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AHHOTAIIUA

[ToBEPXHOCTHAS CTEPUJINIBAIIUS CEMSH TIO/ICOJI-
"Heunuka (Helianthus annuus L.) 9BJISeTCSa CIIOXHOM
3amavell m3-3a 0Co6eHHOCTEN UX MOP(POJIOTUH.
[llepoxoBaTasd M MOPHUCTas MOBEPXHOCTb CEeMIH
CIIOCOOCTBYET afresuu MUKPOOPTAaHM3MOB, UTO
3HAUYMTEJIbHO 3aTPYAHSIET mpoliecc obes3zapa’krBa-
Hus. B maHHON paboTe mpoBeleHa KOMILIEKCHAS
oreHKa 3G (GEKTUBHOCTY PA3JIUUYHBIX XUMUYECKUX
areHTOB, NIPUMEHSIEMbIX IJS MOBEPXHOCTHOU
cTepuiausaium: sTaHosna (C2Hes0), mepekucu BOgopo-
na (Hz202), mepmanranaTa kajaus (KMnQOa), TUITOXJIO-
puta Hatpus (NaClO), autpaTa cepebpa (AgNOs), a
TaK)Xe UX KOMOMHAIUM. Pe3ysbTaThl ITOKa3aJu, YTO
GOJIBIIMHCTBO MCIBITAHHBIX BEIIECTB, BKJIOYAI
staHoJa (70-96%), nepekuch Bomopoma (1-3%),
nepMaHraHat Kayius (0,5—1%) ¥ TUIIOXJIOPUT HATPUSI
(1-15%), He obecneynBAIOT IOJHOM CTEPUIbHOCTU
CeMsiH, He3aBUCHUMO OT KOHIIEHTpPaIuyd ¥ BPEMEHU
SKCIIO3UIIMH.
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ABSTRACT

Surface sterilization of sunflower seeds
(Helianthus annuus L.) is challenging due to their
morphological characteristics. The rough and porous
surface of the seeds promotes microbial adhesion,
significantly complicating the disinfection process.
This study comprehensively evaluates the effective-
ness of various chemical agents used for surface
sterilization: ethanol (C2HeO), hydrogen peroxide
(H20:), potassium permanganate (KMnOa), sodium
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Haubosbinyo 5¢G(GeKTUBHOCTb B YCTPaHEHUU
[IOBEPXHOCTHON KOHTAMUHAIIUU MPOLEMOHCTPUPO-
BaJI HUTpPAT cepebpa. [Ipu KoHIleHTpaIusax 1-5% u
BpeMeHU 06paboTku 7-15 MUHYT OaHHBIN areHT
TTOJTHOCTBIO TIOJIaBJISJI POCT MUKPOOPTAaHU3MOB, He
BbI3bIBAd IIPU ITOM 3HAUUTEJNbHOTO CHIKEHUS
JKM3HECIOCOOHOCTH ceMaH. OfHAKO B HEKOTOPHIX
BapuaHTaX ONbITa HaOGJIOLAOCh YacCTUYHOE
TMOBpeXIeHre KOPHEBOM CHCTEMBI IIPOPOCTKOB, YTO
yKa3blBaeT Ha HEOOXOAUMOCTh TOUHOTO mombopa
mapaMeTPOB CTEPUIIUBAIIUH.

ViccnemoBaHue IMOATBEPIKIAET, UTO IJII CEMIH
TMOoMCONMHEeUHNKA TpebyeTcss MHAUBUAYATbHBIN
IIOAXOM Hpu pas3paboTKe IIPOTOKOJIOB CTEePUIM3a-
Y, YYUTHIBAKIIUN 6ajaHc Mexay s3hheKTUBHOC-
ThI0 06€33apaKMBAHUS U COXpaHeHeM (QU3UO0JIOTH-
YEeCKUX XapaKTepUCTUK ceMAH. [lojlyuyeHHEbIe
IaHHbIE TIPENCTABJSIOT MPAKTUYECKYI0 IIEHHOCTH
L7151 PUTOIIATOIOTUUECKUX, MUKPOOMOIOTUUECKUX 1
OUOTEXHOJOTUUYECKUX MCCIEeNOBaHUM, Ile HeoOXo-
IVM CTEPUJbHBIA PACTUTEJbHBI MaTepual.
PesysnbTaThl pab0oThI MOT'YT OBITh UCITOJIb30BaHbI IS
OTNITUMU3AIUY METOMOB IPENIOCEBHON 06paboTKU
ceMdgH B J1ab0OpaTOPHBIX U NMPOU3BOACTBEHHBIX
YCJIOBUSX, a TAKI)Ke TIPU pa3paboTKe HOBBIX CII0COO0B
obe33apaXMBaHUs CEMAH C BBICOKOM MUKPOOHOI
06CeMeHEHHOCThIO.

Knmwueswie cnosa. TlpenmnoceBHass o6paboTKa,
XUMUUYECKHe Ne3ruH(EeKTaHThl, DHIO0MIaTOTeHbl,
[IOBEPXHOCTHAS CTePUIN3AIlNs, CeMeHa II0ICOHeY-
HUKa, MUKpOOHas KoHTaMuHaiusa, Helianthus annuus.

BBEJEHUE

OBEPXHOCTHAS CTEPUIIU3AIIUAS CEMSIH
SIBJISIETCSI KJIIOUEBBIM 3TArioM (QUTO-
MaTOJIOTUYECKUX ¥ MUKPOGUOJIOTH-
YeCKUX HCCIIeIOBaHMM, HallpaBIeH-
HBIX HA M3yUYEeHUE DHIOTEHHBIX
MMAaTOT€HOB U KapPaHTUHHBIX 00BEK-
toB (Munkvold, 2009). [TocKOJbKY
oHa no3BojgeT AuddepeHIIPOBATh

9H/JIOMATOTeHbl OT MOBEPXHOCTHOM GaKTepUaJIbHO-

rpubHON MUKPOOMOTHI, YTO 0COOGEHHO 3HAUNMO IIPU
aHaJiim3e JATEeHTHO 3apa’keHHBIX ceMsH. OZHaKO
3(pPEeKTUBHOCTD CTEPUIUIALUU BO MHOTOM OIIpeje-

JIsieTCs MOP(OJIOTUYECKUMU OCOOEHHOCTSIMU CEMSIH,

TaKUMU KaK TEKCTypa MOBEPXHOCTH, HAJTUYUEM IO

u KyTukymnsl (Ding et al., 2013). B yacTHOCTH, ceMeHa

nonconHeuHuka (Helianthus annuus L.) obiazarmoT

MEePOX0BaTON U MOPUCTOU ITOBEPXHOCTHIO, UTO

CImoco6CTBYeT aAre3uu MUKPOOPTaHU3MOB U

3aTPYIHSET UX IIOJIHOE yLaJieHue IIPY HCII0JIb30Ba-

HUU OOUENPUHSATHIX IMIPOTOKOJOB, HATIPUMED

KpaTKOBPEMEHHOM 06paboTku sTaHoioM (Inpitak et

al.,2021).

OcHoBHAas 3ajavya Hpu paspaboTke MeToma
TTOBEPXHOCTHOM CTEPUIM3AIIUU 3aKJII0YAETCI B
ToA60pe JOCTYITHBIX ¥ BOCITPOU3BOAUMBIX METO/IOB,
KOTOpbIe 00ecIieuyrBaju ObI MTOJHOE YyCTpaHEeHUe
ITOBEPXHOCTHOY KOHTaMMUHAIIUU 6e3 MOBPEXIeHUS
BHYTPEHHUX TKaHel ceMsH U 6e3 3HAUUTEJbHOTO
CHIDKeHUA UX )KusHecrnocobHoctu (Sikin et al., 2013).
BbICOKas BCXOXKECTh MOCJTE 06PabOTKY CIY)KUT He
TOJIBKO MHAWKATOPOM COXPAHHOCTU IHAOTEHHOU

hypochlorite (NaClO), silver nitrate (AgNOs), and their
combinations. The results showed that most of the
tested substances, including ethanol (70-96%),
hydrogen peroxide (1-3%), potassium permanganate
(0.5-1%), and sodium hypochlorite (1-15%), do not
ensure complete seed sterility, regardless of concen-
tration and exposure time. Silver nitrate demon-
strated the greatest effectiveness in eliminating
surface contamination. At concentrations of 1-5%
and a treatment time of 7-15 minutes, this agent
completely inhibited microbial growth without
significantly reducing seed viability. However, in
some experimental variants, partial damage to the
seedling root system was observed, indicating the
need for precise sterilization parameters.

This study confirms that sunflower seeds require
an individualized approach when developing
sterilization protocols, balancing disinfection
effectiveness with the preservation of the physiological
characteristics of the seeds. The obtained data are of
practical value for phytopathological, microbiologi-
cal, and biotechnological research requiring sterile
plant material. The results of this study can be used to
optimize pre-sowing seed treatment methods in
laboratory and industrial settings, as well as to
develop new methods for disinfecting seeds with high
microbial loads.

Key words: pre-sowing treatment, chemical
disinfectants, endopathogens, surface sterilization,
sunflower seeds, microbial contamination, Helianthus
annuus.

INTRODUCTION

urface sterilization of seeds is akey step in

phytopathological and microbiological

studies aimed at studying endogenous

pathogens and quarantine objects

(Munkvold, 2009). It allows for the
differentiation of endopathogens from surface
bacterial and fungal microbiota, which is especially
important when analyzing latently infected seeds.
However, the sterilization effectiveness is largely
determined by the morphological features of the
seeds, such as surface texture, the presence of pores,
and the cuticle (Ding et al., 2013). In particular,
sunflower seeds (Helianthus annuus L.) have a rough
and porous surface, which promotes microbial
adhesion and complicates their complete removal
using generally accepted protocols, such as short-
term ethanol treatment (Inpitaketal.,2021).).

The primary task in developing a surface
sterilization method is to identify accessible and
reproducible methods that would ensure complete
removal of surface contamination without damaging
the internal tissues of the seeds or significantly
reducing their viability (Sikin et al., 2013). High
germination after treatment not only serves as an
indicator of the persistence of endogenous infection
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nHOEKIMY, HO ¥ 0CO6eHHO BasKHa JIJIs [IOCJIeAYIONUX
SKCIIEPMMEHTOB, BKIKYANIIUX HNpopaljiBaHue
CeMSIH B KOHTPOJIMPyeMbIX ycioBusx (OGM24-05
ISTA, 2024).

HecMOTps Ha CYIIECTBYIOIIME HCCIEMOBaHUSI,
MIOCBSIIeHHbIE IIPOTPABINBAHNIO CEMSH II0ICOJIHEY-
Huka (BormanoBa u 1p., 2021; Inpitak et al., 2021), mo
cUX TIOp He pa3paboTaHO YHUBEPCAJIbHOTO METOZA,
rapaHTupyoiero 100% cTepuibHOCTb TOBEPXHOCTU
0e3 CyIeCTBEHHOTO yrHETEeHUs IpopacTaHus. B
CBA3U C 3TUM aKTyaJIbHBIM OCTA€TCA ITOMCK OIITUMMU-
3V POBAHHBIX IIPOTOKOJIOB Je3uH(eKIInH, 06ecrieun-
BalOIIUX 6asaHc Mexay 3G dHeKTUBHOCTHI0 06e33apa-
JKMBAHUSI U COXPAHHOCThIO XKM3HECIIOCOGHOCTU
CEeMSH.

XUMUYECKUE METO/IbI CTEPUIN3AIINU IIPECTAaB-
JAI0T co6oii HauboJiee NOCTYIIHBIN BapUaHT JJIs
60JBIINHCTBA JTab0paTOPU, ITIOCKOJIbKY HEe TPEOYIOT
CTIeIMaIn3uPOBAHHOI0 060PYIOBaHMA.

CoriacHo 0630PHbBIM UCCIEI0BAHNSAM B 00JIaCTH
obeszapakuBaHusa ceMaH (Ding et al., 2013; Sikin et
al., 2013), ogHUM 13 3TAJTOHHBIX [IOIX0L0B ABJIAETCS
ob6paboTka ceMsH 2% PACTBOPOM TUIIOXJIOPUTA
Kaabusgd B TedeHue 10-15 MUH, 4YTO MPUBOAUT K
CHIDKEHUI0 MUKPOO6HOM Harpysku Ha 3,08 log KOE/r
npu coxpaHeHuu 90% BcxoxkecTH. OTHAKO JaHHBIN
MeToJ He obecIieuMBaeT IIOJHON SJIMMUHAIIUU
MHWKPOOPTraHM3MOB, YTO OTPAHUYUBAET €T0 IIpUMe-
HEHUE B HCCJENOBAaHUAX, TPEOYIOIMX abCOTIOTHOM
CTEPUJIbHOCTH.

draHoa (C:HeO) MIMPOKO IMPUMEHSIETCS OJs
nmoBepxHocTHOU nAe3uHbekuun (KysHerona, 2025).
Hanpumep, skcriosunud B 80% sTaHosie B TeueHue 10
MUH 3HAUUTEJIbHO CHU3MJIA KOHTAMUHAIIUIO CEeMSH
awotepHbl (Medicago sativa 1.), HO He obecrevuuJia
MMOJIHOI cTepuabHOCTH (Beuchat, 1997). AHAJIOTUYHO
o6paboTka ceMsH pruca 70% 3TaHoJIOM B TeueHue 10
MWH ITPUBEJIa K YaCTUYHOMY ITO/IaBJIEHUI0 MUKPOBUO-
ThI, OLHAKO TaKKe CHHU3uja BcxokecThb (Piernas,
1997). B MeTomuueckux pekomeHpainusgsx BHUUKP
(manrpumep, MP 136-2017, MP 96—-2017) npezJjiaraet-
cs KpaTkoBpeMeHHas (1,5-5 mMuH) o6paborka 70%
STAHOJIOM JJ151 Ie3NHGMEKITUY CEMSIH KYKYPY3bI U COH,
YTO ITOJHOCTHIO 06e33apakuBaeT IMOBEPXHOCTb U
IIPaKTUYECKU He CHIKAET BCXOXKECTh CEMSIH.

Ilepekuch Bomopoma (H202) Takxe SBISETCS
pacnpocTpaHeHHbIM CPeICTBOM Je3nH(eKIuu. Tak,
3% pacTBOp B TeueHue 30 MUH 06eCIIeYmI TTOJIHYIO
Ie3nHMEKITNI0 CeMsIH KaIlyCThl OTOPOIHOM (Brassica
oleracea L.) (Sanna, 2022), Torga Kak MeHee KOHIIeH-
TpUpOBaHHbIE pacTBOPHI (1%, 10 MUH) Ha ceMeHax
puca (Oryzasatival.) (Piernas, 1997) u 60jiee LJIUTENb-
Haga skcrmo3unua (3%, 7 4) Ha ceMeHax AUYMeHd
(Hordeum vulgare L.) (Munkager, 2020) IpyBeJIY JIUIIb
K 3HAYUTEJbHOMY CHUIKEHWIO, HO HEe IOJIHOH
JIMKBUAAIIAY KOHTaMUHAIIUY. AHAJOTUYHO 00paboT-
Ka 8% H:0: B TeueHue 10 MUH yMeHbIINJIa MUKPOO-
HYI0 HAarpy3Ky Ha ceMeHax JIIoIepHbI (Medicago sativa)
(Holliday, 2001). B TO ’xe BpeMsi B IpPyroM HCCJIe-
IoBaHUU 6% pacTBOpP B TeueHMe 10 MUH He TTOKa3ajl
3HaunMMoro s(dexra Ha ceMeHax JoLepHbI (Beuchat,
1997). Tak)Xe CTOUT OTMETUTbH, YTO MEPEKUCH
BOJIOPOJia CIIOCO6HA CTUMYJIMPOBATDH IIpOpacTaHMe
(Holliday, 2001), uTo mejlaeT ee MEePCIEKTUBHBIM
KOMIIOHEHTOM KOMOWHMPOBAHHBIX MPOTOKOJIOB,
0COGEHHO B COUEeTaHUY C aTeHTaMU, OKa3bIBAIOIIMMU
yrHeTarolee AeiCTBYE Ha BCXOXKECTh.

but is also particularly important for subsequent
experiments involving seed germination under
controlled conditions (OGM24-05ISTA, 2024).

Despite existing research on sunflower seed
treatment (Bogdanova et al., 2021; Inpitak et al.,
2021),auniversal method guaranteeing 100% surface
sterility without significantly inhibiting germination
has yet to be developed. Therefore, the search for
optimized disinfection protocols that balance
disinfection effectiveness and seed viability remains
relevant.

Chemical sterilization methods are the most
affordable option for most laboratories as they do not
require specialized equipment.

According to review studies in the field of seed
disinfection (Dinget al.,2013; Sikin et al.,2013), one of
the reference approaches is seed treatment with a 2%
calcium hypochlorite solution for 10-15 minutes,
which leads to a reduction in microbial load by 3.08
log CFU/g while maintaining 90% germination.
However, this method does not ensure complete
elimination of microorganisms, which limits its usein
studies requiring absolute sterility.

Ethanol (C2H¢O) is widely used for surface
disinfection (Kuznetsova, 2025). For example,
exposure to 80% ethanol for 10 minutes significantly
reduced contamination of alfalfa (Medicago sativa 1.)
seeds, but did not ensure complete sterility (Beuchat,
1997). Similarly, treatment of rice seeds with 70%
ethanol for 10 minutes resulted in partial suppression
of microbiota, but also reduced germination (Piernas,
1997). The VNIIKR methodological recommendations
(e.g., MR 136-2017, MR 96-2017) suggest short-term
(1.5-5 minutes) treatment with 70% ethanol for
disinfection of corn and soybean seeds, which
completely disinfects the surface and has virtually no
effect on seed germination.

Hydrogen peroxide (H202) is also a common
disinfectant. For example, a 3% solution for 30
minutes ensured complete disinfection of cabbage
(Brassica oleracea L.) seeds (Sanna, 2022), whereas less
concentrated solutions (1%, 10 min) on rice (Oryza
sativa L.) seeds (Piernas, 1997) and longer exposure
(3%, 7 h) on barley (Hordeum vulgare L.) seeds
(Munkager, 2020) resulted only in a significant
reduction, but not complete elimination, of contami-
nation. Similarly, treatment with 8% H20= for 10
minutes reduced the microbial load on alfalfa
(Medicago sativa) seeds (Holliday, 2001). Meanwhile, in
another study, a 6% solution applied for 10 minutes
showed no significant effect on alfalfa seeds (Beuchat,
1997). It is also worth noting that hydrogen peroxide
can stimulate germination (Holliday, 2001), making it
a promising component of combination protocols,
especially when combined with agents that inhibit
germination.

Calcium hypochlorite (Ca(Cl0),) and sodium
hypochlorite (NaClO) also serve as sterilizing agents,
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T'unoxygoputhl Kaabuug (Ca(ClO)2) u HaTpusg
(NaClO) Toke CiIy»KaT CTEPUIU3YIONMMU BEIleCTBa-
MU, HO TaK)Xe He rapaHTHPYIOT IIOJIHOT0 obe33apa-
KuBaHud. Hanpumep, 1,8-3% rumoxJOpUTHI
KaJblugd Y HaTpus B TedeHUe 10 MUH COKpaTUIU
IOy U0 posia Salmonella. Ha ceMeHaXx JIIOIEePHBI B
1000 pa3s (Beuchat, 1997). A 3% pacTBOP r'UITOXJIOPHU-
Ta HATPUS YMEHBIIWJ ITOBEPXHOCTHOE 3apa’keHue
ceMsaH guMeHs (Munkager, 2020). OTu BellecTBa
MOTYT OKa3bIBaTh HE3HAUMTEJbHOE CHUXXEHUE
BCXO0YKECTHU ITPY BLICOKUX KOHIIEHTPAIUSIX.

Hurpart cepebpa (AgNO,) B KOHIeHTpPAIUuU
0,5-10% 1okasaJi BbICOKYI0 3(h(heKTUBHOCTD IIPOTUB
rpubHoii 1 6aKTepuanbHO MUKPOOMOTHI, obecre-
YUB CTEPUJBHOCTb CEMAH AUMEHSI OKOJO 98%
(HaunHag ¢ KOHIeHTpauuy 3% U BhIIIE), OAHAKO IIPYU
BBICOKMX KOHIIEHTpPAUMAX HETaTWBHO BJMSJ Ha
BcxoxecTb (Munkager, 2020).

KoMOMHUpOBAaHHBIE METOMbI, BKIIOUAIINE
TIoCJeloBaTeIbHYI0 06paboTKy Pa3HbIMU areHTaMu,
IEeMOHCTPUPYIOT 60Jiee BBICOKYI 3((HEKTUBHOCTD.
Hampumep, couetanuve 5% MOJIOUHOMN KUCJIOTHI (I
yKkcycHo) 10 MuH U 2% TUIIOXJOPUTA KaJabilusg 15
MUH 3HAUUTEJbHO CHU3MJIO KOHTAMUHAIIUI0 CEMSH
smrotiepHbI (Lang et al., 2000), a KOMGUHAIIVS HUTPATa
cepebpa (0,5-10%) ¢ 3% mepeKuchbio BOIOPOIA MU
3% TUITOXJIOPUTOM HATPUs MO3BOJUJA LOCTUYD
BBICOKO¥ CTEIIEHU CTEPUJIbHOCTH CEMSAH SUMEHS
(Munkager, 2020).

llenbio MJAaHHOIO MCCJIEeLOBaHUS SABJISIETCH
oreHKa 9 (GHEKTUBHOCTA XMUMUYECKUX CPEICTB U UX
KOMOMHAIINY OJIS IIOBEPXHOCTHOM CTEePUIN3aIUU
CeMSH TOJICOJIHEYHMKA C ITOCJENYIOUUM OTIpesesie-
HUEM OTITUMAJIbLHOT'O ITPOTOKOJIA, 00ECIIeUNBAIONIET0
MaKCUMAaJIbHYI0 e3uHMEeKIINI0 6e3 3HAaUYNTEIbHOTO
CHIKEHUS )KM3HECIIOCOOHOCTH CEMSIH.

MATEPUAJIBI U METO/bI

VccnemoBaHue mpoBeneHo B 2025 r. Ha 6ase
PI'BY «BHUMKP» ¢ nCrI0Jb30BaHNEM CEMSIH IIOACOJ-
HeuHUKa copra BHMUUMMK-8883 (ypoxait 2024 .,
KpacHomapckuii kpaii).

CeMeHa MOJCOJHEUYHUNKA MOBEPXHOCTHO
CTEPUJU30BAJIU Pa3JUUYHBIMU XUMHNUYECKUMU
areratamu: sTaHosioM (C:H¢O), mepeKrchbio Bogopoaa
(H202), mepmauranaToM kaius (KMnOa), TUITOXJIOPU-
ToM HaTpusa (NaClO), uutpaToM cepebpa (AgNO,) u ux
KOMOMHAIIUSIMU.

Il KaXkIOoTro BapuaHTa OIbITa oTOMpau 30
ceMsH. VX TpoMbIBaJIX IPOTOUYHOM BOMIOM B TeUeHMUEe
15 MuH U cTepuaus3oBay B 40 M1 06e33apakuBaio-
Iero pacTBOpa COTJIACHO BapMAaHTy OmbITa (CM.
HIUKE). 3aTEM ITPOMBIBAJIM TPU pasa CTEPUJIbHOM
OVUCTUJJIUPOBAHHOU BOAOU, MOJCYyIIMBAJIU Ha
(bunbTpOBaNILHOY GyMare M pacKJIaAbIBaJIA B YALIKU
[Tetpu ¢ 2% cpemoit KI'A mo 10 ceMsAH B KaXXAYIO
Yaimky.

BapuaHThl, BKJII0OUalIue B ceba HUTpPAT
cepebpa, UMeJIy JOTIOJMHUTENbHBIN DTAIl IPOMBIBKH.
[TocJie cTepUIN3aIIMU PACTBOPOM U ITepe]] TpeXpaso-
BOU ITPOMBIBKOU CTEPUJIbHOM BOJOU UX ITPOMBIBAJIU
onuH pa3 1% NacCl.

BapuaHTBI OTIBITA:

Konmpone:

CeMeHa He 06pabaThIBaJINCh CTEPUIUYIOUIUMHI
pacTtBopaMu, a TOJIBKO IIPOMBIBAJIUCh COTJIACHO
WHCTPYKIIVU BbIIIIE.

but they do not guarantee complete disinfection. For
example, 1.8-3% calcium and sodium hypochlorite
reduced the Salmonella genus population on alfalfa
seeds by 1,000 times within 10 minutes (Beuchat,
1997). A 3% sodium hypochlorite solution reduced
surface contamination of barley seeds (Munkager,
2020). These substances may slightly reduce germi-
nation athigh concentrations.

Silver nitrate (AgNO,) at a concentration of
0.5-10% showed high efficacy against fungal and
bacterial microbiota, ensuring barley seed sterility of
about 98% (starting from a concentration of 3% and
above), but at high concentrations it negatively
affected germination (Munkager, 2020).

Combination methods involving sequential
treatment with different agents demonstrate higher
efficiency. For example, a combination of 5% lactic
acid (or acetic acid) for 10 min and 2% calcium
hypochlorite for 15 min significantly reduced
contamination of alfalfa seeds (Lang et al., 2000), and
a combination of silver nitrate (0.5-10%) with 3%
hydrogen peroxide or 3% sodium hypochlorite
achieved a high degree of sterility in barley seeds
(Munkager, 2020).

The aim of this study is to evaluate the effective-
ness of chemicals and their combinations for surface
sterilization of sunflower seeds and then determine
the optimal protocol that provides maximum
disinfection without significantly reducing seed
viability.

MATERIALS AND METHODS

The study was conducted in 2025 at FGBU
“VNIIKR" using sunflower seeds of the VNIIMK 8883
variety (harvest 2024, Krasnodar Krai).

Sunflower seeds were surface sterilized with
various chemical agents: ethanol (C:Hs«O), hydrogen
peroxide (H202), potassium permanganate (KMnO.),
sodium hypochlorite (NaClO), silver nitrate (AgNO3)
and their combinations.

For each experimental variant, 30 seeds were
selected. They were rinsed under running water for
15 minutes and sterilized in 40 ml of a disinfectant
solution according to the experimental variant (see
below). They were then rinsed three times with sterile
distilled water, dried on filter paper, and placed in
Petridisheswith 2% PDA medium, 10 seeds per dish.

Variants containing silver nitrate had an
additional rinsing step. After sterilization with the
solution and before rinsing three times with sterile
water, theywere rinsed once with 1% NaCl.

Experiment options:

Control:

The seeds were not treated with sterilizing
solutions, but were only washed according to the
instructions above.

Sterilization with ethanol (C:Hs0):

70% ethanol solution was used for 2, 10, 15 min,
96%-2,10,15 min.
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Cmepunusayus smanonom (C:Hs0):

Hcnonb3oBanu 70% pacTBOP 3TaHOJIA B TEUEHUE
2,10,15MuH,96% —-2,10,15 MUH.

Cmepunu3ayus nepexucoro 6000poda (H:0:):

Ucrnionb3oBanu 1% pacTBOp MEPEKUCU BOAOPOAA B
TeueHuel,5,10muH,3%-1,5,10MuH, aTakxkel,2,3u4 .

Cmepuausayus nepmanzanamomkanus (KMn0.):

Ncnonw3oBanu 0,5% pacTBOp mepMaHraHara
KajausgaBTeueHue5,10,15,20MuH, 1% —-5,10,15,20 MUH.

Cmepunusayus eunoxaopumomnampus (NaCl0):

Ncnoab3oBanu 1% pacTBOp IUIOXJOPUTA
HaTpu4d B TeueHue 1, 5, 10, 15 muH, 5% - 1, 5, 10, 15
MuH, 10% —10, 15 muH, 15% — 10, 15 MmuH, a Takxe 3%
BTeueHne 30 MuH, 112 4.

Cmepunusauus Humpamom cepeopa (AgNO,):

Vcmonb3oBanu 1% pacTBop HUTpaTa cepebpa B
TeueHwue 5, 10, 15 muH, 5% -5, 10, 15 muH, 2% -7, 10
MuH, 3% —7,10 MuH.

Komb6unuposannas cmepunu3ayus HUMpamom
cepebpa (AgNO,) u eunoxnopumomnampus (NaCloO):

Vicmionb3oBanu 2% pacTBOp HUTpaTa cepedbpa B
TeueHue 5 u 7 MUH, a 3ateM 10% pacTBOp TUIIOXJIOPU-
Ta HaTpuAa B TedeHue 5 1 10 MuH. Takoxe IPUMEHAIN
1% pacTBOp HHTpaTa cepebpa B TeueHHE 5 MUH,
a 3ateM 19% TUIIOXJIOPDUT HATPUS B TedeHUHe 5 U
10 muH. U1 0,5% pacTBOp HUTpaTa cepebpa B TeEUeHUE
5 MuH, 3aTteM 19% TUNOXJIOPUT HATPUSA B TeUueHUE
5110 MuUH.

KomGunupoeannas cmepuiu3ayus HUmMpamom
cepebpa (AgNO,) uneperxucoro 6000poda (Hz0:):

Vicnonb3oBasiu 1% pacTBOp HUTpaTa cepedpa B
TeueHMUe 5 MUH, a 3aTeM 20% IepeKkuch BOJOPOLa B
TeyeHue 5 u 10 muH. 1 0,5% pacTBOp HUTpara
cepebpa B TeueHue 5 MUH, 3aTeM 20% IIEPEKUCH
BOoJopoga B TeueHre 5 1 10 MuH. HacTOJIBKO BbICOKAs
KOHIIeHTpalyd [IePeKrCcU BOLOPOoLa UCIIOJIb30BaHA,
TIOCKOJIbKY HU3KMEe ee KOHIeHTpPalluu He CMOTJIU
06e33apa3uTh MIOBEPXHOCTH CEMSH.

MeTonuka yuyeTa HePruu NpopacTaHugd u
BCXOXKeCTU ceMdaH ocHoBaHa Ha I'OCT 12038-84 c
MoAMUKALUAMY: CeMeHa IOMellaJu B YallKU
[TeTpu Ha cpeny KI'A 2%, THKyO6MPOBaJIM B TEPMOCTA-
Te mpu Temiiepatype 25 °C. Ha 3-# fieHb onIpefesissain
SHEPTUI0 IIPOpacTaHus, Ha 7-U JIeHb — BCXOXXECTh
ceMsH, Ha 14-% HeHb CMOTPEJU Ha KOJUYECTBO
3apa’keHHBbIX CEMSH U pa3BUTHE IIPOPOCTKOB. B
KakZloM BapuaHTe omnbiTa 6b1ji0 Mo 30 ceMsH,
pasJio’keHHBIX Ha TpU yamky [TeTpu 1o 10 mIT.

BcxoXeCcTh CeMSH — 3TO HUX CIIOCOOHOCTH
IIpopacTaTh B 3aJaHHbIE CPOKYU IIPU OIIPeleJIEHHBIX
ycyioBUsAX. JJaHHBIM MMOKa3aTeJlb PAaCCUUTBHIBAETCS
KaK IPOILIeHTHOE COOTHOIIEHE KOJIMUECTBA ITPOPOC-
IITUX CEMSTH K 0B1IIEeMY UM CJTy BBICETHHBIX.

JHeprud IpopacTaHus CeEMSAH — 9TO [10Ka3aTellb,
OTPa’KaWUUA MX CIIOCOOGHOCTH K APYXXKHOMY U
6picTpOMYy TpopacTaHuio. OH oIpeesseTcs Kak
MPOIIEHT CEMsH, MPOPOCIINX 3a 6oJjiee KOPOTKUU
IPOMEXYTOK BPEMEHU I10 CPABHEHUIO C IIEPUOMOM,
YCTaHOBJIEHHBIM J1J14 OLL€HKY BCXOXKECTU.

JHEePruI IIpopacTaHusd, BCXOXECTh U IPOLEHT
KOHTAMUHUPOBAHHBIX CEMSIH PAaCCUMTBHIBAJU B
MIPOIIeHTaX HAa OCHOBE TPeX MOBTOPHOCTEM [IJiA
Ka)XJIOTO BapuaHTa OMbITa. [l OIleHKU JOCTOBEP-
HOCTHU Pas3IMuuil BeIYUCHAIN 95% [OBEPUTEIbHBIE
uHTEepPBabI (1) cpelHero 3HaYEeHUSs, UCITOJb3YH t-
pacnpeznesieHue. PacueTsl IIPOBOLUJU B cpele
Microsoft Excel.

Sterilization with hydrogen peroxide (Hz0:):

A 1% hydrogen peroxide solution was used for 1,
5,10 minutes, 3% -1, 5,10 minutes,and also1, 2, 3and
4hours.

Sterilization with potassium permanganate
(KMn0.):

A 0.5% solution of potassium permanganate was
usedforb5,10,15,20 minutes, 1%-5,10,15, 20 minutes.

Sterilization with sodium hypochlorite (NaCl0O):

A 1% solution of sodium hypochlorite was used for
1,5,10,15 min, 5% -1, 5,10, 15 min, 10% - 10, 15 min,
15%-10,15min,and 3% for 30 min, 1 and 2 hours.

Sterilization with silver nitrate (AgNO,):

A 1% solution of silver nitrate was used for 5, 10,
15min,5%-5,10,15min,2%-7,10min, 3%-7,10 min

Combined sterilization with silver nitrate (AgNO,)
and sodium hypochlorite (NaCl0):

A 2% silver nitrate solution was used for 5 and 7
minutes, followed by a 10% sodium hypochlorite
solution for 5 and 10 minutes. A 1% silver nitrate
solution was also used for 5 minutes, followed by 19%
sodium hypochlorite for 5 and 10 minutes. A 0.5%
silver nitrate solution was also used for 5 minutes,
followed by 19% sodium hypochlorite for 5 and 10
minutes.

Combined sterilization with silver nitrate (AgNO,)
and hydrogen peroxide (Hz0z):

A 1% silver nitrate solution was applied for 5
minutes, followed by 20% hydrogen peroxide for 5
and 10 minutes. A 0.5% silver nitrate solution was
applied for 5 minutes, followed by 20% hydrogen
peroxide for 5 and 10 minutes. This high concentra-
tion of hydrogen peroxide was used because lower
concentrations were unable to disinfect the seed
surface.

The method for measuring seed germinative
energy and viability is based on GOST 12038-84 with
modifications: seeds were placed in Petri dishes on a
2% PDA medium and incubated in a thermostat at
25°C. Germinative energy was determined on day 3,
seed germination on day 7, and the number of
infected seeds and seedling development were
assessed on day 14. Each experimental setup
included 30 seeds, distributed among 3 Petri dishes
with 10 seeds each.

Seed germination is the ability of seeds to
germinate within a specified timeframe under given
conditions. This indicator is calculated as the
percentage of germinated seeds relative to the total
number sown.

Seed germinative energy is an indicator of a
seed's ability to germinate rapidly and uniformly. It is
defined as the percentage of seeds that germinate
within a shorter period of time than the period
established for evaluating germination.

Germinative energy, germination rate, and
percentage of contaminated seeds were calculated as
percentages based on three replicates for each
experimental treatment. To assess the significance of
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IloBepUTENbHBIM MHTEPBAJ — 5TO AUAMa30H
3HAYEHMH, B KOTOPBIN C OIpPEIeeHHON BEepOITHOC-
Thi0 (YPOBHEM [OBEPUSA) IOIaJaeT UCTUHHOE
3HAUYEeHVeE [TapaMeTpa reHepaJbHOM COBOKYITHOCTH.

[TomrpaBKa Ha t-pacrpejieJleHre UCII0JIb30BaHa,
ITOCKOJIbKY YHCJIO TIOBTOPHOCTEI B OIIBITE OBLIO
He6OJIbIITM.

VpenTudukanusa rpuboB, BbIJEJEHHBIX C
TIOBEPXHOCTU CEMSH, TIPOBEJleHa METOZOM MUKPO-
CKOTIMPOBAHMUSI.

PE3VJIBTATBI U OBCYKJAEHUE

Pe3ysibTaThl MCCIENOBAHMS ITOKA3AJIH, UTO 6OJIB-
IIMHCTBO CTEPUJIUIYIOIIUX BENECTB HE CIIOCOOHBI
MOJHOCThI0 00e33apa3suTh ITOBEPXHOCTb CEMSIH
HEe3aBUCUMO OT KOHIIEHTPAIIMM U BDEMEHU DKCIT03U-
1uu. C TIOBEPXHOCTHU CEMSH BbIJIEJIEHBI TPUGBI POJIOB
Mucor, Penicillium v Aspergillus (MUKpPOCKOTIMUECKast
ugeHTu(uKanua). bakrepuanbHasad KOHTaMHHAIIUA
He oOHapy’KeHa.

Imanon

ITpu obpaboTke 70% sTaHONOM Ha 14-e CyTKU
JI0JI KOHTaMUHUPOBAHHBIX ceMaH cocTtaBuiia 100%
(IN: 100-100%) mpu pasjUUYHOMN AJIUTEJIbHOCTHU
skcmo3uiuu. BexoxecTh gocturaja 100% npu
skcrosuiiuy 2 MuH (JU: 98-101%), 93% nipu 10 MuH
(OU: 88—98%), cumxkasich 0o 77% npu 15 muu (JU:
68-81%). dHeprug nNpopacTaHUsI OCTaBajiach
BBICOKOM, 111 2 MUH — 87% (IU: 83-91%), mj1s1 10 MUH
37% (JIV: 32—42%), 32 UCKJIIOUEHNEM DKCIIO3UIINHY 15
MuH - 3% (JU:-2-9%).

[IpuMeHeHUE 96% 3TaHOJIa COMPOBOXIAJIOCH
KoHTaMuHaIuen 77-100% ceMsaH K 14-My IHIO; TIPU
2- 1 10-MuHyTHOU sKcmosuinuu — 100% (IU:
100-100%), ipu 15-MuHyTHOM — 77% (OU: 64-74%).
BexokecTb BapbupoBaia: 100% (IU: 95-103%) nJisa 2
MUH 3Kcnosunuu, 83% (JIUN:76-89%) nnaa 3 MUH,
cHMKasICh 10 43% (IU: 37-50%) ITpu SKCITO3UITNU 15
MHWH. JHEPTUA IMpPOpacTaHUs COXpaHAJIach Ha
BBICOKOM YPOBHE TOJIBKO ITPU 060paboTKe 2 MUH — 87%
(IN:80-94%).

Ipu xoHUeHTpanuu 96 u 70% U BpeMeHeEM
sKcmo3uiuy 10 MUH ¥ JoJablle HabOJNIOAAITCI
YYaCTKU KOPEIIKA C YChIXaHUEM, UTO TOBOPHUT O €TO
TIOBPEXIEeHUY CIUPTOM.

STaHOJI He TIOAXOAUT AJIS CTEPUIN3aLIUY CEMSIH
TMOJCOJHEUYHMKA, ITOCKOJbKY B MCIIOJIb3yEeMbIX
BapHaHTax He o6ecreyrBaeT JOCTATOYHO BBICOKMU
YPOBEHD CTEPUIIN3AIINY, & TIPY IOBBIIIEHUN BpeEMe-
HY DKCIO3UIIUU BCXOXKECTb CEMSIH MPOIOJIKUT
YMEHBIIATbCH.

Ilepexuco 60dopoda

[Ipu skcnosunuax oT 1 go 10 MUH 3Heprud
IpopacTaHusa U BCXOXKECTb OCTABaJIICh BBICOKMIMHU.
OpHako Habamwmamgach 100% (AM:100-100%)
KOHTaMMWHAIINI CEMSH.

[Ipu yBeauveHUY BpeMeHu 06paboTku 10 1-4 4
KOJMYEeCTBO MHPUIIMPOBAHHBIX CEMSIH IIO-
npexHeMy octaBasoch 100% (AM: 100-100%).
BcxoxxecTh Ipu sKcmosuuuum 1 4 — 97% (IU:
94-102%),249—100% (JIN: 98-101%), 3u—100% (JIU:
100-100%), 4 u — 97% (OU: 95-100%). dHeprus
npopactanusa: 1 4 — 93% (IU: 91-96%), 2 1 — 100%
(IN: 97-102%), 3 u—100% (IU: 98-101%), 4 u—90%
(IN:86-94%).

[Tepekuch Bogopoma HeapdheKTUBHA LI
CTEePMJIN3AIINY CEMSH ITOICOTHEeUHNKA. OgHAaKO OHA

differences, 95% confidence intervals (CI) of the mean
values were calculated using the t-distribution.
Calculations were performed in Microsoft Excel.

A confidence interval is a range of values within
which, with a given probability (confidence level), the
truevalue of a population parameter falls.

A t-distribution correction was used because the
numberofreplicatesin the experiment was small.

Identification of fungi isolated from the seed
surface was performed using microscopy.

RESULTS AND DISCUSSION

The study results showed that most sterilizing
agents are unable to completely disinfect the seed
surface, regardless of concentration and exposure
time. Fungi of the genera Mucor, Penicillium, and
Aspergillus were isolated from the seed surface
(microscopic identification). Bacterial contamination
was not detected.

Ethanol

When treated with 70% ethanol, on the 14th day,
the proportion of contaminated seeds was 100% (CI:
100-100%) at different exposure times. Germination
reached 100% with an exposure of 2 minutes (CI: 98-
101%), 93% at 10 minutes (CI: 88-98%), decreasing to
77% at 15 minutes (CI: 68-81%). Germination energy
remained high, for 2 minutes - 87% (CI: 83-91%), for
10 minutes 37% (CI: 32-42%), with the exception of 15
minutes of exposure - 3% (CI: -2-9%).

Application of 96% ethanol resulted in contami-
nation of 77-100% of seeds by day 14; 100% (CI: 100-
100%) with 2 and 10-minute exposures, and 77% (CI:
64-74%) with 15-minute exposure. Germination
varied: 100% (CI: 95-103%) for 2 minutes of exposure,
83% (CI: 76-89%) for 3 minutes, decreasing to 43% (CI:
37-50%) with 15 minutes of exposure. Germination
energy remained at a high level only with 2-minute
treatment - 87% (CI: 80-94%).

At a concentration of 96% and 70% and an
exposure time of 10 minutes or longer, areas of the
spine with drying are observed, which indicates
damage by alcohol.

Ethanol is not suitable for sterilizing sunflower
seeds, since in the variants used it does not provide a
sufficiently high level of sterilization, and with an
increase in exposure time, seed germination will
continueto decrease.

Hydrogenperoxide

With exposures from 1 to 10 minutes, germina-
tion energy and viability remained high. However,
100% (CI: 100-100%) seed contamination was
observed.

When the treatment time was increased to 1-4
hours, the number of infected seeds still remained
100% (CI: 100-100%). Germination at 1 hour exposure
was 97% (CI: 94-102%), 2 hours - 100% (CI: 98-101%),
3 hours - 100% (CI: 100-100%), 4 hours - 97% (CI: 95-
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ob6samaet 3(pHeKTOM, CTUMYIUPYIOIIUM BCXOXKECTb,
M03TOMY OyZeT MCII0Ib30BaHa B KOMOMHMPOBAHHBIX
BapuaHTaX CTEPUIM3AIIUN.

Iepmaneanamranus

CeMeHa BCEX BapUaHTOB OIIbITa OBLIN MTOJHOC-
ThI0 KOHTAMUHVPOBAHBI yoKe Ha 3-e cyTKU. HauMeHb-
II1ast BCXOXKECTb X DHEPTrus MPopacTaHus ObLIN IIPU
BpeMeHU skcno3unuu 20 MuH, ripu 0,5% KoHIIeHTpa-
nuu — 63% (IU: 60-70%) u 63% (OU: 60-69%), ipu
1% KoHIleHTpauu — 67% (IU: 62-69%) u 67% (JIU:
60—70%) COOTBETCTBEHHO.

TTepMaHTaHAaT KaJIM He ITOIXOIUT IJIsI CTEPUIIU-
3aIM CEMSH ITOACOJTHEUHMKA.

Tunoxnopumunampus

Bo Bcex 9KCIo3uIuAX NpU KOHLeHTpauuu 1 u
5% KOHTaMUHaLUI CeMdH Ha 14-e CyTKU COCTaBUJIa
100% (OW: 100-100%). ITpu KoHileHTparuu 10% —
97% xoutamuHanusg (I gjas 10 mun: 93-103%, AU
ansg 10 mus: 91-102%), npu KoHIleHTpanuu 15% —
100% xoHTaMuHAaNMg 419 10 MuH skcaosunuu (JIU:
100-100%), mas 15 muuyT — 93% (AM: 92-100%).
OIHaKO ceMeHa 3apacTajii He TaK OBICTPO, Kak B
npenpIayIux BapuaHTaxXx. K ToMy e BCX0XXeCTh
(93%; IU: 90-97%) u sHeprus npopactanusa (90%;
II: 86—94%) ocTaBaJKUCh BBICOKUMMU JIake IIpu 15%
KOHIIeHTpAalLu¥ B TeueHue 15 MUH.

BapuauT c 60Jee AJIUTEIbHOM SKCII03UIlel 3%
(oT 30 MUH 110 2 U) TaKKe oKasajics Hea(h(hHEKTUBHBIM.
Ha 14-e cyTku 3apakeHHble ceMeHa coctaBuiu 100%
(IM: 100-100%) mJis BceX BapMaHTOB. BCXOXECThb U
9Heprud IpopacTaHUS IO-IIpeXHeMy OCTaJIUuCh
BBICOKUMMU.

FMnoxJiopuT HATpugd He 3PPeKTUuBEeH A
CTEPUIIN3AIIUY CEMSH, OJJHAKO CITIOCOGEH YaCTUUYHO
TIOMABJISATh KOHTAMUHAIMIO Ha 3—7-1 [IeHb, TIPU 9TOM
IpaKTUYeCcKU He CHIUXKAeT BCXOXeCThb. [103TOMYy OH
OyZeT MCIIOJIb30BAaH B KOMOWHUPOBAHHBIX BapUaH-
TaxX CTepUJIN3alluu.

Humpam cepedpa

Bo MHOTMX BapuaHTaxX HUTpPaAT cepedpa cMor
TIOJIHOCTBI0 YCTPAHUTD ITIOBEPXHOCTHYI0 NH(PEKITUIO.
Hamnpumep, 1% 15 muH; 2% 7, 10 muH; 3% 7, 10 MuH;
5% 10, 15 MuH (cM. Ta6a. 1 u 2). Hamsrydimnas BCX0XXECTh
—93% (OU: 93-100%) u sHeprusd mmpopacTanus 76%
(OIU: 69-84%) — 13 BAPUAHTOB OITbITA, [TO3BOJIUBIINX
TIOJTHOCTBI0 00€e33apasuTh ITOBEPXHOCTh, HabI0IA-
JIMCh B BapruaHTe 1% KOHIIEHTPAIlUU C 9KCII03UIlel
15 MuH. [Ipu DOBBINIEHUU KOHLeHTpauuu 2-5%
BCXOXXECTb ¥ DHEPTHus MpPopacTaHUd 3HAYUTEIbHO
cHUXaauch. OMHAKO BO BCeX MepPEeUYUCTEeHHBIX
BapuaHTaX KOPHU YaCTUYHO TEMHEJIUW U yChIXaJU
BCJIEJICTBUE BO3AENCTBUS CTEPUIUIYIOUIETO Bellec-
TBa. [1IoaTOMY JajbHEUIIE BaPUAHThI OMBITA OYAYT
KOMOWHUPOBAHHBIMUY, YTOOBI yMEHBIIIUTD BPEIOHOC-
HOe BO3JelcTBME HUTpaTa cepebpa, COXpaHUB
TIOoJIHOE 06€e33apakMBaHIE CEMSIH.

B Tabu. 1 1 2 ykasaHbI JOBEPUTEIbHbBIE MHTEPBA-
JIBI 1Jig 3HAYeHUU sHepruu npopacrtaHus (3-u
KOHTPOJIbHBIN IEHD), BCXOXKeCTH (7-1 JeHb), IPOIIEH-
Ta KoHTaMuHanuu (14-ii 1eHb) IJIg KaXKI0T0 BapuaH-
Ta OIIbITA.

Humpam cepe6pa u 2unoxaiopumHampus

Jlydymu# pesysabTaT IIOKa3aJu BapUAHTHI C
HUTpaToM cepebpa 1% 5 MUH U TUIIOXJIOPUTOM
HaTpus 19% 10 MuH. OgHAKO OHU He OOecIevuuIn
TIOJIHYI0 CTEPUJIBHOCTh CEMSH: IPOIIEHT 3apakeH-
HBIX ceMdH Ha 14-e cyTku cocrtaBui 27% (JIU:

100%). Germination energy: 1 hour - 93% (CI: 91-
96%), 2 hours - 100% (CI: 97-102%), 3 hours - 100%
(CI:98-101%), 4 hours - 90% (CI: 86-94%).

Hydrogen peroxide is not effective for sterilizing
sunflower seeds. However, it does stimulate germina-
tion, so it can be used in combination sterilization
methods.

Potassium permanganate

Seeds of all experimental variants were com-
pletely contaminated already on the 3rd day. The
lowest germination and germination energy were at
an exposure time of 20 min, ata 0.5% concentration of
63% (CI: 60-70%) and 63% (CI: 60-69%), at a 1%
concentration of 67% (CI: 62-69%) and 67% (CI: 60-
70%), respectively.

Potassium permanganate is not suitable for
sterilizing sunflower seeds.

Sodium hypochlorite

In all exposures at concentrations of 1 and 5%,
seed contamination on the 14" day was 100% (CI: 100-
100%). At a concentration of 10% - 97% contamina-
tion (CI for 10 min: 93-103%, CI for 10 min: 91-102%),
ataconcentration of 15% - 100% contamination for 10
minutes of exposure (CI: 100-100%), for 15 minutes -
93% (CI: 92-100%). However, the seeds did not
overgrow as quickly as in the previous options. In
addition, germination - 93% (CI: 90-97%) and
germination energy - 90% (CI: 86-94%) remained
highevenata15% concentration for 15 minutes.

A longer exposure of 3% from 30 minutes to 2
hours also proved ineffective. On the 14" day, the rate
of infected seeds was 100% (CI: 100-100%) for all
treatments. Germination and germinative energy
remained high.

Sodium hypochlorite is not effective for seed
sterilization, but it can partially suppress contamina-
tion within 3-7 days without significantly reducing
germination. Therefore, it will be used in combination
sterilization methods.

Silver nitrate

In many variants, silver nitrate was able to
completely eliminate surface infection. For example,
1% for 15 minutes, 2% for 7, 10 minutes, 3% for 7, 10
minutes, 5% for 10, 15 minutes (see Tables 1 and 2).
The best germination rate of 93% (CI: 93-100%) and
germinative energy of 76% (CI: 69-84%), of the
experimental variants that allowed complete
disinfection of the surface, were observed in the 1%
concentration variant with an exposure time of 15
minutes. With an increase in concentration of 2-5%,
germination and germinative energy significantly
decreased. However, in all of the listed variants, the
roots partially darkened and dried out due to the
effect of the sterilizing substance. Therefore, further
experimental variants will be combined to reduce the
harmful effects of silver nitrate while maintaining
complete disinfection of the seeds.

Tables 1 and 2 show the confidence intervals (CI)
for the values of germinative energy (3" control day),
germination (7" day), and percentage of contamina-
tion (14" day) for each experimental variant.

Silver nitrate and sodium hypochlorite:

The best results were shown by the variants with
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Tao6u1. 1. Pe3yibTaThl OMBITOB 10 IOBEPXHOCTHOMY 00€33apakMBaHMNI0 CEMSH MO COJTHEUHMKA

pactBopom AgNO3 ¢ KoHIIeHTpanuei 1 u 5%

Table 1. Results of experiments on surface disinfection of sunflower seeds with a solution

of AgNO3 with a concentration of 1 and 5%

Bpems 3Kcno3nuun, MUH Exposure time, min
AgNO, 5 | 10 | 15
KouTpossHbie guu Control days
KoHII.
I.B., % o
Concentration Iloka3aTenu, % 3n 70 14n 3a 7n, 14p, 3n 7n 14n
of active Indicators, % 3d 7d 14d 3d 7d 14d 3d 7d 14d
ingredient
(AD, %
KoJji-Bo 100 AM: 100 OM: 0 Iu:
3apakeHHbIX CEMSIH 100-100 100-100 0-0
. 3 100 3 100 (1) 1]
Number of infected 100 CL: 100 CI: ocCr:
seeds 100-100 100-100 -0
1
Koj-BoO 88 Iu: 94 NN: 82 nu: 94 N: 76 JU: 93 oU:
MPOPOCHINX CEMSIH 85-92 88-102 95 76-89 86-101 o1 69-84 89-99 03
Number of germinated | 88CL 94 CL: 82 CL: 94 CL: 76 CI: 93 CL:
seeds 85-92 88-102 76-89 86-101 69-84 89-99
KoJj-Bo 100 OM: 0 u:
3apakeHHbIX CEMSIH 100-100 0-0
Number of infected 3 =0 100 CL: C 0 0 0 0 0CL:
seeds 100-100 0-0
5
KoJ-Bo 46 IN: 50 IM: 0 oM 27 I: 191179 10 oM:
MPOPOCHINX CEMSIH 36-54 44-57 51 0-0 21-34 30 0-0 5-15 17
Number of infected 46 CI: 50 CIL: 0CL: 27 CIL: 0CL 10CL:
seeds 36-54 44-57 0-0 21-34 0-0 5-15
KoJi-Bo 3apakKeHHBIX 100 Au: 100 Au: 100
ceMsH 100-100 100-100 au:
OTpuuaTensb- | Nymbper of infected goy Le0 100 CI: g0y f00 100 CI: Loy go0 100
HBIH seeds 100-100 100-100 cL:
KOHTPOJIb
Negative KoJji-Bo npopocmux 90 IU: 93 IU: 87 IU: 93 IU: 87 IU: 90 IU:
control ceMsH 87-91 86-99 93 89-91 91-99 03 83-98 81-102 93
Number of germinated | 90CIL 93CL: 87CL: 93 CI: 87CL: 90 CI:
seeds 87-91 86-99 89-91 91-99 83-98 81-102

23-33%). BcxoskecThb BO BCEX BapHaHTaX OCTaBajach
Boilie 90%, HauMeHblIasgd SHEPrus NpopacTaHUusa
67% (OU: 64-71%) 3aukcupoBaHa IJisg BapuaHTa
AgNO, 1% 5 muH + NaOCl 19% 10 MuH, HauboIbIIas —
100% (OU: 98-101%) maist AGNO, 0,5% 5 muH + NaOCl
19% 5 MmuH. TakuM 06pa3oM, TIPU CHUKEHU Y KOHIEH-
TpaIuy UJIU BpEMEHY SKCIIO3UIMY HUTPaTa cepebpa
HUXXe MUHUMaJbHO 3((HEKTUBHBIX CXeM, YyCTaHOB-
JIEHHBIX B NpeJbIAyIIeN YacTU 3KCIEPUMEHTA,
JIOTIOJTHUTEIbHAs 00pa6oTKa BBICOKUMHU KOHIIEHTPA-
IUSIMU TUNOXJIOPUTA HATPUS HEe CIpPaBJsAiach Co
CTepUInU3aIed OCTaTOYHOTO 3apaskeHus. [Ipu 3TOM
Iake TIpM KOHIIEHTpAaIluy HuTpaTa cepebpa 0,5% B
TeueHUe 7 MUH KOPHU UMeJU YyYaCTKU C YChIXaHUS-
MU, BU3yaJIbHO CXO’KMe I10 Pa3MepaM C IOpPa*KeHusI-
MY KOPHEU B OTIbITaX ¢ 60JIbIlIel KOHIIEHTPAIIEH.

Humpam cepe6pa unepexucs 60dopoda

Hu ofvH M3 BapUaHTOB He 06ECIIeYnJI TTOJTHOMN
CTEPUJIN3AIIMU CEMSH, IIPU 3TOM, TaK )Ke KaK U B
JIPYTUX OTIBITaX, HAOII0aI0Ch yChIXaHEe KOPHS.

TakuM obpaszoM, pacTBOpP HuTpara cepebpa
MOXEeT 06eCIeYuTh IOJHYI0 MOBEPXHOCTHYIO
CTepUJIN3aluio CeMdH TOoJACOoJIHeUHuKa. OfLHAaKO
Jake MUHUMAaJIbHasd HCIIOJb3yeMas KOHIIeHTPaIusi
(0,5%) 1 MUHUMAaJIbHOE BPEMS DKCIIO3UIINU (5 MUH)
BEJET K YChIXaHUI0 KOPHS. 3TOT 3 (EKT He IToMelIa-
eT BBIJEJIEHUI0 DHJOIIAaTOTeHOB CEMEHU Ha IuTa-
TeJbHOU cpefie, OMHAKO cJieflyeT YUUTBHIBATb 3Ty
0COGEHHOCTbD, MJAHUPYS OMBITHI, BKJIIOUYAKIINE B
cebsa mocJienyollee MpopaluBaHue PacTeHUU.
Vicxois U3 IPOBELEHHOU CEPUU OTIBITOB, ITOBPEXIE-

for 5 minutes and 19% sodium
hypochlorite for minutes. However, they did not
ensure complete seed sterility; the percentage of
infected seeds on the 14" day was 27% (CI: 23-33%).
Germination in all variants remained above 90%, the
lowest germinative energy of 67% (CL: 64-71%) was
recorded for the variant AgNO3 1% for 5 minutes +
NaOCl19% for 10 minutes, the highest —100% (CI: 98-
101%) for AgNO3 0.5% for 5 minutes + NaOCl 19% for
5 minutes. Thus, when the concentration or exposure
time of silver nitrate was reduced below the minimum
effective schemes established in the previous part of
the experiment, additional treatment with high
concentrations of sodium hypochlorite was unable to
sterilize residual infestation. Moreover, even with a
silver nitrate concentration of 0.5% for 7 minutes, the
roots had areas with drying out, visually similar in
size to the root lesions in experiments with a higher
concentration.

Silver nitrate and hydrogen peroxide

Neither treatment provided complete seed
sterilization, and, as in other experiments, root
desiccation was observed.

Thus, a silver nitrate solution can provide
complete surface sterilization of sunflower seeds.
However, even the minimum concentration used
(0.5%) and minimum exposure time (5 minutes) led to
root desiccation. This effect will not interfere with the

1% silver nitrate
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Tao6J1. 2. Pe3yIbTaThl OMBITOB 10 IOBEPXHOCTHOMY 00€33apakMBaHMNI0 CEMSIH MO COJTHEUHNKA

pactBopoM AgNO3 c koHIleHTpalueh 2 1 3%

Table 2. Results of experiments on surface disinfection of sunflower seeds with a solution

of AgNO3 with a concentration of 2 and 3%

BpeMms 3xcno3unuu, MUH Exposure time, min
AgNO, 5 10
KonTpoabubie guu Control days
KoHi,.
I.B., %
Concentration Moxazarenn, % 3n 7n, 14z 3n 7n 14p
of active Indicators, % 3d 7d 14d 3d 7d 14d
ingredient
(AD), %
KoJi-Bo 3apakeHHBIX 0 Iu: 0 u:
ceMsH i 0 o 0—0. 0 0 0—0.
Number of infected 0CIL: 0CL
seeds 0-0 0-0
2
KoJi-Bo npopocmux 30 IK: 63 IN: (Lp11%8 31
CeMAH 26-34 56-69 77 -3-1 0-8 27
Number of germinated 30CI: 63 CI: 0CL 3CL:
seeds 26-34 56-69 -3-1 0-8
KoJi-Bo 3apakeHHBIX (191178 0 ou:
ceMsH ; 0 c 0—0. @ N 0—0.
Number of infected OCL 0CIL:
seeds 0-0 0-0
3
KoJi-Bo npopocmux 17 Ax: 40 IU: 0 IM: 7 OM:
ceMsaH 12-22 35-46 53 -3-1 1-14 13
Number of germinated 17 CL: 40CL oCL 7CL
seeds 12-22 35-46 -3-1 1-14
KoJji-Bo 100 IU: 100 aU:
3apaKeHHBIX CEMSIH 100-100 100-100
OTpuuATeNsb- | Nymbper of infected fos 1D 100 CI: Ho0 dED 100 CI:
HbIH seeds 100-100 100-100
KOHTPOJIb
Negative Kox-Bo 93 IN: 97 AU: 90 IN: 93 IN:
control MPOPOCHIKX CEMSIH 86-99 91-104 o7 81-97 85-102 97
Number of germinated 93 CL: 97 CL: 90 CI: 93 CL:
seeds 86-99 91-104 81-97 85-102

HYEe KOPHS HEe3HAYUTEJbHO MellaeT Pa3BUTHUIO
IIPOPOCTKA B IIEPBbIE J]BE HEZEIU.

3AKJIIOYEHUE

HNccnemoBaHue NMPOLEeMOHCTPHUPOBAJO, UTO
METOJbl TOBEPXHOCTHOM CTEPUIU3ANUU CEMIAH
MONCOJIHEUYHNKA C MCIIOJIb30BAaHMEM 3TaHOIA,
IepPeKUCU BOAOPOJia, IepMaHraHaTa Kajusg U TUIIO-
XJIOPUTA HATPHUS He 00eCIIeYnBaiOT ITOJTHOT'O YCTPaHe-
HUS TIOBEPXHOCTHOM KOHTaMUHAIMM, HE3aBHCHMO
OT KOHIIEHTpPAaIl¥ ¥ BpeMeHU sKcro3uliuu. Hanbosiee
5 HeKTUBHBIM areHTOM OKasaJicsd HUTPAT cepebpa,
KOTOPBIN NTPU KOHIEHTPAUAX 1-5% U 9KCTIO3UIAU
7-15 MUH 006€CTIEYNII TTOJHYI0 CTEPUIBbHOCTh CEMSIH.
O HaKO ero IpUMeHeHNE COIIPOBOXK/AAI0Ch YaCTUY-
HBIM IIOBPEXAeHEeM KOPHEBOM CHCTEMbI, YTO MOXKET
OrpaHUYUBaATh MCIIOJIb30BaHUE B HCCJIEJOBAHUMX,
TPEOYIOIINX ITOCEAYIONETO ITPOPalBAHNS.

[TonyuyeHHBbIe Pe3yJabTaThl YKAa3bIBAKT Ha
CJOXXHOCTh T0J060pa YHUBEPCAJNbHOTO METOIA
CTEpPUJIU3AIUY JIJIST CEMSH C TIOPUCTOM U 1IepPOX0oBa-
TOII IOBEPXHOCTDIO, TAKMX KaK ceMeHa IT0JICOJHeY-
HUKa. [IJIs ucciiefoBaHUM, TPeOYIOMNX abCOMIOTHOM
TTOBEPXHOCTHOM CTEPUIbHOCTU CEMSIH 6€e3 IToCemy-
OLIEero IpopaijuBaHus, ONTUMAJIbHBIM pelleHreM
SIBJIIETCSI IPUMEHEeHNe HUTpaTa cepebpa. B ciyuae
HEOOXOUMOCTH COXPAaHEHUS BBICOKOM >KM3HECIIO-
COOHOCTHM CEMSAH MPEeANOUYTUTEIbHBI CXEMbBI C
MUHUMaJbHO 3(pPEeKTUBHBIMU KOHIIEHTPAIIMSIMU U
BpeMeHeM 3KcHno3unuu. [IpeniokeHHbIe CXEMBI,

release of seed endopathogens on the nutrient
medium, but it should be taken into account when
planning experiments that include subsequent plant
germination. Based on the series of experiments
conducted, root damage slightly interferes with
seedling development during the first two weeks.

CONCLUSION

The study demonstrated that surface steriliza-
tion methods for sunflower seeds using ethanol,
hydrogen peroxide, potassium permanganate, and
sodium hypochlorite do not completely eliminate
surface contamination, regardless of concentration
and exposure time. Silver nitrate proved to be the
most effective agent, ensuring complete seed sterility
at concentrations of 1-5% and exposure times of 7-15
minutes. However, its use was accompanied by partial
damage to the root system, which may limit its use in
studiesrequiring subsequent germination.

The obtained results indicate the difficulty of
selecting a universal sterilization method for seeds
with a porous and rough surface, such as sunflower
seeds. For studies requiring absolute surface sterility
of seeds without subsequent germination, the use of
silver nitrate is the optimal solution. When maintain-
ing high seed viability, regimens with minimum
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HEeCMOTpPA Ha YaCTUYHOE€ yCbiXaHNWE KOPHA, TaKXe
MOTyT OBITH MCIIOJIb30BaHbI JJId OIIBITOB C ITPOPAaMIM-
BaHHNEM CE€MsJIH KaK MUHUMYM B T€UE€HNE OBYX
Henesb. OIHAKO CTOUT y4uuThbiBaTh TO, YTO OHMH HE
OIITUMAJIbHBI OJIA ooJiee JJINTEJIbHBIX 9KCIIEPMEHTOB.
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