00yCIOBICHHOCTH Ie-
pexo/ia MUKJIONOB B COCTOSTHHE ITOKOSI MHOTO HOBOTO, OPUTHHAIIBHOTO.

MeTom0I0rn4ecKr COBEPIICHHO MPABIIBHO YTBEPXKACHUE aBTOpa O HEOOXOMUMOCTH CHCTEM-
HOT'O KOMIUIEKCHOTO MOAXO0Ma JUIS TOMy4eHus: Hanbonee 000CHOBAHHBIX PE3yJbTATOB. TH HCCIIe-
JOBaHUSI MIMEIOT KOJIOCCAIBHOE 3HAUEHHUE JUTs OMOC(EPHBIX MPOIIECCOB, B KOTOPHIX OOMTAET YEIOBEK
¢ 3a00TOif 0 CBOEM 3[I0pPOBbE U CKPBITHIX, YTACHHBIX (PAKTOpaxX CPedbl, YaCTO SBISIOIIMXCS TPUIHU-
HOHM €ro II0XOT0 COCTOSTHUS.

Takum 00pa3oM, HUKIOMOOOpa3Hble, HacuuThIBaonme okojo 1000 BHAOB, OOHMTAOIIUX BO
BCEX THUIAX BOJOEMOB 3€MIIH, B AOHHBIX M 3apPOCICBBIX OMOTHIPOLCHO3aX MPECHBIX U MOPCKUX BOI
IUTAHEThI UTPAIOT Pa3HOOOPa3HYI0 METabOIMYECKYI0 POJb B MX 3KOCHCTEMaxX M 4acToO MPHOOPETaloT
peliaronee 3HaYeHHe B COXPAaHEHHH YCTOHYMBOCTH MX (yHKIHMOHHMpOBaHMs. Bmecte ¢ TeM, 10 Ha-
CTOSILIIEr0 BpeMeHH (YHKIMOHAJbHAs POJb KOIMENOo | U3yyeHa HeJoCcTaTouHo. B nmeroreiics oteue-
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CTBEHHOW M 3apyOeKHOH JINTepaType CBEIACHHS MO BECIOHOTMM PAaKOOOPa3HBIM MOCBSIIEHBI HCCIe-
JIOBaHUSIM MOP(OIOTUY, CUCTEMAaTUKH M (uiioreHun HaHHOW rpymnmbl. OHM B OCHOBHOM COJEpIKaT
(ayHo-Mopoornueckuii MaTepuan ¢ 000CHOBAaHHEM TEX MJIM MHBIX TAKCOHOMUYECKHX CUCTEM MM
JIOTIOJTHEHHSAMH K YK€ CyLIECTBYIOIINM KIaCCU(DHUKALMAM.

B nannoit MoHOrpaduy, B OTIMYME OT yKa3aHHBIX BBIIIE, aBTOPOM PACCMOTPEHBI ITyTH pellie-
HUsL OOIIMX BONPOCOB 3BOJIIOLHMU U OHONOTHM IMKIONO00pa3HbIX. MM, B yacTHOCTH, pa3paboTaHbI
MPEJICTAaBICHUS] O PETPECCUBHOI OJIMroMepu3alul KOHEUHOCTEH BECIOHOIMX PAyKOB KaK OCHOBHOM
HAIPaBJICHUH UX MOP(OIOrHIECKON IBOIIOLUH, KOTOPBIE HOCAT HECOMHEHHYIO Hay4YHYIO HOBH3HY.

B moHorpagun axagemuka B. 1. MoHueHKO mojBeneHsl UTOrH Mo4TH 30-JIETHEro M3ydyeHHs
ABTOPOM LIMKJIONOOOPA3HBIX KOIEIO/, PACCMOTPEHbI ITYTH PEIICHHs] OOIINX BOIPOCOB 3BOJIOLUH U
OMOJIOTMH ATOW CHCTEMaTHYeCKO rpynmbl. DayHUCTHYECKUE UCCIIEI0BaHNs aBTOPA OXBaTHIBAIOT BCE
Mops Tonro-Kacnuiickoro 6acceifHa 1 mpecHbIe BOIBI 3HAUUTEIFHOW 4acTH BOJOCOOpPHOTO OacceifHa
3THX Mopel. HecMoTpst Ha To, 4TO aBTOpOM HamboJIee MOITHO HCCIeIOBaHbI IPECHBIE BOJBI Y KpauHbl,
Marepuai MoHorpaduu B OOJNBIINHCTBE IJIaB HE SBISCTCS PETHOHAIBHBIM U paccMaTpuBaeT Ipodie-
My B miobanbHOM Maciitabe. B 3TOM IulaHe MONHOCTBIO BEIXOAUT 332 PaMKH YKa3aHHOTO PETHOHA
COZIepXKaHKe TJIaB, MOCBSIIEHHEIX MOP(OIBOITIONIOHHBIM OCHOBAM CHCTEMAaTHKH KOIIeTo, (uore-
HETHYECKUM OTHOIICHHEM HMX HAIBHIOBBIX TAaKCOHOB, OCOOCHHOCTSM BHI000pa30BaHUS, CHMOMOTH-
YECKUM acleKTaM MX B3aUMOJEHCTBHUS O Cpeoif OOMTaHus, PsAia SKOIOTHIECKUX TIPOOIEM.

B onHolt U3 r71aB aBTOPOM PaboTHI NpejcTaBlIeHa THIOTeTHIecKas KapTHHA ABYX IOCIIeI0Ba-
TEJILHBIX JTAIlOB ABOJIOIIMOHHOTO 00pa30BaHUs BUAOB Y IUKIONO00pa3HbIX. B riaBe o cumbuoruye-
CKUX OTHOIICHMSIX 3TOH IPYMIIEI BECIOHOTHX pa3pabdoTaHa TUIOTe3a YaCTOTHO-BEPOSITHOCTHOM KO-
JIOTUYECKOH AeTepMUHUPOBAHHOCTH.

HoBu3Holi oTIM4aeTcss MaTepran B pas3zenax, MOCBAMICHHBIX 300oreorpaduu. U maxe B Tpaam-
IMOHHBIX U1 PaKOOOpa3HBIX HAMPABICHHUAX HMCCIEJOBAHUH aBTOPOM IONYy4YEHBI BECOMBIE HOBBIE
pe3yabTaTel. M ycTaHOBIICH BUIOBOI COCTaB MPECHOBOAHOW M MOPCKOI (hayHBI IUKIONIOO0pa3HBIX
ITonro-Kacnuiickoro OacceiiHa, cpeau KOToporo u3 125 oOHapyeHHBIX BHIOB 0oiee TOJOBHHBI
BIIEPBBIEC YKA3aHBI JUISl HCCIIEAyEMOTO pETHOHa, 55 BUIOB sABIsIOTCS HOBBIMU [yt ObiBiiero CCCP u
29 BHIOB ONMHUCAHbBI KaK HOBBIE JUISl HAYKH. ABTOPOM BBIIENCHBI 5 HOBBIX POJOB, OJJHO HOBOE TOJCE-
MEHCTBO, a JUI UCCIIEA0BAHHBIX NApa3suTOB U 300()aroB — 3 HOBBIX BHJA U 2 HOBBIX POJA, COCTABIECH
MIEPBBII ONPEAETUTENTs MUPOBOH (payHBEI.

OmnpeneneHHslit UHTEpEC MOHOTpadust MpeCcTaBIseT U B NMPAKTHYECKOM OTHOIIEHHH. Marte-
pHaibl aBTOpa MOHOTpaduu 1 TUTepaTypHbIE JaHHbIE CBHIETEIBCTBYIOT O TOM, 4TO 4acTh (50 BUIOB)
LUKJIONOO0PA3HbIX SBJISIOTCS HPOMEKYTOYHBIMU XO3sfieBaMd 172 BUIOB renbMuHTOB. B pabote
HPEUIOKEHO PAJ MEPOIPHUATHH, OIPAaHMYMBAIONIMX MHBA3HIO0 3TUX MApa3sHTOB 4epe3 Tpoduueckue
neny. B yucne oHOro W3 HUX PEKOMEHIYETCs MCIOIb30BaTh 300()aroB (IBIIICHOBbIE U HEKOTOPbIE
rpu0Bbl), TOPAKAIOMINX SHIa U JIUINHKHA KOTEHoA. ABTOPOM BIIE€PBbIE KOJMYECTBEHHO OLICHEHA POJIb
300(haroB B peryJsIUM YUCICHHOCTH Korernon B Bojoemax. CoOpaHHBIN aBTOPOM MaTepual MOXET
paccMaTpHUBaThCS B KAUECTBE ITAJIOHA, K KOTOPOMY CJIEAYET CTPEMUTHCS MIPU peanu3aliu IpUpoIo-
OXPaHHBIX U BOCCTAHOBUTENBHBIX MEPOIPHUSTHH.

[puBenennsie B pabore B. V. MoHueHKO MaTepuaibl MHOTOJETHHUX HCCIIEIOBAaHHM, HECO-
MHEHHO, SIBIISIFOTCSI aKTyaJIbHBIMU, HUMEIOT OOJIBILIOE TEOPETUIECKOE U MPAKTUIECKOE 3HAYCHHE.

Knyra HamucaHa XOpOIIMM JIMTEPATYPHBIM SI3BIKOM, NPEKPAcHO O0(OpMIIEHA, MACTEPCKU BBI-
MOJTHEHBl PUCYHKH, CXeMBI M TaOJIMYHBIH MaTepHal, NPUBJICKATEIbHBIH, C  ICTETUYECKUM BKYCOM
H3rOTOBJICH MEpeIuIeT.

Knura pekomeHgyeTcst JuIsi 300J10T0B, ITapa3UTOJIOr0B, THAPOOHOJIOrOB, SKOJIOTOB, CTYAECHTOB
By30B. OHa OyJeT mosie3Ha u JUIs IOYBOBEIOB, KOTOPHIE pabOTalOT B 0OJIACTH PEKYJIBTHBALUK IIOJ-
TOIUICHHBIX TTOPAa00TaHHBIX TEPPUTOPHIA, B pe3yJIbTaTe MPOMBIIIIEHHBIX Pa3padoTOK B TOJIHHAX PEK,
CIIEIUAINCTOB CAaHUTAPUHU ¥ TUTHEHBI OKPY)KAIOImIEH Cpexbl, a TakxkKe U ydeHBIX, paboTarommx B
cdepe 0XpaHBI OKPYIKAIOIIEH CPeIbl eI0BeKa.

Hacrosmast pyHmaMeHTanbHasi SHIUKIONEUIECKass MOHOTPaQHsi, TTOCBSIICHHAs CBOOOJHOKH-
BYIIUM IMKJION000OpasHeM KomnenonaM ITorro-Kacnmiickoro GacceiiHa, o cBoeMy COAEp)KaHUIO, HO-
BU3HE, 00BEMy MaTepHaa, TIIATEeIbHOCTH OTPAOOTAHHBIX BBIBOJOB U OTKPHITHH MOXET OBITh IIpHUpaB-
HEHa K KIIACCHIECKOMY TPy Ly, KOTOPBI IMEET OrPOMHOE TEOPETUUECKOE M NMPAKTUUECKOE 3HAYCHHUE.

A. II. Tpasnees,
JIOKTOp OMONOTHYECKUX HayK, mpodeccop,
wieH-koppecnonieHT HAH Ykpaunst

A. M. Cymapoxkos,

JIOKTOp OMOJIOTHYECKUX HayK,

TJIaBHBIN HAy4YHBIH COTPYIHHK OT/ENa SHTOMOJIOTHI
HuctutyTa 3epHoBoro xozaiictea HAAH Ykpannst
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Kapma3suHeHko C. . MikpomopdonoriyHi gocnigkeHHsA BUKONMHUX
i cyyacHux rpyHTiB Ykpainu / Bian. pea. ao-p reorp. Hayk XK. M. MaTBiiwuvHa. —
K. : HaykoBa gymka, 2010. — 120 c.

Cama Ha3Ba MoHOTpadii CBITYUTH MPO MIMPOKUH MiAXiJ aBTOpa IO Pe3yNbTaTiB MiKpoMop¢o-
JIOTIYHHX TOCITIHKEHb IPYHTIB YKpaiHH.

Micnst Buxoxy B cBiT MoHorpadii XK. M. Marsiiumuoi B 1982 p. «Mikpomopdoutoris ruieiicto-
LEHOBUX IPyHTIB YKpainm», Monorpadis C. I1. KapmasuHenka po3BuBac gaji ifiei cBOro Buutess i
BJIaCTHBI HayKOBi Tpaauiii Mikpomopdoutoris iHctutyty reorpadii HAH Ykpaiunu.

Momorpadis C. I1. KapmazuneHka npucBsiieHa He TiIBKH BHUKOIHHM, ajie i Cy4acHHM I'eHEeTH-
YHUM THUIAM IPYHTIB, 10 IIPUPOAHO IIOB’SI3y€ MUHYJIHMI XapakTep PO3BUTKY IPYHTOTBOPHUX HpOILie-
CiB 3 Cy4aCHMMH aHTPOINOT€HHO HABAaHTAXEHUMH I'PYHTaMHU YKpaiHu.

B moHorpadii BUALIAIOTECS TpH po3aiin i 14 migpo3ainiB BiANOBIAHOI IiAMOPSIKOBAHOCTI,
BUCHOBKIB Ta CIHCKY JITEPaTypH.

B mepeamoBi aBTop aHalizye pi3Hi MiIX0I J0 OLIHKH MicIisd MiKpoMOpdoJIorii IPYHTIB B CHC-
TeMi HayK i, Ha HAIll OIS, IPABWIEHO Y3aralbHIOE TyMKy 1o «Mikpomopdoiioris I'pyHTIB — 1e i
0co0nMBHUiT METOJ, 1 0cO0JIMBa raly3b IPYHTO3HABCTBA, 110 HAJIEKUTD BiZpa3y ABOM BEJIUKHM PO3Ji-
JIaM: TpaauLiiHOMY — MOP(OJIOTil i HOBITHBOMY — MiKPOIPYHTO3HABCTBY.

Po3nin 1 mpucesyeHuii icTopii po3BUTKY i Cy4acCHOMY CTaHY JOCIIJDKEHb MIKpo Mopdoorii
IpyHTIB. ABTOp BiJJiae HanexxHe MikpoMopdoJIorii Ik po3iay IPYyHTO3HABCTBA 1 IiJKPECIIOE IPiopH-
TeTHe 3HaueHHs HaykoBux npauns b. b. [lomunosa, B. Ky6ienn, P. Bproepa, J. B.Jamagne, J. B. Dal-
rimple, A. Bronger,L, Smolikova, T. Madeyska, K. A. fIpunosoi, O. 1. [Tapdronosoi, XK. M. Matsi-
immao0i, H. A. Binooi, A. II. TpaBieea, B. M. fIxoBenko, H. I'. Minamunoi, T. [I. Mopo3oBof,
T. H. Uypcinoi, K. M. ®somoposa, C, O. lllo6u, C. B. 3onna, M. L. 'opbynosa, B. O. Taprynssna,
T'. B. Jobposombeskoro, M. 1. I'epacumoBoi Ta 6araTboM iHIINM JOCIITHUKAM, SKi BHECIH 3HAUHUN
BKJIQJT B PO3BHTOK MiKpoMOp(doIIorii IpyHTiB.

ABTOp BHIISIE OCHOBHI 3aBIaHHS MOPQOJIOTii IPYHTIB (Me30-, MiKpO-, CyOMikpoMopdoJIorii).

Po3nin 2 npucBsiaeHUi MeTOANKaM MiKpOMOP(HOIOTIYHIX JIOCIiKEHb IPYHTIB. Bi3HauaroTecs
METOOJIOTIYHI aCTeKTH MiKpOMOP(OIOTIYHOrO aHali3y, MOCHiJOBHICTE MiKpOMOpP(HOIOTIYHUX I0-
CITiJPKEHb, TMPONOHYETHCS TAaONHUIA 3arajbHOI iepapXii KOMIOHEHTIB MiKpoOynoBH IPyHTIB. Bei BH-
KJIa/ieH1 OaraTovncensHi MaTepiaiy MiATBEPIKYIOThCA MpeKpacHUMHU MikpodoTorpadismu, ki 6e3-
MOCEPEHBO BiAMOBIJAIOTH TOMY YH 1HIOIOMY IOJIOKEHHIO METOJIAM OLIHKH MiKpoOyIOBH OKpPEeMHUX
MOpP(HOJIOTIYHNX O3HaK IPyHTY. LI kiomiTiuBa i KopucHa podoTta gonae MoHorpadii Kpacu MiHepaib-
HOTO CKJIaAy IPYHTIB Ta NUCHHUIUIIHY€ MOCIIIHUKA IS OTPUMAaHHS 00 €KTHMBHUX MaTepiajiiB Ipu
CKJIaJJHAX MiKpOMOP(OIOTTYHIX CHHTETHYHHX TOCITIHKEHHSIX.

Ha crop. 32 maetbest i110CTpOBaHUiA MprKIaa MOPGOJIOTiYHOI OpraHizalii IpyHTy Ha MPUKIai
YOPHO3eMY THUIIOBOTO Ha PiBHAX IPYHTOBOr0O Mpo(iio i TOPH30HTIB, MOP(OHIB 1 MiKpOOYI0BH IPyH-
1y. Jlomatotecst THu 3abapieHHs B BUrisal tpukytauka C. O. 3axapoBa Ta HaWTOJOBHIIII THOH i
BUJIU CTPYKTYPH, TUIIH eJIeMEHTapHOT MiKpOOYI0BH IIICHCTOLCHOBUX IPYHTIB.

Criyrodi puCYHKH PO3KPHBAIOTh MOPSAKOBICTh i POPMHU CTPYKTYpPHUX BiJOKPEMIICHB, (GOpMH
MOPOXKHUH, BUIU OPraHidyHOl PpeYOBHHH, (POPMH ONTHYHOTO OPi€HTYBaHHs, CKIAZI0BI MiHEpPaIbHOTO
CKeJeTy, BUJU HOBOYTBOPEHb, BUIM HAMHBIB, TUIIH IPYHTOBOI MIiKPOCTPYKTYpH. Bci 1i MOKa3HUKH
BIIJI3€PKAJIIOIOTh OCOOJIMBOCTI SIK Cy4aCHHMX TaK i IUIGHCTOLICHOBUX IPYHTIB. ABTOPOM BiJTBOpEHa
KapTa po3pi3iB IUICHCTOIICHOBHX BiIKIAAIB i Cy4acHUX IPyHTIB Oaceiiny [lHinpa Ta Teputopii Ykpai-
Hu. Doromarepianu MikpoMopQoIIoriyHoi opraHi3anii MIEHCTOIEHOBUX i CyYyacHHX IPYHTIB BHKJIa-
JieHi B pucyHkax 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29. MikpoOy10Ba BUKOITHHX IPYHTIB IMOKa-
3aHa Ha pucyHkax 30-50 3 imoctpoBanumu 182-Ma 1o0Ope BUKOHaHUMH (POTOTOKYMEHTaMH. PuCyHKn
52, 53, 54 (monax 30 ¢oromarepianiB) NpUCBSTYEHI MIKPOMOP(OJIOTIYHUM O3HAKaM OyJIOBH YOPHO-
3eMHHX THIIOBUX PO3pi3iB. Y 3aKIIIOUEHHI aBTOP MiAKPECIIIOE, 10 BUBUSHHS MiKpOMOpQoIIorii IpyH-
TIB He BUKJIIOYAE 3aCTOCYBaHHs iHIIMX MeTojiB. HaBmaku MikpoMopdomnoridauii MeTos HeoOXimHO
3aCTOCOBYBATH y KOMIUIEKCI 3 iHIIUMH METOJaMH, 10 Ja€ 3MOTY IHOIIe IPOHUKHYTH B Pi3HI CKila-
JIOBI IpoIIeCy IPYHTOTBOPEHHS.

B posnini 3 «MikpoMopdoIoTivHi JOCTIPKEHHS IPYHTIB KOHKPETHUX PETiOHIB YKpaiHW» po3-
KPHBAIOTHCSI HACTYIHI OCOOIMBOCTI: 30HU MIlIaHUX (XBOMHO-ITMPOKOJIMCTHUX) JICiB, CTEIOBOI 30HH,
Mikpomopdororis BUKonHuX IpyHTiB, Kananpkuii, [Ipunynskuii, Burauisceknii, JodiniBcbkuii na-
neoreorpadivuni eTany. 3aKkIIOYHA JaCTHHA PO3KpUBAE Haneoreorpadidni eranu GpopMyBaHHS JIECiB 1
JIECOTONIOHNX CYTIIUHKIB.

[igpozain 3.3 npucBsdeHUH MiKpOMOP(HOTIOTIUHIH XapaKTEPUCTHUII 1 OCOOIUBOCTSIM MiKpOOy-
JIOBU CYy4YacHUX I'PYHTIB: JEPHOBO-III30JUCTUX, CIPUX JIICOBUX I'PYHTIB JIICOCTENOBOI 30HHU, YOPHO3E-
MHUX IPYHTIB JIICOCTENOBOI Ta CTETOBOI 30H.
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B minomy, BukinazeHi B MoHorpadii MaTepiain € JiiiCHIM BHECKOM B pO3BHTOK ineit B. B. Jlo-
kyuaeBa, A. I1. Bunorpanosa, b. B. Ilonmunosa, B. Ky6ienu, I'. B. [lo6poBosscekoro, C. B. 3onHa,
K. A. Spunosoi, O. 1. [lappsonosoi, B. O. Taprynbsna Ta iHIIMX A00pe BiIOMUX JOCTIIHHUKIB, SKi
BUSIBIJIM TIPOLIECH, 1110 BiOYBAIOTHCS B IPYHTI SIK MiJICYMKOBOMY KOMITIOHEHTI OioreoreHo3sis. Lli mpo-
LecH rpaHaiosni 3a maciurabamu B 6iocdepi. Monorpadist C. I1. Kapmasunenka 3MiCTOBHO i mpekpac-
HO imrocTpoBaHa. B KHIDKII Ja€Thesl 3HAYHHUN €KCTIEPUMEHTANIbHUN MaTtepia. Y Cy4acHHX €KOJIOTiB-
MikpoMopoJIoTiB, IpyHTO3HABLIB MOHOTpadist 6e3yMOBHO Ma€ 3HaYHUI iHTEpec.

Momorpadist Oye KopucHa JUls MPUPOJO3HABLIB, IPYHTO3HABLIB, €KOJIOT1B-010r€OLEHOIOTIB i
BCIM THM, XTO MPAIIO€ B TalTy3i cy4acHoi 6iocdepotorii.

Haskanp MoHOTpadist BuIaHa MajliM THPaKeM 1 He BCi Oakaroui 3MOXKyTb 1 puaoaTH.

H. A. binosa,

JIOKTOp Oi0JIOTiYHUX HayK, mpodecop,

HayKOBHUH KepiBHUK J1abopatopii MikpoMopdoorii IpyHTIiB
JIHIIpOneTpOBCHKOro HalioHaJIBHOTO yHiBepcuTety iM. O. ['ondapa
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YepBoHa kHura [IHinponeTpoBCcbKoi o6nacTi (POCnMHHMIA CBIT) /
Fon. pen. A. M. TpaBneeB. — . : BBK BanaHc-Kny6, 2010. — 500 c.

UepBoHa kHHra JIHINpomeTpoBChKOI 007acTi yBiHYye KpOMITKi, OaraTopidHi JOCITiPKEHHS
(hopuctiB, Teo0OTaHIKIB 1 €KOJNOTIB JCKUIBKOX IOKOJiHb. BOHa 3aBeplieHa B IDIaHI peamizamii
CBITOBOI Ta HAIIOHATHGHOI TEHAEHLIN 1 mporpam 30epekeHHs OiOJIOTIYHOTO PI3ZHOMAHITTS Ta,
30KpeMa, POCIMHHOTO CBITY.

BusHavanbHi OCHOBOMONOXHI (IOpUCTHYHI, ekosoriuHi mochimxenHs . fI. AxiHdiesa,
O. M. Bekerosa, O. JI. benprapaa, O. O. I'pocreiima, M. 1. Koroga, 10. M. Ilpokyaina 3Hainum
nmoJanenii po3BUTOK B poborax M. O. Anpbunskoi, T. ®@. Kupuuenko, M. A. CunensHuka,
A. I1. TpaBneeBa i Oynu storiuno npoaossxkeni B. B. Tapacosum ta b. O. bapaHoBchbkiM (OCHOBHUMH
yKki1agadyamu KHurH), B. B. Ky4epeBcbkuM Ta iHIIMMH BYUCHUMH.

CrBopeHHst UepBOHOI KHHUTH € CBIJUEHHSM 3aIll0YaTKOBAHOTO HOBOIO €Tally PO3BUTKY
IISUTBHOCTI IMIMPOKMX KUI HAayKOBLIB pI3HUX CHEHmialbHOCTEH 1 TpOMAaiChKOCTI B PO3B’S3aHHI
aKTyaJIbHUX NPOOJIEM OXOPOHH POCIMHHOTO CBITY JIHINPONETPOBIIMHH.

YepBoHa KHHUra CIIPsSIMOBAHA Ha 3aKpilUICHHS B MAacoBiil cBioMocCTi HEOOXimHOCTI 3aX0iB 3i
30epeKeHHs] POCIMHHOTO CBITY 3arajoM i OKpeMHX BHUIIB POCIHH SK HEMepeXiAHMX Hal[iOHATbHHX
uinHocreit. Oxopona reHodoHay aukoi ¢uopu JIHIIPONETPOBIIMHU Yy BHIVIIAI  OKPEMHX
HEMOBTOPHUX POCIMHHHMX BHUJIB, SK HOCIIB yHIKaJbHHUX T€HIB, € aKTyaJbHHM Ta HEBiIKJIaJHUM
3aBIaHHSM BCiX PiBHIB OpPraHi30BaHOCTI COLaJIbHOTO JKHUTTS.

MarepiaibHOIO ~ OCHOBOIO  CTBOpeHHst UYepBoHOi kHurm Oyna npupoxHa  ¢uiopa
JHIinponeTpoBIIuHA Ta CTBOpeHMH Ha Kadeapi reoOOTaHIKM, €KOJOrii, IPYHTO3HABCTBA
JIHinponeTpoBChKOro HanioHajnbHOro yHiBepcutery iM. O. ['oHuapa HaykoBuil repbapiii, 06’eMoM
100 Tuc. apkywiB, sikuil BKJIIOYeHO 10 MikHaponHoi opraHi3aunii repOapiiB i 30epirac HemoBTOpPHI
300pu  ¢uiopu [lnimponerpoBiiuaM, 3amouyatkoBani I. S AxindieBum, O. O. I'pocreiimom,
O. JI. Benerapnom, 0. M. IIpokyaiHUM Ta IHIIMMH BUSHUMH.

B UYepgoniii kau3i J[HinpomneTpoBchkoi obacTi omcano 451 BHI piaKiCHUX i 3HUKAKOYHUX BUIIB, B
ToMy 4Hncii 16 3 sikux 3aHeceHo 1o CiToBoi UepBoHOT KHHTH, 27 BHAIB — 10 €BPOIEHCHKOr0 YePBOHOTO
crcky, 82 Bumm — no YepBonoi kuurn Ykpainu. Ha tepuropii JninponerpoBumay 30eperiucs 80 BuuiB,
mo 3auKim 3 Teputopii CHI 1 83 Buam, ski xpim J{HIIponeTpoBCEKOI 00JIaCTi HE 3yCTPIHArOThCS Olible
Hifge. 3aHeceHHs 10 UepBOHOI KHHWTH BHUIIB € Pe3yJbTaTOM KPUTHYHOTO OISy IOIEpPEIHIX CITHCKIB
PIAKICHUX Ta 3HUKAIOYMX BHUAIB 00JIACTi, BUBYEHHS JITEPaTypPHIUX JUKEPEIT Ta repOapHHX 3pasKiB.

Takuii CcHUCTEMHMI WiAXiy OO0 CKIaJaHHI BHJIOBOTO CIIHCKY 3a0€3MCYMB 00’ €KTHUBHICTb,
PpEeIpe3eHTaTHBHICTB Ta JOCTOBIPHICTH OITyOJIIKOBAaHHMX MaTepiaiB, sIki 6e3CyMHIBHO BU3HAYarOTh BUCOKUIH
piBeHb HaykoBocTi BuimaHHS. OmuC BUIy, HABEICHHS JIATHHCBKOI, yKpaiHCBKOI Ta POCIHCHKOI Ha3BH
TAKCOHIB 3a OCTaHHIM BHIAHHSIM HOMEHKJIATYpPH BUIIB POCIHH € yHiikoBaHuMH 3 ocTaHHIMHU (1996,
2009) BumanHsAMH YepBOHOI KHMTHM YKpaiHH Ta YHEMOXIIMBIIOE IUTyTaHWHY, MOKpAIIye€ CHOPHHAHATTS
HayKoBoi iH(opmarii. B ommcax ycix BuAIB BHAUIAIOTBCS HPHPOJOOXOPOHHUH CTaTyc, HAYKOBE Ta
MIPaKTUYHE 3HA4YeHHS, O10€KOJIOriuHA XapaKTePUCTHKA, apeall, YHCEIbHICTh BHIY Ta MPUYNHH 3MiHH, CTaH
TOMYJISALIH, 3aX0AM 0XOpOoHH. L{inKoM JopeyHnM € MOCHITaHHS Ha MiCIIe TOTrO YH iHIIOTo BHAY B YepBoHil
KHU31 YKpainu, €Bponeiicekomy Ta CpiroBomy UYepBoHMX cruckax. Micus 3HaXOMKEHHS BUIIB Ha
TepuTopii OOMacTi MOAIOTHCA 3a JHTEpaTypHUMH JaHWUMH, repOapHEME 300pamu, Qotorpadismu 3
BI/INOBIZTHOIO XPOHOJIOTIEI0, IO 3aCBiAYy€E HEOOXITHICTh 30€pEeKEHHS POCIUH, TOMYJIALIN Ta € BUXIJHOIO
iH(opMmari€ro 11t MOHITOPUHTY cTaHy (iTobioTH JHIMpOneTpOBIIHHH.

CrpykrypoBanicts UepBonoi kHurd JIHIimponeTpoBChKOi 00siacTi [03BOJISIE MPOBECTH IEBHI
Hapajieii Ta nopiBHAHHA 3 UepBOHOIO KHMIOIO YKpaiHH, LOJI0 BUAOBOTO CKJIAy HMPOBIIHUX POIUH
MOKPUTOHACIHHUX pocivH (iiopu YkpaiHu.

MMopiBHsutbHUI aHATI3 NPOBiqHUX poauH Guiopu Ykpainu Ta JHinponeTpoBchKkol 00acTi BUSBUB
(tabn. 1) cyTHICHY pI3HHMLIO Yy BiJHOCHOMY YHCII BHJIB, IO OXOPOHSIOTHCS, 32 BHUHSATKOM POAMHHU
Brassicaceae. Baromum moka3om antpororenHoi TpaHcdopmartii ¢uiopu J[HIIpONeTPOBIIMHN € 3HAYHO
BUILIHMIL, MOPIBHSHO 3 (iioporo YKpalHH, BiZICOTOK BHIIB YCiX POAUH, sIKi HOTPEOYIOTh OXOPOHH.

JlocTaTHBO KOHTPacTHMMHM € Buau ponauH Scrophulariaceae, 3 sixkux y ¢uopi VYkpainu
OXOpOHsEThCs TiTbKH 2,92 %, a 'y dropi [ninponerposiunu — 27,87; Rosaceae — y dmopi Ykpainu —
3,11, a y ¢uopi Juinponerposumuu — 35,21 %, Ranunculaceae Bigmosiguo 17,39 % i 43,75 %,
Asteraceae — 7,3% 1 20,83 %. Haii6Giner Bpasnusumu y ¢iopi Ykpainu € pomunu Ranunculaceae
(17,39 %), Fabaceae (15,45 %), Poaceae (14,41 %), a y ¢uopi HimpomneTpoBCbKOi 00macTi
Ranunculaceae (43,75 %), Rosaceae (35,21 %), Fabaceae (27,68 %), Scrophulariaceae (27,87 %). 3a
HaliMEHIINM a0COJIOTHMM YHCIIOM BHJIB, SIKI OXOpPOHSIOTBCA y (uopi VYKpailHM € poauHH
Scrophulariaceae (5 BuniB), Rosaceae (9 BuaiB), a y ¢mopi Juinponerposmuan Apiaceae (9 Buzis),
Brassicaceae (10 Buni), Lamiaceae (11 BuniB). XapakTepHUM € Te, M0 aOCOIIOTHI YMCa BUIIB, SKi
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OXOPOHSIOTHCS, OTHAKOBI y poxuan Caryophyllaceae (21 Bun) gk y ¢umopi Ykpainu, Tak 1y ¢umopi
JlHinponeTpoBchKoi 06aacTi, O1M3bKHUMH € TOKa3HUKH poauHu Ranunculaceae — y ¢topi Ykpainn
oxopousietbest 24 BuaM, B J{HinpomeTpoBcbkiii obmacti — 21 Bua. Takuii dopmanizoBaHuil miaxig
migKpiruieHn# 6araTbMa YepBOHOKHIDKHUMH BHIAMHU, 1[0 € CIUTBHUMHE A1 000X (Jop.

Tabauys 1

TlopiBHAILHMIT TAKCOHOMIYHMIT aHAJI3 (iop Ykpainu Ta {HinponeTpoBchKoi 061acTi
3a BHIAMH, 110 MOTPeGYIOTH 0XOPOHHU

®diopa Ykpainu ®rnopa JIHinponeTpoBcbKoi 00nacTi
BMIiB, AKi BMIiB, AKi
Ne Poauna BCBOTO OXOPOHSIOTHCS BCBOTO OXOPOHSIOTHCS
BHIIB, BH/IIB,
abc. 9ucIio atc. % a6c. YHCIo abc. v
YHCIIO YHUCIIO
1 | Asteraceae 706 52 7,37 240 50 20,83
2 | Poaceae 333 48 14,41 139 23 16,55
3 | Fabaceae 330 51 15,45 112 31 27,68
4 | Rosaceae 289 9 3,11 71 25 35,21
5 | Brassicaceae 229 30 13,10 94 10 10,64
6 | Caryophyllaceae 210 21 10,00 98 21 21,43
7 | Scrophulariaceae 171 5 2,92 61 17 27,87
8 | Lamiaceae 170 13 7,65 76 11 14,47
9 | Apiaceae 156 15 9,62 57 9 15,79
10 | Ranunculaceae 138 24 17,39 48 21 43,75
UepBoHa KHHra CKJIaJeHa TakK, LI0 JIO3BOJIIE JOCTAaTHbO IIUPOKO  0I0EKOJIOTIYHO

XapakTepu3yBaTH BUJH, III0 OXOPOHSIOTHCS, Y3aralbHIOBATH Ta CIIBCTAaBILITH Pi3HI XapaKTEPUCTHKH.
Oco6muBo 1wIigHUM € BukopuctanHs cucremu exomopd O. JI. Bembrapma (1950), mo Bigkpusae
MOKJIMBOCTI IPOTHO3YBaHHS CTaHy Ta PO3BHUTKY POCIMHHHX BUIB HA (OHI €KOJIOTIYHUX YMOB.

Taka meramizaifisi Ja€ MOXIHUBICTh OI[HUTH 3[aTHICTh iCHYBaHHS Ta BiIHOBJICHHS DPOCIHH,
HOIYJIAL{N B IEBHUX CKOJIOTTYHMX YMOBAX, BU3HAYAIOUH 0araToacleKTHICTh BUKOPUCTaHHS YepBOHOI
KHUTU JIHIMPONEeTPOBCHKOI 00acTi HAYKOBIISIMU 010JI0TaMH, €KOJIOTAaMH, BUUTEISIMU, JTOCITITHUKAMHA
HPUPOAH, EKOJIOTIYHOIO IPOMAJICEKICTIO.

BasiBmmm 10 yBary, mo KO>KHMIT OiooTiqHMIT BUJ MOXKE 3aliMaTé pPi3HI ITOJOXKEHHS B CHCTEMI
ekomopd O. JI. Bemprapma M HpoaHANi3yBadd 3 TaKUX MO3MUIH psAA MPOBIIHHX POAUH
MOKPUTOHACIHHNX pociuH YepBoHOI KHUTH JIHIIPOIIETPOBCHKOI 001aCTi, BUSBUBIIH Pi3Hi eKOMOpQidHi
CIIeKTpU Ta €MHOCTI y Mexax TuX uM iHmmx exomop¢. Ilomepenniii exomopdiunmit anami3
YEepPBOHOKHW)KHHUX BUJIB JHIMPOIETPOBCHKOI 00IacTi MOKa3aB, IO OUTBIIICTh 1X HANEKHUTH 10 TAKOTO
KJIIMaMOp(igHOTo Kacy sK reMiKpunTodiTH, OpyHbKM BiIHOBIICHHS SIKMX 3HAXOIATHCS HETTTHOOKO i
3eMJICIO Ta SIKi 37aTHI MOIU(IKyBaTH )KUTTEAISIIbHICTE, ICHYBaHHS Ha (DOHI aHOMAIFHUX YMOB KIIIMATYy.

UepBoHa kHHMTa JIHIMPOMETPOBCHKOI 00JAcTi 3arajloM BiOKPUBAE HIMPOKI MOXKIMBOCTL
JeTamizamii Ta y3araJbHEHb O10€KOJOTIYHOTO XapakTepy, IIOAO 3aHECCHHX [0 Hei BHIIB.
AOcTparyrounck Bing mnepeximHux QopMm aedkux exomopd 1 meHomopd (tabm. 2, 3) mm
MPOAaHANI3yBAIM B SKOCTI TAaKUX MPUKIALiB TPOBIAHI POAMHH Ta BUSABWIM IXHI cnenu¢ivHi
0COOIMBOCTI 00 HACHYEHHS THMH YH 1HIIAMH €KOMOP(haMH.

Tak, y rirpomopdiuHOMY BiAHOIICHHI HaHOLIbIIE YKCIO KCepO(ITIB BKIOYAIOTH POIAMHH
Fabaceae, Rosaceae. Haii6inbiie 4nciio Me30ditiB BKiIto4aoTh poaunu Asteraceae, Caryophyllaceae,
Scrophulariaceae, Ranunculaceae. Cepen tpodomopd y BCiX poauHax IepeBakaroTh Me30Tpodu.
Cepen uenomopd (Tabmn. 3) B ycix poauHax mepeBaXkaloTh CTEMAaHTH, KpiM poauH Scrophulariaceae i
Ranunculaceae, Je 3arajnbHuM € OiIBIIE YUCIIO CIILBAHTIB.

I'pyna namroJaHTiB NpPEACTaBIE€HAa HEBEIMKUM 4YHCIOM BHIIB, a Ipyna pyIEpaHTiB — Jyxe
obmexeHuM. ['irpo-, Tpodo-, neHoMopdivuHi CIEKTPH  POJMH 3a CIHIiBBIIHOUICHHAM (GOpPM €
creru¢pivanmu. Bee e motpebye mornmubienoro anamizy. B rtakomy minxoxi iHdopmaTHBHICTH
YepBoHOi KHUTH J{HIIPONETPOBCHKOT 00JIACTI BiZ3HAYAETHCSI BUCOKOIO €MHICTIO Ta MOXE CIyTyBaTH
OCHOBOIO NOAAIBLIOT TOIIHOIEHOT PO3POOKH.

[MpuiiMaroun 10 yBaru 3arajbHy TEHICHIIIO MiJICHICHHS CHHAHTPONI3awil (iiopy, MU 3BEpHYIIH
yBary Ha Te, 0 10 YepBoHy KHUTY JIHIIPONETPOBCHKOI 00IACTi 3aHECEHO TaKi CHHAHTPOIHI BUAN
(3a B. B. IIporomomnosoro, 1991) 3 poaunu Rosaceae, sixk Geum aleppicum Jacq., kcepodir,
Oyp’sinoBmii Bu, Potentilla orientalis Juz., kcepodir, Oyp’stHoBuit Bup, Potentilla thyrsiflora Huels.
et Zimmeter — kcepome3o¢iT, Oyp’ssHOBHH BHJ, Sanguisorba officinalis L. — me30¢irt, kopMoBHii BULI.
3 ponuHm Asteraceae — Artemisia pontica L. — kcepome3odit, cremant, kopmosuii B, Gnaphalium
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uliginosum L. — mpatanT, nikapcekuii 1 Oyp’sHoBuit Bun, Phalacrachena inuloides Iljin. — mparasT,

Mme3odit, Oyp’stHOBui Bunm, 3 pomunu Lamiaceae — Lamium album L. — cimeBanT, Me3odir,
JiKapchKuid, TexHiYHUHE Bun, Salvia austriaca Jacg. — cremant, kcepome3odit, IEKOPATUBHUN BHI, 3
pomunn  Boraginaceae — Symphytum tauricum Willd. — cineBanT, Me30(iT, 3 pOAMHU

Scrophulariaceae — Linaria biebersteinii Bess. — cremant, me3okcepodirt, Oyp’siHoBuit Bua, Linaria
macroura Bieb. — crenant, me3okcepodit, Melampyrum arvense L. — crenant, Me30dit, OTpyiHHi BUA.

Tabnuysa 2

Tirpomopgiunicts i TpodomMopdiunicTs BuaiB UepBonoi knuru JAninponerposcbkoi 0bJ1acTi
Yucno Kinbkicts rirpomopd Kinbkicts Tpodomopd

Ne Poman BHJIIB Ks Ms Hg OgTr | MsTr Mg
1 | Asteraceae 50 19 24 7 6 34 10
2 | Poaceae 23 9 7 7 7 10 6
3 | Fabaceae 31 18 11 2 6 18 7
4 | Rosaceae 25 13 11 1 2 19 4
5 | Brassicaceae 10 2 5 3 4 5 1
6 | Caryophyllaceae 21 6 11 4 9 11 1
7 | Scrophulariaceae 17 2 12 3 1 12 4
8 | Lamiaceae 11 5 5 1 1 6 3
9 | Apiaceae 9 1 6 2 1 5 3
10 | Ranunculaceae 21 6 13 2 3 11 7

HaBeneni cuHaHTpomHi BHIM Ta Oyp’sSHH JIOTIYHO MPHUBEPTAIOTH yBary A0 CTBOPEHHS
BiAmoBigHOI YepBOHOT KHUTH, TOMY 11O Taki Oyp’stHOBI BHIHM, sk Agrosthema githago L., Avena fatua L.
Ta 1HIII Maike 3HUKIHM 3 POCIMHHOTO MOKPHBY, SIKHH Y CTEIy Ma€ CyTHICHY PI3HHIIO B IUIOMIAX, SKY
3aiiMae (pparMeHTapHO auKa (iiopa Ta KyJIbTypHa POCIMHHICTD Pa3oM 3 Oyp’sTHaMHU.

Tabnuysa 3
Lenomopdiunicts BuaiB UepBonoi kuuru /IHinponerpoBcbkoi 06J1acTi
o Yucno Kinbkicts neHoMopdh

Ne Pomen BUTiB St Pr sil Pal Ru
1 Asteraceae 50 18 15 14 3 -

2 Poaceae 23 12 1 7 1 -

3 Fabaceae 31 22 2 6 1 -

4 Rosaceae 25 12 3 8 — 2

5 Brassicaceae 10 5 2 1 2 —

6 | Caryophyllaceae 21 11 1 7 2 —

7 | Scrophulariaceae 17 2 5 9 1 —

8 Lamiaceae 11 3 4 4 — —

9 | Apiaceae 9 2 3 3 1 —

10 | Ranunculaceae 21 4 7 8 2 —

CrBopena UepBona kHura JIHINpONeTPOBCHKOI 0OJIACTI MICTUTH PO3B’SI3aHHS HEBIJKIIAIHOI,
aKTyaJbHOI 3a/1adi IHBEHTapH3allil pOCIMHHNX BUJIB, SKi IOTPEOYIOTH 3aX0AiB 30€PEXEHHS, OXOPOHU
Ta po3MHOKeHHA. DyHmameHranbHicTh wmiei KHHTH, cTBOpeHOI Ha OCHOBI 3ycwib OaraTbox
HAyKOBLIB, MOTpeOye ii MoanbiIoi po3poOKH B HAMPSAMKY YTOYHEHHS Ta IMOIOBHEHHS BHIOBOTO
CKJIangy, normubieHoro OadeHHS OCOOJIMBOCTEH BHAOBOTO MOTIMOp(GI3My Ta TeHETHYHOI
TeTEpPOTeHHOCTI POCIMHHUX MOy Ha OcHOBI BueHHs M. l. BamimoBa mpo Oiomoriuxuii Bu,
3aTy4eHHs 1 BHOKPEMJICHHS B il CKJIa/li HEBHUX (IOPHCTUYHHX 1 €KOJIOTIYHHX TPYIL.

B. I lllanoa
npodecop, kadeapa 6G0TaHiKK Ta €KOJIOTIT
KpuBOpi3pKOro mMeaarorivyHoro yHiBepcuTeTy

E. O. €smywenxo

JOLICHT, Kadeapa OOTaHIKK Ta €KOIOTil
KpuBOpi3pKOro MeaarorivyHoro yHiBepcuTeTy
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2. Yci TekcToBi Matepianu po3ApyKyBaTH uepe3 1,5 iHTepBana, 3ajMILIAIOYH 3 KOXKHOTO Kparo
cropinku Bixctymu 2 cM, mpudrt — Times New Roman 12 mynkri, a63ammmii Bigcryn — 0,8 cm.
ITpu Habopi cTaTTi HEOOXITHO PO3PI3HATH Aedic 1 TUPE, a TAKOXK 3aCTOCOBYBATH IOJIrpadiuHi «UIMH-
Kn». MK iHIilliaJaMi Ta IPi3BUIIEM OOOB’SI3KOBO 3aIMIIATH NMPOMYCK. TeKCTOBI MaTepianyn NMOBHHHI
Oytu mixrorosiueHi B pepaxropi MS Word 97, 2000, XP six Texcr y dopmari RTF (*.rtf) abo noxyment
Word (*.doc). MaremarudHi hopMyIH i piBHSIHHS FOTyiTe B pefjakTopi piBHsAHb Microsoft Equation 3.0,
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sent to the e-mail: bnaitap@a-teleport.com
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materials to the address of the colleague of editors up to the date, noted by an editor. Articles that
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Cyr 12 points,

Notes: notes in the text are not permitted.

Units: use units of measuring of International System SI.

Name of the article: name of the article should be given in three languages — Ukrainian, Rus-
sian and English. It should inform about the contest of the article briefly — maximum 13 words. Lar-
ger names will be shortened while editing.

Address and name of organization: indicate the address and the name of the organization
where research was conducted (in Ukrainian, Russian and English), e-mail, fax and other information
that can make the communication with the author easier.

Summary and key words: should be given in three languages — Ukrainian, Russian and Eng-
lish. Summary should briefly describe conducted researches, including aims, methods, results and
main conclusions.

References of used literature: Check every reference in the text of the article with the list of
used literature. All the names of periodicals should be checked thoroughly. The list of literature
should be given without a numeration. Only the author’s surname and the year of edition should be
mentioned in the reference of used literature in the text of the article.

Tables: every table is prepared on a separate sheet of paper. Tables should be numerated ac-
cording to their mentioning in the text. Give a brief name at the top of each table. Statistical and other
detailed information is given as a note below. Don’t double the contest of tables with illustrations.
Among all the other equal characteristics illustrations (graphics) are preferable. Don’t mention the
information that wasn’t discussed in the text of the article.

Tllustrations: every copy of the article should contain one copy of illustrations. Number illus-
trations according to their order in the text. Symbols and marks should be readable. Don’t use big
points of shrifts and styles of decorating that give very thin elements of letters. Point at the top of the
back of the illustration its number and the name of the article.

Formats of files on the diskette: texts should be prepared in the text editor MS Word 97. Don’t
hyphen words. Formulas and equations should be prepared in inbuilt editors of equations and should
be saved as separate files (Windows metafile, *.wmf).

Ilustrations should have two copies on the diskette. Formats of files Tiff- 4.0 or 5.0 (*.tif).
Paint (*.bmp), Photoshop (*.psd) are most suitable. The final form of illustrations should be mini-
mum 250-300 points per inch. Using of specific programs (statistical packets, programs of visualiza-
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Authors take the responsibility for the contest of the materials.
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