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AHHoTanus. PaboTa MocBsiIleHa BOIIPOCaM OLIeHKH CTelleHH CTHUMY/IHPYIOIIEro Bo3AeCTBI I HAHOUACTHUL] cepe-
6pa (AgNPs) Ha ceMeHa K IIPOPOCTKH Kpecc-casiaTa. B paMKax IIPOBOAMMOIO UCC/IeJOBAHUS [JIsI CTUMYJIHPOBAHUS
HCII0/IB30BaJICSl PACTBOP HAHOYACTHUI] cepebpa, I10/1y4eHHBIX B MaTpHLIe II0JIMBUHHJIOBOTO CIIMPTA, B KaueCTBe BOC-
CTAHaBJIMBAIOIIEro peareHTa IPUMeHJIaCh ACKOPOKMHOBAS KHUC/IOTA, YTO [103BO/ISIEeT OTHECTH CHHTEe3UPOBaHHbIE
PacTBOPSI K "3e/leHbIM HAaHOTEeXHOJIOTUSIM". [[ppMeHeHHe HAaHOYACTHLL cepebpa B CelIbCKOM XO3SIFCTBe II03BOISIET
MOBBICHTh UMMYHHUTET PacTeHUH. [JaHHBIH 3deKT 06ycIoBIeH baKTepUIIUIHBIMHU, 6aKTepHOCTaTUUECKUMH,
GYHTUIIUIHBIMU U IIPOTUBOBHUPYCHBIMU CBOKMCTBAMM HaHOYACTHUIL cepebpa. [IToOMHMO 3TOro, HAHOYACTHIIBI Cepe-
Opa OTHOCSITCS K 3K30TeHHBIM 3/IUCHTOPaM, C/Ie/IoBaTe/IbHO, OHU 00/1aZlaloT POCTOCTUMY/IHPYIOIIUM JIeHCTBHEM.
Pe3y/IbTaThI ITPOBeJeHHOI'0 MCC/IeIOBAHM S [T0KAa3bIBAIOT, YTO IIPHMeHsieMble PaCTBOPbI HAHOYACTHIL cepebpa IOBbI-
IIAIOT S3HEPrHI0 IPOPACTAHUS U BCXOXKECTH CeMSIH, yBeJTMUHBaIOT OMOMACCY CyXOro BellecTBa, U KOHLIeHTPALHUI0
BHUTaMHKHa C B Ha3eMHOM YacTH Kpecc-cajaTa. Haubosnbluas cTelleHb HaKOIUIEHU S cepebpa B clydae Kpecc-canarta
HabrofaeTcst B KOPHSX. [IpU 3TOM ITpeBbILIeHHe NOIYCTHMOM KOHLIEHTPallUH cepebpa He Hab/moaeTcsl.
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EVALUATION OF THE EFFECT OF SILVER NANOPARTICLES
ON THE GROWTH AND DEVELOPMENT OF CRESS
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Abstract. The work is devoted to the issues of assessing the degree of stimulating effect of silver nanoparticles (AgNPs) on
cress seeds and seedlings. As part of the study, a solution of silver nanoparticles obtained in a polyvinyl alcohol matrix was
used for stimulation, ascorbic acid was used as a reducing agent, which makes it possible to classify the synthesized solu-
tions as "green nanotechnologies". The use of silver nanoparticles in agriculture can improve the immunity of plants. This
effect is due to bactericidal, bacteriostatic, fungicidal and antiviral properties of silver nanoparticles. In addition, silver
nanoparticles are exogenous elicitors; therefore, they have a growth-stimulating effect. The results of the study show that
the applied solutions of silver nanoparticles increase the energy of germination and seed germination, increase the biomass
of dry matter, and the concentration of vitamin C in the ground part of cress. The greatest degree of accumulation of silver
in the case of cress is observed in the roots. In this case, the excess of the permissible concentration of silver is not observed.
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BBEJLEHUE

HaHOTeXHOJOTUU CUUTAIOTCS OJHOM M3 CaMBIX
OBICTPOPA3BUBAIOIIKXCSI OTpPAC/Ier COBpeMeHHOM
HayKH. B HacTOSIIHMH MOMEHT HAaHOTeXHOJIOTHU BHe-
JPUIUCDH IPAKTUYECKHU BO Bce chephl COBpeMeHHOH
SKU3HH. Pacmupenye obacTer NprMeHeHNsI HAHOYA-
CTHILL 1 HAHOMaTePHUaJ/IOB Ha UX OCHOBe IIPUBOJIUT K yBe-
JIMYeHHI0 00beMOB UX ITPOMBIIIJIEHHOT'0 IIPOM3BOAICTBA.
[Ipu 3TOM HeoOXOLKMMO ITIOMHKTb, YTO AKTHBHOE BHe-
IpeHue M00BIX TEXHOJIOTUN B OBITOBYIO Chepy SKHU3HHU
TpebyeT 3HAUUTEIBHOTO PACIIMPEeHHe YK C/Ia UCCIIef0-
BaHMII I10 OIIpe/ie/IeH IO Mep UX 6e30I1aCHOT0 IIpHuMe-
HeHU . HAHOTeXHOJIOTUU He SIBASIOTCS UCK/TIOUeHHEeM.
be3omacHOCTh NPUMeHEHHSI HAHOYACTHUIL CBSI3aHA
€ HeobXOIMMOCTBIO OLIeHKH UX BO3/IEHMCTBHS Ha OKPY-
SKAIOILYI0 CPefly Y SKUBble OPraHU3MBL. IIpU 3TOM Heob-
XOOHMMO OTMETHUTh, HaTH4YHe IPOTUBOPEUYHBON HHOOP-
MAalLlHH I10 pe3yJIbTaTaM UCCIef0BaHUS 3aBUCHMOCTH
OTBETHBIX PeaKIIUH TeCT-00eKTOB Ha IIPHUCYTCTBHE
HAHOYACTHI] B CpeJie OOHUTaHUS.

Hawnbosnee mupokoe MpuMeHeHHe HAaHOYACTHIIBI
HalllJIK B PACTEHHEBOACTBE B BHJie KOJJIOUJHOIO cepe-
6pa. KonnoumHoe cepebpo 6b1110 BriepBble 3aperyucTpy-
poBaHoO B pacTeHHeBoACTBe B 2014 roxy. JlaHHOe Belle-
CTBO SIBJISIeTCSI MHOTOQa3HOMN reTepOreHHOH CHCTe-
MOM, KOTOpas COIEeP>KUT YaCTHUIIBI cepebpa pa3mepoM
ot 1 70 100 HM, TO eCTh KOJIJIOUHOE cepe6po SIBISIETCS
IIperrapaToM Ha OCHOBe HAaHOYACTHI] cepebpa. B HacTos-
I1ee BpeMsi U3BeCTHO HeCKOJIBKO IIPeIlapaToB Ha OCHOBE
HaHOYACTHUI] cepebpa, NpHMeHsIeMbIX B PACTeHHUEBO/-
CTBe, HaIIpuMep, "Agbuon2", "3epokc”, CepebpomeiH.
Ypci1o TIof06HBIX ITPerapaToB CTPEMUTENBHO PaCTeT.
[llpoKoe IIpHMeHeHHe HaHOYACTHIL cepebpa He CIIy-
4yanHo. HaHOYACTHIIBI cepebpa IOy YH/IH O4eHb ITHPO-
KO€ PacIIpocTpaHeHHe B CBS3H C TeM, YTO OHU 06/1a1aloT
OaKTepULIMAHBIMU, 6AKTePHOCTATUUYECKUMHU, GYHTHU-
LMIHBIMHU 1 IIPOTHUBOBUPYCHBIMHU CBOMCTBAMH [1, 5-12].
ITpu 3TOM Ba>KHO OTMETHTh, YTO y MUKPOOPraHH3MOB
He BBIPabaThIBAETCSI KMMYHHUTET ITPOTUB IAHHBIX ITpe-
[1apaToB, B OT/IMYUHE OT AHTHOHOTHKOB.

ITpoBeneHHbBIEe COBPeMEHHBIe HCC/IeJOBAHU S [10Ka3bl-
BAIOT, YTO B OTHOIIEHHUH PAaCTeHUN aKTUBHOCTb HAHO-
yacTul cepebpa He OrPAaHUYUBAELTCS ONMMHUCAHHBIMU
BBIIIIE TENICTBUSMU. HaHOUACTHUIIBI cepebpa 111 pacTte-
HHU BBICTYIIAIOT B Ka4eCTBe 3K30IeHHOI0 37THCUTOPA.
ITox 3mUCUTOPaMU IIOHMMAIOT PaKTOPEI, BhI3bIBAIOIIHE
B paCTeHU X Pl HeClleUPHUYeCKUX 3alIUTHBIX peak-
LUN. [JaHHOe sIBJIeHHe TaK>Ke Ha3blBaIOT Heclleludu-
YeCKUM aJalTallMOHHBIM CHHIPOMOM. 3aITyCK JaHHBIX
PeaKIyI [103BOJISIeT PACTEHHUIO 3apaHee [IOATOTOBUThCS
K OTpaskKeHHUI0 bynymier aTaku. HaHOYaCTHIIBL cepe-
6pa KaK 37THUCUTOPHI CTUMY/IHPYIOT IIPOLIECC BEIPAOOTKH
aAKTHUBHBIX PopM KHcs1opona (ADK), TAKKX KaK IIEPOKCH]
Bomopoda H,0,, cynlepoKCUAHBIN aHUOH-paarKal O, ,
TUAPOKCHIBHBIH pafuKal OH. AOK criocobcTBYyIOT He

INTRODUCTION

Nanotechnology is considered to be one of the
fastest growing branches of modern science.
Nowadays, nanotechnology has been intro-
duced into all spheres of modern life practi-
cally. Expanding application areas of nanopar-
ticles and nanomaterials based on them leads to
an increase in their industrial production. At the
same time, it should be remembered that active
introduction of any technology into the domes-
tic life requires significant increase in the num-
ber of studies to determine measures for their
safe use. Nanotechnology is no exception. The
safe use of nanoparticles is associated with the
need to assess their impact on the living organ-
isms environment. At the same time, it should be
noted that there is contradictory information on
the results of study on response of test objects on
nanoparticles presence in our environment.

The most widespread use of nanoparticles has
been in crop production in the form of colloidal
silver. Colloidal silver was first registered in crop
production in 2014. This substance is a multiphase
heterogeneous system that contains silver parti-
cles ranging in size from 1 to 100 nm, i.e. colloi-
dal silver is a silver nanoparticle-based prepara-
tion. Now, several silver nanoparticle-based prep-
arations are known to be used in crop production,
such as AgBion-2, Zerox, and Serebromedin. The
number of such preparations is growing rapidly.
The wide application of silver nanoparticles is not
accidental. Silver nanoparticles have become very
widespread due to the fact that they have bacte-
ricidal, bacteriostatic, fungicidal and antiviral
properties [1, 5-12]. It is important to note that
microorganisms do not develop immunity against
these drugs, unlike antibiotics.

Current studies show that, with respect to
plants, silver nanoparticles activity is not limited
to the actions described above. Silver nanopar-
ticles for plants act as an exogenous elicitor.
Elicitors are defined as factors that induce a num-
ber of non-specific defense responses in plants.
This phenomenon is also called nonspecific adap-
tation syndrome. The triggering of these reactions
allows plants to prepare in advance to repel future
attack. Silver nanoparticles as elistors stimulate
reactive oxygen species (ROS) production, such as
hydrogen peroxide H,0,, superoxide anion rad-
ical 0,7, hydroxyl radical OH. ROSs contribute
not only to plants systemic resistance develop-
ment, but also directly affect bacterial and fungal
pathogens.

In addition to elicitor action, silver nanopar-
ticles are powerful growth stimulators. The
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TOJIBKO BBIPab0OTKe CUCTEMHOM YCTOMYHBOCTH Y PacTe-
HUH, HO U HallPSIMYIO BO3/IEHCTBYIOT Ha BO30OyaUTeek
baKkTepHaIbHBIX U TPUOHBIX 3a00/IeBaHHH.

HanouacTuusl cepebpa, MOMHMO 3IHCHUTOP-
HOI'O IeHCTBHSI, SIBASIIOTCS MOIIHBIMH CTHUMYJISITO-
paMu pocTa. POCTOCTUMYIHpYIOllee NelcTBHe 00y-
CJIOBJIEHO O/IOKMPOBAHKEM 3THJIEHOBBIX PeLlelITOPOB.
OTHJIeH (C2H4) IS paCTeHm?I SIBJISIETCSI TOPMOHOM CTa~
peHHs, cTpecca U Co3peBaHUs. BIIOKHPOBKA 3THJIEHO-
BBIX PeLIeIITOPOB IIPUBOAUT K IIPOJJIEHH IO BereTaIIHOH-
HOTO [IepHofia Y paCTeHU M. JJoCTaTOUHO 4acTo 3G deKTh
C IpUMeHeHHeM HaHO4YacTHI] cepebpa CpaBHUBAIOT
C BaKL[MHAI[UeH.

C opyro CTOPOHBI, cepebpo OTHOCKUTCS K TSIKeIbIM
MeTa/U1aM. COIIaCHO CAHUTAPHBIM HopMaM Poccru cepe-
6po OTHOCHTCS K BellleCTBAM BTOPOr0 KJIacca OIIACHOCTH,
TO eCTh "BBICOKOOIIACHOE BeIleCTBO" U ero Ype3MepHoe
HaKOIJIEHHE B KUBbIX OPraHH3Max MOKET IIPUBECTH K UX
rubesTu UK K CYIleCTBeHHOMY YIHeTeHHIO pa3BUTHA [9].

METO/bl UCCNEAOBAHNA

[103TOMY Ba’>KHO IIPOBOAUTDb IKCIIEPHMEHTAIbHYIO
OLIeHKY BO3/IeHICTBUSI HAHOYACTHIL cepebpa Ha pas3iny-
Hble BU/IBl paCTeHUI. [[/1s OLleHKH [IeHCTBUS HaHOYa-
cTul cepebpa Ha pacTeHHs 6bL1 BeIOpaH Kpecc-caar.
Kpecc-canaT OTHOCUTCS K PaCTeHHUSIM — OMOMHIHKa-
TopaM. OH SIBJISIeTCSI OJHOJIeTHHUM OBOLIHBIM pacTe-
HHeM, 06/1a1alol M IOBBIIIEHHON UyBCTBUTEIbHO-
CTBIO K 3aTpsI3HEHHUSIM TIOUBBI TSKEJIBIMU MeTaJIZIaMH,
a TaKXXe K 3arpsi3HEeHHUIO BO3/lyXa ra3006pa3HbIMU
BbIOPOCAMHU aBTOTPAHCIIOPTA.

Kak 6ronHAMKaTOp OH yAobeH TeM, UTO HeHCTBHe
CTPeccoB MOKHO M3y4aTh OJ[HOBpeMeHHO Ha 60JIbIIoM
YHC/le pacTeHUH IIPY HeboIbIIok IIonagu pabodero
MeCTa, IIPU 3TOM OH HMMeeT OUeHb MaJIeHbKHe CPOKH
[IPOpacTaHUS U CO3PeBaHMs, a Takke 06/1aaeT MOYTH
CTOIIPOLIEHTHOM BCXOXKECTbIO, KOTOpasl OUeHb CU/IBHO
3aBHMCHUT OT CTeIleHH 3arpsI3HeHH I OKPY>KAIOIIek Cpe/ibl.
Kpome Toro, 1oberu 1 KOpHH 3TOr0 pacTeHH s 107, Jek-
CTBHEM 3arpsi3HUTe/eH I0JBepraloTcsl 3aMeTHBIM
MopdOJIOTHYeCKUM H3MeHeHHUsIM (3a/lepXkKa pocTa
Y UICKPHBJIeHHe [106eroB, yMeHbIIeHHe I/THHBI X MacChl
KOPHeH, a TAK>Ke YHC/Ia ¥ MacChl CeMSIH).

HaHo4acTUIIBI cepebpa [0y YasIu 110 30/Ib-Te/lb TeXHO-
JIOTHH I1yTeM BOCCTaHOBJIEHH I HOHOB cepebpa ackopou-
HOBOM KHCJIOTOM B Cpefie IIOJIMBUHUJIOBOIO CITHpTa [12]:

Ag' + CHgOg = AgNPs + C;HOg.

JaHHBIM C110C06 IONTy4YeHHsI HAHOYACTHLL YCIIOBHO
MOsKeT ObITh OTHECEH K "3eJIeHbIM HaHOTeXHOJIOTHUIM".
B JaHHOM CHHTe3€e B KaUeCTBe BOCCTAHOBHTEIS HCIIO/Ib
3yeTcs ackopbrHoBas krciora (BuTaMuH C). BUTaMUH
C SBIseTCS KAaTaJINU3aTOPOM [JIsL OKHCIHUTENIbHO-BOC-
CTaHOBUTE/IBHBIX ITPOLIECCOB, IPOTEKAOMIIKMX B TKAHIX
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growth-stimulating effect is due to blocking of
ethylene receptors. Ethylene (C,H,) is an aging,
stress and maturation hormone for plants.
Blocking ethylene receptors leads to prolongation
of growing season in plants. The effects of silver
nanoparticles are often compared to vaccination.

On the other hand, silver is a heavy metal.
According to Russian sanitary norms, silver
belongs to the second class of hazardous sub-
stances, i.e. "highly hazardous substance" and its
excessive accumulation in living organisms can
lead to their death or to a significant inhibition of
development [9].

RESEARCH METHODS
Therefore, it is important to experimentally eval-
uate the effects of silver nanoparticles on differ-
ent plant species. Cress was selected to evaluate
the effect of silver nanoparticles on plants. Cress
belongs to bioindicator plants. It is an annual veg-
etable plant with increased sensitivity to soil con-
tamination by heavy metals, as well as to air pol-
lution by gaseous emissions from motor vehicles.

As a bioindicator, it is convenient because the
effect of stresses can be studied simultaneously
on a large number of plants with a small working
area, and it has a very short germination and mat-
uration time, as well as has almost one hundred
percent germination rate, which is very depen-
dent on the degree of environmental pollution.
In addition, shoots and roots of this plant under
pollutants influence undergo noticeable morpho-
logical changes (stunted growth and curvature of
shoots, reduction of length and weight of roots, as
well as number and weight of seeds).

Silver nanoparticles were prepared by sol-gel
technology by reducing silver ions with ascorbic
acid in polyvinyl alcohol medium [12]:

Ag* + CoHgOg = AgNPs + C;H O,

This nanoparticles production method can be
conditionally referred to "green nanotechnol-
ogy". In this synthesis, ascorbic acid (vitamin C)
is used as a reducing agent. Vitamin C is a cata-
lyst for redox processes occurring in plant tissues,
performing proton transfer function from the cell
to the intercellular fluid. Ascorbic acid increases
plant resistance to infections, stress and helps in
the fight against chlorosis.

Polyvinyl alcohol, used in synthesis as a stabi-
lizer of nanoparticles, is used in agriculture in the
form of hydrogels that act as a moisture-retaining
sorbent [3]. The study evaluated the effect of silver
nanoparticles on cress in four ways:
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PacTeHHH, BHIIIONHSS QyHKIIHIO [IepeHoCa IPOTOHOB
13 KJIETKU B MeXKKJIETOUH YO KU KOCTb. ACKOPOHMHOBas
KHCJIOTA IIOBBIIIAeT CONPOTHB/ISIEMOCTh PACTeHHUU
K UHPeKIUIM, CTpeccaM U IoMoraeT npu 6opnbe
C XJIOPO30M.

IToNTMBUHUIIOBLIK COUPT, IPHMeHsIeMbIH B CHH-
Te3e B KauecTBe CTabM/IM3aTOpa HAHOYACTHLI, UCIIONb-
3yeTcsl B CeJIbCKOM XO3SHCTBe B BUJle THApore/iel, KOTo-
Pble BBIIIONHAIOT QYHKIHIO BIarOyJeps>KHMBAIOIIEro COp-
beHTa [3]. B paMKax HCCIeI0OBaHUS OLleHKA BIUSHUSA
HaHOYaCTHUI] cepebpa Ha Kpecc-cajaT IPOBOJUIACH
I10 YeThIPeM HaIlpaBJIeHHUSIM:

1. Ha CKOpPOCTb ITPOPACTaHHUS CeMSIH U AJIMHY KOPHEBOH
CUCTeMBl;

2. Ha HaKoIUIeHHe 61oMacChl CyXOro BelllecTBa;

3. Ha HaKoIlJIeHHe cepebpa B 4aCTSIX IIPOPOCTKA Kpecc-
cajiaTa U ero CpaBHeHHe C JOIYCTUMOM KOHLIeHTpa-
Liel cepebpa;

4. Ha HaKoIlJleHHe BUTaMKHa C B Ha3eMHOK YaCTH IIPO-
POCTKOB Kpecc-cajiaTa.

ConepskaHHe cepebpa ompemesnsiioch B Ha3eM-
HOM YacTH U KOPHSIX METOJOM aTOMHO-aJCcopOLu-
OHHOTO aHanu3a 1o Mmetronuke 'OCT 28353.3-2017
"Cepebpo” Ha ATOMHO-aICOPOIIMIOHHOM CIIEKTpOMeTpe
"Crextp-5-3". ComepskaHue BUTaMHHA C IPOBOAUIHU
TO/IBKO B Ha3eMHOM YaCTH PacTeHH S MeTOLO0M BBICOKO-
3¢ PeKTUBHOH KUAKOCTHOM XpPOMaTOrpadui Ha IIpH-
6ope "OpnaHTt".

PE3Y/IbTATDbI U UX OBCY)XAEHUE

B pamKax 3KCIIepUMeHTaIbHOIO HCCleJoBaHuU s 6bl1a
[IpoBeJieHa OLleHKa BIAKMSHUS PaCTBOPOB, COOEPsKAIIMX
HaHOYaCTUIII cepebpa, Ha ITpopacTaHue ceMsH Kpecc-
canaTa. [lyist 3Toro 6bLIH 3a/I05KeHBI TPU OIBITHBIE I1JI0-
IaAKHU. B Tpu yamKku IleTpu ObIT IIOMeIeH BaTHBIH
JHCK, CMOUYEHHBIH 5 MJI C/IelyI0IIHX PaCTBOPOB:

e Nel-IHCTHU/INPOBaHHas Boja (KOHTPOIb);

e N2 2-1% pacTBOp aCKOpOKHOBOM KHC/IOTHI B ITIOJIMBU-

HunoBoM criupte (AK/TIBC);
¢ Ne3-pacTBOp HaHO4acTHUII cepebpa (AgNPs).

B KaskAy0 YalIKy 3a/I0KHUIH 110 50 ceMsH Kpecc-
cajiaTa v CBepXY HaKPbLIA BATHBIM JHCKOM C aHAJIOTHY-
HBIM pacTBOpoM. IIpopacTaHue ceMsH BeIM B TeYeHHe
CeMH JHEeU C IIOCTOSIHHBIM QUKCHPOBaHHEM pe3ysib-
TaToB. [l MONy4YeHHUS JOCTOBEPHBIX Pe3y/IbTaTOB
3aK/IabIBAJIOCH 10 TPH IIPo6bl. 1o JaHHBIM Habroze-
HU4 GBI OIlpejle/leHbl SHEPrUsl IpopacTaHus (Tpe-
TBU CYTKH) U BCXOXKeCTb (CelbMBble CyTKH) CeMSIH Kpecc-
canara (tabmn.l).

HabnromeHus IOKa3bIBAOT, YTO HauboIbIIas CKO-
pocTh HabyxaHHSs ceMsiH Obljla B Yalllke C pacTBO-
poM HaHouacTHUI, cepebpa AgNPs. Bo/lBIIMHCTBO
ceMsiH (92,67%) PacKpBIINCh U Ha4a/Id IIPOPACTATh
B yamke N2 3 Ha TpeTbU CyTKU HabnOAeHUs, IpHU
3TOM B 4amIKe N2 2 pacKphITHe Habnomanocs y 64,67%

1. seed germination rate and root system length;

. dry matter biomass accumulation;

3. accumulation of silver in parts of cress seed-
lings and its comparison with permissible silver
concentration;

4. accumulation of vitamin C in the above-ground
parts of cress seedlings.

Silver content was determined in above-ground
part and roots by atomic-adsorption analysis
according to the method GOST 28353.3-2017 "Silver"
on an atomic-adsorption spectrometer "Spectr-5-3".
Vitamin C content was analyzed only in ground
part of the plant by high-performance liquid chro-
matography on the "Orlant" unit.

N

RESULTS AND DISCUSSION

As part of experimental study, the effect of solu-

tions containing silver nanoparticles on the ger-

mination of cress seeds was evaluated. For this

purpose, three experimental sites were laid out. A

cotton disk moistened with 5 ml of the following

solutions was placed in three Petri dishes:

e No. 1-distilled water (control);

¢ No. 2 - 1% solution of ascorbic acid in polyvinyl
alcohol (AC/PVA);

¢ No. 3 - silver nanoparticles solution (AgNPs).

Each cup was filled with 50 cress seeds and cov-
ered with a cotton disk with the same solution.
The seeds were germinated for 7 days with con-
stant recording of the results. To obtain reliable
results, 3 samples were planted each. According to
the observation data, germination energy (3 days)
and germination (7 days) of cress seeds were deter-
mined (Table 1).

Observations shows that the highest rate of
seed swelling was in the cup with AgNPs silver
nanoparticles solution. Most of the seeds (92.67%)
opened and started germination in cup number 3
on the 3rd day of observation, while 64.67% of the
seeds opened in cup number 2 and 58% of the seeds
opened in the first cup. Increase in germination
energy and germination of seeds is a confirma-
tion of elicitor action of silver nanoparticles. After
seven days of observation, the root system of each
seedling was measured and the results were plot-
ted in the diagram (Fig.1).

The average root growth of seedlings in a Petri
dish with distilled water was 0.71 cm, in a dish
with ascorbic acid solution in polyvinyl alco-
hol was 1.24 cm, and in a Petri dish with silver
nanoparticle solution was 1.87 cm.

The analysis of experimental data shows that
the use of colloidal solution of silver nanoparti-
cles AgNPs increases the germination energy and
germination of cress seeds. It should be noted that
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Tabauua 1. MpoueHm 3Hepzuu NPOpPACMAHUS U 8CXOXKECMU CEMSIH Kpecc-caaama
Table1. Germination energy percentage and germination of cress seeds

YcnoBus Mpo6all Mpo6alll CpepHee 3Ha4YeHUe
npopacTtaHus Samplell Sample il Average value
Germination

conditions
] O (d J
°\.: X c a‘.: X c °\.: X c °\.: X c
qg.g _n'.g qgg _n'.g u;.g _n'.g ug.g 5.9
SIn b 2GS Cwm EIna b EIna b
L m Y] gy 9 g8 O 9] LgR U 9]
k£ ¥’E SEtq ;.E Srtag g.E artog ;.E
IgE QE IgES oE :gEg QE :gEg oE
LR g5 meg 85 meg g5 Moy €5
v @uv v @V 2u @uv gu auv
3 c c c
1 2 3 4 5 6 7 8 9
KoHTposib 56 80 60 86 58 84 58 83,33
Control
AK/MBC 70 92 64 100 60 96 64,67 96
AC/PVA
AgNPs 94 100 92 100 92 98 92,67 99,33

ceMSsiH, a B [IepBOM 4allKe y 58% cemsiH. [IoBbIlIeHHe
SHEPrUHU IPOPACTAHUS U BCXOKECTH CeMSIH SBJISeTCS
MOATBepKAeHHeM THCUTOPHOTIO AelCTBUS HaHO4Ya-
cTul cepebpa. ITocie ceMu AHel HabnomgeHUH ObLIIH
MIpOHM3Be/leHbl 3aMePbl KOPHEBOK CHUCTeMBI KasK[0ro
IIPOPOCTKA M Pe3y/IbTaThl [IOMEILEeHBI Ha AHATPAMMY
(puc.1).

CpelHHUH POCT KOpPHeL IIPOPOCTKOB B HallKe [leTpu
C IMCTH/UIMPOBAHHOM Bozok — 0,71 cM, B 4alllKe C pac-
TBOPOM aCKOPOMHOBOM KHC/IOTHI B IIOJTMBUHUIOBOM
croupre - 1,24 cM, a yamike IleTpu ¢ paCTBOPOM HaHO-
yacTul cepebpa - 1,87 cM.

AHaNnu3 3KCIePUMEeHTAbHBIX SJAHHBIX ITOKA3bI-
BaeT, YTO IIPU MCIIOJIb30BAHUM KOJIJIOUJHOIO pac-
TBOpa HaHOYaCTHUI] cepebpa AgNPs MOBBLIIIAETCS SHEP-
I'Ms IIPOPaCTaHU S U BCXOXKeCTh CeMSH Kpecc-cajaTa.
IIpu 3TOM He0ob6XOIHMO OTMETUTH, UTO UJET aKTHUB-
HBIU POCT 3eJIeHOU Macchl. B yamike ITeTpu ¢ acKop-
OHMHOBOM KHCIOTOM, TaK ke IIPOKUCXOLUT yBeTHUUYeHHe
MHTEHCHUBHOCTH BCXOXKECTH CeMSH, YTO OKHUAAEeMO,
TaK KaK aCKOPOMHOBASI KUCJIOTA JI/ISl pACTEHHU M CUUTA-
eTCsl Pery/IsiTopoM BogHOro obMeHa 1 MeTabonusma,
BJIMSIET Ha POCT U COITPOTUBIISIEMOCTH 60/Ie3HSIM.

JlJ1s OLleHKH BJIMSIHUSI HAHOYACTHI] cepebpa Ha ITpo-
LIeCChl HaKOIJIeHHs1 6roMaccsl 6ply1a ocyIecTBIeHa
BBICa/IKa CeMSH Kpecc-cajiaTa B JIOTKH A/ MHUKPO3e-
JIeHH, IIPOpaIlMBaHKe OCYIIeCTB/ISAI0Ch Ha KOKOCOBOM
KOBPHKe. B Ka>K/IbIi JIOTOK IIOMEIIasIoCh I10 [IBe ITa4KH
CceMsH | 110 50 MJI PaCTBOPOB, MCIIOJIb3yeMBIX B IIPOpa-
IIMBAHUH CEMSIH:

+ Nel-AMCTWIIMPOBaHHAs BOIOM (KOHTPOJIB);
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there is an active growth of green mass. In a Petri
dish with ascorbic acid, there is also an increase
in seed germination intensity, which is expected,
as ascorbic acid for plants is considered a regulator
of water balance and metabolism, affects growth
and disease resistance.

To evaluate the effect of silver nanoparticles on
biomass accumulation processes, cress seeds were
planted in microgreens trays, germination was
carried out on a coconut mat. Two packets of seeds
and 50 ml of solutions used in seed germination
were placed in each tray:

e No. 1-distilled water (control);

¢ No. 2 - 1% solution of ascorbic acid in polyvinyl
alcohol (AC/PVA);

« No. 3 - silver nanoparticles solution (AgNPs).

The samples were watered with similar solu-
tions. Germination period of cress microgreens
under experimental conditions was 14 days. After
two weeks, the samples were weighed and their
silver and vitamin C content was determined
(Table 2).

When visually evaluating the seedlings, it
should be noted that all samples have a high
degree of germination, but in packet No.3 the
growth of samples was more intense.

Analysis of experimental data shows that in
packet No.3 there is a regular increase in silver con-
centration both in aboveground part of cress and
roots. In the roots accumulates silver ions tens of
times more, compared to the above-ground part of
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+ Ne2-1% pacTBop aCKOpOMHOBOM KHC/IOTHI B IIOJTUBH-

HuoBoM criupTe (AK/TIBC);

+ Ne3-pacTBop HaHO4YacTHL cepebpa (AgNPs).

[TonuB 06pas1i0B OCYLIECTBIIS/ICS AaHAIOTUUHBIMHU
pacTBopaMH. Ilepuos MpopaIluBaHUs MUKPO3e/leHU
Kpecc-cajiaTa B YCIOBHUSIX SKCIIEPUMEHTA COCTaBIIS 14
nHell. Yepes ABe HeJle/IU OCYLIeCTB/ISIOCh B3BellIBa-
HHe 06pasLIoB U oIlpefie/leHHe CofepskKaHUe B HUX cepe-
6pa u ButamuHa C (1ab11.2).

IIpu BH3ya/IbHOM OLleHKe IPOPOCTKOB HEOOXOA MO
OTMETHUTb, YTO BCe 00pasLibl KMeIOT BBICOKYIO CTeIleHb
BCXOXKECTH, HO B JIoTKe N2 3 pocT 06pasLioB 6b11 6ostee
MHTEHCUBHBIM.

AHaM3 9KCIIePUMeHTa/IbHbIX JAHHBIX [TI0Ka3bIBaeT,
YTO B JIOTKe N2 3 Hab/nroaeTcs 3aKOHOMepHoe yBeJIrve-
HUe KOHLIeHTpalUH cepebpa, KaK B HA3eMHOH YaCTH
Kpecc-cajiaTa, Tak U B KOPHSIX. B KOPHSIX HaKaIlIuBa-
eTCs MOHOB cepebpa B IeCSTKH pa3 bosblile, 10 CpPaBHe-
HHIO C Ha3eMHOM YaCThbIO PacTeHUs. HHTepeCHBIM SIBIIS-
eTcst aKT HaKoIJIeHHUs cepebpa B pacTeHHH U B CIydae
IIpUMeHeHH s TUCTUIIMPOBAaHHOM BOJbl. [Io/ly4eHHbIe
Pe3y/IbTaThI II03BOJISIOT CAeIaTh BBIBOZ O "IO6POBOIIB-
HOM'" HaKOIIeHUH cepebpa pacTeHHSIMH, U JaHHBIH
BBIBOJ] IIOATBEPKAAeTCS MCC/IeJOBAHUSIMU APYTHX yde-
HBIX [2, 6, 7). Tak>Ke He0OXOOUMO OTMETHTD, YTO [IPHMe-
HeHHe PacTBOpa ACKOPOHMHOBOM KHUC/IOTHI yBeTHIHBAET
CTeIleHb yCBOEHH I cepebpa IMPOPOCTKAMU Kpecc-cajara.
JlaHHBIA GaKT MOKHO OOBSICHUTH [TepeBOIOM aCKOp6u-
HOBOM KHCJIOTOM cepebpa 13 cybcTpara B 6osee 10CTyII-
HYIO [I7151 pacTeHUs GopMmy.

Ba>kHO OTMETHTb, YTO IIPUMeHeHHe PacTBOpa HaHO-
yactul cepebpa (AgNPs) crioco6CcTByeT IOBBIIIEHHIO
BBIPab0TKHM BUTaMHKHa C B Kpecc-caaTe.

CornacHo coBpeMeHHBIM TPe6OBaHUSIM KOHIIEH-
Tpanus cepebpa B mpezenax 0,03-2,0 MI/KT SIBJISIeTCS

707
Bl KoHTposb
Control
607 B AK
MBC
M AgNPs

0-0,5 0,6-1,5 1,6-2,0 6onee 2,0

M| cm

Puc.1. Juazpamma pacnpedeneHusi NpOPOCMKO8 N0 3HA4EHUI0
OAUHbI KOpHel
Fig.1. Diagram of sprouts distribution by root length value

the plant. Interesting is the fact of silver accumu-
lation in plant and in case of distilled water appli-
cation. The obtained results allow us to conclude
about "voluntary" accumulation of silver in plant

Tabauua 2. OueHKa 8AUSHUS YCA0BUL NpOpaULUBAHUS KPecc-canama Ha HakonAaeHue 6uomaccsl, sumamuta C u cepebpa 8 NpopocmKax
Table 2. Evaluation of the effect of cress germination conditions on biomass, vitamin C and silver accumulation in seedlings

Ne noTka Ycnosus CopepxaHue cepebpa, Mr/kr CopepxaHue Buomacca cyxoro
Packets 3KCMepuMeHTa Silver content, mg/kg BuTamuHa C, mr/100 r BeLLecTBa, r
number Experiment Vitamin C content, Dry matter
conditions mg/100g biomass, g
Ha3zemHas 4yacTtb KopHu
Above-ground part Roots
1 2 3 4 5 6
KOHTpoO/b
1 Control 0,052 0,49 62,8 142,745
AK/MBC
2 AC/PVA 0,081 0,65 64,1 189,654
3 AgNPs 0,092 0,73 65,2 210,785
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HAHOTEXHO/OrUU

eCTeCTBEHHOM KOHIIeHTpallMel cepebpa B pacTeHHUSIX,
a comepskaHue 0,5 MI/KT CYMTaeTCsl HOpMoX (4, 8]. BaskHO
OTMETHTB, YTO HU B OTHOM 0bpa3Lie He Hab/IomaeTcs IIpe-
BBIIIEHIE eCTeCTBeHHBIX KOHIIeHTPALIUH cepebpa B I1po-
pPOCTKax, a B Ha3eMHOH YaCTH IIPOPOCTKOB KOHIIEHTPA-
LMs1 cepebpa HAXOAUTCS HA HHSKHEH T'PaHH1Ie HOPMBL.

BbIBO/Lbl

TakuM 06pa3oM, pe3ybTaThl IPOBEIEHHOIO UCCIe/I0-

BaHUSI [103BOJISIIOT CAE/IATh C/IeIyIOMIHe OOLII ke BEIBOIBL:

¢ IIpUMeHeHHs PAaCTBOPOB HAHOYACTHUI] cepebpa (AgNPs)
B MaTPHLe [IOIUBUHUJIOBOIO CIIUPTA, I10Ty4YeHHBIX
ITyTeM BOCCTAHOBJ/IEHHSI HOHOB cepebpa acKopOHHOBOM
KHCJIOTOH, CIIOCOBCTBYIOT yBeTUYeHH IO CKOPOCTH ITPO-
pacTaHUsl, HAKOIUIeHHsI 6HOMAaCChl Kpecc-CamaToM;

* HECOMHEHHO, YTO IIPMMeHeHHe PacTBOPOB HaHOYA-
ctul cepebpa (AgNPs) criocob6cTByeT MOBBIIIEHHOMY
HaKOIUIEHUIO cepebpa B PaCTeHHUH, IIPHYeM CyIle-
CTBEHHOe HaKOIlJIeHHe ITPOMCXOAUT B KOPHEBOM YaCTH
pacTeHHs, B cIydae Kpecc-cajiaTa yrnorpebieHue
Ha3eMHOM YaCcTH 6e30I1acHO /15 3[0POBbsl, IIOCKOJIBKY
KOHIIeHTpaIHs cepebpa He IIpeBbIIIaeT AOIYCTHMBIE
KOHIIeHTPAIIHH;

¢ IpHUMeHeHHe PaCTBOPOB HAaHOYACTHIL cepebpa
(AgNPs) 17151 KOPHEILIOZI0B TpebyeT OIOTHUTeTbHOM
OCTOPOKHOCTH;

* IIpUMeHeHHUe PaCcTBOPOB HaHOUACTHUIL cepebpa (AgNPs)
IIPUBOAUT K IIOBBIIIEHH IO KOHIIEHTPAl[MK BUTAMUHA
C B Ha3eMHOH YaCTH IIPOPOCTKOB Kpecc-cajara, 4To
SIBJISIeTCSI HeCOMHEHHBIM IUTIOCOM IIPMeHeHH T HaHo-
YacTHUL cepebpa B arpoTeXHUKe Kpecc-casiara.

NHOOPMALIUA O PELLEH3UPOBAHUU

Pepmakuus 61arofapuT aHOHHMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BK/IaJ, B pelleH3UpOBaHLe 3TOK
paboThl, a TaK>Ke 33 pa3MellleHHe CTaTekl Ha cakTe Kyp-
Haja ¥ [Iepefaydy MXx B 3JIeKTPOHHOM BHe B HIOb eLl-
BRARY.RU.

Jekaapauus o KoH(pAUKMe uHmepecos. A8mopbl 3a9842t0M 06
0mcymcmauu KOHPAUKITOB UHMEpecos UAU AUMHBLX OMHOWeHU,
Komopble mMo2Au bl N08AUAML HA paBomy, npedcmasAeHHyHo 8 daH-
Holl cmambe.
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and this conclusion is confirmed by the studies of
other scientists [2, 6, 7]. It should also be noted that
ascorbic acid solution application increases the sil-
ver assimilation degree by cress seedlings. This
fact can be explained by transfer by ascorbic acid
of silver from the substrate into a more accessible
form for the plant.

Importantly, silver nanoparticles (AgNPs) solu-
tion application enhanced vitamin C production in
watercress.

According to modern requirements, silver con-
centration in the range of 0.03-2.0 mg/kg is the
natural concentration of silver in plants, and con-
tent of 0.5 mg/kg is considered normal [4, 8]. It
is important to note that in none of the samples
exceeding of natural silver concentrations in seed-
lings is observed, and in the above-ground part of
seedlings silver concentration is at the lower limit
of the norm.

CONCLUSIONS

Thus, the conducted research results allow us to

draw the following general conclusions:

« application of silver nanoparticles (AgNPs) solu-
tions in polyvinyl alcohol matrix, obtained by
reduction of silver ions with ascorbic acid pro-
motes increasing of germination rate and bio-
mass accumulation by cress;

« there is no doubt that the use of silver nanopar-
ticles solutions (AgNPs) contributes to increased
accumulation of silver in plants, with signif-
icant accumulation occurs in the root part of
the plant, in the case of cress, the use of ground
part is safe for health, because the concen-
tration of silver does not exceed permissible
concentrations;

 using the silver nanoparticle solutions (AgNPs)
for root crops requires extra caution;

 application of silver nanoparticles solutions
(AgNPs) leads to an increase in concentration
of vitamin C in the above-ground part of cress
seedlings, which is an undoubted advantage of
using silver nanoparticles in cress agrotechnics.
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