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BUabl aKTUHOMULIETOB poaa Streptomyces, PacnnpoCTpaHCHHBbIX

B HaBo3e KPC, 1 MX B/IMsIHUe HAa POCT IPOPOCTKOB APOBOM NMIIEHULbI

A.Il. HayanoBa'? , A.H. Konkbi6aeBa®* , /I.M. EpnameBa® , A.b. OHrap6aii’* ,
A.A. AMaH>X0J10Ba>

!Kazaxckutl azpomexHu4eckuli uccaedoeamesbekuil ynugepcumem um. C. Cetigpyaauna, Acmara, Kazaxcmat
2Buo-KATU, AcmaHa, Kazaxcman

*Aemop-koppecnoHdenm: adina.kon@mail.ru

AHHOTanMsa. B faHHOU cTaTbe NpeAcTaBJeHbl KyJAbTypajibHO-Mopdoioruye-
CKHe NMPU3HAKU aKTUHOMUIIETOB, Bbl/IeJIEHHbIX U3 KOPOBbLEr0 HAaB03a, a TaKXkKe
pe3y/abTaThbl UX TeHOTUNMPOBAHUS Y OLlEHKH POCTOCTUMYJ/IMPYIOLIUX CBOWCTB
B OTHOILIEHWU K NPOPOCTKaM sIpOBOM MIEeHULbL B yci0BuUsX in vitro 6bl1a npo-
BeJleHa MHOKY/IALMA CeMfAH LITaMMaMM Streptomyces macrosporeus mt.Ne32,
Streptomyces albogriseolus mT.N237, Streptomyces pratensis mT.N224, Streptomyces
griseorubens mT.Ne34 u Streptomyces flavofuscus mT.Ne38, Streptomyces pratensis
wT.N224. B pe3ysnbTaTe 6bl1a ycTaHOBJIEHA BbiCOKasi 3QpPEKTUBHOCTDb 3TUX MU-
KPOOPraHHW3MOB B CTUMYJIMPOBAHUH POCTA pacTeHU. 06paboTKa CEMSIH KYJ/IbTY-
paJibHbIMU QUIbTPATaMM IITaMMOB Str. albogriseolus wT.Ne37 wu Str. flavofuscus
mT.Ne38 o6ecneuynsia 100% BcxoKeCTb CEMSIH, YTO CBUJETEIbCTBYET O BbICOKOH
6uosiornyeckoi 3pGeKTUBHOCTH JaHHbIX ITaMMOB. HekoTopble mITaMMbl 3¢-
$EeKTUBHO CTUMYJUPOBA/IM Pa3BUTHE KOPHEBOW CUCTEMBI, TOTAA KaK Jipyrue
YBEJIMYUBAIN BCXOXKECTb CEMSIH UJIH JIEMOHCTPUPOBAJIM CIIOCOOHOCTh K CUHTe-
3y LUTOKMHUHOB. Tak, 06paboTKa ceMsH MIIEeHUIbl CyClIeH3WeN IITaMMOB Str.
pratensis WT.Ne24, Str. griseorubens wT.N234, Str. albogriseolus mT.Ne37 u Str.s
flavofuscus mwT.N238 mprBesia K 3aMeTHOMY MOBBIIIEHUI0 BCXOXXeCTH. Makcu-
MaJIbHOE YBeJIMYeHUe IJIMHbl KOPEUKOB cocTaBua 1,8 pasa, a AJIMHA NPOpPOCT-
KOB yBeJIMYUJIaCh B 3,3 pa3a [10 CPaBHEHUIO C KOHTPOJIEM, UTO CBU/E€TEJIbCTBYET
0 11eJ1eC006Pa3HOCTH UCNOJb30BaHUS JAHHBIX LITAMMOB B arpoHoMuU. Haubo-
Jiee BhIpQXKeHHOE BJIMSIHUE HAa Pa3BUTHE NMPOPOCTKOB OKa3blBaJU UITaMMbl Str.
flavofuscus mT.N238, Str.albogriseolus miT.Ne37 u Str. griseorubens mT.N234, npu-
yeM MaKCHMMaJlbHas JJIMHA NMPOPOCTKOB ObLIa JOCTUTHYTa NMPU HWHOKYAALUU
mwtaMMoM Str. flavofuscus T.N238, 4TO yka3bIBaeT Ha €ro BBICOKYI0 POCTOCTHU-
MYJIUPYIOILYI0 aKTUBHOCTb. /ISl CTUMYJISIIIMU POCTA KOPEUIKOB ONTUMa/bHbIMHU
OKasaJIMCh IITaMMbl Str. albogriseolus miT.Ne37 u Str. flavofuscus miT.N238, obecrie-
YyHBawllMe yBeJU4eHUe AJUHbI KOpHed o 1,7 pa3a no cpaBHEHHUIO C KOHTPO-
JieM. B 3TOM KOHTEKCTe HCIO0Jib30BaHUE LUTAMMOB Streptomyces sp B KayecTBe
6uonpenapaToB peJCTaB/sIeT COO0U epCreKTHUBHOE HallpaBJeHUE [1Jisl 3KOJIO0-
rMYeCKH YUCTOI0 CeJIbCKOr0 X035 CTBA.

KiloueBble cj10Ba: aKTUHOMUIETHI, KOPOBHUM HAaBO3, NIIEHULA, TUTATEJbHbIE
cpe/ibl, pPOCTOCTUMYJ/IMPYIOLME CBOMCTBA
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Budwt akmuHomuyemos poda Streptomyces, pacnpocmpaHeHHbix 8 Hago3ze KPC, u ux eausiHue Ha pocm Nnpopocmkos
sposoli nweHuybl

BBeaeHue

JKOHOMHUYEeCKoe pa3BUTHe KazaxcTaHa Kak arpapHO# pecy6JIMKA BO MHOI'OM ONpe/ieisieTcs
COCTOSIHUEM CeJIbCKOX03IMCTBEHHOT0 CEKTOPA, KOTOPBIA 3aBUCUT OT BbICOKOH YPOKaWHOCTH,
IpEeUMYILeCTBEHHO 3€PHOBBIX KYJBbTYp. 3€epHOBbIE KYJbTYpbl SIBJSIOTCS YHUBEPCAJbHbIM
$aKTOpPOM 3KOHOMHUUYECKOW CTaOUIBHOCTH CTPaHbl. B 3TOM KOHTeKcTe 6ronpenapaThl UTPAIOT
KJIIOYEBYIO POJIb, HaJles11s1 pepMepcKkre MPaKTUKU HOBBIMU BO3MOXXHOCTSIMU U OTKpbIBas
TOPU30HTHI JJI1 yCTOMYMUBOI'0 pa3BUTHA. C y4eTOM HapacTalILero BJAUSAHUA 3KOJIOIHYeCKUX
$aKTOPOB ¥ U3MEeHEeHUs K/IMMaTa aKTyaJIbHOY 3a/ja4el ABJISeTCA UCI0JIb30BaHWE NPUPOHBIX
MeXaHHW3MOB, CIOCOOCTBYIOLMX BOCCTAHOBJIEHHUIO U IO /leP>KaHUI0 N1J1I0A0POAHs MOUBHI [1].

YcnemHoCcTb CeJIbCKOX035IMCTBEHHOTO MPOU3BO/CTBA, YPOXKAMHOCTh U KayeCTBO MPOAYKLMHU
HanpsIMy10 CBSI3aHbl C OUOJIOTUYECKOW aKTUBHOCTBIO MOYBBI, HA KOTOPYIO BJHUSIOT YHUCIEHHOCTD
Y COCTaB MUKPOQJIOPbI, BKJIIOUAOIEN KaK M0JIe3Hble, TAaK U MATOTeHHble MUKPOOPraHu3Mmsl [2,3].
[Iorck HOBBIX HMCTOYHHUKOB OHMOJIOTUYECKHM AKTUBHBIX BeLECTB NPUPOAHOIO MPOUCXOXKIEHUS
OCTaeTCs aKTyaJlbHOM 3aJjadyel, yYUThIBasgd poCT JJ0JIM OGHUONpPeNnapaToB B CeJbCKOM XO3SIUCTBE U
NIOBBILIEHHS YCTOMYUBOCTHU BPEJOHOCHBIX OPTaHU3MOB K TPaJULIMOHHBIM CpeJCTBaM 3allUThI
pacteHuit [4].

AKTUHOMMLETBl COCTAaBJSAKT 3HAYUTEJNbHYK 4YacTb MHUKPOOHOro COOOLIecTBa MOYBbI
[5]. B 4yacTHOCTH, MOYBEHHble aKTUHOOAKTEpPUU poja Streptomyces mpefCTaBAAT COO0M
HeHUcyepnaeMbli HCTOUHUK OMOAKTUBHBIX COeilMHeHU . HecMOTpS Ha TO, 4TO B COBPEMEHHbIX
6a3ax JaHHbIX 3aperucTpupoBaHo cBbille 10 ThICAY 6GMOJIOTUYECKH aKTUBHBIX COeJUHEHUH,
CUHTEe3UPyeMbIX ITUMHU MUKPOOPTraHU3MaMH, UX OM0JIOrMYeCKU I IOTEH A/l OCTAeTCsA JaIeKo
He MOJIHOCTbI0 U3YYEHHBIM [6].

Pop, Streptomyces siBasieTcsl KpynHeILel rpymnoi ceMelcTBa akTUHOGaKTepUi Streptomycetaceae,
BKJIIOYatolell 6osiee 691 BepudunmpoBaHHoro Buja. Hanbobinii HHTEpeC NpeACcTaBASIOT
UMX OMOJIOTUYECKU aKTHUBHble BTOPHUYHbIE MeTabOJIMThI, BKJKYasg HNPOTUBOTPUOKOBBIE,
IPOTUBOBUPYCHbBIE, IPOTUBOONYXO0JIEBble U TUIIOTEH3UBHBIE COEJUHEHHS, a TAKXXe aHTUOHO-
TUKU U UMMYHO/eNPeCccaHThl [7].

[IpoAYKTUBHOCTB CEJIBCKOTO X03MCTBAa BO MHOI'OM 3aBUCHUT OT NPHUCYTCTBUA NOYBEHHBIX
MHUKPOOPTraHU3MOB, CIOCOGHBIX TPOAYLIUPOBATh pepMeHTh], 6eJIKM U aHTUOUOTHUKH, 10JaBJIs-
rouie GUTONATOreHbI U 3alljMIal0lMe pacTeHUs OT 3abosieBaHu [8]. OHaKO He Bce MUKPO-
OpraHu3Mbl 00/1a/Jal0T TAKUMU PYHKLUAMU [9].

NpaeHTuduKaLus MUKpOOPTaHU3MOB JJOCTUTAeT BUL0BOI'0 YPOBHS, YTO I03BOJISIET OLLEHUTh
UX NOTeHLMaJbHble 6MoTexHoJIornYeckre cBorcTBa [10]. Kinaccudukanyusa akTHHOMULIETOB
IpeJiCcTaB/sIeT COO0M CI0XKHYI0 3a/1a4y, TPEOYIOILYI0 aHa/IN3a UX OUOXUMUYECKUX CBOUCTB. TeM
He MeHee, C IOMOLbI0 MOP$OJIOrUYecKoro onpegeanTea ['ayse MoxHO AU PepeHUPOBATD
poabl Streptomyces U KJacCHPULIUPOBATH €ro NpeAcTaBUTe el Mo ceKyUsaM U cepusam [11].

AHany3 cooTHOLeHUs MOPQOTUIIOB MO3BOJIAET OLEHUTb CTPYKTYPYy aKTHHOMHUIIETHOIO
KOMILJIeKca B pa3HbIX 3kocucTeMax [12,13]. [Ipu onpezesieHHbIX YCJIOBUAX aKTUHOMUIIETHI
CIIOCOOHBI CHHTE3UpPOBaTh aHTUOMOTHKH, UTO CTAJI0 OCHOBOM /IS CO3/JaHMA OMONpenaparTos,
CTUMYJIUPYIOLIMX POCT U pa3BUTHE pacTeHUl [14].

M3MeHeHHUS B cOCTaBe MUKPOOHBIX TPy, TAKUX, KaK 6aKTepHUH, aKTUHOMULIETbI U TPUOBI,
CIOCOOCTBYIOT IVIy60KOMY MMOHHMAHHIO MPOLEeCCOB KOMMOCTUPOBaHUs [15]. XoTs 60/IbIIMHCTBO
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UcCaeJO0BaHUM COCPeZJ0TOYEHO HAa MUKPOOHBIX MU3MEHEHHUSX B NpoLiecce KOMIOCTUPOBAaHUS,
aHa/IM3 CBEKUX 00pa31[0B HAaBO3a OCTAETCS HEJJOCTAaTOYHO U3yYeHHBIM [16].

B nocnegHue rojbl MCNOJIb30BaHKeE M0OJIE3HBIX MUKPOOPraHM3MOB B CEJIbCKOM XO3SIMCTBE
POJIeMOHCTPUPOBAJIO UX MOJIOKUTEIbHOE BJIMSHUE HA YPOXKaMHOCTh U KaueCTBO 3€PHOBBIX
KyJIbTYp B He6JIaronpusTHBIX YCJI0BUAX [17-19].

llesblo JAHHOTO HCC/IeJ0BaHUS SIBJASETCS U3ydYeHHe CIIOCOOHOCTH HEKOTOPBIX LITAMMOB
aKTMHOMMULETOB, Bbl/leJIEHHbIX U3 KOPOBbEI'0 HAB03a, K0Opa30BaHMI0 6MOMAaCChl HAa pa3JIMYHbIX
NUTaTeJbHbIX CPeJlax U UX BJUSHUS Ha POCT SpOBOM NieHU1bl. KitoueByto poJib B pa3paboTke
6uonpenapara UrpalT YUCJIEHHOCTb U COCTaB MUKPOOPraHUM3MOB, YTO /JieJlaeT aKTyaJbHbIM
MOUCK U XapaKTEPUCTUKY MepCHeKTUBHBIX LITAMMOB JJIs1 3KOJIOTUYECKH YUCTOr0 CEJIbCKOT0
X0349KCTBA.

MaTepPlaJIbI U MeTOoAbl I/ICCJIeAOBaHI/Iﬁ

HUccnenoBaHue NMPOBOAUJIOCH C MPUMEHEHHUEM KaK OOLENPUHATHIX, TaK U CHeluaJu3u-
pPOBaHHbIX MeTOAO0B. JlJisl JOCTHUXKEeHHS MOCTaBJIEHHBIX LieJiel HCIO0Jb30BaJllCh MUKPOOHO-
JIOTUYeCKHe TeXHUKHM, BKJIIOYasl CeJeKTUBHble MUTATeJbHble CpeJbl U MeTOJ, CEpPUMHOTO
pasBefeHUs. TakcOHOMHUYeCKasi KaacCUPUKaALUs BblJleJIeHHbIX MUKPOOPraHM3MOB MPOBOJH-
Jlacb C MOMOILb OKpAlIMBaHUS KYJbTYp M MOCJAeAyOLIero MHUKPOCKOMHWYECKOTO aHaJu3a
MopdOJIOTHYECKUX XapaKTepUCTHK [20].

06 beKTOM HCCIe,0BAaHUSA ABJAICI KOPOBUM HaBO3. JKCIIEPUMEHTHI IPOBOJUIMCH B J1abo-
paTopuu 6MoTexHOo0TUU MUKpoopraHu3dMoB TOO «bruo-KATU». U30/151111s1 MUKPOOPraHU3MOB
13 KOPOBbEro HaB03a OCYLeCTBJIsSJIaCh METO/I0M I10CEBA pa3Be/leHHbIX CyCIEH3UH Ha MJIOTHbIE
nuTaTesbHble cpeapbl [21].

KosinyecTBeHHOE cofiepaHue OaKTePUH, MCTIO/Ib3YIOLIMX OpraHu4ecKyto ¢popMy a30Ta, OLeHHU-
BaJIM Ha MsconenToHHOM arape (MIIA); a gy 6akTepuid U aKTUHOMUILETOB, UCIOJIb3YOLIUX
MUHepaJbHbIA HCTOYHUK a30Ta, NMPUMEHSJIM KpaxMmaJso-aMMuadHbld arap (KAA). Aspob6-
Hble LeJUI0J1030paspyllamiiie MUKpPOOPraHM3Mbl BBISBJSAJAU Ha cpefe [eTynHCcoHa C
NOC/NeAYyIIIUM pa3jesieHueM Mo rpynnaMm [22]. Ydhc/leHHOCTbh U CTPYKTypa MHUKPOOHOIO
KOMILJIEKCA ONpeJieisijiacb MEeTOL0M NOCeBa pa3Be/leHUM Ha IJIOTHble UTaTeJbHblE CPe/bl.
06111251 MUKpOOHas 06ceMeHEHHOCTb BBIYMCJISIACh 10 YMC/Y BBIPOCIIMX KOJIOHUH, a KOJIOHHe-
o6pasyromue efuHuLbl (KOE) B 1 Mu paccunThiBasivuch no popmysie (1):

M=ax10"/V, (1)

r/le a — KOJIMYeCTBO BhIPOCIIHUX KOJIOHUH;
10" - pa3BezieHuE;
V - noceBHas go3a (0,1 mi).

UpenTrudukanuss MUKPOOPraHU3MOB MPOBOAU/IACH METOJIOM IMPSIMOT0 CEKBEHUPOBAHUS
HYKJIeOTUAHOM nocaenoBatenbHocTh 16S pPHK. [lna onpenesneHus HyK/JIeOTUAHOW H/JIEH-
TUYHOCTH UCII0JIb30BaJIM CPAaBHEHHUE C MeXAYHApoAHOU 6a30i Gene Bank. AMmindukaiys reHa
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16S pPHK npoBogunace c nomouibio [P c npaiimepamu «8f 5’~AGAGTTTGATCCTGGCTCAG-3»
n «806R- 5° GGACTACCAGGGTATCTAAT». UpenTtudukanusa npoBoausack B Gene Bank c
aaroputmoM BLAST (http://blast.ncbi.nlm.nih.gov/).

Beigenenue JIHK ocyuiectBasiiu ¢ ucnosbdoBanveM Habopa «JHK/PHK-C-®AKTOP», a ee
KOHIIeHTpalMI0 onpeJesju ¢ nomolbto cnekrpodporomerpa NanoDrop 1000 npu fyinHax
BosiHax 260 HM u 280 HM. Peaknus [P Bk/toyasia KOMIOHEeHThI, Takue, Kak 25 Hr JIHK u Taq
Polymerase, TepmonukanpoBanue npu 95°C, 55°C u 72°C.

AHanu3 aMnIMUIUPOBAHHBIX PparMeHTOB MPOBOAUIM METOAOM 3JeKTpodopesa B ara-
po3HbIM resieM B cucteMe PowerPac, Busyanusupys JAHK c 6pomugom atugusa. Ounctky [1LIP-
NPOJAYKTOB BBIMOJIHAJM METOAO0M MAarHUTHOW OYUCTKU. CEeKBEHUPOBAHUE OCYILECTBJISAJIOCH
¢ ucnosb3oBaHueM BigDye® Terminator Kit, a aHasu3 nocief0BaTeJbHOCTH BbINOJJIHAIU
B SeqMan (DNA Star) ¢ nocieaywomyM cpaBHeEHUEM C 6a3aMy JaHHbIX. PujoreHeTU4ecKue
JlepeBbsl CTPOUJIM C UCN0Jb30BaHUeM nporpamMmbl Mega X u anroputm Muscle [23].

B s1abopaTopHbIX YCIA0BHUSX, B COOTBETCTBUU ¢ MeToarKou O.A. bepectenkoro [24], uccie-
JIOBAJIM POCTOCTUMYJIMPYIOLKE CBOMCTBA KYJIbTypaibHbIX GUALTPATOB (KP) aKTHHOMULIETOB
Ha NPOPOCTKaX APOBOU MILIEHHUIIBI.

Cemena 3amauuBaiu B KO B TeueHue 24 yacoB. B kax/joM BapruaHTe ucnosib3oBaau 30 ce-
MS$IH, CBOOO/IHBIX OT BHEIIHUX MPU3HAKOB 3a60JieBaHUH. [lo 3aBepiieHUH 06pabOTKH ceMeHa
IpPOMbIBAJIM BOJOINPOBOAHON BOJIOM, 3aTeM NEPEHOCUINCh Ha QUIABTPOBAJIbHYI0 OyMary B
yawku IleTpy, rae vux KyJbTHUBUPOBAaJIU B TedeHUe ceMU CyTOK npu 20-22°C. B pe3syabraTe
aHa/M3a ObLIM ONpejie/ieHbl KJIoUueBble IMOKa3aTesd: 3HEPryusi MpopacTaHHUsl, BCXO0XKECTb
ceMsiH, 0611lee KOJIMUYeCTBO MPOPOCIIUX CEMSIH, a TaKXKe JI/IMHA KaK POCTKA, TaK U KOPHSL.

[lonydyeHHble pe3yabTaTbl PACIIUPAKT MpPeACTaBJIEHUS O B3aUMOJAEWCTBUU MHUKPO-
OpPraHM3MOB U CeJIbCKOXO3SWCTBEHHbIX KYJIbTYpP, JAE€MOHCTPUPYsS BJIMSHUE IOYBEHHOUN
MUKPOOHOTHI HAa POCT U pa3BUTHUE pacTeHUH. UcciiejoBaHMe oguepKUBaeT 3HAUYMMOCThb aKTH-
HOMMLIETOB B 9KOJIOTUYECKU YCTOMYHUBOM CEJIbCKOM XO35IMCTBE, OTKPbIBasi NepCHeKTUBDI JJ1s
pa3paboTKu 3pPeKTUBHBIX OMONIpENapaToOB.

PCBYJIbTaTbI HCC/IeA0BaHUA

M3yyeH MUKPOOHBIN COCTAaB KOPOBLETO HABO3a C aKL€HTOM Ha KOJIMYeCTBEHHBIN U KayecT-
BEHHBbIU aHa/IM3 MUKPOOPTaHU3MOB. Brl/lesleHre MUKPOOpPraHU3MOB NPOBOJAU/IOCH HA YE€THhI-
peX pasJIMYHbIX TBEPAbIX NUTATeNbHbIX cpefax: MIIA, KAA, 3m6bwu u layse (Tabsuna 1). Pe-
3yJIbTaThl MUKPOOMOJOTUYECKOT0 aHa/In3a NoKasaJ/iy, UYTO UccleayeMble 00pa3libl CoZepKaT
IIMPOKHHM CIEKTP MUKPOOPTaHW3MOB pPa3/IMYHBbIX KaTeropuul. B cBexxeM HaBOo3e OTMe4YeHO
3HAUYUTeJIbHOE KOJIMYEeCTBO MUKPOOPraHMW3MOB, UCIOJIb3YIOLIMX OpraHuieckrue GopMbl a30Ta.

Ta6auna 1
Pe3y/sibTaThl MHKpOﬁI/lOJIOI‘I/I‘IECKOI‘O dHaJ/IM3a HABO03a Ha TBEePAbIX MUTATEJIbHBIX Cpeaax
(KOE/mu1)
BapuaHT MITA KAA [ayse 8)i1(5)7¢
KopoBuii HaBo3 9x10° 7x10° 4x10* 20x10°
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CorslacHO MoOJIy4YeHHbIM J@HHBIM, YMCJI0 aMMOHU$UKaTOpoB Ha MIIA coctaBusio 9 MiH/
MJI, TOTA@ KaK MMKPOOPTraHM3Mbl, MOTpebJALIMe MUHepajbHble (OpMbl a30Ta, ObLIU
3aduKCcMpOBaHbl B KOJIMYecTBe 7 MJIH/MJI Ha KpaxMaJlbHO-aMMHayHOM arape. OueHka
KOJIMYECTBEHHOI'0 M KayeCTBEHHOT'O COCTaBa MMUKPOOPraHW3MOB, OOUTAIOLIMX B CBEXeM
HaBO3e€, MI03BOJIMJIA BBIIEJINTh YUCTbIE KYJBbTYPhI JJf NOCAeAYIOLero U3y4eHus UX CBOMCTB
Y TNOTEHLMAJIbHOTO HCNOJIb30BaHUA B pa3paboTke 3QPeKTUBHBIX OHOINpenapaToB. XOTd
HEKOTOpble U3 ITUX MUKPOOPIaHU3MOB MOT'YT CIOCOOCTBOBATh POCTY PACTEHUH U OBbBIILIEHUIO
IJIOAOPOAHUA TOYBBI.

Tabavua 2 coiepXKUT olNrcaHue Ky/JIbTYypaJbHO-MOPPOIOTUYeCKUX NIPU3HAKOB Bbl/l€JI€EHHBIX
mwtaMMoB. Kosionnu 6aktepuid, BoifesneHHble Ha MIIA, xapakTepusyoTcs Kpyr/ioid GopMoi,
MaTOBOW TEKCTYPOU U POBHBIMM KpasiMH, C OKPacKoil oT 6eJsioro o 6esio-xeaToro (Tabauua
2). Ux punameTp Ha vawkax [leTpu cocraBisfgeT 5 MM, CTPYKTypa KOJIOHUH OJHOPOJHAs U
MeJIKO3EepHHUCTasd, IPU 3TOM MHOTHE LITAMMBbI [IPOMYCKAIOT CBET.

Ta6smmna 2
KysnbTypanbHo-MopdoiornyecKue CBOMCTBAa aKTHHOMMILETOB,
BbIJle/IEHHBIX 3 KOPOBbEro HaBo3a
A D) b =
— = I ]
3 3 S | ¢ | 2 S | g = =
g = 3 = s = T o5 T 5 E o
= o % Q. =2 < X ? Qo X q_) & S
© Q. s o o = Q. ~ =g, a > =~
= O ) S a, b ) B oo = o 5}
= & = 8 E O 2 & T
A = S 2 © N
mT.Ne24 | l'ayse 10 K B p r Henpo- Opanxe- Heopno- | C
3payHas | BbIA pofHas
mT.Ne32 | MITA 5 K I1 p M [Ipospau- | Bennlit OxHo- [ln
Has poaHas
mT.Ne34 | KAA 4 K B H M Henpo- Besbiit OxHo- C
3payHas poaHas
mT.Ne37 | KAA 2 K B p r Henpo- BeJibiii ¢ OxHo- [n
3payHas | 060AKOM | poJHas
mT.Ne38 | KAA 2,5 K B H r [Ipospau- | beno- OxHo- C
Has MOJIOYHBIH | poJHas
mt.Ne41 |Tet- 5,8 K B r r Henpo- Beso- OpxHo- C
YUHCOH 3padyHas | cepbli poAHas

IIpumeuanue: K- Kpyraas; B - Beinykubiig; I1 - [lnockuit; P - PoBublif; H — HepoBHbiid; M — MaToBag;
I' - Tnagkui; C - Causucrag; [1n - ITnoTHas.

B pe3sysibTaTe reHOTUNMPOBAHUSI MUKPOOPTraHU3MOB BbIsIBJIEHO, 4yTO B HaBo3e KPC pacr-
pocTpaHeHbI TaKUe BU/bI, Kak Streptomyces flavofuscus, Streptomyces griseorubens, Streptomyces
albogriseolus, Streptomyces macrosporeus, Streptomyces pratensis (Tabiuna 3).
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KosnoHuu, BhIpallleHHble Ha NUTaTeJbHOU cpefe [ayse, MMeIT BBINYKJBbIA MPOQUIIb,
IJIaZIKY10 TOBEPXHOCTh U OKPACKY OT CBET/I0-6J1€THOTO /10 OPAaHXKEeBOTO0. /[uaMeTp 3TUX KOJIOHU I
foxoauT o 10 MM, UX CTPYKTypa HEOJHOPOAHAsA, HO 60Jiee KPYIIHO3epHUCTAsA, a ONTUYECKUE
CBOMCTBA 6OJILIIMHCTBA LITAMMOB MyTHbIe. KOHCUCTEHIMS KOJIOHUH Cyxas.

BakTepuu, Beipocuive Ha cpese KAA, o6pa3oBbIBasiv BbINYKJIble KOJOHUU C TJISIHLEBOU
TEKCTYPOMH, LIBET KOTOPbIX BApbUPOBAJICA OT NPO3pavyHOro 0 6eJsioro, a AUaMeTp COCTABJISI
2-4 mM.

MukpoopraHu3Mbl, paspyuiamliye 1e/itJ03y, GoOpMUPOBaIU BbIMYKJble KOJIOHUHU C TO-
pOLIKOOOPa3HOM MOBEPXHOCTBIO, OKpallleHHbIe B OeJiblil MU CepbIH LBET, C UAaMETPOM 5-6
MM. Ha cpese TeTunHCcoHa npeo6Jia/iaiv MOYBeHHbIE aKTUHOMHUIETHI.

Ta6una 3
Pe3ysbTaThl FeHOTUIIMPOBAHUSA MUKPOOPraHU3MOB
Ne [locsienoBaTE/IbHOCTD HanmMmeHoBaHUue
n/m mraMma

1 | TGCGGCGTGCTTACACATGCAAGTCGAACGATGAACCACTTCGGTGGGGATT Streptomyces
AGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAA macrosporeus
GCCCTGGAAACGGGGTCTAATACCGGATACTGACCCGCTTGGGCATCCAAGCG mT.Ne24
GTTCGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGT
GAGGTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCG
GCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGG
AATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGAC
GGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTAC
CTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG
GCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTC
GCGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGC
AGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGA
CGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATAC

2 | GCATGCTTACACATGCAAGTCGAACGATGAACCACTTCGGTGGGGATTAGTG Streptomyces
GCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCC albogriseolus
CTGGAAACGGGGTCTAATACCGGATACTGACCCGCTTGGGCATCCAAGCGGT mT.Ne32

TCGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGA
GGTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGC
CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
TATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGG
CCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCT
GCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGC
GCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCAC
GTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAG
GCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCA

GATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACG
CTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGT
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3 | TCGTACGATGAAGCCGCTTCGGTGGTGGATTAGTGGCGAACGGGTGAGTAAC Streptomyces
ACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGGAAACGGGGTCTAA | pratensis mT.Ne34
TACCGGATAACACTCTGTCCCGCATGGGACGGGGTTAAAAGCTCCGGCGGTG
AAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAG
GCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGA
AAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAAC

4 | TACACATGCAGTCGAACGATGAACCACTTCGGTGGGGATTAGTGGCGAA Streptomyces
CGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCT griseorubens
GGAAACGGGGTCTAATACCGGATACTGACCCGCTTGGGCATCCAAGCGGT mT.Ne37

TCGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGG
TGAGGTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCG
ACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATATTGCACAATGGGCGAAA

5 | TCGTACGATGAAGCCGCTTCGGTGGTGGATTAGTGGCGAACGGGTGAGTAAC Streptomyces
ACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGGAAACGGGGTCTAA | pratensis mT.Ne38
TACCGGATAACACTCTGTCCCGCATGGGACGGGGTTAAAAGCTCCGGCGGTG
AAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAG
GCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGA
AAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAAC

6 | CCACATGCAAGTCGAACGATGAAGCCGCTTCGGTGGTGGATTAGTGGCGAACG Streptomyces
GGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGGAAAC | flavofuscus mT.Ne41
GGGGTCTAATACCGGATAACACTCTGTCCCGCATGGGACGGGGTTAAAAGCTC
CGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCC
TACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACA

B Tab6su1ie 4 npeacTaBeHbI pe3yJbTaThl 110 IEMIOHUPOBAHHUIO MOJYYEeHHBIX HYKJI€OTHHbBIX
N0CJIeJ0OBAaTEJbHOCTEN aKTUHOMUIIETOB B MEX/AYHAPOAHOU 6a3e JaHHbIX GenBank.

Ta6smua 4
JenoHUpOBaHUE HYKJIEOTHAHBIX MOC/IeJ0BaTEe/IbHOCTEH

HanMeHOBaHMe mITaMMa Ne nenoHMpoBaHUs
Streptomyces macrosporeus mT.N224 OR523399
Streptomyces albogriseolus mT.N232 OR523400
Streptomyces pratensis T.N234 OR523404
Streptomyces griseorubens mtT.N237 OR523405
Streptomyces pratensis T.N238 OR526741
Streptomyces flavofuscus mT.Ne41 OR523412

Ha ocHOBaHHWU H3BJIEYEHHBIX HYKJI€OTHUAHBIX HOCﬂeﬂOBaTeﬂbHOCTEﬁ 6aKTepI/IaJIbeIX
IITAMMOB OBbIJI OCYI_U,eCTB.HéH Cl)I/IJlOI‘eHeTI/I‘IeCKI/Iﬁ dHaJIn3, BK.HIO‘Ia}OH_lI/Iﬁ B ce0s IIOCTpOEHHe
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bunoreHeTHYECKUX JepeBbeB. JTU [lepeBbs OTOOpPaXKalT 3BOJIIOLIMOHHbIE B3aUMOCBS3U
MeX/ly OpraHM3MaMHu, pacKpblBasi UX FeHETUYECKYI0 Hacle,CTBEHHOCTb U QUIOreHETUYECKY1O
ucropuio (PucyHok 1).

IIpumeyarue: KpacHbIM KpyroM oTMe4YeHbl 06pas1ibl, UCCIeJOBaHHbIE B JaHHOU paboTe.

PucyHok 1. ®unoreHeTu4eckoe JiepeBo UCCIeJ0BaHHbIX 06pa3L0B M0 MapKkepHoMYy reHy 16s rRNA
C MCII0JIb30BaHUEM MeTo/la MaKCHMaJ/IbHOTO IPaBA0NoA00Us

Jl/1s1 pa3paboTKu GHOINpenapaToB Ha OCHOBE aKTUHOMMUIETOB, Bbl/IeJIEHHBIX U3 KOPOBBETO
HaB03a, 6bLJI0 U30JIMPOBAHO LIECTh YUCTBIX KYJIbTYP C UCTI0JIb30BAHUEM MUKPOOHOJIOTUYECKUX
MeTOo/I0B. B yc/0BUsIX J1aBOpaTOPUM HUCCIE[0BAIOCh, KaK Pa3/IMYHble LHITAMMbl BJIUSIOT HA
pPOCT MPOPOCTKOB TBep/ oM NieHUI bl (Tabauna 5).

BcxoxkecThb SIBJISIETCSl KJIIOUEBBIM IOKa3aTeJieM KauyecTBa CeMsiH, OTPaXKaloU[UM UX HpH-
TOIHOCTD /IJ1s [TI0CceBa. ITOT NapaMeTp ONpeeisieTcs Kak /101 HOpMaJIbHO MPOPOCIIMX CEMSH
B Mpo6e M BbIpaXKaeTcs B MpoljeHTax. CeMeHa C BbICOKOW BCXOXXECTbI NMpPHU COOGJIIOJIEHUU
ONTHUMAaJIbHOU arpOTEeXHUKHU JAI0T ObICTPbIe U KpenKue pocTKU. CeEMeHa, He COOTBETCTBYIOLIHAE
CTAHJAPTHBIM TPE6OBAHUSIM 110 BCXOXKECTH, He JI0MYCKATCs K moceBY. [l0BbIIIEHHE BCX0XKECTH
CeJIbCKOX035IMCTBEHHBIX KYJIBTYP OCTAETCS OJ{HON U3 MPUOPUTETHbIX 33/]a4 B CEMEHOBO/ICTRE.
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Ta6smmna 5
BiinsAHUe Ky/JIbTypa/IbHbIX QUIBTPATOB MUKPOOPraHM3MOB Ha POCT ¥ pa3BUTHE MIIEHUIbI

[IITamm Ne JHeprus BcxoxecTs, JlivHa JlivHa Yucno
npopacTaHus, % pPOCTKa, CM | KOpENIKa, CM | KOPEIIKOB, IIT
% (6 cyTknm)

KonTposb 62+2 9040 2,15+0,7 2,85%0,01 4,5+0,06
Str. pratensis mT.N224 82+2 97+2,6 3,0+0,1 3,66+0,02 4,89+0,01
Str. macrosporeus 83+3,6 95+1 2,7+0,17 3,3+0,1 4.8+0,01
mT.Ne32

Str. griseorubens 92+2 92+1 5,82+0,01 3,17+0,02 4,89+0,02
mT.Ne34

Str. albogriseolus 1000 1000 6,53+0,02 5,03+£0,02 4,9+0,03
mT.Ne37

Str. flavofuscus 1000 1000 7,29+0,03 5,15+0,01 4,98+0,01
mT.N238

Str. pratensis mT.N241 95+2 95+1,7 4,84+0,03 3,29+0,01 4,89+0,02
HCP . 2,7 2,4 0,5 0,06 0,05

B pe3ynbTaTe skcnepuMeHTa 06paboTKa CEMSIH KYJIbTypalbHbIMUA GUIbTPATAMU LITAMMOB
Str. albogriseolus mT.Ne37 u Str. flavofuscus mT.N238 o6ecneunsia 100% BCX0KeCTb CeMsIH, YTO
CBU/IETEbCTBYET O BbICOKOW 3(pPEKTUBHOCTH JAHHbIX IITAMMOB. ITOT IOKa3aTeJlb SIBJISETCS
3HAYMMBbIM, MOCKOJIBKY BCXOXXeCTb CEMSH WIpaeT KJ/YEBYH POJib B YCIENIHOM pa3BUTHUU
pacTeHuu.

[Ipyu ucciefOBaHUU POCTOCTUMYJMPYIOIIUX CBOMCTB HOBBIX LITAMMOB ObLIM BbISIBJIEHBI
HauboJiee aKTUBHblE W3 HUX, CHOCOOHbIE CTUMYJHUPOBAThb POCT pacTeHUW. HekoTopbie
IITaMMbl CIOCOOGCTBOBAIM Pa3BUTHUI0 KOPHEBOUW CHUCTEMBI, ApPYyrve MOBBbILIAJU BCXOXKECTb
CeMSIH UJIH A,eMOHCTPUPOBAIX LUTOKUHUH NPOAYLMPYIOLLYI0 aKTUBHOCTb. Hanpumep, 06paboTka
CeMsIH MUIeHUb]l CyClIeH3uel ITaMMOB Str. pratensis wT.Ne24, Str. griseorubens mT.N234, Str.
albogriseolus wT.Ne37 u Str. flavofuscus mT.N°38 nprBesa K 3HAYUTEJbHOMY YBEJIUYEHUIO
BcxoxkecTH (PucyHok 2).

[lITaMMBbI C UUTOKUHUH NPOAYLMPYIOIEHd aKTUBHOCTbIO OKa3bIBa/IM CylLeCTBEHHOE BJIHS-
HUe Ha pa3BUTHE NPOPOCTKOB MileHuLbl. [Ipy 3ToM pocTKH pa3BUBaJUCh UHTEHCUBHEE, YEM
KOpHeBasi CUCTEMA, YTO NNOJYEePKUBAET HEOOXOJUMOCTh COaJIAaHCUPOBAHHOTO POCTA HaJ[I3€eMHOMU
Y NI0/I3€eMHOMU YacTel pacTeHUd. MakCMMaJ/IbHbIM POCT AJIMHBI KOPeIIKOB cocTaBua 1,8 pasa, a
JIJIMHA POCTKOB yBeJIMYWIach B 3,3 pa3a [0 CPaBHEHUIO C KOHTPOJIEM, YTO CBUIETENbCTBYET O
11€J1eCO000PAa3HOCTH UCI0JIb30BAHHUS JAHHBIX IITAMMOB B arpOHOMMUHU.

[lo pesysibTaTaM ucc/ie/JoBaHUSI HAUOOJIbllIee BJMSHYE Ha pa3BUTHE POPOCTKOB OKa3bIBaIU
mTaMMmbl Str. flavofuscus mT.Ne38, Str. albogriseolus mT.Ne37 u Str. griseorubens mT.N234, npu
3TOM MaKCHMaJslbHas [JIMHA NIPOPOCTKOB OblJIa JOCTUTHYTA NPU MHOKYJISLUN LITaAMMOM Str.
flavofuscus 1T.N238, 4TO yKa3blBaeT Ha €ro BblpaXKeHHbIE POCTOCTUMYJIUPYIOLHE CBONCTBA.
[l cTUMySIUM POCTa KOpEIIKOB Haubosiee 3QPEeKTUBHbBIMU OKa3aJWCh LITaMMbl Str.
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albogriseolus mT.Ne37 u Str. flavofuscus mT.N238, rae npupocT AJMHBI gocTurasa 1,7 pasa no
CpaBHEHUIO C KOHTpoJieM. Ba)kHO OTMeTHTb, HauboJblIUK 3pdeKT Ha pa3BUTHUE 3eJIeHOHU
Macchl OKas3aJu MeTaboJIMThI, mpoayuupyeMble Str. albogriseolus mt.Ne37, Str. macrosporeus
wT.Ne32 u Str. flavofuscus mT.N238. TakuM 06pa3oM, oJiydeHHble pe3yJibTaTbl MOATBEPKAAIOT
NepCleKTUBHOCTb MCMOJIb30BAaHUSl YKa3aHHbIX IITAMMOB /Js1 MOBBILIEHUS YPOXKAWUHOCTU
U CTUMYJISILUK POCTA PACTEHUH, YTO MOXKET UMEThb MOJIOKUTEJbHOE BJIMSIHUE Ha CeJIbCKOe
X03MCTBO U arPOHOMHUIO B LI€JIOM.

KonTposns Str. macrosporeus mt.Ne32 Str. pratensis mt.Ne24

PucyHok 2. PocT ¥ pa3BUTHE NPOPOCTKOB MIIEHUIBI TOJ AeiicTBHeM K® miTaMMoB
MHUKPOOPTaHU3MOB

O6cyxaeHue

HaBo3s, ABasOLUNACS NPOAYKTOM KU3HEAesaATeJbHOCTU KpynHoro poratoro ckota (KPC),
npeAcTaB/sieT COOOM IleHHbIM HWCTOYHUK NUTaTeJbHbIX BeulecTB. [Ipu panuoHasibHOM
MCI0JIb30BAHUU OH CHOCOGCTBYEeT MOBBILIEHUIO MJIOAOpPOAMsS MouBbl [25,26]. BHeceHue
obpabotanHoro HaBo3a KPC MoxeT yBe/JHYUTb YPOXKAaWHOCTb CeJIbCKOX035MCTBEHHbIX
KyJabTyp. Hanpumep, npumeHeHue 60 T/ra HaBo3a NOBBILIAET YPOKaUHOCTb IPOBOM MIIIEHHUIIbI
v cou Ha 32%, a AuMeHs - Ha 59% 1o cpaBHEHMIO C KOHTPOJIbHOU rpynmnoi [27,28].

HUccnenoBaHus in vitro npoZieMOHCTPUPOBAIM NPOTUBOTPUOKOBYIO aKTUBHOCTb M30JISITOB
CTPENTOMULETOB, NPOAYLIUPYIOLIMX O0ppeauivH, NpoTuB Pythium aphanidermatum, P splendens,
P sylvaticum, P. ultimum w Bo36ynuTesned ¢utoPpTOpo3a, Takux, Kak Phytophthora capsici,
P cinnamomi, P palmivora w P parasitica [29,30]. HekoTopble wmTamMMmbl Streptomyces,
KOJIOHM3UPYIOlLMe KOPHM TOMAaTOB, MOBBIIIAT UX YCTOMYUBOCTb K Rhizoctonia solani 3a
CYeT aKTHUBALUU JIMIIOKCUTeHa3bl U (peHUJaJaHMH-aMMHUAYHOW JIMa3bl, YTO CIOCOOCTBYET
KaTab0JIM3My CJI0KHBIX OPraHUYEeCKHUX BEIECTB U yJy4lllaeT POCT PaCTEHUH.

[IpuMeHeHHe 6UONpenapaToOB CHMXKAeT NOTPEOHOCTh B MUHEPAJIbHBIX yI00pEHUAX U CIO-
COGCTBYeT yCTOMYMBOMY arpapHoMy npou3BoAcTBY [31]. ['paMnoJioxkuTe/ibHble GAaKTEpPUU
poja Streptomyces aKTUBHO Y4yYBCTBYIOT B CTUMYJISILIUU POCTA PACTEHUM U BOCCTAHOBJIEHUU
nouBsbl [32].

Streptomyces y4acTBYIOT B Pa3J/IO)KEHUHU CJIOXKHBIX COEJJUHEHUH, TaKUX, KaK JIMTHOLEeJI-
JII0J103a, KCUJIaH, LeJIIF0J103a U JIMTHUH, CIOCOGCTBYS pa3/IoXKEHUIO0 OpraHUYeCKUX MaTepuasioB
B nouBe [33]. CTpenTOMULETHI, BblJleJIeHHbIE U3 PACTEHUN U pU30CPephl, JEMOHCTPUPYIOT
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POCTOCTUMYJIMPYIOIIYI0 aKTUBHOCTb [34]. HekoTopbie BU/bI CIIOCOGHBI YCBAMBATh PACTBO-
pUMbIM MUHepaJbHbIN $ochop, CUHTE3UPYs cUAepOodOpPh], AyKCUHBI, LIUTOKUHUHBI U BUTA-
MUHBI, UTO yjay4diiaeT ¢pochopHoe NUTaHUE paCTEHUH U CIOCOOCTBYET UX pa3BUTHIO [35-37].

B HacTosiliee BpeMs MCIOJIb30BaHHE 6GUOINpenapaToB pacCMaTpUBaeTCs KaK ajbTep-
HAaTUBHBIA METO/, COKpallleHHs IPUMeHEeHHs] MUHEPA/TbHbBIX YA0O6pEHUH U MOBBIIIEHUS yPO-
*alHoCTU. OHY M03BOJIAIOT 3PEKTUBHO OCBAMBATh MYCThIHHbIE TEPPUTOPUHU B 3KOJOTUYECKHU
0e30MaCHBIX YCIOBHUSAX, CHIKAs 3aTPaThl HA CEJIbCKOE XO035IMCTBO W MOBBIIAS JOCTYINHOCTh
nUTaTeJbHbIX BellecTB [38, 39].

3ak/iloueHue

B s1a60opaTOpHBIX YCJ0BUAX OBJIM M3ydeHbl MUKPOOHOJIOTUYECKHEe CBOMCTBA KOPOBBLETO
HaBO3a C L|eJIbl0 Bbl/leJIeHUS HOBbIX LITAMMOB aKTUHOMMIETOB. BblfjesieHHblE pPOCTOCTH-
MyJIUPYIOLMe IITaMMbl B Jla/ibHEMIIeM MOTYT ObIThb HUCIOJIb30BaHbl [Ji pa3paboTKU O6HUO-
IpenapaToB, HalpaBJIeHHbIX Ha INepepaboTKy OTXOJ0B >KUBOTHOBOJCTBA U IMOBbILIEHHE
YPOXXalHOCTH CebCKOX03MCTBEHHBIX KYJIbTYP.

Pe3ynbpTaThl McC/1e0BaHUSA IOKA3aIH Cleyollee:

1. AHa/IM3 MUKpPOOHOI'0 COCTaBa KOPOBBbEro HaBO3a MoKa3aa 9 MJIH/MJ1 aMMOHU(PUKATOPOB,
IpY 3TOM a30TPUKCHpYIOLIMe 6aKTEePUU JOMUHUPOBa/IK U AocTturanu 20x106 KOE /M.

2. BbIgBJIEHO, YTO B HaBO3e KpYMHO-POraTOro CKOTA paclpoCTpaHeHbl TaKWe BUJbI
aKTUHOMMILETOB, Kak Str. flavofuscus, Str. griseorubens, Str. albogriseolus, Str. macrosporeus,
Str. pratensis. 3TU WTaMMbl MOTYT ObITb MCIOJIb30BaHbl [/l IepepabOTKU OTXO0B >KUBOT-
HOBO/ICTBA B OpraHu4ecKoe yJjo0peHue.

3. BoblpesieHHble aKTMHOMMLETBHI NPOJAEMOHCTPUPOBAIM POCTOCTUMYJIUPYIOIIME CBOM-
CTBa, MOBbILIAS BCX0KECTb CEMSH TBEP/OW MIIEHUIbl, 0COOEHHO MPHU 06paboTKe ITaMMaMHU
Str. pratensis mT.Ne24, Str. griseorubens wt.N234, Str. albogriseolus wT.N237, Str. flavofuscus
wT.Ne38. Str. pratensis ILIT.N224 nposiBUJI CIOCOOHOCTb K CUHTE3y IIMTOKUHUHOB, a ayKCUH-
NpOAYLMPYIOIIMMU CBOMCTBAMU 06J1aZjaiv IITaMMBbI Str. pratensis mT.N224 v Str. macrosporeus
T.Ne32, YTO aKTUBHO CTUMYJIMPOBAJIO POCT KOPHEH.

Takoi Hay4HBIN NOAXOJ CIOCOOEH Y/IY4YIIUTh arPOHOMUYECKHe IPAaKTUKHA U CIIOCOGCTBOBATh
YCTOMYUBOMY Pa3BUTHIO CEJIbLCKOTO X0351MCTBa.
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KoH}IUKTBI HHTEpPECOB
ABTODBI 3asABJAIOT 06 OTCYTCTBUM KOHGJINKTA UHTEPECOB.

COﬁJIlOAEHI/Ie 3TUYECKHUX HOPpM
HaCTOHH_laH CTaTbd HE COAEP>UT OMMHCAHHA BBINNOJIHEHHBIX dBTOPAMHU I/ICCJTEL[OBaHI/Iﬁ C
ydacTueMm JII-O,Z[GFI WUJIU MCII0JIb30BAHUEM »KUBOTHBIX B KaueCTBE 00'bEKTOB.
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Ipi Kapa keHiH e TapasiraH Streptomyces TYKbIM/JaCbIHA )KaTaTblH AKTUHOMULLETTEPAIH,
TYpJiepi k9He oJIap/bIH, ’Ka3AbIK 6MAall 6CKiHAepiHiH ecyiHe acepi

A.Il. HayanoBa'?, 3.M. bBaum6eTtoBa’, A.H. Konkbi6aesa?*,
A.M. EpnameBa?, A.B. Onrap6aiiZ, A.A. AMaHK0JI0Ba?

IC.Celighynaun amwvindarsl Kazak azpomexHukasivlk 3epmmey yHusepcumemi, Acmaua, Kazakcmat
?Buo-KATU, AcmaHa, KazakcmaH

Anpgarna. Byn makana/ia ipi Kapa keHiHeH 06J1iHiN aJlblHFaH aKTUHOMUIETTEPAIH MOPDOJIOTHUSIJIBIK,
Gesrinepi, coHAali-aK, oJlap/blH TE€HOTHUIITEY KJHE >Ka3JblK OWJANlAbIH OCKiHJAepiHe KaTbICThI
ecy/i bIHTAJAH/BIPYIIbl KacUeTTepiH OaFajiay HOTWKesepi YCbIHbUIFAH. In vitro >xafaadbiH[a
Streptomyces macrosporeus mt.N232, Streptomyces albogriseolus mT.N237, Streptomyces pratensis
mT.Ne24, Streptomyces griseorubens mt.N234 xaHe Streptomyces flavofuscus mt.Ne38 mramaapbiMeH
TYKbIMJApAbl WHOKYJIALUSAIAY »Kyprisingi. HaTukeciHze, ocbl MHUKpoar3asapAblH 6CIMJIIKTEP/iH,
ecyiH >Kofapbl THiMAidIri aHbiKTangbl. Str. albogriseolus mT.Ne37 »xone Str. flavofuscus wT.Ne38
HITaM/apbIHbIH KYJbTypaablK GUIbTpaTTapbiMeH TYKbIMAAp/bl eHAey 100% eHyiH KaMTaMachI3 eTTi,

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N22(151)/ 21
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



A.Il HayaHosa, A.H. KoHkvlbaesa, /].M. Epnawesa, A.b. OHeap6ail, A.A. Amandiconoea

OyJ1 aTa/IFaH IITaM/Ap/AblH *KOFapbl OMOJIOTUSJIBIK TUIM/iJIIriH kepceTei. Keltbip urramaap TaMbip
KYHeciHiH JaMyblH THiIMAI bIHTaNIaHAbIpca, 6acKasapbl TYKbIMAAPABIH 6HYiH apTThIpAbI HEMece
IIUTOKUHUH/EDP CUHTe3/ley KabineTiH kepceTTi. Mbicasbl, Str. pratensis mt.Ne24, Str. griseorubens
mwT.Ne34, Str. albogriseolus mT.N237 »xaHe Str. flavofuscus mT.N238 mramapbIHbIH CyCcleH3UsCbIMEH
6u1all TYKbIM/IAapbIH 6H/ley alTapJIbIKTAal OHTIITIriHIH apTybIHA 9KeAi. TaMbIpJIapAbIH MaKCHMaJI bl
y3bIHJbIFbI 1,8 ece, as eckiHaep/iH Y3bIHJAbIFbl OaKblJlayMeH caJbICThIpFaHJaa 3,3 ece apTThbl, OYJ
aTa/IfaH LWITaMJapAbl arpOHOMHUSAAA NaWAaJaHyAblH, TUIMJUIITIH KepceTeli. OCKiHAepAiH AaMybiHa
eH alKbIH acepzi Str. flavofuscus mT.Ne38, Str. albogriseolus mT.N237 xaHe Str. griseorubens mt.Ne34
HITaM/Iapbl KOPCETTI, aJl MAKCUMAJIZbI 6CKiH y3bIHAIFHI StI. flavofuscus mT.N238 mtaMbIiMeH yHIeATeH
Ke3/ie 60J14bl, OY/1 OHBIH YKOFapbl 6CY/li bIHTAJAH/bIPYIIbI 6esceH/inirin kepcetei. TaMmbipaapAblH
ecyiH bIHTaJaHAbIpy yiniH Str. albogriseolus mT.N237 »xeHe Str. flavofuscus mT.N238 mTamaapsl
OHTAWU/bBl OOJBIN, TaMbIpJapAblH Y3bIHABIFBIH OaKbllayMeH CaJjbICTbIpFaHAa 1,7 ece apTTbIpyAbl
KamTaMmacbl3 eTTi. Ocel opaijga Streptomyces sp. wTamJapblH 6GUonpenapaTrTap Herisi pertiHfje
naijjasiaHy 3K0JIOTHUSAJIBIK Ta3a aybLl lIapyallblIbIFbI YIIiH HEPCNEKTUBTI OAFbIT 60JIbIN TA6bLIA/bI.
Ty#iH ce3aep: akTUHOMULETTep, ipi Kapa KeHi, 6ujai, KOpPeKTiK opTajap, ecyhi bIHTaJIaHIbIPY
KacueTTepi

Types of Streptomyces actinomycetes widespread in cattle manure and their influence on the
growth of spring wheat seedlings

A.P. Nauanova'?, E.M. Baimbetova?!, A.N. KonkybayevaZ?*,
D.M. Yerpasheva?, A.B. Onggarbay?, A.A. Amanzholova?
IS. Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan
’Bio-KATU, Astana, Kazakhstan

Abstract. This article presents the cultural and morphological characteristics of actinomycetes isolated
from cow dung, as well as the results of their genotyping and assessment of growth-stimulating
properties in relation to the seedlings of spring wheat. In vitro inoculation of seeds was conducted with
strain Streptomyces macrosporeus st.N2.32, Streptomyces albogriseolus st.N237, Streptomyces pratensis
st.Ne24, Streptomyces griseorubens st.N234, and Streptomyces flavofuscus st.Ne38. As a result, a high
efficiency of these microorganisms in stimulating plant growth was established. Treatment of seeds
with cultural filtrates of strains Str. Albogriseolus st.Ne37 and Str. Flavofuscus st.Ne38 ensured 100%
seed germination, indicating the high biological effectiveness of these strains. Some strains effectively
stimulated the development of the root system, while othersincreased seed germination or demonstrated
the ability to synthesize cytokinins. Thus, treatment of wheat seeds with a suspension of strains Str.
Pratensis st.N224, Str. Griseorubens st.N234, Str. albogriseolus st.Ne37, and Str. flavofuscus st.N238 led
to a significant increase in germination. The maximum increase in root length was 1.8 times, while the
length of seedlings increased 3.3 times compared to the control, indicating the feasibility of using these
strains in agronomy. The most pronounced influence on seedling development was exerted by strains
Str. flavofuscus st.Ne38, Str. albogriseolus st.Ne37, and Str. griseorubens st.N234, with the maximum
seedling length achieved when inoculated with strain Str. flavofuscus st.N238, indicating its high growth-
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stimulating activity. For stimulating root growth, the optimal strains were Str. albogriseolus st.N237 and
Str. flavofuscus st.Ne38, which ensured an increase in root length by up to 1.7 times compared to the
control. In this context, the use of Streptomyces sp. strains as biopreparations represents a promising
direction for environmentally friendly agriculture.

Keywords: actinomycetes, cattle manure, wheat, nutrient media, growth-stimulating properties
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Abstract. Proteus mirabilis is able to induce clinical symptoms of the urogenital
tract infection (UTI) and form crystalline biofilm made of a variety of bacteria
that are highly resistant to conventional antimicrobial drugs. The presented
work was designed to study the antibiotic potentiation effect of PA in mice with
UTI. They were divided into 5 groups: intact, positive control, Amoxicillin group,
PA group, amoxicillin and PA group. UTI was induced by inoculation of P. mirabilis
(1.5x10° CFU/mL), then animals received treatment for 14 days. Animals that
received amoxicillin and PA displayed a normal rate of weight gain in comparison
to the positive control (p < 0.01). The combined therapy also normalized in the
levels of red blood cells, hematocrit, and hemoglobin, as well as white blood cells,
lymphocytes, monocytes, and granulocytes (p < 0.01), indicating an alleviation of
the inflammatory process. A significant rise of liver transaminases: ALT and AST,
as well as in the levels of BUN and CREAT, was noted in the group of mice with
UTI, no therapy (p < 0.01). However, the combined therapy of led to significant
alleviation of all of these markers (p < 0.01), indicating normal function of the
liver and kidneys. Finally, the histological examination revealed that the combined
therapy had a nephroprotective effect, showing more intact structure, fewer
degenerative processes and reduced congestion in contrast to the positive control.
Thus, a novel drug PA, due to its ability to potentiate the efficacy of antimicrobial
drugs, can offer a perspective approach for the treatment of infectious diseases.
Keywords: iodine complex, Proteus mirabilis, urogenital tract infection, kidneys,
antibiotic potentiation

Introduction

The rising recurrence rate of urinary tract infections (UTI) makes its therapy challenging,
substantially causing morbidity in females worldwide [1]. The acute UTI increases the chance
for the development of chronic infectious diseases [2]; thus, the therapy with antimicrobial
drugs became crucial at this point [3]. However, as widens the use of antibiotic the faster,
bacteria adapt to the treatment, surviving, neutralizing the actions of antibiotics, and becoming
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antibiotic-resistant [4]. Even if the manufacture of novel antimicrobials was upgraded in
order to fight the resistance issue, their inadequacy and irrationality as a band-aid led to the
emergence of pathogens that are multiple drug-resistant and spreading at a dangerously higher
rate [5-7]. Since the emergence of bacterial resistance to antibiotics cannot be stopped, the rate
of its distribution can be slowed down with the proper use of antibiotics and by implementing
novel ways to combat bacterial infections. The perspective approach is the use of antibiotic
potentiators, which are already utilized in clinical practice [8].

Proteus mirabilis is a Gram-negative bacterium capable of inducing clinical symptoms of
the UTI [9,10]. Its distribution mostly comes from person-to-person transmission, particularly
in the healthcare system [11]. P mirabilis is known for its ability to form biofilms due to the
synthesis of urease that hydrolyzes urea into ammonia and carbon dioxide, resulting in an
increase of pH [12]. Normally, pH in the urinary tract is acidic; thus, its alkalization leads to the
interaction between calcium, magnesium ions, with phosphates, forming struvite and apatite
urinary stones [13,14]. Moreover, the crystalline biofilm formed on the surface of catheters
includes a variety of bacteria that have become highly resistant to conventional antimicrobial
drugs [15,16]. In this regard, novel pharmaceutical formulations with antimicrobial effects will
serve as an alternative approach for the treatment of infectious diseases.

lodine is known for strong antimicrobial properties against a wide variety of bacteria,
viruses, protozoa, and fungi, especially its complexes exhibit substantial long-lasting release
of iodine, providing a long-term antimicrobial effect [17]. Due to the ability of iodine to form
complexes, its application has expanded nowadays. lodophors are formulations of iodine with
other smaller molecular and water-soluble polymers, such as cyclodextrins [18]. FS-1 is one
of such pharmaceutical formulations representing a complex of iodine with antibacterial and
antiviral properties [19-21]. This drug is registered in Kazakhstan and widely used in clinical
practice. On the basis of FS-1, a novel drug “PA” with an antibiotic potentiation effect was
extensively studied and developed for the treatment of infectious diseases. The presented work
was designed to study the effect of PA during the combined therapy with amoxicillin of urinary
tract infection (UTI) induced by inoculation of Proteus mirabilis in mice.

Materials and Methods

Animals and Design of the Experiment

Forty-five female Swiss albino mice (9-11 weeks old, 20-22g body weight) were used for the
experiment. The experimental protocol was approved by the Ethical Committee of JSC “Scientific
center for anti-infectious drugs” (No. 25/2) and carried out in accordance with the “Guide
for the Care and Use of Laboratory Animals” and ARRIVE guidelines. Animals were provided
with a standard rodent diet and tap water ad libitum and maintained at the Animal Facility
under conventional laboratory conditions: environment temperature 25 * 1 °C and the relative
humidity 55 * 5% with a light/dark cycle of 12/12 h. Mice were randomly divided into the
following groups: 1%t - intact group, 2" - P. mirabilis group with no therapy (positive control),
3" — P. mirabilis group treated with Amoxicillin alone, 4th - P. mirabilis group treated with PA
alone, 5" - P. mirabilis group treated with Amoxicillin and PA. On the first day of the experiment,
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all groups except the intact group were inoculated with P. mirabilis in a concentration of 1.5x10°
CFU/mL by sterile catheter (No. 1.3x130 mm) in order to induce urinary tract infection (UTI),
thenreceived corresponding therapy for 14 days. During this period, animals were also observed
daily for the presence of any clinical symptoms and weighed every couple of days.

Sample Collection for Hematological, Biochemical and Histological Analysis

At the end of the experiment, mice were euthanized under deep isoflurane narcosis, blood
was collected via retroocular sinus puncture in clot-activator containers, and centrifuged at
3000 rpm for 10 minutes. Blood was then analyzed for hematological parameters on Z52 VET
automatic hematology analyzer (Zytopia Ltd., China) and supernatant was analyzed for plasma
biochemistry on fully automated benchtop chemistry analyzer A25 (BioSystems, Troisdorf,
Koln, Germany) using special kits according to the manufacturer’s instructions. Then, mice were
sacrificed by cervical dislocation and subjected to gross necropsy. Macroscopic examination of
internal organs was conducted, kidneys were excised and dehydrated in alcohol, then embedded
in paraffin and sectioned into 3.0 um fragments. Obtained histological slices were stained with
hematoxylin-eosin and observed under a ZEISS Axio Scope A1l light microscope (Carl Zeiss,
Germany).

Results

The efficiency of PA in combination with an antibiotic (Amoxicillin) was determined using
hematological, biochemical and histological methods of research in mice with urogenital tract
infection (UTI). Often, in clinical practice, P mirabilis causes catheter-associated urinary tract
infections, leading to irreversible damage to renal tissue, including sepsis. All animals survived
up to the end of the experiment, except the positive control group, displaying no alteration in
behavior, as well as in food and water consumption. Body weight measures are presented in
Table 1.

Table 1
The tendency of body weight of mice (g)
Day Intact Positive Amx PA Amx + PA
control

1 20.92+0.30 21.08+0.50 21.24+0.67 20.66%0.53 20.96£0.50

4 21.14+0.30 19.66+0.47* 21.38+0.66 20.30+0.49 21.26+0.48

8 21.46+0.27 18.34+0.47* 21.48+0.61# 20.40£0.49# | 22.04x0.39##
11 21.74+0.23 17.18+0.25** | 21.82+0.30# 20.40£0.43# | 22.46x0.36##
15 22.14+0.21 16.20+0.27** | 22.04+0.25# 20.90£0.47# | 22.80x0.39##

Note: Data are presented as Mean * SD. *p < 0.05, **p < 0.01 compared to the intact group and #p <
0.05, ##p < 0.01 compared to the positive control group.
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Mice of the intact group showed a normal rate of weight gain, unlike the positive control
with UTI, no therapy showing significant body weight loss on Days 4 and 8 (p < 0.05), as well
ason Days 11 and 15 (p < 0.01). Animals that received amoxicillin and PA separately displayed
a normal rate of weight gain in comparison to the positive control (p < 0.05). However, a better
rate of weight gain and a more significant difference compared to the positive control group
were observed in mice that received the combined therapy of amoxicillin and PA (p < 0.01).

Analysis of hematological parameters of mice blood was conducted; results are presented
in Figure 1. A significant increase in the levels of RBCs and hematocrit, but lower levels of
hemoglobin, MCV, and MCHC were observed in animals with UTI, no treatment (p < 0.01).
The monotherapy of either amoxicillin or PA normalized some of these parameters (p < 0.05).
However, a significant improvement was observed in mice treated with amoxicillin and PA
in combination (p < 0.01). The profile of immune cells displayed a significant surge of white
blood cells, lymphocytes, monocytes, and granulocytes in the positive control group (p < 0.01).
The combined therapy of amoxicillin and PA alleviated these cells, indicating a decrease in the
degree of the inflammatory process (p < 0.01).
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positive control group. RBCs - red blood cells, MCV - mean corpuscular volume, MCHC - mean cellular
corpuscular hemoglobin concentration, WBCs — white blood cells.

Figure 1. Hematological parameters of mice blood
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Analysis of mice plasma biochemistry was also carried out; results are presented in Figure 2.
Results of plasma biochemistry were presented as a significant rise of liver transaminases: ALT
and AST in the group of mice with UTI, no therapy (p < 0.01). The same tendency was observed
in the levels of BUN and CREAT, showing a significant increase of both markers in animals of
the positive control group (p < 0.01). Amoxicillin monotherapy normalized the level of BUN (p
< 0.05). The combined therapy of amoxicillin and PA led to significant alleviation of all plasma
biochemistry markers in comparison to the group with UTI, no therapy (p < 0.01). Values of
ALT, AST, BUN and CREAT were within the normal range in mice of the group that received
amoxicillin and PA, indicating normal function of the liver and kidneys.
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Figure 2. Biochemical analysis of mice's blood plasma

Histological examination of the structure of the kidneys was carried out in order to observe
any histopathological process inside the tissue. Microphotographs of kidneys are presented
in Figure 3. Well-defined glomeruli, intact proximal and distal tubules, no inflammation, and
necrosis were observed in the histological structure of the kidneys of the intact group of mice.
In contrast, in the positive control group, inflammatory cell infiltration, glomerular distortion
or possible atrophy, tubular dilation, and degeneration were noted. Treatment with amoxicillin
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alone caused nephrotoxicity, while monotherapy of PA induced a little protective effect, but
mild congestion was still present in the histological structure of the kidneys. However, animals
that received combined therapy of amoxicillin and PA demonstrated more intact structure with
moderate preservation of cells and tissue, fewer degenerative changes, and reduced congestion.
As aresult of the histological examination of the antibiotic potentiation effect of PA, attenuation
of the renal pathology was noted in the histological structure of the kidneys (Figure 3).

Note: Hematoxylin & Eosin stain. Bar, 100 um (200x magnification).

Figure 3. Histological structure of mice kidneys
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Discussion

The present study aimed to evaluate the antibiotic potentiation effect of PA in mice with
UTI induced by inoculation of P. mirabilis. All animals participating in this experiment were
observed daily for any changes in behavior, food and water consumption, and/or mortality, and
also weighed weekly for 14 days after the inoculation.

The weekly measurement showed a strong tendency toward weight loss in mice that were
inoculated with P. mirabilis but did not receive any therapy, indicating an acute clinical response
to infection. However, the combined therapy of PA and amoxicillin provided a normal rate of
weight gain in mice (p < 0.01), displaying attenuation of the inflammatory reaction to infection
(Table 1). Our results for body weight measurement are in alignment with the previously
conducted studies, where the tendency of body weight loss and gain served as an indicator of
the health condition of animals during the infectious process [22,23].

During the analysis of hematological parameters, a significant increase in the levels of RBCs
and hematocrit, but decreased levels of hemoglobin, MCV, MCHC and platelets were observed,
indicating a compensatory response to anemia in mice (Figure 1). Similar findings were obtained
in the study conducted by Silva et al., where infected animals displayed alterations in blood
cellular profile, as well as in the platelet content [24]. A surge in the profile of immune cells
including WBCs, lymphocytes, monocytes and granulocytes was observed in infected mice, that
received no therapy. Our results indicate the acute inflammatory response, as it was obtained in
the results of the previously conducted studies [25]. The combined therapy of PA and amoxicillin
led to a significant alleviation of the inflammatory response, as well as normalized the blood
cellular and viscosity profile (p < 0.01), exhibition the antibiotic potentiation effect [26].

The plasma biochemistry analysis showed an increase in the levels of liver transaminases
ALT and AST, indicating the hepatic injury in animals of the positive control group. The same
tendency was detected in the levels of BUN and CREAT, showing the damage to the kidneys
(Figure 2). However, mice that received the combined therapy displayed significantly lower
levels of these parameters in comparison to the positive control (p < 0.01). Similar results were
obtained in previous studies [27,28].

Lastly, during the histopathological examination more intact structure of the kidney was
observed in mice that received the combined therapy of PA and amoxicillin, unlike the positive
control group, receiving no therapy (Figure 3). Similar findings were obtained in the work
conducted by Johnson, where a mixed pattern of both acute and chronic inflammatory responses
was detected in the structure of the kidneys in infected mice [29].

Thus, results obtained in our study suggest that PA can represent a novel perspective for the
therapy of infectious diseases, particularly for the treatment of UTI with bacterial origin, and
the introduction of this approach into clinical practice.

Conclusion

Our work was conducted in order to study the antibiotic potentiation effect of a novel

drug “PA” during the combined therapy with amoxicillin of UTI induced by inoculation of P
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mirabilis. in mice. A normal body weight gain was observed in the group of mice that received
the combined therapy, unlike the positive control group with UTI, no therapy displayed
gradual weight loss. Analysis of hematological parameters showed a significant decrease in the
levels of red blood cells, hematocrit and hemoglobin, along with a surge in the levels of white
blood cells, lymphocytes, monocytes, and granulocytes. The combined therapy of amoxicillin
and PA alleviated these symptoms, increasing the levels of red blood cells, hematocrit, and
hemoglobin, as well as a decrease in the levels of white blood cells, lymphocytes, monocytes,
and granulocytes, indicating attenuation of the inflammatory process. Moreover, the combined
therapy of amoxicillin and PA led to a significant alleviation of all plasma biochemistry markers
in comparison to the group with UTI, no therapy. Levels of ALT, AST, BUN, and CREAT were
within the normal range in mice of the group that received combined therapy, indicating normal
function of the liver and kidneys. Finally, the histological examination of kidneys revealed
inflammatory cell infiltration, glomerular distortion or possible atrophy, tubular dilation and
degeneration in the positive control group, while animals that received combined therapy of
amoxicillin and PA demonstrated more intact structure with moderate preservation of cells and
tissue, fewer degenerative changes, and reduced congestion. Thus, the therapeutic effect of PA
is based on its ability to potentiate the efficacy of antimicrobial drugs. Based on these results, a
novel drug “PA” can offer a novel perspective for the treatment of infectious diseases.
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TeimKangapaarsl Proteus mirabilis-nuHAyKnus/1anFaH Hecen->KbIHBIC KOJIAAPbIHbIH,
nHPpeknusacoiHa (ZKXKH) )kaHa aHTUGUOTHUK KyluelTkimiHiH, (I1A) acepin 6araay

H. U6parumoBa’, M. JIo?, A. AliteiHoBa*!, T. FanypxaeBa’,
A. KpacHomrtanoB!, I. [loHomapesa?, K. llloiioek?, /. Uca®
Hngekyusra Kapcol npenapammapobiH FulablMU 0pmasviFsl, Aamamel, KazakemaH

Anpgarna. Proteus mirabilis Hecen-KbIHbIC OJAAPbIHbIH, UHbeKIUsAChIHbIH (JKXKWU) KAMHUKANBIK
CUMIITOMJAPbIH TYABIPYFa KabiJieTTi jkoHe 9JleTTeri MUKpOOKa KapChl MpenapaTrTapfa TesiMjimiri
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»KOFapbl 9PTYPJii baKTepUsiaap/laH TYpPaThIH KPUCTAJI/bl OMOIJIEHKA Ty3e/i. YChIHbLIFaH )KyMblic HKIKU
6ap TeIIKaHAApAaFbl [1A-HbIH aHTUOMOTHUKTI KYLUIEWTY acepiH 3epTTeyre apHairad. Oysap 5 Tonka
WHTAaKT, OH 6aKbljay, aMOKCULIUJIJINH TOOBI, [IA TOOBI, aMOKCUIIU/IIKH k9He [IA To6bl 60J1bII 66JTiH/II.
JKXKU P. mirabilis (1.5x10° KKB/MJ1) ery apkblibl MHAYKIMSAIaH/bI, COJJaH KeliH »KaHyapJiap 14 KyH
6o¥bl eMaen/i. AMOKCMLIMJLIMH MeH [IA KaGbLilaFaH jKaHyapJiap OH 6GakblJlayMeH CaJbICThbIpFaH/ia
caJIMaK KOCYAbIH KaJIbINThI XbLIAAMABIFbIH KepceTTi (p <0.01). BipikTipinreHn Tepamus coHbIMEH
KaTap 3pUTPOLUTTEP/[iH, TeMAaTOKPUT IeH reMOIJIOOUHHIH, COH/al-aK, JIeUKOIUTTED, TUMPOIUTTED,
MOHOLIMTTEP >koHe rpaHysouutrep (p <0.01) gmeHrediHge KasbllKa KeaTipiagi, 6ys1 KaGbIHY
NpOLECiHIH, XeHinJeyiH kepceTeZi. bayblp TpaHcaMuHa3a/lapblHbIH, alTapJIbIKTall >»KOFapbliaybl:
ALT »xoHe AST, conpaili-ax BUN >xoHe CREAT pgeHreinepiniy, UKW 6Gap ThilIKaHJap TOObIHAA
6alikanzbpl, eM xkyprisiimered (p <0.01). [lereHnmeH, 6ipikTipisireH Tepanus 6ayblp MeH OyHpeKTiH
KaJIbINThI KYMbICBIH KOpPCeTeTiH 0Cbl MapKepJiepZiH, GapJ/bIFbIH alTapJbIKTal KeHUJIJAEeTyre aKeai
(p <0.01). CoHplHAQ, TUCTOJIOTUSIJIBIK, 3epTTeY OipikTipijiireH eMHiH HeppONpPOTEKTOPJIBIK acepi 6ap
eKeHiH, KYpbLJIBIMHBIH, TYTaCTBIFbIH, JleTeHEPATUBTI MPOLECTEPAiH a3/bIFbIH KoHE OH, OaKbliay[aH
albIpMalIbLIBIFBI TOKbIpAYAbl a3alTaTblHbIH KepceTTi. OcbLiaiiia, xaHa [1A npenapaTbl MUKPOOKa
Kapcbl TNpenapaTTapAblH THIMAICIH apTThlpy KabijsieTiHe 6GaillJIaHBICTBI >KYKNaJbl aypy/apbl
eM/ley/liH epCrneKTUBAJIbIK 9iCiH yCbIHA aJajbl.

Ty¥in ce3aep: ioj KeleHi, Proteus mirabilis, Hecen->KbIHbIC K0JIAAPbIHbIH UHPEKIUACH], OyHpeK,
AHTUOUOTHUKTEPAI KYLIEUTY

OueHka 3¢ deKkTa HOBOro NnOTeHHUATOPA aHTUOUOTUKOB ([1A) Ha MHEKIMI0 MOYeBbIBOAAIIMX
nyTeii (UMII), unaynupoBaHHol Proteus mirabilis y mbimei

H. U6parumoga’, M. JIio?, A. AiiteiHoBa*!, T. TanypxaeBa’,
A. KpacHomrtanoB!, I. [lonomapeBa?, K. llloii6ek?, /. Uca®
!HayuHblll yeHmp npomugouH@peKyuoHHbIX npenapamos, Aamamsi, Kazaxcmat

AHHOTanusa. Proteus mirabilis cnoco6eH BbI3bIBAaTh KJIWHWYECKHE CUMITOMbl HWHQEKLIUH
MoueBbIBOAALMX nyTed (MMII) u ¢dopMupoBaTh KPUCTAIMYECKYI0 OHOIJIEHKY W3 Pa3/IHMYHBIX
GakTepui, 06J1a/Jal0INX BEICOKON YCTONYHUBOCTHIO K TPAAUIIMOHHBIM aHTUMHUKPOOHBIM NpenapaTaM.
[IpencraByieHHas paboTa 6bl/1a paspaboTaHa 11 n3ydyeHus 3pdeKTa MoTEeHIUPOBaHUSA aHTUOHOTHKOB
[TA y mbimet ¢ UMII. OHM 6bLIM paszesieHbl HA 5 TPYIN: UHTAKTHbIE, MOJOXUTEIbHBIN KOHTPOJIb,
rpynmna aMmoKCUIIW/JIMHA, rpynna [1A, amokcunuind u rpynna I[TA. UMII Bbi3biBasiu UHOKYJsiLuei P
mirabilis (1.5x10° KOE/mu1), 3aTeM XMBOTHBIE MOJIyYya/H JieueHUe B TeueHUe 14 aHeil. )KUBOTHbIe,
HoJy4aBIIKE aMOKCUIMJUIMH U [1A, mokasaju HOpMa/bHYI0 CKOPOCTb Habopa Beca MO CPaBHEHUIO
C MOJIOXKUTENbHBIM KOHTpoJieM (p < 0.01). KoMGrUHUpOBaHHAsA Tepanus TakXe HOPMasM30Balach B
YPOBHSIX 3pUTPOLUTOB, FeMATOKPUTA U TeMOTJIOOMHA, a TAKKE JIEHKOLUTOB, IMMOIMUTOB, MOHOLIUTOB
urpaHyonuToB (p <0.01),9To yka3biBaeT Ha 06JieryeHre BOCIaJIUTEbHOTr 0 IpoLecca. 3Ha4yuTeIbHbIN
pocT neyeHo4yHbIX TpaHcamuHas: AJIT u ACT, a Takke ypoBHeHd MOYEeBUHblI U KpeaTUHHHA ObLIU
oTMeueHbI B rpynie Mbiueit ¢ UMII, He nosny4aBuux Tepanuto (p < 0.01). OgHako KOMGHHUPOBaHHasA
Tepanus NpyBesa K 3HaYUTEeJbHOMY CHUXKEHUIO BCeX 3TUX MapkepoB (p < 0.01), uTo cBUETENBbCTBYET
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Evaluation of a novel Potentiator of Antibiotic (PA) effect on Proteus mirabilis-induced urinary tract infection (UTI) in mice

0 HOpMaJIbHOU QYHKIIUY MevyeHU U novek. HakoHel|, TMCTOJIOTMYeCKOe UCCIeIOBaHKE MT0KA3aJio0, YTO
KOMOWHHUPOBAHHAsA Tepanus OKasaja HedpONpPOTEKTOPHOE AeHCTBHE, NMOKa3aB 60Jiee COXPaHHYIO
CTPYKTYPY, MEHbIIIe JleTeHePaTHBHBIX IPOI[ECCOB M CHMKEHHE 3aCTOsI B OTJIMYUE OT TOJIOKUTETbHOTO
KoHTpoJsisl. TakuM o6pa3oM, HOBbIM NpenapaT [1A Gjarozapsi cBoed CIOCOGHOCTH MOTEHIIMPOBATH
30 PEKTUBHOCTb AaHTUMHKPOOHBIX NMpPEnapaToB MOXET MPeAJIOKUTb MepCHeKTUBHBIA MOAXOJ, JJif
JieueHUs1 UHPEKIMOHHbBIX 3a001€BaHUM.

KiioueBble cji0Ba: HoAHbIN KOMILIEKC, Proteus mirabilis, u”HpeKLsI MOUYEBbIBOASAIIUX NMYTeH, MOYKH,
NOTEHLIMPOBaHHE AaHTUOHUOTUKOB
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lF'eHbI CEpOTOHUHEPTrUYECKOH M J0PaMUHEPTUIECKON CHCTEMBbI
U UX MOJTUMOPPH3MbI, ACCOLMUPOBAHHBIE C CYHIIUAA/TbHBIM IIOBEJEHUEM

A.B. TycynoBa*' ,PK.TaTtaeBa! ,K.II. Cem6aeBa! , C.H.Yyxatuna? , 0.10. PegopeHko’® ,
M.M. Baii6ys10Ba*
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“Ilenmp demcko-t0HOWecko20 mypusma u kpaesedeHus, Acmaua, Kazaxcmau

*Aemop-koppecnoHdenm: aruzhan_1803@mail.ru

AnHoTanma. CyuuujanbHOe NoBeJieHre Npe/CTaB/IsseT COO0M CI0XKHOe MHO-
ropakToOpHOe sIBJIeHHE, 00YCJIOBJIEHHOE B3aUMO/€NCTBUEM OHOJIOTUYECKHUX,
IICUXO0JIOTUYECKHUX, COLIMAJIbHBIX U 3KOJIOTUYeCKUX GaKTOpOoB. OAHUM U3 KJIIO-
YeBbIX HallpaBJeHUH B U3yYeHUH OMOJIOrMYeCKUX OCHOB CyMLUAAJIBHOrO M0-
BeJleHUs ABJISeTCA UCCaeJloBaHUe FreHeTUYeCKO! NpepaciooKeHHOCTH, YTO
NOATBEPKJAETCS CeMeWHbIMM, OJIM3HELOBBIMU U MOJIEKY/ISIPHO-TEHeTHYe-
CKUMHU ucciefoBaHUuAMU. Ocobyto poJib B perynsinuud apPeKTUBHBIX COCTOSTHUN
Y CyMIIM/IaJIbHOTO NOBE/IEHHs UTPAIOT reHbl cepoToHuHeprudeckoi (TPH1, TPHZ,
5HTR2A, 5-HT1A, SLC6A4, 5-HT2C, MAOA) u nodpamunepruyeckout (ANKK1, DRD2,
COMT) cuctrem. CepOTOHUH SIBJISIETCSI OCHOBHBIM HEHpPOMEAUATOpOM, y4acCTBY-
IOIIMM B pery/siiiyd HaCTPOEHHs], UMITYJIbCUBHOCTH U CTPECCOBOTO OTBETA, a €ro
AycbasaHC acCOLMUPYeTCs C Jienpeccheld U NOBbILIEHHbIM PUCKOM CYWLWJA/Ib-
Horo nosezeHus. /lopaMuHepruyeckass CUCTeMa, B CBOIO O4epe/b, BIUSAET Ha
MOTHBALMIO, KOTHUTUBHbIE IPOLLECCH] U PEAKLMI0 Ha CTpecc, a eé AUCOYHKIUA
MOXeT CII0COOCTBOBATb Pa3BUTHIO UMIYJIbCUBHOCTH U 3MOLMOHAIbHOW HeCTa-
OUJIBHOCTH, UYTO TaKXKe NOBBIIIAET PUCK CyMLMJAJbHBIX AelcTBUM. HecMoTps
Ha 3HA4YMUTeJIbHOE KOJIMYeCTBO HCC/Ie[J0BAaHMM, HalpaBJIEHHbIX HAa H3ydeHHue
reHeTU4YeCKUX NPeJUKTOPOB CYULIU/AJbHOr0 NIOBeJleHUs], UX pe3y/IbTaThbl OCTa-
I0TCS IPOTUBOPEYUBBIMU. Pa3inyus B BbIOOPKE, METO/AaX FTeHOTUIIMPOBAHUA U
CTaTUCTUYECKOW 0O0pabOTKU JaHHBIX, @ TAaK:Ke BO3MOXKHOE BJIMSHHE 3IHTeHe-
THYECKUX MeXaHHW3MOB TPeOyIOT KOMIIJIEKCHOI'O aHa/Iu3a UMEIOLMXCA JaHHbIX
U JlaJIbHeNIero Uccae0BaHUusl MOJIEKYJISPHBIX OCHOB CYMIIM/IaJIbHOTO PHUCKa.
llesblo JaHHOTO 0630pa fABJSAETCA CUCTeMATU3alus JJAHHBIX O FTeHEeTHUYeCKHUX
dakTopax, CBA3aHHBIX C CYULIUA/IbHBIM [1I0Be/IeHMEeM, Ha OCHOBe aHaJ/In3a Hay4-
HbIX y6JiMKalyu 3a nocaeguue 12 set (2013-2024 rr.). U3yyeHue accoriyanui
0JIMMOPPH3MOB reHOB MOXKET CII0COOCTBOBATh paHHEM AMarHOCTUKeE U pa3pa-
60TKe 3¢ PeKTUBHBIX CTPAaTErUi IPeBEHTUBHOI'O BMeIlIaTe/1bCTBa.

Kir4yeBsle ci0Ba: cyulu/Zi, CyMLMa/ibHasd MOMNbITKA, FeHbl-KaHAUJATHI, Of-
HOHYKJ/IEOTU/JHbIE T0JIUMOP(PU3MBI, CEPOTOHUHEPTrUYecKas cucTeMa, JopaMu-
Heprudeckas cucreMa
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BBeaeHue

[eHeTH4eckue GaKTOPhI, NPOABJSAIOLIME JUOO0 MOHOTEHHYI0, IMOO Yallle MYJbTUT€HHYIO
MOJieJib HacJeJOBaHUs], a TaKkKe BO3JENCTBUE OKpYXKalollell cpefibl ONpefessioT Kak
3THOJIOTUIO cyuluanbHoro mnosefeHus (CII), Tak u dQopmupoBaHue crnequPpUYECKUX
yepT noBefeHUd. CyuluJajibHOe NOBEJlEHUE — 3TO COBOKYNHOCTb MbICJIEH, HaMepeHHUH,
BbICKa3bIBaHUH U JIeCTBUM, HAllpaBJIEHHBIX Ha JIKllIeHHe ceb6s xU3HU. OHO BKJIIOYaAET B cebs
IIMPOKUH CIIEKTP NPOSIBJAEHUU: OT MACCUBHBIX MbIC/IEN O CMEPTH 1,0 aKTUBHbBIX CyULIUaJIbHbIX
HNONBITOK M 3aBeplIéHHOro cyuuuja. OLeHKH HacaeJCTBEHHOCTH CaMOYOMWCTB Cpeau
6/1M3He 0B BapbupytoTca oT 21% 10 50%, oCHOBbIBAsACh Ha OTYETax O CJay4dasx 3ab0/ieBaHus
Y HUCCJIe[JOBAaHUSX HA OCHOBE PErMCTPOB, yKa3blBash HA 3HAUUTEJIbHOE BJIMSHUE aJUTHBHbBIX
reHeTuyeckux ¢akTopoB [1]. HecmoTps Ha ybejuTenbHble [J0Ka3aTeJbCTBA HaC/leL0BaHUSA
cynuuujanbHbix Mbicied (CM) v JelcTBUM, UHTepnpeTanus pe3y/bTaTOB TeHeTHYeCKUX
McCC/ieJOBaHUN OCTaeTcsl CJH0XKHOU 3azavyeil. [eHeTuyeckass MmpejpacnoioKEHHOCTb MOXKET
HOBBICUTb YA3BUMOCTb K TaKUM COCTOSIHUSIM ICHUXUYECKOTO 3/10pOBbsl, KaK JeNpeccus,
OUIOJIIPHOE PAaCcCTPOMCTBO WUJIM 3JI0YNOTPeO/IeHHE ICUXOAKTUBHBIMU BellleCTBAMU, KOTOpbIe
yacTo cBs3aHbl ¢ puckoM CII [2-4].

Pecny6sinka Kasaxcran 3aHuMaeT 20-e MecTO B MHUpe MO ypPOBHK CaMOyOUMCTB. JTH
nMdpbl, BEPOATHO, HEJOOLEHUBAIOT MCTUHHBIA MacliTab Npob6JseMbl, MOCKOJIbKY MHOTHE
CaMOyOUICTBA, BEPOSITHO, MaCKUPYIOTCS APYTMMU 3apeTrUCTPUPOBAHHBIMU IPUYMHAMU CMEPTH.
Y4uThIBasi OLleHOYHOE COOTHOILIeHHE 3aBePIIEHHbIX CAMOYOHUMCTB M onbITOK (1:10), Kos1M4ecTBO
CII B KazaxctaHe octaeTcs TpeBoxHO BbicOKUM (4500 B 2021 roay u 3700 B 2022 roay) [5]. 3Ta
coxpaHswIasacsa npobjeMa NoJA4yepKUBaeT HEOOXOAUMOCTD Ja/bHEHIINX UCCAeJOBaHUN A5
JIy4dlllero IOHUMaHUsS CJI0KHOM Npupo/ibl U MexaHrn3MoB ClI c iesibio pa3paboTku 3P PeKTUBHBIX
npoduIaKTUYECKUX CTpaTerui. B cBoro ouepesib, aHa/IN3 COLUATbHO-9KOHOMUUYECKUX GaKTOpPOB,
TaKUX, Kak 6e3paboTula, PuHaHCOBbIE TPYAHOCTHU U 9KOHOMUYECKasi HECTaOUJIbHOCTD, BbISIBUI,
4yTO 6€3paboTulia ABJIsIeTCS HanboJiee 3HAYMMbIM GAaKTOPOM PUCKA CYUIM/Ia KaK /1J1s1 HacesJleHUs
B L[€JIOM, TaK U JIs1 MY>K4YMH U )KeHIIVMH B Ka3aXCKOU MOMyJISLUH [6].

UccnenoBanus accouuauuid no BceMy reHoMy (GWAS) 3HayuTesNbHO MOPOABUHYJIU
NOHUMaHUe FeHeTUYECKHUX OCHOB MCUXUUYECKHUX PACCTPOMCTB. MacmTabHble uccaeL0BaHUSA
IO0Ka3aJik, YTO Ha 3TU COCTOSIHUS BJIUSIOT MHOTOYHCIEeHHbIe 001e reHeTUUYeCcKre BapUaluy,
npUYeM KaxkJasl Bapyalys BHOCUT HeOOJIbILIOW BKJa/, B CcTeleHb pycka [7]. Ha ceroaHAmHNN
JleHb cylecTByeT 6osiee ABajuaT GWAS, nocBslleHHbIX U3yYeHUI0 TeHeTU4YeCcKuX ocHOB CII,
KOTOpble OTJIMYAJUCh MO COCTaBy MOMNYyJSALMUN, 3THUYECKOW MPUHAAJIE)KHOCTH YYaCTHUKOB,
WCI0JIb3yeMbIM (QeHOTHUNaM U Ju3aiHy ucciaefgoBaHui [8,9]. OgHaKo OGOJIBIIMHCTBO 3THUX
MCC/elOBaHUM OblJIM OCHOBaHbl Ha BBbIOOPKAX €BPOINENCKOTO MPOUCXOXKJAEHUS U HUMeNU
HEJIOCTAaTOYHYI CTAaTUCTUYECKYH) MOLIHOCTb JJ51 HaZleXKHOM MJIeHTUPUKALUU TeHeTUYeCKUX
JIOKYCOB, aCCOLIMUPOBAHHbIX C CyuLUJaJbHOCTbIO. OmpenesieHVe y MNalyeHTa KOMILJIEKCa
610JIOTMYeCKUX MapKePOB, XapaKTePHbIX /151 JII0/iel C BBICOKUM prckoM coBepiueHusd CII, gano
6bI BO3MOXXHOCTb CBOEBpeMeHHO HauaTbJiedeHHe [10]. /laHHbIM 0630p HapaBJieH HA 060611 eHUe
W aHa/IM3 JAHHbIX O reHeTU4YeCKUX paKTopax, CBA3aHHBIX C CYUIM/la/IbHbIM NOBEJEeHUEM, Ha
OCHOBE Hay4HbIX MyOJ/IMKaLUK, Oy06JIMKOBaHHBIX B epuoz ¢ 2013 no 2024 rop,
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BBaHMOAeﬁCTBHe FeHETUYCCKHUX U Cpea0BbIX (l)aKTOPOB B CYUIIUAAJIbHOM NNOBEACHUHU

CorslacHO TeopuM JuaTe3a-CTpecca, CyMLHJAJbHOE MOBeJeHUe SIBJSETCH pe3yJbTaToOM
B3aUMOJEUCTBUSI BPOXKJEHHBbIX (PAKTOPOB YySA3BUMOCTU M (GAKTOPOB BHELIHEW CpeJbl,
KOTOpble 3aMyCKalT CyuluAalbHble TeHAeHUUU [11]. UccaenoBanus CII geMOHCTpUPYIOT
3HAUUTEJIbHYI0 pOJib TeHeTHU4YeCKUX (AKTOPOB B ero MeXIOKOJIeHYeCKOW Mepejaye.
Puck CIl y nmotoMcTBa, uMewumux poautesenn ¢ ucropuerd CII, Bo3pacTtaeT B naTh pa3s
[12]. [onynsiuvoHHBIE HCCAeN0BaHUS Ha OOJBIIUX BbIOOPKAx ULIBEJCKOr0 HacesJleHUs
MO03BOJIUJIM 60Jiee TOUHO OLLeHUTb OTHOCHUTEJIbHbIN BKJaJ, FreHETUYECKUX U IKOJIOTUYEeCKUX
dakTopoB B 3Ty nepegady. O'Reilly u coaBt. (2020) nokasanu, 4To reHeTU4YeCcKHe GAKTOPDI
UrpalT [JOMHUHUDYIOLLYI0 pOJb B TpaHCreHEepalMOHHOM Iepejaye CyUMLUJAJTbHOIO
noBeneHus [13]. Ognako Kendler u kosuiern (2020) B cBoeM MCC/e[JOBAaHUU HA TOHU Ke
HOMYJISIUU BBISIBUJINA 6oJiee cOaJlaHCUPOBAHHOE BJIMSIHUE MeHETUYECKUX U 3KOJIOTHYeCKUX
$aKTOpOB, MPU 3TOM POJAUTENbLCKHE MCUXUATPUYECKHEe M HAapKOJIOTHUYEeCKHe pacCTPOMCTBa
OODBSACHAIT 3HAYUTEJbHYH YacTb reHeThyeckoro 3¢dekrta [14]. 06a wucciaesoBaHusd
TaKXXe MpPOJEMOHCTPUPOBAJIM CYLIeCTBEHHYI0 TeHeTHUYeCcKyr Koppeasauuto Mmexzay CII u
3aBepLIEHHbIMU CaMOYOHMMCTBAMM, HO MPU 3TOM OOHApPYKUJU M HEKOTOpble pasvvus B
reHeTUYeCKOU apXUTEKType 3TUX PEeHOTUIIOB.

daxTOphI OKpY:KaILEeN cpesibl, TAaKHe, KaK leTCKasl TpaBMa, HaCUJIMe WU M0/IBEP>KEHHOCTh
HaCUJIMIO, MOTYT B3aUMOJENCTBOBATb C TeHETUUECKOU YSA3BMMOCThIO, NOBbIIasg puck CM [15].
[Icuxosiorudeckue GakTophbl, BKIOYas UMIYJIbCUBHOCTb, 6€3Ha1€KHOCTb M YyBCTBO U30JISILIUY,
TaKXXe MOTYT B 3HAYUTeJbHOU cTeneHU cnocobcTtBoBaTth CM u CII [16]. K 6uosornyeckum
dakTOpaM yA3BUMOCTHU OTHOCAT reHeTHUYecKue GaKTOpbl, BOCHa/ieHHe, HapylleHUsl B paboTe
HelpoMeIUaTOPHBIX CUCTEM, a TaKXKe M3MEeHEeHUs B YPOBHe XoJieCTepuHa U QYHKIMO-
HUPOBAaHUU OCHU '"TUnoTajaMmyc-runopus-HajnodyeyHuku" [17]. BakHO NMOgYepKHYTh, UTO
CaMOyOHICTBO He BbI3bIBAETCS UCKJIIOYMUTEIBbHO OJHUM GaKTOPOM, a CKOpee BO3HUKAET U3-3a
CJIO’)KHOW KOMOHHALUY BblllleyKa3aHHbIX 3J1EMEHTOB.

I'eHbI CGpOTOHl/IHepFI/I‘IeCKOﬁ 41 IZl0(l)aMI/Il-l(-’EIJI‘I/I‘leCKOI‘;I CHUCTEM

[eHeTHUYecKue BapUaHThI, NOTEHIMAJIBbHO CHOCOOCTBYOLUE AUCOYHKIUU CEPOTOHUHEp-
TMYeCcKON CUCTeMBbl, BCerja OblIU B LleHTpe BHUMaHUs yuyeHbIX. CEpOTOHUH WJIH 5-TU/POK-
cutpuntaMuH (5-HT) daBaseTca KJ/wO4YeBbIM HEWPOTPAHCMUTTEPOM, YYaCTBYHOUIMM B
pery/siiuyd HacTPOeHUsl, arpecCuy, UMNIYJIbCUBHOCTH U JAPYTUX 3MOLMOHAIBHBIX COCTOSIHUMN
[18]. eHeTHYeckue BapHalMM B CEPOTOHUHOBOM CUCTeMe MOTYT BJIUSATb HAa YPOBEHb U
$YHKIMIO CEpOTOHMHA B MO3re, YTO, B CBOIO O4Yepe/ib, OKa3blBaeT 3HAYMTEJbHOE BJIHUSHUE
Ha 3MOLMOHAJIbHOE COCTOSIHME U N0BeJieHUe YesoBeKa, BKawyvasa puck CM u CII. UsmeHenus
B YPOBHE CEPOTOHHHA U AUCOYHKIMS €ro peleNTOPpOB MOTyT MPOUCXOAUTH 10 HECKOJIBbKUM
MexaHHW3MaM, 3aTparuBalwLUM €ero CUHTE3, TPAHCIOPT, peleniuioo, Aerpajanydi U ObITb
CBSI3aHbI C NOBbILIEHHOW UMITYJIbCUBHOCTBIO U arpeccuel, KOTopble SABJISIOTCS KPUTHYECKUMHU
dakTopamu pucka CII [19]. AHOMasbHAsA pery/slnus CEPOTOHUHOBBIX pPeleNTOPOB MOXET
M3MEHUTb YYBCTBUTEJbHOCTb HEWPOHOB K CEPOTOHHMHY, a HMMEHHO K I[OBbILIEHHOH

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N22(151)/ 43
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



A.B. Tycynoea, PK. Tamaesa, K.II. Cembaesa, C.H. YyxamuHa, 0.10. ®edopeHko, M.M. baiibynos8a

akTuBHOCTU 5-HT2A-penentopoB (HTRZ2A A138G, rs6311, rs6313). 3To MOXXeT NPHUBOAUTH
K FHIeppeakTUBHOCTU B NpePpOHTAIbHOW KOpe, YTO aCCOLUUPYETCS C UMIYJIbCUBHOCTBIO
u arpeccueit [20]. leHeTHyeckHe Bapualu{, BJUAKIIME HA TUNOTaJaMo-runodpusapHo-
Ha/04Ye4YHUKOBYI0 ocb (Hanpumep, B FKBP5), Moryt MopynupoBaTb CEpOTOHHHOBYIO
aKTUBHOCTb 4epe3 TUIEepCeKpelnMi0 KOpTH30Jia. BbICOKMN ypoBeHb KOPTHU30Ja CHUXKAeT
akcnpeccuo TPH2, 4To npuBOAUT K NOHUKEHUIO YPOBHA cepoToHMHA B LIHC 1 yBesinueHuro
pucka genpeccud u CII [21]. [loHuMaHUe poJiu cepOTOHUHEPTrUYecKoi cuctembl B CI1 MmoxkeT
JaTb MHPOpMAILMI0 O pa3paboTke 6Gosiee 3GPEeKTUBHBIX TepaneBTHYECKUX CTPaTeruu U
npoduIaKTUYECKUX MED.

T'eH mpunmoganaudpokcuaasa 1

®epMeHT TpUNTOPAHTUAPOKCUIa3a 1 fABJSAETCS HEOT'bEMJIEMOM 4YacTbl NMYyTH OUOCHH-
Te3a CEepOTOHHHA. ITOT PepMeHT KaTa/lu3upyeT NpeBpalleHHe TpunTodpaHa B 5-rujpo-
kcutpuntodpan (5-HTP), Haya/bHBIM M OrpaHUYUBAKOUIUNA CKOPOCTb 3TAll B NPOU3BOJCTBE
cepoToHMHa [22]. CyuiecTByeT JABa reHa, KOAUPYWOIIUX GepMeHT TPUNTOPaHTUAPOKCHUIIA3bI
(TPH), u 06a oHY HaxoAATCA B ceilbMOoM UHTpPoHe: TPH-1, KoTopbli pacnoJio’keH Ha XpOMOCOMe
11p15.3-14, uMeeT AJUHY OKOJIO 29 ThICAY Nap OCHOBAaHMM M BKJIIOYAeT KaK MUHUMyM 11
3k30HOB. ['eH TPH-2 pacnoJsioxxeHn Ha xpoMocoMe 12q21.1, padamepom 97 ThicAY ap OCHOBAaHUM
U cofepkUT 11 3k30HOB [23].

TPH1 B mepByl ouepejb 3KCIpeccupyeTcsl B nepudepudyeckhx TKaHSX, B YACTHOCTH,
B 3HTepoxpoMadPUHHBIX KJIeTKaX KeJyJO0YHO-KHULUIEYHOr0 TpaKTa, TEM CaMbIM MIpas
BaXKHYI0 pOJIb B CHHTe3e Nepudepruveckoro CepoTOHHWHA. [eHeTHyeckue BapualUu B
retHax, Takux, kak TPH1 u TPH2, cBA3aHbl ¢ CyHWUAAJBbHOCTBIO, YTO TaKXe MOAYEepPKUBAET
HacJie[ICTBEHHbIM KOMIIOHEHT CepOTOHWHeprudyeckou aucperyassuuud [24]. Hanpumep, B
€BpONEeNCKON U TypenKou nmonyasauusax noaumopdusm A218C geMOHCTpUPOBaA 3HAYUMYIO
CBSI3b C MOBbILIEHHbIM pruckoM CII, Torga kak B a3MaTCKUX NMONYJSALUAX TaKOM accoLUallMU
o6HapykeHO He ObLI0 [25,26]. UccnenoBanue Gonzalez-Castro u coaBT. (2014) Takke
NOATBEPAWJIO 3HAUUTEJNbHYI0 accouuanuio noaumopdusmon reHoB TPH-1 (A218C u A779C)
c CII. B otHowenuu nosumop¢dusmoB reHoB TPH-2 (G-703T, A-473T u G19918A) 3HauuMoi
cBs34 ¢ CI1 o6HapyxeHo He ObL10. ITU pe3yJibTaTbl TPEOYIOT Ja/IbHENIIEro NOATBEPKIEHUS C
MCII0JIb30BaHKEeM 60Jiee KPYIHbIX BbIOOPOK M yyeTa ITHUYECKUX pa3inuuil [27]. BapuaHT reHa
TPH1 rs1800532 u HeJjaBHUE CTPECCOBBIE }KU3HEHHbIE COOBITUS ObIIM HE3aBUCHUMO CBSI3aHbI
c CIl y cep6CKUX CUXMATPUUECKUX MALUEHTOB [28]. YMeHblIeHUe 060'beMa CEPOTo BelecTBa
B JIOOHBIX, BUCOUYHBIX JI0JISIX U MO3KeUyKe y MalUeHTOB C JelpecCUuBHBIM paccTporcTBoM U CII
MOXeT ObITh CBSI3aHO C HapylLIeHUEM CePOTOHUHEPTrHYeCKOW CUCTEeMBbI, B KOTOPOU BaXKHYIO
poJib urpaet ¢pepmeHT TPH1. YMeHblIeHHe 06bEMA CcepoOro BellleCTBa B JIOOHBIX U BUCOYHBIX
JOJIIX, @ TaKXKe B MO3)KedKe CBf3aHO C HapylleHWEeM HeHpOIJIaCTUYHOCTH, CHHKEHHEM
CUHANTUYECKON MJIOTHOCTU U JUCPYHKIMEN CEpOTOHUHePruieckou cucteMnl [29]. Jlo6HbIe
Jl0JId YYaCTBYIOT B Pery/isilud 3MOLMN M KOHTPOJIA MMIYJbCOB, a UX aTpodusi MOMXKeT
NPUBOJAUTD K YCUJIEHUIO HETaTUBHBIX aPpEeKTOB U CyULIUa/IbHbIX MbIC/eil. BucouHnble fou
UTpaoOT KJIYEBYIO POJIb B 06pabOTKe 3MOLIMOHATbHBIX CTUMYJIOB, @ UX yMEHbLIeHHe CBS3aHO
C IOBBIIIEHHOW peaKTUBHOCTBIO Ha cTpecc. HapyllieHue CTpyKTypbl MO33Ke4Ka, y4aCTBYIOILEr 0
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B KOTHUTHBHOM pery/siiui U 3MOLUOHAJbHON CTAOUJIbHOCTH, JONOJHUTENBHO yCyTy6/IseT
cyuuuaanbHbld puck. Ayienb A noauMopdusmoB TPH1 rs1800532 u rs1799913 moryrt
CHWXXaTb aKTUBHOCTb pepMeHTa TPH1 uepes perynsinuio 3KCIpeccuy reHa, CTabUJIbHOCTH
MPHK nin anvreHeTrndyeckue MexaHU3Mbl. ITO IPUBOAUT K CHUXKEHHUIO YPOBHSA CEPOTOHUHA,
YTO CBSI3aHO C YMeHblLIEHUEM 06'beMa CEPOro BellleCTBa U MOBbILIEHHbIM PUCKOM JieIPeCcCUu
u CII [30].

I'en mpunmogaHaudpokcuaasa 2

®epmenT TpUnTodaHruapokcuaasa 2 (TPH2) npenmyiiecTBEeHHO aKTUBEH B I1eHTPaIbHOM
HepBHOU cucteMe [31]. OH sAABAsIETCA K/IIOUYEBBIM pEepMEHTOM, OTPaHUYMBAKOLUIUM CKOPOCTb
CUHTe3a CepOTOHMHA B MO3re, U ee aKTUBHOCTb CBfi3aHAa C Pa3/IMYHbIMHU NCUXUYECKUMHU
pacctpoiictBamu [32]. Tpuntodaurugpokcunasza 2 (TPH2) - ren, koTopbili UrpaeT pelIaroLyo
posib B BbIpaboTKe cepoToHMHA. CoriacHO pe3ysbTaTaM MeTaHasu3a Choong, HeckoJbKO
cnegqudUUECKUX OJHOHYKJIEOTHAHBIX noauMopduamMoB reHa TPH2 (rs4570625, rs11178997,
rs11178998, rs10748185, rs1843809, rs4290270, rs17110747) 6bLiu CBSI3aHbI C OJHUM WUJIH
HECKOJIbKUMHU MCUXWYECKMMU 3a00/IEBaHUSIMH, HECMOTPS Ha HEOOJIbILIYI0 BeJIMYMHY 3ddeKTa
[33]. [IpeacTaB/ieHHbIE BApUAHTHbBIE aJIJIEJIM MOTYT CHUXKATh CIOCOOHOCTb TPAHCKPHUIIIMOHHBIX
dakTopoB (HanmpuMmep, SP1) cBA3BIBATHCA C IPOMOTOPOM, UTO BeJeT K CHUXKEHUIO 3KCIPECCHUU
TPH2 u, Kak ciefcTBHE, K YMEHBIIEHUIO TPOAYKLMU CEPOTOHMHA B HEWPOHAX fA/pa LIBa.

B cBoro ouepenb, nosuMmopdusMbl reHa TPHZ SNP rs4570625 nposiBisilOT 3HAYHMMYIO
accouMalyi € pacCTPOMCTBAMM HACTPOEHHs, CaMOyOMHCTBOM U MmMU3oppeHued [34].
[Tonmumopdusm rs7305115 rena TPH2 6bi1 accounupoBaH c yBeandyeHHbIM puckoM CII B
MeKCUKaHCKoW mnonyasanuu [35]. 3toT nosuMopdusM, pacnosioKeHHbI B KOAUPYHOLeH
obsactu TPH2, moxxeT NpUBOAUTH K W3MEHEHUI0 aMUHOKHUCJIOTHOM MOC/I€0BaTeJbHOCTH,
3TO MOXET MOBJMUATb Ha KaTaJUTHUYECKYI0 aKTUBHOCTb pepMeHTa, ero CTabUJIbHOCTb WJIH
CoCco6HOCTb 3QPEKTUBHO MCIOJb30BaTh KOGMaKTOpbl (Hampumep, 6uonTepuH). B To xe
BpeMs B ucciaenoBaHui Kilicaslan u kosser (2022) He 6b1/10 BbISIBJIEHO 3HAYUMBbIX pPa3Iuyni
B yactoTte asiened rs1800532 reda TPH-1 urs7305115, rs1386494 rena TPH-2, rs6355 resa
SLC6A4 Mexay rpynnoy CyMuuJa U KOHTPOJIbHOW TPYIINOH, a TaKXKe MeXAy MyKYHUHaMHU U
»KeHLIMHaMU B 06eux rpynnax [36].

leHwl, Kodupyrowue peyenmopbl 5-2udpokcumpunmMamMuHa

CepOTOHMHOBBIE peLENTOPbl MNPEeJCTABAAKT COO0W TIpynny MeMOpPaHHbIX O€JIKOB,
ONOCpeAyIIUX [JleicTBUe cepoTOHMHA (5-ruapokcutpuntaMuHa, 5-HT), oTHocATca k
ceMeiicTBY G-6es0k-conpsikeHHbIX penentopoB (GPCR) ¥ MOHHBIX KaHa/IOB, KOTOpbIe
y4acTBYIOT B Ilepe/iauye CUrHajla OT CEPOTOHWHA K BHYTPUKJIETOYHBIM KackazaM [37].

5-ruapokcuTpuntaMuH penentop 2A (S5HTR2A) - reH, Koaupyrouui penentop 5-ruZipo-
kcutpuntaMuHa 2A (5-HT2A), 6es10K, y4acTBYOLUH B peTy/IsSLUM HACTPOEHHUS, KOTHUTUBHBIX
npolieccax, CCHCOPHOM BOCHPUSATHU U HelpomacTuuHocTu. ['eH SHTR2A nokanusyercsa Ha
xpomocome 13 (13q14-q21), umeeT aavHy 20 K6 ¥ BK/II0YaeT TpU sk30Ha. [Tosiumopdusm C1019G
(rs6295), pacnoJ/ioKeHHbIM B IPOMOTOPHOM 06J1acTU reHa pelentopa ceporoHuHa 5-HTR1A,
ABJIIETCA OAHUM U3 HauboJiee U3yUYeHHBbIX FeHEeTHUYECKUX BAapUAHTOB, aCCOLUMPOBAHHBIX C
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pPa3/JIMYHBIMU [CUXWUYECKHMMH paCCTPOUCTBaMU. HeCcKoJbKO He3aBUCHUMBIX HCCJIeL0BAaHUU
BBISIBUJIM acCOLMaLUI0 Mexay ajieneM G nmosuMopdusma rs6295 v NoBbILIEHHBIM PUCKOM
pPa3BUTHS MOTPAHHUYHOTO paccTpoicTBa JudHOCTH [38]. B To ke Bpemsa Gonzalez-Castro u
coaBTOphl (2014) B cBOeM MeTa-aHa/M3e He BbISIBUJIM 3HAYMMOM accolanuu Mexzay rs6295
M pUcKoM cyunuza [27]. AHasorudyHbiM o6pa3zoM Hofer u kossneru (2016) He o6GHapYKUIU
CBSI3U MeX/Jy 3TUM NOJUMOPPHU3MOM M TeKyUIMM PUCKOM cyuuuja uau Haauduem CII B
NpOLLJIOM y MalMEeHTOB C JlenpecCUBHbIM paccTpoicTBoM [39]. UccienoBanue Banlaki u
koJuer (2015) BbISIBHMJIO UHTEPECHYIO CBA3b MexAy auieseM T nmosuMopdusma rs7322347
5-HTR2A penenTopa cepoTOHUHA U NOBbILIEHHBIMH YPOBHSIMY FHeBa U pU3UUECKON arpeccuu
y B3pOCJbIX 6e3 NCUXUuaTpuieckux 3abosieBaHuil [40]. ITOT pe3ysbTaT npejmnosaraeT, 4YTO
aysienb T nonuMopduama rs7322347 MoKeT NPUBOJUTh K U3MEHEHUIO YPOBHEMN 3KCIPECCUU
reHa HTR2A B mnpedponTanbHoi kope ([I®PK) v MuUHOa/MHE - KJHOYEBbIX pPervoHax,
OTBEeYaILIMX 3a PEryJALHI0 3MOLUHN U KOHTPOJISI UMITYJIbCOB.

BaxkHO OTMeTUTBH TO, UTO B3auMojelcTBUe MexAay penentopamu 5-HTR1A (5-ruppok-
cutpuntaMuH peuentop 1A) u 5-HTR2A (5-rufpoKCUTpUNTAaMUH penentop 2A) urpaert
BA)XKHYI0 pOJIb B Peryjsilijid UMIYJbCUBHOCTU U arpeccuu. Kak ussectHo, 5-HTR1A - ato
TOPMO3HOU pelenTop, aKTUBHOCTb KOTOPOT'0 MOZaBJIsieT arpecciBHOe noBeaeHue. 5-HTR2A,
HaNPOTUB, MOXET YCUJIUBATh BO30YKAal0lue CUrHasibl [41].

Haub6osbuiee BHUMaHue B KoHTeKcTe CII mpuBseksu noaumMmopousmsl A-1438G (rs6311),
T102C (rs6313) u His452Tyr (rs6314) rena 5HTR2A. CymecTBylomue uccaefoBaHUs
paccmoTpesiu Bce SNP B reHe [42]. [Ipu yHUnossspHo#t Jienpeccuu y nanueHToB c¢ CII 6b1a
NpoaHa/JM3UpPOBaHa YacTOTa TeHOTHNa W asaesed nosuMopédusma 5-HTRZA rs6313, Ho
aBTopbl M.Li u coaBT. (2022) mofg4yepKHy/H, YTO AaHHbIMA nojuMopdusM He cBszaH ¢ CIl y
B3POCJIBIX XKEHIIUH C Aenpeccuel [43]. ipyroe uccienoBaHue He NMOLTBEPAUJIO CBSA3b MEXY
asneneMm C nonumopdusma rs6313 peuentopa 5-HTR2A u camoy6uiictBoM [39]. OgHako
HocuTeabCcTBO reHorrna C/C Toro ke noauMopdu3Ma acCoUMpPyeTCs C IOBBILIEHHBIM PUCKOM
CIl y nagueHTOB ¢ min3odpeHueit [44].

B To ke Bpems, corsiacHo Ghasemi u kosiieru (2018), nonmuMopdusmbl A1438G u C1354T
B reHe SHTR2A He nposiBW/IM 3HAUMMOM acCOIUALMU C PUCKOM CyHIIM/Ia UJIU KOJUYEeCTBOM
CTPEeCCOBbIX COObITUM U moTepb [45]. AHasoruuHo ucciaegoBanue Hofer u coaBT. (2016)
3akJouuo0, yto nosumopdusm rs6313 B rene HTRZA (A/G) He moka3biBaeT 3HAYUMOU
accouMalMy C pUCKOM CaMOyOUICTBa y MallMeHTOB C Jenpeccueit [39]. Takxke MeTaaHaus,
BKJIIOYAIOLUHI 23 HMcclej0BaHUS acCOLMalMM, He BbIIBUJ CBSI3b osiuMopdusma rs6313 c CII
cpeay KaBKa3lieB U a3uaToB [46].

['eH, kogupyroKil cepoToOHMHOBBIN penenTtop 5-HT2C (5-rujpoKCUTPUNITAMUH peLenTop
2C), 10Ka/IM30BaH Ha AJIMHHOM Iljiede X-XpOMOCOMbI B obsiacTu q24 [41]. dToT peuentop
UrpaeT BaXXHYIO POJib B PEryjaslUU pa3/MyHbIX QYHKIMH, BKJIOYask HACTPOEHUE, allleTUT U
coH. PyHkuunoHanbHbIM BapuaHT C23S (rs6318) B rene HTR2C, koaupytoiiemM cepoOTOHUHOBBIU
peuentop 5-HT2C, npeacraBisieT co60¥ OAHOHYK/JIEOTUAHBIM MOJUMOPOU3M, KOTOPbIN
NPUBOAUT K 3aMeHe aMHMHOKUCJAOTHI IucTterHa (C) Ha cepuH (S) B mo3unuu 23 6eJKOBOH
0C/Je0BAaTEJbHOCTA. ITO MOXET BJIUATb Ha CTPYKTYpPy M QYHKIHMOHAJ/bHble CBOWCTBA
pelnenTopa, MU3MeHs ero KoHpopMauio, aQPUHHOCTb K CEPOTOHUHY UJIM B3aUMO/JIeHCTBUE C
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BHYTPHUKJIETOYHBIMU CUTHAJIbHBIMU NYTAMHU. B ucciaesoBanuu Karanovic u coaBtopos (2015),
NpOBeJIeHHOM Ha CepbCKOM NMCcUXUAaTPUYECKON BbIGOPKe, aBTOPbl 0OHAPYKUJIU aCCOLMALIUIO
MeX/ly MUHOpPHBIM aJiiiesieM C nosuMopdusmMa C23S v noBeiieHHbIM puckoM CII [47].

leH-mpaHncnopmep cepomoHuHa

[en SLC6A4 xopupyeT cepoTroHuMHOBbIM TpaHcnopTep (SERT), peryavpyromuid ypoBeHb
cepotoHuHa(5-HT)BcrHanTHYeCcKOM eI Ty TeM eroo6paTHOro3axBaTaBpecCMHANTUYeCKUU
HelpoH [48]. ITOT npolecc He06XOAUM JIJisl 3aBepPIIEHUs] CEPOTOHUHEPTUYECKOH Nepejauun
U ToAJep:KaHUsl HeWpoTpaHCMUTTepHoro 6asiaHca. SERT ¢QyHKUMOHMpYyeT Kak HaTpUH-
3aBUCUMBIA CHUMIIOPTEP: TPAHCIOPT CEPOTOHWHA MPOUCXOAUT COBMECTHO C ABYMS MOHAMU
Na* u ogHuM noHoM Cl, 4To o6ecneyrBaeT 3J1eKTPOXHUMUYECKUIN TPaIUEHT, HEOOX0AUMbIN
11 akTUBHOro mnepeHoca. [locie gocTaBkM BHYTPb KJIE€TKH CEPOTOHMH JKMOO MOBTOPHO
UCNOJIb3yeTCl B Be3UKyJax, JWb6o paspyumaerci ¢GepMEeHTOM MOHOAMMHOKCH/Ia30M
(MAO). HaTtpuii-3aBUCMMOCTb 00yC/J0BJI€EHAa HEOOXOAUMOCTbI) HCHOJb30BAaHUS Pa3HULbI
KOHIeHTpalui Na® BHe M BHYTPH KJIETKH /1J151 06€CTievdeHUsI 9HEPrOHe3aBUCHMOT0 TPAHCIIOPTa
CepOTOHMHA IPOTUB ero rpagueHTa. ['eH pacnosioxxeH HaxpoMmocome 17q11.1-17q12, kogupyeT
6eJ10K, cocTosaMi u3 630 aMUHOKHUCJIOT € 12 TpaHCMeMOpaHHBIMU JjloMeHaMHu [48].

['en SLC6A4 ocob6eHHO BaXkeH [Jis1 HEMPONCUXUAaTPpUIeCKUX QYHKIUN U CBSI3aH C PUCKOM
pPa3BUTHUA PaA3JIMYHBIX NCUXWYeCKUX paccTtpoucTs, BkJawdasa CIl. 'en SLC6A4 Bxiroudaet
byHKIIMOHaNbHBIA nosuMopdusm npomortopa (5-HTTLPR). Jnunueii annens (L) mpomo-
TOpa XapakTepusyeTcs 06o0Jiee BbICOKOW TPAHCKPUMIMOHHOW aKTUBHOCTbIO. KopoTkui
annenb (S) uMeeT 6GoJsiee HU3KYH TPAaHCKPUINIMOHHYI akKTUBHOCTb [49]. HUccnenoBanue
Consolono u coaBT. (2018) mpojieMOHCTPUPOBAJIO, YTO IKCIpPECCUs TeHa TpaHCmopTepa
CEpOTOHHHA B mnepudpepuvyeckord KPOBU MOXKET CAYKUTb NepCHeKTHBHBIM OHMOMapKepoM
Jis1 nporHo3upoBaHus CIl y magueHTOB ¢ 60JBLIKMM JenpecCUBHBIM paccTpoiictBoM (B/IP)
[50]. B pe3ynbraTe ucciefoBaHUS UHAUWCKUX y4eHbIX 4yacTtoTa asuiesns L-reHa 5-HTTLPR
OblJla 3HAYUTEJbHO BbIlLIE Yy JIIOJEH, COBEPUIMBIIMX caMoybuicTBo [51]. B cBowo ouepenp,
ucciejoBaHUe, MpOBeJeHHOe cpeau xkuTenel HoBocuOUpcCKa, BBIABUJIO CBSI3b MEXAY
reHeTU4eCKMMHM BapuauusaMmu reHa SLC6A4, KoZupymooliero TpaHCIOPTep CEepPOTOHUHA, U
HaJIM4MeM jenpeccuu [52].

l'en moHOamuHoOKcudaza A

[en MAOA (MoHOaMMHOKcHJa3a A) KogupyeT pepMeHT, KaTaJlUu3UpyeT OKHUCJIUTEJbHOe
Jle3aMMHHMPOBaHHEe MOHOAMHWHOBBIX HEMPOTPAHCMUTTEPOB, TAKUX, KaK CEPOTOHUH, 0daMUH
u HopanuHedpprH. MAOA JioKanu3yeTcs NPEUMYILECTBEHHO B KaTeXO0JAMUHEPTUYEeCKUX U
CEPOTOHUHEPTUYeCKUX HEWPOHAX, 0COOEHHO B JIMMOUYECKON cucTeMe U npedpOHTATbHOU
KOpe, KOTOpble PEeryJupyloT MNOBeJeHHE, SMOLUM U CTPeccoBble peakuuu. M3BeCTHBI JBa
nsodpepMeHTa MOHOAMHHOKcHAa3bl: MAO-A u MAO-B, pacnosioxkeHHble HA XxpoMocoMe X B
obsiactu p11.23-11.4. 'en MAOA cozpepXUT B CBOell NPOMOTOPHOM 06J1acTU BapuabesibHOE
yuco TaHaeMHbIX moBTopoB (VNTR) aiunoi 30 nap ocHoBaHu# [53]. JkcriepruMeHTaJIbHbIE
vccieloBaHUs in vitro BbIABWJIM, UTO auiend ¢ 3,5 wau 4 KONUsIMU MOBTOPsIOLieNcs
N0C/IeJ0BATEJbHOCTH JE€MOHCTPUPYIOT 3HAUUTENbHO 60Jiee BbICOKYIO TPAHCKPUILUOHHYIO
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AKTUBHOCTb 10 CPAaBHEHHIO C aJLIeJISIMU, coiepKaliuMu 3 uiau 5 konuit [54]. B pa6ote Zhang
U coaBT. (2016), npoBeJjeHHOW Ha BbIOOPKE a3UATCKUX IMOJPOCTKOB, OblJaa OOHapy:KeHa
HOJIOXKUTEeJIbHAsA CBAA3b MeX/Y HU3KOM aKTUBHOCTbIO reHa MAOA (assiesib L) ¥ CKJIOHHOCTBIO
K arpecCMBHOMY INOBeJIeHHI0, 0COOEHHO y TeX, KTO MOJBeprajcs »eCTOKOMY 00palleHHI0 B
JnetcTtBe [55]. B koHTeKkcTe GU3NYECKOTO UM SMOLIMOHANbHOTO HACUJIUS MALMEHTHI B IPyIiIe
MAOA-L aeMOHCTpHUpOBa/Iv 60JbLIYI0 TEHAEHIUIO Karpeccuy, yeM nanueHThl Brpynne MAOA-H
[56]. lIpu MAOA-L meTab6o/iu3M CEPOTOHUHA 3aMe/JIsIETCs, 3aTeM IOBBIIIEHHbIA yPOBEHD
5-HT B cuHancax BezeT K geceHcutusauus 5-HT-penentopoB (ocobenHo 5-HT1A, 5-HT2A),
YTO B CBOI OYepeJb BeleT K AUCOYHKIMU UHTUOUTOPHBIX HEMPOHHBIX IieNel, BbI3bIBAET
VMMIYJIbCUBHOCTb, arPeCCUI0 Y MOBBILIAET PUCK CyHUIMAa. XpPOHUYECKU MOBbILIEHHBIA YPOBEHD
CepOTOHMHA K3-3a HU3KOAKTUBHOro BapuaHta MAOA MoXeT NpUBECTU K JEeCEeHCUTU3ALUU
CEPOTOHUHEPTUYECKOU CUCTEMBI, YTO B JOJITOCPOYHOU NepCHeKTHBe NapaZ0KCaJlbHO CHUXKAeT
CEPOTOHUHEPTUYECKYI0 aKTUBHOCTb U COCOOCTBYeT apPeKTUBHBIM paccTpoiicTBaM. Takixke
5-HT y4yacTByeT B peryjsauud runorajamo-runodusapHo-HaanodedyHukoBoir (HPA) ocy,
oTBeyvaroleil 3a crpecc-oTBeT. Jepunut 5-HT BegeT k runepaktuBauuu HPA, 3T0, B CBOMO
ouepesb, NPUBOAUT K XPOHUYECKOMY H30BITKY KOPTHU30J1a, KaK CJIe[CTBUE, MOSBJISETCS
aTpodus runmnokamia, NpUBoOAAILAs K JeMPeCcCUu U CyUIUAaJbHOCTH.

CBsi3p Mexy arpeccuBHbIM noBesieHUeM U CII MOXXHO 0ObSICHUTD C HEMPOOUOJIOTUYECKOU
TOYKW 3peHUs 4epe3 OOIHUN HEUPOXMMHYECKUNW M TeHeTHYeCKUH QOH, BKJIIYAKOLUN
JAUCOYHKIIMIO CEPOTOHMHEPTUYEeCcKOM M KaTexoJlaMHUHepruueckou cucreM. HMcciegoBaHus
NAaKUCTAHCKOW MONyJsALlMA [OKas3ald, YTO B3aUMOJEHCTBHE MexJy HoJauMopdpr3MaMu
reHa MAOA u onbITOM HacWU/WSl MOXET OKa3blBaTb 3HAYUTEJIbHOE BJIMSIHUME HA pa3BUTHE
arpeccuBHoro nosefieHus [57]. Cpeau xkeHUMH ¢ adPeKTUBHBIM PacCTPONCTBOM, KOTOpPbIE
paHee NbITAJMCh COBEPUIMTb HACUJIbCTBEHHOE CaMOyOWNCTBO, OOHApyeH MNOBBILIEHHbIN
ypoBeHb reHoTUNa AA il OAHOHYKJIEOTHJHOTO mosuMopdusMma rs5906957 rena MAOA
[58]. lonumopdusmbl reHa MAOA MOryT MOAYJIUPOBATh PeaKLUI0 Ha CTPECCOBbIE COOBITHS.
Hanpumep, HocuTesnu anienss MAOA-L 60/iee 4yBCTBUTEJIbHBI K pAHHEMY TPaBMaTU4YECKOMY
ONBITY, YTO NOBBILIAET PUCK aHTHUCOLMAJIBHOIO MOBeJeHUs U arpeccuu. HccnemoBaHue
CJIOBEHCKOW MONyJSALMU MOKa3aJo TEeHJEeHLUI0 K accouuauuu amiens 3R nmoauMopdusma
MAOA-uVNTR ¢ camoy6uiicTBOM, 0COGEHHO B C/ay4yasiX HEHACHUJIbCTBEHHbIX MeTOAO0B [59].
[TouMoppU3MBbI B 3TOM I'eHe TaKXKe MOTYT BJAUSATH Ha JIMYHOCTHBIE YePThl, cBsA3aHHbIe ¢ CII
[60]. B uccnenoBanuu Zhang u coaBT. (2017) 661710 06HAPYKEHO, YTO KUTANCKHE MOAPOCTKHU C
BbICOKOM 3kcrnpeccuent asienss MAOA-VNTR u renotunom 5-HTTLPR "SS" nemoncTpupoBaiu
BbICOKME TEHJ,eHIJUU K arpeccuH c yBeandeHueM CII B getcTBe [61].

Takum o6pa3oM, reHbl cepoToHuHeprudyeckoi cuctembl (TPH1, TPH2, SHTR2A, 5-HT1A,
SLC6A4, 5-HT2C, MAOA) (Tabsuua 1) urparoT KJKOYeBYIO poJib B peryasinuu apPeKTUBHbBIX
coctossHui u CII. JuchyHKIMSI CEpOTOHMHOBOM HEMPOTPAHCMUCCHU CBSI3aHA C MOBBILIEHHOMN
MMIYJIbCUBHOCTbIO, arpeccueil U HapylIeHHOMW CTpecc-ajlanTalyel, YTO MOBbIIIAET PUCK
CM u CII. [ToruMopdr3Mbl B 3TUX reHax aCCOLUMPOBAHbI C U3MEHEHUSIMU CEPOTOHHHOBOIO
MeTab0/1M3Ma, aHOMaJIbHOM aKTUBAaLlUEN CTpecC-peakLuy U CYULIUJalbHbIM PUCKOM.

48 N22(151)/ JLH. 'ymunee amoindarel Eypasus yammeoik yHusepcumeminiy XABAPIIBICHI. Buo102usnblK Folablmoap cepusicyl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HayuoHa/1bHo20 yHugepcumema umeHu J1.H. ['ymuaesa. Cepust 6uosozuveckue HayKu



TeHbl cepomoHuHepauveckoll u dogpamuHepaueckoll cucmemsl U UX NOAUMOPPHU3MbL, ACCOYUUPOBAHHbIE
€ cyuyuda1bHbIM nogedeHuem

Ta6smmna 1
I'eHBI CEPOTOHUHEPrU4YeCcKOM CUCTEMbI
[en OyHKIUA XpoMocoMHOe OHII CBsA3b C CyuLH- JonosHuTe N b-
pacnoJioXkeHue JlabHBIM MOBeJle- | Has uHpopMa-
HUEM nus
TPH1 Kogupyet dpep- | 11p15.3-p14 | rs1800532, | Hapyuenue 61o- Y4acTByeT B
(Tryptophan | MeHT TpunTo- rs1799913 CHHTE3a Cepo- | CUHTEe3e CepoTo-
Hydroxylase | ¢aH-ruapox- TOHUHA MOXeT | HUHA BHE MO3ra
1) cuiasy 1, NPUBOAUTL K Jle- | (Hampumep, B
KaTaJIu3upylo- bunuTy cepoTto- KHUIlIeYHUKE U
LU NepBbIX HMHA B OpraHus- cocyiax).
3Tan OUOCUH- Me, 4YTO CBH3aHO
Te3a CepoTo- C fenpeccuen
HUHA B [lepu- Y HapylleHHOH
depurueckoi 3MOIMOHAbHOU
cucreme peryasinuen,
MOBBIIAIUMHU
puck CIL
TPH2 KonupyeT dep- 12g21.1 rs4570625, JducdyHKuus JKcnpeccupy-
(Tryptophan | MeHT TpunTo- rs7305115, | pepMeHTa IPUBO- | €TCA IPEUMY-
Hydroxylase | ¢aH-rugpok- rs4641528 | AUT K CHUXKEHUIO II[eCTBEHHO B
2) cuJasy 2, CUHTEe3a CePOTO- | CEPOTOHHUHEPTHU-
y4aCTBYIOLUH HHMHa B MO3T€, UTO | 4YeCKUX Helpo-
B CHHTE3e acCOLMMpPOBAHO | HaxX rOJIOBHOTO
CEpOTOHHHA B C HapyLIeHHOU Mo3ra.
[IHC CTPeccoBOM peak-
1eu, TpeBOXKHO-
CTbIO, /lenpeccrei
Y CyUIM1a/IbHO-
CTBIO.
5-HTR2A Kozupyet 13q14-g21 rs6313, AHoMasbHadg ak- Biuser Ha
(Serotonin | cepoTOHHHO- rs6311, TUBHOCTb pelen- | GyHKUuU nped-
Receptor 24, | Bbll penenTop rs6314 Topa 5-HT2A mo- pPOHTaJIbHOU
HTR2A) 2A (5-HT2A), KeT MPUBOAUTDL | KOPbI U IUMOU-
y4aCTBYIOLIAA K HapylLUeHUAM YeCKOH CUCTe-
B llepejiaye HeUpOTpaHC- MBI, y4aCTBYI0-
HEeNWPOCHUTHA- MUCCHH, BJIUAA | LIUX B KOHTpOJIe
JIOB Ha 3MOIMOHAJIb- IMOIUH.
HYI0 PeryadaLuIo,
VMIYJIbCUBHOCTD
Y BOCIIPUUMYH-
BOCTb K CTpeccy,
YTO YBEJIUYHUBAET
puck CIIL.
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5-HT1A Koaupyer ce- 5q12.3 rs6295 CHm>XeHUe BaxkeH aJist
(Serotonin | pOTOHWHOBBIN aKTUBHOCTHU MexaHH3Ma
Receptor 14, | peuentop 1A 5-HT1A-penen- TOPMOXEHHUA
HTR1A) (5-HT1A), un- TOPOB NPUBOAUT | HEUPOHAJbHOUI
rUOUPYOIUN K JUCOYHKLUHU aKTHMBHOCTH B
HelpoHa/lb- CEPOTOHHMHEPIrH- | OTBeT Ha CTpec-
HYI0 aKTHUB- YeCKOU CUCTEMBI, | COBble CTUMYJIBI.
HOCTb yBeJIM4MBas BOC-
IPUUMYUBOCTD
K CTpecCy ¥ pUCK
JleTIPeCCUU U CYHU-
LMaJIBbHOCTH.
SLC6A4 Kopupyet 17q11.2 5-HTTLPR | HW3MmeHeHHas ak- | ['eH perynupyeTt
(Serotonin | MeMOpaHHbII (S/L), THUBHOCTb CEPOTO- | CKOPOCTb 06paT-
Transporter, NepeHOCYUK rs25531 HHWHOBOT'O TpaHC- HOro 3axBaTa
SERT) CepOoTOHUHA [opTepa MOXeT CEpPOTOHHHA,
(SERT), pery- CHW)XaTb YPOBEHb onpeesss
J]pr}o\]:u‘nu 006- CEepOTOHHHA B CH- YpOBEHD Heil-
paTHbIY 3axXBaT HaIllCaX, yCUJIMBad
CEpPOTOHHUHA CTPeCcCOoBYI0 peak- pomeauaTopa b
U3 CHHaNTHYe- LJMIO U NOBBILIAsA CHHATITIHECKO
CKOM 11111 puck CIL HeJH.
5-HT2C Konupyer ce- Xq23 rs6318 JAucoyHkuus B3aumMopelicTBy-
(Serotonin | poTOHUHOBBIN 5-HT2C-peuen- | et c sodpamMuHO-
Receptor 2C, | peuentop 2(, TOPOB CBSI3aHa BOU CUCTEMOH,
HTR2() peryJjupylo- C HapylLueHHOU y4acTByA B
IIUH NHULeBOe peryasuen MexaHHW3Max
NOBeJleHUe, UMIIYJIbCUBHOCTH | KOHTpPOJISA 3MO-
HacTpoeHHe Y arpeccu, 4To 185028
Y UMIYJIbCUB- yBeJIM4uBaeT
HOCTb puck CIL
MAOA KonupyeT dep- Xp11.3 uVNTR ['MnepakTus- BaxkeH g4 pe-
(Monoamine | MeHT MOHOa- (3R/4R), HOCTb UJIU He- Ty AU Hell-
Oxidase A) | MHUHOKCHJA3Y rs6323, AocTaTovHasA poMeauaTop-
A, paspyuiato- rs5906957 dKTUBHOCTb HoOro 6aJjiaHca u
LUHI cepoTo- MAOA npuBOAHUT | 5yonponanbHOM
HUH, JodaMUH k Aucbanacy CTabUJIbHOCTH.
1 HopapeHa- MOHOAMHUHOB
(cepoToHUHa,
JIAH JodaMuHa), 4To
MO>KeT BbI3bIBaTh
HOBBbILIEHHYIO
UMIY/JIbCUBHOCTb,
arpeccuto u CII .

I'en COMT
®epment COMT (kaTexos-o-MeTUATpaHcdepasa) KaTaJU3UPYeT IepeHOC MeTUJbHOHN
IPpynIbl Ha KaTeX0JaMHUHBbI, YTO NPUBOJUT K HUX WHAKTUBHPOBAHUIO W BBbIBEJEHUIO HX
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u3 opraHusdma [62]. COMT (karexos-o-MeTuaTpaHchepa3a) TIeH, KOAUPYIOLIHUN 3TOT
depmeHT, pacnosioxkeH Ha 22q11.2. xpomocome. OrnpejesieHHble KOMOWHALIMU T€HETUYECKUX
Bapuauui (ramnortunsl) B reHe COMT cBsizaHbl € CyULUJa/]bHBIM NI0BEJIEHUEM y NALUEHTOB C
apdeKTUBHBIMU PACCTPOMCTBAMH, YYUThIBAs BO3/ENCTBUE KECTOKOI'0 OOpallleHUs B leTCTBe. B
rpynne u3 258 nauueHToB ramaotun GAT (rs737865, rs6269, rs4633) 6b11 3HAYMTEBHO CBSI3aH
C onbITKaMu cyuny/a. Takke Oblyia BbisiBJIeHA TEHJEHIMS K CaMONIOBPEXJaolleMy OBeleHUI0
M HEHACUJIbCTBEHHBbIM CyWMLM/AJbHbIM MONBITKAM, XOTS 3TH CBA3U He ObLIM CTAaTUCTHUYECKU
3HAYMMBbI [10CJIe KOPPEKTUPOBKU HA MHOXKECTBEHHbIE TeCThl. AHAJIOTUUHbIE PE3YJIbTaThl TOTO XKe
MCCJIeIOBaHUs ObLIM MoJTydeHbl JJis ramiotuna GATA (rs737865, rs6269, rs4633, rs4680) [63].

MeTa-ananus, npoBesieHHbIM B 2017 rogy, uccienys cBsisb Mexay noauMmoppusmom COMT
Val158Met u npeapacnoyioKeHHOCTbI0 K CYHLUAY, BbISIBUJ, UTO y KEHLUUH HAOJI0AA0Ch
CTaTUCTUYECKH 3HAYMMOE BJIMSIHME 3TOr0 MoJuMopdusMa Ha PUCK CYULH/Ia B TOMO3UTOTHOM
U pellecCCUBHOM MO/ieJifX, B TO BpeMs KaK y MY>XYHMH TaKOM accoljMaliuy He 06Hapy»eHo [64].
AHasloru4yHbl pe3y/abTaTbl APYroro HCCAe0BaHUs, B KOTOPOM Y >KEHLIWH, COBEPLIMBUIMX
nonbITKy cyuunza, reHotun G/G rena COMT rs4680 BcTpeuyaeTcsl 3HauMTeIbHO Yalie [65]. B
ApyroM uccienoBanuu reusl SLC6A4, DRD2 u MAOA He nokasaji 3Ha4YMMOM acCOLUaALUU C
CyUlIMJlaNIbHBIM NoBeJileHreM [66]. [lanueHThl ¢ reHoTUnoM Metl58 u annienem Met umenu
NOBBIIIEHHBbIA PUCK CYULWJA/bHBIX NONBITOK. B TO ke BpeMsi MeTaHanu3 Gonzalez-Castro
TB u coaBT. (2018) nokasas, uto nonumopdusm Vall08/158Met rena COMT He cBs3aH c
CyWLIMJla/IbHBIM TOBeJleHHeM B 00uied nonyiasyuu. OJHAaKO y MYy»KYMH 3TOT MNOJUMOPOU3M
HOBBILIAET PUCK, Y KEHIIUH — CHWKaeT. B a3uaTCKUX NONMyasyaX OH CBSI3aH C CyMIHU/laIbHbIM
noBeZileHUueM. JTU pe3yJibTaThbl TPEOYIOT JaJbHENIIEro U3yUYeHUS C UCII0JIb30BAaHUEM OOJIBLINX
BbIGOPOK [67].

I'en DRD2

['en DRD2 (modamunoBsiil D2 penenTop) Tak»ke y4acTBYeT B pPeryJsliUd CYULUJATbHOTO
nosegeHusa. DRD2 - reH, pacnosioxxeHHbIM Ha xpoMocoMe 11q23.3. OH kogupyeTt nogTun D2
penenTtopa fodaMuHa, 6esiKa, KOTOPbIM UTPaeT peLIaIly0 poJib B CUCTEME BO3HArpaXKAeHHUs
Mo3ra [68]. CucTteMa Bo3HarpaxJieHusi Mo3ra — 3TO CJI0XKHasl HeMpOHHas CeThb, pery/vpyouias
dbopMHpOBaHUE MOJIOKUTEJNBbHBIX 3MOLIMHM, MOTHBALMI0, 00yYeHUe U NOBeJleHUe, CBI3aHHOE
C TmoJiyuyeHUueM yAoBoOJbCTBUS [69]. OCHOBY CHCTeMbl BO3HAarpaXkJeHHUs COCTaBJSIET
Me30JIMMOHUYECKUN MyThb, BKJIKYAWIIUKA BEHTPAJbHYI0 00J1aCThb MOKPBILIKKA KaK IJIaBHBIU
MCTOYHUK A0PaMHUHA, HyKJIeyC aKKyMOeHC KaK KJII0UeBYI0 30HY ero JeicTBus, a Takxe [1PK,
TMNNOKAaMI M MUHJAJNHWHY, y4aCTBYIOIIUEe B KOTHUTUBHOW 0OpabOTKe U 3MOLIMOHAJbHOU
OlLleHKe Bo3HarpaxaeHui [70].

JodamuH, ABAASCH OCHOBHBIM MEJUAaTOPOM CUCTEMbI BO3HArpaxKJeHus, CHHTe3UPyeTCs
M3 TUPO3UHA C yYacTHeM pepMeHTOB TUPO3UHTUAPOKCcHIa3bl U JI0DPA-nekapbokcuiassl [71].
Ero geiictBue peasusdyeTrcs yepe3 aKTUBALUIO J0PaMHUHOBBIX PELENTOPOB, CPEU KOTOPBIX
D1-penenTopbl yCUIMBAIOT HEMPOHHYIO aKTUBHOCTD, a D2-penjenTopsl, HANPOTUB, 06J1a4A0T
TopMo3aunUM 3 PpekToM. [lonnmopdusmel rena DRD2, Takue, kak rs1800497 (TaqlA), moryT
M3MEeHATb 3Kcrnpeccuio D2-penenTopoB, 4TO BJMAeT HAa YyBCTBUTEJbHOCTb OPraHM3Ma K
fodamuny [72].
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HccinenoBaHrWs MOKa3blBAaKOT, YTO CHHW)XKeHUE IUIOTHOCTU D2-penentopoB CBfA3aHO C
ocnabyieHHbIM KOHTpOJieM J0(paMUHEPTrUYeCKOM aKTHBHOCTH, YTO BeJET K yMEHbUIEHHUIO
CyO'b€KTUBHOTO OLIYLIEeHUs YA0BOJbCTBUSA U, KaK CJeACTBUE, K Pa3BUTHUIO aHTeJOHUU [73].
B eBponeoniHOU pace € aJIKOTr0JIbHOM 3aBUCUMOCTbIO OBbLJIM U3y4YeHbl nosuMopdusmbl SNP B
reHax DRD2 1 ANKK1 y 169 nauieHTOB, COBEpPILIMBIIMX NONBITKY CAMOYOUUCTB [74].

[TonumoppusmTaqlA(rs1800497),ynoMrHaBLIN M CA BbIIIE, HAXOAUTCAB 3'-QJIaHKUPYIOL N
obsiactu DRD2, accouuupyeTcsi co CHUXKEHHOM aKcnpeccued penentopa D2. YcraHoBJIEHO,
YTO IJIOTHOCTH peuentopoB DRD2Z B nosiocaToM Tesie HW3MeHAETCA B 3aBUCUMOCTU OT
reHeTU4YecKoro BapuaHTa mnosiuMopédusma rs1800497. CHuKeHHAsT YYBCTBUTEJIbHOCTb K
BO3HArpax<JIeHUI0 MOXeT CZeJaTh JitoJlel 60Jiee BOCIPUUMYUBBIMU K CTPECCY U HETaTUBHBIM
3MOIMSM, KOTOPbIE SBJISIOTCS U3BECTHBIMU GpaKTOPaAMH PHUCKA CYyUILIM/Ia/IbHbIX MbICJIEN.

I'en ANKK1

[en ANKK1 (aHKHpPHHOBBIM NMOBTOP M KHWHA3HbIA JIOMEH, coJiep>Kalllui 1) TecHO cBsi3aH
c reHoM godamMuHOBoOro perentopa D2 (DRD2) na yuyactke xpomocombl 11q23.1 [75]. l'en
ANKK1 kopupyet mnpepmnosiaraemyto kuHalzy ANKK1. ANKK1 - ato 6esok, copepkaiiui
aHKUPUHOBBIE IOBTOPHI ¥ JJIOMeH KMHa3bl. OH pacrosioxeH Ha xpoMocoMe 11q23.2 v cocTouT
M3 BOCbMH 3K30HOB, 00pa3yOLMX N10CJeL0BaTeJbHOCTh NPUMEpPHO 13 ThICAY HYKJIEOTH/IOB
[76]. Ten ANKK1 uMeeT peliaroliee 3HayeHUe JAJs NPaBUIbHOrO (GYHKLMOHUPOBAHUSA
HEUpPOHOB B [10J10CaTOM TeJle, 06J1aCTH MO3ra, y4acTBYIOLeN B BO3HArpaX/JeHu1 U MOTUBALUH.
Hapymenua B ANKK1 MoryT npuBecTH K NoBeJeHYe€CKUM U3MEHEHUAM, aHaJIOTUYHBIM TeM,
KOTOpbIe HabJ/II0[AI0TCA Y JIIOJleH ¢ onpeJieleHHbIM BapruaHTOM (assienb Al) nonuMopdusma
TaqlA. Jlannbii annenp Al HaxoguTca npuMepHo Ha 10 ThICAY Map OCHOBAaHWM HMXKe reHa
DRD2 nosumopdusma TaqlA (rs1800497T) [77]. l'en ANKK1, cBSI3aHHBIN ¢ 3aBUCUMOCTbIO U
CTPYKTYPOM M03ra, MOXKeT NOTEHILMaJbHO CI0COOCTBOBATh BO3HMKHOBEHHUIO CyULIU/aIbHbIX
MBbIC/IE TIOCPeACTBOM HECKOJIbKMX MeXaHU3MOB. Kak coobuaerca B JjuTeparype
3JI0yNOTpeO/IeHue NCUX0AaKTHBHBIMH BellleCTBAMM MOXXeT NPUBECTU K psjAy npobJeM c
IICUXUYECKUM 3[0pOBbEM, BKJIIOYAs JeNpeccuio, TpeBOTry M mcuxo3 [78]. 3Tu cocTosaHuA
MOTYT YBEJUYHUTb PUCK BO3SHUKHOBEHHUA CynuuuganbHbiXx Mbicaed. ['en ANKK1, cBsa3aHHBbIN
C 3aBUCUMOCTBIO, [10-Pa3HOMY 3KCIIPECCUPYeTCA B XOJe KJIEeTOYHOrO LIMKJA B HEMPOHHBIX
npeJlieCTBEHHUKAX [79].DTUaHOMaJUM MOTY T yXYALIUTb ClIOCOOHOCTb YeJI0BEKA CIPABJIATHCS
CO CTPecCcoM, NOTEeHLMa/IbHO yBeJIMYMBasd PUCK CYULIMAANbHBIX MbICJIed. B pesyabraTe, poJib
ANKK1 B fodaMHUHOBOM cuUCTeMe U CTPYKType MO3ra TakXXe MOXeT c/eJaTh JitoJeil 6osee
BOCIIPUMMYMBBIMM K HEraTUBHBIM NOCJEJCTBUSAM CTpecca, YTO MOXKEeT CI0COOCTBOBATH
CYULUJAJBHBIM MBIC/ISIM Y IOBEJIEHUIO.

3ak/iloueHue

l'eHeTndyeckue HCCeA0BaHUA CYULHAAJbHOIO IOBeAEeHHA TIMpeACTaBJAAKT OJHO U3
HauboJiee MNepCreKTUBHBIX HaHpaBJIeHI/Iﬁ B IICUXHUATPHUHU H HeﬁpO6HO}IOFI/IH, [TOCKOJIbKY
OHH IIO3BOJIAKOT my6>1<e IIOHATb ME€XdaHHW3MBbI, JieXKallye B OCHOBe Cl)OpMI/IpOBaHI/IH Cynnu-
AaJIbHOT'O PHCKa. COBOKyr[HOCTb AAHHBIX YKa3bIBaA€T Ha TO, YTO NpeApPacCIOoJIOKEHHOCTDb
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K CyULMJJaIbHOMY TIOBEJIEHUI0 O0O0YCJOBJieHA B3auMMOJeNCTBUEM psfa OHOJIOTHYECKUX
NpOLIECCOB, BKJOYasgd HeUpPOMeJUATOPHYI [AUCPETyJsSLHI0, TUIEpPaKTUBHOCTb CTpecc-
ocel, HapyllleHUe HEUPOMJACTUYHOCTH U HEUPOUMMYHHbIe cABUTH. OCOOYI0 3HAYHMOCTh B
naToreHese CyMIM/aJbHOCTH NPUOOpeTaloT reHbl cepoToHUHOBOM cucteMbl (TPH1, TPH2,
5HTR2A, 5-HT1A, SLC6A4, 5-HT2C, MAOA), peryaupymoliyde CHHTE3, TPAHCIIOPT U MeTab0J1u3M
CEPOTOHMHA, YbU [AUCPYHKLUHU aCCOLUUPYIOTCA C TOBBIIMIEHHOW HWMIYJbCUBHOCTHIO,
HapyLIeHHOW 3MOLIMOHAJILHOU pery/siuedl U CHMXXEHHOW CHOCOOHOCThIO K aJlanTaliuyd B
cTpeccoBbIX ycaoBusx. Hapsaay ¢ atum renbl godamuneprudeckoit cuctembl (ANKK1, DRD2,
COMT), oTBeuaroliye 3a MOAYJISLUI0 BO3HArpaXKJeHUs W NMOBeJeHYECKHUX peakluil, MOTyT
YCUJIUBAThb HEraTUBHbIA 3MOLMOHAJIbHBIA QPOH U POpPMHUPOBATh CYULUJAJbHbIE MBICIU B
COYEeTaHUHU C XPOHUYECKUMHU CTPECCOBBIMU BO3/1EMCTBUAMU. B COBOKYTHOCTHY 3TU U3MEHEHMUS
OTpaXKaloT CJI0XKHOE B3aMMOJIEMCTBYE F'eHeTUYECKHUX, STIMTeHeTUYeCKUX U BHELIHEeCPeL0BbIX
$aKTOpOB, MPU KOTOPOM 3MUreHeTUYECKHe MeXaHU3Mbl, Takue, Kak MeTusrMpoBaHue JIHK
U MoAudUKaLUK TMCTOHOB, CIOCOOHBI KaK YCUJIHWBAaTh, TaK U 0CJAA6JATH MAaTOJIOTMYECKHe
3dpdekTnl. BbisiBieHHEe U U3yUYeHUE HOBBIX F€eHETHYECKUX NPEJUKTOPOB, a TaKXe HX CBSI3U
c pakTOpaMu cpefibl U MCUXUYECKHUM CTATyCOM, OTKPbIBAIOT MEePCHEKTUBDI AJis pa3pabOTKU
VHHOBAIIMOHHbIX TepaleBTHYEeCKUX CTpaTerdil U NpoPuIaKTHYeCcKUX Mep. B yacTHocTy,
epCOHAJIM3UPOBaHHblEe TMOAXO/Abl, HalleJeHHble Ha KOPPEKLUI0 D3SIUTeHETUYeCKUX U
HEeMpOTPAaHCMUTTEPHBIX AUCOANAHCOB, MOTYT CYLIECTBEHHO MOBBICUTh 3$PEKTUBHOCTD
JIeYeHUSI U CHU3UTb BEPOSTHOCTb NOBTOPHBIX CYUIUJA/IbHbBIX MONBITOK, YTO MOJYEPKUBAET
KPUTUUYECKYI0 BRXKHOCTD Ja/IbHEUIIIMX KOMIJIEKCHBIX HCCJIEeJOBaHUM B 3TOU 06J1aCTH.

Bxiiag aBTOpOB

A.B. - HanKWcaHWe OPUTMHAJILHOTO TeKCTa, opopmieHue pabothl; PT. - pegakTupoBaHue
TEKCTa, nojsydyeHue ¢uHaHcupoBaHus; C.U. - c6op gaHHbIX; O.®. - aHanU3 JaHHbIX, M.B. -
aHaJIM3 JJaHHBIX.
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CepoTOHEPrusbIK ’KoHe A0PaMUHePrUuAbIK KYleHiH reHaepi >koHe oJ1apAbIH, CYMIMATIK
MiHe3-KyJbIKIIEH 6ailJIaHbICTHI OJIMMOpdu3Maepi

A.B. TycynoBa*', PK. TaraeBa’, ’K.Il. Cem6aeBa’, C.U. Uyxaruna?, 0.10. ®egopenko?®, M.M. Baii6ynoBa*
/1.H.I'ymunes amuiHdarsl Eypas3ust yammblik yHusepcumemi, Acmata, Kazakcmat
2Nel kencasa/bl Kaaaavlk aypyxaua, AcmaHa, Kazakcmau
3[lcuxuka/ibik deHCayAblK FolAblMU-3epmmey UuHCmumymbi, TOMCK yAMmblK FblAbIMU MeOUYUHAbIK
opmauvlirsl, Tomck, Pecell
*Basaaap meH xcacecnipimoep mypusmi sxcaHe 6/1Kkematy opmaJbsirol, Acmara, Kazakcman
Ly ly

Angarna. Cyunu/ITik MiHe3-KyJIbIK 6U0JIOTHUSJIBIK, ICUX0JIOTUSJIBIK, 9JIeYMETTIK XKoHe KopIllIaFaH opTa
daKTOpIapbIHbIH 63apa dpeKeTTeCyiHeH TybIHJANUThIH KypZeJsii ken $aKTopJibl KyOblibic. CyHLUATIK
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MiHe3-KyJIbIKTbIH, OUOJIOTUSJIBIK HeTi3/lepiH 3epTTey/liH Heri3ri GaFbITTapbIHbIH Oipi reHeTUKaJbIK
OeHiMIiIKTI 3epTTey 60JIBbIN TabObLIAAbI, 6y 0TOACBIIBIK, €Tri3/iK KoHe MOJIEKYJIaTbIK-TeHETUKAJIBIK
3epTTeysiepMmed pactanagbl. CeporoHeprusabik (TPH1, TPH2, SHTR2A, 5-HT1A, SLC6A4, 5-HT2C,
MAOA) xoHe modamuneprusanik (ANKK1, DRD2, COMT) xyi#tenepziH renaepi apdekTUBTI Kyitiep
MeH CYULUATIK MiHe3-KYJbIKTBl peTTeyZe epekile pes aTrkKapazbl. CepoTOHUH KOHUI-KYHJ],
MMIyJIbCUBTIJIIKTI K9He CTPEeCCTiK peakKIUsHbl peTTeyre KaTbICaTblH Heri3ri HeMpoOTpaHCMUTTEpP
GOJIBIT TaObLIA (bl ’KOHE OHBIH TEHTrepiMci3/iri AenpeccusiMeH *aHe CYUIUATIK MiHe3-KYJIbIK KaymiHiH
»KoFapbllaybIMeH G6ailslaHbICThI. JlopaMUHEPTUSBIK XKYHe, 63 Ke3eriH/e, MOTHBAIUsIFa, KOTHUTUBTIK
NIpOIeCTepTe XKIHE CTPeCcCKe Kayall 6epyre acep eTe/li )koHe OHbIH, AUCPYHKIUACHl UMITYJIbCUBTUTIKTIH
»K9He 3MOIMOHAJIbIK TYPAKChI3/IbIKThIH JaMyblHa bIKNAJ €Tyi MYMKiH, 6yJ1 COHbIMEH KaTap CYULIUATIK
9peKeTTep KaymiH apTTbipafbl. CyUIUATIK MiHE3-KYJbIKTbIH T€HETHUKaJbIK NpeJUuKTOpJIapbiH
3epTTeyre 6aFbITTA/FaH KOITEreH 3epTTey/epre KapaMacTaH, oJ1ap/iblH, HOTUXeJlepi KapaMa-Kauibl
6oJibinl Kajia Gepeni. CbiHaMasiapAbl ipikTey, FeHOTUNTEY dAicTepPi MeH CTAaTUCTUKAJBIK, AepeKTepai
eH/Jleyeri allblpMalllbL/IbIKTAP, COH/AAN-aK, SMUT€HETUKAJbIK MeXaHU3M/IepAiH bIKTUMaJ acepi KoJiia
Gap JepeKTepAi >KaH-KAKTbl TaJJayAbl JKOHE CYUIMJ KayIiHiH MOJIEKYJISAPJIBIK HerisjepiH ofaH
api 3epTTeyni Tanan etefi. bysa wonyablH MakcaTbl - cCOHFBI 12 xbingarbl (2013-2024) FbLABIMU
KapUsJIAHBIMAAPAbl TaAJay HeridiHAe CYUIUATIK MiHe3-KyJbIKIEeH OalJIaHbICThl TeHeTHUKAJIbIK
dakTopJsiap Typasbl AepekTepai xydesney. [eHzik moauMop¢dusM KaybIMAACTBIFbIH 3epTTEy epTe
JUArHOCTHUKAHBI K9He aJIAblH a/Iy[blH THIM/JI CTpaTerus/apbiH a3ipJeyai KeHiagaeTyi MyMKiH.

Ty#iH ce3aep: cyuny/i, e3iHe KoJI )KyMcay 9peKeTi, KaHAWAaT reHzep, 6ip HyKJaeoTUATiK noJauMopPpusm,
CEPOTOHEPTUSJIBIK KyHe, 1opaMUHEPTUSJIBIK XKYie

Serotonergic and dopaminergic system genes and their polymorphisms associated with suicidal
behavior

A.B. Tussupova*!, R.K. Tatayeva’, Zh.P. Sembaeva?, S.I. Chukhatina?, 0.Yu. Fedorenko?3,
M.M. Baibulova*
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
“Multidisciplinary City Hospital No. 1, Astana, Kazakhstan
3Research Institute of Mental Health, Tomsk National Research Medical Center, Tomsk, Russia
*Center for Children and Youth Tourism and Local History, Astana, Kazakhstan

Abstract. Suicidal behavior is a complex, multifactorial phenomenon caused by the interaction of
biological, psychological, social, and environmental factors. One of the key areas in the study of the
biological basis of suicidal behavior is the study of genetic predisposition, which is confirmed by family,
twin, and molecular genetic studies. A special role in the regulation of affective states and suicidal
behavior is played by genes of the serotonergic (TPH1, TPH2, 5SHTR2A, 5-HT1A, SLC6A4, 5-HT2C, MAOA)
and dopaminergic (ANKK1, DRD2, COMT) systems. Serotonin is the main neurotransmitter involved in
the regulation of mood, impulsivity, and stress response, and its imbalance is associated with depression
and an increased risk of suicidal behavior. The dopaminergic system, in turn, affects motivation, cognitive
processes, and stress response, and its dysfunction can contribute to the development of impulsivity and
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emotional instability, which also increases the risk of suicidal actions. Despite a significant number of
studies aimed at studying the genetic predictors of suicidal behavior, their results remain contradictory:.
Differences in the sample, genotyping methods, and statistical processing of data, as well as the possible
influence of epigenetic mechanisms, require a comprehensive analysis of the available data and further
research into the molecular basis of suicide risk. The purpose of this review is to systematize data on
genetic factors associated with suicidal behavior, based on an analysis of scientific publications over the
past 12 years (2013-2024). The study of associations of gene polymorphisms can contribute to early
diagnosis and the development of effective preventive intervention strategies.

Keywords: suicide, suicide attempt, candidate genes, single-nucleotide polymorphisms, serotonergic
system, dopaminergic system
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[IaBs1ogap 06/1bICBIHBIH, )KaCbLI eKnesiepinaeri Tepek (Populus L.)
»KanbIpaKTapbIHbIH, MUHEPJIEPi

M.H. Kycin*! , K.K. AxmetoB! , A.B. Mumenko? , A.b. Kasimea!

Topalirbipos yHugepcumemi, [las.no0dap, Kasakcmat
’H.H. Y1bsiHo8 ambIHOaFbl YAbSIHOBCK MeMaeKkemmik nedazozukaablK yHUgepcumemi, YibsaHoack, Pecell

*Xam-xabap asmopbsl: mukarramzhussip@gmail.com

Anpatna. Makanaza [laBiosap 0G6JIBICBIHBIH Kacbll eKIeJiepiHfaeri Tepek
(Populus L.) »anblpaKTapblHbIH MUHEPJIEP] )KaH-KaKTbl KapacThbIpblaazbl. XKa-
IbIpaK MUHepJIepi OyJ1 xKanblpaKTapAblH 3NHUAepMasibl KabaTTapbIMeEH KOpPEK-
TeHeTiH Kelbip KyHe kebesieKTep, IbIObIHAADP, KOHbI3AAP/bIH, T.0. JepHICiI-
Aepi. Onap/iblH KeILIiJiri opMaH lapyallblIbIFbIHBIH, M3/J€HH KoHE TayapJiblK,
6ay-6aKIlaHbIH, >KaJIbl ayblJ lapyallblIbIFbIHbIH T.0. 3UsiHKeCTepi 60./1bIM
TabbL1aAbl. 3epTTey kKyMbicTapbl 2019-2022 k. apanbiFbida [laBaogap 06-
nabicbiHbIH [laBioaap, ExibacTys, AKcy KasiasapbiH/a, COHlan-aK XKese3uHka,
KekTebe, AKToFall ayblajapblHJa KYprisingi. 3aKpIMAaafaH KalblpaKTap
TaOUFU K9He KacaH/bl eKIesiep/e — casbaKTap MeH 6aKTap/a, ajlaHJap MeH
KaJia KellleJiepiH/ie *kuHaabIHAbL. 2019-2022 xok. apaabiFbinja [laBiogap 06-
JIBICBIH 3epTTey 6apbicbiHAa TepeKTiH 5000-Fa )KybIK )KallblpaKTapbl 3epTTeJ-
Jii. 3epTTey 6apbicbiHAa 6HipAe Nepticulidae xaue Gracillariidae TyKpiMAacTa-
pbIHA KaTaTbIH TepeK MUHepJepiHiH 4 Typi aHbiKTaaabl. Onap kenecigen 3
TybICKa KikTesneni: Stigmella Schrank 1802, Phyllonorycter Hubner 1822 xaHe
Phyllocnistis Zeller 1848. Kazipri Tan/ja MuHepJiep KaybIM/aCThIFbIHA KipeTiH
OpraHu3M/iepAiH acepi 9KOHOMHUKA MeH KOpllaFaH opTara ahaH/bIK Kayin
TOH/ipesi.

Ty#iH ce3aep: xkanblpak MUHepi, Populus L., 3usinkec, Stigmella trimaculella,
Phyllonorycter sagitella, Phyllonorycter populifoliella, Phyllocnistis labyrinthella

Kipicne

XKacen eknesiep Aen KaJjiaHbIH OipbIHFaM Kacbll KOPbIH KYPaTbIH TaOUFU ©CKEH K9He
»KacaH/lbl eriJireH afalll, 6yTasibl XoHe I6eNTi eciMAiKTepAiH *KUbIHTBIFbIH alTaabl. Oyapfa
KaJlaJblK OpMaHJap, 6aKTap, casgbakKTap, CKBepJiep, KeJjekxoJsgap T.0. Kipei. Kasagarsl
»Kacbl/l eKIlesep/iH naijasnbl peJsiiH acblpa 6arasay KublH. OsiapblH 6acTbl QYHKLUSACH —
ayaHbl Ta3apTy *KoHe MUKPOKJIMMATTHI KaKcapTy. AFaill eciMiikTepi ayaHbl lIaHHAH, 3USH/bI
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Ilasnodap ob6.bicbiHbIK KHeacbla ekneaepindezi mepek (Populus L.) scanvipakmapuiHbly MUuHepaepi

OHEPKOCIITIK XoHe KoJIIiK LIbIFapblHAbLJIapbIHAH Ta3apTa/bl, KEMIpKbIIIKbLI a3blH CiHipeal
»K9He OTTeriH LIbIFapajbl, MUKPOKJIMUMATThI KYMCAPTY¥a, BICTHIK aya-paublHAa KOpLIaraH
OpTaHbIH TeMIIepaTypacblH TOMEHAETYTe, KaJaJbIK 11y JeHTeliH TOMeH/eTyre bIKNaJa eTe/.
Exnesiep/iiH »KEeTKIJIIKTI KeH, »K0JIaKTaphl KeJIJleH CEHiM/i KOpFaHbIC KbI3SMETIH aTKapa/bl.

OciMZiK KOpEeKTi »oHJIKTep YIUiH MaHbI3/lbl OpTa KaJbINTACThIPYLIbl GaKTOp: apTypJi
reorpad@usIblK aiMaKTapJaH €eHri3iJireH eciMAiKTepAeH, XeprijlikTi TekTec eciMiKTepAeH
KaJIbIITacCaThlH KaJsaJblK >acblJl eKmesjep, casgbakTrap, OOTAaHUKAJbIK OaKTap >XoHe
JleHpocasibakTap. boTaHukanblK 6aKTap MeH casibakKTap/a d9JeTTe, dpTYpJi O0TaHHUKAJIbIK-
bJsiopasiblK, aillMaKTapZaH aJiblHFaH afall eciMAiKTepiHiH TypJiepiHiH TomnTaMaJapsl
YCBIHBLIFAH, aJ XepCiHAipiireH TypJep (MHTPOAYLEHTTep) KebiHece >XepriJiKTi eciMJik
TypJiepiMeH TbIFbI3 6alJIaHbICThL. AFall TeKTi UHTPOAYLEHT-6CIMJIKTep 3USHKecTepi Oy
opTaFa kaHa ecCiM/Iik KOpeKTi TypiHiH To6bI 60JibiN caHasaAbl. Ke3gelcok eciMzikneH 6ipre
9KeJIIHTeH HeMece OHbIH apThlHaH KeJIreH oJiap 63 ueJiepiHe Je, TpoPpUKaJIbIK GalIaHbIC
OpHaTa aJlaThIH XePTriJiKTi eciMAikTepre Je Kayin TeHAipyi MYMKiH [1].

KoHpAikTep — KeH 3KOJIOTUAJBIK KOHe 3BOJIIOLUAJNBIK UKeMJiJiriMeH epekuiejgeHeTiH
»KaHyapJlapZblH, €H ajJyaH TypJii >koHe Kell TapaJsifaH ToObl. lllenKopeKTi *koHAIKTep XeMIiK
eCiM/IIKTiH 6e/riJi 6ip TaKCOHbIHA FaHA eMeC, COHbIMEH KaTap OHbIH OeJrijii 6ip Mmyiesepine
HeMece yJinajapblHa Toyei 60kl Kenei. XKoHAikTepAiH 6ap/ibIK TypJiepi Tipulijik eTyi MeH
TpodUKabIK epeKlleNiKTepiHe 6allJIaHbICTbl 9PTYpJii TonTapFa 6esiHeai. Ocbl TonTapAblH,
6ipi - pustodpar-xeHiKTep, OHbIH, illliHAe KeMiprimTep, KaHKa Ty3yllijiep, COPFbIIITap, rajal
Ty3yliijiep, MUHepJiep KoHe 6acKa Jja exinjepi [2].

MuHepJiep/liH, 5KOJIOTUSJIbIK TOObIHA OipiKTipi/ireH »KoHAIKTepAiH OpTakK epeklesiri -
xJ0poUILIAL 6CiMJIIK yInacbIMeH KOPEKTEHYI )KoHE KeM JIeTeH e AePHAC/IAep/iiH bipHelle faMy
Ke3eH/JepiHiH eTyi. KopekTeHy HbICaHbl peTiHJe MUHepJiep OCIMAIKTEepAiH, XKalnblpaKTapblH,
MHeJlepiH, cabaKTapblH HEMece »KeMicTepiH MaijasaHa ajazabl. MuHepJsiep TOPT OTPSAATBIH
eKiJiiepi apacbiHAa Oesriji: KabbipiakkaHaTThlaap (Lepidoptera), KockaHaTTtbliap (Diptera),
KaTTblKaHaTThLIap (Coleoptera), »xaprakkaHaTTblaap (Hymenoptera) [3-6].

MuHnepsiep sHpodartap 60Jblll TabbLIaZbl, COHABIKTAH 0JIap €pKiH eMip cypeTiH ¢uTO-
dartapMeH casbICThIpFaH/ia aOMOTHUKAJBIK (paKTOpJapAbIH 3KCTpeMasbl aybITKy/JlapblHA
a3 cesiMTas. OCIMAIK yanasapblHbIH IlIiHAEri KOpeKTeHY MUHepJiepAiH JepHaciizepiH
CaJIbICTBIpMaJibl TYPZE TYPaKThl bUIFAJIABUIBIK pPEeXUMiIMeH KaMTaMachl3 eTefi. OCIMIAIKTIH
TPaHCIIMPALUMACEl MUHEDP/I 6Te )KOFapbl TeMIIEpaTypPaaH, aJl yJnajaapAblH }aKChl XKbLITy 6TKi3-
TilITiri eTe ToMeH TeMIlepaTypajaH Kopraubl. MyuHepJieyii xKoHAIKTepi 6CiMAIK yJ/Iaiapsl
apKbLIbl aTMOChepasbIK JacTaHy[aH KopFasifaH [7]. MuHepJiepziH 6acbIM Kemuiairi eciMzik
»KamblpaKTapblH 3aKbIMJai/1bl. MUHepJIeyIl XKoH/IKTepiHiH AaMybl epkiH ¢uiodartapra
KaparaH[a aJlleKauja Kbl1JaM, 6MTKeHI MUHepJiep KOpeKTeHIreH/le KUbIH KOPbIThIJIAaThIH
»Kalnblpak y/nanapbiH (Kanblpak anuepMHuci, CipkabbIfbl T.6.) naianan6aigsl [6].

Kanbipak MHHa/apbl — KOFapfbl XOHE TOMEHTI 3MUJEpPMHUC apacblHAAFbl KalbIPaK
yJrnajapbiMeH KOpPeKTeHEeTiH, Kellbip Kyle KebesieKTep/iH, ererimtepaiH, MbIObIHAAP/bIH,
»KoHe KOHbI3ZApAbIH AepHaCi/iepiHeH Ty3iJireH apTypJi NilliHgeri ToH KyblcTap. MUHa MUK-
pOOpTaHbl KAMTaMachI3 eTe/ji, 0J1 JePHACI/IZI KOaUChI3 XKaFAauaapAaH KOpFan/bl, JereHMeH
MUHaJIapAblH iWiHzAeri TeMmnepaTypa KopluaraH OpTaHbIH TeMiepaTtypacblHaH 10°C-Ka

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N22(151)/ 63
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



M.H. Xycin, K.K. Axmemos, A.B. Muwenko, A.b. Kaauesa

YKOFaphl 60JIybl MYMKIiH; COHbBIMEH KaTap JepHICiJ/i )KbIPTKbILITApD MEeH Mapa3uTOUATapAaH
KOpFal/pbl, JlereHMeH Napa3sUTU3MHIH CaJbICThIpMaJIbl TYPAE >KOFAapbl KepCeTKILITepi XUl
Ke3jiece/li HeMece OCIMZIK yJinaJlapblHbIH, KOPEKTIK KacueTTepiH apTThipaAbl. lbiHbIHAA
»KanblpaKTapAbl MUHepJey/[iH TaHFaXKaWblll ajyaH TYpJJIIri imiHapa gepHacingepi Tabdy
YIIiH MUHaHbI GaKbLJIAWUTBIH Mapa3uTOMU/ITapFa OeliMaenyiH, HOTHXKeCi OOJIbIN CaHAIAAbI.
Kaneipak MuHepJiepi )kanblpaKTapMeH weKTeaMeni. Kylie kebesiekTep MeH KOHbI3AapAblH,
Kelobip TypJsepi »Kamnblpak TaKTackl ilIiHAET] ynasapMeH KOpeKTeHOecC OYPbIH »KalbIpakK, CaFaFhbl
MeH YJIKEH XYHKeJlepiH, ajl Kyiie kebesileKTep MeH IIbIObIHAAP/bIH, Kelbip TypJiepi )KyMcak
cabaKTapZbl HeMece ac epKeHepAi MuHepJieigi. Kyiie kebesekTep/iiH 6acka TypJiepi TinTi
T'YJILIOFBIPBI MEH KYJITe >KallblpaKllajapblH, COHAAN-AK KacC XeMicTep MeH TYKbIMJAAp/blH,
6eTiH MUHepJieyi MyYMKIH HeMece KOpPeKTeHy TOpTiGiH KoJiMri >kamblpaK MUHEpPiHEH raji
TY3yllire aybICTbIpYbl MYMKiH [6,8-12].

KenTeren MuHepsiep KeMAiK eciMJiriHe apHaWbLIbIK ToH. KanblpaKk MHHaJIapbIHBIH
bu3uKaNbIK cuniaTTamMasapbl (MMHA 6acTaJaThIH XKYMBIPTKa/Iay OPHBI, MilLIiHI, XKaNblpaKTaFbl
OpHbI, HaXIC yurici xaHe T.0.) ’KanblpaK MHUHepJiepiH Typ JAeHrediHJe aHbIKTay YIUiH
nalgasianblaabl [4].

3epTTey >XYMbICBIHbIH MaKcaTbl — [laBjiofiap 0GJIBICBIHBIH, »acbll eKIesepiHjeri Tepek
MHHepJIepiHiH epeKIle/iKTepiH XXoHe TypaJlyaH/blJIbIFbIH aHbIKTAY.

3epTTey *KYMBbICbIHbIH, *KaHAJIbIFbI — a/JFall peT [1aByoap 06J1bICHI YLIiH TepeK MUHEepPJIEPiHIH,
epeKlleJIiKTepi )KoHe Typa/lyaHAbLIbIFbl aHbIKTAJI/bl.

MaTepuasigap MeH 3epTTey JjicTepi

3eprrey xkymbicTapbl 2019-2022 xox. apasnbirbiHzaa [laBsiogap o6usbickiHblH [laBaoaap,
EkibacTy3, AKcy KajasapbiH/ja, coHAau-aK Kene3sunHka, KekTebe, AKToFail aybligapbiHa
xkyprizingi (Cypetr 1). 3akbiMJasnfaH >KamnblpakKTap TaOWFU JKoHe >KacaHJbl eKmesepje -
casibakTap MeH OaKTapAa, ajlaHAap MeH KaJia KellesiepiH/e >KUHaJIbIH/bI.

2Kunay xymbicTapbl MaMblp allbIHBIH, OpTacblHaH OacTam KbIPKYWeK albIHbIH, OacblHa
JleliH MUHepJiep/iiH, 6apJibIK bIKTUMaJ 6KiJIZepiH ecemnke ay yuliH )Kyprisiijai. MuHepJieHreH
»KanblpaKTap/blH 9pTYpJii leHrel/ie 3aKbIMJaHFaHbl aHbIKTAJI/ibl.

TaburaTTa MUHEpPJIEHTEH KaMNblpaKTap K9AiMri MIacTUK KasaTajaapFa (Mbicasbl, Ziploc©)
KUHanAbl. Kanrara O6ip arawiTaH HeMece OyTaZlaH >KMHaJFaH >XanblpaKTap (>KublpMa
IIAKThI) KOHE XKUHAJIFAaH eCiMJiKTep/liH, TAaKCOHBI (6CciM/iK TypJiepi KeiHHEeH MaMaHAap/aH
pacTanjpbl), )KWHAy KYHI MeH OpHbI, OMOTOMNbI KOPCETIJIreH XYMbIC (yaKbITIIa) 3aTTaHObaChl
Jla caJIbIHABIL. Op 3aTTaHOa apHaibl KOJKa He. Op KUbIHHbIH, MaTepUaaapbl KOAbIMEH Oipre
apHaWbl KYH/eJiKKe a3blJbIll OThIpbLIAbI [6,13]. By Ko KeliHHeH HIbIKKAH AepHaciiaep
MeH KybIpulaKTapfa fa Koublizbl [13-15]. Kantanap ThIFbI3 KaObLIblI, KeJeHKel xepje
CaKTaJIbIH/bI.
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Cypert 1. [1aByiofjap 06JIbICBIHBIH 3epTTEY XKYPri3ijireH allMaKTapbIHbIH KapTack!: 1 - [laBaojap K.,
2 - Ekibacrtys K., 3 - Akcy K., 4 - YKesiesauHka a.o., 5 - Kekte6e a.o., 6 — AKTOFal a.o.

JKanbipakTap >KMHa/IFaHHAH KeWiH 12 caFaTTaH KelliKTipMel KenTipiniai. Bys »kanbipakTap
MeH MUHaJIap/blH TaOUFU KOPIHICIH caKTal KajyFa MyMKiH/iK 6epai. MuHa/laHFaH »anblpakKTap
IIaFblH OyTaKTapbIMeH Oipre >KMHa/bIHJABI, Oy/J JepHacifiep MeH KyblpllaKTapZaH
MMaroJiapAbl KeiliHHeH ecipy yuwiH KaxeT [6,13]. CoHbIMEH KaTap MUHepJiep[iH eMipiH
y3apTyFa MYMKIiH/IiK Oepe/ii )KoHe epeceK XKoHIKTePAiH COTTI LIbIFY MYMKIH/ITIH apTThIpabl.

3epTxaHaja eH aJiibIMeH, MHUHepJIeHTeH >KalbIpaKTapJbl apHaubl KOHTEWHepJiepre
(0.2-0.5 51.) cysrim Kafa3 KoHbIn, keiipiagi. KanbipaKTblH TeMeHTi 6GeJiiri kKecijin, Heri3ri
KYWMKe aWHaJlaCblHA Kara3 MaMWJIbIKTBIH, KeCiHJiCiMeH MBIKTAll OpaJs/bl. TaMIIyblp HeMece
IINpPUL, apKblJIbl OpasifaH Karasfa 2% caxaposa epiTiHgici Kocbuigbl [16]. KonTeliHepiH,
BUIFQ/IJbLJIBIFbl 6CIpeTiH aFallTeKTi OCiMJIKTiIH Typi MeH MUHEpP/iH TypiHe OGaWlJaHBICThI
e3repil oTbIpajbl.

KopekTeHin »kaTkaH (Tipi) AepHaciifep WIAFbIH MJACTUK KOHTEWHepJiep/e CaKTaJl/ibl.
Erep nepHacingepZiy, MUHaJapZaH UIbIFbIN, KOHTeHHEp/iH KaOblpFasapblHJa KyblpllaKTau
b6acTaFaHbl OallKa/JFaH/a, XalblpaKTap KOHTEWHEP/IEH aJlbIHbII TaCTaJbIH/bI.

MuHepJiepZi aHbIKTay MUHAJIAPAbIH, AepHACUIJep MeH KybIplIaKTap/AblH epeKluesaiKkTepi
MeH MopdoJiorusicbl OGOWbIHIIA COMKeCTeH/[lipy KecTeJiepi apKbLibl Kyprizinai. anbipak
MUHepJIepiH aHbIKTAy >XYMBICTapbl MaMaHJApMeH pacTaJblll TeKcepiazai. MuHepsepuiy
JIaTbIHIIA aTayJapbl XaJblKapaJblK 300JIOTHUAJBIK HOMEHKJIaTypa KOLEKCiHiH epexesiepiH
caKTal OThIpbII, Ka3ipri lepekke3/ep 6olbiHILIA 6epinreH [4-6,17-18].

MuHnasapsl 6ap *anblpakKTap, acipece illliHeH AepHaciiiepi MeH KyblplllaKTapbl }KUHAJIFaH
»KanblpaKTap, MaHbI3/bl lepeKTep KO3i 60J1bIN TaObL1aAbl, COHABIKTAH 0J1ap repbapuil TypiHze
CaKTaJl/ibl.

3epTTey HOTHKeJIepi K9He Ta/IKbLIay

Tepek (Populus L.) — Tanaap TYKbIM/IacblHA )KaTaThIH aFall TUMITI eciMAik. buikTiri 40-45 (60)
M. ieHiH xkeTefi. Bepik6achl aThIp, )KYMbIPTKA, THpaMuAa TapisAi. KabbIFbl )kapbIKLIaKTaIFaH,
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KOHBIP-CYp HeMece Kapa cyp TycTi. BypiuikTepi y3bIHIIa, KabbIpllaKTalfaH, KebiHece YUIKip,
1IaUbIPJIbI 2K9He XOLI UicTi. JKanbIpaKTapbl caFaKThbl, Ke3eKTeCill OpHalaCKaH, TYKCi3 HeMece
TYKTI. 2KanblpaK ajlakaHbl 9pTYpJii NiLIIHAL: [eJ1bTa, )KYPeK, KaHAaybIp TaPi3 i, conakua, yukip.
Topuaibl xyiikesni. TyTac, TickuekTi HeMece apartic »kueKTi. CaFaFbIHbIH, Y3bIH/AbIFbI 9pTYpJi 0,5-11
CM. JleliH, TYKCi3 HeMece TYKTi, Kelbip TypsiepiHze 6e3zaepi 6onaapl. Exiyitii eciMaik, keie
6ipyuai. ['yaaepi uuaMHAp Topi3ai, TiKk HeMece casibblpaFaH ChbIpFa I'Y/LIOFbIPbIHA YKMHAJIFaH.
Kewmici - Kayauak, 2-4 aubliMa/ibl KaKakKIiiachl 6ap, TYKbIMbI ycak,. [1aBjioap 06/1bIChIH/IA aK
TepeK, Kapa TepeK XKoHe KOKTepeK aFalliTapblH Ui Ke3JecTipyre 60Ja/bl.

[TaBsiogap 06/1bICbIHBIH, QUTOdar-KoHAIKTEPiHiH MaHbI3/IbIJIbIFbIHA KApaMacTaH 3epTTeJl-
MereH ecCiMJIiK TypJiepiHiH 6ipi - Tepek. 2019-2022 k. apaabiFbiHAa [laBsogap 06J1bICBIH
3epTTey 6apbicbinAa 5000-Fa )ybIK )anblpakTap 3epTTes/i. Ocbl 3epTTey 6apbIChIH/A 6HipAe
Nepticulidae aHe Gracillariidae TyKbIMAacTapblHA >KaTaTblH TepeK MUHepJiepiHiH 4 Typi
a"bIKTanAbl. Oyap kKeseciged 3 TybIcKa kikTesefi: Stigmella Schrank 1802, Phyllonorycter
Hubner 1822 xane Phyllocnistis Zeller 1848 (Kecte 1).

Kecrte 1
ITaB1oAap 06./1bICbIHBIH, payHacs! yiIiH 2019-2022 xxblL1Aaphl 3PTYPJI XKepJiepJe aHbIKTaJIFaH
Tangap TyKbIMAAChIHBIH, (Tepek TybICbIHBIH) MUHeEpJIepiHiH TypJepi

Ne TyKbIMZacChI, [TaBsogap 06/bICkI X2
Typepi | 2 | 3 | 4 | s 6
NEPTICULIDAE Stainton

1 | Stigmella + + + + + + 6
trimaculella
(Haworth, 1828)

GRACILLARIIDAE Stainton

1 | Phyllonorycter + 1
sagitella
(Bjerkander,
1790)

2 | Phyllonorycter + + + + ¥ + 6
populifoliella
(Treitschke,
1833)

3 | Phyllocnistis + 1
labyrinthella
(Bjerkander,
1790)

Kepcemxkiwmep: *Aiimakrap: 1 - [laBiozgap Kanacel, 2 - EkibacTy3 Kasacel, 3 — AKCy Kasachl, 4 - YKesnesuHka
ayblibl, 5 - Kekte6e aybuibl, 6 — AKTOFail ayblibl; “Typ TabbLIFaH aMaKTapAblH caHbl; + Typ
aHbIKTaJIFaH allMaKTap.
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Nepticulidae mykbimoacol

Stigmella trimaculella Haworth, 1828. YKyMbIpTKa casy OpHbI: KallbIpaKThIH YCTiHT1 HEMece
acTbIHFbI KaFbl. MMHa »KOFapfbl OYHipJiik faJi3 peTiHze 6osafbl. OHBIH GipiHIIi 6eJiri
6ipmama Ty3y, Tap. KebiHece xylike 60iibIMeH bipiiaMa KalulbIKTBIKTa 6Te/|, ajl eKiHli 66eJ1iri
dJIZieKalla KeH, KeilJle aK TypiHzae ke3jecefi. Haxici MUHAHBIH, OpTasbIK ChI3bIK OOHWbIMEH
OpHaJ/lacKaH. MUHaHbIH, OpTacblHAaH COHbIHA Kapal HaXICTiH »koJbl xXyaHgaugbsl (Cypet 2).
JlepHaciniiH 6achl allIbIK KOHbIP, aybI3 allllapaThl KbI3FbIIT-KOHbIP, IeHEC] )KaChLI-Caphl, alIbIK
capbl TYCTI, KacbLJ apKa TaMblpbl 6ap. [liyiyIaHiH Tyci KOHBIp TYCTEH KbI3FbLIT-KOHBIP TYCKe
JlediH. AnJbIHFBI Keygecinge — 13 Ky, opTaHFbl Keygecinge — 11 xkym, apTKel keygaecinge - 10
Kyn KblTaHgapbl 6ap. [-VIII kypcak cermeHTTepiHge 6, IX Kypcak cermeHTiHzAe 3, X Kypcak
CerMeHTiH/e 2 XYM KbLJITaHJapbl 60J1a/bl.

CyperT 2. Populus >xanblpaKTapblHAaFbl MUHepJepAiH MUHanapsl: 1-2 - Phyllonorycter sagitella,
3-4 - Phyllocnistis labyrinthella, 5-6 - Stigmella trimaculella, 7-8 - Phyllonorycter populifoliella

Kempaik ecimaikrep Tizimi. Tangap TykbiMaace! (Salicaceae Mirb.): Populus nigra L., Populus
balsamifera L., Populus x canadensis Moench, Populus simonii Carriere. MoHodar.

®eHosiorusicel. Eypomajja MuHa/aHFaH »KalblpaKTap MaychiM - LIiJije alJiapblHAQ,
KbIDKYHeK albIHbIH, 6acblHAH Ka3aH aWbIHbIH OacbklHa AeiliH, an [laBjogap o06J/bIChIHAA
MayCbIM-TaMbl3 allJlapbl apacblHa Ke3jecei. BUBo/bTUHAI TYP.

Tapanysl. bapabik Eyponaza tapanras [19-22]. 2019-2022 xox. [laBnogap 06/1bICEIH 3epTTEy
6apbICbIHAA MUHACKI 6ap 823 kanbipak aHbIKTaAAbl. [1aByiogap Kasackl 6obiHIIA: Kasnanblk
»Karasay, ['arapuH cas6arbl, MeTtanyprrep casbarbl, KoHcTuTynus asnaHbl, ApaarepJep
asanbl, Kam3uHa keueci 165; ExibacTys Kasacbl 60ibiHIIA: «[laxTép» casgbarbl; AKCY Kasachbl
6ombiHIIa: Kananblk casbak; ’KesnesnHka, Kektebe, AKToFall aybliJjaphl.
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Gracillariidae mykbimdacwl

Phyllonorycter sagitella Bjerkander, 1790. MruHaHbIH TOMeHTi 66eJ1iri conakiiua, TeHT Tapi3ai,
KaThapJiaHajpbl, )KalblPaKTbhIH Ke3 KeJITeH KepiHJe Ke3ecyi MyMKiH. MUHachl cap¥Fblll, Kenze
KbI3FBUIT TYCTi 60J1a/ibl, yaKbIT 6Te Kapas/bl. MuHaHbIH 6ip 6eJiringe Haxici (Cypet 2), an
eKiHIi GeJiirinae eTe KyKa MijJIg/la Kapa KybIpllaFbl OpHaJiaca/ibl. JlepHacisl 6acbiHaH, aybI3
anmnapaThl MeEH MaHAUOYJIa/lap/iaH, Key/Jie *koHe KypcakK asKTapblHaH Typa/bl. backl KOHbIpJay,
JleHecl aK, capbl TYCTI, )KbLITBIP. KybIplars! alllblK, KOHbIP HEMece KOHbIP-Kapa TYCTi, CbIPThI
Teric eMec, )blIThIP. KeyeHiH, apKaHbIH, OPTaHFbI 2kdHEe TOMEHTI O6JIIriHIH apTKpI XKUeriHae
IIYHKBIPBI KOK. bacblHAaFbl 6CiHAl OTKip, KpeMacTepi »kacblI-KOHbIp TycTi. KpeMacTtepgaeri
TiKeHeKTep alKbIH, KbICKa. [5,23]

Kemaik ecimaiktep Tisimi. Tangap TykbiMaacel (Salicaceae Mirb.): Populus tremula L.
MoHodoar.

®eHosiorusicel. Eyponaza MuHa/laHFaH >KalblpaKTapAbl MayCbIM >K9He TaMbI3 - Ka3aH
alslapbiHza Ke3zecTtipyre 6os1aab1 [24]. [laBiogap 06/1bICbIHA MayCbIM ailblHAH TaMbI3 allblHA
JeliH ke3geceni.

Tapanysl. EyponaHblH KOHTUHEHTTIK OeJirinae keH Tapa/jraH. PeHHOCKaHJUS MeH
Peceiiyiiy CoustycririneH [lupeHeiire, Htanusgra xoHe PyMmbiHusFa, YJbIOpUTAHUSA[AH
Peceniziig OHTYycTiriHe felid TapanaraH 2019-2022 xok [25-28]. [laBsiogap 06/bIChIH 3epTTEy
GapbICbIHAA MHUHAChl 6ap 7 »kamnblpakK aHbIKTanAbl. [laBjiojgap KaJjacel 6oMbiHLIA: [arapuH
casibarnl, Kananbik xaranay, ApparepJep ajaHbl.

Phyllocnistis labyrinthella Bjerkander, 1790. MuHaHbIH, A2J1i3i y3blH, HipiMAesreH, KeH.
OJ1 >kanbIpaKThIH Ke3 KeJIreH KepiHJle Ke3jece/i, kebiHece YCTiHTI XoHe/HeMece aCTbhIHFbI
»KaFbIHAa. Hoxici kapa KomkpLa TycTi. J[a/1i3i kebiHece »aNbIpaKThIH, LIETiHAEe asgKTalaibl,
oHJla oy OipmaMa keHelin, oyrinegi (Cypet 2). bysn kepae KybIpumak mnaijga 6oJafbl.
JlepHaciiziiH 6ackl allbIK caphbl, AeHeCi capbl, Keiie acbli-capbl TYCTi. KyblpiiaFbl KbI3FbLIT-
KOHBIP TYCTi. backl canbicTbipMasbl TypZe KbICKa, 9J/ICi3 uijireH, Temmneuiri 6ap. KypcakTbiH,
4-6 cerMeHTTepiH/le OipHellle y/FaliFaH, iJIMeK Topi3/i eMec TikeHeKTepi 6ap.

®eHosiorusicel. Eyponajja MUHalaHFaH KalblpakKTap MayCbhbIM >KoHe TaMbI3 alJlapblH/JA,
[laByogap 06J/BICBIHAA MayChbIM-LIiIie alslapblHAA Ke3dgjecTipyre 6osazabl [6]. XKemzik
eciMmaikTep Tisimi. Tangap Tykpimaace! (Salicaceae Mirb.): Populus alba L., Populus tremula L.
MoHodar.

Tapanysl. EyponaHnbiH ken 6eJiirin/ie TapasfaH, ajanaa bpyurtan apangapeinga, UTanusaHbiy,
MaTepUKTiK Oesirinze, epopTa TeHi3i apanpapbiHAa xoHe bankaH TyGeriHiH keibip
6enikTepinge ke3aecneii [29-30]. 2019-2022 xox. [TaBnoaap 06/bIChIH 3epTTey 6apbICbIHA
MHUHAachl 6ap 4 anblpak aHbIKTanAbl. [laBiogap Kanacel 60ibiHIIA: MeTannyprrep casbafbl,
Kananslk »karasay, ApgarepJiep ajaHpbl.

Phyllonorycter populifoliella Treitschke, 1833. MuHaHbIH TeMeHri >aFbl TEHT Topi3Aj,
KeWze KarnapsjapMeH. Kyblpllak MUHaHBIH, ilIiHJET] JOHTeJeK NiaAa opHantacaabl. Haxic
MUHaHbIH, LIEeTTepiH/e, HeMece OYpbIlIbIHAA )XUHaMaAbI (CypeT 2). [lepHacinaiy 6ackl allibIK
KOHBbIP, aybI3bl K9HE OHbIH XKiri KapaJay, JeHeHiH ajJJblHFbl 0eJiri akublja, apTKbl 06Jiri
CapFbILI-KAChLJ TYCTIi, apKa TaMbIpbI KapaJay, 2-4 cerMeHTTepi KeJsiecisiepre KaparaH/ja efayip
y/keH. Kyblpiiarel Kapa-KOHbIp HeMece Kapa TycTi. bacbl casn umisireH. ApKaHbIH OpTaHFbI
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GeJsiirinze GipHellle YHKbIPbI 0ap, apTKbl Oeuirinjae oK. KypcakTbiH 6-8 cerMeHTTepiHiH,
apTKpI lIeKapackl KATThbl KeHelreH. KpemacTtepi 603FbIIT eMec, allKbIH eMec Ticuiesepi 6ap.

Kemaik ecimaikrep Tizimi. Tangap TykbiMaace! (Salicaceae Mirb.): Populus nigra L., Populus
x canadensis Moench. MoHodar. ®eHosoruscel. Eyponazja MuHaaHFaH >KalblpaKTapAbl
MayCbIM-1IiJIJle )XoHe Ka3aH aislapblH/a, a1 [laBiogap 06/bIChIH/AQ MAyCbIM-TaMbl3 alJaphl
apacblH/Ja Ke3JecTipyre 6os1azapb! [6]. BUBosbTUHAIL TYP.

Tapanybl. Unu ABctpuspa, benbrusga, bosarapuspa, Peceipe, Yexusjja, MaTEpPUKTIK
Janusana, 3croHusga, PunasgHausga, Benrpuspga, lepmanusga, maTepukTik [penusna,
PymbiHusaa, CioBakusja, CinoBeHusaa, llosbmiaza, mMaTepukTik HcnmaHusja >xoHe T.0.
ke3zaecefi, bputan apangapbeinga kesgecnenai [31-32]. 2019-2022 xox. [laBaogap 06J1bICbIH
3epTTey GapbICbIiHAA MUHACHI 6ap 1976 xkanbipak aHbIKTa/A/bl. [laBaoaap Kasackl 60MbIHIIA:
MeTtannyprrep casb6arbl, Kenic anaHpl, [arapuH casabarbl, Kananbik karasay, JleHuH
casibarbl, «YcoJiKka» casibarbl, ApaarepJep anaHbl, KoHcTUTy1Ms anaHbl, Kam3uHa keeci 165,
JlepmoHTOB Ke1ueci 44; ExkibacTy3 Kasnacbkl 6oibiHIIA: «[laxTép» casibaFbl, 22-bIKLIAM ay/aH;
Akcy Kanacol 6oibiHIIA: Kananblk casgbak; XKene3uHka, KekTebe, AKToFall aybljiAaphl.

KopBITHIHABI

Kopsertbinabpuian kese 2019-2022 »xpuifapbl KyprisiireH 3eprtreysepre covikec [laBsiozap
00JIbICBIHbIHAyMaFbIHAaH TEPEKMUHEPJIEPIHIH 2 TYKbIM/IACbIHAXKATAaTbIH4 TYPiHiH TPOPUKAIBIK,
6ailsiaHbICTapbl aHbIKTaAAbl. COHjal-aK 0J1ap/iblH MUHAJIapbl MEH IePHACi/IiepiHe cUllaTTaMa,
dbeHoJIOrUsACHI MEeH TapaJsiybl, OMOJIOTUANBIK CAUNATTaMachkl 6episifi. AJBIHFaH MaJliMeTTepAl
KOpLUaFaH OpTaZarbl OMOJIOTUSJIBIK alyaHTYpPJiIiKTI 6afanayzaa xoHe [laBiaogap 06JbICH]
sHTOMOodayHaChIHbIH, Ti3JIiMAeMeciH acay[a, XoHJIKTepAiH aTyacTapblH KypacTbIpyAa
)KOHe arall TeKTi eCiMJIKTepiHiH 3UAHKecTepiMeH Kypecy LiapaJapblH 33ipJsey KesiHze
naijiajsaHyfra 6osajpbl.

ABTOpJ 1apAbIH, YJIeCi

AK.M.H. - XyMBICTBIH TY>KbIPbIM/IAMAChIH a3y »K9He OHbl CbIHUA TYPFbIJAH Kapay; *KyYMbIC
HOTHXKeJIepiH KHWHAy, TaJJay >XKoHe TyCiHAipy, MakKasa MaTiHiH eHZey; A.K.K. - Makazia
Ma3MYHbIH CbIHH TYPFbIJJaH TeKCepy, MaKa/laHblH, COHFbl HYCKACBIH >XapusjayFa OekiTy;
M.A.B. - 3epreyai Kyprisy yuliH aaic-Tacingepai 6ekiTy, 3epTTey HITHXKeJIEPIH Tasjay;
K.A.B. - KOoHIleNTya/u3a1Us, 9[e6U 110J1y Kacay, 3epTTeY )KYMbICbIHbIH KOHIIENIMSICbIH )XKoHE
JIM3aMbIHBIH Xacay.

Myaaenep KaKTbIFbIChI
BapJ/iblK, aBTOpJsiap MaKaJlaHblH Ma3MYHbIH OKbIN TaHbICKAH *K9HEe MYAJeJiep KaKTbIFbICHI
KOK,

ITUKa/IBIK HOpMaJIapAbl caKTay
ABTOpJiap opbIHJaFaH OyJ MaKaJsaZia aflaM/iap/ibl HEMece JKaHyapJiap/ibl 00 beKTiIep pe-
TiHZe MaiJjaJaHFaH 3epTTeyJiep XKOK.
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JluctoBbie MUHEPHI TonoJist (Populus L.) B 3es1eHbIX HacakaeHusax [laBaogapckoii o61acTi

M.H. XKycun*!, K.K. AxmeTtoB!, A.B. Mumenko?, A.b. Kasimegpa!
ITopatliebipos yHusepcumem, Illasaodap, Kazaxcmaw
2YnesiHosckull 2ocydapcmeeHHblll nedazoaudeckuli yHusepcumem umeru H.H. YavsHosa,
Yavanosck, Poccus

AHHOTanus. B cTaTbe pa3HOCTOPOHHE pacCMaTPUBAKOTCA JUCTOBbIe MUHeph!l TonoJisg (Populus L.)
B 3eJIeHbIX HacaxJeHUsx [laBiomapckod o6siacTy. JIMCTOBblE MUHEPHI - 3TO JIMUMHKU HEKOTOPBIX
MOTBIJIBKOB, YKOB, MyX ¥ MUJIHJIBIUKOB, KOTOpPble MUTAIOTCH 3MUJEPMATbHBIMU CJIOSIMU JINCThEB
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pacTeHU. MHOTHe U3 HUX SBJSAIOTCA BpeUTesIMU JIECHOTO X035MCTBa, KYJbTYPHOTO U TOBAapHOTO
CaZlOBOZICTBA, CEJIbCKOTO XO34KWCTBa B LieJIOM U T.J. MccienoBaHua npoBoAunch B llaBiogapckoi
006J1aCTH B TeYeHHe BereTalMoHHbIX nepuoaoB 2019-2022 rr.,, B ropozax [laBiaoaap, Ikubacrtys, Akcy,
a Takxe B cesax: JKenesuHka, Koktobe, Aktorail. [loBpex/eHHble JIUCTbS COOMpPAJIU B IPUPOAHBIX U
VCKYCCTBEHHBIX HACAXK/JeHUAX —~ TapKaxX U calaX, Ha MJIoLaAsaX U TopoAckux yannax. Bnepuog 2019-2022
IT. B [laBsogapckoi o6J1actu 661710 UccaefoBaHo okoso 5000 sncTbeB Tonosd. B xoge nccienoBanus
B pervoHe GbLIU BbISIBJEHBI 4 BUJa MUHEPOB TOIMOJIS, IPUHaAJIeXaluX K ceMeiictBaM Nepticulidae
u Gracillariidae. Ouu gensartca Ha caeaywomue 3 poga: Stigmella Schrank 1802, Phyllonorycter Hubner
1822 u Phyllocnistis Zeller 1848. Ha cerogHsimiHUM JieHb BO3/leHiCTBUE OPraHU3MOB, BXOJSIIUX B
accolnualMIo MMHEDPOB, IpeJCTaBJIsieT [VI00aJbHYI0 YyTPO3Y AJis1 9KOHOMUKHU U OKpY>Kalolllel cpe/ibl.
Knio4yeBsbie cioBa: sucrtoBoid MuHep, Populus L., BpeguTesns, Stigmella trimaculella, Phyllonorycter
sagitella, Phyllonorycter populifoliella, Phyllocnistis labyrinthella

Leaf miners of poplar (Populus L.) in green spaces of Pavlodar region
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Abstract. The article comprehensively examines the leaf miners of poplar (Populus L.) in the green
spaces of Pavlodar region. Leaf miners are the larvae of some moths, beetles, flies, and sawflies that
feed on the epidermal layers of plant leaves. Many of them are pests of forestry, cultural and commercial
horticulture, agriculture in general, etc. The research was conducted in the Pavlodar region during
the 2019-2022 growing season, in the cities of Pavlodar, Ekibastuz, Aksu, as well as in the villages of
Zhelezinka, Koktobe, and Aktogay. The damaged leaves were collected in natural and artificial plantings
- parks and gardens, squares, and city streets. In the period 2019-2022, about 5,000 poplar leaves
were examined in the Pavlodar region. During the study, 4 species of poplar miners belonging to the
Nepticulidae and Gracillariidae families were identified in the region. They are divided into the following
3 genera: Stigmella Schrank 1802, Phyllonorycter Hubner 1822, and Phyllocnistis Zeller 1848. Today,
the impact of organisms belonging to the association of miners poses a global threat to the economy and
the environment.

Keywords: leaf miner, Populus L., pest, Stigmella trimaculella, Phyllonorycter sagitella, Phyllonorycter
populifoliella, Phyllocnistis labyrinthella
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Abstract. Barley (Hordeum vulgare L.) is a vital cereal crop that is highly
susceptible to a range of abiotic stresses, including low temperatures, drought,
salinity, and particularly heat stress, which can significantly impair its growth
and productivity. This study aimed to assess the impact of elevated temperature
on the germination and physiological responses of the Astana 2000 barley
cultivar. Seeds were germinated under controlled growth room conditions
at an optimal temperature of 25°C (control) and a high temperature of 40°C
to simulate heat stress. We evaluated several physiological and biochemical
parameters, including chlorophyll content, malondialdehyde (MDA), and
proline levels. Heat stress led to a noticeable decline in photosynthetic
pigments, indicating reduced photosynthetic efficiency. In contrast, MDA and
proline concentrations increased, reflecting enhanced lipid peroxidation and
osmotic stress, respectively. Additionally, the activities of antioxidant enzymes
such as aldehyde oxidase and catalase were significantly elevated under high
temperature, suggesting an adaptive defense mechanism to counteract oxidative
damage by detoxifying reactive oxygen species.

Keywords: Hordeum vulgare, antioxidant enzymes, chlorophyll content,
malondialdehyde (MDA), proline accumulation, oxidative stress, heat tolerance

Introduction

Abiotic stresses such as drought, salinity, heavy metal toxicity, and high temperature
negatively affect crop productivity, leading to significant global yield losses [1]. Combined
stress conditions are more detrimental to plants than individual stresses, as demonstrated by
experiments involving barley, maize, and sorghum [2-4]. However, there is still insufficient data
explaining the mechanisms of plant adaptation to stress conditions and how plants respond to
different types of stress [5].
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Recent studies have reported that plants respond differently to various stress conditions,
and the responses to one stress cannot be generalized to others [6,7]. Barley is one of the most
widely cultivated crop species globally and is known for its superior adaptation to abiotic
stresses [8]. This adaptation is attributed to its morphological flexibility, such as changes in root
and shoot biomass and length, as well as the development of reproductive organs [9].

High temperature stress particularly affects the reproductive organs of barley and
photosynthesis-related parameters [10]. Under heat stress, plants activate internal cooling
mechanisms to lower tissue temperature, which helps maintain relative water content (RWC)
[11]. Another damaging consequence of heat stress is the accumulation of reactive oxygen
species (ROS), which results from an imbalance in ROS metabolism. The predominant ROS,
hydrogen peroxide and superoxide can disrupt essential cellular processes in plants [12].

Oxidative stress also leads to a reduction in chlorophyll content and damage to Photosystem
II (PSII) [13]. Additionally, ROS molecules interact with lipid double bonds, forming lipid
hydroperoxides (LOOH). This accumulation of ROS disrupts membrane integrity and is indicated
by stress markers such as malondialdehyde (MDA), acrolein, and 4-hydroxy-2-nonenal (HNE)
[14,15]. Lipid peroxidation and increased MDA levels also affect amino acids such as arginine
(Arg), lysine (Lys), proline (Pro), threonine (Thr), and tryptophan (Trp), leading to protein
degradation [14].

In response to abiotic stress, plants activate an antioxidant defense system that participates in
ROS scavenging [16]. The antioxidant system is divided into two groups. The first includes non-
enzymatic antioxidants composed of low molecular weight molecules such as ascorbate (AsA),
glutathione (GSH), non-protein amino acids, phenolic compounds, a-tocopherol, and various
alkaloids. The second group consists of enzymatic antioxidants such as superoxide dismutase
(SOD), catalase (CAT), peroxidases (POX), ascorbate peroxidase (APX), monodehydroascorbate
reductase (MDHAR), dehydroascorbate reductase (DHAR), glutathione reductase (GR),
glutathione peroxidase (GPX), and glutathione S-transferase (GST) [17].

Catalase is a unique antioxidant enzyme capable of converting up to 26 million hydrogen
peroxide molecules per minute per enzyme molecule [18]. Most studies on antioxidant enzyme
activity in barley have examined moderate heat conditions (30-36°C), while less is known
about enzyme activity at more extreme temperatures. Additionally, catalase activity has
been detected in peroxisomes, mitochondria, and the cytosol [19]. The activity of antioxidant
enzymes, including catalase and aldehyde oxidase, in plant tissues under heat stress remains
underexplored in crops such as Hordeum vulgare L. In this study, we investigated the activity of
these enzymes in barley under high-temperature stress.

Materials and research methods

Growth conditions and experimental procedures

For the research work, uniform seeds of the barley variety "Astana-2000" (H. vulgare) were
used. Before sowing, the seeds were sterilized with a solution of hydrogen peroxide (H,02)
for 10 minutes. The seeds were washed three times with purified water and dried. 150 g of
sterilized soil and 10 g of vermiculite were placed in the pots, and 40 ml of purified water was
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poured on top. 20 seeds were sown in each plastic pot. The soil pH was in the range of 6.0-6.5,
and the main nutrients contained: nitrogen (NH,* + NO3™) - 150 mg/I, phosphorus (P,0s) - 270
mg/l, and potassium (K;0) - 300 mg/l. The plants were grown for 3 days at a temperature of
+25°C (day and night), a photoperiod of 16 hours of light and 8 hours of darkness, and a relative
humidity of 20-22%. 2700 K and 6400 K spectral lamps were used to light the growth chamber.
Plants grown at a suitable temperature were divided into 2 groups after 3 days. For observation
in a suitable environment, they were placed in chambers at a temperature of +25°C and a stress
environment (high temperature) at +40°C.

Relative Water Content (RWC)

Relative Water Content (RWC) is a method for estimating the water content in plant tissues.
Fresh weight (FW) was cut from leaf discs. The data was weighed and placed in a tube with
water in a refrigerator at + 10°C for 24 hours to obtain the turgid weight (TW). After 24 hours,
the fresh weight (FW) was dried on filter paper and weighed. To obtain the dry weight (DW),
the samples were dried in an oven at + 80°C for 3 days [12]. RWC was calculated according to
the standard formula:

(FW — DW)

)= — 7 0
RWC(%) (TW — DW) X 100%

Determination of proline content

70 mg of leaf sample was mixed with 5 ml of 3% aqueous sulfosalicylic acid and ground in
a mortar. The mixture was then centrifuged at 3000 rpm for 10 minutes. To 2 ml of this filtrate
was added 2 ml each of glacial acetic acid and acid ninhydrin. The mixture was heated in a water
bath at 100°C for 1 hour and cooled to room temperature. The toluene-containing chromophore
was aspirated by removing the reaction mixture with 5 ml of toluene. The absorbance was
recorded at 520 nm using a toluene buffer, and the proline concentration was measured using
0-50 mg/ml proline standards [20].

Determination of malondialdehyde (MDA) content

The MDA level in leaves was measured according to the method of Cakmak and Horst (1991),
with minor modifications [14]. First, 100 mg of fresh leaves were ground in a mortar in 1 ml of
0.1% w/v trichloroacetic acid. The mixture was then centrifuged at 2000 rpm for 10 minutes,
and the supernatant was added with 1 ml of 0.5% thiobarbituric acid prepared in 20% TCA and
incubated in a water bath (95°C) for 45 minutes. After that, the solutions in the test tubes were
cooled on ice and centrifuged again at 12000 rpm for 10 minutes. The supernatants were then
selected for spectrophotometric analysis. To determine the amount of MDA, the optical density
(OD) was measured at wavelengths of 532 and 600 nm.

Determination of chlorophyll content

Total chlorophyll content was measured according to the method of Arnon [15].100 g of plant
leaves were homogenized with 25 ml of acetone (80%), and the homogenate was filtered. It was
centrifuged at 6000 rpm for 15 minutes. Chlorophyll a, b, and carotenoids were calculated by

78 N22(151)/ JLH. ['ymunes ameinoarel Eypasus yammuik ynueepcumeminiy XABAPIIBICBI. Buo.102us1blK FolablMOap cepusicbl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HayuoHa/1bHo20 yHugepcumema umeHu J1.H. ['ymuaesa. Cepust 6uosozuveckue HayKu



Effect of high temperature stress on Hordeum vulgare L. growth

recording the absorbance at 645, 663, and 480 nm according to the recommendation of Arnon
(1949) enzymes.

Protein extraction and fractionation for in gel activities

The preparation of samples for native PAGE was carried out. In ice-cold extraction buffers
containing 250 mM Tris-HCI (pH 7.5), 250 mM sucrose, 1 mM ethylenediaminetetraacetic acid
(EDTA), 4 mM 1,4-dithiothreitol (DTT), 5 mM l-cysteine, 0.001 mM aprotinin, 0.1 mM phenylene
diamine tetraacetic fluoride (PMSF) and 0.001 mM pepstatin, fresh tissues were homogenized.
The ratio of extraction buffer and tissue was 1:2 for leaves and 1:3 for roots. The plant tissue
extracts were then centrifuged for 20 min at 10,000 rpm (+ 4 °C), then the supernatants were
transferred to new tubes and carried out at 4 °C until 7.5% polyacrylamide gel electrophoresis
in the absence of SDS Bradford M (1976) et.al [21]. The amount of soluble protein in the samples
was calculated by Bradford assay, with BSA as a standard. All samples had been recalculated
with the aim of loading 20 pg of soluble protein per line.

Determination of catalase (CAT) in gel activity

CAT activity was performed following the method of Aebi H (1984) et al [22]. The reaction
mixture contained 10 pl of sample supernatant, 50 mM potassium phosphate buffer (pH 6.9),
and 0.03% H,0,, mixed thoroughly for 15 min. After that, for visualization of catalase isozymes,
the gel was incubated in 0.003% hydrogen peroxide solution for 10 min. Then, specific staining
for catalase activity was performed in a solution containing 1% potassium hexacyanoferrate
(IIT) and 1% iron (III) chloride.

Determination of aldehyde oxidase (AQO) in gel activity

AO activity was determined following the method described by Sagi (1998) et.al [23] with
slight changes. After electrophoresis, the gels were washed with distilled water and immersed
in a staining solution that contained 1 mM indole-3-carboxaldehyde as substrate, 1 mM MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) as indicator, 0.1 mM phenazine
methosulfate as electron carrier in 0.1 M TRIS-HCI, pH 7.4, at + 37 °C for 40 min.

Results and discussions

Measurement of morphological traits of barley during high temperature stress

Like other abiotic stresses, high temperature stress negatively affects the growth and
development of the entire plant organism, which plays a critical role in both the environment and
agriculture. Increasing temperatures lead to reductions in morphological parameters such as root
and shoot weight and length. As shown in our experiment, barley plants also exhibited a decreasing
trend in shoot and root growth under heat stress (Figure 1). According to our results, shoot curling
and rigidity appeared after 3 days at 40°C, in comparison with control plants grown at 25°C.
Similar results were reported by Rollins et al., where shoot growth parameters declined under high
temperature stress, and the lower leaves of barley cultivars were more severely damaged than the
upper leaves [21]. Additionally, heat stress was found to delay shoot elongation in barley.
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Temperu re

treated plants
Figure 1. Effect of high temperature stress on the growth of barley cultivars in comparison

with control plants within 3 days

Control plants

As an above-ground part of plants, root growth also decreased under heat stress conditions in
comparison with control plants. The length of roots declined and hardened at high temperature
stress. Root length of heat-treated barley plants reached about 8-9 cm on average, whereas
the control plants’ roots varied from 12 to 15cm. These data are supported by other research
results, which described a lessening trend of root parameters such as length, dry weight,
and fresh weight (Figure 2,3) [24]. Additionally, root parameters decreased were detected in
Mimosa sepiaria Benth. (Fabaceae, Mimosoideae), and Ormosia glaberrima Y. C. Wu (Fabaceae,

Papilionoideae) [25].

root lenght

cm

control temperature treated plants

Note: Values denoted with different letters are significantly different according to the Tukey-Kramer
HSD and T test analyses, P <0.05 (JMP 15.1.0) software, http://www.jmp.com/). Different uppercase
letters indicate significant differences between temperature and control plants.

Figure 2. The root and shoot changes of barley plants exposed to heat stress for 3 days
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Note: Values denoted with different letters are significantly different according to the Tukey-Kramer
HSD and T test analyses, P <0.05 (JMP 15.1.0) software, http://www.jmp.com/). Different uppercase
letters indicate significant differences between temperature and control plants.

Figure 3. The shoot changes of barley plants exposed to heat stress for 3 days

Effect of High Temperature on Relative Water Content (RWC) in Barley Plants

A reduction in morphological parameters as a consequence of heat stress leads to a decline in
the relative water content (RWC) of plants. In our study, a noticeable decrease in RWC was observed
in barley plants exposed to 40°C after three days. Furthermore, similar trends have been reported in
other studies involving barley, tomato, and maize [21,26,27]. However, tall fescue plants exhibited
a higher relative water content (RWC), which may be attributed to the unique physiological
characteristics of tall fescue, particularly its ability to rapidly absorb water (Figure 4) [28].

Note: Values denoted with different letters are significantly different according to the Tukey-Kramer
HSD and T test analyses, P <0.05 (JMP 15.1.0) software, http://www.,jmp.com/). Different uppercase
letters indicate significant differences between temperature control plants. Asterisks indicate significant
differences between temperature stress and control.

Figure 4. The relative water content (RWC) changes of barley plants in response to heat stress
(changes are shown as a percentage)
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Under elevated temperatures, markers related to photosynthetic activity were significantly
diminished. One of the primary factors contributing to the reduced growth rate is the decline
in chlorophyll content [29,30]. In line with our findings, the barley cultivar also demonstrated a
decrease in chlorophyll levels in heat-treated plants compared to the control group. Moreover,
chlorophyll a (chlA) (Figure 5) content exceeded chlorophyll b (chlB) (Figure 6) content under
both conditions; however, the chlA/chlB ratio declined in stressed plants, whereas control
plants exhibited a significantly higher ratio (Figures 5, 6).

Areduction in chlorophyll content has also been observed in other barley cultivars, suggesting
asuppression of stomatal aperture, which enhances resistance by limiting carbon dioxide uptake
and minimizing water loss [31]. Additionally, during heat stress, the structure of enzymes is
disrupted by reactive oxygen species (ROS), leading to a decline in chlorophyll biosynthesis
[32,32,33]. A decrease in chlorophyll biosynthesis, particularly chlorophyll a (chlA) (Figure 5),
has been documented in both soybean and barley [31].

Under stress conditions, ROS are generated within plastids and are highly toxic to the
photosynthetic machinery. As a result, the thylakoid membranes become a primary target
for oxidative damage caused by aldehydes [34]. As previously mentioned, ROS accumulation
is a common response in plants subjected to abiotic stress, including elevated temperatures.
Excessive ROS production triggers the activation of the plant’s antioxidant defense systems,
which comprise both enzymatic and non-enzymatic components [35].

Note: Values denoted with different letters are significantly different according to the Tukey-Kramer
HSD and T test analyses, P<0.05 (JMP 15.1.0) software, http://www.jmp.com/). Different uppercase
letters indicate significant differences between temperature and control plants

Figure 5. The photosynthetic pigments changes of barley plants, such as chlorophyll a,
in response to heat stress
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Chlorophyll B content

(mg.g -1 FW}

control

temperature treated plants

Note: Values denoted with different letters are significantly different according to the Tukey-Kramer
HSD and T test analyses, P<0.05 (JMP 15.1.0) software, http://www.jmp.com/). Different uppercase
letters indicate significant differences between temperature and control plants

Figure 6. The photosynthetic pigments changes of barley plants, such as chlorophyll b, in response to
heat stress

Detection of Enzymatic and Non-Enzymatic Antioxidant Activity in Barley Plants

[tiswell established thatthylakoid membranes contain ahigh proportion of polyunsaturated
fatty acids, which serve as precursors to various aldehydes, including malondialdehyde (MDA)
[36,37]. When barley plants are exposed to heat stress, MDA levels increase sharply. Elevated
MDA content indicates significant disruption of membrane integrity. Similar patterns have
been reported in barley, rice, and maize cultivars under high-temperature stress conditions
(Figure 7) [29,38]. MDA accumulation within plant tissues can activate defense mechanisms
known as the non-enzymatic antioxidant system.

One of the key molecules of non-enzymatic antioxidant systems is proline. Proline
accumulation during the heat stress condition is associated with its function acting as a ROS
scavenging molecule [31]. In our experiments, was detected higher accumulation of proline molecules
was detected in temperature-treated plants in comparison with control plants (Figure 8).
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Note: Values denoted with different letters are significantly different according to the Tukey-Kramer

HSD and T test analyses, P <0.05 (JMP 15.1.0) software, http://www.jmp.com/). Different uppercase
letters indicate significant differences between temperature and control plants.

Figure 7. Malonaldehyde (MDA) changes of barley plants in response to heat stress

Proline content

pmolg™ FW

control

temperature treated plants

Note: Values denoted with different letters are significantly different according to the Tukey-Kramer

HSD and T test analyses, P <0.05 (JMP 15.1.0) software, http://www.jmp.com/). Different uppercase
letters indicate significant differences between temperature control plants.

Figure 8. Proline changes of barley plants in response to heat stress
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Excessive proline accumulation may be associated with the plant’s adaptive response to
heat stress (Figure 8). Proline contributes to enhancing the water potential of plant tissues
by improving osmotic balance, thereby reducing oxidative stress-induced damage [38,39].
Furthermore, increased proline levels facilitate greater water uptake under stress conditions,
which in turn positively influences stomatal aperture regulation [40].

Aldehyde Oxidase (AO) and Catalase (CAT) Activity in Barley Plants Under High Temperature
Stress

Aldehyde oxidase (AO) belongs to a multigene family of enzymes characterized by broad
substrate specificity. AO plays a key role in the biosynthesis of abscisic acid (ABA) by catalyzing
the conversion of abscisic aldehyde into abscisic acid. Additionally, it contributes to the
biosynthesis of indole-3-acetic acid (IAA) by converting indole-3-acetaldehyde into 1AA [41-
43]. AO activity has been reported to increase under stress conditions in both maize and barley
[44,45]. Consistent with these findings, our results also demonstrated a significant rise in AO
activity when barley plants were exposed to 40 °C for three days (Figure 9A). This suggests an
upregulation of abscisic acid biosynthesis during heat stress, with elevated AO activity serving
as a biochemical indicator of this process.

A B

Figure 9. (A) Catalase activity (B) aldehyde oxidase activity in barley plants during the high
temperature stress

When plants are exposed to high-temperature stress, their antioxidant defense systems are
activated in response to oxidative stress (Figure 9B). The enzymatic antioxidant defense system
functions by converting toxic reactive oxygen species (ROS) into less harmful molecules. Key
enzymes involved in this processinclude superoxide dismutase (SOD), catalase (CAT),and ascorbate
peroxidase (APX). Catalase plays a vital role in plant responses to temperature fluctuations - both
increases and decreases - as demonstrated in experiments with maize plants [46].

Similarly, barley plants exhibited increased catalase activity under elevated temperature
conditions compared to control plants. This enhanced activity is associated with rising ROS levels
during heat stress, where catalase contributes to mitigating oxidative damage by decomposing
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hydrogen peroxide into water. However, chronic exposure to elevated temperatures may not
always induce significant oxidative stress, which can result in a non-significant increase in
catalase activity. Nevertheless, such prolonged stress can impair plant growth and development
[47].

Conclusion

High-temperature stress is a critical environmental factor that can hinder plant growth and
development. Growth retardation is typically observed through shortened shoots, hardened
roots, and leaf curling. As reported in previous studies, ROS accumulation occurs primarily in
the plastids and mitochondria under high-temperature conditions. The presence of excessive
ROS leads to membrane damage, as lipid components within the membranes undergo oxidation.
This oxidative damage is evidenced by an increase in malondialdehyde (MDA), a byproduct of
lipid peroxidation.

Furthermore, oxidative stress can suppress photosynthetic performance, resulting in a
reduction of chlorophyll content, as observed in barley plants compared to control groups.
To counteract such stress, plants activate antioxidant defense mechanisms comprising both
enzymatic and non-enzymatic components, including proline, catalase, and aldehyde oxidase
(AO). Catalase functions as a ROS scavenger, alleviating oxidative damage, while AO contributes
to the biosynthesis of abscisic acid (ABA), a key hormone involved in stress signaling pathways.

As demonstrated in our research, barley plants exhibited elevated antioxidant defense
responses under heat stress; however, growth and developmental processes were still adversely
affected. These findings underscore the necessity for further investigations into stress-related
signaling cascades, ABA biosynthesis, and its alternative pathways. Such research is crucial for
the development of heat-tolerant crop hybrids.
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M.T. Mbip3a6aeBa3, M.K. BelicekoBal, A. Bektypogal, 7K. Hyp6ekoBa?,
K.K. Macasmmmos*!, A.b. Kypman6aesa*!
JLH. T'ymunee amviHdarsl Eypasus yammolK yHugepcumemi, Acmaua, Kazakcman
’Haszapb6aes YHusepcumemi, Acmaua, KasakcmaH
3C.Cetigpynnun amoiHdarsl Kazak azpomexHukaasik 3epmmey yHugepcumemi, Acmata, Kazakcma

Anpgarna. Apna (Hordeum vulgare L.) - abUOTHKaJbIK KyH3eJicTepre, COHbIH illiHJe TeMeH
TeMIlepaTypara, KYpPFaKIIbLIbIKKA, TY3AbLIbIKKA, 9Cipece OHbIH 6Cyi MeH OHIMJINIriH auTapJblKTau
HallapJjaTaTblH bICTBIK KyH3esicTepre eTe ce3iMTal eMipJik MaHbI3[bl JA9HAI JAaKbLIl. by
3epTTey Kofapbl TeMmIepaTypaHbliH ActaHa 2000 apna COpPThIHBIH 6HYiHe >X9He (U3HOJIOTUSJIBIK
peaknusiapbiHa acepiH 6aFrasiayra 6arbITTajJFaH. TyKbIMAAp Kby KepHeyiH Mofenbaey yiuiH 25°C
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A.T. Samat, B. Bekbolat, A. Soltabayeva, K. Zhanassova, M.T. Myrzabayeva, M.K. Beisekova, A. Bekturova,
Zh. Nurbekova, Zh.K. Masalimov, A.B. Kurmanbayeva

(6akpliay) oHTalIbl TeMIepaTypaja xkaHe 40°C xoFapbl TeMIepaTypaia 6aKblJIaHATBIH 6cy 6esmeci
’KaFJalblHAA 6HIin IBIKTbL. bi3 GipHelne (U3HOJOTHSAJIBIK >XKoHE OUOXHMHSJIBIK IapaMeTpJiepmi,
COHBIH, imiHAe x/0podUIT Ma3MYHbIH, MajoHAuadbAeruaTi (MJA) »koHe MNpPOJSMH [JIeHreliH
GafanagblK, JKbLIYJBbIK CTpecC GOTOCUHTETHKA/BbIK MUIMEHTTEPAiH alTapJblKTall TeMeHJeyiHe
aKeJ/i, 6y GOTOCUHTETUKAMIBIK TUIM/ITIKTiH ToMeHieyiH kepceTeni. Kepicinme, M/IA »xoHe mpoJiiH
KOHIIEHTPaIMsChl XXOFapblaibl, 6yJ1 ColiKeciHIlle TUNUATEPAIH aCKbIH TOThIFYbIHbIH }X9HE 0CMOCTBIK,
CTPECCTiH KofapbliayblH KepceTefi. COHbIMEH KaTap, a/ibJeru/IoOKCH/ia3a XKoHe KaTalla3a CUSIKThI
AQHTHUOKCHUJIAHTTBIK GepMeHTTepAiH 6eJICeHAiIr »KoFapbl TeMIlepaTypaaaalTapJ blKTal »KoFapbLaabl,
OyJ1 peaKTUBTI OTTeri TypJiepiH AeTOKCUKaLMsIay apKblibl TOTBIFY 3aKbIMJAaHyblHA KApChl TYPY YLUiH
GelliMaesireH KOpFaHbIC MeXaHU3MiH YCbIHAIbI.

Tyiin cespep: Hordeum vulgare, aHTUOKCUIAHTThl epMeHTTep, XJOPOoPUJ Ma3MyHbI, MaJIOH-
Auanbgeruf (M/ZIA), po/IMHHIH XXUHAKTaAybl, TOTBIFY CTPECCI, }KbLIyFa Te3iMAinik

BMsiHMe BBICOKOTEMIIEpaTypPHOro cTpecca Ha poct Hordeum vulgare L

A.T. Camart?, B. Bek6oJiat?!, A. Conra6aeBa?, K. }Kanacosa’,
M.T. Meip3a6aeBa®, M.K. BelicekoBa 1, A. Bektypogal, K. Hyp6ekoBa?,
K.K. Macaiumog*!, A.B. KypmanGaepa*!
1Eepaszutickull HayuoHabHbuIU yHugepcumem um. JI.H. T'ymuaeea, Acmana, Kazaxcman
’Hasapb6aes YHusepcumem, AcmaHa, KazaxcmaH
3Kasaxckuil azpomexHuyeckull ucciedosamesibekuil yHueepcumem um. C. Cetighyanuma,
AcmaHa, Kazaxcmau

AnHoTanusa. flumenb (Hordeum vulgare L.) siBisieTcs »KW3HEHHO BaXXHOM 3epHOBOM KYJBTYPOH,
KOTOpasi O4YeHb BOCIPUMMYHMBA K psJy aOMOTUYECKHUX CTPECCOB, BKJIIOYAsh HU3KHE TEMIEePaTyphl,
3acyxy, 3acoJieHHe U 0COOEHHO TEeIJIOBOUM CTpecc, KOTOpPblE MOTYT 3HAYUTENbHO YXYALIUTh €r0 POCT
Y ypoKarlHOCTb. Llesiblo JaHHOTrO Hccief0BaHUs Oblla OLleHKa BJAMSHUS MOBBILIEHHONW TeMIepaTyphl
Ha nmpopactaHue u puU3noJIoTHYecKre peakiuu copta suMmeHs ActaHa 2000. CemeHa mpopaliuBaiu
B KOHTpPOJIUPYEMBIX VCJIOBUSAX BereTallMOHHOM KOMHAaThbl MpPU ONTHMaJbHON TeMmmepaType 25
°C (xoHTpoJib) U BbICOKOU TeMmmepaType 40 °C Jyii UMHUTAIUU TEIJIOBOTO cTpecca. Mbl OleHHUIU
HECKOJIbKO (GU3HOJIOTUUYECKUX U OMOXMMUYECKUX NapaMeTpoB, BKJ/OYasA CoJlep:KaHUe XJA0podULIa,
MaJsIOHOBBIN Juanbaerus (M/A) v ypoBHU poJivHa. Tens10BoM cTpecc NpUBeJi K 3aMeTHOMY CHUXKEHH IO
GOTOCMHTETUYECKUX NHUTMEHTOB, YTO YKa3blBaeT Ha CHWXeHUe 3PpPeKTUBHOCTU (OTOCUHTE3A.
HanpoTtus, koHueHTpauuu M/IA v npoJiiHa yBEJUYUJIUCH, OTpaXKasi yCUJAeHHUE NePEKUCHOTO OKHUC/IEHHUS
JIMIIUJIOB U OCMOTHYECKOT0 CTpecca COOTBETCTBEHHO. KpoMe TOro, akTUBHOCTb aHTUOKCHUJAHTHBIX
bepMeHTOB, TakKUX, KaK ajbJerufoKcHjasa M KaTajas3a, 3HAYWTeJbHO BO3POCJja IMPHU BBICOKOH
TeMIepaType, 4YTO IMpeArnoJaraeT aJanTUBHBIA 3alUTHbIA MeXaHU3M /[IJi1 MPOTHUBOAEWUCTBUS
OKHUCJIUTEJTbHOMY NMOBPEXKAEHHUIO NYTEM JAeTOKCUKALMU aKTUBHBIX GOPM KUCI0POAa.

KiwueBbie cinoBa: Hordeum vulgare, aHTUOKCUJAHTHble (epPMEHTHI, cofiep:KaHue XJopoduia,
MasnioHauanbgerus (M/1A), HakomnjieHrMe NPOJMHA, OKUCIUTENbHBINA CTPECC, yCTOHIMUBOCTD K TEILIY
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Effect of high temperature stress on Hordeum vulgare L. growth
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FeibiMu MaKasia

Jlepxa )KycaH-epKeK 6uJanbIK (Agropyron sibiricum, Artemisia lerchiana)
KaybIM/ACTBIFbIHAAFbI OPraHUMKaJIbIK 3aTTAPAbIH, KOP AUHAMUKAChHI
A.T. YreynueBa*' , .M. UxnacoBa! , A.C. BucenrasueBa' , C.H. boxopoBa! |,

9.1. Kypmekem® , A.Y. Tysk6aeBa® , C.M. Xan3

M. 6memicoe amviHdarul Bambic Kazakcmau yHugepcumemi, Opas, Kazakcmat
2JL.H. T'ymuses amouindarsl Eypasusiivik yammbik yHusepcumemi, Acmaua, Kazakcmat
3Kyaiid-u-Asam ynusepcumemi, Hcaamabaod, I[lakucmau

*xam-xabap asmopul: d_uteulieva@mail.ru

AnpgaTna. Makana/a Jlepxa )KycaH-epKeK 6UIalbIK, (Agropyron sibiricum, Artemisia
lerchiana) KaybIMAACTBIFBIHBIH, 1l1aJ1a MIAWbLIFaH, ayblp ca3[jaKThl Kapa-KOHbIP TO-
IbIPaFhbl, OHbIH, (JIOPACH], OPraHUKAJIBIK, 3aTTAP/bIH KOP JIMHAMHUKACKI 3€PTTEe/Ii.
Byn 3epTTtey xkymbictapsl JLE. PoauH, H.U. basuneBuy, H.I1. Peme3oB eH6ekTepiH-
Jieri apictep 6oibIHIIA 3epTTeysep Kyprisiigi. TonblpaFbIHbIH MOPGOIOTUAIBIK,
OesrijiepiH, Kapa wIipik MeJiepi, XMMUSJIBIK, KypaMbl KapacTbIpbLIbl. Jlepxa
»KycaH/Ibl-epKeK OuJiaiblK, (Artemisia lerchiana, Agropyron sibiricum) KaybiM[a-
CTBIFbIHBIH (Jiopackl 60MbIHLIA, TYP caHbl-29. [IpoeKTUBTI xaMbLIFbICHl 50-60%,
IIbIHAWBI )XaMbUIFbICbI-40-45%. OciMikTep KayblMAACThIKTAphl KOpPILaFaH opTa
(dakTopsIapbIHbIH dCepiHeH e3repicke TYCIMN, TYp alyaHAbUIbIFbI a3asa/pl, 6H10JI0-
TUSIJIBIK, OHIM/IJIIK TOMEHJEeN i, XUMUSIJIbIK 3/IeMEHTTEP/liH allHa/IbIMbl ©3repill,
MaJl a3bIKThIK, MaHbI3bl Oap eciMJiikTepAi apaM wwenTep aaMactbipya. 2Kyprisii-
reH 3epTTeyJiep KaWblUIbIMHbIH, 6HIM/IVIITIH aHBIKTAyFa, 6CIMIK XoHe TOMNbIpaK
»KaMbUIFBICBIHBIH, Ka3ipri *KaFAalbIHbIH, OafacblH, aHTPOINOTeH/li e3repicTep/liH
JIeHTeliH aHbIKTayFa koHe 6CiM/IiK KaybIM/IaCTbIKTaPbIHbIH, OMO0JIOTUS/IBIK, 9PTYP-
JITIKTI cakTay 11apajiapbiH YHbIM/IACThIPYFa MYMKIH/IK 6epei.

TyuiH ce3gep: ¢yopa, xkaceln macca (G), Kyparad 6esim (D), Teceniw (L), Tipi
taMmblp (R), es1i Tamblp (V), eHIMATIK-AeCTPYKIUAIBIK IPOLECC

Kipicne

Kemxbl1abIK 6ciMIiKTep — 6yJ KYH/bI JaKbl1Aap, OJIapAblH KYypaMbIH/A aKybI3Jap, KeMip-
cysap, TaJlIbIKTap, )KaHyapJiap/AblH KaJbIIThl 6CYi MeH JaMyblHa KOKETTI TYpJii opyMeH/iep
MeH MUHepasgap 6ap. TosblK *KeMlen eHAIpy YIIiH JiepXxa HeMece akK >KyCaHHbIH peJii 30p,
OyJl KY3Ti-KbICKbl Ke3eHJle KOJIAAHbLIAThIH KYHJbl >XeMJiK KaWbIbIMIBIK 6ciMAik. AK
»KYCAHHBIH, KYpaMbIH/1a 6UOJIOTUSJIBIK, KYH/IBLIBIFBI )KOFApbI 9pi KaHyapJsiap aF3acbiHa THIMIi
CiHeTiH aKybI3 MeJllliepi Kell, COHbIMEH KaTap, Napa3uTTepre Kapchl, KAObIHYAbl 6aCaThIH, 6T

Tycri: 29.05.2025. Ka6b1ganabt: 24.06.2025. OniaiiH Kou xketimai: 04.07.2025
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A.T Ymeyauesa, ’K.M. Hxaacosa, A.C. Buceneasuesa, C.H. boxoposa, 9./]. Kypmexew, A.Y. Tysak6aesa, C.M. XaH

KYPri3eTiH, aHTHUCeNTUKaIbIK acepJsepi 6ap [1,2]. KemkbliablK LeNTepAEH TYPaKThbl KeM
OH/IPICIH YJIFAUTY OJIapAbIH arpO3KOJIOTHUAJBIK, aylaHAACThIPBIIYbIH K9He 0JIapAbl 6Cipy/iH
€H, KoJ1alJibl alMaKTapbIH/AaFbl TEXHOJIOTUSJIAPAbI HAKThLIAY/bl Taaan eTefi [3].

JKannbl anranja, »KOFapbl 6HIM/Ii 3KOJOTUSJBIK, MJIACTUKAbIK OipXKbLIABIK KoHE Kell-
KbUIBIK LI6NTEP/iH OHTAal/Ibl apaKaTbIHAChI TONbIPAK, KYHApJIbLJIBIFbIH CaKTay/blH, COH/AAN-
aK KYpFaKUIbLIbIKIIEH, Cy YK9HE KeJl 9P03UsACbIMEH KYypecy/liH, OMOTHKAJIbIK KoHe aOMOTHUKAJbIK
CTPECCTEeH KOpPFayAblH HeTi3ri KypaJsibl 60/1a OThIpbI, 1 rakeM-11e1 alKanTapblHbIH OHIMAJIITiH
opTaecenneH 23-26% -FaapTTblpyFa MyMKiH/iK 6epefi [4], ocblaliia KIMMaTThIH 63TepYiHiH,
Tepic acepiH a3alTyFa MYMKiH/ik 6epefii [5]. JHeprus IbIFbIHBI TOMEH KOFaphbl 6HIM/Ii XKoHe
camnaJibl CiM/lik 6MOoMaccachlH ajly YUliH TaHJaJIFaH XKeM-116eIl JaKblJI1apblHbIH 9KOHOMHUKAJIBIK,
YKOHE 3KOJIOTUAJBIK TUIMAIIIr oJjlapAbl ©CipyAiH FbUIBIMU Heri3fereH TeXHOJIOTUACBIHA,
SIFHU CbIPTKbI OPTAaHbIH TaOWUFU )K9HE arpoTexXHUKaJbIK GpaKTop/1apbl ecebiHEH 6CIMIIKTEPAiH
belliMzeny peakuusJapblH peTTeyAiH Oap/blK (GakTop/apblH NaijjajaHyfa OaWaHBICThI
[6,7].

3eptresreH aitMak, ContycTtik Kacnuii MmaHbl baTbic-KazakcTaH 06.1bIChI fien aTaiaThbiH, Kacnuii
MaHbl TEKTOHMKaJBIK LIYHKbIPBIHBIH COJTYCTIK GeJiirinfe opHanackad. bateic Kasakcran
06/1bICbIHBIH, TeppuTopusichl llIbiFbic Eypona »Kas3bIKTHIFbIHBIH, KaiFacbl. COHABIKTAH Xep
6eJiepi HerisiHeH >ka3blIK 60J1bIN KeJsiefi. OHbIH COJITYCTIri MeH LIbIFbIC 66JIiriH/e OHIlIA OGUik
eMec KblpaTtap Kesjeceni. ’Kep 6enepi 6ipHellle e3eH aHFapJiapbIMeH TijimaenreH. Ocbl
YKepJZleH arblll ©TeTiH YTBa koHe Ejiek e3eH/iepiHiH Heri3ri Cy akpbIKTapblH Kypanibl.

3epTTesieTiH aiiMak KalbMUHOBCK blpachl OYHPaTThI-?)Ka3bIKThl KOHbIPKAW KypFak, AaJia
BaTeic KasakcTaH 06s1bIchbIHbIH lllesiek aynanbiHa, Enek anFapbiHa eHkill TapTKaH Opasi MaHbI
YCTipTiHiH COATYCTiK-1bIFbIC OeuiiriHe »kaTazbl. O6JibicTaFbl Ka/JbMHUHOBCK >»bIPAChIHbIH,
MaHbIH/IaFbl Kapa-KOHbIP TOMNbIPAaKTa OCKEH Jiepxa ycaHJbl-epkeK OujaublK (Artemisia
lerchiana, Agropyron sibiricum) KaybIMaCTbIFbl 3€pTTEJIHA].

3epTTey MaTepHvaiAapbl MeH djicTepi

OciMAIKTEPAIH THIFBI3ABIFbI TOPTOYPHIITHI KaKTayapAbl (0,25 M%) cany apKbLIbl, TOJBIK
OPKEH >Kalo Ke3eHiH/le, TOJbIK 6Cy Ke3eHiH/ie KoHe LI6INTi aby ajaiblH/ia TeH KallbIKThIKTA
y4acKeHiH uaroHaJi 6oiblHIIA 2 cabaKTac eMec Taxiprube KalTasaHybIMeH G6enrinenji [8,9].

KbpicTaFaHHAH KeHiH KOIDKbUIABIK 6CIMJIKTep/iH cakKTajybl (eciMIiKTepAiH KbICTayhbl)
KOKTeM/Jle oCill IbIKKAaH HeMece KaJlbIIITaCKaH OCiMAIKTepre KaTbICThbl KbICTayfa KeTep
aJAbIH/A 6CIMAIKTep/IiH CAaHbIH CaHay apKbLibl aHbIKTa1bI (%-0eH) 6apJibIK y4acke ajlaHbIH/A 2
cabakKTac emMec ToXipubesiep Kautanan/bl [10].

EricTikTepgeri ecy AMHaMUKAChIH OeJITijiey YiIiH 2 apajiac eMec TaxKipube KalTaslaHybIH/Ia
y4acCKeHiH JuaroHaJsii 60MbIHIIA 3epTTe/reH eciMaikTepaid 10 eciMAiriHig, OMiKTIiri esmeHAi.

3epTTeJireH allMaKTaFbl Jiepxa »KycaH/lbl-epKeK 0uaaubIK (Artemisia lerchiana, Agropyron
sibiricum) KaybIMAACTbIFbl KYPBbLIBIMbl ©CIM/IIKTep/iH CabaKTapbIHbIH, albIpaKTapbIHbIH
»K9HE XKalblpaKTaHYbIHbIH, MacCaCblH aHbIKTAW OTBIPbIN, CcaJMak djicimeH Gesrinengi [11].
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Jlepxa xcycaH-epkek 6udativik (Agropyron sibiricum, Artemisia lerchiana) KaybimoacmbiFblHOaFbl OP2AHUKANBLE
3ammapdslH Kop UHAMUKACbL

2KaceLn maccanbiH 6HIMALTIT AaKbLIAAP/AbI Y3iKCi3 ecelnke any 9fjiciMeH aHbIKTanAb! [12,13].
AGCONMIOTTI KypFak 3aTThIH KypaMbl 1 Kr opTallla CblHaMaHbI ipikTey apKbliabl (0J1 KEMiHJe
20 HYKTeAeH asIbIHFaH >KeKe CblHaMaJlapJaH Typajbl), cofaH keiin 105°C Temnepartypaja
KenTipy wkadbiHja opTawa ceiHaMagaH 30-100 r acnaHbl TypakTbl Maccara JediH KenTipy
apKblibl 6esrisieHfi [14].

Kab6blnganraHn agicteMesiep MeH MEMCT-Tapabl maijjaiaHa OTbIPbIIN, JaJiajiblK TIXKipH-
6esepae:

- ecCiMAiK KaMbLJIFbICBIHBIH, KOPCETKILITEPi: MPOEKTUBTI »abblH, TYP Kypambl, OUIiKTiri,
OHIMIIIri;

- TOMNbIPAK, KOPCETKIUITEPi: TONbIPAKThIH, ThIFbI3AbIFbl (KauMHCKUN LUAMHApPJIEpiH Nau-
JlaJlaHa OTBIPbIN JaJjia KafAalbiHAa GesrineHred), meJuepi 10-0,25 MM arpoHOMUSJIBIK
KYH/bl KYpbLIBIMJBIK arperaTTapAblH KypaMbl (3epTXaHaJblK, »KaFfailjja ipikTesreH yJri-
JiepZii KypFak ceby ajjiciMeH »kaWblIbIMJap/ia), TONbIPAKTbIH, I'PaHYy/J0METPUSJIBbIK KypaMbl
(Kaunnckuit apicteMeci 6orbiHLIa), rymyc (TOCT 26213-91), nutpattsl a3ot (MEMCT 26951-
86), xpupKbIMaibl dochop (MEMCT 26205-91), anmacy Herizgepi (MEMCT 17.4.4.01-84),
OHBbIH, iliHge anMacaTbeiH HaTpuil (MEMCT 26950-86), Ty3aany Typi (H.U. basusieBuy xoHe
E.H. [ITankoBa), TepMOCTaT-caJMaK, 9/iiciMeH TONbIPAKTbIH, bIJIFAJI/bIJIbIFbI 6J1IeH Al [6].

KP AIIIM 27.04.2017 . Ne185 OGyHpbIFbIHA COMKEC Kep KaMbLJIFbICbIHbIH, TO3y Adpexeci
WHJWUKaTOpJIap Heri3iHje OenriieHi.

OciMJliK »KaMBbUIFbIChI O€eTiHiH, JlaHAWAPTTHIK epeKlleJikTepi 06beKTisiepAi TaxeoMmeT-
pUSIBIK TYCipy, TpoduabAepAi TericTey HOTHXeslepi 60MbIHIIA 6aFasaH/bl. FblIbIMU Aepek-
TepAiH AYPbICTbIFbIH OaFajiay AUCIEePCUSIIBIK Talay 94iCiMeH CTaTUCTUKAJBIK 6HJleY apKbl/Ibl
xKyprisinai [15].

OciMiKTep KaybIMAACTBIKTapbIHAAFbl OPraHUKa/bIK KOpP 3aTTapblHbIH JAWHAMUKACHI
JLE. Pogun, H.U. BasuseBuy, H.Il. Peme3oB eHOekTepiHAeri aficTep OOMbIHIIA 3epTTeyaep
Kyprisingi [1,6,7].

BuoreoneHo31aFbl MaHbI3bIHA 6aFa 6epy yLIiH xkep ycTixackli Macca (G), KyparaH 6e1im (D),
TeceHiw (L), Tipi (R) >koHe eJ1i (V) TaMblp/iblH, OpraHUKaJIbIK KOpP 3aTTapbIHbIH, JIMHAMHKAChI
aHbIKTanAb! [5-11]. XKep 6eTi xaHe »kep acTbl cdhepacblHAaFbI Tipi, 611 OpraHUKa/bIK 3aTTap
KOPBIHBIH JMHAMHUKAChl TEHECTIpy 6a/laHC )KyHeCiH KoJ1JaHa MUHUMMaJlb/lbl 6aFa 9/]iCi apKblJIbI
3epTTeysiep MaTepuaapbl 60MbIHIIA TYbIHAAAbI [16-18].

KyprisisireH 3epTTeysiep KaublJIBIMHBIH, 6HIM/IJIITIH aHBIKTAay¥a, 6CIMAIK )KoHe TONbIPAK,
»KaMbLJIFBICBIHBIH, Ka3ipri »KaFJalblHbIH, OaFacblH 6epyre, aHTPONOreH/i e3repicTepAiH AeH-
reiiH aHbIKTayFa bIKTUMaJIJbIK GepeJi.

Hatmxenep
3eprTesiiHreH KajibMUHOBCK »KbIpacblHAAFbI JiepXa-KycaH/ibl-epKeK 0uaanbIK (Agropyron

sibiricum, Artemisia lerchiana) KaybiMaacTbIFbIHbIH (CypeT 1) 1asa malblifaH, ayblp ca3fjak,
Kapa-KOHbIP TOIbIPAFbIHbIH, MOPPOJIOTUSJIBIK GesriepiH KapacTbIp/bIK.
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Cyper 1. Jlepxa *KycaH/ibl-epKeK OUJaNbIK (Artemisia lerchiana, Agropyron sibiricum)
KaybIMJaCTbIFbI

A ropusonTbl: KanbiHabiFel 0-feH 21 cM-re AeMiH, Tyci Kapa-KOHbIP, LIAHAbI- TYHUIipJIi,
KYPBUIBIMBI ayblp Ca3/akK, ThIFbI3Jay, TaMbIpJapbIHbIH, Ke3/ecyi Ui, KeJyieci TOPU30HTKA
6ipTiHzen eTKeH.

B ropusonTbl: KanbiHabiFbl 21-1eH 36 cM-re AeiH, Tyci KypeH-Kapa-KOHbIp, *KaHFaKThI-
TYHipJii, KYpbIIIBIMbI OpTallla Ca3/akK, ThIFbI3, )KaHa TY3iJicTep kapboHATTap aK AaK TypiH[e
KepiHezi, keJsieci KabaTKa GipTiH/ el 6TKEH.

BC ropusonTsl: KanbiHAbIFbl 36-4aH 67-CM-Te JeHiH, TYCi aK JAaKTbl Capbl- KOHbIP, 6T€
TBIFbI3, AybIP Ca3/aK.

C ropusoHThl: KanbiHAbIFEI 67-A€eH 113 cM-re AeliH, Tyci capfblll, aK JaKTapbl 6ap, aybip
Ca3/iakK,

Kecrte 1
Kapa-KOHBIP TONBIPAKTBIH, CYJIbI ChIFbIH/BICHI

FopusoHT pH Kannsr Mr-3kB/100 r TonbIpakTa.

KaJbIHIbITbI ciaTisiri C1 so 2 Na* K Ca? Mg?*
cM HCO3 *

A0-21 8,4 1,15 0,047 0,0064 0,848 0,887 1,01 0,438
B 21-36 8,4 0,70 0,041 0,0192 0,735 0,251 0,784 1,014
BC 36-67 8,4 0,30 0,038 - 0,593 0,162 0,738 0,876

1-kecTene xaWbLIBIMAAPAbl NaifjasaHy TociijepiHe 6annaHbicThl 0-67 cM KabaTTarbl
TONBIPAKTBhIH arpoXUMMUSJIBIK KoHe arpodU3uKasblK, KepceTkilTepi kepceTinreH. Tombi-
PaKTbIH, CYJIbl CbIFbIHABICHI O0MbIHIIA opTackl (pH) 6apJiblK npoduibae CUITiI, 2Kalnbl CiATiIiK
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Jlepxa xcycaH-epkek 6udativik (Agropyron sibiricum, Artemisia lerchiana) KaybimoacmbiFblHOaFbl OP2AHUKANBLE
3ammapdslH Kop UHAMUKACbL

YKOFaphbl, COPTaHAAHYbI AJICi3 Cylb(aTThI-XJ10PJbL. [Ipodunbaiy - )koFapfFbl 6eJirinzie HaTpui
MeJilepi ke, 6ys eciMAik KaybIMAACThIFbIHAA Artemisia lerchiana 6acbeiM 60Jca Kepek [12].
HaTpuii koHe MarHui MOHJAPbIHBIH MeJllepi KaJbIUHA UOHBIHbIH, MeJIlllepiHEH apThIK, OJI
Kapa LWipiKTi TOPU30HTThIH OY3blIybIHA 9CEDP €TE/|.

Kapa wipik mesiepi (Kecte 2) a3, ce6e6i »x0FapFbl 66s1iMi A TOpM30HTHI [lIaMaJibl 1AW bLJIFaH,
MarHui HOHBIHAH KaJIbLJUi HWOHBIHBIH apThIFbIpAK, 00JIybl, TONbIPAK >XaMbLJIFbICbIHbIH,
JlaMy 3BOJIIOLMSAJBIK YpAici AasasjblK TONbIPAKTbIH, 6achIM/bLIbIFbIH KepceTeai [13]. BC
KabaTbiHZarel ¢pochop MeJllepiHiH Kem O60JIybl, aHAJBIK >KbIHBIC Ca3/JaK OCbl 3JIeMEeHTIeH
OGalbITBLIFAHbIH KOPCETE].

Kecre 2
Kapa-KoHpbIp TONBIPAKTBIH, XMUMUSJIBIK, KYpPaMbl
[opu30HT TriopuH N % P % Cixipinren Herizaig MesLIepi
KaJIbIHJBIFbI | OOHBIHIIA Mmr-3kB/100 r TonbIpakTa.
CM. Kapallipik Ca%* Mg?* BapJbIFbl
%

A0-21 4,06 0,25 0,14 15,4 8,62 24,02

B 21-36 2,64 0,11 0,122 7,2 2,64 19,84
BC 36-67 2,09 0,09 0,259 10,08 2,34 12,42

KaibLibiMAaFbl jKaHyapJ/ap/bl »Kal TOCLIi Jie TONbIpaKTaFbl KbLKbIMaJIbl GpOCHOPABIH
KypaMblHa acep eTTi. 2KaHyapsiap/iblH, KAPKbIH/bI KaWbLJIbIMbI 0ap *KaWblIbIMAAP/a KbLJIXKbI-
Masibl pochopabiH Mediepi *-0,62 mr/100 r 60s/b1, 6yJ1 3TaTOH/IBIK yiacKere KaparaHja 0,45
mr/100 r as.

Ocbl 3epTTeysepAiiH Jiepxa KycaH/bl-epKeK OupaulbiK (Artemisia lerchiana, Agropyron
sibiricum) KaybIMJIaCTbIFbl KaWblIbIMJApblH/JA >KaHyapJap/blH, ailHa/JMaJibl >XKaWblJIbIMbIH
naiiajaHy TOINbIpaKTaFbl MeTa0OJIMKaJbIK Heri3jiep MeH HaTpPUM aJMacCyblHbIH, I1aMaJbl
eCyiHe bIKIaJ eTTi.

CoHbIMEH, JiepxXa KycaH/[bl-epkeK OupaublK (Artemisia lerchiana, Agropyron sibiricum)
KaybIM/IaCTBbIFbIHBIH, KapKbIH/bI KaWbLIbIM/JapbIHAA MeTabO0/IMKaJIbIK Herisjepi MeH HaT-
puil anmacybiHblH, MeJepi - 15,21 mr. 3kB/100r xaHe 1,41 mr. skB/100r, aliHa/IMasbl
*KaWblibIMAapbiHAa — 15,16 mr. 3kB/100r »xaHe 1,37 Mr. 3kB/100r Kypajbl, aj 3TaJOH/bIK
ydacKe/ie TONbIPAKTbIH a3/an Ty3/JaJfaH Japexeci 6ap, MeTaboMKabIK ajJiMacy Heri3jepiHiH
meJiepi - 14,53 mr. 3kB / 100r, an MeTaboJIMKaIbIK aaMacy HaTpuii - 1,29 mr. 3k / 100r
(Cyper 2).

MeTaboJsinKaibIK Heri3fep MeH MeTaboJIMKalblK HATPUKAIH KypaMbIH/AaFbl OyJ allbipMa-
IIbLJIBIK TY3/laHy JI9peXKeCiHiH e3repyiHe acep eTKeH 0K. COHbIMeH KaTap, 6aKbljay HYCKa-
CbIH/IA KaHyapJap/iblH KapKblH/bI >KaWblJIIMBIH NaWJalaHy TY3/bUIBbIKTBIH a3jan Ty3JaH
opTalla Ty3fa JleliH e3repyiHe bIKIaJ eTTi.
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M KapKbIH/BI )KaWbLIBIMIAP
MeTaboJIMKAIIBIK Heri3aepi

¥ KapKbIHIBI )KaWBUIBIMAAP HATPHUIl
aJIMacybIHBIH MeJIIIepi

¥ alfHaNIMaJIbl >KaibUTBIMIAP
MeTaOOJIMKAIBIK Heri3aepi
alfHaIMaIbl )KalbIIBIMIAp HATPUH
aIIMAaCyBIHBIH MeJIIIepi

M 5TaOH/bI KaWBIIBIMIAP
MeTaOOJIMKAIBIK HeTi3aepi

¥ >TanoH/BI KAWBUIBIMAAP HATPHil
aJIMacybIHBIH MeJIepi

CyperT 2. XKaiiblibIM TypiHe Kapail MeTab0/JMKaJbIK Heri3/lep MeH HaTPUK/IiH KypaMbIHAAFbl
albIpMalIbLIBIKTAP, MT. 3KB/100T

Tanpay HoTHKeslepiHe COMKeC 3TaJIOHAbIK aHbIKTaMaJIbIK, y4yacKeeri ryMyCThbIH MeJliepi
1,29% kypaiapl, 0-30 cM KabaTbIHAAFbl TYMYCThIH KOpbl 47,21 T/ra Kypanzbl. XKalblLibIM/bl
KapKbIH/bl TNalJalaHFaH Ke3/le T'YMYCTbIH KypaMbl MeH KOpbl aWTapJIbIKTal TeMeHJeIl,
colikeciHie 0,82% >xoHe 34,44 T/ra Kypaabl. XKalbLibiMAapAbpl allHaaiMalbl (pOTaLUAIbIK)
naiiiaJlaHy oCbl KOpCETKillTepre 3TAaJIOHJBIK yYacKeMeH CaJIbICThIpFaH/a LIaMaJsibl dcep
eTKeH/IriH KepceTeZi, COH/JbIKTAaH pOTALMSAJBIK JKaWbLIbIMAApAa TCyMYCThl Kapallipik
meJepi 0,09% - Fa, a1 r'yMycThIH KOpbl colikeciHie 45,76 T/ra Kypaasl (CypeT 3).
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OTAJIOHJBIK OTaJIOHJBIK KapKbIHbI KapKbIH/bI PpOoTalUsIIBIK poTalUsIIbIK

TYMYCTBIH TYMYCTBIH TYMYCTBIH TYMYCTBIH T'YMYCTBIH TYMYCTBIH
medmepi, % KOpBI, T/Ta Memepi, % KODBI, T/Ta Memepi, %  KOpbl, T/Ta

CyperT 3. XaiiblibIM TypiHe Kapail r'yMyc KOpbl MeH MeJIlIepiHiH KepceTKillTepi
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Jlepxa xcycaH-epkek 6udativik (Agropyron sibiricum, Artemisia lerchiana) KaybimoacmbiFblHOaFbl OP2AHUKANBLE
3ammapdslH Kop UHAMUKACbL

OchLialiia, 3TaJoH/bIK yYacKeci 6ap KapKbIH/bl KaWbLIbIMJAFbI KaUblIbIMIapAaFbl T'y-
MYCTbIH, KYpaMbIH/aFbl alblpMallblIbIK JleTpalalUsiHbIH, 2 J2pexeciHe colKec KeJsefi, ai
aliHaJIMaJibl )KaUbLIbIM/IapAaFbl T'YMYCTbIH MUHHUMaJIIbl TOMEH/IeYi 0Cbl KOpCeTKilll 60MbIHIIA
*KaWbLJIbIMAAP/AbIH, lerpaJalUsiCbIHbIH, >KOKTBIFbIH KOpCeTe/I.

Tonbipak ThIFbI3/bIFbIHbIH, KOPCETKIIITEP] aybl/lIapyallbLIbIK XKaHyapJIapbIH XKato 9jiciHe
6alJIaHBbICTBl Ja ©3repicke YLIbIPaJibl. AHBIKTAMaJblK y4dacKe/le TOMNbIPAK ThIFbI3/bIFbI
1,22 r/cm3 OGosraHza, 3epTTeyAiH 6aKbliay HYCKACbIHJA KapKbIHAbI KaWbLJIBIMAbI Maii-
JlaJlaHy ThIFbI3ABIKTBIH 15,57%-Fa apTyblHa akesin cokrthl, 6ya 1,41 r / cM3 Kypazbl, 6yJ
JlerpaZlauUsiHblIH, 3 AapexeciHe covikec Kesaegi. 2,46%-ra »koHe 0,82%-Fa Jiepxa »KycaH[bl-epKeK
6upaublK (Artemisia lerchiana, Agropyron sibiricum) KaybIM/JaCTbIFbIHbBIH KalblJIbIMAAPbIH/A
allHa/MaJibl 9AICTI malAajiaHFaH Ke3Jle TONbIPAK ThIFbI3/bIFBI ©CTi, OyJ e3repictep
TONBIPAKTbIH, JlerpaJalUsiCbIHbIH }KOKTbIFbIH KepceTei [19].

AHBIKTaMaJblK, y4acKeJeri arpOHOMUSJIBIK KYHJbl KYPbLIbIM/bIK arperaTTap/iblH, Mas-
MyHbI 75,05% Kypa/bl, 6yJ - "KaKcbl" rpaZjaiys JopeKeciHe coliKec KeJe[li, KYpPbIIbIM/BIK,
k03bPUIMEeHT "KaKcbl" 6aFacbiHa covikec KesieTiH - 3,14 Kypaabl. KapKbIH/bl KAl blIBIM/IbI
nai/jaaHa OTBIPbIIN, 0aKbliay HYCKACBIHBIH, >KaWbLIbIMJAPbIHAA arpOHOMUSJIBIK, KYH/bI
KYPbUIbIMJBIK arperaTTap/iblH, Ma3MyHbl 52,67% - ¥a fieliiH TeMeH/ie/li, AeMeK, KyPbLJIbIM/bIJIbIK,
koapodunuenTi 1,223-ke JpediH TeMmeHJeJi, Oy KepceTKiliTep "KaHaraTTaHAPJIbIK'
O6arara coiikec keJsefi. KalblibIMAapAbl alHa/JIMasibl MakjalaHy arpOHOMUSJBIK KYH/bI
KYPbUIBIMJBIK, arperaTTap/iblH Ma3MyHbIHA Ja acep eTTi, 6ipaK Oakpljay HYCKacblHAaH
alblpMallbl/IbIFbl, aWHa/MaJbl >KaWbLIbIMJAPbIHAAFbl Tpajalus Japexeci "KaKcbl'
6osbl x9He cakkeciHme 68,17% Kypazpl. bys peTTe aliHa/IMasbl KaWblIbIMAapbIHAAFbI
KYPbLIBIMAbUIBLIK K03 duiuenTi 2,03 Kypazbl, 6yJ1 eKi HYCKa/ia [ia 3TaJIOHAbIK yuyackeierigei
"xakKcbl" OaracblHa coWkec keseni [20,21]. Jlepxa »xycaHjbl-epKeK OuWAaWblK (Artemisia
lerchiana, Agropyron sibiricum) KaybIMJJacThIFbIH/AAFbl 6CIMAIKTEP/iH TYp caHbI-29.

[IpoexkTuBTi )aMbLaFbicbl 50-60%, wbIHAMBI kaMblIFbIChl — 40-45%. Asteraceae TyKbIM-
JlaceiHbIH, yieciHe 8 Typ (27,6%), Poacea-4 (13,8%), Chenopodiaceae-4, Brassiacaceae-3
(10,3%), Fabaceae-2 (6,9%), an Rosaceae, Euphorbiaceae, Umbelliferae, Limoniaceae, Bora-
ginaceae, Scrophulariaceae, Labiatae, Lilliaceae TykpiMaacTapbiHa 6ip TypAeH Tuei (cypet 4).
1 kB.M.-zieri Typ caHbl - 5-10. ByJs1 KaybIMAACTBIKTBIH, 6N 6iTIKTIr yiI KabaTThl [22,23].

3epTTey HYCKACblHAA — alHa/JIMaJibl KaublIbIMJapAa IenTepAiH caHbl 9% paeHreuinze
60/17bl, OHBIH, illIiH/le apaMIIeNTeP MeH YJibl 6CIMAIKTEP/iH a3 MeJillepi Ke3ecTi, oJap/blH,
y/eci 1% KypaZpl. 3epTTeyAiH KapKbIH/bI »KaWbLJIbIM HYCKACbIH/A 9PTYpPJIi I6NTEPAiH, y/eci
CaJI YJIKEH GoJiJbl oHe corKeciHme 11% Kypazabl. Asaija, KaiblIbIMAAPAbl KapKbIH/bl
navJiasiaHy Ke3iHJie apaMILeNTep MeH yJbl 6CiIMAIKTep/iH caHbl 6% Kypazbl.

Kannel mwentiH KypambiHZarbl Agropyron sibiricum yieci XaWblIbIMJapFa XYKTeMe
cUIaThIHA Ja 6aliaHbICThl 60JiAbl. OcbhLlaliina, 6aKblay HYCKACBIHBIH, KalblIbIMAAPbIH/IA
»KaHyapJlapAbl KapKbIHJbl >Kal0 Kajlbl NPOEKTHUBTI >KaObIHHBIH, KypaMbIHJAAaFbl €pKeK
OUJANBIKTBIH YJIeCiHe Tepic acep eTTi »koHe TeK 5% Kypaabl. Agropyron sibiricum eH, >K0fapbl
Meulepi-43%, akHaJMaJibl }KarublJIbIMJbIK KarblIbIMJap/a TipKeJAi.
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Cypert 4. Jlepxa xkycaHAbl-epKeK 6uJlaiiblK, (Artemisia lerchiana, Agropyron sibiricum)
KaybIM/AACTBIFbIHBIH, QJi0pa KypaMbl

duTtonenosgapabiH 15-TeH 11%-Ha JeliH xaWblaibiMAapabl Artemisia lerchiana nepxa
’KYCaHbI aJIblll >KAaTThl. OCIMIiIKTep/iH OCbl LIApyallblIbIK-60TaHUKAJIBIK TOOBIHBIH €H,
»KoFapbl Meviiiepi — 15% - KapKbIH/bI KaNbIIbIM/IbIK, KalblIbIMAApAA 6CTi. AJI, alkHaIMaJIbl
YKaUbLIBIMAPbIH/A a3 )KyKTeMeMeH Artemisia lerchiana siepxa »xycaHHbIH, yJieci coiikeciHie
11% penreitinge 6oaabl (Kecte 3).

Kecre 3
2024 xxbU1AbIH KOKTEMIi Ke3eHiH/e JiepXa *KyCcaH/bl-epKeK 6uAaubIK, (Artemisia lerchiana,
Agropyron sibiricum) KaybIMAaCThIFbIHBIH, »KaJ/INbI NPOEKTUBTIK »Ka0bIHAbLIAPbIHbIH,
(?KIII) auHamukacel, %

[lapyalbLablK-60TaHUKAJBIK TONTap KalblbIMAbl Talja/aHy HYCKAChI
aTaybl KapKpIH/bI kaliblIbIMZAP | AHRHaIMAaJIbI KaibLIbIMAAD
2KIIIT, % 39 79
Jdemepsiep MeH ademepouaTap 8 16
Agropyron sibiricum 5 43
Artemisia lerchiana 15 11
OpTypJii WenTep 11
OHBIH ilWiH/Ae€ yJIbI 2K9HE apaMILenTep 6 1
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Jlepxa xcycaH-epkek 6udativik (Agropyron sibiricum, Artemisia lerchiana) KaybimoacmbiFblHOaFbl OP2AHUKANBLE
3ammapdslH Kop UHAMUKACbL

KapKbIH/bI )KalbLIBIMABIKTAP/|A, KOKTEMTII Ke3eHJe GaKblIaHAThIH 3epTTey HYCKAChIH/a
Poaceae TyKpIMlacbIHa XaTaTbIH Agropyron desertorum, Festuca valesiaca, Leymus ramosus, Koeleria
cristata cUSIKTbl KYHJbI KeMJiK eciMJikTep 6osiMaFaH. JdpeMepsiepZieH ayblallapyallblbIK,
»KaHyapJlapbIHbIH 0apJibIK, TypJiepi xkaKchl keuTiH Liliaceae — Tulipa TyKpIMAaCbIHA KaTaTbIH
ecimMJlikTep, cCOHbIMeH KaTap, Chenopodiaceae TyKbIMJacCblHAa >KaTaTbIH >XOFapbl aKybI3/bl
eciMmaik — Kochia prostrata ke3necnefi.

KekTemae 2022-2024 blIFbl 3epTTEY HYCKACBIHBIH, KAPKbIH/IbI KalbLIbIMJApbiHaa Alyssum
Turkestanicum, Artemisia lerchiana, Artemisia austriaca, Ldppula squarrésa Ceratocarpus
arenarius, Galium aparine, Chenopodium dlbum, Poa bulbosa, Tanacetum achilleifolium,
Gypsophila paniculata, Thlaspi arvénse, Ritilldria, Lipidium ptrfoliatum, Euphorbia agrarian,
Anabasis aphylla cusikTbl ecimaiktep 606l CoHaan-ak, Polygonum aviculare, Stipa capillata
a3 MmeJiulepze eciMaiktep 6auKanzabl. Cupek ecimaikrep - Alhagi pseudalhagi, Xanthium
strumarium »x9He Datura.

Bipinwi kabat (50-80 cM.) nepxaxycaHsbl (Artemisia lerchiana), epkek 6uanbIrbl (Agropyron
sibiricum), »kannak kek6ac (Eryngium planum) xaHe T.6. Typajpbl.

Exinmi kabat (30-50 cm.) ABcTpus xkycanbl (Artemisia austriaca), TyvetikeH (Carduus
crispus), KyJriH atokyJaak, (Verbascum phoenecium) «axe T.0.

Ywinmi ka6at (10-30 cM.) )kyaublKTbl KOHbIp6ac (Poa bulbosa), kapikbi3 (Lappula echinala)
»K9He T.0. Typa/ibl.

3epTTeJsireH aiMak, ¢G0pacbiHbIH 3KOJIOTHUSAJIBIK TONTapblHA aHAIW3 KacaFaH/a ¢Jiopachl-
HblH, KCepoQuUJbJi TONTbIH 06acblM €KeHiH aHbIKTaZbl, AFHU OyJ LIeJIeUTTeHy YpAiciH
6aikaTtaabl [18-21].

Byl KaybIMAaCTBIKTBIH JOMUHAHTTHI TypJepi: Agropyron sibiricum, Artemisia lercheana,
Ui Ke3geceTingepi: Erysimum cheiranthoides, Phlomis pungens, Crinitaria villosa, Astragalus
varius *aHe T.0.

Mambipza »kacblJl MaccaHbIH, KepceTkimi 2022 . -32,97 1/ra, 2023 x.-32,97 1;/ra Ty3reH.
MaycpiMFa kapait 2022 k. 6ys1 kepceTKiltep TeMeHzereH (29,12 i/ra), an 2023 x. kepiciHiue
»KoFapbliaraH (23,17 /ra).

2022 x. kesieci ailiapga 6ipTingen aszairaH. 2023 k. Aa KeJseci ailylapAa asadbll KeJle,
KbIpKYHEK alblH/a KYPT 6CKEH, aya TeMIlepaTypacblHbIH, TOMEH/eyi MeH bLIFaJAbLIbIKThIH,
Kebetoi acep eTkeH. YKacbli MaccaHblH KepceTkimi 2022 . mambIp adbiHga (32,97 1/ra), an
2023 k. KbIpkyHek adbiHAa (50,92 1/ra) aca »kofapbl. Exi *bl1JibIH TaMbI3 abiHga (2022
*.-10,02 1/ra, 2023x.-11,87 1/ra) »acbl1 Macca MeJilliepi MUHMMaJbJbl MOHTe He OOJIFaH,
AFHU TaMbI3Zla 6acblM TYpJIepAiH BereTalusJblK Ke3eHiHiH asKTa/lyblHa COWMKeC KeJsyiHe
6ainanbicThl (KecTe 4).

Kyparan 6es1iM MesiepiHiH yiratobl 2022 . TaMbi3biHa (24,3 11/ra), 2023 K. KbIpKYiierinze
(40,72 u/ra) 6aikangbl. A3 Mesiepi 2022 x. Kpipky#eringe (17,15 i/ra), 2023 . MaMbIpbIH/A
(14,22 1 /ra) 6aiiKkanjpl, aya TeMIepaTypacblHbIH TOMEHJEYi MeH MUHepaiu3anus ypAiciHiH
6aceHJieyi cebenm 6osiybl MyMKiH. KyparaH OeJsiiMHiIH Je, TeceHIlITiH Je MaKCUMaJb/bl
KepCeTKilli corKec.
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KecTte 4

Jlepxa KycaH-epKeK GUJaibIK, KaybIM/JaCThIFbIHBIH, 2022 Kbl Ke3eHi 60ibIHIIA 6HIMAUTIriHiH,

Heri3ri cunarramMacsl

Koadounuent Alinap 60¥bIHIIA OpTalia, 1i/ra
\Y% VI VII VIII IX X

G 329+0,1| 29,114 | 19,3%0,2 | 10,02+0,1 | 10,6%£1,0 | 20,42+0,5
D 19,4+0,5| 18,1+0,2 | 23,1x0,7 | 24,3%0,2 17,1+0,5 | 20,40+0,1

L 35,3+0,2| 30,8+0,4 | 37,37+0,7 | 48,6+0,7 39,5+x0,7 | 32,3204

R 0,57+0,4 | 14,1+0,5 | 31,0%x2,2 | 40,8+0,1 51,5#0,4 | 27,6%1,1

\Y 14,1+2,1| 24+1,0 26,0+0,8 | 60,2+0,4 43,1+0,6 | 33,5%1,4

D+L 54,7x0,2| 48,9+0,9 | 60,3x0,7 | 72,9%0,5 56,7£0,2 | 52,7+0,4
D+L/G 1,6+2,3 | 1,68+0,6 | 3,12+0,5 | 7,28%0,2 531+2,5 | 2,58+0,5
G+D+L 87,7+0,4| 78,0+x0,6 | 79,7+0,2 | 82,97+0,2 | 67,3x0,9 | 73,16%2,1
G+R 33,5£0,1| 43,2+0,4 | 50,3+x0,7 | 50,8+1,2 62,2+0,1 | 48,030,7
R+V 14,7+#3,1| 38,1x0,5 | 57,0x0,4 | 101,1+0,8 | 94,7+0,2 | 61,12+0,3
R/G 0,01+0,1| 0,48+0,4 1,6+0,8 4,07+1,1 4,83+0,7 | 1,35%0,4
R/V 0,04+0,2| 0,59+1,1 | 1,19+0,2 | 0,68+0,8 1,19+0,8 | 0,82+0,8
G+R+D+ L+V 102+0,3 | 116%0,1 136+0,4 184+0,5 | 162,109 | 134,3+0,2

D+L+V/ G+R 2,0+1,1 1,7+0,7 1,7+0,8 2,6+0,7 1,6%0,5 1,8+1,3

Ocel maycbiM iwingeri 2023 x. (49,96 1 /ra) Tipi Tambip Meuepi 2022 xbliMeH (27,61 1/
ra) caabicTbipraHja 1,8 petT ker. TaMbIp KOpbl KOKTEM-Kas3, ka3, Ky3 MayCcbIM/JapblH/Aa 6CiMAiK
KaybIM/IaCThIFbIHBIH, laMybl Ke3iH/e Kobelin, KbIpKyHeK allblH/la MaKCUMaJlb/ibl KOPCETKILITi
kepceTkeH (2022x.-51,54 u/ra; 2023x.-98,08 11/ra). EH a3 mMeuJiepi eKi XbLIAbIH Ja MaMbIp
aiiapeiaza (Kecte 5) 6alikan/ibl.

OJ1i TaMbIpFa KeJiceK, eH, KoFapbl kepceTkimi 2022 . Tambi3biHAa (60,28 11/ra), 2022
K. KbIpKyHerinze (56,76 n/ra), an a3 mesiuepi 2022 x. mamblp abiHga (14,14 u/ra), 2023
K. MaycbIM adbiHAA (18,81 1/ra) 6alKa/iabl, 6CiMIIKTEP/iH epTe »Ka3Ja TOJIbIK 6eCil-eHil
y/irepmeyiHiH cebebife acep eTKeH.

Kyparan 6es1iMm MeH TeceHiuTiH (D+L) KocbiHAbICchbl 2022 %.-52,74 11/ra, an 2023 x. - 57,04
1/ra. XKep 6eTi MopTMaccaiapblHbIH KOCBIH/IbICBIHBIH, >KeP O€Ti >KachL/1 MaccacblHA apa KAThIHACHI
(D+L/G) opTama ecenmnen 2022 x.-2,58, an 2023 xk.-2,16, )KOUBLIY XKbLIAAMAbIFbIHBIH, aPTYbI
MeH eCiMHiH ToKTayblH kepceTezi. (G+D+L) xep 6eTi »kacbly1 Macca MeH »ep 6eTi MOPTMaCCaHbIH,
KOCbIH/bICHI 2022 %.-73,16 11/Ta, 2023 %.-80,67 11/ra.

Tipi >xeHe 611 TaMblp1apAblH apa KaTbiHachkl (R/V) 2022 x.-0,82, an 2023 x.-1,4. ’Kep acTbl
»KoHe »Kep 6eTi Tipi Mylesiep/iiH apa KaTbIHACHI, IFHU 3KOJIOTUSIJIBIK KepceTkimi (R/G) 2022 x.-
1,35, 2023 x.-2,11, 6y/1 KaybIMJACTBIKTbIH, KOJIaUChI3 KaFAaliFa 6eliMie/reH/JiriH KepceTe|.
KaybiMAacThIKThIH Tipuiisikke ukemaiiiri (D+L+V/G+R) opTaia ecennen 2022 x.- 1,8, 2023 x.-
0,7, 2022 xbuibl Tipi puToMacca Aamybl TexxesreH, an 2023 KbLIbl KaybIMJACTbIKTaFbl TYPJIED
TaFbl J]a TipIIiJTIKKe UKEeM/IJTITIH KoHe KOJIalCbhl3 KJIMMATThIK, KaFJaiiFa TO3iM/1iJ1iK KOPCETTi.
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Jlepxa xcycaH-epkek 6udativik (Agropyron sibiricum, Artemisia lerchiana) KaybimoacmbiFblHOaFbl OP2AHUKANBLE
3ammapobly KOp OUHAMUKACH!

Kecrte 5
Jlepxa KycaH-epKeK GUJaibIK, KaybIM/aCTbhIFbIHBIH, 2023 Kbl Ke3eHi 60ibIHIIA 6HIMATIriHiH,
Heri3ri cunmarraMmacsl

KoaddpuuueHt A¥inap 6o#bIHINIA OpTalla, I1/Ta
\Y% VI VII VIII IX X
G 19,1+0,6 | 23,2+1,3 | 13,1+2,4 | 11,8+0,7 50,9+2,2 | 23,6+0,6
D 14,2+2,1| 19,6%1,2 | 279+0,4 | 29,7+2,2 40,7£0,2 | 26,4+0,8
L 11,2+0,5| 19,1+0,1 | 23,5+0,7 | 37,8+0,7 61,2+0,7 | 30,6%0,5
R 29,7+0,8| 31,6+0,4 | 40,1+0,2 | 50,2+0,3 98,0+2,1 | 49,9+0,8
\Y% 32,3+1,0 | 18,8+0,4 | 254+1,3 | 44,409 56,7+0,9 | 35,5+1,6
D+L 25,4+0,8 | 38,7+0,5 | 51,4+0,7 | 67,5+0,8 101+2,1 57,0+0,5
D+L/G 1,33+2,2| 1,67+0,3 3,9+0,2 3,69+0,6 2,0£0,4 2,16+0,6
G+D+L 44,5+0,4 | 61,9+0,7 | 64,509 | 79,4+0,6 152+0,2 80,6+3,1
G+R 48,8+0,5 | 54,8+0,2 | 53,2+0,4 | 62,1+3,1 149+1,4 124+0,7
R+V 62,0+0,2 | 50,4+1,1 | 655+0,3 | 94,7+0,2 154+0,6 85,5+0,9
R/G 1,55+0,7 | 1,37+1,2 3,0+0,5 4,2+0,3 1,92+0,9 | 2,11+0,4
R/V 0,92+0,8| 1,68+0,3 1,5+0,8 1,13+0,1 1,72+0,7 1,4+0,7
G+R+D+ L+V 106+0,1 | 112+0,5 130+2,0 174+0,9 307+0,3 166+0,4
D+L+V/ G+R 1,18+1,0 | 1,0+0,8 1,4+0,2 1,8+0,9 1,0+0,8 0,7+0,4
Tasnkpliaay

KasakcTaHHbIH 6acKa 06J1bICTapbl CUSKThI 06JIbIC TEPPUTOPUSCHIHA allMaKThIK e3repic-
TepAiH alKbIH 6eJrisiepi )koHe OMOK/IMMAaTThIK paKTOpIapAblH aybICybl 6akKa/a bl Tonbipak,
YKaMBLJIFbICBIHBIH, alMaFbl COJITYCTIKTEH OHTYCTIKKe Kapau: Kapa KOHbIp »KoHe KOHbIP TOIbIPaK
6oJiblN e3repin oTbipaAbl. Opas MaHbl YCTIpTi Kapa KOHBIPp TONbIpaKTa opHaJjacKaH. Kapa
TOMNbIPAK 30HACBIHbIH, OHTYCTirinze Xasinel CoipT neH Opas1 MaHbl YCTipTiHiH 6€TKi KabaThbl
Kapa-KOHBbIp TOIbIPaKIIeH a0blJIFaH.

Bi3 3epTTereH aiiMakK MaHbIHJAFbl JepXa >KyCaH/bl-epKeK OUJalbIK, KayblMJACTbIFbIHbIH,
KYH/Ibl »)KalbLJIbIM K9He IIAObIH/JBIK OOJIBbIN eceNnTeJreHMeH, TaOUFu QUTOLIEHO3Fa aHTpPO-
HOTeH/li KYUITiH 9CepiHiH y/faobl MIENTiH Ma0bLIyblHAH, TalTaJlyblHAH TaFbl COJI CUSKTHI
dakTopaap/iblH HOTUKECiIHAe OY3blIyFa 9Kell COFbIN TYp [24-26].

CoHbIMEH KaTap Kypfak KJMUMaTTa 63 acepiH 6epin Typ, Aerpajauus ypAiciH Ty[blpbl,
aliMaFbIMBbI3/|blH, l16JIeUTTeHyiHe Oip ceben 6Oosyna. KaybIMaacTbIKTarbl eCiMAiK TypJie-
piHiH asyaHJbUIBIFbl a3aWblll, KYpbLIbIMbI TyplaWblJIaHbIN, TONBIPAKTBHIH, Kapa UIipik
MeJillepi asaWbll, Ty3JapAblH MeJillepi >KofapblLiayaa. KaybIMAAcTBIKTBI TOJBIK KaWTa
KaJIMIbIHA KeJTipil, OWOJIOTUSAJBIK SPTYPJIJIIriH cakKTay YIIiH AYpbIC KoJiJJaHA 6ijlly Kepek,
YKaWbLIBIMBIKKA TYCETIH KYLITi a3alTybIMbI3 THIC, lI6N 11a0y Ke3eHiH/e MayCbIMbIHA KapaW,
eCiMZiKTep/iH BereTauusJ/blK Mep3iMiHe coliKec AypbIC YUbIMJacThbipa 6iyiMi3 Kepek.

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N22(151)/ 103
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



A.T Ymeyauesa, ’K.M. Hxaacosa, A.C. Buceneasuesa, C.H. boxoposa, 9./]. Kypmexew, A.Y. Tysak6aesa, C.M. XaH

KopBITBIHABI

Bysn eciMJiikTep KaybIMJAACThIKTApblHJA IIaMaJaH TbIC KEMIUeN JaWblHAANAJbl, MiHe
COH/IbIKTaH TaOUFU XKaHAPY TOMEeH/ e, TYP KypaMbl a3alblll, a3bIKTbIK OHIM/JIIri TOMeH e .
[llen maby/bl MiHAETTI TYp/ie MeJillepre JaWbIKThl KbLJIbIN K9HEe MeP3iMiH CaKTay Kepek.
Taburu xalbLIbIMApAbl XKoHe MabbIHABIKTap/bl KOpFay oJ1ap/ibl KalTa KajlblHA KeJATipysae
MaHbI3/bl. OHIMAIIIr a3, KYWTi Jerpajanusafa ylblpaFaH KaublIbIMJapAa 6CiMAIKTep/iH
TaMbIpJlapblHA KaFAal »Kacay YIUiH KOICBITY KYMbICTApbIH XKYPTi3il koHe epKeK OUJaibIK,
’KOHBIIIKA €ry KepeK, COHJIa TaOUFU LIeNTepMeH KalblIbIMAbI XKyHere KeaTipyre 060J1ajbl.
KopBIK KypblIll )KOFapblJa aTajifaH lapajap/bl YUbIMAACTHIPHII, HITHXKECIH/E JiepXa »KyCaH-
epKeK OUJalbIK KaybIM/IACThIFbIH KOPFayFa ajsyFa 60J1a/bl.
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/JAIMHAMUKa 3anacoB OPraHMY€eCcKOro BellecTBa B JIEPXONOJILIHHO-)KUTHAKOBOM (Artemisia
lerchiana, Agropyron sibiricum) coo6mecrtse

AT. Yreynuea?, .M. UxnacoBa?, A.C. Bucenrasuesa!, C.H. Boxopogsal,

A.JI. Kypmekemr?, A.Y. Tyak6aesa?, I1I.M. Xan?®
13anadHo-Kazaxcmawckull yHusepcumem umeHu M. Ymemucosa, Ypaavck, KazaxcmaH
2Eepasulickutl HaQyUuoHa/bHbIU yHUsepcumem umenu JLH. I'ymunesa, Acmana, Kazaxcmat
3Yuueepcumem Kystio-u-Asam, Hcaama6ad, [lakucmau

AHHOTanusA. B craTbe mnpejcTaB/ieHbl pe3y/bTaThbl HCCAE0BAHUS JIEPXOMOJbIHHO-XKUTHAKOBOTO
coobectBa (Artemisia lerchiana, Agropyron sibiricum), KOTopble IPpOU3PACTAIOT Ha CJ1a60 TPOMBIBHBIX
TSKEJIOCYTVIMHUCTBIX TEMHO-KAIITAaHOBBIX MOYBax. ONMMchbIBaeTCs GJIOPUCTUYECKUNA COCTAB U JJUHAMUKA
3aMacoB OPraHUYECcKOr0 BellecTBa U3y4aeMoro coobiuiectna. McciemgoBarebckast paboTa BbINOJHEHA
no metoauke JL.E.Poguna, H.U.basuneBuua, H.I[l.Peme3oBa. U3yyeHbl Mopdosiorniyeckre NMpU3HAKH,
coJiepKaHue OPTaHUYeCcKOTO BEIeCTBa U XUMHUYECKUN COCTaB MOYBbI PACTUTENBHOr0 coobIlecTBa. B
cocTaBe (JI0opbI JIEPXOIOJIBIHHO-KUTHSIKOBOTO coob1ecTBa (Artemisia lerchiana, Agropyron sibiricum)
oTMeueHo 29 BUOB. [IpoekTuBHOe NOKpbITHE cocTaBiisgeT 50-60%, ucTuHHOe nokpbiTHe — 40-45%.
PacTuTesibHOE cO0611eCTBO N0/, BAUsIHUEM GaKTOPOB Cpesibl NoABepraeTcs TpaHcdopMaluy, KOTopoe
BBIPAXKAETCS B YMeHbIIeHHU BU0BOTO pa3HO06pa3usl, CHXKEHUH GUOJIOrHYecKOod MPOAYKTUBHOCTH,
M3MeHeHUH KPyroBOpOTa XUMHUYECKHX 3JIEMEHTOB U 3aMeHOH LieHHbIX KOPMOBBIX BHU/I0B Ha COpPHbIE.
[IpoBesieHHbIE UCCIEOBAHUS UMEIOT NPAKTHYECKYIO 3HAYUMOCTb U MOTYT MPUMEHSATHCS IIPHU OlleHKe
NPOAYKTUBHOCTU NACTOUIL, OLiEHKE COBPEMEHHOTO COCTOSIHUSI PACTUTEJbHOr0 U MOYBEHHOTO
IOKPOBA, OTNpe/ie/ieHUs] YPOBHS aHTPONOreHHOTO BJAMWSHUSA U B OpraHU3alMU paboT MO COXpaHEeHHUIo
OGHOJIOrMYECKOr0 Pa3HOOOPA3US PACTUTETbHBIX COOOIIECTB.

KioueBsblie cioBa: ¢sopa, 3eseHasd Macca (G), MoptMmacca (D), moactunka (L), »kuBbie kopHu (R),
MepTBble KOpHU (V), IPOAYKIUOHHO-/eCTPYKIMOHHBIN IpoLecc
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Dynamics of organic matter reserves in the lerh wormwood-wheatgrass (Artemisia lerchiana,
Agropyron sibiricum) community

D.T. Uteulieva*!, Zh.M. Ikhlasova’, A.S. Bisengazieva’, S.N. Bokhorova’,
A.D. Kurmekesh?, A.U. Tuyakbayeva?, S.M. Khan3
IM. Utemisov West Kazakhstan University, Ural, Kazakhstan
2L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
3Quaid-i-Azam University, Islamabad, Pakistan

Abstract. The article presents the results of a study of the lerh wormwood-wheatgrass community
(Artemisia lerchiana, Agropyron sibiricum), which grows on poorly washed heavy loamy dark brown
soils. The floral composition and dynamics of organic matter reserves of the studied community are
described. The research work was carried out according to the methodology of L.E.Rodin, N.I.Bazilevich,
N.P.Remezov. Morphological features, the content of organic matter and the chemical composition of the
soil of the plant community have been studied. There are 29 species in the flora of the lerh wormwood-
wheatgrass community (Artemisia lerchiana, Agropyron sibiricum). The projective coverage is 50-60%,
and the true coverage is 40-45%. The plant community under the influence of environmental factors
undergoes transformation, which is expressed in a decrease in species diversity, a decrease in biological
productivity, a change in the cycle of chemical elements and the replacement of valuable forage species
withweeds. The conducted research has practical benefits and can be used in assessing the productivity of
pastures, assessing the current state of vegetation and soil cover, determining the level of anthropogenic
influence and in organizing work to preserve the biological diversity of plant communities.

Keywords: flora, green mass (G), mortmass (D), litter (L), living roots (R), dead roots (V), production
and destruction process
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JlecopacTuTe/ibHbI€E YCJIOBMSI A/151 BO300HOB/IeHUA Pinus sylvestris L. Ha ra-
pax (ocTtpoBHbIe 60pbl AMaHKapara U Kazan6acel, KocraHaiickas 06J1aCThb)

LK. Cynrranrasuna*! , A.H. KynpusiHos? , C.B. Kyanbim6aes' , B.H. YamkoB' ,
A. blckak® , A.b. Hyrmanos' , /I.A. UcaeBa*!

TKocmawnatickuil pecuoHanbHblll yHUBepcumem umeHu Axmema Batimypceinyast, Kocmanati, Kazaxcman
2Ky36acckuli 6omaHuyeckuli cad, @edepaivHuliii uccaedosamensckull yenmp yaas u yeaexumuu CO PAH, Kemeposo,
Poccutickas edepayus

*Aemopui-koppecnondenmol: gul_sultan@mail.ru, dinar.issayeva@gmail.com

AHHOTanMsa. M3ydyeHbl NepBble 3Talbl JIECOBO30OHOBJEHHUSI HA rapsix U ro-
pesibHHMKaX B AMaHKaparaickoM 6opy 1 6opy Kazan6acel Ha BTOpo¥ roj nocse
OOLIMPHBIX MOXXapoB. BapuaHThl ObLIM C/efyloliMe: KOHTPOJIb (Y4acTKH, He
NpoKJIeHHble MOKapoM); rapb (y4acTOK Jieca, NpOWJeHHbIi KOMOUHUPOBAH-
HbIM MOXAapOM C OCTAaBLIMMUCS He BbIPYOJIEHHBIMU JlePEBbSIMU); TOPEJbHUK
(BepxoBO# moXkap € OCTaBLIUMUCA JiepeBbsIMU oKoJio 10 %); pacuuiieHHas
rapb (y4acTok, Ha KoTopoM BecHoi 2023 roza Jyiec 6bl1 BbIpyOJiEH U YOPaH).
Haubosee ycnenHo JiecoBO306HOBJIEHME TPOUCXOAUT HA TEPPUTOPUU IrOpeJib-
HUKa 6opa KazaHbachl — 53,2 ThIC./Ta cesiHLIEB, HA pacyullleHHOHN rapu - 16,4
ThIC./Ta cesHlleB. Ha pacuuiieHHONW rapyu AMaHKaparackoro 60pa CUHreHes
pacTUTELHOTO MOKpOBA MOIIes] MO0 CTEeMHOMY THIy - JIeCOBO30OHOBJIEHUS
HeT. OCHOBHBIM NPENSATCTBUEM JIECOBO30OHOBJIEHUS AABJSAETCS pOpPMUpPOBaHUE
pacTUTENIbHOTO MOKPOBA U3 JJIMHHOKOPHEBUIIHBIX PaCTEHUH, YbU MTOYKHU BO3-
0OHOBJIEHUS HAaxoAATCA yoxe 6- 10 cM U He NOBPEXJAIOTCA BBICOKUMH TEM-
nepaTypaMu noxkapa. TpaBsIHMCTasi pacTUTENbHOCTb B YCAOBUSIX OCTPOBHBIX
60poB AMaHKaparail U KazaH6achl siB/isieTCsl KOHKypPEHTOM 3a BJIary, oHa 6oJiee
NpHUCIOCco6/eHa K KJIMMaTUYeCKUM YCJI0OBUSM CYXOM CTeNU U, pa3pacTasich, CIo-
COOHa MOJIHOCTBIO MO/ABJATh JIECOBO30OHOBJIEHHE. YCIIELIHOE JIECOBOCCTAHOB-
JieHUe raper oCTpoBHbIX 60poB KocTaHalCKOM 06J1aCTU BO3MOXKHO TOJIbKO IIPU
y4eTe 3KOJOTUYECKUX YCIOBUM JIECOKYJIBTYPHOTO POH/Ia, IPU 3TOM 0C060€ BHU-
MaHHUe JI0JKHO OBITh y/ieJIEHO OLleHKe MUKPOKJIUMaTHUYeCKHX YCIOBUM.
KirouyeBble c/10Ba: ocTpoBHbBIEe 60pbl, AMaHKaparackui 6op, 6op Kazanb6achi,
H0Kaphl, 1IECOBO30OHOBJIEHUE, Fapb, TOPEJbHUKHU

BBeaeHue

HO)Kapr CymecTBoBaJin BcCeraa. B pPa3/IM4HbIX THIIAX PACTHUTEJIbBHOCTH, B pPa3JIMYHbIE
reoJiorn4yeCKkmMe 3I10XHM OHH BO3HHKAJIM OT I/IBBep)KeHI/Iﬁ BYJIKAHOB, CYyXHX I'p03, pa3pd40B
MOJIHUM. 3TO 3dKOHOMEpPHOe dBJIEHHUE HABJAETCA HeOThbeMJIEMOW YacCThbIO KpPpyroBopora
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BellecTB U 3Hepruu Ha 3emsie [1-10]. Bo MHOTUX c/y4dasiX HaX0X/JeHue 0OIIMPHBIX COCHOBBIX
JiecoB B 3anagHo U BocTouHoi CubGUpPHU cpeay TEMHOXBOMHOW TaT'd MHOTHE UCCIe[JOBAaTEU
CKJIOHHBI 00'bSICHSTh BJIMSHHMEM [VI0O6AJIbHbBIX 10’)KAPOB B HEJlaBHee reosiornyeckoe Bpems [11-
13]. Bo3aMoHO, moaphbl CTaJIU CpeZ,006pa3yollel poJiblo B Hayasle YeTBEPTUYHOr0 Iepuoja
B CBfI3W C BpEMEHHOU apuau3anerd TeppuTOprUU coBpeMeHHON EBpasun.

JlecHOU noap B CBOEM KOMILJIEKCE PU3UYECKUX U XUMUUECKUX PAKTOPOB KaTaCTPOPHUUECKHU
BJIMAET Ha 3KOJIOTUYECKHEe yCJI0BUA Jeca. Bo3zgencTBue JleCHOro noxapa 3aJelcTByeT BCe
YPOBHU 3KOCHUCTEM: MPOUCXOAUT BJMSHHE HA OCHOBHble KOMIIOHEHTHI OHOreOLleHO30B
(u3MeHeHMe 6GUOMAcChl, MJIOTHOCTb MOMYJSALLMU, 3amMac CeMsH, BUJO0BOe pa3HooOpasue U
T.A.) [14,15]. O6wenpuHATO, YTO MOCJ€Ee NOXKApPOB MPOUCXOAUT yBeJUYEHUE COJep:KaHUs
111eJIOYHO3eMeJIbHbIX METaJlJIOB, BOAOPAaCTBOPHUMbIX OCHOBaHUM, ¢pocdopa u asorta [16,17].
JlecopacTuTesibHBIE YCA0BUS OYB NOCJIE MOXKAPOB, KaK MPaBUJIo, He yxyawawTcs [18].

JlecoBO306HOBUTE/IbHBIA NPOLLECC B OCHOBHOM 3aBUCUT OT KOJIMYECTBAa BbINaJAI0IIUX
OCa/ZIKOB M COJIHEYHOM HHCOJISILUMM B BeCeHHe-JeTHUHM nepuozbl [19]. Tak, Bo Bcex Tuax
Jieca Ha peJyHax HaOJIIOAAETCS HEYA0BJIETBOPUTENbLHOE ECTECTBEHHOE BO30OHOBJIEHUE, T/e
KoJinuecTBO noZpocta o 550-650 1IT./ra, KOTOPBIM 0 IJI0IAAU pacnpe/ie/ieH HepaBHOMEPHO,
Y ero 60JiblIas 4YacTh HAXOAUTCS MO/ 3alUTOU OT/ZeJIbHO CTOSIIIUX JlePEBbEB UM CTEHBI Jleca.

[IpuposHble noxapbl ObLJIM M OCTAIOTCA BeCbMa pacHpoOCTpaHEHHOU Npo06JieMOM, NMpU-
YHUHSIOT OTPOMHBIN yllep6 3KOHOMHYECKOMY MoTeHIMany KasaxcraHa v paspywarT ¢Jio-
py u ¢ayHy pervoHoB. B 2021 roay Ha TeppUTOpPHUH TOCY[apCTBEHHOTO JecHOoro ¢oHza
KocTtaHalickoil 06/1acTu 3apeructpupoBaHnbl 100 ciy4yaeB JiecHbIX N0XapoB. JlecHble yrojbs,
npoiieHHbIe MoXKapaMHu, cocTaBuu 5 183,7 ra, B T. 4. noKpbIThie JiecoM — 3 308,8 ra. HesiecHbie
yroAbs, NporAeHHble noxkapaMu, coctaBuau 105 912,5 ra. B 2022 roay 3apeructpupoBaHo 46
C/ly4aeB JIeCHbIX MMOapoB. JIecHble yro/ibsi, IPOUeHHbIe N0XKapaMH, COCTaBUJIU 42 927,8 ra,
B T. Y. NOKpPbIThIE JiecoM — 33 824,3 ra. HesiecHble yrofibsi, IpoiJleHHbIE N0KapaMHy, COCTaBUJIN
5 286,3 ra [20].

O6061aIMM MoKa3aTesJeM OLIEHKHU JIECOPACTUTENbHBIX YCJAOBUM SIBJSETCA XapaKTep
€CTeCTBEHHOTI0 JIECOBO30OHOBJIEHHUS.

Llenpto JaHHOTO COOOLIEHHUS SBJISIETCS WM3y4YeHHe JIeCOPACTUTEbHbBIX YCJ0BUH, GOpPMHU-
pYIOLIMXCS Ha EPBBIX 3Tanax BOCCTaHOBJIeHUS Pinus sylvestris Ha Tapsx.

MaTepuasibl U METOAbI UCC/IEL0BAHUA

PalioH ucciejoBaHUN OTHOCUTCA K NPOBUHLMHU T060J10-YbaraHCKoi paBHUHHOM CTEMHOM
30HbI KazaxcTaHa, KoTopas pacnoJiodkeHa MexJy 3aypaJibCKUM IJIaTO Ha 3anajie, TypraiCKum
IJIATO Ha IoTe, JieBobepexxbeM MilliMa Ha BOCTOKE M KOJIOYHOM JIeCOCTENMHOW paBHUHOM Ha
ceBepe [21].

KiMMaT pe3ko KOHTUHEHTA/IbHbIY, KOTOPBIA 3aKJ/K4YaeTCsd B Pe3KUX KOHTpACTax TeM-
nepaTyphbl Bo3/lyXa 3UMBbI U JIETQ, JHA U HOYH, a TaKKe B TOM, YTO MaKCUMyM ocaZkoB 70%-
75% npuxoaUTCs Ha JieTHUE Mecslbl. 0caJIKOB B TeYeHHeE rojja BoinazaeT 0kos0 310-350 muy,
OTHOCUTEJIbHAs BJIQXKHOCTb BO3/yXa JeToM cocTaBseT 30-45%.

[TouBbl ZIepHOBO-60pPOBBIE NMecYaHble, UHTEHCUBHO OKpalleHHble I'YMycOM, CJ1ab0-1noA30-
JIUCTBIE, TPYHTOBbIE BO/bl HA IIyouHe 3-5 M [22]. PacTuTenbHOCTD NpeAcTaB/JIeHa 0COKOBO-
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JlecopacmumensHble ycao8us 045 60306Ho81eHUA Pinus sylvestris L. Ha 2apsix (ocmpogHble 60pbl AMaHkapazall u
KasaH6acwl, KocmaHatickas o6aacmb)

3JIaKOBBIMHU CO06LIeCTBaMU € peobsiaganueM Calamagrostis epigeios (L.) Roth, Carex supina
Willd. ex Wahlenb., Festuca valesiaca Gaud., Spiraea hypericifolia L. v ip., xapakTepHbIMHU [Jis
OCTpOBHBIX 60poB Typraiickoit 10k6UHBI [23].

HccnenoBaHuss NpoBeJieHbl HAa TeppUTOpUU AMaHKaparaiickoro 6opa (Cemuo3zepHoe
yupexZieHue JiecHoro xo3sicTtBa (KannHuHckoe n HoBOHeXHMHCKOe JiecHU4YecTBa) U 6opa
Kazanb6acel (BacamaHckoe y4pexxJeHUe JieCHOTO X03siicTBa (3amaJHoe JIeCHUYECTBO).
BapuaHTbl M3y4yeHUs] BO30OHOBJIEHUSI COCHbI ObLIM Cjefyloliyde: KOHTPOJb (Y4acTKH, He
NpoM/leHHbIEe MOXKAapOM); rapb (y4acToK Jieca, MPOHJeHHbI KOMOUHUPOBAHHBIM M0OXAapPOM C
OCTaBIIMMMUCS He BbIPYOJIEHHBIMU lepeBbsIMH ); TOPeIbHUK (BEPX0OBO MOXap € OCTaBLIMMHUCS
ZiepeBbsiMU OKoJi0 10 %); pacuuileHHas rapb (y4acTok, Ha koTopoM BecHol 2023 ropa Jiec
6b1/1 BbIpY6JieH U yopaH) (Pucynok 1, 2).

PucyHok 1. Pacniosio’keHre MOHUTOPHUHIOBBIX Y4aCTKOB Ha TeppUTOpUH CEMHUO3E€PHOTO YUPEXKJeHHUs
JiecHoro xo3siiictBa (Koctanakickas 06.1.)

UccnefoBaHHble COCHAKH OTHOCATCS K CyXMM 6GopaM NOJIOTMX BCXoJMJeHUH [24]. [lpu
JIeECOMHBEHTApU3allMOHHbIX pab0oTax OLleHKY yCIIeIIHOCTH BO30GHOBJIEHUS Yallle BCEr0 JAI0T
110 TOKa3aTeJil0 CpeJiHEN YUCIEHHOCTH (IycTOoThl) nmoApocTta Ha 1 ra. CieTHbIMU eJUHULLAMU
B0300HOBJIeHUS Pinus sylvestris BJsLJINCh BCXOAbl — 0cO6U Bo3pacToM J0 1 (2) seT; camoceB
- (mogpocT MJIaJLUKX reHepalnui) — ocobu B Bo3pacTe oT 2 10 5 JieT. Ha rapsx nocsie noapos
O0TMeyYaJIiCh TOJIbKO BCXO/bl M cCaMOCeB. B KOHTpoJIe TOAPOCT OrpaHUYMIIN IO/ CIETOM 0Ccobeit
BbicoTOM 1,3-1,5 M U He 6osiee 7-10 set [25]. [lns Ko/IMYeCTBEHHBIX y4eTOB 6pasioch no 20-
50 nuomazok miaomaabio 1 M2. MaTeMaTHuyeckass 06paboTKa OCYLIECTBJANACh METOAAMUY,
HNPUHATBIMU B 6M0J10TUH [26,27] c npuBJIeYeHMeM porpaMMel Statistica for Windows 6.0.
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PucyHoK 2. Pacniosio’keHe MOHUTOPUHTOBBIX Y4aCTKOB Ha TEPPUTOPUHK BacaMaHCKOTro yupexJeHust
JiecHoro xo3sicTBa (KoctraHalickas 061.)

JlJ1s1 OLIEHKH YCIEIHOCTH eCTeCTBEHHOI'0 BO30OHOBJIEHHS UCII0/Ib30BaJIACh IIKAJIa, B KOTOPOH
HOPMbI KOJIMYECTBA [0 pOCTa AA0TCSA yCpeJHEHHbIMH Ha BCIO MJIOLA/lb U BBIPAXKAKOTCA B IUT./
ra. Jljist iecocTenHOM 30HbI 110 IIKaJIe OIeHKH eCTECTBEHHOI'0 BO30OHOBJIEHUS 3aCEJIEHHOCTD
CYUTAETCSH XOpOoLIeH MPU KoJInYecTBe 6J1aroHa/ie’XHOro NoApocTa B Bo3pacTte 1-5 jieT - 6oJsiee
10 TeIC.IUT./Ta; yAoBAeTBOpUTENbHOU IpU 5-10 ThIC. Ha 1 ra; c1aboe - oT 3 o 5 Thic. HA lrau
IJI0X0€e BO30OHOBJIEHUE NIPU KOJIMYECTBE MOJpOoCcTa MeHee 3 ThIC. IIT. Ha 1 ra [28].

JlecopacTuTesibHbIE CBOMCTBA MOYB OCYIIECTBJISIJIOCh HA MOHUTOPHUHIOBBIX IJIOLIA/AKAX.
OT6op MOYBEHHBIX NPO6 B pa3pe3ax NPOBOAUJIU MO FeHETUYECKUM FOPHU30HTaM [0 NOYBO-
o6pa3sytolel ropHOU nopo/sl [29].

Pe3ynbTaThl

Konmposb (CeMro3epHOe yupex/ieHue JieCHOro xo3srcTBa: KaivHuHckoe u HoBoHeXXHHCKoe
JlecHu4ecTBa; bacamaHckoe y4pexJeHHe JieCHOro xo3sicTBa (3amajHoe JIeCHUYECTBO).
Jlec npexncrtaBieH cyxuM TpaBsiHbiM 6opoMm III-IV knaccamu 6onuTeTta; mosHoTta 0,4-0,5;
Bo3pacT 50-90 snet; dpopmysna apeoctosi:10C, 9C1B, 9C10c. [ogsecok chopmupoBaH Cerasus
besseyi, Cotoneaster melanocarpus, Rosa majalis, Salix rosmarinifolia, Spiraea hypericifolia.
JloMrHaTaMyd HAMOYBEHHOTO MOKPOBa fIBJSITCSA KaK MPaBUJIO JAJUHHOKOPHEBUIIHbIE WU
JlepHOBUHHBIe 3y1aku: Calamagrostis epigeios, Carex supina, Festuca valesiaca (Tabanna 1).
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JlecopacmumensHble ycao8us 045 60306Ho81eHUA Pinus sylvestris L. Ha 2apsix (ocmpogHble 60pbl AMaHkapazall u
KasaH6acwl, KocmaHatickas o6aacmb)

Ta6smmna 1
XapaKTepHUCTHKa COCHOBOIO jieca B KOHTpoJIe
[lokazaTtenu YupexeHuHe JeCHOr 0 X031 CTBa
CeMuo3epHoe BacamaHckoe
KanuHuHcKkoe HoBoHexxuHCKOe 3anagHoe
JIECHUYECTBO JIECHUYECTBO JIECHUYECTBO
XapakTepUuCTHKa Jieca
[TonHoTAa 0,4 0,4-0.5 0,43
Bo3spacr, jieT 60-80 60-90 50-90
®opmysna ApeBOCTOs 10C 9C10c 9C1b
[TogpocTt Pinus sylvestris L. Pinus sylvestris L., Pinus sylvestris L.,
Populus tremula L. Betula pendula Roth
[Topsiecok Spiraea hypericifolia L., | Spiraea hypericifolia L., | Spiraea hypericifolia L.,
Salix rosmarinifolia L. Rosa majalis Herrm., Lonicera tatarica L.
Cerasus besseyi L.H.
Bailey, Cotoneaster
melanocarpus Fisch.
ex Blytt.

XapaKTepI/ICTI/IKa HAIIOYBEHHOTI'O ITOKPOBA

O611ee NpOEKTHUBHOE 40-50 45-60 54-55
NoKpbITHE, Y%
KonuyecTBO BUOB, 1IIT. 24-33 29-35 33-34

Bubl ¢ HAaUOOABIIHUM
ydqacTheM

Calamagrostis epigeios,
Carex supina,
Artemisia austriaca,

Calamagrostis epigeios,
Carex supine, Festuca
valesiaca, Glycyrrhiza

Calamagrostis epigeios,
Carex supina, Artemisia
austriaca

Festuca valesiaca uralensis

[TouBa lepHOBO-MeJIKO-NI0/A30JIMCTas C1aboAepHOBas.

['opusoHnT AO - 0-4 cM; J1ecHad NMOACTUJIKA, IPEUMYIeCTBEHHO U3 XBOU. CBepXy CBexasd, B
HU>KHEH 4aCTH I0J1ypa3JIoKHUBILASACH.

[opusoHT Al - 4-10 cM; c1a60-rTyMyCCHPOBaHHbIW, TEMHO-OypbIH, TepexoAsiliiil B cepble
TOHA [IPU BbICbIXaHMH, IPOHU3AaH KOPHAMM pacTeHUH, NecyaHbIU. [lepexos nmocreneHHbIN.

[opu3oHTAZ-10-15cM; cerkayBaXKHEHHbIN, TEMHO-CEPbIH, yIIJIOTHEHHBIN CBKpaIJIeHUEM
TEeMHBIX [ATEH; IPOHU3aH KOPHAMH JpeBeCHbIX pacTeHUH. BiaxkHbll, necyaHbli. [lepexon
3aMeTHBIH.

[opuszonT B - 15-20 cM; cBeT/IO-cepblii NECOK C TOHKUMU OypbIMU NPOCJOMKAMHU, 3a CUET
WJIJIIOBUMPOBAHHBIX OKCHUJZIOB >KeJjie3a U OpraHOMHUHEpPaJIbHBIX COeJJMHEHUM; BJIQXKHbIM, Iec-
YaHbIH, Nepexo/i MOCTeNeHHbIH.

[opusoHT BC - ry6:xe 20 cM; )KeJITOBAaTO-CEPbIN MeCOK.

JlecoB0o306HOBJIEHHE B KOHTpOJIe cjiaboe. KosinuecTBo BO306HOBJIEHHUS B Bo3pacTe 1-5 JieT
coctaBJsieT 2,5 Toic./ra (Tabauua 2).
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Ta6smna 2

XapakTepHuCTHKa BO30GHOBJ/IEHHUSA Ha rapsAaxXx AMaHKaparaickoro 6opa u 6opa KazaH6acsl

XapakTepucTuka BapuaHThbI
KoH- lapb PacuumenHasa rapb
TPOJIb
Cemuo3epHOe yupexJeHue JeCHOT0 X0351cTBa, HOBOHEXXMHCKOEe JIeCHUYECTBO
Boszo6HoBJieHuUE, 1-5 seT (ThIC. LIT./Ta) 2,5 9,0 0
OneHkKa BO30GHOBJIEHUSA Cnaboe | YnoBjeTBOpUTEJNbHOE 0

CeMHO03epHOe yYpexJeHHe JECHOTO X035

rcrBa, KaJlMHUHCKOE JIECHUYeCTBO

Bo3o6HoBJieHuUE, 1-5 seT (ThIC. LIT./Ta)

4,4

4,5

Ouenka Bo3o6HoBJieHus (Hectepos, 1948)

Ciaboe

Ciaboe

bacamaHckoe ydpexaeHue

JIECHOTI' 0 XOSHﬁCTBa, 3ana,que JIECHHU4YeCTBO

Boso6HoBJieHuUE, 1-5 seT (ThIC. WIT./Ta)

4,0

53,2

16,4

Ouenka Bo3o6HOBJ1IeHUs (HecTepos, 1948)

Ciaboe

OueHb xOpouIEe

Xopoiuee

BricoTa cesaHLieB Ha BTOpou rof cocrasJisdet 3,7 £ 0,6 cM, guivHa xBoM 2,1 + 0,2 cM. CeaHLIbI
pacnoJsiokeHbl HepaBHOMEPHO, MX BO300HOBJIEHHWIO MNPENATCTBYIOT IJIOTHble KYpPTHUHBI
Calamagrostis epigeios u Carex supina (PucyHok 3). Bo3o6HoBJieHUe cTaplie 5 JIeT U MOAPOCT
B KOHTPOJIE paCNOJaraloTcd KypTHHAaMM BO3Jle CTApbIX COCEH U B MHUKPONOHWXKEHHAX B

KOJIMYeCcTBe 2 ThIC. UIT./Ta.

Iapb B CeMM03epHOM yupex/JeHuH jiecHoro xo3saicrea (KainHuHckoe 1 HoBoHexuHCKoe
JIECHUYEeCTBa) MpeJiCTaB/eHa NMOJHOCTbIO CTOPEBLIMMHU JlepeBbSIMU, CrOpeBLIEN MO CTUIKON
J0 r1youHsl 3-5 cM. Ha BTOpOM roji AOMMHMUpOBaIM AJHMHHOKOPHEBHUIHbIe BUAbI Carex
supina, Calamagrostis epigeios, Elytrigia repens, Chamerion angustifolium. 3Tu BuUJbI
MHTEHCHBHO pa3pacTaloTcs, 06pa3ys oOLIMpHbIe NATHA, BO30OHOBJIEHUE COCHBI MOSIBJISIETCS
MCKJIIOYUTEBHO B «OKHAX», CBOOOJHBIX OT JI/INHHOKOPHEBUILHBIX paCTEHUM.

0)

PPICYHOK 3. CeMHDBepHOB y4dpexaeHue JIECHOTr o XOBHﬁCTBa, HoBOHEXMHCKOE JIECHUYECTBO:

a) KonTtposb; 6) CesiHIbI IEPBOTO rofia HA KOHTPOJIE
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Bo306H0BJIeHHE COCHBI HAa rapyu KaJMHUHCKOI0 JIeCHUYeCTBa B MEPBbIM I'0Jl MOCJIe moXKapa
OTCYTCTBOBAJIO, BCXO/ bl MOSIBUJINCh HA BTOPOM Iroj B KosnvyecTBe 4,5 Thic. IT./ra. Ha rapu B
HoBOHEXHHCKOM JiIeCHUYeCTBe BO30OHOBJIEHHE COCHbI Y/IOBJIETBOPUTEJNBHOE U COCTAaBUJIO 9
ThIC. IIT./Ta (Tabauua 3, PucyHok 4).

CTpyKTypa BepXHHUX CJIOEB [1I0YBbI HA rapsAX IPUMEPHO OJMHAKOBOE; HA HECTOPEeBIIEN YaCTH
— COOTBETCTBYET KOHTPOJIIO.

lopusoHT A, - 0-0,5 (1,0) cM; cBexeBbINMaBIIMKA OMaj, U3 OYpPbIX XBOUHOK M CTOPEBIIMX
BETOYEK.

TopusoHT A, - 0,5 (1,0) - 2 cM; MOTHOCTBIO BhITOPEBIIas MOACTU/IKA, TEMHBIN CJI0H YTOJIBKOB,
NpaKTU4YeCKHU YEPHBIN C OCTAaTKaMU CrOpPeBILIUX KOPHEH.

lopusont A, - 2,0-6,0 (10) cM; yBJa)KHEHHbIH, TEMHO-CEPbIA C EJTO-OPaHXKEBbIMH
NTHAMU CrOpeBlIell OpraHUKHU U N0YBBI; IepeX0, 3aMeTHBI.

[opusoHT B - 6 (10,0) -20 cM; TeMHO-CepbIi IECOK C YEPHBIMU MPOCJOMKAMHU, BJIAXKHbIH,
necyaHbli; Iepexo/ MoCTeNneHHbIN.

[opusoHT BC - ry6:xe 20 cM »KesTOBaTO-Cepblil IECOK C TEMHBIMU NPOXKUJIKAMHU.

YHUYTOXEeHUe JIeCHOM MOACTUJIKU B pe3y/ibTaTe NoKapa PUBeJIO K pa3BUTHIO CTPyHU4aTON
BOJIHOM 3PO3HU. ITO MOXET MOBJeYb 32 COO0M M3MeHeHHe IPaHyJIOMeTPUYECKOT0 COCTaBa
IO0YB U K pa3BUTHUI0 BETPOBOW U BOAHOU 3po3uu. B mouBax moj cropeBLIUM JeCOM BJaru
COJIEPXKUTCS 3HAYMTEJIbHO 60JIbllle, YEM B ITOYBAX IO/, JIECOM, HE 3aTPOHYTHIX M0XKApPOM. ITO
NOATBEP:KJaeTCs MCCJIeJOBaHMAMU N10YB Ha rapsix Ha tore JieHTOUHbIX 60poB [30]. B pe3ysnbTaTe
yBeJIMUEHUS COAEepKaHUS BOAOPACTBOPUMBIX IEJIOYHbIX COeJUHEHUH, BbIIleJa4uMBaeMbIX
Y3 30Jbl, OCTaBULIENCS MOCJe CTrOpaHUsl JIECHOW MOJACTUJIKHA HPOUCXOAUT yMEHblIeHHE
TUAPOJIMTAYECKOU KUCJIOTHOCTH.

Ta6una 3
XapakTepuCTHUKaA rapy ¥ ropejibHUKa nocJje noxapa (2023-2024 rr.)
[Tokasaresnu I'apb ['opesibHUK
CeMHO3epHOE yYpexJeHue JIECHOTO X0351- BacamaHckoe yypexje-
ctBa: KasmHMHCKOE U HUe
HoBoHeXHHCKOe JieCHU4YeCcTBa JIECHOT0 X035 CTBa, 3a-
MaZlHOE JIECHUYECTBO

XapaKTepuCTHKa Jieca o [oxapa

[TonHOTA 0,5 0,5 0,5
Bospacr, sieT 60 - 80 60 - 80 50-60
®opmysa gpeBocTOS 10C 9C1b 9C1b
[logpoct 0 0 0
[Mognecok 0 0 0

XapaKTepuCTHKa pacTUTENbHOTO MOKPOBA

O611ee MPOEKTUBHOE 16-50 17-60 17-55,5
nokpbITHE, %
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KonunyecTBO BUOB, 1IT. 24-35 30-40 21-24
Buibl ¢ HAUGOIBIIUM Carex supina, Calamagrostis Conyza canadensis,
y4acTueM Chenopodium album, epigeios, Carex supina, Taraxacum
Calamagrostis epigeios, | Chamerion officinale
Galium verum, Elytrigia | angustifolium,
repens Lactuca serriola,
Conyza canadensis

B nesoM siecopacTuTesibHble CBOMCTBA MOYB Ha rapu 0J1aronpusTHbI JJs1 MOSIBJIEHUS
BCXOZIOB COCHBI, 32 MCKJIIQYEHHWEM TOro, YTO MNPOUCXOJUT 3apacTaHHWe rapel arpecCUBHbIMHU
JUIMHHOKOPHEBUILHBbIMU pacTeHUsIMU. B0O30OHOBJIEHME COCHbI Ha TeppuTOopuM KammHHUHCKOro
JleCHU4eCTBa caboe 5 ThiC. IIT./Ta; BbicoTa 3,1 + 0,4, KOJIMYeCTBO XBOMHOK — 24,8 + 1,3, I/TMHA XBOMHOK
- 2,0 £ 0,3 cM; Ha TeppuTOprY HOBOHEKMHCKOTO0 JIECHUYECTBA y0BJIETBOPUTEIBHOE — 9 TBIC.IIT. /Ta:
BbicoTa 4,9+0,7, KOJIM4eCTBO XBOUMHOK — 28,8 + 0,5, AyiiHa XBoUHOK - 3,4 + 0,5 cM (PucyHoxk 4).

[openbHuk B BacaMaHCKOM yypexJeHHWM JIeCHOrO X03dicTBa (3amajjHoe JIECHUYeCTBO)
npe/CTaBJeH He MOJIHOCTbI0 CrOPEeBIIMMH HACaXJEHUSMH, YaCTUYHO MOBPEKIEHO OKOJIO
10% ppeBoctos. Ha BTopo# rog, 06uibHO pa3pacTtaeTtcs Carex supina, ob6pa3ytouiasi Ja0THbIE
KYPTUHBI, a Takxe - copHble BUAbL: Conyza canadensis, Taraxacum officinale, koTopble
JlOCTaTOYHO MHOTOYMCJIEHHBI, HO He 00pa3yloT MJIOTHOTO TPABOCTOSI U He NPENsATCTBYIOT
NOsIBJIEHUIO BCXOA0B Pinus sylvestris (Tabauna 3).

6)

PucyHok 4. 'aps (CeMunosepHoe yupex/jeHUe JECHOT0 X035 CTBa,
HoBoHexuHckoe iecHM4ecTBO): a) CocTOsIHME rapy Ha BTOPOU rof ocJie NoXapa;
6) /IByxJieTHUE CesHIIbI HA Tapu

B pesysnbraTe B 3TOM BapuaHTe CJOXU/IMCH 6JaronpUsiTHble 3KOJIOTUYECKHUE YCJI0BUS
(B1aXHOCTb Cy6CTpaTa, AOCTAaTOYHOE 3aTeHeHHe OT CrOpeBIIHX JlepeBbeB, CPABHUTEJIBHO
HU3KOe 3a/lepHeHHe rapy, HaJIMuMe KUBbIX JlepeBbeB C BO3MOXKHOCTbIO 06CEMEHEHHUs), YTO
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MOCJIY>KHMJIO TOSIBJIEHUIO HA BTOPOU r'oJ 04eHb XOPOLIeMy MOSIBJEHHUI0 BCXOJ0B COCHBI — 53,2
ThiC. WIT./Ta (PucyHok 5). O6pamaloT BHUMaHUe Xopouire Mopdosoruieckue nokasaTesau
Bcxo0B: BbicoTa 14,40. KosimuecTBO XBOMHOK 46 + 0,7 1IT., AJIMHA XBOU 5,6 + 0,7 cM.

15

101

cm 0

0)
PucyHok 5. l'opesbHuK (BacamMaHckoe yupex/ieHuHe JIeCHOT'0 X0351MCTBA):
a) CocTosiHMe ropesibHHKA Ha BTOPOU rof rocJie noxapa; 6) CestHIbI COCHbI

PacuuiieHHble rapu o6pasoBaiuck B peBpasie 2023 roga. Ha Tepputopru HoBoHEXHMHCKOT0O
JiecHudyecTBa CeMHO3€epHOro yupex/eHUsl JIeCHOTO X03sIMCTBA MPOIIJIO OCTeNHEHUE BbIPYyO-
JIEHHOTO M PACYUIIeHHOr0 y4yacTKa rapy, HauboJiblleld aKTUBHOCTbI 00/1aJlal0T CTENHbIe
pactenusi (Agropyron cristatum, Gypsophila paniculata, Festuca valesiaca, Stipa pennata,
Chenopodium album, Jacobaea vulgaris). IIpor3o1iio CHUKEHUE KOJIMYeCTBA BUJ0B C 55 BU/I0B
B 2023 roay n0 37 B 2024 roay. O611ee npoeKTUBHOE MOKPbITHE (%) TpaBsiHOro sipyca B 2023
rony - 29 %, B 2024 rogy 60,6 % (Ta6snua 4).

Ta6mua 4
XapakTepUCTHUKA pacCYUIeHHOU rapu nocJjae noxapa (2023-2024 rr.)
[Tokasaresnu Y4apexeHue J1eCHOro X03491MCTBa
CeMuo3epHoe BacamaHckoe
HoBoOHEXMHCKOE JIECHUYECTBO 3anazu-loe JIeCHU4eCTBO
XapaKTepuCTHKa Jjieca [0 Ioxapa
[TosiHOTA 0,5 0,6
Bospacr, sieT 60 - 80 80-90
®dopmyna gpeBocTos 9C1b 9C1Bb
[logpocTt 0 0
[Mopsiecok 0 0
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XapaKTepI/ICTI/IKa pPaCTUTE/JIbHOI'O IOKPOBa

O611ee NpoeKTUBHOE 29-60,6 17
nokpbITHE, %
KosinyecTBO BH/I0OB, LIIT. 37-55 24-31

Buabl ¢ HAUOOJABIIUM
y4acTueM

Agropyron cristatum,
Gypsophila paniculate,
Festuca valesiaca,
Stipa pennata

Calamagrostis epigeios,
Achillea millefolium,

A. nobilis,

Artemisia absinthium

Ha Tepputopuu bacamaHckoro yupejeHus JeCHOTO X0359iCTBAa BOCCTaHABIMBAKOLIUAMCS
HalO4YBEHHBbIU MOKPOB 06pa3ywT Calamagrostis epigeios, Carex supina, Artemisia macrantha,
Glycyrrhiza uralensis. B 2023 roany 3apeructpupoBad 21 Buj pactenui, B 2024 roay - 31 Buz.
O6uiee npoekTUBHOE NOKpbITHE B 2024 roay coctaBuio 15 %.

CTpyKTypa BEpXHHX CJIOEB [T0YBBI HAa PaCUULIEHHbIX TapsX IPUMEPHO O MHAKOBas.

FopusonT A, - 0-0,5; cBeKeBbINaBUIMiK ONaj| U3 6YPbIX XBOMHOK U CTOPEBIINX BETOYEK.

lopusoHT A, - A-b - 0,5-15,0 cM; BI@XKHBIH, HE CTPYKTYPUPOBaHHBIMH, C IepeMellaHHbIM BepX-
HUM CJIOEM B pe3y/IbTaTe paCKOpYeBKH Jieca C BKJIIOUEHUEM YTOJIbKOB, Iepexo/, IOCTeNeHHbIM.

[opu3oHT B - 15-30 cM; BJIa>KHBIA TEMHO-CEPBIN [1ECOK C YEPHBIMU MPOCTOUKAMU.

[opuzonT BC - riy6:xe 30 cM xesITOBaTO-CeEPbI MECOK C TEMHBIMU NPOXKUTKAMMU.

Oco6eHHOCThI0 BEPXHHUX CJ0€B NMOYBbI Ha pacYMILEeHHOW rapu fIBJSETCA 3HAYUTEJIbHOe
NOBpEX/JeHUEe BEepXHUX CJIOEB B pe3yJbTaTe CHWUJMBAHHUS JepPEBbEB, TPEJEBKH, PabOOThI
pa3arM4HOM TexHUKU. Ha 60/1b111el TEPPUTOPUHU PACUULIIEHHOU rapy o4Ba /10 riy6uHs! 10-15
CM B 3HAUMTEJIbHOM YaCTH pa3pylleHa, YTo, B CBOIO 04epe/ib, He YXYZLUINJIO JIeCOPACTUTE/IbHbIE
ycaoBUsl. BO306HOBJIEHHSI COCHbI Ha pacuullieHHOW rapu HOBOHEXUHCKOTr0 JieCHUYeCTBA He
obHapy>xeHO. Bo306HOB/IeHHE COCHbl Ha pacuyMllleHHOW rapu bacamaHckoro yudpexjeHus
JIeCHOr o x03s1icTBa xopouiee - 16,4 Toic.luT./ra (PucyHok 6); BeicoTa cesHueB 12,4 + 0,2 cm,
KOJINYeCTBO XBOMHOK 37,6 + 0,3 1uT, AsirHa xBou 5,0 = 0,8 cMm.

0)

PucyHok 6. PacuniieHnnas raps (bacamaHckoe yupex/ieHue JIECHOTO X035 CTBa):
a) CocTosiHMe pacYUINeHHOM rapy Ha BTOPOU roj nocse nokapa; 6) CoctossHre BO30OHOBJIEHUS COCHBI
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O6cyxaeHue

M3y4yeHHe J1eCOBO30OHOBJIEHUS HA rapsix Ha TepPUTOPUU AMaHKaparaickoro 6opa 1 6opa
KazaH6achl moka3aJio 60JIblIy0 HEOJHO3HAYHOCTh MOSIBJIEHHUS BCXO/I0B U CesIHIIEB COCHBI, YTO
CBSI3aHO C PA3/IMYHBIMHU IKOJIOTUYECKMMHU GaKTOPAMHU, CKJIA/IbIBAKOIIIMMHUCSA HA rapsx.

HawubGoJiee ycremHo JieCOBO306HOBJIEHUE TTPOUCXOAUT Ha HEYOpPAHHBIX rapsx, rjje coxpa-
HUJIACh CTPYKTYpPa MOYBBI, 06ecrievyeH HAJIET CEMSTH C OCTaBIIMXCS YKUBBIX IJIOJIOHOCSILIHUX COCEH,
MMeeTCsl YaCTUYHOE 3aTeHEHHeE OT JIETHEH Kapbl. ITO HabJI0IeTCsl Ha rapy B HOBOHEXKHHCKOM
JiecHndectBe CeMHO3EpPHOTO YYpEXJEeHHS JIECHOTO X035IMCTBA U HA ropesibHUKe 3amaZHoOro
JlecHHU4YecTBa bacamaHCKOro yupex/ieHus JIECHOT0 X035IMCTBa.

HapacuunieHHbIX rapsix BO306HOBJIEHHE TPOUCXOAUT TOJILKO B TEX MECTAX, TZle COXPAHSAIOTCS
YCJIOBUSA JJIs IOSIBJIEHHUSI BCXO/I0B, & TaKXKe 06ecrevyeH HaJleT CEMsIH CO CTOPOHBI HETPOHYTOM
o>KapoM cTeHbl Jieca (bacamaHckoe y4ypex/ieHHe JIECHOTO X03dKCcTBa). Xopouas CTeneHb
MHUHepaJ/IM3al1H MOYBbl 06eCleurBaeT ObICTPhIN POCT CESTHIIEB.

C Ipyro# CTOPOHBI, TOJTHAS PACYMCTKA CTOPEBIIUX A€PEBLEB, OTCYTCTBHE OCEMEHHUTEEN U
CTEHBI Jieca JieJlaeT HEBO3MOXKHBIM eCTeCTBEHHOe BO306HOBJIeHHE. BoJiee xecTKHe JiecopacTu-
TeJIbHbIE YCI0BUS MTPUBOJAAT K OBICTPOMY OCTEITHEHUIO PACYHIIEHHBIX Tapel U B Ja/IbHENIIIEM
€CTEeCTBEHHOTO JIeCOBO30OHOBJIEHUS He OyjeT. Ha Takux mJomazkax BO3MOXHO TOJIBKO
MCKYCCTBEHHOE JIECOBO30OHOBJIEHHE.

JKCcTpeMaJsibHble PUPOJHO-KJIMMATHYECKHE YCIOBUSI OCTPOBHBIX 60pOB AMaHKaparai u
KazaH6acbl - ocTpbId HEJJOCTAaTOK BJIard, BbICOKHE JIETHHE TeMIlepaTyphl, YacTble CyXOBEH
CO3Jal0T 6OJIbLIIMEe TPYJHOCTH [IJisl JIECOBOCCTAHOBJIEHHS], 0COOEHHO HA GOJIBbIIEIIONAJHbIX
rapsx, MOCKOJIbKy Ha HUX MOJIHOCTbIO yTPauuBaeTCs 3alllMTHOE BO3JeCTBHE MPUJIETAIOIUX
HacaXKJeHUH, OTCYTCTBYIOT 0OCEMEHUTEJH, YXyAlaTcs 3gadudeckue yciaoBus. [loaTomy
BO MHOTHX CJIy4asiXx eCTECTBEHHOEe BO300HOBJIEHHWE COCHBI TMOJIHOCTbIO HCKJIIYAETCSd |
e/JMHCTBEHHbIM CII0COG0M JIECOBOCCTAHOBJIEHHSI Tape sIBJISIeTCS CO3/JaHUE JIECHBIX KYJIBTYP.

3aKk/ilo4eHue

Ha rapsix y»xe Ha BTOpoO# roj, ¢popMmupyercss TpaBsSHHUCTasi PACTUTEJbHOCTb C BBICOKHM
IPOEKTHUBHBIM NMOKPBITHEM. PacTUTeIbHBIN NOKPOB POPMHUPYETCS U3 JIMHHOKOPHEBUIIHBIX
pacTeHUH, YbU NMOYKU BO30GHOBJIEHUS HAXOAATCA TIyGke 6-10 ¢cM M He NMOBpEXJAITCS
BBICOKMMH TeMIIEPATYPAMHU M0XKAPa, a TAKXKE U3 BHUJIOB — aHEMOXOPOB, HAJIET CEMSH KOTOPBIX
NPOUCXOJUT MOCTOSIHHO. TpaBsiHUCTasi PACTUTENBHOCTb B YCJIOBHUSAX OCTPOBHBIX OOpPOB
Amankaparai u KasaH6achl IBJIsieTCS KOHKYPEHTOM 3a BJIary, oHa 0oJiee MpUCIocobJieHa K
KJIMMaTUYECKUM YCJIOBHUSIM CyXOH CTENU M, pa3pacTasich, COCOGHA MOJIHOCTBIO MOJABJIATH
JIeCOBO30OHOBJIEHME.

Hau6osiee ycnemHo J1iecoB0306HOBIEHHE TPOUCXOJUT HA HeCpyGJIEHHON rapyu Ha TeppHu-
Topuu 6opa Kaszanbacel - 53,2 Thic./ra cesiHLeB, HAa pacuyMllleHHOW rapu - 16,4 Tbic./
ra cesiHueB. Ha pacuuileHHOW rapu Ha TeppUTOpUU AMaHKaparaickoro 6opa CHHreHe3
pPacTUTENLHOTO MOKPOBA IOLIEJ 10 CTEMNHOMY THUIY — JIECOBO30GHOBJIEHUS] HET. YCHeUIHoe
JIECOBOCCTAHOBJIEHHE rapel 0CTPOBHBIX 60poB AMaHKaparai u KazaH6acbel BO3M0OXXHO TOJIBKO
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IPU y4YeTe IKOJOTHYECKUX YCIOBUU JIECOKYIBTYPHOTO GOH/IA, IPU 3TOM 0CO60€ BHUMAHHE
JI0JKHO OBITh YZeJIeHO OLleHKe MUKPOKJIMMaTHY€eCKUX YCI0BUH.
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Pinus sylvestris L. TypiHiH epTTeH KeiliHri a/IKanTapAa Ka/ilbIHA KeJ/IyiHe apHaJ/IFaH OpMaH
ecipy xaraaisiapsl (AMaHKaparaii xxoHe Kazan6acsl apaiabl opmangapsl, KoctaHail 06/1bIChI)

LK. Cysnrranrasuda*!, A.H. Kynpusnos?, C.b. KyaHbi6aes?,
B.H. Yamkog!, A. blckak?, A.b. Hyrmanog?, I.A. UcaeBa*!
1Axmem BatimypcbiHyavl ambiHdarsl KocmaHali eHipaik yHugepcumemi, Kocmanaii, Kazakcman
’Ky3z6ac 6omaHukaavlk 6arbl, PFA Cb kemip dcaHe kemip xumusicel Pedepasvdi 3epmmey opmansiFbl,
Kemepoeo, Pecetl Pedepayusicol

AnjaTna. AMaHKaparail »koHe KazaH6achl KapaFaiyibl oOpMaH/japblH/aFbl ayKbIM/bl 6PTTep/eH KeHiHri
eKiHIII KbLJIbl 6pTEHTeH ayMaKTap MeH OpMaH 60C xKepJiepieri opMaH/ bl KaJbIHA KEJTIPY/iH aJFallKbl
Ke3eHzepi 3eprrengi. Hyckanap kenecizeit 60s4bl: 6aKpliay (epTTeH 3apjan LieKnereH ayMakrap);
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epTeHreH ayMakK (KecireH aFaliTapMeH Gipre apajiac epTTeH 6TKEH OpMaH y4yacKeci); KyireH opMaH
araltTapbl (KajJfaH aFaurtapbl 6ap »Kofapfbl epT mwaMameH 10 %); Ta3apTbLIFaH epTEHTeH ayMak
(2023 >kbL1ibIH, KOKTEMiH/Ie OpMaH KeCi/ITeH 9He KOUbLIFaH ayMak). EH caTTi opMaHAbI KaJIbiHA
kesTipy Kasanb6achl KapaFailsibl OpMaHbIHBIH 6PTEHT€H OPMaH aJKa0bIHAA XKYpY/le — reKTapblHa 53,2
MBbIH TYII KOLIET, Ta3apThlJIFaH epTeHreH ayMaKTa — 16,4 MbIH/ra Tyl KelleT. AMaHKapaFai Kaparanbl
OpMaHbIHBIH Ta3apThlJIFaH 6PTEeHTeH allMaFbIH/a 6CIM/IiK )KaMbLJIFbICBIHbIH, CHHT€He3i Jjajla/iblK TUIIKE
coUKec KeJieZli - OpPMaH KaJlllblHa KeJIiI KaTKaH *K0K. OpMaH/bl KaJIlIbIHA KeJITipy/iiH Heri3ri keaeprici -
Y3bIH TaMbIpJIbl 6CIM/IIKTEp/IeH 6CIM/IiK 2KaMbIIFBICBIHBIH MalAa 60J1ybl, 0JIapAbIH XaHapy oypuiikTepi
6-10 cM-ZieH TepeHipeK >koHe OPTTIH »KOFapbl TeMIlepaTypacblHAaH 3aKbIMJaIMaibl. AMaHKaparau
MeH KasaH6acbIHbIH apaijblK KapaFalbl opMaH/Japhbl KafAalblH/a LNTeCiH eCiMAIKTep blIFaafa
6acekesiec 60JIBIN TAObLIA/bI, 0J1 KYPFAK JaJaHblH KJIMMaTThIK XKaFAalbIHA )KaKChl 6eHiM/e/IreH KoHe
ecin KeJie KaTKaH OpMaH/Jap/iblH >KaHapyblH TOJIbIFbIMEH 6acyFa KabisieTTi. KocTraHall 06/1bICBIHAAFbI
epTeHreH apasJblK KapaFaiJbl OpMaHAap/Abl OWJaFbllald KaJlllblHA KeJTipy OpMaH LapyallblIbIFbI
KOPBIHBIH, 3KOJIOTUSJIBIK, KaFJJallblH eCKepreH »Kaffaia faHa MYMKiH 060/a/Jibl, MUKPOKJIUMATThIK
*KaFJaiapibl 6arajsiayFa epekiie KoHiJ 661y KaXKeT.

Ty¥iH ce3aep: apaiJblK Kaparailjbl opMaHAap, AMaHKapaFail Kaparailibl opMaHbl, KasaHOGachl
KaparaWljibl OpMaHbl, epTTep, OpMaHAAPAbl KaJllbIHA KeJTipy, 6pTeHreH ayMaK, KYHreH OpMaH
aFanTapbl

Forest conditions for the regeneration of Pinus sylvestris L. in burnt areas (island pine forests
of Amankaragai and Kazanbasy, Kostanay Region)

G.J. Sultangazina**, A.N. Kuprijanov?, S.B. Kuanyshbayev?', V.N. Chashkov?’, A. Yskak?,
A.B. Nugmanov *, D.A. Issayeva **
TAkhmet Baitursynuly Kostanay Regional University
?Kuzbass Botanical Garden, Federal Research Center for Coal and Coal Chemistry SB RAS,
Kemerovo, Russian Federation

Abstract. The initial stages of natural reforestation were studied in burned and fire-affected areas
of the island-type pine forests of Amankaragai and Kazanbasy in the second year after large-scale
wildfires. The studied sites included the following: control plots (areas unaffected by fire); burn (areas
affected by a mixed-severity fire, with remaining standing trees); gorelnik (areas affected by crown
fires, with approximately 10% of trees remaining); and cleared burn (areas where fire-damaged
forest was harvested and removed in spring 2023). The highest density of natural regeneration was
observed in the Kazanbasy pine forest, located in the Bora Mountain ridge - 53.2 thousand seedlings
per hectare; and in the cleared burn area — 16.4 thousand seedlings per hectare. In the cleared burn area
of the Amankaragai forest, vegetation succession followed a steppe-type pattern, with no signs of forest
regeneration. The main obstacle to reforestation is the development of herbaceous cover dominated by
long-rhizomatous species whose renewal buds lie deeper than 6-10 cm in the soil and are not damaged
by high fire temperatures. In the island-type pine forests of Amankaragai and Kazanbasy, herbaceous
vegetation is a strong competitor for moisture, being more adapted to the arid steppe climate, and can
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JlecopacmumensHble ycao8us 045 60306Ho81eHUA Pinus sylvestris L. Ha 2apsix (ocmpogHble 60pbl AMaHkapazall u
KasaH6acwl, KocmaHatickas o6aacmb)

completely suppress tree seedling development. Successful reforestation of burned areas in the island-
type pine forests of Kostanay Region is possible only if the ecological conditions of forest stands and the
silvicultural background are taken into account. Special attention should be paid to the assessment of
local microclimatic conditions.

Keywords: island pine forests, Amankaragai pine forest, Kazanbasy pine forest, wildfires, refore-station,
burn, gorelniks
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Abstract. This article presents the results of a comprehensive study of the species
composition of the Poaceae Barnhart family in the flora of the Betpakdala Desert.
The research is based on a critical review of published literature, examination
of herbarium specimens from collections housed at AA and MW, and extensive
fieldwork conducted by the authors. As a result, an updated checklist of Poaceae
taxa for the region has been compiled. It includes 106 species distributed
across 44 genera, 17 subtribes, 14 tribes, 7 supertribes, and 6 subfamilies. The
taxonomic arrangement follows the contemporary classification system adopted
by the Angiosperm Phylogeny Group IV (APG IV), and species names are aligned
with the nomenclature recognized in the Plants of the World Online (POWO)
database. For each species, the checklist provides detailed information on its
taxonomic placement, latin binomial with author citation, life form, ecological
grouping based on water availability and substrate type, habitat conditions,
and flowering period. The genera with the highest species richness in the
region are Stipa L. (11 species), Puccinellia Parl. (9), Poa L. (8), Bromus L. (8),
and Leymus Hochst. (7). The article also includes a comparative analysis of the
Poaceae species composition of Betpakdala with adjacent regions, including the
Central Kazakh Upland, the Ulytau Mountains, and the Moyinkum Desert. Using
the Sgrensen similarity coefficient, it was determined that the highest floristic
similarity exists between Betpakdala and Moyinkum, with a similarity index of
0.7. These findings contribute to a deeper understanding of grass diversity in
Central Kazakhstan's arid ecosystems.

Keywords: Betpakdala, Poaceae, outline, species composition, modern classi-
fication, ecological features
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Introduction

The conducted research is a part of research works aimed at an inventory of modern species
composition of Ulytau region, including a part of the territory of the Betpakdala desert. Difficult
accessibility and low water availability of this desert an obstacles to regular study of its territory.
The main idea about the flora of this desert can be made mainly from herbarium collections.
Studies conducted in the middle of the last century by famous botanists demonstrated that
the main ecological feature of the vegetation of Betpakdala is its resistance against extreme
conditions of existence [1-4].

We conducted a preliminary analysis using available literature, materials from the herbarium
of the Institute of Botany and Phytointroduction in Almaty (AA) and Lomonosov Moscow State
University (MW) [5-14]. Available summaries show that Betpakdala and western Pribalkhash
are characterized by a high level of endemism, which further emphasizes the floristicuniqueness
of this area. Here, there are such endemic and subendemic species for Central Kazakhstan as
Lepidium jarmolenkoi VM.Vinogr, Megacarpaea iliensis Golosk. et. Vassilcz. (Brassicaceae),
Artemisia hippolyti A. Butkov (Asteraceae), Spiraeanthus schrenkianus (Fisch. & C.A. Mey.)
Maxim. (Rosaceae), Allium trachyscordum Vved. (Amaryllidaceae), Lappula duplicicarpa Pavlov,
L. glabrata Popov (Boraginaceae), Asparagus angulofractus Iljin (Asparagaceae), and some
others. However, representatives of the Poaceae family, one of the leading taxa of the desert flora
of Kazakhstan in terms of the number of species, are not found among them. This circumstance
substantiates our scientific interest in studying the species composition of this family. It should
be noted that the majority of herbarium collections of the listed species belong to the first half
- middle of the XX century. Modern data on the distribution of most species and the number of
their populations are not available.

To understand the role of the Poaceae family in shaping the floristic composition of adjacent
regions, a comparison was conducted between the grass flora (Poaceae) of Betpakdala and
that of neighboring regions (Moyinkum, the Kazakh Upland, and the Ulytau Mountains)
using quantitative indicators and the Sgrensen similarity coefficient. Floristic similarities
and differences were identified, which are explained by both geographical proximity and the
ecological conditions of the habitats.

Such information is extremely important for the inventory of floristic diversity of Betpakdala,
in particular, the current species composition of the Poaceae family. New information about it
will serve as a basis for the formation of the State Plant Cadastre of the newly created Ulytau region,
which will serve as a basis for the formation of an inventory of the floristic diversity of Betpakdala.

Materials and research methods

When performing research work, such botanical methods were used as: route-reconnaissance;
ecological-systematic; ecological-geographical; phytocenotic [15]. Collection of herbarium
material was carried out according to the classical method of A.K. Skvortsov [16].

Determination of species affiliation of plants was carried out on the basis of floristic
summaries: [17-20]. The nomenclature of taxa was verified according to Cherepanov S.K. and
checked against the POWO database [21-22].
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When compiling the list of species of the family Poaceae of the Betpakdala flora, available
materials were used [14,23]. The structure of the species synopsis is given taking into account
the modern classification adopted in the APG IV system [24,25].

To understand the ecological preferences of Poaceae species in relation to habitat conditions,
the species synopsis distinguishes ecological groups of plants based on soil moisture and soil
texture.

When comparing the species composition of the Poaceae family of the Betpakdala flora with
the representation of this family in the floras of adjacent regions, the Serensen coefficient was
applied [26]:

K=2S /S +S,

where,
a and b are the number of species in the compared areas,
ab is the number of total species.

Results

As a result of the research, a species outline of the family Poaceae Barnhart of the flora of
the Betpakdala Desert was compiled, including 106 species distributed among 44 genera, 17
subtribes, 14 tribes, 7 supertribe and 6 subfamilies.

Glyceria notata Chevall. Perennial. Grows on swampy banks of streams, ditches, lakes, and
rivers in the plains. Mesophyte. Pelitophyte. Blooms V-VIII.

Neotrinia splendens (Trin.) M. Nobis, P.D. Gudkova A. Nowak Perennial [28]. It grows in
deserts, dry steppes, from plains to highlands, along the banks of rivers and lakes, often forming
extensive thickets. Mesophyte. Hemipelitophyte. Blooms V-VII.

Stipa caucasica Schmalh. Perennial. Grows on dry slopes and screes, rubbly and sandy plains.
Xerophyte. Hemipetrophytes. Blooms [V-VI.

S. orientalis Trin. Perennial. Grows on dry rubbly steppes and stony mountain slopes.
Xerophyte. Petrophytes. Blooms IV-VI.

S. hohenackeriana Trin. et Rupr. Perennial. Grows in steppes, on sandy and desert foothills,
and slopes of the lower belt of mountains. Xerophyte. Hemipsammophyte. Blooms IV-VI.

S. arabica Trin. et Rupr. Perennial. Grows in dry steppes, on mountain slopes, and desert
foothills. Mesophyte. Pelitophyte. Blooms V-VI.

S. kirghisorum P.A. Smirn. Perennial. Grows in steppes and foothills on rubbly and stony soil,
reaching the subalpine belt of mountains. Xerophyte. Hemipelitophyte. Blooms VI-VII.

S. macroglossa P.A. Smirn. Perennial. On crushed stone, stony, loess, and sandy-pebble slopes
from the foothills to the middle belt of mountains. Xerophyte. Hemipelitophyte. Blooms V-VIII.

S. richteriana Kar. et Kir. Perennial. It grows on steppes and slopes of low mountains.
Xerophyte. Pelitophyte. Blooms V-VI.

S. capillata L. Perennial. Grows in steppes, deserts and on stony slopes. Xerophyte. Pelitophyte.
Blooms VI-VII.
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S. lessingiana Trin. et Rupr. Perennial. Grows in steppes on stony and fine-grained slopes of
foothills. Xerophyte. Hemipetrophytes. Blooms IV-V.

S. sareptana A.K. Becker. Perennial. Grows in steppes, on sands and in deserts. Xerophyte.
Hemipsammophyte. Blooms V-VI.

S. pulcherrima K. Koch Perennial. Grows in steppes and on dry slopes of mountains and hills.
Xerophyte. Pelitophyte. Blooms V-VI.

Timouria conferta (Poir.) Sennikov Perennial. Grows in the lower belt of mountains, on
plumes and dry valleys, on rubbly and clayey places in dry steppes and deserts. Mesophyte.
Hemipelitophyte. Blooms V-VII.

Piptatherum songaricum (Trin. et Rupr.) Roshev. Perennial. Grows on stony, stony-rubble,
stony-silty slopes, rocky outcrops and screes from the foothills to the subalpine belt of mountains.
Xerophyte. Petrophytes. Blooms V-VII.

Achnatherum sibiricum (L.) Keng ex Tzvelev Perennial. It grows on sands and sandy steppes.
Mesophyte. Psammophyte. Blooms VI-VII.

Phalaris arundinacea L. Perennial. Grows along the banks of rivers, lakes and streams, in
damp meadows. Mesophyte. Hemipelitophyte. Blooms VI-VIII.

Avena sativa L. Perennial. Occurs asaweed in wheat crops and on fallow lands. Mesoxerophyte.
Hemipelitophyte. Blooms VI-VIII.

A. fatua L. Annual. Occurs as a weed in crops of predominantly cereal crops. Mesoxerophyte.
Hemipelitophyte. Blooms VI-VII.

Koeleria pyramidata (Lam.) P. Beauv. Perennial. It grows in steppes, on steppe mountain
slopes and steppe meadows; in mountains it rises up to the alpine belt. Xerophyte. Pelitophyte.
Blooms V-VIIL.

Helictotrichon desertorum (Less.) Pilg. Perennial. Grows in dry steppes and on dry mountain
slopes. Xerophyte. Pelitophyte. Blooms V-VI.

Anthoxanthum nitens (Weber) Y. Schouten et Veldkamp Perennial. Grows in flooded, steppe
meadows, often as a weed on fallow lands. Mesophyte. Pelitophyte. Blooms V-VI.

Agrostis gigantea Roth Perennial. Grows in damp places, along streams, on sazes, meadows,
along river beds from the foothills to the upper belt of mountains. Mesophyte. Pelitophyte.
Blooms VI-VIII.

Calamagrostis macrolepis Litv. Perennial. Grows along banks of aryks, on deposits, sometimes
on saline places on the plain, on grassy fine-grained slopes, along riverbeds in the mountains up
to the upper belt. Halomesophyte. Hemipelitophyte. Blooms VI-VIII.

C. epigejos (L.) Roth Perennial. Grows on sandy and swampy soils of the plains and foothills.
Xerophyte. Hemipsammophyte. Blooms VI-VII.

C. pseudophragmites (Haller f.) Koeler Perennial. Grows on sandy soil, on the banks of rivers,
lakes and ditches, on damp meadows. Mesophyte. Hemipsammophyte. Blooms VI-VII.

Polypogon maritimus Willd. Perennial. Grows on saline meadows, sands, and dry river beds.
Haloxeromesophyte. Hemipsammophyte. Blooms V-VII.

P. monspeliensis (L.) Desf. Annual. Grows on damp, solonetzified places. Halomesophyte.
Pelitophyte. Blooms V-VIII.

Helictochloa hookeri (Scribn.) Romero Zarco Perennial. Occurs in the middle and upper belts
of mountains, on rubbly, rubbly-stony, rubbly-small-gravel slopes. Xerophyte. Hemipetrophytes.
Blooms V-VIIL.
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Lolium arundinaceum (Schreb.) Darbysh. Perennial. It grows on moist solonetz meadows, on
the banks of lakes and rivers, along aryks, in gardens, on clay cliffs, among crops, and on deposits
from plains to the middle belt of mountains. Halomesophyte. Pelitophyte. Blooms V-VII.

Festuca valesiaca Schleich. ex Gaudin Perennial. Occurs in steppes, on dry and solonetz
meadows, stony slopes of hills, foothill slopes, on stony, rubbly and sandy habitats, among rocks,
on screes, on pebbles, moraine hills from plains to the upper belt of mountains. Mesoxerophyte.
Hemipetrophytes. Blooms IV-VIIIL.

E rupicola Heuff. Perennial. It grows in steppes, on steppe, dry and solonetz meadows, on
steppe slopes in the lower belt of mountains. Xerophyte. Pelitophyte. Blooms V-VI.

Puccinellia distans (Jacq.) Parl. Perennial. Grows on moist, slightly saline or waterlogged
meadows, sandy-clay shoals, cartilaginous-pebble habitats along the banks of rivers,
lakes, streams and ditches from plains to the upper belt of mountains; weeds. Mesophyte.
Hemipelitophyte. Blooms IV-IX.

P, diffusa (V.1.Krecz.) V.I. Krecz. ex Drobov Perennial. Grows on saline sands, solonchaks along
the banks of rivers, lakes, streams, springs and along mountain loops. Haloxeromesophyte.
Psammophyte. Blooms IV-VI.

P. dolicholepis (V1. Krecz.) Pavlov Perennial. Grows on solonts, solonchaks, saline sands, in
the lower part of rubbly slopes of hills, along the margins of takyrs, along the banks of rivers and
saline lakes, near springs. Hyperhalomesophyte. Hemipsammophyte. Blooms V-VI.

P poecilantha (K. Koch) Grossh. Perennial. Grows on damp solonetz meadows, wet
solonchaks, sandy and loamy-sandy habitats, waterlogged depressions along the banks of seas,
rivers, salt lakes, streams, and ditches from plain to foothills; weeds. Hyperhalomesophyte.
Hemipelitophyte. Blooms V-VIII.

P. gigantea (Grossh.) Grossh. Perennial. Grows on solonetz meadows, banks of water bodies,
and ditches, occasionally in foothills. Mesophyte, rasiodput. Halomesophyte. Hemipelitophyte.
Blooms VI-VII.

P. hauptiana (V.. Krecz.) Kitag. Perennial. Grows on damp and slightly saline meadows and
marshes, on weedy places. Mesophyte. Pelitophyte. Blooms VI-VII.

P, roshetvitsiana (Schischk.) V.I. Krecz. ex Tzvelev Perennial. Grows on solonetz and solonetz
meadows, in chia thickets. Halomesophyte. Pelitophyte.Blooms VI-VII.

P.macropus V.. Krecz. Perennial. Grows on saline desert sands. Haloxerophyte. Psammophyte.
Blooms V-VI.

P, tenuissima (Litv. ex V.I. Krecz.) Pavlov Perennial. Grows on dry and coastal solonetz steppes,
in steppe hollows and depressions. Halomesophyte. Pelitophyte. Blooms V-VI.

Catabrosella humilis (M. Bieb.) Tzvelev Perennial. Grows in clay steppes and deserts, on
sandy sediments, and less often on stony slopes of foothills and shallow hills. Mesoxerophyte.
Hemipelitophyte. Blooms IV-V.

Poa annua L. Perennial. It grows in weedy places, meadows, near roads and ditches, and rises
to the mountains. Mesophyte. Pelitophyte. Blooms IV-VIII.

P. bulbosa L. Perennial. It grows on steppes, in large-grass and wormwood-ephemeral deserts,
on sands and dry slopes of foothills. Xerophyte. Hemipsammophyte. Blooms IV-VI.

P, pratensis L. Perennial. It grows in meadows and shrubs, near streams, from the plain to the
subalpine belt of mountains. Mesophyte. Pelitophyte. Blooms V-VII.
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P, angustifolia L. Perennial. Grows on dry meadows, steppes, and mountain slopes, up to the
subalpine belt. Xerophyte. Pelitophyte. Blooms V-VII.

P, palustris L. Perennial. Grows in shrub and tree thickets, in meadows, along river and stream
banks, and on mountain slopes in the lower belt. Mesophyte. Pelitophyte. Blooms V-VI.

P versicolor Besser Perennial. Grows on mountain steppes and dry steppe slopes.
Mesoxerophyte. Pelitophyte. Blooms VI-VII.

P. nemoralis L. Perennial. Grows on wet meadows, in river valleys, along the banks of water
bodies and forest edges. Mesophyte. Pelitophyte. Blooms VI-VIII.

P. diaphora Trin. Annual. Grows on dry riverbeds, banks of rivers, lakes and streams on saline
soil. Haloxerophyte. Hemipelitophyte. Blooms V-VI.

Beckmannia eruciformis (L.) Host Perennial. Grows along the banks of rivers and ditches, on
moist solonetz meadows. Halomesophyte. Pelitophyte. Blooms VI-VIIIL.

Alopecurus arundinaceus Poir. Perennial. Grows on flood and solonetz meadows, on the
banks of rivers and streams and in swamps. 'anorurpodut. Hemipelitophyte. Blooms V-VII.

Apera interrupta (L.) P. Beauv. Annual. Grows on sands and as a weed in cultivated fields.
Xeromesophytes. Psammophyte. Blooms [V-V.

Bromus scoparius L. Annual. It grows in swamps and fallow lands, in gardens, near roads,
along river valleys, on dry clay slopes from plains to the lower belt of mountains, and weeds in
rainfed crops. Xeromesophytes. Pelitophyte. Blooms IV-VI.

B. lanceolatus Roth Annual. It grows on meadows, lanes, storages, semifixed and fixed sands,
on gravelly and sandy riverbeds from foothill deserts to the middle belt of mountains, less often
on meadows inriver valleys and along the shores of lakes, and in weeds in crops. Mesoxerophyte.
Hemipsammophyte. Blooms V-VII.

B. inermis Leyss. Perennial. It grows on steppe meadows, meadow slopes, in shrubs, and rises
to the mountains up to the alpine belt. Xeromesophytes. Pelitophyte. Blooms VI-VII.

B. tectorum L. Annual. It grows in southern ephemeral deserts, on sands, often as a weed on
deposits, near roads and dwellings. Xeromesophytes. Psammophyte. Blooms IV-VI.

B. japonicus subsp. japonicus Annual. It grows in meadow steppes, on fallow lands, often
as a weed near roads, in crops and near dwellings; it enters the middle belts of mountains.
Mesophyte. Pelitophyte. Blooms V-VII.

B. danthoniae Trin. Annual. It grows in meadows, in swamps, along gravelly riverbeds, from
foothill deserts to the middle belt of mountains; weeds in crops and gardens. Mesoxerophyte.
Pelitophyte. Blooms V-VII.

B. gracillimus Bunge Annual. Grows in open places on sandy and clay soils in deserts and
foothills, in mountains, on dry slopes, screes, and gravelly riverbeds up to the upper belt of
mountains.Xerophyte. Hemipelitophyte. Blooms IV-VIII.

B. squarrosus L. Perennial. Grows in dry steppes of plains and foothills, clay deserts, as a weed
in crops and near roads. Xerophyte. Pelitophyte. Blooms V-VII.

Henrardia persica (Boiss.) C.E. Hubb. Annual. Grows on dry, rubbly, and clayey, sometimes
sandy slopes of foothills, occasionally as a weed in rainfed crops. Xerophyte. Hemipelitophyte.
Blooms V-VI.

Agropyron fragile (Roth) P. Candargy Perennial. Grows on flat sandy steppes and sands.
Xerophyte. Psammophyte. Blooms VI-VII.
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A. cristatum (L.) Gaertn. Perennial. Grows on dry steppes, mountain and hill slopes up to the
middle belt. Xerophyte. Pelitophyte. Blooms VI-VII.

A. desertorum (Fisch. ex Link) Schult. Perennial. Grows on clay and stony plain steppes.
Xerophyte. Hemipelitophyte. Blooms VI-VII.

Hordeum bogdanii Wilensky Perennial. Grows on saline meadows and steppe estuaries.
Halomesophyte. Pelitophyte. Blooms VI-VII.

H. brevisubulatum (Trin.) Link Perennial. Grows on saline meadows, banks of rivers and
lakes. Halomesophyte. Pelitophyte. Blooms VI-VII.

H. murinum subsp. leporinum (Link) Arcang. Annual. Occurs in river valleys, foothill deserts,
foothills and the lower belt of mountains, weeds in crops, gardens, on boundaries and foothills,
and near dwellings. Mesoxerophyte. Pelitophyte. Blooms IV-VII.

Leymus paboanus (Claus) Pilg. Perennial. Grows on solonets, solonchaks and solonetz
meadows. Halomesophyte. Pelitophyte. Blooms VI-VII.

L. racemosus (Lam.) Tzvel. Perennial. Grows on sands and sandy steppes. Xerophyte.
Psammophyte. Blooms VI -VII.

L. ramosus (K.Richt.) Tzvelev Perennial. Grows on solonetz steppes, on solonetz and solonetz
meadows, fallow lands, sometimes as a weed. Haloxeromesophyte. Pelitophyte. Blooms VI-VII.

L. karelinii (Turcz.) Tzvelev Perennial. Grows in clay desert. Xerophyte. Pelitophyte. Blooms V-VI.

L. akmolinensis (Drobow) Tzvelev Perennial. Grows on solonchaks and solonchak meadows,
banks of lakes, rivers and streams. Haloxeromesophyte. Pelitophyte. Blooms VI-VII.

L. multicaulis (Kar. Kir.) Tzvelev Perennial. Grows on solonchaks and saline meadows.
Halomesophyte. Pelitophyte. Blooms V-VI.

L. angustus (Trin.) Pilg Perennial. Grows on dry steppes, on hills and slopes of the lower belt
of mountains, riverbanks. Mesoxerophyte. Pelitophyte. Blooms VI-VII.

Psathyrostachys juncea (Fisch.) Nevski Perennial. Grows in dry steppes, on solonchaks and
steppe slopes, and on plumes of mountains up to the middle belt. Haloxerophyte. Pelitophyte.
Blooms VI-VII.

Taeniatherum caput-medusae (L.) Nevski Annual. Grows along rocky slopes and plumes of
the southern foothills. Xerophyte. Petrophytes.Blooms IV-V.

Thinopyrum intermedium subsp. Intermedium Perennial. Grows on dry slopes from the
foothills to the middle belt of mountains, forming peculiar wheatgrass steppes. Xerophyte.
Pelitophyte. Blooms V-VII.

Elymus repens (L.) Gould Perennial. It grows in steppes and meadows, on fallow lands and
estuaries, often as a weed and crops. Xeromesophytes. Pelitophyte. Blooms VI-VII.

Eremopyrum triticeum (Gaertn.) Nevski Annual. It grows in steppes and deserts on rubbly,
sandy and solonetz soils. Haloxerophyte. Hemipelitophyte. Blooms IV-V.

E. bonaepartis (Spreng.) Nevski Annual. Grows on plains, sands and clay soils of deserts.
Xerophyte. Hemipelitophyte. Blooms [V-V.

E. orientale (L.) Jaub. et Spach Perennial. Grows in southern steppes and deserts, on dry
slopes of the lower belt of mountains. Xerophyte. Pelitophyte. Blooms IV-V.

E. distans (K.Koch) Nevski Perennial. Grows in southern steppes and deserts, slightly occurs
on dry mountain slopes of the lower belt. Xerophyte. Pelitophyte. Blooms IV-V.
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Secale sylvestre Host Annual. Grows on sands and steppe sandy loam. Xerophyte.
Hemipsammophyte. Blooms V-VI.

Digitaria sanguinalis (L.) Scop. Annual. It grows as a weed on sandy soils, in crops, near
ditches, on lawns. Mesophyte. Hemipsammophyte. Blooms VII-X.

Echinochloa crus-galli (L.) P. Beauv. Annual. Grows as a weed in crops and vegetable gardens.
Mesophyte. Pelitophyte. Blooms VI-VIII.

Cenchrus americanus (L.) Morrone Annual. Grows as a weed in crops, gardens and orchards,
less often along riverbanks and on mountain loops. Mesophyte. Pelitophyte. Blooms VII-IX.

Setaria viridis (L.) P. Beauv. Annual. Grows as a weed in crops, gardens and orchards, less
often along riverbanks. Mesophyte. Pelitophyte. [|B: VII-IX.

Bothriochloa ischaemum (L.) Keng Perennial. Grows on dry slopes of mountains and hills,
less often in flat steppes. Xerophyte. Pelitophyte. Blooms VI-VII.

Stipagrostis karelinii (Trin. et Rupr.) H. Scholz Perennial. It grows on mobile barchan and
bumpy sands. Xerophyte. Psammophyte. Blooms V-VI.

S. pennata (Trin.) De Winter Perennial. Grows on barchan and bumpy sands. Xerophyte.
Psammophyte. Blooms V-VI.

Aristida adscensionis L. Annual. Grows on dry sandy and stony places, not rising high up into
the mountains. Xerophyte. Hemipetrophytes. Blooms V-IX.

Phragmites australis (Cav.) Trin. Steud. Perennial. Grows in the mouths of rivers, forming
huge thickets, along the banks of lakes, streams and ditches, on flood meadows, in depressions
between bumpy sands and as a weed on irrigated lands. Hygrophyte. Hemipelitophyte. Blooms
VII-X.

Schismus arabicus NeesAnnual. It grows on dry sandy or stony places. Xerophyte.
Hemipsammophyte. Blooms IV-VI.

Eragrostis minor Host Annual. It grows on clay and sandy slopes, along the banks of rivers and
ditches, as a weed in crops and vegetable gardens. Mesoxerophyte. Hemipelitophyte. Blooms
VII-VIIL

E. cilianensis (All.) Vignolo ex Janch. Annual. It grows in weedy places, among crops and
in storage on the plain, and enters the foothills and mountains. Mesoxerophyte. Pelitophyte.
Blooms V-IX.

E. collina Trin. Perennial. Grows on saline places and saline sandy steppes. Haloxerophyte.
Hemipsammophyte. Blooms VI-VII.

E. pilosa (L.) Beauv. Annual. Grows on sandy banks of rivers and reservoirs and in weedy
places. Mesoxerophyte. Hemipsammophyte. Blooms VII-VIIL.

Sporobolus alopecuroides (Piller Mitterp.) P.M. Peterson [27] Annual. Grows on damp, sandy,
and saline places. Haloxeromesophyte. Psammophyte. Blooms VI-VIII.

S. borszczowii (Regel) P.M. Peterson Annual. Grows in the valleys of desert rivers, on damp
saline places. Mesophyte. Hemipelitophyte.Blooms VI-VIL.

S. aculeatus (L.) PM. Peterson [29] Annual. Grows on damp, saline soils. Halomesophyte.
Pelitophyte. Blooms VI-VIIL.

S. schoenoides (L.) PM. Peterson Annual. Grows on damp, sandy, and saline soils.
Haloxeromesophyte. Hemipsammophyte. Blooms VI-VIII.
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S. turkestanicus (Eig) PM. Peterson Annual [30]. Grows on saline sands and clays.
Haloxerophyte. Hemipelitophyte. Blooms IV-VI.

Aeluropus littoralis (Gouan) Parl. Perennial. Grows on saline soils and saline sands.
Halomesoxerophyte. Hemipsammophyte. Blooms IV-VII.

A. lagopoides (L.) Thwaites Perennial. On sandy sites, on saline soils, moist saline areas on the
plain and in the foothills. Haloxerophyte. Hemipsammophyte. Blooms V-VIII.

Cynodon dactylon (L.) Pers. Perennial. Grows on sandy places and as a weed near dwellings,
in crops, near ditches. Mesoxerophyte. Hemipsammophyte. Blooms V-VIII.

The leading genera in terms of number of species include the following genera: Stipa L. - 11
species, Puccinellia Parl. -9, Poa L. - 8, Bromus L. - 8, Leymus Hochst. - 7.

During the analysis of the species composition of the Betpakdala region, it was found that,
according to current data, species such as Puccinellia macropus V.1. Krecz. and Leymus karelinii
(Turcz.) Tzvelev, which were previously considered endemics of Kazakhstan, are no longer
classified as such. Species of the Poaceae family, included in the Red Data Book of Kazakhstan
(2014), were not recorded in the flora of Betpakdala.

In the flora of Betpakdala, the family Poaceae is represented by 106 species, among which
30 species are annual plants and 76 are perennials. The analysis of ecological features
showed the following distribution of species: in relation to water regime: 22 mesophytes, 5
xeromesophytes, 2 hyperhalomesophytes, 12 halomesophytes, 6 haloxeromesophytes, 37
xerophytes, 13 mesoxerophytes, 7 haloxerophytes, 1 halomesoxerophyte and 1 hygrophyte
(Figure 1). In relation to substrate: 10 psammophytes, 17 Hemipsammophytes, 48 pelitophytes,
23 hemipelitophytes, 3 petrophytes and 5 hemipetrophytes (Figure 2).

Halomezoxerophyte 1
Haloxerophyte 7
Mesoxerophyte 13
Xerophyte 37

Haloxeromesophyte 6

Halomesophyte _ 12

Hypergalomesophyte 2
Xeromesophyte _ 5

Hygrophyte . 1

0 5 10 15 20 25 30 35 40

Figure 1. Distribution of the species composition of the Poaceae family in the flora of Betpakdala
in relation to soil moisture
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Figure 2. Distribution of the species composition of the Poaceae family in the flora of Betpakdala

in relation to soil texture

The conducted comparative analysis showed the similarity of species composition of Poaceae
family of Betpakdala flora and its representation in the floras of adjacent regions (Kazakh
Upland, Ulytau mountains and sandy desert Moyinkum) (Table 1).

Table 1
Distribution of leading genera of the family Poaceae in the floras of Betpakdala, Moyinkum,
Kazakh Upland and Ulytau
Betpakdala
Leading genera Number of species % of total number of species
Stipa 11 10.3
Puccinellia 9 8.5
Poa 8 7.5
Bromus 8 7.5
Leymus 7 6.6
Total 106 40.5
Kazakh Upland
Leading genera Number of species % of total number of species
Stipa 15 10.7
Poa 13 9.2
Puccinellia 9 6.4
Elymus 8 5.7
Leymus 7 5
Total 140 37.1
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Moyinkum

Leading genera Number of species % of total number of species
Stipa 9 11.2

Poa 7 8.7

Bromus 7 8.7

Puccinellia 4 5

Leymus 4 5

Total 80 38.8

Ulytau

Leading genera Number of species % of total number of species
Stipa 9 13.6

Poa 8 12.1

Leymus 5 7.5

Puccinellia 3 4.5

Bromus 3 4.5

Total 66 42.4

A comparative analysis of the similarity of the species composition of representatives of the
Poaceae family in the floras of adjacent territories yielded the following results, presented in
Table 2.

Table 2
Comparative analysis of the similarity of the species composition of representatives
of the Poaceae family

Comparison between the floras Calculation method Similarity coefficient
Betpakdala and Kazakh Upland K=2x82/246 0.6
Betpakdala and Ulytau K=2x49 /172 0.5
Betpakdala and Moyinkum K=2x67/186 0.7

Thus, the highest floristic similarity was found between the species composition of the flora
of Betpakdala and the Moyinkum Desert (K = 0.7), which is also supported by the proportional
similarity of dominant genera: Stipa (10.3% in Betpakdala and 11.2% in Moyinkum), as well as
comparable values for the genera Poa and Bromus. This is explained by similar arid ecological
conditions, sandy substrates, and vegetation types dominated by grasses and xerophytic herbs.

The relatively small difference in the coefficient (K = 0.6) in the comparison between
Betpakdala and the Kazakh Upland reflects not only the geographical proximity of these
regions but also the mutual penetration and participation of species in the formation of their
vegetation cover. Despite a greater total number of species, dominant genera such as Stipa and
Poa demonstrate comparable proportions.
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The lowest similarity was observed in the comparison between the species diversity of
Betpakdala and Ulytau (K = 0.5), which may be due to the differences in terrain and landscape
structure in the Ulytau region. Here, the representation of the genera Puccinellia and Bromus
is noticeably lower. These results emphasize that not only geographical proximity but also
ecological similarity plays a key role in shaping floristic composition.

Discussion

The Poaceae flora of the Betpakdala Desert demonstrates a high degree of ecological
specialization and taxonomic richness. This work contributes new insights into the structure
and dynamics of grass diversity in arid ecosystems of Central Asia. The identified patterns and
hypotheses provide a foundation for future research focused on floristic change, ecological
resilience, and conservation under the dual pressures of climate change and human impact.

Additional insights into the floristic context of the Betpakdala Desert can be drawn from
earlier works such as A.N. Kupriyanov and the foundational studies of Z.V. Kubanskaya
[5,13]. These works highlighted that the northern boundary of the Betpakdala desert flora
extends approximately along the 47°N parallel, where steppe communities begin to transition
into desert vegetation. They also described a complex mosaic of phytocoenoses, including
Artemisia-grass steppes and halophytic shrublands, which corresponds well with our
observations of habitat heterogeneity and substrate-driven plant distribution. Particularly
relevant is the record of rare grasses such as Aristida heymannii, Piptatherum songaricum, and
Stipa richteriana on southern granite outcrops like Mount Pystan-species that reflect floristic
continuity with our present records.

Our findings, especially regarding the presence of pelitophytic and xerophytic Poaceae species,
align with Kubanskaya's estimation that northern deserts occupy around 90% of Betpakdala’s
territory, where dominant vegetation includes drought-adapted shrubs like Anabasis salsa,
Salsola laricina, and halophytic taxa [5]. The floristic similarity further strengthens the ecological
cohesion of the region's plant assemblages. Furthermore, the detection of ephemeral and
ephemeroid species, such as Catabrosella humilis and Eremopyrum orientale, reported both in
historical surveys and our current study, suggests that seasonal hydrological conditions continue
to play a significant role in shaping the short-term composition of Poaceae communities. The
expansion or contraction of these species may serve as a sensitive indicator of climate variability
in arid environments.

We hypothesize that observed shifts in the species composition and ecological group
balance, such as the dominance of perennial xerophytes and pelitophytes, may also reflect a
gradual aridization trend, possibly amplified by reduced grazing pressure in some areas or
localized microclimatic stabilization (e.g., due to changing land use or hydrology). Conversely,
areas experiencing intensified anthropogenic influence, such as pasture degradation or soil
compaction, might be favoring more resilient yet ecologically narrower taxa, which could result
in a functional simplification of the grass layer over time.

The integration of historical floristic records and contemporary ecological analysis
underscores the scientific novelty of this study: it not only updates species richness estimates
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but also links them to ongoing ecological processes. This dual temporal-spatial perspective
is essential for building a predictive understanding of floristic dynamics in fragile desert
ecosystems like Betpakdala. Thus, as a result of study, critical analysis and generalization of
available data on the species composition of the family Poaceae Barnhart in the flora of the
Betpakdala Desert, 106 species distributed in 44 genera have been identified to date. Perennials
dominate among them, accounting for 71.6% of the species. The genera Stipa L., Puccinellia
Parl., Poa L. are predominant in number of species and together include 28 species or 26%
of the total number of species. In relation to water, 10 groups of species were identified, with
xerophytes - 35% and mesophytes - 20% predominating, and in relation to the substrate, 6
groups were identified with pelitophytes dominating 67%. Comparative analysis of Poaceae
species composition of Betpakdala flora with representation of this family in the floras of
neighboring regions naturally showed the greatest similarity (Serensen's coefficient is equal to
0.7) between Betpakdala and Moinkum deserts.
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BernakKjasia meJiHiH ¢paopacsiHgarsl Poaceae Barnhart TyKbIMaCbIHBIH, TYPJIIK aJyaHAbIFbI
(¥J1bITay 06JIBICHI)

I1.B. BecesioBal, /I.1. MapanoB!, .M. Kyaa6aea?, I'T. CutnaeBal,
3.A. HHestoBa? A.JK. Ynnau6aeBa?, K.C. Us6acTuna®*
1BomaHuka sxcaHe pumourHmpodykyus uHcmumymol, Aamamsi, Kazakcmau
29a-@apabu ambindarsl Kazak yammulk yHugepcumemi, Aamamvl, Kazakcmau
3Acmana 6omanukaavlk 6arbl, Acmana, Kazakcmax
*C. Cetighynnun amouindarsl Kaszak azpomexHukablk 3epmmey yHugsepcumemi, AcmaHa, Kazakcmat

Anpgarna. Makanaga bernakpgana wmesii ¢siopackinblH Poaceae Barnhart TyKbIMAachIHBIH, TYpJIiK
KYpaMbIH 3epTTey HOTHXeJsiepi KesTipisreH. Atan adWTkanga, APG IV xyleciHje KabObL1JaHFaH
3aMaHayd KJacCUPUKAIUSAHBI eCKepe OTBIPbIN, TYPJEP/iH KbICKalla Ma3MyHbl GepijireH. TypJep
VIIiH KOHCHEKTTe TAKCOHOMHUSJIBIK THIiCTiiri (cyodamMuiusra, cynpubere, Talmnara, CyoTpubere xoHe
TYKbIMFa), aBTOPMEH JIaThIH aTaybl, Tipwijik ¢opmacel, cy MeH cyO6CTpaTKa KAaTbICTbl TOI, 6CYAIH
3KOJIOTHUSIJIBIK KaFJaiiaphl, ryaAeHy Mep3iM/epi, oTocuHTe3 Typi koHe KazakcTaH eriHje Tapaybl
kepceTinesni. Koncnexkt 44 tybic, 17 Tpuba actel, 14 Tpuba, 7 Tpuba ycTi *9He 6 TYKbIMJAAC acCThbl
apacbiHjia 6eJiinreH 106 TypAi kaMTuAbl. TypsepaiH caHbl 60MbIHINA KeTeKIli TybICTapAblH KaTapbiHa
»katagpl: Stipa L. - 11 Typi, Puccinellia Parl. - 9, Poa L.-8, Bromus L.-8, Leymus Hochst. - 7. ByzaH 6acka,
Poaceae betnakjasna ¢JyiopacbiHbIH TYPJIiK KYpaMbIH OCbl OTOACBIHBIH, ipreJiec eHipJepAiH (OpTaablK
Kasak ycak IOoKbIChI, YJIbITAy Tay/1apbl MEH MOUBIHKYM KYM/IbI 116J1i) dJiopasiapbiH/a YChIHBIYbBIMEH
caJIbICThIpMaJibl TaJjay HaTHxkKeepi kenTipinesi. CepeHceH koapduineHTiHiH GopMynacbiH KoJJaHy
Heri3iHge Poaceae TyKbIM/JaCbIHbIH KYPaMbIHbIH, €H, YJIKEH YKCAacTbIFbl beTnakaasa xxoHe MoOMBIHKYM
dopanapsl 60bin TabblaaAbL. Oap/blH YKCACTBIK KoadduipeHTi 0,7.

Tyiin ce3aep: bernakgana, Poaceae, KOHCIEKT, TYpJIiK KypaMmbl, Kasipri kjaaccHPpUKAIUACH], KO-
JIOTUAJIBIK epeKIlIeiKTepi

BuaoBoe pazHoo6pa3sue cemeiictBa Poaceae Barnhart ¢psopsl nycteinu Bernakgana
(¥1bITayckas 06J1aCcThb)

I.B. BecesioBal, /I.1. Mapanos!, .M. Kyaa6aea’, I.T. CutnaeBal,
3.A. HHestoBa? A.JK. Ynnau6aena?, K.C. Us6acTuna®*

THHcmumym 6omanuku u goumournmpodykyuu, Aamamol, KazaxcmaH
2Kasaxckuil HQYUUOHA/IbHbLIU yHUBepcumem umeHu anb-®apabu, Aamamsi, Kazaxcmat
SAcmanunckuii 6omanuveckull cad, AcmaHa, Kazaxcmax
*Kazaxckutl azpomexHuveckutl uccaedosamensckutl ynusepcumem umenu C. Celigpyaauna,
AcmaHa, KazaxcmaH

AHHOTanus. B cTaTbe NpUBOAATCSA pe3yJibTaThl U3YyYeHUs BUAOBOTO cocTaBa ceMmelicTBa Poaceae
Barnhart ¢siopsl nyctbinu BeTnakzasa. B yacTHOCTH, /laeTcsl KOHCIEKT BHU/IOB C Y4eTOM COBpEMEHHOM
KJaccubuKauu, NpuHATOH B cucteMe APG IV. /111 BUJI0B B KOHCIIEKTE YKa3bIBA€TCS TAKCOHOMHUYECKas
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NPUHAAJIEXKHOCTh (K MOJ[ceMeNCTBY, HaATpUbe, Tpube, NoATpUGe U pojy), JJATUHCKOE Ha3BaHUE C
aBTOpOM, *KU3HeHHas ¢opMa, TpylIa No OTHOIIEHHIO K BOJe U Cy6CTpaTy, IKOJOTHIECKHe YCI0BUS
NpOU3paCTaHUsl, CPOKU I[BeTeHHUs, TUNl GOTOCUHTE3a U pacnpocTpaHeHUe B npejesax KazaxcraHa.
KoHcnekT BkJtoyaeT 106 BUIOB, pacnpeesieHHbIX MexXay 44 pojgamu, 17 noarpubamu, 14 Tpubamy,
7 HagTpubamu U 6 noaceMeiicTBamMu. K yuciy BeAyuiyx 1Mo KOJiM4eCTBY BUJ0B OTHOCATCS CJeAyoIue
poabl: Stipa L. - 11 Buz0B, Puccinellia Parl. - 9, Poa L. - 8, Bromus L. - 8, Leymus Hochst. - 7. Kpome Toro,
IPUBOJASTCS pe3y/bTaTbl CPAaBHUTEJBHOr0 aHa/u3a BUA0BOro coctaBa Poaceae ¢uiopbl bernakgasbl
C IpPe/ICTaBJIEHHOCTbhIO 3TOTO ceMelcTBa BO piopax cMexXHbIX pernoHoB (LleHTpanbHoro Kasaxckoro
MeJikoconoyHuka (LIKM), rop Yabitay 1 necyanoit nyctblHM MoibIHKYMBI). Ha 0CHOBaHHUU IPpUMEHEHU S
dopmynbl koadpounuenta CepeHceHa MOKa3aHO, YTO HauObOJIblIEe CXOJACTBO COCTaBa CeMeMNCTBa
Poaceae BuzmoB umeroT ¢psiopel Betnakaanel u MoiibiHKyMoB. KoadpduuueHT ux cxoactsa paseH 0,7.
KiioueBsle cioBa: betnak/jana, Poaceae, KOHCIEKT, BUJJOBOM COCTaB, COBpeMeHHas1 KJaccudUKaLus,
3KoJIorhYecKasi 0C06eHHOCTb
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Abstract. Using hyperspectral imaging, the spectral characteristics of six pest
species (Chorosoma schillingii, Loxostege sticticalis, Tettigonia viridissima,
Chaetocnema aridula, Calliptamus italicus, and Laodelphax striatella) associated
with spring wheat in northeastern Kazakhstan were investigated for the first
time, complementing the few existing studies on this topic. Spectral analysis
revealed how these insects reflect, transmit, and absorb light, providing
insights for the future application of such data in pest recognition tasks
under field conditions. The analysed species exhibited spectral responses
within the 500-780 nm range. The analysed species exhibited pronounced
spectral responses in the 500-780 nm range, corresponding both to peak
reflectance values and the spectral window suitable for diagnostic purposes.
A high reflectance coefficient was characteristic of light-coloured and smooth
body surfaces, while darker, uneven, and rougher regions tended to scatter
light, thereby reducing overall reflectance. Among the studied specimens,
Chorosoma schillingii showed the highest reflectance due to the combination
of a smooth body structure and light pigmentation, which also contributed
to strong reflectance in the near-infrared region. The lowest reflectance
coefficient was recorded in Chaetocnema aridula, explained by the absorption
of light by dark pigments. Despite the generally light-coloured exoskeletons of
most other species, their reflectance coefficient remained low due to the matte
texture of the cuticle. Insect colouration not only aids in camouflage against
vegetation but also serves as an adaptation to environmental conditions.
Light pigmentation contributes to solar reflectance and prevents overheating,
while darker colouration may offer protection against ultraviolet radiation.
The variation in colouration across different body parts reflects functional
adaptations to specific ecological conditions.

Keywords: hyperspectral imaging, spectral characteristics, entomofauna,
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Spectral Characteristics of Spring Wheat Pests Using Hyperspectral Data: Diagnostics and Adaptation
Features of Colouring

Introduction

The identification of insect pests plays a key role in ensuring food security, while modern
computer vision technologies contribute to accelerating data processing and automating crop
inspection for the presence of pests. This opens up new opportunities for the development and
implementation of monitoring systems for agricultural lands. In this context, research into the
spectral characteristics of pests is essential for training artificial intelligence models capable of
automatically detecting and identifying pests in the field [1,2].

Imaging systems have already been applied for the analysis of cuticle structures and
phenotypic changes in Sitophilus oryzae, classification of Anastrepha fraterculus, Anastrepha
obliqua, Anastrepha sororcula Zucchi, Drosophila melanogaster, Drosophila simulans, Heliothis
virescens, Helicoverpa zea, detection of Tetramorium caespitum, Tetramorium impurum, and
Trichogramma spp., as well as the identification of Cryptolestes ferrugineus infestation within
wheat kernels [3,4]. Hyperspectral imaging has been studied for detecting Tetranychus
urticae and Hemiptera Pseudococcidae in cotton, describing the integration of alpha taxonomy,
mitochondrial DNA, and hyperspectral reflectance profiling of Cicadellidae, identifying the
pest Halyomorpha halys, and taxonomic classification of genera within Orthoptera [5-9]. The
technology also enables the differentiation of morphologically similar cricket species and the
study of insect structural features [10,11].

Hyperspectral imaging represents a rapid and non-destructive method for differentiating
infested plants by pest type, as well as a tool for insect classification. However, the broader
application of hyperspectral imaging in agriculture for pest identification and assessment
of harmfulness requires the expansion of spectral databases of entomofauna. For precise
identification and classification, it is essential to analyse insect spectra that reflect their unique
optical properties - specifically, the reflection or absorption of light within certain wavelength
ranges. This approach allows for the discrimination of even morphologically similar species.

Thus, this study aims to investigate the spectral characteristics of spring wheat pests in
northeastern Kazakhstan using hyperspectral imaging. This research is among the few of its kind
and the first to provide a detailed examination of the spectral profiles of such pests as Chorosoma
schillingii, Loxostege sticticalis, Tettigonia viridissima, Chaetocnema aridula, Calliptamus italicus,
and Laodelphax striatella. The obtained data will serve as a foundation for further classification
and recognition of these pests through advanced machine learning technologies.

Materials and research methods

The collection of spring wheat pests was carried out during the crop’s vegetation period
in 2024 in the main grain-producing areas of Pavlodar Region (northeastern Kazakhstan),
specifically in the Zhelezin and Terenkol districts. Pest accounting was conducted using
quantitative methods. The target species for this study were Chorosoma schillingii, Loxostege
sticticalis, Tettigonia viridissima, Chaetocnema aridula, Calliptamus italicus, and Laodelphax
striatella (Figure 1). External appearance of the six pest species selected for analysis; scale bar
- 5 mm; all images have a resolution of 300 dpi. The research was conducted at the Laboratory
of Biological Research, Toraighyrov University, NPJSC (Pavlodar, Kazakhstan).
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Figure 1. Objects of study (a - Chaetocnema aridula, b - Tettigonia viridissima,
¢ - Laodelphax striatella, d - Loxostege sticticalis, e - Calliptamus italicus, f - Chorosoma schillingi)

Hyperspectral imaging of the selected specimens was performed using a FigSpec FS-13 VNIR
scanning hyperspectral camera, operating within the 400-1000 nm range, capable of capturing
over 250 spectral channels with a spectral resolution of 2.5 nm [12]. Preliminary visual
quality control of the acquired hyperspectral images was carried out in the Breeze software
environment, with further data processing implemented using the IDL programming language.
A PCA (Principal Component Analysis) model was constructed using machine learning methods
[13,14] in the Pixel Explore module, based on all image pixels. Five principal components were
used for the analysis, collectively explaining 94.6% of the total variance in the spectral data (PC1
- 58.2%, PC2 - 21.4%, PC3 - 8.7%, PC4 - 4.1%, PC5 - 2.2%). These values allow for a reliable
interpretation of the observed differences between species in the PCA plots (Figures 2 and 3).
The dataset included spectral plots (Raw Spectrum), variance scatter plots, and a hyperspectral
image based on maximal variance. For each insect species, between 15 and 25 individuals were
selected (Anisoplia austriaca - 20, Anisoplia agricola - 18, Phorbia fumigata - 15, Trigonotylus
ruficornis — 25, Phyllotreta vittula - 22, Haplothrips tritici — 20). The collection was carried out
in the morning and early afternoon hours (from 8:00 AM to 1:00 PM) under predominantly
clear weather conditions. Lighting conditions during hyperspectral imaging were carefully
recorded: 82% of the samples were captured under direct sunlight, and 18% under diffuse light
on overcast days.
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For statistical analysis, modeling, and data visualisation, SigmaPlot 15.0 was used with Python
programming language support, integrated with Microsoft Excel for streamlined data import
and analysis. Spectral data were statistically processed using analysis of variance (ANOVA) and
descriptive statistics methods.

Before conducting the ANOVA, the main assumptions were tested: normality was assessed
using the Shapiro-Wilk test (p > 0.05 for all groups), and homogeneity of variances was evaluated
using Levene’s test (p > 0.05) [15,16]. All obtained p-values are presented in Table 2.

Minimum and Maximum Reflectance are calculated using the formulas:

R = (R,R,..R)

R = _(R,R,..R)
where R =~ and R __ are the minimum and maximum reflectance values within the
sample; R,R,..,R are the individual reflectance measurements; and n is the total number of
measurements.
Mean Reflectance represents the average intensity of reflected light within the analysed
spectral range and characterises the general reflectance level of the object. It is calculated as:

n
—1213
M—n. i
=1

Where R; is the reflectance value for the i-th measurement, and n is the total number of
measurements [17, 18].

Standard Deviation quantitatively indicates the dispersion of reflectance values from the
mean, allowing for the assessment of how statistically distinguishable the spectra are. It is
calculated using the formula. It is computed as:

o= ARk -0

where u is the mean reflectance, R; is the reflectance value of the i-th measurement, and n is
the total number of measurements.

Before each imaging session, the camera was calibrated using a white reference standard
(Spectralon 99%) and a dark frame (with the lens covered). The distance between the lens of the
Figspec FS-13 hyperspectral camera and the specimen was 20 cm. [llumination was provided
by natural daylight.

Coefficient of Variation (CV) expresses the degree of variability and enables the evaluation
of how variable the insect spectra are relative to their mean value. It is calculated using the
formula:

cv = 2x 100,
u

where o is the standard deviation and u is the mean reflectance.
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Rate of Change (RoC) is a dynamic parameter describing the rate of reflectance coefficient
variation over time. It helps assess the temporal dynamics of spectral properties in a single

subject. The formula is:
R,—R;

AR = :

where R, and R, are reflectance values at time points T; and Ty, respectively.
Delta Reflectance (4R) indicates the difference between maximum and minimum reflectance
values within a specific spectral range or between two measurement conditions:

AR=R__-R_

X min

where R and R are the minimum and maximum reflectance values within the sample.

Spectral Bandwidth refers to the width of the spectral range in which significant changes in
reflectance occur. It helps to identify regions where the object exhibits distinct optical properties,
such as maximum absorption or reflection. The overlap or separation of spectral bands across
different species or conditions can be used to detect statistically significant differences. It is

calculated using the formula:

SB:Amax - Amin’
where A is the minimum wavelength, and A is the maximum wavelength.
Spectral Skewness describes the asymmetry in the distribution of reflectance and absorption
values. It is calculated using the formula:

1 Ri—
55 = Lyp Aty

where o is the standard deviation, u is the mean reflectance, R; is the reflectance value for the
i-th measurement, and n is the total number of measurements.

The calculated parameters, such as minimum and maximum reflectance, mean reflectance,
standard deviation, and coefficient of variation, enable a quantitative assessment of the spectral
characteristics of the studied objects and allow for the identification of differences among them.
Methods such as Principal Component Analysis (PCA), along with metrics like rate of change and
delta reflectance, provide a more comprehensive understanding of the variability in spectral
features. These data form the basis for the further development of classification models and
can be employed for effective detection and monitoring of pests in agricultural fields, thereby
contributing to the enhancement of crop protection systems.

Results

The images present the spectral characteristics of insects obtained via hyperspectral imaging
[19-22]. Each insect specimen and its corresponding spectral curve are assigned matching
numbers; for instance, the first red line in the Raw Spectrum graph corresponds to specimen
number one in the hyperspectral image [23]. Chaetocnema aridula is a small, oval-shaped insect

152 N22(151)/ JLH. ['ymunes ameinoarel Eypasus yammuik ynueepcumeminiy XABAPIIBICBI. Buo.102us1blK FolablMOap cepusicbl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HayuoHa/1bHo20 yHugepcumema umeHu J1.H. ['ymuaesa. Cepust 6uosozuveckue HayKu



Spectral Characteristics of Spring Wheat Pests Using Hyperspectral Data: Diagnostics and Adaptation
Features of Colouring

measuring 2-3 mm in length (Figure 1). Its body exhibits a shiny surface with a greenish-bronze
sheen. The elytra, pronotum, and legs are uniformly black.

According to the Raw Spectrum graph, the insect demonstrates low reflectance due to its
dark colouration, which absorbs a significant portion of incident light (Figure 2). A reflection
peakis observed in the 500-750 nm range, while a decline in intensity beyond 750 nm indicates
reduced chitin reflectivity in the near-infrared region, which is typical of dark-coloured surfaces.
The highest reflectance is recorded in the first sample, attributed to the smoother surface
texture of the elytra.
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Figure 2. Spectral characteristics of Chaetocnema aridula

In contrast, the lowest reflectance is observed in the fourth sample, which was positioned
with its abdomen facing upward, thereby reducing the amount of reflected light. The Variance
Scatter Plot for Chaetocnema aridula displays low data density, which can be explained by
the insect’s small size and its morphological and spectral characteristics. Due to the limited
number of pixels captured during hyperspectral imaging, less spectral information is collected.
Moreover, the presence of pigments that absorb light within specific wavelength ranges reduces
the overall spectral variability, resulting in a sparser distribution in the scatter cloud.

The imago of Tettigonia viridissima reaches a length of 20-25 mm, with colouration ranging
from green and yellow to pinkish-yellow (Figure 1). The head features a well-defined, laterally
compressed vertex and is equipped with antennae. The male’s forewings possess a stridulatory
organ, consisting of a mirror, a transparent resonating membrane, and a stridulatory section.
In the Raw Spectrum graph, the highest reflectance is observed in the first sample, where the
selected region includes the wings (Figure 3).
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Figure 3. Spectral characteristics of Tettigonia viridissima

The wing membrane reflects more light than the insect’s chitinous exoskeleton. The lowest
reflectance is recorded in the second sample, where the wings are not visible in the image. The
size and position of the wings enhance the overall spectral intensity due to light scattering. The
spectral peakis observed in the 500-750 nm range, while the intensity decrease beyond 750 nm
indicates a reduction in chitin reflectance in the near-infrared spectrum. In the Variance Scatter
Plot, the high point density observed in the scatter cloud can be attributed to the uniformity of
the cuticular structure and the larger body size of Tettigonia viridissima. With a greater surface
area, more spectral data is collected from various regions, leading to an increase in point
density. The spectral characteristics remain relatively uniform due to the consistency in surface
structure across the insect’s larger body.

Chorosoma schillingi measures 11-15 mm in length and has a slender, yellow-green body
(Figure 1). The fifth sample exhibits the highest intensity due to its lighter colouration and less
dense chitinous exoskeleton, which allows more light to be reflected (Figure 4). In contrast, the
first sample shows the lowest intensity because of its rougher body surface, which causes more
light scattering. The spectral graph shows an intensity peak in the 500-780 nm range, indicating
limited reflection in the near-infrared spectrum. In the Variance Scatter plot, the moderate
point density is associated with the insect's narrow body. A narrower body provides a smaller
surface area, which restricts the amount of spectral data collected. This results in an average
point density, as spectral variability is less pronounced due to the smaller volume of data.
Additionally, the insect's narrow shape may contribute to more localised spectral differences,
such as segmentation or structural variations, which increase data spread and reduce overall
density.

154 N22(151)/ JLH. ['ymunes amoinoarsl Eypasus yammeuik ynueepcumeminiyy XABAPIIBICBI. Buo.102us/1blK FolablMOap cepusicbl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HayuoHa1bHo20 yHugepcumema umeHu J1.H. ['ymuaesa. Cepust 6uosozuveckue HayKku



Spectral Characteristics of Spring Wheat Pests Using Hyperspectral Data: Diagnostics and Adaptation
Features of Colouring

wnJads mey

500 7% 1000

a8ew |espadsiadAq

t[2] (0.893%)

J313eds adueliep

1260 1000 760 500 250 0

t[1] (74.4%)

Figure 4. Spectral characteristics of Chorosoma schillingi

Loxostege sticticalis has light brown forewings with a dark brown pattern and greyish-brown
hindwings (Figure 1). It features a head with compound eyes and simple thread-like antennae,
measuring 17-19 mm in length. The spectral intensity peak falls within the 500-780 nm range
(Figure 5). The first sample has the lowest reflection coefficient due to its darker, brownish
colouration. In contrast, the second sample, which has a lighter body, exhibits the highest reflection
coefficient. According to the Raw Spectrum graph (Figure 5), the head reflects significantly less
light than the wings. The wings exhibit a higher reflection coefficient than other body parts due
to their structure, which allows them to reflect more incident light rather than absorb it. Wing
venation and fine scales, characteristic of Lepidoptera, contribute to this effect. Scales on the
wings can be pigment-based, determining colouration, or structural, producing optical effects
such as iridescence or sheen through light interference, which enhances reflectivity. Some
scales possess microscopic structures that interact with light, causing reflection and refraction,
thereby significantly increasing wing reflectivity even in the absence of bright pigments. The
wing surface, covered in scales, is relatively smooth at the microscopic level, further enhancing
light reflection. The light-coloured wings of Loxostege sticticalis enhance reflectivity despite the
presence of brown pigments. The thin and transparent wing membrane also contributes to a
higher reflection coefficient than other body parts. High reflectivity may be an adaptive trait,
aiding in temperature regulation by reflecting sunlight and providing camouflage by blending
with bright surroundings, such as sunlit grass.
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Figure 5. Spectral characteristics of Loxostege sticticalis

Calliptamus italicus ranges in length from 20 to 25 mm and is predominantly brown and
yellow-brown in colour (Figure 1). The spectral graph shows the highest reflection coefficients
in the third and fourth samples, while the first, second, and fifth samples have the lowest
(Figure 6). The third and fourth samples have visibly yellow abdomens, whereas the others are
positioned at different angles, making them appear darker. The intensity peak occurs within the
550-750 nm range, decreasing in the near-infrared spectrum.
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Figure 6. Spectral characteristics of Calliptamus italicus
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The Raw Spectrum graph displays spectra from the head and limbs. The head is darker
than the abdomen and limbs due to the presence of pigments such as melanin in the cuticle.
Dark pigments absorb more light, reducing reflectivity. This darker colouration may provide
camouflage and protection against ultraviolet radiation, both crucial for survival. Additionally,
lower reflectivity could result from the denser chitin composition of the head. In contrast, the
limbs are lighter in colour, containing fewer pigments, which results in higher reflectivity. This
lighter colouration helps reflect sunlight, preventing overheating during active movement.

Imago Laodelphax striatella measures 4 mm in length (Figure 1). Males have yellow bodies,
while females are black-brown with black-striped patterns. Their transparent wings feature
a brownish smear on the inner side in females or a partially smoky appearance in males. Due
to this sexual dimorphism, the spectra of males and females may differ based on pigment
composition. The first sample has the lowest reflection coefficient, while the second and third
samples have the highest (Figure 7). Samples positioned with their abdomens facing upward
may show lower intensity, whereas those with wings facing upward exhibit higher reflectivity
within the same sex. The spectral intensity peak occurs within the 550-750 nm range. In the
Variance Scatter plot, the low point density is attributed to the insect’s small size, which limits
the number of spectral data points captured.
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Figure 7. Spectral characteristics of Laodelphax striatella

The generalised spectral characteristic data are presented in Table 1. The statistical analysis
of the data allowed for the identification of key patterns in the spectral characteristics (Table
2) of the insects, the assessment of their variability and stability, and the clear and informative
visual presentation of the results.

The highest maximum reflectance is observed in Chorosoma schillingi due to its light pigment
and in Loxostege sticticalis due to the reflective ability of the wing membrane, while the lowest
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is seen in Chaetocnema aridula due to its dark pigment. Mean Reflectance simplifies complex
spectral data into a single numerical value, making it easier to compare between individuals
or species. Chaetocnema aridula has the lowest mean value, which corresponds to the lowest
reflection intensity among all the samples. Laodelphax striatella shows the highest mean value
due to the presence of light pigments and nearly uniform reflectivity across the samples of the
species.

Table 1
Spectral characteristics of insects
Ne Species Body part | Wave lenght (nm) Reflection
coefficient (%)

1 | Chaetocnema aridula Body 500-750 10-20
2 | Tettigonia viridissima Body 500-750 20-25
3 | Chorosoma schillingi Body 500-780 35-45
4 | Loxostege sticticalis Body 500-780 20-40

Head 500-750 15

Wings 500-780 30-38
5 | Calliptamus italicus Body 550-750 22,5-35

Head 500-750 20-25

Legs 500-750 35-40
6 | Laodelphax striatella Body 550-750 22,5-37,5

The Standard Deviation values among the presented samples are low, confirming the
reproducibility of measurements within a species. For instance, in Chaetocnema aridula, o =
2.89% for reflection at 750 nm, meaning most values lie within +2.89% of the mean. High values
suggest measurement errors or biological variability, with a greater diversity of characteristics
within a species. For samples with high values (e.g., 15%), additional tests such as the t-test
should be conducted. This indicator also allows for the assessment of variability within a
species: if the reflection o increases sharply over the course of a year, it may indicate adaptation
to new environmental conditions.

Tettigonia viridissima and Chorosoma schillingi have low Coefficient of Variation values,
indicating high reproducibility of data. Chaetocnema aridula, Loxostege sticticalis, and
Laodelphax striatella exhibit moderate variability, linked to biological heterogeneity among
the samples, such as age differences and cuticle condition. Stable species demonstrate low RoC
values, indicating the stability of their optical properties. Loxostege sticticalis has a primary RoC
= 15, a relatively high rate of change. Combined with a high AR (20%), this suggests significant
variability in reflectance, possibly due to age differences within the sample and varying cuticle
conditions (e.g., moulting or damage). Calliptamus italicus shows a sharp increase in RoC =15 in
the head region, where the colouration significantly differs from the rest of the body.

Stable species also exhibit lower AR under changing conditions. The AR value of 5% in
Tettigonia viridissima indicates the species' stability. Values of 10-20% exceed the natural
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fluctuation typical of stable populations. In a small sample, this is not significant, as random
fluctuations distort the result. Elevated AR and o values in some species suggest the need to
account for external factors.

Table 2
Statistical analysis of spectral reflection coefficients
Ne 9 o 8 .E 8 = o
n = = = I o o g = =
n = 8 s 8 s 5.9 = 8 = @
) < 3] O ) o = a ) &} ] = =
5 o o S | = A 58| 5 3 = ,
5] > = = 5 - == o I~ ) S %)
o, = Q [} o~ I D (4] E Y < 5]
n S ~ ~ - < o o = c
m c é < _g O B = ! q>)
E E [«5] = [«5] = (<}
= O [ 2 —
9]
1 | Chaetocnema | Body 10 | 20 15 | 2,89 | 19,25 | 15 - 10 0,15 | 0,30
aridula
2 | Tettigonia Body 20 25 1184 | 1,44 | 7,84 | 184 - 5 0,55 | 0,70
viridissima
3 | Chorosoma Body 35 | 45 [ 324 2,89 | 891 | 324 - 10 0,08 | 0,60
schillingi
4 | Loxostege Body 20 | 40 | 30 | 577 |19,25| 30 15 20 0,03 | 0,02
sticticalis Head | 15 | 15 | 15 | 0 0 15 | 19| o | 100 | -
Wings | 30 | 38 | 34 | 2,31 | 6,79 34 4 8 0,40 | 0,80
5 | Calliptamus Body |[22,5| 35 |265| 3,61 |13,62| 26,5 4 12,5 | 0,07 | 0,25
italicus Head | 20 | 25 [225| 1,44 | 642 | 225 | 15 | 5 | 0,65 | 0,90
Legs 35 | 40 |375| 1,44 | 3,85 | 37,5 | 11 5 0,75 | 0,85
6 | Laodelphax Body |[22,5|375| 33 | 4,33 |13,12| 33 - 15 0,04 | 0,10
striatella

Overall, all species exhibit nearly identical Spectral Bandwidth values due to the similar
organisation of the chitinous exoskeletons, as they belong to the same class. Among the samples,
a slight positive skew in Spectral Skewness is observed in Chorosoma schillingi, Calliptamus
italicus, and Laodelphax striatella, which is attributed to the presence of pigments that are rare
in the sample but intense. No asymmetry is observed in the remaining species (Table 3). A
positive value of Spectral Skewness indicates a shift of the reflectance spectrum towards the
long-wavelength region, which may suggest the predominance of dark pigments. Conversely,
negative skewness indicates stronger reflectance in the short-wavelength range, implying the
presence of pigments that more effectively reflect blue and green light.
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Table 3
Statistical analysis of the spectrum range
Ne Species Body parts | Min | Max Spectral Spectral
Bandwidth | Skewness

1 | Chaetocnema aridula Body 500 | 750 250 0

2 | Tettigonia viridissima Body 500 | 750 250 0

3 | Chorosoma schillingi Body 500 | 750 250 0,390

4 | Loxostege sticticalis Body 500 | 780 280 0
Head 500 | 750 250 -
Wings 500 | 780 280 0,312

5 | Calliptamus italicus Body 550 | 750 200 0,408
Head 500 | 750 250 0
Legs 500 | 750 250 -0,204

6 | Laodelphacx striatella Body 550 | 750 200 0,618

The statistical data processing results were visualised using SigmaPlot 15.0. The data in
Figure 8 are presented in a colour gradient, covering the wavelength range indicators and
spectral skewness. Darker areas (dark blue) represent negative skewness values, indicating
a leftward shift in the distribution. The gradual transition to yellow-orange colours reflects
positive skewness values, suggesting a rightward shift in the distribution. This allows for the
visualisation of differences in spectral shape or data distribution, where brightness and colour
gradation help easily identify areas with varying degrees of asymmetry.

Spectral Skewnes§

Note: x-axis - maximum wavelength value; y-axis - minimum wavelength value; z-axis - spectral
skewness
Figure 8. Wavelength indicators (nm) and spectral skewness

The data in Figure 9, presented in a colour gradient, reflect the values of the reflection
coefficient, rate, and delta of reflection. The dark blue areas indicate higher reflectivity of
the studied objects, as well as a range with lower values of rate and delta of reflection. This
may suggest stable or slow reflection processes in the studied samples. The orange-red areas
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demonstrate lower values of the reflection coefficient, which are associated with higher values
of the rate and delta of reflection, respectively.
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> ®
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Note: x-axis - maximum reflection coefficient value; y-axis - minimum reflection coefficient value;
z-axis - rate and delta of reflection

Figure 9. Reflection coefficient, rate, and delta indicators

These areas may indicate changes in the exoskeleton structure or the chemical composition
of the insect body or its parts, leading to rapid variations in the reflection characteristics, which
are displayed in the colour gradient of hyperspectral images. The colour gradient serves as a
tool for quickly identifying areas with unique characteristics.

Discussion

This work represents the first study of the phenotypic traits, where spectral characteristics
of pest entomofauna in wheat agrocenoses were described using hyperspectral imaging and
computer vision technologies. The imaging demonstrated the high sensitivity of the method to
differences in the reflectivity of the exoskeleton. The variation in intensity reflects the variability
between different body parts and morphological features of the individuals [24-26], such as
pigmentation, density, chitin structure, and age. Despite the differences of each individual
sample, the spectral curves exhibit similar intensity and wavelength for each species, which
forms the basis for their identification [27,28]. The obtained spectral signatures provide a solid
foundation for developing machine learning algorithms that enable automatic classification of
pests based on their unique reflectance spectra [29,30]. Future work will focus on building and
validating models such as PLS-DA, SVM, and neural networks using the presented set of spectral
profiles to create effective pest monitoring systems [31,32].

The study results show that reflectivity decreases with the presence of a larger amount of
dark pigment in the cuticle. Higher reflectivity is observed in insects with lighter body coverings,
such as Laodelphax striatella with yellow pigment and Chorosoma schillingi with green pigment.
This supports previous research where it was found that insects with white, red, orange, and
yellow colouration exhibit high reflectivity, a property also observed in some green species [12].

The combination of pigment composition, surface smoothness of the chitin, and cuticle
density is also crucial. Insects with lighter colouration and a matte or rough body surface will
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exhibit lower reflectivity. Among all the studied insects, Loxostege sticticalis spans the near-
infrared spectrum due to the effective reflection of light from its smooth, light-coloured wing
surface at the micro level. The wings are covered with microscopic scales that act as a diffraction
grating, causing light interference. This creates iridescence. Keratin and chitin in the wings form
translucent layers that reflect light. Bright reflection may be an adaptation: it aids in camouflage
among foliage, attracts mates, and prevents overheating of the wings. The bodies of insects
are typically covered with a matte cuticle with roughness that scatters light, while their legs
and antennae have setae that absorb light, leading to the lowest reflectivity in these parts of
the body. Additionally, the heads of insects generally contain more dark pigments than other
body parts, which may serve as protection against ultraviolet radiation, as seen in Calliptamus
italicus. Overall, insects with a predominance of melanin colouration exhibit the highest peak in
the visible range (500-750 nm), with little or no reflection in the near-infrared spectrum. The
combination of small size, dark colouration, and matte covering results in the lowest reflectivity
coefficient, as observed in Chaetocnema aridula.

Based on the statistical analysis, the most stable species is Tettigonia viridissima, with the
least variation observed within the sample. The most significant intra-species differences are
found in Loxostege sticticalis, due to both the small number of objects in the sample and the
greater diversity of colouration and wing structure, which increases variability. The study of
spectral characteristics opens up opportunities for the application of technology [33,34] in
precise, rapid, and non-invasive research on the morphology, taxonomy of insects, and pest
detection in fields.

Conclusion

In this study, the spectral characteristics of the wheat pests Chorosoma schillingii, Loxostege
sticticalis, Tettigonia viridissima, Chaetocnema aridula, Calliptamus italicus, and Laodelphax
striatella were described for the first time. The obtained data provide insights into how insects
interact with light, reflecting, transmitting, and absorbing it, opening new opportunities for
their classification and efficient application in agricultural practices.

The spectral characteristics of insects not only help create databases for their identification
but also reveal the adaptive features of their colouration in response to light exposure. Light
colouration can help prevent overheating by reflecting sunlight, while dark colouration protects
against ultraviolet radiation. The diversity of colours on different parts of the insect body is a
result of such ecological adaptations.

The highest reflectance was demonstrated by the Chorosoma schillingii sample, which
is related to its smooth structure and light colouration, while the lowest was observed in
Chaetocnema aridula due to light absorption by its dark pigment. The other studied species,
despite their light exoskeletons, have low reflectance due to the matte texture of their covers.

Hyperspectral imaging, which covers a wider range of the electromagnetic spectrum, allows
the consideration of nuances that are not visible to the naked eye. The structure of the insect’s
chitinous cover; its roughness, and microstructures also affect reflectance. The practical application
of hyperspectral imaging requires taking into account factors such as the time of day and lighting
conditions during the imaging process in order to obtain accurate and comparable data.
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Thus, the results of the study expand the possibilities for applying hyperspectral imaging
to the study of insect exoskeletons, which, in turn, opens new horizons for using these data in
agriculture and entomology.
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I'unepcneKTpa/iabl AepeKTepAi naljaaaHy apKbLabl )Ka3/bIK, GUJail 3USHKECTEPiHIH CIEKTPJIiK
cunaTTaMaJ/iapbl: JUAarHOCTUKACHI XK9He TYCiHiH 6eiiMaesy epekmieaikrepi

P.M. YasimeBa*!, A.B. Ocunoga!, M.M. Kagepuna?, A.A. ®aypart'1, C.B. ’KaHrasun?
!Topaiirvipos yHusepcumemi, [lasaodap, Kasakcmax
2JL.H. 'ymusee amsiHdarul Eypasus yammulk yHugepcumemi, Acmama, Kazakcman

Anparna. [unepcnexkTpanabl TycipyAi mNOaijajaHa OTBIPbIN, COJTYCTiK-1bIFbIC KaszakcTanga
»Ka3AblK OHUJaldiMeH OGaW/IaHBICTBI aJIThl 3USHKeC TYpPiHiH (Chorosoma schillingii, Loxostege sticticalis,
Tettigonia viridissima, Chaetocnema aridula, Calliptamus italicus >xaHe Laodelphax striatella) cnekTpJiik
CUIlaTTaMajlapbl ajfalll peT 3epTTeafi. Bys 3epTTey ocbkl TakbIpbll O6OWbIHIIA 6ap 6O0JIFaHbI
GipHelIe FBIIBIMUA eHOEKTep/Ai TOJABIKThIPaAbl. CleKTpJepAi Tanjay KoHAIKTEePAiH *KapbIKThl Kaaan
HIaFbLIBICTBIPAThIHBIH, GepeTiHiH k9He ciHipeTiHiH KepceTTi, 6yJ1 oCbl JAepeKTep/i ericTikTepjeri
3USHKECTePAi allbIpbil TaHy TalCblpMaJapblH/Ja OJaH api KoJijJaHyFa MyMKiH/iK 6epei. 3epTTenreH
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TypsiepAiH ciekTpi 500-780 HM apasibIFbiHAA 6013/ bl. JKOFaphl AFbLIBICY XKOH/IIKTEp JIEHECiHiH KeHin
K9He Teric allMaKTapblHa T9H, ajl KapaHFbl, 6ipKeJIKi eMec oHe KeJip-0ybIpJibl 66JiKTep XKapbIKThI
IIalIbIPaThIN, »KaJlbl IAFbLIBICTBIPYAbl TOMeHJeTeAl. 3epTTereH YATiepAiH iliHje eH »KoFapbl
HmaFbLIBICY KabineTi Chorosoma schillingii TypiHiH yJricinfie Teric KypblJibIM MeH >XaObIHAAP/bIH
alllbIK TYCiHiH yiJecyiHe 6aillaHbICThI 6aiiKaaaabl. By coHZjaii-aK »kaKblH UHPPAKbI3bLJI CIEKTPiHAET]
KapKbIH/bI [IaFbLIBICYMeH 6aiiaHbIcThl. EH TeMeHri marbLibicy koadgouuuenti Chaetocnema aridula
TypiHJle TipkeJsireH, 6y/J1 OHbIH Kapa NUTMEHTIMeH apbIKThl CiHipyMeH TyciHAipineni. Kenteren
6acka TypJiepAiH albIK TYCTi 3K30CKesJeTiHe KapaMacTaH, OJIap/blH LIAFbLIbICY Ko3PuireHTI
YKaObIHAPABIH KYHTIPT KYpblIbIMbIHA OAaW/IaHBICThI TOMEH GOJIbIN Kasaabl. XKoHIKTEp/iH Tyci Tek
eciM/iK GOHBIH/A )KacblpyFa KeMeKTecill KaHa KOMMall, COHbIMeH KaTap KopllaFaH OpTa KaFAaljapblHa
6eitimaesy 60/1ybl MyMKiH. ALIBIK TYCTEP KYH C9yJIeCiH LIaFblIbICTbIPYFa KOMEKTeCIH, apThIK, KbI3bII
KeTyZleH KOpFaljbl, ajJl Kapa TycTep yabTpaduosieT cay/eciHeEH KOPFAHBIC POJIiIH aTKapybl MYMKIiH.
KeHpikTepaiy AeHe GesikTepiHiH ap TypJi TycTepi 60/1ybl MyMKiH, 6yJ1 9KOJOTUSJBIK XXaFjaijapFa
byHKIMOHaNABI 6ediMAenyMeH 6alIaHbICTHI.

TyiiH ce3aep: runepcneKTpaibl BU3yaau3alus, COIEKTpJiK cUlaTTaMmasjap, a3HToModayHa, 6ujai
arpoLeHo3bl, 3UTHKeCcTep

CHEKTpaJIbeIe XapaKTEepUCTUKH Bpe,ZlHTEJIEﬁ HpOBOﬁ NIIeHMUI bl C HCNI0JIb30BAHHUEM
runepCcneKTpajbHbIX JAHHBIX: JUATHOCTHKA U aAdlITAIIHOHHBbIE 0COGEHHOCTH OKpaca

P.M. YasimeBa*!, A.B. Ocunoga', M.M. KaBepuna?, A.A. ®aypat!, C.b. ’Kanrazun?
ITopatizbipos yHusepcumem, I[lasnodap, KazaxcmaH
2Eepasutickuti HQYUoHaAbHbIU yHUsepcumem um. JLH. 'ymusesa, AcmaHa, Kazaxcmau

AHHoTanusa. C WCHoJb30BaHMEM THUIEPCIEKTPAJIbHOW CBEMKH BIepBble OBLIM HCCIEL0BAHBI
CIeKTpaJibHble XapaKTEePUCTUKHU LlIeCTH BUAOB BpeauTenei (Chorosoma schillingii, Loxostege sticticalis,
Tettigonia viridissima, Chaetochema aridula, Calliptamus italicus u Laodelphax striatella), cBsi3aHHBIX
C spOBOM MIIeHULeH B ceBepo-BOCTOYHOM KaszaxcTaHe, 4TO [OINOJHSET HEMHOTOYMC/IEHHbIE
CyILLeCTBYIOLIM e UCCJIe/JOBAaHUSA 10 JAHHOM TeMe. AHAJIM3 CIeKTPOB I0Ka3aJl, KaK HaCEKOMble OTPAXKaIoT,
nepesaloT U MOIJIOIAIOT CBET, YTO OTKPbIBAET BO3MOXKHOCTH JJIs1 JaJbHENIIEro NpUMeHeHHUsl 3TUX
JIAHHBIX B 33/layax paclo3HaBaHUA BpejuTesield Ha NoJsax. McciefpoBaHHble BUABI HMEIOT AMaNa3oH
cnektpa B npefesax 500-780 HM. Boicokuit k03dpdUIIMEHT OTpaKeHUSI XapaKTepeH [AJis CBETJIbIX
M IJIaJIKUX y4acTKOB TeJsla HAaceKOMbIX, B TO BpeMsl KaK TeMHble, HEPOBHbIE M LIEPOXOBAThble 4acTH
paccerBaIOT CBET, CHIKAsl OOLIYI0 OTpakaTeJIbHYI0 COCOGHOCTb. Cpesiu MccieloBaHHBIX 06pa3L0B
HanboJsiee BbICOKAs OTpakaTeJsbHas CIIOCOOHOCTb HabJlofaeTcsa y 3k3eMIuiApa Buja Chorosoma
schillingii 6y1aroiapsi COY€TAHUIO IV1a/IKOW CTPYKTYPhI U CBETJIOT0 OKpaca IOKPOBOB. ITO TAKXKe CBSI3aHO
C MHTEHCUBHBIM OTpa)keHUeM B OJimkHeM HHpakpacHoOM crnekTpe. HauMmeHbmnil koadpduureHt
oTpaxkeHusl 3adpukcupoBaH y Chaetocnema aridula, 4yTo 06bsCHSIETCSA MOIJIOLEHHEM CBETA TEMHBIM
nurMeHToM. HecMOTpsl Ha CBeTJIbIA 3K30CKeJIeT y GOJIbIIMHCTBA JPYrUX BUJAOB, UX Ko3pPuuyeHT
OTpaXKEHUs OCTAeTCsl HU3KKMM M3-3a MaTOBOM TEKCTYpPbI NOKPOBOB. LIBeTOBOE OKpallMBaHH e HACEKOMBIX
He TOJIbKO CIOCO6GCTBYeT MacKMPOBKe Ha pacTUTeJbHOM (OHe, HO TaKXKe MOXKeT ObITh afanTaluein
K YC/JI0BUSIM OKpyxXawued cpegbl. CBeT/iafg OKpacka CHOCOOGCTBYeT OTpaKeHUI0 COJIHEYHOTO

166 N22(151)/ JLH. 'ymunee amoindarel Eypasus yammeoik yHusepcumeminiy XABAPIIBICHI. Buo102usnblK Folablmoap cepusicyl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HayuoHa/1bHo20 yHugepcumema umeHu J1.H. ['ymuaesa. Cepust 6uosozuveckue HayKu



Spectral Characteristics of Spring Wheat Pests Using Hyperspectral Data: Diagnostics and Adaptation
Features of Colouring

CBeTa W NpPeJ0TBpALIaeT Meperpes, B TO BpeMs KaK T€MHas OKpacka MOXET CJAYKUTb 3alIUTOH OT
yJIbTPadr0eTOBOr0 U3JydyeHUs. PasHble 4acTU TeJsla HACEKOMBIX MOTYT UMeTb pas/IMuHble OKPACKHY,
YTO CBSA3aHO C QYHKIIMOHAJbHBIMU aJJallTAL[USIMU K 9KOJIOTHYECKUM YCIOBUSIM.

KiloueBble cj10Ba: runepcrnekTpalbHas BH3yaau3alius, CIeKTpaJbHble XapaKTePUCTHUKH, IHTOMO-
dayHa, arpoueHo3 NIeHUIb], BpeAUTEH
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Abstract. The article presents the results of a phytochemical study of a
rare species of the Republic of Kazakhstan Linaria cretacea Fisch ex Spreng.
Specific biologically active compounds contained in the inflorescences, roots,
and leaves of plants have demonstrated their pharmacological properties
and biological activity, confirming that various phytochemical groups and
individual compounds have beneficial effects. Of the total number of organic
compounds detected in ethanol extracts, falcarinol (with a relative content of
16,51%) and thymol (with a relative content of 0,57%) in L. cretacea were
identified with a high degree of confidence (65-90%). These compounds are
valuable biologically active substances used in medicine. Being unsaturated
compounds, they can be classified as natural antioxidants. For example,
falcarinol is found in the roots of American ginseng. Thymol, which is part
of the structural elements of cell membranes, is also a phenolic antiseptic
with pronounced antimicrobial and antifungal activity against various
microorganisms. The results obtained are promising and can be further used
to develop a technology for obtaining valuable biologically active substances
from Linaria cretacea Fisch ex Spreng biomass.

Keywords: Linaria cretacea Fisch. ex Spreng., endemic, structural components,
calcefite compound, phytochemical analysis

Introduction

Flora of the Aktobe region the large-scale, predominantly shallow-soil-low- high-altitude
vegetation of Kazakhstan is characterized by a variety of successive communities, which differ both
in their composition and structure. Endemic plant species are mainly found on rocks with various
lithological compositions, including granites, sandstones, shales, limestones and effusions [1-3].
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The book " Plant Resources of the USSR" provides instructions for the chemical composition
and use of 10 species belonging to the genus Linaria, including L. vulgaris Mill. is known in
Kazakhstan as medicinal plants. Linaria vulgaris has a long history of use in folk medicine [4].
It is effective in the treatment of dropsy, constipation, jaundice and scrofula, and is also used
as a laxative, diuretic, diaphoretic, anthelmintic and choleretic. This plant helps to improve
the functioning of the stomach and especially the intestines, helps to cope with flatulence and
reduces inflammatory processes, contributing to the reduction and resorption of infiltrates [5,6].

Representatives of the Linaria genus have a rich composition, including natural alkaloids,
essential oils, phenolic and flavonoid compounds. Species containing biologically active
ingredients are used to improve digestion, to relieve spasmic pain in the gastrointestinal tract,
as an anti-inflammatory, soothing agent for cleaning injuries and wounds, and as an antiseptic,
for sun-damaged skin, for the treatment of cystitis diseases. In Europe, medical extracts and
teas are prepared from raw materials obtained from related species [7,8].

Materials and research methods

To study the composition of the extract prepared from the vegetative part of Linaria cretaceaq,
samples were treated with 96% ethyl alcohol. 1 g of dry samples were analyzed using Agilent
6890n/5973n gas chromatography by gas chromato-mass spectrometer method. Analysis
conditions 1 pL of the sample was divided at a temperature of 270°C 10: 1. The separation was
carried out using a DB-WAX chromatographic capillary column, 30 m long, 0.25 mm in diameter
and 0.25 microns thick, at a constant gas flow rate (helium) of 1 ml/min. The chromatography
temperature was programmed to range from 40 °C to 300 °C for 5 minutes with a heating rate
of 5 °C/min. The Agilent MSD ChemStation version 1701EA software was used to register the
results and process the data obtained by gas chromatography. A mass spectrometric detector
using the Wiley 7 and NIST'02 libraries was used to analyze spectral information and distinguish
the obtained mass spectra results [9,10].

For sample preparation, 20 g of ground plant material was sieved through a sieve with 1 mm
hole diameter and placed in a 100 ml volumetric flask. To the obtained material 50 ml of ethanol
was added as extractant. The extraction was carried out using ultrasonication for 60 minutes.
After completion of the process, the extract was filtered and then a 2 ml aliquot was taken for
subsequent chromatographic analysis (Figure 1).

Statistical processing was performed using MS EXCEL 2010 programme and Statistica 5.0
statistical software package.
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Figure 1. The analysis scheme
Results

Well, L. cretaceae to date, the healing properties and chemical composition of the species
have not been scientifically described. Therefore, of interest is the composition of biologically
active compounds in L. cretaceae and in which organ the substances accumulate. For use as a
source of active substances, an extract from the roots, leaves and flowers of the species was
prepared and the composition (Table 1) was studied in order to know exactly the amount of
useful compounds in the composition and therapeutic and prophylactic properties.

Table 1
Bioactive compounds of vegetative organs of the plant extract L. cretaceae
Ne Retention Connections Probability of | Percentage
time, min identification, % | content, %
1 110,32 Propanoic acid, 2-oxo-, methyl ester 87 1,57
2 11,54 3-Furaldehyde 88 0,38
3 12,55 2-Propanone, 1-(acetyloxy)- 69 0,16
4 112,85 Hexanoic acid 80 0,82
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5 (13,12 o-Phellandrene 85 1,01
6 (13,74 4-Cyclopentene-1,3-dione 80 0,54
7 (14,41 2-Cyclopenten-1-one, 2-hydroxy- 88 1,38
8 |15,23 Phenol 82 0,49
9 |15,56 Benzaldehyde 80 0,32
10 | 15,74 2-Furancarboxaldehyde, 5-methyl- 72 0,58
11 | 16,29 2(5H)-Furanone 79 0,47
12 (18,14 1,3-Dioxol-2-one,4,5-dimethyl- 70 1,04
13 | 18,64 2-Hydroxy-gamma-butyrolactone 75 1,18
14 | 19,41 Phenol, 2-methoxy- 70 0,60
15 | 20,46 Carvenone 80 0,74
16 |20,97 Ethanol, 2-(2-butoxyethoxy)- 67 0,68
17 | 21,46 Bicyclo[3.1.0]hexan-3-0l, 4-methylene-1-(1- 80 0,84
methylethyl)-, (1a,30,5a)-
18 | 21,57 Benzenemethanol, o,a,4-trimethyl- 87 0,81
19 | 22,08 Cyclopropyl carbinol 74 1,03
20 | 22,32 2-Undecanone 84 0,96
21 | 24,06 2,6-0ctadienoic acid, 3,7-dimethyl-, methyl ester 80 0,52
22 | 24,68 Thymol 65 0,57
23 | 25,57 4-Octen-3-one, 6-ethyl-7-hydroxy- 71 2,90
24 | 26,19 2-Methoxy-4-vinylphenol 87 1,23
25 | 27,07 Hexadecane 85 0,52
26 |27,38 Cetene 82 0,51
27 | 27,44 2-Tridecanone 83 0,89
28 | 28,50 3-Cyclohexene-1-methanol, a,a,4-trimethyl-, 77 0,51
propanoate
29 30,15 Tetradecanal 78 0,49
30 | 31,42 (-)-Spathulenol 86 1,01
31 32,13 Sucrose 73 6,43
32 |33,09 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 88 2,03
33 | 33,64 2-(3,4-Dimethoxyphenyl)-6-methyl-3,4- 73 1,80
chromanediol
34 | 34,63 2-Pentadecanone, 6,10,14-trimethyl- 79 0,46
35 | 37,66 Hexadecanoic acid 86 1,38
36 |39,15 4H-Indeno(2,1-d)thiazol-2-amine 67 0,56
37 |39,84 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9- 70 0,94
diene-2,8-dione
38 |41,07 Dibutyl phthalate 96 2,66
39 |41,69 Falcarinol 90 16,51
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40 (44,61 2-Nonadecanone 71 6,66

41 | 44,80 Drometrizole 76 0,96

42 |45,81 Hexanedioic acid, bis(2-ethylhexyl) ester 94 15,61

43 | 45,89 4,8,12,16-Tetramethylheptadecan-4-olide 68 2,36

44 | 46,84 2-Nonadecanone 69 1,14

45 [ 47,95 2H-1-Benzopyran-2-one, 7-methoxy-6-(3- 87 8,67
methyl-2-butenyl)-

46 | 51,54 1,3-Benzenedicarboxylic acid, bis(2- 68 0,44
ethylhexyl) ester

47 (51,83 Supraene 83 1,24

48 | 53,72 4-(3-Methyl-2-oxobutoxy)-7H-furo[3,2-g][1] 72 1,30
benzopyran-7-one

49 | 55,22 7H-Furo(3,2-g)(1)benzopyran-7-one, 78 4,11
4-(2,3-epoxy-3-methylbutoxy)-, (S)-(-)-

On GC /MS analysis revealed qualitative and quantitative indicators of the main biologically
active substances(surfactants) as part of the vegetative organs of the plant. As a result of
phytochemical analysis of the L. cretaceae extract contains 49 known components. The
percentage of Falcarinolis 16,51%, Hexanedioicacid, bis(2-ethylhexyl) ester 15,61% and LUP-20
(29)-En-3-o0l, acetate, (3b) 2H-1-Benzopyran-2-one, 7-methoxy-6-(3-methyl-2-butenyl)-8,67%
compounds (Table 1).

Most of the substances identified by the vegetative organs extract are essential oils, alcohols,
and ketones. The minimum concentrations (< 10%) of many of the compounds listed in Figure
2 were determined.

The results of the study show that the vegetative organs of the L. cretaceae plant are rich
in biologically active compounds in the form of essential oils, alcohols, alkaloids, steroids,
terpenoids, flavonoids, aldehydes, ketones, carbohydrates and phenols. The percentage of
chemical compounds in surface and underground organs is different (Figure 2).

2.86% 5 9300 2.86%

4,55%

= flavonoids

\ = essential oils
= carbohydrates
= terpenoids
= alcohols

= steroids
= alkaloids

= ketones

Figure 2. Biologically active compounds in L. cretaceae extract
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While the L.cretaceae vegetative organs extract consists of 35.78% flavonoids and 27.76%
essential oils of various amounts of chemical compounds. In addition to 17.28% carbohydrates
and 5.98% terpenoids, alcohols are 4.55%, alkaloids are 2.93%), steroids are 2.86% and ketones
are 2.86% below five percent (Figure 2,3).
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Figure 3. Chromatogram of the extract

The results show that the qualitative composition of the identified elements in the leaves, stems
and roots of the plant is almost identical, while the quantitative content has minor differences
depending on the population. By qualitative composition and quantitative composition of dry
extracts of L. cretaceae leaves, stems and roots correspond to the raw material reserves.

Obtained from all three populations of 9 elements were identified in the chemical composition
of the L.cretaceae plant (Figure 4). Various concentrations of carbon (C), oxygen (0), sodium
(Na), magnesium (Mg), silicon (Si), sulfur (S), chlorine (Cl), potassium (K) and calcium (Ca)
in the vegetative organs of plants perform certain physiological functions. These elements are
presented in organs in varying amounts. Carbon and oxygen, which are the main macronutrients,
are found in significant quantities in plant organs [11-15].

Chemical elements are characterized by a homogeneous qualitative composition, however,
there is a difference in the quantitative content of individual components (Figure 4). Carbon
ranks first in terms of the content of chemical elements in plant organs, its share is about 51.9-
58.6% in roots, 61.0-63.9% in stems, and 55.47-78.9% in leaves. Oxygen is in second place,
approximately 32.7-35.8% at the root, 28.5-35.1% at the stem and 23.6-35.8% for the sheet.
Calcium is in third place, approximately 3.1-8.6% at the root, 1.4-3.8% at the stem, and 1.5-5%
at the leaf. It can be seen that the elements Na, Mg, Sj, S, Cl, and K are found in smaller amounts
(0.1-4.2%). Nutritional elements are indicators of the soil and climatic conditions of the region.
Collected from natural habitats of the Aktobe region L. cretaceae, the following conclusions can
be drawn about the chemical composition and therapeutic properties of the plant [16-19].
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Figure 4. Element content in L. cretaceae, Ishkaragtau, mg/kg

Discussion

[t was found that individual parts of the L. cretaceae species consist of different biologically
active compounds in each. 49 specific biologically active compounds were found in the
inflorescences, roots, and leaves of plants, which confirmed their pharmacological properties
and demonstrated biological activity. These results indicate that various phytochemical groups
and certain compounds have valuable beneficial properties (Table 1).

The analysis of literature information proves the medicinal properties and curative properties
of bioactive compounds contained in the plant. Among the various compounds found in the
inflorescence extract are anti-inflammatory, analgesic, antipyretic(1,6-Dioxaspiro[4.4]non-3-
ene, 2-(2,4-hexadiynylidene, 9,12,15-Octadecatrienoic acid,2,3-dihydroxypropyl ester, (Z, Z, Z)
and antimicrobial properties (Hexacosane, Lup-20 (29) - En-3-0l, acetate, (3b)) connections are
present. In plant roots, 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl, 1, 6-Dioxaspiro
[4.4]non-3-ene, 2-(2,4-hexadiynylidene), Bis (2-ethylhexyl) phthalate components exhibit
antimicrobial, anti-inflammatory, and antioxidant properties, and their antibacterial properties
are associated with the presence of caryophyllene oxide and squalene. Sucrose is used in the
treatment of type 2 diabetes mellitus, as well as ethyl 9. cis., 11. trans. - octadecadienoate is used
antitumor [20-24].

Along with antimicrobial antioxidant properties, as a local anesthetic, it has an analgesic
effect, anti-inflammatory, antitumor, cytoprotective effect of gastric juice, Caryophyllene has
platelet inhibition properties [25-27].

The element contentreaches 3.1-8.6% at the root, 1.4-3.8% at the stem, and 1.5-5% atthe leaf.
Itisnoted thatthe number of other elements (Na, Mg, Si, S, Cl) and K (0.1-4.2%) is small. According
to the available data, some chemical elements are absent in insignificant concentrations in most
of the studied terrestrial and underground organs. For example, chlorine was not detected in the

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N22(151)/ 175
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



M.S. Bakytzhanova, K.H. Makhmudova, A.U. Tuyakbayeva, N.A. Utarbayeva, A.A. Bitkeyeva, T. Atici

roots of plants collected in the Akshatau region, while silicon was not detected in stems and leaves.
In addition, magnesium and silicon were completely absent in the stems and leaves of plants of
the planet species collected from the Ishkaragtau population. In contrast, all the elements were
found in all the studied vegetative organs of the Virginian individuals collected in the Bestau area.
The data presented in the tables of the study of the virgin state of plants show that the leaves,
roots and stems contain the elements C, O, Na, Mg, Si, Cl, S, K, Ca.

Conclusion

Phytochemical analysis of the terrestrial and underground organs of L. cretaceae revealed the
presence of various classes of biologically active compounds, including carbohydrates, essential
oils, alkaloids, steroids, terpenoids, alcohols, flavonoids, aldehydes, phenolic compounds
and ketones. Most of the identified basic and auxiliary chemical compounds determine the
pharmacological action of the plant.

The reserves of 49 active substances found in the leaves of the plant compared to the roots and
inflorescences confirm in medicine useful medicinal properties in the treatment of flu and cough
symptoms, against expectoration, inflammatory diseases and microbes. The predominance of
natural compounds of camphor, 1,8-cineol, camphene, borneol in the composition of essential
oil can serve as a basis for use as a medicine. It has been shown that extracts obtained on the
basis of leaves, roots, and stems of plants are a promising source of macro-and microelements.
The use of only leaves without damage to roots and inflorescences in the isolation of natural
compounds in the composition of plant organs for folk and medical care allows not only to
rationally use an endangered species, but also to preserve a rare species. Further research is
needed to fully describe the period of life and time of year when biologically active compounds
and elements are preserved in the plant's composition in different parts of the species.

Among the organic compounds detected in ethanol extracts, falcarinol (with a relative content
0f 90%) and thymol (with a relative content of 65%) were identified with the highest reliability
(up to 90%). These substances are valuable biologically active components used in medicine. As
unsaturated compounds, they can be classified as natural antioxidants. For example, falcarinol
is found in the roots of American ginseng. Thymol, which is part of the structural components of
cell membranes, also acts as a phenolic antiseptic with pronounced antimicrobial and antifungal
activity against a number of microorganisms.

In biological samples obtained from an endemic species Linaria cretacea, endogenous organic
substances were found, among which valuable compounds are present, including falcarinol and
thymol.

The obtained data represent a promising result and can be used in the future to develop
technologies for obtaining valuable biologically active substances of Linaria cretacea Fisch ex
Spreng biomass.
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Linaria cretacea Fisch ex Spreng. (Plantaginaceae) puTOXUMHUAJIBIK XK9HE 3JIEMEHTTIK KypaMbl

M.C. BakpiT:kaHoBa'*, K.X. MaxmyaoBal, A.Y. Tyak6aeBa?,
H.A. YTap6aeBa® A.A. ButkeeBa*, T. ATnum’®
IA6ati amviHdaFel Kazak yammoik nedazozukaslK yHugepcumemi, Aamamol, Kazakcman
2JL.H. 'ymunee amoiHdarsl Eypasusavik yimmeolk yHugepcumemi, Acmana, Kazakcma
3K.)Kyb6anos ambiHdarsl Akmebe oHipaik yHugepcumemi, Akmebe, KazakcmaH
*Topatirvipos yHusepcumemi, [lasao0dap, Kasakcmau
Tasu yHusepcumemi, Aukapa, TypKus

Anpgarna. Makanaga KasakcraH Pecny6/ukacbiHBIH, cUpeK KesfeceTiH Linaria cretacea Fisch ex
Spreng nypiH ¢UTOXUMHUSIBIK 3epTTEY HITHXKeJIepi KeaTipinreH. OciMaikTepiH Iy IOFbIpaapbIHAA,
TaMbIpJIapbIH/IA )K9HE XKallblpaKTapbIH/|a 60JIaThIH epeKlile 6MO0aKTUBTI KOChLIbICTAap 6M0AaKTUBTIIKKe
e GapMaKoJIOTUSJIbIK KacueTTepAi pacTajbl koHe KelTereH GUTOXUMUSIJIBIK TONTAp MEH apHaibl
KOCBLIBICTap/bIH Nala/bl KacueTTepi 6ap eKeHiH KepceTTi. L. cretacea KypamMbIH/a 3TAaHOJI ChIFbIH-
JblIapblHJA Ke3/eceTiH OpraHUKasblK KOCBLIBICTAapAbIH >Kajlbl CaHBIHbIH illiHAe dankapuHOJI
(casbicThipMaJsibl KypaMbl 90%) skoHe THMOJ (CalbICThIPMaJIbl KypaMbl 65%) eH »KoFapbl CEHIMIiIIK
nopexeciMen (90% peliH) aHbIKTa/AABL. Bysl MeaumuuHaZa KOJIAAHBLIATBIH KYHAbl GHOJOTHSJIBIK
Gesce”fii 3aTTap. KaHbIKnaraH KOCBLIBICTAp OOJIFAaH/bIKTAH, OJIapAbl TAaOWUFU AaHTUOKCUJAHTTAP
KaTapblHA KaTKbI3yFa 00Js1aJibl. MbIcajibl, pajbKapUHOJ aMepPUKaHAbIK >KEHbIIEHb/iH, TaMbIpbIH1a
ke3geceni. acyma MeM6paHanapblHbIH, KYPBUIBIMABIK KOMIIOHEHTTEPiHIH KypaMbIHa KipeTiH
THMOJI COHbIMEH KaTap OipKaTap MHUKpoopraHuaMmjepre Kapcbl aKblH MUKPOOKA KapcChl »KoHeE
caHbIpayKyJlakka Kapchbl OeJiceHAiJairi 6ap ¢eHoJAbl aHTUCENTHK OOJIbIN TabObLIaAbl. AJIBIHFAH
HOTHXKeJlep NepcleKTUBaJbl 60JibI Tabbliabl oHe ofaH api Linaria cretacea Fisch ex Spreng
6uoMaccacblHaH KYH/Ibl GHOJIOTUSJBIK OeJiceH/i 3aTTapAbl ajly TEXHOJIOTHUSCHIH Kacay YIUiH nanjaa-
JIAHBLIYbl MYMKIH.

TyiiH ce3aep: Linaria cretacea Fisch.ex Spreng., sH/IeMUK, KYPbLJIbIM/IbIK KOMIOHEHTTED, KaJblle-
bUTTep KaybIMAaCTbIFbl, PUTOXUMHUSIBIK TalJay

duToXMMHUYECKUH U 3JIeMeHTHbIN cocTaB Linaria cretacea Fisch ex Spreng (Plantaginaceae)

M.C. BakbiT:)kaHOBa'*, K.X. MaxmyaoBal, A.Y. Tysk6aeBa?,
H.A. YTap6aeBa® A.A. ButkeeBa®*, T. ATnun’®
'Kazaxckulli HayuoHa/1bHblll hedazozuyeckull yHusepcumem umenu Aéasi, Aamamol, Kazaxcmau
2Eepasutickull HayuoHa/1bHblli yHusepcumem umenu JIL.H. ['ymunesa, Acmana, Kazaxcmau
SAkmro6uHckull pecuoHabHLIU yHUsepcumem um. K. XKy6anosa, Akmobe, KazaxcmaH
*Topatizvipos yHusepcumem, [lagaodap, Kazaxcman
SYuueepcumem Iazu, Aukapa, Typyus

AHHOTanusA. B ctaTbe npejcTaB/ieHbl pe3yabTaTbl GUTOXMMHUYECKOT0 HCC/Ae[J0BaHUA PeLKOro AJis
Pecny6siuku Kaszaxctan Bupa Linaria cretacea Fisch ex Spreng. Cnenududeckue 6Guo/I0rHYecKH
aKTHUBHBIE COEJMHEHHUd, COoZlepKalliiecs B COLBETHUAX, KOPHAX M JIMCTbAX paCTeHWUH, NMOATBEPAUIN
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dbapMakoJsioruiyeckue CBOMCTBa, 06Jafjawolive OGUOJOTUYECKONW AKTHUBHOCTHIO, W IMOKasald, YTO
MHOTOYHC/IEHHble QUTOXUMUUYECKHE TPYIINbl U ClelUalbHble COeJUHEHUS 006J1afjal0T MOJIEe3HbIMU
cBoMcTBaMH. M3 o006llero 4uciaa OpraHUYeCKUX COeJWHEHUHM, OOHApYKEHHBIX B 3TaHOJIbHBIX
3KCTpaKTax, pajibKapuHoJ (OTHOCUTebHOE cofepxaHue 90%) 1 THMoJ1 (OTHOCUTEJIbHOE CoZlepXKaHue
65%) ObLIM UIEHTUPUIIMPOBAHBI C HAUOOJbILIEH CTeleHblo JoCcToBepHOCTH (10 90%) B cocTaBe L.
cretacea. JTO LeHHble GUOJIOTUYECKU AKTUBHBIE BeEIleCTBa, KOTOpPble MCHOJIB3YIOTCS B MeAULUHE.
fABJsAsiCh HEHACHIIIEHHBIMU COEJUHEHUSIMH, OHU MOTYT OBbITb OTHECEHbI K KaTeropuu MPHUPO/HBIX
aHTHUOKCH/IAaHTOB. Hanpumep, GpanbKapuHOJ COAEPNKUTCS B KOPHIX AMEPUKAHCKOT0 )KeHbIleHs. TuMou,
BXOJISIIAM B COCTAB CTPYKTYPHBIX KOMIIOHEHTOB KJIETOYHBIX MEMOpPaAH, TaKXKe SABJIsseTCs GeHOJbHbIM
AHTUCENTUKOM C BbIPaXXEHHON aHTUMUKPOOHOW U MPOTUBOTPUOKOBOW aKTUBHOCTbIO B OTHOLLIEHUU
psAAa MUKpoopraHu3MoB. [lojiyueHHble pe3yJbTaThl SBJASIOTCA MHOT00GEAIIUMU U MOTYT ObITh
B JiaJibHelIlleM MCIOJIb30BaHbl [/l Pa3pabOTKHW TEXHOJIOTHHM IMOJIy4eHUs] LeHHbIX OHO0JIOrHYecKH
aKTHUBHBIX BellleCTB U3 6uoMacchl Linaria cretacea Fisch ex Spreng.

KioueBble cioBa: Linaria cretacea Fisch.ex Spreng., 3HJeMUK, CTPYKTypHble KOMIIOHEHTBI, CO06-
IIECTBO KabllepUTOB, PUTOXUMUYECKUIN aHAIN3
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Abstract. Nowadays, modern agriculture, faced with declining economic
output and deteriorating environmental conditions, requires sustainable
productivity growth. One promising direction is to find alternatives to
traditional agrochemicals. Plant extracts are a promising solution offering
multifunctional benefits due to the diversity of secondary metabolites. This
review discusses the chemistry of extracts and production methods, including
traditional maceration/percolation and more rapid methods for heat-
sensitive compounds. Particular attention is paid to the phytostimulatory
and biostimulatory effects of extracts, such as stimulation of cell division,
modulation of stress-related genes, improvement of mineral nutrition by
stimulating rhizosphere microbiota, increasing photosynthetic efficiency,
and activation of salicylic and jasmonic acid pathways. Antimicrobial and
allelopathic properties are also discussed. Key challenges such as biochemical
instability, dosing issues, and lack of standardized protocols are highlighted.
Solutions are proposed, including the development of formulated products,
the use of omics analysis, and the creation of databases. Ultimately, it is
emphasized that extracts are versatile tools for sustainable farming systems
that require further standardization and integration with digital technologies
to unlock their full potential.

Keywords: Plant extracts, biostimulants, phytopstimulants, allelopathic
effects, sustainable agriculture, secondary metabolites

Introduction
Modern agriculture faces significant challenges, such as the need to increase the productivity
of agricultural crops while meeting rising demands for environmental safety, addressing climate

change, and reducing the chemical load on agroecosystems [1-3]. Traditional methods of plant
protection and growth stimulation based on synthetic pesticides and fertilizers often lead to
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negative consequences, such as pollution of soils and water bodies, development of resistance
in pathogens and pests, and reduction of biodiversity [4-7]. This situation dictates an urgent
need to develop and implement innovative, sustainable solutions that could ensure high yields
without harming the environment and human health.

In this context, plant extracts represent an extremely promising, but still underutilized
alternative [4,6]. Plant extracts contain a rich spectrum of secondary metabolites, natural
biologically active compounds with polyfunctional effects, from growth stimulation and
increased plant resistance to stress to direct antimicrobial and insecticidal effects [8-10].
However, despite their obvious advantages, the widespread practical use of plant extracts in
agricultural systems is constrained by a number of key problems. These include biochemical
instability of active components, difficulties with precise dosing due to nonlinear effects, and a
lack of scientifically sound protocols for their use in the field [11,12].

This article aims to systematize modern knowledge about the chemical composition
and methods of obtaining plant extracts, to summarize their functional, antimicrobial, and
allelopathic effects on plants. Particular attention will be paid to the physiological and
biochemical changes occurring in plants under the influence of extracts, as well as to the current
problems of standardization and variability of their action. The article will propose specific ways
to solve these problems, including the development of new formulations and the introduction
of modern analytical approaches, which will reveal the full potential of plant extracts as a key
element of sustainable agroecological strategies.

Chemical composition of extracts and methods of their production

The composition of plant extracts varies depending on the botanical species, the part of the
plant used (leaves, roots, fruits, flowers), growing conditions, time of collection, and extraction
technology. [13-16]. The most common groups of compounds are polyphenols, alkaloids,
saponins, terpenoids, and essential oils [10,17]. These secondary metabolites have different
effects depending on their chemical nature (Figure 1).

Polyphenols and their representatives, such as flavonoids, tannins, and phenolic acids, have
antioxidant and antimicrobial activity against gram-positive bacteria [18]. While alkaloids
are neurotoxic to pests and can modulate the hormonal balance of plants, which shows their
double-positive effect [19-21]. Saponins, as another type of secondary metabolite, affect the
permeability of cell membranes, play a role in protecting against pathogens [22]. Terpenoids and
essential oils regulate growth, have phytohormonal activity, and can suppress the development
of phytopathogens, which is similar to the effect of saponins [23]. The extraction technology
must be of primary importance for obtaining certain effects.

In general, with the development of science and technology, extraction methods have also
developed. Extraction methodsvary depending onthe nature ofthe compounds and their physical
and chemical properties; that is, there is no universal method for obtaining all compounds,
which is logical [24-26]. We can divide them into classical methods and accelerated extraction
methods, with the allocation of a separate group for the extraction of volatile compounds.
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Figure 1. Secondary metabolites and their effects [13-23]

Classic extraction methods include maceration and percolation, which can be performed
using a variety of solvents [26-28]. Maceration is the process of steeping plant material in a
solvent for a period of time to extract the active substances [29]. Percolation, on the other hand,
involves passing a solvent through a layer of plant material, ensuring a continuous renewal of
the extracting agent [30]. Solvents often used include aqueous solutions, alcohol solutions of
varying concentrations, and acetone solutions, the choice of which depends on the polarity and
solubility of the target components [31].

The second group of extraction methods, used for heat-sensitive components, often employs
accelerated extraction methods such as microwave-assisted extraction (MAE), ultrasonic
extraction (UAE), and supercritical fluid extraction (SFE), which minimize thermal exposure
[32-34]. MAE uses microwave radiation to rapidly and uniformly heat the solvent and matrix,
which reduces extraction time and reduces the degradation of heat-sensitive compounds
[35]. UAE is based on the cavitation effect created by ultrasound waves, which promotes the
destruction of cell walls and improves mass transfer, which also allows extraction to be carried
out at lower temperatures [36,37]. SFE uses supercritical fluids, most often carbon dioxide, as a
solvent; this method is especially valuable for heat-sensitive substances, since extraction occurs
at moderate temperatures and upon completion of the process, the solvent is easily separated
without residue, preventing thermal degradation [38-40].

Hydrodistillation is a classic method for extracting volatile compounds such as essential
oils from plant material. In this process, plant material is placed directly into water, which
is then heated to the boiling point [41,42]. The resulting steam, passing through the plant
material, carries with it volatile aromatic components, which are then condensed and collected
as a mixture of water and essential oil, easily separated due to the different densities of the
components [42-44].
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Importantly, all secondary metabolite extraction stages are processes that undergo
standardization of extracts and are a key step to ensure their consistent quality and efficacy.
In particular, standardization can be achieved by spectrophotometric and chromatographic
determination of the content of specific biomarkers [45]. Spectrophotometry allows for
the quantitative assessment of the concentration of substances that absorb light in a certain
wavelength range, based on the dependence of the absorption intensity on concentration
[46,47]. Chromatographic methods, such as high-performance liquid chromatography-mass
spectrometry (HPLC-MS) and gas chromatography-mass spectrometry (GC-MS), provide
accurate separation of extract components, allowing for the identification and quantification
of individual biomarkers, including chlorogenic acid, quercetin, and eugenol, which is critical
for confirming the authenticity and standardization of herbal preparations [45,47,48]. The
resulting extracts can then be used as biostimulants and phytostimulants.

Biostimulating and phytostimulating effects of extracts

Biostimulants and phytostimulants based on plant extracts have a complex systemic effect
on plant growth and development (Figure 2), starting with the activation of cell division and
elongation, which leads to enhanced growth and the formation of a more powerful root system
and aboveground mass [49-51]. One of the key mechanisms of their action is the modulation
of the expression of stress-induced genes, increasing plant resistance to adverse environmental
factors such as drought or salt stress [52-54]. In addition, biostimulants and phytostimulants
significantly improve the mineral nutrition of plants, promoting more efficient absorption and
assimilation of nutrients, whichinturnleadstoincreased photosyntheticefficiencyandincreased
biomass [55-57]. It is important to note that the extracts activate the metabolic pathways of
salicylic and jasmonic acids, key signaling molecules that regulate immune responses and plant
adaptation to abiotic and biotic stresses [58-60].

Enhanced growth and formation of a more powerful root system and aboveground mass
by biostimulants/phytostimulants from plant extracts occurs due to activation of division
and expansion of plant cells [60]. This process occurs due to increased synthesis of two key
phytohormones: gibberellins and cytokinins [50,61]. Gibberellins stimulate cell expansion,
promoting stem elongation, leaf growth, and fruit development by weakening cell walls
[6,62,63]. Cytokinins actively participate in cell division, stimulating their proliferation and
formation of new shoots, which leads to increased branching and total plant biomass [6,50,60].
Thus, the combined action of these hormones provides a comprehensive approach to growth
stimulation, covering both an increase in the number of cells and their subsequent expansion,
which ultimately contributes to the overall development of the plant.

Modulation of stress-induced gene expression by biostimulants and phytostimulants may
occur through activation of genes such as Dehydration-responsive element-binding (DREB),
NAC, and WRKY, which play a central role in stress adaptation [52,64,65]. For example, genes
of the DREB family are activated in response to drought and low temperatures, triggering
cascades of reactions that help cells cope with dehydration and drought stress [66-68]. NAC
and WRKY genes are large families of transcription factors involved in the regulation of various
stress responses, including protection against osmotic and oxidative stress [69-71]. Enhanced

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N22(151)/ 187
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



M. Kadyrbaey, E.D. Danilova, E.V. Boyko

expression of these genes allows plants to more efficiently synthesize protective proteins and
antioxidants, minimizing damage and maintaining metabolic activity under stressful conditions.

Biostimulants and
phytostimulants based
on plant extracts

Stabilization of chlorophylls l Modulation of stress-induced
and increased Fv/Fm index gene expression
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Figure 2. Biostimulating and phytostimulating effects of plant-derived extracts on agricultural plants

The use of plant extracts significantly improves the mineral nutrition of plants, which is most
likely due to the stimulation of the rhizosphere microbiota [72-75]. This is especially noticeable
when using extracts with a high content of organic acids and polysaccharides [76]. These
compounds serve as a source of nutrition for the soil microbiome, activating the vital activity of
microorganisms in the rhizosphere, promoting the dissolution of hard-to-reach nutrients and
their more efficient absorption by plants [76-78].

The effects of using plant extracts on increasing the efficiency of plant photosynthesis
have also been noted due to several key mechanisms [79,80]. Firstly, stabilizing the state of
chlorophylls, the main pigments responsible for light absorption, prevents their premature
destruction and thus maintains a high capacity for photosynthetic activity [79]. Secondly, the
extracts lead to an increase in the Fv/Fm index, which is a measure of the maximum quantum
efficiency of photosystem II, indicating an improvement in the use of light energy [80]. Finally,
the plant extracts may preserve the thylakoids' membrane structure under the action of phenolic
antioxidants contained in the extracts, protect the photosynthetic apparatus from oxidative
damage, and ensure its optimal functioning even under stressful conditions [81-85].
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Antimicrobial and fungicidal action

Plant extracts show significant effectiveness in combating various pathogens and can serve
as a sustainable replacement for traditional plant protection products [86-88]. The effects of the
extracts are varied and aimed at different ways of suppressing pathogenic organisms. Essential
oils derived from plants such as thyme, oregano, and basil play a special role [89-93]. They are
known for their strong fungicidal activity, capable of inhibiting the growth of fungi that cause
common and destructive diseases such as root and leaf rot [89-93]. This makes them a valuable
tool for the prevention and control of fungal infections.

Another striking example is neem leaf extract (Azadirachta indica) [94-97]. Its components
not only inhibit pathogens but also disrupt the fungal division cycle, preventing their
reproduction. In addition, they cause the degradation of sporangia - the structures responsible
for the formation and release of spores, thereby effectively limiting the spread of infection [94-
97]. This indicates a profound effect on the life cycle of the pathogen.

Antibacterial activity is also an important property of plant extracts. Extracts from plants
such as garlic, ginger, and chili peppers exhibit a strong bactericidal effect, which is due to the
presence of specific bioactive compounds [98-100]. In garlic, these are allicin compounds, in
chili peppers - capsaicin, and in all of the above plants - various phenolic acids [101-105]. These
substances can destroy the cell walls of bacteria and inhibit their metabolism, preventing the
development of bacterial diseases [18,106-108].

The conducted phytopathological studies convincingly prove the effectiveness of these
approaches. Regular use of plant extracts can reduce plant disease incidence by ~40-90%, with
the specific indicator depending on the type of crop and the specific pathogen [109-111]. Itis
important to note that the effectiveness is enhanced by integrating extracts with biopreparations
from Bacillus and Trichoderma [112-116]. Such complex use creates a synergistic effect,
providing more reliable and comprehensive protection of plants from diseases.

Allelopathic effects and growth regulation

Plant extracts have unique allelopathic effects that allow them to influence the growth and
development of crops, horticultural plants, and weeds (Figure 3) [117,118]. These effects are
due to the presence of allelochemicals, biologically active compounds secreted by plants [117].
Allelochemicals can actas natural herbicides, suppressing the growth of weeds [118]. This opens
up prospects for the development of environmentally friendly weed control strategies, reducing
dependence on synthetic pesticides. Suppression mechanisms may include inhibition of weed
seed germination, slowing down their growth, or disrupting their physiological processes [119].
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Figure 3. Allelopathic and growth-regulatory effects of plant extracts

In addition to the above-described effects on weeds, allelochemicals can cause morphological
changes in the root systems of plants. These changes can be either positive (e.g., stimulation of
lateral root growth for better nutrient uptake) or negative, depending on the concentration
of the extract and the sensitivity of the crop [118,120,121]. Thus, these compounds can
finely modulate the architecture of the root system, which is critical for plant adaptation to
environmental conditions.

Moreover, allelochemicals can inhibit or stimulate the synthesis of endogenous hormones in
plants. A striking example of such effects is black walnut (Juglans nigra) extracts, which contain a
compound called juglone [122]. Juglone is known for its ability to inhibit root cell mitosis, which
leads to slower root growth and generally suppressed plant development, especially in sensitive
species [122]. Another example is aqueous extracts of wormwood, which, as studies show, can
cause a decrease in endogenous auxins in tomato [123]. Auxins are key hormones regulating
shoot and root growth, so a decrease in their levels can affect plant development [123,124].

[t is worth noting that allelopathic properties should be carefully considered when selecting
concentrations and methods of application of extracts to the agrosystem. Incorrect application
may lead to undesirable effects on crop plants. A precise understanding of dosage and interaction
with specific crops will allow the allelopathic properties of extracts to be used to optimize plant
growth and effectively manage weeds in sustainable agriculture.
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Extracts as elements of sustainable agriculture

Plant extracts are a key element of agroecological strategies, offering sustainable and effective
solutions for modern agriculture [88,125,126]. They are compatible with organic farming
and are certified in the European Union, confirming their safety and compliance with strict
environmental standards [127]. Extracts can be combined with microbiological preparations,
creating a synergistic effect for more comprehensive protection and stimulation of plant growth
[117,118]. Their effectiveness against a wide range of pathogens without the development of
resistance is a critical quality, as they act on multiple targets, reducing the likelihood of the
emergence of resistant strains [86-88].

Field trials have convincingly demonstrated the practical value of plant extracts, which
leads to a ~17-40% increase in crop yields [128-130]. As mentioned, the use of extracts also
reduces the need for fungicides, reducing the chemical load on the agroecosystem and reducing
production costs [109-111]. Additionally, an increase in soil bioactivity is observed, indicated
by the growth of beneficial fungi and bacteria populations, which helps improve soil structure
and nutrient cycling [72-76,78]. Prospective areas in this area include extracting from non-food
residues, such as oilseed cakes or weeds [131-133]. Using these resources not only reduces
waste but is also fully consistent with the principles of the circular economy, turning what was
previously considered waste into valuable bioactive products for agriculture.

Problems of standardization and variability of action

The use of plant extracts in agriculture, despite their significant potential, faces several key
problems that need to be addressed for their widespread and effective application. One of the
main issues is the biochemical instability of extracts [134,135]. Many bioactive compounds
contained in plant materials, such as polyphenols, flavonoids, terpenes, or alkaloids, are
sensitive to light, heat, oxygen, and humidity [134-137]. This leads to their degradation during
storage, significantly reducing the effectiveness and shortening the shelf life of the products. For
example, allicin from garlic, known for its antimicrobial properties, quickly oxidizes in air and
loses activity [100,101,138]. Similarly, some terpenoids from essential oils, such as linalool or
geraniol, easily volatilize or decompose under the influence of light, reducing the biopesticide
potential of the extract [139-141]. This instability makes it difficult to produce products with
predictable quality and expiration dates.

The second problem is the difficulty of dosing. The action of plant extracts is often dose-
dependent and non-linear [80,142]. This means that a small change in concentration can lead
to a completely different effect: from optimal stimulation to no effect at all or even inhibition of
growth. For example, low concentrations of seaweed extract can stimulate seed germination and
root growth, while higher concentrations can inhibit this growth [143-145]. Without precise
data on the required dosages specific to each crop and environmental conditions, it is extremely
difficult for farmers to apply these products effectively and safely, risking either wasting the
product or even damaging the crop.

Finally, there is a lack of clinically validated application protocols in agrosystems. Unlike
synthetic pesticides and fertilizers, which have clear and proven application guidelines, most
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plant extracts do not have standardized recommendations based on large-scale, long-term field
trials [146,147]. This makes it difficult to standardize and predict their performance across
different climates, soil types, and crops, making their use empirical rather than scientifically
based.

To overcome these challenges, a number of strategic solutions are proposed. First, this is
the development of controlled-release formulations. These can be microencapsulated forms,
nanoemulsions, liposomes, or hydrogels that stabilize the active components, protecting them
from degradation [148]. For example, encapsulation of essential oils in polymer or cyclodextrin
shells can significantly prolong their activity, reduce volatility, and ensure gradual release in
the soil or on the leaf surface [149,150]. Such formulations allow for a prolonged and more
effective supply of active substances to the plant, increasing their bioavailability and reducing
the frequency of treatments.

Secondly, it is necessary to implement omics analysis methods, such as metabolomics and
proteomics, for an in-depth study of extracts. Metabolomics allows for a comprehensive analysis
of the entire set of metabolites in the extract and in the plant object, helping to understand which
compounds are responsible for biological activity and how they change under the influence
of external factors [151]. For example, it is possible to identify which secondary metabolites
in buckwheat extract are responsible for its ability to suppress weed growth, or how the
composition of the extract changes with changing storage conditions [151-154]. Proteomics
studies the proteins involved in plant responses to the extract, providing an understanding of
the molecular mechanisms of its action [155]. These methods allow for in-depth monitoring
of the action of extracts at the molecular level, identifying specific biomarkers and accurately
understanding the mechanisms of their action, which is critical for optimizing the composition
and effectiveness of drugs.

In addition, it is essential to create extensive databases of extracted bioactivity by donor
plant species, target pathogens, and crops. These databases should contain information on
the chemical composition of extracts, their effectiveness against specific diseases and pests,
optimal dosages, and application conditions for different crops. Such centralized resources will
greatly facilitate the selection of the most effective solutions for specific agricultural problems,
make the use of extracts more predictable and scientifically substantiated, and facilitate their
widespread adoption.

Conclusion

In conclusion, plant extracts are a versatile and multifunctional tool with great potential
to regulate, protect, and stimulate, thereby enhancing crop sustainability and productivity.
They could significantly transform crop production methods, especially within sustainable
agrisystems, providing environmentally friendly and effective solutions amidst the rising
demand for safe products. However, to fully realize and utilize the potential of plant extracts,
further standardization of production and application methods, comprehensive interdisciplinary
research to understand their mechanisms of action, and integration with digital precision
farming technologies are essential. Only through this holistic approach can we shift from
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empirical use to scientifically grounded and highly effective application, securing food supply
and supporting sustainable agricultural development for the future.
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AybUl mIapyaliblIBIFBI AAKbLIAAPBIHBIH, 6HIMAIJIIr MeH TYPaKThUIbIFBIHBIH, MHHAYKTOPJIaphI
peTiHje 6CiM/liK TEKTeC ChIFbIHAbLIAPABI NaliJa/JlaHy NepcneKTUBaIaphl

M. Kagbip6aes'?*, E.JI. JlanunoBal, E.B. Boiiko?!
Tomck memaekemmik yHugepcumemi, ToMck, Pecetl
Ci6ip memaekemmik meduyuHa yHusepcumemi, Tomck, Peceii

Angarna. Kasipri yakpIiTTa 3aMaHayd aybll IIapyallblIbIFbl 3KOHOMHUKAJIBIK 6OHIM KeJieMiHiH,
TeMeH/eyl )KoHe 5KOJIOTUAJBIK KaFlal/IblH HallapJiaybl asCbIH/AA 6HIMAIMIKTIH TypaKThl 6CYiH Tajan
eTeni. [lepcnekTUBTI GaFbITTapAbIH 6ipi — A2CTYpJi arpoXUMUSJIBIK NpenapaTTapra 6ajaMma Taoy.
OciMJIiK CBIFBIHBLIAPBI — EKIHIIJIIK METaO0IUTTEP/IiH OPTYPJIIriHe 6alIaHbICThI KOIT PYHKI[MOHAJIIbI
apTBIKWBLIBIKTAP/Abl YChIHATBIH MEepPCIeKTUBa/bl LielliM. bys monyaa CeIFbIHABLIAPAbIH XUMUSJIBIK,
KypaMbl MeH OHAIpy o9jicTepi, COHBIH illiHZEe ACTYpJi Malepalys/IepKoJISLIHs KOHe bICTBIKKA
ce3iMTa/sl KOCBLIBICTAp VUIIH JKbLIJAMbIpAK JJicTep TalKbLIaHaAbl. MacymanapablH, 6eJiHyiH
BIHTAJIAHABIPY, CTPeccKe GaWJIaHbICThI FeHAEPAl MOAYJIsAHUsIay, pu3ocdepa MUKPOOHUOTACHIH bIHTA-
JIAaHIBIPY apKbLJIbl MUHEPAIAbl KOPEKTEHYAI KaKcapTy, GOTOCUHTETUKAMIBIK TUIMAIMIKTI apTThIpY,
duTOropMOHAAPFA dcePi CUAKTHI ChIFbIH/ABLIAPABIH, PUTOCTUMYISALUAIIBIK, ) KoHE OUOCTUMYJISALUSIBIK,
acepJiepiHe epeklile Ha3ap ayZapbLiajibl. MUKPOOKA Kapchl XKoHE aJljiesoNaTUKaJbIK KacHeTTepi e
TaJKblJIaHAbl. BUOXUMUSABIK TYPaKChI3bIK, MeJIllepJey Maceslesepi )KoHe CTaHJapTTa/IFaH XaTTa-
MaJlapAblH, )XOKTBIFbl CUAKTHI Heri3ri Macesiesiep atamn eTijireH. [llemimMmaep yCbIHbBIIFaH, OHBIH, illiHAe
TYKbIPbIM/JIAJIFAaH 6HIMJEP/i 93ipJsiey, OMUKAJBIK, TalJay/Abl Tal/la/aHy KoHe JlepeKTep KOPbIH Kypy.
CoHj1ali-aK ChIFBIH/IbLIAP/bIH, TOJIBIK, dJIEYETiH ally YIUIiH oJlaH api cTaHAapTTay/bl XoHe UPPJIBIK
TeXHOJIOTUsIJIapMEeH UHTeTPalUsAHbI KAXKeT eTeTiH TYPaKThl ayblIlapyallblIbIK )XyHesepiHe apHaJiFaH
»KaH-KaKThl KypaJsl eKeHJiri aTalm eTiies|.

TyiiH ce3gep: OciMAiK CbIFBIHABLIAPBI, OGUOCTUMYJIATOPJAP, PUTONCTUMYASATOpPJAD, ajjesonaT-
UKaJabIK 3¢ eKT, TypaKThl ayblJ lapyallblIbIFb], eKiHIIITiK MeTaboIuTTEp
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HepCHeKTPIBbI HCII0J/Ib30BAHUA PACTUTE/IBHBIX IKCTPAKTOB B Ka4eCTBE€ CTUMYJ/IATOPOB
NPOAYKTHUBHOCTH U YCTOﬁ‘lPIBOCTPI CeJIbCKOX03HCTBEHHBIX KyJbTYPp

M. Kagbip6aes'>*, E./Jl. lanuaosa?l, E.B. Boiiko!
Tomckuii 2ocydapcmeeHHblii yHusepcumem, Tomck, Poccusi
2Cubupckuli 2ocydapcmeeHHblll MeduyuHckuli yHusepcumem, Tomck, Poccus

AHHOTanusA. B HacTosiniee BpeMsi COBpEMEHHOE CeJIbCKOE X03SIMCTBO Ha POHE CHMKEHHUsI 3KOHO-
MHY€eCKOT0 NPOU3BOJACTBA M YXY[UIEHUA YCJAOBUHM OKpYXKawlled cpelbl, HYJaeTcd B YCTOMYUBOM
pocTe NpOU3BOAUTENBHOCTH. OHUM M3 ePCIEKTUBHBIX HAallpaB/JeHUH SIBJISIETCs IOMCK aJlbTepHATUB
TPaJMIUOHHBIM arpoXUMHUKaTaM. PacTUTesbHble 3KCTPAKThl MEPCHEeKTUBHBIX MHOTI000eLaluUM
pelileHHeM, NpeJJaralliuM MHOTOQYHKLMOHAJbHble INpeuMyllecTBa 6Jiarofapss pa3sHO0Opasuio
BTOPUYHBIX MeTab0/JUTOB. B JlaHHOM 0630pe 06Cy/AaeTcsi XMMUYeCKUH COCTaB 3KCTPAKTOB U MeTO/bl
IPOM3BO/CTBA, BKJOYas TPASULHUOHHYI Malepalyio/nepKoysnuio U 6ojiee OGbICTpPblE METO/bl
JJI1 TepMOYYBCTBUTEJIbHBIX coeAuHeHUH. Ocoboe BHUMaHUe yjensdeTcl (UTOCTUMYJIUPYIOLIAM
U OGUOCTUMYNUPYOLWHUM 3pdeKTaM IKCTPAKTOB, TaKUM KaK CTUMYJUPOBaHUE JiejleHUs] KJIETOK,
MOJY/ALUSA F'eHOB, CBA3aHHBIX CO CTPECCOM, YJIy4llleHhe MUHEePaJbHOI0 IUTAHUS yTEM CTUMYJALUN
MHUKPOOHUOTHI pu3ocdepsl, noBeieHne 3¢PeKTUBHOCTH POTOCUHTE3A U BJAUSIHUE HA QUTOTOPMOHBI.
Tak»ke paccMaTpUBaIOTCd aHTUMHUKPOOHbIE U aJljieJoNaThyeckue cBoicTBa. OcBellleHbl OCHOBHbIE
npo6JsieMbl, TaKHMe KaK OMOXMMHYecKasd HeCTabUJIBbHOCTb, NPOO6JEMbl JO3UPOBAHUSA U OTCYTCTBHUE
CTaHZAPTU3UPOBAHHBIX MNPOTOKOJOB. [lpeasaraloTcs pelieHHsi, BKJoO4Yas pa3paboTky ¢opmy-
JINPOBAHHBIX MPOAYKTOB, UCNOJIb30BAaHME OMUKC aHa/IM30B U CO3JaHMe 6a3 JaHHBIX. B 3akJjroye-
HHe IOAYEePKUBAEeTCA, YTO 3KCTPAKThl ABJAITCA YHUBEpPCaJbHBIMH HHCTPYMEHTAMU JJi CUCTEM
YCTOUYMBOrO0 3eMJlefie/vs, TPEOYIOIUMHU JJaibHeHIel CTaHJapTU3aL UK U UHTEerpaLuu ¢ [uppoBbIMU
TEXHOJIOTUSIMH JJIs PAaCKPBITUS UX IOJIHOTO IOTeHIaIa.

KiioueBble cioBa: PacTuTesbHble 3KCTPaAKThbl, GUOCTUMYAATOPB], GUTOCTUMYJIATOPDI, ajjieona-
TU4YecKue 3¢ PeKThl, YCTOUYHUBOE CebCKOE X0351IMCTBO, BTOPUYHbIE METAGO0UTHI

CBeeHMs 06 aBTOpaX:

Kaodwip6aee Makcam - aBTOp-KOPPECIOHJEHT, MpenojaBaTesb-UCCae/0BaTeNb B 00JaCTH
¢dbu3U0IOrUU U GUOXMMUM PAaCTeHUH, HHXKeHep U NperoJiaBaTe b B HAQy4YHO-06pa3oBaTe/IbHOM LieHTpe
«IlepenoBasi uHXKeHepHas IIKoJa "Arpo6uoTeK"»; MJAAJIIUNA HAyYHbIM COTPYAHUKOM JabopaTopuu
UCCIe[J0OBAaHUS W TPUMEHEHHUS] CBEPXKPUTHYECKUX QJIIOUAHBIX TEXHOJOTMA B arponuLeBbIX
6uoTexHoJIOrUsAX Bricuiell MHXKeHepHOH WIKOJBI arpo6uoTexHoIoruii ToMCKOTro rocyapCTBEHHOIO
yHUBepcuTeTa, np./lennHa 36,634050, Tomck, Poccust; Maagminii Hay4HbIM COTPY/IHUKOM J1a60paTOpUU
KJIETOYHBIX W MHUKPOQJIIOUIHBIX TexHOoJornid CHOHUPCKOr0 TOCYyAapCTBEHHOTO MeIUIIMHCKOI0
yHUBepcuTeTa, MockoBckui TpakT 2, 634050, Tomck, Poccust.

JAanunoea Eaena /l[mumpue8Ha - KanauAaT 6M0JI0THYECKUX HAYK, A0LeHT Kadeapbl PU3U0JI0TUU
pacTeHHH, OHUOTEXHOJIOTMM W OHOMHPOPMATUKH; CTAPIIMKA HAy4YHBIA COTPYAHHUK JabopaTOpUH
OUOXUMUM U MOJIEKYIASIPHOU 6U0IoTUU MHCTUTYTa GHUOJIOTUH, 3KOJIOTHUY, TTIOUBOBE/IEHUS, CETbCKOT0
Y JIeCHOTO X03s1icTBa (BbuoJiorMyecKUid MHCTUTYT); CTapIIMi HAayYHbIM COTPYAHHUKOM JabopaToOpUu
WCC/IeIOBAaHUS M TNPUMEHEHUS CBEPXKPUTUYECKUX QJIIOUIHBIX TEXHOJIOTHH B arpomHUIIeBbIX
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OGUOTEXHOJIOTUSIX BhIclllel MHKEHEPHOU IIKOJIbI arpo6uoTexHOJI0THM TOMCKOTro rocyZjapCcTBEHHOTO
yHUBepCcUTeTa, np. JlenuHa 36, 634050, Tomck, Poccusi.

boiiko EkamepuHa BaadumMupoeHa - KaHJujaT 6H0JI0rH4YeCKUX HayK, JUPEKTOP 00pa30BaTebHOTO
1eHTpa Briciiell MHXXeHepHOH KO/l arpO6UOTEXHOJIOTUH; 01 eHT Kadeapbl PU3U0J0THU PACTEHUH,
OHMOTEXHOJIOTUU U 6MOUHPOPMATHUKM; MJIAJUIUNA HAYYHbIM COTPYAHUK JlabopaTOpUd OUOXHMUHU U
MOJIEKYJISIPHON O6uosiorud MHCTUTyTa GUOJIOTMH, KOJIOTHH, NIOYBOBEEHHUS, CEJbCKOr0 U JIECHOTO
x03sicTBa (bruosiornueckuil UHCTUTYT); CTapUIMI HAYyYHbIN COTPYAHUK J1JabOpaTOPUU UCCIeJOBAaHUS U
NpUMeHEeHUs] CBePXKPUTHYECKUX QJIIOUIHBIX TEXHOJIOIMH B arponuILeBbIX 6UOTEXHOJIOTUAX Briciiei
WHXXEeHEPHOMU LIKOJIbl arpo6uoTexHooruit ToMCKOro rocyapcTBEHHOr0 YHUBEPCUTETa, np. JleHHHa
36, 634050, Tomck, Poccus.

ABTOpJap TypaJibl MaJIiMeTTep:
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Boiiko EkamepuHa BaadumupoeHa - 6GWO0JIOTUS FhUIBIMAAPLIHBIH, KaHIUAAThl, ATpO6HMOTEXHO-
JIOTHUSIJIAp KOFapbl MHXKeHepJiK MeKTe6iHiH OKYy OpTa/IbIFbIHBIH JUPEKTOphl; OcimfikTep ¢usuo-
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