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IIpuBeneHs! pe3yabTaThl UCCIEA0BAaHUH MUKPOAJIEMEHTHOI'O COCTAaBA [10YB, KOHKPEL U U pacTeHUi arposkocuctem Ipu-
MOPCKOTO Kpasi. BeisiBieHa o01iast HecOanaHCHPOBAHHOCTh MHUKPOAJIEMEHTHOTO COCTaBa MTaXOTHBIX TOPH30HTOB M yCTOWYH-
BeI peunuT Mo, Ni 1 Zn B arpoTeMHOTYMYCOBBIX 0/10€71aX, HHTEHCHBHO HCIIOIb3YIOIINXCS B CEIbCKOX035HCTBEHHOM
npousBozcTae pernona. Conepxkarne Cu u Co B HCCIEI0BAHHBIX OYBAX MOBBIIIEHO [0 CPABHEHHUIO C PETHOHAJIBHON KIIAPKOBOH
KOHIIeHTpanuel. VccnenoBaHHbIe TIOUBbI XapaKTEPU3YIOTCSl aKTHBHBIM (JOPMHUPOBAHUEM NOYBEHHBIX KOHKpenuid. Ha ocHo-
BAHMM U3YyYEHHs MIPOLECCa HAKOIUIEHUS] MUKPOAJIEMEHTOB KOHKPELUSIMHU YCTAHOBJIEHO, YTO KOHKPELUNU SIBISIOTCA CBOEO-
Opa3HBIMU JICTIOHEHTAMH MTOYBEHHOW CHCTEMBI M OKAa3bIBAIOT CYIECTBEHHOE BIMSHHME HA IEPEPACIPEACICHUE MUKPO3IIe-
MEHTOB B ITAXOTHOM T'OPHU30HTE MOYB. BHeceHHe yao00peHuit COpOBOXKIACTCS JOMOJHUTEIBHBIM MTOCTYIICHUEM BaJIOBBIX
1 BOIOPACTBOPHUMBIX ()OPM MHKPODJIEMEHTOB B IOYBHI M B KOHKpennu. Crenuduka coaepkxanus OOJNBIINHCTBA UCCIIENIO-
BaHHBIX MHKPOJIEMEHTOB B PACTCHHSIX IIICHUIIBI 00YCIIOBIICHA yYaCTHEM 3JIEMEHTOB B KIIFOUEBBIX META0OIHUECKUX TPO-
neccax. Pe3ynbratoM BHECEHUs yIOOpEHHI SIBIISIETCS YBEJIMUYEHUE COJCPKaHusl B pacTUTENbHBIX TKaHsAx Pb u Cd. OxHako
ocHoBHOH 00beM Pb n Cd, comeprxamuxcst B pacTeHUsX, BO3BPAIIAETCS B IOYBY B BUJIE MOXKHUBHBIX OCTAaTKOB. Takke B I10-
YBaX yJOOpSAEMBIX JEISHOK OTMEUYECHO yBEINYECHNE KOIMUYECTBA KOHKPEUUH. AHAIN3 B3aUMOCBS3U MEXKIY COACPKaHHUEM
pasau4HbIX (POPM MHUKPOIIEMEHTOB B TIOUBAX, KOHKPELHUSX U PACTCHHX TIO3BOJIWIH YCTAHOBUTD, YTO (PyHKIIMOHUPOBAHHE
KOHKPEILUH SBIJISETCS OHUM M3 (PAaKTOPOB, OrPAaHUYMBAIONINX MOCTYIJICHHE HEKOTOPBIX MUKDPO3JIEMEHTOB B PACTEHUS H,
BO3MO)KHO, TEM CAMBIM BIIMSET HA UX yPOXKAHHOCTh. YUUTHIBAsl TOT (DAKT, YTO JOOUTHCS yBEIHUCHHS yPOKAHHOCTH HEBO3-
MOYHO 0€3 MPUMEHEHHU s YA00PEHNH U COOTBETCTBEHHO COITYTCTBYIOLIMX UM IPUMECEH, B MOYBaX, UCIOJIb3YEMbIX JJIsl TPO-
M3BOJICTBA CENIbCKOXO3SHCTBEHHON MPOAYKIIMH, KOHKPEIINH UI'PAIOT POJIb OaJlaHCHPYIOLIET0 KOMIIOHEHTA arpO3KOCHUCTEM,
KOTOPBIA PEeryanpyeT MUTaHUE PACTEHUH HKOIOTNYECKH OE30IaCHBIM Ty TEM.

FEATURES OF TRACE ELEMENTS CYCLING
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The results of studies of trace elements compositions of soils, nodules and plants from agroecosystems of the Primorye Re-
gion were presented. The common imbalance of trace element composition of arable horizons and stable deficits of Mo, Ni and
Zn in soils which intensely used in regional agricultural production was indentified. In the studied soils Cu and Co contents
were increased in comparison with the regional clark concentration. The studied soils are characterized by active formation of
soil nodules. Based on the study of trace elements accumulation in nodules, it was found that nodules are kind depositors of
the soil system and have a significant impact on trace elements redistribution in arable soil horizon. Adding of fertilizers is ac-
companied by additional input of total and water-soluble forms of trace elements in the soil and in the nodule. The specificity
of most of the studied microelements content in wheat plants is due to the participation of elements in key metabolic processes.
The result of fertilizer application is increase Pb and Cd contents in plant tissues. However, the main part of Pb and Cd which
contained in plants returned to the soil as crop residues. The increase of nodules number was observed in soils of plots with
adding fertilizers. Analysis of the relationship between the contents of trace elements different forms in soil, nodules and plant
has been allowed to establish that functioning nodules is one of the factors limiting the intake of some trace elements in plants
and most likely affect on productivity of plants. Taking into account the fact that it is impossible to increase the yield without
fertilizers application and respectively without related impurities, in soils which used for agricultural production, nodules play
the role of balancing component of agroecosystems, which regulates plant nutrition by environmentally safe way.
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BBenenne

Cucrema «moysa — PACTCHUC) ABJIACTCA I'IaBHLIM,
TNepBOHavYaJIbHbBIM 3BCHOM B HI/IIL[GBOﬁ OCIU )KUBOTHBIX
Y YeloBeKa. DIIEMEHTHBIM COCTaB CHCTEMBI OMpPEIeIIs-
€TCs TOTPEOHOCTSIMHU U OCOOCHHOCTSIMU PACTUTEIBHBIX
OpraHU3MOB U COJIEP)KAHUEM JIOCTYITHBIX ISl pacTe-
HUli (opM 3IEMEHTOB B MouBax. HeoOxomumble st
JKMBBIX OPraHu3MOB 3JIECMCHTBI PAa3JCJICHbI Ha TI'PYIIIIbI
MakKpoO- U MUKPOSJICMCHTOB. MI/IKpOBJ'IeMeHTBI ABJISAIOT-
Csl aKTUBAaTOpaMU MHOTHX JKM3HEHHO BaJKHBIX OMOXH-
MHuueckux npoueccoB [8]. Kaxaoe pacteHue Hyx aaer-
Csl B MHUKPODIIEMEHTaX, KOTOPBIC JTOJKHBI HAXOIUTHCS B
MOYBaX B HEOOXOAUMBIX JUIsl PACTCHHUM KOJIMYECTBAX U
B JJOCTYIHBIX Juisl ortomeHus gopmax. [Ipu aTom pac-
TCHUS YYBCTBUTCIIbHBI 1 TpGGOBaTeHBHBI K COACPIKaHUTIO
MHKPODJIEMEHTOB B MOYBEHHOW cpene. [loBbilieHHBIE
KOHIIEHTPAINH MUKPOAIEMEHTOB MOTYT OKa3bIBaTh TOK-
CUYHOE BO3JICHCTBUE Ha pacTeHus. MccnemoBanue mMu-
TPALMOHHBIX MTOTOKOB MUKPO3JIEMEHTOB B CHUCTEME Ma-
JIOTO OMOJIOTMYECKOTO KPYyroBOpOTa 0COOSHHO BaXKHO B
arpodurorieHosax, riue crerupura KpyroBopora MUKpO-
9JIEMEHTOB B 3HAYUTEIFHON MEpEe 3aBUCHUT OT IIPUBHECE-
HUS DJIEMEHTOB C yAOOPEHUSIMH U OT BEIHOCA OMOMaccon
BO3/IEITBIBAEMBIX KYIETYp. HecOamancupoBanHoe conep-
’)KaHHE MUKPOXJIEMEHTOB B IMOYBAX CEIbXO3YTOAUM SB-
JIAC€TCA HpH‘IHHOfI HU3KUX W HECKAYCCTBCHHLIX YPOXKAacB
CEeJIBCKOXO3MCTBEHHON TTPOXYKITHH [5].

B mouBax MHKpO3IEMEHTHI BXOZST B COCTaB MHOXKE-
CTBa pa3HOOOpPa3HBIX KOMIUICKCHBIX COCIMHEHMHA. Bep-
THUKaJbHOE pacrpe/ie]ieHHe MUKPO3JIEMEHTOB B ITIOYBEH-
HOM Mpo(uiIe U ypOBEHb KOHIICHTPAIMU JOCTYITHBIX
JUISL pacTeHUi (OpM MHUKPOIIEMEHTOB B 3HAYUTEIHHON
CTETICHU OMPENEISIIOTCS COPOIIMOHHBIMHU TIPOIECCAMU,
OTHOBPEMEHHO TPOTEKAIONIUMH B Pa3IMYHBIX (a3ax
moyB. OIHUM W3 MEXaHW3MOB COPOINH, OIPEIEIIsro-
X 00beM, MPOYHOCTh W JOJNTOBEYHOCTH (PUKCAIHU
MHUKPOAJIEMEHTOB B MOYBAX SIBJSIETCS MPOLIECC MMOYBEH-
HOTO KOHKperueoOpasoBauus [6, 7]. Konkpeuun mpen-
CTaBJISIOT COOOM IJIOTHBIC Teja, cocrosmue u3 Fe-Mn-
COCIMHECHNN, MHHEPAIBbHBIX 3E€peH W O0OOTaIIeHHBIX
YIJIEPOAOM 30H, OHH BCTPEUAIOTCS B MTOYBAX PA3IMIHBIX
OMOKIMMATUYECKHIX 30H M 00J1a/IaI0T SIPKO BHIPAKECHHOH
CIIOCOOHOCTBIO K HAKOIUICHUIO MUKPOAJIeMeHTOB [4, 10].
PC3YJ'H)TaTI)I MHOI'OYHCIICHHBIX I/ICCJICI[OBaHI/II‘/'I YKa3blBa-
0T Ha (POPMHPOBAHUE CIEIUPUUICSCKON B3aUMOCBS3U
MEXTy MUKPOAJIEMEHTaMHU M OCHOBHBIMH KOMITIOHEHTA-
MU KOHKpenni. OCHOBBIBAsICh HA 9TOM, MUKPOIJIEMEHTHI
B KOHKPEUHUSAX pPa3[eNiiIN Ha 3JIEMEHThI MapraHIeBON
(Co, Ni, Zn, Cd) u xene3uctoit (Cr, Cu, As) rpymm [7].
HaxoruieHne MUKpPO3JI€MEHTOB B KOHKPELHUAX, C OJAHOU
CTOPOHBI, IOPOXKIAET MIIEMEHTHBIN AeHUINT, C APYTON —
CHIKEHHE BBICOKUX KOHIIEHTpAIMH, YTO B paBHOM Mepe
BO3JICHCTBYET HAa BA)KHEUIIHME IOKA3aTENIU CEJIbCKOXO-
3STCTBEHHOW OMOTIPOMYKIMH. MIMEIOINXCs pe3yabTaToB
M3YUYCHUS CONEP KAHUSI MUKPOAJIEMEHTOB B KOHKPEIIMSIX
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MOYB CEIhCKOXO3SMCTBEHHBIX YTOMUI HETOCTAaTOYHO,
9TOOBI OINPEAETCHHO BBICKA3aThCsl O BIMSIHUM KOHKpE-
UM Ha MUIpallMOHHBIE TOTOKM MMKpPORJIEMEHTOB B
CHUCTEME MAaJOr0 OHOJIOTHUECKOro KpyroBopoTa. Oc-
HOBHOHM IENBIO TPOBOAMMBIX HMCCJIEIOBAHUN SABISIIACH
OIIEHKa YPOBHS BO3JIEHCTBUS KOHKPEIMHA HA MAaCCOTIOTOK
MHKPO3JIEMEHTOB B arpO3KOCUCTEME.
eab u MeTOMUKA HCCIEI0BAHUIA

Wzyyenne BIMSHUS KOHKPELUH Ha MUTPAlMOHHBIE LU~
KJIBI MUKPORJIEMEHTOB B arpo3KocHCcTEMax MPOBOIMIOCH
Ha MOYBaX OMBITHBIX IMOJIEH, OTHECEHHBIX K arpOTEMHO-
TYMYCOBBIM Tmioioenam. VccnenoBaHHbIE TIOYBBI COCTAB-
JISIOT OCHOBHOW TMaxoTHbI (ouz [Ipumopckoro kpas.

[locTaHoBKa >KCIEpUMEHTa B IOJIEBBIX YCIOBHAX
MIPOBOJMIIACH HA JAETISTHKAX, 3aCESTHHBIX MIIEHUIeH (T1o-
maap 25 M?). B moneBom ceBooOOpoTe OBUTH BHIOPAHBI
KOHTPOJIbHBIE BapUaHTHI OmbITa (6e3 ynoOpenwuii) u Ba-
pUAHTBI OMbITAa C OJIMHAPHOW HOPMOW BHECEHHMS YJIO-
Openmii (TpaHymupoBaHHas MOYeBHHA, cyrepdocdar
JIBOMHOM, XJIOPUCTHIM Kanuil, HaBo3). (036l BHOCHUMBIX
yno6pennii — nao3 40 /ra + N, P, K, x. n./ra. Ot60p
MOYB ¥ KOHKPEIUI MPOBOAMIICS B MAXOTHOM CJIO€ MOIII-
HOCTBIO 710 22 CM ¢ Y4€TOM MacChl OTOOpPaHHBIX 00pa3-
IIOB JIJIs1 TIOCTIEYTOIIEro Tepecdera CoAepKaHus KOH-
Kpeluui K Becy BMellaroniel nmouBeHHoi macchl. KoH-
KpeIuH OTAEISUIM OT IOYBEHHOIO MEIKO3eMa MOKPBIM
MIPOCENBAHUEM HA MEJKOSYEHCTHIX KallpOHOBBIX CHUTaX.
[Tocnenytolee otTaenenne KOHKPEUA 0T MUHEpPaIbHbBIX
3epeH MPOBOJIMIIACH B J1a00OPATOPHBIX YCIOBHSIX.

BanoBerii MHUKPOAIIEMEHTHBIN COCTaB OIBITHBIX 00-
pas3IoB OMpEensics METOIOM JHEProANCIIePCHOHHON
pentrenguryopecuentHoi cnekrpockonuu (EDX). Ompe-
JIeNIleHEe COJIep KaHus HIIEMEHTOB ITPOBOAMIIN Ha aHAJIN3a-
tope EDX 800HS-P (Shimadzu, Slnonust), ocHaleHHOM
POAMEBBIM KaToOJOM B (popMaTe KOIMMIECTBEHHOTO aHaIIU-
3a, B BAKYYMHOH CpeJie C UCTIONIb30BaHUEM TOCYIapCTBEH-
HBIX CcTaHmapTHBIX o0pasnoB cpaBHeHus (I'CO 901-76,
I'CO 902-76, I'CO 903-76, I'CO 2498-83, I'CO 2499-83,
I'CO 2507-83) [11]. MetogoMm aToMHO-aOCOPOIIMOHHON
CHEeKTPO(QOTOMETPUN ONPEACISIIM YPOBHU KOHIICHTpa-
[IUH TIOABIDKHBIX (JIOCTYIHBIX JUIS PAacTeHUi) GopM MH-
KPODJIEMEHTOB B BOIHBIX BBITSIKKAX ITOYB U KOHKPEIHA, a
TaK)K€ MUKPOAJIEMEHTHBIN cOCTaB pacTeHul [3].

[Ipu orOope OMBITHOTO MOYBEHHO-PACTUTEIHLHOIO
Marepuana ¥ MPOBEACHUH aHAIMTHYECKUX PaboT ObLia
WCIOJb30BaHAa TpeXKpaTHas MOBTOpHOCTh. Ha ocHoBe
BaJIOBOTO COMIEPKAaHUS AIIEMEHTOB B IMOYBAaX M KOHKpe-
[UAX PACCUNUTHIBAIN KOI(D(PHUIIMEHT HAKOTUICHHS dJie-
MEHTOB B KOHKpeuusix [7]. s KonuuecTBeHHON OLIeH-
KM MacCOIIOTOKAa MUKPOAJIEMEHTOB U3 ITOYBBI B pACTEHUS
paccunTan KO3QPHUINEHT OMOTOTUIECKOTO HAKOTUICHHS
(KBI) [8].

Pe3yabTathl Hccie10BaHui

YpOBHU KOHIIEHTPAINH PA3TUYHBIX ()OPM MUKPOIJIE-

MEHTOB B HCCJIETyEeMbIX ITOYBaX NMPUBEIEHBI B Ta0mmIIe 1.
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Tabmuua 1
CopeprxaHue pasnuIHbIX (OPM MUKPOITEMEHTOB B IOYBAX U KOHKPEMAX (MI/Kr)
Table 1
Different forms trace element contents in soils and nodules (mg/kg)
ITousa Konkpenun
Soil Nodules Perunonanbublii
DreMeHT ]?/ZB?;;TegHZ;? B BognopacTBopumsle BognopactBopumsle | KJIapK B I104BaX
Element encep q?go;?;e (hopMbI BasnoBsie Gpopmel (hopmbI Regional clarke
Tota lr;’orms Water-soluble Total forms Water-soluble in soils [4]
. forms forms
Koutpons 10.35 + 0.08 He oGnapyxeHo 4,26 + 0,05 He o6HapyxeHO
7n Control ’ ’ Not detected (0,4)* Not detected 70
Ynobpenue 11.94 + 0.14 He oGHapyxeHO 4,27 +£0,02 He o6HapysxeHO
Fertilization i ’ Not detected (0,4) Not detected
Kontpors | g 46 40,09 0,0740,01 2948 + 0,33 0,12 £ 0,01
. Control (6.3
Ni VioGpenre 8529+ 0,11 46
Fortilization 13,26 + 0,06 0,11 + 0,01 ’ (6.4) ’ 0,05 + 0,01
Konrpore | g1 4 0,01 0,05 + 0,01 1,83 £0,02 0,01 + 0,002
Control (2,3)
Mo Vnobpenwne 3,02 £ 0,01 1.6
Fortilization 0,87 = 0,01 0,08 = 0,01 ’ (3’5)’ 0,06 + 0,01
Kowrpoxe 155554 0,25 0,08 + 0,01 152,64 £ 0,62 0,31 +0,02
Co Control (6,0) 22
Ynobpenue 208,87 + 0,40
Fertilization 35,77 £ 0,16 0,07 + 0,01 (5.8) 0,63 + 0,04
Koutpors | 5g 574 0,11 0,05 + 0,01 154,27 %043 0,02 + 0,001
Control (5,5)
Pb VYnobpenue 241,62 + 0,71 32
Fortilization 36,62 + 0,09 0,74 £ 0,04 ’ 6.6) ’ 0,05 + 0,01
Komrpors | 95 094 0,18 | 0,02+ 0,005 106,80 = 0,45 0,01 + 0,001
Control 4,8)
Cu VioGpenre 142,55 + 0,23 20
Fortilization 25,59 + 0,08 0,05 £ 0,01 ’(5,6) ’ 0,03 £ 0,002
KonTpons 0.26 + 0.01 He oGHapy»xeno 0,20 £ 0,01 He oOHapy>xeHo
Control ’ ’ Not detected (0,8) Not detected
cd Ynobpenue 0,30 + 0,01 He oGHapyxeHo 0.6
Fertilization 0,45+ 0,01 0,01 +0,002 ’ (0,7) ’ Not detected

* 6 ckoOKax — KOIPPUULUEHM HAKONTIEHUS SNEMEHN08 8 KOHKPEeUUAX
*in brackets — enrichment factor of elements in nodules
HpI/I COIMOCTAaBJICHUH BECIIMYMHBI COACPIKAHUA MUKPOIJIC-

MEHTOB B WCCIICIOBAHHBIX IOYBAX C PETHOHATBHBIMU
KJIApKaMH yCTaHOBIIEHO TOHIKEHHOE conepkanue Ni,
Mo u Cd [4]. Takxke k 2J1eMeHTaM, HaxXOISIIUMCS B He-
JIOCTATOYHOM KOJIMYECTBE, OTHOCUTCS Zn, €T0 CoiepxkKa-
Hue konebnercs oT 9 g0 11 Mr/kr, 4yto B 6 pa3 MeHbIIe
PETHOHAIILHOTO KJTapKa.

B 1menom B mouBax arposKOCHCTEM HCCIICIOBAHHO-
rO peruoHa OTMeuaeTcs Ae(PHUIUT ITOTO IEMEHTa, YTO
MOXXHO OOBSICHUTH HCTOIICHHEM IIOYBBI B PE3yJIBTaTe
MOCTOSIHHOTO U3BATUA Zn € ypoKaeM U MPaKTUUYECKU
TIOJIHBIM OTCYTCTBHEM ero BocmonHeHus. CoaepskaHue
Pb Bapeupyercs: B mouBax KOHTPOJIBHBIX BapHAHTOB
OTBITa OHO MCHBINE KIAPKOBOH BEIMYWHBI, B TOYBAX
YI0OPSIEMBIX JIEISTHOK He3HAYUTEIHHO MPEBBIIIAET YPO-
BeHb kiapka. Conepsxkanue Co u Cu Bo Bcex BapHaHTax
OMBITA MIPEBBINIACT BEIMUNHY PETHOHAIBLHOTO KJIapKa OT
1,1 no 1,6 pa3. Ha conepskanre MUKPO3JIEMEHTOB B TIO-
YyBax OOJIBIIOE BIMSHHUE OKa3bIBACT BHECCHHE DPa3Jiny-
HBIX BUIOB yHOOpeHMA. PE30HHO TpEaIoNoKuTh, YTO
B TI0YBaX, TJI€ [UTUTEIHHOE BPEMSI BHOCHIIUCH Pa3INIHbIC
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ymoOpeHus, conepkaHue MUKPOIIIEMEHTOB TOJKHO yBe-
muanThes. [IpuBHECeHNe MUKPOAIEMEHTOB Ha ynoopsie-
MBIX JISJSTHKaX arpoTeMHOTYMYCOBBIX ITOJIOETIOB COCTa-
Bua 42 % s Cd, 29 % Co u Ni, 23 % Pb, 13 % Cu u
Zn, 7 % nns Mo. HecMOTpst Ha HEKOTOpOE MpHUBHECE-
HUE MUKPODJIEMEHTOB, IIPH CPABHEHUU C PETUOHATHHBIM
KJIAPKOBBIM COJICPYKAHMEM IOBEICHUE OOJIbIICH YacTh
M3 HUX HE OOHApY)KMBAET HOBBIX TEHACHIINH.

Bonbmioe 3HaueHwe Mpu M3yYEHWH MHKPODJIEMEH-
TOB B TIOYBaX CEJIbXO3YTOAUN MPHOOPETAIOT CBEICHHS
0 BEJIMYMHE COJICPIKaHUsI BOJAOPACTBOPUMBIX (OpPM, KO-
TOPBIC SBJISOTCS HANOOJIEE JOCTYIHBIMHU IS PACTEHHH.
KonnenTpanuss BomopacTBOPUMEIX (OpPM  OKa3bIBaeT
HauOoIbIIIee BIMSHUE HA BO3ZCIBIBAEMBIE KYIBTYPHI U
SIBIISIETCSL JIOCTOBEPHBIM IIOKA3aTelleM OIICHKH 3araca
JIOCTYTIHBIX PACTEHUSIM COCAMHEHUM MUKPOAJIEMEHTOB.
[TosmyueHHbBIE Pe3yNIbTaThl YKa3bIBAIOT HA 3HAYUTEILHBIC
KOJICOaHUs B COZICPKAHUU TTOIBUIKHBIX (HOPM MUKPO3JIC-
MEHTOB OTHOCHTEIFHO WX BaJloBOro obwhema (Tabdm. 1).
HccenenoBanHbIe TOYBBI XapaKTEPU3YIOTCS BRICOKOH 00€-
criedeHHOCThIO Co M HU3KOM oOecrnieueHHOCThI0 Cu u Zn.

avu.usaca.ru
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Fertilization

JaoOpeHIe

v

Control

Konrpons

[TosmyueHHbIe pe3ynbTaThl yKa3blBalOT HA YBEJINYEHNE
KOHIIEHTPALUU BOAOPACTBOPUMBIX (POPM DIEMEHTOB B
MoYBax yAoOpseMBbIX BApHAHTOB OIbITa. MakcuMambHOe
YBEJIMYEHHE YPOBHS KOHLEHTPALUU HOABHXHBIX (HOpM
orMmeueHo 11 Ni, Mo, Pb 1 Cu, 4T0 MOKHO OBITH BBI3Ba-
HO JIONIOJTHUTEIbHBIM IIPUBHECEHUEM JIEMEHTOB B Kade-
CTBE MpPUMECEH U BIUSHUEM YyIOOpEHHH Ha M3MECHEHHE
CBOMCTB ITOYB, MPOBOLUPYIOMIUX ITEPEXO AIEMEHTOB U3
TPYIHOJOCTYIHBIX B JIETKOIIOJIBM)KHBIE COSTUHEHUSI.

B uccnenoBanHbIX mouBax HabOiromaercs: HecOanaH-
CHUPOBAHHOCTh MHKPOXJIEMEHTHOro coctasa. Jlus ma-
XOTHBIX TOYB 3TO SIBJIEHHE BECbMa pPacHpOCTPaHEHHOE
U IpPEeXJe BCEro CBSA3aHO C HEPABHBIM IMOCTYIJIEHHEM
W BBIHOCOM MHKPOIJIIEMEHTOB B arpoduroneHo3ax. Ha-
pSAAY € 3TUM HEMaJIOBa)KHOE 3HAYCHHE UMEIOT 0COOeH-
HOCTH BHYTPHUIIOUBEHHBIX NPOLECCOB NPEOOpa30BaHUs
MHKPORJIEMEHTOB, B KOTOPBIX aKTMBHOE ydacTHE NpH-
HUMAIOT IMOYBEHHBIE KOHKpeluH. Pe3ynprarel, noay4yeH-
HbIE paHHee, MOKa3alH, YTO B OTHOLIEHMH HEKOTOPBIX
MHUKPO3JIEMEHTOB KOHKPEIIUH SIBIISIOTCS aKTUBHBIMU Ha-
xorurensimu [4, 6, 7, 10]. Cpenn HUX 0OHAPYKEHBI d1e-
MEHTbI, OTHOCSLIMECS K Pa3psily >KU3HEHHO HEOOXOIu-
MbIX (Mn, Cu, Co, Mo u ap.). [TosToMy y4eT konndecTBa
(opMUPYIOIINXCS KOHKPELUH UMEET OONbLIOE 3HaUCHHE
JUI M3y4eHHusl OallaHca MHKPOIJIEMEHTOB, OCOOCHHO B
CHUCTEME «II0YBA — CEJIBCKOXO3SMCTBEHHAs KYJIbTypa»
(puc. 1). Ha ynoOpsieMbIX AensHKaXx OTMEYaeTcs CyIe-
ctBeHHoe (Ha 20 %) yBenmueHHe conepykaHus KOHKpe-
LI 110 CPABHEHMIO C KOHTPOJIbHBIMU BapHAHTAMHU OIIbI-
Ta. [lapamiensHO MPOUCXOANT yBETMUEHNE Pa3Mepa KOH-
Kpelrii: Ha KOHTPOJIbHBIX ACJSIHKAaX MpeoOafanu KoH-
Kpeluu AuameTpoM 1—2 M, Ha yoOpseMbIX — 2—3 MM.

Crumynupytolee JeWCTBUE yTOOpeHU Ha pOCT U
pa3BUTHE KOHKPELUI CBA3aHO C M3MEHEHHEM HEKOTO-
PBIX (DU3MKO-XMMHUYECKUX HapaMeTpoB IIOYB, BIIUSIO-
mux Ha oOpa3oBaHue KoHKpeuuid. Hanbosee 3HaunMoim
SIBIISICTCS KOHTPACTHOCTh CMEHBI OKHCIUTEIBbHO-BOC-
CTAHOBUTEJBHBIX YCIOBUH, KOTOpas YCWJIMBAETCS HpHU
IIOYBEHHOM XMMM3aLuu. Takke UCIOJIb30BAHNUE Pa3Iny-
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% OT TTOYUREHHOIT MACCH
%% from soil mass

Puc. 1. Codeprrcariue koHkpeyuii 60 eMeuaiouieti nousenHol macce
Fig. 1. Nodules contents in the host mass of soil

HBIX BUJIOB yI0OpeHuil, 0COOCHHO OPraHNYECKUX, HHU-
UHUPYET pa3BUTHE MIOYBEHHOW MUKPODIOPHI, B TOM YHUC-
JIe ¥ CeTU(UIECKON KOHKPEITMOHHON. JIOTTOTHUTETHHO
YBEIMYEHHE pa3Mepa KOHKPEUHUH MOXKHO OOBSCHUTH
YBEIMYEHHUEM COJIEP)KaHUS OCHOBHBIX KOHKpeIreoopa-
3yIOIIUX 3JEMEHTOB U BCEX TEX, KOTOPBIE CHOCOOHBI
HaKarjuBaThcs B HUX. [Ipuuem ynoOpeHHs OKa3bIBaroT
Kak MpsMOe BIMSHHE Ha WX MOCTYIUICHHE, NPUBHOCS
C DJIeMEHTaM{ MUTaHUs OaylacTHBIE WM TPUMECHBIC
KOMITOHEHTHI, TaK W KOCBEHHOE — ITyTeM H3MEHEHUs
MoKa3aresiell peakiuu Cpe/ibl, BETUYNHBI OKUCITHTETh-
HO-BOCCTAHOBUTEIBHOTO MOTEHIINANA, COJEPXKAHUS Op-
raHu4yeckoro Bemectsa u ap. [1]. Bee ato mpuBoaut k
W3MEHEHUIO COPOIIMOHHONW €MKOCTH CaMHUX KOHKPEIUH
BCJICAICTBUE HAIMYHS HA UX TOBEPXHOCTU TEPEMEHHBIX
3apsiI0B OKCUJIHBIX coenHeHuit Fe u Mn, a Takxe BbI-
CBOOOKICHUIO XVUMHYECKHAX DJIEMEHTOB U3 TPYIHOIO-
CTYIHBIX COCTUHEHUH U JallbHEHIIIEMY UX ITOTJIOCHUIO
KOHKperusimu [2].

Coneprkanue BaJoOBBIX (JOPM MUKPOIIEMEHTOB B KOH-
KPEIUSIX CBUJICTENLCTBYET O IMPEBBIIICHUN YPOBHSI COIECP-
YKaHUS DIIEMEHTOB B TOYBaX M TPEBBIICHUN BEIUYHNHBI
KJapka, 3a uckimoueHneM Zn u Cd (tabm. 1). 3Hauenus
KO3(Q(UIMEHTOB HAKOIJICHUSI JIEMEHTOB B KOHKPELH-
X YKa3blBalOT Ha aKTHBHOE HAKOIJICHHE B KOHKPELHAX
Ni, Co, Pb u Cu u Ha orcyrcrBue HakoruieHus Cd u Zn
(tabm. 1). [Ipu ucronp30BaHUN YIOOPEHHUH B KOHKPEIHIX
YBEITUYNBACTCS HE TOJNBKO YPOBEHb CONEpKaHUS OOIb-
[IMHCTBA UCCIIEJOBAHHBIX MUKPOIJIEMEHTOB, HO U MHTEH-
CHBHOCTb WX HaKOIUICHUS. YBelnnueHue kod(huureHTon
HAKOIUICHHSI MUKPOAJIEMEHTOB B KOHKPELHSX MOYB YHO-
OpsieMBIX JIETISTHOK BBIpayKaeTCst CIEAYIONIMMH IU(ppamu:
Mo — 34 %, Pb— 17 %, Cu— 14 %, Ni — 1,5 %. [TonyueH-
HBIE PEe3YJILTaThl YKa3bIBAIOT HA TO, YTO KOHKPEITMH MOTYT
BBICTYIIaTh B POJIM OCHOBHBIX HAKOITUTENIEH MHKpPOAJIe-
MEHTOB, BHOCHUMBIX C YIOOPECHHAMH, U SIBISATHCSA OIHOU
W3 IPUYMH JePUIITa MUKPOIIEMEHTOB.

OTHOCHUTENIBHOE COZCPKAaHHE BOJOPACTBOPUMBIX
(hOpM MHUKPOAIIEMEHTOB B KOHKPEIHSAX HHXKE, YEM B I10-
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Puc. 2. Codepscarivie MUKPOINIEMEHINOB 8 PACTNUMENLHBIX MKAHAX NULEHULbI KOHMPONbHBLX BAPUAHINOE ONbima (Me/K2 CYyX0tl MAccbl)
Fig. 2. The content of trace elements in plant tissues of wheat of control experiment variants (mg/kg dry mass)

Tabmuua 2
KosdpuiueHnTs! 61010rn4ecKoro HornoueHsa MMKpo3/1eMeHTOB PaCTeHIAMY IIeHU LI
Table 2
Coefficients of biological absorption of trace elements by wheat
OneMeHT KonTpons VYnobpenue
Element Control Fertilization
Zn 4,87 +0,26 4,42 +0,18
Ni 0,54+ 0,03 0,37 + 0,02
Mo 1,26 + 0,07 1,04 0,07
Co 0,08 + 0,01 0,05 + 0,01
Pb 0,08 &+ 0,01 0,12 + 0,01
Cu 0,64 + 0,05 0,52 = 0,03
Cd 0,21 £ 0,01 0,15+ 0,01

yBax. Onpezaesnenue BoropacTBOpuMbIX ¢popm Zn u Cd
HE TNPENICTaBIsIeTC BO3MOKHBIM BBUIy HU3KOTO COZEp-
*aHusi. BHecenune ynoOpeHuil u, Kak cileicTBUE, N3Me-
HEHHUE YCIIOBUH IMOMIONIEHUS] MUKPO3JIEMEHTOB U3 IO-
YBBI COMPOBOXKAAETCS YBEIMUCHHEM KOHIIEHTPAIH BO-
nopactBopuMBIX opMm Mo, Co, Pb 1 Cu B KOHKpEITHsIX.
B pacTuTenbHBIX TKaHSX MIIEHUIB KOHIEHTPALMS
Zn u Cu BblIIIIE COIEP>)KaHUS OCTAIBHBIX HCCIIET0BaHHBIX
aJieMeHTOB (puc. 2). Maciirad momiomeHus JIeMEHTOB
MPsIMO CBSI3aH C POJNIBIO0 B KHM3HU pacTeHuid. Zn u Cu
OTHOCSIT K «3JIEMEHTaM >KU3HM», UX (PU3UOJIOTHYECKast
POJIb CBSI3aHa, IPEXIE BCEIrO, C YYaCTHEM B KIIFOUEBBIX
MeTtabonnyeckux nporieccax [8]. B buomacce pactenwit,
BBIpAILICHHBIX Ha JENSHKAX, IJe MPUMEHSIIUCH yaoope-
HUS1, OTUETIIUBO yBeJIn4YuBaeTcs KoHleHTpaius Pb u Cd.
VYBenn4yeHne ypoBHs KOHIIGHTPAIMK JaHHBIX JJIEMEHTOB
B PAaCTHUTEIBHBIX TKaHSIX MOXKET OBITh BBI3BAHO YBEJH-
YEHUEM COIEpXKaHUS MOABWKHBIX (DOPM 3JIEMEHTOB B
MOYBE M BO3HUKHOBEHHEM OJAarompHsTHBIX YCIOBUH,
CHOCOOCTBYIOIIMX aKTUBHOMY IOIJIOLICHHUIO JIEMEHTOB
pacTeHUsIMU U3 TTOYB MPH UCTIOJIL30BAHUH YIOOPCHHH.
@pakUUOHHBIN YUYET ypoKasl MIIEHULBI TIOKa3aJ Ipe-
oOnamanrie TPOAYKTUBHOM dacTH. Ypoxail ¢pakumid
MIICHAIBI, OTYYKIAEMBIX C OIS (3€pHO W CTeONHN) Ha
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KOHTPOJIBHBIX M YIOOPSEMBIX JCTSTHKAX, COCTABHUII COOT-
BeTCTBEHHO 72 % u 69 %. JlaHHBIE O comepKaHNH KaxK-
JIOT0 UCCIIETyEMOIr0o MUKPO3JIEMEHTa B OTAEIbHON (pak-
UM PACTEeHUH IMO3BOJIMIM HaM MOACYMTATh MX olliee
KOJIMYECTBO, BOBJICUEHHOE B OMOJIOTMYECKHH KPyroBO-
POT, a TakXe BEJIMYMHY BBIHOCA C ypOXKaeM M BO3BpaTa
B IIOYBY. Pe3ynbrarel ncciaeloBaHUM MOKa3alH, 4TO Ha
KOHTPOJIbHBIX BapUaHTAaX ONbITA PACTEHUAMH IILICHULIBI
BBIHOCHUTCS 3HauyuTeabHas jgous Zn, Mo, Co, Ni u Cu
(60—80 %) (puc. 3).

Pb u Cd B Gonbimem o0beMe BO3BpAIIAIOTCS B TO-
YBYy B BHJI€ TIO)KHMBHBIX OCTaTkoB. J[1sl pacTeHui, BbI-
palieHHBIX Ha yIoOpsieMbIX AeNsSHKaX, YCTaHOBICHHAS
TEHJIEHIIUS BBIHOCA MUKPOJIEMEHTOB HE MEHSETCs, 3a
UCKIIIOYEHUEM HEOOJIBIIOTO YBEJINYEHUS COACPKaHMS
Pb, Cd u Mo Bo (pakiusix pacTeHHid, COCTABIISIONIUX
XO3SIICTBEHHBIN BBIHOC. /)11 XapakTepUCTUKU M30Hpa-
TEJIHHOTO MOIIOIIEHNS NCCIIEIOBAaHHBIX 3JIEMEHTOB pac-
TeHUsIMU TIeHnIsl Obut paccuntad KbII, mo Benmmumnne
KOTOPOTO MOKHO CYIUTb O CTENEHH «OHMO(QMIBHOCTH
anemenTta. YpoBHu KBII BapprupoBain Ha KOHTPOJIBHBIX
1 yIoOpsieMbIX AeJsIHKaxX onbITa (Tadi. 2).

[pu nccnenoBaHUKM MHTEHCUBHOCTH BOBJICUEHUS B OMO-
JIOTHYECKUIM KPYTOBOPOT MHUKPO3JIEMEHTOB PACTEHUSIMHU

avu.usaca.ru
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40%
20%
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Zn Ni Mo Co Pb Cu Cd Zn N1 Mo Co Pb Cu Cd
B xX03s0ICTBEHHBII BRIHO ¢ farm removal
Oposepar B mousy return to the soil
Puc. 3. Coommnouierue cooepianiisi MUKPOITEMEHMOB 6 NPOOYKIMUBHOL U HENPOOYKMUBHOT 4ACHISIX YPOHCAS
Fig. 3. The ratio of trace elements content in productive and non-productive parts of crop
Tabnuna 3
Koa¢ ¢pumirenTs! Koppensamum MeXay cofiepyKaHyeM pasmIIHbIX popM MIKPOITIeMEHTOB B II0YBAX, KOHKPEIVAX M PACTEHIAX
Table 3

Correlation coefficients between the trace elements different forms contents in soils, in nodules and in plants

DopMBI IIEMEHTOB
E
Onement Element | OOwbexThI Objects lement forms
BaoBble popmbl BomopactBopumble GopMbl
Total forms Water-soluble forms

D 0,76 -
Zn K,p

P 0,74 -

o 0,37 0,75
Ni P

P 0,50 0,76

n—p

o 0,79 0,78
Mo P

P 0,19 0,79

n—p

;‘_‘;’ 0,51 0,75
Co

P 0,54 0,85

n—p

o 0,54 0,83
Pb 4

P 0,46 0,90

n—p

o 0,53 0,80
Cu P

P 0,54 0,74

n—p

o 0,34 -
cd £

P 0,40 -

n—p

*n—p — K03 PuUUUEHIMbI KOPPENAUUL I/IEMEHITIOB 8 CUCTIEME «N04BA — PACIIEHUe»

*s—p — correlation coefficients of elements in the soil-plant system

k—p - K03 PuULLUEHMbL KOPPENTUUL ITEMEHINOB 8 CUCEME «KOHKPeUUU — pacieHie»
**n-p - correlation coefficients of elements in the nodules-plant system

avu.usaca.ru 19
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TMIIIICHATIBI 00OHAPYKEHO, YTO Ha KOHTPOIBHBIX JIETITHKAX
9Ta KyJbTypa aKTUBHEE BCETO U3BJICKACT U3 MOYBHI Zn U
Mo, ypoBenb KIIb KOTOpBIX OTHOCHTCS K TPYIIIE HHTEH-
CHUBHOIO TOIVOILICHH. B MeHbIIEH CTeneHu 3TO OTHO-
cutcs k Cu, Ni, Cd, Benmnunna ux KbII HaxoguTcs B 1ua-
Ma30He CPEAHETO MOTIIOIMIEHHUS, M 04eHb C1a00 TOoTyIoIa-
torcst Pb u Co. XapakTep HaKOTUIEHUST MUKPOAJIEMEHTOB
B PacTEHUSAX YIOOPSIEMBIX ACISHOK CBHJICTEIBCTBYET O
CHUKCHUHM MHTEHCUBHOCTU MX MOIVIOLICHUS PACTCHUS-
MH, 3a UCKIIIoueHHEeM Pb.

ConepkaHue MHKPO3JIEMEHTOB B OMOMacce IIICHU-
IIbI HAXOAWTCSA B MPAMOI 3aBHCHMOCTH OT BEIHYWHBI
ypoxkas. CrnenoBasio Obl OXHIIATh, YTO Ha YIOOPSEMBIX
NISIISTHKaX BO3PACTAIONIMK ypokalh U 00beM MHUKPO-
DJIIEMEHTOB, MOCTYMAIOIMIUX B PACTCHUS, IOJKHBI CO-
MIPOBOXKIATHCS YBEITUUCHUEM UX BBIHOCA M yCHIICHUEM
pacxomoBanus U3 1mouBbl. OHAKO 3TO HE BCErAa MOJ-
TBEpXKIaeTCsl AKcepuMeHTansHo. CofepKanne MUKpPO-
AIIEMEHTOB B PACTEHHSIX, BEIPAIIICHHBIX Ha JIEJISTHKAX, TIe
MIPUMEHSIIN PA3JINYHbBIE BUJBI YIOOPEHUH, IEHCTBUTEb-
HO YKa3blBaeT HA YBEIMYCHUE UX MPHUTOKA, HO pa3Mep
KBII cBuaeTensCTBYeT O CHUKEHUH CTETIEHU UX U3BJIe-
YeHUS U3 TOYBEL. B mouBe, Kak yke OBLJIO OTMEUEHO, C
HCITOJIE30BAaHUEM YIOOpEHN HAOIIONAI0Ch HapacTaHNe
YPOBHSI KOHIIEHTPAIIUU CJIEAYEMBIX 3JIEMEHTOB M 0OCO-
OCHHO TEX, KOTOpBIC SBISIOTCS YaCThIMU CITyTHUKAMHU
XO3IMCTBEHHOM AesTenbHOCTH uenaoBeka (Pb, Cu, Cd).
OpHoli M3 TPHUYMH BO3HUKHOBEHMSI JAHHOTO SIBJICHUS
MOXET ObITh aKTHBHOE (HOPMHUPOBAHHE IOYBCHHBIX
koHKperuii. [IpumeHeHne ymoOpeHW COMPOBOXKIA-
eTCsl YCHIIEHHEM IIpollecca KOHKpenneoOpa3oBaHUus U
CTUMYJIUPOBAHHEM COPOIIMOHHBIX CBOMCTB KOHKPEIIHIA,
MI0J1 BO3ACUCTBUEM KOTOPBIX 3HAYUTEIBHOE KOIHMUECTBO
MHUKPOAJIEMEHTOB 3aKPEILISIETCS B COCTAaBE KOHKPEIIUHA U
OUYCHb Majlasl YaCTh HAXOMUTCS B JOCTYITHOM JIJIST pacTe-
HUN COCTOSIHUU.

B xauecTBe AMAarHOCTUYECKUX KPHUTEPHEB OIEHKU
CTEIEHU BIUSHUS MUKPO3JIEMEHTOB, HAXOSIINXCS B TIO-
YBaX M KOHKPEUHUIX, HA PACTUTEIbHBIC OPraHU3MBbI MbI
WCTIONIb30BAII  CPeIHUE KOA(PPHUIMEHTHl KOPPEISIIH
MEXJIy KOJIMYECTBOM PAa3JIUYHBIX (PAKIMIA JIEMEHTOB
B TI0YBaX, KOHKpENUsax W pacteHusx (tadm. 3). Ilo yc-
pEIHEHHBIM JaHHBIM, MaKCUMallbHAsl KOPPESIHOHHAS
CBSI3b MEXKY CONIEP)KAHHEM MHUKPOIJIEMEHTOB B pacTe-
HUSX ¥ TIOYBAaX OTMEYEHA Ui BaJoBBIX hopMm Mo u Zn.
B3anMocBs3p MEXKIy COAECp)KAHUEM BOAOPACTBOPUMBIX
(hopM DIIEMEHTOB B IMOYBAX M PACTCHHSIX IMPEBBIMIACT
YPOBEHB B3aUMOCBSI3U BaJIOBBIX (HOPM M BapbHPYETCS OT
0,75 mo 0,83. Mexay conep:KaHHEM 3JIEMEHTOB B pacTe-
HUSX ¥ KOHKPEIHUSIX HauOOoIIbIIast CBsI3b OOHApYKEHA IS
BonopactBopumMbIx opm Co u Pb. B nienom st 601b-
IIMHCTBA 3JICMCHTOB BeJIMYMHA Kod(duimeHTa Koppe-
JISAAYA MEKIY BAIOBBEIMHU (hOpMaMH 3JIEMEHTOB B CHCTE-
M€ «II0YBa — PACTCHHE» BBIIIEC 3HAYCHHS CBSI3U MEXKIY
pacTeHnsMU U KOHKpenusaMu. [Ipu cpaBHeHNU ypoBHeH
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B3aMIMOCBSI3H C BOJOPACTBOPUMBIMH (PAKIHSIMA MH-
KpPO3JIEMEHTOB YCTAaHOBIIEHO, YTO KOHKPEIUH HapsIy
C BMELIAIOLIEH MOYBEHHOM MaccOol OKa3bIBAIOT CyIlle-
CTBEHHOE BIIMSHHE HAa XUMHUYECKHUW COCTaB PaCTECHHII.
Koaddunment koppessiiuu BOIOPaCTBOPUMBIX (HOpM
Co u Pb Mexmy pacTCHUSMH M KOHKPEITUSMHU TPEBBI-
1aeT YPOBEHB JJAHHOTO MTOKA3aTelsl MEXKIY PACTCHUSIMHA
1 11ouBoii. Takast TEHICHIUS B3aMOCBSI3H DJICMEHTOB B
MOYBaX, KOHKPEIUSIX U PACTCHUSAX MOXET OBbITh CBsI3aHA
C €IMHBIM UCTOUYHUKOM MOCTYIUICHUSI MUKPOIJIEMEHTOB.
CrienoBarebHO, HE HCKITIOUEHA BO3MOXHOCTH COPOIINT
MHUKPO3JIEMEHTOB W3 IMOYBBI HA TIOBEPXHOCTH TBEPIOU
(ha3bl KOHKpEIUi MPEerMYyIIeCTBEHHO B BHJIE BOAOpPAC-
TBOPHUMBIX, JIETKOTIOABUKHBIX COCITUHEHUHN, KOTOPBIE 10
Mepe BXOKJICHUS B COCTAB KOHKPELUU IMOABEpPraroTcs
TpaHC(OPMAIIUK CO CTOPOHBI OCHOBHBIX KOHKPEIIHEO-
Opa3yromux 2JIEMEHTOB.

Oxcunet 1 tuapokcuasl Fe u Mn oOycnasimBaroT 0o-
Jiee yCTOHUMBYO (POpPMY 3aKperyieHHsI MUKPOIJIEMEHTOB
[9] 1, BEpOSATHO, IEPEBOIAT BOAOPACTBOPUMBIC (DOPMBI
MHUKPOAJIEMEHTOB B KOHKPEIUSAX B UHEPTHBIC COCAMHE-
Hus. [locrneqnue OTANYAOTCS OT MOYBEHHBIX MEHBITUM
y9JacTHEM B MTUTAaHUHU PACTCHHUH B Pe3yibTaTe WX 3aKpe-
IJICHUS B COCTaBe 00Jee CTAOMIBHBIX, CIICITU(DUICCKIX
coeMHeHH. Pe3ynbraTsl HccaeIoBaHuN MTOKa3aiH, YTO
JIOTIOJTHUTEIIEHOE 00OTall[eHHE MTOYBBI MUKPOIJIEMEHTA-
MU CHIDKACT MPOYHOCTh MX (PUKCAIMH B KOHKPEIUSX,
BO3MOXKHO, TIOTOMY, YTO MIOCTOSTHHOE MUKPOIJIEMEHTHOE
MTOTIOJTHEHUE TIPUBOAUT K MPAKTUYCCKU TTOJTHON pean-
3auy COPOITMOHHBIX CIIOCOOHOCTEW COOCTBEHHO KOH-
KPEIMOHHOTO BEIIecTBa.

BriBoabl. Pexomenpanun

W3ydeHHbIE arpoTeMHOTYMYCOBBIC IOIOCIBI  Xa-
pPaKTepU3yIOTCs HecOaTaHCUPOBAHHBIM COMEPIKAHUEM
MHUKPONIEMEHTOB. B 11ouBax Hapsiay ¢ yCTOHYMBBIM Jie-
¢urmrom MukpodneMenToB (Mo, Ni 1 Zn), HeoOXomu-
MBIX JIJIsI TTONTyYeHHS Ka9eCTBEHHOW PacTEHNUEBOIUECKON
MIPOAYKIINHU, 0OHAPYKEHO MOBBIIIIEHHOE coziepikanue Cu
u Co. BHecenune ynoOpeHuid COpoBOKAACTCS AOTOTHH-
TEIBHBIM MOCTYIUICHHEM MHKPO3JIEMEHTOB, HO HE OKa-
3BIBACT CYMIECTBEHHOTO BIIFSTHUS HA MHUKPOIJICMEHTHBIN
cocTaB MoYB. MUTpaIioHHBIE UK MUKPOIIEMEHTOB
B 3HAYUTEIFHOW Mepe PEeTyIUPYIOTCS AEITEIHHOCTHIO
KoHKperuii. OcHOBHast (yHKIIMOHAIIbHAS 0COOEHHOCTh
KOHKpEIUI BBIPAKACTCS B HAKOIUICHUM W CHIKCHHUU
MOJIBIPKHOCTH MUKPOAJIEMEHTOB, YTO B KOHEYHOM HTO-
r'e MPUBOANT K OTPAHWUYCHUIO MOCTYIUICHUS DJIEMEHTOB
B pacteHus u noarsepxkaaercs yposHem KBII. [Tpu stom
HEOOJNBIIONW 00bEM MHUKPOAIIEMEHTOB, MTPEICTABICHHBIN
MTOJIBMYKHBIMH COSAMHEHUSIMU, 00HAPYKUBAET BBICOKYIO
CTEIMEHb B3aMMOCBS3U C COACPNKAHUEM MHUKPOIIEMEH-
TOB B pacTeHusix. [lonmydeHHble pe3ynbTaThl MO3BOJISIOT
MIPETONIOKHTD, UYTO IO TEX TOP, TTOKAa MUKPOJIEMEHTHI,
MOTJIONIIEHHBIE KOHKPEITUSAMH, HE TIPETepIeNn TITyOOKIX
MpeoOpa3oBaHMii, OHW HApaBHE C DIEMEHTAMH, CONEp-
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JKalTUMHUCS BO BMCIIAIOIICM ITOYBCHHOM I'OPHU30HTEC, yUa- KpCI_II/Iﬁ B KOMIUJICKCHBIC COCIMHCHUSA KOHKpELHUU Orpa-
CTBYIOT B IIUTAHUUN paCTeHI/Iﬁ. HpI/I ;[anLHeﬁmeM CBA3bl- HUYUBAKOT MUTI'PALUIO, a4 BIIOCJIICACTBUU U BOBCC BBIBOAAT
BaHWH 3JICMCHTOB COp6LII/IOHHO—aKTI/IBHLIMI/I q)aBaMI/I KOH- YaCTb MUKPO3JICMCHTOB U3 OHOJIOTUYECKOTO KpyroBopoTa.
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