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AnHoTamusa. Hccaedosano éausnue cybcmpama u numamensHo20 pacmeopa Ha buoMempu4ecKue noKasameau u YUcCmyr npooyk-
MUBHOCMb YOMOCUHMEZA CANCCHUEE 3eMAAHUKU cadoeoll copma Benviil wieed, noayueHHbIX in Vitro, 8 YCA08UsX CBeMOKYAbMYPbl NPU
mouHocmu obayuenusn 126,8 u 172,3 mxmonv/m?*/c. Haubonee evicoxue casxcenypi ¢ duamempom poxcka 0,8 cm noayuenst 6 eapuan-
Max ¢ UCNOAb306aHUEM MUHEPAN0BAMHO20 CYOCMPAmMa u NUMAmMenbHbiX pacmeopos npu mowHocmu oonyuernus: 126,8 mxmons/m*/c. Mouy-
Hocmb obayuenus 172,3 mxmons/m?/c cnocobemeosana Hauboavuiemy Koautecmey aucmoes 6 oboux eapuanmax MB+IIP u MB+1
MC (no 10,0 % 0,5 wm.) u akmueHomy pazeumuio accumMulIYUOHHOU naowadu aucmoes. Mowpocms 06ayuenus 126,8 mxmons/m?/c
U npUMeHeHUe NUMAmenbHO20 PACMEoPa HOMO2Aaom Ay4ule pa3eueams KopHegyro cucmemy. Yucmas npodykmuernocme pomocurnmesa
Ha opeanuueckom cyocmpame ¢ numamenvruim pacmeopom (KC + 1 MC) ¢ 1,5—2,5 pasza éviuie, yem ¢ npumenenuem 3anpasieHH020
yoobpenusamu opeanuueckoeo cyocmpama (I'T + 6oda). Yucmas npodykmueHocms omocunmesa AUCmMo8020 annapama cayiceH-
Ues, GbIPAUCHHbIX HA MUHEPAN08AMHOM cybempame npu mowHocmu o0ayuenus 126,8 mxmonv/m>/c, Goina 6 unmepgane om 0,27 0o
0,33 me/em?/cym., a npu 172,3 mxmons/m?/c — om 0,23 do 0,29 me/cm?/cym.

KoroueBble cioBa: 3emasnHuka cadosas, caxcenybl, in vitro, ceemokyibmypa, cyocmpam, RUmamensHblii pacmeop, 6uomempus, 4ucmas
npodyKmusHocms pomocunmesa
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Abstract. The effect of substrate and nutrient solution on biometric parameters and net photosynthesis productivity of strawberry seed-
lings of the White Swede variety obtained in vitro under light culture conditions at irradiation power of 126.8 and 172.3 mmol/m?/s was
investigated. The highest seedlings with a horn diameter of 0.8 cm were obtained in variants using a mineral wool substrate and nutrient
solutions at an irradiation power of 126.8 mmol/m?/s. The irradiation power of 172.3 mmol/m?/s contributed to the largest number of
leaves in the variants MV + PR and MV + 1 MS of 10.0 £ 0.5 pcs. in both cases, and the active development of the assimilation area of
the leaves. The irradiation power of 126.8 mmol/m?/s and the use of a nutrient solution contributes to the better development of the root
system. The net photosynthesis productivity on an organic substrate using a nutrient solution (CS + 1 M) is 1.5—2.5 times higher than
when using an organic substrate filled with fertilizers (GT + water). The net photosynthesis productivity of the leaf apparatus of seedlings
grown on a mineral wool substrate at an irradiation power of 126.8 mmol/m?/s was in the range from 0.27 to 0.33 mg/cm?/day, and at
an irradiation power of 172.3 mmol/m?/s — in the range from 0.23 to 0.29 mg/cm?/day.

Keywords: strawberry, seedlings, in vitro, light culture, substrate, nutrient solution, biometrics, net photosynthesis productivity
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3emuisHuKa camoBast (Fragaria X ananassa Duch.) —
oJHAa U3 Hanbojiee BOCTPEOOBAHHBIX SITOAHBIX KYJILTYD
BTeUYEHUE BCEro roja 61arogapst CBOUM BKYCOBBIM U ITH-
TaTeJbHBIM KauecTBaM. B 3aBUCHMOCTH OT cOpTa U Me-
CTa BbIpalllMBaHUs AToIbl comepxar: Bomy — 80...90%;
pacTBOpuMbIe cyxue BemiectBa — 8,7...17,0% (cpen-

Hee — 12,4), cymmy caxapoB — 5,8...13,2% (cpenHee —
8,8); Tutpyemble Kuciaotel — 0,54...1,34% (cpenHee —
0,96); ackopobuHoByio kucioty — 44,0...110,4 mr/100 r
(cpennee — 72,9); anroumansl — 7,3...145,4 mr/100
(cpennee —56,8); asotuctsie Bemecrsa—0,9...1,7%; ny-
ounbHbIe Bemectsa — 0,16...0,25%; 6enkn — 0,8...1,0%;
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macia — 0,6%, donumesyto kuciory (BuramuH B9) —
0,5...0,6 Mr%; penonbHbIe coequHeHus — 3,0...7,62 mr,
a(upHBIe Macya, MeKTUH; MarHuii — 1218 wmr; co-
eqMHeHUs Kanbuus — 28...42; xene3a — 0,6...10,9;
dochopa — 25...29; meau — 0,01...0,03; kanusg — 161;
Hatpus — 18 mr. [2, 3, 16]

Basosbsiii c6op siroa B Poccuu cocraBut B 2019 roay
701,8 TeIC. T, 2020 — 695,3. [1] [TpOM3BOACTBO 3EMJISI-
Huku cagoBoii B P® B 2019 roay, no manHeiM ®AO
OOH —208,8 TeiC. T, 2020 — 218,4 [9], uTO B CpeiHEM —
30% BanoBoro coopa Arof.

[TonyyeHre KaueCTBEHHOTO W OOMJIBLHOTO YypOXKasi
HAYMHAETCS CO 3IOPOBOro IOCAaZOYHOIO MaTepuaia.
ComntacHo gaHHBIM DenepaTbHON TAMOXKEHHOM CITy>KOBI
P® ¢ 2019 mo 2021 romsl B CTpaHy MMIIOPTUPOBAHO
76,33 MJIH LUT. paccambl 3eMJIIIHUKHU [8], Koraa 3a 3ToT
XK€ Tepuof, COOCTBEHHOE IPOM3BOJCTBO COCTABUIIO
7,97 Mo rt. [1] YToObI OBICTPO BOCTIONHUTH ASUITUT
MMIIOPTHOIO MaTepuaja, moTpedyeTcs UCIOIb30BaHue
COBPEMEHHBIX arPOTEXHOJIOTHIA.

BaxxHyi0 posib B 03I0POBICHUU PACTUTEIBHOIO Ma-
Tepuaja UrpaloT OMOTEXHOJOTMYECKUE METONbI, Ha-
MpUMep MUKPOKJIOHAJbHOE pa3MHoxXeHne. OHO maer
BO3MOXXHOCTB IMOJTyIeHUSI OOJTBIIIETO KOJTMIEeCTBA OHO-
POIHbBIX 3I0POBBIX PACTEHMIA 32 KOPOTKOE BpeMsl. |3, 6]
O310pOBJIEHHbIE PACTCHUS 3€MJISIHUKU CaJOBOM yBe-
JIMYMBAIOT CHIIY POCTa ¥ CIIOCOOHOCTh K BETeTATUBHOMY
Pa3MHOXEHUIO.

Jns MpOMBIIUIEHHOTO THPAXXMPOBAHUS IOCAI0Y-
HOTO Marepuaja Jydllle BCeTO TMOIXOMAT TeXHOJIOTUU
MOJIHOM CBETOKYJIbTYPhI, Ha BePTUKAJIbHBIX (hepMmax
B 3aMKHyTOI cucTeme (dabpuka pacTeHuii). DTo co-
OpYXEHHME MpeIHAa3HAYCHHO I KPYIJIOTOAUYHOIO
MPOM3BOICTBA OBoIlei. PeryaupoBaHue M KOHTPOJb
mapaMeTpoB MUKPOKJIMMAaTa W TUTaHUST oOecrieuynBa-
0T TeXHMYECKNE CHCTEMBI OTOIUICHMSI, BEHTUJISILIUAN
Y KOHAMIIMOHUPOBAHUSI BO3AyXa, TMIPO- U A3POIIOHHbIE
METO/bI MUTaHUSI U CBETOKYJIbTYPa PACTEHUIA. Y CIIOBUS
BBIPAIIMBAHMS B 3aMKHYTBIX CUCTEMAX XapaKTepU3YIOTCSI
MUHUMAaJIbHBIM HETaTUBHBIM BJIMSHUEM OMOTHYECKUX
(bakTOpOB (MUKPOBOIOPOCIIH, TIOJIE3HAS MJTU TTATOTEH-
Hasi MUKpodiopa), CTaOWJIBHOCTHIO M ONTHUMAIBHO-
CTBI0 a0MOTHUYECKUX (DaKTOPOB (TeMIIepaTypHO-BJIaXK-
HOCTHBIN pexuM, conepxanue CO,, muraHue Makpo-
1 MMKPO3JIeMEHTaMU, (DOTONEPHO), HO ITO CPABHEHUIO
C YCJIIOBMSIMM OTKPBITOIO WJIM 3alIWIIEHHOTO I'PYHTA,
MOIITHOCTH OCBEIIEHUST HIDKE M CIIEKTP OTJIMYAETCS OT
€CTEeCTBEHHOTO, YTO IMPUBOIUT K COPTOBBIM PEaKIISIM
Mpu BeIpalliBaHuu. B cTpyKType ce6ecTOMMOCTH Mpo-
OYKIUM 3aMKHYTBIX CHCTEM BbIpamiuBaHus oT 10 go
50% 3atpaT IpPUXOMUTCSI HA JIEKTPOIHEPIUIO, IIOTOMY
omnpeneieHue OINTHMAJIBHON MOIIHOCTH OCBEIICHUS
aKTyasnbHO. [15]

[Ipu BeIpaIIMBaHUM 3eMJISTHUKM CAagOBOM 3aMKHY-
Tas CUCTeMa IT03BOJISIET M30eXaTh PUCKA 3apakKeHMS
pacTeHUii 6e3 MCIOJIb30BAaHUS CUJIbHBIX XMMUYECKUX
CPEICTB 3alUThI U MPEOAOJICTh CE30HHOCTh B ITOJIy4Ye-
HUU TI0CaIOYHOTO MaTepuaia.

BiusHue criektpa cBeTa Ha pOCT M pa3BUTHE Ca-
KEHIICB 3¢MJITHUKM CaZOBOM M3YYEHO B IPYTUX WC-
cnegoBaHusix. B padore UM.A. bwsamosckoro [10]
KpacHBIl CIEKTp CBeTa ITOBBIIIAET IPOLEHT YKO-
peHenus B 1,15...1,25 pasza, KOnM4eCTBO KOpHEH —
1,29...1,77 paza y MmukpopacteHuit. OTMe4eHa COpTO-
Basg peakmys MUKPOPACTCHUN 3eMIISHUKU CagoBOM

10 YKOPEHSIEMOCTHU IO/ BIAUSHUEM Pa3JIMUHBIX CIIEK-
TpaJIbHBIX COCTABOB CBETA.

B uccnepoBanum 3apyOekHBIX aBTOpOB [14] yT-
BEPXIAETCSI, YTO C MCIIOJb30BAaHUEM CBETOIUO-
HBIX CBETUJIBHUKOB C HEWTpaJIbHBIM CIIEKTPOM CBETa
¥ MOIITHOCTBIO o0iryaeHmsT 180 MKMOJIb/M2/C MUKPO-
pacTteHuss GOPMUPYIOT HAUOOJIbIlIEe KOJIUUYECTBO JIM-
CTbEB, IUIONIANb JIMUCTa, COOTHOIICHME CYXOro Beca
HaI3¢MHOM YacTM M KOPHEBON CUCTEMBI, KOJIMYE-
CTBO BHOBb 00Opa3oBaBIIUXCS M00eroB. ABTOpPHI [13]
YKa3bIBaIOT Ha TO, YTO CONIEPKaHUE CYXOTO BEIeCTBa
B CaxkeHIIaX 3eMJISTHUKY CaI0BOI, BEIpAIIUBAE MO TH-
JPOIOHHBIM METOJOM, BbIIIE IIPU O0JydeHUU OeJIbIM
M KPaCHBIM CBETOM, YeM CUHUM.

OO0yyeHre CaxkeHIIEB CHHUM CIIEKTPOM IIPUBOIUT
K 0OJIbIIIEMY IIBETEHUIO, YeM KPAaCHBIM, CITOCOOCTBYIO-
UM paHHeMy LiBeTeHu1o. [17, 20]

B nccnemoBanmu Zheng Jianfeng u mp. [21] doTo-
CUHTETUYECKAss AaKTUBHOCTb, MaKCHUMaJbHOE KO-
JuyecTBo KopHel (7,7) u Hambojbluas WX IJIWHA
(14,8 cM) y 3eMJISSHUKM CaJOBOI ObLIM OOHAPY>KEHBI
npu 90 MKMoib/M?/C Ha cTaauu yKopeHeHus. bo-
Jlee BBICOKAs WHTEHCUBHOCTb CBETa B JMalia3oHe
90...270 MKkMoOnb/M?/C yBeNMYMBaIa YCTBUYHYIO TPO-
BOIMMOCTh HOBOOOpPA30BaHHBIX JIMCTHEB, YIIydIlas
YUCTYIO MIPOAYKTUBHOCTh (POTOCHHTE3a U POCT CaXKeH-
IIeB Ha CTamguu paccanbl. JmamMeTp po3eTKU JIMCThEB,
cyxasl Macca HaJi3eMHOI 9aCTH 1 KOPHEBOU CHCTEMBI,
a TaK>Ke COOTHOIIIEHHWE KOPHEU K moberaM y yKOpeHEeH -
HBIX CaXEHIIeB YBEIWYUJIACh, KOTJAa WHTEHCUBHOCTD
cBeta Beipocia ¢ 90 mo 270 mxkmonb/m?/c. C yueTom
KayecTBa CaXEHIIEB M 9KOHOMUYECKOro OajaHca IUIst
OBICTPOrO IOJYYCHUSI THUIPOIIOHHBIX CaXEHIIEB 3eM-
JISTHUKM CalOBOM Ha OCHOBE HEKOPHEBBIX MOOETOB Ha
BePTUKAIBHOI (hepMe OblIa MpenioKeHa MHTEHCUB-
HOCTh cBeTa 90 MKMOJIb/M?/C Ha CTaguM YKOPEHEHUS
u 270 MKMOJIb/M?/C — paccamsl.

VYV pacrtenuii, BhIpallleHHBIX B YCJIOBUSIX HU3KON
MOIIIHOCTH 00JTy4eHUsI, HabII0AaeTCsI CHUKEHUE CKO-
poctu (OTOCUHTE3a, TPOBOIMMOCTHU YCTHMIL X HAKO-
TUTEeHUsI caxapa, o0pa3oBaHMWe UYEPEITKOB W ypoKaii-
HOCTh TUIOAOB TakKe PE3KO CHIDKAIOTCS TPOITOPIINO-
HaJIbHO CTEIIEHU YMEHbBIIIEHUS MOIIIHOCTY OOJIydYeHU S,
HO YBEJIMYMBAETCS COAEPXKaHUE MUTMEHTOB, KOJIMYE-
CTBO OPraHMYECKMX KUCJIOT U pa3Mep JIMCThEB CYIIe-
CTBEHHO He u3MeHsoTcd. [11] Ilpu HU3KON MolI-
HocTu obOmydeHust (70,0 MKMoOib/M2/C) BIMSTHUE
KOHIIEHTpAIIMY MTATATEJIbHOTO pacTBOpa Ha POCT ca-
JKEHIIEB 3¢ MJISIHMKH He TaK 3aMETHO, KaK IIPU BHICOKOM
(180,0 mxmonb/M?/c). [12]

CaxeHIIbl 3eMJITHUKW CaoBOii JIydIlle pacTyT Ipu
16- 1 24-9acoBbIX (poTorepruonax Mpyu MOIIHOCTU 00-
mygenust 175 u 115 MKMOIb/M?/C COOTBETCTBEHHO. [18]

[To manaeiM W.M. Koznosoii [4] orMeuaeTcst, 4To
JIyYIIUi cyOCTpaT ISl Pa3BUTHUSI KOPHEBOM CHCTEMBI
paccanbl 3eMJITHUKM CaJloBOM — pacIylleHHbI Topd
C IIePJIUTOM.

B paGote [19] usyyanu BIMsSIHME CYOCTpaTOB Ha
(usmonornueckune n MopdoMeTprUIeCKe TTapaMeTphl
CaXEHIIEB 3eMJISTHUKY CaJI0OBOM. Y CTAHOBJIEHO, UTO Ca-
Masl BBICOKasi KOHLIEHTpalusl a30Ta B KOKOCOBOM CY0-
cTpaTe, camas OoJIbllIasl IUIOIIAAb JUCTheB — B CMECHU
KOKOCOBOTI'O CyOCTpaTa ¢ ByJIKaHUYeCKUM TY(DoM.

Beptukanbhble (pepMbl aKTUBHO MCITONB3YIOT ISt
KPYTJIOTOMWYHOTO BBIPAIIMBAHUS 3€J€HHBIX KYJIBTYP,
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HO OTCYTCTBYET JOCTAaTOYHOE KOJMYECTBO MCCJICHOBA-
HUI TI0 BJIMSIHUIO MOIIHOCTU OOJy4YeHUs, cyOcTpaTa
M pexXurMa IMUTAaHUS Ha POCT CaXECHIIEB 3eMJISTHUKU Ca-
JTIOBOIA, YTO He MO3BOJISIET 3(DGHEKTUBHO BHEAPSTh TaHHYIO
TEXHOJIOTHIO B TIPOM3BOACTBO.

Llenp paboThl — ompeAenuTh BIWSIHUE CyOcTpara,
MUTATEILHOTO PAacTBOpPA M MOIIMHOCTU OOJIy4eHUSI Ha
Mop¢hoMeTpUUECKHE TTOKa3aTeIn, YUCTYIO TPOTYKTHUB-
HOCTb (pOTOCHHTE3a U OalaHC Pa3BUTHSI CaXKEHIIEB 3€M-
JITHAKM CaZ0BOM.

MATEPUAJIBI U METObI

WUccnenosanus nposoaunau B 2022 rogy B GUTOTPO-
He Jlabopatopuu CBETOKYJILTYpbl M CUTU-(apMHHTa
®dI'bOY BO CII6TI'AY. OOBEKT HCCIEIOBaHNUS — COPT
3eMJISTHUKY CafioBoi beaviii uiged. MukpopacTeHus 1o-
JIydeHbI U TIPOXOAVIIN afaNTaIIoO K YCIOBUSIM ex Vitro
B JlaGopaTopuum MHUKPOKJIOHAJbHOTO Pa3MHOXEHUS
®I'BOY BO CIIGIrAY.

CxeMa oribiTa: 1. MOIIIHOCTB 00 Ty4eHMS, MKMOJIb/M2/C
(dakrtop A) — 126,8 u 172,3; 2. Cy6erpar (dakrop B) —
TpyHT TopdsiHOI (cMech Topda ¢ 100aBIeHUEM OUUILIEH-
HOTO TIeCKa, arpornepiinTa, KOMIUIEKCHBIX MIUHEPATbHBIX
ynoopenwii: NH, + NO, — 150 mr/n, P,O, — 270 mr/m,
K,O — 300 mr/x, pH = 6,0-6,5) (I'T), MunepanbHas Bata
(MB), xokocoBsIii cyoctpar (KC); 3. ITuratenbHbIi pac-
tBOp ((bakrop B) — Boma (Ec — 0,1 MCwm/cMm, pH — 7,0),
raTatebHbIi pactBop (N — 19%; P—6%; K —20%; Mg —
1,5%; Fe, Zn, Cu, B, Mn, Mo < 1%; Ec — 2,1 MCm/cwMm,
pH — 5,5) (I1P), nurarensHbI pactBop Mypacure-CKy-
ra (Ec — 5,8 MCm/cM, pH — 4,8) (1 MC), 0,5 MC (Ec —
2,9MCwm/cM, pH — 4,7). IlonuBany nuraTeIbHbIM PACTBO-
POM OIIMH pa3 B Heaemo. B ocTaibHOE BpeMs BIAXKHOCTh
cyocTpara momepxkuBaiu Bomoil. [ToBTOpHOCTh —Tpex-
KpatHas, 1o 18 pacTeHmii.

B TeueHue Bereranuy MoAmep:KUBAIN TEMIIEPATYPy
Bosayxa B mpeaenax 22...23°C, OTHOCUTEIbHYIO BJIaXK-
HOCTb — 65...75%, poronepuonm — 16 4. CriekTporpam-
Ma UCTOYHHMKA 00JIydeHHUs MpeACTaBlIeHa Ha pUCYHKe 1
(3-s cTp. 0611.). BereTarimonHbIN epron — 43 qHS.

bruomMerpuueckne m3MepeHUs BKITIOYATU: BBICO-
Ty PacTeHWiI, KOJIMYECTBO JIMCThEB, AUAMETP POXK-
Ka, KOJUYECTBO YCOB, aCCUMUJISLMOHHYIO IUIOIIAAb
JIUCTbEB, CHIPYIO M CYXYIO MacChl HaJ3eMHON 4acTu
1 KOPHEBOW CUCTEMbI. BhIMOMHSIIM UX cortacHO Me-
TOAWKE TOCYIAPCTBEHHOTO COPTOWCIIBITAHUS CEllb-
CKOXO3SMCTBEHHBIX KyJIbTYp. [7] Ha ocHOBaHUM mpo-
BEICHHBIX U3MEPECHMI PACCUNTHIBAIN ITOKA3aTCIN UM -
CTOI MpOAYKTUBHOCTU (poTocuHTe3a (UI1D) u 6ananc
pasputus pacrennii. Pacuer YIT® ocymiecTBistiii mo
A.A. HuuunopoBuuy mis oOuieid Macchl pacTeHUS.
Bananc pa3BuTHs pacTeHWI OTIpenessiM Kak COOTHO-
LIIEHME CYXOM MacChl HAA36MHOM 4aCTU K CyXOW mMacce
KOPHEBOUW CUCTEMBI.

ConepxkaHHUsI CyXOro BellleCTBa HaXOMWIN IpaBUMeE-
TPUYECKUM METOIOM IIPU CYIIKE 0 ITOCTOSTHHON MacChl
npu 105°C. CpenHue 3HayeHUs TMoKa3aTesieil yKa3aHbl
C OIIMOKOI CpeTHETO.

PE3VJIbTATDHI

B Hauvane uccnenoBanuit B Bapuantax KC + I1P u
KC + 0,5 MC Bbinaas! pacteHuii coctasuiau 100%, mo-
STOMY B JaJIbHEHIIIEM MX HE YUUTHIBAJIH.

Ha pucynke 2 (3-s1 cTp. 00J1.) n300paxeH rpacduk
3aBMCUMOCTHM BBICOTHI CaXXCHIIEB 3E€MJITHUKMU Cano-
BOIl OT cyOcTpaTa M IWTaTeJIbHOro pacTBopa. IIpo-
aHAJIM3UPOBAB TOJyYeHHbIE TaHHBIC, Mbl MPUILIU
K 3aKJII0YEHUI0, YyTO opraHuyeckuii cyoctpat (I'T,
KC) He oka3biBaeT CymecTBEHHOTO BIWSHUSI Ha BbI-
COTY CaXeHLIEB HM MPU MCIIOJb30BAHUU Pa3IMYHBIX
MMUTATEe/IbHBIX PACTBOPOB, HU IPU Pa3IUYHOM MOIII-
HoOCTU oOaydyeHus. IlpuMeHeHHe MUHEPaJIOBaTHOIO
cybcTpaTa I1oKas3ajgo CYIIECTBEHHYIO PasHUIY MEXIY
BapuaHTamu. Hawubosiee BbICOKME CaXXEHIbl MOJY-
YeHBI C MUTATeJIbHBIM pacTBOpoM Mypacure-Ckyra
(MB + 1 MC, Ec — 5,8 MCm/cM, pH — 4,8) ipu Mom-
HocTH 00aydeHust 126,8 mkmonb/m2/c — 8,5 = 0,3 cM.
B Bapuantax MB + I1P u MB + 0,5 MC BricoTa ca-
JKEHIIEB ObLIa CYIIECTBEHHO BHIIIE, YeM B Havaje 3Ta-
ma, TPy MOITHOCTH 006aydeHus 126,8 MKMOJIb/M2/¢c —
7,3+0,3cmu 7,2 £ 0,3 cM COOTBETCTBEHHO.

BricokasiMonHoCcTh 00mydeHMs (172,3 MKMOJTB/M?/C)
B HallleM MCCIeIOBaHUU CIIOCOOCTBOBAJIA YBEJIUYCHUIO
KOJIMYECTBA JIUCThEB, MO CPaBHEHUIO ¢ 126,8 MKMOIb/
m?/c, B Bapuantax MB + I1P u MB + 1 MC, konuue-
¢TBO JcTheB cocTaBmio 10,0 £ 0,5 mr. m 10,0 &+ 0,5 mmT.
COOTBeTCTBEHHO. [IprMeHeHne KOKOCOBOTO BOJIOKHA
B KauecTBe CyOCTparTa M MUTaTeIbHOTrO pactBopa 1 MC
MPUBOIMIIO K HauOOJIbIIEMY KOJIUYECTBY JIUCThEB HE-
3aBHCUMO OT MOIIHOCTU obsydyeHus — 10,5 = 0,5 1.
B 00ouXx ciay4dasx (puc. 3, 3-s1 cTp. 00J1.).

AKTHBHOE pa3BUTHE ACCUMWJISILIMOHHON TIUIOIIa-
IV JINCThEB K KOHILy 3Tara BO BCEX BapuaHTax Ha-
omoganu npu 172,3 mxmonb/M?/c — ot 106,519,0
mo 174,5£9,0 cm? TIlpu MOIIHOCTU OOGIyYEHUSI
126,8 MKMOJIb/M?/C aCCUMWJISILIMOHHAS TUIONIAAb JIM-
CTOBOTO arnmnaparta caxxeHueB B BapuaHTax I'T u MB co-
craBwia — 65,9149,0...101,3£9,0 cM?, 3a UCKITIOYEHUEM
Bapuanta KC + 1 MC, roe accuMwisiiMoHHast TIIO-
manb — 223,619,0 cm? (puc. 4, 3-51 cTp. 06I1.).

C yBeJIM4YEHMEM MOIITHOCTH O0JIy4eHUsI KOJTMUYECTBO
ycoB B BapuaHTe I'T + Boma Beipocio ¢ 1 10 4 1it., ¢ Mu-
HepaJloBaTHBIM CyOCTpaToOM oOlllee KOJMYECTBO YCOB
6nuT0 Ha omHOM ypoBHe (10,8 19,3 mT.),ac KC+ 1 MC
cokparuioch ¢ 4,5 no 2,0 mr. K xoHIiry 3Tana nuamerp
pOXKa CaxXeHIIeB 3eMJITHUKH caoBoii coctaBui 0,8 cM
B Bapuantax MB + 0,5 MC, MB + 1 MC, KC + 1 MC
IIPpY MOIIHOCTU 00sydyeHMst 126,8 MKMOIIb/M?/C 1 CO-
OTBETCTBOBaJl BTOPOMY TOBAapHOMY COPTY paccajbl
3eMJISHUKHA CaJI0BOM C 3aKPBITOM KOPHEBOW CUCTEMOM
cormacio ['OCT P53135-2008 «ITocamouHbrit mare-
puaj IUIOOOBBIX, SITOAHBIX, CYOTPOIIMYECKUX, OPEXO-
IUTOMHBIX, LIMTPYCOBBIX KYJABTYp M 4asd. TexHUdyecKue
ycioBusi». YucTas IMPOAYyKTUBHOCTh (POTOCHHTE3a Ha
OpraHMYeCcKOM CyOcTpaTe ¢ IMTAaTeJIbHBIM PacTBO-
poMm (KC + 1 MC) B 1,5...2,5 pa3a BbwIllle, 9eM TIpH
WCTIOJIb30BAaHUM 3aIPaBJIEHHOTO YIOOPEHUSIMU CYO-
crpara (I'T + Boma). Yucrast mpoayKTUBHOCTH (hOTO-
CHUHTe3a JIMCTOBOrO amiapaTa CaXXEHIIEB, BbIpAICH-
HBIX Ha MMHEPAJIOBaTHOM CyOCTpaTe IpYU MOLIHOCTHU
obyueHust 126,8 MKMoJib/M%/c, ObLIa B MHTEPBAJIe OT
0,27 mo 0,33 mr/cm?/cyT., a ipu 172,3 MKMOIB/M?/C —
0,23...0,29 mMr/cm?/cyT. (Tadm. 1).

B tabnuiie 2 ipeacTaBieHbI JaHHBIC IJIsI pacyeTa 6a-
JIaHCa Pa3BUTHS CaXEHIIEB 3eMJISTHUKM canoBoii. JlaH-
HBII ITOKa3aTe/lb ITO3BOJISIET OIPEACIUTh CMEICHUE
pPa3BUTHSI OT JIUCTOBOI MaCChl K KOPHEBOM CUCTEME WIIH
00paTHO B 3aBUCUMOCTH OT YCJIOBMIA BBIpAIlIMBaHMS. XO-
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Tabnuua 1.
KonuuectBo ycoB, anametp poxka u YMO caxeHues
3eMNAHUKMN CAA0BOII B 3aBUCMMOCTH OT MOLLHOCTH 06NyYeHua,
cy6cTpata n nuTaTenbHoOro pactBopa, 2022 rop,

Bapuant | Konuuectso ycoB, . | Nnamep poxka, (m | 4no, mr/ew/cyr.
MowwyHocTb 06nyuerua 126,8 Mkmons/m%/c

[T+Boga 1,00 0,40 0,20
MB-+MP 5,00 0,60 0,33
MB-+1MC 3,00 0,80 0,30
MB-+0,5 MC 2,80 0,80 0,27
KC+1MC 4,50 0,80 0,50
MowwHocTb 06nyueHna 172,3 mkmonb/m3/c

[T+Bona 4,00 0,30 0,24
MB-+NP 4,00 0,70 0,23
MB-+1MC 2,80 0,70 0,29
MB-+0,5 MC 2,50 0,50 0,24
KC+1 MC 2,00 0,70 0,36

Tabnuua 2.

Cbipas 1 cyxasa Mmaccbl HaA3eMHOIl YacTH 1 KOPHEBOI CUCTEMDbI,
cofiepKaHue Cyxux BewecTs U 6ananc pasBuTua caxeHues
3eMNAHUKMN Caf0BOil B 3aBUCMMOCTM OT MOLLHOCTM 06nyYeHns,
cy6cTpara n nuTaTenbHOro pacTBopa, 2022 rop,

(Cblpas macca, r Conepxaiue CZXMX (Cyxas macca, r =

BeLecTB B, % E

Bapart | S |5 _| 2 5,18 |= 4 §
2|22 23| 28=z|23<|282| g

Hauano s1ana
[T+Boga 073 013 13,70 7,69 0,70 0,01 9,65
MB+MP 095 0,15 1474 1333 014 0,02 5,86
MB+1MC 1,00 030 16,00 1333 0,16 0,04 4,00
MB+0,5MC 1,50 0,28 16,67 1429 025 0,04 5,69
KC+1MC 1,00 020 16,00 1500 0,16 0,03 533
MoLwHocTb 06nyyenua 126,8 MKMonb/M?/¢, KoHel 3Tana
[T+Boga 188 037 2979 1622 056 0,06 10,08
MB+P 312 160 2500 1563 078 025 3,18
MB+1MC 320 1,90 2500 1368 080 0,26 3,08
MB+05MC 380 1,82 29,21 15,38 11 0,28 4,02
KC+1MC 622 819 2942 1514 183 1,4 147
MotwHocTb 061yyeHus 172,3 MKMOb/M?/¢, KOHel 3Tana

[T+Boga 254 064 2992 1563 076 0,10 7,82
MB+MP 340 1,70 30,00 14,55 1,02 0,16 6,32
MB+1MC 410 220 29,27 1500 120 033 3,64
MB+05MC 407 233 29,98 1502 122 035 3,46
KC+1MC 483 318 2940 1509 142 048 2,95

pOIIIO pa3BUTast KOPHEBAs CHCTeMa 00eCIIeYNBACT JIyd-
IIYIO MPYKMUBAEMOCTD CaxKEHIIEB M Pa3BUTHE, TIO3TOMY
MBI IOCTapaJIMCh OINPEACTUTh BIAUSIHIUE MOIIIHOCTH 00-
JIyyeHus, cyocTpaTa M MUTaTEIbHOrO pacTBopa Ha Oa-
JJaHC pa3BuUTHs. IloydeHHbIE pe3yabTaThl YKa3bIBalOT
HATO, YTO MCITOJIb30BaHNE MUTATEILHOTO PACTBOPA CME-
maet 6ajaHC pa3BUTHUS B CTOPOHY KOPHEBOI CHCTEMBI.
Ha navanbHoM aTane B Bapuante I'T + Bojga mokasaTesb
OajlaHca pa3BUTHS COCTaBIsIeT 9,65, a ¢ JTIOOBbIM ITHUTA-
TEJbHBIM PAaCTBOPOM OH coKpamiaercs B 1,6...2,4 pasa.
JaHHas TeHACHIMST COXPaHsUIaCh Ha MPOTSKEHUU BCETO
srana. CHIbHOE BIMSHIE Ha O0aJJlaHC pa3BUTHS OKa3aia

MOILIHOCTb 00ay4yeHus 126,8 mkmonb/M?/c. OHa cMme-
cTuia GajaHC B CTOPOHY Pa3BUTUSI KOPHEBOM CUCTEMBI
KaK Ha OpraHMYecKOM CyOCTpare, TaK M MUHEPajo-
BAaTHOM C IMTaTeIbHBIMU pacTBopamMu. Ha HavaibHOM
ararre B BapuanTax MB 1 KC 6ayaHC pa3BUTHS COCTaB-
asu1 ot 4,00 g0 5,86, a K KOHIy IIpY MOILIHOCTUA O0JIy-
yeHust 126,8 MKMOJIb/M?/C CMECTUJICS B AMAIIA30H —
1,47...4,02, 172,3 mxmonb/M?/c — 2,95...6,32.

BoiBoabl. Haubosiee BbICOKME CaxXeHIbI ITOJY-
YyeHbl B BapuHaHTaX C HCIOJb30BaHUEM MUHEpa-
JIOBaTHOTO  yOcTpaTa W TIMUTATEBbHBIX PAaCTBOPOB
MpU  MOIIHOCTH o6aydyeHUus 126,8 MKMoIb/M?/cC:
MB+IIP —-7,3+0,3cm, MB+0,5MC —7,2%0,3 cwMm,
MB+ 1MC-38,5+0,3cm.

MoriHocTh 001ydeHus 172,3 MKMOJIb/M?/C CIIOCO0-
CTBOBaJIa HAMOOJIBIIIEMY KOJIMYECTBY JIMCTHEB B BApHAH-
tax MB + I[1P u MB + 1 MC nio 10,0 % 0,5 mrT. B 060mx
CITyJasix.

AKTUBHOE Pa3BUTHE ACCUMWISLIMOHHOM IUIOLLIAIN JIK -
CTheB Habmomamu mpu 172,3 Mmkmoinb/m?/c — 106,519,0...
174,5%£9,0 cm2.

JduameTp poxKa CaXKEHIIEB 3eMJITHUKUA CaToBO —
0,8 cM B Bapmantax MB + 0,5 MC, MB + 1 MC,
KC + 1 MC npu 126,8 mkMoJb/M?/c.

Yucras MNpOAYKTUBHOCTL (DOTOCHMHTE3a Ha Op-
FaHMYEeCKOM CyOCTpaTe C IIMTaTeJIbHBIM pPacTBOPOM
(KC + 1 MC) B 1,5...2,5 pa3a BblllIe, YeM MPU UCIIOJb-
30BaHUU 3aMPaBICHHOIO YI0OPEHUSIMU OPTaHUYECKOTO
cyoctpara (I'T + Boma). YucTast mpoayKTUBHOCTb (POTO-
CUHTE3a JINCTOBOTO armapara CaxkeHIIEB, BIPAIICHHBIX
Ha MMHepajoBaTHOM cyocTparte rpu 126,8 MkMoJib/M%/c,
6bL1a ot 0,27 mo 0,33 mr/cm?/cyT., a ipu 172,3 MKMOJIB/
m?/c —0,23...0,29 mr/cm?/cyT.

Hcnonp3oBaHKe MUTATETLHOIO PACTBOPA ITPUBOIUT
K JIy4IlIeMy Pa3BUTHIO KOPHEBOU CUCTEMBI KaK 1 MOIII-
HOCTb 00 TyueHus 126,8 MKMOJIb/M?/C.
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