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AHHOTanus. B cTeNHBIX U NOMYNyCTHIHHBIX paiioHax Ka3axcTaHa MIMPOKO pacpoOCTpaHEHO
3aCOJICHUE II0YB, YTO OKa3bIBA€T IIPSIMOE BIHMSAHHME Ha CTPYKTypy PAacCTUTEIBHOIO IIOKpoBa. B
TAaKUX OSKCTPCMAJIBHBIX 3JKOJIOTHYCCKUX YCIIOBUAX I‘aJIO(l)I/ITHBIe PacTCHUA BBDKHBAIOT 3a CUET
0CO0BIX agarnTalliMOHHbBIX MCXaHU3MOB. ]_IGJ'IBIO HCCIICAOBAHUS ABJIACTCA U3YUCHHUC 3aKOHOMepHOCTCfI
9KOJIOTO-TeOTpaUIeCcKOTO PaCTPOCTpPaHEHUST W MOP(O-aHATOMHUUECKUX OCOOCHHOCTEH BHIA
Petrosimonia triandra (Pall.) Simonk., BcTpeuatomerocs Ha teppuropun LlentpansHoro Kazaxcrana.
B pa60Te HUCIIOJIB30BaAJINCh METOAbI ITOJCBBIX reo0OTaHUYECKUX Ha6J'IIO,Z[eHI/H7I, (bJ'IOpI/ICTI/ILIeCKOFO
aHalln3da, MHUKPOCKOIIMYCCKOIO aHATOMHUYCCKOI0 HCCICIOBAHUA U 3KOHOFO—(I)3KTOPHOI>1 OLICHKH.
B pe3yiibTaTe OBLIIO BBISIBIIEHO KCCpO—FaJ'IO(l)I/ITHOC CTpOCHHC BHJA, PA3BUTUC CYKKyHeHTHOﬁ
MIapEHXUMBI, PEAyKLUHUs JHUCTbEB, YTOJNIIEHHASA KyTHKyJa WM HaIW4YUE COJICAKKYMYJIUPYIOIIUX
BaKyOJ’IefI. HOJIy‘-IeHHLIe AAHHBIC IMO3BOJIAKOT IHOHATH aJallTAlIUOHHLBIC CTPATCTHUU I‘a.HO(l)I/ITOB u
OLCHUTH COCTOAHUE COJIOHYAKOBBIX 39KOCUCTEM HeHTpaHBHOFO Kazaxcrana.

KawueBble cioBa: Petrosimonia triandra, ranodut, Kcepo-raJodut, Mopdo-aHATOMHS, IKOJOTHYCCKAas aJarTarius,

COJIOHYAKOBBIC ITOYBBI.

STUDY OF THE ECOLOGICAL-GEOGRAPHICAL AND MORPHOLOGICAL
CHARACTERISTICS OF THE HALOPHYTE PETROSIMONIA TRIANDRA (PALL.)
SIMONK FOUND IN CENTRAL KAZAKHSTAN
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Abstract. Soil salinization is widespread in the arid and semi-arid regions of Kazakhstan,
which directly affects the structure of the plant cover. In such extreme ecological conditions, halophyte
plants survive through specific adaptive mechanisms. The aim of this study is to investigate the
ecological-geographical distribution patterns and morpho-anatomical characteristics of Petrosimonia
triandra (Pall.) Simonk. occurring in Central Kazakhstan. Field geobotanical surveys, floristic
analysis, microscopic anatomical studies, and ecological-factor assessments were applied. The results
revealed the xerohalophytic nature of the species, development of succulent parenchyma, leaf
reduction, thick cuticle, and the presence of salt-accumulating vacuoles. These findings help to
understand the adaptive strategies of halophytes and to evaluate the condition of saline ecosystems
in Central Kazakhstan.

Keywords: Petrosimonia triandra, halophyte, xerohalophyte, morpho-anatomy, ecological adaptation, saline soils.

Kipicne. Kazakctan aymarbiHbiH mamMamer 60%-1an actam 0eJIiri apuaTi dKoHe CeMHapUITI
oenneynepre okaranesl. Opranblk  KazakcTaHma TONBIPAKTBIH —TY3MaHYbl TaOWFU-KIUMATTHIK
(bakTOpiIapablH OCEpIHEH KaJIBINTACKaH KEH TapasifaH KyObuTbIC Ooublll TaObutambl. Ty3naHFaH
TOTBIPAKTapAa ©CETiH TaJo(PUTTEp KOFAPHI OCMOCTHIK KBICHIM, CY TAMIIBLUIBIFBI )KOHE HOHIBIK CTPECC
KaFJaibIHIa TIPIIUTIK eTyre OeiimMaenTe .

Kazakcran nopimik eciMmiKTepliH Ke3i perinae 0ail OonbIn TaOBUIATHIHIBIKTAH, OJApIbI
3epTTey KaxkeT. AmjaOyramap TYKBIMIACBHIHBIH Petrosimonia TybICHIHBIH Typiiepi Kasakcran
ayMarblHJa OHFAa JKYBIK Typl Ke3aecedl. ATanraH OCIMIIKTEp 3€pTTENIHIN JKaTKaH ayMaKThIH
KaTaH KJIMMAaTTBIK HIapTTapblHa Kapail Te3IMIUIK KOpCeTeTiH TY3/bl, IIeJEHTTI >XKOHE COpTaH
xepraepre oerimaenred. Petrosimonia 6CIMIITI — )aHa allbUTFaH, O01pakK TOJIBIK 3epTTENiN OiTrereH
Typ Oonbin caHanmanel. KeiTail rameimpapbl Petrosimonia sibirica TYpiH 3€pTT€H OTBIPHIN, OV
OCIMIIKTIH KypaMblHIa TaObUIFaH aJIKaJIOUATAap, CTEPOUATAp, TEpreHuaep, (aaBaHOMATAp >KOHE
(eHonapl KochbUIbIcTap 0ap eKeHiH aHbIKTalbl. by aranraH OMOJNIOTHSUIBIK OENICeH[II KOCHUIBICTap
anTuOaxrepuanbai 6encenainikke ue (Toktarbek sxone 1.6., 2024).

3eprTey KyMbICTapblHa cyiheHe oTwIpbin, Kazakcranga ecin sxarkan P sibirica, P.
glaucescens, P. triandra xone P. brachiata Typnepi OoibIHIIIa OUOJIOTHUIBIK OEJICEH 1 3aTTapAblH
camnaJjblK JKOHE CaHABIK KypaMbl 3epTrenreH. P. sibirica, P. glaucescens, P. triandra sxone P. brachiata
ecIMIIKTepiHEH GUTONpenapar JaibIHAay YIIiH MallepalisiHbIH KJIACCUKAIBIK 9/IICIMEH SKCTPAKTTAIl
YKOHE OMOJIOTHSIIBIK OCJICEHII KOCBUIBICTApPhIH jkeke okinaepin Oeminim anbiHabl (Toktarbek, 2021;
Seitimova 2022).

Petrosimonia triandra (Pall.) Simonk. — Amaranthaceae TyKbIMIacbIHa KaTaThIH O1pKBUTIBIK
ranoputr. Typ EypasusnelH apunari alMakTapblHAa TapajlfaH >XoHE TY3/1bl AKOTONTAPIIbIH
WHIVKATOPBI PETIHJAE KapacThIpbUIaNbl. 3epTrey KyMbIchl Opranblk Ka3akcTaHHBIH IO XKOHE
meJenT anamadTrapeiiaa Kyprizuial. Konganeuiran oficTep: MappyTTHIK-IKCTIEIULIUASIIBIK SJIIC,
reo0OTaHUKAIBIK CUNarTaMa, (DIOPUCTHKANBIK Taljay, MUKPOCKOIHUSUIBIK aHATOMHUSIIBIK Tajiay
YKOHE IKOJIOTHUSITBIK-(aKTOPIIBIK Oaraay.

Petrosimonia triandra (Pall.) Simonk. — YmaTtansIKTel copaHiia. BipKbUIIBIK ©CIMIIK.
buikriri 5-35 cM ecimamik, KbICBIHKBI KEJIT€H TYKTi, TIK, HETi3IHCHOKTakTajraH cabarbl Oap;
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JKarbIpaKTapbl KINTOPI3/l1, )KYMBIP KEJIT€H Y3bIHABIFBI 4 CM-Te JEiiH *KeTell, €H TOMEHI1 OesikTepi
Kapama-Kapchl opHasiacKaH. ['yJImorbIpbl Macak Topi3ail, ryjiaepi Oyiip »kakrapblHaH 2 Y3bIHBIPAK
KaWBIKIIATOPI3Al KYJITEHISIepAeH TYypalbl, KYJITEIIE >KambIpakiagapbl 3-Ke JKYBIK, JKaJaHall,
YUIKIPJICHT€H; aTajbIFbl 3, TO3aHJAapbIMEH, €KITICTI KOCBIMINA YJIKEH OOJIIKTepMEH KOpIIaJFaH.
AHaJbIK MOWHBI MOMHBIHAH Y3bIHBIpaK. ['yiaaeHy mep3imi miige MeH KbIpKyiHek apanbiFbiHaa. O
copTaHap/a koHe COpTaHAap/ia TONTACKIT HEMECE IIANTbIPAHKbI OCE/I.

Herisri 0eJim. Petrosimonia triandra (Pall.) Simonk. — AwmapaHTTap TYKbIMJAChIHA
(Amaranthaceae) >xaTaTblH OipXKBUIIBIK IIONTECIH TaJo(uT eciMAiK. Byl Typ Ty3manraH ToIbIpak
KaraalbIHIa ecyre OeiiMIeNTeH )KoHe apuATi SKOXKYHenepIiH KoTalchl3 pakTopiapbiHa TO3IMAUTITIH
KaMTaMachl3 €TEeTIH OipKaTrap MOP(OIOTHsUIbIK €pEeKILIETIKTEPIMEH CUIaTTala bl.

OcimaikTig Ouiktiri anerre 1040 cm apanbirbinna Oonagsl. Cabarbl TIK HEMecCe KOFaphbl
KeTepinin ecemi, TyOiHeH Oacram MoJ OYTakTaHAIbl, MWJIWHIAP TOpi3di, OETi Teric Hemece QJIci3
KbIpibl kesei. CabaKkTapblHBIH TYC1 ’KachUIIaH KbI3FBUIT-KACBUIFA JICHiH ©3repin OThIpaabl, acipece
KeMic Oepy Ke3eHIH/Ie KbI3FbUIT PEHK alKbIH Oaiikataapl. KymTi OyTakTaHybl HOTH)KECIHIC BIKIIIAM
OyTa MinIiHi KaJabllTacaabl, OYJI KypFaKIIbUIBIK KaFaalibiHa OCHIMICTYIIH MaHbI3Ibl OeIrici OOJIbII
TaObLIaIbL.

JKampIpakTapbl Ke3eKTeCil OpHAaCKaH, CaFaKChI3, €TXKEH/I )KOHE IIBIPBIHBI Keneai. MyHai
Oenri ramodur ecimuikrepre TOH. JKamblpak TakTajapbl KIHIIIKE CHI3BIKTHI Hemece 013 Topi3i,
KHUEKTepl Teric, ymbl ymkip Oonaabl. Kamblpak OeTi Tykci3 xoHe Teric. JKamblpakTrapiblH
CYKKYJIEHTTUIII ©CIMIIK YNalapblHia CYAbIH HHATyblHA MYMKIHIIK Oepiml, Ty3lap/blH >KOFaphbl
KOHIICHTPAIMSICBIHBIH 3USTH/IBI CEPIH TOMCHICTE/II.

I'ynnmepi ycak, ke3re aca Oaifkanmmaiiibl, KOCKBIHBICTBI. Onap >KOFaprbl KamblpaKTapIblH
KOJTBIFBIH/IA JKEKEe HeMece OipHEIIeyJeH OpHalachlll, Macak Topi3al TyJIoFelp Ty3emi. ['yacepiri
KapamaiibiM, 0ec JKyKa >Kaprak Topi3/li JKambIpakiiagaH TYpaabl. Typre yil araabIKThIH OOMyBl TOH,
OyJ1 OHBIH JIATBIHILA friandra («yII aTalbIKThD») aTayblHAA KOpiHiC TankaH. JKaThIHbI )KOFapFbI, O1p
YSUTBI KoHE O1p TYKBIMOYPILIKTI O0IaIbI.

Kemici — Kyprak, ycak »aHFaklla HeMece TyKbIMIna Topizai. O jkeMic IICKEH Ke3ze e
CaKTaJIaThIH T'YJICEPIKIIeH KanTaiaraH. TYKbIMAApHl YCaK, JoMaJlaKk HeMece CJl XKalllak, Kapa Hemece
Kapa-KOHBIP TYCTi 0onaabl. ThIFBI3 TYKBIM KaOBIFbI TYKBIMJIAPJBIH TY3JaHFaH JKOHE KypFakK opTajaa
Y3aK YaKbIT TIPIIUIIK KaO1JIeTiH caKTayblHA MYMKIHJIIK Oepei.

Tampip >Ky#eci KIHIIK TaMBIPJIbl THIIKE aTaJbl XKOHE OIPKBUIABIK OCIMIIK YIIiH KaKChl
nambiFaH. Herisri Tamblp TONBIPAKTBIH TepeH KalOaTTapblHAa CHIN, OCIMJIIKTI BUIFAJIMEH KOHE
MUHEpaJIbl 3aTTAPMEH KaMTaMachl3 eTefi. JKanama TambpIpiaaphbl OpTalia JaMbIFaH JKOHE TY3/1aHFaH
CyOCTpaTTarbl KOPEKTIK 3aTTap bl THIM/II MaiaananyFa jKaFaai xKacaibl.

Petrosimonia triandra TYpiHIH CYKKYJIEHTTI KambIpaKTapbl, BIKIIAM OyTa MilliHi, >KaKChI
JAaMbIFaH TaMBIp KYHECl KOHE KOOCH MYIICNEPIHIH EPeKIICTKTEPl OHBIH TY3JAaHFaH Kepiepie
TIPIILIIK €TyTre XKOFaphl Aapexeae OeliMaenreniria kepcereai. byn Genruiep ecimaiktin OpTanbIk
KazakcTaHHBIH %oHE 0acKa Ja apuATi aiMaKTapIbIH SKCTPEMaJIIbI SKOJIOTHUSUITBIK YKaF JaiiapbiHa KeH
TapajxyblHa MYMKIHJIIK Oepei.

Petrosimonia triandra (Pall.) Simonk. — Ty3apl *%oHE COpTaH TOIbIpaKTapFa OcHiMICITeH
ranoput eciMaik. Typ EypasusHbIH Kyprak >koHE MIONEHT aiiMakTapblHIa KeH TapanfaH. OHbIH
Heri3ri Tapany apeansl Opranblk Asusiabl, Kazakcranasl, Peceiiin oHTYCTIK O6:1iriH, MOHFOIIUSHBI,
KeiTaiiney 0aTeic oHipiepiH xoHe Kacmuii MaHbI OMITAThIH KAMTHU/IBL.

Kazakcran aymarsiHna Petrosimonia triandra HETI3IHEH 6N JKOHE WIOJNEUT TaOuFaT
30HANApBIHIA Kesnecemi. Typ ocipece TONBIPAKTHIH TY3/[aHy JCHICHi JKOFapbl aiiMakTapia KeH
tapanrad. OHbIH nomynauusanapsl Kacnuit manel olnarbiHaa, YCTIpT YcTipTiHze, bernaknanana,
Moiteinkymaa, bankami-Anakes obIchiHAA koHe OptanblK KazakcTaHHBIH KONTEreH COpTaHIbI
Ka3bIKTapbIH/Ia Ke3eCe/l.

Opranbik Kazakcranma Oyi ecimaik keOinece KaparaHibl OOJIBICBIHBIH TY3/bl KOJIEpl MEH
COpJIBI AJIKANTapBIHBIH MaHbIHIa TapasiFad. ConbiMeH Katap Hypa, Capsicy sxone Topraii e3eHaepiHiH
ananTapblHAAFel TY3JaHFaH JXepiepae ae ecemi. TypaiH Tapalybl TOMBIPAK KYpaMbIHAAFBl TY3
MOJIIIEPIMEH, JKEpP acThl CYyJIapbIHBIH JICHICHIMEH KOHE KIMMATTHIK >KaFdailJlapMEH TBIFBI3
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0ailIaHbICTHI.

Petrosimonia triandra xe0iHece cop, COpTaH, TaKbIP TOPI3Zl TONBIPAKTAP/IA KOHE YaKbITIIA
KYpFaiThIH TY3Abl KeJJEpIiH KarajayiapblHIa ecell. MyHJIall SKOJOTMSUIBIK OKaFdaiiap
Oacka ecCIMAIK TYpJEpiHiH TIPIIUNIi YIIH KOJAHChI3 OOJFaHIBIKTAH, TalopUTTEPIIH OachiM
TapajxyblHa MYMKIHIIK Oepeni. KeitOip eHipiepae Oy Typ OipiecTikTep Ty3im, raio@uTTi eciMaiK
YKaMBUIFBICBIHBIH MaHBI3/Ibl KOMIIOHEHTIHE aifHaIa IbI.

Typaiy reorpadusuiblK Tapalxy epeKIIETIKTepl OHBIH KOFapbl SKOJOTUSIBIK OeHiMIiiirin
kepcereni. On KypFakUIBUIBIKKA, TONBIPAKTBIH KYIITI TY3AaHybIHA JKOHE TEMIIEpaTypaHbIH
KYpT aybITKyblHa Te3iMiai kenemi. CoHablkTaH Petrosimonia triandra Ka3akCTaHHBIH apuATi
JKOXKYHenepiHaer: TaOuFu OCIMAIK >KaMBUIFBICBIHBIH TYPAKTbUIBIFBIH CaKTayla MaHbI3Ibl DOl
aTKapaspl.

Kazipri Tapaa KIMMaTThIH ©3repyl MEH aHTPONOTEeHJIK 9CeplepAiH KYLICHol XaraailbiHaa
rayiopuT OCIMAIKTEPAIH Tapally 3aHJbUIBIKTApbIH 3€pTTey epekiie MaHbi3ra ue. Ochl TYpFbIIaH
anranaa Petrosimonia triandra TYpiHiH TeorpadusIblK TapalyblH aHBIKTay OHBIH SKOJOTHSIIBIK
epEeKILEeTIKTepiH TEePEeHIpeK TYCIHyre >KoHE TY3[aHFaH KepiepAl THIMAI TainanaHy >KOJAapbiH
a3ipieyre MyMKiHAIK Oepei.

Petrosimonia triandra (Pall.) Simonk. — Ty3maHraH TOIBIpaKTapia ©CETiH OipKbUIIBIK
raiopuT eciMIiK. by Typ Heri3iHeH WIen >KOHE IIeJICUT alMaKTapIblH €PEKIIe SKOJOTHUSIIBIK
xKarjaiiapsiHa OeiiimaenredH. OHBIH TaOWFM Tapaylybl TOIBIPAKTBIH YKOFapbl TY3/bUIBIFBIMEH,
BUIFAJIIBIH KETKITIKCI3MITIMEH JKOHE KIMMATTBIH KYPFAKTHIFBIMEH CHIATTaNAaThIH ayMaKTapMeH
TBIFBI3 OANITAHBICTHI.

OCIMIIIKTIH HETi3ri MEKEH €Ty OpTachl — copiap, COPTaHaap, TaKbIpiap, TY3Ibl KOJACP/IiH
JKarajayaapbl KoHe MUHEpalJaHFaH JXKep acThl Cyjapbl aKblH OpHANTAacKaH ayMmakTap. MyHpaii
XKepliepJie TOMbIPAK KypaMbIH/A HATPHUM, XJIOpUA KOHE Cyiab(ar Ty3/lapbIHBIH MeJIIepi >KOFaphl
Oomanel. Kemreren eciMIik Typiepi MyHAal Kargainapia TIPIIUTIK €Te alMaWTBIHIBIKTAH,
Petrosimonia triandra cusiKTel TanouUTTEp SKOXKYHEIE MAHBI3IbI OPBIH aJIaIbl.

Typ eceTiH aliMaKkTapAblH KIUMAaThl KYpT KOHTHHEHTTIK cumarka ue. JKa3el BICTHIK opi
KYpFakK, ajl KbIChI CYbIK Ooazbl. JKayblH-1IalIbIH MeJIILIEpP] a3, )KbUIABIK OpTallla KepceTKilll KeOiHe
100-300 mMm apansiFpiHaa e3repeli. bynany neHreiinig Korapbl 00ybl TONBIPAKTHIH €KIHII PETTIK
Ty37aHyblHa bIKHaN eteai. OcbiHmai xarnainapna Petrosimonia triandra ©3iHiIH (U3HOJIOTHSIIBIK
YKoHE MOP(OTOTHSIBIK OeHiMaeTyaepi apKbLIbl TIPIIUIITIH CaKTalabl.

OciMIik KeOiHece amIblK KYH Coylieci MOJ TYCETiH jkepiepae eceni. JKapblK CyHrimn Typ
peTiHae KeJIeHKelNl opTafa cupek kesaeceli. KyH panuanuschlHbIH KOFapbl JeHreii (GoTocuHTe3
KApKBIHABUIBIFBIH aPTTHIPBIN, OCIMIIKTIH KbICKA BETETAUSUTBIK KE3€H IMIIHIEC TOJBIK JaMybIHA
MYMKIHJIIK Oepeti.

TomnbIpak bUIFAJIBIHBIH TAIIIBUIBIFBI a TYPAIH TIPUIUIIK €Ty OPTaChIHBIH MaHbI3/1bl €PEKILIETIT
6onbin TaObpuIaabl. OcklFaH OalaHBICTBI OCIMIIK YJINalapblHAa CyAbl JKHHAKTayFa MYMKIHJIK
OepeTiH CyKKYJIEHTTIK KacueT KajblnTackaH. COHBIMEH KaTap TaMblp >KyHecl TONBIPAKThIH TEPEH
KabaTTapblHaH bUIFaJ CiHIpyre OeHimMaenreH.

Petrosimonia  triandra xeOinece Oacka rajgoduT TypiaepiMeH Oipre  eciMIIK
KaybIMJIACTBIKTapbIH Ty3edi. Onap TOMBIPAKTHIH APO3UsAFa YIIBIPAYbIH TOMEHAETYTE, TY3IaHFaH
KepIepiH ©CIMAIK KaMBUIFBICHIH KaJBINTACTBIPYFa JKOHE IKOKYHWEHIH TYPaKTBUIBIFBIH CaKTayFa
bIKOaN eremi. TypaiH MyHAal KaybIMIACTBIKTapIarbl PeJli OHBIH TaOWUFH OpPTaJarbl YKOJOTHUSIIBIK
MaHBI3BIH KOPCETE/Ii.

Ocsinaiiia, Petrosimonia triandra Xorappl TY3IbUIBIK, bUIFAJ] TaNIIbUIBIFBI, KYILUTI
KYH paJuanuschl >KOHE TEMIIepaTypaHbIH YJIKEH aybITKYTapbl TOH SKCTPEMAIbl JKOJIOTHSIIBIK
XKarjaiiapia eceTiH rajgodur eciMIaik O0oibin TaObUIaAbl. byl epekiienikrep OHBIH apuATI KoHE
TY3/1aHFaH SKOXKYHeIepAiH MaHbI3/1bl KOMIIOHEHTI €KeHIH JoNIeAeH/I.

Petrosimonia triandra (Pall.) Simonk. — Ty3manfan TombIpakTapaa TIpIIUIIK €TyTre >KOFapbl
nopexene OediMaenreH ranoduT eciMAik. byn TypaiH TaOuFu opTajga KeH Tapalybl OHBIH
MOP(OIOTHAIIBIK, aHATOMUSUIBIK %KOHE (DU3HMOTOTHSIIBIK epeKIIeikTepiMer OaitnansIcTsl. Ty3napasiH
KOFapbl KOHIICHTPALMSACHI KONTETeH OCIMIIKTED YIIiH cTpecc (hakTopsl O0bIN canaica, Petrosimonia
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triandra MyHal sxaraniapa KajabllIThl ©CIM, JaMyFa KaOuJIeTTI.

OCIMAIKTIH Heri3ri Oedimaeny epekiienikTepiHiH 0ipi — jKanblpaKTapbl MEH ca0aKTapbIHbIH
CYKKYINeHTTI 0omybl. CyKKYJIGHTTI yJmajgapia CyIOblH KOl MeJIepJe >KHHAIYBl Kacylla
MIBIPBIHBIHAAFBl TY3 KOHIIGHTPAIMSACHIH TOMEHACTYre MYMKIHIIK Oepeni. HoTmxkeciHme eciMaik
YKacylIaJapbIHBIH TIPLILTIK 9peKeTi TYPaKThl CAKTAJBII, TY3apIbIH YBHITTHI 9CEP1 a3asi/ibl.

Ty3nanyra OeHiMaenymiH Tarbl Oip MaHBI3IBI MEXaHH3MI — jKacyllajdapAarbl OCMOCTBIK
perTeny. OCIMIIK KacylanapblHaa dPTYPJi OPraHUKAIBIK KOCHUIBICTAP MEH HMOHIAp *KHUHAKTAJIBIM,
Cy anmacy mpoteci perreneai. by KyObUIbIC TONBIpaK €piTiHAICIHIH TY3IBUIBIFBI )KOFAapbl OONIFaH
XKaraaiia qa eCIMIIKTIH CyIbl CIHIpyiHE MYMKIHIIK Oepei.

Ty3nanyra Oeilimaeny Kacueti. Petrosimonia triandra apThIK Ty30apiabl Kacylia
BaKyOJIbJICPIHIE JKMHAKTAay KaOineTiHe we. Bakyonmbaepne OKIIaylaHFaH Ty3lap LUTOILIa3Mara
3USH KENTIPMEHAl KOoHE OCIMIIKTIH KaJbINThl (U3HOJIOTHSIBIK KBI3BMETIH KamMTaMachl3 €Te/Il.
MyHaii MexaHu3M Ty3apAblH YIIbl 9CEpiHEH KOPFaHYIbIH THIM/1 KOJIbl OOJIBII TaObLIaIbI.

Typain TambIp Kyleci e Ty3aaHFaH opTara OeifimaenreH. TaMmbIpiaap TONbIPAKTAFbl bUIFAJJIbI
TUIMII TaiaiaHpIll, MHHEPANIbl 3aTTaplbl CiHipyre MyMKiHaik Oepeni. CoHbIMEH Katap Keuoip
MOHJAp/AbIH OCIMIIKKE IIaMaZaH ThIC TYCYIH IIEKTeyre Karbicaabl. byl KacueT eCiMIIKTIH Ty3.bl
opTaaa TYpakThl JaMybIHa XKarAal KacanIbl.

OCIMIIIKTIH KbICKA BETETALMSUIBIK KE3€H] 1€ SKOJOTHIBIK OeiiMaenyain Oip kepiHici 00bIm
Tabbl1aabl. O KOKTEMI1 YKOHE >Ka3[blH OachIHIAFbl CaJIbICTHIPMaibl KOJAWIbl KE3€HJEe Te3 ecil,
TyJaen xoHe TYKpiM Oepemi. Ochlnaiiiia, eciMIIK KOpIIaraH OPTaHbIH aca KOJaiChI3 JKaraanimapbl
OacTaiFanfa JICHiH ©31HIH TIPIILIIK IAKIIH assKTaNl b,

TyKbIMIapbIHBIH CHIPTKBI KAOBIFBI THIFBI3 OOJIBIN KeJe/1, OYJT OJlapIbIH TY3/bI TONMBIPAKTa Y3aK
yaKbIT caKTalyblHa MYMKiHJIIK Oepeni. Komaiinel sxargail TyFaH ke3qe TYKbIMIAp OHiIl, KaHa ypIiak
KaJIBIITACThIPaAbl. MyHal KacHeT TYP/iH TaOUFU MOMyIISIUsIaAPbIHBIH TYPAKTHUTBIFBIH KAMTaMAacChI3
eTeni.

Ocepunaiiiia, Petrosimonia triandra TypiHiH Ty31aHyFa OediMaenyi CyKKYJICHTTI MyIIeIepIiH
KaJIBIIITACYbl, OCMOCTBIK PETTEIy, TY3/apbl BAKYOIbACPAC KUHAKTAY, THIM/II TaMBIP JKYHeci )KoHe
KOJIaWChI3 JKaFdaiapra Te31MJl TYKbIMIAPAbIH TY3UIyl CHSIKTBI KYpIell MEXaHHU3MJEP apKbLIb
Ky3ere acanpl. by OeliiMaenynep oCIMAIKTIH Ty3[aHFaH dKOKyHenepae TaObICThI TIPIIUIIK eTyiHe
JKOHE KeH TapaJlyblHa MYMKIHIIK Oepe/ti.

Kazakcran »jkokyiiesepinaeri ragodgurrepaid MaHbI3bl. [anodurrep — TyY3mMaHFaH
TOTBIPAK JKaFJalblHIA ecim-eHyre OeHiMaenreH eocimiaikrep ToObl. KaszakcTan aymarbiHIa
raiopuTTep IION JKOHE IMIONEHT alMaKTapAblH OCIMIIK >XaMBUIFBICBIHBIH MaHBI3IbI Kypamiac
Oeuiri Oonbin TaObUTaABI. EX aymMarbIHBIH e1oyip O6JIiriH Ty3[aHFaH Kepiep alblll KaTKAHAbIKTaH,
raIoUTTEPAiH SKOJIOTHSUIBIK )KOHE MIapyalTblIbIK MAHbI3BI EPEKIIIE.

lamodutrep eH annbIMeH TY3[IaHFaH SKOXKYHENepAiH OUOJIOTHSUIIBIK SPTYPIUIITIH caKTay/ia
MaHpI3Ibl pen arkapaapl. Omap Oacka eciMIIKTEp TIPHIUIIK €Te ajJMalThIH Kojailchl3 opTajaa
OcCiIl, epeKIIe OCIMIIK KaybIMIACTHIKTAPBIH KAJBIITACTBIPAIbl. Byl KaybIMIACTBIKTap KOITEreH
KOHIKTEP/IiH, KYCTap/IbIH XKoHE YCaK jKaHyapJiap/IblH MEKEH €Ty OPTachl MEH KOPEKTIK 0a3achl OOJIbII
TaOBLUIAIBL.

lanodurrepain Tarbl Oip MaHBI3ABI KbI3METI — TOMBIPAKTHI KOpFay. OnapAblH KaKChI
JAMBIFAH TaMbIp KYHeci TONbIPaK OeJIIeKTepiH OEKITiM, kel )KOHE Cy SPO3HSCHIHBIH aJAbIH alajibl.
Ocipece KazakcTaHHBIH KYpFaK aliMakTapbIHAA JKeJI dPO3USCHI KEH TapalFaHbIKTaH, raJodurrep
TOTBIPAKTHIH JIeTPaJaisiChiH O9CEHIETYTe BIKIAI ETEIl.

lNanodur eciMaikTep TONMBIPAKTHIH TY3 PEKHUMIH peTTeyre ae Karbicaabl. Kelibip Typiep
TOTBIPAKTAH TY3Jap/Ibl CIHIPIM, 63 YINMalapblH/a KUHAKTal anagbl. by KacueT Ty3nanfraH skepiepil
OMOJIOTHSUTBIK JKOJIMEH KaJIbIHA KENTIpyae, SFHU (QUTOMETHopausaaa KEeHIHSH KOJIJIaHBLIA b,
ConppIkTan rano@uTTepi Aerpajalusra YIIbIparaH >KOHE TY3JaHFaH >Keplieplii urepy OapbiChiHAa
naiiianany SKOJOTHSUIBIK TYPFbIIaH THIM/I1 OOJIBIN caHaIa bl

KazakcTaHHBIH >KaWBUIBIMIBIK SKOXKYHEIepiHae Ae ranopuTTepaiH MaHbI3bl 30p. OnapiabiH
KerOip TypJsiepi Mall a3bIFbl PETiHJIE MaiaTaHbUIAbI KOHE KYPFAKIIBUIBIK JKaFIalbIH/IA JKaWbLTBIM
OHIMIITIH caKTayFa KeMekTeceli. Ty3fa Te3iMIi ecCIMAIKTEepIiH OONybl MIeJEHT XKoHE el
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aliMaKTapIarbl MaJl MIapyaIlbUTBIFBIHBIH TYPAKTBUIBIFBIH apTTHIPAIBL.

lNanodurrep KIMMATTBIH e3repyiHe OeliMJIeny TYpPFBICBIHAH J1a MaHbI3abl. Onap XKorapsl
TeMIIeparypara, KypFaKIIbIIbIKKA JKOHE TOMBIPAK TY3IBLIBIFBIHBIH apTYbIHA TO3IM/Ii OOJIFaHIBIKTaH,
Oojamrakta apuATeHy YIepici KYIIEHTeH j>Karaaija SKOXKYHeNIepaiH TYPaKThUIBIFBIH KaMTaMachl3
€Ty/lle MaHBI3Bl PoJ aTrkapybl MyMKiH. COHBIMEH KaTap OYJ OCIMIIKTEPIiH Ty3Fa TO3IMILIIK
MeXaHU3MJIEPiH 3epTTey aybll MIapyallbUIbIFbl JAKbUIAAPBIHBIH KaHA TO3IMI COPTTAPBIH LIBIFAPyFa
FBUIBIMH HET13 O0JIabl.

Opranbik Kazakcranparsl Petrosimonia triandra CUSKTBl TalnoQUT Typiepi Ty3laHFaH
KepIrepiH TaOUFU OCIMIIIK )KaMBUIFBICHIH KAJIBIITACTHIPHII, YKOXKYHETepIiH KbI3METIH CaKTayFa yiec
Kocazapl. Onap 3aT aifHaJIBIMBIHA KaTBICHIT, OPTaHUKAJIBIK 3aTTap/IbIH KIHATYbIHA BIKITAJ €Te/Il XKOHE
KOITEereH OpraHu3MJIep/IiH TIPUIUIIK eTyiHe KOJalbl xKarai kacaibl.

Ocpbinaitma, ramogurrep Ka3zakcTaHHBIH Ty3/laHFaH JKOHE apHUATI SKOXKYHeEIepiHiH
9KOJIOTHSUIBIK TYPAKTBUIBIFBIH KaMTaMachl3 €TETiH MaHbI3Ibl ©CIMIIKTEP TOOBI OOJBIN TaObLIAIbI.
Onap OHMONOTHSNIBIK OPTYPJLUTIKTI CakTay, TONBIPAKThl KOpFay, TY3[JaHFaH >KepJepil KalIblHa
KeNTIPY JKOHE KaWbUIBIM pPECypCTapblH THIMJI MalfaliaHy CHUSKTHl KONTETeH JKOJOTHSIIBIK >KOHE
[IapyalIbIIbIK KbI3METTEP aTKaApabl.

Marepuangap MeH Jaicrep. 3eprrey NpPOIECIHAE KIACCHUKAIBIK  OOTaHUKAJBIK
(OarpIT-0aFAAPIBIK; SKOJIOr0-CUCTEMATHUKAJIBIK; HKOJIOTO-TeorpadusiIbK) MICTep MalJanaHbUIIbL.
XKymeic nporniecinge borannka xoHe GUTOMHTPOAYKINS MHCTHTYTHIHBIH KOJUIEKIIMOHIBI KOPBIHBIH
(AA) repOapuit marepuanmapel 3eprrenmi. [epOapuit xunay CkBopuoB A.K. (1977) omici
OoipIHIIA >Ky3ere acanpl. JKuHanFaH MarepuasiapAbl COMKECTeHIIpy YIUiH (GyHIaMEeHTaIbI
ecenrep maimananbuinbel: «dmopa Kazaxcrana» (1956-1966), « ImmrocTpupoBaHHBIN ONIPEICTUTENb
pactenuii Kazaxcrana» (1969; 1972), «Onpenenutens Cpenaneit Azuu n Kazaxcrana» (1968-1993).
Ocimaiktep Typnepin aray C.K. UepemanoB (1995) momimerimen »xyprizinai [[laBroB, 1928;
WnmroctpupoBanuslid..., 1972; Yepenanos, 1995]. Kasakcran TeppuTopHsiChbl ayMarblH1a TapajraH
TYpJiepAi KepceTy YIIiH (IOPUCTHKAIBIK aylaHAACTBIPYABIH JKaHa ChI30achl KaOBUIIAH/BI.
OciMIIIKTep O9CTYpiil. TeoOOTaHUKAJIBIK 3€pTTEYlep OAICTEpIH MaifanaHy apKbUIbl 3€pTTENi.
OciMaiK Marepuasfapbl CTaHIAAPTThl TepOapHillliK SMICIEH >KMHAMIbIN, 3€pTXaHalbIK Karjaaiina
AQHATOMISUTBIK KECIHIIEP AalbIHIAIIBII, KapPBIK MUKPOCKOIIBIH/IA 3€PTTEI/II.

Horu:kesep MeH Tanaxkpuiay. Petrosimonia triandra copraH oWbICTapAa, yakbITIIA Keyir
KaJIaThIH TY3/bl KOl TabaHJapbIH/Aa KOHE TaKbIp TOPI3Al *KepiepAe TapalFaH.

KimmMarel KypT KOHTHHEHTTI, *KaybIH-IIabIH Mestmepi 150-250 mm.

MopdonorusuiblK - epeKIienikTepi: OIp)KbULABIK IIeNTECIH ©OCIMIIK, cabaFbl LIBIPHIHJIBL,
JKambIpaKTaphbl peAyKIUsIaHFaH, TyJIepi YCak.

AHATOMUSUTBIK Oenrijiepi: KaablH KyTHKYJA, Cy dKHHAYIIBI TapeHXUMa, OTKI3TIIl MOKTap/IbIH
TBIFBI3 OPHAJIACYBI, TY3 )KUHAYIIIBI BAKyOIBIEP.

Petrosimonia triandra (Pall.) Simonk — Ka3zakcranna ty3ra Te3imi (ranoput) eciMaik. OHbIH
Tapany animMarel Heri3iHeH ConrtycTik kxoHe Optanblk Ka3akcTaHHBIH TY31bI-0aTIIAKThI, IIAJIFBIH]IBI
YKOHE IIOJICUT XKepiiepiHe colikec kenei. HakTel TipkenreH sxkepiepre XKapcop Y pkanr kesepi xyieci
(Contyctik Kazakcran 00IbICH) )KaTaabl, MYHJIa ©CIMIIIK TY3/bl IIAJFBIHIAD MEH KOJIIH KUETIH/IC
anbikTanradn. ConbiMeH KaTtap, Contycrik KazakcraH OONBICHIHBIH TY3[bl OaTMaKThl aJKANTaphbl
MeH Opranslk KazakcTaHHBIH Ty3/naifaH JalaiblK aliMakrapbliHIa 1a ke3znecemi. OHBIH Herisri
tapanybl Contyctik xoHe Opranblk KazakcTaHHBIH TY3IbI-0aTHAKTHl JKOHE IIOJEUT aajanapsl,
Peceiinin OHTYCTIK oHE OopTasbIK Oeiikrepi, O30ekctan, TypikMeHcTaH, KpIpFbI3CTaHHBIH TY3/bI
Jana JKoHe IeselT aiMakTapsl, Mpan, Ayranctan, [TokicTaHHBIH CONTYCTIK aiMaKTapbl skoHe batbic
Kerraiinsry (ILIbsrHkan) ca3mbl )koHE TY3/bI TOMBIPAKTApbIMEH MISKTEeNeAl. byl Typ Ty3apI-0aTmakTsl
IKOXKYyHenepre OeriMenTeH TATOMUTTIK ©CIMIIK OOBIT TaObLIA B,

KopobiThiHabl. Petrosimonia triandra — Optanslk KazakcTaHHBIH cOpTaH JKOXKYHenepine
JKOFaphl opexene Ociiimaenren kcepo-ragodut ecimaik. OHbIH MOP(0-aHATOMHSUIBIK KYPBUTBIMBI
TY3/IbI )KOHE KYpFaK OpTajia TIpIIUTIK eTyre OarbITTalfFaH.

3eprTey HOTHMXKeJepi alMakThIK rajopuTr (IOpacklH FHUIBIMH TYPFBIAAH JKyleneyre >koHe
IKOXKYHETIIK TYPaKThUIBIKTBI OaranayFa MYMKIHIIK Oepei.
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Cyper 2. Petrosimonia triandra pall simonk ecimairi

Cyper 3. Petrosimonia triandra pall. Simonk eciMIiriHiH >kep MapbIHIa Tapaybl
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WATER HARVESTING SWALES IN AGRICULTURE: IMPROVING RECLAMATION,
EROSION CONTROL AND MOISTURE RETENTION
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Abstract. The article is devoted to the study and application of swales, simple hydraulic
structures designed for water management and prevention of soil erosion. The historical roots of this
technology are considered, starting from the Neolithic revolution, when small embankments were
used to retain floodwaters. The article analyses the evolution of the use of swales from ancient liman
irrigation systems to modern permaculture design and describes their advantages in water resources
management.

Swales are shallow ditches laid along contour lines of the terrain and serve to retain surface
water and promote its gradual infiltration into the soil. They prevent water erosion, contribute to
moisture accumulation, improve water absorption and increase the productivity of agroecosystems.
The author emphasises their particular importance for Kazakhstan, where frequent droughts and floods
require effective anti-erosion measures.

The modern use of swales is also considered in the context of permaculture concepts. The
article highlights the role of key permaculture figures P.A. Yeomans and B. Mollison in popularising
swales and integrating them into the principles of sustainable ecosystem management. Particular
attention is paid to the use of geographic information system (GIS) technologies, which make it
possible to optimise the planning and implementation of swales and thus increase the effectiveness of
water-management measures.

Keywords: swales; water erosion; runoff; catchment basin; GIS technologies; permaculture design.

CY ’KMHAYFA APHAJIFAH CBEHJIJIEPAI AYBLI IIAPYAIIBLIBIFBIHIA KOJIJAHY:
MEJIMOPAIIUAHBI ’KAKCAPTY, JPO3UAHDBI BAKBIVIAY KOHE bIJITAJI/IBI CAKTAY

B.M. AiikemeB*
ActaHa XanblKapaiblK YHUBepcuTeTi, Actana, Kazakctan
*e-mail: aikeshev(@gmail.com

B.M. AiikemieB — PhD, Acrana xanpIkapajiblK yHHBEpCHTETI JKapaThUIbICTaHy MXKOFapbl
MeKTeOiHIH ara OKbITYmIbICH, AcTtaHa, Ka3akcran, e-mail: aikeshev@gmail.com, https://orcid.org/
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Anaarna. Makana cy pecypcTapblH OacKapy J>KOHE TONBIPAK SPO3USCHIHBIH  AJIJBIH
aly YILIIH KOJIJAHBLIATBIH KapamaiblM TUAPOTEXHHUKAJBIK KYpbUIBIMAAP, CBEMNIepAl 3eprrey
MEH KOJJaHyFa apHaJfaH. Byl TeXHOJOIMSHBIH Tapuxu OacTayiaapbl HEOIUTTIK PEBOIIOLHUSA
Ke3eHiHeH OacTtay anajbl, COJN Ke3[le TacKblH CyJapAbl ycTam Kajly YILIIH IIaFrblH Oererrep
naiijananeiiFad. Makanaza cBeIIIep/AiH €XeNri JUMaHbIK Ccyapy KyhenepiHeH OacTan 3aMaHayu
HepMaKyJIbTypalblK >KoOanayFa JEHiHIT HBOJIONMACH TaJJAHbIN, OJNAPIBIH Cy pPecypcTapblH
0ackapyaarbl apTHIKIIBIIBIKTAPbl CUIIATTAIA b

Caeitngep penbedTiH KOHTYPIBIK CHI3BIKTaphl OOMBIMEH Ka3bUIATHIH Tas3 apbIKTap OOJIBII
TaOBLIAIBI )KOHE JKEPYCTI aFblH CyJapbIH YCTall, OJap/IbIH TOMBIPAKKa OIPTIHIAET CiHYyiH KaMTaMachl3
eteni. Onap cy 3pO3UsCHIHBIH aJIJIbIH aJa/ibl, bUIFaJIIbIH dKUHATYbIHA BIKIAJ €Te/1, CY/IbIH CIHIpLTY1H
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JKaKcapTaabpl KOHE arpodKOXKyHenepAiH eHIMAUITiH apTThipansl. ABTop Kaszakcran >xarmaiibiHia
OJIapJIbIH €pEeKIlle MaHbI3AbUIBIFBIH aTal oeTell, OWUTKEH1 XKWl OONaThIH KYPFaKIIbUIBIK IEH CY
TaCKbIH/IAaphl TUIM/I1 SPO3UsIFa KapChl Iapayiap/ibl Tajarm eTel.

Ceeiiiepal  Kasipri  KoyJjaHy HepMakylbTypa TYXKbIpbIMJaMmMasapbl —ascblHAA Ja
KapacTelpbulaZbl. Makanana cBeilifiepal KEHIHEeH HacuxarTayJa >KOHE olapibl TYpakThl
JKOXKYHenepai Oackapy KaruaaTTapblHa EHTI3y[Ae IepMakKyJdbTypaHbIH Herisri eximaepi ILA.
Womanc nen b. MommuconHEIH peni kepcerineni. COHBIMEH KaTap, CBEHIIEpIi XocCmapiay MeH
SHTi3y/ll OHTalNIaHAbIpyFa MYMKIHIIK O€peTiH >XoHe Cy pecypcTapblH OacKapy IIapajapblHBIH
TUIMJIUTITIH apTTRIPAaThIH TeorpadusuIbIK akmaparThik xyienep (IAX) TexHonmorusmapsia KongaHyFa
epeKIIe Ha3ap ayJapblIaibl.

KinT ce3nep: cBeitnzep; cy 3po3uschl; OeTKi aFbiH; Cy skuHay anadbl; [AJK TexHomorusapsl; HepMakyibTypajblK xKooasay.

CBOP BO/JIbI C HIOMOIIIBIO CBEMJIOB B CEJIbCKOM XO3SIMCTBE: YJIYUIIIEHUE
MEJIMOPAIIUH, KOHTPOJIb 9PO3UHN U COXPAHEHUE BJIAI'K

b.M. AiikemeB*
Mexaynapoaubiii yauepcuteT Actana, Actana, Kazaxcran
*e-mail: aikeshev(@gmail.com

B.M. AiikemieB — PhD, crapmmii mpenonaBarens Beiciieill MIKOIbI €CTECTBEHHBIX HayK
MexayHapoaHoro yHuBepcurera Acrana, Acrana, Kasaxcran, e-mail: aikeshev(@gmail.com, https:/
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AnHoranusi. CraThsi MOCBSIIEHA HWCCIEAOBAHUIO U NPUMEHEHHIO CBEHJIOB, MPOCTHIX
TUAPOTEXHUYECKUX COOPYKCHHMM, INpEAHA3HAYCHHBIX 1 YIPABICHUS BOJHBIMU pECypcaMu M
MNpeAOTBpAlICHHUA SpPO3UU IIOYB. PaCCManI/IBaIOTCSI HUCTOPHUYCCKHUEC KOPHU I[aHHOI\/'I TECXHOJIOTUH,
HaYWHAas ¢ HEOJIUTUYIECKOU PEBOJIIOLUHA, KOT 1A HEOOJIBIIINE HACKIIIU UCIIOIL30BAINCE AJIA yACPKaHUA
IIaBOOKOBBIX BOJ. B crarne AHAJIMU3UPYECTCA ISBOJIIOLHA HCIIOJIB30BaAHUSA CBEMJIOB OT APEBHUX
JIJMMAHHBIX OPOCHUTEJIIBHBIX CUCTEM N0 COBPEMCHHOI'O NIEPMAKYJIBTYPHOI'O IIPOCKTUPOBAHMS, 4 TAKXKE
OITMCBIBAKOTCA UX MMPCUMYIICCTBA B YIIPABJIICHUH BOAHBIMHU PECYPCAMMU.

CBelnnl npeaACTaBIAIOT coboit HCFJ'IY6OKI/IC KaHaBBbI, ITPOJIOKCHHBIC 110 KOHTYPHBIM JIMHUAM
penbeq)a, U CIyXar Id YACpKaHHud MNOBCPXHOCTHBIX BOJA H obecreueHus HMX IOCTEINEHHON
uHOGUIBTpaMy B 1ouBy. OHM IPEAOTBPAILAIOT BOIHYIO 9PO3HI0, CIIOCOOCTBYIOT HAKOIICHUIO BJIarH,
YIy4qimraroT BOAOMOMIOIICHNUE U NOBBIMIAKOT IMTPOAYKTUBHOCTE aAIpO3KOCHUCTCM. ABTOp NOoAYCPKUBACT
nx 0coOyro 3HaunMOCTb 7151 KazaxcraHa, I71e yacTble 3aCyXu U HaBOAHEHHUS TPeOyroT 3((hEeKTUBHBIX
IIPOTUBOIPO3UOHHBIX MEP.

CoBpeMEHHOE TpPUMEHEHHE CBEMJIOB TaKkKe paccMaTpUBAaeTCs B KOHTEKCTE KOHIIETIIHN
NepMaKkynbTypbl. B cTaThe ocCBelaeTrcsi pojib KIIOUEBBIX MpEACTaBUTENECH mepmakyabTypbl [1.A.
ﬁOMcha u b. Mojnucona B MomnyJrsipu3anuu CBEHJIOB U UX HHTCTpAallkui B IIPHUHIIUIILI YCTOP’I‘IHBOFO
ynpaBJICHUSA  OKOCHUCTCMAMMU. Ocoboe BHHMaHUE YACICTCA  HUCIIOJIB30BAHUTIO TEXHOJIOTUM
reorpadudeckux wuHpopmanmonneix cucrem (I'MC), koTopple NO3BOISIOT ONTHMH3UPOBATH
IUTAHUPOBAHKE M BHEAPEHHE CBEIJIOB, TEM CaMbIM MOBbIMAs 3(PPEKTUBHOCTH BOJOXO3SIICTBEHHBIX
MEPOIIPUSATUH.

KiwueBble cioBa: CBeiinbl; BOmHAsS JpO3WsA; TMOBEPXHOCTHBIN CTOK; BomocOopHeii Oacceiin; ['MC-texHomoruu;

HepMaKyJIbTypHOE IPOSKTUPOBAHUE.

Introduction. The water resources of the Republic of Kazakhstan are characterised by a
high variability of seasonal runoff in internal catchment basins, which with high frequency leads to
natural disasters such as droughts and floods (Alimkulov et.al., 2021: 59-71). The frequency of severe
droughts in Central and Western Kazakhstan is once every 4—6 years, and in the regions of Eastern
and Northern Kazakhstan once every 845 years (Kozhakhmetov, 2016: 7-19)

Between 2005 and 2015, more than 300 floods of various origins were recorded in Kazakhstan,
of which 70% were associated with spring high water, 30% were caused by rainfall and 10% by other
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factors. Floods occur in Kazakhstan every year, but their distribution and scale vary greatly from
year to year, and catastrophic floods on Kazakh rivers occur approximately once every 50-100 years
(Ramazanova, 2015: 103-105).

This article examines the importance of simple hydraulic structures, the so-called swales
(embankment-ditch systems, swales), in minimising losses from droughts, floods and soil erosion
and in increasing ecosystem productivity.

History of swale use. Archaeological research has shown that people have been using the
swale technology since the Neolithic revolution. According to G.N. Lisitsina, the first stage in the
history of the emergence and development of irrigated agriculture was characterised by the appearance
of liman-type irrigated farming based on natural floods in the lower reaches of mountain streams
or in the zones of dying-out deltaic channels of lowland rivers. Floodwaters were retained by small
embankments bordering the fields. Already at that time, the first forms of land-reclamation works
emerged, expressed in the cleaning of silted deltaic channels and the diversion of excess water to lower
areas away from the fields. These measures not only made it possible to use flood flows rationally, but
also to gradually expand irrigated areas; this first stage covered the period from the 5th millennium to
the beginning of the 1st millennium BC (Lisitsina, 1965: 169).

Today, swales are a key element of modern landscape design and water-resources management.
These engineering structures are intended to retain and distribute snowmelt and rainwater runoff,
improve soil water infiltration and prevent erosion. Swales are shallow ditches located along contour
lines of a site; their main task is to intercept and retain local runoff to ensure its gradual infiltration into
the soil. In agriculture, swales are used to improve the soil water regime, increase yields and reduce
erosion; they enable efficient distribution of snowmelt and rainwater, prevent the formation of erosion
gullies and create favourable conditions for plant growth ( Permaculture Fandom, 2024).

Structures and devices of independent use include infiltration ditches with embankments,
water-regulating (drainage) embankments on slopes, embankments with a wide base
(embankment-terraces), water-retaining embankments at gully heads, various flow-dispersing
devices and headwater and bed structures (Petel’ko, 2016: 242-245).

Modern swales as a concept of water-resources management and erosion control began to
develop in the mid-20th century. Important milestones in the history of swales include:

- 1950s: Australian farmer and inventor P.A. Yeomans introduced the “Keyline Design”
concept, which uses contour ploughing and swales to reduce loss of topsoil through water erosion,
improve the water regime and increase soil fertility (Yeomans, 1954).

- 1970s: Australian ecologist and designer B. Mollison together with D. Holmgren developed
the principles of permaculture, which include the use of swales to create sustainable agroecosystems
(Mollison, 1981).

Today, swales are promoted by various organisations, permaculture designers and ecologists
worldwide. Key figures in permaculture design include: G. Lawton, a well-known permaculture
designer and trainer actively promoting the use of swales in his projects worldwide; the Permaculture
Research Institute, founded by B. Mollison and G. Lawton, which is engaged in education and
promotion of permaculture, including swale application (Permaculture Research Institute, 2024);
specialists in ecological design such as M. Shepard and D. Doherty, who actively use swales in
their sustainable-landscape projects (Shepard, 2013: 330); and S. Holzer, a farmer and international
consultant on ecological agriculture known as “Holzer permaculture” (Xonsuep, 2012: 344).

Swales for soil-moisture conservation. Swales are used not only by innovators in
permaculture design; in routine agricultural practice they also occupy a worthy place. Swales are
used to increase water infiltration into the soil, thereby improving the water balance by replenishing
groundwater reserves and reducing the need for additional irrigation;

A special case of swales is embankment-terraces with a wide base, which are laid they are
widely used as elements of limans under liman irrigation ( Gostishchev, 2011). Out on land-use slopes
with a surface gradient of no more than 5°. Their parameters are: total height 0.3-0.6 m, base width
2.7-5.4 m, wet slope ratio 1:5 and dry slope ratio 1:4. Embankment-terraces are constructed parallel
both to contour lines of the terrain and to each other, and under conditions of excessive moisture
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and low filtration coefficient they are sometimes oriented at an angle to the contours. At the ends of
terraces built along contours, buttresses turned upslope at 120° are arranged, as well as earth bunds
every 200-300 m.

These simple hydraulic structures prevent soil wash, promote the conversion of surface runoft
into subsurface flow and thus increase crop yields; soil tillage is then carried out along the direction
of the embankments. The design of embankment-terraces and the spacing between them is performed
using specific formulas, the main goal being to set embankment parameters that ensure complete
retention of surface runoff within the terraced area, using a contour land-use plan with clearly defined
boundaries and areas with uniform slope.

Embankment-terraces are constructed with ploughs, bulldozers and graders; embankments up
to 0.5 m high are formed using standard ploughs by throwing soil from both sides, whereas higher
embankments are built with bulldozers and graders. Construction involves the following technological
operations: clearing slopes and filling small gullies and rills; setting out terrace lines on the slope;
removing the topsoil and loosening the foundation for the embankment, pond, bunds and buttresses;
layering and compacting the soil with allowance for potential settlement; arranging bypass channels
at the ends of buttresses; and covering embankments, bunds and buttresses with a thin layer (5—10 cm)
of topsoil followed by seeding.

To ensure proper functioning of embankment-terraces and prevent their erosion, it is necessary
to carry out regular inspections and promptly repair any damage.

Water-retaining embankments with a wide crest are created to retain runoft from the catchment
area and to stop gully growth; they are placed on land adjacent to the gully, above its head. A
water-retaining embankment consists of an earth fill and an excavation from which the soil used for
fill is taken. On loess and loess-like loams, embankments generally have the following dimensions:
crest width 2.5 m, base width 7.8 m, total height 1.5 m, working height 1.0 m, wet slope ratio 1:2 and
dry slope ratio 1:1.5.

When planning embankments, their axes are oriented parallel to contour lines and buttresses
are installed at 100—120° to the axis to more effectively retain surface runoff; the buttresses may be
closed or open with spillways for draining excess water. To improve runoff retention, bunds 2.5 m
wide are placed at right angles to the axis every 30-50 m. The crest of the embankment and the crest
of the buttresses are made strictly horizontal to prevent breaches and structural failure.

The length of embankments at gully heads is determined considering the terrain, width of
runoff and other site features, and usually does not exceed 400—500 m; the first embankment from the
gully head is placed at a distance of no more than three gully depths.

The construction technology of water-retaining embankments includes a number of
technological operations that ensure reliable bonding of the structure with the native soil and
compliance with all hydrological and construction calculations. Initially, the area of the future structure
is ploughed to a depth of 25-27 cm. Then the vegetation layer is removed from the foundation of
the embankment and future pond by bulldozer and temporarily moved upslope. After preparing the
foundation, the soil extraction area is loosened; the loosened soil is moved by bulldozer or scraper
and used to form the embankment. For maximum compaction, soil is placed in 40-50 cm layers and
each layer is compacted by tractor passes with a water-filled roller; levelling of the horizontal crest
surface is done with a bulldozer and the quality of works is checked with a level. The previously
removed topsoil is spread over the excavation in front of the embankment and over the embankment
body during its stabilisation; sod is laid in water-bypass and water-conveyance channels, and perennial
grasses are sown on the embankment, bunds and buttresses.

Compliance with the technology for creating water-retaining embankments and with periodic
inspections ensures their long-term operation and effective anti-erosion performance; if damage or
destruction occurs, repairs are performed, and when more than 30% of pond capacity is silted, urgent
cleaning is required (Apazhev et al., 2024: 78-87).

The combination of swales and shelterbelts provides a synergistic effect. Water-regulating
shelterbelts arranged across slopes, combined with simple hydraulic devices — embankments along
the lower tree line with bunds, deep (0.6-2.0 m) slit drains, intermittent trenches and pits between
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rows — increase water-infiltration effect by 2—3 times and anti-erosion effect by 3—5 times (Panov,
2021: 6-18).

Hydraulic anti-erosion measures on arable land (embankment-terraces, diversion
embankments and furrows) are highly effective: they reduce runoff depth by 30-50 mm and
soil loss by 8—12 times. Infiltration in runoff-regulating shelterbelts can further be increased by
combining them with practices that reduce soil freezing and increase flooded area (infiltration
surface) due to ponding of water coming from fields, such as mulching the soil in the inter-rows and
combining shelterbelts with ditches and embankments; this increases water absorption in shelterbelts
several-fold to 3000-5000 mm, and total water infiltration over the catchment can reach 40—-50 mm
(Barabanov, 2023: 36-46).

Methods for enhancing water infiltration in shelterbelts are conventionally divided into
biological (mulching), hydraulic (embankments, ditches, slits with filter fill etc.), hydromeliorative
(drainage—irrigation systems on afforested fields) and complex (biological, hydrological and
hydromeliorative) measures. If average water infiltration in runoff-regulating shelterbelts is 400—600
mm, then with infiltration-enhancing measures it increases several-fold and can reach 1500-2000 mm
and more on soils with low infiltration capacity (Barabanov, 2018: 23-30).

Long-term observations (1978-2018) have established the high anti-erosion efficiency of
swales combined with shelterbelts. The runoff-regulating role and service life of swales depend on
their position within the shelterbelt and on the presence of soil-protection agronomic practices in
the catchment, including contour-strip cropping patterns, special techniques such as micro-limans,
pits and intermittent furrows on fallow, slotting and mole-drainage in winter crops and perennial
grasses. These measures ensure retention of snowmelt runoft 50—60 mm deep and regulate soil loss to
controlled levels of 0.3—1.0 t/ha per year; exclusion of contour-strip cropping and special agronomic
measures markedly reduces the anti-erosion effectiveness of the bioengineering complex (Poluektov,
2020) (Vol’nov, 2017: 42-48).

Swales as a tool for controlling soil erosion. Swales are successfully used to combat soil
erosion. In the Republic of Kazakhstan, soil erosion, along with soil dehumification, is the most
widespread type of land degradation and causes significant economic and environmental damage,
threatening soil as both a key means of agricultural production and an independent biosphere
component (Vol’nov, 2017: 42-48).

Water erosion is the most widespread and damaging type of soil degradation due to its broad
geographical distribution and the depth and irreversibility of changes in soil cover; it is one of the most
powerful modern relief-forming processes, transporting enormous masses of material on cultivated
land, acting as a major source of environmental pollution and being among the primary causes of
siltation of small rivers and degradation of agro-landscapes (Manaenkov, 2015: 65-68).

According to the Center for Environmental Monitoring (New York, USA), at current rates
of erosion and deforestation by 2030 the area of fertile soil on the planet will decrease by 950 billion
tonnes and forests by 460 million hectares; if in 2020 an average of 0.27 ha of fertile soil per capita was
available, by 2030 this will shrink to 0.18 ha. Soil loss from 1 ha per year reaches 2—5 m?® on slopes of
1-2°, often 10—20 m?; on slopes of 4-6° it is 30—40 m? and sometimes exceeds 80 m? per year. Erosive
runoff carries away 50-75% of snowmelt water from fields, which sharply reduces soil moisture
and yields; yield losses on heavily eroded soils reach 60%, and on moderately eroded soils 30—40%.
Simultaneously, deep rills and gullies form, draining adjacent arable land and worsening conditions
for transport and agricultural machinery; eroded material carried through gullies and ravines clogs or
completely buries valuable floodplain meadows and arable land and silts rivers, ponds and reservoirs;
without anti-erosion measures, erosion develops at an accelerating pace (Suchkov, 2020: 56-61).

Runoff retention and redistribution prevent erosional processes and improve soil structure.
Long-term studies are presented on the influence of an anti-erosion complex on chernozem soils
consisting of a narrow two-row shelterbelt with a ditch in the inter-row and an embankment along
the lower edge, plus an embankment-terrace, in reducing spring runoff and nutrient export to the
hydrological network. Depending on the composition of the anti-erosion complex and the agronomic
background, snow-cover height and total water storage in snow were always higher and in some years
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reached up to 100% above the control, while runoff from treated catchments was always lower and
decreased by 26—-78%, reducing soil loss by 58-97%. In years without soil loss, nutrient export from
catchments with the most saturated anti-erosion complex (shelterbelt with ditch and embankment
plus embankment-terrace) was lower than in the control and decreased by up to 87%; in years with
noticeable soil loss, nutrient export decreased by 69% in the shelterbelt-plus-swale variant and by 58%
in the shelterbelt with swale plus embankment-terrace variant (Podlesnykh, 2019: 14-17).

Water-retaining embankments built at the heads of active gullies in the lower slope sections
not only stopped further gully growth but practically retained all snowmelt runoff from the catchment
in a pond in front of the embankment, transforming it into soil moisture; fine material eroded from the
catchment accumulated near the pond (Karpovich, 2012: 114-118).

Use of swales to increase yields. Anti-erosion complexes on sloping land in the form of
shelterbelts and embankment-terraces increase yields of winter wheat and barley by 0.38-0.73 t/ha,
perennial grasses by 4.50 t/ha, field pea by 0.32—0.45 t/ha and buckwheat by 0.14—0.44 t/ha compared
with areas without anti-erosion elements. The greatest yield effects are observed in years with
insufficient precipitation during the growing season (Tarasov, 2021: 59-63).

Design parameters of the simplest hydraulic structure, the ditch-embankment, used in
calculating the volume and mass of sediment are: ditch depth 0.6 m, ditch width at the top 1.5
m, at the bottom 0.5 m, slope ratio about 1:1, embankment height above the ditch crest 0.6 m,
water-holding capacity of the ditch itself about 0.5 m? per metre plus 1.5 m? per metre for ponding
in front of the embankment, with a total capacity of about 2 m? per linear metre. A 100-m-long
protective shelterbelt can retain a single surface runoft event of up to 200 m? including sediment.
Studies of complexes consisting of simple anti-erosion hydraulic structures — ditch-embankments in
the inter-rows of protective shelterbelts — show that they can reduce soil erosion and accumulate
sediment in the ditch and in front of the embankment in amounts of 0.84 t per metre at 2-3° slope
and up to 1.74 t per metre at 5-6° slopes (Balakai, 2024: 80-99).

Application of GIS technologies for the design and optimisation of swales. The
development of computer technologies and widespread access to global positioning and geographic
information systems has led to a new concept known as “precision agriculture” or “site-specific
agriculture”. Geoinformation technologies are a set of techniques, methods and tools for using
hardware and software for the processing and transmission of information that enable the functional
capabilities of GIS. These technologies integrate remote sensing of the Earth (RSE), database
management systems (DBMS), GPS, methods of geoinformation analysis and interpretation, internet
technologies, cartographic systems and digital-image processing; they are used to produce thematic
farm maps (land use, slope and aspect, soil types and properties, agrochemical data, crop condition,
yield etc.) (Fedorenko, 2019: 316).

It seems advisable to use GIS technologies to ensure rapid construction of swales because
modern GIS not only significantly reduce design and construction time but also increase the
scale of implementation. Using GIS, it is possible to quickly analyse topographic data, identify
optimal sites for swales, predict their effectiveness and coordinate construction works, which opens
up wide opportunities for mass adoption of swale technology, increasing the effectiveness of
water-management measures and improving the condition of agricultural land in the shortest possible
time.

At present, GIS are generally used only for graphical presentation of projects, which does not
fully exploit their potential. Using GIS for shelterbelt design makes it possible to accurately calculate
their location considering runoff and relief characteristics and substantially shorten design time.

As a calculation framework for designing shelterbelts and hydraulic structures in a GIS
environment, a method developed for the Central Black Earth economic region was used, according
to which runoff can be calculated by the formula:

W,=h-P-K,-FE-R-K, (1)

where W, is spring runoff, mm; h is zonal mean multi-year snowmelt runoff from bare fallow
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or compacted arable land, mm; P is a correction for soil type (subtype); K. is a coefficient describing
the effect of erosion degree (non-eroded and slightly eroded, 0.94; moderately eroded, 1.0; severely
eroded, 1.1); E is a coefficient accounting for slope exposure (north, 1.25; south, 0.75; north-west and
north-east, 1.12; south-west and south-east, 0.88; west and east, 1.0); R is an ordinate of the probability
curve used to convert mean multi-year runoff from maps to runoff with 10% probability (i.e. a runoff
amount that occurs on average once in 10 years or more); K is a coefficient of runoff reduction by
soil-protection agronomic or hydromeliorative measures.

GIS capabilities make it possible, using this relationship, to convert runoft depth in millimetres
into cumulative runoff volume in cubic metres and to calculate it for an entire catchment. Based on
a raster grid of runoff volume built automatically in GIS using a digital elevation model, and a grid
of flow-line lengths, shelterbelts can be designed; when the position of the shelterbelt is changed,
GIS automatically recalculates runoff volume in the inter-belt space, allowing determination of the
most effective spacing from the standpoint of runoff and soil loss. Depending on runoff volume, slope
length and other parameters, one or several shelterbelts may be required (Podlesnykh, 2023: 37-41).

Impact on microclimate. The creation of soil-protective shelterbelts and
agro-forestry—reclamation complexes in combination with swales plays a key role in forming a
favourable microclimate in agricultural areas. Swales are rarely used alone; they normally serve as
water-supply structures for shelterbelts, and their synergistic interaction greatly enhances moisture
retention, reduces soil erosion and improves agro-physical and agro-chemical soil properties.

From the standpoint of reducing soil wash, the most effective anti-erosion territorial
organisation is the agro-forestry—reclamation variant. At first glance it is the most expensive because
it requires planting two narrow two-row shelterbelts with an embankment along the lower edge and a
ditch in the inter-row along contour lines, perpendicular to runoff lines — an arrangement most effective
in minimising erosion—hydrological processes. However, due to a 70% reduction in average multi-year
soil loss, reduced energy-intensive tillage operations, more even snow distribution and conversion of
surface runoff into soil moisture, yields of cereals increase (Solov’eva, 2019: 50-59).

According to SP 100.13330.2016, a reclamation system is a set of interconnected hydraulic and
other structures and devices, including land plots within the rights-of-way of the reclamation system
or hydraulic structure, that ensure favourable water, air and thermal regimes of soils and microclimate
on reclaimed lands (Ivonin, 2022: 119-140).

Experience in agro-forestry reclamation has clearly shown that establishing a system of
protective forest plantations combined with other environment- and soil-improving practices in open
steppe has beneficial environmental effects, optimises agro-physical and agro-chemical soil properties,
increases accumulation of crop residues compared to open steppe and enhances biocenotic potential.
Research shows that shelterbelts significantly improve microclimate: 130 years of data indicate that
in fields protected by shelterbelts, the seasonal groundwater level is optimised, wind speed decreases
by 30-35% and snow accumulation increases by 25-30%, preventing deep soil freezing and rapid
snowmelt (Turusov, 2024: 92-95).

The positive effect of soil-protective agro-forestry—landscape complexes on crop productivity
can be explained by the formation of a favourable microclimate for plant growth and development
in the inter-belt space, as well as by the input of crop residues into the soil as the main source of
replenishing soil carbon stocks; the greatest differences among catchment variants were observed in
buckwheat, where yield was 12.8% (2.21 centners/ha) higher than in the control (Podlesnykh, 2023:
37-41).

Regulators of self-organisation of the agro-forestry—reclamation supersystem in farming
regions are the proportions of arable land, hayfields, pastures, forests and open water surface. Arable
land destabilises the self-organisation of the reclamation supersystem, whereas hayfields, pastures
and forests stabilise it; open water surfaces affect self-organisation through internal water cycling in
agro-landscapes, increasing relative air humidity and altering other microclimate characteristics and
groundwater dynamics (Ivonin, 2023: 62-75).

There is a need to develop systems for adaptive-landscape agro-forestry—reclamation planning
of arable lands. Agro-forestry reclamation measures for protecting soil from wind and water erosion
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and improving microclimate involve the creation of a system of forest plantations; such a system of
protective forest plantations is defined as an interconnected set of shelterbelts and small forest blocks,
rationally distributed across landholdings considering relief and soil conditions (Abduganiev, 2023:
422-428).

Conclusion. The review shows that swales are not only historically significant but also a
modern tool for water-resources management. Their effectiveness and versatility are confirmed by
long-term practical experience and contemporary research. Due to their simplicity and economic
affordability, swales play a key role in addressing land degradation, water erosion, droughts and floods,
especially in regions with unstable water regimes such as Kazakhstan.(1)

Historically, swale use began in the Neolithic, when they served to retain floodwaters and
increase crop yields. Today their role extends beyond agriculture to landscape design, ecosystem
restoration and permaculture. Modern concepts such as P.A. Yeomans’ Keyline Design and the
approaches of B. Mollison and D. Holmgren in permaculture demonstrate the high versatility and
effectiveness of swales, and their combination with shelterbelts generates a synergistic effect that
greatly enhances their functions.

Geographic information systems open new horizons for the design and management of swales,
making it possible to choose optimal sites, predict system efficiency and significantly reduce time
and resource costs. This underlines the importance of further integrating GIS into water-resources
management practices, especially under climate change and growing agricultural demands.

In the future, it seems appropriate to develop an innovative system for creating hydraulic
structures aimed at optimising the use of atmospheric-precipitation moisture in agriculture and other
sectors. The central idea is to employ artificial intelligence that uses GIS data to automate the design
of swales, shelterbelts, dams and ponds; the system would also automate earthworks by equipping
earth-moving machinery with guidance systems that ensure accurate construction of swales along
specified contour lines and of dams and ponds according to their 3D models. The proposed system
opens new opportunities for sustainable water-resources management and agricultural development
in Kazakhstan and beyond.

The use of GIS technologies and Al increases the accuracy and effectiveness of water-saving
projects, reduces costs and enables turnkey creation of highly productive agricultural areas. Further
research will improve methods for designing and implementing swales and associated hydraulic
structures, ensuring their wider and more effective application in diverse landscapes and climatic
conditions.
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Abstract. This article presents the results of studies conducted in the river basins of the
Bukhtarma Reservoir within the Irtysh River Basin as part of the scientific and technical program
of the Ministry of Agriculture of the Republic of Kazakhstan "Comprehensive studies of water bodies
for the conservation and sustainable use of aquatic biological resources based on the assessment of
their potential and modeling of stock dynamics" (BR23591095). The paper presents current data
on the taxonomic composition of the macrozoobenthos of the Bukhtarma Reservoir (Irtysh River
Basin) under present-day environmental conditions for the period from 2021 to 2025. The taxonomic
composition and dominant groups of benthic invertebrates were determined, and the interannual
variability of the macrozoobenthos was analyzed. According to the results of the conducted studies,
the zoobenthos in the investigated water area was represented by 29 taxonomic units. The maximum
number of taxa was recorded in 2023 (21 taxa), after which a decline was observed in 2024-2025, with
partial recovery. Oligochaete worms (Oligochaeta gen. sp.) made a significant contribution in terms
of frequency of occurrence. Chironomids were distinguished by their contribution to the formation
of zoobenthic species richness, crustaceans dominated in abundance, while mollusks showed variable
distribution and moderate diversity during the study period.

Keywords: macrozoobenthos, taxonomic composition, structure, dynamics, benthic invertebrates, Bukhtarma Reservoir,

Irtysh River Basin.
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Anaarna. Makanaga Kazakcran PecnyOnmukacel aybul mapyanibUIbIFel MEHACTPIITIHIH "Cy
OMOJIOTUSUIBIK PECYpPCTapblH CaKTay >KOHE TYpaKThl MaiilajaHy MakcaTblHAA Cy alJbIHIapbIHBIH
oneyeTiH Oarajiay »KOHE KOp JAMHAMHUKAChIH MOJENbJEY HETi3iHIe KEeIIeH]l 3epTTeyiep Kyprizy"
FBUTBIMU-TEXHUKAIBIK Oarnapiamackl (BR23591095) asceiaaa Eptic e3eni anabeianarsl bykTeipma
Cy KOMMAaCBIHBIH ©3€H alanTapblHAa KYPri3UIreH 3epTTeyIepIiH HOTHKeNepl YChIHbUIFaH. JKyMbIcTa
2021-2025 >xpuriap apajbIFBIHAAFBI Ka31pri SKOJOTHSIIBIK JKaFaaiiapaarel bykTeipMa ¢y KoiMachl
MaKpO3000E€HTOCHIHBIH TAaKCOHOMUSUIBIK KypaMbl Typallbl 3aMaHayd JAEepeKTep KeNTipuUIreH.
TynTik OMBIPTKACBI3NAPIBIH TAKCOHOMHSUIBIK Kypambl MEH OachiM TONTAphl aHBIKTAIBIIL,
MaKpO3000€HTOCTBIH JKBUIJAp apachIHAAFbl ©3TepriluTiri Tanmasabl. JKyprisuiren 3seprreynep
HOTHXKECIHJIE 3EPTTENITeH aKBaTOPHUSNAFBl 3000€HTOC 29 TaKCOHOMHUSIIBIK OipIIIKIIEH YCHIHBUIJBL.
Taxkconmapabiy eH ken canbl 2023 xbubl Tipkenal — 21 takcoH, oxan keiiH 2024-2025 xblinapsl
1IIiHapa KajmblHa KeJTyMeH Karap TemeHjey Oaiikanael. Kesmecy xuimiri OOMbIHINA a3KbUITAHIBI
kyprrap (Oligochaeta gen. sp.) eneyii ynec KOCTbl. XUPOHOMHUIATEP 3000€HTOCTBIH TYPJIIK OalIbIFbIH
KaJIBINTACTBIPYAAFbl YJIECIMEH EpeKIIeICH I, MASHTIPI3AIIED CaHbl OOWBIHIIA OachiM OOJIIbI, a
MOJUTIOCKAIAp 3epTTEy KE€3CHIHE 63repMelli TapalybIMEH >KOHE OpTallla OpTYPILIITIMEH CUITaTTaNIbI.

Tyiiin ce3mep: Makpo3000€HTOC, TAKCOHOMUSUIBIK Kypam, KYPBUIBIM, JHHAMHKA, TYNTIK OMBIPTKAack3aap, bykreipma cy

Koiimacsl, Epric e3¢Hi ana0sbl.
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AHHoOTanusi. B crarbe mnpencraBiaeHbl pe3yibTarbl MCCICHOBAaHUW, IPOBEAEHHBIX B
OacceliHax pek ByxTapMHHCKOro BOIOXpaHMJMILA B npejaenax OacceliHa pexku Mpreim, B pamkax
Hay4YHO-TEXHUUYECKOH mporpammbl MuHHcTEepcTBa cenbckoro xossictBa PecnyOnuku Kaszaxcran
"KoMILJIEeKCHBIE HCCIIEZIOBAHUS BOAOEMOB B LEISIX COXPAHEHUS U YCTOWYMBOIO HCIIOJIB30BaHUS
BOJIHBIX OMOJIOTMYECKHUX PECYPCOB Ha OCHOBE OLIEHKU X MOTEHIMalla U MOJICIMPOBAHUS THHAMUKU
3amacoB" (BR23591095). B pabote npuBeaeHb COBPEMEHHBIC IaHHBIE O TAKCOHOMHUYECKOM COCTaBE
Makpo3oobeHnToca byxTapmuHckoro Bomoxpanunuia (OacceitH pexu HpTeiin) B COBPEMEHHBIX
9KOJIOTMYECKUX ycnoBusX 3a mepuop 2021-2025 rr. OnpeneneHbl TaKCOHOMUYECKUH COCTaB U
JOMHUHUPYIOIIME TPYNIbl JOHHBIX OECIIO3BOHOYHBIX, a TaKKe IMPOAHAIN3UPOBAHA MEKIrO0Bast
M3MEHYMBOCTh Makpo3ooOeHToca. [lo pesynbraraM IpOBENEHHBIX MCCIEIOBAHUM 3000€HTOC
MCCJIEIOBAaHHOM aKBaTOpUHU OBLI MpeACTaBiIeH 29 TaKCOHOMUYECKUMHU €AMHHUIIAMU. MakcuManbHOe
YHUCJIO TaKCOHOB ObUTO 3apeructpupoBano B 2023 r. — 21 TakcoH, mocne dero B 2024-2025 rr.
HaOI01aJI0Ch CHUKEHHWE C YacTHMYHBIM BoccTaHoOBIeHHEM. CylecTBEHHBIH BKJAJ IO YacToTe
BCTPEYAEMOCTH BHECIU MaJIOlIEeTUHKOBBIE uepBU (Oligochaeta gen. sp.). XUpOHOMUIbI OTIINYAIIACH
BKJIaZOM B (OpMHpOBaHHME BHJIOBOTO OOrarcrba 3000€HTOCA, pPaKOOOpaszHble JIOMHHHPOBAIIN
[0 YHUCJIEHHOCTH, TOTAA KaK MOJUIIOCKM XapaKT€pU30BAJIUCh W3MEHUYUBBIM pACIPEICICHUEM H
YMEpEHHBIM Pa3HOO0pa3ueM B TeUEHHE UCCIIeyeMOro eproa.

KamoueBble cioBa: MaKp030066HTOC, TaKCOHOMUYECKUI COCTaB, CTPYKTypa, AWHaAMHKa, JOHHBLIC 68CH03BOH0‘{HHC,

ByxrapMuHCcKoe BopoxpaHuiHILe, 6acceitn pexu Mpreim.

Introduction. The study of the structure of benthic invertebrate communities is an important
area of hydrobiological research, since macrozoobenthos plays a key role in the functioning of aquatic
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ecosystems. Benthic organisms participate in the processes of organic matter transformation, serve
as an important link in trophic chains, and act as indicators of the ecological state of water bodies.
Analysis of the composition, abundance, and distribution of benthic communities makes it possible
to assess the level of anthropogenic impact, the degree of eutrophication, and the overall condition of
the aquatic environment.

Studies of benthic invertebrates acquire particular significance under reservoir conditions,
where specific conditions for the existence of hydrobionts are formed under the influence of
the hydrological regime, seasonal dynamics, and human activities. Changes in the structure of
macrozoobenthos reflect ecosystem transformation processes and can be used to assess the biological
potential of a water body.

The present study was carried out within the framework of the scientific and technical program
“Comprehensive studies of water bodies for the conservation and sustainable use of aquatic biological
resources based on the assessment of their potential and modeling of stock dynamics” (BR23591095).
The aim of the study is to investigate the structure of benthic invertebrate communities in the reservoir,
identify the features of their spatial distribution, and assess the current state of benthic communities
as one of the components of aquatic biological resources.

The Bukhtarma Reservoir, located in the Irtysh River Basin (East Kazakhstan), is a significant
fishery water body of the region and serves as a model system for studying the structure and dynamics
of benthic communities.

The Bukhtarma Reservoir was formed as a result of the impoundment of the Irtysh River (1960)
in a narrow section of the mountain valley, 12 km downstream from the confluence with the Bukhtarma
River. Its initial parameters at full storage were: surface area — 1,660 km?, volume — 26.099 km?,
length along the straightened fairway — 240 km, and maximum depth — 70 m. The reservoir extends
in a latitudinal direction between 83° and 84° E longitude and 40°50'—49°40" N latitude. It crosses
three climatic zones: forest-steppe, steppe, and desert-steppe. The climate of these zones is sharply
continental. According to morphometric and hydrological characteristics, the reservoir is divided
into three distinct parts: lake-river, mountain-valley, and mountain. The mountainous deep-water part
includes the section of the reservoir from the dam to the Narym expansion. It is bounded on the
northern side by the spurs of the Altai Mountains and on the southern side by the Kalba Mountains.
Accordingly, the bottom relief and the degree of shoreline indentation are complex. The drainage
network is well developed and includes about 40 small mountain springs and streams (11-40 km).
An exception is the Bukhtarma River (398 km), which provides about 40% of the annual runoff at
the cross-section of the Bukhtarma Hydroelectric Power Station dam. The bays are predominantly
deep-water and relatively small in area. In general, the littoral zone in this part of the reservoir is
poorly developed; the zone with depths up to the 4-m isobath accounts for 14%, while depths from 4
to 10 m account for 13.5%. The middle, mountain-valley part crosses the mountain-steppe and partly
the desert-steppe zones. Its length, including the Narym expansion, up to the conventional boundary at
the Kaznakov ferry crossing, is about 105 km; its width ranges from 2 to 9 km, and the maximum depth
is 37 m. The flooded valley, compared with the mountainous part, is not characterized by a complex
relief, and the shoreline is only slightly indented. The right bank, bounded by the Narym range, is
relatively steep, rocky, and composed of pebble-sandy deposits. The left bank, adjoining the spurs of
the Kalba Mountains and the Kyzyl-Kum sands, is more gently sloping and sandy. Depths along the
longitudinal profile vary from 37 to 15 m. The zone with depths up to 10 m accounts for 31% of the
total area. The vegetation surrounding the reservoir is predominantly xerophytic, and the shores are
open. The lake-river part belongs to the desert-steppe zone, includes the section of the reservoir from
Cape Korzhun to the Kaznakov ferry crossing. In the lake-river zone, the shores are gently sloping and,
in the lower Irtysh area, partially adjoin the hilly sands of the Kyzyl-Kum and the spurs of the Narym
range. In the northwestern part of the Zaysan Depression, the shallow Torangy Bay is formed, with
an area of up to 20 thousand hectares. The full-flowing mountain river Kurchum flows into this zone
and, together with the Bukon River entering from the left bank, forms the Kurchum—Bukon floodplain
waters, covering an area of about 30 thousand hectares.

The Altai Branch of LLP “RPCF” pays particular attention to the study of macrozoobenthos
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in the Bukhtarma Reservoir, since benthic organisms are one of the main components in the diet
of most fish species inhabiting the reservoir. The results of these studies have been published in
numerous works. In 2009, the monograph “Successions of biocenoses of the Bukhtarma Reservoir”
was published, which, among other things, summarized the results of benthos studies conducted during
the period 1961-2008 [Devyatkov, 2009:95].

It is a deep-water reservoir with a maximum depth of 70 m, which, according to its
morphometric and hydrological characteristics, is divided into three parts: lake-river, mountain-valley,
and mountain. The reservoir was formed in 1960 as a result of the impoundment of the Irtysh River.

Materials and Methods of Research. The material for this publication was based on data
obtained from comprehensive hydrobiological studies conducted in the Bukhtarma Reservoir during
the period from 2021 to 2025. Hydrobiological samples were collected annually at seven permanent
stations: Altaika, Vasilyevskaya Ferry Crossing, Bolshenarym Bay, Kara-Dzhurga, the mouth of the
Kurchum River, Oiran, and the mouth of the Bukon River, located in the northern, central, and southern
parts of the reservoir. The stations were selected taking into account the need to cover the main
ecological zones of the reservoir, including areas affected by river runoff, bay water areas, and open
sections of the water body. Sampling was carried out in two biotopes: the nearshore zone (littoral)
and the offshore deep-water zone (profundal), which made it possible to characterize the spatial
distribution of hydrobiological indicators in different parts of the reservoir.

The studies were conducted in accordance with generally accepted methods [Sharapova, 2018:
42]. Zoobenthos samples were collected using a Petersen grab sampler with a sampling area of
0.025 m?; organisms were washed from stones into the water, concentrated through gas sieves No.
38GG-52GG (500-375 um), and fixed in 4% formalin.

Nectobenthos samples were collected using an ichthyoplankton cone net 2 m in length with an
inlet opening area of 0.3 m>.

The collected material was processed under laboratory conditions to determine species
composition, total community abundance, total biomass, dominant taxa composition, as well as the
abundance and biomass of the main groups and species of zoobenthos and nectobenthos. A total of 60
quantitative zoobenthos samples and 45 nectobenthos samples were collected and processed during
the period from 2021 to 2025. Organisms were identified using currently accepted identification keys
[Zhadin, 1952:376; Chernovskij, 1949: 186; Pankratova, 1983: 296; Pankratova, 1977:154; Calolihin
et al., 1995: 628; Kutikova & Starobogatov, 1977: 512; Calolihin, 2000:993; Calolihin, 2001: 824].

Results and Discussion. Results and Discussion. According to the results of hydrobiological
studies, 29 taxa belonging to the groups Mollusca, Vermes, Hirudinea, Mysidacea, Amphipoda,
Ephemeroptera, Odonata, and Diptera were recorded in the macrozoobenthos of the Bukhtarma
Reservoir during 2021-2025. The greatest taxonomic diversity was observed in Diptera, represented
predominantly by the family Chironomidae. Among the mollusks, 8 taxa were recorded (Table 1).

Table 1. Taxonomic composition of the macrozoobenthos of the Bukhtarma Reservoir in
2021-2025

Frequency of occurrence, %

Taxon
2021 2022 2023 2024 2025

August August August June May
Mollusca
Cincinna depressa C. Pfeiffer - + - - 25
Viviparus viviparus (Linnaeus) - 33 8 8 8
Lithoglyphus naticoides C. Pfeiffer 33 57 17 8 25
Lymnaea ovata (Draparnaud) - - 8 - -
Anisus sp. - - 8 - -
Sphaerium sp. - - 8 - -
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Frequency of occurrence, %

Taxon
2021 2022 2023 2024 2025

August August August June May
Pisidium sp. - - 33 - -
Euglesa sp. - - 8 - -
Total number of taxa: 8 1 3 7 2 3
Oligochaeta
Oligochaeta gen. sp. 92 57 8 100 75
Total number of taxa: 1 1 1 1 1 1
Hirudinea
Piscicola geometra (Linnaeus) - 8 8 8 17
Total number of species: 1 - 1 1 1 1
Mysidacea
Paramysis lacustris (Czerniavsky) - 75 92 17 17
P. intermedia (Czerniavsky) - 67 100 17 17
Total number of species: 2 - 2 2 2 2
Gammaroidea
Gmelinoides fasciatus (Stebbing) 17 25 33 - 33
Micruropus possolskii Sowinsky - 25 42 - 8
Total number of species: 2 1 2 2 - 2
Ephemeroptera
Ephemera orientalis McLachlan - - - - 8
Total number of species: 1 - - - - 1
Odonata
Orthetrum cancellatum Linnaeus - - 8 - -
Total number of species: 1 - - 1 - -
Diptera sp.
Diptera sp. - 8 - - -
Total number of taxa: 1 - 1 - - -
Ceratopogonidae
Ceratopogonidae sp. - - 8 - -
Total number of taxa: 1 - - 1 - -
Chironomidae
Endochironomus albipennis (Meigen) 8 25 - - 17
Glyptotendipes gripekoveni Kieffer 17 8 17 - 8
Cryptochironomus gr. defectus 8 - 67 - 17
Procladius sp. 8 - - 17 8
Micropsectra sp. - - 17 - -
Tanitarsini sp. 17 - - - -
Chironomus ex gr. plumosus 58 25 - 42 42
Chironomus sp. 8 - 8 8 -
Parachironomus sp. - - - - 8

32



ISSN 3106-9215  eISSN 3106-9223 Natura scientia journal, 2(2) - 2026

Frequency of occurrence, %

Taxon
2021 2022 2023 2024 2025
August August August June May
Orthocladiinae sp. - 25 33 - 8
Chironomini sp. - - 8 8 25
Total taxa: 11 7 4 6 4 8
Total: 29 10 14 21 10 18

Note - The symbol "+" indicates species identified in
qualitative samples.

During the study period, the number of recorded taxa varied from 10 to 21. The maximum
taxonomic richness was recorded in 2023 (21 taxa), while the minimum was observed in 2021 and
2024 (10 taxa each). In 2025, an increase in the number of identified taxa to 18 was observed, which
may indicate the recovery of the structural diversity of the benthic community.

Dynamics of Macrozoobenthos Taxonomic Richness

1

Peak giversity

201

15

101

Number of taxa

2021 2022 2023 2024 2025
Year

Figure 1. Dynamics of macrozoobenthos taxonomic richness in the Bukhtarma Reservoir
during 2021-2025

The basis of the macrozoobenthos during different years of the study was formed by
Oligochaeta and Chironomidae, which were characterized by a high frequency of occurrence.

The most stable components of the reservoir benthic communities throughout the entire study
period were oligochaete worms (Oligochaeta gen. sp.). Their frequency of occurrence in the samples
reached 100% in 2024.

The greatest species diversity was observed among Chironomidae larvae, which included 11
taxa. Chironomidae were characterized by high species diversity and variable frequency of occurrence
during 2021-2025. The most stable and dominant taxon after oligochaetes was Chironomus ex. gr.
plumosus (25-58%). A pronounced increase in the frequency of occurrence of Cryptochironomus grp.
defectus o 67% was recorded in 2023. Individual taxa, Micropsectra sp. and Parachironomus sp.,
occurred relatively rarely.

Taxa

Figure 2. Interannual variation in macrozoobenthos occurrence frequency in the Bukhtarma
Reservoir during 2021-2025
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Analysis of the frequency of occurrence showed the stable presence of oligochaetes and a
number of chironomids, whereas mysids and individual mollusks were characterized by pronounced
interannual variability.

Only in 2022-2023 did representatives of Mysidacea, P. lacustris and P. intermedia, occupy a
dominant position (75-100%); however, their occurrence was episodic in nature. These species were
not recorded in 2021, whereas in 2024-2025 their frequency of occurrence in the samples sharply
decreased to 17%.

Structure of Macrozoobenthos Communities
751 IIIIII IIIIII IIIIII
O

501

Chironomidae
Mollusca
Mysidacea

. Oligochaeta
. . .
o0

2021 2022 2023 2024 2025
Year

Relative contribution (%)

Figure 3. Relative contribution of major macrozoobenthos groups in the Bukhtarma Reservoir
during 2021-2025

In addition, two species of Mysidacea, two species of Gammaroidea, and one representative of
Oligochaeta were identified. Representatives of Hirudinea, larvae of Ephemeroptera and Odonata, as
well as Ceratopogonidae, were encountered less regularly and were recorded as single occurrences.

The biodiversity of taxa varied from year to year, which is typical of reservoirs with an unstable
hydrological regime. The number of taxa recorded in the samples ranged from 10 in 2021 and 2024
to 21 in 2023 (Table 1).

The greatest taxonomic diversity of macrozoobenthos was recorded in 2023 (21 taxa), while
the minimum was observed in 2021 and 2024 (10 taxa each). In 2025, a repeated increase in the number
of recorded taxa to 18 was observed.

Similar to Mysidacea, representatives of Hirudinea and Gammaroidea demonstrated sporadic
distribution. The representative of Hirudinea — P. geometra was encountered relatively rarely, from
2022 to 2024, its frequency of occurrence remained stable at 8%, while in 2025 an increase to 17%
was recorded. The episodic occurrence of a number of taxa may indicate interannual variability in
ecological conditions.

Representatives of Gammaroidea — G. fasciatus and M. possolskii were recorded during
2021-2025, with the exception of 2024. The maximum frequency of occurrence was recorded in
2023 (M. possolskii 42%), whereas in 2025 G. fasciatus maintained stable values (33%), while the
frequency of occurrence of M. possolskii decreased to 8% (Table 1).

A substantial proportion of the structure of benthic communities was also formed by mollusks,
represented by 8 taxa.

Mollusks, during the study period under consideration, demonstrated variable distribution and
moderate diversity. In this respect, the year 2023 was indicative, when seven taxa were recorded
due to the appearance of several additional forms. In subsequent years, a reduction in taxonomic
diversity was observed. A stable species was L. naticoides, the frequency of occurrence of which
in the samples varied from 33 to 57%, being recorded almost every year. The remaining mollusk
representatives, Sphaerium sp., Pisidium sp., Euglesa sp., L. ovata, and Anisus sp., were characterized
by low frequency of occurrence, which may indicate the instability of their populations. In general,
the structure and abundance of the mollusk community in the Bukhtarma reservoir are characterized
by relative variability.

Monitoring the state of mollusks within the community is particularly important, considering
that some species, including representatives of the genus Bithynia, serve as intermediate hosts
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of the trematode Opisthorchis felineus, the causative agent of opisthorchiasis /Sidorov, 2011:63].
Their absence in recent years indicates unfavorable conditions for mass reproduction. From an
epizootiological point of view, this is a positive factor, as it reduces the likelihood of the formation of
natural foci of opisthorchiasis in this fishery reservoir.

Previously, these mollusks were recorded sporadically. During the first half of the 1990s,
representatives of this genus were not recorded in the reservoir, however, in 2005, after a long absence,
Bithynia leachii was detected in the mountain-valley part of the Bukhtarma Reservoir /Biological
basis..., 1995:103; Altajskoe otdelenie..., 2002:171].

Conclusion. The dynamics of the macrozoobenthos of the Bukhtarma Reservoir during
2021-2025 demonstrate changes in taxonomic diversity and in the proportion of dominant taxa. The
maximum number of taxa was recorded in 2023 (21 taxa), after which a decline was observed in
2024-2025, with partial recovery. Throughout the entire study period, oligochaetes were consistently
present, with the frequency of occurrence of Oligochaeta gen. sp. ranging from 92 to 100%.
Chironomidae were represented quite broadly and accounted for up to 39% of all recorded taxa.

Hirudinea, Mysidacea u Gammaroidea were characterized by irregular occurrence and were
absent in certain years of observation. Representatives of Ceratopogonidae, Odonata, Ephemeroptera
were recorded as single occurrences and were registered only once during the entire study period
(2021-2025). The highest frequency of occurrence of these groups did not exceed 8%, indicating
their rare occurrence in the macrozoobenthic community of the Bukhtarma Reservoir.

Similarly, the representatives demonstrated sporadic distribution.

Mollusks demonstrated high intraspecific and interannual variability in taxonomic
composition. L. naticoides proved to be a relatively stable species, whereas the remaining taxa
were low in abundance and sporadic.

Analysis of the obtained data confirms the dynamic nature of macrozoobenthic communities
and emphasizes their ecological significance. Representatives of benthic hydrobionts serve not only
as a food resource for benthophagous fish, but also as indicators of the presence of intermediate hosts
of fish diseases, particularly certain mollusk species.
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Abstract. This article presents the results of dendrochronological studies conducted in five
branches of the State National Natural Park "Kokshetau" (Zerenda, Arybalyk, Shalkar, Aiyrtau,
and Ormanly Bulak). The research was based on the analysis of tree-ring samples from Scots pine
(Pinus sylvestris L.) and Siberian larch (Larix sibirica Ledeb.). The study established the main
statistical characteristics of local chronologies, including the period of chronologies (1813-2025), the
mean radial increment, standard deviation, mean sensitivity (MS), interseries correlation (RBAR),
synchronicity (GLK), and the expressed population signal (EPS). The results revealed that the
Zerenda site demonstrated the highest indicators of radial growth (1.42 conventional units) and the
highest sensitivity (MS=0.38) and interseries correlation (RBAR=0.68), indicating a more pronounced
response to climatic factors. All studied chronologies are characterized by high reliability (EPS>0.85),
confirming their suitability for climatic reconstructions. The obtained data form the basis for further
studies of the influence of climatic factors on the radial growth of coniferous species in the
forest-steppe zone of Northern Kazakhstan.

Keywords: dendrochronology, tree rings, Scots pine, Siberian larch, forest-steppe zone, Kokshetau National Park, radial

growth, climate.
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Anparna. byn wmakanmaga "Kexkmieray" MeMIIEKeTTIK YJITTHIK TaOWFW MapkiHiH Oec
¢wmansiga — 3epenai, ApbsikOansik, [lankap, Alibipray xkoHe OpmaHabl OyJlak ayMaKTapbIHIA
KYPTi3iIreH ACHIAPOXPOHONOTHSUIBIK 3€pTTEYJAepAiH HOTIIKENEpl YCBIHBUIFaH. 3epTTey KoIiMIi
Kaparaii (Pinus sylvestris L.) xone cibip 6ankaparaiisl (Larix sibirica Ledeb.) araimrapbIHbIH )KbUIIBIK
CaKMHa YITUIEPiH TajnayFa Heri3aeni. 3epTTey OapbIChIHIA KEPTITIKTI XPOHOIOTUSIIAPIbIH HET13T1
CTAaTUCTHKAJBIK CHUIIaTTaMajapbl AaHBIKTAIJbI, OHBIH imIiHAEe XpoHojorus kezeHi (1813-2025
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xkoppessitiisi (RBAR), cunxponasuibik (GLK) >xoHe MOMysSUUSIBIK CUTHAIIBIH AWKbIHIABUIBIFBI
(EPS) xepcertkimrepi KapacTblpbulibl. Hotmxenep 3epeHi ydackeciHIE paguaijblK ©CIMHIH €H
xorapel kepcetkimrepi (1,42 maprrel Oipiik), coHpal-ak ce3iMTaiabIKThiH (MS=0,38) xoHe
cepusiapasiblk  KoppermsinusablH  (RBAR=0,68) eH korapel MoHaepi OalKaiFaHbIH KOPCETTI,
Oy arayfaH ydacKeleri aramTaplIblH KIUMaTTBIK (akTopiapra alKbIHBIpAK >kayarl OepeTiHiH
nonenaenai. 3epTrenreH 0apiblK XPOHOIOTHUIAD KOFaphl ceHiMaimikneH cunarraiansl (EPS>0,85),
OyJ1 onapAplH KIMMATTHIK PEKOHCTPYKIMSIIAP SKYPri3yre >KapaMIbUIBIFBIH pacTaiiibl. AJBIHFaH
nepekrep Conrtycrik KazakcTaHHBIH OpMaHIbI-falla alMarblHAAFbl KBUIKAHXKATIBIPAKTHI aFall
TYPJIEPiHIH paJHalIblK ©CIMiHE KIMMATTHIK (DaKTOpIapAbIH 9CEpiH OJaH opi 3eprreyre Heri3
0omabl.

Tyiiin ce3mep: ICHIPOXPOHOIOIHUS, KbUIABIK CaKUHATAP, KOMIMII Kaparaii, cibip Gamkaparaiibl, OpMaH/bI-aia aiMarsbl,

Kekireray ynTThIK apKi, paJuaniblK 6ciM, KIUMar.
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AHHOTanus. B craTbe npencTaBiaeHsl pe3ysbTaThl JEHIPOXPOHOIIOTHYECKUX UCCIEN0BaHUM,
NpOBEAEHHBIX B ATH pruinanax [ocyrapcTBEeHHOTO HallMOHAIBHOTO NpupoHoro napka "Kokmeray"
— 3epenauHckoM, ApbikOanbikckoM, IlankapckoM, Aifbiprayckom U OpMaHABIOYTaKCKOM.
HccnenoBanne OCHOBAaHO Ha aHaju3e OOpPA3lOB TOIMYHBIX KOJEl COCHBI OOBIKHOBEHHOMU
(Pinus sylvestris L.) u nmuctBeHHHIIBI cuOupckoit (Larix sibirica Ledeb.). B xome pabGorel Obun
YCTAHOBJIEHBl OCHOBHBIE CTAaTUCTUYECKHE XapaKTEPUCTHKHU JIOKAJIBHBIX XPOHOJOTHH, BKJIIOYAs
nepuon xponosiorut (1813-2025 rr.), cpenHuil paauanbHbli IPUPOCT, CTAHIAPTHOE OTKIOHEHHE,
CPEIHIOI0 4yBCTBUTENBHOCTH (MS), mexcepuiinyto koppemsiuuio (RBAR), cunxponnocts (GLK)
U BBIpaXCHHBIM monyasuuoHHb curHan (EPS). Pesynprarel mokaszamm, 4To ydacTok 3epeHaa
XapakTepusyeTcs Hanbosee BBICOKMMH MOKa3aTelsiMU paguanbHoro mpupocra (1,42 ycioBHble
€IUHUIIBI), a TaK)Ke HauOojblel 4yBCTBUTENbHOCTHIO (MS=0,38) u mMexcepuitHON Koppensiuuen
(RBAR=0,68), uTo CcBUAETENBCTBYeT O OoJiee BBIPAKEHHOW PEAKIMU APEBECHBIX PACTEHHH Ha
KIUMaTHueckue (akTopbl. Bce H3ydeHHBIE XPOHOJIOTHHM OTIMYAIOTCS BBICOKOM HAIEKHOCTBHIO
(EPS>0,85), uro moaTBep:k1aeT UX MPUTOJHOCTD JUIsl IPOBEIECHUS KIMMAaTUYECKUX PEKOHCTPYKIIUH.
[lomyueHHble NaHHBIE CIy’KaT OCHOBOM MJisi JalbHEWIIEro M3y4YeHHs BIMSHMS KIMMAaTHYECKUX
(hakTOpoB Ha paauaiIbHBIA MPUPOCT XBOWHBIX IPEBECHBIX BUAOB B JecocTenHoi 30He CeBepHOro
Kazaxcrana.

KiioueBble ciioBa: ACHAPOXPOHOJIOT M, TOAUYHBIC KOJIblIa, COCHAa 06BIKHOB6HHa$I, JIJUCTBCHHHIIA cu61z1pc1<a;1, JIECoCTCIIHasA

30Ha, HarmonaneHeni napk "Kokmieray", paguaibHBIH IPHPOCT, KIMMAT.

Introduction. One of the most valuable approaches to studying forest ecosystem responses
to changing climate is dendrochronology [Cook & Kairiukstis, 1990; Cook & Cole, 1991]. Tree
rings provide distinct data about the growth conditions of individual trees, permitting climate
reconstruction over several hundred years [D'Arrigo & Jacoby, 1993; Fyllas et al., 2017]. This kind
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of dendrochronological research is especially important in the period of modern climate change and
can help forecast the dynamics of forest ecosystems, and form their management strategy [Upadhyay
& Tripathi, 2019; Rudel et al., 2020].

The forest-steppe zone of Northern Kazakhstan is a region, where the climate is extremely
sensitive to variations in climatic conditions, where forest ecosystems are exposed to significant
anthropogenic stress, and where there is a threat of negative consequences associated with increasing
aridization [Sehring, 2012; Andersson & Ardfors, 2021; Farooq et al., 2023]. State National Natural
Park «Kokshetau» is a unique natural site in the territory of the forest-steppe zone, combining the
variety of forest ecosystem types, such as island pine forest and mixed forest on the lowlands in the
forest-steppe zone. It has been shown that conifer growth is limited by moisture and temperature
extremes on a regional scale [Mapitov et al., 2023; Dulamsuren et al., 2019].

At the same time, dendrochronological research in the territory of specially protected natural
areas, including Kokshetau National Park, is very incomplete. The objective of this work was to carry
out dendrochronological comparison of five branches of Kokshetau National Park and to establish
main statistical properties of local chronologies for subsequent climate reconstruction.

Materials and Methods.

Study Area. We collected samples within the «State National Natural Park «Kokshetau» (five
localities corresponding to the main park areas: Zerenda, Arybalyk (Iman Tau), Shalkar, Aiyrtau,
Ormanly Bulak). They differed in their geographical coordinates from 52.89298° to 53.38340° N
and from 67.99541° to 69.13061° E (Table 1).

Table 1. Location of Dendrochronological Sampling Sites on the Territory of the State National
Natural Park "Kokshetau"

Number of Site Coordinates Site Coordinates

No. Site Forest Type Tree Species Tree Samples Latitude (°N) Longitude (°E)
1 Branch - Zerenda Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 60 52.90070 69.13061
forest-steppe zone, with elements  L.), Siberian larch (Larix
of mixed forests in lowlands sibirica Ledeb.)
2 Branch - Arybalyk  Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 60 52.98354 68.35448
(Iman Tau) forest-steppe zone L.)
3 Branch - Shalkar Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 60 53.11968 68.41885
forest-steppe zone L)
4 Branch - Aiyrtau Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 60 53.38340 67.99541
forest-steppe zone L.)
5 Branch - Ormanly  Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 70 52.89298 68.79846
Bulak forest-steppe zone L)

Sampling and Laboratory Analysis. Tree-ring core samples were obtained following
standard dendrochronological technique [Cook & Kairiukstis, 1990]. Cores were collected with
increment borer (Pressler borer) in the height 1,3 m, and 2-3 core samples were taken from one tree.
310 cores total were taken from the trees: 60 in Zerenda, 60 in Arybalyk, 60 in Shalkar, 60 in Aiyrtau,
and 70 in Ormanly Bulak.

For further measurement tree-ring cores were processed in laboratory (drying, sticking on
wooden holders, grinding and polishing the surface to better view the rings). Then tree-ring width
was measured with an accuracy 0.01 mm with LINTAB 6 (Rinntech, Germany) in combination with
TSAP-Win program [Rinn, 1996].

Data Processing and Statistical Analysis. The tree-ring series obtained were cross-dated by
the help of the TSAP-Win [Rinn, 1996] and Dendrochronology Program Library (DPL) [Holmes,
1992]. The local (site) chronologies were built for each site by the ARSTAN program [Cook & Krusic,
2005]. In general this process included the following stages:

1. Detrending of series with a negative exponential or regression with negative slope to
exclude the age-related trends.

2. Standardization and construction of the mean series (local chronologies).

3. Calculation of the main statistical parameters.
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Calculated statistics of each local chronology:

Mean radial increment (conventional unit)

Standard deviation

- Mean Sensitivity (MS) - index reflecting interannual variation of the growth rate

- Interseries correlation (RBAR) - average correlation of the series

- Synchronicity (GLK, %) - the coefficient of agreement [Rinn, 1996]

- Expressed Population Signal (EPS) - a signal of the chronology quality [Wigley et al., 1984].

Results and Discussion.

Period and Length of Chronologies. Data analysis revealed that all five local chronologies
span from the first quarter of the 19th century to the present year (2025). The most extended chronology
was established for Zerenda site (1813-2025, 213-year period), followed by Shalkar (1815-2025,
211-year period), Ormanly Bulak (1818-2025, 208-year period), Arybalyk (1820-2025, 206-year
period), and Aiyrtau (1822-2025, 204-year period) (Table 2).

Table 2. Main Statistical Characteristics of Local Chronologies

Parameter ZERO1 SHAO01 ARO1 AIRTO1 OB_01
Chronology Period 1813-2025 1820-2025 1815-2025 1822-2025 1818-2025
Series Length (years) 213 206 211 204 208
Number of Trees 70 60 60 60 70

Mean Radial Increment (conv. units) 1.42 1.31 1.18 1.26 1.35
Standard Deviation 0.38 0.35 0.27 0.32 0.30

Mean Sensitivity (MS) 0.68 0.64 0.59 0.62 0.66
Interseries Correlation (RBAR) 0.94 0.91 0.88 0.90 0.92
Synchronicity (GLK), % 74.3 71.8 67.5 69.2 72.1

EPS 0.94 091 0.88 0.90 0.92

Interseries Correlation and Chronology Reliability. A high interseries correlation (RBAR),
the average correlation between all pairs of individual series within the chronology, has been
established for all sites (from 0.88 (Arybalyk) to 0.94 (Zerenda)), being well over the recommended
limits of 0.3-0.4 for reliable chronologies [Cook & Kairiukstis, 1990]. This indicates a common
variability of trees in each site.

The values of the expressed population signal (EPS), the measure of sample size and reliability
of the resulting chronology [Wigley et al., 1984], for all sites surpass the accepted value of 0.85, with
the highest EPS (0.94) being characteristic of the Zerenda site, followed by Ormanly Bulak (0.92),
Shalkar (0.91), Aiyrtau (0.90) and Arybalyk (0.88), respectively. High EPS values demonstrate that
the number of sampled trees (from 60 to 70 per site) is sufficient for a correct capture of the common
climatic signal and allows the obtained chronologies to be further used for climatic reconstruction.

Comparative Analysis of Sites. Comparison of dendrochronological parameters for five
studied sites shows a significant difference between them. The highest values of all statistical
characteristics are observed at Zerenda (the longest duration, highest mean radial increment, highest
sensitivity, highest interseries correlation, highest EPS), which implies that this site has the highest
dendrochronological potential in the region and can be used as the key one for climatic reconstruction
in this territory. In the second place are the Ormanly Bulak site and its indicators, the reason of which
could be its more favorable location. In the middle place there are the Shalkar and Aiyrtau sites.
Arybalyk is last among the rest (with the lowest values of most parameters).

Possible reasons for the revealed differences between sites may be the following:

1. edaphic (soil moisture and soil fertility) conditions, which can be better in Zerenda
(presence of mixed forest in lowlands);

2. microclimatic (temperature, precipitation) due to differences in geographical location,
elevation, aspect;
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3. anthropogenic (differences in recreational load and tending);

4. differences in tree stand structure, density and composition (larch at Zerenda may mean a
special ecological place in the forest stand).

High dendrochronological potential of all studied sites is confirmed by high values of EPS and
interseries correlation, which gives reason to use these chronologies for reconstruction of Northern
Kazakhstan climate for the last 200 years.

Conclusion. To do this, dendrochronological studies were performed on the territory of five
branches of the State National Natural Park «Kokshetauy.

Conclusions obtained:

- For the first time, long-term local chronologies of trees rings for Scots pine and Siberian
larch were built up for this area. They lasted 204 to 213 years (1813-2025).

- Statistical characteristics of the chronologies indicate that all five series are very reliable
(EPS>0.85), allowing to be used for the reconstruction of the climatic parameters.

- The highest dendrochronological potential in the area is characterized by Zerenda branch. It
showed the longest chronology period, the maximum values of mean radial growth of 1.42 conv.units,
mean sensitivity (0.68) and interseries correlation (0.94).

- The differences in statistical characteristics between the sites indicate heterogeneity of the
growing conditions on the territory of the Kokshetau national park. The obtained data can be further
used for studying the influence of different ecological factors on the radial growth of coniferous
species.

- The results obtained in this work form the basis for building dendroclimatic models for the
forest-steppe zone of northern Kazakhstan. They can be applied to identify the effects of climate
changes on forests of specially protected natural areas.

In the future, we plan to build a regional master chronology, analyze the climate-growth
relations, and carry out the temperature and precipitation reconstructions over the last two centuries.
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Abstract. The article investigates the qualitative characteristics of phosphate-buffered extracts
obtained from the leaves and fruits of woody and shrub species growing across various mountain
ranges in Eastern and Southeastern Kazakhstan. Samples of Rosa acicularis, Rosa albertii, Rosa
tarbagataica, Prunus armeniaca, and Prunus bucharica were used as research materials. Extraction
was performed using a 50 mM phosphate buffer at pH 7.0. The obtained extracts were evaluated for
colour, turbidity, sediment formation, and stability. The results revealed distinct qualitative differences
among plant species and the examined plant organs. Leaf extracts were generally characterised by
dark green or brownish-green colouration and higher turbidity. In contrast, fruit extracts exhibited a
yellowish or light-brown colour and were more transparent. Samples belonging to the genus Rosa
showed higher turbidity and more pronounced sediment formation, whereas fruit extracts of the genus
Prunus were characterised by greater stability and lower turbidity. The findings indicate that the
phosphate-buffered system is a suitable medium for obtaining plant extracts and allows a comparative
assessment of the qualitative characteristics of extracts from different plant species. The results may
serve as baseline data for planning subsequent biochemical analyses and studies.

Keywords: 50 mM phosphate buffer, plant tissues, qualitative characteristics of extracts, turbidity, precipitate formation,

water-soluble proteins, Rosa, Prunus.
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AnHoTauus. B crarbe ucciemoBaHbl KaueCTBEHHBICE OCOOCHHOCTH (ochaTHO-OyhepHbIX
SKCTPAKTOB, IMIOJIYYEHHBIX M3 JIMCThEB U IUIOJOB JIPEBECHO-KYCTAPHUKOBBIX PAacCTEHUH,
NPOU3PACTAIINX B Pa3NUYHBIX TOpHBIX xpedTax Boctounoro u HOro-Bocrtounoro Kasaxcrana.
B kadecTBe OOBEKTOB HCCIEIOBAaHUS HCIIONB30BaHbI 00pa3iel BUAOB Rosa acicularis, Rosa
albertii, Rosa tarbagataica, Prunus armeniaca w Prunus bucharica. DKCTpakyio MPOBOIWIN
¢ wucnonb3oBanueM 50 MM docdarHo-Oydeproro pactBopa ¢ pH 7,0. OueHuBamnch UBET,
CTENeHb MYTHOCTH, O0Opa30oBaHUE OCaJKa W CTaOMIBHOCTH TMOJYUYEHHBIX KCTPAKTOB. Pe3ymbraTs
HCCTIEIOBAHUS TOKA3aIM HATMYNE BHIPAKCHHBIX KAUeCTBEHHBIX PA3IUIMi MEXTy BUIAMU PaCTCHUI
U UCCIENYEMBIMU OPTaHAMU. DKCTPAKTHI, TOJIyYEHHBIE U3 JINCTHEB, B OCHOBHOM XapaKTEPU30BAIUCh
TEMHO-3eNEHON MU OypOBaTO-3eJIEHOI OKPACcKO 1 60sIee BBICOKON CTENEHBI0 MyTHOCTH. DKCTPAKTHI
IUIOOB HMEJHU JKEITOBAaTYH) WJIM CBETIO-KOPHUYHEBYIO OKPACKYy M OTJIMYAIUCh CPAaBHUTEIBHO
Oonbieit mpo3padHocThio. s 06pa3ioB pona Rosa ObUTM XapaKTepHBI Oosiee BBICOKAass MyTHOCTh
Y MHTEHCHBHOE O0pa30BaHWE OCaJlKa, TOTJa KaK TUIOJOBBIE IKCTPAKTHI poAa Prunus OTIHYAIHCH
OTHOCHUTENILHOW CTaOMIBHOCTBIO W MCEHBIIEH CTENEeHbI0 MYTHOCTH. llodydeHHBIE pe3yiabTaThl
CBUJCTEILCTBYIOT O TOM, 4TO (ocdarHo-OydepHas cucrema SBISCTCS TOAXOASIIEH Cpernon
JUTSL TIOJTyYCHHSI PACTHTENBHBIX JKCTPAKTOB W TO3BOJSET MPOBOAUTH CPABHUTEIBHYIO OIIEHKY
Ka4eCTBEHHBIX 0COOCHHOCTEH HKCTPAKTOB PA3IMYHBIX BUIOB pacTeHU. Pe3ynbrarhl nccieqoBaHus
MOTYT OBITh HCIOJb30BaHbl B Kau€CTBE HCXOJHBIX JAHHBIX MPHU IUIAHUPOBAHUHU TMOCIEAYIOLINX
OMOXUMUYECKUX MCCIIEIOBAHHIM.

KioueBbie ciioBa: 50 MM ¢docdatrsii Oydep, pacTUTENbHBIE TKAHH, KAYECTBEHHBIE XapaKTEePUCTUKH SKCTPAKTOB, MyTHOCTb,

06pa3OBaHI/I€ OcCaJika, BOOIOpaCTBOPUMBIC 6€.IIKI/I, ROSLI, Prunus.
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Anparna. Maxkanaga Ileireic xoHe OHTycTik-1birpic  KazakcTaHHBIH opTypii  Tay
JKOTaJlapblHJa TapajFaH aram-OyTa eCIMIIKTEepIHIH JKaIlbIpakTapbl MEH JKEMICTEPIHEH aJIbIHFaH
(docharTei-Oydepik IKCTPAKTTAPIbIH CaNalbIK EepPEeKIIEeNIKTepl 3epTTeNi. 3epTTey HbICaHAaphl
periane Rosa acicularis, Rosa albertii, Rosa tarbagataica, Prunus armeniaca xoue Prunus bucharica
TYpJIEpiHiH yiarinepi naipanansuiasl. Dxerpakius pH 7,0 nenreitingeri 50 MM docdartei-Oydeprik
epITiH/Al KOMETIMEH JKYPri3unai. AJNbIHFaH YKCTPAKTTAP/BIH TYCI, JIaiiaHy Adpexkeci, TyHOa Ty3imyi
YKOHE TYPaKTHUIBIFBI OaraiaHibl. 3epTTey HOTHXKeNepl OCIMIIK Typiepl MEH 3epTTENreH MyIenep
apachIH/Ia alKBIH CalajblK alBIPMAITBLIBIKTAPABIH Oap eKeHiH KopceTTi. JKambipakTapaH ajdbIHFaH
9KCTPAKTTApP HET131HEH KO0 JKaCchlI HEMECe KOHBIP-KAaChLI TYCTI OOJIBIM, JIalJIaHy JeHTeHiHIH )KOFapbl
00JTybIMEH CUMATTaAbl. AJ KEeMICTEP/ICH alIbIHFAH SKCTPAKTTAp CapFBIII HEMECE alllbIK KOHBIP TYCTI
OOJIBITN, CANBICTBIPMANIBI TYPAE MOJIIPIIri KOFapbl OOJABI. Rosa TybICBIHA KATaThIH YJTUIEpae
JaiinaHy MeH TyHOa Ty3ildy AeHreil >korapbl Oaiikanca, Prunus TYBICBIHBIH KEMIC SKCTPAKTTaphI
CaJIBICTBIPMAITBI TYPAKTHUIBIFFIMEH KOHE TOMEH JIaiIaHybIMEH €PEeKIeICH . ATTBIHFAaH HOTIKEIEep
bocdarTe-Oydeprik KyHeHIH OCIMAIK YimalapblHaH SKCTPAKTTap ajdyFa jkapaMIbl OpTa €KeHiH
KOHE OPTYPJl OCIMAIK TYPJEPIHIH SKCTPAKTTAPHIHBIH CamajblK EPEKIICNIKTEPIH CaJbICTHIPMAIIbI
Oaranayra MYMKIHJIIK O€peTiHIH KOpCETTl. 3epTTey HOTHXKEJepl KeHIHTT OMOXUMUSUIBIK TaJlgayaap/bl
Jocrapiay YUIiH OacTankel JepeKTep peTiHae naiaanaHblIyblHa MYMKIHJIK Oepei.

Tyiiin ce3gep: 50 MM docdartsr Oydep, eciMaik yimanapbl, IKCTPAKTTapAbIH CalaiblK CUIIaTTaManapsl, jainany, TyHb6a

Ty3inyi, Rosa, Prunus.

Introduction. Tree and shrub plants distributed in the mountainous regions of eastern and
South-Eastern Kazakhstan are an important natural source of biologically active substances, including
Rosa spp., Prunus spp., Berberis spp., and Crataegus spp. The leaves and fruits of other species are
widely used in folk medicine, pharmaceuticals and the food industry. These plants accumulate proteins,
vitamins, mineral elements, phenolic compounds, and flavonoids, which confer high biological and
antioxidant activity (Tayjanov et.al., 2017; Curnaesa, I. T,, et.al., 2025.).
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In the extraction of proteins from plant materials, phenolic compounds, tannins, pigments,
and other secondary metabolites significantly impact the study's results. These compounds can
bind to proteins, leading to extract turbidity, precipitate formation, and decreased accuracy of
subsequent biochemical analyses (Ryabushkina et.al., 2008). Therefore, the preliminary assessment
of the qualitative properties of extracts is considered an important stage in protein research.

Various buffer systems are used to isolate water-soluble proteins from plant tissues. Among
them, phosphate-buffered solutions stand out for maintaining pH stability, protecting the natural
structure of proteins, and being compatible with many biochemical methods (Wink, M. 2010).

The purpose of this work is to study the qualitative characteristics of phosphate buffer extracts
obtained from the leaves and fruits of Woody and shrub plants distributed across the mountain
ranges of Eastern and South-Eastern Kazakhstan, to conduct a comparative assessment of their
physico-chemical characteristics, and to determine their suitability for protein extraction.

Materials and methods. The object of the research was the leaves and fruits of tree and
shrub plants distributed in the mountainous regions of Eastern and South-Eastern Kazakhstan. The
research area includes plant species growing in various natural and climatic zones of the Altai, Saur,
Tarbagatai, Zhetysu Alatau, Zailiyskiy Alatau and Tien Shan mountain systems. Plant samples selected
for the study were collected from different altitudes and sites with varying climatic conditions and soil
characteristics.

The leaves and fruits of the species Rosa acicularis, Rosa albertii, Rosa tarbagataica, Prunus
armeniaca and Prunus bucharica were used as research objects. The full list of studied samples is
presented in Table 1.

Table 1. Description of samples of Woody and shrub plants collected from the mountain ranges
of Eastern and South-Eastern Kazakhstan

No. Latin name of plant species  Studied plant organ Mountain ranges Sampling site Mass
1 Rosa acicularis leaf Sunkar Hill Ridder 0.1
2 Rosa acicularis fruit Sunkar Hill Ridder 0.1
3 Rosa albertii leaf Saur-Tarbagatai mountain range Tarbagatai 0.1
4 Rosa albertii fruit Saur-Tarbagatai mountain range Tarbagatai 0.1
5 Rosa tarbagataica leaf Katon-karagay mountain range Sarymsakty Ridge, 0.1

Katon-Karagai

6  Rosa tarbagataica fruit Katon-karagay mountain range Sarymsakty Ridge, 0.1
Katon-Karagai

7 Rosa tarbagataica leaf Saur-Tarbagatai mountain range Tarbagatai 0.1
8  Rosa tarbagataica fruit Saur-Tarbagatai mountain range Tarbagatai 0.1
9 Prunus armeniaca leaf Ketpen (Uzynkara) Ridge Karadala Sumbe 0.1
10 Prunus armeniaca fruit Ketpen (Uzynkara) Ridge Karadala Sumbe 0.1
11 Prunus bucharica leaf Control sample Uzbekistan 2025 0.1
12 Prunus bucharica fruit Control sample Uzbekistan 2025 0.1

Plant materials were collected during the active phase of the growing season and delivered
to the laboratory in paper bags after mechanical impurities were removed. In laboratory conditions,
the samples were matched according to morphological and taxonomic characteristics. Only healthy,
undamaged tissue was used in the study. Before analysis, the samples were stored at +4 °C (Agati, G.,
et.al., 2012: Orazov, A. et.al., 2022).

For the extraction of water-soluble compounds from plant tissues, a 50 mM phosphate buffer
solution at pH 7.0 was used. The buffer was prepared from sodium dihydrogen phosphate dihydrate
(NaH,POy - 2H,0) and disodium hydrogen phosphate dodecahydrate (Na,HPO, - 12H,0). To prepare
100 ml of the buffer, 0.39 g of NaH,PO, - 2H,0 and 0.45 g of Na,HPO, - 12H,0 were dissolved in
80-90 ml of distilled water. The pH was monitored using an electronic pH meter. The final volume
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was then brought to 100 ml with distilled water (Sambrook, J., et.al., 2001; Green, M. et.al., 2021).

Before extraction, 0.1 g of material was accurately measured from each plant sample. Samples
were placed in polypropylene test tubes with a volume of 1.5 ml, and a phosphate-buffer solution of
1.0 ml was added on top. The ratio of plant material to buffer was kept at 1:10 for all samples (Scopes,
R. K. 1993).

Homogenization was performed using a laboratory homogeniser. Each sample was processed
for 90 seconds, then homogenised again for 90 seconds after a 30-second break. Such processing
ensured the destruction of plant cells and increased the efficiency of the transition of water-soluble
compounds to a buffer medium (Mm, B. 1976).

After homogenization, the suspensions were centrifuged at 4 °C for 10 minutes at 12,000 rpm.
As aresult of centrifugation, cellular waste settled to the sediment, leaving a supernatant in the upper
layer. For subsequent analyses, the supernatant was used (Kruger, N. J., et.al., 2009).

The qualitative characteristics of the obtained phosphate-buffer extracts were evaluated.
During the evaluation, the colour, transparency, degree of turbidity, sediment formation and stability of
the extracts during storage were determined. Turbidity was visually assessed and classified into clear,
weak, medium, and dark categories; the presence or absence of sediment indicated sediment formation.
The suitability of extracts for subsequent spectrophotometric analyses was also evaluated. The results
obtained enabled the relative characterisation of the qualitative features of phosphate-buffered extracts
from different plant species (Green, M. R., et.al., 2019).

Results and discussion. The qualitative characteristics of phosphate-buffer extracts from
the leaves and fruits of Woody and shrub plants distributed in the mountain ranges of eastern and
South-Eastern Kazakhstan were studied. During the study, the colour, degree of turbidity, sediment
formation, and external stability of the extracts were evaluated. These indicators were considered
important features characterising the overall quality of extracts from plant tissues.

The degree of turbidity of extracts was assessed on a 4 — point scale: 0 points — transparent, 1
point — weak turbidity, 2 points — medium turbidity, 3 points-thick turbidity. The intensity of sediment
formation was also determined on a 4 — point scale: 0 points — no sediment, 1 point — weak sediment, 2
points — medium sediment, 3 points-clear sediment. Such an assessment enabled a relative assessment
of the qualitative differences between samples (Wilson, K., et.al., 2018).

The leaves and fruits of the species Rosa acicularis, Rosa albertii, Rosa tarbagataica, Prunus
armeniaca and Prunus bucharica were used as research objects. In general, extracts from leaf samples
were dark green or brownish-green in colour, while extracts from fruit samples were characterised by
orange, light brown or pale yellow. Such differences may be associated with the features of plant organ
pigment systems (Wilson, K., et.al., 2018).

According to the study, the Rosa acicularis leaf extract was deep dark green in colour and
exhibited a high level of turbidity (3 points). At the same time, a pronounced precipitate was observed
at the bottom of the extract (3 points). The extract from the fruits turned out to be dark brown in colour
and appeared in a muddy State (2 points). Sediment formation was also observed (2 points). Such
features of extracts may be associated with the presence of phenolic compounds and other secondary
metabolites in plant tissues described in literary sources (Wilson, K., et.al., 2018).

Extracts from the leaves of Rosa albertii were dark green in colour and “high turbidity” (3
points). Extracts from fruits have a yellowish-brown colour and an average turbidity (2 points). During
storage, some samples showed increased turbidity. According to the literature, such changes are likely
associated with the oxidation of phenolic compounds (Hames, B. D. 1998).

In Rosa tarbagataica samples, the colour intensity of the extracts was higher. Extracts from
leaf samples were deep dark green in colour and distinguished by a high level of turbidity (3 points).
In some samples, a mixed precipitate was observed. The colour of the extracts from the fruits was
orange-yellow-brown or whitish-Orange. The turbidity rate ranged from weak to moderate (1-2
points). According to the literature, such features may be associated with the amount of phenolic
compounds, flavonoids, and other secondary metabolites present in the plant (Scopes, R. K. 1993;
Taiz, L., et.al., 2014).

The Prunus armeniaca leaf extract was greenish-brown and moderately turbid (2 points). The
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extract from the fruit samples was light brown, weakly muddy (1 point). The relative transparency
of the extract may be related to the constant storage of the water-soluble components in it in a buffer
medium (Dai, J., et.al., 2010).

The Prunus bucharica leaf extract was dark brown-green and highly turbid (3 points). And
the extract from the fruits was pale yellow, weakly muddy (1 point). Among the samples studied, this
extract showed one of the highest levels of transparency. According to literary data, such properties
may be associated with the predominance of water-soluble compounds in fruit tissues. Significant
differences were found in the colour of the extracts, the degree of turbidity and the features of sediment
formation. The results are shown in Table No2.

Table 2. Qualitative characteristics of phosphate-buffer extracts from Woody and shrub plants of the
mountain ranges of Eastern and South-Eastern Kazakhstan

No. Sample code Studied Color Turbidity Precipitate Note Photo
plant organ

Rosa Deep dark high turbidity 3 With a high chlorophyll content, cel} re51d}1es are
1 acicularis leaf green (3 points) points observed; among %he extracts with a high
turbidity rate are.
) Rosa feuit Black- Muddy 2 Dark colour extract; turbidity is observed due to
acicularis brown (2 points) points the high content of phenolic compounds.
Rosa Dark high turbidity 3 A high conce:}tﬁatifm (ff pigments is obsexjved; the
3 albertii leaf green (3 points) points level of turbidity is high among the studied leaf
samples.
Rosa ) Yellowish- moderate turbidity 5 The extractif)n is relatively stable, the sediment
4 albertii fruit brown (2 points) points amount is small, and the transparency is
moderate.
Rosa Deep dark high turbidity 3 With a high chlor'ophyll co_nt.cnt, large pe'lrtlclcs
5 tarbagataica leaf green (3 points) points were observed; mixed precipitate .formatlon was
detected, and one sample had the highest turbidity.
6 Rosa fruit Orange-yellow- moderate turbidity 2 The content of pigments and phenolic compounds
tarbagataica brown (2 points) points is high; stability is average.
An inhomogeneous suspension is observed; the
. Rosa leaf Dark Muddy 2 formation of a mixed precipitate indicates that
tarbagataica green (2 points) points solid particles have been preserved during
extraction.
3 Rosa fruit Light low turbidity 1 The extract is relatively clean, with high
tarbagataica orange (1 point) point transparency and low precipitate content.
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Studied

No. Sample code Color Turbidity Precipitate Note Photo
plant organ
9 Prunus leaf Green- Muddy 2 Dark colour extraction; plant residues are found;
armeniaca ca brown (2 points) points turbidity is moderate.
10 Prunus fruit Light low turbidity 1 The extract is uniform and relatively stable; it is
armeniaca brown (1 point) point among the most transparent samples.

The content of chlorophyll and phenolic

P - high turbidit; 2
s Dark brown ¢ Y compounds is high; although the turbidity is high,

leaf

bucharica green 3 points oints
Gp ) P the extract is uniform.
Prunus . Pale low turbidity 1 One of the mosth transpa:em an; md-ost st‘able
12 bucharica Tuit yellow (1 point) point extracts among the samples studied; sediment

formation was observed at the lowest level.

The study found that leaf extracts were much darker and muddier than fruit extracts. This
phenomenon is explained by the high accumulation of photosynthetic pigments, structural proteins,
and phenolic compounds in leaf tissues, as reported in the literature (Haslam, E. 1989). In addition,
the interaction of phenolic compounds with proteins and other macromolecules can contribute to the
turbidity of extracts (Kumar, S., et.al., 2013).

In samples from the genus Rosa, high turbidity and sedimentation were observed. Especially
in the specimens of Rosa albertii and Rosa tarbagataica, these indicators were clearly manifested.
According to the literature, plants growing at high altitudes may have a high content of phenolic
compounds and antioxidants that perform protective functions, which is likely to affect the colour and
transparency of the extracts (Buchanan, B. et.al., 2015).

In fruit specimens of the genus Prunus, the level of turbidity was low, and the relative
stability of extracts was observed. Such a feature may be due to the high proportion of water-soluble
carbohydrates and other low-molecular compounds in their chemical composition.

In general, the study found that the qualitative indicators of plant extracts depend on the
plant type and the organ studied. While specimens of the genus Rosa showed high turbidity and
sedimentation, fruit specimens of the genus Prunus were relatively transparent and stable. The
extracted extracts can be used as a starting material for subsequent biochemical studies, including
analyses such as determining the amount of Total Protein. However, because protein concentration
was not determined within the scope of this study, no clear conclusions can be drawn about the
effectiveness of protein extraction using the phosphate-buffered system.

Conclusion. The qualitative features of phosphate-buffer extracts obtained from the leaves and
fruits of Woody and shrub plants distributed in various mountain ranges of eastern and South-Eastern
Kazakhstan have been identified. The leaves and fruits of the species Rosa acicularis, Rosa albertii,
Rosa tarbagataica, Prunus armeniaca and Prunus bucharica were used as research objects. For
extraction, a phosphate-buffered solution at 50 mM, pH 7.0, was used, and the colour, transparency,
degree of turbidity, and sedimentation features of the extracts were evaluated.

The study's results showed clear qualitative differences between plant species and their
respective members. Extracts from leaf samples were mostly dark green or brown in colour, while
extracts from fruit samples were orange, brown, or light in colour.

In most Rosa samples, the extracts were highly turbid, and sedimentation was observed.
Especially in samples from the species Rosa albertii and Rosa tarbagataica, dark colour, high
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turbidity, and high sedimentation intensity were observed. Such features indicate that the listed
species may contain a relatively large number of phenolic compounds, flavonoids and other secondary
metabolites. Also, these substances are more likely to affect the physical properties of extracts,
reducing their transparency.

The fruit extracts from plants in the genus Prunus were relatively transparent and stable.
Especially in extracts from the fruits of Prunus armeniaca and Prunus bucharica, turbidity rates were
low, and sediment formation was less noticeable.

The results obtained showed that the phosphate-buffer solution is a suitable medium for
extracting from the studied plant materials. The buffer used enabled preservation of the main
qualitative features of the samples during extraction and allowed comparison of the properties of
extracts from different plant species.

The identified qualitative differences indirectly characterise the biochemical composition of
plant species and indicate their potential to be rich in biologically active substances. These data
complement the study of the biochemical potential of natural plant resources in Kazakhstan and serve
as a basis for assessing the potential of various plant species for biotechnological, pharmacological,
and food applications.

The conducted study enabled assessment of the qualitative characteristics of plant extracts, and
the results obtained can serve as a basis for determining protein amounts using the Bradford method
in subsequent studies.

The research was conducted within the framework of the scientific project AP26198171,
“Geoecological and Molecular Genetic Assessment and Monitoring of the Distribution and
Development of Rare Plant Species of the Genera Prunus, Sibiraea, and Rosa (Rosaceae) in
Kazakhstan.”
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Abstract. Herbarium collections held by regional universities in Kazakhstan largely remain
outside the international scientific circulation due to the lack of digital data formats. This study
addresses this gap with respect to the herbarium fund of the Department of Biology at M. Kozybayev
North Kazakhstan University. The research material comprised 925 herbarium specimens from
nine families — Boraginaceae, Labiatae, Solanaceae, Scrophulariaceae, Orchidaceae, Liliaceae,
Ericaceae, Convallariaceae, Fabaceae, and Asteraceae — collected between 1957 and 2025. The
collection includes both historical specimens from the mid-twentieth century and recent field material.
Digitization was carried out in accordance with the international Darwin Core (DwC) standard. Data
integrity was verified using the GBIF validator, after which the dataset was published via the IPT
platform and made available on the global GBIF portal, ensuring its openness and integration into
international biodiversity data infrastructure. Taxonomic analysis revealed a predominance of species
characteristic of forest, meadow, and meadow-steppe communities, consistent with the vegetation
patterns typical of the region. The temporal coverage of the collection spans more than 70 years,
allowing the dynamics of floristic collecting to be traced over an extended period. Geographic analysis
showed an uneven distribution of records across administrative districts, with the largest number of
specimens originating from the Kyzylzhar district of the North Kazakhstan region. The resulting digital
dataset is of value for floristic, ecological-geographic, and taxonomic research, contributes to the

preservation of the herbarium fund, and expands its potential use in education and nature conservation.
Keywords: flora, herbarium collections; digital databases; digitization; GBIF; Darwin Core; IPT; geolocation.
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AnHoTauusi. ['epOapHble KOJUIEKIMH PETHOHAIBHBIX By30B Kazaxcrana B OOJBIIMHCTBE
CBOEM OCTAIOTCSI BHE MEXKYHApOAHOIO HaydyHOro 000poTa U3-3a OTCYTCTBUS LU(DPOBBIX (HhopMaToOB
MpeJCcTaBleHus JaHHbIX. Hacrosimas pabora HampaBieHa Ha BOCIHOJHEHHE JTOro Inpoodena
pUMEHUTENBHO K GoHmaMm kadenpsl "buonorus" CeBepo-Kazaxcranckoro yHuBepcuTeTa MMEHU M.
Ko3pibaeBa. Marepuasiom ucciiefioBanusi mociayxmid 925 repOapHbIX 00pas3loB AEBITH CEMECTB
— Boraginaceae, Labiatae, Solanaceae, Scrophulariaceae, Orchidaceae, Liliaceae, Ericaceae,
Convallariaceae, Fabaceae n Asteraceae, cobpannbix B niepuon ¢ 1957 mo 2025 roa. Komnekmus
BKIIIOYAE€T KAaK HCTOPUYECKHE COOpBI CEepelrHBI MPOILIOr0 BEKa, TaK W MaTepuajbl HEJaBHUX
MOJIEBBIX McclenoBanuii. OuudpoBKa BHITIOTHEHA B COOTBETCTBUH C MEXKTyHAPOIHBIM CTaHIAPTOM
Darwin Core (DwC). KoppeKkTHOCTb CTpyKTYypbl JaHHBIX HOATBepxkaAeHa BanuaatopoM GBIF, nocne
yero Habop Obw1 pasmeniéH Ha targopme IPT m onmyOmmkoBan Ha mmobanmbHoMm moprane GBIF,
o0ecreynB TeM CaMbIM €T0 OTKPBITOCTh M BKIIFOUEHHE B MEXKIYHAPOIHYIO OMOMH(OPMAIIMOHHYIO
UHPPACTPYKTYpy. AHAIN3 TAKCOHOMHYECKOTO COCTaBa IMOKa3all npeobiaianue BUAOB, XapaKTePHbIX
JUIS JIECHBIX, JIYTOBBIX U JIYTOBO-CTEIHBIX COOOIIECTB, 4YTO COOTBETCTBYET OCOOEHHOCTSIM
pacTUTENBHOTO TOKPOBa peruoHa. BpeMeHHOW oxBar KoIeKUWW mpeBbimaer 70 Jer, 4ro
MO3BOJISIET TPOCHECIUTh JAMHAMUKY (IOPHUCTUYECKUX COOpOB HA MPOTSHKEHUH JITUTENBHOTO
nepuona. leorpaduyeckuii aHamu3 BBISIBUI HEPABHOMEPHOCTh pPACIPENCTCHHs] HAaXOIOK IO
aIMUHUCTPATUBHBIM pailoHaM: HauOoJbIIee YUCIO 00pa3loB NPoUcXoauT U3 KbI3BUDKApCKOTOo
paiiona CeBepo-Kazaxcranckoit obnactu. CdopmupoBaHHbIH LUGPOBON pecypc MNpeacTaBiIseT
LEHHOCTb JUIsl (PIOPUCTHUYECKHX, HKOJIOTrO-reorpauyeckux M TAKCOHOMUYECKUX HCCIIeI0BaHUM,
CrocoOCTBYET COXpaHHOCTU repbapHoro GoHAA M pACHIUPSAET MEPCIECKTUBBI €r0 HUCIIOIh30BAaHUS B

00pazoBaTeIbHON U TPUPOTOOXPAHHON JEATETHHOCTH.
KawueBbie ciioBa: ¢uopa, repbapHbie KoJUleKIu; nudpoBbie 0a3pl naHHbx; onudposka; GBIF; Darwin Core; IPT;
reOIPHUBSI3KA.
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Anparna. Ka3zakCTaHHBIH OHIPJIIK YHHUBEPCUTETTEPIHACTI TepOapuil KOJUICKIUSIAPHI
JepeKTepIiH UGPIBIK HOpPMATHIHBIH O0MaybIHa 0alIaHBICTHI XaJbIKAPAJIBIK FHIIBIMH aliHAIBIMHAH
ThIC Kajblll Kenenai. byn sxymbic ockl onkpUIbIKTEI M. Ko3bibaes arbinaarsl Contyctik Kaszakcran
yHuBepcuTeTiHiH "buonorus" kxadeapacslHblH repdapuii KOpblHA KaThICTHI KOKOFa OarbITTallFaH.
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corikec xyprizinai. depexrepain aypeicteirbl GBIF Bamuaaropsl apKbUIbl TEKCEPUIIl, COaH KEeWiH
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*ubHTBHIK [PT mnardopmaceinga opuanacteipbutsiil, GBIF sxahannasik mopranbinga sxapusianibl,
OyJ1 OHBIH AaIIBIKTHIFBIH KOHE XaJIbIKApaJIbIK OMOANyaHTYPJUIIK JAepeKTepl HHPPaKypbUIbIMBIHA
KIpIrylH KaMTaMachl3 €TTi. TaKCOHOMUSUIBIK Tajjay HOTWKECIHAE OpMaH, IIAIFbIH JKOHE
MIAJIFBIH-JIaJIa KAybIMIACTBIKTApbIHA TOH TYPJIEPAiH 0achIM €KeHi1 aHBIKTAIIbI, OVJI OHIPAIH OCIMIIIK
KAMBUIFBICBIHBIH €peKIIeIiKTepiHe colikec Keneni. KomneKUsaHbIH yaKkbITThIK KaMTybl 70 >KbUIIaH
acTaM Ke3eHJll KaMTH/Ibl, OYJ1 (PrIopUCTHKAIBIK XKHHAY TMHAMUKACBHIH Y3aK Mep3iM OOMbI Kajaranayra
MyMKiHTiK O6epeni. [eorpadusiibik Tanaay oKiMIIUTIK aynanaap OobIHIIA TaOBUTBIMAAPABIH OipKeKi
OeninOerenin kepcerti, eH kemn yiri Conryctik Kazakcran oOnbichiHbIH KpI3bUDKap ayJaHbIHAH
aJIbIHFaH. AJIBIHFAH TUQPIBIK IEPEKTEP KUBIHTHIFBI (MIOPUCTHKAIIBIK, SKOJIOTUSIIBIK-TeOrpadUsIIbIK
YKOHE TAKCOHOMUSUIBIK 3€pPTTEYNEp YIIIH KYHbI O0JIbIN TaOblIaibl, repoapuii KOPhIH CaKTayFa bIKIal

eTelll )KoHE OHbI OUTIM Oepy MeH TaOuFaT Kopray cajlachlHJa MMaijanany MyYMKIHIIKTEpiH KeHEUTe 1.
Kinr ce3nep: ¢umopa, repbapuit >xuHaKTaphl; caHABIK Manimertep Oasacel; mudpnangsipy; GBIF; Darwin Core; IPT;
reopedepeHnusl.

Introduction. Herbarium collections are far more than static archives of pressed plants — they
represent a tangible record of biological diversity across time. A herbarium sheet collected decades
ago can reveal how vegetation looked in a given locality, allow researchers to trace shifts in species
distribution, document taxa that have since become rare or vanished altogether, and provide the raw
material on which systematic and monitoring studies depend. Yet for a long time, many regional
collections have remained largely invisible to the wider scientific community simply because they
existed only on paper.

Over the past decade, Kazakhstan has seen substantial progress in digitizing its herbarium
holdings. The country's leading collection belongs to the Institute of Botany and Phytointroduction,
registered internationally under the index AA. It is not only the largest herbarium in the Republic but
ranks among the largest in the former USSR, having been established in 1946 and now holding over
250,000 specimens. Since 2022, the Institute has been building an electronic database of its material in
Excel, organizing specimens hierarchically — from family down to species, and from floristic district
down to individual collection point (Osmonali B. B. et al., 2022: 521-528).

A younger but rapidly growing collection is that of the Astana Botanical Garden, founded in
2019 as part of the laboratory of flora and plant resources. By 2022, it already comprised 13,492
sheets — 10,733 of them duplicates from other herbaria and private collections, and 2,759 gathered
during expeditions across Central and Northern Kazakhstan between 2019 and 2022. The collection
was entered into the international Index Herbariorum database in 2021, receiving the acronym NUR
(Kubentaev S. A., Mukhtubaeva S. K., 2022: 354-357).

Researchers at Astana International University have also been active in this area, producing
three taxonomic checklists of Kazakhstan's vascular flora in 2026; one of these lists alone covers
5,833 species across 978 genera and 128 families (Kubentaev S. A. et al., 2026a, 2026b; Alibekov et
al., 2026).

The herbarium of North Kazakhstan University has a somewhat longer history, dating back
to 1960. Early records indicate that the regional flora included 881 plant species — mosses, higher
vascular plants, and flowering plants alike (Galiyev Zh. M., Kalkamanova A. B., 2006: 58 p).
More recent surveys have revised this figure upward (Tleubergenova G. S., Kuznetsova M. A.,
2017), and the species list continues to grow: among the notable additions, Pleurospermum uralense
Hoffm. was recorded as a new genus and species for the Tobol-Ishim botanical-geographical district
(Tleubergenova, 2023: 34-40). The collection is estimated to hold around 8,000 specimens. Several
targeted studies have already been carried out on its material, including an inventory and taxonomic
analysis of the subclass Lamiidae (Romanchuk V. V., Tleubergenova G. S., 2023: 24-34; Romanchuk
V. V., 2024: 1-7) and a separate analysis of the family Asteraceae (Shakeeva Zh. E., 2018: 1-7).

Against this backdrop, the digitization of herbarium collections has taken on new significance
in an era of rapidly advancing digital technology. The process typically involves three stages:
systematizing the data, standardizing it according to international formats, and publishing it through
open global platforms such as GBIF (Global Biodiversity Information Facility). Moving from
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paper-based archives to digital resources does more than simply modernize storage — it broadens
the scientific reach of the material, improves accessibility, and links regional biodiversity data into
global analytical frameworks.

In 2024, the M. Kozybayev NKU Herbarium reached a milestone of its own: for the first time
in its history, it was registered in Index Herbariorum, becoming the tenth Kazakhstani organization
listed with GBIF and the fourth in the country to publish a dataset there — in this case, 400 digitized
specimens. The herbarium now carries the international index SQU (Romanchuk V. V., 2024: 17-27).

Digitizing the herbarium held by the Department of Biology at SKU carries particular weight,
since it captures the floristic diversity of the North Kazakhstan region across a 70-year span, from 1957
to 2026. Building a digital dataset, verifying and standardizing it, and publishing it on GBIF together
serve three purposes at once: preserving the underlying information, ensuring scientific transparency,
and creating lasting value for biological, ecological, and conservation research.

This view is consistent with the broader literature. Herbarium collections are now widely
regarded as among the most valuable sources for understanding biodiversity at both global and
regional scales — they offer a historical lens on species distribution and make it possible to study
range shifts, phenological change, and the effects of human impact over time (Heberling J. M. et al.,
2019: 381-387). Digitization amplifies this value considerably, turning static local collections into
resources that are accessible worldwide and drawing them into the broader international scientific
community (Meineke E. K. et al., 2018: 505-525). Publishing herbarium data through GBIF has
additional benefits: it tends to increase citation of the underlying collections, draws in a wider circle of
researchers, and allows regional information to feed into large-scale biodiversity conservation projects
(Nelson, Ellis, 2019). Indeed, recent reviews identify data mobilization as one of the central priorities
in the ongoing development of digital herbaria [ 16] — a priority that matters especially for university
collections, which have historically been confined to local, in-house use.

Taken together, these developments place the digitization and publication of the SKU
Department of Biology's herbarium material squarely within current global trends in natural history
collections, while giving the flora of the North Kazakhstan region a place in the global information
space it previously lacked.

This paper presents that work — the digitization, systematization, and publication of the
collection — along with an assessment of its taxonomic composition and its temporal and geographic
structure.

Materials and Methods. Materials and Methods. The study drew on 950 herbarium specimens
collected across the North Kazakhstan Region. This material combines two sources: specimens already
held in the herbarium collection of the Department of Biology, and fresh field collections carried out
by the authors in 2025.

Recent fieldwork took place in and around the city of Petropavlovsk and the surrounding
territories of the North Kazakhstan Region. Specimens were gathered during flowering and fruiting,
since these stages allow the most reliable identification. For every specimen, we recorded the family,
genus, species, exact location, habitat, collection date, and the names of the collectors. Once collected,
plants were pressed and dried in a standard herbarium press, then mounted on sheets and labeled.

Digitization followed the established guidelines for dataset preparation prior to publication
(Buivolov Yu. A., 2019). Label data were transferred into an electronic spreadsheet formatted
according to Darwin Core (DwC) standards (Figure 1). The spreadsheet included fields
such as occurrencelD, family, scientificName, organismQuantity, organismQuantityType,
lifeStage, verbatimEventDate, eventDate, year, month, day, countryCode, country, stateProvince,
county, locality, verbatimLocality, habitat, language, recordedBy, identifiedBy, dateldentified,
decimalLatitude, decimalLongitude, coordinateUncertaintyInMeters, coordinatePrecision,
geodeticDatum, georeferencedBy, georeferencedDate, vernacularName, taxonRank, kingdom,
disposition, occurrenceStatus, collectionCode, institutionID, basisOfRecord, and continent (Buivolov
Yu. A, 2019).

Once the table was complete, we ran it through the built-in GBIF data validator, which checks a
range of parameters automatically — the correctness of Latin names, the uniqueness of occurrencelD
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values, whether coordinates fall within plausible bounds for the region, date and text formatting, and
any structural inconsistencies in the file. The validator flagged a handful of issues, mostly involving
date formats and a few coordinate entries, which we corrected by hand. After these fixes, the validator
returned a clean "no errors" result, clearing the way for the next stage (Meineke E. K. et al., 2018:
505-525).
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Figure 1. Fragment of a completed Darwin Core (DwC) format table

Digitizing natural history collections is rarely just about data entry — it typically involves
producing high-quality images of the specimens, transcribing label information, georeferencing
localities, standardizing metadata, and ultimately publishing everything in an internationally
recognized format, most commonly Darwin Core (Groom Q. et al., 2017). Standardized data of this
kind stay usable over time and can be folded into global repositories such as GBIF without further
conversion (Nelson, Ellis, 2019).

Metadata were entered through the IPT interface, covering a description of the dataset itself, the
goals of the research, and why digitizing this particular herbarium matters. Well-constructed metadata
do more than tidy up the record — they establish clear provenance, add to the scientific credibility of
the published dataset, and make the material more likely to be cited by other researchers (Borsch T. et
al., 2020: 819-832).

Once both the data table and the metadata had been reviewed, we published the dataset through
the GBIF platform. IPT generated a Darwin Core Archive automatically and assigned the dataset a
unique DOI, after which the records were indexed and made accessible to researchers worldwide
(Figure 2).
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Figure 2. Main page of M.Kozybaev North Kazakhstan University on the GBIF platform
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All records now display correctly in the GBIF occurrence catalog, where users can filter results
by species, coordinates, collection year, and habitat type. The dataset is freely available to researchers,
ecologists, botanists, and anyone working in biodiversity science.

The digitization effort itself was carried out by staff of the Department of Biology together
with master's students, as part of their broader involvement in the department's research projects.

Research results. Once the digitized collections from several families of the department's
herbarium were published on GBIF, we turned to the "Metrics" section the platform generates
automatically and analyzed it in detail.

At present, eight datasets are hosted on GBIF, together covering metadata for 925 herbarium
specimens spanning a range of taxonomic groups of flowering plants from the North Kazakhstan
Region. Each dataset records the taxonomic identity of the specimens, where and when they were
collected, who collected them, and their broader geographic origin. Most of the underlying material
comes from the North Kazakhstan Region itself, though a smaller portion originates from other parts
of Kazakhstan.
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Figure 3. Page 8 of the published datasets from M. Kozybaev North Kazakhstan University on
the GBIF platform

The datasets were published over a period stretching from May 1, 2024, to March 15, 2026. In
roughly two years of digitization work, this yielded eight published datasets — seven of them covering
herbaria across ten plant families, and one dedicated specifically to weed species (Table 1).

Table 1. Herbarium collections of North Kazakhstan University on the GBIF platform

Number Date Number of
No. Collection name of samples posted citations Identifier

1 Subclass Lamiidae Herbarium of M. Kozybayev University 400 01.05.2024 26 DOI 10.15468/ubzs5t
(Boraginaceae Juss., Labiatae Juss., Solanaceae Juss.,
Scrophulariaceae Juss.)

2 Herbarium of the Fabaceae Family of Manash Kozybayev North 200 20.10.2025 1 DOI 10.15468/j95r2t
Kazakhstan University

3 Herbarium Collection of Asteraceae (Compositae) of Manash 200 20.10.2025 1 DOI 10.15468/hrb39k
Kozybayev North Kazakhstan University

4 Herbarium Collection of Orchids (Family Orchidaceae) of Manash 17 05.11.2025 1 DOI
Kozybayev North Kazakhstan University 10.15468/quwnan

5 Herbarium Collection of Liliaceae (Family Liliaceae) of Manash 5 05.11.2025 - DOI 10.15468/gq23d8
Kozybayev North Kazakhstan University (NKU)

6 Herbarium Collection of Ericaceae from Manash Kozybayev North 10 07.11.2025 1 DOI 10.15468/ctmk23
Kazakhstan University

7 Weeds in Barley and Wheat Fields of North Kazakhstan Region, 26 13.11.2025 1 DOI 10.15468/peshvt

Gabit Musrepov District
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Number Date Number of
No. Collection name of samples posted citations Identifier
8  Representatives of the Convallariaceae Family in the Herbarium 67 15.03.2026 1 DOI 10.15468/f9r8qq

Collection of North Kazakhstan University

Of the full set, 924 specimens were identified down to species level. Coordinates are available
for 829 records, collection years for 914, and collector names for 913 — though a number of older
labels lack one or both of the latter two details (Table 2). Taken together, the 925 records span collection
dates from 1957 through 2025.

Table 2. Frequency indicators

Data richness Number of cases
Identification to species 924

With coordinates 829

With year 914

With collector 913

With media

Sequenced

Roughly 5.8% of the records correspond to species listed on the IUCN Global Red List, drawn
mainly from the families Orchidaceae, Liliaceae, and Ericaceae.

For the taxonomic composition, we opted to list every genus within each family alongside
its specimen count, rather than relying on charts alone — this gives a more precise picture of how
specimens are distributed across taxa than a graphic summary would.

The temporal spread of specimens tells its own story: it reflects not just how the collection
grew over time, but how field activity varied from year to year. Looking at the yearly breakdown
makes it possible to see how consistently collecting was carried out, to spot years of particularly
active fieldwork, and conversely, to identify stretches where almost nothing was added.

Geographically, the specimens are distributed quite unevenly — a pattern shaped both by how
accessible different habitats actually were and by the routes field researchers happened to take. In
total, the collection draws from seven administrative districts of the North Kazakhstan Region, though
collection points cluster far more densely in some areas than others (Figure 4).

Figure 4. Map of georeferenced herbarium records (collection points)
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The dataset's main GBIF page also tracks citation activity. So far, it has been cited in 26 sources:
journal articles account for the largest share at 61.5%, followed by preprints at 19.2%, conference
materials at 7.7%, reports at 3.8%, and abstracts at another 3.8% (Figure 5).

Literature type

MNumber of ocourrences

Journal articla .I—‘u—:;Jru'.
. Conlerence procesdings . C3enen:
Repart . Thesis

Figure 5. Citation metrics of the published dataset

Conclusion. This study covered the full cycle of work with herbarium material from ten
families — Boraginaceae, Labiatae, Solanaceae, Scrophulariaceae, Orchidaceae, Liliaceae, Ericaceae,
Convallariaceae, Fabaceae, and Asteraceae — held by the Department of Biology at M. Kozybayev
North Kazakhstan University: collecting, organizing, digitizing, and finally publishing the material.
The result is a dataset of 925 carefully prepared specimens, now feeding into both regional and global
biodiversity information systems.

Publishing this material on GBIF changed its status considerably. Data that had previously
sat in local storage became openly accessible, entered the international scientific community, and can
now be reused by researchers anywhere in the world. Beyond simple accessibility, digitization plays
a protective role as well — it helps safeguard specimens that are otherwise vulnerable to physical loss
or degradation over time, while at the same time opening up new avenues for biodiversity analysis,
flora monitoring, and conservation planning grounded in real data.

Taken together, this work adds a meaningful piece to the broader picture of North Kazakhstan's
flora. It also lays groundwork for what comes next — further botanical research, an expanded
collection, and the continued development of digital herbaria at the local level.
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