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NANOTECHNOLOGIES

rMapoTepMajibHOro HaHoOKpeMHe3emMa Ha 6uomMaccy M BbICOTY POCTKOB NpU TeMHOBOM
npopawmnBaHun. BbiiBI€HO YeTbipe OCHOBHbIX TMMNA OTKAMKA (peakuum) pacTeHUin B U3y4eHHOM
AvanasoHe KoHueHTpauwui (0,05; 0,01; 0,005; 0,001 1 0,0005%). JaHHble 3aKOHOMEpPHOCTHU
XapaKTepHbl KaK pAJssg nokasaTtens 6MomMaccbl pPOCTKOB, TakK M WX BbICOTbl. OTMeyeHa
CylWecTBEHHas poJib TFeHeTUYeCKOro W 3NureHeTuyeckoro d¢akTopoe B ¢opMUpoBaHUuU
OT3bIBUMBOCTU PpaCTEHUM HA TMPUMEHEHUe TrUApOoTepMasibHOro HaHOKpeMHesema Mpu
npopawuBaHNmU CeMsH.

The research presents the results of screening studies of 14 agricultural plants with different
biological and useful economic properties (17 genotypes, including different species, varieties,
and hybrids) to assess the effect of hydrothermal nanosilica on biomass and sprout height
in the dark growth germination. Four main types of plant response were revealed in the
studied concentration range (0.05, 0.01, 0.005, 0.001 and 0.0005%). These dependencies are
characteristic both of the biomass sprout indicator and of the sprout height. The essential
role of genetic and epigenetic factors in the formation of the plant response when using
hydrothermal nanosilica in seed germination is pointed out.

BBEAAEHUE

B mocnenHue gecsTUIETHS aKTUBHO pa3BUBaeTCs
HayuyHOe HaIlpaBjeHHe 110 pa3paboTKe 3KONOTHYe-
CKH YMCTBIX ITPUPOJOION06HBIX TeXHOIOT UM UCIIO0Nb-
30BaHHSI MUHEPAJbHBIX PeCyPCOB [JIS1 PAaCTEHHUEBOJ-
cTBa ¥ 6uoTexHOMOruU. OTHUM U3 I1epCIIeKTUBHBIX
HaIlpaB/ieHHUH yIy4lleHH I CBOMCTB PaCTeHUH B yCJIO-
BUSIX OTKPBITOTO U 3alMIeHHOIO IPYHTa SBJIseTCS

HCII0/Ib30BaHHe COOTBETCTBYIOIMX IPYIIII PEryIsiTo-
POB poCTa pacTeHUH, B YACTHOCTH THJPOTepMallb-
Horo HaHoKpeMHe3eMa (THK) [1-2]. IIpoBeleHHBIH
paHee LMK/ MHOTOJeTHUX MCC/IeJOBAHUMU II0 IOy~
YeHUI0 HAHOYACTHUL] KpeMHe3eMa M3 IPUPOSHBIX
reoTepMa/bHBIX BOJA K3 CKBaXUH MYTHOBCKOH
TeodC (KaM4yaTKa) BBISIBUJI OUOJIOTMYECKU aKTUB-
Hble cBorcTBa [HK, crocobcTByomIMe TOBBIIIEHUIO

INTRODUCTION

In recent decades the devel-
opment of environmentally
friendly and nature-like tech-
nologies of using mineral
resources for crop production
and biotechnology has been
widely studied. One of the pro-
spective fields to improve the
plants properties in open and
protected ground is the use of
appropriate groups of plant
growth regulators, in par-
ticular, hydrothermal nano-
dispersed silica [1-2]. An ear-
lier cycle of long-term research
in obtaining silica nanopar-
ticles from natural geother-
mal waters from the wells
of the Mutnovskaya GeoPP
(Kamchatka) revealed the bio-
logically active properties of the
nanosize forms of silica (HNS)
that contribute to increasing

the agricultural plants and ani-
mals productivity [3-5].
Chemical and biological
mechanisms of governing the
nanoparticles influence on
growth and plant development
began to be studied not long
ago following receipt of the
data that corroborate effective-
ness of bio-nanotechnologies in
agricultural science [6-8]. The
studies at the primary stages of
ontogenesis play a special role,
in particular, on germinating
seeds when genetically deter-
mined plant parameters are laid
with due account of the epigen-
etic factor and emergence of a
new factor of influence - hydro-
thermal silica nanoparticles [9].
In particular, cultivation of
plants in the systems with a
controlled microclimate and
ability to model the limiting

productivity factors has both
scientific and practical applica-
tions [10-11]. For practical pur-
poses, knowledge of the mech-
anisms of interaction between
nanoparticles and plant cells
can be used to develop techno-
logical methods of their use in
varietal technologies of pre-sow-
ing treatment in open and pro-
tected ground crop production.
Development of technologies
to improve product quality and
obtain functional food products
is also promising [12-14].

The work [15] shows the effect
of hydrothermal nanosilica of
various concentrations on seed
germination (in terms of germi-
nation and germination energy)
of a number of agricultural
plants differing in biological and
useful economic characteristics.
This work is a continuation of
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NPOAYKTHBHOCTH Ce/IbCKOXO35IICTBEHHBIX paCTeHUU
Y SKMBOTHBIX [3-5].

Bommpoc 0 XUMHYeCKUX U OHOJOTHYeCKUX MeXa-
HH3MaX BAMSHHS HAHOYACTHI] Ha POCT K pa3BUTHe
pacTeHHI Haya/l M3y4aThCsl CPABHUTEIBHO HeJJlaBHO
B COOTBETCTBUHU C IOSBJI€HHEM MaHHBIX 006 adpdek-
TUBHOCTU OHMOHAHOTEXHOJIOTUHU B IIPUJIOKEHUU
K CeJIbCKOXO03SIHMCTBeHHON HayKe [6-8]. Ocobyro poinb
UIPAIOT MCCIe0BAHM I Ha ITIePBUYHBIX 3TallaX OHTO-
reHe3a, B YaCTHOCTH Ha IIPOpPACTAIOIMIHUX CeMeHaX,
KOI'/la 3aK/IaABIBAIOTCS FeHeTHUeCKU 06yC/IoBIIeH-
Hble [IapaMeTpBbl paCTeHM s C yUeTOM 3IIMIeHeTHYe-
cKkoro paKkTOpa U IOSIBJIeHUSI HOBOT0 paKTopa BO3-
JNeUCTBUS ~ HAHOYACTHL THIPOTepMaJIbHOTO KpeM-
He3eMa [9]. B 4acTHOCTH, BEIpallMBaHHe pacTe-
HHUM B CUCTEMaX C yIpaBlIsieMblM MHUKPOKJIHMA-
TOM C BO3MOKHOCTBIO MOZEJIHPOBAHUS JIUMUTHU-
pyomux ¢akTOpoB NPOAYKTUBHOCTU UMeeT KaK
Hay4HoOe, TaK U IpaKTHUUYeCcKoe IIpUaoKkeHUe [10-11].
B mpaKTHYeCcKHUX LleJIsIX 3HAaHHe 0 MeXaHH3MaX B3a-
MMOJIeMCTBHSI HAHOYACTHI] U PAaCTHTE/IbHBIX KJIe-
TOK MO’KeT HCII0/Ib30BaThCS ISl Pa3paboTKU Tex-
HOJIOTUYeCKUX [IPHUEeMOB UX IPHUMeHeHHS B COPTO-
BBIX TeXHOJIOTHUSIX IIPeJIIoCeBHOM 06paboTKHU B pac-
TeHHEeBOACTBe OTKPBITOrO K 3aIlUIIeHHOI0 PYHTA.
[lepcreKTHBHO TaK>Ke HallpaBjieHHe paboT 1o pas-
paboTke TeXHOJOTHH IOBBIIIEHUS KauecTBa MIPO-
AYKLUHWH, a TAKKe [IOJIy4eHH sl IPOJYyKTOB QYHKIIHO-
HaJIbHOIO MUTaHU4 [12-14].

B pabore [15] moka3aHO BIUSIHUE THIPOTEP-
MaJbHOTO HaHOKpPeMHe3eMa Pa3HBbIX KOHIeHTpa-
LKUHM Ha IpopacTaHHe ceMsH (II0 MMOKa3aTeasiM

the research devoted to a study
of the hydrothermal nanosilica

METHODS

MATERIALS AND RESEARCH

BCXOKECTH U 3HEPIUU IPOPACTAHUS) PALA CeNb-
CKOXO3SICTBEHHBIX PACTEHHUH, PA3THUUAIOMUXCS
1o 6MOMOrMYeCKUM U X03IHUCTBEHHBIM XapaKkTe-
puctukaM. Hacrtosmas pabora sSBIseTCS IPO-
IOJI>KeHHUEeM HCCIeJOBAHHUM 10 U3yYeHUIO BIHUSI-
HHSA Ha pa3BHUTHE paCTeHI/II;I B Ha4YaJIbHOM Ilepuonae
NpOpPAL[UBAHUS CEMSH B TEeMHOTe IIPHU IEpPBUY-
HOM reTepoTpodHOM MHUTAHUU mocie obpabo-
TOK CEMEHHOT0 MaTepHaja THAPOTEPMAbHBIM
HaHOKPEeMHe3eMOM.

Lle/1bI0 HACTOSIIETO UCCIeJOBAHUS SIBJISITIACH CKPHU-
HUHTOBAsl 3KCIIEPUMEHTA/IbHASI OLleHKA OTKIHKA
CeMSIH Pa3HBIX CeIbCKOXO3SIMCTBEHHBIX KYJIBTYP
Ha UX IIPeJIIOCeBHYI0 00paboTKy HAHOYACTHUIAMHU
KpeMHe3eMa THPOTePMaJIbHOIO IIPOUCXOKIEHHUS
B eIMHOM LIKajle KOHIIeHTPAI[UMi HAaHOYACTHULL IIPH
TeMHOBOM /1a60paTOPHOM IIPOPALIUBAHHUH I10 [T0KA-
3aTensM "Macca 100 pocTKoB" U "BbICOTA POCTKOB".

MATEPWUAJIbI U METO/bI

[IpopamuBaHUe MPOBOAUIN B KaMepe CHHepPro-
TPOHA - 3KCIIePUMEHTaJbHOM 06pasiie Mogenu
HCP 1.01 (pa3paborka AHO "MIHCTHUTYT CTpaTerum
pasBuUTHUA"). B COOTBETCTBUHU C LI€/IbI0 3KCIIEPHUMEH-
TaJbHON paboThl M3y4anu 6HoMaccy U BBICOTY POCT-
KOB, IIOJIYUYeHHBIX M3 CeMSH 14 CebCKOX03SACTBeH-
HBIX KYJIBTypP Pa3HOro Ha3HaueHHs (OBOIIHBIX, Mac-
JTUYHBIX, KOPMOBBIX, T€KAPCTBEHHBIX), OTIHYA0-
LM XCS 10 6HMOIOTUYECKHUM 0COO@HHOCTSAM, TeHEeTH-
YeCKOM IpPUPOJe, XUMUIECKOMY U QU3UKO-XUMHU-
YeCKOMY COCTAaBY U CTPOEHHUIO CEMSH U UX KOXKYPBHI.
Bcero u3y4yeHo 17 reHOTHIIOB, BKJIIOYasl pa3HBble

and their peels, were studied.
In total, 17 genotypes were stud-

seed treatment effect on plant
development in the initial period
of seed germination in the dark
mode with primary heterotro-
phic nutrition.

The purpose of this study
was a screening experimen-
tal assessment of the response
of different agricultural crops
seeds to their pre-sowing treat-
ment with hydrothermal silica
nanoparticles in a single scale
of nanoparticle concentrations
in the laboratory dark growth in
terms of "weight of 100 sprouts”
and "sprout height".

Germination was carried out
in a synergotron chamber - an
experimental model of the ISR
1.01 model (developed by the
Institute for Development
Strategies). In accordance with
the purpose of the experimental
work, the biomass and height of
sprouts obtained from the seeds
of 14 agricultural crops for var-
ious purposes (vegetables, oil-
seeds, fodder, medicinal), dif-
fering in biological character-
istics, genetic nature, chemi-
cal and physicochemical com-
position and structure of seeds
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ied, including different spe-
cies, varieties and hybrids.
The duration of germination of
plant seeds in the experiment
was maintained according to a
period required to determine the
germination rate in accordance
with GOST 12038-84 "Seeds of
agricultural crops. Methods
for determining germination
ability": radish - 6 days, rape-
seed, meadow clover, soybeans,
alfalfa - 7 days, tomato, beet-
root, meadow fescue and festulo-
lium, salad - 10, bent grass - 14,
coriander - 15 days. Sugar beet
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BU/IBI, COPTA U TUOPU/IBL. [IIMTEIPHOCTD IIPOPAIH-
BaHMS CeMSIH PacTeHHU B 3KCIIePUMeHTe BblJep-
SKUBAJIHU 110 TpebyeMoMYy [IJIsI OIIpe/ie/IeHUsI BCXOXKe-
CTH BpeMeHH cornacHo FOCT 12038-84 "CemeHa cenb-
CKOXO3SMCTBEHHBIX Ky/IbTypP. MeToAbI OIlpee/eHus
BCXOXKeCTH'": penuc - 6 CyTOK, paIlc, KJIeBep 1yro-
BOH, COsl, JIIOLlepHAa M3MeH4HBas — 7 CYTOK, TOMar,
CBEKJIa CTOJIOBas, CajaT, OBCAHMIIA JIYTOBas U QpecTy-
nonuyM - 10, moneBuuia - 14, kopuaHap - 15 cyTok.
CemeHa CBeKJIBI CAXapHOU IPOPAINKMBAIN COTJIACHO
FOCT 22617.2-94 "CeMeHa caxapHOU CBEKJIBI. MeTombl
oIpeie/IeHH s BCXOKECTH, OJHOPOCTKOBOCTH U 106po-
KaueCTBeHHOCTH' B TedeHUe 10 cyToK. 1o HOBOM ceNlb-
CKOXO03CTBEHHOH KY/IbType, HYTy abHCCHHCKOMY,
emre He pa3paboran TOCT Ha MpopaliuBaHHe, [I03TOMY
JIMTebHOCTh IIPOPAIIMBAHUS U IIOCeBHEIE CBOM-
CTBa B 9KCIIEPHMEHTe OIIpee/Is/Ih Ha CelbMble CyTKHU
I10 AHAJIOTHUH C APYTUMHU OBICTPO BCXOSKHMH CeIbCKO-
X035IMCTBEHHBIMU KY/JIbTypaMH. MeTomuKa IIpopa-
IIMBAHUSA COOTBETCTBYET yKa3aHHBIM I'OCYJapCTBEeH-
HBIM CTaHJApPTaM C H3MEHEHUSIMHU: BRKIOYAIOIIUMHA
3aMeHy QUIBTPOBaIbHOM OyMaru Ha UCII0b30BAHHe
MOAJIOKKHM K3 MHHePa/JbHOU BaThl, pa3sMeIllleHHOU
Ha I[I0JIKaX KaMepbl CHHeproTpoHa. TeMmreparypa mpo-
pamuBaHUsA cOCTaB/IsiIa 23-24 °C, IIOBTOPHOCTH Tpex-
KpaTHasi. [ToJIMB OCYIeCTB/SUIN JUCTHU/I/INPOBAHHON
BOZIOH I10 Mepe IO/IChIXaHM I IIOJJIOKKK . KOHTPO/IbHEIe
TPYIIIIBL CEMSH IIepe[] [I0OCeBOM 3aMavYHBaJIH B JUCTHUI-
JIMPOBAHHOM BOJIe B TeUeHHe 2 4, a OIBITHBIE TPYIIIIBI
CeMSH 3aMa4HBajH B JUCTU/IIATE, B KOTOPBIH BBO-
OUIU pa3baBleHHBIN IHAPOTePMaJIbHBIE 30/1b HAHO-
YACTHILL TaK, YTOOBI 06ecrIeurTh UX KOHIIEHTPALIHIO0

B BoiHOM cpefie 0,05; 0,01; 0,005; 0,001; 0,0005 macc. %.
HCKJTI0OUeHHEeM SIBJISIJIMCh CeMeHa COM, Ile UX 3aMaydl-
BaHHMe IIPOBOAUIIN B TeYeHHe 15 MUH, TaK KakK B I1pO-
1ecce paboThl 6BIJIO YCTAHOBJIEHO, YTO AAJIbHEHIIee
yBeJIH4YeHHe IIPOJO/IKUTEIbPHOCTHA 3aMauyHuBaHH I He
IIPUBOAMUT K yBeJIHYEHHUIO KOJIHMYeCTBa MOT/IOIeH-
HOTO CeMeHaMH BOJHOILO PacTBOpa C IpernapaToM,
a LIeJIOCTHOCTb CeMSIH COU HApPyLIAeTCsI U OHH JIerKO
TPaBMHUPYIOTCS IIPU IToceBe. Pabodnil pacTBOp yKa-
3aHHBIX KOHIIeHTPalJuH FOTOBHIH HeIlOCpeACTBeHHO
nepen 06paboTkoi ceMsiH (B TeueHUe He 6oee 30 MUH)
U3 2,5%-noro BogHoro 3051 FTHK. HcxogHou cpenon
6BUI THAPOTEPMAJIBHBII 3071b C COEPsKAaHUEM HaHO-
YacTul, KpeMHe3eMa 37,5 macc. %, IIOy4YeHHBIH I10
TeXHOJIOTHUH yAbTPadUIbTPALHOHHOIO0 MeMOpaH-
HOT0 KOHLIeHTpHpoBaHUs B OO0 HII® "HaHocuauka"
(r. IleTponaBiaoBcK-KaMuaTcKkui). bosee meTanbHO
XapaKTePUCTHUKU UCXOMHOro KoHIleHTpaTa THK mpu-
BemeHBI B cTaThe [15]. Tak KakK ILeJIbI0 HAaCTOSIIEH
paboThl sBNIsANIOCH CpaBHeHHE 30 eKTOB BIUSIHUS
TUpOTEPMaJIbHOIO HAHOKpPeMHe3eMa Ha pas/IuuHble
Ce/IbCKOX03SIMCTBEeHHBIe Ky/IbTyPhI (17 TeHOTHIIOB), TO
JlJISL COIIOCTAB/AeHM S U aHA/IK3a Pe3y/bTaToB 3KCIIe-
PHUMEHTOB BCe JaHHBIe OBIIN [TePeCUUTAHbl B OTHO-
CUTelbHble BeJIMYUHEL - U3MeHeHHe (mpubaBka)
I10 MacCe X BBICOTEe POCTKOB B % I10 OTHOIIEHH O K KOH-
TPOJIIO I10 KasKIOH Ky/IbType (T.e. BapHaHTYy b6e3 obpa-
6otku THK).

PE3Y/IbTATbI U UX OBCYXXAEHUE
O6paboTka ceMsIH PacTBOPOM HaHOPa3MepHOIO
KpeMHe3eMa B 3KCIIepHMeHTe [103BOJIK/Ia YBeTUYUTh

seeds were germinated accord-
ing to GOST 22617.2-94 "Sugar
beet seeds. Methods for deter-
mining germination, single
sprout and good quality” within
10 days. For the new agricul-
tural crop called Abyssinian
nougat, GOST has not yet been
developed for germination,
therefore, the duration of ger-
mination and sowing properties
in the experiment were deter-
mined on the 7th day by anal-
ogy with other rapidly germi-
nating agricultural crops. The
germination technique com-
plies with the specified state
standards with the following

changes which include replace-
ment of filter paper with a min-
eral wool substrate placed on the
synergotron chamber shelves.
The germination temperature
was 23-24 °C, the repetition was
three times. Watering was car-
ried out with distilled water as
the substrate dries up. Before
sowing, the control groups of
seeds were soaked in distilled
water for 2 h, and the experi-
mental groups of seeds were
soaked in a distillate into which
a diluted hydrothermal sol of
nanoparticles was introduced so
as to ensure their concentration
in an aqueous medium of 0.05,

0.01, 0.005, 0.001, 0.0005 wt. %.
The exception was soybean
seeds, as they were soaked for
15 minutes, since during the
work it was found that a further
increase in duration of soak-
ing does not lead to an increase
in the amount of the aque-
ous solution with the prepara-
tion absorbed by the seeds, and
integrity of the soybean seeds
is disturbed and they are easily
injured when sowing. The work-
ing solution of the indicated
concentrations was prepared
immediately before seed treat-
ment (not exceeding 30 minutes)
from 2.5% aqueous HNS sol. The
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Panc, copT AHTapec | Rape, Antares

JouepHa, copT MactéuiHas 88 | Alfalfa, Pastbischnaya 88
OBcsiHHMUA, copT KBapTa | Fescue, Kvarta

Ceknia caxapHas, rubpug CmeHa F1 | Sugar beet, Smena F1
KneBep, copT MNaenosckuit 16 | Clover, Pavlovsky 16

Ceekna ctonosas, copt [lemetpa | Beetroot, Demetra

Hyr, copT /lunyanHuH | Noug, Lipchanin

dectynonnym, copt Annerpo | Festulolium, Allegro

Panc, copt PaTHuK | Rape, Ratnik

Canar, copt Alybayek MC | Lettuce, Dubachek MC

Peauc, copT tObunenHbiv | Radish, Yubileiny

KopuaHap, copt SiHTtaps | Coriander, Yantar

MouepHa, copt CeneHa | Alfalfa, Selena

Cos, copT AneHa | Soy, Alena

Tomar, copT Boarorpaackumi 5/95 | Tomato, Volgogradsky 5/95
Knesep, copT Mapc | Clover, Mars

Monesunua, copt BUK-2 | Bent, VIK-2

0,0 10,0 20,0

MpunbaBka GUOMACChbl POCTKOB, % K KOHTPOJIO
Gain of biomass sprouts, % to control sample

30,0 40,0 50,0 60,0

Puc.1. Mpubaska 6uomaccol 100 pocmKkoe pa3Hbix Kyabmyp npu Haubonee 3ppekmusHol 0Ast KaXkool Kyabmypbl KOHUeHmpauuu
HK (0,05% r'HK - pecmynoauym, ceekna cmonosas, 0,01% — noaesuud, ogcsiHuua, 0,005% — kaesep, kopuandp, Hye, 0,001% — mo-
Mam, c8ekAda CaxapHasl, cosl, AouepHa, panc u 0,0005% - peduc, canam)
Fig.1. Gain in biomass of 100 sprouts of different crops at the most effective for each crop concentration of HNS (0.05% HNS - festulolium,
table beet, 0.01% - bent grass, fescue, 0.005% - clover, coriander, nougat, 0.001% - tomato, beet sugar, soy, alfalfa, rape and 0.0005% -

radish, lettuce)

initial medium was a hydro-
thermal sol containing 37.5 wt.%
Silica nanoparticles obtained by
the technology of ultrafiltration
membrane concentration at NPF
Nanosilika LLC (Petropavlovsk-
Kamchatsky). For more details
on the characteristics of the ini-
tial concentrate of HNS see [15].
Since the purpose of this work
was to compare the effects of
the influence of hydrothermal
nanosilica on various agricul-
tural crops (17 genotypes) and
for comparison and analysis of
the experimental results, all
data were recalculated into rela-
tive values (change (increase)) in

the weight and sprout height in
% relative to the control by each
crop (i.e., the option without
treatment with HNS).

RESULTS AND THEIR DISCUSSION
The treatment of seeds with
a nanosized silica solution in
the experiment made it possi-
ble to increase the biomass of
sprouts at the end of the germi-
nation period for different crops
from 8.8% to 53.5% (Fig.1l). The
indicator is calculated based
on the most effective HNS con-
centration for each crop: 0.05%
HNS - festulolium, table beet,
0.01% - bent grass, fescue,
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0.005% - clover, coriander, nou-
gat, 0.001% - tomato, sugar
beet, soy, alfalfa, rapeseed and
0.0005% - radish, lettuce. On
average, the increase for 17 gen-
otypes was 21.7%. Data on the
efficiency of HNS for the mass
of 100 sprouts when using other
concentrations are given below.

Thus, the contribution of the
genetic factor to form the biolog-
ical effects of nanosilica is very
significant. Different varieties
of the same crop can respond to
varying degrees to treatment
with the HNS which confirms
the need to develop a varietal
agricultural technology and a
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Ta6auya 1. AuanasoH KoaebaHull npupocma 6uomaccel pocmkos (% om KoHMpoAs) npu 06pabomke CemsiH pasHbimMu KoHueHmpauuamu FTHK
Table 1. The range of sprout growth biomass fluctuations (% of control sample) at seeds treatment with various HNS concentrations

Kynbtypa, copTt Haun6onee 3a¢pPpekTnBHan HaumeHee s¢ppekTUBHas CpepHee PasHuua
(rné6pup) KOHUeHTpauusa FrHK* KoHuUeHTpauusa rHK 3Ha4YeHue MaKCUMaJIbHOIo
Corp, variety The most effective HNS The least effective concentra- npuéasku, U MMHMMANIbHOIO
(hybrid) concentration tion of GOC % 3HaYeHuin
Average npmn6asku, %
Mpu6aBka, % KoHueHTpauus Mpu6aeka, KoHueHTpauus increase The difference

K KOHTpOJ1IO I'HK, % macc K KOHTpOJI10, F'HK, % macc value, % between the
Increase HNS concen- % HNS concen- maximum and
to control tration, % wt Increase tration, % wt minimum values
sample to control of the increase, %

sample, %

MNonesunua, copt
BNK-2 53,5 0,01 0,0 0,0005 36,3 53,5
Bent, VIK-2

Knesep, copT Mapc
Clover, Mars

Towmar, copt
Bonrorpaackum
5/95 31,1 0,001 9,8 0,0005 19,5 21,3
Tomato,
Volgogradsky 5/95

Cos4, copT AneHa
Soy, Alena

JliouepHa, copt
CeneHa 25,8 0,001 6,5 0,05 17,4 19,4
Alfalfa, Selena

KopuaHap, copt
SlHTapb 23,7 0,005 0,9 0,0005 15,9 22,8
Coriander, Yantar

Peavc, copt
KO6unenHbIn 22,8 0,0005 10,8 0,01 15,8 12,0
Radish, Yubileiny

Canar, copT
Oy6avexk MC
Lettuce, Dubachek
MC

Panc, copT PaTHuK
Rape, Ratnik

decTynonnym,
copT Ansierpo
Festulolium,
Allegro

Hyr, copT
JINANYaHUH 16,0 0,005 4,0 0,05 10,4 12,0
Noug, Lipchanin
CBekna cTosioBas,
copt lemeTpa 15,3 0,05 0,0 0,0005 7,5 15,3
Beetroot, Demeter
KneBep, copT
MMaBnoBckni 16 14,3 0,005 0,0 0,01 6,7 14,3
Clover, Pavlovsky 16

CBek/ia caxapHas,
rnépua CmeHa Fl
Sugar beet, hybrid
Fl

38,6 0,005 9,1 0,0005 24,4 29,5

29,2 0,001 8,3 0,05 19,6 20,8

17,9 0,0005 4,0 0,0005 1,5 13,9

16,8 0,001 2,7 0,0005 7,6 14,1

16,3 0,05 4,2 0,0005 1.3 12,1

13,7 0,001 3.3 0,05 8,1 10,4

OBcsaHMLA, copT
KBapTa 13,1 0,01 14 0,0005 7,9 n,7
Fescue, Kvarta

JliouepHa, copt
[MacTbuuiHana 88

Alfalfa, 12,9 0,001 0,0 0,0005 6,5 12,9
Pastbischnaya 88

Panc, copt

AHTapec 8,8 0,001 0.4 0,05 5,0 8,4

Rape, Antares

Moa HanmeHee 3 beKTUBHOM KOHLLEHTpaLVel MoApa3yMeBaeTcs KoHLeHTpaums MHK, gatolwas MUHUMAbHbIA MPUPOCT BMOMACChl POCTKOB MO CpaBHe-
HUIO C KOHTPOJIEM.
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bromMaccy poCcTKOB B KOHIle IIepHofia IMpopaljuBa-
HUS 10 Pa3HBIM KyJIbTypaM oT 8,8 mo 53,5% (puc.l).
IToka3aTenab pacCIYUTAH HUCX0As U3 Haubosee sppex-
TUBHOMU KOHULeHTpauuu I'HK mo KaXXIoH Kylb-
Type: 0,05% 'HK - decTynonuym, cBeKja CTOJIO-
Baf, 0,01% - mosieBuIIa, oBCcAHMIIA, 0,005% - KIeBep,
KOpUaHAp, HYT, 0,001% - TomaT, CBeKJa caxapHa#,
cos, NIonepHa, pamnc u 0,0005% - penyc, canart. B cpen-
HeM 110 17-Tu reHoTHNIaM npubaBKa cocTaBuia 21,7%.
Hanuble 1o 3¢pdexTuBHOCTH HK mo mapamerpy
"Macca 100 pocTKOB" IIPH HCIIONB30BAHUU APYTUX
KOHLIeHTpalluH IIPUBefeHbl HHKe.

TakuM obpa3om, BKIaJ TeHeTHUYeCKOro pak-
Topa B opMHUpOBaHHUe OGHOTOrHYeCKUX dPdek-
TOB HaHOKpPeMHe3eMa OYeHb 3HaYUTe/IeH. Pa3Hble
COpTa OLHOM KYJIbTYPhl MOTYT B Pa3HOM CTelleHU
OT3BIBAThCS Ha 06paboTky THK, 4To moATBepKAaeT
HeoOXOIHMMOCTb pa3paboTKU COPTOBOM arpoTex-
HHUKU U I1acropra copra (rubpuza). Tak, B HACTOS-
meM 3KCIIepUMeHTe NPUPOCT 6MOMaCChHl pa3iu-
4ascs 60ee 4eM B [1Ba pa3a 10 CPaBHEHUIO C KOH-
TpoJieM y pa3HbIX COPTOB palica, JIIOLePHBI U KJIe-
Bepa. Takyke BbICOKA POJIb (3HAYKMMOCTB) SIIHUTre-
HeTH4YeCKkoro ¢pakTopa BO3JeHCTBUS HAaHOYACTHU-
IIaMH, B YaCTHOCTH IIposB/ieHHe 3O PEeKTOB U3Me-
HeHH I Macchl 100 pOCTKOB B 3aBUCHMOCTH OT KOH-
HeHTpauuu 'HK y ogHOTO ¥ TOro ke copTa HJIH
rubpuna.

B MeTOmO/JIOru4eCcKoOM U IIPAaKTHYECKOM acCIlek-
Tax HeobX0AMMO M3ydeHHe KOHLIeHTPAIHOHHBIX
3aBUCUMOCTeHN 6uonoruueckux 3»dpexrtos 'HK,
B Tabs.1 npuBeseHBl JaHHbIE 10 KOHIIEHTPALIUSIM

FHK, Ipu KOTOPBIX B 3KCIIEPUMeHTe Habnlomanu
MaKCHMaJAbHBIH U MUHHUMAJIbHBIN IPUPOCT 6HO-
Macchl IO CPaBHEHHIO C KOHTpoJeM. Pa3HHIla
B IpUPOCTe OBHMOMACCH POCTKOB OJHOM KYJIBTYPHI
IIpU pasHbBIX KoHIeHTpauusax 'HK coctaBuia 8,4~
53,5% 1o pa3HBIM reHoTUIIaM. OTMeTHM, YTO HaU-
Gonpimas pa3zHHLA 30PEeKTHUBHOCTH BO3LEUCTBUS
KoHLeHTpauuu 'HK mposBuIach y MMOMeBUIIbI
BHK-2 (53,5%) u kieBepa Mapc (29,5%). Ilo aTuM
pacTUTeNBHBIM KYJAbTYypPaM OTMeYeH MU MaKCH-
MaJIBHBIH NPUPOCT 6MOMACCH (COOTBETCTBEHHO
Ha 53,5 u 38,1%). CiefnoBaTeIbHO, y JAaHHBIX pac-
THUTeNbHBIX KYJbTYP MaKCHUMalbHas npubaBka
6roMacchl IIPOUCXONUT KaK CIeACTBHe 06paboTku
cemsaH 'HK KaKkoH-TO OLHOM olpefeleHHON KOH-
IIeHTpal UM, TOrga KakK APyrue KOHIeHTpaIlluU
JAaOT MeHbIIHUH 3P deKT. B Apyrux caydasax spdex-
TUBHOCTb Pa3HBbIX KOHLeHTpauuu 'HK He Tak
CHUJIBHO pa3jinyvaeTcs.

Ons 6onee meTanbHOM OLIEHKM KOHIEHTpa-
IIUOHHBIX 3aBHCUMOCTeHr 3ddekToB THK HamMu
MOCTPOeHHE TpadHUKHU OTKIMHKOB IOKa3aTeleH
MacChl POCTKOB I10 Ka>XKAO0MY BHAY PaCTeHHH B 3KC-
nepumeHTe. CKPUHUHI CeMSH pPa3sHBIX pPacTH-
TeJbHBIX KYJIBTYP K COPTOB I10 PeaKLUH II0Ka3aTe-
nen bromaccsl pocTKoB Ha 06paboTrky I'HK pasHEIX
KoHLleHTpauuu (0,05; 0,01; 0,005; 0,001 u 0,0005%)
[10Ka3aj CylIeCcTBOBAaHME HECKONBKHUX TUIIOB TAKHUX
peakLuu OTKIHKA.

Ha puc. 2-4 mpencTaBaeHbl YeThIpe 06061eHHEbIE
TPYILIBL KYJIBTYP, Pa3/IM4aIOMMXCs 10 TeOMeTpruyYe-
CKOM popMe OTKIHKA - 0TOOpaskeHU S Ha rpaduke

variety (hybrid) passport. Thus,
in the present experiment, the
increase of biomass differed by
more than twice as compared
with the control samples in dif-
ferent varieties of rape, alfalfa,
and clover. The role (signifi-
cance) of the epigenetic factor of
exposure to nanoparticles is also
high, in particular, the manifes-
tation of the effects of changing
the mass of 100 sprouts depend-
ing on the concentration of HNS
in the same variety or hybrid.

In the methodological and
practical aspects it is neces-
sary to study the concentra-
tion dependences of the HNS

biological effects. Table 1 shows
data of HNS concentrations
when the experiment revealed
the maximum and minimum
increase of biomass in compar-
ison with the control sample.
The difference in one crop sprout
biomass growth at various con-
centrations of HNS was 8.4-
53.5% for different genotypes. It
should be noted that the biggest
difference in the effectiveness of
HNS impact concentrations was
manifested in the VIK-2 bent
(53.5%) and Mars clover (29.5%).
For these crop plants the maxi-
mum increase in biomass was
also noted (by 53.5% and 38.1%,
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respectively). Consequently, in
these crop plants the maximum
increase in biomass occurs as
a result of the HNS treatment
of seeds with a particular con-
centration, while other concen-
trations give a lesser effect. In
other cases, the effectiveness
of different HNS concentrations
does not differ so much.

To assess the accuracy of the
HNS effect concentration depen-
dences in greater detail, we have
constructed graphs of responses
of the sprout mass indexes for
each plant species in the exper-
iment. Screening of seeds of
various crops and varieties
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Puc.2. Mpu6aska maccel 100 pocmkos (% K KOHMPOAKD) 8 KOHLe Nepuoda NpopaLiusaHLis CemsiH pacmeHull 8 3aeLCUMOCMU 0M KOHUeHMpa-
uuu HK das nepgoli 2pynnbi No munam omkAuKa

Fig.2. Weight addition of 100 sprouts at the end of the plant seeds germination period depending on the HNS concentration for the
first group by response types

VoL.14 No.1 (103) 2021 NANO INDUSTRY



HAHOTEXHONOrMu

CsekJia cTosioBas, copT [lemeTpa KopwnaHap,copT AHTapb
Beetroot, Demetra Coriander, Yantar
18,0 25,0
x 160 ® /\.,_a
5 140 Pt = 200
s a 12,0 S a /
33 100 _— 38 10
o ! o
806 80 // g5 /
=c / = c 10,0
T 60 — T /
&2 40 3% 50
2 © . / \g o] '
I%E 2.0 §§ /
0,0 e 0,0
0,0005 0,001 0,005 0,01 0,05% 0,0005 0,001 0,005 0,01 0,05%
KoHueHTpauwms M'HK, % macc. KoHueHTpaums M'HK, % macc.
HNS concentration, % wt HNS concentration, % wt
‘DECT‘/“O“V"/M, copT Annerpo OBCSHHMLA, cOpT KBapTa
Festulolium, Allegro Fescue, Kvarta
18,0 14,0
X . 160 P X 120 Pang
5140 5.0 ) I
§ 2 120 g 2 100 7
5 O / 59 8,0
3= 10,0 2 '
85 80 / ERs)
g2 22 60
T% 60 / © '© /
2 o ¥ o 4.0
59 4,0 « g9 /
gz ©E 20
2= 20 a= ' «
= 00 = 00
0,0005 0,001 0,005 0,01 0,05% 0,0005 0,001 0,005 0,01 0,05%
KoHueHTpauwms M'HK, % macc. KoHueHTpaums 'K, % macc.
HNS concentration, % wt HNS concentration, % wt

Puc.3. Mpu6aska maccel 100 pocmkos (% K KOHMpPoAk) 8 KoHUe nepuoda Npopalu8aHus ceMsiH pacmeHull 8 3aeUcUMocmu om
KoHUeHmpauuu MHK 045 8mopol 2pynnbl No munam omkAuKa
Fig.3. Weight addition of 100 sprouts (% to the control) at the end of the germination period of plant seeds depending on the HNS concen-

tration for the second group by response types

according to the response of
sprout biomass indexes to treat-
ment with HNS of different con-
centrations (0.05, 0.01, 0.005,
0.001 and 0.0005%) showed the
existence of several types of
such response reactions.
Figs.2-4 show four general-
ized groups of crops, differing
in the geometric form of the
response - the display on the
dependence curve of the mass
index of 100 sprouts to control
samples depending on the con-
centration of HNS aqueous sols
during pre-sowing seed treat-
ment. Inclusion of different
plants in groups was carried out

by visualizing these diagrams
reflecting the response forms
of seeds (sprouts) of the corre-
sponding crops. Note that the
identified four types of reactions
can also be traced by the germi-
nation energy and seed germi-
nation indexes presented in the
publication [15]. However, there
is no complete coincidence. This
is probably due to the fact that
the combination of the mani-
festation of biochemical (speci-
ficity and activity of enzymes),
biophysical (seed structure),
chemical (chemical composi-
tion of seed nutrients) and phys-
iological factors (germination
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features) form the characteristic
"mass of 100 sprouts" feature on
the diagrams, which gives addi-
tional significant differences
(change the ranking of the sig-
nificant factors) along with the
genome specificities.

Group 1. The maximum
increase due to the HNS appli-
cation is observed in the area
of low and moderate concentra-
tions of nanoparticles in terms
of the mass of 100 sprouts:
sugar beet (hybrid Smena F1),
radish (Yubileiny variety), soy-
bean (Alena variety), tomato
(Volgogradsky 5/95 variety),
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3aBUCHMOCTH IIOKa3aTeygs Maccel 100 pocTKoOB
K KOHTPOJIIO B 3aBUCHUMOCTH OT KOHIleHTpPalluHu
BoAHBIX 30sedi THK npu nmpenmnoceBHoM o6paboTke
ceMsIH. BkyIloueHHe pa3HbIX PACTEHUH B IPYIIIBI
IIPOBOJU/IM IIyTeM BH3Yya/JHU3al UK JAaHHBIX JHaA-
rpaMM, OTPa’kalomUX GOpPMBI OTKIHKA CeMSIH
(POCTKOB) COOTBETCTBYIOLIUX KYAbTYp. OTMeTHUM,
4YTO BhbIJle/IeHHBbIe YeThblpe THIIa PeaKI[Hui IIpociie-
SKMBAIOTCSI TaK>Ke 10 ITOKa3aTe/IsiM SHepPTUHU IIpo-
pPacTaHUuS U BCXOXeECTH CeMSH, IpelcTaBlIeH-
HBIX B nybnukanuu [15]. OgHaKo, IIOTHOTO COBIIA-
OeHHs He HabniomaeTcsi. BeposSTHO, 3TO CBs3aHO
C TeM, YTO COBOKYIIHOCTb IIPOSBIEeHUS OHOXHU-
MHUUYeCKHUX (CIenMPUUHOCTb KU aKTHBHOCTD dep-
MeHTOB), buodu3nuyecKUx (CTPYKTypa CeMeHH),
XUMHYECKUX (XUMHUYeCKUH COCTAaB MUTATEJIbHBIX
BellecTB CeMeHH) U GHU3H0JIOruUYeCcKUX PaKTOpPOB
(0cobeHHOCTH IIPOpPACTaHUS) QOPMHUPYIOT XapaK-
TEepHBIN IIPH3HAK "'Macca 100 pocTKoB" Ha gua-
rpaMMax, 4To OpHUAaeT LOMNOJHUTebHEIE Cylle-
CTBeHHBIe OTIIMYUS (MeHSIOT PaHXHPOBKY 3Ha-
YHMOCTH GaKTOPOB) HAPSAAY CO CIIeLHPUIHOCTHIO
FeHOMOB.

I'pynna 1. MaKCMMa/bHBIH NPUPOCT OT HPHU-
MeHeHusad 'HK Habawpgaercsa B ob61acTyU HU3-
KUX U yMepeHHBIX KOHIEHTpal UK HaHOYa-
CTHUIL[ IIO0 MOoKa3aTegw Maccel 100 pocTKOB:
cBekjaa caxapHas (rubpup Cmena Fl), penuc
(copTt IObuneniHel), cos (COpT AneHa), TOMAT
(copt Bonrorpanckui 5/95), nionepHa (copTa
Cenena u Ilactbumuas 88), pamnc (copra PaTHUK
U AHTapec) - CM. pHuc.2.

Ipynmoa 2. MakcuManpHas npubaBKa OT IPHU-
meHeHUs THK nmperMmylnecTBeHHO B [Halla30He
BBICOKHMX U yMepeHHO BBICOKMX KOHIeHTPalUNi
HaHOYaCTHI] II0 IIOKA3aTe/I}0 Macchl 100 pOCTKOB:
cBekJja cTosoBas (copT JemeTpa), KOpUaHAP (COPT
SIHTaps), decTynonuym (COpT AlIerpo), OBCSIHHUILIA
(copT KBapTa) - cm. puc.3.

Ipyma 3. MakcuManpHas npubaBKa HabnomaeTcs
[IpeHMYyIeCTBEHHO B 06/1aCTH CpeHHUX KOHIIeHTpa-
nui I'HK o mokasartesnio Maccel 100 poCcTKOB: IoJIe-
BHLA (copT BHK-2), KieBep (copT [IaBn10BCKHU 16), HYT
(copT JIMITYaHUH) - CM. PUC.4.

Ipynna 4. XapaKTepHU3yeTcsd HaJlU4YHeM ABYX
BBIPa>KeHHBIX MaKCHMYMOB 1 MUHHMYMOB II0 [TOKa-
3aTesl0 Macchl 100 pocTKoB: KieBep (copT Mapo),
canar (copt Jybauexk MC) - cM. puc.5. B arcmepu-
MeHTe, KpoMe IT0Ka3aTesast "Maccel 100 pocTKoB",
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Puc.4. Mpu6aska maccul 100 pocmkos (% K KOHMPOAI0) 8 KOHUe
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Fig.4. Weight ¢eswewwm of 100 sprouts (% to the control) at the
end of the plant seeds germination period depending on the HNS
concentration for the third group by types of response
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Tabauua 2. luanasoH konebaHuli npupocma ebicombl pocmkos (% om KoHmMpoAsl) npu 06pabomke CemsiH pasHbiMU KOHUeHmpauusmu MHK
Table 2. The fluctuation range of the sprout height increment (% of control sample) when treating seeds with different HNS concentrations

KynbTypa, copt Hau6onee a¢pPpekTuBHaA HaunmeHee a¢ppexkTUBHaN CpepHee PasHuua
(rmépup) KOHueHTpauusa FTHK* KOHUeHTpauus NHK 3Ha4yeHue MaKCUMaJIbHOIro
Corp, variety The most effective HNS The least effective concentra- npu6aBku, Y MUHUMAJIbHOIO
(hybrid) concentration tion of GOC % 3HaYeHUn
Average npu6basku, %
increase The difference
value, % between the
maximum and
minimum values
of the increase,

Mpubaeka, KoHueHTpauus MpubaBkKa, KoHueHTpauusa
% FHK, % macc K KOHTpoO/I10, FHK, % macc
K KOHTpPO/J110 HNS concen- % HNS concen-
Increase tration, % wt Increase to tration, % wt
to control control sam- %
sample ple, %

Cos, copT AneHa

Soy, Alena 51,3 0,001 1.2 0,05 252 50,1
[Tonesuua, copt

BNK-2 22,2 0,005 0,0 0,0005 1,7 22,2
Bent, VIK-2

CBexna caxapHas,

rnépung CmeHa Fl 18,1 0,005 5.7 0,05 12,0 12,4
Sugar beet, Smena F1

Knesep, copr Mapc 7.1 0,01 4,9 0,0005 2.2 2.2

Clover, Mars

CsekJia cTosioBas,
copT emeTpa 12,1 0,05 0,0 0,0005 5,5 12,1
Beetroot, Demetra
Hyr, copT J/InnyaHuH
Noug, Lipchanin

14,3 0,001 2,4 0,0005 9,5 1,9

KneBep, copT
MaBnoBCKMiA 16 1.8 0,005 0,0 0,0005 4,1 1.8
Clover, Pavlovsky 16

Tomar, copT
Bonrorpaackuii 5/95
Tomato, Volgogrdsky
variety 5/95

KopwnaHgap, copT
AHTapb 16,2 0,05 6,1 0,0005 12,6 10,1
Coriander, Yantar

Penowc, copt
KO6nnenHbIn 17,2 0,001 9,0 0,005 12,8 8,2
Radish, Yubileiny

Canar,

copT Aybavek MC
Lettuce,
Dubachek MC

JlrouepHa, copT
ractéuuiHas 88
Alfalfa, Pastbischnaya
88

JllouepHa, copT
CeneHa 5,0 0,005 0,0 0,0005 23 5,0
Alfalfa, Selena
Panc, copT AHTapec
Rape, Antares

1,3 0,05 0,9 0,0005 5,9 10,4

7,1 0,01 0,0 0,005 3,6 7,1

6,3 0,005 0,0 0,05 3,2 6,3

54 0,01 0,7 0,005 2,6 4,7

dPecTynonnym, copt
Annerpo 4,2 0,05 0,2 0,0005 3,0 4,0
Festulolium, Allegro

OBCsHMULA, COPT
Keapta 4,0 0,05 0,9 0,0005 2,9 3,1
Fescue, Kvarta

Panc, copT PaTHMK
Rape, Ratnik

2,1 0,001 0,0 0,01 1,3 2,1

Mo Hanbonee 3bbeKTUBHON KOHLLEHTpaLMel NoApa3yMeBaeTcs KOHLeHTpauus FHK, npy MCnonb30BaHUM KOTOPOW NOTyYeH MaKCUMabHbIN MPUpOCT
61oMacChl pOCTKOB B KOHLLE Meprosa NPOPALLMBAHNSA MO CPABHEHMIO C KOHTPO/EM.
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Canar, copt y6ayvek MC
Lettuce, Dubachek MC
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Fig.5. Weight addition of 100 sprouts (% to the control) at the end of the plant seeds germination period depending on the HNS concen-

tration for the fourth group by response

IIpoBefeH y4YeT paCTeHHM IO BHICOTe POCTKOB
B KOHIIE [IepHoAa MpopaliuBaHus, IIPUPOCT BEICOTHI
10 CPAaBHEHHIO C KOHTPOJIeM COCTAaBMJI 10 Pa3HBIM
Ky/lbTypaM oT 2,1 o 51,3% (puc.6). [Toka3zaTens pac-
CYMTaH MCX0Asl U3 Hanbonee 3pPeKTUBHOI KOH-
neHTpanuu I'HK mo kaxkpou kynbType: 0,05%
I'HK - pecTynonuym, oBCIHHHUIIA, CBEKJIA CTOJIOBA,
TOoMarT, Kopuanpap, 0,01% - canar, pamnc AHTapec,
KJIeBep Mapc, 0,005% - mmoneBu1la, CBeK/Ia CaxapHas,
nolepHa, kjaesep [1aBaoBckuM 16, 0,001% - cos, HYT,
penuc, panc PaTHUK. B cpegHeM 1o 17 reHOTHUIIAM

npubaska coctaBuna 13,3%. [JauHble 110 3G PeKTUB-
HocTu 'HK 1mo mapaMeTpy BBICOThI POCTKOB IpH
HCII0JIbP30BAHUHU APYIrUX KOHILeHTPAllMK NpUBe-
JeHBbI HUXKE.

B T1a61.2 npuBeseHH JaHHBIe [0 KOHLIEHTpPa-
nusm IHK, Ipu KOTOpBIX B 3KCIIePUMeHTe Habio-
Jald MaKCUMaJIbHBIM U MUHHUMAJbHBIH IPUPOCT
BBICOTHI I10 CPAaBHEHHIO C KOHTpojaeM. PasHHIIA
B IIPUPOCTE BBICOTHI POCTKOB O HOM KY/IBTYPhl IIPU
pasHBIX KoHLUeHTpanuax 'HK coctaBuna 2,1-50,1%
10 pa3sHbIM Fe€HOTHIIAM.

lucerne (varieties Selena and
Pastbishnaya 88), rape (varieties
Ratnik and Antares) - see Fig.2.

Group 2. The maximum increase
due to the HNS application mainly
in the range of high and mod-
erately high concentrations of
nanoparticles in terms of mass of
100 sprouts: table beet (Demetra
variety), coriander (Yantar vari-
ety), festulolium (Allegro variety),
fescue (Kvarta variety) - see Fig.3.

Group 3. The maximum
increase is observed mainly in
the area of average HNS con-
centrations in terms of the

mass of 100 shoots: bent grass
(variety VIK-2), clover (variety
Pavlovsky 16), nougat (variety
Lipchanin) - see Fig.4.

Group 4. It is characterized
by the presence of two pro-
nounced maxima and min-
ima in terms of the mass of
100 shoots: - clover (Mars vari-
ety), lettuce (Dubachek MS vari-
ety) - see Fig.5 In the exper-
iment, in addition to the
mass index of 100 sprouts, the
plants were counted accord-
ing to the height of sprouts
at the end of the germination
period. The increase in height

in comparison with the con-
trol sample ranged for different
cultures from 2.1 to 51.3% (see
Fig.6). The index is calculated
on the basis of the most effec-
tive concentration of HNS for
each crop: 0.05% HNS - festulo-
lium, fescue, beetroot, tomato,
coriander, 0.01% - lettuce,
Antares rape, clover Mars,
0.005% - bent grass, sugar beet,
alfalfa, Pavlovsky 16 clover,
0.001% - soybeans, nougat, rad-
ish, rape Ratnik. On average,
the increase for 17 genotypes
comprised 13.3%. The data on
the efficiency of HNS in terms
of the height of sprouts when
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Panc, copt PaTtHuk | Rape, Ratnik

OBCsIHHMLA, copT KBapTa | Fescue, Kvarta

®dectynonnym, copt Annerpo | Festulolium, Allegro
JouepHa, copt CeneHa | Alfalfa, Selena

Panc, copt AHTapec | Rape, Antares

JltouepHa, copt MactbuwHas 88 | Alfalfa, Pastbischnaya 88

Canar, copt Alybavek MC | Lettuce, Dubachek MC

Tomar, copT Bonrorpaackuii 5/95 | Tomato, Volgogradsky 5/95

Kneep, copT Maenosckuii 16 | Clover, Paviovsky 16

CBek/a cTonoBas, copT JemeTpa | Beetroot, Demetra

Hyr, copT /IunyanuH | Noug, Lipchanin

KopwaHap, copt AHTapsb | Coriander, Yantar

Knesep, copt Mapc | Clover, Mars

Peauc, copT O6unenHbin | Radish, Yubileiny

CBekna caxapHas, rmbpua Cmena F1 | Sugar beet, Smena F1
Monesnua, copt BUK-2 | Bent, VIK-2

Cos, copT AneHa | Soy, Alena

0,0 10,0 20,0

MpnbaBKa BbICOTbI POCTKOB, % K KOHTPO/IO
Height sprouts gain, % to control sample

30,0 40,0 50,0 60,0

Puc.6. Mpubaska ebicombl pocmKos Al pasHbiX KyAbmyp npu Haubonee 3ppekmusHol 051 KaxK0ol Kyabmypbl KOHUeHmpauuu MHK
(0,05% 'HK - pecmynonuym, o8csIHHULA, CBeKAA cmoA0sads, momam, kopuaHap; 0,01% - caaam, panc AHmapec, kaesep Mapc;
0,005% - nonesuua, ceekAd caxapHasl, AuepHa, kaesep lNasnosckuli 16; 0,001% - cos, Hye, peduc, panc PamHuk)

Fig.6. Increase in sprout height for different crops at the most effective for each crop HNS concentration (0.05% HNS - festulolium, fescue,
beetroot, tomato, coriander; 0.01% - lettuce, rape Antares, clover Mars; 0.005% - bent grass, sugar beets, alfalfa, Pavlovsky 16 clover;

0.001% - soy, nougat, radish, rape Ratnik)

using other concentrations are
given below.

Table 2 shows the data on
the HNS concentration when
the maximum and minimum
increase in height compared to
the control sample was observed
experimentally. The incremen-
tal difference in the height of
sprouts of one crop at different
HNS concentrations was 2.1-
50.1% for different genotypes.

Comparison of the weight
gain of 100 sprouts and the
sprouts height showed that
these indexes are not always
directly dependent. For exam-
ple, for soybeans in the 0.001%

HNS variant, the weight gain of
100 sprouts was 51.3% compared
to the control, and the height
gain was 29.2%. In the variant
0.01% HNS for the same crop,
the indexes were 4% and 20.8%,
respectively. Thus, the height
and mass of a sprout, although
interrelated, are independent
parameters and are formed indi-
vidually in ontogenesis.

The genotypes studied in the
experiment were subdivided
according to four main types of
plant response to different HNS
concentrations in accordance
with the parameter "sprout
height" (similar to how it was
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done above for the biomass of
100 sprouts):

Group 1. The maximum
increase resulting from appli-
cation of HNS is observed in
the region of low and moder-
ate concentrations of nanopar-
ticles in terms of sprout height:
soybeans (Alena variety), nou-
gat (Lipchanin variety), radish
(Yubileyny variety), rape (Ratnik
variety), alfalfa (Pastbishchnaya
88 variety).

Group 2. The maximum
increase resulting from applica-
tion of HNS mainly in the range
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Ta6auua 3. ConocmasAeHue npupocmos MAacchbl U 8blCOMbI POCMKO8 NpU pa3Hbix KoHUeHmpauusx FHK (8 % om koHMpoAs e KoHue nepuoda npo-
pawueaHus cemsH)
Table 3. Comparison of weight gains and sprout height at different HNS concentrations (in % of control sample at the end of the seeds germination period)

KynbTypa, copt MpupocTbl Maccbl 100 pOCTKOB U BbICOTbI POCTKOB MNPU pa3sHbiX KOHUeHTpauusax FTHK
(rmépup) B KOHL,e Nepuopa npopawusaHus (% oT KOHTpons)
Crop, variety Weight gain of 100 sprouts and sprout height at different HNS concentrations
(hybrid) at the end of the germination period (% of control sample)

0,0005% rHK|HNS  0,001% F'HK| HNS 0,005% FHK | HNS 0,01% F’HK | HNS 0,05% FHK | HNS

MpupocT | Gain

Maccbli BbICOTbI Maccbli BbicoTbl Maccbli BbiCcOTbI Maccbli BbICOTbI Maccbi BbICOTbI
Weight Height Weight Height Weight Height Weight Height Weight Height

CBek/ia caxapHas,
rmépuna Cmena Fl 7,6 7,8 16,2 13,7 18,1 7,4 12,4 8,2 57 33
Sugar beet, Smena F1

CekJia cTonoBas,

copt [lemeTpa 0,0 0,0 1,1 1.4 6,6 9,1 7.7 1,5 12,1 15,3
Beetroot, Demetra

KopuaHap, copT

SIHTapb 6,1 0,9 12,1 13,0 14,7 23,7 14,0 20,5 16,2 21,4
Coriander, Yantar

Peguc, copt

FObunenHbIn 15,6 22,8 17,2 20,9 9,0 12,0 13,1 10,8 9,0 12,7
Radish, Yubileiny

Panc, copt PaTHuUK

Rape, Ratnik 2,1 2,7 2,1 16,8 0,7 5.6 0,0 7.1 1,4 59
Panc, copt

AHTapec 1.4 3,4 0,7 8,8 41 58 5.4 6.3 1.4 0,4
Rape, Antares

Hyr, copT

JimnyaHuH 2,4 8,0 14,3 16,0 1,9 16,0 1,9 8,0 71 4,0

Noug, Lipchanin

Cos, copT AneHa

Soy, Alena 35,8 16,7 51,3 29,2 33,9 22,9 4,0 20,8 12 8,3
Knesep, copt

Mapc 4,9 9.1 17,1 27,3 14,6 38,6 17,1 33,2 7.3 13,6
Clover, Mars

KneBep, copT

MMaBnoBCkMin 16 0,0 9,5 8.8 9,5 1,8 14,3 0,0 0,0 0,0 0,0
Clover, Pavlovsky 16

JliouepHa, copT

CeneHa 0,0 16,1 5,0 25,8 5,0 22,6 1.7 16,1 0,0 6,5
Alfalfa, Selena

JliouepHa, copt

MNactébuuiHas 88
Alfalfa, 4,8 0,0 4,8 12,9 6.3 6,5 0,0 6.5 0,0 6.5

Pastbischnaya 88

Monesnua, copt

BNK-2 0,0 0,0 n1 47,9 22,2 50,8 19,4 53,5 5,6 29,4
Bent, VIK-2

Canar, copT

Ay6avexk MC
e Dulbsahek 3.6 4,0 3,6 14,3 0,0 10,8 7.1 17,9 3,6 10,6

MC

Tomar, copT
Bonrorpaackmi
5/95

Tomato, 0,9 9,8 3,5 31,1 6,1 20,4 7,8 18,4 1,3 17,7
Volgogrdsky variety
5/95

decTtynonnym,

copT Ansierpo 0,2 4,2 3,5 9,6 3,5 n,7 3,8 14,6 4,2 16,3
Festulolium, Allegro

OBcsHMLA, cOpT
KBapTa 0,9 1.4 2,3 5,6 3,6 8,4 3,7 13,1 4,0 2
Fescue, Kvarta
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ComocTaB/ieHHE IIPUPOCTOB Macchl 100 poCcTKOB
M BBICOTBHI POCTKOB I10Ka3aJjI0, YTO JaHHBIe [I0Ka3a-
TeJIH He BCeIZja HaXOAsTCS B IPSIMOU 3aBUCHMOCTH.
Hanpumep, mo coe B BapuaHTe 0,001% I'HK npu-
pocTt Macchl 100 pocTKOB cocTaBuI 51,3% 110 CpaB-
HEeHMUIO C KOHTPOJIeM, a HPUPOCT BBICOTHL ~ 29,2%.
B BapuaHTe 0,01% 'HK 110 TOM ke KyAbTYype I10Ka3a-
Tenu 4 u 20,8% cooTBeTCTBeHHO. TaKHUM o6pa30M,
BBICOTA M MacCa POCTKa XOTS U B3aHMOCBSI3aHHEIE,
HO CaMOCTOSATe/IbHBIE IIapaMeTpPhl U OPMHUPYIOTCS
B OHTOTeHe3e HHIUBUIYaIbHO.

M3ydyeHHBbIe B 3KCIIEPUMEHTEe FeHOTHUIIb pas-
JeJeHbl II0 YeThIpeM OCHOBHBIM THIIAM peak-
uuu (OTKJIMKA) PaCTeHUH Ha pa3Hble KOHI[eHTpa-
nuu HK o mapameTpy "BbicOTa pocTKOB" (aHAIIO-
TUYHO TOMY, KaK 3T0 6BIJI0 CIeJIaHO BhIIe 10 61o-
macce 100 pocTKOB):

I'pynma 1. MakCHMa/JbHBIN IIPUPOCT OT IPHU-
MeHeHUusS HK Habnromaercs B 006/J1aCTU HU3-
KHUX U yMepeHHBIX KOHIeHTpal UK HaHoOYa-
CTHUI] I10 TTOKA3aTeII0 BBICOTHL POCTKOB: COs (COPT
Anena), Hyr (copT Jlun4yaHHH), peauc (coprt
IO6unenHbIN), panc (copT PaTHUK), NI epHA (COPT
IMacTbumHasg 88).

Ipynma 2. MakcuMasbHas IpubaBKa oT mpuMe-
HeHHUd 'HK mperMMyIIeCTBEHHO B HaIlla30He BBICO-
KHX U YyMePeHHO BBICOKHMX KOHLIeHTPallUK HaHO-
YaCTHI] 10 IT0Ka3aTe/l0 BEICOTEI POCTKOB: CBeKJIa
caxapuas (rubpupn Cmena F1), nrouepHa (coprta
CeneHa), KeBep.

Fpynma 3. MakcuManbHass npubaska
HabIogaeTcs IpeUMYIeCTBEHHO B 00/1acTH cpef-
HUX KoHIeHTpaluy 'HK 1o mokasaTeio BHICOTHI
POCTKOB: CBeKJa cTosoBast (CopT JlemeTpa), KOpH-
aHzap (copt SHTapsp), pamnc (copT AHTapec), Ioje-
BuIa (copT BHUK-2).

I'pynma 4. XapakTepH3yeTCs HaJHYHEM ABYX
BBIPAa>kKeHHBIX MaKCHMYyMOB M MHHHMYMOB
I10 IT0Ka3aTeJII0 BBICOTH POCTKOB — GpeCTYI0THYM
(copT Anerpo), oBcsiHULIA (COPT KBapTa).

PacmpesmeneHye TeHOTHIIOB ITo 6romacce pocT-
KOB U BBICOTE POCTKOB He H/IeHTUYHBI, YTO TOBOPUT
0 CJIOKHBIX HHAMBHU/YaTbHBIX 0COO@HHOCTSAX Pop-
MHUPOBAHUS JAHHBIX IIPU3HAKOB.

3AKJIOMEHUE

HccnenoBaHKe NPOAOJIsKaeT LKKII paboT 1o olleHKe
BIUSHUS THIPOTEPMaJbHOI0 HAHOKpPEeMHe3eMa
Ha ypoBeHb U HAINpPaBJeHHOCTb MeTabonm3ama
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PacTeHUH Ha pa3HBIX 3TallaXx OHTOTeHe3a U HU3Me-
HeHHe MX XO03SIHMCTBEHHO-TIOJIe3HBIX CBOMCTB.
O6paboTKa ceMsSH pacTBOPOM HaHOpa3Mep-
HOIo KpeMHe3eMa B dKCIIepUMeHTe II03BOJIUIa
YBEJIUYHUTh 6HOMaCCy POCTKOB B KOHIIe MepHU-
olla HNpopallMBaHUA IO Pa3HBIM KYJIbTypaM
oT 8,8 o 53,5%, BbICOTY pacTeHUH oT 2,1 1o 51,3%.
B cpegHeM 1o 17 reHOTHUIIAaM CeJIbCKOXO3SH-
CTBEHHBIX pacTeHHH npubaBka 6roMacchl cocTa-
Bua 21,7%, BBICOTBL pOCTKOB 13,3%.

CKPHHHUHI CeMSH Pa3HBIX CeJbCKOXO3SH-
CTBEHHBIX KY/JIBTYpP U COPTOB I10 peaKIL UK I10Ka-
3aTesiel OMOMACCH M BBICOTHI POCTKOB Ha obpa-
6oTky I'HK pa3HbIX KOHIeHTpauuu (0,05; 0,01;
0,005; 0,001 u 0,0005%) rmokasaJ CyliecTBOBaHHE
HeCKOJBbKHX TUIIOB TaKHX peaKkI UM OTKIHUKA.
BhIsIB/IEHO YeTblpe OCHOBHBIX TUIIA PeaKLIUHU I1PO-
pallMBaHUS CeMSH pacTeHUH B TeMHOTe Ha BO3-
JleICTBHe HAHOYACTHI THAPOTePMalbHOTO KpeM-
He3eMa B JHalla30He KOHIeHTpal Ui oT 0,0005
no 0,05%. Pa3HHIIA B IPUpOCTe 6MOMacChl POCT-
KOB OJHOM M TOH >Ke KYJIbTYPHI II0 CPAaBHEHHUIO
C KOHTPOJIeM IIPH pa3HbIX KOHLeHTpauusax F'HK
cocTtaBuia 8,4-53,5% 110 pa3HBIM FeHOTHIIAM,
I10 IIPUPOCTY BBICOTHL POCTKOB - 2,1-50,1%. TakuUM
obpa3zoM, BKJIaj reHeTHU4UecKoro ¢akropa B pop-
MHPpOBaHHe OHOJIOTHYeCKUX 50 PeKTOB HAHO-
KpeMHe3eMa OYeHb 3HAUUTeJIeH.

Pa3HBIe cCOpTa OLHOM KYJBTYPhl MOTYT B pa3-
HOM CTeleHH OT3bIBaThCs Ha obpaborky I'HK,
4YTO IOLTBepXKIaeT HeobXOLUMOCTH paspa-
6OTKH COPTOBOM arpoTeXHHUKH U IIaCIIOPTa cOpTa
(rubpupa), B TOM YHCJIe YCTAHOBJIEHHUS OT3bIB-
YMBOCTH KOHKPETHBIX FeHOTHUIIOB Ha pa3HBbIe
OO3bl TUAPOTEPMAJIbHOIO HaHOKpeMHe3eMa.
ComocTaB/JIeHHEe IPUPOCTOB MacChl 100 poCcTKOB
U1 BBICOTHI POCTKOB II0Ka3ajlo, YTO AaHHBbIe [I0Ka-
3aTe/H He BCerfla HaXoAsTCs B IIPSIMOM 3aBHUCU-
MocTH. TakuM o6pa3om, BBICOTA U Macca POoCcTKa
XOTSI U B3AaWMMOCBSI3aHHBIE, HO CAMOCTOSITEJIb-
HbIe ITapaMeTphl U GOPMHUPYIOTCSI B OHTOTeHes3e
HHOHUBHUIYAJTbHO.

[TonyyeHHBIe B UCC/IeJOBAHUHY JaHHBIe MOTYT
OBITH MOJIE@3HBI OIS MOHHUMAHHSI MeXaHH3MOB
BO3JeMCTBHUS HAaHOYACTHIL Ha 3Talle IHpopac-
TaHUSA CeMAH INPU FeTepoTpOoPHOM IMUTAHHUH,
a Tak’ke [OJis IOCJeAYyIONlero HMCIO/Jb30BaHUS
B pa3paboTrke GHOTEXHOJNOTUN IIPEAIIOCEBHON
06paboTKYU ceMsIH B pACTEHHEBOCTBE OTKPBITOTO
M 3alHINeHHOIo IPyHTA, a TaK>Ke II0Jy4YeHUs
HOBBIX BH/OB IIHIIEBON HPOAYKIUU — IIPOPOCT-
KOB CEMSIH U MUKPO3€eJIeHU C BBICOKHM COJepsKa-
HyeM OHM0JIOrHYeCKH aKTUBHBIX BEIeCTB.
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CONCLUSIONS

The study continues a series of
works on assessing the effect
of hydrothermal nanosilica on
the level and direction of plant
metabolism at different stages
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in the their useful economic

properties. Treatment of seeds
with a solution of nanosized sil-
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possible to increase the biomass
of sprouts at the end of the ger-
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different concentrations (0.05,
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0.01, 0.005, 0.001 and 0.0005%)
showed existence of several types
of such response reactions. Four
main types of reaction of plant
seed germination in the dark to
the effect of hydrothermal silica
nanoparticles in the concentra-
tion range from 0.0005% to 0.05%
were revealed. The difference in
the gain of the sprouts biomass
of the same crop in compari-
son with the control at differ-
ent HNS concentrations was 8.4-
53.5% for different genotypes,
according to the increment in
the sprouts height - 2.1-50.1%.
Thus, the genetic factor contri-
bution to the formation of the

biological effects of nanosilica is
very significant.

Different varieties of the
same crop can respond to vary-
ing degrees to treatment with
the HNS, which confirms the
need to develop varietal agri-
cultural techniques and a pass-
port of a variety (hybrid), includ-
ing establishing the responsive-
ness of specific genotypes to dif-
ferent doses of hydrothermal
nanosilica. Comparison of the
weight gains of 100 sprouts and
the sprouts height showed that
these indexes are not always
directly related. Thus, the height
and mass of the sprout, although
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interrelated, are independent
parameters and are formed indi-
vidually in ontogeny.

The data obtained in the study
can be useful for understanding
the mechanisms of the effect of
nanoparticles at the stage of seed
germination with heterotrophic
nutrition, as well as for subse-
quent use in the development of
biotechnologies for pre-sowing
seed treatment in open and pro-
tected ground crop production,
and for obtaining new kinds of
food products - seed sprouts and
microgreens with a high con-
tent of biologically active sub-
stances. [ |
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