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B 2-x BereTaiimoHHBIX OTBITAX, 3AI0KEHHBIX Ha KMCJION IEePHOBO-TIOA30JIUCTO JIETKOCYIMHUCTOM IMOYBe,
MMPOBEIEHO CPaBHUTEJbHOE U3YYeHUE YIOOPUTEIHHON LIEHHOCTU W MEJIMOPATUBHBIX CBOWCTB TOHKOM3-
MeJIbYEeHHBIX YacTull fojiomuTa (JIM), nconb3yeMbIX 111 AOPOKHOTO CTPOUTENLCTBA, M TOMEHHOTO IILjIa-
ka (1) meTanmypruueckoro 3aBofia. YCTaHOBJIEHO, YTO cycTs 1 rof rocie n3BecrkoBanus JIM, BHeceH-
Hag B 9kBUBaJIeHTHBIX ¢ 1111 1o HeliTpanu3yloleit ClIoCOOHOCTH 103aX, CIIOCOOCTBOBasIa OOJIbILIEMY CABU-
ry pHgc ¥ 6osbliieMy HaKOMIEHMIO CyMMbl O6MeHHbIX ocHoBaHuit Ca’* + Mg?*. Tlo BrusHMIO Ha
MPOAYKTUBHOCTD COJIOMBI MilIeHUIIbI BapuaHThI ¢ JI111, BHeceHHOM B paBHBIX ¢ JIM KojimuecTBax, HE yCTy-
najiu rocyuenHeit. Biusinue nssectkoBanus JIM Ha ypoxkaifHOCTb 3epHa MIIEHUIIbI ObLIO OoJiee 3HAYUMO,
yem ¢ I1I1. BeisiBieHa CBSI3b MEXIY COlepXXKaHUEeM MOIBUXHBIX KaTnonod Ca?t + Mg?t B MmemopupoBaH-
HOIi TT0YBE U MPOAYKTUBHOCTBIO 3epHa MileHUlIbl. PazpaboTaHbl aMIpuYecKre 3aBUCMMOCTH, OTTUCHIBA-
IollIMe BJIMSTHYE BO3PACTAIONINX 03 MEJTMOPAHTOB Ha Tepexo Kalblvsl, MarHus, IIMHKA, XXeJle3a U Map-
raHiia B COJIOMY U 3epHO pacteHuil. CieaH BbIBOJ, YTO Ha TIEPBOM 3Talle paCTBOPEHUS] MEJIMOPAHTOB UX
XUMHUYECKasi Ipupoaa Oblj1a BeAyIrM (pakTopoM IpH JOCTYKeHUH 3¢ deKTa oT u3BecTKoBaHusa. CTeeHb
U3MeTbYEHUs U3BECTKOBBIX MaTEpUaIOB MMesia BTOPOCTeIIeHHOE 3HaYeHe.

Karoueswie cro6a: XMMUUIECKUIA COCTAB PACTEHUIA, SpOBasl MIIIEHUIA, KACJIast JEPHOBO-ITOA30JIMCTast JIETKO -
CyDJIMHMCTAsI MIOYBa, U3BECTKOBaHME, KaJbIIUiiCOAEPXKALLIME OTXOAbl IIPOMBIIILICHHOCTH, SMITMPUYECKUE
MOJIEJIN, TPAHCIOKALIMS MaKpO- U MUKPO3JIEMEHTOB, BereTaTUBHBIEC U TeHEPATUBHbIE OPTaHbl PACTEHUIA.
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BBEIAEHME

B ma6oparopuu memmopanyu mouB AU (GeIBIIAS
JlabopaTtopusi arpo3KOJIOTUYECKUX HCCIIeIOBaHUI
BHUIITHUM) c 1987 r. npoBoouiIu MCCIEIOBAHMS,
HarpaBJeHHble HA YCTAHOBJIEHUE BO3MOXHOCTU HC-
MOJIb30BaHUSI OTXOIOB ITPOMBIIIIEHHBIX TPOM3BOICTB
B Ka4eCcTBe yIoOpeHUiT 1 MeTnopaHToB [1—S8].

CroxuBlIvecs B HACTOSIIIEee BpeMsI DKOHOMUYE-
CKUe YCIIOBUSI B CETbCKOM XO3SIICTBE, JOPOTOBU3HA
MPOBENeHUS U3BECTKOBAHUSI, TSPPUKOHBI KaJIbIIUii-
COoIepKaIllX OTXOHOB OKOJIO METaJTypTUYECKHUX
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MPEONIPUSTUIA 1 MHOTOYNCIICHHBIE N3BECTKOBBIE OT-
BaJibl BOJIM3M OBIBIIMX U CYIIECTBYIOIINX KapbepoB
Mo 10oObIYe IICOHS IJIS TOPOXKHOTO CTPOMUTEILCTBA
3aCTaBJISIIOT BEPHYTHCS K 9TOMY BOIIPOCY.

K HacTtosIieMy BpeMeHU CYIIECTBYIOT JOCTATOU-
HO TIOJTHBIE MPEACTABICHUS O MEXaHU3Me pacTBOpe-
HUS KaJdbLIMICOASPKAIINX MEJIMOPAHTOB B MOYBaX.
Hanpumep, npu pacTBOpeHNH U3BECTHSIKOBOM MYKH
KaJIbLIUI, KOTOPBIA COAEPKUTCS B OTACIbHBIX IO -
CUHTETUYECKUX IBOMHUKOBBIX 3€pHAX, MCUE3aeT MO~
YTH TTOJTHOCTHIO. OCTAIOTCS PEJIUKTHI 36PeH KaJbIH-
Ta, OKpY>XeHHBIE MEJIKO3epHUCTHIMU HOBOOOpa3oBa-
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Ta6mma 1. M3MeHeHMe KHMCJIOTHO-OCHOBHBIX CBOMCTB
MOYBHI IO AEMCTBUEM BO3pacTalOlIMX 103 JOJOMUTOBOM
MYKHU ¥ JOMEHHOTO IIJIaKa

2+ 2+
Bapuanr PHxa th:nb(:Kgilo’O r
Omnmit 1
1. ®oH (NPK) 4.14 1.45
2. ®oH + M no 0.375 H,. 4.52 3.71
3. ®on + M 1o 0.75 H,. 4.97 5.36
4. ®on+ Mo 1 H, 5.38 6.63
OmnbiT Ne 2

1. ®oH (NPK) 4.14 1.45
5. @on + A1 1o 0.1 A, 4.30 2.06
6. ®ou + 11 no 0.25 H,. 4.39 2.54
7. ®on + A no 0.375 H,. 4.42 3.05
8. ®on + 1 o 0.75 H,. 4.69 3.84
9. ®on + I 1o 1 H, 4.83 4.71

IMpumeyanue. IM — monomurtoBas myka, JILII — momeHHBII
uwtak. To xe B Taba. 2—5.

HussMu  Cas;(C¢HsO;);, KoTopble TPENSITCTBYIOT
JaJbHEMIIeMy PacTBOPEHUIO, HO C YBEIMYEHUEM
MPOAOKUTETBHOCTH B3aMOJENCTBUS C TTOYBOI Tak
K€ TOJTHOCTBIO MCYE3alOT.

JomomMuroBast Topoja, CJIOXEHHas WCKIIOUM-
TE€JIbHO YUCTBIM posomutoM — Ca,Mg(CO;), —
BCTpeUYaeTcss OueHb penko. Yallle oHa COCTOUT U3
KaJIblIUTa, MarHe3uta M, COOCTBEHHO, IOJIOMUTA.
O6b1uHO U30bITOK CaCO; 06pa3yeT KajablIUEeBbIi 11e-
MEHT, CKPEIUISIIOIUIT poMOO3ApUYECKIE KPUCTAJIIbI
IIBOITHOTO KapOoHaTa. PacTBopeHMe cpeaHero 1010~
MUTa — pe3yJbTUPYIOLIas 2-X NapajjiebHO UIYIINX
polieccoB: 1 — pacTBopeHUe KaiublnTa (MU MarHe-
3UTa), LIEMEHTUPYIOIIETO KPUCTAJIJIBI IBOMHOM COJIH,
2 — pacTBOpEHUE 3epeH COOCTBEHHO IBOMHOM COJIN.
PacTBOpMMOCTbL 4YMCTOTO KaJbIUTa WM YUCTOTO
MarHe3uTa BHIIIE, YeM PacTBOPUMOCTD IBOMTHOM CO-
JIU, TI0O3TOMY M30UpaTellbHOE pAaCTBOPEHUE HUMEET
CBOMM pE3yJIbTaTOM IIPOLIECC C XapaKTEPHLIMU KO-
HEYHBIMM TIpoayKTaMu. [IpoucxomuT usMesbueHUE
JOJIOMUTA B MPOLIECCE XMMUYECKOTO BHIBETPUBAHUS
¢ oOpa3oBaHUEM MMOPOIIKOBUIHOIO ToJg0oMuUTa [9].

Pesynbrartel meTporpaduvecKux HUCCIeIOBaHMI
JIOMEHHBIX 1IJIAKOB TTOKa3ain, YTO TOMUHUPYIOIIUM
MUHEpPAJIOM B X cocTaBe siBisieTcss MenuHuT (2Ca0 -
- MgO - 25i0,) - (2Ca0O - AL,O; - Si0,), cocTosi1IMii Ha
10% w3 okepmanura (2Ca0 - MgO - 2Si0,) n Ha 90%
n3 resieHuTa (2Ca0 - Al,O; - Si0,). OT™MeuyeHo nocre-
TIeHHOE PaBHOMEPHOE PACTBOPECHWE MEJIMHHUTAa IO

TpelIrHAaM II0 BCEil TTOBEPXHOCTU €T0 COMPUKOCHO-
BeHMSI ¢ TTouBoii [10].

HMcnonab3oBaHUe OTXOIOB B KaUeCTBE MEIMOpaH-
TOB MMEET CBOU OcoOeHHOcTH. Kaxknplii obGiamaer
TOJIBKO €My IIPUCYIIUM HabOopoOM MaKpo- U MUKPO-
aJieMeHTOB. [1py NX BHECEHUU B TOYBY BaXKHYIO POJIb
UTPAET HE TOJIBKO IPSIMOE YBeIUUEeHHE KOHIIEHTpA-
LIUY TIPUMECHBIX 3JIEMEHTOB, KOTOPBIE MOTYT MOIJIO-
IIaTh PACTEHUS HEMOCPEACTBEHHO, HO U CIIOKHEIE
MPOLIECCHI aACOPOLINHI, KOMIUIEKCOOOpa30BaHUSI, MOH-
HOTO OOMEHA, COOCAXKIACHUSI MEXIY OTICIbHBIMU 3JIe-
MEHTaMHM, B pe3yJIbTaTe Yero IOABMKHOCTH (IOCTYII-
HOCTb) MX IUISI paCTeHUIA OymeT MeHAThCs. [1pu moBbI-
IIIEHUH YPOBHS 00ECIEeYeHHOCTU OMHUM 3JIEMEHTOM
Y PaCTeHUI1, KaK IPaBUIIO, U3MEHSIETCS ITOTPEOHOCTh
B IpYTUX.

Lenp paboThl — M3yYUTh OCOOEHHOCTH XUMUYECKO-
I0 cOCTaBa paCTEHMI SPOBOI MILIEHULIBI, BbIPAILIEHHbIX
Ha KHMCJIOM IE€PHOBO-IOA30JMUCTON JErKOCYTIITMHNUCTOMN
MOYBe, MEIMOPUPOBAHHONM BO3pACTAIOIIUMU J03aMU
noaoMuToBOM MyKH (JIM), IIpUTOTOBJIEHHOI 13 OTCEe-
Ba JOJIOMMUTOBOI KPOIIKHU, 1 TOHKOU3METbYEHHOTO
nmomeHHoro nuraka (JIII) metamiyprudeckoro npem-
MIPUSTHSI.

3amgauu uccaea0BaHMs: U3YIUTh U3MEHEHUS KIC-
JIOTHO-OCHOBHBIX CBOMCTB JE€PHOBO-MOA30JMUCTON
MoYBBI ciycTs 1 Tom 1mociie m3BecTKoBaHug M m
JUII B mmpokoM WHTEpBAJIE T03; OIPEACTUTH IIPO-
IYKTUBHOCTh I XMUMUYECKHI COCTAaB FTeHEPATUBHBIX U
BEreTaTUBHBIX OPTraHOB SIPOBOM MIIIEHUIIBI; BHISIBUTh
CBSI3b MEXIY COAEPKaHMEM MOIABIKHBIX KaTHOHOB
(Ca?* + Mg?" ) B MeIMopUpyeMoii IToYBE U IIPOLYK-
TUBHOCTBIO 3€pHA IIIEHULILI; pa3padoTaTb SMITUPU-
YeCKHe 3aBUCUMOCTH, OIMCHIBAIOIINE BIIMSIHUE BO3-
pacTallInX 103 MEJIMOPAHTOB Ha IepeXo KaJIblIusl,
MarHusi, MapraHiia, Xejae3a U IUHKA B COJIOMY U 3ep-
HO pacTeHMIi; Ha OCHOBE IPOBEICHHBIX MCCICA0BA-
HUII 1aTh CPaBHUTEIBHYIO OLICHKY YOOOpPUTEIbHOM
LICHHOCTU 1 MEJIUOPATUBHEIX CBOMCTB U3BECTKOBEIX
MaTeprajoB KapOOHATHOM M CHJIMKATHOM IIPUPOIEI.

METOANKA NCCIEJOBAHUA

WN3yuenure mpoBOmMIN B 2-X ITapaiebHBIX Bere-
TallMOHHBIX onbiTaXx. Cxema onbiTa ¢ JAM (ombIT 1)
BKimouasna 4 sapuanrta, ¢ 1111 (onwiT 2) — 6 BapuaH-
ToB. KOHTpOJIeM B 000MX ONBITax CIY:XKWJI BapyUaHT
0e3 M3BECTKOBAHMS, YIOOpPEHHBINT MWHEpPaTbHBIMU
ynoopeHusimMu (tadi. 1).

BrIpamyuBaHue pacTeHUil TIPOBOAWIN B BeTreTallk-
OHHBIX cocynax, BMelatomux 5 Kr rnoussl. I[lepen no-
ceBOM nouBy ynoopsiiu azodockoit (NPK =16:16:16)
B KonmmuecTBe 0.2 r 1.B./KT mouBbl. KyabTypa — sipoBast
mueHuna (7riticum) copra Jlenunrpanckas-97. Iie-
HUILY B OMbITE BRIPAIIUBAJIN OO ITOJIHOM CITeJIOCTH.
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Ta6mmna 2. BayoBoit XUMUYeCKUit cOCTaB TepHOBO-TIOA30JIUCTON JIETKOCYIIMHUCTOM TTOYBHI, % Ha 6ecKkapOOHATHYIO U

0e3ryMyCHYIO IIOUBY

[Motepst mpu ipokanuBanuu| Si0; | R,03 | Fe 05

AL O;

CaO MgO P205 SO3 MnO z

4.75 82.27 9.12 1.89

8.38

0.29 0.30 0.09 0.38 1.47 99.82

Taomuna 3. ConepkaHue 3JIEMEHTOB-3arpsI3HUTEICH U TSIKEIbIX METAJIJIOB B IOMEHHOM 11UIAKe U I0JIOMUTOBOI MyKe, MI/KT

As Hg Pb Cu Zn Mn Cd Ni
JIoOMeHHBIN IITaK
0.14 | 0.018 | 27.2 | 9.0 | 4.1 | 1105 ] <0.01 \ 11.6
JlonoMuTtoBasi MyKa
<1.0 | <0.015 | 9.76 | 1.46 | 8.50 | He onpenernsim \ <0.05 \ 6.20

B omnbiTax Mcnonap30Bany CUIbHOKUCITYIO JEPHO-
BO-TIOA30JIMCTYIO JIETKOCYIJIMHUCTYIO MOYBY CO CJie-
IYIOIIUMA  (PU3UKO-XUMUYECKUMU TTOKA3aTEISIMU:
pHyc 4.1, ruaponutryeckass KMCIOTHOCTh (H,) u
CyMMa MONJIOIIEHHbIX OcHoBaHuil (§) — 4.75 wu
1.5 mMonb(3kB) /100 r TOYBBI COOTBETCTBEHHO, TYMYC —
1.75%, conepxanue ppaxkumu <0.01 mm — 24.1%. Ba-
JIOBOM XMUMMYECKMIA COCTaB IMOYBHI IIpUBEACH B TA0JI. 2.

B xauecTBe METMOPaHTOB MPUMEHSIIIU JOJTOMUTO-
BYIO MYKY, TIPUTOTOBJIEHHYIO U3 OTCE€Ba OJIOMMTA,
WCTIOIb3YEMOTO JJIsI TOPOKHOTO CTPOUTENIHCTBA (Me-
cropoxaeHue EnmzaBetunHo, I'atumHckuit p-H Jle-
HUHTPAACKOI 00JI.) U MOMEHHBIN 1ITak Yeperosel-
KOTO MEeTaJITyprMyecKoro KoMOuHara.

IMepen npuMeHeHEM MEIMOPAHTOB UX pa3MaJlbl-
BaJIi IO TOHKOIMCIIEPCHOro (IIOPOIIKOOOpa3HOIO)
COCTOSIHUSI, IIPOITyCcKasl 4depe3 CUTO C AUaMETpOM
syeek 0.25 mm. Helitpanusytoliast cnocodHocTs JIM —
93, A1 — 85%. [1pu BHECEHUH B TIOYBY MEJTMOPAHTHI
BBEIDAaBHUBAJIM 110 HEUTPAJIM3YIOLICH CITOCOOHOCTH.
Hoza IM, paccuurtanHas no 1 H,, cocraBwia 12.6,
AT — 13.8 r/cocyn. Conepxanue CaCO; B oTceBe —
48.1, MgCO; — 36.4%, B nomeHHoM nutake: CaO —
39.73, MgO — 19.7, SiO, — 38.43, Al,O; — 6.7, MnO —
0.32%. ConepxxaHre TPUMECHBIX 3JIEMEHTOB B MEJIH -
OopaHTax IpuBeAeHO B Ta0I. 3.

JIII YeperoBeliKkoro 3aBoza siBISIETCSI U3BECTKO-
BO-CUJIMKATHBIM, a TOJIOMUTOBAsI MyKa — U3BECTKO-
BO-KapOOHaTHBIM yanoopeHueM. I1o cogepkaHuio Ts1-
>KEJIBIX METaJIOB, MPUCYTCTBYIOIIMX B OTXOAAaX, OHU
He TMPENCTaBIISIIOT YTPO3bl 3arpsi3HEHUSI TIOYB U pac-
TeHUIA.

Ddusuko-xuMHUYeCKHe ITOKa3aTead IMOYBHBI yCTa-
HABJIMBAJIM OOILENIPUHSITBIMU MeTomaMu. MUKpo-
SJIEMEHTHBII COCTaB MOYB, PACTEHWI U MEJIMOpaH-
TOB ONpPEAEISUIN Ha AaTOMHO-aICOPOLIMOHHOM CITeK-
tpodoTomerpe. U3pneyeHue cymmbl Caz™ + Mg u3
TTOYB MPOBOAMJIN alleTaTHO-aMMOHUIHBIM Oy(depom
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(pH 4.8). IlonydyeHHbIe TaHHBIE 00pabOTaHBI METO-
JlaMU1 MaTeMaTU4ecKou ctatuctuku [11].

PE3VYJIbTATbBI 1 UX OBCYXIEHHUE

Pe3ynbTaThl CBUIETENBCTBOBAIN, UTO BO BCEX Ba-
puaHTax C W3BECTKOBAHWEM IIPUMEHEHUE MEJTUO-
PaHTOB CIOCOOCTBOBAJIO POCTY BEIMUMHBI pH, n3me-
peHHoii B pactBope 1 H. KCI. Yem Gosbliie ObL1a 103a
NpUMEHEHUsI, TeM noka3atelb pH ObuT BhIIE. MC-
MOJb30BAaHUE OJHUX MWHEPATbHBIX YIOOpPEHUIT HeE
BBI3BAJIO MOAKUCIeHUs (Tabu. 1).

DbdexT oT npuMeHeHUs MeJIMOPaHTOB KapOo-
HaTHOW U CWJIMKATHOI MPpUpPObl ObLI pa3nnueH. Ec-
1 nipu ucnoab3oBanuu JIM poct pH B BapuaHTe ¢
KCIOJIb30BAaHUEM TTOJTHOM 103bl MenuvopaHnTa (1 H))
nocturan 5.38 en. pH, To npu npumeHenuu I B
SKBUBAJIEHTHOU no3e BenuuuHa pHygc coctaBuia
4.83 en.

MN3meHeHue BenuuuHbl pHge B MeIMopupoBaH-
HOI TOYBE KOPPEIUPOBAIO C U3MEHEHUEM CYMMbI
MOMIOIIEHHBIX OcHOBaHuil Ca?* + Mg?". B onbite ¢
M u3MmeHeHus conepxkaHus cocTaBuiim ot 1.45 (Ba-
puanT NPK) mo 6.63 Mmmonb(3kB)/100 T TTOUBHI (Ba-
pUAHT C IOJIOMUTOBOW MYKOWM, pacCUMTAaHHOMW IO
nosiHoit no3e H.). KoadduimeHTt Koppensuuu 6bu1
paBeH r = 0.99. B onbite ¢ JIIII pazmax usMeHeHU
conepxxaHust cymmbl Ca?t + Mgt cocrasun 1.45—
4.71 mmonb(3kB)/100 T mouBsl. KoadpumueHT Kop-
pensuun Mexay BenmanHaMu pHyo 1 cymmbr Ca?* +

+ Mg?* 6bu1 paseH 0.99. Takum 06pa3oM, B 060MX
OITBITaX B Pe3yJIbTaTe U3BECTKOBAHUS YKe B TOI IIPU-
MEHEHUS OBLI TOCTUTHYT MEJIMOPATUBHBIN 3(PPEKT.
Ucnonp3oBanue JIM Ooiiee 3HAYMMO MOBIMSIJIO Ha
KUCJIOTHO-OCHOBHBIE CBoOIicTBa MouBbl. CremoBa-
TeJIbHO, XMMUYECKas TIpUpoaa MeJIopaHTa Obljia Be-
IymuM (GakKTOpOM MPU JOCTIKEHUH 3P deKTa OT 13-
BecTKoBaHMsA. CTeneHb U3MeJIbUeHUSI UMeJIa BTOPO-
CTeTIeHHOE 3HaUYeHUE.
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Ta6mmma 4. [TpoayKTUBHOCTD M XUMUIECKUM COCTAB PACTEHUI SIPOBOM MIIIEHUIIBI

VYpoxai, Ca Mg Fe Mn Zn
BapuaHT r/cocyn % MT/KT
1 2 1 2 1 2 1 2 1 2 1 2
OnmiT 1
1. ®on (NPK) 2.2 4.7 10.066 | 0.418 | 0.125 | 0.056 | 56.3 | 82.1 [194.7 [419.3 | 45.1 | 17.3
2. ®on + M 1o 0.375 H,. 9.7 | 10.8 | 0.053]0.425]0.162 | 0.181 | 62.9 | 82.5 | 54.4 (206.1 | 41.2 | 12.7
3. ®oH + IM o 0.75 H, 11.9 | 11.4 | 0.047 | 0.488 | 0.167 | 0.190 | 60.2 | 77.0 | 42.3 | 141.0 | 30.6 6.9
4. ®on + IM 1o 1 H, 12.5 | 11.6 | 0.049|0.470 | 0.170 | 0.190 | 64.0 | 67.4 | 41.7 | 101.9 | 27.2 5.1
OmnpIT 2
1. ®on (NPK) 2.2 4.7 10.066 | 0.418 | 0.125 | 0.056 | 56.3 | 82.1 [194.7 [419.3 | 45.1 | 17.3
2. ®ou + I no 0.1 H,. 6.0 7.3 10.047 | 0.403 | 0.145 | 0.092 | 42.9 | 72.9 | 126.6 [347.7 | 39.3 | 10.6
3. ®on + A1 no 0.25 A, 8.8 8.7 10.058 | 0.407 | 0.130 | 0.078 | 49.3 | 66.1 | 69.1 [246.5 | 32.9 8.6
4. @on + 1o 0.375 H. | 8.4 | 10.0 | 0.048|0.433 | 0.147 | 0.091 | 52.8 | 78.7 | 65.5 [219.7 | 34.5 | 16.0
5. ®ou + I no 0.75 H,. 9.2 | 11.8 | 0.051 | 0.435]0.140 | 0.150 | 61.4 | 76.7 | 50.6 [198.4 | 45.4 9.0
6. ®ou + Il no 1 H, 9.4 | 12.7 | 0.048|0.460 | 0.136 | 0.172 | 55.0 | 81.1 | 40.6 |185.3 | 25.7 7.9

ITpumeuanue. B rpade 1 — 3epHo, 2 — comoma.

JaHHbIe O BIMSHUY M3BECTKOBAHMS Ha ypoXKaii-
HOCTb U XMMUYECKMI COCTAaB PACTCHUI ITIIEHUIIbI
TNIpUBENCHBI B Ta0N. 4. MUHUMAaIBHBIN BBIXOI COJIO-
MBI pacTeHUII B OIBITaX ObLI XapaKTepeH IS KOH-
TPOJBHOIO BapuaHTa. B BapmaHTax, ymoOpeHHBIX
AM B no3zax 0.375—1 H,, ypoxaiiHOCTb COJIOMbI ObLl1a
B 2.3—2.5 pa3a oonbmie, yeM B KoHTpose. [Ipnmene-
uue 1 B sxBuBaneHTHHIX ¢ JIM mo3ax ObI10 HE Me-
Hee 3 PEeKTUBHBIM.

Bnussnue msBectkoBaHus JIM Ha BbIXod 3epHa
MIIEHUIBI OKa3aJioch Oosiee 3Haummo, dem JIII.
I1pubaBku ypoxkasi B cocyaax ¢ McrnoJjib3oBanuem JIM
B 103ax, cooTBeTcTByto1MX 0.75 u 1 H,, 6bU11 60JIb-
111e, YeM B aHAJIOTUYHBIX BapHMaHTaX CO IILIAKOM.

OmMrupuyeckas Monelib (1), onuchiBaroniast BJIu-
saHue conepxxanus cyMMbl Ca?t + Mg?" B mouBe, Me-
JuopupoBaHHoU JIM, Ha ypoxXaliHOCTb 3epHa IIiiie-
HULBI UMEET CASAYIOLINNA BUI:

¥y =0.4558 +2.01x,
JUI IOMEHHOTO 11IJIaKa:

y, = 1.669 +1.93x, )

e x — cogepxanue cymmbl Ca’" + Mg?* B nouse,
¥ — YPOXaifHOCTb 3epHA.

(1)

Huns onbita 1: p = 0.051 (p — value no Kputepuio
®uwepa), R> =0.901, mis ombra 2: p = 0.046,

2
R” =0.67. OxunaeMoe U3MEHEHHUE IMoKa3aTesss )
MpU yBEJIUUYEHUU X HA ONHY €OUHUILY B UHTEpBaje

u3MmepeHuid B onbite 1 — v; =2.01, B onbiTe 2 —

v, = 1.93. I'padpux smnupuyeckoit 3apucumoctu (1)
MpuBeIeH Ha puc. 1.

3aBHUCHUMOCTHU BeJIMYMHBI YpOXKasi 3epHa B OIbITe 1
U omnbite 2 OT cogepxkaHusa cymmbl Ca’™ + Mg B
MoYBe ObUIM CTATUCTUYECKU 3HAYMMBIMU Ha BBICO-
KOM YpOBHE 3HaUMMOCTU. TakuM 0Opa3oM, UCIOJIb-
30BaHME MEJIMOPAHTOB KaK KapOOHATHOI, TaK U CH-
JIMKaTHOM MPUPOJbI, MPUBEIO K YBEJIUUYEHUIO ypO-
Kasi 3epHa TIIeHULbl. BeluuyuHb 0XHIaeMbIx
U3MEHEHUI v, U v, OB MPaKTUYECKU OJUHAKOBDI-
mu. Ha puc. 1 rpadpuxku moneneii (1) u (2) nouru na-
pasienabHbl. bojiee BBICOKMIA ypOBEHDb YpoxKasi 3epHa,
JIOCTUTHYTBIH B ONbITE 1, MO-BUAMMOMY, OOBSICHSIET-
csl 0ojiee BBICOKUM COJEpXKaHUEM JTOCTYITHBIX IS
pactenuii Ca?t + Mg?" B mouse, MeJIMOPUPOBAHHOM
JM, yem 1111 B rom mpuMeHEHMUSI.

PasHast pacTBOpUMOCTH MEJIMOPAHTOB B IIOYBE
pa3IMYHBLIX BADMAHTOB OIThITa HEN30€XKHO CKa3aJlach
Ha KOJIMYECTBE MOIJIOIIEHHOIO IIIEHULIC MarHUSI.
KoHLieHTpaliusg MarHusi B COJIOME€ BO BCEX MU3Y4YEH-
HBIX BapuaHTax omnbiTa ¢ JIM Onlma Oombile, 9YeM B
aHaJOTMYHBIX BapmaHTtax onbita ¢ JII. INlpm wc-
nonb3oBaHuu M B noze 0.375 H, conepxxaHue mar-
HUS B cojioMe 6110 paBHO 0.181% oT aGCOIOTHO Cy-
XOM Macchl paCTeHUM, B BApUAHTE C SKBUBAJIEHTHOMU
nmosoii JILI — 0.091%, T.e. B 2 pa3a MmeHbIIIe. Mi3MeHe-
HUS cCoIepKaHMsI MAaTHUSI B BapUaHTax ombiTa ¢ JIM co-
ctaBn 0.056—0.190% (pa3nuiia B 3.4 pasa), BBapraH-
tax ¢ A1 — ot 0.056 mo 0.172% (pa3uua B 3.0 paza).

ITo Mepe yBenuueHUs TO3bI IPUMEHEHUS MEJTNO-
PaHTOB YCTAaHOBJICH POCT COIEPKAHUS MarHUS B CO-
ATPOXUMUA
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Vpoxaii 3epHa, T/cocyn
16

14+
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0 1 2 3

4 5 6 7

Conepxanue Ca + Mg B mouBe, MMOJIb(3kB)/100 T

—— ypoxKail 3epHa, onbIT Ne |

-

ypoxaii 3epHa, oreIT Ne 2

—@— wozeib (1)

— @ - momenb (2)

. + +
Puc. 1. 3aBUCMMOCTb MPOLYKTUBHOCTH 3€pHA MILIEHULbI OT KOHLIEHTPALIUM JOCTYITHBIX COEAUHEHUIT Ca’ + Mg2 B ITOYBE.

Jiome mureHulbl. CTaTucTudeckasi 3HaYuMOCTb MO-
neneii (5) u (6), ONMUCHIBAIOIINX BIUSTHUE TO3bI TTPU-
MEHEHUS MEJIMOPAHTOB Ha TIepexol MarHusi B
coJjiomy, B onbITe ¢ JIM ObL1a HU3KOIA, B onbiTe ¢ JIITT —
BBICOKOI (Ta0. 5).

M3meHeHue coaepXaHWsT MarHusi B 3epHE ITIe-
HULBI Ha TIOYBE, MeJIrnopupoBaHHOK JIM, cocTaBuIo
0.165—0.170, B ombrte ¢ A1 — 0.125—0.147%. PazHuua
B onbiTe ¢ JIM coctaBuna 1.03 pasa, B onbite ¢ JIIT —
1.2 paza. TakuM 06pa3oM, MOXKHO TOBOPUTH 00 orpe-
ﬂeﬂeHHOﬁ CTa6I/UIbHOCTI/I KOHICHTpaluI1 MarHus B
IFr€HECPATUBHLBIX OpraHax IMMIICHMIIbI.

M3BecTHO, YTO B pacTeHMUs MILIEHULILI OCHOBHASI
Macca MUHEPaJIbHBIX 3JIEMEHTOB IOCTYIIAET 10 KOJIO-
LIEHUS, a PEIIPOAYKTUBHBIE OPTaHbl 00ECIIeUNBAIOT-
csl BJIeMEHTaMU TMTAHUS 32 CYET OTTOKA U3 JIUCThEB
n crebnss. Hapsoy ¢ HeonmHaKoOBOH pacTBOPHUMO-
CThIO MEJIMOPAHTOB, UMEHHO TiepepaclpeacicHueM
MarHusl U3 BeTeTaTUBHBIX OPTaHOB B 3€PHO CJCAYeT
OOBSICHATh HU3KYIO BapMabeIbHOCTh €ro colepKa-
HUSI B 3€pHE IMIIIEHUIIBI U BBICOKYIO — B BET€TaTUBHBIX
opraHax. B aToMm y0exmaer cienyroliee 00CTOSITEIIb-
ctBo. CoaepxaHue MarHus B COJIOMe MIIEHUIBI BO
BCEX M3BECTKOBAHHBIX BapuaHTax omnbita ¢ JIM ObL10
oouselie, yeM B 3epHe. B omneiTe ¢ A1 mogo6Has 3a-
KOHOMEPHOCTb YCTAHOBJIEHA TOJBKO B BapMaHTax C
NpUMEeHEHUEM IIJlaka B HeBBICOKMX pgo3ax (0.1—
0.375 H,). ITpu uzBectkoBanuu 111 B no3e 0.75—1.0 H,
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KOJIMYECTBO MArHusl B COJIOME PE3KO BO3pacTalio U
ObUTO OOJbIlle, 4yeM B 3epHe. [Ipn 3TOM M3MeHeHue
colepKaHUsI MarHUSI B 3epHE MILIEHUIIbI B BApraHTaX
OMBITa C U3BECTKOBAHWEM HU3KUMMU JO3aMU MEJTNO-
paHTa 1 103011, cCOOTBeTCTBYOLIEH | H ., ObU10 HE3HA-
gureabHbIM (0.136—0.145%).

ComtacHo COBpeMEHHBIM NpeacTaBIeHUsIM, (pop-
MHUPOBAHUE BJIEMEHTHOTO COCTaBAa PACTEHU MTPOXO-
JIUT MO BIUSHUEM F€eHETUYECKU OOYCIOBJIECHHBIX U
aKosiornueckux pakropon. He Bce opraHbl pacTeHUM
B OJMHAKOBOM Mepe OTpaXKaloT 4Yepe3 DJIEMEHTHBIN
COCTaB XMMUUYECKYIO CUTYyallMIO B Mo4YBe. Mexny aie-
MEHTHBIM COCTABOM CEMSH U BET€TaTUBHBIX OPTAaHOB
CYyILIECTBYET 3HaUuTeNIbHAsA padHula. ConepxaHue 1
COOTHOUIEHNWE OCHOBHBIX 3JIEMEHTOB ITUTAHUS B CE-
MeHax OoJiee MoCTosiHHO. O4eBUIHO, UTO XMMMUYE-
CKUit cOCTaB reHepaTUBHBIX OPTaHOB B OOJIbIIIEH CTe-
TIEHU CJIEAYyEeT pacCMaTpUBATh KaK HACJIEACTBEHHOE
CBOICTBO. MOXHO yTBEpXKIaTh, YTO pacTEHUST OCY-
IIECTBIISTIOT 00JIe€ KEeCTKUI TeHETUYECKUI KOHTPOJIb
3a COAEPXKAHUEM DJIEMEHTOB IMUTAHUS B TeHEPATUB-
HBIX OpTaHax. DTo obecreyrnBaeT HopMalbHOE (PYHK-
LIMOHUPOBAHUE PACTCHUI HAa HAYaJIbHOM 3Tale UX
pa3BUTUS.

Cratuctudeckasi 3HaUMMOCTb Moneneit (3) u (4),
OIMMCBIBAIOIIVX BIIUSTHUE JO3bI MEJIMOPAHTOB Ha Te-
pexon Mg B 3epHO IIIIEHUIIEI B OITbITE 1 OBIJIa HE BBI-
COKOI1, B OITBITE 2 — HN3KO0i1. OXXmoaeMoe n3MeHeHNE
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Ta6mauma 5. SMHI/IpI/I‘ICCKI/IC MOICIN TpaHCJIOKaIuM MaKpO- 1 MUKPOSJIEMCHTOB B ICHEPATUBHLIC 1 BETCTAaTUBHbLIC Opra-

HbI NIICHUIIbI

JIMTBUHOBHWHY u ap.

Mounenb, No Mognenb p-value y* R
OmnmiT 1 (Mg, 3epHO) 3 y; = 0.133 + 0.043x 0.1 0.043 0.79
OmneiT 2 (Mg, 3epHO) 4 ¥4 = 0.135 + 0.0048x 0.67 0.0048 0.04
OnewiT 1 (Mg, conoma) 5 ys = 0.087 + 0.126x 0.15 0.126 0.71
Omnpit 2 (Mg, costoMa) 6 Y6 = 0.061+0.111x 0.0019 0.111 0.92
Omnmit 1 (Ca, 3epHO) 7 y; = 0.063 — 0.018x. 0.1 —0.018 0.8
OmneiT 2 (Ca, 3epHO) 8 yg = 0.057 — 0.01x 0.28 -0.01 0.278
Omnwoit 1 (Ca, cooma) 9 yo = 0.415+0.067x 0.138 0.067 0.74
Omnpit 2 (Ca, conoma) 10 Y10 = 0.406 + 0.048x 0.019 0.048 0.78
OmeiT 1 (Mn, 3epHO) 11 yi; =160.2 —144.8x 0.1 —144.8 0.72
OmbIT 2 (Mn, 3epHO) 12 yi, = 141.8 —122.7x 0.05 —122.7 0.65
Omnpit 1 (Mn, cotoMa) 13 yi3 = 380.2 - 307.1x 0.05 —307.1 0.9
OnbIT 2 (Mn, conoma) 14 Y14 = 353.7 - 204.1x 0.03 —204.1 0.7
Omnwit 1 (Fe, 3epHo) 15 Vs = 57.7 + 5.94x 0.23 5.94 0.58
Omnwit 2 (Fe, 3epHO) 16 V6 = 49.5+8.51x 0.288 8.51 0.27
Ommrt 1 (Fe, conoma) 17 Y7, = 84.7 —14.01x 0.12 —14.01 0.76
Omnnit 2 (Fe, comoma) 18 Vg = 74.5+ 4.26x 0.59 4.26 0.07
Omneit 1 (Zn, 3epHO) 19 Y19 = 46.14 —19.06x 0.017 —19.06 0.96
OnebIT 2 (Zn, 3epHO) 20 Yy = 41 —9.36x 0.3 —9.36 0.22
Omnwit 1 (Zn, conoma) 21 Yy =17.25-12.7x 0.006 —12.7 0.99
Omnwit 2 (Zn, coioma) 22 Yy, = 14.16 — 6.28x 0.2 —6.28 0.36

*y — oXugaeMoe U3MEHEeHHe TOKa3aTes COaCpXKaHUA 3JIEMCHTA INMUTAaHUA ITPU YBEJIMYCHU N KOHLUCHTpallun Ca+ Mg B ITOYBC Ha OIHY

eNVHULLY.
wxpl KO2(PULIMEHT AJeTepMUHALINH.

KOHIIEeHTpaluu Mg B 3epHe MIIeHUIIbI OT A03bI ITPU-
MEHEHUSI MEJMOPAHTOB: onbIT 1 — v; = 0.043, onbIT
2 — v, =0.0048; B conome: ombIT 1 — vs; =0.126,

onbIT 2 — vg = 0.111% oT abGCOMOTHO CyXOit MacChl
pacTeHMUIA.

N3 HepaBeHctB v; =0.043 > v, =0.0048 wu
vs =0.126 > v¢ = 0.111 MOXHO chenaTh BBIBOI, YTO
npuMmeHeHne JIM crmocoOG¢cTBOBao OOMbIIEMy 000-
raleHuIo MarHueM Kak reHepaTUBHBIX, TaK U BeTe-
TaTUBHBIX OPTAHOB MIIeHULIbI, yeM JI111.

Kanpumii mpeuMyllieCTBEHHO HaKaIUTMBaJCS B
BereTaTMBHBIX opraHax mniueHunbl (Tadna. 4). Ero
KOHILIEHTpAalMs B COJIOME MEHSIJIach B 3aBUCUMOCTU
ot BapuaHTa onbita ¢ JIM ot 0.418 1o 0.488%. Mak-
CUMaJILHBIM YPOBHEM HaKOILJIEHUS XapaKTepHU30BaJl-
¢S BapUaHT C UCITOJb30BaHUEM JIOJJOMUTOBOM MyKHU B
nose 0.75 H.. B BapuaHTe, y1oOpeHHOM JOJOMUTO-
BOIi MYKOI B TOJIHOI J03€, paccuuTaHHou no 1 H,
conepkaHue Kajablus 66110 MeHbIe (0.47%). Dmmu-

puyeckas 3HauuMocTb moaeieii (9) u (10), onuceiBa-
IOIYX BIWSTHUE O03bI JIM Ha KOHIEHTpALUIO KaJlb-
M B COJIOME IMIIIeHUIIbI, OblIa HU3KOi1 (TabI. 5).

B onbite ¢ npumeHnenuem JI 11 HaGroganu mocre-
MEHHBII POCT COAepKaHUS KaJIbLUS B COJIOME IIIIIe-
Huubl. B 6onpmmHcTBe BapuanToB ¢ I cogepxka-
HHe KaJIblIvsl ObLIO MEHBIIIE, YeM B aHAJIOTUYHBIX Ba-
puanTax ¢ JIM. U3menenue coctaBuiio ot 0.403 mo
0.460%. Cratuctuyeckass 3HAYMMOCTb MOJIEJIH, OITH -
ChIBAIOIIAsT 3aBUCUMOCTh HAKOIUICHUS KaJIbLIsI B CO-
JoMe oT 1o3bl ipuMeHeHus 11, Oni1a BEICOKOIA.

ConepxxaHue KaJabliMs B 3¢epHE pacTeHU ObLIO Ha
MHOPSIIOK MEHbBIIIE, YeM B cojiome. M3MeHeHne KOH-
LIEHTpallMi B 3epHE B omnbiTe ¢ JAM cocTaBuio OT
0.047 no 0.053%, B ombite ¢ JAIII — or 0.047 mo
0.058%. Kaknx-n160 3aKOHOMEPHOCTEM, CBSI3aHHBIX
C BJIMAHHNEM O03bI IIPUMECHECHUA MCJIMOpAHTa Ha Ha-
KOIUIEHME KaJblUS B 3€pHE IIICHUIIbI, BLISIBUTL HE
yIaJIOCh.

ATPOXUMHUA Nel 2023
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Peaxiius paCTCHI/Iﬁ Ha HaAKOIUICHMEC KaJlbIHA B
TKaHAX ITPYU BHCCCHUN IOJIOMUTOBOM MYKHN OBLIa BBI-
paxeHa CUJIbHEC, YEM Ha JTOMEHHBIA IIJTAK:

abs(v;) = 0.018 > abs(vg) = 0.01,
V9 = 0067 > Vip = 0048

dusnosornyeckasi pojib MapraHiia cBsi3aHa ¢ ero
Y4aCTHEM B OKUCIUTETbHO-BOCCTAHOBUTEIBHBIX ITPO-
leccax. B kauecTBe aneMeHTa, BXOMSIIETO B COCTaB
¢epMEeHTOB, OH 3aJeiiCTBOBAH B Ipolieccax JbIXa-
HUSI, a30THOM U HYKJIEMHOBBIX 0OMeHax. MapraHell
COIEPKUTCS B TKaHSIX BCEX pacTeHUM, OMHAKO OT-
JleJIbHbIe OpraHbl CYIIECTBEHHO Pa3InYaloTCs MEXITY
coboii. U3BecTkoBaHUe, B 1IeJIOM, TIPUBOIUT K Oca-
KIEHUIO B MOYBAX JOCTYMHBIX IS pACTEHUN COeIU-
HeHuit Mapranua [12—14].

JlaHHbIe Ta0J1. 4 CBUIETEILCTBYIOT, UTO MapraHel]
MPEVMYIIECTBEHHO HAKAIJIMBAJICS B BEereTaTUBHBIX
opraHax pacTteHuii. MakcUMaJbHBIM yYpPOBHEM Ha-
KOIUIEHUST XapaKTepU30BaJICsSI BapMaHT C MCIIOJIb30-
BaHMEM OJHUX MUHEPaIbHBIX yT1oOopeHuit (419 mr/Kr
BO3IIYIIIHO-CYXOi MacChl pacTeHUIA).

BHe 3aBUCMMOCTH OT BHIa UCHIOIB30BAaHHOTO Me-
JIMOpaHTa U3BECTKOBAHME MTPUBENIO K CHUKEHUIO CO-
JIepXaHUsl MapraHila B COJIOME TIIeHULIbl. B 60ib-
IIWHCTBE M3YYEHHBIX BApUAHTOB COIEpKaHUE Map-
ra’ua B orbIiTe ¢ JIM ObBLIO MEHBbIIIE, YEM B ONBITE C
JII. Pazmax m3aMeHeHWI coep>kaHMsI B BapHaHTax
omnbiTa ¢ JIM coctaBui ot 419 no 102 Mr/Kr aGcomioT-
HO CyXOi1 MacChl pacTeHMIA, T.e. oTanJaics B 4.1 pasa,
B onbite ¢ I — ot 419 mo 185 mr/kr. PazHuna co-
craBmia 2.3 pasa. KoadpdnumeHT KOppeassum MexX-
Ly BEJIMUMHOI comepxaHus cymmbl Ca’™ + Mg?™ B
MOYBE M COIepKaHMEM MapraHila B COJIOME B OIBITE
1 6611 paBeH ¥ = —0.97, B onibiTe 2 — r = —0.90.

Omnupuyeckue Moaenau (13) u (14), onuceiBaro-
1I1Me BIWSTHME BO3pacTalOIIMX 103 MEJIMOPAHTOB Ha
Mepexo MapraHiia B COJIOMY MILIEHULIbI, TPUBEIECHbI
B TabJI. 5.

CopepxaHWe MapraHiia B 3epHe pacTeHUIl OBLIO
MEHbIIIE, YeM B cojioMe. B 3aBrcMOCTH OT BapuaHTAa
B otteITe ¢ JIM, ero comep:kaHNe BapbupoBajo ot 41.7
1o 54.4 mr/Kr, T.e. paznuyanoch B 1.3 pa3a. B onbiTe
¢ I namenenust coctabuiu ot 40.6 mo 127 Mr/xr,
T.e. oTmnyaymch B 3.1 pasa. KoadopuimeHT koppens-
LY MEXY BEJIMYMHAMU cofepKaHus cyMmmbl Ca?t +
+ Mg?'B mouBe U comepXaHUg MapraHia B 3€pHE B
onkbite 1 6611 paBeH = —0.97, B onbiTe 2 — r = —0.90.
CornacHoO IUTEepaTypHBIM JaHHBIM [15], orrTuManb-
Hasl BeJIMUMHA COACPXKaHUsI MapraHila B 3epHe MEHSI-
ercs ot 15—25 no 80 Mr/Kr cyxoii Macchl paCTEHUIA.
Takum oGpa3om, IMOTydeHHBIC TaHHBIC CBUACTEIb-
CTBOBAJIA, YTO U3MEHEHMS COAEPKaHUSI MapraHila B
3epHe OOJIBIIMHCTBA BapMAHTOB C U3BECTKOBAaHUEM
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YKJIaAbIBaIUCh B AUAIIa30H HOPMAIbHBIX KOHIICH-
Tpaluii, TMO3BOJSIOIINX OOeCIeYnTh HOpPMAaJbHOE
GYHKIIMOHUPOBaHWE pACTEHUI TTIIICHUIIHI.

ComnocTaBjieHUE M3MEHEHUs COACpXKaHUS Map-
raHiia B TeHEpaTUBHBIX U BEreTaTMBHBIX OpraHax B
OINBITaX IT0Ka3aJIo, YTO peaKlns pacCTeHUIA Ha BHECE-
Hue JIM okasanacek cuibHee, yem Ha JI1IT:

abs(v;;) = 144.8 > abs(v},) = 122.7 (B 3epHe),
abs(v;;) = 307.1 > abs(v,4) = 204.1 (B cojiome).

Kene3o — HEOOXOOUMBIN BIIEMEHT IJISI pOCTa M
pa3BUTUSI pacTeHMIA. YUacTue Kejie3a B mpoleccax
oOMeHa BellleCTB B PaCTUTEIbHOM OpPraHU3Me Upes3-
BBIYAIfHO OOIIMPHO M OTPaXKaeTcsl Ha aKTUBHOCTHU U
XapakTepe MeTaboJM3Ma MOTPEOIIEMBIX paCTeHUSI-
MU 3JIeMEHTaX MUTaHUsI. DTOT BJIEMEHT yJ4acTBYET B
MepeHoce BIIEKTPOHOB U OKUCIUTEILHO-BOCCTAHO-
BUTEIBHBIX pEaKIIMIX, TAKUX KaK OKMCJIEHUE YTIeBO-
JIOB, BOCCTAaHOBJIEHUE CYJILPATOB M HUTPATOB. bosb-
LIIYIO POJIb UTPAET XKeJIe30 B (DOTOCUHTE3E PACTEHUIA,
SIBJISISICh HE3aMEHMMBIM KOMITOHEHTOM B COCTaBe
XJ0poI1acToB [16].

IToka3zaHo (TabJ1. 4), 4TO XKeae30 MPUCYTCTBOBAJIO
KaK B TeHepaTUBHBIX, TaK U BeTeTaTUBHBIX OpraHax
mueHubl. CpaBHUTEIbHBINM aHAIU3 JaHHBIX COAep-
JKaHUSI XKeJie3a B 3epHe 1 COJIOMe pacTeHU i MO3BOJINII
YCTaHOBUTD, YTO COJIEPKAHUE XKeJie3a B COJIOMe ObLIO
OoJiblile, YeM B 3epHe. B costoMe MieHulIbl, BbIpallleH-
Hoi1 B onbiTe ¢ JIM, U3MEeHeHUe ero coiepkaHusl B Ba-
pHaHTax cocTaBuIo OT 82.1 (KOHTPOIIB) 10 67.4 MI/KT B
BapuaHTe C MaKCUMaJIbHOIl [030il MeJaropaHTa.
B oneite ¢ 11 cogepxkaHue xKeae3a B BApUaHTaX Ba-
perpoBaiio oT 82.1 mo 66.1 Mr/KT abCOTIOTHO CyXOit
Macchl. B 3epHe M3MeHeHUe coaepKaHMs Xkese3a B
omnbiTe 1 cocraBuio oT 56.3 10 62.9 Mr/Kr, B OIbITE
2 — o1 42.9 10 61.4 Mr/KT aGCOJIFOTHO CYXOi MaCCHI.

ComlacHO JUTEpaTypHBIM JaHHBIM [16], comep-
KaHWE Kejie3a B OpraHax IIIeHUIIbI, 00ecIeuYnBaro-
mee HopMajibHOe (YHKIIMOHMPOBAHME pPacCTeHUM
MeHsieTcs oT 25 mo 80 Mr/Kr CyxXoii MacChl paCTEHUIA.
Takmm obOpa3oM, comepkaHUe XKeJie3a B 3epHE B 13-
BECTKOBAaHHBIX BapMaHTaX YKJIaIbIBAJIOCh B OIITH-
MaJILHBII MTHTEpBaJl, HCOOXOTUMBIN IJIST pOCcTa U pa3-
BUTUS PACTCHU ITIIIEHUIIHI.

CraTuCTUYECKM 3HAYUMBIX UBMEHEHU comepka-
HUS KeJie3a B CpenHeM BO BCEM MHTEpBaJIe 103 MEIr-
opaHTOB B onbITax ¢ JIM u {111 He mpoucxoauio HU
B 3epHe — Monenu (15) u (16), HA B cojloMe — MOAEIIN
(17) u (18).

LIMHK urpaer BaxkHYyI0 pOJib B a30THOM, YIJIEPOJI-
HOM U pochopHbIX 00MeHax. OH cIOCOOCTBYET CUH-
Te3y HYKJICMHOBBIX KUCJIOT M O0enka. [Tpn HemocTaTke
IIMHKA B paCTEHUSIX HAKaIJIMBAIOTCS PEYyLIMPYIOIINE
caxapa, HEOEJIKOBbIE COEAMHEHUSsI a30Ta, OpraHuye-
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CKMe KUCIIOThI, YMEHBIIIAETCS CoIepKaHe caXapo3bl
M KpaxMmajia, HapylmaeTrcsd cuHTe3 Oenka. dedwnur
LIMHKA IIPUBOAUT TaKKe K HapylIeHUIo (pocopHOro
obmeHa. [Ipu HegocTaTKe 3TOTO JIEMEHTA B IUCThSX
MOIABJISIETCS CKOPOCTH JIeJIEHUS KIIETOK Me30o(puiia,
YTO TMPUBOAUT K MOPMOIOTMYESCKUM H3MEHEHUSIM
mmctheB. Bo3pactanune pH mmouBeHHOTO pacTBOpa, a
TaKXXe YBEJMYEHUE COIepKaHUs B TIOUBE OOMEHHBIX
COCAVHEHUI KaJabLIs U MAarHUs CIOCOOCTBYET CHU-
KEHUIO COJEPKaHUS IUHKA B PACTCHUSX.

M3 Bcex U3ydeHHBIX 3JIEMEHTOB LIMHK XapaKTepu-
30Bajicd HAaMMEHBIIUM HAKOIUIEHWEM B PACTECHUIX
MmueHuBl. BHe 3aBUCUMOCTH OT JO3bI U BUIA MIPU-
MEHEHHOTIO MeJIMOpaHTa CoJAepKaHue IIMHKA B COJIO-
Me pacTeHUit ObI10 B 2.6—5.3 pa3a (onbIT 1) u B 2.2—
5.0 paza meHblIe (OIbIT 2), YyeM B 3epHe. Makcu-
MaJIbHBIM HaKOITJIECHUEM ILIMHKA XapaKTepU30BaIUCh
pacTeHUsT KOHTPOJIBHOTrO BapruaHTa. M3BecTkoBaHUe
COCOOCTBOBAJIO CHUZKEHUIO COAEPKAHMSI TOTO DJie-
MeHTa B pacTeHusix. KoaddunueHt Koppensiuu
MeXIy BeJIMYMHamMu cogepxaHug Ca?t + Mgt
BIIOYBE M Zn B pacTeHHUSIX B OIbITe | OBLI paBeH
r=10.95 (3epno) u r = 0.89 (conoma), B onbiTe 2 —
r=0.82 (3epHo), r = 0.98 (conmoma).

DOMIIMpUUECKHUE 3aBUCUMOCTH, OITMChIBAIOIINE
nepexon Zn B 3¢pHO U COJIOMY IIIIIEHULILI B 3aBUCH-
MOCTHU OT BHIa U O3Bl IPUMEHEHHBIX MEIUOPAHTOB
MpuUBeAeHEI B TabJ. 5. CTtaTucTUYecKast 3HAYUMMOCTh
monedeit (19) u (21) nepexona HMHKA B 3€pHO U COJIO-
My pacTeHuii B onbITe ¢ JIM ObIlTa 09eHb BHICOKOM, B
onsite ¢ A1 — momenu (20) u (22) — Hu3Koit. Bnusi-
Hue JIM Ha HakoIUIEeHME LIMHKA B 3€pHE U COJIOME
MIIIeHUIBI OBLJIO 3HAYUTEIbHO cuiibHee, yeM JI11:

abs(vyy) = 19.06 > abs(v,y) = 9.36 (3epHoO),
abs(v,;) = 12.7 > abs(v,,) = 6.28 (conoma).

B uenom mokazaHo, 4to Kak JIM, TIpUTOTOBJICH-
Hasl U3 OTCeBa JOJOMUTA, TaK U TOHKOPa3MOJIOThIi
1IIJTaK SIBJISTIOTCSI BBICOKO3(h(DEKTUBHBIMU METUOPAH-
Tamu. WX HCMoib30BaHUE YCTPAHSIET ITOYBEHHYIO
KHUCJIOTHOCTb 1 TIPUBOIUT K 00OTAIIEHUIO OYBHI J0O-
CTYITHBIMU JJISI pACTeHUI COeTMHEHUSIMU KaJIbLIUS 1
MarHusi yxe B rof npuMeHeHUs1. Yem OoJibliie g03a
BHECEHMSI U3BECTKOBBIX MaTEpHUaIOB, TEM MeJIMopa-
TUBHBIA U ynoOpUTENbHBIN 3 dekThl 60mbine. Cu-
JukaTtHas popma MenuopaHTa (1), BHeceHHas1 B
9KBUBaAJIEHTHOI1 ¢ JIM mo3ax, Mo BIUSIHUIO HA TIOYBY
1 pacTeHUsI B rof IpuMeHeHus ycrynana M.

BosHukaeT Bonpoc, KakoBa IPOI0JLKUTEIBHOCTD
pPacTBOPEHHUSI MEJIMOPAHTOB KapOOHATHOM U CUJIM-
KaTHOI1 nmpuponpl. B paborax [17—22] 6pU10 MOKa3a-
HO, YTO TOHKOM3MEJIbUEHHbIE MaTepUajbl KapOOHAaT-
HOI MPUPOABI JOBOJbHO AaKTUBHO B3aUMOIECTBYIOT
¢ mouBoii. Harmpumep, crrycrs 1 rox mmocie meianopa-

MU JOJTOMUTOBOM U U3BECTHSIKOBOM MYKOI B J103€
1 H. ocTaTouHOE€ KOJINYECTBO HEMPOpearnpoBaBIInX
KapOoHaToB usMeHsIoch oT 15.1 mo 15.5% ot BHe-
CEHHOTO KOJINYECTBA, a ITIOJIHOE paCTBOPEHUE 3aKaH-
YMBAJIOCh Ha 7-1i TOJI Iocjie M3BeCTKOBaHuU:I [ 18].

PacTBopeHune 1OMEHHOTO 1IJ1aKa IPOXOIMIIO MEI-
JeHHee. B ombiTax [23] mpomoJKUTEIbHOCTh Oeii-
CTBUS TIOJIHOM 1O H. 103bI METAJITYPTrUY€CKOTrO 1Ia-
Ka coctaBuia 34 rona. /leiicTBre MEeTaJIyprM4eCcKOTO
IIJJaKa Ha KMCJIOTHOCTh ITOYBBI ObUIO cadee, 4YeM u3-
BECTHSIKOBOM U OJOJJOMUTOBOM MYKHU, MPOAYKTUBHOCTb
CeJTbCKOXO3SIMCTBEHHBIX KYJIBTYp ObllIa OOJIbIIIE.

B omnbiTax [24] mpoBeaeHO M3ydeHUE Meropa-
TUBHBIX CBOUMCTB MEJKOPa3MOJOTOrO0 JOMEHHOIO
1j1aka. YCTaHOBJICHO, YTO Jaxe ciycTs 39 jeT mocie
MpUMeHeHus1 MenkopasMmoJjiotoro JIII, oH mpomoi-
JKaJl OKa3bIBaTh MOJOXUTEIbHOE IefiCTBUE HA TOYBY.
OCHOBBIBasICh Ha TAHHBIX ONBITOB [23, 24| 1 B Ha1IeM
clydae clieayeT OXUIaTh JJIMTEIbHOIO Tocieneii-
ctBus J11.

BBIBO/IbI

1. TakuM 0Opa3oM, HMCITOIB30BAHHE ITOJIOMHTO-
Boii Mmyku (JIM) u nomenHoro nuraka (J1111) mpueio
K pocty mokazarenss pHg B KUCoit tepHOBO-TION-
30JIUCTOM JIETKOCYIIMHUCTOM TTouBe. Yem Goblie
ObUTa 03a MPUMEHEHUS MEIMOPAHTOB, TeM OOJb-
MW COBUT BeTMYUHBI pH 1ocTurHYT B omtbITax. Kap-
6oHaTHas ¢opMa MeTHOpaHTa B Toi IMPUMEHEHUs
6oJsiee 3HAYMMO TIOBJIMSUIa Ha M3MeHeHne pH, dem
cHJIMKaTHasI (popMma.

2. IlpuMeHeHMEe MeTMOPaHTOB CITOCOOCTBOBAJIO
000TrallleHUIO MOYBHI JOCTYIHBIMU JIJISI PACTEHMI Ka-
TUOHAMM Kajbliusg 1 marHus. IlouBa, menuopupo-
BaHHAasl HOJIOMWUTOBOM MYKOM cITycTs 1 Tom mocie
MPpUMEHEHHSI, XapaKTepHu30Bajaach 00Jjiee BBICOKUM
colepXaHMEM OOMEHHBIX OCHOBaHUIi, yeM IIOYBa,
ynoopennas J11I.

3. N3BecTKOBaHME MIPUBEIO K POCTY IIPOAYKTUB-
HOCTH pacTeHUI1 miieHuIbl. B BapnanTax, ynoopeH-
HbIX JIM, ypoxkaii coJloMBbI TIIEHUIbI ObLT B 2.3—
2.5 pa3sa 6oJbliie, yeM B KoHTpoJie. BapuaHTsi ¢ JI111,
BHECEHHOM B paBHBIX ¢ []M KonudecTBax, He yCTyna-
v BapuaHTaM ¢ JIM. BinusiHue usBectkoBanus M
Ha ypoxkaii 3epHa ObUIO O0Jiee 3HAUNMO, YEM IOMEH-
HOTO 11IJ1aKa. 3aBUCUMOCTb YPOXKAWHOCTH 3€PHA B OIIbI-
tax ¢ IM u JJ111 ot conepxanusi cymmbl Ca2t + Mg?* B
MMOYBE ObLIM CTAaTUCTUYECKM 3HAYMMBIMM Ha BBICO-
KOM ypOBHE 3HauumocTu. boiiee BbICOKasl IPOMYyK-
TUBHOCTB 3€pPHA B OITBITE C JOJTOMUTOBOM MYKOM 00h-
SICHSIETCSI OOJIbIIIel KOHIIEHTpAIME B TI0YBE OMbITa
JOCTYITHBIX IJISI PACTEHU KaTMOHOB KaIbIIUSI M Mar-
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HUSI, TOCTUTHYTOM TPU NPpUMEHEHUN KapOOHATHOI
¢dbopMBI MeTMOpaHTa.

4. VI3MeHeHUsT COAEpKaHUSI MarHusi B COJIOME B
BapuaHTax onbiTa ¢ IM cocraBuu 0.056—0.190%,
pasHuua — B 3.4 pasa, B BapuaHrax onbita ¢ JIIIT —
0.056—0.172%, pasuuia — B 3.1 pa3sa. B 3epHe, BbIpa-
LIIEHHOM B ombiTe ¢ JIM, conepXaHue MarHust Bapbu-
poBaio ot 0.125 mo 0.170% (B 1.36 pa3a), B ombITe C
AT — 0.125—0.147% (B 1.18 pa3a).

5. Kanpuuii mpenmyliecTBEeHHO HaKaIlJIMBaeTCs B
BereTaTMBHBIX OpraHax MHineHulbl. Ero KoHIeHTpa-
1I1SI B COJIOME MEHsIIach B 3aBUCMMOCTH OT BapuaH-
ToB orbiTa ¢ JIM ot 0.418 no 0.488%. B 601b1IMHCTBE
BapuaHToB ¢ Il comepkaHue Kaablus ObLIIO MEHb-
1lIe, YeM B aHaJIOTMYHBIX BapuaHTax ¢ JIM. U3meHe-
Husg cocraBuian oT 0.403 mo 0.460%. Copmep:kaHue
KaJIbLIMS B 3¢€pHE OBbUIO Ha IMOPSITOK MEHBIIE, YEM B
coJjiome. B omnbITe ¢ 10JIOMUTOBOI MyKOM pa3max 13-
MeHeHUil ycraHoBjieH B uHTepBaje ot 0.047 no
0.053%, B onbiTe ¢ I — ot 0.047 mo 0.058%.

6. Bo Bcex OnbITax M3BECTKOBAHKE CIIOCOOCTBOBA-
JIO YMEHBIIEHUIO TIOCTYIJIEHWs MApraHLa ¥ MHKA B
pacTeHus MIIEHNULBL. DTO OBUIO CBA3aHO KaK C U3Me-
HEHUEM TMOIBMXHOCTU MUKPOJIEMEHTOB ITPYU U3MeE-
HEHUU PEAKIIMK TTOYBEHHOIO PACTBOPA, TAK U C KOH-
KYPEHTHBIM XapakTepOM ITOCTYIUIEHUsI MapraHliia,
umHka u Ca>" + Mg?* B KOpDHM pacTeHMIA.

7. B cojioMe TIIIeHUIIbI, BRIPAIIICHHON B OMBITE C
JM, m3MeHeHHne coaepxKaHUS Kejie3a B BapuaHTax
cocraBuiio ot 82.1 (KoHTpoJib) 10 67.4 mr/Kr (Bapu-
aHT C MaKCUMaJIbHOUW no30il Menuopanta — 1 H)).
B ommeite ¢ A1 HakonmeHMe Xejle3a B BaApraHTax Ba-
pbupoBajio oT 82.1 mo 66.1 Mr/Kr abCOMIOTHO CyXOit
Macchl. B 3epHe usMeHeHUe ero coaepKaHus B OITbI-
te 1 coctaBmIo OT 56.3 10 63.9 MT/KT, B OTIBITE 2 — OT
42.9 mo 61.4 mr/KT abCOMOTHO CyXoif Macchl. CTaTth-
CTUYECKU 3HAYUMBIX U3MEHEHUI COMEpKaHUS Kele-
3a B CpeIHEeM BO BCeM MHTEpBaJie 103 MEJIUOPAHTOB B
onpiTax ¢ AM u I Hu B 3epHE, HU B COJIOME HE
MIPOVICXOIUIIO.

8. ComepsxaHust Mn u Fe B TKaHsIX paCTeHUIA, BbI-
palleHHBIX Ha TOYBE M3BECTKOBAaHHBIX BapUaHTOB,
YKJIaIBIBaJINCh B ONITUMAJTBHEIN TUAMa30H IJIs pocTa
W Pa3BUTUS PACTEHUI MIIICHUIIBL.

9. PacTeHus1 oCcylIeCTBIISIJIM OoJiee KeCTKUI reHe-
TUYECKUII KOHTPOJIb 3a CoAep:KaHUEM 3JIEMEHTOB
MMATAaHUSI B TeHepaTUBHBIX opraHax. CoxepxkaHue U
COOTHOIIIEHNE OCHOBHBIX JIEMEHTOB IMUTAHUS B 3€P-
He ObLI0 00Jiee MOCTOSTHHBIM.

10. Pa3paboraHbl 3MIUpUYECKHEe 3aBUCHUMOCTH,
OIMMCBIBAIOIIVE BIIUSTHUE BO3PACTAIOIINUX 03 MEJINO-
PaHTOB Ha TPAHCJIOKAIIMIO KAIbIIWS, MAaTHUS, XKeJle-
3a, IMHKa 1 MapTHAHLIA B 3¢PHO U COJIOMY ITIIEHULIBI.

ATPOXMUI

Nel 2023

11. XuMudeckast Iprupoaa MeJIMOPAHTOB ObIa Be-
IymuM (GakKTOpOM IPU TOCTIKEHUH 3P deKTa OT 13-
BecTKoBaHUS. CTeneHb U3MENbYCHUSI U3BECTKOBBIX
MaTepUaaoB UMeJia BTOPOCTENICHHOE 3HAYECHHE.
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Chemical Composition of Spring Wheat Plants on Acidic Sod-Podzolic Light Loamy
Soil, Calcified by Calcium-Containing Industrial Waste. Empirical Models
of Translocation of Macro- and Microelements into Vegetative
and Gene-Rative Organs of Plants
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In 2 vegetation experiments laid on acidic sod-podzolic light loamy soil, a comparative study of the fertilizing
value and reclamation properties of finely ground dolomite flour (DF) particles used for road construction
and blast furnace slag (FS) of a metallurgical plant was carried out. It was found that 1 year after liming, DF,
introduced in doses equivalent to FS in terms of neutralizing ability, contributed to a greater shift in pHy
and a greater accumulation of the sum of the exchange bases Ca?* + Mg?*. In terms of the effect on the pro-
ductivity of wheat straw, variations with FS, introduced in equal amounts with DF, were not inferior to the
latter. The effect of liming DF on wheat grain yield was more significant than with FS. The relationship be-
tween the content of mobile Ca%* + Mg?* cations in reclaimed soil and the productivity of wheat grain was
revealed. Empirical dependences describing the effect of increasing doses of meliorants on the transition of
calcium, magnesium, zinc, iron and manganese into straw and grain of plants have been developed. It is con-
cluded that at the first stage of the dissolution of meliorants, their chemical nature was the leading factor in
achieving the effect of curing. The degree of grinding of lime materials was of secondary importance.

Key words: chemical composition of plants, spring wheat, acidic sod-podzolic light loamy soil, liming, calci-
um-containing industrial waste, empirical models, translocation of macro- and microelements, vegetative

and generative organs of plants.
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