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BIIJIUB HAHOCPIBJIA PI3HOI KOHIIEHTPAIIIL HA PICT, 3EPHOBY
MMPOJAYKTHUBHICTH POCJIMH BIBCA COPTY HE3JIAMHUI TA
HA BMICT ®OTOCUHTETUYHUX ONITMEHTIB Y JIUCTKAX
HA CTAJII BAKUJIAHHS BOJIOTER

Hanocpibmo 3maTHe CHIpUYMHIOBATH ITHPO-
KHH CHEeKTp 010J0TIYHUX e(EKTIB, SKHH 3yMOBIIIO-
€TbCSl 1HIYKYBAaHHAM OKCHIATUBHOIO CTpecy 1 3a-
JSKHUTHh BiJ pO3MipiB HOTro 9acTodok, iXx (opmm,
IIOBEPXHEBOTO 3apsay, CONMbBATAIlli, KOHIICHTPAIII],
TPUBAJOCTI [ii, BiZl BMICTy TIEBHUX 10HIB 1 OpraHiy-
HHX CIIOJYK y CEPEIOBHINI Ta iHIIUX YMOB 00poOO-
KH;, TPOSB TaKuX €(eKTiB BHU3HAYAETHCA TaKOXK
CTaHOM OpraHi3Mmy, THIIOM KJITHH Ta 010MOJEKY,
o CTarTh Horo Mimensmu [1, 2]. YV 3B’a3ky 3
HOTO CHJIBHMMH aHTUMIKPOOHHUMH BIaCTHBOCTSIMHU
Ta MEHIIOI0 TOKCHYHICTIO NI JIIOJWHHA 1 TBapHH
MOPIBHSHO 3 i0HaMHu cpibia, HaHOCPiOMO HaOyBae
BCe OLIBIIOTO 3aCTOCYBaHHS B MEIUITMHI Ta Pi3HO-
MaHITHHX TaTy3sSX MMPOMHCIOBOCTI [2]. V 3B’s3Ky 3
MOTPAIUISIHHSAM TaKOro HaHOCpiOia B JOBKUUIS, B
CBOIO 4epry, MOCTa€ 3aBJaHHS MOTJIMOJICHOrO BH-
BUEHHS HOTO BIUIMBY Ha JKMBI OpPTraHi3MH, 30KpeMa
Ha POCIMHM. 3JaTHICTh HAaHOCPiIOJia BILUIMBATH Ha
CTPECOBi CHTHaJbHI HUISIXM pOOUTH HOro mpuBad-
JMBHUM ISl BUKOPUCTAHHS 3 METOIO IiJBUILCHHS
aJanTamiitHoro MoTeHIiaTy POCIHH, IO Ty’Ke BaXK-
JUBO IUIS CHOroneHHdA. Padimie HamuMu IOCII-
JDKEHHSIMU TIOKa3aHO 3/IaTHICTh HEBHCOKHMX KOHIIE-
HTpanid HaHOCPiOJla OSUTHBHO BIUIMBATH HAa PICT
Ta 3epHOBY NPOJYKTUBHICTH BiBca copTy Hesnmawm-
HUH, OTpUMaHOro B Haid naboparopii, Ta cnpu-
YUHIOBATH 3MIiHH BMiCTy (POTOCHHTETHYHHUX IIirMe-
HTIB y HOro JIMCTKaX Ha MMOYaTKy BHUKHJAHHS BOJIO-
teil [3, 4]. MeTa UBOro JOCTIMKCHHS — BHBYUTH
BIUTMB HAHOCPiONa Ha 3a3HAa4YeHi mapameTpH B IIIH-
pPOKOMY Jiama3oHi HOTO KOHIEHTpAIlil B pO3YHMHAX
JUist 0OpOOKHM HACIHHS BiBCa.

Marepianu i MmeToamn

B namoMy AOCHIKEHHI BUKOPHCTAHO Mpe-
napar HanHocpibma SS1000 (S), pospoGnenuii B
IacturyTi HanTBepaux MartepianiB im. M.B. bakymns

HAHY [5] i m06’s300 Hamanuii Ham. PosunHamu
npenapary B IIMPOKOMY [iama3oHi KOHLEHTpauii
(10+60 mr/nm ta 600 Mr/m) misu HAa HACIHHS TIPOTS-
roM 100W; POCIMHH BHPOIIYBAIH y BiAKPHTOMY
ITPYHTI Ha HEBEIMKHX JUISHKaX. [HTEHCHBHICTBH
POCTOBUX IPOLIECIB OI[IHFOBAJIX 32 BUCOTOIO CTeOIa
npu Buxomdi B TpyOky (Lsi). Bucory crebma mpu
3aBepiieHHI po3BUTKY (L) Ta emeMeHTH 3epHOBOL
NPOAYKTUBHOCTI BMU3HAUYANW TMicCls 30HMpaHHA BpO-
JKaro, cepell HHUX: JOBXKHHA TOJIOBHOI BOJIOTI, L;
KUTBKICTB 3epeH y BojioTi, G; Bara 3epHa 3 TOJIOBHOL
BouioTi, W; Bara 1000 3epen, 1000W.

Ha cranil BUKMAAHHSA BOJIOTEHN 3M1MCHIOBAIN
CIIeKTpoOTOMETPUYHE BHU3HAYCHHSI BMICTY (hoTo-
CHHTETUYHHUX MITMEHTIB y JIUCTKAaX OJHOTO BIKY:
xnopodiny a, C,; xmopodiny 6, Cp; cymapHoro
BMICTy xJIopo(diniB @ Ta 8, Casp; CyMapHOTO BMICTY
KapoTUHOIMIB, Cear; @ TAKOXK BEJIMYUHM CITIBBIIHO-
mienb C, : CpTa 3emeHux i )K0BTHX mirMeHTiB Cauyp -
Ccar- Y KOXHOMY 3 BapiaHTIB Uil TAaKUX aHAJi3iB
BigOupanu 1o 12 pociuH, KOKHE BU3HAUYEHHS 3111~
cHIOBaH B 2—3 moBTopax. llirMenTn Buainsim Ha
xos0/1 80 % ameroHOM KBadi(ikaIii «eKkcTpa uuc-
THiD» Gipmu Merk, criekTpu MOTJIHHAHHS 1X €KCT-
PaKTiB PEECTPYBAIU 3a JIOTIOMOTOI0 CHEKTpodoTOo-
merpa BioMate 5 (Thermo Scientific), Bmict xio-
podiniB (MI/T TKAaHWHM JIMCTKA) BU3Hadanu 3a o-
pmynamu BepHoHa, kapoTHHOINIB — BeTTmiTeitna.

Pe3yabTaTi Ta 00roBOpeHHsN

BusiBieHO cTHMyJIOBaHHS POCTOBUX IpoLe-
ciB BiBca mpu Buxoi B TpyOKy (30imbmieHHs L)
SK 3a MaKCUMaJIbHOI KoHIeHTpaiii S Ha 8,8 %
(puc. 1, P<0,001), Tak i B 50 % BapianTiB i3 iioro
MEHINOK KoHIeHTpariero uHa 4,3-5,6 % (P<0,02;
P=0,05). HoBxuHa crebia IOCTIIHUX POCIUH MPH
3aBeplleHHI po3BUTKY (L) Oyna 3HaAYHO MEHIIOIO:
Ha 12,8 % (P<0,001) B pa3i BUKOPUCTaHHS MaKCH-
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MaJbHOI KOHIeHTpalii Ta y 50 % BapiaHTiB 3 HIX-
9rMH KOHIEHTparismMu — Ha 9,3-11,3 % (P<0,001),
e B OJJHOTO 3 HUX OyJIO BUSBJICHO TEHICHIIIO JI0
3HMKEHHS L.

HaiiBuima koHIEHTpaIlis S CHpHYHHIOBAIA
3MEHIIEHHS JOBKHHU T'OJIOBHOI BOJIOTI, KIJIBKOCTI
Ta Bard 3epeH y Hiil (puc. 2): L 3HmKyBanacs Ha
12,3 % (P<0,01); G — na 35,8 % (P<0,001); W —Ha
42,8 % (P<0,001). 3a HWKYKX KOHIEHTpAIiii S
JIOCTOBIPHOTO TPUTHIYEHHS JIOBXKHHU BOJIOTI HE
CIOCTEpIiraiy; BOAHOYAC Y TPETUHHU TaKUX BapiaH-
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TiB OyJI0 BHSABIIEHO TeHJCHIII0 10 3HIKeHHS G Ta
e B OJJHOMY BapiaHTi — JOCTOBipHE 3HIKEHHS G
Ha 19,4 % (P<0,05); nocroBipHe 3HmxkeHHs W Ha
21,2-26,8 % mposiBUIIOCS B TOJIOBUHU BapiaHTIB i3
HIKIrMA KoHnertpamismu S (P<0,01; P<0,05) ta
B TPETHUHH 3 HUX — TEHACHIIIS J0 3HUXKCHHS LbOTO
napaMetpa. JKojaHa 3 IOCHiIPKeHUX KOHIEHTpaIliit
S we BmmBana Ha 1000W, oTke, 3HWKEHHS BpO-
JKaro 3epHa 3 BOJIOTI, PO SIKE MOBIIOMIIUIOCS BU-
1I1e, 3yMOBIIIOETHCSI 3MEHILIEHHAM KiJIbKOCTI 3epeH y
BOJIOTI.
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Puc. 1. Brmie xonmnenTpanii Hanocpioma SS1000 B po3unHax ans oOpoOKM HACIHHS Ha JOBXKUHY cTeOlia BiBca
copty Hesnamuuit Ha cTajil moyatky Bukuaanus BojoTei (Ls-1) Ta mix uac 3aBeprieHns po3BuTKy (LS); n>30.
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Puc. 2. Brutus koHuenTparii Hanocpi6bna SS1000 B po3urHax asst 0OpoOKK HACIHHS HA €JIEMEHTH 3ePHOBOI MPO-
JYKTHBHOCTI BiBca copTy HesnamHuii; 1OBXHHA roJ0BHOT BOJIOTI — L; KITBKICTh 3epeH y BojoTi — G; Bara 3epHa 3 ro-
soBHOT BostoTi — W, Bara 1000 3epen — 1000W. [Ins L, G, W n=20; mst 1000W n=6.

OTtpuMaHi JaHi 1al0Th MOXIHUBICTh 3pOOUTH
BHCHOBOK TIpO Te, 10 HaHocpibmo SS1000 3xatHe
CIIPUYMHIOBATH CTUMYJISIIIIO POCTOBHX TIPOIIECIB

BiBca IpU BUXOJi B TPYOKy MiA yac 3acTOCYyBaHHS
fioro st 0OpoOKK HACIHHS TIepel BUCIBOM Y TPYHT.
Takmii cTuMymOOUAN ePEeKT BHUABISIETHCS MEHII
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cTabiTbHO B Jiana3oHi KOHIEHTpAIil S, HKIUX y
10-60 pa3iB, HiXX OOpaHa Ui JOCIIHKEHb MaKCH-
ManbHa (600 mr/m). Y xofi 3aBepIIeHHS] PO3BUTKY
POCIIHH IOBXMHA cTeO1a JOCTOBIPHO 3HMKYBAJIACS,
10 € CHPHUATIUBUM JJIs OIIBINOI CTIHKOCTI A0 BH-
JIATaHHA, 1 Takuii eekT OyB MpUTaMaHHUI MaKCH-
MaJbHIi KOHIICHTPAIlI€0 S Ta MOJIOBUHI BapiaHTIB,
ne S Oynma mHmx4doro B 10-60 pasiB. BogHowac Ha
BpOXai 3epHa 3 BoJIOTI HaHOCpiOomo SS1000 moxe
BIUIMBAaTH HETaTWBHO BHACIHIZOK 3MEHIICHHS OB-
KHHU BOJIOTEH Ta KIIBKOCTI 3€peH y HHX, 1 TaKui
HETaTUBHUHN BIUIMB 3aJICKUTH BiJl HOTO KOHIICHTpa-
Uii B po34MHAaX, BUSBIAIOYMCH MEHII CTAa0IIBHO 32
3HmkeHHs 11 B 10-60 pasis. Ha BusiBnenns OGiomnori-
gHUX e(eKTiB HaHOCpiOIa TpH POCTI POCIUH Yy
BIIKPUTOMY TPYHTI, OYEBHAHO, MOYKE BIUINBATH
TaKOX KOMIUIEKC HAasBHUX CTPECOpiB OBKIJUIA,
OCOOJIMBO TIOTOJTHI YMOBH, OCKIIBKH B JOCIiIKCH-
Hi, MPOBEJECHOMY paHillle 3a 3HAYHO CIPHUATIUBI-
IIOTO JIiTa, OJTHA 3 KOHIEHTpAIliil S, BAKOPUCTAHUX
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y IIbOMY JIOCII/PKEHHI, CIIpHUsIIa MOJIIIISHHIO 3ep-
HOBOT MPOAYKTHBHOCTI BiBca [3].

B pocnuH, BupoIieHux i3 00po0iieHoro Ha-
CIHHS, CTIIOCTEpiraii Takok 0arato 3MiH MO0 BMi-
CTy XJOpOdiTB, KAPOTHHOIMIB 1 CIiBBiIHOIICHHS-
MU BMICTy OKpPEMHX IITMEHTIB Ta iX TpyI y JHCT-
Kax Ha MOYaTKy BHKHIAHHS BOJOTEH.

HatiBrma konmenTpartis S (600 Mr/i) cripu-
YUHIOBAJIA JOCTOBIpHE 3HM)KEHHS BMICTY XJIOpOQi-
niB y muctkax (puc. 3): C, — Ha 17,1 % (P<0,02);
C, — Ha 18,4% (P<0,001); Covp — Ha 17,1 %
(P<0,01) Ta tenmeHuito g0 3HMWKEHHS Cgor. 3HH-
JKEHHSI BMICTY XJIOPOQUIIB Y JIMCTKax BUSBJICHO B
2/3 BapiaHTiB i3 HWXYUMHU KOHIICHTpALisIMH S
(6010 wmr/m): C, — ma 16,6-19,9% (P<0,01,;
P<0,001); Cy, — na 15,1-19,5 % (P<0,001; P<0,01);
Casp — Ha 15,6-19,9 % (P<0,02; P<0,01; P<0,001);
3HKEeHHS Cgor criocTepiranu B 83,3 % BapiaHTIB i3
HIWOKYUMH KOHIeHTparisiMu S — Ha 17,0-19,1 %
(P<0,01; P<0,001).
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Puc. 3. Brnmus koHueHTpanii HaHocpioma SS1000 B pozunHax U1t 00poOKH HACIHHS HA BMICT (JOTOCHHTETHYHHUX
MITMEHTIB y JINCTKaxX BiBca copty He3namuuit Ha cTail mo4aTKy BUKUIAHHs BOOTel: xjopodiny a, Cy; xmopoodiny s,
Cyp; cymapHOro BMICTY xJ1opodiniB a Ta 8, Caip; CyMapHOTO BMICTY KapoTHHOIIB Ceyr; N=12.

JocToBipHE 3MEHIICHHS YacTKU XJIOpo(itiB
y myni (OTOCHHTeTHYHUX mTirMeHTiB Ha 9,0 %
(P<0,01) crpuunHIOBaNa HAWBHIA KOHIICHTpAITis
S, B TO#1 Yac K oJiHa 3 MiHIMaJbHUX KOHIICHTpAIliif

— JIOCTOBipHE 30UIBIICHHS I[LOTO MOKa3HWKAa — Ha
13,6 % (P<0,001).

Oco0MBOi yBaru 3acIyroBYIOTh 3MIiHH CITiB-
BiJTHOIIIEHb BMICTY XJIOPOQLIIB a Ta g, BUSBICHI 3a
BUKOPHCTaHHS S B Jiana3oHi KoHIeHTparii 60+10
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Mmr/i (puc. 4): 1oCcTOBipHE 301IbIICHHS YaCTKH XJIO-
podiny 6 y TpeTHHM Takux BapiaHTiB Ha 3,05—
4,97 % (P<0,01; P=0,05) Ta me B oqHOMY BapiaHTi
— TeHJISHITisl 10 301IbIIEHHS YaCTKH XJI0PODiTy 6.
Orxe, HaHocpibmo SS1000, BuKOpHCTaHE
Ui 0OpOoOKM HACiHHA BIBCa TIEpell BHUCIBaHHIM
HOTO B IPYHT, 34aTHE CIPUYUHIOBATH SIK 3HIKCHHS
BMICTY OKpeMHUX (DOTOCHHTETHYHUX ITITMEHTIB, TaK
1 3MIHH CITIBBiAHOIIEHH iX BMICTY B ITyJIi B JINCTKAaX
BiBca Ha MoYyatky (popMyBaHHs Bpoxkato. HalOimbIm
MPUTHIYYBaita BMICT XJIOpo(iiB HallBUILA 3 BUKO-
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PUCTaHWX KOHIEHTpaIiil S; mpu 3HIWKEHHI i1 B
10+60 pa3iB HeraTUBHUN e(PEKT BHUSBISABCS TIIBKH
B 2/3 BapiaHTiB JOCHiy, i BiH OyB MEHII BUpaxke-
HUM; BOJHOYAC TaKi KOHIEHTpAIii S MOXYTh 1HIY-
KyBaTH 30UTBIIEHHSA YacTKH XJIOpodily 6 cepen
OCHOBHHUX (hopMm XJtopodindy, IO MOXKE CBIIYATH
npo 30inbmenHs po3mipiB C3K y ¢ortocucremax
TaKUX POCIIHH.

Otpumani pe3yibTaTu paHimie Oymu ormyoJi-
KOBaHi K Te3H y 30ipHHKY MiXHapoaHOI KOH{]e-
peniii [6, 7].
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Puc. 4. BrumB xonnenTpariii HaHocpioia SS1000 B po3urHax it 0OpOOKHM HACIHHS Ha CIIBBiIHOIIEHHS BMICTY
OCHOBHHUX TPYI (POTOCHHTETHYHMX MIrMEHTIB y JIHCTKax BiBca copTy Hesnmamuumit Ha cTazii mo4aTKy BUKHAAHHS BOJIO-
Teil: Benmnunnau criBsiguomnens C, @ CyTa 3eneHnx 1 )KOBTHX MIrMEHTIB Cayp - Cears N=12.

BucHoBku

1. Hanocpi6mo SS1000 3zaTHe cTUMYyIOBa-
TH POCTOBI IIPOIIECH BiBca Ha CTajlii BUXOAY B TPY-
OKy, 1 TaKWil CTUMYJTIOIOUUI e(eKT BUSBISABCS HaM-
OUTBII CTA0ITBFHO 32 OTO KOHICHTpAIil B pO3UMHAX
Uit 00poOku HaciHHA 600 Mr/ir; Tpu 3HIDKEHHI
koHnenTparii B 10-60 pa3iB Taka ctumymsiis Oyna
MEHII BUpaKeHOIo 1 BusiBisacs B 50 % BapiaHTiB
Jociiay.

2. Ilix yac 3aBepuIEHHS PO3BUTKY POCIHUH
JIOB)KMHA CTe0J1a JIOCTOBIPHO 3HIDKYBAJIACs, IO €
CHPUSATIMBUM JiJIsi OUTBIIOT CTIMKOCTI IO BWIISITaH-
H, 1 Takui edekT OyB MpUTaMaHHUA MaKCHUMAllb-
Hill koHneHTparii SS1000 Ta MONOBUHI BapiaHTIB,
ne BoHa Oyia Hix4doro B 10-60 pasis.

3. HaiiBuma xoumentpamis SS1000 (600
MTI/1) B MIbOMY JOCTIP)KEHHI HETAaTUBHO BIUIMBAJIA
Ha E€JIEMEHTH 3epHOBOI MpPOIYKTHBHOCTI BiBca —
CIPUYMHIOBAJIA 3MCHILICHHS JIOBXXMHH TOJOBHOI
BOJIOTI, KUTBKOCTI Ta Baru 3epeH y Hiil. [lpu 3HH-
sxerHi konnentparii SS1000 B 10-60 pasie Takuit
HETaTHBHUH BIUIMB OYB MEHII BUPa)XCHUM, 30Kpe-
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Ma, JIOCTOBIpHE 3HIDKCHHS Bard 3€pHa 3 BOJIOTI
cnioctepiranu B 50 % BapiaHTIB AOCIIiTy.

4. 'V pocnuH, BUPOLIECHHUX i3 0OpOOIEHOTO
HACIHHS, CIIOCTepiralli TakoX OaraTo 3MiH IIOJO
BMICTy XJIOpO®iTiB, KapOTHHOINIB Ta CIIiBBiAHO-
HICHHSMH BMICTY OKpEMHX IIrMEHTIB Ta iX Tpym y
JIMCTKAX Ha [TOYaTKy BUKUJAHHS BOJIOTEH.

5. JlocToBipHE 3HIDKEHHS BMICTY XJIOpOQdi-
7iB @ ta b y nuctkax Oyno mpuTamMaHHUM JUIs Haii-
Bumoi kouneHtpamii SS1000 (600 wmr/m) ta 2/3
BapiaHTIB 13 HWXYUMH KoHIeHTparismu SS1000
(60+10 mr/i).

6. [locToBipHe 3HM)KEHHS BMICTYy KapOTHHO-
iniB BusBneHo y muctkax y 83,3 % BapiaHTiB i3
Hwkuumu KoHuenTpaiismu SS1000 (60+10 mr/i).

7. Ha nposiBneHHs O0ioOTiYHUX eQEKTIB
HaHOCPiOJa yHpONOBX POCTY POCIUH y BiIKPUTO-
MY TPYHTI, OYEBHIHO, MOXE BIUIMBATH TaKOX KOM-
TUIEKC HasBHHUX CTPECOPIB JOBKULIS, OCOOIMBO
MOTOJTHI YMOBH, OCKUIbKM MEXaHi3M Jiii HaHOCPiO-
na, SIK 1 JUI YUHHUKIB JOBKLIIS, TIOJSTaE B IHAYKY-
BaHHI OKCHJIATUBHOTO CTpPECy, SIKUil (3aJIe)KHO Bif
PIiBHSI) MOXe BHABIISTH CTHUMYJIOIOUHNA YH JECTPY-
KTUBHUH BIUIMB.
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INFLUENCE OF THE NANOSILVER DIFFERENT CONCENTRATIONS ON THE GROWTH, THE GRAIN
PRODUCTIVITY OF THE OAT CULTIVAR NEZLAMNY AND ON THE PHOTOSYNTHETIC PIGMENTS
CONTENT IN THE LEAVES IN THE ONCET OF PANICLE FORMATION

Aim. The aim of this study is the investigations of the influence of different concentrations of the nanosilver SS1000
(S), elaborated in Institute for Superhard materials V.M. Bakul NAS of Ukraine and kindly given to us, on the growth,
the grain productivity and on the photosynthetic pigments contents in the leaves of the oat cultivar Nezlamny. Methods.
The oat seeds were treated by the water solutions of S, the plants were grown in the field. The plant growth intensity
was estimated by the stem length in booting. The grain productivity elements were performed after the gather in the
harvest. The chlorophylls (chl) a and b, the carotenoids content and the ratios chl a/b, chlorophylls/carotenoids were
estimated in the even-aged leaves in the onset of panicles formation. Results. SS1000 stimulated the oat growth in boot-
ing; same time it may influence negatively on the corn crop, owing to the reduction of the panicles length and the grains
number in them and such unfavorable impact depend on its content in solutions, shown less stable, when the content
decreased 10-60 times. The most stable suppression of the chlorophylls content was observed also for the maximal S
concentration.

Keywords: nanosilver SS1000, oat, growth, grain productivity, chlorophylls a, b, carotenoids.

56 ISSN 2415-3826 (Online), ISSN 2219-3782 (Print). daktopu excriepymMeHTanbHoi eBontoLi opraHiamis 2017. Tom 21


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaiser%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=28061858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roesslein%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28061858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diener%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28061858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wichser%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28061858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nowack%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28061858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wick%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28061858
https://www.ncbi.nlm.nih.gov/pubmed/28061858
https://www.ncbi.nlm.nih.gov/pubmed/28061858
mailto:Val.katsan@gmail.com

