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Annotatsiya

Sho'T va qura'ogohil sharoitiarda urugiaming wrib chigishi kopincha siress omilfan ta'sinda cheklanadi, by esa
o 'simiikdarning chidamiiigini oshirish bo'yicha samarall yondashuviarga ehfival borligint koTsatadi. Ushby fadgigal
g'oz7aga (Gossypium hirsutum L, cv. Bukhars-8) qoflangan kremniy asosidagi va biclogik faol preparatiar Aminosia-
Silffcon, Aminosid-Aforn hamda Biocazof ta'sirini baholashga garalildi. Urugiarning unish dinamikasi ekiigandan keyingi 10-
22 kun davormids kuzatici va fainba guruhianda sezitarti yvaxshilanish gayd elilgi. Llardan Aminosid-Silicon eng vogor
unish Ko'rsaltkichini (72.3%) namoyon qifdi, nazoral varantida esa bu ko'rsatkich 63, 3% 0 tasheil etdi. Biokimyowly fahii-
lar kremniy golfaniiganda antioksidart fermentlar superoksid dismulfaza (SO0}, katalaza (CAT) va peroksidaza (FO0)
faolifigining oshishi shuningdek, nikolfarda profin to'planishining kuchayishinl ko'rsatdl. Uishbu natifalar kremaly asosidag!
preparatiar tuprogdagi {abily kremnly efishmovchiligini gopiashing va urugiarning unib chigishini yaxshilash hamda
shao'rianish va gurgogohilik sharoitida fiziotogik himoys mexanizmiannl kuchaytinshda mohim ol o'ynashini tasdiglayal
Xususan, Aminosid-Siicon ishiatiganda superoksid dismutaza faolligin 143,12 dan 158,689 Umg ogsilgachsa, kafalaza
81,78 dan 103 21 Uimg ogsilgacha, peroksidsza 134,98 dan 15201 Uimg ogsiigacha, profin migdon esa 1123 dan
144 7 gy nam massa gacha oshib, siress sharoitida fziclogik himova mexanizimianning seziiani dargjada kuchayishini
ko'rsatd

AHHOMaUUSR

Mpocpacmasue CeMAH 8 JACYLLTUSRIX U 38C0MEHHEIX YCIIOBURX YECITIO 0208HUNEHND U3-38 CIMPECCoeslx (hakmo-
pos, 4mo nodyepkusaem HeolxoduMocms gghermuerax nodxodos ¥ NosLIeHLY yomodyueoomu pacmerud, Lensm
Jarnoen ucomedosayur OLino OUEHUME SMUAHUE Mpenapamos Ha OCHOSE KDeMHUR U OUonosuyscKy axmiueHLly Se-
Wecma Aminosid-Silicon, Aminosid-Alon U Biomifrogen, MDUMEHSHHEIX ¥ XROMYamEUKY (Gossypium hirsutum L., copm
Eyxapa-8). JudamMura Nocoacmarus omonexuganacs ¢ 10 mo 22 dexs moChe Mocesa, U 8 2pynnax, nodsepaiuuxcys of-
pafiomye. GLiTU 38EUKCHDOSAHE SHEYUMERLHBIE VTyYWeRUR. Cpedu Hux Aminosid-Sifcon noxasan caMmulld swicoxud
noKa3amens Npopacmakus (79.3%) mo cogsHeru © 63 3% e vonmponssol 2pynne, He nodespeluelcn odpadomye.
Buogumuveckul ananus Nokssan, umo ofpafomks KpeMHUSeM CMUMYNUDDSesns aNmMUsHOCTs SHMUOKCUREBHIMHEN
depMeRMOs, MakKLy K&k cynepoycudducmymasa (COL), yamanasa (KAT) © neporcudasa (IMOL), & makxe younuveana
HEKOMASKUe NponuHa € NPpopocmeay. Jmu pesynemame nodmespwdamom, Ymo noenagama! Ha8 OCHOSE HOEMHUA MO-
2¥m KoOMAERCUpOsams AeuUUIm KDEMHKUR & NOYSaX U USDEKIT KMHYSEVH DOk &8 FAVYLILEHUL NOODacMaHUR CeMAR U
YOUunerHuy hi3uonosUuYeckly SaLUMHELIY MEXSHUIMOS 8 YCNDEUAX COMES0a0 U 3acylunusce0 cmpecca. B vacmHocmu,
ofpafomera Aminosid-SHicon yeenuyuna aKmusHocme cynepokcudducMymass: ¢ 143 12 do 158 69 Live Benxa, rama-
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nasel ¢ 61,78 do 103 21 Ukve Denka, nepokcudassl © 134,96 do 152, 01 Elfl/me Genwa, a8 codepwaque nponisa c 1123
do 144 7 Mra/e cegweso geca, Yo YKE3RBEEM Ha SHEYUMENEHOE VoUNeRUS DuUILonNoayvaeckiy 3alUUMHLN MexarHus-
MOE & YOTOSURX CMDeccs.
Abstract

Seed germinafion under saiine and and condifions is offen limited due fo siress factors, which highlights the
need for effective approaches to enhance plant resiiience, This sfudy aimed fo evaluate the effects of sificon-based and
bioiogically active preparations Aminosid-Silicon, Aminosia-Afon, and Bionitrogen applfied to coffon (Gossypium hirsutum
L., cv. Buxhara-8). Germmination dynamics were monitored from 10 to 22 days aiter sowing, and significant improvemenis
were recorded in the treatment groups. Among them, Aminosid-Silicon showed the highest germination rafe (73.3%),
compared to 65 3% in the unireated control. Biochemical analysis revealed thal silicon freaiments stimulated the activily
of antioxidant enzymes such 35 superoxide dismutase (S0OD), catalase (CAT), and peroxidase (FOD), a5 well as
enhanced proiine. accumulalion in seedings. These results confirm that silicon-based preparalions can compeansale for
native silicon deficiency in soils and play a key role in improving seed gemmination and enhancing physiological defense
mechaniams under saline and and stress condifions. Specifically, Aminosig-Sificon freatment increased superoxide
dismutase activity from 143.12 to 158 63 Umg profein, calalase from 81.78 fo 103 .27 Uimg profein, peroxidase from
13496 to 153201 Umg protein, and proline content from 1423 fo 144 7 pglg fresh weight, indicaling a significant
enhancement in physiclogical defense mechanisms under stress condifions.

Kalit so'zlar: fuprog. Kremnly asosidagrl preparatiar, unish tezfigl, antiofsidant fermentiar, profin,

Knwyeewle croga: noysa, NEENSp&amyl H8 OCHOEE KDEMHUA. CKODOCTE NPCOSCMEHUR, aHMUONCUdsHMHEIS
hepMerMal, MoCIuUHE

Key words: Soil, silicon-based preparalions. germmination rale, anticxidant enzymes, prafing.

BBEOEHUE

B ycnoeuax rmobanbHbX M3MEeHEHWH KNMMaTta ocoDeHHO akTyanbHbIMM CTaHOBATCA Mpo-
bnembl gerpagaumy W 33CONeHUA NOYB, YTO HEraTMBHO OTPaXAETCA Ha YPOXAWHOCTH WU YCTONYM-
BOCTHM CenbCKOXO3AWCTBEHHbIX KyNbTyp. B CBA3W C 3TMM BOo3pacTaeT HeobXoauMOCTh paspaboTku
W BHEOpPeHWs adanTaluWOHHbLIX TeXHONOrMA, HanpasNeHHbIX Ha coXpaHeHue NNOoLOpPoAMA NMOYB U
NnosbillieHWe YCTOWYMBOCTY PacTeHWA K CTpeccoBbiM (hakTopam cpeabl.

AHAINKU3 NUTEPATYPbI U METOOONOMNAA MCCNEQOBAHUA

Movyea — 370 marepuan, COCTOALMIA W3 NATH OCHOBHLIX KOMMOHEHTOB: MWHEpAnNos,
OpraH4yecKoro BelecTsa, UBbIX OpraHM3MoB, Bo3gyxa M Bogel. [lovea COCTOMT M3 KOMDUHAaLMK
pazNMYHbIX KOMMOHEHTOB, KOTOpLIE NPMAAIT KaKOOMY THMY NOYBbI YHUKANbLHYH CTPYKTYRY M
xapaktepucTiin. Ee dusmyeckne, xumudeckre 1 BMoNorMyecke CBOMCTBa TECHO CBA3aHbI MeXay
coboi, 4TO OenaeT NoYey HMIHEeHHO BAXHOW Cpefoil AnA pocTa pPacTeHWW W ApYrMX BasHbIX
dyHKUMA.  Hanpumep, QUIMMECKME XApaKTepUCTUEM  BNWSKOT HA  pasBUTHE  DACTEHMN,
MUKPODMONOIMYECKYD aKTMBHOCTb W [ABMMEHWe BoAbl XMMuYeckue ocoDEeHHOCTM onpeaensioT
AOCTYNHOCTE ¥ npeobpasosBaHWe nNWTATeNbHbIX BelwecTB, a DOuonorvyeckwe acnekTbl
nogaep:xkMBaroT opMupoBaHue, CTPYKTYPY W obLyyro NpogyKTMBHOCTE noyebl. Jhiogu ynpasnawoT
No4YBOW Ha NPOTHAKEHWW ThICAYENETUH, HO C NOHBMNEHWEM HOBLIX 3KOMOTWYECKMX npobnem
CTaHoBMTCA BCce Donee BawHbIM BHEOPAThH WMHHOBALWOHHLIE MeTOObl YNpasneHuwA NoYeow Ans
3allMTLI 3TOro LeHHoro npupoadoro pecypca (Paul, 2007).

B nocnegHwe rofbl M3MEHEHWME KNUMAaTA WM YCHUNEHME 3ACONEHWA NOYB CTank cepbesHbIMK
rnobaneHeivm npobnemamu (Tarolli et al, 2024). 3aconedne ABNReTCA akTopoM, KOTOPLIR M3Me-
HAeT hm3andeckme, XMMuyeckue 1 Bonormyeckre CBoWCTBa NousBkbl. B nepeyo oyepeb, OHO Npu-
BOAMT K HAPYLIEHWKD HOPMANLHOID 0DMEeHa BOOOH W NUTATENbHBIMK BelllecTBamu (Alsudays et al |
2024). B 3aconeHHsix NodYBax W3-33 NOBLILLEHHOIO CCMOTUYECKOIo AABNSHWA PacTeHua normowa-
10T OfpaHW4YeHHOe KONWYEeCTBO BOALl M NUTaTenbHeIX BEWECTE Yepes KOpHW. B pesynoTate Hapy-
WaeTca BogHLI BanaHc pacTeHui, YTo NpUBoANT K AeduuWTy Boabl, PU3MONOrMYecKomy CTpeccy
W 3amenneHuo obwero paseutia (Pachepsky etal., 2024).

[ nobaneHble 3konoryeckue (PakTopbl, CBA3AHHLIE C M3MEHEHMEM KNMMAaTa, B YaCTHOCTH,
ycunexHwe Guotudeckoro M abuoTwdeckoro crpecca, M3MeHAHT (U3IMKO-XMMUYECKMe CBOWCTBa
NMoYBbI, 4TO NPUBOAMT K CHUMXEHMIO ee nnogopoama (Ma et al., 2020). B peayneTaTte 370 NPpUBOOMT
K 3HaYMTEeNbHOMY CHIDKEHWID Ka4YecTBa M KONMWYeCcTBa pocTa, pasBuTiA M NPoAyKTMBHOCTU pacTe-
Hui (Pawar et al_, 2023). B TakMx CNOo#HbIX YCNOBMAX HAMNMYME NOSBMHHLN (DOPM KPEMHWA B NOY-
BEHHOW Cpefe NO3BONAeT pacCMaTpuMBaTbh ero K3k «MMMYHHBIA 3nemedT noyssi® (Etesami &
Jeong, 2018; Lopez-Pérez et al_, 2018).

Kpewmuaui (Si) ABNAETCA BTOPLIM NG PAcNpoOCTPaHEHHOCTW 3NEMEHTOM B NOoYBe NMocne KMc-
nopoaa, CocTaenAa npumepHo 28 % ee seca (Epstein, 1994) Kpemuuit moxeT BCTpeYaTLCA B
no4ysax B paznuyHbiX hopMax 1 C pasHbiM ypPoBHEM CTADMNBHOCTK, B OCHOBHOM B BME anoMOCKH-
NUKATOB W KBapua -Si0; (Tubana et al., 2016). CornacHo wccnenoBaHuam, 3TH CoOeAUHEHMA CO-
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CTaBnaoT npuMepHoe 75-95 % Heopradudeckon pakumm noyssl (Richard Drees et al, 2018). B
DOnNbWKWHCTBE Cry4YaeB KpemMHWIA NPUCYTCTBYET B KPUCTANMMYECKoM KBapue Nk amopdHbIX Kpem-
HURCoAepwalmx sewecteax (Wilson, 2020). XoTa KpemMHMIA M3H34anbHo He KnaccudmuMpoBancs
Kak HeoDXxoOQuMbIA 3NeMeHT ANA pacTeHuid, HegasHWe HayyHble MCCNefoBaHue NPoAEeMOHCTPUPO-
Banu ero pofb B MOBLILLEHWW NNO4OPOAMA MOYBbLI M YBENWYEHWW TONEpaHTHOCTW PacTeHWMH K
abuoTHyeckuM W DuoTHYeCKMM dhakTopam CTpecca, TeM CaMbiM YCTaHOBWE KDEMHMHA Kak nonesHbiA
3NemeHT AnA pa3suTua pacteduin (Wang et al., 2017).

B nocnegHue rogbl 3Ha4YMTENbBHAA POMb KPEMHMA B akTWBALMK MEXaHW3MOB CTPECCOyCTON-
YMBOCTWU pacTeHWiA KM ero NPUCYTCTBKME B NOYBAX NPMBENW K BCNNECKY MHTEpeca K MCCNefoBaHuAM,
W BCe DONblUEe gHanuTUYecknx nydbnukaumnin nocesw@eTcs 3Ton Teme (Exley, 2015). [NpucyTcTeue
amMopHbLIX ¥ NOABKAHLIX (DOPM KPEMHKMA B NOYBE MOMET OKa3biBaTh BNaroTBOpHOE BRMAHWE Kak
Ha NoYBY, TaK U HA pacTeHuA, YTo NOATBEPHKAAETCA MHOMYMCIEHHBIMK HaYYHBIMW UCCNEN0BaHU-
amu (E. A. Bochamikova et al., 2023; Matichenkov & Bochamikova, 2001). lMNornowenue Buogo-
CTYNHBIX OopM KpEMHUA NPUBOOMT K YTOMWEHWID ¥ YKPENNEeHWo TKaHeW KopHel u ctebnel pacte-
HWIA, aKTUBALMK DMOXUMHUYECKUX NPOLECCoB M NoBsbllueHuio 3dderkTBHoCT OTOCHHTESE B NK-
cteax (Matichenkov et al, 2008). Kpome Toro, KpemHWI 3HAYMTENbHO NOBLILLAET YCTOWYMBOCTh
pacTeHud K abuotu4ectum (KonebaHus TemnepaTypbl, 3aCONEHHOCTL, TRXENLIE METannb! 1 TOK-
CMYHOCTE MOYBB) W DUoTMYeckuM (DakTepuanbHeie W rpubkoBbie 33D0ONEBaHWA, HACEKOMblE-
BpeguTen) baKkTopam CTpecca, TeM cambiM CMArdYas ux HebnaronpuaTHoe BosaencTeve (Leroy
et al., 2019). Takmm obpasom, HacToAllee UccnefosaHue DL H3NPaBnNeHo Ha NPoBeaeHue KOM-
NMeKCHOro aHanu3a BNUAHWA 3K30MeHHO BHOCMMBIX KpeMHWIACOOep#allux npenapaTos Ha akTuBa-
UMI0 BHTMOKCMOSHTHOW CMCTeMbl 33lMThbi M MOSYIAUMID HaKoNneHws nponuda y Gossypium
hirsutum L (cv. Bukhara-8) B ycnosuax coneeorc ¥ 3acylunyBorc cTpecca.

Nonesble MCNbITaHKMA B pamkax JaHHOro MCCnefoBaHus NpoBOAMIMCE Ha CenbCKOXO3fAn-
CTBEHHLIX nonax diepmepckoro xo3ancTea «Pavavar Mupwoa Ases», pacnonowexHoro B byxap-
CkoW obnactu Y3bermcrana.

ArPOHOMMYECKHME METOObl U SKCNEPUMEHTANBHBIE MPOUELYPLI

Bce arporexHuyeckue MeEpONpUATUA BbINONHANMCE MO CTaHAapTHbIM NpoToxonam. OCceHbro
none o4YHCTUNK U B HoADpe npoeenu rnybDokyio Bcnalwky (25-30 cm). lNoces xnonka copra byxapa-
8 (3acyxoycTOMYMELIN, BLICOKDYPOKaNAHLIA, THN V) cocToanca 15 anpena; HopwMa - 70 kr cemaH Ha
2 ra, mexaypaged - 60 cm, rmybuda — 4-6 cm. Boxogbl npopegunu 10-12 maa. CemeHa npensapu-
TENLHO 3amaYyvBannce B pacTeopax Aminosid-Aton, Aminosid-Silicon v Bionitrogen. [lucTosas
nogKopMEa Nposoaunack aAsaxasl (asa useteHua v obpasosaHue KopoboYeK) py4YHbIM ONPLICKK-
Banvem. B TeyeHwe Beretayun BbINOMHEHO NATH MEWOYPALHLIX KYNbTUBAUWMA W ABa pbiXNeHWs
noussbt (25-30 cm). MuHepanbHbie yoobpenua BHecedbl B ao3ax: 200 wrira azora, 140 wrira dhoc-
doopa u 100 krfra kanua

MogroToBka pacTUTenbHOrO martepuana gnA Ouoxumumyeckoro aHanusa. OBpasupi
npopocTkoB Dbl cobpadsl Yepes 12 gHel nocne noAsneHua ana DMoXMMWYECKoro adanuia.
Ceexue TKaHW DbinM HEMeZANeHHO rOMOreHWM3WPoBaHbl B MWAKOM a30Te, a epMeHTaTUBHbLIE U
BuoXMMUYecKue napameTpbl Dbk KONWYECTBEHHO onpefeneHbl CnekTpodoTOMETPUYECKU C Mo-
MoLb0 Npubopa Shimadzu (AnoHua). AKTMBHOCTE nepokcugasel (POX) onpegenanace nyTem Mo-
HMTOpWHIa oDpa3soBaHuMA TeTparyaakona npy 470 Hm. (Chance et al, 1955).. B To BpeMsa Kak ak-
TMBHOCTL KaTanassl (CAT) namepanacs Ha ocHose pasnoxenna HzOz npu 240 Hm.

(Aebhi, 1984). AkTMBHOCTE DEHMNANAHWH-AMMUaK-Naskl (PAL) ouedueann no obpa3zoea-
HWO TPAHC-KOPMYHOR KMcnoThl npu 290 v, (Peltonen et al, 1997). AKTMBHOCTE CYNepoKCHMOOMC-
myTassl (COM) ocusHBany No ee cnOCoDHOCTH MHMMDKPOBaTL BOCCTAHOBNEHWE HUTPOCUHEID TET-
pazonua. (Giannopolitis & Ries, 1977). Obuwee cogep#adue Denka ouexdveany no metoqy Jloypu
npu 750 HM (Lowry et al, 1951), v cogepwanwe ceobogHOMD NPONWHA W3MEPANK C NOMOLULIO KO-
NOPUMETPUYECKOTO aHanu3a Ha ocHoBe HuHrMapuHa npu 510 um (Bates et al, 1973). 3K kombu-
HUPOBAHHLIE aHaNM3bl NO3BONMWITM NPOBECTH KOMMMEKCHYHD OUEHKY (DM3MONOrMYecknX u DHOXHMMK-
YeCKMX peakuui NPOPOCTKOB XNOMYaTHWKE NP NpUMEHEHWW pasnuyHbiX MeTogos obpaboTku.

CratMcTMyeckmid aHanwmz. [ladHoie obpaboTanel 8 GraphPad Prism 8.0.1. [Ina oueHsm
pasnUYMiA NPUMEHANK OAHOMAKTOPHLIA AMCNepCHOHHLIA aHanus (ANOWVA). Mpu P <0 05 cpegxue
3Ha4YeHUA cpaBHMBanK No kpuTepuw LSD. [na kawnoi eeiDopkW onpenenAanu cpendee (M) w
CTAHOAPTHYH OLLMBKY (+m).

PE3YINbTATbl U OBCYXOEHUE
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Pag vccnegoBaHuid NoATBep:KaaeT Ba#HYO ponb KPEMHMA B afjanTauMn pacTeHWn K He-
fnaronpuaTHbIM ycnosuaM. B Halem uccneqoBaHuM YCTaHOBNEHO, YTO NpU BhiABNEeHHOM aedu-
UMTe akTMBHOMO KpEMHMA B NOYBax NpUMeHeHWe KpemMHWACOOSpHKalUMX NpenapaTtoB MOXeT yCu-
nuBatb DMONOrM4ecKyD aKTUBHOCTL NMOYELI, NOBLILATL €€ NNO40PoaMeE M YKPEennATh 3alluTHble
MEXaHW3Mbl PACTEHWIH NPOTUB CTPECCOBLIX (PaKTOPOB. 3T0 OTKPLIBAET NEPCNeKTMBHLIE BO3MOKHO-
CTW NS CEenbCKOX03AWCTBEHHOW NpakTukn. 3P dekTHBHOCTE COEOWMHEHHA KDEMHWA B NOBbLILLEHWW
DMONOMMYECKDN aKTWBHOCTW MOYBbI, YCTOWHMWMBOCTH PacTeHWA K abMOTHYecKMM W DUOTUYECKMM
cTpeccam, NoAdep:Ke NpopacTaHMa W paHHMX 3TanoB PocTa, a TAKKe B YNyYleHUW KavecTea
ypoxan NoATBep#AaeTca HaydHol nuTepatypoi { Bocharnikova et al | 2010; Mamasolieva & Ga-
furova , 2023).

Bnuanue npenaparoe Aminosid-Aton, Amincsid-Silicon w Bionitrogen Ha npopactadve
ceman Gossypium hirsutum L (Bukhara-8) oueHuBanu B nonessix ycnosuax. Habnwogexswa 3a aw-
HamMMKOM npopacTadua nposcauny 25 anpena (10-# gede nocne nocesa), 30 anpena (15-i gexk),
3 Mas (18-7 geHb), 5 man (20-A gedb) v 7 mMaa (22-7A Neds), KaK ykasaHo B pasgene «Metoabis.
Takne wHTepBankl NO3BONMNM OeTanbHo NpocnednTb oCoDeHHOCTH NOABMEeHWs BCXOAO0B B pas-
NWYHLIX BApMaHTax onbiTa.

PesynbTaTthl NOKasanw, Y4To BCe NPUMEHEHHLIE NpenapaTthl OKasanu CylecTBeHHoe BIMS-
HWE KaK Ha CKOPOCTb NPOPacTaHus, Tak U Ha obLyo 3 ekTMBHOCTE NOABNEHUA BCX0A0B. B KOH-
TPONLHOM BapuaHTe BCxXowecTs 4epes 10 gHen coctasuna 65,3%, YTo DLiNo MUHUMANLHLIM 3H3-
YyeHWeMm cpeau Bcex eapwadtos. ODpaboTea npenapatom Aminosid-Aton obecneunna BCXOHECTh
Ha ypoeHe 74 8%, yTo Ha 9,5% Bbilue KOHTPONA, YK336/B38 H3 YMEPEHHOE NOBLILLEHWE NpopacTa-
HMA W yNyYLWEeHWe #M3HecnocobHoCTH cemaH. AHaNorMYHBIN NonoxuTeNsHL 3doderT Habmogan-
CA Npy npuMeHeHun npenaparta Bionitrogen: scxoxects gocturna 75,1%, 4To Ha 9 8% sBbilue KoH-
TPOns, YTo NOATBEPKAAET €ro pofb B CTUMYNALMKM MUKPODMONOrMYecKon akTMBHOCTY U yITydlle-
HMK ycnoBWi NpopacTaHus. Hawbonee BLICOKMIA NokaszaTenb Obin 3adMKCMpOBaH B BapuaHTe C
Aminosid-Silicon - 79.3%, 4yTto Ha 14% Bbile KOHTPONA. TakKas 33KOHOMEDHOCTL NO3BONAST Npen-
NONGKWTb, YTO KpeMHWHCOoO4epXalme coeauHeHus cnocobCTBYOT NOBLILLEHWID NPOHULAEMOCTH
cemMeHHoW obornodk M akTuBauuM epMeHTaTUBHLIX CMCTEM Ha PaHHWMX 3Tanax npopacTaHus

(puc. 1).

F' 200
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g 100 zi: £4 ,..-—""‘fH-’_ 9.8
= 58 4593 — 5 3
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| —— Conirol —ii— Aminozid-Aton —ir— Aminozid-Silicon Bionitrogen

MpeactaBneHHble  3Ha4YeHWA ABNAKOTCA  cpegHumk +  SE Tpex  He3aBMCUMbIX
axkcnepumedTos (n=3). p < 0,05,

PucyHok 1. BnuaHue pasznuyHbIX NPenapaToE Ha CKOPOCTE MNPOPACTAHWA CEMRAH
xnonka copra «byxapa-8»

Wccnegoeanwe nogreepauno, 4to Aminosid-Silicon WrpaeT KMOYeByo ponk B YyYLLEHWH
npopactasus cemad. Ero eoicokas 3gdperTMBHOCTL Dbina ocoDeHHo OYeBMAHA B 3aCYLUNMUBLIX
KNUMaTUYeCckMX yenosuax. Paddee u cTabunbHoe NnpopacTaHye CemMaH XNOoNKa HanpaAMyH CBA3AHO
C 8KTMBHOCTBIO aHTUOKCHAAHTOB M MMAPONUTHYECKMX (DepMEHTOB, NPUCYTCTBYHOWMX B cemeHax. B
3TOM KOHTEeKCTe ocoboe BHUMAaHWE DbiNO YOENeHo W3YYeHWH PONW aKTUBHOMO KPEMHWA B
Aminosid-Silicon Kak noTeHUWansHOro ycunuTena 37X hepMeHTaTUBHLIX npoleccos. PepMeHTh,
TaKMe Kak CYNepoKCUAOMCMYTa3a, katanasa W Nepokcuaaia, MrpaloT BawHYH0 pofb B CMAMMEHWW
OKMCIMTENBHOMO CTPECCa B KNETKAX CeMAH, HeMTpanuays BpefHoe BO3eNCTBUE aKTUBHLIX thopm
wmcnopoga (AOK) (Muthuselvan et al, 2025). 3w depmeHTrl QYHELWMOHUPYIOT B KadyecTee
OCHOBHLEX  KOMMOHEHTOE 3HTUOKCMAAHTHON CUCTEMBI  33LUMTHI,  NOAAEepHMBAaA  340poBOe
npopactaiue W cbecneuywBan Haanexauiee UIMONOrMYeckoe MYHKLMOHUPOBAHWE HAa DaHHUX
craguax passutua cemad.  (Muslim et al, 2023). B pesynorare co3gawTch OnaronpuaTHbE
BHYTPEHHME YCNOBWA ANA paHHero v ctabunbHoro npopacradua cemad (Muthuselvan et al.|, 2025)
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MoBbilleHHas AKTMBHOCTb MWAPONAas KMETOYHOW CTeHKWM cnocoDCTBYET paspoiBy KNeTok
IMMOEPMMCE U CTUMYTNIMPYET NOABNEHWE NEPBUYHOID KOPHA, unk Kopewsxa (Ogawa et al, 1997).
KpemMHWiA Takke OKa3blBaeT NONOKWUTENbHOE BMWMAHWME, NOLAEpHKMBAaR OCMOTWYECKUW BanaHc
BHyTPH cemenun (Muthuselvan et al., 2025). 371a TeHgeHUMA B 3HaYMTENbLHOM CTENeHW CBA3aHa C
NOBLILLEHHLIM COAEpXaHWeM NponuHa M CBoDOOHLIX caxapos, ocoDeHHo [MIKO3bl, KOTOpbIE B
COBOKYNHOCTHM CNOCOOCTBYHOT NPOPACTaHMID CEMAH Aa#e B YCNOBWMAX 3aCOoNEeHWs WKW HegocTaTka
Bnary B nodee (Janes-Bassett et al | 2022). B uenom, npopactaHve cemad TECHO CBA3IAHO C paaoMm
BHYTPEHHMX OUOXMMWUYECKMX NPOUECCoB, BKMIOYAA (EepMEeHTATUBHYIO aKTWBHOCTb, MeXaHW3Mbi
OCMOpEerynALUWM, pacTUTENbHBIE TOPMOHBI M CMHTEZ 33LMTHEI coenuHeHuin (Meng et al., 2024).
Ha 3tane npopacTaHus KNo4YeBbiMW NOKaszaTenamu CHWTATCA Takme cneuuduyeckue napamer-
Pbl, K3K aKTUBHOCTb (DepMeHTOoB, YpoBeHb (DUTOMOPMOHOB M KOHLeHTpauma nponvHa. OueHKa 3TUxX
(haKkToOpoB NO3BONAET OLUEeHWTL (hEKTUBHOCTL NeYysHWA B ycnosuax cTpecca (Deng et al., 2021;
Hayat et al., 2021).

Ha ocHoBe npoaHanuaupoBadHHOW NWTepatypbl M PesynbTaToB 3KCNEpUMMEHTanbHbIX MC-
cnegosaduid Beino nposegeHo Donee yrmybnexHHoe WCCNefoBaHWe C UENbi0 OUEHKW BIWAHWA
npumeHaembix MeTogos 0bpaboTku Ha usMonorMyecke U MeTabonMyeckne NpoLeccs! B pacrte-
HMAX. B 4acTHOCTH, B MECTHbIX MOMBEHHLIX W KNUMaTHYECKMX YCRoBuAX Obina oueHeHa akTWe-
HOCTE KMOUYEBkD AHTUOKCHAAHTHLIX hepMeHToB cynepokcuaauemyTasel (CO0). katanassl (KAT) 1
nepokcuaassl (10), a Takke cofep:xadue NponuHa B 12-0HeBHLIX NPoOPOCTKaX XNOoNKa, BLipalleH-
HbX 13 0bpaboTaHHbX cemad (Tabn. 2).

Tabnuuya 2. BnuaHWe o6paboTHM ceMAH Ha AHTUOKCUOAHTHYIO 3aWMTY W HaKONNeHue
NPONKMHa Y NPOPOCTKOE XNOMNYaTHMKA Ha PAHHMWX CTAOMAX PasEBUTHA

HaumeHoBaHuMe AKTUBHOCTL chepmerTos (U/mr Genka) CogepxaHue
npenaparos nponuHa (mkrir
CynepokcuoomcmyTtasza Katanasa MNepokcniasa  ceipoi maccsl)
KoHTpons 143.12+3.2 81.78x27 134 9643 1 112.3+4 2
Aminosid-Aton 149 12+32 94 08418 141.6542 2 122 344 2
Aminosid- 158.69+1.9 103.211.7 15201822 144 7438
Silicon
Bionitrogen 15322425 9901223 147 87+1.8 136.544 2

MpumeyaHue: 3HaYeHWA NpeAcTaBneHbl kak cpeqHee + cTaHgapTHas owmbra TpexX HesaBm-
CUMBIX NoBTOpHOCTeN (n = 3), r <0 05

Ha paHHeil cTaguu passuTUA NPOPOCTKOB XNONYaTHWKR NPUMeHeHWe npenapartos Nonoxu-
TeNbHO MOBMMAND H3 SKTUBHOCTL aHTUMOKCMOAHTHLIX (bepMeHTOB WM CMHTEe3 nponuHa. Hanpumep,
aKTUBHOCTL dhepmedTa cynepokcuaaucmyTassl (COL) B KOHTPONLHOM BapwadTe COCTaBNANa
143,12 Eg/mr Denka, Toraa Kkak npW npumedHesud Aminosid-Aton oHa yeenwudnace o 149,12
Ea/mr Genka, a npu npumeresnn Bionidtrogen go 153,22 En/vr benka. Hanbonee Bhicokan akTue-
Hocte CO[l Owina sadukcuposadHa npw obpabotke Aminosid-Silicon v gocturna 158 69 EN/mr
benka. Yto kacaeTcs akTMBHOCTW kaTanasel (CAT), To B KOHTpone oHa coctasuna 81,78 ENMmr
Denka, B To BpemMA Kak npu obpaboTtke Aminosid-Aton oHa ysenk4unace ao 94 .08 Ell/mr Genka,
npy obpabotke bBuorwuTporeHom ao 99 01 EO/wmr benka, a npu obpabotke Aminosid-Silicon go
103,21 E[l/mr Benka.

AnanorvyHoim cDpasoM, akTMBHOCTL Nepokcuaasel (PO) coctaesnana 134,96 El/mr Genka
B KOHTpONe W yeenuyunacs ac 141,65 E/mr benka npu obpabotke Aminosid-Aton, 147 87 EO/mr
benka s eapuanTe C Bionitrogen v 152,01 E[l'mr Benka npu obpabotke Aminosid-Silicon.

KonuyecTso NponuHa, KOTOPLIA MrpaeT KMioYesyo ponb B NOBLILEHWW CTPECCOYCTOMYMBO-
CTW PacTeHMi, B KOHTpONbHOW rpynne coctasuno 112, 3 mer/r ceexkero seca. OOHako cofiep#aHue
nponuHa yeenuuunocs go 122 3 mer/r npu Mcnonssceaduu Bionitrogen v aocturnog 1365 merir y
npopocTyos, cbpaboTadHsx Aminosid-Aton. Kpome Toro, Haubonslles Hakonnedue Habnioaanock
npu obpabotke Aminosid-Silicon 1447 Mer/t. 3TW pesynbTaTel NOKA3LIBAKT, YTO NPUMEHEHHbIE
0DpaboTkM, B YacTHocT Aminosid-Silicon, 3HaYWTENBLHO MNOBLICHITM BKTUBHOCTL KIMHOYEBLIX 3HTU-
oKCHAaHTHEX epmenTos (SOD, CAT w PO) W cTMMynupoBany CHHTES NPOoNMHa B NPOpPOCTEAX
XNonka. 3TW AaHHblIe ACHO AEMOHCTPUPYIOT 3MEKTMBHOCTL 3THUX NPenapaTtoB B NOBLILLIEHWW
CTPECCOYCTOMYMBOCTH PacTeHMK K aDMOTUYECKMM CTpeccam M youneHuu obulelt BuonorM4eckon
AKTMBHOCTM.

BoipaxkedHoe snuadve npenaparta Aminosid-Silicon Ha HakonneHwe NponvHa MOoXHO 00bL-
ACHMTL MONEKYNApHbIM MEXaHW3MOM OEWCTBMA €ro aKTWBHOMD KOMNOHeHTa kKpemHua. KpemHuit
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AKTUBMDYET SHTUOKCUASHTHYID CUCTEMY 3aLMTEI PACTEHUN, CHIBKaa yposens ADQK u younueas ax-
TuBHOCTL A'-nupponuH-5-kapbokcunarcuHTasnl (PsCS), KmoueBoro (bepMedTa, YYacTBYIoWero B
BuocuHTese NponvHa P:CS MUTOXOHAPMaNEHLIN hepMeHT, KOTOPLIA UTpaeT UeHTPaneHyo pon. B
DuocuHTE3E NPONKHA, OPHUTHHA W aPIMHKMHE, KaTanusupys NpespalledHue rMmyTamara B rnyTamat-
5-ceMuanbierti], KOTOpLIM CaMoNpou3BONbHO UWKNKayeTca c obpasosadmem PsC (Maghsoudi et
al., 2018). B pesynbTate 3T0r0 perynatopHOro BO3AEWCTBMA KpeMHMa Ha meTtabonuam nponuHa
XNONKOBbIE PACTEHWMA NPOAEMOHCTPUPOBANN NOBLILEHHYH TONEPaHTHOCTL K 3aCyXe, 33aC0NeHH 1
okMcnUTENRHOMY cTpeccy (Pérez-Arellano et al., 2010).

ITOT 33LWUTHLIA MEXaHU3M YCUNMBAET YOEpHaHWe BoAbl B KNeTkaxX ¥ cTabunusupyeT Den-
K1 1 MembpaHel B ycnoeuax ctpecca (Maghsoudi et al |, 2018)

SAKNHOYEHME

lNpuUmMeHeHWe EpeMHUACOdepKalLMX npenaparos, ocobenHo Aminosid-Silicon, 8 ycnoBuax
aDMOTMYECKOrD CTpecca CYWEeCTBEHHO MNOBLILAND aKTWBHOCTb aHTHOKCWAAHTHb (iepMEeHTOB
(SOD, CAT, POD) » ycunueano HakonneHdwe nponuHa y xnonyatHuka (Gossypium hirsutum L
copT Bukhara-8). 3T¥ pe3ynbTathl NOKa3bIBAKOT, YTO 3KIOTEHHOE BHECEeHWe KPeMHWMA aKkTMBMpYyeT
(PU3MONOTMHECKME MEXAHM3MbI 3alIMThI, NOBLILAA YCTOWYMBOCTL PACTEHMIA KaK K abuoTudeckim
(3aconeHue, 3acyxa), Tak 1 K BuoTuyeckum (NaToreHHoe [AaRNeHUE) CTPecCam.

MMonyyeHHble AadHHbie NOATBEDMO3KT, YTO WCNONL3IOBaHWE  KPEMHWACOOEDHALLMX
npenaparcs Ha MNOoYBAX C HU3IKMM  CoAepsaHueM DUOAOCTYNHOID KPeMHMH  ABNAETCH
NepCneskTUBHON CTpaTerMell ANA NOBLILEHWS CTPecCOYCTOMYMBOCTM DacTeHWd, OnTHUMKSaLIMK
ISUWMTHEIX PE3KUMA M oDecneYyeHua YCTOWYMBOW YPOXKaMHOCTH B HeDnaronpMATHLIX YCNoBWAX
cpeabl. bonee Toro, pesyneTaTbl NOATBEP#OANT GYHKUMOHANBHYH 3Ha4YMMOCTE KPEMHWA B
CUCTEME «NOYBa—pPacTEHUE? W NOOYEPKUBAKOT €ro NoTeHUMan Kak 3koHoMu4ecky 3dhdexTuBHom u
3Konormyeck Be3onacHoro arpoTEXHUHECKOro NPUEMa.

[Ana ganbHelWwero passvTUA DPEKOMEHAYEeTCs NpoBefeHue JOMNroBPEeMEeHHbIX MOoNeBbix
WCCNEeA0BaHUA H3 PA3NUYHBIX KYNbTYPax, TUNAX NOYB M B PA3HBLIX KNMMATUYECKUX 30H3X C Lienko
OLEHKWM MACLLT3DMPYEMOCTH W AarPO3KONONMYECKON 3HAUMMOCTH.
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