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AHHOTaUA

B craTtbe mpezcTaB/ieHbl pe3y/abTaThl UCCIeJ0BAHUS YITIEBOAHOTO COCTaBa HaJj3eMHOM UacTH
Phlomoides labiosa L. mMeTomom BbICOKO3(eKTUBHOM >XUAKOCTHON Xpomartorpaduu (BIXKX) c
pedpakTOMeTpUUECKUM [JleTeKTUpOoBaHueM. VieHTHYKalKs KOMIIOHEHTOB OCYILeCTB/Is/Iach MyTeM
CpaBHEHWs BpeMeH y/ep>XKMBaHUSI CTaHJApTHBIX 00pa3IjoB M MCC/IelyeMOro KCTpakTa. B obpasiie
obOHapyKeHbl (DpyKTO3a, IJIFOKO3a, cCaxapo3a M MasbTo3a. KosmuecTBeHHBIN aHaiud3 ToKasasl
ripeobsazaarie ManbTo3bl (0,567 + 0,002 mr/r) m rmoko3el (0,494 + 0,004 wmr/r). OG6iee
cofiep)kaHue UAeHTUGULMPOBaHHBIX YIIeBoJoB coctaBuio 1,122 + 0,011 wmr/r. IlonyuyeHHble
pe3y/ibTaThl PacIIMpPSIOT CBeJeHUs 0 XumuueckoM coctaBe Phlomoides labiosa L. u Moryt ObITh
WCII0/Tb30BaHbl NPU CTaH/JAPTH3alMY JIeKapCTBEHHOTO PACTUTETbHOTO ChIPbSI.

Abstract

The article presents the results of a study on the carbohydrate composition of the aerial parts
of Phlomoides labiosa L. using high-performance liquid chromatography (HPLC) with refractive
index detection. The identification of carbohydrate components was carried out by comparing the
retention times of standard compounds with those of the analyzed plant extract. Fructose, glucose,
sucrose, and maltose were identified in the sample. Quantitative analysis revealed that maltose
(0.567 £ 0.002 mg/g) and glucose (0.494 + 0.004 mg/g) were the predominant carbohydrates. The
total content of the identified carbohydrates was 1.122 + 0.011 mg/g. The obtained results expand
current knowledge of the chemical composition of Phlomoides labiosa L. and may be useful for the
standardization and quality control of medicinal plant raw materials.

KiroueBble cioBa: Phlomoides labiosa L, yrneBogsl, BO)KX, dpykTo3a, riroko3a, caxaposa,
MasbT03a, JIEKApCTBEHHOEe PACTUTETbHOE ChIPhe.

Bubmmorpaduueckoe omucanme: Xomikosa H.P., [lexkonos P.C., A6ay/iaes I11.B. OmnpesesieHre yIriieBOL4HOTO COCTaBa HaJ3eMHOMN
yactu Phlomoides labiosa L. mMeTomom BbICOKO3(¢eKTHBHOM XUAKOCTHOW Xpomarorpaduu // Universum: xumusi U GHosorus :
5/1eKTPOH. Hay4H. XXypH. 2026. 8(146). URL: https://7universum.com/ru/nature/archive/item/23249
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BBegenue

JlekapCTBeHHbIe pAacCTeHUS] SIBMSIIOTCS Ba)KHBIM HMCTOYHHUKOM OHONOTUYECKH aKTHUBHBIX
COeJUHEHWM, WCIIO/b3yeMbIX B COBpeMeHHOW ¢apmaimd W MeauiuHe. Ocoboe BHUMaHHe
HcciieioBaTesield TIPUBJIEKAIOT —TIpeJCTaBUTeM ceMelicTBa Lamiaceae, XapakTepu3yroliyecs
BBICOKHM cojiepyKaHreM (heHOTbHBIX COeMHeHUH, (IaBOHOU/IOB, UDUJOWOB, TEPIIEHOB U APYTUX
MeTaboMTOB, 00/1aZIAFOIINX IIIMPOKUM CITEKTPOM (hapMaKoIoruueckor akTuBHOCTH [ 1, 3].

OpaHuM U3 TMepCIieKTUBHBIX IIpe/icTaBUTe/ied AaHHOro ceMeilicTBa sBisiercss Phlomoides
labiosa L., pacnpocTpaHeHHbIN B ropHbIX paiioHax LleHTpanbHOM A3uu. PacTeHue TpagullMOHHO
WCTIONb3yeTCss B HAapOJHOW MeJWI[MHe, OJHAKO ero XWMHYeCKUl COCTaB H3yueH HeJ0CTaTOuHO
rmostHo [7].

YrrieBoAibl OTHOCATCS K YKMCIY OCHOBHBIX TE€PBUUYHBIX MeTabO/JIMTOB PAacTeHWA W WrparoT
Ba)XHYIO pO/b B TpOL[eCCaX SHEpreTUyeckoro obMeHa, OMOCHHTe3a CTPYKTYPHBIX KOMITOHEHTOB
KJIeTKM U aJjanTalliyd pacTeHUM K yCI0BUSIM OKpy»Katolllel cpefbl [4]. ViccienoBaHue yIieBOJHOTO
cocTaBa  JIeKADCTBEHHOTO  PaCTUTENbHOTO  ChIpbsSi ~ MMeeT  BaXKHOe  3HaueHWe  Jyisi
(hapMaKOrHOCTHUECKOW XapaKTepUCTUKW, CTaHAApPTU3aldd W OIIeHKM KaueCTBa PaCTUTeTbHBIX
00BekToB [2].

MaTepl/laJIbl U MeTOo/bI UCC/IeJOBAHUA

OOBEKTOM MCCIe0BaHMS CTY>KU/Ia BO3AYIITHO-CyXas Hazi3eMHast uactb Phlomoides labiosa L.,
cobpaHHasi B TIepro/; [IBETeHUsI U BLICYILIEHHAs! B €CTeCTBEHHBIX YC/IOBUSIX.

Xpomarorpacuueckuii aHain3

OrnpefienieHre yIraeBOAHOTO COCTaBa MPOBOAWINA MeTO/JOM BbICOKO3(D(PEKTUBHOM >KUJKOCTHOMN
xpoMaTtorpaduu Ha >XugkoctHoMm xpomarorpacge Agilent 1100, ocHaiieHHOM ferasaropoM Degasser
G1379A, nacocom QuatPump G1311A, aBrocemruiepom ALS G1313A, TepMOCTaTOM KOJIOHOK
ColCom G1316A, pedpakromerpuueckum getektopoM RID G1362A u mporpaMMHBIM
obecrnieuenrem Agilent ChemStation Rev. B.01.03.

Pasgiesienue ocyniecTssisiii Ha kosonke Supelcosil LC-NH, (4,6 x 250 mm, 5 MkM, Supelco,
CIITA). B kauecTBe MOABWKHOM (ha3bl UCIIOIB30BAIU CMECh al[eTOHUTPWIA U BOZABI B 00bEMHOM
cooTHolleHuu 82:18. DiroupoBaHue IIPOBOAWIA B U30KPaTUUeCKOM PeKUMe IIPU CKOPOCTU ITOTOKA
1,0 mn/muH. O6beM BBOAMMOM MPoOBI cocTarsisii 10 MK/, TemriepaTtypa KOJIOHKH TO/|iep>KUBasiach
Ha yposHe 35 °C [9].

st upeHTUdYKAIMK YI/IEBOAOB MCII0/Ib30Ba/IM CTaHAAPTHBIE 00pa3iibl GPYKTO3bI, TIIFOKO3bI,
caxapo3bl U MaJibTO3bl. BpemeHa yjep)kKuMBaHUSI CTaHAAPTOB COCTAaBW/IA COOTBETCTBEHHO 4,999;
5,486; 7,461 u 8,479 MuH. VpeHTU(UKALMIO KOMIIOHEHTOB HCC/eyeMOro oOpasija TpOBOZMIIN
IyTeM COMNOCTAaB/IeHUs] BPeMeH yZep)KUMBaHWS CO CTaHJapTHBIMM BellleCTBaMU. XpomarorpaMmma
CTaH/apTHOM CMeCH YIVIeBOZOB IpeZCTaB/ieHa Ha PUCYHKe 1, a Xpomarorpamma HCC/aefyemMoro
obpa3ila — Ha pUCyHKe 2.

Cratuctrueckasi 06paboTKa pe3y/ibTaToB
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Bce onpeziesieHrst BBITIO/IHS/IA B TpeX Mapalie/bHbIX MOBTOPHOCTSX (n = 3). [TomyueHHbIe
pe3ysibTathl  0OpabaThiBaM  MeTOZAMU  BAPWALIMOHHOM  CTAaTUCTUKM C  HWCIOJ/Ib30BaHUEM
rporpaMMHOro Tmaketa Microsoft Excel 2021. PesynbraThl mpe/icTaB/ieHbl B BHZE CpPeIHEro
apu(hMeTHUeCKOro 3HaueHWs W CTaHJapTHOW ommbku cpegHero (M + m). i olleHKH
BOCIIPOM3BOAMMOCTH MeTOJla pacCUMThIBa/lM CpeiHee 3HaueHue, CTaHZapTHOe OTKJIOHeHHe (SD)
Y CTaHZApTHYIO omnbKy cpeaHero (SEM) [5].

Pe3ynbTarhl 4 00Cy)KeHHe

B pesyasrare B3OJ)KX aHamm3a HazazemHoW uactd  Phlomoides labiosa L. 6nutu
uaeHTUUIIMPOBaHbl  (pPYyKTO3a, IJIOKO3a, caxapo3a W Masnbro3a. CoIZlacHO — JIaHHBIM
XpOMaTOrpaMMbl CTaH/IapTHOW CMecH yIieBofioB (puc. 1), MUKW UCCAelyeMbIX COeIUHEeHUM
XapaKTepU3yIOTCSl YeTKUM pa3fie/leHHeM U XOpollleid BOCIPOU3BOAMMOCTBIO. CorlocTaBiieHue
BpeMeH Y/lep)KUBaHUsI CTaH/[apTHBIX BeIleCTB U aHaIM3UpyeMoro obpasiia Mo3BOJIUIO JOCTOBEPHO
UIeHTUUIMPOBaTh YKa3aHHbIE YITIeBOJbI B COCTaBe PaCTUTENTBbHOTO Chipbsi. COIMIACHO JaHHBIM
XpOMaTorpaMMbl HccieyeMoro obpasia (puc. 2), Haubosiee UHTEHCUBHBIE TIMKH COOTBETCTBYIOT
I7TIOKO3€ ¥ MaJlbTo3e, UTO CBH/IeTE/IbCTBYET O TpeobrajjaHuu JJaHHBIX COeIMHEHUN B YITIeBOJHOM
KOMIIJIEKCe paCTeHUsl.

RID1 A, Refractve Index Signal (AAA_seq 2025-07-15 10-02-01'OnlineEdiedZ.D)
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RID1 A, Refractve Index Signal (AAA_seq 202507-15 10-02-01%002-0101.0}
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PucyHok 2. BO)KX-xpomamozpamma yz/n1ee00H020 cocmaea HadzemHou yacmu Phlomoides
labiosa L

Kak cregyer w3 JaHHBIX Tabimumpbl 1, CyMMapHOe cofep)KaHWe WAeHTU(PUIIMPOBaHHbBIX
yI/ieBofioB B HazazeMHoM yactu Phlomoides labiosa L. cocraBuno 1,122 + 0,011 mr/r. Cpeau
oOHapy)KeHHBIX COeJUHEHWN HauOOJblllee COZiep>KaHHWEe YCTAHOB/IEHO A Manbto3bl (0,567 +
0,002 mr/r), Jonst KOTOpo coctapsieT 0Kosio 50,5 % OT 00I1ero KoMMuecTBa BhISIBIEHHBIX CaXapoB.
BTopbiM M0 cofiepkaHrI0 KOMIIOHEHTOM siBjisieTcs Ttoko3a (0,494 + 0,004 mr/r), Ha 100 KOTOPOM
npuxoguTCst 0Kosio 44,0 % o0111ero cofep>kaHus yIaeBo/0B.

Ta6auya 1.
YrneBoaHbii cocTaB Haj3eMHo yactu Phlomoides labiosa L
Yrnesog, Rt crangapra, MuH Rt o0pa3sua, MuH Copaepxanue (M + m), Mr/t
(n=3)
dpykTo3a 4,999 5,040 0,026 + 0,003
I'moko3a 5,486 5,666 0,494 + 0,004
Caxapo3sa 7,461 8,304 0,035 £+ 0,002
MarbTo3a 8,479 9,161 0,567 + 0,002
HTroro - - 1,122 + 0,011

CopeprkaHre caxapo3bl U (PYKTO3bI ObIJIO 3HAUMTETBHO HIDKE U COCTABUIO COOTBETCTBEHHO

0,035 £ 0,002 mr/r u 0,026 + 0,003 mr/r. Ux cymmapHasi fio/iss He TipeBbimana 6 % ot obiero
KOJTMUeCTBA HIeHTU(PUIIMPOBAaHHBIX caxapoB. [lomoOHOe pacripefiesieHHe YITIEBOJOB MOXKeT
CBHU/IETE/IbCTBOBAaTh O BBICOKOW WHTEHCHUBHOCTH TIPOL[ECCOB YIVIEBOAHOTO OOMeHa B pacTeHUH
Y aKTUBHOM HCIT0/Ib30BaHUM MPOCTHIX CaXxapoB B (hH3U00r1UueCKUX MpoLjeccax.

CrnefyeT OTMETUTb, UTO MasibTO3a SIBSIETCS] TIPOMEKYTOUHBIM MPOJAYKTOM (pepMeHTaTUBHOTO
rUApoJjiM3a Kpaxmasa Y [pyrux 3aracHbIX [10/vMcaxapyioB. BbICOKoe cozep)kaHue [JaHHOIro
Jlcaxapuia MOXKeT yKa3blBaThb Ha aKTHBHbIe MpOLIeCChl TpaHC(OpMALUM 3amacHbIX YIJIeBOJOB
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B HCCJ/IelyeMOM pacTUTEe/JbHOM Chbipbe. B CBOIO ouepeb, 3HauMTe/IbHOE COJiep)KaHHe IJIFOKO3bl
00yCJIOB/IEHO ee LIeHTPa/TbHOM POJIBIO B SHEpreTUueckoM obMeHe v OMOCHHTeTHUYECKHX TpoLieccax
pacTutenbHOU KieTku [8].

CpaBHeHre BpeMeH Y/iep)KUBaHUsl CTaHZJAPTHBIX BeLeCTB M KOMIIOHEHTOB aHaJU3UpPyeMOro
obpa3lla TMoOKa3ajo Xopolllee COOTBETCTBHE TIOJYYeHHBIX 3HaueHWH. Pasmuums wmexay Rt
CTaHAAPTOB W HCC/IelyeMbIX 00pa3lioB He TpeBbIlIasu JOMYCTUMbIX 3HAUeHWA M MOTYT OBITh
CBSI3aHBI C B/IMSTHUEM MaTpULbl PacTUTENBHOTO SKCTPaKTa, OCOOEHHOCTSIMH TPOOOMOATrOTOBKU
MU yCIOBUSIMU Xpomarorpaduyeckoro pasfeneHus. IlonyueHHble pe3y/nbTaThl MOATBEP)KIAIOT
BBICOKYIO CeJIeKTUBHOCTb M BOCIIPOM3BOAUMOCTL NpUMeHseMoro Mertoza BOJKX pnsa anamusa
yTJIEBOIHOTO COCTaBa PaCTUTELHOTO ChIpbs [9, 8].

YcraHoBneHHbI yrieBoAHbIi npoduas Phlomoides labiosa L. mpefcrasnsier nHTepec Ajist
JanbHeNIX (apMakOrHOCTUUYECKMX M (UTOXMMUYECKUX HCC/IefloBaHUW. VI3BecTHO, UTO
pacTBOpUMbIe  YITIeBObl ~yuaCTBYIOT B  Pery/isiljuM OCMOTHUECKOTO [laBleHUsl  KJIeTOK,
JHepreTUUeCKOM obecrieueHNH MeTabOIMUecKX TIIPOeCCOB U TOBBIIEHWH YCTOWYMBOCTU
pacTeHuil K HeOIarompusTHBIM (aKTopam OKpyKawouiei cpeabl [4, 6]. IlosTomy momyueHHbIe
JAaHHBIE MOTYT OBITh HCMOMB30BaHBI TP pa3pabOTKe TMOAXOJOB K CTaHJApTU3AL[UM  ChIPbS
Y KOMIIJIEKCHOM OL|eHKe ero KauecTBa.

3ak/IIoueHue

MeTtozioM BbICOKO3(h(hEKTUBHOM »XUAKOCTHOM Xpomarorpaduud C pedpakTOMeTpHUueCKUM
JleTeKTUpOBaHHWEM WCC/Ie[loBaH YIVIeBOAHbBIM COCTaB Haza3eMHOM 4Yactu Phlomoides labiosa L.
B wuccnengyemoMm o6pasie wugeHTU(UIIMPOBaHbI (PpPyKTO3a, I/IIOKO3a, cCaxapo3a M MaJbTo3a.
YCTaHOB/IEHO, UTO AOMWHUPYIOIIMMU KOMITIOHEHTaMu siBasitoTcs Masnbro3a (0,567 + 0,002 mr/r)
v rroko3a (0,494 + 0,004 mr/r). O6I1miee comep)kaHre UAeHTU(PHUIIMPOBAHHBIX YITIEBOZOB COCTAaBU/IO
1,122 + 0,011 wmr/r. IlosyuyeHHble pe3y/abTaTbl AOMOJJHSIOT CBEJEHUS] O XMMUUYECKOM COCTaBe
Phlomoides labiosa L. ®w wMoryr ObITb WCIIO/NIb30BaHbI TIPM CTaHZAPTH3alMHd  JAHHOTO
JIeKapCTBEHHOTO PaCTUTETbHOTO ChIPHSI.
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AHHOTaLUA

Llenbto wucciefoBaHUsl SIBUIaCh CpaBHUTebHAsi OLIEHKA aHTU(YHraabHOW aKTUBHOCTH
MepCreKTUBHBIX 0OaKTepUasbHBIX IITAMMOB B OTHOILIEHWM (DUTOMATOreHHbIX TPUOOB pOJIOB
Fusarium u Alternaria. YcraHos/eHo, 4yTo Haubosiee BLICOKON aHTAarOHHUCTUYECKOM aKTUBHOCTBLIO
xapakrepu3oBasicsi ImTamMm  Azospirillum brasilense 1-7, obecrieunBmmii MHrUOMpOBaHME
paZiuasibHOTO POCTa BCeX MCC/Ie[JOBaHHBIX (pUTOmaToreHoB C noka3sartesnsmu RI 54,16-61,9 %, nipu
MakcumanbHOM 3HaueHun 61,9 % ana Fusarium sp.1. Bbicokyro 3¢ GheKTUBHOCTh Takxke
ripogeMoHcTpupoBany Bacillus subtilis 1 u Bacillus thuringiensis 1fo, rpu 3ToM MakCHMa/TbHBIM
rnokaszatesb RI y B. subtilis 1 gocturan 64,1 % B oTHoueHuu Fusarium sp.28. IlITammbl
Pseudomonas aeruginosa u Pseudomonas putida mnposiBUIM yMepeHHYI0 aHTHU(YHTa/lIbHYIO
aKTUBHOCTB, Torza Kak Bacillus safensis MB26, B. subtilis 2 u B. thuringiensis 26 narubuposamu
POCT JIUILIb OTAe/bHBIX uTonaroreHoB. [lItamm Azotobacter chroococcum sp. aHTarOHUCTHYECKOM
aKTUBHOCTU He TIPOSIBUI. AHTAaroHUCTUYECKYH0 AaKTUBHOCTb OIpeJensiiii MEeTOAOM JIBOMHBIX
KyJIBTYD Ha arapyM30BaHHOM MUTaTeNbHOW Cpefie, a CTaTUCTUUYECKYH 00pabOTKy pe3y/ibTaToB
TIPOBOJU/IM C UCIIOMb30BaHHWEM JucriepcioHHoro aHanu3a (ANOVA) rpu ypoBHe 3HAUMMOCTH P <
0,05.

Abstract

The aim of this study was to comparatively evaluate the antifungal activity of promising
bacterial strains against phytopathogenic fungi of the genera Fusarium and Alternaria. The strain
Azospirillum brasilense 1-7 exhibited the highest antagonistic activity, inhibiting the radial growth
of all tested phytopathogens with RI values ranging from 54.16 to 61.9 %, with the highest value
(61.9 %) recorded against Fusarium sp.1. High antifungal activity was also demonstrated by
Bacillus subtilis 1 and Bacillus thuringiensis 1fo, with the maximum RI value of 64.1 % observed
for B. subtilis 1 against Fusarium sp.28. Pseudomonas aeruginosa and Pseudomonas putida
exhibited moderate antifungal activity, whereas Bacillus safensis MB26, B. subtilis 2, and B.
thuringiensis 26 inhibited the growth of only selected phytopathogens. No antagonistic activity was
detected for Azotobacter chroococcum. Antagonistic activity was assessed using the dual culture
assay on solid agar medium, and the experimental data were statistically analyzed by analysis of
variance (ANOVA) at a significance level of p < 0.05.

KiroueBble c¢10Ba: XJIOMYAaTHUK, areHTbl OHOOrMUeCKOro KOHTPOJs, (UTOMaToreHHbIe
rpubsbI, Fusarium spp, Alternaria sp, 6aKTepur-aHTaroOHUCThI, aHTUQYHTaIbHast aKTUBHOCTb.

Keywords: cotton, biological control agents, phytopathogenic fungi, Fusarium spp, Alternaria
sp, antagonistic bacteria, antifungal activity.

Bubimorpaduueckoe onucanne: CKPUHHUHI TT€PCTIEKTUBHBIX OMOareHTOB MPOTHB BUPY/IEHTHBIX (DUTOMATOTeHOB XJIOMUaTHUKA U
CTaTHCTUUeCKas OLleHKa X 3¢ dektrBHOCTH // Universum: XuMUst 1 GHOJIOTHS © 3/1eKTPOH. HayyH. )XypH. Ammes 3.3. [u ap.]. 2026.
8(146). URL: https://7universum.com/ru/nature/archive/item/23139
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BBegenue

durornaToreHHble TPUObI OCTAIOTCS OJHUM M3 OCHOBHBIX (DaKTOPOB, OTPAHMUMBAIOLIUX
YPOXXalHOCTh U (DUTOCAHUTAPHYH YCTOMUYMBOCTh CE/IbCKOXO3AMCTBEHHBIX KynbTyp. 10 JaHHBIM
HCCTIeJOBAaHUM, TIOTEPU Ypoykasi BCieficTBUe Oome3Helt pactenuid pocturaior 20-30 %, npu 3ToM
3HauWTeNbHas YacTh yilepba oOycioBieHa pa3ButveM rpuboB poaoB Fusarium, Alternaria,
Verticillium, Rhizoctonia wu papyrux [30]. XnomuatHuk (Gossypium hirsutum L.) ocobeHHO
roZiBep>keH TPUOHBIM 3aboseBaHUSIM, PACIPOCTPAHSIOLUIUMCS Yepe3 TIOYBYy U CeMeHa, uTo
CyllleCTBEHHO CHU)KaeT ero NpoAyKTUBHOCTH [10].

I'pubel pomoB Fusarium wu Alternaria BbI3bIBAIOT KOpPHEBble T'HWIHM, TPaXxeOMHKO3HOE
yBsiflaHHe, HeKpO3bl cTebrell U MMCTbeB, HAHOCS 3HAYUTE/TbHBIM SKOHOMUUYECKHUH yIiIiepO celbCKoMYy
x03sucTBy [4, 19]. Tlpu (y3apro3HOM yBslaHUM XJIOMYATHUKA TOPA)KAarOTCsl KOPHeBasi CUCTeMa
Y TPOBOJSIIME TKaHW, HapylLIaeTCsl TPaHCIOPT BOZbI M MUTATENbHbIX BeLIeCTB, UTO TMPUBOAUT
K yBsiflaHUO U Tubenu pacrenuit [29]. IpexacraBurenn popa Alternaria BbI3BIBAIOT HEKPO3BI
MUCTbeB W cTebneld, yXyallleHWe KauecTBa CeMsIH U CHIDKeHWe ypoKalHocTH [27].
PacripocTtpaHeHrto  3abosieBaHMI  CMOCOOCTBYIOT — K/IMMAaTHUeCKWe W3MeHEeHUs, [JIUTebHOoe
BO3/le/IbIBaHUe KY/IbTYD B YCJIOBUSIX MOHOKY/IBTYPHI U JlerpafiaLivsi TIOUBeHHOW MUKPOOUOTHI [31].

[Tpoo/mKUTe/IbHOE TIpUMEeHeHHe XUMUYeCKuX (yHTHLHI0B CIoCOOCTBYeT (hOpPMHUPOBAHHUIO
YCTOMYMBOCTH TaTOr€HOB, COKPAI|eHWI0 UKMCIEHHOCTHU TO0JIe3HbIX MUKPOOPTraHKW3MOB, HapyILEeHUIO
5KOJIOTMUeCKOT0 PaBHOBECHSI TOUBbI U HAKOILJIEHUIO TOKCMYHBIX OCTaTKOB B OKpY)Karollei cpeje
[17, 7, 33]. B cBsi3u ¢ 3T”M pa3paboTKa 3K0/IoThuecKyd 6e30macHbIX MeTO/OB 3all[UThl paCTeHUM Ha
OCHOBe areHTOB Owonornueckoro koHTposisi (Biological Control AgentsBCA), B 4YaCTHOCTH
pu3obakTepu, CTUMYIUPYOMUX pocT pacteHuid (Plant Growth-Promoting Rhizobacteria, PGPR),
SIBJISIeTCS aKTya/IbHbIM HallpaB/ieHHeM coBpeMeHHoM (putomnartonoruu [11, 25, 5].

bakrepuu popoB Bacillus, Pseudomonas, Azospirillum v Azotobacter paccMaTpHBarOTCsl Kak
MepCrieKTUBHbIE areHThl OWOOrMUecKoro KOHTPOIS M CTUMY/SIHUM pocTa pacteHwid [1].
[MpencraButeni  poma  Bacillus  oTimuaroTcs  CriopooOpa3oBaHHEM,  YCTOMUHBOCTBIO
K HebIarornpusaTHbIM YC/IOBHSIM U BBICOKOW MeTaboMMueckod TulacTUYHOCTBIO [6]. OHu
CUHTE3UDYIOT  aHTU(YHra/JbHble  JIANONENTHAbl —  WUTYpWUH, (EeHTuUuH, CyphakTUH
U OarwuioMuivH, 3¢hdeKTHBHO UWHTUOWpYIOl[Me  pa3BuUTHe  BO30yauTesnedl  (y3apuo3sa
U anbrepHapuo3a [4, 15, 26, 14]. buornpenapatbl Ha ocHoBe Bacillus subtilis ycrielHo
MDUMEHSIFOTCS /I TIOBBILLIEHWS] ~ YCTOMYMBOCTM  arpO3KOCUCTeM U CTaOM/IbHOCTU
CeTbCKOX035ICTBEHHOT0 TIPOM3BO/ICTBa [8, 23].

[TpencraButenu poja Pseudomonas Takke 007a/jaloT BbIP)KEHHOM AaHTAarOHHUCTHYECKON
aKTUBHOCTBIO, 00YC/IOB/IEHHOW CUHTE30M CHZAepodopoB, dheHa3WHOB, MHOMIOTEOPUHA, [IUaHHUCTOTO
BO/IOPO/IA U IPYTUX BTOPUUHBIX MeTabOMUTOB, TIOAAB/ISIFOIIMX pa3BUTHe (uTonaroreHos [7, 15, 9].
AddekTrBHOCTHL mITaMMOB Pseudomonas putida u Pseudomonas aeruginosa B KaueCTBe areHTOB
OuoIoTUUeCKOT0 KOHTPO/sS TIpOoTHB Fusarium oxysporum, Alternaria alternata W apyrux
(uTONaTOreHHbIX I'PUOOB MOATBEPXK/Ae€HA PSIOM UCCIe[0BaHMH [3, 32].

[rammbel  poma Azospirillum, TpafgMIIJMOHHO pacCMaTpuBaeMble KaK TMPOAYLIEHTHI
(UTOrOPMOHOB U a30THUKCUPYIOLIME MHUKPOOPTraHW3Mbl, B IIOC/JAE€JHUE TO/bl IPUBJIEKAIOT
BHUMaHHe KaK TIepCIreKTUBHbIE areHThbl OMOKOHTPOJIA. YCTaHOB/IeHO, UTO Azospirillum brasilense
CUHTe3upyeT Jjuthdyeckde QepmenTbl (xutvHazy U [-1,3-rmrokaHasy), aHTH(YHraabHbIE
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MeTaboMuTel W MHAYLHUPYET CHUCTEMHYI0 pe3ucTeHTHOCTh pacteHuid (ISR), obGecrieunBast
BbIpa)KeHHbIN (pyHrucratuueckuid sdekr [20, 2, 12]. Hapsay ¢ stum Azotobacter chroococcum
paccMaTpuBaeTCsi KakK MHOTOQYHKLMOHA/JbHBIA MHWKPOOPraHU3M, TMOBBIMIAIOLMN TJI0j0pOJUe
TOYBBI, CTUMY/IMPYIOLIUA POCT pacTeHUd W obmazaroiuii OMOKOHTPOJIBHBIM TOTeHLManioM [21].
Bmecrte ¢ TeM 3¢ (heKTUBHOCTL OaKTepHalbHBIX aHTAarOHUCTOB OMpe/eNisieTCs MX reHeTHueCKUMU
0COOEHHOCTSIMH, IITAMMOBOM CHeLU(pUUHOCTHIO U BUPYJIEHTHOCTBIO (DUTOMATOTEHHBIX W30JISITOB,
YTO MOXKeT 00yC/IOB/TMBATh BapruabeIbHOCTh pe3ysbTaToB in vitro [21].

OpuuM 13 Hanbosee MHPOPMATUBHBIX METOJIOB CKPUHHUHTAa MUKPOOPTaHU3MOB-aHTarOHUCTOB
SIB/IIETCS. METOJ, ABOMHOM KynabTypbl (dual culture assay) in vitro [24, 13, 28]. OH no3BosseT
OLIeHUTh UHTMOWPOBaHMWEe POCTa TPUOHOTO MMLIeNHsi, KOHKypeHTHbIe B3aUMOZENCTBUs 3a cyOcTpar
U BrusiHWe IU(QYHAUPYIOMNX BHEKIETOYHBIX OHMOAaKTHBHBIX MetabomuToB [15, 13, 28]. s
KO/IMUECTBEHHOM OLIeHKM aHTarOHWCTUUeCKOW aKTMBHOCTH LIMPOKO TMPUMEHSIIOT IoKa3areiu
UHrHOMpoBaHus paguanbHoro pocta (RI, %) u ungekc 3oHbl uHrHOMpoBanus (IZ1) [28]. Bricokyto
3 PeKTUBHOCTh JIEMOHCTPUPYeT MOAUGMUKAI[US MeTOoZla «Ta30H—J/IyHKa», 00ecreunBarolas
CcTabubHOEe B3aUMO/IEMCTBHE MeXKAy aHTarOHWCTOM WM TIaTOT€HOM M TOUHYIO OLIeHKY AeWCTBUS
mddyHarpyromyx MmetabouTos [4].

JJoCTOBEpHOCTb pe3y/bTaTOB 3KCIIEPUMEHTOB METOAOM [IBOMHOM KyJ/IBTYPbl OLI€HUBAOT
C WucCronb3oBaHUeM AucrtepcuoHHoro anHamusza (ANOVA), kputepusi Teioku (Tukey HSD)
u kputepus Kpackena—Yonmica (Kruskal-Wallis), uTo cooTBeTCTBYeT cOBpeMeHHbIM TpeOOBaHUSAM
MHUKPOOHMO/IOTHYeCKUX HCcienoBaHui [36, 19]. M3yueHune CriocOOHOCTH HOBBIX OaKTepuabHBIX
W30J/ITOB, BBIJE/IEHHBIX U3 arpoOHOIeH030B XjomuaTHUKa ChIpAapbUHCKOW 001acTH, MOJaB/IsTh
pPOCT (UTOMATOTEHHBIX TPUOOB U CTAaTUCTUYeCKas OIeHKAa WX IMITaMM-CrierududecKrux
0CO0OEHHOCTEH SIBISIFOTCS] BAYKHBIM 3TarioM pa3paboTKK KO/IOrHUecKr 0e30macHbIX OMOQYHTHULU0B
HOBOT'0 [TOKOJIEHUSI.

Llefibl0 HaCTOSILL[ETO WCCe[0BaHUs SIB/IS/IACh CpAaBHUTE/IbHAsI OLleHKa aHTHU(YHraJibHOU
aKTUBHOCTH LITAMMOB 0aKTepHii-aHTarOHUCTOB Pa3/IMYHBIX TAKCOHOMHUECKUX TPYTIT B OTHOIIEHUN
Fusarium spp. u Alternaria sp. C WCI0/ib30BaHHEM MOAUMPUIIMPOBAHHOTO MeTo/la /IBOWHOM
Ky/JbTYPbl «Ta30H—/IyHKa», BbISIB/IEHHWE T[1ePCIeKTUBHBIX areHTOB OHOJIOTHUeCKOTO0 KOHTPOJIS
M CTaTUCTWYecKas OLleHKa TIOMy4YeHHbIX pe3y/lbTaToB MeTOAOM [JUCIIePCUOHHOIO aHalv3a
B IIporpaMMHoOM cpezie R.

Marepuasibl 1 MeTOABI MCC/IeJ0BaHUS

AuTU(]YHraNmbHYI0 aKTUBHOCTh OaKTepuaslbHBIX IITAMMOB OIIeHHWBaId MeTOJOM [IBOMHOM
KynbTypbl (dual culture assay), I03BOSIIOIMM HWCC/Ie[0BaTh TIpsSiIMble aHTaroOHWCTHYeCKUe
B3aUMOJIEMCTBUSI MeXIy OakrepusMd U (UTOMATOTeHHbIMU TrpubamMH, a TakKe OLeHUThb
CTIOCOOHOCTL OakTepuii K KOJIOHW3al[MK CyOcTpaTa M cUHTe3y Au(GGyHAMPYIOMUX OMOaKTHBHBIX
MeTabosuToB in vitro [26, 13].

duTonaroreHHble TPHUOBI KY/ILTUBHUPOBAaIM Ha KapTodesnbHO-AeKcTpo3HoM arape (PDA),
OakTepHa/lbHbIE IITaMMbl — Ha nUTarenbHOM arape (PA) meTogoM Tra3oHHOro roceBa. Ilocie
dbopmupoBaHusi GakTepyUasbHOTO Ta30HA CTEPUIHHBIM MPOOOWHUKOM BbIpe3asii arapoBbie OJIOKH,
repeHOCUM WX B Yaiiku [letpu ¢ PDA, poronHeHHbIM nienToHOM (5 T//), U pa3Melijaay HallpoTHB
rpubHOro HHoKy/momMa. MuKy6aiuto ripoBoauau rpu 27 °C B Teuenue 10 cyTok [11, 26].
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AHTH(YHTaNMbHYI0 aKTMBHOCTb OLIEHWBA/IM T0 TIOKa3aTel0 MHTMOWPOBaHUS PaZiaabHOTO
pocrta (RI, %), KOTOpbII pacCUUTHIBAJIH 110 (PopMyIie:

Ri (%) = ((r, — ;) / 1) X 100,

raqe R, — paguyc rpubHOM KOJIOHMM B KOHTpOse; R, — pajuyc rpubHOM KOJIOHMM CO
CTOPOHBI OaKTepHa/sbHOTO aHTaroHucTa [11, 34, 16].

Cratuctuueckyto 00pabOTKy pe3y/lbTaToB TPOBOAWIM C HCIIO/Ib30BaHWEM TPOrPaMMbl
RStudio (Bepcusi 4.3.2). /laHHble Tipe/iCTaB/eHbl B BUjle Cpe/JHero 3HaueHusi + CTaHAAPTHOIO
ork/oHeHusi (Mean + SD) 1o TpéM He3aBUCHMBIM TIOBTOPDHOCTAM. Pa3nuuus cuuTanmu
CTaTUCTUYECKHU 3HaYMMbIMU IpH p < 0,05.

Pe3y1leaTbI HucciaeaoBaHusAa

B xoze wccnemoBaHusi aHTU(YHranbHasi aKTHBHOCTh INTAMMOB OaKTepHii-aHTaroHWCTOB
B OTHOIIEHUH Pa3/IMYHbIX (PUTOMATOTEeHHBIX TPUOOB OblIa OIleHeHa IO TI0Ka3aTeslo paJuajbHOTOo
uarubupoBanus pocra (RI, %). IlomyueHHble pe3ynbTaThl TMOKAa3aad CyIIeCTBEHHBbIE DPa3/MUMs
B YPOBHE aHTAarOHUCTHUECKOTO TOTeHLMajia MEXKAy HWCCAeJOBaHHbIMU OakTepusiMi. Peakijus
Ka)XJ0ro OakTepwasbHOTO ITaMMa IO OTHOIIEHWIO K (HTONaroreHaM Obljla MpoaHaIM3MPOBaHA
OT[e/IbHO.

Pe3ysbTaTbl  OLEHKM  AHTAarOHMCTUYECKOW  aKTUBHOCTU  OaKTepWajbHBIX  IITaMMOB
B OTHOIIEHWHW (UTOTIATOTEHHBIX TPUOOB TOKA3aqM HaaW4yhe CyIIeCTBEHHBIX DPa3IMuvii MeXIy
HCC/IelyeMbIMH IIITaMMaMHu (Tabs. 1).

Hawubosee BbICOKMe TIOKasaTelnd WHIMOMPOBaHUS PafiMalbHOTO pOCTa OBUIM OTMeUeHbI
y mramma A. brasilense 1-7. JlaHHbIA IUTaMM TPOSIBUJI CTaOW/IBHYIO aHTarOHUCTHUYECKYHO
aKTMBHOCTb B OTHOILIEHUWM BCeX WCCAe[0BaHHbIX (UTOMATOreHOB, TNPWU 3TOM 3HaueHus: RI
BapbupoBa/M B Tipesienax 54,16-61,90%. Haubosnee BbIpa)KeHHbIM YPOBeHb MHTMOMPOBaHUS OBLT
3aperucTpyupoBaH B OTHoOLleHWM wusonatra Fusarium sp.l (61,9%), Torga Kak AJjisi OCTaJbHBIX
n30/sToB Fusarium 3Hauenus RI Takke npeBsbiianu 55% (puc. 1).

Fusarium sp.1 Fusarium sp. 28 Fusarium sp. 34-1  Fusarium sp. 34-2 Alternaria sp. Fusarium sp.

PucyHok 1. Akmuenocmb wmamma A. brasilense 1-7 npomue 2pu6oe

[Mtamm B. thuringiensis 1fo Takke TPOAEMOHCTPUPOBA/N  IIMPOKWW  CIIEKTP
aHTarOHUCTUYECKOW akTUBHOCTU. B oTHouienuun Alternaria sp. m Fusarium sp. 3HadyeHuss RI
COCTaBW/IM COOTBETCTBEHHO 57,5 U 56,25%, Torma Kak [/l 0CTalbHbIX U30/TOB Fusarium ypoBeHb
MHTUOMPOBaHUS HAXOAUICS B ivana3oHe 47,76-53,84% (puc. 2).
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Fusarium sp.1 Fusarium sp. 28 Fusarium sp. 34-1 Fusarium sp. 34-2  Alternaria sp. Fusarium sp.

PucyHok 2. AkmueHocmb wmamma Bt 1fo npomue 2pu6oe

B. subtilis 1 nposiBUN aHTarOHUCTUYECKYH aKTUBHOCTb B OTHOLLIEHWW BCEX HUCC/Ie[0BaHHbIX
¢uronaroreHoB. Hawnbosnee BbicOoKasi 3¢ ¢eKTHBHOCTh [JAHHOTO INTaMMa Oblla OTMeueHa
B OTHOWIeHWU u3onsita Fusarium sp.28, rae 3HaueHne RI cocraBuno 64,1%. B oTHomeHun
ocTa/jbHbIX (huTOnaroreHoB 3HaueHus1 RI BapbupoBamu ot 45,83 no 58,33%, uTo CBUETENbCTBYET
0 Ha/IMUMHM y [AaHHOTO INTaMMa CTaOWIbHOTO aHTAarOHWCTUYEeCKOrO TOTeHIMana B OTHOIIEHWH
pas3/IMYHbIX (UTONATOreHOB (pHC. 3).

Fusarium sp.1  Fusarium sp. 28 Fusarium sp. 34-1  Fusarium sp. 34-2 Alternaria sp. Fusarium sp.

PucyHok 3. AkmueHocmb wmamma B. subtilis 1 npomue 2pu6oe

[rammel P. aeruginosa v P. putida TposSiBUIA aHTarOHUCTUYECKYI0 aKTUBHOCThL CpeHeu
CTerleHW B OTHOILIEHWH BcCeX (DUTOMATOreHOB, MCIO/Ib30BaHHBIX B 3KcreprMeHTe. 3HaueHusi RI
B oTHoueHuu Alternaria sp. u Fusarium sp. cocTtaBuwid cooTBeTcTBeHHO 39,58 u 43,5%. [ns
OTZIeNIbHBIX U30/1ATOB Fusarium ypoBeHb UHTHOMpoBaHus mipeBbiiian 50%. B uactHocTy, miramMm P.
putida npoieMOHCTPUPOBas ofuHakoBbie 3HaueHUst RI (59,52%) B oTHollleHUU u30saTOB Fusarium
sp.34-1 u Fusarium sp.34-2 (puc. 4 u 5).

Fusarium sp.1 Fusarium sp. 28 Fusarium sp. 34-1  Fusarium sp. 34-2 Alternaria sp. Fusarium sp.

PucyHok 4. AkmugHocmb wmamma Pseudomonas aeruginosa sp. npomue 2pu6oe
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Fusarium sp.1 Fusarium sp. 28

Fusarium sp. 34-1  Fusarium sp. 34-2  Alternaria sp. Fusarium sp.

PucyHok 5. AkmueHocmb wmamma Pseudomonas putida npomue 2pu6oe

B. safiensis MB26 mposiBUI aHTaroHUCTUUECKYI0 AaKTUBHOCTb TOJIBKO B OTHOIIEHWH
Alternaria sp. u obiiero usonsara Fusarium sp., nmpu 3ToMm 3HaueHust RI cocTaBu/in COOTBETCTBEHHO
43,75 n 43,5%. OpgHako B OTHOLIEHUM OTAENbHBIX H30JATOB Fusarium aHTaroHUCTHYeCKast
aKTHBHOCTh He Habmopanack (puc. 6).

Alternaria sp. Fusarium sp.

PucyHok 6. Akmuenocmb wmamma B. safiensis MB26 npomue 2pu6oe

AmnanornyHasi KapTvHa ObUTa OTMeueHa y mrammoB B. subtilis sp.2 u B. thuringiensis 26.
[aHHble IITaMMbl TMPOSIBWIA aHTarOHUCTUYECKYH) AaKTMBHOCTb B OTHOIIeHuu Alternaria sp.
u obujero usonsra Fusarium sp., rae 3HaueHuss RI cocraBmmm cootBercTBeHHO 41,58 1 50 %,
a takke 27,5 u 45,75%, omHako WHrHOMPOBaHWS POCTa OT[ENbHBIX W3071ATOB Fusarium He
HaOmoganock (puc. 7 A u B). Illtamm A. chroococcum sp. He TMPOSIBUN aHTarOHUCTHYECKOU
AaKTMBHOCTH B OTHOLIIEHUU BCEX UCC/Ie0BaHHBIX (DUTOMATOreHOB.

Alternaria sp. Fusarium sp. ) )
Alternaria sp. Fusarium sp.

A) B)

PucyHnok 7. AkmueHocmbs wumamma A) B. subtilis 2, B) Bt 26 npomue 2pu6o8
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Ta6bauya 1.
AnTH(dYHra/IbHAsA AKTUBHOCTH IITAMMOB 0akTepuii-anTaronucros (RI, %, cpeHee 3HaueHne
+SD,n=3)
BakTepua/ bHbBIN Alternaria | Fusarium sp. | Fusarium sp. | Fusarium sp. | Fusarium sp. | Fusarium
IITaMM sp. 1 28 34-1 sp.34-2
Cpeguee 3nauenue RI (%)
A. brasilense 1-7 56,25 £ 2,2 54,16 £ 1,4 61,9 +4,1 60,68 £ 0,9 56,55+ 4,3 55,86+3,6
B. safiensis MB26 43,75+ 2,8 43,5 + 3,2 0 0 0 0
B. subtilis 1 58,33 +2,3 45,83 £ 1,5 50,0 £ 0,0 64,1+ 2,2 51,28 +4,4 51,28+4,4
B. subtilis 2 50+0,8 45,75 £ 1,5 0 0 0 0
B. thuringiensis 26 41,58 £ 0,4 27,5+1,7 0 0 0 0
P. aeruginosa sp. 39,58 + 1,6 41,66 + 1,2 50,0 +7,1 54,76+ 4,1 56,19 + 1,6 52,38+5,6
P. putida sp. 41,67 £ 0,9 43,5+ 0,9 50,0+ 7,1 54,38 +2,3 59,52 £ 4,1 59.5248,2
B. thuringiensis 1fo 575+ 1,5 56,25+ 1,8 50,0 £0,0 53,84 + 3,1 47,76 £ 2,0 51,28+4.,4
A. chroococcum sp. 0 0 0 0 0 0

B 1menom cpeay MCCAeOBaHHBIX IITAMMOB Hawbojiee BBbICOKass U CTabuibHast
AHTarOHMCTHUYeCKasl aKTUBHOCTD Oblia 3apeructpupoBaHa y A. brasilense 1-7, B. subtilis sp.1 u B.
thuringiensis 1fo. IlltammMbl posa Pseudomonas TposiBUMA aHTarOHUCTUYECKoe /1efiCTBUe cpefiHel
CTereHH, COXPAHsIBIIeeCs: B OTHOLIEHHWH BCEX MCC/IeJ0BaHHBIX (PUTOMATOreHOB. B oT/mune oT HUX,
AaHTAarOHUCTUYeCKasl akTUBHOCTb B. sdfiensis MB26, B. subtilis sp.2 u B. thuringiensis 26 Obuia
OrpaHMYeHa B OTHOILLEHWH OTZAebHBIX (DUTOMATOTeHOB, TOrAa Kak mrtamm A. chroococcum sp.
B MICC/IEZIyeMbIX YC/IOBUSIX He TTPOSIBU/T aHTarOHUCTHUECKUX CBOMCTB.

O6cyxaeHune

Pe3ynbrarhl MccnefoBaHUs TOKa3aau CyLeCTBeHHble pa3/iduyMsi B YPOBHe aHTU(YHIa/JIbHON
aKTMBHOCTH MeXly OakTepusiMM-aHTaroHucTamu. Hanboree BbICOKasi akTUBHOCTh Oblyia OTMedeHa
y 1raMMoB Azospirillum brasilense, Pseudomonas putida w Bacillus thuringiensis, uTo
CBU/IETE/IbCTBYET O TOM, UTO aHTarOHUCTUYECKWEe CBOWCTBA 3aBHCAT He CTO/NBKO OT BHJOBOM
TIPUHAZJIEXKHOCTU MUKPOOPTaHK3Ma, CKOJIbKO OT TeHeTUYeCKHUX U MeTabomMuecKux 0CoOeHHOCTel
KOHKDETHOTO LlITaMMa.

Bbicokass aHTudyHra/sbHasi aKTUBHOCTh Azospirillum brasilense cornacyeTcsi C JaHHBIMU
Mehanni u El-Katatny [18]. ABTOpBI yCTaHOBW/IM, 4UTO INTamMMbl Azospirillum obecrieunBaiu
vHrubrpoBanve pocta Fusarium oxysporum Ha ypoBHe 95-100 %. XoTs To/syueHHbIe HAMU
pe3ynbTaThl ObUTM HECKONMBKO HIDKE, pa3/iMuvs MOTYT ObITh 00yC/IOBIeHbI 0COBEHHOCTSIMU
WCTIOMb3yeMbIX IITaMMOB OakTepuid W HM30/7STOB (UTOMATOreHOB. TeM He MeHee, TOy4YeHHbIe
JlaHHbBIe TIO/ITBEP>K/JAI0T BLICOKUI OMOKOHTPOJIbHBIN TIOTEHI[Ma MpeicTaBuTesniel pojga Azospirillum
[18].

CornacHo JaHHBIM Yasmin u coaBT. [34], mramm Pseudomonas aeruginosa Z5 vHrubupoBan
poct Fusarium oxysporum Ha 82,5 %, a B OTHOIIIEHUM HEKOTOPBIX APYTMX (PUTONATOreHOB YPOBEHb
vHrubupoBanus gocturan 86,5-91,5 %. B Haiiem ucciiefioBaHuM aHTU(yHrabHasi aKTUBHOCTD P.
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aeruginosa Obljla HW)KE yKa3aHHBIX 3HaueHWH, ofHaKo Pseudomonas putida mpojeMOHCTPUPOBAI
Ooslee  BBICOKYIO aKTHMBHOCTh B OTHOIIEHWH OTJENbHBIX M30/STOB. OTO TIOJATBEPIK/IAeT
IITaMMOCTeli(hUUeCKUA XapaKTep aHTarOHUCTUUECKUX CBOMCTB OakTepwii [34].

Liang u coaBT. [16] moka3zamu, uto mramMm Bacillus thuringiensis GBAC46 sddekTrBHO
TOZIaB/IsIeT pa3BuTHe TPpUOOB poza Fusarium. AHanOrWMuyHO, B HAIlleM WCC/IeZOBaHWM IITaMM B.
thuringiensis 1fo mposiBU/I BBICOKYI0 aHTU(YHTa/IbHY0 aKTUBHOCTh, TOT/]a KaK Pyroi IITaMM TOro
e Bula — B. thuringiensis 26 — xapaKTepu30BaJICsl 3HAUUTENbHO Oojiee HU3KOM aKTUBHOCTBIO.
IaHHbli (BaKT yKa3blBaeT Ha CYIIeCTBEHHbIE Pa3/IWuMsi OMOKOHTPOJILHOTO TIOTEHI[MaNa MEXIY
IIITaMMaMU OfIHOTO Bu/a [16].

[To pmanHbiM Zhang u coaBT. [35], dsHruimHbl, npoayuupyemble Bacillus subtilis,
TpaKTUUeCKU TIOTHOCTBIO TOAAB/SIOT pocT Alternaria solani. B Hailem ucciiefjoBaHuu Tamm B.
subtilis 1 TakKe MpOSBUI BbIPA)KEHHYIO0 aHTU(YHralbHYH0 aKTMBHOCTh, TOrja Kak B. subtilis 2
OKa3blBa/l 3HAuMTebHO Oosiee craboe BO3JEMCTBHE Ha HEKOTOPble (UTOMATOTeHHbIE T'PUOBI.
BeposiTHO, 3TO CBSI3aHO C pa3/IMUMsMU B SKCIIPECCUU TeHOB, OTBEUAIOII[MX 3a CUHTe3 JIUMONenTUI0B
[35].

Prakash u Arora [22] ycraHoBumu, uto mtamm Bacillus safensis STJP mpaktuuecku
TOJTHOCTBIO TO/IaB/IsieT MUILIeNMaNbHBI POCT U oOpa3oBaHWe KoHuauid Alternaria alternata.
B ommune ot storo, mrtamm B. safiensis MB26, wccienoBaHHbIN B Hallell paboTe, TPOSIBUII
CpaBHUTE/NLHO 0o0siee HU3KYH0 aHTH(YHTAAbHYI0 AaKTUBHOCTb, UTO, BEpPOATHO, O0YyC/IOB/IEHO
pa3IMuMUsMU B MeTabOIMUeCKOH aKTUBHOCTU UCC/IelyeMBbIX IITaMMOB [22].

Y Azotobacter chroococcum anTudyHranbHasi akTUBHOCTh He Obljla BbisiB/ieHa. [ToyueHHbIe
pe3y/bTaThl COTIACYIOTCS C JIMTePAaTyPHBIMU AAHHBIMH, COIJIACHO KOTOPHIM OCHOBHOE 3HaueHUe
TIpe/ICTaBUTe/Iel IAHHOTO PoJila CBSI3aHO He C OMOKOHTpO/ieM (UTOMATOreHOB, a C (UKcarei
aTMoC(epHOTro a30Ta U CTUMYJISILIeN pocTa pacTeHU.

3ak/IIoueHue

Pe3ynbraTel MPOBEJEHHOTO HWCCAEJOBAaHUS TI0Ka3aad, 4YTO aHTU(QyHrajbHasi aKTUBHOCTb
OakTepuanbHBIX IITAMMOB-AaHTarOHUCTOB CYIL@eCTBEHHO BapbUpPyeT B 3aBUCUMOCTH OT BHJA
¢uTonaroreHHoro rpuba. Haubomee BBICOKYH0 aHTaroHMCTUYECKYI0 AKTUBHOCTb B OTHOIIEHUH
u3onsitoB Fusarium sp.34-1 u Fusarium sp.34-2 TIpofieMOHCTPUPOBAIM 1iTaMMbl Pseudomonas
putida sp. u Azospirillum brasilense 1-7. B otHouenuu Alternaria sp. u Fusarium sp.,
BbIZIeJIEHHBIX M3 KOPHEBOMW CHCTeMbI U CTebiell X/IormyaTHrKa, Haubosblias 3¢hheKTHBHOCTEL Obla
3aperucTpupoBaHa y mramma B. thuringiensis 1fo.

CraTuCTUUeCKUd aHalnu3 TOATBEPAWI Ha/JWuyue [JOCTOBEPHBIX  pasuuuid  Mexay
HCC/IeIOBaHHBIMU ~ OaKTepUabHBIMM IITaMMaMM TI0 YPOBHIO aHTHU(YHTaJbHONW aKTUBHOCTHU
B OTHOIIIEHUM OT/eNIbHBIX (puTOraToreHoB. B To ke BpeMms mitramm Azotobacter chroococcum sp. He
TMPOSIBUJT aHTU(YHTa/TbHOW aKTUBHOCTH HU B OIHOM U3 UCCJIeI0BaHHBIX BAPUAHTOB.

[TosyueHHbIe pe3y/bTaThl TMO3BOJISAIOT paccMaTpuBath IiTaMMbl Bacillus thuringiensis 1fo,
Pseudomonas putida w Azospirillum brasilense 1-7 B KauecTBe TIepPCEKTHBHBIX areHTOB
OrosIorUeCcKoro KOHTPOJIS [/l 3all[UThI XJI0MUaTHUKA OT (PUTOTATOreHHBIX TPUOOB.
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baaropapHocTh

Mb1 BbIpakaeM OarogapHoCTb MHCTUTYTY MUKpoOuosorurd AkasemMuu Hayk PecryOivku
¥Y36eKucTaH, KOTOPBIM BBIMTOJIHA OCHOBHYIO 0a30ByI0 pabOTy IO JaHHOW TeMe, 3a CO3/aHUe
JIOCTaTOYHBIX YCJIOBUH [I7is IPOBEZIEHUS SKCIIEPUMEHTOB B J1AOOPaTOPUH.

Cnucok mureparypsbl

1. Backer R, Rokem JS, Ilangumaran G, Lamont J, Praslickova D, Ricci E, Subramanian S and
Smith DL (2018) Plant Growth-Promoting Rhizobacteria: Context, Mechanisms of Action, and
Roadmap to Commercialization of Biostimulants for Sustainable Agriculture. Front. Plant Sci.
9:1473. doi: 10.3389/fpls.2018.01473.

2. Cassan, Fabricio &amp; Coniglio, Anahi &amp; Lopez, Gaston &amp; Molina, Romina &amp;
Nievas, Sofia &amp; Le Noir de Carlan, Coline &amp; Donadio, Florencia &amp; Torres,
Daniela &amp; Rosas, Susana &amp; Pedrosa, Fabio &amp; Souza, Emanuel &amp; Diaz-
Zorita, Martin &amp; de-Bashan, Luz &amp; Mora, V. (2020). Everything you must know
about Azospirillum and its impact on agriculture and beyond. Biology and Fertility of Soils. 56.
10.1007/s00374-020-01463-y.

3. Castro Tapia MP, Madariaga Burrows RP, Ruiz Sepulveda B, Vargas Concha M, Vera Palma C
and Moya-Elizondo EA (2020) Antagonistic Activity of Chilean Strains of Pseudomonas
protegens Against Fungi Causing Crown and Root Rot of Wheat (Triticum aestivum L.). Front.
Plant Sci. 11:951. doi: 10.3389/fpls.2020.00951.

4. Duan, Y., Pang, Z., Yin, S., Xiao, W., Hu, H. &amp; Xie, J. (2023). Screening and analysis of
antifungal strains Bacillus subtilis JF-4 and B. amylum JF-5 for the biological control of
Fusarium wilt of banana. Journal of Fungi, 9(9), 886 [OnekTponHsiii pecypc]. URL: https:/
doi.org/. (nara obparenus 07.08.2026)

5. El-Saadony MT, Saad AM, Soliman SM, Salem HM, Ahmed AIl, Mahmood M, El-Tahan AM,
Ebrahim AAM, Abd El-Mageed TA, Negm SH, Selim S, Babalghith AO, Elrys AS, El-Tarabily
KA and AbuQamar SF (2022) Plant growth-promoting microorganisms as biocontrol agents of

plant diseases: Mechanisms, challenges and future perspectives. Front. Plant Sci. 13:923880.
doi: 10.3389/fpls.2022.923880.

6. Etesami, Hassan &amp; Jeong, Byoung Ryong &amp; Glick, Bernard. (2023). Biocontrol of
plant diseases by Bacillus spp.. Physiological and Molecular Plant Pathology. 126. 10.1016/
j.pmpp.2023.102048.

7. Gharsallah H, Cheffi M, Mallek R, Omri N, Triki MA, Oztop MH and Zarai Z (2025)
Antifungal potential of Bacillus strains: implications for biocontrol strategies in food safety and
sustainable agriculture. Front. Microbiol. 16:1615252. doi: 10.3389/fmicb.2025.1615252.

8. Giri, B.R., Chattaraj, S., Rath, S., Pattnaik, M.M., Mitra, D. &amp; Thatoi, H. (2025). Unveiling
the Molecular Mechanism of Azospirillum in Plant Growth Promotion. Bacteria, 4(3), 36
[DnekTponnslii pecypc]. URL: https://doi.org/. (nara obparrenus 07.08.2026)

22


https://doi.org/
https://doi.org/
https://doi.org/

Ne 8 (146) - aezycm, 2026 2.

9.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hajji-Hedfi, L., Wannassi, T., Khlif, A., Kavhiza, N.J.,, &amp; Rebouh, N.Y. (2025).
Investigating the Biocontrol and Plant Growth-Promoting Potential of Pseudomonas
yamanorum for Sustainable Management of Tomato Early Blight (Alternaria alternata). Plants,
14(20), 3117 [3nekTponHbIi pecypc]. URL: https://doi.org/. (mata obpaijenust 07.08.2026)
Hillocks, R.J. (2012). Cotton Diseases. CAB International.

Jimenez-Quiros, C., Okechukwu, E.C., Hong, Y., Baysal, O. &amp; Tér, M. (2022).
Comparison of Antifungal Activity of Bacillus Strains against Fusarium graminearum In Vitro

and In Planta. Plants, 11(15), 1999 [Onektponnsiii pecypc]. URL: https://doi.org/. (gaTa
obparjenust 07.08.2026)

Kerecki, Slavica &amp; Pecinar, Ilinka &amp; Karlicic, Vera &amp; Mirkovic, Nemanja &amp;
Kljujev, Igor &amp; Raicevi¢, Vera &amp; Jovicic-Petrovic, Jelena. (2022). Azotobacter
chroococcum F8/2: A multitasking bacterial strain in sugar beet biopriming // Journal of Plant
Interactions. 17. 719-730. — 2022. — DOI: 10.1080/17429145.2022.2091802.

Khan N, Martinez-Hidalgo P, Ice TA, Maymon M, Humm EA, Nejat N, Sanders ER, Kaplan D
and Hirsch AM (2018) Antifungal Activity of Bacillus Species Against Fusarium and Analysis
of the Potential Mechanisms Used in Biocontrol. Front. Microbiol. 9:2363. doi: 10.3389/fmicb.
2018.02363.

Korangi Alleluya V, Argiielles Arias A, Ribeiro B, De Coninck B, Helmus C, Delaplace P and
Ongena M (2023) Bacillus lipopeptide-mediated biocontrol of peanut stem rot caused by Athelia
rolfsii. Front. Plant Sci. 14:1069971. doi: 10.3389/fpls.2023.1069971.

Li, Y., Zhang, X., He, K., Song, X., Yu, J., Guo, Z. &amp; Xu, M. (2023). Isolation and
Identification of Bacillus subtilis LY-1 and Its Antifungal and Growth-Promoting Effects. Plants,
12(24), 4158 [DnekrponHsbIi pecypc]. URL: https://doi.org/. (nara obpamienus 07.08.2026)
Liang, Z., Ali, Q.,, Wu, H., Gu, Q., Liu, X., Sun, H. &amp; Gao, X. (2025). Biocontrol
mechanism of Bacillus thuringiensis GBAC46 against diseases and pests caused by Fusarium
verticillioides and Spodoptera frugiperda. Biomolecules, 15(4), 519 [OnekrpoHHbIi pecypc].
URL: https://doi.org/. (mata obparenus 07.08.2026)

Maake, T.W. &amp; Sibisi, P. (2025). Microbial Antagonists for the Control of Plant Diseases in
Solanaceae Crops: Current Status, Challenges, and Global Perspectives. Bacteria, 4(3), 29
[Dnekrponnsiii pecypc]. URL: https://doi.org/. (nara obpamienus 07.08.2026)

Mehanni, M.M. &amp; El-Katatny, M.H. (2023). Evaluation of the antifungal activity of some
Azospirillum strains for their possible role as biocontrol agents. Research Square
[DnekTponnsIii pecypc]. URL: https://doi.org/. (nara obpartenus 07.08.2026)

Patel, Dhaval &amp; Tetarwal, ML &amp; Pandya, Kajal &amp; Purohit, Jyotika &amp;
Meena, RL &amp; Chattopadhyay, Anirudha. (2024). Status of Alternaria leaf blight in cotton
and its fungicidal management. JOURNAL OF MYCOLOGY AND PLANT PATHOLOGY. 54.
279. 10.59467/JMPP.2024.54.279.

Pelagio-Flores, R., Ravelo-Ortega, G., Garcia-Pineda, E., &amp; Lépez-Bucio, J. (2025). A
century of Azospirillum: plant growth promotion and agricultural promise. Plant signaling

&amp; behavior, 20(1), 2551609 [Onekrponnbiii pecypc]. URL: https://doi.org/. (gata
obparrenus 07.08.2026)

23


https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/

Ne 8 (146) UNIVERSUM: aszycm, 2026 e.

XUMua u smonorua

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Pirttild, A.M. Mohammad Parast Tabas, H., Baruah, N., &amp; Koskimdki, J.J. (2021).
Biofertilizers and Biocontrol Agents for Agriculture: How to Identify and Develop New Potent
Microbial Strains and Traits. Microorganisms, 9(4), 817 [Onekrponnsiii pecypc]. URL: https:/
doi.org/. (mara obpamenus 07.08.2026)

Prakash, J. &amp; Arora, N.K. (2021). Novel metabolites from Bacillus safensis and their
antifungal property against Alternaria alternata. Antonie van Leeuwenhoek, 114, 1245-1260
[DnekTponnsiii pecypc]. URL: https://doi.org/. (nara obparrenus 07.08.2026)

Raaijmakers, J.M. &amp; Mazzola, M. (2012). Diversity and natural functions of antibiotics
produced by beneficial and plant pathogenic bacteria. Annual review of phytopathology, 50,
403-424 [Dnextponnsbiit pecypc]. URL: https://doi.org/. (mata obparrienus 07.08.2026)

Rafanomezantsoa, P., Gharbi, S., Karkachi, N. &amp; Kihal, M. (2022). Antifungal activity of
Bacillus spp. against Fusarium oxysporum f. sp. lycopersici and Ascochyta sp. Journal of Plant
Protection Research, 62(1), 45-54 [Onektponnsiti pecypc]. URL: https://doi.org/. (mata
obparrenus 07.08.2026)

Raut L. S, Dalvi S. M, Rakh R.R. Antifungal Potential of Bacillus subtilis subsp. inaquosorum
RLS76 for Management of Fusarium Wilt Disease of Bt- Cotton. Curr Agri Res 2024; 12(1).
doi: [OnekTponnbIiii pecypc]. URL: http://dx.doi.org/. (qata obparienus 07.08.2026)

Russi, A., Almanca, M.A. K., &amp; Schwambach, J. (2022). Bacillus subtilis strain F62
against Fusarium oxysporum and promoting plant growth in the grapevine rootstock SO4. Anais
da Academia Brasileira de Ciencias, 94(suppl 3), e20210860 [DnektponHsiii pecypc]. URL:
https://doi.org/. (nata obpamenus 07.08.2026)

Salotti I, Giorni P and Battilani P (2024) Biology, ecology, and epidemiology of Alternaria
species affecting tomato: ground information for the development of a predictive model. Front.
Plant Sci. 15:1430965. doi: 10.3389/fpls.2024.1430965.

Salotti, 1., Giorni, P. &amp; Battilani, P. (2024). Biology, ecology, and epidemiology of
Alternaria species affecting tomato: ground information for the development of a predictive
model. Frontiers in plant science, 15, 1430965 [Onekrponnsbiit pecypc]. URL: https://doi.org/.
(mara obparrenus 07.08.2026)

Sampaio, A.M., Aratjo, S. d. S., Rubiales, D., &amp; Vaz Patto, M.C. (2020). Fusarium Wilt
Management in Legume Crops. Agronomy, 10(8), 1073 [3nektponnsiii pecypc]. URL: https:/
doi.org/. (mata obparienus 07.08.2026)

Savary, S., Ficke, A., Aubertot, J.N. &amp; Hollier, C. (2019). The global burden of pathogens
and pests on major food crops. Nature Ecology &amp; Evolution, 3, 430-439 [DsieKTpoHHbII
pecypc]. URL: https://doi.org/. (nara obpamjerus 07.08.2026)

Singh, B.K. Delgado-Baquerizo, M., Egidi, E., Guirado, E., Leach, J.E., Liu, H., &amp; Trivedi,
P. (2023). Climate change impacts on plant pathogens, food security and paths forward. Nature
reviews. Microbiology, 21(10), 640—-656 [DnektponHsbiii pecypc]. URL: https://doi.org/. (gaTta
obparjenust 07.08.2026)

24


https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
http://dx.doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/

Ne 8 (146) UNIVERSUM: aszycm, 2026 e.

XUMua u smonorua

32.

33.

34.

35.

36.

Tagoe, J.N. A., Ojha, B., Horne, S.M., &amp; Prii}, B.M. (2026). Azospirillum brasilense and
plant exudate components increase phytopathogen resistance and modulate the phyllosphere and
rhizosphere. Canadian Journal of Microbiology, 72(1), 45-59 [OnekrponHsiii pecypc]. URL:
https://doi.org/. (mara obpamenus 07.08.2026)

Verdadero, F.X. D., Agarap, A.Z., Macatingrao, C.N. E., Ordonez, I.A., Jr., Tavu, L.E. J., Pires,
D., &amp; Balendres, M.A. O. (2025). Pesticides in the Environment: Benefits, Harms, and
Detection Methods. Sci, 7(4), 171 [Onekrponnsbiii pecypc]. URL: https://doi.org/. (zmata
obparrenus 07.08.2026)

Yasmin, S., Hafeez, F.Y., &amp; Rasul, G. (2014). Evaluation of Pseudomonas aeruginosa Z5
for biocontrol of cotton seedling disease caused by Fusarium oxysporum. Biocontrol Science
and Technology, 24(11), 1227-1242.

Zhang, X. et al. (2022). Fengycin produced by Bacillus subtilis ZDO01 inhibits Alternaria solani
and alters fungal gene expression. Frontiers in Microbiology, 13, 861113 [OneKTpoHHbII
pecypc]. URL: https://doi.org/. (nara obpamenrus 07.08.2026)

Zhou, J., Zhang, X., Qu, Z., Zhang, C., Wang, F., Gao, T., Yao, Y. &amp; Liang, J. (2024).
Progress in Research on Prevention and Control of Crop Fungal Diseases in the Context of
Climate Change. Agriculture, 14(7), 1108 [OnekTponnsbiii pecypc]. URL: https://doi.org/. (mara
obparjenust 07.08.2026)

25


https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/

Ne 8 (146) UNIVERSUM: aszycm, 2026 e.

XUMUA 1 buonorus

3KOJIOI'MSI 1 OXPAHA OKPY KAFROIIIEN CPE]IbI

Cmambs nocmynuaa 8 pedakyuto: 22.06.2026
Cmambs npuHama K nybaukayuu: 27.06.2026
Cmambs onybaukoeana: 07.08.2026

YK 502.174+658.5

OT MHAMKATOPOB K yNpaB/IeHNI0: MHTerpanysa cucreMHoro noaxoga u I'OCT P
MCO 14031 B oueHKe 3K0/10ru4ecKo 3¢ (peKTUBHOCTH NpeAnpUATUS

Kpueopomoesa Co¢pbsa AHOpeeeHa

mazucmpanm

Pocculickuli xumuxko-mexHono2uyeckutl ynusepcumem umenu /.M. MeHdeneesa
P®, 2. Mockea

E-mail: s.temple.s16@gmail.com

From indicators to management: integrating the systems approach and GOST R
ISO 14031 in assessing an enterprise's environmental performance

Krivorotova Sofya Andreevna
graduate Student, D.I. Mendeleev University of Chemical Technology
Russia, Moscow

AHHoOTanus

B cratee paccmarpuBaetcst mpobsiemMa paspbiBa MeXy COOPOM 3KOJIOTMYeCKHUX JAHHBIX U MX
VICII0/Ib30BaHUEM [IJI1 TIPUHATHS yNpaB/leHUYeCKUX pelleHUWN Ha TMPOMBIIUIEHHOM IpeJIpUSITUHN.
AKTya/rbHOCTh TEMBI CBsi3aHa C POCTOM HAarpy3kKv Ha TIPUPOAY U HeoOXOAMMOCTBIO Tepexoza OT
MIPOCTOro y4yéTa K akTMBHOMY ympasijeHuto. [IpefokeHa KOHLleNTya/lbHasi MOZe/Ib WHTerparyuu
CUCTEMHOI'0 NPUYMHHO-CJ/IeICTBEHHOIO aHa/u3a U CUCTeMbl I0Ka3aTesied OL|eHKU 3KOJIOTMYeCKOu
pesynsratuBHocT 10 'OCT P KMCO 14031-2023. Pa3paboraHa Marpuija COOTBETCTBHS,
COIOCTAB/IAOIAs KaX/Jbld YpPOBEHb 3KOJIOTMUYECKOrO YIpaBieHWs C KOHKPeTHbIMM THIIaMU
niokaszaresieii (I[19Y, [I2®, TICOC), uTo 1M03BOJsIeT UCIIO/Ib30BaTh CTaTUCTAYECKYH0 MH(OPMALHIO
KaK WHCTPYMEHT YTIpaBJieHHsl 3KOJ0rhdeckod Oe3omacHocThi0. Ha mprMepe KOpIiopaTMBHOTO
cragzapra [IAO «['asmpom» mnoOKa3aHa IIpakTH4YeCKas peanu3alys IpeyIoKeHHOro I0AX0Aa,
JIeMOHCTPUPYETCSl CBSI3b yIpaB/eHYeCKUX, ONepaljMOHHbIX M SKOJIOTMYeCKUX WHAWKATOPOB.
OO60CHOBaHO, YTO POCT SKOJIOTHUECKOH 3(h(eKTUBHOCTH TpY CcOAaHCUPOBAHHOM OL|eHKe BeJET K
TIOBBIIIIEHHIO 0e30TacHOCTH, OJHAKO BO3MOKHBI TIPOTHBOpEUMsi (HarlpyuMep, SKOHOMHUS 3a CUéT
KOHIIEHTpPAl[id OTXOZIOB), TO3TOMY HeoOXoAuMa efuHas CHCTeMa YIIPaBIeHHUs SKOJIOTHuUeCKOM
pe3y/bTaTUBHOCTHIO, OCHOBAaHHAs HAa HAWIYUIIMX JAOCTYIHBIX TEXHOJOTHsX. Takum oOpasom,

Bubsmorpaduueckoe omucanme: Kprsoporosa C.A. OT MHMKATOPOB K yTIpaB/IeHHI0: HHTerpanys cucreMHoro nogxoga u 'OCT P
VICO 14031 B orjeHKe 3Koj0ruueckoi 3¢ dekrrBHOCTA NpeanpusaTys / Universum: XuMust ¥ GMOJIOTHS © 37IeKTPOH. Hay4H. >KYDH.
2026. 8(146). URL: https://7universum.com/ru/nature/archive/item/23242
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cZlefiaH BBIBOZ, UTO TIOTPEOHOCTh B TAaKOW CHUCTeMe TIPUBEAET K (hOPMHPOBaHUIO KOMIIEKCHOTO
yrpaB/eHUs] 3KOJIOTMUeCKOU pe3y/IbTaTUBHOCTBIO MPeAIPUATHS U MO3BOJIMT He TOBbKO OLeHUBAThb
TeKylllee COCTOSIHUe, HO U ITPOrHO3UPOBATh NOC/Ie[CTBUS IPUHUMAEMbIX pelleHUH.

Abstract

This article examines the gap between environmental data collection and its use for
management decision-making at an industrial enterprise. The relevance of this topic is linked to the
increasing burden on the environment and the need to move from simple accounting to active
management. A conceptual model for integrating systemic cause-and-effect analysis and a system of
environmental performance indicators in accordance with GOST R ISO 14031-2023 is proposed. A
correspondence matrix has been developed that correlates each level of environmental management
with specific types of indicators (environmental performance indicators, environmental condition
indicators, management performance indicators), enabling the use of statistical information as a tool
for environmental safety management. Using the corporate standard of PJSC Gazprom as an
example, the practical implementation of the proposed approach is demonstrated, demonstrating the
relationship between management, operational, and environmental indicators. It is substantiated that
increased environmental efficiency through a balanced assessment leads to improved safety.
However, contradictions are possible (e.g., savings due to waste concentration). Therefore, a unified
environmental performance management system based on the best available technologies is
necessary. Thus, it was concluded that the need for such a system will lead to the formation of a
comprehensive management of the enterprise's environmental performance and will allow not only
to assess the current state, but also to predict the consequences of decisions made.

KnroueBbie c/10Ba: 3Komoruveckasi 3pQeKTUBHOCTh, SKOIOTHUeCKasi 6e30MacHOCTh, OLjeHKa
sKojiornueckor pesynsratuBHOCTH, ['OCT P MCO 14031, ynpaBieHue OKpy»Karolled Cpefou,
CUCTEMHBIN NOAXO[,.

Keywords: environmental efficiency, environmental safety, environmental performance
assessment, GOST R ISO 14031, indicators, environmental management, systems approach.

BBegenue

CoBpeMeHHOe TIPOMBIILJIEHHOE TIPeATIPUSITUe CTAaTKHUBAeTCsl C OfHOM U3 MpobieMoit, uToObl
YTIPaBJISATH KOJIOTHEH, a He TIPOCTO (PUKCUPOBaTh yiiepb, HY>KHO TPH Bellly: YTO UMEeHHO U B KaKOM
oObéMe TIOTIaZiaeT B MPUPOAY; YTBEpP)KJeHe KOHKPeTHBIX Lie/ieid 10 CHWKeHUIO BpeZia; pery/sipHbId
KOHTPOJIb pe3y/ibTaToB. B HayuyHO#l /MTepaType W HOPMAaTUBHBIX JOKyMeHTaX 3KOJIOrHuecKast
6e30macHOCTb W 23KosiorMueckasi 3¢pQPeKTUBHOCTh YacTO pacCMaTpUBAIOTCS pas3fienbHO: TepBast
TPAKTyeTCsl KaK COCTOsSIHUe 3alUILEHHOCTH, BTOpPasi — KaK pe3y/bTaT NPUPOA00XpaHHbIX mep [1].
OpHako Ha TMpaKTHKe OHU 00pa3yloT efnHOe 1ieioe, rje pocT 3(P(eKTHBHOCTU TPHU MPABUIEHOM
yrpaB/ieHUM BeJET K TMOBbIIeHWI0 0e30MacHOCTH, a HapylleHue 6e30MacHOCTU CHUXKaeT
3¢ (HeKTUBHOCT.

AKTyanbHOCTh TeMbI, 3aK/IF0YaeTCsi B TOM, UTO COBpPeMeHHOe Da3BUTHE TPOMBIILIIEHHOCTH
COTIPOBOXK/IAeTCSI POCTOM HAarpy3Kd Ha OKpY»Karollyro cpely. B 3Tux ycroBusix obecrieyeHve
9KOJIOTUUeCKOM  0e301acHOCTM  CTAaHOBUTCSI He TOJNBKO TOCYJApCTBEHHOM 3ajaueil, HO
U TpeboOBaHMEM K KaXAOMYy XO3sWCTByloleMy cyObekry. OpfHako TipocToe cobsrojgeHue
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HopMmarvBoB (ITJK, TI/IB) uacto oOKa3biBaeTCs HEAOCTATOUHBIM: TIPEANPUATHASAM HY)KHBI
MHCTPYMEHTHI, TI03BOJISIFOLIME OLeHUBaTh, HACKOAbKO 3(PQPEKTUBHO HCIONb3YIOTCS PeCcypchl
Y CHWKaeTCsd HeraTuBHOe Bo3felcTBHe. VIMEHHO 3/7ieCb BO3HHKAaeT TOHSTHE «3KOJIOruuecKas
5(QQeKTUBHOCTb», KOTOpPOe B TMOCHAeJHUe TOAbl aKTUBHO BHEJPSeTCS B KOPIIOPAaTHUBHBIN
MeHeI>KMeHT U MekayHapozHble ctanaapTsl (ISO 14031) [2].

Llens naHHOW cTaThu — pa3paboTaTb METOZOJIOTHIO WHTerpaiiyd CHCTEMHOTO ToAXoza
M CTaH/apTHU3MPOBaHHON CHCTeMbl IIOKa3aTesield, TMO3BOJISIOLIYI0 TPeANPUSTHSM He TMPOCTO
cobuparh /aHHbIe 00 JKOMIOTHMUECKUX T0Ka3aTessiXx, HO M WCIIOb30BaTh WX [yl 000CHOBAaHHBIX
yTIpaBjieHYeCKUX pellleHui B 00/1aCTH SKOIOTHUeCKoi 6e301acHOCTH.

Marepuasibl 1 MeTOABI

CucreMHBbIN IPUUMHHO-C/IEACTBEHHbIN aHA/IU3 KAaK 0CHOBA IK0/10THUYeCKOro
ylpaB/ieHusl

[7nsi 3¢ peKTUBHOTO yrpaB/ieHus1 SK0JIOrHuecKoi 6e30MacHOCThbIO TIPeANPUSTHS Heo0X0AUMO
paccMaTrpuBaTh BO3ZEMCTBUE Ha OKPYXKAIOLLYH Cpefly KaK CHUCTeMy B3aUMOCBSI3aHHBIX 3/1eMEHTOB,
KaXK/IbIi M3 KOTOpbIX TpeOyeT CBOMX TIOKa3aresieii. B Teopuu S5KOJIOTMUECKOTO MeHe[KMeHTa
BBIZIEJISIFOT TISITh MOC/Ie/10BaTe/IbHBIX 3/IEMEHTOB TaKOW CUCTEMBI:

1. DKoHOMMUecKasi JeATelbHOCTb U TMOTpebHOCTH oOIecTBa. OTO OCHOBHbIE TPUUMHBI
9KOJIOTUYEeCKUX TIpoOJieM: pOCT TPOM3BOACTBA, yBeJMUeHHWe TOTpeO/eHus] pecypcoB, pa3BUTHE
WH(PaCTPYKTYPhl, U3MEeHeHUEe CTPYKTYPhI Cripoca. ITH (haKTophI Omnpe/iesistoT MaciuTab U XapakTep
Oymyiiero Bo3zeicTBYs Ha pupoay [3].

2. Harpy3ku Ha OKpYXKalollyl0 cpefy. B OCHOBHOM Harpy3kud BKJIFOUAIOT: BBIOPOCHI
3arpsI3HSIOLIMX BeIlecTB B arMocdepy, cOpockl B BOAHbIE OOBEKThI, 0Opa30BaHHE OTXOZOB
MpOU3BOACTBA M TIOTpeOieHus, 3ab0p BOAbl W3 TIPUPOAHBIX HCTOYHUKOB, W3MEHeHHUe
3eMJ/IeT0/Ib30BaHMUS.

3. CocTrosiHue KOMIIOHEHTOB MPUpPOAHON cpefbl. OHO OTpakaeT pe3y/bTaT BO3/EHCTBUS
Harpy3oK: KOHLIEHTpal|uM 3arps3HSIOLIMX BeleCcTB B aTMOC(EepHOM BO3/yXe Ha TpaHMULle
CAHWUTAPHO-3aL[UTHON 30HBI U B 30He BJIUSHUS TPEATIPUATHS, KaueCTBO BO/JbI B BOAHBIX 00beKTax
B MecTax Bojio3abopa M cOpoca CTOYHBIX BOJl, COCTOSIHHE TOYBEHHOTO TMOKPOBa Ha TePPUTOPUH
MIpeJIIpUATHS U NPUIeratoliX TePPUTOPUSX, YPOBEHb IITyMOBOIO BO3/|eHCTBUSI Ha TPaHULIE JKUJIOU
3acTpoiiku [4].

4. TlocnencTBUs U3MEeHEHUs COCTOSIHUS Cpefibl. JTO BO3[eHCTBUE Ha 3[l0pPOBbe Hace/leHus
(poct 3ab0s1eBaeMOCTH, CHIWKEHHWE TPOJO/DKUTETbHOCTH >KU3HHM), SKOHOMHUYECKHE T0C/Ie/[CTBUS
(ymep6 ot 3arpsi3HeHusi, KOMITIEHCALIMOHHbBIE BBITIATHI, LITPadbI).

5. YrpaBneHuyecKrie Mepbl pearipoBaHus. OTO [JeNCTBUS, peAprHIMaeMble MpeArpUsTHEM,
00IL[eCTBOM U TOCYZapCTBOM /ISl CHW)KEHUsT HArpy30K, V/AYUIIeHHSI COCTOSHUSI CPeAbl WU
CMSITUEHUS] TOC/AEeJCTBUM: TEXHOJOTMYeCKHMe WHHOBALMM, BHEJpDEHUEe JYUIIMX [JOCTYIHBIX
TeXHOJIOTUW, WHBECTULMM B I[IPUPOJOOXPaHHYHO [eATe/lbHOCTb, IIPOBeJEHHe 3SKOJ0rMYeCcKuX
ayAuTOB, 00yUyeHHe TiepcoHasa, pa3paboTKa pa3pernuTeIbHOM AJoOKyMeHTamu [5].

[TperMy111eCTBO CUCTEMHOIO MOJXO0/a 3aK/IHUaeTCsl B TOM, UTO OH OINHKCHIBAET HE CTaTUUHYHO
KapTUHY, a LUK/, [I03BOJISIOIINN BbISIBUTh, KAKME UMEHHO yTpaB/jeHueCcKre Mepbl BO3/IeHCTBYIOT Ha
Kakue 3BeHbsl IPUUYMHHO-C/IeJCTBEHHOM L{eTTH.
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Cucrema nokasaresern 'OCT P 1CO 14031-2023

Knaccudukanus rmokasarenieli  skonoruueckoit sddekrvuBHocty (mo I['OCT P KCO
14031-2023) «3kosoruueckuii MeHe/KMeHT. OlleHKa 3KOJIOTUYeCKOW  pe3y/IbTaTUBHOCTH.
PykoBogsie yKa3saHWs» 3akperyisieT KaacCU(UKALUIo, COIJIaCHO KOTOPOM BCe TOoKasaTesd
3KO0oruueckol 3¢@deKTHUBHOCTH TMOApa3JeNsaioTCsl Ha TPU OCHOBHBIE KaTeropvu: IOKasaTesv
sddexkTuBHOCTH yripaBiaeHusi ([10Y), mokasarenu 3ddektrBHOCTU (yHKUMOHHUPOBaHUsT ([TDD)
Y T0Ka3aremn cocTtosHus okpykaromiedd cpeabl (ITCOC). [laHHble Tpymibl (hOPMUPYIOT OOIIYIO
CUCTEeMY, KOTOpasi TIOMOraeT OpraHW3al[iid KOMIIJIEKCHO OLIeHMBAaTh M COBEPLIEHCTBOBATb CBOK)
9KOJIOTUYEeCKYI0 pe3y/IbTaTUBHOCTS [6].

1. Tlokazareru »sddexTuBHocTr yripaeneHusi (I19Y). O6ecrneurBaoT HHGOOPMAIHIO
O pelleHUsIX, JeHCTBUSIX U YCWIWSAX PYKOBOJCTBA, HalpaBJeHHbIX Ha Yy/IydYllleHHe 3KOJI0THYeCcKOon
3¢ (deKTUBHOCTH OpraHU3aluu.

2. Tloka3arenu s¢dekTuBHOCTH (QyHKIMOHUpPOBaHUsl ([I9®P). OTpakaroT 3KOI0THYeCKYHO
3(QdeKTUBHOCTb CaMUX MPOU3BO/JCTBEHHBIX M OMepaljMOHHBIX TPOLIeCCOB OpraHU3aluu, TO eCTb
HeIoCpe/iICTBEHHOE BO3/eliCTBYE TIPEeJTIPUATHS Ha OKPY>KaIOLLYHO CPefy.

3. Tlokazatenu coctosinust okpyxatoiieit cpeabl (ITICOC). TlpegocTaBisitoT WHGpOpPMALMIO
O MeCTHBIX, PerdoHasbHbIX, HALMOHAIBHBIX WM I7I00a/JbHBIX YCIOBUSIX OKDY’Karolleil cpefpl,
TOMOrasi OpraHu3aliyii BbISIBUTh CBOE (haKTHUYeCKOoe 1 MoTeHLMalbHOe BIAUSHUEe Ha SKocucTemy [7].

CraHfapT TOAYEpKMBaeT, YTO OLleHKAa 5KOJOTMYeCcKOM pe3y/lbTaTUBHOCTU —  3TO
HeTpepbIBHBIA MPOL[eCcC, OCHOBaHHbIM Ha Mojenu «[lnaHupoBaHue — BoironHeHne — [IpoBepka —
HeticTBre».

Pe3ynbTarhl U 00CYy)K/jeHHEe

B panHOU pabore Obla pa3paboTaHa MaTpHlla COOTBETCTBUS MeXKAy 3/eMeHTaMu
CMCTEMHOI'0 NPUYMHHO-C/Ie[CTBEHHOIO aHanv3a U rpynnamu rnokasarenerd I'OCT P MCO 14031
[8]. Bnarozaps 3Toii Marpuiie (Tab. 1), MbI CMOKeM TpOaHa/TM3UPOBaTh Pe3y/bTaT paboT Ha KaXK0M

JTarie.
Ta6nuya 1.
Marpwuija uHTerpanuy CMHCTEMHOr0 MOAX0/la U MoKa3aresied 3K0/10rnuecKon
pe3y/IbTaTUBHOCTH
ITyHKTBI CHCTEMHOI0 aHa- Tumn nokasaresis no IIpuMepbl KOHKPETHBIX HHAUKAaTOPOB
Jm3a I'OCT P CO 14031
JkoHoMHUYecKasn AedaTenb- | [1DY + IID® (koHTekcT- | PocT 06bEMa Mpou3Bo/ICTBA, MOTPEOIeHHEe PeCypCoB,
HOCTB HbIE) V3MeHeHHe CTPYKTYpbI CIIpoca
Harpysku Ha oKpy»Kalo- [15® (oneparioHHEIe) YnenbHble BHIOPOCH Ha e[MHULLY TIPOAYKIIMH, Macca OTX0-
Iy10 cpefy JIOB I10 K/1accaM OIIaCHOCTH, BOZIONOTpebsieHe Ha TOHHY
MIPOZYKLMU, SHEPTOEMKOCTh IIPOM3BO/ICTBA

Cocrosiane KomnoHeHToB | [ICOC KoHIjeHTpamy 3arpsisHAIONINX BelljecTB Ha rpaHure C33,
TIPUPOJHOH CpeJbl KauecTBO BOZBI B MecTax Bogo3abopa u cbpoca,

COCTOSIHHE T10YB, YPOBEHb LIIyMa

IocneacrBusi usamenenust | [ICOC + IIDY (oueHou- | 3abosieBaeMOCTb HaceeHUs], SKOHOMUUECKHH yIepo ot
COCTOSIHUS CpeJbl HbIE) 3arpsi3HeHus, CHIXKeHre 6uopasHoobpasus
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ITyHKTBI CHCTEMHOT0 aHa- Tun noxkasareJisi 1o IIpuMepbl KOHKPeTHBIX HHANKAaTOPOB
JiM3a I'OCT P MCO 14031
YnpaBneHueckue Mepbl Iy CreneHb BbINOJHEHHS 1/IAHOB IIPHUPOZI00XPAHHBIX Mepo-
pearupoBaHus TIPUSITUN, UHBECTULIMH B «3e/IEHbIe» TeXHOJIOTUH, KO/Tnue-
CTBO 3KO0JIOTUUECKUX ayJUTOB, Ha/lMuKe pa3pellnTe/IbHON
JIOKyMeHTaLu!

['1aBHBINM CMBIC/T MaTPHIIbl — CZIe/IaTh SKOJIOTHIO yrpaB/sieMol. be3 Heé mpeanpusiTie BUAUT
TO/ILKO KyCOUKH: BOT BBIOPOCHI, BOT OTXO/IbI, BOT 3aTpathl. C HEM — BCIO I[EMIOYKY: OT TOTO, UTO
rionaziaeT B Tpy0y, [0 TOTO, KaK 3TO OTPaXKaeTcsl Ha 30poBbe Jitofel [9]. DTo 1Mo3BosisieT He TPATUTh
JIeHbI'M 3psi, @ BK/Ia/bIBaTh UX Tyaa, rae OyzeT peanbHbIM 3(GEKT, U TPy 3TOM ObITb OTKPBITHIMH
riepe; 00ITI[eCTBOM U TOCY/]apCTBOM.

IIpakTnueckas peaausanus: KopnoparuBHbii cranjapt I[TAO «I'a3nmpom»

[TpriMepoM ycCrieniHoM ajanTaliii CUCTeMbI TT0Ka3aTesiell K KOpIOpaTUBHBIM HY)KJaM CJTY)KUT
CTO Ta3npom 9 — 2005 «OrueHka 3Kojorhuueckod 3(PQPeKTHUBHOCTU B CUCTeMe MeHe)KMeHTa
OXpaHbl OKpy»Karoiledd cpeabi». CTaHAapT, pa3paboraHHbli Ha ocHoBe I'OCT P KMCO 14031,
KOHKpeTH3UpyeT T[l0Ka3aTelu NPUMEHWUTEeNIbHO K ra30BOM OTPAaCc/jud U COAEPXXUT TPU TPYIIILI
VH/IMKaTOPOB, MOJTHOCTHIO COOTBETCTBYIOLLIMX Mpe/JIOKEHHOM MaTpuLie uHTerpauuu [10].

[TokazaTenu 3(pPeKTUBHOCTU (PYHKI[MOHHPOBAHHUSI CUCTeMbl — aHajor [19®, xapakrepusyeT
5KOJIOTMUEeCKYI0 pe3y/bTaTUBHOCTb IMPOU3BOJCTBEHHBIX MTPOLIECCOB, BK/IIOYAS:

- YjenbHble TOKa3aTend WCMOMb30BaHUS ChbIPbsl, MaTepyasoB, TOIUIMBHO-3HEpPreTHYeCcKUX
pecypcoB Ha eIMHULlY TPOJYKLUH.

- [Toka3zarenu 06pa3oBaHUs, yTUIU3ALMK U pa3MelljeHHs 0TX0/[0B IPOU3BO/ICTBA.

- TlokasaTenu BBHIODOCOB 3arpsi3HSIIOLIMX BellecTB B aTMocdepy U cOpPOCOB B BOJHBIE
00BbEeKThI, B TOM UMCJIe B pacuéTe Ha eUHULY TIPOAYKLIMU WX eJUHULYY BPeMeHH.

- [Toka3arenu Ucrosib30BaHUs BOAHBIX PeCypCOB U BOJOOTBeJeHUS.

[Toka3zaTeny 3)(peKTUBHOCTU yMNpaBIeHUs] — OTPa)kKalOT pe3y/IbTaTHUBHOCTh YIpaB/eHYeCKUX
BO3/IeMCTBUM U BK/IIOUAIOT

- CreneHb JOCTWKEHUS] 3KOJOTMUeCKUX Liejiell M BbINOIHEHUs MJIaHOB TNPUPOJ00XPaHHbIX
MepOTIPHUSTUM.

- KonmuecTBO mipoBeIEHHBIX SKOTOTHYeCKUX ay[UTOB, TIPOBEPOK U 00yueHU TiepcoHaia.

- OO6béM ¢uHAHCHUPOBaHUS TIPUPOAOOXPAHHOMN /leATeJIbHOCTA W 3aTpaThbl Ha BBIMOJIHEHUE
9KOJIOTUYeCKUX 00sI3aTesbCTB.

- Hanuuume u akTyanbHOCTH HeOOXOAMMOM pa3peluTenbHON [JOKYMeHTAlUWU (JTMMUTHI,
HOpMartuBbl) [11].

[TokasaTenu COCTOSIHMSI OKpY)Karollel cpefbl — XapaKTepU3yIOT BJIUSIHUE [JesiTeIbHOCTH
OpraHM3ali Ha KOMIIOHEHTbI IPUPOAHOM Cpe/ibl ¥ MOTYT BKJIIOUYATh:

- KoHujeHTpauy 3arps3HSIOLMX BellecTB B aTMOC(EepPHOM BO3/yXe Ha rpaHULie CaHUTapHO-
3al[MTHOM 30HbI U B 30HE BIUSTHUS NPeATPUATHS.

- KauecTBo Bo/ibI B BOJHBIX 00bEKTax B MecTax Bojo3abopa 1 cOpoca CTOUHBIX BOJ,.

- CocTossHWe TIOYBEHHOTO TIOKpOBAa Ha TEpPPUTOPWMH MPEeANPUATHS U TIPUIeTarolnux
TePPUTOPUSIX.

- YpoBeHb 1IIyMOBOI'O BO3/IeliCTBUSI Ha TpaHULie XKUJIOM 3acTpoiku [12].
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BbiBoabI

[TpoBeéHHbIN aHa/IM3 TMOKa3bIBaeT, UTO CUCTEMHBIM MOAXO/, U KaacCU(UKALUs TToKa3aTesnei
o 'OCT P MCO 14031 poronHsitoT Apyr Apyra. [lepBbiii AaéT TIOHUMaHWe LIeNOYKUA «ITPUYHHBI —
BO3/IEMCTBUS — MIOC/IeICTBUS — MEPbI», BTOPOW — U3MEePUMbI MHCTPYMEHT [i/Isl KK 0r0 MyHKTa.

[lpegnoxkeHHass MaTpulja WHTerpalydyd TOMOTraeT TMpeANpUsITUsIM TpaHC(OPMUPOBaTh
5KOJIOTUUeCKHe [iaHHble B HOBble pelleHMs, CBsi3bIBasi oOrnepalyoHHble Mokaszartenu ([19P),
yrnpaBneHueckue ycunus (IT9Y) u cocrossHue cpegnl (IICOC). OTo npeosoneBaeT pa3pbiB MEXY
pa3HBIMU MOJX0AAMHU U O0LUM yTipaBieHneM 0e30MacHOCTEIO.

OnbiT [TAO «I"a3ripom» TMOATBEPXKAAeT MPaKTUUEeCKY0 MPUMEHUMOCTh mogxoza. [lpu stom
BOKHO TIOMHHUTBH O CBSI3U 3(PdeKTUBHOCTU M 0e30rMacHOCTH: PocT 3(h(eKTUBHOCTH (CHMKeHUe
pPecypCcoéMKOCTA U BLIOPOCOB) OOBIYHO TIOBBILIAET 0€30MacHOCTb, HO BO3MOYKHBI TIPOTHBOPEUMSsI
(HarpuMep, KOHL|eHTpalUsi OTXO/OB paZiu SKoHoMuM). [To3Tomy Heobxoxvwma cbanmaHCHpOBaHHast
OlLleHKa, OCHOBaHHasi Ha HAWTYYLLIUX AOCTYITHBIX TeXHOJIOTUSIX U eZIMHOM Oa3e.
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AHHOTaLUA

B faHHOM cTarbe U3yueHO BAMSIHME pa3/MUHbIX HOPM KarejbHOTO OpOIlIeHHs Ha
YPO’KaliHOCTh Y KaueCTBO ypO)Kasi BUHHBIX COPTOB BMHOrpaja basiH mmpei, Pkaturenu u Panrmop.
Nccnenoanusi npoBoguauck B 2023-2025 rogax Ha  ONBITHBIX — y4yacTkax  HayuHo-
WCCIe[]0BaTeIbCKOro MHCTUTYTA CaZloBO/ICTBA, BUHOTPA/lapCTBa M BUHO/e/MHs UMEHU akajieMuka M.
Mup3aeBa. B ombiTe B KauecTBe KOHTPOJILHOTO BapyaHTa IIPUMEHS/IOCh TPaJULMOHHOE
Oopo3gkoBoe opoileHHe ¢ opocurenbHOM HopMoM 800 wm3ra. OmnbITHbIE BapHAHTHI
rpeJyCcMaTpUBa/IU KarlejibHOe OpolleHue ¢ mosimBHbIMA HOpMamu 600, 500, 400, 300 1 200 m3/ra B
KKyt (peHOMornueckyro ¢asy pa3BUTHs pacTeHUN. Pe3ynbraThl MCC/ieOBaHUM TT0Ka3aau, 4To y
BCeX W3y4YeHHBIX COPTOB HaW/Iydlllke ToKa3aTesd ObUTM TOMy4YeHbI TPU HOPMe KareJbHOTO
opomieHusi 400 m3ra B Kaxayw ¢eHosornueckyro a3y (ce3oHHas HopmMa — 1600 m¥/ra). B
JJAHHOM BapuaHTe J0Jisl TJIOAOHOCHBIX 1006eroB y coptoB basH mmpeii, Pkaiurenn u Panrmop
cocTtaBuia cooTrBeTcTBeHHO 74,9; 76,1 m 72,5 %. Takke oTMeueHbI BBICOKHE I10Ka3aTesu
YPO’KallHOCTU C OJHOTO KyCTa U COfep>XaHWsi caxapoB B COKe sirof. [lomyyeHHble pe3ysbTaThl
CBU/IETE/ILCTBYIOT O TOM, UTO MPUMEHEHHe KareJbHOro opoileHusi ¢ Hopmou 400 m%/ra siBisieTcs
ONTHUMa/bHBIM /151 3(()EeKTUBHOrO KCII0/Ib30BaHUSI BOAHBIX PECYPCOB M TMOJyueHHs BBICOKOTO
ypO’Kasi BUHHBIX COPTOB BUHOTPaja.

Abstract

This article investigates the effect of different drip irrigation rates on the yield and fruit
quality of the wine grape cultivars Bayan Shirey, Rkatsiteli, and Rangdor. The research was
conducted during 2023-2025 at the experimental fields of the Academician M. Mirzayev Research
Institute of Horticulture, Viticulture and Winemaking. In the experiment, traditional furrow
irrigation with an irrigation rate of 800 m3/ha was used as the control treatment. The experimental
treatments included drip irrigation with irrigation rates of 600, 500, 400, 300, and 200 m3/ha applied
at each phenological stage of plant development. The results showed that the highest values for all
studied cultivars were obtained under the drip irrigation rate of 400 m3/ha at each phenological
stage (seasonal irrigation rate of 1,600 m3/ha). Under this treatment, the proportion of fruitful shoots
reached 74.9 %, 76.1 %, and 72.5 % for the cultivars Bayan Shirey, Rkatsiteli, and Rangdor,
respectively. In addition, this irrigation regime provided high yield per vine and increased sugar
content in the berry juice. The obtained results indicate that drip irrigation with an irrigation rate of
400 m3/ha is the optimal regime for efficient water use and achieving high yield and quality in wine
grape cultivars.

KiroueBble c/10Ba: BUHOTPA/], BUHHbIE COPTa, KarelbHOe OpOIleHHe, YPOXKalHOCTh, TPO3/b
BHUHOIPaJia, CaXapUCTOCThb, KUCJIOTHOCTD, basiH [lupeii, Pkaturenu, Panrop.

Keywords: grapevine, wine grape varieties, drip irrigation, yield, grape cluster, sugar content,
acidity, Bayan Sheriy, Rkatsiteli, Rangdor.
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BBegenue

B Pecnybnvike Y30eKkucTaH BUHOTPA/IapCTBO SIBISIETCS OAHOM M3 CTpaTeruyecku BaXKHBIX
oTpac/jieli cenbCKOTO XO3siicTBa. B Halllell cTpaHe BWHOTPaZlapCTBO 3aHMMaeT Ba)KHOE MeCTO
B obecrieueHUM HacesieHUs KaueCTBEHHBIMM TPOAYKTaMU MUTaHUs, Pa3BUTHU MepepabaThiBaroleid
TPOMBILLIJIEHHOCTH W TIPOW3BO/CTBE SKCIIOPTHO-OPMEHTUPOBAaHHOW TNPOAYKLUMH. B uacTHOCTH,
BbIpall[MBaHMe BbICOKOKAYECTBEHHOI0 BMHOTPaZia /Jisi BUHO/ETBYECKOM TPOMBILIIEHHOCTH UMeeT
Oonbiioe 3HaueHWe i AUBepCU(PUKALIMM IKOHOMHWKH CTpPaHbI W TIOBBIIIEHUs] €€ 3KCIIOPTHOTO
noreHMana [2; 5; 6]. B mociegHue ropabl T700asmbHOE M3MeHeHWe KaMMara U BCé Oosee
OrpaHWYeHHbIe 3arachl BOAHBIX pecypcoB 0OyC/TIOBIMBalOT He0OXOAWMOCTb  BHe/PeHHs
Bo/j0COeperarwIuX TeXHOIOTHI TIPU BO3/e/IbIBAHHUHU CeTbCKOX035HCTBEHHBIX KYJIBTYD, B TOM UHCIIe
BUHOTPaZHUKOB. C 3TOM TOUKU 3pEeHHsI TeXHOJIOTMSI KareJbHOrO OpOLLEeHUs SIBJSIeTCS OJHUM U3
Haubosee 3¢ppeKTUBHBIX CTOCOOOB pal[MOHATBHOTO UCIIOIh30BaHUS BOJHBIX PECYDCOB, Y/IyUIlleHHs
BO/I000ECTIEUeHHOCTH PACTeHWH, a TakXKe TIOBBIIIEHUSI YPOXKAaWMHOCTH U KauecTBa IIOydyaeMoOM
npoaykuuu [1; 7; 9; 11; 17].

Ypo)KaiHOCTh M KauyeCTBO MPOAYKLMM TEXHWYECKHWX COPTOB BMHOIPaJa B 3HAUUTE/IbHOMU
CTereHH 3aBUCSAT OT TOYBEHHO-K/TMMAaTHUeCKUX YCJIOBUM U peXkuMa opoliieHust. Kak u30bITOUHbIe,
TaK M HeJ0CTaTOYHbIE HOPMbI MOMBA MOTYT OTPHULATe/bHO B/WATH Ha POCT BUHOTPAZHOM JIO3bI,
(opMrpOBaHMe 37eMEHTOB YypoO’kasi, pa3BUTHE TpO3/Jei, a TakkKe Ha CoJep’KaHHhe CaxapoB
Y OpraHMuYecKuX KUCJIOT B siroflax. B CBfI3U € 3TUM omnpejesieHrde ONTUMa/bHbIX HOPM OpOILEeHHs
JI71s1 TEXHUYEeCKUX COPTOB BUHOTPaZia B KOHKPETHBIX NTOYBEHHO-K/IMMaTUUeCKUX YC/IOBUSIX SIB/ISETCS
aKTya/JlbHOWM HayuyHOM U MpakTUuecKou 3azaueit [14; 17; 16; 18].

WccnenoBanus 3apy0esKHBIX U OTeUeCTBEHHBIX YUEHBIX CBU/IETE/ILCTBYIOT O TIOJIOKUTEIbHOM
B/IMSTHUM Kare/bHOTO OPOLIEeHHsI Ha POCT BUHOTPA/IHOM JI03bl, YPOXKaWHOCTh, MeEXaHUUeCKUM COCTaB
rpo3zieii u OWOXUMMUECKHe TIOKa3aTesiu siro] BuUHOrpaza. OAHaKo B YCIOBUSIX Y30eKucTaHa
B/MSIHME pa3/iMYHbIX HOPM KalleJbHOrO OpOIIeHHsI Ha YPOXKalHOCTb U KayeCTBO MPOAYKLIMU
TeXHUYECKWX COPTOB BUHOIPaJia, TakKWX Kak basH mmpel, Pkauurenu u PaHraop, usyueHo
HegocTaTouHo [8; 12; 13; 15; 3]. Llenwsto ucciieqoBaHus SIB/IsS/IOCh U3yUueHHe B/IMSHUS Pa3/TMUHbIX
HOPM KarleJIbHOTO OpOIlleHUs] Ha YPOXKalHOCTh, MeXaHWYeCKHM COCTaB Tpo3fie U XUMHUecKue
roKa3aTe/d TeXHUYeCKUX COPTOB BWHOrpafia basH impel, Pkaiurtenu u PaHrgop, a Takxke
orpefieJieHMe ONTUMa/bHOM HOPMbI ODOLIEHUs [i/isi TPOU3BOJCTBEHHBIX YC/I0BUW. [lomyueHHbIe
pe3y/bTaThl TO3BOJIAT yCOBEPIIEHCTBOBaTb TEXHOJOTMIO BO3/e/bIBAaHHS TEeXHUUECKUX COPTOB
BUHOTPaZia, obecrieunTh 6Gosiee 3pdeKTUBHOE HCIOIb30BaHHE BOAHBLIX PECYpCOB W pa3paboTarhb
HayuyHO 00OCHOBaHHbIE PEKOMEH/ALMY TI0 BBIPALMBAHMIO BHICOKOKAueCTBEHHOTO BWHOTpaZa AJis
BuHOZemusi. CrarucTuueckasi 0o0paboTKa 3KCIepUMeHTalbHbIX [JAHHBIX BBLITIOJIHEHA METO[0M
JIMCIIepCUOHHOr0 aHasum3a no b.A. [JocriexoBy [6].

Marepuasibl U METOABI

Nccneposanus nposogumuce B 2023-2025 rozax Ha onbITHOM yudactke HayuHo-
VICC/Ie[|0BaTeIbCKOr0 MHCTUTYTa CaJl0BOJCTBA, BUHOIPaJapCTBa M BUHOZEIUS MMEHU akaJeMHKa
M. Mup3aeBa, pacrnonokeHHoOM B IlapkeHTCkoM paiioHe TarkeHTCkou ob6macty Pecry6viku
Y36ekucran. OObeKTaMU HCCIeH0BaHUS SIB/IS/IUCh TEXHUUECKHe COpTa BUHOrpaza basH mmpeid,
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Pkarurenu u Panrmop. OmnbIT ObIT 3a/10)keH METOZIOM TI0/IEBOTO dKcIiepuMeHTa 1o B.A. [focriexoBy
B YeTbIpeXKpaTHOW MOBTOPHOCTHU. CxeMa nocajKu BUHOTPaJHMKa cocTasisana 3,0 X 2,5 M, rycrora
CTOsIHUSA pacTeHur — 1333 KycTa Ha rekrap.

V3yyanu 1mecTs BapMaHTOB BOJAHOIO peXKuMa:

KoHTposis — TpaauiinoHHoe 60po3akoBoe opoieHue (800 M3/ra B KaXKayt0 (heHO0TnYeCKyo
hasy);

KaresbHoe opoiueHue — 600 m3/ra;

KanesbHoe opoiueHue — 500 m3/ra;

KariesisHOe opoieHue — 400 m3/ra;

KanesbHoe opoiieHue — 300 m3/ra;

KariesisHoe opomeHue — 200 m3/ra.

KOHTpOMbHBIM BapUaHTOM CJIY)KWAIO TPaJHMLIMOHHOe OO0p03AKOBOE OpOIeHHe, KOTOpoe
WCTO/b30BaMud [ijisi CPaBHUTENbHOM OLeHKM 3((eKTHBHOCTH pa3/WYHbIX PEKUMOB KaresabHOro
OpOLIeHHs1. YKa3aHHble HOPMbI TIPUMEHSUIMCh B KaKAyk (eHosoruueckyro asy pas3BUTHSA
pacTeHM: pacilycKaHHe Mouek, repes [jBeTeHreM, (GOpMUpPOBaHKe SIT0/, U CO3peBaHKe ypoxKas.

Kaxxaplli KyCT OCHAIa/lCs ABYMsI KarleJbHUI[AMHM OOIIed TPOW3BOJUTENLHOCTBI0 8 J1/4.
[TonMBBEI TIPOBOWIUCH C YYETOM TIOJAep>KaHUsl ONTHMATbHOW BIQXKHOCTH KOPHEOOWTaeMOoro CJiost
TIOYBBI.

B niporiecce vccnesoBaHnid onpefiesisiiu:

JIOMTIO TUIOZIOHOCHBIX TT00EroB;

KOJTMUECTBO TPO3/iel Ha mobere;

MaccCy W pa3mepbl Ipo3/en;

MeXaHU4eCKU COCTaB rpo3ael;

YPOXXalHOCTh C KYCTa;

YPO’KalHOCTb C FeKTapa;

coZiepKaHue caxapos;

TUTPYEMYIO KUCJIOTHOCTb SITOJ,.

CaxapuctocTb omnpeensiii pepakKTOMeTPUUECKUM MeTOJOM, TUTPYeMYH KHUCJIOTHOCTb —
METO/IOM TUTPOBaHUSI B COOTBETCTBHUHU C OOIIeNPUHATHIMUA MeTOAUKAaMH BUHOTPA/[apCTBa.

OKcIiepUMeHTabHble  JIaHHble TIOABEepPrajMch MaTeMaTHueckoil 00paboTke MeTooM
JvcriepcoHHOro aHanusa 1o b.A. [JocniexoBy (MeTtoavka nosieBoro onbita, 1985). ZlocToBepHOCTh
pas/Muuii MeXy BapranTamu orjeHuBanu 1o kpureputo HCP . (LSD,,..) mpu ypoBHe 3HaUNMOCTH
P <0,05.

Pe3yJIbTaTLI H OGCY)KILEHI/IE

[To pe3ynbraraM MCC/IeOBaHUN yCTaHOB/IEHO, UTO B UeTBEPTOM BapuWaHTe OIIbITa, TIPU
TpMMeHeHUH KarebHOro opolieHust Hopmout 400 m3/ra, y copTa BUHOrpajia basi mmpeii oTMeueHo
HauOo/bIllee pa3BUTHE IJIOJOHOCHBIX TT06eroB (Tabsm. 1).

[Tpu 3TOM 707151 TIOOETOB C OZJHOM T'PO3/BI0 cocTaBmia 45,3 %, ¢ AByMs rpo3absaMu — 26,4 %,
¢ TpeMms Tpo3absiMu — 3,2 %, a ob1ijasi o151 TIJIOAOHOCHBIX TT06eroB Aocturia 74,9 %. CpenHee
KOJIMYeCTBO TpO3/ledd Ha OAHOM IIOZIOHOCHOM Tiobere coctapwio 1,61. Ilo cpaBHeHHIO
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C KOHTPOJIbHBIM BapUaHTOM /10Jis1 TOOETOB C OIHOM U JBYMSI TPO3bsiMU Obuia BhIle Ha 5,1 u 4,3 %
COOTBETCTBEHHO, /10Jis1 TI00eroB C Tpemsi rpo3apsiMu — Ha 3,2 %, a o0ujas [o/s TI0AO0HOCHBIX
roberos — Ha 12,6 %.

YCTaHOB/IEHO, UTO KaK HeJ0CTATOUHbIe, TAK M M30bITOYHbIE HOPMBI OPOIIIEHUs] OTPHUL[ATeIbEHO
B/IVISTH Ha pa3BUTHe TUIOZIOHOCHBIX 1o0eroB. I1pu KareibHOM oporiieHuu HopMoi 200 m3/ra o6imast
JIOTs TUTOJIOHOCHBIX 1100eroB Oblyia Ha 2,7 % HiKe 10 CPaBHEHHIO C KOHTPOJIBHBIM BapuaHTOM. [1pu
NpUMeHeHUH KamnesbHoro opoiueHuss Hopmamu 300, 500 u 600 m3/ra 3TOT IOKa3aresb Takxke
OKa3asicst HWKe KOHTpouid U coctasuil Ha 0,3 % meHble.

Y copra PkauuTenu Tak)ke Hawlyullide pe3y/bTaThl ObUTH MOyYeHbl B YeTBEPTOM BapHaHTe
onbita. [Ipu KanempHOM oporieHny Hopmoi 400 m3/ra 107151 T0OeroB C OfHOM I'PO3/bI0 COCTAaBUIIA
47,5 %, ¢ aBymst rpo3zabsiMu — 25,4 %, ¢ Tpemsi Tpo3absiMu — 3,2 %, a o01as Josl MI00HOCHBIX
noberoB gocturia 76,1 %. CpegHee KO/IMYeCTBO TPO3[ed Ha OFHOM IUIOZOHOCHOM Mobere
B [JaHHOM BapuaHTe cocTaBu/io 1,55.

Ta6nuya 1.

ByiMsiHMe pa3/IMYHBIX HOPM KarleIbHOT0 OPOLIeHHs Ha Pa3BUTHE IJIO0HOCHBIX M00eroB
TeXHMYeCKHX COPTOB BUHoOrpaja (2023-2025 rr.)

BapuanTbl Hopwma opo- Ce3oH- ILnogoHocHbIe moberu, % KonuuecTBo
HIeHus 3a y HBI pac- [ o1y P—— C Tpemst BCero rpo3jeii Ha
oaHy (azy, M3/ | xoa BOABI, rPO3IBIO rpo3ABA- rpo3ABA- O/HOM I/I0J0-
ra m3/ra HOCHOM mo0e-
MH MH
re, IIT.
Coprt basH mepuit
KouTposns 800 3200 40,2 22,1 0 62,3 1,34
(6bopo3akoBoe
opollieHue)
[Ipu kanessHOM | 600 2400 40,0 21,1 0 61,1 1,30
OpOILIIeHNH
IIpu kaneibHOM | 500 2000 40,1 21,3 0,8 62,2 1,29
OpOLIIeHNnH
IIpu kanensHOM | 400 1600 45,3 26,4 3,2 74,9 1,61
OpOLLIeHUHU
IIpu kanensHOM | 300 1200 40,1 20,3 1,0 61,4 1,30
OpOILIIeHnH
IIpu kanenibHOM | 200 800 40,4 20,3 0 60,7 1,32
OpOILIeHUH
Coprt Pkauurenu
KonTposns 800 3200 43,4 21,3 0 64,7 1,31
(bopo3zakoBoe
opollleHNe)
IIpu kanenibHOM | 600 2400 41,6 21,2 1,8 64,6 1,30
OpOLLIeHUHU
ITpu kaneieHOM | 500 2000 42,6 21,0 0 63,6 1,29
OpOILIIeHNH
IIpu kanieibHOM | 400 1600 47,5 25,4 3,2 76,1 1,55
OpOLIeHNnH
Ipu kanensHoM | 300 1200 42,2 20,4 0 62,6 1,30
OpOLLIeHUHU
IIpu kanensHOM | 200 800 41,1 20,2 0 60,3 1,24
OpOLIIeHnH
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Bapuantsi Hopwma opo- Ce30H- IlnopoHocHsbIe moberu, % KonmuectBo
HIeHHs 3a HBIHN pac- ¢ opHoii P —— C Tpems BCero rpo3peii Ha
oaHy (azy, M*/ | xox BOABI, rpo3IBIo P v OJHOM IL/10/0-
ra mé/ra MK MH HOCHOM Mo0e-
re, IIT.
Copt Paurgop
KoHTposnb 800 3200 42,3 23,1 0 65,4 1,38
(bopo3zakoBoe
OpollleHNe)
IIpu kanenibHOM | 600 2400 41,0 21,0 1,2 64,2 1,36
OpOLLIeHUHU
IIpu kanessHOM | 500 2000 41,5 21,5 1,3 64,3 1,35
OpOILIIeHNH
IIpu kanenisbHOM | 400 1600 45,6 24,5 2,4 72,5 1,55
OpOILIeHUH
IIpu kanensHoMm | 300 1200 42,2 22,6 0 64,8 1,25
OpOLLIeHUHU
IIpu kanenieHOM | 200 800 40,8 21,2 0 62,0 1,20
OpOLIIeHnH

B uerBéproM BapuaHTe COpPT PaHrgop TakKe, HCXOAs W3 CBOMX OHONIOTHYECKUX
0COOeHHOCTeH, ToKa3an Ceayroliie pe3ynbrathbl. [ossi MoOeroB ¢ OJHOW TPO3[pH0 COCTaBWJIA
45,6 %, ¢ aByms rposasmu — 24,5 %, ¢ Tpems rpo3asvu — 2,4 %, a o01riasi 0151 TUI0[0HOCHBIX
noberos gocturna 72,5 %.

[To cpaBHEHHIO C KOHTPOJIbHBIM BapHaHTOM 0/l TTI0OEToB C OFHOM Ipo3/bi0 Obla BhIlIe Ha
1,1 %, ¢ gBymsa rpo3gsmu — Ha 1,0 %, c Tpemsa rpo3gsamu — Ha 3,3 %, a obmias gons
TJIOZOHOCHBIX T00eroB yBenuuuaach Ha 7,1 %.

Y copra PkanuTenu Kak He[OCTaTOYHOE, TaK W HM30LITOUHOe BOA0OOecrieueHHe OKa3asio
OTpUlIaTe/lbHOe BJMsHWE Ha pa3BUTHe IJIOAOHOCHBIX ToOeroB. IIpy KamejbHOM OpOIIeHUH
¢ opocutesibHbIMM HOpMamu 300, 500 u 600 m3/ra Mo cpaBHEHUIO C KOHTPOJIbHBIM BapUAHTOM [0/
1oberoB ¢ ofiHOM rpo3apio Obuta HKe Ha 1,2—1,2 %, ¢ aByms rpo3asmu — Ha 0,1-0,9 %, c Tpems
rpo3asmu — Ha 1,8 %, a obirjas 707151 TJI0ZI0OHOCHBIX 1T00eroB yMeHbImIach Ha 0,2 %. Tlpu oueHb
HU3KOM opocutenbHOM HopMme 200 M3/ra Takke HaO/IOMANOCE CHIDKeHHEe O0OIer momu
TI0IOHOCHBIX 1106eToB Ha 0,7 % 110 CPaBHEHUIO C KOHTPOJIbHBIM BapDUAaHTOM.

Y copra Panrgop Haubosiee BbICOKHe TI0Ka3aTesid ObUIA OTMeueHbI IPY KareJIbHOM OpOILIeHUH
¢ opocuTenbHOM HopMmoi 400 m3/ra. TTo pe3ynberaTam Hab/FOeHUH 07151 TT0OETOB C OHOM T'PO3/bI0
coctapuna 45,6 %, c aByms rpo3asmu — 24,5 %, ¢ Tpems rposgsmu — 2,4 %, a obirjas oss
TIJIOIOHOCHBIX TI00eroB gocturna 72,5 %. [1pu u3yueHnuy BAUSIHUSL Pa3/TMUHBIX HOPM OPOIIIeHHsT Ha
MeXaHWUeCKWN COCTaB BUHHBIX COPTOB BUHOTrPaja ObLTH OrpezesieHbl Macca U pa3Mepbl TPO3/eH,
a TaK)Ke MX 0O0IMI MexaHWUeCKUM COCTaB, BK/IIOUAsi COfiep>KaHue MSKOTH U COKa, rpeOHel, KOXKHUL[bI
U cemsH. [lo pe3ynbraraM HCC/e[OBaHHN YCTAaHOB/IEHO, UTO M3yuyaeMble TOKa3aTerd B Oosiblieid
CTereHUW B/USIIM Ha MacCy W pa3Mephbl IPO3/iell UCC/iefyeMbIX COPTOB BUHOTpaZia U B MeHblled
CTereHW — Ha MX MeXaHW4eCKui coctaB (Tabsuia 2).
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Tabauya 2.

BiusHue pa3/TMUHBIX HOPM KareJIbHOr0 OpPoIIeHNs Ha MeXxaHUYeCKHi cocTaB rposjei
BHHHBIX COPTOB BUHOrpaja (2023-2025 rr.)

BapuaHTbI Hopwma opo- | Ce3onnsiii | I'po3au BuHOrpaja CocraB mMaccel rpo3pu, %
[HEHMH 3a pacxo,qs y Macca pasmep, MSAKOTH | Ipe- | KoXuLa | cemeHa
opuy dasy, | BogEl M rpo3am, r ™M H COK OeHb

m3/ra ra
Coprt basH mupeii
KonTtponb 800 3200 330 15%9 86,4 4,1 4,2 53
(bopo3zaxoBoe
OpolLIeHue)
I1pu kamnesbLHOM 600 2400 390 15%9 86,4 4,2 4,2 5,2
OpOIlIeHUH
IIpu kanenbHOM 500 2000 387 16x9 86,6 4,1 4,1 5,2
OpOIIeHNH
I1pu KanenpHOM 400 1600 395 16x10 86,6 4,2 4,1 5,1
OpOIIeHNH
[1pu kanesbLHOM 300 1200 375 16%9 86,3 4,2 4,2 53
OpOIlIeHNH
IIpu KanensHOM 200 800 360 15x9 86,4 4,1 4,2 5,3
OpOIIeHNH
HCP 1,8 - - - - —
HCP 1,1 - - - - -

%

Copt Pkauurenu

Kontposnb 800 3200 160 19x13 90,2 3,8 3,9 2,1
(bopo3zaxoBoe

OpOLLIeHNe)

IIpu KanesibHOM 600 2400 187 20x15 90,1 3,7 4,1 2,1
OpOIlIeHHH

IIpu KanensHOM 500 2000 185 21x13 90,1 3,8 4 2,1
OpOLLIeHUHU

IIpu kaneEHOM 400 1600 190 22x15 90,2 3,7 4,1 2,0
OpOlLIIeHnH

IIpu kanenbHOM 300 1200 175 21x12 90,0 3,9 3,9 2,2
OpOILIeHUH

I1pu KanesibHOM 200 800 170 19x13 90,2 3,8 3,9 2,1
OpOIIIeHNH

HCP,, 1,9 - - - - -
HCP,, 1,3 — - — — _
Copr Paurgop

KonTposns 800 3200 320 19x10 85,5 3,3 6,9 43
(bopo3zakoBoe

OpolIileHNe)

IIpu kanenbHOM 600 2400 380 19x10 86 3,2 6,6 4,2
OpOLLIeHUHU

[1pu KanesbHOM 500 2000 378 21x10 85,7 3,3 6,7 4,3
OpOILIIeHNH

IIpu KanesibHOM 400 1600 384 21x11 86,0 3,2 6,6 4,2
OpOLIIeHNnH!

[Ipu kanenbHOM 300 1200 370 20x10 85,7 3,3 6,7 4,3
OpOLLIeHUHU
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Bapuantbi Hopma opo- | Ce3onnbni | I'po3gu BUHOrpaja CocraB maccel rpo3au, %
IIeHus 3a pacxop,
y macca pasmep, MAKOTH | rpe- | KOXuIja | ceMeHa
opuy Gasy, | BOABI M rpo3fM, T ™ H COK OeHb
m3/ra ra
I1pu KanespHOM 200 800 362 19x10 85,5 3,3 6,9 4,3
OpOLIeHNnU
HCP - - - - -
HCP,, 1,4 - - - - -

YKa3zaHHbIe [T0Ka3aTe/iM y BCeX UCC/eJlyeMbIX COPTOB Obi/i Haubosiee BLICOKUMHU B YeTBEPTOM
BapMaHTe onbITa. ¥ copra basiH mmpeit npy KanenbHOM OpOLLEHUM C OpocUTebHOM HopMou 400
M3/ra Macca rpo3au cocraBuia 395 1, a eé pasmep — 16x10 cMm. Ilo cpaBHeHUIO C KOHTPOJIbHBIM
BapMaHTOM Macca rpo3fu Obuta Gosbllle Ha 65 T, a pasmep — Ha 1x1 cm. B fgaHHOM BapuaHTe
MeXaHUueCKWd cocTaB rpo3ayd coprta basH IMpeli XapakTepu3oBasCsl CeAyHOLMM obpa3oM:
MSIKOTb U COK — 86,6 %, rpeberr — 4,2 %, koxuria — 4,1 %, cemeHa — 5,1 %. HaumenbImume
rokasarenyd ObLTM TIOyYeHbl B II6CTOM BapuaHTe TPHU KareJbHOM OpOLLIEeHWU C OPOCHUTe/IbHOU
HopMmou 200 m?/ra, e Macca rpo3au coctaBuia 325 1, a eé pasmep — 15x9 cM, uTo OBINIO
COOTBETCTBEHHO Ha 5 T U 1X(0 cM MeHbllle 10 CpaBHEHUIO C KOHTPOJIbHBIM BapUaHTOM.

B uerBéproM BapuaHTe y copra Pkauurenu macca rpo3gu cocrtaBuna 190 1, pasmep —
22x15 cm, a MeXaHWYeCKUW COCTaB XapaKTepr30Ba/Cs CaeyHIIMMU MoKa3aTesiIMU: MIKOTh U COK
— 90,2 %, rpebenr — 3,7 %, koxkuija — 4,1 %, cemena — 2,0 %. ITo mMacce u pa3mepy Ipo3au
JlaHHBbIM BapuaHT TIPeBOCXOU/ KOHTPO/bHBIA Ha 30 T U 3X2 CM COOTBETCTBEHHO. B TO ke Bpemsi
CYylLleCTBEHHBIX pa3/Uuvdii B MeXaHWYeCKOM COCTaBe TpO3[ed MeX]y BaphaHTaMMU OMbITa
MpakThyecku He Habmrofanock. HauvMeHblllMe TOKa3aTed MacChl M pa3MepoB Tpo3jeil Obuiv
OTMeYeHbI B 111eCTOM BapyaHTe TPU KareJbHOM OPOLLIEHUH C OpocuTenbHOM Hopmoi 200 m3/ra, rae
Macca rpo3au coctaBuia 154 1, a eé paamep — 18x11 cm.

B yeTBépTOM BapuaHTe y copta PaHrop oTMeueHbl HarboJ/iee BLICOKHE TIOKa3aTe/ld CTPOeHusI
rpo3/iei Mo CpaBHEHMIO C APYyTMMHM BapuaHTaMHU orbiTa. Macca rpo3gu cocrtaBuia 384 1, pasmep —
22x11 cm. [1o mexaHMYeCKOMY COCTaBy rpo3fied cofiep’kaHre MSIKOTU U coKa cocTaBuio 85,5 %,
rpebHeit — 3,2 %, kKoxuipl — 6,6 %, cemasH — 4,2 %. [lo pe3ynbTaram HCC/Ie[OBaHUM
yCTaHOBJIEHO, YTO y copTa PaHrmop Haubosee BBICOKME TOKa3aTeld Takke OBLIM OTMeueHbl
B 4eTBEPTOM BapuaHTe. Macca rpo3au coctaBuia 384 1, a eé pasmep — 21x11 cM. MexaHruuecKuit
COCTaB TPO3[Y XapaKTepu30BasCs CieAyroluM obpa3om: MIKOTb U COK — 85,5 %, rpebeHb —
3,2 %, koxua — 6,6 %, cemeHa — 4,2 %. [lo cpaBHeHHIO C KOHTPO/JIbHBIM BapHaHTOM Macca
rpo3au Obina Oosibilie Ha 64 T, a eé pasmep — Ha 1 cM. HopMbl KarenbHOTO OpOIIIeHHUsl OKa3aiu
0CO0eHHO 3HaAuMTebHOE B/MsSHME Ha KOJIMYEeCTBO IpO3/iell Ha KyCTe U YPOXKalHOCTb C OJHOTO
Kycta. Kpome TOro, OHM MONOXUTENBHO TOBAMSUIA HAa COJEp)KaHWe CaxapoB U KHUCJIOT
B BHUHOrpajHOM coke. [lo pe3ysibratam Y4yéTOB W HaOJOfleHWI YCTaHOBIEHO, YTO TI0 Mepe
CHWKEHHSI COZlepkKaHHsl caxapoB B COKe COJiepyKaHue KHUCJIOT BO3pacTao, TO eCTb MeXAY 3THMU
rokasaresnssMd Habstofanack obpaTHasi 3aBUCMMOCTh (Tabnuia 3). AHanu3 JaHHbIX Tabmuibl 3
MOKasaj, 4TO pas3/WuHble HOPMbI KarleJbHOrO OpPOLIeHMWs] OKas3ajiu CyLeCTBEHHOe B/WsSHUE Ha
YPO’KallHOCTh BUHHBIX COPTOB BMHOIPaJla U OMOXUMUUECKUM COCTAaB BUHOTPAJHOTO COKa. Y BCEX
M3yuaeMbIX COPTOB Hanbosiee BLICOKHMe TI0Ka3aTe/l YPOXKaliHOCTH ObI/IM OTMeUeHbl B BapuaHTe, Te
B K&y (peHOMOrHuYeckyro (asy npumMmeHsisiacb opocuTenbHasi HopMa 400 m3/ra. B uacTHOCTH,
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y copta basiH mmpel Ko/iMueCcTBO rpo3/ied Ha OJHOM KyCTe COCTaBW/IO 68 ILIT., a ypOXKalHOCThb
¢ ogHoro Kycra — 30,6 Kr, UTO COOTBETCTBEHHO Ha 6 rpo3zeli u 4,1 Kr Gosibllle M0 CPaBHEHUIO
C KOHTPOJIbHBIM BapUaHTOM. Y copTa Pkaijyresy 3TH IokKasareau COCTaBUIM 64 rpo3mu u 25,7 Kr,
a'y copra Panrgop — 52 rpo3gu v 23,8 K COOTBETCTBEHHO.

Tabauya 3.

Biusinne pa3/IMYHbIX HOPM Karne/JIbHOI'0 OPOLIeHUs] Ha KOJIMYeCTBO rPo3jel Ha OfHOM KyCTe U
XHMHYEeCKHUH COCTaB BUHHBIX COPTOB BUHOrpaaa (2023-2025 rr.)

BapuaHTBI Hopwma opoitie- | Ce3ouHbii | KouuecTBo Ypoxaii Caxapwu- Kucnor-
HMUsI 3a OfiHY pacxof, rposjeii Ha C KyCTa, KT CTOCTD, % HOCTb, I//I
¢daszy, m?/ra BOABI, M3/ KyCTe, IIIT
ra
Coprt BbasiH mupeii
Koutposns (6bopo3a- | 800 3200 62 26,5 17,3 5,6
KOBO€ OpOIlleHe)
I1pu KanenbHOM 600 2400 65 29,9 19,1 53
OpOLLIeHUHU
IIpu kaneEHOM 500 2000 66 29,8 20,7 5,2
OpOLIIeHNH
IIpu kanenbHOM 400 1600 68 30,6 23,0 5,0
OpOILIeHUH
I1pu KanesbHOM 300 1200 64 28,8 24,4 4,6
OpOILIIeHNH
[Ipu KanesibHOM 200 800 58 27,9 25,5 4,0
OpOLIIeHNn!
HCP, 2,1 0,6 - -
HCP 1,1 0,10 - -

%

Copr Pxauurenu

Konutposns 6opo3a- | 800 3200 58 21,6 18,8 5,7
KOBO€ OpOllleHHe

[1pu KanenbHOM 600 2400 61 25,2 19,3 5,2
OpOILIIeHNH

IIpu KanesibHOM 500 2000 63 249 22,5 51
OpOLIIeHNnH

[Ipu kanesibHOM 400 1600 64 25,7 23,4 5,0
OpOLLIeHUHU

[Ipu KanensHOM 300 1200 60 23,8 24,3 4,3
OpOLIIeHNH

IIpu kanenbHOM 200 800 54 23,4 25,0 4,1
OpOILIeHUHU

HCP,, 1,4 0,5 - -
HCP,, 1,3 0,08 — -
Copt Panrgop

Konutposns (6bopo3a- | 800 3200 47 21,1 17,7 5,2
KOBO€ OpOllleHHe

[Ipu KanensHOM 600 2400 48 23,4 19,5 4,8
OpOLIIeHNH

IIpu kanenbHOM 500 2000 49 23,0 22,3 4,5
OpOILIeHUHU
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BapuaHTbI Hopma opomre- | Ce3onnsblit | KonmnuecTBo Ypoxaii Caxapu- Kucsor-
HHA 32 OfHY pacxop rpospjeii Ha C KycTa, Kr CTOCTh, % HOCTb, T/JI
(aszy, m*/ra BOABI, M3/ KyCTe, IIT
ra
I1pu KanenpHOM 400 1600 52 23,8 23,6 51
OpOIIIeHNH
IIpu kanesEHOM 300 1200 49 22,5 24,3 5,2
OpOLIIeHnH
IIpu kanenbHOM 200 800 48 22,0 25,1 54
OpOIIIeHUr
HCP, 1,8 0,6 - -
HCP,, 1,2 0,10 — -

B psge ciyyaeB TmoOKa3aTelM CaxapUCTOCTH TMOBBLIMAIUCh TPU  CHIDKEHWH HOPM
BoJj000OeCTIeUeHHs, OAHAKO TIpM STOM HaO/MOanoCch CHWKeHHe ypokalHocTh. Harpumep,
B BapuaHTax ¢ HopMamu opoieHus 200 u 300 m3/ra oTMeuasiack Oojiee BbICOKAs CaXapUCTOCTh, HO
MPU 3TOM CHWKA/IMCh ypOXKall C KyCTa U KOJIWYeCTBO rpo3field Ha Kycre. Takum obpa3om, To
COBOKYITHOM OIleHKe TOKa3aresiell ypOoyKallHOCTH U KadecTBa TMPOAYKIMU Haubosiee ONTUMAaTbHBIM
TpU3HaH BapuMaHT C HOpPMOU KarmenbHOro opoiieHusi 400 m3/ra, npUMeHsieMOW B KaXKOM
(heHonoruueckoi gase.

BbiBoapbI

YCTaHOB/IEHO, UTO TIPYM CPAaBHEHWM C TPAJULIMOHHBIM OOPO3JKOBBIM OpOlleHHeM Haunbosee
3¢ QeKTUBHBIM OKa3asCsl peXXUM KarleJlbHOro OpOlLLeHUs C MoMBHOW HopMoit 400 m3/ra B KaXKAyrO
denHonornueckyto (asy. [laHHbI BapuaHT 00eCIeuws TOBBILIEHWE YPOXKAWHOCTH, YIyullleHue
KaueCTBeHHbIX IOKasaresiell MpoAYKLMK U Oosiee paljMOHaIbHOE HCII0/b30BaHHE OpPOCHTETbHOMN
Bozbl. IlosmyueHHble pe3y/bTarbl COOTBETCTBYIOT COBPEMEHHBIM MUPOBBIM UCC/I€I0BaHUAM
B ob0nact BogocOeperawIvx TEeXHOJOTHM BBIPALMBAHWS BUHOTPAJa U TOATBEPKAAIOT
MepCrieKTUBHOCTh MPUMEHEeHUs1 KarebHOTO OPOLLeHUs B yCJIOBUSX JerLuTa BOJHBIX PECYPCOB.

CnMcoK /imTeparypsbl

1. AbpynnaeB A.A. DddeKTUBHOCTh TEXHOJOTUM KarleJbHOTO OpOIIeHUsI B BUHOTPajjapCTBe //
¥Y36exkucTon KUILIOK Xy Kaauru xxypHamu. — 2022. — Ne 3.

2. boiimypogoB III.T. ArpoTexHrKa TeXHUYeCKUX COPTOB BUHOrpaja. — TaiikeHT: PaH, 2021. —
210 c.

3. Banpepesaiize Ik, Hacponnaxuasap E, lynerre C., Cabbatvunu IT.,
Kacrennsspun C.[I. VanderWeide J., Nasrollahiazar E., Schultze S., Sabbatini P,
Castellarin S.D. Impact of Cluster Thinning on Wine Grape Yield and Fruit Composition: A
Review and Meta-Analysis [DnekTpoHHbIi pecypc]. // Australian Journal of Grape and Wine
Research. URL: https://doi.org/ (mata obpaijenus: 31.07.2026).

4. )XymaHoB A., XacaHoBa C. /leuI[UT BOAHBIX PeCYpCOB 1 YPOXKaltHOCTh BUHOT'Pa/la B YC/IOBUSIX
¥36ekucrana / Arpounm. — 2020. — Ne 4.

43


https://doi.org/

Ne 8 (146) UNIVERSUM: aszycm, 2026 e.

XUMua u smonorua

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Nb6parumoB M.M. [lepcrieKTHBBI pPa3BUTHS BUHOTPaJapcTBa B Y30ekucTaHe // Archivarius. —
2021.-T. 7, Ne 4.

. Mup3aes M.M. OcHoBbI BUHOI'paZiapcTBa U BUHOAenus. — TaikeHT: MexHat, 2019. — 340 c.

. XynoeB MN.JK., XyxakysioB P. OCHOBbI TEXHOJIOTUU KarleJIbHOr0 opolleHus // VIHHOBallMOHHbIE

TexHoJIoTuu. — 2023. — Ne 2.

. Oprawes b.b. ByiusiHue HOpM OpolleHHs Ha YpOXKalHOCTb M KaueCTBO TeXHUYEeCKUX COPTOB

BUHOrpaza // HayuHblli BeCTHUK CebCKOro Xo3sucTBa. — 2024. — Ne 1.

. Abrisqueta 1., Ayars J.E. Effect of alternative irrigation strategies on yield and quality of

grapevine // Water. — 2018.

Centofanti T., Bafiuelos G.S., Ayars J.E. Fruit nutritional quality under deficit irrigation: the case
of table grapes in California // Journal of the Science of Food and Agriculture. — 2019.

Conesa M.R. de la Rosa J.M., Domingo R. Physiological response of deficit irrigation strategies
in grapevine // Agricultural Water Management. — 2018.

Costa J.M., Vaz M., Escalona J. et al. Impact of deficit irrigation on grapevine cv. Touriga
Nacional // Plants. — 2022. — T. 859.

Intrigliolo D.S., Castel J.R. Deficit irrigation in grapevine production: Current knowledge and
future prospects // Scientia Horticulturae. — 2024.

Keller M. The Science of Grapevines: Anatomy and Physiology. — London: Academic Press,
2020. - 756 P.

Losciale P., Conti L., Seripierri S. et al. Effect of different deficit irrigation regimes on vine
performance, grape composition and wine quality of the «Primitivo» variety under
Mediterranean conditions // Irrigation Science. — 2024.

Wang J., Gao L., Hou X., Hao W,, Nangia V., Gong D. Vine age, variety and planting density
influencing the effects of water supply on yield and quality of wine grapes: A meta-analysis //
Agricultural Water Management. — 2025. — T. 109768.

Wang Y., Zhang X., Li H. et al. Optimization of drip fertigation in wine grape production //
Agricultural Water Management. — 2023. — T. 108188.

Yu R., Li Y., Zhang H. et al. Advances in precision drip irrigation for sustainable viticulture //
Farming for the Future: Smart Agriculture Innovations edited by Santosh D.T. — 2023. — DOI:
10.30954/NDP-farming.2023.3.

References

. [Effectiveness of Drip Irrigation Technology in Viticulture] // ¥zbekiston kishlox khjzhaligi

zhurnali. — 2022. — Ne 3.

. [Agrotechnics of Technical Grape Varieties]. — Tashkent: Fan, 2021. — 210 s (In Russ.)
. Vanderevajde Dzh., Nasrollakhiazar E., Shul&#x27;ttse S., Sabbatini P., Kastellyarin S.D.

[VanderWeide J., Nasrollahiazar E., Schultze S., Sabbatini P., Castellarin S.D. Impact of Cluster
Thinning on Wine Grape Yield and Fruit Composition: A Review and Meta-Analysis] //
Australian Journal of Grape and Wine Research. (In Russ.). — URL: https://doi.org/. (accessed
07.08.2026)

44


https://doi.org/

Ne 8 (146) UNIVERSUM: aszycm, 2026 e.

XUMua u smonorua

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Zhumanov A., Khasanova S. [Water Resource Deficit and Grape Yield under Uzbekistan
Conditions] // Agroilm. — 2020. — Ne 4.

. [Prospects for the Development of Viticulture in Uzbekistan] // Archivarius. — 2021. — T. 7, Ne 4.
. [Fundamentals of Viticulture and Winemaking]. — Tashkent: Mexnat, 2019. — 340 s (In Russ.)
.Khudoev 1.Zh.,, Khuzhakulov R. [Fundamentals of Drip Irrigation Technology] //

Innovatsionnye tekhnologii. — 2023. — Ne 2.

. [Influence of Irrigation Norms on Yield and Quality of Technical Grape Varieties] // Nauchnyj

vestnik sel&#x27;skogo khozyajstva. — 2024. — Ne 1.

. Abrisqueta 1., Ayars J.E. Effect of alternative irrigation strategies on yield and quality of

grapevine // Water. — 2018.

Centofanti T., Bafuelos G.S., Ayars J.E. Fruit nutritional quality under deficit irrigation: the case
of table grapes in California // Journal of the Science of Food and Agriculture. — 2019.

Conesa M.R. de la Rosa J.M., Domingo R. Physiological response of deficit irrigation strategies
in grapevine // Agricultural Water Management. — 2018.

Costa J.M., Vaz M., Escalona J. et al. Impact of deficit irrigation on grapevine cv. Touriga
Nacional // Plants. — 2022. — T. 859.

Intrigliolo D.S., Castel J.R. Deficit irrigation in grapevine production: Current knowledge and
future prospects // Scientia Horticulturae. — 2024.

Keller M. The Science of Grapevines: Anatomy and Physiology. — London: Academic Press,
2020. - 756 P.

Losciale P., Conti L., Seripierri S. et al. Effect of different deficit irrigation regimes on vine
performance, grape composition and wine quality of the «Primitivo» variety under
Mediterranean conditions // Irrigation Science. — 2024.

Wang J., Gao L., Hou X., Hao W,, Nangia V., Gong D. Vine age, variety and planting density
influencing the effects of water supply on yield and quality of wine grapes: A meta-analysis //
Agricultural Water Management. — 2025. — T. 109768.

Wang Y., Zhang X., Li H. et al. Optimization of drip fertigation in wine grape production //
Agricultural Water Management. — 2023. — T. 108188.

Yu R., Li Y., Zhang H. et al. Advances in precision drip irrigation for sustainable viticulture //
Farming for the Future: Smart Agriculture Innovations edited by Santosh, D.T. — 2023. — DOI:
10.30954/NDP-farming.2023.3.

45



Ne 8 (146) UNIVERSUR aszycm, 2026 2.

ARTICLES IN ENGLISH

CHEMISTRY

INORGANIC AND ANALYTICAL CHEMISTRY

Cmambs nocmynuaa 6 pedakyuto: 12.07.2026
Cmambs npuHama k nybaukayuu: 15.07.2026
Cmambs onybnukosaHa: 07.08.2026

YK 543.42:544.77:677.074

DOI: 10.32743/UniChem.2026.146.8.23193

Immobilization of alizarin red s onto silk fibroin fibers and spectral
characterization

Madaminova Kamila
PhD Student

Khorezm Mamun Academy
Uzbekistan, Khiva
E-mail: komilam002@gmail.com

Ashirov Mansur

Senior Researcher, Candidate of Chemical Sciences, PhD
Khorezm Mamun Academy

Uzbekistan, Khiva

E-mail: mansur.ashirov.86@mail.ru

MMMo0n/mM3anusa KpacuTe sl a/li3apriHa KPacHOTo S Ha BOJIOKHAX IIe/TKOBOTO
(pudponHa U cieKTpa/IbHAA XapaKTePUCTHKA

Madamunosa Kamuna HypeduHoeHa
acnupaim

Akaodemusi um. Xopeama MamyHa
Y3b6ekucman, 2. Xusa

Awupoe Mancyp

CcM. Hayy. comp., KAHO. XUM. HayK
Akaodemus um. Xopeama MamyHa
Y36ekucman, 2. Xusa

Abstract

In the present study, Alizarin Red S (ARS) was immobilized onto silk fibroin fibers with the
aim of developing a novel functional composite material based on a natural biopolymer matrix. The
physicochemical properties of the resulting ARS-silk fibroin system were investigated using diffuse
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reflectance spectroscopy (DRS) and Fourier transform infrared (FTIR) spectroscopy. The results
demonstrated that the optimal immobilization conditions were achieved within the pH range of 3.32
— 4.65 and at temperatures between 25 and 30 °C. Under these conditions, 0.2 g of silk fibroin
effectively immobilized up to 79.9 mmol-g* of ARS within 30 min. The appearance of a
characteristic absorption band at 435 — 440 nm in the DRS spectra confirmed the successful
immobilization of ARS onto the fibroin matrix. FTIR analysis further indicated the presence of
intermolecular interactions between the amide groups of silk fibroin and the hydroxyl and sulfonate
groups of ARS molecules. The obtained findings demonstrate that the ARS-modified silk fibroin
possesses excellent sorption properties and can be considered a promising functional biomaterial for
the development of optical and colorimetric sensors intended for the determination of heavy metal
ions in environmental and analytical applications.

AHHOTanusA

B faHHOM WMcCCne0BaHUMM C 1ieJIbI0 CO3/laHHs HOBOTO (DYHKLIMOHAJbHOTO KOMITO3UTHOTO
MaTepvajia Ha OCHOBe TIPHUPOAHOrO OWOTO/NMMepa — BOJIOKOH IIIeJKOBOro ¢ubpowHa — Oblia
npoBeZieHa WMMoOWMM3anus peareHTa AsmsapuH KpacHbii S (AKC). ®usuko-xumHueckue
CBOWCTBa TIOJMyueHHOU cucTeMbl Asmm3apuH KpacHbid S (AKC)-¢ubpouH ObLM MCCIenOBaHbBI
MeToZamu criekTpockonuu auddysHoro orpaxenuss (DRS) u mHbpakpacHO# CIeKTPOCKONUU C
npeobpasoBanrieM @Pypbe (FTIR). Pesynbratel ucciefoBaHusl IOKa3aad, 4YTO ONTHMaJIbHbIE
yCJIOBUS TIPOIieCcca MMMOOHIM3AI[UK JOCTUTAIOTCA B Avarna3zone pH 3,32 — 4,65 npu Temmiepatype
25-30 °C. Ilpm yka3aHHBIX yC/IOBUsIX obOpaser] menkoBoro ¢ubpovHa maccod 0,2 T cnocobeH
3¢ dexkTrBHO CBsA3bIBaTh 0 79,9 mmonb-T! monekyn AKC B Teuenue 30 MuHyT. XapakrepHas
rojioca morvioirieHus B obmactu 435 — 440 HM, Habmomaemasi B criektpax DRS, moaTBepskiaer
ycremHyto  uMMoOwmmsaumio  AKC  Ha wmarpuie ¢ubpomna. Awnamu3z FTIR-criekTpoB
CBUJIETe/IbCTBYeT O HaJMUUU MEXMOJIEKY/ISIPHBIX B3aUMOZJEMCTBUM MeXJy aMUJHBIMU TpYIIaMy
¢ubporHa M THUAPOKCWIBHBIMUA U CyabgoHaTtHbIMU rpyrmamu AKC. TlomyueHHbIe pe3ymbTaThl
JIEMOHCTPUPYIOT, UTO MOJUMUIMPOBaHHBIA Asmm3apuH KpacHbii S (AKC) miesnkoBbiii (pubponH
00s1a/jaeT BHICOKUMH COPOIIMOHHBIMU CBOMCTBAMH M MOKET paCcCMaTpUBaThCsl KaK TepCIIeKTUBHBIN
GbyHKIMOHANBHBI OMoOMaTepran /s CO37laHHs ONTUYEeCKUX U KOJOPUMETPHUECKHX CEHCOPOB,
Tpe/iHa3HaueHHbIX JJIs1 OTpefie/IeHUs] HOHOB TsDKesbIX MeTa/lIoB.

Keywords: Alizarin Red S, silk fibroin, immobilization, diffuse reflectance spectroscopy
(DRS), biomaterial, optical sensor.

KirueBble /10Ba: anM3apyUHOBBIM  KpacHbIM S, GUOpouH Iesika, WMMOOWIN3aIus,
cnekrpockonus auddysHoro orpaxkenust (DRS), bromarepuas, onTHUeCKUH 1aTUuK.
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1. Introduction

In recent years, the immobilization of organic indicator reagents onto solid support materials
has become one of the rapidly developing scientific directions in analytical chemistry, biomaterials,
and optical sensor technologies [1-3]. Immobilization technology makes it possible to enhance the
chemical and photochemical stability of indicator reagents, reduce their leaching from the support
matrix, improve reusability, and significantly enhance analytical parameters such as sensitivity and
selectivity [1]. For this reason, extensive research is being conducted on the immobilization of
various chromogenic and complex-forming reagents onto support materials based on silica gel,
chitosan, cellulose, polymer membranes, nanocomposites, and natural biopolymers [2,3]. Modern
research demonstrates that optical sensors based on immobilized reagents exhibit high analytical
performance in environmental monitoring, biological fluid analysis, food safety, and industrial
process control. Therefore, combining immobilization technologies with novel functional
biomaterials is currently regarded as one of the priority scientific directions in analytical chemistry
and sensor technologies.

Silk fibroin is a biodegradable material that induces a low-level inflammatory response in
living organisms [4]. Due to its high biocompatibility, mechanical strength, controllable
biodegradation properties, and excellent optical characteristics, it is widely applied as a promising
biomaterial in various biomedical fields [5,6]. SF degrades at a controllable rate under in vivo and
in vitro conditions [6]. The final degradation products consist of amino acids, which are easily
assimilated by the organism [7]. These very properties are among the main reasons for the
widespread application of silk fibroin in biomedicine [4]. Furthermore, by altering the degree of
crystallinity and the [(-sheet content of fibroin, as well as by processing it through various
technological or post-treatment methods, its biodegradation rate can be controlled from several
weeks to several years [8].

Silk fibroin obtained from local silk waste has been used as a functional support material, and
the possibilities of immobilizing various organic analytical reagents, determining optimal
conditions, and detecting Co(II) ions by sorption-spectroscopic methods have been studied. In
particular, the successful immobilization of Eriochrome Black T reagent onto fibroin fiber, the
immobilization mechanism, and the DRS and FTIR spectral characteristics of the resulting material
were investigated, and this system was recommended as a promising material for the development
of optical sensors [9].

However, an analysis of the available literature shows that the immobilization of ARS onto
natural silk fibroin fiber, the optimal conditions of the immobilization process, and the diffuse
reflectance and infrared spectral properties of the resulting material have not been sufficiently
studied. This situation indicates the necessity of conducting additional research on the development
of new functional biomaterials and optical sensors based on silk fibroin.
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2. Experimental

2.1 Analytical Reagent Solutions

In this study, Alizarin Red S (ARS) was used as the analyte reagent to be immobilized.
Alizarin Red S (CAS: 130-22-3) is an organic chromogenic reagent belonging to the class of
anthraquinone derivatives, and its systematic name is sodium 3,4-dihydroxy-9,10-dioxo-9,10-
dihydroanthracene-2-sulfonate. The reagent was purchased from Maclin (China). A standard
solution of ARS at 1.0x103 mol/L was prepared, and from it, a working solution of 1.0x10™* mol/L
was obtained by dilution with distilled water. The prepared solutions were used for immobilization
onto silk fibroin and for conducting spectrophotometric and diffuse reflectance spectroscopic (DRS)
studies. The molecular structure of Alizarin Red S is shown in Figure 1.

0O OH
OH
’f
S— O@ @
U Na
9] O

Figure 1. Molecular structure of the analytical reagent, Alizarin Red S salt

2.2 Preparation of Acetate Buffer Solution

In the experiments, an acetate buffer solution was used to create a medium in the pH range of
3.0-6.0. The buffer solution was prepared by mixing 0.1 mol/L acetic acid (CH,COOH) and 0.1

mol/L. sodium acetate (CH,COONa) solutions in appropriate proportions [10]. The required pH

values were selected according to the Henderson—Hasselbalch equation and monitored using a pH
meter. All solutions were prepared using analytically pure reagents and double-distilled water.

2.3 Preparation of the Polymer Matrix

Silk fibroin fiber isolated from local silk waste was used as the polymer matrix. The silk
waste was initially cleaned of mechanical impurities and washed with distilled water. For the
removal of the sericin layer (degumming), the sample was boiled in a 0.5 % (w/v) sodium carbonate
(Na,CO,) solution for 30 min. Thereafter, the fibers were washed several times with distilled water
until a neutral pH was achieved and dried at 40-50 °C until a constant mass was obtained. The
prepared silk fibroin fiber was used as the polymer matrix in subsequent immobilization
experiments [11,12].

2.4 Research Methods and Equipment

All experimental studies were carried out using modern analytical instrumentation. The mass
of reagents and samples was measured on an AS 220.R2 Plus (Radwag, Poland) analytical balance
with an accuracy of +0.1 mg. Deionized water used in the experiments was obtained using an
EASYpure RoDI (Thermo Scientific, USA) water purification system. The pH values of the
solutions were determined using a FiveEasy F20 (Mettler Toledo, Switzerland) pH meter. The
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absorption spectra and optical density of Alizarin Red S solutions were studied using SPECORD 50
(Analytik Jena, Germany) and UV-1900i (Shimadzu, Japan) UV-Vis spectrophotometers. The
diffuse reflectance spectra (DRS) of the immobilized Alizarin Red S-silk fibroin system were
recorded on an Eye-One Pro (il Pro, X-Rite, Switzerland) mini-spectrophotometer in the
wavelength range of 380-730 nm. FTIR spectra were obtained using an IRTracer-100 infrared
Fourier-transform spectrometer (LabSolutions IR, Shimadzu Corporation, Japan) to identify the
functional groups of silk fibroin and the immobilized material and the interactions between them.
During immobilization experiments, a magnetic stirrer and a laboratory shaker were used for
mixing solutions, and a thermostated laboratory heater was used for temperature control. The
obtained spectral results were used to confirm the successful immobilization of Alizarin Red S onto
the silk fibroin matrix and the interactions that occurred between functional groups during the
immobilization process.

3. Results and Discussion

3.1 Efficiency of Alizarin Red S Immobilization onto the Fibroin Matrix

To evaluate the efficiency of the immobilization process, the degree of binding of Alizarin
Red S (ARS) onto the surface of silk fibroin fiber was studied by the spectrophotometric method.
The immobilization efficiency was evaluated by comparing the absorption spectra and optical
density values of the reagent solution before and after immobilization.

3.1.1 Evaluation of Immobilization Efficiency

The immobilization efficiency (R, %) was calculated based on the optical density values of
the Alizarin Red S solution before (A,) and after (A) immobilization using the following equation

[13,14]:

R(%)=(1-A/A,) x 100 1)

where A, is the optical density of the Alizarin Red S solution before immobilization, and A is
the optical density of the Alizarin Red S solution after immobilization.

As a result of the calculation, the immobilization efficiency of Alizarin Red S onto silk fibroin
fiber was found to be 73.6 %. This result indicates that the major portion of the reagent molecules
was successfully transferred from the solution phase to the fibroin matrix.
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Figure 2. Presents the UV-Vis absorption spectra of the Alizarin Red S solution before (1) and
after (2) immobilization

Comparison of the spectra shows that the concentration of the reagent in the solution phase
decreased significantly during the immobilization process. The results of spectral analysis showed
that before immobilization, the Alizarin Red S solution exhibited a maximum optical density of
0.356 at Amax = 420 nm, which decreased to 0.094 after immobilization. The approximately 73.6 %
decrease in optical density confirms that the reagent molecules were efficiently adsorbed from the
solution phase onto the surface of the fibroin fiber and immobilized.

The immobilization of Alizarin Red S onto silk fibroin fiber proceeded with high efficiency in
the pH range of 2.15-6.65. This is explained by the influence of the pH of the medium on the
degree of ionization of the functional groups of the reagent and fibroin, as well as their mutual
interaction.

The pH of the medium is an important factor determining the immobilization efficiency of
Alizarin Red S onto silk fibroin fiber. Changes in pH affect the degree of ionization of the
functional groups of the reagent and fibroin, significantly influencing the course of the
immobilization process. The results of the study are presented in Table 1.

Table 1.
Effect of pH on the immobilization of Alizarin Red S onto silk fibroin fiber [Amax = 430 nm; t
=205 °C]
Buffer solution pH R (%)

Acetate 2.45 52.8
3.32 56.2
4.65 56.5
5.56 54.5
6.65 60.0
Citrate 3.32 62.5
4.65 73.6
5.56 65.6
6.65 66.3
7.78 56.0
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Buffer solution pH R (%)
Ammonia 8.45 32.0
9.18 36.0
10.15 48.0
11.09 49.0
12.05 33.0
12.80 31.0

As can be seen from Table 1, the immobilization efficiency of Alizarin Red S onto silk fibroin
fiber depends significantly on the pH of the medium. The highest immobilization value was
observed at pH 4.65, reaching 73.6 %. When the pH was increased beyond this value, the
immobilization efficiency gradually decreased, falling in the range of 31-49 % in alkaline media.
This is explained by changes in the degree of ionization of the functional groups in the fibroin and
Alizarin Red S molecules, as well as the weakening of hydrogen bonds and electrostatic interactions
between them. Therefore, pH 4.65 was selected as the optimal medium for all subsequent
experiments.

After determining the optimal immobilization conditions, further studies were carried out on
the silk fibroin fiber immobilized with Alizarin Red S. For this purpose, the diffuse reflectance
(DRS) spectrum of the immobilized sample and the infrared Fourier-transform (FTIR) spectra were
investigated to evaluate the binding of the reagent to the fibroin matrix and the spectral
characteristics of the resulting material.

25
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Figure 3. UV-Vis spectrum of Alizarin Red S
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Figure 4. Diffuse reflectance spectrum of Alizarin Red S immobilized on fibroin fiber
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3.2 Spectral Characterization of Silk Fibroin Fiber Immobilized with Alizarin Red S

After determining the optimal immobilization conditions, the spectral characteristics of the
silk fibroin fiber immobilized with Alizarin Red S were studied using diffuse reflectance
spectroscopy (DRS) and UV-Vis spectrophotometry. Spectral analysis confirmed the successful
implementation of the immobilization process and the binding of the reagent to the fibroin matrix.

Figure 4 presents the diffuse reflectance (DRS) spectra of the initial silk fibroin fiber and the
silk fibroin fiber immobilized with Alizarin Red S. The initial fibroin sample exhibited an almost
constant and very low reflectance intensity over the entire investigated range of 380—730 nm, which
is explained by the absence of characteristic chromophore groups in fibroin in the visible region
[15,16]. However, after the immobilization of Alizarin Red S, the DRS spectrum changed
drastically, and a distinct spectral maximum was observed in the 430-440 nm region. This
maximum is associated with electronic transitions (m—m* and partially n-m* transitions)
characteristic of the anthraquinone chromophore system of the Alizarin Red S molecule, confirming
the successful immobilization of the reagent onto the fibroin surface. At the same time, the gradual
decrease in reflectance intensity in the 500—700 nm range indicates an enhanced light interaction of
the immobilized layer.

Figure 3 presents the UV—Vis absorption spectrum of the Alizarin Red S solution. The reagent
exhibited a strong absorption maximum around 430 nm. This maximum coincides almost exactly
with the maximum observed in the 430—440 nm range of the DRS spectrum. The correspondence of
the spectral maxima indicates that the chromophore system of the Alizarin Red S molecule did not
undergo significant changes during the immobilization process and that the optical activity of the
reagent was preserved in the fibroin matrix.

Furthermore, the absence of new maxima and the lack of a significant shift of the main
absorption maximum in the DRS spectrum after immobilization indicate that Alizarin Red S is
bound to fibroin primarily through hydrogen bonds, electrostatic interactions, and intermolecular
forces. Thus, the immobilization process proceeded without disrupting the electronic structure of
the reagent.

The obtained results confirm that Alizarin Red S was immobilized onto the silk fibroin matrix
with high efficiency and that the optical properties of the resulting material were preserved.

3.3 Study of the Immobilization of Alizarin Red S onto Silk Fibroin Fiber by FTIR
Spectroscopy

To elucidate the immobilization mechanism of Alizarin Red S onto silk fibroin fiber, the FTIR
spectra of the initial silk fibroin, Alizarin Red S, and the immobilized sample were compared
(Figures 5-7).
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Figure 5. Infrared spectrum of silk fibroin

In the spectrum of the initial silk fibroin (Figure 5), the broad intense band around 3319 cm™
corresponds to N-H and O-H stretching vibrations belonging to the amide A group. The peaks in
the region of 1707-1685 cm™ belong to the amide I zone [17,18] and represent the C=0 stretching
vibrations of the peptide bonds of fibroin. The band observed at 1558 cm™ is associated with N-H
deformation and C—N stretching vibrations belonging to the amide II group. In addition, signals in
the range of 1448-1235 cm™ correspond to the vibrations of amide III and C-N and C-O bonds
[19,20,21]. The peaks around 1068, 998, 975, 702, and 559 cm™ are characteristic of the structural
fragments of the fibroin molecule.
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Figure 6. Infrared spectrum of Alizarin Red S

In the FTIR spectrum of Alizarin Red S (Figure 6), broad stretching vibrations of phenolic O—
H groups are observed in the regions of 3499 and 3166 cm™. The intense peaks in the range of
1672—-1639 cm™ belong to the carbonyl (C=0) groups of the anthraquinone core. The peaks in the
range of 1504-1335 cm™ represent C=C vibrations of the aromatic rings and deformation vibrations
of the phenolic groups. The intense signals observed in the regions of 1269, 1209, 1165, and 1099
cm™ correspond to S=O stretching vibrations of the sulfonate (SO,") group. Numerous peaks in the

low-frequency range of 930-450 cm™ reflect out-of-plane deformation vibrations of the aromatic
rings [21,22].
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Figure 7. Infrared spectrum of Alizarin Red S immobilized on fibroin fiber

The FTIR spectrum of the silk fibroin sample immobilized with Alizarin Red S (Figure 7)
exhibited significant changes compared to the spectrum of the initial fibroin. In particular, the broad
band corresponding to O—H/N-H stretching vibrations shifted from 3319 cm™ to 3312 cm™, which
indicates the formation of hydrogen bonds between the hydroxyl groups of the Alizarin Red S
molecule and the amine and carbonyl groups of fibroin. The shift of the amide I zone peak from
1707-1685 cm™ to the range of 1665-1660 cm™ and the change in its intensity indicate an alteration
of the microenvironment of the peptide bonds of fibroin. Furthermore, new or intensity-altered
signals around 1516, 1452, 1335, 1265, 1225, 1166, and 1068 cm™ belong to the aromatic and
sulfonate groups of Alizarin Red S, confirming the presence of the reagent on the fibroin surface.

At the same time, the preservation of the main amide I and amide II peaks of fibroin indicates
that the primary chemical structure of the fibroin protein was not disrupted during the
immobilization of the reagent. The absence of additional intense peaks characteristic of new
covalent bonds in the spectra indicates that the immobilization occurred primarily through hydrogen
bonds, electrostatic interactions, and m—mn intermolecular interactions.

Overall, the FTIR analysis is consistent with the results of diffuse reflectance spectroscopy,
confirming the successful immobilization of Alizarin Red S onto the silk fibroin matrix. The
preservation of the functional groups of the resulting material indicates the possibility of using it as
a sensitive optical sensor material for the sorption-spectroscopic determination of heavy metal ions.

4. Conclusion

In this study, the immobilization of Alizarin Red S onto silk fibroin fiber obtained from local
silk waste was investigated, and the optimal conditions of the process were determined. The highest
immobilization efficiency was observed at pH 3.32—4.65, a temperature of 25-30 °C, and a duration
of 30 min, with an immobilization degree of 78.8 % and a reagent binding capacity of 79.9 mmol-g
1. UV-Vis, DRS, and FTIR analyses confirmed the successful immobilization of Alizarin Red S
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onto the fibroin matrix and the preservation of the optical properties of the reagent. The obtained

results demonstrate the potential application of the Alizarin Red S-silk fibroin system as a

promising optical sensor material for the sorption-spectroscopic determination of heavy metal ions.
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Abstract

This study is dedicated to the creation of new-generation defoliants based on sodium chlorate
and the evaluation of their agrochemical efficacy under field conditions. During the research, five
new defoliant compositions were developed using sodium chlorate (NaClO,), thiocarbamide
(CS(NH,),), monoethanolamine (C,H,NO), formaldehyde (CH,0), orthophosphoric acid (H,PO,),
malic acid (C,HO,), and citric acid (C;H,O,): F-1 — 30 % NaClO, + 2 % (CS(NH,), +
C,H,NO-CH,0), F-2 - 30 % NaClO, + 2 % (C,H,NO-CH,0), F-3 — 30 % NaCIO, + 2 %
(C,H,NO-CH,0O + H,PO,), F-4 — 30 % NaClO, + 2 % (C,H,O.-CS(NH,), + C,H,NO), and F-5 —
30 % NaClO, + 2 % (C,;H,0,-CS(NH,) ,-C,H,NO). The defoliating activity of these compositions
was studied in field trials on the 'Sultan' cotton variety, cultivated in the fields of the
«Bektemirnuragro» farm in the Urtachirchik district of the Tashkent region. Defoliation efficacy
was assessed 6 and 12 days after application based on indicators such as leaf fall, degree of boll
opening, the physiological state of the plants, and their readiness for mechanized harvesting. By day
12 post-application, leaf fall from these formulations reached 80.4-82.5 %, leaf desiccation was
5.0-6.5 %, and boll opening was 89.4-91.4 %. Under the action of these defoliants, leaves shed
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through the natural process of abscission, without desiccation or severe necrosis; no phytotoxic
damage to maturing bolls, nor drying of stems and peduncles, was observed. This confirms that the
new formulations possess high selectivity and have a physiologically «gentle» effect on the plants.
It was established that the synergistic interaction of these components accelerates the defoliation
process, enhances the biological activity of the preparation, and reduces its negative environmental
impact. The practical significance of the research lies in its contribution to the effective organization
of mechanized cotton harvesting in Uzbekistan, reducing crop losses, and creating domestically
produced, relatively eco-friendly, and highly effective defoliants. The results obtained provide an
important scientific basis for the further development and implementation of highly effective,
environmentally safe, and economically viable new-generation defoliants into cotton cultivation
practices.

AHHOTanusA

HacTositiiee vcciejoBaHue TIOCBSIILIEHO CO3[,@aHUIO [/1e()OIMaHTOB HOBOTO TIOKOJIEHHsI Ha
OCHOBe XJlOpaTa HaTpus U OLleHKe UX arpoxuMuueckor 3((eKTUBHOCTU B TOJEBBIX yC/IOBUSIX. B
X0Jle UCC/IeIoBaHUst ObUIO pa3paboOTaHO MSATh HOBBIX COCTABOB Zie(hO/IMaHTOB Ha OCHOBe XJiopara
narpus (NaClO,), tuokapbamuzga (CS(NH,),), monostanonamuna (C,H,NO), dopmanbzeriia
(CH,0), oprodocdopnoi kucnorsl (H,PO,), sbnounoit kucnorst (C,H,O.) ¥ TMMOHHON KHUC/IOTHI
(CgHgO,): F-1 — 30 % NaClO, + 2 % (CS(NH,), + C,H,NO-CH,0), F-2 — 30 % NaCIO, + 2 %
(C,H,NO-CH,0), F-3 - 30 % NaClO, + 2 % (C,H,NO-CH,0 + H,PO,), F-4 — 30 % NaClO, + 2 %
(C,H,O,-CS(NH,), + C,H,NO) u F-5 — 30 % NaClO, + 2 % (C,H,O,-CS(NH,),-C,H,NO).
HedonvaloHHas aKkTUBHOCTb /IaHHBIX COCTaBOB M3y4dasach B MOJEBBIX OMbITaX Ha X/IOMYaTHHKE
coptra «CynTaH,» BO37e/bIBAEMOM Ha TMoysAX ¢epMepckoro xo3sifictBa «bekTemupHyparpo»
YpTauupurKCcKoro paiioHa TarrkeHTCKoM o6sacT. 3dhdeKTUBHOCTE Jedonmaliiy OljeHUBaId uepe3
6 u 12 fgHel moc/ie NpUMeHEHHsl MperapaToB IO TaKWUM I[I0Ka3aTessM, Kak OrnajieHue JIMCThEB,
CTereHb PpaCKpbITHS KOpobouek, (U3HUOIOTUUeCKoe COCTOSIHMe pacTeHWd U TOTOBHOCTh K
MeXaHU3UPOBaHHOU ybopke xsomnka. Ha 12-if ieHb fiedonuaiiuu omnajieHue TUCTbeB OT IPUMeHeHHst
JaHHBIX TiperapatoB coctaBwio 80,4-82,5 %, BwickixaHue JUCTbeB — 5,0-6,5 %, a packpbiTHe
kopobouek — 89,4-91,4 %. Ilom petictBueM [e(O/NMAaHTOB J/IMCThbS OIAJHd B pe3y/bTaTe
eCTeCTBeHHOro TMpoliecca abciuccuu, 6e3 ycbIXaHWsI M CHJIBHOTO HEKpO03a; (PUTOTOKCHYeCKUX
TIOBPEX/IeHU Ha CO3peBall[UMX KOpoOoukaxX, a TakKe BbICbIXaHUWsS CTeOsieli U TIJIOZOHOXKEK
Kopobouek He HaO/MOAANIOCh. DTO TOATBEPXKIAET, UTO HOBbie (HOPMYJSALMU 00/1aZlat0T BBICOKOM
CeIeKTUBHOCTBIO U OKa3bIBAIOT (DU3MOTIOTMUECKHU «MSITKOe» BO3/JeHCTBHE Ha pacTeHue. BoisBieHo,
YTO CHUHEpreTMYeckoe B3aWMOJENCTBHE [aHHBIX KOMIIOHEHTOB II03BOJISIET YCKOPUThL IMpoLiecc
Jedonualyy, MOBLICUTH OHOIOTMUECKYH0 aKTUBHOCTH IIperiapata M CHU3UTb €ro HeraTuBHOE
BO3/IEVICTBUE Ha OKpY’Karollyr cpeny. [IpakTuueckasi 3HQUMMOCTb MCCJ/Ie[IOBaHHUSI 3aK/IH0YaeTcs B
ero BK/aje B 3h¢eKTUBHYIO OpraHM3alii0 MeXaHW3MPOBAHHOM YOODKM XJIOTKa B XJIOTIKOBOZCTBE
Y30eKucTaHa, CHW)KEHHe TIOTepb ypoXKas, a TakKe B CO3/laHHe OTHOCHUTEbHO 3KOJIOTHUeCKd
Ge30macHbIX U BBICOKO3(hGhEKTUBHBIX OTeUeCTBEHHBIX TIperapaToB-/edoyuaHToB. I[losyueHHbIe
pe3ynbTaThl  C/Ay’KaT  BaXHOW  HAyUYHOM  OCHOBOW i JAasibHeHIed  pa3paboTKu
BbICOKO?(hhEKTUBHBIX,  JKOMOTHYeCKHM  0e30mMacHbIX W IKOHOMHUECKU  liesiecoo0pa3HbIX
Jleco1MaHTOB HOBOTO MOKOJIEHUs Y X BHeJPEeHHs B NIPAKTUKY XJIOMKOBO/ICTBA.
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Introduction

Cotton is one of the most important fibrous crops in the world, having strategic importance
for the textile industry and agricultural economy. Sustainable cultivation of this crop is an important
component of the global system for producing non-food but highly economically valuable
agricultural products. Despite the constant improvement of cotton cultivation technologies,
environmental restrictions remain one of the main factors reducing its yield and fiber quality. In
particular, abiotic stress factors such as drought, salinization, low and high temperatures, and heavy
metal pollution disrupt physiological, biochemical, and molecular processes in the plant. As a result,
photosynthetic activity declines, the metabolic balance is disrupted, vegetative and generative
development is limited, and yields decrease while fiber quality deteriorates [1-3]. Therefore, one of
the pressing challenges is the development of modern agricultural technologies that increase the
efficiency of mechanized harvesting while preserving crop quality. One of the most important
agrotechnical measures that ensures harvesting is completed in a short timeframe and with minimal
losses is pre-harvest defoliation [4,5]. Defoliation promotes the timely shedding of leaves, reduces
the contamination of cotton fiber with leaves and other plant debris, encourages the uniform
opening of bolls, and increases the efficiency of mechanized harvesting. An ideal defoliant should
have an effect that mimics the natural process of aging and leaf fall, and it must not negatively
affect the plant's yield, fiber quality, or seed development. Therefore, creating a new generation of
environmentally safe and selective defoliants with high biological efficacy is a priority in modern
cotton cultivation. Currently, defoliants based on thidiazuron, dimethipin, sodium chlorate, and
magnesium chlorate are widely used in cotton farming. They induce leaf drop by stimulating
endogenous ethylene synthesis, limiting auxin transport, and accelerating the abscission process in
the leaf's abscission zone [6-8]. However, the efficacy of these preparations is largely dependent on
environmental conditions, especially temperature, as their biological activity decreases sharply at
low temperatures [9,10]. Furthermore, traditional chlorate-based defoliants have insufficient
physiological selectivity. In some cases, they cause not only the leaves but also the entire plant stem
to dry out, and phytotoxic burns are observed on the still-immature bolls of the upper tier. This
leads to reduced yields and a deterioration in the quality of the cotton fiber. Moreover, the chlorate
defoliants used in practice mainly promote leaf abscission but do not possess properties that
accelerate the maturation and opening of cotton bolls or provide additional protection against pests.
In recent years, the mass proliferation of aphids (Aphididae) in cotton fields has become a pressing
issue. In addition to weakening the plant, these pests contaminate the cotton fiber with a sweet
liquid they secrete (honeydew), which significantly reduces the fiber's quality, its processing
efficiency, and the product's market value. Therefore, developing complex-action defoliants that
accelerate leaf drop, ensure uniform boll opening, and provide additional pest protection is a key
scientific and practical focus in modern cotton cultivation [11,12]. Recent studies show that
incorporating organic and inorganic components into defoliant compositions significantly increases
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their biological efficacy. Specifically, malic acid (C,H,O.) and citric acid (C;H,O,) can enhance the
defoliation process by regulating cellular metabolism and pH balance. Thiourea (CS (NH,),) is
known for its ability to modulate plant stress responses, activate their antioxidant defense system,
and intensify physiological processes. Urea-formaldehyde condensate (UFC), as a slow-release
nitrogen compound, can normalize nitrogen metabolism in plant tissues, prolong the retention time
of active substances on the leaf surface, and improve the plant's uptake of the defoliant.
Orthophosphoric acid (H,PO,) stimulates cellular physiological processes by activating phosphorus
exchange and energy metabolism. It is known from the literature that by the end of the growing
season—that is, before leaf fall—the cotton plant becomes saturated with organic acids. Therefore,
including these acids in the defoliant's composition can enhance the efficiency of the defoliation
process. Monoethanolamine, due to the presence of the — CH, — CH,~ group in its structure,
possesses biological activity and plays an important role in redox processes, as well as in regulating
protein metabolism and increasing the activity of enzyme systems [13-14]. Sodium chlorate
(NaClO,) is a strong oxidizing agent and one of the main active components that induce leaf drop.
A rational combination of these components provides the scientific basis for creating
multifunctional defoliants that ensure rapid and uniform leaf shedding, synchronous boll opening,
increased defoliation efficiency, and optimization of the mechanized harvesting process. In this
context, the purpose of this study is to evaluate the effect of newly developed complex defoliant
compositions—based on sodium chlorate, organic acids, thiourea, and orthophosphoric acid—on
cotton leaf drop, boll opening, and mechanized harvesting efficiency, as well as to determine their
potential as multifunctional defoliants in modern cotton cultivation.

Materials and Methods

All chemical reagents used in this study were selected in accordance with the requirements of
interstate standards (GOST) and technical specifications (TU). Certified analytical-grade
preparations were used in the study; their physicochemical characteristics are fully presented in
Table 1.

Table 1.

Nomenclature, physicochemical properties, and quality parameters of the chemical reagents
used in the study

Ne Chemical name Formula Molar mass GOST/TU Purity grade
(g/mol)

1 Sodium chlorate NaClO3 106,44 GOST 12257-93 Grade "B"

2 Thiourea CS(NH,), 76,12 GOST 6344-73 AG

3 Monoethanolamine C,H,NO 61,08 TU 6-09-2447-91 AG

4 Formaldehyde CH,0 30,03 GOST 1625-89 Pure

5 Phosphoric acid H,PO, 97,99 GOST 6552-80 AG

6 Malic acid C,HO, 134,09 GOST 32748-2014 Pure

7 Citric acid C,H,O, 192,12 GOST 3652-69 AG
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Under laboratory conditions, five defoliant formulations were prepared based on synthesized
supramolecular complexes with the following compositions: (F-1): 30 % NaClO, + 2 % (CS(NH,),
+ C,H,NO-CH,0); (F-2): 30 % NaClO, + 2 % (C,H,NO-CH,0); (F-3): 30 % NaClO, + 2 %
(C,H,NO-CH,0O + H,PO,); (F-4): 30 % NaClO3 + 2 % (C,H,O.,-CS(NH,), + C,H,NO); (F-5):
30 % NaClO, + 2 % (C,H,O,-CS(NH,) ,-C,H,NO). Working solutions were prepared by dissolving
the formulations in 6.5 liters of distilled water, based on the established application rate per hectare.
The plants were treated with the defoliant on August 27, 2025, 15 days prior to the mechanized
harvesting of raw cotton.

Application methods for preparations and meteorological conditions

The prepared working solutions were applied to the leaves of the «Sultan» cotton variety
using a standard ORPD-12M field sprayer with a pneumatic motor. The treatment was carried out
by continuous spraying to ensure uniform and complete coverage of both sides of the leaf blade.
The preparations were sprayed at a consistent intensity and under constant pressure. It was noted
that during the defoliation period, the meteorological conditions were agronomically favorable for
conducting the experiment. Throughout the observation period, the average air temperature was
maintained between 25.0-30.0 °C, which prevented high-temperature stress. These meteorological
conditions created an optimal environment for objectively assessing the physiological effects of the
defoliants on plant tissues.

Methods for Conducting Phenological Observations and Assessing Defoliation
Effectiveness

Phenological observations of the cotton plants' condition before and after treatment were
conducted in accordance with the approved methodology developed by the PSUY Research
Institute. Observations were carried out regularly on the 6th and 12th day after treatment.The
effectiveness of the defoliant preparations was quantitatively assessed based on two main
indicators:— the degree of defoliation effectiveness — determined by the percentage (%) of leaves
that had naturally fallen from the plant;— the degree of «harshness» of the preparations' action —
assessed by the percentage (%) of leaves that dried out due to the defoliant but did not fall off. The
obtained quantitative data were processed using standard methods of variational-statistical analysis
and compared with the indicators of the control group. The experiment for each variant was
replicated at least three times, and the results were presented as the arithmetic mean + standard
deviation (M £ SD).

Results and Discussion

The effectiveness of defoliation was assessed by the degree of leaf drop and the rate of boll
opening. A defoliant based on liquid magnesium chlorate, applied at a rate of 8.0 L/ha, was used as
the standard control. The results obtained during the study made it possible to determine the
comparative effectiveness of various defoliants on the «Sultan» cotton cultivar. The effect of the
defoliants on accelerating leaf drop, as well as on the maturation and opening of bolls, was
evaluated, with the results presented in Table 2.
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Table 2.
Comparative Efficacy of Defoliants on the 'Sultan’ Cotton Cultivar
Ne Experience Applica- Defoliation percentage on day | Defoliation activity 12 days
tion rate: 1 6 post-treatment after treatment, %
Lliha +1 Fallen | Withere | An open Fallen | Withe An
g/ha. leaf d leaf box leaf red open
leaf box

1 | 30%NaClO,+2%(CS(NH,), 6.5 67.0 10.5 82.5 81.2 5.0 89.4
C,H,NO CH,0)

2 | 30%NaClO,+2% 6.5 66.8 114 83.0 82.5 6.0 90.0
(C,H,NO-CH,0)

3 | 30%NaClO,+2% 6.5 65.9 11.0 85.4 82.3 6.5 90.4
(C,H,NO-CH,0(H,PO,
pH=6))

4 | 30%NaClO,+2% 6.5 67.4 10.8 87.2 82.2 6.4 89.8
(C,HO,-CS(NH,), ( C,H,NO
pH=6)

5 | 30%NaClO,+2% 6.5 66.5 11.0 88.3 80.4 5.5 914
(CgHgO,-CS(NH,),"C,H,NO)

6 | Standard XMD (reference) 8.0 63.75 13.60 70.20 79.8 9.20 81.3

An evaluation of experimental defoliant formulas applied at a rate of 6.5 L/ha showed that all
tested formulations possessed high biological activity, stimulating leaf drop and boll opening within
12 days of application. However, the degree of their effect varied depending on the composition of
the formulas.

A formula containing 30% NaClO, + 2% (CS(NH,), + C,H,NO-CH,0) resulted in 81.2%
leaf drop, 5.0% leaf desiccation, and 89.4% boll opening. These results indicate that this formula
effectively accelerates the process of leaf drop and ensures sufficient boll opening in the 'Sultan’
cotton variety. Application of the composition with the formula 30% NaClO, + 2%
(C,H,NO-CH,0) resulted in leaf fall of 82.5%, leaf desiccation of 6.0%, and boll opening of

90.0%. Compared to the previous formula, a slight improvement in defoliation and boll opening
efficiency was observed, indicating a positive effect on crop maturation before harvesting.Similarly,
the composition with the formula 30% NaClO, + 2% (C,H,NO-CH,O + H,PO,) provided 82.3%
leaf fall, 6.5% leaf desiccation, and 90.4% boll opening. While maintaining high defoliation
efficiency, the addition of phosphoric acid slightly improved boll opening compared to the
composition containing formaldehyde. The formulation containing 30% NaClO, + 2%
(C,HO, CS(NH,), + C,H,NO) resulted in 82.2% leaf defoliation, 6.4% leaf desiccation, and
89.8 % boll opening. Although its overall performance was comparable to that of the preceding
formulations, the percentage of boll opening was slightly lower, indicating that the compositional
modifications did not lead to a significant improvement in biological activity. Among all the
formulation containing 30% NaCIO, + 2% ( C;H,O,- CS(NH,), - C,H,NO) achieved the highest
boll opening rate (91.4%), while leaf defoliation and leaf desiccation reached 80.4 % and 5.5%,
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respectively. Although the level of leaf defoliation was slightly lower than that observed for some
other formulations, the superior boll opening indicates that this composition more effectively
promoted reproductive maturation and improved crop readiness for mechanical harvesting.

Conclusion

Field experiments conducted in 2025 on the cotton cultivar “Sultan” at the Bektemirnuragro
farm in the Urta chirchik District, Tashkent Region , evaluated the biological efficacy of five newly
developed defoliant formulations ( F-1-F-5) based on 30% NaCIO, . The results demonstrated that
all formulations exhibited high defoliation activity, effectively promoting leaf abscission and boll
opening. Leaf abscission ranged from 80.4-82.5%, leaf desiccation from 5.0-6.5%, and boll opening
from 89.4 — 91.4%. Under the influence of the defoliants, leaf shedding occurred through the
natural process of abscission without pronounced wilting or severe necrosis. No signs of phytotoxic
damage were observed in the maturing bolls, nor was any drying of stems or boll peduncles
detected. These results confirm the high selectivity of the newly developed formulations and
indicate their physiologically gentle effect on cotton plants. Furthermore, during the trials, a
significant reduction in pest population was observed, indicating that these formulations may
possess additional protective properties alongside their ability to stimulate defoliation and boll
opening. Overall, the newly developed complex defoliant formulations based on 30% NaCIO,
demonstrated high biological efficacy in preparing cotton plants for harvest and can be
recommended as promising agents for improving the efficiency of mechanized harvesting.
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Abstract

This study investigates the synthesis and structural characterization of
polymethylenenaphthalenesulfonic acid (PMNS)-modified polyester resin using physicochemical
analysis methods. The research aimed to synthesize a modified polyester resin based on
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polydiethylene glycol adipinate (PDAT) and PMNS, determine its chemical structure, and evaluate
its potential application in polymer compositions and paint and coating materials. The resin was
synthesized using an optimized PDAT-to-PMNS molar ratio of 70:1. Its molecular structure was
characterized by Fourier transform infrared (FTIR) spectroscopy and A1H/A13C nuclear magnetic
resonance (NMR) spectroscopy. FTIR analysis confirmed the presence of hydroxyl, carbonyl, ester,
ether, aromatic, and sulfonic functional groups, demonstrating the successful incorporation of
PMNS into the polyester matrix. The A1H and A13C NMR spectra identified characteristic signals
corresponding to naphthalene rings, adipinate fragments, methylene bridges, and diethylene glycol
chains, confirming the formation of the expected oligomeric structure. The combined spectroscopic
results verified that chemical modification occurred without disrupting the polyester backbone,
producing a stable oligomeric system. The synthesized resin exhibited excellent dispersibility,
structural stability, and favorable physicochemical properties. These findings indicate that PMNS-
modified polyester resin is a promising material for advanced polymer composites, water-based
dispersions, adhesives, and high-performance paint and coating formulations, expanding the
application of naphthalene sulfonate-based modifiers in polymer materials.

AHHOTanus

B JaHHOM uMccnefjoBaHMM U3ydeHbl CHHTE3 M CTPYKTypHasl XapaKTepHUCTHKa MOIM3(pUPHOU
CMOJIbl, MOAWG(ULIMPOBAHHOM ToMMMeTUIeHHadTanMHCyabhoHoBoM kucioroit (IIMHCK), c¢
WCII0/Tb30BaHNeM  (DU3UKO-XMMHUUECKUX METOJO0B aHanmm3a. Llesbto paboThl SIBAS/IUCH CUHTE3
MOM(HULIMPOBAHHOM MOMUA(DUPHON CMOJIBI HAa OCHOBE TIOJIUAUITUIeHIIMKOMbaaunHaTa (ITJAT) u
[IMHCK, onpezeneHue e€ XMMHYECKOIO CTPOEHUsS W OL|eHKAa I[IepCreKTUB [PUMEeHeHUs B
MO/IMMEPHBIX ~ KOMITO3MLIMSIX, JIAKOKPAaCOUHBIX MaTepHiajax W TOKpeITHsAX. Cmona Oblia
CUHTe3UpOBaHa IpU ONTUMU3UPOBAHHOM MoJispHOM cooTHolleHud [TJAT:TIMHCK, pasaom 70:1.
MonekynsipHasi CTPyKTypa MpPOAYKTa WCC/e[oBaHa MeTOAaM{ MH(PaKpPacCHOM CIEKTPOCKOIMM C
nipeobpa3zoBanuemM Pypre (FTIR) 1 CrieKTpOCKOITHM siIEPHOTO MarHUTHOTO pe3oHaHca (AMH u A13C
SMP). Anamu3 FTIR nmoaTBepun HaiMule TMAPOKCHIBHBIX, KAPOOHUIBHBIX, 3(HUPHBIX, TPOCTHIX
3(YpHBIX, apOMaTHUeCKUX U CyAb(POHOBBIX (YHKIMOHAIBHBIX TPYIII, YTO CBUZETENLCTBYeT 00
ycrnemHoMm BBefieHud IIMHCK B nonmsdupHyto Matpunyy. Criektpsl A1H u A13C SAIMP BbisiBUIN
XapakKTepHble CUTHaJlbl, COOTBETCTBYIOLMe Ha(TaJlWHOBBIM KO/bLiaM, aJUIIMHAaTHLIM (pparMeHTam,
MEeTU/IEHOBBIM MOCTHKAM W LieMsiM [JUSTU/IEHIVIMKO/IS, TIOATBepKAas (popMupoBaHUe OKU7aeMou
OJIMTOMEPHOXW  CTPYKTYpbl. (COBOKYITHOCTb CHEKTPOCKONMUYECKUX [aHHBIX [I0OKas3aja, 4To
XUMHUUecKasi MoArUKaLys Mpoucxouia 6e3 HapyleHHUs ToMM3(UPHOTO KapKaca, uTo MpUBeso K
00pa3oBaHMI0 CTAOWIBLHOW OMTOMepHOM cucTeMbl. CHHTe3MpOBaHHAs CMOJIa XapaKTeph3yeTcs
BBICOKOW /IMCTIEPTUPYeMOCTBIO, CTPYKTYPHOM CTaOM/IBHOCTBIO W OaronpusTHBIMUA  (DHU3UKO-
XUMHAYEeCKUMH CBOWCTBaMHU. [lomyueHHble pe3ynbTaThl CBU/ETENbCTBYIOT O TOM, YTO MOAU3(UpHas

Bubmorpaduueckoe onucanue: Ioiiunos A., HypmanoB C. CTpyKTypHble CBOWCTBA MOMM3(HUPHBIX CMOJ, MOAU(ULIMPOBAHHBIX
MOMUMeTHIeHHaPTaIMHCYNb(GOHOBOM KucioToi // Universum: XUMusi ¥ OMOJIOTHS : 3/M€eKTPOH. HayuH. XypH. 2026. 8(146). URL:
https://7universum.com/ru/nature/archive/item/23234
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with Polymethylenenaphthalenesulfonic Acid // Universum: Chemistry and Biology : electronic scientific journal. 2026. No. 8(146).
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cmosa, mopudwuiupoBanHas [IMHCK, siBisieTcsi TepCrieKTHBHBIM MaTepuasioM [jisi CO3[aHust
COBPEMEHHBIX TOJMMEPHBIX KOMITO3UTOB, BOAHBIX AMCIEPCUM, K/I€eBbIX KOMIIO3WLIMW, a Takxke
BBICOKO?(h(hEKTUBHBIX JTAKOKPACOUHBIX MaT€PHUAJIOB U TIOKPBITHH, PACIIMPss 00/1aCcTh TIPUMeHeHUsT
MO/IM(MKAaTOPOB Ha OCHOBe Ha(TaIMHCY/Ib(OHATOB B MOJIMMEPHBIX MaTepuaax.

Keywords: polymethylenenaphthalenesulfonic acid, polydiethylene glycol adipinate,
modified polyester resin, FTIR spectroscopy, NMR spectroscopy, molecular structure, polymer
modification, oligomers, ester bonds, sulfo groups, physicochemical properties, polymer
compositions.

KimoueBble coBa: NoMMeTH/IeHHa(TaTMHCY/Ib(OHOBast KUCJIOTA,
MO/IU U3 TU/IEHTTIMKO/IbaAUTIMHAT, MOAUHULIMpOBaHHas nonra¢upHas cMmona, MK-cnekTpockonus ¢
nipeo6pasoBanreM ®Pypoe (FTIR), AMP-crieKTpoCKoIusi, MOJIEKY/ISIPHasi CTPYKTypa, MOJU(PUKALHS
MOMMEpOB, OJIUrOMephl, 3(UpHbIe CBs3U, CYAbGOrpyMIbl, (U3UKO-XMMUUeCKHe CBOWCTBA,
TI0/IMMepHbIe KOMITO3ULIUU.

Introduction

In recent years, the development of polymer materials with enhanced functional properties,
the improvement of their performance characteristics, and the production of locally manufactured
import-substituting products have become among the most important directions in polymer
chemistry and technology [1]. In particular, modified polyester resins are widely used in coatings,
composite materials, dispersed systems, and construction chemistry due to their high adhesive
properties, good solubility, thermal stability, and the possibility of incorporating various functional
groups into their structure [2—4].

One of the effective approaches to improving the properties of polyester resins is their
modification with compounds possessing aromatic and ionogenic characteristics [5]. From this
perspective, polymethylenenaphthalenesulfonic acid (PMNS) has attracted considerable scientific
interest. The presence of aromatic naphthalene rings and sulfo groups in the PMNS molecule
enhances the dispersibility, hydrophilicity, thermal stability, and surface activity of polymer systems
[6-7]. However, the molecular structure and structural properties of PMNS-modified polyester
resins have not yet been sufficiently investigated [8].

Polydiethylene glycol adipinate (PDAT) is a functional oligomer containing ester and ether
linkages, and its combined use with PMNS makes it possible to obtain modified polyester systems
with novel properties [9]. Determining the structural features of such polymers, identifying the
functional groups present in their composition, and investigating the nature of the formed chemical
bonds are of significant practical and theoretical importance [10-11].

Materials

A modified polyester resin based on polymethylenenaphthalenesulfonic acid (PMNS) and
polydiethylene glycol adipinate (PDAT) at a molar ratio of 70:1 was synthesized under acidic
conditions at atmospheric pressure [12—-14]. The following chemicals were used during the
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synthesis: Shaffer acid (1-naphthylamine-7-sulfonic acid, CAS No. 84-87-7), formaldehyde (CAS
No. 50-00-0), adipic acid (CAS No. 124-04-9), diethylene glycol (CAS No. 111-46-6), sulfuric acid
(CAS No. 7664-93-9), and sodium hydroxide (CAS No. 1310-73-2).

Methods

During the study, the FTIR spectra of the polyester samples synthesized based on PMNS were
recorded using an **IRTracer-100** spectrometer (SHIMADZU CORP., Japan, 2017). The samples
were first finely ground in a mortar and then mixed with potassium bromide (KBr) at a ratio of
1:10. The resulting mixture was further ground and compressed into pellets for 4-5 minutes using a
pellet mold, after which the samples were analyzed by FTIR spectroscopy [15-17].

In addition, the morphology of the synthesized samples was investigated using a **SEM-
EVO MA 10** scanning electron microscope (Carl Zeiss, Germany). Prior to analysis, solid
samples were thoroughly dried. Subsequently, 10-20 mg of the sample was dissolved in 0.6-0.7 mL
of a deuterated solvent. The prepared solution was transferred into a standard 5 mm NMR tube. To
avoid the formation of air bubbles, the solution was mixed gently and then placed in the NMR
instrument for analysis [18-19].

Results and Discussion

In the initial stage of the study, FTIR spectroscopic analyses were carried out to identify the
structural changes in samples synthesized from polymethylenenaphthalenesulfonic acid (PMNS)
and polydiethylene glycol adipinate (PDAT) at a molar ratio of 70:1 and reacted at 98—-100 °C for
120 min. Analysis of the obtained FTIR spectra enabled the identification of absorption bands
corresponding to the functional groups present in the samples and allowed the evaluation of the
structural changes that occurred during the modification process [20]. The spectral data obtained
and the principal absorption bands are presented in the following figure (Figure 1).
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Figure 1. FTIR spectrum of the PMNSP resin modified at a molar ratio of 70:1
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Based on the analysis of the spectrum presented in the graph and the data summarized in
Table 2, it was established that the polyester resin modified with PMNS and PDAT contains several
characteristic functional groups. The broad absorption band observed at 3381.21 cm™ corresponds
to the stretching vibrations of hydroxyl (—OH) groups, indicating the presence of hydroxyl
fragments associated with polydiethylene glycol residues and sulfonic acid groups. The absorption
bands at 2974.23 and 2877.79 cm™ are attributed to the stretching vibrations of methylene (~CH,~)
groups, confirming the presence of aliphatic fragments in the polymethylenenaphthalene and
polydiethylene glycol chains.

The strong absorption band observed at 1728.22 cm™ is characteristic of the stretching
vibrations of carbonyl (C=0) groups in the polyester resin and indicates the formation of ether- or
ester-type linkages during the modification process. The signal at 1456.26 cm™ is associated with
the deformation vibrations of methylene groups and characterizes the aliphatic segments of the
polymer chain. The intense absorption at 1045.42 cm™ corresponds to the stretching vibrations of
C-0O-C groups in ether linkages and S=O bonds in sulfo groups. This signal indicates the
incorporation of polydiethylene glycol fragments into the polymer structure and confirms the
preservation of sulfo groups derived from polymethylenenaphthalenesulfonic acid.

Table 2.
Comparative analysis of the FTIR spectral characteristics
Ne Functional groups and bond | Absorption peak in | Absorption peak re- | Intensity and type of vi
types the spectrum, cm™! | ported in the bration
literature, cm™!
1. Hydroxyl group (—OH). 3381.21 3200-3450 v(O-H), b,, s.
2. Methylene group (—-CH,-). 2974.23 2920-2980 vas(C-H), w.
3. Aliphatic stretching vibration (- | 2877.79 2850-2890 vs(C-H), w.
C-H-).
4. Carbonyl group (C=0). 1728.22 1720-1750 v(C=0), b.
Naphthalene ring (aromatic C=C | 1590-1600 1500-1600 d(C=C), m.
stretching vibration).
6. Methylene bridges (—-CH,-). 1456.26 1440-1470 d(C-H), m.
Dimethylene ether group (—C— 1222.80 1200-1275 vac.(-C-0-C-), C
0-C-).
Sulfonic acid group(-SO,H). 1170-1200 1150-1250 vas(5=0), b.
9. Sulfoxide group(—S=0). 1042.45 1030-1070 v(C-0), m.
10. | 1,2,6-Substituted naphthalene 758.02-820 740-830 d(C-H), s.
ring.

In general, the FTIR spectral analysis confirmed the presence of aromatic naphthalene rings,
methylene bridges, sulfo groups, hydroxyl groups, as well as ether and carbonyl functional groups
in the polyester resin modified with PMNS and PDAT. The obtained results indicate that the
modified polyester resin possesses the expected chemical structure.

Following the completion of the FTIR analyses, the synthesized product was further
investigated by nuclear magnetic resonance (NMR) spectroscopy to obtain a more detailed
understanding of its molecular structure. Initially, the ATH NMR spectrum of the polyester resin
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synthesized from polymethylenenaphthalenesulfonic acid and polydiethylene glycol adipinate at a
molar ratio of 70:1 was examined, and the chemical shifts of the corresponding protons are
presented in the following figure (Figure 3).
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Figure 2. 'H NMR spectra of the polyester resin synthesized from PMNS and PDAT at a molar
ratio of 70:1

In the above spectrum, the numerous multiplet signals observed in the region of 6.89-8.65
ppm are attributed to the aromatic protons of the naphthalene ring, confirming the preservation of
the aromatic fragment within the polymer structure. Owing to the electron-withdrawing nature of
the sulfo group, some aromatic protons are shifted downfield and resonate in the range of 8.0-8.7
ppm.

The intense singlet observed at 5.02 ppm is assigned to the protons of the methylene group
(Ar-CH,~0-) linking the naphthalene ring through an oxygen atom, indicating the incorporation of
the aromatic fragment into the polyester chain. The signals at 4.70—4.75 ppm and around 4.26 ppm
are characteristic of the methylene protons (-OCH,~) adjacent to oxygen atoms in the diethylene
glycol residue.

The multiplet signals in the range of 3.65-3.82 ppm correspond to the internal -CH,-O-CH,,~
protons of the diethylene glycol fragment. The presence of these signals confirms the formation of
ether linkages within the polyester chain. The signals observed at 2.10-2.36 ppm are attributed to
the methylene protons (-COCH,-) adjacent to the carbonyl groups of the adipic acid residue,
indicating the incorporation of the adipinate fragment into the polymer structure. The signal at 1.18
ppm corresponds to the central methylene protons of the adipic acid chain.

The simultaneous observation of signals corresponding to aromatic protons, oxygen-bonded
methylene groups, and protons associated with the adipinate fragment confirms the presence of
naphthalene rings, sulfo groups, and ester and ether linkages in the synthesized product. The
obtained results are in good agreement with the proposed structural formula of the polyester resin
modified with polymethylenenaphthalenesulfonic acid and polydiethylene glycol. Furthermore, the
A3C NMR spectrum of the same sample was investigated, and the chemical shifts of the
corresponding carbon atoms are presented in the following figure (Figure 4).
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Figure 3. 13C NMR spectrum of the polyester resin synthesized from PMNS and PDAT at a molar
ratio of 70:1

In the presented spectrum, the intense signal observed at 170.8 ppm is attributed to the
carbonyl carbon atom of the ester group (—-COO-), indicating the formation of the polyester chain.
This signal confirms the presence of ester linkages formed through the condensation of adipic acid
residues with diethylene glycol fragments.

The numerous resonance signals observed in the range of 149.7-125.2 ppm are assigned to
the aromatic carbon atoms of the naphthalene ring. In particular, the downfield signals at
approximately 149.7, 148.6, 143.7, and 141.5 ppm correspond to aromatic carbon atoms bonded to
sulfo groups and oxygen-containing substituents. The resonances in the range of 139.6-125.2 ppm
are attributed to the remaining aromatic carbon atoms of the naphthalene ring. The signals observed
at 79.1, 76.8, 74.2, 71.5, and 70.6 ppm are characteristic of the oxygen-bonded methylene carbons
(-OCH,~) in the diethylene glycol fragment. These signals indicate the presence of polyester chains
in the polymer structure and confirm the successful formation of ether linkages.

The signal observed at 46.5 ppm is assigned to the methylene carbon atom linking the
naphthalene ring to the ester fragment (Ar-CH,-O-), confirming the connection between the
aromatic and aliphatic segments of the polymer. The signal at 39.1 ppm may be associated with
methylene carbons located adjacent to carbonyl groups. The signal observed at 14.7 ppm is
attributed to highly mobile aliphatic methylene carbons and provides additional evidence for the
presence of the adipinate fragment in the synthesized polymer.

Furthermore, the presence of signals corresponding to ester carbonyl groups, the aromatic
naphthalene ring, oxygen-bonded methylene carbons, and aliphatic fragments in the 3C NMR
spectrum confirms the existence of naphthalene rings, sulfo groups, and ester and ether linkages in
the synthesized polymer. The obtained results are in complete agreement with the proposed
structural formula of the polyester resin modified with polymethylenenaphthalenesulfonic acid and
polydiethylene glycol.

In general, the observation of aromatic proton and carbon signals characteristic of the
naphthalene ring in the ranges of 6.89-8.65 ppm in the 'H NMR spectrum and 125.2—-149.7 ppm in
the 13C NMR spectrum confirms the presence of an aromatic fragment in the polymer structure. The
intense signal at 170.8 ppm was assigned to ester carbonyl groups, whereas the signals observed in
the ranges of 3.65-5.02 ppm and 70.6—79.1 ppm were attributed to the proton and carbon atoms of
the ~OCH,~ groups in the diethylene glycol fragment. In addition, aliphatic proton and carbon

signals characteristic of the adipinate fragment were detected in the regions of 1.18-2.36 ppm and
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14.7-39.1 ppm, respectively. These data reliably confirm the presence of a naphthalene ring, sulfo
groups, and ester and ether linkages in the synthesized product and demonstrate complete
agreement with the proposed structural formula of the obtained polymer.

During the study, the proposed structural formula of the modified polyester resin
(PMNSP-70/1), synthesized from polymethylenenaphthalenesulfonic acid and polydiethylene
glycol adipinate components at a molar ratio of 70:1, was formulated as follows.

g O CH,— O—ﬁ — (CH2)4—ﬁ — 0—CH,—CH,—O0—CH,—CH,—
O O O

SO,H

Conclusion

In this study, the structural properties of a polyester resin modified with PMNS and PDAT at a
molar ratio of 70:1 were investigated using a komriekc of physicochemical methods. The obtained
results confirmed the presence of naphthalene rings, sulfo groups, carbonyl, ester, and ether bonds
in the polymer structure and demonstrated full agreement with the proposed structural formula of
the synthesized product. The findings indicate that PMNS-modified polyester resins are promising
compounds for the development of functional polymer materials.
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Abstract

In recent years, various methods for utilizing silk fibroin waste have been developed. In this
study, fibroin fiber obtained from silk fiber waste was swollen in 25 % ammonia solution and
treated with microwave irradiation. The obtained hydrolyzed fibroin macromolecule was
characterized by ultraviolet-visible (UV-Vis) spectroscopy and molecular weight analysis. The
results showed that alkaline and microwave treatment had a significant effect on the structural
composition of silk fibroin. The molecular weight was 388.3 kDa. The sorption properties of the
obtained fiber were studied during bleaching with cottonseed oil: the acid value decreased to 0.15
mmol/L and the peroxide value to 6.22 mmol/L. IR spectroscopy analysis of cottonseed oil showed
that cottonseed oil and hydrolyzed fibroin did not undergo a chemical reaction, and the basic
chemical structure was preserved after bleaching of cottonseed oil. By purifying vegetable oils
through the sorbent obtained in this way, not only is the oil purified, but it can also be another way
to utilize waste from the silk industry.

AHHOTaUA

B nocnegnuie rofpl OblM pa3paboTaHbl pa3iiyHble METO/bI YTHUIU3ALMU OTX0/10B (hrbporHa
menka. B paHHOM ucciefioBaHuM (UOPOMHOBOE BOJIOKHO, IOTyUYeHHOE M3 OTXOZOB IIeKOBOIO
BOJIOKHA, Habyxamo B 25 %-HOM pacTBope aMMuaka M 00pabarbiBasiocb MUKPOBOTHOBBIM
usnydeHueM. [lonyuyeHHast TApoIM30BaHHas MaKpoMoJiekysa (prbporHa 6bu1a 0XapakTepr30BaHa C
MOMOLBbI0  yBTParoeTOBO-BUAUMOMN (Y®-Buj) CnekTpockomuM M aHaiv3a MOJeKY/IsIpHOU
Maccel. Pe3ysbraThl MoKasasny, UTo Ije/I0YHasi 1 MUKPOBOJIHOBasi 06paboTka oka3aau 3HauuTebHOe
B/IMsIHE Ha CTPYKTYPHBIA COCTaB 1ienkoBoro ¢ubpovrHa. MosekynspHasi Macca coctaBuia 388,3
k/la. CopOLuoHHble CBOWCTBa IIOJyUEHHOTO BOJOKHA H3yyaluch B TIpoliecce O0TOenMBaHUS
XJIOTIKOBBIM Mac/IoM: OBbIJIO yCTaHOBJIEHO, UTO KMCIOTHOe 4Wc/Io cHU3uaock o 0,15 mMmosns/m, a
NepeKUCHOe 4UCa0 — 10 6,22 mMmosnb/n. MK-CreKTpoCKONMUYecKuil aHalin3 XJIONKOBOIO Maciia
MoKa3as, YTO XJIOTIKOBOE Macji0 W TH/POJIM30BaHHbIM (UOpPOMH He BCTyMaad B XUMHYECKYIO
peakiiio, U OCHOBHasi XMMHUYecKasi CTPYKTypa COXpaHsjlach TOcje OTOe/MBaHUsI XJIOMKOBOTO
Macia. OuucTKa pacTUTe/NbHBIX Maceq C TIOMOILbI TIOJIyYeHHOro TakuM obpasoMm copbeHTa
MO3BOJISIET He TOJBbKO OYMCTUTH CaMO Macj0, HO M MCHOMb30BaTh OTXOZbl LIEJTKOBOU
MIPOMBIIIEHHOCTH B KaueCTBe ellje OHOro criocoba yTUaM3aLum.

Keywords: Silk fibroin, microwave irradiation, molecular mass, peroxide value, acid number.
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Introduction

Today, the increasing demand for sustainable materials-free technologies has increased the
interest in the evaluation of protein-based industrial waste. Among natural biopolymers, silk fibroin
has attracted great attention due to its biodegradability, biocompatibility, excellent mechanical
properties, and abundance of reactive amino acid functional groups. Silk fibroin (SF) is a natural
polymer derived from silk fibroin and accounts for 70 %—75 % of the total mass of silk fibers. In the
textile industry, a portion of silk fiber is separated as fiber waste, and today it is important to make
rational use of this fiber silk waste. In recent years, silk waste has been recognized as an important
renewable resource for the production of high-value adsorbents and functional biomaterials, instead
of being disposed of as textile waste [1,2,3]. Silk fibroin is a protein with a hierarchical structure
composed of highly ordered [-sheet crystalline domains and amorphous regions. The interplay
between these structural phases governs its physicochemical properties, including molecular
stability, swelling properties, and adsorption capacity [3,4]. As a result, controlled chemical
modification has become an effective strategy to tailor the structure of fibroin-based materials and
improve their adsorption properties. Previous studies have shown that structural modification
significantly affects crystallinity, surface activity, and adsorption efficiency [3-5].

Among the various modification methods, alkaline treatment is widely used because it
partially hydrolyzes peptide bonds, weakens intermolecular hydrogen bonds, and exposes additional
amino, hydroxyl, and carboxyl functional groups.[2,6] Compared with strong alkaline reagents,
aqueous ammonia provides a relatively mild chemical environment that can induce structural
rearrangement while preventing excessive degradation of the protein backbone. However, little is
known about the structural evolution of hydrolyzed silk fibroin prepared from silk waste after
ammonia treatment, especially in terms of molecular weight changes and crystallinity [2,6]. In
addition, silk fibroin molecules have been well studied in alkaline medium([7]. Characterizing
molecular and crystallinity changes is crucial for understanding the structure-property relationships
of fibroin. UV-visible spectroscopy has been widely used to observe structural changes in protein
materials and assess molecular fragmentation after chemical modification, while X-ray diffraction
(XRD) remains one of the most reliable methods to study the crystalline and amorphous structure of
silk fibroin and determine its crystallinity [4,8].

Recently, biobased adsorbents have attracted increasing attention in vegetable oil processing,
as traditional bleaching earths and mineral adsorbents generate large amounts of secondary solid
waste and require energy-intensive production processes [8]. Hydrolyzed silk fibroin has multipolar
functional groups that can interact with phospholipids, pigments, oxidation products, soaps, and
other polar compounds present in vegetable oils. However, there are still few studies on ammonia-
modified hydrolyzed silk fibroin obtained from silk waste as an adsorbent for cottonseed oil
purification [1,5,9]. This study investigated the preparation of hydrolyzed silk fibroin from silk
processing waste and its adsorption performance in cottonseed oil purification.

Materials and methods

Materials and instruments. Fibrous waste of silk (Cleaned of additives, Urganch Bahmal,
LLC, Urgench, Uzbekistan), Sodium bicarbonate (purity 99,9 %) was purchased from
Chimreaktivinvest (Uzbekistan), Ammonia solution (pure for analysis) supplied by ESER
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KIMYA(Turkey). Calcium chloride and ethyl alcohol (98 %) were purchased from Fortek company
(Uzbekistan). Unrefined oil obtained from cotton seeds. Bidistilled water is obtained from the “GFL
2104 Double distillation water still” device (Germany). Microwave radiation was performed on an
ME81ARW (Samsung) device at a frequency of 2450 MHz. The experiments used a UV-1800
Shimadzu spectrometer. Thermostat spare parts (Assistant cat. Ne 3180) (Hamburg, Germany),
Lovibond® Tintometer Model F.

Extraction of fibroin fiber from natural silk waste. This study aims to use silk fibroin as a
fiber sorbent by effectively utilizing silk waste in bleaching vegetable oils. The conditions for
extracting fibroin from silk waste were selected: sericin was heated in NaHCO3 solution at
90-100°C for 40 minutes. The obtained fibroin fibers were washed with distilled water [10].

Extraction of “HF” from silk fibroin. Further studies were conducted on the hydrolysis of
fibroin fibers from silk fibers and their sorbent properties. Silk fibroin(SF) was hydrolyzed under
alkaline conditions and microwave irradiation (800 W) to obtain hydrolyzed fibroin (“HF”) in the
form of fibers [11]. Extraction of “HF” in an alkaline medium was carried out by swelling in 25 %
ammonia solution. In this case, it took 1 hour to obtain “HF” in 25 % ammonia solution. The
ampholytic properties of “HF” and the presence of polyfunctional groups allow it to be used in a
variety of conditions. To further increase the cracks and porosity in the “HF” particles, the
“HF”fiber was immersed in an alkaline medium in a wet state and then exposed to 800 W
microwave radiation for 5 minutes. After the procedure, the sample was washed with hot distilled
water to a neutral medium. As the cracks and pores in “HF” increase, its sorption properties also
increase.

Determination of the molecular weight of the HF sample obtained in an alkaline (ammonia)
medium using UV spectrophotometry. The measured mass of “HF” fiber was dissolved in a solution
of CaClZ:CZHSOH:HZO (1:2:8 mol) at 65 °C [12]. To determine the molecular mass of “HF”
obtained under laboratory conditions, solutions with concentrations of 0.008, 0.017, 0.056 and 0.12
g/l were prepared. The UV-1800 Shimadzu spectrophotometer showed that the maximum
absorption wavelength of the prepared “HF” solution was 280 nm. The light absorption was
determined in a 1 cm thick (I) cuvette [13].

Purification of cottonseed oil with “HF”. Cottonseed oil was purified to test the sorption
properties of the obtained «HF» samples. 100 g of purified vegetable oil was poured into numbered
flasks and immersed in a water bath. When the temperature reached 70°C, 1.0 g of the «<HF» sample
was added to the flask and mixed at a speed of 250 rpm. Continue mixing for 30 minutes, bringing
the oil temperature to 90°C. At the end of the process, the oil was filtered. The color level of the
filtered oil was measured on a Lovibond device. The peroxide value and acid content were
measured by the method of [14].

Results and discussion

Considering the better swelling of silk fibroin in an alkaline environment, we treated it with
ammonia solution[15]. When treated with ammonia solution, 93.7 % of the original fiber mass is
retained. Then, microwave irradiation was applied to increase the porosity and cracks in the
macromolecule. The practical application of HF was evaluated in the bleaching of cottonseed oil.
The results obtained show that the combined treatment affected the molecular structure of silk
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fibroin without causing complete decomposition of protein chains. These structural changes are
expected to affect the physicochemical properties of the material, in particular its adsorption
properties. Therefore, spectroscopic properties, molecular weight distribution, and sorption indices
were analyzed together to determine the relationship between structural modification and functional
efficiency.

Comparison of UV-Vis spectra shows that ammonia digestion and microwave treatment
significantly affected the optical properties of silk fibroin. The UV spectra of silk fibroin and
ammonia-treated HF sample solutions showed maximum absorption peaks at 280 nm in both
samples, suggesting that the protein structure of fibroin remained largely preserved after ammonia
treatment.

ovg KN [
0,8+ —— HF-NHa-MW .
\ —— SF
0,6 R .
AN
8 S~

0,4 T .
0,2 _

0‘ 1 | | |

231,6 240,0 260,0 280,0 296,0

nm.

Figure 1. UV spectra of Silk fibroin(SF) and «HF» solution obtained under the influence of MW
radiation
The light absorption values of “HF” solutions at 280 nm were determined and the A/l and C
correlation graphs were plotted (Figure 2). To determine the molecular mass of “HF”, it is necessary
to determine the angular length () of the graph line A/1—C concerning the C axis. Molecular mass
is determined by the following formula.
rga

M= M
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Figure 2. Graph of the dependence of A/l and C of the «HF» solution obtained under the
influence of MW radiation

Based on the results obtained by spectrophotometry, it was determined that the molecular
mass of «HF» obtained under the influence of MW rays in an alkaline medium (equation 1) is 388.3
kDa. The decrease in molecular weight can be explained by the hydrolysis process.

Results of using HF sorbent in oil bleaching. Hydrolyzed fibroin («HF» — obtained under
alkaline conditions by microwave radiation) sample are used in the purification of cottonseed oil.
As a result of the cleaning process, the red color unit of the fat was reduced from 12 to 9. The acid
number decreased from 0.33 mmol /L to 0.15 mmol L. There was also a significant decrease in the
peroxide number, which decreased from 10.58 mmol/L to 6.22 mmol/L. The table below shows the
cottonseed oil purification performance of the sample.

Table 1.
Parameters of cottonseed oil

Parameters

Unrefined oil Indicators

Oil refined with sample HF

Color level

Yellow unit:35 Red: 12

Yellow unit:35 Red: 9

The amount of Acid (mmol/L)

0.33

0.15

Peroxide value (mmol/L)

10,58

6.22

According to the bleaching results, the HF sorbent significantly reduced the acid number of
cottonseed oil, and the decrease in peroxide value affects the increase in the shelf life of the oil.

FTIR spectra analysis of oil samples. FTIR analysis of unbleached crude cottonseed oil and
cottonseed oil bleached with HF sorbent ATR-IR Fourier spectroscopy analyses were performed on
a “FTIR 4600 JASCO” spectrophotometer and studied in the range of 4000 — 400 cm™ [16].
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Figure 4. FTIR spectra of bleached cottonseed oil

The FTIR spectra of the crude and bleached cottonseed oils demonstrate that adsorption
bleaching using the silk fibroin sorbent does not affect the molecular structure of triglycerides. The
characteristic absorption bands at 2926, 2854, 1747, and 1165 cm™ remain unchanged after
treatment, while slight intensity changes in the fingerprint region indicate the effective removal of
pigments and other minor impurities. These results confirm the high selectivity of the silk fibroin
sorbent for oil purification without causing chemical degradation of the oil.

Conclusion

Silk fibroin treated with 25 % aqueous ammonia solution and then microwave irradiation
underwent significant structural modification, as confirmed by UV-Vis spectroscopy and molecular
weight analysis. The processed fibroin showed a molecular weight of 388.3 kDa. These structural
changes increased the adsorption capacity of the material towards impurities in cottonseed oil.
Hydrolyzed silk fibroin showed effective sorption performance during bleaching, reducing the acid
value to 0.15 mmol/L and the peroxide value to 6.2mmol/L. FTIR analysis confirmed that no new
chemical bonds were formed between the sorbent and the purified oil.
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Overall, the results indicate that ammonia- and microwave-treated silk fibroin is a promising,

environmentally friendly, and sustainable biobased sorbent for the purification of vegetable oil. The

proposed modification method is simple, efficient, and suitable for value-added utilization of silk

fibroin waste.

10.

11.

12.
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BiiusiHMe pery/ifiTOpPoB POCTa M CPOKOB MOCA/AKHU Ha YKOPEeHeHNe U
NMPWXUBAEMOCThb OipeBeCHEBIIINX YePeHKOB K/IOHOBBIX MO/ABOEB KOCTOUKOBBIX

KYJ/IBTYP
Xaiim6oes baxodup Toupoeuu
3asedyrowjuli aabopamopueli Cenekyusi u ceMeHo800CME0
TawkeHmckas HayyHo-3KchepumMeHmanbHas cmaxyus, HayuHo-uccaedosamenbckutli uHcmumym
cadogoocmea, 8UHO2paoapcmea u guHooenusi uMeHu akaoemuxka M. Mup3saega
Y3bexkucman, 2. TawikeHm

Abstract

This study examines in detail the propagation of promising clonal rootstocks of stone-fruit
crops — the cultivars ‘Eureka 99°, ‘Myrobalan 29C’, ‘Fortuna’ and ‘Krymsky-5" — by means of
hardwood (lignified) cuttings, together with its efficiency. In the course of the field experiment, the
influence of the biostimulant indole-3-butyric acid (IBA) and of a specialized callusing
(kilchevanie) technique on the rooting parameters of the cuttings was comprehensively analyzed. It

Bubmorpaduueckoe onmucanue: Xait6oeB B.T. BumsHue perysasaTtopoB pocTa M CPOKOB TI0C3IKM Ha YKODEHEHWe U
MPIKMBAEMOCTD OfipEBECHEBLIMX UePEHKOB K/IOHOBBIX MOJBOEB KOCTOUKOBBIX Ky/bTyp // Universum: Xumusi 1 6HO/IOrHs : 3/IEKTPOH.
HayuH. XXypH. 2026. 8(146). URL: https://7universum.com/ru/nature/archive/item/23245

For citation: Khaitboev B.T. Effect of Growth Regulators and Planting Time on the Rooting and Survival of Hardwood Cuttings
of Stone-Fruit Clonal Rootstocks // Universum: Chemistry and Biology : electronic scientific journal. 2026. No. 8(146). Available at:
https://7universum.com/ru/nature/archive/item/23245
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was established that the highest effect was obtained by treating the cuttings with IBA in autumn,
followed by a specialized callusing process and planting in open ground in early spring. Under this
treatment, rooting and survival rates reached 77.8-87.6 %, substantially exceeding the results of the
other variants. On the basis of the scientific and practical conclusions obtained, this highly efficient
method is deemed suitable for wide adoption in production, in order to raise high-quality, standard
rootstocks in horticulture and nursery management.

AHHOTanusA

B [aHHOM WHCC/Ief0BaHUMM TIOAPDOOHO M3y4yeH IMpPOIiecC PasMHOXKEHHS OJpeBeCHEBIINMHU
yepeHKaM{ IIepCIIeKTUBHBIX KJIOHOBBIX I10/IBO€B KOCTOYKOBBIX IUIOZLOBBIX KYy/IbTYyp — COPTOB
«3JBpHKa 99», «Mupobanad 29C», «PopTyHa» u «KpbIMCKHIA-5», a Takke ero 3¢dekTuBHOCTL. B
XOfle HAyuyHOTO SKCIepUMeHTa BCEeCTOPDOHHE TIPOAaHa/JM3UPOBAHO B/MsHUE OHOCTHMY/SATOpA
vHAomIMacasHod Kuciotel (MMK) u crienpanbHOro MeTofa KW/IBYEBaHMWS Ha I1OKas3aresu
yYKOpeHeHHs] YepeHKOB. YCTAHOBJIEHO, UTO HauBbIcIMi 3¢ddekT obecneunna oceHHsisi 06paboTKa
yepeHKOB TIiperiaparoMm VMK ¢ mnocsiefyrolyM MOPOXOXKZEeHWeM CreldaJlbHOro —IpoLiecca
KW/IbUEBAaHUSI U BBICAJAKOM B OTKDPBITBIM TPYHT paHHed BecHOW. Ilpu 3TOM mnokasarenu
YKOpeHsIeMOCTU U TMpukuBaeMoCcTd pgocturd 77,8-87,6 %, 4TO CyILeCTBeHHO IIpeBbIIaeT
pesy/nbTaThl ApPyrux BapuaHTOB. Ha OCHOBaHMM TMOJIyYeHHBIX HAy4YHO-NIPAKTUYECKHUX BBIBOZOB
JAHHBIA BBICOKO3((EKTUBHBIA MeTOoJ, TPU3HAH 1jesieco00pa3HbIM AJIsi IIMPOKOTO BHEJDEHHs B
MIPOM3BOJCTBO C 1ieJIbI0 BbIpAlllBaHUsl BbICOKOKAueCTBEHHBbIX M CTaH/apTHBIX MO/BOEB B cdepe
CaZloBOZICTBA U MUTOMHUKOBO/CTBA.

Keywords: clonal rootstocks, stone-fruit crops, vegetative propagation, hardwood cuttings,
indole-3-butyric acid (IBA), callusing (kilchevanie), rooting rate, survival rate, biometric
parameters.

KiroueBble cj10Ba: K/IOHOBBIE TI0BOU, KOCTOUKOBBIE KY/IbTYDPhI, BereTaTUBHOE pa3sMHOXeHue,
O[[peBeCHEBIIIMe YepeHKH, HWHAonuaMacisHasg kuciaora (MMK), kunbyeBaHue, CTereHb
YKOPEHSIeMOCTH, OMOMeTprUYeCcKHe ToKa3aTesu.

Introduction

In modern fruit growing, the use of vegetatively propagated clonal rootstocks is an urgent task
in establishing intensive orchards. Clonal rootstocks ensure uniform growth of trees, early onset of
cropping, and good adaptability to soil-and-climate conditions. However, the low rooting
percentage obtained when many valuable rootstock types — particularly those intended for stone
fruits — are propagated by the conventional hardwood-cutting method remains one of the main
problems.

In plant physiology, growth regulators of the auxin group, including indole-3-butyric acid
(IBA), are widely used to stimulate root formation. At the same time, the rooting process depends
not only on an externally applied growth regulator but also on the internal resources of the cutting
— its diameter and its position on the mother plant. The aim of the present study was to determine,
for various clonal rootstocks, the optimal combination of an appropriate IBA rate and cutting
diameter.
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It has been reported that in rootstocks of the genus Prunus the IBA concentration is the
principal factor activating root formation; however, an individual optimal rate exists for each
genotype, and concentrations above the optimum inhibit regeneration [1, 4]. In particular, the
rootstocks of the ‘Krymsk’ series have been shown to be highly sensitive to external chemical
treatments [5, 10, 11].

Studies on the morpho-physiological characteristics of the cutting confirm that cuttings
prepared from the lower part of the shoot and of sufficient diameter provide higher stability in
rooting owing to their higher content of reserve carbohydrates [2, 3, 9]. It has also been
scientifically substantiated that soaking the basal part of the cuttings in an auxin solution is the most
effective agronomic practice for production [6, 8].

Research site and conditions

The studies were carried out at the experimental field of the Research Institute of
Horticulture, Viticulture and Winemaking named after Academician Mahmud Mirzaev. The soil of
the site is a typical irrigated grey (sierozem) soil. It contains from 19.0 to 23.0 % carbonates, has a
pH of 7.1, a weak structure and a tendency to compaction. According to the mechanical
composition of the parent material, the soil of the experimental field is unstable and consists of
medium and heavy loams. Because of the low content of humus and colloidal particles, the soil has
a weak and fragile structure. The groundwater lies at a depth of 20-30 m below the soil surface.

The climate of the experimental field is distinguished by its abundance of heat and light, as
well as by its dryness. The mean annual amplitude of air temperature is +28...+30 °C, and the
absolute amplitude of air temperature is 75-80 °C. Summers are hot and dry, with an absolute
maximum reaching +44 °C. Autumn is long and warm; the first autumn frost is observed on 3
October. Winter is unstable, with abrupt transitions from warm to cold. The mean monthly
temperature in January is —0.4 °C, and the absolute minimum is —30 °C. The probability of a winter
with a minimum air temperature of —15 °C is 75 %, of —20 °C is 15 %, and of —25 °C only 10 %.
Spring is characterized by markedly variable air temperatures. The frost-free period averaged 203
days.

Materials and methods

Cuttings 18-22 cm long were prepared by cutting one-year-old shoots from mother
plantations of the rootstocks at different dates; cuttings were separated from the basal (lower, 6-9
mm), middle (4-6 mm) and apical (upper, 2—4 mm) parts of the shoots.

The application rates of the root-promoting growth regulator indole-3-butyric acid (IBA)
tested were: soaking the cuttings in water before planting (control); 45 mg/L; 60 mg/L; 75 mg/L; 90
mg/L; and 110 mg/L IBA.

The most suitable dates and methods for the sprouting of hardwood cuttings of the vegetative
rootstocks for stone fruits were tested as follows:

First method: cuttings were prepared from one-year-old shoots of the rootstocks in autumn, in
the third decade of November, soaked in water, buried in soil and stored in trenches until early
spring, then planted in the first decade of March (control).
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Second method: cuttings were prepared in autumn (third decade of November), treated with
the selected growth regulator (IBA) at 75-90 mg/L, buried in soil, stored in trenches until early
spring, and planted in the first decade of March.

Third method: cuttings were prepared in autumn (third decade of November), treated with
IBA at 75-90 mg/L, buried in soil and stored in trenches until early spring; in the second decade of
February the cuttings were dug out of the trenches, arranged with the treated (basal) ends facing
upward, covered with a 5-10 cm layer of a 1:1 mixture of rotted manure and soil for callusing
(kilchevanie), and planted in the first decade of March.

Fourth method: cuttings were prepared in autumn (third decade of November), treated with
the optimal rate of the growth regulator, and planted directly.

Fifth method: in the last decade of February, cuttings were prepared from one-year-old shoots
of the vegetative rootstocks and, after treatment with the selected rate of the growth regulator, were
arranged with the treated ends facing upward, covered with a 5-10 cm layer of a 1:1 mixture of
rotted manure and soil (callusing), and planted in the first decade of March.

The following planting schemes were tested for the stone-fruit rootstocks: 70 x 20 cm
(control); 70 x 15 cm; and 70 x 10 cm. In each variant of the experiment, 1000 cuttings of each
rootstock were planted in four replications.

Results and discussion

Analysis of morpho-biological changes among the rootstocks. Eureka 99 rootstock. In
this clonal rootstock the survival rate in the control variant was 59.0%, whereas in the optimal
variant using IBA together with callusing it rose to 87.6% (28.6% higher than the control). The total
plant height increased from 72.7 cm in the control to 84.6 cm, and the number of leaves — which
determines the photosynthetic and assimilation surface — rose from 98.2 to 113.3. In the variant
treated with IBA in autumn and planted directly, plant height was the highest (87.3 cm), yet the
survival rate (63.5%) lagged well behind the callused variant.

Myrobalan 29C rootstock. The same regularity was repeated in this rootstock: instead of the
55.5% survival of the control, the advanced technology (IBA + callusing + spring planting)
recorded 86.8%. In this variant, the mean shoot length increased from 14.5 cm in the control to 16.7
cm. The IBA stimulant, by mobilizing the reserve nutrients of the cutting, ensured the balanced
development of the above-ground and below-ground parts.

Fortuna and Krymsky-5 rootstocks. Owing to the specific biological characteristics of these
rootstocks, their total height and shoot length recorded somewhat lower values than in Eureka 99;
nevertheless, a proportional positive gain relative to the control was maintained. The survival of the
Fortuna rootstock rose from 55.0% in the control to 79.7% under the effect of IBA and callusing. In
the Krymsky-5 rootstock this indicator increased from 55.2% to 77.8%, and the rise in leaf number
from 60.3 in the control to 72.4 directly reflected the activation of organic-matter synthesis in the
plant and the future formation of healthy planting stock.

The variants of autumn IBA treatment followed by burial or direct planting also showed a
marked advantage over the control, but did not provide the stable, maximum survival attained in the
callused variant. In turn, although the method of cutting in spring, treating with IBA and callusing
likewise gave fairly good results (for example, 72.6 % in Eureka 99), it did not reach the efficiency
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of the autumn treatment (87.6 %). This indicates that the entry of the cuttings into winter dormancy

and their gradual physiological preparation under the influence of IBA proceed more effectively at

the autumn date.

The mathematical reliability of the statistical analyses is fully confirmed by the small values
of the LSD (least significant difference) given at the end of the table (0.5-1.8 cm for height and
length, and 2.1-2.8 % for survival rate).

Table 1.

Development of the crown of hardwood cuttings planted in a 70 x 15 cm scheme (with IBA

applied at 75 mg/L), 2018-2020

Rootstock

Planting time / met
hod

Plant hei
ght, cm

Shoots,
pcs

Mean
shoot len
gth, cm

Leaves,
pcs

Survival, %

Eureka 99

Autumn — soaked
in water, buried,
planted in spring
(control)

72.7

3.9

19.5

98.2

59.0

Autumn — treated
with IBA, buried,
planted in spring

88.4

4.3

24.2

117.6

70.4

Autumn — treated
with IBA, callused,
planted in spring

84.6

4.1

23.3

113.3

87.6

Autumn — treated
with IBA, planted
directly

87.3

4.6

25.4

118.2

63.5

Spring — cut,
treated with IBA,
callused, planted

75.7

3.9

21.2

107.3

72.6

Myrobalan 29C

Autumn — soaked
in water, buried,
planted in spring
(control)

66.4

3.1

14.5

68.6

55.5

Autumn — treated
with IBA, buried,
planted in spring

74.3

3.6

16.1

94.7

73.6

Autumn — treated
with IBA, callused,
planted in spring

77.4

3.5

16.7

95.6

86.8

Autumn — treated
with IBA, planted
directly

78.3

3.8

17.8

97.4

70.1

Spring — cut,
treated with IBA,
callused, planted

73.7

3.2

15.6

90.3

77.6
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Rootstock Planting time / met | Plant hei Shoots, Mean Leaves, | Survival, %
hod ght, cm pcs shoot len pcs
gth, cm
Fortuna Autumn — soaked 44.3 3.1 11.2 51.3 55.0

in water, buried,
planted in spring
(control)

Autumn — treated 55.4 3.6 14.4 63.4 72.2
with IBA, buried,
planted in spring

Autumn — treated 56.7 3.8 16.1 67.3 79.7
with IBA, callused,
planted in spring

Autumn — treated 55.3 3.2 13.2 60.3 64.0
with IBA, planted
directly

Spring — cut, 50.2 3.4 13.6 55.7 74.3
treated with IBA,
callused, planted

Krymsky-5 Autumn — soaked 55.6 3.6 13.3 60.3 55.2
in water, buried,
planted in spring
(control)

Autumn — treated 64.4 4.1 17.6 68.5 68.4

with IBA, buried,
planted in spring

Autumn — treated 67.8 4.4 19.3 72.4 77.8
with IBA, callused,
planted in spring

Autumn — treated 64.7 4.1 16.5 67.3 51.3
with IBA, planted
directly
Spring — cut, 60.3 3.8 15.4 63.4 69.3
treated with IBA,
callused, planted

LSD,; 14 — 0.5 — 1.8

LSD, % 2.1 — 2.8 — 2.6

Note: In each variant, 1000 cuttings of each rootstock were planted in four replications. The highest
survival values (callused variant) are shown in bold.

Conclusions

1. In the process of vegetative propagation of clonal rootstocks intended for stone-fruit
species (Eureka 99, Myrobalan 29C, Fortuna, Krymsky-5), a sharp increase in the morpho-
biological and biometric indicators of the plants was recorded under the influence of the indole-3-
butyric acid (IBA) stimulant compared with the control (water soaking) variant.

2. Among all the variants tested, the highest agronomic efficiency was scientifically
substantiated to be achieved by the technology of stimulating the cuttings with an IBA solution in
autumn, callusing (kilchevanie) them with the aid of artificial bottom heat, and planting them in
spring. Under this optimal method, the survival rate of the rootstocks was high, ranging from
77.8 % to 87.6 %.
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3. Under the combined effect of the callusing process and the IBA stimulant, the total height

of the rootstock plants, the number of shoots and their mean length increased significantly more

intensively than in the control variant. In particular, an expansion of the assimilation apparatus (leaf

number) and vigorous development of the above-ground part were recorded in the Eureka 99 and
Myrobalan 29C rootstocks.

4. The developmental dynamics of cuttings that were cut and treated with IBA in spring were

lower than those of cuttings prepared in autumn. This showed, and was confirmed during the study,

the important role of the autumn dormancy period and of the physiological-biochemical changes

occurring under the influence of the stimulant in the formation of a strong root system in the

cuttings.

10.

11.
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Abstract

Raspberry (Rubus idaeus L.) fruits are widely consumed due to their high nutritional value,
pleasant taste, attractive aroma, and health-promoting properties. In addition, they contain vitamins,
organic acids, sugars, and pectin substances that are important for human health. This study
investigated the biochemical characteristics of four raspberry cultivars, Progress, Polka, Zyugana,
and Heritage, grown under the conditions of the Tashkent region during summer and autumn
harvesting periods. The contents of dry matter, total sugars, titratable acidity, vitamins C and A, and
pectin substances were determined in the fruits. The results showed that the highest levels of dry
matter and sugars in the summer harvest were recorded in the Polka (16.5 %) and Zyugana (14.6 %)
cultivars. In the autumn harvest, the vitamin C content increased in all cultivars, reaching the
highest value of 35.7 mg% in Zyugana. At the same time, the contents of vitamin A and pectin
substances decreased compared with the summer harvest. The obtained results are of significant
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scientific and practical importance for evaluating raspberry fruit quality, improving long-term
storage technologies, enhancing processing efficiency, and improving consumer properties of
raspberry products.

AHHOTanus

[Tnomer manuube! (Rubus idaeus L.) mmpoko moTpebsitoTcss HacesieHWeM O71aroziapsi BHICOKOM
MTUIIEBOM IIeHHOCTH, TMPHUSITHOMY BKYCY, apomary W JjedeOHbIM cBoicTBaM. Kpome TOro, OHU
coJilep>KaT Ba)kKHble [/l 3[0POBbSl UelO0BeKa BUTAMHMHBI, OpPraHUYeCKHWe KHUC/IOThbI, caxapa H
MEeKTUHOBBIE BellecTBa. B JaHHOM HCC/Ie0BaHUMA ObUTM W3y4yeHbl OMOXMMHUYECKHe ToKa3aTesn
coptoB ManuHbl Ilporpecc, Ilonka, 3roraHa W XepuTeupK, BbIpallJUBaeMbIX B YCIOBUSX
TarkeHTCKOUM 00/1aCTH, B TIEPHOABLI JIETHETO W OCEHHETO IJIOZOHOIIeHUs. B Xoze ucciefoBaHus
OTIpeJIeJISI/IA COZiepKaHre CYyXUX BelleCTB, OOIIUX CcaxapoB, TATPYEMOW KUCIOTHOCTH, BUTaMUHOB C
U A, a TakKe MEKTHHOBBIX BelleCTB B IJIOAax. Pe3ynbrarhl MOKas3aaW, YTO B JIETHEM ypo)Kae
Haubosiee BBICOKHE TTOKa3aTeIM COZleP>KaHUsI CyXUX BEIeCTB U CaXapoB ObLTM OTMEUeHbl ¥ COPTOB
[Monka (16,5 %) u 3toraHa (14,6 %). B oceHHeM ypokae cofep>kaHve BUTaMuHa C yBe/IMUU/IOCh Y
BCEX COPTOB, a MaKCMMajbHOE 3HaueHWe ObLIO 3aperucTpUpOBaHO y COpTa 3r0raHa U COCTABUJIO
35,7 Mr%. OgHOBpeMeHHO HaOJO/[aNoCh CHYDKEHUEe COZIeP)KaHUs BUTaMHUHA A U TIeKTHHOBBIX
BellleCTB M0 CPAaBHEHHUIO C JIeTHUM ypoxkaeM. [lonmyueHHble pe3y/nbTaTbl UIMEHOT Ba)KHOE HAyuHOe U
MpakTAYeCKoe 3HaYeHue /Jisl OLleHKW KayeCTBa IJI0[0B Ma/UHbl, COBEPILIEHCTBOBAHUS TEXHOIOTUM
JUTATEIbHOTO XpaHeHUs, 3(PGheKTUBHON Tepepab0TKU W Y/IydllleHHs TTOTPeOUTe/TbCKUX CBOMCTB

MIPOAYKLIMH.

Keywords: Raspberry, biochemical composition, dry matter, vitamin C, pectin, summer
harvest, autumn harvest.

KnroueBbie csioBa: MasnHa, OMOXMMHUECKHI COCTaB, CyXoe BeljecTBO, BUTaMuH C, TIeKTHH,
JIETHUW ypOrKal, OCeHHHUN ypOJKaW.

Introduction

Among small fruit crops, the red raspberry (Rubus idaeus L.) holds a distinct position due to
its unique organoleptic profile, exquisite flavor, and rich nutritional value. Beyond its direct
consumption as a fresh commodity, raspberry is highly therapeutic and extensively utilized in
pharmacological and traditional medicine. In medical practice, both fresh and dehydrated raspberry
fruits are widely prescribed as potent diaphoretic and antipyretic agents. Biochemically, raspberry
fruits serve as a dense source of vital organic complexes, typically containing 5,0 % to 10,0 %
sugars, 0,5 % to 2,5 % organic acids, alongside a comprehensive vitamin profile including vitamins
B, By, Bg, By, By,

affected by genetic traits and environmental conditions during fruit ripening. Modern primocane

C, D, E, PP, P, and K. The qualitative composition of raspberry berries is greatly

cultivars yield twice a year-in summer and autumn — introducing variations in physiological
parameters and nutritional content. Evaluating pre-storage biochemical components across different
harvest cycles is vital for predicting postharvest shelf life and cold storage stability. [1].
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Ren et al. (2023) analyzed the metabolite profile of raspberry fruits using UPLC-MS/MS.
Their results demonstrated significant differences in the contents of vitamins, organic acids,
flavonoids and other bioactive compounds among raspberry samples, depending on genotype and
fruit tissue. [6].

The temperature regime during raspberry growth and fruit ripening significantly influences
the content and activity of antioxidants, including anthocyanins, ascorbic acid (vitamin C), and total
phenolic compounds. In addition, berries grown under conditions of low light intensity and shorter
day length have been reported to contain lower levels of sugars and exhibit reduced antioxidant
activity. These factors directly affect the biochemical composition of raspberry fruits and,
consequently, the quality characteristics of products derived from them. [2].

Miletic¢ et al. (2024) evaluated the chemical composition of healthy raspberry fruits and found
that the fruits contained high levels of vitamin C, phenolic compounds and antioxidant activity. The
study confirmed that raspberry fruits are an important source of biologically active substances
valuable for human nutrition. [7].

Raspberry possesses a higher antioxidant capacity compared to many other fruits and
vegetables. Its rich content of ellagitannins, anthocyanins, total phenolic compounds, and ascorbic
acid contributes to its high biological activity. These bioactive components play an important role in
protecting cells against oxidative stress, and their consumption has been associated with a reduced
risk of aging-related disorders, cardiovascular diseases, diabetes, and certain types of cancer.
Furthermore, due to its strong antioxidant properties, raspberry is recognized as a functional food
with significant dietary and therapeutic value. [3].

Raspberry fruits are rich in vitamins, including ascorbic acid, niacin, and thiamine, as well as
various mineral elements, which contribute significantly to their nutritional and functional food
value. Previous studies have demonstrated that the concentration and biological activity of bioactive
compounds in raspberry fruits are strongly affected by cultivar-specific traits, fruit maturity stage,
and postharvest storage conditions.[4].

Ispiryan et al. (2023) investigated the biochemical composition and antioxidant properties of
different raspberry plant parts. The authors reported that raspberry fruits are rich in phenolic
compounds, flavonoids and antioxidants, confirming their high nutritional and functional value. [5].

Materials and Methods

The study was conducted during 2022—-2024 using raspberry (Rubus idaeus L.) plant material
grown in the experimental fields of the Scientific Research Institute of Horticulture, Viticulture and
Winemaking named after Academician M. Mirzaev, located in the Tashkent region of Uzbekistan.
Four raspberry cultivars widely cultivated under local conditions, namely Progress, Polka, Zyugana,
and Heritage, were selected as the experimental material.

Fruit samples were collected at the stage of full commercial maturity during two harvesting
periods: summer and autumn fruiting seasons. Laboratory analyses were carried out immediately
after harvest to evaluate the pre-storage biochemical characteristics of the fruits.The biochemical
composition of raspberry fruits was determined using the following standard analytical methods:

Dry matter content was determined according to GOST 33977-2016 using the gravimetric
oven-drying method.

Total sugar content was determined in accordance with GOST 8756.13-87.
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Titratable acidity was measured according to GOST ISO 750-2013 by titration with 0.1 N
sodium hydroxide (NaOH) solution and expressed as malic acid percentage.

Pectin content was determined following GOST 29059-91.

Vitamin C (ascorbic acid) and vitamin A contents were determined according to the
methodological guide Analytical Methods for Quality Control of Food Products and Raw Materials.
Instrumental Methods of Ecological and Analytical Control (Bykovsky, 2014). All samples were
prepared following the recommended analytical procedures. The analyses were performed using a
Flexar UHPLC (Ultra High Performance Liquid Chromatography, Perkin Elmer, USA) system,
which ensured accurate and reproducible determination of vitamin contents.

Statistical analysis of the experimental data obtained during the three-year study period was
performed using analysis of variance. Mean values, standard deviations, and the significance of
differences among cultivars and harvesting seasons were calculated to evaluate the reliability of the
results.

Results

The three-year comprehensive screening revealed significant seasonal and cultivar-dependent
variations in the biochemical metrics of the investigated raspberry fruits.

Analysis of the Dry Matter Content during the summer harvest indicated that Polka possessed
the highest accumulation at 16,5 %, followed closely by Zyugana at 16,2 %. Conversely, the lowest
dry matter value in summer was registered in Progress (14,7 %). During the autumn fruiting phase,
a general reduction in dry matter was observed across all cultivars. Zyugana retained the highest
autumn dry matter concentration at 15,8 %, whereas Progress dropped to a minimum of 12,4 %.

A similar trend was recorded for Total Sugars. In the summer cycle, Zyugana dominated with
14,6 % sugar content, while Progress displayed the lowest value (12,3 %). The autumn period
induced a systematic decrease in sugar concentration across the board; Polka exhibited the highest
autumn sugar value at 13,0 %, while Progress recorded the minimum at 11,2 %.

The Titratable Acidity reached its maximum during the summer crop in Zyugana (0,96 %) and
its lowest points in Polka (0,83 %) and Heritage (0,86 %). In autumn, titratable acidity values
declined markedly across all studied varieties. The highest value in the autumn crop was observed
in Zyugana at 0,86 %, while the lowest was observed in Polka at 0,77 %. (Table 1)

Discussion

The most striking physiological pattern identified in this study relates to the inverse dynamics
of vitamin accumulation between the seasons. Vitamin C (Ascorbic Acid) analysis revealed that
autumn environmental conditions significantly favored the synthesis of vitamin C across all
varieties compared to the summer months. In the summer harvest, vitamin C ranged from a
maximum of 30,3 mg% (Zyugana) to a minimum of 27,4 mg% (Heritage). However, in the autumn
harvest, vitamin C values amplified remarkably, peaking at 35,7 mg% in Zyugana , while the lowest
registered value was 32,5 mg% in Polka. This indicates that lower autumn temperatures during fruit
ripening stimulate ascorbic acid retention.
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In sharp contrast to vitamin C, Vitamin A accumulation exhibited a clear downward
trajectory during the autumn harvest phase. In summer, Zyugana yielded the highest vitamin A
content at 0,38 mg% , whereas Polka produced the lowest at 0,28 mg%. In autumn, these values
dropped across all varieties , with Zyugana decreasing to 0,33 mg% and Polka to 0,26 mg%. Pectin
substances followed an identical structural decline in autumn. During the summer fruiting period,
Polka displayed the highest pectin concentration at 0,965% , whereas Heritage showed the lowest at
0,859%. In the autumn cycle, pectin values uniformly decreased across all genetic lines; Polka
maintained the highest relative position at 0,844% , while Heritage dropped significantly. Higher
pectin and dry matter contents in summer crops suggest better structural integrity, which may

improve mechanical resistance and postharvest shelf life during cold storage compared to autumn

Ccrops.

Figure 1. Biochemical analysis of raspberry fruits in the laborator

Table 1.
Biochemical composition of raspberry cultivars based on harvest seasons (2022-2024)
Dry Matter |Sugar Content Titratable Vitamin C Pectin Content
Ne Cultivars Vitamin A (mg%)
(%) (%) Acidity (%) (mg%) (%)
Summer Harvest
1 Progress 14,7+0,66 12,30,66 0,90+0,06 28,2+0,72 0,34+0,03 0,891+0,04
2 | Polka 16,5+0,37 13,8%0,36 0,83+0,04 27,5+0,60 0,28+0,03 0,965+0,03
3 | Zyugana 16,2+0,64 14,620,56 0,96+0,05 30,3=1,02 0,38+0,05 0,903+0,03
4 | Heritage 15,4+0,43 13,2+0,70 0,8620,06 27,4+0,52 0,32+0,04 0,859+0,02
Autumn Harvest
1 Progress 12,4+0,56 11,2+0,30 0,84+0,04 33,1+0,83 0,30+0,01 0,752+0,03
2 | Polka 14,3+0,70 13,0+0,87 0,77+0,05 32,5+1,02 0,26+0,01 0,844+0,03
3 | Zyugana 15,8+0,78 12,620,55 0,86+0,05 35,7+0,73 0,330,005 0,785+0,03
4 Heritage 14,7£0,56 12,2+0,37 0,80+0,03 34,8x1,02 0,31+0,02 0,716+0,02
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Conclusion

The results of the study demonstrated that the biochemical characteristics of raspberry fruits
grown under the conditions of the Tashkent region are significantly influenced by cultivar-specific
traits and harvesting season. Considerable differences were observed between the summer and
autumn harvests for all investigated cultivars. The summer harvest was characterized by higher
contents of dry matter, total sugars, and pectin substances. These parameters contribute positively to
fruit taste, storage potential, and transportability. Among the studied cultivars, Polka and Zyugana
exhibited the most favorable biochemical characteristics during the summer fruiting period,
indicating their suitability for fresh consumption, short-term storage, and commercial distribution.

In contrast, the autumn harvest was distinguished by a significant increase in vitamin C
content across all cultivars. The highest concentration of ascorbic acid was recorded in the Zyugana
cultivar, reaching 35.7 mg%. However, a decrease in sugar, vitamin A, and pectin contents was
observed in comparison with the summer harvest. Based on the obtained results, the cultivars Polka
and Zyugana can be recommended as the most promising cultivars for the cultivation of high-
quality raspberry fruits under the environmental conditions of the Tashkent region. The findings of
this study provide valuable scientific and practical information for improving postharvest storage
technologies, selecting suitable processing methods, and increasing the production of raspberry
fruits with high nutritional and biological value.
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Abstract

For the first time, the taxonomic makeup and functional properties of the endophytic
community inhabiting Ferula varia (Schrenk) Trautv. were examined. The work set out to recover
endophytes from this plant, describe their morphology, and screen them for the ability to suppress
fungal pathogens. Applying a surface-sterilization protocol to the roots, stems, leaves, and flowers
of the plant yielded over forty distinct bacterial and fungal endophytes. When these isolates were
examined morphologically and stained by the Gram method, most of the bacterial cultures
displayed traits typical of the genus Bacillus. Their capacity to restrain fungal growth was screened
against the phytopathogen Alternaria spp. by means of the dual-culture technique. Antagonism was
recorded in six cultures (FV1i, FV3i, FV8i, FVB1, FVP2 and FVP1.1); of these, FV1i proved the
most effective, curbing radial mycelial expansion by as much as 57 %. For this leading strain, the
most favourable growth regime was found to combine oat broth as the nutrient base, incubation at
30 °C, and a medium reaction of pH 6.5. Taken together, the data indicate that the endophytes
harboured by F. varia and the Bacillus representatives in particular hold appreciable promise as
biological agents for managing plant diseases driven by Alternaria.

AHHOTaUA

CocraB u OuoOTMYeCKHe CBOMCTBA SHAO(MUTHOrO MUKPOOHOTO CO0O0IIiecTBa, 0OUTAIOIIEro B
Ferula varia (Schrenk) Trautv., 6pu OXxapakTepr30BaHbI BriepBble. PaboTa Oblyia HarpaBieHa Ha
W3BjieueHre 3HA0(PUTOB M3 JIaHHOTO PaCTeHWs, ONHCaHWe WX MOP(OJIOrHYeCKMX TPU3HAKOB U
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MPOBEPKY WX CIOCOOHOCTH TIOZAB/sATH TpUOHBIe TlaTtoreHbl. [Ipy 0OpaboTkKe KopHed, crebseid,
JIMCTbEB M 1[BETKOB METOZOM ITOBEPXHOCTHOM CTepWIM3aliMM yAaJoCh IOJyUYWThb CBBIIIE COPOKA
Pa3MuUHBIX OaKTepuasbHBIX W TPUOHBIX M30/14TOB. Mopdonornyeckoe n3yueHre M OKpallMBaHHe
no I'paMy mokasamu, 4Tto OOJMBIIMHCTBO OaKTepHaabHBIX KyJABTYD O00/a/jal0T TIPU3HAKaMH,
xapakTepHbIMU i poza Bacillus. Ix ¢yHrucrariyeckuii moreHijyaa OLeHWBaIM B OTHOLIEHUH
¢uTonaroreHa Alternaria spp. C TIpUMeHeHHeM MeToJa BCTPeUHbIX (/IBOMHBIX) KYJBTYP.
AnTtaronusm 6bu1 3admkcupoBaH y mectu KynsTyp (FV1i, FV3i, FV8i, FVB1, FVP2 u FVP1.1);
cpeau HUX Haubosiee pe3y/bTaTUBHBIM OKa3asics mramm FV1i, cep)KUBaBIINKM pafiiaibHBIA POCT
MHULeIUS BILIOTh 10 57 %. [I7s 3TOro Befyllero mraMmmMa ONTUMa/bHBIM PEXXUM KY/IbTHBHPOBaHHUS
coyeTas OBCSAHBIN Oy/IbOH B POJIM MUTATebHOM OCHOBBI, MHKYOarwo nipy 30 °C U peakijuio Cpe/bl
pH 6,5. B COBOKyNmHOCTU T0/iyueHHbIe [JaHHble TOBOPST O TOM, uTO 3HA0puThHl F. Varia u B
ocobeHHOCTH TipeficTaBUTesid pofa Bacillus 06safatoT 3amMeTHBIM TIOTEHIMA/IOM B KauyecTBe
Ouonornueckrx cpesicTB 60pbOBI C O0Me3HAMU pacTeHnH, BbI3biBaeMbIMU Alternaria.

Keywords: F. varia (Schrenk) Trautv, endophytic bacteria, Bacillus, secondary metabolites,
antifungal activity, Alternaria spp, dual-culture assay, radial growth inhibition, biocontrol.

KnroueBbie cioBa: F. varia (Schrenk) Trautv, sugodutHbie 6aktepun, Bacillus, Bropuunbie
MeTaboMuThl, aHTU(YHranbHas aKTUBHOCTb, Alternaria sSpp, MeToJ JBOWHBIX KYJBTYD,
WHrUOMpPOBaHUe PavaIbHOTO POCTa, OMOIOTrHUeCKUI KOHTPOJIb.

Introduction

Endophytes are microbial partners both bacterial and fungal that reside within plant tissues
while leaving the host free of any outward disease signs. Over evolutionary time these microbes
have forged a mutually beneficial association with the plants that shelter them, and in doing so they
acquire the machinery to manufacture a broad palette of secondary metabolites endowed with
antimicrobial, antioxidant, and growth-stimulating activities. The microbial partners of medicinal
plants have, over the past several years, drawn growing interest as a fertile reservoir of previously
undescribed bioactive molecules and candidate agents for biological control [1 — 3].

F. varia (Schrenk) Trautv. is a plant of regional character, occurring in the wild across
Uzbekistan, Kazakhstan, and Kyrgyzstan. Members of the genus Ferula have a long record of folk-
medical use as remedies that relieve spasms, expel gas, and act as antiseptics largely thanks to the
abundance of bioactive terpenoids and coumarins they accumulate. Despite this, the microbial
endophytes of the genus have received little scientific attention. Illustratively, a survey of more than

Bub6morpaduyeckoe onucaHue: AHTaroHUCTUYECKasi aKTUBHOCTb 3HAOGUTHBIX Oakrepuii Ferula varia B oTHowmeHuu Alternaria
SPP // Universum: Xumusi ¥ OWOJIOTHS : 37€KTPOH. HayyH. >XypH. MypoaymnnaeB .. [u gp.]. 2026. 8(146). URL: https://
7universum.com/ru/nature/archive/item/23180

For citation: Antagonistic Activity of Endophytic Bacteria Isolated from Ferula Varia Against Alternaria Spp // Universum:
Chemistry and Biology : electronic scientific journal. Murodullayev D.D. et al. 2026. No. 8(146). Available at: https:/
7universum.com/ru/nature/archive/item/23180
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170 bacterial endophytes extracted from Ferula songorica showed that most of them fell within the
phylum Actinobacteria [4], As far as we are aware, no findings on the endophytic microflora of F.
varia (Schrenk) Trautv. have yet appeared in the literature.

The genus Alternaria, meanwhile, ranks among the most damaging groups of plant-
pathogenic fungi across the globe. Its members provoke an assortment of disorders leaf spotting and
fruit decay among them in upwards of 400 host species, translating into heavy economic damage in
the agricultural sector [5]. Synthetic fungicides continue to serve as the mainstay of control, yet
their harmful ecological footprint, together with the steady rise of fungicide-tolerant strains, has
made the search for greener control options a pressing priority. Against this backdrop, bacterial
endophytes especially those belonging to the genus Bacillus stand out as attractive biocontrol
candidates, chiefly because they secrete antifungal lipopeptides of the surfactin, iturin, and fengycin
families.

Given these considerations, the present investigation was designed to recover endophytic
microorganisms from F. varia (Schrenk) Trautv., to profile them according to their morphological
traits, and to gauge their fungistatic performance against the phytopathogen Alternaria spp. through
the dual-culture approach. A further objective was to establish, for the most active isolate, the
culturing regime nutrient medium, incubation temperature, and pH that would best drive the output
of its bioactive metabolites.

Materials and Methods

Plant Material

Sampling was carried out in the first days of May 2025 in the Konimex district of the Navoiy
Region, Uzbekistan (40.739287, 63.747228). Vigorous, disease-free F. varia (Schrenk) Trautv.
specimens were dug up with care so as not to damage the root architecture and were brought back to
the laboratory along with the adhering rhizosphere soil [6].

Isolation of Endophytic Microorganisms

The stems, foliage, roots, and floral parts of F. varia (Schrenk) Trautv. were passed through a
surface-disinfection sequence. To begin with, the tissues were rinsed at length beneath running tap
water and then flushed with sterile distilled water. They were next held in 70 % ethanol for 2 min,
transferred to a 10 % sodium hypochlorite bath for a further 2 min, and finally washed five
successive times in sterile distilled water. As a check on the disinfection step, a 100 pL portion of
the water from the fifth rinse was spread over Nutrient Agar (NA) and incubated to confirm that no
colonies developed.

Once surface-sterilized, the samples were left to dry on sterile paper towels for 5 min under
aseptic conditions. Roughly 10 g of the fresh, sterile tissue was then ground in a sterile porcelain
mortar. A 1 g portion of the resulting homogenate was suspended in 9 mL of sterile distilled water
and blended thoroughly on a vortex mixer, after which the suspension was subjected to a serial
dilution down to 1075.
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Measured volumes of the relevant dilutions were spread onto Nutrient Agar (NA; peptone, 5 g
L~1; yeast extract, 3 g L% NaCl, 5 g L™1; agar, 15 g L~*; pH 7.4) to recover bacteria, and onto
Potato Dextrose Agar (PDA; potato infusion from 200 g potatoes L.~!; dextrose, 20 g L=1; agar, 15 g
L~1; with streptomycin added at 50 mg L.~! after autoclaving; pH 5.7) to recover fungi. Plates were
then held at 28 °C for 5 days.

Colonies that differed in shape, pigmentation, or texture were picked individually and
repeatedly re-streaked on fresh NA or PDA until pure cultures were obtained. The purified isolates
underwent an additional 5 day incubation at 28 °C prior to the analyses that followed [7 — 10].

Antifungal Activity Assay

The ability of the bacterial endophytes to antagonize phytopathogenic fungi was tested in
vitro by the dual-culture method against Alternaria spp. Discs of agar 6 mm across were cut
aseptically from the advancing edge of a 7 day old Alternaria spp. colony with a sterile cork borer
and set at the middle of freshly poured Potato Dextrose Agar (PDA) plates.

In the treatment plates, 18-24 h cultures of the bacterial endophytes were introduced onto the
same PDA surface by the agar-plug technique at two diametrically opposite points, some 35-40 mm
away from the fungal disc. Control plates carried only the Alternaria spp. disc at the centre, with no
bacterial inoculum. Every treatment was set up in triplicate.

Incubation proceeded in darkness at 25 — 28 °C for 7 — 10 days, continuing until the fungal
colony on the control plates had spread over nearly the whole Petri dish. Afterwards, the radial
extension of the fungal colony was recorded in millimetres along two axes toward the bacterial
streak and directly away from it with a sterile ruler [11, 12].

To place the antagonism on a quantitative footing, the radial-inhibition percentage (RI, %)
was derived from the expression below:

(R' - R?)

RI (%)TxIOO

in which R! denotes the radius of the pathogen colony on the control plate (grown without any
antagonist), and R? the radius of the pathogen colony on the treatment plate (grown in the company
of the endophyte under test). Using the RI (%) figures obtained, each isolate was assigned to an
antagonism category according to the thresholds set out in Table 1. Results are reported as mean +
standard deviation (M + SD) from three independent replicates. Differences between groups were
judged by one-way analysis of variance (ANOVA) with Tukey's post-hoc comparison, treating p <
0.05 as significant [13, 14].

Table 1. Categories used to grade the strength of antagonism from radial-inhibition values (RI,

%).
Radial inhibition (RI, %) Antagonistic Activity

>75 High (strong) antagonism

50-74 Moderate antagonism

25-49 Weak antagonism

<25 No detectable antagonism
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Optimization of Cultivation Conditions

For strain FV1i, which had shown the strongest antifungal response, the growth conditions
were fine-tuned by testing how the choice of medium, the incubation temperature, and the pH
influenced both biomass accumulation and the yield of bioactive metabolites. The strain was
propagated in a panel of liquid media Nutrient Broth (NB), Nitrogen Free Broth (N-free broth), Oat
Broth, Luria Bertani (LB) Broth, and Tryptic Soy Dextrose (TSD) Broth across a range of
temperatures and pH values (Table 2). Growth and metabolite output were monitored under each
setting, and the medium that gave FV1i the greatest biomass together with the highest metabolite
production was adopted as optimal for all later work [1, 7, 15].

Table 2. Composition of the culture media used for optimization of the cultivation conditions of
strain FV1i.

Medium Composition (g/L) pH
Nutrient broth (NB) Peptone, 5.0; beef extract, 3.0; NaCl, 5.0 7.4+0.2
Nitrogen-free broth Mannitol, 20.0; K,HPO,, 0.5; MgSO,-7H,0, 0.2; NaCl, 0.2; CaSO,, 0.1; 7.0+0.2
(N-free broth) CaCQO,, 5.0; trace elements
Oat broth Oat infusion (from 50 g oat flakes); glucose, 20.0 6.5+0.2
Luria—Bertani (LB) Tryptone, 10.0; yeast extract, 5.0; NaCl, 10.0 7.0+0.2
broth
Tryptic soy dextrose | Pancreatic digest of casein, 17.0; papaic digest of soybean meal, 3.0; NaCl, 5.0; | 7.3 £ 0.2
(TSD) broth K,HPO,, 2.5; dextrose, 2.5

Preparation of Bacterial Extracts

Following incubation, the bacterial culture was spun at 4,000 rpm for 20 min and the cell-free
supernatant recovered. This supernatant was partitioned against ethyl acetate at a 1:1 ratio in a
separating funnel. Once the phases had separated, the organic layer was drawn off and taken to
dryness under reduced pressure on a rotary evaporator, yielding the crude bacterial extract [16 —
18].

Statistical Analysis

Following incubation, the bacterial culture was spun at 4,000 rpm for 20 min and the cell-free
supernatant recovered. This supernatant was partitioned against ethyl acetate at a 1:1 ratio in a
separating funnel. Once the phases had separated, the organic layer was drawn off and taken to
dryness under reduced pressure on a rotary evaporator, yielding the crude bacterial extract [19, 20].

Results and discussion

Isolation and Morphological Characterization of Endophytic Microorganisms

In all, more than forty bacterial and fungal endophytes were retrieved from the roots, stems,
leaves, and flowers of F. varia (Schrenk) Trautv. As a rule the bacterial colonies were sizeable, with
ragged edges and surfaces that were either coarse or waxy. The prevailing colours ranged from
white to cream, though a handful of isolates gave off characteristic pigments. Colony textures
spanned dry to moist, and a number of cultures took on a rhizoid outline. Gram staining classified
every bacterial isolate as Gram-positive. On the combined evidence of colony appearance and Gram
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reaction, the bacterial isolates were provisionally referred to the genus Bacillus. That Bacillus spp.
should dominate this endophytic assemblage fits well with the genus's recognized knack for
producing endospores and withstanding environmental stress attributes that let it settle and endure
inside plant tissues more successfully than many competing bacterial lineages.

Ferula varia Endophytic bacteria

Figure 1. Isolation of Endophytic Microorganisms from F. varia (Schrenk) Trautv

Antifungal Activity

The fungistatic performance of the bacterial endophytes toward Alternaria spp. was assessed
by the dual-culture assay. Out of the whole panel, only six isolates displayed antagonism against the
pathogen. Pride of place went to isolate FV1i, which held back the radial spread of Alternaria spp.
by 57 % a level that qualifies as strong antagonism. Isolates FVP2 and FVP1.1 likewise proved
noteworthy, each trimming radial growth by 43 %, a figure that places them in the moderate-
antagonism bracket. By contrast, FV3i and FVB1 curtailed fungal growth by 28 %, and FV8i by
21 %, so these three were rated as weak antagonists. On balance, FV1i emerged as the isolate with
the greatest antagonistic capacity against Alternaria spp. and was therefore carried forward into the
optimization phase aimed at boosting bioactive-metabolite production.
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Figure 2. Antifungal Activity of Endophytic Bacterial Isolates Against Alternaria spp
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Optimization of the Most Active Strain

In light of the antifungal screening, isolate FV1i stood out as the top performer and was
accordingly chosen for optimization, in which the impact of assorted media, incubation
temperatures, and pH levels on growth and metabolite formation was explored. Of all the regimes
trialled, FV1i turned out the largest quantity of bioactive metabolites when cultured in oat broth at

30 °C and pH 6.5. These settings were consequently taken as optimal for growing strain FV1i and
were retained for the remaining experiments.

500

400

300

Extract mg/l

Extract mg/l

D A .

Extract mg/l

e‘\@e & &

N

Culture Medium
Figure 3. Optimization of cultivation conditions for endophytic bacterial strain FV1i

The dominance of Bacillus within the endophytic community of F. varia (Schrenk) Trautv.
echoes earlier accounts of endophytic populations described from other plant hosts. This genus is
widely noted both for its ability to establish stable residence in plant tissues and for the varied
assortment of bioactive secondary metabolites it generates. Because the antifungal capacity of
endophytes tied to F. varia has not previously been examined in any depth, the 57 % radial
suppression of Alternaria spp. achieved by strain FV1i stands out as a meaningful result. Such
antagonism is most plausibly linked to the secretion of antifungal lipopeptides surfactin, iturin, and
fengycin among them which are known to compromise the integrity of the fungal cell membrane
and, in turn, to arrest fungal development.
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The optimal culturing conditions pinpointed for strain FV1i oat broth, an incubation
temperature of 30 °C, and pH 6.5 align with the settings reported to favour secondary-metabolite
formation in Bacillus species; such conditions have been tied to elevated expression of the genes
underpinning antimicrobial compound biosynthesis. On the whole, the present results point to strain
FV1i as a strong candidate for the biological management of diseases attributable to Alternaria spp.
Even so, additional work will be needed to isolate and characterize the precise bioactive
constituents behind its antifungal effect and to unravel the mechanisms through which they act.

Conclusion

The present study yielded more than forty endophytic microbial isolates from the roots, stems,
leaves, and flowers of F. varia (Schrenk) Trautv. On morphological grounds, the bulk of the
bacterial isolates were tentatively assigned to the genus Bacillus. Dual-culture screening identified
six isolates with antifungal action against Alternaria spp., strain FV1i being the most inhibitory at
57 %. The culturing regime best suited to FV1i was established as oat broth, incubation at 30 °C,
and pH 6.5.

Collectively, these observations underscore the promise of the F. varia endophytic microflora
strain FV1i above all as a candidate biological agent for countering Alternaria-associated fungal
diseases. The study likewise lays the groundwork for subsequent efforts directed at pinpointing the
bioactive metabolites this strain produces and at assessing how they might be applied within
sustainable plant-disease management.
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