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WccnepoBaHMe MNOCBSALWEHO W3YYEHUIO HEKOTOPbIX HAHOTEXHO/IOrMYeCKMX acrnekToB MpUMeHeHus
rmapoTrepmMmasibHoro HaHokpemMHesema AJ1sl Nosy4eHUs HoBOro GpyHKLMOHANbLHOIO NpoAyKTa NUTaHUs —
MUKpO3e/ieHU pacTeHuin (Ha Mpumepe 03UMO MLLEHULbI). B MeToAMYECKOM NJlaHe NOAHUMAETCS BONpOoC
06 1MCnonb30BaHUM 3Tana MoJiy4eHUsl NPOPOLLEHHbIX CEMSIH BbipalUMBaHUS MUKPO3€e/IeHN C MOMOLLbIO
HaHO6MOTEXHOMIOTUIA B TEeMHOBOM BapuaHTe 6e3 [AOMONHUTENIbHOMO WCKYCCTBEHHOIO OCBELLEHUS.
O6paboTka ceMsiH rugpoTepMasibHbiM HAHOKpPEeMHe3eMOM B KOHLeHTpauumsx 0,11 0,01% cnoco6cTBoBana
VYBE/INYEHUIO BCXOXECTUM CeMsiH Ha 5-6%, cpefHei BbICOTbl pPOCTKOB (MMKposeneHu) Ha 11,3-11,9%,
6uomMacchl pacteHuit Ha 11,0% (0,1%-Hbili pacTeop) u 17,6% (0,01%). bonee HU3Kne KoHueHTpauum (0,001
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1 0,0001%) Mano BAMSAAM HA U3MEHEHMe MOCEBHbIX CBOMCTB CEMSIH U pOCT cesHues, Bbicokue (1%)
oKasblBa/iM OTpuLATe/NIbHOEe BO3AeicTBME (BCXOXECTb CHMXANAach HA 4%, a BbiCOTa POCTKOB Ha 14%).
MokasaHo, YTO [/19 NOBbILEHUSI BCXOXECTU CEMSH Ha NMepBbIX 3Tanax npu BbipalMBaHUN MUKPO3€e/iIeHN
O03MMOW TUeHULbl B TEMHOBOM peXxume 6e3 [OMNOJIHATE/IbHOrO MOACBEYMBAHMS MEepCneKTUBHO
MCMNoNb30BaHUE FMAPOTEPMA/IbHOrO HaHOKpeMHe3eMa /1 06paboTkn ceMsiH B KOHUeHTpauuu 0,01%,
a Taike 0,1%. O6paboTka HAHOKPEMHE3eMOM C pa3HbIMU KOHLLEHTPaLUSMU NPUBOAUT K BO3paCcTaHUIO
HaKoMJIeHNs1 KpeMHU1S B pocTkax B 1,5-2 pasa no cpaBHeHUIO ¢ KoHTponeM. CopepxaHue ¢pocdopa, cepbil,
MarHus, HaTpus B poCcTKax 0CTaBa/IoCb OTHOCUTE/IbHO CTabubHbIM. CopepXaHue KasbLus BO3pactasio
B BapuaHTe WCNO/b30BaHUS KpemHe3ema O0,01% KoHUeHTpauuu, Kanamsa — B BapuaHTe 0,0001%.
OTMeYeHO NoBbiLeHNe CoaepXaHnUs LMHKA U Meay npy o6paboTke ceMsiH MLUeHWULbl BOAHbIMU 30/15MU
HaHoOKpemMHe3ema B BapuaHTe 0,001%.

The research is devoted to study certain nanotechnological aspects of hydrothermal nanosilica
applications for obtaining a new functional food product called microgreens (as exemplified
by winter wheat). In terms of methodology a question is raised concerning use of the stage
when the seeds germinate for further growth of microgreens with the aid of nanotechnologies
in a dark mode without additional artificial lightning. Treatment of seeds with hydrothermal
nanosilica at concentrations of 0.1% and 0.01% contributed to an increase in seed germination
by 5-6%, the average sprout height (microgreens) by 11.3-11.9% and plant biomass by 11.0% (0.1%
solution) and 17.6% (0.01%). The lower concentrations (0.001% and 0.0001%) had little effect
on the change in the sowing properties of seeds and the growth of seedlings while the higher
concentrations (1%) produced a negative effect (germination decreased by 4%, and the height
of sprouts by 14%). It has been shown that for improving seed germination at the first stages,
when growing microgreens of winter wheat in the dark mode without additional illumination,
it is promising to use hydrothermal nanosilica for seed treatment at a concentration of 0.01%,
as well as 0.1%. Treatment with nanosilica at different concentrations leads to the higher
accumulation of silicon in the sprouts by 1.5-2 times compared to the control samples. The
content of phosphorus, sulfur, magnesium and sodium in the sprouts remained relatively stable.
The calcium content increased in the case of using silica of 0.01% concentration, potassium -
in the case of 0.0001%. An increase in the content of zinc and copper was noted during the
treatment of wheat seeds with aqueous sols of nanosilica in the variant 0.001%.

INTRODUCTION

In recent years the kinds of food
products for human consump-
tion have expanded. Consumers
are looking for new healthy food
products combined with exqui-
site taste [1-2]. Microgreens and
germinated seeds present a new
class of functional foods, a mod-
ern superfood, which represents
young sprouts of vegetables and
herbs, and young and tender
leafy greens [3, 4]. One of the
easiest and fastest ways to pro-
duce biologically valuable prod-
ucts for use in food is by ger-
minating seeds [5]. Sprouted
seeds have colossal nutri-
tional value and contain a high

concentration of vitamins, min-
erals, proteins, enzymes and
antioxidants [6-8]. Seedlings
also contain sulforaphane, iso-
thiocyanates, glucosinolates,
enzymes, antioxidants, vita-
mins that are effective in can-
cer prevention or cancer ther-
apy [9-11]. The composition of
seeds changes significantly dur-
ing germination [12]. Nutrients
are broken down into sim-
pler and more easily digestible
forms, the biological value of
proteins increases, the activity
of enzyme inhibitors decreases
resulting in better digest-
ibility of food by the organ-
ism. In general, the content

of phytochemical compounds
in seedlings is higher than in
plants in a state of technical
ripeness. The content of protein,
vitamins, enzymes, minerals
and microelements increases
from 300 to 1,200% [13]. The most
popular are sprouts of alfalfa,
broccoli, buckwheat, clover,
mung bean, mustard, radish,
red cabbage, soybeans, etc. [14].
In Japan, seedlings grown in
the light are consumed raw;
those grown in the dark are
heat-treated.

Sprouted grains (seeds) can
be used not only for human
consumption, but also as animal
feed. Hydroponics allows to get
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BBEJLEHUE

B mocienHue roAbl PacHIUPSIIOTCS BUABL IPO-
AYKIUU AJ51 UCIIONb30BaHUS B MUYy YelOBeKa.
[ToTpebuTenu HINYT HOBBIE NMPOAYKTH 3L0PO-
BOTO IMTAHHUS B COUETAHHUHU C U3BICKAHHBIM BKY-
coM [1-2]. MuKpo3eneHb U IPOPOLIeHHbIEe CEMeHa
- HOBBIM K/1acC PYyHKIMOHAJBHBIX MPOAYKTOB,
COBpeMeHHBIH CyHepHpPOAYKT, MNpeACTaBIsieT
co60i1 MolOJBle POCTKH OBOIIEH KM TPaB, MOJO-
OYIO U HeXXHYIO JTHCTOBYIO 3ejieHb [3, 4]. OnHUM
K3 CaMBIX IIPOCTBIX U OBICTPBIX CIIOCOHOB IIPOU3-
BOAUTH 6HMOJIOTHYECKHU LIeHHBIe IPOAYKTHL AJIs
HCIIONB30BAHUS B IMUIe SIBISIeTCS INPOpallU-
BaHHUe ceMsH [5]. [IpopomeHHble ceMeHa oba-
AT KOJIOCCATbHOM MUTATeJbHOMN I[eHHOCTBIO U
coZlep>KaT BBICOKYIO0 KOHIIeHTPAIHM0 BUTAMHHOB,
MHHepanoB, 6e1KoB, GepMeHTOB U aHTHOKCHU-
OaHTOB [6-8]. Tak>ke MPOPOCTKU COJepKaT CYJIb-
dopadaH, M30THOILMAHATH], ITIOKO3UHOJIATH,
bepMeHTbI, aHTUOKCHUAAHTbI, BUTAMHUHEI, KOTO-
prle 30 PeKTUBHEL B IpOoPUIAKTHKe paKa, UIH B
Tepanuy NpoTUB paka [9-11]. CocTaB ceMsH Cyle-
CTBEHHO M3MeHseTCsl BO BpeMsi IpopacTaHus [12].
[IuTaTenbHBIe BeleCTBA PaCIIeIISIOTCS Ha boee
IIPOCTBIe U JIeTKOyCBauBaeMble opMBbl, 61omoru-
yecKasl IeHHOCTb 0eJIKOB IOBBIIIAETCS, aKTUB-
HOCTb UHTHUOUTOPOB pepMeHTOB CHUKAETCs, B
pesy/bTaTe 4ero MOBBIIIAETCS YCBOSIEMOCTbh IMUIIU
OpraHuMsmMoMm. B mesom comepskaHUe QUTOXHUMU-
YeCcKHUX COeIMHEeHHI B IPOPOCTKaX BhIlle, YeM B
PacTeHHUSX B COCTOSSHHUU TeXHHUYeCKOM CIIeJIOCTH.
ComepkaHue 6enKa, BUTAMHUHOB, GepMeHTOB,

MHUHepaJTbHBIX BellleCTB U MHKPO3JIeMEHTOB yBe-
nu4auBaeTcs ot 300 mo 1200% [13]. Haubomnee nomy-
JSIPHBIMH SIBJISIIOTCSI IPOPOCTKH JIIOLIePHBI, 6POK-
KOJH, FpPedYrxH, KjleBepa, Malla, TOPYHILH,
penuca, KalyCcThl KPAaCHOKOYAHHOM, COU U AP. [14].
B dlmoHMU IIPOPOCTKHU, BhIpAlleHHbIE Ha CBeTY,
noTpebsiIOT B CBIPOM BHJe, B TEMHOTe - IO Bep-
raioT TepMmoobpaboTke.

IIpopolmeHHOe 3epHO (CeMeHa) MOXKeT HUCIIOJIb-
30BaThCSl He TOJABKO B IUINY [J/Is Ye0BeKa, HO U
B KauecTBe KOPMa /I >KUBOTHBIX. [MIPOIIOHHKKA
[103BOJIsIeT KPYIJIOTOJHUYHO I10JIy4aTh B KOPOTKHe
CPOKH KaueCTBEHHYIO IIPOAYKIHIO A5 oboraie-
HHS PAallHOHOB C.X. JKUBOTHBIX [15-18]. IlepBhIe
HeCKOJIbKO JHeH MpopacTaHus (00 HaCTyIJIeHUs
boToCHMHTe3a) NPOUCXOOUT U3MeHeHHe OHUOXU-
MHYeCKOI0 COCTaBa, IIPesK/e BCero oTeps CyXoro
BeIlleCTBA MCXOJHOIO0 3epHa U 6uoTpaHchopMaLiHs
OelKOB, SKUPOB U yrneBogoB. POoTOCUHTE3 HAUU-
HaeTcsl IPUMEePHO Ha MNATHIH JAeHb, KOTJa aKTH-
BU3HPYIOTCS XJIOPOIJIACTH U HACTyIlaeT epUo/]
HaKOIJIEHH S CyXOTO BellleCTBA B 3eJIEHOM Macce.

Jpyrom Bujg GYyHKIHMOHATBHBIX IPOAYKTOB,
MHUKpO3eJleHb, TakKe IIpruobpeTaeT BCe OONBIIYIO
MOIYJISSPHOCTh B KaueCTBe HOBOI'O KYJIHHAPHOIO
MHTPe/lieHTa, KOTOPBIH obecrieurnBaeT HHTEHCHB-
HBIM BKYC, SIpPKHe I[BeTa U CBeXYI0 TeKCTypy IpHU
nobaBIeHUHU B CaJaThl U APyrHe MHUINEBbIe IIPO-
AyKTHI [19-21]. MUKpoO3eeHb IpeJIo’KeHa B Kavde-
CTBe HJlea/IbHOM MUY [JIsl TI0JeH Ha pacTUTeNb-
HOI HMeTe, TAKKX KaK BeTaHBbl UM BeTeTapUaHIHI,
Y Jaske JIJIs1 YIeHOB KOCMMHYeCKOro 9KHIIa’ka M3-3a

high-quality products in a short
time and all year round so as to
enrich agricultural rations of
farm animals [15-18]. In the first
few days of germination (before
the onset of photosynthesis),
there is a change in biochemical
composition, primarily a loss
of dry matter of the original
grain and biotransformation of
proteins, fats and carbohydrates.
Photosynthesis begins on about
the fifth day, when chloroplasts
are activated, and a period of
accumulation of dry matter in
the green mass commences.
The other functional
food - microgreens - is also

gaining popularity as a new
culinary ingredient that provides
intense flavor, vibrant colors
and fresh texture when added
to salads and other foods [19-21].
Microgreens have been suggested
as an ideal food for people on a
plant-based diet, such as vegans
or vegetarians, and even for
space crew members because of
their limited access to a variety
of foods [22].

Microgreens are harvested
at the first true stage of leaf
growth at the age of 7-21 days
and a plant height of 5-10 cm,
when cotyledon leaves with the
first true leaf are fully formed

HAHO MHOYCTPHA Tom 13 Ne 5 (98) 2020

[23-25]. The functionality of
microgreens is explained by
the high content of vitamins
and minerals as well as other
biologically active compounds.
Many types of microgreens
have been reported to contain
more micronutrients than full-
grown plants. Thus, the level of
accumulation of vitamins and
minerals can exceed mature
vegetables by more than 40
times [23, 25]. The microgreens
in their metabolic cycle contain
vitamins or their precursors,
carotenoids, ascorbic acid,
tocopherols and tocotrienols,
phylloquinone and folate, etc.
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KX OTPAaHHUYEHHOTIO0 JOCTyIla K pa3HOOOpa3HoOM efie
[22].

Yposkal MHKpO3eleHH COOHMPAOT Ha MepBOU
HCTUHHOM CTaJUMU POCTa THUCThEB B Bo3pacTe 7-21
CyTOK IPH BBICOTEe pacTeHHUM 5-10 CM B BBICOTY,
KOr/Jia IMOJHOCThI0 CGOPMUPOBAHBL CEMSLObHEIE
JIMCTOYKHU C MePBBIM HACTOSIIHUM JHUCTOM [23-25].
OYyHKIMOHA/TBHOCTh MUKPO3eJieHH 06bsiCHSIeTCS
BBICOKMM COJlep>kaHHeM BUTAMUHOB U MHHEPAJIOB,
a TaK>Ke APYTUX 6MOJOrHYeCKH aKTHUBHBIX COeIH-
HeHHH. CoobIIaNoOCh, YTO MHOTHe BBl MUKpO3e-
neHu 6osee HACBHIIIeHBl MUKPO3IeMeHTAMHU, YeM
[10JIHOBO3PaCTHEIE pacTeHU . Tak, ypoBeHb HaKO-
IJIeHW s BUTAMHUHOB ¥ MHHEPAJIOB MOKET IIPeBbI-
IIaTh 3pesble oBoK 6osee uem B 40 pas [23, 25]. U3
BUTAMHUHOB HUJIM HUX IIpeJllIeCTBeHHUKOB B MeTa-
fonKMYecKkoM IJMKJIe B MHKPO3eIeHH COJepsKaTcs
KapOTHHOUBI, AaCKOPOUHOBAs KUCI0TA, TOKOode-
POJIBI U TOKOTPHEHO/BI, QUIJIOXUHOH U poyiaT U
op. [26-31]. Ipyrue ¢UTOXHMMHUYeCKHe BellecTBa
C BBICOKHMM COfep>KaHMEeM B MUKPO3eJIeHU BKJIIO-
YaIOT XJIOPOOUJII, PeHONbHbIe COeTUHEeHU S, aHTO-
LIMaHbI K [IIOKO3MHONATH [26, 31, 32]. Ipyroi Bask-
HBIM acCIIeKT 3aK/II04aeTcs B BBICOKOM aHTHOKCH-
NaHTHOMW aKTUBHOCTU MHKpO3esleHHU [32]. B oBomax
COMep>KUTCS LleblH psJ BellleCTB-aHTHOKCH/IAH-
TOB, ¥ IOCTATOYHO TPYJHO OLIeHUTh BKJIAJ KasK40T0
KOMIIOHeHTa. [103ToMy H3MepeHHe 0bIeH aHTH-
OKCHJAHTHOM CIIOCOOHOCTH (COBOKYIIHAS CIIOCO6-
HOCTb ITMIeBBIX KOMIIOHEHTOB IIOIJIOIATh CBOOOI-
Hble pafiuKaJbl) siBasgeTcs 3P PeKTUBHBIM CII0CO-
6oM OLleHKH IIOTeHI[MabHOM I10JIb3bl Pa3THYHBIX

OBoOIllel B IPOodUIaKTHKe HIH JIeUeHUH XPOHHYe-
cKUX 3aboneBaHum [33].

OcHoBHBIe GaKTOPHl IIPOU3BOACTBA MUKpO3e-
JIeHH, TeMIlepaTypa M BJIa’KHOCTh, KaK IIPaBHIIO,
JIeTKO yIIPaBJISIOTCSA B KOHTPOIHPYEMBIX Cpefiax I10
CpPaBHEHUIO C OTKPBITHIM I'PYHTOM [34]. Ha KoMMep-
YecKHe eI MUKPO3ejleHb, KaK IIPaBUJIO, BEIpa-
IIMBAIOT B CUCTeMaX 6e3 MOYBBI, B KOTOPEIX IPYHT
3aMeHSseTCs IOJJIOKKOM, UIH B KOTOPBIX KYIbTH-
BHPOBAaHHUeE IPOUCXOAUT B KHUAKOM Cpejie C MHUTa-
TeJIbHBIM PacTBOpPoM [35]. BasKHO IIOAYEpPKHYTB,
YTO AJISL BRIPAIIMBAHUS MUKPO3eIeHU Heobxo-
JUMO HajJlHW4YHe aJleKBaTHOIO YPOBHS CBETOBOIO
KU31y4deHUs (IPU IJIOTHOCTH IIOTOKA $oToHOB PAP
He MeHee 100 MKMoJib/M?-C) [36, 37]. B TO 5Ke BpeMs
IIpopamjMBaHUe CeMsH BO3MOXHO 6e3 cBeTa [35].
DKCOepUMeHTaJbHOe HM3y4YeHHe IIPOpPaACTAHUSLI
CeMSH M POCTa PACTEHHUU B KOHTPOJIHUPYeMBIX YCJI0-
BUSIX I103BOJIsIeT 6ojlee TOUHO OLleHUTh BKJIA, pas-
HBIX $aKkTOpoB [38]. ONHHUM H3 HepCHeKTHBHBIX
HaIlpaBJeHHHU yJy4IIeHHU S IPOPACTaHUS CeMSH B
KOHTPOJIMPYEeMBbIX CpellaX sBJISeTCs HMCII0Jb30Ba-
HHe PeryJsTOPOB pOCTa PacTeHHI, B YaCTHOCTH,
HaHOpa3MepHBIX popM KpeMHe3deMa [39]. K coxkae-
HHI0, 00beM HCC/IeIOBAaHUM 10 JaHHOMY HaIlpaB-
JIGHHIO B HACTOsIllee BpeMs HeJJOCTaTOYeH.

Ile/1bI0 IpeCTaBIeHHON PaboThl SIBISIIACH IPO-
BepKa MeTOJMYeCKOro IMOAX0Ma II0 MCIIO0Ib30Ba~
HHIO HAaHOYACTHUL, TUAPOTEPMaJIbHOIO KpeMHe-
3eMa B IIpefIoCeBHON ob6paboTKe ceMsiH pacTe-
HUH Ha NpUMepe IIIeHUIB KaK paKTopa pery-
TUPOBAaHHS Pa3BUTHUS PacTeHHMH Ha CTaJHUU

[26-31]. High amounts of other
phytochemicals in microgreens
include chlorophyll, phenolic
compounds, anthocyanins,
and glucosinolates [26, 31, 32].
Another important aspect
concerns high antioxidant
activity of microgreens [32].
Vegetables contain a variety
of antioxidant substances,
and it is difficult to assess the
contribution of each component.
Therefore, measuring the
total antioxidant capacity
(the combined ability of food
components to scavenge free
radicals) is an effective way to
assess the potential benefits

of various vegetables in the
prevention or treatment of
chronic diseases [33].

The main factors of
microgreen production,
temperature and humidity,
are generally easier to manage
in controlled environments
compared to open field [34].
For commercial purposes,
microgreens are usually grown
in soilless systems where the
soil is replaced by a substrate,
or where cultivation takes
place in a liquid medium with
a nutrient solution [35]. It is
important to emphasize that
growing microgreens requires an

adequate level of light radiation
(at a photon flux density of PAR
not less than 100 pmol/m2-s)
(36, 37]. At the same time,
seed germination is possible
without light [35]. Experimental
studies of seed germination and
plant growth under controlled
conditions make it possible
to more accurately assess
the contribution of various
factors [38]. One of the promising
directions for improving seed
germination in controlled
environments is the use of plant
growth regulators, in particular,
nanosized forms of silica [39].
Unfortunately, the amount of
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TEeMHOBOI'O IIPOpalllMBAHH A CEMAH IJIA I10C/Ie Y10~
mero MCIIOJIb30BaHHS B TEXHOJIOTHAX ITIOJIYyUYeHH S
MHUKpPO3eJIeHH.

MATEPUAJbI U METOAbI

O6BbeKT MCCAeNOBaAaHUA: IIIeHHIIA O3HUMaAL
MockoBckas 56 cenmexkuuu O®UIl "HemuyuHOBKA"
(MockBa).

[IpopamuBaHHUe CeMSH IPOBOAHUIH B TeM-
HoTe cormacHo [OCT 12038-84 ¢ M3MeHeHH-
SMH: BMeCTO GUIBTPOBAIBHON OyMaru MCIIOIb-
30BaJIM IOAJIOXKY M3 MHHepPaJbHOM BaTH.
DHepruo NpopacTaHU oNpeless/ii HAa TPeTbU
CyTKH IIOCJIe II0CeBa CeMSH, BCXOXKeCTb ~ Ha Ce/ib-
MBble CYTKH. HMCIONB30BaJIM B Ka>XJAOM BapHaHTe
ompiTa o 100 mT. ceMsaH MIIeHUI B, IIOBTOP-
HOCTb TpexXKpaTHas. Macca 100 ceMsdH IMIIeHUIbI
MockoBcKas 56, UCIIOJIB30BAHHBIX [OJis I1O0CEBa,
cocraBnsaa 5,2 r. [IonuB DPOBOAUIN JHUCTHII-
JTHPOBAHHON BOJOM II0 Mepe MOACBIXaHHUS IOJ-
noxku. Temmnepartypa 23-24°C. IlpenmoceBHYIO
06paboTKy HaHOYACTHUILIAMHU THAPOTEPMAJIBHOIO
KpeMHe3eMa IIPOBOAMJIM IIyTeM 3aMadyMBaHUI
CeMsH B TeYyeHHe [ByX YaCOB B JUCTHJITUPOBAH-
HOM Bofe (KOHTPOJIb) U B BOJAHBIX 30/I5IX TUAPO-
TepMaJbHOro HaHOKpeMHe3eMma (FHK) pasHBIX
KOHLIeHTpauuM. B pabore ucnonp3osanu pabo-
YUK BOAHBIN 301b [HK KoHLeHTpauuu 1,0%,
KOTOPBIY TOTOBUJIM 3apaHee pa3baBieHUeM IHC-
TU/JIMPOBAHHOM BOAOM BOLHOTIO 37,5%-HOTO KOH-
nenTparta 'HK, mony4YeHHOI0 METOLAMHM YIb-
Tpadunsrpanuu B OOO "HaHocunmka'

(r. leTponaB/noBCK-KaM4aTCKHUI) U3 TULPOTEp-
MaJIbPHOI'O TeIlJIOHOCHUTe/Isl CKBa>KUHBl MyTHOBCKOU
IFeo3C [40]. Tlepen HayaJIoM 3KCIePHMEHTOB M3
pabouero 3015 'HK roTOBH/IM Ha JUCTHJIIIHPO-
BaHHOMU Boje 3014 'HK KoHuneHTpanuu 0,1, 0,01,
0,001 1 0,0001%. OmpeneieHHe COLEP>)KAHUS XUMU-
YeCKHX 3JIeMeHTOB B CeMeHaX IIPOBOAM/INU METO-
IIOM peHTreHodyopeceHTHOro aHanusa (PPA)
Ha PeHTTeHOBCKOM crieKTpoMeTpe S8 Tiger, Bruker
(TepmaHUs). [IopsAAOK NPUTOTOBIEHUS 00pa3IoB
pacTeHuu K POA ciefyomumn: U3MenbieHHe B ara-
TOBOM CTYIIKe; B3sITHe HaBeCcKH - 0,5 I; mpeccoBa-
HHe TableTKU-U3/1y4yaTessl U3 HaBeCKHU pacTeHHUs
Ha I10/IIOKKe 13 60pHOM KUCIOTHI.

PE3Y/IbTATbl U UX OBCY)XXAEHUE

Hcmonbp30BaHHBIE B 9KCIIEPUMEHTE /IS II0JIYyYeHU S
MUKPO3eJIeHH CeMeHa 03MMOH ITIIeHU Bl 0b1azanu
BBICOKMMHU ITIOCEBHBIMU CBOMCTBAMH ~ 3HEPI U ITPO-
pacTaHHuA M BCXOXKECTb B KOHTPOJIBHOM BapHaHTe
cocTaBunu 88%. TeMm He MeHee, 06paboTKa TuApO-
TepMaJIbHBIM HaHOKpeMHe3eMoM (THK) B KOHIIeH-
Tpauusax 0,1 u 0,01% crmocobcTBOBaIA yBeIHYEHUIO
BCXOXKeCTH Ha 5-6% (pHc.l). Bonee HU3KHe KOHIIEH-
Tpauuu 'HK 0,001 1 0,0001 Mmajio BIKMSA/IN HA U3Me-
HeHHe I0CeBHBLIX CBOMCTB CeMsH. IIpU BBICOKHUX
KOHIIeHTPaIlHUsX HaHOKpeMHe3eMa (mopsaka 1%,
YTO BBRIXOOMT 3a IIpeJesibl peKOMeHIyeMBIX [OJIs
06pabOTKH CeIbCKOXO3SIMCTBEHHBIX KYIBTYP KOH-
LIEHTPALIMH) BCXOXKECTh CHHUKaMACh Ha 4%. TaKUM
o6pa3om, [Jisl IOBBILIEHH ST BCXOKECTH CeMSH IIPHU
BBIPAIIMBAHHUU MHUKPO3eJIeHH 03MMOM MIIeHHUIbI

research in this area is currently
insufficient.

The aim of this work was to
test the methodological approach
to the use of nanoparticles
of hydrothermal silica in the
pre-sowing treatment of plant
seeds, as exemplified by wheat,
as a factor for regulating plant
development at the stage of
dark germination of seeds
for subsequent use in the
technologies for obtaining
microgreens.

MATERIALS AND METHODS
The research object: winter
wheat Moskovskaya 56 selected

by the Federal Research Center
"Nemchinovka" (Moscow).
Seeds were germinated in dark
according to COST 12038-84
as amended: instead of filter
paper, a mineral wool substrate
was used. Germination energy
was determined on the 3™ day
after sowing the seeds, germi-
nation - on the 7th day. In each
test variant we used 100 pcs of
wheat seeds with the three-
fold replication. The mass of
100 seeds of wheat Moskovskaya
56 used for sowing was 5.2 g.
Irrigation was carried out with
distilled water as the substrate
dried up. The temperature was

HAHO MHOYCTPHA Tom 13 Ne 5 (98) 2020

23-24°C. Presowing treatment
with nanoparticles of hydro-
thermal silica was carried out
by soaking seeds for 2 hours in
distilled water (control) and
in aqueous sols of hydrother-
mal nanosilica (HNS) of dif-
ferent concentrations. In our
work we used a working aque-
ous sol of the GOC at a concen-
tration of 1.0%, which was pre-
pared in advance by diluting
with distilled water an aque-
ous 37.5% concentrate of the
GOC, obtained by ultrafiltra-
tion methods at Nanosilika LLC
(Petropavlovsk-Kamchatsky)
from the hydrothermal coolant
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Puc.1. BausiHue KoHUueHmpauuu 2udpomepmanbHO20 HAHOKPEMHE3emMda Ha NpopacmaHue CemsiH 03uUmol
Fig.1. Effect of the concentration of hydrothermal nanosilica on seed germination of Moskovskaya 56 winter wheat

MepCHeKTUBHO MCIO0JIb30BaTh THAPOTepPMalbHbBIN
HaHOKpeMHe3eM B KoHIUeHTpauuax 0,1 u 0,01%.
JanbHellee NpopallkMBaHHe CeMSH B 3KCIIe-
PUMeHTe IIO0Ka3aJio, YTO IPOUCXOAUT OBICTPBIN
POCT pacTeHUH B IIepPUOJ OT Tpex L0 CeMU CYTOK.
Ha cenbmble CYyTKH HpOpalllMBaHHUS CpelHSAS
BBICOTA POCTKOB IIIIeHHUIIBI YBeJIHUYM/IACh Ha 11,9%

II0 CPaBHEHHIO C KOHTPoOJIeM IIPU KOHILeHTpa-
nuu 'HK 0,01%, u Ha 11,3%, a OpU KOHLEHTpa-
nuu 'HK 0,1% - Ha 10,6%, NpyU KOHLEeHTpPaLlUU
I'HK 0,001% pa3nuyus C KOHTPOJIeM CTaTUCTUYeCKHU
nocTtoBepHBHI (puc.2). O6paborka I'HK B KOHILIEHTPa~
nuu 0,0001% mpakTHYeCKH He BIMSET Ha BBICOTY
POCTKOB (Pa3HHUIIA C KOHTPOJIEM CTAaTHUCTHYeCKH

of the Mutnovskaya GeoPP
well [40]. Before the start of the
experiments, the HOC sols were
prepared using distilled water
in HOC sols at concentrations of
0.1%, 0.01%, 0.001% and 0.0001%.
Determination of the content
of chemical elements in seeds
was carried out by X-ray fluores-
cence analysis (XRF) with the
aid of S8 Tiger X-ray spectrome-
ter, Bruker (Germany). The pro-
cedure for preparing plant sam-
ples for XRF is as follows: grind-
ing in an agate mortar; taking a
sample - 0.5 g; pressing a tablet-
emitter from a plant sampleon a
boric acid substrate.

RESULTS AND DISCUSSION

The seeds of winter wheat used
in the experiment to obtain
microgreens had high sowing
properties - the germination
energy and germination capac-
ity in the control variant were
88%. Nevertheless, treatment
with hydrothermal nanosilica
(HNS) at concentrations of 0.1%,
0.01% contributed to an increase
in germination by 5-6% (Fig.1).
The lower concentrations of
HOC 0.001% and 0.0001 had little
effect on the change in the sow-
ing properties of seeds. At high
concentrations of nanosilica
(about 1%, which is beyond the

recommended concentrations
for the treatment of agricultural
crops), the germination rate
decreased by 4%. Thus, the use of
hydrothermal nanosilica in con-
centrations of 0.1% and 0.01% is
promising to increase seed ger-
mination when growing micro-
greens of winter wheat.

Further germination of seeds
in the experiment showed that
there is a rapid growth of plants
in the period from 3 to 7 days.
On the 7th day of germination,
the average height of wheat
germs increased by 11.9%
compared to the control at a
concentration of GNK of 0.01%,

VoL.13 No. 5 (98) 2020 NANO INDUSTRY
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Puc.2. BAusHue KOHUeHMpayuu 2udpomepmanbHo20 KpemHe3eMa Ha CPedHIO 8bICOMY POCMK08 03uMOl nueHulbl Mockosckas 56

Ha mpembu U cedbMble cymku npopawusaus. HCPys =3,1 cm

Fig.2. Effect of the concentration of hydrothermal silica on the average sprout height of Moskovskaya 56 winter wheat on the 3rd and

7th days of germination. HCP,s =3.1 cm

HepocToBepHa). 1,0%-Has KoHLeHTpanus FHK
NPUBOAUT K ocnabieHHUI0 poCTa PacTeHHUH
Ha 14%. Takum obpa3oM, IIo TapaMeTpy yBeluue-
HH A BBICOTBI POCTKOB IIPU BhIPAaIllMBAHUKU MHUKPO-
3eJIeHH 03MMOH IIIeHHUIIBl He06X0M MO HCII0NIb30-
BaTh U POTepPMaJIbHBIM HAHOKPeMHe3eM B JHala-
30He KoHLleHTpanuu 0,1-0,001%.

V3mepeHue cpenHel Macchl 100 PoCcTKOB B
KOHIle IlepHoja IIpopamKMBaHUs (Ha ceJbMble
CyTKH) IIOKa3ano (puc.3), YTO CTAaTUCTHYECKH

JNOCTOBEPHOE IIOBBIIIeHHEe MaCChl pOCTKOB Habioma-
J0ch B BapuaHTax 0,1 u 0,01% Ha 11,0 1 17,6% cooT-
BeTCTBeHHO. IIpu o6paboTke THK B Apyrux KoH-
[eHTpaluaX, Macca 100 poCcTKOB IpaKTHYeCKH He
OTJIIHMYanach OT KOHTpoasi. Takum obpasom, Ais
WMHTEHCHPUKALIUYU IIPOU3BOACTBA MUKPO3eJIeHHU
nieHUIH 3odekTUBHA 06paboTka THK B KOHIIeH-
Tpauuax 0,1 u 0,01%.

TakuM obpa3om, II0 BCeM H3yUeHHBIM IIOKa-
3aTensaM (BCXOXKeCTb CeMSIH, BbICOTA PaCTeHHUH U

=
N

10,7

10,1

._.
o
[
i
o0
(=]

9.0

KoHTposib 0,0001%

Control

Macca 100 wT., r|Weight of 100 pcs., g
o N £ ()] [o]

KoHueHTpaums M'HK,% macc. | Concentration of HTnS, % wt.

Puc.3. BausiHue KoHUeHmMpayuu 2udpomepmanbHo20 KpemHe3ema Ha maccy 100 pocmkos o3umoll nweHuubl Mockosckas 56 Ha

cedbmble cymku npopaujusanus. HCP,s= 0,55 cm

Fig.3. Effect of the concentration of hydrothermal silica on the weight of 100 sprouts of winter wheat Moskovskaya 56 on the 7th day

of germination. HCPO5 = 0.55 cm
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Puc.4. BausiHue KoHUeHmMpayuu 2udpomepmanbHo20 KpeMHesemMa Ha codepxKaHue Cyxux seliecmas 8 pocmkax (HademHoll macce)
o3umot nweHuubl Mockosckasi 56 Ha cedbmble CymKU NpopauiuBaHus
Fig.4. Effect of the concentration of hydrothermal silica on the dry matter content in the sprouts (aboveground mass) of Moskovskaya 56

winter wheat on the 7th day of germination

6riomacca 100 poCTKOB) TyUIIHM SIBJISIETCSI BAPUAHT
KoHUeHTpauuu I'HK 0,01%, HeCKOIbKO yCTyIlaeT
eMy BapuaHT 0,1%-Ho¥ KoHLleHTpanuu. Obpaborka
I'HK B koHIleHTpauuu 0,0001% mpakTHUYeCKHU He
BIMSIeT HA BCXOKeCTh U POCT pacTeHUHU. IIpu KOH-
meHTpauuu 0,001% pocT pacTeHHUH 03UMMOU IIIIe-
HHIIbl aKTUBU3UPYyeTCs, HO B MeHbIIeH CTelleHH,
4yeM IIPU KOHLIeHTpanusax 0,1-0,01%.

O6paboTrka I'HK BiausieT He TOJIBKO Ha I1apaMe-
TPBI POCTa 03MMOM MIIEeHUIbI, HO TaK>Ke IPUBOLUT
K U3MEHEeHHI0 XUMUYeCKOIro cocTaBa. [Ipu onTH-
MaJIbHOM AJISl IPOPaCTaHUS CeMSH KOHLleHTpa-
nuu HK (0,01%) B Hag3eMHOM Macce oTMedyaeTcCs
TaK>Ke MaKCHMMaJIbHOE HaKOIlJIeHHe CyXUX BellleCTB
(puc.4). OTmeTuM, 4TO B Bapuaure 0,1%, Takxke
671arOpUSITHOM [IJIsI pOCTa PACTeHHH, MOBBIIIe-
HHSA COAepP>KaHUS CYXHX BeIecTB I10 CPAaBHEHHIO C
KOHTPOJIEM OTCYTCTBYeT. B To ke BpeMs 11pu obpa-
6oTrke THK 0,0001% pocTOBbIe IIPOLIECCEl HE YCKO-
PAIKCH, OAHAKO HAKOIIJIEHHE CYXUX BeIlleCTB YCH-
JIMBAJIOCh. ITO ellle Pa3 FOBOPUT O HEOOXOAHUMOCTHU
YUYMUTHIBATh He OJMH, & KOMIIJIEKC IIapaMeTPOB IIpU
oleHKe 3¢ GeKTHUBHOCTU TOrO HMJIM MHOIO IpeIa-
paTa, comepsKalllero HaHOYaCTHUIIbl, B YaCTHOCTH,
I'HK. JJaske TaKkas HeBBICOKAs KOHLIEHTPALIUs, He
OKas3aBIllas BUSUMOIO BJIHSIHHS Ha POCTOBBIE IIPO-
[1eCChl, IPHUBOAM/IA K H3MEHEeHHUI0 XUMUYLCKOTO
cocTaBa.

Onasg opneHKU HU3IMEHEHUS 3JIeMeHTHOIO
cocTaBa CeMSH M POCTKOB mnpu obpaborke

TUAPOTEPMa/IbHBIM HAaHOKPEMHEe3eMOM B Pa3HBIX
KOHLEeHTpAalLMAX IIPOBeJeH KOMIIJIEKC UCCIe0Ba-
HHUU MeTOAOM PeHTreHOQIyopeCcleHTHOIO aHa-
nu3a. ObpaboTka ceMsiH KpeMHUUCOAEPXKAI UM
npenapatoMm (THK) mpoBoauacek IyTeM 2-4acoBOI0O
3aMaYyMBaHHA B PaCTBOpe ImpemapaTra COOTBETCT-
ByIOIlel KOHIIeHTPallHH.

O6paborka 'HK c pa3HBIMHU KOHIIeHTPAUSIMU
IIPHUBOAMT K BO3PAaCTaHHIO KOHLEHTPALIUH KpeM-
HHS B POCTKax B 1,5-2 pa3a o CpaBHEHHUIO C KOH-
Tposem (puc.5). XapaKTepHO, UTO I10CeB CEMeHaAMH,
obpaboranHbMHU 1,0% THK, He IPUBOOUT K 3aMeT-
HOMY IIOBBIIIEHUIO HAKOIIJIEHU S 3JIeMeHTa B IIPO-
POCTKaX MIIeHMIIBI, XOTs B CEMeHaX I10CJie 2-4aco-
BOTO 3aMauMBaHUs B pacTBope THK maHHON KOH-
LeHTPAaUKUU OTMeYeH IMPaKTHUYeCKH 4-Kpart-
HBIM POCT COJAep>KaHHSI KpPeMHHS. B BapuaH-
Tax 0,01...0,0001% 'HK camMoe BbICOKOE HAKOIIJIeHHE
Si B akcrnepumeHTe. ComepskaHue pocdopa, cepsl,
MarHHUs, HaTpPHUs B PoCTKax (HaA3eMHOH 4acTH
pacTeHu) npu o6paboTke HAHOKPEMHEe3eMOM H B
KOHTPOJIe 0CTaBa0Ch OTHOCHUTEIbHO CTaOMIBHBIM,
He 3aBHUCSAIIUM OT 06paboTKU CeMSH BOLHBIMU
3onsmu 'HK pa3HBIX KOHIeHTpauuu (puc.5).
CopmepskaHHue KajabllMs BO3pacTajo B BapHaHTe
ucrons3oBanus 0,01% 'HK, kanusg - B BapUaHTe
npumeHenus 0,0001% IHK.

M3 MUKPO37TeMeHTOB B HAHOOABIIUX KOTHYe-
CTBax B POCTKaxX HAaKaIlJIMBAIOTCA LUHK XU Mapra-
Hell. Comep>kaHMe IIMHKA U MeH IIOBBIIIAeTCS IIPU

Vor.13 No. 5 (98) 2020 NANO INDUSTRY



HAHOTEXHONOrMu

3,0000
2
E . 25000
g s
39
3 c
g2
X 52,0000
O
T >
® 2
. C
£ 1,5000
g e
2o
= L
m
o O
T £ 11,0000
=
as
g: (]
o
v 0,5000 —
0,0000 - - = | - -
Na (%) Mg (%) Al (%) Si (%) P (%) S (%) Cl(%) K (%) Ca (%) Fe (%)
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M 0,0001%HK|HTnS | 0,0176 0,1404 0,0036 0,0583 0,4890 0,4270 0,8177 2,6100 0,1190 0,0190
KoHTponb | Control | 0,0205 0,1371 0,0028 0,0262 0,5010 0,4360 0,4955 2,3340 0,1130 0,0237

Puc.5. CodepxaHue makpoanemeHmos 8 pocmkax (Had3emHol 4acmu) nwieHuubl npu o6pabomke MK 8 pasHblx KOHUeHMpa-

UUsIX, % Ha Cyxoe 8elecmaeo Ha cedbmble CymKuU npopawiueaHnus

Fig.5. Content of macronutrients in the sprouts (above ground part) of wheat when treated with GNC in different concentrations, % on

dry matter on the 7th day of germination

06paboTKke ceMsH HIIEHHUIIBl BOLHBIMU 30ISIMHU
I'HK B BapuaHTe KoHLleHTpanuu 0,001% (puc.6).

3AK/IIOYEHUE

AKTyanbHOCTH Pa3paboTKH MPOAYKTOB PyHKIIHO-
HAJIBHOIO MMTAHHUS AJIS YeJ0oBeKa CTAaBUT Iepef
HayKOM BOIIPOCH Pa3paboTKH HOBBIX TEXHOJOTHUI
HUX [IPOM3BOACTBAa. MHKpoO3eJleHb ~ IIepCIIeKTHUB-
HBIHM BU/ HPOAYKLHH arpapHOTo CeKTopa 3KOHO-
MHUKH, OTJIMYAIONMICSI He TOJIbKO BBICOKOM 61O~
JIOTM4YeCKOM IIeHHOCTbIO, HO U CHH KeHHEeM TeX-
HOJIOTUYeCKHX 3aTPaT Ha IIPOM3BOACTBO. OFHAKO
oA X0Abl K Pa3paboTKe COBPeMeHHBIX TEXHOJIO-
TUU [I0/Iy4YeHUsI MUKPO3e/leHH CYLeCTBeHHO OT/IH-
YaITCS OT TPAAHULIMOHHBIX, TaK KaK c6op yposkast
MIPOM3BOJHTCS Ha CAMbIX PAaHHHX 3TallaX OHTOTe-
He3a U QU3HO0JIOTHYeCKHe OCHOBB GOPMHUPOBAHU S
NPOAYKIUHHU OTIMYAITCS OT B3POC/IBIX PACTeHHH.
B 3TOM acmekTe MepCHeKTHBHO MCIIOJb30BaHHeE

HAHO MHOYCTPHA Tom 13 Ne 5 (98) 2020

HaHO6HOTEXHOHOFHfI, B YaCTHOCTH, IIpPHUMeEHEe-
HHe HaHOpa3sMepHBLIX GOPM KPeMHU S [IPUPOSHOTO
IIPOUCXOKIeHUsI. B paboTe mmosydeHsl HOBBIE JaH-
HBle I10 OLleHKe BIKUSHUS THAPOTepPMaJIbHOIO HAHO-
KpeMHe3eMa Ha II0CeBHbIe CBOMCTBA, MPOLYKTHUB-
HOCTb MU XMMMHUYECKUI COCTAB PACTEHHUU 03UMOU
NIIeHUIBl HAa CTAaAHUKW MHKpPO3eJIeHHU IIPU IIpopa-
IINBAHHKW B TEMHOBOM pe>XHMMe, YTO HCK/II0O9adeT
3aTpaThl Ha HCKYCCTBEHHOe ocBelleHUe. [IpH TaKUX
YCIOBHSIX He IIPOUCXOAUT aKTUBHOI0 GOTOCHHTE3a
Y HaKOIUIEHU S aCCHMHUJISIHTOB, MUKPO3eleHb Gop-
MHUPYeTCs 32 CUeT MeTaboTHYeCKUX U3MeHeHU N
3aracalouiuxX BelleCTB ceMsH. Mcrnonb3oBaHHUe
TUOPOTEPMAJ/IbBHOTO KpeMHe3eMa BIHseT Ha ypo-
BeHb W HAIIpaBJIeHHOCTh MeTabonmsma pacre-
HUM, YTO IPUBOJUT K H3MeHEeHHIO CBOUCTB pacTe-
HHUU. MOXXHO IpeAIonaraTb, YToO MexXxaHH3MBbl BO3-
NeNCTBUS HaHOKpPeMHe3eMa Ha pacTeHHs O6ymyT
Pa3/1nu4vaThbCAa IIPU BbIpAllMBAHHWH Ha CBETY H/IH
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Puc.6. CodepxxaHue MukpoInemeHmos 8 pocmkax (HadzemHol 4acmu) nweHuubl npu o6pabomee MK pasHbix KoHUeHmpayud,
ppm (MK2 %) Ha cedbMble CYmMKU NPOPALLUBAHUS
Fig.6. Content of microelements in the sprouts (above ground part) of wheat when treated with HOCs in different concentra-
tions, ppm (ug %) on the 7th day of germination

by 11.3%, at a concentration
of GNK of 0.1% by 10.6%; at a
concentration of GNK 0.001% the
differences with control group
are statistically significant
(Fig.2). Treatment with GNK
at a concentration of 0.0001%
practically does not affect
the height of the shoots (the
difference with the control group
is statistically insignificant). A
1.0% concentration of HOC leads
to a 14% weakening of plant
growth. Thus, according to the
parameter of increasing the
height of sprouts when growing
microgreens of winter wheat, it
is necessary to use hydrothermal

nanosilica in the concentration
range of 0.1-0.001%.

Measurement of the average
mass of 100 shoots at the end
of the germination period (on
the 7th day) showed (Fig.3)
that a statistically significant
increase in the mass of shoots
was observed in the options
0.1% and 0.01% by 11.0 and 17.6%,
respectively. When processing
GNC in other concentrations, the
weight of 100 sprouts practically
did not differ from the control.
Thus, to intensify the production
of wheat microgreens, treatment
with HOC in concentrations of
0.1% and 0.01% is effective.

Thus, according to all studied
parameters (seed germination,
plant height and biomass of
100 shoots), the best option
is the HOC concentration
of 0.01%, the option of 0.1%
concentration being somewhat
inferior. Treatment with GNK
at a concentration of 0.0001%
practically does not affect the
germination and growth of
plants. At a concentration of
0.001%, the growth of winter
wheat plants is activated,
but to a lesser extent than at
concentrations of 0.1-0.01%.

Treatment with HOC affects
not only the growth parameters

VoL.13 No. 5 (98) 2020 NANO INDUSTRY
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B TeMHOBOM peXXHMe. JJaHHBINM MeTOLHYeCKUU
acmekT B HacTosillee BpeMs Majo pa3paboraH,
HO IIpeJCTaB/IseTCs CYIleCTBeHHBIM /IS IOy~
YeHHUS QYHKIMOHANbHBIX IIPOJYKTOB Ha OCHOBE
MHKPO3eJIeHH.

O6paboTka ruApPOTepMaIbHbIM HaHOKpEeMHe3e-
moMm (I'HK) B koHIIeHTpanusax 0,1 u 0,01% criocob-
CTBOBaJjIa yBeJIMUYeHHUIO BCXOKeCTH CeMsH Ha 5-6%,
CpelHel BBICOTHI pOCTKOB (MHKpoO3eseHH) Ha 11,3~
11,9%, 6romaccel pacTeHuH Ha 11,0% (0,1%-HBIH pac-
tBop I'HK) 1 17,6% (0,01% I'HK). Bonee HHU3KIe KOH-
neHTpauuu 'HK 0,001 1 0,0001% Majo BIKUSIU Ha
HM3MeHeHHe II0CeBHBIX CBOMCTB CeMSIH U POCT CesiH-
meB. OLHAKO IIPU BBICOKMX KOHLIEHTPAL KX HaHO-
KpeMHe3eMa (1%) BCXOXKeCTh CHHU KAIach Ha 4%,
a BBICOTA POCTKOB Ha CeibMble CYTKH — Ha 14%.

O6paborka 'HK BiusieT He TOMBKO HA IapaMe-
TPBI POCTA O3MMOM IIIEeHHUIIBl, HO TaK>Ke IPUBOAUT
K U3MEeHeHHUI0 XUMHUYeCKOro coctaBa. IIpu onrTu-
MaJjIbHOM [JI5l IPOpacTaHUS CeMSH U pocTa pac-
TeHHUH KoHLeHTpauuu I'HK (0,01%) B Hag3eMHOM
Macce oTMedaeTcCs TaKKe MaKCHMMaJIbHOe HaKo-
[JIeHHWe CyXHUX BelecTB. OGHHUM U3 Ba>KHBIX METO-
OIUYeCKHUX aCIIeKTOB IIPUMeHeHHsI HaHOKpeMHe-
3eMa IIpeACTaB/seTCsd y4yeT KOMIIJIeKCa IIapaMe-
TPOB BO3[IeMCTBUS Ipemnaparta. Tak, npu obpaborke
I'HK 0,0001% pocToBbIe IIPOLIECCHl He YCKOPSIHCH,
OJTHAKO HaKOIIJIeHHe CYXHX BellleCTB YyCHUIIUBaJIOCh,
TO eCTh KOHILIeHTpalKs, He OKa3aBIllasg BUSUMOTO
BJIMSIHHS Ha POCTOBBIe IIPOLIECCHI, IIPUBOLHIA K
M3MeHeHHI0 XUMHYecKoro coctaBa. O6paborka
I'HK c pasHBIMH KOHILIeHTPAL UMK IIPUBOIUT

K BO3paCTaHHUIO COLep>KaHUS KPeMHHUS B POCT-
KaxX B 1,5-2 pa3sa 110 CpaBHeHHUIO C KOHTPOJIeM, UTO
MOXKeT OBITh LIeHHBIM IIPH IIPOK3BOACTBE QYHKIIHO-
HaJIbHBIX IIPOAYKTOB UTaHuA. ComepskaHue ¢poc-
dopa, ceprl, MarHus, HaTpPHUs B POCTKax (Haz3eM-
HOM YaCTH pacTeHHUI) Npu o6paboTKe HAHOKpeM-
He3eMOM UM B KOHTPOJIe 0CTaBaJIOCh OTHOCUTEJIbHO
CTabHIIPHBIM, He 3aBUCSIIUM OT 06paboTKu ceMsiH
BOOHBIMHU 301aMHu ['HK pasHEBIX KOHueHTpaum?I.
ComepskaHHe KajJbIlMg BO3pacTa/io B BapHaHTe
ucrnonb3zoBaHus 0,01% 'HK, kanusg - B BapUaHTe
npumeHeHus 0,0001% 'HK. M3 MUKPO371eMeHTOB
B HanbONBIIHX KOJIMYECTBAX B POCTKAX HAKAIIIU-
BaIOTCs NUHK M MapraHen. ComepskaHHe IIUHKA
Y MeJU IOBBIIIAeTCs NPU 06paboTKe ceMsH Ie-
HHIBI BOOHBIMHU 3019MHK 'HK B BapraHTe KOHLeH-
Tpauuu 0,001%.

TakuM 06pa3oM, ISl IOBBIIIEHUS BCXOXKECTHU
CeMSIH M YCKOPeHHS POCTa PacTeHHUM IIPH BbIpa-
IIMBAHHUK MUKPO3eJeHU 03KMMOH IIIeHUIIBl B TEM-
HOBOM peXHMe MepClIeKTUBHO MCIIOJIb30BaHHUeE
THIPOTepMaJibHOIO0 HAaHOKPeMHe3eMa B KOHIIeH-
Tpauuu 0,01%, a Takxe 0,1%.
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of winter wheat, but also leads
to a change in the chemical
composition. At the optimum
concentration of HOC for
seed germination (0.01%) in
the aboveground mass, the
maximum accumulation of
dry substances is also observed
(Fig.4). Note that in the 0.1%
variant, which is also favorable
for plant growth, there is no
increase in the dry matter
content compared to the control.
At the same time, when the
HOC was treated with 0.0001%,
the growth processes did not
accelerate, but the accumulation
of dry matter increased. This

once again indicates the
need to take into account not
one but a set of parameters
when assessing effectiveness
of a particular preparation
containing nanoparticles, in
particular, HOC. Even such low
concentration, which did not
have a visible effect on growth
processes, led to a change in the
chemical composition.

To assess the change in the
elemental composition of seeds
and shoots during treatment
with hydrothermal nanosilica
at different concentrations, a set
of studies was carried out using
X-ray fluorescence analysis.
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Treatment of seeds with a
silicon-containing preparation
(CNC) was carried out by soaking
them for 2 hours in a solution
of the preparation of the
appropriate concentration.
Treatment with GNC at
different concentrations leads
to an increase in the silicon
concentration in the sprouts
by 1.5-2 times compared to the
control (Fig.5). It is characteristic
that sowing with seeds treated
with 1.0% HOC does not lead
to a noticeable increase in the
accumulation of an element
in wheat seedlings, although
the almost 4-fold increase in
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the silicon content was noted
in the seeds after 2 hours of
soaking in a HOC solution of
this concentration. In variants
0.01...0.0001% GOC the highest
Si accumulation was achieved
in the experiment. The
content of phosphorus, sulfur,
magnesium and sodium in
sprouts (aboveground parts of
plants) during treatment with
nanosilica and in control group
remained relatively stable,
independent of the treatment of
seeds with aqueous HOC sols of
different concentrations (Fig.5).
The calcium content increased
in the case of using 0.01% GOC,

potassium - in the option of
using 0.0001% GOC.

Zinc and manganese
accumulated in the sprouts
in maximum quantities
as compared with other
microelements. The content
of zinc and copper increases
when wheat seeds are treated
with aqueous HOC sols at a
concentration of 0.001% (Fig.6).

CONCLUSIONS

Relevance of the develop-
ment of functional food prod-
ucts for humans necessitates
the need for the scientists to
develop new technologies for

their production. Microgreens
are a promising type of prod-
uct in the agricultural sector of
the economy, distinguished not
only by a high biological value,
but also by reduction of the pro-
duction costs. However, the
approaches to development of
modern technologies for obtain-
ing microgreens differ signif-
icantly from traditional ones,
since the harvest is carried out
at the earliest stages of onto-
genesis and the physiological
basis for the formation of prod-
ucts differs from adult plants.
In this aspect, the use of nano-
biotechnologies is promising,
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in particular, the use of nano-
sized forms of silicon of natural
origin. In this work, new data
have been obtained on assess-
ing the effect of hydrothermal
nanosilica on the sowing prop-
erties, productivity and chemi-
cal composition of winter wheat
plants at the microgreening
stage when germinating in a
dark mode, which eliminates
the cost of artificial lighting.
Under such conditions, active
photosynthesis and accumula-
tion of assimilants do not occur;
microgreens are formed due to
metabolic changes in the stor-
age substances of seeds. The use

of hydrothermal silica affects
the level and direction of plant
metabolism, which leads to a
change in plant properties. It
can be assumed that the mecha-
nisms of action of nanosilica on
plants will differ when grown
in the light or dark mode. This
methodological aspect is cur-
rently little developed, but it
seems essential for the pro-
duction of functional products
based on microgreens.
Treatment with hydrothermal
nanosilica (HNS) at concentrations
of 0.1% and 0.01% promoted an
increase in seed germination
by 5-6%, average sprout height
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(microgreens) by 11.3-11.9% and
plant biomass by 11.0% (0.1% CNK
solution) and 17.6% (0.01% GNK).
The lower concentrations of HOC
0.001% and 0.0001% had little
effect on the change in the sowing
properties of seeds and the growth
of seedlings. However, at high
concentrations of nanosilica (1%),
germination decreased by 4%, and
the height of sprouts on the 7th
day - by 14%.

Treatment with HOC affects
not only the growth parameters
of winter wheat, but also leads
to a change in the chemical
composition. At the optimum
concentration of HOC (0.01%)
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for seed germination and
plant growth, the maximum
accumulation of dry matter is
also observed in the aboveground
mass. One of the important
methodological aspects of the
use of nanosilica necessitates
taking into account the complex
of parameters of the preparation
effect. Thus, when HOC was
treated with 0.0001%, the growth
processes did not accelerate;
however, accumulation of the
dry matter increased, i.e. the
concentration, which had no
visible effect on the growth
processes, led to a change in
the chemical composition.

Processing of GNC with different
concentrations leads to an
increase in the silicon content
in the sprouts by 1.5-2 times
compared to the control, which
can be valuable for production
of the functional food products.
The content of phosphorus,
sulfur, magnesium, sodium in
sprouts (aboveground parts of
plants) during treatment with
nanosilica and in the control
remained relatively stable,
independent of the treatment
of seeds with aqueous HOC sols
of different concentrations.
The calcium content increased
in the case of using 0.01% COC,

potassium - in the option
of using 0.0001% GOC. Zinc
and manganese accumulated
in the sprouts in maximum
quantities as compared with
other microelements. The
content of zinc and copper
increases when wheat seeds are
treated with aqueous HOC sols at
a concentration of 0.001%.
Thus, to increase seed
germination and accelerate
plant growth when growing
microgreens of winter wheat in
the dark mode, it is promising to
use hydrothermal nanosilica at
a concentration of 0.01%, as well
as 0.1%. [ ]
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