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IKOJIOI'MYECKHUE ACIIEKTbBI XUMHN3AIIMU ITOYBbI

B. C. ACTAXOB, n-p TexH. HayK
B. B.'YCAPOB, kaHJ. TeXH. HayK, JJOLIEHT
I'. 0. UBAHYUKOB, acnupanT

YO «benopycckast rocyaapCcTBEHHAs! CENbCKOXO03IHCTBEHHAS aKaAeMUs»,
Topku, Pecniyonuka Benapych

Brenenmne. [IpumeHeHre yno0peHuii — OHO U3 OCHOBHBIX YCIIOBHH IMO-
BBIIICHUS YPOXKAWHOCTH CEIbCKOXO3IUCTBEHHBIX KYIBTYp, a TaKXKe Ba)XKHOE
3BCHO TEXHOJIOTHI MX BHIpamuBanus. lcmons3oBanne yqoOpeHii mo3Bos-
€T BO3BpallaTh U BOBJEKAaTh B KPYrOBOPOT MUTATEIbHBIE BEIIECTBA B3aMEH
U3BATHIX U3 arpoIlcHO30B C OCHOBHOW WM MOOOYHOMN MpOAyKIweH, obecedn-
Bas TaKUM 00pa3oM OIPENEIICHHYI0 YCTOHYUBOCTH MPOMYKIHOHHBIX IIPO-
meccos [1,4,5,9, 12, 24].

OcHoBHasi yacThb. [0 orneHke MHOTHX crienuanuctoB, S0-60 % arpap-
HOW TMPOJYKIMK B CTPAHAX C PA3BUTHIM CEJIHCKUM XO35HCTBOM MOJTy4aroT B
pe3yibTaTe MPUMEHEHUs] MUHEpaIbHBIX yao0penuit [7, 15].

CratucTHyecKkue JaHHbIE CBUJIETEIBCTBYIOT O TOM, YTO B HACTOSIIEe
BpeMs 3a CUET MPOAYKIINH, MOTyIaeMOi C MOMOIIBI0 ynoOpenuii, obecneun-
BaeTCs MUIEH KaKIbIil YeTBEPTHIN JKUTEIh Hamel miaHeTsl. CliegoBaTenb-
HO, OTKa3 OT MPUMEHEHHUS YAOOPCHUH BBI3Bal OBl 3HAUHTEIHFHOE COKpAIIe-
HHUE MIPOU3BOJICTBA MPOIYKTOB MUTaHUA. Pedb MOXKET MATH TOIBKO 00 yco-
BEpIICHCTBOBAHUM TEXHOJIOTMH MPUMEHEHHS CPEACTB XUMU3ALUH, IPU KO-
TOPBIX HCKITFOYAINCH OBl HeXKeaTeIbHbIC TIOCIeACTBI [3].

MunepanbHbIe YIOOpEHHsT OKa3bIBAIOT MPSAMOE W KOCBEHHOE IeicTBHE
Ha CEJIbCKOXO03SMCTBEHHbIE KyJIbTYPHl, HA TIOYBEHHYIO OMOTY M, KpOME TOTO,
Ha pa3BHUTHE OMOJOTMYECKHX MPOIECCOB B MPUPOAHBIX Bogax. Hebmarompu-
ATHOE BIIMSHHE yIOOPEHHH Ha OKPYKAIOUIYI0 HPUPOAHYIO Cpedy, T WIN
MHBIE KOMIIOHEHTHI arpOLIEHO30B, MOXKET OBITh CAMOE PA3IMYHOE: 3arpsi3He-
HHUE TI0YB, TIOBEPXHOCTHBIX M TPYHTOBBIX BOJ, YCIJICHHE 3BTPO(PHUKALINN BO-
JIOEMOB, YIUIOTHEHHE TI0YB; HapyIIeHHe KPYyroBopoTa U OajaHca MUTaTeIb-
HBIX BEIIECTB, yXy/IIICHNE (PUTOCAHUTAPHOTO COCTOSIHUS MOCEBOB U Pa3BH-
THEe OoJie3HEH pacTeHHH, CHIKEHHE MPOJYKTHBHOCTH CEINBCKOXO3SHCTBEH-
HBIX KYJIbTYp ¥ KauecTBa MMOJy4aeMOi MPOAYKLUHU U T. 1.

BHaecenue ynoOpeHuit MHTEHCH(UUMPYET MHKPOOHMOJIOTMYECKHE IIPO-
neccsl B nousax. OHaKO upe3aMepHasi aKTUBH3aLUsl MUKPOOHOJIOTHYECKUX
IIPOLIECCOB MOXKET UMETh HETaTUBHBIE YKOJOIMUYECKHUE MOCIEACTBUS, IPUBO-
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ISl K yXyIIEHNIO (PU3NKO-XUMHUYECKUX U OMOJIOTHIECKIX CBOWCTB ITOYB.

OCHOBHBIMH NIPUYMHAMH 3aTrPs3HEHUS] OKPYKAIOIIEH cpeabl yaoOpeHus-
MU CUHTAIOT HECOBEPILICHCTBO OPraHU3AllMOHHBIX (OPM, a TaKKe TEXHOJIO-
I'MH TPaHCIOPTHPOBKH, XpaHEHHs, TYKOCMELICHUs W IPUMEHEHHUsT yao0pe-
HUMH, HapYILCHUE arpOTEXHOJIOTHH WX BHECEHHs B ceBOOOOPOTE M MOJ OT-
JIeTIbHBIE KYJIBTYpPbI, HECOBEPLIEHCTBO CAaMHX YIOOpPEHHUI, NX XMMHYECKUX,
(U3MYECKUX U MEXaHUYECKUX CBOWCTB.

Cpenn MHUHEpaIBHBIX yJOOPEHHH IO COIEP)KAaHWIO OCHOBHBIX KOMIIO-
HEHTOB BBIJICIIAIOT a30THBIC, KalMHHbIE, (hOCHOpPHBIC, N3BECTKOBEIC, a TAKKE
MUKpOynoOpenus [22].

A30T — OCHOBHOI1 3JIEMEHT ITUTaHUSA PACTEHHH, TOATOMY a30THBIE yI00-
pEHUSI OTHOCATCS K Oa3MCHBIM KOMIIOHEHTaM XHMH3ALMH 3EMIICACIHSL.
J1nst mostydeHusl BBICOKMX YPOXKaeB C XOPOIIMM KadeCTBOM TOBAPHOW MpO-
JQYKIIMU HE0OXO0AMMO BHOCUTD B ITI0YBY MUHEPAIbHBIE a30THBIC YA00peHH s, a
TaKXKe pa3IUdHbIe BHJBI OpraHUYecKuX ynoOpeHuil. OqHako mpu HecOaiaH-
CHUPOBAaHHOCTH JJIEMEHTOB MTUTAHMUsI, HAPYIICHHSI BOJHOTO PEKUMa, HEA0CTa-
TOYHOH OCBELIEHHOCTH W JPYTMX HEOJarONpHUSTHBIX YCIOBUSIX, BBICOKHE
JI03bI a30THBIX YAOOpEHHH MOTYT MPHBECTH K CHIYKEHHIO IOYBEHHOTO IUIO0-
JOPOJIUSI ¥ 3aTPSI3HEHHIO TIPOTYKTOB IUTAHUSI HUTPATaMH.

[IpumeHeHne BBICOKHMX J03 a30THBIX YIOOPEHHH BBI3BIBAECT OBICTPYIO
MHUHEPAIN3ALHNI0 TYMyca, a30TCOAEPIKAIINX COSANHEHUH TTOYBBI, POCT Ta30-
00pa3HBIX OTEPh a30Ta B XO/€ ACHUTPUPHUKAIMN 1 HUTPU(DUKAINH, HAKOTI-
JICHWEe HUTPATOB B KOMIIOHEHTax OmoreoreHo3a. B pesynbrare nerurpudu-
Kauu oOpasyeTcs TMOKCHI a30Ta, SMHCCHSI KOTOPOTO B aTMocepy IpHBO-
JIUT K YMEHBIIIEHHUIO 030HOBOTO CJIOSI, 3alIUIIAIOIIEro KUBBIE OPraHU3MBbI OT
KECTKOT0 YJIbTPadHOJIIETOBOTO O0IYYEHHSI.

[IpobnemMa HUTPATOB B CENBCKOXO3STMCTBEHHON NMPOAYKIIMH TECHO CBS3a-
Ha C HU3KOW KyJNbTypoi 3emiezesus. [IpuMeHeHHe a30THBIX MUHEPAJIbHBIX
yI0OpeHnil B BRICOKMX M CBEPXBBICOKHX JI033aX BEIIET K TOMY, YTO U30BITOK
a30Ta B TOYBE BBI3bIBAET MOCTYIUICHHE HUTPATOB B PACTCHHS B OOJBIIMX
KoJIMuecTBax. B mocieaHue rojbl OTYETIIMBO MPOCIIEKHUBACTCS TECHICHIMS
YBEJINYEHHs] TIPOU3BOJACTBA CEIbCKOXO3SHCTBEHHOIN NMpoayKun (0coOeHHO
OBOII[HOI1) C TIOBBIILICHHBIM COJIep)KaHUeM HUTpaToB. HakomieHne HUTpaToOB
B PacTEHMSX IPOMCXOMUT B PE3yJbTaTe TOTO, YTO IOTJIOIICHHBIH a30T HE
TIOJTHOCTBIO PAcXOAyeTcss Ha CHHTE3 aMHHOKHCIIOT U OenkoB (T. €. He Bce
TIOTJIONIEHHBIE HUTPATHI BOCCTAHABIUBAIOTCS 10 aMMuaka) [10].

[Mpu4nHO# HapyIIEHHs! TIPOLECCOB ACCUMUILSILIMKA HUTPATOB B PAaCTEHHU
MOTYT CIYXHTb 10 20 (GakTOpoB, Cpear HUX TaKHe, KaK CPOKH, (GOPMBI U
JI03bI BHECEHUS yIOOPEHUH, METEOPOIIOTHIECKHE YCIIOBHS, COPTOBBIE pa3-
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JIMYHA, CPOKU HOCAJKH U TYCTOTa CTOSHUS PACTEHHH, Ka4eCTBO N3BECTKOBA-
HUSl, HAJIMYKE U COOTHOUIEHUE PA3IUYHBIX MUTATENIBHBIX BEIIECTB U T. .

Henocratok MarHus 1 cepbl B pacTeHUH, MOJIMO/CHA M MapraHiia B M0Y-
Be, a TaKXKe CHIDKEHHE TeMIepaTyphl BO3AyXa, KOTOPOE IMPUBOJUT K Maje-
HHUIO aKTHBHOCTH HUTPATPENyKTa3bl, TAKXKe CIIOCOOCTBYET HAKOIUICHHIO
HUTPATOB. YBEJIMUCHUE J103 a30THBIX yNOOpPEHUIl NMPHUBOJUT HE TOJBKO K
MOBBIIIEHUIO COAEPKaHUs HUTPATOB B MPOAYKIIMHU, HO U K CHIDKCHUIO B HEH
conepskaHust BuTamuHa C, caxapoB M JIpyTHX BEIECTB, a CICI0BATEIBHO, U
ec Omosornveckoi nenHoctr [17, 19].

Hutpatsl B pacTeHHsX pacIpefensioTcs HepaBHOMEpHO. B reHeparus-
HBIX OpraHax HUTPAThl OTCYTCTBYIOT WJIM COJEP)KaTCsS B MEHBILINX KOJHMYE-
CTBAaX, YeM B BETeTATHBHBIX. B KOpHE, cTe0ie 1 Yepelkax JMCTbEB HUTPAT-
OB 3HAYUTENILHO OOJIbIIIE, YEM B JIMCTOBOW IJIACTHHKE. AKTUBHOE HaKOILIe-
HHE HUTPATOB OTMEYAETCS B COYHBIX OBOIIHBIX M 0aX4EBBIX KYJIbTYpax.

Jnst co3naHusi yCIOBUiA, 01aronpHsTCTBYIOIIUX ITOJYYEHHIO MOJTHOLCH-
HOTO ypO)kasi, HeOOXOJMMO HAJIMYUE B IOYBE JOCTATOYHOTO KOJIWYECTBA
noctynHoro ¢ocdopa. OqHAKO TpeTH MOCEBHOM iomany benapycu xapax-
Tepu3yeTcs HU3KUM COJep)kaHHeM 3Toro sneMmeHTa. Kpome Toro, ecinu ne-
¢UIUT a30Ta MOXKHO KOMIIEHCHPOBATh BHECEHWEM OPTaHHMYECKHX yHoOpe-
HUM Wi pukcanueii atMocdepHoro a3ora, To HelrocTtaTok (ocdopa MOKHO
YCTpPaHUTH TOJIBKO BHECEHHEM MUHEPAJIBHBIX yI0OpeHuit [22].

C dochopupiMu ynoOpeHHSIMH B TIOYBY MOTYT IIOTA/aTh TOKCHYHBIC
9JIEMEHTHI, HalpuMmep, coenuHeHus ¢ropa. bonpmas vacte docdopa, nc-
MIOJIb3YEMOT0 KaK yZoOpeHHe, OCTaeTcsi B IOYBE, TaK KaK CBS3BIBACTCS C
COJIEpKALTIMHUCS B HEH KalblleM, aIIOMHHHEM, JKelle30M. Pe3ynbraTsl Ipo-
BOJIMBIINXCA HCCIEIOBAHUM CBUAETENBCTBYIOT O HANIWYMU B INPHPOIHBIX
(docdarax paanoaKTHBHBIX JIEMEHTOB — ypaHa, panus. [1o cyiecTByrommm
KHUCIIOTHBIM CcTioco0aM mepepaboTKi MPUPOAHOTO (HOCHATHOTO CHIPhS OC-
HOBHas 4acTh (TOpa, a TAKXKE BECh CTPOHIMH OCTAIOTCS B yINOOpEHHAX U
MIOTIaAl0T BMECTE C HUIMH B MTOYBY.

Kanuitaele ynoOpenus (XJIOPHCTBIA KalWi, KaluiHAS COJIb) COJEpIKar
TaK HaszbiBaeMble OayutactHble aneMeHTHl (Cl, Na), KoTopble MOTyT HaKaIuIn-
BaThCsl B IOYBE NPH CHUCTEMATHYECKOM ITPUMEHEHUH IOBBIMICHHBIX 703
yI0OpEeHUi, CHIKasl ee TUI0J0pOIre. DTH AIIEMEHTHI TI0Taal0T B TPYHTOBBIE
BOJIbI, MOBBINIAsl B HUX KOHLEHTpaluio cojeid. Hemanyto onacHOCTb BBI3BI-
BAaIOT COZEprKamuecs B KaquWHBIX ynoOpenusx meramisl (Cd, Hg, Pb, Al),
KOTOpbIE€ MOTYT HaKaIUTMBATHCS B XKHMBBIX OpraHU3Max, MPOHUKATh B TPYH-
TOBBIE BOJBI U T. . 1 MpenoTBpameHus O0IbIINX MOTEPh Kalvs Ha CBSI3-
HBIX TIOYBaX €ro CIeAyeT BHOCUTD IO OCHOBHYIO 00pabOTKY MOYBEI [6, 22].
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B Hacrosmee BpeMs IOKa OTCYTCTBYIOT paluKaIbHBIE CIIOCOOBI OOPHOBI
C 3arpsi3HEHUEM OKpYJKarolled cpeabl HUTpaTaMu U (ocharaMu MUHEpaib-
HBIX ynoOpenuit. OHako pa3paboTaHO TOCTATOYHO d(PPEKTUBHBIX YACTHBIX
CHOCOOOB M TPHUEMOB, IMO3BOJISIOIINX HCKIIIOYUTH YIIEPO, NPUYMHSAEMBIN
UMM TIPUPOJIC U 4elloBeKy. [Ipexe Bcero, TOKHBI cOOMIOAaThCS TpaBuia
XpaHEeHHMs1, TPAHCIIOPTHPOBKH U IPUMEHEHHUS YI0OpEHUI.

Kak mokasbpIBaeT npakTHKa, OTpHLATEIbHbIE OCIEICTBUS 00YCIOBICHBI
HE CaMHMH YIOOpPCHHSMH KaK TaKOBBIMH, a TJIABHBIM 00pa3oM OMIMOKaMH,
JIOIyCKaeMBIMH TPH WX HPOU3BOJCTBE, XPAHCHUH, TPAHCIIOPTHPOBKE W
puMeHeHnH. B npodunakTrke 3arpsa3HeHNs OKpysKaroLel cpebl 6oIbIoe
3HAQUCHWE HMEIOT DAIHOHAIBHBIE TEXHOJOTHH IPHMEHEHHs YHOOpeHHi
(TpaBWIIBHBIH BBIOOP O3BI, CPOKH M CIIOCOOBI BHECEHUS, CIIOCOOBI peTyiH-
POBaHMs MPOIIECCOB HUTPU(HUKALMH, UCIIOIB30BAaHNE BHICOKOKOHIIEHTPHPO-
BaHHBIX yJOOPEHUI C MallbiM KOJIMYECTBOM OaJUIaCTHBIX BELIECTB U JIp.).
He pexoMenyeTcst BHOCUTh a30THbIE y00peHHs 6e3 3a7eKH B MouBy [21].

CHmKeHHe MoTeph NMHUTATENbHBIX JJIEMEHTOB MUHEPAJIBbHBIX YIO0OpEeHMI
BCJIC/ICTBHE BBIMBIBAHHSI MOXKHO JIOCTHYb KaK arpOTeXHHYECKHMH, TaK U
XUMHYeCKUMH cniocobamu. Cpein MOCIeTHUX MPEACTaBIsieT HHTEPeC NpH-
MCHEHHE MEJICHHOAEHCTBYIOINX YAOOPEHHUH, NUTATEeIbHBIE 3JIEMEHTHI
KOTOPBIX yCBAaMBAINCH OBl PACTEHHSMH IIOCTETICHHO, a TaKXKe HCIIOJIb30Ba-
HUE WHTUOUTOPOB HUTpHUKamu [13, 22].

B cucreme ynoOpenuii BaxxHOE 3HaUCHNE UMEIOT OpTaHWYECKHe yno0pe-
Hud [8, 11, 16]. Ho obecrieunTh BRICOKHE M YCTOWYHBEIC YPOXKasi CEIbCKOXO0-
3SHCTBEHHBIX KYJIBTYP TOJBKO 3a CUET OPraHWYECKHUX y00peHHi JocTaTod-
HO MPOoOJIEeMaTHIHO, OCOOCHHO B YCIIOBUSX JEPHOBO-TIOI30JIUCTHIX TOYB.

Kpome Toro, maxe cucreMaruueckoe MPUMEHEHHE OPraHWYEeCKHUX ya00-
peHHMif He MO3BOJIAET HOOWUTHCS ONTHMAIBHOIO COOTHOIICHHS OCHOBHBIX
9JIEMEHTOB NMTAHUS B OTIPEEIICHHBIEC IEPHOIBI POCTa M Pa3BUTHS, TIOCKOIIb-
Ky BCEe KyJbTYpHl Ha MEpPBBIX (ha3zax pPa3BUTUSA TPEOYIOT 00s3aTENbHOTO
Ham4us Gpocdopa, 03UMbIE — BECEHHEH MOKOPMKH a30ToM [22].

[MuraTenbHbIe BeleCcTBa U3 MUHEPAJIBHBIX Y100pEeHHH MakCUMabHO HC-
TIOJIb3YIOTCS] PACTEHUSIMU TIOUTH Cpasy e MOCie MX BHECEHUs], & U3 OpraHu-
YEeCKUX — MOCTENEHHO, [0 Mepe MUHEPaIN3allii OPraHNYeCKOro BEIECTRa.
[TosToMy 1pu HEOOXOAMMOCTH OBICTPOTO BO3JICHCTBHS Ha NUTAHHE pacTe-
HUH cliesyeT BHOCUTh MUHEpalibHbIe y00penus. Eciau mocnennue B OCHOB-
HOM YJIYYIIAIOT MTUTATEIbHBIA PEXKHUM MOYBBI, TO OPraHUYECKHe yA00peHHs
HapAgy C 3THM OOOTaIIaoT ee TYMYCOM, YIIyYINaloT (PH3MKO-XUMHIYECKHE
CBOKCTBA, YBEIIMYMBAIOT aKTHBHOCTh MOYBEHHOW MUKpodiopsl. BHecenue
OpPTraHUYECKUX yJOOpPEHUI B COUETAaHNU C MUHEPAIBHBIMU IPEBOCXOIUT TI0
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cBoel I(P(EKTUBHOCTH BO3ICHCTBHE SKBUBAJICHTHOIO KOJIMYECTBA IIHTA-
TEJILHBIX BEIECTB, IPHUMEHSIEMBIX TOJIBKO B BU/IE OPTaHUYECKUX WM MHHE-
panbHBIX yao0penwuii [7, 9].

BakHBIM yCJIOBHEM MOBBIIIEHHS MPOJAYKTUBHOCTH HCIIOJIb30BaHUS MU-
HepaJIbHBIX YIOOpEHHH SIBISIETCS IPUMEHEHNE COBPEMEHHBIX MAIMH U ar-
peraroB. Ocoboe BHHMaHHE CTOUT OOpaTUTh HA NMPHMEHEHHE arperatoB C
1 hepeHIMPOBaHHBIM CIIOCOOOM BBOJIA TBEPIBIX MHHEPAJbHBIX yI00pe-
Hui [2, 14, 18, 20].

3akiiouenne. lcrnonp3oBaHne OpraHOMHHEPABHONW CHCTEMBI ynoope-
HUS B COYCTAHHUU C APYTHMH arpOTEXHUYECKUMH NIPUEMaMH CO3/1aeT HaIeK-
HYIO OCHOBY IS OBBIILCHUS TUIOIOPOANS MOYB, POCTA YPOXKAHHOCTH Ceb-
CKOXO3SHCTBEHHBIX KYJBTYp, PETryIUPOBAHUM Ka4ecTBa MPOAYKIMUA U MHU-
HUMH3aIMU OTPULATEILHOTO BO3JCHCTBHS HA OKPYXKAIOIIYIO CpeLy.
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AHHOTaumA. s obecrieueHHs SKOJIOTHYECKOTO PAaBHOBECHS NPU IMPH-
MEHCHHHU CPEJICTB XUMH3AIHUU JOJKHBI COONIONATHCS MPaBHiIa XpaHCHUS,
TPAHCHIOPTHPOBKH U MPUMEHEHHUS yHnoOpeHnid. B mpodunaxkTuke 3arpssHe-
HUSI OKpYXKAIoIIeH cpepl 00JIbIIoe 3HAaUeHNE NMEIOT TakKe palioHaIbHbIE
TEXHOJIOTUU TPUMEHEHUs1 yAoOpeHui. JIydinyio arpo3koJoTHYecKyro 3¢-
(eKTUBHOCTH 00ECIIEUNBAET UCIIOIB30BAHNE OPTAaHOMUHEPAIBHONW CHCTEMBI
yA0OpeHUs B COYETAHUH C JPYTHMH arpOTEXHHUYECKUMHU U OUOJOTHYECKHU-
MH IIPHEMAMU.
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