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CTUMYJIALNUA IPOPACTAHUA CEMSAH
CRAMBE MARITIMA L.

H. H. IOpkoBa, A. B. Omeasuyenko, C. A. MapTbIHOB

®@I'A0Y BO «Kpvimckuii ghedepanvhulii yrusepcumem um. B.U. Bepradckozo»
[Moctynuna B penakiuto 17.07.2017 r.

AHHoOTanMs. MHOTHE BUJIBI CETTLCKOXO3AHCTBEHHBIX, IEKOPATUBHBIX U PEAKUX PACTCHUN UMEIOT TPYA-
HOTPOpACTArOIe CEMEHA C JTUTELHBIM TIEPHO/IOM NOKOsl. [103TOMy ceMeHHOE pa3MHOXKEHHUE TaKHUX pac-
TEHUIA OYCHB 3aTpyAHEHO. [IJis MX mpopacTaHus TpeOyeTcs AOMONHUTEIbHAsE 00paboTKa cTpaTuduKauei
WM cKapu(uKanued. ITo OTHOCUTCS U K TpecTaBUTeIsIM poaa KarpaH, HaCUMTHIBAIOIIETro 0 25 BUIOB.
BoapmmuCcTBO BHUIOB OTOT'O poda CcoAcpKar 6I/IOHOFI/I‘IeCKI/I AKTUBHBIC BEIICCTBA U MPUMCHAIOTCA B IMUIIEC-
BOM IMPOMBITIIJIECHHOCTU U HapO):[HOﬁ MEIUIIUHE. HeKOTOpI)Ie BUABI OTHOCATCA K PCAKUM U HCUC3AIOUINM
pacTeHusIM, TIpe/ICTaBUTENIEeM KOTOPbIX siBisiercs Karpan nmpumopckuii. OHako MaccoBoe pasMHOKEHUE
pactenuii pona Karpan 3arpyqHsieTcsi HAIMUUEM TPOAOIDKUTEIBHOTO MEPHUOAa TIOKOSI U HU3KOH BCXOMXKe-
CTBIO CEMSIH.

Ienpto maHHOW PabOTHI OBUIO HCCIIEAOBAHME BOSMOKHOCTH CTUMYIALUU BCXOXKeCcTH ceMsiH Karpana
MPUMOPCKOTO 03 TpeBapUTENILHOM CTPaTH(HUKAIIH.

Jnst vccnenoBaHus BO3MOXKHOCTH YCKOPEHHOTO MPOpAcTaHMsl CEMsIH MCIIOJIb30BaIM PAaCTBOPBI HAHO-
cepeOpa, MoTyueHHbIE 10 OPUTHHAIBHON TEXHOJIOTHH, pa3paboranHol B KpbIMckoM (enepalbHOM yHU-
Bepcurere UM. B.J. BepHanckoro. Cemena karpaHa 3aMadMBalid B pacTBOPax I'MOOEpesIoBON KHCIOTHI
(T'K) ¢ xonuentpanueii 25.0; 50.0 u 100.0 mr/n u cmecu 'K Tex sxe koHeHTpanuii ¢ Hanocepedpom 0.005;
0.010 1 0.015 mi1/n B Teuenue 24 yacoB. 3areM ceMeHa MOMEIIaI Ha BIXHYIO (GHIBTPOBAIbHYIO OyMary
B yamku Iletpu u npopantusanu B Tepmoctare npu temmeparype 24 °C B Teuerue 7 1Hei. B koHTponbHOM
BapHaHTE CeMEHa 3aMavyuBalli B TUCTUIUINPOBAHHOM Bojie. BexoykecTh ceMstH onpeaensuii Ha 3-¢, 5-e 1 7-¢
cyTku. MccnenoBanue 3apakeHHOCTH CEMSH (PUTONIATOTCHAMHU TIPOBOAMIIM HA 7-€ CYTKH.

3aMaynBaHKHe ceMsiH KaTpaHa B pactBope 'K cTUMyiIMpoBasio UX MpOpacTaHue yKe Ha 3-€ CyTKH, a
Ha 7-€ CyTKU BCXokecTh pocturana 33.4-38.2 %. Oanako mpu 3aMaunBaHuu ceMsH B pactBope ['K ¢ Ha-
HocepeOpom B koHIeHTparun 0.05-0.15 mr/n Bcxokects npessbimana 80 %. OnTumManbHOE COOTHOIICHUE
I'K u nHanocepedpa cocrasisuio 50.0 mr/n 'K u 0.01 mr/n HaHocepeOpa. JlanpHeiiiee yBeInueHHe KOH-
uenrparuu ['K u HaHOCEepeOpa He MPUBOIUIO K M3MCHCHHIO BCXOKeCTH. C YBEIHMUCHHEM KOHIICHTPAIHH
HaHOCEpeOpa KOJMUYECTBO CEMSIH, 3apa)KCHHBIX (DUTOMATOTCHAMH, YMEHBIIAJIOCh, a TPU KOHIICHTPAIHH
0.010—0.015 Mr/11 MOTHOCTBO OTCYTCTBOBAJIO.

YckopeHue mpopacTaHus CeMsIH KaTpaHa MOXET ObITh CBSI3aHO C IByMsl (hakTopamu. Bo-niepBbIx, ¢ BO3-
JICWCTBHEM HaHOCEpeOpa, BHI3BIBAIOIIETO YBEJIMUCHNE MPOHUIIAEMOCTH CEMEHHOW 00O0JIOUKHU ISl BOIBI U
I'K, a Bo-BTOpBIX, ¢ HEMOCpeACcTBeHHBIM feiicTBueM 'K 1 HaHocepeOpa Ha pOCTOBBIE MPOIIECCHl PACTEHHUSI.

Kawuesslie cinoBa: Crambe maritima L., ceMeHa, BCXOXKeCTh, (pUTOMATOTEHBI, HAHOCEPEOPO, rHOOE-
perIoBast KHCIoTa

CeMmeHa MHOTHX BUAOB CEJIbCKOXO3SIHCTBEHHBIX U
JEKOPaTUBHBIX PACTEHUH UMEIOT JAJUTEIbHBIN Mepu-
0] TIOKOS. DTO 3aTPyAHAET CEMEHHOE pa3MHOXKEHHE
TaKUX pacTeHHi, T.K. TpeOyeT npeaABapuTeIbHON 00-
paboTku — crpaTuduKauyu WK cKapupukanuu [1-
3]. K Hum otHOcATCs M npencTaBuTenu pona Karpan
(cemeiicTBo KpecTonBeTHbIC), HACUNTHIBAIOIIETO IO
25 BUIOB.
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U3 ceman Karpana aOHMCCHHCKOTO MOIYyYaroT
Macjio C BBICOKUM COJIEpXKaHUEM >KUPHOH cis-13-
JIOKO3aHOBOM KMCIIOTHI. HekoTophle BUBI KaTpaHa OT-
HOCSTCS K PEAKUM 1 HCUE3aI0IIUM PAaCTEHUAM, OTHUM
U3 MpeJCTaBUTENE KOTOpBIX sBisieTca Karpan mpu-
Mopckuil [4]. Ero nucTest uCNONb3yOTCS B KaueCTBE
MIpUIIpaBbl HapaBHE ¢ XpeHoM. O/HaKo MO CpaBHE-
HUIO C XPEHOM KOPHH KaTpaHa cofiepkaT OoJIbIIe BU-
tamuaoB C, PP, rpynmel B, a Taxoke kanust, ¢pocdopa,
KJIETYaTKH, S3QHUPHBIX Macell, (pIaBOHOUIHBIX TITUKO-
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3HJI0B M TNIIOKO3UHOIaToB [5]. Karpan mpuMeHsiorT u B
HapoaHoi MeaunuHe. Kpome Toro, B ocnesHee Bpe-
M Karpan mpumopckuii 3aHMMaeT 3aMeTHOE MEeCTO
Cpe/ir JeKOPaTUBHBIX KyIbTyp UepHOMOpCKOTro nobe-
PeXbs, a TAKXKE SABIACTCS XOPOIINM MEIOHOCOM [6].

Iennrie cBoiicTBa pacTeHuii pona Karpan nenarot
€ro TMPUBJIEKATENbHBIM /IS KyJIBTYPHOT'O BhIpaIlinBa-
Hus. OHaKo pa3MHOXKEHHE CEMEHaMHU 3aTpyIHAeTCs
HaJUYUEM MTPOYHON CEMEHHOU 00OJIOYKH, OKPYIKCH-
HOM TOJICTBIM MPOOKOBBIM OKOJIOTIIIOHUKOM, a TaKKe
DIyOOKUM W TIPOAOJIKUTENLHBIM TIEPHOIOM TIOKOSI H
HU3KOM BCXOKECTBHIO. DTO YCIOXKHIET €ro MaccoBOe
pa3MHOXEHHE.

[TosTOoMy 1enbI0 JaHHOH paboTHI OBLIO UCCIEeN0-
BaHUE BO3MOXXHOCTH CTUMYIISIIIUM BCXOXKECTH CEMSH
Karpana npumopckoro 0e3 mpeaBapuTebHON CTpa-
TU(QHUKALUH.

METOJAUKA DKCIIEPUMEHTA

OObeKTaMH UCCIIEIOBAHMH CITy»mii ceMeHa Karpa-
Ha npumopckoro (Crambe maritima L.), ¢uroropmon
pocra rubbepeuiiH B GopMe rud0epesuioBON KUCIOTBI
(I'K) m BonmopactBopuMast OakTeprLIiIHAS HAHOKOMITO3HU-
st cepedpa. [Ipu cuHTe3e HaHOCepeOpa UCTIONB30BAIN
HUTpaT cepedpa «4.1.a.» U aJbrMHaT HAaTpusl (HaTprueBast
COJIb aIbIMHOBOM KuciotThl, BioChemika). Bee pactBo-
PbI TOTOBUITM Ha OMIMCTUITMPOBaHHON Bozie. PoToBOC-
CTaHOBJIEHNE KaTHOHOB Ag" POBO/MIIN HA BO3IyXe MPU
KOMHATHOIi TeMIiepaType U 0OJIy4eHHN PTYyTHOMN JIaMITOH
BbIcOKOTO AaBienus JIPII-250 [7].

Cxema dSKCHEpHMEHTa 3aKIoYanach B 3amadu-
BaHHM CEMsIH KaTpaHa B PacTBOpax rmOOepesiinHa C
koHteHnTpanuei 25.0; 50.0 u 100.0 mr/in u cmecu rud-
OepelIMHa TeX e KOHIICHTpAIMii ¢ HaHocepeOpoMm
(0.005; 0.010 u 0.015 mut/n) B Teuenue 24 yacos. 3a-
TEM CeMEHa MOMENIAIH Ha BIAXHYIO (HIBTPOBAIIb-
Hyto Oymary B yamku lleTpu u nmpopamnBaiu B Tep-
MocTare npu temneparype 24 °C B TeueHue 7 JHEM.
B KoHTpONBEHOM Bapuare ceMeHa 3aMaylBalii B AKC-
THJUIMPOBAHHOM BOJE.

BcexoxecTs cemsiH onpenensuii Ha 3-e, 5-¢ u 7-¢
cyTku. MccnenoBanue 3apakeHHOCTH ceMsH (u-
TomaroreHaMu mpoBoawin Ha 7-e¢ cytku mo ['OCTy
12044-93 [8].

[TosmyueHHble naHHBIE 00paOOTaHBI CTaHIAPT-
HbBIMHU MCETOJaMH MaTeMaTUUYEeCKOM CTAaTUCTUKH C
HCTIOJIb30BaHNEM KOMITBIOTEPHBIX Iporpamm Micro-
soft® Excel 2010 u Statistica v.6.0. Stat Soft Inc.

OBCYXJIEHUE PE3YJIIBTATOB
MexaHu3M TOPMOKEHUS IPOPACTAHUS CEMSIH pac-
TEHHI MOXKET ObITh CBSI3aH C HAJIMYMEM IIPOYHOM CeMEH-

Cmumynsayus npopacmanus cemsn

HOHM 000JIOUKH MIIN OKOJIOTUIOJIHUKA, @ TAKKe HHTUOU-
TOPOB POCTA, IJIABHBIM 00pa30M, a0CIIN30BOI KUCIOTHI
(ABK) [9, 10]. OcHOBHYI0O poOJib B 33JICpKKE TIpopac-
TaHMS CeMSIH OOJIBIIMHCTBO MCCIIEN0BAaTENeH OTBOIST
HAJIMYHMIO BOIOHENPOHHUIIAEMOH CEMEHHOM 000JI0UKH,
KOTOpast MPEISITCTBYET KOHTAKTY MEXIy 3apOJbIIleM
CEMEHU M OKpyXarwiiei cpenoit. Hapyrienue 000-
JIOUEK Y 3THX CEeMSH ycKopsieT ux mpopacranue [1].

YMenbmuTh KoHLeHTpauuio ABK Bo3MoxHO my-
TEM €€ BbIMbIBAHUA MPU 3aMaYUBaHUU CEMSH B BOJAC.
[Tpu 3TOM OanaHc CTUMYIIATOpa pocTa rudo0epeuMHa
(ru66epemnosoit kucnotsl — ['K) 1 ABK cMermaetcs
B ctopoHy yMeHbIeHns AbBK. OnHako 310 uinTens-
HBII TIPOLECC, YTO 3aTPYAHSET MACCOBOE KYJbTUBU-
poBaHue pacTeHuil. boinee mpueMIEMbIM SBIIAETCS
3aMayrBaHUE TPYIHOIPOPACTAIOUINX CEMSIH B pac-
tBope 'K u mpopamuBanne Bo BIaXHOM TIECKE 10
MOSIBJIEHUSI TPOPOCTKOB [11].

[IpuBeneHHble B TaONUIE pe3yNbTaThl MOKA3bIBA-
IOT, YTO 3aMavyMBaHKe CeMsH KaTpaHa B pactBope ['K
CTHUMYJIMPYET UX MPOpPACTaHUE YK€ Ha 3-e¢ CYTKH, a
Ha 7-e cyTKH BcxokecTh focturaet 33.4-38.2%. On-
HaKo IpH 3amMavyrBaHuU ceMsiH B pactBope 'K ¢ Ha-
HocepeOpoM B KoHueHTpanuu 0.05-0.15 mr/a Bcxo-
JKecTh moBblmanace 10 57.2—80.9 %. M3 ananuza
TMOJIYYCHHBIX PE3YyJIbTaTOB BUAHO, YTO OIITUMAJIBHOC
coorHomienne 'K u HanocepeOpa cocrammser 50.0
mr/n 'K u 0.010 mr/n HanocepeOpa. [anbHefimiee
YBCINMYCHUC KOHIUCHTPAINU 3TUX KOMIIOHCHTOB K I10-
BBIIICHUIO BCXOXKECTH HE MPUBOIHIIO.

Ha pucynke 1 npencraBieHbl MPOPOCTKH Karpa-
Ha mocie 00paboTku cemsiH B pactBopax ['K + Ha-
HocepeOpo u 'K npu onTuManbHBIX KOHIICHTPAIHIX.

Puc. 1. Bnusaue ru66epennuna (I'K) u nanoce-
peOpa Ha nmpopactanue ceMsiH Karpana nmpumopcko-
ro: a) 7-OHEeBHbIE MPOPOCTKHU; O0) 14-mHEBHBIE TPO-
POCTKH, KyJbTUBUpPYEMbIC B MEpAUTE. | — KOHTPOIb
(muct. Boma); 2 — 50.0 mr/m 'K + 0.010 mr/n Ag 0;
3 —50.0 mr/n T'K.

Panee mpoBe/cHHBIC WCCIENOBAaHUS Ha TECT-
KyJabTypax OakTepuii W TpuOOB, a Takxke (UTOIa-
TOTEHAX TIICHUIBI IMOKA3aJIM BBICOKOE OWOIHMIHOE
nefictBue HanocepeOpa [12, 13]. Ilpu 3amaumBannu
ceMsH B pacTBope, comepxkamem 0.005 mr/m HaHOCE-
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pedpa, KOMYEeCTBO 3apaKEeHHBIX CEMSH YMEHbBIIATI0Ch
B 3 pa3a, a IpH JaJibHeHIeM yBeINYeHNH KOHLIEHTpa-
uuu (0.010-0.015 mr/n) — orcytcTBOBasio (puc. 2).
Kak nokazaHo paHee, HAaHOYaCTHLIBI cepedpa OKa3bl-
BaJIM 3HAYUTCIIbHOC BJIMSHUC HAa POCTOBYIO aKTUBHOCTDL
cemstH reHupl. [Ipu 06paboTke ceMsiH pacTBOpOM Ha-
HOcepeOpa YBEIMYMBAIACH WHTCHCUBHOCTH JIBIXAHUS,
SHEPTHsl MPOPACTAHMS U BCXOXKECTb, & TAKIKE HAKOIJICHHE
OnoMacchl KOpHE 1 HaJ3eMHOM YacTH IPOPOCTKOB TIIIe-
wuipl. [Ipu 3TOM, MakcuMalTbHbIA BQeKT Hadmona-
Csl TIpH KOHIIeHTparmu HaHocepeopa 0.01 mr/n [14-16].
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Puc. 2. Bnusaue ru66epennuna (I'K) u nHanoce-
pebpa Ha QurTonaToreHHoCTh ceMsiH Karpana npu-
Mopckoro: 0 — koutpoins; 1 —25.0 mr/n I'K; 2 — 50.0
mr/nI'K; 3 -100.0 mr/n I'K; 4 — 25.0 mr/n 'K + 0.005
mr/m Ag % 5 — 50.0 mr/n TK + 0.005 mr/m Ag % 6 —
100.0 mr/n 'K + 0.005 mr/n Ag®; 7 — 25.0 mr/n 'K +
0.010 mr/m Ag % 8 —50.0 mr/n TK + 0.010 mr/m Ag
9—100.0 mr/n 'K + 0.010 mr/n Ag % 10 — 25.0 mr/n
I'K+0.015mr/nAg?% 11 —50.0 mr/n 'K + 0.015 mr/n
Ag?® 12 -100.0 mr/n 'K + 0.015 mr/m Ag °.

OO6paboTka ceMsH HaHOCEPEOpPOM IPHUBOAMIA K
YCUJICHUIO OKHCIUTENBHOTO (HOCHOPHINPOBAHUS |
(horocuHTE3A, A TAK)KE MOOMIIN3ALINU CUCTEMBI aHTH-
OKCHJIAHTHOM 3ammuThl pactenuii [17-19]. M3BectHO,

Tabmuma 1

Bruanue pasnuunvix konyenmpayuii I'K u nanocepedpa
Ha cxodcecmy ceman Kampana npumopckozo

Bapwans: Bcexoxkects, %
3-¢ 5-¢ 7-¢
OTIbITa
CYTKH CYTKH CYTKH

KonTpons (auct. Boga) 0 0 0

25.0 mr/nTK 18.3+04 | 27.7+0.8 | 33.4+1.0
50.0 mr/n TK 19.5£0.5 | 29.5+09 | 36.7+1.1
100.0 mr/n 'K 226+0.6 | 312409 | 38.2+1.3
250 M/ TK+0.005 Mr/mAg® | 52.3+1.8 | 68.542.4 | 64.842.6
500 Mr/nTK+0.005 mr/nAg® | 60.682.0 | 72.142.6 | 77.3£2.7
100.0 M/ TK+0.005 mi/nAg® | 59.7+1.8 | 71.8+2.5 | 76.54+2.7
250 mr/nITK+0.010Mmr/nAg® | 57.3+1.9 | 62.5£1.9 | 68.2+2.5
50.0 Mo/t 'K +0.010 Mo/t Ag® 66.6£2.5 | 762+2.8 | 80.9+3.1
1000 Mr/nITK+0.010Mr/mAg® | 662424 | 76.8£2.7 | 78.3+3.0
250 mr/nTK+0015mr/mAg? | 46.3£1.3 | 54.1x1.8 | 57.242.0
500 Mr/n K +0.015 mr/nAg® | 552+1.6 | 674422 | 721425
1000mMen TK+0015mrnAg” | 568+19 | 66.5+2.1 | 731227
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4YTO HaHOCEpeOPO yBEIMYMBAET NPOHUIIAEMOCTH 000-
JIOYEK CEeMsiH, 4TO 00JerdaeT MOCTYIUICHHE BOIBI U
MIUTATEJIbHBIX BELIECTB B CEMEHA U, KaK CIIEACTBUE,
MIPUBOAUT K UX mpopactanuto [20].

Takum 00pa3oM, yCKOpEHHOE TpopacTaHHe ce-
MSTH KaTpaHa MOKET OBITh CBSI3aHO, C OTHOW CTOPOHBI,
C yBEJIMYEHHEM MPOHUIIAEMOCTH CEMEHHOW 000J104-
ku 175 Bozibl M 'K 1, ¢ npyroii, ¢ HemocpencTBeHHbIM
nevicreueM 'K 1 HaHocepeOpa Ha poCTOBBIC TIPOIIEC-
Chbl paCTEHUSI.

3AKJTIOYEHUE

1. OO0OpaboTka ceMsiH KaTpaHa METOJIOM 3aMavH-
BaHMA B pacTBopax rudoepemumHa (25.0-100.0 mr/m)
wi cMecu rudoepemmuHa (25.0-100.0 mr/n) u Ha-
HocepeOpa (0.005-0.015 mr/m) B TedeHnue 24 yacos
CTUMYJIHpOBAJia YCKOPEHHOE MPOpAaCcTaHUue CeMsH Ha
3 CcyTKH.

2. Ilpu onTUMaNbHBIX KOHIIEHTPALUAX KOMIIO-
HeHToB (50.0 mr/n 'K + 0.010 mr/n Ag 0) BcXoxkecTb
cemsiH gocrurana oonee 80 %.

3. KonmuuecTBO ceMsH, 3apa’keHHBIX (HUTOINA-
TOr€HaMH, C POCTOM KOHIIGHTpAlUU HaHocepeOpa
yMEHbIIANOCh, a pu Konuentpamuu 0.010 — 0.015
MT/J1 IOJTHOCTBIO OTCYTCTBOBAJIO.
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THE STIMULATION OF THE GROWTH OF SEEDS OF
CRAMBE MARITIMA L.

L.N. Jurkova, A.V. Omelchenko, S.A. Martynov

VI Vernadsky Crimean Federal University

Abstract. Many species of agricultural, ornamental and rare plants have hard-growing seeds with a
long period of rest. Therefore, seed reproduction of such plants is very difficult. Their germination requires
additional processing by stratification or scarification. This applies to representatives of the genus Crambe,
numbering up to 25 species. Most species of this genus contain biologically active substances and are used in
the food industry and traditional medicine. Some species are rare and endangered plants, the representative
of which is Crambe seaside. However, the mass reproduction of plants of the genus Crambe is hampered by
the presence of an extended period of rest and low seed germination.

The aim of this work was to study the possibility of stimulation of seed germination of the Crambe

seaside without prior stratification.

Nanosilver solutions were used to study the possibility of accelerated seed germination, obtained by
the original technology developed at the V.I. Vernadsky Crimean Federal University. Crambe seeds were
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soaked in solutions of gibberellic acid (GA) with a concentration of 25.0; 50.0 and 100.0 mg/L and a
mixture of GA of the same concentrations with nanosilver 0.005; 0.010 and 0.015 ml/L for 24 hours. Then
the seeds were placed on wet filter paper in Petri dishes and germinated in a thermostat at a temperature
of 24 °C for 7 days. In the control variant, the seeds were soaked in distilled water. Seed germination was
determined on the 3rd, S5th and 7th day. The study of seed contamination by phytopathogens was performed
on the 7th day.

Soaking of Crambe seeds in the GA solution stimulated their germination on the 3rd day, and on the 7th
day, the germination rate reached 33.4-38.2 %. However, when the seeds were soaked in a solution of GA
with nanosilver at a concentration of 0.05-0.15 mg/L, germination exceeded 80 %. The optimal ratio of GA
and nanosilver was 50.0 mg/L of GA and 0.01 mg/L of nanosilver. Further increase in concentration of GL
and nanosilver resulted in no change in germination. With an increase in the concentration of nanosilver,
the number of seeds infected with phytopathogens decreased, and at a concentration of 0.010-0.015 mg/L

was completely absent.

The acceleration of the germination of crambe may be due to two factors. First, with the influence of
nanosilver, causing an increase in the permeability of the seed coat for water and GA, and secondly, with
the direct action of GA and nanosilver on the growth processes of the plant.

Keywords: Crambe maritima L., seeds, germination, phytopathogens, nanosilver, gibberellic acid
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