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AHHOTAIMA

Henab paGorbl: OLEHUTH BIMSHUE MHUKPOIJIEMEHTOB MapraHia u Oopa B
MUTATEJIbHOM PacTBOPE HA KOHIIEHTPALMIO aCKOPOMHOBOM KHUCIOTHI B JIUCTBSIX
PACTEHU B YCIOBUSIX TUAPOIIOHUKH.

OObexThl uccneaoBaHus (Kpecc-canaT, 0a3uIMK, TOPOX) BbIpAIIMBAIOTCA Ha
TUAPONIOHHOM CHUCTEME II0 TUIY BOJHOUW KyJbTYyphl. B KauecTBe NUTATEIbHOIO
TUAPOIIOHHOTO PacTBOpa UCIoab3yercs pacTBop KHona.

Pactenus BelpamuBaroTcs Ha 7 SKCIEPUMEHTAIBHBIX PACTBOPax: KOHTPOJb
(pactBop Knoma), 3 pactBopa ¢ 106aBieHreM pa3HON KOHIIEHTpALlMK MapraHia, 3
pacTBOpa ¢ pa3HOM KOHLEHTpaluen 6opa.

OnpeneneHne KOHIEHTpAIMM AaCKOPOMHOBOM KHUCIOTHI MPOBOJUTCS C
NOMOIIBIO HOJOMETPUUECKOTO METO/Ia KOJIMYECTBEHHOTO XMMUYECKOT0 aHAIN3a.

B xozxe mpoBenieHus uccie0BaHus ONPEAESIUIII, YTO 100aBjIeHEe MapraHiia
B IIUTATEIbHBIN THIPOIIOHHBIM PACTBOP OKa3bIBAECT CTUMYJIMPYIOLIEE ACHCTBUE HA
CHUHTE3 aCKOPOMHOBOM KUCIIOTHI B JINCTHAX PACTCHUH.

Onpenenuiay peKOMEHAYEMYIO KOHIICHTPAllMIO BHECEHHMS MapraHua B
pactBop KHoma.

OKCHEpUMEHT MPOJOJDKAECTCS, Ha JAHHOM JTale PACTEHHsI Kpecc-canara,
ropoxa M Oa3uiuKa BBIPALIMBAIOTCS Ha MUTATEIBHOW cpene ¢ J100aBiIeHUEM

Pa3HBIX KOHIICHTpaIuii 6opa.



BBenenue

ACKOpOMHOBasl KHUCJIOTa SIBJISETCS OJHHUM U3 BaXKHEUIIMX BUTAMHUHOB,
KOTOpbI HeoOXoauM 4YenoBeky. OHa TMpUHUMAET YyyacTu€ B OTPOMHOM
KOJMYECTBE OMOJOTMYECKUMX MPOLECCOB. 3HAUYEHHE AaCKOPOMHOBOWM KHUCIOTHI B
OpraHu3Me 4YeJOBEKa IEpPEeOlEeHUTh HEBO3MOXHO. OpHako ButamuH C He
CUHTE3UpYETCS] B OpraHU3ME YEJIOBEKa, a OCHOBHBIM HCTOYHHUKOM €ro
MOCTYTUICHUS SIBJISIFOTCS OBOIIU U (PPYKTHL.

Ho mHorouncnenHble uccienoBaHus MOKA3bIBAIOT, YTO 32 IMOCJIEIHUE TOJIbI
KOJIMYECTBO BUTAMHHOB B OBOIAX W (PYKTaX, BBIPAIIEHHBIX MPOMBIIIICHHBIM
CIocoOoM, pe3KO CHU3UIIOCh.

AHanu3 MoKa3bIBaeT, YTO B CPEJHEM COJEp)KaHME BUTAMUHA A B IUI0AAX
caumsmwiock Ha 18%, Butamumua C u xeneza Ha - 15%, docdopa - Ha 9%. B
NEeTPYLIKE W YyKporie, Hanpumep, craino Ha 30% meHbplie mMarHus. A B KamycTe
CoJIepKaHUe KaJbIUs COKpaTUioch Ha 85% [16].

Ha cuHTe3 ackopOMHOBOW KHCIIOTHI B JIUCTHAX PACTEHUN BIUSIOT MHOTHE
BHEITHUE (HaKTOPBI OKpyXkaromeh cpeabl. A 4yTOOBI MPEeAyNnpeauTh MOJydYeHUE
ypoXas C HHU3KHUM COJEpKaHHEM BHUTAMUHOB, HYXHO YMETh PETYyJIUpOBaTh U
KOHTPOJIUPOBATh O3TH (AKTOphl. B STOM M COCTOUT aKTyaJbHOCTH HAIIETO
uccienoBaHusa. Benp yiydlieHne KayecTBa NMUTAHUA SIBISETCS OJIHOW W3 LEJBIO
YCTOWYMBOTO pa3zButus PO.

B npouuiom ydyeOHOM roay Mbl YCTaHOBWJIHM, YTO Ha KOHIEHTPALUIO
aCKOPOMHOBOW KHCJIOTHI OKa3bIBAIOT BIHMSHUE AarpoOTEXHUYECKHUE YCIOBHS
BBIpAIIMBAaHUS 3€JIEHBIX KYJbTYp: TEMIIEpAaTypa U OPraHOMHUHEPAIBHOE MHUTAHUE.
BHecenue KOMIUIEKCHBIX  YAOOpeHui CIIOCOOCTBOBAJIO YBEITUYECHHIO
KoHlleHTpauu ButamuHa C B 1,5 pa3za. Mbl pemimiu onpeaenuTh, Kakue UMEHHO
AIIEMEHTHl CTUMYJIHMPYIOT CHHTE3 acKOpOMHOBOW KHCIOTHL. — CyliecTBYIOT
auTepaTypHble JaHHbIE O TOM, YTO COJM MapraHma u Oopa B cyOcTpate

YBEJIIMYUBAIOT COJICPIKAHUE aCKOPOMHOBOW KHUCJIOTHI B TUCThSIX pacTeHuid [6].



[loaTOMy MBI pelIMIM ONpPEeNeNuTh KOHUEHTpAalMM MapraHua u Oopa,
OKa3bIBAIOIINE HAMOOJbIIEe CTUMYIMPYIOIEee AEHCTBUU Ha cUHTE3 BUTaMHHA C B
JUCThSIX pacTeHUui. B 3TOM M 3akitoyaercs MpaKTHYecKass 3HAYMMOCTh HAIIEro
UCCJIEI0BAHUS.

I'mmore3a: Mbl mpenmnonaraeM, 4YTo MapraHeny, U OOp B NUTaTEIbHOM
TUIPOTIOHHOM PAacTBOPE OKAa3bIBAIOT CTUMYJHMpYIOLIee JEWCTBHE HAa CHHTE3
aCKOpOMHOBOM KUCIIOTHI B JJUCThSIX PACTEHUN.

OO0beKT ncejie0BaHus: TUCThS pacTeHUH (Kpecc-canaT, 0a3uinK, TOPoXx).

IIpeamer wucciaenoBaHMs: KOHLEHTpalUsi ACKOPOMHOBOW KHUCJIOTHI B
JUCTBSIX PACTEHUH.

Leab paGoThbl: OLICHUTH BIMSHUE MUKPOIJIEMEHTOB MapraHia u Oopa B
NUTATEIbBHOM PAacTBOPE Ha KOHILEHTPAIUMI0 aCKOPOMHOBOM KHUCJIOTHI B JIMCTHIX
pacTeHuil B yCIOBUSAX THIPOTIOHUKH.

JIJist TOCTH>KEeHHMS 11eJIM MBI TIOCTaBUJIM TIepe] cO00M clieayroye 3a1aum:

1. coOpaTh THJPONIOHHYIO YCTAaHOBKY;

2. IPUTOTOBUTH MUTATENIbHBIM PACTBOP IJIsl THAPOINOHHON YCTAaHOBKH C
no0aBjieHHEM Maprasiia ¥ 00pa B pa3HbIX KOHIIEHTPAIUSX;

3. BBIPACTUTH OOBEKTHI UCCIIEOBaHUS (Kpecc-caaT, 0a3wInK, Topox) Ha
OPUTOTOBJICHHBIX NUTATEIbHBIX pPACTBOpPaX M MPOBECTH KOHTPOJb OCHOBHBIX
IOKa3aTeiel TUIPOIIOHHON YCTAaHOBKH;

4, OTIpEeICTUTh COMIEP)KaHNE aCKOPOMHOBOM KUCIIOTHI HOJJOMETPHUYECKUM
METOJOM KOJIMYECTBEHHOI0 XUMUYECKOI0 aHAIN3a B JINCThSIX PACTCHUM;

. JaTh PEKOMEH/Iallui O BHECEHUH MUKPOXJIEMEHTOB (MapraHiia u 6opa)

B MIUTATEIbHBIN THIPOIIOHHBINA PACTBOP.



Teopernyeckas 4acTb
Buonornyeckue cBoicTBa aCKOPOMHOBOMH KHUCI0THI

Butamun C (ackopOuMHOBasi KHUCJIOTA) SIBISETCS OJIHUM U3 Ba)KHEUIIUX
BUTAMUHOB, KOTOPBIM HEOOXOJAUMBIX YeJIOBEKY. ACKOPOMHOBAsI KMCJIOTAa UTPAET B
OpraHu3Me uejoBeka (PyHIaMEHTaJbHYI0 OMOXMMHMUYECKYIO U (DU3UOJIOTHYECKYIO
poJib. ACKOpOMHOBAsI KUCJIOTa OOHApYy>KeHa BO BCEX OpraHax M TKaHAX YeJIOBEKa.
Ouyenp OoraThl €10 TKAaHU C HWHTEHCUBHBIM OOMEHOM, HAMpUMEp, KEJIE3bI
BHyTpeHHeN cekpeuuu [1]. Jlaxke B HeOONbIIKMX KOMM4ecTBaxX BUTAaMUH C MOXKET
3alUTUTh OCHOBHBIE MOJIEKYJIbI B OPraHU3ME, TaKUe KaK OCJIKU, TUMUIALI (KUPHI),
yraeBojibl, HykienHoBbie kuciaoTel (JIHK u PHK), ot moBpexaeHus: akTMBHBIMU
dbopmamMu KHCIIOPOJia, KOTOPhIE BO3HUKAIOT B MpoOIlecce MeTabonu3Ma, a TaKxkKe 3a
CUeT BO3/CHCTBHS TOKCHHOB M 3arpsI3HAIONINX BEHIeCTB [5].

buonornveckue cBoiicTBa aCKOPOMHOBOM KHUCIIOTHI B OPraHU3ME YEJIOBEKA:

o Aumuokcudanmuvle ceoticmea. ACKOpOMHOBAs KHCIIOTa HApSAy C
TokoeposaoM, OuodiaBaHOUTAMU M PETUHOJIOM SIBISIETCS OMOAHTHOKCUIAHTOM
npsiMmoro aenctus [1].

o Hezunmokcuxayuonnvie  ceoticmeéa.  ACKOpOMHOBas  KHCIJIOTa
00€3BpEKUBACT MHOXKECTBO SITOBUTHIX BEIIECTB, TAKUX KaK TSHKEIbIE METaJIbI,
Ta0aYHBIA JIbIM, TOKCUHBI BO30yAUTENICH 3a00JIeBaHUN U MHOTHUE APYTrie TOKCUHBI
[9].

o Cmpoumenvras. Butamun C HeoOXOauM JUIsl CHHTE3a KOJUIareHa u
MPOKOJUTAreHa, KOTOpbhle HEOOXOAUMBI il (OPMHPOBAHUS COCIMHUTEIHHOU
TKaHU B opranusMe desnoneka [10].

° Depmenmuvle U 20PMOHANIbHbIE CBOUCcMBd. ACKOPOMHOBasS KHCJIOTa
HeoOXoarMa ISl CHHTE3a MHOTHX ()epMEHTOB ¥ TOPMOHOB [9)].

o 3awumnsie ceoticmea. Butamun C cHocoOCTBYET YIy4YIICHUIO
MMMYHHUTETAa U MPOTUBOCTOSIHUIO OpraHuM3Ma pa3IMdHbIM HHQPEKIUsM, B TOM

YHCIIe ¥ BUPYCHBIM [9].



o Aumuamepockiepomuyeckue ceolicmea. ACKOpPOMHOBas KHCIIOTa
MPEIOTBPAIIAET NEPOKCUIALINIO XOJIECTUPOJIa B COCTaBE JIMIIONPOTEMHOB HU3KOM

IJIOTHOCTH M TEM CAMBIM MPEMSATCTBYET IPOTPECCUPOBAHUIO aTEPOCKIepo3a [1].

3aBUCHMOCTB cOiepKaHUSL ACKOPOMHOBOM KHUCJIOTHI OT yCJA0BHUI
BbIpaNUBAHUS

Bonbiiee mnm MeHbIee copepKaHHe acKOPOMHOBON KHCIOTHI 3aBUCUT OT
BUJIOBBIX OCOOCHHOCTEHW M BO3PACTHBIX M3MEHEHUU Yy PACTCHH, TEMIEpaTyphl U
CPOKOB XpaHEHUs, Criocoba KyJTuHaApHON 00paObOTKM M YCIOBHM MX BBIPAIIUBAHUSI.
Eme B 30-x romax Oputo ycraHoBieHo, 4ro Ha CeBepe pacTeHus Oorade
BUTaMUHOM C.

[ToBBIIIICHHOE CO/IEpP)KAHME ITOTO BUTAMUHA HAOJIONAETCS W Yy PACTEHUH,
OOMTAOMMX B TOpaxXx. OTO TMOATBEPKAACTCS CHEIHAIBLHO ITOCTABICHHBIMH
onbiTamMu. Huskue temmnepaTypsl ciocoOocTByOT oOpa3zoBanuio Butamuna C. [lpu
OTHOCHUTEJIBHO HU3KUX TeMmriepaTypax BuTamuH C oOpasyetcs Oosiee SHEPTUYHO.
[Ipy cpaBHHUTENBHO BBICOKMX TeMIlepaTypax UAET H 0oyiee SHEPTUYHOE
paspyiieHue JSToro BuTamMuHa. Yem Bbllle TeMmIeparypa, TeM MEHbIIe
MHTCHCUBHOCTh ero cuHre3a [6]. IloBbllieHHMe cojepkaHus acKOPOMHOBOM
KHACTIOTHI B PACTEHUAX, TPOU3PACTAIONINX MTPU MOHIKEHHBIX TEMIIEpaTypax, UMeeT
OTpOMHOE  OHMOJIOTMUECKOE 3HA4YeHHe, TaK KaK T[I03BOJIIET  OpraHu3My
MIPOTHUBOCTOSTH BPETHOMY JICHCTBHIO HU3KHUX TeMIieparyp [2].

Ha cunre3 Butammna C oOkas3plBaeT BIHMSHHUE WHTECHCUBHOCTH CBETA.
AckopOMHOBasI KHCIIOTa MOXKET 00pa3oBaThCS MPU HEJOCTATKE CBETAa M JAXKE B
TEMHOTE, HO TIPW XOPOIIIEM OCBEIICHUHM PACTCHU €€ HAaKaIlUIMBAeTCS B TKAHIX
3HAYUTENILHO OOJIbIIIE.

OO0Oecnie4eHHOCTh, pacTeHWH BOJOM — HE MEHee BaXHBIH (akTop,
BIUSIONIMNA HAa CHUHTE3 BUTAMHUHOB. B 3aCynumMBBIX  yCIOBUAX, KOTJA
HOBOOOpa30BaHME BEIIECTB B PACTEHUSAX 3aMEIJICHO, COAEepX)aHWe B HHX

BUTaMHWHOB TAaKXKC CHHKACTC.



Ecte u gpyrue Metonbl BO3JAEHCTBUS, KOTOPBIMU TOXE MOXKHO
CTUMYJIMPOBATh 00pa30BaHME BUTAMUHOB B PACTEHHUAX. DTO B MEPBYIO OYEPE/b,
KOHEUHO, BO3/ICUCTBUE Yepe3 MHUHEpadbHOE TNuTaHue. I[loBbIIEHHBIE J103bI
A30THBIX YJIOOpEHUN NPUBOJAT K YMEHBIICHUI0O B pacTeHusx ButamunHa C.
HauGonbiee HakormieHHe 3TOr0 BUTaMHUHA IMOJIY4YaeTCsl MPU BHECEHHUH IOJIHOTO
yao0penus (a3ort, pocdop, kanuid, Mmapranei, 6op) [6].

Bonpmyto ponb B OMOCHMHTE3€ BHTAMUHOB UIPAIOT MHUKPOAJIEMEHTHI.
MHorue ompIThl MOKAa3bIBAIOT, YTO IMOJKOPMKA pPAacTEHUU OOpOM, MapraHieMm u
JIPYTUMU MHUKPODJIEMEHTAMU CTUMYJIUPYET HakorieHue BuTamMmuHa C B JIUCTBAX U
ioax. Mapraserl npy 5TOM aKTUBHPYeET (EPMEHT, KOTOPBII MPUHUMAET y4acTHe
B 00pa30BaHUU aCKOPOMHOBOMW KUCIIOTHI [6].

Taxkum obpazom, memnepamypa, 61aza u ceem — HAKmMopvl, KOMOPLIMU
MOJICHO 8IUAMb HA GUMAMUHOHAKONJIEHUe 8 pacmeHusax. 1o ecmw, pe2ynupys
OaHHble aKmopbl, Mbl MONCEM GIUAMb HA CUHME3 BUMAMUHO8 8 BbIPAUYUBAEMOT
npooyKyuu.

I'mapononHasi ycraHoBka

['uppornoHHas ycTaHOBKa TpEICTaBisieT co0OM Tomo0ue eMKOCTH C
NUTATEIbHON JKUAKOCTBIO, IOBEPX KOTOPOW YCTAaHABIMBAETCS pEIIETKA WIN
NEHOIUIACT C OTBEPCTUSIMU sl paccaabl. Ha pemierke pacrpenensiercs Bia)KHBIM
cyocTpat (kepam3uT, Top(d, KOKOCOBOE BOJIOKHO U [Ip.), Ky/la HACHITIAIOT CEMEHa.
CyOcTpaT BBIOMpAOT TaKOW, 4YTOOBI HE TOJJICPKUBAI  PA3MHOKCHHE
MUKpPOOPTaHU3MOB, TUIECEHH W OakTepuii. Ecii BMeCTO pemieTku MpuMEHSETCS
MEHOIUJIACT, CyOCTpaT HE HY)KEH — B OTBEPCTHUSl OMYCKAIOT KOPEIIKU paccaibl,
9TOOBI OHU KacaJuch BOJHI [3].

['unpononnka KiIacCHPUIUPYIOTCS IO CMOCO0Yy TOJAa4M MHUTATEITHLHOTO
pacTBoOpa K pacTEHUSIM:

. Q®utunpHag cucteMa (puc.2, npwiao:xkenne Nel). Camblii MpocToi THUI
TUAPONIOHHOM cucTeMbl. CucremMa IAacCMBHA, 3TO O3HA4YaeT, 4YTO B HEH HET
JNBIOKYIIMXCS yacTel. [IuTatenbHbli pacTBOp U3 pe3epByapa MoJaeTcsi K paCTEHHIO

pu moMontu Gutuiei [7].



o Cucrema nepuoauyeckoro 3atorieHus (puc.3, nmpuiokeHue Nel).
Meton Takke Ha3bIBAIOT «METOJOM IMPUTOKA W OTTOKa». MHOTHE CHUCTEMBI,
UMEIOIIUECSs B MpoJaxe, MMEIOT HMMEHHO TakoW mpuHIuN padoTel. Pabora
CHUCTEMBbl  TNEPUOJMYECKOTO  3aTOIJICHUSI  OCYIIECTBISETCS C  MOMOIIBIO
MOTPYKEHHOTO B BOJY Hacoca, COEJUHEHHOIO C JaTdyukoM BpemeHu. Korma
TaMep MPUBOJUT B JEUCTBUE HACOC, MUTATEIIbHBIA PACTBOP BBITAJIKHUBACTCS B
cocyn ¢ pacteHusmu. Kornma TaliMep BBIKJIIFOYAET HACOC, PacTBOP CaMOTEKOM
cTeKkaeT 00paTHO B pe3epByap [7].

o Cucrema BomHOW KynbTypbl (puc. 4, npuioxkenue Nel). Camas
pocTasi U3 BCEX aKTUBHBIX THJIPOMOHHBIX cucTeM. [loanepikuBaroias pacTeHUs
mwiatdopma, OOBIYHO H3rOTABIMBACTCS W3 TEHOIUIACTA W IUIABAET MPSMO TIO
MOBEPXHOCTH MHUTATEIBLHOTO pacTBopa. Bo3aymiHbIH Hacoc ¢ MOMOIIBIO
My3bIPHKOB HACBKIIIAET PACTBOP KHUCJIOPOAOM, KOTOPHIA PACTEHHE TOTJIOMIAET C
MIOMOIIBIO KOPHEH B JOCTATOYHOM KOJIHUECTB [7].

o Cucrema KamelpHOro mojusa (puc.5, mpuio:kenue Nel). I'maBHbI#
HEJOCTAaTOK 3TOW CHUCTEMBI COCTOMT B TOM, YTO IMPHU HUCIOJIB30BAHUH HEKOTOPBIX
HaIOJHUTENEH (TpaBuil, KEpaM3UT, MEPIUT) CUCTEMA CTAHOBUTCS YyBCTBUTEIbHA K
OTKJTFOUEHHIO 3JICKTPOIHEPTUHU M HETOJIaIKaM Hacoca Wik Taiimepa [7].

o Texuuka nutatebHOTO Ciiost (puc.6, mpuaoxenue Nel). B cucremax
MUTATENIBHOTO CJI0SI TIOTOK MHUTATEILHOTO PAaCcTBOpA MOCTOSIHEH JIMOO BKIIIOUAETCS
aBTOMATHYECKU 4Yepe3 KOPOTKHUE IMPOMEKYTKH BpeMeHH. lIuTaTenbHbI pacTBOp
BBITAJIKMBACTCS K MOIAOHY C pacTeHUsIMHU (0OBIYHO B popme TpyOBI 1100 KOopoba)
MOMTION WJIM HACOCOM, TIPOTEKAET M0 KOPHSIM PAaCTEHUH, a 3aTeM CTEKaeT 0OpaTHO
B pesepByap. Kak mpaBuio, pacTeHHE COIEPKHUTCS B HEOOJBIIOM IIACTHKOBOM
CTaKaHYMKe, a KOPHU KacalTcsi MUTATEJbHOTO pacTBopa. Takue CucTeMbl
BOCIIPUUMUYHBBI K OTKIFOUECHHSIM AJIEKTPOIHEPTHH, a TAKKE MOJOMKaM Hacoca.

. Aspononuka (puc.7, mpuiaoxkenue Nel). AspomnoHHas cHUCTeMa,
BO3MOKHO, HanOoJiee TEXHOJOTUYHBIA TUI THUAPOIOHHOIO cagoBojacTBa. Kak u B
TEXHUKE TMUTATEIBHOIO CJOSI B CHCTEME I0J] MPOMEKYTOUHBIM CJIOEM

HATIOJTHUTEIIST HAXOAUTCS BO3IYX [7].



H3yuue ungopmayuio o munax 2uOpONOHHLIX CUCHEM, Mbl ONPEOEUNU, YMO
Hawia 2UOPONOHHAs YCMAHOBKA NO CHOCOOY NO0a4u NUMAMeNbHO20 pPacmeopa

OMHOCUMCSL K CUCHEeMe 800HOU KYJIbHLYDbL.

IuTtaTeabHbIe PACTBOPHI IJI THAPONOHHONH YCTAHOBKHU

['unponoHHBI NHUTATENbHBIA pPacTBOpP NpeACTaBisieT coOOH BOAHBIN
pacTBOp ya0OpeHHil U 100aBOK CTUMYJIUPYIOIIETr0 W 3aliuTHOro aeiictBusa. [Ipu
ATOM KakK K YJOOpeHUusIM, TaKk M K CaMOM BOJI€ NPEIbSBISIOTCS BEChbMa >KECTKHE
TpeOOBaHUSI.

BaxnpiMu mapameTpamMu  KadecTBa BOJbI  SBISIOTCS  YPOBEHb €€
KHUCJIOTHOCTH U 3JIEKTPONPOBOJHOCTD, XapaKTEPHU3YIOIasi KECTKOCTb.

[Ipu MOBBINIEHHOH KECTKOCTH B BOJIE HAOJIIOAACTCS CIUIIKOM MHOTO HOHOB
MarHus M KaJibIusl, KOTOpbIe OyayT OJIOKMPOBATh YCBOCHUE IPYTUX BaXKHBIX
NMUTATEIbHBIX BEIIECTB, BIPOUYEM, KaK €CJIM KHUCIOTHOCTh JKHIKOCTH OyJeT
CJIMIIIKOM BBICOKOW WJIM CIIMIIIKOM HH3KOM [4].

Haubonee momxomsuiuii 1uist pa3BUTUSL PACTEHUN AMANA30H KHUCIOTHOCTU
Haxonutess mexay pH 5,5 u 6,5. Tlpu pH BeImIe 6,5 xenme3o, Menp, ITUHK, OOp
¥ MapraHell epecTaroT ObITh JOCTYITHBI pacTeHnio. bop ycBauBaeTcst pacTeHUSIMU
TJIaBHBIM 00pa3oM B BHJIe OOpHOW KHUCIOTHI, KOTOpasi COXpPAHAET CBOIO
MOJICKYJSIPHYIO II€JIOCTHOCTh mnpuOausutensHo 10 pH 7,0. Takum obpazom,
YCBOCHHE MUTATEIBHBIX AyieMeHTOB npu pH 7,0 u BbIllie MOXKET OBITH 3aTPyIHEHO
W3-3a BbINajeHus HoHOB keneza (Fe?'), mapranma (Mn?"), ¢ocgopa (PO3 ™),
kanpuus (Ca?") u maraus (Mg?") B Buie HEPACTBOPUMBIX M HEJOCTYIHBIX COJIEH
[15].

OnTUManbHBINA JUAa30H AIEKTPOIPOBOIHOCTH OT 1 10 6 MCwm/cMm2 [4].

®U3HOIOTHYECKH YPABHOBEIICHHBIMU SIBJISIIOTCS T€ PACTBOPHI, KOJUYECTBO
U COOTHOIIEHHWE HOHOB B KOTOPBIX HCKJIIOYAIOT UX BpEAHOE BIUAHHE. Takue
pacTBOphl  O0O€CNEeUMBAIOT  HOPMAJIBHBIM  POCT, pa3BUTUE H  BBICOKYIO
MPOAYKTUBHOCTh pacTeHud. Dusznosiornyeckass ypaBHOBEIICHHOCTh pacTBOpa
MMEeT 0co00e 3HAaueHHEe B THUAPOINOHUKE, KOTOpash NPaKTUUECKH JIUIICHA

Oydepnbix cBOMCTB TBepAoi (a3bl moussl. llpu coctaBneHun (GU3NOIOTUYECKHU
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YPaBHOBEIICHHBIX PACTBOPOB HEOOXOMWMO YYHUTHIBATH Pa3HBI  XapakTep
B3aMMOJICHCTBHS HOHOB [ §].

I'mpponoHHBII  pacTBOpP COCTOMT W3 BOABI U PACTBOPEHHBIX B HEH
MMUTATSIBHBIX  JJIEMEHTOB. B 3aBHCHMOCTH  OT KOJWYECTBA, B KOTOPOM OTH
AIIEMEHTHI TPEOYIOTCS PACTEHUSAM, UX YCIOBHO MOAPA3ICIISAIOT HA JIBE TPYIIIHL:

. maxkpodiemenmsbl (TPEOYIOTCSI PACTCHUSIM B OOJIBIIMX KOJIMYECTBAX):
azot (N), ¢ocdop (P), kanuii (K), kansruit (Ca), cepa (S), marauii (Mg), Bogopoa
(H);

. Muxposiemenmol (TpeOyroTCs pacTeHUSAM B KpaiiHe MaJIbIX
konmdecTBax): xeneso (Fe), xinop (Cl), mapraner; (Mn), 6op (B), uunk (Zn), mean
(Cu), monubaen (Mo), nukens (Ni).

B ecTecTBEeHHBIX MPHUPOIHBIX YCIOBUSX BCE ITH 3JIEMEHTHI HE CYIIECTBYIOT
B YMNCTOM BHjC. [l03TOMY JJis U3TOTOBJICHUS THUTATEIBHOTO pacTBOpa OHM
UCTIOB3YIOTCSI B COCTABE BOJOPACTBOPUMBIX COCIWHEHUH — TIPOCTBIX COJEH
u xenatoB [15].

JUiss  BBIpAIIMBaHUS KYJbTYpP THIAPONOHHBIM METOJOM B Pa3IMYHBIX
YCIIOBHSIX CYIIECTBYIOT pa3lWyHble cpeabl: pacTtBop KHoma, pactBop Omiuca,
pactBop I'eppuke, Xornanaa u 1.p. (mpuiaoxenne Ne2) [11].

PactBop KHoma siBnsieTcsl KJIACCHYECKUM, YHHBEPCATBHBIM U IMOMYJISIPHBIM
pacTBOp JJIA BBIpAIlMBaHHWS pPACTEHUH Ha THAPONOHUKE. Bce mnuTarenpHbIC
COCTAaBIIAIOIINE PACTBOpPA HAXOASATCS B Takod (hopme, YTO JIETKO YCBaWBaIOTCS
pacTeHUsIMU. A KHCIOTHOCTh TaKOr'0 pacTBOpa MMEET Mokazareisb okoso 7,00 en.
[13].

Vuumvieas ynusepcanvhuwiti ceoticmea numamenvho2o pacmeopa Kuona, a
makdce Hanudue 8cex KOMNOHEHMO8, HeoOX00UMbBIX Ol €20 NPU2omosieHus, O

np06€d€HMﬂ Ucc1e008anus 8bl5paﬂu UMEHHO 3MOm NUMamesibHulll pacmeop
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https://alexandertokarev.ru/all/dlya-chego-rasteniyam-nikel-ni/

MeToauka npoBeaeHus UCCIAEA0BAHUSA

1 Co0path rUAPONOHHYIO YCTAHOBKY

2. [IpuroToBUTH MUTATENBHYIO CPENY

3 [IpoBecTu nmocaaky ceMsiH

4, BoipacTuTh OOBEKTBHI HCCIAEAOBAHMS U OCYIIECTBUTH KOHTPOJb
TEMIIEPATYpPbl, BOJOPOJHOrO TMOKA3aTeNsl, AJIEKTPONPOBOJAHOCTH MHUTATEIBHOIO
pacTBopa, U OCBEUIEHHOCTU TMAPOIIOHHON YCTaHOBKHU

5. Onpenenuts cojiepkaHue acCKOpPOMHOBOM KHCJIOTHI B IpoOax Kpecc-
canara, 0a3uiiMKa U ropoxa, BbIPAIEHHbIX HA MUTATEIbHBIX PACTBOPAX C Pa3HbIM
100aBJIEHUEM MHUKPOAJIEMEHTOB.

IIpurorosjienne mnurateJbHoil cpeabl. [IurarensHas cpena Kaona
TOTOBUTLCS B COOTBETCTBUU ¢ Tabauumeir Nel. B cpegy nobGaBnsiroTcs

MUKPOIJICMCHTBI Mapraliia u 6opa B PA3JIMYHBIX KOHICHTPAIUAX.

Ta6auma Nel Cocras nurareibHoi cpeabl Knona [14]

Ne Ha3Banue coJiu Konuenrpauus
n/n cosu, r/am*

1 Kaneuuenas cenutpa 1,0

2 Kamus dhocdar omHozamenieHHbII 0,25

3 Cynbsdar maraus 0,25

4 XJopu1 Kamus 0,125

5 XJopu xemnesa 0,125

BoipamuBanue 00beKTOB HCCIEI0BAHUSI TMPOBOJIUTCS B TeYeHUU 1
Mmecsa (30 queit) ¢ cobmoaeHneM 16 — 9acoBOro CBETOBOTO JTHS.

CmeHa nmuTaTenbHOro pacTBOpa MPOU3BOAUTCS 1 pa3 B Henelo.

B Teyenuum Bcero mepuwojia BeIpalMBaHHS HEOOXOOUMO HE pexe | pasa B
HEJISI0 C TOMOIIBI0 JaTYMKOB IH(PpoBoi maboparopun «CeHCOP» MPOBOIUTH
KOHTPOJIb OCHOBHBIX MOKAa3aTejeili padoTbl THUAPONOHHON YCTAHOBKH
(TemnepaTypa, BOJOPOIHBIA ITOKa3aTelb, 3JICKTPONPOBOJHOCTh MUTATEIBLHOTO

pacTBOpa, OCBEIIICHHOCTD JIaMII).
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IoaroroBka k ananaudy. C60p 0OBEKTOB HCCIEIOBAHUS MPOU3BOANTCS Ha
30 nmmeii mocnme mocanku. llepen mpoBeneHneM aHan3a Cpe3aTh BBIPAIICHHBIC
pacTeHuii, u3 00pa3loB KaXJA0ro 00bEKTa UCCIIEIOBAHUS HEOOXOIUMO COCTABUTH
CMEIIaHHYI0 Mpo0y. I 3Toro ¢ pa3HeIX 00pa3loB HYKHO OTOOpaTh HEOOJIBIINE
poObl U COSJUHUTH UX.

OnpenesieHne acKOpPOMHOBOW KHCJOTBI TPOBOJUTCS C TMOMOIIBIO
TUTpUMeTpuyeckoro (ogomerpuueckoro) merona ananusza (Ilpuioxenue Ne3)

[10].
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HccaenoBareibckas 4acTh
Bcio paboty mnpoBOAMIM B COOTBETCTBHU C METOJUKOM MPOBEICHUS
UCCIIETOBAHUSL.

COoop rHIPONOHHON VCTAHOBKH

B centsa6pe 2022 roma Mbl coOpaiu THAPOMOHHYIO YCTAaHOBKY (pHC.8,
npuwioxeHue Ne3), B COCTaB KOTOPOW BXOJIHT:
e xkapkac u3 Tpy0 I1II;
e &MKOCTh i1 BOJibI (00BEMOM 10 MUTPOB);
® KpBIIIKA C OTBEPCTUSIMHU JJIsI CTAKAHUUKOB;
e cBetoguoaHble JaMIibl 3000k
e TaiiMep (11 KOHTPOJISE CBETOBOTO JIHA);
® KOMIIPECCOP C PACHBUIUTEISIMH.
[TpounsBenu HacTpoiiKy TaliMepa Ha 16 yacoBoil ieHb. BpeMsi OTKiItoOueHus: —
00:00, Bpems Brirouenus - 08:00.

IIpuroroBJieHNe NUTATEJILHOM Cpeabl

Jlist mpUroTOBIIEHUsT MUTATENbHOM cpenbl KHoma B3Becmiin HeoOXoauMoe
KOJIMYECTBO COJIEH B COOTBETCTBUU ¢ TaOuumei Nel u pacTBOpuiIn UX B 8 IUTpax
BOJIOIPOBOJHON BOJIBI.

UtoObl ompenenuThesi € KOHIGHTpAllMEe MapraHiia B TMHUTATEILHOM
pacTBOpe, Mbl M3Y4YWIH COCTaB (OpMYN APYTUX MUTATENbHBIX THUIPOMOHHBIX
pactBopoB [17]. Bo MHOrMX WX HHX OTCYTCTBYeT J00aBKa B KadecTBE COJICH
MapraHila, HO B HEKOTOPBIX - MPEANOJaraercsi BHECEHHE MapraHila B pa3HbIX

3, MBI OCTaHOBMIM CBOH BHIOOp Ha

KoHIeHTpanusax, ot 0,25 mo 0,8 mr/am
xoHueHTpaiuu 0,8 wMr/aM® M JKCIIEpUMEHTaIbHO J00aBMAM  eIé  JBe
KOHIICHTPAIIMK - B JiBa OOJIBIIIC U B JIBa pa3a MeHbIIe (Tadauma Ne2).

Tabumna Ne2 JxcnepuMeHTAIbLHBIC KOHIEHTPanMsa Mapraiua u 6opa

Ne KoHIeHTpaIys XUMUYECKOTO 31EMEHTA B TUTATEILHOM PacTBOPE, MI/IM°
Mapraner (B coctae MNSO,) bop (B coctaBe H3BO3)

1 B1-0,8 B4 - 0,3

2 B2-04 B5 - 0,15
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3 | B3-16 | B6 - 0,6

Takum o00pa3zoMm, B HalleM MCCIEIOBAaHUN MPEJCTABICHBl CIEAYIOIINE
BapUAHTHI:

Konmpoas — pactsop Knona.

Bl — pactBop Kuona + cynbdar Maprania (KOHLUEHTpalus Maprasiia B
nutateasHoM pacteope 0,8 mMr/nm®)

B2 — pactBop Kuona + cynbdar Maprania (KOHLEHTpalus Maprasiia B
nurareasHoM pactBope 0,4 mr/mve)

B3 — pactBop Knoma + cynbdar mapranna (KOHIIEHTpAlusi MapraHiia B
nuTaTeasHoM pactBope 1,6 mr/mve)

B4 — pactBop Knoma + Oopnas kwucinora (KOHUEHTpamus Oopa

o]

nurareasHoM pactsope 0,3 mr/mve)

o]

B5 — pactBop Knoma + OopHas kwucnora (KOHUEHTpamus Oopa
nutarenbHoM pacteope 0,15 mr/nm3)

B6 — pactBop Knoma + Oopnas kwucinota (KOHUEHTpamusi Oopa

o]

nutarenbHoM pacteope 0,6 mr/mme)
YuuThIBas OrpaHUYCHHOE KOJMYECTBO THAPOIOHHBIX YCTAHOBOK (2 IIT.),
HAIl SKCTIEPUMEHT pa3JieJieH Ha YeThIpe dTara:
e | stam — koHTpOJb U Bl
e 2ostan— B2 u B3
e 3stan — B4 u BS
e 4 53tan — B6
Bce oartanel mpoBOASATCA TOOYEPENHO C COONIOJCHHEM OJWHAKOBBIX
MHUKPOKJIUMATAUYECKUX YCITOBUM.

IHocaaka ceMsaH

[locne cOOpkHM THUAPONOHHOW YCTAHOBKM M MPUTOTOBJIEHUS MUTATEIIbHBIX
PAcTBOPOB 3aMOJHUINA CTAKAHYUKHU TOPHOM.

16 centabps 2022 roga mpou3BeNM MOCAAKY CEMsSIH ropoxa, Oa3winka u
Kpecc-cajara, Mo 5 CTaKaHYMKOB Ka)XJI0ro BHJA pacTeHuil. Bcxoawl pacTeHuii

HOSIBIJINCH Ha 3-4 NeHs.
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KoHTpoJIb  OCHOBHBIX  IOKa3aTeJeH  NMUTATEJILHOIO0  pacTBopa
(TeMmeparypa, BOIOPOAHBIM IIOKa3aTelb, YyHAEIbHAas 3JIEKTPOIPOBOIHOCTD)
IPOBOAMIICSA ~ €XEHENENbHO. Pe3ynprarsl  U3MEpPEHMM  IIPEIACTAaBICHBI B
TadauueNe3. B rtalbnune yka3zaHbl cpeqHue apudMeTHuecKue 3HaueHHs
HoKa3aTellel 3a MepHo/ BbIpAIlBAHNs OOBEKTOB UCCIIEA0BAHHU.

OnuH pa3 B 7-10 nHE# npoBOANUIM CMEHY PacTBOpA.

Tabamua Ne3 KonTposb yc/i0Bui NpoBeeHNs] IKCIIEPUMEHTA

Bapuant Temmnepa- Bonopoansbii YnenbHas OcBenieHHOCTb,
IKCIepH- Typa, °C NnoKa3areJib, 3JIEKTPONpPO- JIk
MeHTa enr.pH BOJAHOCTh, MCM/cM
K 20,6 6,26 1720
’ ’ 7030
Bl 20,8 6,25 1750 7045
B2 20,1 6,28 1761 7039
B3 20,2 6,23 1742 7028

Onpenesienue coaepkaHus ACKOPOMHOBOM KM CJIOTHI

[lepen ompenenenueM cojep>kaHus aCKOPOMHOBOM KHUCIOTHI MOATOTOBUIIN
HE0OX0oaUMbIC peaKTHBbI (puc.9, npuioxkeHue Ne3).

20 OKTSAOpPS MPOU3BEIU CPe3 PACTCHHM, COCTABIIIM CMEIIaHHYIO Mpo0y. Jis
ATOTO C Pa3HBIX 00pas3oOB MbI OTOOpaNM HEOOJBIINE MPOOBI U COCTUHUIU HUX.
Otmepuiin  HEOOXOIUMYIO HABECKy OOBEKTOB HCCIEJOBAHUS C IOMOIIBIO
AJIGKTPOHHBIX J1abopaTtopHbix BecoB (puc.10, mpumo:kenme Ne3). JlanHbIe
B3BCIIMBAHUSA BHeCaM B Tabaumy Ne6 «Pe3yabraThl THTPOBAHUS»
(mpuiioxkenne Ne3). V3MenbueHHBIC B CTYIIKE 00pa3Ilbl pACTEHUN KOJUYECTBEHHO
MEePeHECIn B MEPHBIC KOJOBI M OTQUIBTPOBAIM MONTYYCHHBIH dKCcTpakT (puc 11,
npuioxkenue Ne3).

B cooTrBeTcTBMM ¢ METOAWKON TMPOBEAECHUS HWCCIEAOBAHUS IPOBEIIH

ompelieJicHue acKOpOMHOBOM  KHCJIOTBI B oOpaslax TUTPUMETPUUYECKUM
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(loIOMETpUUECKIUM) METOJIOM KOJIMYECTBEHHOIo aHanu3a (puc 12, npuiio:keHnue
Ne3).

Pesynbratel TUTpOBaHHS OTpaKeHB B Tadauue Ne6 (nmpuio:xkenue Ne3). V
BceX 00pa3loB pPACTEHWM MPOBOJAWIM  MapalieJbHble  HU3MepeHus. 3a
OKOHYATEJbHBIM pe3ylbTaT MPUHUMAJIOCH CpeHee apuPMETHUYEeCKOe 3HAuYeHUE
IBYX IIOJYYEHHBIX [AapajUIeJIbHbIX  u3MepeHuil. Pacu€r  KoHuUeHTpauuu
acKOpOMHOBOM KHCIJIOTHI B HUCCIEAYEMbIX 0o0pasliax MpejacTaBieH B Tabaume Ned

«PacyéT KOHIEHTPAUN ACKOPOUHOBOI KHUCIOTHD.

Tabamua Ned4 Pacuér KoHIeHTpanuu acCKOPOMHOBOH KUCJI0THI

Conep:xanue KouueliTpamm
Bua pacrenus MMapanienan acKOpPOMHOBOM ACKOPOMHOBOH KHCIOTLI (xaK
o cp. apugm. 08yx napannenbHvix
KHCJIO0TBI, MT' % onpedenenue)
KonTpob 1 6,95
(0a3nauK) 2 6,78 6,87
KonTtpous (ropox) ; gg’g; 56,2
KonTtpoan (kpece- 1 19,75
caiar) 2 21,05 204
Bapuanr 1 1 24.85
(0a3nauK)
C(Mn) =08 2 23,61 24,2
m/om®
Bapuanr 1 1 84,51
(ropox)
C(Mn) =038 2 87,24 9.9
m/om®
Bapuanr 1 1 41,9
(kpecc-cajar)
C(Mn) =08 2 44,9 434
m/om®
Bapuanr 2 1 21,06
(0a3uIuK)
C (Mn) =04 2 20,06 206
m2/om®
Bapuant 2 1 73,3
(ropox)
C (Mn) =04 2 78,6 760
m2/om®
Bapuant 2 1 36,7
(kpecc-caJar)
C (M n) =0,4 2 36,3 36,5
m/om®
Bapuanr 3 1 26,70 255
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(0a3namk)

C(Mn) =16 2 24,27
Mm2/Om®
Bapuanr 3 1 85,80
(ropox)
C(Mn) =16 2 90,31 88,1
M2/OM®
Bapuanr 3 1 45,90
(kpecc-cajiar)
C(Mn) =1,6 2 43,72 44,8

m/om®
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3akioueHnue

Ha nanHOM 3Tarne npoBeneHNsI UCCIAEA0BAHNS MBI:

1. coOpanu paBe THUIPOMOHHBIX YCTAaHOBKHM, YCTAaHOBWIM 16 wyacoBoii
CBETOBOM JICHb

2. IpUTrOTOBUIIM 4 MUTATENBHBIX PacTBOpPa (KOHTPOJIbHBIN — pacTBOp KHoma,
pactBop Knoma c¢ ngobGaBnenuem Mmapranua ¢ konueHrtpamueil 0,4 wmr/mm3, 0,8
mr/nm3 u 1,6 mr/ov3)

3. Ha TPUrOTOBJIEHHBIX PACTBOpPax BBIPACTWIM TpPH BHUJA PACTEHUU
(6a3muk, ropox, Kpecc-cajaaT) ¢ peryJsipHbIM KOHTPOJIEM OCHOBHBIX MapamMeTpOB
TUAPOIIOHHBIX YCTAHOBOK. B mepuoa BbIpaliMBaHMs pACTEHUN HA Pa3HBIX dTamax
UCCJIEOBAaHUs MapaMeTPbl MUTATENbHBIX PACTBOPOB U TMIPONOHHBIX YCTAHOBOK
ObUTH OAMHAKOBHI (Tadanma Ne3)

4. omnpenenwyid KOHIEHTPALMIO AaCKOPOMHOBOM KHCIOTBI B JIUCTHAX
pPacTeHUH U ceNan YCTaHOBUIIM:

e no0aBieHHE MapraHia B THJIPONOHHBIM MHUTATENbHBIH PACTBOP
OKa3bIBAlOT CTUMYJIMPYIOIEE AECHCTBHE Ha CHHTE3 AaCKOPOMHOBOW KHCIOTHI B

JUCThIX pacTeHuit (puc.1)

CopepxaHme aCKOPOMHOBOM KUCIIC
BHECEHUM pa3HbIX KOHLEeHTpauu

Iam3

HOBOW KUCNOTbI, Mr|

O KoHTtporb @ Mn (0,4 mr/gm3) O Mn (0,8 mr/gm3) O Mn (1,6 mr/gm3)

Puc.1 Conep:xanne ackOpOMHOBOM KHCJIOTHI B JINCTHSIX PACTEHHI, BLIPALIEHHBIX HA
THIPONOHHOM pacTBope ¢ 100aBjeHrneM Mn B pa3HbIX KOHIEHTPaLUsIX
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® OJIHAKO C YBEJIMYEHHWEM KOHIIEHTpaluu cyiabhara Mapradia B
MUTATEIbHOM THAPOIIOHHOM pacTBOpPE pasiivnuue B HakomieHuu BuTamuHa C B
JUCTBIX pacTeHHUU cHrKaeTcs (Tadamma Ne5). [To tabmune Ne5 BumHO, YTO TpH
n00aBIEHUM B TUTATENbHBIA pAcTBOp MapraHua B KoHueHtpamuu 0,4 wmr/mm3
KOHIICHTpAIUsi aCKOPOMHOBOM KHUCJIOTHI B JIUCTBhSIX PACTCHUN YBEIUYUBACTCS B
cpeaHeM B 2,1 pasza (B JIHUCThsIX Oa3uiuka — B 3 pasa). JlanbHeiliiee yBennueHue
KOHILEHTpAlMU MapraHua B pactBope B 2 u B 4 pasa (0,8 mr/am® u 1,6 mr/am°)
OPUBOJAUT K HE3HAYUTEIBHOMY YBEIIUUEHHIO KOHIleHTpanuu ButamuHa C B

JIUCTBAX paCTeHI/Iﬁ C CpaBHCHHUHU C MCHBIIIMMH KOHUCHTPAITUAMU MapraHia

Tabamna NeS M3MeHeHHe KOHIEHTPalMM ACKOPOMHOBOWH KMCJIOTHI B JIUCTHAX PacTeHMId,
BbIPallleHHbIX HAa NHTaTeJbHOH cpele ¢ [100aBjeHMeM MAapraHua, B CPaBHEHHMH C
KOHTPOJIbHBIM PACTBOPOM

KpatHocTh yBeJIM4YeHHs KOHIEHTPAUMU ACKOPOMHOBOM KHCJIOTHI B
JHUCTBSIX PACTEHHIl, BLIPAIIIEHHBIX HA MUTATEJIbHOM cpele ¢
O0bexT J00aBJIeHHE MUKPO)JIEMEHTOB B PA3HOI KOHUEHTPAIMH, B
HCCJICA0OBAHUHA CPAaBHEHUH C KOHTPOJIbHBIM BAPHAHTOM, pas3
Mn (0,4 mr/am3) | Mn (0,8 mr/am®) | Mn (1,6 mr/am®)
Kpecc - canar 1,8 2,1 2,2
I'opox 1,4 15 1,6
bazmmk 3,0 3,5 3,7
Cpennee
P 2,1 2.4 2,5
3JHaA4YCHHuE

5.  YuutTeiBasg NOJYy4YEHHBIE pE3YJIbTaThl, JJI YBEJIUYEHHUS COJEPIKAHUS
aCKOPOMHOBOW KHCIOTHI B JIUCTHAX PACTECHUH B YCJIOBHSIX THUIPOIMOHUKH MBI
pEKOMEHIyeM BHECEHUE MapraHiia ¢ Konuenrpamueit 0,4 mr/am3

Hama rumore3a moaTBepanJach: H00aBICHUE MapraHila B MUTATEIbHBIN
TUAPOINIOHHBIA PAacTBOpP OKa3bIBAET CTUMYIMUPYIOIIEE JEWCTBUE HA CHHTE3
ACKOPOMHOBOM KHCIJIOTHI B JTUCThAX PACTEHUM.

DKCIEpUMEHT MPOJO0JDKAETCS, HAa JIaHHOM 3Tafe pPAacTeHUsl Kpecc-cajarta,
ropoxa W Oa3wiMKa BBIPAIIMBAIOTCS Ha NUTATEIBHOM cpene ¢ JA00aBIICHHEM
Pa3HBIX KOHIIEHTpaIuii 6opa.

B nanpueiinem 0610 ObI HHTEPECHO U3YUUTh:
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. BIMSHUE Apyrux (opm MapraHua (Hampumep, MEepMaHraHaT
KaJiusl) Ha cuHTe3 BUuTamMuHa C

. BIMSIHUE JPYIMX MHUKPO3JEMEHTOB M KX COOTHOIIEHHH Ha
KOHUEHTPALMIO aCKOPOMHOBON KUCIOTHI

® BJIMAHHUC MUKPOJJICMCHTOB HAa CUHTE3 JPYTUX BUTAMUHOB

Taxkum o0Opazom, perynupys (bakTopsl, BIIUSIFOLIME Ha
BUTaMUHOOOpa30BaHME, a B YaCTHOCTH, oOoraimas THUAPONOHHBIE PAaCTBOPHI
MUKpPO3JIEMEHTAMH, MOYKHO NPEAYNPEINTh IMOJIYYEHUE YPOXKAEB C HUBKHUM

COACPKAaHNCM BUTAMHUHOB.
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Ipunoxenus
Ipunoxenue 1

Tunbl TUAPONOHHBIX YCTAHOBOK [7]

e v NMOMMNA BKIMKOYEHA MOMMNA BbIKIMHOYEHA

Puc. 2 ®urniabHas cucrema Puc. 3 Cucrema nepmoau4eckoro 3aTonjieHus

MAABAKLIAR MIATSOPMA . &{

Puc. 4 Cucrema BOAHOH KYJbTYpPbI Puc. 5 Cucrema kanejbHOro

nmoJjuBa

PACHIBUMTENA PACNBINTATENW

Puc.6 Texnnka nuTaTEJILHOIO CJI051 Puc.7 Aspononuxa
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IIuTareabHbIE PACTBOPLI IJIdA THAPONMOHHBLIX YCTAHOBOK

pH Ca™

Fe

HEMHOTI'O

pH Ca™
6,8 200

Fe

10 HEOOXOI.

pH Cca™
6-7 300

Fe

pH Ca™
55 340

®opmyna Knonna (Knopp) 1865 roa

Makpo3J1eMEHTHI
Mg Na" K* NH4" NO3 PO4
24 - 168 - 206 S7
MUKpO371EMEHTBI
Mn Cu Zn B

®opmyaa Xoraanaa (Hoagland) 1919 roa

Makpo371eMeHTHI
Mg Na* K* NH4" NO3 PO4
99 12 284 - 158 a4
MI/IKPO3J’I€M€HTBI
Mn Cu Zn B

®opmyaa Tymanosa (Tumanov) 1960 roa

MaxkpoaneMeHTsI
Mg Na* K* NH4" NO3 PO4
50 - 150 - 100 80
MuKpo31eMEHTbI
Mn Cu Zn B
0,5 0,05 01 0,5
®opmyna Kuacona (Kidson)
MakposeMeHTsI
Mg Na* K* NH4" NO3 PO4
54 35 234 - 208 57

SO4- CI

32 -

Mo

S04 CI

125 18

Mo

S04 CI

64 4

Mo
0,02

S04~ Cls

114 75

Ipunoxenue Ne2
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Fe Mn
2 0,25

pH Ca™ Mg
- 200 96

Fe Mn
20 0,3

MUKpO371EMEHTBI

Cu Zn
0,05 0,05

®opmy.a Iwopase (Purdue)

Makpo3J1eMEHTHI

Na" K* NH4" NO3

= 390 28 70
MUKpO371EMEHTBI
Cu Zn
0,02 0,05

0,5

PO4

63

0,5

Mo
0,1

SO4- CI

607 -

Mo
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Ipunoxenue Ne3

Turpumerpuyeckuii MeTO OnpeAeJeHUs KOHIEHTPALMU AaCKOPOMHOBOI
Kkuca0ThoI [10]

Heobxooumvsie peaxmugvi u obopyodosanue: 2 % pacTBOp COJISHON
kuciotel, 1 % pactBop Monuna kanus (KJ), 0,5 % pactBop kpaxmaina, 0,001 M
pactBop mozaata kanus (KJOs), Becbl, MUKpoOOpeTKH, muneTku Ha 1, 2, 5, 20
cM?,  MepHble KoJObl BMecTuMOcThio 100 cm?, KOHUYeckue KoaObl
BMECTUMOCTBIO 250 cM?, ctakanbl BMeCTUMOCTBI0O 50 u 100 cMm>. BOpOHKHU IS
bunpTpoBaHUs, OyMakHbIe (DWIBTPHI, HMWIMHAPHI MEPHBIE BMECTUMOCTHIO 50
cM®.

Ha texnnueckux Becax B3BemuBatoT 10 I ChIpbsi, U3MEIBYAIOT B CTYIIKE B
tedyeHne 10 MMHYT, 3aTéM KOJMYECTBEHHO TIEPEHOCIT B MEPHYIO KOJIOY
BMeCTUMOCThI0 100 cM?, MOBOAST AMCTUIUIMPOBAHHOM BOJOM JO METKH,
NepPEeMEIINBAlOT ¥ (QWIBTPYIOT 4Yepe3 CcKiIaayaTeli OyMakHbl ¢GuibTp. B
KOHUYECKyI0 Koyi0y oTtOuparor 20 cm® ¢unbrparta, nobasistor 1 cm® 2 %
pactBopa cosstHOM kucinotel, 0,5 cm® 1 % pacTBopa floaucToro kaius u 2 cm?
0,001 M pactBOpoM HoaaTa Kajaus 10 yCTOWYUBOrO CUHETO OKpaIlluBaHUA.

I cm* 0,001 M pactBopa iomara kamusi coorBeTcTByeT 0,88 Mr
ackopOuHOBOM KucHI0Th. ComepxaHue aCKOPOMHOBOM KUCIOTHI PACCUYUTHIBAIOT
o ¢opmysie:

X=(C3* 0,88 * C1*100) / (H*Cy)

rae X — coJepkaHue aCKoOpOMHOBOM KHUCIIOTHI, MI'%o;

C 1— oOmuii 00beM BBITSIKKH, CM>;

C 2 - 00beM BBITSDKKH, B3STHI Ha THTPOBAHHE, CM >;

C 3- o6veM 0,001M pacTBOpa iojaTa Kaius, IMOMISAIICTO Ha THTPOBAHUE
OTIBITHOT'O O0pasma, cm 3;

H - macca HaBecku, T.



Ipuioxkenue Ned

Onpe}:[e.ﬂeﬂne KOHICHTPpauumn aCKopﬁl/IHOBOﬁ KHCJIOTHI B JIMCTBSAX PaCTEHH i

Puc.11 ®uabTpoBaHue IKCTPAKTA
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Puc.12 TurpoBanue

Tabamnua Ne6 Pe3yabTarbl THTPOBAHMA

MMapangenbHoe O0béM O0Bém K103
O0BeKT Hagecka, u3MepeHue BBITSKKH 3aTpayeHHbIH
Hccse10BaHUA r B3ATO¥ 111 HA TUTPOBaHMe,
aHaJIM3a, cM° em®
1 20,0 0,15
9,50 ' '

KonTpoisb (0a3unK) 5 210 0.15

1 19,5 0,65

KonTpoas (ropox) 5,00 5 115 0.35

KonTpoas (kpecc- 9.90 1 18,0 0,40

cajar) ' 2 19,0 0,45

BapuanT 1 1 19,0 0,25
(0a3mamK) 4,66 2

C (Mn) = 0,8 mz/om® 200 0,25

Bapmuant 1 (ropox) 807 1 20,0 1,55

C (Mn) = 0,8 mz/om® ' 2 20,0 1,60

BapmuanT 1 (kpecc- 1 20,0 0,70
caJjar) 7,35 2

C (Mn) = 0,8 mz/om® 200 0,75

Bapuanr 2 1 20,0 0,45
(0a3namK) 9,40 2

C(Mn) = 0,4 m/on® 21,0 045

Bapuant 2 (ropox) 6.0 1 18,0 0,90

C (Mn) = 0,4 mz/om® ' 2 14,0 0,75

Bapuant 2 (xpecc- 1 23,5 0,95
caJjar) 9,69 2

C (Mn) = 0,4 mz/om® 200 0,80

Bapuanr 3 1 18,0 0,45
(0a3namk) 8,24 2

C(Mn) = 1,6 mz/om® 22,0 0,50

Bapuant 3 (ropox) 6.41 1 20,0 1,25

C(Mn) = 1,6 me/om® ' 2 19,0 1,25

Bapuant 3 (kpecc- 1 20,0 0,70
€aJjar) 6,71 2

C(Mn) = 1,6 me/on® 21,0 0.70
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