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IKOJIO'MYECKHE ITPOBJEMbI IPUMEHEHMSI
YAOBPEHUU B ATPOLHEHO3AX

B. C. ACTAXOB, a-p TexH. HayK, npodeccop Kadeapbl
. O. IBAHYVKOB, acnupaHT

YO «benopycckas rocyfapcTBeHHas CeNnbCKOX03AMCTBEHHAA akagemMms»,
"opkw, Pecny6nvika benapych

Beenenne. MpYMeHeHVE MUHEPa/IbHLIX YA06PEHNI — OAHO M3 OCHOBHBIX
YCMOBWIA MOBBILIEHNSI YPOXAWHOCTU CEMbCKOXO3ANCTBEHHbIX KY/bTyp, a
TaKXKe BaXXHOE 3BEHO TEXHO/MOINIA MX BblpalyBaHus. cnonb3oBaHue yaoo-
PEHWI NO3BONSET BO3BPALLATL U BOB/EKATb B KPYrOBOPOT NUTATE/bHbIE Be-
LL|ecTBa B3aMeH U3bATLIX U3 arpoLEHO30B C OCHOBHOW M MOGOYHON NPOayK-
Lmei, obecneymBas TakMm 06pa3oM OMpPeAeeHHY YCTOMRUYMBOCTb NPOAYK-
LIMOHHbIX npoueccos [1, 9, 16-18].

OcHoBHasi yacTh. [10 OuUeHKe MHormx crieymanuctos, 50-60 % cesb-
CKOXO3AMCTBEHHOM MPOAYKUMW B CTPaHax C PasBUTbIM CEbCKUM X035ii-
CTBOM MOMy4atOT B pe3ynbTaTe MPUMEHEHNS MUHeEPa/IbHbIX Ya06peHuii [9].
CTaTUCTMYECKME JaHHbIE CBUAETENLCTBYIOT O TOM, YTO B HACTOSILLEE BPEMS
3a CYeT MPoAyKumMK, NOy4aeMoli C MOMOLLbLIO YA00OpeHWiA, 06ecneymBaeTcs
MULLEl KaKabIA YeTBEPTbIA XXMUTENMb Hallei niaHeTbl. CnefoBaTeNlbHO, 0TKa3
OT MPUMEHEHWS arpOXMMMUKATOB BbI3Ba/1 Obl 3HAYMTENIbHOE COKpALLeHue
Npou3BOACTBa NPOAYKTOB NUTaHWA. Peub MOXET MATW TOMbKo 06 ycosep-
LLIEHCTBOBAHUM TEXHO/MOIWIA NPUMEHEHUA CPEACTB XMMM3aLMK, NPU KOTO-
PbIX UCKIKOYaNMCh Obl HeXenaTenbHble NOCNeAcTaus [3, 4].

MuHepa/ibHble yA0OPeHNs OKa3blBaloT MPSMOE U KOCBEHHOE [JelcTBue
Ha CeNbCKOXO03ANCTBEHHbIE KYNbTYPbl, HA NOYBEHHYIO 6MOTY 1, KPOME TOro,
Ha pa3BuTVE BMOOrMYECKMX MPOLIECCOB B MPUPOAHbLIX Bogax. Hebnaronpu-
ATHOE BAWSHME YAOOPEHWA Ha OKPY)XaroLyl NMPUPOAHYIO Cpedy, Te wan
MHble KOMMOHEHTbI arpOLEHO30B MOXKET ObITb CaMOe PasfIMYHOE: 3arpssHe-
HWe MOoYB, MOBEPXHOCTHLIX W TPYHTOBBLIX BOA, YCW/IEHWE 3BTPO(POBaHNS
BOZIOEMOB, YM/OTHEHUE MOYB; HapyLUeHWe KpyrosopoTa M 6anaHca nuTa-
TeNbHbIX BELLECTB, YXYALIEHWE (UTOCAHUTAPHOrO COCTOSHWS MOCEBOB U
pasBuTMe 060Ne3Hel PacTeHUI, CHDKEHWE MPOAYKTUBHOCTU CEIbCKOXO035iA-
CTBEHHbIX KY/bTYp ¥ KayecTBa Nosly4aeMoi NpoayKumm u T. A.

BHeceHne ya00peHuii MHTEHCUUUMPYET MUKPOOBMONOrnyeckne npo-
Lieccbl B noysax [11, 16]. OaHako upe3MepHast aKTMBU3aLMS MUKPOGKNOSO-
FMYeCKNX MPOLIECCOB MOXET MMETb HEraTuBHblE 3KONOTMYECKWe nocneq-
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CTBUA, MPUBOLA K YXYALIEHWIO (DU3UKO-XMMUYECKUX U BMONOrMYECKMX
CBOWACTB Mo4B. Kpome TOro, yBeNMUYMBAETCA A0S MUKPOCKOMUYECKUX Tpu-
608 (B TOM YKMC/ie NAaTOreHOB) B CTPYKTYPE MMUKPOGHOIO LieHo3a. 3TO rpo3uT
0MacHOCTbIO 06pa3oBaHUA MUKOTOKCMHOB B MOYBE M MPOAYKTaxX MUTaHUs.

OCHOBHbIMW MPUYMHAMU 3arpA3HEHNS OKPYXKaOLLEN cpeabl ya06peHns-
MW CUMTAOT HECOBEPLUEHCTBO OPraHM3aLMOHHbIX OpPM, a TakkKe TEXHOJ0-
rniA TPAHCMOPTUPOBKM, XPaHEHWs, TYKOCMELLIEHMS 1 MPUMEHEHWS yao0pe-
HWIA, HapyLleHWe arpoTeXHONOrMN UX BHECEHUS B CEBOOGOPOTE U Moj OT-
[eNbHble KyNnbTypbl (B TOM UYMCNE HEYMEPEHHOE UK HecbanaHCMPOBaHHOE),
HECOBEPLLEHCTBO CaMUX YA0BPEHUI, UX XUMUYECKMX, (HU3NYECKMX U MeXa-
HMYECKMX CBOWCTB [5, 14].

Cpeau ynobpeHuii No COAEPXKaHN0 OCHOBHbLIX KOMMOHEHTOB BbIAENAOT
a30THbIE, Ka/iiHble, (hochopHbIe, N3BECTKOBbIE, CMOXHbIE, a TaKXKe MUKPO-
ypnobpeHus [16].

A30T — OCHOBHOI 3N1EMEHT NMUTaHUS PacTEHWiA, NO3TOMY BMOJIHE 3aKO-
HOMEpHO, YTO a30THble YA0OPEHMS OTHOCATCS K GasnCHLIM KOMMOHEHTaM
XMMU3aUmn 3emnegenus. s nonyyeHnst He TOMbKO BbICOKMX, HO U BbICO-
KOKaYeCTBEHHbIX YPOXKaeB He06X0AMMO BHOCWTL B MOYBY OpPraHW4Yeckue u
MWUHepasbHble a30THble yao6peHus. OfgHako, Npu HecHanaHCpOBaHHOCTM
3M1EMEHTOB NWUTaHWS, HapyLLeHWN BOLHOIO Pexuma, HeJocTaTOYHON ocBe-
LEHHOCTW 1 APYrMX HebNaronpuATHBIX YC0BMAX BbICOKME [03bl a30THbLIX
YLO0OPEHWA MOTYT MPUBECTU K CHVDKEHWIO MOYBEHHOTO NIOAOPOAMA U 3a-
rPS3HEHMIO NMPOAYKTOB NUTaHMA HUTpaTamm [6, 8].

MpUMeHeHMe BbLICOKMX [03 a30THbIX YAOOPEHWI Bbi3blBaeT ObICTPYHO
MWHEpaI3auMo ryMmyca, a3oTCoAepKallMx COeaMHEHNI NOYBLI, POCT raso-
00pasHbIX MOTePb a30Ta B X0A€e AEHUTPUDMNKALMU N HUTPU(MKALMK, HAKOM-
NIEHNEe HUTPATOB B KOMMOHEHTaxX GuoreoueHo3a. B pesynbTtate AeHUTpUdHN-
Kauum obpasyeTcs AMOKCUg a3oTa, IMMICCMS KOTOPOro B atMmocdepy nNpuBo-
OWT K YMEHBLLEHWIO 030HOBOTO C/0S, 3aLMLLAIOLLErO XKMBbIE OPraHU3Mbl OT
YKECTKOTO YNbTPagroneToBoro 06/1y4eHms.

Mpob6nema HATPATOB B CEIbCKOXO3ANCTBEHHOWN MPOAYKLMN TECHO CBA3a-
Ha C HW3KOM KynbTypoW 3emnegenus. HerpamoTHoe npuMMeHeHWe a30THbIX
MUHepasbHbIX YA0OPEHWIA B BbICOKMX U CBEPXBLICOKMX [03aX BELET K TOMY,
YTO U36bLITOK a30Ta B MOYBE BbI3bIBAET NOCTYMN/EHNE HATPATOB B PACTEHUS B
60MbLUIMX KoNMYecTBax. Kpome TOro, asoTHble yA06GpeHWsi Cnoco6CTBYHOT
YBEMIMYEHUIO MOCTYM/IEHUA U3 CaMOli MOYBbLI HATPATOB, 06Pa3yoLLMXCS NPy
MVHepanun3aLuy opraHnyeckoro BeLlecTsa [2, 16].

B nocnefHve roabl OTYET/IMBO MPOC/EXMBAETCA TEHAEHLMSA YBENNYEHNS
MPOM3BOACTBA CENbCKOXO3ANCTBEHHOM MpoAyKUuM (OCOGEHHO OBOLLHOM) C
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MOBbILLEHHbIM COEPXXaHNEM HUTPATOB. HaKoMneHWe HUTPATOB B PacTEHMAX
MPONCXOAWT B pe3y/bTaTe TOr0, YTO MOF/IOWEHHbIA a30T He MOJIHOCTbH
pacxofyeTcs Ha CUHTE3 aMUHOKMCIOT M GeNKOB (T. €. He BCe MOF/IOLEHHbIE
HWUTPaTbl BOCCTaHaBNMBAKOTCA 40 aMMMWaKa).

MpyYMHOI HapyLLEHMS NPOLLECCOB aCCUMUAALMM HUTPATOB B PacTeHUN
MOTYT CNyXuTb A0 20 (hakTOpOB, CPeAN HUX Takue, Kak CPOKMW, (opMbl 1
[03bl BHECEHMS YA06peHUiA, METEOPOSIOrMYECKME YCO0BUS, COPTOBbIE pas-
NNYMA, CPOKM NOCALKN W TYCTOTA CTOAHUA PaCTEHWIA, KA4eCTBO M3BECTKOBa-
HWA, HANYKE N COOTHOLLEHWE Pa3/INYHbIX NUTaTE/bHbIX BELLECTB U T. A,

HepfocTaToK MarHus 1 cepbl B pacTeHWu, MonbaeHa 1 mapraHua B nou-
BE, a TaKXKE CHWKEHME TemnepaTypbl BO34yxa, KOTOPOe NPMBOAWT K nage-
HUIO aKTUBHOCTWM HWUTPATPefyKTasbl, TakKe CMOCOOGCTBYET HAKOM/IEHWIO
HWUTPATOB. YBeNMYeHUe [03 a30THbIX YA0OPEHWA MPMBOAUT He TONbKO K
MOBBILLEHWIO COAEPXKaHWUSA HATPATOB B MPOAYKLMU, HO N K CHYDKEHMIO B Hel
cofiep>kaHus BuTammHa C, caxapoB U ApyrvX BewecTB, a, CiefoBaTe/bHo, U
ee 6MONOrNYecKoii LeHHocTK [5].

HuTpaTbl B pacTeHMsiX pacnpefenstoTcs HepaBHOMEpPHO. B reHepatue-
HbIX OpraHax HUTPaTbl OTCYTCTBYIOT WM COAEPXKATCS B MEHbLUMX KOMMYe-
CTBax, YeM B BereTatvBHbIX. B KOpHe, cTeb/e 1 YepeLlkax IMCTbEB HATPAT-
OB 3HAYUTENIbHO BO/bLUE, YeM B IMCTOBOW MIACTUHKE. AKTUBHOE Hakor/e-
HUW HATPATOB OTMEYAETCA B COYHbIX OBOLLHbIX 1 6aX4eBbIX KyNbTypax.

[na co3gaHus ycnosmia, 6naronpuATCTBYIOLLMX MONYYEHUIO MOMHOLEH-
HOFO ypoXkasl, HEO6XOAMMO HanuyMe B MOYBE [LOCTATOUYHOrO KOMM4ecTBa
focTtynHoro octopa. OagHako npumMepHo 1/3 noceBHOW nnowaan Pecny6-
NvKn Benapycb XapaKTepu3yeTCst HUSKMM W OYEHb HWU3KMM COAEPXKaHWEM
3TOro 3nemMeHTa. Kpome T0ro, ecnv feumumt a3oTa MOXXHO KOMMEHCUPOBAaTb
BHECEHVEM OPraHWYecKMX yAobpeHuid nnm ukcaumeii atMmocepHoro aso-
Ta, TO HeJOCTaTOK (hocthopa MOXKHO YCTPaHUTb TONIbKO BHECEHMEM MUHE-
panbHbIX YA06peHuii [9, 16].

C docopHbIMM ya06peHMAMU B MOYBY MOMaJat0T MHOFOYMC/IEHHbIE
TOKCUYHbIE 3/1EMEHTbI, MaIONOABWXKHbIE B NMOYBEHHON cpege. Kpome Toro, B
hoCthopHbIX YAOBPEHUSAX COAEPXKATCS TOKCUYHbIE COeAMHEeHMs giTopa.
Bonblias YacTb ocopa, UCMOb3YEMOro Kak yaobpeHune, ocTaeTcs B Noy-
BE, TaK KaK CBA3bIBAETCH C COAEPXKALLMMMUCA B HEM KaNibLMEM, a/IFOMUHUEM,
Xenesom. Pe3ynbTaTbl MPOBOAMBLUUXCA UCCNEA0BaHWIA CBUAETENLCTBYHOT O
HaM4YMM B NPUPOAHBIX (hocaTax pagnoakTUBHBIX 3/IEMEHTOB — ypaHa, pa-
ava. Mo CyLLecTBYHOLWMM KMUCIOTHBIM CNOco6am nepepaboTku NPUpOAgHOro
thochaTHOro Cbipbsi OCHOBHAasA 4acTb (DTOpa, a TakXKe BECb CTPOHUMIA OCTa-
t0TCA B YA06PEHMSX M MONaJaloT BMECTE C HUMU B MOYBY.
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KannitHble ygobpeHns cogep)kat Tak HasblBaeMble 6annacTHbIE 3NEMEH-
bl (Cl, Na), koTopble MOTYT HakanJMBaTbCS B MOYBE MPU CUCTEMATUHECKOM
MPVYMEHEHNN MOBBILLEHHBIX 03 YA0OPEHWiA, CHDKas ee NIOA0OPoAne. ATW
3/1eMeHTbI MOMafaloT B FPYHTOBbIE BOAbI, MOBbILLAS B HWX KOHLEHTpauuto
coneii. Hemanyto onacHOCTb BbI3bIBAKOT COAEPXKALLMECS B Ka/IMAHbIX YA00-
peHusx metannbl (Cd, Hg, Pb, Al), KOTOpble MOTYT HaKanIMBaTbCA B XKUBbIX
opraHu3max, NPOHWKaTb B rPYHTOBbIE BOAbI U T. 4. [7, 9, 16].

[na npefoTepalleHna 60nbwmMx Noteps K 1 3arpsasHeHUs noBepxHOCT-
HbIX U FPYHTOBbIX BOJ, KanuiHble YA00peHWs cnegyeT BHOCUTb Mog OCHOB-
HYyt0 06paboTKy NOYBbI.

B HacTosiLLee Bpems MoKa OTCYTCTBYHOT paguKasibHble Crocobbl 60pbobI
C 3arpsisHeHNEM OKpYXXatoLLein cpedbl HATpaTaMn U octatamy MUHepasb-
HbIX yA06peHnii. OfHaKo pa3paboTaHO JOCTATOHMHO IPMEKTUBHBIX YaCTHbIX
CMOCO60B U MPUEMOB, MO3BOMSIOLLMX WCKIKUUTL YLLEPD, NPUYMHSEMBII
MU Npupoge 1 4YenoBeky. lMpexae BCero, JOMKHbI COGMIOAATLCS MpaBuia
XPaHeHUsl, TPaHCMOPTUPOBKM 1 MPUMEHEHNS YA0OPEHNIA.

Kak nokasblBaeT M1poBasi MPaKTyKa, 0TpMLaTe/IbHble NOCNEACTBMSA 00Y-
C/OBMEHbI HE CaMUMM YA0OPEHMAMU KaK TaKOBbIMU, a FfaBHbIM 06pa3oMm
owmbKaMm, JONyCKaeMbIMW NPY UX NPOM3BOLCTBE, XPaHEHWUM, TPAHCTIOPTK-
POBKE U MPUMEHeHWN. B NpothunakTvke 3arpsasHeHns OKpYxXaroLeli cpedpl
60/bLUIOE 3HAYEHME UMEKOT PaLMOHa/IbHbIE TEXHOMOMMU NPUMEHEHUS Ya06-
peHuid (NpaBubHbLIA BbIGOP A03bl, CPOKM U CNOCOObI BHECEHMS, CMOCOOLI
PerynmMpoBaHus MPOLECCOB HUTPUPMKALMM, WUCNOMb30BaHWE BbICOKOKOH-
LIEHTPUPOBaHHbLIX YA0OpeHuiA 1 ap.). He peKomMeHAYeTcs BHOCUTL a30THble
yobpeHus 6e3 3aaenku B noysy [13, 15].

CHWKeHMe NMOTepb NUTATENbHBIX 3/IEMEHTOB MUHEPAIbHBIX YA0OPEHWA
BC/IEACTBME BbIMbIBaHUS MOXHO AOCTUYb KakK arpoTEXHWYECKMMM, TaK M
XMMUYECKMMU criocobamun. Cpean nocnefHNX MpefcTaBnseT MHTepec npu-
MEHEHVEe Mef/IeHHOAEVCTBYIOWNX YAOOPEHWA, MNMTaTeNbHbIE 3MEMEHTLI
KOTOpbIX YCBaMBasMCb Obl PACTEHMAMMN MOCTEMEHHO, B TEYEHUE BCEFO Mepu-
0fja BereTauym — KancynnmpoBaHHbIX YA00PEHNIA.

B cucteme yaobpeHnii BakKHOe 3HaUYeHNEe UMEKOT OpraHuyeckume yaobpe-
Hua [10]. Ho cosgatb BbICOKOMPOAYKTUBHbIE MOUBbLI TOMLKO 3a CYET opra-
HWUYECKMX YL06PeHNIi HEBO3MOXHO. py 4OCTaTOYHOM KO/IMYECTBE OpraHu-
YeCcKUX ya00peHnii B X03a1ACTBE 6anaHC rymyca B No4Be MOXET ObITb MOSO-
XUTENbHBIM, 0fjHaKO obecreuveHve 6e3gedumumTHOrO 6anaHca ocdopa v
Kanusi 6e3 NpUMeHeHMs MUHEepasbHbIX YA0OPEHWIA 4OCTaTOMHO Mpob6nema-
TYHO. Kpome TOro, fJaXe CUCTEMaTUYECKOe MPUMEHEHWE OPraHNYEcKMX
yA06peHnini He MO3BONAET A0OUTHCA ONTUMASIBHOTO COOTHOLUEHWS OCHOB-
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HbIX 3/1EMEHTOB MWUTaHUs B ONPeAeeHHbIe NEPVUOAbI POCTa U PasBUTKSA, MO-
CKOMbKY BCE Ky/NbTYpbl Ha MePBbIX (ha3ax pa3BuUTMS TPeOYHOT 06513aTe/IbHOMO
Hanuumsa (ocdopa, 03KMble — BECEHHEN NOAKOPMKIM a30THbIMU yA06peHUs -
MM, MHOTO/IETHME TPaBbl — NMOYKOCHOT0 YA06peHus 1 T. A. [9, 16].

MuTaTenbHble BELLECTBA M3 MUHEPa/bHbIX YA0OPeHWA (0COGEHHO M3
a30THbIX M YaCTUYHO Ka/WHbIX) MaKCUMaIbHO MCMO/b3YHOTCA PacTEHUSIMM
MOYTU Cpasy XKe NOC/e UX BHECEHUS, @ U3 OpPraHWUYecKuX — NOCTENeHHO, Mo
Mepe MUHepasM3aLyn OpraHNYeckoro BeLyecTBa. Mo3Tomy npu Heobxoam-
MOCTM 6bICTPOrO BO3AENCTBMA Ha NUTaHMe pacTeHWid cneayeT BHOCUTb MU-
HepasibHble yaobpeHus. Ecav nocnefHve B OCHOBHOM Y/yULLAOT NMTaTe lb-
HbIi PeXKUM MOYBLI, TO OPraHMYecKme yaobpeHns Hapsay ¢ 3TuMm oboralla-
0T €e TyMyCOM, YAyHLaT (M3MKO-XMMUYECKME CBOIACTBA, YBEMNUMBAKOT
aKTMBHOCTb NMOYBEHHO MUKPOCH/IOPBI.

BHeceHMe OpraHWYeckUx YAOOPeHW A B COYETaHWM C MUHEPabHLIMM
NPEBOCXOAMT NO CBOeli 3(hheKTUBHOCTM BO3AENCTBME IKBMBASIEHTHOIO KO-
NNYecTBa MUTATE/bHBIX BELLECTB, MPUMEHSIEMbIX pa3fenbHO OpraHNYeckmnx
UMM MUHEPaNbHBIX YA06PEHWIA.

Takke BaKHbIM YCMOBMEM MOBbILIEHMS MPOAYKTUBHOCTU WCMO/b30Ba-
HUA MUHEPa/IbHBIX YA0OPEHWIA IBNSETCA NPUMEHEHNE COBPEMEHHbIX MaLLUMH
n arperatoB. Ocoboe BHMMaHWe CTOUT 06paTUTL Ha NPYMEHEHMWE arperaTos
C A depeHLMpoBaHHbIM CNOCO60M BBOAA TBEPALIX MUHEPabHBLIX YA06pe-
HWi [3, 5, 12].

3akJirouenne. VICNonb3oBaHWe OpraHOMUHEPa/IbHONM CUCTEMbI Ya00pe-
HUIA B COYETAHWUMN C JPYTVMW arpOTEXHUYECKUMU U BUONOTMYECKUMI MpUe-
MamK Co3faeT HafleXKHyt0 OCHOBY A/151 MOBbILLEHWUS MAOAOPOAMS NOYB, pocTa
YPOXKANHOCTU CENbCKOXO3ANCTBEHHBIX KyNbTyp, PErynMpoBaHuK KauecTsa
NPoAYKUMN N MUHUMM3ALMN OTPULATENBHOTO BO3AECTBMA Ha OKpYMKato-
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