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Design Philosophy

The twenty articles in Protection of Soil and Water Resources
express some of the science, technology, and research used by
professional resource conservationists and agricultural
specialists in Russia and the United States. Throughout the
publication, each article's original and translated texts are
presented side-by-side to reflect the mutually comparable
missions of the Russian Academy of Agricultural Sciences and
the Natural Resources Conservation Service to protect and
conserve each nation's soil and water resources.

dunocodus qusaitHa

B mBapmuaTy cTaThAX HAa TEMY 3aIIUTHI TIOYBEHHBIX U
BOJIHBIX PECYPCOB OTPaKEHBI OITpeJie/IeHHbIE HAaIIPABICHUA
HayYHO-HCC/IeNOBATEIbCKON PabOTHI U pabOTEI B 00/IaCTH
Pa3BUTHA TEXHOJIOTHIA, TPOBOAUMOI CITeIIUaTUCTaMU 110
COXPAaHEHHUIO IIPUPOTHBIX PECYPCOB U CIEIIUaINCTAMU 110
cebckoMy X034ucTBY B Poccuu n Coenunennsbix IlTarax.
Ha nporsykeHnn Bcell KHUTU PAIOM C UCXOTHBIM T€KCTOM
Ka)K/IO¥ CTaThU MPEICTABIIEH ee IIepeBOJL — Takoi phopmar
IIPU3BAH OTPA3UTh CXOINHYIO II0 CBOMM 3a/iadaM paboTy
Poccuiickoit akageMnn cembCKOX035AMCTBEHHBIX HayK U
Ciry»x0bI OXpaHbI IpUPOIHBIX pecypcos CIIIA,
HaITpaBJIEHHYIO Ha OXPaHy U COXpPaHeHHE TOYBEHHBIX 1
BOJIHBIX PECYPCOB Ka)K[IOTO U3 3TUX TOCYIapCTB.
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About This Book

Protection of Soil and Water Resources looks at soil and water
resource conservation issues and the technologies being used
to address them in both Russia and the United States. The
challenge to identify, understand, and take action on those
issues is formidable. All activities have profound effects on the
use, conservation and management of the natural resources of
each nation. And the increasing pressures of agricultural
production, urban sprawl, and changing policies, plus finding
ways to conserve and improve soil, water, and other resources,
are equally as daunting in both countries. Today, just as is in
1989 when the first meeting was held to discuss this
publication, there is a need to learn and understand from the
experiences of others. Protection of Soil and Water Resources, a
joint effort of the Russian Academy of Agricultural Sciences
and the Natural Resources Conservation Service, U. S.
Department of Agriculture, is designed to exchange technical
information, address issues, and offer vital information that is
as timely today as it was when originally proposed. What
turned out to be a major undertaking began with a small
group identifying the general topics to be covered by each side
and drafting a list of potential authors. It was decided that
each side would contribute 10 articles. The 10 topics were
selected, the 10 principle authors identified, co-authors
recruited, and then the work began in earnest.

Early in the process, a delegation from the United States
traveled to Moscow to meet with its counterparts and plan
the book. The group also made side trips to St. Petersburg
and Novosibirsk to consult with authors. Later, another U.S.
delegation, which included a photographer, visited Russia to
take photographs to illustrate the Russian articles.
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In the meantime, the authors wrote their articles, the editors
polished them, photographs were selected, and the complex
translation job was tackled. After all the pieces were
assembled, the challenging production work began: dual-
language typesetting; re-creating the artwork, charts, maps,
and graphs; laying out and designing the book so it was
attractive and made sense; and proofreading to make sure
nothing was “lost in the translation.” After all the translation,
design, and layout work was competed, a USDA delegation
took the final proofs to Russia in the early summer of 2001 to
engage in a meticulous review of the final draft text. During
face-to-face meetings with Russian project sponsors and
authors, all aspects of the publication, from cover to cover,
including the layout and use of illustrations, charts and
graphs, were discussed, inspected, modified, and then
approved. Finally, with a product ready to print, a capable
printer had to be found, and final proofs had to be carefully
scrutinized to ensure a high-quality product.

Although the process can be summed up in a few words, that
doesn’t begin to tell the story of the stumbling blocks
encountered along the way—some major, some minor. In the
years during which this book was being developed, the world
witnessed the breakup of the Soviet Union. Even the U.S.
Department of Agriculture’s Natural Resources Conservation
Service—formerly the Soil Conservation Service—
experienced a name change and a major reorganization.
Several authors retired along the way and, unfortunately,
some have died. They are identified with an * at the beginning
of each article.

Those who have worked on this project have not only worked
toward the goal of technology transfer but have also used this

book as a means of reaching out to one another. This book is

just one product in a continuing cooperative exchange.

About This Book



OO0 3TOMI KHUTE

3awuma nous u 800HLIX Pecypcos paccMaTpUBaeT
IIpo6/IeMbI COXPAHEHUsI II0YB U BOIHBIX PECYPCOB, @ TAK)Ke
TEXHOJIOTUH, UCIIO/Ib3yeMbIe JIJIsl pellIeHHs 9TUX IIPo6/IeM B
Poccuu u CHIA. ITpo6embl, CBsI3aHHBIE C
uneHTHUKAIHEN, TOHUMAHUEM U PeIlleHueM 9TUX
BOIIPOCOB, BOUCTHHY MOHYMEHTA/IbHBI. MHOTHE 1€HICTBUSA
YeJI0BeKa OKa3bIBAIOT CePbe3HOe BIUsSHUE Ha
HCIIOIb30BaHNUE, COXPAHEHNE U MEHEI>KMEHT IIPUPOTHBIX
pecypcoB obenx cTpaH. YBeTHUNBaIOIeecs aBlIeHHe CO
CTOPOHBI CE/IbCKOTO XO35HCTBA, PACTYIIUX TOPOJIOB U
HM3MEHSIOIIENCS TTOTUTHKH, 4 TAKKE CTOKHOCTH,
CBsI3aHHBIE C HAXO)XX/ICHUEM ITyTell COXpAaHEHUs U
YIy4IlIeHUs TI0YB, BOJ U JPYTHX PECYPCOB SIBJISIOTCS
BBI3OBOM st 06eux crpan. CeromHs, Kak u B 1989 rony,
Koryia 6bpUIa IIPOBEJIeHa ITepBasi BCTpeda I 00CYKIeHUs
9TOM KHUTH, CYILIECTBYET HEO0OXOIUMOCTD B Ja/IbHEHIIIEM
00y4eHNH U TOHUMaHWUHU, OCHOBBIBAsICh Ha OIIbITE KOJUIET.
3awuma nous u 800HLIX PeCypcod» — Mo, - 3TO
COBMECTHBII TPYJ, COBMeCTHBIN TPy Poccuiickoi
aKaJIeMUH Ce/IbCKOXO03SMCTBEHHBIX HayK U Cry>KObI
oxpaHbI IpUpPonHbIX pecypcos (COIIP) MununcrepcTBa
cenbckoro xossictea (MCX) CIIIA, npennasHadeHHBIN
st oOMeHa TeXHUIECKOT nH(DOpMAIIMEN U pelleHus
Ipo6/IeM M IIpeyIaralolInil YUTATe IO YKUSHEHHO BaYKHYIO
undopmanmio, koropas HHGOPMAITUIO, KOTOPast TaK JKe
aKTya/IbHA CErOJIHs, KaK U B TO BpeMsl, KOT/ja, KOTIa 9TOT
TPy 6511 3agymMaH. [IpoekT Havascs ¢ paboThI
HeOOIBIIION IPYIIIIBI CIIEIIHATNCTOB, KOTOPast
uneHTUUIUPOBaIA O0IIHe TEMBI /ISl 06eUX CTOPOH U
COCTaBU/Ia TIPEIBAPUTEIbHBII CIIUCOK ITOTEHIIHATbHBIX
aBTOPOB. BpUIO peliieHo, 9To KaXKaasi CTOpOHa
npenoctaBut 10 crareir. beuto Bei6pano 10 tem u 10
[JIABHBIX aBTOPOB, OBbIIM IPUTIAIIIEHBI COABTOPHI 1
Havyamach cepbesHas paboTa.

B navase nmpouecca peneranus us CoenrHeHHBIX IITaToB
roceTrIa MOCKBY, YTOOBI BCTPETUTBCS CO CBOUMU
KOJUIETaMU M OOCYIUTH COBMECTHBII ITaH PabOTHI Haf
kHHroit. ['pymnma taxke nocermna Cankr-IlerepOypr u
HoBocnbupck uist KOHCY/IbTaluu ¢ aBTopami. [Tosske
Opyras aMepHuKaHCKas Ieferalus-, KoTopas BKIoYaa
dororpada, mocetwra Kypck u Bonrorpan, 4ro6s! crematsh
dororpaduu /151 WUTIOCTPALIUY CTATEN POCCUITCKUX
aBTOPOB.

OO0 3101 KHHUTE

Tem BpeMeHeM aBTOPBI HATIMCAIH CTATbU, PEIAKTOPHI UX
OTPeNaKTUPOBAIH, Ol BBIOpaHb! (poTorpadun u
3aBepIIIeHa CJIOKHasl paboTa 1o mepeBony. B KoHIle KOHIIOB
BCe 9acTH ObUIH COOPaHBI BMECTe M HaYa/ICsI TPYLOEMKHUIT
[IPOLIecC M3aHuUsI KHUTH: Habop mipudTa Ha IBYX SI3bIKAX;
BOCCO3/IaHK€e PUCYHKOB, IUArPaMM, KapT U rpadHKOB;
CO3IaHKe MaKeTa ¥ MPOEKTHPOBAHNE KHUTH TAKIM
006pasom, 9TO6BI 3TO OBIIO MPUBIEKATENHLHO U
11e71eCO06PasHO; KOPPEKTUPOBKA, YTOOBI YIOCTOBEPHUTHCS,
9TO HUYero He 6bUTO “noTepsiHO 1pu mepesoe”. [Toce
TOTO0, KaK ObUIN 3aBepIIeHbI Bce PAOOTHI 110 IIEPEBOLY,
nusaiHy u komnonoske, MCX CIIIA nepenano
(unanpable oTTHCKHU B Poccuio netom 2001 ropa mis
TILATEIbHOM IPOBEPKU OKOHYATE/IbHOM BEPCUU TEKCTA,
BKJIIOYasi KOMIIOHOBKY, WITIOCTPAMHU U rPpadUKU, YTOOBI
rapaHTHPOBATh BHICOKOE KAIeCTBO.

HecmoTpst Ha TO, 4TO BeCh IPOIIECC ITOATOTOBKU KHUTH
MOXKeT OBITh OIMCAaH B HECKOJIbKUX C/IOBAX, 9TOTO SIBHO
HEOCTATOYHO, YTOOBI U3/I0KUTh UCTOPUIO BCEX OOMBIITUX
1 MaJIBIX TPY/THOCTEI, C KOTOPBIMH IIPUIIIOCH
CTOJIKHYTHCS HA 9TOM IIMHHOM Iy TH. B mepron paboTsr
HaJ 9TOY KHUTOM MUP CTajI CBUETEIEM pacliaja
Cosetckoro Corosa. [Jlake Crry»x6a 0XpaHbl TPUPORHBIX
pecypcoB MuHucTepcTBa cenbckoro xossaicTaa CIIIA,
KOTOpasi paHee HazbIBaach OTIE/IOM OXPaHBI II0YB,
IpeTepIiesia U3MEHEHUS U Cepbe3HYIO PeOPraHn3allnIo.
Heckospko aBTOPOB YIIUIM Ha ITEHCHUIO U, K COKaJICHUIO,
HeKoTopble ymMep/. OHM 0003HaYeHbI 3HAKOM * B HavajIe
Ka)KJIOM CTaTbhH.

Te, KTO paGoTa/IN HAJl 9TUM TIPOEKTOM, pabOTaNHU He
TOJILKO Pajii 06MeHa TEXHOMOTUAMU, HO U JIJIsI
YCTaHOBJIEHUS IBYXCTOPOHHUX CBsA3el JTa KHUTA —
TOJILKO OJIUH II1ar B MIPOJO/IKAIOIIEMCA COBMECTHOM
obmene nadopmarueit mexxay Poccuert u CILIA.
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IIpusHaTeIbHOCTD

Ha npoTsiyKeHuM MHOTHX JIeT HalIPsKEHHOTO TPYAA,
3aTpadeHHOT0 Ha U3aHHe KHUTH «3aluTa II0YB U
BOIHBIX PECYPCOB», — OT paspabOTKH HavYaTbHOI
KOHIIETIIMH IO 3aBepIIIeHUs — CBOI BKJIA[] B €¢ U3[aHHe
BHecau MHoro mopeit B CoennaeHHbIx llItaTax AMepuku
u B 6n1B1IEM CoBeTckoM Corose.

PyxoBoputenu npoexra
Hp. Anexcannp Hukonaesuu Karrranos, Po6epr 1llo,
Crozan @eptur-Ilukc, durap [lo, Jasux Yair

MeHemKXepsbI IPOEKTa
Ixynut W. JIang u Tomac B. Jlesepman

TexHUYeCKUIT pegaKTop
Puyappn Yaub6epr

PepakTopbl
Hoaunuc Kappomr, bpammu @uiep, Yunaa ['panr, Capa
Jlopent, Hopotu Craiuu u Capa Taiutop

AccucreHTBI pegaKkTopa
Canpnpa I'pumm u Jlousemwt Oddart

Ju3aiiH 1 MIpOU3BOICTBO

JInsa I'mucoH, Xyl0’KeCTBEHHbII TUPEKTOP, LlenTp
nusaitna MCX CIIIA

I>xuH XaHCceH

CnentuaauCThI IO ITeYaTH
Har Yuncon
Mapxk Omepu

IlepeBomyuku
Ip. Cepreit Yepaukos u Hp. Penrnkc KoznoBckuit

Texnuyeckuii perieH3eHT
Ip. Januemyc I lnsoypunac

ITocT-perakIOHHHBII KOHTPOIb KayecTBa
bBapb6apa [Ix. Jleepman

Te u3 Hac, k10 Tpynutcs B Cry>k6e OXpaHbl IPUPOITHBIX

pecypcos COIIP u B Otnene nadopmanny MuHnCTEpCTBA
cenbckoro xossaiicTsa (MCX) CIIIA u 6bU1 BOB/IEYEH B

IIpusHaTenbHOCTH

paboTy Hax KHUTO «3allliTa IOYB ¥ BOIXHBIX PECYPCOB»,
XOTeJ ObI BEIPA3UTh UCKPEHHIOIO G/IarOIAPHOCTD TeM
TIOHMMAIOIIUM U TE€PIIEeIUBBIM POCCUICKUM
CIIeIMaTUCTaM B 00/IACTHU CEIbCKOTO XO3AMCTBA, KTO
CIIO0COOCTBOBAI PeIM3alMK ITOTO IMpoekTa. [lopnepkky
NpoeKTy oKasbiBaio IloconbcTBo Poccuiickoit Genepannu
B Barmmnrrone, u B 0CO6€HHOCTH aTTaIlle IT0 CeTBCKOMY
xo3aucTBy g-p IL.I1. Copoxun, n-p C. H. Ctpokos,
KOTOpBbIe 00eCreIrBaIi HAaC IPSAMBIMUA KOHTAKTaMU C
Poccniickoit akageMueii ceJIbCKOXO35ICTBEHHBIX HayK B
Mockse. Vx 6esynpedHoe BIajieHHe aHIJIMICKIM, 3HaHUE
POCCUIICKOTO CE/IbCKOTO X03AMCTBA U, YTO Haunbosee
Ba)XHO, TOHUMaHUe 3HAYUTETbHBIX U3MEHEHUII,
npoucxonsux B Poccuu, 66110 He3aMEHUMBIM TIPU
OCYLLECTBIEHUH 9TOIO IIPOEKTA.

B momonHenwue, aTa paborta He ObUTa ObI 3aBepiiieHa 6e3
oMoIu npesunenTa Poccuiickoit akageMuu
cenbckoxo3siicTBeHHbIX HayK (PACXH) I.A. Pomanenko u
0cob6eHHO ObBIIIEro mepBoro Buile-mpesuneHTa PACXH
A.H. Kamrranosa, KOTOPBIi OCYIIIeCTBISUI PyKOBOJCTBO
paboroii criertuamcToB Poccun. Vx mocrosiHHass
rofiep>kKa U 3aMHTePeCOBAHHOCTD ChITPAJTH PeIIaioNIyIo
POJIb B 3aBEepIIEHUH 9TOV KHUTH.

TexHIYecKye M HAyIHO-IOMY/IAPHBIE Ty OINKALINH,
IOTIOIHUTE/IbHBIE MaTepHaIbl M HH(POPMALUIO IO
BOIIPOCaM, 3aTPOHYTBIM B KHHTe «3aII[UTa IT0YB U BOTHBIX
PecypcoB», MO>KHO ITOJIyYUThb U3 CAEAYIOLINX HCTOYHUKOB!

Poccniickas akamemMus ceIbCKOXO3AMCTBEHHbBIX HaYK
Mocksa, Poccus

Ciry>x6a oxpanbl TpuponHbIX pecypcos MCX CIIA
WuTepHer
www.nrcs.usda.gov

[ist TOrO, YTOOBI 3aKa3aTh ofHY U3 myomukanuit COITP
MCX CHIA, o6pariaiitecs 110 afipecy
www.landcare@swcs.org mmu no tesecony 1-888-526-3227.
C nmpoyumu Bompocamu mpock6a obpararbes 8 COITP
(ampec mpuBeneH Ha cTp. iv).



Foreword

Ann M. Veneman
Secretary of Agriculture
United States Department of Agriculture

People around the globe share the need for nutritious food,
clean air and water, and the means for a productive life. We
share a beautiful and productive planet as well—a planet
whose diverse ecosystems are critical to its well-being.

Today, issues concerning food security, biodiversity, land
and water resources, and quality environments vie for our
attention. Building a sustainable environment for the well-
being of all life requires an understanding of natural systems,
of how these systems are interrelated, and of how human
needs fit into the mix. It requires an understanding of the
science and technology that support the wise use of our
world’s limited resources. Conservation is the intelligent

use of resources today and far into the future, based on
credible science.

We are encouraged by the wealth of sound information in this
book and applaud the experience and knowledge represented
here. We are also encouraged that the writers of this book and
those who supported them, and the readers of this book as
well, demonstrate a desire to share knowledge, to learn about
others, to learn from others, and to strive to understand our
differences as well as the many issues, concerns, and
expectations that we all have in common.

It is our hope and belief that future cooperative efforts will
continue to broaden our knowledge, increase our
understanding, and enhance our global habitat.

G.A. Romanenko
President of the Russian
Academy of Agricultural Sciences

The Earth is the pre-eminent source of agricultural
productivity. It is mankind’s most precious form of capital—
providing people with all that is needed for living. This source
of life must be treated extremely carefully if we are not to
exhaust it.

Scientists the world over, and in myriad agricultural
disciplines, are working diligently in an effort to preserve and
enrich the Earth—strengthening its resources and helping
ensure a balanced ecology in those areas where humans dwell.

Be that as it may, mankind’s increasing negative impact on the
environment, primarily on the soil layer, has resulted in a
number of unfavorable conditions: degradation of the soil,
water pollution, contamination of the atmosphere, and the
desertification of vast territories. As a result, the potential of
our planet’s ecology to cope is degraded while increased
efforts at agrarian production do not result in equivalent
increases in productivity.

Today, the united efforts of scientists and other professionals
from all nations are needed in order to arrive at complex
decisions regarding the preservation of the soil, water, and
other of our planet’s natural resources.

This monograph, “Protection of Soil and Water Resources,”
co-authored by scientists from Russia and the United States of
America during a period of long-term mutual cooperation,
covers the problems associated with protecting the soil and
increasing its fertility, as well as with conserving water
resources and protecting their quality. Considerable attention
is paid to soil erosion problems and implementation of a
science-based system of soil protection (including
conservation tillage, protective forestry, techniques for
avoiding desertification); the use and conservation of

water resources; and complex issues surrounding the
reclamation of land.

It is hoped that the experiences presented in this document

will aid both in preserving our environment and in enhancing
the human condition.

Foreword



IIpenucnoBue

OHH M. Beneman
Munuctp cenpckoro xossicrsa CIIA

JIronsm Bcero Mupa HeoOXOmUMO cOaTaHCHPOBaHHOE
IIUMTaHKe, YUCThIEe BO3AYX U BOJA, CPEACTBA JIJIA
NPONYKTUBHOM >KM3HU. MBI >KUBEM Ha OJHON IIPEKPACHOM
Y IPOAYKTUBHOM IUTAHETE — [UTAHETe, Pa3HOOOpasHbIe
9KOCHUCTEMBI KOTOPOH ABIAIOTCA KPUTUIECKUM 3/IEMEHTOM
€e CylIeCTBOBaHHUA.

CeropHst Ipo6IeMbl TPOIOBOIECTBEHHOI 6€30TTaCHOCTH,
6HOTOTYECKOTO Pa3HOOOPA3HS, OXPAHBI 3€MeTbHbIX U
BOJHBIX PECYPCOB M Ka4€CTBEHHON OKPY KaIOIIIEN CPEIbI
TpebyroT Haltero BHUMaHus1. Co3qaHue yCTONIUBOI
OKpY>KaIOllleil Cpebl IS 6JIarOIIOTydus BCErO KUBOTO
TpebyeT MOHNMAaHUS IIPUPOIHBIX CHCTEM, UX
B3aMMOJIEVICTBUA MEXKIY co60i11 1 ¢ yesjoBekoM. Ham
HeoOXONMMO IIOHUMaHHEe HAyKU U TEXHOIOTHH JI/IS
MYZAPOTO UCIOIb30BAHM OTPaHUYEHHBIX IIPUPOTHBIX
pecypcos. KoHcepBalius — 3To padyMHBIIT CII0CO0
HCITONIb30BAHMSI PECYPCOB KaK CETrOfHs, TaK U B OyayILeM,
OCHOBBIBAsICh Ha JOCTIDKEHUAX HAyKH.

MBbI pajibl 06WIHIO HHTEPECHO HH(MOPMAIIUU B 9TOM
KHUTE U CYMTAaeM OYeHb I10/IE3HBIMHU OIIBIT U 3HAHUA,
IpeficTaBeHHbIE 31eCh. [IpUATHO OTMETUTD, YTO aBTOPBI
9TOM KHUTHU U Te, KTO UX ITOAIEPIKUBAJL, a TAKXKE YUTATEIH,
IeMOHCTPUPYIOT JKeJTaHWUE [e/IUThCA SHAHUAMM, I10/Iy4aTh
HHGOPMAIHIO O IPYTHUX, YIUTHCSA Y APYTUX U CTPEMUTHCS K
MMOHMMAHUIO HAIIUX Pa3/IMIMIi, @ TAK)Ke HAIIIMX OOIIINX
11po61em, BOIIPOCOB U OXKUTAHUI.

MBI HaleeMcsi U BepUM B TO, 4TO Oyzyliiye YCHIns

PACIIHMPAT HAIIX TO3HAHMUS, YIYUIIIAT HAIlle IOHUMaHUe U
Hallly cpeny OOUTaHHUs.

IIpepucrosue

ITpesunent, akagemux Poccuiickoil akagemMun
CeTbCKOXO03AMCTBEHHBIX HayK

I.A.Pomanenko
YBaykaeMble ynuTaTE/NN

3emsIsi — OCHOBHOE CPeICTBO IIPOU3BOJICTBA B CETBCKOM
XO3AMCTBE, CAMBIN IParolieHHbIN KalluTal Ye/I0BeYeCTBa,
MAIOIIUI TIOMSM BCe HEOOXONUMOE MIISI CYII[eCTBOBAHMSL.
YT0OBI 3TOT UCTOYHUK )KM3HU HE UCCAK, K HEMY HaJlo
OTHOCHTBCS C BeIMYAAIIIEN OePEKTUBOCTHIO.

Y4eHble Bcero MUpa yropHO U HACTOMYMBO pabOTAIOT B
Pa3HBIX HANIPaBJIEHUAX aTPapHOI HAyKH B Ie/IAX COXPaHEHUS
1 YKpAaIlleHNsI 3eMJIH, IPeyMHO>KeHUs ee 60raTcTBa 1
9KOJIOTUYECKOTO 03/I0POBJICHUsI PailOHOB OOUTAHUS
YyeJIoBeKa.

OpHako ycHIMBaIOIIMecs: HeraTUBHbIE SBJIeHN A, BbI3BaHHbBIE
AHTPOIIOTEHHBIM BO3[IEMCTBHEM Ha IIPUPOLHYIO CPENY, U B
IIepBYIO OYepeNb Ha IIOYBEHHBIN ITOKPOB, BbISBA/IU PALL,
OTPpHUIATEIbHBIX IIOC/IENCTBUI: AerPalaliuio I10YB,
3arpsisHeHHe BOJL ¥ aTMOCGhepsbl, ONYCThIHUBAHNE OOIINPHBIX
TeppUTOpHUil. B pesynprare 6MOKIMMAaTHYECKHUI TOTEHIIHAT
6rocdepbl HCITOIB3YETCs He B ITOJIHOM Mepe, a
IOIIO/IHUTE/IbHbIE YCUINSA arpapHOTro IIPOU3BOJCTBA He
[IPUHOCST 9KBUBATEHTHOI MPHOABKH IPOLYKIIUH.

CeropiHsl HY)KHbI OO'beIMHEHHBIE YCHIMSI YIEHBIX 1
CIIEIMATNCTOB PAasHBIX PO eccHit Bcex CTpaH, YTOObI
BBIPAbOTATh KOMIUIEKCHBIE PEILLICHHsI II0 OXPaHe OYBEHHBIX,
BOJIHBIX U IPYTUX IPUPOIHBIX PECYPCOB 3eMIIN.

[Ipemaraemas BaeMy BHUMaHHUIO MOHOTpadus «3aiuTa
[TOYB ¥ BOIHBIX PECYPCOB», TIOATOTOB/ICHHAsI K H3JAHHUIO
yuaensimMu Poccun u CIIIA Ha ocHOBe 06006111eHMS
IBYXCTOPOHHETO MHOTOJIETHETO OIIBITA, PACCMATPHUBAET
po6/1eMbl OXPaHbI TIOYB, TOBBIIIIEHUST UX TUTOOPOIHS,
COXpaHeHHMsI 3a11aCOB U Ka1eCTBa BOIHBIX PeCypcoB. B
MoHOTrpaduu Ba)KHOE MECTO YeTIeHO IpobieMaM 3pOsHH
3eMeJTb M OCYILIECTBICHUs pa3paboTaHHOTO HAYKOI
[TOYBO3AIIUTHOTO KOMITIEKCA ([TOYBO3AITUTHAsE 0OpaboTKa,
3aIIUTHOE JIeCOPa3BeeHUe, IPUeMbI 60PbOBI €
OITyCTHIHUBAHIEM ); UCIIONBb30BAHUS M COXPAHEHMUsT BOMHBIX
PeCcypCcoB; KOMIUIEKCHO METHOPAIINH 3€MeTb.
Hcnonp3oBaHue 3TOTO OIBITA OyeT CIocOOCTBOBATh
COXPaHEHUIO IIPUPOSHOM CPENBI U YCIOBUMA JKUSHU
4Ye/I0BEYeCcTBa.
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The U.S. System of Soil Classification

Richard W. Arnold, John E. Witty, Larry P. Wilding, George F. Hall, and James L. Richardson

Abstract

The standards used by the National Cooperative Soil Survey
for classifying soils are provided in the book Soz/ Taxonomy
(5)" and in supplemental keys. The major role of Soz/
Taxonomy is to provide consistent names for natural bodies of
soil that otherwise have no names. Identification and
mapping of named soils facilitate the transfer of relevant
technology. Sustainable use of soil resources depends on
understanding soils and successfully transferring soil
technology worldwide.

Introduction

The Cooperative Soil Survey in the United States involves
Federal and State agencies, universities, and some local
organizations or units of government. Through a process of
agreements, the participants provide counsel, personnel, and
funds to conduct the soil survey and assist people in using the
information. The mission of the Cooperative Soil Survey is to
help people understand soils and use them wisely.

Soil Taxonomy contains the standards and guidelines for
classifying soils and is one of the basic documents used in
making surveys and interpreting them for use by other
people. In the context of Soz/ Taxonomy, soils are collections of
natural bodies on the Earth’s surface. An individual body
called a polypedon (somewhat analogous to an elementary
soil areal) is the basis for classification and can be represented
by a small sample volume called a pedon. Soi/ Taxonomy was
developed to reveal relationships among soils in local,
national, and global settings. Soil Taxonomy has slowly evolved
over the past 30 years into a system that improves our
understanding of local soils within a global context. Paleosols
need to be better integrated into the system and organic soils
and soils with permafrost need to be refined. The challenges
and responsibilities have never been greater for soil scientists
to be global in both outlook and action.

! Underlined numbers in parentheses cite sources listed in the References
section at the end of this article.
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Discussion
Structure and Definitions of the System

The six categories in So7/ Taxonomy’s hierarchy of classes,

from highest to lowest, follow: order, suborder, great group,
subgroup, family, and series. Each category consists of a set of
classes designed to include all soils as well as to define them
with comparable degrees of generalization. The limits defined
for each class cannot extend beyond those for the higher
categorical class of which it is a member. The highest category
currently consists of 12 orders, while at the lowest level, more
than 17,000 series have been established in the United States
alone (fig. 1).

At the order level, classes are differentiated on the basis

of properties resulting from the dominant forces and
major processes of soil formation. Some genetic processes
and factors that shape the characteristics of a soil are not
fully understood and may be reevaluated, but the accepted
views have influenced the selection of properties used as
criteria. The absence of certain features, for example, lack
of weathering in the order of Entisols, can also serve

as a criterion.

At the suborder level, classes are distinguished on the basis
of important properties which constitute, or result from,
major factors influencing the current soil-forming processes.
Some of the criteria selected are dynamic, such as the
moisture regime; others relate to materials or processes

that retard horizon differentiation, such as sand or

alluvial sedimentation.

At the great group level, soils are differentiated on the basis
of properties which constitute or reflect subordinate factors
influencing current soil-forming processes. The criteria
selected are generally static, such as layers that retard water
percolation or root extension, but some are dynamic,

such as the moisture regime where it is not used as a
suborder criterion.

At the subgroup level, classes are separated on the basis of
properties resulting from either (a) a blending or overlapping
in space or time of certain processes, which causes one kind of
soil to develop away from or toward another kind that is
recognized at the great group, suborder, or order level; or

(b) processes or conditions not recognized in any class criteria

The U.S. System of Soil Classification



Cucrema knaccuukamuu nmous CIIIA

Puuad B. Apronvd, [Jncon E. Bummu, /lau I1. Yaiinoune, [Ircopdnc @. Xonn, Inceiivc /1. Punapocon

Pesrome

TakcoHOMMUECKasI CHCTeMa M HOMEHK/IATypa,
HcIob3yeMble HalmoHampHOM KOOIIEPaTHUBHOM CIIy>K6011
nouseHHbIx uccnenopannii (HKCAIIN) mia
KJIACCU(UKAIMY TI0YB, [TPEICTAB/IEHbI B KHUTE
“Takconomusi mouB” [5] u ee mputokeHusx (“kmrodax’).
[1aBHas 3a/1a4a IIOYBEHHOM TAKCOHOMUU — 00€CIIEYNTh BCe
pasHooOpasue CyIIeCTBYIOIINX II0YB COOTBETCTBYIOLINMHU
HAaUMEHOBAHUSMH JIJISI TPABWIHHOM UX UIeHTU(DUKATNH
[Ipu U3y4eHuH U Kaprorpaduposannu. Co3gaHue equHOMN
MHPOBOM TePMUHOIOTHH CITOCOGCTBYET palliOHaIbHOMY
HCITOIb30BAHHIO TIOYBEHHBIX PECYPCOB.

BBenenue

KooneparusHas ciry>k6a mouBeHHbIX uccnenoBanuii CIIA
BKJTIOUaeT (hefiepasbHbIe U IIITATOBCKUE aT€HTCTBA,
YHUBEPCUTETBI, HEKOTOPbIE MECTHbIE OPTaHNU3ALIUN U
IIpaBUTE/IbCTBEHHBIE yUpexxeHus. Bce yuacTBytorye
OTaHM3AIIMH 110 B3aHMHOMY COIJIAIIIEHUIO 00eCIIeYnBaIOT
KOHCY/IBTaTUBHYIO IIOMOIIIb, KaIPOBYIO ITOJICPXKKY U
BBIZIE/ISIIOT IeHEKHbIE CPEICTBA [UIsI IPOBEIEeHUs
[MOYBEHHBIX MCC/IENOBAHNI M OKA3AHUS TIOMOILIU
(depmepam B uconpb30BaHUN UHPOPMAITUH O TIOUBE.
3amada 9ToM CIy>KOBI — IIOMOYb JIIOASM HOTyYUTh 3HAHUS
0 TIOYBeE JI/Isl IIPaBUIBHOM OPTraHU3AI[UU HCIIOIb30BAHUS
3eMeJib.

Kuura “TakcoHOMUSI ITOYB”, COfiepIKaliast HOPMbI U
PYKOBOZSAIIME IPHHIINIIBI KTAaCCU(DHUKAIIUH TIOYB, SIB/ISETCS
OIHUM U3 OCHOBHBIX TOKYMEHTOB, UCIIOIb3YEMBIX [IPH
MIPOBEIEHUN TIOYBEHHBIX UCC/IEMOBAHMIT U U3/IOKEHUH UX
MaHHBIX JUISI TOJIb30BaTess. B KHUTe maeTcst pefcTaBeHye
0 IOYBaX KaK O COBOKYIIHOCTH €CTECTBEHHBIX IIPUPOITHBIX
TeJT Ha MOBEPXHOCTHU 3eMn. B kauecTBe OCHOBHOI
eUHUIIBI TOYBEHHOTO TIOKPOBA, TOIEKATIIEi
KIaccupUKAIMK U KapTOrahMpOBAHUIO, PACCMATPUBAETCS
[IOTUTIEOH. DTO HOHATHE OIM3KO K 3JIEeMEHTAPHOMY
[TOYBEHHOMY apeasry. MUHHMaIbHBIM €r0 06 BeMOM,
ITOJITOKAIIIUM BCECTOPOHHEMY HCCIETOBAHUIO 1
IOUATHOCTHUKE, ABIAETCS MEeNOH, MU IIOYBEHHbII
HHAUBUAYYM. TAKCOHOMUSI TIOYB COCTAB/IEHA, YTOOBI
BBISIBUTD CBSI3H MEKMY IOYBAMH B PETHOHAIBHOM,
HaLlMOHAJIBHOM U I7106aIbHOM MaciiTabax. 3a mociegnmue
30 1eT moyBeHHas TAKCOHOMHS, TIOCTEIIEHHO Pa3BUBAsCD,
[IPEBPATHIACH B CTPOIHYIO CUCTEMY, PACIIMPHUBIIIYIO HAIIIH
[IPeICTaB/IEHUsT O KOHKPETHBIX ITOYBAX, UX

Cucrema knaccudukanuu nous B CIITA

PacmpoCTpaHeHUH ¥ B3aUMOCBSI35X B IOYBEHHOM IIOKPOBE
Bceit 3emutu. [1pu nanpHelieM coBepIIeHCTBOBAaHUU
CHCTEMBI ITPEAIIONAraeTcsl BKIIOYUTD B Hee PETHKTOBbIE
TOYBBI ([TAJIEOCON), YTOUHUTD CHCTEMATHKY
OpraHUYeCKUX II0YB U II0YB B 30HAX BEYHOIN MEP3JIOTHI.
Tno6anpHBIN TOAXO B UCCIETOBAHNUAX U 00006IIEHUAX
006513bIBaeT MOYBOBEA K MAKCHMATbHO OTBETCTBEHHOCTH
U Tpeb60oBaTeIbHOCTH K cebe.

O6¢yxnenue
Cmpykmypa u onpedesnerue cucmemol

B nepapxuu K1accoB MOYBEHHOM TAKCOHOMUU OT BBICIIIETO
K HU3IIIeMY BBIJI/IAIOTCA CIefylolne 6 KaTerOpuii:
MTOPSIIOK, IOAIOPSIIOK, OO/IbIIIAs TPYIINA, HOATPYIIIA,
ceMercTBO U cepusi. Kaxzas xateropusi COCTOUT U3 psifia
KJIACCOB, OXBATHIBAIOIIIUX BCIO COBOKYITHOCTh MHUPOBBIX
II0YB; OIIpefie/IeHe TTOYB BHYTPHU K/IACCOB JIaeTCs C
COOTBETCTBYIOIIEH CTeNeHbI0 TeHepatu3auyuu. [ paHuib
Ka)KIOTO K/Tacca He MOTYT BBIXOAUTD 32 IPefIeIbl
COOTBETCTBYIOIIETO K/Iacca 6oiee BBICOKOIT KaTerOpHUH,
JacThIO KOTOPOTO OH SIBJISIETCS. BpIcmias KaTeropus B
HacTosIIlee BpeMs HaCUUThIBAeT 12 OPANIKOB, B TO BpeMs
KaK Ha HHU3IlIeM ypOBHE B OTHHUX TOMbKO COeTUHeHHBIX
[ITarax onpenenensl 6ojee 17000 pasHOBUIHOCTEN
(puc.1).

Ha ypoBHe mopsika Kacchl pa3IM4aloTCs 110 CBOMCTBAM,
OTPXKAIOIINM IJIaBHBIE (DaKTOPBHI TIOIBOOOPA3OBAHNSI.
HexoTopble reHeTHYeCKHE IPOIIECCHI U (PaKTOPBI
IIOJTHOCTBIO eIlle He U3y4YeHbl U MOTYT OBbITh
[IepeCMOTPEHBI, OTHAKO B OCHOBHOM BBIOOP KpUTEPEB
OUKTYeTCsS MPU3HAHHBIMU HAYYHBIMU IOJIOKEHUAMHU.
Kpurepuem MOXeT CITy»KUTb Ja’ke OTCYTCTBHe HEKOTOPBIX
IIPU3HAKOB — HaIIpUMep, OTCYTCTBHE BBIBETPUBAHUSA B
MIOPSAIKE A30HATBbHBIX MTOYB.

Ha ypoBHe nonmopsnka KIacchbl pasindaioTcss Ha OCHOBE
CYIIeCTBEHHBIX IIPU3HAKOB, KOTOPbIe BO3HUKAIOT IO,
B/IMSIHUEM IJIABHBIX (PAKTOPOB, ONIPEe/ISIIOLINX PasBUTHE
T0YBOO6OPa3oBaTeIbHBIX IpolieccoB. HekoTopsie 13
BBIOPAHHBIX KPUTEPUEB HOCAT JUHAMUYHBIN XapaKTep —
HaIIpuMep, TOKa3aTeIu BOTHOTO PeKUMa; IPYTHe CBA3aHbI
¢ cy6CcTpaTaMy WK IPOLIeCCaMy, KOTOPbIE 3aTPYIHSIIOT
BbIfIe/IeHHe TOPU30HTOB, HaITpUMep, TeCYaHbIe TOPOJIbI
WM aJUTIOBUA/IbHBIE OTIOKEHHUA.

Cratba 1




Figure 1. Categories in soils taxonomy with number of classes and example nomenclature
Puc. 1 KaTCI‘OpI/H/I B IIOYBEHHOM TAKCOHOMUHA (C YKa3aHUEM KOJIMYIECTBA KJIaCCOB U ITPUMEPOB HOMGHKJIaTypr)
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Categories Number of classes Nomenclature
Kareropusa KomumyectBo kmaccoB HomMmenxknatypa
Order Alfisol
[Mopsimox Anbducon
Suborder 53 Udalf
[Tomgnopsimox Ynaned
Great group 261 Hapludalf
Bonpias rpynmna Xamynanbd
Aquic Hapludalf
Subgroup 1,189 AxBuk Xamnynanbgd
IToprpymnmna 1189 . .
Fine-loamy, mixed,
Family 6.755in U.S mesic aquic hapludalf
CeMeicTBO 6'7 55 TOHKOCYIJIMHUCTBIN, CMEIITaHHbI
e MesuK AKBHK Xarutynaabd
Series 17,000 in U.S. Lehigh
Cepus 17000 B CIIIA Tlexai

at a higher level. A third kind of subgroup is considered to
typify the central concept of the great group of which it is a
member. Subgroups of the kind defined under (a) are called
intergrades, those under (b) extragrades; the subgroup
typifying the central concept of a great group is called typic.

At the family level, classes are differentiated on the basis
of properties that control current processes within the solil,
such as particle size distribution, mineralogy, temperature,

and soil depth.

Soil series, which constitute the lowest category in So7/
Taxonomy, are defined ad hoc by criteria which reflect a
relatively narrow range of soil-forming factors and processes.
Generally, they are set to meet local needs for separations
between soils that respond differently to various uses.

Diagnostic Horizons and Properties

In developing Soil Taxonomy through a series of early
approximations, the authors of the system soon realized that
among scientists with different backgrounds, training, and
experience, there was no general agreement about horizon
concepts, designations, and definitions (4). To overcome this
limitation, it was necessary to assign names to proposed
diagnostic horizons and properties to be used for classification
differentiation. This permitted scientists to focus on

A
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concepts for class differentiation rather than be caught up in
disagreements on definitions of horizons. Further, it was the
philosophy of Soil Taxonomys authors that soils should be
classified on the basis of their actual properties rather than on
their presumed genesis (3). Defining diagnostic horizons and
properties served this goal and provided morphogenetic class
criteria for grouping soils at different category levels.

The soil characteristics selected as criteria were not necessarily
the most important in themselves; rather, they reflected
differences in the dominance of certain combinations of
genetic processes and carried with them many accessory
characteristics (2).

In forming and defining taxa in Soil Taxonomy, properties
selected as diagnostic at the higher levels were those
considered most important to plant growth and resulting
from or influencing soil genesis. Those important to plant
growth, environmental quality, or engineering and other
interpretations, but with less pedogenic significance, were
used only for the lowest categories.

Definitions of diagnostic horizons and properties were
intended to be operational so that individuals with different
training and experience would be able to identify them
consistently, preferably under field conditions. Preference was
given to those properties where use and management, such as

The U.S. System of Soil Classification



Ha ypoBHe 60/1bI110¥1 TpynIibl OYBEI AU EpeHIIUPYIOTCS

110 CBOMCTBAM, KOTOPbIe COCTABJIAIOT MM OTPAXKAIOT
MOoMYMHeHHbIe (DAaKTOPBI, BJIUSIOIINE HA PA3BUTHE
ITOYBEHHBIX IPOIECCOB. BoIOpaHHbIe KpuTepUu
NIPEUMYIIECTBEHHO AB/IAIOTCA CTaTUYeCKMMU — HaIlpUMep,
MOLLIHOCTb BOAOYAEPKUBAIOIIUX CJIOEB WU CIOEB,
NPEIATCTBYIOIIMUX Pa3BUTUIO KOPHEBOW CUCTEMBI; €11IE B
KayecTBe KPUTEPUEB UCIIONb3YIOTCSl AMHAMUYHbIE
BEJIMYMHBI, HAIIpUMep IT0Ka3aTeIu BOIHOTO PeXXUMa, eC/Id
OHU He HUCIIO/Ib3YIOTCS KaK KPUTEPUH IOAIIOPAIKA.

Ha ypoBHe OArpymnmbl K1acchl pasandaroTcs 0
CBOMCTBAM, OTPA>KAIOIIIUM:

“a”) pe3y/IbTaThl COYETAHUS U TIEPEKPBITHS B
MIPOCTPAHCTBE WM BPEMEHHU OIPeIeIeHHbIX MTPOIECCOB,
KOTOPbIEe IPUBOJIAT K 0Opa30BaHUIO CrierudUIecKoit
[TOYBBI, OTIMYHOM OT APYTUX, OTHOCSAIINXCS K OOIBIIION
rpyrIte, HOANOPSIAKY WK TOPSIAKY; (“6”) pesynpraTsl
IIPOLIECCOB W/IM YC/IOBUIL, He BBIAB/IIEMbIE TI0 KPUTEPUIO
60s1ee BBICOKOTO YPOBHSI. TpeTnit BUA IOATPYIIIBL CITY XKUT
IUIS1 TUITU3AIIUHU [IEHTPATBHOTO MOHITHS GOBIIION
rpynmsl. Takum 06pa3oMm, IOATPYIIIBI TPETHErO BUAA
OTIPENe/ISIIOTCS KaK THUIMYHbIE, IIOATPYIIIbI BUa “a” — KaK

[IPOMEXYTOUHbIE, MEKK/IACCOBBIE,  TOATPYNIIbLI Buaa “6” -

KaK BHEKJ/IACCOBBIC .

Ha yposHe cemericTBa kmacco! quddepeHpyoTcs Ha

OCHOBE CBOJCTB, KOTOPbIe KOHTPOJIMPYIOT TeUeHHE
MOYBEHHBIX IPOLECCOB, KaK, HALIPHMeP, pasMep YaCTHIL 1
MeXaHHIeCKHIT COCTAB, MHHEPAIOTHsI, TeMIIepaTypa U
DTy6UHA IOYBHIL.

[TouBeHHbBIE CePUH, TPENCTAB/ISIONINE COO0T HUSIIIYIO
KaTeroOpHIo B TOYBEHHON TAKCOHOMUH, OIIPE/e/ISIFOTCS
CrelMaabHBIMU KPUTEPHSIMHU, KOTOPbIE OTPasKAIOT
OTHOCHUTENIBHO Y3KUI MHTEPBaI UBMEHEHNUI
T0YBOO6PasyroInux GakTOPOB U mpo1ieccoB. OOBITHO OHH
IIPUMEHSIIOTCS [UISI PellieHNsT MeCTHBIX 3a4ad 10
BBISIBJICHUIO Pas3/IMIHIT MEKIY IIOYBAMH, OTBEYAIOII[UX
Pas3IMIHBIM BapHAHTaM UX UCIIOIb30BAHMS.

ﬂuaeuocmuuecxue 20pu3oHmol u ceoticmea

B niporiecce pasBuTHS MOYBEHHO TAKCOHOMMH
[TOCPENICTBOM CEpUU TPUOIMIKEHUIT aBTOPBI CUCTEMBI
0GHAPY KM, YTO CPEIH YIEHBIX C Pa3HOI
KBam/I(bHKauHeﬁ, MOATOTOBKOM U IIPAKTUYECKUM OIIBITOM
He 6bUTO 06I1IeT0 MHEHHSI IO TOBOAY MOHATHS “TOPU30HT
OTIpeeIeH s U IMArHOCTUKU TOPU3OHTOB [4]. [list
[IPEONOIEHHSI ATOTO HEJOCTATKA TOTPeGOBAIOCH JaTh
HAaUMEHOBAHUS MIPE/IATAEMbIM THATHOCTUIECKUM
TOPU30HTAM U CBOMCTBAM, HCIIOIb3YEMBIM IIPH
KIaccubUKanun. ITO MO3BOIHIO YICHBIM
COCPeNOTOYUThCs Ha nud epeHITraum KIaccos,
HECMOTPsI Ha PACXOXKIEHUS B OTIPelleIeHIH TOPU30HTOB.

Cucrema knaccudukanuu nous B CIITA

Kpome Toro, aBTOpbI II0YBEHHO TAKCOHOMHU CYUTAIOT,
9TO KIACCU(PUKAIMS TI0YB I0/DKHA OCHOBBIBATHCS HA MX
peabHBIX CBOJICTBAX, @ He Ha IIPENIIO/IaraeMOM TeHe3uce
[3]. Onpenenenvie MUarHOCTUYECKUX TOPU3OHTOB U
CBOJICTB IIO3BOJIWJIO PELIUTH 3Ty 3aflady IIyTeM
paspaboTku KpuTepreB MOP(HOTreHe TUIECKUX KTACCOB IS
IPYIIIMPOBKY [IOYB HAa PA3HBIX YPOBHSIX.

[TouBeHHbBIe XapaKTEPUCTUKH, BBIOPAHHbIE B KayeCTBe
KpUTEepHUEB, CAMU TI0 cebe He 00513aTebHO SIBISIOTCS
[JIABHBIMH, CKOP€€e, OHU OTPayKAIOT NpeobanaHme
oIpe/e/leHHbIX COYETAaHUI TeHe THYECKHX [IPOLIECCOB,
YBA3BIBasl C HUIMU MHOTHE IOTIOIHUTE/IbHBIE
XapaKTepUCTUKH [2].

ITpu BBImEIEHUN U OTIpele/IeHUN TAKCOHOMHYECKHUX
eIMHUII Ha BBICIITNX YPOBHSAX B KaueCTBe IIaBHBIX
OUAarHOCTUYeCKUX ITPU3HAKOB pacCMaTPUBAINCh CBOIICTBA,
HauboJjiee BayKHbIE JIJIS1 IPOU3PACTAHUS PACTCHUIT U
OTpaKalollue reHeTHYecKue pas3auyus mous. [Ipyrue
CBOIICTBa, OTIpe/ie/IA0IINe BOSMOKHOCTH 3eMIeeNns,
Ka4eCTBO OKPY>KAIOIIeH Cpelbl ¥ Tpovyne MPUK/IaTHbIe
ACTIEKTHI 3eMJIeTIONTb30BAHNU A, IPUMEHSINCH /IS
OMArHOCTUKH HUSIIUX KaTeTOPUIL.

Omnpenenenne TMATHOCTUYECKUX TOPU3OHTOB U CBONCTB
IIPOBOJIM/IOCH TAK, YTOOBI CIIEIMA/IMCTHI C PA3HOM
KBaIM(PHUKALIHE ¥ IPAKTHIECKUM OITBITOM MOTIIH
OIHO3HAYHO MAEHTH(PHUINPOBATH UX B IIOIEBBIX YCIOBHUSAX.
IIpepnoyrenue oTnaBaJIOCh T€M CBOMCTBAM, KOTOPbIE HE
MpeTepIIeBalOT 3HAYUTEIbHBIX U3MEHEHUIT 32 KOPOTKUM
TIepUOZ, IIPU XO3ANCTBEHHOM HUCIIOIb30BAHUM — BCITAIIIKE,
nsBecTKOBaHUU. CoueTaHMe YCTONYUBBIX
KIaCCU(UKAIMOHHBIX IIPU3HAKOB C IUHAMUYIHBIMU MOXKET
MIPUBECTU K ITy TAHUIIE IIPU IPOCTPAHCTBEHHOM
pasrpaHHYEeHUH IIOYBEHHBIX eANHUIL. DTa pobiema
TpeOyeT HabHEHIIIero U3y IeHHsL.

Knrouu u ux npumenenue

B “TakcoHoMuu mouB” MpUBEJIEHbI KIIIOYH, IIO3BOJIAIONIHE
“xmaccuuIUpoBaTh” KOHKPETHBIE TOYBHI (T.€.
OTIPENe/ISITh UX KIACCU(PUKATMOHHYIO IPHHAIE)KHOCTD).
OnHako co BpeMeHeM ITH OLIEHKH YTOUHSIINCH U IS
CBEIEHNSI TT0/Ib30BATE/IEH TePHOAUIECKH 1Ty 6IMKOBA/IHCD
ucrpasiennble “KIouu moYBeHHON TaKCOHOMUU [6].
YT0o6bI IPaBUIBHO KIACCU(PHUINPOBATE OIPeeTeHHYIO
mo4By 110 “TAKCOHOMMH TTOYB’, CTIEAYET UCIIONb30BATh
CIIeIMANbHYIO TEPMUHOTOTHIO, TPEACTABICHHYIO B
“CripaBOYHIKe TOYBEHHOM CIy>k0b1” [7], o6pararbcs K
OTIpeneIeHUsAM TUArHOCTUYeCKUX TOPU3OHTOB U CBOVICTB,
cofeprKalUXcs KaK B CaMOM KHUTIe, TaK U B HOBEHIIIEM
ucnpasieHHoM usnanuu “Kirodeit mouBeHHOM
TaKCOHOMUM
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plowing or liming, would not result in wholesale changes in
classification over short time periods. The combination of
both historical-static-stable properties and temporal-dynamic
ones sometimes results in confusing spatial patterns and is a
problem to be addressed in the future.

Keys and their use

Soil Taxonomy contains keys for use in classifying specific soils.
However, these have been amended several times, and to
inform users of such changes, revised Keys ro Soil Taxonomy
have periodically been published (6). To classify a particular
soil according to Soi/ Taxonomy, one should use these revised
keys, be familiar with the terminology for describing soils
outlined in the Soi/ Survey Manual (7), and refer to the
definitions of diagnostic horizons and properties contained
both in Soil Taxonomy and, in revised form, in the newest
edition of Keys to Soil Taxonomy.

Names of classes

Early in the development of Soi/ Taxonomy, the decision was
made to coin new names for the classes in the system rather
than to redefine existing names. The existing names had
firmly established connotations, and, in some cases, criteria
used to differentiate soils with the same name varied from
country to country. For example, the criteria for a podzol soil
differed between Russia and the United States. In Russia, an
eluvial horizon was emphasized, while in the United States, an
illuvial horizon was considered critical.

The nomenclature for Soil Taxonomy was developed in
consultation with members of the classic-language faculty
from the University of Ghent, Ghent, Belgium; and from the
University of Illinois at Champaign-Urbana (1). Elements
used to form the names of classes are called formative
elements and were derived primarily from Greek and Latin.
The formative elements were selected to identify and help
recall soil properties in each of the classes to which they were
applied. For example, the elements aqu (L. aqua, water) and
hal (Gk. hals, salt) identify soils that are waterlogged or have
salt accumulations, respectively. The elements of the names
suggest the qualitative characteristics of the soils and are not
meant to be interpreted as quantitative. However, the soil
classes themselves are defined by quantitative criteria.

Names of orders, the highest category of the system, each
begin with a syllable containing a formative element that
should bring to mind distinctive soil characteristics (table 1).
In each case, the formative element is followed by the syllable
sol (L. solum, soil). For example, the class name Ultisol (L.
ultimus, last) suggests that the soils in that order are old and/
or intensely weathered. The names of the suborders contain
two syllables, the first of which suggests a diagnostic property
of the respective suborder, while the second syllable is the
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Photo 1-1. A USDA soil specialist uses a probe to sample cropland soils for identi-
fication and mapping in the Western United States. (Tim McCabe photo)

®oro 1-1. Crerpamucr-ousosen MCX CIIIA 6epet 06pasiibl IIOYBBI IJIst
npeHTUHUKaNNY 1 Kaprorpaduposanns B sanmanHoit yacti CHIA. (Porto
Tuma MaxkKeit6a)

formative element of the order to which it belongs. The name
Udult, for example, combines the suborder formative
element, ud (L. udus, humid), with the order formative
element, ult (L. ultimus, last), suggesting highly weathered
soils of a humid region.

For classes in the great group category, a prefix of one or more
formative-element syllables is added to the suborder name.
The added formative elements suggest additional diagnostic
properties in the soil. Soils in the suborder of Aquolls that
have an argillic (L. argilla, white clay) horizon are named
Argiaquolls at the great group level of the classification.

In the subgroup category, classes are named by adding one or
more adjectives to the great group name. These names
represent intergrades or extragrades, while the class that is
thought to typify the central concept of the great group, is
accorded the adjective Typic: for example, Typic Argiaquolls.

The U.S. System of Soil Classification



Ha3ssanus knaccos

B Havase pa3paboTKu MOYBEHHOV TAKCOHOMUU OBUTO
pellleHo IaTh HOBbIe HANMEHOBAHUS KTaCCaM B CUCTEME, a
He [lepecMaTpUBaTh yKe CyI[eCTBOBABIIINE
HaHMEHOBAHUSI, TEPMUHOJIOTHSI KOTOPBIX He SBJISIACh
OOIIENPUHSATOIN [UTS CIIEIIMATICTOB PA3HBIX CTPAH.
Hanpumep, Kputepuu [j1s BbIIeIeHUSI TOI30THCTOM
IIOYBBI 3HAUYUTEIBHO pasauydaauch cpenu yueasix CCCP u
CIIIA: B CCCP guarHOCTUYeCKHUM CUUTAJICS SITIOBUAIbHBINI
ropusoHT, Toraa kak B CIIIA - ToIpKO WITIOBUAIBHBIN U
T.1I.

HoMmenxmatypa moIBeHHO TAKCOHOMHHU paspadaThIBaIach
B IIpOLIecce KOHCYIBTALINI CO CIEIHaTHCTAMHU 110
KJIACCHMYEeCKUM si3bIKaM YHuBepcureTa B r.lente (Bembrust)
u YHuBepcurerta 1urara Vumnoiic, r.Y pbana-1llammeriin,
CIIIA [1]. HauMeHnoBaHMA 118 BBIIEJIEHHDIX KJIACCOB
COCTaBJIeHBI U3 CIOBOOOPASYIOIIUX 3/IEMEHTOB—
“bopMaTHUBOB”, B3STHIX U3 TPEYECKOTO U JIATHHCKOTO
A3BIKOB. VIMeHHO (hOpMaTUBBI ObUTH BbI/IE/IEHBI /IS
uneHTU(UKAIUY U OTIpeie/IeHUsI CBOMCTB MOYB B KAXKIOM
knacce. Hampumep, popmaruser “aksa” (B j1at. aqua -
Boma) u “ran’ (B rped. hals - conp) cay)xaT s BeimeieHIs
COOTBETCTBEHHO T0YB 3a60/I0Y€HHBIX U 34COTEHHBIX.
[pemaraemple Jiist TEPMUHOTIOTUU POPMATUBBI
[TO3BOJISAIOT IATh KAY€CTBEHHYIO XapaKTEPUCTHKY [IOYB, HO
CaMU KJIACChI BBIIEISIOTCA 110 KOJIMYECTBEHHBIM
KPUTEPHUSM.

HaumMeHoBaHUe mOPsIIKa KaK BBICIIEN KATETOPUN CHCTEMBI
HAYUHAETCS CO CJIOTa, COflep>KaIero GopMaTHB JIjist

OTIpeMeIeHus [TABHBIX XapaKTePUCTHK MOoYB (Tabmuma 1).
B xaxmoMm crrydae 3a popmMaTHBOM caeayet cor “con” (OT
mat. solum - mouyBa). Hanpumep, HasBanue kiacca
Yavrucon (ot aar. ultimus — TOc/IenHUI ) ITOKA3BIBAET, YTO
ITOYBBI ATOTO TOPSIIKA — JPEBHHE U/WIH CHIBHO
BbIBETPEHHbIE. B HA3BaHNU MTOAIIOPSIAKA COMEPIKATCS IBa
CJI0Ta, TIEPBBIIT U3 KOTOPHIX YKa3bIBACT Ha
IAMarHOCTUIECKHE CBOMCTBA COOTBETCTBYIOLIETO
MOMTIOPSIZIKA, @ BTOPOI TIpefcTaBiisieT co6oit hopmatus
[TOPSIIKA, K KOTOPOMY OH IpHHAIISKUT . HasBaHue
“Ymaner’, HAIPUMeEDP, UMeeT B OCHOBe (POPMATHUB MTOPsIAKa
“ynpr” (ot mart. ultimus - mocenHuit ) ¥ popMaTUB
moxpmopsinka “yn” (oT mat. udus — BIaXXHBI) — COYeTaHUE
(popMaTHBOB CBUIETENIBCTBYET O CHIBHOI BBIBETPETOCTH
[T0YB B yCJIOBHSIX TYMH/IHOTO K/IMMATa.

JIsL KJIACCOB KATErOPUK G O/IBIIHX T
HOAIIOPsIKA T06AB/ISIETCS IPUCTABKA U3 OIHOTO WK
HeCKOIbKUX (popMaruBoB. OHU YKa3bIBAIOT Ha
IOTIO/IHUTE/IbHbIE IUATHOCTUYECKHE IIPU3HAKH [IOYB.
[Toussr B oxpmopsiake Aquolls (AxBosuic), UMeroIne
apTIUIMKOBBII TOPU3OHT (0T nat.arguilla — 6emas minHa)

1111 ITOYB K Ha3BAHUIO

Cucrema knaccudukanuu nous B CIITA

HOCST HasBaHue Arguiaquolls Ha ypoBHe 6O/IBIIION TPYIIIIBL
[OYB B PaMKaX JJAHHOI KJIaCCH(pHUKAIINHL.

B KaTeropuu moArpynmel K1acchl 0603HAYAIOTCS Iy TEM
mo6aB/IEHUS OTHOTO WIH HECKOIbKUX OIIPee/IeHUI K
Ha3BaHMIO OOIBIIION TPYIIIBI /IS IPOMEXXY TOYHBIX U
BHEKJIACCOBBIX (DOPM, B TO BpeMsI KaK IIOUBEHHBII K/1acc,
HanbosIee TUITNIHBII 1151 GOIBIIION TPYIIIIBI I0YB,
ompenesieTCst Kak “TUIMIHbIN (Harpumep, Typic
Arguiaquolls Turnk Apxuaxsomic). QopMaTuBsel st
IIPOMEXYTOYHBIX ITOATPYILI B3ATHI OT (pOpMaTHBOB Gortee
BBICOKHX KaTerOpuii, Hampumep, Arguiaquolls
(Ap>XKMaKBOJUIC), /11 [TOYB, BXOASAIIUX B IPYIIILY
Beprucoseir (Vertisols-Beprucosnc). B ciyuae, eciu mousa
HMeeT OTKJIOHSIOIIeeCsl OT HOPMBI CBOMCTBO, KOTOPOE He
CBsI3aHO C XapaKTEPUCTUKON BBICILIEN KaTerOPUH, K/1acC
[TOYBBI OTHOCHTCS K BHETPYIIIIOBBIM U €T0 OIpefe/eH e
IOMOJIHAETCS BCIIOMOTATe/IbHOM XapaKTEePUCTUKOI.
Hamnpumep, nousrue “pachic” (ot rpeu. pachis — Motubrit)
OTIpesiesisieT MOYBY, UMEIOIIYIO 60JIee MOIITHBIH IO
CPaBHEHHIO C TUIIMYHBIM [TOBEPXHOCTHBII TOPHU3OHT.

Haspanue ceMeiicTBa IOYB COIEP)KUT HAUMEHOBAaHHUE
MOATPYIIIBI U PsAJ JOIIOJIHUTE/IbHBIX OllpenenleHuit. 13
IeBSITH Hanbosiee BKHBIX KPUTEPHEB, HCIIOIb3YeMbIX B
TIOYBEHHOI TAKCOHOMMHU /IS OIIpeie/IeHU A IT0YBBI, YaIlie
BCErO ONPENE/IAIOTCA TPU: IPAHYIOMETUYECKUIL COCTAB,
MMHEPAJIOTUYECKUIT COCTAB U TeMIleparypa. B kaxnom
CEeMENCTBE Ha3BaHUA KJIACCOB HOCAT OIMCATE/IbHBIN
XapakTep, a TPaHMIIA UX OIIpefie/IAeTCs 110
KOJIMYeCTBEHHBIM ITpU3HaKaM. [J/11 HU3IIMX KaTeropuil —
ITOYBEHHBIX CEPUI — K HA3BAHUIO MOOABISCTCS ellle
omperiesieHIe reorpaduIecKoro IiaHa ¢ yKasaHHeM MeCTa,
I7ie JaHHas II0YBa BIIEPBBIE BbIJIE/IEHA, HAIIPUMEP,
Ha3BaHMe rOpofia, peku U T.1. Ha puc.1 nokasansl
MIpUMeEPHI Ha3BaHUM Ka)K/IOT0 M3 YPOBHEMN BbI/IEIEHHBIX
Kareropwuit. Puc.2 npencrasiset potorpaduro mous Typic
Argiaboll (Tunuk Ap>kuabot) ¢ MOJUTHKOBBIM
anurenoHoM ot 0 10 30 ¢M, aJIbOUK TOPHU3OHTOM
MOIIHOCTBIO 30-41 CM U ap>KM/UIMKOBBIM FTOPU30HTOM
ory6xe 41 cm.

Hpumeueﬂue cucmemol

ITouBenHbIe HccIenOBaHUS IPOBOATCA /IS Pa3HBIX Lie/Iel
U C pa3HO CTeIeHblo TOYHOCTH. VX 3amada —
nreHTUDUIIUPOBATD, IaTh Ha3BaHUS U HAHECTU Ha KapTy
IIOYBBI OIIPEE/IEHHOTO Y4aCTKa MECTHOCTHU U JaThb UM
XapaKTePUCTUKY, YIOBICTBOPSIOLILYIO YKa3aHHBIM LIe/IAM.
ITpu npoBeneHUN TOYBEHHBIX UCCIENOBAHUI CUUTACTCSH,
YTO aHaJIOTMYHbIE TIOYBLI, I7ie ObI OHU HU ObUIN

06GHAPY KeHbI, TO/DKHBI Ha3bIBATHCSI OUHAKOBO U
Pesy/IbTaThl UX U3YIEHHS B ODHOM MeCTe MOTYT OBITh C
TaKUM K€ YCIIEXOM IIPUMEHEHBI B [PYTOM MeCTE UX
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Table 1. Formative elements in names of soil orders
Ta6bmuua 1. PopmaTUBbI B HA3BAHUSIX ITOPSIKOB IIOYB

Name of order Formative Derivation of formative Pronunciation of
element element formative element
Haspanue nopsaka dopmaTtus ITpoucxoxnenue [IpousHolieHue
dbopmaTuBa dbopmaTuBa

Sol sol L. Solum soil Salt

Con coi ot yaT. Solum - mousa Con

Alfisol alf Meaningless syllable Pedalfer
Anbducon amb®d HECMBICJIOBOI CJIOT ITemanbdep
Andisol and Modified from ando Ando

Aunnucon aHTT COKpaIllienre ot “aumo” AHno

Aridisol id L. aridus, dry Aridic

Apupicon U ot Jar. aridus - cyxoi Apunux

Entisol ent Meaningless syllable Recent
IHTHCON 9HT HECMBICJIOBOI CJIOT Pucent

Gelisol el L. gelare, to freeze Gel (jelly)
Ixemcon o7 ot nart. Gelare - 3amep3arp ke (mxemmn)
Histosol ist Gr. histos, tissue Histology
Tucrocon UCT ot rped. histos - TKaHb [ucronomxu
Inceptisol ept L. inceptum, beginning Inception
Wncenrtucon enT OT J1aT. inceptum — Havaao WNncenin
Mollisol oll L. mollis, soft Mollify
Mosmnucorn OJIT ot nmat. mollis — MaTkui Mommdarit
Oxisol ox F. oxide, oxide Oxide

Oxkcucon OKC ot ¢p. oxide - okuch Oxcaiin
Spodosol od Gr. spodos, wood ash Odd

Cromocoin ol ot rped. spodos - 30ma Onn

Ultisol ult L. ultimus, last Ultimate
Ynprucorn YJIBT oT nar. ultimus - nocaeqHuI Yiaprumar
Vertisol ert L. verto, turn Invert
BepTucon epT OT JIaT. verto — IIOBOPOT WNuBept

The formative elements that are used in the intergrades are
taken from naming elements of any of the higher categories,
for example, Vertic Argiaquolls, which intergrade to the
Vertisols. In the case in which a soil has an aberrant property
that has not been associated with a higher category, the class is
considered an extragrade and descriptive adjectives are added
to connote the property. An example of an extragrade
adjective is “pachic” (Gk. pachys, thick), which identifies a

soil as having a thicker-than-normal surface horizon.

The names of families consist of the name of a subgroup and
a set of modifying adjectives. A total of nine sets of criteria are
considered in Soi/ Taxonomy for determining the proper
modifying adjectives. The three most commonly used are
particle size, mineralogy, and soil temperature. In each family,
the names are descriptive of the class and the limits are
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defined quantitatively. At the lowest category, the soil series,
the names are nondescriptive geographic names taken from a
town, city, river, etc., near the location where a soil was first
recognized; so these names have no connotative value. Figure
1 shows examples of names at each of the categorical levels.

Applications of the system

Soil surveys are made at several intensities and for many
purposes (photos 1-1 and 1-2). The objective in making a soil
survey is to identify, name, map, and provide interpretations
for the soils of an area to meet the designated purposes. In
using soil surveys, it is assumed that wherever the same soil
occurs, it is named the same, and that technical experience
gained in one area of a soil can be transferred to other areas of
its occurrence with similar results. Soil Taxonomy was
designed to aid in making and using these surveys.

The U.S. System of Soil Classification



Photo 1-2. As part of the USDA soil survey program, soils are identified by a
number of characteristics like color and texture. (Gene Alexander photo)
®oto 1-2. B pamkax nmporpaMmbl mouBeHHbIX HccnenoBannit MCX CIIIA,
M0YBBI HACHTH(DUIUPYIOTCSA 110 PAAY IIPU3HAKOB, BK/IIOYAs IBET
crpykrypy. (Poro [xuna AjekcaHapa)

pacripocTpanenus. “TakcoHoMus 1oYB” U GbUIA 3ayMaHa

Kak 1ocobue 11 IPOBENEHUS TaKUX UCCIeNOBAaHUN U
HCIIOIb30BAHNA UX PE3Y/IBTATOB.

“TakCOHOMUS 1TOYB” JaeT Ha3BaHMA BCEM IIOYBAM U
oTpenesieT Ipefe/Ibl WK THATIa30HbI XapaKTePUCTUK
Ka)K/IO¥1 IIOYBBI C KOHKPETHBIM Ha3BaHueM. Ha Bbiciiiem
YPOBHe KIacCu(UKAIMK 9TH TIPeMIebl IITUPOKHE,

IIOCKOJ/IbKY BCE€ N3BECTHBIE ITIOUBBI ITOIPA3AETIAIOTCS TOIBKO

Ha 12 xnaccos. Ha Hu3IIEM ypOBHE CYIIIECTBYIOT TBICAYU
KJIACCOB, U IPEJIe/Ibl UX XaPAKTEPUCTUK COOTBETCTBEHHO
cy>karoTcs. [ Me/IkoMacIITaOHbIX IOYBEHHBIX KapT
OOBIYHO HCIIOJIb3YIOTCS Ha3BaHUA KJIACCOB BBICILINX
KaTeTOPHII II0YB, a /IS KPYITHOMACIITAOHbBIX — Ha3BaHUs

IIOYBE€HHbIX CepI/Iﬁ. H}IH IIPAKTUYICCKUX L[e)'[eﬂ MTOYBEHHON

CBEMKH K Ha3BAHHUIO KapTOrpaUpyeMbIX eINHHI] HA
KaKIIOM YPOBHE JI00aBJISIeTCsI OIIpesie/IeHre
CYII[eCTBEHHBIX IPU3HAKOB, KOTOPHIE HE BBIfIEJIEHbI Ha
YPOBHE KPUTePHsI, HAIIPUMED, “CKJIOHOBas
“MajiomMolLHasA” U I.

3akinroyeHue

TakcoHOMMUS TIOYB — 3TO nepapxmieckas cucreMa, B
KOTOpOﬁ IIpU3HAKU I10YB, BbI6paHHbIe JJIA BBIICICHUA

KJ/IaCCOB, OTPAXKaIOT 160 TeHeTUYeCKUe CBOMCTBA I104YBbI,

160 daxTops! mouBoobpasosanust. Paspaborana HoBast
TEPMHHOJIOTHS, 00eCIIeTNBAIOIIAS TIOTHYIO
XapaKTePUCTUKY BCETO Pa3HOOOPA3HS MOYBEHHBIX
KaccoB. Ompe/ieieHbl TUArHOCTUIECKIE TOPU3OHTBI 1
CBOMCTBA, YTOOBI OOIErYUTH OMTUCAHKE [TOYB U IATh UM
60stee TOYHOE Ha3BaHMe. DTa CHCTEMA YCIIEITHO
MIPUMEHSIETCS TIPU PeaTH3aINH TIPOTPAMM TIOYBEHHBIX
HCCIENOBAaHUM.

Cucrema knaccudukanuu nous B CIITA
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Soil Taxonomy provides names for all soils and specifies the
limits or ranges in characteristics for each soil with a certain
name. In the highest category, these ranges are broad because
all the known soils are divided into only 11 classes. At the
lowest level there are many thousands of classes, and the
ranges are proportionally narrowed. For small-scale maps,
map units are often named using class names from the higher
categories, whereas for large-scale maps soil series names are
normally used. Also, as needed for the practical purposes of a
soil survey, phase designations such as “sloping” or “shallow”
are added to map unit names at any categorical level to
identify significant features that are not recognized by the
previously defined criteria.

Conclusions

Soil Taxonomy is a hierarchical system in which the soil
properties selected to identify classes are either those believed
to be the result of soil genesis or those affecting soil
formation. A new terminology, which is connotative, was
developed to name the various classes. Diagnostic horizons
and properties were defined to facilitate the description and
keying out of soils. This system is successfully being used in
many soil survey programs.
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Abstract

The ability to predict soil erosion is a valuable tool that

can help producers manage their lands in order to maintain
productivity and preserve environmental quality. Early
technology for predicting erosion caused by wind and
water was empirical, based on many years of field
measurement of soil losses under typical cropping and
management conditions. New prediction technologies

will be based on mathematical descriptions of the
fundamental erosion processes.

Introduction

In the early 1930’s, the United States Department of
Agriculture (USDA) established the Soil Conservation
Service—now the Natural Resources Conservation Service
(NRCS)—to address soil erosion. It encouraged States to pass
legislation to support conservation efforts. By 1940, a series of
research stations had been established over much of the
United States for the purpose of studying soil erosion and
developing means for its control.

In the early 1940’s, D.D. Smith suggested that soil and its
productivity could be maintained indefinitely if soil loss could
be controlled on an average annual basis below some tolerable
level (T) (10).! Thus, conservationists and farmers could
prevent excessive soil erosion while using the land at its full
potential if values for T could be developed. The erosion
prediction technologies currently in use are based on
empirical wisdom. Some Federal laws rely on them to
determine the eligibility of land users to participate in Federal
crop production programs as well as to determine highly
erodible fields in relation to the 1985 farm bill. NRCS
scientists also use erosion prediction technology to conduct
broad-scale economic and environmental assessments of
agriculture in the United States.

The current empirical technologies for predicting soil erosion
have served users well; however, they have proved to be
difficult to apply in some cases. In 1985, an effort was
initiated to replace the present empirical wind and water
erosion prediction equations with methods based on
mathematical descriptions of fundamental hydrologic and
erosion processes (1, 6). This chapter discusses technologies

! Underlined numbers in parentheses cite sources listed in the References
section at the end of this article.
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currently in wide use and those being developed to replace
existing empirical ones.

Discussion
Empirically Based Technologies

The empirically based technologies used to predict soil
erosion are the Universal Soil Loss Equation (USLE) (12, 13)
and its revision (8) for predicting water erosion and the Wind
Erosion Equation (WEQ) for predicting wind erosion (14).
In both cases, these technologies are intended to be used by
conservationists working directly with land users over much

of the world.

Universal Soil Loss Equation (USLE)

The USLE quantifies soil erosion as the product of six factors
representing rainfall and runoff erosiveness, soil erodibility,
slope length, slope steepness, cover and management
practices, and supporting practices. The USLE, developed
jointly by researchers and users, was presented in 1965
through Agriculture Handbook 282 (12) and updated in
Agriculture Handbook 537 in 1978 (13). The USLE computes

the average annual erosion as:
A=R*K*L*S*C*D,

where A is the computed average annual soil loss per unit
area; R is the rainfall and runoff factor, which may include a
subfactor for winter runoff, including snowmelt; K is the soil
erodibility factor; L is the slope-length factor; S is the slope
steepness factor; C is the cover and management factor; and P
is the supporting practice factor. The USLE adapts easily to

local use.

Revised USLE

The revised USLE (RUSLE) is an automated soil erosion
prediction technology that includes research results obtained
since 1978. The basic USLE structure is retained, but the
technology for evaluating the factors is altered and new data
are introduced (8). The official release of RUSLE occurred in
1992. Improvements incorporated into RUSLE include:

Soil Erosion Prediction in the United States
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Ms6ud. /1. Illepmu, Incon. M. lagpnen, JTopenc. [Irnc. Xazen, Inenn. A. Busuc, Iapu. E. Dopmanex,

Iicoposc. P. Docmep, /Tu. I1. Ieproon

Pesrome

IIporuosupoBaHue nIpoIeccOB dpO3UU ITI0YB MOYKHO
paccMaTpuBaTh Kak CPeICTBO, CIOCOOHOE ITOMOYb
3eMJIefie/IbI]aM COXPAaHUTh NPOLYKTUBHOCTD IIOYBBI U
Ka4yecTBO OKpY>Karolleit cpenbl. Ha panneit crapuu
HU3y4YEeHUs ITUX IIPOIECCOB TEXHOIOTHUSA IIPOrHO3UPOBAHUA
BETPOBOM M BOAHON 9pO3UU HOCUIA SIMIIMPUIECKUI
XapaKTep, OCHOBAHHBIN HA MHOTOJIETHEM OIIBITE
OIIpefie/IeHNs TIOTEPD IIOYBLI B TUITMYHBIX YCTOBUAX
semsienenns. HoBas TeXHOIOTHA IPOTHO3UPOBAHUSA
OCHOBaHa Ha MaTeMaTUYe€CKOM OITMCAHUU OCHOBHBIX
IIPOLIECCOB 3PO3UU.

BBenenue

B nayasne 1930-x ronoB MUHHCTEPCTBO CEJILCKOTO
xossiictBa (MCX CHIA) cosgano Ciay>k6y OXpaHbI TIOYB —
Terepb OHa Ha3bIBaeTCsi HannoHampHOI C1y>k060i1 OXpaHBbI
mpupopHbix pecypcoB (COIIP) - ¢ 1ebio OpraHusaIiu
paboT 1o 60pnbe ¢ 3po3uert. ITO YCKOPUIO IPUHSTHE
CTelMaIbHBIX IPUPOIOOXPAHHBIX 3aKOHOATEIbCTB B
otmenbHbIX mTarax. K 1940 roxgy mo Bceit crpane 6bU1a
chopMupoBaHa CeTh ONMBITHBIX CTAHIINI I/ISI U3y IEHHS
[IPOLIECCOB 9PO3UHU MTOYB U PaspabOTKH MOYBO3AIIUTHBIX
MEpOIPUATUI.

B navane 1940-x rogos I.J1.CMHUT peaIoyKua CIUTATh
COCTOSIHUE TIOYBHI U ee TUIO0POie HOPMaTbHBIMHU, €CITH
IIOTEPH IIOYBBI ©KETOIHO B CPEIHEM He MPEBBIIIAIOT
ompeneneHHOro Toepupyemoro yposHs T (10 ). Takum
06pasom, hepMepbl U HKOTIOTH MOTIU MTPENOTBPATUTD
IIOBBIIIEHHYIO 9PO3HIO, IPUIEP>KUBASICh IIOTEHIINATBHOM
BO3MO>KHOCTHU COXPAHSTh OIIPele/IeHHBII YPOBEHb ITOTEPU
II0YB, He IIpeBbIIIalonuil Bennuuny 1. Vcnonbsyemble B
HACTOsIIIee BPpeMsi METO/IbI IPOTHOSHPOBAHUS 3PO3UU
HOCST OMIIUPUIEeCKHit Xxapaktep. HekoTopsie
(bemepanpHbIe 3aKOHBI TPEIYCMATPUBAIOT IPUMEHEHIE
ATUX METO/OB /ISl OTIPeNieIeHNsI COOTBETCTBUS hepm
TPeOOBAHUAM, IPEABSBIIIEMBIM ULl YYACTHUKOB
(enepanbHBIX IPOTPaMM MPOU3BONCTBA
CeIbCKOXO3SIMCTBEHHBIX KYJIBTYP, @ TAK)Ke IIPH
OIIpe/ie/IeHUH IPAHULL TIOJIeH C CHIBHO 3POIUPOBAHHBIMU
IIOYBAMH 110 YCIIOBUSIM CE/IbCKOXO3SFICTBEHHOTO 3aKOHA
1985 r. COITP Tax»Ke HCIIONB3YIOT 3T METOBI
[IPOrHO3UPOBAHUS 9PO3UH JIJIS IITUPOKOMACIIITAOHBIX
9KOHOMMYECKUX U DKOJTOTUIECKUX OIL[EHOK
CeTbCKOXO03sHCTBeHHOT0 TpoussoncTna CIIIA.

IIpornosuposanue sposuu noys B CIIIA

OO11enpUHATHIC IMITUPUIECKIE YPaBHEHNUS
IIPOTHO3MPOBAHUS 9PO3UH ITOYB IITHPOKO UCIIOIb30BAIUCH
(epmepamu, XOTsSI B HEKOTOPBIX CIyYasiX UX IPUMEHEHHe
6bU10 3aTpynHeHo. B 1985 rony mpennpuHsTa MOMbITKA
3aMEHUTD CYIIeCTBYIOIINEe SMIIUPUIECKHe YpaBHEeHUS I/
IPOTHO3MPOBAHUS BETPOBOM U BOLHOM 3pO3UU METONAMU,
OCHOBaHHBIMM Ha MaTeMaTUIE€CKOM OITMCAHUN
(yHmaMeHTaIbHBIX THAPOIOTHIECKUX 1 9PO3HOHHBIX
nipotieccoB [1, 6]. B maHHOIT cTaThe OMUCHIBAIOTCS KaK
OOIIENPUHSATHIE METOBI TPOTHO3UPOBAHUS POIIECCOB
9PO3UH M10YB, IIUPOKO UCIIONb3yeMble B TPaKTHKE
cenbckoro xossiicta CIIIA, Tak 1 HOBbIe HAyYHBIE
PaspaboTKH, UAYIIHE Ha CMEHY CYIIECTBYOIIUM
OMIUPUIECKUM METOIAM.

O6¢yxnenue
Imnupuueckue mexHonozuu

Cpenu SMIUPHUIECKIX METOIOB IIPOTHO3UPOBAHUS dPO3UU
[I0YB — YHHBepCaJIbHOE ypaBHeHNUe T0Tepb mouBsI (Y YTIIT)
[12,13] u ero mopudukarus (8] mis MPOTHO3UPOBAHUS
BOIHOI 9PO3HH, a TAK)Ke ypaBHEHHE IIOTEPb IOYBLI OT
BeTpoBoit aposun (YBI) [14]. B o6oux caydasx atu
yPaBHEHHUs HCIIOIB3YIOTCS 9KOIOTaMH, PaOOTAIOIINMY B
TECHOM KOHTAKTe ¢ (pepMepamu Ha GONIbIIIei YaCTH
3eMHOTO II1apa.

Yuueepcanvroe ypasHenue nomepv no46wvi
(YyIIII)

ITO ypaBHEHHE YIUTHIBAET 6 GaKTOPOB, ONPENE/IIOIINX
[TOTEePH IOYBBL: TOXKEBbIE OCATKH, TOBEPXHOCTHBII CTOK,
[TOfIBEP)KEHHOCTD TI0YB 9PO3UH, IIMHA CKIOHA, KPYy TH3HA
CKJIOHA, arpOTeXHUYeCKasi 06paboTKa, TOYBO3ALIUTHbIE
MepomnpusTHs. DTO YpaBHEHHE 6bUTO pa3paboTaHo
yUIeHBIMHU COBMECTHO ¢ epmepamu B 1965 roxy u

o1y 6/1MKoBaHO B “CeTbCKOX035HICTBEHHOM CIIPaBOYHHKE”
Ne 282 [12], a 3aTem yTouHeHo B “CripaBounuke” Ne 537

B 1978 romy [13]. YpaBHeHUe ompene/sieT CPETHIO0
TOIOBYIO 9PO3UIO U BBIIAUT CICAYIOLIUM 06pa3om:

A=R*K*L*S*C*P
rme A - CpeIHMI eKeTOTHBII CMBIB ITOUBBI C IMHUIIBI
wIomanu, R — pakTop mOKIeBbIX 0CATKOB U CTOKA,

BKJIFOUAIOLIHIT TaK)Ke PaKTOP 3UMHEr0 CTOKa
cuerortasaus; K - hakTop monBep>keHHOCTH TTOYBBI
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1. The R values can be selected from revised maps which
show lines of equal erosion hazard (isoerodent maps).

The climatic data base is expanded for the Western
United States.

2. The K values are made time-varying to reflect freeze-thaw
conditions. A new equation is used for volcanic soils in
Hawaii. There is a correction for rock fragments.

3. The LS values are revised to express the interrelationship of
erosion by raindrop impact and by flow and topography.

4. The C values are developed from a continuous function
representing the subfactors of prior land use, surface cover,
crop canopy, surface roughness, and soil moisture.

5. The P values are expanded on cropland and now include
rangeland practices.

Wind Erosion Equation (WEQ)

Using wind tunnel and field studies, W.S. Chepil and
colleagues set out in the mid-1950’s to develop a wind
erosion equation (WEQ). The results, published in 1965

(14), can be expressed as:
E = f(IrK’C)LaV))

where E is the estimated average annual soil loss per unit area.
The erodibility index, I, is the potential annual wind erosion
for a given soil under prescribed field conditions. This factor
is expressed as the average annual soil loss in mass per unit
area from a field area that is isolated from incoming eroding
soil, is unsheltered by barriers, and is wide, bare, smooth,
level, loose, and uncrusted at a location where the climatic
factor is 100. The I factor is inversely related to the percentage
of soil aggregates in the surface layer greater than 0.84 mm

in diameter.

The remaining factors represent adjustments to the I factor.
The K factor reduces the estimated erosion for protection
provided by ridges and is based on ridge height, ridge spacing,
and prevailing wind direction. The C factor adjusts for the
average annual erosive potential of climate (windspeed,
precipitation, and air temperature) at a particular location
compared to that at Garden City, KS. The L factor reduces
predicted erosion as field length decreases; adjustment factors
for L based on field shape and wind preponderance have been
developed (9). The V factor reduces erosion based on the
kind, quantity, and orientation of the vegetation present (4).

Using tables, charts, and procedures outlined by NRCS (11),
the WEQ is used as a tool to aid in conservation planning,
inventory, and assessment of land status, and in
environmental planning.

Article 2

Fundamental Process-Based Technologies

For both wind and water erosion, empirical methods have
proved cumbersome to modify and have failed to meet all
climatic, soil, topographic, and management situations where
they must apply. With the recent development of personal
computers and the advances in erosion and hydrologic
sciences, models based on mathematical descriptions of
fundamental erosion processes can now be used.

Water Erosion Prediction Project (WEPP)

WEPD, a process-based model, is being developed to operate
on a personal computer at the field level (1). Conservationists
and land users will work together using WEPP to explore how
a land user can manage land to both achieve a sustainable

agriculture and maintain good water quality.

5 SR T f_&— S | feu
Photo 2-1 and Photo 2-2. In the United States, the Revised Universal Soil Loss
Equation is used to predict erosion from water (Tim McCabe photo) and the
Wind Erosion Equation assists in predicting soil losses due to wind erosion. (Gene
Alexander photo)
doto 2-1 n doro 2-2. B Coepunennsix [lITaTax yro4HeHHOE ypaBHEHNE
norepb 1ouBbel RUSLE ncnonpsyeTcs 11 IpOrHOSUPOBAHNUS BOTHOM
aposuu (oo 2-1 Tuma MaxKeii6a), a ypaBHeHne BeTpoBoit aposuu Y B
IIOMOTaeT MPeCKa3aTh IIOTePH MOYBLI B Pe3y/IbTaTe BeTPOBOI 9PO3UN.
(doro Ixuna Anekcanmpa)

Soil Erosion Prediction in the United States



aposuiu (spopupyemoctn); L — bakTop AMUHBI CKIOHE; S —
axtop xpyTusHs! ckaoHa; C - GaKTOp PaCTUTENIHHOTO
[IOKPOBa U arpoTeXHUKH; P —(pakTop mouBo3annTHHIX
MeponpusTuil. Y pasHenue Y YIIIT mosxeT 6bITh 1eTKO
MIPUCIIOCOOIEHO K MECTHBIM YCIOBHUSIM.

Ymounennoe ypasenenue (YYYIIII)

YTouHeHHOE ypaBHeHHUe oTepb mouBsl (YYYIIIT)
ABJISETCSA METOOM aBTOMAaTHYeCKOTO IIPOTHO3UPOBaHUA
9PO3UU I10YB, B OCHOBE KOTOPOTO JISKUT CTPYKTypa
MIPEXXHEro ypaBHEHHUsT, HO TEXHOIOTHS OL[eHKH (haKTOPOB
M3MeHeHa U I0NO/IHeHa HOBBIMU IAHHBIMU, TTOTyYeHHBIMU
mocrte 1978 1. [8]. HoBoe ypaBHeHue odunnansHO
yTBep>kaeHo B 1992 1. OHo BK/IIOYaeT CIeTyIolIne
yCOBepIIeHCTBOBaHUAA:

1. BenmuunHa R repecMOTpeHa Ha OCHOBE yTOYHEHHBIX
KapT 3pO3UOHHON OIIACHOCTHU, II0OKA3aHHON B BHUJIE
nsomuHM. basa KIMMaTH4YeCKUX TaHHBIX pacIIpeHa 3a
CYeT HOBBIX IaHHBIX IS 3alIaIHbIX paiioHoB CIIA.

2. ®akrop K spopupyemoctu mous nuddepeHunpoBan
II0 Ce30HaM, YTOOBI OTPA3UTh YC/IOBUS IPOMEP3aHUA U
oTTauBaHHA 04YB. HoBoe ypaBHeHUe 1aHO I
BY/JIKaHMYECKHUX IT04B JaBalickux octposos. IIposenena
ero KOppeKTHPOBKA [/Is1 067IOMOYHBIX
ITOYBOOOPA3YIOIIHX TOPO].

3. Bemmuunse! L 1 § OTKOPPEKTUPOBAHEI C YIeTOM
B3aMMOCBS3U MEXY TOKIEBOM 9PO3UEN,
XapaKTePU3yeMOM BO3LENCTBUEM TOKIEBBIX KaIle/Ib, K
CTPYHYATBIM PasMbIBOM, OIIpeTe/sieMbIM
0COBEHHOCTAMU peribeda.

4. ®aktop C yCOBepIIEHCTBOBAH U PacCMAaTPUBACTCS KaK
HerpepbIBHast (GYHKIUSA COCTAB/ISIIOLINX €ro
o7ipaKTOPOB: IIPEAIIECTBYOIIETO 3eM/IETIO/Ib30BAHUS,
IIOYBEHHOTO NTOKPOBA, I'YCTOTHI ITOCEBOB, HEPOBHOCTEN
penbeda, BIaYKHOCTH TOYBBL.

5. ®@akrop P paciuiupeH 3a cyeT MAIIHU U TACTOUILI.

Ypasnenue 015 pacuema eemposoti 3po3uu
(YB3)

Ha ocnoBe mannbix MuorosieTHux onbIToB B.C.Yernu ¢
KojuleraMu B cepefinHe 1950-X roioB cOCTaBWI ypaBHEHHE
1t pacyéra BeTpoBoit aposun WEQ. Ony6iukoBanHoe B
1965 rony, ypaBuenue [14] mpeacrasisieT co6oit
CIEAYIOLIYI0 PYHKIIHIO:

E=f(L,K,C,L,V),

rae E - cpemHue eXXeroqHble MOTEPU MOYBI HAa €IUHUILY
wiowmanu. Munekc spogupyemoctu I - noTeH1uaabHas
eXerofiHasi BeTPOBasi 9pO3Usl ISl JAaHHOM IIOYBHI B
OTIpefie/IeHHBIX YCIOBUAX. DTOT (PaKTOP BBIPAYKEH KaK
CpefiHMe eXKeTOTHbIe ITOTePU OYBLI HAa eIMHUITY IIOIIaN
T10JI41, U30/INPOBAHHOTO OT MOCTYIICHUS 9POAUPOBAHHOTO

IIpornosuposanue sposun noys B CIITA

MaTepHasa, He 3allUIIEeHHOT0 JIECOII0I0CAMMU, TUIIIEHHOTO
pacTUTENIbHOCTH, C TOPU3OHTAAbHON B3PBIXJIECHHOM
MOBEPXHOCTHIO, JIMIIIEHHON 3allIUTHOM KOPKH, IIPU
BeJIMYMHE KITUMATUIeCcKoro ¢gaktopa, pasuoii 100. PakTop
I cBs13aH 06PATHOI 3aBUCHMOCTBIO C IIPOIICHTHBIM
conepyKaHueM B IIOBEPXHOCTHOM C/I0€ ITIOYBEHHbBIX
arperatoB quameTtpom 6osee 0,84 MM.

Ocrasbuble (HaKTOPHI MPENCTABIIAIOT COOO0I TPOU3BOTHBIE
ot akropa I. ®akTop K - o1jeHKa IIPOTUBOIPO3UOHHBIX
MEPOIPUATHI TIOC/Ie HAPE3KU BAIMKOB — OTPa)kaeT
BBICOTY BQJIMKOB, YaCTOTY MX PACIIOIOKEHUS U
mpeobanaroiiee Hampasienue Betpa. akrop C
onpenenseT CpeqHUN eKerOIHbINI ITIOTEeHI A 9PO3UNU B
3aBUCHMOCTH OT KJIMMaTa (CKOPOCTh BETPa, OCAIKH,
TeMIepaTypa BO3yXa) B JAHHOM IIyHKTE II0 OTHOIIIEHHIO
k [apnen Cuty, mrrat Kansac. @aktop L oTpaxkaer
YMEHbIIIEHNE 9PO3UH ITPU COKPAIICHUH IJIMHBI I10JIeH;
IOTIOTHUTEIBHO YUUTHIBAIOTCS (hOpMa ITOIeit 1
npeo6mamaioiiiee Harpasierue Betpa [9]. ®akrop V
OTpaXKaeT 0C/Iab/IeHHE IPOSHH 32 CUET PACTUTE/IHHOCTH;
YUUTBIBAET THIL, TYyCTOTY COBPEMEHHOH PacTUTETbHOCTH U
OPUEHTAIUIO TOCAMIOK [4].

C ucronp3oBaHreM Pa3HOTro pofia Tab/InIl, KapT 1
IIpHEeMOB, padpaboTaHHbIXx HalmoHaapHOI C1y>K60¥1
OXpaHbI IPUPOTHBIX pecypcos [11], ypaBHeHne YBID
[IPUMeEHSIeTCSI TP IUTAHUPOBAHUH, yIeTe U OI[eHKe
COCTOSIHUSI ITAXOTHBIX 3eMe/Tb M OKPYIKAIOIIEH CPembl.

(DyﬂaaMeHma]leble Memobm, OCHOBAHHDLE HA
usyueHuu npoueccos.

[1s nmpenoTBpallieHus BETPOBOI M BOAHON 3PO3UH
AMIIMPHUYECKHE METOBI IPOTHOSUPOBAHHUS OKA3a/IICh
CJIOKHBIMU [IJIS1 HCIIOTB30BAHMUS B KOHKPETHBIX CUTYalIHsX,
ITOCKO/IBKY HEBO3MOXKHO YI€CThb BCe KTUMAaTHIECKHE,
[TOYBEHHbIE ¥ TONOTpadUIecKre YCIOBUS, IIe OHU MOT/IH
6bI HAITH IPUMEHEeHHe. B 310Xy mosiBIeHMsI
[IePCOHAIBHBIX KOMIIBIOTEPOB U JaIbHEHIIEr0 Pa3BUTHS
ydaeHus1 06 9pO3UHU U THAPOTOTHU CTAIH PaspabaThIBaThCs
MOJIe/T MaTEMaTHIeCKOTO OIMMCAHUS PYHIaMEHTaIbHBIX
9POSHOHHBIX IIPOLIECCOB, KOTOPBIE MOTYT HANTH IIIMPOKOE
[IPUMEHEHHE.

IIpoexm npozno3uposanust 600HOI 3Po3uul
(II11B3)

[IIIB3 - 3TO TeopeTUvecKast MOMe/b, paspaboTaHHas st
paboTHI Ha IEPCOHATBHOM KOMIIBIOTEPE Ha YPOBHE
Kaxgoro o [1]. 9xooru u pepmepsl MOTyT BMeCTe
[I0/Tb30BATHCSI ATOM MOJIE/IBIO IS Pa3BUTHS
adexTrBHOTO 3eMitenenust IpU COXpPAaHEHUH XOPOIIIErO
KayeCTBa BOJIBL.
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WEPP operates on a daily time step, based on expected
weather. A crop growth component updates the crop and soil
parameters related to soil erosion and hydrology. If rainfall
occurs on a given day, a hydrology component computes
runoff rate and amounts—based on rainfall input and
computed infiltration rates. An erosion component computes
detachment caused by rainfall and runoff and computes
deposition for conditions where the flow is unable to
transport the detached sediment.

WEPP will have three versions and will apply to areas of up to
about 250 hectares, depending on the erosion processes
taking place. The hillslope version will apply to slopes within
a field until a concentrated flow channel is reached. The
watershed version will describe channel processes until the
field edge is reached. The grid version will break the field of
interest into small grids. It will compute erosion within each
grid element and use transport equations to compute the
movement of sediment from one grid element to the next,

down to the field edge.

WEPP considers sheet, rill, and small channel erosion, but
does not consider the erosion processes common to larger
areas, such as classical gullies and streams.

WEPP includes an interface that allows the user to easily
build and access files and to create output information in
several forms. Currently, WEPP is being tested and evaluated.
It is expected to be used by USDA’s Natural Resources
Conservation Service and Forest Service and the U.S.
Department of the Interior’s Bureau of Land Management for
soil erosion prediction.

Article 2

Wind Erosion Prediction System (WEPS)

WEPS, like WEPD, is also a process-based, continuous, daily
simulation model (2). In WEPS, the simulation region will be
a field or, at most, a few adjacent fields. Model outputs

will be estimates of soil loss and deposition within the
simulation region for user-selected time intervals. WEPS

will also have an option to provide users with estimates for
the individual fractions of creep, saltation, and suspension,

as well as for the deposition.

The structure of WEPS is modular and consists of a program,
a user-interface, seven submodels with their four associated
data bases, and an output section (3). To run WEPS, data
bases are needed for the climate, soil, crop growth or
decomposition, and tillage parameters.

Generally, results will be generated as needed; however,
where computers are not available onsite, tables of simulated
erosion for typical field conditions can be developed for
field-level use.

Summary

During the early part of the 20th century in the United
States, private and governmental bodies joined forces to try to
control soil erosion. Empirical methods for predicting both
wind and water erosion were developed, which are used
worldwide today. Currently, the emphasis is on developing
technologies to predict erosion using personal computers.
Eventually, these technologies will become part of more
comprehensive models for managing the Earth’s soil resources.

Soil Erosion Prediction in the United States



Morenb paboTaeT ¢ eKeTHEBHBIM BPEMEHHBIM II1aTOM C
y4eTOM OKUaeMoii moromnpl. Biok pocra
CeJIbCKOXO3AMCTBEHHBIX KY/IBTYP BKIIOYAET IIapaMeTpPhl
PACTEHMIT U TIOYB, IIOCTOSHHO OOHOB/ISIEMBIE B CBSZH C
9pO3Heil I0YB ¥ TUIPOIOTHIeCKUMU yCIoBUsMU. Eciu B
OTIpesie/IEHHbI IEHb OKUIAETCS IOK/Ib, B
CUIPOJIOTYECKOM O/I0KE PACCIUTHIBAETCS MOLY/Ib 1
006111 00'bEM CTOKA, UCXOI A U3 KOJIMYEeCTBa OCAIKOB U
PACCYMTAHHOTO KOTMYECTBA TIPOCAYNBAIOLIENCS BOIBI. B
9POSUOHHOM 6JI0KE PACCUUTHIBAETCS IUCIIEPTUPOBAHME
[I0YBBI, BLI3BAHHOE IOXK/IEM U CTOKOM, & TAKXKE YC/IOBHS,
[IPH KOTOPBIX MOTOK He CIIOCOOEH MEPEHOCUTD
IUCIIEPTUPOBAHHBIE YACTUI[bI TIOUBBI.

Mopens [MI1BD umeer Tpu MOTUMUKAIIUN U MOKET HANTH
NIpUMEHEHHE Ha YYaCTKAX IVIOLIAAbI0 0KOJIO 250 ra win
60s1€ee, B 3aBUCMMOCTH OT PAa3BUTHUSI IIPOIECCOB 9PO3UH.
Bapuanm cknomo0601i 3po3ut MCIOMb3YeTCs 1A CKJIOHOB B
IIpefesax Mo, Ie pa3BUTA PyYeHKOBast 9pO3uUs.
Bapuanm eo0oc6opa McIionp3yeTcsi B TOM CIydae, KOTua
pydeiikoBas 3pO3Us BHIXOTUT 3a IpelIe/bl JTAaHHOTO MOJS.
Cemuamuiti 6apuanm BKIIOYaeT pasfie/eHue Mo Ha CeTh
MaJIBIX ST4eeK, B KaK/I0M U3 KOTOPBIX BBIYUCISETCS
BeJIMYMHA CMBIBA, U C TIOMOIIIBIO YpaBHEHUI ITepeHoca
paccYUTBHIBAETCA IBMYKEHUE OT/IOKEHUI C OMHOM AYENKN
Ha IPYTYIO BHU3 10 Kpas MOJIA.

Mogens [II1B3D npuromHa mist pacyeTta IJIOCKOCTHOMM,
CTPYMYATON U MEIKOPYYENKOBOM 9PO3UH Ha
CPaBHUTETIBHO HEOOIIBIIION TEPPUTOPUH, HO HE MOXKET
6BITH MCIIOTB30BAHA /ISl OTTMCAHHS 9PO3HOHHBIX
IIPO1IeCCcOB Ha 60tee KPYIIHBIX IUIOIIAMISIX,  TAKXKe /IS
OIMCaHUsI OBPa)KHOM U PYC/TOBOM 9PO3UH.

Mopens [TI1BD Bxmovaer uaTEpdEIic, KOTOPHIiT
[TO3BOJISIET TIOIB30BATETIO JIETKO TIOCTPOUTH (DaityIbl 1
CO31aTh BBIXOM MH(OPMAIUHU Pa3HOTO BUA. B HacTosiIIee
BpeMsA MOJie/Ib TIPOIIUIA UCTIBITaHUS U oLleHKY. OHa
pexomennoBaHna st npumenenust COIIP, Cryx6oit
JIecCOBOZICTBA M BI0po 1o 3eMJIeyCTPOHCTBY C IIeIBI0
MIPOTHO3UPOBAHUS 9PO3UU IIOYB.

IIpornosuposanue sposun noys B CIITA

Cucmema npozHo3uposanust 6emposoii 3po3uu
(CIIB3)

[Tomo6wno I1I1B3, monens CIIBI - aro HempepsiBHAS,
OCHOBAHHasI Ha eKeHeBHOV HH(MOPMAIIUU MOTIeb,
HMHUTHPYIOLIASI IPOLIeCC 3PO3HH [2] Ha ypOBHE IO/ WIH,
[0 KpalHel Mepe HeCKOIbKUX, COCEIHUX IT0JIEM.
[Nonyuaemast nHPOPMAIUS TaeT OLEHKY IOTEePb IOYBLI B
rperesax 3alaHHOM IUIOIIAIN U UHTEPBAaIOB BPEMEHH.
Kpome toro, CTIBD MokeT 1aTh II0/Ib30BATEIAM
PasnenpHYyIO OLIEHKY BHIHOCA OTAEIbHBIX (DPaKIIHiL,
repeMeIleHHbIX [IPU CIIOJI3aHUH, B PACTBOPEHHOT popme
1 B HopMe CYCIIeHSHH, @ TAKXKe 00 UX IePeOTI0KEeHHH.

ITo cBoeit ctpyktype CIIBI mpencrasisieT co6oit
[IPOTPaMMY, COCTOSIIYIO U3 HHTepdeiica 1 ceMu
cyOMopieedt ¢ 4eThIPbMs 00beTHHEHHBIMU 6a3aMu
ma"HbIx [3]. [TocnenHue KacaroTcsa JaHHBIX O KIMMATe,
[TOYBAX, YCIOBHSX POCTA CETbCKOXO3SICTBEHHBIX KY/IBTYP
WIN UX COCTaBa M CIIOCO60B 06paboTKH.

OG6BITHO TOTyIaeMble pe3yIbTaThl 00006IIIAI0TCS B
COOTBETCTBHUHU C MOTPEOHOCTSIMHU II0Ib30BATEIS; TAM, ITIe
HET KOMIIBIOTEPOB, IJIs1 YPOBHSI OHOTO IO/ MOTYT OBITH
HCI0/Ib30BAHbI TAOIHUIIBI, COCTAB/ICHHbIE I/IsI TUITHYHBIX
YC/TOBUIL.

3akaroyeHue

B nepsble gecsatunetus XX Beka B CIIIA gacTHbIe 1
TOCyIapCTBEHHbIE OPTAHU3AIMH OO BETUHIIN CBOH YCHITHS
mwist 60pBOBI ¢ aposueit mouB. byt paspaboTaHbl
AMIMPUYECKIEe METOIbI IPOTHO3UPOBAHUS KaK BETPOBOIA,
TaK U BOIHOU 3PO3UHU [TOYB, KOTOPBHIE [0 CUX IIOP IITUPOKO
HCIIO/IB3YIOTCS BO BceM Mupe. B Hacrosee BpeMs ocoboe
BHHUMaHUE YJe/sIeTCsl Pa3BUTHIO TEXHOJIOTUI
IIPOTHO3UPOBAHMUS IIPOIECCOB IPO3UU C IIOMOII[BIO
[IePCOHATbHBIX KOMITbIOTEPOB. CO BpeMeHeM 3TH
TEXHOJIOTUU CTAHYT YaCThIO YCOBEPILICHCTBOBAHHBIX
MoJIe/Iell yIIpaB/IeH!s IOYBEHHBIMU PeCypcaMi Ha 3eMHOM
mrape.
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Windbreaks for Reducing Wind Erosion

Sherman J. Finch, Richard A. Cunningham, James D. Bilbro, and Jack R. Carlson

Abstract

Windbreaks are widely used in the United States to control
wind erosion, protect crops and the environment, save energy,
and improve wildlife habitat. Damage from wind erosion is
increasing, especially in the Great Plains region of the United
States. Both annual and perennial herbaceous, in addition to
trees and shrubs, are used in windbreaks. This article discusses
the relative merits of each and the research that has resulted in
improved plant materials.

Introduction

In the United States, soil erosion by wind is a growing
concern. The overall damage caused by wind about equals
that caused by water. In 1989, wind erosion in the Great
Plains (541 counties selected) was reported to have damaged
15 million acres. This was the second worst year since 1955,
when the U.S. Department of Agriculture’s (USDA) Natural
Resources Conservation Service (NRCS) began recording
damage resulting from wind erosion. The results of the 1987
National Resources Inventory showed that from 1982 to
1987 wind erosion on cultivated cropland increased
nationwide from 3.4 tons to 3.6 tons per acre per year (13).!

Windbreaks are useful in all 50 States, but they are frequently
used in the Great Plains to modify the sometimes harsh
climates of vast open grasslands. Trees and shrubs comprise
the majority of windbreaks. Using perennial grass barriers as
windbreaks is also a common practice, especially in the
northern Great Plains. Besides the main objectives of
protecting crops and reducing wind erosion, windbreaks
provide protection around farmsteads and livestock areas, help
in the management of snow and the control of temperature,
save energy, and increase crop yields. The energy savings
resulting from windbreaks has encouraged many homeowners
to plant barriers around homesteads.

Currently, windbreak materials are supplied to the general
public from commercial and private nurseries. With the trend
toward fewer rows in windbreaks, the need for plant materials
adapted to specific areas constantly increases. For the most
part, one-row field windbreaks have replaced the multirow

belts of the 1930’s.

1 Underlined numbers in parentheses cite sources listed in the References

section at the end of this article.
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Discussion

Through more than 3,000 conservation districts, specialists
from USDA’s NRCS and Cooperative State Research,
Education, and Extension Service and State forestry agencies
provide technical assistance to landowners. Species selection is
based on listings developed by grouping similar soils in each
major land-resource area. These are called windbreak
suitability groups, and there are 10 of them. The expected
height of each species at 20 years for different precipitation
zones is included in order to plan the expected height of a
windbreak. Generally, detailed soil information to help in
the selection of suitable trees and shrubs is available for

each landowner. A Web-based computer program called
VEGSPEC has been developed for conservationists to
develop individual standards and specifications for
windbreak plantings.

In most areas of the Western United States, much of which is
arid or semiarid, supplemental water is necessary when
establishing a windbreak. Trickle or drip irrigation is used
extensively to supply the needed water. Increasingly, weed
barriers are being established across the United States,
especially where mechanical or chemical weed control will be
limited. Only in the desert will windbreaks normally be
irrigated past the establishment period of 3 to 5 years.

Herbaceous Windbarriers

Herbaceous windbarriers can be made of annual or perennial
plants. In either case, a windbarrier’s effectiveness is
determined by spacing, orientation of the barrier to the
prevailing wind direction (8, 9), and plant characteristics
(drought, disease, and insect resistance; branching, leafiness,
and leaf retention; expected mature height, and porosity).
Multiple rows of herbaceous barriers are recommended for
convenience in planting, cultivating, and harvesting; they will
minimize barrier gaps, remove more of the potentially
erodible area, and increase trapping efficiency (2).

Research has shown that the effective heights of cultivars vary
widely (3); therefore, cultivars should be tested for 2 or more
years for local adaptation and final effective height before
making recommendations. The effective heights of some
cultivars can be increased by cutting off the plants at certain
heights before lodging begins.

Windbreaks for Reducing Wind Erosion



BeTponomsbl kak cpercTBO 60pbOBI C BETPOBOIT 3p0o3Heit

Ilepman [Inc. Quny, Puuapo A. Kannuneam, Jucetimc [I. Bun6po u [Ircex P. Kapacon

Pesrome

BeTposnoMHbIe IOIOCHI IUPOKO UCIIOAb3YIOTCS B
Coenunennsix [rarax mis 60pb6b1 C BETPOBOM 9pO3HeEH,
3aIUTHI IIOCEBOB U OKPY KAIOIIEN Cpelbl, COXPaHEHU s
9HEPIHUH U YIyUIIEeHHsI KHBOM IIPUPOABL. Yiiepd OT
BETPOBOI 9PO3UU ITOCTOSHHO BO3PACTaeT, 0COOEHHO B
peruone Benukux pasaun CIIA. Hapany ¢
BETPOJIOMHBIMH I10JIOCAMU U3 I€PEBbEB U KYCTaPHUKOB
LIIMPOKOE IIPUMEHEHNE HAXOMAT I1OJIOCHI M3 ONHOJIETHUX U
MHOTOJIETHHX TpaB. B cTatbe 06cyxmarorcs
IIPEUMYIIECTBA BETPOJIOMOB KayKIOTO TUIIA, a TAKXKe
Ppe3y/IbTaThl IPOBENEHHBIX MCCIENOBAHNNA 110 YTy YIIIEHUIO
PAaCTUTEILHOTO MaTepHUaIa Ui CO3LAaHNUA BETPOJIOMHBIX
oJI0C.

BBenenue

B CIITA mpotiecc BeTpOBO¥ 9pO3UH ITOUBBI IOCTOSIHHO
ycwuBaercst. O61mit yiep6 oT Hee IPUMEPHO PaBeH
yiep6y ot BogHOI 9posuu. B 1989 r. B pernone Bennkux
paBHUH (maHHBIE 110 541 OKPYTy) OT BETPOBOI 3PO3HH
ITOCTPAAIO OKOIO 15 M/TH. aKPOB 3eM/TH. ITO GBI BTOPOIT
1o Maciirabam yiep6a royi, HaunHas ¢ 1955 r., korma
COTIP MCX CHIA BBena B TpaKTUKY CUCTEMATHYECKYIO
OLIEHKY yIIepba OT BeTPOBOIT 9po3uu. Pesyrprarel
NIPpOBeleHHOTO B 1987 I. yyeTa HallMOHAJIbHBIX PECYPCOB
T0Ka3au, 9To ¢ 1982 1o 1987 r. mposiBieHre BeTPOBOI
9PO3UU YCHINIOCH, U IOT€PU MOYBBI COCTAaBUIH OT 3,4 T/
akp 1o 3,6 t/akp B rox [13].

Berpomomubie omockt 3¢ deKTUBHBI BO Beex 50 mrraTax
CTpaHbl, HO HanOOIbllIee IPUMEHEHNE OHY HAXOMST B
parioHax BeMKuX paBHUH B YCIOBUSX OTKPBITBIX
[IPOCTPAHCTB € TPABSHUCTON PACTUTEIBHOCTHIO. Bosiblas
9acTh BETPOJIOMOB CO31AeTCsl U3 [€PEBbEB U KYCTAPHUKOB.
Ha ceBepe perrona B KadeCTBe BETPOJIOMHBIX 6apbepoB
[IPAaKTHKYeTCs IIPUMEeHeHHe MHOTOJIETHUX TpaB. [loMumo
OCHOBHOTO CBOEr0 HA3HAYEHMUs1 — 3aILUTHI IOCEBOB U
YMEHbILIEHHUS BETPOBOIL 9PO3HHU, BETPOIOMBI
[PENOXPAHSIOT (PepCKIe HOCTPOIKH, CIY)KAT IJIst
CHerosaepy>XaHusi U peryIMpOBaHUS TEMIIEPATYPHI,
COXpaHeHMsI 9HEPTHU U [TOBBILIEHUS YPOKANHOCTH
KY/IBTYP. B LIe/IsIX cOXpaHeHUs 9HEPIUU MHOTHE
JIOMOBJIAIIE/IbIIbI CO3IAIOT BETPOJIOMHbIE ITOI0CHI BOKPYT

BeTponomsbl kak cpeacTBo 60pBOBI C BeTPOBOI 3p0o3Hueil

CBOUX ITOCTPOEK. B HacTosIIee BpeMst pacTUTeTbHbIN
MaTepHasI il BEeTPOJIOMOB BbIPAIIIMBAETCS B
TOCYIapCTBEHHBIX U YaCTHBIX MUTOMHHUKAX. B cBA3U ¢
TeH/ICHIIMEN COKpAIIleHUsI YUC/Ia PAOB B BETPOTIOMAX,
IIOCTOSIHHO BO3PacTaeT HOTPeOHOCTh B PACTEHUSIX,
HanbosIee TPUCIIOCO6IEHHBIX K MECTHBIM YCTOBUSIM. B
6OJIBIIIMHCTBE C/IyYaeB OOHOPSIHbIC BETPOIOMHbIE
I10JIOCHI BBITECHWIM MHOTOPSITHBIE BETPOJIOMBI, TUITUYHbBIE
1A 30-X romoB.

O6¢yxnenue

Crnennanuctsl HanimoHampHOM CTy>K0bI OXpaHBbI
IIPUPOIHBIX pecypcoB, KoomepaTnBHOIT C1y>KObI
UCCTeNOBaHUT, 00pa3oBaHus U BHEAPEHUsT MUHUCTEPCTBA
cenbckoro xossricTBa CIIA u memapTaMeHTOB JIeCHOTO
XO3SIMCTBA B IITATaX OKa3bIBAIOT TEXHUYIECKYIO TOMOIIIb
3emJIeBIae/bIaM B 6ojee yem 3000 paiioHax COXpaHeHUs
oYB. JJ1s1 KaXKIOTO paifoHa IPOBOAUTCS TOIOOP BUIOB
PacTeHHI1, MPUTOTHBIX [IS1 CO3JaHUsI BETPOTIOMHBIX II0JIOC,
KOTOpasi OCHOBBIBAeTCs Ha CIIeIIHaTbHOM TPYIIHPOBKeE
1oys. Beero Boigeneno 10 rpymi, NpUrogHbIX A1
CO3IaHMs BETPOTIOMHBIX IToj10C. [1py mmanupoBanuu
BBICOTBHI BETPOJIOMOB YUUTBIBAaeTCA OKUIaeMasi BBICOTa
pacTeHuil JTaHHOTO BU/a B 20-71eTHEM BO3pacTe U ee
3aBUCHMOCTD OT 30HAJIbHBIX KINMAaTUIeCKUX YCIOBHUIL
Kaxmplit 3eM/IeBIagesiel] uMeeT MoAPOOHY0 HHMOPMAIIHIO
0 IIOYBaX, KOTOpasi IOMOTaeT BBIOPATh COOTBETCTBYIOLINE
BUJBI IEPEBbEB U KYCTAaPHUKOB /ISl CO3TAHUS
BETPOJIOMHBIX OJIOC. [{/1s1 crientanncToB 6bu1a
paspaborana kommnbioTepHas porpamma BETCITEK,
OCHOBAHHasl Ha UCIOIb30BaHUU ceTH VIHTepHeT, KoTopas
[T03BOJISIET PaspabaThiBaTh HHIMBHUAYATbHbIE CTAHAAPTHI U
crerudUKAIUY CO3IAHUS BETPOTIOMHBIX ITOCAMIOK.

B 6onbiiuacTBe paiionos Ha 3amane CIIA, roe
HpeoénanaeT APUIHBIN U IIOTYyapUIHBINA KJIUMAT, /I
CO3IaHMsI BETPOJIOMHBIX IIOJIOC TpeOyeTcst
OOIOTHUTE/IbHOE YBIKHEeHHe. [/ 9TUX 1e/1ell Jaie
BCEro IPUMeEHsIeTCs Kalle/IbHOE OpoIlleHue. TpaBsHble
6apbepbl U3 COPHAKOB HAXOMISAT IPUMEHEHUE TaM, TTIe
OrPaHUYEHbI BO3SMOKHOCTU XUMHUYECKON MU
MeXaHU4IeCKoi 60pb6ObI ¢ copHsikamu. OpoliieHue
BETPOJIOMHBIX II0JIOC I1OC/IE 3-5-/IeTHETO Iepuofia UX
CTAHOBJIEHUSA IIPOUSBOIUTCS TOMbKO B YCIOBUAX ITyCTBIHU.
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When selecting plants for windbreaks, one must consider the
purpose of the barrier and how long the barrier will be
needed, among other things. Sometimes a combination of
annuals and perennials may be desirable.

Annuals

Annuals can be established easily and inexpensively, can be
planted simultaneously with a cash crop, and are less
competitive for available soil moisture than perennials.
Additionally, annuals can be used with any type of irrigation
system and easily adapt to changes of field size and shape. The
disadvantages of using annuals as windbreaks include the
following: the need to establish them every year, the
possibility of weather conditions precluding their timely
establishment, the lack of continual protection, and the fact
that annuals established simultaneously with the cash crop
may not grow quickly enough to protect the crop’s seedlings.

Perennials

Perennial herbaceous windbarriers provide continual
protection even through periods of drought. They can protect
greater distances downwind because their effective height can
be greater than that of annuals and they last for many years
with a minimum of maintenance. On the minus side,
perennials in windbarriers are generally more difficult to
establish, compete more for soil moisture, are less adaptable to
changes in field size and shape, and are less adaptable to a
variety of irrigation systems (photo 3-1).

Grasses are probably the most widely accepted type of
perennial herbaceous windbarrier. Perennial grasses need to
have at least the following characteristics to make acceptable

Photo 3-1. A windbarrier of perennial grass planted perpendicular to the prevail-
ing wind direction provides protection from wind erosion. (Gene Alexander
photo)

®ot0 3-1. BeTposoMHblit 6apbep 13 MHOTOJIETHUX TPAB, IOCESHHBIX
IePIIEHANKY/IAPHO K HAIIPAB/IEHHIO TOCIIOACTBYIOLINX BETPOB, 51
3aLUTBI OT BeTPOBOIL 9posuu. (poro xnHa Aekcanjpa)
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barriers: drought, disease, and insect resistance; cold
tolerance; height of 1 m or more; lodging resistance; and
acceptable porosity. ‘Alamo’ switchgrass (grows to 1.9 m),
giant sacaton (to 1.0 m), and ‘Lometa’ Indiangrass (to 1.4 m)
have been tested at Big Spring, TX, and have survived
temperatures of -11 degrees centigrade and made acceptable
barriers. Tall wheatgrass, which is very effective in reducing
wind erosion and distributing snow, is widely used. Black and
Aase reported that at 0.3 m above the soil surface the grass
barrier system reduced windspeed by about 45 percent over
the approximately 15-meter interval between barriers and that
potential wind erosion was reduced by 93.4 percent relative to
an unprotected field (4). Also, snow was more uniformly
distributed, and winter wheat yields were increased by as
much as 47 percent.

Tree and Shrub Windbreaks

Most field windbreaks are made up of trees and shrubs.
Herbaceous wind barriers or crop residue may provide
inadequate cover to prevent wind erosion during drought
years. Woody species, even when killed by drought, can
persist long enough to provide adequate protection for the
duration of the drought.

Traits of Importance to Windbreaks

Windbreaks are often planted in regions characterized by
extremes in climatic and soil conditions where plant life is
subjected to periodic stresses from shortages of water, poor
soil, high winds, cold winter temperatures, and attack by
insects, animals and diseases (6). The successful establishment
of planting stock is often difficult, uncertain, and expensive.
To achieve satisfactory stocking rates and avoid the need to
replant, land users must plan windbreaks mindful of the traits
that affect tree and shrub survival.

Cold hardiness may take several forms; resistance to winter
injury, frost tolerance, or frost avoidance. Common forms of
winter injury are branch-tip dieback, frost cracks, winter
sunscald, cambial injury, root injury, and—in conifers—
needle burning (7). The latitude of the seed source is generally
a good indication of the degree of cold tolerance the seed has.

There are three major types of drought hardiness: resistance to
drought, drought tolerance, and drought avoidance. They
reflect the relative abilities of different plant species to survive
extended periods of reduced precipitation (3). In general, the
Pinus and Juniperus species possess high levels of drought
resistance. Populus and Salix species have fairly high soil-
moisture requirements.

Resistance to injury or mortality caused by insects, diseases

and other pests is critical to the survival and performance of
woody plants in windbreaks. Resistance to cold or drought is

Windbreaks for Reducing Wind Erosion



Tpassanucmoie emponommuvie 6apvepot

J1st co3maHust TPaBsIHUCTBIX BETPOJIOMOB HUCITONB3YIOT
OIHOJIETHHE WIM MHOTOJIETHHE TPABBL. B m060oM crydae
adexTUBHOCTH TaKOTO Gapbepa OIpenesieTcs IMUPUHOI
MEXAYPSIIbs, PACIOIOKeHHEeM Gapbepa OTHOCHTEIHHO
HaIIpaBJIeHHsI TOCIIOACTBYIOIINX BeTPOB [8,9] u
XapaKTepPUCTHKAMU TPABIHUCTOTO PaCTEHUS
(3aCyXOyCTOIMIMBOCTD, YCTOMHYUBOCTD K OOJIE3HAM U
BPEIUTEISIM, BETBUCTOCTD, OJIUCTBEHHOCTD 1 KPEIOCTD
JINCTHEB, OKUAeMasl BBICOTA B CITJIOM COCTOSIHUU U
TOPHUCTOCTH). OOBITHO PEKOMEHAYIOTCSI MHOTOPSI/THBIE
TPaBsSIHUCTBIE Gapbepbl A/Isl yI06CTBA OCATKH, 06paboTKH
1 yOOPKH ypOXKasi; OHU 00eCIIeYMBAI0T MUHMMa/IbHbIE
[IPOCEBBI, BOCCTAHOB/IEHIE 9POIUPOBAHHBIX [TOYB U
MTOBBIIIIEHHOE TIOTIOIIIEHNE 3arpsisHuTeNeN [2].
[IpoBeneHHbIEe UCCIETOBAHMUS TOKA3AIIH, YTO
addexTHBHAS BBICOTA KYIBTYP KOIEOIETCs B IIMPOKUX
mpenenax [3]; moaTomy mepern TeM, KaK BbIIaTh
peKOMeHIaIK HeoOX0OMMO B TedeHHe IBYX Win 6otee
JIET IPOBOUTD MCIIBITAHNS Ha AAIITAIMIO KYIBTYp K
MECTHBIM YCTOBUSM U Ha 9(P(EKTHBHYIO BBICOTY.
AddexTrBHASA BEICOTA HEKOTOPBIX KY/IBTYP MOXKET OBITH
yBe/IMY€EHA ITy TEM IOAPE3KU PACTEHUI Ha OIIpeNeIeHHOI
BBICOTE [IO TOTO, KaK HAUHETCS MX IO/IETaHHe.

[1pu BeIGOpE pacTeHwit IIsl CO3MaHUs BETPOIOMHBIX TIOIOC
CJIETyeT, B IePBYIO OUepelb, ONIPee/IUTh HasHAUEHHe
TPaBSIHOTO 6apbepa, BKII0Yas TIEPUOJT BpeMeHH, Ha
KOTOpBIi OH HeobxomuM. 1Horna merecoobpasHo
UCIIO/Ib30BATh OJIHOJIETHUE TPABBI B COYETAHUH C
MHOTOJIETHUMH.

Oononemuue mpaswt

BeTponoMHbBIe ITOT0CHI 3 OTHOIETHUX TPaB Hanbosee
IIPOCTBI U [elIeBbl, OHU BbICEBAIOTCS OMHOBPEMEHHO C
TOBAapPHOM KY/JIBTYPOH U 110 CPAaBHEHHUIO C MHOTOJIETHUMHU
TpaBaMM MEHbIIIE HY>KIAIOTCA B JOCTYIIHOM ITOYBEHHOM
Biare. KpoMe Toro, ogHOIETHHE TPaBbl MOYKHO
HCII0/IB30BATh IIPH JII0OOM THIIE OPOIIIEHUS; UX JIETKO
MOYKHO IIPHUCIIOCOOUTH K M3MEHEHUAM pasmepa 1 GOpMBl
nosns. HemocraTku oqHONETHUX TPaB B KauecTBe
BETPOJIOMOB 3aK/II0YAIOTCA B TOM, YTO UX IIPUXOAUTCS
CeATb KayKIbIN I'Ofl, UX POCT 3aBUCUT OT IIOTOIHbBIX
YC/IOBH, @ IPU ONHOBPEMEHHOM ITOCEBE C TOBAPHOM
KyJIBTYPOI OHU MOTYT OTCTaBaTh OT Hee B POCTE, He
obecrnieunBast, TAKUM 00PasoM, 3aI[UTy BCXOIOB.

Mmnozonemnue mpasuvi
BeTpooMbl U3 MHOTOJIETHUX TPaB 06ecreynBaioT 6osee
MIPONO/DKUTEIBHYIO U 9(PDEKTUBHYIO 3aLIUTY fake B

nepuof, 3acyxu. OHM MOTYT 3allIUTHTL OT HU30BOTO BeTpa
60J1ee MIMPOKYIO MOJIOCY, IOCKOIBKY OHHU IIPEBOCXOMSAT I10

BeTponomsbl kak cpeacTBo 60pBOBI C BeTPOBOI 3p0o3Hueil

2 dexTUBHOI BHICOTE OIHOIETHHE TPABBI; OHU
COXPaHSIOTCsl MHOTHE TOMIbl, TPpeOyst MUHUMYM yXOJia.
OnHako co3qaHue TAKUX BETPOJIOMHBIX I10JI0C TpebyeT
GOJIBLIKX 3aTPAT TPYy/a U CPENCTB, MHOTOJIETHUE TPABBI
6oJIblile HYXKJAIOTCSI B [IOYBEHHO BJIare, OHU MeHee
a[alITUBHBI K U3MEHEHUsIM KaK pasMepa U POpMBI IOJIeit,
TAaK ¥ CUCTEMBI OPOLLIEHML.

MHorosneTHHe TpaBbl HauboJjIee NTMPOKO UCIIOIb3YIOTCS
JIUIS1 CO3AHMSI MHOTOJIETHUX BETPOJIOMHBIX 6apbepoB. [Tpu
BBIOOpE BUJOB MHOTOJICTHHUX TPaB HEOOXOIUMO
YUUTBIBATh TaKHe UX XaPAKTEPUCTUKH, KaK
3aCyXOYCTONYNBOCTD, COMPOTUB/ISIEMOCTD OOJIE3HSIM U
BPEMUTEISM, MOPO30YCTOMIHBOCTD, BHICOTY (He MeHee 1
M), YCTOMYHBOCTD K ITOJIETAaHUIO U IIPUEMIIEMYIO
TOPUCTOCTH MOUYBBLL [ IpyTheBUAHOE TTPOCO “Amamo”
(BbIcoTa 1O 1,9 M), “IIxattanT CakaTtoH” M COPTacTpyM
“JlomeTta” (1o 1,4 M), KOTOpPBIE UCHIBITHIBATUCEH B YCTOBUSAX
Texaca, re BbIiep>KMBaIN TeMIlepaTypel 1o -11°C,
SIBJISIFOTCSI BITOJIHE TTOIXOMISIIIINM MaTePUAIOM IS
BeTpPOoIOMOB. 1151 60pBOBI C BeTPOBOI 9pO3UEH U /IS
CHEro3a/iep>KaHusI IIMPOKO MCIOIb3YeTCs TAK)Ke IIbIPEiL.
[To manubiM biok Aace [4], TpaBAHUCTBII TOKPOB
BpIcOTOM 0,3 M Ha OBEPXHOCTH IIOYBBI IPU 15-MeTpoBOM
PaccTOsTHUM MeXKy 6apbepaMy CHIYKaeT CKOPOCTh BeTpa
npumepHo Ha 45%. [lorennnanbHasA BOSMOKHOCTD
IIPOSIBJIEHUS] BETPOBOI 9PO3UH B 9TOM C/Iydae
yMeHblIaeTcs Ha 93,4% B cpaBHEHUU C HE3aIMUIIEHHBIMU
nossiMu. [1pu 9TOM CHer pasmeliiaeTcst pPaBHOMEPHO 110
BCeN TEPPUTOPHUHU IO/, U YPOKAMHOCTh O3UMOM
NIIEeHUIb] yBeINIUBaeTcs Ha 47%.

lepesvs u kycmapruxu

Yarie Bcero BeTpOJIOMHBIE TIOJIOChI CO3IAIOTCS U3 IEPEBHEB
U KyCTapHUKOB. TpaBsSHUCTbIE Gapbepbl WIK I0)KHUBHbIE
ocraTku He Bcerna 9 exkTUBHBI B 60pbOe ¢ BETPOBOIT
9po3ueit, 0cOOEHHO B 3aCyLIUIMBbIE IOMIbL. PasjnyHble BUbI
JlepeBbeB [aXke B [IEPHO]L 3aCYXH COCOOHBI 06eCIIeYnTh
3AIUTY CEIbCKOXO3SICTBEHHBIX KY/IBTYD U IIPENOXPAHUTD
UX OT [OJIETAHUs U3-32 OTCYTCTBUS BJIATU U BO3JEHCTBYS
BeTpa.

Bascnetiwue xapaxmepucmuxu empoiomos

BeTpoOMHBIE MTOIOCHI Yallle BCETO CO3MAIOT B PAfiOHAX ¢
9KCTPEMA/IbHBIMM KIMMATUIECKUMU U IOYBEHHBIMU
YC/IOBUSIMH, TTI€ PACTEHUS OABEPTAIOTCS IIEPUOAUYECKIM
CTpeccaM Us3-3a HEMOCTATKA BJIATH, CUIbHBIX BETPOB,
HU3KOJ TeMIIepaTyphl B 3SUMHee BPeMsl, Pas/IHYHbIX
6oste3Heit ¥ BpenuTeer [6].

[1pu BbIGOPE MOCATOYHOTO MaTepUaIa JIjisi CO3MAHMUS

BETPOJIOMHBIX IIO/IOC HEOOXONMMO YIUTHIBATD
0COOEHHOCTH KaXK/IOTO BUMd PACTEHUSI.
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often correlated with resistance to pests. Several cultivars of
windbreak tree and shrub species with proven resistance to
specific insects or diseases are available (12).

Saline soils, sandy soils, blow sand, and soils with high water
tables and other limiting factors have soil properties that may
limit the choice of tree and shrub species.

The height of a windbreak rules its effectiveness so, it is
best to choose trees that will grow as tall as the site will
allow. Although some species such as Populus and Salix are
very fast growing and reach optimum effectiveness quickly,
they often are short-lived because of their susceptibility to
damage by pests.

Most windbreaks are planted to reduce wind velocity or
change windflow patterns (photo 3-2). A windbreak’s capacity
to furnish protection depends on the sum total of all tree and
shrub foliage contributing to the barrier’s effective height,
density and continuity (10). Windspeed reduction patterns
are determined primarily by the porosity and distribution of
pores in the barrier (11). On an individual plant basis, crown
density is determined by component factors of branch angle,
branch diameter, number of branches, live branch retention,
and kind and amount of foliage (7). Because wind protection
is important during the entire year, the effective density of
deciduous species is best judged when the trees are without
foliage. In coniferous trees, foliage production, years of needle
retention, and relative needle length contribute to the overall
crown density rating.

[P
=5
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Photo 3-2. A newly planted multi-row windbreak of deciduous and coniferous
trees and shrubs will provide protection for nearby cropland.

(Tim McCabe photo)

®oro 3-2. Mosonas ocagka MHOTOPSITHOTO BETPOIOMA U3 INCTOIATHbIX
U XBOJHBIX [IEPEBbEB U KYCTAPHUKOB, [IPeHA3HAYCHHAS /151 3aLLUTHL
cocennero noys. (poro Tuma MaxKeii6a)
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Cultivars for Windbreaks

The release of named cultivars promotes the use of genetically
improved trees and shrubs in windbreaks. Cultivars of tree
and shrub species are tested over a variety of sites for several
years to insure that they are worthy of release. Germplasm
and planting stock of over 100 cultivars are currently available

for use in field and farmstead windbreaks (6).

Summary

Windbreaks are the mainstay of many U.S. land users’
natural resources conservation programs. The first major
windbreak planting in the United States, the Prairie State
Forestry Project, began in 1935 (1). When the project ended
in 1942, 18,600 miles of windbreaks had been planted in an
area covering six States. By 1987, over 175,000 miles of
windbreaks had been planted nationwide. Specialists in
USDA’s NRCS and Cooperative State Research, Education,
and Extension Service and in State agencies provide technical
advice to help landowners design windbreaks. These barriers
reduce wind erosion, protect crops and the environment,
help in managing snow and controlling temperature, and
save energy.

Windbreaks for Reducing Wind Erosion



3umocmorixocms MOXKET UMETh Pa3TudHbIe (POPMBI:
YCTOMYMBOCTD K 3UMHEMY ITOBPEXIEHUIO, yCTOMYUBOCTD K
MOpPO3aM WK YKIOHEHHE OT BO3MeNCTBHsI MOpo3a. Oburne
IIPU3HAKU 3UMHETO ITOBPEXIEHNA: OTMUPAHUE BETBEW,
MOPO3006OITHbIE TPEIUHBI, SMUMHIE COTHEYHbIE O>KOTH,
MOBpPEeXIeHNUE KaMoOus, MMOBpEXKIEeHNE KOPHEN, a Y XBOMHBIX
IOPOII, — OXKOT XBoH [7]. PaitoH MpoucxXoXK/IeHUsT CEMSH
OOBIYHO SIBISIETCS XOPOIITUM HHIMKATOPOM CTEIEHU
3MMOCTOMKOCTH IIOCAIOYHOTO MaTepuaJa.

Pasmu4aroT TpU OCHOBHBIX TUIIA 3ACYX0YCHIOUYUBOCHI:
YCTOMYMBOCTD K 3aCyXe, BBIHOCIMBOCTD K 3aCyXe 1
CIIOCOOHOCTH M3berath Bo3eiicTBUe 3acyxu. OHu
OTPAXKAIOT OTHOCUTEIBHYIO CIIOCOOHOCTD PasTHIHBIX
BUIIOB PACTEHUIT TIEPEHOCUTD MTPOIO/KUTENbHBIE IEPUOIBI
OTCYTCTBHSI WIM HEOCTATKa aTMOChepHBIX 0CAIKOB [5].
Kaxk mpaBusio, cocHa 1 MOYXOKeBETbHUK Haubosee
YCTOPIUBBI K 3acyxe. Bce BUBI TOIIO/S 1 MBBI, HATIPOTHB,
HY)KIAIOTCSI B BBICOKOM COIEP)KAHUH BJIaTH B TIOUYBE.

Yemoituugocmu xk nogpexrcoeHusIM WK JaXke OTMUPAHHUIO
pacTeHuit BCIEACTBUE BO3IECTBUS BpeIUTE/IEN WK
60s1e3Heit ABISETCS BOKHEHIIIMM (DAaKTOPOM IPHU BHIGOPE
AUKOPACTYILETO MOCAJOYHOrO MaTepraIa Ijisl BETPOIOMOB.
Mopo30- 1 3aCyXOyCTOMYUBOCTb PACTEHUI YaCTO CBA3aHa
C YCTOMYMUBOCTHIO K BpequTe/siM. VI3BeCTHBI HECKOIBKO
[TOPOJL, IPEBECHBIX M KyCTaPHUKOBBIX KY/IBTYD,
HCITO/Ib3YeMBbIX JI/ISI BETPOTIOMOB, YCTONYHUBOCTH KOTOPBIX K
creruUIecKuM BpenuTesiM u 60Ie3HsIM MPOBepeHa
OIBITHBIM IIyTeM [12].

3aconéHble MOYBBI, IIeCIaHbIe TOYBLI, pa3BeBaeMble TeCKU
U IIOYBBI C BLICOKMM YPOBHEM I'PYHTOBBIX BO[, @ TAK)Ke
OpyTHe, 3aBUCUMBbIE OT CBOMCTB IIOYBBI TUMUTHUPYIOLIHE
(axTOpBL, TAK)KE MOTYT OTPAaHHYMBATH BEIOOP BUIOB
IepeBbeB U KYCTAPHUKOB IS CO3[JaHUS BETPOIOMOB.

BricoTa BeTposoma ompenessieT ero apHekTUBHOCTD, TaK
4TO CJIEIYET IO BOSMOXXHOCTHU BHIOHMPATh Hanbosee
BBICOKHE JIepeBbsi. TaKue BUIbL JEPEBbEB, KAK TOIIO/Ib U
UBa, 6BICTPO BBIPACTAIOT O ONTUMA/IbHOI BBICOTHI,
OJIHAKO OHM YaCTO HENO/ITOBEYHbI U3-3a
BOCIIPUMMYUBOCTH K GOJIE3HSAM U BPELUTE/ISIM.

Bosiblias 4acTh BETPOJIOMOB YCTPAMBAETCS IS CHYDKEHHSI
CKOPOCTH BETPA WM U3MeHEHUs BETPOBOIO PEXXHMa
(dboto 3-2). Ix cioco6HOCTH MPETOXPAHSITh TOCEBBI OT
BO3IECTBH BETPA 3aBUCHUT OT OOIIEro BKIIajia
06/IMCTBEHHOM YaCTH JIepeBbeB U KYCTAPHUKOB B

BeTponomsbl kak cpeacTBo 60pBOBI C BeTPOBOI 3p0o3Hueil

3¢ beKTHUBHYIO BBICOTY 6apbepa, €ro INOTHOCTD U
HerpepbIBHOCTH [10]. CHIDKeHMEe CKOPOCTH BeTpa
OIIpesie/IsIeTCsl B IIEPBYIO OUYepenb MOPO3HOCTHIO 6apbepa 1
ee pacripesie/ieHreM B ripenenax 6apbepa [11].
VHAMBUIYaIbHBII BKIAJ PACTEHUS 3aBUCHUT OT TYCTOTHI
KPOHBI, OIIpee/sIeMON IUAMETPOM U YIJIOM OTXOXK/ICHHUS
OCHOBHBIX BETBEIT, TOPSIKOM BETBUCTOCTH,
OJIMCTBEHHOCTBIO BETBEH U OOIIIMM KOTHIECTBOM JIHCTHEB
[7]. [TocKombKy AefiCTBHE BETPOTOMOB BaKHO B TeUCHHUE
BCETO TOMIa, TO O IYCTOTE CTOSIHUS HanbojIee IIPUTOHBIX
BHUJIOB JIePEBbEB U KyCTAPHUKOB JIYUIIIe BCETO CYOUTh,
KOTTa OHHM HaXOMATCS 6€3 ICTBBI. Y XBONHBIX I€PeBbEB
IUIOTHOCTh KPOHBI OIIPENENAETCA TOJOBOM IIPOAYKITHEN
XBOH, YHCJIOM JIET e¢ COXPAHEHHUs Ha BETBH U
OTHOCHTE/IHHBIM BKJIAZIOM XBOU B OOIIYIO IFIOTHOCTD
KPOHBIL

Kynvmypnvie copma pacmenuii ons
8emposomos

Cenekuusi KyJIbTYPHBIX COPTOB 00eCIeYBaeT TeHeTHYECKH
yIydllleHHbIe BUIbI I€PEBbEB U KyCTAPHUKOB /15
cospaHuA BeTpoaoMoB. CopTa IepeBbeB U KyCTaPHUKOB
HCIIBITBIBAIOTCA Ha PA3/IMYHbBIX yYaCTKaX Ha IPOTAKEHUN
MHOTHUX JIET, IPEXKIe YeM UX PEKOMEHAYIOT IS
IIpUMeHeHus. B HacTosAlIee BpeMs [I/IA CO3JaHUA
BETPOJIOMOB HCITOJIb3YETCA TEHETUIECKUI U ITOCATOYHBIN
matepua 6oee yem 100 pasuIHBIX BUIOB [6].

3akaroyeHue

CosmaHue BeTPOIOMOB IIPETYCMOTPEHO B Psfie IPOEKTOB U
IIPOTPaMM II0 COXPaHEHUIO MPUPOIHLIX pecypcos CIIA.
ITepssie BeTpomomuble mmonocsl B CIIA cosmaBanuch B
paMKax mpoekTa 06jIeceHus B IITaTax paiioHa Ipepui,
HaunHas ¢ 1935 1. [1]. K MoMeHTY 3aBepiiieHHs IIPOEKTA B
1942 1., Ha TEPPUTOPUH IIIECTH IIITATOB OBUTO MTOCAKEHO
18600 munb BeTpoaoMHBIX tonoc. K 1987 rony
MIPOTSKEHHOCTD HAITMOHAIBHON CeTH BETPOIOMOB
cocTabjsina yxe cBbite 175000 Mub. CrieriuanucThl
HannoHapHO# CTy>KObI OXpaHBbI IPHPOIHBIX PECYPCOB
(COIIP), KoomepaTuBHOI1 C1y>K6bI HCCIENOBAHMUI,
06pa3oBaHMUs ¥ BHEAPEHNS B IIITATAX U APYTHX
OpPraHU3alIUiT OKa3bIBAIOT TEXHUYECKYIO TOMOIIb
3eMJIefle/IblIaM B Peau3al[ui MPOeKTOB 110 CO3MAHUIO
BETPOJIOMOB. DTH BETPOIIOMBI CIIY>KaT Ji/Ist 60PBHOBI €
BETPOBOM dPO3HEN, IJIS1 OXPAHBI ITIOCEBOB M OKPY KAIOIIIEN
Cpenpl, a TAK)Ke CIOCOOCTBYIOT CHETO3aIEePXKAHUIO U
COXPaHEeHUIO IHEPTHH.
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Conservation Tillage and Soil Management

David L. Schertz, William C. Moldenhauer, George W. Langdale, Rattan Lal, T.D. McCain, and Jerry V. Mannering

Abstract

This paper reviews the history and progress of conservation
tillage in the United States and the effect of surface residue
on soil condition. The effects of conservation tillage on soil
properties are complex. Surface water contamination by
runoff may be reduced under conservation tillage, but
macropore development under no-till may facilitate soil-
water movement into ground water.

Introduction

In the 1930’s, research and development began on stubble-
mulch tillage in wheat (7riticum aestivum) in the Great
Plains of the United States in order to find ways to reduce or
eliminate the erosion of soil by wind and water. Partly because
the technology to apply conservation tillage was lacking, U.S.
farmers were reluctant to change until the late 1960’s and
early 1970’s. Land users first began chisel-plowing soybean
(Glycine max) stubble rather than using the moldboard plow.
After a few years of experience, they found that these plows
could also be used for tilling corn (Zea mays) stalks, leaving
significant residue on the surface. No-tillage and ridge-tillage
thereafter began to gain popularity as farmers learned to
manage previous crop residue by leaving it undisturbed on the
soil surface (7, 16, 17, 18, 20)." State and Federal research
scientists, as well as those from agricultural chemical and
equipment companies, have worked with the Natural
Resources Conservation Service (NRCS), Cooperative State
Research, Education, and Extension Service (CREES)—
including the land-grant and university systems—soil and
water conservation districts, and farm publications to help
land users establish crop residue management systems. Once
land users understood the benefits, they began to refine these
systems themselves (4, 5).

"'Underlined numbers in parentheses cite sources listed in the References

section at the end of this article.

\
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Discussion
Conservation Tillage—Defined

Conservation tillage relates to tilling less and leaving some
portion of the previous crop’s residue on the soil surface.
NRCS first referred to the concept as minimum tillage.
Before 1977, many considered minimum tillage primarily a
practice that reduced tillage trips over the field. If this
meaning were still used today, minimum tillage would be
used on essentially 100 percent of the planted acres. In 1977,
however, NRCS changed the term “minimum tillage” to
“conservation tillage” and defined it as a form of noninversion
tillage that retains protective amounts of residue mulch on the
surface throughout the year (20). This definition began to
place special emphasis on keeping previous crop residues on
the surface to reduce soil erosion.

In 1983, the Conservation Technology Information Center
(CTIC) in West Lafayette, IN, defined conservation tillage as
“any tillage and planting system in which at least 30 percent
of the soil surface is covered by plant residue after planting to
reduce soil erosion by water; or, where soil erosion by wind is
the primary concern, at least 1,000 pounds per acre of flat,
small-grain residue equivalent are on the surface during the
critical erosion period” (5). NRCS adopted this definition in
1984. The term “conservation tillage” is an “umbrella” term
under which CTIC describes three basic conservation tillage
types. They include no-till, ridge-till, and mulch-till and are
defined as follows:

No-til[—The soil is left undisturbed from harvest to planting
except for nutrient injection. Planting or drilling is
accomplished in a narrow seedbed or slot created by coulters,
row cleaners, disc openers, in-row chisels, or Rototillers

(photo 4-1).

Ridge-till—The soil is left undisturbed from harvest to
planting except for nutrient injection. Planting is completed
in a seedbed prepared on ridges with sweeps, disc openers,
coulters, or row cleaners. Residue is left on the surface

between the ridges (photo 4-2).
Mulch-till—The soil is disturbed prior to planting. Tillage

tools such as chisels, field cultivators, discs, sweeps, or blades
are used.

Conservation Tillage and Soil Management



ITouBo3amuTHasg 06paboTKa U yrpaBIeHHe ITIOTOPOTHEM ITOYBHI

Hs6uo JLIIepy, Yunvsam C.Monvoenxayep, [sopos B.-Ianeoane, Pamman Jlan, T./I.Max Keiin, [Incepp B.Mannepune

Pesrome

B maHHOI cTaThe pacCMaTPHUBACTCS UCTOPHUS U YCIIEXH B
pasBuTHH MoYBo3auTHOM 06pabotku B CIIIA, a Takske
BJIMsIHHE TIO)KHUBHBIX PACTUTEIbHBIX OCTATKOB Ha
mouBeHHbIe yoroBus. [louBosaiuTHas o6paboTka
OKa3bIBaeT PAa3HOCTOPOHHEE BIUSHUE HAa TIOYBEHHBIE
ycinoBust. OHa CIIocOOCTBYeT YMEHBIICHHIO 3arpsi3HEHHS
BOJI IOBEPXHOCTHOTO CTOKA, HO B TO >K€ BpeMsI IPUBOIUT K
Pa3BUTHIO B ITOYBE MAKPOIIOPUCTOCTH. DTO MOXKET
BBI3BaTh yBe/IMUEHHUE IIPOCAYNBAHUS [IOYBEHHOI BJIaTH U
IIOBBIIIIEHNE TUTAHHUSI TPYHTOBBIX BOJ.

BBenenue

B 30-e rompl 66U HAYATHI UCCIEMOBAHUS IO 06paboTKe
ITOYBBI C UCITONBb30BAHNEM MY/IbUHU U3 CTEPHHU IIIIIEHUIIBI
(Triticum aestivum) B paitone Benmukux pasuun CIIIA ¢
L[e/IbI0 HAITH Iy TH YMEHBIIICHUS WIN IPEKPallleH s
BOIHO U BETPOBOIT 3p0o3uu 1ouB. OTIACTH IO
TEXHOMOTHIECKUM IPUINHAM IPAKTHIECKOe IIPUMEHEHHE
[TOYBO3AIIUTHON 00PabOTKU 3a1ep>Kaioch, hepmeps
CIIIA HeOXOTHO IePeXOofUIN Ha TOT METOJ, BIUIOTH [0
KoHIIa 60-x 1 Havasa 70-X rogoB. BHauaie 3eMenebIibl
[IPeIIOYNTAIN Yn3eneBanue cTrepuu cou (Glycine max)
OTBa/IbHOI BCITalke. Yepes HECKOIBKO JIeT OHU MPHILITH K
BBIBOJIY, YTO 9Ta 00pabOTKa JO/KHA UCIIO/Ib30BAThCS IIPU
BO3JIe/IBIBAHUHU KYKYPY3bI (Zea mays) Ha 3epHO, C
OCTaBJIEHHEM OCTATKOB CTe6Iell Ha TOBEPXHOCTH MTOUBHI.
BriocencTBuM Hadau Ipro6GpeTaTh NOMYISIPHOCTD
Hy/eBas U rpebHeBas 06pabOTKH, TOCKONBKY hepMepsl
HayIWINCh YIIPAB/SITh HOKHUBHBIMHU OCTaTKaMH
3€PHOBBIX IIPE/IIIECTBEHHUKOB, OCTAB/ISISI MX Ha
[MOBEPXHOCTH MTOYBBI He3amaxaHHubiMu (7, 16, 17,18, 20].
CrenuaancTsl U3 IITaTOBCKUX 1 DenepanbHO
HCCIIEMOBATEbCKUX OPTraHU3AIIHIT M MX KOJUTETH U3
XUMHUYECKUX U MAITMHOCTPOUTE/IbHBIX KOMITAHHI
coBMecTHO ¢ HanmnonaipHOIM cny>1<60171 OXpaHbI
IIPUPOIHBIX pecypcoB, Cry»K607 KOOIEPATUBHBIX
HCCIeOBaHMIT, 00pa3oOBaHNsI U BHEIPEHHUs — BKIIOYast
YHUBEPCUTETCKHE CHCTEMBI, OT/IE/IBI IT0 OXPaHe ITOUB U
BOIHBIX PECYPCOB Ha MECTaX, a TAK)Ke TIeYaTHbIE H3IAHMS
st hepMepoB, IOMOIIN 3€MJIETIOIb30BATE/ISIM OCBOUTD
CHCTeMY YIIpaB/IeHHsI TOKHUBHBIMU ocTaTKaMu. Korma
3eMJIefIe/IbLIBI IOHSIIN €€ IIPEUMYIIIeCTBa, OHHU Hadalu
COBEPIIIEHCTBOBATH 3Ty CHCTEMY CaMOCTOSITEIHHO [4,5].

ITouBo3amuTHaASM 06p360TKa H YyIIpaBJIEHUE IVIOTOPOIHUEM ITOYBBI

O6¢yxnenue
Onpedenenue nousosawumnoti o6pabomxu

[TouyBosaruTHas 06pabOTKa KaK CHCTeMa
XapaKTepU3yeTCsl yMEHbIIIEHHEM YHC/Ia 00paboTOK 1
OCTaBJ/ICHHEM YaCTH IIOKHUBHBIX OCTATKOB Ha
IIOBEPXHOCTH IT0YBBL. BHavyasne HannonanpHas cyxo6a
OXpaHBbI IPHPOIHBIX PECYPCOB HCIIOIH30Ba/Ia TEPMUH
““muHMMaTbHast 06paborka’. [fo 1977 1. MmHOTHE
paccMaTpuBaIi MUHHMAIbHYI0 00PabOTKY KaK IIPaKTHKY
COKpAII[eHHUs YHC/IA IIPOXOIOB OPYIHIT 110 ToTi0. Ecmi Ob1
TaKOe IOHMMaHKEe COXPAHMIOCH 0 CETORHSIIIHETO HS, TO
MUHUMaIbHAs 06paboTKa T0/bKHA ObITa 6bI OXBATHUTD, IO
cyecTBy, 100% BoszmenbiBaeMbIX Itolanert. OmHako B
1977 1. TepMuH “MUHUMAaIbHASA 06pa6OTKA” 3aMEHVITH
TEPMUHOM “MIOYBO3AIIUTHAS 06paboTKa” U OTIpee T
ero kak popmMy 06paboTKH OUBHI 6e3 060poTa IUIACTa,
KOTOpast COXpaHsIeT Ha IOBEPXHOCTH B TeUEHHE BCETO roa
HeoOXOMUMOe [IS 3aIIUTHI IIOYBBI KOMTHIECTBO MY/IbIH U3
PacTUTENbHBIX 0CTAaTKOB [20]. ITO Ompemeienne uMeIo
Ba)XHOE 3HAYEHHE /IS IPAKTHKU COXPAHEHHSI IOKHUBHBIX
OCTATKOB KaK CPEICTBA 3AIINUTHI II0YB OT SPO3HM.

B 1983 . ludopMaIinoHHBII [IEHTP MOYBOCOHEPETarOIINX
texnosoruii B T. Bect Jlagaiter (mrrar Muauana)
OTIpesie/IiI IOYBO3AIIUTHYIO 06pabOTKy KaK T06YI0
06pabOTKY U CHCTEMY 3eMJIefie/NsI, B KOTOPOIL 110
MeHb1IeH Mepe 30% ITOBepXHOCTHU IIOYBBI IIOC/IE ITOCEBA
IIOKPBITO PACTUTE/IbHBIMU OCTATKAMU MIJIs1 yMEHBIIICHUS
BOIHOM 9p0O3H1HU; a TaM, I'le OCHOBHOM npo6neM0171
ABJISIETCA BeTpOBasA 9po3us, 1o MeHblei mepe 1000
(byHTOB cTepHU MeIKUX 3€PHOBBIX OCTAETCSI HAa OTHOM
aKpe IIOBEPXHOCTH B T€UEHIE IPO3UOHHO OITACHOTO
mepuona [5]. HannonansHast cry>k6a OXpaHbl IPUPOTHBIX
pecypcos COITP mpunsa aTo onpenenerue B 1984 r.
Tepmun “novyBosamutHas 06paboTka” OTHOCUTCS K
POIOBOMY IIOHSITHIO, IO KOTOPBIM VHOOpMAIIOHHBIIT
L[EHTP HOYBOCOEPETAIOINX TEXHOMTOT I OTIMCHIBAET TPH
OCHOBHBIX THIIA TIOYBO3AIIUTHON 06paboTku. K HuM
OTHOCSITCSI CTEPHEBOII ITOCeB (Hy/meBast 06paboTKa),
rpe6GHeBast BCIAIIKA H MYIBIHPYIOLIast 06paboTka (¢
coxpaHeHueM cTepHH). OHU OIPEIeISIOTCS CIEAYIOIINM
obpasom:
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Importance of surface cover

W.C. Lowdermilk asserted that one of the greatest
contributions to U.S. agriculture would be a technology to
manage crop residues on or near the soil surface (13). Surface
residue management is always essential to optimize soil-water
use, nutrient cycling, and the development of desirable soil
characteristics (4, 14, 15).

Reduction in soil erosion by conservation tillage
Located on a Southern Piedmont Ultisol (Red-Yellow-
Podzolic) with slopes ranging from 3 to 7 percent, the
2.71-ha watershed detailed in figure 1 illustrates the relative
soil losses associated with conventional and conservation
tillage systems. Figure 1 shows the probability distributions
of annual soil losses for four tillage-cropping systems. These
data are based on 11 years (1972-82) of flume-measured

g ‘_ = s -.‘_.\_‘.

Photo 4-1. No-till planted soybeans in small grain residue. (Tim McCabe photo)
Doto 4-1. Hynesast o6paborka. Bcxopl coeBbix 60608 cpefi
pactuTenpHbIX 0cTaTKOB. (Poto Tuma MakKeiiba)

Photo 4-2. Ridge-till planted corn in corn residue. (Gene Alexander photo)
Dot0 4-2. ['pe6HEBOIT TOCEB KYKYPY3bI [I0 PACTUTENIBHBIM OCTATKAM
Kykypyssl. (Poto [IxuHa Anexcannpa)
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runoff and a 34-year rainfall record (12). Consider a 50
percent exceedance probability on curve number 1 (fig. 1)
that represents monocropped, conventionally tilled soybeans
(15). The 35 mg ha-1 yr-1 soil loss closely approximates the
average measured soil loss (12). These soil losses exceed the
soil loss tolerance value more than threefold. Three double-
cropped conservation tillage systems used during the study
period permitted less than 0.5 mg ha-1 yr-1 at the same
probability level (curve numbers 2,3, and 4, fig. 1).
Wischmeier and Smith found similar benefits for
conservation tillage in 1978 (22).

Effects of soil management

Soil compaction

The effects of conservation tillage on soil compaction depend
on antecedent soil properties, texture, and predominant clay
minerals; type and frequency of tillage; drainage conditions;
and frequency and intensity of freezing, thawing, wetting, and
drying. Soil structure, generally improved by conservation
tillage, is affected by increased activity of earthworms. In
rotation plots in Georgia, House and Parmelee reported that
the earthworm population with no-till was 3 to 5 times
greater than that in plowed plots (9). As a result of intense
biotic activity (21), soil under conservation tillage develops a
distinct profile with abundance of interconnected biochannels
and macropores (8, 10). Consequently, such soils have high
infiltration rates, low crusting, and low risks of runoff and
soil erosion.

Soil organic matter

Conservation tillage leads to stratification of soil organic
matter, with greater concentration of such matter in the
surface than subsurface horizons. Bevins et al. observed that,
in the 0-2 cm layer, organic carbon and nitrogen levels were
about twice as high in the surface soil of the no-till compared
with the plow-based system (1, 2, 3). Generally, this effect is
more drastic in coarse-textured and well-drained soils than in
heavily textured and poorly drained soils (11). The increased
concentration of soil organic matter results from the return of
residue on the soil surface, lower maximum soil temperature,
and higher moisture content in conservation-tilled compared
with conventionally tilled soils.

Soil temperature

In general, the maximum soil temperature is lower and the
minimum soil temperature is slightly higher in conservation
tillage than in plow-based or ridge-till systems. In Indiana,
J.C. Cruz observed that soil temperature in conservation
tillage was less than optimum for almost 8 weeks after
planting (6). Later in the growing season, however, lower soil
temperature in conservation tillage is usually beneficial to
crop growth.

Conservation Tillage and Soil Management



Hynesast 06pabomxa — mo4Ba 0CTaeTCs1 HEHAPYILIEHHOI B
epuop oT yOOPKH 0 MOCeBa CIEAYIOLIEl KY/IbTyphI 3a
HCKIIIOUEHHEM BHeCeHUs1 ynoOpeHuil. BosnenbiBanue 1
[IOCEeB PaCTEHHI BBIIIOJHAIOTCS B Y3KOM CEMEHHOM JIOKe
Wi 60po3JiKe, CO3AaBAEMOII ITYTOM, KY/IBTHBATOPOM,
IIMCKOM, YM3e/IeM WK MoYBeHHOI (pesoit (dhoto 4-1).

I'pebHesas scnauika — MOIBa OCTAETCSI HEHAPYIIIEHHOI B
[epHrof 0T YOOPKHU [0 [TOCeBa CICAYIOIIEN KyIbTyPHI 3a
HCKITIOUEeHIeM BHeCeHHs ynoOpeHuit. PasBuTie pacTeHuit
IIPOMCXOMIUT B CEMEHHOM JIOXKE, TIO/ITOTOB/ICHHOM B IpebHe
IIPYU OMOIIHM IIIMPOKO3aXBaTHOM TEXHUKHU, TUCKOB, IUTYyTOB
WM KyJIbTUBAaTOPOB. PacTUTE/IbHbIE OCTATKU OCTAIOTCSA Ha
[TOBEPXHOCTH MeXay rpebusmu (oo 4-2).

Mynvuupyrowast 06pabomka — IoYBa HAPYIIAETCS 0
mocesa. Mcronb3yiorcs Takue opyaus 06paboTKH, Kak
YM3e/IH, JTAIYaThle U IUCKOBBIE KYIBTUBATOPHI,

3nauenue nouseHno20 nokposea

B. C. JloymepMIIK YTBepKAAJI, YTO OTHUM U3 BeTUIANIINX
BKJIAJIOB B cebckoe xo3siicTBo CIIIA 6yner TexHomorus
yIIpaBJIeH!s IO)KHUBHBIMU OCTaTKaMU B IIOYBE WIM Ha ee
moBepxHOCTH [13]. YpaBieHue MOXXHUBHBIMH OCTATKAMU
BCerJa CyLIeCTBEHHO JUIs OIITUMHU3AIIUU HCIIOTb30BAHNUS
IIOYBEHHOM BJIATH, KPYTOBOPOTA JIEMEHTOB ITUTAHHS
PacTeHMUIt, JOCTYDKEHHS IPYTHX >KeJlaTeTbHBIX
XapaKTePUCTUK TOYBHI [4,14,15].

CHIDKeHYe IOYBEHHOI 5PO3UH IIPHU TOYBO3AIIUTHOMN
o6paboTke

OTHOCHUTE/TbHBIE TIOTEPU IIOYBBI OT IPOSHH IIPU OOBIIHOI
Y TOYBO3AIIUTHO CHCTeMaX 3eMJIefie/IHsI IOKa3aHbl Ha
puc.1l. OH OTHOCHUTCA K YYaCTKy IUIOIIANbIo 2,71 ra B
paifoHe PacIpOCTPaHeHHs YABTHCOEN (KpPaCHO-KeIThIe
ITO/I30/IUCTHIE TTOUBHI) Ha IIPUBOLOPA3eIbHOM CKIOHE C
yK1oHOM 0T 3% 1o 7%. Ha pucyHKe IOKasaHO BEPOATHOE
pacrperiesieHIe eKerOTHbIX IIOTEPh TOYBBI IS YeThIpeX
crcTeM 06pabOTKH OCEBOB. DTH JaHHBIE 6A3UPYIOTCS Ha
11-netHux (1972-1982) npsAMbIX H3MEPEHUSX
[TOBEPXHOCTHOTO CTOKA U 34-7IeTHEM yueTe aTMOC(ePHBIX
ocankoB [12]. Paccmotpum 50% 3HadeHHe BEPOSITHOCTH Ha
KpuBoit 1 (puc.1), KOTOpoe OTHOCUTCSI K MOHOKY/IBTYpe
COU C TPANUITMOHHOM BCmaIkoii [15]. Besmmunna 35 t/ra B
TOZI TOBOJIBHO G/IM3KO OLIEHHBAET CPEIHIO0 H3MEPEHHYIO
BEJIMYUHY TIOTEPb IIOYB OT 3po3u# [12]. DTo 3HaUeHHEe
IIPEBOCXOUT YMEPEHHYIO BeTUINHY OTEPH H0JIee ueM B
Tpu pasa. Tpu cHCTeMbI TOYBO3AIUTHON 06pabOTKHU ¢
ITOBTOPHBIMH [IOCEBAMHU B ITEPHOJ U3YUEHHUS COKPATHIIN
cMBIB 10 MeHee YeM 0,5 T/ra mpu ToM xe (50%) ypoBHe
BeposATHOCTH (KpuBble 2, 3 u 4 Ha puc.1). Burimaitep u
CMHUT yCTaHOBMIN CXOTHYIO 9P EeKTUBHOCTD
[MOYBO3AIIUTHON 00paboTku errie B 1978 1. [22].

ITouBo3amuTHaASM 06p360TKa H YyIIpaBJIEHUE IVIOTOPOIHUEM ITOYBBI

AP pexmusrnocmo ynpasneHuss no46eHHbIM
nuodopoouem

YroTHeHue T0YB

BrusiHue mOYBO3aIUTHON 06pabOTKY Ha YIUIOTHEHHE
[TOYB 3aBUCUT OT MCXOTHBIX CBOMCTB ITOYBHL, €¢
MeXaHMIEeCKOTO COCTAaBa ¥ IPe06IaatoIuX IMHHCTHIX
MHUHEPAJIOB, THITA U YaCTOTHI 06PabOTOK, YCIOBHI
IpeHa’ka, YaCTOTI K HHTEHCUBHOCTH IIPOMEP3aHus,
OTTaMBaHUS, YBIOKHEHNs U HCCyLIeHns1. [louBosatnTHas
06paboTKa yIydIaeT CTPyKTypPy IIOYBBI B 1[€JIOM, B TOM
THCIIe CTPYKTYPY, 00YC/IOBICHHYIO IOBBIIEHHEM
AKTUBHOCTH JOXKAEBBIX YepBeil. Tak, B mouBax
CeBOOOOPOTHBIX HOJIet B IrTaTe JyKopmKust, Xayc 1
[TapMe/H yCTaHOBMIHN, ITO YHCICHHOCTD ITOIIY/ISIIUU
JepBeli IpU Hy/IeBOI 06paboTke OblIa B 3-5 pas BBILIIE,
yeM Ipu 06bI9HOI Bemarike [9]. B pesynbrare moBsiieHns
6UOJIOTMYECKOI aKTUBHOCTHU IIPY IOYBO3AUTHOMI
o6pabotke [21] B mouBeHHOM TpOdHIe pa3BUBaeTCs
CHCTeMa MHOTOUHCIEHHBIX IePEIUIeTAIOIINXCSI GHOTeHHBIX
KaHay10B U Makporop [8,10]. CrenctBruem 3TOrO ABIAETCS
MOBBIIIIEHNE CKOPOCTH WHMDUIBTPAIIUH, OCTabIeHe
KOPKOOOPa3OBaHMs U B UTOTE — CHIDKEHIE PUCKa
06pa3oBaHMUsI IIOBEPXHOCTHOIO CTOKA M BOTHO 9PO3HU.

OpraHnYecKoe BeIleCTBO IOYBbI

[MouBosarurHas 06paboTka BezeT K auddepeHiinanm
[TOYBEHHOTO IPOGMUIIS IO COMIeP>KaHUI0 OPTAHUIECKOTO
BelecTBa ¢ 60jiee 3HaAYUTE/IbHOM €ro KOHILIEHTpallyiel B
IIOBEPXHOCTHOM T'OPU30HTE B CPAaBHEHUH C
noxnosepxHocTHeIMU. [Ik. C. Kpys ¢ coaBTOpamu
OTMETHJI, YTO COIEP>KaHUe OPTaHHYECKUX yIIepoia U
asora B croe 0 - 2 M IIPH Hy/IeBOiT 06pabOTKe MOBBILIIAETCSI
MIPUMEPHO B [[Ba pa3a B CPaBHEHUU CO Bcmarikoit [1,2,3]. B
11€JIOM 9TO BIHUSIHHE ITPOSIB/ISETCS GOIBIIIE B JIETKUX,
XOPOLIIIO JIPEHUPOBAHHBIX II0YBAX, HEXKE/IU B TSKEIBIX
oYBax co cnabbiM npenaxkeM [11]. YBenuuenue
cofiepyKaHMsI OPIaHUYeCKOTO BEIlleCTBa B II0YBE IIPU
[TOYBO3AIIUTHOI 06paboTKe 06YCIOBIEHO BO3BPATOM
PacTUTENIbHBIX OCTATKOB Ha IIOBEPXHOCTH ITOYBBI,
CHIDKEHHEM MaKCHMyMa TeMIIepPaTypbl, IIOBBIIICHIEM
Cofiep>KaHUsI BJIATU B CPABHEHUU C OOBIYHO BCIIAIITKOM.

Temnepatypa mouyBeHHasA

[1pu MOYBO3AITUTHOI 06pabOTKe MaKCHUMa IbHAs
TeMIIepaTypa ITOYBBI B CPeHEM HIDKE, a MUHUMATbHAs —
HEMHOTO BBIIIIe, 4eM TIPU 0OBITHON WK TpeOHeBO
cuctemax o6pabotku. B mrrare Muauana [Ix. C. Kpys
HaOTIOAT, YTO TIPU MTOYBO3AIUTHOM 06paboTKe
TeMIIepaTypa OBl ObUIA HIDKE OTHMYMa B TeUeHHE
[TOYTH BOCBMH HeJle/Ib [TOC/Ie oceBa [6]. B mocenyromem,
OIHAKO, TTPH [TOYBO3AIIUTHON 06pabOTKe TOYBEHHAS
TeMIeparypa o6brIHO 60stee OIaronpUsTHA IS BereTal[Ui

KYJIBTYP.
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Figure 1. Calculated probabilities of soil loss for conventional and conservation tillage
Puc.1 BeruucieHHble BEpOSITHOCTU IOTEPH ITOUBBI IIPU TPATUIIHOHHOIM U IIOYBO3AIUTHON 00paboTKe
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All other factors remaining the same, a conservation-tilled soil
surface is moister than that under a plow-based system.
Conservation tillage provides greater soil moisture in the root
zone because of increased infiltration and lower surface runoff
and evaporation losses; therefore, soil-water reserves available
to plants in a conservation-tilled soil are likely to be greater
than those in a plowed soil.

Fertilizer placement

Changes in physical, chemical, and nutritional conditions
of the soil caused by conservation tillage usually alter the
soil’s response to fertilizer and chemical amendments. Crop
residue influences the use of fertilizer because of its effects
on soil temperature, moisture regimes, and the amount and
rate of seepage flow and surface runoff. Crop residues with
a high carbon to nitrogen ratio also temporarily immobilize
a portion of the plant-available nutrients. Fertilizers are
often broadcast on the surface with conservation tillage,
but they are generally incorporated in the plow layer with
conventional tillage.

36 Article 4

Pesticide use and water quality

Pesticides are used on the vast majority of crops grown in the
United States, regardless of the tillage system used. Some
farmers report greater pesticide usage under conservation
tillage than under conventional tillage; however, some report
using less herbicides with conservation tillage, even with no-
till. With mulch-till, the type of pesticide, amount, and
incorporation vary little from those used under conventional
tillage. Herbicides are often placed in narrow bands along the
planted row with ridge-till; and, coupled with cultivation for
weed control, less herbicide usage often results.

Soil-water movement via macropores that develop under no-
till is a complex phenomenon. Macropore development under
no-till may increase the potential for soil-water movement
into ground water, but related research is difficult to design
and results are mixed. It is important to realize that no-till is
not always used each year in the crop rotation and that tillage
destroys macropore development. USDAs ARS Southern

Conservation Tillage and Soil Management



IlouBennas Bara

[pu IpoYMX PaBHBIX YCIOBUSAX IIOBEPXHOCTD IIOYBBI [IPU
[TOYBO3AITUTHON 06pabOTKe BIKHEe, 4eM ITPU OOBITHOI
Beratke. [TouBosauuTHas 06paboTKa 3amacaer Biaary B
KOPHEOOUTAEMOM CJI0€, BCIENCTBUE YBETHYeH s
UHOWIBTPAUK U YMEHBIIIEHNs [IOBEPXHOCTHOTO CTOKA U
¢usuueckoro ucnapenus. [10aTOMy U 3a11achl B/Iary B
[IOYBE MPU TIOYBOZAIIUTHON 06pabOTKE, BEPOSATHO, BHIIIIE,
4eM TIpU OOBIYHOT BCIIAIIIKE.

Buecenue ymo6penuii

N3menenvie PU3NIECKUX U XUMHUYECKUX CBOMCTB MIOYBHI,
TaK>Ke YCTOBUI MMTAaHUS PACTEHUM, BEISBAHHbBIE
[TOYBO3AIIUTHON 06PabOTKOT, 0OBIYHO U3MEHSIOT
OT3BIBUMBOCTH [TOYBBI HA YIOOPEHUS M XUMHUIECKHE
no6aBku. PacTurtebHBIE OCTaTKU OKA3bIBAIOT BIUAHUE Ha
HCIIOJIb30BaHMeE y1l06peHI/H71 6)1aro;£[ap;1 MX BO3IECHCTBUIO HA
PEKHUMBI TEMIIEPATYPBI, BIAKHOCTH, HHPHIBTPAINH 1
IIOBEPXHOCTHOTO cTOKa. [Ipu 9TOM, OHAKO, pacTUTEIbHbIE
OCTaTKH € BbICOKUM moKazaTeneM C/N BpeMeHHO
HMMOOHIN3YIOT HEKOTOPOE KOTUIECTBO TOCTYIIHBIX IS
pacTeHMI IUTATeNbHBIX BellecTs. [Ipy moyBosauTHOM
06paboTKe yHoOpeH st paciipee/IeHbl [0 IIOBEPXHOCTH
[IOYBBI, OJHAKO MX MUTATe/IbHbIE BEIECTBA B 00IIIEM
CIy4ae TOCTUTAIOT [Ty OHHBI, 0OBITHOI [UISI ITAXOTHOTO
CJIOSI.

Hcnonb3oBanue n1ecCTUIIMIOB U KA4€CTBO BObI

J1st mogaBJIsiroLero 60MbIIMHCTBA KY/IBTYP,
BosaenpiBaeMbIx B CIIIA, HCITOB3YIOTCSA TeCTUIUADI,
HE3aBUCHMO OT IIPUMEHSIEMON CHCTEMBI 06PabOTKHL.
HexoTopsle ¢pepMepsl OTMEYatOT MOBBIIIIEHHOE
IIpUMEHEeHHE NECTULIU/IOB IIPU IOYBO3AIUTHON
06paboTKe B CpaBHEHUH C TPATUIIMOHHOI, OTHAKO
HMMEIOTCS TaK)Ke JaHHbIE U O MEHBIIIEM UCII0Ib30BaHUU
rep6nanOB, IIPY ITIOYBO3AILMTHOM U Ja’ke Hy/IEBOMI
obpabotke. [Ipu Mmyabaupyroreit 06paéoTKe THII
IeCTULIN/IA, KOTUYECTBO U IIPUMEHEHNE MaJIO OTINYAIOTCS
OT TAKOBBIX B CPABHEHUU C TPATUITMOHHOI 06PaGOTKOI.
[Ipu rpeGHEBOI BCIAIIIKe TECTUIIMIBI TaCTO BHOCSATCS
Y3KMMH II0JIOCKAMHU BJIO/Ib PANKOB PaCTEHUI; B COY€TAaHUU
C Ky/IBTUBaIlMeN U1l KOHTPOJIA COPHAKOB 9TO IIPUBOIUT K
YMEHBIIIEHNIO pacxofa repOUIIUIOB.

[TepenBuxeHHe TOYBEHHOM BJIATU B MAKPOIIOPaX, KOTOPbIE
BO3HHUKAIOT IIPU HY/IEBOIT 06pabOTKe — CJIOXKHOE SIBICHHE.
PasBuTHE MaKpOIIOP IIPHU HY/IEBOIT 06PabOTKE MOXKET
YBEIMYHUTD IOTEHIIMAI MUTPALIUY TIOYBEHHOT'O PacTBOpa B
I'PYHTOBYIO BOJY, HO 9KCIIEpUMEHTA/IbHOE TIOITBEP>KICHHUE
TAKOT'O SIBJICHUsI 3aTPYIHEHO, BBULY HEIOCTOBEPHOCTH
Pe3y/IbTaTOB MPSIMBIX U3MePeHHIT. Ba)KHO 0CO3HABaTh, 4TO
Hy/eBas 06paboOTKa HCIIOIb3YeTCsI He eKETOIHO U UTO
MIepUOAMYECKU IIPOBOANMAs BCIIAIIIKA, IPELYyCMOTPEHHAs
CeBOOOOPOTOM, HAPYIIIAeT CHCTEMY Makpomop. FOXXHbIi
[IbeMOHT IIEHTP 10 OXpaHe NOYBEHHBIX PECYPCOB
City>k0bI Ce/IbCKOX035HCTBEHHBIX HccmenoBannit MCX
CIIA (r. YoTkuHCBWLI, 1ITAT JPKOPIKIS) U APYTHE

ITouBo3amuTHaASM 06p360TKa U ynpaBjJI€HHUE IUIOJOPOAHEM ITOYBbI

crannnu Crry>k6bl CeTbCKOXO03SIICTBEHHBIX YHHBEPCUTETOB
U YHUBEPCUTETOB IIPOBOJAT UCCIENOBAHUA I10 OIIEHKe
BO3MOYKHOCTH YCKOPEHMSA MUTPAIUU 3arPASHUTENEH B
TPYHTOBbBIE BOJIBI.

[TockonbKy OYBO3AIIUTHASE 06pabOTKa CIIOCO6CTBYET
YMEHBIIIEHHUIO CTOKA M 3aMETHOMY COKPAIIEHUIO
IIOYBEHHOM 9PO3UHU, OHA MOXKET ObITD uenecoo6pa3Hof4 TIJIS1
YMEHBIIIEHNUsI 3aTPsIZHEHM S, B YaCTHOCTH, IIECTULIUIAMH,
BOJI IIOBEPXHOCTHOTO cTOKa. Kpome Toro,
IIPOJIO/DKUTE/IBHOCTD SKU3HH IIECTUIINIOB MOXKET OBITh
coKpailieHa 6arofapsi HA/IMYUIO My/IbYU U KOHIIEHTPAIH
OPraHMYeCKOTO BEIeCTBA B IOBEPXHOCTHOM FOPU30HTE
mouBbl. K ToMy ke, yrydiiieHHbIe TepOUIU/BI IIS
IIPUMEHEHHsI IO BCXOfIaM [TOMOTaioT dhepMepam
COCpenoTOYUTh 6OPBOY € COPHAKAMU HA 3aCOPEHHBIX
yuacTtkax. [oBopsi 06 MCII0/Ib30BaHNN [TECTUIINUIOB,
BEPOSITHO, laske 60JIee BAKHO OTMETHUTD IIOC/IETHUE
IDOCTHIKEHUS B TEXHOJIOTHSX, KOTOPbIE II03BOIMIH
3HAYNUTEIBHO COKPATUTh KOJTMYECTBO AKTHBHBIX
MHTPEIMEHTOB repOUINIOB Ha eNUHHILY TUIOLIA/IH.

Buedpenue nousozawyumnoti o6pabomixu

PacmipocTpanenue moyBosaruTHoi o6paborku B CIIIA
HOCHT CPaBHUTE/IbHO CTaOMIbHBIM XapakTep. [To oreHkam,
wIoanp (3,7 MJIH. akpoB), o6pabaTbiBaeMast ¢
IIpUMEHEHHEM ITOYBO3allIUTHBIX TeXHOIOT UL B 1963 1.,
6bUIa yIBOEGHA B IIOCIEAYIOLINE TPH TOIa U aiee
yaBauBanaoch K 1970, 1975 u 1981 rr. I1o onenke
NHpOopMaIIMOHHOTO 1eHTPa MTOYBOCOEPETAIOIINX
TexHooruit [5], B 1996 r. 3eM/1en0/1b30BaTeN IIPUMEHSUTH
[TOYBO3AIIUTHYIO 00paboTKy Ha rTomagy mouty 104 MiH.
AKPOB, YTO COCTABJIAIO 0K0/IO 36% BO3/e/IbIBAEMOM
wiomanu B CIA. TTpu atoMm, B nepuon Mexxay 1989 r. u
1996 r. paciinpenue 1Iomagei Mo4YBO3aAIUTHON
06pabOTKH MIPOUCXOANIIO, I/TABHBIM 06pasoM (Ha 90%) 3a
CYeT pacIpoCTpaHEeHHUs TEXHOMTOTHIT Hy/IeBOiT 06paboTKH,
IUIOLIAM KOTOPOM 33 3TOT II€PUOL, yBEJIUIMWINCD € 14,1
MJIH. aKpOB 710 42,9 MJIH. aKpOB.

CpaBHUBasI JaHHBIE IT0 IUIOIIA/ISIM IOYBO3AIUTHOM
o6paborku B necsitu perrnoHax CIIIA, BayKHO OTMETHUTH,
4TO Ha nomo KykypysHoro nosica u CeBepHBIX PaBHUH
MIPUXOAUTCS GOJIee TOJIOBUHBI BCEH IUIOIIAIN
[TOYBO3AIIUTHON 06pabOTKY U 60JIee TIOTIOBUHBI BCEX
ITOCeBHBIX IUIOLIAMIeN B cTpaHe. B mporieHTHOM
BBIP@YKEHUH, OJTHAKO, MHOTHE PETHOHBI UMEIOT 6oJiee
BBICOKYIO [JOJTIO IUIOIIAIN TOYBO3AIIUTHO 06paboTKH,
YeM YIOMSHYThIE IBa PETHOHA, [TABHBIM 06Pa3oM, 3a CUeT
60s1ee IIIMPOKOTO PaCcIpOCTPAHEHHUS HY/IEBOIT 1
MYIBIHPYIOLIeit 06paboTKu (puc.2).

XoTs MoYBO3aIUTHAS 06PabOTKA UCIONB3YEeTCs], IABHBIM
006pasom, Ha IOYBAX, He TIO/IBEP>KEHHBIX 9PO3UH B CUIIbHOI
CTEIIeHU, Ha CUIBHO 9POAMPYEMBIE IIOYBBI IIPUXOTUTCS
3aMeTHas IO/ IIPUPOCTa IUIOLALel II0YBO3alUTHOM
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Piedmont Conservation Research Center, Watkinsville, GA,
and other ARS and university locations are conducting
research to assess the potential for increased movement of
contaminants into ground water.

Because of reduced runoff and significant reduction in soil
erosion, conservation tillage can be beneficial in reducing
surface water contaminants, including pesticides. In addition,
the lifetime of pesticides may decrease because of the presence
of crop residue mulch and the concentration of soil organic
matter in the surface horizon. Also, improved postemergent
herbicides help farmers target weed control to infected areas.
Perhaps even more relevant to the concern over pesticide
usage are recent technological advances that have greatly
reduced the amount of active herbicidal ingredients needed
per acre.

Conservation tillage adoption

The adoption of conservation tillage has been fairly steady in
the United States. The estimated 3.7 million acres in 1963
doubled in the next 3 years and doubled again by 1970,

1974, and 1981. In 1996, the CTIC survey (5) estimated that
land users were applying conservation tillage on almost 104
million acres, amounting to nearly 36 percent of planted
acres. Between 1989 and 1996, no-till accounted for most of
the increase—nearly 90 percent—in conservation tillage,
increasing from 14.1 to 42.9 million acres. (photo 4-3).

When comparing the actual number of acres planted with
conservation tillage in the 10 regions of the United States, it is
important to note that conservation tillage acreage and total
planted acres in the Cornbelt and Northern Plains equal more
than half of the Nation’s total. When comparing the

percentage of acres planted with conservation tillage, however,

Photo 4-3. Some form of conservation tillage was used on more than 104 million
acres of U.S. cropland in 1996. (Tim McCabe phoro)

Doro 4-3. [ToceB KyKypysbl 10 paCTUTE/IbHBIM OCTaTKaM KyKypPy3bl IIPU
MYJIBIHpYIOLLEit crcTeMe 06paboTku moussl. (Poro Tuma MakKeit6a)
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it is clear that many regions surpass these two regions, due
largely to greater amounts of no-till and mulch-till (fig. 2).

Although conservation tillage is used on non-highly erodible
land, its use on highly erodible land has accounted for a
significant portion of the increase discussed above. The 1985
Farm Bill required land users who planted crops on highly
erodible land to develop and implement a conservation plan
by 1995 to maintain their eligibility for certain USDA farm
program benefits. Conservation tillage was the most popular
conservation practice implemented by farmers to help them
meet their conservation plan goals and to maintain eligibility
for USDA program benefits.

The increase in conservation tillage is expected to continue in
the United States due to the increasing importance of the
need to improve soil quality and to sustain American
agriculture. It is expected that conservation tillage will reach
50 percent of the total planted acres in the United States by
the year 2002.

Summary

Research and development of conservation tillage began in
the 1930’s, but rapid progress in adoption did not get
underway until the 1960’s. The definition of conservation
tillage has changed over time and now includes such tillage
types as no-till/strip-till, ridge-till, and mulch-till.
Maintaining crop residues on the surface reduced soil erosion
by as much as 99 percent in an experimental watershed study.
This article discusses the conservation tillage effects on soil
compaction, soil organic matter, soil temperature, soil
moisture, fertilizer placement, and pesticide use. Adoption of
conservation tillage has progressed from about 4 million acres
in 1963 to nearly 104 million acres in 1996.

Conservation Tillage and Soil Management



06paboTKH, 0 KOTOPOM TOBOPHIOCH BblIitre. COIacHO
3akoHy 0 depmax 1985 ., OT 3eM/IeTIOIH30BATEEHH,
3aCeBAIOIIUX CHJIbHO 9POUPYEMbIe yYaCTKHU ITOYBBI,
Tpe6OBaIOCh pa3paboTaTh U peasn3oBarh K 1995 1. rian
COXpaHEeHUsI HOYBEHHBIX PECYPCOB, /ISl TOTO, YTOOBI
IIOJTYYUTh OIIpe/ie/IeHHbIE IPUBUWIEIHH, IIPEOCTaBIIseMble
ydaacTHHKaM epmepckux mporpamm MCX CIIIA.

OsKuIaeTcs, 9YTO IUIOIIAN TIOYBO3AMIUTHOI 06pabOTKY B
CIIA 6ynyT mpomo/bKaTh paciIupsThCs, 6arogapst
pacTy1eit HeOOXOTUMOCTH YAYUIIIeHNs Ka4eCTBa TI0YB 1
obecrevdeHns yCTOMIMBOCTH aMEPHKAHCKOTO CETbCKOTO
xo03aucTBa. [1o omenkam, IJIomMIagb IIOYBO3AIIIMTHONI
o6paborku B CIIIA mocturuer k 2002 1. 50% o0111eit
IIOCEBHOM IVIOIIAAN B CTPaHE.

3akaroyeHue

Paspa6oTka 1 BHeIpeHre MOYBO3AITUTHON 06pabOoTKH
Havya1uch B 30-e rofibl, HO OBICTPBII YCIIeX B IPAKTHYECKOM
MIPUMEHEHHUH U IITUPOKOe PACIPOCTPaHeHne ObLUTH
DOCTUTHYTHI UL B 60-e roxsl. OnpeneneHne
[TOYBO3AIIUTHON 06PabOTKY 32 9TO BpeMsi UBMEHWIOCH U
HBIHE BK/IIOYAeT TaKHe TUIIBI 00pabOTKH, KaK HyjeBast/
I10JIOCHasT, TpebHeBast U My/Ibunpyloias. CoxpaHeHHbIe Ha
IIOBEPXHOCTH ITOYBBI PACTUTE/IbHBIE OCTATKU YMEHBIIIAIOT
BOJIHYIO 9PO3HIO 0 99%, KaK 3TO OBIIO
9KCIIePUMEHTAIbHO MI0Ka3aHO B II0JIEBOM OIIbITE. B cTaThe
06Cy’KIaeTcst BAUsHNE TIOYBO3AIIUTHON 06paboTKH Ha
YIUIOTHEHHE, OPraHUYEeCKOE BEIIeCTBO, TEMIIEPaTypy,
B/I&)KHOCTD [TOYBBI, BHECEHNE YIOOPEHUI 1
HCIOIb30BaHue MecTHI0B. [IpuMeneHue
[TOYBO3AIIUTHON 06PabOTKY BO3POCIIO C 4 MJTH. aKPOB B
1963 1. 1o 104 MiH. akpoB B 1996 T.
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Figure 2. Percent of acres planted with conservation tillage by region and tillage practice (1993 — 1996)
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Systems Approach to Soil and Water Conservation and Water Quality

John M. Safley, Jr.; Thomas A. Dumper; Donald A. Holt; Robert I. Papendick; Francis Thicke; and Dale A. Bucks

Abstract

This article discusses a systems approach to soil and water
conservation and water quality. A systems approach considers
natural, social, and economic resources and their interactions.
It ranges from horizontal interaction among adjacent systems
to vertical integration and from microscopic communities to
those with global economic and environmental scope.
Research to support this concept is based on systems analysis
as well as on concerns for the total agricultural ecosystem.
Examples of the application of these concepts include the
multidisciplinary research and educational program—
Solutions to Environmental and Economic Problems
(STEEP), the Management Systems Evaluation Area (MSEA)
research effort, and the total resource planning assistance
programs used by the Natural Resources Conservation Service
(NRCS) in cooperation with other agencies of the U.S.
Department of Agriculture (USDA).

Introduction

Agriculture, the organized production of food, forage, and
fiber, operates within the availability and constraints of
natural, social, and economic resources. Successful agriculture
balances a large and complicated ecosystem with social and
economic resource concerns. An agricultural ecosystem
(agroecosystem) is composed of many subsystems that are
managed to produce agricultural products. Measures of
success include the level of sustained production, profitability,
and the attainment of the basic human requirements of food
and shelter without impairing the resource base or adversely
affecting the environment.

Throughout history, producers have improved productivity by
wisely manipulating such parts of the agrosystem as
cultivation, irrigation, and the management of plants and
animals. In recent years some nonagricultural fields of
endeavor have used systems analysis to increase their success;
but agricultural disciplines, particularly the biological
sciences, have not readily considered an integrated resource
approach (2).! Total resource management through systems
analysis and planning has recently helped to improve
productivity in areas where there is concern for the quality
and quantity of soil and water.

"'Underlined numbers in parentheses cite sources listed in the References

section at the end of this article.
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Discussion
Defining the agricultural production system

An agricultural production system includes all of the physical,
chemical, biological, ecological, social, political, and
economic factors which are its subsystems. Extensive human
skill is required to manage these resources for agricultural
production. Conceptually, these resources form a continuum
that connects horizontally to similar systems and is scaled
vertically from the minute to the immense (2).

Even if the concept of an agricultural production system were
confined to that part which could be managed by a single
producer, this smaller system would still be complex and
could not be managed to its full potential without using tools
to perceive and analyze its components. At all management
levels, the agricultural production system is characterized by
the interactions of the basic resources of geologic materials,
water, and air and the biological entities of these resource
groups. These resources are defined by NRCS as soil, water,
air, plants, and animals (7). Improved production
management meets the ever-increasing human need for food
and shelter in terms of product-yield which directly, or
indirectly through a market system, supports the welfare of
the producers and their communities. An agricultural
production system is interactive. When management alters
one factor of the system, the altered factor may affect other
parts of the system. The effects may occur in the ecology of
the natural resources of the system or in the economic and
sociological linkages to the system. The ability of a producer
to manage these resources depends on his or her ability to
perceive the linkages.

Primary management goals for agricultural production
systems must consider economic, environmental, and social
effects in order to optimize long-term yield while sustaining
the resource base of the production unit at levels desired by
the producer and his or her community. The maintenance of
a production level and of resource quality depends primarily
on the management of the finite resources of soil and water.
The secondary goals of management, required by society to
maintain high environmental standards, generally relate to
production from plants and animals. This secondary goal also
relies on the quantity and quality of the soil, water, and air
available to the plants and animals.

Systems Approach to Soil and Water Conservation and Water Quality



CucreMHBI IMoaxoa K peeHuIo HpOé)IeMI)I OXPpaHbI ITIOYBEHHBIX U BOTHBIX

pecypcoB U KadeCTBa BOIBI

Iwcon M. Cepnu, Tomac A. [Jamnep, Jonanvo A. Xonm, Po6epm H. Ilanenoux, @pancuc Tuxe, [eiin A. Baxc

Pesrome

B cratpe 06Cy>KmaeTcst CHCTeMHBII IIOAXO/ K PEIIeHHIO
Ipo6IeMbl OXPaHbI TOYBEHHBIX M BOIHBIX PECYPCOB, a
TaK>kKe KaIecTBa BOABI. TaKoi IOAXO pacCMaTpPUBaeT
[IPUPOIHBIE, COLMANTbHBIE X 9KOHOMUYECKHE PECYPChI H UX
B3aMMOJIEVCTBHSI KaK B TOPH3OHTA/IbHOM, TaK U B
BEPTUKAIbHOM HAIIPaB/IeHHUSIX, HAYNHAS OT 06HEKTOB
MHUKPOYPOBHsI ¥ KOHYasI pellleHneM SKOHOMUYECKUX U
9KOIIOTHIECKUX 3a4a¥ Ha [I06aIbHOM YPOBHE.
HccmeoBaHust 110 Pa3BUTHIO STOM KOHIIEIIITNN
OCHOBBIBAIOTCS HAa CHCTEMHOM aHa/IN3€e
Ce/IbCKOXO3MCTBEHHOM 9KOCHUCTEMBI B 11€IOM.
[IpuMepamu IPUMEHEHHUS TAKUX U MOTYT CIYKHUTh
MHOTOIIe/IeBble HayYHO-UCCIENOBATe/IbCKIE U YIeOHbIe
nporpammsl “PeliieHne 9KOTOTUIECKUX U 9KOHOMUIECKUX
mpobrem (PIIII),” “CructeMHOe yIIpaBIeHNe OLEHKOM
3eMesib” U IIPOTPAMMBI COMIEMICTBUS IUIAHUPOBAHUIO U
HCITONIb30BAHHIO IPHPONHBIX PECYPCOB, peannsyeMble
Crry»x60i1 OXpaHbI IPUPOTHBIX PECYPCOB B TECHOM
KOHTaKTe ¢ npyrumu cryx6amu (COIIP) MunucrepcTsa
cenbckoro xossaiictsa CIIA (MCX CIIIA).

BBenenue

CebcKoe X035ICTBO, KaK OPraHU30BAHHOE ITPOU3BOICTBO
MIPOOYKTOB MUTAHMUS, KOPMOB ¥ BOJIOKHA, QYHKIIHOHHPYET
B YC/IOBHUSIX 3aBUCHMOCTH OT HA/TMYHUS U Ka1eCTBa
IIPUPOIHBIX, COIIMATBHBIX 1 9KOHOMUYIECKUX PECYPCOB.
YcrerHoe BefieHe CeIbCKOTO XO3SICTBAa OCHOBBIBACTCS
Ha cob/roneHnH 6aanca MeXX/ly COXpaHeHHeM IIPHUPOIHBIX
0CO6EHHOCTE HOBIIION U CIIOKHOM 9KOCUCTEMBI U

2 hekTUBHBIM HCIIOTB30BAHNEM COI[UATBHBIX U
9KOHOMHUYECKUX pecypcoB. Ce/tbCKOXO3SIICTBEHHAS
aKocHcTeMa (arpoaKOCUCTEMa) COCTOUT M3 MHOTHX
TOJICKCTEM, HAIIPAB/IEHHBIX Ha TIPOU3BOJCTBO
Ce/IbCKOXO3SMICTBEHHBIX IIPOLYKTOB. YCIIeX
XO035IMICTBOBAHMSA OIIPENEIAETCS COXPaHEHUEM YCTOMYNBO
BBICOKOTO YPOBHSI MPOAYKTUBHOCTH ¥ TOXOfIA U
BO3MOYKHOCTH YIOBJIETBOPEHUSI TOTPEOHOCTEI YeOBEKA B
IHUIIIE U KpOBe 6e3 yIrep6a 1is IPHUPOIHBIX PECYPCOB U
COCTOSIHUSI OKPY)KAIOIIIEH CPembl.

Bo Bceit ucTopuu 4eoBeuecTBa 3eMIeeIblbl CTPEMIUINCH
K ITOBBIIIEHUIO TPOAYKTUBHOCTH Iy TeM PasyMHOTO
yIIpaBJIeHUs TOH YaCThIO arpOIKOCUCTEMBI, KOTOpas
CBsi3aHa ¢ 06PabOTKOIL, OPOIIIEHHEM, PACTEHIEBOICTBOM U
>KHUBOTHOBOJICTBOM. B mmoc/iemHme rogbl CUCTEMHBIN aHA/IU3

HAXOJUT ILUPOKOE U YCIEIIHOE IPUMEHEHHE TIPH
pellleHu MHOTHX TTPO6IeM, He CBA3AHHBIX C
CETbCKOXO3ANCTBEHHBIM TIPOU3BOIICTBOM, OIHAKO
CeIbCKOXO3AMCTBEHHbIE TUCIUIUIMHBI, B YaCTHOCTHU
6uoornYecKye HayKHy, ellle He TOTOBBI UCIIOIb30BATh
L[€JIOCTHBII TOAXOM K H3YYeHUIO IPUPOTHBIX PeCypcoB [2].
B 1O >Ke BpeMsi IIpUMEHEHUE CUCTEMHOTO aHA/IN3a 1
[UITAHUPOBAHMUS CIIOCOOCTBOBAJIO MTOBHIIIEHHUIO
[POLYKTUBHOCTH CeIbCKOXO3SIMCTBEHHBIX 3€MeJIb B TeX
paifoHax, rjie GbUIM IIPUHATHI MEPHI I10 COXPAHEHUIO
Ka4yeCTBa U 3aI1acOB IT0YB U BOJBI.

O6c¢y>xneHue pe3ynbTaToB

Onpedenenue cucmemot
CeIbCKOX03AICMBEHH020 NPOU3B00CTEA

Cucrema cetbCKOXO03SIIICTBEHHOTO IIPOM3BONCTBA
BKJTIOYaeT hu3HIeCKUe, XUMUYECKIEe, OOTOTHYEeCKIE,
9KOIOTUIECKIE, COLMA/IbHBIE, TOTUTHICCKUE 1
9KOHOMHUYECKHE (DaKTOPBI, KOTOPbIE SIBISIOTCS ee
mozcucteMaMu. OT UesoBeKa TpebyeTcsi yMeHHe HCKYCHO
YIPaB/IATh ITUMH PECypCcaMu IIPU
Ce/TbCKOXO03SMCTBEHHOM IPOU3BOACTBE. CXeMaTHIHO
MOYKHO IIPEICTaBUTh PECYPCHI B BUIEC KOHTHHYYMA,
00'BeIUHSIOIIETO 10 TOPU3OHTAIH CXOITHBIE CHCTEMBI, a 110
BEPTUKAIM — C BPEMEHHOI KOOPAUHATOM OT MTHOBEHUS 10
HEeOTPaHHYEHHO OOJIBIINX TPOMEKYTKOB BpeMeHH [2].
Haske HanbosIee IPOCTAs TUETIKA CHCTEMBI
Ce/IbCKOXO3SIMICTBEHHOTO IIPON3BOCTBA, CBS3AHHAS C
IEeSITebHOCTBIO €IUHUIHOTO TPOU3BOAUTEIS,
OKAa3bIBAETCS CTUIIIKOM CJIOKHOI /IS TOJTHOTO BBISBICHUS
ee BO3MOYKHOCTeT 6e3 HCITOIb30BaHMsI CIIeINaTbHOTO
ammapaTa JUIs OIMCAHUS M aHa/IH3a ee KOMITOHEHTOB. Ha
BCEX YPOBHSIX YIIPaB/ICHHUS CHCTEMA
CE/IbCKOXO3SIMICTBEHHOTO IIPOU3BOICTBA XapaKTEPU3YeTCsT
B3aNMOJIEHMCTBUSMU MEXIY OCHOBHBIMH PeCypcaMu
TOPHBIX IIOPOT, BOZIBL, BO3AYXa U OHOIOTUIECKOI
COCTaBJISIOIIEH 9THX PeCYPCHBIX TPYIIIL.

Cryx6a oxpassl mpupopHbIx pecypcos (COIIP),
HCITONIB3YsI OOIIENTPUHATYIO TEPMHUHOJIOTHIO, BBIIE/ISIET:
[TOYBEHHbIE, BOIHbIE, BO3AYIIHBIE PECYPCHI,
PacTUTENbHOCTD, SKUBOTHBII MUP [7].
CoBepIIIeHCTBOBAHNE YIIPABIEHHS IPOU3BOACTBOM
[IPU3BAHO YIOBIETBOPSTD IIOCTOSHHO PACTYIIHe
TOTPeOHOCTH Ue/IOBEeKa B MHILIE U KPOBE ITyTeM POCTa
YPOXKaHOCTH, KOTOpasi IPSIMO WIN KOCBEHHO, Iepe3
PBIHOUHYIO CHCTEMY, [TOICP)KUBAET 6/1ar0COCTOSIHUE

CHuCTeMHBIN IOoAXO0[ K PEIIICHUIO I'Ip06IIeMbI OXpaHbI IIOYBEHHDBIX U BOOTHBIX

PecypcoB 1 KauecTBa BOJbI
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Figure 1. Resource expenditures — economic, social, and environmental
Puc. 1 Pacxon pecypcoB — 9KOHOMHYECKUX, COL[UAIBHBIX U OKPY)KAIOII[EiT CPeIb
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Planning and implementation

For an agricultural system to be successful, planning must
respond to societal goals and constraints. The knowledge and
ability of producers, coupled with their economic and natural
resources, provide the potential for management efficiency.

Management follows the regulations adopted by society to
protect air and water quality, wetlands, wildlife, and
threatened and endangered species. The regulations are
intended also to protect cultural and historical resources and
the production goals or quotas that are designed to support
local and national markets.

Because the relationships of agricultural production systems
are complex, computer-assisted decisions have become a
necessity (2). Personal perceptions and experiences cannot
consider more than a small part of a total agricultural system.
Computers provide an increased capacity to account for
effects on linked components of the system—both
horizontally and vertically. With the assistance of computers,
managers can now access, sort, integrate, and analyze useful
information quickly (3).

The integration of artificial intelligence (Al) into the decision
support system, particularly in a knowledge-based system,
brings a manager into direct analysis of the agricultural
production system. It allows the manager to diagnose
problems, choose among alternatives, plan and simulate the
implementation of the changes in the operational systems,
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and forecast the effects of the changed agricultural production
system.

The model includes physical processes such as erosion, deep
percolation, or runoff; tillage; chemical processes such as
nutrition and decomposition; biological processes such as
plant or animal growth or changes in soil characteristics and
functions; and land use. Social interactions would reflect the
changes in environmental demands, human needs, and public
perceptions and preferences. Economic factors would include
the viability of the individual enterprise and the need to
respond to changes in the marketplace.

The model of the agricultural production system must be
holistic and allow changes to any part of the system to be
evaluated as either an input or an output. The output would
allow any management alternative to be assessed relative to
environmental compatibility or enhancement, social
acceptability, and economic viability. Incorporating concepts
described by Holt, a simple graphic model of some of the
interactions of the agricultural production system is shown in
figure 1 (2, 3, 4). The graph depicts resource expenditures
(economic, social, and environmental) on the ordinate to
agricultural productivity per unit area on the abscissa. The
ordinate contains resource values in such appropriate
measurement units as water quantity and quality, soil quantity
and quality, land area, monetary values, or involved
population factors. These values are summed by category of
expenditure—exemplified as resource inputs in terms of their
variable, fixed, and total costs. Costs in this analysis are not

Systems Approach to Soil and Water Conservation and Water Quality



IIPOM3BOANTE/IEN U UX coobIecTB. CrcTeMa
CeTbCKOXO03AMCTBEHHOTO MPOU3BOAICTBA ITIOCTPOEHA Ha
B3aMMOCBs3sIX. MI3MeHeHne omHOTO (haKTOpa CUCTEMBI B
IIpoliecce yIpaB/IeHHsI BJIe4eT 3a COO0I U3MEHEHHE U
OPYTHUX 4acTeH CHCTEMBI, YTO MOYXKeT CKa3bIBaThCA Ha
KadecTBe MPUPOITHBIX PECYPCOB WIN Ha 9KOHOMUYECKUX U
COITMOIOTUIECKHX CBA3SIX B cucTeMe. CtocOGHOCTD
MIPOU3BOAINUTE/IA YIPABIATh STUMHU PeCypcaMU 3aBUCHUT OT
€T0 yMeHHUs MOCTUTATh 3TU CBSA3N.

[epBoCTerieHHas 3a1a4a yIPaBIeHHsI CUCTEMAMU
CeJIbCKOXO3AICTBEHHOTO IPOU3BOICTBA — TO YYET ero
SKOHOMMYECKHUX, IKOJTOTMYECKUX U COI[UATbHBIX
ITOC/IENICTBHUIA C 1€/IbIO ONITUMa/ILHOTO COYeTaHus
YCTOIYMBO BBICOKUX YPOYKaeB C COXPaHeHMeM IIOTeHI1ala
[IPUPOMIHBIX PECYPCOB HA YPOBHE, CTO/Ib HEOOXOIUMOM ISt
[IPOM3BONUTEIIS U €r0 OKpyKeHus. CoxpaHeHHe BHICOKOTO
YPOBHsI IIPOLYKIMU U Ka4eCTBA PECYPCOB 3aBUCHT, B
[IEPBYIO OYepe/b, OT YMEHUS PEryIMPOBaTh OrpaHUIEHHbIE
[IOYBEHHbIE ¥ BOLHbIE pecypchl. [[pyrast He MeHee BaXKHast
3a/1a4a YIIPAB/IeHUs — IONIEePXKUBATh Ka4eCTBO
OKPY>KaIOLLeil Cpejibl Ha YPOBHE BBICOKUX CTAHAPTOB,
OTBEYAOIIUX TOTPEOHOCTSIM 00I11eCTBa, 0OBITHO
orpeqeseMbIM IIPOLYKTUBHOCTBIO PACTEHUEBONCTBA U
>KUBOTHOBOJCTBA. Pellrenue 9Toit 3aa4u CBA3aHO C
KOJIMYECTBOM M Ka4eCTBOM [OCTYIIHBIX 3€MeJIbHBIX,
BOJIHBIX U BO3MIYLIHBIX PECYPCOB.

H]laHMPOBaHue u peanusauus

Ilis1 TOro 4TOGBI CeIbCKOXO3SIMCTBEHHAS! CUCTeMa ObUIa

2 dexTUBHOI, TAHUPOBAHHE JO/DKHO OTBEYATH
COLIM/IBHBIM 3aa4aM U OrPAaHUYEHUsAM. SHAHUSA U yMeHHe
[IPOU3BOIUTEIS B COYETAHUU C IKOHOMUYECKUMHU U
[PUPOIHBIMYU PECYPCAMH CO3IAI0T BOSMOKHOCTH JIJIsL
YCIIELITHOTO YIPaB/IeHMUI.

YrpasiieHue C/iefiyeT IPUHATHIM 06IIeCTBOM IPAaBIIAM U
NIPeAINCaHUAM 110 3allIUTe KayeCTBa BO3yXa U BOJbI,
YOOy, TUKOM IPUPOIBL, PEAKUX U HCYE3AIOIINX BUIOB
PACTeHHIT ¥ )KUBOTHBIX. DTH IIPAaBUIA TOKHBI
OIHOBPEMEHHO 00eCIeIUTh OXPAaHy KY/IBTYPHBIX U
HUCTOPUYECKUX LIEHHOCTEN U Pa3BUTHUE IIPOU3BOICTBA IJIA
MOIEP>KAaHUA MECTHOTO M HALIMOHA/IbHOTO PbIHKA.

B crty CIOKHOCTH XapaKTepa B3aHMOCBsI3eil BHY TPH
CHCTEMBbI IIPOM3BOMCTBA IS IPHHSATHS PeLeH i
CTaHOBUTCSI HEOOXO/IMIMBIM IIPHMEHEHIEe KOMIIBIOTEPOB
[2]. BocmipusiTie ¥ OTIBIT YeTI0OBEKA MOTYT YI€CTh JIUIIIb
HeOOJIBIIYIO YaCcTh OOIIIEH CHCTEMBI
CeIbCKOXO3SIIICTBEHHOTO ITPON3BOJCTBA. KOMIIbIOTEPDI
PACIINPSIOT BO3MOKHOCTD Y4eTa CBsA3EH MeXIy
KOMITOHEHTAMH CHCTEMbI KaK B TOPH3OHTA/IBHOM, TaK U B
BepPTHKA/TbHOM HallpaB/IeHNH. KOMITbIOTepPBI [T03BOMISAIOT
[IPOU3BOJUTEIIO OBICTPO HAXOLUTH HYXXHYIO

uH(OpMaIHIO, COPTUPOBATH ee, 0606IIaTh 1
aHATM3UPOBaTH [3].

BHezipeHre UCKYCCTBEHHOTO MHTE/UIEKTA B PEILAIOLIYIO
JaCTh CUCTEMBI, 0COOEHHO B 6a3y 3HaHHIT, [I03BOJISIET
[PsIMO aHAJIU3UPOBATH CUCTEMY CEIbCKOXO35HCTBEHHOTO
POU3BOICTBA. [10/1b30BaTEIb MOXKET IMATHOCTUPOBATD
po6IeEMBbI, BBIOUPATH aIbTEPHATUBbI, [VTAHUPOBATD U
OCYILIECTB/ISTh U3MEHEHUS B IEACTBYIOLIUX CUCTEMAX U
[IPOTHO3MPOBATH TTOCIENCTBUA OTUX U3MEHEHUIA.

Mopenb BKIOYaeT Takue pusndecKue mporecchl, Kak
3PO3HS, IPOCAYUBAHNE WIH CTOK; 06PabOTKY 3eMJIH;
XUMHYECKHeE IIPOLIEeCChl, CBS3aHHbIE C TUTAHUEM U
pasokeHHeM; OMOIOTHYeCcKHe IIPOLIECChI, HAIIPUMep, POCT
PACTeHHI U )KUBOTHBIX; U3MEHEeHHe ITOYBEHHBIX
XapaKTepUCTHK U (PYHKIINIT; 3eMIIeTIOTb30BaAHHE.
ComnuanbHbIe B3aAUMOCBA3U MOTYT OTPaykaTh U3MEHeHHA
Tpe6OBaHI/H71, MpeabsBIAEMBIX K Ka4€CTBY OKPY KaIOILIEN
cpenbl, TOTPeOHOCTEN YeoBeKa, IPUOPUTETOB
0O0I11eCTBEHHOTO CO3HAHUSL. JKOHOMUYECKHE (PaKTOPBI
MOTYT BK/IIOYaTh PeHTA0eIbHOCTD OTIE/TbHBIX
MIPeqIpUsATHI, HEOOXOMUMOCTh PearupoBaTh Ha
HU3MEHEHUsI ppIHOYHOTO CIIPOCa.

Mopenb cucTeMBbl CeTbCKOX035ICTBEHHOTO IIPOU3BO/ICTBA
IO/DKHA OBITD 1I€IOCTHOM U IIPENyCMaTPHBATh
BO3MOXXHOCTbH KOJTMYECTBEHHO OIIeHUBATh U3MEHEHU S
06011 YaCTH CUCTEMBI KaK Ha BXOJIE, TAK M Ha BBIXOJE. DTO
T03BOJIAET OLI€HUTD AJIbTEPHATUBHbBIE PEIIeHUs C TOYKU
3peHus UxX 6e30MaCHOCTH I/IsT OKPYIKAIOLIEi Cpelbl,
COLMa/IbHOM IIPUEM/IEMOCTU U 9KOHOMUYECKON
PeHTabeTbHOCTH.

Ha ocHoBe konuenmuu, npeiokeHHoN! X0IT, IOCTPOEHa
npocTast rpadudeckas MozeTb HEKOTOPBIX B3AUMOCBSI3eil
BHYTPH CUCTEMBI CeTbCKOX03SAHCTBEHHOTO IIPOU3BOICTBA,
mokasaHHast Ha puc.1 [2,3,4]. paduk mocTpoen Takum
006pasoM, 4TO Ha OCH OPIMHAT MIPEICTABIEHbI 3aTPATHI U
otpebieHne pecypcoB (IKOHOMHYIECKHUX, COIIHATbHBIX 1
MIPUPOIHBIX), a Ha OCH a6CIMCC — CETbCKOXO3SICTBEHHAS
MIPONYKTUBHOCTDb Ha equHUITY Twtomany. Ha opaunare
ITOKA3aHbI OLIEHKU PECypCOB B COOTBETCTBYIOIINX
eIMHUIAX U3MEPEeHUs — TaKHe KaK KOJIMYeCTBO U KaIeCTBO
BOIIBI, 00'beMBI ¥ KaIeCTBO [TOUBBI, 3eMeTbHBIE PECYPCHI,
CTOMMOCTb B JICH&>KHOM BBIPKEHUU, a TAK)Ke CJIOYKHBIE
axTopsr paccenenus. Bce 9TH BeTMUNHBI CYMMHPOBAHBI
10 KaTeTOPUSIM 3aTPAT — HAIIPUMeED, TOTpebIeHue
PeCypCoB U MEHSIIOIMINXCS, GUKCUPOBAaHHBIX HIH
a6comoTHBIX eHaX. CTOMMOCTD YIYUTHIBAET He TOIBKO
PBIHOYHYIO I[eHY, HO ¥ UCIIOTb30BaHUE COIIMATbHBIX,
9KOHOMMYECKHUX, TPUPOTHBIX pecypcoB. Mopienb CHCTeMBbI
CeTbCKOXO035AMCTBEHHOTO ITPOU3BOICTBA JOIMYCKaeT 3aMeHy
OITHOTO MIN HECKOJIBKHUX PeCypCcoB, 3aTpadeHHbIX Ha
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just monetary but include any resource use: social, economic,
or natural. The model of the agricultural production system
allows substitution, alone or in combination, for the resources
expended in production and allows output parameters to
reflect input changes.

Values on the abscissa relate to productivity of a given
commodity as either a goal to be produced or an effect of
production on resource expenditure (fig. 1). These values are
shown by input levels (L), where L-1 would produce a
condition where expenditures exceed production return (loss);
L-2 at the locus of minimum expenditure per unit of
productivity; and L-3 where return exceeds costs to become a
profit. The multiple input levels also describe variations in
expenditures per unit of production. The lowest expenditure
per unit of production is identified graphically by a line
drawn tangent to the total cost line that passes through the
origin of the graph. The location of the maximum profit

per unit of production is shown on value L-3, and the
minimum loss per unit produced is shown along line L-1 (2).
Comparison of unit price levels versus the level of production
required to exceed expenditures can be obtained directly from

the graph.

Research to support agricultural system planning
and application

Before the development of modern research methods,
agricultural technology was developed by observation, trial,
and error. Through research, agricultural systems have been
developed by focusing on system components. System inputs
(fertilizer, pest control, machinery/labor, and capital), system

constraints (disease, weed competition, insect predation,

Photo 5-1. In the Pacific Northwest, no-till drills efficiently sow seeds into moder-
ate to heavy crop residues that help to reduce erosion. (Tim McCabe photo)

®oro 5-1. B pernone Tuxooxeanckoro CeBepo-3amajia CTepHeBbIe CeATKU
C YCIIEXOM HCIIOJIB3YIOTCS JUISE TTOCEBA 110 IOKHUBHBIM OCTATKAM C 11€/IbI0
ymenbierns sposun. (Poro Tuma MaxKeii6a)
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pricing structures, and markets), and system output (yield)
have been examined to determine their effects on the system.
The complexity of the total system forces the researcher to
think more comprehensively about the effects among the
many components. Frustration mounts when a simple
mathematical model cannot be used to represent some of the
less certain and subjective or qualitative knowledge required
to run the system. The newer forms of information
technology—such as expert systems—may be used to fill this
void so that the agricultural production system can be fully
explored. Agricultural research, up to now, has been focused
on tuning production systems to maximize yield. Yield,
through this focus, has been perceived to be the primary, and
sometimes only, meaningful measure of system success.

Research on the components and interdisciplinary relations of
the total system—composed of all affected natural, social, and
economic resources—is needed. This is in addition to the
basic research needed to define relationships of interacting
parameters and components. A new paradigm is evolving. It is
a research model that centers on a field and farm scale, but
extends in context to the global ecosystem. This research must
produce knowledge of the total effects of agricultural
production systems. In effect, ecosystem theory is being
applied to agricultural production. There is an added
dimension to the new research paradigm which carries it
beyond ecosystem theory—the sociological dynamic within
the production system. This research examines the adoption
of technology and seeks to help move findings into active
practice.

Systems research is making use of both traditional and
innovative technologies in mixes which are appropriate for the

L % .
= b -v‘r ) & =

Photo 5-2. Agricultural Research Service (ARS) scientists near Pullman, Washing-
ton plot a hillside area where erosion has occurred to gather information for devel-
oping better erosion prediction models. (ARS photo)

Dorto 5-2. Yuenste Crry»X0bI Ce/IbCKOXO3SCTBEHHBIX NCCICIOBAHUIT
[POBOIAT CHEMKY SPOIUPOBAHHOTO YIACTKA XOMMUCTON MECTHOCTH B
oxpectHoCTAX ITynbmaHa, mrrat BaimHrTo, ¢ nebio c6opa
undopMaIyH 151 paspabOTKK MOJie/iell IPOTHO3UPOBAHUS SPO3UH.
(Poto Cry>KOBI CebCKOXO3SMCTBEHHDIX HCC/IEOBAHNIT)
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IIpOU3BOACTBO, U ITIO3BOJIAET OUEHUTDH ITapaME€TPbl Ha
BBIXOJI€ B 3aBUCUMOCTHU OT U3MEHEHUI Ha BXOJE.

Bemauabl Ha 0cH a6CIMCC OTPAXKAIOT IPOTYKTUBHOCTD
IAHHOTO 00beKTa MM60 B BUIE LeIH, MO0 B BUE
pesy/ibraTa IPOM3BOACTBA IIPU TaHHBIX 3aTPaTax PecypcoB
(puc.1). OTH BeMunHBI MOKa3aHpl Ha ypoBHe BBoxa (L),
rge L-1 orpakaer ycinoBus, IIPU KOTOPBIX 3aTpaThl
IIPEBBIIIAIOT TOXO OT PeaJH3aLNHU IPONYKIHUH (T.€.
yOBITOK); L-2 COOTBETCTBYeT MUHIMATbLHBIM 3aTpaTaM Ha
eIMHULy IpoayKuuu; L-3 orpakaer ycioBus, Ipu
KOTOPBIX OXO]] IPEBOCXOMIUT 3aTPAThI (T.€. MPUOBUID).
PasmiaHBIM yPOBHAM BBOJA COOTBETCTBYIOT PasHbIe
BapHaHTHI 3aTpaT Ha eMHUIY IponyKiuu. CaMble HUSKHE
3aTpaThbl Ha eAUHUILY IPOAYKIIUH [IPEICTABICHBI Ha
rpa(bI/IKe JIMHUEN, KacaTeIbHOM K IMHUU 001X 3arpar,
KOTOPast IPOXOIUT Yepe3 Hauaio KOOP/INHAT.
Pacnipenenenue MakCUMaIbHOM IPUOBUTH Ha €TUHUILY
NPOLYKLUMHU II0Ka3aHO Ha TMHUHU L-3, a MUHMMa/IbHOTO
yOBITKA Ha €IUHHUITY IPONYKIMK — Ha uHuu L-1 [2]. C
MTOMOIIBIO rpaduKa MOKHO MPSMO OIPENETUTh
COOTHOIIIEHHE YPOBHS 3aTPaT ¥ YPOBHSI IPOAYKIINH,
TpebyeMoe /I OKYITaeMOCTH 3aTpaT Ha IIPOU3BOICTBO.

Hccneoosanus no nAAHUPOBAHUIO U
npumeHeHuro CeIbCKOXO03AUCMBEHHOU CUCEeMbl

Jlo mosAB/IEHNA COBPEMEHHBIX METOIOB UCC/IENOBAHN S
CeNIbCKOXO3AMCTBEHHAsI TEXHOJIOTHS PasBUBaIACh Iy TEM
[poBejieHust HAGTIONEeHUT, METOIOM IPOO 1 OLITHOOK.
CHayasia BHUMaHNe UCCIefloBaTesiell KOHIEHTPUPOBaIoCh
Ha OT/JEe/IbHBIX KOMIIOHEHTaX cCUCcTeMblL. M3ydamuch
BXOJIHbIE TaHHbIE CUCTeMBI (YI0OpEHHsI, CPEICTBA 3aIUTHI
PacTeHUIT, TEXHUKA, TPYIOBbIE PECYPChI, KalIUTAI),
OrpaHUYeHUs CUCTeMBI (00JIe38HU PaCTeHNUIT, COPHSKH,
HACEeKOMble-BPeIUTEIH, CTPYKTYpa 1IeH, YCIOBUs PHIHKA) U
IaHHBIE O BBIXONIE IIPOMYKIHHU (YPOyKail) C LieIbIo
omnpepeeHUs UX BIUAHNA Ha cucTeMy. OTHaKO C/I0KHBIN
XapaKTep BCEM CUCTEMbI BIHYK/IA€T UCC/IEN0BATEs
MEePENTHU K BCECTOPOHHEMY aHa/IM3y B3aUMOIENCTBUI
MeXIy KOMIIOHEHTaMH BHYTPHU cUcTeMbl. Korga He
COBUTHCH OKMIAHNUS, CBSI3AHHbIE C UCIIOIb30BAHNEM
MIPOCTOM MaTeMaTUIECKOI MOIE/IN /IS IIPeICTaBICHUS
HEKOTOPBIX HEYeTKO OIIPeie/IeHHBIX, CyOBeKTHBHBIX MIH
KauyeCTBEHHBIX 3aKOHOMEPHOCTeIL, TI0TPe6OBaIOCh
IIpMMEHEHHEe CUCTEMHOTrO nopxopa. [Toxa cucrema
CeNIbCKOXO3AMCTBEHHOIO IIPOU3BOJICTBA ITOTHOCTHIO He
M3yUeHa, 00pasOBaBILUIICS BAKYYM MOYKET OBITh 3aII0/THEH
IIyTeM IPUMEHEHHUs] HOBEHIINX hopM HHPOPMAIMOHHBIX
TEXHOJIOTUI — HAIIPUMED, CUCTEMBbI 9KCIIEPTHBIX OLIEHOK.
JIo cux TIOp CebCKOXO3AMCTBEHHbBIE NCC/IENOBAHMUSA
CTaBWIN CBOEM 1€/IbI0 IOTYYeHE MaKCUMA/IbHOTO
yposkas. IMEeHHO ypoXXaitHOCTb OblTa IIePBOCTENIEHHOT, a

UHOTIA U eJUHCTBEHHON BeJIMYUHOM, ONpene/IAIonien
3 heKTUBHOCTH BCeil CUCTEMBI B II€TOM.

Terepb BOSHUKAET HEOOXONUMOCTD U3YIEHHS
KOMIIOHEHTOB U MEXIVCIUIUIMHAPHBIX CBA3EH 1eI0OCTHON
CHUCTEMBI, BK/IIOYAIOIIIEN BCe NEeNCTBYIOIIME IIPUPOIHBIE,
collMaIbHbIe M 9KOHOMHYECKHe Pecypchl. TO
yBeIHIUBAET 06'beM OCHOBHBIX UCCIENOBAHMITL; TPeOyeTCst
BBIAABUTH COOTHOIIEHUS MEXAY B3aUMOIENCTBYIOIIUMU
ImapamMeTpaMu U KOMIIOHeHTaMU. Pa3BuBaeTcs HoBas
mapagurMma. [Ipeniaraemas Mozenb 03BOJAET
PacIpOCTPAHUTD UCCIETOBaHNsA, IIPOBEIEHHbIE B
Macrrrabe moss 1 HepMbl, 10 YPOBHS II06aIbHOI
9KOCHCTEMBI. DTO JIaeT BOSMOYKHOCTD B IIOJTHOM Mepe
OIIEHUTD MOC/IEICTBUS CUCTEMBI CeIbCKOXO3SMCTBEHHOTO
IIPOM3BOACTBA. B cylHOCTH, 3TO 0O3HAYaeT IPUMEHEHHE
TEOPUU DKOCUCTEM K CeIbCKOXO3ANCTBEHHOMY
NIpou3BOACTBY. Ho B HOBOI HcCIen0BaTebCKOM
IapagurMme IMosBJIAETCA TOIOHUTEIbHOE HAlIpABJICHUE,
KOTOPOE€ pacIlIUpsIeT €€ TPAHUIIBI 33 IIPEe/Ibl TEOPUU
9KOCUCTEM — COLIMOIOTUYECKAsl MUHAMUKA B CUCTEMaxX
IIPOU3BOJCTBA. B 3TOIl YacTu uccaenoBaHU
paccMaTpuBaeTcsi BBIOOP ONTUMabHON TeXHOJIOTHH U
METObI BHEAPEHN IIOTyYE€HHBIX PE3Y/IbTaTOB B IIPaKTUKY.
CuCTeMHBIN aHa/IN3 ITO3BOJIsAET UCIIOAb30BaTh COUETaHIE
TPaJULIMOHHBIX U MTHHOBAIIMOHHBIX TEXHOJIOT U,
IIpUEeMJIEMBIX KaK /I COLIUAIbHO-9KOHOMUYECKOTO
KJIMMaTa, TaK U [/ IPUPOIHBIX pecypcoB. HoBble
CUCTEeMBbI 3eMJIeJIe/IM 1, HOBbIE CEIbCKOXO35IICTBEHHbIE
Oopynusi, COBpeMeHHbIe MeTOIbI 60PHOBI C BpeIUTE/ISIMH,
HOBBI€ TEXHOTOTHY BHECEHUS YIOOPEHNUIT, KOMITBIOTEPHBIE
METOJbI PEILIEHUI YCIIEIIHO BHEAPAIOTCA B IPaKTUKY
CeJIbCKOXO03AMCTBEHHOT'O IIPOU3BO/ICTBA. BHepeHre HOBbIX
€eBOOOOPOTOB, TPOTHBOIPO3UOHHBIX MEPOTIPUSATHUIA,
TIOJIOCHOTO 3eMJIeIe M S, 3AIUTHBIX JIECOII0IO0C,
PasIMIHBIX BUIOB 0OPAaGOTKH IMOYB Ha CKIOHAX TOMOTAET
YIOBJIETBOPATD IOTPEOHOCTH OOIIIeCTBA.

HccenenoBanus cienyer pasfeuThb Ha IB€ KaTeTOPUU:
HM3y4YeHHe B3aUMOJIENCTBUI MEXy KOMIIOHEHTaMHU
OAHHOW CUCTEMbI U BO3SMOKHbBIE YCOBEPILIEHCTBOBAHUA
cucreMbl B 11es1oM. [lepBas KaTeropus OCHOBBIBAaeTCA Ha
IAQHHBIX I10JIEBBIX UCCIETOBAaHUIL, BTOPasi ONIUPAETCA Ha
pesy/IbTaThl HepBOIt 1151 060CHOBAHMSI 00IINX
3aKOHOMEPHOCTEN PYHKIMOHUPOBAHUS CUCTEMBIL. [1s1
MIPOBEIeHNsI UCCIENOBAHMI HEOOXOMMMO UCTIONb30BATh
IIMPOKUIT KPYT HayYHBIX HAIPaBICHU — (PUSHIECKUX,
6HOTOTUYECKUX, COIIMATbHBIX, ICUXOIOTUYIECKUX,
XUMUYECKUX Y 9KOHOMHUYECKUX TUCITUTUINH,
Heo6xonuMoCcTh IIOTHOTO IIUK/Ia CHCTEMHBIX
MCC/IeNOBAHUM TOJIbKO HAYMHAET OCO3HABATHCS
o01ectBoM [4]. PasBuTHe KOMIIBIOTEPHBIX MOJIENE U
TaKUX IIPUEMOB, KaK UCKYCCTBEHHBIA UHTE/UIEKT WU
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socioeconomic climate as well as for natural resources. New
cultivars, new tillage implements, new pest management
strategies, new fertilizer placement practices, and computer-
assisted decision tools are being introduced into more
traditional production scenarios. Crop rotations, erosion
management practices, stripcropping, windbreaks, and cross-
slope practices of all sorts are being upgraded with the new
technologies to help producers meet societal demands.

Research needs fall into two categories: the basic
determinations of the interactions among the components of
a given system and the possible intercalations of the entire
system. The former category typifies present field research; the
latter characterizes the research of the agricultural production
system. The former category is the basis of the latter. Research
for agricultural production systems necessarily employs a wide
range of physical, biological, social, behavioral, chemical, and
economic disciplines. The demand for a complete package to
house the entire system is just beginning to emerge on the
drawing board (4). The development of computer model
analyses and techniques, such as Al or expert systems, is
bringing the parts together.

Putting systems approaches into practice

The growing awareness of the interactions of the natural and
social environments and a concern for conserving resources
critical to sustaining agriculture into the future have led to
several initiatives within agriculture in the United States. The
large model for systems analysis is not yet available. Work,
however, is moving toward its development in several parts of
the United States. The following approaches report some of
the initiatives.

A Pacific Northwest approach

STEEP is a multidisciplinary research and education program
of USDA’s Agricultural Research Service (ARS), Cooperative
State Research, Education, and Extension Service (CSREES),
and NRCS; commodity commissions; agribusinesses; and
local producers in the Pacific Northwest. It focuses on
cropland erosion and associated resource issues in the belief
that problems of erosion and water pollution can be
significantly reduced by integrating improved soil and crop
management, plant types, pest management practices, and
socioeconomic concerns into a conservation production
system (5).

STEEP has provided several advancements in conservation
farming. Research on tillage and plant management, for
example, has led to increased yields and improved efficiency
of nitrogen fertilizer application. No-till drills now have the
ability to sow small grains and legumes into moderate to
heavy crop residue and into hard, dry soils while applying
fertilizer and pesticides. New wheat cultivars have been
developed which perform well in conservation tillage systems.
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Improved erosion prediction in the Pacific Northwest has
been achieved through the development of better
relationships for the Universal Soil Loss Equation (USLE)
factor. Improved methods of herbicide management, which
complement conservation production systems, have reduced
water pollution potential. A better understanding of the
dynamics of technology adoption has occurred because of
increased farmer-researcher interactions; this has resulted in
an improvement in farmer attitudes toward erosion control

through systems approaches (6).

Economic studies in STEEP have characterized benefits from
soil and water conservation systems. In dryland areas, reduced
tillage and no-till practices have significantly increased soil

Photo 5-3. As part of USDA’s water quality program, ARS and cooperating re-
searchers are investigating the effects of farm pesticides and nitrogen from fertilizer
on groundwater. At an Ohio site government researchers and Obio State Univer-
sity graduate students measure the pH, conductivity, emperature and level of
water in a conventional well. (Scott Bauer phoro)

®oto 5-3. B pamMkax HporpaMMbl yIydilleHHsl KA4eCTBa BOJIbI yUeHble
Ciry>K6bI CeTbCKOXO03AICTBEHHBIX HCCIEN0BaHIil MuHHCTepCTBA
cenpckoro xo3aicTa CIIA coTpyHHYAIOT C yUeHBIMU YHUBEPCUTETOB
[IPY U3YYEHUN BIMAHKS [ECTUIIN/IOB U a30THBIX YIOOpeHMit Ha
royBeHHbIe BoAbl. Ha yyacTke B mrtare Oraiio criermaamucThl
MUHHCTEPCTBA U aCIIMPAHTHI yHUBepcuTeTa 1Tara Orafio Ompeiesior
KHUC/IOTHOCTB, IIPOBOJMMOCTD, TEMIIEPATYPY U YPOBEHb BOJBI B KOIOILIE.
(Poto Crora Bayepa)
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METOJI 9KCIIEPTHBIX OI[EHOK, II03BOJISIET COEMUHUTH 06e
KaTeropuu MCC/IeloBaHN BOETUHO.

ITpumenenue cucmemnoz2o no0xooa Ha
npaxmuxe

Oco3HaHMe 00I1eCTBOM B3aUMOAEHCTBUI MeXIy
IIPUPOIHBIMU U COLIMATbHBIMU KOMIIOHEHTAMU
OKPY>KaIOLIEN Cpefbl U peIaroIeil /I CEIbCKOTO
XO3SIMICTBA ITPO6IeMbI COXPaHEHH S IIPUPOTHBIX PECYPCOB
mst 6ynyiero nposisuiaocs B CIIIA B co3nanun
HECKOJIbKMX MHUIIMAaTUBHBIX ITpoeKTOB. [loka eliie He
CO3MTaHO eIMHON MOJE/TH JIIS1 aHA/TH3a CUCTEMBbI
CeTbCKOXO035MCTBEHHOTO ITPOU3BOICTBA, HO paboTa Hafl
Hell BeeTcsl B pas3HbIX parioHax CIIIA. Huke usmararorcs
MOAXOABI K CO3/IaHUIO TAKOM CUCTEMBbI, HCIIO/Tb30BAHHbBIE B
HEKOTOPBIX UHUITUATUBHBIX IIPOEKTAX.

IIpoepamma passeumus Tuxooxearnckozo
Cesepo-3anada (IIPTC)

ITO KOMIUIEKCHAsI HAYYHO-HMCCIIeOBaTeIbCKas M yaeOHas
mporpamma, ocyiuectsisiemas Cryx60it
CeTbCKOXO3SICTBEHHBIX HCcCaenoBanuii, KoomnepatusHoi
cny>i<60171 CeJIbCKOX03SIMCTBEHHBIX UCC/IeIOBaHMM,
o6pasoBanus u BHeApeHHs U Cry>k6071 OXpaHbI
IIPUPOAHBIX PeCcypcoB MUHUCTEPCTBA CETBCKOTO
xossiictBa CIIIA, o0 bequHEHUAMU
TOBAapPOIIPOU3BOIUTE/IEH U OTHE/TbHBIMU
[IPOU3BOUTE/ISIMHU Ha CeBEPO-3aIIaJHOM IT0OepeXbe
Tuxoro oxeana. KoMmruiekcuble MccieToBaHusA
COCpeIOTOYeHbI Ha U3yYeHHH 9PO3UU ITAXOTHBIX MTOYB U
CBSI3aHHOTO C HeHl yiiep6a [UIs1 IIPUPOJIHBIX PECYPCOB,
ITOCKO/IbKY COKpAIIleHNe 9PO3UM U 3aTPA3HEHHA BO],
IOCTUTAETCsI KOMIUIEKCHBIM PellieHHueM ITPo0ieM OXpaHbl
II0YB, BBIOOPA MOAXOISIIINX KYIBTYP, 60PHOBI C
BpEIUTESIMU U COI[UATbHO-9KOHOMUIECKUX MTPO6IIeM
COXPaHEHUSI CUCTEMBI Ce/IbCKOXO3SHICTBEHHOTO
pOU3BOACTBA [5].

B mporpamme ITPTC BBIZBUHYT psAm MIPeIIOKEHUI IO
[TOYBO3AIIUTHOMY 3eMiteneniio. Hampumep, nccmemoBanus
110 06paboTKe IOYB U KY/IBTyPe PaCTEHHEBOACTBA IIPUBE/IH
K POCTY yPO>KaeB, MOBBIIIEHHUIO 9b)EeKTHBHOCTH
MHUHEPaJIbHBIX a30THBIX yIOo6peHuit. CTepHEBBIE CESUIKU
[AIOT BOSMOXKHOCTD HEITOCPEICTBEHHO CeSITh
MeJIKOCeMeHHbIe 1 6060BbIe KYIBTYPBI II0 CTEPHE Ha CYXUX
Y HEeIUIOIOPOIHBIX OYBAX C IPUMEHeHHEeM YI0OpeHu it U
[IeCTULHAOB. BpIBeieHbI HOBBIE BU/IBI MIIIEHUIIBI, XOPOILIO
MIPUCIIOCOOIEHHBIE K CHCTEMe TI0YBO3AIIUTHOMN
o6paboTku. [TyTem yrydiieHns COOTHOIIEHHSI (PaKTOPOB
YHUBepCaIbHOTO ypaBHeHUs moTepb moussI (Y YIIIT)
mocTUrHyTa 60jIee BHICOKAst TOYHOCTH IPOTHO3UPOBAHMUS
aposuu B peruoHe Tuxookeanckoro CeBepo-3amnasa.
YaydiieHHbIE METOMBI IPUMEHEHUS TepOULINIOB B CHCTEME

[MOYBO3AITUTHOM 0OPabOTKU TO3BOIM/IA CHU3UTh
[OTEHIIUAIBHYIO OLIACHOCTD 3arpsI3HEHMSI BOJ.
PacripocTpaHeHue HOBBIX TEXHOMOTUI 06paGOTKY ABUIOCH
PEe3YIBTaTOM TECHOTO B3aUMOLENCTBHSI MECTHBIX
(bepmepoB ¢ yueHbIMH, YTO 06eCIIeYHIO yIacThe
(bepMepPOB B IIPOTUBOIPOSUOHHBIX MEPOTIPUATHAX Ha
OCHOBE CHCTEMHOTO moaxoza [6].

OKOHOMHUYECKHe UCCIeIOBaHUA B paMKaX MIPOTPAMMBbI
[TPTC yxaspiBatoT Ha 3¢ PeKTUBHOCTD TOYBOSAIUTHBIX 1
BOIO3ALIUTHBIX MEPONIPUATHUIL. B 3acyllIMBBIX paiioHax
YMEHBIIIEHHUE U ITIOJTHOE OTCYTCTBHME PACIIAILIKU I10YB
CI0COOCTBOBAIO HAKOIUICHHIO IIOYBEHHOI BJIaTU U POCTY
YPOKaMHOCTH CEIbCKOXO3AMCTBEHHBIX KY/IBTYD,
obecreunIo CTabMIbHBIN YPOBEHDb IIPOAYKTUBHOCTH IIOYB

[5].

Ycnex mporpamwmsl [TPTC, B pemtarorieit crenenu,
obecrieyeH KOMIUTEKCHBIM TIOZIXOIOM K BHEIPEHUIO
TexHOMOoruu. KioueBoii JOKYMEHT IIPOrPaMMBbI —
eXeKBapTanibHOe usnanue ~HoBelile moaxoibl K
BHEJIPEHUIO [TOYBO3AITUTHOTO 3eMIIeNleNust , KOTOPOe
obecrieunBaet 06Men uHbopmariueir. CrpaBoYHUK 10
[TOYBO3AIIUTHOI 06pabOTKe, PyKOBOACTBO 110
ompeie/ieHIO 60JIe3HEN CeTbCKOXO03SICTBEHHBIX KY/IBTYP
U IIPOEKT OIITUMa/IbHOM 06pabOTKU 3eM/TH C COXpaHEHHEM
[IPUPOIHBIX PECYPCOB — TP HAIJISITHBIX IIPUMepa
BHEJIPEeHUsT HOBOTI TEXHOJIOTUHU B PaMKax IMpoeKTa [5].

ITpozpamma Pazeumus Cpednezo 3anada
(IIPCC)

B 1990 romy Hauanach peanusanus nporpammsl [IPCC xax
3/IeMEHTa IIPESUIEHTCKON HHUIMATHUBBI 10 YTy IIICHUIO
KayeCTBa BOZIBL B paMKax 3To¥ MporpaMmbl IPOBOMSITCS
OOGIIMPHbIE UCCTETOBAHMUS 110 U3YIEHUIO BIMSIHUS
TPAJUIIMOHHBIX U YCOBEPIIIEHCTBOBAHHBIX CHCTEM
Ce/IbCKOXO3SIMICTBEHHOTO IIPOU3BOICTBA HA KAIECTBO
BOIHBIX PECYPCOB, I/TyGOKO H3YJAIOTCSI IIPOLIECCHI,
BO3JIEICTBYIOLIIIE Ha BOTHBIE PECYPCHI U
paspabareiBaroTcs 9(pbeKTHUBHbBIE CTPATETHH YMEHbIIICHHS
3arpsI3HEHNs BOJ MeCTULIUAAMU U yIoOpeHusamu [1].

Psyt irratoB aToro peruona (AitoBa, MuHHecoTa,
Muccypu, Hebpacka, Oraito) 6511 BBIOpaH B KadeCTBe
LIEHTPOB peau3anuu nmporpaMMsl MSEA. M3sydaeTca
BJIMSAHHE PA3TUYIHBIX CUCTEM 3eMJIefie/lns Ha
IIOBEPXHOCTHBIE ¥ TPYHTOBBIE BOIBI C I[e/IbIO OIpeleeHus
ONTHMAaJIBHOTO KOJIMYECTBA PECYPCOB, HEOOXOIMMBIX [Is1
9KOHOMMYHOTO U Pa3yMHOTO BeIeHUs X034HcTBa. [1sa
JIy4IIIeT0 TIOHUMaHUsI CYyMMapHOTo 3¢ dekra
CeTbCKOXO03AMCTBEHHBIX IPOU3BOICTBEHHBIX CHCTEM
IIPOBOIATCA IeTabHble UCC/IENOBAHNS Ha Pa3HBIX
CTPYKTYPHBIX YPOBHSX: OTAEIBHOTO HOJS — (PepMepCKOro
XO3SIUCTBA — PeYHOro OacceitHa — Bcero pernoHa CpenHero
Samana.
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moisture storage and crop yields and have maintained long-
term productivity of the soil resource (3).

A critical factor in the success of STEEP has been its
integrated technology transfer component. A key feature has
been the STEEP Extension Conservation Farming Update, a
quarterly publication that facilitates information exchange. A
conservation tillage handbook, a rule-based system which
assists growers in identifying crop diseases, and optimal farm
plans for conservation compliance are three examples of

technology transfer in STEEP (5).

A Midwestern approach

In 1990, the MSEA program began as an element of the
President’s Water Quality Initiative. The program evaluates,
through extended research, the effects of conventional and
modified agricultural management systems on the quality of
water resources, increases the understanding of the processes
affecting water resources, and develops cost-effective strategies
which reduce water contamination from pesticides and
fertilizer nutrients (1).

Towa, Minnesota, Missouri, Nebraska, and Ohio were selected
as centers for MSEA research. The effects of different
management systems on surface and ground water are being
investigated to determine optimal inputs for each system and
to arrive at economically and environmentally responsible
systems. In order to better understand the cumulative effects
of agricultural production systems, effects will be examined in
a nested fashion by field, by fields within farms, by farms
within watersheds, and by watersheds extended to the entire
Midwestern region.

Research involves ARS and CSREES within USDA, the
U.S. Geological Survey, and the Environmental Protection
Agency. Technology transfer activities will be led by NRCS
and CSREES.

Research will focus:

* In Jowa, on infiltration of nitrate and pesticides into
shallow wells;

* In Minnesota, on aquifers such as those of the Anoka Sand
Plain and the Wisconsin River Sand Plains;

* In Missouri, on the interactions among cropping systems,
claypan integrity, and aquifer water quality in the claypan
soil region;

* In Nebraska, on the prevention of further contamination
of aquifers in the Central Platte River Valley; and

* In Ohio, on the interactions between agricultural
production systems and water quality in buried river valley
aquifers.

A Federal conservation approach
Agricultural production systems which address the concurrent
needs for profitability, sustainability of the resource base, and
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social acceptability are the expressed goals of agriculture in the
United States. NRCS provides technical assistance to land
users in the private sector in techniques of resource
management and resource conservation. The agency uses its
Field Office Technical Guide, its National Conservation
Planning Manual, and a strategic plan to accomplish its
mission. NRCS is committed to a systems approach to
agricultural resource management. Key elements of this
approach are a systematic planning process and the concept of
resources of concern. The NRCS planning approach addresses
resource problems and opportunities observed in the field.
The resources of concern are soil, water, air, plants, and
animals (and their interactions) that are involved directly and
indirectly in the implementation of a resource management
system within an agricultural production system.

Natural resource planning assistance within NRCS is directed
toward development and implementation of a conservation
management system on the land. A conservation management
system is identified by its primary use of land or water so that,
when installed, it will protect—at a minimum—the resource
base. Such a system is designed to meet specific soil loss
criteria, maintain water quality as defined by State or Federal
criteria, maintain ecological quality, and provide economic
return to management (7).

Summary

A systems approach to soil and water conservation and water
quality considers the welfare of soil, water, air, plants, and
animals. Because the relationships of agricultural production
systems are complex, computer-assisted decisions for the
planning and implementation of a resource management
system within an agricultural production system have become
a necessity. A well-designed conservation management system

Photo 5-4. The conservation practices on this lowa farm work in tandem to form
a complex system that protects soil, water, air, plants and animals. (Tim McCabe
phota)

Doro 5-4. [ToUBO3AIUTHBIE TEXHOIOINH Ha epMe B IuTaTe AioBa
06pasyioT KOMIUIEKCHYIO CHCTeMY JULSL 3ALLUTHI II0YBbI, BOLBL, BO3LYXa,
pacrenuii 1 XuBOTHBIX. (PoTto Tuma MaxKeit6a)
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B uccnenoBanusax npuHuMaoT yaactue Cayx6a
Ce/IbCKOXO3SIMCTBEHHBIX MUCCICIOBAHUN 1 Cny>K6a
KOOTIEPATUBHBIX UCCIEMOBAHUI, 00pa30BAHUS U
BHeIpeHus1 MUHHCTepCTBa ceTbcKoro xo3siicTa CIIIA,
Teonoruueckas crys>x6a CIIIA 1 AreHTCTBO 110 OXpaHe
OKpY>Kalolllel cpenibl. BHempeHue TeXHOIOTHH BO3/IaraeTcs
Ha Cyx6y oXpaHbI IPUPOAHBIX pecypcoB u Craysx6y
KOOTIEPATUBHBIX UCCIEIOBAHUI, 0Opa30BAHUS U
BHEIPEHUSI.

B npouiecce pa6ot 6ynyT H3ydarbcs:

+ B Tare AitoBa - HHGUIBTPAIUS HUTPATOB U
MIeCTULIHU/IOB B IOBEPXHOCTHBIE BOTOEMBI;

* B IITare MUHHECOTA — BOMOHOCHBIE TOPU3OHTHI
IeCYaHbIX paBHUH AHOKa U p.BrucKkoHCcHH;

* B IITaTe Muccypu — B3aUMOJIEHCTBHE MEXIY
CeTbCKOXO03SIMICTBEHHBIMU CUCTEMAMU, COCTOSTHUEM
BOJIOYTIOPHBIX TOPU30HTOB 1 Ka4eCTBOM BOJIbI B
BOIOHOCHBIX TOPU30HTAX;

+ B rare He6packa - mpemoTBpaliieHue JabHENIIero
3arpsI3HEeHUsI BOMOHOCHBIX TOPU30HTOB B JOJTMHAX PEK
IlenTpanpHoro miaro;

» B rare Oraiio — B3aUMOIENCTBIE MEXIy CUCTEMAMU
CeTbCKOXO3SICTBEHHOTO IIPOU3BOACTBA U KAYeCTBOM
BOJIBI B BOJIOHOCHBIX TOPU30HTAX IIOTPEeOEHHBIX PEIHBIX
IOJIMH.

PenepanbHas MoYBOCOeperaromas MmporpamMma.
CosnaHne CUcTeM CeTbCKOXO3SMCTBEHHOIO IIPOU3BOICTBA,
HaIlpaB/IeHHBIX Ha OTHOBPEMEHHOE BBITIOJTHEHNE YCITOBUH
PeHTa6eTbHOCTH, YCTONYUBOCTH PECYPCHOIT 6ashl 1
COLMa/IbHON IIPUEM/IEMOCTH, ABJIAETCA IIPSAMON 3afavyeit
cenbcekoro xossiicta CIIA. Cay»x6a oxpaHbl IPUPOTHBIX
pecypcoB OKasbIBaeT TEXHUYECKYIO IIOMOIITb
3eMJIETIONIb30BATe/ISIM B YACTHOM CEKTOpE I10
HCIIOJIb30BAHUIO PECYpCOCOEpraloIuX TeXHOTOTHIL.
Paspaboransl crieniaabHble BeIOMCTBEHHbIE PYKOBOJICTBA
II0 TeXHOJIOTHAM, T10 IVTAHMPOBAHUIO OXPaHbI PECYPCOB, a
TaK)Ke CTPAaTerMYeCcKUil IIaH gesTenpHocTu. Cay)x6a
OXpaHBI IPUPOIHBIX PECYPCOB MPUMEHAET CUCTEeMHBIN
TIOAXO], K YIIPaB/I€HUIO CeTbCKOXO3AICTBeHHBIMU
pecypcamu. KimroueBbIMH 3/1eMeHTaMHU 3TOTO ITOAIX0Aa
SIBJISIIOTCSL CUCTEMAaTUYeCKUI ITPOIecC IVTAHUPOBAHUS U
KOHLIENIIHs IIPo6IeMHBIX pecypcoB. ITomxon K
IUIAHUPOBAHHIO YYUTBIBAET PECYyPCHBIE IPOOIEMBI U
BO3MOYKHOCTH, UMeEIOIIIHeCs B MOJIeBbIX yonoBuAx. K
IpO6IEMHBIM PecypcaM OTHOCATCS IOYBA, BOIA, BO3IYX,
pacTeHUst ¥ )KUBOTHBIE (a TAK)Ke X B3AUMOIEHCTBYS ),
KOTOpBIe TIPSIMO M/IM KOCBEHHO YYacTBYIOT B peaau3aliuu
CHCTeMBI yIIpaB/IeHUA PeCypcaMU B CHCTeMe
Ce/TbCKOXO3SMICTBEHHOTO IIPOU3BOICTBA.

[TranupoBaHue IPUPOTHBIX pecypcoB B pamKax CiryKOb
OXpaHbI IPHUPOHBIX PECYPCOB HAIIPABJICHO Ha Pa3BUTHE U
OCYILIeCTB/ICHNE TI0YBOCOEPETAIOIIel CHCTEMbI BeIeHMUs
cenbcKoro xossicTsa. [TouBocbeperaroras cucrema
oIpefe/seTCst OCHOBHBIM BUIOM HCIIOIB30BAHMUS [TOUBBI
WUIH BOJIBI M PACCUUTAHA Ha TO, YTOOBI, I10 MEHBIIIEH Mepe,
3aIUIIATh PECYPCHYIO 6asy.

3ajiadya CUCTeMBI — COOTBETCTBOBATH OIPE/IeIeHHBIM
KPUTEPUsM yiiep6a, HAHOCHMOTO [I0YBaM, ITOAIEP>KUBATh
KayeCcTBO BOJBI HAa YPOBHE KPUTEPUEB, yCTAHOBIEHHBIX
MaHHBIM IITATOM WK (heflepaTbHBIMU OPraHaAMH,
06ecreInTh BHICOKOE KaUeCTBO BCEI OKPY KaIOLIeil CpeIbl
U IIpU 3TOM IOOUTBHCS BHICOKOM 9KOHOMUYECKOIT
adexTuBHOCTH XO351TICTBA [7].

3akaroyeHue

CucTeMHBII TOAXOM K COXPaHEHHIO TIOYBEHHBIX  BOIHBIX
PpecypcoB M Ka4eCTBY BOJbI CBA3AH C pa3yMHbBIM
HCIIOIb30BAHMEM II0YBBI, BOMbI, BO3yXa, PACTEHUN U
JKMBOTHBIX. B CHJTy CZIO’KHOCTH BHY TPEHHUX CBSI3€M B
CE/IbCKOXO03AMCTBEHHON IPOU3BOICTBEHHON CUCTEME,
IUTAaHUPOBAHNE U Peajn3alis CUCTEMBI yIIpaBIeHUA
pecypcaMu B CEbCKOXO3AMCTBEHHOM ITPOU3BOICTBEHHOMN
CHCTeMe ITPaKTHYeCKH HEBO3MOXKHBI 6€3 IPUMeHeHU s
KOMIIBIOTEPOB. XOPOLIO CIVTAHUPOBAHHAA CUCTEMA
YIIpaB/IeHUs IPUPOROCOEPEKeHEM YIOBIETBOPSIET
crienpUIeCKUM KPUTEPUSM ITOTePh ITOUBHI,
IOAIeP)KUBAET Ka4eCTBO BOJBI B COOTBETCTBUH C
TpeOOBAHUAMH, YCTAHOB/ICHHBIMH [IPABUTETbCTBAMU
IITaTOB WK (efepasbHBIMU OpraHaMu, TOAICP)KUBAET
9KOJIOTHYECKYIO YHCTOTY ¥ 00eCrednBaeT 9KOHOMHUYECKYIO
addexTuBHOCTD X03s1IICTBOBaHUS. TaKIe OpraHu3aIny,
kak Ciy>kx6a OXpaHbl IPUPOTHBIX pecypcos, Cryxba
Ce/IbCKOXO3MCTBEHHbBIX MCCIeJOBAHUM, Cny>x6a
KOOIePAaTHUBHBIX UCCIENOBAHUIT, 00Pa3OBaHUs U
BHenpeHus, [eonornyeckas cayxo6a CIIA 1 AreHTCTBO 110
OoXpaHe OKPy>Kalollel Cpefbl KOHIEHTPUPYIOT YCUIUA Ha
CHCTEMHOM IIOJIXOJIe C TeM, YTOOBI OT UCC/IeOBAHMI Ha
YPOBHe II0/Is1 WK pepMBbI IIEPeiTH K UCCIeOBAHUAM Ha
YPOBHeE I7I06a/TbHOI 9KOCHCTEMBIL.
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meets specific soil loss criteria, maintains water quality as
defined by State or Federal criteria, maintains ecological
quality, and provides economic return to management.
USDA’s NRCS, ARS, and CSREES; the U.S. Geological
Survey; and the Environmental Protection Agency have
ongoing research that centers on farm and field, although
the knowledge acquired from the research extends to the
global ecosystem.
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Water Conservation and Irrigation

John A. Replogle, Elwin A. Ross, and Richard Van Klaveren

Abstract

This paper discusses the interrelationship of water
conservation practices and farm water conveyance
systems. The information includes the water control
options available to a farmer and notes the structures
commonly used to control a water delivery system. In
addition, the discussion points out how the use of
structural features helps control sediment and floating
debris in a well-managed irrigation system.

Introduction

Maintaining long-term, viable irrigation for agriculture
depends on the protection of soil and water resources.

This involves basic and state-of-the-art irrigation water
conservation practices throughout the irrigation delivery and
farm water conveyance systems. It extends to the onfarm
application systems, the reuse of waste water, and the control
and measurement of delivered water to support operation,
maintenance, and management of high-efficiency onfarm
irrigation systems (12).! Systems may collect and reuse return
flows from deep percolation and surface runoff. Return flows,
however, generally have water quality degradation from
sediments, pesticides, and nutrients.

"'Underlined numbers in parentheses cite sources listed in the References

section at the end of this article.
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Discussion

Water conservation with respect to irrigation begins with
control and measurement of flows in the delivery canals,
including control of spills and seepage losses.

Water control

Delivery system operations are affected by the type and
location of physical control structures, the control and
strategy that can be implemented with these structures, and
operating personnel. Most canal control strategies, upstream
and downstream, monitor and control the water level.
Flow-rate control then becomes a secondary consideration,
frequently being assumed to result from depth level control.
Controlling depth and flow rate at each structure along a
canal may not be necessary, but both must be controlled by
the system as a whole (4, 2).

For upstream control, which can be implemented manually,
the control structure is adjusted to produce a desired water
level upstream of the structure. A constant upstream water
level provides a relatively constant discharge through the
outlet once the structure is adjusted, although the precise
value of that discharge may not be well defined. Upstream
control can be convenient from the standpoint of the delivery
system operations and labor, but it may not be responsive to
farm production needs. It is usually associated with rigid
delivery policies, such as rotation delivery. Depending on the
length of the system, most upstream control systems require a
planning and operational lead time of about 1 to 5 days to be
able to match inflow to demand. Shorter lead times are
possible if intermediate storage facilities are provided.

Upstream control systems can be equipped with manual gates,
remote controlled gates, automatic gates, duckbill weirs, or
combinations of these structures (2). Downstream control of
canals, which usually implies control of the water source from
any or all downstream points of demand, tries to supply the
level of service from canals that is expected from pipeline
systems. It is less common than upstream control because it is
difficult to implement. Such control close to the point of
distribution is difficult in most delivery systems and usually
requires imaginative engineering. Downstream control uses
the water level downstream from the structure to indicate the
change in the flow rate needed from the upstream reach. This
control is most responsive when the water level of interest
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IIpo61eMbI BOIOMOIb30BaHUA U OPOIICHU S

o A. Pennoene, Inveun A. Pocc, Puuapo Ban Knaeepen

Pesrome

B cratbe 06Cy>KHAIOTCSI B3AUMOCBSISH MEX/Y
[IpUMeHEHHEM BOIOOXPAHHBIX Mep U PabOTOI
BOJOMONAIONINX cUCTeM Ha pepmax. Uudopmarius
BKJIIOYAeT PasHble BUABI PETYIMPOBAHMSI BOIbI, IPUTOIHbIE
st pepMepOB, U IIEPEIHUCIISIET YCTPOICTBA, 0OBIYHO
HCITO/Ib3yeMble IS yIIPaB/IeHUsI CHCTEMaMHU
BomocHabkenust. Kpome Toro, o6pariaercs BHUMaHUe Ha
CreluasbHble IPUCITOCOOTEHNS IS KOHTPOJIS 32
comepskaHreM B3BeCell U IUIAaBAOIIero Mycopa B XOPOLIIO
HaJIa)KEHHOM OPOCUTEIbHOM CUCTEME.

BBenenue

IlnrebHOE COXpaHEHHE YCIOBUM YyCTOMYUBOCTU
OpOIIIaeMOT0 3eMJIeMIe/INS 3aBICUT OT Mep I10 3aIllHTe
OpOIIIaeMBbIX ITOYB U BOTHBIX PECYPCOB. ITO KacaeTcs
BOIOOXPaHHBIX MEPOTIPHUITHIL IPH OPOILIEHUH 3eMeJTb KaK
B MaciiTabe BCeil CTpaHbl, TaK U IIpU paboTe
BOIOIOAMOIINX CHCTEM B OTHENbHBIX PepMepPCKUX
XO3SIMCTBAX. ITO PACIPOCTPAHSIETCS U Ha
BCIIOMOTATe/IbHbIE CHCTEMBI, CBSI3aHHBIE C IIOBTOPHBIM
HCITOIb30BAaHUEM CTOYHBIX BOJI, C PETyTHPOBAHUEM H
pacmpenesieHIeM BOI, HOCTYMAIOIINX TOTIOTHUTEIBHO IS
noBbIteHnst 3D HEKTUBHOCTH PaBGOTHI (hepMepPCKUX
opocutenbHbIX cucteM [12]. OpocurenbHble CHCTEMbI
MOryT 06ecrednBaTh cHOp ¥ MOBTOPHOE HCIIOIH30BAHUE
TPYHTOBBIX M COPOCHBIX Bofi. OHAKO B 9TOM CTydae
Ka4eCTBO OPOCHUTENBHOI BOJBI CHIBHO CHIDKAETCS U3-3a
HAaKOIUIEHWSI B HEHl TBEP/IBIX OCAIKOB, IIECTUIU/IOB 1
[IUTATe/TbHBIX BEIIIECTB.

HPO6]I€MI)I BOJOIIO/Ib30BAHUA U OPOILIIE€HUA

O6¢yxnenue

Oxpana BOJI, IPU OPOIIIEHUH HAYNHAETCA C Pa3yMHOTO
peryMpoBaHus II0Ja4X BObl B OPOCUTE/IbHbIE KaHAJIbI,
BKJIIOYasi KOHTPOJIb 32 ITOTEPSIMHU BOIBI Ha (DHIBTPALINIO U
COPOCHI B KOHIIEBBIX YaCTSAX OPOCUTETBHBIX CHCTEM.

Pezynuposanue 6001020 pexcuma

Pa6ora cucTeMbl BomoobecriedeHus 1 IOJady BOIbI IS
OPOIIIeHHs 3aBUCUT OT THUIIA U Pa3MeIleHUs
PEryJIMPYIOIINX MEXaHU3MOB, OT UX PabOTOCIIOCOOHOCTH,
[IOTHOTBI OCYILIECTB/ISEMbIX OIIEPAIIHIT H OT

06Ty KMBAIOILETO IIepCOHaIa. [1aBHbIe 3aadi KOHTPOJIS
B KaHaJle, B BEPXHEM U HIDKHEM Obedax, CBSI3aHBI C
HeMPEPHIBHBIM C/IG)KEHHEM 32 YPOBHEM BOJIBI U C €r0
perynupoBaHueM. Bo BTOpyio odepens IpHHUMAETCS BO
BHUMAaHHE PeryJIMPOBaHKe PacXofa BOMIbI, KOTOPBII 9acTO
BBIYHC/ISCTCS 110 3aMepaM [TyOHHBL. 3aMepbl [Ty OHHbI U
pacxona Ha KaKIOM yIaCTKe KaHajIa He 00513aTe/IbHbI, HO
HX CIeAyeT OIPENe/IATh /IS BCEH CHCTEMBI B 11e/TOM. [4,2].

[Ipu perympoBaHUH ITOTOKA BOABI B BepxHeM Obede,
OCYIIECTB/ISIEMOM Yallle BCETO BPYYHYIO, KOHTPO/IbHbIE
MeXaHH3MbI [TPUCIOCOOIEHBI IS IO AePKaHHs
HEe0OXOIMMOr0 YPOBHSI OPOCHUTEIBHOM BOJIbI BBIIIIE
OCHOBHOTO cOOpYy>keHHs. [I0CTOsIHHBII ypOBEHb BOJIBI B
BepxHeM 6bede 0becriednBaeT OTHOCUTETBHO
IIOCTOSTHHBII CJIUB BOJIbI Y€PEe3 BBIXOTHOE OTBEPCTHE, XOTS
06beM CTHBaeMO¥T BOIBI HeJTb3sI OMPENe/TUTh JOCTATOYHO
TOYHO. Pery/IMpoBaTh IOTOK BOABI BBILIIE KaHa/MA YIOOHO C
TOYKH 3peHUs pabOThI BCEI OPOCUTETHHOIN CUCTEMBI, HO
TaKO¥ CIIOCO0 €ro pery/IMpoBaHus He BCEr/ia OTBeYaeT
HyX1aM depmepckoro xo3sitcTsa. OH 00BIYHO
COIIPOBOKIACTCS )KECTKMMHM OTPAaHHMYEHHSIMH BOJOIIONAYH
1 Bogoobopora. B 3aBucuMocTH OT pasMepa U ATHHBI
OPOCHUTEIBLHOM CUCTEMBI, YCTAHOBKA U BBOJ B IENCTBHE
KOHTPOJIBHBIX MEXaHU3MOB JUIsl Pery/IMPOBAaHUs IIOTOKA
BOIBI B BepxHeM 6bede Tpebyet oT 1 10 5 gHElt, YTO6BI
IIPUTOK BOJIBI COOTBETCTBOBAJI TEXHUYECKUM U
XO3SIMICTBEHHBIM TPeGOBAHUIM. YCTAHOBKA TAKUX
MeXaHN3MOB BO3MO)KHA U 32 60jIee KOPOTKOE BpeMsl, €CIIU
HMEIOTCS BCIOMOTaTe/IbHbIe TIPUCITOCOOIEHHSI TS
XpaHEHUsI ¥ HAaKOIUICHHSI BOJIBL.

CHCTeMBI peryIMpoBaHysl BBIIIIEe KaHa/Ia MOTYT ObITH
060pyI0BaHbI PYIHBIMH, JUCTAHIIHOHHBIMH,
ABTOMATHYECKUMU 3aTBOPAMU, BOTOCTUBAMHY JTHOO

Ctatba 6 59



60

is immediately downstream of the controlling gate.
Generally, the water level of interest is several kilometers
downstream, and electronic transfer of the needed gate
response is used. This often requires considerable computer
assistance to achieve appropriate gate response. Local
automatic controllers are sometimes used successfully to
control the water level immediately downstream from a gate.
They are appropriate at secondary canal turnouts or when
used in a series with sections of level-top canals (7). Several
methods have been proposed to control water levels in other
situations (2, 5, 8, 13).

Control at bifurcations

Bifurcations have three basic control options :

1. Regardless of flow rate, proportional division without
automatic or movable controls is possible through weir
overfall structures if the sills are constructed to the same
elevation. Orifices with the same differential head, such as
free discharging orifices placed at the same water depth,
will behave similarly.

2. Orifice discharge in one direction and a weir overfall in
another can usually maintain a stable discharge through
the orifice.

3. A long side weir can pass storm flows to a wasteway while
maintaining appropriate head on a structure discharging
down the main canal at a small change in flow rate.

Structures

The usual structures used in large canals are radial gates, slide
gates, and leaf gates (photo 6-1). The radial gate is a partial
cylinder and is mounted to cause those fluid forces that resist
gate movement to cancel regardless of flow depth. It thus
requires a small net force to cause movement, the major
resistance to movement coming from the side seals dragging
on the sidewalls of the structure. Vertical slide gates require
considerable force to overcome the frictional resistance of the
gate in the sidewall guides caused by the water forces against
the gate. Leaf gates are basically stiff, flat plates laid on the
rectangular canal floor and hinged at the upstream edge.
Power winches then lift the downstream edge of the gate to
control water flow. When fully raised, the flow stops. Small
rectangular slide gates are usually used to control delivery to
secondary canals, or laterals. Sometimes these deliveries enter
short sections of pipe to pass under canal maintenance roads.
Either a rectangular or circular slide gate may cover the
upstream end of the round pipe.

Sediment and debris control

Structural features, such as sills and weed racks, can retain
bedload sediments and floating debris in the main canal
rather than sharing them with the secondary canals
(photo 6-2).

Article 6

Photo 6-1. On a secondary lateral a water control structure regulates irrigation
water delivery for the adjacent cropland. (Tim McCabe phoro)

®oto 6-1. YcTaHOBKA peryJimpoBaHus ITOJIMBA IPUIETAIOIINX MO/IeH Ha
orBogHOM KaHase. (Poto Tuma MakKeii6a)

Photo 6-2. A newly installed weed rack helps keep floating debris from impeding
water delivery to laterals and secondary canals. (Tim McCabe photo)

Poro 6-2. Copoyaep>KUBaIOIas PelIeTKa MPEIATCTBYeT OMagaHHIO
HAHOCOB B OTBOJHbIE M BTOPUYHbIE CUCTeMbI opowtenust. (Poro Truma
MaxKeii6a)

Photo 6-3. USDA technicians inspect a new concrete lined irrigation water canal
thar will reduce seepage and stabilize delivery. (Tim McCabe phoro)

Doto 6-3. Cnennamuctsl Muncensxosa CIIA nposepsioT
6eTOHUPOBAHHBII OPOCUTE/ILHBII KaHa/I; TAKask KOHCTPYKIIMsI 103BA/IsieT
COKPATHUTh IIOTEPU BOJIBI U 00€eCIednTh cTabuibHOe opoienue. (PoTo
Tuma MaxKeii6a)
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coueTaHHeM 3THX PHeMOB [2]. PerynmupoBanue IOTOKa
BOJIBI B HIDKHEM Obede, 06bITHO BKIIOYAIOIee KOHTPOITb
3a BCEMU UCTOYHUKAMU BOJIbI, PACIIONIOXKEHHBIMU HUYKE
OCHOBHOM CUCTEMBI, IPEACTAB/IAET coboit IIOTIBITKY
obecrieunTh BOHOCHAOKEHHE OT KaHa/Ia [T0 IPUHITUITY
CHCTeMBI TPYOOIIPOBOIOB. DTOT CIIOCOO PeryIMpOBaHHS
MeHee pacIpOCTPaHeH, YeM PETYIHPOBaHUE B BepXHEM
6bede, TOTOMY UTO SBJISIETCS BeCbMa TPYHOeMKUM. Takoit
Croco6 perynupoBaHus OIM3K0O K MECTy pacIipee/ieHUs
MIPEICTABIIAET CIOKHOCTH JUISL pean3aliuy B
GOJBIIINHCTBE CUCTEM paTIpeleieHtsl U, KaK IPaBUJIo,
TpeOyeT CJIOKHOTO HH)KEeHEPHOTO BOIUIOLIEHHSI.
PerymupoBaHue MOTOKA HIDKe KaHa/Ia II03BOJISIET 10
YPOBHIO BOZIBI B HIDKHEM Obede OIpenensiT H3MeHEHHS
pacxojia BOibl, HEOOXOMUMBbIE JIJIsl TOTOKA B BEPXHEM
6pede. Takoit crioco6 perynpoBanust Hanbosee IPUTroneH
B TOM C/Tydae, KOT/ia YPOBEeHb BOJBI HIDKHETO Obeda
YCTaHABIMBAETCSI HEITOCPENCTBEHHO Y PETYIHPYEMOTO
saTBopa. OGBITHO JKe TAKOI YPOBEHb OTCTOUT OT 3aTBOPA
Ha HECKOJIBKO KHJIOMETPOB U JI/IsI ITOJTy IeHUsI
HeOoOXOMMOTO Pe3y/IbTaTa B KaHaIe HCIIOIb3YeTCs
3JIEKTPOHHBII IepenaTauk. YacTo 11t aToro Tpebyercs
cepbesHasi KOMITBIOTEPHasI TOANEPIKKA, YTOOBI IOy IUTh
HeoOXOouMble JTaHHBIE C 3aTBOPOB. IHOTA yCITenHo
[IPUMEHSIIOT aBTOMATHYECKUE PEry/IsITOPBI PACXOa BOIBI 1
OIIpesie/IeHIsI ee YPOBHS Cpasy e IoC/Ie 3aTBOpa
Bomoc6poca. OHU XOPOIIIO TOAXOMST /ISl BTOPOCTEEHHBIX
BOIOCIMBOB MO0 B COYETAHNH C PETYITOPAMH BBIILIE
pacnonoXkeHHbIX KaHanoB [7]. Heckonbko MeTonoB
MIPEUIOKEHO JI/IS PETYIMPOBAHUS BOIBI B IPYTUX
cutyauusx [2,5,8,13].

Pezynuposanue npu paseemenenuu

Cy111ecTByeT TPU OCHOBHBIX CITOC06a peryInpoBaHus IIPU

Pa3BeTBIEHUN OPOCUTEILHOI CETH:

1. HesaBucumo oT pacxona BOAbl, IPOIOPIIMOHAIBHOE
pacripeneneHue ee 6€3 aBTOMaTUYECKUX WIH
MOOW/IBHBIX PErY/ISITOPOB BO3MOXKHO Yepes3 CTPYKTYPhI
BOIOC/IMBA, €C/TH IIOPOTHU IIUTI030B PACIIONO>KEHBI Ha
OITHOM U TOM ke ypoBHe. CTUBHBIE OTBEPCTHS C
OIMHAKOBBIM HAIIOPOM BOJIBI, TAKHE KaK OTBEPCTHUS
CBOOOIHOIO C/IMBA, pacIioioKeHHbIe Ha OAHON U TOM JKe
r1y6uHe, paboTal0T OMUHAKOBO.

2. CnuB BOJBI Yepe3 OTBEPCTHUS B OTHOM HAIIpaB/IeHUH, &
BOIOCOPOC Yepes 3aTBOP B APYTOM HaIpaB/IeHUH
0OBIYHO TOATEP>KUBAIOT MTOCTOSHHBIN PACXOT, BOJIBI
yepes KayKJoe OTBepCTHE.

3. Haim4ue mauHHONM BOIOC/IMBHOM IVIOTUHBI
obecrieanBaeT cOPOC B CIielHaIbHbBIN BOIOCOPOCHBI
KaHaJI OyPHBIX TIOTOKOB BOJIBI, TOT/[a KaK B OCHOBHOM
KaHaJIe COXPaHAETCS COOTBETCTBYIOIINI HAIIOP BOJBI
[1pU HeOOIBIIIOM U3MEHEHUU CKOPOCTH IIOTOKA.

HPO6]I€MI)I BOJOIIO/Ib30BAHUA U OPOILIIE€HUA

Mexanusmol pecyruposanus

Jl1st perymmpoBaHust BOLOCHAOKeH!U s OOJIBIIINX KaHAJIOB
OOBITHO HCITOIB3YIOTCS pagyajbHbIe, BEIIBIDKHBIC U
JIUCTOBBIE 3aTBOPHI. PamuaibHbIN 3aTBOP IPENCTAB/ISIET
co00I1 HETIO/IHBII LWINMHAP, CMOHTUPOBAHHBIN TAKUM
006pasoMm, 4TOOBI CO3IATh THAPABIMIECKUE CHIBI TS
COMPOTHUBJIEHUSI IBIDKEHUIO 3aTBOPA IIPU 3aKPBITUU
HE3aBUCHMO OT [TyOMHBI TIOTOKA BOABL. TakuM 06pasom,
4TOOBI BHI3BATh IBIDKEHHUE, TPeOYeTCs IUIITb HeGOIbIIIOE
YCHJIHE, IIPUYeM OCHOBHOE COIIPOTHUB/ICHHE JBY)KEHHIO
HCXOIUT OT GOKOBBIX 3aTBOPOB COOPYKEHHSL.
BeprukajbHbBIE BBIIBU)KHBIC 3aTBOPBI HY>KIAIOTCSA B
3SHAYUTEIbHOM CHJIE JI/ISI IIPEOIOICHUS COIIPOTUB/ICHUS
TPEHUs 3aTBOPA IOl HATIOPOM BOJIbI B GOKOBBIX CTEHKAX.
JIucToBBIE 3aTBOPBI — ITO KECTKUE IIOCKUE IUIACTUHBL,
Y/IO’KEHHBIE Ha IIPSIMOYTOJIbHOM JIHE KaHa/Ia 1
3aKpeIUIeHHbIe TIeTVIIMU 110 KPaIo, PACIIOJIO’KEHHOMY BBbIIIIe
110 TeyeHHI0. /151 peryJIMpoBaHus IIOTOKA BOIBI HYIDKHUI
Kpayl IVIACTUH HOAHUMAETCA € IIOMOILIbIO MOTOPHOM
nebenku. [T0TOK BOMIBI TpeKpaIaeTcst, KOraa IIacTUHBI
IIOJTHOCTBIO OAHATHI. He6osbline npsiMOyrobHble
BBIJIBIDKHBIE 3aTBOPHI OOBIYHO TPUMEHSIIOT [T
PeryJIMpoBaHus IOIAYH BOJIBI BO BCIIOMOTATe/IbHbIE WIH
60KOBbIe KaHa/IbI. VIHOTIa OHM MCIIOTB3YIOTCS /ST IOAYH
BOIBI B KOPOTKHUE TPYOOIIPOBOIBI, IIPOXOISIIIHE IO
IOPOTraMU CHUCTeMbI 00C/Ty>KUBaHUs KaHaIa.

JIJ1s1 IepeKphITHS BepXHel 4acTH II0TOKA B KPYI/Ioi TpyO6e
MOTYT MCIIO/Ib30BaThCS KaK IIPSMOYTO/IbHBIE, TAaK U
KPYrOBBI€ BbIIBUYKHBIE 3aTBOPBI.

KOHTPOHL 3a HAHOCAaMH U OTCTOEM B OPOCI/ITeHbHOfI ceTH

CrieriuasibHbIe IPUCTIOCOOIEHNS B BHJIE TIOPOTOB U
PeeYHbIX PEIIeTOK UCIIONb3YIOTCA /1A YIaB/IUBaHUsA
HAHOCOB U IUVIAaBAIOLIIET0 MyCcOpPa B [JITABHOM KaHajle, He
IOIyCKasl X IPOHUKHOBEHUsI B OOKOBbIe KaHAJIbI.

Bomoc6pocsk! 1 mHpUIBTpaIH

[Torepu BOIBI B IUTAIONINX KaHAIaX HeM36EKHBI, HO, KaK
IIPaBUJIO, UX MOXKHO COKPAaTUTh. [ToTepH mponcxomsT 3a
cgeT HHPWIBTPAIMH, BOTOCOPOCOB U MCTIaPEHUS. YCHIHS
10 COXPAaHEHHUIO BOIBI TO/DKHBI OITUPATHCS Ha
HCITONIb30BAHKE BCEX MTPAKTUICCKUX MTPEAYIIPETUTEIbHBIX
U KOPPEKTUPYIOIIHUX MeP OTPaHUYCHHSI HHPMIBTPALIH B
BOIOXPaHWINIIAX U KaHamax. CHCTeMbI TO/DKHBI PaboTaTh
TaKUM 06pa3oM, ITOOBI TOBEPXHOCTD BOIBI HE MTPEBHIIIIaa
pacdeTHOrO ypoBHs. DpdeKTHBHAS CHCTeMa YIIPaBICHHU
- B&XHOE CPEACTBO 60PHOBI € ONEPAITIOHHBIMY HOTEPSIMU
BOZBI. YacTO MCTOYHUKOM [TOTEPH SIB/SIETCS MOfaYa
M36BITOYHOTO KOTUIECTBA BOABI. TaKkue MOTepH MOTYT
OBITH Pe3yIbTATOM HErHMOKOI OpTaHU3aI[UH IIOAIH, KOT/I4,
HaIIpUMeD, BOAy IIOJAIOT B TeUueHUe 24 4acoB, B TO BpeMs
KaK IMOTPeGHOCTH yIOBIETBOPSIIOTCS 3a 21 wac. st
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Figure 1. Broad-crested weir style of long-throated flume for a trapezoidal canal
Puc. 1 BOIIOC)'II/IB C IIMPOKUM ITOPOTOM JJIMHHO-TOP/IOBOTO Kenoba IJIA TpalleeBUIHOTO KaHala
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center line
MecTo 11151 yCTaHOBKU HYJIEBOM TOYKHU
OTCYeTa 3aITMChIBAIOIIETO YCTPOMUCTBA OT
L/4 no L/3 ot xOHIIa BAOJIb IEHTPAIbHOM
JIMHUH SKe00a

Concrete lined canal

Recorder
3ammchIBarolIee yCTPOCTBO

' Top of canal
Bepx kananma

Kanan ¢ 6eTOHHOI N30 IA1IUeN

Section along center line
Cexuus BIOJIb LEHTPAIbHON JINHUN

Spills and seepage

The principal water losses from delivery canals may be
unavoidable, but they usually can be reduced. These losses
include seepage, operational spills, and evaporation. Water
conservation efforts should include the use of all practical
protective and corrective measures to limit seepage from
reservoirs and canals. These systems should not be operated
with the water surface higher than the intended design levels.
Good control is essential to limit operational spills. Delivery

of water in excess of that requested is a frequent source of loss.

Such waste can be the result of rigid delivery policies that
may, for example, require 24 hours of on-time when only

21 hours are needed. Allowing farmers to shut off the water
to their farms on demand cannot be overemphasized in its
importance to water conservation, but this is usually difficult
to accommodate in canal operations. A concrete lining
reduces seepage and maintenance and stabilizes delivery
capacity over many seasons (photo 6-3). In many cases,
concrete lining is justified to reduce maintenance costs rather
than just to save water.

Article 6
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Cross section
[Tontepeunoe ceyenue

Flow measurement

Flow measurement is usually desirable at the delivery canal
source, at nonproportional bifurcations, and at final farm
delivery. It is frequently inferred from control structures.
Intermediate measurements may be conventient for control.
Slide and radial gates can be used as free-flow or submerged
orifice meters if the gate opening and the differential head can
be determined. Neither gate is highly reliable without field
ratings because of the variety of slide-gate-guide treatments
used in practice and the different lip-edge treatments
employed on both the slide gates and the radial gates where
the gate seals with the floor at complete shutoff. Results
accurate to within 5 to 10 percent often can be achieved.
Flows in large canals sometimes may be measured through
large Parshall flumes. The computer-based calibrations
currently used for long-throated flumes and broad-

crested weirs (fig. 1) are accurate and result in smaller

head losses, cheaper overall construction, and improved
accuracy (3). These same devices in smaller sizes are popular
for onfarm uses.
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9KOHOMUH BOJIBI OBUTO OBI 11€/1eCO00PasHO 06eCednuTh
BO3MOYKHOCTB OTKJIIOYATh [TOfAYy BOAbI Ha (hepMepcKie
II0/I51 TIPY HeOOGXOMUMOCTH, HO 3TO OOBITHO TPYAHO
OCYIIeCTB/ISITh IIPU KaHAaTbHOM OPOIIIEHHH.
BeToHnpoBaHHas 0OMUIIOBKA CIIOCOGCTBYET CHIDKEHHUIO
HHGUIBTPALIUH U 9KCIUTYaTallMOHHBIX PACXOI0B U
CTabUIN3HPYeT IPOIYCKHYIO CIIOCOOHOCTH Ha
IUIMTEIbHBII ITeprofi. Bo MHOTHX cirywasx 061uIjoBKa
6eTOHOM 60JTee CIIOCOOCTBYET CHIKEHUIO
9KCIUTYaTallHOHHBIX PACXOMIOB, YeM SKOHOMHH BOJIBL.

H3mepeHue ne6ura Bogbl

Hsmepenue ne6uTa BOIBI 11€1€CO0OPA3HO IIPOBOTUTH B
HCTOYHHKE BOTOCHAGKEHHS, HA MECTE PasBeTBICHUS U IPU
mozrade Bofbl Ha pepmepckue mosist. OHO 4acTo CBS3AHO C
CHCTeMOM yIpasieHus. [ ypasieHus yTOOHBIMH MOTY T
OBITH IIPOMEXXYTOUHbIE U3MepPeHNUsI. BoIIBIKHbIE 1
pamuanbHbIe 3aTBOPHI MOTYT OBITH UCIIOIb30BAHBI B
KadeCTBe H3MEPUTEIEI KaK B OTKPBITOM IIOTOKE, TaK 1 B
MOJBOJHOM IIPUYCTHEBOM YaCTH, EC/TM USBECTHBI Pa3MePhI
oTBepcTust 3aTBOpa U quddepeHInanbHOE
TUApocTaTHYecKoe nasaeHne. Ho Hu opuH 3aTBOp He
MOYKeT OBITh HaIe)KHBIM 0€3 ClIelnaTbHBIX TOJIEBBIX
UCIIBITAHUI U3-32 pa3HOOOPasusi BApHAHTOB 06PabOTKM
BBIIBIDKHBIX M PAIHAIbHBIX 3aTBOPOB. Pe3ynbraTsl
M3MepeHHUI MOTyT UMeTb TOYHOCTB OT 5 70 10%. Ctox
BOIBI B 0OJIBIINX KaHa/TaX MOYKHO H3MEPSITh C IOMOII[BIO
6osbInx ske10608 [Taprana. KomnobioTepusupoBaHHble
MeTOIbI KATHOPOBKH, HCIIOIb3yeMble B HACTOSIIEE BPEMSI
II/Is1 CTOKOBBIX >KeT0OOB 1 JUTS IIIPOKOITOJIOCHBIX
3aTBOPOB (pHC.1), IBIAIOTCS TOCTATOYHO TOYHBIMU U
06eCcreInBaT YMEHbIIIEHHE [TOTePh THAPOCTATHIECKOTO
IaBJIeHNs, yAEIIEeBIeHNEe KOHCTPYKIIMU U TIOBBIIIICHHE
TOYHOCTH U3MepPEeHUi [3]. AHaornIHbIe TPUOOPHI
MEHBIIINX Pa3MepOB IIOMYININ PACIIPOCTPAHEHHE B
(epmepckux X035iICTBAX.

B mocennve ronpl st H3MEPEHUS 1eOUTa BOMBI B CHCTEME
OCHOBHBIX 1 (DepMEPCKUX KaHAIOB BOIOCHAOKEeHUsT
HAILJTH TPUMEHEHHe YIbTPasByKOBble cueTIHNKH. OOBIIHO
HX ITOMEIIAOT 110 BCeH mmnHe Tpybomposona. st
Tpy6ompoBosa fuametpoM 6ojee 1 M Tpebyercs
MHOTOKaHA/TbHBII THII YIBTPA3BYKOBOTO CIETIHKA; €C/TH
araMeTp MeHee 1 M, TO JI/IsL CYeTINKA TPeOYeTCs: TOIBKO
OIMH KaHaJI PaCIIPOCTPAHEHHUs YIBTPasByKa (puc.2 ).
TouHOCTD U3MEPEHHSI BBICOKAsT, HO 3aBUCUT OT
ITOCTOSTHCTBA CeIeHHsI TPYObI, 0COOEHHO B BapHaHTe C
OIHOKAaHA/TBbHBIM CUETYHKOM. BXomHbBIE OTBEpCTHS
3aTBOPOB, a TAK)Xe KOJIeHa TPyOOIIPOBO/IA BIUSIOT Ha
Ppesy/IbTaThl U3MEPEHUIT — TPeOYeTCs IPOLO/DKUTEIBHOE
BpeMsI HCIIBITAHUI WIH ClIelHaTbHble IEPETOPONKH IS
TOYHOTO OTIPee/ICHHUS YyCPETHEHHBIX Be/IMIHH [3].

HPO6]I€MI)I BOJOIIO/Ib30BAHUA U OPOILIIE€HUA

Opzaﬂusauuﬂ opocumenvHbvlX CUCtem

V3mepenue ne6uTa UPPUralHOHHO BOLIbI 5B/ISETCS
CYLLECTBEHHOM YaCThIO OPraHU3alUK OPOCUTEIbHBIX
paboT U ypaBeHHs1 KaK paclipeeInTe/lbHBIMU
CHUCTeMaMH, TAK ¥ OPOCUTE/IbHBIMU CHCTeMaMu Ha dhepMax
[6]. 3HaTh OpOCHUTEBHYIO HOPMY BOIBI WIH (PaKTHIECKOe
€€ UCI0/Ib30BaHUe [IPH KaKIOM II0JIUBE CTOJIb YK€ BAXKHO,
KaK U [UIAHKPOBATh PEKUM OpolieHus. HeoqHoKpaTHO
6BUTO TOKA3aHO, YTO Ce30HHasI MTOfIa4a BOJbI Ha (hepMbI
06BIYHO COKPALIIAETCsI, €C/IU CTOK COOTBETCTBYIOIIUM
06pasoM KOHTPOIUPYETCS, PETYIUPYETCs U M3MePSETCSL.

[1aHupoBaHue OPOLLEHUS CEIbCKOXO3SCTBEHHBIX
KY/IBTYP U [I0YB IIPOCTO BK/IIOYAET pacyeT BpeMeHH
OPOLIEHHUsI U OTIpe[ie/ieHre KOIMYeCTBA BOJIBL,
HeOo6XomMMOTo IIsl 1oauBa [6]. Il oTHX 1eei
HCIO/IB3YIOTCS HECKOIBKO MeTonoB. HenaBHo
paspaboTaHHbIe KIMMATHIECKHe TaTIUKH 1
KOMIIBIOTEPHBIE IIPOrPAMMBI CBUETETBCTBYIOT O CIBHUIE
y4eHus: 06 OpOLIeHUH B CTOPOHY TOYHBIX HayK. Eciu
PEXUM OPOILIEHUs CIUTAHUPOBAH B COOTBETCTBUU C TOYHO
[IPOTHO3UPYEMOI1 IIOTPEGHOCTHIO KY/IBTYPBI U
MOHUTOPHHT [IOYBEHHBIX BOJ| OIIpee/sieT Ha/lMYKe BIaru
B [Ipe/ie/Iax KOPHeOOUTAeMOl 30HbI, CE30HHOE
BOZIONIOTpeO/IeHI e 3HAYUTEIbHO COKPAILIAETCs,
[IPOMCXONUT 9KOHOMUs BobL. YKecTko
periaMeHTUPOBAHHBII BOTOOGOPOT OOBIYHO TPUBOTUT K
U30BITOYHOMY OPOILIEHHUIO, T.K. BOJIA IIOCTYIIAET Yepes
orpeqe/ieHHble [IePHOMIbL M UCIIOIb3YeTCs 110 Mepe
[OCTYIUIEHMsI, HE3aBUCUMO OT IIOTPEGHOCTH B Heil
pacTeHuil B 9TOT MOMEHT. 3aKOHOIATe/IbHbIE OTPAHHIEHNU,
HeaJeKBaTHAasl IIPOU3BOAUTEIbHOCTD CUCTEMBI
BOMOCHAGKeHMU ST, TPOOEbI B 3HAHUAX (PePMEPOB CHIDKAIOT
adexTrBHOCTH MeTOA CHAGKEHUS 110 TOTPEOGHOCTH.

[Mpumeyanwue: K0a(DUITUEHT TOTEHIITHATHHOM

3 HeKTUBHOCTH OPOIIIEHUS OTIPEEIAETCS KaK
OTHOIIIEHHE YUCTOTO BeCa BOIBI, HEOOXOAUMOTO ISt
BOCCTAHOBJIEHU s ITIOYBEHHOM BJIar B KOPHEBOM 30HE 10
YPOBHSI, He IIPEBBIIIAOIIETO BIAKHOCTH 3aBsIAHMS, K
006111eMy KOTHYECTBY UCITONb30BaHHOIT BOZBL. JTO
pacdeTHbIE 3HAYCHUS, U OHHU OTPAXKAIOT OT/e/TbHBIE
[TO/TUBBL, @ He CE30HHYI0 9(P(HEKTUBHOCTD OPOIIIEHUS.

InanupoBaHue pe>KMMa OPOLLIEHUS BKIIOYaeT
IIPUEMJIEMBIII CTOCO6 paccyeTa ¥ MPOTHO3SUPOBAHMS
9BAIlOTPAHCIMPALIUMU PACTEHUI, COOTBETCTBYIOIINE
METOIbI MOHUTOPUHTIA IIOYBEHHOM BJIATU U U3MEPEHHUE
pacxoyia opocuTensHOIT Bombl [6]. Bosee Toro, Bce MeTombI
IUTAaHUPOBAHKA NIPUHUMAIOT BO BHUMaHUE OTPaHUYEHNA
CaMOM OPOCHUTENBHOM CUCTEMbI U YIIPABJIEHUS €10 —
HaIlpUMep, HIDKHUI U BEPXHUM IPeIe/bl JOCTYITHOCTH
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Figure 2. Single path ultrasonic flow meter being used to measure irrigation flows to large farms
Puc. 2 Y1bTpasByKOBOI JaTYUK IIOTOKA, UCIIO/NIb3yEMBII /ISl U3MEPEHU S obbemMa UPPUrallMOHHBIX BOI, IS

KpynHbIX dhepm

Solar panel
Cosnueunast 6arapest

In recent years, ultrasonic flow meters have been used to
measure flows in delivery system canals and farm systems.
These meters are usually placed in lengths of pipe. Pipes more
than 1 meter in diameter may have multiple-path styles of
ultrasonic meters, while those less than 1 meter may have
only one path (fig. 2). Accuracy is good but depends on the
uniformity of the pipe flow profile, especially in the single
path styles. Entrance gates and pipe elbows can affect
results—requiring long sampling times or special baffling to
average results accurately (3).

Management of irrigation systems

Measurement of irrigation flows is an essential part of the
operation and management of both delivery systems and
onfarm systems (6). Knowing the needed water application or
the amount of water that was applied for each irrigation is as
important as knowing when to schedule the irrigation (photo
6-4). It has been demonstrated repeatedly that seasonal
delivery to the farms is generally reduced when flows are
adequately monitored, regulated, and measured.

Scheduling irrigation of a specific crop and soil simply
involves timing of irrigation and determining the amount of
water to apply (6). Several methods of scheduling irrigation
can be used. Recently developed climate sensors and
computer programs have moved irrigation toward a more
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exact science. If applied irrigations are scheduled according to
accurately predicted crop need and soil water is monitored to
indicate water within the root zone, seasonal water use is
generally reduced and water conserved. Rigid rotation tends
to cause excess irrigation because the water is only available
periodically and is applied whenever available regardless of
immediate crop need. Institutional constraints, inadequate
capacity of the delivery system, and lack of farmer knowledge
limit the success of delivery-on-demand policies.

All irrigation scheduling includes an acceptable way to
calculate and predict crop evapotranspiration, some method
of adequately monitoring soil water, and a measurement of
irrigation flows (6, 9). Furthermore, all scheduling methods
consider the limitations of the irrigation system and the
management operations being used—for example, low/high
water costs and availability; low/high labor costs and
availability; scheduling method sensor and equipment costs;
general practicability; and farmer interest and technical
capability. Farmers follow irrigation schedules and
management practices that maximize the use of rainfall
during the crop growing season; manage an existing water
table; control costs of water or pumping; mitigate short, or
potentially short, water supplies; protect public water quality;
and minimize soil erosion.
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BOIBI U ee ce6eCTOUMOCTH; HKHUI 1 BEPXHU IIpee/Ibl
OOCTYITHOCTU TPYLOBBIX PECYPCOB U 3aTpaT Ha UX
HCIIOIb30BAHME; CTOMMOCTD JaTYUMKOB U JPYrOro
060pynoBaHMsL; OOIIYIO IPAKTHIECKYIO IIEHHOCTD
CHCTEMbI; 3aMHTEPECOBAHHOCTD U TEXHUYECKUE
BO3MOXKHOCTHU (epmepoB. DepMepbl COOMIONAIOT PEKUM
OpPOILIEHUSA U NIPAKTUKY OPraHU3aluK OPOCUTENTbHBIX
PaboT, KOTOPbIE MTO3BOJISIFOT MaKCHMaIbHO HCIIOIb30BATh
TOXKIIEBbIE€ OCAKU BO BpeMs BEreTallMOHHOTO IIePUO/a,
PerymmpoBarh CylIeCTBYIOLIUIA YPOBEHb BOIBI,
KOHTPOJIMPOBATh 3aTPAThl Ha BOAY U €€ IePEKadKYy,
KOMIIEHCHPOBaTh Pea/IbHbIN WIN IOT€HIIMa/IbHbIN
nedUIUT BOLOIIONAYH, TOAIEP)KUBATH KaUeCTBO IIUThEBOI
BOJbI U CHYKATh YPOBEHD ITIOYBEHHON 9PO3UH.

B mesisx 9KOHOMHHU BOIBI OOBIYHO TPEOYIOTCS
adexTuBHbBIE MeTONB! OpoLIerus. OOIIenpUHSIThIE
CIIoCcoOBI TIONIMBA — TOXK/IEBAHHUE, TOBEPXHOCTHOE
OpoliIeH e, TOYETHOE 1 TIOAIIOYBEHHOE OPOIIIeHHE — MOTYT
(dopMUpOBaTHCs B pa3IMYHbIE CUCTEMBI, 0OTA/IAIOTIIIE
MTOTEHIUATBHO 9P (DEKTUBHOCTHIO IPUMEHEHUS,
OrpaHuYeHHY0 QU3HIeCKUMH (HAKTOPaMH,
BO3JIEMCTBYIOIIMMH Ha (byHKuMOHMpOBaHHe 3TOM
cucteMbl. KOHKpeTHbIE YCIOBHUS OIPENeNAOT BEIOOP
cuctembl. HammpuMep, B yCIOBHSIX YKapKOTO apUIHOTO
KIMMaTa BBICOKOA (D deKTHBHAS B 00IIIeM CIydae CHCTeMa
NMOXKIEBAHUS MOXKET OKa3aThbcsi MeHee a(p ek TUBHOI, YeM
XOPOLIIO CKOHCTPYHPOBAHHAsI M OPTaHM30BaHHAs CHCTEMaA
OpOILIIeHUs 10 00BaIOBAHHBIM II0I0CaM WIX 10 60POo3IaM.
Opna Takast CHCTeMa TOBEPXHOCTHOTO MOTNBA
ucnbIThIBasach B ['pann xankury, mrat Komopano, B
1990 r. Cucrema, raoe UCII0Ib30BaJICS OTHOCUTEIbHO HOBBIN
METOI OPOIIEHUS ¢ U3MEHSIOIIENCSI CKOPOCTHIO IIOTOKA IT0
CIUTAHUPOBAaHHBIM 00PO3/1aM HIH 06BaIOBaHHBIM
I10JI0CaM, II03BO/IMJIA CHUSUTD PAcXofl BOABI Ha 23 yJacTKax
B cpenHeM oT 1035 MM 10 650 MM 3a ce30H. OIBITHI
[IPOBOAMINCH Ha ITOCEBAX KYKYPy3bl Ha IOYBaX yMEPEHHO
BononponuiaeMoct. OpoliieHne ¢ N3MEeHSIIOLIEeCsT
CKOPOCTBIO [TOTOKA ITO3BOJISIET JIyHIlle PETYINPOBATh
pacxop BOIbI, MEHBIIIE 3aBHCUT OT IIOBTOPHOTO
HCITONIb30BAHMSL, YTO COCOOCTBYET 9KOHOMHUH
OPOCHTE/IbHOM BOIBI, IPEAYIIPEKAAST €¢ BO3MOXKHbIE
[TOTEPH.

B Ta6muie 1 npuBenersl K09 OUIMEHTHI TOTEHI[HATBHOIT
adexTUBHOCTH OpOIIIEHS, OKUTAEMbIE JIISI Pa3TUIHBIX
OPOCUTE/IbHBIX CUCTEM, paccuuTanHble Pocc u XemryHn
[10]. Koadduruent noreniinanbaoi addekTuBHOCTH
OPOLLIEHHUST OTPAKAET PE3YIBTATHI, KOTOPHIX MO>KHO
IOCTUYB IIPH XOPOIIIO CKOHCTPYUPOBAHHBIX U XOPOIIIO
YIIPaB/IIEMbIX CHCTEMAX IS CIeIU(PUIECKUX TOIYBEHHBIX
YC/IOBUIA: BOIOYIE€P)KHUBAIOIIEN CITOCOOHOCTH ITOYBHI,
Tororpad)uu WiIn CKJIIOHA OPOIIIEHNUsT, XAPAKTEPUCTUK
BETPa, CIelHPUKHU CeTbCKOXO3SIICTBEHHO KY/IBTYPhI U
T.JI. B CyII1eCTBYIOIIINX OPOCHTEIPHBIX CHCTEMAX HEMAJIOo

HPO6]I€MI)I BOJOIIO/Ib30BAHUA U OPOILIIE€HUA

(axTopoB BrusIOT Ha pelieHue hepmepa
YCOBEPIIIEHCTBOBATH CITOCO6 ITOIMBA WIN 3aMEHUTH €ro
apyrum, 6ojee 3pHeKTHBHBIM 1 9KOHOMHYHBIM. [lake
camasi JTydIias OpPOCUTE/IbHAsI CHCTEMa MOYXKET TOIIYCKaTh
[TOTePH BOIBI IIPH HEIPABHIBHOI 9KCIUIYaTallnU U
ympasiernu. Cry>K607 OXpaHbl IPHPOIHBIX PECYPCOB
MunuctepcrBa cenbckoro xossiitctsa CIIIA paspaboranbr
“YkasaHusI IO IVTAHUPOBAHHIO OPOCUTETBHBIX CHCTEM
(Mupexc Onenxu Oporrennst Pepmbr - NOO®D), koTopble
[IOMOTAIOT OLIEHUTH OPOCUTE/IbHbIE CHCTEMbI H YPOBHH
yIIpaB/IeHUs IIPH IUTAHUPOBAHHUH U OLieHKe. B HacTosIee
BpeMsi 9TH “YKasaHUsT MCIIOIb3YIOTCS B 3aITaIHBIX IIITATAX
ctpausl [11]. B ycnoBusx apupHoro knMara Ha 3amane
CIIIA BbICOKHE ypOXKaH Yallle BCero ObIBAIOT B
3aCYLUIUBBIE TOIBI. ITO CBSI3AHO C HHTEHCUBHBIM
HCITOIb30BaHKMEM MMEIOIINXCS PECYPCOB BOLOCHAGKEHUSI
IUIsI BO3/IE/IBIBAHNST HEOOXOIMMBIX Ce/TbCKOXO3SIIICTBEHHBIX

KYJIBTYP.
Cucmemuvt no8mopHO20 UCNOIb3068AHUS CTNOKA

CHCTeMBI IIOBTOPHOTO HCIIOIb30BAHMSI HPPUTALIHOHHOTO
CTOKA TIPEICTAB/ISIIOT OO0 CHCTEMY KO/UIEKTOPOB
(OTKpBITHIE KaHAIBI WIN TPYOOIIPOBOMIbI), OTCTOMHUKOB
WUTH HaKOIIUTE/IbHBIX IIPY/OB, WIH CHCTEMY BO3Bpara
(macocser u Tpy6omposozsr) [1,7]. [ToBTOpHbIE CHCTEMBI
JaIre BCero MPUMEHSIIOTCS B CHCTEMAaX IIOIMBA 110
HAaKJIOHHBIM 60PO3aM WX 110 HAKIOHHBIM [IOTOCAM.
[ToBTOpHOE HCIIONB30BAHKE CTOKA Ha (DEPMEPCKHUX MOJSX
MOYKeT HOJIePYKUBATh WIH YAYYIIATh KAYeCTBO BOJBI B
[TOTOKaX K MOTPEOUTENSAM B T€X CIyYasiX, KOTIa KauecTBO
[TOBEPXHOCTHOM BOIBI BHI3BIBAET 03a60YEHHOCTH U3-32
3arpsI3HEHNUs IECTUIUIAMH, TUTATEIbHBIMU BEI[eCTBAMU
1 Hanocamu. CoueTaHne pPeryJIMpOBaHKsl BOTHOTO PEXIMa
C KOHCTPYKIIHEHN U paboTOM CHCTEMBI cOOPa U TOBTOPHOTO
HCITO/Ib30BAHMSI CTOKA TTI03BOJISIET:

*+  00eCIeYnTh OTHOCUTETHHO BBICOKHE HOPMBI
[TOCTYIUIEHHSI BOIBI U OTIEPATUBHOCTD B YIyUIIIEHHN
PaBHOMEPHOCTH PACIIPeeIeHNsI BOMIbL;

*  YCTaHOBHUTH BpeMsl, ZOCTATOYHO MTPOJODKUTEIBHOE IS
YCBOEHHST HEOOXOIMMOTO KOITHYECTBA BOMBI IIOYBOI C
HHU3KHUM YPOBHEM BOIOIIPOHHUIIAEMOCTH;

*  HCIIOIb30BaTh HAKOIICHHbIE CTOKH /IS
TOTIOTHUTEIBHOTO OPOILICHHST;

*  MOBBICUTH OOIIYI0 9P PEKTUBHOCTD IPUMEHEHHUS
OPOILLIeHHUSI Iy TeM OPOIIIeHHUs OOMBIIHNX IUIOIIAMIEH
OIHUM U TeM ke KOJIMIeCTBOM BOJIbI FUIH OPOILIEHHUS
OIHOM U TOM >Ke IUIOLLAAY C MEHBIIIUM PAacXOoOM BOIbI;

+  o0ecIednTh BOSMOXXHOCTD BBIPALINBAHUS G0ojIee
BJIATOTIOOUBBIX KY/IBTYD;

*  CO3IaTh BpeMeHHbIe XPaHWINIIA BOMBI B CHCTEMAX
BOIOCHAOKEHNUS [/IS1 BOT, TEPSIOLIIUXCS IIPH BITYCKe,
BBIITyCKE WIU IIPU U30BITOYHOM IOCTYIICHUH, KOTTa
BoIa (aKTHIECKHU He HCIIOMb3YeTCs.

Kpome Toro, coueranue perympoBaHus BOJTHOTO peXKUMa
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An efficient irrigation method or system that uniformly
applies the water is generally required in order to conserve
water (photo 6-5). The general irrigation methods—sprinkler,
surface, micro, and subsurface—can be further divided and
defined into various systems that have potential application
efficiencies limited by physical factors affecting the operation
of that system. Site conditions may determine the system
used. In a very hot, arid climate, for example, a highly
efficient sprinkler system can be less efficient than a well-
designed and well-operated border or furrow system. One
such surface system being investigated has produced
preliminary results in a 1990 study at Grand Junction, CO. It
involved the relatively new technique of surge irrigation on
graded furrows or borders, and reduced applied water from an
average of 1,035 mm to 650 mm on 23 sites in 1 season. This
occurred on corn on a medium-high intake rate soil. Surge
irrigation allows better control of applied water and less
dependence on reuse, thus conserving water by allowing less
opportunity for water losses.

In table 1, Ross and Hedlund show the potential application
efficiencies expected for various irrigation systems (10). The
potential application efficiency represents what can be
attained with well-designed and well-managed systems for
specific site conditions—soil intake and water holding
capacity characteristics, topography or irrigation slope, wind,
crop, and so on. For existing irrigation systems, many factors
influence a farmer’s decision to improve the system or convert
to another method or system that may be more efficient or
appear to be more economical. The best irrigation system can
waste water through inappropriate operation and
mismanagement. The U.S. Department of Agriculture’s
Natural Resources Conservation Service (NRCS) has
developed a planning aid, the Farm Irrigation Rating Index

Photo 6-4. USDA technicians in Colorado conduct irrigation delivery rests to
determine optimum flow rates and delivery times to improve onfarm irrigation
management systems. (Tim McCabe phoro)

Doro 6-4. Criennanuctsl Muncenbpxosa CIIA mpoBonsAT B murare
Kostopayio usmepeHust IOTOKOB OPOLLIEHHS C LEJIbIO OIIPee/IeH s
OIITHMAJIbHBIX CKOPOCTEH [IOTOKA U BPEMEHH OPOLIEHNUS JUISL YTy IIIeHNs
yIIpaBJIeHVsl OPOCHTEIbHBIMU cHcTeMamu Ha (epmax. (Poro Tuma
MaxKeii6a)
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(FIRI), to assist in evaluating irrigation systems and
management levels during the planning or evaluating process.
This planning aid is currently being used in several Western
States of the United States (11). In the arid Western States,
the best crops are frequently associated with drought years.
This is attributed to intense management of the available
water supply in order to grow a desired crop.

Runoff flow reuse systems

Systems for reusing irrigation runoff that is otherwise lost

consist of a collection system (open ditches or pipelines),

Photo 6-5. LEPA (Low Energy Precision Application) irrigation systems conserve
water by keeping delivery low to the ground which greatly reduces drift. Addition-
ally, they offer a variety of nozzle configurations ro meet diverse delivery needs.
(Tim McCabe photo)

Doro 6-5. CucreMbl 9Heprocbeperaoiero TO4Horo oporrerns LEPA
06ecIednBaoT 9KOHOMHOE MCIIOIb30BaHNE BOJbI 3 CYET [TOJAYM ee
HEIOCPEICTBEHHO HaJ| IIOBEPXHOCTDIO ITOYBBI, YTO CYL[ECTBEHHO
YMEHbIIIaeT CHOC BOIbl. KpoMe Toro, 911 CHCTeMbl YKOMIUIEKTOBAHbI
PasIMYHBIMYU BapHAHTAMI HACAJIOK, 00eCIIeYHBAIOIINMY Pa3HOOOpasHbIe
norpe6octu B oporernu. (Poro Tuma MaxKeit6a)

Photo 6-6. A tailwater irrigation water recovery pond collects excess water (with
pesticide, nutrient and sediment), thus maintaining water quality for downstream
users. (Tim McCabe photo)

Doto 6-6. Bomoem Ha ypoBHe HIKHero 6beda j1st c6opa CTOKOB
OPOCHTE/IbHBION BOBI (C IIECTHIMAAMIL, IUTATe/IbHBIMI BEILIECTBAMI U
OTHO)KeHI/IFIMH) II0O3BOJIAET NOAAEPIKUBATH BHICOKOE Ka94€CTBO TIOJIUBHOM
BOIIBI JI/IsI KOHEYHBIX roTpebureneit. (Poro Tuma MakKeii6a)
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C KOHCTPYKIMEHN U pabOTOM CHCTEMBI c6Opa 1 IIOBTOPHOTO 2.
UCIIO/Ib30BAHUsI CTOKA ITO3BOJISIET PELIUTH IPOO/IEMy
BO3MOXXHOTO U30OBITOYHOTO CTOKA, BO3HUKAIOLILYIO [IPU
COKpAILleHNY JUIMHBI WX [IyOUHBI KAaHAJIa, & TAK)Ke

CHUBUTD WIU HOJHOCTBIO UCKIIOYUTH CTOK HIKE KaHaIa U

CBA3aHHOE C 9TUM 3arpA3HEHUE.

HaxkonurenpHbII BOTOEM WIM OTCTOMHUK OOBIYHO
pasMeIaoT B CaMOM HU3KOM TOYKE OPOIIIaeMOIL
TEPPUTOPUH, C TeM, ITOOBI BECh CTOK MOT ObITh COOpaH U
MMOBTOPHO MCIIONB30BaH [yisi opoiierus. [loBTopHbIe
CHCTEMBI MOTYT OBITh IIOCTOSIHHO IEHMCTBYIOIIIMMU
06pPaTHBIMH CHCTEMaMH, HCIIOIb3YIOLIUMH OTCTOMHHUK,
TPeOYIOLINI UL HEIIPOLO/DKUTEIBHOTO XPaHEeHHUs BOIBL,
WIN CHCTEMaMU MTePHOANIECKOTO AeHCTBHSL, TPEOYIOIINMHU
IUINTEIBHOTO XPaHEeHHUs BOABI. EC/IM HCIIO/IB3yeTCst BOKOEM,
OH JTO/DKeH 00/1a1aTh I0CTaTOYHOM eMKOCTBIO, 4TOOBI
HAKaIUTUBATh CTOK BOJIBI ITOJTHOTO IIUK/IA OPOIIIEHUS, THOO
obecreunTs HeOOXONUMYIO HOPMY TIOTHBA Ha OUH
IIO/THBII UK oporteHus1. O6bIYHO nocTenHee Tpebyer
MeHbIIIero 06'beMa HaKOIUTEHUsI BOIbI, HO OMHOBPEMEHHO
yBeIHYeHHUs pasMepoB oTCToMHKKa. Ha prc.3 mokasaHo,
KaKOro yBeandeHus1 06111et 3¢ eKTHBHOCTH ITPUMEHEHHS
OPOIIIeHUsT MOYKHO OXKUIATH OT TOBTOPHOTO
HCITO/Ib30BaHUA CTOKOB [11]. BogHoe 3akoHOAaTeNbCTBO B
HEKOTOPBIX IITaTaX Ha 3arajie CTPaHbI MOXKET He
IOIIyCKaTh OBTOPHOE HCIIOIb30BAHUE BOJBI, yIUTHIBAS
HUHTEePeChl BOOOII0/Ib30BaTe/IeN B HIDKHEN YacTH
OPOCUTETBHBIX CHCTEM.

3akaroyeHue

PerymipoBaHie BOTHOTO PeKHMa U OXPaHa BOLHBIX
PeCypcoB BO3MOYKHBI, KOTZIa OPOCHTE/IbHbIE CHCTEMBI
PAILMOHAIBHO YIIPAB/ISIIOTCS, 06eCIeInBast CKOPOCThb U
00'beM MONAYH BOIbI COOTBETCTBEHHO MOTPEOHOCTSIM
PaCcTEHHIT B YaCTH YCIOBUI B KOPHEOOUTaeMOI 30He,
MTOTJIOTUTETbHO CIIOCOOHOCTH TIOUBBI ¥ iepuiinta
[MOYBEHHO Biaru. HecMOTpst Ha MepbI, IpUHUMaeMble s
COXpaHeHUsI BOMIbI, 0OBIYHO TPeOYIOTCS JOMOTHUTETbHbBIE
3aTpaThl TPy/a Ha OTPAHUYCHHE IOTEPh BOMBL.
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Figure 3. Determination of R Factor based on Application Efficiency and percent water reused
PI/IC. 3 q)’dKTOp IIOBTOPHOTO MCIIO/JIb30BAHNA UPPUTATUOHHBIX BOJ,
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sumps or storage ponds, or a return system (pumps and
pipelines) (1, 7) (photo 6-6). Reuse systems are employed
most commonly with graded furrow and graded border
systems. Onfarm reuse of runoff can maintain or improve
downstream waters where surface water quality to
downstream users is of concern because of pesticide,
nutrient, and sediment content. Combining water
management with the design and operation of collecting
and reusing runoff allows:

* relatively high onflow rates and quicker advance times to
improve distribution uniformity;

* set times which are long enough for a low-intake soil to
take in the required amount of water;

* use of stored runoff to supplement the irrigation supply;

* higher overall application efficiencies, thus irrigation of
more area with the same amount of water or irrigation of
the same area with less overall water;

* option of growing higher-consumptive-use crops; and

* the temporary storage of delivery system losses associated
with water inflows, outflows, and overflows while not
actually using the water.
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In addition, combining water management with the
design and operation of collecting and reusing runoff
alleviates potential excess runoff problems associated with
a change to shorter run lengths or shallower depths of
application, and reduces or eliminates downstream flows
and associated pollutants.

A storage pond or sump is generally located at the low point
of an irrigated area so all runoff can be collected and reused.
Reuse systems can be a continually operating return system
using a sump with little to no storage required or an
intermittent return system with storage required. When a
storage pond is used, it should have the capacity either to
store the runoff from one complete irrigation set or to provide
a desirable onflow for one complete irrigation set. Generally,
the latter will require less storage volume but larger sumps.
Figure 3 shows the increase one can expect with the overall
irrigation application efficiency of reusing the runoff (11).
Because of water-rights regulations in some Western States,
tailwater reuse may not be allowed because of long-term
customary dependency by downstream water users.
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Table 1. Recommended potential Application Efficiencies for various irrigation systems
Tabmuua 1. PekomeHmyemble BeTMIMHbBI K03 dHUIIMEHTA TOTEHIIHATbHOM 9P HEKTUBHOCTH OPOIIEHHUS IS
Pa3/IMIHBIX UPPUTATMOHHBIX CUCTEM

System Potential Cucrema Koaddurment
Efficiency
Borders [TonocoBast
Level or basin 60-90% TopusonTanbHas WiIn 60-90%
Graded 50-80% 6acceitHOBast
Contour 50-80% Haknonnas 50-80%
KonTypHnas 50-80%
Furrow boposnoBas
Level or basin 50-90% TopusonTaabHass W 6accetHOBAs 50-90%
Graded 50-70% Haxknonnas 50-70%
Contour 50-70% KonTypHnas 50-70%
Corrugation 50-70% TobpupoBannas 50-70%
Surge 60-80% Bonmuucras 60-80%
Micro Muxpocucrema
Point source 85-90% ToyeuHbI! UCTOTHUK 85-90%
Spray emitters 86-90% Pas6pbIsruBarenn-aMUTTEPHI 86-90%
Continuous tape 85-90% HenpeproiBHas neHTa 85-90%
Spray heads 85-90% Pactiermnrenu 85-90%
Sprinkler HoxxneBanmbHas
Periodic move ITepuopyudeckoro ABUKEHUS
Big guns 55-77% Kpynnble opynus 55-77%
Solid set 60-88% JKecTkass KoHCTpyKIIMs 60-88%
Side-roll wheel lat 60-85% C 60KOBBIM BaJINKOM 60-85%
Hand move 60-85% Pyunoe ynpasienue 60-85%
Continuous move HemnpepbsIiBHOTO OBIKEHUS
Big guns 55-77% Kpynnble opynus 55-77%
Center pivot 75-88% Kpyrosoro gBrxeHust 75-88%
Lateral move 80-90% bokoBoro nBukeHUs 80-90%
Center pivot (LEPA) 75-90% Kpyrosoro gerkenus (3TO) 75-90%
(Low Energy Precision Appl.) (aHeprocbeperaroiiee TOTHOE OPOIIIEHIE)
Note: Potential Application Efficiency is defined as the [orenunanbras 3 QeKTUBHOCTb OPOLIEHNS ONPEAEIAETCA KaK
ratio of net water applied to replace soil water within the COOTHOILEHHE MEXY KOTMIECTEOM BOALI, HCTIONbSOBAHHOM M1A
root zone r_10t to exceed crop_consumptive use versus gross ;;Dﬁgﬁﬁf aﬁ;gﬁf gf&%igi;ﬁ 1; ;( fT%i;(;éingﬁ;; igﬁn?{z CrBOM
water applied. These are design values and represent OPOCHTEILHBIX BOJI. ITOT K0 OUIMEHT UCIIOIB3YeTCs JUISL U3aiiHa 1
single irrigation events, not seasonal application efficien- PaCCYNTBIBAETCS IS E4MHUYHOTO OPOCUTEIBHOTO [IEPHOA, 4 He IS
cies. Ce30HHOI 9 (HEKTHBHOCTH OPOLLIEHHSI.
11. Cry>x6a oxpansl mous, MCX CIIA. 1991. Mupekc 13. 3umbenbman, Jappemwt 1. u Hasun [1. Bensopc. 1983.
yppuranuy Ha pepmax: MeTos IUTaHUPOBaHU S, OLICHKHI KoMnbIoTepHBIiI KOHTPO/Ib CHCTEMbI HPPUTALIOHHBIX
1 yn1y4qdlIeHusaA MEHEIPKMEHTa I/IppI/IraLlI/II/I. SaHaHHLIﬁ KaHaJIOB. >KYPH8.}'I HH)I(eHepI/II/I I/IppI/IraLlI/II/I nu HpeHa)Ka
HallMOHA/IbHBIN TEXHUYECKUN LeHTp, [lopTiann, AOTI'M, 109(1), 42-59.

Operon. Texuudeckas my6muKkaius, 63 c.

12. Ciy»x6a oxpanbl mous, MCX CIIIA. 1951-1992.
HannoHanpHBIN MHXEHEPHBIN CIIpaBOYHUK. CeKITus
15, Uppuranus. [naser 1-12.
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Example: An irrigation “application efficiency” of 50 percent
and tailwater (runoff) “percent reuse” of 70 percent would
give a factor of 1.35 times the original application efficiency.

Summary

Water management and water conservation are possible

when irrigation systems are adequately operated and

managed so that irrigation water is supplied according to crop
needs in terms of rate and amount matching root zone, soil
intake, and soil water deficit. Although water is conserved,
additional labor is generally required to minimize or eliminate
waste water.
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Use of Saline Drainage Water for Irrigation

James E. Ayars, Virgil L. Backlund, James D. Rhoades, and Kenneth K. Tanji

Abstract

Traditionally, saline agricultural drainage water has been
disposed of by allowing it to percolate deep into the area
above the permanent ground water level or by discharging it
into river systems for transport to the ocean. Evaporation
ponds dispose of saline drainage water in regions where there

are few opportunities for deep percolation and river discharge.

However, its potentially hazardous impact on wildlife makes
the accumulation of toxic elements in these ponds a major
concern. Therefore, other methods to dispose of the drainage

water are being considered, such as reusing it to irrigate crops.

Introduction

Salt-affected soil is not limited to the arid and semiarid
climates. However, it is most often found where the total
annual precipitation is less than 250 millimeters (mm) and
where the soil originates from marine geologic formations.
Irrigated cropland in an arid climate will eventually require
root-zone drainage; the resulting saline drainage water will
need to be removed (photo 7-1).

Drainage water use strategies

In California, the three possible strategies for using saline
drainage water to produce crops are in situ, blended, and
cyclic. Each strategy requires specific site application and
management techniques.

In the in situ strategy, the crop uses water directly from the
shallow ground water. When using saline subsurface water on
crops, the depth of the water table, the quality and quantity
of the ground water, and the salt tolerance of the plants have
to be considered. The more closely the crop’s rooting depth
and salt tolerance match the depth and salinity of the ground
water, the more likely the plants are to extract the saline
ground water. The in situ strategy requires irrigation water
management methods that induce plant water use from
available ground water.

The next strategy, blending, uses two waters that differ in
quality and come from different sources. Blending can be
done either by network or by soil dilution. Using blended
water usually restricts the crop selection; this is because many
crops respond to the weighted mean water salinity regardless

of the blending method. However, blending good-quality

72 Article 7

irrigation water with water that is too saline can negate the
benefits of extending the water supply.

The cyclic strategy requires at least two sources of water. One
must be of better quality and lower in salt, while the other
can have a higher salt content. Under this strategy, the
different sources of water are never blended or mixed. A

rotation of salt-tolerant and moderately salt-sensitive crops is
possible. The salt-tolerant crops would be irrigated with the
saline water; the moderately salt-sensitive crops would be
irrigated with the better quality water. Note that both crops

"‘i‘ k ; i .& \ 3 % i . o L“a e %

Photo 7-1. Severely salt-damaged farmland in Californias San Joaquin Valley.
(Scott Bauer photo)

®oro 7-1. ITouBoBen Ciry>KObI Ce/IbCKOXO3SIACTBEHHBIX HCCIICTOBAHII
Jxum Poziec usydaeT o6pasel CubHO3aCOICHHOI MOYBBI B noniHe CaH-
Xoaxkwus, mwrat Kamudopaus. (Poro Ckora Bayepa)

Use of Saline Drainage Water for Irrigation



HpI/IMeHeHI/Ie 3aCOJICHHBIX OJPE€HAKHbIX BO/ IJ/IsI OPOIIIECHUA

Iicetimc E. Atiepc, Bupeun J1. Bexnyno, nceiimc [I. Podec, Kennem K. Tanoxncu

Pesrome

OG6BIYHO MUHEPAIM30BaHHbIE TPEHAKHBIE BOIBI
YOAIAIOTCA € IOJIEN Iy TeM IIPOCAYMBAHKA B IIOYBEHHBIN
CJIO¥ HaJi HOCTOSIHHBIM YPOBHEM I'PYHTOBBIX BOII, TH60
myTeM cOpoca B PEUHYIO CETh, OTKYa OHM IIOIAIAIOT B
OKeaH. B paitoHax, rme BO3SMOXKHOCTH yIa/IeHUs
MHUHEPaIU30BaHHBIX BOJ Iy TeM DIyOOKOI (PHIBTpAIiK
WIN PasTPY3KU B PeKU OTPAaHUYEHBDI, IJIS TPEHaKHBIX BOJ,
YCTPauBaIoOT HCIapUTeIbHbIe 6acceitHpl. OmHAKO
IOTEeHIMa/IbHasA OITACHOCTD [/I1 )KUBOTHOTO MHUPa
SIBJISIETCSI OCHOBHO ITPOOIEMOIT TP CKOIUICHUU
TOKCHYHBIX BEIIIeCTB B IOLOOHBIX BojoeMax. B cBssu ¢
9TUM PacCMaTPUBAIOTCA OPYrUe METONBI yaaIeHU
IOpeHa)KHBIX BOJI, TaKMe KaK IIOBTOPHOE UX MCII0Ib30BaHKE
IV OPOIIIEHNA CeIbCKOXO3ANCTBEHHBIX KYIBTYP.

BBenenue

PacpocTpanenue 3aco/ieHHBIX II0YB HE OTPaHUYNBAETCS
YCIOBUAMY apUIHOTO WIN ITOTyapUIHOTO KINMaTa.
OpHako OHU Yallle BCETo BCTPEYAIOTCs TaM, ITie
KOJIMYEeCTBO OCA/IKOB He IpeBbllIaeT 250 MM B rofi, 4 I7ie Ha
MOYBOOOPa3OBaHUE BIUAIOT Teoorndeckue popmanmm
MOPCKOTO IpoucxoxaeHus. OpoliraeMble 3eMIU B
YCJIOBUSIX aPUAHOTO KJIMMaTa TpeOyloT IpeHaka
KOPHEOOUTAEMOTrO CJI0sI IIOYBBI; B pe3y/IbTaTe 3TOr0
06pasyoTCcsi MUHEPaIM30BaHHbIE IPeHaKHbIe BOMBI 1
BO3HHKAET IIOTPEOHOCTD UX YIAJICHHUS.

CTpaTermI HUCIIOIb30BAaHUA JPEHAKHBIX BOJ

B KanudopHuu cyiiecTBYIOT TP BO3MOXKHBIX CIIOCO6a
HCIIOIb30BAHUsI MUHEPAIN30BAHHBIX IPEHAKHBIX BOJI IIPU
BO3Ie/IIBAHMH Ce/IbCKO-X035IICTBEHHBIX KY/IBTYP: in situ,
CMeEIIAHHBIN U MUKINYHBIN. Ka)k/Iplil 13 HUX IPUTOIeH
TSI OTIpEMie/ICHHBIX YCTOBUH U TPeGyeT COOTBETCTBYIOLLIEH
TeXHUKH YIIPaBJICHHSI.

Croco0 in situ mpegycMaTpuBaeT HeIIOCPEACTBEHHOE
HCIIOIb30BaHMe PACTEHUAMU BJIaT'¥ TPYHTOBBIX BOJ, U3
6M3KHX K TOBEPXHOCTHU TOPU30HTOB. [Tpn
HCIIOIb30BAHUN MUHEPATM30BaHHBIX TPYHTOBBIX BOJ, U1
CeJIbCKOXO3AMCTBEHHBIX KYIBTYp C/IefyeT IPUHUMATD BO
BHUMAaHHE UX YPOBEHb, KAIECTBO U OOMIHE, a TAKXKE
COJIEYCTOMIMBOCTD pacTeHuitl. Yem Goplire ryOnHa
KOPHEOOUTaeMOM 30HBI U COJIEYCTOIYNBOCTD PACTEHUI
IIPUOIMKAIOTCS K YPOBHIO U 3ACOJIEHHOCTH I'PYHTOBBIX
BO[I, TEM BBIIIIE BEPOATHOCTb UCIOIb30BAHUA PACTEHUAMHU

HPPIMCHCHPIQ 3aCOI€CHHBIX IPE€HAKHbIX BOJ /I OPOIIIE€HUA

TPYHTOBOII Bombl. CTpaTerust HCIOMb30BAHMUS
MHUHEPaIM30BaHHBIX [PEHAXHBIX BOT in situ TpebyeT
TAKOTl OPTaHMU3AI[UH OPOIIIEHHUS, KOTOPAs CIIOCOOCTBYET
HCITO/Ib30BAHHIO TPYHTOBBIX BOJ, PACTEHHSMU.

L pyroii, CMelIaHHbI# CII0C06 HUCITONb3YeT OPOCUTETBLHYIO
BOJy M3 IBYX UCTOYHUKOB, Pa3IMYHBIX 110 KAYECTBY.
CMerBaHue BOIBI MOXKET IPOUCXONUTH 1160 B
OpPOCUTEIbHOMN CEeTH, b0 B camoit mouse. Mcrionb3oBanue
CMEIIIaHHOM BOIbI OOBIYHO OTPAHUIMBAET BHIOOD
CeJIbCKOXO3AMCTBEHHBIX KYIBTYP; 9TO BBISBAHO TEM, YTO
MHOTHE KYJIbTYPbI YyBCTBUTEIbHBI K CPEIHEB3BEILIEHHOMY
IIOKa3aTe/I0 3aCOJIEHHOCTH BOJIBI, HE3aBUCUMO OT criocoba
cvemBaHuA. OTHAKO CMellIMBaHNe BBICOKOKa4eCTBEHHOM
OPOCUTEIBHON BOIBI CO CIUIIIKOM 3aCOAEHHOM BOLOMI
MOYKeT CBeCTH Ha HeT 3¢ (eKT OT yBeTHMIeHHUS ITOfAIH
BOJBI B pe3y/IbTaTe UCII0Nb30BaHUA ABYX UCTOYHUKOB.

Huxmraeckuit criocob mpernonaraeT UCIoab30BaHUe 110
KpaliHell Mepe IByX MCTOYHUKOB Bofibl. Bona ogHOro us
HUX JO/DKHA OBITH JTy4IIIero KauecTBa C HUSKUM
comepsKaHHeM COJIET, BOIA IPYTOrO MOYXKET ObITh CHIIBHO
MUHEepPaIN30BaHHOI. [Ipu 9TOM Croco6e BOMIbI pas3TnIHbIX
HUCTOYHUKOB He CMeIINBaIoTCcA. Bo3MOXKHO YyepenoBaHue
COJIEYCTOMYMBBIX MU YMEPEHHO YYBCTBUTEIbHBIX K
3aCOJICHHIO KY/IBTYP B ceBoobopoTe. CoeycToNIIBbIe
pacTeHus MOJIUBAIOTCA MUHEPA/JIM30BaHHON BOIOM,
KYJBTYPBI C YMEPEHHON 9yBCTBUTEILHOCTBIO K 3aCOIEHUIO
- BOJIO¥I jTyuliero kadecTBa. CiieyeT 3aMeTHUTB, YTO B
IIepUOZ, IOABJIEHNS BCXO[O0B U Te U IPYTHE PacTeHUs
HYXIAIOTCA B ITIOJINBE BRICOKOKAYE€CTBEHHOM BOJOM. Kpome
TOTO, IPU HUKIHIECKOM CIIOCO0e UCKTIOIAIOTCS YCIOBUS
YCTOYMBOTO 3aCOIEHHSI TOYBEHHOTO IPObUIISL.

O6¢y>xneHue pe3yIbTaToB
In situ

OnbITHOE TPUMeHEHMe crtocoba in situ MPOBOAMIOCH Ha
depme Myppuera B nonune Can Xoaxkus B Kammndopaun.
B atom ombITe 66U BEIOPAH PEKUM OPOLLICHNUS,
CIIOCOOCTBYIOIINI Pa3BUTHIO KOPHEBOI CHCTEMBI U
OTPeOIeHNIO PacTeHUsIMU BOfbL. [1okasarenn
CTPeCcCOBOTO COCTOSIHUS PACTEHHIL, TAKHE KaK 3a11ac BOJIBI
B mucThbaAX (3BJI) [4] ¥ MHIEKC BCAChIBAIOILIETO JaBICHUS
[TOYBEHHOM BJIaru [7] Mpu oTpeliesleHn CPOKOB MTOJIMBA,
adexTrBHO CrTOCOGCTBOBAIM UCITOTH30BAHUIO
PacTeHHsIMH IIOBEPXHOCTHBIX IPYHTOBBIX BOT, [5,1].

Cratba 7

73



need to be irrigated with good-quality water during
emergence. Also note that under cyclic use, steady-state
salinity conditions in the soil profile are never reached.

Discussion
In situ

An experiment implementing the in situ strategy was
conducted at Murrieta Farms in the San Joaquin Valley of
California. In the experiment, the farm’s irrigation schedule
was managed to induce root extension and crop water use.
Crop-based parameters of stress, such as leaf water potential
(LWP) (4) * and crop water stress index (7) to establish the
time of irrigation, have effectively promoted the use of
shallow ground water (5) (1). Using these techniques for
irrigation scheduling extended the irrigation interval without
inducing excessive plant stress. This method of irrigation
scheduling was tested on a cotton crop at the above site in
1982, 1983, and 1984; an average of 16 percent of the
evapotranspiration crop (ET | was taken from the shallow
saline ground water 7 deciSiemens/meters (dS/m) with a
maximum extraction of approximately 35 percent.

Wallender et al. (17) found that cotton could extract up to
60 percent of its ET_from saline ground water (6 dS/m).
Grimes and Henderson (3) found that in fine-textured soils
the maximum contribution from the ground water was a
function of water quality and water table depth. In general,
they found that the maximum potential extraction occurred
with increasing ground water salinity of 5 to 20 dS/m if the
depth to the water table also increased from 1.5 to 2.25
meters (m). Hutmacher et al. (6) found that in column
lysimeters with a fixed depth to the water table of 1.2 m,
ground water use by cotton was not affected until the salinity
exceeded 16 dS/m, which is approximately two times the
threshold value for yield reduction in the Maas-Hoffman
equation (8). Sugar beets grown in the same columns
exhibited the same response. When evaluating the water for
irrigation purposes, the use of saline ground water was not
restricted until the salinity was much higher than the
threshold values used for no yield reduction.

Blended

An experiment in the blending strategy was conducted at the
Broadview Water District (BWD), a 4,080 hectare (ha)
irrigation and drainage district located in the western section
of the San Joaquin Valley in California. (See figure 1.) BWD
did not have a surface drainage outlet to the San Joaquin
River; it collected its surface runoff and saline subsurface
drainage and recirculated them into the irrigation supply

! Underlined numbers in parentheses cite sources listed in the References
section at the end of this article.
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Figure 1. Location map in California
Puc. 1 Cxema MeCTONONOXKEHU S OIIBITHBIX
y4actkoB B Kamudopuun

Broadview Water District
WppuranuonHslit okpyr bponsbio

Murrieta Farms
@epmbr Myppuera

Imperial Valley
I/IMHGPCKa}I OOJIMHA

system. This caused the water table to rise. Subsurface
drainage systems were installed to help deal with the rising
water table. Today, nearly 90 percent of the land has
subsurface drains. There is concern over the complete
recirculation of drainage water and the resulting potential
impact on crop production (2). A detailed study was
conducted on the quality of irrigation return flows in the
general area, including the BWD (13), (14), (15), and (16).
During the 1975-76 irrigation season, 161-510 centimeter/
hectare (cm/ha) of drainage water was mixed with 180-860
cm/ha of canal water to irrigate 4,000 ha of cropland.

Table 1 presents the average water quality during the 1975-76
irrigation season. The canal water was of excellent quality but
was significantly degraded in salinity and boron after it was
blended with drainage water. Figure 2 shows the average
accumulation of salt electrical conductivity (EC) of soil
saturation extract and boron in 14 sampling sites. In spite of
the salt- and boron-affected soil, the yields of cotton,
tomatoes, barley, wheat, alfalfa seed, cantaloups, and sugar
beets were not seriously effected. But there were problems.
After 27 years—1954-1981—of continuous drainage water
reuse, the EC of the blended irrigation water had risen to
about 3.2 dS/m; this caused a decline in growth and yields.
In 1976, 800 ha of tomatoes were planted in the area

Use of Saline Drainage Water for Irrigation



[Ipumenenue aToro crocoba Mpu IVIAHKPOBAHNU
OPOILIIeHNS TTO3BOJINIO YBETMYUTD MEXITOTUBHOI MTePHO,
He BBI3BIBAsl CTPECCOBOTO COCTOSHUSA pacTeHUI. DTOT
MeTOI IVITAHUPOBAHUS OPOILIeHHsI ObUI IPOBEPEH Ha
[MOCeBax XJIOMMYATHUKA Ha 9TO ske pepme B 1982, 1983 u
1984 1T.; KOJIMYECTBO UCIIOIb30BAHHOI PaCTeHUAMU
MHUHEPaIM30BaHHOI TPYHTOBOIT BOfib! (7 dS/m) cocTaBmio
B cpenHeM 16% OT BeIMYMHBI 9BAllOTPaHCIUpalun
pacreHuit (STP), [P 9TOM MaKCUMaJjIbHasl BETUYNHA ee
cocraBuia 35%.

Bamrennep u zip. [17] ycTaHOBMIN, ITO X/TOITIATHUK MOXKET
u3BIeKaTh 10 60% sBanmOTpacCHIUPAIUH (110 STP) us3
BBICOKOMHHEPaTH30BaHHOM (6 dS/m) rpyHTOBOIT BOJBL.
I'paiimc u XenmepcoH [3] mokasanu, 9To B TOYBaX
TSDKEJIOTO MEXaHUYECKOTO COCTaBa MaKCHMYM
OTpeb/IeH s BIarH TPYHTOBO BOABI €CTh (QYHKITHS ee
KadecTBa ¥ IIyOHUHBI ypoBHA. OHU 0O6HAPYKIIH, YTO B
OOJIBIIIMHCTBE C/TyYaeB MaKCHMAIbHOE TIOTEHIIHATbHOE
M3BJIEYeHIE BOIbI PACTCHUSAMU HMEET MeCTO B IIpefenax
3HavYeHUI MuHepartusanuu ot 5 dS/m mo 20 dS/m, eciu
DIyOUHA TPYHTOBBIX BOJL TAKXKe YBETMIMBACTCS OT 1,5 M 110
2,25 M. XatMmakep u Ap. [6] yCTaHOBWIIH, UTO B OIIBITAX,
[IPOBOAMBIIIMXCS B TMSUMETPUICCKUX KOJIOHHAX C
(uxcrpoBaHHOI ITyOUHOI 3epKaia BOABI Ha ypoBHE 1,2 M,
comepsKaHue COei B PacTBOpPe He OKa3bIBajIo
OTPHLATENIFHOTO BINSHUS HA XTOMMIaTHHK, IIOKA OHO He
mpeBsbIIano 16 dS/m, 9To mpuMepHO B IBa pasa BbILIIe
3HAYEHUS TIOPOTOBOIT BEJIMIMHBI [UIsI CHIDKEHHUS YPOBHSI
YPOXKaliHOCTH, PAaCIMTaHHOI 110 ypaBHeHUIO Maac-
Xoddman [8]. B aHAIOTMYHBIX OIBITAX C CAXAPHOI
CBEKJION OOHapy KeHa CXOfIHAs peaKIlys pacTeHMIT Ha
coleprKaHMe Colell B TPyHTOBOM Bofe. IIpu olieHKe Bonbl
IUISI 11eJIeit OPOILIEHHST MOYKHO C/Ie/IaTh BBIBOI, YTO
MHUHEPaIM30BaHHAs IPYHTOBAasI BOIA MOYKET
HCITOIb30BAThCs1 6€3 OTPaHNIEHHIT IPH YCIOBUH, ITO
3aCOJIEHHOCTD €€ He MIPEBBIIIAET ONPEe/ICHHOTO ITOPOra,
IT0C/IE KOTOPOTO MOXKET HACTYIIUTD CHIDKEHHUE
YPOKaHOCTH.

Cmewmannwliii cnoco6

OTmBITHI 10 USYYEHUIO CTPATETMH CMEIIIMBAHUS ITPOBOININ
B ppuranuoHsHom okpyre bponssio (OB) mwiomansio 4080
ra, B 3aIaIHOIT YacTH HoanHbl CaH-XO0aKHH B LIITATE
Kamudopuus (puc. 1). Oxpyr bponssio He 06ecrieden
[TOBEPXHOCTHBIM IPEHAKEM U He UMeeT CTOKa B peky CaH-
X0aK1H; BOJBI IIOBEPXHOCTHOTO CTOKA U
BHYTPHUITOYBEHHOTO APEHAKA PELUPKYIUPYIOT B
HPPUTALIMOHHYIO CHCTEMY. JTO BbI3bIBAET IOBBIIIICHHUE
YPOBHS IPYHTOBBIX BOJI. BHYTpHUIIOUBeHHbIE [pEeHAXKHbIE
CHCTEMBI YCTaHOBJICHBI C I[e/TbI0 BOCIIPEISITCTBOBATD
TOBBIIIICHUIO YPOBHS IPYHTOBBIX Box. Ha ceromusiiamit
IeHb 0Kos1o 90% TeppUTOPUM UMeET BHY TPUIIOYBEHHBII
npeHax. HekoTopyto 03a604eHHOCTD BBI3BIBAET ITOTHAS
PELUPKY/ISIIHS IPEHAKHBIX BOJ U, KaK C/IEICTBHE, €€

HPPIMCHCHPIQ 3aCOI€CHHBIX IPE€HAKHbIX BOJ /I OPOIIIE€HUA

BO3MOYKHOE BIIHSIHHE Ha YPOXKaiTHOCTD
Ce/IbCKOXO3SIMCTBEHHBIX KyIbTyp [2]. Bputo mpoBeneno
IeTaJIbHOE U3yUeHHe KaueCTBa BO3BPATHBIX IPEHAXKHBIX
BOJ Ha TeppuTopun, BKaovaomei Ob [13, 14,15 u 16]. B
ce3oHe opottreHus 1975-76 rr. 161-510 cm/ra gpeHa’kHbIX
BOJL O6bUIM cMenIaHbl co 180-860 cM/ra IOIMBHOM BOIBI 13
KaHajo0B /i1 opolenusa 4000 ra mamiHu.

B Tabnuie 1 mpuBemeHbl CpefiHMe TOKa3aTeI KayecTBa
BOZIBI B OPOCUTE/IBHOM ce30He 1975-76 rr. OTinyHoe
Ka4eCTBO BOZIBI B OPOCHUTEIbHOM KaHajie 3HAYUTe/IbHO
YXYAIIMIOCH IO TIOKa3aTeasIM MUHePaIH3allui U
comepskaHust 60pa 1ocie CMEIIHBAHMUS C IPEHAKHOM
Bonoit. Ha puc. 2 nokasaHa 3/1eKTpOIIPOBOAHOCTD COJIEH
(EC) U3 HaChIIIeHHO BBITSDKKY U 60pa B 14 06pasiax,
COOpaHHBIX C pa3IMYHBIX yuyacTKoB. HecMoTpst Ha
IIOBBIIIIEHHOE COJIepP>KaHue Colell 1 60pa B ITOYBE, YPOKaU
X/IOTTYaTHHKA, TOMATOB, AYMEHS, IIIIeHUIIBI, TIOI[ePHBI,
KaHTaTyIIbl (MYCKYCHOJ IBIHH) M CAXapHOM CBEKJIBI
IIpaKTUYeCKH He nocTpamanu. Ho co BpemMeHeM BO3SHUKIN
npyrue mpo6remsl. 3a 27 et (1954-1981rr.)
HeIPepbIBHOTO MTOBTOPHOTO UCIIONb30BaHUA IPEHAKHBIX
BOJI, 9JIEKTPOIIPOBOAHOCTDH CMEIIAHHOM OPOCUTEIbHON
BOIBI IIOBBICUIACH 1O 3,2 dS/m; 3TO BBI3BA/IO CHUYKEHUE
pocTa U YPOKallHOCTHU BO3/E/IbIBa€MBbIX KyAbTYp. B 1976 1.
IIOMHUIOPBI ObUTH TTOCAKeHBI Ha riotanu 800 ra,
opolaemMoit ipeHakHoI Bomoit. K 1988 r. moMuaopsI yke
He Ca’KaJIU M3-3a BLICOKOTO 3aCOJICHUSI BEPXHETO
ropusoHTa 1mouBsI (Ta61.2). Beicokoe conepskanue cosneit
3aMelI/IfAeT BCXOXKeCTb CeMAH TOMAaTOB.

Huxauueckuii cnoco6

VcribiTaHye U IeEMOHCTPAIUS CTPATerny IIUKIMIECKOTO
ITOBTOPHOTO MCIIOTb30BAHNST MHHEPATH30BAHHBIX
npeHaxxHbIX B o Poane [9, 10] mpoBonWIKCh B stHBape
1982 r. Ha KoMMepueckoit hepme B VIMIiepckoit lonnHe B
Kanmudopuuu. [Tpu atom criocobe MuHepaM3oBaHHasl,
HaIpUMep ApeHaXHasl WIH IIOBEPXHOCTHAS BOMA,
3aMeHsIeT BOIY XOPOILIETO KaIeCTBa /IS OPOIICHHS
OTIpefie/IeHHBIX KY/IBTYP B CeBOOGOPOTE, KOT/A 3TH
KY/IBTYPBI HaXOIATCA B COOTBETCTBYIOIIEN, YCTOMYMBOM K
3acojenuio craguu pocra. [Ipu atom “xoporas” Boza
HCITOIb30BAIACH MI/IsI IOTMBA PACTEHMUI, TyBCTBUTEIBHBIX K
3aCOJICHHIO.

IIBe cxeMbl ceBOOOOPOTOB ObUTH UCIIHITAHBI B TEYEHHE
yeTbIpex sieT Ha wioianu 20 ra. [lepsas npencrasieHa
IBYXTOOMYHBIM [TOC/IEIOBATENBHBIM CEBOOOOPOTOM
TIIIeHUIIBI, CAXapHOH CBEK/IbI M KaHTAIYILL. B aTOM
€eBO06OPOTE I/IsI IPEAIIOCEBHOTO U PAHHUX IIOTHBOB
TIIIEHUIIBI X CAXapHO CBEKJIbI U /I BCeX TIOTUBOB
6ax1eBBIX HCIIOIB30BaIACh BOfa U3 peku Komopamno ¢
colep>KaHHeM PacTBOPUMBIX TBePABIX BerlecTB 900 mr/I.
J1s BereTallHOHHBIX TIOTMBOB HUCTIONb30BaIN BOLY U3
peku Amamo (IpeHaXkKHast BOZIa, PACTBOPEHHBIE BEIIECTBA =
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Table 1. Seasonal water quality data for the Broadview Water District in 1975-76
Tabnuna 1. CesoHHBbIe JaHHBIE TTO Ka4yecTBY BOIbI B OKpyre bponsrio, 1975-1976 rr.

Description EC Boron Sodium adsorption ratio
(dS/m) (mg/L) (mM/L)"
Onucanue INEeKTPOIPOBONHOCTH, bBop, ConeprkaHrie 0OMEHHOTO
dS/m MT/J1 Hatpust (MM/m)"?
Fresh canal water 0.55 1.2 0.16
[Tpecnas Bona kaHaza 0,55 1,2 0,16
Captured drain water 2.51 5.2 1.84
IOpenakHas Bona 2,51 5,2 1,84
Delivered mixed irrigation water 1.55 3.3 0.90
CwmerraHHasi OpOCUTe/TbHAS BOIA 1,55 3,3 0,90
Table 2. Soil quality data in the Broadview Water District in 1987
Tabmua 2. [laaHble 110 Ka4ecTBY BOAbI B OKpyre bponsbio, 1987 rox
Constituents* / KommonenTsr*
Description ECe Boron Sodium adsorption Se
(dS/m) (mg/L) ratio (mM/L)"? (ug/L)
Onucanue INEeKTPOIIPOBOTHOCTb, bop, Copepsxanrie O6MeHHOTO Se,
dS/m MT/ 11 Harpus (MM/n)"2 MKT/JT
Minimum 0.9 0.5 10.9 4.0
MunumaibHbIIT 0,9 0,5 10,9 4,0
Average 5.0 2.7 27.3 76.0
Cpenauit 5,0 2,7 27,3 76,0
Maximum 14.8 10.3 1.1 690
MaxcumManbHBIN 14,8 10,3 1,1 690

*Soluble constituents from composite samples in the 0.9 to 1.8 m soil depths.
*PaCTBopHMLIe BeIleCTBA 13 MIOYBEHHBIX 06pa3u0B, OTO6paHHbIX C F}Iy6I/IHbI 0,9-1,8 M.

receiving ground water. By 1982, no tomatoes were planted
because of high salinity in the surface soils (see table 2); high
salinity impedes the germination of tomato seeds.

Cyclic

A test and demonstration of Rhoade’s cyclic reuse strategy

(9) (10) were conducted on a commercial farm in California’s
Imperial Valley in January 1982. In this strategy, saline water
such as drainage or shallow ground water is substituted for the
“good” water and used to irrigate certain crops in the rotation
when they are in a suitably salt-tolerant growth stage. The
“good” water is used for the salt-sensitive growth stages.

Two cropping patterns were tested in this 4-year, 20-ha field

experiment. One was a 2-year successive crop rotation of
wheat, sugar beets, and cantaloups. In this rotation, Colorado
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River water—900 milligrams per liter total dissolved solids—
(mg/L TDS) was used for the preplant and early irrigation of
wheat and sugar beets and for all irrigations of the melons.
The remaining irrigation was with the Alamo River (drainage
water of 3,500 mg/L TDS). The other was a 4-year block
rotation consisting of 2 years of cotton, a salt-tolerant crop;
followed by wheat, an intermediate salt-tolerant crop; and
then by alfalfa, a more salt-sensitive crop. Drainage water was
used for the irrigation of cotton after seedling establishment;
beginning with the wheat crop, only water from the Colorado
River was used.

The yields of the crops grown in the successive and block
rotation or rotations are given in tables 3 and 4, respectively.
In either cycle of the rotation, no significant losses in the
yields of the wheat and sugar beet crops occurred from
substituting drainage water even in the greater amount, cA 65
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Figure 2. Profile distribution of salinity and boron
in the Broadview Water District, 1975-77
Puc.2 Pacnpenenenue BOLopacTBOPUMBIX COIEN U
60pa 110 TPOMUITIO TOYBBI OTIBITHOTO
y4acTKa B UPPUTALIMOHHOM OKpyre bponspio
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3500 mr/m). Ipyroit ceBOOGOPOT MPenCTaBIsI COOO0I
YeThIPEXTOIMYHYIO GJIOYHYIO POTALIMIO: IBA I'OJla TOCEBOB
X/TOTTYaTHHUKA (COMEYCTOMIMBOI KY/IBTYPHI), 38 KOTOPBIMH
CJIEIOBAJIH MIIIEHHIIA (IPOMEXKYTOYHAs 10 YCTOMIMBOCTH
KY/IBTypa) | JIIoLepHa, 60jiee YyBCTBUTENbHAS K
3aC0JIEHHOCTHU. [IpeHa)KHOH BO/IOI ITOTMBA/IA XJIOITYaTHUK
TI0CJIe TTOABJIEHNS BCXOMIOB, @ HAYMHasA C II0CEBOB
MIIEHUIIBI UCTI0/Ib30BAIACh NCKIIOYUTEIBHO BOA U3 PEKU
Komopano.

[Toxasarenmu yposKaifHOCTH KY/IBTYP IIPH

[TOC/IENOBATEIBHOM U GI0YHOM CEBOOOOPOTAX
MIpeCTaBIeHbI COOTBETCTBEHHO B Ta0I. 3 u 4. B kasxmom

HpnMeHe]—me 3aCOI€CHHBIX IPE€HAKHbIX BOJ /I OPOIIIE€HUA

IIUKJIe CEBOOOOPOTA He HAGTIONAIOCH CYIIIeCTBEHHOTO
CHIDKEHUSI YPOJKATHOCTH IIIIEHUIIBI M CAXaPHOM CBEKJIBI
MIpU UCIIO/Ib30BAHUH IS IIO/INBA JPeHAKHBIX BOJ, JaXKe B
60bInxX KomuaecTBax (A 65-75%) BMeCTO BOJIbI U3 PEKU
Konopano a/1s monusa 3TUX KyIBTYP MOC/Ie TTOABICHUS
Bcxon0B. CpeqHsAs ypOXKalfHOCTb KaHTaIyIIbl, IOTy4YeHHas
Ha y4acTKax cA, okaszanach Ha 10% HMKe KOHTPOJIBHOI, HO
9Ta pas3HUIIA He ABJIAETCA CTATUCTUYECKHU CYIIIeCTBEHHOM.
YporkaitHOCTh TOBAPHBIX IBbIHb, U3MEPEHHAsI B KOINYECTBE
CTaHIAPTHBIX YIIAKOBOK KAaHTAJIYIIbI, COOPAHHBIX IIPU
y6opxe, B 1985 1. He oTinyanacs B Bapuantax Ca 1 cA, HO B
060X C/TyJasx 0Kasaaach BBILIE, 4eM B KOHTPOIbHOM
Bapuanre (Ta61. 3). CiemoBareibHO, He HAOTIOATIOCH
CYIIeCTBEHHOTO CHIDKEHMS ypoyKas KaHTaTyIIbl IpU
BBIPAILIMBAHUHU €€ Ha ITOJISIX, OPOLLIABIIINXCS BOIOH U3 P.
Konopamno, koTopsie paHee 6bUTH MUHEPaTU30BaHbI
IpeHa>KHOM BOLOM IIPHU IIOIMBAX IIIIEHUIII M CaXapHOMI
CBEKJIBI.

Ypokau KaKI0# Ky/IbTypPbI, IOTydIeHHbIe B G/I0THOM
ceBO06OOpOTE, IpuBeeHbl B Tabn.4. B 1982 . e
OTMeYaI0Ch CHIDKEHHUS YPOKAITHOCTH XIOIIKOBOIOKHA B
MEPBOM IOy IIPU ITOTMBE IPEHAKHOM BOJOM U3 P. Amamo,
Ia)ke KOTZIa 9Ta BOZIA UCITONb30BaIACh B IIPEAIIOCEBHOM
[epuo U B mepuof GOpMHUPOBaHUs BCXOMOB (BapuaHT A).
ToT >ke pe3y/IbTaT — OTCYTCTBHE CYLLIECTBEHHOTO CHIDKEHHS
YPOXKaTHOCTH X/TOMTIaTHHUKA (BTOPast KY/IbTypa B
€eBO0OOPOTE) MPHU UCIIONTB30BAHUH JIJISI IOJTUBA BOJIBI
p-Amamo umesn Mecto U B 1983 1. OnHako B 3TOM C/Iydae B
meprop popMHPOBaHHSI BCXOIOB UCIIOIb30BAIN BOAY P.
Komopamo (pekomenzmyemas cTparerust — BapuanTt cA). Kak
U OKUIAJIOCh, CYII[ECTBEHHOE CHIDKEHHE 0YePETHOTO
YPO>Kast X/IOIIKOBOIOKHA ITOC/IENOBA/IO IIPH
HCITO/Ib30BAHHUH [UIS1 TTOIMBA OTHOI TOIBKO
MUHEpPATN30BaHHOI BOMIBI U3 P. Anamo (“9KCTpeMasbHbII-
KOHTPOIbHBII Bapuant A). [loTepu yposkaitHOCTH 6N
BBI3BaHbI, JIABHBIM 00Pa30oM, YMEHbIIICHHEM TYCTOTHI
CTOSIHMSL PACTEHHUH, TPOUCXOAUBIIINM Ha BTOPOM TOLLY U3-
3a Ype3MepPHO BBICOKOTO YPOBHS 3aCOJIEHHOCTH ITOYBHI B
[IepHO]] CTAHOBJICHHsI BCX0noB. He oTMewaoch HUKaKuX
[IOTEPh YPOXKAMHOCTH 3€PHA IIIIEHHUIIBI WIN CEHa JIFOLIePHBI
B 6JI0YHOM CeBOOGOPOTE B CBSI3H C IPEAIIECTBYIOIINM
HCITONIb30BAaHKHEM IIOTTMBHOM BOIBI U3 P. AJTaMO; 3TH
YIaCTKH OCTAJIHCh B TOM K€ COCTOSIHUH, B KAKOM OHU
6bUTH, KOTZIA UX [TOJIMBAIN BOIOi 13 p. Komopamo.

IToceBbI Ha 3eMJISIX, OPOIIABIINXCS APEHAKHBIMHU BOJAMU,
HUKOT/Ia He 6p1TH 60/Tee HU3KOTO KaueCcTBa, a 3a4acTYIO
maBaiu 60Jee KaIeCTBEHHYIO TPOAYKIIUIO, HEKe/TH
KOHTpPOJIbHBIE. ITO BEPHO U B OTHOILIEHUU KYIBTYD,
BBIpAIlIMBAEMbIX Ha 3eMJISIX, paHee OPOIIABILINXCS
OpeHaXHBIMU BofaMu. OTHOCAIIHeC K 3TOMY
(axkTUIecKkye maHHBIE O KadyeCcTBe KY/IBTYD IPUBOASATCS B
[11].
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Table 3. Yields of crops in successive rotation, crop/year
Tabmmma 3. YpoKaitHOCTD CeTbCKOXO3ANCTBEHHBIX KY/IBTYP B IIOC/IEIOBaTeIbHOM ceBO06opoTe, Kynbrypa/ron

Treatment’ Wheat/19822 Sugar beets/19833 Cantaloups/1983*
Bapuant [MTurenwua? CaxapHas cBekia’ Kanranyna*
oporieHust' 1982 1. 1983 1. 1983 1.

C 3.60 (0.06)° 4.3(0.1) 392 (12)

C 3,60 (0,06) 4,3 (0,1) 392 (12)

Ca 3.60 (0.08) 4.3 (0.2) 384 (10)

Ca 3,60 (0,08) 4,3 (0,2) 384 (10)

cA 3.71 (0.06) 4.1 (0.1) 355 (14)

cA 3,71 (0,06) 4,1 (0,1) 355 (14)
Treatment’ Wheat/19842 Sugar beets/19853 Cantaloups/1985*
Bapuant [MTurenwua? CaxapHas cBekia’ Kanranyna*
oporieHus' 1984 1. 1985 1. 1985 1.

C 3.51 (0.09) 4.1 (0.1) 115 (5)

C 3,51 (0,09) 4,1 (0,1) 115 (5)

Ca 3.46 (0.10) 4.1 (0.1) 142 (8)

Ca 3,46 (0,10) 4,1 (0,1) 142 (8)

cA 3.55(0.09) 3.9(0.1) 139 (12)

cA 3,55 (0,09) 3,9 (0,1) 139 (12)

1. C = Colorado River water used solely for irrigation; Alamo
River water used in relatively smaller (Ca) and larger (cA)
amounts, after seedling establishment with Colorado River
water for wheat and sugar beets. Cantaloups only irrigated
with Colorado River water.

. Tons of grain per acre.

. Tons of sugar per acre.

. Pounds of seed per acre.

. Commercial yield in number of cartons per plot; plot size =
750 x 38 feet = 0.6543 acres.

. Value within () is standard error of mean; six replicates.

u b WwWwN

[<)]

- 75 percent for Colorado River water for the irrigation of
these crops after seedling establishment. The mean yield of
cantaloups obtained in the cA plots was about 10 percent
lower than the control, but the difference was not statistically
significant. The yields of the fresh-market melons—measured
in numbers of cartons of cantaloup obtained by commercial
harvest operations—in 1985 were higher in the Ca and cA
treatments than in the C treatment, but did not differ.

(See table 3.) Hence, no significant yield loss was observed
from growing cantaloups on land that had been irrigated
with water from the Colorado River and that had previously
been salinized with drainage water to irrigate wheat and
sugar beets.
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1. C - Boza pexu Konopano, ucronbsyemas i OpOIIeHNUs; BOa
peku Aamo, MCIoIb3yeMast ijist opotieHusi B Maibix (Ca) u
60b11HX (CA) KOMHYECTBAX [TOC/IE TOSIB/ICHHSI BCXO/IOB
IIIEHUIIBI ¥ CaxapHOIt cBeK/Ibl. KaHTatyma opolanach TOIBKO
Bogpoit pexu Konopagno.

. Tonn sepna/axp.

. ToHH cax. cBeKJIbI/aKp.

. DyHTOB ceMsAH Ha aKp.

. YPOXXaitHOCTh € OMHOTO y4acTKa pasmepoM 750 x 38 dyToB =
0,6543 axpa.

6. Yncimo B ckobKax — CTaHJapTHAs OIIMOKA CPeIHero; IIIeCTh

IOBTOPHOCTEM.

U N

The yield of each crop obtained in the block rotation is given
in table 4. In 1982, there was no loss in lint yield in the first
cotton crop from using drainage water from the Alamo River
for irrigation, even when it was used for irrigation during the
preplant and seedling establishment periods (treatment A). In
1983, there was no significant loss in lint yield in the second
cotton crop from using Alamo River water; this followed
seedling establishment that used water from the Colorado
River (the recommended strategy treatment, cA). As expected,
there was a significant and substantial loss of lint yield where
the Alamo River water was used solely for irrigation (the
“extreme-control” treatment, A). This loss of yield was caused
primarily by a loss of stand that occurred in the second year

Use of Saline Drainage Water for Irrigation



[pu UCII0/Ib30BAaHUU PEKOMEHIYEMOIL CTPaTerny YPOBHU
3aCOJIEHHOCTH U ITI€JIOYHOCTH TOMIEPKUBATUCH B
[IpUEMJIEMbIX TIPefie/ax Kak st GOPMUPOBAHUS BCXOMIOB,
TaK ¥ UL [TOC/IENYIOLIEr0 PasBUTHSL KY/IBTYPBI B
ceBoo6opoTeE. [JaHHBIE O 3aCOEHHOCTH U ILEIOYHOCTH
[TOYBBI IPUBOAATCS B [12].

BrpiBoabl
Depmvr Myppuema

Ecimu mjist monmBa MCIosb3yloTcst O0JIbIIe KOIN4ecTBa
MUHepPaTU30BaHHOM BOZIbI IPH O/IM3KUX IPYHTOBBIX BOAX,
TO HEOTHEMJIEMOI YaCThIO PEKHUMA OPOLIEHHUS CTAHOBUTCS
peryIupoBaHue 3aCOICHHOCTH TIOYBEHHOTO TPODUIISL.
IIpenmnoceBHOI 1TOJIMB HA IAPOBBIX MOJISAX WIX BbIMbIBAaHUE
coseit aTMOC(EPHBIMH OCaIKaMU MOTYT OBITh
HCII0/Ib30BAHBI [IS IIOAA€P>KaHUs OCTAaTOYHO HU3KOTO
YPOBHS 3aCOJIEHHOCTH IIOBEPXHOCTHBIX TOPU30HTOB
ITOYBBI, C T€M, UYTOOBI H36€)KATh HETATUBHOTO BIMSIHUS Ha
BCXOKECTb I10CEBOB. MUHepa/M30BaHHbIE JPEHAKHBIE
BOZbI MO>KHO HCIT0/Ib30BAThD JI/I1 BET€TallMOHHBIX II0JTMBOB
OOCTAaTOYHO YKOPEHUBILIMXCs PaCTEHUIL.

Hppueayuonnuviii okpyz bpoosvro

XoT4 B pslie CIydaeB IIOBTOPHOE UCII0Ib30BaHue
IOpeHa)KHBIX BOJ ABJIAETCA ONPaBAaHHbIM, OT TAKOHI
MIPAKTUKU OTKa3aMCh IPUMEPHO TPU JeCATUWIETHUSA Has3af,
M3-3a ee HETaTHBHOTO B/IMSHUSA Ha CeBOOOOPOTHI. B okpyre
bponsrio 11 opolleHNs BeeX Ky/IbTyp ApeHaKHbIE BObI
IIOBTOPHO UCIOIb30BAIUCH B CMECH C
HeMUHepaJIM31POBAaHHON BOION U3 KaHAJIOB.

Eciu 651 Bomia BBICOKOTO KauyecTBa MCIOIb30BaIACh TOIBKO
IS TIOJIMBA YYBCTBUTEIBHBIX K 3ACOIEHHOCTHU KY/IBTYP, a
TaKoKe JI/ISl TOJIMBA BCeX BUIOB PACTeHUI Ha CTAIUH
TIOSIB/IEHNSI BCXOIOB, @ MUHEPATN30BaHHbBIE IpeHAKHbIE
BOJIBI — TOJIBKO I TOJIMBA YCTOMYUBBIX K 3aCOMEHHOCTH
pacreHnuit, Toraa 6pUta 661 BO3MOXKHOCTH H0Jtee
MIPOJIO/KUTETHHOTO IIOBTOPHOTO UCIIOTb30BAHUS
MHUHEePaIN30BaHHBIX IpeHAXHBIX BOJ. [Ipu onjeHke aToI
AJIbTePHATUBHOM CTPATErHMH IIOBTOPHOTO UCIIOIb30BAHUS
BOJIBL, OKPYT BpO/IBBIO COOOIIIIL, UTO /151 IIOBTOPHOTO
HCITO/Ib30BAHUS IEHAKHBIX BOJL Ha €T0 TePPUTOPHUU
wioaabio 4000 ra cuctemMa BOAOIIONAYN TO/KHA OBITH
CYILLIeCTBEHHO MOTUGbUIINPOBaHa.

HPPIMCHCHPIQ 3aCOI€CHHBIX IPE€HAKHbIX BOJ /I OPOIIIE€HUA

Hmnepckuii uppuzayuonuwlii okpy2

Pe3y/IbTaThl II0JIEBBIX OIIBITOB, IPOBEIEHHBIX B PealbHbIX
[IPOM3BONCTBEHHBIX YCIIOBUSAX, IOATBEPIXKAAIOT, YTO
CTpaTeryst HUKIMIECKOTO YIIPAB/IEHHUS [T0CEBAMU U
BOJIOIIOfAYE MOYKET OBITh MCIIO/Ib30BaHa [Is
OpraHM3alUU MOBTOPHOTO UCIIOIb30BAHMUS
MUHEPAIM30BAHHBIX BOJL U1 Opolierus. [Ipu aToit
CTpPATeruu APeHaXKHbIE BOMBI KAK OBI “OTCEKAIOTCS
U30JIMPYIOTCSL OT BOJBI XOPOIIIETO Ka4eCTBa U IIOBTOPHO
HCIO/IB3YIOTCS [IPU [IOJIMBE COIEYCTONYUBBIX KYIBTYP B
eIIMHOM TIPO€EKTE. B KoHeuHOM cueTe, 06beMBbI
HCIIOIb30BAHMSI BTOPUYHBIX IPEHAKHBIX BOJI 6€e3
CMELLUBAHYS C BOLOI XOPOILIEro KA4eCTBa CYIIeCTBEHHO
COKpAIIAIOTCH.

3akaroyeHue

O BO3MO)XHOCTH IIPUMEHEHHUSI IIUKINIECKOTO Cr1ocoba
OPOLLIEHHUs TOBOPST CIeAyolre (HaKThL:

+  DOpMHUPOBaHMs TOPU30HTA COIEBOTO MAKCUMYMa B
KOPHEOOUTAEMOM CJIO€ [TOYBBI B Pe3y/IbTaTe
MIPONOIKUTETHHOTO MCIIONB3OBAHUS MPEHAKHBIX BOJL
MOYKHO U36€KaTh, EC/TU IPEHAKHBIE BOJIBI
HCITO/Ib30BATh TIEPUOMUIECKH.

+ Ilpu opoleHun CONeYCTONYUBBIX KY/IBTYP
[PeHa)XHBIMU BOIIAMH OTMEYaeTCsl CYIIeCTBEHHOEe
yMeHbIlIeHHe 3aCOJIEHHOCTH, €C/IU B IIEPHO]
BO3[Ie/IBIBAHUS HA TeX JKe 10YBaX, YYBCTBUTE/IbHBIX K
3aCOJIEHHOCTHU KY/IBTYD, OHU OPOLIAIOTCsI BOLOM
BBICOKOT'O Ka4ecTBa.

+ TlIpenmoceBHBIE TONMUBBI U TIATE/bHAST OPTAHUSAIUS
OPOIIIEHHUs B TIEPUO]] TTOSIBIEHHSI BCXOOB
CIIOCOOCTBYIOT BHIMBIBAHUIO COJIEN U3 [IOBEPXHOCTHOTO
CJI0SI TIOYBBI.

+ JlaHHBIE [TOJIEBBIX OTIBITOB MOATBEPKIAIOT
0060CHOBAHHOCTH CTPATETUH “TIUKTHIECKOTO”
MTOBTOPHOTO UCIIOTb30BAHUS JPEHAYKHBIX BOII /ISl
opouleHus. ITa CTpaTerus OCyIlecTBUMA, eC/Id
MUHEPaIM30BaHHAS BOJA HE COIEPIKUT IMOTEHIIUATBHO
TOKCUYHBIX BELECTB TUIIA 60Pa, KOTOPbIE TPYIHEE, YeM
IpyTHe COMH, OIAIOTCS BbIILIeTaYMBAHUIO.
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Table 4. Yields of crops in block rotation, crop/year

Tabmmma 4. YpoxKafHOCTb CeTbCKOXO3AMCTBEHHBIX KY/IBTYP B 67109HOM ceBoobopore, Kyasrypa/rop

Treatment’ Cotton/19822 Cotton/19833 Wheat/[9843 Alfalfa/1985*
Bapuant Xtonox/1982? Xiomok/1983° [Trenwia/1984° JTrouepna/1985*
OpOTIIeHUs

C 2.62 (.07)° 2.06 (.10) 3.43 (.06) 7.8 (0.4)

C 2,62 (0,07)? 2,06 (0,10) 3,43 (0,06) 7,8 (0,4)

cA 2.65 (.06) 2.00 (.06) 3.43 (.06) 7.0 (0.5)

cA 2,65 (0,06) 2,00 (0,06) 3,43 (0,06) 7,0 (0,5)

A 2.76 (.04) 1.32 (.05) 3.41 (.05) 7.4 (0.3)

A 2,76 (0,04) 1,32 (0,05) 3,41 (0,05) 7,4 (0,3)

1. C = Colorado River water used solely for irrigation; A =
Alamo River water used solely for irrigation; cA = Alamo
River water used for irrigation after seedling establishment
with Colorado River water for cotton. Wheat and alfalfa
irrigated only with Colorado River water.

. Commercial yield or lint, bales per acre.

. Tons of grain per acre.

. Tons of dry hay per acre.

. Value within () is standard error of mean.

u b WwWwN

because salinity was excessively high in the seedbed during the
establishment period. No loss in yield of wheat grain or alfalfa
hay occurred in the block rotation associated with the
previous use of water from the Alamo River; these lands were
in the same condition that they had been when they were
irrigated with Colorado River water.

Crops grown on land irrigated with drainage water were never
inferior and were often of superior quality. This was also true
for crops grown on land where drainage water had previously
been used. Supporting data on crop quality can be found in
reference 11.

When the recommended strategy was employed, salinity and
sodicity levels were kept within acceptable limits for seedling
establishment and the subsequent growth of the crops grown
in the rotation. Data on soil salinity and sodicity can be
found in reference 12.

Summary
Murrieta Farms

If large quantities of saline water are used from the shallow
ground water, then maintenance of the soil salinity profile
becomes a vital part of the required management. Preplant
irrigation in fallow periods or leaching from rainfall can be
used to keep the salinity levels in the surface soils low enough
so that germination will not be affected. Saline drainage water
can be used for crop irrigation after stand establishment.

80 Article 7 é

1. C - Bopna pexu Konopano, ncrionbayemas Jj1st OpOIIeHHs; A —
BOZIa PeKH AJIaMO, MCIIO/Ib3yeMas JUI OPOLIEeHHs ITOCIe
HOSB/IEHHSA BCXOMIOB X/IOIMYaTHUKA. [T1enuna u monepHa
HOJIMBAIUCD TOILKO BOfoli pexu Komopano.

2. YPpOKaifHOCTD C OJTHOTO MOJIA.

3. Tonn sepHa/axp.

4. Tonn cyxoro cena/axp.

5. Yucmo B cko6Kax - cTaHapTHasA OIINOKA CPEHETo.

Broadview Water District

Although drainage water reuse is a viable option in a number
of situations, this practice was abandoned for nearly 3 decades
due to severe impacts on cropping patterns. In the case of the
BWD, drain water reuse involved blending saline drainage
water with nonsaline canal water to irrigate all crops grown.

If good-quality water had been used only for salt-sensitive
crops and germination of all crops—with saline water used
only on salt-tolerant crops—it might have been possible to
sustain drainage water reuse longer. When this alternative
reuse strategy was appraised, the BWD responded that the
conveyance system for this 4,000-ha district would have to be
extensively modified to practice cyclic use of drainage waters.

Imperial Irrigation District

The results obtained in this field experiment under

actual farming conditions support the credibility of the cyclic
crop and water management strategy to facilitate the use of
saline water for irrigation. In this strategy, the drainage water
is intercepted, isolated from the good-quality water, and
reused for the irrigation of suitably salt-tolerant crops in the
same project. Ultimately, a greatly reduced volume of
secondary drainage water is disposed of in some manner
other than blending.

Use of Saline Drainage Water for Irrigation
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Overview

The feasibility of the cyclic strategy is supported by the
following:

The maximum soil salinity in the root zone resulting from
continuous use of drainage water will not occur when the
water is used part of the time;

Substantial alleviation of salt buildup resulting from
irrigation of salt-tolerant crops with drainage water will
occur during the time salt-sensitive crops are irrigated with
better quality waters;

Proper preplant irrigation and careful irrigation
management during germination and seedling
establishment will cause salts to leach out of the seed area
and from shallow soil depths; and

Data obtained in field experiments to date support the
credibility of this “cyclic” reuse strategy. This strategy is
feasible providing the saline water does not contain
potentially toxic elements, such as boron, which are not as
easily leached and controlled as are other salts.
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Management of Organic Waste
James N. Krider and Rufus L. Chaney

Abstract

Managing organic waste is a significant and growing challenge
in the United States. Efforts are being made to recycle waste
constituents through the soil-plant system in addition to
using commercial fertilizer more efficiently and producing
better crops. Through agricultural research and technology,
the Natural Resources Conservation Service (NRCS) has
found that effective use of organic waste benefits farmers
financially and allows them to keep environmental
stewardship as a leading priority.

But there are some concerns. For example, having more
animals on fewer and smaller farms increases the potential for
ground and surface water pollution. And there is concern
about using municipal sewage sludge on cropland. Here, the
focus has been on heavy metals in sludges and how they affect
plant and animal health. Many of these concerns have been
resolved through research that has defined a No Observed
Adverse Effect Level NOAEL). NOAEL sludge is low risk,
making it good for application on agricultural land. New
methods to assess the risks of sludge use have also helped
resolve problems. Despite the risks, research and technology
have shown that the use of organic waste can be beneficial.

Introduction

Among farmers in the United States, the objective of organic
waste management is to use waste beneficially within Federal
and State environmental guidelines. Organic material used on
farms may originate on the farm or be brought from other
sources to the farm. Livestock manure is an example of the
former. Municipal sewage sludge is an example of the latter;
here, the waste is usually used as a crop nutrient or to
condition the soil. Common outside sources of organic

waste are livestock operations and municipal sewage
treatment facilities.

Livestock and livestock waste

Information on livestock operations can be found in the 1992
Census of Agriculture (10).* The Census provides data on
land use and the number of animals by type and on how
many farms they reside. Census data are gathered
approximately every 5 years, allowing us to study trends.

! Underlined numbers in parentheses cite sources listed in the References
section at the end of this article.
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Table 1 provides a sample of the type of data available from
the Census.

Data for 1978 to 1992 show a trend toward fewer farms with
larger animal populations. This is especially true for poultry.
In that time, the number of chickens for egg production and
broilers per farm increased by approximately 170 percent
each, while the number of farms producing chickens and
broilers declined by 63 and 46 percent, respectively. Most of
the waste produced by these operations is recycled through
the soil-plant system. However, because livestock in many
places is being concentrated on fewer locations, there may be
more waste material produced than the available cropland
needs. Consequently, other uses must be found for the waste.

The total livestock and poultry waste produced each year in
the United States is estimated to have a net weight of nearly
1.25 billion metric tons. This amount of manure would
provide enough nitrogen to fertilize approximately 60 million
hectares (ha) with 100 kilograms (kg) of nitrogen (N).

Table 2 shows typical amounts of various constituents found
in U.S. livestock and poultry wastes (9). These values vary
from one operation to another according to the ration fed.

Municipal sludge

Scientific research conducted since 1970 to assess the benefits
and risks of using municipal sewage sludge on cropland shows
that a NOAEL-quality sludge is low risk. Adsorption of
metals and organics in sludge at adsorption sites accounts for
the fact that equal amounts of metals or organics can be
applied in NOAEL sludge without adverse effects, whereas
adding pure chemicals to soils could cause problems. Table 3
shows typical median concentrations of metals and some
organics in sludge in the United States (3, 4).

Laws and regulations

The Federal Water Pollution Control Act of 1972 (Public Law
92-500), sometimes called the Clean Water Act (CWA), along
with subsequent amendments, establishes goals for the
chemical, physical, and biological quality of water in the
United States. The Environmental Protection Agency (EPA)
establishes water quality criteria needed to enforce national
legislation. Regulations that specifically address livestock
waste are covered under provisions of the National Pollutant
Discharge Elimination System (NPDES)—a permission
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Y1unusanusa opraHn4ecKuX OTX0I0B

Iwceiime H.Kpudep u Pygpyc JI. Yeiinu

Pesome

YTuMsanus OpraHndeckKux OTXONOB SIB/ISIETCS BKHOM
Hpo6neM0171, 3HayeHue kotopo B Coennnennspix llltaTax
Bce 6osiee Bospacraet. B HacTosee Bpemsi, Hapsny ¢ 6osee
3¢ beKTUBHBIM UCITONb30BaHNEM XUMUIECKHUX YIOOPEeHHI
U [TOBBIIIICHUEM YPOYKAITHOCTH KY/IBTYP,
MIPEIIPUHIMAIOTCS YCHIUS 110 BKIIOYEHHIO KOMIIOHEHTOB
OpTraHUYEeCKUX OTXOMIOB B KPYTOBOPOT BEII[ECTB B CHCTEME
mouBa — pactenue. VccmemoBanusi, mposenenHble Cry>x60i
oxpaHbI IpUPORHLIX pecypco (COIIP), mokasau, 410

s dexTrBHOE UCITONTB30BAHNE OPTAHUIECKUX OTXOIOB
SIBJISIETCSI 9KOHOMHUYECKHU BBITOIHBIM IS hepMEPOB U
[TO3BOJISIET YAEIATh HEOOXONMMOE BHUMAHHE 3aIlIUTe
OKpPY>KaIOLIEeN Cpebl.

OnHAKO 3/1eCh UMEIOTCSI HEKOTOPBIE TPOOJIEMBL.
Hanpumep, pocT moronoBbst ckota Ha (hOHe yMeHbIIeHNUsT
KOJIIMYeCTBA ¥ yBeTMYEHHUSA PasMepOB >KIBOTHOBOIYECKIX
(bepm yBemuMBaeT IOTEHIIMATBHYIO OMTACHOCTD
3arpsi3HeHUs IPYHTOBBIX Bof. [TposBidercs Taxxke
03a004€HHOCTH 110 IIOBOJY UCIIO/Ib30BAHUS OTXO/IOB
TOPOICKOM KaHATM3ALINH /ISl YIOOpeHust
CeTbCKOXO3SMCTBEHHBIX YTOJUM — IJIABHBIM 06pa30M, B
CBSI3H C COTEp>KaHUeM B OCaIKaX TSDKEIbIX MeTa/UIOB U
BO3IEMCTBUEM IIOC/IEIHNUX HAa pa3BUTHE PACTEHUN U
30POBbE KUBOTHBIX. MHOTHE U3 3TUX TPO6IEM ObITH
pellIeHbI B pe3y/IbTaTe UCCIeIOBaHNI, KOTOPbIe TTO3BOIMIN
OTIpeNeUTh TOKa3aTelb OPUEHTUPOBOYHOTO 6E30TacHOTO
ypoBHs BoszelicTBua - OBYB. OTxonb! KaHaIM3anuu,
coCTaB KOTOPBIX cooTBeTcTBYyeT OBY B, He mpencTaBasAioT
60JIBIIION OTTACHOCTH ¥ IIPUTONHBI IS yIOOPEHHS IOIeit.
HoBpie MeTOIBI OIIEeHKH pHCKa IIPU UCIIOTb30BAHUY 9THX
OTXOJIOB TaK)Ke MOMOTIIU peruTh mpobmembr. HecMoTpst Ha
PUCK, HayKa ¥ MpaKTHUKA ITOKa3a/Ii, YTO MCIIOIb30BaHHE
OPraHUYIeCKUX OTXOJOB MOYKET OBITH BHITOIHBIM.

BBenenue

st depmepos CoennnenHbIx IITaTOB 11€1b YTHIMSALNN
OPraHMYeCKUX OTXOJOB COCTOUT B TOM, YTOOBI UX
HCII0/Ib30BaHME OBIIO BHITOJHBIM M COOTBETCTBOBAJIO
(emepanbHBIM 3aKOHAM U 3aKOHOJATETBCTBAM IIITATOB TIO
OXpaHe OKpYy>KatoIle cpenbl. OpraHudecKuil MaTepHal,
IpUMeHsIeMbIi Ha pepmax, 1160 UMeeT MeCTHOEe
MIPOUCXOXKEHHE, TNO0 3aBOSUTCS U3 JPYTUX HCTOYHUKOB.
IIpumepoM 1epBOro CIy>KUT HaBO3, a IIOC/IEIHErO —

Yrunusamnus OpPraHNn4€CKHUuX 0TX0A0B

OTXO[IbI TOPOJICKOIT KaHaTM3AIUH, KOTOPbIe 0OBITHO
HCIIOIB3YIOTCS IS IIOAKOPMKH PaCTeHUI WIN IJIA
YIy4IlIeHUsA COCTOSAHUA MOYBEL. THIMHMYHBIMU BHEIITHUMU
UCTOYHUKAMHU OPTAaHUYECKUX OTXOMOB ABJIAIOTCS
JKMBOTHOBOMIYECKHE XO3AMCTBA U OYUCTHbBIE COOPY KEHUA
TOPOICKOM KaHa/IM3allUHU.

Homawnuii ckom u 0mxoovt #U60MmMHo800cMaea

Nudopmaiust 0 >KUBOTHOBOTIECKHUX XO3AMCTBAX
conep>kutcs B CeTbCKOX035MCTBEHHO Mepenucu 1992
rona [10]. B mepenvicu ripencraBieHbl TaHHBIE 00
HCITOTb30BAHUM 3eMeTb, KOMUYIECTBE CKOTA IO BUAM U
KOJTMYEeCTBE KUBOTHOBOMUECKUX (hepMm. [laHHbBIE MTepenucu
ITyOTUKYIOTCS IPUMEPHO pas B ISITh JIET, YTO O3BOJISIET
pocIenuTh TeHneHuuu. Tabauma 1 maet mpencraBaeHue o
TOM, KaK/e IaHHbIe MOYKHO IIOYEPITHYTh B IIEPEIIeCH.

Hannele 3a nepuop ¢ 1978 mo 1992 rr. ykaspIBaroT Ha
TEHIIEHIUIO COKPAIIIeHUsI KOMnIecTBa pepM mpu
OTHOBPEMEHHOM YBETHYEHUH [TOTO/IOBbS CKOTA Ha OHY
bepmy. B mepByro ouepens 9TO KacaeTcst ITHIIEBOACTBA. 3a
paccMaTprBaeMbIIl TepHOL KOTHIeCTBO Kyp-HeCylleK U
6poitepoB B pacdeTe Ha OMHY HepMy YBETHIMIOCH
npumepHo Ha 170% 11 060UX BUIOB ITHIIBI, B TO BPEMs
KaK KOJIM4IeCTBO (hepM CHU3HIOCh COOTBETCTBEHHO Ha 63%
1 46%. Bosbliras yacTh IOMeTa B 9TUX X035AMCTBaX OblIa
YTWIN3HPOBAHA Yepe3 CUCTeMy Io4YBa — pacTeHue. OfHaKo,
ITOCKO/IBKY BO MHOTHX MeCTaX CKOT COTep>KUTCS Ha
OTpaHMYEHHBIX IUIOIIA/ISIX, KOIUYECTBO OTXOIOB MOXKET
MIPEBBIIIAT MOTPEOHOCTU B HUX Ha MMEIOIIIUXCS B
pacniopsbKkeHUN hepMepOB CeTbCKOXO35MCTBEHHBIX
yronbsx. CriefoBaTe/IbHO, IO/DKHBI OBITh HAIIEHBI JPyTHe
BUIBI HCIIO/Ib30BAHUS 9TUX OTXOHOB.

OO0111ee KOMUIECTBO OTXOMIOB, EKETOTHO TIPOU3BOTUMBIX Ha
JKUBOTHOBOMYECKUX U NTUIeBOTYecKUX xo3saicTBax CIIIA,
oneHuBaercs B 1,25 myipa. ToHH. Takoro konmnyecTBa
HaBO03a JOCTATOYHO, YTOOBLI 00ECIIEYUTh A30TOM
npubausuTensHo 60 MH. ra pu Hopme 100 kT asora Ha 1
ra.

B Ta6uiie 2 mpuBeIeH TUITUYHBII XUMUIECKHIT COCTAB
HaBo3a ckoTa U ntuiel Ha pepmax CIIA.[9] Itu
[TOKa3aTe/Tu PasTNnIHbI Ha PAa3HBIX (pepMax B 3aBUCHMOCTH
OT pallOHa KOPMJICHHS YKUBOTHBIX.
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Table 1. Livestock and poultry—1992 compared to

1978

Ta6muna 1. CKOTOBOACTBO U NITUIIEBOACTBO 1992 1. B cpaBHeHuu ¢ 1978 1.

Item Number of farms/ Number of animals Number per farm/
% change (thousands) % change
Haumenosanue Komuuectso depm/ IToronosbe, IToronosbe
% M3MeHeHMUs, (ThIC.) Ha 1 dpepmy/%

(ThIC.)

n3MeHeHus, (ThIC.)

Poultry / ITTunieBonctso

Chickens 3 months old or older
I piisiTa BospactomM

3 u 60j1ee MecALEeB

Broilers and other meat-type
chickens

Dpotinepsr u npyrue

LBIIUIATA MACHOTO THUIIA
Turkeys

Wnneiiku

88/(-)63%
88/ (-)63%

29/ (-)46%
29/ (-)46%

14/ (-)26%
14/ (-)26%

351,310 3,992/ (+)171%
351310 3992/ (+)171%
888,617 30,642/ (+)167%
888617 30642 / (+)167%
87,612 6,364 / (+)234%
87612 6364/ (+)234%

Livestock / CxoroBomcTtBo

Cattle and calves
KpynHblIit porarblil CKOT
Beef

MsicHoi

Dairy

Monounbrit

Hogs and pigs

CBUHBU

Sheep and lambs
OBIIBI

1074/ (-)20%
1074 / (-)20%
803/ (-)16%
803 / (-)16%
155/ (-)50%
155 / (-)50%
191/ (-)57%
191/ (-)57%
81/(-)11%
81/ (-)11%

96,136 89/ (+)15
96136 89/ (+)15
32,546 41/ (+)13%
32546 41/ (+)13%
9,492 61/ (+)84%
9492 61/ (+)84%
57,563 301/ (+)131%
57563 301/ (+)131%
10,770 133/ (1%
10770 133/ (-)1%

process that includes regulation of pollutant discharge from
concentrated animal feeding operations. In most cases, States
enforce the provisions of NPDES through authority delegated
to them by EPA. This recognizes the States’ rights and puts
the granting of permission closer to the actual operations.

As sludge may be rich in metal and organic contaminants and
pathogens, it is generally agreed that using sewage sludge on
agricultural land requires regulation. However, this does not
mean that sludge cannot be a valuable resource. Sludge use in
the United States became regulated in 1979 (11). This
regulation dealt with pathogen reduction, soil pH control,
and agricultural land applications of cadmium and
polychlorinated biphenyls (PCB’s). CWA amendments
required EPA to develop a complete set of regulations that
protect different segments of the environment equally. During
the past decade, methods were identified to assess the risk of
sludge-applied contaminant transfer in the food chain. These
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methods were reduced to the 12 fundamental pathways for
risk assessment shown in table 4 (3, 4). These pathways are an
effective approach to assessing risk of contaminant transfer to
humans, livestock, and wildlife.

The constituents of organic waste

Organic waste holds a variety of chemical and biological
constituents.

These include:

* the biodegradable organic fraction that, when in water,
causes a demand for oxygen;

* nitrogen which should be limited to applications for crop
production while protecting humans and fish;

* phosphorus that can affect the viability of bodies of water
through eutrophication;

Management of Organic Waste



Topodckue omxodvi

Hayunble uccienosanus, nposopsiuecs ¢ 1970 roga ¢
1L1e/IBIO OIIPE/IeIeHUs] BBITOIbI OT UCIIONTb30BAHUS OTXONOB
TOPOJCKHUX KaHA/IM3AI[MI B KauyeCcTBe YLOOpeHUs 1
CBSI3aHHOTO C 3TUM PHCKA, ITOKa3bIBAIOT, ITO OTXOMBI,
COCTaB KOTOPBIX yrosneTBopsieT OBYB, He npencrasiAoT
6O/IBIION OITACHOCTH IS OKPY>KaIOILIEN CpeNpI.
AncopOuusi MeTa/UTOB U OPTaHUIECKHX BeI[eCTB B OCaIKax
CTOYHBIX BOJI B OTCTOMHMKAX IIO3BOJISIET IPUMEHATH
TOPOJCKHE OTXOIbI U U30€KaTh [IPU 9TOM BPETHBIX

3¢ deKTOB, B TO BpeMs KaK BHECEHHE B [IOUBY XUMHUYECKUX
YEOOPEHHIT B YMCTOM BHJIE MOXKET BBI3BATh OIIPe/Ie/IeHHbIE
rpo6emsl. B Tabs1.3 mOKasaHbI TUITUYIHbBIE CPETHUIE
KOHIIEHTPAIIMU MEeTA//IOB ¥ HEKOTOPBIX OPTaHUIeCKUX
BellecTB B ropoackux orxonax B CIIIA [3,4].

3akonvL u npasuna

QenepasnbHBIN 3aKOH O KOHTPOJIE 3arPA3HEHUA BOJHON
cpenpt 1972 1. (“Ily6muansiit 3akon” 92-500), nHOTHA
Ha3bIBAEMBIIT “AKTOM THCTON BOIBI ; U MOCIEAYIOIIIHE
IIOIIPAaBKM K HEMY YCTaHAB/IMBAIOT 11e/IM B OTHOIIIEHUH
XUMHUYECKOTO, PUBUIECKOTO U OUOIOTUIECKOTO KauecTBa
Bonbl B CoequueHHbIX [IITaTax. ATeHTCTBO 110 3aIIUTe
oxpy>karoteit cpens! (A30C) ycraHaBIMBaeT KPUTEPUH
KauecTBa BOJIbI, COOTBETCTBYIOIIIME HAIMOHATBHOMY
3aKOHOZIaTe/bCTBY. [IpaBuia, Kacaromyecs KOHKPETHO
OTXOMIOB >KUBOTHOBOJICTBA, U3/I0KEHBI B IIOJIOKEHUSX
HarmoHaibHOT CHCTeMBI PeKpaIlieHnst BBI6poca
sarpsisaennit (HCIIB3) - cucTeMbl IpeucaHuii, KOTOpast
ompenessieT MOPSNOK YIaJIeHNUsI OTXOIOB C IIPEATIPUsATHI
KOHIIEHTPUPOBAHHOTO COMEP>KaHUs CKOTa. B 60/bIInHCTBE
CJIy4aeB BJIACTH LITATOB IIPOBOMASAT B )KM3Hb ITOJIO>KEHHUS
HCIIB3 uepes momHOMOYMS, Ie/IeTHPOBAHHBIE UM
areHTCTBOM IO 3allIUTe OKpyskaromieit cpensl. A3OC
[IPU3HAET MPaBa IITATOB, IPUO/IIKAs TAKMM 06pa3oM
paspeluTe bHbII IPOLECC HEITOCPEICTBEHHO K
TIPeNIPUATHSIM.

[TOCKO/IbKY TOPOICKHE OTXOIBI MOTYT COLEPXKATh GOMbLINeE
KOJIMYeCTBA METa/UIOB, OPraHUYECKUX 3arpsI3HUTE e U
[IATOTeHHBIX MUKPOOPTAHU3MOB, IIOBCEMECTHO IIPU3HAHO,
9TO HEOOXONMM OIIpe/ie/IeHHbII IOPSIOK UCIIONB30BAHMUS
9TUX OTXOJOB Ha CeIbCKOXO3ANCTBEHHBIX YTObsIX. JTO,
OJIHAKO, HE 03HAYAET, YTO OTXOABI HE MOTYT OBITh LIEHHBIM
pecypcom. [ocyapcTBeHHBIN KOHTPOJIb 32
HCIIO/Ib30BAHUEM IOPOJICKUX 0TXOH0B B COeNMHEeHHBIX
[ltarax 6601 ycTanoBmeH B 1979 1. [11]. B mpaBumax
OrOBAPUBAJIUCH BOIIPOCHI CHIYKEHUSI COLleP>KAHUS
[IATOTEHOB, PETYIMPOBAHUS KUCTOTHOCTH [I0YB, BHECEHUSI
B [I0YBY KaJMUs1 ¥ IIOJIMXJIOPHBIX 61enonos. [TompaBku k
“AxTty uncroit Bousl" Tpe6oBanu o A3OC paspaboTku
[TOJTHOTO HAGOPa MPABUIT, KOTOPBIE ObI B OIMHAKOBOIT Mepe
3aIMIIA/IN Pa3InIHble chephbl OKPY>KaloLel cpenpl. B

Yrunusamnus OpPraHNn4€CKHUuX 0TX0A0B

TedeHUe MOCTIENHEro NeCITHIeTHs ObUTH pa3paboTaHbl
METOJIbI OLIEHKU OMACHOCTH MEPENavy 3arPsA3HAIONTUX
BEIIIECTB, TOCTYHAOIINX B [TOYBY C TOPOACKUMH OTXONAMU,
10 “IPOIOBOIbCTBEHHOM 1IETIOYKe”. ITU METObI ObUTH
CBefleHbI K 12 OCHOBHBIM CITOCO0aM OLEHKU PHUCKA,
[MOKAa3aHHbBIM B Ta01. 4 [3,4]. DTU CrI0cOObI ABIAIOTCA

o dexTUBHBIM MEXaHM3MOM OI[EHKHU PUCKA ITepenadu
BPEHBIX BEIECTB JIIOISAM, TOMAITHUM U TUKAM
JKMBOTHBIM.

Cocmas op2aHuvecKux 0mx0008

OpraHudecKue OTXOIbI COleP>KaT PasHOOOpasHbIe
XUMHUYECKHe 1 OHOTOTHIeCKHe KOMIIOHEHTHI, K KOTOPBIM
OTHOCSITCS:

*  cr1ocoOHasi K GMOXMMHYECKOMY Pa3/IOKEeHHIO
oprauyeckas Gpaxiysi, KOTOpast IpH MTOTAaHUHU B
BOIHYIO CPely OKHUC/ISIETCsI, CO3/IaBasti OHOTOTHIECKYIO
IOTPe6HOCTD B KUC/IOPOTIE;

*  a30T, IPUMEHEHIE KOTOPOTO TO/DKHO ObITh OTPAaHHYEHO
HY)X[IaMU PaCcTEeHUEBOICTBA, OHOBPEMEHHO HE
IOIIyCKasl Bpena Ye/I0BEKY U PHIOHBIM pecypcam;

+  docdop, KOTOPHIIT MOKET BIUSTH HA
YKHU3HECIIOCOOHOCTH BOTOEMOB IIyTeM 3BTPOQHUKAIINY;

+ 6GaKTepUH U MaTOTeHHbIE MUKPOOPTaHU3MBI,
comepsKallyecs B HaBO3e U KaHaIM3aIMOHHBIX OTXO0M4X,
HEIOCPEICTBEHHO CBSI3aHbI € IPO6IeMaMu 3IOPOBbsI
JIONEH;

*  TSDKeJIbIe MET/UIBL, TAKHE KaK Mellb, IIMHK, KaqMUIT 1
ApYyTHe, TOTeHIIHATIPHO TOKCHIHbIE IS JIFOMEi 1
SKMBOTHBIX (TabiI. 3).

03a604eHHOCTD 00ILIECTBEHHOCTH 110 [IOBOALY
(PUTOTOKCMYHOCTH TSKENBIX META/UIOB, TOKCHIHOCTH
“IIPOIOBOILCTBEHHBIX 11€MT0YEK” WK TOKCUIHOCTH TI0
OTHOIIIEHUIO K JKUBOTHBIM CIIOCOGCTBOBA/IA TIPOBEIEHUIO
WHTEHCUBHbBIX UCC/IEMOBAHUIT U PaspaboTKe
PEryIUpyIOIINX HOJIOKEHUI BO MHOTHX cTpaHax. Kparkoe
U3JIOKEHUE Pe3YIbTATOB UCC/IeNOBAHUIL IIPUBOIUTCS B
Tab1. 5.

IIpeumywecmea ucnonv3osanus opeaHuuecKux
0Mmx0008.

Hcnonp3oBaHme OpraHUIeCKIX OTXOOB Ha ITOJISIX
SIB/ISIETCSI OY€Hb BaKHBIM, IIOCKOJIBKY OpPTaHHYeCKHIT a30T
B MEHbIIIEN CTEIIEHH, YeM a30T MUHEPaIbHbIX yn06peHm71,
3arpsi3HsIeT TPYHTOBBIE BOIBI. L[eHHBIM KOMIIOHEHTOM
OpraHUYeCKUX OTXOMOB sABJsieTCs Takxke hocdop. B
HEKOTOPBIX III/IOYHBIX I0YBAX, HCIBITHIBAIOLINX TeDUIUT
JKeJte3a, TOPOJICKIE OTXO/BI IIPEACTABISIIOT COO0I
IpesBBIYAHO 3 beKTHBHOE XKele3UCcToe yIoOpeHue,
KOTOpOE He MOTYT 3aMEHUTh HUKAKIE YIOOPEeHMsI
IIPOMBIIIIEHHOTO IIPOU3BOACTBA.
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Table 2. Characteristics of livestock and poultry waste as excreted
Tabmiia 2. XapaKTepucTHKa 9KCKPEMEHTOB TOMAIITHETO CKOTA U TITUTIHI

Component Units Dairy- Beef feeder, Swine Chickens
lactat. 750-1,100 Ib grower
cow 40-220Ib
KoMmmoneHTHI Enunune: Monouynbie MscHble TOPOAbBI CBUHBU eimasara
U3MEpEeHUs IIOMHBIE 750-1100 dynroB  40-220
KOPOBBI ¢dynTOB
High High Layer Broiler
forage energy
diet diet
BBICOKO BBICOKO Hecymiku bpoiurepsr
ob6beMHasi KaJoOpUiTHAS
nueTa nueTa

Cattle / KpymnHbIii porarslii CKOT

Weight Ib/d/1,000* 80.00 59.10 51.20 63.40 60.50 80.00
Bec (I)yHT/I[eHb/IOOO* 80,00 59,10 51,20 63,40 60,50 80,00
Volume ft3/d/1,000** 1.30 0.95 0.82 1.00 0.93 1.26
Ob6beMm (I)YT3/IL6HB/1000** 1,30 0,95 0,82 1,00 0,93 1,26
Moisture % 87.50 88.40 88.40 90.00 75.00 75.00
BnaxxaocTh % 87,50 88,40 88,40 90,00 75,00 75,00
Total solids % w.b.+ 12.50 11.60 10.00 25.00 25.00 25.00

Ib/d/1,000 10.00 6.78 5.91 6.34 15.10 20.00
BsBeniennsie % cpIp.Bell..+ 12,50 11,60 10,00 25,00 25,00 25,00
BelllecTBa + (I)yHT/I[eHb/IOOO 10,00 6,78 5,91 6,34 15,10 20,00
Volatile solids Ib/d/1,000 8.50 6.04 5.44 5.40 10.80 15.00
Jleryuue (I)yHT/I[eHb/IOOO 8,50 6,04 5,44 5,40 10,80 15,00
KOMIIOHEHTBI
Fixed solids Ib/d/1,000 1.50 0.74 0.47 0.94 4.30 5.00
Teepnpie (I)yHT/I[eHb/IOOO 1,50 0,74 0,47 0,94 4,30 5,00
KOMIIOHEHTBI
Chemical Ib/d/1,000 8.90 6.11 5.61 6.06 13.70 19.00
oxygen demand
XIIK (I)yHT/I[eHb/IOOO 8,90 6,11 5,61 6,06 13,70 19,00
(xuMuYeckas
oTpeOHOCTh
B KHCIOPOJIE)
5-Day biological Ib/d/1,000 1.60 1.36 1.36 2.08 3.70 5.10
oxygen demand
BHKS (I)yHT/I[eHb/IOOO 1,60 1,36 1,36 2,08 3,70 5,10
(6moxuMmuYeckas
oTpeOHOCTh
B KUC/IOPOJIE
3a 5 gHen)
Nitrogen Ib/d/1,000 0.45 0.31 0.30 0.42 0.83 1.10
Asot (l)yHT/I[eHb/IOOO 0,45 0,31 0,30 0,42 0,83 1,10
Phosphorus Ib/d/1,000 0.07 0.1 0.94 0.16 0.31 0.34
dochop (l)yHT/I[eHb/IOOO 0,07 0,11 0,94 0,16 0,31 0,34
Potassium Ib/d/a,000 0.26 0.24 0.21 0.22 0.34 0.46
Kamuii (l)yHT/I[eHb/IOOO 0,26 0,24 0,21 0,22 0,34 0,46
* Pounds per day per 1,000 pounds of animal (1 Pound = 0.454Kg * ®ynTs! B enb Ha 1000 dyHTOB Beca sxusotHoro ( 1 ¢yt = 0,454 kv

= Kg/day/100 Kg of animal). = Kr/neHn/100 Kr >KHBOTO Beca).
** Cubic feet per day per 1,000 pounds of animal (1 cu ft =28.3L). ** Ky6uueckuit Gyt B genb Ha 1000 dyrTOB Beca xusoTHOrO (1 Ky6 dyT
+ Percent, wet basis. =28,31).
//\ + % Ha cbIpoe BeIecTBO.
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B mouBax gacro Habmonaercst 1epUIUT IIMHKA U MEMIH,
0COBEHHO Ha CTAPOMAXOTHBIX 3eMJISIX. [OPOICKIe OTXO/IBI
M OTXOZBI YKUBOTHOBOJICTBA SIB/ISIOTCS TYYIINM
HMCTOYHUKOM I[UHKA U MU, YeM MUHepaTbHble
ynoOpeHusi.

ITockonbKy BO MHOTHX MECTAX, B LIe/IIX COKpalleHus
TPAHCIIOPTHBIX PACXOTOB, LISl 00€3BOKUBAHHS TOPOICKUX
OTXOZIOB MCIIO/Ib3YETCs rallleHast U3BECTh, B OTXOAaX 9acTO
COIEPIKUTCA TOCTAaTOYHOE KOJIMYECTBO U3BECTU WM €€
9KBHBAJIEHTA, YTO II03BOJISIET pepMepaM IKOHOMHUTD
cpencraa. s mpenoTBpallieH!st BHECEHHS U30bITOYHOTO
KOJIMYEeCTBa a30Ta, 00'beM BHECEHUsI OPTaHMYEeCKUX
OCTaTKOB C OYUCTHBIX COOPY>KEHUI UIN
YKUBOTHOBOTUYECKUX (hepM [O/KeH OBITh OTPaHUIEH.
[IpumeHeHMe U30BITOYHOTO KOJINIECTBA OPIaHUYECKOTO
a30Ta MOYKET IPUBECTU K IIPOCAYMBAHUIO HUTPATOB B
IpyHTOBbIE BOABL. [10 9T0IT Ipu4KHe IpUMeEHEeHNE a30Ta
IO/DKHO CTPOTO COOTBETCTBOBATD IIOTPEOHOCTAM
pacreHuit.

Cucmema ymunusayuu omxo006 Ha pepmax

OpraHusanus CUCTeMbl YTHIN3AIUU OPTaHUYeCKUX
0TXO[0B Ha (hepMax BKIIIOYAET P [IOC/IEN0BATEIbHBIX
omeparuit. TH GYHKIUH — TPOU3BOICTBO, COOD,
XpaHeHUe, 00paboTKa, TPAHCIIOPTHPOBKA
UCIIO/Ib30BAHUE — CBS3aHBI C BBIIIOJHEHHEM MEPOIIPUSATHI
110 OXpaHe TOYBEHHbBIX U BOIHBIX Pecypcos [9].
MeponpusTusi 9TH HAlIPAB/IeHbI Ha 3aLUTY BCEX
[IPUPOMIHBIX PECYPCOB U OKPYIKaIOLLeit cpembl. ITo6bI
6bITb 9¢ PEeKTUBHOIT, CHCTEMA YTHIM3ALUU OTXONOB Ha
(epmax momKHa OBITH HHTETPHPOBAHA B OOIIYIO CHCTEMY
yIpaBJeHHs1 pecypcamMu B MaciiuTatbe ¢hepMbl.

PanyoHabHOe yIipaB/ieHHe — KIIOYEBOI 3/IeMeHT
6ecriepe6oITHOTO 1 9KOHOMUIHOTO (DYHKITMOHMPOBAHHS
CHCTeMbI yTWIN3aLUH 0TX0n0B. DepMepy HEOOXOIUMO
3HATh, KAK [IPOTEKAIOT COBMECTHO BCE 3TU Pas3/InIHbIe
[IPOLIECCHI M KAK CBSI3aHBI MKy OO0 CUCTEMBL
ynpasienus pecypcamu. Hanpumep, hepmep no/mkeH
[IOHMMATh, KAK OPraHUYEeCKHE OTXOIBI MOTYT ObITh
BKJIIOYEHBI B IIPOIPAMMY YIIPaB/IeHUs IUIONOPOAUEM [I0YB
Ha (pepMe U KaK 3TO BIIUCHIBAETCA B rpaduk
MOYBOOOPAGOTKU U ITOCEBHBIX PAGOT.

Ba>KHOI 4acThIO BCEX CUCTEM YIIPABIEHUs SBISIETCS
KOJINYECTBO BOJIbI M IIEPUOJUYHOCTD €€ OCTYIUIEHUS —
Kak ¢ aTMOChepHBIMU OCAIKAMU, TAK U [IPU OPOLIEHHH.
VIMeHHO KO/IM4YeCTBEeHHbIE XaPAKTEPUCTUKU BOLOIIOAAYH —
06'beM U CKOPOCTB — OIPENe/SIOT TPAHCIIOPTUPOBKY
Ka4eCTBEHHBIX COCTAB/IIONIMX BOIbL. TAKMM 06pazoM, st
3¢ beKTUBHOI IPOTPaMMBbI yTUIN3AIHH OTXOOB BAXKHO
yMeTb IPaBUWIbHO YIIPAB/IATH BOLHBIMU PECYPCaMHU.
Cy11eCTBYIOT Ce30HHbIe Pa3/IMIUsl B XapaKTEPUCTUKAX

Yrunusamnus OpPraHNn4€CKHUuX 0TX0A0B

MTOBEPXHOCTHBIX BOIOCTOKOB U MH(MU/IBTPAIIUOHHBIX
Mpoleccax B mouBe. 3Hast 0COOEHHOCTH BOIHOTO OamaHca
TepPUTOpUH, PepMeP MOKET TUIAHUPOBATH CPOKU
BHECEHMUsI B IIOYBY OPraHMYECKUX BELLECTB C LIeJIbI0
ONTHMU3AINH 3a/IeP>KaHUS BEILIECTB, KOTOPbIE MOTYT
3arpsI3HATH [I0OBEPXHOCTHbIE WIX IPYHTOBBIE BOJIBL.

Kpumepuu kxauecmea

Kpurepuu s MHOTUX TEXHOMOTUH COXPaHEHWSI
[IOYBEHHBIX U BOIHBIX PECYPCOB COLNEPKATCS B
ClIelUa/IbHBIX CTAHIAPTaX, UCIIOIb3yeMbIX ar€HTCTBAMU
TeXHUIeCKOI oMoty [8]. IMeroTcst cTaHmapThl 1o
YIPaBJIEHHUIO OTXOIAMHU, IIPYAaM-OTCTOMHUKAM U
OYHCTHBIM COOPY>KEHHsIM; JIATYHAM 110 00paboTKe
OTXOJIOB; YIIPABJIEHUIO CTOKAMU; Y THIM3AI[MU OTXO/OB;
HCIO/Ib30BAHUIO IIUTATEIbHBIX BeleCTB; (DUIBTPYIOLIMM
PaCTUTEbHBIM [10JI0CAM U YCTAHOBKAM ISl
KOMITOCTUPOBaHus. [[/is1 06ecrieueHns1 HaIeKHOM 3all[UThI
BCEeX JPYTUX IIPUPOLHBIX PECYPCOB UCIIOIb3YIOTCS U
ApYyTHe CTaHAAPTHI, B YaCTHOCTH, CTAHIAPTHI IO 60opnie ¢
apo3ueil 104B, 06pabOTKe IOYB, YIIPAB/IEHUIO OPOLLIEHUEM
U PaCTeHUEBOJICTBY.

O6cy>xnmeHne U 3aKII0YeHHE

B HEKOTOPBIX paiioHaX yBeMYeHHUE [IOT0I0BbsI CKOTA U
KOHIEHTPALYs ero IIPU YMEHbLIEHUH KOJIUIeCTBa
JKUBOTHOBOIYECKUX (hepM co3aaeT AUchamaHc MEXITY
KOJIMIECTBOM HABO3a M Pa3MePOM IUIOLIA/EH, Ha KOTOPBIX
OH MOXKET OBITh UCTIOIb30BaH. DepMep, UMEIOITHI
U3OBITOK HABO3a, MOYKET IIPUMEHSATH MTOBBIILIEHHBIE TO3bI
OpraHUYeCcKUX yOooOpeHust Ha cBoeit pepme (ITO MOKET
[IPUBECTH K 3aTrPs3HEHUIO OKPY>KAIOLIEl CPe/bl); epenaTh
U36BITOYHOE KOMIECTBO HABO3a HA cocenmuue hepMbI;
[IPOZIATh HABO3 BJIAIIe/IbIIaM IIPUYCaieOHBIX YIaCTKOB,
60 CTPYKTYPUPOBATh HABO3 C HOMOILIIBIO a9POOHBIX
MIPOIIECCOB [UIA ITUTETHHOTO XPAHEHUSL.

C pOCTOM HOTOJIOBBSI CKOTA M BO3pACTAaHHEM TPebOBaHHIT
K YHCTOTE BOMBI MOSIBSATCS HOBBIE TEXHOMIOTUH 00PabOTKH
M yTHIN3AIMK OTXOOB )KHBOTHOBOICTBA. HekoTopsie n3
3THX TEXHOJIOTHIT CHIDKAIOT KOHIIEHTPAIIUIO OTXOIOB

Iy TeM CO3IAaHUs MMojIeit GUIBTPALINH; APYTHE METOIbI
CTPYKTYPUPYIOT HaBO3 ObICTpee 1 9KOHOMHIHEE.
Cy1ecTByeT MpaKTHKA CMEIINBAHNS OPTAaHUIECKHUX
OTXOZIOB TOPOZIOB U (pepM B MHTETPUPOBAHHOM IIpOIiecce
repepaboTKH.

[IpumeHeHMe rOPOACKUX OTXOMOB Ha (pepMax CBSI3aHO C
MMOTEHIINAIbHON YTPO301 3MOPOBBIO YE€IOBEKA U YUCTOTE
OKPY>KaIOILIEeN Cpebl, 9TO o0bsacHseT OCTOPOYKHBIN
IIOJXOJL K UX HMCII0/Ib30BaHUIO. MccnenoBanus BenyTcs 1o
MHOTHM BbI3BIBAIOIINM 03a00YeHHOCTD BOIIPOCAM, B
YaCTHOCTH, KaK TsKeJIble MeTa/UIbl U OpTaHUYecKue
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Table 3. Concentrations of selected trace elements in dry digested sewage sludges,” NOAEL sludge limits,
and limiting pathway ¢4

1990 “Maximum NOAEL Limiting
Element Historical range median domestic sludge pathway
Min. Max. sludge sludge” limits
Arsenic, ppm 1.1 230 6 — 1002 2F Sludge
ingestion
Cadmium 1 3,410 7 25 18 1F Garden
foods
Cadmium/Zinc 0.1 110 0.8 1.5 1.5 —
Cobalt 1.3 2,490 — 200 — Not
regulated
Copper 84 17,000 463 1,000 1,200 7 Phytotoxicity
Chromium 10 99,000 40 1,000 3,000%3 12 Ground water
Fluoride 80 33,500 260 1,000 — —
Iron 0.1 15.4 1.7 4 — —
Mercury 0.6 56 10 154 4 Sludge
ingestion
Manganese 32 9,870 260 — — —
Molybdenum 0.1 214 11 25 252 5 Livestock
feed
Nickel 2.0 5,300 29 200 500 7 Phytotoxicity
Lead 13 26,000 106 1,000 300 2F Sludge
ingestion
Tin 2.6 329 14 — — —
Selenium 1.7 17.2 — 32 5 Livestock
feed
Zinc 101 49,000 725 2,500 2,800 7 Phytotoxicity
Polychlorinated <1 1,000 0.21 10 2.13 4S Sludge
biphenyls (PCB), ingestion
ppm

1. Composting using wood chips as a bulking agent generally
produces composted sludge 50 percent as high in trace
elements as a digested sludge from the same treatment
plant.

2. Adjusted downward for pretreatment considerations.

* bacteria and pathogens, associated with livestock manure
and municipal sludge, have a direct link to human health
problems; and

* heavy metals, such as copper, zinc, cadmium, and others
that are potentially toxic to humans and livestock. (See

table 3.)

Public concern about heavy metal phytotoxicity, food chain
toxicity, or toxicity to livestock has led to extensive research
and to development of regulations in many nations. Table 5
provides a brief synopsis of findings.
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3. No adverse effects reported for any Cr3+ level in municipal
sludge.

4. Molybdenum limit raised because Molybdenum slowly
leaches from alkaline soils.

The benefits of using organic waste

Use of organic waste on agricultural land is important (photo
8-1). Organic nitrogen is less likely to cause ground water
pollution than chemical nitrogen fertilizers. The phosphorus
in organic waste is also valuable. In some iron-deficient
calcareous soils, municipal sludge is a remarkably beneficial
iron fertilizer that cannot be replaced with any regular
commercial fertilizer.

Zinc and copper are often deficient or become deficient in
soil that has been used for many years to produce crops.
Municipal sludge and some livestock waste is a better source
of zinc and copper than metal fertilizer. Because hydrated
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Ta6bmuna 3. KoHLeHTpaluy HEKOTOPBIX MUKPO3/IEMEHTOB B CYXUX KaHa/IM3allHOHHBIX OTXOHax',

upenenst OBYB u onpenesnsiioriye ux myTH oleHKH pucka >4
OneMeHT Hcropudecku 1990 MakcumanibHbIA IIpenennr [Tyt
YCTaHOBJICHHbBIE Cpennee ypoBeHb B HaBoze  OBYB OIIEHKHU PUCKa,
IIperne/ibl 3HAYEHUII  COfiep’KaHHe — JOMAIITHUX IUTSL OcaziKa ompefeAIore
MMH. MaKC. JKMBOTHBIX npenenst OBYB?
MBIIIbSAK 1,1 230 6 — 100? TTonmaganue B
OpPraHMU3M IIpU
[JIOTAHUU OCaKa
C TIBUTBIO
Kagmmit 1 3410 7 25 18 IIponykuus,
BBIpallleHHASA Ha
oropoze
Kagmmri/ I uak 0,1 110 0,8 1,5 1,5 —
Kobasr 11,3 2490 — 200 — IIpaBua He
YCTaHOBJICHBI
Menp 84 17000 463 1000 1200 DOUTOTOKCUIHOCTD
Xpom 10 99000 40 1000 3000%° —
Drop 80 33500 260 1000 — —
Keneso 0,1 15,41 1,7 4 — —
PryTp 0,6 56 4 10 15 ITomaganue B opranusm
TP [JIOTAaHUU OCafKa C
MTBUTBIO
Mapranery 32 9870 260 — — —
Momubnen 0,1 214 11 25 354 I'pynTOBBIE BOMIBI
Huxenn 2 5300 29 200 500 IToraganue B opranusm
IIpU [JIOTAaHUU OCafKa C
MBUTBIO
CauHer 13 26000 106 1000 300 —
Onoso 2,6 329 14 — — KopmM cxota
Cenen 1,7 17,2 5 — 32
Iuuk 101 49000 725 2500 2800 OUTOTOKCUYHOCTH
I1XB, mr/kr! 1 1000 0,21 10 2,13 Ilomaganue B opranusm
(monmuxop6udeHmIbI) IIPY TJIOTAaHNUH OCAIKa C

IIBIIBIO

1. KOMHOCTHPOB&HI/IC C UCIIO/Ib30OBAHUEM NEPEBAHHBIX IIIEIIOK B KAYECTBE
HAITOJTHUTEISI OOBITHO JaeT KOMIIOCT, I(OTOPI)Iﬂ COLEPIKUT B IBA pa3a
MEHbIIIE MUKPOIJIEMEHTOB 110 CPABHEHUIO C CYXUMH NNEPETHUBINNMU
KaHa/IM3allMOHHBIMU OTXO[AMU C TOM JKe CTaHIIUU O6pa6OTKH
CTOYHBIX BOJI.

BEMIECTBA B OCaIKaX BIUAIOT HaA IIOYBY, PACTEHUSA U
JKMBOTHBIX. HeKOTOpre COMHEHMA, TEM HE MEHEE,
ocTrarnTcH, 0COOEHHO B OTHOILIEHUN 3apa’KEHHbIX OCATKOB
B BbI6pOCaX IIPOMBITIVIEHHBIX HpeHHpI/IHTI/Iﬁ B
KaHA/IN3alIMOHHBIC CUCTEMBI. HCC)’IeI[OBaHI/IH IIOKa3aJiu,4TO
0COOEHHOCTU XUMUYECKUX CBOICTB II0YB U paCTeHI/Iﬁ
IIPpENOXPAHAIOT )KUBOTHBIX OT CJIENOB TSAYKEIBIX META/IVIOB
KaK B €CTECTBCHHDLIX II04YBaX, TaK 1 B I104YBaX, yI[O6p6HHI)IX
TOPOOCKVMMHU OTXOJaMHU.

HeKOTOpre MeETa/UIbl YCBAWBAIOTCA PAaCTEHUAMU B
MUHHMA/IbHBIX KOJIM9IE€CTBAX JA>KE€ B TOM C/Iydae, €C/In
mousa 6orara umu. K aT¥M MeTa/iaM OTHOCATCSA Xpowm,
CBHHEL, OJIOBO M TUTAH. HPYTI/IC QJIEMEHTDI, TAKHUE KaK
IIUHK, ME€Ob U a30T, MOTYT OTPaHNYINBATh ypO)KaﬂHOCTb

Yrunusanus OpPraHNn4€CKHUuX 0TX0A0B

2. OBYB MosxeT 6BITh IIOHIYKEH IIPHU YCIOBUH HE06PabOTaHHOTO OCa/IKa.

3. OBYB orrOCuTCS K conepskanmio B popme Cr
4. OrpaHndeHus mst Mo IOBBIILIEHBI B CBA3H C MEIJICHHBIM BEIHOCOM
MO/M6/IeHa U3 IIeJIOYHBIX TIOYB.

pacTeHunit u3-3a PUTOTOKCHIHOCTH. OIHAKO
KOHIIEHTPAIIU META/UIOB B KOPMOBBIX KY/IBTYpPax,
CTPAJIAIOIIHX OT CYIIeCTBEHHON (PUTOTOKCHYHOCTH,
HeIOCTATOYHA JUIsL TOTO, YTOOBI HAHECTHU Bpell JKUBOTHBIM
[6]. Tonbko cesteH, MOTUONEH U KaJIMUIL HE OTPaHUIEHBI
3THUMH IPUPOTHBIMH IIPOIIECCAMU IO YPOBHEH,
6€30I1aCHBIX JI/IS1 UCIIO/Ib30BAHUS B [TUIIY WIKA B KaYeCTBE
KopMa 1A ckoTta. CodeTaHue IIMHKOBOM
(PUTOTOKCHIHOCTH B 4yBCTBUTETBHBIX OBOILIIHBIX
KY/IBTypaX, TAKUX KaK CajIaT, KOT/a cofep KaHue ITMHKA B
JICTBIX TpeBbimaer 500 Mr/kr [1], ¥ B3auMopeicTBus
IIMHKA U KaAMHUS B KUIIIEYHUKE ITPeOTBpaIaeT
3a60j1eBaHMsI OT Ka/IMUsI Y JIIOfIeit, KOTOPbIe YIIOTPeO/IsioT
OBOIIHY B 6O/IBIINX KOJTHIECTBaX. Be30macHbIil ypOBEeHb
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lime is used in sludge dewatering at many locations to save
sludge transport costs, some sludge has enough lime, or lime
equivalent, to save farmers money. To prevent application of
excessive nitrogen, organic material from municipal facilities
or from livestock operations has to be restricted. Applying
excessive amounts of organic nitrogen can result in
undesirable nitrate leaching to ground water; therefore,
nitrogen applications are limited to crop requirements.

Farm waste management system

Organizing a waste management system to deal with organic
waste on a farm involves a series of individual functions
(photo 8-2). These functions—production, collection,
storage, treatment, transfer, and utilization—are carried out
by implementing soil and water conservation practices (9).
The practices are arranged to protect all resources and the
environment. To be effective, agricultural waste management
systems must be an integral part of a farm’s overall resource
management system.

Proper management is the key element in making a waste
management system run smoothly and economically. The
farmer needs to know how all the various activities flow
together and how resource management systems are
interrelated. For example, the farmer needs to understand
how organic wastes can be integrated into the farm’s nutrient
management program and how this activity fits with tillage
and planting schedules.

The amount of water and the frequency with which it occurs,
whether as process-generated water or precipitation, is an
important part of all management systems. It is the water
quantity—volume and rate—that is the driving force behind
the transport of water quality constituents. Consequently, it is
essential to know how to manage water to have an effective
waste management program. Water budgets show seasonal
variations in runoff from the land and infiltration into the
soil. With an understanding of water budgets, the farmer can
schedule applications of organic material on the land to
optimize retention of materials that could contaminate
surface and ground water.

Quality criteria

Criteria for many of the soil and water conservation practices
are contained in conservation practice standards used by
technical assistance agencies (8). Some standards deal with
waste management, waste storage ponds, and structures; waste
treatment lagoons; roof runoff management; waste utilization;
nutrient management; vegetated filter strips; and composting
facilities. Many other standards are used to ensure that all the
other associated resources are protected. They include
standards for soil erosion control, tillage, irrigation water
management, and plant sciences.
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Discussion and conclusion

In some areas, increases in livestock and housing livestock on
fewer, more concentrated feeding operations cause an
imbalance between the amount of manure available and the
land on which it can be spread. A farmer with too much
manure may apply higher-than-necessary amounts of manure
to the land (which could have a negative environmental
effect); spread the excess manure on adjoining farms; sell the
manure to home gardeners; or aerobically stabilize the manure
for long-term storage.

As animal populations and demand for clean water grow,
innovative techniques will be used to treat and manage
livestock waste. Some of these techniques will reduce the
strength of wastes through use of constructed wetlands (photo
8-3); other methods will stabilize manures more rapidly and
economically. Yet other efforts will merge organic wastes from
urban centers with those from agricultural areas for a more
integrated recycling effort.

Using municipal sludge on farms raises questions of
potentially serious health and environmental risks and has led
to a cautious approach to using sludge on farmland. Research
is addressing many of the concerns about how heavy metals
and organics react in sludge on soils, plants, and animals.
Some cautions remain, however, particularly regarding
contaminated sludge in industrial discharges to sewage
systems. Research has shown that soil and plant chemistry
protects animals from trace elements in both natural soil and
sludge-amended soil.

Some metals are only minimally absorbed by plants, even
when soils are rich in elements such as chromium, lead, tin,
and titanium. Other elements, such as zinc, copper, and
nitrogen, may limit plant yields through phytotoxicity, but
the concentration of metal in forage crops suffering from
substantial phytotoxicity is not high enough to injure
livestock (6). Only selenium, molybdenum, and cadmium are
not limited by these natural processes to levels safe for use as
food and livestock feed. The combination of zinc
phytotoxicity to sensitive vegetable crops, such as lettuce,
when foliar zinc exceeds about 500 milligrams per kilogram
(mg/kg) (1) and the interaction of zinc and cadmium in the
intestine, prevents cadmium injury to humans who consume
high amounts of garden vegetables over their lifetime. The
NOAEL sludge cadmium limit of 25 mg/kg dry weight
protects humans, livestock, and wildlife.

Sludge chemical properties control the availability of sludge-
applied metals more than soil properties do. For example, if
soluble salts of the metals are added to soil, plant uptake is
usually a linear response to the added metals. However, when
low-cadmium sludge is applied, plant cadmium approaches a
plateau with an increasing sludge application rate. At
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Photo 8-1. The application of animal waste to cropland reduces fertilizer needs
and helps improve water quality. (Tim McCabe phoro)

®oro 8-1. BHeceHue HaBO3a B [IOYBY COKPALIAET IOTPEGHOCTH B
YIOOPEHHAX 1 [IOMOTAET YIyYIIUTh KadecTBO Bogbl. (Poto Truma
MaxKeii6a)

Photo 8-2. In a cooperative effort to educate and inform all livestock and dairy
producers, USDA is working with selected farmers to demonstrate safe and effec-
tive waste management practices. (Tim McCabe photo)

Doro 8-2. C nespio o6yuenus u nHGOpMALUHK BeeX hepMepoB-
CKOTOBOIOB, MUHMCTEPCTBO cenbckoro xosaiicrsa CIIIA koonepupyer ¢
OTAENbHBIMA epMepaMH UL AeMOHCTPAMH Ge30IIaCHBIX 1

9 PeKTHBHBIX TeXHOIOTHII yTHIH3aIH 0TX010B. (Poro Tuma
MaxKeii6a)

Yrunusanus OpPraHNn4€CKHUuX 0TX0A0B

Photo 8-3. In Alabama a constructed wetland is used ro filter waste from a hog
operation.(Tim McCabe photo)

®oro 8-3. B Asmabame co3Ia0TCs CriennanbHble Mois GUIBTPALIUH UL
06paboTku 0TX0/10B cCBUHOBOIYECKHX (epm. (Poro Tuma MaxKeii6a)

BO3MIENCTBYS /ISl KafiMusi B Topornckux orxomax (OBYB)
COCTaBJISACT 25 MI/KT, YTO 06eCIeInBaeT 3aluTy TIOeH,
IOMAIIIHUX U TUKUX )KUBOTHBIX.

XuMHUYeCKHe CBOCTBA TOPOICKUX OTXOMIOB BIUSIOT Ha
IDOCTYIIHOCTbD COJIEPYKAIIUXCS B HUX METAJ/UIOB B OOJIbIIIEN
CTeIleH!, YeM CBOMCTBa 1mouB. Hanmpumep, ecu
PacTBOPHMBIE COTU META/IOB TOGAB/IIOTCS B TIOYBY, TO
norpebieHre X paCTeHUsIMU HAXOIUTCS B THHEHHOI
3aBUCUMOCTH OT BHECEHHBIX MeTa/U10B. OIHAKO, eC/TH
HCITO/IB3YIOTCS OTXO/IbI C HUSKUM COJep>KaHUeM KaMusl,
KOJIMYECTBO KaAMUSI B PACTEHUAX IOCTUTAeT IIOPOTOBOTO
YPOBHS 10 Mepe yBenmndeHus o6bema ynobpenuit. [Tpu
pexoMeHiyeMoM ypoBHe pH yBeniueHne copiepyxanus
KaIMUsl B PACTEHUSIX IIPEKPAIaeTcst, Koraa HopMa
BHeCeHUs ynoOpeHuit focturaet 224 t/ra. OTX0mb! ¢
BBICOKUM COJIep>KaHUEeM KaMUsl BOOOIIIE He TOKHbBI
KCIIOJIb30BAThCS B CEJIbCKOM XO3SIIICTBE.
CootBercTByrOIIMe (PyHIAMEHTATbHbIE HCCIETOBAHMS
IIOKa3bIBAIOT, YTO BHICOKUI YPOBEHD COIEP>KAHUs
THIPOKCHU/IA JKe/le3a B OTXOIaX MOYKET 3HAYUTETbHO
yCuIuTh ancop6unio Metawios. CiibHas afcopOIHOHHAS
CIOCOOHOCTh OPraHUYECKUX OTXOMOB K MeTa/UlaM
II03BOJISIET YIIPAB/IATH [TOCTYIUICHHEM META/UIOB B
pacTeHusl.

JI1opy SIBJISIFOTCS K/IIOUEBBIM 3BE€HOM CHCTEMBI Y THIN3ALINN
oTtx0om0oB. OHU [O/DKHBI OIIPeNe/siTh KOTMIeCTBO U CPOKU
nx BHeceHUs. OHU JO/DKHBI IOHUMATh, KaK
KIMMaTHIeCKUiT GaKTOp BIMsET Ha CHCTEMY U KaK
CHCTEMa COYETAETCs C APYTUMHU MEPOIPUATHIMY Ha
depme. V1, KOHEIHO, OHU [O/DKHBI 3HATD, KAK CHCTEMA
YTHIM3AIMH OTXOIOB BJIMsIET Ha HAIIIM IPUPOIHbIE

pecypcChl.
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Table 4. Pathways for risk assessment of potential transfer of sludge-applied trace contaminants to
humans, livestock, or the environment, and the most exposed individual to be protected by
regulation to be based on the pathway analysis ¢+ 2

Index
Pathway Most Exposed Individual

1 Sludge—Soil—Plant—Human General food chain; 2.5% of all food for lifetime.

1F Sludge—Soil—Plant—=Human Home garden 5 yrs. after last sludge application; 50% of
garden foods for lifetime.

1D&M' Sludge—Soil—Plant—Human Home garden with annual sludge application; ~50% of
garden foods for lifetime.

2F Sludge—Soil#Human Child Residential soil, 5 yrs. after last sludge incorporation; 200
mg soil/d.

2-D&M Sludge—=Human Child Sludge product; 200 mg sludge/d for 5 yrs. or 500 mg
sludge/d for 2 yrs.

3 Sludge—Soil Plant—=Animal—=Human Rural farm families; ~40% of meat produced on sludge-
amended soil, for lifetime.

4-Surface Sludge—Animal—Human Rural farm families; ~40% of meat produced on sludge-
sprayed pastures, for lifetime.

4-Mixed Sludge—Soil=Animal—=Human Rural farm families; ~40% of meat produced on sludge-
amended soils, for lifetime.

5 Sludge—Soil—Plant—Animal Livestock fed feed, forages, and grains, 100% of which are
grown on sludged land.

6-Surface Sludge—Animal Grazing livestock on sludge-sprayed pastures; 1.5% sludge
in diet.

6-Mixed Sludge—Soil—=Animal Grazing Livestock; 2.5% sludge-soil mixture in diet.

7 Sludge—Soil—Plant “Crops”; vegetables in strongly acidic sludged soil.

8 Sludge—Soil—Soil Biota Earthwormes, slugs, bacteria, fungi in sludged soil.

9 Sludge—Soil—Soil Biota—Predator Shrews or birds; 33% of diet is earthworms from sludge-
amended soil.

9-Direct Sludge—Soil—(Soil Biota)—Predator Shrews or birds; habitat is sludge-amended soil.

10 Sludge—Soil—Airborne Dust=#Human  Tractor operator.

11 Sludge—Soil—=Surface Water—=Human Water Quality Criteria; fish bioaccumulation, lifetime.

12 Sludge—Soil—=Air—=Human Farm households.

12W Sludge—Soil=Groundwater=Human  Farm wells supply 100% of water used for lifetime.

1. D&M refers to sludge products distributed or marketed.
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Ta6muua 4. ITyTu OlleHKM PUCKA TIOTEH[UAILHOTO TIepeMEIeHNsI MUKPOSIEMEHTOB U OPTaHUYeCKHUX
OTXOJIOB B OPTaHU3M Ye/IOBEKA, IOMAIIHUX YXUBOTHBIX WIU B OKPYKAIOIIYIO CPELy U OOBEKTHI,
Hanbosiee NOABEP>KEHHbIE BO3IENCTBUIO U TPEOYIOLI[e OXPAHbI U CIIEL[UaIbHOTO HOPMUPOBAHUS
npu aHajmse pucka &412)

[Tyt Murpanuu

O61ex T, HauboJIee OBeP KEHHbIE BO3IENCTBUIO

10

2IuM!

2IuM

2I0uM

4 -TloBepHOCTHBII

4-CMelIaHHBIN

6-IToBepXHOCTHBII

6-CMelraHHbII

7

9-Ilpsamoit

10
11

12
12]TuM

Orxonpi—ITouBa—Pactenune—YenoBex

Orxonpi—ITouBa—Pactenue—YenoBex

Orxonpi—ITouBa—Pactenue—YenoBex

Orxonpi—ITouBa—PebeHOK (Mrparouit
BO IBOpe)

OTtxonpi—PebeHok

Orxonpi—ITouBa—Pacrenne—
JKuBorHoe—YenoBek

Orxonpr— KusotHoe—YenoBek

Orxonpi—ITousa— KusorHoe—YeroBex

Orxonpi—ITousa—Pacrenne— KusotHoe

Orxonpi— KuBotHOE

Otxomgpr—Ilousa— KuBorHoe

Orxoppi—ITousa—Pacrenue

Orxogpi—1lousa—IlouBennas 6uora

Orxogpr—Ilousa—IlouBennas 6uora—
ITorpebuTeb MOIBEHHOI OGHOTHI

Orxogpr—Ilousa—IlouBennas 6uora—
ITorpeburesnb
Otrxoppi—ITousa—IIbib—YenoBex

Orxonsi—*IlouBa—IloBepxHOCTHEIE
BOmbI— YemoBek

Orxoppr—ITouBa—Bosmyx—YenoBek

Otxogpr—IlouBa—IpyHTOBBEIE BOTBI—
Yenmosex

O6m1asa nuIeBas Lelb; 2,5% Bcell MUY B TeYeHNE KU3HN

Ipuycame6HBII yIaCcTOK Yepes 5 JIeT [OC/Ie ITOC/IeHEer0 BHeCeHNUs
yno6pennit; 50% MHIIH C yIaCTKA B TEICHHE KUSHU

[Tpuycame6HBIIN yIaCTOK C ©KETOJHBIM BHECEHEM OTXO[0B B
KauecTBe yno6pennit; 50% MUY C yIaCTKa B TeUEHHE KUSHU

ITouBa B )KMJIOM MaccuBe yepes 5 JIeT IToc/Ie OC/IeIHEI0 BHECEHU
0Tx0110B; 200 MT ITOYBEI B IeHb

Opranmnyeckue orxonbl; 200 MT B ieHb B TedeHue 5 et wiu 500 Mr B
JIeHb B Te4eHue 2 JileT

Cenbckue dpepmepckue cembn; 40% Msica, TPOM3BEIEHHOTO Ha
YIIO6PGHHI>IX OTXOJaMM I104YBaX, B TCYCHUE JKU3HU

Cenbckue dpepmepckre cembn; 40% Mmsica, IPOM3BEIHHHOTO Ha
HaCT61/IH_[aX, yIIO6p€HHI>IX JKUOIKHMMHU OTXOJaMH, B TCUCHHE ) KU3HNU

Cenbckue dpepmepckre cembn; 40% Mmsica, IPONU3BEIEHHOTO Ha
YIIO6PGHHI>IX OTXOJJaMM I104YBaX, B TCYCHUEC JKU3HU

CKoT, BBIPAIIIeHHBII Ha KOPMaX U 3epHe, ITIOTyIeHHBIX
HCKTIOYUTE/IBHO C yIOOPAEMbIX OTXOIAMH TI0JIeH

CKOT, aCyIIMiTCs Ha NacTOUINAX, yIOOPEHHBIX KUIKUMU
oTrxomamy; 1,5% OTXONOB B palloHe

[Tacymuiics ckoT; 2,5% cMecu I0YBa-OTXOJbI B palliOHe

Kopma, BbIpartiieHHble Ha CHIBHOKHC/ION [I0YBE, YI0OPEHHO
OTXOIAMU

JloKeBble YepBH, YIUTKHU, GaKTePUH, TPUOBI B II0YBE, YIOOPEHHOI
OTXOIAMU
3eM/IepOVIKY WM IITULIBL; 33% palloHa — YePBU U3 IIOYBHI,

yOOPEHHOI OTXOHAMHU

3eMJIEPOMKY MIM ITULIBI, OOUTAOIIIE Ha TI0YBE, yIOOPEHHOM
OTXOIAMU

Tpakropucr

KpI/ITepI/II/I Ka4gecTBa BOADBL; aKKYMYJ/IALWSA B pI)I6e B TCUCHHE JKUSHU

Kurenu depm

Kononusr dhepm, mocrasssiomue 100% morpebiisieMoit BObl, B
TedyeHue JKU3HU

1. IuM - o603HaYeHIEe OTXOOB, PACIIPOCTPAHIEMBIX B CBOOOJHOI IIPOIAKe.

Yrunusanus OpPraHNn4€CKHUuX 0TX0A0B
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Table 5. Heavy metals: Environmental effects ™ @

Tabmia 5. BospmeitcTBHe TSDKEIBIX META/UIOB Ha OKPYSKAIOIIIYIO Cpeny ¢

1,2)

Concern Elements Environment Remarks
[Ipo6nema DJIeMeHTBI OO6BEeKTHI OKPY>KAIOIIEH [Tpumeuanue
Cpefibl, MOfIBeP>KEeHHbIe
BO3JIeMICTBHUIO
Phytotoxicity Zinc, Copper, Strongly No observed problems
vegetable crops Nitrogen acidic soils with NOAEL sludges
OUTOTOKCUYHEI I1s1  1IMHK, Menb, CUWIbLHOKHUC/IBbIE Her npo6em npu
OBOLIIHBIX KY/JIBTYP asor I10YBbI coomopennu OBYB
Livestock toxicity Selenium — Does not accumulate in sludge
ToxkcrnaHsI M1 Cernen B oTX0max He aKKyMy/IHupyeTCA
IOMAIITHUX >KUBOTHBIX
Molybdenum — Few sludges have excess but
monitoring is essential
Monubnen M36bITOK B OTXOIAX BCTPEUALTCS
PenKo, HO MOHUTOPUHT HEOOXOIUM
Copper Ruminants Not accumulated below sludge
concentrations of about 1,000
mg/kg @
Menb JKBaunble He akkymynupyercs npu
KOHIIEHTPAIMU B OTXO[aX HIKe
1000 mr/kr )
Human toxicity Cadmium Rice—Japan Excess = Mild kidney disease @
TokcUYHEBI U1 Kammuit Puc - fAnonus [1pu usbbiTKe pasBuBaeTcs 00IE3HD

rmoyex @

YyesoBeKa
Oysters—New Zealand No effect ®
Ycrpunel - HoBast Huxkakoro Bpentoro apdexra &
3emannusa
Vegetables— UK & US No effect at high Zinc:Cadmium

ratio ®

Osoru - Benuko6puranus Hwuxkakoro BpemHoro addexra mpu
u CIIIA BBICOKOM OoTHOLIeHuu Zn/Cd ©

1. Baker and Bowers, 1988. 1. Beiikep u Boyapc, 1998.

2. Baxter et al., 1982. 2. Bakcrep u ap., 1982.

3. & 4. Chaney, 1990 a,b. 3,4. Yeitau, 1990 a,b.

5. Friberg et al., 1985. 5. ®paiibepr u mp., 1985.

6. Logan and Chaney, 1983. 6.Jloran u Yeiitnu, 1983.

7. Sharma et al., 1983. 7. lapma u mp., 1983.
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recommended pH, no increase in crop cadmium occurred up
to 224 metric tons/ha. High-cadmium sludge should not be
used in agriculture. Related basic research shows that high
levels of hydrous ferric oxide in sludge can well adsorb sludge
metals. The availability of metal to plants is controlled by the
sludge’s strong ability to adsorb metals.

People are the key to making a waste management system
work. They must know how much waste to apply to the land
and when to apply it. They must understand how climate
influences the management system and how the system is
integrated with other farm activities. And, of course, they
must know how waste management affects our natural
resources.
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Controlled Agricultural Drainage as Related to Water Quality

R.W. Skaggs, R.D. Wenberg, J.W. Gilliam, N.R. Fausey, C.E. Carter, and R.L. Bengtson

Abstract

This article reports the progress of research on agricultural
drainage systems and the effect of various water management
techniques on water quality. Research on both conventional
and controlled agricultural drainage systems has provided
basic data to determine the impacts of those practices on
water quality. The discussion stresses the importance of
proper management to protect water quality.

Introduction

Almost all soils require drainage for crop production.
About 25 percent (43 million ha) of the cropland in the
United States requires improved drainage for efficient
agricultural production. A good account of the extent and
value of drainage improvements in the United States is
presented in a publication of the U.S. Department of
Agriculture (USDA), “Farm Drainage in the United States:
History, Status and Prospects” (34)." Increasingly, the impacts
on the environment of draining wetlands for agricultural
production are viewed with concern because this reduces the
wetlands available for wildlife habitat and those available to
help improve water quality.

Research over the past 20 years has shown that the installation
and management of control structures in the drainage outlets
can reduce pollutant loading from drained lands and help
conserve water and increase agricultural yields. Controlled
drainage can be regulated to lower the water table during
periods when intensive drainage is needed, such as the
seedbed preparation stage or during extended rainy periods.
Drainage intensity may be reduced during other periods by
installing a weir in the control structure, or otherwise
blocking the drains, to raise the water level in the outlet. This
procedure reduces drainage outflows and pollutant loading,
while raising water tables and conserving water for crops. This
discussion summarizes the impacts of conventional drainage
and controlled drainage on nutrients and other pollutant
loads, water quality, and crop yields.

! Underlined numbers in parentheses cite sources listed in the References
section at the end of this article.
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Discussion
Effect of drainage on water quality

Compared to natural conditions, improved drainage may
increase peak outflow rates (7, 17, 19, 21), sediment losses (1,
19, 30), and fertilizer nutrients losses (14, 17, 26, 27). For
land in agricultural use and where drainage outlets are in
place, further drainage improvements may reduce peak
outflow rates and the losses of some pollutants while
increasing the losses of others.

The design and management of a controlled drainage

system determine the path, rate, and quality of water leaving
a field. For example, systems that depend primarily on surface
drainage tend to have higher water tables, less storage volume
for infiltrating rainfall, and higher rates of surface runoff
than do systems with more intensive subsurface drainage
(2,4, 5,17, 22, 34). Intensive subsurface drainage, simulated
for drains 15 meters apart, reduced surface runoff by a

factor of 5 in a Rains sandy loam in eastern North Carolina
(fig. 1). Subsurface drainage reduces the occurrence of high
water tables, promotes soil aeration, increases mineralization
and nitrification, and reduces denitrification. As a result,
nitrate concentrations in shallow ground water and

drainage outflow increase with the intensity of subsurface
drainage (15). Thus, although subsurface drains tend to
reduce surface runoff and the pollutants carried with it, such
as phosphorus and sediment, they increase subsurface
drainage, including the outflow of nitrates and other soluble
nonadsorbed contaminants.

The results summarized above have been consistently
observed in a wide range of locations and conditions as
witnessed by reports from North Carolina (14, 16, 17, 31),
Illinois (23), Indiana (5), lowa (3), Ohio (24, 29), Georgia
(20), Canada (8), England (18), and Ireland (6). There have
been exceptions. Subsurface drainage of a Louisiana soil high
in clay content reduced losses of sediment, phosphorus, and
nitrate (4). Tile drainage of a sandy citrus grove increased
both nitrate and phosphorus losses (28). Data in the 1980’
showed unusually high losses of phosphorus and sediment in
subsurface drainage water from soils high in clay content,
which may have been due to flowthrough macropores (9, 29).
These exceptions indicate that the mechanisms governing loss
of pollutants from poorly drained soils are complex and that
the effect of drainage on pollutant losses may vary from soil
to soil.

Controlled Agricultural Drainage as Related to Water Quallity



P CI‘y}II/IpyeMbel leeHa)K CeNbCKOX03AVMCTBEHHbBIX 3eMe/Ib 1 Ka4eCTBO BOIbI
P.B.Cxaceec, P.J1.Yanoepe, Ic.B. [Incunnam, H.P.@ocu, K.E.Kapmep, P.JI. benecmon

Pesrome

B cTaTbe paccMaTpHUBaIOTCA Pe3yIbTaThl HCCATOBAHUI 110
IPEeHaKHBIM CHCTeMaM CeTbCKOX0351ICTBEHHOTO
HasHAYeHMs ¥ BIMSHUE PA3TUIHBIX CIOCOOOB YIIPaBIeHUs
BOZIHBIMH pecypcaMH Ha KaueCcTBO BOABL. B mporecce
HCCIIeIOBAHUI, IIPOBENEHHBIX HAa OOBITHBIX U
peryIupyeMbIX TpeHaKHBIX CHCTeMaX, TOTyIeHbI TaHHbIe,
XapaKTepHU3yIolllhe UX BAUAHNE Ha Ka4eCTBO BOIBL. B
06Cy’KIEeHIH TTONYePKUBAETCS BaXKHOCTD [IPABHIBHOTO
yIIpaBJIeHUs C TO3UIIUI OXPAaHbI KaueCTBa BOMBIL.

BBenenue

[TouTH Bce OYBBI HY>KIAIOTCS B IPeHaKe JIJIsS
BO3[Ie/IbIBaHHUA CETbCKOX03ANCTBeHHBIX KyasTyp. B CIIIA
IJIS1 TIOJTy9€HUS BBICOKHMX YPOXKAeB YIydIlIeHHEe YCIOBUI
npeHaxka Tpedyetcst Ha 25% (43 MuIH ra)
CEJIbCKOXO3AMCTBEHHBIX Yrofuii. Xopolllee IIpefcTaBlIeHue
0 PasBUTHH U 3HAYCHUH PAOOT II0 YIYIIIEHNIO IPeHaKa B
CIHIA paet my6nukanus MUHHCTEPCTBA CEIBCKOTO
xo3sitctBa CIIIA: “CebCKOX03SIICTBEHHBII IPEHAXK B
CHIA: ucropusi, cocTosinue u repcrektuBbr” [34]. Bee
60JIBIIIYI0 03a00UEHHOCTD BBI3BIBAIOT ITOC/ICACTBHS
OCyIIIeHHsI 3a60/T0YEHHBIX 3eMe/Ib B CBSI3H C UX BIIMSHIEM
Ha OKPY>KaIOLIYIO CpeLy, IOCKOJIbKY B pe3y/IbraTe
YMEHBIIIAeTCsI IUIOIA/Ib MeCTOOOUTAHHIT IMKUX
JKUBOTHBIX, & TAK)Ke TAHIIa(TOB, 6TaTOTBOPHO
BJIMSIIOIIMX HA KaYeCTBO BOJIBI.

WccnenoBanus, BeIIIONIHEHHBIE 3a mocaenHue 20 ieT,
[TOKa3bIBAOT, YTO YCTAHOBKA U paboTa YIPaB/LIOIINX
YCTPOMCTB Ha BBIXOJE APEHAKHBIX BOJL MOYKET YMEHBIIIUTD
UX 3arpsA3HEeHHE BellleCTBaMM, BBIHOCHUMBIMHU C

IO pEHUPYEMOM TEPPUTOPHUH, IIOMOYb COXPAHUTb Ka4eCTBO
BOZIbI U IIOBBICUTD YPOXKATHOCTD. YIIPAB/IAEMBII IPEHaK
MOYKHO Pery/InpoBaTh TAaKUM 00pa3oM, YTOObI TIOHU3UTH
YPOBEHDb I'PYHTOBBIX BOJ, KOTI[la HY>)KHa HHT€HCHUBHAS

I PEHUPOBAaHHOCTb, HAIIPUMEP, IIPU IIPEAIIOCEBHOM
006paboTKe MMOYBBI WK BO BPEMSI 3aTsDKHBIX TOXKIEN. B
OpyTHe Iepruobl MHTEHCUBHOCTD Ip€Ha’kKa MOYKHO
YMEHBILINUTD, BMOHTUPOBAB B PEryJIUPYIOIIee YCTPOICTBO
CIeMa/IbHYIO 3aIIPYLy WIH IIePeKPbIB IPEHAKHbIE TPYObI
APYTUM CIIOCOOOM, YTOOBI IIOMHATH YPOBEHD BOIBI B
BOLOC/IMBE. B pesyiibraTe yMeHbIIIaeTCsl APEHAKHbII CTOK
1 00'beM BeILIeCTB, 3arpsISHSIOLINX BOLY IPU
OIHOBPEMEHHOM IIOBBIIIEHUHU YPOBHS I'PYHTOBBIX BOJL U

Pery}mpyeMbn?I ApeHaXX CeNIbCKOX03AMCTBEHHBIX 3eMe/Ib ¥ Ka4eCTBO BOIbI

COXpaHEeHUH BJjIaru, HeoOX0nIUMOM 1A pasBUTUSA PaCTEHUIM.
JanHas cTaThs 060011aeT pe3yIbTaThl BO3ACHCTBUS
OGBITHOTO U YIIPAB/ISIEMOTO IPeHaKa Ha [TUTATe/IbHbIE
9JIEMEHTHI U IPYTUe 3arpASHAIOIINE BEIlleCTBa, KA4eCTBO
BOJIBI ¥ YPOXKATHOCTb.

O6¢yxnenue
Bausinue openarxca Ha kauecmeo 600vl

ITo cpaBHEHUIO C TPUPOAHBIMU YCIOBUAMMU, YIY4IIIeHHBII
OpeHak MOXKeT YBeJIMYUTh TUKOBYIO HHTEHCUBHOCTD CTOKA
[7,17,19,21], pasmbiB Hanocos [1, 19, 30] u morepio
3JIEMEHTOB [TUTAHU, BHOCUMBIX C yooOpeHusamu (14,17,
26,27]. JIns 3eMeIb CebCKOX03AMCTBEHHOTO
HCIIO/Ib30BAHMUS, T/Ie OPeHa KHbIe CUCTEMbI HMEIOT
BOJIOC/TUB, Ja/IbHElIIIIee YIydIlIleHHe TPeHUPOBaHHOCTU
MOYKeT YMEHBIIUTh MUKOBYIO MHTEHCUBHOCTb CTOKA U
BBIHOC HEKOTOPBIX 3aTPA3HAIONINX BEllleCTB, yBeIUIHBas B
TO K& BpeMs BBIHOC IPYTHX.

KoHcTpykuus u yIpasieHHe PeryupyeMoii IpeHaKHOM
CHCTEMOH OTIpefie/isieT HallPaB/IeH e, PACXOM ¥ KaIeCTBO
BOIIBI, yAa/IsieMoii ¢ mosist. Hampumep, B cuctemax
[TOBEPXHOCTHOTO (OTKPBITOTO) ApeHaXka 0ObIYHO
oTMedaeTcs 60ee BBICOKUI YPOBEHb IPYHTOBBIX BOJI,
MEHBIIIHIT 060 beM HaKOIUIEHHUST HHOUIBTPYIOLIINXCS
0CagKOB U 6OJIbIIIAst HHTEHCHBHOCTD IIOBEPXHOCTHOTO
CTOKa TI0 CPaBHEHUIO C CHCTeMaMHu 60jlee HHTEHCHBHOTO
MOJI3eMHOTO (3aKPBITOTO) ipeHaxa [2, 4,5, 17,22, 34].
MHTeHCHBHBIN 3aKPBITHIHI IPEHAK C MEKAPEHHBIMU
PacCTOSHUAMH 15 M Ha OIleCYaHEHHBIX CYIIHHKAX B
Cesepnoit KaponuHe cHU3MT BeTMYUHY IIOBEPXHOCTHOTO
CTOKa B IIAATH pas (puc.1l). 3aKppITHIiT JpeHaXX YMEHBIIIAeT
BO3MOYKHOCTB MTOI'beMa IPYHTOBBIX BOJI, 06eCIeInBaeT
A39PAIHIO ITOYB, YCHINBAET IIPOLECChI MHHEPaTH3AINN 1
HUTPpUUKAIMY U TOPMO3UT HeHUuTpuduKanmio. B
pesy/brare KOHI[EHTPAIVSI HUTPATOB B HEITy6OKO
3aJIETAIOIIMX TPYHTOBBIX BOZIAX U IPEHAKHOM CTOKE
YBEIHYUBAETCS C BO3PACTAHHEM NHTEHCHBHOCTH
rry6okoro npeHaxa [15]. Takum 06pasom, XOTs 3aKPBITHII
IPEeHaX M YMEHbIIIAeT IIOBEPXHOCTHBII CTOK M BBIHOC
3arpsISHAIOIIUX BEIECTB, TAKUX KakK ¢hochop u
MHUHepaJIbHbIE TPUMECH, OH OTHOBPEMEHHO YBETUINBACT
BBIHOC HUTPATOB U APYTUX PACTBOPUMBIX
HeasicopOUPYeMbIX 3arpsI3HUTEIIET.
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Figure 1. Simulated annual cumulative surface runoff and subsurface drainage
Puc. 1 CMopennpoBaHHBIN eKeTrONHbIM CYMMAapHBII IOBEPXHOCTHBIN CTOK U 3aKPBITHII IpeHaXX
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Good subsurface drainage (L=15.0m, S=0.25cm)  Xopormit 3aKpbITHIL ApeHax (MexxapeHbs L=15 M,
and for poor subsurface drainage ceuenne S=0,25 cM), TUIOXOI 3aKPBITHII JPeHaX
(L=60.0m, S = O.2_5_cm). Adapted from Skaggs and  (yespenna L=60 m, ceuerie $=0,25 cm).
Nassehzadeh-Tabrizi, 1981. ITo Ckarrcy u Hassexsanexy-Ta6pusu, 1981.
Controlled drainage Additional protection from drought can be provided by

pumping water into the drainage outlet to maintain a preset

A schematic of a controlled drainage system is shown in water level upstream of the control structure.

figure 2. The parallel drains shown in the figure may be
either buried drain pipes or open ditches. The control Eﬁéct 0fcontrolled dminage on water quality
structures for open ditch outlets are normally flashboard
risers that are placed on the upstream end of a culvert
(photo 9-1). The culvert passes through a fill in the ditch,

which serves as a field access. Flashboards may be placed in

Water management practices, such as controlled drainage and
subirrigation, significantly affect the route and the rate at
which excess water drains from the land; consequently, these

the structure to vary the elevation of the weir, which is the practices may have a substantial effect on water quality

level that the ditch water must attain before drainage outflow parameters, lowering the concentration of some and raising
the concentration of others. In 1970, researchers concluded
that nitrate concentrations in drainage waters could be

are commercially available (13). reduced by anaerobic conditions (25, 35). This implied the
possibility of designing drainage systems specifically to take
advantage of denitrification, which Meek et al. demonstrated
with submerged drains (25). Gilliam et al. have shown that
controlled drainage increased denitrification and substantially
reduced nitrates in the shallow ground water of a poorly
drained coastal plains soil (17). Controlling drainage

outlets during the winter reduced nitrate outflows by

takes place. Float-controlled and overflow devices for
controlling the outlet water level in a main drainage pipe

Controlled drainage reduces outflow rates and conserves water
for crop use. Evapotranspiration (ET) removes water from the
soil profile, lowering the water table and causing water to
move from the outlet through the laterals and into the soil
profile. Thus, water that would normally leave the field via
the drainage outlet system is conserved for use by the crop.
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Pesynbrarhl, IpHBeIeHHbIE BBIIIIE, HAILUTH TOATBEPXKACHUE
B PasJIMYHBIX IIPUPOIHBIX YCIOBUSAX, O €M
CBUJIETE/IBCTBYIOT coob1ienus u3 Ceseproit Kapoanubl
[14,16,17,31], Unnunotica [23], Uaguans! [5], Afiossr [3],
Oravio [24, 29], xopmkuu [20], Kananst (8], Aurmmu [18]
u Vpmaupauu [6]. Ectb u uckmodenvst. Ha rimHUCTBIX
mouBax JIyMsHaHbl 3aKPBITHII [PEHaXX BbI3BAII
yMeHbIIIeHHe BBIHOCA MHHEPATbHBIX YacTHII, hocdopa u
HUTpaTOB [4]. [OHYapHBIIT [peHaK B IIeCYAHBIX IIOYBaX Ha
[UTAHTALMY IUTPYCOBBIX YBEIMIHI BBIHOC KaK HUTPATOB,
tak u pocdopa [28]. [larubre 3a 80-e ropb
CBUIETENBCTBYIOT O HEOOBITHO GOJIBIIIOM BBIHOCE
docdopa u MuHepaTbHBIX YaCTHIL B 3aKPBITOM
APEeHaKHOIT CHCTeMe Ha IT0YBaX C BBICOKUM COfeP>KaHHEM
[JINHBI, YTO MOYKET OBITh CBSI3aHO C ITepeIBIDKEHIEM BJIaTH
o Makporopam [9, 29]. DTu UCKIIOYEHUsT TOBOPSIT O
CJIOKHOCTH MEXaHNU3MA, YIIPABJISIOIIET0 BBIHOCOM
3arpsIBHUTEIEN U3 IUIOX0 IPEHUPOBAHHBIX ITOYB U O
BapbUPOBAaHUHU PE3YIBTaATHBHOCTH PabOTHI IpeHaXa B
3aBHCHMOCTH OT 0COOEHHOCTET TIOYBBL.

Pezynupyemuwtii openac

Cxema peryupyeMor IpeHa>kHOM CUCTeMBbI ITpeficTaBIeHa
Ha puc.2. [IapauleibHbIe IPEHDI, IOKa3aHHbIE Ha PUCYHKE,
MOTYT OBITh 3aKPBITHIMHU (TIO3eMHBIE IPEHBI) HIH
OTKPBITBIMHU (KaHaBbI). Perymmpyoriue ycTpoicTBa st
BOJIOBBIIYCKA OTKPBITHIX JIPEH MPEACTABIIAIOT COOOM
0OBIYHO TIOIbEMHOE 3arpakeHue (IObeMHBIIT 3aTBOP),
KOTOPBIIT TOMEIIAIOT B BEPXHEI YaCTH APEHAKHON TPyOBI
- xynbBepTa (poro 9-1). KynbBept mpoxogur depes
HaCBIIb B OTKPBITOM IpeHe, KOTOpast CIYy>KUT J/IA ITOAX0/Ia
K IIOJTIO. 3aTBOPBI MOTYT OBITh YCTaHOBJICHBI B
COOPY>KeHHH C I1e/IbI0 U3MEHEeHH YPOBHA BOJIBI B
BOJIOC/THBE, KOTOPBII COOTBETCTBYET YPOBHIO BOZIBI B
OTKPBITOI ApeHe, meper ee copocoM. [TomaBkoBble 1
C/IUBHBIE YCTPOMCTBA, PETY/INPYIOIINe YPOBEHb BOMILI B
BOJIOC/TMBE IJIABHOM IPEHBI, BBIITYCKAIOTCS
MIPOMBIIIIEHHOCTHIO [13].

YnpaB/sieMblil ApeHaXX yMEHbIIIaeT HHTEHCUBHOCTb CTOKA
M COXpaHsieT BOAY I/Ist moTpebieHus pacteHusmMu. [Tox
BIMsIHHEM 3BartoTpaHcnuparuu (97T) ynamsoTcs Bomsl 13
[TOYBEHHOTO MPOGdUIIS, TOHIKAETCS YPOBEHD IPYHTOBBIX
BOJI, YTO IIPUBOJUT K IIOITOKY BOJIbI U3 BOIOC/IMBA YePe3
pacmpenenuTenb B Mo4YBy. TakuM 06pasom, Boaa, KOTOpas B
OOBITHBIX YCIOBUAX GBI ObI yaseHa ¢ moJist, 6maromapst
IPeHa)KHO-BBIITYCKHOMY YCTPOYICTBY COXPAHSETCS JIJIS
roTpe6eHus pacTeHUsIMU. [{OTIOTHUTeIbHASL 3AIIUTa OT
3aCyXH MOXKeT OBITh 0ecredeHa Iy TeM HaKauKU BOBI B

I peHa)KHbIN CIUB, 4TOOBI COXPaHUTbH OIIpee/IeHHBIN
YPOBEHB BOJIBI BBIIIIE JPEHA’KHOTO YCTPOMCTBA.

Pery}mpyeMbn?I ApeHaXX CeNIbCKOX03AMCTBEHHBIX 3eMe/Ib ¥ Ka4eCTBO BOIbI

Brusinue pezynupyemozo Openaica Ha kauecmeo
800vl1

MeTons! yIipaBieHHs BOTHBIMU PeCypCaMi, TaKHe KakK
PETYIHPYEMBIiT IPeHAX ¥ BHY TPUIIOUYBEHHOE OPOILICHHE,
OKa3bIBAIOT GO/IBIIIOE BO3AEHCTBHE Ha HAIIPABICHHOCTD U
HMHTEHCUBHOCTD YIaIeHUsI H3/TUIIIKOB BOIBI, KOTOPast
cobupaeTcsi B peHax; CIEOBATENBHO, 3TH METOIBI MOTYT
OKa3bIBaTh CYIIIECTBEHHOE BIMSHIE Ha TOKA3aTeTH
KayeCTBa BOZIBL, IOHIDKAS KOHIIEHTPAIINIO OHUX BEIIIeCTB
1 IIOBBILIAs KOHLEHTpauuio apyrux. B 1970 .
HICCIIEOBATEMHU IPULIUTH K BBIBOIY, YTO KOHI[EHTPAI[H
HUTPATOB B IPEHAKHBIX BOIAX MOYKET CHU3UTHCS B
AHadPOOHBIX YCIOBHUAX [23, 25]. 9TO 03HAUALT, YTO
BO3MOYKHO IIPOEKTUPOBAHHUE JPEHAKHBIX CHCTEM,
[TO3BOJISOIIIX HCIIONB30BATh IIPEUMYILIECTBA
IeHUTPUPHUKAIUH, YTO OBIIO IPOLEMOHCTPUPOBAHO B
pabore MUK u Ip. Ha MpUMepe 3aTOIUIEHHbIX IpeH [25].
[Wwnam U fp. HOKa3asI, ITO YIIPABIISIEMBIIT JPeHaX
YCWINBAET OeHUTPUGPHUKALINIO U CYIIIECTBEHHO YMEHBIIIAET
conepskaHre HUTPATOB B HEITyOOKHUX IPYHTOBBIX BOJAX U
[IOXO IPEHUPOBAHHBIX TTOYBAX OEPEroBhIX paBHUH [17].
YrpasiisieMble IpeHa)KHbIe BOLOBBIITYCKH B 3UMHee BpeMs
MTO3BOJIAIOT CHU3UTb BEIHOC HUTPATOB Ha 50%. 9BaHC U 1Ip.
YCTaHOBM/IH, UTO YIIPAB/ISIEMBIIT PEHa)X YMEHBIIIAeT
00111Hit 06 beM IPEHAKHBIX BOJI, @ TAK)KE CONepIKaHue
asota u pocdopa, Ha IpUMepe MATH IPEHAKHBIX CUCTEM,
yIIpaB/IseMbIX (pepMepaMu U HaXOIIMXCS B PAa3TUIHBIX
IIPUPOIHBIX YCTOBHSX C Pas/TMYHBIMU THITaMH 04B [11].
[Tomo6HbIe YMEHBIIIEHHS IPEHAKHOTO CTOKA OTMEYa/INCh
Twomam u mp. B 1979 1. [17]. D10 yMeHblIeHHE
APEHa)KHOTO CTOKA CYII[ECTBEHHO CHU3MIO BBIHOC KaK
docdopa u MuHEpaTBHBIX YACTUIL, TAK U A30Ta.

YrpasiisieMblit [PeHaXX 3aMETHO YBEIMINBAET
UHTEHCUBHOCTH TEHUTPUDUKAIINU, YTO OIIPENENAETCS IO
PE3KOMY YMEHbBIIICHHIO KOHIIEHTPAIINU HUTPATOB B 30HE
HacbleHus1. KOHIeHTpaIusa HUTPATOB MOYKET CHUSUTHCS
Ha 20% 10 CPaBHEHUIO C ee 3HAYEHUSAMU B BOJIAX OOBIYHBIX
NPEHaXKHBIX CUCTEM, HO KOHIIEHTpalust 06IIero a3ora
HECKO/IBKO YBETUUNBAETCS. YIIPABIeHHE JPEHAKOM,
OJIHAKO, MAaJIO B/IMsET Ha OOIIYI0 KOHI[EHTPAIHIO a30Ta B
BOIOBBIITYCKaX OTKPBITHIX ApeH [11,16]. Bausuue
YIIpaBJIsIeMOro IpeHarka Ha OOl cOPOC BOJL COCTOUT B
AKTUBHOM BO3JIEMICTBUU Ha COJIEP>KaHMe a30Ta B BOJIAX.
Evans et al. mpoaHannsnpoBaIy pe3ynIsTaTel HAOTIOMCHHUI
3a 125 06beKTO/1eT, COOpaHHbIE B XOIe BOCBMU
HEe3aBUCUMBIX ITOJIEBBIX UCIIBLITAHUI Ha 14 moyBax
Cesepnoit Kapomuasi [12]. OHM IPHUIIUIH K BBIBOLY, UTO
YIIPaB/ISIEMbIII IPEHAX, IT0 CPABHEHHUIO C OOBIYHBIM,
YMEHBIIWI OOIIHIT JpeHaXHbII cOpoc Bog Ha 30%;
OIHOBPEMEHHO YMEHBIINICS BBIHOC a30Ta 1 pocdopa.
E>xerommble motepu a3ota B KPaeBO¥ YaCTH OISk
YMEHBIIWINCH B cpenHeM Ha 45% (10 xr/ra), a 06111er0
docdopa - na 35% (0,12 xr/ra) [12].

Ctatba 9 103



104

Figure 2. Schematic of a controlled drainage system

Puc.2 Cxema KOHTPOIUPYEMOI IPEeHAKHON CHCTEMBI

Evaporation lowers water table

Height of control

structure
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YCTPOMCTBA
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1

No flow in controlled drainage mode
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JIpeHax IpeKpaIaeTcs, eCIi YpPOBEHb BOJIBI
He MIPEeBBIIIIaeT KOHTPOIUPYEMBIN YPOBEHD

)
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Perynupyroiiee ycTpoicTBO

Drainage stops when the water table drops to the same level as the top of the control structure (weir).

The water table continues to recede, however, because of evapotranspiration.
I[peHa)K HperaH_[aeTCﬂ, Korjga 1noBepxXHOCTb FPYHTOBI)IX BOJ OITyCKa€TCs OO TOTrO JK€ YPOBHA, YTO UM BOJa B praBHHeMOM
BOIOOC/IUBE. Tem He MEHEC, YPOBCHDb prHTOBbIX BOJI ITPOOO/DKACT CHUJKATBHCA 3d CIET IBAINIOTPAHCIIMPAllUH.

about 50 percent. Evans et al. found that controlled

drainage reduced total drainage volume as well as nitrogen
and phosphorus from five farmer-operated controlled
drainage systems for a range of soil types and conditions (11).
Similar decreases in drainage volume were noted by Gilliam
etal. in 1979 (17). These large decreases in drainage volume
substantially reduced outflows of phosphorus and sediment
as well as nitrogen.

Controlled drainage clearly increases denitrification as
determined by the dramatically reduced nitrate
concentrations in the saturated zones. Nitrate concentrations
may be reduced by up to 20 percent, compared to no control,
but total nitrogen concentrations are somewhat increased.
Drainage control, however, has little effect on total nitrogen
concentrations in drainage outlet ditches (11, 16). The big
impact on nitrogen-loading is the effect of controlled drainage

Article 9

on total outflow. Evans et al. reviewed results from 125 site-
years of experimental data from 8 separate field studies on 14
North Carolina soils (12). They concluded that, compared to
no control, controlled drainage reduced total drainage
outflows by about 30 percent and reduced both nitrogen and
phosphorus losses. Annual total nitrogen losses at the field
edge were reduced by an average of 45 percent (10 kg/ha) and
total phosphorus by 35 percent (0.12 kg/ha) (12).

The effects of soil properties, site parameters, drainage system
designs, and control strategy on nitrate-nitrogen and
phosphorus losses can be evaluated with simulation models
(10, 31). Although controlled drainage is very effective in
reducing nitrogen outflows, simulations usually predict
increased phosphorus losses because predicted surface runoff
is increased by drainage control. This is contrary to field
studies which found that drainage control reduced both

Controlled Agricultural Drainage as Related to Water Quallity



BusiHMe TOYBEHHBIX CBOICTB, TAPAMETPOB YIaCTKa,
KOHCTPYKI[MH IPEHAXKHOI CHCTEMBI M CTPATETUH
YIIpaB/IeHUH Ha BBIHOC HUTPATHOTO a30Ta 1 ¢ocdopa
MOTYT OBIT OIICHEHBI TI0 Pe3y/IbTaTaM MOIETHPOBAHHU
[10, 31]. XoTs yripaB/sieMblil IpeHaX 04eHb 3P eKTHBEH B
CHIDKEHHH BBIHOCA a30Ta, MOJETHPOBAHNE OOBITHO
[IPOTHO3UPYET yBeandeHHe oTepsb Gpocdopa, MOCKOIBKY
IIPOrHO3HBIN ITOBEPXHOCTHBIN CTOK YBETUINBAETCA B
pesy/ibrare yIpaBIeHHUs IPEHAKOM. DTO IIPOTHBOPEIHUT
IIO/IeBBIM TaHHBIM, KOTOPBIE IIOKA3BIBAIOT, YTO YIIPAB/ICHNUE
IpeHa)KOM yMeHbIIIaeT BBIHOC KaK a30Ta, Tak 1 ¢pocdopa.
BeposiTHast mpU4KHA PasHOIIACUI COCTOUT B TOM, ITO IIPU
MOJIeTMPOBAaHUH OOBIYHO IPeHeGPeraoT [Ty OMHHOI 1
60K0BOII buIbTpanueir. BeiHOC ¢ moseit myteM
¢wabTpany mpu BEICOKOM YPOBHE TPYHTOBBIX BOJ, MOXKET
OBITh 3HAYUTETBHBIM, XOTsI (DUIBTPAIIHOHHBIE BOIBI
IIPOXOIISIT Ha CBOEM ITYTH Uepe3 30HBI C HHYTOXKHBIM
cofepsKaHreM HUTPATHOTO a30Ta U HEe3HAYNTETbHBIM
BHYTPUITOUBEHHBIM ITepeMeltieHreM docdopa. B
pesy/ibrate MOJIe/IH IIPOTHOSUPYIOT MEHBIIIYIO

3 beKTUBHOCTD YIIPAB/ISIEMOTO IPEHaKa, €M
9KCIIepUMEHTAIbHbIE TaHHbIE. [ pesyIbTaThl MOIETbHBIX
9KCIIEPUMEHTOB, ¥ OTIbITHBIE TaHHbIE JEMOHCTPUPYIOT
6/1arOIIPUSATHOE BO3MIEICTBHE YIIPABIAEMOTO JpeHaXKa Ha
Ka4eCTBO BOJBI IIPH MIPaBUIBHOM OpraHU3alnu
yrpaBieHus. Eciu ypasieHne OpraHu3oBaHo
HEMPaBUIbHO, 3TOT METOI IPEHUPOBAHNS MOXKET BBI3BATH
yXyIILIeHre KadecTBa BOxsl [16,31].

bBraropaps moTeHIIMaMbHO OIATOIPUSTHBIM ITOC/IENCTBUSIM
BO3JEHCTBUSA YIIPABIAEMOTO IPeHa)ka Ha OKPY KAIOIIYIO
cpeny, 9TOT MeTOI, APeHUPOBAHUSA OTHECEH
PeryIupymoIuMI aIMUHUCTPATUBHBIMU OpPTaHAMH IIITaTa
Cesepuas KaponuHa K “TydiiieMmy MeTORy yIpaBieHUs
BomHBIM pexxuMoM. [Tocnenaue BoceMb et
QIMUHHUCTpAIUA IIITaTa IPUHUMaIA JoleBoe yIacTHe B
yCTaHOBKe KOHTPOJIUPYIOIIUX YCTPOUCTB Ha JPEHAXKHBIX
cucTeMax IJIsi BOTOCOOPHBIX 6ACCETHOB, TOYBBI KOTOPHIX
0COOEHHO YyBCTBUTE/IBHBI K IIOTEpPe MUTATe/IbHBIX
aneMeHTOB. PepMepsl yKe MPUSHAIN 1IeIeCO06PasHOCTD
YIIPaB/IsAeMOTO IpeHaXka, IIOCKOIbKY OH ITO3BOIAET
cbepedb BOIY U YBEIMINBAET YPOKalHOCTh. B CeBepHOII
KaponuHze ynpaasioline ycTpoiicTBa YCTaHOB/ICHBI B
OTKPBITHIX [IpeHax Ha rwrotanu 6ojee 95000 ra. B
6rpKaiiiee BpeMsi IPeIIIonaraeTcsl yBeTHIUTD 3Ty
wiroinanb Ha 12000 ra. Ha ocHOBaHMU OJIEBBIX OIIBITOB,
BBIMTOJTHEHHBIX Ha HECKO/IBKUX TI0YBAX, YCTAHOBJICHO, YTO
BBIHOC HUTPATHOTO a30Ta C KOHTPOIUPYEMBIX IIOIIA/IeH B
CesepHoit KaponHe exxerogHo ymMeHblaetcs 6osee yeM
Ha 680000 xr. B mrarax Bupmxunus, [lenasep, Mapuieny,
Terepb UMEIOTCSI CBOU IIPOTPAMMBI JOJIEBOTO yYaCTHSA B
3aTpaTax Mo CO3JAaHUIO PETYIUPYEMbIX CUCTEM ApeHaXka C
1LIe/IbIO YTYYIIIeHUS Kad4eCTBA BOIBL.

Pery}mpyeMbn?I ApeHaXX CeNIbCKOX03AMCTBEHHBIX 3eMe/Ib ¥ Ka4eCTBO BOIbI

3akaroyeHue

CraHoBUTCS BCe 60/Iee OUEBU/THO, UTO IPEHAXK U
CBsI3aHHBIE C HUM CHCTEMBbI YIIPaBIeHUs] BOTHBIM
PEKMMOM JIO/DKHBI CO3IAaBaThCS C YIETOM IOTPeGHOCTEN U
CEJIbCKOTO X03AMCTBA, U OKpYyKaroleil cpenbl. [l
YIOBJIETBOPEHMSI TOTPEOHOCTEI CEIbCKOTO XO3SMCTBA
MOTYT OBITh UCIIOIb30BAHBI HECKOIBKO a/IBTEPHATHBHBIX
BapHUAHTOB YIIPaBIeHIs IPEHAKOM U BOTHBIMU
pecypcaMu; OTHAKO HEKOTOPbIe U3 HUX O0jiee IPYTux
YZOBJIETBOPSIIOT IPUPONOOXPAHHBIM TPe6OBaHMAM. 3agada
COCTOUT B TOM, YTOOBI BBIOPATH CUCTEMBI C MUHUMAJIbHBIM
YPOBHEM HEraTHBHOTO BO3[EHCTBHUS HA OKPY KAIOLIYIO
cpeny. YIpaB/isieMblil IpeHaX — “/TyqIIHi METOJ
YIIpaB/IeHUs , KOTOPBIIT MOXKET OBITh UCITONBb30BAH B LIE/ISIX
COXpaHeHHsI KaueCTBa BOJBI U YMEHbBIIICHHSI BBIHOCA
MUTATe/TbHBIX 97IEMEHTOB U MUHEPATbHBIX YaCTHIL B
BOIOTOKH U YCThsI PeK. B HEKOTOPBIX crrydasx “Iydinmnm
METOIOM YIPaB/IeHUs SIB/ISIETCS YBeTHICHHE
MHTEHCUBHOCTH 3aKPBITOTO JIPEHAKA [T CHYUDKEHUS
YPOBHS 3arpsI3HEHHsI BOTOTOKOB U COKPAILICHHSI
[TOBEPXHOCTHOTO CTOKA. Pe3y/IbTaThl MOC/IETHUX
UCCTEOBAHUI U TTOJIEBBIX 9KCIIEPUMEHTOB SIBIISIOTCS
OCHOBOM /151 BbI60pa COOTBETCTBYIOIIEN KOHCTPYKIIMHI
IpeHa’ka U CBSI3aHHBIX C HEM CHCTEM YIIPaB/IeHHUs
BOOHBIMU pecypcamu. OTHAKO HeCMOTPSI Ha 3HAYUTEIbHBIE
YCIIeXH1 ITOCTeTHETO ABANIIATH/ICTHS B TO3HAHUH
BO3JIEHMCTBHSI 3TUX CHCTEM U METOIOB yIIPaB/IeHUs Ha
OKPY>KaOLIYIO CPelLy, MHOTOE €Ille TPEACTOUT Y3HATh O
CJIOKHBIX MEXaHU3MaX, YIIPAB/ISIIOLINX BEBIHOCOM
3arPSI3HSIOIINX BEIlIeCTB U3 IpeHHPYeMbIX 104B. [ToeBbie
UCCTIeNOBAHUS IPOIO/KAIOTCS Ha psizie 06bexToB B CIITA B
Le/ISIX PACHINPEHHsI HAIITMX BO3MOXKHOCTEH 110 Pa3yMHOMY
PETYIHPOBAaHHUIO BOTHOTO PeXXUMa B C71a00
IPEeHUPOBAHHBIX TOYBAX.
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nitrogen and phosphorus outflows. A likely cause of the
discrepancy is that simulation models usually assume deep
and lateral seepage are negligible. Seepage from a field with an
elevated water table can be significant as the seepage water
passes through the reduced zones with negligible nitrate-
nitrogen concentrations and negligible subsurface phosphorus
movement. Consequently, the simulation models usually
predict smaller effects of controlled drainage than those
measured in the field. Results of simulation studies and
experience with systems in the field both clearly show that
controlled drainage systems benefit water quality when
properly managed. Used improperly, these practices can harm
water. (16, 31).

Photo 9-1. Simple controlled drainage devices can be constructed using culverr
materials and flashboards that can be added and removed to adjust outflow. (Tim
McCabe phoro)

®oro 9-1. ITpocreiiiiee yCTPOACTBO VISl yIPABIEHNUS IPEHAKOM
PerymmpoBaHus BOLOCOPOCca MOKET ObITH COGPAHO U3 TIOACOGHBIX
MaTepUaoB: OCTATKOB IPEHAKHBIX TPYO U HOCOK, YKPEIUISIOINX
koHcTpykuuio. (Poro Truma MakKeit6a)
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Because of its potential environmental benefits, controlled
drainage has been accepted as a “best-management practice”
by the regulatory agencies in North Carolina. Structures to
achieve control have been cost-shared by the State of North
Carolina in nutrient-sensitive watersheds for the past 8 years.
Farmers have readily accepted controlled drainage because it
conserves water and increases yields. Control structures have
been placed in ditches draining over 95,000 ha in North
Carolina, with another 12,000 ha expected to be added in
1992. Based on results of field experiments on several soils, it
is estimated that nitrate-nitrogen outflows from the controlled
areas in North Carolina have been reduced by over 680,000
kg annually. Virginia, Delaware, and Maryland now have
cost-share programs to support the use of controlled drainage
to improve water quality.

Summary

It is becoming increasingly clear that drainage and related
water-management systems must be designed to consider
both agricultural and environmental objectives. Several
drainage/water management alternatives can be used to satisfy
agricultural objectives; however, some of the alternatives are
more beneficial to the environment than others. The
challenge is to select those methods that will minimize
negative environmental impacts. Controlled drainage is a
“best-management practice” (BMP) which may be used to
conserve water and reduce nutrient and sediment losses to
streams and estuaries. In some cases, increasing subsurface
drainage intensity to reduce surface runoff would be a BMP
for controlling nonpoint source pollution. Past research and
field experience has provided a rational basis for the selection
and design of drainage and related water-management
systems. Although significant advances in our knowledge of
environmental impacts and methods for managing these
systems have been made in the last 20 years, much must be
learned about the complex mechanisms that govern losses of
pollutants from drained soils. Research on field sites is
continuing at a number of locations in the United States to
provide answers that will improve our ability to manage
poorly drained soils.
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Computer Modeling for Water Quality

James N. Krider, Fred D. Theurer, Robert ]. Wagenet, William A. Jury, Arlin D. Nicks, and Ralph A. Leonard

Abstract

Quickly solving a large number of mathematical equations
has become possible with the advent of mainframe and
personal computers. Development of algorithms that simulate
effects on water quality caused by a variety of agricultural
management decisions has been a natural outgrowth of the
computational speed and power of today’s computers. Water
quality models provide the Natural Resources Conservation
Service (NRCS) planner and the decisionmaker—the
farmer—with a number of options for managing resources to
achieve economic and environmental goals. Action agencies
working with both the research community and the farmer
help formulate physical and management conservation
practice options for the farmer to consider. Operational-level
computer models are used to evaluate the consequences of
natural resource management decisions related to land use
and management. Computer models are used in U.S.
agriculture specifically to address the transport and fate of
nitrogen, pesticides, and salinity.

Introduction

Agricultural water quality research in the United States
focuses mainly on the fate and transport of agricultural
chemicals (fertilizer nutrients and pesticides), erosional
processes and sediment transport, salinity management, and,
to a lesser degree, organic waste management. All of the
processes being researched are driven by water—from rain,
snow, or thaw. Nearly all fundamental agricultural water
quality research concentrating on physical and chemical
processes is carried out by the Agricultural Research Service
(ARS) of the U.S. Department of Agriculture (USDA). The
USDA Economic Research Service (ERS) examines the
economic consequences of various agricultural practices,
contributing an important perspective to federally funded
agricultural research. The USDA Cooperative State Research,
Education, and Extension Service (CSREES), through the
nationwide Cooperative Extension System (CES), supports
water quality research through individual State experiment
stations that are under the direct control of land-grant
universities and by providing partial funding of individual
projects co-sponsored with universities or other nonprofit
organizations.

! Underlined numbers in parentheses cite sources listed in the References
section at the end of this article.

Article 10

The U.S. Geological Survey (USGS), an agency in the U.S.
Department of the Interior (DOI), is responsible for
monitoring the quality and quantity of the Nation’s surface
and ground water. It also conducts special water quality
studies in various geographical regions—often in downstream
waters where the effects of agricultural operations can be
assessed.

All of these natural resources management organizations
develop mathematical models to describe the physical
phenomena they investigate. These models are coded into
computer languages so that they may be processed
electronically by mainframes and personal computers.
Many are complex research-level models that are formulated
to address a specific resource concern.

NRCS is the USDA agency that provides technical
assistance directly to the agricultural producers to help them
manage their natural resources. NRCS uses the results of the
research-level water quality computer models to develop
operational-level water quality models and other techniques
that help producers improve their agricultural operations
within established Federal and State water quality standards.
The Environmental Protection Agency (EPA), a Federal
agency, establishes minimum national water quality standards
and has the authority to enforce them, if necessary, through
broad regulatory powers vested by Congress. However, most
of the responsibility to ensure that the standards are met is
vested in the States, and many State standards are more
stringent than those of the Federal Government.

The following sections present information regarding

the collection and use of weather data for computer
modeling; the computer modeling developments that
describe nutrient, pesticide, and salinity processes ascribed
to agricultural activities; and NRCS plans to classify,
evaluate, and select appropriate models for use in
implementing techniques for managing nonpoint sources
of agricultural contamination.

Discussion
Hydrology and weather generator techniques
One model developed specifically for evaluating water quality

of field-size areas is Chemical, Runoff, Erosion, and
Agricultural Management System (CREAMS) (10).! This

Computer Modeling for Water Quality



MopenupoBaHue KadyeCTBa BOAbI C IOMOIIbI0O KOMIIBIOTEPOB

Icetime H.Kpaiioep, @peo [. Teiipep, Po6epm [rc. Bazenem, Yunvam A.Dnucypu, Apaun [I.Hukc u Panvd A.Jleonapo

Pesrome

BeicTpoe pertieHne 6OIBIIOTO YHC/IA MATEMATHIECKUX
YyPaBHEHHUI CTaJI0 BOSMOKHBIM C ITOSIBICHUEM
KOMITBIOTEPHBIX CTAHIUI ¥ IEPCOHATBHBIX KOMITBIOTEPOB.
CosnaHue aIrOPUTMOB I/Is1 MOIC/THPOBAHUS N3MEHEHHI
KadeCTBa BOJIBI IIO]] BJIMSIHUEM PA3HBIX BUIOB
CE/IbCKOXO3AMCTBEHHOM IeATE/IbHOCTU ABUIOCH
Pesy/IbTaToOM BO3MO>KHOCTEHN COBPEMEHHBIX KOMITBIOTEPOB
u ckopoctu 06paboTku nadopmaruu. Pagpaborannbie
MOJIe/IH KaIeCTBa BOBI II03BOJISIIOT CIEI[UATHCTAM
Cry65bI OXpaHbI IPUPOTHBIX PECYPCOB U pepMmepam
BBIOPATh IMEHHO Te MOJE/IN, KOTOPbIe HAWTyIIINM
06pa3oM OTBEYAIOT PEIIICHUIO TOCTABICHHBIX
9KOHOMHUYECKHX U 9KOJIOTHIECKUX ITpobieM. Pasnnanbre
yUIpeXieHus1, paboTaromne B TeCHOM KOHTaKTe KakK C
yUIeHBIMH, TaK U ¢ pepMepaMu, IOMOTAIOT
chopMyIHpoBaTh ¥ MPENCTABUTH PepMepam 6OraThIit
BBI6OP MPaKTHUECKUX pemteHnil. KommploTepHble Momenn
OIIEPAIIIOHHOTO YPOBHSI HCIIOIB3YIOTCS TSI OLEHKH
H3MEHEeHUIT COCTOSIHUSI IPUPOTHBIX PECYPCOB IO
B/IMSIHUEM PA3TUIHBIX CHCTEM 3eMJICIIO/Ib30BAHUS U
semsteycTporicTBa. OCOOeHHO HIMPOKOE IPUMEHEHHE B
cenbckoM xo3sticTBe CIIA HaXoOAT KOMIIBIOTEpPHBIE
MOJIe/IH IIEPEHOCa a30Ta, IIECTULIUIOB 1 COJIEH B TOUBAX.

BBenenue

WccnenoBanus, nposoagumblie B CIIIA mo usydenuto
KauecTBa BOIbI, KACAIOTCA B IIEPBYIO OYepe/ib MUTPALINU
HCIIO/Ib3yeMBIX B CEIbCKOM XO3SIIICTBE XMMHKATOB
(ymoOpeH¥us1, TeCTHUINABI ), IPOSHOHHBIX [IPOIECCOB U
MeXaHUYIeCKON MUTPAI[UU B3BEIIIEHHBIX HAHOCOB, 60PHObI
C 3aCO/ICHMEM TI0YB M B MEHBIIIEI CTEIIeHH — YTHIN3ALlNU
OpraHUYeCKUX OTXONOB. Tak Win nHaye, BCe 3TU MPOIECCHI
CBsI3aHBI C BOIOTL, OY/Ib TO JOKIEBbIE OCATKH, CHET WIH
tasble Boxbl. [Toutu Bce hyHIaMeHTaIbHbIE HCCTETOBAHNS
I10 Ka4eCTBY BOMbI, CBsI3aHHbIE ¢ PUSHIECKUMU U
XMMHYECKUMHU IIpolieccaMy, poBoasatcs Cirysx60it
Ce/IbCKOXO03AMCTBEHHBIX UCCIeOBaHUI MUHNUCTepCcTBa
cenbcekoro xossiicta CIIA. Cay)x6a 9KOHOMUYECKHX
HCC/IeOBAHUI U3yYaeT pasInIHble CUCTEMBI
CeTbCKOXO3SIICTBEHHOTO MMPOU3BOJICTBA C TOUYKU 3PEHUSI UX
9KOHOMUYECKOH 3(P(HEKTUBHOCTH U TeM CAMBIM BHOCUT
BECOMBII1 BKJIaZ B hrHaHCHpYeMble denepaTbHbIM
[IPaBUTEIECTBOM CETbCKOXO3SIICTBEHHBIE UCC/ICIOBAHUS.
KooneparuHas ciry>k6a UccienoBaHmii, 06pa3oBaHus U
BHenpeHus1 MuHucTepcTBa cenbckoro xossiictsa CIIA

Mone}mpmsal—me KayecTBa BOAbI C IOMOIIIbIO KOMIIBIOTEPOB

yepe3 Kooneparusuyto cy>k0y BHe[pEHUs IOIEP>KUBACT
HCCIeJOBAaHUA Ka4eCTBa BOJbI Ha OIIBITHBIX CTAHLIUAX
OT/€/IbHBIX LITATOB, HAXOIALIUXCS 1101, yIIPABJIEHUEM
YHHUBEPCUTETOB IIITATOB, @ TAK)Ke 00eCIeYnBaeT YJaCTHIHOE
(uHaHCHpOBaHNE HHANBULYATbHBIX IPOEKTOB COBMECTHO
C VHUBEPCUTETaMH U APYTUMH 6eCIIpUObUIbHBIMHU
OpPraHU3aALUAMH.

Teonoruueckas crys>x6a CIIIA HaxomuTcsi B cocTaBe
MunuctepcTBa BHyTpeHHUX pecypcoB CIIA u oTBeudaeT 3a
MOHHMTOPHHT KayecTBa U 3aI1aCOB IIOBEPXHOCTHBIX U
I'PYHTOBBIX BoJ. OHa TakyKe IIPOBOJIUT CIEI[Ha/IbHbIE
HCC/IEeOBAHUS 110 U3YYeHHIO Ka4eCTBa BOIbI B Pa3/IMIHBIX
reorpauuecKUX pernoHax, Jalle BCero B HIDKHEM
TeYeHUN PeK, I1e MOKHO OlleHUTh 3 (eKT 3arpsisHeHus B
pesyabTaTe CeIbCKOX03AMCTBEHHOM IeATETbHOCTH.

Bce a1 OpraHusanuy 0o yupaBaeHUIO IPUPOIHBIMU
pecypcaMu pa3pabarbhiBalOT MaTeMAaTHYeCKUe MOLIEIH LS
OIMCAHUA U3ydaeMbIX HUBHIECKUX sSBIeHUIT. Mopeu
3aKO[MPOBAHbI Ha s13bIKAX KOMIIBIOTEPA TAKUM 006Pa3oMm,
9TOOBI UX MOYKHO OBIIO 06pabaThIBaTh Kak Ha
KOMIIBIOTEPHBIX CTAHILIUAX, TAK M Ha [1ePCOHAIBHBIX
KOMIIbIOTepax. MHOTHE MOJIE/IU CO3NAHBI IJIsL CIOKHBIX
HCCIIeIOBAHMIA, HATIPAB/IEHHBIX Ha PelleHre
creruduaeckux mpobiem.

Ciry>x6a 0XpaHbI IPUPOIHBIX PECYPCOB — IIOfIpas/ie/iecHue
MunucrepcTBa cenbckoro xossiictsa CIIIA, kotopoe
OKa3bIBAET TEXHUYECKYIO IIOMOIIb HEITOCPEICTBEHHO
Ce/IbCKOXO03SIMICTBEHHBIM IIPOU3BOIUTE/ISIM B YIIPABJICHUN
IIPUPONHBIMU pecypcaMu. B wactHOCTH, Cr1y>k6a OXpaHBI
IIPUPOIHBIX PECYPCOB UCIIONb3YeT Pe3y/IbTaThI
TEOPETHIECKOTO MOIETHPOBAHUS IS paspaboTKH
OIIepalIMOHHBIX MOJIe/IeN KauecTBa BOIBI U IPYTUX
TEXHUYECKUX [IPUEMOB, IOMOTAIOIINX dhepMepam
YIYYIIUTh CBOIO JeATeIbHOCTD IIPU COOMIONIEHNN
CTaH/IApPTOB KadyeCcTBa BOMBI, IPUHATHIX Ha (DeieparbHOM
YPOBHE U B OT/E/IbHBIX IITaTaX. ATEHTCTBO 10 OXpaHe
OKpY>Kalolllel Cpelbl yCTaHABINBAaeT MUHUMAaIbHbIE
HaIlMOHA/IbHbIE CTAaH/APThI Ka4eCTBA BOJbI M MeeT
nionHomouwst ot Kourpecca CIIIA npu Heo6XoguMOCTH
IIPOBOJUTH UX B KU3Hb. B 0CHOBHOM, OfIHAKO, COOITIONEHNE
CTaHAPTOB 06eCIIeIMBACTCS AMMHUHUCTPALIUSMU IIITATOB,
1 BO MHOTHX C/Iy4asiX CTAaHAAPTHI, IPUHSATHIE B IIITATAX,
OKAa3bIBAIOTCS CTPOXKE COOTBETCTBYIOIINX (helepanbHbIX
HOPM.
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model features three components—hydrology, erosion, and
chemical transport. CREAMS illustrates the limitations and
problems that users may encounter at any location when
applying the models. For example, the availability of suitable
weather data may dictate the selection of runoff generation
technology and the simulation time scale to be used.

CREAMS uses the NRCS runoff curve number method to
simulate runoff. The NRCS method was modified to allow
for daily simulation based on soil infiltration, water storage
capacity, and texture (23). Extensive soil databases are
available from SCS State and county soil survey data in the
United States to provide the required data for soils. Daily
precipitation data from more than 25,000 stations are the
most widely measured weather input . Approximately 7,000
of these stations have recorded observations for at least 25
years, and nearly 2,500 have recorded precipitation and
maximum and minimum air temperature observations at the
same site. However, these data are not easily obtainable by
model users. Only selected climate data can be obtained from
these stations. These data can then be screened for missing
values and reformatted for easier computer storage and
retrieval (20).

Record lengths longer than 25 years are required for some
applications of CREAMS and other models, such as Erosion-
Productivity Impact Calculator (EPIC) (22) and Simulation
for Water Resources in Rural Basins (SWRRB) (24).
Techniques for generating weather-related data have been
used with these models to extend the climate input records.
The required weather inputs are daily precipitation,

maximum and minimum air temperature, and solar radiation.

Techniques for generating weather-related parameters for the
inputs were developed for 134 stations across the United

States (16).

More recently, the Water Erosion Prediction Project (WEPP)
model has been developed (11). WEPP models use
infiltration-type runoff generation instead of the NRCS curve
number technology. This newer technology requires the
generation of disaggregated storm rainfall intensity patterns
from daily rainfall amounts (photo 10-1).

Nutrients

Water quality is affected by the distribution and fate of soil
nutrients, the soluble and plant-available constituents of
plant-soil-water systems. These nutrients arise from
application and transformation of organic and inorganic
fertilizers, from decomposition and degradation of organic
matter, or from weathering of soil minerals. In many cases,
the processes operative in plant-soil-water systems related to
the movement, persistence, and plant uptake of soil nutrients
have been well described. It is now a major challenge to (1)
apply the information learned as an aid to designing better
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management systems, and (2) integrate recent advances in
plant biology, microbiology, and soil-water chemistry into
water quality assessments.

There are a wide variety of soil nutrients, but from a water
quality or modeling perspective, most of the attention has
been given to nitrogen. Very few models that are used beyond
the laboratories of the developer exist for other soil nutrients.
Therefore, the predominant focus (90 percent) of modeling
activity in soil nutrient systems is on nitrogen.

This attention has been given to nitrogen compounds in soil
for two reasons—both related to water quality. First, because
nitrogen is an essential element for plant growth and is often
added as fertilizer or organic waste, nitrogen applications can
affect water quality if excessive leaching of the nitrate ion
occurs. Second, from a public health perspective, nitrate in
drinking water poses a threat to human health. These

Photo 10-1. Near Cottonwood, SD, scientists from the Agricultural Research
Service use a rainfall simulator to gather runoff data on range soils. Data from
many range and cropland sites throughout the United States is being used in the
development of the WEPP model. (Tim McCabe photo)

®oto 10-1. B paitone Korrousyp, mrar I0sxHas [Jakora, yaensie Ciry>k6s1
Ce/IbCKOXOBSICTBEHHBIX HCCIENOBAHMI HCIIOIB3YIOT CUMYJISITOP 0K
Wist c60pa MaHHBIX O MOYBEHHBIX cTOKaX. (PoTto Tuma MaxKeit6a)
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B cenyonux paspeax cTaTby IpefcTaBaeHa
MHPOPMAIINS, OTHOCSIIANACA K COOPY U HCIIONIB30BAHHIO
IAHHBIX O IIOTOIHBIX YC/IOBHUAX, HEOOXOMUMBIX /IS
KOMITIBIOT€PHOTO MOJIe/THPOBAHMUS; Pa3paboTKe MOTIesIelt,
OIIMCBHIBAIOLIUX ITPOIeCChI JUHAMUKY ITUTATE/IbHBIX
3JIEMEHTOB, IIeCTUIIUIOB, 3aCOJICHHA IPUMEHUTENbHO K
CeIbCKOXO03SIICTBEHHOMY IIPOM3BOICTBY. 3amada Ciry KObI
OXpaHbI TIPUPOHBIX PECYPCOB — KIACCUDUIUPOBATD,
OLIEHHUTD U PeKOMEH/IOBAaTh COOTBETCTBYIOIIIE MOMIE/IH UL
HCIIOIb30BAHMA B TEXHOTOTHAX /I KOHTPOJIS HCTOYHUKOB
CE/IbCKOXO3SAMCTBEHHOTO 3arPA3HEeHHS.

O6¢cyxnenue

Memoodvi 0606w enus cudponozuyeckux u
Memeoponozuueckux 0aHHvIX

Paspa6orana crienaabHast MOJIENb OIEHKU KaueCTBa BOJIbI
Ha YpOBHe Ka)X1oro o/ — “CucteMa yIpaBieHuUs
XMUMUKATAMH, CTOKAMH, 9PO3UENT U CETbCKUM XO3SMCTBOM
CYXCOCX [10]. 9TO TpeXKOMIIOHEHTHAsI CUCTEMA,
YUIUTBIBAIOIIIAsl THAPOIOTHIECKHE TIPOLIECCHI, 9PO3HIO 1
nporeccsl xuMudeckoi murpanun. CYXCICX
WUTIOCTPUPYET OTPAHMYECHHUS U TPYTHOCTH, C KOTOPBIMHU
MOYKET CTO/IKHY ThCSI ITOIb30BATe/Ib B TIOO0M MecTe,
[IPUMeHSIs TY WIN HHYIO0 Mofenb. Harmpumep, 1oCTyIHOCTD
MTOAXOIAIIUX METEOPOTOTHIECKHUX TAHHBIX MOXKET
OTIpeNeIUTh BBIOOP TEXHOMIOTHH MOJIETUPOBAHHUS CTOKOB U
BpPEMEHHOI IIIKaJIbI TIPU MOJIETUPOBAHUH.

Ilna MmomenupoBaHuUA MOBepXHOCTHOTO cToka CYXCIOCX
HCITOIb3YeT METOJ TOCTPOECHUS KPUBBIX CTOKA,
paspaboranuslit Cry)X60if OXpaHbI IPUPOTHBIX PECYPCOB
(COTIIP). Itot MeTop 66U MOTUPUITUPOBAH, YTO
[TO3BOJIWJIO TIOCTPOUTD MOJIE/Ib €KETHEBHOTO CTOKA BOJIBI
Ha OCHOBE JAHHBIX 00 MHPUIBTPALIMH, BTATOEMKOCTH,
MeXaHUIeCKOM cocTaBe MoYBbI [23]. O6umpHble 6aHKH
[TOYBEHHBIX TaHHBIX 10 TpadCcTBAM U IIITaTaM Ha yPOBHE
BCEHl CTPaHbI MO3BOJISIOT MOMTYIUTH TIO6YI0 HY)KHYIO
undopmanuio o mousax. [lanueie 06 arMochepHbIX
0CaKax, IOCTYIAOIIHUE C 25 ThIC. METEOCTAHIIHIA,
HanbosIee IIMPOKO UCIIONB3YIOTCS /11 KOJTMIeCTBEHHOI
OILIEHKH MMOTOLHBIX YC/TOBUIA. OK0/10 7 TBIC. METEOCTAHIUI
[IPOBOAAT HAOMIONEHMSI Ha TIPOTSDKEHUU 25 JIET U TIOUTH
2,5 THIC. CTAaHIIUI OTHOBPEMEHHO C H3MEPEHHEM OCAIKOB
OTIPeNe/SIIOT MUHUMAIBHYIO U MAaKCUMaJIBHYIO
TEMIIEPATypPy BO3AyXa B OHOM M TOM e MecTe. OfHaKO
[T0/Tb30BATE/ISIM MOJIe/IEN IOy IUTh 9TH HCXONHbIE TaHHbIE
He TaK YK JIeTKO. ToJIbKO BBIOOPOYHBIE KITMMAaTHIECKIe
IaHHbBIE MOTYT OBITH IOMYIEHBI C METEOCTAHIIHIT. DTH
IaHHbBIE MOTYT OBITH 3aTe€M IIPOBEPEHBI Ha OTCYTCTBYIOLIIHE
3Ha4YeHUsI U epe)OpMATUPOBAHBI /IS OOTeTIeHUs
KOMIIbIOTEpHOT 06paborku [20].

Mone}mpmsal—me KayecTBa BOAbI C IOMOIIIbIO KOMIIBIOTEPOB

I HexoTopbIxX crydaes mpuMeHeHuss CYXCOCX u
APYTUX MOJeIel, TAKUX KaK “KaabKy/IsTop BIMsHUS
aposuu Ha npopyktuBHOCTH KBOII [22]
“MonenupoBaHue BOTHBIX PECYPCOB B CETBCKUX
Bonoemax” MBPCB [24], TpebyroTcst naHHbIe 6071ee YeM 3a
25 jtet. MeTtonpl 060011eHHUs TaHHBIX O TTOTOAHBIX
YCIOBHSIX OBUTH UCIIONMB30BAHBI B 9THX MOJE/ISX IS

pacuipeHus obbeMa JaHHBIX O KTMMAaTUI€CKUX YC/IOBUAX.

Heo6xonnmblie faHHBIE O TOTOTHBIX YCIOBUSAX BKIIOYAIOT
eXelIHEBHBIE TaHHbIE 00 aTMOC(hEPHBIX 0CA/IKAX,
MaKCHMMa/IbHOM M1 MMHUMAa/JIbHOM TeMIIepaType BO3ayXa 1
COTHEYHOV paguaiiuu. MeTombl 060611IeHUS TTapaMeTPOB
IIOTO/IHBIX YCJIOBUI /ISl BBOZIA B MOJIE/IN pa3pabaThIBa/NCh
Ha 134 MeTeoCTaHIIMAX, PACIIONIOKEHHBIX B Pa3HbBIX
pernonax CIIIA [16].

Henasno paspaborana mozens “TIpoekt
[IPOrHO3UPOBaHUs BOmHO aposun’ [1T1BI [11]. B aroix
MOJIE/Id BMECTO METOMIA IOCTPOEHUS] KPUBBIX CTOKA
UCIO/IB3YETCs IPOU3BENEHNE OCAIKOB
UHOGWIBTPAUOHHOTO THIIA. DTa HOBAsl TEXHOIOTUS
TpebyeT 06001IeHNUS PasOOIIeHHBIX JaHHBIX 00
MHTEHCUBHOCTH [OKIE 1 BBIIE/IEHUS UX U3 eXKeIHEBHBIX
ocankos (¢oro 10-1).

IHumamenvnvie seujecmaea

Ha xauecTBO BOJbI OKa3bIBaeT GO/IBIIOE BIUAHUE
PacIpoCTpaHEHUE U ITePeMeEIIIEHNE TUTATETbHBIX BEIIECTB
B [104B€, PACTBOPUMBIX U YCBAUBAEMbIX PACTEHUSAMU
KOMITOHEHTOB CUCTEMbI PaCcTeHHE-TI0YBa-BOA. ITU
uTareIbHble BeleCTBa 00Pa3ylOTCs B [IOYBE B Pe3y/IbTaTe
[IPUMEHEHMSI U BUIIOU3MEHEHMS OPTaHUIECKUX U
MUHEPaJIbHBIX yIOOPEHUIT, Pas/IOKeHMsI ¥ PacIIajia
OPTraHMYECKOTO BELIECTBA, & TAK)KE BHIBETPUBAHMUS
[IOYBEHHBIX MUHEPAJIOB. BO MHOTHX C/Iy4asix Ipo1ecchl,
[IPOMCXOMSILIUE BHYTPU CUCTEMBI PACTEHUE-I0YBA-BOMIA B
CBSI3M C IBUYKEHHEM, COXPAaHEHHEM U yCBOEHHEM
PaCTeHUSIMU /IEMEHTOB IUTAHUSL, XOPOLIO U3YYeHbI.
OcHoBHas 3aj1aya B HACTOAIIIEE BPEMS 3aK/TIOIAETCS B TOM,
4T06BI (1) MCIOMTB30BATH MTOTYIEHHYIO HHMOPMALIHIO /IS
PaspaboTKH IyUIIIel CHCTEMBI yIIpaBIeHUs u (2)
HWHTETPUPOBATH COBPEMEHHBIE IOCTUKEHUS B 06/IaCTH
6UOIOTUY, MUKPOOGUOTOTHH M XMMUU JIJISl OLIEHKU
Ka4eCTBa BOJBL.

113 60/IBIIIOrO YKMC/Ia 9/IEMEHTOB IMUTAHKS B IIOUYBE /IS
MOJIeTUPOBAHUS Ka4eCTBA BOIBI 0c060e BHUMAHME
ynensieTcs a3oTy. JIUIIb 0O4eHb HEeMHOTO MOJIeeit
TIOTYYIIN IIPAKTHYeCKOoe IPUMeHeHHe [T TPYTUX
MUTATEIbHBIX BEIIEeCTB. A30T IEKUT B ocHOBE 90%
CYIIeCTBYIOIINX MOJIe/iell, OTHOCAIINXCSA K TTUTaTe/IbHBIM
BellleCTBaM.
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considerations have led to programs that seck to determine
the amount of nitrate leaching. These programs aim to
predict and better manage nitrogen, so that the quantity and
residence time in the root zone are maximized and the
amount exiting to ground water is minimized.

While microbiologists, chemists, soil scientists, and
hydrologists study these processes in isolation, it has

been recognized for two decades that a more holistic approach
is required to understand and forecast the processes,
interactions, and integrated impact on the environmental
behavior of nitrogen. Use of computer simulation models has
been the major approach to developing this understanding.

Simulation models of soil nitrogen were among the first
comprehensive soil modeling efforts with initial models
focusing on the relationships between various components of
the system. These components include fertilizer additions,
crop growth and uptake, movement of nitrate dissolved in
soil-water (leaching), movement of ammonia-nitrogen (in
some cases, nitrate-nitrogen), denitrification, and
volatilization. A good review of the modeling of such systems
is provided in Nielsen and MacDonald (15). The early
development of these models, to a great degree, paralleled the
development of similar models that describe the fate of
inorganic salts (salinity) in the irrigated soils of the Western
United States. Many of the same scientists and engineers were
involved in both efforts, as it quickly became clear that the
basic principles of chemical movement in soil could be
assumed as a starting point in both cases. More recently,
much attention has been given to pesticides, and simulation
models of these chemicals in soil-water systems often begin
with similar assumptions.

A variety of soil nitrogen models exist. Those that existed in
the mid-1970’s have been summarized in Nielsen and
MacDonald (15). Since that time, a number of models have
been developed. These include Agricultural Nitrogen Model
(ANIMO) from the Netherlands; Chemical, Runoff, Erosion,
and Agricultural Management Systems (CREAMS) from the
United States; Leaching of Nitrate From Agricultural Soils
(LEACHM-N) from Great Britain; Nitrogen Tillage Residue
Management (NTRM) from the United States; and Nitrate
Leaching and Economic Analysis Package (NLEAP) from the
United States.

These models are all in various stages of development, testing,
and use. As with all models, they continue to evolve as further
experimentation is accomplished. However, several broad
generalizations can be made. First, only a very few models
have been tested by other than their own developers. This was
very apparent in the recent project on “Nitrate in Soils,” by
the Commission of the European Communities. In this
project, nine different nitrogen models were tested, but none
by other than their own developers. Second, the fundamental
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concepts of the cycling of nitrogen vary according to the
modeler. Some models propose extensive carbon/nitrogen
partitioning, some describe plant uptake, and one model
(LEACHM-N) simulates volatilization. Clearly these
differences in basic concepts lead to differences in model
output. Third, water flow processes allow segregation of the
models into two types. In one group of models, which can be
considered mechanistic and deterministic, numerical methods
are used to solve an appropriate form of the Richard’s
equation (1). In the other group, water flow is simplified to
reduce the amount of input data and execution time required.
Fourth, more input information is generally required for the
mechanistic models, including soil hydraulic properties,
bottom boundary conditions, and the magnitude of soil
microbiological processes.

Pesticides

Concerns over the environmental effects of pesticides in U.S.
surface waters date to the 1960’s and at that time were mostly
associated with the organochlorine insecticide residues that
were prevalent because of their persistence, widespread use,
and transport vectors in air, water, and sediment. Most of the
organochlorine pesticides were banned from extensive use by
the mid-1970’s. However, many other pesticides used in
agriculture have been detected in surface water (12). In recent
years, herbicides have become the major class of pesticides
applied in the United States and have been found at
significant levels in water throughout major stream basins (4).
Many of the insecticides in current use are nonpersistent, and
any water quality problems caused by their use are most likely
to occur near the site of application in association with
extreme, low-probability-rainfall runoff events (12).

The prevalence of pesticides in ground water in the United
States gained attention along with the ability to detect soil
fumigant nematicides and water-soluble nematicide/
insecticides (6). Currently, at least 46 pesticides resulting from
nonpoint sources have been found in ground water in 26

States (25).

The USDA CREAMS model is used to evaluate management
effects on pesticide residues in surface runoff and transported
sediments. The Groundwater Loading Effects of Agricultural
Management Systems (GLEAMS) model (14) developed as
an extension of CREAMS, additionally simulates pesticide
transport in and through the soil root zone and is applicable
to a wider range of management options (photo 10-2).
Specifically, GLEAMS was developed to simulate soil-water
balance and surface transport of sediment and chemicals for
agricultural field management units. Further, it simulates
pesticides and metabolite transport in and through the plant
root zone as functions of climate and management practice.
Model input requirements include daily rainfall volumes; crop
and management parameters; soil and physical parameters for
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IToBpllIeHHOE BHUMAaHUE K COIEP>KAHUIO a30Ta B II0YBE
00BsICHSIETCS IBYMSI IPHIMHAMHE, H 06€ CBSI3aHBI C
Ka4ecTBOM BOJbl. Bo-I1epBBIX, IIOCKO/IbKY a30T —
CYILIECTBEHHBIN 9/IEMEHT PAa3BUTHSA PACTEHUI M 9aCTO
BHOCHTCS B IIOYBY B BHJE YIOOPEHMI WIN OPraHNIeCKUX
OTXOZIOB, IPMMEHEHME €T0 MOYKET BJIUATH Ha Ka4eCTBO
BOIIBI, €C/TH IIPOUCXOAUT U30BITOUHOE BBIII[e/IAYHBAHIIE
HMOHOB HUTpaTa. BO-BTOPBIX, € TOUKU 3pEHUsI
3paBOOXPaHEeHNs, HUTPAThI B IUTHEBOM BOJE
NIPEeICTaB/IAIOT YITPO3Y UL 3[I0POBbs Ye/loBeKa. B cBsasu ¢
3THM pas3pabOTaHbI IPOrPAMMBbI U3YIEHHSI U OTIPEMieICHHS
KOJIIMYeCTBA BBIIIIeTAYNBaeMbIX HUTPATOB. OTH
IIpOTrpaMMBbl HaIlpaB/IeHbl Ha IPOrHO3UPOBAHUE U

s dexTrBHOE UCTTONTB30BAHKE A30TA C LEIHIO
IUVIUTEIbHOTO COXPaHEeHUs MaKCUMa/IbHOIO KOJTMYEeCTBA
a30Ta B IIpefieax KOPHEBOW 30HbI IIPU MUHUMa/IbHOM
IIOCTYIJIEHUHU €TI0 B TPYHTOBbIE BOMIbL.

[TOCKOMBKY 9TH MIPOLIECCHI UYYAIOTCS OTIEIBHO
MHKPOOHOIOTaMH, XUMHUKaMH, TIOYBOBETAMH 1
TUAPOIOTaMH, B TeUeHHE TIOCTETHUX IBYX AECSTHIeTHIL
6bUIa OCO3HAHA HEOOXOMUMOCTD PaspaboTKu 6ojee
KOMIUTEKCHOTO TIO[XO/a [UIsl IIOHMMAaHUs U
[IPOTHOSUPOBAHMSI IBIYKECHHUSI, B3AUMOEHCTBHUS 1
uHTErpabHOTO 3 deKTa OT BO3IEHCTBUS a30Ta Ha
OKpy>KaroLIylo cpeny. [ToHnMaHue TaKoit HEOGXOTUMOCTH
CTaJI0 BOSMOYKHBIM B Pe3y/IbTaTe HCIIOb30BaHMS
KOMIIbIOTEPHBIX MOJIE/IEN.

MonenupoBaHue IOBeAEHNs IOYBEHHOTO a30Ta SIBUIOCH
OMIHOIT U3 [TEPBBIX KPYIHBIX PabOT B 06/1aCTH TOYBEHHOTO
MozenrpoBaHusi. [lepBoHadaIbHbIE MOTIETN U3YIaIN
B3aMMOJIEICTBHE PA3IHIHBIX JIEMEHTOB CHCTEMBL. DTH
KOMITOHEHTBI BK/IIOUA/IH BHECEHUE YIOOPEHUTT, POCT U
[IOT/IOLIIEHNE CETbCKOXO3SIIICTBEHHBIMU KY/IBTYPaMH
[IUTATeTbHBIX BEIIIECTB, IBIDKCHNE HUTPATOB,
PacTBOPEHHBIX B TOYBEHHOI BjIare (BbILIIe/IAYNBAHIE),
IBIDKEHIE aMMOHUITHOTO a30Ta (B HEKOTOPBIX CITYJasix
HUTPATHOTO a30Ta), IeHUTPUDUKAIIUIO U TIOTEPIO A30Ta
1IpH yeTydyuBaHuy. [TonpoOHBbIiT 0630p Moz TMPOBaHUS
Takux cucreM gaau Hunbcen u Mak/lonanbn [15].

PaspaboTka aTux Moiesieil Ha PaHHHUX CTaUsX
[IPOBOUIACH MTAPAJUIETbHO € PadpaboTKOIT Mojiesieit
NBIDKEHMS] MUHEPATbHBIX COJteit (3acosienue) B
oporaembix moyBax Ha 3amage CIIIA. TTockonbky MHOTHE
y4eHbIe ¥ MH)KEHePhl YYaCTBOBA/IN B CO3JAHUN 00enx
MOJIeIel, TO BCKOpe UM CTaJI0 OY€BUHO, YTO OTIIPABHBIM
ITYHKTOM B 060X CIy4asiX IBJISIFOTCS OCHOBHbIE
MIPUHITUIIBI XUMHYECKUX IIPOLIeCCOB B ITouBax. [Tosmuee
6bUT0 06palieHo 0co60e BHUMaHMe Ha TeCTUIIU/IB;
MOJIeTMPOBaHUe IIepeMeIIeHHS ITUX XUMHUKATOB B CUCTEMeE
[I0YBA-BO/Ia YaCTO CTPOUTCS HAa OCHOBE TeX >Ke CAMBIX
MIPUHITUIIOB.

MOJIE}II/IPOBaHl/Ie KayecTBa BOAbI C IOMOIIIbIO KOMIIBIOTEPOB

Cy11ecTBYIOT pa3HO06pasHble MOJIe/ I TUHAMUKY
[MOYBEHHOTO a3oTa. Mojien, paspaboTaHHbIE 10 CEPENUHBI
70-x royioB, 06006111eHbI B pabote Hunbcen u Mak]{oHasb
[15]. C tex mop 6610 pazpaGoOTaHO MHOTO HOBBIX MOJIETIEN.
B Hupepnanmax cosmnana “CenbCKOXO3SMCTBEHHAS a30THAS
monens” CAM, B CIIIA - CYXCICX, B Benukobpuranuu
- “BplIe1a4MBaHe HUTPATOB U3 CENMbCKOXO3ANCTBEHHBIX
oy (BHCII)”, UATIIT - “Ucnionb3oBanue azora mpu
mouBoo6paborke” 1 AHBD - “Ananus HUTpaTHOTO
BBIIIIE/IAYMBAHUSA U 9KOHOMUKU

Bce aTut MO/ T HaXO[ATCS HA PA3HOIT CTA/TUU CBOETO
PasBUTHS, POBEPKU U UCIIOIb30BaHUsL. OHU TOCTOSTHHO
MTOTIOTHAIOTCST HOBBIMU 9KCITEPUMEHTAIbHBIMU TaHHBIMHU.
OnHaKo MOYKHO CIe/IaTh HECKOIBKO OOIIMX HAOIOIEeHUIA.
Bo-1iepBbIX, He BCe MOJIE/IH TIPOIIUTH He3aBUCHMBbIE
UCIIBITAHUSL. DTO CTAIIO OYEBUIHBIM B HEJ[ABHEM ITPOEKTE
Komuccuu EBporeiickoro coobiectsa “Hurparst B
mouse”. B xoe peannsauu npoekTa 6b10 UCIBITAHO 9
MojIeielt, IpudeM KasKIasi MOJIe/b UCIBITHIBAIACh CAMUMMU
paspaboTurKaMu. Bo-BTOPBIX, HET EAMHOTO TIOHSTHS O
KpyroBoporte azorta. HekoTopsle Mozme/i OCHOBaHbI Ha
HMHTEHCUBHOM (PpaKI[MOHUPOBAHUH YITIEPOA U a30Ta,
APYyTHE OMKCHIBAIOT YCBOCHUE PACTEHUIMH ITHX
3/IEMEHTOB ITUTaHus, ogHa Mozensb (BHCII-M) umutupyer
[IOTepH IPH yIeTyINMBaHUM. BriosHe 04eBUIHO, UTO TaKue
PasInIKsi B OCHOBHBIX TOHATHUAX IPUBOMISAT K Pa3TUIHBIM
pesy/ibraTaM MOETMPOBaHMs. B-TpeThux, cylecTByeT nBa
THUIIA MOJI€JIeit IBYKEHUs1 BOMIbL. [ [epBBIiT TUIT TIOCTPOEHUs
Mopesiel, KOTOPbI MOYKHO Ha3BaTh MEXaHUCTUYECKUM U
IeTePMUHUCTCKUM, OCHOBAH Ha YUCJIEHHBIX METOIAX C
HCITOIb30BaHKeM ypaBHeHus Pudappa [1]. Bropoit tun
YIIPOIIIaeT IIPOLIeCC TeUCHUSI BOABI B LIE/ISIX 9KOHOMUHU
BpEMEHU U COKpaIlleHHsi 00'beMa BBOTUMBIX B KOMIIBIOTED
MaHHBIX. B-4eTBEPTHIX, UIsI UMUTAIIMOHHBIX MOJIE/IEN
TpebyeTcst BBOZ 6ojtee MOMHOM HHGbOpMaINY, BKIIOYast
IIaHHBIE O TUIPOIOTUYECKUX CBOICTBAX ITOYBBI, O
MTOJICTUIAIOIIIUX TIOPOJIAX, O BCeM MHOT00Opasuu
MUKPOOUOJIOTUIECKUX MTPOIIECCAX, TPOUCXOIAIINX B
IOYBe.

Iecmuyuovt

B CIIA sxonornyeckue UCCIETOBAHUA 110 USYIEHUIO
BJIUSTHUSL TTIECTUIUIOB Ha IOBEPXHOCTHBIE BOMIBI ObUIH
Ha4vaThl B 1960-e TOObI U KaCaalch, B OCHOBHOM,
XJIOPOPTaHMYECKUX HHCEKTHIIMIOB KaK Hanbojiee IIHPOKO
NIPUMEHSAEMBIX, YCTOMYUBBIX U JIETKO MUTPUPYIOLLIUX B
BO3MYIIIHOM, BOGHOM CPeZie ¥ B BU/IE MEXaHUYECKUX
HaHocoB. K cepenune 1970-X rogoB UCIIO/NIb30BaHNE
GOBIINHCTBA XJIOPOOPTAHUYECKUX TIECTUITUIOB ObIIO
3aIpeleHo, OJHAKO B IIOBEPXHOCTHBIX BOJIAX
06HAPY)KUBAIOTCS IPYTHE BUABI IIECTUIU/IOB,
OKasbIBaIOIIIMe HETaTUBHOE BIMSIHME Ha Ka4eCTBO BOJIBI
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soil detachment and transport; pesticide properties, i.c.,
solubility, expected half-life in soil and on foliage, and
adsorptivity; and soil physical data by horizon necessary to
route water and chemicals. Model output includes runoff,
percolation, and sediment; pesticide masses in runoff attached
to sediment and in percolate through the root zone; and
irrigation applied. Output frequency can be daily, monthly, or
yearly. While daily output can provide data on distribution of
pesticides within the root zone, GLEAMS is best used for
comparative analysis of complex soil, pesticide management,
and climate scenarios (13).

While GLEAMS is primarily a management-type model,
others have been developed that are especially useful for
screening purposes (9), regulatory decisions, (2) and
research (21).

Most of the available models apply to field-scale,
homogeneous management units and to one-dimensional
subsurface pesticide transport. Application of these models on
a watershed scale, however, will be primarily for assessing
source-loading potentials and selecting management practices
to limit pesticide transport off site. Available pesticide
transport models do not distribute or proportion pesticide
loads and concentration pulses at the basin outlet to the
individual source areas. Additional research and data bases are
needed to develop and evaluate distributed basin-scale
pesticide transport models.

A pesticide properties data base was formulated and released
in 1990 by USDA (5). Member companies of the pesticide
industry joined with USDA agencies, primarily ARS and
NRCS, to develop the data base. It contains approximately
230 commonly used pesticides in the United States and lists
such variables as the chemical and trade names, half-life,
solubility, and soil-water partitioning coefficients (Koc). An
earlier, unpublished version of the data base was used to
develop a screening procedure to simulate soil-pesticide
interaction. That version matched soil and pesticides to
determine the overall potential for pesticides to leach or run
off. The procedure was developed using multiple runs of the

GLEAMS model.
Salinity

The important features required to model salinity in soil are a
representation of the transport process and a representation of
the solution chemistry. The transport model consists of a
differential equation expressing the principle of solute mass
balance, combined with a flux differential equation describing
the rate of flow of mass. The usual flux law invoked is the
convection-dispersion equation, describing the flow of
dissolved solute as (1) a combination of mass flow resulting
from a moving solution and (2) a random mixing (dispersion)
process within the solution phase. Another way to create a
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convective-dispersive process is by computer calculations that
divide the soil into a series of mixing cells. In this procedure,
commonly used in chromatographic theory, solute is
transported for a short time by piston flow through and
between soil regions divided into cells, and then the contents
of a cell are averaged. The number of cells per unit length
plays the same role as the dispersion coefficient.

The process model used to represent solution chemistry

is usually the principle of thermodynamic equilibrium.
The equations used to represent the equilibrium

condition among the set of inorganic compounds
commonly found in a soil system are typically of the
following types: Conservation equations for each element
or ionic species, charge balance equation, precipitation-
dissolution reaction equations, ion-pair reaction equations,
cation exchange equations, and carbon dioxide (C0,) or
pH constraint equations.

Modern computers are able to solve large systems of equations
rapidly, so that relatively complex solution calculations can be
performed routinely. This has allowed the transport and
chemical equilibrium components of the overall model to be
combined by dividing the soil into a set of mixing cells that
are equilibrated after allowing the dissolved constituents to
move within and between the cells according to the transport
algorithm. Thus, as the solution is transported, it comes into
contact with new, stationary solid phase material, requiring a
new equilibrium calculation to be performed.

The computational procedure is easily extended to include
water uptake by plant roots by simultaneously calculating
water transport with a flow model. In this case, the solution
constituents are temporarily brought into disequilibrium by

Photo 10-2. Water quality concerns over the management of pesticide use have led
USDA 1o development models like CREAMS and GLEAMS to help evaluate the
effects of pesticide residues in surface runoff and groundwater.

(Tim McCabe photo)

Doro 10-2. [Tpobrembl KadecTBa BOALI IIPU UCIOIB30BAHUN [IECTHI[UIOB
npuseno MCX CIHIA x passuruio mozeneit CYXCOCX u 9CI'B3CCM
IS TOTO, ITOOBI OLIeHUTH 3 (PEKT OCTATKOB IIECTHIIUIOB Ha KAIECTBO
[IOBEPXHOCTHBIX U IPYHTOBBIX BOfL. (Porto Tuma MaxKeii6a)
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[12]. Tep6Ourumbl, HIIUPOKO MIPUMEHsIEMbIE B HACTOSIIIEE
BpeMms B CIIIA, B 3aMeTHBIX KOTHYECTBAX
06HAPY)KUBAIOTCS B TIOCTIETHIE TOIBI B BOAX IIABHBIX
PEUHBIX 6ACCEITHOB, UTO CYIIIECTBEHHO CKa3aJIoCh Ha
YXYIILIEHUH KadeCcTBa BOM, 0COOEHHO B pekax [4]. Muorue
MECTUIUMIBI B PEYHBIX BOJIAX HE OTIIMIAIOTCS
YCTOYUBOCTBIO, TPO6/IEMBI HX HCITOIb30BAHMS
BO3HHUKAIOT Yallle BCETO B 9KCTPEMAIbHBIX YCIOBUSX CTOKA,
CBS3aHHDBIX C U3OBITOYHBIM BhIMTaZIeHHEM OCagKoB [12].

PacnipocTpanenue nectuiunos B TpyHTOBBIX Bomax B CIIA
IIPUBJIEK/IO BHUMAaHKE YYEHbIX OTHOBPEMEHHO C
PasBUTHEM aHAIUTUYECKHX METOJ OB OOHAPYKEHUs B
BOIaxX PyMHUTaHTOB, HEMAaTOLUIOB U BOLOPACTBOPUMBIX
HEMAaTOIUIO-UHCEKTUITU/IOB [6]. B HacTos1Iee BpeMst 1O
MeHblIleil Mepe 46 BUJOB IIECTUIIUIOB U3
HEeYCTaHOB/IEHHBIX HCTOYHUKOB OOHAPY)KEHBI B TPYHTOBBIX
BOJAx 26 MITaTOB CTpaHbI [25].

Monens MunuctepcTBa cenbckoro xossiictsa CIIA
CYXCOCX ucnombsyeTcs A/ OLeHKU BIUAHUA
yIIpaBJIeHNsI Ha OCTATKH MECTUIU/IOB B TIOBEPXHOCTHBIX
CTOKax ¥ nepeMerieHuy HaHocos. Monens QCI'B3CCM
[14], pasBuBaemast Ha ocaoBe CYXCICX, IOTONTHUTETBHO
HMUTHUPYeT llepeMellieHre eCTUIIU/IOB BHY TPY KOPHEBO
30HBI IOYBBI ¥ IPUMEHUMA K IITUPOKOMY KPYTY
X03sicTBEeHHbIX 3a1a4 (porto 10-2). KonkperHo ara
MOJIe/b paspabaThIBaIach JUIs onpenerenus 6aaaHnca
IIOYBBI ¥ BOJIBL, IEPEHOCA HAHOCOB M XMMUKATOB Ha YPOBHE
kaxzoro noss. Kpome Toro, ona Mopepyet
repeMerrieHre MeCTUIUIOB U MeTAOOTUTOB B IIpeeax
KOPHEBOTI 30HBI KaK (DYHKIIMY KIUMAaTa U
arpoTexHUYecKux pueMos. Ha Bxone Moyiesib yaIuThIBaeT
eKeHeBHbIe JaHHbIE O KOJTMYECTBE OCAIKOB, TApaMeTPbI
BO3JIe/IBIBAEMOI KY/IBTYPBI U IPHEMBI ee 06paboTKHY,
(usmveckue CBOIICTBA MOYB (IUCIIEPCHOCTD,
BOJIOTIPOHUIIAEMOCTD ), CBOICTBA ITECTUIIUIOB, T.€.
PacTBOPUMOCTD, PACUETHBIN ITEPUO]] ITOTYPaACIIa/ia B IIOYBE
U JTUCTBSX PACTEHUIT; PUIBTPAIIMOHHBIE CBOMCTBA
ITOYBEHHBIX TOPU30HTOB 110 OTHOIIICHHIO K BOJIE U
xumuKkatam. Ha Bbrxosie Mozenu — nugopmariusi o
ITOBEPXHOCTHOM CTOKE, IIPOCAYUBAHUU BOIBI B IIOUBE U
[IePeOTIOKEHUU HAHOCOB, O KOJIMIEeCTBE ITeCTUIU/IOB B
0CajKaX MMOBEPXHOCTHOTO CTOKA U B KOPHEBOI 30HE U O
MIpUMeHsIEMOM OpolileHnH. Beixonuast nadopmanms
MOJKET IPeNOCTaB/IAThCS Ha KaXKIbIN IeHb, Ha MeCsII U Ha
uesbrit rox. Onaaxko monens DCITB3CCM 6ortee mpuromma
IUISI CPAaBHUTE/IBHOTO aHA/IM3a KOMIUIEKCHBIX CIIeHAPHEB
[IPOTHO3HMPOBAHUS H3MEHEHHIT TOYBEHHBIX U
KIMMAaTHIeCKHUX YCIOBHUIL, IPUEMOB 00paboTKH
nectunmumamu [13].

ITomuMo sTOI MOIE/IN, UMUTUPYIOLLEH B IIEPBYIO O4epelb

IIPOLIECCHI YIIPABIEHUS XO3AMCTBEHHON I€ATEIbHOCTHIO,
paspaboTaHbl 1 Ipyrue, npuMeHsieMble I IeJIef OXpaHbl

Mone}mpmsaﬂne KayecTBa BOAbI C IOMOIIIbIO KOMIIBIOTEPOB

OKpYy>KaroLeil cpensl [9], yrpaBreHIecKUX peleHuii [2] u
IUIsL LCCIIENOBATENbCKUX Heseit [21].

DOJIBIIIMHCTBO CYIIECTBYIOIINX MOJIe/ieil pa3paboTaHo Ha
YPOBHE IIOJIS1 — OMHOPOIHOM XO3AMCTBEHHOM €UHUIIBI U
IU1 OMHOMEPHOM XapaKTePUCTUKU ITOBEPXHOCTHOTO
repeHoca mecTUIUI0B. B Macirrabax Bogoc6opHOTO
6acceifHa OHU MOTYT OBITH UCIIOIb30BAHBI /IS OLIEHKU
[TOTEeHI[Ma/Ia HATPYSKU Ha HCTOYHUK U BBIOOpPa
AarpOTEeXHUYECKUX IIPUEMOB C 11€/IbI0 IIPeNOTBPAlLleHUS
TepeHoca IMeCTUIUIOB 3a IIpeeibl TOTO 110/, IJie OHU
6bUTH BHeCeHBI. [1oKa He CyIIIecTByeT IOIXOMISIIEI MOIe/IH
IUISL OT[EHKU [IepeHOCa MECTUIIUIOB BO BCeM OacceriHe;
COOTHOIIIEHHE HaTPY3KHU U KOHIIEHTPALIUI B BOTOCO0pe
OT/IENIbHOTO UCTOYHUKA OOBIYHO PACIPOCTPAHSIETCS HA
Bech HacceitH. YT0OBI TOCTOBEPHO OIEHUTD TIEPEHOC
[IeCTUIHAOB B MaciITabe 6acceitna, TpeOyroTcs

I OIIO/IHUTE/IbHbIE PE3Y/IbTAaThl UCC/IENOBAHNI U HOBBIA
6aHK TaHHBIX.

BaHK maHHBIX O CBOMCTBAX MECTULIMIOB BBENEH B IEMCTBHE
MCX CHIA B 1990 r. [5]. B ero paspaboTke mpuHUMaIH
y4yacTue IpeiCTaBUTEeTH KOMITAHUIL ITO TPOU3BOJICTBY
MIECTHUITU/IOB BMECTE CO CIIeI[UacTaMu MUHICTEePCTBA
Ce/IbCKOTO XO3SIHICTBA, B IePBYI0 odepensb Ciry>kOb
Ce/TbCKOXO3SMCTBEHHBIX HCCaenoBanmil 1 CIy>KObI OXPaHBbI
IIPUPOIHBIX PeCcypcoB. B 6aHKe maHHBIX UMeETCs
nHbopMmanwst o 230 BUAX HECTUIIHIOB, UCIOMB3YEMBbIX B
cenbckoM xo3sricTBe CHIA, u mepedncisioTcs ux
XapaKTePUCTUKU: XUMUIECKHE U TOPTOBbIE
HaMMEHOBAHUS, IIEPHOJ, ITOJTYPACIIafia, PACTBOPUMOCTb,
koo duirent ¢ppaxironnposanus (K ). Panee
HeOoIIy6/IMKOBAHHBII BAPHAHT GaHKa JAHHBIX OBLT
HCIO/Ib30BaH ISl MOJIE/TUPOBAHUS B3AUMO/EHCTBUS
MEXKIy IIOYBOI ¥ MECTUIU/IAMU B IIPOIIeCcCe UX MUTI'PAIUU:
06T TOTEHIMA/I OYUILIEHUSA OT ITECTULIUIOB
OIIPEIE/ISUICS 110 COYETAHUIO XaPaKTePUCTUK ITOUBBI U
recTUIU0B. [Ipu manpHedIeM pa3BUTHUU TOTO ITOXONA
HCIIOIb30BaHbI MHOTOYHC/ICHHBIE HATIPaBJICHMUS,
OCHOBaHHbIe Ha Ucnonb3oBaHuu mouenmu DCI'B3CCM.

3aconenue nous

Monesnp 3acomeHUs MOYBBI IMUTHPYET ITPOIeCC IepeHoca
costelt ¥ XUMuU3M pactBopa. [locTpoeHne Mozeu epeHoca
COJIel IPOBOAUTCS € yIeTOM auddepeHInanbHOro
ypaBHeHHs 6asaHca pacCTBOPUMOI MacChl U ypaBHEHUS
CKOPOCTH ITOTOKA 3TOM MacChl. ITO OOBITHO IPUMeEHsIEMOe
ypaBHeHHe Ipolecca KOHBEKIUI-THUCIIEPCH,
OTIMCBIBAIOIIEe TIOTOK PACTBOPEHHOTO BelecTBa Kak (1)
codeTaHNe MHOYKECTBA OTEIbHBIX CTPYil, 06PasyroIUXCs
B IIpoIiecce pacTBOpeHus u (2) mpoiiecc 6eCrnopsamoIHOTro
paccestHUs Bel[eCTBa pPaCTBOPUMOIL (pasbl B pacTBOpe.

I pyroii myTh CO3aHUsA TaKOI MOJE/IU — 3TO PACYET C
ITOMOIIIBI0 KOMITBIOTEPA, TO3BOISIOIIMIT PA3IETUTD IIOYBY
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the concentrating effect of water extraction from the root
zone. At the new concentration levels, some salts such as lime
or gypsum may exceed their solubility and precipitate out of
the solution.

This type of salinity model was originally developed for
simple water systems (3), but later was extended to
applications of sufficient complexity that typical irrigation
waters used in agriculture could be represented (7) (17).
With modern computer speed, the chemical equilibrium
subroutines can now handle hundreds of equations
simultaneously, allowing trace metal chemistry and even
organic-inorganic complexes to be modeled as thermo-
dynamic equilibrium systems.

Through coupling of the transport and reaction submodels,
the soil salinization process can be represented much more
accurately than through earlier, simpler models. For example,
Jury and Pratt (8) compared three models of solute transport
during crop irrigation, and found wide differences in
predicted salinity depending on the complexity of the model.

Many different computer programs are available to

model water and salt movement in soil. For simple ions

of agricultural interest (e.g., nitrate), the number of
equations required to model the transport and reaction
processes is relatively small, because solid phase reactions are
simple or nonexistent and complexes with other ions in
solution may be ignored.

Model Limitations

Despite the sophistication of the model representations and

calculation algorithms, there remain a number of limitations
to their application. These limitations are the focus of much
of the research now underway.

Model Classification, Evaluation, and Selection

Currently, NRCS is identifying and selecting water quality
model(s) for use in its field and State offices to assess the
potential for nonpoint source pollution from agricultural and
other sources (18). These models will be used to analyze
selected Hydrologic Unit Areas (HUA) projects. USDA’s
water quality initiative calls for implementing up to 275
HUA projects between 1990 and 1994—37 were
implemented in 1990 and 37 more in 1991.

Each of the 1990 HUA project plans was analyzed for

(a) location of the water quality problem; (b) type of water
use impaired; (c) specific water quality constituents (e.g.,

fine sediment, nitrogen, etc.,) causing the impairment; and
(d) physical, chemical, biological, economic, ecological, social,
and management processes involved. Matrix tables were
developed listing each HUA as a line item, with column
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headings identifying the location and type of water quality
problems and model processing required.

A list of available agriculture-related water quality models was
compiled for use by others. These models were classified with
respect to the specific physical and chemical processes
modeled, and their computer program attributes were also
classified. Distinctions were made between (a) field size and
watershed scale models, (b) process models, databases, and
support models, and (c) models and their computer
programs. NRCS also developed a matrix listing each model
as a line item with corresponding appropriate HUA column
headings plus the desired computer model features to show
their efficacy, efficiency, and usability.

Rigorous model selection criteria were developed, and
seven evaluation elements were identified and defined.
They are (1) validation, (2) verification, (3) documentation,

Photo 10-3. Ultimately, data collected by water quality computer models will be
incorporated into Geographic Information Systems used to address water quality
problems. (Tim McCabe photo)

Doro 10-3. B KoHeYHOM cUeTe, TaHHbIE, COOpPAaHHbIE C IOMOIIBIO
KOMIIbIOTEPHBIX MOzIeTIelt, OyayT BKIoueHsl B [eorpaduieckne
HHQPOPMALMOHHbBIE CUCTEMBbL, KOTOPbIE HCIIONb3YIOTCS ISt PeLeHNs
mpo6embl kadectsa Bombl. (Poro Tuma MakKeiiba)

Computer Modeling for Water Quality



Ha psl siYeeK IepeMelBaHysL. B aToii npouenype,
OOBITHO UCITONTB3yeMOI1 B TEOPUH XpOMaTorpadun,
PacTBOp IepeMelLaeTcsi 3a KOPOTKUIT IIPOMEKYTOK
BPEMEHHU MOPIIHEBLIM CIIOCOOOM B BHJIE IIOTOKA BHYTPU U
MEXIy Y4aCTKaMHU [10YBbI, Pas/ie/IeHHbIMY Ha KJIETKH, a
3aTeM COflep>)KUMOe siueek ocpenHseTcs. ucio sueex Ha
eIMHMUILLY IIMHBI UTPAET TY JK€ POJIb, YTO U KOa( HuiueHT
paccestHus.

Moyzesib, UMUTHPYIOLLAS. XUMU3M PACTBOPEHUS, 0OBIYHO
CTPOUTCS 110 IPUHIIUIY TEPMOTMHAMUYECKOTO
paBHOBeCHs. Y paBHEHHsI pacyeTa PaBHOBECHS 11€/IOTO Psifia
MUHEPaJIbHBIX COEIUHEHUIT, 00BIYHO BCTPEIAIOLIUXCS B
[I0YBe, PAa3/IMYAIOTCS [0 TUILY: YPaBHEHUS COXPAHEHUsT IS
Ka)KJIOTO 3/IEMEeHTA M/IM BUJIA MOHOB, YpaBHeHMs GaraHca
MACChl, yPaBHEHUs peaKIMU PACTBOPEHUS, yPAaBHEHUS
PeaKLuu HOHHOI [Iapbl, ypaBHEHUsI KATHOHHOTO 0OMeHa,
ypaBHeHus pacyera yraekucaorst (CO,) wim pH moyssr.

CoBpeMeHHbBIE KOMIIBIOTEPHI CIIOCOOHBI OBICTPO peliaTh
60JIBIIIME CHCTEMBI YPaBHEHHIT, TAK UTO €CTh BO3MOXKHOCTD
OCYIIECTB/IATD CJIOKHBIE PACYETHI JIJIsA IIOCTPOEHUA
Mozese IepeHoca U XMMUYECKOTO paBHOBECHA
KOMITOHEHTOB [I/If II0YBBI B 11€JIOM ITyTEM pasfie/IeHus ee
Ha psAfl A49eeK, KOTOPble YPaBHOBEIIMBAIOTCSA IIPU IIEpeHOCe
PacTBOPUMBIX KOMIIOHEHTOB BHYTPU KaXKIOM AYENKHU U
MEXy HUMU B COOTBETCTBHUU C aJITOPUTMOM IIEPEHOCA.
[Ipu BeIHOCE pacTBOPUMOII (pas3bl paBHOBeCHE
HapyIIaeTcs, IPOUCXOAUT HOBOE PaCTBOPEHMUE TBEPHON
(asbr, uTO BIeYeT 32 COOOI HOBBIIT pacyeT PABHOBECHSI.

ITporecc pacyeTa 1erko MO>KHO PACIIMPUTD 33 CUET
pacyeTa MOTIOLIEHUA BOIBI KOPHAMHU PacTeHUI IPU
OTHOBPEMEHHOM pacyeTe BOTHOTO IIepeHoca Ha OCHOBe
MOJIe/TU TTIOTOKa. B 3TOM ciTy4ae KOMIIOHEHTHI pacTBOpa
BPeMEHHO OKa3bIBaIOTCA B HEPAaBHOBECHOM COCTOSHUU
IIpU 9KCTPaKIIMK BOABI U3 KOPHEBOI 30HBL [Ipu mpyrom
ypOBHe KOHIIEHTPAI[UU TaKHe COMU, KaK U3BeCThb WIH TUIIC,
OCAKMIAIOTCA U3 PACTBOPA.

ITOT TUII MOMIEH 3aCONeHHst GBI IePBOHAYAIBHO
paspaboTaH /IS MPOCTHIX CUCTeM pacyera [3],a moToM U
st GoJiee CI0KHBIX, YTOOBI IPENCTABUTH [IOTOK
opocuTenbHOM Bombl [7, 17]. Ilpu coBpeMeHHOM ypoBHe
OBICTPOLENHCTBUS KOMIIBIOTEPA MO>KHO OIHOBPEMEHHO
pelIaTh COTHU YPaBHEHUH IS pacyeTa XUMU3Ma
MUKPO3/IEMEHTOB U [Ja>K€ KOMIUIEKCHBIX OPraHo-
MUHEPaJIbHBIX COeIUHEHUI, MOIETUPYEMbIX Ha OCHOBE
CHCTEeM TepMOIUHAMUYECKOTO PABHOBECHSL.

[Tyrem o6 bennHeHns cyOMoneseii nepeHoca u
XUMHUYECKOTO B3aUMOIENCTBUS MIPOIECC 3aCOICHUS ITOUBBI
MOXXHO MOJIETUPOBATH C GOJBIIIE TOYHOCTBIO 10
CpaBHEHUIO C paHee paspabOTaHHBIMU IIPOCTHIMU
MOJIe/ISIMU pacdeTa 3Toro mporiecca. Hampumep, Juri and
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Pratt [8] cpaBHUBaIU TPU MOIIE/N TI€PEIBIDKEHUS
PacTBOpa IIPH OPOLLEHUH ¥ YCTAHOBHIN GOJIbILINE
PasIMYUs [IPU IPOTHO3UPOBAHUY IIPOLIECCA 3aCONEHUS B
3aBUCHUMOCTH OT CJIO)KHOCTH MOJIE/IH.

Ila MopenMpoBaHus ABUKEHUS BOIBL U COJIEH B II0YBE
MOXKeT OBbITh HUCIIOJIb30BAHO MHO>KECTBO PasHbIX
KOMIIBIOTE€PHBIX IPOrpaMM. /1 MpOCThIX HOHOB
(HampuMep, HUTPATOB) TPebyeTCst HeOOMBIIIOE YHCTIO
YpaBHEHUI IIPU MOZE/IMPOBAHNHU IIPOLIECCOB IIepeHOCca U
B3aMMOJIEMICTBU A, IIOCKO/IBKY UX B3aUMOZIENCTBUE C
TBepOit (Ha30¥ JOCTATOYHO MPOCTOE WK
HEeCYIIEeCTBEHHOE, a KOMIUIEKCBI C IPYTMMU MOHAMU B
pacTBOpe MOYKHO HE YYUTHIBATD.

ITpedenvrovie 603MoxcHOCMU MOOenU

Hecmorps Ha 4pe3BbIYaiiHOE YCIOKHEHNE MOJe/IeN U
JITOPUTMOB PACYETOB, CYILLIECTBYET PAL, OTPaHUYEHUI B UX
IIpUMeHEeHUH. TU OTpaHUYeHUA B IPUMEHEeHUN Mojieneit
OCTAaIOTCA B LIEHTPe BHUMaHMA MHOTUX UCCIeloBaTe e,

Knaccugpuxayus, oyerxa u 6vi60p moderneii.

B nacrosiiiee Bpemst Crysx6a OXpaHbl IPUPORHBIX
pecypcos COIIP onpenensier 1 0TOMpPaeT MOJIE/IN KauecTBa
BOZIBI /IS OIIeHKU ITOTEHIIUAIbHOTO 3arpsi3HEeHUs
WCTOYHUKOB B P€3y/IbTaTe CETbCKOXO3SAMCTBEHHON
mesITenbHOCTH [18]. DTH MomeTi HCIIONB3YIOTCS [IPH
aHa/IM3e U OLleHKe BHIOPAHHBIX IPOEKTOB U3yUeHHSs
rugponorndeckux y4actkos. [To uaumnuaruse MCX CIIIA,
B iepuop, 1990-1994 rr HaMeuyeHo K peausaluu OKojo 275
IIPOEKTOB; U3 HUX 37 IIPOEKTOB BBINIOIHEHO B 1990 1. 1 e1je
37-81991 1.

Kasx/prit 13 mpoektoB 1990 . 6bUT MpoaHATIU3UPOBAH Ha
(a) MecTopacnonoxxeHue IPo6IeMbl Ka4eCTBa BOMIbI, (6)
TUI BofronioTpedienust, (B) crennu@uieckiie KOMIOHEHTHI
KauecTBa BOObI (0CafloK, a30T U T.[I.), BBISBIBAIOLLIME €T
yXyaureHue, (r) busnieckue, XMMHIECKHE,
610JIOTHYEeCKHE, SKOHOMHUYIECKIE, COI[HaIbHbIE U JPyTHe
po1ecchl. Bbumn cocTaBeHbl MATPUYHBIE TAOTUIIBI, IO
CTPOKaM KOTOPBIX [TE€PEUUCIISIUCH TPOEKTHI, IO
cTOJIOIaM — pelraeMble Po6IeMbl KauecTBa BOJI, IPUBSI3Ka
K MECTHOCTHU U HeOOXOIMMBbIe MOJIETH JIJISl UX PEIlleHusI.

CocraBiieH TaK)Ke CIIMCOK BCeX CYILECTBYIOIIUX MOLeIeit
Ka4eCTBa BOJIbI, CBA3aHHBIX C CEJTbCKUM X03SAHCTBOM.
[TpoBenena ux KaaccuUKaLUs € YIETOM MOJIeIUPYEMBIX
(pUBMUECKUX U XUMUYECKUX ITPOIECCOB M UX
KOMITBIOTEPHBIX peltieHnit. [TokasaHbl pasanius B
OTHOIIIEHNHU WX IIPUTOTHOCTH (a) B MacIITabe OfHOTO OIS
U 1IeJIOTO PEYHOTO Hacceitta; (6) B CBS3U C HAIMIUEM
MOJIe/IEN U TPOIECCOB, GAHKA JAHHBIX M BCIIOMOTATETbHBIX
Mojesieit; (B) B CBS3M C HATMYHEM KOMITbIOTEPHBIX
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(4) sensitivity, (5) consistency, (6) peer review, and

(7) corroboration. The selection criteria also include the
guarantee of initial support from the model developer’s
agency to (a) provide training, (b) assist with implementation,
and (c) provide source code corrections for critical updates

or revisions.

The models are being evaluated, classified, and cross-
referenced to the HUA requirements. NRCS staff are peer-
reviewing each computer model. This review—similar to an
alpha test—includes written reports that facilitate professional
discussions with model developers so that necessary revisions
can be made prior to field testing—the beta test.

Field data sets are to be gathered and digitized for use

with a Geographic Information System (GIS) (photo 10-3).
The GIS will provide the input files to any of the proposed
computer models so that the same basic field data set can
be used to help evaluate any desired combination of

Article 10

computer models. SCS will select a final set of water
quality models after it has completed beta test discussions
with model developers.

Conclusion

Major water quality research and evaluation goals in the
United States are (1) to determine the extent and severity of
water quality problems attributable both to contamination
from agricultural activities including utilization of nutrients,
pesticides, and organic waste and to the aggravation of
conditions resulting from naturally occurring salts; and (2) to
develop and evaluate agricultural management systems
necessary to alleviate current and potential water quality
problems (19). It is the goal of action agencies such as NRCS
to translate the research results into effective techniques that
agricultural producers can use to address water quality
problems and needs. Computer models can play an important
role in achieving these goals.

Computer Modeling for Water Quality



mporpamm Mozeseit. Cry>k6a 0OXpaHbl IPUPOITHBIX
pecypcos COIIP Takyke cocTaBM/Ia MaTPUILY, ITe IO
CTPOKaM Iepedrc/IeHbI MOJIENH, a TT0 CTOIOIAM —
0CO6EHHOCTH UX KOMIIBIOTEPHBIX PEIIICHUI ISl
cpaBHeHUst uX 9P PEKTUBHOCTH, peHTA6ETbHOCTH U
MIPaKTUYHOCTH.

PaspaGoTaHbl )KeCTKHE KPUTEPUU OTOOPA MOJIETIEN 1
BBIZIe/IEHBI CeMb 3/IEMEHTOB UX OLleHKU: (1) 3aKOHHOCTD,
(2) monTBEP>KIEHHOCTS, (3) HaMU4Ke TOKYMEHTOB, (4)
BOCIIPUHUMAEMOCTH, (5) IOTHYHOCTH, (6) HaTMIHe
petiersuu u (7) moxrBepskaeHue HGaKTHIECKUMU
Mmarepuanamu. Kpurepun oT60pa yIUTHIBAIN TAK)Ke
rapaHTHU CO CTOPOHBI Pa3pabOTYMKOB B OKA3AHUU
MIOZIIEPIKKH 1pH: (a) mpoBeneHun 00ydeHus, (6) OKasaHuN
TEeXHUYECKOM ITOMOIIH B UCIIO/Ib30BAHUH, (B)
KOPPEKTUPOBKE KOJIA /IS IPUBENEHUS €T0 B COOTBETCTBHUE
¢ Tpe6OBaHUAMHU.

Taxkum 06pasoM, Bce MOZIE/IN Ka4eCTBa BOIbI OIICHEHBI,
KJIaCCUPUITUPOBAHBI, CHAOKEHBI [TEPEKPECTHBIMU
CCBUIKaMH U 0(OPMIIEHBI B COOTBETCTBHH C
tpeboBanusamu. Corpynuuku COIIP penensupyror
KKIYIO MOJIe/Ib, IPUYeM pelleH3HsA BKIYaeT Tak
Ha3bIBaeMBIiT a/1b(a-TeCT - MUCbMEHHBII 0TYeT, KOTOPBII
COIEeP>KUT peKOMEeHIAIINY aBTOpaM 110 BHECEHUIO
HEeOOXOMUMBIX € PO eCCHOHATBHOM TOUYKH 3PEHUS
HCIIpaB/IeHUH Mepefl UCTIBITAHUAMU Ha MMPAaKTUKe

(6era- TecT).

[ToneBble faHHBIE COOMPAIOTCS U IIEPEBOIATCS B YUCTIOBYIO
dbopmy st ucnonpsosanus ¢ [eorpaduieckoin
undopmanmonnoit cucremoit (F'MC) (poro 10-3).
Cucrema obecriedrBaeT UCXOIHBIN MaTepHa IUis TI000M
NPeIyIOKEHHOM KOMIIBIOTEPHOM MOIE/IN TAKUM 06pa30M,
4TO Te XKe caMble 6a30BbIe MOIeBbIe JAHHBIE MOTYT OBITh
HUCIIO/Ib30BAHBI IS OLIEHKU JTI060i1 HY>KHOM KOMOMHAIINU
KOMIIBIOTEPHBIX Mofiesieit. OKOHYaTeTbHBIN HA60P
MoJIeiell KayecTBa BOJIbI BEIOUPAETCs TIOC/IE 3aBEPILIEHS
o6cyskaeHus 6eTa-TecTa ¢ paspaboTIMKAMHU MOJIETIET.

BrpiBoambl

OcHOBHBIE 11e/TM NCC/IEOBAHMIT ¥ OIIEHKH KauyeCcTBa BOJIbI B
CIIIA: onperneneHne aKTyaTbHOCTH M OCTPOTBI IPOOIEMBI
KauecTBa BOJIbL, CBSI3aHHOM KaK C 3arpsi3HEHHEM B
pesyabTaTe Ce/IbCKOX03AMCTBEHHOM IeATETbHOCTH IPU
HCII0/Ib30BAHUM YIOOPEHU, TPUMEHEHUH eCTUIIU/IOB U
OPraHWYeCKUX OTXOJ0B, TaK U C aKTHBH3AIIMen
MIPUPOIHBIX MPOIIECCOB 3aCOMEHMs B TIOUBE; (2) pasBUTHE
1 OLIEHKA CHUCTEM YIIPaBJIEHUS CeIbCKOTO X035HICTBA,
HEeOOXOMUMBIX I/Is1 06/IET eI PEIeHHS TEKYIINX U
MTOTEHITUATBHBIX TIPo6IeM KadecTBa BOabI [19]. OcHOBHOT
3agavyen JeMCTBYIOIIMX OPraHU3aI Ui, B TOM YHCIe
Ciy>k6bI OXpaHbI IIPUPOJIHBIX PECYPCOB, IBJISETCS

Mone}mpmsaﬂne KayecTBa BOAbI C IOMOIIIbIO KOMIIBIOTEPOB

TpaHcOpMAIHs Pe3yIbTaTOB UCCIENOBAHMIT B

s dexTUBHDBIE TEXHOTOTUH, KOTOPbIE
Ce/IbCKOXO3SIIICTBEHHBIE TPOMU3BOIUTEI MOT/IH OBl
HCITONIb30BATh [IS PEILIeHHUS IPO6IeM KauecTBa BOMBI.
KoMIbroTepHbIe MOIEIN MOTYT ChITPaTh BAXKHYIO POJIb B
IOCTH>KEHUU 3THUX 1Ie/IeH.
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3amura H04B OT 3pO3UH

A.H. Kawmanos, /1. /1. Illuwos, I1.C.Tpezy606*, A.C.H36exo8, A.I. Tapapuxo, B.I. Tkauetko

Pe3rome

PackpbIThI IPUPOIHBIE 1 AHTPOIIOTeHHBIE (PAKTOPBI
9po3uu U fedIIALNY, JaHbI OPUTHHAIbHbIE HAyIHbIE 1
[IpaKTHYeCKHe PeIleHust (MOIe/IN) 110 30HaM C YIeTOM
JaHAIIaTHRIX 0COGEHHOCTEN TEPPUTOPHH,
obecreqnBaroIIie palinoHaTbHOE HCIIOTb30BAHE
CeIbCKOXO3SIMCTBEHHBIX YTOIMIT, IIOBBIIIIEHUE X
IUIOJOPOAHUS ¥ IPOAYKTHBHOCTH.

BBenenue

Ha 6oJb111€ii YacTH TEPPUTOPUN, HHTEHCUBHO
HCIIO/Ib3yeMOH B CE/IbCKOM XO3SIHICTBE, IPUPOIHbIE
(axTops (KIMMAT, pacwIEHEHHOCTD penbeda,
Te0JIOTHYECKOEe CTPOEHHUE U COCTAB MTOPOI, IOYBA U
PACTUTENBHOCTD ), a TAK)KE XO3ANCTBEHHAS JIEATENbHOCTD
YeoBeKa CII0COOCTBYIOT MIPOSIBICHUIO 9PO3UH TIOYB.
Y111ep6 OT YCKOPEHHOI 9POSHH €KETOIHO HCUUCIISIETCS
MWUTHAPpAMHU Py6JIeit, Ha 9pOIUPOBaHHbBIX [TOUBAX
X03s11icTBa He fobuparot ot 20 1o 60% ypoxkas. Hecmotps

Ha HEAOCTATOYHOCTD YBJIAJKHEHM S, B OCHOBHBIX 3€pPHOBbBIX

@oro 1-1. B pernonax Poccuu ¢ MUHTEHCUBHBIM 3€MJIEJIETHEM BBICOKHUIT
YPOBEHb 5PO3UU MOXKET IIPUBECTHU K YMEHBIIEHUIO ypoxkaes Ha 20-60%.
(Poccuiickoe doto)

Photo 1-1. In intensively farmed regions of Russia, high erosion rates can affect
crop yields by 20-60 percent. (Russian photo)
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paiioHaxX TOJOBOI MECTHBIN CTOK JIO>K/IEBBIX U TJIBIX BOT
cocrasisieT 4384 KM’, MOTEPH OYBOTPYHTA JOCTUTAIOT
0K0710 3 MiIpAL T. CO CMBITO ITIOYBOI €KETOMHO TePSIeTCs
mpumMepHo 100 MH T rymyca, 17 Mt T a3ota u dpocdopa u
60JIbIII0€ KOTUIECTBO KaTUs, IPOUCXOIUT 3aUIeHIE
BOIOXPAHWJIHIII.

Ecu BofHast 9po3Hsl, BEI3bIBAaEMast TaTbIMHU BOTAMU U
JIMBHSIMH, TIPOSIB/ISIETCS IPEUMYILECTBEHHO B JIECOCTEITHOM
30He C YePHO3EMHBIMH, CEPBIMH JIECCHBIMU U JEPHOBO-
HOJ30/IMCTBIMU II0YBAMU, TO BETPOBAsI 3PO3HSI
(medpsiivst) mpuypovYeHa K CTEITHOM U OIYITyCTHIHHOM
30HAM, I7[e TOCIIOZICTBYIOT BETPBI CO CKOPOCTBHIO,
IIPeBBIIIAIONIET 15 M/C, M pacIpocTpaHeHbl KapOOHATHbIE
YepHO3eMbI ¥ KAIlITAHOBBIE ITOYBBI CO C/1aboil
[POTHBOIPO3HOHHOI YCTOIYHBOCTBIO.

Bo MHOTHX pailoHaxX B3aUMOJIENCTBYIOT BOJIHAsS 9PO3HS,
BbI3bIBaeMasi TaJIbIMU BOJIAMHU, 3aTeM JIMBHEBAst U
BeTpOBas Wi Hao60poT. HeratuBHbIe MpUpoORHbIE
(hakTOPBI YCHIMBAIOTCS OTPHUIIATETbHBIMU
AHTPOIIOTEHHBIMH BO3[EHCTBUSMH, CIIOCOOCTBYIOIITHUMH
YCKOPEHHO¥ 9PO3UHU U JIerPAIalluy I10YB, YTO B
3HAYUTE/IBHOI Mepe CHIDKaeT 9(p(HeKTHBHOCTD
semstenievst. Ha Takux yrompsix HeOOXOMUMO IPUMEHSTD

Doro 1-2. Bo Beepoccuiickom HayYHO-UCCIE0BATENILCKOM HHCTUTYTE 10
arponoMuu 1 aposun (Kypckas 06/1acTsb), poccuiickue yueHble
IeMOHCTPHUPYIOT MCIIOIb30BaHKE IOYBO3AILUTHON CUCTEMbL. JTa CHCTEMa
HCIIO/Ib3yeT KOMOUHAIMIO Teppac, KOHTYPHOM BCHALIKH, IECOTIONOC,
ceBOOGOPOTOB 1 1T0YBO3AIINTHOI 06paboTku. (Poro Tiuma MakKeit6a)
Photo 1-1. At the All-Russian Research Institute of Agronomy and Soil Erosion
Control near Kursk, Russian scientists demonstrate the use of conservation systems
to reduce water erosion. This system uses a combination of practices such as terrac-
ing, contouring, tree shelterbelts, crop rotation, and reduced tillage. (Tim McCabe
phoro)
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Soil Protection Against Erosion

A.N. Kashtanov, L.L. Shishov, PS. Tregubov*, A.S. Izvekov, A.G. Tarariko, and V.G. Tkachenko

Abstract

Natural and human-caused factors of soil erosion and
deflation are discussed. Original scientific and practical
models are shown to promote efficient agricultural use of

soils as well as their increased fertility and productivity, taking
into account peculiar features of landscapes in some regions of
the country.

Introduction

The development of soil erosion in vast areas of intensive
agricultural use depends not only on natural factors such as
climate, dissected relief, and geological composition of rocks,
soil and vegetation but also on changes resulting from human
activity. The most voluminous losses of soil are usually
estimated at several billion roubles per year; 20 to 60 percent
of yield is lost due to soil erosion. In spite of insufficient soil
moisture in the main crop-producing regions, the annual
runoff of rain and thawing waters comprises 4,384 km?,

and soil loss reaches about 3 billion tons. Approximately
100 million tons of humus, 17 million tons of nitrogen and
phosphorus, and a great amount of potassium are lost each
year due to water erosion; as a result, water reservoirs fill
with silt.

If water erosion, caused by snowmelt and rainstorms, is
widely spread within the forest-steppe zone predominated by
chernozems, grey forest, and sod-podzolic soils, then wind
erosion is attributed to steppe and semi-desert zones, where
winds with a velocity of 15 m/sec prevail and where
calcareous chernozems and chestnut soils with low erosion
resistance are usually found.

In many regions a combination and interaction of water
erosion caused by snowmelt, rainstorms, and wind erosion
(deflation) is observed. Negative natural factors are
exacerbated by human-caused impacts that augment the soil
erosion process and soil degradation, thus decreasing the
efficiency of arable farming. It is essential to apply a
combination of soil-protective measures to prevent soil
washout and blowing as well as to increase the soil fertility
and crop yield. This combination includes the following
measures for soil erosion control:

— Erosion-preventive organization of the territory (allocation
of field boundaries, forest shelterbelt strips, roadways,
cattle routes) across the slope or at a right angle to the
prevailing winds;
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— Agrotechnical measures (cross-slope tillage of soils, soil-
protecting crop rotations, crop residues in the field, etc.);

— Agroforestry measures (creation of forest shelterbelt strips);

— Hydrotechnical measures (creation of terraces, ponds, and
water reservoirs and control against earthflows, etc.).

Subsoil tillage of more than 55 million hectares (ha) is applied
on the land; about 1.1 million ha have been covered by forest
shelterbelt strips; 1.9 million ha of gullies, ravines, and sands
have been afforested, including 0.5 million ha of pasture land
in semi-desert regions; 0.8 million ha are now under terraces;
and 12.5 million ha of eroded pasture and hay lands have
been radically improved. All of these measures, carried out in
different natural zones, provided a significant decrease in the
disastrous erosion and deflation of soils. At the same time, the
results of long-term investigations showed that in intensive
arable farming the measures in question do not make up for
soil losses that would be compensated as a result of soil-
forming processes. This objective could be attained more
successfully if contour cropping, which takes into
consideration natural landscape features, is to be
implemented. The data obtained by research institutions and
country farms show that an alternative solution addressing
erosion, landscape conservation, and increased soil fertility on
slopes lies in contour cropping.

Contour cropping ensures full-scale regulation of the
atmospheric precipitation runoff and its use for yield
buildup, and it enables us to stop the rapid development of
erosion. To this end, it is necessary both to alter the principles
of land organization and to design the lines in the direction
close to contour lines; as well as to establish guidelines in the
field for tillage, forest and grass strips, banks/terraces and—
depending on the erosion hazard—to use soil-protecting and
fodder crop rotations.

Farming models aimed at ensuring soil protection have been
developed for the nation’s major agricultural zones.

The conservation farming system intended for sloping lands
includes the following: an erosion-control land organization;
soil-protecting crop rotations; specific methods of basic
sowing and presowing cultivations, and of sowing and inter-
row cultivations of arable crops; a fertilization system
addressing erosion potential of soils and the projected size of
yields; a combination of specific measures to protect plantings
from weeds, pests, and diseases; and steps taken for
environmental conservation.
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KOMIUIEKC ITIOYBO3aIUTHBIX MEPOIIPUATUIH, II0O3BOJIAIOLI NI
NIPeNyYNpPEeNUTh CMbIB U BbIyBaHUE IIOYBLI, IOBBICUTh UX
IUIOAOPOIKE U YPOXKAMHOCTD CEIbCKOXO35MICTBEHHBIX

KYJIBTYD:

- MPOTHBOIPO3HOHHYIO OPTAHU3AIIIO TEPPUTOPHH
(pasmeriieHue rpaHMUIL TTOJIET, TECHBIX [TOT0C, OCHOBHBIX
IOPOT, POTOHOB /IS CKOTA) MOIIePeK CKIOHOB W/IH
[IepPIEeHANKY/ISPHO HAIPaBIeHUSIM TOCIIOACTBYIOIINX
BETPOB;

- arporexHUYecKHe nMpueMbl (06paboTKa MOYBHI U MIOCEB
KY/IBTYP ITOTIepeK CKJIOHOB U BIOJIb TOPU30HTAICH,
ITOYBO3AIIUTHBIE CEBOOOOPOTHI, COXpaHEHHE
PAaCTHUTEIBHBIX OCTATKOB Ha IIOJIE U [Ip.);

- arposiecoMeNTNOpaTUBHbIE TIPUEMBI (CO3OaHUE IECHBIX
II0/I0C Pa3/IMYHOrO HA3HAUCHNS );

- THIPOTeXHUYECKHe IIPHEMBI (CO3TaHue Teppac, IPyLoB,
BOIOXPaHWIHUIIL, IPOTUBOCEIEBBIX COOPY>KEHHUI U
APYTHUX IPOCTEHIIINX YCTPOVICTB).

Bornee 55 mia ra B CHI o6pabatsiBaioT 6e30TBanbHO (6e3
o6opora rracrta); Ha 1,1 MJTH ra mmocakeHbl JleCHbIe
MoJI0ChI; Ha 1,9 MITH ra 06/1eceHbl OBparu, 6aiku U MeCKU U
Ha 0,5 MJIH Tra — TTaCTOMINA B IIOYIIyCTHIHHBIX PAfiOHAX; Ha
0,8 MJTH Ta TOCTPOEHBI Teppachl; Ha 12,5 MJIH Ta IPOBEAEHO
KOPEHHOE y/Iy4IlIleHHe 9POIUPOBAHHBIX ITACTOMIIL
CEHOKOCOB; IIOCTPOEHBI MH)KeHEPHbIE
IIPOTUBO3PO3UOHHBIE U IPOTUBOCE/IEBbIE COOPY KEeHUA
(Teppacet, Bajibl U 1p.).

TIpoBeneHue STUX MEPOTIPUATHUI B Pa3TUUHBIX
MIPUPOIHBIX 30HAX CTPAHBI CIOCOOCTBOBATIO
CYLLECTBEHHOMY CHI)KEHHIO KaTacTPOpUYECKOI 9PO3UH 1
nedyusiiyu. B To ske BpeMsi pe3y/isTaTbl MHOTOJIETHUX
Ha6OTIOeHNIT TOKa3a/Ii, YTO B MHTEHCUBHOM 3eMJIE TN
yKasaHHbIe MePbI He BOCIIOHAIOT JOIyCTUMbIX IIOTEPh
[IOYBbI, KOTOPbIe 6 KOMIIEHCUPOBA/IUCH 32 CUET
I04B006Pa30BaTe/IbHBIX IIPOLECCOB. Bostee ycrenHo
peLaTh 9Ty 3a1a4y MOXKHO [IPU OCBOEHUU
[I0YBOBOIOOXPAHHOTO KOHTYPHO-MeTHOPATUBHOTO
3eMJIelle/Hsl, YIUTHIBAILErO 0COOEHHOCTU IPUPOIHBIX
mannmadToB.

HoBble maHHbIe HAyYHBIX yUpeXaeHui u xo3arcts B CHT
[T0Ka3bIBAIOT, YTO a/IBTEPHATUBHOE peIlleHre pobieM
9pO3UHU, COXPAHEHUS TAHIIA(TOB U PACIIUPEHHOTO
BOCIIPOM3BO/ICTBA IUVIOIOPOAMS ITOYB Ha CKJIOHAX COCTOUT
B OCBO€HUU KOHTYPHO-MeTHOPAaTUBHOTO 3eMenenus. OHO
obecreurBaeT IPaKTHIECKH [TOTHOE 3aPeTyTHPOBaHUE
CTOKa aTMOChEPHBIX OCAIKOB, UCIIOTb30BAHUE IS
bopmupoBaHusI ypoxkast U TO3BOIAET OCTAHOBUTH
pasBUTHE YCKOPEHHOH 9p0o3uH. 151 9TOro HeoOX0IUMO
M3MEHUTDH IPUHIIUIIBI 3eMJICyCTPOMCTBA U IPOEKTUPOBATh
JIMHENHbIE 97IeMEHTbI OPraHU3aALNU TEPPUTOPUH 10
HaIlpaB/IeHUsIM, OTU3KUM K TOPU30HTAJISIM, CO3/IaBaTh Ha

Cratba 1

TalrHe HAMPAB/SIONIUe THHUK [UTE 06pabOTKU TTOYBHI,
JIECHBIX M TPaBAHBIX I10JI0C, Ba/JIOB-TEPPAC, B 3aBUCUMOCTHU
OT 9PO3UOHHOI OITACHOCTHU OCBauBaTh I10JIEBbIE
[TOYBO3AIIUTHBIE U KOPMOBBIE CEBOOOOPOTHI.

JIJ1s1 OCHOBHBIX 3eMJIefie/IbIeCKUX 30H Pa3paboTaHbl
MOJIe/IM ITI0YBO3aIIUTHOrO 3eMenenus. Ha ckoHOBbIX
3eMJIAX JIECOCTENHBIX PAafOHOB II0YBO3AIIUTHAA CUCTEMA
3eMJIefle/TUA BK/II0YAET: IIPOTUBOIPO3ZUOHHYIO
OPraHM3alUIO TEPPUTOPUHU; IIOYBO3ALIUTHBIE
CeBOOGOPOTHI; CIEIHaIbHbIE TPHEMbI OCHOBHOI 1
MpenIoCceBHON 06pa60T1<1/1 TIOYBBI, TOCEBA U MEXAYPATHON
06pabOTKH MPOTAIIHBIX KYIBTYP; CHCTEMY YA0OPeHMUs C
Y4€TOM 3PONUPOBAHHOCTH II0YBBI U BETMYUHBI
IUTAHHUPYEMOTI'O YpOoyKasi: KOMIIIEKC CITeIMaTIbHbIX
MEPONIPUATHIA 10 3aIIUTE ITIOCEBOB OT COPHAKOB,
BpenuTeseil 1 60jIe3Hel; Mephl II0 OXPaHe OKPYIKAIOIIeH
cpenbl.

B ycnoBusx LlentpanbHo-YepHO3eMHOIT 30HBI BIIEpBbIE
HauboJjiee OTTHO OB OCYIIECTB/ICH KOMIUIEKC Mep 110
3alUTe II0YB OT 9pO3UU B JIOKYy4aeBCKOM OIILITHOM
XO3AMCTBe Ha ITomagu 6227 ra. 3gech 36% mamiamn
PAaCIIONIOKEeHO Ha CKIOHAX KpyTU3HOI oT 1 no 4°. [Tousa -
YepHO3eM OOBIKHOBEHHBII 3POAUPOBaHHbII. CpemnHsis
MHOTOJIETHSASI CYMMa T'OOBBIX OCaIKOB 414 MM, U3
KoTOopbIX 70% IIPUXOAUTCA Ha JIeTHUE MecAlbl. B aToMm
XO3SIMICTBE, HAPALY C CHCTEMOM JIECHBIX ITOJIOC, Ha OBparax
1 6ajIKax CO3IaHbI IIPY/ABI U IPyTHe BOTOEMBI. V13 mpynos
oportaot 6omee 500 ra TOCEBOB U MOMYIAIOT BHICOKHE
YCTOMYUBbIE ypOXKau. B cpenHeM 3a AT JIeT ypoyKaii Ipu
OPOILIEHUU COCTAB/IA: KAaITyCThI MO3Hel - 5 T/Ta,
CaxapHOM CBEKJIBI — 3 T/Ta. Y poykau 3epHOBBIX KYIBTYp 6e3
OpOIlIIeHNs 3[eCh JOCTUTAIOT 2,5-3 T/Ta.

s ycnosuit CeBepHoro KaBkasa npefjiokeHa KOHTYPHO-
MOJIOCHAS TOYBO3AIIIUTHAS CUCTEMA, BKIIOYAIOIIast:
KOHTYPHO-IIOJIOCHYIO OPTaHHU3aLUI0 TEPPUTOPUU CKJIOHOB
€ LIMPUHOM y4acTKOB 110/10¢ 0T 70 1o 150 M; crienanbHyIO
[TOYBO3AIIUTHYIO 06pabOTKY YIaCTKOB-IIOIOC; BajIbl U
KaHaBbl C OPTaHUYECKUM 3aII0OJIHUTE/IEM Ha TPAaHUIIE
KOHTYPHBIX I10JIOC; JIECOMEIMOPAaTUBHbIE HACAKIEHUSA 110
KOHTYPY 4epes 2-4 y4acTKa, COBMELEHHBbIE C BaJlAMHU-
TeppacaMM, U IPOCTEHIIINe TUAPOTEXHUIECKHE
COOPY>KEHHUS B BEPIIMHAX JEICTBYIOIIUX OBPAroB.
IIpumenenue Takoit cMCTEMBI IPAKTUYECKH IIPEKpalliaeT
CMBIB II0YBBI, 00€CIIeYHBaET ITOTy4eHHE 3HAYUTETbHBIX
IIpUOABOK ypOyKast 36PHOBBIX M KOPMOBBIX KY/IBTYP, O YeM
CBUIETEILCTBYET OIBIT X03AICTB PocTOBCKOI obacTu.

OcHOBY TOYBOBOIO-0XPAaHHOTO 3eMJIeHe/IHA,
paspaboTaHHyIO B KOHIle 60-X TOIOB IS YCIOBHIT
AJITalICKOTO Kpas, COCTaB/IAeT KOMIUIEKCHAsI MeTHOpaIus
3eMesTb Ha 6ase yCTPOMCTBA BCero arpojanadra:
IIPOEKTOB BHY TPUXO3AMCTBEHHOTO 3€M/IEYCTPOVICTBA C
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Tabnumua 1. OhhEKTUBHOCTb KOHTYPHO-MENMOPATMBHOIO 3eMsieaenua

Table 1. Efficacy of contour cropping

MpOTNBO3PO3UNINHBIN YBenuyenHne

CMbIB MoYBbl Cpok okynaemocTw,
net

Soil Erosion Time of return (Years)

KOMMJIEKC ypoxXanHocTu, %
A combination of erosion-preventive Increase in yield, %
measures

Cuctema ceBOOH60OPOTOB C yHETOM 10 - 15%
CMbITOCTU MOYB 1 penbeda

A crop rotation system addressing 10 - 15%
erodibility of the soils and landscape

Cnocobbl OCHOBHOM 15 - 20%
NPOTUBO3PO3NOHHON 06paboTKK

no4s B cEBOOBOpOTAX

Basic erosion-preventive tillage 15-20%
methods employed in crop rotations

HanalwHble Banbl-Teppacsl 20 - 25%
Earth banks-terraces 20 - 25%
[Byx- 1 TpexpALHbIE NeCHble 12 - 15%
nonocChbl C NpepbiBUCTbIMA

KaHaBaMun 1 Bajiamu

Two and three rows of forest belts with 12 - 15%
intermittent ditches and banks

YckopeHHoe 3anyxeHne kopMosblx 200 - 400%
Yroouin Ha cknoHax 6anok

Fast regrassing of forage grasslands on 200 - 400%
gully slopes

Bce meponpuATMA KomMnnekca 40 - 60%
Combined measures of the complex 40 - 60%

YMeHblUeHne B 2 - 5 —
pas u 6onee

2 - 5-fold and more —
reduction
YMmeHblueHne B 3
pasa u 6onee

MeHee 1

3-fold and more Less than 1
reduction

MonHoe npekpalleHne 2 -
Complete cessation 2-
YMeHbLUeHne B 4-5 7 -

pas

@ w W

4 - 5-fold reduction 7-8
B ponycTumbix 2-3
npegenax

Within the established
limits

MNonHoe npekpatleHune
Complete cessation

Under Central Chernozem Zone conditions, for the first time
a combination of soil conservation measures has been carried
out on 6,227 ha of the V.V. Dokuchaev Experimental Farm.
Here 36 percent of arable lands are located on slopes of 1-4
degrees steep. The soil is chernozem common, eroded.
Average annual rainfall over a period of many years is 414
mm, with 70 percent of the precipitation occurring during
summer. On this farm, in addition to the system of forest
belts, ponds and other reservoirs have been developed in
gullies and banks. Ponds are utilized to irrigate the area of
more than 500 ha, and yields are steadily high. For 5 years the
average per hectare yields under irrigation were 5 tons for late
cabbage and 3 tons for sugar beets. Yields of cereals without
irrigation reached 2.5 to 3 tons per hectare.

For the Northern Caucasus, a contour-strip soil protecting
system is suggested. This system includes: contour-strip
organization of sloping lands with plots-strips from 70 to 150
m wide; specific soil-protecting tillage of plots-strips; banks
and ditches with the organic filler on the border of contour
strips; and tree plantings grown for reclamation along contour

Soil Protection Against Erosion

lines of every second to fourth plot, together with banks-
terraces and the simplest hydrotechnical works on top of
active gullies. The use of such a system practically stops soil
outwash, and it ensures considerable increases in yields of
cereals and fodder crops—as shown by the experience gained
by farms in the Rostov region.

A comprehensive cultural landscape-based amelioration of
lands is represented by the fundamentals of soil-protecting
arable farming that were developed at the end of the 1960’ to
address conditions in the Altai Territory. Cultural landscape
involves the designs of intra-farm land management with the
erosion-preventive contour-reclamation land organization and
use of soil-protecting agricultural practices and their
variations in accordance with the peculiarities of climate, soils,
relief, disposition of sown areas, crop rotations, arrangement
of buffer strips, shelter belts, and hydrotechnical works.

Opver a period of 16 years using a cropping system aimed at
protecting soil and water at the V.V. Dokuchaev Experimental
Farm (8,184 ha of arable land), situated in the near Ob forest-
steppe area of the Altai Territory, soil erosion was reduced
from 40.1 to 0.3 cubic meters per ha. Yields became more
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MIPOTUBO3PO3UOHHOM KOHTYPHO-METUOPATUBHOMI
OpraHusaliueil TeppUTOPUH, TPUMEHEHHS
[TOYBO3AIUTHON arpoTeXHUKH U ee nuddepeHIuanum B
COOTBETCTBUU C 0COOEHHOCTSMY KJIMMATa, I0YB, peibeda,
CTPYKTYPBI IOCEBOB, CEBOOOOPOTOB, Pa3MeIlleHHUs
6yepHBIX IOTOC, 3aIUTHBIX JIECOHACAKICHUI U
TUAPOTEXHUYECKUX COOPYIKEHUI.

3a 16 y1eT UcronIb30BaHUS TOYBOBOIOOXPAHHON CHUCTEMBI
Anraiickoro HUMCX 3emienenuss B OIIBITHOM XO3SIICTBE
nmenu B.B.[Joxydaesa (8184 ra mariuu), pacmonokeHHOM
B [Tpro6ckoit tecocrenu Atas, CMBIB ITOYBBI COKPATUICS
¢ 40,1 mo 0,3 m*/ra. Yporxan cTamu yCTOHINBBIMU. B
cpefHeM 32 3T rofpl ¢ 1 ra morydyeno 2,1 T sepHa, 4To Ha
0,8 T IpeBBIIIAET CPENHUIL YPOBEHD, JOCTUTHY THII 10
BHE/IPEHUs IOYBOBOIO-0XPaHHOTO KOMIUIeKca. [Ipubsuib
OT PacTeHMEBOCTBA O BHEPEHUA HOBOM CUCTEMBI
cocrapisiia 151,5 ThIC. py6. B IO, a ITOC/IE €€ OCBOEHHS OHa
YBEIHYMIACH 10 725 ThIC. py6*. B cpenteM 3a msaTh et B
pacuere Ha 100 ra cebCKOX035MCTBEHHBIX YTONUIA,
IIpoM3BeneHo B 1,8 pasa 60sibIiie BaJIOBOM IIPONYKIUH, YeM
110 XO3MCTBAM 30HbI Hpuoécxoﬁ JIeCOCTeIN,
YPOXKalIHOCTb 3€PHOBBIX KY/IbTYP U IIPOLYKTUBHOCTD
JKUBOTHBIX BO3pociu B 1,4-1,9 pasa. PentabenpHOCTH
IIPOM3BOACTBA CEMbCKOXO3AMCTBEHHOM IIPOAYKIIUH B
MOC/eHNE TOIbI COCTABSAET B 3TOM OMBITHOM XO3SIMCTBE
45-65%, a sepHa 70-80%.

ITouBOBOIOOXPAHHBII KOMIUIEKC C KOHTYPHO-
Me/IMOPAaTUBHON OpraHMU3alyiell TEPpUTOPUU BHELPEH B
IBYyX paitoHax Boponexckoit 1 benroponckoit o6macTeit.
B konxose “3uamst Jlennna” ['pubaHoBCKOTO parioHa
BopoHexxckoit 061acTi coueTaHie KOHTYPHO-6ydepHOoit
CHUCTEMBI Pa3MeEILeHUS CEIbCKOXO3ANCTBEHHbBIX KYIBTYP,
JIECHBIX HAaC)KJIEHUI, HallallIHbIX BaJI0B-Teppac,
JIyTOMETMOPATUBHBIX U TMIPOTEXHUYECKUX MEPOIIPUATUI
Ha CKJIOHAX KPYyTHU3HOI 5-7° cI10c06CTBOBAIO
NpeKPaLLleHUIO 9po3uu. B cpenneM 3a nATh j1eT
YPOKaMHOCTH 3€pPHOBBIX B XO3AMCTBE Ha 9POJMPOBAHHBbIX
royBax Bo3pocna Ha 0,2 T/ra, caxapHOIT CBEKJIbI — Ha 3,5 U
KYKypYy3bI Ha CWJIOC — Ha 5,5 T/Ta.

B KpacHorapaeiickom paitone benropomckoit o61actu, rie
Ha CKJIOHAX PacIoNoKeHo 75% MalliHu, OCBOeHHe
KOHTYPHO-MeTHOPAaTUBHOM CUCTEMBI 3eMJIefle/Tns
CII0CO6CTBOBAJIO IPEKPAILIEHUIO HHTEHCHUBHOM 9PO3UH U
TIOBBIIIEHUIO YPOKAITHOCTHU 3€PHOBBIX KY/IBTYp ¢ 1,6 T/Ta
(mo ocBOeHus cucreMsbl) 1o 2,5-2,2 T/ra B 1986 u 1987 rT.
Ha BBITIONO’KeHHBIX OBPArax ypoykai ceHa B CpeTHEM 3a
TPH rofia COCTaBUI 4 T/Ta.

YcTaHOB/IEHO, YTO KOHTYPHO-METHOPAaTUBHAA CHCTEMA
3eMJIefle/Ins IpeJoTBpalllaeT paspyllleHHe ITOYBEI IaXKe
pu KatacTpoduieckux MMBHAX (0komo 100 MM B CyTKH),
KOT/Ia Ha KOHTPOJIE CMBIB OYBHI JocTuran 120 m*/ra. [1pu

Cratba 1

TAKOM CHCTeMe 3eMJIelle/IHsl Iy dllle COXPAHSIOTCS
npupontble maHmadTH U GOPMUPYIOTCS YCTONYUBBIE
arpomasamadTh.

B Pecrry6nke Monosa, rie 80% mmoceBos
CE/IbCKOXO3SMCTBEHHBIX KY/IBTYP PACIIONIOKEHO Ha CKIIOHAX
(20% 13 HUX UMEIOT YKJIOH 6ortee 5-6°) U e
UHTEHCUBHOCTD JIMBHEN mocturaer 10 MM/MUH U B
CTPYKTYpe IIOCEBHBIX IUToIIazeit 60% 3aHATO
[IPOIAIIIHBIMH KY/TbTYPaMHU, CMBIB ITOYBBI cOCTaBsieT 20-
40 1/ra, yacTo HabIIOIA0TCs ONOI3HEeBbIe ABIeHus. C
YUIeTOM 3THX 0COOEHHOCTEH paspaboTaHa KOHTYPHO-
MeJTHOPATUBHAS CUCTEMA, TIO3BOJISIIOIIAsT TPOTUBOCTOATh
ctuxuu. CyLIHOCT ee — 3afiepyKaHue pacIeTHOTO
KOJTMYECTBA OCANIKOB U 6€30TaCHbBII COPOC U3TUIIIKOB.
Kpowme Toro, mpemycMaTpuBaeTCsi MAaKCUMaIbHOE
HCITO/Ib30BaHKE TIOYBO3AIIUTHBIX CBOMCTB
CebCKOXO03AMCTBEHHBIX KYIBTYP. BbisaBaeHo, uto 50%
HEeOOXOMMOTr0 IOYBO3AIIKUTHOTO 3¢ deKTa KOHTYPHO-
MeJTHOPATUBHON CHCTEMBI 3eMJIeNleNUsI 311eCh JIOCTUTAETCS
3a cYeT pacTeHuli, ocTanbHON a(pdekT obecrednBaer
IIOTIOJTHUTETHHBIN KOMITIEKC arPOTEXHUYECKUX,
arpoIeCOMeTMOPATUBHBIX U THIPOTEXHUIECKUX
mepornpusTuit. CHCTeMa BKIIOYAET TAKKE METHOPAITHIO
OBpaKHO-6a109HbIX 3eMenb Ha sarpadeHHbIiT py6ib
IIPOTUBO3PO3UIHBII KOMIUIEKC B 11e/IoM 110 Mosjgose faet
4,5* py0. noxona.

3HAYUTEbHBIN OIIBIT IPOEKTUPOBAHMA U OCBOCHUSA
KOHTYPHO-MeTHOPaTUBHOTO 3eMJIefle/Tus HaKOIUIeH Ha
Ykpaune, rie 6,7 MJIH I'a IAITHA HAXOAUTCA HA CKJIOHAX
KPYTH3HOI 0T 3 1o 5° 1 6ostee, | MJIH ra — Ha CKIIOHAX
Kpyde 7-10°. [To4BBI B pa3HOI CTEIIEHU CMBITHI U
IIOBEPTAIOTCA 9PO3HUH, B Pe3y/IbTaTe Yero 371ech
HeoOMPaIOT 3HAYUTEIbHOE KOJIMYECTBO yPOyKasl.
KouTypHO-MenmnopaTuBHOE 3eMIefie/ie B yCIOBUAX
Ykpaunbl npumensoT Ha 400 TbIC. ra
CeTbCKOXO3SMCTBEHHBIX YTOIUIM. DTO MO3BOIWIO Ha bojtee
KPYTBIX CKJIOHAX C MHTEHCUBHOM 3PO3UeN CHUSUTD 10
MMHHMMYMa IIOTepU OB, TOBBICUTD ee IVIOI0POiNe U
CYIIIECTBEHHO YBeIUIUTh YPOXKaH CeTbCKOXO35AMCTBEHHBIX
KynsTyp. [IponsBoacTBeHHBIE TaHHBIE IEPBOTO JTala
BHeZIpeHHUA KOHTYPHO-MeINOPATUBHOTO 3eMJIe e/
IIOKa3bIBAIOT, YTO IIPU YPOBHE IIPUMEHEHUs YI0OpeHMI
(NPK) 202 xr/ra yposxait 3epHOBBIX KY/IBTYP HOBBICHIICS
Ha 20-30%. Ha BTOpOM 3Tarne npu CHU>KEHUH KOIMYECTBA
MHUHepaIbHbIX ynoOpeHuit 1o 153 kr/ra ypoBeHb NpubaBKu
yposKas 3epHOBBIX KY/IBTYp ITOYTH He CHIDKAJICA, YTO
CBHIETENTBCTBYET O BHICOKOH 3 heKTHBHOCTH
IIPUMEHAEMOM CHCTEMBI 3eMJIefIe/TNA.

3a JecsATh JIeT OCBOEHHUS 3TOI CUCTEMBI 3eMJIefIeNs B
konxose “3amoBend Maprda” O6yX0OBCKOTO paitoHa

*TTo menam 1990 1.
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stable. During these years, grain production averaged 2.1
tons/ha—~0.8 ton higher than the average level achieved
before the introduction of soil and water conservation
practices. Annual profits derived from plant production
before the introduction of this new system were 151,500
roubles.* Following introduction of the conservation
practices, profits increased to 725,000 roubles. On average,
over 5 years on 100 hectares of agricultural land, the gross
product output was 1.8 times greater than on farms of the
nearby Ob forest-steppe zone. Cereals and farm animal yields
grew 1.4 to 1.9-fold. In recent years profitability at the
experimental farm increased 45 to 65 percent for agricultural
product output and 70 to 80 percent for grains.

Soil and water conservation practices, including contour-
reclamation land organization, are applied in two districts of
the Voronezh and Belgorod regions.

On the “Znamya Lenina” Collective Farm of Gribanov
district, Voronezh region, the combination of the contour-
buffer system of disposition of crops, tree plantings, artificial
banks-terraces, and supporting soil conservation practices,
including grassing and hydrotechnical measures on slopes of
5-7 degrees, furthered the cessation of erosion. Over 5 years
the average yield of cereals on eroded soils increased by 0.2
ton/ha; of sugar beets, by 3.5 tons/ha; and of corn intended
for silage, by 5.5 tons/ha.

The contour-reclamation cropping system practiced in the
Krasnogvardeisk district of the Belgorod region, in which
about 75 percent of pastures are located on sloping lands, has
resulted in a reduction of intensive erosion and an increase in
the yield of cereals from 1.6 tons/ha (before the introduction
of the system) to 2.5 and 2.2 tons/ha in 1986 and 1987,
respectively. The 3-year average for hay output in flattened
gullies was 4 tons/ha.

It is established that contour cropping prevents soil
destruction even when there are severe rainstorms (nearly 100
mm a day), while in the placebo the soil outwash reached a
level of 120 cubic meters per ha. Under such a cropping
system, natural landscapes can be better maintained, and
sustainable agricultural landscapes are being shaped.

In Moldova, where 80 percent of crops are grown on slopes
(20 percent of which have an incline of more than 5-6
degrees), and where the rainstorm intensity reaches 10 mm
per minute, and arable crops make up 60 percent of the total
acreage under cultivation, the soil outwash is 20 to 40 tons/
ha, and there are frequent landslides. In light of these factors,
a contour-reclamation system has been developed that permits
us to withstand the forces of nature. It is based on the
retention of a calculated amount of rainfall and a safe

* Data 1990

Soil Protection Against Erosion

discharge of surpluses. In addition, a maximum use of soil-
protecting features of crops is provided for. It is shown that
50 percent of the required soil-protecting effect of the
contour cropping system is realized at the expense of plants
and that the remaining effect is ensured by adding a
combination of agrotechnical, agricultural afforestation, and
hydrotechnological measures. The system also includes the
reclamation of gullies and ravines. For each rouble spent, the
antierosion system as a whole for Moldova yields 4.5 roubles
in profits.

Considerable experience in designing and learning the
contour cropping system has been gained in Ukraine, where
6.7 million ha of arable lands are located on slopes of 3-5
degrees and more than 1 million ha on slopes of 7-10 degrees
steep. Soils are washed out to a different extent and exposed
to erosion. As a result, a considerable part of the yield is lost.
Contour/reclamation cropping under such conditions in
Ukraine is employed on 400,000 ha of agricultural lands.
This system has permitted us to reduce soil loss to a
minimum, to increase soil fertility, and to greatly increase
crop yields on steeper slopes intensively affected by erosion.
The data on yield levels during the first stage of the
introduction of the contour/reclamative cropping system
showed that with a fertilizer application rate (NPK
compounds) of 202 kg/ha, cereal yield increased by 20 to 30
percent. During the second stage, with mineral fertilizer
application decreased to 153 kg/ha, the increase in cereal yield
was almost unchanged—indicating a high efficiency of the
applied cropping system.

®oro 1-3. Ha akcriepumMenTanbHoM craHiyuu uM. B.B. Jloky4daesa
JIECOIIOJIOCHI 00€CIIeYMBAIOT 3ALUTY IIOJIE OT BETPOBOIL 9PO3UH.
(Poccwmitckoe doto)

Photo 1-3. At the V.V. Dokuchaev Experimental Farm vast tree shelterbelts pro-
vide protection from wind erosion. (Russian photo)

Article 1




136

Kuesckoit o6nactu MPONYKTUBHOCTD 3€MEIbHBIX YTOMUI
BO3pocia Ha 50-70%. Y poyKaitHOCTb 3¢pPHOBBIX KYJIBTYP
cocTaBuia 4,2 T/ra 10 CpaBHEHHUIO C 2,5 T/Ta 10 OCBOCHUS
CHUCTEMBI, TOpOXa COOTBETCTBEHHO 2,9 u 2,1 1/ra,
MHOTOJIETHUX TpaB - 31,4 u 26,3 T/ra. Yiy4inmach
9KOJIOrMYecKasi 0OCTaHOBKa.

Ha 1 ra cesibckoX03s11CTBEeHHBIX YTOIHIT ObUIO 3aTpadyeHo
283,6 py6. OkymaemocThb 1 py6. 3aTpat ¢ yuetom
MIPeOTBPAILIEHHOTO CMBIBA IIOYBHI Ha IIEPBOM JTalle
BHenpeHus (1976-1980) rr) cocrasmia 4,6 py6.* Ha
BTOpoMm atarte (1981-1985 rr.) - 7,8 py6*. Cpok
OKYTIaeMOCTH - TPH T'ofia.

Ha mpoekTrpoBaHue U CO3IaHIe BOTOPETYIHPYIOLINX
BasioB (12 KM), BBIIO/IAKUBaHKE OBparoB (25 ra), BajoB-
teppac (230 ra), Bomoc60poB (2 ra), CyrmecIaHHBIX Teppac
(230 ra), mpoTHBO3PO3UITHBIX ITPYHOB (125 ra), TeCHbIX
II0/I0C BOKPYT BOmoeMoB (13,4 ra) B X03sI11CTBE 3aTpaueHO
992,7 ThIC. py6. B pacuere Ha 1 ra sarparsl cocTaBuiu 283,6

pyo.

Hay4yHo-TeXHU1IeCKO TPOrpaMMoit “ArpoKOMIUIEKC”
npenycMorpeno K 2000 r. BHegpeHue B YKpauHe KOHTYPHO-
Me/IMOPAaTUBHON CUCTEMBI 3eMJIefie/ins Ha 16 MJIH ra
CEIbCKOXO3AMCTBEHHBIX YTOIUIM.

BreiBoabl

[IMnpokoe npuMeHeHNHe CUCTEMbI KOHTYPHO-
MEe/IMOPATUBHOIO 3eMJIefle/INA B CTPaHe OTKPbIBAET
60s1bI1IHIe BOSMO>KHOCTH JI/ISI HAYIHO 060CHOBAHHOTO
pettierst mpo6/eM COXpaHeHUst arpoaHadTos,
YIpaBJIeHUA IJIONOPOAUEM, BOSHBIM, ITUTATEIbHBIM
peKMMaMHU II0YB, HHTEHCH(PHUINPOBATD
II0YBOOOPa30BaTe/IbHbIE IIPOIIECCHI, PEIIATh 3a/1a4n
PpacIIMPEHHOr0 BOCIIPOU3BOACTBA IUIONOPOANA I10YB U
9KOJIOTH3AIIUU CeTbCKOTO X03:A1cTBa. KpoMme Toro,
KOHTYPHO-MEIMOPATUBHOE 3eMJIefie/Iie CIY KUT OCHOBOM
IV IPOIPAaMMUPOBAaHUA U PEaIbHOTO IOTYyYEeHU
BBICOKHX YPOyKa€eB Ha 9pO3MOHHO-ONACHBIX U
9POIMPOBAHHBIX 3eMJISIX, & TAKKE IS pa3paboTKH
pecypcocOeperaloniux U COBepIIeHCTBOBAHNUS
MHTEHCUBHBIX TEXHOJIOIUI BO3/E/IbIBAHMS
CeJIbCKOXO3SIMCTBEHBIX KY/IBTYP, arpOTpeOOBaHMI IIPU
CO3JIaHMU HOBOH CE/IbCKOXO3IMCTBEHHOM TeXHUKU.
KoMI1eKCHOCTh MepOTIpUATHI U
nrdbepeHINPOBAaHHOCTD UX TPUMEHEHHS C YIETOM
arpoaHAIIadTHEIX 0COOEHHOCTEIT B CHCTEMe KOHTYPHO-
MEeIMOPATUBHOIO 3eMJIE[E/INAA TT03BOJIAET YCIEIIHO
3aIUMINATD IIOCEBBI OT BpeIuUTeIen U 6o0se3Heit.

*TTo menam 1990 r.
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[To opueHTHPOBOYHBIM MozcYeTam, K 2005 T. 06 beMbl
[IpUMeHEeHHs TaHAMABTHON KOHTYPHO-MEeTHOPAaTHBHOM
CHUCTeMBI 3eMJIefle/Iis Ha 9PO3UOHHO-OIIACHBIX 3eMJIAX B
crpanax CHI coctaBAT okos0 60 MIIH ra MarrHu. Ysxe
cefivac eXKerofgHo MoIyYaloT JIOIIOJIHUTEIbHO 12 MIH T
3€pHA U JIPYro¥ IPOAYKIIHUH, a 001N 95KOHOMUYECKUIL
addexT or BHempeHust 3TUX MPUEMOB COCTaBsieT 1,2
MIIpH pyo. B rog*.
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This system has been employed for 10 years by the
“Zapoved= II'icha” Collective Farm, Obukhov district, in the
Kiev region, and it resulted in a 50 to 70 percent increase in
agricultural land productivity. Cereal yield is 4.2 tons/ha
compared with 2.5 tons/ha before the system; the yield of
peas, 2.9 and 2.1 tons/ha, respectively; and perennial grasses,
31.4 and 26.3 tons/ha, respectively. The ecological situation
has also improved.

Some 283.6 roubles were spent per each ha of agricultural
land. Each rouble spent to prevent outwash during the first
stage of application of the system (1976-1980) represented a
return of 4.6 roubles; and during the second stage (1981-
1985), 7.8 roubles.* Expenses are recouped in 3 years.

The farm spent 992,700 roubles to flatten gullies (25 ha)
and design and install water-regulating banks (12 km),
banks/terraces (230 ha), catchments (2 ha), sandy terraces
(102 ha), erosion-preventive ponds (125 ha), and forest belts
around water terraces (13.4 ha). Some 283.6 roubles were
spent per hectare.

The Research and Technological Program “Agrocomplex”
provides for the contour-reclamation cropping system to be
used in Ukraine by the year 2000 on more than 16 million ha
of agricultural lands.

Conclusion

Extensive use of the contour-reclamation cropping system
provides a clue as to how to maintain agricultural landscapes;
to control soil fertility, water content, and nutrition; to
intensify soil-forming processes; and to fulfill the tasks of an
expanded reproduction of soil fertility and ecology-oriented
agriculture. In addition, the contour/reclamation cropping
system serves as a basis for programming and obtaining high
yields on eroded lands and also for developing resource-saving
technologies and improving intensive technologies to grow
crops, but the system requires agriculture to develop new farm
machinery. A combination of measures and their various
applications, aimed at addressing questions concerning
agricultural landscape features within the system of contour
cropping, permits us to successfully protect crops from pests
and diseases.

* Data 1990

Soil Protection Against Erosion

According to estimates, nearly 60 million ha of arable land

will have been involved by the year 2005 in the landscape

contour-reclamation cropping system applied on erosion-

affected areas.

The nation produces 12 million tons of grains and other

produce every year, and as of 1990 the total annual economic
return from these methods reached 1.2 billion roubles.
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CtatbA 2 Poccumnckue aBTopbl

3aKOHOMEPHOCTU USMEHEHUA
npoTueBoaedPIALNOHHON
YCTONYMBOCTU MOYBbI MNOA
BIIMAHUEM KITUMATUYECKUX
JoaKTOpOB

Regular Changes in Soil’s Resistance to
Deflation as Affected by Climatic Factors
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3aKOHOMEPHOCTH H3MeHeHUsI MPOTHBOEIAIMOHHO YCTOMYHBOCTH ITOYBHI IO BIMSHUEM

KIMMaTH4YeCKuX (DaKTOPOB

A.H.Kawmanoe, I1.C.Tpezy6o6*, I..Bacunves, H.H.3axapoea

Pesrome

B Hacros1eit paboTe mpencTaBeH dKCIIepUMeHTaIbHBII
MaTepual 110 U3y4eHUIO BIUAHNA Ha IPOTUBOIPO3UOHHYIO
YCTOIUBOCTH OOBIKHOBEHHBIX Y€PHO3EMOB
IIpenxaBKasbs, pacCIpOCTPAHEHHBIX B 30HE TAK
Ha3bIBaeMOTO0 “APMaBUPCKOTO BETPOBOTO KOPUIOPa,
KIMMaTHIeCKUX (haKTOPOB. BbIsiBIeHA KOMMIeCTBEHHAS
CBsI3b MEXAY 06pasoBaHueM AedIAIIHOHHOOIIACHBIX
YaCTHUIL] U KOIMYECTBOM IIUK/IOB 3aMOPaKUBaHNA-
OTTAaWBaHUA U YBIAKHEHNUA-BBICYILIMBAHUS, BJIAYKHOCTHIO
II0YBBI IIPU 3TUX IIPOIlecCax, TEMIIEPATYPOI
3aMOpa>KUBaHMA, OTTauBaHuA U Ip. [To naHHBIM
MOJE/IbHBIX ONBITOB COCTABJIEHBI PETPECCUOHHbBIE MOJIE/IH,
ONKCHIBAOLIME 3aBUCHMOCTD COfiepyKaHuUs Ted/ISIIIHOHHO-
OITaCHBIX YaCTHUI] B IIOYBE OT ITAPAMETPOB KIMMAaTUIECKOTO
BO3IEMCTBHUS Ha Hee.

Bcryniienue

3HaYUTETbHBIM TOPMO30M BBICOKOIIPOAYKTHBHOTO
HCIOTb30BaHUA YepHO3eMOoB [IpenkaBkaspa ABIAETCA
pacrmpocTpaHeHye Ha 3TO TEPPUTOPUH e IIAIIHOHHBIX
mporieccoB. Oco6eHHO aKTHBHA JeIAINS B 30HE TAK
Ha3bIBaeMOTO “APMaBUPCKOTO BETPOBOTO KOpUIOpa™.
JIokaspHOE BBITYBaHNE TIOYBEHHOTO MaTepHaa
Ha6/II0Ae TCS 371eCh Ha Pas/IHYHbBIX 9/IeMEHTaX peabeda
IIOYTHU €KETOJIHO, A TIEPUOTUYECKU IIPOHOCATCS NbUIbHBIE
6ypu OTPOMHOI! paspyIUTeIbHOT crtbl. Ha yaacTkax ¢
OUYeHb CHIbHBIM TIPOsIBJIEHIEM HeIIAIINN MOIITHOCTD
TYMYCOBOTO TOPHM30HTA YMEHBIIIIIACh 3 MCTEKIIINIA
nepuop Ha 23-35 cM. B cooTBeTCTBUU C pellieHreM
BACXHMII, ¢ 1971 1. Ha ApMaBHUPCKOM OIIOPHOM ITyHKTe
ITouBenHnoro uncruryra um. B. B. [lokyuaesa,
pacrionokeHHOM B HoBOKy6aHCKOM parioHe
KpacHomapckoro kpas, U3y4aloTcsl 3aKOHOMEPHOCTH
PasBUTHS U IPOsIBICHUS HeIIAINHU B CTEITHOMH YaCTH
IIpenkaBKasbs, IPUYMHBI CHHYKCHUA
HpOTI/IBO,He(bIIHLU/IOHHOfI YCTOMYMBOCTH ITOYBHI B
HEKOTOPbIe IePHOAbI U IIYTHU ee MOBBIIIeHN ],
paspabaThIBAlOTCS PEKOMEHIAIIMH [0 IIOYBO3ALIUTHOMY
semstenenio. K HacrosieMy BpeMeHH cO6paH 1 060011eH
6OJIBIIIOT HKCIIEPUMEHTAIBHBIN MaTePHaJI [0 BIUSHUIO Ha
IPOTUBONE(/ISIITOHHYIO YCTOMIMBOCTD TAKUX
Ba)KHETIIINX aHTPOIIOTEHHBIX ¥ IPUPOTHBIX (DaKTOPOB,
KaK TeXHOJIOTHS BO3/Ie/IbIBAHNUSA CETbCKOX03ANCTBEHHBIX
KYJIBTYP, YCIOBHUs penbeda 1 Knumatudeckre HakTopsl —
IIepHOANYeCKOe YBIaKHeHUe-BbICYIIINBaHUE U

Cratba 2

3aMOpaKHBaHMe-OTTauBaHue. [Ipu e1MHOM TeHeTUIeCKOM
THIIE U ITOATHUIIE ITOUB, @ TAK)KE MEXaHUIECKOM COCTaBe,
HMEHHO 3TH (DaKTOPBI ABISIOTCS OMPeIe/ISIOIIUMHI IS
popmupoBanus nedIAIMOHHOOTACHBIX arPOGOHOB B
ycnoBusx [Ipenkaskaspsa. IMeHHO UX U3yYEHHUIO U
ITOCBSIIIIEHA TaHHast paboTa.

OO111eM3BeCTHO, YTO MTPU HAIUIUH BETPOB MTOBBIIIIEHHON
CKOPOCTH U OTCYTCTBUU Ha IIOBEPXHOCTH IIOYBbI
3AILUTHOIO PACTUTE/ILHOTO IIOKPOBA, OCHOBHBIM
(axTopoM, OIIpeneIOIIIM YCTONYUBOCTD ITOYB K
nedasuy, IBISETCS CTETeHb PACIIBUIEHUS TOYBBI, T.€.
COOTHOIIIEHNE arperaToB pasMepom Gosee u MeHee 1 MMm.
1 ycTOMYMBOrO 3aKpeIUIeHHs II0YBbI U TPYHTa Ha
TePPUTOPUSIX, TIOJIBEP>KEHHBIX HHTEHCUBHOI nedsiuy,
LIMPOKO UCIO/Ib3YIOTCs 3aCyXOYCTOMYMBEIE IPEBECHBIE U
KyCTapHUKOBBIE IIOPOJIbI.

CTPYKTYPHBII COCTaB IIOYBBI BeCbMa JHHAMHUYEH U
3aBHCHUT OT LIJIOTO KOMIUTekca pakTopoB. K mpuponusiym,
eCcTeCTBEHHBIM (haKTOPAaM OTHOCSITCS: BO3IEHCTBHE
YBTQ)KHEHHSI-BBICYIIIMBAHUS 1 3aMOPaKHBAHHUSI-
OTTaMBaHUs, MUKPOOHOIOTHYECKasI aKTHBHOCTD, BUIOBOI
coctaB GIopsI U (ayHbl, MeXaHIIeCKOe BO3IENCTBHE
06pabaThIBAIOIINX OPYAHUI M MAIIINH, BHECEHHE
yOOOpeHMIT U.T.1I.

Knumarudeckne hakTOpbI OKasbIBAIOT CYIIIECTBEHHOE
BJIMSAHNE Ha JUHAMUKY arperaTHOTO COCTaBa IIOYBEL.
N3BecTHO, 9TO 06pa3oBaHUe arpPeraToB TECHO CBSI3aHO C
MIpoIlecCaMy YBAaKHEHUA-BBICYIIINBAHUA U
3aMOpakKUBaHUS-OTTauBaHuA. [lox BIusHIEM
yBJIa)KHEHUS 3a C4eT BOSHUKHOBEHUS KaIMUIAPHBIX CUI U
nerictBuA Ban-nep-BaanibcoOBCKUX CHJT U CUJI IPUTSKEHUS
B KOJUIOMJTHOM CHCTeMe, IIPOUCXOAUT CIUSIHUE U
cKJIenBaHue yactull. Hanbosee MHTEHCHBHO 9TH MIPOLIECChI
UOYT IPU CPeIHUX YPOBHAX yBaaskHeHus. [Ipn
M30BITOYHOM YBJIA)KHEHHH MCYe3aI0T BOTHY Thle MEHUCKH,
CUJIBI CLIEIVIEHUS OCIAOIAIOTCS, B CBA3HU C YeM YaCTUIII
OTOZIBUTAIOTCA APYT OT JIpyTa.

Kpouenue Ha CTPYKTYpHBIE OTAETbHOCTU [IPOUCXOIUT
[IpU TIEPEXOTe MTOYBBI U3 2-(asHOTO COCTOsHUS (Bopa-
mouBa) B 3-¢dasHoe (Boma-I0uBa-BO3AYX), T.€. B Pe3y/ibTare
BBICYLLIMBAHUL. DTO CBSI3aHO C BOSHUKHOBEHHEM
KaIlWUIAPHBIX CHJI, CKMMAIOLIMX [IOYBEHHYIO MaCCy U
THAIOIIKX ee. Harpas/ieHne 9TUX CUI PasIuyHO, PasTuIHbI
1 06'beMHBIE U3MEHEHUs, YeM U OObACHAETCS

3aKOHOMEPHOCTHU H3MEeHEeHUA IPOTHBON e IANHOHH O
YCTOMYNBOCTH IOYBHI ITOJI BIMAHUEM
KIMMaTH4ecKux pakropon



Regular Changes in Soil’s Resistance to Deflation as Affected by Climatic Factors

A.N. Kashtanov, PS. Tregubov*, G.I. Vasiliev, and N.N. Zakharova

Abstract

Experimental data on common chernozem’s resistance to
wind erosion as affected by climatic factors in the so-called
“Armavir wind corridor” zone are presented. Quantitative
correlations between the formation of the erodible particles
and the amount of the freezing-thawing and wetting-drying
cycles, the soil moisture content, the temperature of freezing,
thawing, and other characteristics have been found. Through
model experiments, regression models were obtained that
describe the correlation between the amount of particles
susceptible to deflation in soil and the parameters of
climatic factors.

Introduction

Deflation is the major limiting factor for the effective
utilization of chernozem in the Precaucasus territory. It is
especially active in the “Armavir wind corridor” zone. Local
blowing out of soils is noticed almost annually at different
levels of relief, and dust storms of great destructive potential
occur periodically. The thickness of the humus layer at those
fields subject to severe erosion decreased 23 to 35 cm for the
studied period. Since 1971, when the Armavir pilot station
was organized by the V.V. Dokuchaev Soil Institute in the
Krasnodar region, it carried out observations on the processes
of deflation and its development there as well as the reasons
for decreased resistance to deflation; recommendations on
conservation farming were proposed. A great deal of
experimentally derived data were accumulated on the effect of
major human-caused and natural factors responsible for the
soil’s deflation resistance. These factors include the technology
used in producing agricultural crops, relief, and climate
(periodic wetting-drying and freezing-thawing cycles)—
taking into account the genetic type and subtype of soils and
the fact that their textures were similar.

The degree of soil disaggregation, that is, the ratio between
the amount of aggregates greater and less than 1 mm, is
known to be the major factor of soil resistance to deflation in
those territories with high wind velocities and bare soil
surface. Drought-resistant tree and bush varieties are
recommended to fix the soil at the areas subject to intensive

deflation (Fig. 1.2).

Structural composition of soils varies greatly and is influenced
by a number of factors, including wetting-drying and
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freezing-melting, biological activity, composition of flora and
fauna, the impact of agricultural equipment and tools,
fertilization, etc.

Wetting-drying and freezing-thawing processes are known to
affect soil aggregation. The capillary and Van-der Vaals forces,
as affected by wetting and attraction in a colloidal system,
result in particles sticking together. Excess wetting results in
disappearance of the concave meniscus, decrease of the
bounds between the particles, and, finally, their separation.

Crumbling into the structural units occurs at soil transition
from the two-phase state (water-soil) into the three-phase one
(water-soil-air) as a result of drying. Crumbling is associated
with development of capillary forces that press the soil mass
and compact it. These forces act in different directions, and
the volumes are also different—resulting in overtension and
crack formation. Repetition of these processes increases the
crack formation, which results in soil aggregation. The
character of the cracks depends upon the soil texture and
mineralogical composition, the content of organic matter, and
the exchangeable cations content. The more colloidal particles
and organic matter, the more intensive the crack formation
resulting from periodic wetting and drying. Enrichment of
exchange sites by Ca** and H* cations ensures a greater
amount of cracks, as compared with K* and Na*, but the
cracks formed are finer.

Freezing greatly affects the process by which the soil mass
crumbles. Any disperse system is known to be prone to
overcompaction as a result of freezing. When water is
transformed into ice at 0° C, water density drops by 9 percent
and its volume increases, resulting in the formation of cracks.
Mechanical composition and soil organic matter indirectly
affect the character of freeze-induced soil crumbling due to
soil porosity. Loamy soils with high organic matter content
are characterized by high crumbling due to their highest
porosity. Compact, heavy clays with fine voids are less subject
to the crumbling associated with the formation of fine ice
crystals, and their effect is less.

A number of Soviet and foreign researchers noted the effect
of a soil’s genetic properties on its disaggregation as
influenced by climatic factors, but less attention was
directed to the quantitative aspect. We managed to conclude
that the greater the water and mechanical stability of
aggregates, the less the disaggregation.
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BO3HUKHOBEHUE IepeHalpsHKeHU N, IPUBOIAIINX K
o06pasoBanuio TpeiiuH. [[0BTOpeHre 3TUX MPOIECCOB
yBeJIMYMBaeT TPELUIUHOBATOCTD, B PE3Y/IbTaTe Y€ro
06pasyroTcs arperatbl. XapaKkTep TPELIHH 3aBUCUT OT
MeXaHN4Y€eCKOTr0, MUHEPaJIOTHYeCKOT0 COCTaBa II0YBHI,
collepyKaHUA OPraHUYECKOTO BEIlecTBa, COCTaBa
MIOIJIOIICHHBIX KATHOHOB. YeM 60JIbIlIe TIOUBA COTEPIKUT
KOJUIOUJHBIX YaCTHUI], OPTAHUYECKOTO BEIleCTBa, TeM
HMHTEHCUBHee 00pasyIoTCs TPELMHBI 11071 BO3/IeICTBUEM
MEPUOAUOANYIECKUX YBIa)KHEHN - BBICYIIIMBAHHUI.
HacpIteHHOCTh MOYBEHHOTO ITOT/IOIIAOIIETO KOMIDIEKCa
katnonamu Ca** u H* o6ecreunBaet 60oree BHICOKYIO
TpeLIMHOBaTOCTh, 4eM K* 1 Na*, Ho o6pasytoniuecs
TPELUHBI YK€ MeJIbYE, YEM Y ITOC/IEIHUX.

BosbIiioe BiavsiHUe Ha KPOIIIEHNE TOYBEHHOI MaCChl HA
CTPYKTYpPHBIE OTAETBHOCTH OKa3bIBaeT IIPOMOPa’KHBAHHE.
W3BecTHO, 4TO 1 10001 OUCIIEPCHON CUCTEMBbI
XapaKTepHa CIOCOOHOCTD MepeyIUIOTHATHCS O]
nericTBreM rpomMep3anust. [Ipu mepexome BOmIbI B jiel Ipu
0° IIOTHOCTD BOJBI CKAYKOM I1ajgaeT Ha 9%, a 00beM
COOTBETCTBEHHO YBETUINBACTCSI, UTO IIPUBOAUT K
00pasoBaHUIO TPEIIUH. MeXaHUIeCKUIl COCTaB U
OpraHUYecKoe BEIeCTBO MOYBbI KOCBEHHO CKa3bIBAIOTCS
Ha XapaKTepe KPOIIeHUsI TOYBBI TIO]T BIUSHUEM
MIPOMOPaXUBAHUS — Uepe3 CBOMCTBEHHYIO 3THUM IOYBaM
ITOPOIHOCTH. XOPOIIIO KPOIIATCS CYIIMHUCTBIE TOUBBI, C
6OIBIIINM COlEpP>KAHUEM OPTAaHMYECKOTO BEIECTBA, TAK
KaK OHM 00/1aJaf0T HaWIydIlel IOPO3HOCTHIO. TsKeble,
[UIOTHBIE TIHHbI, 00/IA/IAI0III1ie TOHKUMU [TOPAMH,
KPOIIIATCsI MEHBIIIE, YTO CBSI3aHO C 06Pa30BaHUEM METKUX
KPHUCTA/UIOB JIbJA, YIUIOTHSIOIIHIT 3P eKT KOTOPhIX
cmabee.

Ha 3aBHCHMOCTb HHTEHCUBHOCTH paspylLIeHUs CTPYKTYPbI
ITOYBBI [TOJT BIUSHIEM KIMMAaTHIeCKIX (DaKTOPOB OT ee
T€HETUYECKUX CBOMCTB YKa3bIBaIOCh PALOM POCCUMCKUX U
3apy6e)XHBIX ABTOPOB, HO KOTMYECTBEHHBIE CBSA3H
oTobpaxaanch Mano. OCHOBHOI BBIBOJ IIPOBEICHHBIX
HaOJIIONIeHNIT TAKOB: YeM BBILLIE BOJOIIPOYHOCTD U
MeXaHM4YecKas IPOYHOCTDb CTPYKTYPHBIX arperaToB, TEM
HIDKe paspyuaroniui a3 exT.

WccnemoBaTenu Takyke OTMEYAIOT, YTO IOMUMO
TeHETHYECKUX 0COOEHHOCTET IOUBBI, HA PE3yIbTaTax
BO3IENCTBUSA YBIAKHEHNUA-BbICYILIMBAHUA 1
3aMOpaKMBaHUA-OTTaUBaHUsA Ha IIOYBEHHDBIE arperaThl
CKa3bIBAETCA CTENEHDb YB/IaKHEHNA II0YBBI, TEMIIEpATypa
BBICYIIMBAHUA U 3aMOPaKUBAHU s, IIPOLO/DKUTETBHOCTD
BO3IENCTBUSA dTUX IIPOLIECCOB, UCXOMHbIN arperaTHbIi
COCTaB U KOJIMYECTBO IIOBTOPHBIX IMK/IOB BO3IEHCTBHUA.
YcTaHOBIEHO, YTO YeM 6OJIbIlle BIa)KHOCTh IIOYBBI IIepef
€€ BBICYIIMBAHMEM U IIPU 3aMOPKUBAHUHU, TEM CUJIbHEE
HM3MeHEHMeE B arpEeraTHOM COCTaBe U IPYTUX CBOMCTBAX
OYB.

Cratba 2

N3BeCTHO, YTO 06/1ACTh HHTEHCUBHBIX (DA3OBBIX TIEPEXONOB
BOJIBI B j1ef IeKUT B mipefenax 0° -2°. CemoBaTtebHO,
(PUBUKO-XMMUIECKHE TIPOTIECCHI, CBA3AHHbIE C
3aMepsaHKeM BOIIbI B TIOUBE, Hanbosiee akKTUBHO
[POSIBJISIIOTCS B 00/IACTH YKa3aHHOTO MHTEPBaIa
TeMIIeparyp.

B oTHOIIEHNN TeMIIEpaTyp BBICYLIMBAHUA MOYKHO CKa3aTh
crenyroliee. AKTUBHOCTDb BOJbI, PACTBOPUMOCTD Ta30B,
conepyKaHue COeTUHEHNI 3aBUCUT OT TEMIIEPATYPHI IIOYBBI
U yBe/IM4MBaeTcsA ¢ ee Bo3pacTaHueM. Ce1oBaTeNbHO, C
IIOBBIIIEHUEM TeMIIEPATypPbl UHTEHCUBHOCTD
peo6pasoBaHus CTPYKTYPHI TO/DKHA BO3pacTaTh. B pse
yOIHMKaIMiT OTMeYaeTCsi HHTEHCHBHOE 06pasoBaHue
9PO3HOHHOOMIACHBIX (DPAKIIMIT IPH OTPHULIATE/IBHBIX
TeMITepaTypax BBICYILIMBAHUS, YTO OOYCIIOB/IEHO
Cy6HI/IMaLH/IeI7I U IIOTEPEN CBA3EN MEXKIY YaCTUIIAMU.
[Ipudem, yem rpy6ee mepBOHAYAIBHBII arPeraTHbII COCTAB
ITOYBBI, TeM 6OJIbIIe 06PasyeTcsi 9PO3NOHHOOMACHBIX
YaCTUI] 107, BIMAHKEM IIPOMOPaKUBAHUA-OTTaUBaHUA.
MHorue aBTOpbI 06PAIIal0T BHUMaHHe Ha TO, YTO C
BO3pacTaHMeM KOJIMYECTBA IUK/IOB 3aMOPaKMBaHUsA-
OTTaWBaHUA U YBIOKHEHNUA-BBICYILIMBAHUA U3MEHEHNE
arperaTHoOro COCTaBa U NPYIUX CBOMCTB IIOYBBI TOXKE
AKTUBUSUPYETCA.

ITporeccs! yBIayKHEHUA-BBICYIITUBAHUA U
3aMOpaXUBAaHUA-OTTaBAaHUA OKa3bIBAIOT OTPOMHOE
BJIMSIHHE Ha IIe/IbII PAM CBOYCTB MOYBLI, OMIPeIe/IAI0NINX
ee MPOTUBO3POSHOHHYIO U IPOTUBOREDIAINOHHYIO
YCTOMYUBOCTD. Bo-TIepBbIX, 3T IIPO11eCChI AKTUBHO
BO3JIEVCTBYIOT Ha XUMUIECKHE U PUSHUKO-XHMUIECKIE
CBOIICTBa MOYBHL. [1of BIMAHNEM BBICYIINBAHUA
IIPOMCXOMIUT yBeINYeHHUE TIOITIOTUTE/IbHOM CIIOCOOHOCTH
ITOYBBI, CHIDKeHUE THAPOMUIBHOCTH KO/UTOUIOB.
YcTanoBI1eHO, YTO IIPY YBIAKHEHUHU Uy T IPOLIECCHI,
HaITOMHUHAIOII[Me OTIO30/IMBAHNE, — TPOIIeCChI
paspylieHus ITOYBEHHOTO MOTIOIAOIIET0 KOMITTEK A C
BBIHOCOM IIPOAYKTOB 3TOr0 pacnaza. B cioe 4-6 cm
CTPYKTypa paspylaeTcs, pesko BO3pacTaeT KOTHIeCTBO
pakiuu pasmepom meHee 1 MM. Hrke 30HBI paspyuieHns
HZIET IIPOLIECC CTPYKTYPOOOpPa3soBaHUsI.

IIpoueccyl 3aMOpa)KMBaHUA-OTTAUBAHUSA IPUBOIAT K
BO3PACTAHUIO ITbUIEBATOCTH IIOYBOTPYHTOB, U3MEHAIOTCS
KOJIMYECTBO CBA3aHHOM BOJbI, MAKCUMaJ/IbHas
TUTPOCKOIIMYHOCTD TIOYBBL, ee (PU3UKO-MeXaHHIeCKe
CBOJWICTBA, IOPO3HOCTh, BOAHO-BO3AYIIIHbIE U TEIJIOBbIE
CBOIICTBA. THU JJaHHBIE TIOTy4Y€Hbl B OCHOBHOM
MeP3I0TOBEeNaMU Ha Pa3IMYHbIX TPYHTAX,
Ipeo6IafaoIINX B PETHOHAX C PACIPOCTPaHeHIEeM
BEYHOI Mep3/10Thl. ONBITHI HOCUTHU Creln(uIecKuit
XapakTep: 60/IbIII0€ KOJIMYECTBO IIMK/IOB BO3/IEHCTBUA,
oUeHb OOJIbIIIast AMIUTUTY A TTepenafoB. B mousax
eBpOIIeNicKON yacTu Poccun atu nmpouecchbl, KOHEYHO, UAYT

3aKOHOMEPHOCTHU H3MEeHEeHUA IPOTHBON e IANHOHH O
YCTOMYNBOCTH IOYBHI ITOJI BIMAHUEM
KIMMaTH4ecKux pakropon



In addition to the genetic features of a soil, the effect that
wetting-drying and freezing-thawing has on soil aggregates is
influenced by the soil moisture content, the temperature of
drying and freezing, the duration of these processes, initial
aggregation, and the number of cycles. The greater the soil
moisture content before its drying and freezing, the more we
noticed the changes of aggregation and other soil properties.

The intensive phase of transition from water to ice is known
to be within the range of 0° to -2°C. Thus, physico-chemical
processes associated with water freezing in soil are most
evident in this range.

Water activity, solubility of gases, and content of the
compounds all increase along with soil temperature. That is
why the intensity of the structural reorganization increases
along with increase in temperature. No specific published
data exist on this subject. Intensive formation of erodible
fractions was noted during drying at negative temperature due
to sublimation and loss of the bonds between the particles.
The coarser the initial soil aggregation, the more the erodible
particles formed due to freezing-thawing. Many researchers
noted that the change in soil aggregation and other soil
characteristics becomes more intensive with an increase in the
freezing-thawing and wetting-drying cycles.

The processes associated with these cycles intensively affect
soil chemical and physico-chemical properties. Drying results
in increased soil absorption capacity, as well as in decreased
hydrophilic capacity of soil colloids. It was found that wetting
is accompanied by processes similar to podzolization,
destruction of the soil absorption complex, and leaching of
the products of its decomposition. The process of
disaggregation occurs within the top 4 - 6 cm of the soil layer,
and the amount of fractions less than 1 mm increases sharply.
The process of aggregation occurs in the zone beneath the
destroyed layer.

The processes of freezing-thawing result in an increased
amount of soil and ground silt fractions and in a change in
such parameters as the quantity of bounded water; maximum
hygroscopicity of soil; its physico-mechanical properties;
porosity; and water, air, and thermic properties. These data
were obtained mainly by experts in geocryology at various
terrains that predominate in regions of permafrost. These
experiments were carried out under specific conditions, as
follows: large number of exposure cycles, wide range of the
changes. It is natural that these processes occur much less
intensively in the soils of the European part of the country
and that they have less of an effect on number of properties.

Some data show that two processes occur in soils during the
year—the aging and activation of colloids. The former
prevails in summer and results in formation of high-charge
hydrophilic colloids; the latter occurs in the autumn-winter
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period and results in depolimerization of the high-molecular
compounds and their transformation into low-molecular
hydrophilic colloids. The greater the amount of low-
molecular hydrophilic colloids, the smaller the amount of
aggregates less than 1 mm. Hydrophilic colloids in addition
to the humus serve as a kind of glue for microaggregates.
They change in both number and quality within a year

and thus promote the dynamic character of the aggregate’s
water stability.

Conclusion

Analysis of data in the literature on the effect of climatic
parameters upon the soil’s resistance to deflation has revealed
that this problem has not been paid adequate attention. That
is why the study on the qualitative and quantitative
relationship between the climatic factors and the amount of
erodible particles less than 1 mm was carried out by means of
modeling in a climatic chamber. These studies enabled us to
reveal the principal role of climatic factors in the decrease of
soil resistance to deflation.

References

1. Aderikhin, PG. Impact of soil drying upon its
composition properties. In Proceedings of the meeting
devoted to V.V. Dokuchaev’s Centenary. Moscow, 1949. p.
333-337.

2. Gaal, A.G. Deflation phases, development and age of the
soil, formed on sands in dried zones of the USSR. In Land
and Water Resources. Moscow, 1990. p. 145-164.

3. Kashtanov A.N. Protection of soil from wind and water
erosion. Moscow. Rossel’khozizdat, 1974.

4. Kashtanov A.N., Zaslavsky M.N. Soil and water protecting
farming. Moscow. Rossel’khozizdat, 1984, p. 462.

5. Problems of soil and water conservation. A.N. Kashtanov,
ed. Proceedings of V.V. Dokuchaev Soil Institute. Moscow,
1986. 156 p.

6. Soil erosion and ways to control. PS. Tregubov, ed.
Proceedings of V.V. Dokuchaev Soil Institute. Moscow,
1985. 141 p.

7. Eroded soils and efficiency of soil-protective measures. P.S.
Tregubov, ed. Proceedings of V.V. Dokuchaev Soil
Institute. Moscow, 1987. p. 164.

8. Eroded soils and their increased fertility in the

COMECON countries. Proceedings of V.V. Dokuchaev
Soil Institute. Moscow, 1989. 148 p.

Article 2 é 143



144

ropasfo MeHee MHTEHCHUBHO U MEHbIIIe CKa3bIBAIOTCA Ha
U3MEHEHUU PsAla CBOMCTB.

EcTb JaHHBIE, 4YTO B TeUeHHME IOfia B [IOYBE UAYT [Ba
[POTHBOIIOIOKHO HAIIPAB/ICHHBIX [IPOL[eCCa — CTAPEHHE U
aKTHBH3AIMs KO/UIOMIOB. [TepBbIit mpeobranaeT eTom,
BBIPKAETCSI B CO3IAHUN BBICOKOIIO/ISPHBIX
rUApO(WIBHBIX KO/UIOMIOB, BTOPOI aKTHBU3HPYETCS B
OCeHHe-3UMHHUI [IEPUOJ, ¥ BBIPAXKAETCS B
JIeTIOIMMEPU3ALIUH BEICOKOTIONTMMEPOB /10 HU3KO-
HOJIMMEPHBIX THAPOMWIBHBIX KO/UTON0B. YeM 6osbiite
COZIEP>KUTCS B TIOUBE HU3KOMOJIEKY/ISIPHBIX
rUAPO(IBHBIX KOJUIOUIOB, TEM MEHbIIIE COIEPIKUTCSI
Makpoarperaros pasmepom 6ojee 1 mm. Kieem st
MaKpoarperaTos, KpoMme cBOGOIHOTO IePErHosl, CIyKaT
ruapoduIbHbIE KOJUTON/BL. B TedeHre rofa oHu
KOJIMIECTBEHHO 1 Ka4eCTBEHHO M3MEHSIOTCS,
006yC/IOB/IMBasI JUHAMHUYHOCTD BOLOIIPOYHOCTH
CTPYKTYPHBIX 06pasoBaHUIL.

BreiBoabl

AHamu3 TMTePaTypPHBbIX UCTOYHUKOB I10 BIUSHUIO
KIMMaTHIeCKUX (DaKTOPOB Ha IPOTUBONEe(/ISIIMOHHYIO
YCTOMYMBOCTD MMOYBBI IT0KA3aJI, YTO JAHHBIN BOIIPOC
H3Y4eH BHO HEJOCTATOYHO. B ¢BA3U ¢ 3THM, aBTOpaMHU 110
paspaboTaHHOI CIelMaTbHO METOIUKE BeIach paboTa mo
HU3yYEHUIO KaYeCTBEHHBIX 1 KOJIMYeCTBEHHBIX
B3aMMOCBS3€N MEX/y BO3IEMCTBYIOIIMMU Ha II0YBY
KIIUMATUIeCKUMU (PaKTOPAMU U COfIEP>KAaHUEM
nedIAIMOHHOOTACHBIX YaCTHIL Pa3MepPOM MeHee 1 MM
METOJIOM MOJIe/IMPOBAHUS B KITUMAaTHIECKOI KaMepe. DTH
HCCIIEOBAHS ITO3BOIIIN C(OPMYIHPOBATH TE3UC O
pelaoIeil poau KIMMaTHIeCKUX (DAKTOPOB B CHIDKEHUN
HpOTI/IBOILe(bIIHLU/IOHHOfI YCTOMYHUBOCTH.

Cratba 2
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ITouBsI ceBepa EBpasuu u mpo61eMbI NX OXpaHbI

H.A. Coxonos, E.M. Haymos, /I.E. Kontowxos

Pesrome

PaccmoTpens! 061111 3aKOHOMEPHOCTH
IoYyB0oOOpasoBaHus Ha ceBepe EBpasuu u naHo ux
Kaprorpadudeckoe orobpaxenne. OxapakTepr30BaHbI
OCHOBHBIE TUIIBI €CTeCTBEHHBIX U aHTPOIIOTEHHBIX
HapyIIeHHIT IIOYBEHHOTO IOKPOBa, reorpadust
IeTPalallHOHHBIX IIPOIIECCOB, UX CBSI3b C TaHAIIA(DTHBIMU
0COOEHHOCTSIMU TEPPUTOPHUU U XaPAKTEPOM ee
HCTIOTb30BAHUA.

BBenenue

Cesep - 910 061IHpPHAsT 06/1aCTD, T/Ie )KU3HD U
II0YBOOOPa3OBaHMe IIPOTEKAIOT HAa TPAHU «PHCKa», B
9KCTPeMaJIbHBIX YC/IOBUSAX. MaJteriiiye HapyeH s
YCTaHOBUBIIIETOCS 9KOJIOTHYECKOTO PABHOBECHSI MOTYT
COIPOBOXKAATHCS KATACTPODUICCKUMH /IS TPUPOJIBI
IIOC/IeCTBUSMU. XOPOILIO U3BECTHBI JIETKasi PAHUMOCTD
CEBEPHBIX IT0YB ¥ UX OYEHb MeJJICHHOE BOCCTAHOBJICHHUE
[IOC/Te HapyIeHU L. TO 06YC/IOBINBACT HEOOXONUMOCTD
TIATe/IbHOTO IIPOTHO3UPOBAHMS BO3MOYKHBIX ITOC/IE/ICT-
BUI YCHIMBAIOIIIETOCS TEXHOTEHHOTO JJaB/IeHUs Ha
akocucrtemsl CeBepa.

[Ipupona 3TOTO MEPCIEKTUBHOTO Kpast H3yUeHa ellie CPaB-
HUTENbHO ¢1a60. Ha mouBeHHBIX KapTaX MHOTO «Oe/IbIX
IsATeH». B pesy/braTe nccmenoBaHuit 31eCh 10 CHX ITOP
OTKPBIBAIOT HOBBIE ITOYBEHHbBIE TUITBL. DTO 3aCTaBIIsACT
HeMPEePHIBHO COBEPIIICHCTBOBATD U YTOYHATD
[IPECTaB/ICHHUS O 3aKOHOMEPHOCTSIX CEBEPHOTO
II0YBOOOPAa3OBAHMS.

B Hacrostieit paboTe mpencTaBaeHo Kaprorpaduieckoe
oTtobpaxkeHne KoHIennu mous CeBepa, MPeUIOKeHHOM
panee M.A. CokonoBbiM ¢ coaBropamu (COKOJIOB 1 ip.,

1982), a Taky)Ke OXapaKTePU30BAHBI PA3TUIHbBIE ACIIEKTHI
YCTOMYMUBOCTHU ¥ HAPYIIIEHHOCTH ITOYBEHHOTO TIOKPOBA.

Teppuropus CeBepa B IOYBEHHOM OTHOIIIEHUU
HeonHoponHa. OCHOBHbIE 3aKOHOMEPHOCTH

nud pepeHnmranuy MOYBEHHOTO MOKPOBA CBSA3AHbI C
YCIOBHSIMH YBIAKHEHHOCTH KIMMaTta. 3aKOHOMEPHOCTH
T0YBOOOPA30BAHNS, CBSI3AHHBIE C TG PMUIECKUM
(bakTOpOM, IMEIOT KOTMIECTBEHHBIN XapaKTep U
PasMbITbIe rPaHUIbL. BaskHYO posb B nuddepeHnmaim
MOYBEHHOTO OKpoBa CeBepa UrpaetT MHOroo6pasue

Cratba 3

BCTPEYAIOIIUXCS 3/1eCh IIOYBOOOPASYIOIINX IIOPOJL U
KPHMOJIOTHYECKUX YCTOBUIL.

H3y4eHbI COOCTBEHHO TIOYBBI M IIOYBOIIONOOHbIE TeIa,
BBIITOJTHSIIOLIHE 9KOJIOTHYecKre U 6rocdepHble pyHKINN
mo4B (9KomouBbI). [Ij1s1 Ktaccuukauu cO6CTBEHHO TOYB
Y MTOJTyIIOYBEHHBIX 00Pa30BaHMIT HCIIOIH30BAHbI PasHbIe
TakcoHomuueckue cucreMbl (Cokoos, 1990). Cxema
KIaccu UK 9KOITOYB ceBepa MpeCTaBIeHa B Tabuile
L. [IpodunbHO-TeHeTHYECKAsT XaPAKTEPUCTUKA OCHOBHBIX
ITOYBEHHBIX TUIIOB JIaHa B Tabnuiie 2. [TogpobHee ux
CBOWICTBA U 9KOJIOTUsI paccCMOTpeHbI B paborax E.H.
Wsanosoit, M. A. Cokonosa, B.O. Taprynbsaua, H.A.
Kapasaesoit, E.M. Haymosa, 1. B. irnatenko u gpyrux
yUIEHBIX.

OcHoBHbIe reorpadudeckrie 3aKOHOMEPHOCTU CEBEPHOTO
MOYBOOOPA30BAHUS OTPAXKAET MpeMjlaraeMast HiKe KapTa
noyBeHHOro NoKpoBa CeBepa EBpasuun. Beigenenneie B Helt
KpYIHbIe 00/1acTH U Oof06/1acTH GIHMSKH K TOYBEHHO-
reoxumuieckuM oM M.A. [ltasoBckoit. OCHOBHBIMU
pUYHHAME 060COOTEHYSI TOYBEHHBIX 06TaCTeN
(BBIIIEIEHHBIM 110 0COOEHHOCTSM ITOYBEHHOTO TOKPOBA)
OKa3aJIMCh YCTOBUS YBIAKHEHHOCTH M KOHTHHEHTATbHOTH
KJIUMaTa; Togo6/1acTeil — TMTOI0r0-reoMopdoIorndecKme
(B TOM UHCIIe KPHOTOTHYIECKIE) YCIOBHUSL.

Kpowme obmacreit u momo6acreii, 0XapaKTepU30BaHHBIX B
JIETEHJIe K KapTe, BbIIE/ICHBI apeaibl MOJAIbHBIX THIIOB
[TOYB:

AI-1 - CeBepo-Konbckuit apean napanonsonucThIx,
ITOI30/TUCTHIX M TOP(MSHBIX OYB I0KHO-TYHAPOBBIX U
JIECOTYHAPOBBIX JIAHAIIA(TOB BO3BBIILICHHBIX IIOKOIBHBIX
paBHUH PEeHHOCKAHANHABCKOTO TOKEMOPHITCKOTO IIINTA;

AI-2 - IOxHO0-Kombckuit apeast mOA30IUCTIX, TOPMIHBIX
U Mapa-Ioa30/IMCTHIX [IOYB CeBEPOTAKHBIX TaHAIIA(TOB
BO3BBIIIEHHBIX [[OKOJIBHBIX PABHUH JOKEMOPHIICKOTO
LI[MTA, HUISMEHHBIX aKKYMY/IATHBHBIX MOPCKUX PaBHUH U
XOJIMHCTO-MOPEHHBIX BO3BBIIIIEHHOCTEI BepXHeUeTBep-
THUYHOTO OJIe[ICHeHMSI;

AI-3 - Konbcko-Kapenbckuit apean mog3onucTox U
TOP(SIHBIX TIOYB CEBEPOTAEKHBIX JTAH/IIADTOB
I{OKOJIbHBIX PAaBHUH JOKeMOPHUIICKOTO IINTa 1 HU3MEHHBIX
AKKYMY/IATUBHBIX MOPCKHUX PaBHHH;

IToussbl ceBepa EBpasuu 1 mpo61eMbI HX OXpaHbI



Soils of the Eurasian North and Their Conservation Problems

LA. Sokolov, Ye.M. Naumov, and D.Ye. Konyushkov

Abstract

Under consideration are the most general regularities of

soil formation in the Eurasian North and their cartographic
interpretation. The main types of natural and human-
induced degradation of the soil cover are shown. Much
attention is paid to the geography of degradation processes as
related to landscape-specific features of soils and the character
of their use.

Introduction

The North is a vast area where the development of life, as well
as soil-forming processes, takes place under very risky and
extreme conditions. Even the slightest disturbance can
irreversibly damage the ecological equilibrium. The soils are
known to be extremely susceptible to various degradation and
restored with difficulty. Needed are thorough study and
forecasting of potential negative consequences that may result
from ever-increasing, technology-induced impacts on
ecosystems of the North.

The natural conditions of this region of great potential have
so far been insufficiently examined. Although new soil types
are still being identified as a result of research carried out here,
there are blank spaces on soil maps. The concepts needed to
comprehend the processes of soil formation in the North
must be further developed.

This paper presents the concept, proposed earlier by Sokolov
et. al (8)", of cartographic interpretation of soils in the
Eurasian North as well as different aspects of soil resistance
and the soil cover degradation.

The whole territory of the Eurasian North is characterized by
soil heterogeneity. The main rules governing soil cover
differentiation are explained chiefly by humidity of the
climate. Regular occurrence of soil formation associated with
a thermal factor is both quantitative and related to area.
Diversity of parent rocks and cryological conditions appear to
be the main reasons for differentiation of soil cover.

The data presented here concern the soils proper and soil-like
bodies that perform ecological and biospheric functions of
soils (ecosoils). Different taxonomic systems are used to

1 Underlined numbers in parentheses cite sources listed in the References
section at the end of this article

Soils of the Eurasian North and Their Conservation Problems

classify the soils proper and semi-soil formations (10). The
classification scheme of ecosoils in the Eurasian North is
presented in Table 1.

Table 2 illustrates profile-genetic characteristics of the most
common soil types in the Eurasian North. Their properties
and ecology have been described in detail by Ye. I. Ivanova,
L.A. Sokolov, V.O. Targulian, N.A. Karavaeva, Ye.M.
Naumov, I.V. Ignatenko, etc.

Basic geographical rules governing soil formation are reflected
on the soil cover map, presented here. Large regions and
subregions coincide with soil-geochemical fields, as proposed
by M.A. Glazovskaya. Soil regions outlined according to
peculiar features of the soil are distinguished by the degree of
the climate’s humidity and continentality; soil sub-regions, by
the lithologic-geomorphological conditions, including
cryological aspects.

In addition to soil regions and sub-regions, areas of modal soil
types also appear in the legend of this map:

Al-1. The North-Kola area of parapodzolic, podzolic, and
peat soils of the southern-tundra and forest-tundra landscapes
of elevated plains of Fennoscandinavia composed of pre-
Cambrian rocks;

AI-2. The South-Kola area of podzolic, peat, and parapodzolic
soils on the northern-taiga landscapes of elevated plains of the
pre-Cambrian shield, low marine plains and hilly-moraine
uplands of the Late Quaternary glaciation;

Al-3. The Kola-Karelian area of podzolic and peat soils of the
northern-taiga landscapes of elevated plains composed of
pre-Cambrian rocks and accumulative lowlands with marine
deposits;

Al-4. The North-Urals area of podzolic and parapodzolic soils
of the northern-taiga landscapes of medium high mountain
ridges on dislocated Paleozoic sedimentary and effusive rocks;

AI-5. The Pai-Khoy area of petromorphic, parapodzolic, and
podzolic soils of subarctic tundra landscapes of mountain-
ridges and foothills on dislocated Paleozoic sedimentary,
effusive, and intrusive rocks;
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Tabnuua 1. Cxema knaccmndmkaumm skonoys Cesepa

Ipynna: opraHo-MyHepanbHble 3KOMOYBbI
CTBoOnN: No4BbI (COBCTBEHHO)

Knacc Tvn
Al-Fe-rymycoBble MopsonucTtole
lNapanoasonucTble

[OepHoBble Al-Fe-rymycoBble
Monbensbl

'paHy3embl

Manesble

[epHoBble

AKKyMynAaTuBHO-Ca-rymycoBble

[meesembl

NoasonucTble AepHoBbIE
Mapanoas3onucTble AepHOBbLIE
Monbenbl oepHoBbIE

Monbenbl reeBble

'paHy3embl

[ManeBble KNCrble (HeHACbILLEHHbIE)
[Nanesble TMNNYHbIE
KpurosemHo-nanesble

[epHoBble
[epHoBO-KapboHaTHbIE
PeHAa3nHbl oepHoBLIE

CTtenHble KpnoapuaHbie

(B TOM 4Mcne TyHOPOBO-CTEMHbIE)
[epHoBo-rneeBble
TopdAaHo-rneesble

CtBon: NnegonuTbl (CUHNNTOrEHHbIE NOYBbI)

JInToknacc Mepoknacc Twn
BynkaHuyeckue Al-Fe-rymycoBble Oxpuctble
NoasonucTo-oxpucTole
Cnouncto-oxpucTble
KpnoTypbaunoHHble Kpurosewmsbl TUKCOTPOMHbLIE
[OMOreHHble
(TOpthAHMCTO-NEPErHONHbIE)
AnntoBunarnbHble [yMyCOBO-akKKyMynATUBHbIE [epHoBble

[meeBble

TopdAaHo-rneesble

lpynna: opraHoreHHbIe 3KOMOYBbI

Bbroknacc

BrnoTtun

TopdhAHble 6010THbIE

CyxoTopdAHbie

TopdAaHble ONMUroTPOHbIE
TopdAaHble ME3OTPOMHbIE
TopdAaHble eBTPOtHbIE
CyxoTopdAHbIe ONMMroTPOtOHbIE
lNoyBbl TpeLwmH

prrlrla: NMPUMUTUBHbIE SKOMO4BbI

NeTpoMopHbIe
JInTomopdoHble (peronnThbl)
KpunomopdHbie (MoyBbl MATEH)

Knumatunyecku NMPUMUTUBHbIE MO4YBbI ApKTI/I‘-IeCKVIX NyCTblHb
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Table 1. Classification scheme of ecosoils in the North

Group: Organo-mineral ecosoils
Stem: Soils proper

Class

Type

Al-Fe-humus Soils
Sod Al-Fe-humus Soils
Podbel Soils
Granuzem Soils

Palev Soils

Palevye (Pale) Metamorphic Soils

Ca-humus Accumulative Soils

Gley Soils

Podzolic Soils

Parapodzolic Soils
Sod-Podzolic Soils

Soddy Parapodzolic Soils
Gley Podbel Soils

Soddy Podbel Soils
Granuzem Soils

Acid (unsaturated) Pale Soils
Typical Pale Soils

Palevye Cryozemic Soils

Sod Soils

Sod Calcareous Soils

Sod Rendzina Soils

Cryoraid Steppe Soils

(with tundra-steppe soils included)
Soddy Gley Soils

Peaty Gley Soils

Stem: Pedoliths (Synlithogenic Soils)

Lithoclass Pedoclass

Type

Volcanic Soils Al-Fe-humus Soils

Cryoturbation Soils Cryozem Soils

Alluvial Soils
Gley Soils

Humus-accumulative Soils

Ocherous Soils

Ocherous Podzolic Soils

Stratified Ocherous Soils

Thixotropic Cryozems

Homogenic (peaty-humus) Cryozems
Sod Soils

Peaty Gley Soils

Group: Organic ecosoils

Bioclass Biotype

Peaty Bog Soils Oligotrophic Peat Soils
Mesotrophic Peat Soils
Eutrophic Peat Soils

Dry Peat Soils Oligotrophic Dry Peat Soils

“Soils formed in cracks”

Group: Primitive ecosoils

Petromorphic Soils

Lithomorphic Soils (Regoliths)
Cryomorphic Soils (Soils of cryogenic spots)
Climatic primitive soils of arctic deserts

Soils of the Eurasian North and Their Conservation Problems
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Tabnuua 2. [eHeTnyeckana anarHoCTMKa OCHOBHbIX TUMOB MOYB ceBepa

Mpouecchl 1 X Npu3Haku

OpraHo-akKyMyNATUBHBIE (TOPUIOHTBI) 3nioBManbHbIe

Tun nous Crpoerue npocpuns TOPGAHBIA |oTOpGOB- | AEPHMHA,  |MeperHo-  |rymycoBbiid |Bbienaun- |oT6enus- | maptio-

o) aHHan BOWNOK, OA |iHbiin AO | A1 Bakne ae BauvA
noAcTUnKa (neccusax)
or
1 2 3 4 5 6 7 8 9 10

MoasonucTtble 0O-A2-Bhf-C + A (@) <> (@) A (] +
Mapanop3onucTbie O-Bhf-C + A (©) <> (@) A * +
Mop3sonucTtole aepHoBble | (O)-Al-A2-Bhf-C (@) * + £d A * A +
MapanopsonucTele (O)-Al-Bhf-C @) £d + £d A £d + +
[lepHOoBble
Monb6enbl O-A2-11Bt-C < ® < + O ® ® <
Monbenel rmeesble 0O-A2g-1IBtg-C + ® O + (@) ® A 4
paHy3embl O-(AO)-Bmh-Bm-C + Ed O A # ® + @)
Manesble Kncnble O-(AO)-Bm-C @) ® O # + + @) <
[ManeBble TUMUYHbIE O-(AO)-(Al)-Bm-C @) £d + £d £d <> (@) (@)
KpnosemHo-naneBble O-(AO)-(Al)-Bm-Btx-C + A & A * O O O
[epHoBkle (O)-Al-AB-C (@) + & % ( *® (@) (@)
[epHoBO-KapboHaTHbIE (O)-Alca-Bca-Cca @) + % A [ <> (@) (©)
PeHa3vHbl AepHoBbIe (O)(AO)-Alca-C(R)ca (@) + ® A A < (@) <
CTtenHble KpnoapuaHbie O-Al-Bca-C @) + A * A (@) (@) (@)
[epHoBo-rneeBble (O)-Alg-Bg- C(G) + + ® #® () + + O
TopdhAHo-rneeBble O(T)-BCg(G)-C (] + (@) £ @) + + @)
Kpunosembl roMoreHHble O(T)-OB-C ) @) ©) * O O O O
Kpurosembl TukcotponHbie | (O)-(AO)-Bix-C # A O A + 4 (@) (@)
KcepopeHasunHbl (Alca)-C(R)ca ®) O + + + 0O 0 o
3aconeHHble, B ToM yucne| Ks-Cs O @) (@) (@] @) @) O O
KapboHaTHble
MpyumeyaHua:

0O603Ha4YeHNA MHAEKCOB NMOYBEHHbIX FOPU3OHTOB CrieaytoLume:

hf - unnoBManbHbIV r'yMyCOBO->XXENE3UCTbIN

t - TEKCTYpHbIV
m - MmeTaMmopryecKui

mh - nnnoBManbHo-MeTamopnyecKni

tX - TUKCOTPOMHbIN
ca - KapboHaTHbIN
g - rmeesaTbin
S - 3aCOMEHHbIN

\
150 Cratba 3

CteneHb Bblpa>XeHHOCTW Npu3HakoB

@ - 04eHb APKO

A - ymepeHHo
- cnabo
O - oTCyTCTBYKOT

Ed

4 - MOryT NpuUcyTCTBOBaTb
<> - MOryT He NpUCYTCTBOBATb
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VInnoBuasnbHbIe MeTamopduieckue KpuoreHHble

(AKKYMYTMPYIOTCA B ropu3oHTe B)

amopcpHble  |CaCO, wn, Mbinb  |amopdu-  |py6udm-  |ormuHm- OreeHMe  |koarynA-  |pacTpec-  |nyyeHMA M |BbMOpa-  |uemeHTa-  |nnuTyatanm

Al-Fe-ry- sauvA Kauva BaHMe UMOHHOE  |KMBaHME  |KpUOTYp-  |kuBaHe  |uwA CTPYKTYpa

MYyCOBble OCTPYKTY- 6aumn KpyrnHo- NbAoM

coefiHe- puBaHue 3ema

HWA
11 12 13 14 15 16 17 18 19 20 21 22 23
(] @) + [ ] ©) A @) A O O + O O
{ (@] + [ ] (©) A (@] A ©) ©) + ©) ©)
[ ] (@] + [ ] (@) A (@] A (@) (@) + (@) (@)
{ (@] + (] (©) A (@] A ©) ©) + ©) ©)
+ (@] & 3 ©) + + & O O <> O A
& O & A ©) + o & O O < < A
Ed (@] (@] [ ] (@) A + [ ] + > (@) Ed A
< O < + A + <& A A O + + +
O + O <+ ([ <+ O A A O + < <>
@] + @] <> A < @] A A + + A +
+ @] @] A ©) + + A + O + <+ O
(@] £d (@] ©) (©) <> + [ ] + O + <> O
@] & < O ©) + @] A + O + O O
O A O O + < O ([ ] A O + O O
@) @) @) 3 ©) + ([ A O O ©) + <>
(@] (@] (@] + (©) (@] [ ] £d ©) ©) (©) + (@)
O @] @] + ©) @] <> ©) O A ©) ] O
O O O O + + < & [ [ + [ ] O
(@] £J (@] (@) (@) (@] (@] £J + (@) (@) (@) (@)
(@] £d (@] ©) + (@] (@] + A O + £d +
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Table 2. Genetic Diagnostics of the Main Soil Types of the North (The Degree of Manifestation of Major Soil Forming Processes)

Processes and Their Features
Organic-accumulative (horizons) Elluvial
Soil Types Soil Profile Peaty Peaty Litter | Grassy Sod - |Raw humus  |Humus Leaching  |Bleaching  |Lessivage
Organic Oy like Organic |Transition | Horizon (eluvial)
Horizon | Horizon Horizon Horizon
1 2 3 4 5 6 7 8 9 10
Podzolic Soils O-A2-Bhf-C + A (@) <> (@) A { +
Parapodzolic Soils O-Bhtf-C + A O <> O A ® +
Sod Podzolic Soils (O)-Al-A2-Bhf-C O % + b A £ A +
Sod Parapodzolic Soils (O)-Al-Bhf-C O b + % A £ + +
Podbel Soils O-A2-1IBt-C <> £d <> + O % * <>
Gleyic Podbel Soils 0O-A2g-1IBtg-C + £d O + O ® A <>
Granuzem Soils 0O-(AO)-Bmh-Bm-C + % O A % % + O
Acid Palev Soils 0-(AO)-Bm-C ©) % O e + + @) <+
Typical Palev Soils 0-(AO)-(Al)-Bm-C O & + & & <> O O
Palev Cryozem Soils 0-(AO)-(Al)-Bm-Btx-C + A <> A % O O O
Sod Soils (0)-Al-AB-C @) + % * () % @) @)
Calcareous Sod Soils (O)-Alca-Bca-Cca @) + S A () < O O
Sod Rendzina Soils (O)(AO)-Alca-C(R)ca O + % A A <> O <
Cryoarid Steppe Soils O-Al-Bca-C O + A # A O O @)
Gleyic Sod Soils (O)-Alg-Bg-C(G) + + & & ® + + O
Gleyic Peat Soils O(T)-BCg(G)-Cg o + @) b O + + O
Homogeneous Cryozem Soils| O(T)-OB-C ) @) @) & @) O O O
Thixotropic Cryozem Soils (0)-(AO)-Btx-C & A @) A + < O O
Xerorendzina Soils (Alca)-C(R)ca @) (@) + + + @) @) @)
Salt-affected soils including | Ks-Cs O O O O O O O O
Calcareous Soils

Note:
The indices of soil horizons are as follows: The Degree of Expression of Characteristics:
hf - illuvial humus-feriuginous @ - very strong
t - textured (clay accumilation) A - moderate
m - metamorphic (weathering) % - weak
mh - illuvial-metamorphic O - missing
tx - thixotropic 4 - may be present
ca - calcareous <> - may not be present
g - gleyic
s — saline
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Mluvial (accumulation in horizon B) Metamorphic (Weathered) Cryogenic

Amorphous  |CaCO, Clay, silt Amorphi-  |Rubification |Argillization |Gleyzation | Coagulative ~|Frost Frostheave, [Separation |Cementating |Platy

Al-Fe-humus zation structuring  |cracking (cryoturbation) |of coarse by ice structure

compounds particles
11 12 13 14 15 16 17 18 19 20 21 22 23
o O + [ O A O A O O + O O
° 0 + ) @) A 0 A @) @) + @) @)
° @) + [ @) A @) A @) @) + @) @)
o O + ) @) A O A @) @) + O O
+ @) ® ® O + + i O O < O A
® O B2 A O + ) 3 0 0 4 4 A
*® @) @) ) O A + () + < 0 ® A
P @) <> + A + <> A A O + + +
o) + @) 4 ) 4 0 A A @) + 4 4
o + O <+ A <+ @) A A + + A +
* (@) (@) A (@) + + A + (@) + < (@)
O # @) O O < + [ ) + O + < O
o) ® > O O + @) A + @) + O O
O A O O + < O o A O + O @)
@) @) @) ® O + () A O O O + <
O o O + @) 0 ) % @) @) O + @)
O (@] O + O O < O O A O { O
@) O O O + + < ® [ o + [ @)
@) ® 0 O O 0 0 % + O @) O O
o & 0 @) + 0 0 + A O + ® +

Soils of the Eurasian North and Their Conservation Problems Article 3 4 153



154

AlI-4 - CeBepo-Ypanbckuii apea HOO30TUCTBIX U
[Iaparog30/IMCThIX TOYB CeBEPOTASKHBIX TaHAIIa(TOB
YBIMCTBIX U I'PAJOBO-YBJIMUCTBIX CPETHETOPHIT Ha
IMCIOLIMPOBAHHBIX Ia/IE030MCKUX OCA/IOYHBIX U

3¢ by3uBHBIX TOpONaX;

Al-5 - TNait-Xorickuit apeas eTpoMOpPHBIX,
[Iaparog30/IMCThIX U TOA30MUCTHIX IIOYB CYOAPKTUIECKUX
TYHIPOBBIX TaHAIIA(TOB KPSDKEIT U BBICOKUX TPSIOBO-
YBaJINCTBIX MIPEITOPUIL Ha TUCTOIMPOBAHHBIX
Ia/ICO30MICKIX OCaTOYHBIX, 3(PDY3UBHBIX U HHTPY3HUBHBIX
Iopoax;

AI-6 - fImasno-I'vimaHckuit apean TOpMAHO-T/IEEBBIX,
[Iaparog30/IMCThIX U TOPGDAHBIX TOYB CYOAPKTUIECKHUX
TYHIPOBBIX JTaHAIIA(TOB HUSMEHHBIX AKKYMY/IITHBHBIX
MOPCKHX PaBHHH M MOPEHHBIX PaBHUH 00/1aCTH
BEPXHEYETBEPTUIHOTO OJICTCHEHUS;

AlI-1 - Onero-ITegopckuii apean mon6enos, TOPMAHBIX U
ITO/I30/TUCTHIX IIOYB CEBEPOTACKHBIX TAaHAIIADTOB
MOPEHHBIX 1 MOPEHHO-3PO3HOHHBIX PaBHHUH, IIOKOTBHBIX
PaBHUH TOKeMOPHIICKOTO IINTA, 03€PHO-ICTHUKOBBIX U
3aH/IPOBBIX ITECYAHBIX PABHUH YETBEPTHIHBIX OJIe[ICHE-
HUM;

AlI-2 - Kynoiickuii apeas 1epHOBO-KapOOHATHBIX I10YB,
110716 €/10B, TIOA30/IMCTHIX U TOPGAHBIX TOYB
CeBepOTAECKHBIX IAHANIADTOB BO3BBIIICHHBIX KAPCTOBBIX
IIATOOOPa3HBIX PABHUH U XOJIMHCTO-MOPEHHBIX PABHUH
BEPXHEYETBEPTUIHOTO OJIe/ICHEHUS;

AlI-3 - BosbiiieseMenbCcKuit apeas TOPhIHO-T/IEeBBIX
I0YB, IOIOE/IOB IIEEBBIX ¥ TOPQSIHBIX [TOYB I0XKHO-
TYHIPOBBIX U JIECOTYHAPOBBIX TaHAIIAPTOB HU3SMEHHBIX
AKKyMY/IATUBHBIX MOPCKUX PAaBHUH, HU3SMEHHBIX
MOPEHHBIX U JIeIOBO-MOPCKUX PaBHUH U
IIOJIOTOXO/IMUCTBIX MOPEHHBIX paBHUH
CpefHe4eTBepTUYIHOTO O/IeleHeHNU I, TePEeKPHIThIX MOKPOB-
HBIMU CYIJTHHKAMU;

All-4 - CeBepo-/IBuHCKuMIT apeast 1oa0Oe/I0B, MTOA30TUCTHIX
U TOPGAHBIX TTOYB CEBEPOTAEKHBIX JTaHAIITADTOB
MOPEHHBIX 1 MOPEHHO-3PO3HOHHBIX PaBHHUH, 03epPHO-
JIETHUKOBBIX U 3aHAPOBBIX IECYAHBIX PABHUH;

AII-5 - CochBUHCKHIT apeast TI00e/IOB [IeeBbIX,
MTOI30/TUCTBIX U TOP(SIHO-T/IEEBbIX TOYB CEBEPOTAEKHBIX U
CpemHeTaAeKHBIX JIAHIIA(TOB ITOIOTOXOIMHUCTBIX
MOPEHHBIX ¥ HU3MEHHBIX a/UTFOBHA/IbHBIX PaBHUH;

AlI-6 - Ypenrorickuit apean TOPGAHBIX, TOA30TUCTHIX
[IOYB U [TO7I6€/I0B I/IEeBBIX CEBEPOTAKHBIX TAHAIIA(PTOB
AJUTIOBUAIbHO-3aH/IPOBBIX IIeCYaHBIX M MOPEHHBIX
paBHUH;

Cratba 3

BI-1 - Xarauro-OeHekckuii apeas TOphAHO-IIEEBBIX U
TOPGAHBIX TOYB CYOAPKTUIECKUX TYHIPOBBIX
JaHATa(pTOB IMHUCTHIX U CYIJIMHUCTBIX a/UTFOBHATBHBIX
HU3MEHHBIX PaBHUH, 3aH/IPOBBIX IIeCYaHBIX PABHUH U
XOJIMUCTO-MOPEHHBIX PaBHUH;

BI-2 - TemKuHCKO- AHAIBIPCKUT apeat TOPMIHbBIX,
TOPGAHO-T/IeeBBIX, KPHO3EMHBIX U ITAPATIOfI30IHCTHIX
II0YB Cy6apKTUYECKUX TYHIPOBBIX U JIECOTYH/IPOBBIX
JTaHAIa(TOB HUSMEHHBIX A/UTIOBHA/IBHBIX, 3aHIPOBBIX U
MOpPEHHBIX PAaBHHH;

BII-1 - 3anmapHo-ITyTopanckuit apeaa KpHO3eMOB
TOPAHUCTHIX, OXPUCTHIX APATION30IHUCTHIX IIOYB,
IPaHy3eMOB U TOP(MSHBIX IIOYB CeBEPOTACKHBIX U TOPHO-
TYHIPOBBIX JTAHAIIA(TOB CTYIEHYATHIX BO3BBIILICHHBIX
IUIOCKOTOPUIL ¥ IUTaTO Ha TpalllaX U IpeBHUX /aBax;

BII-2 - TaitMbIpcKuit apeas meTpoMopdHbIX,
[Iaparog30/IMCThIX U TOPGDAHBIX TOYB CYOAPKTUIECKHUX
TYHIPOBBIX U TOPHBIX apPKTOTYHIPOBBIX TaHAIIa(TOB
CKJIa[9aTo-IIbIOOBBIX CPETHETOPHIL, CIOKEHHBIX
CHIBHOCIIEMEHTHPOBAHHBIMHU U MEeTaMOP()U30BAHHBIMU
0CagOYHBBIMH, 9(pDY3UBHBIMU M HHTPY3HBHBIMU
IIOpOfiaMU;

BII-3 - IIproxoToMOpcKuUii apeas OA30TUCThIX,
[Iaparog30/IUCTHIX TeTPOMOPGHBIX, TOP(SIHO-ITIEEBBIX U
TOP(MSHBIX TIOYB CEBEPOTAEKHBIX JAHAIIAGTOB CKIAMIaTO-
[IBIOOBBIX TOP, CIOYKEHHBIX TOKEMOPHUITCKUMU
MeTaMOPGUIECKUMU U ME30OKATHO30MCKUMU
TePPUTEeHHBIMHU ITOPOIAMH, U HU3MEHHBIX
AKKyMY/IATHBHO-MOPCKUX PaBHUH;

BII-4 - YykoTcKuit apean meTpoMopdHBIX,
[Iaparog30/IMCTHIX, TOPGIHO-T/IEeBBIX, TOPGHAHBIX TOYB U
PEH/I3UH CYOAPKTUIECKUX TYHAPOBBIX TaHAIIA(PTOB
CKJIa[9aTo- IIIOOBBIX HUSKOTOPHIT, CTOYKEHHBIX
MOKeMOPHITCKUMU MeTaMOP(hUIECKUMU TOPOIAMHU, U
HU3MEHHBIX ITATGOPMEHHBIX a/UTIOBUAIBHBIX, 3aHIPOBBIX
Y MOPEHHBIX PaBHUH;

BII-5 - Kopsikckuit apean meTpoMopdHbIX,
[Iaparog30/IMCThIX, HO30IHCTHIX U TOPMIHO-ITIeeBBIX
[T0YB Cy6apKTUIECKUX TYHAPOBBIX U IECOTYHAPOBBIX
JMaHAmadToOB CKIAMYATO-T/IBIOOBBIX CPEIHETOPUIA,
CIIOYKEHHBIX JOKEMOPUIICKUMU MeTaMOPOUIECKUMU U
Me30-KaTHO30MCKUMH TePPUTEHHBIMU U BY/TKAHOTCHHBIMHU
ITOPOZIaMH;

BI-1 - Monopo-Jlenckuit apean TopgsHO-TIIEEBBIX [TOYB,
KPHO3eMOB THKCOTPOIIHBIX, [Ta/IEBBIX 1 TOPQSHBIX [T0YB
CeBepOTAEeKHBIX IAHAIIAPTOB IPO3HOHHO-IUIACTOBBIX
PaBHUH, CJIO’KeHHBIX [TeCYaHO-ITHHUCTBIMU OTIOKEHUAMMU;
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Al-6. The Yamal-Gydan area of peat-gley, parapodzolic, and
peat soils of subarctic tundra landscapes of lowland
accumulative marine plains and moraine plains of Late
Quaternary glaciation;

AlI-1. The Onega-Pechora area of podbels, peat, and
podzolic soils of the northern-taiga landscapes of moraine and
moraine-erosion plains, elevated plains of the Precambrian
shield and laucustrine-glacial and outwash sandy plains of the
Quartenary period;

AlI-2. The Kuloy area of sod-calcareous soils and podbels,
podzolic, and peat soils of the northern taiga landscapes of
elevated karst plateau and hilly-moraine plains of Quaternary
period;

AlI-3. The Bol'shezemelskiy area of peat-gley soils, gley
podbels, and peat soils of the southern-tundra and forest-
tundra landscapes of lowland marine plains, moraine
and glacial marine plains, and hilly moraine plains of
Middle Quaternary, covered by clay loam deposits;

AlI-4. The Northern-Dvina area of podbels, podzolic,

and peat soils of the northern taiga landscapes of moraine and
moraine-erosion plains, laucustrine-glacial and outwash sandy
plains;

AlI-5. The Sos'va River area of gley podbels, podzolic, and
peat-gley soils of the northern taiga and middle taiga
landscapes of moraine and low alluvial plains;

AlI-6. The Urengoy area of peat, podzolic soils, and podbels
of the northern taiga landscapes of alluvial lowlands and
moraine plains;

BI-1. The Khatanga-Olenek area of peat-gley and peat soils
on subarctic tundra landscapes of clay and loamy alluvial
lowland plains, zandric sandy plains, and hilly-moraine plains;

BI-2. The Penzhinsk-Anadyr area of peat, peat-gley, cryozems,
and parapodzolic soils of subarctic tundra and forest-tundra
landscapes of low alluvial, outwash, and moraine plains;

BII-1. The Western Putorana area of peaty cryozems,
ocherous para-podzolic soils, granuzems, and peat soils of the
northern taiga and mountain-tundra landscapes of elevated
plateau on trappean rocks;

BII-2. The Taimyr area of petromorphic, parapodzolic, and
peat soils of subarctic tundra and mountain-arctic tundra
landscapes of folded Blocky medium-high mountains
composed of highly cemented sedimentary effusive, and
intrusive rocks;

BII-3. The Near Okhotsk Sea area of podzolic, parapodzolic
petromorphic, peat-gley, and peat soils on the northern taiga

Soils of the Eurasian North and Their Conservation Problems

landscapes of folded Blocky medium-high mountains
composed of metamorphic pre-Cambrian and Meso- and
Cenozoic terrigenic rocks and low marine plains;

BII-4. The Chukotka area of petromorphic, parapodzolic,
peat-gley, peat soils and rendzinas of subarctic tundra
landscapes of folded Blocky low mountains composed of pre-
Cambrian metamorphic rocks and low alluvial, outwash, and
moraine plains;

BII-5. The Koryak area of petromorphic, parapodzolic,
podzolic, and peat-gley soils of subarctic tundra and forest
tundra landscapes of folded Blocky medium mountains
composed of the pre-Cambrian metamorphic rocks and
Meso-Cenozoic terrigenic and volcanic rocks;

BI-1. The Molodo-Lena area of peat-gley soils, thixotropic
cryozems, pale, and peat soils of subarctic tundra and
forest tundra landscapes of erosional bedding plains
composed of sandy and clayey deposits;

BI-2. The Vilyuisk-Markh area of thixotropic cryozems, pale
acid soils, and peat soils of the northern taiga landscapes of
elevated plains composed of Late Paleozoic terrigenic-
calcareous, Triassic, tuffogenic-sedimentary, and Quaternary
loesses;

BI-3. The Zhigansk area of palevye soils, thixotropic
cryozems, podzolic, and peat soils of the northern taiga
landscapes of alluvial and and alluvial outwash plains and
elevated erosion plains composed of sandy-clay deposits;

BII-1. The eastern-Putorana area of petromorphic, cryozems,
and pale soils of the northern taiga and mountain-tundra
landscapes of dissected steppe-like elevated plains and plateau
of ancient platform on terrigenic and terrigenic-calcareous
paleozoic rocks and traps;

BII-2. The Olenek area of xerorendzinas, thixotropic
cryozems, and peat soils of the northern taiga, forest-
tundra, and mountain arctic tundra landscapes of elevated
plains and plateaus on Early Paleozoic terrigenic-calcareous
and calcareous rocks;

BII-3. The Anabar area of petromorphic, parapodzolic,
podzolic, pale acid soils and peaty cryozems of the northern
taiga and mountain-tundra landscapes of elevated platforms
and ridge Blocky plateau on dislocated Precambrian
igneous and metamorphic rocks;

BII-4. The Mountain-Kolyma area of parapodzolic,
petromorphic, pale soils, cryozems thixotropic and peat-gley
soils on the northern taiga and mountain-tundra landscapes
of folded Blocky mountains with Meso-Cenozoic structures
composed of terrigenic rocks, including occasionally by flysch
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Puc. 1-19 To4seHHble obnacTu 1 nogobnactu
Figure 1-19. Soil regions and sub-regions
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BI-2 - Bumoiicko-MapxuHCcKuit apeas KpUO3eMOB
THKCOTPOIIHBIX, AJIEBBIX KUCTBIX  TOPQSHBIX [T0UB
CeBepOTaEeKHBIX IAHAMIAGTOB BO3BBIIICHHBIX
CTYIEHYaThIX PAaBHUH, CIOKCHHBIX HUKHETATe030CKUMU
TepPPUTeHHO-KapOOHATHBIMH, TPUACOBBIMH TY(HOTEHHO-
OCaIOYHBIMU U YeTBEPTUYHBIMU IECCOBLIMU TOPOIAMU;

BI-3 - JKuranckuit apea rmajeBbIX II04YB, KPHO3EeMOB
THUKCOTPOIIHBIX, IOI30IMCTHIX U TOP(MSAHBIX TIOYB
CeBepOTAECKHBIX IAHAMIADTOB A/UTIOBUAIBHBIX U
AJUTIOBUAIbHO-3aH/IPOBBIX HU3MEHHBIX PABHUH U BO3BBI-
LIIeHHBIX 9PO3HOHHBIX PABHUH, CJIOYKEHHBIX I1eCYaHO-
IJTMHUCTBIMHU OT/IOKEHUAMU;

BII-1 - Boctouno-ITyTopanckuit apean meTpoMopdHBIX,
KPHMO3€MHBIX U ITa/IEBBIX IIOYB CEBEPOTAEKHBIX U TOPHO-
TYHIPOBBIX TAHAIIA(TOB PACWICHEHHBIX CTYIIEHIAThIX
BO3BBIIIEHHBIX PABHUH U IJIOCKOTOPUI peBHEN
w1atOPMBI Ha TEPPUTEHHBIX U TEPPUTCHHO-
KapOOHATHBIX I1aJICO30FICKUX IIOPOfIaX U TPaIlIax;

BII-2 - Onenexckuit apeaa KCepOPEHIA3UH, TUKCOTPOITHBIX
KPHO3eMOB U TOP(AHBIX TOYB CEBEPOTASKHBIX,
JIECOTYHZIPOBBIX ¥ TOPHBIX aPKTOTYHAPOBBIX TaHAIIA(TOB
CTYIEHYaThIX BO3BBILIEHHBIX PaBHUH U IUVIOCKOTOPHII,
C/IOYKEeHHBIX HIDKHEIIa/Ie030MCKUMU TepPUTeHHO-
KapOOHAaTHBIMU U KapOOHATHBIMU IIOPOJIAMU;

BII-3 - Anabapckuii apeas neTpoMopdHBIX,
TIaparo30IUCTHIX, TOA30IUCTDIX, aIeBbIX KUC/IbIX ITI0YB U
KPH03eMOB TOP(MSIHUCTBIX CeBEPOTASKHBIX 1 TOPHO-
TYHIPOBBIX JTaHAIIA(TOB BO3BBIIIIEHHBIX IUIAT(HOPMEHHBIX
I'PAIOBO-TJIBIOOBBIX IVIOCKOTOPHIL, CIOKEHHBIX CHJIBHO
IMCIOLIMPOBAHHBIMU JIOKeMOPUICKUMH MarMaTHYeCKUMU
U MeTaMOp(dUIECKUMHU TOPOIAMH;

BII-4 - Iopao-KonbiMckuit apean mapanon3oaucThIX,

e TPOMOPGHBIX, ITATeBbIX [T0YB, KPHO3EMOB
THKCOTPOIIHBIX U TOP(IHO-I/IEEBBIX TOYB CEBEPOTACKHBIX
Y TOPHO-TYH/IPOBBIX JTAaH/IIA(TOB CKIaIIaTO-T/IBIOOBBIX
rop Ha Me30-KalfHO30MCKUX CTPYKTYpaX, CJI0’KEHHBIX
TePPUTeHHBIMHU, MeCTaMH (IUIIIEBBIMU ITOPOIAMI;

T'l-1 - lenvra p.J/lena - apeasn a/urtoBUaIbHbBIX PETOUTOB,
TOPGAHBIX ¥ TOPPSIHO-I/IEEBBIX IIOYB APKTOTYHIPOBBIX
JIaHL[LHa(bTOB HU3MEHHON a/UIIOBUA/IbHOM paBHUHDI;

I'l-2 - Hwxkue-KosbiMckuit apean TOpdSHBIX [TOYB,
KPHO3eMOB THKCOTPOIHBIX U TOP(DSHO-IICEBBIX II0YB
CeBepOTAEKHBIX, JIECOTYHAPOBBIX U TYHAPOBBIX
JTaHATIa(TOB HU3MEHHBIX JIETOBO-TECCOBBIX U aJl-
JIIOBUA/IbHBIX PaBHUH;

['1I-1 - BepxostHCKMit apeasn meTpoMOPQHBIX, aTeBbIX
MIaparof30IUCTHIX TOYB, KPHO3EMOB THKCOTPOITHBIX U

Cratba 3

CTEITHBIX KPMOAPUAHBIX II0YB CEBEPOTAEKHBIX U
TOPHOTYH/IPOBBIX JTaHAIIA(TOB CKIAAIATHIX U CKIAIATO-
[IBIOOBBIX TOP Ha JUCTOLUPOBAHHBIX ME30301ICKUX CTPYK-
Typax, CJIOKEHHBIX TEPPUTEHHBIMU, MeCTAaMH (DIUIIIEBBIMU
IIOpOIAMU;

T'I-2 - Ano-FOxarupckuit apeaa Kpuo3eMoB
THUKCOTPOITHBIX, [TAJIEBBIX, TOP(DAHO-T/IEEBBIX U CTEIHBIX
KPHMOAPpUIHBIX IIOYB CEBEPOTAEKHBIX, TOPHO-TYHIPOBBIX U
KPUOCTEIHBIX JTAHAIIA(TOB CKIAIIATHIX U CKIAIATO-
[IBIOOBBIX TOP Ha JUCTOLUPOBAHHBIX ME30301ICKUX CTPYK-
Typax ¥ BO3BBIIIIEHHBIX XOJIMUCTBIX IIPEArOpuil Ha c1abo
IUCTOIMPOBAHHBIX ME€30-KalfHO30MCKUX CTPYKTYpaX,
CJIOYKEHHBIX TePPUTEHHBIMU, TEPPUTEHHO-KapOOHATHBIMU
u GIUIIEBBIMU TIOPOJIAMHY;

I'Tl-3 - YayHcko- AHTOICKUIT apeaJt MajIeBbIX,
eTpoMOPQHBIX TOYB, KPHO3EMOB TUKCOTPOITHBIX,
TOP(SIHO-T/IeeBBIX, CTEMTHBIX KPUOAPUIHBIX 1
IIapaIoI30/JIUCTBIX II0YB CEBEPOTAEKHBIX, TYHIPOBBIX U
KPUOCTEIHBIX JTaHAIIA(TOB BO3BBIIIIEHHBIX XOIMUCTHIX
NpeAropuil Ha Iaje030MCKUX U ME3030MCKUX CK/IAIYaThIX
CTPYKTypaxX ¥ HUSMEHHBIX IPUMOPCKUX aJIIOBUAIbHBIX
PaBHUH;

OI-1 - CpenunHo-KaMuaTcKkuit apeas OXpUCTBIX U
OXPHUCTO-TIO/I30/IUCTHIX ITOYB JIECOTYH/IPOBBIX U TOPHBIX
TYHIPOBBIX JTAHAIIA(TOB BYIKAHHIECKUX XPEOTOB 1
Haropui, CJIOKEHHBIX HEOT€H-4eTBEePTUYHBIMU JIABAMU U

Tydamu;

I1-2 - 3amapno-Kamuarckuit apean TOp(stHBIX 1 OXPUCTO-
IIOI30/TUCTHIX II0YB, CYOAPKTUYECKHX JIECOTYTOBBIX
JMaHAIa(TOB HU3MEHHBIX aKKYMY/IATHBHBIX MOPCKHX H
aJ/UTIOBUA/IbHBIX PABHUH U BO3BBIIIIEHHBIX XOIMUCTBIX
NpeAaropui Ha Me30-KallHO30MCKUX TePPUT€HHbIX 1
Ty(hOTeHHO-TEPPUTEHHBIX OTIOXKECHHSIX;

OI-3 - Hentpanpuo-KaMmuaTckuit apeas qepHOBBIX,
OXPHCTBHIX BY/TKAHUIECKUX M TOP(SHBIX [TOUB
CyOapKTUIECKHX JIECOMYTOBBIX TaHAIA()TOB HUSMEHHBIX
PaBHUH, CJIO’KeHHBIX a/UTIOBHA/IbHBIMU U TIETIOBBIMU
BYJIKaHMYECKUMHU OTIOKEHUAMU;

OII-1 - Bocrouno-Kamyarckuit apean 0XpUCTO-CTOUCTBIX
II0YB, BYJIKAHUYECKUX PETOTUTOB U TOPQSHBIX [TOIB
JIECOTIYTOBBIX K TOPHO-TYH/IPOBBIX TaHAIIA(TOB
BY/IKAHUYIECKHUX XPeOTOB U HATOPHIT, CIOKEHHBIX HEOT€H-
4eTBepTUYHBIMU JTABAMU U BYTKaHOIUIACTUYECKUMU
OTJIOKEHUSAMM.

Ha 6ombieit vactu tepputopun CeBepa, B OTIIHIHE OT
60s1ee I0XKHBIX PATOHOB MIPOIIECCHI HAPYILICHHUS
IIOYBEHHOTO [TIOKPOBA BeChbMa PasHOOOpasHbL. 371eCh
HEeOOXOMMO YIUTBIBATh He TOTHKO 9PO3HIO U NeIISIIHIO,
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I'T-1. The Lena Delta area of alluvial regoliths, peat,
and peat-gley soils of arctic tundra landscapes of low
alluvial plains;

I'1-2. The Low-Kolyma area of peat soils, thixotropic
cryozems, and peat-gley soils of the northern taiga, forest-
tundra, and tundra landscapes of low glacial-loess and
alluvial plains;

['1I-1. The Verkhoyansk area of petromorphic, pale,
parapodzolic soils, cryozems, thixotropic and steppe cryoarid
soils of the northern taiga and mountain-tundra landscapes of
folded Blocky mountains on dislocated Mesozoic structures,
formed by terrigenic rocks, including flysch rocks;

I'TI-2. The Yana-Yukagin area of cryozems, thixotropic, pale
peat, peat-gley, and steppe cryoarid soils of the northern taiga,
mountain-tundra and cryosteppe landscapes of folded and
folded Blocky mountains on dislocated Mesozoic structures
and elevated Meso-Cenozoic structures composed of
terrigenic, terrigenic-calcareous, and flysch rocks;

I'1I-3. The Chaun-Anyui area of palevye, petromorphic soils,
thixotropic cryozems, peat-gley, steppe cryoarid and
parapodzolic soils of the northern taiga, tundra, and
cryosteppe landscapes of elevated foothills on paleozoic and
Mesozoic folded structures and low alluvial plains;

II-1. The Middle-Kamchatka area of ocherous and ocherous-
podzolic soils of the forest-tundra and mountain landscapes of
volcanic ridges and plateaus formed by Neogene-Quaternary
lavas and tuff;

JI-2. The Western-Kamchatka area of peat and ochric-
podzolic soils of subarctic forest-tundra landscapes of low
accumulative marine and alluvial plains and elevated foothills
on Meso-Cenozoic terrigenic, terrigenic-calcareous, and flysch
rocks;

JI-3. The Central-Kamchatka area of soddy, ocherous
volcanic and peat soils of subarctic forest-meadow landscapes
of plains, composed of alluvial and ash volcanic deposits;

III-1. The Eastern-Kamchatka area of ocherous-stratified
soils, volcanic regoliths, and peat soils on the forest-meadow
and mountain-tundra landscapes of volcanic ridges and
plateaus formed by Neogene-Quaternary lavas and volcani-
clastic deposits.

In the major part of northern areas soil degradation processes
are very diverse and different from those in the southern
areas. It is very important to take into account not only
erosion and deflation but also other mechanisms, such as
cryosolifluction, thermokarst, cryoturbation, ash falls, etc.

(u) Z’ é’ é)'
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The map also illustrates the geography of the main types of
degradation of the soil cover—both actual and potential.
Regions come out clearly according to the leading groups of
degradation processes, sub-regions according to the ratio
between these groups of degradation processes, and areas
according to the share of specific mechanisms responsible for
the soil degradation. Potential degradation of soil cover due to
human-related effects is also depicted on the map.

In areas without permafrost the soil cover degradation proved
to be minimal under natural conditions, while degradation
processes related to human-induced impacts are the usual
erosion, deflation, peat degradation, (mineralization upon
drainage) etc.

In permafrost areas a combination of degradation processes is
highly active under natural conditions, and the accelerated
rate of these processes, induced by human impact, can lead to
disastrous effects. In volcanic areas of Kamchatka specific
degradation of soil cover exists due to ash falls. “Acid rain”
caused by volcanic activities (not by industrial pollution) is
also characteristic of this area. It should be noted that the
degradation mechanisms proved to be interactive.
Technogenic, or industrial, impacts further develop the
destructive processes, and in most cases they provoke these
processes, predetermining their catastrophic character.

It is noteworthy that the degradation processes seem to be
developed and activated as a cascade. For example, the soil
erosion on mountain slopes has a tendency to lead to great
floods and earth flows, accompanied by the loss of the upper
fertile layer in alluvial meadow soils, covered by alluvial-
colluvial deposits, which are composed of mud and stones.

Technogenic degradation itself usually has a local character.
On the map it is marked by special extra scale symbols.

Soil degradation is greatly increased by technology aimed at
cultivating forest lands. Logging eliminates the soil organic
horizons. These horizons play a great ecological role in the
biogeocoenoses of the North, their accumulation being the
main element of soil fertility. It is much more difficult to
cultivate the soils, degraded in such a way, than to develop
sufficient ecological knowledge of soil development.

The problem of geochemical soil resistance has acquired
primary importance in the North. The large pollution sources
situated in areas covered by shallow soils with a low buffer
capacity harm all components of ecosystems and all their
links, including humans. The problem of soil pollution by
radionuclides has become acute for the northern areas, too.

It is vitally important to develop a complex system for

monitoring soils in the North, and this problem can be
tackled only at the inter-state level.
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Puc. 2-10 KAPTA HAPYLLEHW MOYBEHHOIO NMOKPOBA CEBEPA EBPA3UI
Figure 2-10. Map of the soil cover destruction of Eurasian North
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MpumeyaHuA: B yicnutene

MHAEKCa — aKTyallbHble HapyllaioLwye
NpoLEecchl B €CTECTBEHHbIX YCITOBUAX;

B 3HamMeHaTese - Hapyluatowme
npoLecchl B €CTECTBEHHO-
aHTpONMO,,eHHbIX YCNOBUAX;

undppa 6e3 WTprxa — NoTeHUManbHbIe

HapyLeHna; undpa co WTPUXOM —
aKTyalibHble HapyLweHuAa
Notes: Numerator: actual destructive
processes under natural conditions.
Denominator: destructive processes
under natural and human-caused
conditions. Figures: Numbers with an
apostrophe (*) indicate actual
destruction. Numbers without
an apostrophe are potential
destruction.
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HO U TaKMe MeXaHU3MBbl HapyIIeHUI ITOYBEeHHOTO TIOKPOBa
KaK KpHOCOMUIIOKIINS, TEPMOKAPCT, KpHOTYpOanny,
merronazst u ap. (Coxonos, Haymos, 1990; Haymos,
Kosasesa, 1989; Haymos, 1989, 1990).

Teorpaduist OCHOBHBIX THIIOB PeajIbHO CYLLECTBYIOILINX
(akTya/sIbHBIX) M BOBMOYKHBIX (IIOTEHIIHATbHBIX)
HApYLLIEHWIT [I0YBEHHOTrO IIOKPOBA MIPENCTAB/IeHa HA KapTe.
O6/1acTy BbIfIe/IeHbI 110 BeAyIIMM IPYIIIAM HAPYILAOLIMX
MIPOIIECCOB; TIONOOIACTH — TI0 COOTHOIIEHNIO OCHOBHBIX
CPYIII HAPYLIAIOIIUX [IPOLIECCOB, OIIPeMIe/IIEMOMY
JIUTONIOTO-TeOMOPGhOIOTNYECKUMHE YCIOBUSIMU; apeasibl —
[0 [0JIe KOHKPETHBIX MEXaHU3MOB HapYILEHUIL.

Ha xapTe oTpa’keHbI TaK)Ke BO3MOKHbIE HAPYIIICHUS
IIOYBEHHOTO NTOKPOBA IIPU AaHTPOIOTEHHOM BO3IEHCTBUN.

B HeMep3/10THO# 06/1aCTH HAPYILEHUS [TOYBEHHOTO
[IOKPOBA B €CTECTBEHHBIX YC/IOBUAX MUHUMA/IbHBL, @ HAG0p
HAPYLIAOIIKX [IPOLIECCOB IIPH AHTPOIIOTeHHOM
BOSJIEMCTBUU IOCTATOYHO TPAAUIIMOHEH (9pO3Hs,
nedsus, nerpamaiysi TOpPAHUKOB). B Mep3moTHOI
00/1aCTH B €CTECTBEHHBIX YCIOBUAX AKTUBHO IEHCTBYeT
KOMIUIEKC KPHOTE€HHBIX HAPYLIAIOLIMX [IPOLIECCOB,
yCHleHHe KOTOPBIX [IPH aHTPOIIOreHHOM BO3IENCTBUU
MOYKET UMETh KaTacTpopuIecKuii XxapakTep. B
By/IKaHUYeCKoiT obmactu Kamuatku HabmonaoTest
criennduIecKie HapyLIeHNs IOYBEHHOTO IIOKPOBa IPU
HeruIonazax. BecbMa akTyaabHO IS 9TOI 06/IaCTH TAKKe
Ha/IM4Yne “KUCIBIX TOXKIEH , CBA3aHHBIX HE C TEXHOTEHHBIM
3arpsisHeHreM aTMocdepsl, a C BY/IKAHUYECKOIT
IeATeNbHOCTHIO.

PasinuHble MeXaHU3MbI HAPYILIEHHIT COIIPSIKEHBI MEX/Y
€0o60i1 ¥ B3AUMHO YCHIMBAIOT APYT Apyra. TexXHOTeHHbIE
BO3IENCTBY HE TOIBKO CIIOCOOCTBYIOT Pa3BUTHIO
HAPYLIAIOLIKX [IPOIIECCOB, HO U B OOJIBILIUHCTBE CTyYaeB
CJIy>KaT PUYNHOI BOSHUKHOBEHUSI 3TUX IIPOLIECCOB U
00YC/IOBIMBAIOT UX KaTaCTPODUIECKHIT XapaKTep.

[TomuepkHeM eltie OTHO 0OCTOSATEIBCTBO — KACKATHOCTD
PasBUTHS HaPYIIAOIIUX IPOIeCCcOB. Tak, 3posusi MOIB
TOPHBIX CKJIOHOB OOBIYHO TIPUBOIUT K KaTaCTPOhUIeCKUM
[IaBOJIKaM H CeJIsIM, COTTPOBOKIAOIIMMCS ITOorpebeHreM
CaMBIX IJIONOPOJHBIX ITOMMEHHBIX TYTOBBIX IIOYB 10
CJI0eM IpsI3eKaMEeHHbIX a/UTI0BUAIbHO-TIPOTIOBUATIBHBIX
OT/IOXKEHUIA.

CoO6CTBEHHO TeXHOTEHHBIE HAPYILIEHHSI OOBITHO
JoKanbHbL. Ha KapTe OHM OTpa)KeHbI BHEMACIIITAOHBIMU
sHakamu. Oco60 OTMETHM HapyIIeHHE TI0YB IIPH
CYLLIECTBYIOIIEH TEXHOIOTUH OCBOEHMS 110, IIalIHIO
JIeCHBIX yroguit. O6bIYHO TP PACKOPYEBKE IIPOUCXOIHUT
ylajeHHe OpraHOT€HHBIX TOPU30HTOB, 9KOJIOTUYECKas
POJIb KOTOPBIX B GuoreoreHo3ax CeBepa OrpoMHa: B HUX
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COCPENOTOYEHbI OCHOBHBIE AJIEMEHTHI IIOIOPOMIHSL.
OxynpTypuTh Takue “obesriaBaeHHbIe” TOYBBI TOPA3I0
CIOKHEE U IOPOXKE, 4eM COOTIONAT HKOTIOTHYECKYIO
IPaMOTHOCTb IIPH UX OCBOEHHUHL.

It ycnosuit CeBepa 0co6eHHO akTya/IbHa Ipo6iema
TeOXMMMYECKOH yCTOMYMBOCTH I10YB. MolHeI1e
MCTOYHUKHU 3aTPASHSIIONINX BEIIECTB, KOTOPbIE
JIOKQJIM30BaHBI HA TEPPUTOPHUSAX C TOCIIOICTBOM
MaJIOMOIITHBIX [TOYB, 00/IaIAI0IINX MaToil 6ydepHOCThIO,
OKa3bIBAIOT HETaTUBHOE BIUSAHKME HA BCE KOMITOHEHTHI
9KOCHCTEM U Ha BCE 3BE€HbS TPODUIECKUX [[ETIel, BKTIOYast
vemoBeka. He Menee aktyanpHa st CeBepa U mpobiema
3arpsI3HEHNUsI II0YB PaJHOHYK/IHIAMHI.

KomriekcHbIII MOHUTOPUHT 1104B CeBepa, HayYHbIe
OCHOBBI KOTOPOTO IPEICTOUT Pa3paboTaTh —aKTyabHast
MEXTOCyIapCTBEeHHas IIpobiieMa.

3akiaroueHue

Ha ocHoBe 0600111eHYsI OPUTHHA/IbHBIX U JIUTEPATYPHBIX
MarepuaioB pa3paboTaHa COBpeMeHHasl 9KOIOT0-
reHeTHYeCKast, reorpadudeckas U KIacCuUKaInOHHO-
HOMEHKJIATYPHasl KOHLIEIIIHsI II0YBOOOPAa30BaHUs HA
ceBepe EBpasuu. YcTaHOB/IEHO, ITO Pa3HOOOpasue HAIpaB-
JIEHUII IOYBOOGPA30BaHMs 3[1eCh HE YCTYIIAeT TAKOBOMY B
yMepEeHHBIX U TeIUIbIX HpoTax. OCHOBHbBIE
3aKOHOMEPHOCTH [T0YBOOOPA3OBAHUS CBS3AHBI C
KIMMAaTHYeCKMMHU IPUYUHAMM: B IIEPBYIO OYepe/b OHU
00yC/IOB/IEHBI YCJIOBUSAMU YBI)KHEHHOCTH KIUMATA.
OxapakTepu30BaHO JIUTOTEHHOE Pa3HOOOpasue MOYB.

[MouBennblii oKpoB CeBepa MONBEP)KEH PA3IUYHBIM
JlerpagalMOHHBIM [IPOLIECCAaM, KAK aHTPOIIOTeHHBIM, TaK 1
ecrectBeHHBIM. [TouBbl CeBepa jIerko paHUMBI U KpaiiHe
MeJUIEHHO BOCCTAHAB/IMBAIOT CBOU CBOVCTBA. BbisAB/IeHbI
reHeTH4YeCKast 00yC/IOBICHHOCTD U reorpaduaeckast
[IPUYPOYEHHOCTb HAPYILAOLIMX [I0YBEHHBIIA IOKPOB
npotueccoB. COCTaB/IeHbl HOBble OPUTHHA/IbHbIE
CXeMaTHYeCcKUe KapThl TUIIOB IIOYBEHHOTO IOKPOBA U
THUIIOB (MEXaHU3MOB) €r0 HapYIIIeHHSI.
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Conclusion

On the basis of summarized original and literature materials,
an ecologic-genetic, geographic, and classification-
nomenclature concept of soil formation has been worked out
for the conditions of the Eurasian North. It has been
established that the soil-forming processes are not inferior in
their diversity to those in regions of temperate and warm
latitudes. The main regularities of soil formation are governed
by climatic factors; first of all, they are conditioned by
humidity of the climate. The soils in areas under
consideration are also diverse in terms of their lichogenesis.

The soil cover in the North is subject to both human-caused
and natural degradation. The soils are vulnerable to
degradation and need a great deal of time to restore their
properties. Destructive processes in the soil cover are
genetically conditioned in their geographic distribution.
These studies made it possible to compile new original
schematic maps of the soil cover types and mechanisms,
which are responsible for their degradation.
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Arpomenuopanusa B 5p03MOHHO-ONIACHBIX paioOHax

E. C. Ilasnosckuii, I.I1. Osonun*, B.U. Ilempos, B.1. Konmes

Pesrome

MHOTOIETHUMY UCCIENOBAHUAMU B PasIMIHBIX PETHOHAX
CTpaHbl ycTaHOB/IeHa 9GP eKTUBHAs POIb
JIeCOHACAXEHUI B 60pbbe ¢ 3aCyX0it, 9po3uelt IIOUB U
OIYCTHIHMBAHKMEM. PaCCMOTPEHBI CII0COOBI OPraHU3ALUK
BBICOKOIIPOYKTUBHBIX arpoJIeCONaHAIIA(TOB.

BBenenue

Ilenp arponecomennopanuu, Wik 3allUTHOTO
JIeCOpasBeeHNs Ha CeJIbCKOXO3ANCTBEHHBIX 3EMIIAX, —
¢opmupoBanue arponeconanarapToB Kak
BBICOKOIIPOIYKTUBHBIX, OMOJIOTMYEeCKUX YCTONYMBBIX U
CaMOPETYTUPYIOIIUXCS CHCTEM, CITOCOOHBIX (B KOMIUIEKCE C
APYTUMH MEPOIPUATHSIME) IIPU OIITUMHU3SHPOBAHHO
CTPYKTYpe yrOIUi IPOTUBOCTOATD Aerpaflallun
arpocpenbl, paspyIieHnIo IOYBbI, CHUYKEHUIO ee
IUTOROPOAHSL. 3aIIUTHBIE IeCOHACAKICHUS, 00pasys
CBOEOOPA3HBII J1eCOOUOTOTHYECKHIT KapKaC
CeIbCKOXO3AMCTBEHHOM TEPPUTOPHUH, CITY KT OTHUM U3
HauboJiee IeFICTBEHHBIX CPEICTB OPraHU3AlNN
arponaHAaiadTa, CTabMIN3aiH COIIHATbHO-
9KOHOMMYECKHUX YCIOBUM XO3AMCTBOBAaHUSA U
JKU3HeIeATeIbHOCTY YenoBeka (ITaBrosckuii, 1988).

3amuTHOe JIecopasBeeHue OTINIaeTCs
MHOTO(MYHKIIHOHAIBHOCTBIO, [JUTUTETBHOCTHIO,
CTabWIBHOCTBIO BO3ICHCTBHS HA CPEy U OTHOCUTEIBHO
HEeBBICOKOI CTOMMOCTBIO CO3[]aHHA U 9KCIUTyaTalluU
arpoIeCOCUCTEM.

ITo pacueram Bcepoccuiickoro Hay4Ho-
HCCIIENOBATENBCKOTO HHCTUTYTA arpojIeCOMETHOPAIUH
(BHUAJIMUN), nist bopMUPOBaHUs TOTHOIIEHHBIX
arpostecoianamadtos B Poccuu Heob6xonumo nmeTs 12,3
MJIH Ta Pas3HBIX BU/IOB 3alI[UTHBIX JIECOHACAXK/TEHHIT
(Tabm.1). Ceitvac ke ©MeeTCst JIUIIb 2,7 MIIH Id, KOTOpPbIe
TeM He MeHee 3alllUIIaloT 0Ko1o 30 MJIH ra
CeTbCKOXO3SIMCTBEHHBIX YTOIMIM, obecrieunBas eKerogHoe
NOJIy4eHHe JOIIO/IHUTEIbHOM IPOAYKIMHY 16-18 MIH TOHH
kopMoBbIx enunull (Tpubynckasi, [TaBnoBckuit, 1990).
Iko0ro-sKoHOMUYecKuit 3 ekt arporecomenopanu
6yzeT 3HAYUTEIHHO BBILIIE, €CIH 9TOT Pe3ePB UCIIONb30BATh
601€€ TIOJTHO ¥ AKTUBHO.

BHUAJIMMU paspaboTan TeOpHIO 3aIIIUTHOTO
JlecopasBeleHNs Ha CeTbCKOX03ANCTBEeHHBIX 3eMJIAX [
PasHBIX PeTHOHOB, IPUHIUIILI TIPOEKTUPOBAHUSA U
KOHKpeTHBIe TEXHOJIOTHH CO3/IaHUsA
arpojecoMenMOPaTUBHBIX HaCAKIEHUI IIPUMEHNUTEIBHO K

Tabnuua 1. O6bembl arponecomenuopauum B Poccum, (MiH. ra)
Table 1. The extent of agricultural forest reclamation in Russia (million ha = m/ha)

OcHOBHble BUAbI
3alUUTHbBIX HacaXxaeHumn

O6wana NnoTpebHOCTb

MmeeTtca B 1990 1. [NpencTouT co3paTb

Principal types of A Total area to be reclaimed ~ The area reclaimed by 1990 Will be reclaimed

field-protective forestation

MonesawmTHbIE NecHble 2,9 MnH. ra 1,2 MnH. ra 1,7 MnH. ra

nornockl Ha nawiHe 2.9 m.ha 1.2 m.ha 1.7 m.ha

Shelterbelts on arable land

HacaxaeHua B oBparax, 7,6 MIH. ra 1,4 MnH. ra 6,2 MJH. ra

6ankax, Ha neckax v apyrux

Heynob6HbIX 3eMAX

Gullies, narrows, sands, and 7.6 m.ha 1.4 m.ha 6.2 m.ha

other difficult afforestation lands

HacaxaeHunAa Ha nacTéuwax 1,6 MnH. ra 0,1 mnH. ra 1,5 MnH. ra

Pasture afforestation 1.6 m.ha 0.1 m.ha 1.5 m.ha

OsenenunTensHble 1 ap. 0,2 MnH. ra 0 mMfH. ra 0,2 MSH. ra

Landscape and other gardening 0.2 m.ha 0 m.ha 0.2 m.ha

Bcero 12,3 MnH. ra 2,7 MnH. ra 9,6 MIH. ra

Total 12.3 m.ha 2.7 m.ha 9.6 m.ha
Cratba 4 Arpomenuopanys B 3pO3MOHHO-OIIACHBIX paifOHAX




Agroforestry Reclamation in Erosion-prone Areas

E.S. Pavlovsky, G.P. Ozolin, V.I. Petrov, and V.I. Koptev

Abstract

Studies conducted over many years in different regions of
the country have disclosed an effective role of afforestation
in controlling drought, soil erosion, and desertification.
Wiays to establish highly productive agroforestry landscapes
are discussed.

Introduction

The goal of agricultural forest reclamation, field-protective
forestation, is the formation of agroforest landscapes as
biologically resistant and self-adjusting systems capable, along
with other measures and with the structure of lands being
optimized, of withstanding degradation of the agricultural
environment, soil destruction, and decreased fertility. Field-
protective forestation creating a specific forest-biological
skeleton for agricultural areas serves as one of the most active
means of establishing the agricultural landscape and
stabilizing social and economic conditions for human life
and activities.

Field-protective forestation is distinctive in that it is multi-
functional. Its durable and steady impact on the environment
comes at a relatively moderate cost associated with
establishment and operation of agroforest systems.

According to estimates of the All Russian Research Institute
for Agricultural Forest Reclamation (VNIALMI), in order to
form complete agro-forest landscapes in Russia it is necessary
to have over 12.3 million hectares (ha) under different types
of field-protective forestation (Table 1).

Currently, there are only 2.7 million ha under planted trees,
which nevertheless protect about 30 million ha of agricultural
lands, ensuring annual production of an extra 16-18 million
tons of fodder units (1). The ecological and economic effect
of agro-forest reclamation will be much greater if we are able
to bridge this gap more completely and efficiently.

In VNIALMI, a theory of field-protective forestation suitable
for different parts of the country, as well as design principles,
was developed in addition to specified tree-planting
technologies aimed at agricultural forest reclamation and
established in accord with local natural and historical
conditions.

1 Underlined numbers in parentheses cite sources listed in the References
section at the end of this article.

Agroforestry Reclamation in Erosion-prone Areas

According to summarized data obtained from studies carried
out over many years, afforestation’s reclamative functions
become apparent through their multifaceted impact on the
environment. As a result of the 30-40 percent decrease in
wind velocity, snow accumulation increased by 25-30 percent,
soil deepfreeze was prevented, surface runoff was adjusted,
and high levels of transpired moisture were released into the
air. Afforestation averts the danger of soil deflation and water
erosion, lessens physical evaporation, and increases soil
moisture content and air humidity. On irrigated lands these
functions are supplemented by tree plantings’ capability to
stabilize the water table, to prevent bogging up and
salinization of a locality, and to reduce the volume of water
that is lavishly used and subject to evaporation.

Phytoecological resources, including their mineral elements
and moisture surplus, which are not accessible for open
agroecosystems, are realized to the maximum extent in
agroforest landscapes. Photosynthesis, soil fertility, and the
whole bioclimatic potential of the area are increased. As a
result, the total nutritive value of phytomass increases
considerably. In addition, a locality’s ecological stress is
diminished and its recreation/quality of life greatly increases.
In agroforest landscapes the environment sets in which crop

yields are higher when compared to open fields (Table 2).

Of no less importance are such protective forestation
treatments as gully and mountain slope detention, protection
of rivers and water reservoirs’ banks from destruction, sand
fixing and rangelands’ reclamation sanitation, agrodesign, and
many others.

Methods to apply adaptive agroforestry reclamation to areas
with hilly topography, including slopes from 3 to 10 degrees,
have been developed. Here forestation proceeds for different
purposes and when it is combined with the simplest hydro-
logical works, it represents an interrelated, multifunctional
engineering and biological system. The surface runoff passing
through forest plantings becomes free of pathogenic species
of bacteria and biogenes. A forest strip 15 m wide retains
about 45 to 75 percent of fertilizers and pesticides drifting
out from fields.

Total acreage under forestation in the nation—about 0.7
million ha under runoff-controlling forest strips and about
1.0 million ha near gullies plantings protect nearly 14 million

ha of land (5).
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€CTECTBEHHO-NUCTOPUIECKUM YCIIOBUSAM KOKIOM
MECTHOCTH.

TTo 0606111eHbIM JaHHBIM MHOTOJIETHUX UCCIEJOBAHUI,
MeTHOpaTHBHBIE (DYHKIINH JTeCOHACAKICHHI
MPOSABJISIIOTCS B UX MHOTO(AKTOPHOM BIIUSHUU Ha
oKpy>katoinyio cpery. CHmkas Ha 30-40% cKOpocTb BeTpa,
HakaruBas Ha 25-30% 6osiblile CHera, PensTCTBYA
[Iy6OKOMY IIPOMEP3aHHIO IIOUBBI, PETYIUPYs
ITOBEPXHOCTHBIN CTOK U BBIE/ISIS B aTMOChepy
3HAUYUTETbHOE KOJIMYeCTBO TPAHCIMPHUPOBAHHOI BJIarH,
JIECOHACAKIEHUS YCTPAHSIOT OMMACHOCTH AeIIALINN U
BOJIHOIT 9PO3UH, CHIDKAIOT (DU3UYECKOE UCITAPEHIe U
yBeIMYMUBAIOT BJIAKHOCTD ITOYBBI U Bo3myxa. Ha
OpOIIaeMBbIX 3eM/ISIX ATH (DYHKIIUH TOTIOTHSIOTCS
CIOCOOHOCHIO JIECHBIX HACAKIEHUI CTaOMIH3UPOBATh
YPOBEHB I'PYHTOBBIX BOJI, IPeNOTBpalliast 3a00/1aurBaHue U
3aCOoIeHNe MECTHOCTH, COKPAIIaTh HEIIPOU3BOIUTE/TbHBII
pacxor Bompl Ha (hU3HIECKOe HCITAPEHME.

B arponeconannmadrax Handosee MOIHO peannsyoTcs
(uTO3KOIOTYECKIE PECYPChL, B TOM YUCIIE — 3IEMEHTBI
MUHEPaJIbHOTO [IMTAHUSA U IOIIOIHUTEIbHAS BJIAra,
HEOCTYIIHbIE IJIsI OTKPBITBIX arPOIKOCKHCTeM. BospacTaer
K09(bGUIIHEHT UCTTOTB30BAHUS (DOTOCHHTETUIECKOT
PajiHaliH, IIOBBILIAETCS [UIONOPOUE IIOYBBI U B LIEJIOM
6UOKIMMATHYeCKUI TOTEHIIMA/I TEPPUTOPHU, B PE3Y/IBTATE
9ero o6Iast IPOLYKTUBHOCTH (PUTOMACCHI 3HAYUTEILHO
yBemuuBaetcst. [Ipu 9TOM CHIKAeTCst 9KOJIOTHYIeCKast
HAINPSDKEHHOCTh MECTHOCTH, 3HAYUTE/IbHO YIYUIIAeTCs ee
PEKpearMOHHO-6bITOBasI KOM(MOPTHOCTH. B
arposecomanadTax CO3MAETCS CPea, Ilie [0 CPABHEHUIO
C OTKPBITBIMU IIOJISIMU BO3PACTAET YPOKAMHOCTD
BO3[IE/IbIBAEMBIX Ce/IbCKOXO3SIICTBEHHBIX KY/IBTYD

(Tabm. 2).

He menee BaykHbI 1 Takue (DYHKIIMU 3alIUTHBIX
JIECOHACAKEHUIA, KAK YKPEIlIeHHe OBPAroB, TOPHBIX
CKJIOHOB, 3aIlIUTa O€PETOB PeK U BOMOXPAHUIUIL OT
paspyLLeHsl, 3aKpeIIeHUe [IeCKOB Y MeTHOPaIIUs
MacTOUILL, CAHUTAPHO-TUTHEHUIECKHE, HCTETUIECKHE
(arpomusaiiH) ¥ MHOTHE IpPyTHE.

Paspa6oTtaHbl cr1oco6bl aJATITHBHOTO JIECOATPAPHOTO
OCBOEHWMSI TEPPUTOPHUIL C XOIMUCTHIM pebe)oM, B TOM
YHC/Ie CKIOHOB KPYTH3HOI 0T 3 1o 10°. 3mech pasmeniaor
JIECOHACAK/ICHU S PAa3TMIHOTO Ha3HAYEHUSI,
MIPeNCTaB/IAONINE B COBOKYITHOCTH C TPOCTEHIITUMU
TUAPOTEXHUYECKUMU COOPYKEHUAMH B3aUMOCBA3aHHYIO
MHOTO(MYHKIIHOHATBHYIO HHXEHEPHO-GHOTOTUIECKYIO
cuctemy. [IoBepXHOCTHBII CTOK, IIPOXOIS Yepes
JIeCOHACAK/IEHU ST, OUHIIIATCS OT 00/IE3HETBOPHBIX
6akTepuit U 6UOTeHOB. JlecHas moIo0ca IIUPUHO 15 M
3anep>xuBaeT 45-75% CHOCHMBIX C ITOJIeN yIOOpEeHUI 1
MECTUIIU/IOB.

Crtatba 4

B nenom no ctpane uMeroniuecs ceityac HaCK/AEHUA -
0Ko0J10 0,7 MJIH Ta CTOKOPETY/IMPYIOIIUX JIECHBIX II0I0C U
0K0J10 1,0 MJTH ra IPUOBPaYKHBIX U MIPUOATIOUHBIX
Haca>KIeHU - 3aIUIIAI0T OKOJIO -14 MJIH ra yroguit
(ITaBnOBCKMUIL, 3BIKOB, 1984).

OcHoBHbIe (DYHKIINH arpoiecoMenTnopaliny, Hanbosee
BayKHBbIE JIJIS CENTbCKOXO3AMCTBEHHOTO TPOUSBOICTBA,
3aK/TIOYAIOIIMECS B USMEHEHUU CKOPOCTH BETPa,
pacIpele/ieHiy CHEeXXHOTO TOKPOBA U PEryIMpOBaHUI
[IOBEPXHOCTHOTO CTOKA, IPUCYLIH 3aILUTHBIM
JIECOHACAXKIEHHSM [IPAKTUYECKH IIOBCIOMLY, HO
MIPOABJIAIOTCS B PA3/IMYHBIX TOYBEHHO-KIUMATUIECKUAX
YCIOBUSIX [I0-PasHOMY. DTO CO3MIaeT OIpe/e/ieHHbIe
30Ha/IbHbIE 0COGEHHOCTH arpoIeCOMETUOPAIINH.

B paitonax LlentpanbHo-YepHoseMHol 30HbL [[0BOIKBA,

CeepHoro KaBkasa arpojecocucTeMbl HalleJeHbI Ha
3aILUTY IIOCEBOB CETbCKOXO3SMCTBEHHBIX KY/IBTYP OT
3aCyXH, CyX0BeeB, HedIALNH, BOTHOM 3POSHH, CMATICHHE
PE3KHX TeMIIepaTyPHbIX KOeGaHNIT BO3IyXa U IOYBHI,
cosnanue 6osee 6IATOMPUSATHOTO PEKUMA BIAKHOCTH JIJISk
[IpoU3pacTaHus pacTeHuil. bosbiioe sHaYeHe UMeeT
[IpaBWIbHAS IPOTHUBOIPO3UOHHASI OPraHU3AIHUs
TEepPUTOPUH, B TOM YHC/Ie HA KOHTYPHOI ocHOBe. Ha
CeBepHoMm KaBkase ¢ 0OIIMPHBIMU PABHUHHBIMU
TEePPUTOPUAMHU CO3AIOT KPYITHYIO CUCTEMY
I10JIe3aIII U THBIX JIECHBIX IT0JIOC QYKYPHOM KOHCTPYKIIMH,
06eCreInBaOIIyI0 PABHOMEPHYIO 3aII[UTY BCEX MAXOTHBIX
yropuit. 9To O1aronpusTHBIE 110 YCIIOBUSAM PETHOHBI, ITIe
MO>XHO OTHOCHTE/IBHO JIETKO BBIPAIIMBATD HACAXKICHUS U3
MHOTHX LIEHHBIX IIOPOJ IePEBbEB M KyCTAPHUKOB.

B HeyepHoseMHOIL 30HE CyLIECTBYET OIIACHOCTD
BO3[IeMICTBUSA HU3KUX TeMIlepaTyp Ha 11ocesbl. Poib
3aIIUTHBIX JIECOHACAKIEHUH 3/IECh COCTOUT B OTEIIEHUN
BO3/IyXa U ITOYBBI, IIPELOTBPAILEHNN ee TTyOOKOTo
IIPOMEP3aHUS ITyTeM JIy4dIllell COXPAaHHOCTH CHEXKHOTO
nokposa. [Ipu nponBrkeHUM Ha BOCTOK OTEIIIAIOIIAS
PpOJIb JIeCOHACAKIEHUI CTAaHOBUTCS BCE 6071e€ BaXKHOI,
onpepesnsAs, B CyILIHOCTH, BO3MOKHOCTb BO3/1€/IbIBAHUSA TEX
WM MHBIX KY/IbTYP. B 9TOi1 30He pacionoskeHo MHOTO
€CTeCTBEHHBIX JIECOB U IIepeIeCKOB, KOTOpble BMeCTe C
HCKYCCTBEHHBIMU JIECHBIMU IT0JIOCAMH 00€CIIeYnBaIOT
3alUTY CeIbX03yroauii. Baxxnoe sHaueHne UMeIOT
[TOYBO3AIIUTHBIE U OEPeroyKpeIUIAIOIHe HaCaXKIeHHUS.
Hecmortps Ha 6071ee 6enHble, YeM B HepHO3eMHOI1 30HE,
II0YBBI, ACCOPTUMEHT APEBECHBIX U KYCTAPHUKOBBIX IIOPO],
3[1eCh IOBOJIHO Pa3HO00paseH, YTO MO3BOISIET CO3aBaTh
YCTOMYUBBIE U NOATOBEYHbBIE JIECOIIOCA/IKH.

ITop 3a1uTOM IeCOHaCaKIeHUI ITIOBBIIIIAETCS
[IPOOYKTUBHOCTD 3eMtenenusi. [IpubaBka yporkas
3epHOBBIX KYJIBTYp B MocKOBcKo, Tynbckoti, CMOIeHCKO
obmactsx B cpegHeM Koebercst ot 15 1o 40%, B

Arpomennopanus B 3p03HOHHO-OIIACHBIX PaiioHaX



Tabnuua 2. CpenHne npubaBKn ypoxkaa 3€PHOBLIX KyNbTyp (3a 25-1eTHWI Nneproa) Noa BIUAHEM

nones3alwmnTHbIX TeCHbIX Nonoc

Table 2. Average increments in cereal crop yields (over 25 years) under the influence of field-protective strips

3oHa [nppoTepmuyeckune Ypoxan, T/ra npubaBka
Zone ycnosuA roga Yields, tons per ha Percent Increase
Hydrothermal }
condition of the noa, sawmTon Ha OTKPbITbIX
season HacaxxaeHui yyacTkax
Protective Planting In open area
JlecocTenb BnaxHble 2,46 T/ra 2,15 T/ra 14%
Forest-steppe Wet 2.46 t/ha 2.15 t/ha 14%
CpeaHue 1,58 1/ra 1,27 1/ra 24%
Medium 1.58 t/ha 1.27 t/ha 24%
3acywnueble 1,66 T/ra 1,25 T/ra 33%
Dry 1.66 t/ha 1.25 t/ha 33%
Ctenb BnaxHble 2,27 T/ra 2,00 T/ra 14%
Steppe Wet 2.27 t/ha 2.00 t/ha 14%
CpeaHue 1,97 1/ra 1,63 1/ra 21%
Medium 1.97 t/ha 1.63 t/ha 21%
3acywnueble 1,88 T/ra 1,55 T/ra 24%
Dry 1.88 t/ha 1.55 t/ha 24%
Cyxasn cTenb BnaxHble 1,56 T/ra 1,26 T/ra 24%
Arid steppe Wet 1.56 t/ha 1.26 t/ha 24%
CpeaHue 1,53 1/ra 1,22 1/ra 25%
Medium 1.53 t/ha 1.22 t/ha 25%
3acywnueble 1,10 1/ra 0,84 1/ra 31%
Dry 1.10 t/ha 0.84 t/ha 31%

Major functions of agroforestry reclamation, most
important for agricultural production, are confined to
changes in wind velocity, snow cover spread, and control of
surface runoff. While these functions are inherent to field-
protective forestation almost everywhere, they manifest
themselves differently under various soil and climatic
conditions. This leads to definite zonal peculiarities in
agroforestry reclamation.

In the Central and Black Soil areas, Volga Region, and
Northern Caucasus, agricultural forest systems are established
to protect crops from droughts, hot dry winds, deflation,

and water erosion; to mitigate sharp temperature fluctuations
of the air and soil; and to introduce a more favorable regime
of humidity for plant germination. Of great importance are
the area’s soil conservation procedures, including contour-
based techniques.

A major system of field-protective forest strips, netted in
configuration, is being established in the Northern Caucasus;
it provides an even protection of all arable lands. These areas
provide favorable conditions for growing many valuable tree
and shrub species.

Agroforestry Reclamation in Erosion-prone Areas

In the non-Black Soil Area low temperatures pose a danger to
plantings. The role of protective forestation here is to warm
up the air and soil, to prevent it from deep-freezing by better
conserving the snow cover. The further to the east, the more
important is the warming role of afforestation—practically
determining the selection of crops to cultivate. In this zone,
many natural forests and separated forest stands, together
with artificial forest strips, protect agricultural lands. Of great
importance are field-protective and bank-fixing tree plantings.
In spite of poorer soils than those in the Black Soil Zone, the
assortment of tree species here is rather variegated, permitting
the establishment of stable and lasting tree plantings.

Under the protection of forest strips, arable farming
productivity increases. An increase in the yield of cereal crops
in the Moscow, Tula, and Smolensk Regions averages 15-40
percent; in the Ryazan, Orel, and Bryansk regions, 10-15
percent; and in Mordovia, 14-28 percent. Potato yield
increases by 16-18 percent; that of corn by 30 percent; and
annual and perennial grasses by 40-50 percent.

VNIALMI possesses information on the efficiency of field-
protective forestation in the CIS member republics that are
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Pwuc. 5-15 ArponecomenvuopaTtuBHbIA hoHz
Figure 5-15. Agro-forestry ameliorative land
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Pasanckoii, Opnosckoit, bpanckoii - ot 10 no 15%, B
Mopnosuu - ot 14 1o 28%. YposxaitHOCTb KapTode/is
nosblIaeTcs Ha 16-18%, Kykypysbl — Ha 30%, onHOIETHUX
U MHOTOJIETHUX TPaB - Ha 40-50%.

BHUAJIMMU pacmonaraet naHHbIME 06 3¢ beKTHBHOCTH
3aII[UTHOTO JIECOPa3BeeHNsI B COCeNHUX ¢ Poccuert
rocynapcrsax CHIL

B Ykpante mpubaBka ypoykast IOJI BIHSHHUEM JIeCHbIX
II0JIOC COCTABJIsAET: 3€PHOBBIX KYILTYp — 12-13%,
KYKYPY3bI B MOJIOYHO-BOCKOBO¥ crietoctu 20-21%,
caxapHoit cBexsinl — 18% (Komes, 1981). 3mech Taxoke, Kak
n Ha CeBeproM KaBkase, 4acTo GbIBAIOT IIbUIbHBIE OYpH
IIPEUMYIIECTBEHHO B IOT0-BOCTOYHBIX PailOHAaX CTPAHBI.
CHCTeMBI JIECHBIX ITOIOC CITIOCOOCTBYIOT COXPAHEHHUIO
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IIOCEBOB OT BBIZLYBAHUS ¥ 3aHOCA ME/IKO3EMOM.
3HaYUTEbHO PACIPOCTPaHeHA B YKpauHe OBPayKHAA CeTh,
[I09TOMY Ba)KHEMIIIasl 3aa4a JIECOMETHOPAIINH —
IIpeoTBpallleHre OBPAYKHOM 9PO3UH. 3aKpeTUIeHbl 1
XO3SICTBEHHO OCBOEHBI IIyTEM CO3/IaHU
THIPOTEXHUYECKUX COOPY>KEHUH, IECHBIX HACAXKICHHIT
JIyTOBBIX YTOIMIT paHee 6POCOBbIE, pa3pyIIaBIINECsT
KpYyTIHBIE OBpaKHbIe cucTeMbl - CeBeponoHerikas,
Kanesckas, Hopunckas, PxxurrieBckas u gp.

O61npHas tepputopus Kasaxcrana pasHoo6pasHa 1o
IIPUPOIHBIM YCIOBHSAM, HO OCHOBHAs 3ajladya
ITO/Ie3AIIUTHOTO JIECOPasBeNeH s 3/1ech — 6opbba ¢
medrisALIMeit TIOYBBL, 3aCYXOiT M CYXOBesIMU. B cTpane MHOTO
MTaCTOUIITHBIX YTOAUI C HEBBICOKOM MTPONYKTHBHOCTHIO,
MHOTHE U3 HUX IIOTEeHIIHA/JIbHO OIACHBI B 9PO3HOHHOM
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In the Ukraine an increase in crop yield resulted from the
effect of forest strips, as follows: for cereal crops, 12-13
percent; for corn at the milk-wax stage, 20-21 percent; and
for sugar beets, 18 percent (3). Here, as in the Northern
Caucasus, dust storms occur frequently, mostly in the
southeastern areas of the republic. Forest strip systems help
protect plantings from deflation and drift of soil fines. There
are a lot of gullies in the Ukraine; thus the most important
task of agricultural forest reclamation is to prevent gully
erosion. Previously abandoned, degrading extensive gully
systems such as those in Severodonetsk, Kanev, Norin,
Rzhishev, and elsewhere, were repaired and made economical
through the use of hydrotechnological projects, forestation,
and reclaimed meadow lands.

Kazakhstan’s expanses differ with respect to their natural
conditions, but the main task of field-protective forestation
here is to check soil deflation, droughts, and hot, dry winds.
There are many low-productivity rangelands, and most of
them are potentially at risk of erosion. Agricultural forest
reclamation of rangelands increases their productive capacity
1.5- to 2-fold. Tree planting conditions in this region are
more complicated, and forest breeding requires that local
science-based technologies be strictly followed.

Field-protective forestation in the Central Asian republics is
applied to irrigated lands under cotton and other crops. Field-
protective forest strips are aimed at the wind-breaking (wind
velocity is decreased 40-70 percent) and air-warming—
important for the first part of the vegetation period. In
protected plantations there are more buds, flowers, and bolls
on cotton plants than in open areas, and cotton yield
increases by 0.4 to 0.5 ton per ha, and on certain farms with
light soils by 0.8 to 1 ton per ha. Over the past 30 to 40 years
field-protective forestation has also been practiced on rain-fed
lands; there, under the influence of forest strips, cereal yields
increase by 11-14 percent.

In the hilly areas of Central Asia forest reclamation of slopes is
widely used to control erosion processes and to use these areas
for economic purposes.

In the Transcaucasus subtropics during spring and summer
strong, dry winds blow—often of a stormy character. Citrus
trees become 60-70 percent defoliated and tea plantations and
vineyards suffer from leaves’ withering and windburn. Forest
strips are established here to protect orchards, vineyards, and
plantations from strong winds and soil erosion. Shelter-belts
lead to a 20 to 25 percent increase in the yield of lemons,
grapefruits, and tangerines; while tea leaves increase by 11-22
percent and grapes by 25-30 percent (2).

Field-protective forest-breeding in the Transcaucasus zone

improves ecological conditions for growing wheat, cotton,

and alfalfa. Their yield increases by 15-20 percent by
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protecting the plantings from drought, soil deflation, and
water erosion. Forest reclamation would benefit winter ranges
whose productivity is very low.

In Western Siberia agroforestry reclamation is aimed largely at
decreasing soil deflation. Separated forest stands, which
occupy 5.5 million ha, are ecologically important. They are
located in the midst of arable lands, are a component of the
landscape, perform protective functions, and have a sanitary,
recreational, and economic role. Artificial forest strips and
separated stands of natural forest are united into single
agroforest systems. The conditions here are harsher than those
in the European part, the assortment of species is poorer
(poplar, Siberian larch, birch, and Siberian crab apple), and
the trees are shorter and less durable; however, their ecological
role is great.

Agricultural lands of Eastern Siberia, the Far East, and
Byelorussia need agroforestry reclamation. In each of these
regions, processes destructive to the soil cover have recently
been undertaken: tree felling; intensive plowing; and a one-
way reclamation of light soils, sands, cryogenic soil;
overdrainage of peats, unlimited extraction of fossils and
building materials by an open method and other types of
economic activities.

Silvicultural reclamation as a method to improve the
environment encompasses, more or less, almost the entire area
of the nation, stretching from tundra to deserts to mountains.
But its greatest application (the so-called primary agroforestry
reclamation fund) is concentrated in the areas located to the

south of 55° to 60° N. Lat.

More than 40 major large reclaimed agroforestry areas

are outlined; they differ from one another in degree of
ecological stress, need for specific types of plantings, forest
growing conditions, and varieties of trees and shrubs. In some
areas noted for their more diversified conditions, subareas and
areas even smaller in size, taxa are selected for optimum
agricultural forestry reclamation based on local natural and
economic surroundings.

In arid areas agroforestry reclamation is made difficult

by unfavorable forest growing conditions and shortages

of suitable tree and shrub plantings. First of all, these areas
are known for their vast areas of saline soils and sand masses.
Three kinds of groundwater availability for tree species

were defined:

1. Available—W ith salt concentration less than 0.5 to 1 g per
liter and depth no more than 6 to 14 m;

2. Moderately available—With salt concentration of 1 to 15

g per liter, where tree species—mesophytes—are grown, or

up to 40 to 60 g per liter (halophytes are typical);
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OTHOIIIEHUH. ATposiecoMenopanus nacroui B 1,5-2 pasa
YBEIMYMBAET UX EeMKOCTb U IIPOJYKTHBHOCTb.
JlecopacTuTenpHbIe YCIOBUS B 9TOM peruoHe 6osee
CJIOKHBIE, JIeCOpasBefieHHe TpebyeT CTPOroro coOMoIeH s
MECTHBIX Hay4YHO-00OCHOBaHHBIX TEXHOJIOTHI.

3amuTHOe ecopasBefenue B cTpanHax CpenHert Asuu
MIPUMEHSIOT Ha IOJIMBHBIX 3eMJISIX IIPU BBIPAILIMBAHUM
XJIOTTYaTHYKA U IPYTUX KyIbTyp. OCHOBHOE HasHaYeHHe
T0JIe3AIIIUTHBIX TI0I0C BETPOTIOMHOE (CKOPOCTH BeTpa
cHkaercs Ha 40-70%) U OTEIUISIONIEE, YTO BAXKHO ISk
IIepBOI1 ITOJIOBMHBI BeTeTallMOHHOTO Iepuona. Ha
3AIUIIEHHBIX MTO/ISIX PACTEHUS XJIOMYaTHUKA UMEIOT
60sb111e 6y TOHOB, I[BETKOB U KOPOOOUEK, YeM Ha
OTKPBITBIX Y4aCTKaX, ypOKaltHOCTb BospacraeT Ha 0,4-0,5
T/Ta, a B OT/IEJbHBIX X035 MCTBAX Ha JIETKUX IT0YBaX — Ha
0,8-1 1/ra. B mocnenaue 30-40 et moiesaluTHOE
JiecopasBeieHre BBIXOMUT U Ha GOoTapHbIe 3eMJIH, ITie TIOf
BIMSHHEM JIECHBIX IT0JIOC YPOSKaHOCTD 3€PHOBBIX KYIBTYP
noBbIlaeTcs Ha 11-14%.

B ropusIx paitonax CpegHert A3UH LIMPOKO
pacrmpocTpaHeHa IeCOMETHOPAIINs TOPHBIX CKIOHOB IS
60pBOBI C HPO3UOHHBIMU MIPOTIECCAMH U XO3SIHICTBEHHOTO
OCBOEHUSI 9THX YIaCTKOB.

B cy6Tpomnudeckux paitoHax 3aKaBKasbsi BECHOI U IETOM
IYIOT CWIbHbIE CyXH€ BETPbI, HEPENKO IIITOPMOBOTO
xapakrepa. HuTpycoBble KylIbTypbl TepAIoT 10 60-70%
JIUCTBEB, IVTAHTALIMY Yasg U BUHOTPaJa CTPafaioT OT
HCCYLLIEHUS U 0XKOI'a JINCTheEB. JIeCHbIE I10/I0ChI
YCTPauBaloT 3[1€Ch IJIs1 OXPAHbI Ca[J0B, BUHOTPAaJTHUKOB,
IUIAaHTAlUi OT CWIbHBIX BETPOB U 3p03uH 1104YBkL [lox
3aIUTON JIECOHACAKAEHUH ITOBBIIIAIOTCA YPOXKau TMMOHA,
rpeitndpyTa, MaHmapuHa Ha 20-25%), aifHOTO JIUCTa Ha
11-22%, BuHorpana Ha 25-30% (Xaparuswiu u ap., 1985).

[TonesatutHoOe lecopasBefieHUe B APUIHOI 30HE
3aKaBKasbs yITydlllaeT 9KOJIOTHIeCKUe YCIOBHS
BBIPAIIIMBAHUSI IIIIEHUIIBI, XJIOTTYATHUKA, TIOLIePHBI,
MIOBBIIIAs UX YPOXKAaHOCTD Ha 15-20%, 3aluInas 110CceBbl
OT 3acyxu, fedIALNHU TOYBBI U BOTHO 9PO3HM.
Heob6xonuma ecomMmemopanus SMMHUX TacTOUIII,
IIPOLYyKTUBHOCTb KOTOPBIX OUYeHb HU3KA.

B 3anagnoit Cubupu arposiecCoMeTMopanyisi HarpaBjaeHa
[JIaBHBIM 06Pa3oM Ha yMeHblleHne e /IsIIH T0YBBL.
BasxHoe akoorndyeckoe sHaUYeHHE UMEIOT eCTeCTBEHHbIE
JIeCHBIE KOJIKH, KOTOPbIe 3aHUMAIOT 371ech 5,5 MytH ra. OHI
PACIIONIOKEHBI CPEIH MAXOTHBIX YTOOHIT 1, Oyaydn
COCTABHOW YaCThIO JTaHAIIA(TA, BHIIOTHSIOT 3AI[UTHbIE
(byHKIINH, UMEIOT CAHUTAPHOE PEKPEAIIOHHOE I
XO35MICTBEHHOE 3HauYeHue. VIcKyccTBeHHbIE JIeCHbIE
MOJIOCHI ¥ KOJTKM €CTECTBEHHOTO JIeCa CBSI3BIBAIOT B €IUHbBIC
arpoJIeCOCUCTEMBI. YCIIOBUS 371eCh H0JIee YKeCTKHE, YeM B
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€BPOIIECKOM YaCTH, aCCOPTUMEHT IIOPOL, 6enHee (TOIOJID,
JIMCTBEHHUIIA CHOUPCKast, Gepesa, s6/I0Hs cubupcKas ),
HAaCKAEHHUS MeHee BbICOKHU U JOITOBEYHBI, OTHAKO
9KOJIOTUYECKasl pO/Ib UX BBICOKA.

Hy»xpmatoTcs B arposecoMeMopanuy u
Ce/IbCKOXO3AICTBEHHbIE Yrofibs BocTouHoI Cnénpn,
Hanbuero Bocroka, a Taxke bemapycu. B kaxxmoMm us atux
PErMOHOB B pesyJbraTe BBIPYOKH JIeCOB, MHTEHCUBHOM
pacHamiku ¥ OMHOCTOPOHHETO OCBOEHUSI JIETKUX I10YB,
IIeCKOB, KPUOTE€HHBIX TPYHTOB, II€PEeOCYIIIeHN
TOP(MSIHUKOB, 6€3TMMUTHOM TOOBIYHU ITOJIE3HBIX
HCKOIAeMBIX U CTPONMATEPUATIOB OTKPBITHIM CITIOCOGOM U
OPYTUX BUOB XO3ACTBEHHOI IeATeIbHOCTU B TIOC/IETHEe
BpeMs PasBUBAIOTCS IPOIECCHI Pa3pyIIeHUs IIOYBEHHOTO
IIOKpPOBa.

Jlecomenmuopanys KaK METOI, BO3IENCTBUS Ha IIPUPOSHYIO
Cpeny OXBAaThIBAET B TOM M/IM MHOM MePE IMOYTHU BCIO
TEPPUTOPHUIO CTPAHBI: OT TYHIPHI 1O IIYCTHIHb U TOPHBIX
nmaunmadros. Haubomnbiie ske ee 06beMbI (Tak
Ha3bIBAEMBbIII IIEPBOOYEPENHONM arpOIeCOMETUOPATUBHBIN
donm) cocpenoTovyeHsl B paiioHaX, PACIIONIOKEHHBIX
1okHee 55-60° c.11. 3nech BoineneHo 6osee 40 OCHOBHBIX
KPYITHBIX arpoIeCOMEeTMOPATUBHBIX PallOHOB,
OT/INYAIOIIHUECH IPYT OT APYra CTENEHbIO 9KOJTOIUIECKON
HANPSHKEHHOCTH TEPPUTOPUH, TOTPEOGHOCTHIO B
creruUIecKux BUIAX HACAK/IEHUIT, IECOPACTUTENbHBIMU
YCIIOBUAMHU, OTIPENEIEHHBIM aCCOPTUMEHTOM JIEPEBLEB U
KyCTapHHUKOB. B HEKOTOPBIX paiOHaX, OTIMYAIOLIUXCS
60/IBIION MO3aMYHOCTBIO YC/IOBUM, BBIZEIAIOT ITOAPANOHBI
u erje 6oJiee MeJIKMe TAKCOHBI B IeJISIX BHIOOPA
ONTUMAJIbHBIX arPOIECOMETUOPATUBHBIX MEPOIIPUATHI
IUIsL MECTHOM IPUPOLSHOM U XO3AMCTBEHHON 06CTaHOBKHU.

@oro 4-1. 3amuTHAs JTeCOToI0ca U3 Tonosel Ha HoBoskykoBcKoi
9KCIIepUMMEHTaIbHOM cTaHImu B Bosrorpackoit o6mactu obecriednsaer
3AILUTY CE/IbCKOXO3SMCTBEHHBIX KY/IBTYD OT BeTpoBO¥ 9posun. (Dorto
Tuma MaxkKeii6a)

Photo 4-1. A windbreak of mature poplar trees ar the Novozhizuesky Experimen-
tal Farm near Volgograd provides cropland protection from wind erosion. (Tim
McCabe phoro)
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Puc. 6-16 Kapta obnecenus cyxmx nactéuw 8 CCCP

Figure 6-16. Map of the USSR arid pastures agricultural afforestation
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3. Non-available—Salt concentration more than 15 t0o 40 g
per liter, depth more than 6 to 14 m; in the zone of
aeration, there are salic and dry horizons with solidity
being more than 20 kg per sq cm (6).

Multifactorial classification of agricultural lands was
developed for the pasture area within the arid zone. It is based
on landscape and economic features, enabling the
classification of the forest reclamation fund at three levels:
category, type, and modification.

Four forest land reclamation categories (FRC) are identified,

which differ according to soil and vegetation cover and to
deflation resistance of soils:

Agroforestry Reclamation in Erosion-prone Areas
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FRC-1. Desertified areas with fine and medium-blown
sands and highly deflated (the erodibility is more than 200
tons per ha per hour);

FRC-2. Overgrown and slightly overgrown sands of
various topographies and at different stages of soil-forming
processes, frequently with sporadic deflation spots. They
easily lose their soil and vegetation cover at high rates of
livestock grazing and even in partial plowing. Their
erodibility is 50 to 200 tons per ha per hour;

FRC-3. Areas with loamy sands susceptible to deflation,

eroded (5 to 50 tons per ha per hour) by throughout
plowing; and
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B ApUIHDBIX paﬁOHax JIecoMeInopanma OCJIO’)KHEHA
He6)IaI‘Ol'IpI/IHTHI:IMI/I JIECOPACTUTE/IbHBIMU YCIOBUAMUA N
CKYOHOCTBIO ITPUTOAHOTO /IS ITOCAJO0K aCCOPTUMEHTA
AE€PEBHEB U KYCTAPHUKOB. B TIEPBYIO O9€PENDb ITO
OTHOCHUTCA K 06H_II/IprIM TEPPUTOPUAM 3aCOIEHHBIX ITIOYB
U IeCYaHbIX MAaCCHUBOB. 3,[[er BBIJIE€/IEHBI TPU KJ/Iacca
AOCTYIIHOCTU I'PYHTOBBIX BOJ, IJIsT JPEBECHBIX ITOPO/:

IDOCTYIIHBIE — C MUHepanusanuei menee 0,5-1 r/nu
D1y6uHOIT 3ameraHus He 6osee 6-14 m;

OrPaHUYEHHO IOCTYIIHbIE — C MUHepaiu3auueil ot 1 o 15
r/11, T/ie IPOU3PACTAIOT PeBeCHbIE ITOPOIbI-Me30(UTH,
wiu 1o 40-60 /i1 (xapaKkTepHbI TOPOABI-TanobUTHI);

HeIOCTYIIHbIE — MUHepaIusaus Boliiie 15-40 r/1, rrybuna
3aseranus 6osee 6-14 M, B 30He adparuu UMEIOTCs
COJIEBBIE U MCCYIIIEHHbBIE TOPH3OHTHI C TBEPHOCTHIO Hostee
20 xr/cm? (Ietpos, 1989).

J1st paiioHOB MAaCTOUIITHOTO IPUPOAOTIOIH30BAHMS
ApUIHOIT 30HBI pa3paboTaHa MHOTO(aKTOpHasI
KIacCHbUKALNS Ce/TbCKOXO3SIIICTBEHHBIX YTOIHIL. B ee
OCHOBY ITOJTO)KEHBI JTaHIIA(THO-XO3SIICTBEHHBIE
[IPU3HAKH, TO3BOJISOIIME K/IACCHDUITHPOBATD
JIECOMETHOPATHBHBII (GOHT Ha TPeX YPOBHSIX: KATErOpHs,
THIL, MOTUGDUKALIHSL.

BoimeneHsl YeThIpe JieCOMeTMOPAaTUBHBIE KATETOPUU
semenb (JIMK), pasmudaroriuecst o COCTOSAHUIO
[TOYBEHHO-PACTUTEILHOTO ITOKPOBA U
IPOTUBONEe(/IIIOHHON YCTONYNBOCTH IOYBOTPYHTOB:
JIMK=1 - omrycTbIHEHHbIe TEPPUTOPUU C MEJIKO- U
cpenHe6apXaHHBIMU ITECKAMH U CHIbHONEDIHPYEeMbIMH
(apomupyemocTs 601ee 200 T/ra. 1) rpyntamu; IMK=II -
3apociie U c1ab0o3apocIiie mecKu pasHbix Gopm
penbeda u cTamuit M0OYBOO6PA30BATEILHOTO IIPOTIecca
4acTo ¢ pasobieHHbIMU si3BaMu Jiedistiiyn. OHY JIErKO
TePSIIOT IOYBEHHO-PACTUTEIBbHBII IOKPOB IIPU
IIOBBIIIIEHHO HarpysKe BbIITACAeMbIX >KUBOTHBIX U JIaXKe
IIpU YaCTUYHOM pacmartirke. VIx apogupyemocts — 50-200 T/
ra. 4; JIMK=III - mo1anu ¢ cyrecyaHbIMU, TOAATTUBBIMU
medsIIKMY TOYBaMHU, 9pogupyeMbiMu (5-50 1/ra. 1) mpu
crutonrHoi pacnatike; IMK=IV - cyrmunucTsie u
[JIMHUCTbIE PABHUHBL, IPAKTUIECKU He CTPAAIOIINe OT
nedsiunu (3pOIUPyEMOCTb MeHee 5 T/ra.q).

B npenenax xaxxgoit IMK pasnuyaior
necomenroparuBHbie tuiibl (JIMT) mo obecriedenHOCTH
HaCaXJIeHUM (bnsnonomqecxn JTOCTYITHOM B/Iarom. [Ipu
9TOM OI[EHMBAIOT B/IATOOOECIIEYEHHOCTH BBIPAIITUBAEMbIX
HAaCa)XIEeHUH, yTOYHAIOT UX IIOPOAHBIN COCTAaB, TEXHOJIOTUN
JIeCOMETHOPATUBHBIX PaboT. [llupoko npumensor
AUCTAHIIMOHHYIO HH(DOPMAIIHIO, YTO B ICCITKH Pas
COKpalllaeT BpeMs U JeHeXKHbIEe 3aTpaThl Ha
KapTorpadgupoBaHue.

Crtatba 4

Paspa6oTraHHble METOIbI KITACCU(DUKAIIUN U
kapTorpadupoBanus arpapHbix reppurtopuii (ITerpos,
Kymux, 1986) ncronb3oBaHbl IPH COCTaBICHUH
JIECOMETMOPATUBHOM KapThl apumnbix mactouy CHI, a
TAaK>Ke YCIEIITHO UCIBITAaHbI B 3amanHoit Adpuke
(Pecniy6mixa Mamm).

HmutepHOE BpeMsl BEIETCSI 9KOIIOTUIECKUIT MOHUTOPUHT
apunHou 30HbI B [Tpukactuu u [Ipuapasbe, mycThIHAX
CpenHert A3un, a TaK)Ke B CyXOCTEITHBIX palfloHaxX
3amapnor Cubupu Ha TeppuUTOPUN OKOJIO 250 MITH ra,
[IPeICTAB/IEHHOM TIABHBIM 00Pa30M MPUPOTHBIMU
aCTOUIITHBIMY YTOBSIMH, B KOTOPbIe BKPAIUICHBI JPEBHIE
U COBPEMEeHHbIEe 0a3UChI OPOIIICHUS B IE/IBTaX U MONMaxX
Tepexa, Borru, Ypana, Ceipaapbu, AMyaapbu U IPYTHX peK.
YcTaHOBJIEHO, YTO U3-32 [TePErpy3KH MaCTOUII 1
HepeTy/IMpPyeMOro BbIIIaca IPOIYKTUBHOCTb IECSATKOB

®oto 4-2. Horle uccrenoanus Bo Becepoccuiickom HUN
Arpomemoparuu (Bosrorpaj) o BeIpaliiBaHUIO JECOIIOIOC 13
Pas3IMYHBIX OBICTPOPACTYIIMX U 3aCYXOYCTONYMBBIX BUIOB [€PEBLEB U
KYCTapHHUKOB, C MHOTOYMC/IEHHBIMH CTBOJIAMU. BHJIBI lepeBbeB 1
KyCTapHUKOB HCII0/Ib3yeMbIe B JICOIIOI0CAX, BK/II0YatoT Robinia
pseudoavscia, Ulmus pumila u Rifes auetum. (Poro Tuma MakKeit6a)
Photo 4-2. New studies at the All-Russian Research Academy of Agroforest Ame-
lioration, Volgograd, include establishment of windbreaks with a variety of trees
and shrubs thar grow quickly, are drought resistant, and are multi-trunked.
Among the species under study are Robinia pseudoavscia, Ulmus pumila, and
Rifes auetum. (Tim McCabe photo)
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- FRC-4. Clay loam and clay plains, which are not
affected by deflation (erodibility is less than 5 tons per ha
per hour).

Within each FRC, forest reclamation types (FRT) vary in
physiological availability of moisture for plantings. Other
factors such as moisture sufficiency for plantings to be grown,
their species, and technologies of forest reclamation work are
considered as well. Long-distance communication is widely
used, which has led to a 10-fold reduction in time and money
spent on cartography. Methods developed to classify and
produce cartography of agricultural lands (7) are employed to
draw forest reclamation maps of arid CIS rangelands and are
also successfully tested in West Africa (the Republic of Mali).

Ecological monitoring of arid zones of the nearby Caspian
and Aral Seas areas, of Central Asia deserts, as well as in the
dry steppes of Western Siberia, has long been conducted. This
monitoring has covered 250 million ha of largely native
rangelands in which ancient and modern irrigation oases were
interspersed in the deltas and floodlands of the Terek, Volga,
Ural, Syr Daria, Amu Daria, and other rivers. Due to
overstocking and uncontrolled grazing, the grassland
productivity in arid areas comprising tens of millions of
hectares decreased 5- to 10-fold (in some areas the grass
output did not surpass 10 to 20 kg per ha). There was also a
drop in the productivity of degraded arable lands. Damage
from losses in agricultural lands and the reduced yields for the
nearby Caspian Sea region alone are estimated in the tens of
millions of roubles.

Halting the degradation and desertification processes of arid
agricultural landscapes is feasible only through up-to-date,
comprehensive actions. The territory’s agricultural forest
reclamation’s renovation plays a leading role in the
transformation into a system of agricultural forest landscapes
adapted to various natural and climatic conditions.
Experience gained across the nation suggests that two types of
cultivated arid-zone landscapes are best adapted for these
conditions, i.e., rangelands and a complex of several variations
in the branch structure.

For the desert zone and a greater part of the semi-desert and
dry steppe areas, the pasture landscapes are ecologically
balanced and zootechnically appropriate for livestock, with
multistage woodland pastures comprising agroforestation
systems and improved grassland phytocenoses (6). Under the
severest of conditions, largely shrub-type reclamative
plantings meant for livestock feeding are established; and only
in the lowland areas, umbrella-shaped trees are planted near
farms. Under more favorable conditions the system includes
pasture-protective tree plantings. By improving the
microclimate, they increase the yield and growing period of

Agroforestry Reclamation in Erosion-prone Areas

grasses and create the conditions necessary for underseeding
of valuable fodder plants to native grasslands. As a result, the
productivity of pasture phytocenoses increases 1.2- to 1.8-fold
and the amount of tree leaves and shoots consumed by cattle
increases 2- to 3-fold.

Reclamative fodder plantings on degraded pastures form
rows of shrub and sub-shrub windbreaks that animals can
feed on; they are usually either spaced 20 to 30 m apart
between shelterbelts or represented in the form of “savanna’-
type tree growth.

Tree shadow umbrellas covering an area of 0.5 to 1 ha protect
animals from excessive solar radiation at drinking and resting
sites. They promote lambs’ increased survival rate, a gain in
animals’ live weight and wool clip by 10-25 percent, and have
paid for themselves toward the end of the first year of use.
Near-farm afforestation aims to protect animal houses from
snow and sand drifts, cold winds, and dust storms.

A different, staged technology was developed to fix dunes
in the desertification areas and to transform desert areas
into woodland pastures. For this purpose, tree planters such
as MLB-1, MPP-1, MLU-1, with which it is possible to
plant seedlings and tree and shrub cuttings over a rugged
topography, are used, and reclamative plant species

are selected.

Application of this technology ensures the establishment of
improved plant species at the rate of 80 to 90 percent and
helps solve the problem of establishing woodland pastures in
desertified areas up to 300 to 500 ha. In large desertified
areas, rows and ditches are dug to increase the areas’
roughness and intercept substantial sand masses; to establish
grasses, fodder grasses are seeded by aerosowing. Several years
later, the desertified area is transformed into woodland
pasture (with up to 2 tons of fodder biomass per ha) of high
productivity and longevity (more than 60 years) supported by
physiologically available moisture. Using this type of
technique, 5,000-8,000 woodland pasture phytocenoses are
established annually in the desert areas of Kalmykia.

A brand-new technological solution is based on local
phytoamelioration through the establishment of a grid of
two- and three-tiered woodland pasture oasis buffers and
through the aerosowing of plant-psammophyte seeds in
pellets of greatly swollen polymer hydrogels.

In sand and adjoining loamy sand plains where annual rainfall
is 300-350 mm, it is advantageous not only to reclaim the
area with woodland pastures but also to use it for soil-
protective crop rotations, orchards, vineyards, and for forest-
protective, economic, and recreational purposes.
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Puc. 7-17 [OuHamuka onyCTbIHMBaHMA NacTbuLl, He 3allULEeHHbIX TIecornonocamm
Figure 7-17. Desertification dynamics of pastures without afforestation

1954. NednAUNOHHbIE NATHA
noABNAKOTCA B MecTax nabbITOYHOIro
BbiMNaca ckoTa Ha necyaHbiX no4yBax u
NMOCTOAHHO yBENM4YMBaloTCA,

npeBpawaAdacCb B OnyCcTbliHEHHbIe nowann

1954. Deflation appears in places of

cattle overgrazing on sandy soils and become

areas of desertification

1979. NAaTHa onyCcTbiHNBaHWUA
noABNAKTCA B MeCTax pacnalwkKun
cynecen
1979. Desertification focuses appear where
sandy loam soils are plowed

OnycTbiHMBaHUEe nacTbula
1 — Desertified pastures

MIUIMOHOB TeKTapOB apUIHBIX TACTOUIIHBIX YTOLHI
CHU3WIACH B 5-10 pa3 (B HEKOTOPBIX pailoHaX ypoXKai
TpaBOCTOsA He mpeBbiaeT 10-20 kr/ra). [Tagaer u
IIPONYKTUBHOCTD JerPaUpyIOLeil MAIIHU. YIiep6 oT
IIOTePb CEIbCKOXO3AMCTBEHHBIX YOI ¥ Hetobopa ¢ HUX
yposKas TonbKo 1o IIprKacnuiickoMy peruony
OLICHUBAETCA IeCATKAMH MWUIHAPIOB PyOseit.

OCTaHOBUTD IPOIECCHI IeTPafallii ¥ OITyCThIHUBAHUSA
APUIHBIX arpoIaHANIAdTOB MOXKHO TOIBKO
CBOEBPEMEHHBIMU KOMIUIEKCHBIMU JIEHCTBUAMN, CPENU
KOTOPBIX PeIIAIoIIast POIb IPUHAJIEKUT
aropyIecoOMeNMNOPaTUBHON PEKOHCTPYKIIUU TEPPUTOPUH,
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1970. lNoABnAOTCA NATHA
OMNyCTbIHUBAHUA, KOTOpPble (POPMUPYIOT
60sbLUYIO ONYCTBIHEHHYIO TEPPUTOPUIO
B CyXune n BeTpeHble rogbl
1970. Desertification focuses appear and
form large desertification area in the dry and
windy years

1984. OnycTbiHMBaHME 3axBaTbiBaeT
npuneratoLime TeppuTopuUn
1984. Desertification encompasses adjoining
territories

- MpoayKTuBHbIE NacT6uwa

2 — Productive pastures

TpaHcOpMaIUY ee B CUCTEeMY arpojleconIanmagros,
A[AIITUPOBaHHBIX K BAPbUPOBAHUIO IIPUPOIHO-
KIMMaTU4eCKUX yCI0BUH. HaKoIIeHHBIIT B CTpaHe OIIbIT
[T03BOJISIET CYUTATH, YTO ITOMY TPEOOBAHUIO B aPUTHOIM
30HE COOTBETCTBYIOT [IBa TUIIA OKY/IBTYPEHHBIX
JMaHAmadToB — TaCTOUIIHBII M KOMIUIEKCHBIN C
HECKOJIbKUMU Pa3HOBUAHOCTSMU II0 OTPacIeBoi

CTPYKTYPe.

JIJ1st Iy CTBIHHOY 30HBI U OOJIBIIIEH YaCTH TePPUTOPUH
IIOJTYITCTBIHU U CYXO¥I CTEIIH 1eIeCO0OpasHbI
IacTOUIIIHbIE JlecoarpapHble JIaHAMADTHL — 9KOJIOTUYeCKH
cOaJlaHCUPOBAHHBIE U 300TeXHUYECKH KOM(pOPTHBIE
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Puc. 8/18 [OuMHamuka peKynbTusaumm onycTbiIHEHHOro nactéuia Ha Kacnninckom
HU3MHEe noa BrnMAHnemM obneceHuns

Figure 8/18. Dynamics of reclamation on the desertified pasture in Caspian lowland as affected
by ameliorative afforestation

1978, mapT. NATHO onyCcTbiIHMBaHNA Ha 1979, nioHb. E>xerogHbIn BbiceEB
nacTouuwe B 6apxaHHbIX Neckax Ao KOPMOBbIX KYNbTyp NMpUBEs K
peKynbTnBaLMOHHOIoO obneceHunA BblpaBHUBAHUIO N CTa6VIJ'IVI3aLIVIVI

1978. March. Desertification areas with ONYCTbIHEHHbIX TEPPUTOPUNA

barkhan sands in the pasture before 1979. June. Annual fodder crops resulted in

ameliorative afforestation leveling and stabilization of the degraded

territories relief

1981, noHb. ObneceHune npmBerso 1984, vionb. No4Tn BCA NOBEPXHOCTb
K YMEeHbLUeHNIO I,El,e('*)]'lFlLl,l/ll/l n noABEeHUNto 6bina NOKpbITa PacTUTESIbHOCTbIO U
BCXOO0B ONKNX U MOCEAHHbIX TpaB Ha npeBpatumnacob B yieca n nactébuwa c
OMNyCTbIHEHHbIX NacTéuLax ypo>kaeM KOpMOBbIX KyrbTyp 1,5-2 T/ra.
1981. June. Afforestation resulted in deflation 1984. July. Almost total surface was covered
control and growth of natural and seeding with vegetation and turned into forests and
grasses in the desertified pastures pastures with fodder crops yield of
1.5-2.0 t/ha.
1 — OnycTbliHMBaHWE nacTovLy, 3 — NpoayKTUBHOE nNacTéuLle
1 - Pasture desertification - 3 - Productive pasture

//// 2 — PeKynbTMBaLMOHHAA 3analika KOPMOBbIX KYJbTyp
2 — Ameliorative fodder crop plowing

Conclusion effluents, deposits of organic matter, and waste from plant
and animal industries.
The agroforestry landscape is determined by a territory’s

natural diversity. It must allow a complete use of what the Large-scale operations aimed at transforming the
local flora and fauna have to offer, as well as of the area’s environment through protective afforestation are part of the
thermal resources, underground supplies, runoff, and All-Union concept of the nation’s social and economic
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MHOTOSIPYCHBIE IeCOTTACTOMIIIA, COCTOSIIIIE U3 CHCTEMBI
JIECOHACAKIEHUI IS S)KUBOTHOBO/CTBA U Y/IYUIIICHHBIX
TPaBsIHBIX MaCTOUIITHBIX (puToneH030B ([TeTpos, 1989). B
HanbosIee KECTKUX YCIOBHSIX CO3/IAIOT PEUMYIIIECTBEHHO
KYCTapHHUKOBbBIE METHOPATHBHO-KOPMOBBIE HACAKICHHUS U
JIVIIIIh HAa TIOHIKEHUX penbeda — IpeBecHbIe 30HThI U
npudepMepckre Hacaxienusi. B 6osee 6/1aronpusTHBIX
YCIOBHSIX B CHCTEMY BK/IIOYAIOT ACTOHUINIE3AIIUTHBIE
JIECOHACAXIECHUS. YIYUIIIas MUKPOKINMAT, OHU
YBEIHYUBAIOT IPOAYKTUBHOCTD U IIPOLO/DKUTENBHOCTD
BETETaIMU TPAB, CO3OAIOT YCIOBUS [UISI IO CEBa K
€CTeCTBEHHOMY TPAaBOCTOO I[eHHBIX KOPMOBBIX PACTEHHUI.
B pesyibraTe MpOAyKTUBHOCTD MACTOUIIIHBIX
¢urouenosos Bospacraet B 1,2-1,8 pas, a c yuetom
ChelaeMbIX CKOTOM JIPEBECHBIX JIUCTHEB U TI06EroB - B 2-3
pasa.

MenmopaTUBHO-KOPMOBBIE HACAKIEHUS Ha
IeTpafupOBAHHBIX MACTOUIIAX GOPMHUPYIOT B BULIE
OITHOPSIHBIX KY/ITUC U3 06/IafA0IINX KOPMOBOIT
LIEHHOCTDBIO KYCTAPHUKOB U MOTYKYCTaPHUKOB, pacIioaras
ux 00br9HO Yepe3 20-30 M MeXy MacTOUIIe3aI[UTHBIMH
JIECHBIMHU TI0OIOCAMU WIH B BUJIE PEIKOCTOMHOTO
“caBaHHOTO” IPEBECHOTO spYyCa.

IpeBecHble TeHeBbIE 30HTHI — KYPTHHBI IToIIaasio 0,5-1
ra 3aI{UIIAI0T KUBOTHBIX OT U30BITKA COTHETHOM
panuaIuy Ha BOIIOTOe U B MeCTaX THEBHOTO OTAbIxa. OHU
YBEIHYMUBAIOT BBDKUBAEMOCTD ATHAT, IPUPOCT KUBOH
MAacCChl )KUBOTHBIX ¥ HACTPUT LIepcTy Ha 10-25% u
OKYTIAIOTCS K KOHITY TIepBOTO Ke Tofia IT0/Ib30BaHUS.
[Ipudepmckue mecHble HACAKICHUS MTPeIHASHAYCHDI IS
3aII[UTHI )KUBOTHOBOIIECKIX OO BEKTOB OT CHEKHBIX H
IIeCYaHbIX 3aHOCOB, XOJIONHBIX BETPOB U IBUILHBIX GYPb.

DoT0 4-3. Yd4eHbIil HHCIIEKTUPYeT ObICTPOPACTYILIHE MOJIO/bIE CaXKEHIIbI
6epesbl, KMITapyca ¥ IIUXTHI B HOBOI JIECOIIOIOCE, 3aI0KEHHO B
JIOKy4aeBCKOM Hay4HO-HCCIeNOBATEIbCKOM HHCTHTYTE CeIbCKOTO
xossiictBa llenTpanpro-Yeprosemuoro peruona. (Poro Tuma
MaxkKeii6a)

Photo 4-3. Research scientist inspects the rapid growth of young birch, cypress, and
lime trees in a new windbreak established at the Dokuchaev Research Institute of
Agriculture for the Central Black-Soil Area. (Tim McCabe photo)
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Paspa6orana nosranuast nuddepeHnnpoBanHas
TEXHOJIOTHSI, IO3BOJISIIIIAS 3AKPEIUIATH GapXaHbl B O4arax
OITyCTHIHUBAHUSI, IPEBPALIIATh OMYCThIHEHHbIE MACCHBBI B
necomactéua. [I1s1 9TOro UCIOMb3YIOT IECOMOCATOYHbIE
Mamnasl MJIB-1, MIIII-1, MJTY -1, cnoco6Hble
BBICA)KMBATh CESTHIIBI U CA)KEHIIBI IePeBbeB U KYCTAPHUKOB
B YCJIOBHSIX CJIOKHOTO pennbeda, momo6paH acCOPTHMEHT
PacTeHHIT-MeTMOPAHTOB.

[IpuMeHeHME 3TOT TEXHOIOTHH 06eceIrnBaeT
NIPWKUBAEMOCTD MeInopaHToB Ha 80-90% u pemaeT
po6reMy CO3IaHuUs JIeCOMACTOUII] B OIarax
ONYCTBIHMBAHUSA, UMEIOIINX IUToIans 1o 300-500 ra. B
60J1ee KPYITHBIX OMYCTHIHEHHBIX MACCHBAX [UIS YBETHICHHUS
ILIIEPOXOBATOCTH JeCTPYKTHBHOM 00/IaCTH U IlepexBara
3HAYUTETbHBIX MACC ITeCKa IPUMEHAIOT Hape3Ky BaloB-
KaHaB, a [TPU CO3IaHNUU TPABSIHOTO fApyca —

a9poceB ceMsAH KOPMOBBIX TpaB. O4Yar omyCcThIHUBAHUA
yepes HeCKOJIBKO JIeT IIPEeBPAIAeTCsl B IeCOMTacTOMUIIIE,
BBICOKasI IIPOAYKTUBHOCTD (/10 2 T/Ta KOPMOBOIT
duromaccer) u fonroBedHoCTh (60see 60 1eT) KOTOPOTO
06ecreInBaOTCs 3a CIeT UMEIOIIIMXCS 3a11acOB
¢usmonornuecku gocTynHOIM Baary. [1o Tako TEXHOIOTHU
Ha OITyCTBIHEHHBIX 3eM/IAX Ka/IMBIKIM eKeTOTHO CO37atoT
5-8 THIC. Ta JIECOMACTOUIIIHBIX (PUTOI[EHO30B.

[IpuHIMIIAIPHO HOBBIE TEXHOJIOTHYECKUE PEIIeHNUs
OCHOBaHbI Ha JIOKaJIbHO (PUTOMETNOPALINH ITyTeM
CO3IaHUs CETH IBYX- U TPEX APYCHBIX 6ydepHbIX
JIECOTTACTOUIITHBIX 0a3MCOB M 09aroB 06CeMEHEHMSI C

DoTo 4-4. 3pesble iepeBbs 6epesbl, BbICAKEHHbIE B HECKOJIBKO PAJI0B,
006eCIIeYnBAIOT 3aIIUTY [TOJIEN OT BeTPOBOIt aposun. (Poccuiickoe GoTo)
Photo 4-4. Mature birch trees in multi-rows provide cropland protection from
wind erosion. (Russian photo)
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transformations and development of its various regions.
Accordingly, the concept of developing the agro-industrial
complex of the near-Caspian Sea region has evolved. There,
agroforestry reclamation is indispensable to plant production,
and in a number of cases is the sole means of removing
ecological stresses.

Of late, there has been a sharp rise in interest in agroforestry
reclamation as it has been undertaken in many countries with
varied natural, climatic, social, and economic conditions. This
became evident at international scientific courses, symposia,
and meetings of scientists and experts held in Russia and
abroad, convened within the joint framework of the
International Center of Agricultural Forest Reclamation and
other programs aimed at controlling desertification and
improving arid pastures and other agricultural landscapes.
Agroforestry reclamation should be regarded as the most
available means to regulate agrarian ecology on a global scale;
for instance, solving international problems related to control
of arid areas” desertification, to conserving soils in large river
basins covering the territories of several states, and also to
protecting agricultural lands against radionuclide
contamination. To attain this objective, targeted international
programs and concepts of agroforestry reclamation should be
developed over large geographical regions.
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[IpUMeHEHHEM a9POCeBa CeMSH PACTEHUIT-ICAMMOMUTOB B
IrpaHy/ax us cnanOHa6yxan1_uHx TOJIMMEPHBIX
TUPOreJIei.

ITecku u mpueraroye cyrnecyaHble paBHUHBI, ITe
BeinamaeT 300-350 MM 0camKoB, BBITOJHO OCBaUBaTh He
TOJIBKO TIOJI, JIECOTTACTOUIIA, HO U T10]] IIOYBO3AI[UTHBIE
CeBOOOOPOTHI, CaIbl, BMHOTPATHUKH, JIECA 3aI[UTHO-
XO3SIMCTBEHHOTO U PeKPeallMOHHOIO Ha3HAuYeHU .

CrpykTypa arpoecoaaHaadToB omnperessieTcs
[IPUPOIHBIM pasHOOGpasueM Teppuropuu. OHa JOIKHA
06ecreInTh MOJIHOE UCII0IH30BAaHIE MECTHOTO
6109KOJIOTNYECKOTO MTOTEHI[UA/IA — TEPPUTOPHATBHBIX U
TEePMUYECKUX PECYPCOB, 3a[1aCOB ITOJ3€MHBIX, CTOYHBIX U
COPOCHBIX BOJI, 3aJIEKeiT OPraHUIECKUX BEIIeCTB, OTXO0B
arpapHOro IPOM3BOJICTBA U >KUBOTHOBOJICTBA.

KpymnHsble orneparuy, peo6pasyroliye cpey ¢ IOMOIIbIO
3aMIUTHOTO JIECOPA3BEEeHUs — 9TO HAyYHO 0OOCHOBAHHAs
4aCTh 061IIeT KOHIIEIITHMH COIMATbHO-9KOHOMUYECKUX
1IpeoOpasoBaHMII B CTPaHe ¥ PasBUTHSA OTIETbHbBIX
peruoHoB. Tak, TOATOTOB/IEHA KOHLIETIINS Pa3BUTHUSA
arpoIPOMBIIIUIEHHOTO KoMILIekca [Ipukacnuiickoro
peruoHa, B KOTOPOI arpoieCoMeTHopaIus BEICTYIaeT KakK
HeOTheMJIeMbIT KOMIIOHEHT 9KOJIOTUYHOTO arPapHOTO
IIPOM3BOAICTBA U B Psifie C/TyyaeB Kak He NMeloIlee
A7bTEPHATUBBI CPEICTBO Pa3pAIKH KOOI MYECKOI
HaTPsKeHHOCTH.

B mocennue rompl pe3ko BO3POC HHTEPEC K Pa3BUTHIO
arpoIeCOMETHOPAIIMH BO MHOTHX CTPaHaX C PasIHIHBIMU
[IPUPOTHO-KIMMATHIECKUMU U COLHATBHO-
9KOHOMHUYECKUMH YCTIOBUAMH. CBUIETENTBCTBO TOMY —
©KeromHO mpoBoxuMble B Poccuu u 3a pybesxoMm
MeX/TyHapOZIHbIE HAYYIHbIE KYPChI, CHMIIO3HYMBI 1
BCTPeYH YUCHBIX U CIIEIIHATNCTOB B pAMKaX COBMECTHBIX
[IPOEKTOB, MeXIyHAPOIHOTO 1IeHTPa arpOIeCOBOACTBA
APYTHUX IporpamMmm 1o 60psbe ¢ OMyCTHIHUBAHKEM, TI0
YIYUIIeHUIO aPUAHBIX TACTOUII] U JPYTUX
arponaHAIIadToOB. ATPOIECOMETNOPALIHIO CIIEAyeT
paccMaTpuBaTh Kak Hanboree TOCTYIHY0 hopMy
YIIpaBJIeHUsI arpapHOIl 9KOTOTHEH B I7I06aTbHOM
Macirrade, HaIpUMep, B PEIIEHHN MEKIYHAPOTHBIX
po6reM 60pPBOBI C ONYCTHIHUBAHNUEM aPUIHBIX
TEPPUTOPHUIL, 3ALIUTHI TOYB OT IPO3UU HA BOTOCOOPax
KPYIHBIX PEK, OXBATBIBAIOIINX TEPPUTOPHU HECKOTIBKHIX
TOCYIApPCTB, a TAK)KE 3AIIUTHI CETbCKOXO3SICTBEHHBIX
3eMeJb OT PaIHOHYKIUIHOTO 3arpsasHeHust. [ aToro
TpebyeTcs pa3paboTKa I1e/IeBbIX MEXIYHAPOTHBIX
[IPOTPaMM U KOHIIEIIIIHIT aTPOIeCOMETHOPAIINN KPYITHBIX
reorpaduyecKux pernoHOB.
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ITouBo3ammuTHass 06paboTka

H.I1. Makapos, A.U. ITynonun*, O.I. Komasposa, I.H.Kasaxoe, H.U. Kapramviwes, E.H. Iluamuviii

Pesrome

PaccMoTpeHbr 0CO6EHHOCTH TIOYBO3AIIUTHOM 06pa6OTKH
10 PEerHOHAM CTPaHbI, BCKPBITHI IPEUMYILIECTBA U
HETOCTATKH TaKOil 0OPabOTKH, YCIIOBUS €€ IIPUMEHEHHSI.
BeineneHsl mpo6ieMsl, TpeOYIOIIIe PEIIeHUS.

BBenenue

[Iporpeccupyroiiye aHTPOIIOTeHHbIE HATPY3KH Ha
[TOYBEHHBIN [TOKPOB, CHIDKEHUE YPOBHS IIONOPONHS IIOYB,
paspyleHIe CTPYKTYPbI TAXOTHBIX TOPH3OHTOB BBI3BAIN
IIUPOKO€E PACIIPOCTPAHEHHE ITPOIIECCOB 9PO3UU U
medsIKHY, yMEeHBIIIEHHE IUIOIIAH MAITHU Ha Iy
HaceleHUs. B pesy/braTe BO3HUKIIA OCTpast
HeOOXOIMMOCTD PaspabOTKHU ITOYBO3AIUTHBIX
pecypcocbeperaroninx TeXHOTOTHIT BO3/Ie/IbIBAHHS
CeTbCKOXO3SIMICTBEHHBIX KY/IBTYP KaK IPUOPUTETHOTO
HAIPaBJIeHUs UCCIEMOBAHUI B 06/IACTH 3eMJIEIeTHSI.

Cy1iecTBeHHbIE Pas/IM4YKsl IIPUPOIHO-IKOTOTNIECKUX
YCJIOBUIL Ha TEPPUTOPHUU CTPAHBI 00YC/IOBIMBAIOT 0COObIe
TpeGOBaHUsA K CO3NAHUIO0 KOMIUIEKCOB II0YBO3AILUTHOM
006paboTKH, AIATITHPOBAHHOM K 0COOEHHOCTSIM PETMOHOB.

B crpanax CHI spogupoBaHO 0OKOJIO OHOI TPeTH
IMaXOTHBIX ITo1Iazeit. [Ipn aToM oTMeuyeHo nelicTBue
BOIHOM X BETPOBOM 9pO3UHU KaK B OTAE/JIbHOCTH, TaK U
coBMecTHO (Tabr. 1). O61mast IIoIaab 5pOAUPOBAHHOIN U
IIOTEHIMA/IbHO 9PO3MOHHO-OIIACHO MTAIITHU JOCTUTAET
70%. B peruonax Hanbosiee IpeBHETO 3eMJICIeIHS
9POIMPOBAaHHbBIE 3eM/IM COCTABJISIIOT IIOJIOBUHY U O0siee
TUTOILIA/TH TTAIITHH.

B pesynbrare pasBuTHA 3TUX IPOLIECCOB B 60-€ rofibl
BO3HHUK/IAa HEOOXOIMMOCTD IIPUHATHUS HEOTIOXKHBIX Mep,
HAIIpaBJIEHHBIX HA MPEeNyIpeXIeHne BOOHON U BETPOBOM
9PO3UHU II0YB.

Ilo aTOTO B HayKe U IpaKTHUKe TOCIOACTBOBAIA TeOPHUs
axkazieMuka B.P. BunbsaMca, B cooTBeTCTBHU € KOTOPOH
TIOBBIILIEHNE TUTONOPOANS IIOUB CBS3BIBAIOCH C
yIydllleHHeM ee CTPYKTYPBI IIPU BCIAIIIKe.

Karactpoduueckue npuibHble 6ypu B 30-40-e rogs! B

CIHIA u Kanape, a Takxe B 60-e ronsl B 6s1811eM CCCP
IIOC/TY>KH/IM MOIIIHBIM CTUMYJIOM JUIsI HAY YHBIX

Cratba 5

UCCTENOBAHUT B 00/IaCTH TOYBO3AIIUTHON 06pabOTKM
IIOYBBI, IIPEIyCMaTPUBAIOLIEH PhIXJIEHNE [TOYBBI O3
060poTa TIacTa ¢ COXpaHeHWEeM MTOKHUBHBIX OCTATKOB Ha
noBepxHOCTU. OCHOBOI JI/IS1 9TUX UCCACTOBAHUI B HAIIIEH
ctpane crtaiu pabotsr T.C. ManbiieBa u A.l1. bapaesa B
50-60-€ rompl.

HUccnenoBanusimu Kasaxckoro Hay4HoO-
HCCIIE0BATE/IbCKOTO MHCTUTYTA 3€PHOBOTO XO35HCTBA U
IPYIUX HAYYHBIX YYPEKAEHUIT CTPAH COLPYKECTBA
[OKa3aHa peajbHas BO3MOKHOCTh 3aMeHbI BCIIALIKY Ha
[UIOCKOPE3HYI0 06paBOTKY IIPH BO3/Ie/IbIBAHUU SIPOBBIX
3epHOBBIX KyIbryp. [L1ockopesHast 06paborka
[IpeIOTBpallla/ia MbUIbHbIE OYPH, CTOCOOCTBOBAIA
YBEeJIMIEHUIO BECEHHUX 3aI1aCOB BJIATH B [I0YBE,
[OBBILIEHUIO YPOXKAHHOCTH 3ePHOBBIX KYJIBTYP.

B TeyeHMe HECKOMBKUX JIET OBUIO Ha/IAYKEHO MacCOBOE
IPOU3BOICTBO IUVIOCKOPE30B-PhIX/IMTE/IEN IJI1 OCHOBHON
006pabOoTKU MOYB, CESUIOK TSI IOCEBA 3€PHOBBIX 110 CTEPHE,
POTAIIMOHHBIX MOTBIT BMECTO 3yOOBBIX 60OPOH, ITO
MTO3BOJIWJIO Ha HETABHO PACITaXaHHbBIX IETUHHBIX U
3aJIOKHBIX 3€M/IIX 3aMEHHUTD IUTY)KHYIO BCIIAIIIKY
[TOYBO3AIIUTHON 6€30TBaIbHOI 06PabOTKOII ¢
COXpaHEeHUEeM CTePHH Ha MOBEPXHOCTH.

[10I0)KUTE/TBHBII OIBIT 3aMEHBI BCIIAIIIKN
MTOYBO3AIIUTHON (IUIOCKOPE3HOT) 06paboTKO pu
BO3JIe/IBIBAHNUH SIPOBBIX 3¢PHOBBIX KY/IBTYP B a3HATCKOM
peruone semnenenus (Kasaxcran, Cubupnb) 6601
MpoaHaM3upoBaH u ofobpen Ha ceccun BACXHUJI B .
Pocrose (1969 T.) # peKOMEHIOBAH /IS LIMPOKOI HAYIHO
U IIPOU3BOACTBEHHOM IIPOBEPKU B €BPOIIEIICKOM pETUOHE
semsteneust. K aToMy BpeMmeHH yke ObUIH IbUTbHBIE Oypr
Ha MIUTHOHAX reKTapoB nairHu B [loBomxbe, CeBepHOM
KaBxase, Ha 1ore YKpanHbI; YHUYTOXa/IMCh TIOCEBHI,
3aChIIIa/INCh METKO3eMOM JIECHBIE TTOJIOCHI, JOPOTH U
[IPOM3BONCTBEHHBIE COOPYKEHUSI.

[Inpoxkasi CeTh ONMBITOB MO H3YYCHHUIO
[IPOTHBO3POSHOHHON 06PabOTKH MOYB, IIPOBEICHHBIX
nocie 1969 r. B ycnosusax IToomxnbsa, CeBepnoro Kaskasa,
Crenu Ykpaunsl llenTpanbHo-YepHOo3eMHOIT 30HBI
eBPOIIEIICKOTO PETHOHA, IO3BOIIIa COOPATh OOLINPHYIO
urdopmanmio mo 9 GeKTUBHOCTU ITOTO TIpHUeMa B
3aBUCHMOCTH OT 0COOEHHOCTEN TOYBEHHOTO IIOKPOBA,
K/IMMaTa ¥ BO3[E/IbIBAeMbIX KY/IBTYP.

ITouBosaniuTHas 06paboTka



Conservation Tillage

LP. Makarov, A.I. Puponin®, O.G. Kotlyarova, G.I. Kazakov, N.I. Kartamyshev, and E.I. Shiyatyi

Abstract

Various features of conservation tillage in the country’s
regions are considered. Advantages and disadvantages of such
tillage are discussed, as well as its application. Problems
awaiting solution are touched upon.

Introduction

Extensive spread of soil erosion and deflation and reduced per
capita acreage of arable land are caused by increased human
impact on the soil cover, decreased soil fertility, and
destruction of texture of plowed horizons. As a result,
development of conservation and resource-saving technologies
for growing crops has become a research priority in the field
of arable farming of the Soviet Union. Great variations in
natural and ecological conditions over the country’s territory
require the adaptation and application of specific
conservation tillage practices.

About a third of the nation’s arable land is affected by

water or wind erosion, or both (Table 1). Total acreage of
eroded and potentially erodible soils of arable lands reaches
70 percent. In certain regions and republics, largely those
with the most ancient arable farming traditions (Uzbekistan,
Ukraine), eroded soils comprise half or more of arable-

land acreage.

As a result of concepts developed to tackle soil tillage
problems during the 1960, it became urgent to take
measures to prevent water and wind from eroding the
area’s soils.

Before that time, both theoretically and in the field, the
concepts of V. R. Williams prevailed, whereby increases in soil
fertility were associated with improved soil texture resulting
from moldboard plowing,.

Disastrous dust storms occurred in the 1930’s and 1940’s in
the United States and Canada and in the 1960’ in the former
Soviet Union. These storms provoked a powerful outcry for
scientific research in the field of conservation tillage—
including the use of nonmoldboard plowing of soils, with
postharvest residues being left on the surface. The work
conducted by T.S. Maltsev and A.I. Baraev in the 1950’s and
1960’s served as the basis for this research.

Investigations carried out at the All-Union Research Institute

for Cereal Production and other of the nation’s research
institutions showed that there was a real possibility of growing

Conservation Tillage

spring cereal crops with a subsurface cultivator. Such tillage
helped prevent dust storms, promoted increased spring
moisture content of soils, and raised cereal crop yields.

Opver a period of several years, large-scale production using
subsurface cultivators-looseners was responsible for most of
the soil tillage; seeders were used for the sod-sowing of cereals,
and rotary hoes replaced tined harrows. This enabled residue
and stubble to remain on the surface of the recently reclaimed
virgin and waste lands.

Positive results in substituting conservation (subsurface)
tillage for plowing in cultivating spring cereal crops in the
Asian arable farming area (Kazakhstan, Siberia) were analyzed
and approved by the VASKhNIL session held in the city of
Rostov in 1969. It was recommended that the technique be
extensively tested on both a scientific and practical basis in
the European arable farming area. There, over several
successive years, dust storms had been striking millions of
hectares of arable land in the Volga region, the Northern
Caucasus, and the southern part of the Ukraine; as a result,
sown areas had been eliminated and forest strips, roads, and
enterprises lay buried.

After 1969, a great number of experiments researched
conservation tillage in the Volga region, Northern Caucasus,
steppes of the Ukraine, and central chernozem areas of the
European region. These studies enabled the collection of
valuable information on the efficacy of this technique, taking
into consideration such variables as soil cover, climate, and
crops grown.

Arable farming in the European part of the country differs
greatly from that of the Asian region because of climatic
conditions (Table 2), with up to 10-12 field crops being
grown in rotations. Arable crops such as corn, sunflower,
sugar beets, and others comprise a substantial share of these
rotations. It was natural to begin by testing the substitution of
conservation tillage for plowing on cereal crops. In the arid
steppe areas of the Volga region, Northern Caucasus, and
southern Ukraine, soil conservation tillage showed an
apparent advantage over plowing—both in preventing erosion
and in increasing cereal crop yields.

By the middle of the 1980’s soil conservation tillage was
applied on more than 60 million ha (the total arable-land

acreage is 227 million ha).

Nonmoldboard cultivation practiced mostly in arid steppe

Article 5
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Cy1iecTBeHHbIE OTIMYUS €BPOIIEIICKOTO PerHOHa
3eMJIe[e/TUS OT a3UaTCKOIO 3aK/II0YAIOTCS B
KJIIMMATUIeCKUX 0COOeHHOCTSX (Tab. 2), 60/Iee UpOoKOM
Habope Ky/IbTYp, BO3/Ie/IbIBAEMbIX B CEBOOOOPOTAX,
3HAYNUTE/IbHOM YJIe/IbHOM Bece IPOIIAIIIHBIX KY/IBTYp
(KyKypysa, IOOCONMHEYHHK, CaxapHasi CBeK/Ia U p.) B
CTPYKTYpe ITOCeBHBIX IUIOIIanei. EctecTBeHHO, 4TO Ha
[IepBOM 9Tarle 6bUIa H3yIeHa BOSMOYKHOCTD 3aMEHbI
BCITAIIIKMY ITOYBO3AILIUTHOMN 06pa60T1<0171 I10J1 3¢pHOBbIE
KOJIOCOBBIE KY/IBTYPBL. B CTEIHBIX 3aCyIIUIMBBIX pailoHaX
IToBoxbs, CeBeproro Kaskasa, rora YKpauHbl
MOYBO3AIUTHAsE 06pabOTKA [TOKa3aia IBHOE
IIPENMYIIECTBO IIepef] BCIAIIKOM KaK I10
[IPeNOTBPAIIeHUIO 9PO3UH, TaK U II0 ICHCTBUIO Ha
YPOKaMHOCTH 3€pPHOBBIX KY/IBTYP.

K cepenune 80-x romos 1omans TpuMeHeHNsI
[TOYBO3AIIUTHOI 06pabOTKU B CTPAHAX COIPYIKECTBA
mocturiaa 60 MutH ra (0611as IUIoIIaAb MAIIHYA — 227 MJIH I'a).

PeixsieHue mouBbl 6€3 060poTa 1iacta B GOIbIITHHCTBE
CTEIHBIX 3aCYIUIMBBIX PAallOHOB OKa3a1och Oojee
a(dexTUBHBIM B OTHOIIIEHUH HAKOTUIEHUS M COXPAHEHUs
3aI1acoB BJIATH, 0COOEHHO B PAlOHAX, Iie 3MMHIE TBEPIble
0CaJIKM 3aHNMAIOT 3HAYUTE/IbHBI Y/le/IbHbIN Bec (10 30-
40% u 6ostee) B TOMOBOI CyMMe OCAaIKOB.

CoxpaHeHue pacTUTE/IbHBIX OCTATKOB Ha IIOBEPXHOCTU
[IOYBBI B IIPOLECCE €€ PHIXJIEHHs CO3/1aeT MOYBO3ALUTHBII
addexT, pazmep KOTOPOTO 3aBUCHUT OT KOITUIECTBA
PaCTUTENbHBIX OCTATKOB Ha II0YBe.

Ecmu npu Bcmaiike moTepu MOYBBI OT BETPOBOU 9PO3UHU T10
perMoHaM U CTPaHaM COLPY>KeCTBA COCTAB/I/IU OT 34 1o
220 T/ra B rOfI, TO CTEPHU Ha IIOBEPXHOCTU CHU3WINCH /10
3HAYEeHUIL, OTU3KUX K HYJIIO.

B Kasaxcrane u 3anagHoit Cubupu npuMeHeHue
IIPOTHBO3POSHOHHOM 06PabOTKH MOYB CYIIECTBEHHO
COKPATHJIO NIPOSIBJIEHNE BETPOBOI 9PO3UU U YBEITUIIIIO
IIPOU3BOAICTBO 3€PHA, IIOBBICIIO YPOKAMHOCTD U ee
YCTOMYUBOCTb.

JlaHHbIe HAyIHBIX YIPEKICHHUI a3HATCKOTO U
€BPOIIEICKOTO PETMOHOB 3eMJIeMIeNUsI TTO3BOJIHIH
OIIPENe/IUTD, YTO CPeNHssi MprbaBKa YPOBHS 3€PHOBBIX
KY/IBTYP OT IIPUMEHEHUS TOIBO3AIUTHON TEXHOIOTUHI
006pabOTKY MTOYBBI COCTABJISIET B CTEITHOM 30HE
€BPOIIEICKOTO peruoHa U B CeBepHbK 06macTsax Kaszaxcrana
oxoio 0,2 1/ra, a B 3amaguoi Cubupu 0,23 1/ra. OnHako
9TH CpelHYe TIOKA3aTe/IN He Be3/e U He KaXK/IbIiT TOJI
OIMHAKOBBI.

[Tnockopesnast 06paboTka Kak 3¢ heKTUBHBIN TPHEM
yBEJIMYEeHBI 3a1aCOB BJIATH B IIOYBE 06eCreInBaeT
HauOoJIbIIIee IIPEBBIIIeHUE YPOXKAIHOCTH SIPOBOM
IIIIEHUIIBI B TOMBI, KOT/IA 3HAYEHIE THAPOTEPMHUIECKOTO
koaddurnenta (I'TK) B Haubosee BayKHbIE TIEPUOJIBI
OpraHOreHe3a 3ePHOBBIX KY/IbTYp He IpeBbliaeT 0,6; 1pu
6/1arOIIPUATHBIX THAPOTEPMUIECKUX YCIOBHUSX BereTalnu
PasIMYys B YPOXKANHOCTH CHIDKAIOTCSA, @ B OTZE/IbHbIE TOfa
(I'TK > 1,5-2) 1 1o BCIamike MOXKeT OBITh MOTYyIeHO
[IPEBBIIIICHUE B YPOXKAMHOCTH. B 3aCYIIIMBBIX YCTOBUAX
A3MATCKOTO CTEITHOTO PETHOHA 3eMJIeTe/Ns BEPOSITHOCTD
6/1arONIPUATHBIX THAPOTEPMUYECKUX YCIOBHIT BEre T[N
HEBE/THKA, YTO M BeAET K IOMYICHNUIO CPEIHEMHOTO/IETHETO
[IPEUMYIIECTBA IVIOCKOPE3HBIX 06paboTOK (bakTop Braru
B MHHHMYMe). B paiioHax ke, Tje THIPOTepMHUYECKHEe
YCIOBHSI BeT€TallUHU SIPOBBIX 3€PHOBBIX KY/IBTYP
CKJIambIBatOTCs 60jIee 6IaTONPHUSITHO, YAIlle IOy IatoT
PaBHOBE/THKHE YPOYKaH 110 BCITAIIIKE U TOYBO3AIUTHBIM
npueMam 06paboTKu.

Poro 5-1. [lo xaTacTpoduuecKux NbUIBHBIX 6ypb 60-X, 0OTBa/IbHAsI BCIIALIKA CTY)KIIa OCHOBHBIM MeTOIOM 06paboTku mouss (Poto 5-1).
ViccmenoBanust B 06/1aCTH IIOYBO3ALUTHOTO 3eMJIEIe/IHsI TIOKA3a/IN, YTO PACTUTENIbHBIE OCTATKH 00€CIIeYNBAIOT 3AIIUTY OT BETPOBOI 9POSHU

(doro 5-2). (Poto Tuma MaxKeit6a)

Photo 5-1. Prior to the devastating dust storms in the USSR during the 19605, moldboard plowing served as the prevailing farm practice (Photo 5-1). This led to re-
search in the area of conservation tillage where residues from the previous crop provide protection from wind erosion (Photo 5-2). (Tim McCabe photo)

Cratba 5
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Tabnuua 1. YaenbHbI BEC 3p0ANPOBaHHbIX U 3PO3MOHHO-0MAacHbIX obpabaTbiBaeMbiX 3emMenb
B OTAESIbHbIX PErMOHaXxX 1 CTpaHax coapy>xecTtaa (%)
Table 1. Proportion of eroded and erodible soils in the arable farming regions (percent)

PervoH, cTpaHa cogpyecTtsa OpoavpoBaHHble 1 3PO3NOHHO- OpoavpoBaHHble 3eMn B
ornacHble 3eMnn pesynbTate BOOHOW MU BETPOBOW
2po3um
Region, CIS Country Eroded and erodible soils Eroded soils by water or wind

A3maTckui pernoH / Asian Region/Country

KasaxcTaH 774% 25,4%
Kazakhstan 77.4% 25.4%
3anagHaa Cubupb 80,3% 33,8%
Western Siberia 80.3% 33.8%
BocTto4yHaa Cubupb 59,4% 33,3%
Eastern Siberia 59.4% 33.3%
Ypan 68,7% 28,5%
Ural 68.7% 28.5%
Y36€eKkuncTaH 872% 66,6%
Uzbekistan 87.2% 66.6%

EBponenckuin permoH / European Region/Country

Benapycb 64,5% 29,0%
Byelorussia 64.5% 29.0%
LleHTpanbHbIn 33,3% 16,0%
Central 33.3% 16.0%
LleHTpanbHO-YepHO3EeMHbIN 68,5% 22,5%
Central-Chernozem 68.5% 22.5%
MoBonmKCcKMi 62,3% 38,5%
Volga Region 62.3% 38.5%
CeBepo-KaBkasckui 75,5% 44,2%
Northern Caucasus 75.5% 44.2%
YKpaunHa 70,6% 44,8%
Ukraine 70.6% 44.8%
Bcero 70,0% 32,6%
Total 70.0% 32.6%

areas turned out to be more effective in terms of accumulating  deflation and increase grain production, as well as to raise and

and maintaining soil moisture content than plowing maintain yield capacity.

performed by separate plows. This result was especially

evident in those areas where winter’s solid precipitation Data obtained by research institutions in the Asian and

comprised a considerable share (30 to 40 percent and higher)  European regions showed the following about the average

of total annual precipitation. increase in the yield of cereal crops resulting from the use of
the soil-conserving technology: in the steppe zone, increases

The level of plant residue left on the soil surface during of about 0.2 ton per ha; in the northern regions of

plowing helps in the conservation of the soil. Kazakhstan, 0.2 ton per ha; and in Western Siberia, 0.23 ton
per ha. Nevertheless, these average data are not the same

While with plowing, the nation’s estimated deflation-caused everywhere and every year.

soil losses ranged from 34 to 220 tons per ha per year,

conservation tillage, where stubble is left on the surface, Subsurface cultivation as an effective way to increase moisture

practically eliminated losses. content of the soil ensures the highest increase in yield

capacity of spring wheat in those years when a value of
Use of conservation tillage on the soils of Kazakhstan and hydrothermic coefficient (HTC) at the most important stages
Western Siberia helped to considerably diminish the effects of  of organogenesis of cereal crops does not exceed 0.6; under
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Puc. 19 Tunbl KynbTMBaTOPOB
Figure 19. Types of cultivators

KynbTusaTtop moaens 38
subsurface cultivator model 38

KynbTusatop mogenb 2 x 150
subsurface cultivator model 2 x 150

Cratba 5 4

LMpoKo3axBaTHaA 6opoHa mogenb 20
wide-level harrow model 20

LLII/IpOKO3aXBaTHbII7| KynbTuUBaATOpP MoAaesb 9
wide-level subsurface cultivator model 9

ceanka C3C 2,1
seeder SZS 2.1

ITouBosaniuTHas 06paboTka



favorable hydrothermic conditions of cultivation the
differences in yield capacity decrease, and in certain years
(HTC > 1.5 t0 2), and even with plowing, there may be an
increase in yield. Under the dry conditions of the Asian
steppe arable farming region, the probabilities of favorable
hydrothermie conditions for plant cultivation are not high,
and this leads to the average, over a period of many years,
advantage of subsurface tillage (moisture factor is at a
minimum). Where hydrothermic conditions for growing
spring cereal crops are more favorable, equal yields may be
expected from plowing and conservation tillage.

Data obtained for spring cereal crops at many of the nation’s
research institutions summarized by Professor D.E. Vanin,
may serve to a certain extent to confirm this proposition. For
instance, for spring wheat 97 trials showed an apparent
advantage of subsurface tillage over plowing (yield differences
exceed 5 percent). These data are obtained largely in the Asian
arable farming region. In 12 trials the differences were not
significant (less than 5 percent), but in 55 trials plowing
showed an advantage.

In 53 trials on spring barley (in the Asian arable farming
region ) a considerable increase was noted in the yield with
subsurface cultivation, in 104 trials the differences were
insignificant, and in 52 trials moldboard cultivation showed
an advantage.

Results mentioned by Professor N.K. Shikula concerning
the comparative study of plowing and subsurface cultivation
in the Ukraine (400 trials) indicate that in one-third of the
trials there was an advantage with subsurface tillage (in dry
seasons), for one-third the results were the same (in those
years with average moisture content), and for one-third
yield decreased under subsurface tillage (in years with

excess moisture).

Barley yields increase under subsurface tillage, with the
general average yield level at 1-2 tons per ha, whereas at a
yield level of 2.5-3.5 tons per ha there is an advantage with
the plowing methods. Hence, one can suggest that yield
increases with subsurface tillage when the role of moisture
content of soils during the yield build-up is predominant.

Transition to nonmoldboard cultivation’s soil-conserving
methods should be combined with the use of complex
technological and other techniques to effectively free fields of
weed seeds rather than suppress the weed growth in plantings.
A mechanical transition to subsurface cultivation, especially in
fields highly contaminated with weed seeds, will invariably
result in an intensive growth of weeds in plantings.

In the Poltava region it was postharvest semi-fallow tillage
in 5 crop fields of the 10-field crop rotation that freed fields
of weeds and established the basis for the transition to
nonplow tillage.

Conservation Tillage

In arid steppe areas of Western Siberia, Altai, and Kazakhstan,
where short-term (four or five crops) fallow cereal crop
rotations and an appropriate system of fallows, principal and
presowing tillages are applied, transition to nonmoldboard
cultivation does not lead to increased weediness beyond an
ecologically sustainable threshold.

More complex are the conditions in multicourse rotations (10
to 12 crops), including alternating cereals with arable crops in
the European arable farming region where, because of large
quantities of weed seeds in the soil, nonmoldboard cultivation
greatly enhances weediness. Under these conditions, the
transition to nonmoldboard cultivation should be combined
with more intensive weed control measures. Such transition
should first be accompanied by alternating plowing and
nonmoldboard loosening in crop rotations.

Observations made over many years in both the Asian and
European arable farming regions have shown that soil
conservation tillage kept the organic matter in soils,
promoting its buildup in the topsoil. On the common
chernozems of the European region, keeping mulch intact on
the surface and building up the organic matter in the topsoil
during conservation tillage increases viability and number of
earthworms—which on the whole is associated with a rise in
humus levels of the arable layer. In a number of trials of
conservation tillage conducted in the European region there
was a need to add nitrogen fertilizers to cereal crops.

In both Asian and European arable farming regions, no
considerable changes were noted either in soils’ phytosanitary
status or in infestation levels after plowing had been
substituted for soil conservation tillage.

It was shown that in some arable farming regions of the
European region, nonmoldboard cultivation with implements
did not properly loosen the arable layer of the soil to a level
adequate for plowing. This is attributable to weather
conditions prevalent in the fall-winter period in the European
part, where a thaw frequently occurred in fall and winter, and
rainfall caused self-packing of soils where nonmoldboard
cultivation was performed. As a result, in springtime, thawing
water in those fields that had undergone subsurface
cultivation did not easily percolate and there was an increase
in effluent when compared to those fields which had been
tilled with moldboard plows. Photos 5-3 & 5-4

Under such conditions, more effective fall nonmoldboard
cultivation is performed by implements having chisel-type
working elements.

These conclusions are supported by the data, which show that
while moving from steppe to forest-steppe and with an
increase in soil moisture content the differences between
nonmoldboard cultivation and plowing are smoothed over,
while in more humid zones (forest-steppe) marked advantage
enjoys a moldboard plowing,.
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O6061ennsie mpodeccopom [1.E. BanunbIM maHHbIE,
[TOTyIeHHbIE IS SIPOBBIX 3€PHOBBIX KY/IBTYP BO MHOTHX
HayIHO-HMCCIENCBATENbCKUX YIPEKICHISIX CTPaH

COIPY KECTBA, B ONIPEeJIEHHOI Mepe MOTYT CIIY KUTh
[TOATBEPIKICHUEM ITOTO MOMoKeHus1. Tax, Ijist SpoBoi
IIIIEHHUIBI B 97 ONBITaX BBISBICHO SIBHOE IIPEUMYILIECTBO
[UIOCKOPE3HOT 00pabOTKY MO CPABHEHUIO CO BCITAIIIKOM
(pasmuyus B ypoXKaifHOCTH IPEBBIIIAIOT 5%). OTH TaHHbIE
[TOTyIeHBI B OCHOBHOM B a3MaTCKOM PETHOHE 3eMJIeIe/IHs
cTpaHblL B 12 onbITax pasauyus ObUIM HECYIeCTBEHHbI
(menee 5%) ¥ B 55 OIbITaX OTMEYEHO IIPEUMYILIECTBO
BCIIAIIIKH.

Jist sIpoBOTO sTYMEHS B 53 OMbITax (a3MaTCKUIT PETHOH
3eMJIefIe/IHsI) YCTAHOBJIEHO CYIIECTBEHHOE IIPEBbIIIICHIEe
YPOSKaHOCTH MIPH IVIOCKOPe3HOiT 06paboTke, B 104 -
pasin4us 6bUIM HECYIIIeCTBEHHB], @ B 52 OIBITAX BBIABICHO
MIPeUMYIIeCTBO BCHAIITKN OTBAJIbHBIMU TUTyTaMMU.

[Ipusenenusre npodeccopom H.K. Ilkynoit pesynsrars
CPaBHUTETIBHOTO U3yUeHHsI BCIAIIKHU U IUIOCKOPE3HO
0o6paboTku B Ykpause (400 onbITOB) mOKasanu B 1/3
OIIBITOB MIPEUMYIIECTBO IIIOCKOPE3HOM 06paboTKH (B
3aCyLIUBBIE TOMIBI), B 1/3 pesynbraThl ObLIH
PaBHOSHAYHBIMU (B CpPeTHHE 10 YBIa)KHEHHIO TOABI) U B 1/
3 OTBITOB OBUIO YCTAHOB/ICHO CHIDKEHHE YPOXKAITHOCTH
[IPU [UIOCKOPE3HOT 06paboTKe (romnp! ¢ H3OBITOYHBIM
YBIQ)KHEHHEM).

YBenmuyenue yposkailHOCTH sTYMEHS IIPU IUVIOCKOPE3HOM
06paboTKe HabGIIOTAETCS IPH 001I[eM CpeTHeM YPOBHE
ypOKaitHOCTH OT 1 10 2 T/Ta, IpU YPOBHE YPOXKAITHOCTH OT
2,5 1o 3,5 T/Ta yCTaHOBJIEHO MPEUMYIIeCTBO BCIAIIIKN.
OTcroma MOYKHO TIPeAIIONIOKHUTH, YTO CKOpee BCEro
pubaBKy ypoyKast IPH IIOCKOPE3HO 06paboTKe TOYBBI
IIOJTy4aloT B YCTIOBUAX, KOTZIA POJIb 3a11aCOB BJIATH B ITOYBE
B GOPMHUPOBAHNH YPOXKast SIBJISIETCS IPe06IagaroIeit.

[epexop Ha TTOYBO3AIIUTHBIE TPHEMbI 06Pa6OTKH TTOYBBI
6e3 060poTa TUTACTA HEOOXOMMMO COYETATh C IPOBENEHNEM
KOMIUTEKCa arpOTEXHUYECKUX U IPYTUX IPHUEMOB TI0
a(hekTUBHOI OYUCTKE MMOJIEIT OT CEMSIH COPHBIX
pacTeHuit, a He MPOCTO MOAB/IATH PA3BUTHE COPHSKOB B
mmoceBax. MexaHHYeCKHUI [TePeXOf] Ha ITOCKOPE3HYIO
06paboTKy, 0COOEHHO Ha MOJSX, UMEIOIIIUX BBICOKHE
3aImacel CeMsIH COPHIKOB B IIOUBe, Bcerzia Oyzer
CIocoOCTBOBATh HHTEHCHBHOMY POCTY 3aCOPEHHOCTH
II0CEBOB.

B ITonTaBcKoit 06/1acTH IMEHHO KadeCTBEHHOE
IIpHUMeHeHHe OIyIapoBoit 06paboTKHU B
0C/Iey6OPOYHBIIT ITIEPHOT, B IIATH TIOJISAX JeCATUIIOBHOTO
€eBO06OPOTA 06ECIIEUIO CYIeCTBEHHYIO OUHCTKY II0JIeH
OT 3aI1acoB CEMSTH COPHSKOB B IIOUBE, YTO U CO3[AJIO
OCHOBY IJIs1 TIepexofia Ha 6eCIUTy )KHYI0 00paboTKy.

Cratba 5

B 3acynumMBbIX CTENHBIX paitoHax 3amagHoi Cubupw,
Anras u Kazaxcrana npu co6/IioieHiur KOPOTKUX
(geThIpex-, MATUIIOIBHBIX) 3ePHOMTAPOBBIX CEBOOOOPOTOB
1 COOTBETCTBYIOIIEH CUCTEMbI IIAPOBBIX, OCHOBHBIX U
MIPEOCEBHBIX 06PabOTOK ITOYBBI B CEBOOOOPOTE TIEPEXO]
Ha IUIOCKOPE3KYI0 00pabOTKY He BeleT K YBeTMIEHHIO
3aCOPEHHOCTH BBIIIIE IKOJIOTUIECKOTO ITOpOTa
BPEIOHOCHOCTH.

Crio)KHee CKJIa/IbIBAIOTCS YC/IOBUS B MHOTOIIO/IBHBIX (10-12
I10JIelT) 3ePHOIPOIIAIITHBIX CEBOOOOPOTAX EBPOTIEHCKOTO
pernoHa semIefie/vsL, Tae 0COOEHHO IPU BHICOKHUX 3aImacax
CeMSH COPHSKOB B ITOYBe TepeXofi Ha IIIOCKOPEe3HYI0
06pabOTKY CYILIECTBEHHO YCHIMBACT 3aCOPEHHOCTD
II0CEBOB, 0COOEHHO IPOIIAIIHBIX KY/IbTYp. B aTHxX
YCIOBHSIX IIEPEXOf] Ha INIOCKOPE3HYI0 06paboTKy OYBEI
IOJKeH COMTPOBOXKAATHCA YCHIEHHEM Mep M0 OUYHUCTKe
TI0JIel OT ceMsH COpHAKOB. OTCIoNa Ha ITepBOM JTalle
TaKO¥ IIepexoyi BKIIoYaeT YepenoBaHme B CeBO0OOpoTe
BCIIAIIKY (B YHCTOM IApPY, IO IPOTIAIIIHEIE,
3epHOO060BbIE U KPYIISHBIE KYIBTYPBHI) U 6€30TBAIBHOTO
PBIX/IeHUS (IO OHOIETHHUE TPABBI, IPOBbIE 3€PHOBBIC U
O3HMMBbIe KYIBTYPBL).

MHorojeTHHe HabTIONEHY S, IPOBECHHbIE KaK B
A3MaTCKOM, TaK U €BPOIIEICKOM pEervoHe 3eMJIefleNA,
MOKa3aJIH, YTO TOYBO3aIUTaast 06paboTKa co3maeT
YCIOBUA /1A COXPaHEHUA Y HAKOIUIEHUA OPTaHUYECKOTO
BeIleCTBA B [I0YBe, 0COOEHHO B BepXHeM ee cyioe. Ha
YepHO3eMax OOBIKHOBEHHBIX eBPOTIENCKOTO PernoHa
COXpaHeHHe Ha ITIOBEPXHOCTU MY/IBYU U HaKOIUIEHUE
OpPTraHUYEeCKUX BEILIECTB B BEPXHEM ITOYBEHHOM CJI0€ IIPU
[TOYBO3AITUTHBIX 06PabOTKAX TO3BOISIOT
AKTUBU3UPOBATDH JKUSHENEATETbHOCTb U POCT
YHUC/IEHHOCTU JOKIEBBIX YePBE, 4TO B LI€JIOM
COIIPOBOYKIAETCA YBEIMYEHUEM COflep)KaHUs T'yMyca B
IIaXOTHOM cJ10€. B psAne uccaeqoBaHuil TOYBO3alIUTHON
00pabOTKU B eBPOIIENICKOM PEerrOHe BbISIBIEHA
HeOOXOIMMOCTbh JOIIOJIHUTEIFHOIO BHECEHUST a30THBIX
ynoOpeHHiT IpU BBIPAIIIMBAHUN 3€PHOBBIX KY/IBTYP.

Cy111eCTBEHHOTO H3MeHEHHsI GUTOCAHUTAPHOI
06CTaHOBKH IIOYBBI, @ TAK)KE YBETHICHHUS YUCTIEHHOCTH
BpefuTesIel IpY 3aMeHe BCIAIIKHY Ha ITOYBO3AIUTHYIO
06paboOTKy KaK B a3HaTCKOM, TaK M €BPOIEIICKOM PETHOHE
3eMJIefle/IUs He yCTaHOBJICHO.

[ToxasaHo, YTO B HEKOTOPBIX 3eMJIEIEIBIECKUX 06TACTSIX
eBPOIIEIICKOTO PerHOHa 06paboTKa ITOCKOPEXXYIIUMHU
OpYAUSAMH He 06eCriednuBaeT aeKBaTHOTO BCITAIIIKE
PBIXJICHUS TAXOTHOTO C/10sI TT0YBBL. CBSI3aHO 9TO €
ITOTOTHBIMH 0COOEHHOCTSMU OCEHHE-3UMHETO TI€PHUOofa B
eBPOIIEIICKOM PETHOHE, I7ie YaCThIe OTTEIEIN B 3TO BpeMs
U BBIMAfIAIOLINE OCATKH CITOCOOCTBYIOT 60jIee CHIbHOMY
CaMOYIUIOTHEHHIO ITOYBBI TPH 6€30TBATBHBIX 00PabOTKAX.

ITouBosaniuTHas 06paboTka
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3emnenenua CHI

Table 2. Major agroclimatic features of Asian and European arable farming regions of CIS

PervnoH, ctpaHa Tennoobecrne4eHHOCTb

BraroobecrieyeHHOCTb

coapyxecTtsa Heat availability Moisture availability
Region, CIS
Country CymMmMma Temnepartyp npoaooSHKUTENIbHOCTb  rogoBaA cyMmMma BbICOTa CHE>XHOro
Bbiwe 10° C BereTaunoHHoOro 0CcagKoB, MM NMOKpPOBa, CM
Sum of temperatures nepuoaa, 4Y1cro Annual rainfall, mm Snow cover thickness,
above 10°C OHeu ¢ cm
Temneparypon
Bbiwe 10°C
Growing season,

number of days with
temperatures above
10°C

A3naTcKui permoH / Asian Region/Country

3anagHaa Cubupe  1700-2000 115-120 gHewn 350-400 Mm 35-40 cm
Western Siberia 1,700-2,000 115-120 days 350-400 mm 35-40 cm
CeBepHbll 2000-3200 125-120 gHew 250-350 mm 20-30 cm
KasaxcTaH

Northern 2,000-3,200 125-120 days 250-350 mm 20-30 cm
Kazakhstan

EBponenckuin pernoH / European Region

CrenHan 2200-3450 138-199 gHen 300-500 MM 10-60 cm
Steppe 2,200-3,450 138-199 days 300-500 mm 10-60 cm
JlecocTenHan 1600-3400 106-188 gHen 400-600 MM 25-80 cm
Forest-steppe 1,600-3,400 106-188 days 400-600 mm 25-80 cm
JlecHan 2200-3450 100-163 gHen 500-800 Mm 20-80 cm
Forest 2,200-3,450 100-163 days 500-800 mm 20-80 cm

While cereal spike crops in soil conservation tillage in steppe
and forest-steppe zones of the European arable farming region
yield, as a rule, either as much as or more than crops under
plowing, the yields of certain arable crops (sugar beets, corn
produced for grains, etc.) under trials are sharply reduced
when soil conservation tillage is used.

The causes of such a decrease in yield can be extremely varied:
for instance, they include incomplete scarifying and
crumbling of the arable layer, increased weediness of fields,
and the need to change the ratio of applied mineral fertilizers.
Long term use of conservation tillage in cultivating crops
remains under dispute.

In the Asian arable farming region under the steppe
conditions of Western and Eastern Siberia and Kazakhstan,
nonmoldboard cultivation replaced plowing in the 1960’s-
1970’s and has been in use for more than 20 years in
growing cereal crops in the 4- to 6-course fallow cereal
crop rotations. Provided that soil conservation technology

Conservation Tillage

to grow cereal crops were strictly followed, there would be
no negative phenomena to alter soil fertility. According to
Yu. B. Moshchenko, studies conducted under static
conditions showed that consistent use of nonmoldboard
cultivation in the cereal-fallow crop rotations furthered the
increase in soil fertility.

Some scientists think that along with consistent use of soil-
conserving subsurface tillage resulting from fallow-cereal
crop rotations, plowing should be done at regular intervals.
Nevertheless, such proposals are not yet included in the
recommendations made by research institutions of the
Asian region.

The share of conservation tillage in crop rotations practiced in
the European region varies along with soils, climate, crops to
be grown, and other zonal features of arable farming. Under
arid steppe conditions, where cereal crops (winter and spring
ones) are generally grown, conservation nonmoldboard
cultivation is the tillage system used most. With high
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B utore BecHOT1, Ha MOJISIX, r7e ObIIa IPOBeIeHa
IUTOCKOPe3Hast 06paboTKa MIOYBBI, YXYIIIACTCS
BIIMTBHIBaHHE TATBIX BOJI, BO3PACTaeT CTOK IO CPABHEHHUIO C
IOJIAMH, BCITAXaHHBIMU OTBaIbHBIMU IUTyTaMU.

B Takux ycnoBusx 6oiee addekTHBHOE OCeHHee PHIX/ICHUE
II0YBBI 6€3 060pOTa IUIACTA JOCTUTAETCS OPYIHUSAMU C
pabounMu OpraHaMy IM3eTbHOTO THIIA.

ITH MOJIO>KEHUS TTOATBEPIKIAIOTCS JAHHBIMH,
[TOKA3bIBAIOII[MMH, YTO C ITEPEXOTIOM OT CTEIH K JIECOCTENN
U yBEJTMYEHNEM YBJIaKHEHHS Pas/IHIS MEXIY
6€30TBaIbHBIMHU CIIOCOOAMHU PBHIX/ICHHUS TOYBBI 1
BCIIAIIKOI CITIAXKUBAIOTC, U B 60ee YB/I&)KHEHHOM 30HE
(71ecocrenn) MPOCIEKUBAIOTCS MIPEUMYIIIECTBO BCIIAIIKH
OTBa/IbHBIMU ITyTaMH.

Ecnu sepHOBBIE KOJIOCOBBIE KY/IBTYPBI IIPU
IIOYBO3AIIUTHON 06pa60TKe B CTEIIHOM U JIECOCTEITHOM
30HaX eBPOIENCKOTO PETUOHA 3eMJIENIe/IN A, KaK IIPaBUJIO,
JAIOT WM PaBHBIN ypOyKall B CpPaBHEHMM CO BCIIALIIKOM, MIN
BBIIIIE, TO HEKOTOPbIe TPOMAIIIHbIE KY/IbTYpPhI (caxapHast
CBEKJIa, KYKYpPy3a Ha 3¢PHO U Ip.) B OTAETbHBIX CTyJasx
PE3KO CHMYKAIOT YPOKAMHOCTD IIPHU ITOYBO3AIIUTHON
06paboTKe oJIeN.

[TpHYHMHBI TAKOTO YMEHbIIIEHU YPOXKAITHOCTH MOTYT OBbITH
BeCbMa Pa3/IM4Hbl, HAIIPUMEP: HENOCTATOYHOE PBIXJIEHNE U
KpoIlleHre 06pabaTbIBaeMOr0 C/I0SI ITOUBBI, YBE/THICHHE
3aCOPEHHOCTH I10/I], HeOOXOIUMOCTb U3MEHEHHA B
COOTHOIIEHNH UCIIOIb3yeMbX MHHEPa/IbHBIX yIOOPEHHIL.

JMCKyCCMOHHBIM OCTA€TCS II0Ka BOIIPOC O BO3SMOKHOCTHU
IUTUTETLHOTO TIPUMEHEHUS IIOYBO3AIIUTHOI 06paboTKU
IIPU BO3/I€/IbIBAHUU CEIbCKOXO3AMCTBEHHBIX KY/IBTYP.

B a3naTckoM pernoHe 3eMjefie/ sl B CTEMHBIX YCIOBUAX
3amannoii, Bocrounoit Cubupu u Kaszaxcrana
IUTOCKOpe3Hast 06paboTKa CMeHMIA BCITAIIKY B 60-70-¢
rozmbl U yxe 6osee 20 JIeT ee IPUMEHSIOT IIPU
BO3JIe/IBIBAHUH 3€PHOBBIX KYJIBTYP B YeThIpeX
IIIECTUITONIHBIX 3ePHOMAPOBBIX ceBoobopoTax. [Ipu
TIIATe/IbHOM COOTIONIEeHUH II0YBO3AIIUTHOM TEXHOTOTUH
BO3JIe/IBIBAHUS 36PHOBBIX KY/IBTYP KaKHX-THOO
HeTAaTUBHBIX ABJIeHUI, U3MEHSIONINUX TUIOTOPOANeE IT0YB,
31ech He ycTaHoBeHO. [To manubim I0.b. Morenxko,
CTaI[MOHAPHBIE UCCIeNOBAHMS, IIPOBeIeHHbIe B 3aagHOM
Cubupu, MOKasbIBAIOT, UTO ATUTETbHOE MHOTOIETHEE
MpUMeHEeHHeE IIOCKOPE3HBIX 00PabOTOK B 36PHOITAPOBBIX
CeBO06OPOTAX CIIOCOOCTBYET HOBBILIICHUIO TUIOOPOHUS
TIOYB.

HeKOTOpre y4d€Hbl€ I10/1araroT, YTO IIPpU A/IUTE/IbBHOM

HCII0/Ib30BAaHUHU ITI0YBO3AIIMTHON IVIOCKOPE3HOM
06pabOTKH B 9ePHOIIAPOBBIX CEBOOOOPTAX HEOOXOMMMA

Cratba 5

Doro 5-2. B JlokyyaeBCKOM Hay4HO-UCC/IE0BATENbCKOM UHCTUTYTE
ce/bCKoro xo3stitcTBa LleHTpabHO-UepHO3eMHOTO PernoHa yueHble
HCIIONB3YIOT 2-X jleMenHblii Iyr (doto 5-3) u nuckoyio 60pony (doto
5-4) IIs1 TIOATOTOBKHM MAIIHU K OCeHHeMy ceBy. O6a MeTo/ia OCTaBIIsIOT
ouTH 80% pacTUTEILHBIX OCTATKOB HA IIOBEPXHOCTHU MOYBBI /151 60PHOBI
¢ aposueit. (Poro Tuma MaxKeit6a)

Photo 5-2. At the Dokuchaev Research Institme of Agriculture for the Central
Black-Soil Area researchers use a 2-bladed sweep (Photo 5-3) and a paraplow
(Photo 5-4) to prepare cropland for fall planting. Each tillage method leaves
nearly 80 percent of the previous crop residue on the soil surface o combat erosion.

(Tim McCabe phoro)

ITouBosaniuTHas 06paboTka



Puc. 3-30  BnuaHue konuyecTsBa pactuTesnbHbIX octaTkoB (R)
Ha NOBEPXHOCTU NOYBbI HA YPOBEHb 3po3un (Q)
Figure 3-30. Change of erodibility (Q) as affected by the
amount of plant residues (R) on the soil surface
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moisture content of soils and an increase in the number of
fields under arable crops in the crop rotation, plowing is more
widely used, and here the use of a combination of different
tillage methods in the crop rotation is more effective.

L.E. Shcherbak and N.K. Shikula prove the possibility and use
of perennial application of conservation tillage in growing
cereal and arable crops in long-term (10 to 12 fields) crop
rotations of the steppe and forest-steppe area of the Ukraine,
but this point of view so far has not been recognized by
scientists and producers of the European arable farming
region. There the majority of researchers recommend either
regular plowing or a combination of nonmoldboard
cultivation along with plowing.

Conservation Tillage

Conclusion

In general, the advantages of soil conservation tillage are
evident: erosion processes are sharply slowed down, and the
moisture regime of arable lands is optimized. As a result of
such tillage in steppe areas, the possibility of attaining
uniform germination of cereal crops under normal conditions
set for seedbed moistening is increased, and yields increase.

It is important to keep in mind that conservation tillage
methods require maintaining a firm adherence to techno-
logical discipline in growing crops. Even under the conditions
of the Asian arable farming region, violating soil conservation
techniques to prepare fallow and non-fallow precursors often
leads to rapid growth of negative consequences (weediness,
soil packing, etc.), requiring the use of herbicides or return to
plowing. Ignorance concerning technological requirements of
soil conservation tillage, especially in the more humid areas of
the forest-steppe zone and non-chernozem European region,
often causes intensive weed growth in plantings and a return
to conventional plowing.

In addition, in the European arable farming region, where
plowed soils comprise 82 percent of the agricultural acreage,
the share of arable crops in the sown area is great; frequently
they are grown on 1- to 5-degree slopes (over half of plowed
soils are on such slopes). Soil conservation cannot be based on
conservation tillage alone. Under these conditions only a
complex system of measures, including optimum crop
rotations for soil fertility and an erosion-preventive land
organization, along with a soil conservation technology to
grow crops, is capable of ensuring soil conservation.

To expand the use of soil conservation tillage in the

area’s arable farming, it is necessary to further improve
and differentiate the methods of such tillage applicable

to zonal and n~crozonal soil- and climate-specific features
of cultivation.
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repropndecKast Bcramka. OqHako B peKOMEeHIAIHsIX
HAyYHBIX YUPEXK/ICHHIT a3UaTCKOTO PerMoHa TaKue
IIPEIJIOKEHUSI TOKA OTCY TCTBYIOT.

YnenbHbIN Bec ITOYBO3AIUTHOMN o6pa60T1<14 B
CeBOO6OPOTaX eBPOIIEIICKOTO PErOHa BapbUPYET B
3aBHCUMOCTH OT [T0YB, K/IMMaTa, BO3/IE/IBIBAEMBIX KYIBTYP
U IPYTHX 30HaJbHBIX 0COOEHHOCTEl 3eMIenenus. B
CTEIHBIX 3aCYIUIUBBIX YCIOBUSIX, TTie IIPEUMYIIeCTBEHHO
BO3JIE/IBIBAIOT 3€PHOBBIE KYIBTYPBI (03UMBIE U SIPOBBIE),
Haubosiee BLICOKAS OIS B CUCTeMe 0OpabOTKH MTOYB
[IPUXOAUTCS Ha TOYBO3AIUTHBIE ITIOCKOPE3HbIE
06paboTKH. B ycI0BHSX 60IBIIOTO YBIaXKHEHHS U C
yBeIHMYeHHEM YHCIA TOJIEH TPOMAIIHBIX KY/IBTYP B
€eBOO6OPOTE IINpe IPUMEHSIOT BCIAIIKY — 371eCh
Haubosnee a(pdekTUBHO coueTaHre B CEBOOOOPOTE
PasIMIHBIX CIOCO60B 06PabOTKM TTIOYB.

NL.E. lep6ax, H.K. llukyna nokaspIBaroT BOSMOXXHOCTb U
[T0/Ie3HOCTH MHOTOJIETHETO IIPUMEHEHUS TIOYBO3AIUTHO
06pabOTKH IPU BO3MIE/IBIBAHIH 3€PHOBBIX M IIPOTAIIIHBIX
KY/IBTYP B [UINTENbHBIX (10-12 moseit) ceBoo6opoTax
CTEIH ¥ JIeCOCTeH YKpausbl. OMHAKO 3Ta TOUKA 3PEHMHS
[TOKa He MOTYYIIa TOCTATOYHOTO IPU3HAHUS CPeut
YUIEHBIX U TPAKTUKOB €BPOIIEHCKOTO PETHOHA 3eMIICIe/IHSL.
3nech GOIBIINHCTBO UCCIENOBATE/IEN PEKOMEHAYIOT
coueranue (depenoBanue) 6€30TBaBHOI 00PabOTKY U
BCIIAIIIKH.

B 11e/10M BBIAB/IEHBI TPEUMYIIIECTBA ITOYBO3AIIIUTHO
006paboTKH, PE3KO 3aMeJISIONIIe PA3BUTHE TPOIECCOB
9PO3UH, ONTUMUIUPYIOIINE PEKUM BIAKHOCTHU MAXOTHBIX
3eMesib. B pesynbrate Takoit 06pabOTKH ITOUBBI B CTEITHBIX
parioHax yBe/IMYHBAETCA TapaHTUA ITOTYyYeHHS IPYKHBIX
BCXOJIOB 3€PHOBBIX KY/IBTYP BCIEICTBHE CO3TMaHUA
HOPMaJIbHBIX YCIOBUH YB/IaXKHEHUS IIOCEBHOTO CII0S
TIOYBBI, TIOBBIIITAETCA YPOYKAHHOCTE.

Ba)kHO UMeTh B BU/Y, YTO TOYBO3AIUTHBIE 0OPaOOTKH
TPeOYIOT COOTIOeHNST BBICOKOM TEXHOTOTHIECKOI
MHMCIUTUTUHBI TIPU BO3/e/IBIBAHUY CETbCKOXO3SHCTBEHHBIX
KyZBTyp. [laXke B YCIOBUAX a3MATCKOTO PerioHa
3eMJIefie/THsI HapyIlIeHHe TOYBO3AIUTHO TeXHOIOTHH
MTOAITOTOBKU ITapa ¥ HEMAaPOBbIX MPeIIIeCTBEHHUKOB YaCTO
IIPUBOIUT K OBICTPOMY POCTY HETATHBHBIX ITOCTEICTBHIT
(sacopeHue, yIUIOTHEHHUE TIOYB U T.1.), TPEOYIOIINX
MIpUMeHEeHUsI TepOUIMIOB WIK BO3BPATa K BCITAIIIKE.
HecobtoneHue TeXHOTOTUIECKUX TPeOOBAHMIT K
MTOYBO3AITUTHOIN 06paboTKe, 0CO6EHHO B 60jIee BIAKHBIX
paiioHax jlecocTenIHOM 30HbI U HeyepHo3eMbs
eBPOIIEIICKOTO PETHOHA, YaCTO 0OYCTIOBIMBAET
MHTEHCUBHOE 3aCOPEHNE ITOCEBOB U TAK)Ke BO3BPAT K
TpPagULIMOHHON BCIIAIIIKE.

Cratba 5

BmecTe ¢ Tem B eBponerickoM pernone semtenenust CHI,
i€ pacllaxaHHble 3eMJ/IM COCTaBIIAT 8§2% Iutoanyu
CeIbCKOXO03SIMICTBEHHBIX YTOIUM, a B CTPYKTYpPE IIOCEBOB
BBICOK YIETbHBIN BeC MPOMAIIHBIX KYIBTYP, KOTOPbIe
3aYaCTyIO PasMeIAIOT Ha CKIOHAX KPYTH3HOM oT 1 1o 5°
(Ha TakMe CKIOHBI IPUXOAUTCS 37eCh 0sIee TI0TOBUHBI
pacraxaHHBIX II0YB), 3a[UTA IIOYB OT 9PO3UU HE MOXKET
6a3UpPOBATHCS JIUIIID HA TOYBO3AIIUTHON 06paboTke. B
9THUX YCTOBHUAX TOTBKO KOMIUIEKCHASI CHCTeMa
MepOIPUATHI, BKTIOYAIOIIAs ONTHMaJIbHbIE CEBOOOOPOTHI
C y4eTOM IUIOIOPOIHSA OB U Pa3BUTHUS IPO3UOHHBIX
IIPOIIeCCOB, TPOTHBOIPOIUOHHYIO OPTaHU3AIIUIO
TepPUTOPUH, TOYBO3ALIUTHYIO TEXHOIOTHIO
BO3/Ie/IBIBAHUSA CeTbCKOXO3AMCTBEHHBIX KYIBTYP,
TUAPOTEXHIYECKHE U PUTOMETHOPATHBHbIE IPHEMBI U 1IP.,
CrIoco6Ha 06ecreynTh rapaHTHPOBAHHYIO 3AIUTY IIOYB OT
9PO3UMN.

Tis1 paciupeHus: HpUMeHEHUs [I0YBO3aIUTHOM
06pabOTKY B 3eMJIE[e/IMH CTPAH COIPYIKECTBA
HeOOXOIUMBI Ia/IbHENIIIee COBEPIIEHCTBOBAHUE U

nud pepeHnmans IpUeMoB TaKoit 06paboTKH
[IPUMEHHTETFHO K 30HA/IbHBIM M MUKPO30HA/IbHBIM
[IOYBEHHO-K/IMMATHIeCKUM OCOOEHHOCTSAM BO3JIe/IbIBAHMS

KYJIBTYP.
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Mennopaunﬂ HCPCYB]Ia)KHCHHI)IX II04YB FYMI/IJIHOﬁ 30HbI
B.C. Macnos, C. I. Cxoponanos*, II.H. Illkunxuc, O.B. Cxpunnux, A.H. Cmenanos

Pesrome

151 TSDKETIBIX TI0YB PEKOMEHIOBAHbI 3aKPBIThIE
cobupatenu (apeHsl ¢ GUIBTPYIOIIEH 3aChIIKOI) B
COYeTAHUM C IYOOKUM PbIXJIEHHEM II0YBBI. PaccMOTpeHbI
KOHCTPYKLUH BOLOOOOPOTHBIX OCYIIUTEIHHO-
YBJIOKHUTETbHBIX CUCTEM C THIPABIMIECKUMU
PeryIsaTopaMu ypoBHsI (THAPOABTOMATHI ), BOIIPOCHI
Menopauyu TOpGhAHBIX IOYB.

30Ha N36BITOYHOTO YBJIAYKHEHUSI IPOCTUPAETCS OT
banruiickoro mops 1o Tuxoro okeana. OcHoBHas
po6eMa MeTHOPAIMH Ha 3TOH OOIITUPHOIN TEPPUTOPHUH C
PasHOOOPa3HBIMHU TPHPOIHO-XO3SNCTBEHHBIMH
YCIOBUAMMU — OCYyIIIEHHE II€PeYBIa)KHEHHBIX 3€MeIb.

[T1o111a1h UX B COCTaBe CETBCKOXO3SMCTBEHHOTO (POHIa
Poccuu nipessitiaet 58 mtH ra. Kpome toro, 3nechk 0koito
110 mH ra 60s10T. bes ocyIieHns HETPUTOTHBI K
UCIIO/b30BAHUIO TOP(SIHbIE, T/IeeBbIE U IIeeBaThIe TOYBBI,
0COOEHHO TsDKeJIbIe U ITOCTUIAEMbIe
BOJIOHEIIPOHUIIAeMBIMU TPYHTaMU. Bo B/IayKHbIE TOABI
HeoOMpaIoT YpOyKail Ha I7IeeBaThIX CyIleCYaHbIX U
MeCcYaHbIX OYBaX.

HeycroitunBocTh Orofibl, 4acTas IOBTOPsEMOCTD
3aCYLUIUBBIX IIEPUONOB (IPOXO/DKUTENBHOCTHIO 10-30
CYTOK 1 6otee) Takke 06yCTIOBIMBAIOT CHIDKEHNE YPOXKasl.
3HaunTeTbHAs IUIOILIAb 3eMe/Ib CTPaJaeT OT HaBOJHEHUI,
BOIHOIT 9po3uu u aeduisnnu. [Ipeobmamaor 6enmble
IIUTATeIbHBIMU BellleCTBaMU MOYBLL. [ToaTOMYy 0cHOBa
COBPEMEHHON MeTMOPAIIUU 3eMe/Tb — KOMIUIEKCHOCTD:
OCyLLIEHUE IIPOBOJAT B COYETAHUU C
KY/IBTYPTEXHUIECKMMHU paboTaMu (OYHUCTKOM
CEIbCKOXO3AMCTBEHHBIX YTOAUM OT KYCTaPHUKOB U
KaMHeW, BbIpaBHUBaHUEM II0YB U np.), arpomeropanuen,
OpPOILIEHUEM, OKY/IBTypUBaHUEM I104YB U
MIPUPOJOOXPAaHHBIMI MEPONIPUATUAMU.

OCHOBHOI1 CITOCO6 OCYIIIEHHSI TOBCEMECTHO, KPOMeE
pafioHOB ¢ MHOTI'OJIETHEMEP3J/IBIMU IOPOLAMU, — 3aKPBITHII
Tpy6uarsit nperax. B CHI us 16,7 MyIH. ra OCyIlIeHHBIX
3eMeJIb Ha ero fojro npuxogurcs 11,78 mutH. ra, nau 70%.

OpueHTHPOBOYHbIE 3HAYeHUA PACCTOSHUN MEXKIY
OpeHaMU JIf Pas3HbIX IT0YB CJIETYIOIIUe: TeCOK
MeIKO3epHUCTBII — 30-40 M, CyIiech U JIETKUIT CYIJIMHOK —
16-30, Topd HUBHHHBI — 16-40, CpenHUI CYI/ITMHOK — 12-
20, TSKe/IbIi CYIJIMHOK U IJIMHA — 6-12 M.
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MuHUMaIbHBII fUAMETP IPeH U3 KepaMHIeCKuX Tpy6 — 50
MM. MccmenoBaHnsAMH yCTaHOBIIEHA 11€/IeCO0OPasHOCTD
yBeIHYeHUA IUAMEeTPOB JpeH. 3aKOHOMEepPHOe BO3pacTaHHe
BOJ03aXBaTHOI CIIOCOOHOCTH 10 MePE YBeTHICHHUS
nuaMeTpa HaO/MIoaeTCsl Kak IIPU TOHYapHOM, TaK U IIpU
IUTACTMACCOBOM JIpeHa’ke.

B nocnenuue ronpl 66uU1a n3ydeHa 3¢ GeKTUBHOCTD
[IACTMACCOBOTO JIPEHAKa B Pa3HbIX IOYBEHHO-
KIMMaTUIeCKUX PAaiOHAX CTPAHbI.

Hcnonp3oBaHMe IIaCTMAcCOBOTO IpeHaka IPU OCYIIeHUN
mocrernieHHO Bo3pacTaeT. Ha Caxanue u B Xab6apoBCKOM
Kpae, rae He ObUTO JaBHUX TPAJULIMI IPUMEHEHUSI
TOHYAPHBIX TPYO, IVIACTMACCOBBIIT JPEHaX Y)Ke HeCKOITBKO
IeCATUIETUI — OCHOBHO CITIOCO0O OCYILIEHHU .
IInacTmaccoBble TpeHsl, UMeIOIIHe IIOIATh
BomornpueMHbix orBepcruit (F) 6osee 40 cm?/M, OTBOIAT Ha
30-50% 6ombIiie U3OBITOYHBIX BOI, Y€M FTOHIAPHBIE IPEHbI
TOTO >Ke TuaMeTpa. ITO CKa3bIBAETCS U Ha MHTEHCUBHOCTHU
CHIDKEHHA YPOBHS I'PYHTOBBIX BOJI, O YeM
CBUIETEILCTBYIOT TaHHbIE, TOTyYeHHbIe Ha CYTJTMHUCTOM
mouBe B PwkckoM parione JlarBuu (Tabm. 1).

Haub6osnee octpoit HayqHOI TPO6IEMOIT MeTHOPALIUU
OCTAeTCs OCYILIeHNe TSDKEIbIX TI0YB. MHOTO/IeTHIE
HccIenoBanus, nposeneHHole B JlarBuu, [IckoBckoii,
Bragumupckoit, CMOIEHCKOI 1 Apyrux ob6macTsax Poccuwy,
moaTBepAnn 9P eKTUBHYO pabOTy TPaHIIEIHOTO
IpeHa’ka BO BCeX IPYHTAX ¢ K0adbuimeHToM GUIbTpannm
(K) mo 0,02 - 0,06 m/cyT mpu 0becriedeHHH OTBOA
ITOBEPXHOCTHOTO CTOKA U IIPOBENEHUH TTYOOKOTO
PBIXJICHUS TTOYBBL.

06 a¢pdbexTUBHOCTH OpeHaXa, YIO)KEHHOTO TPAHIIIEHHBIM
Cr1oco60M, CBUIETE/IbCTBYIOT BBICOKIIE 3HAYCHHUS MOIY/IEH
APEHaKHOTO CTOKA, IIOTyIeHHbIe B Pe3y/IbTare
MHOTOJIETHUX HaOTIONEHUI Ha TSDHKETOCYTTIHHUCTHIX
IJIeeBATHIX ITOYBAX B MOCKOBCKO# 1 CMOJIEHCKOM 00/1acTAX
(Tabm. 2).

Menee usydeHa a¢hbeKTHBHOCTD 6eCTPAHILICITHOTO
IJTACTMACCOBOTO OpeHaka. MccaenoBanusamu A. M.
CMHpHOBA ITOKa3aHO, YTO Ha IUTOTHBIX TSKEJIbIX CYNecaX U
nerkux cyrmHkax (K = 0,1-0,3 M/cyT) ocyrmaroriee
meiicTBUe 6eCTPAHIIIEIHOTO JpeHaka [0 CPAaBHEHUIO C
TpaHILIENHbIM CHIKaeTcs Ha 20-30%.

Memiopauys nepeyBia>KHEHHBIX II0YB I'yMHIHOM 30HbI
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Abstract

Buried collecting pipes (drains with permeable backfill)
combined with subsoil plowing, are recommended for heavy
soils. Water rotation drainage-irrigation systems with
hydraulically operated, level-regulating devices (a hydraulic
automatic installation), along with issues related to peat land
reclamation, are considered.

A zone of excessively moist soils stretches from the Baltic Sea
to the Pacific Ocean. The main problem for land reclamation
over this wide expanse, with its diverse natural and economic
conditions, is drainage to remove surplus water.

The acreage of such lands, which are considered part of the
total agricultural lands of Russia, is over 34 million hectares
(ha). In addition, the zone includes over 110 million ha of
marshland. Without drainage, peaty, gley, and gleyish soils,
particularly heavy ones and those with impervious subsoil, are
not fit to use. In rainy seasons there are shortages in crop
yields on gleyish loamy sands and sandy soils.

Fluctuations in climate, as well as frequent recurrence of
droughts lasting 10 to 30 days or more, also result in
reduced yield. This large area suffers from floods, water
erosion, and deflation.

Nutrient-poor soils are prevalent. Therefore, there should be a
multifaceted approach to land amelioration. Drainage should
be carried out along with cultural amelioration (freeing the
agricultural lands of shrubs and stones, land leveling, etc.),
land reclamation, irrigation, soil development, and nature
conservation measures.

Subsurface pipe drainage is the major method of draining the
area except for those regions with permafrost soils. In the
former Soviet Union, of the total drained land area of 16.07
million ha, the share with subsurface pipe drainage totals
11.78 million ha, or 70 percent.

Approximate distances between drains for various types of
soils are as follows:

- Fine sands, 30-40 m;

- Loamy sands and light loams, 16-30 m;

1 Underlined numbers in parentheses cite sources listed in the References
section at the end of this article.
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- Lowland peats, 16-40 m; and
- Medium loams, heavy loams, and clays, 6-12 m.

The minimum diameter of clayware pipe (tiles) is 50 mm.
Studies have shown that increasing the pipe diameter of tiles
and polyvinylchloride, or PVC, pipes leads to an increase in
their water-catching capacity.

In recent years, the efficiency of PVC pipe drainage has been
verified under various soil and climatic conditions.

The use of PVC pipe drainage is gradually gaining popularity.
For instance, in Latvia its share was as small as 17 percent in
1984, while in 1987 it had reached 47 percent, and in 1990 it
was nearly 60 percent. On Sakhalin Island and in the
Khabarovsk Territory in which there was no tradition of using
clayware pipes, PVC pipe drainage has been a major method
employed for several decades.

PVC drains having water entry slots (F) of over 40 sq. cm./m
divert surplus water in an amount 30-50 percent higher than
when tiles of the same diameter are used. They exert an
influence on the rate of the decrease in the groundwater table,
indicated by the data obtained in clays of the Riga area in
Latvia (Table 1).

In studying land reclamation, drainage of heavy soils is the
most acute challenge. Studies conducted over a period of
many years in Moscow, Vladimir, Smolensk, and other
regions of Russia confirm the efficiency of trenching in all
types of soils with the coefficient of permeability (k) being up
to 0.02 to 0.06 m/day, provided surface flow and deep subsoil
loosening are ensured.

High values for the moduluses of drainage efficiency are
obtained on the basis of perennial observations of heavy,
loamy, gleyish soils of the Moscow and Smolensk regions

(Table 2).

The efficiency of trenchless plastic pipe drainage has been less
thoroughly studied. Research carried out by A.M. Smirnov
showed that in hard, heavy, loamy sands and light clays
(k=0.10.3 m/day), 2030 percent less drainage was achieved
than with trench drainage. Trenchless drainage was less
effective than trench drainage in diverting water. Through
studies conducted in the Russian Federative Republic (the
Leningrad, Moscow, and Smolensk regions, and Khabarovsk
Territory), Latvia, and Lithuania, the following ratios were
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becrpaneiiHplil ApeHaK Xy>Ke OTBOLUT BOLY, Ye€M
TpaHIeNHbIN. MccrenoBanusaMuy, BEIIIOTHEHHBIMU B
Jlenunrpackoii, MockoBckoit 1 CMOJIEHCKOT 06/1acTAX U
XabapoBCKOM Kpae, yCTaHOB/ICHO CIeAyIolee
COOTHOIIIEHHE MEXIY 00BEMOM JPEHa)KHOTO CTOKa
TPAHIIIEHHOTO U 6eCTPAHIIIENHOTO ApeHaKa:

MeIKO3epHUCTBII IIeCOK, CYIIECh 1,06-1,25
Jlerkuii CyrJmHOK 1,11-1,37
TsKesblit CYTTHHOK 1,33-1,94
TsKesblit CYTTMHOK U JIeTKasl ITMHA 1,82-3,45

Bosb110it pa3ébpoc 3HaueHHiT BIIOTHE 0ObSACHSIETCS
HEOZHOPOIHOCTBIO IPYHTOB, Pa3HbIM Ka4eCTBOM
CTPOUTENbCTBA IPEH U PA3IMYHOM METOIUKOM
HCC/IeIOBAHUM.

BecrpanieitHplit peHaXk Ha TspKeabx mouBax (K<0,1 m/
CYT) IEHCTBYeT B 2-3 pasa, a Ha JIETKUX, CyIJIMHUCTBIX
(K=0,5-0,8 m/cyT) B 1,2-1,3 pasa crabee, 1eMm
tpauteinbii (Ikunakuc, 1988).

Ha nousax ¢ K<0,3 M/cyT Heo6X0nMMO CryIiieHue
6ecTpaHIIIeITHOTO IpeHaKa B 1,5 pasa, 4To BeeT K €ro
ynopoxanuto. (bumrod u mp., 1988). [JokasaHo, 4To Ha
HanbaeM BocTOKe B OCTPYKTYPEHHBIX TSKEJIbIX II0YBAX C
WUTIOBUAIbHBIM TOPHU30HTOM ITOBBIIIIEHHOM
Bonomnpouunaemoctu (K = 0,15 -0,4 M/cyT)
6eCcTpaHIIIeNHbIN IPEHAX TPAKTUIECKH 9KBUBAIEHTEH
TpaHIIENHOMY.

[ IpUMeHeHYs IpeHayka Ha IIepeyBIaXKHEHHBIX 3eMJISX
PEKOMEHOBaHa equHast KIacCuUKALUA [10YB 110
BOJIOIIPOHMI[AEMOCTH. B ee 0CHOBY IO/IOXKEHA OIIEHKa
BOJIOIIPOHMI[AEMOCTH HAUMEHEe BOIOIIPOHHUIIAEMOTO
ropusoHTa (10 BCEH TOJILUHE OT [IOBEPXHOCTHU 3eMJIU 110
DIyOUHBI 3a/I05KEHUS IPEH ), YTO HAIIPABJIEHO Ha
noBbIlieHre 3(pHEKTUBHOCTH IpeHaxa, “B 3a1ac
MIPOYHOCTH .

[Ipu 9TOM BBIAE/ISIIOT CIEAYIOLIIE KATETOPHH II0YB: OUYeHb
cnabas BogonpoHuiaeMocts — K < 0,01 m/cyT; crabas —
K=0,01-0,1; cpennsas - K=0,11-0,3; Boicokas — K = 0,31-
1; ouensb BbIcOKas — K> 1 m/cyT.

Ha craboBoponponuiiaeMbIx mouBax u ocoberno mpu K <
0,01 M/cyT 3aKpBITBII IpeHAX Jake IIPU PACCTOAHUAX
MeX/y IpeHaMH MeHee 5-6 M, YTO 9KOHOMUYECKH
HEeOIIPaBIAHHO, He 00ecreunBaeT HeOOXOIMMBIIT
ocymmTeabHbI 9bdexT. Ocylrenne JOCTUraeTCs TOMBKO
IpeHaMH C 3aCBIIIKOI TpaHIIeH (1enn) GHIbTpyoImuM
MaTepuaaoM (KPYIHO3epHHUCTHIN [IECOK, IIe6eHb) 10
[TOZIOIIIBBI TAXOTHOTO C/I0SI WIM He MEHee YeM 10 TIyOUHBI
PBIXIeHUs TOYBHI (¢ 3armacom 10-15 cm).

J71st TIy60KOTO PHIXJIEHHS TOYBBI IPUMEHSIIOT PHIX/IUTETN
PC=0,8. PagpaboTaHa TEXHOIOTHUS CTPOUTETHCTBA
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IOPEeHa)Ka C UCII0/Ib30BAaHUEM Y3KOTPAHILIEHHBIX U
6eCTpaHIIIeITHBIX 9KCKABATOPOB C MPHCHITIATE/ISIMH IPEH
uapTpyIOIINM MaTepHUATOM.

OCHOBHBIM CIIOCOOOM OCYIIIEHHSI MTAIIHH C TSDKETBIMU
[T0YBaMU CTAHOBUTCSI KOMOMHUPOBAHHBIN IPEHAK,
penCTaBIAIOMI UL co60i1 coueTanue 3aKPBITOTO ApeHaXKa
(cobuparesiert) ¢ KPOTOBaHHEM WIH ITyOOKUM PBIXTIEHHEM.

[IpuMeHeHHe ITyOOKOTO PHIXJICHHUS YIyUIIAeT [TOYBY, Ha
25-30% noBpllIeeT MaKCUMa/IbHbIE BECEHHUE MOMY/IU
IpeHa)KHOro cToka. [IpnbaBka yposkaeB OT pbIXJICHHUs
cocrasiseT 20-30%, 3aTpaThbl Ha 3TOT IIPUEM OKYIIAIOTCS B
nepBblit ke rofi. KpoToBanue npoBopAaT yepes 2-4 M. OHO
IaeT TAaKoM ke IPUPOCT MHTEHCUBHOCTH OCYIIIeHHU s, KaK
yBe/IMY€eHHUe I'yCTOThI IpeHakHol cetu B 1,3-1,8 pasa npu
k03¢ dunnente busrpanuu nouBsl MeHee 0,1 M/CyT.

PaccTosiHUS MEXIY 3aKPBITHIMU COOUPATE/IIMHU
PEKOMEeH/IyeTCs OMpeneIATh 10 MaTepuaaaM
PEeruOHaIbHBIX ONBITHBIX MCCICIOBAHUI U IIPOBEPATH IO
dopmyre [TicappkoBa- ABepbsiHOBa. [[/1s1 paBHUHHBIX
Y4YaCTKOB C TSDKEJIBIMU IIOYBAMHU 9TU PACCTOSHUSA OOBIYHO
He npeBbImaoT 13-20 m.

Ha Tspxe/IpIX ouBax ¢ 0c060i1 TIATEIBHOCTHIO HY)KHO
BBIITOTHSATD KOMIUIEKC MEPOIIPUATHIT 10 OPraHU3anN
[TOBEPXHOCTHOTO CTOKa:

- IVTAHUPOBKY U BBIPAaBHUBAHKE IOBEPXHOCTH 3eMJIH C
3aCPIIKON HeGOMBIINX U HerTyO6oKux (1o 40-50 cm)
TIOHWU>XEHU;

- YCTPOMCTBO MPYLOB WIH MOMIOLIAIOIINX KOTOALEB B
DTy6OKHX 3aMKHYTHIX IOHMKEHHUSX, BOLY U3 KOTOPBIX
BBIBOJISIT 3aKPBITBIE KOJUIEKTOPHI;

- packpeiTre (CoenHeHUe) eCTeCTBEHHbIX TOHIKEHUTT
HCKYCCTBEHHBIMHU JIOKOMHAMHY TTyOHHOM 10 0,5 M ¢
nojorumu orkocamu (1:8-1:10);

- CI'yLLeHHe OPeH B 2-3 pasa B IPOTSHKEHHBIX U
HerTy6OKHX IIOHIDKEHUSX penbeda ¢ 3aChINKO TPaHILIei
uasTpyIOIINM MaTepHUaToM;

- YCTPOMCTBO BOPOHOK-BOIOBBIIIYCKOB Y€pe3 KaBalbephl.

J1 0TBOZIa TOBEPXHOCTHOTO CTOKA C OCYIIIaeMBbIX 3eMe/Tb
MOYXHO IPUMEHSATH U arpOMeTMOPAaTUBHbIE MEPOTIPUATHSL.
Tak, na [lanbHem BocToke B yClIOBUAX MyCCOHHOTO
KIMMaTa IIHPOKO UCIIOIb3YIOT rpebHeBaHNe TOBEPXHOCTH
(BbIcOTa rpebHelt 13-15 cM, paccTosiHIE MeXXAy HUMH 0,7
M). B ycmoBusX BIaXKHBIX CYOTPONMKOB PACIIPOCTPaHEeHA
HapesKa rpap BbicoToil 30-60 cM u mupunoit: 0,7-1,4 m -
moJ oBoIy; 2,8-3,5 M — oz, cagbl.

Ocymienne 3eMe/Ib B IIepUOJ, U30bITKA BJIaTH U
IOIOJHUTEIbHOE YB/Ia)KHEHHUE IIPU €€ HeJJOCTAaTKe B II0UBe
00€eCIeYnBaIOT OCYIINTEIbHO-YBIKHUTEIbHbIE CHCTEMbI
(OYC), xoTopsle mocTpoens! B rymunnoit 3oue CCCP Ha
2,5 MJIH ra. YBlIa)KHeHHe II03BOJIAeT IIOTY9IUTh IPUOaBKy

Memiopauys nepeyBia>KHEHHBIX II0YB I'yMHIHOM 30HbI
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Ctok Boab! (V) B 3aBMCUMOCTY OT YPOBHA
rPYHTOBbIX BOA, HAA, ApeHamn pasfimyHoro
AnameTtpa (D)

Figure 1/22. Specific flow (V) as affected by the soil water head

(H) above the drains of different diameter
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1 - kepamnyeckana Tpyba, D=75 mm
ceramic tube, D=75 mm

2 - nonuatuneHosan Tpyb6a, D=75 mm
polyethylene tube, D=75 mm

3 - nonuatuneHosana Tpyb6a, D=100MM
polyethylene tube, D=100 mm

4 - nonuatuneHosaa Tpy6a, D=200 mm
polyethylene tube, D=200 mm

5 - “npeanbHanA gpeHa’, D=75 Mm
“ideal drain", D=75 mm

established for volumes of drainage effluent with trench and
trenchless drainage:

- Fine sands, loamy sands 1.06-1.25
- Light loams 1.11-1.37
- Heavy loams 1.33-1.94
- Heavy loams and light clays 1.82-3.45

The wide range of these values was attributable to soil
diversity, various qualities related to drain construction, and
different study methods.

The soils with k< 0.3 m/day require that trenchless drainage
be 1.5 times more concentrated, which leads to an increase in
cost (1).

Trenchless drainage in heavy soils (k< 0.1 m/day) was 2-3

times poorer, while in light loams (k= 0.50.8 m/day) it was
1.2-1.3 times poorer than trench drainage (4).

Reclamation of Overmoistened Humid Zone Lands

Trenchless drainage was proven to be similar to trench
drainage in the Far East in heavy, structurally improved soils
that had illuvial horizons with increased permeability

(k=0.15-0.4 m/day).

A general soil classification for permeability is recommended.
It is based on the permeability level of the extremely low
permeable horizon (along its entire thickness from the topsoil
to the depth of drains laid) that is directed at the increase in
the drainage efficiency, “as a reserve.”

Alongside it, the following soil categories are identified:
- Extremely low permeable = < 0.01 m/day;

- Low permeable = 0.01-0.1 m/day;

- Moderately permeable = 0.1-0.3 m/day;

- Highly permeable = 0.3-1 m/day; and

- Extremely highly permeable < 1 m/day.

In the low permeable soils, particularly with k equal to < 0.01
m/day, culvert-type drainage-even if the distance between
drains is less than 5 to 6 meters, which is not cost effective
does not ensure the needed draining effect. Drainage is
achieved only with the help of drains and backfilling the
trenches (slots) with permeable material (coarse sands, stone
chips) up to the tillage pan, or no shallower than the depth of
subsoil loosening (with the reserve of 10-15 c¢m).

Plows RS=0.8 are used for deep soil loosening. Technology
has been developed to construct ditches with the use of slit
trench and trenchless excavators, including filling the drain
with permeable material.

Combined drainage with culvert tile drainage (buried
collecting pipes) used in conjunction with mole drainage, or
deep soil plowing, becomes the main method to drain arable
lands comprised of heavy soils.

Deep soil plowing improves the soil and increases the
maximum spring moduluses of drainage effluent by 25-30
percent. The yield increase resulting from deep soil plowing is
up to 20-30 percent, with the expenses incurred in employing
this method paid for after year. Mole drains are spaced at
intervals of 2 to 4 m. Moling also increases the rate of
drainage— the usual result of the 1.3- to 1.8-fold increase in
the network of drains with the soil permeability coefficient
being under 0.1 m/day.

Distances between buried collecting pipes should be defined,
with consideration given to the results of locally performed
experiments, and should be verified according to Pisarkov and
Averiyanov’s formula. For plains with heavy soils, the
distances usually range from 13 to 20 m.

To ensure surface flow, special measures are to be taken for
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Tabnuua 1. CpegHaa (1979-1988 rr.) NpoAoMKUTENBHOCTb CTOAHNA YPOBHEN IPYHTOBbLIX BOA Npu rMybuHe
ApeH 1,4 M B 3aBNCMMOCTM OT Matepuvana Tpyb, CyTKu
Table 1. Average diurnal groundwater tables with drains laid 1.4 m deep and of various pipe materials (1979/88)

Cnoi no4sbl, cM / Soil layer, cm

OpeHax 0-20 cm 0-40 cm 0-60 cm 0-80 cm 0-100 cm 0-120 cm
Drainage 0-20 cm 0-40 cm 0-60 cm 0-80 cm 0-100 cm 0-120 cm
MnacTtmaccoBsblii -- 4 18 34 54 76

(F = 23 cm?/m)

Plastic pipes -- 4 18 34 54 76
(F=23 sq. cm./m)

[OHYapHbI 3 10 23 48 78 123
Tiles 3 10 23 48 78 123
Bes ppeHaxa 89 113 134 157 181 208
Without drainage 89 113 134 157 181 208

ypoxas Ha 15-30% B 3aBUCUMOCTH OT II0YB U KYAbTYp. /s
OPOIIIEHUs OCYILIEHHBIX 3¢MeJ/Ib UCIIO/Ib3YIOT
[TOTIOYBEHHOE yBIKHEHHE (IToaua BOJIBI [0 IPeHAM TN
KaHaJIaM ) WIN TOXK/IeBaHue.

[TepcrieKTHBHBI COBMEIIEHHBIE OCYIIIUTE/TbHO-
YBIQKHUTETbHbIE CUCTEMBI, B KOTOPBIX 3aKPBIThIE
KOJUIEKTOPBI UCIIOIb3YIOT B KaUeCTBE PaCIIpesie/TuTe e
II/1S1 TIOfavYy BOIBI K JOXK/€Ba/IbHBIM YCTaHOBKaM. B
mepuopel fedpunyTa BIaru B IOYBe BOJiA IIOMIACTCS B
HCTOKU KOJUIEKTOPOB-pacpe/ie/IuTesiel, U3 KOTOPBIX Yepe3
OTKPBITbIE CMOTPOBBIE KOJIOILIBI 3a0UpaeTCs
IOKIeBaTbHBIMU MalInHaMU. KoutekTopsl-
pacIpeneTuTe M COOUPAIOT U3 HU3KOHATIOPHBIX TPYO.
CoBMeIlIeHHbIE CUCTEMBI MOT'YT PaboTaTh KaK
KOMIUIEKCHBIE: TPEUMYIIIECTBEHHO B PeXXIMe
IIOITIOYBEHHOTO YB/IAKHEHH 110 IPeHaM U SIU300MIeCKH
- B pe>KHMe IOKeBaHUA HeOOIbIIIMMY HOPMaMH.

Haub6onee a¢pekTHBHO HCIIOTB30BATH COBMEIIIEHHbIE
OCYIINTETHHO-YBIQKHUTE/IbHbIE CHCTEMbI Ha POBHBIX
y4acTKaX, B 9TOM CIydae IPUMEHSIIOT IPEHbI ¢ YKIOHAMH
0,0001-0,001. ILtomiasb cUCTEM C TAKUM [IPEHAKEM B
CCCP mpeBsImaeT 55 ThIC.Ta.

PaspaboTaHbl OCYIIUTETbHO-YBIaYKHUTETbHbIE CHCTEMBI
BOI0060poTHOrO THIa. CyIlleCTBEHHOE X JOCTOMHCTBO
3aK/TI0YAeTCS B TOM, YTO UMEETCS BO3MOKHOCTD
ITOBTOPHOTO MCITO/Ib30BAHMS IPEHAKHBIX U COPOCOBBIX
BOJI, 2 9TO IIPEIOTBPAIIIAeT 3arpsA3HEHNE PeK U BOJOEMOB
ynoOpeHus MU, TepOUITUIAMH U IPYTUMHA XUMUYECKUMHU
BelllecTBaMu. Bogoo60poTHas OCyIINTeTbHO-
YBI@KHUTETbHASI CUCTEMa, KaK IIPAaBIJIO, BKIIIOYAeT B Ce0s1
IBa MIPy/Aa-HAKOIIHTE/IA.

CratbAa 6

I/t UCIIO/Ib30BAaHUS HA COBMEILIEHHBIX OCYIIUTE/IbHO-
YBI@KHUTETBHBIX CHCTEMaX pa3paboTaH U UCIIbITaH
PEry/IsTOp ABYCTOPOHHETO NEHCTBUS — TUIPOaBTOMAT,
MIPEICTABIIOIIUI COO0I IBYXPBIYKHYIO CUCTEMY,
COEMMHEHHYIO C IByMsI 3aIIOPHBIMHU K/IAlIAaHAMU M OOIITUM
ITOIUTAaBKOBBIM ITprBosioM. KoHcTpykitusa mpocra B
HU3TOTOBJIEHUM, MOHTA)KE U KCIUTyaTanuu. Paccuurana mis
YCTAaHOBKHU Ha KojUIeKTopax guaMeTpom 200 Mm. IaBHBII
HEIOCTATOK TaKUX PETY/ISTOPOB COCTOUT B TOM, UTO IIPU
UX IPUMEHEHUH He 00eCIIeunBaeTCs yuer
B3aUMOPACIIO/IOKEHHUs YPOBHS BOIBI B KaHaJle, yPOBHS
rpyHTOBBIX Boq (YI'B) u 3amanHoro ypoBHs
perymupoBaHus. DTO MOXKET IIPUBECTHU K IIOATOIUICHHIO CO
CTOPOHBI KaHaJIa IIPU HeOOXOINMOCTH OCYIIIEHUs B
YCIOBUSAX, KO

H >H >H,

rae H - yposenb Bojpl B KaHase, H - ypoBeHb IPyHTOBBIX
Boz B n1osie; H ~ 3ajilaHHbIil ypOBEHDb Pery/MpOBaHuU.

HPI/I HOTpeéHOCTI/I B YBJIAJ)KHCHUHN HEBO3MOJKHA ITOJa49a
BOADBI B KOJUIEKTOPHO-IPEHAKHYIO CETH B YCIOBUAX, KOTIa

H <H <H,

JIy1 ycTpaHeHHs yKa3aHHBIX HEIOCTAaTKOB paspaboTaHa
KOHCTPYKIUA PETYIATOPA, 3aIIOPHBII OPraH KOTOPOTO
HAaXOIUTCA B pabodeM (OTKPBITOM) IIOJIOKEHUH TOIBKO
IIPH BBINIOJIHEHUH CIENYIOIINX YCIOBHIA:

H >H <H;

H <H >H.
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- Land leveling, backfilling small and shallow (up to 40-50
cm) depressions;

- Ponding, or the construction of suction wells in deep,
closed depressions from which water is drawn by
collecting pipes;

- Opening (connecting) the natural depressions with
artificial trenches up to 0.5 m deep with gentle slopes
(1:8 to 1:10);

- A 2- to 3-fold increase in the network of drains in long
and shallow depressions with trench backfilling with
permeable material; and

- Construction of craters—waterways through trenches.

Land reclamation can be used to divert surface flow. For
example, in the Far East under monsoon conditions, ridging
is widely used (ridges are 13 to 15 c¢m high and spaced 0.7 m
apart). Under humid subtropical conditions, ridges are cut 30
to 60 cm high and 0.7 to 1.4 m wide for vegetables and 2.8 to
3.5 m for orchards.

Land drainage, performed both when there is excess moisture
and when additional moistening is done in case of a shortage
of soil moisture, occurs via draining and irrigating systems
(DIS), which in the CIS are constructed in the humid zone of
2.5 million ha. Irrigation allows an increase in yield of 15 to
20 percent, depending on soils and crops. To irrigate drained
lands, subsoil moistening (water carried by drains or
channels) or sprinkling are used.

Combined drainage and irrigation systems, where buried
collecting pipes carry water to sprinklers, show promise.
When water is deficient in the soil, water is delivered to the
heads of collectors/distributors from which the water is drawn
for sprinklers via open observation wells. Collectors/
distributors are assembled low-pressure pipes. Combined
systems can operate as complex ones—largely in regimes of
subsoil moistening along the drains and occasionally in
regimes where spraying is performed at low rates.

Combined drainage and irrigation systems are most effective
in the plains, where drains with gradients of 0.000 to 0.001
are used. In the CIS the land area under this type of drainage
system is more than 55,000 ha.

Drainage and irrigation systems of a water rotation type have
been developed. Their great advantage is that they allow
repeated drainage and water use, preventing contamination of
rivers and water reservoirs with fertilizers, herbicides, and
other chemicals. The water rotation drainage and irrigation
system usually includes two storage ponds.

To apply combined drainage and irrigation systems, a double
action regulating device hydraulically-operated automatic
controller that is actually a two-lever system connected to
two closing valves and a common float drive is developed

Reclamation of Overmoistened Humid Zone Lands

and tested. The implement is easy to construct, mount,
and operate and can be mounted on collecting pipes 200 mm
in diameter.

The main drawback to these regulating devices is that when
they are used, interconnected channel water levels,
groundwater table, and set level to be regulated are not
considered. This can lead to underflooding from a channel
when drainage is required under the conditions in which

Hc > Hg > Hs

where Hc is the channel water level;
Hg is groundwater table in the field; and
Hs is set level to be regulated.

When irrigation is needed, it is impossible to feed the
collecting pipe and drainage network with water when

Hg< He< Hs

To get over the drawbacks mentioned above, a regulating
device was developed, with a closing part placed in the
working (open) position, provided:

Hc > Hg >Hs
Hec< Hg >Hs

This regulating device is constructed in the form of a two-
tank system. Each of these tanks is divided into two separate
parts. One of the tanks works as a regulator in the drainage
regime; the other one in the irrigation regime. Outside the
well there is a groundwater level (GWL) sensor made in the
form of a ground hole. One part of either of the tanks is
connected to the GWL sensor and the other one to the
channel. A closing valve on the collector is driven by either
floating system, both of which analyze the fall level in the
tanks. To prevent a regulating device from working in the
regime of flooding, a control valve with a float drive is
installed. Installation of such a regulator is possible even in
systems that are not completely automated.

With gradients less than 0.002, the load of the automatic
hydraulic machine is 1020 ha. Automated drainage and
irrigation systems are designed according to the module
principle, allowing a reduction in the number of water-
receiving wells. To manage pumping stations, microprocessors

have begun to be used (2).

Drainage and irrigation systems used for irrigation in the
Ukraine are found on more than 1.2 million ha, with nearly
half of that area assured of water delivery; more than 3,000
ponds and water reservoirs were constructed for this purpose.
In plains, a great deal of land is lost because of the
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ITOT peryaaTop CKOHCTPYHPOBAH B BH/IE IBYXbEMKOCTHOM
cuctembl. Kaykas U3 eMKOCTeH pasfiesieHa Ha [Be He
COOOIIIAOIIIECS MEXIY c06071 cucteMbl. OnHa 13
eMKOCTeiT 06ecriednuBaeT paboTy PerysaTopa B peKuMe
OCYLLIEHHUS, Ipyras — B peXKUMe yBIaKHeHus. BHe komonua
pasMeleH gaTuuk Y1'B, BbIIIOTHEHHBII B BUIe TPYHTOBOM
cKBaKUHBL. OQHa MOJIOBUHA KAKIOM U3 eMKOCTEN
coenuHeHa ¢ gaTaukoM YI'B, npyras - ¢ kananaom. [Ipuson
3aIIOPHOTO K/IallaHa Ha KOJUIEKTOPE OCYILEeCTB/IAETCs
OJIHOI U3 IBYX IIOIUIABKOBBIX CUCTEM, aHA/IU3UPYIOLIUX
repemnaj ypoBHel B eMKOCTAX. /1 IpeqoTBpaleHus
PaboTHI peryisaTopa B peXXHMe MOATOIUIEHHUs] YCTaHOB/ICH
KOHTPOJIbHBIN KJIAIIaH € IOIUIABKOBBIM IIPUBOJOM.
YcTaHOBKA TAaKOTO PETY/SITOPA BO3MOYKHA Ha CHCTeMax 6e3
KOMIUJIEKCHOM aBTOMAaTU3alUH.

IIpu yxnonax nosepxnoctu menee 0,002 Harpyska Ha
rugpoaBToMar coctasdet 10-20 ra.
ABTOMaTH3UPOBaHHBIE OCYIINTETbHO-YBIKHUTETbHbIE
CHCTEMBI IIPOEKTUPYIOT IO MOTY/IbHOMY IIPUHITUILY, 4YTO
II03BOJISIET COKPATUTD YUC/IO0 BOTOTIPHUEMHBIX KOJIOAILIEB.
I ympaBieHUsI HACOCHBIMU CTAaHIIUAMU IOTy4aloT
pacmpocTpanenue MUKpomnpoueccops! (bogapos u np.,
1990).

OcymuTenbHO-yB/IaXKHUTEIbHbIE CHCTEMBI C
HCIIOIb30BAHUEM IpEHAXKA [I/I OPOILIEHUA IIPUMEHSIOT
MPEUMYIIECTBEHHO C FapaHTHPOBAHHOM IT0faY€el BOMbI,
IJLs 4E€TO IIOCTPOEHBI THICAYH IPYNOB U BOLOXpaHWIMIL. B
PaBHUHHBIX YCIOBUAX M0J, BOLOXPaHWIMIIIAMU TePAETCS
MHOT'O 3€MJ/IM: COOTHOIIIEHHE MEXXY IUIOIIAAbIO TIO],
BOIOXPAaHWINIIAMU M OPOILIAEMOM TEPPUTOPUEN
cocTasseT npumepHo 1:20.

[Iupoxo pacrpocTpaHeHa MeTHOPAIUs TOPGHAHBIX TOYB
HU3WHHOTO THITa KaK Haubosee IionopoaHbix. K
creruduIecKkoit 0CO6EHHOCTH ITUX TIOYB OTHOCUTCS
yMeHblIIeHHe TOP(SIHOTO c1ost u3-3a “cpabotkn” Topda
ITOL, BIMSIHIEM (PHSHIECKOTO YITIOTHEHUS 1
6MOXHMHYECKOTO Pa3pyILICHNUsI OPTaHUIECKOTO BeIlleCTBa.
Yioraenue (ocagka) Topda B 3SHAIUTATBHOI CTEIIEHN
3aBHCUT OT ITyGHHBI TOHI)KEHUSI YPOBHS TPYHTOBBIX BO[,
BpEMEHU U XapaKTepa UCIOTb30BaHUs TOP(IHOI TTOUBbI.
VIHTEHCHBHOCTD OCAIKH B II€PBbIe TOIBI TOC/IE OCYIICHUS
mocturaet 10-20 cMm B ron. B manpHernieM oHa
COKpAIAeTCs ¥ U3MEHAETCA eXKerogHo B npenenax 0,5-2
CM.

[pu ocyurennu TOpSHBIX TTOYB yCHINBACTCS
MHHepaIN3aIys OPraHNYeCcKOTo BellecTna. Tax,
exxerofiHble motepu Topda Ha 1 ra gocTuraor 2,2 T Ipu
DIyOuHe 3ajleTaHusi IpyHTOBBIX Boj 0,7 M; 6,1 T — ipu 1,2
15,9 T - mpu rry6une 1,5 M (CkopomaHos u zap., 1987).

CratbAa 6

ITo uccnegoBanusaM, BblNoTHEHHBIM B [losechbe, norepu
OPraHUYeCKOTO BellecTBa TOP(IHOI MTOYBHI 3a 25 et
COCTaBWIH 3,2 T/Ta O MHOTOJIETHUMHU TPABAMU U ITOYTH
B 3 pasa 60sIblile — IO IPONAIIHBIMU KY/IBTYPaMH.

ExxeromHast yObUIb OPTaHUIECKOTO BellleCTBA Ha
D1y60KO03aIEKHOM TOP(MSIHUKE, TOICTHIAEMOM CYTIHHKOM,
3a 75 JIeT OINBITOB COCTABWIA B cpenHeM 4,4 T/ra, Ha
MeJIKO3a/IeXKHOM TOPGhAHUKE, TOACTHUIAEMOM TIeCKAMU —
3,4 T/Ta. XapakTep UCIIOIb30BAHMSI IIOYB OBUT Pa3THIHBIM:
B IIEPBOM C/Iy4de MHOTOJIETHIE TPAaBbI B CEBOOOOPOTE
3aHuManu 10 40%, Bo BTopoM — 77%. IT0
CBUJIETE/IBCTBYET O 11e/1eCO0OPa3HOCTH JIYTOBOTO
HCIIO/Ib30BAHUS OCYIIIEHHBIX 3€MEJIb.

Ha Ilonecckoit onbITHO-MEIMOPATUBHON CTAHIIUU Cpe/iHe-
U MaJIOMOIIIHbIe TOPGhAHUKY 32 BPEMS X
CeTbCKOXO03SMCTBEHHOTO OCBOEHUSI TPAHCPOPMUPOBAIHUCH
Y HbIHE IIPEICTAB/IEHbI IBYMsI TPYIIIAMU: TOP(SIHBIMH 1
“cpaboTaHHBIMU , TO €CTh OPTAHO-MUHePaTbHbIMHU. V13
2600 ThIc.ra “cpaboraHHble” TOPMAHUKU COCTABIAIOT
0Kk0710 40%. CHIDKeHHS UX IUIONOPOAMS He TIPOU30IIUIO
(Tabu. 3).

3a 28 y1eT MpOoAYKTUBHOCTb 3¢MJ/TH BO3POC/Ia IO
CPaBHEHHIO C UCXOTHOI (YpoyKail abCOMOTHOM MaCcChI 10
ocy1eHus mo4s coctassit 0,65 T/ra) B 15,5 pasa.

AddexTUBHOCTD METMOPALINY OPTAHO-MUHEPATBHBIX
[TOYB Pe3KO MOBBIIIAETCS TpU oporiieHun. Tak, mpu
exeronHoM BHeceHnu 450 xr NPK B cpennem 3a 11 et
reKTap OpoIraeMoro mactéuia gan 45,3 T 3e/1leHO¥ MacChl
(9040 xopMm. ef1.), IPEBBICUB CPETHIOIO 3a TPU TOfia
[IPOOYKTUBHOCTD B KOHTpOJIe (6e3 oporreHus.) Ha 8000
KOPM. e]I.

[Ipu Menmmopanuu TOphAHUKOB IEPBOCTENEHHOE
BHUMaHUE HY>KHO YIE/IATh LAMISILEMY,
BoztocOeperaoieMy ocyeHu:o. C IIOMOLIbBIO XUMU3ALUK
3eMJIele/Isl B 9TUX YCIOBUSAX IIOC/IE[0BATEIbHO
YMEHBILAIOT HOPMBI OCYy1IeHNs (OITUMA/IbHBIE YPOBHU
TPYHTOBBIX BOI).

B 3anannoit Cubupu u Ha KamyaTke Ipu oCyIIeHUN
MOIITHBIX TOP(SHUKOB CO CTEMEHBIO PA3IOKeHUs TOpdha
10 45-50% BbIcoKas 3pHEeKTUBHOCTD JOCTUTHY T
CO3aHHEM IIIeJIEBOTO IpeHaka. TaKkoil IpeHaX Hapes3aloT
1Ie/IeIpeHKHBIMU MAIlIMHAMM, TIyOHHA €ro COCTaBIIsAeT
1-1,2 m. llleneBple gpeHbI BBIBOAAT B KaHA/IbI WIH B
1IesIeBble KO/UIEKTOPEL. PaccToanue Mmexxny kanazamu 200-
500 M. CpoK JIeHICTBUS 9TOTO IpeHaXKa — IO IEeCATH JIeT.
IIpu onpeneneHNN KOMIUIEKCA IPUPOLOOXPAHHBIX
MEPOIPUATHI B PaliOHaX OCYILIEHNS PEKOMEHIYETCS
BBIJIEJISITH [IATh 30H: 1) 06EKT MeTHOPAIIH
(MemHOpaTHBHAS CHCTEMA); 2) HEMeTHOPUPYeMble

Memiopauys nepeyBia>KHEHHBIX II0YB I'yMHIHOM 30HbI



constructed water reservoirs. For example, in Byelorussia the
mirror area of ponds and water reservoirs comprises nearly
40,000 ha. The ratio of area under water reservoirs to
irrigated lands is about 1:20.

Reclamation of discharge wetlands as most fertile is widely
practiced. Specific peculiarities of these soils include peat
layer depletion owing to the activity of physical compression
and biochemical decay of organic matter. Compression
(settling) of peat is largely dependent on the extent to

which groundwater depth is lowered as well as on time and
type of use of peaty soils. The rate of settling during the first
several years following drainage is 10-20 cm per year. Later
on, the rate is reduced annually and varies within the range
of 0.52 cm.

In draining peaty soils, the mineralization of organic matter is
enhanced. For example, peat losses per 1 ha are 2.2 tons with
groundwater depth of 0.7 m, 6.1 tons at a groundwater depth
of 1.2 m, and 15.9 tons at a groundwater depth of 1.5 m (5).

According to studies carried out in Polesie, losses in peaty soils
organic matter over 25 years totaled 3.2 tons per ha under
perennial grasses and nearly 3 times that amount when under
arable crops.

Annual loss in organic matter of deeply accumulated
peatlands with clay subsoils, as revealed by experiments
conducted over 75 years, averaged 4.4 tons per ha; that of
shallow peats with sandy subsoils averaged 3.4 tons per ha.
The way soils were used varied: in the former case the share of
perennial grasses in crop rotations was about 40 percent; in
the latter, 77 percent. This indicated feasibility of drained
lands use under meadow grasses.

At the Polesie Land Reclamation Experimental Station the
medium and shallow peat depth during the time of their use
underwent a transformation and now are presented in two
groups: peaty and “worked,” i.e., organo-mineral. Out of
2,600,000 ha, “worked” peats make up about 40 percent.
There was no decrease in their fertility (table 3).

Opver a period of 28 years, soil productivity grew 15.5-fold
(prior to drainage, the yield of absolute mass was 0.65 ton

per ha).

In reclaiming organic and mineral soils, efficiency is sharply
increased when the soils are irrigated. For example, with an
annual application of 450 kg of NPK, 1 ha of irrigated
pasture land produced on average (over 11 years) 45.3 tons of
green mass (9,040 feed units), thus surpassing the average
(over 3 years) level of productivity of the control (without
irrigation) by 8,000 feed units.

Reclamation of Overmoistened Humid Zone Lands

In peatland reclamation, attention should be focused
primarily on drainage that would save water. With the
development of chemization being developed in arable
farming, the scope of drainage is gradually reduced (optimum
groundwater tables).

In draining huge peat areas in Western Siberia and
Kamchatka, where decomposition reaches 45-50 percent, a
high degree of efficiency is achieved through fissure drainage.
Such drainage work is carried out with the help of fissuring
machines, and the depth of fissures is 11.2 m. Fissure drains
are connected to channels or fissure collectors. Spacing
between channels is 200 to 500 m. Durability of this drainage
system is up to 10 years.

In defining the set of nature conservation measures performed
in drainage areas, five zones are recommended:

1. An object of reclamation (a reclamative system);

2. Non-reclamative areas within the object of reclamation;

3. Lands adjacent to the object of reclamation;

4. Remote territories; and

5. Air space within the limits of a remote territory.

Criteria for use in outlining the zones are the indices of
changes in soil moisture regime, groundwater table, flow
regime, and water levels of rivers plus topographical
conditions and sometimes the microclimate (3).

Natural components within the limits of the reclamation
system and in the neighboring area are subject to
conservation: land (soil and resources), water (surface and
ground), plants and animals, atmosphere, landscapes, and
natural, historical and cultural monuments.

Reclamation system designs include estimates of the effect
they would have on reclaimed and adjacent territories, state of
water flows and water reservoirs, biogenesis, animals” habitat,
and reproduction conditions. Specific measures related to
nature conservation, to designs and parameters of the
reclamation systems, and to construction are envisaged based
on these estimates.

The success of comprehensive landscape reclamation
determined by the degree to which the reclaimed
agroecosystem and its neighborhood are stabilized.

Conclusion

The use of trenchless drainage results in reduced drainage
effluent (as compared with trench drainage) on light loams
and loamy sands by 1.06-1.37 times, on medium and heavy
loams by 1.33-3.4 times, and by a considerably diminished
drainage effect. To establish a normal moisture regime,
drainage should be more intensive, entailing higher costs and,
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Puc. 3/24 Cxembl perynaTopoB YPOBHA rPYHTOBbIX BOA,
Fig.3/24. Schemes of ground water level regulators

nnasaoLLmin Np1BoA
float drive

3aKpbl BaloLMn KnanaH
closing valve

BMYCKHbIE 1 BbINyCKHblE TPY6bl
intake-outflow pipes

OTKPbITO K KaHany
open to channel

2 OTKPBITO K FPYHTOBbLIM BOAAM
open to groundwater

konnekTop/pacnpeaenutenbHaa Tpyba
N collector/distributor pipe

closing valve
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on heavy soils, additional use of permeable backfilling, deep
plowing, or molding.

Switching to drainage and irrigation systems is a progressive
direction in land reclamation. The effectiveness of water
rotation type systems, using a hydraulically operated
automatic installation, was verified.

Recommended measures are directed at restricting peat
“working” and are based on studies conducted over many
years on the decomposition of peats following drainage; these
measures include a transfer of peaty soils into meadows and
pastures and a reasonable level of arable farming chemization.

Of special significance are measures to conserve nature.
Ecologically supportable land reclamation require
comprehensive improvement.
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Tabnuua 2. MNpoayKTUBHOCTb OCYLLEHHbIX TOPGAHBIX MNOYB NpY yaobpeHun
Table 2. Drained peat soil productivity, with fertilizers being applied

CpegnHne 3Ha4yeHnA No rogam

Average values by years

Mokasartenu 1962-65 1966-70 1971-75 1976-80 1981-85 1986-89
Indices 1962-65 1966-70 1971-75 1976-80 1981-85 1986-89
BHeceHune NPK, kr/ra 112 256 299 267 290 306
Application of NPK, kg/ha 112 256 299 267 290 306

B TOM 4ucne asoTta 13 26 24 37 85 105
nitrogen component 13 26 24 37 85 105
BnaxxHocTb no4Bsbl, % 54% 60% 60% 57 % 66 % 70%
Soil moisture, percent 54 % 60 % 60 % 57 % 66 % 70%
Ypoxkain abConoTHO 3,52 4,60 5,45 6,61 7.54 9,15
CyXOW Macchbl Ky/bTyp B

ceBoobopoTe, T/ra

Yield of oven dry 3.52 4.60 5.45 6.61 7.54 9.15
matter in crop rotation, t/ha

B TOM 4ucCre Tpas 2,62 5,04 6,19 7.29 8,40 10,10
grass component 2.62 5.04 6.19 7.29 8.40 10.10

NPK = a3orT, hocchop, kanuin
NPK = nitrogen, phosphorus, potassium

IUIOLIA Y BHYTPU 00'beKTa MeIMOPALUH; 3) 3eMIH,
HEITOCPeCTBEHHO IIPIJIEraloliye K 00beKTy MeIMOPaLUH;
4) oTHa/lleHHBbIE TEPPUTOPUY; 5) BO3AYIIIHOE IIPOCTPAHCTBO,
B TPAaHNIIAX OTHAJIEHHOMN TeppuTopun. Kpurepuem
BBbIJIe/IEHNUSA 30H CTy>KaT IIOKa3aTeIu W3MEHEHUs BOTHOTO
PeXMMa II0YB, YpOBHA I'PYHTOBBIX BOJI, P&KMMa CTOKA U
YPOBHeI BOIBI B PeKax, a TaKxKe Tororpadudeckue
YCI0BHS, HHOTIA M MUKpoKIuMmar (Macios, Munaes,
1985).

OxpaHe nopiIeKaT KOMIIOHEHTBI IIPHUPOJIBL,
PacIio/IoyKeHHbIE B IIPpefielaX MeTMOPAaTUBHOM CUCTEMBI U
Ha IIpWIeraloleil TeppUTOpUH: 3eMIA (II0YBa U Hexpa),
BOJIBI (IIOBEPXHOCTHBIE U [TOI3EMHBIE), PACTUTE/IBHOCTD,
JKUBOTHBII MUP, BO3MLyIIIHAS Cpea, TaHAIIa(ThI,
MTaMATHUKUA IPUPOJIbI, UICTOPUU U KYIBTYPBHI.

B mpoexTax MesTnopaIuu COCTABIAIOT TPOTHO3BI CTETIEHH
BO3MIEMCTBYSI X HA METHOPUPYEMbIE U CMEKHBIE
TePPUTOPUH, COCTOSTHHE BOJIOTOKOB U BOJIOEMOB,
610reo11eH03bI, YCI0BUsI OOUTAaHHUsI U BOCIIPOU3BOICTBA
JKUBOTHOTO Mupa. [To pesynsraram mporaosa
MIPETYCMAaTPHUBAIOT CIIelIHaNTbHbIe TIPUPOIOOXPAHHbIE
MEepOTIPUSATHS, U3MEHSIOT KOHCTPYKITMH U TTAPAMETPHI
METMOPATUBHBIX CHCTEM M COOPY>KEHHIL.

CtatbAa 6

PaLII/IOHa)'[bHOCTb KOMIUIEKCHOU )'IaHI[LHa(bTHOﬁ
MeMopanu ONE€HUBAIOT YCTOIZQHBOCTBIO
ArPOSKOCUCTEMBI HA METMOPUPYEMBIX U IIPUWICTAIOIIINUX K
HHUM 3E€EMJIAX.
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BausHue moTOKOB 371EMEHTOB Ha 3arpA3HE€HUE BOOHbIX HCTOYHUKOB

B.B. Illymaxoe*, C.A. Be3onuna

Pesrome

3arpsi3HeHNe BOIHBIX HICTOYHUKOB — Pe3y/IbTaT
CIIOYKHEHIITUX IPUPOTHBIX U AaHTPOIIOT€HHBIX IIPOI[ECCOB
JIOKaJIBHOTO, PerHOHaIbHOTO U T7I06a1bHOTO ypoBHEIL. [Ipu
YXYALIeHNN Ka4eCTBEHHOTO COCTaBa BOMIBI CHIKAETCS
YCTOMYUBOCTD KOJTOTUIECKOM CHCTEMBI, HAPYIIIAETCS
HOopMabHOe ee PyHKIMOHNPOBaHMe. Perierne mpo6ieMsl
9KOJIOTU3AIIUH BOTHBIX HCTOYHUKOB CBA3AHO C
paspaboTKoit U npuMeHeHreM 3P HEeKTUBHBIX PABOBBIX U
9KOHOMMYECKHUX Mep, a TaK)Ke TeXHOJIOTUH MOJepHU3AII
IIPOU3BOAICTBEHHBIX ITpo1ieccoB.Co3maHNe 9KOTOTHYEeCKU
YHUCTBIX IIPOU3BOICTB TODKHO CTaTh IIPOLIECCOM
9KOHOMMYECKHU BBITOTHBIM.

BBenenue

[Ipo6ema HapacTaorero aeuIuTa TPECHON BOJIBI
61arOTIPUATHOTO COCTAaBa MPU3HAHA TPOOIEMOIT
MeXTyHapOIHOTO 3HaYeHM, 3aTPparuBaroIell Bce aCTIeKThl
IesATeIbHOCTH Y€JI0BEYECKOTO COO0IeCTBA U
OKa3bIBAIOIIIel BeCbMa CyIIeCTBEHHOe BIUAHIE Ha
3[I0pOBbe JTIOTel, 9SKOHOMHUKY U COI[Ma/IbHbIE YCIOBUS.
ToxcuyHbIe BeIecTBa, Cofiep>Kaliuecs B BOJe, BBISBIBAIOT
CTPYKTYpHBIe U3MEHEeHHS B 9KOJIOTHYECKUX CUCTeMaX, TaK
KaK IIOCTEIIEHHO BBIBOJAT U3 CTPYKTYPBI COOOIIIeCTBa
HauboJjiee YyBCTBUTE/IbHBIE K 3arPSI3HEHUIO BOJIBIL.
OcHOBHBIE HCTOUHMKHU TAKOTO 3aTPSISHEHUS — BEIIECTBA,
TIoMaaloIye B BOLY B pe3y/bTaTe IIPOU3BOACTBEHHBIX
IIPOLIECCOB IPOMBIIIUIEHHOCTH, 9HEPTeTUKH,
KOMMYHaJIbHO-OBITOBOTO M CEJIHCKOTO XO3SIIICTBA.

MexxnyHapogHOe 3HaueHHe 3KOJI0TU3aI[uu
BOJIOIIOJIb30BAHMS 00YC/IOB/ICHO TE€M, YTO BOJIHbIE APTEPUH
IepeceKkaloT TEPPUTOPUU PA3TUIHBIX CTPAH, a TAKXKe
Ype3BBIYAITHOM C/IOYKHOCTBIO HayYHBIX, TEXHOTOTHYECKUX
ACITEKTOB 3TOH MTPO6IEMBI U HEOOXOMUMOCTBIO B CBSI3H C
9TUM KOHCOJIUIAIINN YIEHBIX U CIIeI[HaTUCTOB Pa3HbIX
CTpaH.

OcHOBHbIE IPUYUHBI 3aTPsI3HEHUS BOIHBIX HCTOYHUKOB
MOXKHO IIO/IPasiIe/IuTh Ha nBe rpynmnsl. [Tepsast rpyma
[PUYUH 06YC/IOB/IEHA TIPOSIB/IEHUEM TTI06aIbHBIX
[IPOLIECCOB: M3MEHeHNeM KIMMATa IJIAHEeThl, HapyLIeHUeM
TEIUIO9HEePTeTHYECKOTo GaaHCa, 3arps3HeHneM
aTMocdepbl U COOTBETCTBEHHO aTMOC(EPHBIX OCATKOB.

Bropas rpynna npu4uH cBA3aHa C AeATEILHOCTHIO
vemoBeKka. CTOYHBIE BOABI (B TOM IHC/Ie KOJUIEKTOPHO-
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ApeHaKHbIE BOIBI U CTOKU KPYIIHBIX )XHBOTHOBOTIECKUX
KOMIUIEKCOB U (hepM ), TOBEPXHOCTHBIN CTOK, TPAHCITOPT,
9HEPreTHKa CTY)KaT OCHOBHBIMU HCTOYHUKAMH ITOCTYIUICHHS
B BOIHBIE 0O0BEKTHI TAXKEIBIX META/UIOB, OMOTeHOB,
[IeCTULHIOB, He(DTeTPOAYKTOB, PeHOJIOB, PATHOHYK/INUIOB,
[TOBEPXHOCTHO-aKTUBHBIX U IPYTUX BEIeCTB. B pesynbrare
U3MEHSIOTCs (DUBUYECKHE U OPTAHOIENITUIECKUE CBOMCTBA
BOJIbL, XUMUYECKUIT COCTAB, OMOXUMUYECKUIL pexxuM
BOIOEMOB, COCTAB MUKPOOPTaHH3MOB. ITO HapyIIIaeT
9KOJIOTHIO BOIOEMOB, CHIDKaeT GHOIIPOAYKTHBHOCTL. Kpome
TOTO, BOLOEM CTAHOBUTCS MCTOYHUKOM ITOCTYIUIEHHS
TOKCHUYHBIX BEIECTB 10 BOMHO-TPOMUIECKUM [ETSIM: BOJIA —
4eJI0BEK; BOA — )KUBOTHBIE — Ye/I0BEK; BOJA — II0YBA —
pacTeHue - 4e0BEK; BOIA — MI0YBA — PACTEHUE — YKUBOTHBIE —
4e/I0BEK.

Murpanus 1 HAKOIUIEHHEe TOKCMKAHTOB — Pe3yJ/IbraT
CJIOKHOTO TIPOIIecca B3aUMOIENCTBHS (PUSUKO-XUMUYECKUX
CBOWCTB TIPENapaToB U MHOKECTBA OMOTUIECKUX U
abuotnyeckux ¢paxTopos cpemnbl. CTOMKOCTD BEIIecTBa,
XapaKTep U INTETbHOCTD IETOKCUKAIINY,
6MOAKKYMY/IMPYIOILAs aKTUBHOCTD OT/Ie/IbHBIX 3BEHbEB
TPOoUYECKOI LIeNU ONPENeAIOT UX YUCIIO Ha MY TH K
OpraHU3MYy YejIOBeKa.

V3yueHue KayecTBa BOABI B BONOEMAX U BOIOTOKAX IIOKA3aJIO0,
9TO IIOCTYIUIEHHE OUOT€HHBIX JJIEMEHTOB C
CeJIbCKOXO3AICTBEHHBIX YIONUI IPUGIM3UTENILHO PABHO
[OCTYIUIEHUIO 9TUX 3JIEMEHTOB C IIPOMBIIUIEHHBIMU U
XO3SIICTBEHHO-ObITOBBIMU CTOYHBIMU BOIAMU, TO €CTh
COBpeMEHHOE Ce/IbCKOE XO35HCTBO CTAJIO OfHUM M3 OCHOBHBIX
(baKkTOPOB AHTPOIIOreHHOTO 3arpsI3HEHUS BOIHBIX
UCTOYHUKOB. Tak, HUTpaTHble GOPMBI A30THBIX yIOOPEHUIT He
6e3BpeHbI ISl Y€/I0BEKA, TEIUIOKPOBHBIX YKUBOTHBIX U
ruapo6uonToB. PocdopHble yIOOPEHUS ABISIOTCS
HCTOYHMKOM IIOCTYIUIEHUS] TOKCUYHOTO PTOpa B
OKPY>KaIOLIYIO Cpeny, HHTEHCHBHOe BHeceHHe docdopa
00yC/IOB/IMBAaET HENOCTATOK B KAPOOHATHBIX [T0YBAX TAKUX
9JIEMEHTOB KaK L[UHK, JKejIe30, MapraHell. FI36bITOK KaJMIHBIX
yIOoOpeHUil, IpUMeHseMbIX B OCHOBHOM B BHJIE XJIOPU/A
KaJIvist, IPUBOJUT K HAKOIUIEHHIO XJIOPa, K KOTOPOMY BeChbMa
4yBCTBUTE/IbHBI MHOTHE BUIbI PACTEHUIA, @ TAKXKE K PESKOMY
CHWKEHUIO COLlePXKaHUS B PACTEHUsAX 60pa, HATPUS U
KaJIbLIUSI.

[Ipu MHTEHCUBHOM BHECEHUU a30THBIX YI0OpeHMit,
HCITOIb30BAHUH [JIS1 OPOILIEHU ST KOUIEKTOPHO-IPEHAKHBIX 1
COPOCHBIX BOJI, 00OTAIIIEHHBIX a30TOM, B TIOYBE U PACTEHUIX
AKKYMY/IUPYIOTCsI 3HAYUTe/IbHbIE KOIMIeCTBA HUTPATOB. B

BmisiHue MOTOKOB 37IEMEHTOB Ha 3arpA3HEHNE BOOJHBIX HCTOYHHKOB



Influence of Flement Flows on Pollution of Water Sources

B.B. Shumakov* and S.Ya. Bezdnina

Abstract

Water pollution caused by the most complex natural and
human processes occurs on local, regional, and global levels.
Along with deterioration of water quality, the ecosystem’s
normal functioning is impeded, and it becomes less able to
withstand impacts. The solution to the problem of
maintaining ecological balance of water sources is to develop
and use effective legal and economic measures, as well as
technologies aimed at modernizing production processes. The
establishment of ecologically clean production practices
should be economically advantageous.

Introduction

The growing deficit in good-quality fresh water is recognized
as a problem of international significance—one that affects
all aspects of human activity and that exerts a profound
influence on people’s health, the economy, and social
conditions. Toxic chemicals contained in water bring about
structural changes in ecosystems; over time those natural
components most vulnerable to water pollution that emanate
from a community’s infrastructure are excluded. Production
processes in industries, power plants, the municipal economy,
consumer services, and agriculture are the major sources of
water pollution.

The international significance of ecological problems
associated with water use is compounded by the fact that
many waterways cross over lands of different countries. In
addition, scientific and technological aspects of the problems
are extremely complex, requiring scientists and experts from
different countries to cooperate in solving them.

The major sources of water pollution can be divided into two
groups. The first group deals with obvious global processes: a
change in the planet’s climate, violation of the thermo-
energetic balance, pollution of the atmosphere, and,
consequently, pollution of precipitation.

The second group is associated with human activity. Effluents
(including water from collector-drainage systems, as well as
slurry from large-scale livestock operations and farms), surface
runoff, motorized transportation, and power plants serve as
major sources of pollution of water bodies—depositing heavy
metals, biogenes, pesticides, oil products, phenols, nuclides,
surfactants, and other substances. Water’s physical and
organoleptic properties are altered, as are the chemical
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composition and biochemical regime of water reservoirs and
microorganisms. The ecology of water reservoirs is violated
and bioproductivity decreases. In addition, water reservoirs
become the source of toxic substances, which move along the
water-trophic chains: water - humans; water - animals -
humans; water - soil - plants - humans; water - soil - plants -
animals - humans.

Migration and accumulation of toxic substances result from
an intricate interaction between substances’ physical and
chemical properties on the one hand and myriad
environmental factors— biotic and abiotic—on the other.
The stability, character, and duration of substances’
detoxification, as well as the bioaccumulating activity of
certain links in this trophic chain, determine the degree of
toxins making their way to the human body.

Research into reservoirs’ water quality and effluents has shown
that the extent of biogenous elements introduced from
agricultural lands almost equals those introductions of these
elements from industrial waste and sewage. That is, modern
farming has become one of the major sources of human-
caused impurities in water reservoirs. For instance, nitrate
forms of nitrogenous fertilizers are not harmless to humans,
warm-blooded animals, or aquatic life. Phosphorous fertilizers
are the source of toxic fluorine released into the environment,
and intensive application of phosphorus causes carbonate soils
to become deficient in such elements as zinc, iron, and
manganese. Potassium fertilizers applied in excess, largely in
the form of potassium chloride, result in the build-up of
chlorine, to which many plant species are highly sensitive.
They also lead to a sharp decrease in the boron, sodium, and
calcium content of plants.

Nitrates are accumulated in large quantities through the
intensive use of nitrogenous fertilizers and through irrigation
using collector-drainage and discharged water enriched with
nitrogen. Since the accumulation of nitrates occurs mainly in
the above-ground parts of plants, information about nitrate
rates becomes important in the production of those vegetables
and fodder crops that are consumed fresh. A high nitrate
content in soils leads to pollution of ground water used as a
source of drinking water. The need to set levels for nitrates
contained in water and plant products is attributable to the
fact that their reduction results in the formation of nitrites
which, in turn, are capable during the process of endogenous
synthesis of converting into nitrosoamines having
carcinogenic and mutagenic properties.

Article 7
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CBSISU C T€M, YTO HAKOIIEHHE HUTPATOB IIPOUCXOINT B
OCHOBHOM B 3€JIEHbIX OpraHaX PacTeHHit, 0COOYI0
Ba)KHOCTb IIPUOOPETAET HOPMUPOBAHUE HUTPATOB MIPU
IIPOM3BOACTBE OBOLLEi 1 (ypaxa, TOTpebIsieMbIX B
CBeKeM BUJle. BhICOKOE coflepyKanue HUTPATOB B TIOUBE
MIPUBOIUT K 3aTPASHEHUIO TIOIBEMHBIX BOJI,
HCIO/Ib3Y€eMBbIX, KaK IIPABUJIO, B Ka4eCTBE UCTOYHUKOB
MUTHEBOI BOMbL. He06XOMMMOCTh CTPOTOro
HOPMUPOBAHUS HUTPATOB, CONEPIKALINXCA B BOJIE U
PaCTUTENbHOM IPONYKINH, 00 BICHIETCS TEM, 9TO B
pesyJbTaTe UX pefyKUuK 06pasyroTcsi HUTPUTHI,
CIIOCOGHBIE, B CBOIO OUYePe/lb, TPEBPAIIATHCS B ITPOIIECCe
SHJIOTEHHOTO CUHTE3a B HUTPO30AMUHBI, 00/IaIaI01IHE
KaHLePOTeHHBIMH U My TAaT€HHBIMU CBOIICTBAMU.

[TocTymeHre 6MOTEHHBIX 2IEMEHTOB (0COGEHHO a30Ta U
docdopa) B HEMPOTOUHBIE U MATOTIPOTOYHBIE BOIOEMBI
CrIOCOOCTBYET Pa3BUTHIO CHHE-3€/IEHbIX, JUaTOMOBBIX 1
IPYIUX BOLOPOCIIEit, 9BTpodUKaIy BogoeMoB. [IpoxyKTh
PAa3JIOKeHUs CHHe-3€e/IeHbIX BOLOPOCIIEN [0 XapaKTepy
TOKCUYHOTO BO3JIEHCTBUS CXOIHBI € XJIOPOPraHUYECKUMU
[eCTULMIAMH.

[Touck perreHus 9KOTOTHYECKUX AlIeKTOB PAIIOHAIBHOTO
HCITOIb30BAHMSI MUHEPATbHBIX YIOOPEHHIT BEIETCS B
Pas3IMYHbIX HAIIPaBICHUSX: 3aMeHa HUTPATHBIX GOpM
A30THBIX yIOOPEHUI COeTUHEHISIMHI aMMOHHUS,
obecropuBanne Gocdaros, IeXIOPUPOBAHIE
IIPUPOINHBIX KAIUIHBIX yIOOPEHMIT U 3aMeHa UX
docdaramu kamus, mouck HOBbIX popm ynobpenuii. Takue
IIOAXO/IbI 0becIeyar coOMOieHHe TOIYCTUMBIX YPOBHEH
ConepsKaHusI Pa3IMIHBIX YIOOPEHUI B BOLHBIX
HCTOYHHKAX.

K cymectBeHHOMY (DaKTOPY CETHCKOXO3SIIICTBEHHOTO
3arpsi3HEHUsI BOIHBIX UCTOYHUKOB OTHOCSITCS TECTUIIU/IBIL.
YcTaHOBIIEHO, YTO IECTUIUABI — OUOIOTUIECKI
BBICOKOAKTUBHBIE BEIECTBA, CIIOCOOHbIE OKa3bIBATh
a/UTepreHHoe, 61ACTOMOTEeHHOE, MY Tar€HHOE,
TeppaTOreHHOEe U IMOPUOTOKCUIECKOE IEFICTBUE HA
OpraHu3M Yel0BeKa M KUBOTHBIX. BOMBIIIMHCTBO
MeCTULUIOB IIPEeICTaB/IAI0T co6011 CTOIIKHE COeNUHEHUS C
IINTEbHBIM IIEPUOLOM ITOIypacaga (MecsIbl, TOBI).
MeTabomIUThl HEKOTOPBIX TECTUIIUIOB 60JIee TOKCHYIHBI,
YeM MCXOIIHbIE COeIMHEHUS; TI0 MePe MPOIBIKEHUSI K
BBICIIIUM 3BEHBSM TPODUIECKUX [IETIEe KOHI[EHTPAIIHS
3THX IPOLYKTOB BO3PACTAET.

Murpauus 1 HaKOIUIEHMe IIECTULIUIOB B II0YBE, BOIE U
[IPOIYKIIUK CeIbCKOXO3SIICTBEHHOTO IPOU3BOMICTBA CTAIU
00'BEKTOM CEPbEe3HBIX UCC/IENOBAHUIL BO MHOIUX CTPAaHAX
Mmupa. XJIopopraHuyecKye MeCTUIIMIBL 3arPASHAIOT KaK
[IPOLYKTHI )XKUBOTHOBOJICTBA, TAK U PACTEHUEBOMICTBA,
dochopopranudeckue mecTunumbl U KapOHaMaThI
HAKAIUIMBAIOTCs IPEUMYIIIECTBEHHO B PACTEHUSX.
TpaHCIOKaMs ¥ HAKOIUIEHWE TOKCUKAHTOB B GHOMacce
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pacTeHNH 3aBUCAT OT KIMMAaTHYECKUX YCTOBUM,
IPaHy/IOMETPUYIECKOTO COCTaBa ITI0YBLI, COIEPIKaHUA B HEN
ryMyca, eMKOCTH IorIolenus, pH nousennoro pacrsopa, a
TaK>Ke OT KOJIMYEeCTBA Mperapara u ero (PUsnKo-XuMmuIeCcKux
CBOMCTB.

3arpsi3HeHNe BOIHBIX HICTOYHUKOB IIPOUCXOIUT U B pe3y/IbTaTe
aposuu 1oys. [Ipu 3TOM ¢ TOYBOI B BOZIOEMBI ITOMTAJAIOT
OCTaTKU MECTULIUIOB U MUHEPAIbHBIX YI00PEHUIL.

[pencTaB/isoOT OMACHOCTh KAK MCTOYHUK XUMHUIECKOTO, TAK U
6UOIOrNYECKOrO 3arpsisHEHMsI CTOKU KPYIIHBIX
YKMBOTHOBOIYECKUX KOMIUIEKCOB. C TAKUMU CTOKAMU B BOLY
[OCTYHAIOT He TOJIbKO 61O UIbHBIE 3/IEMEHTHI,
CTUMY/IUPYIOLIHE S9BTPO(PHUKAIMIO BOLOEMOB, BHI3bIBAIOLIYE
pasoxkeHue reTepoTpodHON MUKPODIOPHL, HO U
60J1€3HETBOPHBIE MUKPOOPTaHU3MbI, [€/ITbMUHTBIL

ITouBeHHBI} MOKPOB — BOKHEUIIINI KOMIIOHEHT
arPO9KOCHUCTEMBI — UTPAET POb GUSHKO-XUMHIECKOTO U
6HOIOTUYECKOTO MTOTIOTUTES M HEHTPaTu3aToOpa MHOTUX
XUMHUYECKUX COSIHHEHMUI; CIIOCOOHOCTH MOYBHI K
CaMOOYUILIEHUIO 3aBUCUT OT COJEP KaHUsA B HEM OPraHnIecKOro
yrrepona, pH cpenibl, eMKOCTH IOTIOIIEHUS, IPYTUX (DaKTOPOB
U MMeeT OIIpefie/IeH bl nIpefesl. HakorieHue B mouse
TOKCHYHBIX BEIIIECTB OKa3bIBaeT MHIMOUPYIOlIlee TeMCTBHE Ha
MUKPOOPTaHU3MBI, YTO CHUYKAET IUIOAOPOAME ITIOYBBI U OITACHO
B CBA3U C IIEPEXOIOM IIperiapara B KOHTaKTUPYIOIHe CPEMbl:
BO3IyX, PaCTE€HN s, IOBEPXHOCTHBIE U IIOJ3€MHbIE BOZBI.

Croco6HOCTD II0YB U PACTEHUIT K CAMOOUYUIIIEHHUIO
[IPOSIB/ISIETCS B PA3/IMIHOM Mepe, 3aBUCUT OT MHOTHX
(akTOpOB, BeCbMa BayKHbIE U3 KOTOPHIX — GHOTHIECKHE:
AKTHBHOCTD II0YBEHHBIX MUKPOOPTaHU3MOB U MeTa00I13M
pacrenuit. OCTaTOYHbIE KOIMIECTBA 9K30T€HHBIX XUMUIECKUX
BeILeCTB B GUOMAacce paCTEHUI [IEPEXOMAT B IIOC/IEAYIOLIHe
3BEHbsI TPOMDUIECKUX IIeTIelL: IIPOLYKTHI 3eMJIeIe/IHsl — 1e/I0BEK;
KOpMa — >KUBOTHBIE — YeJIOBEK.

OnuH U3 UCTOYHUKOB MOCTYIUICHUS PA3TMYHbBIX XUMUYECKUX
BEIIIECTB B IIOYBY U PACTEHUs — OPOCUTEIbHAA BOJA, [IO3TOMY
HOPMHMPOBaHUE ee KaueCTBA UMeeT BaXKHOE IIPAKTUIECKOe
3HaueHue. [lonaganne B I0YBY M HAKOIUIEHUE B HEIl HEKOTOPBIX
METAJUIOB, IPUHOCUMBIX C OPOCUTEIbHBIMU BOTAMHU, MOXKET
YTHETaTbh AeATeIbHOCTD ITOYBEHHOI MUKPO(IOPHI,
OCYIIECTB/IAIONIEN Ba)KHENIIIHNE ITPOIIECCH CAMOOYMILIEHUS
[TOYBBI, (PUKCALINH a30Ta; BIUATDH HA YCTOMIMBOCTD PACTEHHUI K
60s1e3H5IM, 3aCyXe; CHIDKATh UX IIHIIEBYIO [IEeHHOCTh; HAKOHeL],
BBI3BIBATb TOKCUYHYIO PEAKIIUIO Y PACTUTETbHOAIHBIX
JKUBOTHBIX U TIePeIaBaThCs lasiee 10 TPODUIECKOI 1ETTH
yesioBeKy. Hanpumep, oBblllleHNEe B IIOYBE COAEP>KaHUA MU
(6ommee 3 MI/Kr) He TONBKO YTHETAET MIPOIECCH CAMOOIHIIICHHUS
TI0YB, CHU>KaeT KOJIMYECTBO IOYBEHHBIX MUKPOOPTAHU3MOB,
TUTP HUTPUDUKATOPOB, YCTONIUBOCTD PACTEHHIT K BOTHOMY
nedHUIUTY, HO ¥ YMEHbIIIaeT cofeprkanue Butamuna C B
OBOIIIAX, 6€/IKa B 3epHE TOPOXa, KpaxMajia B 3€PHE MIIIEHHIIBI.
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The introduction of biogenous elements (especially nitrogen
and phosphorus) into motionless and slightly influent water
reservoirs promotes the development of blue-green, diatomic,
and other algae and eutrophication of water reservoirs. The
products of blue-green algae’s decay, with respect to their toxic
impact, are identical to organochlorine pesticides.

Studies aimed at finding a solution to ecological problems
associated with the use of mineral fertilizers are conducted
in various manners: substitution of ammonium compounds
for nitrate forms of nitrogenous fertilizers, defluorination
of phosphates, dechlorination of native potassium fertilizers
and substitution of potassium phosphate for them, and

by searching for new fertilizer formulas. Such approaches
allow us to stick to permissible levels of various fertilizers in
water sources.

Pesticides are a significant factor in agricultural pollution of
water sources. It has been established that pesticides are
biologically highly active substances capable of exerting
allergic, blastomageneous, mutagenic, teratogenic, and
embryotoxic effects on humans and animals. The majority of
pesticides are stable compounds with a lengthy half-life
(months, years). With some pesticides, the metabolites are
more toxic than the initial compounds; plus, as pesticides
approach higher links of the trophic chain, the concentration
of these by-products rises.

The migration and accommodation of pesticides in soil,
water, and agricultural products have become the object of
thorough investigation in many countries. Organochlorine
pesticides pollute animal and plant products;
organophosphorous pesticides and carbamates are built up
largely in plants. Translocation and accumulation of toxic
substances in plant biomass depend on climatic conditions,
humus content, particle-size soil composition and exchange
capacity, pH of soil solution, as well as on the amount and
physical and chemical properties of the pesticide.

Water sources also become polluted as a result of soil erosion.
Residues of pesticides and mineral fertilizers make their way
to water reservoirs along with the soil.

Slurry from animal production facilities poses a danger as a
source of both chemical and biological pollution. Not only do
effluents from animal farms reach water reservoirs, where
biophilic elements stimulate eutrophication of water
reservoirs, causing a decay of heterotrophic microflora, but
pathogens and helminths also reach reservoirs.

Soil cover, the most important component of the agricultural
ecosystem, acts as a physical, chemical, and biological
absorber and neutralizer of many chemicals; soil’s detoxifying
properties depend on its organic carbon content, medium
pH, saturation capacity, and other factors—but only to a
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degree. Accumulation of toxic material in the soil inhibits
microorganisms, thus decreasing soil fertility, and is
dangerous since a chemical spreads to the environment: the
air, plants, and surface and ground waters.

The detoxifying properties of soils and plants manifest
themselves differently, depending on many factors, the most
important being activity of soil microorganisms and plant
metabolism. Residues of exogenous chemicals in plant
biomass are transferred to subsequent links along a trophic
chain: for example, from arable-farming products to humans;
or from feeds to animals to humans.

Irrigation water is one of the means by which various
chemicals reach soils and plants; that is why rating such water
as to quality is of great practical importance. Introduction to
the soil and accumulation of some metals, brought with
irrigation water, can suppress the activity of soil microflora;
these microflora perform the important processes of self-
purification of soils and nitrogen fixation. The metals
influence plant tolerance to diseases and droughts, decrease
their nutritive value, and bring about toxic effects in
herbivorous animals, which are transmitted further along the
trophic chain to humans. For instance, an increase in the soil’s
copper content (over 3 mg per kg) not only suppresses self-
purification of soils, but it also lowers the soil microorganism
population level, titres of nitrifiers, and drought tolerance of
plants—diminishing vitamin C content of vegetables, protein
content of peas, and starch content of wheat grains. Such
metals as zinc, molybdenum, vanadium, cadmium, lead, and
others are toxic to soil microflora and plants. At the same
time, the presence of exogenous lead in food products is
absolutely unacceptable.

The impact of toxic substances derived from the soil and

crops is revealed as follows:

- The thermal and microbiological regime of soils is violated;

- Migration and accumulation of toxins in agricultural
produce occur, along with subsequent change in nutritive
value;

- Plant growth and fruit-bearing are suppressed; and

- Toxic properties are changed and metabolites of higher
toxicity are formed.

In agriculture, arable farming systems, as well as those
associated with land improvement and water infrastructure,
form a whole system—natural and human made with a
certain (fit for specific conditions) level of ecological stability.
When applied in arable farming systems, mineral fertilizers,
trace elements, and pesticides reach plants, as well as ground
and surface waters.

Atmospheric precipitation is a rather important source of

toxic chemicals introduced to soil, plants, and water bodies.
Lead content of rain and snow fluctuates from 1.6 g per liter
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Puc.1-25 Cxema KpyroBopoTa BoAbl B MPOLIECCE (yHLMOHNPOBAHHA MENMOPATUBHOI CUCTEMb!
Figure 1-25. Scheme of mass transfer in the process of ameliorative system functioning
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YcraHOB/IEHa TOKCHYHOCTH /IS TIOYBEHHOI MUKPOQIOPHI BospeiicTBre TOKCMYHBIX BEILECTB Ha ITOYBBI U

U pACTEHMIT TAKMX METAJUIOB, KaK [[UHK, MOTHO/IEH, CE/IbCKOXO3AMCTBEHHbIE KY/IBTYPBI IIPOSABIIAETCS B
BaHaJ U1, KaJIMUi1, CBUHEL U p. B To Xe Bpems Hannuue CJIeyIOIEM:
9K30T€HHOTO CBMHIIA B [TUIIEBBIX IPOAYKTAX
HEJIOIIyCTUMO.
Cratba 7 B/msiHMe TOTOKOB 571eMEHTOB Ha 3arpA3HeHNe BOTHbIX HCTOYHHKOB




in those areas distant from industrial establishments to 350 g
per liter and higher in large cities. Mercury, passed into the
atmosphere by burning solid fuel and in the process of
running non-ferrous metallurgical enterprises, is carried into
the soil and water reservoirs by rainfall. Under the influence
of microorganisms, mercurial compounds are transformed
into methylmercury, a highly toxic organic compound.
Human-caused pollution of the atmosphere and,
correspondingly, rainfall containing cadmium, sulfur oxide
and products of its transformation, pesticides, and other toxic
chemicals, allow atmospheric precipitation to deteriorate soil
fertility and quality agricultural produce and to pollute water
reservoirs within both irrigated and rain-fed zones.

Drainage performed on irrigated and drained lands promotes
the intensive removal of salts, biogens, pesticides, and other
toxic substances from soil horizons and zones under active
influence of drainage into waterways and water reservoirs.
These chemicals subsequently affect water users in the lower
reaches of the river. Modern irrigated arable farming is the
largest user of water resources. In the desert zone, the volume
of water intake for irrigation reaches 90 percent of total water
consumption. However, a considerable part of this volume
represents evaporation, infiltration, and drainage effluent. In
addition, in the drainage process, centuries-old salt supplies in
deep soil horizons become activated, and intensive
agricultural production enhances migration of biogenes,
pesticides, and other toxic substances.

Management of the ecology as it relates to water use in arable
farming under irrigation cannot be effective without efforts to
manage land use as well. Taking into consideration the fact
that there is a close relationship between the processes of
water and land use in irrigated arable farming, it is expedient
to study the functioning of integral reclamation/water
infrastructure systems. Figure 1 shows a scheme for mass
transfer in the process of reclamation/water infrastructure
systems in the zone of irrigated arable farming. This reveals
water-migration routes of the transfer of salts, heavy metals,
biogens, pesticides, and other toxic substances.

Water source for irrigation (1) is in the center of the scheme,
as well as irrigated lands (2) and water intake (3). Frequently
one river is both the water source and water intake. The state
of the water source is determined by the level of ecologization
of industrial, municipal, hydroelectric, and agricultural units
(A, B, C, D), located in the upper-current areas away from
the water intake site. The sources of pollution from soil and
agricultural produce on irrigated lands include: atmospheric
precipitation (4), arable farming systems (application of
fertilizers, pesticides, trace elements, etc.) on irrigated and
nearby lands (6), and ground water (7). The latter two sources
of pollution are controlled, as are the processes of ground-
water pollution and translocation of toxic substances from the
soil into plants (5). Finally, the process undertaken to form
drainage effluents on irrigated lands is also regulated.

Influence of Element Flows on Pollution of Water Sources

In their scientific and technological aspects, the methods to
control these processes are a complicated problem. Its solution
will determine the degree of ecologization of reclamative/
water infrastructure systems. This problem is closely related

to the ability to solve a number of tasks—the chief being

the following:

1. Minimizing drainage effluents;

2. Minimizing pollution of the environment with biogens,
pesticides, heavy metals, and other toxic substances;

3. Develop an effective economic and legal mechanism.

To solve the first task it is necessary to optimize water use and

to develop and carry out a set of measures directed at

Iy -y A - L .- i r ‘_ *‘ t P

7 ! - :
®oto 7-1.JTabopants! Bsiaecmas Ocrposckuit u Mpuna Ocurnosa GepyT
06pasLbl TOYBBI C OIBITHBIX YIACTKOB HA KOTOPBIX PAs/INYHbIE
HeCTULUBL U Y0OPEeHNs IPUMEHSUIICh B OIBITAX U3YYAIOLINX BIANSHIE
XHMWYECKHUX OCTAaTKOB Ha pacTeHuA u mousy. (Poro Tuma MaxKeii6a)
Photo 7-1. Soil science assistants Vycheslav Ostrovsky (right) and Irina Osipova
take soil samples from test plots where a variety of agrichemicals and fertilizers
have been used in studies about the effects of chemical residues on plants and the
soil. (Tim McCabe photo)
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HApYIIaeTCsl TEIUIOBOI M MUKPOOHOIOTUIECKUI PEKUM
I10YB;

IIPOUCXOIUT MUTPALIMA U HAKOIUIEHNE TOKCUKAHTOB B
CEIbCKOXO3AMCTBEHHOM IMIPOAYKIIUU U COOTBETCTBYIOIIIEE
U3MeHeHUe MUIIEeBOM IIeHHOCTH;

TIOAAB/IAETCS POCT U IVIOJOHOIIIEHUE PACTEHU;

[IPOUCXOMISAT U3MEHEeHUEe CBOICTB TOKCUKAHTOB U
dpopmupoBanue 60see TOKCHYHBIX METAOOTUTOB.

B cenbckoM X03A1CTBE CUCTEMBI 3eMIIEENNA,
MeTMOPATUBHBIE U BOJOXO3AMCTBEHHbIE CUCTEMBI
00pasyIoT LeJOCTHYIO IIPHPOJHO-aHTPOIIOTEHHYIO
CUCTEMY C OIIP€e/IeJIEHHBIM IUIsI KOHKPETHBIX YCIOBUI
YPOBHEM 3KOJIOTMYECKOH yCTONYUBOCTHU. [IprMensiemMble B
CHCTeMax 3eMJIefle/THs MUHepalTbHbIe YI0OpeHus,
MMKPOSJIEMEHTHI U IIECTULUBI IIOCTYITAIOT B PACTEHUSI,
IIO/I3€MHBIE U IIOBEPXHOCTHBIE BOMIBL.

K BecbMa cyI1ecTBEHHOMY UCTOUYHUKY ITOCTYIUICHHUSA
TOKCUYHBIX BeIIIeCTB B IIOYBY, PACTEHUS U BOIHBIE
00beKTHI OTHOCATCsT atMocepHble ocanku. ComepskaHue
CBUHIIA B TOXK]IE U CHere u3MeHsieTcs OT 1,6 MKI/1 B
paifoHax, yIa/IeHHbIX OT IIPOMBILIICHHBIX 0O'BEKTOB, 10
350 MKr/71 1 60j1ee B KPYIHBIX TOpPOfax. PTyTh, momazas B
aTMocdepy IpH COKUTAaHUK TBEPIOTO TOIUIMBA B IIPOIlecce
PabOThI IPEANPUATHI LIBETHOM METAJ/UTyPIUH, IIOCTYIIAeT
¢ atMocdepHBIMU OCaIKaMH B [TOYBY ¥ BofoeMsl. [lox
BIUSAHUEM MUKPOOPTaHU3MOB COeTUHEHUA PTYTU
TpaHCHOPMHUPYIOTCS B METWIPTYTh — BBICOKOTOKCHYHOE
OpTraHMYeCcKOe COefUHEeHHe. AHTPOIIOTeHHOE 3arpsisHeHue
aTMocdepbl U COOTBETCTBEHHO aTMOC(EPHBIX OCATKOB
KaIMueM, OKCUTIOM Cepbl ¥ TPOAYKTAMHU ee IIpeBpallleHult,
MIeCTUITUIAMHU U IPYTUMHU TOKCUYHBIMU BellleCTBaMU
[TO3BOJISIET OTHECTU aTMOC(DEPHbBIE OCATKH K
CyLIeCTBeHHBIM (haKTOPaM CHIDKEHHSI IUIOIOPOAHUS TTOUB,
Ka4ecTBa CeIbCKOXO3SAMCTBEHHOM IMPOAYKIIUHU 1
3arpsI3HEHUS BOJOEMOB KaK B 30HaX IPUMEHEHU s
OPOIIIeHHsT, TAK U B 30HAX OHOTapHOTO 3eMJIeeHsL.

JlpeHa)k Ha OpOIIIAeMBbIX M OCYIIIAEMbIX 3EMJISIX
CrIocoOCTByeT MHTEHCU(DPUKAIIUH BBIHOCA COTIeiT, GHOTEHOB,
IIeCTUIIU/IOB U JPYIUX TOKCUYHBIX BEILIECTB U3
IIOYBEHHOT'O CJIOSI ¥ 30HBI aKTUBHOTO BIUSHUS IPEeHaXa B
BOJIOTOKH U BOJO€MbI, KOTOPBIE, B CBOIO OU€pPe/ib,
CTAHOBSTCS MCTOYHUKAMU ITOCTYIUICHHS 9THX BEIeCTB
IUIsI BOMOTIONb30BATEIIEH, PACIIONIOKEHHBIX HIDKE 110
TedeHUIo peku. CoBpeMeHHOe OpoIllaeMoe 3eMIeeTue —
KPYIHEHIINI TOTpeObuTe/Ib BOTHBIX PecypcoB. B
IIyCTBIHHOM 30He 00'beM BOf103a00pa Ha OPOILIIeHHE
nocruraet 90% obiiero Boponorpedienust. OmHaKO
SHAYUTE/IbHASI YaCTh 3TOTO 06 beMa BOZBI PACXOIYETCs Ha
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ucrnapenue, UHOWIBTPAIUIO, IPEHaXXHBIIT CTOK. BmecTe ¢
TEM B IIpoliecce paboThI JpeHaXkKa aKTUBU3UPYIOTCS
BEKOBBIE 3aI1aChl COTEH B ITyOOKHUX TOPU30HTAX, 4 B
YCIOBHSIX MHTeHCH(UKAIINN CETbCKOXO351ICTBEHHOTO
IIPOM3BOJICTBA YCH/INBAETCSI MUTPAIs OMOTEHOB,
IIeCTULUIOB U JPYTUX TOKCUYHBIX BEILIECTB.

Takum 06pasoM, O4eBUIHO, YTO IIPOLIECC IKOJIOTU3AIUU
BOJIOIIO/Ib30BAHUS B OPOLIAEMOM 3eMJIE[e/IUH HE MOXKET
6b6ITb 9 PeKTUBHBIM 6e3 OCYIIIeCTBICHIS MEPOTIPHITHI
I10 9KOJIOTU3AIMH 3€MJ/IETI0/Ib30BAHU. Y YUTHIBAsI TECHYIO
B3aUMOCB#3b [IPOIIECCOB BOJIO- U 3€MJIEIIO/Ib30BAHUS B
OpOLIaeMOM 3eMJIE[E/IUH, L[eJIeCO06PA3HO U3ydaTh
(byHKIIMOHMPOBaHME 11€/I0CTHBIX METMOPATUBHO-
BOJIOXO3SICTBEHHBIX cucTeM. Ha pucyHke puseneHa
cXeMa MaccollepeHoca B rpoiiecce GyHKIMOHUPOBAHMUS
Me/IMOPATUBHO-BOOX03ANCTBEHHBIX CUCTEM B 30HE
OpOLIAEMOTr0 3eMJIefie/INs, T03BOJISIOLAsl BHISIBUTH BOIHO-
MUTPALMOHHbIE [Ty TH IIEPEHOCA COJIENT, TAKE/BIX METAIIIOB,
6UOTeHOB, IECTULIU/IOB U IPYIUX TOKCUYHBIX BELECTB.

B 1ieHTpe cxeMbl MOKa3aHbl BOTOUCTOYHUK /TSI OPOIIIEHUS
(1), opormraembie 3emnu (2) u Bogonpuemuuk (3). Hepenko
BOIOUCTOYHUKOM U BOJIOTIPUEMHHUKOM SIBJISIETCSI OTHA
peka. CocTosiHIE BOMOMCTOYHUKA OIIPEe/ISIeTCsI YPOBHEM
9KOIOTU3AIIUH IPOMBIIIIICHHBIX, KOMMYHA/IbHO-ObITOBBIX,
TUIPOIHEPTETUIECKUX U CETbCKOXO3SCTBEHHBIX
00bekToB (A, B, C, D), pacrionoyKeHHbIX BBIIIIE IO TEIEHUIO
oT MecTa Boo3abopa. ICTOYHUKY 3arps3HEHUs TIOYB U
CETbCKOX03SMCTBEHHOM ITPOAYKIIMU Ha OPOIIAEMbIX
3eMJIsIX: aTMOCepHbIe 0canku (4), cucTeMa 3eMiIenenus
(BHECeHME YIOOPEHNUI, TeCTHIINAOB, MUKPO3JIEMEHTOB 1
JIp.) Ha OPOIIIAeMBbIX U COTIPeNeNbHbIX TeppuTopusx (6), a
Takke ogsemubie Boabl (7). ITocmennne nBa MCTOYHMKA
3arpsisHeHus — perynmupyemsle. K yrpaBiseMbIM OTHOCATCS
TaK>Ke POIIeCChI 3arPsI3HEHUsT TIO/I3EMHBIX BOI U
TPAHC/IOKAI[Us BEIECTB U3 MOYBHI B pacTeHus (5), u,
HaKOHEII, ITpoiiecc GopMUPOBAHUS IPEHAKHOTO CTOKA Ha
OpOIIIaeMBIX 3eMJISIX — TAK)KE YIIPaB/IsIEMBIIT ITPOIIeCC.

IIpuempl yripaBjieHUsI 3TUMHU IIPOLIECCAMU B HAYyYHOM U
TEXHOJIOTUYECKOM aCIEKTaX IIPeICTaB/IAI0T BeCbMa
CIIOKHYIO TIpo6iieMy. Y pOBeHb ee perieHus 6ymeT
OIIpeleATh CTEeNEeHb 9KOJIOTU3allUi MeTMOPATUBHO-
BOJIOXO3SIMICTBEHHBIX CHCcTeM. PaccMaTpuBaeMast mpobiema
TeCHO CBA3aHAa C pPellleHUeM psijia 3a1ad, IJIaBHbIE U3
KOTOPBIX C/IeNyIOIIHeE.

1. MuHMMM3a1Ms TPEHAKHOTO CTOKA.
2. MuHMMM3aLMA 3arpsA3HEHNsT 00'bEKTOB OKPY>KaIOIIei
cpenbl GUOTeHAMH, TECTUIUIAMU, TSKETbIMU

MeTa/UlaM1 U APYTUMH TOKCMKaHTaMU.

3. Cosnanue 3¢pHeKTHBHOrO MeXaHU3Ma 9KOHOMUKO-
IIPaBOBBIX OTHOILIEHUI.

BmisiHue MOTOKOB 37IEMEHTOB Ha 3arpA3HEHNE BOOJHBIX HCTOYHHKOB



decreasing to minimum levels infiltration losses in channels
on irrigated lands. Theoretically, the volume of drainage
effluents can be reduced to 8-10 percent of the conveyed
water volume. Minimization and, in some cases, a complete
exclusion of drainage effluents are feasible through the
application of biological drainage.

To solve the second task it is necessary to scientifically
ascertain the correct application rates and the appropriate
technologies for applying fertilizers and pesticides under
irrigation. Apart from this, it is important to carry out
measures to solve the first task, i.e., minimizing drainage
effluents. It is also important to use agrotechnological and
other methods to reduce fertilizer and pesticide losses to
minimum levels. In view of pesticides’ high toxicity and
persistence in the environment, it is important to more widely
employ biological methods to protect plants.

To solve the third task it is necessary to introduce a payment
system for water use, including the levying of fines for
polluting the environment. The level of the fines would be
commensurate with the inflicted damage and would consider
duration of the pollution. This would promote the
establishment of systems with a high ecological reliability.

Optimizing water use and improving collector-drainage water
quality will allow us to prevent surface- and ground-water
pollution, as well as pollution of soils and agricultural
produce. It should also help us save fresh water and obtain
greater farm yields. Methods and technological schemes to
utilize drainage water depend on the water’s chemical
composition and pollution level; since these factors change in
the process of operating reclamation-water economy systems,
a set of processes enabling the reasonable consumption and
improvement in the composition of drainage water should be
designed and erected on a modular basis.

Picture shows possible location of facilities to control water
quality. If a water source does not meet the requirements for
irrigation water quality, then the facilities have to be

located on the channel conveying water to irrigated lands.

If drainage water does not meet the requirements for water
discharged to the water source, the facilities have to be
located on drains and collectors. After the facilities have been
cleared up, drainage water recycling can be used for irrigation
and soil washing.

Various methods have been developed to increase water
quality. Physical, biological, chemical, and other methods
have been employed in both the urban and rural water supply
in treating volumes of sewage.

Drainage effluents, as a rule, are spread over large areas, have a

considerable volume, and are distant from power sources. To
make attainable a technology that improves drainage water

Influence of Element Flows on Pollution of Water Sources

quality, it is first necessary to have access to technological and
financial data. It is assumed that realizing improvements in
the quality of drainage water is possible through a step-by-
step process. At the first step, preference should be given to
low-power-consuming, inexpensive plants erected on a
modular basis that are capable of decreasing toxic substances
to required levels; as for salts, it is the ion ratio—rather than
salt concentrations—that matters, and that may be dangerous
for many crops. The established tasks can be undertaken with
the help of the “BIOCOM?” drainage water clarifying system
developed at the All-Union Research Institute of Hydraulic
Engineering and Land Improvement; this installation can be
operated at various regimes, whether on channels, drains, or
collectors. BIOCOM is rather powerful and allows us to
reduce general mineralization, to change ion ratios in a
desired direction, and to decrease the content of biogens,
pesticides, heavy metals, and other toxic substances to
required levels.

Conclusion

Success in making water sources clean, with respect to their
ecology, is dependent on the ability to carry out effective legal
and economic measures and to apply technology and modern
production operations in industries, power plants, municipal
economies, and agriculture. Facilities that control water
quality should ensure the removal of toxic substances from
the hydrogeochemical cycle within the boundaries of river
basins and certain water-use systems.
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st pertieHus TIepBOM 3a1a4u HeOOXOIUMBI OIITUMHS3AIHUS
BOJIOIIO/Ib30BAHUS, Pa3pabOTKa U peasn3alius KOMITUIEKCA
Mep IO CHMYKEHHIO 10 MUHUMaIbHBIX pa3MepOB
UHDWIBTPAIIMOHHBIX IOTEPH U3 KAHAJIOB, Ha OPOIIIAEMbIX
semJsix. TeopeTudecku 06beM IPEHAKHOTO CTOKa MOXKHO
CHM3UTH 10 8 - 10% Bomonomayu. MUHMMU3AIMS U B
HEKOTOPBIX CTyJasaX ITOJTHOE UCK/TIOUeHHe TPeHaKHOTO
CTOKa BO3MOXKHBI 32 CYET IIPUMEHEHUsT OUOIOTUIECKOTO
IpeHaa.

Jl1s1 pertieHust BTOpO¥ 3aa4y HeOOXOAMMO HayqyHOe
060CHOBaHHUE 03 U TEXHOJIOTUII BHECEHUS yno6peHm71 u
MIeCTUIU/IOB B YC/IOBUAX opolleHus. Kpome Toro, BaxxHO
peann30BaTh MepPbI, 00eCIeIUBAIOIINE PeIlIeHHE TTePBOI
3aJla4y, TO €CTb MUHUMM3ALUIO IPEHAXKHOTO CTOKa, a
TaK)Ke arpOTEXHUYECKUMMU U IPYTUMU IIPMEeMaMU CHUSUTD
[TOTepH YIOOPEHUH U MeCTUIINIOB 10 MUHIMATbHBIX
pasMepoB. B cBsA3M ¢ BBICOKOM TOKCUYHOCTBIO U
CTaOMIPHOCTBIO MIECTULIMIOB BXKHO IIMPE UCIIOIb30BATh
61OTOTYECKIE METOJII 3aII[UTHI PACTEHUIA.

Ilist periieHuisi TpeThel 3a1a4u HeOOXOMUMBL: BBEfIEHIE
[UIATHOTO BOJOIIO/Ib30BAHMS, IITPA(HBIX CAHKI[UI TPU
3arpsisHeHNH 0OBEKTOB OKPYIKAIOIIEH CPENIbl,
COM3MEPHMBIX HAHOCUMOMY YIIepOy ¢ yueToM daxkTopa
BpeMeHH, MaTepUaJIbHOE CTUMY/IMPOBaHUeE 3a CO3aHNe
CUCTEM C BBICOKOM CTEMEHbIO 9KOJTOTUYECKON HANEeKHOCTHU.

OnTUMHU3aLs UCIIOIb30BAHUs U IIOBBIIIIEHHE KaueCTBa
KOJUIEKTOPHO-/IPEHAKHBIX BOJ IIO3BOJIAT IIPEAOTBPATUTH
3arpsi3HeHHUE TTOBEPXHOCTHDBIX U ITOI3EMHBIX BOI, II0YB U
CEIbCKOXO03AMCTBEHHOM ITPOAYKIINH, a TAK)KE€ COKOHOMUTH
IIPeCHbIE BOABI U IOTYYUTH JOIIOTHUTEILHYIO
CEJIbCKOXO3AMCTBEHHYIO IIPOAYKIHIO. MeTonbl U
TEXHOJIOTUYECKHUE CXeMBbI Y TWIN3ALUU IPEHaKHBIX BOJL
3aBUCSAT OT UX XMMHUYECKOTO COCTaBa U CTeIeHU
3arpsAsHeHMN, a TaK KaK yKasaHHbIe ITOKa3aTe/Iu

IOABEP KEHbI USMEHEHUAM B IIPOILIeCcCe dKCIUTyaTallui
MeTMOPATUBHO-BOIOX03AMCTBEHHBIX CUCTEM, KOMIUIEKC
COOPY>KEHUH 110 PallMOHAIbHOMY MCIIOIb30BAHUIO U
YIYYIIEHNIO COCTaBa JIPeHa)KHBIX BOJ C/IEAyeT
paspabarpIBaTh U CO3IaBaTh Ha MOIY/IbHOI OCHOBE.

Pacnionoxenue coopyskeHHII 110 YIIPaBAeHUIO Ka4eCTBOM
BOJIBI 3aBUCUT OT HECKOJIbKUX HapaMeTpoB. Eciu
BOJOMCTOYHUK He OTBEYaeT TPEOOBAHUSM,
IIpeIbABIsIeMbIM K KaUeCTBY OPOCUTETbHON BOJIBI, TO
COOPY>KeHHeE TOJDKHO OBITh IIPETYyCMOTPEHO Ha KaHAJIE,
MIOABOJIAIIIEM BOIY K OpolllaeMbIM 3eMAM. Ecu
IpeHa’KHbIe BOMIbI He OTBEYAIOT TPeOOBAHUIM K BOJIE,
cOpacbIBaeMoOIi B BOOUCTOYHHK, COOPY)KEHHE YCTPAUBAIOT
Ha JpeHax, KojulekTopax. [Toc/te 04ncTKH Ha COOPY)KEHUAX
IpeHa>KHbIe BOJIBI 11e/IeCO0OPA3HO UCITOIH30BATH BHOBD
IUISL OPOIIIEHUS WIM IIPOMBIBKHU IIOYB.

Cratba 7

K HacrosiieMy BpeMeHM pa3paboTaHbl Pa3IMuHble
METO/IbI TIOBBIIIIEHUS KAYeCTBA BOMIbL: PUBUIECKHE,
610/IOTHYeCKHE, XUMUIECKHE U IPYTHe, KOTOPbIe HAIIlIN
[IPUMEHEHHEe B TOPOICKOM U CeTbCKOM BOIOCHAOKEHUH U
IIPU OYKMCTKE CTOYHBIX BOJI OIIPeIe/ICHHOTO 0ObeMa.

I peHa>KHBII CTOK, KaK IIPABUJIO, PACCPETOTOUYEH Ha
60JIBIINX IUIOIIALAX, UMeeT 3HAaUUTE/IbHBIN 00beM U
yIaseH OT HCTOYHUKOB 9HEPTHUH.

YT06bI TEXHOTOTHSI TOBBIIIEHNs KAYeCTBA IPEHAKHBIX BOJI
CTaJIa TOCTUKUMOI, HEOOXOIMMA MIPEKIIE BCETO ee
TeXHUYeCKast 1 (PUHAHCOBASL IOCTYITHOCTh. TU YCIOBUS
MIPENOTIPENETSIIOT dTAMHOCTD PEIIEHUS TPOOTEMBI
MOBBIIIIEHNsI KAI€CTBA IPEHAKHBIX BOJ| U €€ pean3aliiH.
Ha niepBoM ararie cieryeT oToaTh IpeanodTeHne
MaJIO9HEPTOEMKUM, HEOPOTHM COOPY KEHHUSAM Ha
MOJY/IbHOI OCHOBE, CIIOCOOHBIM CHU3UTH COIEPIKaHKe
TOKCUYHBIX BELECTB [0 TPeGyeMOro YPOBHSI; 4TO KacaeTcst
COJI€it, TO JUISL MHOTUX KY/IBTYP OIIACHA He CTO/IBKO
KOHIIEHTPAIU, CKOTBKO COOTHOIIIEHNE HOHOB.
[TocTaB/eHHBIM 3ajIa4yaM OTBEYAET paspaboTaHHAsA BO
BcepoccuiickoM HayYHO-UCCIeNOBATENBCKOM HHCTHTYTE
TUIPOTEXHUKHU U METMOPAITUH CUCTEMA OIUCTKU
npenaxxubix Bon “BUOKOM”, koTopast MoskeT paboTaTh B
PasIMYHBIX PEKMMAX Ha KaHA/IAX, IPEHAX U KOJUIEKTOPaX.
Paspernaromas cioco6uocts “BIOKOMA” nocratouno
BBICOKQ, YTO II03BOJISIET CHU3UTH OOLIYI0 MUHEPAIU3ALIUIO,
U3MEHHTH B HY)KHOM HAIIPaB/IeHUH COOTHOIIIEHHE HOHOB,
YMEHBILUUTD COfiep>KaHue GHOTeHOB, IECTUIMIOB, TSXKe/IbIX
MEeTa/UIOB U IPYTUX TOKCMYHBIX BeLeCTB O TPe6yeMoro
YPOBHSL

Taxum 06pasoM, IIPOLECC IKOIOTH3ALUH BOTHBIX
HCTOYHHKOB OIpeie/isieT He0OOX0MUMOCTb IPUMEHEHMUsI

2 hekTUBHBIX MPABOBBIX U IKOHOMUIECKUX MEP, & TAKKE
TEXHOJIOTHIT MOJIePHU3AIIMHU [IPOU3BOINCTBEHHBIX
[IPOLIECCOB B IIPOMBIILIEHHOCTH, 9HEPTEeTHUKE,
KOMMYHQJIBHOM U CeIbCKOM x03stiicTBe. COOpPY)KeHuUs 110
YIPaBJIEHUIO KAY€CTBOM BOJIbI JO/DKHBI 00€CIIeYUBAThH
BbIBE[IeHNE TOKCUIECKUX BELeCTB 3
CUIPOTEOXMMHUYEOKOT0 060pOTa B IIpefiesiax 6acceilHOB
PEK U OT/e/IbHBIX CUCTEM BOIOIIO/Ib30BAHMUSL.

JInteparypa

1. Anexcees 1O.B. Tsoxenbie MeTa/uIbl B IIOYBAX 1
pacrenusx. JI.: Arponmpomusnar, 1987. 141 c.

2. Bpouunnckuit K.K., Terutuenko M.M., Mepesxxko A.M.
Tunpobuonorudeckass MUTPanys MeCTUIUAOB. M.: u3zi-
BOo MI'Y, 1980. 120 c.

3. OCHOBBI IPOTHO3UPOBAHUSI KaU4eCTBa ITIOBEPXHOCTHBIX
oz, / JI.H. ®anpkoBckas, B.C. Kamunckuit, JI1.J1. [Taans,
N.®. I'puboBckast.

BmisiHue MOTOKOB 37IEMEHTOB Ha 3arpA3HEHNE BOOJHBIX HCTOYHHKOB



CtatbA 8 Poccunckue ABTOpbI

BooHoe xo3ancteo Poccumn n
MoAennpoBaHne BoAOOXPaHHOU
OEATENbHOCTU

The Water Economy in Russia
and Modeling of Water

Conservation Activities

215



216 CratbAa 8

BogHoe xo03sa1ictBO Poccuu u monenipoBaHue BOTOOXPAaHHOU NeATEeTbHOCTH

A.M. Yepnses, A.A. [lepunzep, H.B. Xunvuenxo, A.ll. Puxyn, A.E. Koconanoe

Pesrome

JlaHa XxapaKTepHUCTHKa CHCTEMbI BOIOOOeCIIeYeH s ’
OXpaHbl BOIHBIX pecypcoB Poccun. PaccMoTpeH onbIT
HCII0/Ib30BAHUS MaTEMATUYECKUX MOJIE/IEN ONITUMa/IbHOTO
IUTAaHUPOBAHUS Pa3BUTHUsI BOIHOTO XO35ICTBA B OacceiiHe
peku (pernoHe) ¥ KPyIMHOM IIPOMBIIIUIEHHOM LIEHTPe.
MsnoxeHa KOHLENINA CO3JaHNUS HOBOTO X035CTBEHHOTO
MeXaHU3Ma OTPACTH “BOTHOE XO35ICTBO .

Bonnoe xossaiictBo Poccun — 310 KpynHas
TOCyIapCTBEHHAs OTPAC/Ib, PEIIaloIas BOIPOCH
BOMOOGecedeH st HaceJIeHUS U HAPOIHOTO XO3SMCTBA HA
OCHOBE PallMOHAJIBHOTO ¥ 9KOHOMHOTO UCIIOTb30BAHUS
BOJIHBIX PeCYPCOB, UX OXPAHBI OT UCTOILEHUA U
3arpsI3HEHMUS.

braropaps sHaYMTE/IbHO TEXHUYECKON BOOPY>KEHHOCTH,
BOIHOE XO35ICTBO YIOBIETBOPsieT oTpebHOCTH Poccuu B
cBeXeit Bojie, coctapisiue 110 km® B rof. 3a60p BofibI U3
MIPUPOTHBIX KICTOYHUKOB CTAOMIM3UPOBAH U OCTAETCS B
IOC/IENHKE TOABI MPAKTUYECKU Ha OIHOM YPOBHE.

PagukanbHOTO pelieHust BOTOX03sICTBEHHBIX TIPOOIeM B
Poccun, Ha Halll B3IJISI/I, HEBO3MOYKHO IOCTHYb Oe3
3HAQUUTE/IbHBIX U3MEHEHUN B €€ 9KOHOMUYECKOU CUCTEME.
PacrouurenbHoe BomonoTpebieHue, 3arpsisHEHHE
IIPUPOINHO Cpenbl LO/KHBI CTaTh SKOHOMUYECKU
HEBBITOAHBIMU. JIUIIb B 3TUX YC/IOBUAX BO3MOXKHO
IpoKoe 1 3G PeKTUBHOE UCITOIb30BAHKE YKe
HMMEIOLINXCA TEXHOJTOTUYECKUX Y HayYHBIX JOCTVIKEHUHI
IUI pallMOHA/IBHOTO BEIEeHU BOJHOTO X0O3AMCTBA.

B nanHoOIT paboTe pacCMOTpPEeHBI HEKOTOPbIE

KOHIIETITYa/IbHBIE 1 METONUIECKNE ACTIEKTHI 3TUX HpO6}IeM.

Cy1iecTBeHHOe BHUMaHMUe y/Ie/IeHO IPUMEHEeHHIO
MaTeMaTU4YeCKUX MOJeIeH /IS OMITUMU3ALUU CIOYKHBIX
BOIOXO3SIMCTBEHHBIX CUCTEM, & TAKXKe
AIMMUHUCTPATUBHBIM, TEXHOIUTUYECKUM U
9KOHOMUYECKHM BOIIPOCAaM PallMOHAILHOTO
BOMIOITO/Ib30OBAHU .

Konnenuus pasBuTHs BOTHOTO X03s1iicTBa B Poccun
HEOJHOKPATHO IIpeTepIieBaa yTOYHEHUs U MU3MEHEHHUSL.
IIepBonavyanbHO, KOT[a IPHUPOAHBIE UCTOYHUKHU MOTJIA
06ecreunTh TOTPEOHOCTH HACETIEHUS U HAPOITHOTO
XO3SMCTBA, BOTOXO3SIMCTBEHHAS JIeSITe/TbHOCTh CBOIU/IACH
K I0f1a¥e BOJbI TOTPEOUTEISIM IO BOSMOYKHOCTH Haubosiee

merreBbIMU criocobamu. C pasBUTHEM OGOJIBIION
TUAPOIHEPTETHKH, UPPUTALIUU U BOSHUKHOBEHHEM
meduIUTa BOABI B OT/EIBHBIX PETHOHAX Y TBEPIUIICS
[IPUHIUI “CIIPABEIIMBOTO PACIIPENe/IeHIS BOIBI MEX/Y
TOTPeOUTESIMH, @ 3aTPATHI HA BOTOXO3SHCTBEHHbIE
MePOTIPUSTHSI TO/DKEH ObLT HECTH “TTABHBII
OTpebUTeNb. ITO MPHUBETIO K “y3yPIHPOBAHUIO
[IPEUMYIIECTBEHHOTO [IPaBa [10Ib30BaHMUs
BOMOMCTOYHUKOM “TJTABHBIMU MOTPEOUTETSIMU —
TUIPOIHEPreTUKON U MppUTalheIt.

C pasBuTHEM HapOJHOTO X035IMCTBA BO3pacTaia
IIOTPeOHOCTD B TEXHOJIOTHYECKOM PACXOofie BOIBI U
OTHOBPEMEHHO — OIIACHOCTD 3arpsA3HeHUA MPUPOIHDIX
BOJIOMCTOYHUKOB.

CoBepIIeHCTBOBAIMCH METO/BI U CIIOCOOBI
YIOBIETBOPEHNUS MOTPeGHOCTH B Boze. eduuut
IIPUPOIHOM BOZIBI B OT/IE/IbHBIX PAallOHAX CTUMY/IUPOBA
pasBuTHE 000POTHOTO BOIOCHAOKEHMSI B
IIPOMBIIIJIEHHOCTH, YTO CTAJIO, IO CYIIeCTBY, TEXHUYECKO
peBOIIOLIMIEN B BOOHOM XO3AMCTBE IIPENIIPUATUI.
[TosBHINCH 3aMKHY ThIe CHCTeMbI BOTOCHaOKeHus. Bee aTo
B OTIPe/Ie/IEHHOM CMBbIC/IE CHSUIO 3aBUCHMOCTD
[IPOMBIIIUIEHHOTO BOJIOCHAGKEHUS OT IPUPOTHOTO
BOOUCTOYHMKA. OHAKO OTCTAIO0 TeOPETHIECKOe
OCMBIC/IEHHE TTPOUCIIENIIIEr0, He U3MEHWIACh U OCHOBHAs
KOHIIETII[UsI BOIOTIOTIb30BAHUS, C1a00 MIPUCIIOCOOIEHHAST K
HOBBIM YC/IOBHSIM.

Bornee Toro, BomoxossiiicTBeHHas IeATETbHOCTD
pacuwIeHWIach Ha IBA CAMOCTOSTE/IbHBIX HAIPaBJICHUS —
UCIIO/Ib30BaHKe BOJL ¥ OXpaHa Bof. [lepuiur Bomsl ctanu
MTOKPBIBATh 32 CUET UCIIOIb30BAHUS BCe HOBBIX
BOIOUCTOYHUKOB U MeXOACCEITHOBOM nepe6p0c1<1/1 BOJIHBIX
pecypcoB. OxpaHy BOA TPAaKTOBAIU KaK CTPOUTENIbCTBO BCe
HOBBIX U HOBBIX, 60/Iee COBPEMEHHBIX OUUCTHBIX
COOPY>KeHHUI1, a UCIIOJIb30BAaHHBIE IOCTATOYHO
3arpsisHEHHBIE BOJIBI [TPOJIO/DKA/IM COPACHIBATH B PEKH, KAK
651 “mopmep)KUBas’ UX HEYIOBIETBOPUTEIBHOE
KayeCTBEHHOE COCTOSIHHE.

OTHOCHUTE/IBHO 3aMKHY TBIX CHCTEM BOJIOCHAO>KEHNU S
HY>KHO OTMETHTH ciefytoiee. OHU TpeOyIOT IPUMEPHO Ha
30-50% 6oblite KaIIMTATOBIOXKEHHIT TI0 CPABHEHHIO C
PasBUTBIMU OOOPOTHBIMH IIUK/IAMU. DKCIUTyaTaIUsl 9TUX
CHCTEeM CBsI3aHa He TOJIBKO € OO/IBIIIUMU JIeHE)KHBIMU
3aTpaTaMM U HCII0/Ib30BAHUEM 3HAUNUTEeIbHBIX KaJPOBBIX

Bopnoe xo3saiictBo Poccuu u MogenupoBaHye BOTOOXPaHHOM JesATeIbHOCTH



The Water Economy in Russia and Modeling of Water Conservation Activities

A.M. Chernyaev, A.A. Deringer, N.V. Khilchenko, A.D. Rikun, and A.E. Kosolapov

Abstract

The systems of water supply and water resources conservation
in Russia are characterized. Experience in the use of
mathematical models for optimum planning—for the water
economy development in a river basin (a Region) and in a
large industrial center—is considered. The concept of
establishing a new economic mechanism for the “Water
Infrastructure” sector is set forth.

The water economy in Russia is a large state sector that
tackles problems associated with supplying water to people
and the national economy. It is based on rational and
economical use of water resources that keeps the resources safe
from depletion and pollution.

Thanks to good water economy engineering, Russia’s demand
for fresh water is met at the rate of about 110 cubic
kilometers per year. The water intake from natural sources
has stabilized, remaining at about the same level over the

past decades.

We believe that it is impossible to find a fundamental
solution to the problems confronting Russia’s water
economy without marked changes in the economic system.
Environmental pollution that dissipates water consumption
should be rendered unprofitable. Only then would it be
possible to widely and effectively apply available technologies
and scientific achievements to meaningfully practice

water economics.

This paper deals with some conceptual and methodological
aspects of these problems. Great attention is attached to the
application of mathematical models to optimize the
composite water economy systems and also to administrative,
technological, and economic issues of rational water use.

The concept of developing the water economy in the Russian
Federation has undergone repeated changes and
modifications. Originally, when natural sources could satisfy
people and the national economy, water economy activities
were confined to the delivery of water to users by the cheapest
possible method. With the development of hydrological

power engineering, irrigation, and the occurrence of water

Underlined numbers in parentheses cite sources listed in the References sec-
tion at the end of this article.

The Water Economy in Russia and Modeling of Water Conservation Activities

deficits in some areas, the principle of “just distribution” of
water among users was established, and expenditures on water
economy procedures had to be borne by the “principal”
consumer. It led to “principal” users—hydropower
engineering and irrigation—“usurping” the priority right to
make use of the water source.

Along with the development of the nation’s economy came a
demand for water to be consumed for technological processes;
at the same time, pollution emerged as a threat to natural
water sources.

Methods and techniques employed to meet the demand for
water improved. Deficits in natural water in some areas led to
the development of a rotational water supply for industry that
brought about a technological revolution at water economy
facilities. “Closed” water supply systems were developed. All
of this, to a certain extent, allowed industry to no longer
depend on natural resources for its water supply. However, the
theoretical understanding of what was going on proceeded
too slowly, and the basic concept of water use, which was
poorly adapted to new conditions, did not change.

Moreover, the activities in the field of water economy split
into two independent directions: water use and water
conservation. Deficits in water supply began to be covered
through the exploitation of newly discovered water sources
and inter-basin water resource transfers. Water conservation
was interpreted as the construction of more and more
updated purification facilities, while usable, residue-polluted
water continued to be discharged into rivers—thus
“maintaining” the rivers, unsatisfactory quality status.

As for the “closed” water supply systems, it is worth noting
that they require approximately 30-50 percent more
investments when compared with developed rotation cycles.
The operation of these systems is associated not only with
high costs and a large work force, but also with the need for
huge additional energy inputs. In addition, under closed
water supply systems, irreparable water losses increased
markedly, which is why the use of such systems at enterprises
located in towns near small rivers unavoidably entails the
need to spend more on the control and territorial
redistribution of the natural flow to replenish these

water losses.
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pecypcoB, HO 1 COIpsIKeHa C TPOMaTHBIMU
TOIIOMHUTEIbHBIMU 9Hepro3aTpaTamu. Kpome Toro, B
YCJIOBUSIX 3aMKHY TBIX CHCTEM BOJIOCHAOKEHNU S
CYILIECTBEHHO BO3PacTaioT 6€3BO3BpaTHBIE
9KCIUTyaTallMOHHBIE TOTePH BOABI, [IO3TOMY OpPTaHU3aLI U
TaKHUX CHCTeM Ha IPeAPUATUAX TOPOIOB, PACIIOIOKEHHBIX
Ha MaJIbIX peKaX, HeH36e)KHO COPOBOKIACTCS
TOTIOMHUTETbHBIMU 3aTpaTaMU Ha peryIUpoBaHUe U
TeppUTOpHAIbHOE ITepepaclpefie/ieHle eCTeCTBEHHOTO
CTOKa, YTOOBI BOCITOJTHUTD 3TH IIOTE€PU BOJBL.

Paspeenne mpo6eM BOOOIIONb30BAHNS Ha OXPAHY U
HCIIOb30BAaHME BOJ B PealbHbIX YCIOBUAX CETOTHAIIHETO
IHSI U B OIVDKATAIIIEN TePCIeKTUBE Pa30PUTETbHBI JUIs
006111eCTBA, a [JTABHOE, OHU YBOMSAT OT PELIeHHs OCHOBHOI
mpo6membl. OXpaHa — BBIHYXX/IeHHasi Mepa B 60pb6e co
C/IE[ICTBUEM — 3aTrPsA3HEHUEM, KOTOPOE IOPOKIEHO
XO3SIMMCTBEHHOM [eATEeIbHOCTHIO M OTCTAJION TEXHOJIOTUEH.
besoTxonnas TeXHOIOTMA U 3aMKHYTbI€ CUCTEMBI
BOJIOCHAO>KEHUsI B BOZTHOM XO3SIICTBE - 9TO IJIaBHas,
IOJITOCPOYHAsS CTPaTerus 00IeCTBEHHOTIO IPOU3BOJICTBA,
IporpaMma-MakcumyMm. B 6mmkaiiiiree Bpems ee
NIPOBeNEHNE CAEP)KUBAETCA MPEXK/E BCETO OTCY TCTBUEM
HeOOXOIMMBIX CPEMICTB.

Omnupasich Ha 6acceiH peKu KaK 00beKTHUBHO
CYIIIECTBYIOLLYIO IIPUPOJIHO-XO3SMCTBEHHYIO CUCTEMY,
HY>KHO IIPaBWIBHO IIOCTABUTD 3a/1a4y BOJOXO3SIMICTBEHHOM
MIPaKTHKU: cHOPMUPOBATD TaKy0 6aCCeTHOBYIO
BOJIOXO3SIICTBEHHYIO CUCTEMY, KOTOPasi ¢ MUHUMa/IbHBIMU
CYMMAapHBIMU 3aTpaTaMy Ha MH)XEHEPHO-TEXHUIECKUE 1
TEXHOIOTHIECKIe MEePOTIPHUATHSA [UIsl TpaHCchOopManuu
MMEIOIINXCSI MECTHBIX BOJIHBIX PECYPCOB M UX
HH)KeHepHOE BOCIIPOM3BOACTBO YIOBIETBOPsIIA ObI
TOTPeOHOCTH BCEX PACIIONIOKEHHBIX B OacceriHe
[0JIb30BaTesIeN U oTpebuTesieit 1 obecrednBaia
9KOIOTHIECKH Oe30IacHBIIT PACXOJL M Ka1eCTBO BU/IBI B
CaMOM1 peKe.

Pasymeercst, peausanus “ONTHMAaNbHBIX [IAHOB
HEBO3MOXKHA €3 U3MEeHEeHUs CUCTeMBI YIIPaB/IeHHsI
BOIOIIO/Ib30BaHKUeM. “OnTuManbHblit” (c
006111€6aCCEITHOBBIX TIO3HUIIMIT) YPOBEHb BOLOIOTPEOICHHS
win c6poca NO/DKeH He “HaBA3BIBATHCS MCTOYHUKAM, A
JOCTUIAThCS IPEUMYILECTBEHHO 9KOHOMUYECKUMU
MeTOIaMU: I/IATO 32 COPOC, CBEXXYIO BOLY, PHMHAHCOBBIMH
JIbTOTAMU [IPU OCYIIECTBIEHUH BOIOOXPAHHBIX
Mmepornpusituil (PuxyH u np., 1991).

MHOTrOo/IETHUI ONIBIT PeIlIeH!s BOAHBIX IPO6IeM
YPpanbckoro sSKOHOMHMYECKOIO PerMOHA € UCIIO/Ib30BaHUEM
OINTUMM3AIMOHHBIX MOJIe/IeN ITOATBEPKIaeT
[IePCIIeKTUBHOCTH Takoro myTu. K crennduxe pernoxa
OTHOCHUTCS KpaliHe BBICOKUI YPOBEHD TUCIIPOMOPIIUU
MEXy KOHIIEHTpaleN IIPOMBIIIUIEHHOCTH, 3aTPsI3HEHNEM
IIPUPOIHOI Cpefbl U 06eCIIeYeHHOCTHIO BOTHBIMU

\
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pecypcamu. [ToaTomy 3mech yrKe ceitdac IPUXOIUTCS
MIPUMEHSTh TaKHe KapAMHaIbHbIE TEXHUYECKIE U
OpraHU3aIMOHHBIE PEIIeHMUS 110 BOLOCOEPEKEeHUIO,
KOTOpBIE B MHBIX PailoHaX MOTYT ObITh MCIIO/Tb30BAHBI
ropasyio mosaHee.

Hanpumep, pacdeTs! 1o ONTUMHU3AIUN
BOJIOXO3IMCTBEHHOM CUCTEMBI T. EKaTean6ypra TIOKa3aiu,
470 K 2000 I. 06111351 TOTPEOHOCTD B CBEXXEU BOIE MOXKET
6BITH YOOBIETBOPEHA pH pacxoze ee 11,5 m*/c. Ito
II03BOJIAET OTKa3aThcs OT BBona 10 2000 r. ITaHMpyeMOro
BepxHe-Apac/iaHOBCKOTO BOTOXPAHMIUIIA (PacdeTshl 10
BOM0006€eCIIeYeH IO, TPOBEIEHHbIE TPATUIHOHHBIMU
MeTOIaMH, IPUBOIM/IN K BHIBOLY O HEOOXOTMMOCTH
[epepacpenesieHusi CToka p. Y Pbl, Tak Kak cyMMapHast
OTPeOHOCTH B Bofie ObLIa OIIpee/icHa Ha ypoBHe 14,2 m°/

).

[IpuBemeM cXxeMaTHYHOE OTIMCAHUE PE3Y/IBTATOB PACUETOB
10 MOJE/ISIM OIITUMU3AIIUHU BOTOXO3SIICTBEHHON CHCTEMbI
IS ABYX YPOBHEI — IPOMBIIIUIEHHOTO Y3712 (IpoMysiia) 1
peunoro 6acceitHa. [Togpo6HOMY pacCMOTPEHHIO 3THUX
MOJIe/Iel U pe3y/IbTaTaM PacueToB II0 PeaIbHbIM 00 BeKTaM
nocssieHa pabora A.Jl. Puxyna, A.M. Yepnsesa, V.M.
Mlupsika (1991).

MopenpoBanue BOI0X0351CTBEHHON CUCTEMBbI
NIPEeNCTaB/IAeTCA HaM BeCbMa BayKHbBIM, IIOCKOJIBKY B
paMKax IIPOMBIIIJIEHHOTO Y3/1a BO3SMOKHas KOOIIepalys
10 BOJOIIOJITOTOBKE, OYUCTKE, UCITOJIb30OBAHUIO U
[TOBTOPHOMY HCITONb30BAHUIO BOIBI MOXKET OBITH BeChMa
IUIOAOTBOPHOM, ¥ OTHOBPEMEHHO UMEIOTCS
AIMUHUCTPATUBHbIE NIPENNIOCHUIKU /I peaau3alun
pelLIeHNIt, ONITUMA/IbHBIX C IIO3ULIUU TOPOZA B LI€JIOM.

OcHoBHbIe (HaKTOPHI, yIUTHIBAEMbIE MOIETBI0
BOJIOXO3SMCTBEHHON CUCTEMbI IIPOMBIIIIJIEHHOTO Y3714,
yKasaHbl Ha cxeme (puc. 1). Kak BUIHO U3 9TOM CXeMBI, /151
9KOHOMHUH CYMMapPHOTO TIOTPe6/IeHISI CBEXKEiT BOMIBI
NIPEANPUATUAMU MOKET OBITh PACCMOTPEHA COBOKYITHOCTb
C/IEAYIOIIMX a/IBTEPHATHB: IOBTOPHOE UCII0/Ib30BaHNe
(noBeItreHue K03 duireHTa 060pOTA MPEATPUATHI);
HCIIOJIb30BaHNE OUUILIEHHOM CTOYHOM BOMbI OT COCETHUX
NIPENPUATHIH, OT IPYIIIOBBIX OYUCTHBIX COOPY KEHUMA
(HammpuMep, TOPOICKOT KaHATU3AI[UH U COOPY KEeHHIT
IOOYUCTKY TOPONCKO KaHaUu3auu). Takum o6pasom, B
MOJIe/IN PaCCMAaTPUBAIOTCS IBa BUMIA CBEXXEI BOIBI —
OTHOCUTEILHO YUCTad (M3 UCTOYHUKOB BOJLOCHAOKEHUS
WIN BOIOTIOATOTOBKHM) [T OTKPBITBIX 060POTHBIX CHCTEM,
U MeHee YUCTAas — /I8 CUCTeM TEXHUYEeCKOTO
BOIOCHAOXKEHU A IIpeaIpUATUIL Haubonee coxHblit
MOMEHT B HH(MOPMAIIMOHHOM 00eCcrieIeHUU MOTIeNN
BOJIOXO3AMCTBEHHOM CHCTEMBI IIPOMBIIIUIEHHOIO y3/1a —
OIMCaHUe BOIOXO3AMCTBEHHON CUCTEMBI IIPENIIPUATUIL.

JIJ1st KayKIoTo IIPeNIIpHUATHS j € J, SIB/IAIOLIer0Cs WIK
3HAYMMBIM BOIONOTpeOUTEIeM WK (1) CYILIeCTBEHHBIM
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Dividing the water use problems into water conservation

and water use under present conditions, as well as those of
the near term, is too expensive for the community. But
primarily, it distracts us from finding the solution to the main
problem. Conservation is an enforced means of controlling
pollution caused by human economic activities and
outmoded technology.

Energy-efficient technology and closed water supply systems
employed in the water economy comprise the main long-term
strategy of public production. For the time being, its
implementation is held in check primarily by the lack of
required resources.

Using the river basin as the objectively existing natural and
economic system, it is necessary to establish proper tasks for
the water economy that will establish basin water economy
systems with minimum total expenses for the engineering and
technological procedures needed to transform available local
water resources. Engineering reproduction would meet
demands by all users and consumers within the basin and
ensure ecologically safe discharge and quality of water in the
river itself.

Of course, implementation of “optimum” plans is impossible
without changing the water-use management system. The
“optimum” (from the general basin standpoint) level of water
consumption or discharge should not be “forced” upon water
users but is to be attained largely through economic means:
pay for water use, its works included, and financial incentives
for water conservation measures (2).

Experience gained over many years in finding solutions to
water problems typical of the Urals economic region,
involving the use of optimization models, confirms the
prospects for such a method.

The region is unique in that it includes an extremely high
level of disparity among industrial concentration,
environmental pollution, and sufficiency of water resources.
Thus here one must make fundamental engineering and
organizational decisions concerning water supply, which
could be employed in other regions much later.

For instance, estimates on optimizing water economy systems
of the city of Yekaterinburg showed that by the year 2000 a
total demand for fresh water could be met with water intake
of 11.5 cubic meters per second. This permits suspension of
construction of the previously planned Verkhne-Araslan water
reservoir (estimates for water supply made by conventional
methods led to the conclusion that the Ufa River flow had to
be redistributed since a total demand for water in
Yekaterinburg was estimated at 14.2 cubic meters per second).

The Water Economy in Russia and Modeling of Water Conservation Activities

We shall give a schematic description of results of the
estimates for the models to optimize the two-level water
economy system for the industrial complex and river basin.
Work carried out by A.D. Rikun, A.M. Chernyaev, and I.M.
Shiryak (2) is devoted to the detailed examination of these
models and the estimates concerning actual establishments.

We feel that modeling the water economy system is rather
important since within the framework of the industrial
complex, possible cooperation in water preconditioning,
treatment, use, and recycling can be rather successful, and, at
the same time, there are administrative prerequisites for
fulfilling the solutions, which are optimum from the city
standpoint as a whole.

Major factors considered by the model of the water economy
system of the industrial complex are indicated in Figure 1.

It is evident from this figure that in order for enterprises to
economize total consumption of fresh water the following
alternatives could be considered: recycling (a higher
coefficient of water rotations at enterprises); and utilization of
treated waste effluents from neighboring enterprises, from
combined sewers (for instance, city sewage system and
facilities to additionally clean sewage system). Thus, the
model considers two types of “fresh” water—relatively pure
(from the supply or water treatment sources) for open-
rotation systems—and not quite pure—for the technological
water supply systems of enterprises.

The description of the water economy facilities of enterprises
is the most complicated momentum in information feeding
the model of industry’s water economy system.

For each enterprise j € ], which is either a significant water use
and/or a highly important source of waste discharge,

(L+ 2) curves of q* ,q** dependencies of discharge of fresh and
effluent water and masses m, for every L kind ofpollutants
(1=1,..., L) on sum expenditures c made on the enterprise’s
water economy infrastructure are drawn. An example of
drawing similar dependencies is given in figure 2. Drawing
the functions q (c}.), q" (cj), {mjl(cj)}Ll=1 is confined to the
definition of indices {qjs (c}.z), q" (cjz), {rn).l(cjz)}Ll:l}Zj ., for
(z;+1) variants of the water economy system development of
an enterprise and linear interpolation of values q*, q, m, for
“intermediate” values for expenditures c.

A schematic calculation of four (z=1,..., 4) variations in the
water economy system development at the iron-concrete
manufacturing plant—starting from the existing system to
one with complete cessation of effluents—is given in Figure 3.
Here the first and cheapest procedure includes introducing
(2°=1) a circulation cycle to the equipment cooling systems
(group I); with zP=2, water is recycled to wash parts, with a
mechanical treatment being applied to effluents of users in
groups II, III, IV, etc.; a complete cessation of the plant’s
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HUCTOYHUKOM cOpoca 3arpsisuenust, ctpost (L + 2) kpusbie
qjs ,q].st 3aBUCHMOCTEN PACXOI0B CBEXXEN U CTOYHOM BOIbI U
Macc m, JUIs K&XO0ro L-ro Bujia 3arpsAsHAIOILINX BeLleCTB
(1=1,..., L) oT cyMmMapHBIX IpUBEAEHHbIX 3aTPaT ¢, Ha
BOIOXO3SICTBEHHYIO HHOPACTPYKTYPY IPEAIIPHSITHS.

Ha pucyHke 2 mpuBesieH IpuMep IIOCTPOEHU
MOIOOHBIX 3aBUCUMOCTEN. [TocTpoenue (bYHKLII/Iﬁ

q’ (c), q* (¢), fmy(c)}' | cBomMTCS K OIpEneneHIIO
oKasaresei {q}.s (cj“), qjst (c}.’), {rnjl(cj“)}Ll:l}Zi s

IIJIS1 (zj =1) BapUAaHTOB PasBUTHUA BOLOXO3ANCTBEHHOMI
CUCTEMBI NIPeIIIPUATHS TUHEHHON HHTEPIIOIALINI
SHAYEHUII /IS “TIPOMEXYTOYHBIX  3HAYEHHIT 3aTPAT c
Ha pucynke 3 gaHa cxema pacueTa detbipex (zF = 1,...,4)
BapUAHTOB Pa3BUTUSA BOLOXO3ANCTBEHHOM CUCTEMbI
3aBOJIa JKe1e300eTOHHBIX U3ME/IUI — OT CyILIECTBYIOLIIEN 10
ITOJIHOCTHIO 6€CCTOYHOI. 31eCh IIepBoe U Haubosee
JielieBoe MepPOTIPUATHE COCTOUT B BBemeHuH (ripu zP = 1)
060POTHOTO IHMKJIA B CUCTEMAX OXJIAKIEHUSI
o6opynosanus (rpymma 1); (mpu z° = 2) TOBTOPHO
HCIOIb3yeTCs BOMA I TPOMBIBKU JeTajIeit, IpU 9TOM
BBOJIUTCSI MEXaHUYeCKasl OYMCTKA IJISI CTOKOB
norpeburesteit B rpynmnax I, 111, IV u 1.1.; nonnoe
IpexparieHre copoca CTOYHBIX BOJI 3aBOJa NOTpebyeT ux
IUMEHUPAIU3alUU B KOTEJIbHOM, BBEIEHU (npn 7P =3)
(PUBUKO-XMMUIECKOIT OYUCTKU B KACCETHOM U
(OPMOBOIHOM OTHIETEHUSIX.

TakuM 06pasoMm, MOCTPOEHHUE TPOUSBONCTBEHHBIX
yukInit q (c}_), q" (cj), mjl(cj) pencTaBisieT cobom
[IOCTATOYHO CJIOXKHYIO IIPOLIEAYPY, II09TOMY BCe
MajI03HaYMMble HCTOYHUKHU OIUCHIBAIOT B MOJIE/IH
arperupoBaHHO.

PaccmoTrpennas Mopenb BOTOX03AMCTa€HHON CHCTEMBbI
IIPOMBIIIIJIEHHOTO Y3714 AB/I€TCS HETMHENHOM,
HEBBINYK/ION 3aja4eil MaTeEMATHUIECKOTO
nporpammupoBanus. Ee pomycrumas o6mactsb
ompenensieTcs: 6aJaHCaMU MacC BOIbI U 3aTPSISHSIIOLIINX
BEILIECTB B COOTBETCTBUU C TOMOIOTUEN
BUJ0X03AMCTBEHHBIX KOMMYHUKAIIUH, OTPaHUYEHUAMHU Ha
BE/IMYMHBI TOTOKOB, TEXHUKO-9KOHOMUYECKUMU
3aBUCUMOCTSIMH, OTIMCHIBAIOIIMMU BaPUAHTHI Pa3BUTUA
BOIOXO3AMCTBEHHBIX CUCTEM IIPEAIIPUATUIA, CUCTEM
BOJIOTIOATOTOBKU, TPAHCIIOPTUPOBKU U OYUCTKHU BOJBI.
AnropuTMm pertieHust Takoi 3aaqu (Kak IpaBuIo, B
KadecTBe 11e/1eBO QYHKIIUHM PACCMAaTPUBAIN CYMMapHbIe
3aTpaThl) OCHOBAH Ha CBEJEHUU €€ K PEIIeHUI0
OC/Ie0BaTe/IbHOCTU 3a7la4 IMHEMHOTO
nporpammuposanusi. [1o maHHO# Momeu 6pUTH
IIPOBENE€Hbl MHOTOUYMC/IEHHbIE PACYEThI /I TAKUX TOPOIOB
Y pasbCcKOro 3KOHOMHYECKOTO paiioHa, Kak Exarepun6bypr,
Yensbunck, Huwxuuit Tarwt, Marauroropck. OmHako

CTOJTb IeTAaTU3UPOBAHHbBIE MOJIE/TN CI0KHO IPUMEHATD
IIpU pacyeTe BOIOXO3ANCTBEHHBIX CCTEM PEYHBIX
6acceifHOB, KOTOPbIE MOTYT COIEPKAaTh NEeCSATKH
IIPOMBIIIIEHHBIX y3/I0B.

\

CratbAa 8

PaspaboTka u mpuMeHeHHe “KPyITHOMACIITa0HBIX
6acceitHOBBIX MOJIEIIe COIIPSDKEHBI C pEIIEHUEM IBYX
CBsI3aHHBIX [TPoOIeM. DTO MPO6IEeMBbI aIeKBATHOCTH U
[IPOCTOTHI CIOMTB30BaHUs Mozenu. Kpome TOro, BayKHbIi
axTop, onpenenIOMINIT CTPYKTYPY MOIEIH, — XapaKTep
undopmanronHoro obecrevenus. Harpumep, B Poccuu
HCITOIb30BAHKE TOMTBKO HOPMATHBHBIX JAaHHBIX IIPUBEIET K
ypOBHIO oI60K B 100%. 9T 1po61eMbl 06yCI0BIIN
HeOOXOMUMOCTH PadpabOTKK HOBOI 6acCEHOBO MOJIENH,
ONMPAIOIIIENICS Ha aTrPETHPOBAHHOE ONMMCAHNE OCHOBHBIX
HCTOYHUKOB 3aTPSISHEHUS B OT/IMYME OT TPAJUIIMOHHBIX
mopenett (Modelling, 1978).

IleHTpa/lbHBLIT MOMEHT, OIIPENE/IAIOIINI CTPYKTYPY TaKOM
MOJIe/IH, — 9TO OIHMCAHNE TIPeanpHUATHL. [IJIs1 TOTO, YTO6BI
6acceifHOBas MOJIE/Ib ONITHMH3AIINY OKa3amach

3¢ beKTUBHOT B BBIYHCTUTETBHOM OTHOIIIEHHH, OBLIO
IIPUHSATO PellleHNe TAKOe OIICAHNE [IeaTh
HMHIUBUYaIbHBIM JIUIIb I HEOO/IBIIIOTO IHC/Ia
[IPEIIPUATHII-TUTAHTOB, B TO BPeMsI KaK COTHHU CPEIHUX U
MeJIKUX IPeIIIPUSATHIT OMUCHIBAIOT arPErHPOBAHHO, C
nudbepernnanyert IUIIb 0 OTPACIEBOMY
pernoHanpHOMY IpusHakaM. C TOMOIIBI0 06pabOTKH
HUMEIOLINXCA JeTaAbHbIX JaHHBIX 110 200 mpeanpuaTuam

Y pasbCcKOro 3KOHOMHYECKOTO PaiioHa ObUIH IIOCTPOCHBI
perpeccHoHHbIE MOTIENN “CPemHUX TPENIPUITHIL Psiaa
otpacieit. OTKas OT HHAUBUAYAIbHOTO OMMCAHUS CPETHUX U
MeJIKUX IPeIIIPUSITHIT II03BOJISIET B IECSITKU Pa3 COKPATHTD
PasMepHOCTB 110 CPABHEHUIO C “TOYHBIMU
Ie3arperupOBAHHBIMU MOJIC/ISIMH.

MHOro/seTHUI OIBIT 3KCIUTyaTaluH 6acceitHOBOI MOJIE/IU
Kak B Y pa/jbCKOM 3KOHOMUYECKOM paiiOHe, TaK U JIA
6acceifHOB peK B HHBIX PETHOHAX ITOKA3aJI, YTO 3Ta MOJIENb
obecreunBaeT BIOTHE IPHEMIEMYIO TOYHOCTH B
OIpene/IeHU arPeETMPOBAHHBIX XapAKTEPUCTUK
BOZOIIO/Ib30BAaHMUA B OacceiiHe.

B Tabnuiie mpuBeneHbI PE3yIBTAThI PACIETOB 10
ONTHMH3AIMU BOJOX035IMICTBEHHON CUCTEMBI T.
Exarepun6ypra, mony4eHHbIe OMHOBPEMEHHO I10
6acceitHOBOM 1 “TOYHOI” IPOMY3/I0BOit MonensaM (PukyH,
Yepustes, upsik, 1991).

B cTpokax TabnuIbI IOKasaTe M Jaubl st otpacieit (), a B
ITOC/IEIHEI CTPOKE — COOTBETCTBYIOIIME CYMMapHbIe
noxasaren QX, QX°, QXY QX u All  , mory4yennble B
L[EJIOM TI0 CHCTeMe. 3aTPaThl OTPACH “SKUTHIIHO-
KOMMYHaJIbHOE XO35IFICTBO” BK/IFOYAIOT TOIBKO 3aTPAThI Ha
PasBUTHE CHCTEMBI TOPOJICKOIT KaHau3aiuu. B rpadax
“Bomomorpebenne” u “BomooTBenenne” ykasaHbl
coorsercTBylomiue pacxonsr QBY, QB°, Qp*, QP

KaK HaceJIeHus, TaK U MPEANPUATHUI, COPACHIBAIOIIUX CBOU
CTOKH B TOPOAICKYIO KaHA/THU3AIIMOHHYIO CETh.

AHanu3 IpUBeNeHHBIX TAHHBIX IO3BOJISET CIeIaTh
C/Ie[lyIo1 e BbIBObI:

Bopnoe xo3saiictBo Poccuu u MogenupoBaHye BOTOOXPaHHOM JesATeIbHOCTH



Puc. 2/27 ®yHKUuM CTOKa ANA CUCTEMbI MEHEI)KMEHTA BOAbI NpeaAnpuATua
Figure 2/27. Discharge functions for the water management system of an iron-concrete manufacturing plant
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waste effluents will require their demineralization in a boiler-
room along with application (zP=3) of a physical and chemical
treatment in plate holders and molding sections.

Thus, the structure of operation functions q; (ci), q* (cj),
mjl(ci) is quite a difficult procedure; that is, all the
insignificant sources are described in the model aggregately.

The model in question is a non-linear, non-convex
mathematical programming task. Its permissible area is
defined by the balance between water mass and pollutants in
accordance with topology of the water mains, limitation on
flow values, and technological and economic dependencies; it
is described by variations in the development of enterprises’
water systems, systems of water preconditioning, water
transportation, and treatment. The algorithm for solving such

The Water Economy in Russia and Modeling of Water Conservation Activities

I

a task (as a rule, total expenses were considered as a target
function) is based on the fact that it is confined to tackling
the consequences of the tasks of linear programming.
According to this model, many estimates were made for such
cities of the Urals economic region as Sverdlovsk,
Chelyabinsk, Nizhny Taguil, and Magnitogorsk. Nevertheless,
it is difficult to apply such detailed models when water
systems of river basins are estimated and when they can
include dozens of industrial centers.

Development and application of “large-scale” basin models
are associated with the solution of two related problems: the
model’s adequacy and its user-friendliness. In addition,
information availability and use are important in determining
the model’s structure. For example, in Russia, exclusive use of
normative data would lead to 100 percent error rates. The
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Puc. 3/28 BbluncneHnune gnAa cuctembl MEHAXMEHTA BOAbI NpeanpuATuA (M3/aeHb)
Figure 3/28. Calculation of water management system of an enterprise (m3/day)
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Tabnuvua 1. 3HavyeHuA napameTpoB BOLOXO3ANCTBEHHOW cucTeMbl . EkaTtepuHbypra, nony4eHHbie
no 6acenHOBON 1 MPOMY3/I0BOV MOAENAM ONTUMMU3aLIMU
Table 1. Parameters of the water economy system of Ekaterinburg for basin and industrial center models

OTpacnb HapofgHOro

BononoTtpebnenwne, TbiC. M3/cyT

BopoootBepnenune, Poct

X03AKncTBa Water use in 1,000 cubic meters per day m’/emd ThiC. M3/CyT npuBeaEHHbIX
National economy sector Water diversion,  3aTpat, MSH.
in 1,000 cubic pyb/ron
meters per day Growth in
TEXHOSNOrn- obopoTHan cBeXkaA Boga QBSt expenses in-
yeckada Boga Bopaa Fresh water curred, million
Process water  Circulation water  Q;° rubles per year
Q' Qy’ AmB
IMNpOoMBbILWAEHHOCTb 1,7/0,47 0,97/0,00 0,73/0,47 0,00/0,15 0,01/0,00
cTponmartepuanos
Building material industry 1.7/0.47 0.97/0.00 0.73/0.47 0.00/0.15 0.01/0.00
YepHaAa metannyprua 702/665 676/645 26/20 0,0/9 2,4/2,5
Ferrous metallurgy 702/665 676/645 26/20 0.0/9 2.4/2.5
Xummnyeckan 84,6/33,6 82,5/32,3 2,2/1,3 0,0/0,2 4,71 1
MPOMbILLTIEHHOCTb
Chemical industry 84.6/33.6 82.5/32.3 2.2/1.3 0.0/0.2 4.7/1.1
MawmHocTpoeHne 784/982 763/905 21/77 0,0/15 4,9/79
Machine building 784/982 763/905 21/77 0.0/15 4.9/7.9
XKnnuwHo-kommyHanbHoe  1128/1204 312/325 816/879 788/817 3,3/2,7
XO3ANCTBO
Housing and communal 1128/1204 312/325 816/879 788/817 3.3/2.7
services
WToro no otpacnam 2700/2907 1834/1921 866/986 788/846 17,7/15.0
Total for sectors 702/665 1834/1921 866/986 788/846 17.7/15.0

[NprumeyeHne: B uucnutene npuBeneHbl 3Ha4YeHuA,
COOTBETCTBYIOLLME PELUEHNAM MO MOAENN
NPOMBILLMIEHHOTO Y3Ma; B 3HaMeHaTene — no 6accenHoBon
MOAENN.

need to solve these problems led to the development of a new
basin model based on the aggregated description of major
sources of pollution—in contrast to conventional models (1).

Description of the enterprise is the central determinant of the
structure of such a model. To effectively automate the basin
model, the decision was made to individualize only a small
number of large-scale enterprises, while hundreds of medium-
and small-scale ones are described aggregately and are
differentiated only in sectorial and regional features.
Regression models of “medium” enterprises belonging to
several sectors were designed through processing available

detailed data on 200 enterprises of the Urals economic region.

Avoiding individual descriptions for medium- and small-scale
enterprises permits a 10-fold reduction in measurements
when compared to “precise” non-aggregate models.

The Water Economy in Russia and Modeling of Water Conservation Activities

Note: Values in accordance with the solutions to the industrial
center models are given in numerator, in accordance with basin
model in denominator.

Experience over several years in the use of the basin model
within the Urals economic region, and also for the river basins
of other regions, showed that this model ensured quite an
acceptable degree of precision in defining aggregated
characteristics of water use in the basin.

Results of estimates for optimizing water systems of the city of
Yekaterinburg are given in the table that follows; the results
are obtained simultaneously for the basin and “precise”
industrial center models (2).

Indices for sectors (B) are given in table 1 as well as the total
QX QX°, QXY QZ*, and AIl,. data, obtained as a whole for
the system. Expenses incurred in the sector “Housing and
Communal Services” include only those intended for the
development of the city sewage system. The expenses Qf,
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1. Hecmotps Ha cyllecTBEHHOE PasauiKe B OIIMCAHUU
06beKTa U 6aCCeTHOBOM U IIPOMY3/I0BOM MOJIeIen

ONTUMHU3AINH U HETIOIHYIO UAEHTUYHOCTD MCXOTHBIX
TAHHBIX, arPErUPOBaHHbIE ITOKA3aTe/N PEIIeHUS
(uTOTOBBIE 3HAYEHUS BOIOTIOTPEOIEHMS,
BOMOOTBEEHNs, 3aTapaT) OTIMYAIOTCS He 6ortee, 4eM Ha
15%, 4TO COOTBETCTBYET TOYHOCTH UCXOTHBIX TAHHBIX.

2. Ecu OLleHUTD BaKHYIO arPeTMPOBAHHYIO
XapaKTePUCTHUKY PEIIeHNUs — CPpefHuit KoapduiimeHt
BOI0060pOTa B IPOMBIIIIEHHOCTH Topona (6e3
YKHIUIIHO- KOMMYH/IBHOTO XO35I11CTBA) CO(ZBQB")/ZQB‘,)
TO TTOJTYIHM Cpu" =0,97uC° =0,94 (snech Cpuo "

C,° - cOOTBeTCTBEHHO KO3 DUIIMEHTBI s
IIPOMYS3J/IOBOII U 6aCCeTHOBOI MOJIEIeH ).

BbIcokue 3HaYeHUS BEIMYUH CBSI3aHBI C CWIBHBIM
3arpsisHeHreM p. MceTtpb BbIHI&i;;uEI@’gépHH6ypI‘a. Tak, mo
ONITHMa/IbHOMY ITAaHy MOJIE/TN ITPOMY3/I1a BCE
IIPeIPUATHUA, UMEIOIIIe CAMOCTOSATE/IbHBIE BBIITYCKH
CTOYHBIX BOIJIOJA JOCTYKECHHS IOITYCTUMBIX
KOHLICHTPALUII 3aTPA3HAIOIINX BELIeCTB NO/DKHBI IIePeiTH
Ha 3aMKHYTbIe CUCTeMbI BofgocHabxeHus. [1pu cron
BBICOKHX 3HaYCHHUAX UX pas/iuydue
CYIIECTBEHHO, a T0, U *u C°,  CBA3AHO ¢
npn6nn>1<eHan::1 XapaIiT);(ﬁgwyu@g‘Ta nyOBMM cbpoca
CTOYHBIX BOJ B “ITpy60I1” 6acCeitHOBOM MOJE/IN.

ITUM Ke, TI0-BUAUMOMY, OOBACHAIOTCA U CYILECTBEHHbIE
PasIuYUsA B POCTE YeNbHbIX IIPUBENEHHbIX 3aTpaT
IS MOIE/IEN TIPOMY3/Ia
(RACARTH(Q,” + Q) (au,)
(AUb/AUPu:1.9; AU, =1.5)

3. 3HauyuTeNbHbIE PA3/IMIKs IAPAMETPOB [0 OTPACIISAM
CBSI3aHbI [JIABHBIM OOPa3oOM C HECOOTBETCTBUEM
TEXHOJIOTMYECKUX PACXOMIOB (uro onpenensieTcs
HETOYHBIM “paCHpeI[e)'IeHI/Iel\QEtpeI[HpI/IHTI/II‘/'I o
OTPaC/IAM, Pa3/InIUeM UCIIONb3YEMbIX IIPOTHO30B U
T.0.).

Kak BHIHO U3 TaGIUIIbL, HTOTOBbIE ITOKA3aTe N
BOZIONIOTPEO/IEHHST M BOJOOTBENEHNUS, TAK M 3aTPaThl Ha
IOCTIYKeHME TPeGyeMbIX OIPaHIIEHHII IT0 Ka4eCTBY BOMIbI
OKa3bIBAIOTCSI JOBOIBHO GusKkuMH. [1o-BupuMomy, 3To
CBSI3aHO cO crrenuduKoit 6acceiina, e TOCTIKEHNE
[IOCTaB/ICHHBIX BOJOOXPAHHBIX I[e/Ieil 00eCIIeanBaeTCsI
HMHTEHCUBHBIM POCTOM BO0060poTa. To 06CcTOATeIBCTBO,
YTO PACYETHI 10 06EUM MOJE/ISM IIPUBOMAT K TAKOMY
BBIBOJLY, CTy)KUT apPIyMEHTOM B II0JIb3Y aleKBATHOCTH 9THX
MoJeIeN.

Ananmms PpacdeToB 110 OIITUMHU3ANUOHHBIM MOIE/IAM Ha

“peTpOCIIeKTUBY” U COIOCTABJIEHHUE ITOTYIAIOIIUXCS
PEe3Y/IbTATOB C CYIIECTBYIOIIMMHU BOTOXO3SIICTBEHHBIMHU
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KOMIUIEKCAMU MTO3BOJISIIOT HAIJISITHO OIIEHUTD
CJIOKUBILMECA JUCIIPOIIOPIIUU B Pa3BUTUU BOITHOTO
XO35ICTBA. DTU IUCIPOMOPIUU U HU3Kas 3P PEeKTUBHOCTH
B MCIIO/Ib30BAHUU BJIOKEHHBIX CPEICTB B 3HAUUTEILHON
CTEIIeHU CBA3AHbI C yCTapeBIIIE, U3TUIIIHE
LIEHTPATM30BAHHONM CUCTEMOM YIIpaB/IeHUs BOLHBIM
XO3AUCTBOM.

Co Bceit 0cTpOTOI BcTana mpobaemMa pa3paboTKu
MIPUHIUIIMAIBHO HOBOTO XO3AMCTBEHHOTO MeXaHU3Ma
yIIpaB/IeHUsI BOTHBIMU pecypcaMu. OGbeKTHBHO yKe
CYILIECTBYET OTPAC/Ib “BOIHOE XO3SICTBO , XOTS U He
odopMIeHHAs OPTAHU3ANMOHHO U IOPUINIECKH.
ODKOHOMHMYECKON OCHOBOI OTPAC/IN TOKEH CTATh MOTHBII
X03pacyeT, 00ecIIeunBaIOIINI CAMOOKYIIAeMOCTb U
camo(UHAHCHPOBAHNE HA OCHOBE CO3/IAHUS U Pean3alluu
coOCTBEHHOM MIPOLYKIIUH, TO €CTh IIOATOTOBIEHHOM K
HCIIO/Ib30BAHUIO BOJIBI TPEOYeMOTo KadecTna.

Otpacipb “BOIHOE X035IICTBO” TO/DKHA KaK ObI ITOTYyIUTD B
apeHIy OT rOCyAapCTBa BCe IPUPOHBIE BOIBI U OTBEYATD
Ieperi TOCYoapCTBOM B JIHIIE PerOHaIbHBIX OPTAHOB
BJIACTH 3a BOloobeciiedeHre HaceleHUst U HAPOIHOTO
XO35IICTBA U TO/IEP>KaHIe KOIOTUIeCKU 6€301acHOTO
COCTOSIHUS PEK, 03ep U.T.J. [JIaBHbIE OlIEHOYHbIE
mokasarenu 3P HeKTUBHOCTH IEATETHHOCTH OTPACIIU
“BOIHOE XO35IICTBO  BKJIIOYAIOT B CeOs1 HAEKHOCTD
Bojoobecredenus (€€ BO3MOYKHOCTD BBITIOTHATD
KOHTPAKTHbIE 00513aTe/IbCTBA MEPE] TOTPeOUTEEM ),
Ka4ecTBO BOJIbI B IPUPOTHBIX BOIHBIX HCTOYHUKAX,
BOCCTaHOBJ/ICHHE U YIyUIIIeHHe KayeCTBA BOMIBI PeK.
[lepBUYHBIM 1 BMECTE C T€M OCHOBHBIM CTPYKTYPHBIM
3BEHOM OCHOBHO OTPAC/IH IO/DKHO OBITH
IIPOM3BOACTBEHHOE 6ACCEITHOBOE yIIPaB/IeHE

(o6 benuHenue).

3akiaroueHue

B Poccuu chopmupoBana criennaan3upoBaHHast OTPACTb
“BOJIHOE XO3SIIICTBO , [JIABHBIE 3aa9H KOTOPOTI —
BOMoO6ecreyeHre HAPOIHOTO XO3SMCTBA HA OCHOBE
KOMIIJIEKCHOTO ¥ PalJMOHA/IbHOTO MCII0/Ib30BAaHUA BOIHBIX
PecypcoB U OXpaHa IIPUPOAHBIX UCTOYHUKOB OT
3arpsA3HEHUA U UCTOLIeHN . PeTpoCIIeKTUBHbBIN aHaIU3
BOLOXO3AMCTBEHHOM IIPAKTHUKU II0KA3bIBAET, YTO
He0OXONUM IIePeCMOTP KOHLEIIINH YIIPAB/ICHHS BOIHBIMH
pecypcamu, mepexos, K 9KOHOMMYECKUM METONAM B
YIIPaBJIEHUH BOOIIONIb30BAHUEM.

IIpumenenue MeTOIOB MaTEMATUIECKOTO MOJIETMPOBAHUSA
U B YaCTHOCTH OITUMM3ALMOHHBIX MO/, MOYKET
CYLLIECTBEHHO YIYYILIUTb Ka4e€CTBO IIPUHUMAaEMbIX
peleHunii IpY IVIAHUPOBAHUY PAa3BUTHSA U 9KCIUTyaTalluU
CJIOKHBIX BOIOXO0351ICTBEHHBIX KOMIUIEKCOB.

Bopnoe xo3saiictBo Poccuu u MogenupoBaHye BOTOOXPaHHOM JesATeIbHOCTH



QPe, QP*, QB under the “Water Use” and “Water Diversion”
headings are incurred by urban populations and enterprises
that discharge their effluents into the city sewage system.

Analysis of the data permits the following conclusions to be

made:

1. In spite of a considerable difference in the description of
the enterprise in basin and production center optimization
models and incomplete identity of initial data, the
aggregated indices of the solution (summary values of
water use, water diversion, and expenses) differ by no more
than 15 percent, which corresponds with accuracy of the
initial data.

2. If evaluating an important aggregated characteristic of the
solution—the average coefficient of water circulation in
the city’s industry (excluding housing and communal
services) CO(ZBQBO)/ZQﬁ‘)—then we'll obtain Cpu" =0.97
and C,° = 0.94 (here the coefficients C_°and C° stand for
the industrial center and basin models, respectively).

High values of C O Coare associated with the Iset River
pollution (to the north of Sverdlovsk). For example, under
the optimal plan of the industrial center model, all those
enterprises with autonomous outlets for waste effluents
should switch over to closed water supply systems. With
such high values of Cpu" and C.o their difference is
significant, as is the fact that C o> Cb" are related to the
approximation of conditions under which waste effluents
are discharged in the “rough” basin model.

Considerable differences in the growth in the expenses
specifically incurred (AU=(AIT/(Q,° + Q") —for the
industrial center (AUPu) and basin models (AUb/AUPu=I.9;
(AU,=1.5) kopecks per cubic meter are explained by the

same reasoning.

3. Considerable differences in parameters between the sectors
are related largely to a discrepancy in process water
discharges Q¢ (which is defined by an inaccurate
“distribution” of enterprises among sectors, differences in
application of prognoses, etc.)

As can be seen in the table, total data on water use and water
diversion, as well as the expenses Al incurred to achieve the
required restrictions imposed on water quality, turned out to
be rather close. This result is likely connected with specific
features of a basin where the set water conservation goals are
attained through an intensive increase in water circulation.
The fact that calculations for both models led to the same
conclusion speaks in favor of these models” adequacy.

By analyzing estimates associated with the optimization
models, as well as comparing the resulting data with the
functioning water economy complexes, we can visually
evaluate discrepancies that occurred in the development of the

The Water Economy in Russia and Modeling of Water Conservation Activities

water economy. These discrepancies and low efficiency in the
use of investments are, to a great extent, connected with the
old-fashioned, excessively centralized system used to manage
the water economy.

The need to develop an absolutely new economic mechanism
to manage water resources has become acute. The water
economy sector, though not formed organizationally and
legally, objectively exists. Economically, the sector should be
self-supporting, or self-sufficient, earning enough money to
be self-financed at the expense of its own realized output, and
it should be prepared to produce water of required quality.

The water economy sector must be in a position to rent all
natural water resources from the state and to be responsible
before regional governmental bodies for supplying water to
the population and the national economy, and for
maintaining the ecologically safe status of rivers, lakes, etc.
The principal determination of the water economy efficiency
includes an assessment of the reliability of the water supply
system (its ability to meet contractual commitments to water
consumers), the quality of natural water resources, and
restoration and improvement of river water quality.

The production and basin department (association) must
be a primary and at the same time principal structural unit
of the sector.

Conclusion

A specialized sector—the water economy—has been formed
in Russia; its main task is to supply water to the national
economy on the basis of a comprehensive and rational use of
water resources and to protect natural water sources from
pollution and depletion. A retrospective analysis of the water
economy in practice shows that it is necessary to review the
concept of controlling water resources and to transition to
economical methods to manage water use.

The use of mathematical modeling methods and, particularly,
of optimization models, can greatly improve the quality of
decisions made in planning the development and operation of
water economy complexes.
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CHCTeMBI NCTO/Tb30BAaHUSA CTOYHBIX BO,

JLII. Osuos, JI.A. Mysviuenxo, b.C. Cemenos, I1.]]. Casocves, A.H. Kapauesuyee

Pesrome

OnpeneneHbr 06'beMbl HCIIOTb30BAHUS CTOYHBIX BOJL U
HAaBO3HBIX CTOKOB JI/ISI OPOILIEHUS C YIETOM OXPaHBbI
[IPUPOIHOI Cpefbl B YaCTHOCTH, BOIHBIX PECYPCOB, OT
3arpsiI3HEHMUs B YCIOBUAX 06eCIedeHnsl KOpMaMu
PasBUBAIOIIErOCs )KUBOTHOBOICTBA. O60CHOBaHA
MePCIeKTUBA IITMPOKOTO TPUMEHEHUS OPOCUTETHHBIX
CHCTeM ISl YTHIM3AIUH CTOYHBIX BOJ X CTOKOB
YKUBOTHOBOIYECKHX KOMITIEKCOB, UTO MTPENCTABIISET COOOIT
60J1ee IPOTPECCUBHOE PeIIIeHHUE 110 CPABHEHUIO C IPYTHMHU
crioco6aMi (BBIBO3 YKUIKOTO HaBO3a MOOMILHBIM
TPAHCIIOPTOM, UCIIONB30BAHNE COOPY>KEHHUIT
HCKYCCTBEHHO-GHOTOTUIECKO OYUCTKH, OPOIIICHHEe
YUCTOM BOIOHN U np.). ITO NO3BOTHUT PAllMOHAJIBHO
UCIIO/Ib30BATh [TUTATEIbHbIE BEIIECTBA B PACTEHHEBOCTBE
U IIPeOTBPATUTH 3arpsisHEHNE BOTHBIX 0OBEKTOB.

BBenenue

Hay4yHo-TexHH1eCKHiT Tporpecc 00yCIOBII 3HAYUTETHHOE
yBe/IHYeHHe TTOTPe6IeH s KaK IS XO35HCTBEHHO-
OBITOBBIX HYXX/I, TaK U I/IS1 HY XK/ IPOMBIIIUICHHOCTH U
CeIbCKOTO X03SMCTBAa YMCTOM BOIbBI. B ¢BsA3U ¢ aTUM
ITOBBICH/ICSI M COPOC Pas/IMIHBIX 3arPsI3SHEHHBIX CTOYHBIX
BoI. BMecTe co cTOUHBIMU BOAMU M HABOSHBIMHU CTOKAMHU
cOpachIBaeTCss OTPOMHOE KOJTMYECTBO OMOTEHHBIX
aneMeHTOB (230Ta, hocdopa, Kamus u Jip.), OpraHuIeCcKuX
M TOKCHYHBIX BEIIIECTB.

MHoro/IeTHHE UCCAENOBAHKS ITIOKA3BIBAIOT, YTO
BO3JICMICTBHE YeIOBeKa Ha OKPY>KAIOIIYIO Cpeny B
nocaeqHue 25-30 jieT cTano MpeBbIIaTh BOSMOKHOCTH
€CTeCTBEHHBIX (DAKTOPOB, KOTOPBIE €Ille COBCEM HETaBHO
06ecrieunBaIi 9KOJOTHIECKOE PABHOBECHE B IIPUPOJIE.
[Tonosxenue ycyry6isieTcst TeM, 9T0 GOJIBIIIOE YHCIIO
KPYIHBIX IPEIIPHUATHII M HACEJICHHBIX ITYHKTOB CTPAHbI
He MUMeeT OYMCTHBIX COOPYy>kKeHHiL. [IpuMeHsiemble e
IOPOTOCTOSIIIINE COOPY KEHUS IJIsI HCKYCCTBEHHOM
61OJIOrMYECKOI OYUCTKU CTOYHBIX BOJI , B OCOOEHHOCTHU
BBICOKOKOHIIEHTPUPOBAHHBIX, TPYIHOOKHUC/ISIEMbBIX
HaBO3HBIX CTOKOB, He 00€eCIIeYnBAIOT Ka4eCTBO OYUCTKH,
KOTOPOE JIOITyCKaIo ObI COPOC B €CTECTBEHHBIE BOIOEMBI.
CrerneHb OYMCTKU CTOYHBIX BOJL HA CAMBIX COBPEMEHHBIX
OUYMCTHBIX COOPY KeHUAX He npesbiaer 90%. ITostomy B
IIPUPOIHYIO CPely IOA/IAl0T MHOTHE JeCATKU U IaKe
COTHH TBICSIY TOHH OMOT€HHBIX 9JIEMEHTOB, YTO HapyIIaeT
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9KOJIOTHIO BOJIHBIX 6ACCEITHOB CTPAHBIL, TaK KaK BOIHbIE
pecypchl, Hace/leHHbIe ITYHKThI U IIPOMBIIIUIEHHbIE
peaupUATHs (B TOM YHC/Ie U KPYIIHbIE
YKUBOTHOBOIYECKHE KOMIUIEKCHI) pacIpe/ie/ieHbl Ha
TEPPUTOPUU HEPABHOMEPHO, TO OYEBUAHO, YTO
eBpomneiickas yacTb CHI 6yner ucnbITBIBaTh OCTPBIi
HEIOCTOK YHUCTOM BOIBI B CAMBbI OIM KAMILINIA nepuom, a
HEKOTOPbIE PafiOHbI UCIBITHIBAIOT €T0 YKe cerJac.

HameTnmach TeHeHITUA AaIbHENIIIETO YBeTUIeHUA
00'beMOB CTOYHBIX BOJ] (KOMMYHa/IbHO-OBITOBBIX,
TSKE/IOM, JIETKOM M ITUILIEBOM IMPOMBIIITIEHHOCTH, KPYITHBIX
JKUBOTHOBOIYECKUX KOMIUIEKCOB U 71p.). [To mporuoasy,
KOJIMYEeCTBO COpachIBaeMbIX CTOYHBIX Bom B 2000 T.
nocturset 30 xm®. Q611 060beM HaBO3HBIX CTOKOB 110
CTpaHe B HACTOsIIee BpeMsl COCTaBIIAeT CBbllile 27,1 MIH

M.

KonnecTBO 3arpsA3HSIONIMX BEIeCTB (PaCCIUTAHHOE TI0
6MOTOTHYECKOI TIOTPEOHOCTH B KHCTOPOJIE),
coflepyKaIuxcsi B 061ux o6beMax BoqooTseneHus B 1990
I. 110 6acceitHaM OCHOBHBIX pek ctpad CHI, cocraBuo:
Bosra - 960 toIC.T., [JOoH - 280 ThBIC.T., IHETp — 120 THIC.T.

[ToaTomy yBemmuuBaoniecs 06beMbl CTOKOB
HPEICTaBIAIOT 06071 TTOBCEMECTHO HE TOIBKO
IIOTEHIIMA/IbHYIO, HO Y>Ke BIIOJIHE PEaJbHYIO yTPO3y
3arpsAsHEHUs BOIHbBIX PECYPCOB.

Mesk1y TeM MUPOBBIM OIIBITOM Y K€ IAaBHO JOKa3aHO, YTO
IIpeKpallleHHUe 3arpsA3HEHNUs IPUPOIHBIX BOLOEMOB U
BOCCTAaHOBJIEHME II€PBOHAYa/IbHOIO Ka4eCTBa CTOYHBIX BOI
MOXKeT OBbITh JIOCTUTHYTO B Pe3y/IbTaTe UX JOOYUCTKU Ha
3eMIelle/IbYeCKUX IOJISIX OPOLLIEHHUS I10C/Ie
IpeIBapUTEIbHON OYMCTKY Ha HCKYCCTBEHHBIX OYMCTHBIX
COOPY>KEHHUSIX.

IIpumenenue CTOYHBIX BOJ /i1l OPOILIEHUS TIO3BOJISET
COKPATHTD JIeUIUT ITOTUBHOM BOJIBI, PAIIMOHATEHO
HCITOIb30BATh YIOOPHUTEIbHbIE BEIIECTBA, COIEPIKAIIIHeCs
B HUX, JI/IS IOBBIIIIEHNS IUIOOPOANS ITOYBbI U YBeTHYeHHUA
ypOoKas CeNbCKOX03SAHUCTBEHHBIX KYIBTYP, a TAKXKe
TOCTUTHYTH BBICOKOM CTETIeHH OYUCTKU 3TUX BOJL
MOYBEHHBIM METOIOM.

EcrecTBeHHbIN (IOYBEHHBIN) METO, OYUCTKHA CTOYHBIX BOJL
1 HABO3HBIX CTOKOB HauboJIee II0IHO FapaHTHUPYET OXPaHy

CHCTeMBbI HCIIOTb30BaAHUA CTOYHBIX BOI



Irrigation Systems That Utilize Effluents

L.P. Ovtsov, L.A. Muzychenko, B.C. Semenov, P.D. Savos’ev, and A.N. Karachevtsev

Abstract

Volumes of waste effluents and slurry to be used for irrigation
purposes were defined with regard to environmental
protection—particularly to the protection of water resources
from pollution under conditions associated with providing
feed to increase livestock production. Extensive application of
irrigation systems that use waste effluents and slurry resulting
from livestock production presents a more progressive
technological solution to the problem, as compared to other
methods (removal of slurry with the help of trucks). It will
also enable the rational use of plant nutrients and prevent
water pollution.

Introduction

Scientific and technological progress will presumably lead to a
considerable rise in the use of pure water for economic and
everyday needs, in industry, agriculture, and in discharging
contaminated waste effluents of different origins. Together
with waste effluents and slurry runoff, a huge amount of
biogenous elements (nitrogen, phosphorus, potassium, etc.),
as well as organic and toxic substances, are discharged.

Studies conducted over many years have shown that the
impact of humans over the last 25 to 30 years has started to
exceed the capabilities of natural factors to respond in a way
that ensures a natural ecological balance. The situation is
aggravated by the great number of the nation’s large
enterprises and settlements that do not have purification
facilities. Expensive facilities that decontaminate and clarify
biological effluents and, particularly, highly concentrated,
slightly oxidizable slurry, do not ensure high enough
treatment quality to permit the discharge of effluents into
natural water reservoirs. Efficiency in clarifying waste
effluents, even in the best purifying facilities, does not exceed
90 percent. Therefore, biogenous elements in the tens and
even in the hundreds of thousands of tons get into the
environment, affecting the ecology of the country’s water
resources. Since water resource settlements and industrial
enterprises (including large-scale livestock production
complexes) are scattered unevenly over the country’s territory,
it is evident that the European part of the Soviet Union will
undergo an acute shortage of pure water in the near future.
Some areas suffer from this deficit already.

Irrigation Systems That Utilize Effluents

There is a trend toward further growth in the volume of waste
effluent (municipal, consumer service, heavy, light, and food
industries, large-scale livestock production complexes, etc.).
According to one estimate, by the year 2000 the amount of
discharged effluents will reach 60 cubic kilometers. Currently,
the nation’s total slurry exceeds 1 cubic kilometer.

The pollutants (defined according to biological requirements
for oxygen) contained in diverted water were voluminous in
1990 for the country’s principal river basins, at 960,000 tons
in the Volga River, 280,000 tons in the Don River, and
120,000 tons in the Dnieper River. These growing volumes of
waste effluents pose a real threat to water resources elsewhere.

Meanwhile, international experience has long revealed that
preventing pollution and restoring water quality in native
water reservoirs is achievable through additional purification
in those fields planted to arable crops, following pretreatment
in artificial purification facilities.

Use of waste effluents for irrigation purposes permits us to

reduce the deficit of irrigation water and to rationally use the
plant nutrients contained in them to increase soil fertility and
crop yields and effectively clarify these waters by soil method.

A natural (soil) method to purify waste effluents and slurry
most fully prevents surface and groundwater pollution. A soil
layer 1 meter thick enables us to purify effluents to get rid of
95-100 percent of the impurities.

Waste effluents and slurry vary widely in their chemical
composition, physical properties, and bacterial
contamination; therefore, their use in irrigating agricultural
lands greatly differs from irrigation with pure water. The use
of such effluents in arable farming under irrigation requires
careful concern for the development of technological
processes of their preliminary treatments and irrigation, with
the view to observing agricultural forest reclamation and
sanitary and hygienic requirements.

Waste effluents from food, meat, dairy, and textile industries
usually require only mechanical treatment. They can then be
taken to the fields under irrigation for additional purification.

The waste effluents of large cities and settlements require, in
addition to a mechanical treatment, compulsory artificial
biological decontamination. Afterwards they are taken to
agricultural lands under irrigation for additional purification.
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IIOBEPXHOCTHBIX U IIOA3€MHBIX BOJI OT 3arpsI3HEHUS.
MeTpoBbIii C/I0¥ TIOYBBI ITO3BOJISIET OYUCTUTH BOIBI OT
3arpA3HAIONINX BellecTs Ha 95-100%.

CroyHbIe BOIBI M HABO3HBIE CTOKHU XapaKTePU3YIOTCS
60/bIIINM Pa3HOOOPa3eM XUMUYECKOTO COCTABA,
(pusHUIeCKUX CBOVICTB, pa3IMIHOI GaKTepPUATBHOI
3arpsA3HEHHOCTHIO, IIO39TOMY MCIIOIb30BaHNUE UX IS
OPOIIEHUS CETbCKOXO3AMCTBEHHBIX YTOAUM CYIIIeCTBEHHO
OT/INYAeTCs OT OPOLLIEeHUA YUCTOM Bonoii. [Ipumenenue
TaKUX CTOKOB B OPOIIIaeMOM 3eMJIefie/IMH TpebyeT 0co60ro
BHHUMaHU IIPU pa3paboTKe TEXHOJIOTNYECKUX ITPOLIECCOB
HX [IPeIBAPUTENbHOI TIOATOTOBKU U OPOIIIEHHS, YTOOBI
obecneanTs COOTIOIeHNe arPOMEeTHOPATUBHBIX 1
CaHUTAPHO-TUTHEHHIECKUX TPe6OBaHMIL.

CrouHbIe BOAbI MUILEBOI, MSCO-MOJIOYHOM, TEKCTU/IbHOMI
IIPOMBIIIUIEHHOCTH, KaK IPaBIIO, TPEOYIOT TOTBKO
MEXaHUYeCKON OUYMCTKH, IOC/IE YeTO UX MOYKHO
HAIIPaB/IATh Ha 3eMJIe[e/IbdeCKUe T10JIA OPOILIEeHUs I
TOOYUCTKH.

Cro4Hble BOJIbI KPYIIHBIX TOPOJIOB U HACETEHHBIX ITyHKTOB
Tpe6y10T, HapsAAy ¢ MEXaHUYECKOM OYMCTKOM,
006513aTe/IbHOM NCKYCCTBEHHOM GHOTOTMIECKOM OUHUCTKH.
ITocre 3TOro NX HAIPABIIIOT Ha 3eMJIefie/IbdeCKHe OIS
OPOIIEHHS IS TOOUUCTKH.

CrouHble BOJbI MaJIbIX HACE/IEHHBIX IIyHKTOB IOCTIE
MeXaHUYECKOI JOOYUCTKU MOTYT ObITh HAIIPABJIEHBI IS
6UOTOTHYECKOT OYUCTKY (U IaXke 06e33apakKuBaHMs) B
61oI0rnYecKre OKCUIAIMOHHbBIE KOHTAKTHEIE
crabummsanuonusie (BOKC) npynsr.

Merton ounctku ctouHbx Bozi B BOKC nmpypax mo
CPaBHEHHUIO C IPYTUMU METONAMHU MPYIO0BOH OUUCTKU
CTOYHBIX BOJ] UMeeT CYIIleCTBEeHHbIe TPEeUMYIIIeCTBa,
IJIaBHBIE U3 KOTOPBIX — COKPAIlleHHe CPOKOB OYUCTKU [0 5-
10 cyTox BMecTo 20-30, a Takue yBeIMYEeHUE
THUAPABIMYIEKOI HArPy3KH mpyznos ¢ 200 mo 1000 m*/ra.

B cpaBHEHUU € HCKYCCTBEHHBIMU OUYMCTHBIMU
coopyxkeausamu, BOKC nipynb! npu onMHaKOBOI
mpousBonuTenbHocTH (400 M*/cyTKN) HMEIOT 60see
BBICOKHE TEXHUKO-9KOHOMUYECKHUE TOKA3ATE/TI.

BOKC npynst 25 seT ycToiduBo paborarot B crpanax CHI
- V36ekuctane (byxapa), Tamxuxucrane ([dyuran6e u
OpmKOHUKHU/3€E) U B IPYTUX IPHUPOTHO-KIMMATUIECKHUX
30Hax. [loxasaHno, ¥yTo ountenHsle B BOKC npymax
3arpsisHEHHbIE CTOYHbBIE BOJIBI He CONEePIKAT MATOT€HHBIX
MHKPOOPTaHM3MOB KHIIIEIHOI TPYIIIIBL, BO3OYIHUTE el
6proritHoro Trda, naparuda, AU3eHTEPUH, A TAKXKe UL
reJIbMUHTOB.
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ITa TEXHOJIOTUS OYUCTKU CTOYHBIX BOJL 9KCIIOHUPOBAJIACh
Ha 3apy6eXHbIX BbIcTaBKax (I. Ciokane — CIIIA, r. Bpro -
YexoC/IoBaKus).

O6111€e€ 3B€HO B TEXHOIOTMYECKOM LIEITU OYUCTKU BCEX
BUJIOB CTOYHBIX BOJI — UCIIOIb30BaHKe HaKonmuTenei. Mx
YCTPauBaIOT B LIE/IAX OCBETIEHUS CTOKOB, PEryJIMPOBaHUsA
TIOla4y Ha 3eMJIefie/IbueCcKue 110/I OPOlLLIeHu, IpruemMa
IpeHaXHBIX BO/I. BMECTUMOCTD HaKOIIUTE IeH ONIpeNe/AtoT
PacIeToM /10 CeMUMECSTIHOTO 00'beMa MMOCTYIAIOIIIIX
cToYHBIX Bol. KOHCTpyKINA HaKOIHUTe el TO/KHA
00ecrednBaTh CTPOroe COOMOIeHe CAHUTAPHBIX
TpeOOBAHMUIL, UMETh HATEKHYIO THAPOHU3OIALINIO,
NPeOTBPALLAIOLIYIO IIPOCAYMBAHNE 3aIrPSASHEHHBIX BOI, B
TIOBEPXHOCTHBIE U ITO/I3€MHBIE BOJBI.

JHanpHeiire (IIOATOTOBUTEIbHBIE) OIEPAIIMN BKIIOYAIOT:
yCpefHeHte, HefTpalTU3alnio, pasbaBaeHNe C IPYTHMU
BU/IAMH CTOYHBIX BOJI, IIOBBIIIeHHE yIOOPUTEIbHOM
LIEHHOCTH, U3O/IALIUIO arPECCUBHbBIX U CHUYKEHME
coepyKaHHsl CHEIUPHICCKUX BEIIECTB 10 JOITyCTUMbIX
YPOBHEM.

3aKTIoYuTeIbHAS TEXHOIOTHYECKasl OIIepPaIUsi 110
YTHIM3AIUH CTOYHBIX BOJ HA OPOIIIEHUE — 9TO
BO3JIe/IbIBAHME KOPMOBBIX KY/IBTYP M IIPOM3BOJICTBO
KOPMOB (3€JIEHOI MaCChl, CEHa, CEHAXKa, CUIOCA, TPABSIHOM
MYKH, TpaHyi, 6puketoB). Haubosee oT3pIBIMBHI Ha
OpOIllIeHHe CTOYHBIMU BOJAMU 3/TAKOBble MHOTOJIETHHE
TPaBbI — KOCTpell 6e30CThIi, THUMOGeeBKa, TUCOXBOCT
JIyTOBOM, MAT/IMK JTIyTOBOM, KAHAPEEYHHUK
TPOCTHUKOBU/IHBIN, OBCSHUIIA IyTOBasI, ©Ka COOpHas; U3
6060BBIX — KJIeBep MOM3ydIHil (6eblit), IsIABEHel POTAThIIL,
JIOLIepHA TIOCeBHasT (CHHSIs). Y POXKAil ITUX TPAB TOCTUTAET
40-45 T 3eeH0I Macchl ¢ 1 ra. I3 nponalHbIX KyJIbTyp
XOPOILIHUIA ypOXKay IIPU TAKOM OPOILIEHNUH TAIOT KYKypy3a
Ha CWIOC - 10 35 T, KOpMoOBas cBeKIa — 1o 50 T/ra.

KawecTBO KOPMOB, BBIPAIIEHHBIX C HCIOTb30BAHNEM
CTOYHBIX BOJ /IS OPOLIIeHus, Xopotee. Coneprkanue
IIpOTeMHA B ceHe IoBbliIaeTcs Ha 20%, >xupa — Ha 30% 1o
CPaBHEHMIO C KOHTPOJIeM (IIPU TIOTUBE YUCTOI BOMIOIN).

[TonoXnTeTbHBII ONBIT UCTIONb30BaHUA CTOYHBIX BO]I B
OpolIaeMOM 3eMJIefIe/THH HaKOIUIEH B Pa3HbIX palioHax
CHTI. B xadecTBe mprMepa MOXKHO IIPUBECTHU Pe3y/IbTaThl
MHOTOJIETHUX MCC/IEOBAHUI 10 TTPEeIOTBPAIleHUIO
MHTEHCUBHOTO 3aTPsA3HEHHUSA CTOYHBIMU BOJAaMH TaKUX
KPYIIHBIX PeK CTpaHbl, Kak Boira, Axry6a u Ypan B
HIDKHEM UX TeUeHHUH.

YTto6bI He TOMYCTUTH 3aTPSISHEHUS PeKH Y pasl CTOYHBIMU
BOZIaMH T. Y paJIbcKa, IPeAyCMOTPEHO TI0C/Ie MeXaHH4eCKO
OYNCTKU ITPOBOIUTD TOOYUCTKY 3TUX BOJl B CUCTEMe
MIPYOB-HAKOMHTe e, 3aTeM CTOYHbIe BOABI UCTIONb3YIOT

CHCTeMBbI HCIIOTb30BaAHUA CTOYHBIX BOI



The waste effluents of small settlements, following additional
mechanical purification, can be directed to biological
oxidational contact stabilization (BOCS) ponds for biological
treatment (and even decontamination).

Purifying waste effluents in BOCS ponds has considerable
advantages over other methods of pond purification. The
chief advantages are reduction in purification time from 20-
30 days to 5-10 days and an increase in the hydraulic load of
ponds from 200 to 1,000 cubic meters per hectare.

Compared to artificial purification methods, BOCS ponds
with the same production capacity (400 cubic meters per day)
have higher technological and economic indices. BOCS
ponds have been in use for 25 years in Uzbekistan (Bukhara),
Tajikistan (Dushanbe and Ordzhonikidzeabad), and other
ecological and climatic zones of the former Soviet Union. It is
shown that once purified in the BOCS ponds, contaminated
waste effluents no longer contain pathogens of the intestine
group, causative agents of typhus, paratyphoid, and dysentery;
nor do they contain helminth eggs. This technology to purify
sewage waters has been exhibited abroad (Spokane,
Washington, USA, and Brno, former Czechoslovakia).

The common technological feature in the purification of all
kinds of effluents is the use of collectors. Their installation is
aimed at clarifying effluents, controlling the distribution in
the fields to be irrigated, and receiving drainage water. The
capacity of collectors is defined by calculator (up to the 7-
month-long volume of the inflow of waste effluents).
Collectors should be designed to meet strict hygienic
requirements and be waterproof, thus preventing seepage of
contaminated runoff to surface and underground waters.

Other (preliminary) operations include: averaging,
neutralization, dilution with other kinds of effluents,
increasing the nutrient value, isolation of aggressive contents,
and decreasing specific substances to permissible levels.

Fodder crops and feed manufacturing are the final
technological operations utilizing waste effluents for irrigation
purposes (feeds include green masses, hay, haylage, silage,
grass meal, pellets, and bales). Perennial gramineous plants
(awnless bromegrass, timothy, meadow foxtail, Kentucky
bluegrass [Poa pratensis], reed canarygrass, meadow fescue,
and cockfoot) and legumes (white clover, bird’s foot trefoil,
and alfalfa) are the most responsive to effluent irrigation. The
yield of these grasses reaches a level of 40-45 tons of green
mass per hectare. Of the arable crops, maize (corn) grown for
silage yields well under such irrigation, up to 35 tons per
hectare; fodder beets, up to 50 tons per hectare.

The quality of fodder crops grown under irrigation with
effluents is good. The protein content of hay increases by 20

Irrigation Systems That Utilize Effluents

percent and fat by 30 percent as compared to the control
(irrigation with pure water).

Positive results in the use of waste effluents for irrigated
arable farming were achieved in various regions of the former
USSR. Results of experiments conducted over many years to
prevent intensive contamination of such large rivers as the
Volga, Akhtuba, and the low reaches of the Urals may serve

as examples.

To prevent contamination of the Urals River with waste
effluents emanating from the town of Uralsk, after mechanical
purification additional purification of these sewage waters
occurs through the systems of ponds and collectors. Then the
waste effluents are utilized to irrigate agricultural lands. In
this manner, the purification rate of water effluents, with the
help of soils, is 99 percent. At an irrigation rate of 4,500-
6,000 cubic meters per hectare, the watering rate of 600-
1,100 cubic meters per hectare, the yield of maize grown for
green mass increased 2.2- to 2.6-fold, and that of sudangrass
for haymaking 2.5- to 3.5-fold in comparison with the
control (without irrigation). Analysis of plant produce grown
on fields under irrigation showed that this system met
veterinary and hygienic requirements.

Waste effluents produced in the city of Kiev have been used in
the Bortnich irrigation system for more than 20 years, with
23,000 hectares under irrigation. On these irrigated fields,
perennial grasses, potatoes, beets, and other crops are grown.

Mixed effluents (produced by municipal economies and
consumer services and industries) have been applied for many
years to irrigate about 1,000 hectares of the “Noginsky” state-
owned farm in the Moscow region, on which perennial
grasses and other fodder crops are grown.

Transition from livestock production to industrial technology
necessitates the concentration of large cattle populations on
limited areas and keeping them without bedding. Disposal of
slurry (a mixture of solid and liquid, feed residues, processed
water, and other ingredients) as well as strict compliance with
veterinary and hygienic requirements to prevent the
occurrence of epizootia, is the most complicated problem on
large-scale livestock production complexes and industrial-type
farms. Removal of manure from premises by washing is
recognized as the simplest, least labor-consuming, and most
reliable method from the hygiene point of view. This method
was suggested by the “GAG,” an Italian firm from which the
Soviet Union purchased industrial technology to fatten young
cattle and pigs.

The effluents are minimally oxidizable. To purify them in
artificial biological purification facilities to levels that would
permit their discharge into natural water reservoirs, a
preliminary repeated dilution with pure water is required.
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IJLs OPOILIEHMS CeIbCKOX035AMCTBEHHBIX yroguil. [Ipu sTom
CTeleHb OYMCTKH CTOYHBIX BOJI, IIOYBOM cocTaBjisieT 99%.
[Ipu opocurenbHOIt HOpMe 4,5-6 ThIC.M’ra, TOMUBHOM
HOpMe - 600-1100 M*/ra, yporkait KyKypysbl Ha 3e/IeHYIO
Maccy BO3poc B 2,2-2,6 pasa, CyJaHKHU Ha CEHO — B 2,5-3,5
pasa 1o cpaBHEHUIO C KOHTPoJieM (6e3 opoIieHw st ).
AHanmu3 pacTeHNeBOIYeCKON MPONYKIIMH, BbIPAIllEHHON Ha
3eMJIefe/Ib9eCKHUX IT0JIAX OPOILIIeHus], [T0Ka3aJjl, 4YTO OHa
BIIOJIHE OTBE€YaeT BeTePUHAPHO-CAHUTAPHBIM U
TUTUEHUYeCKUM TPeOOBAHUSIM.

)

B coBxose “Hornuckuit” MOCKOBCKOIT 00/1aCTH YK€ MHOTO
JIET [JIS1 OPOLIIEHUS CETbCKOXO3AMCTBEHHBIX YTOTUI
MIPUMEHSIOT CMeIIaHHbIE CTOYHBIE BOMIBI (XO3SHCTBEHHO-
6BITOBBIE ¥ TPOMBIIIIEHHBIE) Ha TUTOIAu oKoto 1000 ra,
IJe BbIpalllUBalOT MHOIOJIETHHE TPABbI U IpyrHe

KOPMOBBI€ KY/IBETYPBI.

[lepeBop )KUBOTHOBOACTBA Ha IIPOMBIIIUICHHYIO
TEXHOJIOTHIO BBI3BA/I HEOOXONUMOCTD KOHI[EHTPAIHI
6O0JIBIIIMX IPYIII CKOTA HA OTPAaHUIEHHON TEPPUTOPHUIL U
6eCronCTHIOYHOTO ero copepskanust. Hanbosee cioyXHOM
po61eMoit Ha KPYITHBIX )KUBOTHOBOTYECKUX KOMIUTEKCAX
U epMax MPOMBILIIEHHOTO THIIa OKa3amach yOopka
JKHKOTO HaBO3a (CMeCh TBEPIBIX U KUAKUX
9KCKPEMEHTOB, OCTaTKOB KOPMa, TEXHOJIOTHYECKOI BOJBI 1
APYTUX BKIIOUEHHIT), @ TAK)Ke CTPOTOe COOIofieH e
BETEPUHAPHO-CAHUTAPHBIX ¥ THTHEHHYECKUX TPe6OBaHMIT,
ITOOBI MPEAYIPENUTH BOSHUKHOBEHHE STIM300THH.
CaMbIM IIPOCTBIM, MEHee TPYIOEMKUM U HaIeKHBIM B
CAHUTAPHOM OTHOIIIEHUH ObUIO TPU3HAHO yIaIeH1e
HaBO3a U3 IPOU3BOICTBEHHBIX ITOMEIIIEHHI CIIOCOO0M
TUAPOCMBIBA. DTOT CIIOCO6 OBUT MIPEIIOKEH UTATBSHCKOM
dupmoit [xu-3-Ixu, y kotopoit CCCP 3akymmn
IIPOMBIIIUIEHHYIO TeXHOJIOTHIO OTKOPMa MOJIOTHSIKA
KPYIIHOTO pOraToOro CKOTa U CBHHEIL.

CTOKHM 0Ka3a/IiCh TPYHOOKHC/IAeMBIE. /I MX OUNCTKHU Ha
COOPY>KEHMSX NCKYCCTBEHHOM OMOIOTHYECKOI OYHCTKHU J10
IIOKasaresIeit, TOITYCKAIOIIHUX COPOC B IIPHPOJHbIE BOTOEMBI
HY)KHO 6BUIO MHOTOKPAaTHOE IIpeIBapUTeIbHOe
pasbaBjieHre YUCTOI BOTOI.

MaccoBoe CTpOUTeNbCTBO TAKUX JKUBOTHOBOTIECKHUX
KOMIUIEKCOB BOJIM3U KPYITHBIX HaCe/IEHHBIX ITYHKTOB,
PAaCIIONIOKEHHBIX, KaK TPABUIIO, Y BOXHBIX 6aCCEITHOB,
CO3/1a7I0 Cepbe3HYIO YIPO3y HHTEHCHBHOTO 3arpsA3HEeHUs
BOJIHBIX PeCypcoB. B HEKOTOPBIX palfloHAX CTPaHbI 3TO yXKe
ceifyac CTajJ0 PeanbHOCTBHIO.

J1st yTHIM3aliu HaBO3HBIX CTOKOB Hanbosee
IIpPUEM/IEMBIM peIlleHHeM 0Ka3a/IoCh UCII0/Ib30BaHUE UX B
CeJIbCKOXO3SIICTBEHHOM ITPOU3BOJICTBE JUISI OPOILICHUS
KOPMOBBIX Ky/IbTYp. OfIHaKO, KaK IT0Ka3ajla MHpOBast
IIPaKTHKa, /ISl UCII0/Ib30BAHMS HAaBO3HBIX CTOKOB Ha
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opollleHne, HeOOXOIUMBI COOTBETCTBYIOIIIHE 3eMe/IbHbIE
rroiany. [ IpyMeHATh BbICOKHE OpOCHTEIbHbIE HOPMBI,
[IPEBBIIIAOIINE JOIYCTHMBbIE, Heb3sl. DTO HEU3OEKHO
IIpUBeNeT K OTPULIATEIbHBIM IIOC/IEICTBUAM —
3arpsA3HEHHUIO ITI0YBBI, BOJHBIX PECYPCOB,
pacTeHUEBOLYECKON IIPOLYKIUHU.

CobroieHre arpOTeXHIUIECKUX, BETePHHAPHBIX,
CaHUTAPHBIX U TMPOreOOTUYECKUX TPeOOBAHUH K
YCTPOMCTBY U 9KCIUIyaTallUX OPOCUTEIbHBIX CUCTEM
II03BOJIAET IIPEOTBPATUTD 3arPsISHEHNE IIOBEPXHOCTHBIX
U IIOJ3€MHBIX BOJ IIPY OPOILEHUH >KUBOTHOBOAYECKUMU
CTOKaMHU.

HaxkoruteH 60/TbIIION OTIBIT IO HCIIOIb30BAHHIO CTOKOB OT
JKMBOTHOBO/ICTBA IIPU IIO/IMBE MHOTOJIETHUX TPaB.
IIpoBeneHo uccnenoBanue BIUAHUA 003
JKUBOTHOBOIYECKUX CTOKOB C Pa3/IMYHOM KOHIIEHTpaLlei
6HMOTEHHBIX /IEMEHTOB Ha YPO)Kail TPaB, KaUeCTBO KOPMOB,
YCTOMYMBOCTD Pa3HOTO BHA PACTEHUI K TAKOMY
OPOLIIEHHIO, a TAKKe M3ydeHne 3G HEKTHBHOCTH OUUCTKH
CTOKOB OT OMOT€HHBIX 3JIEMEHTOB U ITaTOT€HHBIX
MUKPOOPTIaHU3MOB.

B Jlenunrpanckoit 06/1acTi OpoIlIeHre MHOTOJIETHUX TPaB
U IPYTUX KOPMOBBIX KY/IBTYP CTOKAMH
JKMBOTHOBO/IYE€CKUX KOMIUIEKCOB IPOBOJAT B TeueHue 20
JIeT. YpoyKail MHOTOJIETHUX TPaB COCTABIISUL 6€3 OpOIIeHHs
3180 xopM. ef.; IpU OPOILIEHUH YUCTOH Bosoil — 4090; npu
OPOIIIEHUH CTOYHBIMU BOJAMH )KUBOTHOBOTIECKUX
KOMIIJIEKCOB, cofiep kamiumu 240 xr azora Ha 1 ra - 8960,
300 kr azora - 9700, 350 xr - 10 360, 420 xr -10 940 xopm.
efl., TO €CTh yBEeJIMYWICA B 2-3 pasa. Y poyKail BO3pacTall ¢
MOBBIIIEHHEM H03bI BHOCUMBIX CO CTOKAMHM IIUTATEIbHBIX
BEIIIeCTB, HO /IO OIIPEe/Ie/IEHHOTO IIperea.

B cocTaBe >KMBOTHOBOIYECKNX CTOKOB OIITMMAa/IbHBIMU
OKa3aJIUCh CJISAYIOIIUe T03bI a30Ta: 1711 MHOTOJIETHUX
TpaB - 300 Kr, KyKypysbl Ha cuioc — 120, sumens - 120-240
KT Ha 1 ra. J[Jo3sl Hcrobp3yeMoro st ynoopeHus
CeTbCKOXO3SAMCTBEHHBIX KYIBTYP JKMIKOTO HaBO3a,
cocrasisiorue 50-100 M*/ra, ONTUMaTBbHBI B PA3TMIHBIX
pationax CCCP u 6e301macHbI B OTHOILIEHUH 3aTPsI3HEHIS
OKpYy>Karoweit cpes! (OTKPBITHIX BOTOEMOB U TPYHTOBBIX
BOI).

[pu UCII0/Ib30BAHUH JIa’Ke BBICOKUX /103 JKUAKOTO HaBO3a
Ha (pOHe MUHEPATbHBIX YIOOPEHHIT K KOHILY
BEreTalMOHHOTO [IEPHOJIA KY/IBTYP CONep)KaHue a30Ta B
[I0YBE CHIKAETCS JI0 YPOBHS KOHTPOJISL, U3MEHEHHUSI
OKMC/IUTEIbHO-BOCCTAHOBUTE/IbHBIX [IPOLIECCOB HE
[IPOUCXOMIUT, I0YBA CAMOOYUIIAETCS OT GAKTEPUAIBHOTO
3arps3HEHuUsI.

B pesynbprare KOMIUIEKCHBIX UCC/IEOBAHUIA, IPOBEIEHHbBIX
B Pa3JIMYHBIX TOYBEHHO-K/INMaTHYeCKUX 30HAX CTPAHBbI,

CHCTeMBbI HCIIOTb30BaAHUA CTOYHBIX BOI



Mass construction of livestock production complexes near
large settlements, located, as a rule, near water reservoirs,
constitutes a serious threat to water resources. In some regions
of the country it has become a real problem.

As to the use of slurry, the most suitable solution in
agricultural production is to use it to irrigate those fields
under fodder crops. However, as international experience has
shown, appropriate space is needed to utilize slurry for
irrigation purposes. It is forbidden to apply it at higher than
permitted irrigation rates, which would invariably lead to
negative results—the pollution of soil, water resources, and
plant produce.

Compliance with technological, veterinary, hygienic, and
hydrogeological requirements in arranging and operating
irrigation systems enables us to prevent the contamination
of surface and underground waters caused by watering
with slurry.

Practical experience has been gained in using slurry to irrigate
perennial grasses. Research has been carried out to study the
effect of slurry rates at various concentrations of biogenous
elements on grass yield, on feed quality, and on resistance of
various species of plants to such irrigation, and also to study
the efficiency of freeing slurry of biogenous elements and
pathogenic microorganisms.

Irrigation of areas under perennial grasses and other fodder
crops with slurry provided by livestock production complexes
has been practiced in the Leningrad region for 20 years. The
yield of perennial grasses grown without irrigation is 3,180
feed units, while that with irrigation is 4,090 feed units;
irrigating with slurry from livestock production complexes
containing 240 kg of nitrogen per hectare yields 8,960 feed
units; at 300 kg of nitrogen, 9,700 feed units; at 350 kg of
nitrogen, 10,360 feed units; at 420 kg of nitrogen, 10,940
feed units—the yield rose 2- to 3-fold. Yield increased along
with growth in the rates of applied nutrients—but only to a
certain extent.

The following nitrogen rates are optimum in slurry: for
perennial grasses, 300 kg per ha; corn for silage, 120 kg

per ha; barley, 120-240 kg per ha. Fifty to 100 cubic meters
per ha of slurry applied to fertilize farm crops are optimum
in various regions of the former Soviet Union and are
innocuous for the environment (open water reservoirs and
ground waters).

Even in the use of high rates of slurry as background
ingredients of mineral fertilizers toward the end of crops’
growing periods, soils’ nitrogen content is lowered to a
controllable level, and there are no changes in oxidation;
reduction processes and soils are self-cleaned of bacterial
contamination.

Irrigation Systems That Utilize Effluents

Comprehensive investigations conducted in different soil and
climatic zones of the country have shown a possibility of
using sewage water for irrigation purposes—from dwelling
houses, the municipal economy, food enterprises and light
industries, the mineral fertilizer industry, and mine water.
Pure water equivalents resulted from some production in
chemical, petroleum, and coking industries.

The following data address the outlook for using sewage water
for irrigation. The yield of perennial grasses grown to produce
green masses under this type of irrigation totals 35-40 tons
per ha; that of corn for silage, 25-32 tons per ha and on some
farms 450 tons per ha; fodder root crops, 50-60 tons per ha
and some years 70-80 tons per ha.

International experience has demonstrated the expediency of
establishing large-scale specialized farms to produce fodder
crops, where city sewage waters are utilized to irrigate fields
under fodder crops after treatment in artificial biological
purification facilities. City runoff can be applied to irrigate
trees and shrubs in forests and parks around cities, villages,
industrial enterprises and complexes, as well as in field-
protective forest belts and in nurseries.

Food industries are regarded as low-water-consuming and yet,
of the 15 food industries, those consuming the most water
include sugar, brewing, soft drinks, wine making, fruit and
vegetable canning, starch and molasses, and yeast production.
Most of these industries” plants are located in the basins of the
Dnieper River (13.5 percent), the Volga River (12.9 percent),
the Don (11 percent), and the Dniester (8.8 percent).

Waste effluents from most food industry enterprises are
characterized by a high concentration of organic and
mineral matter. The yearly volume of such waters contains
up to 1,165,000 tons of organic and 1,817,000 tons of
mineral matter, that is why waste effluents quickly become
stagnant and are not easily purified in artificial biological
purification facilities.

And yet, these effluents, in their chemical composition and
hygienic and bacteriological state (pollution of waste effluents
is of a natural origin), are mostly fit to irrigate fodder crops.
The concentration of major plant nutrients in them is rather
high. For instance, effluents produced by starch and molasses-
manufacturing enterprises contain nitrogen at up to 250 mg
per liter; phosphorus, 30 mg per liter; and potassium, up to
200 mg per liter; while waste effluents produced by spirits
and yeast manufacturing enterprises contain 2 to 3 times as
much. Besides, these sewage waters contain trace elements
needed by plants. The cost of purifying effluents used on such
fields under irrigation is one-third to one-fifth that of
artificial biological purification facilities. At the same time,
agricultural production benefits from fodder crop irrigation
since additional net profit is made.
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YCTaHOBJIEHA BO3MOYKHOCTD UCIIO/Ib30OBAHUA JIJIS1
OPOIIEHUS CTOYHBIX BOJ, YKWIMIIIHO-KOMMYHaIbHOTO
XO3AMCTBA, IPENIIPUATHNI ITUIIEBOM U JIETKOM
IIPOMBIIJIEHHOCTH, IIPOMBIIIEHHOCTH 110 IIPOU3BOJICTBY
MUHepaIbHbIX YIOOPEHMUI, IaXTHBIX ¥ YCJIOBHO YHCTHIX
BOJ] HEKOTOPBIX IIPOU3BO/ICTB XMMUYECKOH,
HeTEXUMUIECKOIT, KOKCOXMMHYECKOI TTPOMBIIIUIEHHOCTH.
O mepcrieKTuBe UCIOIb30BAHUS TOPOJICKUX CTOUYHBIX BOJ
Ha OpPOLLIEHNE CBUJIETE/IbCTBYIOT C/IENyIOII1e TaHHBIE.
Ypokail MHOTOJIETHUX TPaB Ha 3€/IEHYI0 MacCy IIpU TaKOM
OpOIIeHNH cocTaBAeT 35-40 T/ra, KyKypysbl Ha CUIOC 25-
32, a B OTAEABHBIX X03A1cTBaX 450, KOpMOBBIX
KkopHerionoB 50-60, B otnenpHble rogsl 70-80 T/ra.

OrevyecTBEHHBIN U 3apy6e>i<HbH71 OIIBIT ITOKA3bIBACT, YTO
11e/1ecO0OPA3HO CO3/IaHNe KPYIIHBIX CIIEIIMaTU3UPOB3HHBIX
XO3SIMICTB 110 IIPOU3BOJCTBY KOPMOB, I/I€ ITOC/IE YCTPOMCTBA
COOPYIKEHHIT HCKYCCTBEHHOM OHOIOTUYECKOI OYHUCTKA
TOPOACKHE CTOYHbIE BOABI UCIIOIB3YIOT U1 OPOLIEHU
KOpMOBBIX yropuii. [oponckue crounblie BOIbl MOKHO
IIPUMEHATD /11 OPOLIEHHUS IPEBECHO-KYCTaPHUKOBBIX
HAaCa)KJIEHUH B 3€JIEHBIX JIECOIIaPKOBBIX 30HAX BOKPYT
TOPOJIOB, ITOCEIKOB, IIPOMBIIIUIEHHBIX IPENIPUATUN U
KOMIIJIEKCOB, B I10JI€3alIIUTHBIX JIECHBIX ITOI0CAX,
OUTOMHUKAX.

OTpaciu NUIeBO TPOMBIIIUIEHHOCTH CYUTAIOTCS
MaJIOBOIOEMKHMMH, B TO XKe BpeMsi u3 15 orpaciieit
HauboIee BOMOEMKHe: caxapHasi, MMBOOe3aIKOTOIbHas,
BUHOJIe/TbYECKAsT, IIONOKOHCEPBHAsT, KPAXMaIO-TIATOYHAS,
npoxxkeBasi. Hanbosipliiiee KOMUIECTBO TIPEIIPUSITHIT 9TUX
OTpacielt pacroaIoKeHo B 6acceiinax pek Juempa (13,5%),
Bosru (12,9%), Mona (11%), Huecrpa (8,8%).

CrouHble BOIbI OOMBIINHCTBA IPEANPUSTHI TUILIEBOI
NIPOMBIILIJIEHHOCTH XapaKTePU3YIOTCS 3HAYUTE/IbHOM
KOHIIEHTpalMell OPTaHUYeCKHX U MUHEPaIbHbIX BEIeCTB.
B exxeronHOM 00'beMe TaKUX BOJL COmEPXKUTCsI 10 1165
TBIC.T OpTraHUYecKUX U 1817 ThIC.T MUHEpAIbHBIX BEIIECTB,
[I09TOMY CTOYHBIE BOZIbI OBICTPO 3aTHUBAIOT U TPY/IHO
MOJJAIOTCSA UCKYCCTBEHHOM 61OJIOTMYECKOI OUYUCTKE.

BMmecTe ¢ TeM 110 XUMHYECKOMY COCTABY U CAHHUTAPHO-
6aKTepHOTOTHIECKOMY COCTOSIHUIO (3arpsisHeHHe CTOYHBIX
BOII UIM€EET eCTECTBEHHOE IIPOUCXOKACHNE) 3T CTOKU
HanbosIee IPUTONHBI IS OPOILIEHHSI KOPMOBBIX KY/IBTYP.
CopepykaHue B HUX OCHOBHBIX [TUTATeTbHBIX BEIIECTB IS
PacTeHHIT JOCTaTOYHO BhICOKOe. Hampumep, B cTokax
MIPEIIPHUATHIL IO TPOU3BOICTBY KPaxMaIo-IaTOYHBIX
IIPOOYKTOB OHO COCTaBJIsIeT: a30Ta — 10 250 Mr/i, pocdopa
- 30 mr/m, kamusa — 0o 200 M1/71, a B CTOYHBIX BO#ax
CIUPTOBBIX U IPOXOKEBBIX 3aBONOB COMEPKaHHE ITHUX
9J7IEMEHTOB B 2-3 pasa Bbllle. KpoMe TOro, B CTOYHBIX
BOIAX COZIePYKaTCsl HeOOXOMUMBIE JI/Is PACTEHUI
MHUKpPO3eMeHTbI. Ce6eCTOMMOCTD OYHUCTKU CTOKOB,

CratbAa 9

HCIIO/Ib3YEMBIX Ha TAaKHUX IIOJISIX OPOILLIEHHUS, B 3-5 pas
HIDKE, YeM Ha COOPY KEHUAX UCKYCCTBEHHON
610/10THIeCKOIT 0YUCTKU. OMHOBPEMEHHO OT OPOLIEHNUS
KOPMOBBIX KYJIBTYP CE/IbCKO€ XO3AMCTBO MOIydaeT
OOTIOTHUTE/IBHO YUCTBIN JOXOL,.

B pesynbraTe MCCIeIOBAHUI OIIPe/ie/IeHbl BUIBI CTOYHBIX
BOJI, IPUTOIHBIX /151 OPOLLIEHUS IOC/IE COOTBETCTBYIOLIEH
IIOJTOTOBKM (FOPOHCKI/Ie, NpenIpUuATHI ITUIIEBOKI
IIPOMBIIIJIEHHOCTH, YCJIOBHO-YHCThIE BOJIBI XUMUYECKUX
IIPOM3BOMCTB), Pa3pabOTaHbI U YTBEPIK/ICHBI
HOPMaTHBHBIE TOKYMEHTBI U PEKOMEH/IAINH 10
IIPOEKTUPOBAHHIO, CTPOUTEILCTBY M 9KCIUTyaTAILIUH ITOJIeH
OPOIIIEHUS C yYeTOM arpOMeTMOPATUBHBIX U CAHUTAPHBIX
Tpe6oBaHuii. PagpaboTaHbl MPUHITUITHAIEHBIE CXEMBI
nogroToBku cTouHbIX Bofi B BOKC npynax. Takue npynst
HMEIOTCS B Y36€eKICTaHe U IPYTUX PETHOHAX M CTPaHaX
COZIPY>KeCTBa.

Cospabl ¥ 0TPabOTaHBI B IPOU3BOICTBEHHBIX YCIOBUAX
TEXHOJIOTHYECKHE ITPOIIeCChl UCII0/Ib30BaHUSA Pa3TIMYHbBIX
BUIOB CTOYHBIX BOJ JI/I1 OPOILIEHUA
CE/IbCKOXO3AMCTBEHHBIX YTOIUI U B 1€/IAX OXPaHbI BOIHBIX

pecypcos.

IIJ1st OYMCTKH CTOYHBIX BOI HEOOIBIIINX HAaCETeHHBIX
IIYHKTOB paspaboTaHa KOHCTPYKUINS GHOTOTHIECKIX
IIPYJIOB ¥ TEXHOJIOTUSI UX PabOTBhI, IPYIbI C IPOTOYHOTO
peXnMa 1epeBefieHbl Ha KOHTaKTHBIN PeXKUM, B HUX
BBOJIAT CIEI[UAIbHBIN KOMIIIEKC MUKPOBOIOPOCIEH. ITO
I,aJI0 BOSMOKHOCTD YBEJIMYUTD TUAPABINYECKYIO HATPY3KY
B 3-4 pasa ¥ COKpaTUTh IUIOLIA/lb, 3aHUMAEMYIO IIPYJaMHU B
3 pasa. [To-pexxHeMy ocTaeTcst mpobjiemMa MOATOTOBKY 1
HCIIO/Ib30BAHMA )KUBOTHOBO/IUECKUX CTOKOB, KOTOpbIE
3arpA3HAIOT BOIHYIO cpenly. Bmecre ¢ TeM npumenenue u
006e3BpeXXUBaHUE HA TIOJISIX OPOIIIEHUS
JKMBOTHOBOJIYE€CKUX CTOKOB OTBeYaeT NHTepecam
CeIbCKOTO X035IMCTBA, TaK KaK OHU SIBJISIOTCS [IEHHBIM
ynobpeHuem.

C Ka’kKaoTo rekrapa, OpomnraeMoro OCBE€TJI€HHbIMHU

JKMBOTHOBOIYECKMMHU CTOKAMU, ITOJIy4aloT 9-11 ThIC. KOPM.
ef., 9To B 2-2,5 pasa BbIllle, YeM Ha Gorape.

CHCTeMBbI HCIIOTb30BaAHUA CTOYHBIX BOI



Conclusion

Studies have resulted in the identification of waste effluents
acceptable for irrigating agricultural lands following proper
treatment (this includes sewage from houses, waste from the
food industry, and pure water equivalents from the chemical
industries). In addition, standards and recommendations for
designing, constructing, and running irrigation fields, with
regard to agricultural reclamation and sanitary requirements,
have been developed and approved. Basic schemes have been
devised to have waste effluents prepared in BOCS ponds.
Such ponds exist in Uzbekistan, Lithuania, and elsewhere.

Technological processes to use different kinds of waste
effluents for irrigating agricultural lands and for
conserving water resources were developed and tested
under field conditions.

A system of biological ponds and the technology to

ensure their operation were developed to clarify waste
effluents produced in small settlements. Ponds were
transferred from a flow regime to a contact one when a set
of microalgae was introduced into them. This enabled a

3- to 4-fold increase in hydraulic load and a 3-fold reduction
in the area under ponds.

Yet to be resolved is the problem of preparing and utilizing
slurry that pollutes water resources. In addition,

decontamination and application of slurry on irrigation fields

benefits agriculture since it results in a valuable fertilizer.

Each hectare of land irrigated with clarified slurry yields

9,000 to 11,000 feed units—twice or 2.5 times as much as on

rain-fed lands.

Irrigation Systems That Utilize Effluents
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IIpo6meMsbI opornIeHNs U TpeHaKa

B.b. Illymaxoe*, B.E. Paiinun, B. A. [lyxoenvtiii, B.A. Kananmaes, U.I1. Kpyscunun

Pesrome

TpanchopMupys MaTonIpoORyKTUBHbIE TAHAIIADTHI C
[IOMOIIIBIO OPOLIEHHs U IPeHaXKa B 60jiee IPOAYKTUBHBIE,
YETOBEK MMOPOKIAET MHOKECTBO TIPOG/IEM, CBA3AHHBIX C
TEM, YTO Ky/IbTypHbIe TaHAIIA(TH He 00/IaTaloT TaKO
CIIOCOGHOCTDIO K a/IATITAIIUH, KaK IPUPOIHbIE, U
HY’KIAIOTCS B IIOCTOSTHHOM KOHTPOJIE ¥ Pery/TMPOBAHUM.
CraTbs ocBsIeHa mpo6ieMaM COBEPIIEHCTBOBAHMS
OPOCHUTE/IbHBIX U IPEHAKHBIX CUCTEM HOBOTO THIIA,
00€eCIIeYNBAIOIINX BO3MOKHOCTD UX OKOJIOTUIECKOM
aanTalyy B PasJIUYHbIX IIPUPOIHBIX YCIOBHSIX.

BBenenue

3HaunTeIbHAS YACTh CETbCKOXO3SANUCTBEHHBIX YTOIMIT B
CHT pacnionokeHa B 3aCyIIUIHBOI 30He. FIMeHHO 3TO
00CTOSATENIBCTBO B IIEPBYIO OYEpPeNb OIPe/ie/AeT BeTHIHHY,
KaueCcTBO M CTAOMIBHOCTD YPOXKas.

[1pu paspaboTKe ¥ IPOBENEHUN OPOCUTETBHBIX
MeTHOpaliil BAKHO YUYUTBIBATh crenylolee. OpoIeHIIo
MOTYT COITyTCTBOBAThb IIPOIIECCHI BTOPUYHOTO 3aCOMICHUA U
3a6omaunBanus mouB. OpoIlieHue U IpeHaXxk HePeaKo
00yC/IOBIMBAIOT BHIMBIBAHHE U3 IIOYB M CMBIB 97IEMEHTOB
MIUTAHUs PACTEHUIL, OCTATKOB IECTUIIUIOB U UX
MeTabO0/IUTOB, a TAKXKE IPYTHUX BEIIeCTB B BOLOTOKHU U
BOIOEMBI, UTO IIPUBOAIMT K 3arpsisHeHUIo Bof. Ecmu He
MIPUMEHSATH Mep 3aILUTBI, TO OPOIIIeHUE BHI3bIBAET
3aTOIUIEHHE U MTOITOIUICHHE 3eMesIb, 00pasoBaHIe
MeJIKOBOIUI, YBe/TU4eHNe UCIIapeHNus, yXy/IIIeHe
CITOCOOHOCTH BOIBI K CAMOOYHILIEHUIO, 3aMeIJIEHUIT
BOIOOGMEHA, yCHICHNE PA3BUTHSI BOTOPOCIIEH,
yMeHbIIIeHIe KOJTM4eCTBa TBePIOTo CTOKa,
TpaHchOPMAIUIO TOMHH U [TOFIM, JPyTHe HeraTHBHBIE
BO3EHCTBUSA Ha OKPYIKAIOIIYIO Cpery.

Cy1iecTBeHHbIE U3MEHEHUSA B CBA3U C IITUPOKUM
pasBUTHEM OPOILIEHUS U PeHa)ka B HaIllel CTpaHe
IIPOU3OIIUIA B 9KOCUCTEMAX PsAZia PEK, 03€P U BHYTPEHHUX
MOpen.

B coBpeMeHHBIX UCCIENOBAHUAX HAPAMLY C IIOUCKOM ITyTelt
YBEIMYEHUs OT/IAYH C OPOIIIAEMOTro reKTapa 0cobyio
AKTYaJIbHOCTD MIPHOOPEH MPOOIEMBI 9KOTOTH3AIIUU
IIPOU3BOAICTBEHHBIX IIPOIIECCOB OPOIIIEHUS U IpeHaKa.

Cratba 10

[ToBepxHOCTHBIE CLIOCOOBI TIO/IMBA IPUMEHSIOT Ha 60%
BCeX OpOIIaeMbIX 3eMestb. K HelocTaTkaM Takoro monuBa
OTHOCATCS BBICOKAs TPYNOEMKOCTDh U HU3KAs
IIPOU3BOUTETLHOCTD TPY/ia MOIUBAIBIITUKOB,
paspylleHe TOYBeHHOM CTPYKTYPhI U HEPaBHOMEPHOCTD
YBIQKHEHHUsI 10 [JIMHE TOTUBHBIX 60PO3T U MOIOC.

CoBepIlIeHCTBOBaHHE TTOBEPXHOCTHBIX CIOCOOOB MOIMBA
CBSI3aHO C YUITMHEHHEM ITOTUBHBIX 60PO3I U [OIOC U
yBeIHYeHHEM IIIHPHHBI OCTIETHHX, YTO [TO3BOISET
[TOBBICUTD IIPOUSBOIUTENIBHOCTD TPY/d, YMEHBIIUTD
TPYZOEMKOCTb PAbO0T, yBeTHIUTH KOO DHUITIEHT
3emenbHOrO ucnonap3oBanus u KI1JI opocutenpHbIx
cucteM. OMHAKO YIUIMHEHHE [TOTUBHBIX 60PO31 IPUBOIUT
K HEPaBHOMEPHOCTH YB/Ia)KHEHHS U [Tepepacxofy BOIHI B
TOJIOBHOM 9aCTH IOJIMBHBIX 3/IEMEHTOB. Bo nsbexanue
3TOTO IIPUMEHSIOT 0COOYIO TEXHOIOTHIO HAPE3KH OOPO3]I.
[lepByto TpeTh 60PO3IBI YIUIOTHSIOT, CPEIHIOK TPETh
OCTaBJISIIOT B €CTECTBEHHOM COCTOSIHUH, HUYKHIOIO TPETh
B3PBIX/ISIIOT, @ B THE OOPO3/IbI HAPE3AaIOT I11e/Ib [Ty OHHOM
1o 10-15 ¢M, 9TO MO3BOJISET TOBECTH KO3 dUIlneHT
paBHOMepHOCTH yBaaxHeHu: 10 0,8-0,9 11o cpaBHeHMIO €
0,5-0,6 6e3 aToro mpuema. PagpaboraH crieruanbHbIit
60posmonenaTesb, KOTOPbIT 06eCIeYnBaeT yIUIOTHEHUE
TOJIOBHOM 9acTH 60PO3IbI, PHIX/ICHUE U HAPE3KY IIIe/U B
XBOCTOBOU YaCTHU.

C BHeIpeHNeM B ITPaKTUKY OPOIIIAeMOTO 3eMJIefie/Tns
ABTOMATHU3HMPOBAHHBIX CUCTEM ITIOBEPXHOCTHOTO I10/IMBA
NOSIBUWJIACh BO3MOKHOCTD B II€PUO], JOYBJIAKHEHUS BECTU
TIOJIMB C IUIABHO U3MEHAIOIIUMCS PacXOOM BOJIbI,
COOTBETCTBYIOLIIUM CKOPOCTH €€ BIIUTbIBAaHUSA B IIOYBY.

ITouck panpHEAIINX ITyTe COBEPILIEHCTBOBAHUS
IIOBEPXHOCTHOTO ITOJIMBA IIPUBEJI K HJiee UMITY/IbCHOM
(muckpeTHOIT) MogaY¥ Bombl B 60po3bL. [Tpu Takom
[TO/TMBE BO3MOYKHO YBEIMIUTH K03 pHIIreHT
paBHOMEpPHOCTH yBiIakHeHu: 1o 1,a KIIII - mo 0,96-0,98.
[IpousBoncTBEeHHAsE IPOBEPKA UMITY/IbCHOTO ITOJIMBA I10
60oposnam B CoKymyKckoM paitone Kuprusuu moxasara,
YTO B pe3y/IbTare YJIy4IlleHHs] pABHOMEPHOCTH
yBIQ)KHEHHsI 00eCIeunBaeTcs IprubaBKa ypoXKast CaXapHO
cBeKIbI Ha 35%, 9KOHOMUS BOJBI 3a CUYET JIMKBUIAIIUU
c6pocos Ha 20-30%.

Hoxnesanve B ctpanax CHI' mpuMeHSIOT Ha Bce GOMBIITUX

wiomanax. Ecim B 1962 1. no)kneBa"nueM opoIiiaan 0Kouio
2% 00611111 ITOJIMBHOM IUIMIAAH, TO K 1970 I. 1o/ 9TOr0

ITpo6neMbI OpOIIEHUS H ApeHa)Ka



Problems Associated with Irrigation and Drainage

B.B. Shumakov*, V.E. Rainin, VA. Dukhovnyi, VA. Kalantaev, and I.P. Kruzhilin

Abstract

By transforming minimally productive landscapes through
irrigation and drainage into more highly productive ones, we
create a lot of problems since cultural landscapes are not as
adaptable as natural ones, and they need constant supervision
and adjustment. This paper deals with problems associated
with the improvement of irrigation and with drainage systems
of a new type that assure their ecological adaptation under
various natural conditions.

Introduction

Most agricultural lands in the Commonwealth of
Independent States (CIS) are located within the arid zone. It
is this geographic factor that primarily determines the size,
quality, and stability of the yield.

While developing and carrying out irrigation procedures,

it is important to remember that irrigation can be associated
with the processes of soil secondary salinity and waterlogging.
Irrigation and drainage frequently lead to the outwashing of
plant nutrients, pesticide residues and their metabolites, and
other materials into waterways and water reservoirs—resulting
in water pollution. If protective measures are not carried out,
then irrigation will result in flooding and underflooding,
shallow water, increased evaporation, diminished water self-
purification, slower water exchange, profuse algae growth,
decreased sediment runoff, altered flood basin borders, and
other adverse environmental impacts. Ecosystems of some
rivers, lakes, and inland seas underwent considerable changes
as a result of irrigation and drainage widely practiced in

our country.

In the present studies, conducted in tandem with studies
looking for ways to increase the yield per irrigated hectare,
the problems associated with the processes of irrigation and
drainage, as they affect the ecology, are of a special urgency.

Surface Irrigation Methods

Surface irrigation methods are used on 60 percent of the
country’s total irrigated acreage. Drawbacks of such irrigation
include operators’ high labor intensiveness and low labor
productivity, soil texture destruction, and uneven moistening
along irrigation furrows and strips.

Problems Associated with Irrigation and Drainage

Furrowing

Improved methods of surface irrigation involve longer
irrigation furrows and longer and wider strips, permitting
increased labor productivity, reduced labor-consuming
operations, increased land use, and improved irrigation
system efficiency. However, the lengthening of irrigation
furrows leads to an uneven moistening and excessive water
discharge at the head parts of irrigation units. To avoid this, a
specific technology of furrowing is employed. The first third
of the furrow is packed, while the middle third is left intact.
The lower third is loosened and fissures up to 10-15 cm deep
are made at its bottom, permitting an even spread of moisture
with coefficient of moisture evenness 0.8-0.9 against 0.5-0.6
of the control (without this technique). A special furrower has
been developed that ensures packing of the head part of the
furrow and the loosening and fissuring of the rear part.

With the introduction of automated surface irrigation systems
in arable farming, it became possible to irrigate with a smooth
regulation of water discharge prior to moistening; smooth
water discharge corresponds to its percolating into the soil.

The search for other ways to improve surface irrigation led
to the idea of a pulsed (discretive) water conveyance to
furrows. As a result of such irrigation, it is possible to raise
the coefficient of the even moisture distribution up to 1 and
the coefficient of efficiency up to 0.96-0.98. The field
assessment of pulsed irrigation along furrows in the Soluluk
District, Kirgizia, showed that improved evenness of
moistening resulted in a 35 percent increase in sugar beet
yield and a 20 to 30 percent savings in water use due to
liquidation of water discharge.

Sprinkling

The use of sprinkling is increasing in our country and is
covering greater acreage. While in 1962 about 2 percent of
the total irrigated acreage was irrigated by the sprinkling
method, by 1970 this method’s share increased to 16.5
percent; by 1980 to 37 percent and at present to more than
40 percent.

Sprinkler irrigation allows us to regulate irrigation in the
range of 50 to 900 cubic m/ha; to prevent deep infiltration; to
use irrigation water more effectively; and to rule out rises in
the water table, bogginess, salinity of irrigated lands, and so
forth. Drawbacks of sprinkler irrigation include superficial
moistening that impedes water accumulative and washing
irrigation and also vegetative irrigation on heavy soils. When
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crioco6a opoireHus Bo3pocia 1o 16,5%, 8 1980 r. — 1o 37%
U B HaCTOsIIIIee BpeMs cocTasysieT 6osee 40%.

HoxmeBaHe MO3BOJIsSIET MAHEBPUPOBATH [TOJIMBHBIMU
HOopMamu oT 50 1o 900 M*/Ta, IpenoTBPaTUTh IIYOUHHYIO
duasTpanmio, 3 HeKTHBHO UCIIOIH30BATH IOTHBHYIO
BOIY, UCKJIIOYUTD [TOIBEM YPOBHSI TPYHTOBBIX BO,
3a60/TaunBaHue U 3aCOIEHIE OPOIIIaeMbIX 3eMesb U fip. K
HETOCTaTKaM JTOXK/IeBaHUS OTHOCAT HeGOIBIIYIO TIyOHHY
[IPOMaYMBaHUsI, KOTOPAst 3aTPYIHSIET IPOBEICHIE
BJIAr03aPSIIKOBBIX ¥ TPOMBIBHBIX ITIOTUBOB, 4 TAK)Ke
BereTallMOHHbBIX IOJIMBOB Ha TSDKETbIX moyBax. [1pu
HECOOTBETCTBUU CKOPOCTH TIOT/IOIIEHUS BOMIBI TOYBO U
MHTEHCUMBHOCTH JIOK/ISl Ha BO3BBILIIEHHBIX MECTAX
06pasyoTcs HemOyBIaKHEHHbIE YIACTKY, a B 3aIIaiHHaX -
IepeyB/Ia)KHEeHHBIE.

Pacimpsietcst mpuMeHeHne IIIMPOKO3aXBaTHBIX
IOXK/IeBaIbHBIX MAIIH. MofndUKAINs CYIIeCTBYOIUX U
paspaboTKa HOBBIX (BBICOKOTIPOU3BOIUTENbHBIX, C
BBICOKOII CTEITeHbI0 aBTOMATU3AINY YIIPAB/ICHHUS)
IIIMPOKO3aXBATHBIX HU3KOHATIOPHBIX MAIIIUH
(dpoHTaTBEHOTO TTEpeMelteH st ¢ 3a60pOM BOIBI U3
OTKPBITBIX M 3aKPBITHIX OPOCUTE/IEH [TO3BOISIOT
OTKAa3aTbCs OT IPUMeHeHHUsT JePUIUTHBIX CTaTbHBIX TPYO
[IPU CTPOUTEIHCTBE OPOCUTEIbHBIX CHCTEM, CHUSUTD
9HEProeMKOCTh. TAKMMHU MaIllMHAMH IIPOBOISIT IIOTUB
MOPOCSIIMM BETPOYCTOMIMBEIM JOKIEM BBICOKOM
arpoOHOTOTMYEeCKHIT IIeHHOCTH, PABHOMEPHO
pacrpeniesiieMbIM 110 BCE OpoIlIaeMo Itoaau. MoxeT
6bITH 06ecriedeHO GosIee TOTHOE PACCPENOTOYEHIE
[TOJIMBHOTO TOKA 3a CYET CHIDKEHHS HHTeHCHBHOCTH
TOXJIS ¥ YBEIMIEHHSI YHC/Ta OTHOBPEMEHHO PabOTAIOIINX
IOXKIeBaTeJIei.

[lepcIieKTHBHO CHHXPOHHO-MMITY/IBCHOE TOXK/IeBaHHe
(nmaTeHCcUBHOCTD moxnsa 0,01-0,02 MM/MUH), C ITOMOIIBIO
KOTOPOTO MOYKHO OPOILIATh JII06BIE IO
BOIOMPOHHUIIAEMOCTH IOYBBI IIPU 3HAYUTENTBHBIX YKIOHAX
[MOBEPXHOCTH MPAKTHYECKH 6e3 06pa3oBaHUsI CTOKA.
CHab>keHre pacTeHUIT BOIION TPOUCXOIUT HEMIPEPHIBHO B
COOTBETCTBHH C HX IIOTPEGHOCTAMHU Ha IPOTSLKEHUH BCETO
BETETAIIOHHOTO II€PUOMIA, BIa)KHOCTh aKTUBHOTO CJIOSI
ITOYBBI U PU3EMHOTO C/I0s1 BO3/IyXa MMOAIeP>KUBaeTcs 6e3
pesKux KomebaHuit, Hen36e>KHbIX TPU OOBIYHBIX
[IePHOANIECKUX [TONBAX. JKOHOMHS BOMBI COCTABIISIET
0K0J10 20% 110 CPaBHEHUIO C OOBIYHBIM JOXK/IEBAHUEM.

[1pou3BOICTBEHHBIE UCCIENOBAHMS CHUHXPOHHO-
HMIIY/IbCHOTO OKIE€BaHMUsI, IPOBEICHHBIE B Pa3/THIHBIX
crpanax CHI' (Poccus, Kasaxcran, Asepbaiimkas,
Ta/)KUKUCTaH) TTOKa3a/IH BBICOKYIO 9P (HEeKTHBHOCTH 3TOTO
crioco6a momuBa. YpoyKan caxapHO¥ CBEKJIBL, IIOLIEPHBI,
KaIyCThI, Yast ¥ IPYTUX KyIbTyp Opum Ha 50% BbIIIIE B
CpaBHEHHHU C OOBIYHBIM TOXK/IeBAHUEM.

Cratba 10

Jpyro#i nepcrieKTUBHBII CIIOCOO OPOLLICHUS -
MeJIKOIUCIIEPCHOE (a9PO30/IbHOE) TOXK/IEBAHUE, TPU
KOTOPOM Mestpyaritiue Karum Bofbl (100-300 MKM, 9TO
COOTBETCTBYET PasMepy KalleJib BOISIHOTO TyMaHa)
PaBHOMEPHO paclpeneisaoTcs Ha IOBEPXHOCTU TUCTHEB.
MekopucrepcHoe JOXKIeBaHUE MOYKET YCIIEIIHO
UCIIO/Ib30BATHCS JUISL CHATHS Ienpeccuu poTocuHTe3a
pacTeHuil U3-3a IeperpeBa JIMCTOBON IIOBEPXHOCTH, YTO
CYLLIECTBEHHO YBE/IMYMBAET YpOXKall
Ce/TbCKOXO3SMCTBEHHBIX KY/IBTYpP. DTOT CIIOCO6
NIPUMEHSAIOT JIJIA 3alIUThI KY/JIBTYP OT 3aMOPO3KOB U
BBIMEP3aHUS 03UMBIX, I/IsI 60PHOBI C CYXOBEsSIMH,
BpenuTensiMu, 60IE3HSIMU U COPHAKAMHU TIOCEBOB, IS
HEKOPHEBOT'O MMTAHUSA PACTEHUI.

IIpousBopcTBeHHAsA NIpOBEPKA MEIKOIUCIIEPCHOTO
IOXXI,EBAHUA B Pa3/IMUYHBIX pallOHAaX IIOKa3aa, YTO OHO B
CpaBHEHHHU C OOBITHBIM OPOIIIEHNEM 00ecITeanBaeT
MOBBIIIEHNE YPOKAMHOCTH CETbCKOXO03SMCTBEHHBIX
KY/IBTYP ¥ 9KOHOMMIO OPOCUTE/ILHOM BOAbI B 2-10 pas u
6oree.

K pasHOBHIHOCTH MENIKOAUCIIEPCHOTO JOXKIEBAHUS
OTHOCHUTCS IIOAKPOHOBOE TOXK/IEBAHUE IIJIOIOBBIX U
ATOTHBIX KyAbTyp. CcTeMa MOTKPOHOBOTO I0KIEBAHUS
COCTOHUT M3 OCHAI[EHHBIX MUKPOPACIBUIUTE/IIMHU
[TOTTUATUICHOBBIX TPY6 MaJOro AHAMETPA, YKIagbIBAEMbIX
BIIOJIb PSIIOB IVIOAOBBIX U ATONHBIX HacaXaeHuit. [1pu
TaKOM I10/IMB€E BJIAKHOCTb BO3[yXa IIOBBIIIAETCS Ha 4-6%,
a ero TemIreparypa cHikaercs Ha 0,5-1°C. ITogkpoHoBOE
opollleHHe TPOBOAAT UMITYTbCAMU, TPOOIKUTETbHOCTD
IIOJIUBOB U ITPOMEXYTKOB M@Ky HUMU 3aBUCHUT OT
MeTeOpOIOTHYECKUX YCTIOBUI U HHTEHCUBHOCTHU
BomornoTpebienust. [IoIKpoHOBOE TOXKIeBaHe
obecriednBaeT 9KOHOMHIO OPOCUTETBHON BOIBI B 2-2,5
pasa B CpaBHEHMHU C OPOIIIeHHEeM CPeTHeCTPYHHBIMU
IOXKIEeBaJIbHBIMM HaCaTKaMHU.

IIMnpokoe npuMeHeHNE B IIEPCIIEKTUBE MOYKET IOTYIUTh
TIOAII0YBEHHOE OPOIIeHHe MHOTO/IETHUX IIJIONOBBIX U
ATONHBIX HACAKIEHUI, OBOIHBIX M HEKOTOPBIX JPYTUX
KynbTyp. IIpu noanoyBeHHOM OPOILIEHUH yIe/IbHbII
pacxop BOIbI Ha €AMHUILY CE/TbCKOXO3AMCTBEHHOMN
NponyKuMu B 1,5-2 pasa MeHblIIe, YeM IIPU TPAOULMOHHBIX
crnocabax nonmuBa. ONBITHO-TPOU3BOJICTBEHHBIE
HCCIeN0OBAHKA ITOAIIOYBEHHOTI'O OPOILIEHU A B Pa3TMYHbIX
palioHaX CTpaHbI II0Ka3bIBAIOT €IO BBICOKYIO
apdexTuBHOCTH (TA6M1).

AddexTrBHBIM 6BUIO MTOAIIOYBEHHOE OPOIIIEHIE U Ha
OTIBITHO-ITPOM3BOICTBEHHBIX yIaCTKaX B TapKUKHUCTaHe U
Y36exucraHe pu IOIMBAX XI0MYaTHHKA. [[pubaBka
ypoXKasi XJIoIT4aTHUKa cocTaBwia 8-10% 1pu sKOHOMHUM
Bopbl 60%. Ha IMccapckoM OIBITHOM y4acTKe 3a psf, jIeT
[IPY TIOAIIOYBEHHOM OPOIIICHUH [TOTydYeHa IIpHOaBKa
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water absorption and sprinkling rates do not match, a soil
moisture deficit occurs in elevated areas and overmoistening
occurs in the depressions.

Long-range sprinklers are widely used. Modification of
available machines and development of new, wide-coverage,
low-pressure, forward-running sprinkling machines with
water intake from open and close feeders (high-capacity and
highly automated) permit decreased use of deficit steel pipes
used to construct irrigation systems, and thus to decreased
power consumption. Such machines carry out irrigation with
wind-resistant drizzles of a high agrobiological value, evenly
distributed over the entire irrigated area. A full dispersal of the
irrigation flow can be ensured as a result of decreased
sprinkling intensity and an increase in the number of
simultaneously operating sprinklers.

In perspective, simultaneously pulsed sprinkling (an intensive
rate of droplets within a range 0of 0.01 to 0.02 mm/min) can
help irrigate soils that differ in water permeability with
considerable surface gradients, practically without flow
formation. Plants are given water continuously, in accordance
with their demands during the entire vegetation period, while
moisture of the active soil layer and humidity of the air
adjacent to the earth surface are maintained without the sharp
fluctuations that are unavoidable in common, conventional
irrigation. Compared to habitual sprinkling, about 20 percent
more water is saved.

Assessments of simultaneously pulsed sprinklings, conducted
in the field in various locations throughout the CIS (Russia,
Kazakhstan, Azerbaijan, Moldova, Tajikistan), showed this
method of irrigation to be highly efficient. Yields of sugar
beet, alfalfa, cabbage, tea, and other crops were 50 percent
higher than those resulting from common sprinkling.

Another promising irrigation method is fine droplet dispersal
(aerosol) sprinkling in which the finest water droplets (100 to
300 m, which corresponds to the size of mist droplets) are
evenly spread over the surface of leaves. Fine droplet dispersal
sprinkling can be successfully employed to remedy
diminished plant photosynthesis caused by leaf surface
overheating; this leads to an increase in crop yields. This
method is applied to protect crops from frosts and winter
crop freezing; to control for dry winds, pests, diseases, and
weeds; and to perform plant top-dressing.

Field assessment of fine droplet dispersal sprinkling
conducted in various CIS locations showed that, compared to
conventional irrigation, this method ensures increased crop
yield and a 2- to 10-fold savings of irrigation water.

Undertree sprinkling of fruits and berries is a variant of fine
droplet dispersal (mist) sprinkling. The undertree sprinkling
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system consists of small-diameter polyethylene pipes fit with
microsprayers and laid along the rows of fruit and berry
plantings. With such irrigation, air humidity rises by 4 to 6
percent, and its temperature drops by 0.5 to 1°C. Undertree
waterings are an intermittent irrigation, with timing of
irrigations and intervals between them dependent on weather
conditions and an intensive level of water consumption.
Undertree sprinkling ensures a 2- to 5-fold savings in
irrigation water compared with irrigation carried out with
sprinkler nozzles.

Subsurface irrigation

Subsurface irrigation of perennial fruit and berry plantings,
vegetables, and other crops can be widely applied in the
future. In subsurface irrigation specific allowances for water
consumption per agricultural produce unit are 1.5 to 2 times
less than with conventional irrigation methods. Assessments
of subsurface irrigation conducted under laboratory and field
conditions in various regions reveal its high efficiency

(Table 1).

Subsurface irrigation was effective on cotton fields in
Tajikistan and Uzbekistan. Cotton yield increased 8 to

10 percent, with a concurrent 60 percent savings in water.
Yield increases of 24 to 44 percent resulted on the Guissar
experimental fields, which had been irrigated for several
years using the subsurface method. On the same fields, but
with the daily subsurface irrigation method, the greatest
cotton yield was 8.07 tons/ha (cotton variety: Tashkent 3).
The average cotton yield on the experimental fields was
6.5 tons/ha, or two times higher than with superficial
irrigation. Water consumption was 2 to 3 times less than
with furrow irrigation. A high efficiency resulting from
subsurface irrigation was attained on the experimental fields
of the Ukraine and in the Non-Chernozem zone of the
Russian Federation.

Good results are usually obtained in drip irrigation, which
permits local moistening of the root zone and also enables
producers to carry out irrigation corresponding to daily water
consumption by plants. Theoretically, by using this method of
irrigation, water savings could reach 60 percent, but in
practice, it is 30 to 40 percent, with yield increases of 20
percent. Drip irrigation is used in the northern Caucasus,
Moldova, Crimea, and Transcaucasus to irrigate orchards and
vineyards under rugged topographic conditions.

The reserves for a more intensive use of water resources, the
reduction in irrigation rates are found. For instance, in paddy
rice growing with flooding—which is the principal
technology—theoretically, the irrigation rate is from 15,000
to 25,000 cubic m/ha; however, for the entire country it
actually reaches an average level of 30,000 cubic m/ha, with
crop yields at around 4 tons/ha. Adopting modern
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ypoxas 24-44%. Ha aT0oM >Ke yJacTKe IIPH ITOAIIOYBEHHOM
€KeCyTOYHOM OPOIIIeHHH MaKCHMaIbHasl yPOXKalHOCTD
XJIOITYaTHUKA copTa TamkeHT 3 coctasmia 8,07 T/ra.
CpenHsisi ypo>KailHOCTb Ha OIIBITHBIX y4acTKax Obu1a 6,5 1/
ra win B 2 pasa 0osblile, Y4eM [IPU IIOBEPXHOCTHBIX
IIOJIMBAX, PACXOJl BOMIbI YMEHBIIIEH B 2-3 pasa I10
CpaBHEHUIO C 6OPO3IKOBBIM MOMUBOM. Bbicokuit acdext
IIOATIOYBEHHOTO OPOIIIEHNs OTy4eH TaK>Ke Ha ONBITHBIX
y4acTKax YKpauHsl, B Heuepnosemuoii sone PO.

Xopotlire pe3ynpraTbl 06ecIieYBaeT KareJbHoe
opollleHNe, TOBOJIAIIee IOKA/TbHO YBIKHATD 30HY
KOPHEBOIT CHCTEMBI, @ TAK>Ke IIPOBOAUTH IIOTUBBI,
COOTBETCTBYIOLIHE CYyTOYHOMY BOLOIIOTPEOIEHHIO
pactenuit. TeopeTHYeCKH MPU 3TOM CIIOCOOE TTOTUBA
9KOHOMUS BOZIbI MOXKET AOCTUTaTh 60%, IpaKTUYeCKU OHA
cocrasisieT 30-40%, npubaska ypoxkaes — 20%. KanenpHoe
opotrenue npuMmensior Ha CesepuoM KaBkase, B Monnose,
Kpbimy 1 3axaBKasbe [Is TOTMBA CaIOB M BUHOTPATHUKOB
B YC/IOBHSIX CJIOKHOTO penbeda.

BolsiB/IeHBI pe3epBsl i1 60JIee UHTEHCHBHOTO
HCIOTb30BAHUA BOIHBIX PECYpPCOB, COKPAILIeHHUA
OpPOCUTEIBHBIX HOPM. Tak, Ipu BO3e/IbIBAHUN PHCA C
3aTOIUICHUEM (3TO OCHOBHAsI TEXHOIOTHSI) OPOCUTETbHAS
HOpMa TeopeTudecku coctasisieT 15 000-25 000 m’ra,
(akTuuecku oHa B cpefHeM 1o ctpane gocturaet 30 000
M’ IPH YPOXKAHOCTH KY/IBTYpPbI 0K0JI0 4 T/Ta. [Tepexon Ha
HOBBIE TEXHOJIOTHH BO3/Ie/IbIBAaHUSA PHCa IIPU
TIePHOANYECKUX ITOTUBAX C UCTIOIb30BAHNEM HOBBIX
COPTOB CYXOMIOJIBHOTO THUIIA ITO3BOJIUT B 5-8 pa3 COKpaTUTD
noTpebieHre BONHBIX PECypCOB.

B nocnenHue rogpl BO3HUK/IA HEOOXOIUMOCTD B
repecMOTpe KIACCHIeCKOH KOHIEIIUN HOPMUPOBAHUA
opolieHus, KOTopasi, KaK U3BeCTHO , OCHOBaHa Ha

®oro 10-1. OpocurenbHas yCTaHOBKA Ha II0JIe JIIOLEPHbI HelaIeKo OT
Bonrorpaga - oxoso 40% ceIbCKOXO3SICTBEHHBIX KyIbTyp B Poccuu
opotmaercst aTuM MetozoM. (Poto Tuma MaxKeit6a)

Photo 10-1. Like this sprinkler set on alfalfa near Volgograd, nearly 40% of Rus-
sian crops are irrigated by this method. (Tim McCabe photo)

Cratba 10

[IPUHIINITE TUKBUIAIMY TeUIlnTa BOTHOTO 6amaHca.
[1aBHbIE HEIOCTATKU TAKOTO HOPMHUPOBAHUS —
OpMEHTUPOBaHNE Ha IOl 3aJJaHHOM pacYeTHOMI
00€eCIe4eHHOCTH U HEBO3MOYKHOCTH ONITUMH3AIUH HOPM C
yIeTOM OTPaHHYECHUI Ha BOJHBIE PECYPCHL.

Pesynbrarel uccienoBaHuii, IOJI0KEHHbIE B OCHOBY HOBOM
KOHIENIIMHA HOPMUPOBAHUS OpPOIIIeHN s, [I03BOININ
BBIAABUTH 3HAYUTE/IbHbIE Pe3ePBbl 9KOHOMUU
OPOCHUTEIbHOM BOJBI. 3a/1a4a COCTOUT B CO3MAHUU
COOTBETCTBYIOIIUX OPOCUTENbHBIX cucTeM. [IyTem
CeJIEKIIMOHHON PabOThI UMeeTCs] BO3MOXKHOCTD
OIIHOBPEMEHHO IOBBIIIATh IOT€HIUA/IbHBIA YPOBEHD
NIPOLYKTUBHOCTHU COPTOB. Hanpumep, ecii oTeuecTBEHHbIE
COpTa XJIONMYAaTHUKA UMEIOT MaKCUMYM YPOKallHOCTHU B
npenenax 7,5-8 T/Ta, TO U3panIbCKHUE U aMepUKAHCKHE — IO
9 1/ra. [lokasaHo, 4TO OpolIaeMoe 3eMIefie/Iie MOXKET
YBEJIMYUTD IPONYKTUBHOCTD BABOE, IIpU 3TOM 70%
NIpUOABKU IOTYYAIOT 32 CUET METMOPATHBHBIX
MepOIPUATHUI B IIPOLiecCe PEKOHCTPYKLIMM OPOCUTEIbHBIX
CHUCTEM.

3HauuTeNIbHbIE KOIEOAHNS YPOKAHOCTH HA OJLHOM U TOM
Ke 110J1e 00YC/IOB/IEHbI HEOMHOPOXHOCTBIO (hOHA:
HEMOCTATKaMU arpOTEXHUKU (HarIpumep,
HEPABHOMEPHOCTHIO MOCEBA), HO TJIABHOE — TIOXOH
IUTAHUPOBKOH (COJIEBBIE MIATHA, HENOYBIAKHEHHOCTD).

PaBHOMEpPHOCTH MeTMOPATUBHOTO (POHA MOXKET ObIThH
IOCTUTHYTA TOJIBKO IIPH OYEHb BBICOKOM TEXHUIECKOM
YPOBHE OpOILIeHHsI 1 ApeHnpoBanus. Hampumep,
KaIeTbHOE OPOIIIeHNE XIOMYATHHKA 00eCIeInBaeT
OTKJIOHEHHE OT 3alaHHOI HOPMBI [TO/IMBA Ha MOJTe C
HEepPOBHBIM penbedom b +5%. B pesynsrare —
COBEpIIIEHHO OTHOPOITHOE U IIOTHOLIEHHOE Pa3BUTHE
X/IOTTYaTHHKA.

CroxHee 06CTOUT [ie/I0 ¢ Hanbosiee pacipoOCTPaHeHHBIM
croco6oM mojuBa — 60po3naKOBbIM. [Ipu TakoM monBe
4yeMm Gostee u3pesan pebed, TeM Mesbue TO/KHBI ObITh
y4yacTKu: Ipu yKiaonax 6osuee 0,01 - ot 0,1 mo 0,7 ra, 0,005-
0,01 - or 0,5 o 1,5 ra; npu yxnonax 0,003-0,005 - or 1 o 4
ra. [TaHMpOBKY TIOJ IUTOCKOCTD C HY/IEBBIM YKIOHOM
ITOTIepeK ITO/ISL ¥ C OfMHAKOBBIM YKIOHOM BIIO/b
HaIIpaBJIeHUs [TOTMBA HY)KHO IPOBOAUTH C TOYHOCTHIO
2-3 cMm (Tabm. 2).

CoueTanue BHICOKOTOUYHOM ITAHMPOBKH C PABHOMEPHBIM
pacripesie/ieHeM BOIbI MOYKET 0GECTIEIUTD OIHOPOIHOCTh
MeMOpaTUBHOrO (hOHA JUIS BO3E/IbIBAEMBIX KYIBTYP. DTO
TpeGOBaHUe 3aCTABIAET IEPECMOTPETh CXEMY
pasMelleHyst pacIpeie/InTe/IbHbIX TPYOOIPOBOIOB U
MOPANOK UX paboThl. OT CXEMBI € TOBOIBHO IITMPOKO
paccraBneHHbIMH (0T 400 10 1000 M) yIaCTKOBBIMH
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Tabnuua I. OdhdeKkTMBHOCTb NOANOYBEHHOrO opoLLeHnA (PocToBCcKana obnacTb)

Table 1. Efficiency of subsurface irrigation (Rostov region)

OpocuTenbHaa Hopma, M%/ra

Irrigation rate, m’/ha

YpoxxanHoCTb, T/ra

Yield, t/ha

Y penbHbIn pacxod BOAbI,

M3/T

Specific water consumption,

m’/ta
KynbTypa perynApHoe  MOAMOYBEHHOe perynAapHoe  MOAMOYBEHHOE perynApHoe  MOAMOoYBEeHHOe
Crop opolueHne opolueHne opolueHne opolueHne opoLieHne opoLieHne
Intermittent Subsurface Intermittent Subsurface Intermittent Subsurface
irrigation irrigation irrigation irrigation irrigation irrigation
Osuman 2800 2000 3,2 6,1 8,8 3,3
nweHunua
Winter wheat 2,800 2,000 3.2 6.1 8.8 3.3
Puc 6500 4200 2,2 5,7 30,0 74
Paddy Rice 6,500 4,200 2.2 5.7 30.0 7.4
KapTtodenb 2100 1500 13,2 28,4 1,6 0,7
Potatoes 2,100 1,500 13.2 28.4 1.6 0.7

technologies to grow paddy rice, intermittently irrigated and
using new upland type varieties, will permit a 5- to 8-fold
reduction in water consumption.

Recent years have witnessed the need to review the classical
concepts of irrigation rates, which were based on the principle
of eliminating the water balance deficit. The main drawbacks
of such rationing are the tendencies to orient to the year of set
sufficiency and impossibility to optimize the rates with regard
to restrictions for water resources.

These studies provide a basis for the concept of irrigation
rationing. As a result of these studies, considerable reserves for
irrigation water to be saved were found. The task is to create
appropriate irrigation systems.

Plant breeding technology makes it possible to raise the level
of varieties’ potential yield capacity. For example, if domestic
cotton varieties yield at their maximum, that is 7.5 to 8 tons/
ha, then Israeli and American ones yield up to 9 tons/ha.

It is proved that arable farming under irrigation can result in a
two-fold increase in the plant yield capacity, with 70 percent
of the increase owing to reclamation measures taken in the
process of reconstructing irrigation systems.

Considerable fluctuations in crop yield from the same area
result from the lack of the background evenness and from
drawbacks in agricultural practice (for instance, non-uniform
germination), but mainly from poor land leveling (salt
patches, insufficient moistening). Evenness of the reclamation
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background can be achieved only where a very high level

of irrigation and drainage engineering is available. For
example, drip irrigation of cotton plants ensures a +5 percent
deviation from the set irrigation rate in areas with broken
relief. As a result, cotton production is absolutely uniform
and fully valuable.

The situation is more complicated with the most common
method, that is, furrow irrigation. With furrow irrigation,

the more rugged the relief, the smaller the plots should be:
with slopes over 0.01, the acreage of plots has to be from

0.1 to 0.7 ha; at 0.005-0.01, 0.5 to 1.5 ha; and with slopes of
0.003-0.005, from 1 to 4 ha. Land leveling, making lands flat
with the zero slope across the field and with a similar slope
along the irrigation direction, should be conducted with a
precision of +2-3 cm. (Table 2).

Highly precise land leveling combined with even water
distribution can ensure a uniformity of the reclamation
background useful for growing crops. This requires a review
of the layout of distributive pipelines and of their operation.
From an irrigation layout with sectional distributors spaced
widely apart (from 400 to 1,000 m), it is necessary to switch
over to an irrigation layout with more frequent (from 100 to
200 m) flumes, pipes, and channels but with less water
consumption.

Analysis of the use of different drainage systems in areas of
irrigated arable farming in the CIS showed that the open
collector-drainage network did not meet the ecological
requirements for controlling the water-salt regime of soils of
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Tabnuua 2. BnmaAHWe KayecTBa NOBEPXHOCTM MOMA Ha MeNMopaTBHOE COCTOAHUE 3eMeflb U ypoxaw
xnon4yaTtHuka (no gaHHbiM B.B. Xeranaq)
Table 2. Effect of field surface quality on the reclamative state of lands and yields of cotton (according to V.V. Khegal).
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Homep OTKnoHeHne CpenHan 3meHeHne OpocutensHaa lyctoTa YpOXXanHOCTb,
y4yactka hakTu4eckom rnybuHa 3anacoB COMeN HOpMa HETTO, pacTeHun, T/ra
Plot NMOBEPXHOCTM rPYHTOBbIX BO4 B m3/ra Tbic/ra Yield tons/ha
Number nona ot 3a Beretauuio, KopHeobuTaemoMm Irrigation rate, — Plant standing,
MMOCKOCTU, = CM M cnoe 3a net volume, thousands /ha
Deviation in Average BeretTauumto, T/ra cubic m/ha
actual field surface groundwater table Changes in the
from the plane, for a vegetation amount of salts
+cm period, m within plow layer
during vegetation
period, £t/ha
1 0o 3 cm 2,3 —22,8 3116 98,8 3,56
1 up to 3 cm 2.3 -22.8 3,116 98.8 3.56
2 no5cm 2,2 -3,2 3797 85,7 2,57
2 up to 5 cm 2.2 -3.2 3,797 85.7 2.57
3 0o 10 cm 1,9 +4,5 4114 41,2 1,98
3 up to 10 cm 1.9 +4.5 4,114 41.2 1.98

pacIpeneTuTe I IMI HeoOXOTUMO TTePENTH K cxeMe ¢ 6oree
gacTbiMU (0T 100 1o 200 M) I0TKaMH, TpyOaMHu, KaHa/IaMU,
HO C MEHBIIIUMU PacXOJaMHU BOJIBL

AHa/M3 IpYMEeHEeHNs Pas/IMIHbIX IPEHAXKHBIX CHCTEM B
pajioHax OpPOIIIAeMOr0 3eMJIeIe/ sl CTPAHBI II0KA3aJT, ITO
OTKPBITas1 KOJUIEKTOPHO-IPEHAXKHAS CETh He OTBEYaeT
TpeGOBaHMAM KOJIOTH3AIUH PEryTHPOBAHNS BOJHO-
COJIEBOTO PeXXMMa II0YB Ha GOIBIINX [UIOIIAX U TO/DKHA
6bITb 3aMeHeHa 00jiee COBEPILICHHBIMU JPeHaXXKHBIMU
cucremamu. OHako HanbosIee KPYIHbIE KO/UIEKTOPBI
OTKPBITOTO THIIA eIlie JO/Ir0o GYyT CIy>KUTb B KaueCTBe
BOIONIPHEMHHKOB. [ToaTOMY He06X0NMO
COBEPIIIEHCTBOBATH KOMIUIEKC Mep 0 06eCIeYeHII0
HaJI©KHOCTH UX PA6OTHI (YCTONYMBOCTH OTKOCOB, YUCTOTA
pycrau T.1.).

3aKpbITHII TOPU3OHTA/IBHBIN IPEHaX CTa/lIN IIHPOKO
IIPUMEHATD B KOHIIEe 60-X TOIOB C UCIONb30BaHUEM
TOHYAaPHBIX U ITOJIMITHICHOBBIX TPYO, YK/IaIbIBA€MBbIX C
ITOMOIIIBIO JPEHOYK/IAIYUKOB TPAaHIIIEHHOTO ¥
6ecTpaHieiiHoro THIoB. [Ipu aToM ucnonbp3oBamn
uabTpEI M3 pasIMYHBIX MaTepuaioB. B pesymbrare
TTOBBICU/IUCH TEMITBI CTPOUTENBCTBA IPEHaKa, Yy qIIHIOCh
€r0 Ka4ecTBO.

HaxkxomnieH momoxutebHbIN OIIBIT IIPUMEHEHUA
KOM6I/IHI/IPOBaHHOI‘O Jp€Haxa — I‘OpHSOHTa)’IbeIﬂ ApeHax
B COYE€TAHUU C BEPTUKAJIbHBIMU CaMOU3/INBAIOIIIUMUCA
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CKBa>KMHaMH. Takoi AOPpE€HAX B OIIPENEIEHHBIX YCIOBUAX
MOJXET KOHKYPHUPOBATH C APYTUMHU BUJAMU OJPE€HAKHBIX
CHUCTEM.

BeprukanpHblil fipeHaX 9(p(HeKTUBEH IPU HaIMYUH
HaITOPHBIX BOJl, MOIIIHBIX TOKPOBHBIX OTI0KEHUI,
IIOZICTWIAEMBIX JIeTKUMU rpyHTaMu. OH o61agaeT
6O0JIBIIIMM IIPEUMYIIIECTBOM B CPAaBHEHUH C
TOPH30HTAbHBIM Ha OPOIIIAE€MBIX 3EMJISIX, MACCUBBI
KOTOPBIX UMEIOT ITPECHbIE IIO3€MHBIE BOMIbI,
HCIOIb3yeMble JIA ITOIUBA. BbIABIEHBI U HETOCTAaTKU
BEPTUKAbHOTO IPEHAKa, YTO OTPAHUIUBAET €TO
IIpuMeHeHHe. Tak, B apuIHOM 30He BEpXHIUE CJIOU
MTOJ3EMHBIX BOJ, NHOI/Ia UMEIOT OTHOCUTETBHO
HeOOJIBIIYIO MUHEPAIU3AIIHIO, 3 HYDKHHE — 3HAYUTE/IbHYIO
(mo 30-50 r/1). B 9THX yCIOBUAX BepTHKA/IBHBII JPeHAX
6yzmeT OTBOIUTH GOJIBIIINE 0O BEMBI COJICHBIX IIO/I3eMHBIX
BOJI, yTUIM3aliA KOTOPBIX 3aTPYIHUTE/NIbHA.

PaspaboTaHbl HOBbIe KOHCTPYKI[MU BaKYyMHOTO IpeHaXa,
obmaarolire psgoM MpenMyiecTs. Takue KOHCTPYKITUH
6bUTH aripo6upoBaHbl B TypKMEHUN U ITOKa3a/Iu BHICOKYIO
apdexTuBHOCTS. B Hapmkoyckom oasmce moHan06MIoCh
20 sieT, 9TOOBI C TOMOIIBIO OTKPBITHIX KOJUIEKTOPOB U JIpeH
YIy4LIUTh METHOPATUBHYIO OOCTAHOBKY U ITOBBICUTD
YPOXKalfHOCTB XJIOITYaTHHKA ¢ 1,8 1o 3 T/ra.
Mcnonb3oBaHne BaKyyMHOTO JpeHayka yCKOPUJIO 9TOT
rporecc B 2,5 pasa. OnBITH Ha Xay3XaHCKOM MacCHBe
II0Ka3a/I4, YTO BAaKyyMHasl CUCTeMa MOXKeT OTBOAUTD B 3-4
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large areas and that it should be replaced by better drainage
systems. However, the largest open-type collectors will
continue to serve as water receivers for a long time. It is
therefore necessary to improve a number of measures to
ensure their reliability (slope resistance, cleanness of river

beds, etc.).

Drainage

Closed horizontal drainage was widely employed at the end of
the 1960’s, with the use of tile and polyethylene pipes laid by
drain-laying machines of both trench and trenchless types.
Alongside it, filters of various materials were applied. As a
result, drainage construction rates rose, and construction
quality improved.

Positive results have been obtained from the use of
combined drainage—that is, horizontal drainage combined
with vertically flowing wells. Under certain conditions,
such drainage can compete well with other types of
drainage systems.

Vertical drainage is effective when there is pressurized water,
heavy cover deposits underlaid with permeable deposits. This
technique is better than horizontal drainage applied to
irrigated lands, which largely have fresh groundwater used for
irrigation. The drawbacks of vertical drainage, and how they
limit its applications, are disclosed. For example, upper layers
of subsoil water in the arid zone sometimes are slightly
mineralized, while the lower layers are highly mineralized
(up to 30-50 g/l). Under these conditions, vertical drainage
will divert large volumes of salty subsoil waters that are
difficult to use.

Vacuum drainage

New versions of vacuum drainage have been designed that
have a number of advantages. Such versions were tested in
Turkmenia and showed their high efficiency. In the Charion
oasis it took 20 years to improve the reclamation situation
and to raise cotton yields from 1.8 to 3 tons/ha with the help
of open collectors and drains. The use of vacuum drainage
accelerated this process 2.5-fold. Experiments conducted in
the Houzkhan land area showed that the vacuum system can
divert 3-4 times more drainage water than conventional
closed horizontal drainage.

Horizontal drainage

The use of sand filters for horizontal drainage, as practiced
abroad, was unjustifiably rejected in the CIS; these filters are
remarkable for self-formation and freeing of dust-like and silt
particles and for forming the prefilter zone. It has been
established that synthetic materials should not be used for
filters when the coefficient of land infiltration is less than

0.5 m/day and there are dustlike and silt particles in the

soil. These materials decrease water-absorbing capacity by
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10-20 percent, increase infiltration resistance 2-fold, and
create a screening effect.

It is also shown that the definition of “deep” or “shallow”
drainage is subjective. The depth of drainage should be
defined according to the height of capillary rise of moisture,
the reclamation regime, mineralization of soil waters, the
possibility of establishing a washing regime, etc. For instance,
in Khorezm, closed drainage only 1.3 m deep, at the height of
capillary rise under 0.5 to 0.7 m, is constructed in soil
horizons, and this drainage performs well.

The need to artificially drain vast land areas leads unavoidably
to the occurrence of collector-drainage waters polluting water
ecosystems. A lot of problems that arise in connection with
artificial drainage require special attention; as both domestic
and foreign experience shows, a complex approach to their
solution is needed. First of all, it is necessary to reduce the
volume of collector and drainage effluents at the expense of
decreased irrigation rates and refuse resulting from the use of
deep drainage. Research into ways to utilize polluted drainage
effluents and to recycle treated waters to grow halophytes is
important in this regard.

Transitioning to an optimum reclamative regime; improved
drainage systems; a new irrigation technique, particularly drip
and subsurface irrigation; and tiled channels will permit us to
increase the irrigation effect and to reduce water intake and
diversion. It has been shown that the best irrigation systems in
the arid zone—with an efficiency of 0.78 to 0.82 gross
volume of water discharge—is now under 9,000 to 10,000
cubic m/ha, the average for the arid zone. A gross volume of
only 6,000 to 8,000 cubic m/ha is discharged to carry out
drip irrigation on experimental plots.

Conclusion

Experience in the field of irrigation and drainage gained
domestically has shown that interfering with natural processes
has brought about a great deal of unforeseen consequences
and conflicts. Only through general planning and control of
the use of the basin of natural resources (above all, of water
and soils) is it possible to prevent an unfavorable situation in
the future.

In the steppe and forest-steppe zone (northern Caucasus, the
southern part of the Ukraine, the Volga region, Kazakhstan,
the southern area of Siberia, etc.), reclamation operations
should be directed at controlling droughts, dry winds, wind
and water erosion, soil salinity, and alkalinization. There
should be optimum combination of irrigation and measures
to prevent water and wind erosion, including planting field-
protective shelterbelts, afforestation of gullies and ravines, etc.
Irrigation should be carried out with the use of sprinkler
machines.

Article 10 245




Puc. 1 BakyymHasa cuctema BepTUKanbHbIX APEH:
Figure 1. Vacuum system of vertical drains:

LTI T

YpOBEHb BOAbl B KONIEKTopax

1 water level in collectors
2 BEHTUNb

valve
3 3aTBop

penstock

4 Bakyym metep
vacuum meter

Hacoc
pump

pasa 60sblile IpeHaKHBIX BOJI, YeM OOBIYHBII 3aKPBITHII
TOPU3OHTAIbHBIN JIPEHaX.

Bernen 3a 3apy6exxnoit npaktukoit B CHI' Heo60cHOBaHHO
CTaJIM OTKa3bIBATHCS OT IIPUMEHEHUsI TIeCUaHbIX GUIBTPOB
IJIs1 TOPU3OHTA/IBHOTO IPeHaka, KOTOPhIM CBOVMICTBEHHO
camodopmMupoBaHue — 0CBOOOXK/IEHNE OT MbIIEBATHIX U
WINCTBIX YacTHUI], 00pasoBaHue NpUQpUIBTPOBOI 30HBL.
YCTaHOBJIEHO, YTO CHHTETUYeCKUE (DUIBTPYIOIIHE
MaTepHaJIbl He CJIefyeT IPUMEHSTD Ipu KoadduirenTe
¢unprpanuu rpynra Meree 0,5 M B CyTKH U [IPU HATUIHH
B IPYHTaX ITbUIEBATBIX U WINCTHIX YACTHI], @ TAK)KE B TEX
CITyYasix, KOria 9TH MaTepUaIbl YMEHBIIAIOT
BOJIOTIPUEMHYIO ClIOCOGHOCTD Ha 10-20%, yBeTMINBAIOT
(uapTpanonHOE COMPOTUB/ICHHE B 2 Pasa, CO3IAI0T
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G PWnbTp BEpTMKanbHOM ApeHb
vertical drain filter

YPOBEHb rPYHTOBbIX BOA
ground water table

8 BepTuKalbHble OPeHbl

vertical drains

9 ronoBHaA 4acTb

header

10 KONNEeKTOop BOAbI

water collector

9KPAaHUPYIOIIHIT 9P DEKT.

) o

IToxazaHo TakKe, YTO HOHATHUA “IIYOOKUIL” U “MeJIKUIA
IpeHaX YCJIOBHBL. [IyOuHy IpeHaka Hy>KHO OIIpefie/IATh
nuddepeHIUPOBAaHHO B 3aBUCHMOCTH OT BBICOTHI
KaIWULIPHOTO IIOJHATUA BJIarH, MEIMOPATUBHOTO
PeKHMa, MUHEPaIU3al[Ui TPYHTOBBIX BOJI, BO3MOYKHOCTH
YCTaHOBJICHUSA IIPOMBIBHOTO peXkuMa U.T.1. B Xopesme,
HaIIpuUMep, IIOCTPOCH B CJIOUCTBIX I'PYHTAX 3aKPBITBII
IpeHaX I/TyOUHOM JIUIIb 1,3 M IIPU BBICOTE KAIIWUIAPHOTO
oHATHA, He npeBblnaoleit 0,5-0,7 M, 1 9TOT ApeHax
Xoporo paboTaer.

Heo6x0mnMoCTh HCKYCCTBEHHOTO IPEeHUPOBAHUS
6OJIBIINX MAaCCUBOB 3€MeJIb HeU36e)KHO BeleT K
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In the zone of deserts and semi-deserts (Central Asia,
southern Kazakhstan, Transcaucasus, etc.), where irrigated
arable farming is the basis for agricultural production, the
main task remains to economize water resources. To fulfill it,
the following measures become necessary: reconstruction of
irrigation systems; the secondary use of water; optimization of
water distribution; the application of nonconventional (for
this zone) systems of irrigation—including pulsed and
aerosol, subsurface, and drip irrigation; prevention of soil
salinity; and reduction in volume of polluted drainage
effluents discharged into rivers. Irrigated lands should be
expanded only at the expense of saved water resources and the
intra-basin redistribution of river flow, the use of subsurface
water of artesian basins and, to a certain extent, of softened
drainage and discharge waters.

The establishment of new-generation reclamation systems
that could serve as the basis for highly productive and
ecologically clean agricultural production is a promising
direction in research studies and developments. This
direction presupposes the development of theory and
principles of ecological adaptation and the steady
functioning of reclamative systems in the environment of
various regions of the CIS. It also presupposed the
establishment of a methodology for comprehensively
managing the development of agricultural landscapes,
including simulation and optimized disposition of sown
areas on reclaimed lands (the establishment of specialized
belts and agricultural production zones).

Problems Associated with Irrigation and Drainage
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06pasoBaHNIO KO/UIEKTOPHO-IPEHaKHbIX BOT,
3arps3HAOIINX BOTHBIE 9KOCHCTEMBI. MHOXKECTBO
1Ipo6s1eM, KOTOpBbIE IIPU 3TOM BO3HHUKAIOT, TPEOYIOT
0c060r0 BHUMAHUS |, KaK [TOKA3bIBAET OTEUECTBEHHBIN 1
MHPOBOJ OIIBIT, KOMIUIEKCHOTO IOAXO/A K UX PEIICHHUIO.
[Ipesxe Bcero HY)KHO COKpaIath 06beMbl KOJUIEKTOPHO-
IPEHaKHOTO CTOKA 32 CUeT CHIDKEHHUST OPOCUTENbHBIX
HOPM U OTKa3a OT IIPUMEHEHUS [TyOOKOTO IpeHaxa.
Ba)xHOe HampaB/ieHHe 371eCh — TIOMCK Iy TeH Y THIH3ANN
3arpsI3HEHHOTO JPEHa)XHOTO CTOKA U IIOBTOPHOTO
HCITOIb30BAHMSI OYMIIIEHHBIX BOJI, B TOM IHC/IE IS
BO3JIe/IbIBAHUSI TA/IO(DUTOB.

[epexon Ha ONITHMAa/IbHbBIE METHOPATUBHBIE PEKUMBI,
COBepIIIeHHbIE TUIIBI IPeHa’Ka, HOBYIO TEXHHUKY TIO/IHBA,
0CO6EHHO Kalle/IbHYI0 U BHY TPUIIOUYBEHHYIO, & TAK)Ke
06IHII0OBKA KAHA/IOB II03BOJISIIOT IIOBBICUTH

3 beKTUBHOCTD OPOIIIEHNS], YMEHBIIIUTD 3a00p U OTBOT,
Bozbl. [TokasaTenbHO, YTO IyUIIIHE OPOCUTE/IbHbIE
cucteMsl B apugHoi 3oHe mpu KIIJT 0,78-0,82 yixe cefrdac

pacxonyiot MeHee 9-10 TbIc. M*/Ta 6PYTTO IO CPABHEHHUIO C

13,8-14 ThIc. M’/Ta B cpenHeM 110 apuaHOiT 30He. Ha

IKCIIEPUMEHTA/IbPHBIX YIaCTKaX C IPUMEHEHNEM KaIl€/THOT'O

OPOLLIEHUsT PACXOAYETCsI TUIIB 6-8 ThIC. M’/Ta 6Py TTO.

AHa/Ius OTbITa PASBUTHA OPOLIEHNUs U IPEHAXKA B HAIIIEH
CTpaHe MOKa3aJI, YTO BMEIIIATEILCTBO B IPUPOIHBIE
IIPOIIECCHI BHISIBAET MHOKECTBO HEMPEIBUIEHHBIX
MOC/IENCTBUI U KOHMIUKTOB. TONBKO TIPU €MUHOM
[UIAHUPOBAHUY U YIIPAB/IEHUH HCIIO/Ib30BAHIEM
[IPUPOMIHBIX PecypcoB bacceiina (Ipexxie BCero BOIbl U
3eMJIM) MOYKHO TIPEIOTBPATUTh HEraTUBHbIE CUTYALUH B
6ymy1ieM.

B 3one crernu u ecocrenu (Cesepubrit KaBkas, IOr
Ykpaunsl, [ToBomkbe, Kazaxcran, I0r Cubupu u ap.)
MeTMOPaTUBHbBIE PAOOTHI TO/DKHBI OBITH HAIIPAB/ICHBI Ha
60pb0OY C 3aCyX0if, CyXOBESIMH, BETPOBOI U BOTHOI
3pO3ueit, 3aCOJIeHNEM U OCOIOHI[eBaHUEM ITOYB.
Heob6xomumo onTuManbHOe COYeTaHHE OPOIIIEHUS C
MEPOTIPUATHIMU TI0 IPETOTBPAILLICHUIO BOTHOM U
BETPOBOI 9PO3UH, BK/IIOUAsI [TOCA/IKY MOJIe3AIIUTHBIX
JIECHBIX MTOJIOC, 00/IeCeHre OBPaYKHO-0aI0UHBIX 3eMeNTh U
T.11. OpolleHue Hy>KHO IIPOBOJIUTH C UCIIO/Ib30BAHUEM
COBPEMEHHOM NOXKIEBa/IbHOM TEXHUKU.

B 3one nycThiHb U nojymrycTeiHb (Cpenss Asus, IOxubIi
Kaszaxcran, 3akaBkasbe U JIp.), TTle OPOIIIaeMOe 3eMJIefie/The
— OCHOBA C€JIbCKOXO03AMCTBEHHOTO IIPOU3BOICTBA, IJTABHOM
3aJa4eii OCTAeTCsl BceMepHast 9KOHOMMSI BOJHBIX PeCypCOB.
Jist ee pertieHus1 HEOOXOMUMBI: PeKOHCTPYKIIUS
OPOCHUTEIBHBIX CHCTEM, IOBTOPHOE MCII0/Ib30BAHKE BOI,
ONTUMHU3AINS BOIOPACIIpeeieH s, IPUMEHEeHHe
HETPAIUI[HOHHBIX JIJIS1 30HBI BUIOB OPOIEHUs (B TOM
YHC/Ie UMITYJIbCHOTO U a9PO030/IbHOT0, IIO/IITOYBEHHOT O,
KaIleJIbHOTO0), TPeIOTBPAIlleHNe 3aCOMeHMUsI TI0YB,
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COKpaIiieHHe COPOCOB 3arpsI3HEHHOTO JPEHaKHOTO CTOKA B
pexu. Pacimpenue opoliraeMbIX 3eMe/lb JO/KHO BECTUCH
TOJIBKO 3a CYET 9KOHOMUU BOSHBIX PECYPCOB U
BHYTPUOACCEITHOBBIX IIepepacIpe/e/IeHUIl PEIHOTO CTOKA;
HCITO/Ib30BAHUS ITOJI3€MHBIX BOJI aPTe3HAHCKUX OacCeiiHOB
M OTPaHMYEHHO — OIPECHEHHBIX IPEHAKHBIX M COPOCHBIX
BO[L.

IlepcnekTBHOE HalpaB/IeHNE HAYYHBIX UCCICLOBAHUI U
PaspaboTOK — CO3MaHNe METHOPATUBHBIX CUCTEM HOBOTO
[TOKOJIEHHSI, HA OCHOBE KOTOPBIX MOKHO OyzeT
IOAIEP)KUBATH BHICOKOIIPOAYKTUBHOE U 9KOJIOTUYECKU
YHCTOE CeTbCKOX035ICTBEHHOE ITPOU3BONICTBO. DTO
HaIpaBJIeHUe IIpeIoiaraeT paspaboTKy TeEOPHH U
MPUHIIMIIOB 9KOJIOTUYECKOM afallTallui U YCTOMYUBOTO
(byHKIIMOHNPOBAHUS METHOPATHBHBIX CHCTEM B
IIPUPOINHOM Cpelle pa3/IMYHbIX PETHOHOB CTPaHbL; CO3aHUe
METOHO/IOTMHU KOMIUIEKCHOT'O YIIPABJIEHUs Pa3BUTHEM
arpomafaadToB, BKIIOYask MOIETUPOBAHHUE U
OINTUMM3AIHUIO CTPYKTYPBI IIOCEBOB Ha METMOPUPYEMbBIX
3eMJISIX (CO3MaHUe CIEIUaTU3UPOBAHHBIX TTOSICOB U 30H
IIPOU3BOICTBA CEIbCKOXO3ANCTBEHHOM nponyKan).
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