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dopMupoBaHue ypoxasi Kaprodelisi Ha IepHOBO-TOA30JMCTHIX MouBax IlojieBOil OMBITHOI CTaHLIUU
PTAY—-MCXA um. KA. TumupsizeBa mokasajio, 9To HanooJjee 0JIaronpusTHBIM TSI CTUMYJIMPOBAHUS PO-
CTa 1 pa3BUTHUS pacTeHUit KapTodesi copTa MeTeop SIBISIFOTCS 03bl 00JIy4eHUsI TOCEBHBIX KiyOHeii 200—
300 I'p. ITocne Takoii pagrallMOHHOM 00pabOTKM CEMEHHOTO Marepraia B pacTylleM KapTodene Habro-
JaeTcsl HaubOoJbILINI MPUPOCT B IJTMHE TIa3KOB, B KOJMYECTBE INIa3KOB U CTeOJieil, B moKa3aTelsie KoJinye-
cTBa (DOTOCHMHTETUYECKON aKTUBHOII GMOMACCHI, B COMEPXKaHUU CYXUX BEIIECTB B JIUCThSIX U CTEONSIX, a
Tak>Xe B KOJIMYECTBE KpaxMmalia B KJTyOHsIX BbhIpallleHHOro Kaptodesi. Bce 3To MoXeT ObITh MCITOJIb30BaHO
IIJIST TIOBBIIIIEHUST YPOXKAHHOCTH KapTOo(Mest U ero MTOTPEOUTEIbCKIX KaueCTB.

Karouessie cnosa: KityOHU KapTodeist, raMMa-o0IydeHe, BCXOXKECThb, POCT ¥ pa3BUTHUE PACTeHUM, ypoxKaii-

HOCTb
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BBEAEHWE

ComtacHO OOLIMPHBLIM JUTEPaTyPHLIM JaHHBIM
[1=3], nng oOayyeHUsI pacTeHUN HMOHU3UPYIOIIUM
M3JIy4YeHHEeM Ha pa3HbIX 3TallaX MX pa3BUTHS UCIIOIb-
3yI0TCSI CeMEHa, IIPOPOCTKU, B3POCIBIE PACTEHUS U
Tionsl. s panualiioHHON 0O6paboTKU KapTodes
yallle BCErO MCITOJb3YIOTCI €ro KiyoHu [4—6], mpo-
pocTKu in vitro [4, 7, 8], 1 OUeHb peIKO ceMeHa KapTo-
densa [9]. OnHUM U3 NEPCIIeKTUBHBIX HaIlpaBJICHUMN
WCITOJIb30BaHMSI MOHU3UPYIOIIETO U3ITYIEHUS 171 00-
JIy9EHUSI pacTeHUI SIBISIETCS IIPUMEHEHNE CpPaBHU-
TEJIbHO HEOOJBIINX 103 PaAuallii B O0JIYyYEeHHBIX Ce-
MEHaxX M PacTeHUSIX IJisl YBEJIMUYECHMUS] BCXOXECTU U
YCKOPEHUSI IIpOpacTaHMsl, MOBBIIICHUST YPOXaNHO-
CTH U COAep>XKaHUs B IJIOJAX MUTATEIbHBIX BEIISCTB
[8, 10]. Ampuopu, 3dpeKTUBHOCTh JAHHOTO cIIoco0a
pamnalMmoHHOM 00pabOTKM KapTodenas 3aBUCUT He
TOJIBKO OT YCJIOBHS OOJIy4YeHMsI, HO U OT COPTa KapTO-
dens u yciaoBuit faqbHENMIIIETo BeIpalllMBaHUs pacTe-
HUI.

Llenp HacTOsIIIErO MCCIENOBAaHUS — W3yYCHUE
BJIUSIHUST JO3bl MIPEANIOCEBHOTO Y-00JyuyeHuUsT KI1yO-
Helt KapTodeass Ha BCXOXeCTh KJIyOHel, pocT U pa3-
BUTHE PACTEHM, YPOXKANHOCTDh M KQUeCTBO KIIyOHE

Kaprodenst copra MeTteop B ycinoBusix MOCKOBCKOiT
obsractu Poccuiickoit @enepaliuu.

OKCITEPUMEHTAJIBHAA YACTb
Mamepuanet

OOGBEKTOM UCCIIEIOBaHMUS OBLT YIIBTpapaHHMI COPT
Kaptodess paHHel TpyIIbI CIIEJIOCTH POCCUIICKOI ce-
ek Meteop, comepxkammit 10—12% kpaxmadia.
st mocagky ObUIM OTOOpaHBI KIIyOHM 0e3 INIa3KOB
BecoMm 70—80 r. Mx mocagka mpoBoauIach B Mae, Io-
cJie TOCTUKEHUSI TIOUBBI (PU3NUYECKO crielocTu. Bhl-
caXWBaJIM KapTodeab B rpeOHM, Hape3aHHbIE TPaK-
TOPHBIM OKYYHMKOM Ha TIyonHy 8—10 cMm.

Tamma-obayuenue

IIpennoceBHOEe 0oOMydeHMEe KIyOHEei KapTodes
npoBoamioch Y-aydamu Co® Ha YVHY “Tammarok-
100” UTIX®P PAH mpu MOIITHOCTH 103bl OOIyYEHUS
3.6 Ip/c.

Tlonesoii onoim

dopMupoBaHre ypoxas U HU3ydeHUE KadecTBa
KJIyOHel KapTodensa npoBoauiaoch B 2019 1. B ycio-
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BUSIX IIOJIEBOTO OITbITA HA JIE€PHOBO-IIOA30JIMCTHIX
nmouyBax Ha Tepputopud PTAY—MCXA um. K.A. Tu-
mupsizeBa B 2019 r. JlaHHast cTaHLIMS pacIiojiaraeTcs
B YCJIOBMSIX, CTaHAAPTHBIX Wi LleHTpanbHOTO peru-
oHa Poccuu B ycnoBusx HeyepHo3eMHOIT 30HBI, OIS
KOTOPOI XapaKTepeH YMEPEHHO-KOHTUHEHTAJIbHbBII
KJIMMaT M OOBIYHO Mpeo01amaioT 3alagHble U I0TO-
3arnaaHbie BeTpa. ITo MexaHn4ecKoMy COCTaBY ITOYBBI
CTaHLIMK CYIJIMHUCTEIE CyIleCUaHbIe, €€ BEPXHUE CJIOU
BblllleSIoueHHbIe. B BepxHux ropuzoHrtax (40—50 cm)
HaO0gaeTCsl MeCYaHbli KPYITHBIN U TTbLISBATHIN Cy-
IJIMHOK. B MaxoTHOM cJIO€ OIBITHOM CTaHUMU IIO
JTaHHBIM arpOXMMUYECKMX aHaJIn30B B 100 r mo4yBBI
umeercs 2.4—2.5 r nepertost, 16—17 mr P,Os, 8—11 mr
K,O. IToTpebHOCTH B NU3BECTKOBAHUY Y TTOYBBI MPaK-
TUYECKM He HabJromaercsi, IocKoiabKy pH BomHOIM
BBITSIKKM cocTaBiser 5.8—6.2 [11].

IToneBoit onbIT ObLT TpexcaKTOPHBIM, BapUaHThI
pa3MelIeHbl paHIOMU3UPOBAaHHBIM METOIIOM, ITOBTOP-
HOCTB YeThIpEXKpaTHasI, PacIiojoKeHNE ITOBTOPESHMIA —
CIUIONTHOE, a TUIOIANb OTHOI AEISTHKU 25 M2.

OCHOBHOE MpaBUJIO NPOBEACHMS ITI0JEBOTO OIThI-
Ta — BBIMOJTHEHUE KaX10# 13 paboT Ha BCex BapUaH-
Tax OITbITa B TeueHHe omHoro aHs. MeHoaornyeckue
HaOJIIOAeHMs] TIPOBOIMJIM BO BpeMs Beretaluu Kap-
Todesisi, OTMEUaIM Hayajao BCXOOAOB KapTodens u
IOJIHBIE BCXOMbI, Ha4YajlO0 W MOJHYI OyTOHU3ALIUIO
KapTodes, HaJyajio U IOJHOE LIBETeHME KapTodes,
HayaJjio U MojJHoe yBsigaHue 00TBbI KapTodes. Cie-
JIYET OTMETUTD, UTO HA4aJI0 y KaxIoi (ha3bl pa3BUTUS
o6o03HauaeTcsd Toraa, koraa 25% pacteHuit focTUraeT
B CBOEM pa3BUTUU 3TOI (hasbl, TOrma Kak noyuHas ¢asza
oTMevaeTcsd, Korga 75% pacTeHuit KapTodens no-
CTUTJIM HaHHOH (a3bl pa3Butus. ['YCTOTY U BBICOTY
crebiiecTost KapTodesi onpeaessiii BO BpeMs BCex
¢azax pa3BUTHS Ha cieUajIbHO BHIOPAHHBIX pacTe-
HUAX IMOACYETOM KOJMUYECTBA Ha KaXIOM U3 OTUX
pacTeHuii 1 U3MEPEHNEM UX BBICOTHI.

B ycnoBusIX IT0JIEBOTO OIbITa MPOBOAMIIOCH OMpe-
nenenue naaekca NDVI (Normalized Difference Vege-
tation Index — HopMaIM30BaHHBINM PA3HOCTHBIN MH-
JIEKC PaCTUTEIIBHOCTH — KOJIMYECTBEHHbIN MTOKa3aTelb
KonmyecTBa (POTOCMHTETUYECKN aKTUBHOM OMIOMAaCChl)
¢ romolbio ceHcopHoro naryuka GreenSeeker RT 200
[12]. B manbpHeiilieM 3aBUCUMOCTh MEXIY KOJIMYE-
CTBOM XJopoduila U OOECIIeYSHHOCTBIO a30TOM Y
KaX/Ioro pacTeHus mo3Bojuia anmnapaty Green Seek-
er 1o CTeTNeHU OKPACKU JIMCThEB ONPEAEISITh IOTPeO-
HOCTh KapTodens B azore. OCOOEHHO 3TO BaxKHO B
nepuon KiyoHeooOpa3zoBaHusl Kaptodenas. MHaekc
NDVI mmpokKo MCIoNb3yeTcst Il KOJIUYEeCTBEHHOM
OLICHKU PaCTUTEIBHOIO ITOKPOBa U IPSIMO 3aBUCUT
OT KOJIMYeCTBa aKTUBHOI (pruTomMacchl pacteHuit. Ha
ero MoKa3aHUsI BIUSIOT MHOTHE (DAaKTOPHI, TAKUE KaK
BUJI paCTeHUI1; ”THTEHCUBHOCTh POCTA, TUI KYyCTa; CO-
CTOSTHYE TIOCAIOK; UX BKCITO3ULIUS U TIOM KAKUM YTJIOM
OHM HAKJIOHEHBI K [MOYBE; LIBET ITOYBHI MOl PACTEHU -
amu. 3Hauenunst NDVI Bappupyroiimecs B MHTEpBae
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ot —1 mo 1 nns 3eneHoit paCTUTENTEHOCTH OOBITHO CO-
crasisor oT 0.1 1o 0.8 [13].

Pacuer BereTaliioOHHOTO MHAEKCA IPOBOIUTCS IO
aJITOPUTMY, KOTOPBII €CTh B IIporpamMmMax ScanView,
ENVI, Scanex MODIS u T.1., UCNIOJIB3yEMBIX MPU
06paboTKe JAaHHBIX TUCTAHLIMOHHOTO 30HAUPOBAHUS.
JaHHBII MHIEKC OTOOpaXKaeT INIOTHOCTDb PACTUTEIb-
HOCTHU, YTO MO3BOJISIET IIPOBECTU OLIEHKY BCXOXECTH
U pOCTa PACTEHUI, ONPEIEINTh UX MPOIYKTUBHOCTD U
Y3HaTh O MTPOOJIEMHBIX MECTAaX YTHETEHHBIX pacTeHUIA.
DTO0 AenaeT BO3MOXHBIM MPUHSTHE BEPHOIO U JOJITO-
CPOYHOIO pELIEHUS, HAMTPABJICHHOIO Ha YBEJIUYEHUE
ypoxaitHocTu. J171s1 yno6cTBa BOCIIPUSITHST YYaCTKHU C
pa3HBIM PAaCTUTEIBLHBIM COCTOSTHMEM M300paskaloTcs
OTJIMYHBIMU APYT OT Apyra 1BeTamMu. B akcriepruMeH-
Tax JIJisi CKAHUPOBAHUSI ITOCceBa OBLIN UCITOJIb30BaHbI
natuuku GreenSeeker RT 200.

PE3VJIBTATBI 1 OBCYXIEHHWE

Ilpupocm 6 koauuecmee u oauHe 2na3xKos
8 X00e XpaHeHusi Npu KOMHAMHOU memnepamype
001yUHeHHbIX KAYyOHell Kkapmodghens

[IpenmoceBHy0 pagualiMOHHYI0 00pPabOTKY KITyO-
Hel KapTodess MPOBOIWIN 3a 7 THEH 10 TTOCaaKU, T10-
CKOJIbKY MpeABapUTeIbHbIE SKCIIEPUMEHTHI TTOKa3aJlH,
YTO 3TOT IIEPUOI SIBJISIETCS HAWIYYIIAM CPOKOM MX
obnyueHus. O0OnmydeHne KIIyOHEl B paHHHE CPOKM
BBI3BIBAJIU YXYAIIEHNE TTOCAI0YHbIX Ka4eCTB, BCJIEI -
CTBHE OBICTPOrO MX IIpOpacTaHUS W OOJaMBIBAaHUS
pocTKoB I1pu nocanke. [Tocie ceMunHeBHOro XpaHe-
HUS TIpYU KOMHATHOI TeMmepaType U eCTeCTBEHHOM
OCBEILIEHHOCTH OBLIN OIIpeAeieHbl KOJIMYECTBO U
JUIMHA TJ1a3KOB, MOSBUBIIMXCS B XOAE IpopaliuBa-
HUSI KaK OOJTy4EeHHBIX, TaK U HEe OOJIYYEHHBIX KITyO-
Helt kapTodensa. Ha puc. 1 npuBeneHa 3aBUCUMOCTh
OT A03bl Y-00JIly4eHMs IPUPOCTA B JJIMHE U KOJHAYE-
CTB€ IJ1a3KOB, BBIPOCIIMX B MMPOIIECCE CEMUIHEBHOTO
npopaimuBaHus kKaptodens. [IpuBeneHHble Ha puc. 1
3aBUCMMOCTU HMEIOT 3KCTPEeMaIbHBIM XapaKTep C
TOUKOI mepernda B BepxHell yacTu TrpadukoB. U3
rpaduka la BUTHO, YTO yBEJIMYECHNE JO3bI pagualii-
OHHOIT 00paboTku KiayoHeit ot 100 mo 300 I'p mpuBo-
JIWT K YBEJIMYCHUIO CPEIHEI IJTMHBI IJ1a3KOB OT 6.5 10
9.7 cM. Ilocnenytoliee yBeJmdeHNe 10361 00TyIeHUS
1o 600 I'p BeI3BIBAET YMEHBIIEHUE CPENHEl IIMHBI
I1a3KoB 10 6.4 cM. CpenHee KOJMYECTBO IIa3KOB Ha
KIIyOHe KapTodellsl TakKe CHayajla pacTeT C J030M
obnyueHus u gocturaeT 3.4 mas3kos 1ipu 300 I'p, a 3a-
TeM HauWHaeT 1MajgaTh C MOBBILICHUEM 103bl 00JIyde-
HUS 1 0oxoauT 10 2.0 m1a3KoB Ha KIIyOHSIX, 00TydeH-
HbIX 1030i1 600 I'p (puc. 106).

IMonygyaetrcd, yTto oOMydeHUE KIyOHEH mo3amMu
200 u 300 I'p BeI3BIBaeT HAMOOJbIIIEE YCKOPEHUE TT0-
SIBJICHUS TJ1a3KOB, UX JIMHY U KOJUYECTBO B XO[IE
XpaHeHUsl OOJlydeHHbIX KIIyOHeid Mpu KOMHATHBIX
yciaoBusx. Hago mosaratb, 4to ornpenejieHHast cTe-
MEeHb MOBPEXICHUS U Ie30praHu3alus GepMeHTHBIX
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MEXaHU3MOB, UHIYLIMPOBAaHHAsI TAKUMU 103aMU pa-
JIMalMU OKa3bIBaeTcsl 0JIarOTBOPHOI, W IIPUBOIUT K
OoJiee TIOJITHOMY M paHHEMY MpOpacTaHUIO KIIyOHei
Kaptodes.

N3BectHo [14, 15], 4TO mM3MydeHWS BBICOKOIA
BSHEPTUM B JTI000I1 103€ TIPSIMO WJIM KOCBEHHO BbI3bIBa-
eT B OMOIIoJIMMepax MOSIBJICHUE CBOOOMHBIX paauKa-
JIOB, IOHOB, BO30YKIEHHBIX aTOMOB U T.N. Takue mpo-
IYKTHI PaIMOJIN3a COBMECTHO C KMCIOPOAOM BO3IyXa 1
BJIard UHUIUUPYIOT LEMTHOM MeXaHU3M JIy4eBOTO I10-
pakeHUsT 0OJIyIeHHBIX MaKPOMOJIEKYJI, IIPUBOASILIETO
K YCWICHUIO OOMEHa BEIIECTB M AKTHUBU3UPYIOLLIETO
psin ¢pepMeHTOB. 110 COBOKYITHOCTH BCE 3TO YCWIMBACT
MPOLECCH OKUCIICHUST Y 3aMyCKaeT IIpolLiecc ObICTPOIA
MOOWIM3ALIMU 3a1acoB MUTATEIbHBIX BelllecTB. Bumu-
MO, II0 3TOI MPUYMHE IPOLECChl “IpOoOYyXAcHUS”,
BBIBOJISIIIME U3 COCTOSHUS TTOKOS KJIIYOHU, OOJTydeH-
Hble n1o30i 200—300 I'p nayT 3HAUYMTEIBHO OBICTpEE.
IIpu aHaJOTMYHBIX YCIIOBUSIX XpPaHCHUS B TeUCHUE
ceMM JTHeN B KITyOHSIX, HE TIOIBEPTHYTHIX Y-00Iyde-
HUIO, MOSBJISIETCS BCEro JIMIIb OAWH IJIa30K, a €ro
CpEIHUiT IPUPOCT COCTaBJISIET 2.8 CM.

Takum oOpa3oM, MpearnoceBHasi paavallMOHHAas
o0paboTka Yy-uznyyeHueM nosoii ot 100 go 300 Ip
KJIyOHell KapTodenss copra Meteop CocoOCTByeT
MOYTHU TPEXPa30BOMY MOBBIIIEHUIO €ro J1abopaTop-
HOI BCXOXECTU. DTO CBUIETEIBCTBYET O OOIBIION
3¢ HEKTUBHOCTU UCTIOJIL30BaHUSI IPEAIIOCEBHOM pa-
JUALlMOHHOI 00pabOTKM KJIyOHEel HaHHOTO copTa
KapTodes 11T CTUMYJISIIIAM UX POCTa Y BCXOXKECTH.
CrnegoBaTebHO, TaKHUE T03bI ITPEANIOCEBHOIO 00y~
YyeHus KJIIyOHeil KapTodessi CIToCOOCTBYIOT paHHEMY
IpopacTaHMIO KIIyOHE 1 MOTYT OBITh MCITOJIb30BaHbBI
JIJISI TIOBBILIIEHUS eTo ypoxaitHocTu. C Apyroii cTopo-
HbI, pe3yJbTaTbl 9KCIEPUMEHTOB MOKa3bIBalOT, YTO
JIJISI OCTAHOBKM IIPOpaCcTaHUs JAHHOTO COpTa KapTo-
¢eist ¢ Hebio MPOMJICHUS CPOKA €T0 XpaHEHUSI, T03bI
pagualMOHHON 00pabOTKM IOJKHBI ObITH OOJIbIIIE
600 I'p, TOCKOJBKY TPU MEHBIINUX J03aX MPUPOCT B
JUTMHE W KOJIMYECTBE IJIa3KOB B KIIYOHSIX, OOJIy4yeH-
HBIX Y-JTydaMU Bcerna 0oJibllle, YeM B HEOOIYyUeHHbIX
KITyOHSIX.

Buvicoma u koaunecmeo cmebneli 8 paznuiHviX nepuooax
pocma Kkapmogens, bipauieHH020 U3 001YHeHHbIX
KAyOHell Ha ONbIMHOM nojae

B pasButumu pactenHuii kaptodessi UMeoTCs He-
CKOJIbKO 3HAaYMMBIX MTEPUOJ0OB, a UMEHHO: MpopacTa-
HHe KITyOHei, BCXOAbl, OyTOHU3aLUsI PACTEHUI, 1IBE-
TeHUE U yBsaaHue. MIX NpoIoJLKUTEIbHOCTD 3aBUCUT
OT MHOTHUX (pakTOpOB, B TOM UKCJI€ OT 103 paaualiv-
OHHOTO O0JIyueHUs, KaK KyCcTa pacTylllero pacTeHusl,
TaK U KJIyOHsI ceMeHHoro Kaptodes. Hapsiny ¢c aTum
panuaioHHasi pe3UCTEHTHOCTb PAacTEHUSI 3aBUCUT
OT €ro BUjia, a BHYTPU OJHOTO BUJIa OT €ro copra. Pe-
3yJbTaThl UCCJIEAOBAHUS, IPOBEACHHOIO B HACTOSI-
et pabote, moka3ajiu, YTO B paCTeHUSIX KapTodeist
copta MeTteop, BbIpallleHHbIX Ha OMBITHOM MOJIE U3

XUMUSA BBICOKHX DHEPTUM
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Puc. 1. 3aBUcUMOCTb OT 03Bl Y-00IyYeHUsI IPUPOCTA B
nnuHe (a) u konmdecTBe (0) TIa3KoB KapTtodesst mocie
XpaHeHUs 00JIyYeHHBIX KJIyOHe ! pyu KOMHATHOM TeMIie-
paType B TeYEHUE CEMU CYTOK.

CEMEHHOTO0 KapTodelisi U ero y-00Iy4YeHHbIX aHalo-
TOB TIPOIOJKUTEBHOCTD TTIEPHOIOB MOCAIKA — BCXObI,
BCXOOBI — OYTOHM3aIMsI, OyTOHU3AlINSI — IIBETCHWE U
[BEeTeHMEe—YBsIIaHUE MNPaKTUYECKM HE 3aBUCIT OT
JTO3bI MPEIITOCEBHOTO O0TyYeHUSI KITyOHEM CEMEHHOTO
KapTodens, n HaxoasaTcsa B uHTepBayie 10 = 1, 14 + 1,
18 = 1 u 25 *+ 1.5 nHeli cooTBETCTBEHHO. Takum obpa-
30M, TTOKA3aHO, YTO JO3bI TIPEANOCEBHOIO OOTyYEHMUST
kyoHeii ot 100 mo 600 I'p mpakTH4YeCcKM He CKa3bIBaIOT-
Csl Ha cpoKax Mexk(a3HBIX IEPHUOIOB Pa3BUTUS pacTe-
HIIA KapTodens.

Poct pacrenmii kaprodenst saBisieTcss HeoOpaTu-
MBIM MPOIIECCOM M 3aBUCHUT OT COBOKYITHOCTU BCEX
¢dakTOpOB, BAUSIOLIMX HA UX XU3Hb. J1J151 onpenee-
HHUS BIUSHMUS OO3bI MPEOIIOCEBHOTO OOJIyYeHUS
KJIyOHEe#l Ha MHTEHCUBHOCTh POCTa 1 Pa3BUTHUS pac-
TeHUI KapTodelisi, a Takke Ha TedeHue (pU3N0JI0ro-
OMOXMMUYECKUX IIPOLIECCOB B IIOJIEBLIX U BEereTall-
OHHBIX OITBITaX OBLIM IIPOBENCHBI (PEHOJIOTUUECKIE
HaOII0AeHUSI 1 GMOMETPUYECKHE YUEThl BEICOTHI pac-
TeHUI1 U KoJimuecTBa crebaeil. [lorydeHHBIC JaHHbBIE
o BBICOTE (KpMBBIE a—e) M KOJIMYECTBE CTeOseil
(KpuBBIe 0—3), TIOSIBUBILIMXCSI B MIEPHUOI BHIIIECYyKa-
3aHHBIX YeThIpeX (a3 pa3BUTHUSI paCTCHUI KapTodeis,
BbIpallleHHbIX M3 00JydeHHbIXx oT 100 mo 600 Ip
KJTyOHel mMpuBeaeHbI Ha pUC. 2.

Pacrenus, BeIpociye n3 o0JydeHHBIX KITyOHEId,
paHBbIIIE U BHIIIE BHITSIHYJINUCH B IJIMHY, 3aMETHO YCKO-
PWIOCH IIPOXOKIECHNE MexK(a3HBIX IIepPHUOIOB POCTa
u pa3putus. [IpenmoceBHoe ooayyeHue no3oii 100 I'p
KJTyOHel KapTodelisi IpUBejIo K HanOOJIbIIeMY IIPY-
pocty (19 cm) B BbicoTe cTeOIei Tocjie BCXOI0B 110
OyTOHM3alM pacTeHuii (puc. 2 a, 6). Mexnay TeM, B
IIEpHUOA MEXIY LIBETCHUEM M YBSIIAaHUEM IPUPOCT B
BBICOTE CTeOJIeii cocTaBWII He OoJsiee 7 CM, a B MEX-
¢da3HOM TIepuoJe OyTOHM3AlLMSI—IIBETEHUE POCT
Ne 2
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Puc. 2. 3aBUCUMOCTD BBICOTHI (@—2) M KOJIMYECTBa CTeO-
neit (0—3) Bo BpeMs BCxonoB (a, d), oyronusauuu (0, e),
LIBETeHUSI (8, orc) U yBsimaHusl (e, 3) paCTeHUM KapTodes
OT JO3BI MPEATIOCEBHOTO Y-O0IyUeHUs KIyOHeil KapTo-
dens.

ctebireit BoBce He mpoucxoaut. Kak BumIHO u3 puc. 2,
obiydyeHUe KJIIyOHel mepen mocankoil mo3oii 200—
600 I'p npuBOAUT K HE3HAYUTEIBHOMY COKPAaILEHUIO
TeMIa IPUPOCTa OT JO3bI OOTyUdEHUST BLICOTHI CTEOICH
BO BCeX MEPUOIaX pa3BUTUS pAaCTEHUI, YeM B OOTydeH-
HbIx 1030 100 I'p KiTyOHsIX ceMeHHOTro KapToders.

B otyame ot pa3Butust KapToderst 3 00IydeHHBIX
CEMEHHBIX KITyOHE!, B KapTodesie, BhIpAIlICHHOM U3
HeOoOJTydeHHBIX KIIYOHEH, HauOONBIIMI TPUPOCT Ha
14 cMm B pocTe cTeOjieil HaOmMIOmaeTcsl B IEPUOI OT
LBETEHUS N0 YBSIaHUS OOTBBI pacTeHUsI, a TAKKE B
HUX BO BCEX ITSITU 3Tallax pa3BUTUSI PACTECHUM KapTo-
¢enst, npupoCT B BBICOTE CTeOJIel BCerma HIDKE, YeM
B PACTEHUSIX, BhIPAILICHHBIX U3 00JIy4eHHBIX KIIyOHEIA.

Takum obpazom, Oosiee paHHUE U IPY>KHBIE BCXOIbI
00JIly4eHHBIX KJIyOHE, ITocie Mocaaku Jaau XOpo-
IIee Hayayjo OBICTPOMY POCTY CTeOJieii B BBICOTY B
MexK(a3HbI Iepuod OT BCXOAOB OO0 OyTOHHM3ALUU
pacrtenmii kKaprodensa. K Tomy ke, HanOOIbIIMIT TpU-
pOCT B BBICOTY CTebjeil pacTeHUil Kaptodels Ha-
GaromaeTcst IIpyY UCHOAb30BaHUM IS TIOCAIKU KITyO-
Heli, ooydyeHHBIX 1o30i 100 I'p. I1pu sToMm yBennde-
HUE J03blI IIPEAIIOCEBHOIO OOJIy4YeHUSI KIIyOHEil OT
100 mo 300 I'p compoBoXnaeTcss He3HAUYUTEIbHBIM
COKpAIlICHUEM BEJIWYMHBI TAKOTO IIPUPOCTA, a Hajb-
Heiiee nosekiieHre no3b1 ot 300 go 600 I'p mpakTye-
CKM He CKa3bIBaeTCsl Ha BeJIMYMHE IpupocTa. B oTim-
4que OT ciaydasi MCIIOJIb30BaHMsI OOyYeHHBIX KITyOHEH
JIJISI TIOCaJKK, B BapuaHTax 0e3 00Iy4eHUsT, HanbOoIb-
LTI TIPUPOCT B BBICOTE CTEeOJ i BRIPOCIIIETO KapTo-
dens HabmomaeTcss B MexK(Ma3HBIi IIEpUO OT IIBETE-
HUSI paCTeHUIT 10 YBsiTaHUSI OOTBBI.
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PazymeeTcst, Hapsiny ¢ BBICOTOI pacTeHUit KapTo-
des, KonuuecTBo cTebel oTodbpaxkaeTt pasmep po-
TOCUHTETUYECKOW TIOBEPXHOCTU, KOTOpAsT HaMps-
MYIO KOPPEJIMPYET C YPOXKANHOCTEIO.

He3zaBucuMo OT 10361 ITPEAITOCEBHOTO OOJTYIeHUS
KJTyOHEel, BO Bcex (pazax pa3BUTHUS paCTEHUI KapTo-
denst HandoIbIIMM KOJIMYECTBOM CTeOJIel 001aganu
pacTeHusI, BeIpallleHHBIe N3 KIIyOHel, 00TydeHHBIX
no3oit 200—300 I'p. x KoinyecTBO B MEPUOIBI 1IBE-
TEHUSI U YBIOAHUS TOCTUTAET 10 6—7 IITYK B OMHOM
KycTte KapTodens. B To ke BpeMs, Tpy aHaTOTMIHBIX
YCJIOBUSIX BBIpAallIMBAaHMSI, B OHOM KYCTE pacTEHMUIA,
BBIpaIlIeHHOM 13 HeOOIYYeHHBIX KJIIyOHEei, MMEIOTCS
He 6oJiee 2 cTeOJIe.

Onpedenenue codepocanus Aucmoves
u cmebaneii 6 gpazy yeemeHus pacmeHuil

BoTtBa KapToeTbHOTO PAaCTeHHUS SIBIISICTCS XKU3-
HEHHO BaXXHBIM OpTraHOM, KOTOpasi B BUJE JIMCTHEB
MMPOU3BOAUT IMUTATEIbHBIC BEIIECTBA, a TAKXKE B POJIN
cTebJIeii He TOJIBKO MOMASPKUBAET JIUCThST U IIBETHI,
HO ¥ IO HUM K JIUCTHSIM 1 [IBeTaM MOTHUMAETCST BoAa
C pacCTBOPEHHBIMU B HEeil MUHEepaTbHBIMU BEIIIECTBA-
MU, OUPKYJIUPYIOT XU3HEHHBIE COKM pacTeHmst. K
TOMY 3Xe B CTeOJie MOTYT 3amacarbCsl TTMTaTeIbHbBIS
BellleCTBa.

B nengx onpeneneHns BIUSHUS JO35I TPEIITOCEB-
HOro oO0JydeHMsl KJIIyOHell Ha M3MEHEHUST KOoJinue-
CTBa HaJ3eMHOI Macchl KapTodeJist ObLIO IIPOBEICHO
n3MepeHne Macchl cTeOJIeit 1 INCTheB B (pa3e IBeTe-
HUSI pacTeHMsI, BRIpAIlIEHHOTO U3 KJIyOHEe ¢ pa3iud-
HOI1 10301 mpearnocagoyHoil paguallMoHHON obpa-
OOTKU.

Ha puc. 3 npuBeneHbl UBMEHEHUS OT JO3bI TIpe/l-
IIOCEeBHOTO OOJIy4eHUSI KIIyOHell, OTHOCUTEJIHLHOIO
coiepXKaHUsI TUCTheB (KprBasi 6) U cTebeli (KprBasi 6)
B OOI11Iei 3eJIeHOl Macce pacTeHuit (KpuBasl @) B Me-
pyon uBeTeHMs KapTodensd. Kak BmagHO, Macca cTe0-
JIEH U TUCThEB PACTEHUSI, BRIPAIIEHHOTO U3 KITyOHEeH,
o0nyuyeHHbIx q1o30ii 100 I'p, coctapnsier 273 1, UTO Ha
30% MeHbliIe MacChl 60TBBI PACTEHUSI, BEIPAILIEHHOTO
MpU TeX Xe YCIOBUSIX M3 HEOOJYYEHHBIX KIIyOHeu
kaptodens (puc. 3, a). B To xxe Bpems, yBeauueHue
O3Bl MIPENITOCEBHOTO O0JIydyeH!sT KiayoHeit mo 300—
500 I'p 1OJIOXKUTENBHO BIMSIET HAa POCT MAacChl BbIpa-
IIIEHHOIO pacTeHUSI, U OHA IIPAKTUYECKHU JOCTUTACT
MAacChl paCTeHUsI, BHIPAIIEHHOTO U3 HEOOJIyYeHHBIX
KIyoHeli. K ToMy Xe, TTocjie IpearnocagodyHoro ooiy-
yeHUs mo3oi 600 I'p 3emeHass Macca BBIPOCIIIETO U3
00JIy4YeHHBIX KITyOHel pacTteHus (413 r) Ooblire Mac-
Chl pacTeHMil M3 HeoOsydyeHHBbIX KiyoHei (390 r).
CireqoBaTeTbHO, HAaMOOIBIITEI 3€JIEHOI Maccoil Xa-
PaKTepHU3yIOTCs pacTeHUSI KapTodeis, BRIPOCIIIE U3
KJIyOHe, 00aydeHHbBIX 10303 600 I'p.

Conep:kaHre JIMCTHEB B OOIIeil 3ejeHOil Macce
pacTeHus KapTodeisi pacTeT ¢ 10301 IMPEATrIOCEBHOTO
o0syueHus kKiyoHei Kaptodens 1o 200 I'p u noctu-
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Puc. 3. Mi3MeHeHUe B 3aBUCUMOCTH OT O3Bl MIPENTIOCEB-
HOro o0JyYyeHMUsl KiayOHeil KapTodessi MacChbl pacTeHMs
KapToders (a), BIpallleHHOTO U3 00Jy4eHHBIX KITyOHEH,
OTHOCUTEJILHOTO CONEep>KaHUs JTUCTheB (0) U cTtebrneii (6)
B ¢ha3y LIBETEHUSI paCTEHUIA.

raet 42.5% (puc. 3, 6). JlaapHeillllee yBeIWYeHUE
MPEIIOCeBHOM TO3bI OOIyIeHUS KITyOHEI TIPpUBOINT
K TTIOCTETIEHHOMY COKpAIIIEeHUIO J0JIU JIUCThEB B pe-
3yJIbTaTe POCTa COIepsKaHMS CTeOJIeH B 3eJIeHOM Macce
pacteHmii Kaptodens. [Ipy aHATOTMIHBIX YCIOBUSIX
pocTa pacTeHusl, colepXaHue JUCTheB U CTebJieil B
o011Ieii 3eJIeHOoI Macce KapTodelist, BRIpallleHHOTo U3
HeoO/IydeHHbIX KiyOHeil, coctaBisieT 33.5 u 66.5%
COOTBETCTBEHHO. Kak BUIHO IpeAroceBHOE 00IyUe-
HUe KiyOHeu no3oii okosao 200 I'p mpuBOIUT K yBe-
JIMYEHUIO OTHOCHUTEJBHOTO COMEpKaHUs JIUCThEB
KapTodes, 4To, B CBOIO ouepeb MPUBOIUT K YBEJIH-
YeHUI0 (POTOCUHTETUIECKOM MOBEPXHOCTH, KOTOpast
CITOCOOCTBYET aKTUBHOMY POCTY M Pa3BUTHUIO KapTO-
dend.

Hzmepenus codepicanus xnopoghuina
8 AUCmusx kapmoghensi

OcCHOBHas pOJib JINCThEB paCTeHU KapTodeis 3a-
KJIIOYaeTcsl B 00eCIIeYeHNN XJIOPOMUILIOM U aKTUBA-
1M TiporieccoB (porocuHTe3a. [ToaToMy, yeM OoJbie
MIJIolaab IIOBEPXHOCTU JIMCTHEB, TeM OOJIbIIIE OHU
MOIBEPraoTcs BO3NEHCTBUIO areHTOB (POTOCUHTE3A.
ConepxxaHnue xJopoduiia B IMCThSIX KapTodest MO-
KET U3MEHSIThCS IO Mepe pocTa U pa3BuTusi. B paH-
HUX 3TallaX OHO HU3KOE, a C POCTOM PACTEHUSI MOXKET
JOCTUTHYTh MaKCUMyMa B (pa3e MOJTHOTO JIMCTOBOIO
pas3Butus. Janee HaGII0MaeTCS IIOCTENIEHHOE YMEHb-
IIeHNEe KolndyecTBa xjiopoduiia. B Hacrosieii pa-
0oTe comepkaHue XJopoduiuia B JIUCThIX pacTeHUMN
KapTodenss ompeneasioch 4depe3 10 mHeil mocie
BCXOJOB, BO BpeMsl OyTOHM3AaLIMU, LIBETCHUS 1 Yepe3
15 nHeit mocye 1BETeHUS].

PesynbTathl viccienoBaHus IPUBEACHBI Ha puC. 4.
BunHo, 4To 1032 MpeaInoceBHOro 00TydeHHsI KITyOHE,
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Puc. 4. 3aBucMMOCTb OT O3Bl OOJTy4eHUs] HOPMaJIN30-
BaHHOTO Pa3HOCTHOIO MHIeKca pactutenbHocTH (NDVI,
rokasaTesib KoJinuecTBa (hOTOCMHTETUYECKH aKTUBHOM
6uomaccsl) B KapTodese, 00IydIeHHOM Tiepel] TOCaaKOM.

Ha KOTOPYIO IIPUXOIUTCS MAKCUMYM COJIEP>KaHUS XJTO-
podusIa B IMCThSIX paCTeHUM KapTodeisi, BbIpallleH-
HbBIX 13 O0JIydeHHBIX KITyOHeit, coctapisiet 300 Ip. ITo-
3TOMY, TIPU 3TOM 03¢ 00IYIEHMST 3aBUCHMOCTD ITOKa-
3arelisl KojimdecTBa (DOTOCUHTETUYECKO aKTHUBHOM
ouomaccel (NDVI) npuHuMmaeT HanOoJIblliee 3HaUYe-
Hue (0.97), BMecTe Cc TeM U CJIeBa, M CIIpaBa OT 3TOM
0361 00syuyeHust unaekc NDVI cHukaeTcst u 1ocTu-
raet 10 0.89 1 0.91 npu 06aydyeHUN CeMEeHHBIX KIy0-
Hel no3amu, coorBeTcTBeHHO, 100 1 600 I'p.

Takum obpazom, poCT 103kl MPEATTOCEBHOTO 00-
nydeHus kiyoHeit ot 100 I'p compoBoxmaeTcs: po-
CTOM COZIepKaHusI XJIOpOoULIa B IUCThSIX KapTode-
JIsl, 1 OHO JocTuUraeT Mmakcumyma mpu gose 300 Ip.
OnHako, JajibHEHIIIee ITOBBIIICHNE 1036l O0IydeHMS
ki1yoHeir 1o 600 I'p BoI3bIBaeT CHUXXEHUE COIEpKa-
HUS XJ0poduJlia B IUCThIX paCTeHUM KapTodesis u3
0OJIy4YeHHBIX KIIyOHEI.

Onpedenenue codepicanusi Kpaxmana u cyxo2o
seuwjecmea 6 ghasze ysemeHus

Jo3Bl IpearmoceBHOrO OOJlydeHUsI KIyOHel 3a-
METHO BJIUSIIOT Ha XUMWYECKHUU COCTaB KIyOHel M
00TBBI BhIpocuiero Kaprodens. Ha puc. 5, a nipen-
CTaBJIEHO U3MEHEHUE COIepXKaHUS KpaxMaja B KI1y0-
HSIX KapTodeJIst OT J03BI 00TyUeHUSI CEMEHHBIX KITy0-
Heil. BumHo, 4To mpu mo3ax o0aydeHUs] CEMEHHOTO
Matepuana go3oit 200 I'p HaGa0maeTcst HanOoIbIIee
MOBBILIIEHME ColepKaHUd Kpaxmaia 1o 15.2% B co-
CTaBe BBIpAIICHHOTO KapTodes, B TO XXe BpeMs B Kap-
To(hene, BrIpalllIeHHOM U3 HEOOIyYeHHBIX KITyOHE co-
nepxurcs 10.6% xkpaxmana. [ToBbllieHrE comepKaHMst
Kpaxmaia 10 14.4% nabmonaeTca U B KapTodeie, BbI-
paleHHOM M3 KiyoHei, obmydeHHBIX 300 I'p. Ilpn
OCTaJIbHBIX J103aX O0Ty4eHUSI CEMEHHBIX KITyOHEeH 3a-
Ne 2

TOM 57 2023
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Puc. 5. M3MmeHeHre B 3aBUCUMOCTH OT J03bI IIPEANOCeB-
HOTO 00IydeHus KiyOHe# KapTodensi conepXXaHusi Kpax-
Mata (a) ¥ CyXoTo BEeIleCTBa B JIMCThSIX (6), cTeOensx () u
KJIyOHSIX (2) B (ha3e LIBETeHUSI KapTodeis.

METHOTO TTOBBIILLIEHUSI COePXXKaHUS KpaxMasia He Ha-
6moganock. TakuM oOpa3oM, MOBBIIIEHHOE COIAEP-
KaHMe KpaxMalia B KITyOHSIX BBIPOCIIETO KapToders
HabII01aeTCs B clydae UCIOJIb30BaHUSI 1711 OCaIKU
KiyOHeit, oomyaeHHbIx mo3amu 200—300 I'p. ITocie
TaKMX J03 pamgvallMOHHON 00pabOTKM ITOCEBHBIX
KJTyOHe TTOBBILIAETCS HE TOJIBKO CoAepXKaHUe Kpax-
Majia, HO U BCEX CYXUX BEIEeCTB, OCTAIOIIUXCS TTOCITe
BBICYIIIMBAHMS KJIYyOHEN BBIpAIICHHOIO KapTodems
JI0 MOCTOSIHHO# MaccChl B CYLIWJIBLHOM IIKady mpu
temneparype 105°C (puc. 5, &).

Takke ObLIO YCTAHOBJIEHO, YTO W3MEHEHUE CO-
JIep>KaHUsI CyXOTo BellleCTBa B 0OTBE pacTeHU B (paze
LBETeHUs KapTodeisi, 3aBUCUT OT JO3bI IIPEAIOCEB-
HOTO 00JydeHMs KIIyOHel Kaptodens. M3 3aBucu-
MOCTHU OT JI03bI OOJIydeHUsI CEMEHHBIX KIIYOHEl co-
JIep>XKaHMsI CyXOro BeIleCTBa B JIUCThSIX (KpuBas 6) U
cTe0aX (KpuBas ) Ha pycC. S BUAHO, YTO HAaUOOIb-
1Iee KOJIMYECTBO CYXOro BellleCTBAa HaKaIlIMBaeTCs
TaKKe€ B pacTeHUSIX KapTodesi, BEIPOCIINX U3 €ro
KIIyOHE, TpenBapuTETbHO 00 TydeHHBIX Jo3aMu 200
u 300 Ip.

BbIBObI

Ha ocHoBaHuu IIPOBCOCHHOIO UMCCICOOBaHUA
MOXKHO COe1aTh CJICAYIOIIME BEIBOIDI:

* 3(@EeKTUBHOCT, BO3AECHCTBUS 7Y-JTy4yeld Ha
KIyoHU KapTodesss 3aBUCUT OT J03bI OOJIy4YEHMSI.
BrImo ycraHOBIIEHO, UTO 00JTydeHNE KITyOHEel 1o3aMu
200 u 300 I'p BBI3BIBaET HAMOOJBIIIEE YCKOPEHUE MTPO-
pacTaHusi, TIOSIBJICHUSI POCTKOB, a TaKXKe YBETMYEHUE
JITAHBL ¥ KoJimdecTBa pocTKOB (200 I'p: 9.8 cM 1 2.7 1t
300 I'p: 9.7 cMm u 3.4 1T.);
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* MPOJOKUTENBLHOCTh MeXK(a3HbIX MEPUOAOB —
9TO BaXXKHbBIN MOKa3aTeb ISl OLIEHKU POCTa U pa3BU-
TUs KapTtodes. I3 npoBeneHHbBIX HAOIOACHW ObLITO
YCTaHOBJIEHO, YTO BHE 3aBUCUMOCTHU OT J103bl 00TyYe-
HUSI Y BCEX PACTEHUM BCXOMbI MOSIBUJIMCH B TE€UEHUE
10 = 1 mHe TTociie TTOCaaKy;

* 110 MPOBENEHHBIM U3MEPEHUSIM BBICOTBI pacTe-
HUIl M KoJM4yecTBa CTeOjieit HauboJiee BHICOKUMU
0OKa3aJMuCh paCTeHUsI, KIIyOHU KOTOPBIX ObLIN 00JTy-
yeHsl go3oit 100 I'p (Beicora 41 cm). HanboJtee Bbico-
KYyI0 OCTeOJICHHOCTh ITOKa3ajau pacTeHUsI, KIyOHU
KOTOPBIX ObITM 00ydeHbI 1030it 200 u 300 I'p (6.3 u
7.0 1IT. COOTBETCTBEHHO);

* B pe3yJibTaTe OMOMETPUUYECKUX YYETOB B (haze
LIBEeTeHUsI KapTodesss u JabopaTOpPHBIX ompeaese-
HUI MacChl OOTBBI U TUCThEB, YUeTa KITyOHEM U CyXO-
ro BelllecTBa B oOpa3iiax KapTodest ObLIM CaeTaHbI
BBIBOJIbI O TOM, YTO HAMOOJIblIIeii BereTaTUBHOM Mac-
coil 00JagarT KIIyOHU, 0bJydeHHBIe mo3oi 600 I'p
(413 r/pacrenue). Ilocne mM3MepeHMsT KOJIUYeCTBa
(OTOCMHTETUYECKHN aKTUBHOI OMOMacchl HA OCHOBE
nokazaHuii mpuoopa Green Seeker OBLIIO yCTaHOBIIE-
HO, YTO YBEJIMYEHUE COACPXKaHUS XJIopoduiia B -
CTbsIX KapTodelisi HabmtoaaeTcs yke Mpu MpearnoceB-
HOM oOmyyeHuM KiryoHeit no3oii 100 I'p, a mpu mose
200 u 300 I'p conepxaHUe 3TOrO MATMEHTA B JIUCTHSIX
pacteHuii kKapTodensi ITOCTUTraeT MaKCUMAaJIbHOTO
3HaueHus (0.97) u npesbiiiaeT KOHTPoJb (0.85). On-
HaKoO JajbHelillee TMOBBIIIEHUE T03bI MPEATOCEBHOTO
obnydeHust KiayoHei 1o 600—700 I'p BBI3BIBAET CHU-
XKEHHUE B JIUCTHSIX COACPKAHUS XJIOPODUIILIA;

* B pe3yJibTaTe OMOMETPUISCKHUX YUETOB B (pase
LBETeHUsI KapTodess 1 J1adbopaTOPHBIX OIIpeaesie-
HUI1 Macchl GOTBBI U JIMCTHEB, yU4eTa KIIyOHEI 1 CyXO-
ro BelllecTBa B oOpa3siiax KapTodenss ObUIM CaeIaHbl
BBIBOBI O TOM, YTO HanOOJIbIIIeii BEreTaTUBHOM Mac-
coil 00JagarT KIIyOHU, 0b6JydeHHBIe mo3oi 600 I'p
(413 r/pacteHue);

* pe3yabTaThl MCCAEIOBAHUN TOKAa3bIBAIOT, YTO
HauboJblIee cofaepKaHUe CyXoro BelllecTBa B KiIyO-
HSIX KapTodeis HabmogaeTcs mpu o0IydeHUN KiTyo-
Heli mepen nocankoit mo3oit 200 u 300 Ip (21.4 u
19.3% cyxmux BelecTB). Takke OBUIO YCTaHOBJIEHO,
YTO U3MEHEHHUE COAEepXKaHUs Kpaxmasia B KIyOHSX
Kaptodeasi 3aBUCUT OT J03bl MPENNOCeBHOTO 00y~
yeHus KiyoHeli. Hanbosnbliiee KoamMdecTBO Kpaxmaa
HakKaruIMBaeTcs B KIIYOHSIX KapTodenst, 00IydeHHBIX
nmo30it 200 1 300 I'p (15.2 u 14.4% COOTBETCTBEHHO).

NCTOYHUK OPMMHAHCUPOBAHUA

Pa6oTa BbIMoJIHEHO TIpU TTomAepxkKe ['ocynapcTBEHHO-
ro 3amaHust AAAA-A19-119041090087-4.
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