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Aunomayusa. B cmamwe npusedemvi  pacuemvl  800onompebieHus U
OUOKIUMAMUYECKUX KOIDDUYUEHMO8 KYIbMYP 8 NOYEO3AUUMHOM Ce800Dopome 6
30H€e MEXHO2EHHO20 3A2PAZHEHUS 8 3A8UCUMOCTU OM NULYEB020 PEeHCUMA.
Ilpoonema u wuyenv. OCHOBHBIM  3ACPASHAIOWUM  OKPYICAIOWYIO  Cpedy
npeonpusamuem Ha meppumopuu pezcuona sensiemcs Pazanckas ['PC, vibpocwi
KOmMopotl pacnpocmpanensvl 8 paouyce 86,2 km. B evibpocax npucymcmeyrom
msicenvie memainnwl (TM), npuopumemnvimu asnsaromes Cu, Zn, Cd, Pb, komopuwie
6AUAIOM HA pocm U pazsumue pacmenuil. Ewe 00HuM 0eticmeeHHbIM He2amu8HbiM
APUPOOHBIM — (hAKMOPOM — GIUAHUS HA PACMEHUs. AGIAIOMCA  NOYGEHHAs U
ammocgheprnas 3acyxa, cyxoeeu. B Kommniexce 6GiusHUe AHMPONOSEHHLIX U
NPUPOOHBIX (PaKmopos Modicem Npugecmu He MOJbKO K CHUNCEHUN) pocma U
VXYOUeHUIO pazeumus pacmenuil, Ho u ux eubenu. Mzmenumv cumyayuio 8
azpoghumoyenose MONHCHO ¢ NOMOULBIO MEPONPUAMUL, Hanpumep, no obecneueHuo
800H020 Oanamca 6 nouge, 4mo HNO360AUM VIYUWUMbL NUMAHUE pacmeHull,
UBMEHUMb NOOBUNCHOCMb MOKCUKAHMO8 U m.n. B osmom u 3akmouanace
aKmyanbHOCMyb AKMYalbHOII.

Memooonozua. Hccneoosanuss npogoounuce 6 Ilponckom  patione, 20e
CeNbCKOXO03AUCMBEHHbIE NOJISL PACNOTIONCEHbI 8 HeNnOCPeOCMEEHHOU OIU30CmMU Om
I'POC u pacmenus ucnvimviéarom mexHo2eHHbll npeccune. Pamee na ocnose
IKCNEPUMEHMO8 ObLIU ONpeoeneHbl KyIbmypul-umopemeouanmul, 6KII04EHHbIE 8
NOY803AUWUMHBLI Ce80000POM, KOMOPbLIL ObLI BHEOPEH U OeliCMBOB8A]l 8 XO3AUCHEE
c 2006 2o00a, 3amem Ovi1 nepepvie 6 5 aem. llousa cepas 1necnas
CpeoOHecy2IuUHUCMAsL  CcpeoHe2o  YposHsa  niooopoous. TM  onpedensnuce
CHeKMPANIbHbIM MemoOoM. Buecenue MunepanvbHbix yOoOpeHull cO0meemcmeeHHO
npUAMOoU cucmeme 8 X03UcCmee ¢ yuemom U008 Kyibmyp 6 cesoobopoe. Pacuem
sooonompebnenus (E, m3/2a) cenbcKOX035UCMBEHHbIX KYIbMYP HPOBOOUNLU NO
ypaenenuto  800Ho20  banaumca.  buonoeuueckue  koagppuyuenmovr  (K6)
CeNbCKOXO3AUCMBEHHbIX KYIbmyp paccuumsiéanuce no ¢gopmyne AM. u C.M.
Annamvesvix (1988). Obpabomra noryueHHbIX pe3yIbmamos HA KOMNbIOMEPHOU
npozpamme Statistika 10.
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Pesynomamur. Pe3ynomamul uUcCcie008anuii NOKA3AMU HPAMYIO CBA3b  MedHcOy
HOCMYNJIeHUueM NUMamenbHblX eeujecme ¢ yooopenusm. Pesynomamul pacuema
800onompebieHusi Ky1bmyp HNOKA3aAU HeBblCOKUE BelUYUHbL 6 PA30ebHbIX
nocesax, a npu 68edeHuu 8 cegoobopom nompebieHue B800bl 8 CpeoHeMm 3d
pomayuio cocmasuno 880 wm’/ea, mo ecmv 6Oviio 6Gonvuwe noumu 6 2 pasa.
Buoxnumamuueckue  koagpuyuenmol,  3aeuciwue om  8000nompeodIeHU,
cocmaeninu seauyunsvt om 0,09 0o 0,55 mm/m6 6 3a6ucumocmu om 8uda KyJibmypbvl
u ¢azvl ee pazeumus. Beedenue nougsozawumnozo cesoob6opoma npu opouieHuu
NO380UNO0  PACMEHUAM-PUMOPEMEOUAHMAM BbIHECU C YpodcaemM U3 Nouabl
3HauumenvHoe Koauvecmeo TM, Ho npu smom KoOHYeHmMpayus ux 6 Camux
pacmenusax He npesviwiana /K. Ypoowcaiinocms kyremyp 6 nouo3aujumuom
cesoobopome yeenuuunace Ha 100...255%.

3axknwuenue. Bueopenue nousozawumnozo cesoobopoma Ha 3aecpsasHennou TM
nouge yenecooopazHo, Mmak Kak YCMAHOGNEeH AKMUBHBIL GbIHOC NOJIIOMAHMO8
pacmenusamu, npudem Konyewmpayusi TM 6 camux opeanax u mKaHAX He
npesvrwana II[K, 3a cuem onmumuzayuu RnUWEB020 pedxcuma u pocma
8000NOMpPeDIIeHUS YEETUYUIACH YPOHCAUHOCIL KYAbmYp 6 2-3 pasa.

Knioueevie cnosa: nousozawummublii  ce60000pom,  NUWEBOU  PENHCUM,
s600onompebeHue, OUoKIUMamuyeckue Kod@p@uyueHmsl, msidcenvle Memaiisl,
VPOAHCAUHOCTND

Original article

THE INFLUENCE OF FOOD REGIME ON WATER CONSUMPTION OF
AGRICULTURAL CROPS IN SOIL-PROTECTIVE CROP ROTATION

Olga Alekseevna Zakharova
Federal State Budgetary Educational Institution of Higher Education “Ryazan
State Agrotechnological University Named after P.A. Kostychev”, Ryazan, Russia

Abstract. The article presents calculations of water consumption and bioclimatic
coefficients of crops in soil-protective crop rotation in the zone of technogenic
pollution depending on the food regime.

The problem and purpose. The main polluting enterprise in the region is Ryazan
GRES, the emissions of which are distributed within a radius of 86.2 km. The
emissions contain heavy metals (HM), the priority ones are Cu, Zn, Cd, Pb, which
affect the growth and development of plants. Another effective negative natural
factor affecting plants is soil and atmospheric drought, dry winds. In combination,
the influence of anthropogenic and natural factors can lead not only to a decrease
in growth and deterioration in the development of plants, but also to their death.
The situation in the agrophytocenosis can be changed by measures, for example, to
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ensure water balance in the soil, which will improve plant nutrition, change the
mobility of toxicants, etc. This is the relevance of the study.

Methodology. The studies were conducted in Pronsky district, where agricultural
fields are located in close proximity to the state district power plant and plants are
subject to technogenic pressure. Previously, based on experiments, phytoremediant
crops were identified, included in the soil-protective crop rotation, which was
introduced and operated on the farm since 20006, then there was a break of 5 years.
The soil was gray forest medium loamy having average fertility. HMs were
determined by the spectral method. The water consumption (E, m’/ha) of
agricultural crops was calculated using the water balance equation. Biological
coefficients (Kb) of agricultural crops were calculated using the formula of A.M.
Alpatyev and S.M. Alpatyev (1988). The obtained results were processed using
Statistika 10 computer program.

Results. Research results showed a direct link between the supply of nutrients and
fertilizers. The results of calculating the water consumption of crops showed low
values in separate crops, and when introduced into crop rotation, the average
water consumption per rotation was 880 m’/ha or 2 times more. Bioclimatic
coefficients depending on water consumption were from 0.09 to 0.55 mm/mb
depending on the type of crop and the phase of its development. The introduction of
soil-protective crop rotation with irrigation allowed phytoremediant plants to
remove a significant content of HMs from the soil with the harvest, but their
concentration in plants themselves did not exceed the MAC. The yield of crops in
soil-protective crop rotation increased by 100...255%.

Conclusion. The introduction of soil-protective crop rotation on soil contaminated
with heavy metals is advisable, since active removal of pollutants by plants has
been established, and the concentration of heavy metals in organs and tissues
themselves did not exceed the MAC, due to the increase in water consumption,
crop yields increased by 2-3 times.

Key words: soil-protective crop rotation, food regime, water consumption,
bioclimatic coefficients, heavy metals, yield

Beenenne
Tepputopust Ps3zanckoili o6macTu pacmosioXkeHa B 30HE JOCTaTOYHOTO, HO
HEPaBHOMEPHOI'O paclpeesieHuss aTMOCPEPHBIX 0CalKoB. Tak, B BEreTallMOHHBIE
NEPUOABI CEIbCKOXO35MCTBEHHBbIE PACTEHUs IOJIy4aroT M30BITOK BJaru B BHIE
JMBHEBBIX JOXKIEH WM, HA00OpPOT, WCIBITHIBAIOT AE(UUUT BJIAard U ACHCTBHUE
cyxoBeeB. lloyuenne MakcuManbHOW NPOLYKTUBHOCTH KYJIBTYP B 3TH IEPHOIBI
3aBUCUT OT MOAJAEPkKAHUSA ONTHMAIBHOTO BOJHO-BO3AYIIHOIO PEXHUMa IIOYB C
nomouipto opoueHusi. OdecrnedeHne ONTUMAIBHOTO peXUMa OPOLICHMS! SIBIISETCS
OIHOM M3 BaXKHBIX 3a/1a4, BEJb NOJIMBHAS BOJA PACTBOPSIET HAXOIAILMECS B ITIOYBE
AJIEMEHTHI, YTO MOXET YXYALIMTh YCIOBHUS NPOU3PACTaHUs pacTeHUU. B mepByro
o4epeslb TO MOXKET IPOU30MTU B 30HE TEXHOTEHHOI'O 3arpsA3HEHUsS, B YaCTHOCTH,
OpU Ppa3MEIIEHUHN CelIbCKOXO3SMCTBEHHbIX moJeil BOmm3u Pszanckoit ['POC,
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paguyc BAMSHUS KOTOpou coctaBisier 86,2 kM. C BbiOpocamu B aTmocdepy
MOCTYIaeT OrPOMHOE KOJUYECTBO TOKCHUKAHTOB, CPEAU KOTOPBIX MPUCYTCTBYIOT
Tsokenble Metauibl (TM). IIpoBeneHHbI NOYBEHHO-3KOJIOTMYECKUI MOHUTOPUHT
npodeccopom FO.A. MaxkalickuM BBISIBUIT IPUOPUTETHBIC TSAKENIbIE METAJUIbI JJIs
permona Cu, Zn, Cd, Pb wm mo3Bonmmn omnpenenuts oOIEee KPUTHUECKOE
IKOJIOTUYECKOE COCTOSIHUE TeppUTOpHH Psi3aHckoil obnacTu.

[Torpebnenne Bomer (E) pacreHusmMum B ceBOOOOpPOTE 3aBUCENO OT WX BHJA,
OMOJIOTUYECKUX OCOOCHHOCTEH M KOJIMYECTBAa TOKCHMKAHTOB B IOYBE, KOTOpPbHIE
BJIUSIJIM HA POCT W Pa3BUTHE KYJIbTYp, OOECHEYEHHOCTU KYJIbTYp MUTATEIbHBIMU
BelecTBaMu (Ta0auiel 1 u 2).

Tanuna 1 - Bogonorpe6nenue (E, M>/ra) cenbcKoX03gHCTBEHHBIX KyIbTYP MO PACIETHBIM
JeKaJaM B IIOYBO3AIIUTHOM CEBOOOOPOTE (ITOJIEBOM OIIBIT)

KynsTypsl PacueTrHble neKabl Bcero
1 2 3 4 5 6 7 8 9 10

MHoroser 16,7 | 25,9 |48,49| 56,7 | 15,6 | 23,8 | 37,9 | 17,1 | 30,6 | 26,0 |298,79

HUE
TpaBbl 3 T.0.

Kykypy3za 16,4 | 24,8 | 30,4 | 38,8 | 52,2 | 56,8 | 44,8 | 12,0 | 18,5 | 23,7 | 207,4

+ +

03UMasi pOXKb 54,2

Osectmuo- | 44,2 | 24,5 | 16,6 | 34,6 | 37,5 | 48,6 | 46,1 | 36,8 | 32,2 | 26,6 |56,4+

roJIeTHHE 262.4

TpaBBI
>=879,19

MHoroneTHIEe TpaBbl 3a TPU BereTanuu CHOPMHUPOBATU 3 TOJHOIEHHBIX YKOCA
npu obecnieyeHHoCcTH BoJ10M 100% 1 moTpeOuiu Ha GOpMHUPOBAHUE YPOXKAs TOUTH
300 m3/ra Bomsl. KyKypys3a XOpomLIo OT36IBAETCS HA TOJIUBEIL, €10 IIOTPedIeHo GoJiee
200 M® BOABI, PacTEHMs O3UMOW DM NOTPeOMIM UMb 54 M3 BOJIBI, 4YTO
OOBSACHSIETCS €€ €CTECTBEHHBIM  HenocTaTkoM. OBeC TOXKe BIArojro0uB, HO
noTpeOuI BO/bI MOYTH HA YPOBHE O3UMOMW PXKH, @ MHOTOJIETHUE TPABBI MOCESIHHbIE
II0CJIE €r0 YKOCa yCIEN yrnoTpeOouTs 6osee 260 M> Bomsl 10 3aMOpo3KoB. Beero 3a
onny poranuro E=879,19 m*/ra (tabnuua 1, pucynox 1)

VYpoxaiiHocTh KynbTyp (Y) BbIpocia B 2-4 pasa.
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m 300-400
m200-300
= 100-200
m0-100

Pucynok 1 - I3MeHeHne cymMMapHOTo BOIOMIOTPEOIEHUS B 3aBUCUMOCTH OT YPOKaHOCTH
CeNIbCKOXO03SICTBEHHBIX KYJIBTYpP B CEBOOOOPOTE
Figure 1 - Change in total water consumption depending on the yield of agricultural crops in

crop rotation

Tak, MakcuManbHOE MOTpeOIeHNE BOAbl YCTAHOBJIEHO Y MHOTOJIETHUX TpPaB, OBCA
U KYKYpy3bl, MEHbIIIEE — Yy 03UMOM pku. CpaBHUTENbHAS XapaKTEPUCTUKA BHICOTHI
pacTeHui, B YaCTHOCTH, OBCA MOKAa3aHO Ha PUCYHKE 2.

Pucynok 2 — CpaBHuTEIbHAS BBICOTA
pacteHuil oBca B (pa3y KyIieHus B
MIOYBO3AIIUTHOM CEBOOOOPOTE (2) U B
OeccMeHHO MOHOKYJIBTYpe (0)

Figure 2 — Comparative height of oat plants
in the tillering phase in soil-protective crop
rotation (a) and in permanent monoculture

(b)

JucniepcroHHbll aHau3 BiaUsHUA E u Y
MOKa3aJl TECHYIO 3aBUCUMOCTb IIPU YPOBHE
3Haunmoctd  >0,999 (tabmmma 2). B
Tabnuie 3  TPUBENEHBI  PE3yJIbTAThI
CIIEKTPaJbHOTO aHAJIN3a MO ONPEICICHUI0
TM B mouBe M pacTeHUsAX A0 U IOCIE
UCIIOJIb30BaHUSA B XO03SMCTBE
MOYBO3AIIMUTHOTO CEBOOOOPOTA.

HNcxonHasd KOHIEHTpauus TOKCUKAHTOB B
IIOYBE BBICOKAs, HO TIIOCJIE€ TEPBOM
porauuu conepxkanne TM CHHU3WIOCH B
MOYBE MMOJ CEBOOOOPOTHBIMU KYJIBTYpamMu
o Zn Ha 22%, Cu — 30%, Cd — 50% u Pb
— 60%.

Tabnwuia 2 - Pe3ynbTaThl AUCTIEPCHOHHOTO aHAIM3a
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HCIIEPCHA
. Yncno a P
HucnepcHoHEER a CymmMa Ha ONHY
cTeneHeH
aHamu: KBApPATOB CTENEHD
ceobogu
ceobogk
dr S5 M3
Perpeccua 3 300 100
e —— Th 100 N

Jlo BBeIeHUS MOYBO3AIIMTHOTO CEBOOOOPOTA  BO3JCNBIBAIMCH HA  IOJE
MHOTOJIETHUE TpaBbl OECCMEHHO W KoOHIEeHTpauus TM B HHUX Oblia BBICOKAS.
[Tocne mepBoi poTanuu B pacTeHHsX cojiepkaHue TM ObLJIO MOBBIIMICHHBIM, HO
HUKE YPOBHS (DUTOTOKCMYHOCTH TMPU KOTOPOM HAOMIOAAETCS CHUXKEHHUE
ypoxanHocT. Tak, comepxkanre TM 3a mepByr0 pOTaLMIO MTOHU3WIOCH MO Zn Ha
60%, Cu —46%, Cd —u Pb — no 44%.

Takum o0pazoM, 3a MEpPBYIO POTAIMIO ObUIO BRIHECEHO U3 MOYBKI pacTeHusiMu TM
B yoObIBaromiemM psijay: Zn>Cu>Cd=Pb.

Ta6mmma 3 - Conepxanue TM B mouBe U pacTeHUSAX (CpeIHUE 3HAYCHHUS ), MI/KT

KynsTypa Mecro Meran
otbopa Cu Pb Zn Cd
poo
no4Ba
Jlo BBeneHUs o4YBa 70,00+6,2 | 30,00+2,2 | 88,00+5,9 | 1,90+0,6
ceBoo0oOpoTa 0-25
oYBa
[Mocne 0-25 48,60+ 2,7 | 12,05+0,9 | 59,60+£3,6 | 0,95+0,1
NepBOil poTanuu 25-50 45,50+2,2 | 10,25+ 0,7 | 55,50+ 3,3 | 0,81+0,1
pacTeHusl
Jlo BBeieHUS 2,88+0,9 0,85+1,2 0,85+1,2 5,22+0,9
ceBoobopoTa S mcThA
[Mocne ’ 1,55+0,7 0,48+0,4 0,34+0,6 2,88+0,1
. cTebmmn
MIEPBON POTAITUHU
CYMMapHO B PacTEHHIX

buoxknumatnueckue kodpdunrentst KO mokaspiBaroT posib pacTeHH U
NOTOJIHBIX YCIOBMM Ha pacxol Biard npu opomeHud. CpaBHUTEIbHBIC
pe3ynbTaThl pacuera KO MHOroseTHMX TpaB B MOYBO3ALIUTHOM CEBOOOOPOTE
(Bap.2) u 6GECCMEHHOM BO3JIEJbIBAHUN B OOTapHBIX YCJIOBMSIX J1aBajld TOXE MO 3
yKOCa MEHBILIUM KOJIMYECTBOM (Bap.1), 0ToOpaxeHo Ha pucyHKe 3.
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Pucynok 3 — buoknumaTtudeckue Ko3)PHUIIMEHTH MHOTOJIETHUX TPaB, MM/MO
Figure 3 — Bioclimatic coefficients of perennial grasses, mm/mb

Tak, KO wMHOronmeTHux TpaB B MOYBO3AIIMTHOM CEBOOOOpPOTE TpHU
OJIMHAKOBBIX Tpounx ¢akropax BeIpoc Ha 0,23....0,26 mMM/MO. AHanoruvHbBIC
W3MEHEHUS YCTAHOBJIEHBI H 110 APYTHM KYJIBTypaM CeBOOOOPOTa.

VYpokaliHOCTh KyJIBTYp B MOYBO3AIMUTHOM CEBOOOOPOTE 3aMETHO BBIPOCTIA,
9TO OOBSCHSETCS, B TEPBYI OYepeab. BBEACHUEM IIOJUBOB. Y POXKAWHOCTDH
MHOTOJIETHUX TpaB cocTaBuia 22 T/ra, KyKypy3bl Ha paHHHM cuioc — oyt 38
T/ra, 03uMas pox naia 3,7 T/ra u oBec — 16 1/ra.

3a OJHY pOTalMIO0 MPOAYKTUBHOCTH cocTaBwia okoio 8000 kopm. en.
3€JICHOM MAacChl. YPOKaHOCTh BBIPAIIMBAEMBIX KYJbTYpP MO CPAaBHEHHUIO CO
CPeIHMMM JaHHBIMM 10 Ps3aHckoil o0sacth ObUIM 3HAYUTENBHO BBILIE:
MHOTOJIETHUX TPaB BBILIE CPEAHUX JAHHBIX MOYTH Ha 122%, KyKypy3sl - Ha 211%,
o3uMoit pxxu — Ha 100%, oBca — Ha 225%, 4TO OOBSACHSETCS, B MEPBYIO OYEPE/ib,
YIYUYLIEHUEM BOJHOIO PEKHMA, BO-BTOPYIO — CHH>)KEHUEM BPEIHOTO JIEWCTBUSA HA
pacrenus TM.

Hamu Obu1 paccumtan mpenBaputenbHbii O6amanc TM o u mocne
BHEJIPEHUSI TOYBO3AIIUTHOTO CEBOOOOPOTa TIPH OPOIICHUH BO3/EIBIBAEMBIX
KYJbTYD:

Brm 0 BHEJPEHHS ceBoo6op0Ta:576;
BTM 110CJIe BHEIPEHUS ce:130060p0Ta:1 52 MF/ KI'

[IpenBapurenbHblii pacueT O6amanca TM moxkaszan BBIHOC MX M3 TOYBBI 32

poTaruo ceBoobopoTa 424 MI/KT.
3akioueHue

Takum o00pa3oMm, O0O0ECHEYEHHOCTh CENbCKOXO3AUCTBEHHBIX  KYJIBTYP
NUTATEIbHBIMU BELIECTBAMU B CEBOOOOPOTE OKa3allo BIMSHUE HA X MOTpeOieHHE
PaCTEHHSIMHU. Bononotpebiienne  CENbCKOXO3AUCTBEHHBIX  KYJIBTYP B
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MIOYBO3AIIUTHOM  CEBOOOOPOTE  COCTaBWIO 3a poramuio 879,19  wm/ra.
buoknumaTtnueckre ko3 (UIMEHTHI OTpakalu MOTPEOICHNE BOAbI KOHKPETHBIMU
BUJAMH PACTEHUH, B YACTHOCTH, MHOTOJIETHUMHU TpaBaMu. Y HHUX MaKCHUMaJlbHas
BennurHa KO cocraBuna B mepBwiid ykoc 0,52 Mm/0, To ecthb Bbiie Ha 12% mo
CPaBHEHMIO C HEOPOILIAeMbIM BO3/IEIBIBAHNEM B 0€CCMEHHOU KYJIbTYpE, BO BTOPOU
ykoc — Ha 57% u B TpeTuii ykoc — Ha 31%.

BHenpeHue MOYBO3alIMTHOTO CEBOOOOPOTA B 30HE TEXHOIEHHOIO
3arpsi3HEHMs 11eJ1eco00pa3Ho, TaK KaK YPOKalHOCTh KyJIbTYp BbIpocia B 2-4 pasa
Ha (oHe Oo0uIero CHWKEeHHUs KOHIeHTpauuun TM B mouBe u npoaykuuu. bamanc
TM B no4Be Mokasaj CHWKeHue KoHueHTpanuu TM B 3,8 pa3za 3a poTanuio.
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