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B pabore ucciieoBaHo cTUMyJMpyoliee NeicTBHE HAaHOYACTHI[ cepedpa Ha POCT M Pa3BUTHE PACTEHUH
HIIEHUIBI. Y CTaHOBICHO, YTO 3aMaYMBAaHKUE CEMSIH B pacTBOpax HaHouacTull cepebpa ¢ konuenrpanueii 0,01-
1,0 Mr/aM® CTHMyNHpPYET MHTCHCHBHOCTb IBIXAHHS, SHEPIHIO MPOPACTAHMSA H BCXOMKECTh CEMSH, a TAKKCE
HaKOIUICHHE OMOMACCHI CyXOT0 BEeIecTBAa KOPHEH 1 Ha/I3eMHON YacTH MPOPOCTKOB MIIEHHUIBI. MakcuMansHast
CTUMYJISIIIVSL HAKOIUICHUsSI OMOMAcCHI TPOPOCTKOB BO BCEX BapHaHTaX OTMEYAIach B KOPHSIX.

Knrouegvie cnosa: nanodacTuIpl, cepedpo, MIICHNNA, POCT U pa3BHUTHE.

BBEJIEHUE

OnHuUM U3 TEpCHEeKTUBHBIX HAIPaBICHUH HCCICIOBaHUM B HACTOALIEE BpEMS
SBIISICTCST TIPUMECHEHHE HAHOTEXHOJOTMi B pacteHueBojctBe [1-3]. B moBbimeHnu
YPOXKaHHOCTH W KadecTBa CENbCKOXO3SAHCTBEHHBIX KYJIbTYp OOJbIIOE 3HAUYCHHE
NpUOOpEeTaroT OHOTCHHBIE METAUIBl B KOJUIOMIHOM cOCTOsSHMM (HaHouacTHibl). K
HanboJiee MIMPOKO HCIOJNB3YEeMbIM KOMMEPYECKHM HaHOMAaTepHaiaM MOKHO OTHECTH
HaHOYACTHIEI cepebpa [4—6]. B ormmume or HMOHHOTO cepedpa HAHOYACTHIEI MEHEE
TOKCHYHBI, O0JIaal0T TMPOJOHTUPOBAHHBIM JI€HCTBUEM W HE TPeOYIOT TNPHUMEHEHHUS
OOJIBIINX 103 IS JOCTHXKEHHST HE0OX0IMMOr0 Onosormyeckoro addekra [7].

AHanu3 auTepaTypHBIX JAHHBIX ITOKA3bIBAET, YTO BIHMSIHHE HAHOYACTHUIl cepedpa Ha
COCYAMCTBIE PACTEHHS HCCIIEAYIOT, INIaBHBIM 00pa3oM, B CBA3U ¢ TOKCHYECKUM JICHCTBHEM
UX BBICOKMX KOHIEHTparwmi [8, 9].

Buonornueckas akTHBHOCTh HAHOYACTHII 3aBUCHT OT UX pa3mepa, GopMbI U criocoda
nomydeHus. Hanbosnee TOKCHUHBIMU SBJISIOTCS HAHOYACTHUIIBI cepedpa pa3MepoM MeHee
10 um [10, 11]. [Toka3aHo, YTO TOKCHYHOCTh BBICOKMX KOHIICHTpalWii HaHOCepeOpa,
CTaOMIIM3UPOBAHHOTO TYMMHapaOHUKOM, INpPH TPOPACTAHUU CEMSH BOIHO-OOJOTHBIX
pacTeHui ObliIa 3HAUYUTENBHO BBIIIE, YeM y HAHOYACTHII C MOJIMBUHIIITUPPOINIOHOM. JTa
3aBUCHMOCTh COXPaHsUIach M TIOCIE MOCAIKU MPOPOCTKOB B mouBy [12]. HaHOwacTHIpb!
cepedpa pasmepom 100 M B konnentparmu 100 mu 500 mMr/n uHruOMpoBaIM HTPUPOCT
6uromaccel U Tpancimpanuio y Cucurbita pepdl13].

O6paboTKa CeMsSH KyKypy3bl, OTYPIIOB H TOMAaTOB HAaHOCEPEOPOM B KOHIICHTPAIIHH
0,5 r/n oka3piBasia HETaTHBHOE JCHCTBUE HA POCT KOPHEH M HAJ3e€MHOW YacTH, a TaKKe
conepxkanne 6enka u JJHK [14]. Ograko 10 HACTOSIIEr0 BpEMEHH B HAYYHOU JINTEPATYPE
CYIIECTBYIOT JIMIIb OT/JCIIbHBIC JAHHbIC, YKa3bIBAIOLINE Ha BIMSHUE HAHOYACTHUI] cepedpa
Ha (PU3HOJIOr0-OMOXUMUYECKUE TPOLIECCHI, TPOTEKAIOLIHE B pacTeHuUsX [15].
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Hensto maHHOW paboThl OBUIO WCCICOOBAaHHE CTUMYJHPYIOMIETO ICHCTBHS
HAHOYACTHII cepedpa Ha POCT U pa3BUTHE PACTEHUIA MIIICHHUIIBI.

MATEPUAJIBI U METO/IbI

OObekTaMH JUIS TIPOBE/ICHUS HCCIICOBAaHHN CIY)KWJIM CEMEHA O3MMOMW ITIICHHIIBI
(Triticum aestivumL.) copra Ogmecckas 267 u paspaboTaHHas paHee BOAOPAaCTBOpPHMAs
OakTepunmaHas HaHoOMokoMnosuims cepedpa [16]. [Ipu cunTe3e HaHOYacTHI cepedpa
HCIIONIb30BAJIH HUTPAT cepedpa «d.7.a.» U albI'MHAT HaTpus (HaTpueBas COMb aJbTHHOBOU
kucnnoTel, BioChemika),koropslii He TONBKO MO3BOISAET MOIYYATh BBICOKOCTAOMIBHYIO
BOJIOPACTBOPUMYIO KOMTIOZWIIMIO HAHOYACTHI[ cepedpa ¢ Y3KUM pachpeiesicHueM TI0
pasmepam, HO M 00JaJaeT MUPOKHM CIIEKTPOM OHOJIOTHYECKOH akTHBHOCTH. [loaTomy
TaKOW METOJ| TOJIy4eHUs] HAaHOYACTUI[ MOKHO OTHECTH K <GelIeHOH HaHOXMMHU». Bce
PacTBOPHI TOTOBMIIM Ha OMIMCTHILIMPOBAaHHOM Bojie. DOTOBOCCTaHOBIEHHE KATHOHOB AQ”
npoBoamid Ha Bo3ayxe npu Temmeparype 20 °C. B kadecTBe MCTOYHMKA CBETA
UCIIOJIb30BAIM PTYTHYIO JJaMIy Bbicokoro nasnenus [IPIL-250.

B pabote uccnenoBany BIMsIHAE PA3TUYHBIX KOHIIEHTPAIMN HAHOYACTHIL cepedpa Ha
NpOpacTaHue CeMsH, MPUPOCT OMOMACCHl KOpHEH W HAJN3eMHOM YacTH MPOPOCTKOB,
WHTCHCUBHOCTB JIBIXaHHS, a TAK)KE HAKOIUICHUE cepedpa B CeMEHax.

Jns  ompeneneHWs BCXOXECTH W TPUPOCTa OHMOMACCHI MPOPOCTKOB CEMEHa
3aMauMBaiK B PacTBOpaX HaHOOHOCepebpa ¢ konuenTpauueit 0,01; 0,1; 1,01 10,0mr/mv®
B TeUYEHHE 4-X YacoB, a 3aTeM MOMEIIAH Ha BIAXHYI0 QUIBTPOBAIBHYIO OyMary B YallkH
Iletpu u mpopammBanu 7 aHeil B TepMoctate mpu Temmeparype 24 °C. DHepruro
IPOpacTaHUs W BCXOXECTh ceMsH ompemensiii Ha 3 u 7 cyrtku [17]. Buomaccy
IPOPOCTKOB KOPHEW M HAJI3E€MHOW YacTH W3MEPsUIH TPaBUMETPUYCCKHM METOAOM Ha 7
CyTKH, QUKCUPYS pacTHTEIbHBIH MaTepran B TeucHue 5 mud npu 110°C u qoBoas ero 10
nocrosiHHoM Macchl nmpu 60 °C. VHTEHCHBHOCTH JIBIXaHHS IPOPACTAIONIMX CEMSH
ompeesiy 110 Metoxy boiicen-Menceny uepes 24 u 48uacos [17].

Conepkanue cepeOpa B CEMEHax IOCIE 3aMayMBaHHs B PACTBOpaX HAHOYACTHIL
cepebpa HCCIEIOBAINM METOIOM AaTOMHO-abcopOumonHHoM crekrpockormun (CarypH-4
DITAB) nocie o30ienust B MydenbHoi neun npu temmeparype 400-450°C. JlansHenmuii
aHaJIN3 OCYIICCTBILUTH C AJIEKTPOTSPMHIESCKON aTOMU3ALIUCH.

OKCIIepUMEHTHl MPOBOJWIM B 3-KpaTHOW Owonormueckod u 6-7 KpaTHOM
AHATUTUIECKOM MOBTOPHOCTSIX. CTaTHCTUYECKYI0O 0OpabOTKY IMONYYCHHBIX PE3yJIbTaTOB
nposomwan 1mo I'.d. Jlakuny [18], B Tabnuiiax ¥ Ha PHCYHKAaX INPEICTABICHBI CPEIHHE
apupMeTHYECKUE 3HAUCHUS U MX CTAHIAPTHBIC OITHOKH.

PE3YJIbTATBI 1 OBCYXKJIEHUE

HaOyxanue ceMsiH SIBISIeTCS BaKHBIM OJTalloM, HEOOXOAWM Ul  aKTUBALUH
(epMEeHTOB, TaKk KaK CyXHe CEMEeHa COAepXaT TOJNbKO cBsi3aHHyl Boay [19]. Kak
I0Ka3aHO paHee, HAHOYACTHIBI cepeOpa B KoHrertparmu 0,01-10,0mr/1m° He oka3bBaio
HETaTUBHOTO JICUCTBUS Ha TPOIECC HAOyXaHUS CEMsiH, a €ro HauOOJbIIas CKOPOCTh
oTrMeyanack 10 16 4 BO BceX BapuaHTax OIbBITA, YTO COOTBETCTBYET MaKCHMAJIbHOM
¢depmenTatiBHON akTuBHOCTH [20)].
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IIpu 06paboTKe CeMSH MIICHHUITBI HAHOCEPEOPOM B TOM K€ WHTEPBAJIC KOHIICHTPAITUI
MHTCHCUBHOCTb JIbIXaHus uepe3 24 yaca yBeauunnach Ha 20,0-60,2 %a yepe3 48yacoB —
Ha 8,5-33,3 %o cpaBHeHuto ¢ kKoHTposeM. Uepe3 48 yacoB nmokasareny AbIXaHHs BO BCEX
BapuaHTax Bo3pactaid. [Ipum 3TOM, MaKCHMalbHOE YBEIWUYCHHE HAONIOAIOCh IPH
KOHIIEHTpawuy HarocepeOpa 1,0mr/om® (puc. 1).
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Puc. 1. Bnusiaue HaHO4YaCTHI] cepe6pa Ha MHTCHCUBHOCTD JbIXaHHA IMPOpaCTaromux
CCMSAH NIICHUIIBI.

JpIxanue SBISETCS HMHTErpaJbHBIM [OKa3aTeleM HW3MEHEHUS! DSHEPreTHUYECKUX
MPOIIECCOB PACTeHUH. OHEprusl MABIXaHWUS WCHOJB3YeTCs IS POCTOBBIX TIPOIIECCOB
Pa3IMYHBIX CHHTETHYECKUX PEaKIWi, MOTJIOMICHUS 3JIEMEHTOB MHHEPAJIHLHOTO THTaHUS,
nepenBibkeHuss accuMuisiToB  [21]. Tlostomy BimsiHME HaHOYacTHI] cepedpa Ha
MHTEHCUBHOCTD JIBIXaHMs MPOPACTAIOIIUX CEMSH MOXET OBITH CBSI3aHO C YCKOPEHHOU
MOOWIH3AIMEN 3aacHbIX OPraHMYECKUX BEUIECTB B KJIETKaX. JTO TaKKe MOXKET 3aBHUCETh
OT yBenuueHus conepkanus B opraHax pacteuss MYK u coorHomenus MYK/ABK.
[MonoXuTENBHYIO POJIh AYKCHHA B JBIXaTEIbHOM 0OMEHE OTMEYalu psill aBTOpoB [23].

Ha wnavanpHOM »JTame B3aMMOJEHCTBHS HAHOYACTHII cepedpa C CceMEeHaMHu
MPOUCXOANT WX aJre3us Ha MOBEPXHOCTH. B mampHeimem cepeOpo MpOHHKAeT uepe3
CEMEHHYI0 000JI0uKy B Ii1yOb ceMeHH. [1o3TOMy, mpeicTaBieHHE O PONM HAHOYACTHIL
cepebpa B MI3MECHEHUH MeTa00IM3Ma Ha paHHUX CTAIUAX OHTOTCHE3a OBIIIO OBl HETIOTHBIM
0e3 aHanmM3a UX COAEPKaHUS B MTPOPACTAIONINX CEMEHAX.

JlaHHBIE, IPENICTABIICHHBIC HA PUCYHKE 2, MOKA3bIBAIOT, YTO HAKOIUICHHE cepedpa B
CeMEHax Iocjie WX 3aMauuMBaHMsi B pPacTBOpax HaHoOHOcepeOpa yBETUUMBAEeTCS B
3aBHCHUMOCTH OT €r0 KOHIIEHTpaIuu B pacTBope u cocrasiser 0,007-1,2mr/kr cyxoro
BEILIECTBA.

[Ipu wuccrnemoBaHMM BIMSHUS HAHOYACTHL[ cepedpa Ha SHEPrHI0 MPOPACTaHUS U
BCXOXKECTh CEMsIH MIICHHIIBI ObLJIa YCTAHOBJICHA CTHUMYJISIIUS 3TUX TporieccoB (tadi. 1).
ITokasarenu 3HEPrUU MPOPACTAaHUS IMPEBBIIIAIN KOHTPOJIbHBIM BapuaHT Ha 4,7-9,3 %,a
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BCXOXKecTH — Ha 7,6-9,3 %. MakcumanbHbld 3G ¢GeKT 00pabOoTKM CeMsSH OTMEYaJICsS B
BapHAHTAaX C KOHIEHTpauueil HarocepeOpa 0,01-1,0mr/mv> .
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Puc. 2. Hakomienne HaHOUYacTHIl cepeOpa B CeMEHaX IMIICHMIIBI TOcie 4-X 4acoB
3aMadYrBaHUS.

[pencrasieHnble B Tabmuie 1 pe3ynbraThl XOpOIIo KOPPEIUPOBAN C HAKOIICHHUEM
OmoMacchl KOpHEH M HaJ[3EMHOW YacCTH MPOPOCTKOB MIeHHIIE. [Ipr 3TOM OoJiee BRICOKOE
CTUMYJIMPYIOIee JCHCTBUC HAHOUYACTHIIBI cepeOpa OKa3bIBAIM HAa TMPHUPOCT OMOMACCHI
KopHe#t (Tabi. 2). D10 MOKET OBITh CBSA3aHO C HAKOIUIEHUEM U TIOTJIOMIEHHEM HAHOYACTHII
KopHsiMu [15].

Taoauna 1
Biusinne KOHIEHTPAMUA HAHOYACTHIIBLI cepedpa Ha MPopacTaHue CeMSTH MIIEeHN b

Konuenrpanus DHeprus mpopacTaHus, BcexoxecTs,

HaHocepeopa, % %
mr/am’

0 80,3+2,2 83,0+2,5

0,01 89,6+3,4 92,3£3,7

0,1 87,0+1,8 91,0£3,2

1,0 88,3+2,5 92,0£2,6

10,0 85,0+2,8 90,6+3,0
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W3BecTHO, YTO CTUMYMSAIUS POCTOBBIX IPOIIECCOB HAHOYACTHUIIAMH OWOMETAaJIOB
OCYIIECTBIISIETCSI TPU MPOPACTaHWM CEMsH Ha pPaHHUX dSTalax OHTOTEHEe3a, OKa3bIBas
3HAYUTEILHOE BIUSHUE Ha OKHUCIUTENBbHOEe (ochopwimpoBanue U (POTOCHHTES.
IIpenmoceBHast 00paOoTka CeMSH TIICHUIBI PACTBOPAMU HAHOYACTHI[ METAJUIOB
MOOMIIU3YET CHCTEMY aHTHOKCHIAHTHOM 3alUThl PACTCHHUII B TeUEeHHE OHTOTeHEe3a [3].

Tadauna 2
Bausinue HaHOYACTHII cepedpa HA HAKOIIeHHEe OMOMACCHI /-THEBHBIX MPOPOCTKOB
NIIEHUIbI
Hakomnienne 6nomaccel
Konmnentparus | Macca cyxoro | Macca cyxoro Macca cyxoro | Macca cyxoro
HaHoCcepeopa, BEIICCTBA BCIICCTBA BEIICCTBA BEIllECTBA
MF/,Z[M3 KOpHEH, Mr HaJ3eMHOM KopHel, % HaJ3eMHOM
YacTH, MT gactu, %
0 3,64+0,03 6,08+0,07 100,0 100,0
0,01 4,07+0,05 6,43+0,09 111,8 105,7
0,1 3,86+0,06 6,36+0,08 106,0 104,6
1,0 3,85+0,04 6,32+0,06 105,7 103,9
10,0 3,53+0,07 5,78+0,08 96,9 95,0

MakcuManbHOE YBEIMYCHHE MAacCChl CYXOTrO BEIIECTBA KOpPHEH HAOIONANOCh MPU
KOHIeHTpauun HaHocepeopa 0,01 mr/am® u cocraBmsuio 11,8 %,a Hamg3eMHON YacTH —
5,7 %.IIpu ganpHeiIIeM YBEIHUYCHUH KOHILIEHTPAIMU 3TOT 3(PQEKT CHIKAICS, a MpH
10,0 mr/am® 0TMedYanoch yrHETeHHe POCTOBEIX MPOLECCOB. Bo BceX BapHaHTax OINbITa
MaKCHUMaJbHas CTUMYJISIUS HAKOIUICHHUs OMoMacchl HaOojanach B KOPHIX. MOXKHO
NPEIOJIOKUTh, YTO CHU)KEHHE TOJOKUTEIHHOTO A(PQeKTa CBI3aHO C HAKOIUICHUEM B
ceMeHax cepebpa cBbiie 0,26 MI/KT CyXoro BelIeCTBa, KOTOPOE B 3TON KOHIICHTpAIMU
OKa3bIBaCT WHTHOUPYIOIIEe JCUCTBUE Ha POCTOBBIE MPOIecChl. [lomyYeHHbIE pe3yabTaThl
HEOOXOIMMO YYUTHIBATH npu 000CHOBaHUH 9KOJIOTHYECKH 0e30ImacHBIX
arpoOMEpONPUATHIA ¢ TPUMEHECHHEM HAHOCTPYKTYPUPOBAHHBIX IMPENapaToB.

Takum o00pa3om, BOJOpacTBOpUMas HaHOOMOKOMITO3UIIMS Ha OCHOBE aJbrUHATA
HaTpus W cepebpa MOKeT OBITh HCIIOJIb30BaHA TMPH OOpPabOTKH CEeMSH TIICHHIB B
Ka4eCcTBE CTUMYJIATOPOB POCTA.

3AKIIOYEHHUE

Toka3aHo, 4To HAHOYACTHIIL cepebpa B kKoHuenTpamuu 0,01-1,0mr/nm° okasbiBaroT
CTUMyNHUpYIOIIee [eHCTBHE Ha POCTOBBIC IPOIECCH IIEHHIBI HAa PAaHHHUX OJTarax
OHTOTE€HE3a, CTUMYJUPYs JHEPTUI0 MPOPAcTaHUSI U BCXOXKECTb CEMSH, WHTEHCHBHOCTH
IOBIXaHUS, a TakKe HAKOIUICHHe OMOMacchl KOpHEH W Hal3eMHOH 4YacTH INPOPOCTKOB
HIICHUIIB.
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VYV po6oTi JOCHIHKEHO CTUMYINIOYY [iF0 HAHOYACTHHOK cpibia Ha pICT i PO3BHTOK POCIMH IIICHHUII.
BCTaHOBIIEHO, 10 3aMOYYBAHHS HACIHHS B PO3YMHAX HAHOYACTHHOK cpibna 3 konuentparieio 0,01-1,0mr/om’
CTUMYJIIOE IHTEHCHUBHICTh JUXAHHS, €HEpPril0 NPOPOCTAHHS 1 CXOXICTh HACIHHS, a TaKOXX HAKOIMYCHHS
OiomacH Cyxoi pPeJOBHMHM KOPEHIB 1 HAJ3eMHOi YaCTMHH NPOPOCTKIB MIIEHHI. MakCHMalbHa CTUMYJISIis
HaKOIWYEHHs 6i0MacH MPOPOCTKIB y BCIX BapiaHTaX BiJ3Ha4anaacs B KOPiHHI.

Kniouosi cnoea: HaHOUACTHHKH, CPi0IIO, IIIEHHUIIS, PICT 1 PO3BUTOK.

STIMULATING EFFECT OF SILVER NANOPARTICLES ON GROWT H AND
DEVELOPMENT OF WHEAT

Omelchenko A.V., Yurkova I.N., Zhizhina M.N.

Taurida National V.l. Vernadsky University, SimferopaCrimea, Ukraine
E-mail: omelav@ukr.net

The aim of this study was to investigate the stating effect of silver nanoparticles on
the growth and development of wheat.

Objects of study were the seeds of winter whéekitigum aestivumL.) (variety
Odesskaya 267) and previously developed water-kohdxtericidal nanobiocomposition
of silver. During the synthesis of silver nanopdes sodium alginate was used as a
reductant. Sodium alginate not only allows too wbta highly stable water-soluble
composition of the silver nanoparticles but hasr@at spectrum of biological activity.
Therefore, this method of nanoparticles producteam be attributed to the «green
nanochemistry». All solutions were prepared witttidtilled water.

In this paper we investigated the effect of difféareoncentrations of silver nanoparticles
on seed germination, growth and root biomass ofvedpound parts of seedlings,
respiration rate, as well as the accumulation bfesiin the seeds. To determine the
germination and growth of the biomass of seedlisgsds were soaked in solutions of
silver nanoparticles with a concentration of 0,01; 1,0 and 10,0 mg/dhfor 4 hours and
then placed on moist filter paper in Petri dished germinated 7 days in an incubator at
temperature 24 °C. Germinating power and seed gatioh was determined orf’ &nd

7" day. Biomass of seedling roots and aerial parte weeasured gravimetrically on the
7" day. The plant material was fixed for 5 minutesl® °C and it was brought to a
constant weight at 60 °C. The respiration rateesh@nating seeds was determined by the
Boysen-Jensen method after 24 and 48 hours.

The silver content of the seeds after soaking intiems with silver nanoparticles was
examined by atomic absorption spectroscopy (SeERAV 4) after ashing in a muffle
furnace at temperature 400-450 °C. Further analyais performed with electrothermal
atomization. It was established that the treatroémtheat seeds with silver nanopatrticles
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increased respiration rate by 20,0-60,2 % aftehd@s and 8,5-33,3 % after 24 hours in
comparison with the control. The maximum increase whserved at concentration of
silver nanoparticles 1,0 mg/dmThe accumulation of silver in the seeds afterkiswa
them into the solutions of silver nanoparticles@ased depending on the concentration in
a solution and was 0,007 -1,2 mg/kg of dry mass.

When studying the effects of silver nanoparticlestbe germinating power and seed
germination of wheat seeds stimulation of thesegsses was established. Indicators of
germinating power exceeded control group by 4,7%3and germination of seeds
exceeded by 7,6-9,3 %. The maximum effect was gbdein the seed treatments with
concentration of nanosilver 0,01 -1,0 mgfdm

The maximum increase of dry mass of roots was @bdeat concentration of silver
nanoparticles 0,01 mg/dnand was 11,8 % whereas for aboveground partsst5ya %.
With further increase in the concentration of giltles effect was reduced and finally at
concentration 10,0 mg/dhinhibition of growth processes were observed. llvariants

of the experiment maximal stimulation of biomassuwoulation was observed in the
roots. It can be assumed that the reduction ofptbstive effect is due to the silver
overaccumulation in the seeds (more than 0,26 mgfkdry mass) which leads to the
inhibition of growth processes.

Keywords nanoparticles, silver, wheat, accumulation.
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