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Abstract: The main source of contamination of soil chemical elements, along with industry, transport, energy is
agriculture. In this regard, applied technologies to increase crop yields cause a substantial resource and technological
changes that sharply degrade the environment, increasing the level of anthropogenic impact on the environment. In
dealing with such environmental problems we have studied the effect of prolonged administration of high doses of
mineral fertilizers (N60P180K90) and the innovative technology of soybean cultivation, as the resource-saving
technology with the use of optimal doses of fertilizers.

It is established that the solution to the problem of environmental impacts of application of mineral fertilizers is
possible only on the basis of a system approach that takes into account both positive and negative effects of this method
of enhancing soil fertility.

Development of resource saving technologies of cultivation of soybeans and comparative assessment with
conventional technology have been identified environmental effects of the use of mineral fertilizers and ways of rational
use of soil resources. By results of researches the content of heavy metals (HM) in 0-20 cm soil layer was studied at
different options. The content of heavy metals in the variants without fertilization the soil is characterized by low
contents of almost all kinds of heavy metals.

With prolonged use of high doses of mineral fertilizers N6OP180K90 found that the amount of heavy metals in
root layer of soil is significantly increased. With the introduction of mineral fertilizers in the dose of N60OP180K90 —the
quantity of cadmium in the soil amounted to 9.1 mg / kg, chromium of 5.66 g/kg, lead — 4,79 g/kg, zinc of 12.77 g/kg and
copper — 3.9 g/kg. The identified soil contamination by copper (Cu), the content of which is increased from 0,51 to 3.9
mg/kg soil, which is higher than the threshold limit, the MPC is only 3.0 mg/kg of soil and the level of contamination of
soil with copper relates to the high threat classes.

And, if saving technologies the results of applying P60K30 and a complete set of mineral fertilizers in the dose -
N30P60K30 show that the content in soil of mobile forms of heavy metals dynamic in time and does not cause danger of
soil pollution TM only when applied against the background of resource-saving technologies.

Thus, when resource-saving technologies environmental soil conditions for soybean cultivation are optimized,
the content of heavy metals is much lower MPC. Resource-saving technology in the application of mineral fertilizers in
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the dose of P60K30 and N30P60K30 provides environmentally safe surroundings for soybean cultivation. Proven,
evidence-based and optimal doses of mineral fertilizers at cultivation of soybean is P60K30 and N30P60K30 that do
not accumulate heavy metals in arable layer of soil, with subsequent improvement of the nutrient status of soil and
productivity of crops.

Keywords: fertilizers, heavy metals, yield, cultivation, soya, resource-saving technology.

BBBEJIEHUME

B macrosimee BpeMsi B pe3ysbTaTe XO3SIMICTBEHHOW MAEATENBHOCTH 4eloBeKa B Ouochepy
IIOCTYIIAET OTPOMHOE KOJMYECTBO PA3JINYHBIX 3arps3HUTENECH, B TOM YHCIE U TSKEIBIX METAJIIOB.
[To4BEHHBII MOKPOB SIBJISIETCS OJHOM M3 BaXKHEUIIMX YacTell Onocepsl 1 BO MHOTUX CIy4dasX OH
urpaet OydepHyro poJib, IPEeJOTBpallasl WIN JIOKAJIU3ys 3arpsi3HEHHE JIPYTrux 4acteil ouocdepsl.
[TocTymenue TSHKEIBIX METAJIOB B OMocepy BeleT K HAKOIUICHHIO MX B MOYBE B KOJUYECTBAX,
MHOI'OKPaTHO TPEBBIIIAIOMUX (OHOBBI ypPOBEHb, YTO CHMIXKAeT MPOAYKTUBHOCTb IIOYB U
HEraTHBHO CKAa3bIBAETCSI HA )KUBOTHOM M PACTUTEIBHOM MHUPE U, B KOHEYHOM HMTOI'€, HA YEIOBEKE.
3arpsA3HEHUE IIOYB HAHOCUT TaKXKe M SKOHOMUYECKMH ymepO, T.K. CeJIbCKOXO3AHCTBEHHAas
MIPONYKLIHSI, IOJYYEHHasl C 3arpsA3HEHHBIX TEPPUTOPUM, 4acTo 3arpssHeHa TM m 3ampemeHa K
peanu3anuu. JTO, B CBOK oOuepeib, MPUBOAUT K HEBO3MOXXHOCTH WM HELEJIecO00pa3HOCTH
CEJIbCKOXO35ICTBEHHOT'O UCIIOIB30BaHUS TaKUX 3eMelb [1].

HccnenoBanust y4eHbIX-arpOXUMHUKOB IOKA3alIM, YTO pa3Hble BUABI U (POPMbI MUHEpPAIbHbIX
ynoOpeHnii HEOIMHAKOBO BIIHSIOT Ha CBOWCTBA NOYB. BHECEHHBIE B IOYBY YAOOpPEHHs BCTYIAIOT B
CJIO’KHBIE B3aMMOJEHUCTBUS C HEI0. 3/1€Ch MPOUCXOAAT BCEBO3MOKHBIE IMpEBpAIlleHUs y100peHuH,
KOTOPBIE 3aBUCAT OT LENIOro psga (akTOPOB: CBONCTB YAOOpPEHHH M TOYBHI, MOTOJHBIX YCIOBHH,
arporexHukd. OT TOro, Kak IPOUCXOAMT IPEBPALEHUE OTHCIBHBIX BHJIOB MHUHEPAIbHBIX
yIoOpeHuH, 3aBUCUT BIIMSIHUE WX HA TIOYBEHHOE IIo[opoaue [2] .

OCHOBHBIM HMCTOYHMKOM 3arpsi3HEHHs IIOYBbl XHMHUYECKMMH D3JEMEHTaMM Hapsay C
IIPOMBIIIJIEHHOCTBIO, TPAHCIIOPTOM, SHEPreTHUKON fABIsAETCS U celbckoe xo3sictBo [3, 4]. Ilo
aHamu3am OOH, Haumuas ¢ 1980 r., B uMcie Ha3BaHHBIX c(ep cCaMylO ONACHYIO0 Yrpo3y XKMBOH
IIPUPOJIE MPEIACTABIAET CEJIBCKOE XO035AWCTBO. Ha ceronHsAmHMNA A€Hb B CENbCKOXO35HCTBEHHOM
IPUPOJIONIONIB30BAHUN K HKOJIOTHYECKUX MPOOJIEM OTHOCATCS XMMUYECKOE 3arpsi3HEHHE MOYB IpU
MPUMEHEHUH MUHEPATIbHBIX yaoOpeHuu [5]. MuHepanbHble YA0OpeHHS €XKEroJAHO BHOCSTCS
JOCTaTOYHO OONBIIMX J103aX Ha MOJIA A TOro, YTOObl 00eCHeunTh MOTPEOHOCTh KYNbTYpPHI B
MUHEPAJIbHON MUTAaHUM M BOCHOJIHUTH BBIHOCHUMBIE C YPOXKAEM U3 MOYBbI XUMUYECKUX IJIEMEHTOB.
B 31Ol CBA3M, NpUMEHSAEMBIE TEXHOJOTMHU IIOBBIIIEHUS YPOXAHHOCTHU CEIbCKOXO3SICTBEHHBIX
KYJIbTYP BBI3BIBAIOT CYIECTBEHHBIE PECYPCO-TEXHOJOTUYECKHE W3MEHEHMs, KOTOpbIE PpEe3KO
YXYIIIAIOT 3KOJIOTHYECKYI0 OOCTaHOBKY, IOBBIIIAs YPOBEHb AHTPOIOIEHHOI'O BO3JCHCTBUS Ha
OKPY>KAIOIIYIO CPENy.

N30 KEHHUE

Metoauka u 00bEKThI HCCJIEI0BAHUS

OOBEKTOM HCCle0BaHUs SBISIOTCS COsl, IJIOJIOCMEHHBIN CeBOOOOPOT M COpPHBIE PAaCTEHHUSI.
OKcIepUMEHTAIbHbIE HCCIIEAOBAHUS MPOBEJCHBI OOLIEIPUHATHIMU KJIACCHYECKHMMU MpPUEMaMH,
HaOto/IeHueM U 3KcnepruMeHTaM. [louBa ONMBITHOrO MO - JIYrOBO-KAIITAHOBBIA THM TSKEIOrO
MexaHuueckoro cocraBa. Copepxanue rymyca cocrasiseT 4,38%, BajnoBOro asora M BaJOBOIO
docthopa Beicokoe — 0,258 u 0,211% coorBerctBeHHO. [lo 0Oecne4eHHOCTH MOCTYITHBIMH
3JIEMEHTAMHU XapaKTEePU3YIOTCs KaKk BbIcCOKooOecneueHHbIM a30ToM (137 mr/kr Nt u 25 mr/kr N-
NO3) u oOMeHHBIM KallueM, MOABIXKHOIO (ochopa HU3K0e — 22 Mr/Kr nmousbl. Knumar paiiona
UCCIIEIOBAaHUM XapaKTEpU3yeTCsl KaK PE3KO KOHTUHEHTAJIbHBIM, HU3KOH BJIAXKHOCTBHIO BO3.yXa,
oOMJTMEeM COJTHEYHOTO CBETa. KOPOTKOW, HO JOBOJIBHO XOJIOJHOW 3WMOM. [loneBbie OIBITHI
3aJI0KEHbl B Y4E€OHO-ONBITHOM XO3SHCTBE «ATPOYHMBEPCHTET» B KOPOTKOPOTAIMOHHOM
IUIOJICMEHHOM ~ CeBOOOOpPOTE U NMPOU3BOACTBEHHBIM  OMBIT Ha TEPPUTOPUM YACTHOM
arponpomslieHHoH Gupmbl HAD«Typren».
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Pe3ysabTarsl U 00CyKIeHHE

B pemenun BbIIE OTMEUYEHHBIX JSKOJOTMYECKUX NPOOJIEM HaMU U3y4YEHBl BIHSIHHE
MIPUMEHEHHUSI TOBBIIMICHHBIX 103 MUHEpaIbHBIX yaoopeHuit (N60P180K90) pexomeHaoBaHHBIC B
IIPOM3BOJICTBEHHBIX YCJIOBUAX. B pe3ynbTrare uccieloBaHUMII HaMM BbISBIEHBI IKOJIOIMUECKHE
ACTeKThl MPUMEHEHHS] MUHEPAIbHBIX YAOOPEHU, KOTOPBIE BIEKYT HETaTUBHYIO aHTPOIOTEHHYIO
Harpy3Ky Ha arpo’KOCHUCTEMY, IPUBOJIUT K 3arpsi3HEHUIO MOYBEHHBIX PECYPCOB arpo3KOCUCTEMBI
TSOKENBIMU ~ METaJJIaMH, yXyamas MOpu 3ToM (aKkTOpOB IJIOJOPOAUS TIOYBBI U CHUXKAas
MPOIYKTUBHOCTD IMAIIIHHU.

YCTaHOBNIEHO, YTO pelleHHe MPOOJIEeMbl 3KOJOTHYECKHX IOCIEICTBUNH  NPUMEHEHUS
MUHEPAIBHBIX YIOOPEHHI BO3MOXHO TOJIBKO Ha OCHOBE CHUCTEMHOTO IIOAXOJd, YYUTHIBAIOIIETO
KaK TMOJOXUTENbHBIM, Tak W oTpuuareiabHbld >Pdekt. Ilpu 3TOM sKONMOrHMYecKas OlEHKa
JecTaOUIN3alid COCTOUT, B OIpENeeHUH (HaKTUYECKUX W BO3MOXKHBIX HM3MEHEHHUH COCTOSIHHUS
MTOYBEHHBIX PECYPCOB arpO3KOCHUCTEMBI.

[Tpu BO3JENBIBAHUU COM TPH TPATUIIMOHHON TEXHOJOTMU OBLIM BBISBICHBI 3KOJIOTMYECKHE
MOCNIEACTBHUSl TPUMEHEHHS] MHHEpAIbHbIX ynoOpeHuil. I3BecTHO dYTO, MOYBAa WrpaeT poib
NpUEMHUKAa XWMHYECKUX CPEJCTB, I/I€ BHECCHHbIE MUHEPAJIbHBIE YHOOpPEHHs pa3iararoTcs W
OTKyJa TMEepeMelIAloTCs B pACTeHMs, TPYHTOBbIE BOJABl WM OKPYKAIOIIyI0 cpeay, JIubo
COXPAHSIOTCS B T€UEHHE TUTEILHOTO BpEMEHH B MOYBE.

YpoBeHb 3arps3HEHHUS TOYBBI TSKEIBIMU METAJUIAMU TPU TNPUMEHEHUH MUHEPAIbHBIX
ynobpenuili ompeaenwics Ha (QOHE TPaJAULMOHHOW U pecypcocOeperaromnieii TexXHOJIOTUH
BO3JenbIBaHus cou. [lo pesynbraraM onpezaeneHuun coaep:kanue Tsokenbix merauioB (TM) B 0-20
CM CIIO€ TMOYBBI OBUIO PA3IMUYHBIM 0 H3y4aeMbIM BapuaHTaMm. CoJepKaHue TsHKETbIX METaUIOB B
BapHaHTaX IOJIEBOTO ONBITA YKa3bIBACT, YTO HA ()OHE TPATUIIMOHHON TEXHOJOTHH BO3JICIIBIBAHMUS
cou, 0e3 BHECEHUS MUHEPAIbHBIX YIOOpPEHHI IMOYBAa XapaKTEPH3yeTCSd HU3KHM COJEp:KaHUEM
MIPAKTUYECKH BCEX BUIOB TSAKEIIBIX METAIIJIOB.

Oco0eHHO HM3KHM cojnepkaHueM oTmedeH kammuii - 0,37 m meap - 0,51 mr\kr, dro
COOTBETCTBEHHO Ha 56 u 7 pa3 Hmwxe ypoHs [1IK (20,0 u 3,0 mr/kr). Conepxanue omnpeaesieMbIX
CIIEYIOIINX TSDKETBIX METaluioB, Kak Pb, Cr, Zn B mo4Be HE MPEBBIIAET X MOPOra JAOMYCTUMOMN
koHueHTpauuu (IIJIK) u Ha MHOTO HIKE.

Tabnuna 1. Bausiaue TeXHOIOTUN BO3/AEIBIBAHUS COM U 1036l MUHEPAIBHBIX yI0OpEeHUI Ha
CoJIep>KaHue TsDKETBIX MeTaJuIoB B mouBe (cpeanee 3a 2015-2017 r.)

Copnepxanue IIpu TpaguurOHHON IIpu pecypcocbeperatomieit | Conep:kanue
TM, mr/kr TEXHOJIOTUHU TEXHOJIOTHH, BHECCHUE ™,
be3 y2106p€HI/II71 N60P180K90 P60K30 N30P60K30 H,Z[K, MI/KT
Zn 1,27+0,053 12,77+0,56 1,49+0,03 2,72+0,05 23,0
Cd 0,37+0,01 9,1+0,25 1,17+0,03 1,88+0,05 20,0
Cu 0,51+0,012 3,940,064 0,71£0,01 0,94+0,02 3.0
Cr 0,731£0,018 5,66+0,15 0,68+0,022 0,980,016 6,0
Pb 0,660,016 4,79+0,13 1,3740,04 1,65+0,04 6,0

Oco0eHHO HHM3KHM cojnepkaHueM oTmedeH kammuii - 0,37 m meap - 0,51 mr\kr, d9ro
COOTBETCTBEHHO Ha 56 u 7 pa3 Huxe yposHs I1JIK (20,0 u 3,0 mr/kr). Conepskanue ompeenseMbIX
CIIEYIOIIUX TSDKETBIX MeTaluioB, kKak Cr, Pb, Zn B mouBe He mpeBbIlIaeT UX MOpPOTa JOMYCTUMOMN
kounenTpanuu (I1JIK) u Ha MHOTO HIKE.

[Ipn ayMTenbHOM NMPUMEHEHHM MOBBIIIEHHBIX 103 MUHEpalbHbIX yaoOpeHui 10 NeoP1soKoo
YCTAQHOBJICHO, YTO KOJMYECTBO TSDKEJIBIX METAJUIOB B KOPHEOOUTAEMOM CJIO€ MOYBBI CYIIECTBEHHO
noBelaercs. Ilpu BHeceHMM MuHepanbHBIX yaoOpeHuit B g03e NeoPisoKoo — KkommuecTBo
MOCTYMHBIIETO KaJIMUsI B TIOYBY MOBBIMaeTcs 10— 9,1 Mr\kr, xpoma-5,66 1/kr, cBUHIA — 4,79 T/KT,1
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nuaka — 12,77 r/kr. BeisiBaeHo 3arpsisHeHue mouBbl Menbio (Cu), comepskaHUsi KOTOPOTO
nosbimaercst ot 0,51 mo 3,9 Mr/kr mouBbl, YTO BbIIIE TMopora gomyctumoro mpexena, [1JK
KOTOpOro cocrtapiseT Bcero 3,0 MI/KI HMOYBbI M MO YPOBHIO 3arpsi3HEHHOCTU TOYBBI MEAbIO
OTHOCHTCSI K BBICOKO OIIACHBIM KJIACCaM.

A, mpu pecypcocOeperaronieii TeXHOJIOTUU pe3ynbTaTthl npumeHeHus PeoK3o u momHoro
Habopa MHHEpAIBbHBIX yHoOpeHuil B no3e - N3oPsoK30 mokaspiBator, 4o HanbobIlee KOJTHIECTBO
Zn u Cd ormeueHo Ha 3Tux BapuaHTax. CpaBHUTEIbHOE HanboblIee coaepkanue Zn — 1,49-2,72
MI/KT B BapHaHTax NMpuMeHeHHs MuHepaibHbIX ynoOpenuit (PsoKso m N3oPsoK3o) HamHOrO HIXe
ypoBHs [1JIK (T.e. B 9,7 u 6,5 pa3). Conepxanue Cd 6pu10 O0JIee 3aBBIINICHHBIM U cocTaBiisier 1,17
u 1,88 mr/kr, onn Takxke, Huxe [IJIK B 15,7 u 10,9 pa3. Hy:)kHO OTMETHTB, 4TO COACPKAHHE B
MOYBE MOABUKHON (POPMBI TSXKENBIX METAJUIOB IMHAMUYHO BO BPEMEHU U HE BBI3BIBAET OMACHOCTh
3arpsi3HeHus MouBbl TM TOJBKO MU MpUMEHEHUH Ha (hOHE pecypcocOeperaronieii TeXHOJIOTHH.

U3BOIM

Takum o06pa3om, pu pecypcocOeperaronieid TEXHOJIOTHH YKOJIOTHYECKHE YCIOBUSI TIOUBHI JJIS
BO3/ICIIBIBAHUSI COM ONTHUMU3HPYIOTCS, COICPIKAHUE TSKEIBIX METAIIOB 3HaunTenbHO Hinke [1/1K,
s Cr 8,1-7,4 pasa, Pb B 4,6-3,7 pa3, Zn B 16,7-9,0 pa3, Cu B 4,3-4,2 u Cd B 15,6-10,9 pa3a.
[TosrydeHHBIE pe3yibTAaThl MOKA3BIBAIOT, YTO pecypcocOeperaromas TEXHOJIOTHS MPH BHECCHHH
MUHEpaJIbHBIX ynoOpeHuit B 103¢ PsoK3o 1 N3oPsoK3o oOecnieunBaeT skoorndyecku 0e30MacHyrO
00CTaHOBKY JUISI BO3JICIBIBAHUS COH.

[TosToMy ecTh TmMONHOE OOOCHOBAaHWE CYHMTaTh, 4YTO HAYYHO-OOOCHOBAaHHBIMU H
ONTUMAJIbHBIMU J03aMH MUHEPAJIbHBIX yNOOpeHUIl npu BelpamuBaHuu cou sBisercs PeoKszo u
N30Ps0K30, KOTOpBIE HE HAKAIUIMBAIOT TSDKEIBIX METAUIOB B IIAXOTHOM CJIO€ TIOYBBI, C
MOCICAYIOUM YIYUYIICHUEM IHUTATCIBHOIO PEKHUMaA IMOYBbBI W IMOBBIICHUCM MNPOAYKTHBHOCTHU
KYJIbTYPBI.
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