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ASTRAGALUS L. TYBICBIHBIH TUIITIK TEPBAPUM YJT'LIEPI BOWBIHIIA TAJIIAY

L2E.M. Typaposa* ~, !B.B. Ocmonanu , 2A.T. Mamyposa , 2JK.A. Ken:xe6aeBa
'Boranuka sxoHe QUTOMHTPOMYKIMS MHCTUTYTHI, Anmarsl, Kasakcran
2on-®apabu atbigarsl Kasak WITTBIK yHUBepcHTETI, Anmatsl, Kasakcran
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E.M. TypapoBa — boraHuka >oHe (QUTOMHTPOAYKLHUS WHCTUTYTBIHBIH KIlll FHUIBIMU
KbI3METKepi, ain-Papadbu arbiHgarbl Ka3zak YITTHIK YHUBEPCUTETI, bronorus >koHe OMOTEXHOJIOTHS
(hbakynpTeTiHIH MarucTpaHTbl, AnMatel K., Kazakcran, e-mail: turarova-erkejan@mail.ru, https://
orcid.org/0009-0005-8295-7926

B.B. Ocmonaum — PhD, boranuka sxoHe pUTOMHTPOIYKIMS HHCTUTYTHIHBIH 6CIMIIKTEp aJIeMi
KaJlacTpbl 3epTXaHaChIHBIH MEHIepyIIici, Anmarhl K., Kazakcran, e-mail: be96ka kz@mail.ru, https:/
/orcid.org/0000-0003-3060-8597

A.T. MamypoBa — 0.F.K., KaybIMAAcCTbIpbUIFaH npodeccop, boraHuka >xoHe arposkojaorus
KadenapachHbIH 01IeHTI, bronorus >xone Onorexnonorus daxynsreti, o1-Dapadbu areigarsr Kazax
VITTBIK yHHBepcuTeTi, AnMmarsl K., Kazakcran, e-mail: amamurova81@mail.ru, https://orcid.org/
0000-0002-4676-9443

K.A. KenxxkebaeBa — PhD nokropant, buonorus xoHe OuorexHoJoOTHsS (aKyIbTeTi,
on-Gapabu  areiHgarsl  Kazak yiaTTBIK  yHuBepcuTeTi, Ausmarel K., Kazakcran, e-mail:
k.zhaukhar@gmail.com, https://orcid.org/0009-0006-4827-1434

Amnaarna. by 3eprTey )kyMbIchI asicbiHa boTanuka sxoHe GUTOUMHTPOAYKIHS HHCTUTY THIHBIH
(AA) repbapuiiinae cakranran Astragalus L. TybICbIHA )KaTaThIH TUNITIK repOapuii ynriiepine tauauay
xyprizinai. 3eprrey Astragalus L. TybichiHAarsl 33 TakcOHFa KaTaTblH 63 THUNTIK repOapuiliik
YJITiHI KaMTBIOBI, ONApIBIH apackiHAa 22 ToJOTHI, 28 W30THII KOHE Sspecimina authentica
(aHbIKTaIMaraH caHar) peTiHie >kikreareH 10 yari asbpIKTanapl. OpOip yari yiiH repbapuit
JKarChIPMachIH/Ia KOPCETUITeH T€0NO3ULIUSAIIBIK aKapar Tipkenai. TypiepaiH >Kyieni arayinapblHbIH
JONIITIH KaMTaMachl3 €Ty MakKcaThlHIa OOTaHHWKAJIBIK HOMEHKJIATypa MEH KIKTEyIiH 3amMaHayd
NPUHLUITEP] KOMAAHBUIIBL, cOHbIMEH KaTap POWO-HbIH Ka3ipri ManmiMeTTep 6a3acbIMeH CajbICThIPY
Kyprizuai. [epOapuiinik 3epTTey )KYMBICH OapbIChIH/Ia AJI(PABUTTIK TOPTINTE YCHIHBUIFAH TYPJIEp MEH
TYPILILUTIK TAKCOHIAP/IBIH aHHOTALIMSTIAHFAH Ti31Mi KYPhUIIBL. OpOip TaKCOHFa KaOBIIIaHFaH arayap,
HOMEHKJIATYpaJIbIK aKmaparneH Koca repOapuil KarChbpMAacChIHBIH TOJBIK MOTiHI, TYMHYCKAJIBIK
CaHATTarbl YJITUICPAiH TUlli (TOJIOTHII, W30THII) KOPCETUIAl. 3epTTey >KYMBICBI HOTHXKECIHIE
Astragalus L. repbapuil MaTepuaniapblHbIH TUIITIK XKYHEIEHY1 PETTEeNIl.

Kinr ce3nep: Astragalus L., Tuntik repdapuii, u3otu, specimina authentica, MOpHOIOTHS, SKOIOTHSL.
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A.T. MamypoBa — K.0.H., acCOIIMMPOBAHHBII mpodeccop, MOUeHT Kadeapsl OOTaHUKH U
arposKosioruu (hakyinpreTa Onojaoruu u OnorexHojaornu Ka3axckoro HalMOHAIBHOTO YHUBEPCUTETA
nmenn anb-dapadm, . Anmarel, Kazaxcran, e-mail: amamurova81@mail.ru, https://orcid.org/0000-
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k.zhaukhar@gmail.com, https://orcid.org/0009-0006-4827-1434

AHHoTanusi. B pamkax HacTosIero ucciiefoBaHus ObUT NPOBEIACH AaHaIU3 TUIOBBIX
repOapHbIX 00pa3loB, OTHOCALIMXCS K pony Astragalus L., Xpanaumxcs B repOapuu MHcTHTYyTa
6otanuku u ¢utonHTpoaykuuu (AA). MccrnenoBanue oxBaruio 63 TUMOBBIX repOapHBIX oOpasia,
npuHauIe)kamux K 33 takcoHaMm pona Astragalus L. Cpenn HUX ObUIM BBISBIEHBI 22 TOJOTHIIA,
28 m3otumnoB U 10 00pa3noB, KIacCUPUIMPOBAHHBIX KakK specimina authentica (HEyTOYHEHHAs
kareropusi). Jns kaxmoro obOpasna Oblia 3aperMCTpUpPOBaHA TE€ONO3MIIMOHHAS WH(OpMaIys,
yKa3aHHas Ha repOapHoil atukeTke. C 1efbl0 00ecreueH sl TOUHOCTU NMPUHATBIX CUCTEMAaTHYECKUX
Ha3BaHUHA BUIOB ObUIM NMPUMEHEHbI COBPEMEHHbIC NPUHIMIIBI OOTAaHMYECKOH HOMEHKJIATyphl U
KJIaccu(UKalMy, a TakKe MPOBEIEHO CONOCTABIEHUE C aKTyaJdbHbIMM JaHHbIMU 0a3pl POWO. B
X0J1e repOapHOro Mcclie0BaHus ObUT COCTaBIEH AHHOTUPOBAHHBIN CIIMCOK BUJIOB U BHYTPUBHIOBBIX
TAKCOHOB, MPE/ICTaBICHHbBIN B andaBUTHOM HOpsake. s KaX10ro TakCOHa MPUBEICHBI IPUHATHIC
Ha3BaHMsI, HOMEHKJIATYPHbIC CBEACHUS, TMOJNHBIA TEKCT TepOapHOW ITHKETKH, a TaKKe TUIOBas
KaTeropusi OPUTHHAIBHBIX OOpAa3IOB: TOJOTHI WM M30TUN. B pesynsrare mcciemoBaHus Obuia
yHOpsI0u€Ha TUIIOBasi CUCTeMaTH3alus repOapHbIX MaTepuainoB poaa Astragalus L.

KunroueBble ciioBa: Astragalus L., THTIOBO# repOapuii, U30THII, specimina authentica, MOPHOIOTHs, SKOIOTHSL.

ANALYSIS OF HERBARIUM TYPE SPECIMENS OF THE GENUS ASTRAGALUS L.
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Abstract. This study presents an analysis of type herbarium specimens belonging to the genus
Astragalus L. preserved in the Herbarium of the Institute of Botany and Phytointroduction (AA). The
study covered 63 type herbarium specimens representing 33 taxa of the genus Astragalus L., including
22 holotypes, 28 isotypes, and 10 specimens classified as specimina authentica (an unspecified
category). For each specimen, the geolocation information indicated on the herbarium label was
recorded. To ensure the accuracy of the accepted systematic names of the species, modern principles of


mailto:amamurova81@mail.ru
https://orcid.org/0000-0002-4676-9443
https://orcid.org/0000-0002-4676-9443
mailto:k.zhaukhar@gmail.com
https://orcid.org/0009-0006-4827-1434
mailto:turarova-erkejan@mail.ru
mailto:turarova-erkejan@mail.ru
https://orcid.org/0009-0005-8295-7926
https://orcid.org/0009-0005-8295-7926
mailto:be96ka_kz@mail.ru
https://orcid.org/0000-0003-3060-8597
https://orcid.org/0000-0003-3060-8597
mailto:amamurova81@mail.ru
https://orcid.org/0000-0002-4676-9443
https://orcid.org/0000-0002-4676-9443
mailto:k.zhaukhar@gmail.com
https://orcid.org/0009-0006-4827-1434
https://orcid.org/0009-0006-4827-1434

ISSN 3106-9215  eISSN 3106-9223 Natura scientia journal, 2(3) - 2026

botanical nomenclature and classification were applied, and the data were compared with the current
POWO database. As a result of the herbarium study, an annotated list of species and infraspecific taxa
was compiled and arranged in alphabetical order. For each taxon, the accepted names, nomenclatural
information, the full text of the herbarium label, and the type category of the original specimens,
holotype or isotype, were provided. The study resulted in the systematic organization of type herbarium
materials of the genus Astragalus L.

Keywords: Astragalus L., type herbarium, isotype, specimina authentica, morphology, ecology.

Kipicne. Astragalus L. Tybichl - 051 OyKin ['onapKTHKaHbl KAMTUTBIH OYpIIaK TYKbIMIACHIHBIH
(Fabaceae) en aykpimbl ekiii. by Tysic mamamen 3100-Fa xKybIK TYp/i OipiKTipyiMeH epeKIeneHe i
(Podlech D sxone 1.6 2013: 1-2439). Kazakcran aymarsiga Astragalus L. tysiceibiy 309 Typi
ke3neceni (I'amaronoBa A.IL. xone 1.0 1961: 70 — 281). OnapaslH apacblHAa KaHAPTHUIFAH COHFBI
aKmaparTapra coiikec, 45 saneMuk Typiep 6ap exeni ansikTanran (Kubentayev et al 2024: 241-279).
Omnpry imringe Kei3put kitanka enrizinres 11 typ ke3neceni (baiitenos xone 1.6. 2014: 169). ConsiMeH
KaTap, COHFBI €Ki OHXbUIAbIKTa Ka3zakctanna kesneceriH Astragalus L. TyBICBIHBIH 5 kaHa Typi
aHbIKTaaFaHabFel Oenrim (Munkhtulga, D. sxone 1.0. 2026: 185-227).

AcTparanuap TybICBIHBIH OKiUIAepiHiH OackiM KemmIiiiri ConTycTiK KapThIIapAblH KYPFaK
KOHE IIeNIeHT aliMakTapblHAa Kenrten keszneceai. Omap opTypii Tipmiiik ¢opMaza ecyli MyMKiH,
aram aiTKaHJa KypJeli >KYIl eMeC >KamlbIpaKThl JKapThliail OyTainbl, OyTajbl, MIONTECiH, CUPEKTEY
OyTambIKThl OmikTiri 1-2 M Typne kesneceni (A6mynmuna C. A. 1999: 90-95). I'ynuepi mamakrysai,
LIOFBIPJIbI, MacakThl HEMece IIaThIpibl Iynmorbipiapaa kesaecedi (Illabanosa sxone 1.6. 2012.
- 262 c). Conmait ak OyJl TybICKa >KaTaTblH TYpJiEpAIH OachiM KOMIILTIN KOIDKBULIBIK ©CIMIIK
oOwekTizepi Oonbin  TaObutanmbl. KemrereH actparammapaplH IIIiHAE KYHIbI KacHETTEPIMEH
TaHbIMaJl TYpJep Ke3lecell, COHbIH IIIiHAEe MeIuluHaAa (UTOTEpaneBTHKAIBIK KacHEeTTepiMeH
TaHBIMAAphl: Astragalus adsurgens, Astragalus virgatus, Astragalus membranaceus Bunge,
Astragalus glycyphyllos, Astragalus galactites, Astragalus galegiformis, Astragalus onobrychis,
Astragalus mongholicus, Astragalus vulpinus Willd, Astragalus zingeri (Kamenun xone 1.6 1986:
26-50).

ConbiMeH KaTap, AcTparajniap TybIChIHA aTaTblH ©CIMJIKTEp MaJjl IIapyalllbUIbIFbIHIA Mall
a3bIKTHIK MaHBI3BI Oap Oonbin Tabbutansl (Cepranuena xoHe T.0 2015: No2). DKOIOTHSIIBIK MaHBI3bI
JKarblHaH MCcaMO(MUTTIK TYpJepiH MaHbI3bl 30D, aTan alTKaHJa KyMJAbl TEPpUTOPHsUIApIbIH OeTKi
KabaTbIH OekiTe ana/ibl. DKOHOMHUKAJIBIK MaHbI3bl TaFaM/IbIK JKOHE JEKOPATUBTI Typiepie Ke3aece i
(Davis xone 1.60. 1973: 613-615).

Astragalus L. TybICBIHBIH K€H ayKbIMJIbI alMaKTa TapajaybIMEH KaTap, TYpJIepAiH Kem 00yl
OipkaTap cypakTap TybIHAATajbl, aTal aiTKaHga CHUCTEMAaTUKAJIbIK JKIKTEY MEH TaKCOHOMUSIIBIK
3eprTeynaepae Oyn monmik Taman eremi (BunorpamoBa skone T.6. 1981: 70-256). Ocbl opaiina,
TAKCOHOMUSUIBIK 3€pTTEYJCpAiH JONIITiH apTThIpy MakcaThblHAa THIITIK TrepOapuil yiriiepiHin
MaHbI3bI opacal. Tunrik yaruiep (holotype, isotype sxone T.6.) — Oenriii 61p TYp/iH FRUIBIMU aTaybIiH
OEKITEeTIH Heri3ri 3TajoH Oonbin Tadblmanbl. Ockl TYpFbina, Astragalus TybICBIHBIH KYpPAENLTIr,
MOPQOJIOTHSIBIK YKCACTBIKTAPIBIH JKOFaphl JCHIreWIe OONybl JKOHE TapUXH CHITaTTaMalapIblH
YKETKUTIKCI3/IIT1 Typep/ii aHbIKTay1a OipKaTap KUBIHIBIKTAp TYBIHIATA IbI.

OcsiraH OaitnanpICThl Astragalus L. TybICBIHBIH THNTIK TepOapHid YITIIEPiH KalTa )KMHAKTAY,
onmapasl UGPIAHABIPY, MOP(OIOTHSIBIK CHIIaTTaMalIapblH HAKThIIAY >KOHE JKyleney Kasipri
O0OoTaHMKa FHUIBIMBI YIIIH ©3€KTi Mocene Ooiblll Tabbutangel. byn 3eprreynep (ropuCTHKATBIK
KaTaJIOTTapAbl JKETUIIIpyre, CUPEK >KoHE SHAEMHUK TYpJIepIi KOpFayFa, COHJai-aK ©CIMIIKTepAiH
KYHEIIK OPHBIH IYPHIC aHBIKTAayFa MYMKIHJIK Oeperi.

ConbiMeH Karap, repbapuil KOpJapblHIaFsl TUNTIK MaTepUaigapbl 3epTTey OMOJIOTHSIIBIK
OPTYPIUIIKTI CaKTay, KIMMATThIK ©3repicTep ’KarnalblH/a eCIMAIKTEPAIH Tapaly 3aHAbUIBIKTapbIH
TYCiHY JKOHE TaOUFH pecypcTapbl THIM/II TTalijanaHy TYPFRICBIHAH J]a MaHBI3/IbI.

Marepuajagap MeH dictep. boranuka »oHe (GUTOMHTPOAYKIIMS TepOapuii KopbiHaa (AA)
Ke3neceTiH Astragalus L. TybICBIHBIH OCIMIIKTEpiHIH TepOapuii jaepekTepi OOHNBbIHIIA 3epTTEy
AKYMBICBIHJ]a TepOapuii yariiepi KoamaHelUiabl. 3eprrey kymbichiHAa Kaszakcran PecmyOnukacsl
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aymarbiHia 1934 — 1996 xox. apajibiFbIHIA KUHATFAH yiriep Kipeni. XXanmer Astragalus TybsicbiHA
kipeTiH 33 Typre Oipikripiires, 63 repbapuii yirici tanaanasl. KoceiMina repbapuii yariiepinjeri
ATHKETKA aKmaparrapbl ((KHHAJIFaH OPHBI, )KHHAJIFAH yaKbIThI, )KHHAYIIBUIAP) KOJIaHBLIIbI.

TypnepaiH cucTeMaTUKalbIK aTayblH HAKThlIdy MakcaTblHIa 3aMaHayd OOTaHUKAJbIK
HOMEHKJIaTypa >KOHE KJIacCU(pUKALUs MNPUHLIMITEPl KOMAAHBUIABL. TypiepiH aTaybl JIepeKTep
6a3ackl (https://powo.science.kew.org/) apKbUIbI TEKCEPLIII.

Horunxenep MeH TangayJap. 3eprrey ke3inae Astragalus L. TybICBIHBIH 33 TypiHEe KaTaTblH
64 repOapuii ynrinepici 3eprrenmi. l-kectene KepcTeiareHiuei, Typ artaybl, OHBIH THUNTIK TYDI,
KMHAJFaH OPHBI, )KHHAFAH/IaP YKOHE KUHAJIFAH YaKbIThl OOMbIHIIA OEpiireH.

TannaynapasiH HOTHXKecl OoitbiHIa Astragalus karatjubeki typi Ieireic bermaknana,
bankam kemin Oatbic xaranaysl, Kapa-TyOek Mucbl MaHbl, KOJIIH KYM[bl jKarajaybl OOibIHIA,
Astragalus Krasnovii Typi KazACCP, lly-Ine Taymapbsl. AHApakail CTaHIIUSACHI MaHbBIHIAFbl TACTHI
tebemikrepae, Astragalus neopopovii Typi XXonrap AataybIHbIH OHTYCTIK-0aTbIc citemaepi, [lomak
Taynaapbl, MoH4Ya-caif, TayJblH TacThl eTeKTepi OOlbIMEH KeH TypJe TapajlyblHa Kapail OipHere
yirinep kunanran. CoHpgaii-ak TypiepaiH Oipa3 Oeuniri cupek Hemece JOKalAbl TYpAE TapatyblHa
OaiiiaHbICThI TEK 1 yarize raHa KepceTiieni.

Kecte 1. AA repOapuii nepekKopbIHIaFbl Astragalus L. TybICBIHBIH THITIK TepOapuii yuriiepi
OoiibIHIIA a(haBUTTIK PETTLTIKTET1 aHBIKTaMaJIbIK jka30anap Tiz0eri

N Typ Tun JKuHajFaH opHbI JKunaran JKunanran
YaKbIThI

23 Astragalus Krasnovii isotypus KasACCP, lly-Ine Taynapsl. AHIpaKaii CTaHIUACH! M.I'. IToros(A A0002460) 18.05.1934
MaHBIH/IaFbI TACTBI TOOCLIIKTEP, CHPEK Ke3IeCe/li.

24 Astragalus Krasnovii isotypus Ka3ACCP, Illy-lie Taynapbl. AHApaKaii CTaHIHUSCHI M.T. IonoB(AA0002461) 18.05.1934
MaHbIH/IaFbl TACTHI TOOCLIIKTEP, CHPEK Ke3/1eCe/li.

25 Astragalus Krasnovii isotypus KasACCP, Illy-Lie taynapbl. AHApaKaii CTaHIUSCH M.T. TTonoB(AA0002462) 18.05.1934
MAaHBIH/IaFbI TACTHI TOOCIIIKTED, CUPEK Ke3aecei.

22 Astragalus karkarensis typus Kapxkapaii anantsl aJumoBHiinik merinainep. (AA0002538) 14.06.1934

34 Astragalus ornithorrhynchus typus XKomnrap Anaraysl xoracel. Capkan MeH JlencHHCK ILIL Honsxos, JI.A. 17.06.1934

MaHbl. MyJIaX CTaHIMSICBIHA JKaKbIH ToOeHiH oHTYCTiK KynpusHoBa(AA0002456)
TacThl OeTKeHiHAe. AJIMATBIIAH CONTYCTIKKE Kapai
235 km.

45 Astragalus rupifragiformis isotypus KasACCP, e Anaraysl. Kactek o3eni. Cyyk-Ty6e M.T. IomoB(AA0002484) 03.08.1936
Taysl. OHTYCTiK GeTkeit, 2200 M 6uixTen 6acTam.
Tacts! nana GeTkeitnepi.

46 Astragalus rupifragiformis isotypus Ka3ACCP, Ine Anaraysl. Kacrek o3eni. Cyyk-Tybe M.T. IToroB(AA0002486) 03.08.1936
Taybl. OHTYCTiK GeTkeid, 2200 M GuikTen Gacrar.
Tacrbl paina Gerkeiinepi.

39 Astragalus pulposus isotypus Ka3KCP, Ine Anaraysr. Crorats Taynapsl. [Tmyk-Hypa B.I1. T'onockokoB(AA0002480) 01.06.1937
erexrepi. Kymasr Getkeiinep.

40 Astragalus pulposus isotypus KasKCP, Ine Anaraysr. Ciorarsl taynapsl. [Imyk-Hypa M.IT ITomos(AA0002481) 01.06.1937
erekrepi. Kymubr 6etkeiinep.

41 Astragalus pulposus typus Ka3KCP, Ine Anaraysl. Croratsl Taynapsl. ITmyk-Hypa I'.H. T'opOynos, B.IT. 02.06.1937
erekrepi. Kymusl Oetkeiinep. TonockoxkoB(AA0002479)

9 Astragalus ellipsoideus isotypus KasKCP, Lie Anaraysi, [llapsia e3ei, [lapbin M. I. TTorioB(AA0002496) 19.06.1937
markansl (Kyproraii), Tactsr 6eTkeiinep.

10 Astragalus ellipsoideus isotypus Kas3KCP, Ine Anarayst, lllapsi e3eni, Llapsu M. I [TorioB(AA0002497) 19.06.1937
markansl (Kyproraii), Tactsl GeTkeiinep.

8 Astragalus ceratoides typus KasKCP, Xonrap Anaraysl, Yiken Ocek 03eHiHIH O.A. Jluxuescknii, H.U. 26.06.1937
JKOFapFBI aFbICHIHBIH OHTYCTIK OeTKeii. Py610B(AA0002530)

2 Astragalus Alexandrae specimina autentica Kaparay Taysbl, caiifan acyra Kapaii eTeTiH xepJe H.B. ITano(AA0002522) 15.05.1939

KHBIPIIBIK TACThI OCTKEHIIEP MCH JKCKEICTCH JKOTa
TebeNepiHiH IIBIHAAPHL.

3 Astragalus Alexandrae specimina autentica Ka3KCP, Kaparay Taymapsl, KUBIPIIBIK TaCTBI H.B. ITaBnoB(AA0002523) 15.05.1939
Gerkeiinep MeH jkaranay. TaIbIK JKBLIFACBIHAH acyFa
Kapail KaJIbIK xoTajap GoiHbIMeH.

4 Astragalus arbuscula typus Ka3KCP, Opransix bernaknana, Kek-anisIk eHipi, H. U. Py6uoB(AA0002459) 21.05.1940
KOKTEMTI1 yaKpITIIA aFbIHHBIH KYPFAK apHACHL.

10
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JKunaran

JKunanran
YaKbITBI

47

Astragalus selevinii

specimina autentica

KasKCP, Opransik Bernaknaina, Kex-aibik oHipi.
Ap1a-GOsUTBILI aCCOLMALISICHIHBIH apabIFbIHAA.

H.J. Py610B(AA0002487)

10.06.1940

53

Astragalus sumneviczii

specimina autentica

Bernaxnana memni, Kex-amisix exipi, Tedermik
eTeKTepi.

H. Py6uoB(AA0002521)

18.05.1941

Astragalus hemiphaca

isotypus

Kynreii Anaraysl, Tay-Uniik e3eHiHiH OH JKaK XKaFbl,
Croot-Bynak, conrycTik 6eTkeiiieri opMaH apaibik
Jana aJKanTapsl.

B.II. T'onockokoB(AA0002492)

30.07.1944

Astragalus falcigerus

specimina autentica

Barsic ¥Ycakuoksicsl. Kaparaupi 00ibickl, Bypkit
TaybIHBIH OHTYCTIT], TACTHI OCTKEH.

TI. 1. Konsxun (AA0002531)

12.06.1945

43

Astragalus rubtzovii

typus

Keren e3eniniy arsics! aiimarsl, Kym-Tekeit kymaapsr.

H. W. Py6uos(AA0002482)

30.06.1946

44

Astragalus Rubtzovii

isotypus

Ka3KCP, Keren e3eHiHiH opTa aFbIChl aiiMarhbl.
Kym-Teckeii Kymaapsl.

H. Py6uos u E. Crenanosa, A. I.
bopucosa(AA0002483)

30.06.1946

61

Astragalus trifoliatus

typus

Ka3KCP, XKam6bu1 0011., KBI3BUTKOI TY3/1BI KO
IIBIFBIC KaFaCbIH/1arbl KbI3bLJI Ca3/1bl TACThI Tobe.

H.B. ITaBnoB(AA0002498)

02.06.1948

62

Astragalus trifoliatus

isotypus

KasKCP, XKam6bu1 0611., KpI3bLiKes Ty3/1b1 Kol
HIBIFBIC KAFraCbIHAAFrbl KbI3bLI Ca3/1bl TACTHI Tobe.

H.B. TTaBnos(AA0002499)

02.06.1948

Astragalus aksaricus

Typus

Kas3KCP, Onrycrix Kazakcran o6mbicsl, Mamaii KeHTi
MaHBIHIAFbl AKCap-Cail IIBIHBIHBIH aCTBHIHIAFbI
TacTaKThI Ty OOKTEpi Haachl.

H.B. IaBnoB(AA002524)

23.06.1948

Astragalus globiceps

typus

Ily-Ine Taynapsl, Kymka-6ack xortackl, AHpakaii
TeMip)KOJ'I CTaHUMACBIHA JKaKbIH, YaKbITLIA
aFbIHIAPBIH KHBIPIIBIK TACThl apHATaphl OOHBIMEH.

B.II. TonockokoB(AA0002529)

02.06.1949

26

Astragalus larvatus

typus

Ily-Ine cyast Genrimi. Kymkabacst Taynapst,
Aupaxaii CTaHIHSIChIHA KAKBIH, TayAbIH TACTBI LIBIHBI
MEH €TEeKTepiHJIe.

BL.II. TonockoxoB(AA0002525)

03.06.1949

Astragalus karatjubeki

Isotypus; cotypus

IIsrbic Bernaknana, bankai keiy GaTkic xaranaysbl,
Kapa-Ty0ex MUChI MaHbI, KOJIIiH KYM/IbI )KaFajaybl
00ibIMEH.

B.II. TonockokoB(AA0002534)

07.06.1949

Astragalus karatjubeki

Isotypus; cotypus

IIsrreic Bernaknana, bankamr keniy GaTeIC JKaFamaysl,
Kapa-Ty6ex MUCBI MaHbI, KOAIH KYMJIBI JKaFanaysl
GolbIMEH.

BL.II. TonockokoB(AA0002535)

07.06.1949

Astragalus karatjubeki

Isotypus; cotypus

IIerbic Bernaknaia, banka ketiy GaTkic xaranaybl,
Kapa-Ty0ek MUCBI MaHbI, KOJIIiH KyM/IbI JKaraiaybl
GolibIMEH.

B.II. T'onockokoB(AA0002536)

07.06.1949

50

Astragalus sumneviczii

isotypus

I eireic Betnaknana. Bankam xeniHig 6aTsic
skaranaybl, Capluaras IIbIFaHaFbIHA KAKbIH.
KyM-KaJKbIMa TOMBIPAKTHl TOOCIIIKTEPAE, Ca3abl
IIOJIIiH apaJIbIFbIH/A.

(AA0002490)

07.06.1949

51

Astragalus sumneviczii

isotypus

Ieireic Betnaknana. Bankain kesiHig 6arsic
JKarajiaybl, Capujaraﬂ 1LIbIFaHAarbIHA J)KAKbIH.
KyM-KasKpIMa TOIBIPAKThl TOOCLIIKTEPE, Ca3Ibl
IIOJIIiH apabIFbIHIA.

(AA0002491)

07.06.1949

52

Astragalus sumneviczii

typus

IIsrreic bernaknana. bankamr xeminin 6arsic
skaranaybl. Kym-KajikeiMa caspl Tobemiikrepae,
cas/pl WO OPTAChIHA.

B.II. I'onockokoB(AA0002489)

07.06.1949

20

Astragalus kasachstanicus

isotypus

KasakcTaHHBIH KbIPTBICTBI KYpbUIbIMBI, Kok
Kaxcsr-1llax e3eni 6acceiini, Kprspui-XKap mepremai
Tebenepi, TacThl KabaTTapblH 6eTkeinepi OobIHma.

B.IL. TF'onockoxos(AA0002457)

18.06.1949

21

Astragalus kasachstanicus

isotypus

KazakcTaHHBIH KBIPTBICTBI KYPHLTBIMEL, Kok
JKaxkcsi-11lax o3eHi 6acceiini, Kpi3bui-XKap mepresi
Tebeepi, TacTbl KabaTTapibH GeTkeiliepi GonbIHIIA.

B.II. TonockokoB(AA0002458)

18.06.1949

42

Astragalus pulposus

typus

Ka3KCP, Ine Anarayst. Croratel Taynapsl. [Turyk-Hypa
erexrepi. Kymusl Getkeiinep.

B.IL l'onockoxos(AA0002478)

17.05.1953

63

Astragalus turajgyricus

typus

XKericy Anaraysl, TopaiiFbIp )KOTACBIHBIH OPTAIIbIK
Geuiri, 2132 M OMIKTIKTEH OHTYCTIiK-IIBIFBICKA, 1600 M
OMIKTIKTEri TACTBI )KOTAMEH.

BL.II. T'onockoxoB(AA0002504)

25.05.1953

Astragalus galactanthys

specimina autentica

Bocranapik, Yrem TaybIHbIH KOTAcChl, A3ap-i#eKe-cail
LIATKAJIBIHBIH KOFAPFbI aFbIchl, 3200 M. My31bIK
MaHBIH/A.

H.B. TTaBnos(AA0002532)

15.07.1954

Astragalus galactanthys

specimina autentica

Bocranapik, YreM TaybIHBIH K0Tachl, A3ap-KeKke-cail
IIATKAJIBIHBIH KOFapFbI arbIChl, 3200 M. My3/1bIK
MaHBIH]IA.

H.B. I1aBnoB(AA0002533)

15.07.1954

27

Astragalus neopopovii

typus

XKourap AnaraybIHbIH OHTYCTIK-0aThIC cinemuepi.
ynak taynapsl, MoHua-caii. TaybIH TacTsl eTeKTepi
OOBIMEH.

B.II. TonockokoB(AA0002464)

28.05.1955

11
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28

Astragalus neopopovii

isotypus

Kourap AnaraybIHbIH OHTYCTIK-0aThIC cinemuepi.
Ilynax taynapsi, Mon4a-cait. TayabiH TacThl eTeKTepi
OolBIMEH.

B.II. Tonockokos(AA0002465)

28.05.1955

29

Astragalus neopopovii

isotypus

JKoHrap AnaraybIHBIH OHTYCTIK-0aThIC cieMaepi.
Illynak Taynapsl, MoH4a-caif. TayJbIH TacThl eTeKTepi
GoifbIMEH.

BL.II. T'onockoxoB(AA0002466)

28.05.1955

30

Astragalus neopopovii

isotypus

XKowrap AnaraybIHbIH OHTYCTIK-0aThIC cinemuepi.
Ilynax taynapsi, Monua-caii. TayqbiH TacThl eTeKTepi
GolbIMEH.

B.II. Tonockokos(AA0002467)

28.05.1955

31

Astragalus neopopovii

specimina autentica

JKoHrap AnaTaybIHBIH OHTYCTIK-0aThIC cimeMaepi.
Iynak Taynapsl, MoH4a-caif. TayJblH TacThl eTeKTepi
GoiibIMEH.

BL.II. I'omockoxoB(AA0002539)

28.05.1955

55

Astragalus terektensis

typus

JKoHrap AnarayblHbIH CONTYCTIK-IIBIFBIC OOJIITi.
Tepexri o3eHiHiH markangapsl. TacTs! GeTkeitnepae.

B.A. Brikos,
B.B.®Ducion(AA0002494)

19.06.1956

56

Astragalus terektensis

isotypus

JKorrap AnaraybIHBIH CONTYCTIK-IIBIFBIC GOITi.
TepekTi o3eHiHiH IaTKaagapsl. TacTel OeTkelnepae.

C.ApsicTanranues, B.
Ducion(AA0002495)

19.06.1956

48

Astragalus steinbergianus

Typus

TapO6araTaiiIbIH OHTYCTIK OeTkeifiHiH eTexTepi, Aare3
CTaHIUSACBIHBIH OHTYCTIK-IIBIFBIC OaFbIThIHIA, 30 KM
KallbIKTHIKTA.

E. C. Crenano(AA0002520)

14.06.1957

Astragalus austrodshungaricus

typus

JKourap AnaraybIHbIH OHTYCTIK-0aThIC cinemuepi,
Ilynax taynapst, XKapTac e3eHiHiH OpTa aFbICBL, TYpii
TYCTi JKBIHBICTAp KaOaTTapbIHBIH
TaCTBI-YCAKTONBIPAKTHI OeTKeiepinye.

B.II. Tonockokos(AA0002526)

22.05.1959

Astragalus austrodshungaricus

isotypus

IOro-3ananusie orporu JkyHrapckoro Asaray, ropsi
Uynak, cpeanee TedeHue pexu JKaprac, no
KaMCHHUCTO-MECJIKO3EMUCTBIM CKJIOHAM
TIECTPOLUBETHBIX TOJIII.

B.II. T'onockokoB (AA0002527)

22.05.1959

32

Astragalus nicolaii

typus

JKourap AnaraybIHBIH OHTYCTIK-0aThIC cieMaepi.
Ilynak Taynapsl, MoHua-caii. Tay/bIH TacThl eTeKTepi
MEH CoJl CalIMAKTaJIFaH KabaTTaphbl GOMbIMEH.

BL.IIL. T'onockoxoB(AA0002468)

28.05.1959

33

Astragalus nicolaii

isotypus

Komnrap AnaraysinbH 6aTbic cinemuaepi, Korypkaiibimn
Taynapbl, YaraH LIBIHBIHA XKAKBIH, [IAJFBIH/IbI
GeTkeilnep OONBIMEH.

B.II. TonockokoB(AA0002469)

28.05.1959

57

Astragalus trichanthus

typus

Conrycrik Tsup-11lanb, KpIpFbI3 ®0TaCBIHBIH

conTycrik-0arbic meti, CloraTsl ©3eHiHiH 0pTa aFbIChI,
OHTYCTIK TacThl OeTkeiiepinne (JKamObu1 aiiMarbIHBIH

aiiHanachr).

BL.II. T'onockoxoB(AA0002500)

08.06.1963

58

Astragalus trichanthus

isotypus

Counrycrik Tsiap-11lanb, KpIpFbi3 )OTACBIHBIH

conrycrik-6arsic meti, CIoraTsl ©3¢HIHIH OpTa aFbICHL,
OHTYCTiK TacThl GeTkeiinepinne (JKamMObUT aiiMarbIHBIH

aifHaacel).

B.IL lonockoxos(AA0002501)

08.06.1963

59

Astragalus trichanthus

isotypus

Conrycrik TstHp-111anb, KpIpFbI3 )OTACBIHBIH

contycrik-0arpic meti, CIoraTsl ©3eHiHiH 0pTa arbiChl,
OHTYCTIK TacTsI OeTkeiinepinne (JKamObuT aifiMaFbIHBIH

aifHamacer).

B.II. TonockokoB(AA0002502)

08.06.1963

60

Astragalus trichanthus

isotypus

Conrycrik Tsup-11lanb, KpIpFbI3 )0TaCBIHBIH

contycrik-0arpic meri, CloraTbl ©3eHiHiH 0pTa arbIChl,
OHTYCTIK TacThl OeTkeiinepine (JKamObil aiiMarbIHBIH

aifHamachr).

BL.II. T'onockoxoB(AA0002503)

08.06.1963

Astragalus basulutavicus

typus

Tepckeit Anaraysl, bac-¥nbitay Taynapel, okrac
JKBIHBICTAPBL.

M. C. Baiitenos (AA0002528)

25.07.1966

54

Astragalus tekessicus

typus

Tepcxeit Anaraysl, bacymyray Taynapsr (Texec e3eni
MaHpl).

M.C. BaiitenoB(AA0002493)

25.07.1966

35

Astragalus psammophilus

typus

I11e e3eHiHIH OpTa aFBICHIHBIH OH JKaFaaybl.
MutoH-KyMbl, [TaH(uI0B neH Xoproc apaceiHaarbl
aiimak. Kabarts! kymaap GoiibIMeH.

B.II. TonockokoB(AA0002474)

04.07.1971

36

Astragalus psammophilus

isotypus

Iie e3eHiHiH OpTa aFbICBIHBIH OH XKaFanaybl.
Muon-kymsl, Ilandunos nen Xoproc apacskIHIaFb!
aiimak. KaGartsr kymaap GoiibIMeH.

BL.IIL. T'onockokoB(AA0002475)

04.07.1971

37

Astragalus psammophilus

isotypus

I11e e3eHiHiH OpTa aFbICHIHBIH OH JKaFaiaybl.
MutoH-KyMbl, [TaH(uI0B neH Xoproc apachiHaarbl
aiimak. Kabarts! kymaap GoiibIMeH.

B.II. TonockokoB(AA0002476)

04.07.1971

38

Astragalus psammophilus

isotypus

Lie e3eHiHiH OpTa aFbICBIHBIH OH XKaFanaybl.
Muon-kymsl, Ilandunos nen Xoproc apacskIHIaFb!
aiimak. Kabartsr kymnap GolibIMeH.

BL.IIL. T'onockoxoB(AA0002477)

04.07.1971

12
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RS e | | ot .
Typus Astragalus nicolaii Typus Astragalus vassilczenkoanus Typus Astragalus turajgyricus
(AA0002468) (AA0002506) (AA0002504)

Isotypus Astragalus sumneviczii Isotypus Astragalus Rubtzovii Isotypus Astragalus rupifragiformis
(AA0002490) (AA0002483) (AA0002483)

Cyper 1. Astragalus L. TybICBIHBIH TUNTIK TepOapuii yariizepi

Fep6apnin TUNTepiHIH, KYPbINbIMBI

. Isotypus

28 ynri (44%)
@ Typus

22 ynri (35%)

@ specimina autentica
10 yari (16%)

. Isotypus; cotypus
3 yari (5%)

Cypert 2. AA repbapuil KopbIHa cakTanFaH Astragalus L. TybICbl TYpiepiHiH TUNTIK repoapuii
YJITiIEpiHiH yieci

JKoraprwina aranrad repOapuii yATUIEpiHIH TUNTIK TYPJIEPIH aHBIKTAY OaphIChIHIA aHBIKTAJIFaH
TYpJiep canbl 64 conblH imriHae, 23 ynarige holotypus - 36%-a51, 31 yarige isotypus — 48,4%-ab1, an
anbIkTanMarad 10 yuri — 15,6%-1b1 anbin xateip (Cyper 2).

Yurinepnin Typiepi OolibiHIIa repOoapHii KOPbIH Tajljay MbIHA TY)KbIPbIMIAapFa TOKTAJIbL:

13
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- Isotypus-28 ynrini (44%) KaMTUTBIH €H Kol caHaT. bysr TypaiH OacTankel CUIIATTaMachiH
pacTalThIH KOCBIMIIIA TUITIK YJTUIEP/IIH KaKChl CAKTaTybIH KOpCEeTe 1.

- Canbl OolibIHIIA eKiHIIl opbIHAa-typus (22 Yuri, 35%). TypaiH FeUIbIMU aTaybIHBIH HETri31
0OJIBINT TAOBUTATBIH OCHI YITUIEPAIH KON MOJIIepl KOJUICKIUSHBIH FhUIBIMA KYHIBUIBIFBIH €II9Yip
apTTHIPA/bL.

- Specimina autentica 10 ynrige ycoiabutrat (16%). by ynrinep TakCOHOMUSUIBIK 3epTTeyep
YILIiH JIe MaHbI3/Ibl, OUTKEHI OJIap TYPIEP/i CUNIATTayFa, HAKThLIayFa HEMECe CallbICThIPyFa KbI3MET €Te
aaJbl.

- Cotypus cupek ke3neceni-3 nana (5%). bysl caHaTTBIH a3 MeIIepi CHPEeK HEMece epeKIie
TapUXH TAKCOHOMUSIIIBIK MOPTEOCH1 KOpCeTe/Il.

Kanmel, isotypus xoHE typus yiarijepiHiy O6ackiM OOJIybI 3€pTTENTeH repdapuil KOPHIHBIH
KaIbl (PIOPUCTUKAIBIK MAaHBI3IBUIBIFEIHAH THIC JKOFAPBl TAKCOHOMHSIIBIK JKOHE HOMEHKIIATYPAJIBIK
MaHbI3IBUTBIFBIH KOPCETEII.

YuHanraH xbingap 6oibiHWa ynrinepgin Tapanybi

Ynri cauel

1934 1936 1937 1939 1940 1941 1944 1945 1946 1948 1949 1953 1954 1955 1956 1957 1950 1963 1966 197 172 1996

HMunanrad xein

Cyper 3. AA repOapuii KopblHAa cakTainrad Astragalus L. TybICbl TypiepiHiH TUNTIK repOapuii
YIITUIepiHIH )KUHATY KbLIaphl

Keugap OoifblHIIa repbapuil yiaruiepiH >KMHAy THCTOIpaMMAachlH Talijjdy alTapiibIKTai
OIPKENKINICTIKTI aHBIKTabl. bencennimikTiH meHbB 1949 xbutbl 10 naHa >xuHamFaH Ke3ae OOIbI,
Oy OYKiI 3epTTey KEe3CHIHJAET! €H JKOFaphl KepceTkiml. byn com xbuiel KazakcTaHHBIH 16,
TayJbl JKoHE Tay OeKTepiHJIeri aylaHAapblHAa KapKbIHIbl OOTaHUKAJIBIK SKCIEAULUSIAP Typasbl
KyonaH bIpaibl. XKorapel kepcetkimrepi 6ap 1937 (6 yari), 1934 xxone 1955 (opKaiichIchl S yiIri) xkoHe
1959, 1963 xane 1971 (opkaiicwichl 4 ynri) kipeni. byn kesenaep, acipece XX FacbIpJblH OpTachl
(1930-1960) Astragalus L. TYKbIMAACBIHBIH YJTUIEPIH >KUHAYABIH KiITi Oonabl. skoHe Kaszakcran
(dnopacein 6encenni 3eprrey. ConbiMeH Katap, 1941-1944, 1945, 1957, 1972 xone 1996 xpuinaps
O1p FaHa YyJAri TIpKesl, OyJl SKCHEeTUIUSIIBIK OEICeHAUTIKTIH TOMEH/IEYl, TApUXU OKUFajlap HeMece
3epTTey 0achIMIBIKTAPbIHBIH ©3repyl CUSKTHI SpPTYpIl pakTopiaapra 6aliaaHbICThl O0TYbl MYMKIH.

14
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KazakcTan eHipnepi 6oiibiHWwa rep6apwii ynrinepiniy Tapanybl

Astragalus L. Tuntik repBapwii yvarinepi (n=63)
OHipnep GolbHLWA CaHbl

. 1. Xeticy ofinuicu 17
?;::T o J 2. Anmarel obwice! 14

3. Kaparanasl o6neick: 13

4. Kambuin obnsice 1"

5. Typkictan oBneics! 6

6. Abai ofinsick 1

7. KocTanaii o6nbick 1
Y nri cambl 1 @ Heriari KopbITeiHALI Bapnsies — 63

Q . . = Ynrinepain en, xen casi Keticy obnuicuisaa Tipkenren (171,
= Anmarsi, Kaparange save Hambein ofnkicrapsi<a 5a
1 & 1 14 17 MOFEPE KepCETHiIl GaifiKanage.

* Herlsrl wiHaxTap KasakeTasHbig, OHTYCTIX, OHTYETIK- UKk
KaHE OPTANkIK BEAIKTERIHE LIOFHINHEAK

(D) Ecxepry: Tapuu wasany opsisgape! xasipri oxiuini sHpRepre WATTH TypaS ComecTeRiping.

[ Aepexxesz: 63 ranix repfapuit yaricikin sHakTansay maniveti.

Cypert 4. AA repbapuii KopbIHIa cakTanFan Astragalus L. TybICBHI TYpJepiHiH TUOTIK repOoapuii
yirinepinin Kazakcran aitMakTapsl OOHBIHIIA TapaTysl

Kapranars! ynrinep Kazakcran aymarsl OoiibiHIa Oipkenki 6eminoereH. OnapabIH KO
OHTYCTIK, OHTYCTIK-IIIBIFBIC JKOHE TayJlbl aiiMaKkTap/a moFbipianFad. EH MaHe3ab! kinactep JKoHFap
Anaraysl ¢uiopainslK aiimarel 6alikanaznsl - 13 Yuri. byn Astragalus L. e3 TypaepiHiH OHOJOTUSIIBIK
OPTYPJILIITIHIH HETi3rl OpTaJbIKTApPbIHBIH OipiH KepceTe ajaThlHBIH KepceTeli. YJTUIep CaHbI
OolipIHIIA eKiHIII OpbhiHAa bernakmana ¢mopanslk aviMarel Typ, oHaa 9 mana TipkenreH. by
KOPCETKIIII IIOJIi )KOHE MIONIEUT IKOKYHenepiH Astragalus TybIChl TYpPIEPIHiH TIPIIUTIK €Ty OpTachl
peTiHaeri MaHbI3ABl POJIIH KepceTell. beTmaknanagaH alblHFaH MaTepUasJapAblH KOl MeJjmepi
Oys1 aiiMakTa SHAEMHUKTEpPAIH HEMeCe CHUPEK Ke3IEeCeTiH TypiepliH Ooly MYMKIHIITIH MeH3eii.
Yurinmni opeiHab [ne Anaraysl anaasl-myHaa 8 yiri Ta0euabl. OIOPUCTHKATIBIK OPTYPIILTIT] )KOFaphl
Tay JXyilecl peTiHzae Oys ailMak TaOuFu Typle TUITIK OKUIIEPHAIH alTapiibIKTall >KMHAKTaIybIMEH
cunarraiasl. O3 keserinne, lly-lne taynapst (5 yari), lne e3eni anrapsl (4 yiri) xoHe CoATYCTIK
Taup-lllanp (4 ynri) kuHanraH marepuangapia KazakcTaHHBIH OHTYCTIK »KOHE OHTYCTIK-LIBIFBIC
ayJlaHapbIHBIH 0aChIM €KEHJIIT1H aTar KOpPCeTe/Ii.

DOKOJNOTUAJIBIK KOHE (MIOPUCTUKAIBIK MaHbI3bl OOMBIHIIA Tanaay HOTWXeciHle Astragalus
TYBICBI TYPJIEP1 OPTYPJIi SKOJOTHSUIBIK JKarfainapaa Ke3[AeceTiHAIr AonenaeHai. Atan alTKaHIa,
TacThl OeTKeisep, KyM/bl aHFapiap, el kKa3blKTap, Tay OeKTepi, ©3eH aHFapiapsl, MaTKaIaap,
XKoTanmap >KoHe Taynbl skepiep. byn omapasin Kasakcran aymarbIHAArbl JKOFapbl SKOJOTHSIIBIK
Oeltimainirin kepceteni. Meicansl, bernaknana e3eHaepiHiH aHFapiIaphl ’KoHE HEMece KyM/IbI el
KarmaimapMeH cunarranazsl, an XKounrap Anaraysl, Ine Anartaysi, Tsaub-11lans sxone Kaparay Tayib
JKOXKYHenepMeH OalIaHbICThl. Astragalus L. Tapanysl oapibIH 9pTYpJii JaHAAPTTHIK alMaKTapMeH
OaitmanpIchIH KopceTeni.Ocpliaiiiia, repdapuil yATUIepiH TeK TaKCOHOMISUTBIK PeCypC peTiHAe FaHa
eMec, COHBIMEH KaTap 3KOJIOTUsIbIK-TeorpadusuIbIK aKnapar Ke31 peTiHje J1e KapacTbipyFa 0oJaibl.

KopbIThIHabL. Astragalus L. TyBICBIHBIH THUIITIK TepOapuid YATUIEPIH 3epTTEY — TAKCOHOMHS,
(brIopuCTHKA JKOHE OMOJIOTHSUIIBIK SPTYPIUIIKTI Oaranay cajanapblH/ia MaHbI3bl FEUIBIMU MOHTE He.
XKyprizinren tangay kepcetkenzei, Tuntik yariiep (holotype, isotype) TypiaepaiH FhIIIBIMHU aTayblH
HaKTBl OCKITyTe, /19 CHUIIATTayFa >KOHE JKYHWEeTiK OpHBIH aHBIKTAayFa MYMKIHIIK Oepeni. Astragalus
TYBICBI — TYP CaHbl JKaFbIHAH €H 1p1 TybICTap/bIH O1p1 OOIFaHBIKTaH, OHBIH IT'epOapuil MaTeprangapbiH
Kyleney MEH KalTa Kapay epekile e3eKTi. TUNTIK yiaruiepai MYKHUST 3epTTey TaKCOHOMUSIIBIK
KaTeIKTepAl Ty3eTyre, CAHOHUM/IEP/l HaKThlIayFa jKoHE jKaHa TYpJep/l AypbIC cUNaTTayFa bIKIal
erenl. CoHbIMEH Karap, MyHAai 3eprreyiep (uiopaHbl KOpFay, CUPEK XOHE SHJIEMHK Typiepil
aHbBIKTAy JKYMBICTApbIH/IA /1a MAHbI3/Ibl POJI aTKapabl.

KopbiTeiHapnail kene, Astragalus L. TybICBIHBIH TUNTIK repOapuil yITiIepiH *KaH-KaKThI
3epTTey OCIMIIKTEp CHCTEMAaTUKAChIH KETLipyre, O0TaHUKAJBIK AEPEKTEPIiH JAIIIrIH apTThIpyFa
KOHE OMOATyaHTYPIIUIIKTI CaKTay CTpaTeTrHsUIapblH FAUIBIMH HET13/1eyre MYMKIHJIK Oeperi.
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SPECIFICS OF GENOMIC DNA ISOLATION FROM PLANTS OF THE GENUS ROSA
USING VARIOUS PROTOCOLS AND THEIR MODIFICATIONS
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Abstract. The Rosa genus includes several species of ecological and conservation importance.
However, obtaining high-quality genomic DNA from Rosa leaf extracts can be difficult because
secondary metabolites can interfere with DNA extraction and subsequent molecular analysis. This
study evaluated the performance and versatility of the CTAB-based DNA extraction protocol for leaves
of Rosa acicularis Lindl., Rosa alberta Regel and Rosa spinosissima L. from the Altai and Tarbagatai
regions of Kazakhstan. Genomic DNA was extracted using a CTAB-based method and compared
with the DNA obtained using the primary extraction method. DNA concentrations were measured
spectrophotometrically. Differences between extraction methods were analyzed using Welch's t-test.

The CTAB protocol yielded the highest DNA amounts in the analysed samples. Average DNA
concentration ranged from 188.95 to 385.24 ng/ul, depending on species and location. The highest
average concentration was observed in R. acicularis from the Altai Mountains (385.24 4+ 142.22
ng/ul), and the lowest in R. spinosissima (188.95 £+ 89.38 ng/ul). Significant differences were found
between individual samples, especially in R. alberta from Tarbagatai and R. spinosissima from the
Altai Mountains. Samples processed with the primary extraction method generally showed lower and
more variable DNA content; differences between extraction methods were statistically significant ("p
<0.05%).

The CTAB-based protocol provided sufficient DNA extraction for molecular analysis of the
studied Rosa species and proved applicable to plant material from different regions of Kazakhstan.
However, the large variability between samples suggests that DNA concentration alone does not
fully reflect DNA quality. Further verification of DNA purity and PCR amplification efficiency is
recommended for subsequent molecular biological applications.

Keywords: Rosa acicularis, Rosa alberta, Rosa spinosissima, CTAB-based method, DNA
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Anjaarna. Rosa TYKbIMJAChIHA DKOJIOTUSIIBIK JKOHE TaOUFATThl KOpFaylda MaHbI3IbI OipHeIe
TypJiep Kipeni. JlereHMeH, UTMYPBIH >KallbIPaFbIHBIH CHIFBIHIBUIAPBIHAH JKOFApPhI Canaibl TCHOMIBIK
JHK any exiHmi peTTik MeTabomuTTepaiH 0oybiHa OailaHBICTBI KUBIH 00mybl MyMKiH, Oyi1 JITHK
SKCTPAKIMSIChIHA KOHE KEHIHT1 MOJIEKYJabIK TajjayFa KeAepri KenTipyl MymKiH. byn 3eprreyne
KazakcranusiH Antaii xoHe TapOararail aitMakTapbeiHia >kuHanFaH Rosa acicularis Lindl., Rosa
alberta Regel xone Rosa spinosissima L. xansipaktapsl yiiiH CTAB (uetuiarpumeTHiaMMOHUMA
opomuzi) kemerimen JIHK skcTpakiusi mpOTOKOIBIHBIH, THIMILIITT MEH oMOeOanThIFbl OaraaH]Ibl.
3eprrey OapbickiHna TreHomablK JIHK CTAB kemeriMeH OediHIN albIHIBI KOHE HOTHIKEIED
CTaHJAPTThI SKCTPAKIHUS 9IICIMEH allbIHFaH HOTHXKelepMeH canbIcThipbulabl. JJHK koHIEeHTpanmsce
CHEKTPO(OTOMETPUSAIIBIK TYPAE OJIICHAl. DKCTPAKIUs SAICTepl apachlHAAFbl albIPMAIIBUIBIKTAP
Voamurig “t'-TeCTiH Al aIaHbIIl TaIaHIbL.

CTAB nporokonsl Tannanran yiariaepae [JHK-HbIH cTaTucTUKanbIK TYpFbIIaH ailTapibIKTan
xorapel memmiepin Oepai. JIHK-HBIH opramma KOHIEHTPANUSACHI TYpPre J>KOHE JKUHAY OpHBIHA
OaitmanpicTel 188,95-Ten 385,24 wur/mki-re paeitin Oonnbl. EH JkoFapbl opraimia KOHIICHTPALUS
AnTaii aiimarbiHaH anblHFaH R. acicularis-te Oavikannbl (385,24 + 142,22 Hr/mxi), an eH
TOMEHTICI R. spinosissima-na Oavikanmabl (188,95 + 89,38 ur/mki). XKeke yariiep apaceiHaa, acipece
TapOararaiinan aneiarad R. alberta Mmen AnTtaliiaH albIHFaH R. spinosissima apacblHa aiTapiIbIKTai
alBIPMAIIBLUTBIKTAp aHBIKTANBL. CTaHIAPTTHI SICTI KOJAAHBII aHAM3CHIeH YATLIED, 9JeTTe, TOMEH
xoHe Typakchi3 JJHK KoHIIEHTpanusachlH KOPCETTi, SKCTPAKIIHS dIICTEPi apachlHAAFbl ABIPMAIIIBUTBIK
CTaTUCTUKAJIBIK TYPFBIIaH MaHbI31bI 0omasl ((p < 0,05°).

CTAB HeriziHzeri NpoOTOKON 3€pTTelAreH Rosa TypiepiH MOJIEKyJalblK Tajjay YILIH
xetkinikTi JIHK enimainirin 6epai sxoHe KazakcTaHHbBIH opTypill aliMaKTapblHAH aJbIHFaH ©CIMIIK
MaTepualbIMEH JKYMBIC iCTE€yre jkapamjbl OOJBIN IIBIKTHL. JlereHMeH, YiTiiep apachlHIarbl
antapnbikraii e3reprimrik JJHK KoHIEHTpaIuschIHBIH ©31 OHBIH CamachlH TOJBIK KOPCETIEUTIHIH
kepcereni. Monekynanblk Ouonorus 3eprreyiepinae ogaH opi maiganany ymin JJHK Tazanbirbsin
xoHe ITTP kymeiTy THIMILTITIH KOChIMIIIA TEKCEPY YChIHBIIAIBI.

Kint ce3nep: Rosa acicularis, Rosa alberta, Rosa spinosissima, CTAB nerizinneri oaic, JHK
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AnHotauusi. Pon Rosa BKIIO4aeT psi BUIOB, HMMEIOIIUX Ba)KHOE DSKOJIOTHYECKOE U
NpUpoAcOXpaHHOe 3HaueHue. OJHAaKO TMONIy4yeHue BhICOKOKauecTBeHHOM reHoMHoM JIHK wu3
9KCTPAKTOB JINCTHEB IIMIIOBHUKA MOXET OBITh 3aTPYHEHO M3-32 HAJTHYUS BTOPHUYHBIX METAOOIUTOB,
cnocoOHBIX TpensTcTBoBaTh BhLAeneHuio JIHK um mocnemyromemy MoONEKylsspHOMY aHaimu3y. B
JTAHHOM HCCJICIOBAaHUU OLIEHMBAIUCH 3((HEKTUBHOCTh U YHUBEPCAIHHOCTH MPOTOKOJIA BBIICICHHS
JHK ¢ ucnonb3oBannem CTAB (uetuntpumeTmiiaMmMonuii Opomuaa) st TuctbeB Rosa acicularis
Lindl., Rosa alberta Regel u Rosa spinosissima L., cobpannbix B Anraiickom u TapOararaiickom
pernonax Kazaxcrana. I'enomuyro JIHK Beigensuim merogom ¢ wucnonb3oBannemM CTAB, a
MOJyYEHHBIE PE3YNIbTaThl CPABHUBAIHM C JAHHBIMHU, MOITYYSHHBIMH MPU UCTHOIB30BAHUU 0A30BOTO
meTozaa skcrpakiun. Konnenrpamuio JIHK usmepsuiu criekrpodoTomerpudecku. Paznuuns mexay
METOJIaMHU BBIJICJICHHS AHAJIU3UPOBAIIN C TIOMOIIBIO t-KpuTepHs Yamya.

ITporokon ¢ ucnonp3oBanrnem CTAB mo3Bonun noiayunts Hanbonbiee koauyectso JJHK B
aHaymupyeMbix obpasnax. Cpennss kornentpanus JJHK Bapsuposana ot 188,95 mo 385,24 Hr/Mki
B 3aBHCUMOCTH OT BUJA M MecTa coopa. HauBeiciias cpemHsisi KOHIIEHTpalus Obljla oTMedeHa y R.
acicularis w3 Antaiickoro peruona (385,24 + 142,22 ur/mMxin), a camast Hu3kas — y R. spinosissima
(188,95 4= 89,38 ur/mki1). bbUTH BRISIBICHBI 3HAYUTENBHBIC PA3TAYUS MEXKIY OTACIBHBIMU 00pa3IiamMu,
oco0eHHO Y R. alberta u3 Tapbaratas u R. spinosissima ¢ Anras. O6pasiiel, 00paboTaHHBIE 6a30BBIM
METO/IOM, B IIEJIOM JEMOHCTPUPOBaIN Ooiee HHU3Koe W Ooree BapuabenbHoe copepxkanue JHK,
pa3nnyue MKy METOAaMH BhIAENIEHUS ObLIO cTaTUCTHYECKH 3HAYUMBIM (p < 0,05).

[Tpotokon Ha ocHoBe CTAB obecneunn Bbixon JIHK, moctarounsiii misi MOIEKYISIPHOTO
aHaJIM3a U3YYCHHBIX BUAOB Rosa, M OKa3aJcs MPUTOTHBIM i paOOTHI ¢ PACTUTEIIHHBIM MaTEPUATIOM
U3 pa3nnyHbIX pernoHoB Kazaxcrana. OpHako 3HaYMTENbHAS BapHaOEIbHOCTD TTOKa3aTeIed MEeXIy
oOpa3uamu CBUAETEILCTBYET O TOM, YTO O/1Ha vk koHeHTpanus JJHK He B monHoit Mepe oTpaxkaer
ee kayecTBo. JlJi1 AalbHEHIIEr0 MCIOJIb30BAHUS B MOJIEKYJISPHO-OMOIIOTHYECKUX HCCIIeI0OBaHUIIX
peKoMeHIyeTcst AonoiHuTeNnbHas mpoepka unctotsl JJHK u apdexruBroctu [MIIP-ammmdukarmn.

KiroueBble cioBa: Rosa acicularis, Rosa alberta, Rosa spinosissima, meton Ha ocHoBe CTAB, TIHK

Introduction. Obtaining high-quality genomic DNA is a fundamental prerequisite for a
wide range of molecular genetic studies in plants, including polymerase chain reaction (PCR),
DNA barcoding, phylogenetic analysis, population genetics, and DNA sequencing. The reliability
of subsequent analyses depends largely on the quantity, purity, and integrity of the extracted DNA.
Therefore, developing efficient, reproducible DNA extraction methods is a crucial step in molecular
research on plant species (Csaikl et al., 1998; Lutz et al., 2011; Xin & Chen, 2012; Aboul-Maaty &
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Oraby, 2019).

Isolating high-quality DNA from plant tissues can be challenging because plant cells contain
a complex mixture of primary and secondary metabolites. In particular, polyphenolic compounds,
polysaccharides, proteins, pigments, and other secondary metabolites may co-extract with nucleic
acids during tissue disruption and DNA purification (Khanuja et al., 1999; Friar, 2005; Varma et al.,
2007; Dehestani & Tabar, 2007; Japelaghi et al., 2011; Sahu et al., 2012). Polyphenols can oxidise
and form complexes with DNA and proteins (Jobes et al., 1995; Hadi et al., 2017; Heikrujam et
al., 2020), while polysaccharides can increase the viscosity of DNA preparations and interfere with
enzymatic reactions (Perlman et al., 1987; Lodhi et al., 1994; dos Santos et al., 2012). Consequently,
DNA preparations containing such impurities may lack sufficient purity and inhibit downstream PCR
and sequencing reactions. Thus, DNA extraction efficiency can vary significantly by plant species,
tissue type, and developmental stage (Rezadoost et al., 2016; Ruggieri et al., 2016).

Species of the genus Rosa are of particular interest for molecular genetic research due to
their significant morphological diversity, close interspecific relationships, and taxonomic complexity
(Matsumoto et al., 1998; Ritz et al., 2005; Koopman et al., 2008; Gaurav et al., 2022; Ergashov
et al., 2026). Molecular methods serve as valuable tools for species identification, phylogenetic
reconstruction, assessment of genetic diversity, and population studies of members of this genus
(Steele et al., 2011; Yang et al., 2012; Patwardhan et al., 2014; Dissanayake et al., 2020). However,
successfully applying molecular markers for Rosa species requires DNA of appropriate quality and
purity to ensure reliable amplification and sequencing. DNA extraction from wild Rosa species can
be particularly challenging because of the chemical composition of their tissues and compounds
that interfere with DNA purification and PCR amplification (Wissemann & Ritz, 2005; Kaul et al.,
2009; Debener & Linde, 2009; Maloupa et al., 2021). Among the species found in Kazakhstan, Rosa
acicularis, Rosa alberta, and Rosa spinosissima are important representatives of the genus (Vdovina
et al., 2024; Danilova et al., 2025; Yermagambetova et al., 2025); working with them may require
optimising standard DNA isolation methods. Obtaining DNA suitable for reliable amplification is
crucial for the subsequent molecular-genetic characterisation and species identification of these plants.

The cetyltrimethylammonium bromide (CTAB) method is one of the most common approaches
to plant DNA extraction because the reagent separates nucleic acids from various cellular components
(Rogers & Bendich, 1988; Allen etal., 2006; Liu et al., 2025). However, standard CTAB protocols may
need modification depending on the plant material and the concentration of interfering compounds.
It has been reported that adding purification steps and using substances such as polyvinylpyrrolidone
(PVP), reducing agents, or optimised salt concentrations can improve the quality of DNA extracted
from plants rich in secondary metabolites (Porebski et al., 1997; Yadav et al., 2018; Buljevi¢ et al.,
2025). Nevertheless, an extraction protocol optimised for a specific taxon or tissue type does not
necessarily yield satisfactory results when applied to other species (Yockteng et al., 2013; Jones et al.,
2023).

Despite the increasingly widespread use of molecular methods to study plant diversity
in Kazakhstan, DNA isolation procedures optimised for a range of wild Rosa species remain
insufficiently documented. Consequently, developing a reproducible method for obtaining DNA
suitable for PCR amplification is a vital prerequisite for further molecular-genetic research on these
species. This study compared a standard DNA extraction method with a CTAB-based method,
optimised a protocol for DNA extraction from Rosa acicularis, Rosa alberta, and Rosa spinosissima,
and evaluated the quality and suitability of the extracted DNA for subsequent molecular analysis via
PCR. The optimised procedure is intended to provide a reproducible approach to molecular studies of
these species, and potentially other plants that are difficult to analyse due to taxonomic or chemical
characteristics.

Materials and Methods. The modified (Porebski et al., 1997) original CTAB-based method
(Doyle, 1987) was applied to the leaves of Rosa acicularis, Rosa alberta, and Rosa spinosissima.
They were collected during the active growing season from Tarbagatai and Altai Mountains in eastern
Kazakhstan. They were subsequently air-dried, then transported to the laboratory in paper bags and
stored at -80°C. The dry leaves underwent further DNA extraction. 20-25 mg of each plant tissue
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sample taken from only healthy, young, non-browning, undamaged leaves was placed in a 2 mL
round-bottom microcentrifuge tube. Veins and petioles were removed as well. The tubes were labelled
with a permanent marker, indicating the sample number, species, and date. All manipulations were
performed using sterile equipment and nitrile gloves to prevent contamination.

The whole experiment took 4 days, but could be done in less time. Two metal balls were added
to each 2 mL round-bottom microcentrifuge tube with plant samples for mechanical tissue disruption.
Before homogenization, the tissues were placed in liquid nitrogen for 10-15 minutes to freeze the
samples. This was followed by a grinding process in a homogeniser under a fume hood by placing the
tubes symmetrically in a chilled tube rack. The maximum speed was set.

Prior to DNA extraction, the lysis buffer solution was prepared for two batches under a fume
hood, each containing 30 mL of CTAB, 0.6 g of PVP, and 60 pL of B-mercaptoethanol. Preheated on
a heating block at 65°C, 60 mL of CTAB Lysis Buffer BioChemica was separated into two tubes. 0.6
g of PVP was weighed for two tubes each and added. The solutions were vortexed. Finally, 2 portions
of 60 uL of B-mercaptoethanol were used to finish preparing the solutions. Total concentrations for 2
portions should contain 60 mL of CTAB, 120 pl of B-mercaptoethanol, 1.2 g of PVP.

The next step, called lysis, started with adding 1100 pl of prepared CTAB solution to the
sample tubes, each followed by vortexing and incubation in 4 cycles for 15 minutes each at 65°C. It
is important to note that after the first cycle, the metal balls should be discarded using a magnet, and
the fourth cycle can be done on the second day; thus, the incubated samples (3rd cycle of incubation)
were stored in a refrigerator.

On the next day, the samples were heated in a heating block at 65°C (4th cycle of incubation).
600-700 pl of chloroform was added to each sample and vortexed. If the solution remained
heterogeneous, the tubes were inverted several times to homogenise the mixture. The samples were
centrifuged at 12000 rpm for 5 minutes at 4°C, after which the supernatants (300-350 ul) were
transferred to newly labelled 1.5 ml microcentrifuge tubes. DNA was precipitated by adding 3 M
sodium acetate (pH 5.5) and 600 pl of 96% ethanol. The tubes were gently inverted 10-20 times until
visible DNA precipitation appeared, followed by overnight incubation at -20°C.

On the 3rd day, the samples were centrifuged at 12000 rpm for 15 minutes at 4°C. The
supernatants were discarded, and the tubes were briefly air-dried before incubating in a concentrator
at 60°C for 1 minute. DNA pellets were resuspended in 200 ul of RNase-free ddH2O; subsequently,
100 pl of 5 M NaCl was added, and the mixture was then vortexed thoroughly. Next, 600 pl of
96% ethanol was added, and the samples were mixed by gentle inversion, followed by incubation
at -20°C for 30 minutes. The samples were centrifuged at 12000 rpm for 10 minutes, after which
the supernatant was removed. The tubes were dried in a concentrator at 30°C for 2 minutes. 150 ul
ddHJO (RNase-free) and 1 ul RNase A (DNase- and Protease-free) were added to each sample and
mixed by gentle inversion. Before storing the samples in the refrigerator, they were incubated for 30
minutes at 37°C.

On day 4, the DNA samples were measured using the NanoDrop UV/Vis Spectrophotometer
(U2 MicroDigital, Republic of Korea). First, the tubes were vortexed and briefly centrifuged. The
spectrophotometer pedestal was cleaned with a lint-free tissue prior to and between measurements,
and 1.5 ul of the DNA sample was used. DNA concentrations and absorbance ratios were recorded.

The standard method via the DNA extraction kit (Jena Bioscience, Germany) (Olawuyi et
al., 2020) was also conducted to compare it with the CTAB-based method on Rosa acicularis
and Rosa spinosissima. Sample collection and preparation were done the same way as in the
above-mentioned protocol. Plant tissues were transferred to 2 mL microcentrifuge tubes containing
two metal homogenization beads and frozen in liquid nitrogen for 10-15 minutes. The powdered
material was homogenised at high speed using a bead homogeniser. Subsequently, 600 uL of Cell
Lysis Solution was added to each sample, followed by vortexing. The samples were incubated at 65°C
for 60 minutes, with occasional vortexing to maximise particle lysis. After thawing, the tissue was
removed using a magnet, and the lysates were stored at -20°C until the following day.

After thawing, 1.5 pL of RNase A solution was added to each lysate. The samples were
gently inverted and incubated at 37°C for 60 minutes, with occasional mixing. The lysates were then
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concentrated, and 100 pL of protein precipitation solution was added. After mixing and cooling on ice
for 10—15 minutes, the samples were centrifuged at 15,000 rpm for 15 minutes at -4°C.

The resulting supernatant was transferred to clean 1.5 mL microcentrifuge tubes, and 300 pL
of chloroform was added. The samples were vortexed for 20-30 seconds and centrifuged at 15,000 rpm
for 10 minutes and carefully transferred the upper aqueous phase containing genomic DNA to new
tubes. The DNA was precipitated with an equal volume (300 pL) of pre-warmed isopropanol (>99%),
then vigorously inverted. The samples were incubated overnight at -20°C and then centrifuged at
15,000 rpm for 5 minutes at -4°C. The supernatant was removed, and the DNA pellets were air-dried
and washed with 500 puL of wash buffer. The pellets were resuspended by vortexing and incubated
at 60°C until completely dissolved. The samples were centrifuged at 5,000 rpm for 5 minutes, after
which the supernatant was removed. A wash step was performed once with 500 pL. of wash buffer. The
pellets were then washed with 500 pL of ultrapure water and centrifuged at 5,000 rpm for 5 minutes.
Excess water was removed, and the DNA pellets were allowed to dry for at least 10 minutes. The DNA
was then resuspended in 100 pl of DNA hydration solution and incubated at 65 °C for 60 minutes,
with periodic agitation and brief centrifugation. The isolated DNA samples were stored at -20 °C until
further analysis.

The concentration of the synthetic genomic DNA was measured using a NanoDrop
micro-volume spectrophotometer. DNA quality was assessed based on concentration and
spectrophotometric purity (Olawuyi et al., 2020). The quality of DNA samples was statistically
compared with the quality of DNA samples extracted with CTAB-based methods to determine whether
the sample purity is acceptable for further genetic analyses.

Results. Using the CTAB-based method, DNA yield varied significantly by Rosa species and
sampling region (Table 1). For Rosa acicularis, the mean DNA yield was 385.24 + 142.22 ng/uL
in the Altai region and 230.68 + 119.02 ng/uL in the Tarbagatay region; for Rosa alberta, the yield
was 231.84 £ 109.41 ng/puL in the Altai region and 316.52 + 220.64 ng/uL in the Tarbagatay region.
Additionally, for Rosa spinosissima, the mean yield was 334.27 + 186.43 ng/uL in the Altai region
and 188.95 + 89.38 ng/uL in the Tarbagatay region (Table 1).

Table 1. Results of DNA concentrations of Rosa acicularis, Rosa alberta, and Rosa
spinosissima leaves by the CTAB-based method.

Species Area n Mean (ng/pl) SD (ng/pl) Minimum Maximum
Rosa acicularis Altai 8 385.24 142.22 171.68 531.98
Rosa acicularis Tarbagatai 8 230.68 119.02 51.84 409.72
Rosa alberta Altai 8 231.84 109.41 42.85 373.94
Rosa alberta Tarbagatai 8 316.52 220.64 3.83 654.75
Rosa spinosissima Altai 7 334.27 186.43 96.89 682.24
Rosa spinosissima Tarbagatai 8 188.95 89.38 37.89 292.76

Overall, DNA yield for samples extracted using the CTAB method ranged from 3.83 to 682.24
ng/uL. The highest mean yield was observed in Rosa acicularis from the Altai region (385.24 ng/uL),
while the lowest was in Rosa spinosissima from the Tarbagatay region (188.95 ng/uL). Significant
variability within groups was also observed, particularly for Rosa alberta from the Tarbagatay region
(standard deviation [SD] = 220.64 ng/uL) and Rosa spinosissima from the Altai region (SD = 186.43
ng/uL). Some groups showed high standard deviation values (Table 1).

Samples processed using the original DNA extraction method exhibited higher variability
(Table 2). The mean DNA concentration in Rosa acicularis samples from the Tarbagatai region was
37.93 +£44.45 ng/pL. In contrast, the mean concentration in Rosa spinosissima samples from the Altai
region was significantly lower, at only 6.80 + 11.46 ng/uL (Table 2).
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Table 2. Results of DNA concentrations of samples of Rosa acicularis and Rosa spinosissima
leaves by the original DNA extraction method.

Species Area n Mean (ng/pl) SD (ng/pl) Minimum Maximum
Rosa acicularis Tarbagatai 2 37.93 44.45 6.499 69.356
Rosa spinosissima Altai 3 6.80 11.46 -2.765 19.5

DNA concentrations obtained using the CTAB and standard extraction methods differed
significantly (Welch's t-test, p = 5.94 x 10~%) (Fig. 1). The CTAB method yielded significantly higher
DNA concentrations than the standard method. The box plot also revealed considerable variability
among samples obtained via the CTAB protocol, characterised by a wide interquartile range and
overall distribution of DNA concentrations. In contrast, DNA concentrations obtained using the
standard method were much lower and showed a narrower distribution. Several samples obtained via
the CTAB method exhibited exceptionally high DNA concentrations exceeding 600 ng/uL, whereas
concentrations obtained via the standard method generally remained below approximately 70 ng/uL
(p < 0.001).

CTAB VS Standard method

M ctAB M Standard method

1000,00
800,00
600,00
400,00

200,00

0,00 ——

Figure 1. Box plot diagram showing the statistical difference between CTAB and the standard
method (p<0.001 ****; significant by Welch t-test)

The resulting DNA underwent PCR analysis using specific primers (Fig. 2).

A RosaspTarb  RosaalbTarb B RosaalbAlt  RosaacicAlt

Figure 2. Agarose gel electrophoresis of genomic DNA (gDNA) from Rosa samples. (A) PCR
amplification of samples from Tarbagatai (Tarb) and Altai (Alt) regions. (B) PCR amplification of
samples from the Altai (Alt) region. M - DNA molecular weight marker; gDNA — genomic DNA

Discussion. The results indicate substantial differences in DNA yield from Rosa samples by

extraction method. The CTAB method generally produced DNA concentrations above the overall
mean; average values for the various groups (categorised by species and region) ranged from
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188.95 to 385.24 ng/uL. However, the high standard deviation values recorded in some groups
indicate significant variability among individual samples. The high variability among CTAB samples
may reflect differences in how individual plant samples respond to the extraction procedure.
Such variability may be linked to differences - across species or tissues - in the abundance
of polysaccharides, polyphenolic compounds, pigments, and other secondary metabolites. These
compounds can complicate the isolation and purification of plant genomic DNA and contribute to
variation in DNA recovery among samples (Darling, 2022).

Significant differences in DNA concentration may reflect the specific biochemical composition
of the leaf samples. Species of the genus Rosa contain high levels of polysaccharides, polyphenolic
compounds, and other secondary metabolites that can interfere with DNA extraction and subsequent
molecular analysis (Aboul-Maaty & Oraby, 2019). CTAB-based extraction protocols are widely
used for plant samples because CTAB removes polysaccharides, while the addition of PVP and
B-mercaptoethanol helps neutralise the effects of phenolic compounds (Porebski et al., 1997; Yadav
etal., 2018; Buljevi¢ et al., 2025). Thus, the high DNA yield observed in several groups demonstrates
the effectiveness of this CTAB-based protocol for most of the analysed Rosa samples (Xu et al., 2004;
Jabbarzadeh et al., 2009).

However, DNA concentration alone does not fully reflect the quality of the extracted DNA.
This is especially important for plant samples containing secondary metabolites, as co-extracted
compounds can inflate spectrophotometer readings without necessarily indicating the presence of
high-quality genomic DNA (Siegel et al., 2017; Tuncay & Uzun, 2025). When comparing primary
extraction results from the two methods using Welch's t-test, we found statistically significant
differences in DNA yield (p<0.001). This suggests that the improved DNA recovery with the CTAB
procedure may be due to the extraction chemistry's ability to facilitate cell lysis and separate DNA
from a complex mixture of plant compounds. This is particularly important for Rosa species, which
can contain high levels of phenolic compounds and other secondary metabolites. Modified CTAB
procedures incorporating components such as PVP have previously been developed for plant tissues
rich in polyphenols and polysaccharides (Porebski et al., 1997; Yadav et al., 2018; Buljevi¢ et al.,
2025).

A significant limitation of this comparative study is the relatively small number of samples and
the insufficient amount of reagents used for the primary extraction method. Specifically, the standard
method sample included only two R. acicularis specimens from Tarbagatai and three R. spinosissima
specimens from the Altai region. Future research should be conducted on a larger number of samples.

The results also suggest that extraction efficiency may vary by species and geographic origin.
The results indicate that extraction efficiency can vary depending on the species and geographical
origin of the samples. For instance, when using the CTAB protocol, R. acicularis samples from the
Altai region yielded higher average DNA concentrations than those from the Tarbagatai region. In
contrast, the opposite was true for R. alberta. A similar pattern was observed for R. spinosissima; DNA
concentrations were higher in the Altai samples than in the Tarbagatai samples. These differences
could reflect variation in leaf tissue properties, physiological state, environmental conditions, or
secondary metabolite content in plants grown under different conditions (Yang et al., 2018; Reshi
et al., 2023). However, because species and geographic groups were unevenly represented across the
two sampling methods, this dataset cannot disentangle the influence of these factors from the effect
of the sampling protocol itself.

Overall, the CTAB protocol yielded sufficient DNA for a significant proportion of the Rosa
samples and represents a viable method for DNA extraction from this genus. For samples consistently
yielding low DNA concentrations or unsatisfactory amplification results, further optimisation of
parameters - such as the amount of plant material, grinding method, incubation conditions, and
purification steps - may be required.

Conclusion. The results showed that modified CTAB was suitable for extracting genomic
DNA from leaves of Rosa acicularis, Rosa alberta, and Rosa spinosissima collected in the Altai and
Tarbagatay regions of Kazakhstan.

The CTAB method yielded significantly higher DNA concentrations than samples that
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underwent a standard DNA extraction method. Therefore, the modified CTAB protocol can be
considered a more effective method for extracting genomic DNA from Rosa leaves for subsequent
analysis. However, further investigation with larger sample quantities is needed.
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Abstract. The article presents results of determining soluble protein content in plant samples
of Prunus spinosa L. using the Bradford method and assessing their comparative characteristics. The
study used samples obtained from the leaves of P. spinosa. Protein extraction was performed using a
50 mM phosphate buffer solution at pH 7.0. To reduce the potential influence of phenolic compounds
in plant tissues, polyvinylpolypyrrolidone (PVPP) was used during extraction. The obtained extracts
were centrifuged, and the soluble protein content in the clear supernatant was determined using the
Bradford colourimetric method. A series of bovine serum albumin (BSA) standard solutions was used
to calculate protein concentration and construct a calibration curve.

The study showed that soluble protein content in P. spinosa samples varies by plant organ and
by individual sample characteristics. Optical density values of leaf and fruit extracts were compared,
and protein concentrations were calculated from these measurements. The Bradford method enabled a
comparative assessment of soluble protein content in plant extracts. The calibration curve constructed
using BSA standards served as the basis for quantitatively determining protein concentrations in the
studied samples.

The results provide an opportunity to assess the distribution patterns of soluble proteins in P
spinosa tissues and to compare leaf samples. The findings may serve as baseline data for characterising
the biochemical properties of P. spinosa and for planning further biochemical studies of the protein
composition of plant materials.

Keywords: Prunus spinosa L., soluble protein, Bradford method, BSA, phosphate buffer, PVPP, protein extraction,
spectrophotometry.
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Anparna. Maxkanaga Prunus spinosa L. eciMIIK YATIIEPIHAETI €PUTIH aKybI3IapAblH
mommepin bpaxdopa omiciMeH aHBIKTay JKOHE OJapblH CaJbICTHIPMAIBI  EPEKIICITIKTEPiH
Oaraymay HOTHXKENIEpl KapacThIPbUIALL. 3€pTTEy HbICAHBI peTiHAae P spinosa ©CIMAIriHiH
JKambIpaKTapblHAH allbIHFAH YATUIEp MaiJanaHbulIbl. AKYbI3AapAbl dKcTpakmusiay pH 7,0
nenreiinzeri 50 MM ¢docdartei-Oydepiaik epiTiHal KeMeriMeH XKYPri3iiai. OciMIiK yiinagapblHIaFb!
(heHONABIK KOCBHUIBICTAPIBIH BIKTUMAT OCEpPIH TOMEHIIETY MAaKCaThIHIa SKCTPAKIHS OapbICHIHIA
nonauBHHWIIONMUIHpponuaoH (PVPP) kompmaHpuigpl. ANBIHFaH JKCTPAKTTap LEHTPUQYTalaHbII,
MOJIIIp CyNepHATaHTTaFrbl €pUTIH aKybl3 Meiuiepi bpandopATIH KOIOPUMETPHUSIIBIK 9/11C1 apKbLIbI
aHBIKTAJbl. AKYBI3 KOHIICHTPALMSCBIH €CEITeY YILIH CUBIP capbicybl ansOymuHi (BSA) nerizingeri
CTaHJAPTTHI EPITIHILIEP KaTapbl MaiaIaHbUIBII, KaTHOPIIey KUCHIFBl KYPBUIIHI.

3eprrey OapbIchiHAa P. spinosa 6CIMIIIK YATUIEPIHACTI EPUTIH aKybI3 MOJIIICPIHIH 3ePTTEITCH
OCIMIK MYIIIECIHE JKOHE YJIT1 EpeKIIeNKTepiHe OalIaHBICThl ©3TepeTiHl aHBIKTaIbI. JKambipak
KOHE JKEMIC VITUIepIHEH alblHFaH OJKCTPAKTTapAblH ONTHKAJBIK THIFBI3IBIK KOPCETKIIITEPI
CaJIBICTHIPBUIBIN, OJIAPABIH HETI3IHJEe aKybl3 KOHIEHTpauusuiapsl ecentenai. bpaadopn omici
OCIMIIK 3KCTPAKTAPBIHAAFBl E€PUTIH aKyBI3AApPAbl CaJBICTHIPMANIBI TYpAe Oaranayra MYMKIHIIK
Oepni. BSA cranmaprrapsl OoibIHIIA albIHFaH KaauOpJey KUCHIFBI 3epTTEIreH YITUIEpIaeri aKybl3
KOHIEHTPAIMSACHIH CaH/IbIK aHBIKTAYJIBIH HETi31 PeTiHe KOJITaHbLIIbI.

AnbiHFaH HOTIDKENEp P spinosa ©CIMAIK YINANapblHAAFbl €PUTIH aKybI3AAPAbIH Tapaity
EpeKIICTKTEPIH OarayiayFa JKOHE KambIpak YJTUIEpiH CalbICTBIpyFa MYMKIHAIK Oeperdi. 3eprrey
HOTHXeNepi P. spinosa TYpiHIH OMOXMMHUSIIBIK E€PEKIICTIKTEPIH CHITATTay/la, COHJai-aK ©CIMIIK
MaTepHalJapbIHBIH aKybI3bIK KYPaMBbIH opi Kapai 3epTTeyre apHaJFaH OMOXUMISIIBIK TaJlaayaapsl
xKocrapiayaa 0acTamnkel Jepek peTiHae Heri3 0oma anajsl.

Kinr ce3nep: Prunus spinosa L., eputin akysi3, bpandopa oxici, BSA, docdarrer 6ydep, PVPP, akybI3 skcTpakuscsl,

CHEKTPOPOTOMETPHSL.
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AHHOTanus. B crartbe npencTaBicHbl Pe3yNbTaThl ONPEACICHUS COAEP/KAHUS PACTBOPUMBIX
OenkoB B oOpa3uax pacteHus Prunus spinosa L. ¢ ucnonszoBanueM meroaa bpandopna u oueHku
UX CPaBHUTENBHBIX 0COOCHHOCTEW. B KauecTBe 0ObeKTa McCIEIOBaHUS HMCIIOIB30BAIN OOpa3Lbl,
MOJIyYECHHBIE U3 JIUCThEB pacTeHUs P. spinosa. DKCTPaKIHIO OEIKOB MPOBOAMIN C UCIOIb30BaHHEM
50 MM ¢docdarnoro Oydeprnoro pactBopa ¢ pH 7,0. C 1enbio CHUXKEHHS BO3MOXKHOTO BIUSHUS
(EHONBHBIX COCTUHEHUH, COAEPKAIIMXCA B PACTUTEIBHBIX TKAHAX, B MPOIECCE IKCTPAKIIMU
UCHOJIB30BaNIN NoNUBUHUINONUIUPpouoH (PVPP). Tlonydyennble 3kCTpakThl EHTpUYTUPOBAIIH,
a coJiep)KaHue PaCTBOPUMBIX OEJIKOB B MPO3PAYHOM CyTIEpHATAHTE OMPEEIISIN KOJOPUMETPUUECKUM
MmetonoM bpandopna. Jlns pacdera KOHIEHTpauuu Oeika MCIONB30BAIM PAl CTaHJAPTHBIX
pPacTBOPOB Ha OCHOBE OBIYBETO CHIBOPOTOYHOTO ambOymuHa (BSA), mo koTopbIM Oblla mOCTpO€Ha
KaJIuOpOBOYHAs KpUBasl.

B xone uccrnenoBaHus ycTaHOBIICHO, YTO COZIEp’KaHHE PACTBOPUMBIX O€IKOB B oOpasuax P,
Spinosa U3MEHSETCS B 3aBUCUMOCTH OT HUCCIIEAYEeMOT0 OpraHa pacTeHHst U 0COOCHHOCTEN 00pa31oB.
Bbutn comocTaBiieHbl MOKa3aTeld ONTHYECKON IUIOTHOCTH 3KCTPAKTOB, MOITYYEHHBIX U3 00pa3IoB
JHUCTBEB M TUIONIOB, HA OCHOBAaHMH KOTOPBIX PAaCCUMTAHBI KOHIEHTpanuu Oenka. Meron bpandopna
MI03BOJIMJI TIPOBECTU CPABHUTEIBHYIO OLIEHKY COJEP’KaHUSI PACTBOPUMBIX OEJIKOB B PACTUTEIbHBIX
skcTpakrax. KanuOpoBouHasi kpuBasi, HOCTpOEHHas 10 cTanaapram BSA, ucnonb3oBanach B KauecTBe
OCHOBBI JJI51 KOJIMYECTBEHHOT'O ONPEIEIeHUs] KOHLIEHTpaluK Oellka B UCCIIEAyeMbIX 00pa3Lax.

ITony4eHHbIe pe3yabTaThl O3BOJSAIOT OLIEHUTh OCOOEHHOCTU PACIpe/ieeHUs] paCTBOPUMBIX
0enKoB B TKaHAX P. spinosa W MPOBECTH CPaBHUTEIbHBIN aHaAJIN3 00pa3loB JHUCThEB. Pe3ynbrarsl
UCCIIEIOBAHUSI MOTYT CIYXHTb HCXOAHBIMU JAaHHBIMH IIPH XapaKTEePUCTHKE OMOXUMHMYECKUX
ocobenHocteil P. spinosa, a Takxe MpU IIIAaHUPOBAHUH AATbHEUITNX OMOXUMUYECKHUX UCCIICAOBAaHUN
OEJIKOBOT0O COCTaBa PACTUTENILHOTO MaTepuaa.

KawueBblie ciioBa: Prunus spinosa L., pactBopuMslii 6enok, meton bpandopna, BSA, ocdarnsiit 6ydep, PVPP, sxkcrpakius

Oerka, CrieKTpooTOMETpHsL.
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Introduction. A significant portion of leaf proteins are enzymes of the photosynthetic
apparatus, especially ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO), which binds
carbon dioxide. In addition, the leaf contains antioxidant enzymes, membrane proteins, transport
proteins, and special proteins that protect the cell from stress. Therefore, the amount of soluble protein
in the leaf is considered one of the most important biochemical indicators of the plant's metabolic
activity and physiological state.

Methods for determining protein in plant material were developed gradually in the late 19th and
early 20th centuries. One of the first methods was J. Kjeldahl's method for determining total nitrogen
content. Later, the Biuret and Lowry methods enabled direct colourimetric assessment of proteins.
In 1976, M. Bradford proposed a rapid and sensitive method based on the binding of the Coomassie
Brilliant Blue G-250 dye to protein molecules. When the dye binds to protein, its spectral properties
change, and the optical density of the formed complex is measured at 595 nm. The method's simplicity,
relatively high sensitivity, and suitability for analysing small sample volumes have made it widely
used in plant biochemistry (Bradford et al., 1976). However, phenolic compounds, tannins, pigments,
and polysaccharides in plant leaves can co-extract with proteins and interfere with colourimetric
measurements. Therefore, using polyvinylpyrrolidone (PVPP), which binds phenolic compounds,
increases the accuracy and reproducibility of the results.

Drought is a major abiotic factor limiting plant growth and biochemical processes. Decreased
soil moisture reduces leaf water potential, leading to stomatal closure, limiting carbon dioxide
absorption, and reducing photosynthetic intensity. Under prolonged or severe water deficit, protein
synthesis slows, and the degradation of some structural and photosynthetic proteins may increase.
As a result, the total amount of soluble protein in the leaf decreases. However, the drought response
is not unidirectional: the plant activates the synthesis of protective proteins, such as dehydrins, late
embryogenesis proteins (LEA), heat shock proteins, and antioxidant enzymes. These proteins help
maintain enzyme and membrane stability, reduce the harmful effects of reactive oxygen species, and
restore metabolism after water deficit. Therefore, soluble protein levels under drought can vary with
plant genotype, stress intensity and duration, leaf age, phenological stage, and habitat characteristics.
(Bannerjee et al., 2016)

Prunus spinosa L. is a thorny shrub belonging to the Rosaceae family. It contributes to
shrub community formation in natural populations, protects soil surfaces, and provides food and
habitat for various animals. Because the fruits, leaves, and flowers are rich in phenolic compounds,
flavonoids, anthocyanins, and other biologically active substances, most previous studies have focused
on determining its phytochemical composition and antioxidant properties. The soluble protein content
in the leaves of P. spinosa, especially in populations growing in natural and arid environments, has
been relatively poorly studied. Therefore, determining leaf protein provides additional data needed to
assess the physiological state and interpopulation biochemical variability of this species (Buchanan et
al., 2015)

Studies on the response of O to drought have shown that plant populations respond to water
deficit in a heterogeneous manner. Wanjiku and Bohne compared three ecotypes and found that
their growth, morphological, physiological and biochemical parameters changed depending on the
irrigation regime (Wanjiku et al., 2017). In subsequent experiments, K. Vander Mijnsbrugge and
colleagues showed that summer drought affects leaf senescence, post-stress regrowth and bud break
in the following season in P. spinosa. These works prove that the drought tolerance of the species is
not limited only to responses to water deficit, but also to the ability to recover from stress (Vander
Mijnsbrugge et al., 2025). However, these studies did not fully characterise total soluble protein
content in the leaf as a key indicator. In this regard, determining the protein parameters of natural
populations is relevant for explaining the ecological and biochemical features of the species.

The Mangystau region is arid, with low rainfall, high summer temperatures, intense
evaporation, and unstable soil moisture. Under these conditions, plants face the combined effects of
long-term water deficit, high temperatures, and soil characteristics. The microclimate, soil properties,
moisture supply, and anthropogenic load differ between the Kogez and Samal-sai sites on the Karatau
ridge. These differences may affect metabolic intensity and the accumulation level of soluble proteins
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in the leaves of P. spinosa L. Therefore, comparison of samples from these sites allows us to assess
the physiological state and interpopulation biochemical variability of the species in the arid conditions
of Mangystau. (Imanbayeva et al., 2018)

This study aimed to determine the amount of soluble protein in P. spinosa leaf samples collected
from the Kogez and Samal-sai sites in the Karatau Range of the Mangystau region using the Bradford
method and to compare indicators between the two populations. During the study, we extracted leaf
proteins with phosphate buffer, reduced the influence of phenolic compounds using PVPP, created a
calibration curve using BSA standards, and conducted descriptive statistical analysis of the results.
The data can supplement the initial biochemical characterisation of P. spinosa under arid conditions
and serve as a basis for subsequent ecological, physiological, and molecular studies.

Materials and methods. We collected wild leaf samples of P. spinosa from the Kogez and
Samal-sai sites of the Karatau Range in the Mangistau region of Kazakhstan. We divided the samples
into two populations and analysed three replicates from each population.

Figure 1. P. spinosa on the Karatau ridge

Table 1. Characteristics of the studied P. spinosa specimens

No. Plant type Member studied Mountain range Sampled area Sample mass, g

Kogez, Mangystau

1 P. spinosa Leaf Karatau region 0.100
Samal-sai,
2 P. spinosa Leaf Karatau Mangystau region 0.100

Ecological characteristics of the study areas. The studied Kogez and Samal gorges are
located in the Western Karatau system and are characterised by an arid, semi-desert climate. The
region's lack of moisture, high temperatures, and uneven rainfall mainly determine the spatial structure
of plant communities. Although drought-adapted xerophytic species prevail in these conditions,
mesophytic and ruderal plants are also widespread, depending on local water sources and terrain.
Although the two sites share a similar climatic background, their soil composition, moisture regime,
and grazing load differ.
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The length of the Koghez Gorge is about 2000 m, and the width is 50-100 m. The gorge has
moderately steep slopes and gravelly brown soils. The soil is stony, well-drained and relatively poor
in nutrients. The humus content is 0.47%, carbonates 7.9%, and water-soluble salts 0.18%. The low
humus content indicates low organic matter accumulation, and the relatively high carbonate content
indicates that soil formation occurs in arid climate conditions. The low level of water-soluble salts
indicates that the soil is not significantly salinised.

In the Kogez Gorge, a mixed hawthorn-wormwood community - Caragana grandiflora —
Artemisia spp. - Crataegus ambigua has formed. The community includes 56 plant species, with a
total projective cover of 55%. The main species include Acanthophyllum pungens (Bunge) Boiss,
Achnatherum splendens (Trin.) Nevski, Agropyron fragile (Roth) P. Candargy, Artemisia austriaca
Jacq., Artemisia gurganica (Krasch.), Atraphaxis replicata Lam., Caragana grandiflora (M. Bieb.)
DC, Crataegus ambigua C.A. Mey, Ephedra distachya L., Rosa iliensis Chrshan, Rosa laxa Retz,
Salix alba L, Stipa caucasica Schmalh, Ulmus pumila L.

The absence of livestock grazing has created favourable conditions for preserving the natural
structure of the vegetation cover and restoring shrub and herbaceous species. In this regard, the Kogez
community can be described as a relatively stable ecosystem with low anthropogenic disturbance.
(A.A Imanbayeva et al., 2025) The Samal Gorge is about 2500 m long and 100 m wide. Its slopes
range from moderately steep to steep. The fresh water flow along the gorge bottom is an important
source of moisture in the arid region, creating spatial differences in soil moisture. The soil of the
Samal Gorge is brown, loamy and stony. Although clay particles help retain moisture, the stony layers
accelerate water movement to the lower horizons. The soil has 0.39% humus, 7.3% carbonates, and
0.12% water-soluble salts. These indicators suggest the soil is poor in organic matter and carbonates,
has low salinity, and is generally well-drained.

The Crataegus ambigua—Herba xerophytica hawthorn—xerophytic herbaceous community is
widespread in the Samal Gorge. We recorded 55 plant species, with a total projective cover of 50%. The
community includes xerophytic, mesophytic, and ruderal species, such as Acanthophyllum pungens,
Agropyron fragile, Artemisia austriaca, Artemisia gurganica, Caragana grandiflora, Crataegus
ambigua, Ephedra distachya, Malus sieversii, M. longifolia, Pyrus communis, Salix alba, Stipa
caspia, S. caucasica, and Ziziphora tenuior. Although the freshwater flow supports hygrophilous
plant species, grazing may influence vegetation cover density, species regeneration, and overall
community structure. Comparing the two sites, Kogez had 0.08 percentage points higher humus
content than Samal, 0.6 percentage points higher carbonate content, and 0.06 percentage points higher
water-soluble salts content. The projected vegetation cover in Kohez was also 5 percentage points
higher than in Samal. These differences likely reflect the absence of grazing pressure in Kohez and
the preservation of the plant community in a relatively natural state. Although the water source in
Samal provides additional moisture, grazing may limit natural regeneration. These environmental
and soil features may affect the physiological state of the studied plants and the amount of soluble
protein in leaf tissues. In this regard, we used the same standardised extraction method for all
samples to comparatively assess the biochemical characteristics of leaf samples from Kohez and Samal
populations. This approach allowed us to distinguish changes arising from ecological differences
between the study sites from those due to laboratory processing conditions.

For protein extraction, we weighed 0.100 g of each leaf sample and added 2.0 mL of 50 mM
phosphate buffer (pH 7.0). To reduce interference from phenolic compounds, we added 40 mg of
polyvinylpolypyrrolidone (PVPP) to each sample. The samples were homogenised three times for 1
min, with a 15-s break between each stage. Cool the homogenates for 10—15 min, then centrifuge at
10,000-12,000 rpm for 10 min. Remove the resulting clear supernatant without disturbing the pellet.

For the Bradford assay, add 2.0 mL of Bradford reagent to 40 uL of supernatant. Mix the
mixture thoroughly, allow the colour reaction to proceed at room temperature, then measure the optical
density at 595 nm. Prepare a control solution with 40 pL of distilled water and 2.0 mL of Bradford
reagent, and use it to zero the spectrophotometer.

BSA standards at concentrations of 0.125, 0.250, 0.500, 0.750, and 1.000 mg/ml were analysed
in the same volume and under the same conditions as the test samples. The calibration equation was
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A =aC + b, where A is the optical density at 595 nm; C is the protein concentration in the extract
(mg/ml); a is the slope; and b is the intercept. From this, C = (A - b)/a was calculated.

We calculated the protein content of the starting plant material using the formula P = (C x V x
DF)/m, where P is the protein content (mg/g), V is the extraction volume (2.0 mL), DF is the additional
dilution factor, and m is the sample mass (0.100 g). Because we performed no additional dilution, we
calculated P as (C x 2.0)/0.100 = C x 20 mg/g.

For each population, we calculated the arithmetic mean, standard deviation (SD), standard
error (SE), median, minimum and maximum values, and coefficient of variation (CV). Because of the
small number of replicates (n = 3 per population), no statistical significance analysis was performed
(Haslam et al., 1989).

Results and discussion. The mean soluble protein content in the Kogez population was 0.7877
mg/g, with individual values ranging from 0.6697 to 0.9266 mg/g. The standard deviation was 0.1297
mg/g, and the coefficient of variation was 16.47%. This indicates moderate variability within the
population.

The average soluble protein content in the Samal-sai population was 0.2425 mg/g, with
individual values ranging from 0.1794 to 0.3054 mg/g. The coefficient of variation was 25.98%, and
the relative variability was higher than in the Kogez population. The average protein content in the
Kogez samples was 3.25 times higher than the Samal-sai value, with an absolute difference of 0.5452

mg/g.

Table 2. Descriptive statistics of soluble protein content in P. spinosa leaf samples

) Average, SD, SE, Median, Min, Max, Cv,
Population n o Extract
mg/g mg/g mg/g mg/g mg/g mg/g %o
Blue 3 0.7877 0.1297 0.0749 0.7668 0.6697 0.9266 16.47 ‘
Windy 3 0.2425 0.0630 0.0364 0.2428 0.1794 0.3054 25.98 a

The differences between the two populations may be due to the physiological state of the plants,
microclimate, soil moisture and nutrient content, sampling period, and other environmental conditions.
Soluble protein levels may vary with developmental processes and environmental stress. However, this
study design does not allow for a clear determination of the influence of individual factors.

The differences in soluble protein content in the studied populations are consistent with their
environmental conditions. The higher average protein content in the Kogdz samples was observed
alongside relatively high levels of humus and carbonates in the soil, good preservation of vegetation
cover, and the absence of grazing pressure. Low disturbance of the natural community may provide
favourable conditions for normal plant growth, preservation of the leaf apparatus, and metabolic
stability (Kumar et al., 2013).

Although the permanent water source in the Samal Gorge provided moisture, the soil humus
content was lower than in the Kogez, and grazing effects were observed. Grazing can mechanically
damage plant tissues, reduce leaf biomass, and increase regrowth. These effects may indirectly
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affect soluble protein accumulation by changing the plant's physiological state. In addition, the high
coefficient of variation in the Samal samples may reflect heterogeneity in microtopography, distance
to the watercourse, and grazing load at this site.

However, soil or grazing conditions alone cannot explain the observed biochemical differences.
Plant age, phenological stage, leaf position, harvesting time, temperature, and sample storage
conditions also affect protein content. Therefore, this work treats the relationship between ecological
parameters and protein content not as a cause-and-effect conclusion, but as a scientific hypothesis to
be tested in further studies (Orazov A., et al., 2022). In the future, it is recommended to measure soil
moisture, total nitrogen, available phosphorus, temperature, and grazing intensity simultaneously, and
to increase the number of biological replicates.

PVPP extraction yielded supernatants suitable for analysis by the Bradford method, and it
reduced the influence of phenolic compounds in the leaf composition. However, the influence of
pigments and residual phenolic compounds cannot be ruled out completely. Future studies should
include extraction controls, run technical replicates, and verify that sample optical density values fall
within the linear range of the BSA calibration curve.

The main limitation of the study is the small sample size. Therefore, treat the identified
differences as preliminary descriptive results. Future studies should include more populations and
independent plants, standardise the phenological period, and simultaneously measure environmental
indicators.

Conclusion. Phosphate buffer extraction, PVPP, and the Bradford method allowed us to
quantitatively compare the soluble protein content of P. spinosa leaf samples. The protein content in the
Kogez population was 0.7877 + 0.0749 mg/g, and in the Samal-sai population it was 0.2425 + 0.0364
mg/g. Although the mean value in Kogez samples was 3.25 times higher, relative variability was higher
in Samal-sai. These results provide an initial biochemical characterisation of the two populations
and should be confirmed with studies using more biological replicates. Ecological comparisons
showed that the Kogez site had better-preserved vegetation, relatively high soil humus content, and
no grazing pressure. Although a freshwater stream runs through the Samal gorge, humus content is
low, and grazing effects are noticeable. These factors may contribute to the physiological state of both
populations; however, extensive ecological and biochemical studies are needed to prove their effect
on soluble protein content.

Funding information. The study was conducted within the framework of the scientific
project AP26198171 “Geoecological and molecular genetic assessment, distribution and development
monitoring of rare plant species belonging to the families Prunus, Sibiraea and Rosa (Rosaceae) in
Kazakhstan”.

References

Bradford (1976). — Bradford, MM (1976). A rapid and sensitive method for quantitating microgram quantities of protein using the
principle of protein-dye binding. Analytical Biochemistry, 72, 248-254. [in Eng]

Bannerjee, A., Roychaudhuri, A. Group II proteins abundantly present in late embryogenesis (LEA): structural and functional aspects
of abiotic stress in plants. Plant Growth Regul 79, 1-17 (2016). https://doi.org/10.1007/s10725-015-0113-3

Buchanan et al., 2015 — Buchanan, B. B., Gruissem, W., Jones, R. L. (Eds.). (2015). Biochemistry and Molecular Biology of Plants. 2nd
ed. Wiley Blackwell. [in Eng]

Dai, M. (2010). — Dai, J., & Mumper, RJ (2010). Plant phenolics: extraction, analysis and their antioxidant and anticancer properties.
Molecules, 15(10), 7313—7352. [in Eng.]

Imanbayeva AA - Problem modern Dendrology, 2018, 137- 138

Haslam (1989). — Haslam, E. (1989). Plant Polyphenols: Vegetable Tannins Revisited. Cambridge University Press. [in Eng]

Kruger (2009). — Kruger, NJ (2009). The Bradford method for protein quantitation. In JM Walker (Ed.), The Protein Protocols Handbook
(pp. 17-24). Humana Press. [in Eng]

Kumar, P. (2013). — Kumar, S., Pandey, AK (2013). Chemistry and biological activities of flavonoids: an overview. The Scientific World
Journal, 2013, 162750. [in Eng]

Imanbaeva AA, Floristic and anatomical diversity of Crataegus ambigua CAMey populations. ex AKBecker in various regions of the
arid Mangistau region (Kazakhstan)

Orazov et al., 2022 — Orazov, A., Myrzagaliyeva, A., Mukhitdinov, N., Tustubayeva, S. (2022). Callus induction with 6-BAP and IBA
to preserve Prunus ledebouriana (Rosaceae), an endemic plant of the Altai and Tarbagatai regions of East Kazakhstan. Biodiversitas ,
23(6), 3178-3184. [in Eng]

Scopes, 1993 — Scopes, RK (1993). Protein Purification: Principles and Practice. 3rd ed. Springer [in Eng]

34



ISSN 3106-9215  eISSN 3106-9223 Natura scientia journal, 2(3) - 2026

Taiz et al., 2015 — Taiz, L., Zeiger, E., Mgller, IM, Murphy, A. (2015). Plant Physiology and Development. 6th ed. Sinauer Associates.
[in Eng]

Wilson, W. (2018). Wilson, K., Walker, J. (Eds.). (2018). Principles and Techniques of Biochemistry and Molecular Biology. 8th ed.
Cambridge University Press. [in Eng]

35



ISSN 3106-9215  eISSN 3106-9223 Natura scientia journal, 2(3) - 2026

FTAMP 34.03.47 DOI: https://doi.org/10.62687/NSJ.3.2.2026.33

OCIMAIK AYPYJIAPBI KO3AbIPFBILLITAPBIHBIH TAPAJIYBIH BAKBIJIAY
KI9HE BUOJIOT UAJIBIK KAYIIICI3AIK

IC.F. Kenecoaii , 'IILE. Caiinay6aii , !M.JK. Illapunosa* ~, 20.C. AGaypanmon

ILT. Tycrybaesa
' Acrana Xanslkapanblk yHuBepCHTET, Actana, Kazakcran
2O36ekcTan PecrryOmukack! FeuibiM akageMuschbiHbIH boTanyka mHCTHTYTHI, TamikeHT, ©36ekcTan
*e-mail: mzhakypzhan@mail.ru

C.F. Kenec0aii — Actana xansIKapaJiblk yHUBepcUTeTIHIH «Biosafety and Biosecurity» Oimim
Oepy OarmapiaMachIHBIH 2-Kypce cTyaeHTi, Actana, Kazakcran, e-mail: kns.symbat@mail.ru, https://
orcid.org/0009-0008-2873-7975

HILLE. Caiinay6aii — AcrtanHa xaubIKapalblK yHHBepcUTeTiHIH  «Biosafety and
Biosecurity» OuniMm Oepy OarmapiamachlHbIH 2-Kype CTyaeHTi, ActaHa, Kasakcran, e-mail:
shyrailysailaubai@gmail.com, https://orcid.org/0009-0002-8565-8751

M.K. [HapunoBa — PhD, Acrana XajiblkapajblK YHHBEPCHTETIHIH KaybIMIACTBIPBLIFAH
npodeccopsl, Actana, Kasakcran, e-mail: mzhakypzhan@mail.ru, https://orcid.org/0000-0002-9467-
1483

0.C. AdonypanMoB — OHOJIOTHS FRUIBIMAAPBIHBIH JOKTOPHI, TAOUFH ©CIMJIIK PECYPCTAPhIHBIH
KaIaCTPhI JKOHE TMOMYJISAIHSIBIK OHOJIOTHSI 3€pPTXaHACHIHBIH aFa FBUIBIMH KbI3METKepi, O30eKcTaH
PecnyOnukacel FwutbiM akanemuschiHbIH boTaHWka WHCTUTYTHI, TamikeHT, ©O30ekcraH, e-mail:
ozodbek88@bk.ru, https://orcid.org/0000-0001-9087-8949

HI.T. Tycty6aeBa — PhD, Acrana XanblKapanblK YHHUBEPCUTETIHIH KaybIMJIACTHIPBIIFAaH
npodeccopsl M.a., Acrtana, Kazakcran, e-mail: tustubaeva.shynar@gmail.com, https://orcid.org/
0000-0001-6581-2403

Anaarna. Makamana eciMIiK aypyJdapblHBIH KO3IBIPFBIIITAPHIH OaKpUIay MEH OCIMIIIK
OMoKayirnci3airi Typaibl 9aedu aepekrepre oy skacanabl. LereiH yiakeH. Herisri a3pIk-TyJik
JaKbUIIaphl Kb CaliblH (puTOmaToreH1ep i KecipineH eHIMHIH 13-22%-bIH xoranTtaabl. JKymbicTa
aypysapabl 0acKapyablH HETI3T1 TOCUIAEpl KapacThIPhUIAIbI: arpOTEXHUKAJBIK JKOHE KapaHTHUHIIK
napanap, Te3iMJii COpTTap CENEKUHUACHI, XUMHSIIBIK KOPFay ’oHE OMONOTUSIIBIK OaKblLIay areHTTepi.
Ocimuik Omokayincizairi «bip mencaynasik» (One Health) TykbippIMaamMaceiHBIH OeJliri peTiHae
TaJjaHajbl, OUTKEHI OCIMIK JEHCAyIbIFbl a3bIK-TYJIK KAyIlCi3AiriMeH, IKOKYHe TYPaKTbUIBIFBIMEH
KOHE a/JaM JICHCAyJbIFbIMEH Tikeneil OailnaHbICTBl. MOHUTOPHUHI IE€H ToyeKeni OaranayibiH,
KEPriUTKTI KaybIMIACTBIKTAPAbl TApPTYIbIH >KOHE TepMoIlIa3Ma alMacy Ke3iHAeri KapaHTHHIIK
OakpLIayABIH potl KepceTuireH. /J[uarHocTuka amicTepi Ke3eH-Ke3eHIMEH CaBICThIPBUIAJIBI: KO30€H
Oaranay MeH MuUKpockonusgaH Oacran ceposorusiiblk Tociungepre (ELISA, LFD), IITP-gbin
TYpJl HYCKaJlapblHa koHE M30TepMusiblK amrunduxanusra (LAMP, RPA) neitin. KambIkTeikTan
30HJTayFa J>KE€KEe TOKTAaJaJbl: THIEPCICKTPIIK, MYJIBTHCICKTPIIK J>KOHE KBUTYJIBIK TYCIPLIIM,
VIIIKBIIICHI3 VI amnmaparTapbl, skacaHabl WHTE/UIEKT meH [oT marumkrepi. bipak Oip-Oip omic
JKAJFBI3 031 KETKUIIKCI3. Aypylbl epTe aHbIKTAy YIIIH AaNajiblK kKeJIeld TECTTep MEH KalllbIKThIKTaH
30HATAY/bI 3€PTXAHAIBIK MOJEKYJIAJIbIK pacCTayMEeH YIITACTHIPY KEepeK, ai Oyl YINTACTBIPY YITTHIK
¢buToCcaHUTAPIBIK OaKplIay KYHECIHIH HETi31HE aifHaTyhl THIC.

Kint cesmep: ecimuik aypynapsl, ¢uTOnaToreHaep, OMONOTHSIIBIK Kayincizmik, «bip neHcaynblk», (HUTOCaHUTAPIIBIK

MOHUTOPUHI, MOJIEKYJIAJIBIK TUarHOCTUKA, KAIBIKTBIKTAH 30H/TaY, 6I/IOJ'IOI‘I/I${J'IBIK 6aKI>IJ'Iay.
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AnHoTtamus. Crares MNpeAcTaBisieT 0030p JUTEpaTypbl IO KOHTPOJIO BO30yauTeEeH
Oone3Heil pactenuii u 6uode3onacuocT pacteHuil. [lorepu Benuku. OCHOBHBIE TPOAOBOJILCTBEHHBIE
KYJBTYPBI €KET0JJHO TePSIOT OT puromnaroreHoB 13-22% ypoxkas. PaccMoTpeHbl OCHOBHBIE CLIOCOOBI
yrpaBieHHs] OONE3HAMU: arpOTEeXHUYECKHE W KapaHTHHHbBIE MEPBI, CENEKIUsl YCTOMUMBBIX COPTOB,
XMUMHYECKas 3alliTa, areHThl OMOJIOTMYECKOro KOHTpousd. buobGesonacHOCTh pacTeHHil pazoOpaHa
Kak yacTh koHIenuuu «Exnnoe 3noposne» (One Health): 3mopoBbe pacteHuii HanpsMyIo CBSI3aHO ¢
MIPOJIOBOJILCTBEHHOM 0€30MaCHOCTHIO, YCTOWYMBOCTBIO SKOCUCTEM H 370pOBhEM denoBeka. [lokazana
POJIb MOHUTOPUHTA M OLIEHKH PUCKOB, YYaCTHUSI MECTHBIX COOOIIECTB M KAPAHTUHHOTO KOHTPOJIS TIPU
oOMeHe repMoria3Moil. MeTosibl TMarHOCTUKY COMIOCTABIICHBI 110 CTYIEHSIM: OT BU3YyaJlbHOM OLIEHKU
1 MUKPOCKOIIHH K cepoioruueckum noaxonam (MDA, nMmmyHoxpomaTorpaduyeckre TecT-ojJI0CKu),
pazabiM BapuanTam [11[P u m3orepmuueckoit ammmudukanuu (LAMP, RPA). OtnensHo pazobpano
JUCTAaHLIMOHHOE 30HJMPOBAHUE: TUIEPCIEKTPaIbHasl, MYJIbTUCIEKTPAJIbHAS U TEIJIOBasi ChEMKA,
OecnUIIOTHBIE JIeTaTeIbHbIC alnapaThl, UCKYCCTBEHHBIHN HHTeIUIEeKT U natuyuku [oT. Ho vHu oqun meton
cam 1o cebe 3ajauy He 3aKpbiBaeT. PanHee BbisBIeHUE OoNe3HEN TpeOyeT CBSI3KU OBICTPHIX MOJIEBBIX
TECTOB M JMCTAHIIMOHHOTO 30HAMPOBAHHUS C JAOOPATOPHBIM MOJEKYISIPHBIM TOATBEPKICHUEM,
pruéM AT CBsI3Ka JOKHA JIEYh B OCHOBY HAIIMOHAILHOM CUCTEMBI (PUTOCAHUTAPHOTO KOHTPOJIS, a HE
OCTaBaThCcsi HAOOPOM Pa3pO3HEHHBIX METOIMK, KOTOPBIE KaxK/asi 1a00paTopHsi IPUMEHSET [10-CBOEMY.

KiawueBble caoBa: 06oiie3HU pacTeHuil, (UTOMATOTeHbI, OWoOJOrHYecKas Oe3omacHOCTh, «EauHOE 310pOBBEY,

(HuTOCAHUTAPHBIII MOHUTOPHHT, MOJICKYJISIpHASI TUArHOCTHKA, TUCTAHI[MOHHOE 30HANPOBaHNE, OMOJIOTMYECKHI KOHTPOIIb.
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Abstract. This review examines the control of plant disease pathogens and plant biosecurity.
Losses are heavy. Major food crops lose 13-22% of their yield to pathogens every year. The paper
covers the main approaches to disease management: agronomic and quarantine measures, breeding
for resistance, chemical protection and biological control agents. Plant biosecurity is treated as part of
the One Health concept, because plant health is directly linked to food security, ecosystem stability and
human health. The roles of surveillance and risk assessment, community engagement and quarantine
screening during germplasm exchange are described. Diagnostic methods are compared step by
step, from visual assessment and microscopy to serological tools (ELISA, lateral flow devices),
PCR variants and isothermal amplification (LAMP, RPA). Remote sensing is discussed separately:
hyperspectral, multispectral and thermal imaging, unmanned aerial vehicles, artificial intelligence and
IoT sensors. No single method is enough. Early detection requires rapid field tests and remote sensing
combined with laboratory molecular confirmation, and this combination should form the basis of a
national phytosanitary control system.

Keywords: plant diseases, phytopathogens, biosecurity, One Health, phytosanitary surveillance, molecular diagnostics,

remote sensing, biological control.

Kipicnme. OcimaikrepaiH WHOEKUUATBIK aypylapbl TapuXd TYPFBIAAH — a3bIK-TYIIK
Kayinci3airine, SKOHOMHUKAJBIK ©CIMIe JKOHE JKOXKYHEeNepAiH Teme-TeHJIriHe Tepic ocep eTim,
ajamM3aT KOFaMbl MEH KOpIIaraH opTara ejeyii 3apianTtap okeiai. MyHBIH alKbIH MbICAIIBI
perinae Mpnanausiarsl amapIibUIBIKTBI arayFa Ooiajbl, O JKalmaid amThlK IEeH XaJIbIKTHIH
QJIEyMETTIK-9KOHOMMKAJIBIK >KaF/albIHBIH KYpPT HamapiaybiHa anein kenal (Austin Bourke, 1964:
805-808).

AyBbUT HIapyanbUIbIFbl TaKbUIIAPBIHBIH MAaTOTeH/TIK aypyslapbl OHIIPICTIK TI30EKTIH Ke3 KeJIreH
CaThICBIHJA TYBIHJAM, TYPAKTHI AaMyFa Kepi acepiH turizesi. CTaTUCTUKAIBIK MOJIIMETTepre colkec,
HET13T1 a3bIK-TYMIK JaKbUIgapbl (Kypill, Oupai, »yrepi, KapTor) bl cailbiH 13-22% keneminze
OHIM KOFanTaabl. byn yaepic Tek Tikened SKOHOMUKAJBIK IIBIFBIHFA FaHA €MEC, COHbIMEH KaTap
¢uToCcaHUTAPIBIK OaKplIay MEH OacKapy CTpaTerHsulapblH OHTAWIaHBIpyFa OaFBITTAIFaH KOCHIMINA
HWIBIFBIHAAPABIH apTybiHa anbsin keneni (Oerke E. C., 2006: 31-43;. Savary S., et al., 2019: 430-439).

OCIMIIK TATONOTHUACHI — OCIMAIK OpraHWM3Mi, MATOTEHMAIK (aKTOpiap J>KOHE CBIPTKBI
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opTa KaFJaiIapblHBIH ©3apa KypHeil OaiJlaHBICHIHAH TYBIHIAUTBHIH KYOBLIBIC. ATPOTEXHUKAIBIK
TOXipuOe OappIChIHAA ajam3aT OChbl yII (DaKTOpPABIH TeHe-TeHIINH 0acKapy apKbUIbl ©CIMAIKTIH
OHIMJILIITIH apTThIPYFa JKOHE aypy KO3/bIPFHIILITAPIHBIH TapaTybIH IEKTEYre OarbITTalFaH KELIeH 11
omictemenepai KansimracTeipabl. (Bisht N., Mishra S.K., Chauhan P.S., 2020: 937-951.)

Tocingepain TaHmaybl aypy KO3ABIPFBIIIBIHBIH — TYpiHE, KJIMMATTBIK-reorpadusiIbiK
epeKILeTIKTepre, arpOHOMUSIIBIK TEXHOJOTHSIIAPIbIH JaMy JIEHTeliHe KOHE MEMIICKETTIK PeTTey
mapajapbiHa Tikenei OainmaHbicThl. Onap OMOTHKANBIK JKOHE aOMOTHKAJBIK OpTa >KaFaaiIapbiH
©3repTy, KO3ABIPFBITHIH OCNCEHIUTINH TeXey HeMece OCIMIIKTIH KOPFAaHBIC MeEXaHH3MJEpPiH
KYIIEHTY MakcaThIH/IA J>KeKe HeMmece KemleHAi TypAe (MHTerpauusUlaHFaH aypylapMeH Kypec
— IDM) xonpanbutanel. Byn omicTepal arpoTeXHMKaNbIK (aybICHajibl €riC, Ta3ajbIKThl CaKTay),
KapaHTHHJIK JKOHE KO0 LIapajapbl, T€HETHKAJbIK CEeNEeKIHs (Te3IMIUIIK COpPTTapblH IIbIFapy),
(u3uKanbIK acepyep (TONbIpakThl kaly, Cyapy peXHMIH PETTey) >KOHE XUMHSUIBIK MpenaparTap
(mectunuaTep, UMMYHHOCTHUMYIISITOpIIap) aen Oemyre Oomazel. OChl cTparerusapablH IMIHIE He
MEH KO3ZIBIPFBIII apachbIHAAFbl ©3apa OpPEKeTTeCY HEri3iHIeri TOCUIAep AKOJOTHUSIBIK TYPFbIIaH
Kayirci3 >KoHe SKOHOMUKAIBIK THIMA1 caHanaabl. MyHnai TYpaKThl TO3IMALTIK TeH-TeH JeHTeHiHaer1
e3apa OpEKETTEeCY apKbUIbI )Ky3ere acajibl, Oy MbIcalbl, OumaibiH cabak AakTapbiHa Puccinia
triticina HeMece KapTONTBIH KeLIeH i naKrapbiHa Phytophthora infestans Kapchl Kypecte Oaiikana bl
(Denes T.E., Molnar I., Rakosy-Tican E., 2015: 165-175; Zhang, N. et al., 2021: 279-287).

buonorusneik Oaxpuiay oiCIH MaiganaHy Ke31HIET1 HET13T1 MOcelie — OHBIH THIMIUTITI.
buonorusneik 6akpiiay arenTrepi (BBA) erinHiH KejeMi MeH carnachlH KOpFay, COHBIMEH KaTap *KaKChl
9KOHOMUKAJIBIK HOTHKEIJIEPTe KETY YIIIiH, TaTOTeHISP/IiH JaMybIH TOKTATy HE 6CIMIIKTIH UMMYH/IBIK
JICHTeiiH apTThIPy apKbLIbl aypyAbIH TapalyblHa €A9Yip ocep €Tyl KaxkeT. KaChIMBIKTBIH (y3apHO3/IbI
COJybIHA Kapchl KONAaHbUIaThIH kKoMMepIusibiKk BBA aypynbiy Tapamysid 50,0%-ra neifin azalThi,
eHIMIITIKTI 58,7%-Fa neitin ketepai (Campanella V., Miceli C., 2021: 105635).

B. myloliquefaciens (VFS2, VF11, VFS14, VFS15 xone VFS21) mwrammnaps! Vicia faba
ecimaikrepinneri Fusarium equiseti (Corda) Sacc. KO3ABIPFBIIIBI TYABIPFAH aybIp >Karnaiiapasl
€10yip TOMEHJIETIN, HayKacTaHy JeHreiin tonbikraii 100%-ra neiiin a3alThIN, 6CIMIIKTEPAIH JaMy
kepcetkimiH 82%-ra aptTeipas! (Haddoudi I. et al., 2021: 1049-9644).

OcimaikTepAlH OuoKayirnci3airt MeH OMOKaylICi3irt OChl cajaja HIeIIyIl pesl aTKapajbl.
CamayaTTsl OCIMJIKTED OKOXYHWEHIH Tere-TeHIIrH, TaMakK KayilCi3airiH J>KOHE XaJbIKThIH
cay-calaMaTrTbl OONybIH KamMTaMachl3 €Ty YIIIH aca MaHbI3bl, COHJBIKTAaH ©CIMIIKTEepIiH
OMOKAyIIICI3Iiri, SFHU OCIMIIKTEPIiH JECHCAYJIBIFBIH KOPFay MEH jKaKcapTyFa OarbITTaJFaH IIapajap
One Health mapagurmaceiHbiH Herisri Oemiri 6ombin Tabbutager (Schroder R., Hilker M., 2008:
308-16).

Ocimaikrep jkep OeTiHIEri TIPIIUIIKTIH HEri3iH KypauIsl, oyiap OTTEriHi MIbIFapajpbl,
KOMIPTEKT] KYTaJbl >KOHE a3bIK-TYJIK, TAJIIBIKTAp MEH JA9pI-JI9PMEKIEH KaMTaMachl3 €Tel.
OCIMAIKTEPAIH SKOJIOTHUSIIBIK KaylNCI3ir TOMbIpaK MUKpPOOpraHU3MAEpiHEH Oacram, ajgaMaap MEH
KBIPTKBIIIITApFa JEHiHT1 OapiblK a3bIK JKeliciHe BIKnaj eredi. JleHi cay eciMaikrep Typii Typiep
YIIIiH ©Mip CYPY OpPTachl MEH a3bIK-TYJIIK PECYPCTapbIH YCHIHBIN, OMOPTYPIILIIKTI )Kacai1bl, COHBIMEH
Karap dKOKYHe TYPaKThIIBIFBIH KaMTaMachl3 eresi (Rawat U., Agarwal N.K. 2015:19-28).

OcimMaikTepAiH OMOKAyIINCI3AIriH CakTay TEK ayblUl IIapyallbUIBIFBIHBIH MaHbBI3Ibl OaFbIThI
eMec, COHBIMEH Karap oJeMJiK JieHreiine ere Kaxer. Ochuiaiiia, eciMaiKTepaiH OHOKayinci3airia
«bip neHcaynbIK» KOHIENIHUICHIMEH OipiKTIpy FaIaMIbIK JEHCAYIBIK CAKTAyIbl )KOHE YKOJIOTHUSIIBIK
TYPaKTBUIBIKTH KaMTaMachl3 €Ty agisindan KakeTTimik 0ombi Tabbuiaabl. «bip JeHCayIbIKy UAEsCHI
azaMm, aHyap >KOHE OpTaHBIH JCHCAYJBIK MOCEJIETIEPIHIH THIFbI3 OalJIaHBICBIH KepceTei, Oy
KOHTEKCTE OCIMIIKTEp/iH OMOKayilCI3AIriHIH MaHbI3IbUIBIFBIH alKbIHAaiabl. ABcTpanusga 2008
JKBUTBI KapaHTHH XoHE OMOKAYyINCI3MIKTI KaMTaMachl3 €Ty IIapajapblH KalTa Kapay HOTHKECIHIE
«bip Omokayirnci3aik» 6actamachl maiaa 00JIIbl, OHJIa ayblI MAPYaITbIIBIFBIHIAFEI 3USTHKECTEP MCH
aypyJaapra Kapchl KypecTe (eaepaiablK )KoHe MEMIICKETTIK JeHIeiie bIHTBIMAKTACTHIKTBI HBIFAUTY
yewiabutrad (Durant S., Faunce T.A. 2018: 647-654).

OciMaikTepAiH OMOKayimnci3airi TaxipuodenepiHin agaM aeHcayiabiFbiHa biKnaasl One Health
TaKbIpBINTapbIHAa kWi eckepinmeiini. One Health asiceiHma ecimMumikTepaiH OHOKAyIINCI3AITiH
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MOMBIHJIAY a3bIK-TYJIIK KaYIICi3/1irt MEH SKOJIOTUSIHBIH TYPAKThUIBIFBI apachIH/IaFbl OaTaHCKA EPEKIIIe
Hazap ayaapanbl, dKOXKYHenep, jKaHyapiiap MEH aJaMAaplblH JCHCAYJBIFBIH KAKCAPTAThIH aybul
HIapyalblIbIFbIHBIH KQKETTUIIKTEpIHE Kayarl OepeTiH KeHIeHl MIeIiMIEep/l ajifa >KbUDKbITAJIbI
(Hoffmann V., et al. 2022:62).

3USHIBI OpraHu3MIEp, aypy TYIABIPFBINITAD KOHE OJapAblH TachIMajAayllblIapbiHa
XUMHUSUIBIK, COHall-aK XUMUSIIBIK €MeC 9/IICTepMEH OaKbLIay KoHe MHUKPOOTapra Kapchl A9piIepAiH
TUIMJIUTITIH TOMEHJETY KayinTepiH 6acKapy COTTI )Ky3ere achbIpblIaThIH OaFrbITTap OOJBIN TaObLIaIbL.
Buoxkayinci3aikreri aranMblll Tociiaepai OipikTipy jkaHyapiap MEH eCIMIIKTepre acep eTeTiH
300HO3/IBIK MH(EKIUIIap CUSKTHI KOTIcaallbl KaTeplepaiH ajIblH ally MEH a3bIK-TYJIK KyHeCiHiH
TYPaKThUIBIFBIH KAMTAMachl3 €Ty apKbUIbI )KYHEHIH HbIFalObIHA ajbll Kenenl (Mazzeo A. et al., 2022:
2736).

Mynaneni TapanTapiAblH 3USHKECTEPAIH TapalyblH, TOMYJSMFMUIAPABIH ©3TepIiCiH JKOHE
OJIapJIbIH TapayblHa ocep e€Teml Ayiei ¢dakropiapabl TYCiHYl MakcaTKa cail kKoHEe THIMII XKypy
YILiH CTpaTerusaap/sl )kacayaa KoMekTece anaasl. MyHaail MoiMeTTepre Heri3/1ereH 9/1ic ToyeKen
JeHreiiHe colikec ic-mapanapra 6achIMABUIBIK O€pe OTBIPHII, peCcypcTapibl IyphIC 60Iyre MyMKIHIIK
oepeni (Lafond V. et al., 2020: 218-245).

bakpinay 3ussHKeCTEp/IiH BIKTHMAI MIa0ybUIIAPBIHBIH KayIliH aHBIKTayFa MYMKIHIIK Oepenl,
Oyl Toyekenaepai Oackapy CTpaTerHsUIapbhlH Kacayra Koijay Kepcerenmi. byn crparerusurapra
QJICyeTTI SMUISMUSUIAPABI JKOIOFA apHAIFaH IIYFBUT IIapajap €Hedi, OChUTalIa OHOJOTHSIIBIK
Kayirnci3aikke TaibHABIKTBL apTThipaasl (Venette R.C. et al., 2021: 111-131).

ConbiMeH 0ipre, )KepriTiKTi XaJbIKTap, COHBIH 1ITTHAC TOCTYPIIl XaIbIKTapIbIH, OMOIOTHUSIIBIK
KayiMCIi3iKTI KaMTamachl3 €Ty IapajapblHa TapThUIybl MaHBI3IbI, OMTKEHI ojap KeOiHece Oara
JKETHEC JACTYpil OimiMre we j>kKoHE OCIMIIK JIeHCAyIbIFbIHA KAaTBICTHI cascaTKa TIKeJIeH BIKIas
eteni. KoramapIk aknapar 6epy HayKaHAapbl KOFAaMAACTHIKTHIH OMOIOTHSIIBIK KaYIICI3MIKKe KaThICThI
Iapaapra KalbIlThl KATBICYBIH apTTHIPY, 3USTHKECTEP MEH aypyJapbl aJIbIH aJia aHBIKTay MEH OJlap
TypaJisl Xabapiaypl KaMTaMachl3 eTy yiriH aca MaHe3as! (Thompson L. et al., 2022: 1-16).

OciMAIK aypylapblHbIH aJbIH ajly >KOHE KapaHTUH IapajlapblH €Hri3y YIIIH OChl cajaja
aJFallKpl Kajgamaap peTiHAe aypyablH OeNruiepiH BU3yalabl Oarajay MEH KO3ABIPFBIIITAP/IBIH
MOPQOJIOTUSIIBIK CUTIaTTaMaJIapbIH apHABl KOPEKTIK OpTanapia ecipy (erep OyJ1 xy3ere acca) Hemece
MUKPOCKOTIUSUTBIK OJICTEp apKbLIbI TEKCEPY (€rep onapiswl in Vitro >karAaliblHIA ©Cipy MYMKIHAIT
6ommaca) xxyprizy kipeni (Ward E. et al., 2005: 1-16).

KapanallbIMABIIBIFEI MEH KOJ/DKETIMJUIINIHE KapamacTaH, Oyl oJiCTepMEH OaiylaHBICTHI
JKaNMbl TpobiemManap CEeHIMIUTIKTIH TOMEHITT MEH MailaTaHyablH KUBIHABIFBl OOJBIN TaObLIAIbI,
acipece in vitro ecipyre KeIMEHTIH HeMece MUKPOCKOIT apKbUTbI OaKbUIay KMbIH OOJIATHIH ATOTCHIEP
yurin. MyHnait xarnaiiinapaa HyKICHH KBIIKBITBI TEXHOJOTHSCHI JUATHOCTHKAIAFBI KBUIIAMIIBIK
TEeH JISOJAIKTIH apKachlHIa €H THUIMJII TaHjaay OOJbIN TaObUIabl, OUTKEHI OJ1 KOFaphl CE3IMTAIIBIK
TICH €PEKIICNIIKIIEH KONTETeH YATUIepAl 3epTTeyre MyMKIHIIK Oepei. JlocTypii Typae, MOJeKyIaabiK
TagayaH e3re, )KOFapbl OHIMIUTIKTI TaJljayFa apHaIFaH CEPOJIOTHSIIBIK 9IICTEp /e Tai1alaHbuTy A,
@DEeHOTUNTIK, CEPOJOTHUIBIK >KOHE MOJIEKYNaJblK TEXHUKaJapJbl KaMTUTBIH OCHI TOCUIAEPIiH
6apneirel EPPO xarramanapeinga OipHelie 9/icTepeH ajlblHFAaH KOCBIMIIIA aKlaparka Heri3fenrexH
(Alvarez A.M., 2004: 339-366; Lopez M.M. 2003: 233-243).

KampIKThIKTaH 30HATAY YFBIMBI - CEHCOp (CmyTHHK, yiak, ¥ ¥YA/JKYA Hemece 30HT)
apKBUIbl KAIBIKTA JKAaTKAaH HBICAH HEMECe OpTa JKaljbl CamalbIK opi CAHIBIK JCPEKTEp amy
nporeci. bi3niH Ha3apbIMbI3Fa aybUINIAPYaIIbUIIBIK JKYHENEpiHiH YaKbIT HEeH KEHICTIKTe Kaian
©3TePETiHI XKOHE OCBI 30HATAYIBIH TYPI peCypCTapIblH a3af0bl APKBUTBI SKOJIOTHSIIBIK AYBIPTIIATBIKTHI
TOMEHJIETYr€ KOJI JKETKi3yl 6Te MaHbI3/bl. ATan alTKaHJa, MOJEKYIAJbIK e3apa dpeKeTTecyiepi,
aybLI IIAPYaITbIIBIFB] JAaKBUTIAPBIHBIH cTpecc (haKTopIIaphbiHa JKayar Oepy peakiusIapbiH, COHIai-aK
onapAblH OMOGU3MKANBIK >KOHE OMOXUMHSUIBIK CHIaTTaMasapblH 3eprreyre Ooianbl. CoOHBIMEH
Karap eCIMIIKTEP/IIH CTPeCC JKaFaalblHaa Taiiga O0oMaThlH e3repicTepiH, aran aliTKaH/aa, KalbIpak
ayJJaHBIHBIH, XJIOPOGUILT MOJIIIEPIHIH KOHE KarbIpaK 0eTi TeMIepaTypachlHbIH ©3TepyiH aHbIKTayFa
MYMKIiHIIK 6ap. byn esrepicrepii eCiMAIKTEepaiH KaJbINThl (PU3HOJOTUSIIBIK KYHIMEH CaNbICTBIPY
apKBLIBI CTPECC dCEPiHiH OacTanKbl Ke3eHIepiHae-aK aHbIKTayFa 6onansl (Mulla D.J., 2013: 358-371;
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Meroni M.R.M., Colombo R., 2010: 165-187).

JlonmMe-/1971  eTiHIIUTIKTE KAlIBIKTBIKTAH 30HATAy SJicTepiH KoijpaHy 1980 kbuinapiblH
imiHAe OactanFaH. AJFalIKpl Ke3eHIEe Oyl TeK KaHa KOPIHETIH HeMece J>KaKblH WHQPaKbI3bLT
CHeKTpAiH OipHemie OeJiriMeH MEeKTeNreH OOJaThiH, KeHIHIPeK TUIEPCIEeKTPIIIK KallbIKTHIKTaH
30H/ITAy cajachlHa KeOIpeK Hazap ayaapbliabl. backa Oip 3epTTeyne KepceTuIreHaeH, oCiMIikTepMeH
OaifaHBICTHI MpoLIECTEp TYPJi CIEKTPINIK ailMakTapia OakplIaHybl MYMKIH: MaTOTEH CHOpasiapbl
(matoreHHiH TypiHe OainaHbICThl) KopiHeTiH xkapblK (VIS) auana3zonslHaa; XI0poQUILIAIH BIABIPAY
mporeccin (HeKpo3 HeMece XJIOpO3 OIIaKTapbIHAAFhl) KOPIHETIH XKAapbIK MEH «KBI3bUI IIeKapa
(red-edge) aitmarbiana (550 aM; 650-720 HM); hoTocuuTe3AIH Oy3bUTYBIH (ryopecteHmms (450-550
HM; 690-740 HM) xoHe *)bUTynbIK UH(pakb3bul (TIR) nuanazonsinaa (8000-14 000 HM); Kapraro
MPOLIECIH TYCTIH KOHBIPJIAHYBI KOJIJAHbLIA OTBIPHIN, KOPIHETIH KapbIK IMEH >KaKblH MHPPAKBI3bLI
(NIR) mmamazonbiHga (680-800 HM), an BUIFANABIH KOFATYbl KBICKA TOJKBIHABI HH(OPaKBI3bLT
(SWIR) nuanazonbsaaa (1400-1600 am sxone 1900-2100 HM) Gakbiiayra 00J1a/1bl; €TiH )KAOBIHBIHBIH
TBHIFBI3/IBIFBI MEH JKalbIpaK ayJaHbIHAAFbI ©3repicTepi e kakbiH nHGpakp3bul (NIR) nuanazonsinaa
3epTTeyre Oonajbl; COHBIMEH Karap TpaHCIUpAIlHs KapKbIHIBUIBIFBIHIAFBI ©3TepICTEPIi KBLTYIIBIK
un¢ppaxeibll (TIR) guamazonsirga (8000-14 000 HM) Gakpinay MyMkinairi 6ap. CoHAbIKTaH, Oy
omicTepi eriH JaKbUIIapbIHAAFbl aypyliapibl aHBIKTAy MAaKCAThIH/AA THIM/II MMalijaianyFa OOIaThIHBI
aiiman aHbIK. JKaKplHIA TUNEPCHEKTPIIIK PaJUOMETP JKalbIPaKThIH IIAFBUIBICTHIPY MYMKIHIITiHE
cyiiene oteipsln, II ¢otoxyiie pOTOXUMHUACHIHBIH 1K1 TUIMIUIITIH, aTal alTKaHzaa, >KalblpaKTarbl
xynopodmin dayopecuenmusace (ChlF) Herizinae altHBIMAIIBI KoOHE MAaKCUMAIIIBI (PITyopeCIIeHITUHbBI
oinnipetin Fv/Fm xaTeiHachiHbIH MoHIH Oaranayra mainananbuiasl (West J.S. et al., 2003: 593-614;
Peng Y. et al., 2017: 026034).

Haktpl aiiTkanma, OipiHIn OeJiiM CHOYTHHKTEp MEH YIIIaKTapAarbl KalllbIKTaH OacKapy
CEHCOpJIapbIH 3epPTTEH i, COHBIMEH KaTap aybll IMIapyallbUIBIFBIHAAFEI KO IaHOAIAP bl TATKbLIANIbI
(kep maiiamaHy MEH a30T aFbIHbI >KeHiHJeri kep cartbickl MeH ['AXK nmepexrepi, Oupail eciMin
Oarayiay HeMece aybul IIapyallbUIBIFbl JKepJIepiH 3epTTey YILIIH dye TMIEPKEHICTIKTIK aKmaparThl
KOJIJaHy *oHe jxep Oeznepi MeH opMmaHjapisl 3D KambIKTaH 30HATAY YIIIH 9ye JIMaap AEpeKTepi).
Conrpl 0eniM cHyTHUKTEpIiH, ¥ ¥A JKOHE KepJeri CeHcopiapAblH apThIKIIBUIBIKTaphl MEH
KeMUIUTIKTepiH Tangaiinbl, ¥ ¥YA-HbIH KeH ayKbIMJIbl MYMKIHJIKTEpIH HeMece Oacka ekl KyieHiH
HAKThl KOJJIaHy YIIIH THIMJUIIMH aTanm KepceTemi (MbIcaibl, KeWOIp >Kepieri ceHcopiap YIIiH
JKOJIIa OHACY MYMKIHIIKTEpl ACPEKTepi OHICYMiH KiAipiCiHCI3 TepOUIUATEep Il Keaen KoagaHyFa
MYMKIHJIK Oepeni). Byl TeXHOJOTHUSHBIH JaMy OJbl cliTeMene OasHIaaraHIal, KbUTYJIBIK JKOHE
MYJIBTHCIIEKTPIIIK OeifHeney yuriH ap3aH MUHU-¥ ¥ A-Hbl KapacTeipansl (Bendig J. et al., 2012:
345-349).

byn 3eprreyne aBropnap mamamen 1 kr cammarbel O0ap muHU-Y YA kydecin (HiSystems
MK-Okto) xonmmanael, on KoinMmeH yctan xypyre biHFailibel NEC F30IS Ttepmusiibik OeitHeney
KYHECIMEH JKOHE TepT KOJaKThl KercnekTpii kamepameH (Tetracam Mini MCA) xaGnbIKTanabl.
XKyite TepMUSIIBIK >KOHE KOICIEKTPJl CypeTTepli ajly YIUiH Maijanbl €KeHl aHbIKTalabl, Oy
reopedepeHusIay apKachblHAa JEepPeKTepAlH CalbICTHIPbUTYBIH KaMTaMachl3 eTell. 15 MHUHYTTHIK
VIIIy YakKbITBl KilIripiMm skobanapaa mnaiigananyra MYMKiHIIK Oepeni. Kamblkran 3o0HATaAy
TEXHOJIOTUSACHIHBIH TaFbl Oip KOJJAHBICHI ayblUl IIAPYallbUIBIK YYacKeNepiHiH NaiiiaaaHyblH
Oakplay, eriHAepAiH OHIMAUTITIH 00MKay, OHIMAUTIKTI apTThIPy YIIIH JaKbUIIapbl OaKbpLiay jKOHE
IKOXKYHETIK KbI3MeTTepMeH OainanbIcThl Ooubin Tadbutaasl (Weiss M. et al., 2020: 111402.).

by 3eprreyne 3eprreymrinep mamameH | xr canmarsl 0ap Munu-Y Y A xkyiecin (HiSystems
MK-Okto) konmannbl, on xeHin xoHe nopraruri NEC F30IS tepmusinbik Oeiineney xyheciMeH
Karap TepT >KOJaKThl KencrekTpii OeitHeney xyieci (Tetracam Mini MCA) yiiH KeTKUTIKTI OOJJIBI.
XKyiie KbLTy jKoHE KOICIeKTpIIi OelHenepAl aily MaKkcaTbIHAa THIM/I1 OOJIBII IIBIKTHI, OYJI IepeKTepai
reopedepeHITey apKblIbl CaNBICTBIPY MYMKIHIITIH Oepemi. 15 MUHYTTBIK VITy YaKbITBIH IIaFbIH
ayKbIM/IbI J)k00aJTap YIIIiH naigananyra 6omanbl. KaneIkTan 30HATayIbIH TaFbl O1p 9JICYETTI KOJIIaHYbI
arpapJbIK skepiepai 6ackapy, JaKbUIIapblH OHIMALTITIH 00MkKay, OHIMAUTIKTI apTThIpy MaKcaThIH/Aa
JaKbUIIApAbl MOHUTOPUHT kKacay JKOHE JKOXKYHe KbI3METTepIMEH OaiflaHBICTBI MICEIeNepIl ey
6onbein Tabbutazst (Lahlali R. et al., 2024: 159-170).
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Jlakplnaapabpl AaMbITY YIIIH TepMoIlia3Ma ajiMacybl KaTaH OWOKayllCI3JIK LiapajapblH
KaKeT eTeni. YHAICTaHaa 23 MeMJICKETTEH allblHFaH Mailbl JakpUigap MeH Brassica ToObHa
JKaTaTblH KOKOHIC JakpuimapbiHa KaTeicThl 40 s>kburra KywslK (1975-2015 sxok.) KyprizuireH
3eprTeyiep Alternaria brassicicola (65,5%) sxone Xanthomonas campestris pv. campestris (17,8%)
KO3ZBIPFBIIITAPBIHBIH, COHIal-aK TaFbl Ja 16 MaTOreHHiH TYpPakKThl TypAae 0ap eKeHiH KOpCeTTi; OChl
natorenaepAin 6aceim Oemiri AKII (26,3%) men Kanananan (24,0%) KenreH yiariiepaeH TaObLUIIbI
(Akhtar J. et al., 2017: 120-130).

HNOvauons i Crop LIsease ivianagement
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Cypert 1. Hulme (2013) GoiipIHIIIa )KHHAKTAIFaH O6CIMJIIKTEp OMOJOTHSIIBIK KAYIMCi3Iir
KOHTHHYYMBIHBIH KYPbLIBIMBI

OciMIIK aypyJaapblHBIH KON OeJiriH BU3yalJbl 9/iC apKbLIbl OalKar, aHbIKTayFa OOJaibl,
an KOJ Jynajapbl MEeH OMHOKYISIPIbI MHUKPOCKOINTAp CaHbIPAyKYJIAKTapIbIH >KbIHBICCHI3 KOOEI0
JIIEMEHTTepiH (arepBynanap, NUKHUIUSIAP, CIOPOAOXUINEp, CHHHEMasap) >KOHE IKBIHBICTHIK
KOJIMEH Taiaa OonaTblH >KeMic JeHesepiH (KieicToTenuiiep, MepuTeiiiiep, anoTenuiinep,
TNICEBIOTELMIIIEp) 3epTTeyre x)opaemaeceni. Kypama MUKpocKonTap CaHbIpayKyJIaK MHULEIHAIEPiH,
ciopajap MeH Oakrepusutapael TaOyra KeMEKTecce, CKaHEepJeylli >KOHE TPaHCMHCCHUSIIBIK
3JIEKTPOH]IbI MUKPOCKOIITAp BUPYC O6JIIIEKTEePiH aHbIKTayFa MYMKIH/IK Oepeni. XKanbipak aypyiaapbiH
aBTOMATTHI TYPJE AMAarHOCTHKAJIAyFa apHaJIFaH JKyienep Ka3ipri KyHi skacaHabl HHTEIUIeKT neH [oT
JATYUKTEPIH MalJanaHbll, aypyabl TiKeled ericTiK OpTachlHIa Te3 aHbIKTayFa MYMKIHIIK Oepeni
(Jafar A. et al., 2024: 1356260).

JlocTypimi AMarHOCTHUKA TOCUIIEP] 9JIETTE KOII YaKbIT ajabl, aJl 00JUTaT 6CiMIiK MaTOreHIepiH
(>kanmFaH YHTaK 3€H, YHTaK 3€H, TaT jkoHe T. 0. ) ecipy apHailbl KOPEKTiK OpTaja MYMKIH eMec.
BupycThIK aypynapiaslH KepiHicTepi copTKa OailaHbBICTBI OpTYpJi OONBIN Kejedi, an apHaibl
TYpJiepi, HOCUIAEpi HeMece HYCKaJlapbl CHIPTKbI Oenrijepi apKbUIbl albIpyAbl KUBIHAATATHIH
Kaymi Oap. OchlHIal Keaepruiep MaToreHAEpl MOJICKYTAJIBIK JEHIei/Ie aHbIKTay VIIH THIMII,
HAaKTBI KOHE JKOFaphl Ce3IMTall IUAarHOCTUKAJBIK dAicTepAl Tanan eteai. duromaroreHaepal Tady
VIIIH MOJIEKYNIajblK JauarHoctuka omictepineH, Mmbicansl, [ITP (PCR), qPCR, RT-PCR xone
myasTamuiekeTi [ITP keHinen maiimanmanbutanbl. Herisri skeTicTikrepre TombIpakTaH Sclerotium
cepivorum ckneporusiapsin qPCR apkbuibl anbIKTay, Rhizoctonia solani aHaCTOMO3JBIK TONITapbIH
HaKThLIAY, TONBIpaKTarel Plasmodiophora brassicae xenemin anbikTay, F. oxysporum f. sp. lactucae
I-nocinin IRAP-PCR apkpuibl axbIpaTy >KOHE CEJNEKTUBTI opraaa Phytophthora ramorum-npl
cesimtan RT-qPCR apkeiisl anbikTay kipeni. Jlereamen, IITP onici yikeH kenemieri HbIcaHabl TiH/I
Hemece OipHelle 3epTTeyai Tajan eTyl MyMKiH. M30TepMUsIbIK aMIUTM(UKAIHS TEXHOJIOTHSIIAPHI,
mbicansl, LAMP, RCA xone RPA, Oyn mpoGnemanapabl Iiemryre apHajifaH, ©OWTKEHI oJiap
JIHK/PHK-HbI TypakThl TeMneparypajaa TepMOLMKIEPCi3 aMITM(puKalusiian, aHbIKTay IIerl TOMEeH
KOHE TybICTac TypJepJl HEMece HbICaHallbl eMec LITamaapabl Oeslill KepceTy MYMKIHIITH
yceiHaabl. by Tocinaep ot kapachl (fire blight) aypysiH, TombIipak eH TYKbIM YJTIIEpiHACTI KU
aypyblH, Ouail »KambIparblHBIH IAaKTBUIBIK aypybIH TYABIPAThIH CaHbBIpayKyJIaKTapibl, COHAA-aK
F. oxysporum f. sp. vasinfectum 4-HOCUIIH HNananblK >KaFjaiija aHBIKTAy YIIIH KOJJAAaHBUIAIBI.
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RPA onici IHK renHomeH (OaHaHHBIH ILIOFBIPJIAHFaH IIBIH BUPYCHI, KbI3AHAKTBIH Capbl >KaIlblpak
OyiipanaHy BUpPYCHI, YpMeOYpIIAKThIH alThiH Mo3auka Bupychl) xoHe PHK renomen (payian
PO3ETKACBhIHBIH BUPYChI) KAMTBUIFAH ©CIMIIKTEP/I1H BUPYCHIH JaJlajbIK JKaFaaiaa aHbIKTay1a THIM/1
Hotmxke kopcerTi. FISH sxone ELISA CHAKTBI MMMYHOJOTHSUTBIK OMICTEp A€ KEHiHEH KOJJIaHyFa
ue; ELISA BupycTapabl aHbIKTay YIIIH KeI NalJalaHbLIa[bl, AET€HMEH OaKTepusra KaTbICThI
HOTHOKENIepl THUIMIUTIKTI TeMeHAeTyl MyMKiH. MHmus ykiMeTiHiH buoTexHomorus aemapTraMeHTi
(DBT) 6aranbl nakbuigapaarsl Bupycrapasl anbikTay yiriH ELISA sxunakrapsl Men JHK-uunrepin
KoJianyra siHTananapipyna. «Pocket Diagnostic» tunrtec Oyiipinik arbiH Kypbuirbuiaps! (LFD) 10
MUHYT iIIiHE TINTi aFalll TiHAEepiHEeH aHBIKTayFa MYMKIHJIIK Oepei, 6ipaK oJapabIH JIIIIr TOMEHIEY
Oonbin Tabbutaael. TonbipakTarbl Rhizoctonia solani sxane Peronospora destructor cnopaHruiiaepin
aHBIKTAy YILI1H MOHOMEpJII aHTHIeHeIep i naiinananareiH LFD (;1arepanabl aFbIH/IbI TECT-KOJIAKTap)
xKyienepi 6ap xone onap 1990 xwinaapnan 6epi kKommansuibin keneni. RPA xone LFD omictepinig
yinecimi Fusarium oxysporum KO3ABIPFBIIIBIH €TICTIKTEp MEH XbUIbDKAMIapAa TiKeJIed Myzajaesi
XKepJie aHbIKTayFa MyMKiHIik Oepai (Hu S. et al., 2024: e4915).
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Abstract. The mountain systems of Central Asia are important centres of floristic diversity;
however, spatially representative and taxonomically verified data on the distribution of many wild
taxa remain fragmentary. This study aimed to quantitatively assess the taxonomic structure, spatial
distribution, degree of clustering, documented local species richness, and quality of a long-term
array of georeferenced observations of the genus Rosa L. in the Tarbagatai mountain system of
eastern Kazakhstan. The initial sample included 127 observations from 2019-2026; after taxonomic
filtering, the analysis included 118 Rosa records corresponding to 109 unique coordinates. A total
of 61 records (51.7%) were identified to the species level, while 57 records (48.3%) remained at the
Rosa sp. level. The dataset includes R. spinosissima (33 observations), R. laxa (13), R. platyacantha
(10), R. alberti (4), and R. canina (1). Ninety-six records were positionally accurate to within 100
m; after duplicate removal, they corresponded to 88 unique locations. Nearest neighbour analysis
revealed strong spatial aggregation of high-precision locations: the observed mean nearest neighbour
distance was 0.75 km, compared to a mean expected value of 3.02 km across 999 runs of complete
spatial randomness (empirical p = 0.001). With grid thinning, the 96 high-precision observations
corresponded to 32 occupied 1 x 1 km cells and 26 occupied 2 x 2 km cells, indicating significant
route and observer bias. Species-identified, high-precision records occupied 14 5 x 5 km cells; the
maximum documented richness, equal to four species, was observed in two cells in the central part
of the studied spatial cluster. Only 15 records (12.7%) had Research Grade status, while 103 (87.3%)
were classified as Needs ID. These results characterise the structure of the documented array of finds,
rather than the demographic structure of populations, and provide a reproducible spatial basis for
further expert verification, standardised monitoring, and subsequent modelling of species distributions
with mandatory control for spatial sampling bias.

Keywords: Rosa; Rosaceae; Tarbagatai; East Kazakhstan; georeferenced observations; spatial structure; nearest neighbour

analysis; spatial thinning; iNaturalist; taxonomic uncertainty.
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Anparna. Opranblk A3WSHBIH Tay >KyWenepi (aopanblK amyaHTYPIUTIKTIH MaHbI3IbI
OpTaJbIKTAphl OOJBINT TaObLIAABL. AJlaiila KEHICTIKTIK JKaFbIHAH PENPE3CHTATUBTI JKOHE
TAKCOHOMUSUIBIK TEKCEpUIreH JAepeKTep aili Jie TONbIK eMec. byn 3eprreynin makcarsl — LbiFbic
Kazakcrannarer TapOararaii Tay xkyiiecinne Rosa L. TybIChIHA KaTBICTBI KOTHKBUIIBIK, T€OTpadUsIIBIK
KOOPIMHATTAPMEH OaiIaHBICTHIPBUIFAH OAKbLIAY JePEKTEPl HET131HAe TAKCOHOMISITBIK KYPBLUTBIMBIH,
KEHICTIKTIK TapaJlyblH, IIOFBIPJIaHy JOPEXKECIH, KYXKaTTaJFaH >KepPriIikTi OalyIbIFbIH JKOHE carachlH
CaHJBIK TYPFBIIAH Oaramay.

bacrankb! gepexrep KUbIHTBHIFB 2019-2026 >xpuinaps! Tipkenred 127 O6akbliayabl KAMTBIIBL.
TakCOHOMUSIBIK CY3TifieH Keiin Ttanmayra 109 Oipereit koopauHarara coiikec KeneTiH Rosa
TybICBIHBIH 118 xkazbackl enrizinmi. Onapabiy 61-1 (51,7%) Typ neHreiinae aHpIKTaJFaH, an S7-ci
(48,3%) Rosa sp. nenreiiine xKannabl. Jlepekrep )KUbIHTHIFbIHA R. spinosissima (33 6akpinay), R. laxa
(13), R. platyacantha (10), R. alberti (4) xone R. canina (1) Typnepi kipai. OpHanacy nonairi 100
M-JICH acrnaraH 96 xa30a Tangayra )KOFapbl JONIIIK KOOpPIWHATAIAPHI PETIH/E AJIBIH/IBI, TyOnuKarTap
aJIBIHBIT TaCTaJFaHHAH KeiiH 88 Oipereil opbiHFa CollKec Keml.

EH akpIH Keplll 9iCIMEH XYPri3uIreH Tajjay OpHaJlacybl OFapbl AQJIIKIEH TIPKEJIreH
OpBIHJAP/IBIH alKbIH KEHICTIKTIK IIOFBIPIIAHYBIH KOPCETTI: €H aKbIH Kepluire JeiiHri OaKpliaHFaH
oprama KambIKTHIK 0,75 KM O0nabl, ajd TOJBIK KE3[CHCOK KEHICTIKTIK yJecTipiMHIH 999 icke
KOCBUTYBIHA KYTUIETIH opTamia KambIKTHIK 3,02 kM Kypansl (omnupukansik p = 0,001). Top
VAIIBIKTAphl OOMBIHIIIA KEHICTIKTIK CUPETY HOTHXKECIHJIE JKOFaphl JAIIIKTeT1 96 6akpuiay emmemi 1
x 1 kM OonareiH 32 ySIIBIKKA XoHE 2 X 2 KM OonaThiH 26 ySIIBIKKA coiikec kenmi. byn Oakpuiay
MapuIpyTTapbl MeH OaKblIayIbUIapFa OaliIaHbICThI TIPKEYAiH eeyi Oipkenkici3airin kepceteni. Typ
JICHIeHiH/Ie aHBIKTAJIFaH, JKOFaphl AQJIIKTI xKa30anap exmemi 5 X 5 kM 0oateiH 14 yAnIbIKTa TipKesi.
Kyxarranran eH >xorapbl OaWbIK TOPT TYpre TeH OOJBIN, 3€pTTENreH KEHICTIKTIK MIOFBIPIBIH
OpTaJIbIK OOIT1H/ET] €Kl YAIIBIKTa OaiKall bl

Tex 15 xa36a (12,7%) «3eprrey nenreiii» (Research Grade) moprebecine ne 6omapl, an 103
xaz0a (87,3%) «AnbikTaynbl KaxeT erefi» (Needs ID) canaTpiHa )KaTKBI3UIIBI. AJIBIHFaH HOTHXEIIEP
HOMYSIUSIIAPABIH JeMOrpadUsIbIK KYPbUIBIMBIH €MeC, Ky)KaTTalFaH TIpKeIiMIEP KUbIHTHIFBIHBIH
KYpPBUIBIMBIH cumaTTaiael. Onap opi Kapail capanTamalbIK TeKCepy, CTaHAapTTalFaH MOHUTOPUHT

46


mailto:ertaizhiger@gmail.com
mailto:an.myrzagaliyeva@gmail.com
https://orcid.org/0000-0003-3604-4315
mailto:ertaizhiger@gmail.com
https://orcid.org/0009-0006-0273-8561
mailto:sultan.kaunov96@gmail.com
https://orcid.org/0009-0002-8526-1877
mailto:moldir_zhumagul@aiu.edu.kz
https://orcid.org/0000-0002-9467-1483
https://orcid.org/0000-0002-9467-1483
mailto:orazov1994aidyn@gmail.com
https://orcid.org/0000-0003-1390-9507

ISSN 3106-9215  eISSN 3106-9223 Natura scientia journal, 2(3) - 2026

YKOHE KEHICTIKTIK TIpKey OIp>KaKTbUIBIFBIH MIHJAETTI TYPJE €CKEpEe OTBIPHIIN, TYPJEPIIH TapalyblH
MOJIeNbJIey YILIH KalTa eHipyre 001aThlH KEHICTIKTIK HErl13 KaJblITaCThIPabl.
Kint ce3mep: Rosa; Rosaceae; Tapbararaii; IlIbireic Kazakcran; reorpadusiiblk KOOpAMHATTAPMEH OaiIaHBICTHIPBLUIFAH

OakpLIaynap; KeHICTIKTIK KYPBIIBIM; €H KaKbIH KOpIlli oIiCiH TaJlaay; KeHICTIKTIK cupeTy; iNaturalist; TaKCOHOMMSIBIK Oenrici3mik.
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AnHOTanms. lopHsle cuctembl lLleHTpanbHON A3MM SABIAIOTCS BaXHBIMH LIEHTpaMU
(dopucTUyecKoro pasHooOpas3usi, OJJHAKO MPOCTPAHCTBEHHO PENPE3CHTATUBHbBIE U TAKCOHOMUYECKU
IPOBEPEHHBIE JAHHBIE O PACIPOCTPAHEHUM MHOTUX JIMKOPACTYIIMX TaKCOHOB OCTAOTCA
¢dbparmenTapubivu. Llens uccnenoBanus — KOIMYECTBEHHO OIEHUTHh TAKCOHOMHYECKYIO CTPYKTYPY,
IIPOCTPAHCTBEHHOE PACIPEIEIIEHUE, CTENEHb KIACTEPU3ALMH, JTOKYMEHTUPOBAHHOE JIOKAJIBHOE
BUJI0BOE OOTraTCTBO U KaU€CTBO MHOT'OJIETHETO MacCHBa FeOIPUBSI3aHHBIX HaOIoAeHui pona Rosa L.
B ropHO#i cucteme TapOararas Bocrounoro Kazaxcrana.

Hcxonnast BbiOOpka Biitodana 127 wHabmomenuit 3a  2019-2026 romel.  [locne
TaKCOHOMHUYECKON (uibTpanuu B aHanu3 Bouutd 118 3amumcelt pona Rosa, COOTBETCTBYIOLIUX
109 yHukanbHbIM KoopauHataMm. Jlo BHIOBOro ypoBHS Obuto ompeaeneHo 61 3amuck (51,7%),
Torna kak 57 3amwuceit (48,3%) ocranuchk Ha ypoBHe Rosa sp. B HaGope naHHBIX mpeacTaBieHbl R.
spinosissima (33 wabmronenus), R. laxa (13), R. platyacantha (10), R. alberti (4) u R. canina (1). 1ns
96 3anuceil NOrpeIHOCTh ONPENETICHU MECTONONIOKEHU He npesplana 100 m; nocie ynaneHus
IyOJIMKAaTOB OHM COOTBETCTBOBAIN 88 YHHKAIBLHBIM MECTOIOIOKECHUSM.

AHanu3 Onuxaiilllero cocela BbBIIBUI BBIPRKEHHYIO IPOCTPAHCTBEHHYIO arperamuio
MECTOIOJIOKEHUM C BBICOKOM TOYHOCTBIO TEONPUBSI3KHU: HAONIONAEMOE CpEIHEE pPacCTOSHUE 0
ommkaiimero cocena cocrasmiio 0,75 kM, TOraa Kak CpefHee 0XKHMJ1aeMO€e 3HaUE€HUE Mo pe3yJsibTaraM
999 peanuzauuit MonxenM MOJHOW MPOCTPAHCTBEHHOW ciyyaitHocTh — 3,02 kM (3MOMpUYECKOe
p = 0,001). [Ipun nmpocTpaHCTBEHHOM MPOPEKUBAHUU MO CeTKe 96 BBICOKOTOYHBIX HAOIIONEHUM
COOTBETCTBOBAIM 32 3aHSATHIM siuekikam pasmepoM 1 X 1 kM u 26 3aHITHIM siuelikaM pasmepom 2 X 2
KM, YTO YKa3bIBa€T Ha CYIIECTBEHHOE CMEIIIEHIE BEIOOPKH, CBSI3aHHOE C MAPIIPyTaMU 00CIIeIOBaHMUS
U aKTUBHOCTBIO HaOrofareseit. 3anucu, onpees€HHbIE 10 BUI0BOTO YPOBHS M UMEIOIINE BBICOKYIO
TOYHOCTh T€ONPUBA3KHU, OBLIM IPEACTaBIEHbI B 14 sueiikax pasmepoMm 5 X 5 kM. MakcumanbpHOE
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JIOKYMEHTHPOBAHHOE BH0BOE OOraTCTBO COCTABUIIO YETHIPE BUA M OBLIIO OTMEUEHO B JIByX sSTUEHKax
LEHTPATBHOM YaCTH UCCIIEyeMOTO MPOCTPAHCTBEHHOTO KJlacTepa.

Jlumme 15 3ammceit (12,7%) umenu craryc «WccnenoBarensckuii ypoBeHb» (Research
Grade), Torga xak 103 3anucu (87,3%) orHOcuimuch k Kareropuu «TpeOyeTcst ompezneneHue»
(Needs ID). IlonyuyeHHble pe3yabTaThl XapaKTEpU3YIOT CTPYKTYpPY TOKYMEHTHPOBAaHHOIO MacCHBa
HAXOJIOK, a He JeMOrpaHuuecKylo CTPYKTypy MOMYyISNuid, U (GOpMUPYIOT BOCIPOU3BOAUMYIO
MIPOCTPAHCTBEHHYI0 OCHOBY [UIsl JaJIbHEWIIEH HSKCHEPTHOM NPOBEPKU, CTaHAAPTU3HUPOBAHHOTO
MOHUTOPHUHTA U MOCIEAYIONIEr0 MOACIMPOBAHUS PACIPOCTPAHEHHUS BUAOB C 00s3aTENbHBIM YUETOM
MIPOCTPAHCTBEHHOTO CMEIIEHUS BBIOOPKH.

KawueBble ciioBa: Rosa; Rosaceae; TapOararaii; Boctounsiii Ka3zaxcran; reonpuBsi3aHHble — HAONIONCHUS;
MPOCTPAHCTBEHHAs CTPYKTYpa; aHaau3 OMMKaiIero cocema; MPOCTPAHCTBEHHOE mNpopexuBanue; iNaturalist; TaKCOHOMHUYECKAs

HEONPEENEHHOCTbD.

Introduction. The mountainous regions of Central Asia are characterised by high topographic
heterogeneity and pronounced floristic differentiation. Elevation gradients, slope aspect, and spatial
heterogeneity of moisture and soil conditions create a mosaic of habitats that supports diversity at
the ecosystem, species, and population levels (Tayjanov et.al.,2017). In such landscapes, the spatial
structure of plant finds is determined by both ecological gradients and the configuration of available
habitats, making georeferenced data particularly valuable for analysing taxon distribution.

Tarbagatai is one of the key mountain systems of eastern Kazakhstan and represents a
transitional area between the Central Asian, Siberian, and intracontinental floristic complexes.
Published data on the region's flora vary in scope and methodology, but con-sistently point to high
species richness and pronounced vertical zonation. The southern macroslope successively features
desert-steppe, steppe, shrub, subalpine, and alpine belts (Orazov, A et.al.,2021; Myrzagaliyeva, A
et.al., 2024). The rugged topography creates additional ecological heterogeneity: foothill hilly areas,
lowlands, midlands, valleys, and gorges create contrasting microclimatic and edaph-ic conditions
(Myrzagaliyeva, A et.al.,2024).

The genus Rosa L. includes ecologically and economically significant representatives of the
family Rosaceae. Wild Rosa species in Kazakhstan are important components of natural communities,
sources of genetic resources, and objects of medicinal, food, and breeding use. Field studies indicate
interspecific differences in altitudinal and edaphic confinement and significant ecological plasticity
of individual taxa (Danilova, AN et.al.,2025; Myrzagaliyeva, A et.al.,2026). At the same time, the
genus taxonomy remains complex due to high morphological variability, hy-bridisation, and partial
overlap of diagnostic features. Therefore, identification based on a limited set of photographs requires
caution, and in controversial cases, it is advisable to combine morphological and molecular data
(Yermagambetova, M et.al.,2025).

In recent years, botanical studies of wild and resource-significant plants of Kazakhstan have
increasingly relied on integrating morphological, molecular phylogenetic, genomic, ecological, and
spatial data. This approach was applied in a comprehensive taxonomic revision of Gagea alberti,
a study of the chloroplast genome of the Kazakh apricot Prunus armeniaca, an assessment of
the morphological and genetic resources of wild relatives of almond, and a floristic-anatomical
analysis of Crataegus ambigua populations (Kubentayev, S et.al., 2025; Imanbayeva, A et.al., 2025).
Taken together, these studies highlight the potential of combining independent lines of evidence to
study taxonomically complex, ecologically flexible, and conservation-significant plants, which is
particularly relevant for the spatial analysis of represent-atives of the genus Rosa in the mountain
ecosystems of eastern Kazakhstan.

Comparable regional studies show that comparing spatially dispersed localities with habitat
parameters and functional traits significantly improves understanding of the ecological and population
characteristics of rare and wild species. Thus, for Eranthis longistipitata in the Western Tien Shan,
interlocal differences in the phytochemical profile and growing conditions were revealed (Aimenova,
Z. et.al.,2023). At the same time, an analysis of Dactylorhiza incarnata populations in the Kalbinsky
Altai demonstrated the informative value of a joint assessment of the ecological optimum, plant
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community structure, and anthropogenic load (Danilova, AN. et.al.,2021). These examples further
substantiate the need to combine georeferenced Rosa finds with independent ecological, population,
and functional measurements.

Citizen science platforms and digital biodiversity databases, including iNaturalist, are
significantly expanding the volume of available georeferenced observations, especially for
hard-to-reach areas. However, such data are generated independently of a unified sampling design.
They are subject to several types of bias: uneven observational effort, concentration of finds along
roads and routes, repeat visits to accessible sites, and taxonomic identification errors. For plants, an
additional limitation is the lack of a full set of diagnostic features in photographs. Therefore, using
such data in spatial ecology requires simultaneous assessment of the geographic accuracy, taxonomic
reliability, and spatial dependence of observations (Lopez-Guillén. et.al.,2021).

Despite individual floristic and ecological studies of Tarbagatai, the spatial structure of
long-term georeferenced Rosa records and the influence of observer bias on their interpretation
remain poorly characterised quantitatively. The present study aimed to comprehensively evaluate
the long-term array of observations of the genus Rosa in the Tarbagatai mountain system of eastern
Kazakhstan. In this study: (1) the taxonomic and temporal structures of the data were characterized;
(2) the documented spatial coverage of individual species was assessed; (3) the deviation of the
distribution of localities from complete spatial randomness was tested; (4) the sensitivity of the
results to sample clustering by grid thinning was quantified; (5) the documented local species richness
was determined; (6) the spatial precision, degree of taxonomic verification, and concentration of
observational effort were assessed; and (7) the results were interpreted in the context of the orography
and altitudinal zonation of Tarbagatai. The working hypothesis was that the observed spatial pattern
would be significantly heterogeneous due to the combined effect of the ecological mosaic nature of
the mountain landscape and the uneven survey of the territory.

Materials and methods.

2.1. Study area and relief features

The studied localities are located within the Tarbagatai mountain system and adjacent
territories of eastern Kazakhstan, approximately between 46.984-47.434° N and 80.986—82.848°
E. The region is characterised by a sharply continental climate, pronounced seasonality, and a
combination of foothill, low-mountain, and mid-mountain relief forms. According to published data,
the maximum absolute altitudes of Tarbagatai reach approximately 3000-3100 m, and the average
annual precipitation in different parts of the region varies from approximately 177 to 405 mm
(Myrzagaliyeva, A. et.al.,2024).

For the southern macroslope, a sequential change in altitudinal zones has been
described: desert-steppe - approximately 500-700 m, steppe - 700(600)-1000(1200) m, shrub -
1000(1200)-1700(1800) m, subalpine - 1700(1800)-2400 m and alpine - 2400-3100 m (Orazov,
A. et.al.,2021). In the middle part of Tarbagatai, shrub communities with the participation of
R. spinosissima were previously noted from approximately 800-900 to 1350-1450 m above sea
level (Orazov, A. et.al.,2021). Such pronounced vertical and orographic differentiation creates an
ecological basis for the spatial separation of wild rose habitats.

The original dataset did not contain a standardised field for absolute elevation or other
topographic covariates. Therefore, in this analysis, topography was used only as geographic
and ecological context, based on locality locations and the published vertical zonation scheme.
Quantitative conclusions about the influence of elevation, slope, or aspect on species distribution
were not drawn, as the relevant parameters were not extracted from the digital elevation model for
each observation point.

2.2. Initial data array and pre-processing

The original CSV file contained 127 observation records. After excluding records not
belonging to the genus Rosa, the analytical sample consisted of 118 observations from 2019-2026. We
used available metadata for each record, including observation ID, date, observer name, geographic
coordinates, positional accuracy, taxonomic identification, quality status, and a link to the original
record. All included observations were designated as uncultivated. Exactly matching coordinates
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were included in the original dataset description but were removed during analysis steps that required
spatially unique localities.

Figure 1 presents the general sequence of data preparation and analytical procedures. The
temporal structure was estimated from the full analytical array (n = 118), while detailed spatial
procedures were performed after filtering by positional accuracy (<100 m) and removing duplicate
coordinates.

Analytical workflow of georeferenced Rosa observations

127 georeferenced observations
2019-2026

Taxonomic filtering
Removal of non-Rosa records

[ Analytical dataset ]

Initial dataset ‘

118 Rosa observations
109 unique coordinate pairs

I

¥ L 2
‘ Taxonomic standardization W ‘ Data quality assessment ‘

Species-level records (n = 61) Positional accuracy
Rosa sp. records (n = 57) ) Research Grade / Needs ID
T J
¥

Spatial filtering
Records with positional accuracy <100 m

n=9%

Coordinate deduplication 1
Removal of duplicated coordinates
88 unigque localities

T J

) I t }
Temporal analysis Spatial analysis Clustering analysis
Annual distribution of observations - WGS 84 — UTM Z°2"E ;’”‘ Mean nearest-neighbour distance
2019-2026 MCP, maxdmisn distance, 2 * 2 km grid 999 CSR simuations
5% 5 km richness grid
[ i J
Spatial thinning
1% 1kmand 2 x 2 km grids
Approximate number of independent spatial units

Interpretation
Taxonomic diversity
Spatial coverage
Sampling bias
Relief and altitudinal context

Relief wes used as geographic and ecclogical context only; no DEM-derived topographic covariates were extracted for indvidual points.

Figure 1. Analytical scheme for processing georeferenced observations of the genus Rosa

2.3. Taxonomic standardisation

At the species level, the dataset included Rosa spinosissima L., R. laxa Retz., R. platyacantha
Schrenk, R. alberti Regel, and R. canina L. Records without species identification were retained
in the Rosa sp. category and were not allocated between species based on spatial proximity or
associated indirect features. This conservative approach minimises the risk of artificially inflating
species representation in the context of the genus's complex taxonomy, where reliable identification
requires a combined assessment of characters of leaves, stipules, spines, pedicels, sepals, flowers, and
fruits (Yermagambetova, M. et.al.,2025).

2.4 Data quality assessment

Data quality was assessed using two independent components: taxonomic resolution and
spatial accuracy. Taxonomic resolution was characterised by the proportion of records identified to
species level, the proportion of Rosa sp. records, and the distribution of iNaturalist Research Grade
and Needs ID statuses. Spatial accuracy was assessed using the positional accuracy field; records with
a stated error of <100 m were used for detailed spatial calculations. The proportion of observations
with an error of <10 m and the median positional error were also calculated.

2.5. Time analysis

The number of observations was summarised by calendar year, separately considering records
identified to the species level and records of Rosa sp. Because the dataset combines targeted
expeditionary and opportunistic observations and is not based on a constant, standardised effort,
interannual differences were interpreted solely as changes in documentation intensity, rather than
changes in population abundance, density, or occurrence.
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2.6. Spatial analysis

Geographic coordinates are initially presented in the WGS 84 system. To calculate distances
and areas, records with a positional accuracy of <100 m were projected into UTM Zone 44N
(EPSG:32644). For each species-defined taxon, the number of high-precision records and spatially
unique localities, the maximum pairwise geographic distance, the area of the minimum convex
polygon (MCP), and the number of occupied 2 x 2 km grid cells were calculated. To estimate
documented local species richness, we used a 5 x 5 km grid and counted the number of different
species-defined Rosa taxa in each occupied cell. We used MCP and grid metrics only as descriptive
characteristics of the spatial coverage of observations. We did not interpret them as formal estimates
of Extent of Occurrence or Area of Occupancy according to [UCN criteria.

2.7. Analysis of spatial clustering and sensitivity to selection bias

Spatial clustering was assessed using high-precision records (positional error <100 m) after
removing completely overlapping coordinates. For the Rosa assemblage and for species with a
sufficient number of unique localities, the mean nearest-neighbour distance (NN) was calculated.
We compared the observed value with the null distribution from 999 realisations of complete spatial
randomness (CSR), in which a fixed number of points were randomly placed within the MCP of the
corresponding sample. The empirical p was determined from the position of the observed NN value
relative to the simulated distribution. To assess the robustness of the inferences to spatial dependence,
grid thinning was also performed, and the number of occupied 1 x 1 and 2 x 2 km cells was counted as
an approximate number of spatially independent observation units. This approach allows estimation
of the degree of pseudoreplication caused by repeated findings within the same local areas (Clark, P.
J. et.al.,1954; Aiello-Lammens et.al.,2015).

2.8. Statistical processing

For categorical indicators, we calculated absolute frequencies and proportions. Because the
data were collected opportunistically, taxon registration frequencies were not interpreted as indicators
of relative abundance or population density. We used two-sided empirical significance levels for
Monte Carlo procedures. Formal interspecies parametric comparisons of spatial metrics were not
performed, as after precision filtering, removal of duplicate coordinates, and control for spatial
dependence, the effective sample size for individual species was limited. All statistical results were
interpreted as properties of the array of georeferenced findings, rather than as direct estimates of
population demographic structure.

2.9. Using generative artificial intelligence

Generative artificial intelligence was used exclusively for language editing, structural
standardisation of the draft text, and consistency checking of wording. It was not used to generate
the source data, taxonomically identify observations, or perform statistical calculations. All numerical
results were derived from the original dataset, and the authors reviewed and approved the final
formulations, interpretations, and conclusions.

Results and discussion.

3.1. General structure and taxonomic composition of data

After taxonomic filtering, the analytical sample included 118 Rosa observations, corresponding
to 109 unique coordinate pairs. Sixty-one records (51.7%) were identified to the species level, while
57 records (48.3%) were identified only to the genus level. Thus, the current verified dataset contains
five species-identified taxa, but almost half of the observations remain taxonomically unresolved.

Table 1. Taxonomic structure of georeferenced observations of the genus Rosa

Taxon Number of observations Share, %
Rosa spinosissima 33 28.0
Rosa laxa 13 11.0
Rosa platyacantha 10 8.5

Rosa alberti 4 34
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Taxon Number of observations Share, %
Rosa canina 1 0.8
Rosa sp. 57 48.3

R. spinosissima had the largest number of records—33 observations, accounting for 28.0% of
the total sample and 54.1% of the records identified to species level. It was followed by R. laxa (13
observations), R. platyacantha (10), R. alberti (4), and R. canina (1). The high proportion of Rosa sp.
limits the interpretation of the current species count as a complete estimate of the genus's taxonomic
diversity in the studied part of Tarbagatai.

Il Species-level identification Unresolved to species

Rosa spinosissima 33 (28.0%)

Rosa laxa 13 (11.0%)

Rosa platyacantha 10 (8.5%)
Rosa alberti 4 (3.4%)
1(0.8%)

Rosa canina

Rosa sp. 57 (48.3%)

I T T T T T
0 10 20 30 40 50
Number of observations

Figure 2. Taxonomic structure of the array of geo-referenced observations of the genus Rosa

3.2. Temporal structure of observations

The temporal distribution of observations was markedly uneven. Only isolated records were
available from 2019 to 2022, while the bulk of the dataset was compiled in 2023, 2024, and 2026. The
maximum number of observations was recorded in 2026—53 records, of which 27 were identified to
the species level, and 26 remained at the Rosa sp. level.

Table 2. Annual structure of observations and level of taxonomic identification

Year Total Defined to the species level Rosa sp.
2019 1 1 0

2020 1 0 1

2022 2 1 1

2023 22 15 7

2024 35 16 19

2025 4 1 3

2026 53 27 26

Total 118 61 57
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Figure 3. Interannual distribution of Rosa observations, divided into species-level records and
Rosa sp. level records

The observed increase in records in recent years primarily reflects increased intensity of field
and digital documentation. Because there is no standardised, ongoing observational effort, this increase
cannot be interpreted as evidence of population growth or expansion. Similarly, the low number of
records in 2019-2022 and 2025 reflects the structure of the available dataset, rather than the actual
absence of taxa in the region.

3.3 Spatial distribution

All observations were located within 46.984-47.434° N and 80.986-82.848° E, forming a
latitudinal spatial pattern generally consistent with the orographic orientation of the Tarbagatai Range
and adjacent valleys. The distribution included both local clusters of repeated observations and distant
localities, expanding the genus's documented spatial coverage. Overlaying the points on the relief
shows a preferential concentration of observations within the mountain front, foothills, and accessible
valleys; however, this visual association is not considered a quantitatively confirmed dependence on

topography.

J Taxa
474 A G, 24

® Rosaspinosissima (n =33)
@ Rosalaxa (n=13)
A Rosa platyacantha (n = 10)
@ Rosaalberti (n=4)
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Figure 4. Spatial distribution of 118 georeferenced observations of the genus Rosa in the
Tarbagatai mountain system against the background of the relief

Ninety-six observations with a positional accuracy of <100 m were used for spatial

calculations. Of these, 44 records were identified to species level, and 52 belonged to Rosa sp. Among
the species-identified taxa, the greatest documented spatial coverage was found for R. spinosissima.
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Table 3. Descriptive indicators of the spatial coverage of species-defined Rosa records with a
positional accuracy of <100 m.

Area of occupied Max.
View Entries, n Unique localities, n 2 x 2 km cells, km? MCP, km? distance, km
Rosa spinosissima 18 17 40 974.3 121.1
Rosa laxa 11 9 24 242.9 46.3
Rosa platyacantha 10 9 28 400.5 56.0
Rosa alberti 4 4 12 69.0 25.9
Rosa canina 1 1 4

For R. spinosissima, the maximum distance between high-precision localities was 121.1 km,
and the MCP area was 974.3 km?. The corresponding maximum distances were 56.0 km for R.
platyacantha, 46.3 km for R. laxa, and 25.9 km for R. alberti. A single high-precision record of R.
canina did not allow us to estimate the spatial extent or area of the MCP. These values characterise
only the documented coverage of the available sample and are not estimates of the taxa's full regional
range.

3.4 Spatial clustering and sensitivity to spatial sampling bias

Of the 96 high-precision observations, 88 corresponded to unique coordinates. For the Rosa
set, the average distance to the nearest unique locality was 0.75 km, while the average value across
999 CSR realisations was 3.02 km (95% simulation interval 2.66-3.37 km). The observed NN
distance was significantly smaller than expected under complete spatial randomness (empirical p =
0.001), indicating significant aggregation of the observation set. For individual species, no statistically
significant deviation from the CSR was detected: for R. spinosissima, the observed/expected distance
was 4.52/4.96 km (p = 0.610), for R. laxa, 3.79/3.44 km (p = 0.652), and for R. platyacantha, 2.62/4.34
km (p = 0.070). For the latter species, a tendency toward spatial aggregation was observed; however,
given the number of localities available, it did not reach the accepted level of statistical significance.

Table 4. Nearest-neighbour scores and grid-thinning results for high-precision Rosa
observations

Expected
Unique Observed NN (CSR), 1x1km 2x2km
Group localities, n NN, km km p cells cells
All Rosa 88 0.75 3.02 0.001 32 26
R. spinosissima 17 4.52 4.96 0.610 11 10
R. laxa 9 3.79 3.44 0.652 8 6
R. platyacantha 9 2.62 4.34 0.070 7 7

Grid thinning confirmed the high spatial redundancy of the original dataset. Ninety-six
high-precision records corresponded to 32 occupied 1x1 km cells and 26 occupied 2x2 km cells.
After thinning, 11 and 10 occupied cells remained for R. spinosissima, 8 and 6 for R. laxa, and
7 and 7 for R. platyacantha. Consequently, the nominal number of records significantly exceeds
the approximate number of spatially independent observation units, which must be accounted for in
subsequent statistical modelling.

3.5. Documented local species richness

Species-identified high-precision observations occupied 14 5x5 km grid cells. Eight cells
recorded one species, four cells recorded two species, and two cells recorded local richness of up
to four species. Both richest cells were located in the central part of the spatial cluster, approximately
47.20-47.24° N and 81.83° E. In one cell, R. spinosissima, R. laxa, R. platyacantha, and R. alberti
were recorded together; in the second, R. spinosissima, R. laxa, R. alberti, and R. canina. These cells
are priority sites for standardised field verification; however, their increased richness should not be
separated from uneven survey intensity.
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Figure 5. Documented local species richness of Rosa in occupied 5x5 km cells based on
high-precision species-identifying observations. Numbers within cells correspond to the number of
species recorded

3.6 Spatial accuracy, taxonomic verification and observational effort

Spatial accuracy was high for most of the dataset, with 85 observations (72.0%) having a
reported error of <10 m and 96 (81.4%) having an error of <100 m; the median positional error was 4 m.
Taxonomic verification, in contrast, remained limited, with only 15 records (12.7%) having Research
Grade status, while 103 (87.3%) were Needs ID.

The main data-quality limitations were therefore not georeferencing, but taxonomic
uncertainty and the concentration of observational effort. The two most active observers generated
107 of the 118 records (90.7%), indicating a significant imbalance in data sources and potentially
amplifying route and spatial bias. Combined with the grid-thinning results, this confirms the need to
control for spatial dependence and observer bias before any subsequent species distribution modelling.

3.7. Field photo illustrations of the morphological diversity of Rosa

To document morphological diversity, the article includes field photographs of five
species-defined taxa from the analysed dataset (Figure 6): Rosa laxa Retz., R. alberti Regel, R. canina
L., R. spinosissima L., and R. platyacantha Schrenk. The images cover the flowering and fruiting
phases and demonstrate differences in the general appearance of flowers or hypanthia, leaflet structure,
and shoot characteristics. For the genus Rosa, such comprehensive photo documentation is essential,
as reliable field identification often requires the simultaneous assessment of several morphological
traits.

Photographs served as a documentary supplement to georeferenced data and were not used
as independent confirmation of each record's identification. For subsequent expert review of Needs
ID observations and Rosa sp. records, standardised photo series are preferred, including the general
appearance of the bush, spine character, stipules, both leaflet surfaces, pedicels, sepals, flowers, and
mature fruits. When possible, link digital records to herbarium vouchers and specimens for molecular
analysis.

Figure 6. Field photographs of species of the genus Rosa: (A) R. laxa Retz.; (B) R. alberti
Regel; (C) R. canina L.; (D) R. spinosissima L.; (E) R. platyacantha Schrenk
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Discussion.

4.1. Diversity of the genus Rosa and the structure of observations

Analysis of the documented dataset confirmed the presence of five species-defined Rosa taxa:
R. spinosissima, R. laxa, R. platyacantha, R. alberti, and R. canina. However, 48.3% of observations
were identified only to the genus level, so the identified number of species should be interpreted
as the minimum confirmed for the current sample, rather than as a comprehensive inventory of
Tarbagatai Rosa. This taxonomic uncertainty directly impacts the assessment of local richness and
species-specific spatial coverage.

The resulting data structure is consistent with published data on the significant role of Rosaceae
in Tarbagatai vegetation. In a study of the associated flora of Prunus ledebouriana, the Rosaceae family
was among the families with high species richness, and R. spinosissima was noted as a characteristic
component of mid-mountain shrub communities (Orazov, A. et.al.,2021). At a broader regional
level, the widespread distribution of R. spinosissima and R. laxa and their ecological plasticity were
demonstrated for the Kazakh Altai (Danilova, AN. et.al.,2025). In the present study, these literature
data are spatially supplemented as a georeferenced array of findings, although interpretation is limited
by uneven observational effort.

4.2. Relief, altitudinal zonation and distribution of Rosa

The orographic heterogeneity of Tarbagatai provides important context for interpreting spatial
differences in Rosa's findings. Within a relatively small geographic area, foothill plains, dissected
lowlands, intermontane valleys, river gorges, and mid-mountain slopes combine. This structure creates
conjugate gradients of temperature, moisture content, snow cover duration, soil profile thickness, and
solar radiation (Orazov, A. et.al.,2021; Myrzagaliyeva, A. et.al.,2024), potentially creating conditions
for spatial segregation of the ecological niches of closely related species.

Of particular interest is the shrub and lower-middle mountain belt. According to the published
scheme of southern Tarbagatai, shrub vegetation predominantly occupies altitudes of approximately
1000 (1200)-1700 (1800) m, whereas communities with a dominance or significant participation of
R. spinosissima have been described from approximately 800—900 m up to 1350-1450 m (Orazov,
A. et.al.,2021). This is consistent with the assumption that a significant portion of Rosa's finds may
be associated with the transition between mountain steppes and shrub communities, where increased
mosaic relief, moisture differences, and heterogeneous soil conditions combine locally.

Slope exposure and position can further differentiate microhabitats. In a sharply continental
climate, southern and southwestern slopes typically receive higher insolation and lose moisture more
quickly, while northern exposures and lower slopes can maintain more mesophytic conditions longer.
River valleys and gorges simultaneously function as linear relief elements and local zones of increased
moisture availability. Consequently, the geographical overlap of different species does not preclude
their ecological separation based on microrelief, exposure, and soil conditions.

The largest documented spatial range of R. spinosissima is consistent with data on this species'
broad ecological range. In the Kazakh Altai, R. spinosissima has been recorded across a wider
altitudinal range than several other wild roses (Danilova, AN. et.al.,2025). In Tarbagatai, its presence
has previously been demonstrated in various shrub-steppe communities (Orazov, A. et.al.,2021). In the
current sample, this species also had the largest maximum distance between high-precision localities
and the largest MCP area. However, these indicators may reflect not only the ecological breadth of
the species but also differences in its detectability and the spatial structure of field routes.

Quantitative verification of topographic differentiation requires linking each independent
locality to a digital elevation model and extracting absolute elevation, slope, aspect, and derived
elevation indices. Only after this procedure can the elevation-specific niches of species be statistically
compared and the topographic signal separated from geographic and observer bias. Therefore, the
conclusions of this study regarding the role of relief are considered ecologically valid hypotheses that
require direct quantitative verification.

4.3 Spatial clustering, route bias, and effective sample size

One of the most striking results is the pronounced clustering of the Rosa dataset as a whole:
the average distance to the nearest unique locality was approximately four times smaller than that
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expected under random distribution. However, this pattern should not be interpreted as direct evidence
of'biological population aggregation. For opportunistic data, the observed spatial structure results from
a combination of true habitat mosaicism, route accessibility, repeat visits to convenient sites, and
differences in observer activity. The fact that two observers accounted for over 90% of the records,
and thinning reduced the 96 high-precision observations to 26 occupied 2x2 km cells, indicates a
significant contribution from spatial sampling bias.

At the level of individual species, statistically significant deviations from the CSR were
not confirmed, which is likely due to the limited number of spatially independent localities. R.
spinosissima is particularly illustrative: 33 original records, after precision filtering and thinning,
corresponded to only 10 occupied 2 x 2 km cells. Therefore, using the nominal number of
records as the effective sample size would overestimate the independence of the data. For potential
distribution models, including MaxEnt, this pseudoreplication can increase the risk of overfitting and
overestimating predictive ability; therefore, spatial filtering, independent taxonomic validation, and
expansion of the locality network are necessary before modelling (Boria, R.A. et.al.,2014; Orazov, A.
et.al.,2025).

4.4 Species-specific spatial patterns

Rosa spinosissima was the most frequently recorded and spatially widespread species; the
distance between extreme high-precision localities exceeded 120 km. This pattern is consistent with
the species' wide ecological range, but may also reflect its relatively high detectability and the
directionality of its field routes. Therefore, the spatial breadth of the documented array should not
be directly equated with the width of its ecological niche.

Rosa laxa and R. platyacantha were characterised by intermediate spatial coverage. The MCP
area of R. platyacantha exceeded that of R. laxa, despite a smaller number of initial observations, due
to the more dispersed location of the extreme localities. This result emphasises that the number of
registrations and the spatial extent of the sample describe different properties of the data and should
be considered together.

The four high-precision localities of R. alberti formed a relatively compact spatial pattern.
However, such a small sample size precludes interpretation as evidence of a narrow regional or
ecological niche. Differences in edaphic conditions between R. alberti and R. spinosissima have
previously been demonstrated for eastern Kazakhstan (Myrzagaliyeva, A. et.al., 2026), making further
comparisons of topographic and soil parameters at independently confirmed localities promising.

This single, highly accurate record of R. canina is purely indicative. Until independent
taxonomic verification and the acquisition of additional localities, it cannot serve as a basis for
concluding the species' spatial structure or regional distribution.

4.5. Documented areas of increased local species richness

Two 5x5 km cells each contained four species-defined Rosa taxa and represented the highest
values of documented local richness in the current dataset. However, these cells are better viewed not
as proven diversity hotspots, but as priority sites for independent field verification. The concentration
of several taxa within a limited space provides a convenient basis for comparative study of their
ecological preferences, but may also be a consequence of increased survey intensity. To verify the
biological nature of the identified pattern, it is necessary to standardise comparisons of elevation,
aspect, slope, indices of relief ruggedness and position, soil properties, plant community structure,
and equally distributed observation effort within these cells.

4.6 Taxonomic uncertainty and iNaturalist data quality

The high proportion of Needs ID records and observations identified only to the genus level is a
key limitation of taxonomic interpretation. This situation is typical for morphologically complex plant
groups: even a georeferenced record with a photograph does not always contain sufficient features
for reliable species identification (Lopez-Guillén. et.al.,2024). Consequently, a digital record and
coordinates are no substitute for expert review, especially when using data for species-specific spatial
analysis.

Standardised recording of diagnostic traits is critical for Rosa. Field photographs should
include the general appearance of the bush; the nature and arrangement of thorns; and the upper and
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lower surfaces of leaflets, stipules, pedicels, sepals, flowers, and ripe fruits. Whenever possible, link
digital observations to herbarium vouchers and molecular samples. Plastome studies of Kazakhstani
Rosa specimens demonstrate that molecular data can significantly improve resolution in complex
taxonomic cases (Yermagambetova, M. et.al.,2025). The field photographs presented in Figure 5
demonstrate the diagnostic value of recording different phenological stages but do not replace a full
revision of each record.

The high positional accuracy of most observations increases the value of taxonomically
uncertain records: after expert revision, they can significantly increase the number of confirmed
localities of individual species, change estimates of their spatial coverage, and improve the robustness
of subsequent ecological analyses.

4.7. Limitations of the study

The study is based on an opportunistic dataset generated without a single protocol and with
unequal observational effort. Therefore, the frequency of registration in the database does not reflect
the relative abundance, density, or probability of occurrence of populations. The pronounced clustering
of the overall sample and the significant reduction in the number of units after spatial thinning indicate
that the effective size of a spatially independent sample is significantly smaller than the nominal
number of records. Any subsequent SDM/MaxEnt analyses on these data require prior control for
spatial bias, taxonomic verification, and, preferably, external spatial validation.

The second limitation is related to taxonomic incompleteness: almost half of the records are
not identified to species level, and most observations do not have Research Grade status. The third
limitation is the lack of standardised topographic covariates in the original dataset, including elevation,
slope, and aspect. Therefore, this study discusses the role of topography as ecological context
rather than as a statistically established cause-and-effect relationship. Direct testing of topographic
differentiation requires extracting DEM parameters for independent localities and then comparing
them across species.

Finally, MCP and the area represented by occupied cells are sensitive to route configuration
and extreme observations. These metrics describe the current spatial coverage of the data and should
not be interpreted as formal conservation range assessments without further verification of survey
completeness and the actual status of populations.

4.8. Prospects for monitoring, environmental analysis and conservation

High-precision coordinates provide the basis for revisiting localities, establishing permanent
monitoring sites, and targeted sampling for morphological, genetic, and ecological studies. The
primary objective is an expert review of the 57 Rosa sp. records, as well as confirmation of isolated and
rare species registrations. Such a review can improve the dataset's taxonomic resolution and increase
the effective number of localities for subsequent spatial analysis.

An optimal design for further research should integrate georeferenced photographic
documentation, herbarium vouchers, expert taxonomic identification, and independent environmental
measurements. For each confirmed locality, it is advisable to extract absolute elevation, slope,
aspect, Terrain Ruggedness Index, and Topographic Position Index from the digital elevation
model and combine these parameters with climate and soil variables. With a sufficient number
of spatially independent data points, such an array will enable multivariate analysis of ecological
space, nonparametric interspecies comparisons, quantitative assessment of niche overlap, and species
distribution models with spatial cross-validation.

For Tarbagatai, where altitudinal changes occur along relatively short spatial gradients,
integrating taxonomically confirmed findings with topographic and edaphic data is particularly
promising. This will enable a transition from digital spatial pattern descriptions to testable hypotheses
about species distribution mechanisms, as well as the identification of priority monitoring sites and
repeat surveys in the face of climate and anthropogenic change.

Conclusion. A multi-year set of georeferenced observations allowed us to quantitatively
characterise the documented spatial structure of Rosa in the Tarbagatai mountain system. The analysis
included 118 observations, of which five species-defined taxa were confirmed; R. spinosissima was
the most frequently recorded and spatially widespread species. A pronounced spatial aggregation was
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revealed for the set of high-precision unique localities: the average distance to the nearest neighbour
was 0.75 km, compared to the expected 3.02 km in CSR modelling (p = 0.001).

However, spatial thinning revealed that the 96 high-precision observations corresponded to
only 32 occupied 1x1 km cells and 26 2x2 km cells; for R. spinosissima, 10 cells were retained at the
2x2 km scale. Therefore, the original number of registrations significantly overestimates the number
of spatially independent units and should not be used as a direct equivalent of the effective sample size.
Two 5x5 km cells contained four Rosa species each and represent priority sites for standardised field
verification, but cannot be considered confirmed centres of biodiversity without additional controls
for observational effort.

The key limitations of the dataset are the high proportion of taxonomically ambiguous records
and the significant concentration of observational effort. Topography and altitudinal zonation are
ecologically plausible explanations for some of the spatial heterogeneity, but this requires direct
verification using DEM parameters and standardised field data.

Expert verification of 57 Rosa sp. records, expansion of the network of independent localities,
and integration of topographic, soil, and climatic covariates will enable a transition from descriptive
findings to a more statistically rigorous assessment of ecological niches and potential species
distributions. In its current form, the dataset is best used as a spatial basis for targeted monitoring,
repeated field verification, and planning of future Rosa studies in Tarbagatai.

Funding. This research was funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan, grant No. AP22687057, “Assessment of the Current
State of Shrubs in Eastern Kazakhstan Based on the Bioecological and Genetic Characteristics of Rosa
L. Populations™.
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Anparna. Cenolophium denudatum (Hornem.) Tutin — Apiaceae TYKbIMJIachbIHA >KaTaThIH,
HET131HEeH BUTFAJIIbI MAJFBIH/IBIK KOHE KalbIIIMAIIBIK MEKEH €Ty OpTalapblHa TapalFaH KOIDKBIIIBIK
menTeciH eciMaik. KazakcTan aymarblHAa TYp apeayblHbIH MIETKI OOMIKTEpiHe Ke31eCeTiHAIKTEeH,
OHBIH TMOMYJSIIHUSIIBIK KYPBUIBIMBIH 3€pTTey TaOWFH MOMYISALUUSIIAPABIH TYPAKTHUIBIFBIH Oaranay
KOHE ONapAbl CakTay IIapajapblH o3ipiey YILIIH MaHBI3IBL 3epTTeyldiH Makcatel — OpTajblK
Kasakcran xarnaitbingarel C. denudatum TYPIHIH HOMYJISLIUSIIBIK-IKOIOTHSUIBIK €pEKIIETIKTEPIH
AHBIKTAy JKOHE MEKEH €Ty OPTACHIHBIH BUIFAJJIaHy JCHIeHi, IEHOMOMYIISIMUIAPIbIH KEHICTIKTIK
JKOHE OHTOTCHETHUKAJIBIK KYPBUIBIMBI MEH PEIPOIYKTHBTI KOPCETKIIITEP apachIHIAFbl OaiIaHBICTHI
Oaranay. Jlamanbik 3eprreynep 2023-2025 skpuimapbl Kapkapaiabl MEMIICKETTIK YITTBIK TaOUFH
NapKiHiH aymarbiHaa >kyprizinmi. [lonmynsuusneik kepcetkimrep 10x10 M TypakTsl ajmaHaapna,
ONap/bIH ilIiHEe opHajackaH 1x1 M ecenTik KBajparTap apKbUIbl aHBIKTaAbl. bapnbirel 245 mapak
3epTTenai. OCIMAIKTepAiH KeHICTIKTE HETi31HeH TONTAHBIN OpHAIacaThbIHbl AaHBIKTAJAbl. EH KOoFapsl
TBIFBI3JBIK BUIFANABI OMoTONTapaa Oaiikansim, 1,4—1,6 1121p2u</M2 KYpaJbl, ajl IIaJIFbIH/bI-1AJIAJIBIK
xarnainapaa 0,6-0,8 napak/m? neitin Tomenneni. ThIFBI3ABIKTEIH BapHanus Kodpdumuenti 28-35
% apanbirpinga Oonnbl. JKalbuIManbIK MEKEHIEpIe MpEereHepaTuBTi JapakTapabiy yieci 52 %-ra
JIeH1H XKETiI, KaCThIK TYPaKThUIbIK UHAEKC] 1,21 Kypansl. bliaran Mesnmepi TeMeHaereH cailbiH Oy
KopceTKim Kyprak manreiaga 0,94-ke, manreiaasl ganaga 0,73-ke aeitin temenaeni. ['eneparusri
ecimaikTepaiH oprama Owuiktiri 110-125 cMm, mareipmanap cadbl 6—8, TYKBIMIBIK ©HIMIIIT
0ip ecimaikke 210-260 sxemic, penpoaykTtuBTik kKodddummenti 0,38—0,50 Gonapl. Hotmxenep
C. denudatum UEHONIONMYNALUATAPBIHBIH TYPAKTHUIBIFBIH AHBIKTAUTBIH HETI3T1  JKOJIOTHUSIIBIK

(bakxToprapabH 0ipi THAPOIOTHSIIBIK PEKUM €KEHIH KOPCETTI.
Kint ce3nep: Cenolophium denudatum, Apiaceae, IeHONOMYISAMS, OHTOTCHETHKAIBIK KYPBUIBIM, HOMYJISHS THIFbI3IBIFEL.
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Annorauusi. Cenolophium denudatum (Hornem.) Tutin - MHOTONETHHMI TpPEICTABUTEIh
cemeiicTBa Apiaceae, IpUYypPOUYCHHBIH MPEUMYIIECTBEHHO K YBIaKHEHHBIM JIyTOBBIM U MOHMEHHBIM
MecTooOUTaHUsM W Haxoxasammiics B Kazaxcrane B mnepudepuyeckoil 4YacTH CBOEro apeasna.
HccnenoBanue MNONymsiMOHHOW OpraHu3alliyd BHUJA HA TIPAaHULE SKOJOTMYECKOTO0 ONTUMYyMa
MPEACTaBISIET HHTEPEC AJISl OLIEHKU MEXaHU3MOB €r0 YCTOHYHMBOCTH U Pa3pabOTKU Mep COXpaHEHHUs
NpUPOAHBIX momymsanuii. Lenb paboThl - U3yYUTh MOMYJSIIMOHHO-IKOIOTHYecKkie ocodeHHocTu C.
denudatum B ycnosusix LlenTpanbHoro Kazaxcrana v yCTaHOBUTB B3aUMOCBSI3b MEX/1Y YBIaXKHEHHEM
MECTOOOUTAHUN, TPOCTPAHCTBEHHOW U OHTOTEHETUYECKOW CTPYKTYpOH LEHONMOMYNISIUUA U
pENpONYKTUBHBIMU MoOKa3zareasamu Bupaa. l[lonmeBbie wuccnemoBanus mnpoBoawin B 2024-2026
IT. Ha TeppuTopun KapkapaduHCKOro TroCyaapCTBEHHOTO HAIMOHAIBLHOTO MPUPOAHOTO Mapka.
[TonmynaunoHHbIE TapaMeTPhl OIIEHUBATN Ha CTAllMOHAPHBIX Tiomanax 10x10 M ¢ ucnoab30BaHHEM
yueTHbIX KBajpaToB 1x1 m. Bcero uccrnemoBano 245 ocobell. YcTaHOBIEH NpPEUMYIIECTBEHHO
arperupoBaHHBIA XapakTep pa3MelleHus pacTeHuil. Hambonplnas IUIOTHOCTH 3aperHCTPUpPOBAaHA
B 0olee yBIaXHEHHBIX OuoTomax — 1,4-1,6 ocobu/mM?, Torma Kak B JyrOBO-CTEIHBIX YCJIOBHUSX
ona cHmwxkanack 10 0,6-0,8 ocobu/m?. Ko>p@puIMEHT BapuanyMu IUIOTHOCTH COCTaBjsnl 28-35
%. B MOWMEHHBIX MECTOOOMTAHUSIX 0N MPEreHepaTUBHBIX 0coOeit mocturana 52 %, WHIEKC
BO3pacTHOM ycTroiunBocTH oxoaui 10 1,21. [lo Mepe CHM>KEHHMsI YBIIaXKHEHUSI NHIAEKC YMEHBIIAIICS
10 0,94 Ha cyxomonsHOM s1yry U 110 0,73 B yroBoit crenu. J{oyiss TeHEpaTUBHBIX PACTeHHM B Oojiee
CYXHX yclnoBUsX Bozpactana a0 50 % mpu OTHOBPEMEHHOM COKPAILIEHHH MOJIOJBIX BO3PACTHBIX
rpynm. BeicoTa reHepaTMBHBIX 0coOeil cocrtaBisiia B cpemHeMm 110-125 cm, 4ucino 30HTHKOB —
6—8, ceMeHHast MPOIYKTUBHOCTh — 210-260 mom0B Ha pacTeHUe, PeNPOAYKTHUBHBIN K03 (UIIEHT
— 0,38-0,50. TlomyueHHbIE pe3yabTaTbl CBUAETEILCTBYIOT O BEAYIIEH PpOJM T'MAPOIOTHYECKOTO
pexxnma B (GOpMUPOBAHUU CTPYKTYpHI HeHonomyisiiuit C. denudatum v TO3BOJISIOT pacCMaTpUBaTh
COCTOSIHME€ MOJIOABIX BO3PACTHBIX IPyNN M IUIOTHOCTh PAacTEHUM B KauecTBE HH(POPMAaTHBHBIX

MoKa3arejaed yCTOMYMBOCTH MOMYJISILANA BH/IA.
KnroueBnie caoBa: Cenolophium denudatum, Apiaceae, IEHONONMYNISINS, OHTOT€HETHYECKass CTPYKTypa, IUIOTHOCTD
TIOMMYJIAUHN.

POPULATION-ECOLOGICAL CHARACTERISTICS OF CENOLOPHIUM DENUDATUM
(HORNEM.) TUTIN IN CENTRAL KAZAKHSTAN

12§ K. Mukhtubaeva, 2A.B. Myrzagaliyeva, 2M.B. Takirova*
! Astana Botanical Garden, Astana, Kazakhstan
2 Astana International University, Astana, Kazakhstan
*e-mail: takirovamb@gmail.com

S.K. Mukhtubaeva — x.6.H., acconurpoBaHHbIi Tpodeccop BrIciiei MIKOIbI €CTeCTBEHHBIX
HayK, MexayHaponHblii yHHMBEpCUTET AcCTaHa, BEAYLIUMH HAy4YHbId COTPYAHHUK ACTaHMHCKOTO
O6oTaHn4deckoro cana, e-mail: mukhtubaeva@mail.ru, https://orcid.org/0000-0001-5921-3113

A.B. Myrzagaliyeva — 71.6.H., mnpodeccop Bricmieii mKkonsl e€CTECTBEHHBIX HayK,
MexnayHaponublii  yHUBepcUTeT AcTaHa, e-mail: an.myrzagaliyeva@gmail.com, https://orcid.
org/0000-0003-3604-4315

M.B. Takirova — PhD kanaunar, [lenarorudeckuiit HHCTUTYT, MeXTyHapOIHBI YHUBEPCUTET
AcrtaHa, e-mail: takirovamb@gmail.com, https://orcid.org/0009-0002-6444-6987

Abstract. Cenolophium denudatum (Hornem.) Tutin is a perennial herb of the family Apiaceae

associated mainly with moist meadow and floodplain habitats. In Kazakhstan, the species occurs
near the peripheral part of its geographical range; therefore, studying its population organization
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is important for understanding mechanisms of population persistence and developing conservation
measures. The aim of the present study was to assess the population and ecological characteristics of C.
denudatum in Central Kazakhstan and to determine relationships between habitat moisture, spatial and
ontogenetic population structure, and reproductive parameters. Field investigations were conducted
during 2023-2025 within Karkaraly State National Nature Park. Population parameters were assessed
on permanent 10x10 m plots using randomly placed 1x1 m quadrats. A total of 245 individuals were
examined. The spatial distribution of plants was predominantly aggregated. The highest population
density, 1.4-1.6 individuals/m?, was recorded in relatively moist habitats, whereas density decreased
to 0.6-0.8 individuals/m? under meadow-steppe conditions. The coefficient of variation in density
ranged from 28 to 35 %. In floodplain habitats, pregenerative individuals accounted for up to 52
% of the population and the age-stability index reached 1.21. With decreasing habitat moisture, this
index declined to 0.94 in dry meadows and 0.73 in meadow-steppe communities. The proportion of
generative plants increased to 50 % under drier conditions, accompanied by a reduction in juvenile
fractions. Generative plants reached an average height of 110—125 cm, developed 6—8 umbels and
produced 210-260 fruits per plant, while the reproductive coefficient ranged from 0.38 to 0.50. The
results demonstrate that the hydrological regime is a major environmental factor determining the

demographic structure and stability of C. denudatum populations.
Keywords: Cenolophium denudatum, Apiaceae, coenopopulation, ontogenetic structure, population density.

Kipicnme. OciMuikrepaiH OHONOTHSIBIK OPTYPIIUITIH caKTay TYPJIEPAiH TeorpadusiibIK
TapallyblH FaHa €MeC, OJIap/blH TaOUFH TapajbIMIapbIHBIH XKail-KYWHiH Je 3epiaeseyl Tanam eTei.
KnuMarTeIK, THAPONOTHSIIBIK JKOHE IIEHOTHUKANBIK (haKTOpIApAbIH 9cepi ONapIblH SKOJOTHUSIIBIK
TO3IMIUTIK MIEriHe >KaKbIHAAaybl MYMKIH Tapaylly aiMaFblHbIH MIETIHAET] TYPJIEpIi MOMYISIUSIIBIK
3eprrey epekiie maHb3abl (Hultén & Fries, 1986; Gaston, 2003; Sexton et al., 2009; Hargreaves
et al.,, 2014). Ilepudepusublk momynsusiap keOiHece opTa KarAalIapbIHBIH ©3TepyiHe JKOFaphl
Ce3IMTaJABIKIIEH CUITaTTalIa b, ajlaiiia 61p Me3ruiae TYPAIH Y3aK YaKbIT TIPUIUIIK €Tyl YIIIH MaHbI3bI
Oap epekie Oeiimaeny Oenrutepine ue 6omysl mymkin (Hampe & Petit, 2005; Eckert et al., 2008;
Pironon et al., 2017).

Apiaceae Lindl. TykpIMmacel >kaObIK TYKbIMABI OCIMAIKTEpHAIH IIMIIHAETT €H ipi
TYKBIMIACTapbIHBIH Oipi OOJBINT TaOBLIAILI KOHE TeorpadUsuIbIK Tapadybl, ©MIpIiK HbICAaHAAPHI
MEH DJKOJIOTUSAJIBIK TYPFBIIAH aWTapibIKTail epekmieneHeTiH Typiepai kamtuasl (Plunkett et al.,
2018; Downie et al., 2000; Pimenov & Leonov, 1993). Ka3akctan aymarbiHia TYKbIMIAC OKUIAEpi
JTAJTAJIBIK, MATFBIH]IBL, OPMaH/IbI, )KaBUIMAJIBI, TIIOJI]I1 )KOHE TayJIbl OCIMIIKTEeP KOFaMIACTHIKTAPBIHBIH
KypambiHa kipeai (Pimenov, 2023; Mukhtubayeva et al., 2023).

Cenolophium denudatum (Hornem.) Tutin — Apiaceae TYKbIMAAChl KOIDKBUIABIK MIONTECIH
eciMIiiK. Typ OopeanabiK-eypasusuibIK (GIIOpUCTUKAIBIK KEIIEHTe JKaTa /bl )KoHe Heri3ineH Eyponana,
Peceiinin eyponansik Oemirinne, bareic xone Ibirpic Cibipae, conpaii-ak OpTanblk A3USHBIH
JKekerereH aynanmapeiHaa tapanraH (Plunkett et al., 2018; [umxkun, 1950; ®nopa Bocrounoit
EBporme, 2004; Tutin, n.d.). OraH manfelHAB MEKEHIEY OPBIHAApPbIHA, ©3€H alKaObIHA, JKaranay
yuyacKeJlepiHe KOHE CaJbICThIpMalIbl TYpJE BbUIFAIJaHy JICHIrell >Korapel 0acka Ja ayMakTapra
OCHIMIILTIK TOH.

Kazakcran merinne C. denudatum >anmel Tapaiy aiMarbIHBIH OHTYCTIK Oelirinie
opHaslacKaH. MyHzail »arJail OHBIH TapaJbIMIBIK YHBIMBIH 3€PTTEYyTe €pEKIle KbI3bIFYIIbUIBIKTHI
alKBIHIANIbI, OUTKEHI Tapally ailMaFbIHBIH IIETIHAC YKOJIOTHSIIBIK (DaKTOpIIap KaHapy MpoIecTepiHe,
JKac KYPBUIBIMBIHA KOHE YPIAKTHI 00Ty KaOuIeTiHe HeFYPIIBIM alKbIH oCep €Tyl MYMKiH.

[TonmynsIusIbIK-OHTOTEHETUKAIIBIK TACUT KOIDKBUIABIK OCIMIIKTEPIH >Kal-KYHiH opTypii
JKac JKarIalbIHIaFbl JapaKTapAblH apaKaThIHACKHI, THIFBI3ABIFBI, KEHICTIKTE OpHAJIacy CHUIAThl XKOHE
TeHepaTHBTIK yJailbl ecipy KapKbIHIBUIBIFBI HeETi3iHJe Oaramayra MYMKIHIIK Oeperi (PaGoTHoB,
1950; Ypanos, 1974; Ocimaik LEeHONOMYIAMIAPHI: HET13T1 TYCIHIKTEp KOHE KYphUIbIM, 1976 x.;
«OCIMAIK HEHONOMYIISIUSIAPHL: MOMYISAIH OMOIOTHCH OOMBIHIIA 3ccenepy, 1988; Kykosa, 1995).
JKac KypBUTBIMBI TOMYISIIIASTHBIH OPTA XKaFJaiiblHa PeaKIMSICBIHBIH HHTETPAIIBIK KOPCETKIIT OOJIBIIT
tabbL1aabl. JKac ¢paxuusuiapabiH KbICKapyhl K€31HJ1€ T€HepaTHBT1 )KOHE IIOCTIeHEPaTUBTI JapaKTap
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YJIECIHIH YIFAIObl yAaibl ©CI-eHYy/lH IEKTeIylH KOpCceTce, IPEereHepaTuBTl 6CIMIIKTEPAIH eAdyip
00ITyBI COTTI J)KaHAPY/bIH Oap €KeHIH KydIaHIbIpabl.

Me30puTTI IMAanFbIHABl TYpJep YIIIH aHBIKTAyIIbl SKOJIOTUSJIBIK (akTopiapablH Oipi
BUIFAJIAAH]IBIPY PEKUMI 00BN TaObuIaabl. [ MIPONTOTHSIIBIK JKaFAaiIapAblH e3repyl TYKbIMIAp/IbIH
ecyiHe, JKac OCIMIIKTepIiH TIPIIUNriHe, OCIMIIKTep KOFaMJACTHIFBIHAAFbI  OOCEKeIeCTIK
KaTbIHACTapFa >XOHE EepeceK JJapaKTapIblH PENPOIYKTUBTIK OEJICEHAUNriHe ocep €Tyl MYMKIiH
(Silvertown & Charlesworth, 2001; Harper, 1977; Caswell, 2001).

C. denudatum Tapanysl Typanbl (IOPUCTHKAJIBIK MaJiMeTTepre KapamactaH, Kasakcranga
OHBIH Ta0WFU IICHOMOMYJSIUSUIAPBIHBIH JKal-KYHl Typajbl JEpPeKTep IMIEKTeYJi OOJBII Kalyaa.
TypaiH THIFBI3IBIFBIHBIH, )KaC CIIEKTPIHIH )KOHE YPIIAKTHI 00Ty KYPBUIBIMBIHBIH MEKCHICUTIH KEePIHIH
9KOJIOTHSUIBIK JKaFAaiiapbiHa TOYENAUIITH CaH IbIK OaFrasiay ic JKy31H/E JKOK.

3eprrey Makcarbl - Opraneik Kaszakcran sxarmaiibiana Cenolophium — denudatum
HOMYJISIUSIIBIK-OKONIOTHSUTBIK ~ €PeKILETIKTepiH  3epAeliey  oHe  MEKEeHJEY  OpbIHAapbIH
BUTFANIAAHIBIPYAAFbl  AHBIPMAIIBUIBIKTAPABIH ~ OHBIH  LEHOMOMYJISIIHUSIAPBIHBIH ~ KEHICTIKTIK,
OHTOTEHETHKAJIBIK )KOHE PEMPOYKTUBTIK KYPBLIbIMBIHA dcepiH Oaranay.

MakcaTka >keTy YIIiH MbIHaJlail MiHAETTEp KOUBLIIBL:

1. KeHICTIK OpHANACTHIPY EPEKIICNIKTePiH >KOHE IEHOMOMYISIUSIAPIbIH ThIFbI3IBIFbIH
AHBIKTAY;

2. HEri3ri OHTOTCHETHKAJBIK TONTAPABIH apaKaTbIHACKIH OenTiiey;

3. BUTFaJIaHy TPAJUEHTIHICT )Kac KYPBUIBIMBIHBIH ©3TepyiH Oaranay;

4. TeHepaTUBTIK AaMy MEH YPIaKThl 00y KaOUIEeTiHIH HET13r1 KOPCETKIIITEPIH aHbIKTAY;

5. TYpIIH TYpPaKTbUIBIFBIH Oafanay VIIIH HEFYpJIBIM  aKMNapaTThlK MOMYJSIUSIBIK
KOPCETKIMITEP I aHBIKTAY.

JKyMmpbIc runoresachl TIpIILUTIK €Ty OPBIHAAPBIHBIH bUTFANIaHybIHBIH TOMeHAey1 C. denudatum
TBHIFBI3/IBIFBIHBIH a3aI0BIMEH, JKac TONTaphl YJIECIHIH a3al0bIMEH JKOHE jKac CIEKTPIHIH reHepaTHBTI
OCIMJIIKTEp JKarbIHa aybICYBIMEH KaTap *Ypei 1ereH 0omkaM Oobl.

3epTTey MaTepuajiapbl MeH dicTepi.

2.1. 3eprrey aymansbl. [lamansik 3eprreynep 2023-2025 xok. TambizbiHaa Kaparaumbl
oOnbIchiHAarbl Kapkapaibl MEMJIEKETTIK YJITTHIK TaOUFM HapKi ayMarblHIA KYpri3uial. Aymakka
KbICBl Y3aK, CYBIK J>KOHE Ka3bl CaJbICTBIPMAJIbl JKbUIBI KYPT KOHTHMHEHTTIK KIMMAaT ToH.
3eprrenren Mekenaepae C. denudatum HETI31HEH MIANFBIHIBIK KOHE IIAJFbIHABIK-KaHbUIBIMIBIK
KOFaMJIaCTBIKTapMEH OailIaHbICTHI OOJIIBI.

CanpicThIpMaIbI TANAAY YIIIH BUTFATABUIBIKIICH KAMTAMAaChI3 €Tyl OOHBIHIIA EPEeKIeICHETIH
eMip CYpY OpbIHAAPBIHBIH YII HycKackl Oemiudi: LII11 — canbicThipManbl TYpAe *KaKChl bUIFANJaHFaH
xaiipuima ydackenepi; LI12 — xyprak manreiHasl yuackenep; LI13 — surranmany aeHreili Temex
IIATIFBIH/IBI-TATANBIK - yyackenep. LleHomomynsuusimapablH MyHAail OpHAlacybl BUIFaJIIaHYIbIH
OKOJIOTHSUTBIK  TPAJMeHTI OOWBIHIIA TOMYIANUSUTBIK —CHUMATTaMajapAblH e3repyiH Oaramayra
MYMKIHJIK Oepai.

2.2. TlomyasimusiibIK 3epTTeyiiep. lleHomonmynsmusnapaslH Skai-KyWiH Oaranay YIIiH
emmemi 10 x 10 m (100 M2) CTalIMOHAPJIBIK ChIHAK ajaHJdaphl CAJIbIHIBI.

OpOip anaH imiHge enmemi 1 X 1 M KBagpaTTap ipikTen ecentey 9/1iCiMeH OPHAIACThIPBIIIBL.
Ecentik mapmbuiap caHbl ChIHaK ajaHbslHAa keminge 10-mp1 kypazabl. 3eprrey OapbichiHaa C.
denudatum G6apnbIFsl 245 napax TaHIaIabL.

THIFBI3ABIK MBIHA (DOpMYTIa OOMBIHIIIA AHBIKTAJIJIBI:

D =N/A

MyH/aFbl D - TBIFBI3IBIK, AapaKTap/m?;

N - TipKeJIreH AapakTap/IbIH CaHbl; A - €CENKe ay anaHbl, M2,

Kenicrikre OpHajmacy cuImaThl ©CIMAIKTEPIiH €CeNTiK ajaHgapAblH imiHae Oeidy XoHe
OJIAPJIBIH THIFBI3IBIFBIHBIH ©3TepMEiIiri OOMbIHIIA OaramaH/Ibl.

2.3. OHTOreHeTHMKAJBIK KYPbLIbIM. OCIMIIKTEpJIIH OHTOI€HETUKAJbIK Kail-kyhi T.A.
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PaGorHoB nieH A.A. YpanoBTeiH (PabotHOB, 1950; YpanoB, 1974) nomynsuusiblK-OHTOT€HETHKAIIBIK
TYCIHII JKOHE OCIMIIKTEpIIH MOMYJISALMUIBIK OHWOJIOTHACH! cajachlHAAFbl KEWIHI1 a3ipiemenepi
naijanaHa OThIpbI, MOP(HOIOTUSIIBIK Oenriiep Herizinae anbiKranabl (LleHonomynauun pacTeHHiA:
OCHOBHBIC TOHSATUS U CTpyKTypa, 1976; LleHomomynsimuyu pacTeHHil: OYEpPKH MOMYJISLMOHHOU
ouonoruun, 1988). Keneci Herisri Tonrapra OeJiHII: j - FOBEHWIB/I; M - UMMATYPJIbl, V - €peceK
BETCTATHUBTIK; g - TEHEPATUBTIK; SS - CYOCCHHMIIB/II; S - CCHIJIB/II IapaKkTap. OpOip OHTOICHETHKAIBIK
TOITBIH YJI€Cl eCenTeNai:

P, = n/N x 100,

MyHAaFbl P; - THICTI ’ac TOOBIHBIH yieci, %; n - TOI AapaKTapbIHBIH CaHbl; N - 3epTTeNreH
1pIKTEMEHIH KaJIIbl CaHbl.

Kac epexmiennik KypbUIbIMBIH CaJbICTRIPMAJIbI OaFajay YIIiH MOMYJISITUHBIH MPereHepaTuBTI
OeJITiHIH TeHepaTUBTI-TIOCTTEHEPATUBTI 0OJIIKKE KaThIHACKIH KOJITaH IBIK:

L= (j+im+v)/(g+ss +5)

OcCBI KOPCETKIIITIH YIFAIObI )KaC TONTAPABIH [IEHOMOMYIISINS KYPhUIBIMBIHA CATBICTHIPMAJIBI
TYp/I€ KOFaphl KATHICYBIH KOPCETE/I.

I'enepatuBTi eciMAIKTepe Kep YCTI Kauly OWIKTIri, TeHEepaTUBTI KYPbUIBIMIApP CAHbI KOHE
KAJIBIITACKaH KEMICTEP CaHbl TIPKEIII.

PenpoxykTuBTi K03 puIueHT Obutaiiina aiKbIHIaIFaH:

R = Ngen / Niotal

MyHJ1A Ngep, - TEHEPATHUBTI JAPAKTapAbIH CaHbl; Nigil - 36PTTEITCH OCIMIIKTEPIIH Kbl CAHBI.

CangpIK apaMeTpiiep YILUiH opTalia MOHAEpP MEH ©3repMeNUIiK KOPCETKIIITepPl aHbIKTaN IbI.
TBIFBI3IBIKTBIH KEHICTIKTIK OipTeKTI eMmecTiri Bapuamus Kod()UIMEHTIH naiigaliaHa OTBIPHII
Oaranmanael. JKac skarmaiIapblHBIH OPTYPJUIITiH KoChiMIIa cumarray ymiH IlIeHHOH wHHIEeKci
naiiianaHpUIIbL:

H' = —Xp; Inp;

MYHJIaFbl P; - THICTI OHTOTCHETHKAIBIK TONTHIH CalbICThIpMalbl yieci (Shannon, 1948;
Magurran, 2004).

HoTu:kesiep skoHe TAJKbLIAY.

3.1. Kenictik 06y :KoHe IEHONOMYJSIUSVIAPABIH TBIFBI3ABIFbI.  3epTTEyiep
kepcerkeHnen, C. denudatum ecIMIIKTep KaybIMIACTBIFbl IIETiHJAE OIpKeNKl TapaiyJisl
KaJbIMTacThpMaipl. Typre keOiHece mapaKkTapAblH arperartTajifaH HEMece IIOFbIpJIaHFaH
OpHAaJacybl TOH.

KeHiCTIKTiK YHBIMHBIH MYHJIall TYpi MUKpopenbed TEeH BUIFaIIBIH TapaldybIHBIH OIpTEKTI
€MECTITiHe, COHJai-aKk ecCIMAIK >KaMBUIFBICBIHBIH ~ KYPBUIBIMBIHIAFBl  albIpMalIbUIBIKTapFa
0aifaHBICTHI 0OTYBI MYMKiH. OCIMIIKTEPIIH HEFYPIIBIM THIFBI3BIFBI dKAKCHI bUIFAIJAaHFaH KalbuiMa
Mekenaepae Oenrinenren - 1,4-1,6 mapak/m?. llanreiHabK gana skarmaiibiaaa kepcerkim 0,6-0,8
napak/m? IeiiH TOMEHICII.

Ocpnaifia, HEFYPIBIM  BUIFAIIBI  KOHE HEFYPIBIM KYpFaK OuWoTomTap apachIHaa
TBIFBI3IBIKTBIH IIAMAaMEH €Ki ece aWBIPMAIIBUIBIFBl  OalKaibl. THIFBI3ABIKTHIH  BapHAIIHS
kodpunmenti 28-35% Kypanbl, Oy HEHONMOMYJSIMUIAPABIH KOPIHETIH, OipaK JKCTPEeMaJIbIK
e€MeC KeHICTIKTIK OIPTEKTI EMECTIriH KyoIaHIbIPaIbl.
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Kecre 1. Cenolophium denudatum Heri3ri nonyisuusIbIK-3KOJOTUSIIBIK KOPCETKIIITEP]

Keopcerkimrep JKaiipLIMaabI OMOTON Kyprak madbIHabIK I anFeIHABI a1
ThIFBI3ABIFBI, ;:LapaKTap/M2 1,4-1,6 apaiblK MOHJEP 0,6-0,8
TIperenepatuBTi napakTapipIH yieci, % 52 neitin TOMEHIEHTI €H TOMEHT1
T'eHeparuBTi napakrapabH yieci, % 50 TemeH ecei 50 neitin

JKacTbIK TYpaKTBUIBIK HHAEKCH, Iy 1,21 0,94 0,73
Penponykrusti k03ddunmenti, R 0,38-0,50 0,38-0,50 0,38-0,50

Anviaran HoTtkenep C. denudatum THIFBI3ABIFBI MEH BUIFAJIAHIBIPY PEXKHUMI apachlHAAFbI
alKbIH OAJIAHBICTHI KOPCETE/I].

Me30(uTTi manFBIHAB OCIMIIKTEP YIIIH BUIFAT KOJDKETIMIUTITIHIH TOMEH/IEYl €H alJIbIMEH
OMIPITIK MUKJIIIH OacTanKel Ke3eHIepiH miekTeyre Kaoinerti. JKac eciIMIIKTEp/IiH TaMbIp Kyieci a3
JTAMBIFaH KOHE €peceK I'eHEepPaTHWBTIK JaHallapFa KaparaHlla TOTBIPAKTHIH >KOFAPFhI JCHICHICPiHIH
BUTFAJIIBUIBIFBIHA TOYEN . MyHIal 3aHABUIBIK TapATbIMIAPHI KOJIOTHUSIIBIK OIMTHMYMHBIH IIETIHIC
OpHaJlaCKaH KeMNTEereH KemxkbUIAbIK Typaepre ToH (Hampe, 2005; Eckert et al., 2008; Pironon et al.,
2017; Silvertown & Charlesworth, 2001).

3.2. OHTOreHeTHKAJBIK KYPbLIbIM. 3epPTTEIreH [ICHONOMY/ISAIUSIIAPIBIH OHTOTCHETHKAJIBIK
CHEKTpJIepl DKOJOTHUSUIBIK OKaFjaijapra aWTapiblKTaii Toyemmi Oonael. JKalibiMa MeEKeHIEy
OpBIHJIAPBIH/IA MPETEeHePATHBTI TONTAPIBIH - FOBEHHIIbIl, UMMATYpJbl )KOHE €peceK BereTaTHBTI
OCIMIIKTEP/IIH XKUBIHTHIK yieci 52% -Fa jKeTTI.

Kac ecimaikTepaiH eaoyip YJeciHiH OOMybl KEHiHT1 KbUIAaphl T€HEPATUBTIK JKaraalira
Kellyre KaOileTTi JapakrapAblH OeJCeHII TYKBIMIBIK KaHApYbl MEH PE3EpBiHIH KaJIbIITACYbIH
KyonaHaeipaabl. JKalbuiMa I[IEHONOMYJSIUSACBIHIAFBI  KACTBIK TYPAKTBUIBIK HWHIEKCI: [y
1,21. BipnikTeH >KOFapbl MOH IPET€HEPAaTUBTIK >KaCc TONTApbl CAHBIHBIH TE€HEPATUBTIK >KOHE
MMOCTTEHEPATUBTIK TONTAPJBIH COMAChIHAH acChill TYCYiH Kepceredi. KypFaKIIbUIBIK IIIaFbIH/IA
unaekc: I, = 0,94 neitin temenaeni. [lanFpIHIBIK-TaIATBIK MEKEHCY OPBIHIAPBIH/IA KOPCETKIIITIH
onaH opi azarobl Tipkenmi: I, = 0,73. bip mesringe renepaTuBTi eciMaikrepAiy yineci 50% -ra neiin
©CTi, aJI kKac Kac TONTAPbIHBIH CaHbl KbICKApP/IbI.

Ocpbinaiima, OaFbITTalFaH OdKOJOTHSUIBIK  Karap aHbIKTaiaael: kaieiima  (1,21) —
KyprakmbuiblK manFbie (0,94) — manrsiasl gana (0,73). Xac KypbeUIbIMBIHBIH MYHAAil e3repyi
KYMBIC THUIOTE3aChIMEH YWUJIECeAl KOHE BUIFANIBUIBIKIICH KaMTaMachl3 €TUTYIH a3alobl KaHAPY
IpoIecTEpiHe HEFYPIIBIM €ISyl 9cep €TeTiHIH KopceTe .

byn perre reHepaTuBTIK (QpakUUsHBIH OacklM OOIYbIH ©31HEH €31 LEHOIOMYJISLUsSHbIH
KaHaFaTTaHFBICKI3 JKal-KYHIHIH A9Jeni peTiHae Kapayra Oonmaiiabl. KemKbUIbIK MOTUKAPIUSIIBIK
OCIMIIKTEp YIIIH TE€HEPATHUBTIK KE3€HHIH Y3aKTBIFBI eleysi Ooiaybl MyMKiH. FOBEHWIIBII JKOHE
UMMATYpJIbl ©CIMIIKTEPIiH THIFBI3ABIFEI MEH YCHIHBUIYBIHBIH Oip ME3TUIe TOMEHCYl HEFYPJIbIM
aKImapaTThIK Oesri 00JIbIN TaObLIa b

150 mapakTel KaMTHTBIH €CEMNTIK >KUBIHTHIKTAPIBIH Oipi YIIIH Xac KYpbUIBIMBI ObLIaiIia
OepinreH: OBeHWIBAI - 18 mapak, umMmarypisl - 27, epecek BereTaTtuBTi - 33, reHepaTuBTi - 57,
CYOCEHIIIBI1 J)KOHE CEHIIIBII - 15 mapaxk.

Kecte 2. OcimaikTepi Heri3ri OHTOr€HEeTHKAJIBIK TONTap OOMbIHIIA eIy

OHTOreHeTHKAJBIK TON JlapakTap caHbl Yaec, %
j 18 12
im 27 18
v 33 22
g 57 38
ss+s 15 10
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OHTOreHeTHKAJBIK TON JlapakTap canbl Yiec, %

Bapabirsl 150 100

Ocsr ipikteme yuriH lennonnsiH uHnexkci H' = 1,49 xypanpl. bemy 0ip xac TOOBIHBIH
a0COMIOTTIK OACBIMIBUIBIFBIMEH CHITATTaIMaFaH: MaKCUMAJIIbl TeHEPATHBTIK (ppaKIusFa KapaMacTaH,
MOMyJIALUAA TIPUIUTIK HUKIIHIH OapJibIK HET13r1 (yHKIMOHAJIBIK MaHbI3/Ibl CaThlIapbl YCHIHBUIJIBI.
HOBeHMIBI1 KOHE UMMATYPIIBI JapaKTapblH O0TyBl epeKIle MOHTe He, OUTKEHI oJap MOIMYIISIUSHBI
TOJIBIKTBIPY/IBIH Ka3ipri 3aMaHFbI MPOIIECIH KOPCETE ],

I'eneparustik ecimaikrep C. denudatum 3epTTenreH karaainap/a >kep YCTi OpraHIapbIHBIH
CaJIBICTBIPMAJIBI TYP/IE )KOFAPhI JaMYBIMEH CUMATTAJIbL. | eHepaTUBTI 6CIMIIKTEpAiH OpTamia OUIKTIT
110-125 cm 60mel. Bip eciMaikTeri KOMIATHIPABIH OpTaIia caHbl 6-8-re ®eTTi. TYKBIMIBIK OHIMILTIK
oprama anranga eciMmaikke 210-260 sxemicTi Kypaabl. PenmpoayKTUBTIK KO3(G(GHUIMEHT MbIHAAAN
mekTepae esrepai: R =0,38-0,50.

EH >xorapbl TYKBIMIBIK OHIMIUTIK JKalibUIMa IIEHO3AapbIHAa Oaiikanasl. Epecek eciMaikTep/iH
JKOFapbl PENPOAYKTUBTIK OCJICEHIUTITIHIH J>KOHE BUIFAIIaHFaH MEKEHJEpHeri MpPEereHepaTuBTIK
(bpakIUSHBIH CaJbICTBIPMAIIbI JKOFAphl YIECIHIH YHJIeCyl TYKbIMIBIK KaHAPY LUKIIHIH TOJBIK Tyl
YIIiH HEeFYPJIbIM KOJAMUIIbI XKaFJaiap Typajibl KyoJlaHAbIPaIbl.

HerypneiM Kyprak OuoTOnTapia TeHEpaTHBTIK JaHANapIblH CalIbICTBIpMaibl YIECIHIH
WIFAIOBI JKac ©CIMJIIKTEP/IiH CaJbICThIPMAalIbl MOIIEpiMeH Katap xypMeni. COHOBIKTaHK, OyII xKepae
HIEKTeYIIi OybIH PETiHAE epeceK oCIMAIKTEPIiH I'yAey KaOliaeTi eMec, JKaHa YPIaKThIH Mnaiaa O0mysl
MEH OPHBIFYbI 0OTYbl MYMKIH.

3.3. IleHonmomyJasiUsIAP KYPbLIBIMBIHBIH JIKOJOTHSAIBIK IAPTTHUIBIFbL. AJIBIHFaH
nepekTepaiH KUbIHTBIFBl C. denudatum KEHICTIKTIK >KOHE JeMOrpadUsiblK YHBIMIACTBIPYIbIH
KETEeKIl (paKTopIapbIHbIH O1pi peTiHAe bUIFAIIaHABIPY PEKUMIH 061 KepceTyre MyMKIHAIK Oepei.
JKaiibuimMa ydackenepiHeH Kyprak MIaObIHABIK-1aalbIK YUacKeepre aybICybIHa Kapai 0ip Me3riuiie:
THIFBI3ABIKTRIH  1,4-1,6-man  0,6-0,8 mapak/m>-re neiiiH TeMmeHiaeyi OailKaaabl, MpEreHepaTHUBTI
¢dpakums ynecinin azawbl; 1 , 1,21-nen 0,73-ke aeiiH TeOMEHJEYi; TeHEPAaTUBTIK OCIMIIKTEP/iH
CaJBICTBIPMAIIBI POJIIH YIFANTY; )Kac JapaKTapMeH TOJIBIKTHIPY KaPKBIHIBLUTBIFBIH TOMEHIETY.

AJIBIHFAH e3repicTep KeIlleHi kac CIEeKTPiHIH abIpMallIbIIBIFBIH FAHA €MeC, MOMYISIHSAIIBIK
KYWEHIH YKOJIOTHSIIBIK TPAIUCHTKE OaFBITTAIFaH PEeaKIIUSICHIH KOPCETEII.

benrini Oonranmaid, Tapany ailMarbIHBIH HIEKapaJapbIHIAFbl MOMYJSIISIIAD €PEeCEKTePIiH
y3aK TIPHIUIIK €TyIMEH »OHE Ke3€H - KEe3€HIMEH COTTI jKaHapybl YIUIECIMIHJE CaKTadybl MYMKIH
(Hampe & Petit, 2005; Eckert et al., 2008; Pironon et al., 2017). ConapIKTaH KEeKeJIEeTeH KbUIbI jKac
OCIMIIKTEP/IIH JKaIllan maijaa 6oaMaybl TOMYJISIHUSHBIH epey TO3YbIH MIHJETTI TypAe OUTipMeni.
Amnaiina, MyHIai KYPBUIBIMHBIH Y3aK CaKTaIybl OIpTIHACT KapTalora >KOHE CAHBIHBIH a3al0blHA aJIbII
KeTyl MYMKIH.

Ocpiran OaitnansicTsl C. denudatum MOHUTOPHUHTI JKaJIIbl CaHAbI €CEIKe aly/bl FaHa eMec,
COHJal-aK »ac KYpPhUIBIMBIH, dCipece IOBEHUJIb/II )KOHE UMMATYPIIbl ©CIMAIKTEPIiH YJIECiH TipKeyi
KaMTYBI THIC.

3eprrenreH Koramaacteikrapaa C. denudatum xail-Kyii cy peKUMIMEH ThIFbI3 OaillaHbICTHI
Me30(UTTI MWAIFBIHABIK TYPIiHIH OeNriiepiH KkepceTei.

HerypibiM >kOFapbl THIFBI3NBIK JKOHE OCJCEHII KaHapy KAaKChl bUIFaJIaHATHIH JKepieple
Oaiikanapl. COHABIKTAH TYPIIH CaHbl MEH ac KYPBUIBIMBIHBIH ©3repyi IaIFbIHBIK IKOXKYHeIepaiH
TUAPOJIOTHSUIBIK PEXKUMIHIH ©3repyiH BIKTUMAI KOPCETyl MYMKIH.

Anaitna C. denudatum nepbec OUOMHAMKATOpP pETIHAE MaliJanaHy TOMBIPAKTHIH
BUIFAJIIBIIBIFBIH, JKE€P aCThl CyJAapbIHBIH JCHIeHiH, (DUTOLIEHOTUKAIBIK KYPHUTBIMBI MEH KIUMATTHIK
napameTpIiepi 0ip Me3riie Tipkei OTBIPHIIN, KOCHIMINA KOl KbUIIBIK OaKbLIay/Ibl TAIaI €Te/Il.

Ocpl Ke3eHIe OHBIH IIEHOTOMYISMIIAPbIHBIH Kali-KYHiH €H aJJIbIMEeH Me30(UTTI IAJFbIHIBI
MEKEHJIEY OPBIHAAPBIHBIH CAKTATYBIHBIH KOCBIMIIIA OHOJIOTHSUIIBIK KOPCETKII PETiHIE KapacThIpFaH
KOH.
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KopobiThinabl. 2023-2025 sxok. 3eprreynep Hotmwkecinae Opransik KazakcTan sxaraaiibiaaa
Cenolophium denudatum nonynsIUsIBIK YABIMBIHBIH HET13T1 €PEeKIICeNIIKTePl aHBIKTAJI/IBI.

Typain neHononyasuusicel KoOlHECe arperarTajrad KeHICTIKTe OpHaJIaCybIMEH CUIIaTTasa bl
ToIFBI3ABIKTEIH Bapranus ko3pduumenti 28-35% Kypazbl.

OcimaikTepAiH OapblHIIA THIFBI3ABIFBl HEFYPIBIM BUIFAIIBI MEKEHAEUTIH Kepiepne
oenrinenreH >xoHe 1,4-1,6 mapak/m> Kypanwl. IllanFbIHABIK-IANAIBIK JKaFaaigapaa KepCeTKil
0,6-0,8 mapak/m> neiiin Temeneni. JKaiibuiMa LleHO3JapbIHa IPETEHEPATHBTI ©CIMAIKTEPIIH YIeci
52%-fa >keTTi, OV MEHOMOMSIUUIAPAbI JKac JapaKTapMeH CalbICTHIpMANbl Typae OelceHIi
TOJNBIKTBIPY TYpalibl KydnaHnbipaabl. JKacThIK TYPAKTBUIBIK HHIEKCI TAaOWFU TYPHAE BUIFAIIAHYIbI
azaiiTy TpagueHTi OOWBIHIIA TOMEHJEAl: >KalblIManblK OuoTtonTarbl 1,21-7€H KypFaKIIbUIBIK
manreiaaa 0,94-xe xoHe manrbiHABIK ganana 0,73-ke nerin. HerypibiM Kyprak MEKEHAEpIE Kac
JKac TOMTAPBIHBIH O1p Me3riie KbICKapyhl Ke31HAe TeHepaTHBTI eciMaikTepaiH yieci 50% -ra aeiin
ecTi, OyJI TapaJdbIMIBIK JKaHApy IMPOIECTEPiHIH JICipeyiH Kepcereni. [ eHepaTuBTI ©CIMIIKTEPIiH
oprama ouikriri ecernmen 110-125 cm OmikTikke *)eTin, 6ip ecimzaikre 6-8 marbipima sxone 210-260
xemic Ty3inai. Penponyktustik koadduiuent 0,38-0,50 kypaabl.

C. denudatum onynsIIUSAIBIK KOPCETKIITEPIHAET] allbIpMaIIbUIBIKTapFa OaiIaHbICThI HET13r1
IKOJIOTHSUTBIK (DAKTOp MEKEHIEHTIH Kepi bUFaINaHAbIpy pekuMi Oonbim TabObuianpl. JKaifbuima
IITAJIFBIHIBI KOFAMIACTBHIKTAP/1a HEFYPIIBIM OPHBIKTHI CUTIATTaMatap OalKaFaH.

ATBIHFaH HOTWDKENEp Tapaily aitMarblHbIH mieTki Oemiriaaeri C. denudatum nOMyISITUSIIBIK
9KOJIOTHUSICHl TYypasIbl TYCIHIKTEPJl KEHEHTEeNl >XKoHE TaOWFH MOMYJISIUsIapIblH MOHUTOPUHTIH
YUBIMIACTBIPY, LIANFBIHIBIK SKOXKYHeIepAlH »kail-kyhiH Oaramay xoHe Opranbslk KazakcTaHHBIH
OMOJIOTUSAIIBIK OPTYPJIUIITIH CaKTay >KOHIHJAETI ic-mapaiapAbl d3ipiiey Ke3iHJAe MaiaanaHbUTybI
MYMKIiH.
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AHHoTanus. B crathe mnpencTaBieHbl pe3yiabTaThl KOIUYECTBEHHON pPEKOHCTPYKIMH
KJIMMAaTUYECKUX YCIOBUHM TypOHCKOH (opsl p. beneyTsl, pacronoxeHHOH B peiesaax COBpeMEHHON
Vnerrayckoit oonactu Kasaxcrana. [laneoknumarndeckuit ananu3 BeImoHeH MeTogoMm Coexistence
Approach Ha 0OCHOBE KIIMMaTHYECKHUX JUAMAa30HOB IEBATH OMMKAUIITNX COBPEMEHHBIX POJICTBEHHUKOB
uckonaeMbix pacteHuil (NLR). Mcxonnble xknumarndeckue xapakrepucTuku NLR momydensl u3
6a3p1 Palaeoflora Database, version 2024. PekoHCTpyKIUsSI NPOBEACHA IO CEMH IapaMeTpaM:
cpennerogoBor Temmeparype (MAT), cpenneii Temmneparype naumbonee xonomnoro (CMT) u
Haubonee teroro (WMT) mecsues, cpeaHerogoBoMy KonuuecTBy ocankoB (MAP), a Takxe
ocagkaMm HamOomee BiaxxkHoro (MPWET), cyxoro (MPDRY) u Temmoro (MPWARM) wmecsiies.
VYcranosnensl uHTepBaibl MAT 18,6-25,0 °C, CMT 8,1-19,8 °C, WMT 25,0-29,5 °C, MAP
585-1613 mm, MPWET 125-245 mm, MPDRY 3-43 mm u MPWARM 38-206 mMm. Pesynbrarsl
XapaKTepU3yIOT KIUMAT KakK TEIUIBIA M JIOMYCKAIOT BBIPAXKECHHYIO CE30HHYI HEOJHOPOIHOCTH
yBIQKHEHUs. AHAJIN3 YyBCTBUTEIBHOCTH MTOKA3all CyIIeCTBEHHOE BIUsSHUE Bauhinia sp. Ha HKHHUE
TeMIIepaTypHbIe TPAHUIIBL: TTOCe UCKItoueHust anHoro NLR onu camxkarorcs 1o 13,8 °C nns MAT,
1,8 °C mna CMT u 19,3 °C gns WMT, torna kak WHTEpBaJbl OCAJKOB OCTAIOTCS HEHM3MEHHBIMHU.
[lony4yeHHbIe NaHHBIE PACIIMPSIOT MPEICTABICHHUS O KOHTHHEHTAIBHOM Kimmare lleHTpambHOTrO
Kazaxcrana B TypoHCKO€E BpeMms.

KiroueBble ci10Ba: TypoH, nmajgeoknumar, naneoguopa, beneytsl, Coexistence Approach.
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Anparna. Maxkanaga KaszakcrtanHbiH Kaszipri YibiTay OOJBICHI ayMarblHIAa OpHAJACKaH
beneyTi e3eHiHIH TypoH (Qopachkl KaJbIITACKaH Ke3/erl KIMMATTBHIK KaFJaljiapIbl CaHIbIK
PEKOHCTPYKIMsIIIay HOTHKenepi OepinreH. [laseoknmnMaTThIK Tanaay Ka30a oeCIMAIKTEP/IIH €H KaKbIH
Ka3ipri tysicTapbiHblH (NLR) knmmarTeik nuanazongapbiHa HerizgenreH Coexistence Approach
omicimeHn okyprizinmi. Tammayra Torbi3 NLR eHrizumim, onapiaplH KIMMATTBIK KOPCETKIIITEpi
Palaeoflora Database, version 2024 nepekrep 0a3acbiHaH anbIHbl. PEKOHCTPYKIINS KETi KIUMATTHIK
napameTp OOWBIHINA JKYpri3iunmi: oprama Xbulgblk Temneparypa (MAT), e cybik (CMT) xone
eH xpuibl (WMT) aifnmapapiy opraiia Temreparypachl, opTalla >KbUIIBIK KaybIH-IIAIIBIH MeJIepi
(MAP), en surrangsl (MPWET), en kyprak (MPDRY) xone en xbuibl (MPWARM) aiinapnarst
*KaybIH-mmambeiH Menmepi. MAT 18,6-25,0 °C, CMT 8§,1-19,8 °C, WMT 25,0-29,5 °C, MAP
585-1613 mm, MPWET 125-245 mm, MPDRY 3-43 MM :xonHe MPWARM 38-206 MM apaiibIKTapsl
aHbIKTaNAbl. HoTmkenep >KbUIbI KIMMATTBIK >KaFlaiiapAbl KoHE BUIFANAAHYIbIH MayChIMIBIK
opKenKiTiTiH KepceTeai. Ce3iMTanabIK Tanaaysl Bauhinia sp. TAKCOHBIHBIH TOMEHT1 TEMITEpaTyPabIK
WHTEpBaJIapAblH TOMEHT1 IIeKapalapblHa eJeyial ocep eTeTiHIH KOpPCETTi: OHbl eCenTeyaeH
ampin Tactaragga MAT 13,8 °C-xka, CMT 1,8 °C-ka, WMT 19,3 °C-ka ngeiiiH TeMeHAEHI,
aJl >KaybIH-INAIIBIH KOPCETKIIITepl e3repicci3 Kajaabl. AJBIHFAH HOTHXKENEpP TYpPOH Ke3eHIHJETi
Opranbik KazakcTaHHBIH KOHTHHEHTTIK MMaJeOKIMMATHI Typasbl TYCIHIKTEP/i TOJBIKTHIPA/IbI.

Tyiiin ce3nep: TypoH, majgeoknumar, naneoduopa, beneyTi, Coexistence Approach.
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PALEOCLIMATIC RECONSTRUCTION OF THE TURONIAN FLORA OF THE
BELEUTY RIVER
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Abstract. This study presents a quantitative reconstruction of the climatic conditions
associated with the Turonian flora of the Beleuty River locality, situated within the present-day
Ulytau Region of Kazakhstan. Paleoclimate reconstruction was performed using the Coexistence
Approach based on the climatic ranges of nine nearest living relatives (NLRs) of fossil plant taxa.
Climatic data for the selected NLRs were obtained from the Palaeoflora Database, version 2024.
Seven climatic parameters were reconstructed: mean annual temperature (MAT), cold month mean
temperature (CMT), warm month mean temperature (WMT), mean annual precipitation (MAP), and
precipitation of the wettest (MPWET), driest (MPDRY), and warmest (MPWARM) months. The
reconstructed intervals were 18.6-25.0 °C for MAT, 8.1-19.8 °C for CMT, 25.0-29.5 °C for WMT,
585-1613 mm for MAP, 125-245 mm for MPWET, 3-43 mm for MPDRY, and 38-206 mm for
MPWARM. The results indicate generally warm climatic conditions and suggest marked seasonal
variability in precipitation. Sensitivity analysis revealed that Bauhinia sp. strongly controls the lower
temperature limits. When this NLR was excluded, the lower limits decreased to 13.8 °C for MAT, 1.8
°C for CMT, and 19.3 °C for WMT, whereas all precipitation intervals remained unchanged. These
results provide new quantitative constraints on the continental paleoclimate of Central Kazakhstan
during the Turonian.

Keywords: Turonian, paleoclimate, paleoflora, Beleuty, Coexistence Approach.

BBenenue. MenoBoii MepHoOA  XapaKTepU30BaICS MPEUMYIIECTBEHHO MapHUKOBBIM
KIIMMATUYECKUM PEXHUMOM, COMPOBOXKIABIIUMCS MOBBIIICHHBIMU KOHIIEHTPALUSAMU aTMOC(EPHOTO
COL wu Oomee BBICOKMMH TIOOANBHBIMH TEMIIEpPATypaMH IO CpPaBHEHUIO C COBPEMEHHBIMU
ycnoBusimu (DeConto u ap., 1999: 391-406; Wang u nip., 2014: 136—-147). IIpu 3TOM KIMMaTuyecKue
yCIJIOBUSI HA KOHTUHEHTAX CYIIECTBEHHO BApbUPOBAIM BO BPEMEHH U MPOCTPAHCTBE, a pACTUTENbHBIN
MOKPOB SIBJISIJICSL BaXXHBIM KOMITOHEHTOM KimMarudeckoil cuctemsl cymu (DeConto u ap., 1999:
391-406). [TaneoboTaHNYECKHE KOMILIEKCHI TO3TOMY MPEJICTABIISIFOT OJJMH U3 OCHOBHBIX HCTOYHUKOB
uHbOpMAIIK O TEMIIEPATypHOM PEXUME U YCIOBUSX YBIAXHEHHUS KOHTHHEHTAIBHBIX OOjacTei
IPOILIOT0; KOMTUYECTBEHHbIE PEKOHCTPYKLIMHU TO3IHEMENIOBOTO KIIMMaTa yCIEITHO BBHIOIHSIOTCS 110
Makpo(OoCCHUIHSIM pacTeHUH ¢ UCTIONIBb30BaHUEM PA3TUYHBIX (PU3NOHOMUYECKUX U TAKCOHOMUYECKUX
noaxonoB (Spicer, Herman, 2010: 423-442; Utescher u np., 2014: 58-73).

Ocoboe 3HaueHWe MJIi U3Y4YCHHS [O3IHEMEJOBBIX KOHTHHEHTAIBHBIX JKOCHCTEM
LenTpansHoit A3uu uUMEIOT mnaneoduiopucTudeckue KoMiuiekchl Kazaxcrana. OmHUM W3 TakuX
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00bekTOB siBIsieTcst (propa p. bBeneytel, BmepBbie monpoOHO ommcanHas I[1.B. IwimmHbM.
PactutenbHble OCTaTKU MPOUCXOAST U3 BEPXHEMEIOBBIX OTIOKEHUH, OOHaXaroIMXCsl B O€peroBbIX
oOpeiBax p. beneytsl Ha rore tormamuen Jlke3kasranckod obmactu. B cocrtaBe xomruiekca I1.B.
[unuabIM OBLTO yeTaHOBIIEHO 15 BUAOB, oTHOCAIMXCS K 11 pomam u 10 cemeiicTBaM; OCHOBY (hJ10PBI
COCTABIISIOT OKPHITOCEMEHHBIE PACTEHHUS HApAly ¢ €AMHUYHBIMU IIPEJCTAaBUTENSIMHU HANOPOTHUKOB
u xBoWHbIX (IIwmmn, 1977: 126—-127).

Cpasuenue ¢nopsl beneyTsl ¢ npyrumu mozaHemenoBsiMu prnopamu Kazaxcrana u EBpazun
MOKa3ajJ0 ee HauOOJNbIIee CXOACTBO C TYPOHCKUMH PACTUTEIHHBIMU KOMILUIEKCaMU. B "acTHOCTH,
[1.B. llniua oTMeudan MpUCYTCTBUE IJIATAHOB, a TAKXKE Y3KO- U MEJKOJUCTHBIX JPEBECHBIX M
KYCTapHUKOBBIX (DOpPM, XapaKTEepHBIX ISl TYPOHCKOTO dTara pa3BUTHS MO3THEMETOBON (Bropbl
Kazaxcrana. Ha ocHoBaHMM (umoprcTHUECKOTO cocTaBa W comocTaBieHus ¢ (umopoit Ke3punkapa
pacTeHoCHbIE OTIOKeHUs p. beneyTrl Ob11M oTHECeHBI aBTOpoM K TypoHy (umun, 1977: 128—-129).

Uccnenopanue  II.B. [lunuHa  uMeno  NPeUMYIIECTBEHHO  CHUCTEMAaTHYECKYIO,
(dropucTUYECKYI0 W CcTparurpaUyecKkyr0 HampaBlI€HHOCTh M HE BKIIOYAIO KOJUYECTBEHHYIO
OILICHKY OCHOBHBIX KJIMMaTH4eckux mapameTpoB Tepputopun (Ilwmun, 1977: 126-139). Mexnay
TeM (IOPUCTUYECKUI COCTAaB MECTOHAXOXKACHHS MO3BOJISIET PACCMOTPETh BOBMOKHOCTH MOTYYCHHS
KOJIMYECTBEHHBIX XapaKTEPUCTUK TEMIIEpAaTypbl W YBIAXHEHUS C HCIOJb30BAaHUEM MOAXO0JA
OmmKaiImx cCOBpeMeHHBIX poacTBeHHUKOB — Nearest Living Relatives (NLR).

OnHMM U3 METOAOB  KOJUYECTBEHHON MalCOKIMMAaTHYECKOM  PEKOHCTPYKLMU IO
TaKCOHOMHYECKOMY cOCTaBy HcKomaeMbix ¢uop sBisiercss Coexistence Approach (CA). Meton
OCHOBAH Ha OMpPEICICHUH OJIMKANIINX COBPEMEHHBIX POJICTBEHHHKOB HCKOIAEMBIX PACTECHUN H
YCTaHOBJICHUU KIMMATHYECKOTO TUala3oHa, B Mpeaesax KOTOPOro KIMMAaTHuYecKue aMIUTUTYAbl UX
COBPEMEHHBIX aHaJIOTOB MepekphiBatoTcs (Mosbrugger, Utescher, 1997: 61-86). B nanpHeimem
TEOpETHUYECKHE OCHOBHI U Mpolieaypa npuMeHneHus: CA ObUIH YyTOUHEHBI, TPH ATOM 0C000€ BHUMAHHE
OBLIO 0OpaIeHO Ha HA/ICKHOCTH OMPEIEIICHUs] HCKOITAeMbIX TAKCOHOB, KOPPEKTHOCTH BhIOOpa NLR
Y KaueCTBO MCXOMHBIX KuMmarndeckux naHHbX (Utescher u ap., 2014: 58-73).

B Kazaxcrane Coexistence Approach yke MCHONB30BaICS ISl KOJTUYECTBEHHOTO aHAIN3a
psina KaitHO30MCKUX (IIop, BKITIOUast paHHeoauroneHoByto ¢uopy Kunn-Kepuma (Akmagambet u ap.,
2024: 134-147), pannemuornieHoByto diopy Kymyka (Zhamangara u ap., 2025: 171-184), a Takxe
IIPY CPABHUTEIHHOM PEKOHCTPYKIMH KIMMaTH4YecKux ycinoBuid Kymyka u rop Akray (Akmagambet
u gap., 2025: 893-902). IlpumeHeHHne aHAJIOTMYHOTO TOAXOJAa K 3HAUYUTEIHLHO OoJjiee JpeBHEH
TypoHCKOH Qrmope TpeOyeT Oonee cTporoit omeHku HaaexxkHocTh NLR, MOCKONbKY yBenuyeHue
SBOJIIOIIMOHHON JUCTAHIIUU MEXAY MCKOIMAEMbIM TaKCOHOM M €r0 COBPEMEHHBIM POJICTBEHHUKOM
MIOBBIIIAET HEOTIPeIeIEHHOCTh KinMaTtudeckoit unrepnperaruu (Utescher u ap., 2014: 58—73; Grimm
u ap., 2016: 216-235).

Ilenp unccnenoBaHus — TPOBECTH KOJIMYECTBEHHYIO PEKOHCTPYKIUIO TEMIIEPaTypHOTO
pexuMa W yCIOBUW YBI@XHEHHUS TeppuTOopuu (HOPMHUPOBAHUS TYpPOHCKOH Quopsl p. beneyTtsr ¢
ucrnonb3oBanueM metoaa Coexistence Approach.

Jlnsg AOCTHMXKEHHS MOCTAaBJICHHOM WM MpeaycMaTpUBaeTCs OINpeaeseHre Onmxaiimmx
COBPEMEHHBIX POJCTBEHHHKOB HMCKONAEMbIX PACTEHUN, YCTAHOBJIEHHE HX KIMMaTHUYECKHX
JIMAMa30HOB U pacyeT MHTEPBAIOB CPEIHEr0I0BOM TeMIIepaTyphl, TEMIIEpPaTyp HauboIee XOIO0IHOTO
u Haubojee TEIIoro MecCsIeB, CPEJHErO0BOI0 KOJIMYECTBA OCAJAKOB M IOKa3arelieil Ce30HHOrO
pacnpeneneHus 0CaKoB.

Marepuajibl M MeTOAbI MCCIeIOBAHMA. MarepuaaoM UCCIEAOBaHUSA MOCIYKUIa
no3aHeMesnoBas (iopa MECTOHAXOXKIEHUS Ha p. beneyTel, pacronokeHHOro B Ipeaenax
COBpeMeHHOM VYmpiTayckoil o6Omactu PecnyOmmku Kazaxcrtan. B mepBuuHO#l  myOnmukammm
I1. B. Illununa Ttepputopus OblIa yKa3aHa Kak IoKHas d4acTh JlkeskasraHckoil oOmactu
B COOTBETCTBHM C aJMHUHUCTPATUBHO-TEPPUTOPHAILHBIM JEJIEHHEM BpPEMEHU TPOBEICHUS
ucciefoBanuii. PacTeHOcHble oOTIOXKeHUS OOHaxkaloTcs B OeperoBbix OOpbiBax p. beneyTsl.
CornacHo nepBOHAYaILHOMY OTICAaHHIO, MECTOHAXO0X/ICHHE PACIIONIOKEHO HA MPAaBOM Oepery peKu,
6mu3 ycThs Bragaromiero B Hee cast bosunren (Iunun, 1977: 126).

Tounsle TeorpaduyecKkue KOOPAMHATHI MECTOHAXOXKICHUS B IMEPBUYHON MyOMUKAIIUN HE
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npuUBEJCHBl. B CBfA3M € 3TUM €ro MOJIOXKEHUWE Ha KapTe B HacTosuled pabore oOo3Havaercs
OpUEHTHPOBOYHO, HAa OCHOBaHMHU Tomorpagudeckoro onucanus I1. B. [lununa. IlokazanHas Ha
KapTe TOYKa OTpakaeT MpHUOIU3UTEIHHOE MOJIOKEHUE Male000TaHUYECKOTO MECTOHAXOKICHHUS U He
paccmarpHuBaeTcs Kak ero ToyHasi reorpaduyeckas KOOpJuHara.

Pa3pe3 u monoxxenue pacTeHOCHOro ropu3oHTa panee Obutu onucansl K. B. Hukudoposoii.
B 1966 1. II. B. IllumuaeiMm npu yvactum [. ®. JlplyeBa W3 TOPU30HTA OEIOBATO-CEPHIX
IJIMHUCTBIX aJIeBPUTOB ObLIa cOOpaHa KOJJIEKIMS OTIEYaTKOB pacTeHui. B nmepBuuHON myOnukanuu
yKa3zaHo, 4yTo Marepuan Obl1 nepeaad B Mucrtutyt 300morum AH Kaz3CCP non mHBEHTapHBIM
HoMmepoM 314 (lwnun, 1977: 126). B HacTosimiee Bpemsi 0Opa3slibl JaHHON KOJIJIEKLUU XPAHSTCS
B [laneoOorannyeckom (oHae AcCTaHMHCKOro OOTaHMYecKoro caaa u B MHcTuTyTe OGOTaHUKU U
(UTOMHTPOAYKINHU MO KOJIJIEKIIUOHHBIM HOMepoM 314.

OCHOBHBIM HMCTOYHMKOM CBEIEHHI O MECTOHAXOXJECHUHU, CTpaTUrpapuueckoM MOJOKEHUU
U HCXOJAHOM CHCTEMaTHMYeCKOM COCTaBe KoMmIulekca mociuyxuia crares [ B. Hununa
«ITo3naemenoBast ¢uopa p. beneyrery (Iumun, 1977: 126-139). B kadecTBe MONMOJHUTEIHLHOTO
UCTOYHMKa wucnonb3oBaHa MoHorpadus II. B. Illununa «IlozgHemenoBsie ¢umopsl KazaxcraHna:
CHCTEMaTH4eCKHI COCTaB, UCTOPUS Pa3BHUTHUS, cTpaTurpaduyeckoe 3HadeHue» (Lununu, 1986), B
KOTOpO# mo3aHemenoBbie (Gropsl Kaszaxcrana paccMOTpeHbl B 6osiee MUPOKOM (DIOPUCTHYECKOM U
cTpaturpapuueckoM KOHTEKCTE.

Bospact pacrenocHoro komruiekca Obut ompenenen II. B. IllwnmmasiM Ha ocHOBaHUU
¢dnopuctuyeckoit koppensauuu. [Ipu conocraBnenun ¢iaopsl beneyTsl ¢ [pyruMu no3gHeMenoBbIMU
koMIiekcamMu KazaxcTaHa ydMTHIBAIMCH €€ TaKCOHOMHUYECKHH COCTaB, COOTHOIICHHE KPYIHO-,
CpelHe-, MEJKO- M Y3KOJIMCTHBIX (DOpM, a TakKe MPUCYTCTBHE OOIIMX DJIEMEHTOB C IPYyTUMHU
¢dnopamu. Hanbosnbiiee cxoCTBO OTMEUYEHO ¢ TypOHCKO ¢opoit Kbi3plmkapa, Ha OCHOBAaHUH YETO
pacTeHOCHBbIe OTIOKeHUs: p. beneyrol Obutn oTHeceHsl K Typony (Iumun, 1977: 128-129). B
HACTOSIIEM UCCIIeIOBAHUH BO3PACT (HIOPHI NPUHUMAETCS KaK TYPOHCKHIA COINIacHO (PpIOPHCTUYECKON
koppesrauu I1. B. [ununa.

ITo nannbv I1. B. lllununa, dnopa p. beneytsl Bkitouaer 15 BunoB, oTHocsmuxcs k 11 pogam
u 10 cemelicTBam; yacThb MaTepuaa oIlpeseaeHa TOJAbKO 10 YpoBHS poja uinu cemerictsa (Lumus,
1977: 126). B cocraBe koMIUIeKca MpeACTaBIeHbl NAlOPOTHUKHU, XBOHHBIE U MOKPHITOCEMEHHbIE
pacTeHus, IpUyYeM MOCIeIHUE COCTABISIOT OCHOBHYIO YacTh (PJIOPHL.

B ucxomnom ¢opuctudeckoM coctaBe ykazanbl Asplenium dicksonianum Heer, Pityophyllum
sp., Sequoia heterophylla Velen., Sassafrophyllum beleutinus Shilin sp. nov., Platanus cuneifolia
(Bronn.) Vachr., Platanus embicola Vachr., Platanus sp., Ficus daphnogenoides (Heer) Berry,
Myrica emarginata Heer, Myricophyllum sp. cf. M. glandulosum Velen., Diospyros primaeva Heer,
Dalbergites simplex (Newb.) Sew., Ziziphus ajatensis Vachr., Ziziphus menneri Vachr. u Ziziphus sp.
(Mwnun, 1977: 126-128).

B cucremarnueckoil uactd palbOThl JOMOJHUTENBHO PacCMaTpUBAeTCs  OTIEYATOK,
MIPEABAPUTETLHO OTPEICIeHHBIN KaK Bauhinia sp. Ero coxpannocts I1. B. [llunna xapakrepuzoBan
KaK HeIoCTaTouHyro it Oosee Tounoro omnpeaenenus (IIumun, 1977: 127). ITocKonbKy JaHHBIHA
TaKCOH BKJIIOYEH B KJIMMAaTUYECKYIO0 BBIOOPKY, €ro BIMSHHE Ha T'PAHULBI PEKOHCTPYHPOBAHHBIX
KJIMMAaTUYECKUX UHTEPBAJIOB YYUTHIBAIOCH MIPH MOCIEAYIONIEH HHTEPIPETAIIUU PE3yabTaTOB.

JUJ1 KOJMUYECTBEHHOTO aHAJIN3a UCII0Ib30BAJINCH YHUKAJIbHbIE TAKCOHOMUUYECKHUE EIMHUIIB, a
HE YMCJIO OTAEIbHBIX PACTUTENBHBIX OTIIEYaTKOB. HECKOIbKO MCKOMAEMbIX BUJIOB, COIIOCTABIISIEMbIX
C OJIHUM U TEM K€ COBPEMEHHBIM POJOM WJIM CEMENHCTBOM, HE pacCMaTpUBAINCh KaK HE3aBUCUMbIE
noBropeHusi ogHoro NLR. Takoi moaxoj HCKIOYAeT UCKYCCTBEHHOE YBEIWYEHHE BKJIaJa OIHOTO
COBPEMEHHOTO aHAJIOTa B KIIMMAaTUYECKYI0 PEKOHCTPYKIIHIO.

KonmuecTBeHHass PEKOHCTPYKIUS TMaJICOKIMMATHYECKUX YCIOBUI BBINOJIHEHA METOIOM
Coexistence Approach (CA), pa3pa®oTaHHBIM Al ONpeAeNeHUS KIMMAaTHYECKUX JMara30HOB
HCKOMaeMbIX (hJI0p Ha OCHOBE OIMKAMIIIMX COBPEMEHHBIX poACTBeHHUKOB — Nearest Living Relatives
(NLR). Meton ocHOBaH Ha MPeANOI0KEHUH, YTO KIMMATHIECKUE TPEOOBAaHHS NCKOTTAeMOT0 TAKCOHA
MOTYT OBITh OLIEHEHBI MOCPEICTBOM KIMMATHYECKON aMIUIUTYAbI €ro OJMKaWIIero COBpEMEHHOTO
POACTBEHHMKA; Ul KaXIO0T0 KJIMMAaTUYECKOrO MapaMeTpa OIpenessieTcsl MHTEpBajl, B Ipeienax
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KOTOpOro MoryT cocymectBoBath NLR Bcex WH(pOpPMAaTHBHBIX KOMIIOHEHTOB MCKOMAEMOW (IIOpHI
(Mosbrugger, Utescher, 1997: 61-86).

Ha ocHoBanum cucremaruueckoro cocraBa ¢(iaopsl p. beneyrsl Obuin  onpeneneHsl
COBpEMEHHbBIE AHAJIOTH MCKOMAEeMbIX pacTeHHil. B OkoHuUaTenbHYI0 pacueTHYI0 BBIOOPKY BOLLIN
nesatb NLR: Bauhinia sp., Diospyros sp., Fabaceae, Ficus sp., Lauraceae, Myrica sp., Platanus sp.,
Sequoioideae n Ziziphus sp.

TakcoHbI, U1l KOTOPBIX HEBO3MO)KHO JIOCTaTOYHO OOOCHOBAaHHO YCTAHOBUTH COBPEMEHHBIN
aHaJyor MO0 OTCYTCTBYIOT HEOOXOIUMBIE KIMMAaTHYECKUE XapaKTEPUCTHKH, B pacueT MHTEPBAJOB
COCYIIECTBOBaHMS HE BKIIoUYaIch. [Ipu Be1oope NLR yuuTHIBaIOCH, 4TO CHCTEMATUIECKOE CXOJICTBO
HCKOTIaeMOro MOp(poTaKCOHa U COBPEMEHHOI'O pojia camMo 10 cede He BCeraa ABISETCS 10CTaTOUHbIM
CBHUJICTEIILCTBOM HACHTUYHOCTH HMX KIMMATHUECKUX TpeOoBaHMiA. HeoOXoamMoCTh KpHUTHYECKOU
OIICHKM TaKCOHOMHHU HMCKOIAaeMbIX pacTeHHui, BbIOOpa NLR M MCXOMHBIX KIMMaTHYECKUX JTaHHBIX
CHEIHAJIbHO TOAYEPKUBACTCS B COBPEMEHHBIX METOAMUECKUX PEKOMEHAausAX 1o npumeHenuo CA
(Utescher u mp., 2014: 58-73).

MuHuManbHble 1 MaKCUMAaJIbHBIC 3HAUYEHUS KIMMAaTUYECKUX TUarna3oHoB BeIOpaHHbIX NLR
nonyueHsl u3 The Palaeoflora Database — Documentation and Data, Version 2024 (Utescher,
Bruch, Mosbrugger, 2024). baza Palaeoflora comepxur cBefeHus 00 MCKOMAEMBIX PACTUTEIbHBIX
TaKCOHAaX, COOTBETCTBYIOMMX MM NLR # KIMMaTHueckux TpeOOBaHUSIX COBPEMEHHBIX TAaKCOHOB.
Knumarnueckue nuama3oHbl COBPEMEHHBIX pacTeHUM B 0a3e NMPEMMYIIECTBEHHO OCHOBaHbI Ha
METEOPOJIOTHUYECKUX HAOIOACHUAX CTaHIIMM, PACIIONIOKEHHBIX B MpPEJEIax COBPEMEHHBIX apeajioB
COOTBETCTBYIOIIMX TAKCOHOB.

Bepcuss 6a3pl 2024 1. comepKHMT KIMMAarTWU4YeCKUe CBEACHUA MPHONM3UTENBHO IS
1900 coBpeMeHHBIX TAKCOHOMHYECKHMX €AMHUIl W TpeJHa3HaueHa s KOJMYEeCTBEHHBIX
NaJeOKIMMATHYECKUX PEKOHCTPYKIM Ha OCHOBe mnaneoborannmdeckunx naHHbix (Utescher u
ap., 2024). Jlna obecriedeHus] BOCIPOU3BOAMMOCTH aHAIM3a MPU BCEX pacueTax MCIOIb30BAIHCH
3HaueHus oHOU Bepcun 6a3sl — Palaeoflora 2024.

KonmnuecTBeHHass peKOHCTPYKIUS POBOAMIIACH 0 CEMU KIMMAaTHYECKUM IapaMeTpaM:

- MAT (Mean Annual Temperature) — cpenneronoBas temieparypa, °C;

- CMT (Cold Month Mean Temperature) — cpeansisi Temneparypa HauboJiee XOJIOTHOTO
Mecsna, °C;

- WMT (Warm Month Mean Temperature) — cpenHsisi Temreparypa HauOosee TEIIoro
Mecsna, °C;

- MAP (Mean Annual Precipitation) — cpeaHerogoBoe KOJIUYECTBO OCAAKOB, MM;

MPWET (Mean Precipitation of the Wettest Month) — konudecTBo ocankoB Hambosee
BJIAKHOTO MecAlla, MM;

- MPDRY (Mean Precipitation of the Driest Month) — konuuecTBO 0caakoB HaubOIEE CYyXOr0o
Mecsla, MM;

- MPWARM (Mean Precipitation of the Warmest Month) — konudecTBo ocaakoB Haubosee
TEIUIOr0 MecsIa, MM.

JlaHHbIE TIapaMeTphl MO3BOJIAIOT HE3aBUCHUMO OIEHUBATH CPEIHErOI0BOM TeMIlepaTypHBIH
PEKUM, TEMIEpaTypHBIE YCIOBUS XOJIOIHOTO M TEIIOTO CE30HOB, CyMMAapHOE TOJI0BOE YBIAKHEHHE
U Ce30HHBIE OCOOEHHOCTHU pacHpeieeHnss aTMOC(HEPHBIX 0CAAKOB. AHAJIOTUYHbIE KIMMAaTH4YECKHUe
MoKa3aTesid BXOAAT B CTaHJAapTHHIM Habop mapamerpoB Coexistence Approach (Mosbrugger,
Utescher, 1997: 61-86; Utescher u ap., 2014: 58-73).

WHTepBan coCylIeCTBOBAHUS ONPEIEINISICS HE3aBUCUMO Ul Ka)KJIOro KJIMMAaTHYECKOTO
napamerpa. g kaxxaoro NLR mCronb30BaNCh HYKHSSL M BEPXHSISI TPAHULBI COOTBETCTBYIOLIETO
KJIMMaTUYEeCKOTO JAMara3oHa.

HuoxHsist rpaHniia UTOrOBOro MHTEpBajia Ompeersaiach Kak MaKCUMajbHOE 3HaYeHUE CPeau
MUHUMAJIbHBIX 3Ha4eHWH BceX BKIMIOYeHHBIX NLR, a BepxHss rpaHumiia — Kak MHUHHUMAalbHOE
3HAYEHUE CPEN UX MAaKCHMAabHBIX 3HAUYCHUI:

Clpin = max(L;), Clyx = min(U;),
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rae L; u U; — coOTBETCTBEHHO HMXKHSIS U BEPXHSISI KIIMMaTHYecKue rpaHulpl 1-ro NLR.

Takum 00pa3oM, UTOTOBBIM MHTEPBAJ MPEACTABISIET COOOM 00MAaCTh OOIIETO MEPEKPHITHUS
KJIMMaTUYECKUX aMIUIUTY/l COBPEMEHHBIX aHAJIOIOB UCKOIMAaeMoM (PJIopbl — TO €CTh KIMMaTHYECKHe
YCIOBHS, TIOTEHIMAJIBHO COBMECTHMBIE C CylLlecTBOBaHMEM Bcex uHpopMatuBHbiXx NLR
(Mosbrugger, Utescher, 1997: 61-86; Utescher u np., 2014: 58-73).

Jns MAT otmenbHO comocTaBisuiMCh 3HaueHHss MATmin m MATmax Bcex NLR, mus
CMT — CMTmin u CMTmax, qmt WMT — WMTmin 1 WMTmax. Ananoru4aasi mporeaypa
ucnonb3oBanack it MAP, MPWET, MPDRY u MPWARM.

Cpennee apugpMeTHuecKkoe MEXKAY HIDKHEH M BEpXHEHW TpaHMIIAMM HWHTEpBaja He
paccuuThiBaioch. B coorBercTBUM ¢ mpuHuunoMm Coexistence Approach pesynbTarom
PEKOHCTPYKLIMU SIBIIIETCS MMEHHO KIMMAaTWYeCKUN MHTEpBaJl, a HE TOUYEYHAas WJIN YCPEIHEHHas
olleHka mnapamerpa. [losTomy Bce monyuyeHHBbIE pPe3yNbTaThl NpeACTaBiICHbl jAanee B ¢opmare
minimum-maximum.

IIpu uHTEpnpeTanuy pEeKOHCTPYMPOBAHHBIX IAPAMETPOB YUUTBHIBAJICA TYPOHCKHMHM BO3pacT
uccnenyemoir ¢uopsl. [lepBonaganbHo Coexistence Approach Obln1 pa3paboTaH Ajs TPETUUHBIX
¢110p, a €ro OCHOBHBIM JOMYIICHUEM SIBJISETCS CXOICTBO KIMMATHUYECKUX TPEOOBAaHUN MCKOIIAEMBIX
pacTteHuil ¢ TpeOOBaHUAMHU UX OMIDKAHIINX COBPEMEHHBIX poacTBeHHHKOB (Mosbrugger, Utescher,
1997: 61-86). IloaToMy mnpHMeHEHHE MeToAa K 3HAUUTENbHO 0ojiee JIPEBHEMY TYpPOHCKOMY
KOMILJIEKCY TpeOyeT MOBBIILIEHHOW 0CTOPOKHOCTHU Ipu BbiOope NLR u mHTEpnperanuy noiayyeHHbIX
JMana30HOB.

PexoHcTpynpoBaHHBIE 3HAYEHHSI pPaCCMaTPUBAIOTCS B HacTosIIel paboTe Kak MHTEpBaJIbHbIE
OLIEHKH BEpOATHBIX KIMMATHUECKUX YCIOBMH cCyllecTBOBaHUS (uopsl p. beneyTel, a He Kak
aOCOJIIOTHbIE 3HAYEHHs MajeoTeMIeparypbl MM KOJM4ecTBa arMocgepHbIX ocajakoB. Ocoboe
BHUMAaHUE TpU OOCYKICHHU pe3yabraroB yuensercss TeM NLR, koTropesle HeEmocpeiacTBEHHO
OTIPENEINIAIOT HI)KHUE WIM BEpXHUE TI'PAHHIBI MHTEPBAJIOB. DTO OCOOCHHO BaXHO ANs Bauhinia
Sp., MOCKOJIBKY HMCXOJHOE HCcKomaeMoe ormpeneneHue 3toro takcoHa II. B. IlunuHeiM HOCHIIO
npenBapurenbHbii xapakrep (Lumun, 1977: 127).

Pesyabrarbl. [laneoxknumarndeckass peKOHCTPYKLUMS TypoHCKoi ¢uopbl p. beneyts
BBIMIOJIHEHA HAa OCHOBAaHUM KIMMAaTHYECKHUX JIMAla30HOB JIEBATH OMIKAWIINX COBPEMEHHBIX
POIICTBEHHHMKOB, BKJIIOYEHHBIX B aHaimm3 MeronoMm Coexistence Approach. s kaxmoro
KJIMMaTHYECKOTO0 IapaMeTpa ompejessiach 00JacTb COBMECTHOTO MEPEKPhITHS MHUHHMAaJIbHbBIX
Y MaKCUMaJIbHBIX Kiaumarudeckux rpanul; NLR. B pesynbrare mony4eHbl MHTEpBaJIbHBIE OLEHKU
Tpex TemneparypHbix napamerpoB — MAT, CMT u WMT — u yeTbipex napameTpoB aTMOC(epHbIX
ocankoB — MAP, MPWET, MPDRY u MPWARM.

Jlnst oO1ieid XapaKTepUCTUKH PEKOHCTPYHPOBAHHOTO KJIMMaTa CHadaja ObUTH COTOCTABICHBI
WUTOTOBBIE MHTEpBAJIbl COCYLIECTBOBaHMsSI BCEX ceMHM mapameTrpoB. [lonydyeHHble 3HaYEHUS
MpeJICTaBIeHbl B Tabnuue 1.

Tabnuua 1. PekoHCTpyupoBaHHBIE KIIMMaTHYECKHE TApAMETPbI TYPOHCKOU (uiopsl p. beneyTs
metonom Coexistence Approach

Kiaumaruuecknii mapamerp Husknss rpaHnna BepxHssi rpaHuna Hnrepsan CA
MAT, °C 18,6 25,0 18,6-25,0
CMT, °C 8,1 19,8 8,1-19,8
WMT, °C 25,0 29,5 25,0-29,5
MAP, Mm 585 1613 585-1613
MPWET, mm 125 245 125-245
MPDRY, mm 3 43 343
MPWARM, MM 38 206 38-206

Kak BugHO u3 Tabnuubl 1, peKOHCTPYUPOBAaHHBIA MHTEPBAJI CPEIHET0JJOBOM TeMIlepaTyphl
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coctaBisier 18,6-25,0 °C. Cpemusis Temmeparypa HaumOOJee XOJIOAHOTO MecsAlla HaXOIUTCA
B mpenenax 8,1-19,8 °C, Ttorma kak cpemHssi Temmeparypa HauOoliee TEIUIOro Mecsia
pexkoHCTpyupyeTcs B auamna3one 25,0-29,5 °C. Takum oOpa3om, Bce TpU TEMIIEPATYPHBIX IMapaMeTpa
XapaKTepU3YIOTCS OJIOKHUTETbHBIMU 3HAUEHUSIMU HIDKHUX TpaHull, BKiodass CMT.

CpenHeronoBoe KOTHUYECTBO OCAJIKOB XapaKTepu3yeTcs Oosiee MIMPOKUM HHTEPBAIOM —
585-1613 mm. [l Hauboliee BIAXKHOTO MecsAIa MOJNy4YeH auamnazoH 125-245 mwm, mis Hambonee
cyxoro — 3-43 mm, a qis Haubonee Terioro Mmecsna — 38-206 mM. 3HauuTeNbHAS pa3HUIIA
Mexay auanazoHamu MPWET u MPDRY ykassiBaeT Ha BO3MOXHOCTb BBIPAXKCHHOW CE30HHOMN
HEOIHOPOAHOCTH pekuMa yBiIakHEHHs. OIHAKO CTENEHb CE30HHOCTU U €€ IMaJIE0IKOJIOTUYECKOE
3HaueHue TPeOYIOT OT/ACIBHOTO pacCMOTpeHUs B pazzaene «O0cykaeHue.

Jlnst Gonee HAMIATHOTO TPEICTABICHUS TEMIIEPATYpPHOU PEKOHCTPYKIIMM MHHHMAJIbHBIC U
MakcumasibHbie Tpanuliel MAT, CMT u WMT O6bsun mipencrasnensl rpaduyecku. Ha pucynke 1
OT/EJIbHO MOKA3aHbl HWKHSS M BEPXHsISl TPAHUILIBI KXKJIOTO TEMIIEpaTypHOro mapameTpa.

32°C

MAT CMT WMT

® HuxicHAa rpaHnua BepxHas rpaHuyLa

Pucynok 1. PekoHCTpyupoOBaHHBIE TEMIIEpaTypHbIC TapaMeTpbl TYPOHCKOi (riopsl p. beneyTs
metonoM Coexistence Approach

I'paduueckoe mpencTaBICHHE IOKA3bIBACT PA3IMUYUS MEXKIY TpeMs TeMIepaTypHbIMU
xapakrepuctukamu. HanOonee Hu3Kkas HYKHsS rpaHuna ycraHonneHa ainsi CMT u cocrasuser 8,1
°C, Torga kak WMT xapakrepusyercs HanOoJiee BRICOKMMHE 3HaueHussMu — 25,0-29,5 °C. UuTepBan
MAT 3anuMaeT nIpoMeKyTOuHOE MoJsiokeHue u coctasiser 18,6-25,0 °C.

HaubGonee y3kmit maTepBan momydeH misi WMT — 4,5 °C, torma kak guanazon CMT
3HauuTeNbHO mupe u coctasiger 11,7 °C. CnenoBarenbHO, KiuMarndyeckue orpanudeHuss NLR
MO3BOJISIIOT Oosiee y3KO OMpEIeNIUTh YCIOBHs HauOoJiee TEIJIoro Mecslla, 4eM TeMIlepaTypHbIe
yCIIOBUSI HaOOJIee XOJIOAHOTO MEeCsIIIa.

Jlns  ompeseneHus TNPOUCXOXKIEHHS TPaHMULl PEKOHCTPYHPOBAHHBIX HMHTEPBAJOB ObLIH
JOTIOJHUTENBHO IIpoaHanu3upoBanbl NLR, HEmoCpe1cTBEHHO OrpaHU4MBAIOIIUE KaXKIbIN IIapaMeTp.
DTU JaHHBIE MPEACTaBICHBI B Ta0IHIIE 2.

Tabmuma 2. NLR, ompenensionye TrpaHUIbl PEKOHCTPYHMPOBAHHBIX —KJIMMAaTHYECKHX
VUHTEPBAJIOB

IMapametp NLR nHuzKHeili rpaHUIbI 3HayeHue NLR BepxHeii rpaHULbI 3HayeHne
MAT Bauhinia sp. 18,6 °C Sequoioideae 25,0 °C
CMT Bauhinia sp. 8,1°C Sequoioideae 19,8 °C
WMT Bauhinia sp. 25,0 °C Diospyros sp.; Platanus sp. 29,5 °C
MAP Ficus sp. 585 Mm Sequoioideae 1613 mm
MPWET Ficus sp. 125 mm Sequoioideae 245 MM
MPDRY Ficus sp. 3 MM Ziziphus sp. 43 Mm
MPWARM Diospyros sp. 38 Mm Platanus sp. 206 MM
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AHanu3 TaOnuubel 2 TOKas3blBaeT, 4yTO Bauhinia sp. ONpenensieT HWKHIOW TI'PaHUILY
OJTHOBPEMEHHO BceX Tpex TemneparypHbix napamerpoB — MAT, CMT u WMT. Bepxnue
TeMIepaTypHble OrpaHUYEHUsT POPMHUPYIOTCS IPEUMYIIECTBEHHO Sequoioideae, TOTJa KaK BEPXHSS
rpaauiia WMT 3anaetcst Diospyros sp. u Platanus sp.

Jns mapaMeTpoB OcCaIkoB KapTuHa otTinuyaercs. Hwknaue rpanunst MAP, MPWET u
MPDRY onpenensitorcst Ficus sp., Torla Kak BEpXHHE TpaHHUIBI GOpMHUPYIOTCS pasHbiMu NLR.
CrnenoBarenbHO, pe3ysibTaT PEKOHCTPYKIMH HE SIBISETCS OJIMHAKOBO 3aBHCHUMBIM OT OJJHOTO TaKCOHA
JUISL BCEX KIIMMATHYECKUX XapaKTEPUCTHK.

JUist OLIEHKM peXuMa YBIAKHEHHUS OTIENbHO OBUIM COIMOCTABICHBI MUHUMAJIBHBIE U
MakcumanibHbie 3HaueHuss MAP, MPWET, MPDRY u MPWARM. Pe3synsrarel npeacTtaBieHsl Ha
pUCYHKE 2.

MAR MPW MPDR

HuxHan rpaduuya BepxHas rpad1ua

Pucynok 2. PekoHCTpyHpOBaHHBIE TapaMeTPhl aTMOC(EPHBIX 0CATKOB TYPOHCKOH (HIIOPHI P.
Beneyter meTogom Coexistence Approach

HauOonbimuii aGCcoMOTHBIN JHana3oH XapaKTepeH It CPEAHEroJOBOT0 KOJINYECTBA OCAIKOB!
585-1613 mm. IIpu 3TOM 3HAUEHUSA 1S OTACIIBHBIX MECSILIEB pa3inyaroTcs cymiecTBeHHo. Hanbonee
BJIKHBIM MecAll XapaKTepu3yeTcsl KOJIMYeCTBOM ocalkoB 125-245 mwm, Torna kak g Haubosee
CyXOro Mecsilla peKOHCTPYHUPOBAH 3HAUYUTEIHHO 00Jiee HU3KUI HHTEpBAT — 3—43 MM.

KonnuecTBo ocankoB Hanbosee Tersoro mecsma cocrariset 38—206 mwm. [lupokuii nuana3ox
MPWARM noka3biBaet, uto uMmerommiicst cocraB NLR crnabee orpaHnYMBaeT KOJIMYECTBO OCAIKOB
TETUIOro ce30Ha, yeM, HanpuMmep, MPDRY. Ilpu 3ToM codeTanne CpaBHUTENHLHO BHICOKUX 3HAYEHUM
MPWET wu Hu3koi HuxHeld rpanuusl MPDRY cBuugerenbcTByeTr 0 TOM, 4TO PEKOHCTPYKLUS
JIOTYCKAeT 3aMETHBIE CE30HHBIC PA3IUYMs B YBIIAXKHEHUU.

Ocoboro BHuMaHusl TpeOyeT BIusiHUE Bauhinia Sp. Ha pEKOHCTPYUPOBAaHHBIE TEMIIEPATYPHI.
B nmepBuuHOM oOmMCaHMM COOTBETCTBYIOLIMM HCKONaeMblii Marepuan Obl1 omnpeneneH II. B.
[IunuHBIM TpeaBapUTENIBHO, & COXPAHHOCTh OTIIEYaTKa HE MO3BOJISUIA MPOBECTU OoJiee AeTaabHOE
takcoHomuueckoe omnpenenenue (Iumun, 1977: 127). beneyti Ilockonbky Bauhinia sp.
omHOBpeMeHHO 3anaeT HuxkHUE Tpanuiibl MAT, CMT u WMT, Obuta npoBeieHa JOMOHHUTEIbHAS
IIPOBEpPKA YCTOMUMBOCTU pe3yJibTara MyTeM MOBTOpHOTo pacyeta CA mociie UCKIIOYEHUs! JaHHOTO
NLR.

[TomyueHHbIE Pe3yNIbTaThl AHATN3a YYBCTBUTEIBHOCTHU MPUBEACHHI B Tabmuiie 3.

Tabnuua 3. i3MeHeHne KIMMaTHUeCKUX UHTEPBAJIOB MOCIe UCKIIoueHus: Bauhinia sp.

Mapametp OcHoBHoJ¥i pacyet, 9 NLR Be3 Bauhinia sp. H3meHeHHe HMKHEH PaHMIBI
MAT, °C 18,6-25,0 13,8-25,0 -4.8°C

CMT, °C 8,1-19,8 1,8-19,8 -6,3°C

WMT, °C 25,0-29,5 19,3-29,5 =5,7°C

MAP, mm 585-1613 585-1613 0€e3 U3MEHEHHH

MPWET, mm 125-245 125-245 0e3 U3MEHCHHI
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Mapametp OcHoBHoJ¥i pacuet, 9 NLR Be3 Bauhinia sp. H3meHeHHe HMKHEH rPaHUIBI
MPDRY, mm 343 343 0e3 U3MEHCHHI
MPWARM, MM 38-206 38-206 0€e3 U3MEHEHHI

PesynbTarel NOKa3bIBalOT, 4YTO HCKJIIOYEHUE Bauhinia sp. TNPUBOAUT K CHUXKEHUIO
UCKJIIOYUTENBHO HIKHUX TeMmieparypHbix rpanul. Jns MAT ona usmensercs ¢ 18,6 no 13,8
°C, mnma CMT — ¢ 8,1 no 1,8 °C, a nnga WMT — ¢ 25,0 no 19,3 °C. Bepxuue temneparypHble
IPaHULBI IPU 3TOM COXPAHSIOTCS HEU3MEHHBIMHU.

Jlins Oonee HANIAJHOIO MPEACTABICHUS CTENIEHH BIMSHUA Bauhinia sp. Ha TEMIIEPATYPHYIO
PEKOHCTPYKLIMIO HM)KHHE TPaHMIBI MCXOIHOTO M albTEpHATHBHOIO pacueTa COMNOCTaBJIEHBbI Ha
pUcyHKe 3.

28 °C

MAT CMT WMT

C Bauhinia sp. Bes Bauhinia sp.

Pucynok 3. BnwusHue wuckimtoueHus Bauhinia sp. Ha HIKHHE TPaHUIBI TEMIIEPATyPHBIX
unteppanos Coexistence Approach

HauOonbiee n3menenue ycranosneHo ainst CMT: HuxHsIs rpaHuiia ymenslaercs Ha 6,3 °C.
Jnst WMT usmenenue cocrasisier 5,7 °C, a nist MAT — 4,8 °C. CnefoBareiabHO, HUKHUE TPAHULIBI
BCEX TPEX TEMIIEpPaTypHBIX MapaMETPOB SBJISIFOTCS YyBCTBUTEIBHBIMU K BKIIOUEHUIO Bauhinia sp. B
Habop NLR.

B 1O Xe Bpemsl Bce 4YeTbIpe PEKOHCTPYHPOBAHHBIX IOKa3aTesss aTMOCQEPHBIX OCaIKOB
nocse HUCkIoueHust Bauhinia sp. ocTtaroTcsi 0€3 M3MEHEHHH. DTO MOKa3bIBAET, UYTO MOIYUYCHHAS
PEKOHCTPYKLIMSI pPEKHMMa YBIAXHEHUS YCTOWYMBA OTHOCUTENIBHO JIAHHOTO TaKCOHOMHYECKOIO
JIOTYIIEHHUS, TOTJa KaKk TOYHOE IMOJIOKEHHE HIDKHUX TEMIEpaTypHBIX TpaHull TpedyeT Ooree
OCTOPO)KHOI MHTEpIpETaLUH.

B nenom ocHoBHoii pacuer CA mist ¢uopsl p. beneyTsl xapaktepusyer MAT B npexnenax
18,6-25,0 °C, CMT — §,1-19,8 °C, WMT — 25,0-29,5 °C u MAP — 585-1613 mm. BmecTe ¢
TEM aHaJIM3 YyBCTBUTEIBHOCTH IOKA3bIBAET, YTO TEMIIEPATYpHAsi PEKOHCTPYKLUS B 3HAYUTEIbHOU
CTENEHU 3aBUCUT OT BKJIIOUEHUS Bauhinia sp., TOrna Kak HHTEpBaJbl aTMOC(EpPHBIX OCAIKOB
coxpaHsitorcss ycroiuuBbiMH. [loaToMy B panbpHeiimieM oOCYKIEHMM KIMMAaTHUYECKUX YCJIOBUMN
beneyTbl OCHOBHOI U aJbTepHATUBHBIN BapHaHThI TEMIEPATYPHON PEKOHCTPYKILUHU LIeIeCO00pa3HO
paccMaTpuBaTh COBMECTHO, HE MHTEpHpeTHpysl HUxkHIOK rpanuily MAT 18,6 °C kak 6e3yclIOBHO
YCTaHOBJICHHOE 3HAYEHHUE.

OOcyxnenue. Ilomyuennele s ¢uopsl p. beneyTsl KiIuMaTHueckue HMHTEPBaJIbI
XapaKTEPU3YIOT yCIOBUS CYLECTBOBAHMS pacTUTENbHOCTH LleHTpanbHoro Kasaxcrana B TypoHckoe
BpeMs. OcHoBHOM pacuer meronoMm Coexistence Approach mokasan cpeJHETONOBYIO TEMIIEPaTypy
(MAT) B mpenenax 18,6-25,0 °C, cpennioro temrepatypy Haubosnee xomonuoro mecsa (CMT) —
8,1-19,8 °C, a naubonee temioro mecsna (WMT) — 25,0-29,5 °C. CpennerogoBoe KOJTHMYECTBO
ocaakoB (MAP) pexkoncTpyupoBano B nuamnazone 585-1613 mm, npu 3nauenusx MPWET 125-245
MM, MPDRY 3-43 mm u MPWARM 38-206 mMM.

PexoncrpyupoBanubie 3HaueHUsT MAT 1 WMT cBUIeTenbCTBYIOT O JOCTATOYHO BBICOKOM
TemnepatypHoM (one B nepuon popmupoBanus ¢uiopsl beneyTsl. Jaxke HIKHAS TpaHUIIA OCHOBHOTO
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untepBana MAT cocrasisier 18,6 °C, a WMT — 25,0 °C. [Ipu stom CMT ocTaeTcst moa0KUTeIbHOMU
BO BCEM OCHOBHOM HMHTepBasie M cocrtasiser §,1-19,8 °C. B coBokymHOcTH 3TH MoOKazaTeniu
COOTBETCTBYIOT KJIMMary Oe3 BBIPRXKEHHO XOJOAHOM 3MMHEH (a3bl B TOM BHJE, B KaKOM OHa
XapakTepHa U1 COBPEMEHHOIO PE3KO KOHTHHEHTaIbHOro KnuMara LlenrpansHoro Kasaxcrana.

Takass peKOHCTPYKIMA B LIE€JIOM COIIACyeTcs C INI00aJbHBIMU MPEACTABICHUSIMH O MEJIOBOM
kiaumare. CpenHssi 4acTh MEJIOBOIO IEPHOAA XapaKTepU30BaJlach MPEUMYIIECTBEHHO TEILJIBIMU
greenhouse- u super-greenhouse-ycia0BUsSMH, C BHICOKUMH TeMIIepaTypaMH U OTHOCUTENIBHO cIa0bIMU
LUIMPOTHBIMU TEMIIEPATYpHBIMU TpaaueHTaMu. OCOOEHHO BBICOKME TEMIIEpPATypbl OTMEYAIOTCS B
MHTEPBAJIE MTO3IHET0 CEHOMAaHa — PAHHET0 TYPOHA, BKJIFOYAIOIIEM KJIMMAaTHYECKUI MaKCUMYM OKOJIO
rpaHullpl ceHoMaHa U TypoHa (Bottini, Erba, 2018: 1147-1163).

[Tpu 5TOM nOTy4YeHHbIE 17151 beneyThl 3HaueHus HeNb3sl HAaPSIMYIO COTIOCTaBIATh, HAlpUMED,
C TemIeparypoil MOBEPXHOCTH MOPCKOM BOJbI, MOCKOJbKY MOpPCKHE T€OXMMHUYECKHE IMPOKCU U
Ha3eMHbIE [aJe000TAHNYECKHE METOAbl XapaKTepU3ylOT pa3Hble KOMIIOHEHThI KIMMaTH4eCKOH
cucteMbl. TeM He MeHee HE3aBUCHMbIE MOPCKHE MCCIENOBaHUS TAaKKe IOATBEPKAAIOT
CYLIECTBOBAHHUE TEIUIOIO KJIMMATUYECKOI'O pPEKMMa B CEHOMAH-TYPOHCKOE BpeMs U KpYIHYIO
NEepecTPOiKy I00aNbHON KIMMAaTHYECKOH M YINIEPOIHOW CHUCTEMbI OKOJIO TPAHHMIbI CEHOMaHa U
typoHa (Petrizzo u ap., 2022).

[TaneoboTannueckue wuccienoBaHus Apyrux oodnacreidd CeBepHOro modyHiapus TakKxkKe
MIOKa3bIBalOT, YTO B IO3JHEM MEJly TEIUIbIE YCJIOBHSI PACIPOCTPAHSUINCh HAa 3HAUUTENBHO Oosee
BBICOKHE IHMPOTHI, YEM B HAcTofAllee BpeMs. AHAIU3 MO3JHEMENOBBIX (IOp Male0apKTUUECKUX
paiioHoB CeBepo-BocTounoit Poccun n AJSICKM CBUIETENBCTBYET O CYIIECTBOBAHUHU TEIUIOIO
HA3€MHOI0 KJIMMara Ja)Ke B BBICOKMX IIMPOTAaX, XOTA TEMIIEPATYPHBIA U I'MIPOIOTMYECKUN PEKUM
CYIIIECTBEHHO BapbUpOBaJ peruoHanabHo (Spicer, Herman, 2010).

TakuM 00pazoM, peKOHCTPYKIMs beneyTel He MPOTHBOPEUUT OOLIeH KapTHUHE TEMJIoro
M03IHeMeN0BOro kimmara. O1HaKo aOCOIIOTHBIE IPAHUIIBI TOITYYEHHOTO TEMIIEPAaTyPHOTO JUara3oHa
TpeOyIoT OoJiee OCTOPOKHOM OLIEHKH BCIIEICTBHE OCOOCHHOCTEH HMCIOIb3YeMOTo (hIOPUCTUIECKOTO
Mmarepuania.

CpenHeronoBoe KOJIMYECTBO OcaakoB Aisl (iopsl beneyTsl pekoHCTpyHpyeTcsl B IOBOJIBHO
mupokoM nuamnazone 585-1613 mm. Takol WHTEpBaj IOKAa3bIBACT, YTO MMEIOIIMICS HaOOp
NLR 3HauuTEIIBHO MEHEE JKECTKO OIPaHMYMBAET IOAOBOE KOIMYECTBO OCAIKOB, YEM HEKOTOPBIC
TEMIIEPaTypHbIE [TAPAMETPBI.

Jlns HanOosee BIAXKHOTO Mecslla yCTaHOBIEH MHTepBaa 125-245 MM, ans Hanbosee cyXxoro
— 3-43 MM, a 1uia Hanbonee Terioro Mecsia — 38—206 mm. [Ipu 3ToM 3T MokazaTenu He0OX0IUMO
UHTEpIpeTHpOBaTh 0cTOpokHO. 3HaueHuss MPWET u MPDRY paccunrtanbl Kak caMOCTOSITENIbHBIE
CA-uHTEpBabl, MOTOMY WX HIKHHUE WM BEPXHUE TPAHULBI HE MPEACTABIAIOT COOONM Kiumar
OJTHOTO KOHKPETHOI'O MecsIa UM OJHOTO KOHKPETHOTO CLIEHApHs M HE JOJHKHBI HENOCPEICTBEHHO
BBIUUTATHCS IPYT U3 ApyTa.

Tem He MeHee coueranue aonyctumbix nauanazoHoB MPWET u MPDRY nokassiBaeTt, 4To
cocraB NLR coBMecTHUM Kak C JOCTaTOYHO BIAXKHBIMHU EPUOAAMU IO/1a, TaK U CO 3HAUUTEIBHO Ooee
CYXMMH YCJIOBUSIMU B OTAE€JbHbIE Mecslbl. CienoBaresbHo, (uiopa AONYCKAaeT HaJMYUe CE30HHOU
HEOTHOPOAHOCTH aTMOC(epHOro yBiaxHeHus. OHAKO yTBEpXkK/aTh HA OCHOBAHUU TOJIBKO JaHHBIX
CA 0 KOHKpPETHOH MPOAOKUTEIBHOCTH CYXOr0 C€30Ha WJIM O MYCCOHHOM THUIIEe KJIMMaTa ObUIo Obl
IIPEKIEBPEMEHHO.

WnTepec npencrasiser u mupokuid nuatepsan MPWARM — 38-206 mMm. OH noka3bIBaer,
YTO UMEIOLIUICS (IOPUCTUYECKUN KOMIUIEKC HE IMO3BOJISET OJHO3HAYHO YCTAHOBUTH KOJIMYECTBO
0CaJIKOB MMEHHO HauOoJjee TeIuioro Mecsua. MHbIMU cOBaMM, TEIUIbIA CE€30H MOT HMPUXOAUTHCS
KaK Ha CPaBHMUTEIBHO CyXHe, TaK M Ha JIOCTAaTOYHO BIaKHbIe ycioBus. [l Oonee JeTalbHOTO
BOCCTAQHOBJICHHUS CE30HHOTO pACIpENeNeHUsT OCaJKOB IOTPeOOBAIUCh Obl JONOIHUTENIbHBIE
HEe3aBUCHMbIE IIOKa3aTeld — Hampumep, MOpP(OJOrHUECKUe XapaKTEepUCTUKU  JIUCTHEB,
CEIMMEHTOJIOTUYECKHUE TAHHBIE WIH JPYTHE NaJICOKIMMATUIECKUE IIPOKCH.

Terublii XapakTep MONyYEeHHON PEKOHCTPYKIMHM B IIEJIOM COOTBETCTBYET COCTaBY (hIopbl
beneyTel, B KOTOPO# 3HAYUTENBHYIO POJIb UTPAIOT IOKPHITOCEMEHHBIE PACTEHUS HApsAy C XBOWHBIMU
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u nanoporHukamu. II. B. IlunuH oTmeuan npeoOnajaHue HOKPHITOCEMEHHBIX U HCIOJIb30BaJl
CUCTEMAaTHYeCKUil cocTaB (uUIOpbl M €€ CXOACTBO € Jpyrumu Komiuiekcamu Kaszaxcrana ans
000CHOBaHUSA TypOHCKOTO Bo3pacta MectoHaxoxaeHus (Lumun, 1977: 126—-129).

B 10 e BpeMms sKojormueckue TpeOOBaHUS IO3AHEMENOBBIX MOP(GOTAKCOHOB HENb3S
aBTOMAaTUYEeCKU TMPUPABHUBATH K TPeOOBaHUSIM COBPEMEHHBIX ponoB. Hampumep, mpucytcrBue
uckormaemMoi GopMbl, OTHECEHHOHN K Ficus, Ziziphus wia Bauhinia, camo 1o ce0¢ HE JO0Ka3bIBacT
CYLIECTBOBAHHUE KJIMMAaTa, WUAECHTHUYHOIO KJIMMAaTy COBPEMEHHBIX IPEICTaBUTENEH 3TUX ponoB. B
pamkax CA Takue CBSI3U MCIONIB3YIOTCS Kak padourie NLR-rumoressl, a uX KauecTBO HAIPSIMYIO
3aBHCHT OT HaI)KHOCTH CUCTEMAaTUYECKOTO OINPEIEIEHNS NCKOTTAEMbIX PACTEHUI.

DT0 0COOEHHO BaXXHO IJIsi TypoHCKOTro Bo3pacta duiopsl beneytsl. Metox Coexistence
Approach mepBoHauajabHO OCHOBaH Ha NPEINOIOKEHHU O JOCTATOYHO OJIM3KOM COOTBETCTBHH
KIIMMaTUYeCKUX TpeOOBaHMII HCKONAeMOro pacTeHusi €ero OmkKallleMy COBPEMEHHOMY
pOACTBEeHHUKY. MeTos Hanboliee yBepeHHO NMPUMEHSIETCS K Te0JIOTHYecKr 0osiee MOJIObIM (iopam,
TOI/IA KaK YBEJIIMYEHUE SBOIIOLIMOHHON TUCTAHIIMM MEXAY UCKOIIAEMbIM U COBPEMEHHBIM TAKCOHOM
noBbliaeT HeompeaeneHHOCcTh NLR-comocrtaBinenus. Utescher u coaBTOpHI MOAYEPKHUBAIOT, YTO
TAKCOHOMHUYECKas HAECHTH(UKALUSA MCKOIAeMOro MaTepuana, MpaBUIbHOCTH BbIOOpa NLR n
IIPUTOAHOCTh KOHKPETHOTO TAaKCOHA JJIs1 KIIMMAaTU4eCKON PEKOHCTPYKIIMH HEITOCPEACTBEHHO BIIUSIOT
Ha utoroBeiii CA-untepan (Utescher u ap., 2014: 58-73).

Haubonee cyuiecTBeHHas MeTon4ecKasi 0COOEHHOCTh MOTYYEHHON PEKOHCTPYKIIMH CBsI3aHa
¢ Bauhinia sp. B ocHoBHOM pacdete uMeHHO 3TOT NLR omnpenenser HIKHIOIO MpaHUIly cpasy Tpex
teMriepatypHsIx napametpos: 18,6 °C miust MAT, 8,1 °C mins CMT u 25,0 °C qns WMT.

OTO0 MMeeT NMPUHUUIINAIBHOE 3HAYEHUE, MTOCKOJBKY OINpPENEICHUE NCKOMAaeMOro marepuana
Kak Bauhinia sp. B mepBoHayanbHOU pabore IllunmHa HOCWIIO TpeaBapuUTENbHBIA XapakTep.
CnenoBarenbHO, OIMH TAKCOHOMMUYECKH MEHEE HAJECKHBIM 2IEMEHT OKa3bIBA€T HEMPOIOPLIMOHAIBHO
O0JIbIIIOE BIUSHUE HA TEMIEPATypHYIO PEKOHCTPYKIIHIO.

IIpoBeneHHbI aHaNIM3 4YYyBCTBUTEJIBHOCTH NOATBEPXkAAET OTy 3aBucumocTtb. [locne
uckimoueHust Bauhinia sp. uwxHss rpanuna MAT cumxaercs ¢ 18,6 mo 13,8 °C, CMT — c
8,1 10 1,8 °C, a WMT — ¢ 25,0 no 19,3 °C. M3MeHeHUs COCTABIAIOT COOTBETCTBEHHO 4,8, 6,3 1 5,7
°C. IIpn 5TOM BepXHHE rpaHULbl TEMIIEPATYPHBIX IAPAMETPOB COXPAHSAIOTCS.

DTO 03HAYAET, 4TO BBIBOJ O B LIEJIOM TEILJIOM KJIIMMATe OCTAETCs YCTOWYUBBIM, OJHAKO TOYHAs
CTENEeHb TeIIa, 0COOCHHO MUHUMaIbHO AomyctuMmbie 3HadeHUuss MAT, CMT u WMT, 3aBucut ot
MPUHATOW TAKCOHOMHUYECKOW MHTEpNpeTanuu Bauhinia.

IToaromy 3Hauenne MAT 18,6-25,0 °C He cnenyeT TpakToBaTh Kak €JMHCTBEHHO BO3MOKHBIN
TEMIEpaTypHbII quana3oH. boiee KOppeKTHO paccMaTpUBaTh J1Ba yPOBHS HHTEPIIPETALIMM: OCHOBHOM
pacyer mpu coxpaHeHHH BceX BhIOpaHHBIX NLR u anbTepHaTHBHBIA pacueT, JeMOHCTPHPYIOLIHA
YYBCTBUTEIBHOCTh TEMIIEPATYPHOU PEKOHCTPYKLIMU K HCKJIIOUEHHUIO Hanbojee HEONpEaeI€HHOTO
JJIEMEHTA.

Taxo# moJxo/; COOTBETCTBYET pEKOMEHAIMAM M0 KpUTHYeckoMy npumMeHeHuto Coexistence
Approach, corracHO KOTOpbIM HEOOXOOUMO HE TOJIBKO NPUBOJUTH WTOTOBBIA HMHTEpBAN, HO
U aHaJIu3upoBaTh, Kakue UMEeHHO NLR ¢dopMupyloT ero rpaHuilbl U HAacKOJIBKO HAJIEKHO HX
cuctemarnueckoe conocrasnenue (Utescher u ap.,

B ommume or TemmeparypHBIX MapaMeTpoB, MCKIOUEHHE Bauhinia sp. He W3MEHMJIO HU
OJIMH M3 YeThIpeX MoKa3aresueil armocdepHbIx ocankoB. MAP coxpanuics B mpeaenax 585-1613 mm,
MPWET — 125-245 mm, MPDRY — 343 MM, MPWARM — 38-206 mMm.

Hcxonst U3 3T0ro, OTHOCUTEIBHO PAacCMaTpUBAEMOW TaKCOHOMMUYECKON HEOIPEACICHHOCTU
PEKOHCTPYKLIMS peXuUMa YBIaKHEHUs sBIseTcs Oojiee YCTOWYMBOW, 4eM TeMmIeparypHas. DTO He
03HAYaEeT, YTO CAaMU MHTEPBAJIbI OCAJIKOB SIBIISIFOTCSI BBICOKOTOUHBIMU: 0co0eHHO MAP 1 MPWARM
OCTAIOTCS JOCTATOYHO IHUPOKUMHU. OHAKO UX TPAHUIIBI HE 3aBUCAT OT BKJIFOUEHHUS WU UCKITFOUEHUS
Bauhinia sp.

ITomyueHHBIN pe3yabpTaT TakKe IMOKA3bIBAET NPEUMYILECTBO aHanu3a rpaHnyHbix NLR, a He
TOJBKO MyONUKAIK UTOroBbIX 3HaYeHu CA. [y pa3HbIX HapaMeTpoB KIMMATHUYECKUE UHTEPBAJIbI
OTPaHUYMBAIOTCS PA3JIMYHBIMU COBPEMEHHBIMU aHAJOraMM: TEMIIEpaTypHblE€ HUYKHUE TPaHMIbI B
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OCHOBHOM 3aBUCAT OT Bauhinia, Torga kak 3HaueHUs 0cagkoB (hOpMHUPYIOTCS TIPEkKAe Beero Ficus,
Sequoioideae, Ziziphus, Diospyros n Platanus. 310 M03BOJSET OLIEHUTDH, KAKHE 2JIEMEHTBI HCXOTHOTO
(h1opUCTUYECKOTO CIMCKA ABISIOTCSA Hanbosiee KpUTUYHBIMU 11 UTOTOBOM PEKOHCTPYKIIMU.

[Ipu wuHTEpHpeTanuu pe3yiabTaTOB HEOOXOIWMO YUUTHIBaTH HECKOJIBKO HCTOYHUKOB
HeompeneleHHoCTH. Bo-mepBbix, ¢opa beneyTsl mnpeacTaBnseT CpaBHUTEIHLHO HEOONIBIION
KOMIUIEKC, ¥ TOJBKO YaCTh YCTAHOBJICHHBIX MCKOMAEMBbIX TAKCOHOB MOXKET OBITh MCIOJB30BaHA IS
KOJIMYECTBEHHOW PEKOHCTPYKLUHU. BO-BTOPBIX, 4acTh ONpeeseHuid Obl1a BBIIOJIHEHA Ha POJOBOM
UM CEMEHCTBEHHOM YPOBHE. B-TpeTbHX, TYpOHCKHH BO3pAaCT Marepualla CO3AAcT 3HAYUTEIbHYIO
BPEMEHHYIO JUCTAHLIMIO MEX/1y NCKOIIAaEMBIMU PACTEHUSIMH U UX cOBpeMEeHHbIMU NLR.

Jnss CA WMEHHO HaJeKHOCTh CHUCTEMAaTUKH U BBIOOpa ONMMKAMIIEr0o COBPEMEHHOTO
POJCTBEHHMKA OTHOCHUTCSI K KJIIOUEBBIM (DaKTOpaM KayecTBa PEKOHCTPYKUUHU. MeTon He sBisieTcs
CTaTUCTUYECKUM YCpPEIHEHHUEM BCEX KIMMAaTUYECKUX 3HAUEHUIl; HTOTOBBIA HHTEPBal MOXKET
(dbopmupoBatbest Bcero HeckoinbkuMmu kpaiiHuMu NLR. IToatomy ommbka miam HeonpeneaeHHOCTh
OJTHOTO TaKCOHA CIOCOOHA 3HAYMTENFHO CMECTUTh TPAHUILY PEKOHCTPYKIMH, YTO HETIOCPEICTBEHHO
POIEMOHCTPUPOBAHO B HAcCTOsIIEH padoTe Ha npuMmepe Bauhinia sp. (Utescher u ap., 2014: 58-73).

Ilo »TOll npUuMHE NOIYYEHHbIE KIMMATUYECKHUE 3HAYEHMsI CIIEAYET PAcCMaTpHUBaTh Kak
JIMana30Hbl KITIMMAaTHYECKUX yCIOBUH, COBMECTUMBIX C BbIOpaHHOM cuctemoit NLR, a He kak TOuHbIe
H3MEPEHMSI TYPOHCKOH TeMIlepaTypbl UIH KOJIMYECTBA OCAIKOB.

llaneoxnumamuueckoe 3nauenue ¢nopwl beneymul

HecMotpsi Ha yka3aHHbIE OTpaHUYEHHS], MOJYUYEHHBIE Pe3ybTaThl JAIOT KOJIUYECTBEHHYIO
XapaKkTEepPUCTUKY  KJIMMAaTHYECKMX  YCIOBHM  CyIIECTBOBaHHS TYpOHCKOH  pacTHUTEIbHOCTH
LentpansHoro Kaszaxcrana. OCHOBHOM pacueT yKa3blBaeT Ha TEIUIbIM TeMIepaTypHbI peXuM
U IIUPOKUN JMANa3oH BO3MOXKHOTO aTMOC(EpHOro yBIaXHEHHS. AHAIW3 YYyBCTBUTEIHHOCTHU
MOKa3bIBACT, YTO OOIIUIT BBIBOJ O TEILIBIX YCIOBHUSIX COXPAaHIETCs, OHAKO HIDKHUE TeMIepaTypHbIe
I'PaHMIIbI CYIIECTBEHHO 3aBUCAT OT Bauhinia sp.

B Oosee MMpPOKOM KOHTEKCTE TaKOM pE3YylbTaT COIVIACYeTCsl C NPEACTABICHUSIMU O
MI03THECEHOMAHCKO-TyPOHCKOM MHTEpBaJIe KaK OJHOM U3 Hamboee TeribiX (ha3 MEJIoBOro MepHoa.
[Ipu 3TOoM nanHble beneyTsl npeacTaBIsOT UMEHHO KOHTUHEHTAIBHYIO a1€000TaHMUECKYO 3aHCh,
YTO JeJaeT UX OCOOEHHO MOJIE3HBIMU JUISI COMOCTABJICHUS C MOPCKUMHU MaJCOKINMATHUYECKUMHU
PEKOHCTPYKLUHUSAMU M JpyruMu HazeMHbIMH ¢uopamu  EBpasun. CpenHeMesnoBoil kiuMaT B
[EJIOM XapaKTepPU3yeTCs BHICOKOW TEIUIOTOM, OJHAKO PErHOHAJIbHbIE Ha3eMHBIE YCJIOBHUS MOTIU
CYLIECTBEHHO Pa3INYaThCs MO CTENEHH YBIAKHEHUS U CE30HHOCTH.

Hcxons u3 3toro, Haubosee OOOCHOBAHHBIM HTOTOM PEKOHCTPYKIUH SIBISETCS HE OIHO
«cpezHee» 3HauCHHE MajeoKInMara beneyTsl, a cucrema J0IyCTUMBIX KIIMMaTHYECKUX UHTEPBAJIOB
C pa3sIM4YHOM CTENEHBIO YCTOMYMBOCTH. llapameTpbl yBIa)KHEHHsS OTHOCHTEIBHO YCTOWYHUBBI K
ucKioueHno Bauhinia sp., Torma kak HMKHUE TeMIEpaTypHbE I'pPaHUIBI TPEOYIOT OCTOPO’KHOM
uHTeprperaiui. VIMEHHO Takoe NpeACTaBlIE€HUE pe3yJbTaToOB IO3BOJSET HM30€XaTb W3JIMLIHEH
TOYHOCTH U OoJiee KOPPEKTHO YUUTHIBATH TAKCOHOMHUYECKHE OrPAHUYEHHS IO3IHEMEIOBOTO
Mmarepuania.

3akaouenne. B pa0ore BBIMOMHEHA KOJMYECTBEHHAs PEKOHCTPYKLMS KIMMATHYECKUX
yCIIOBUI cylIecTBOBaHUs TypoHCKoii (hiopsl p. beneyTsl meTogom Coexistence Approach Ha ocHOBe
KJIMMAaTHYECKUX JIMAla30HOB ONMMKANIINX COBPEMEHHBIX POACTBEHHMKOB HMCKOINAEMBIX PACTEHUM.
st aHanm3a ucnosb30BaHbl AeBATh NLR U ceMb KIIMMaTH4ECKUX ITapaMeTpOB, XapaKTEPU3YIOIIUX
TEMIEPATYPHBIN PEXUM U aTMOCPEPHOE YBIa)KHEHUE.

OcHOBHO#1 pacydeT mokasall, uTto cpeaneroaonas remmneparypa (MAT) naxonunace B mpezaenax
18,6-25,0 °C, cpennssi temmeparypa HamOomnee xomomaHoro mecsima (CMT) — 8,1-19,8 °C, a
HaubOomee Teroro mecsmna (WMT) — 25,0-29,5 °C. CpeagneronoBoe koinumdecTBo ocankoB (MAP)
PEKOHCTPYUPOBAHO B nuamna3zoHe 585-1613 MM, KoMM4YecTBO OCaAKOB Hambosee BIaKHOTO MecsIa
(MPWET) — 125-245 mm, nHau6onee cyxoro mecsia (MPDRY) — 3-43 mwm, a HauOosee Teroro
mecsa (MPWARM) — 38-206 M.

ITosmyueHHbIe MHTEPBAJIBI B LIEJIOM XapaKTEPU3YIOT KJIIMMAT KaK TEIUIbIH, IPH 3TOM JIaHHBIE 10
aTMOC(EepHBIM OCaJIKaM JIOMYCKAIOT BBIPAXECHHYIO CE30HHYIO HEOAHOPOTHOCTh YBIaKHEHHA. B TO
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e BpeMs pe3ysbTaThl IOKAa3bIBAIOT, YTO OTAEJIbHbIE KIMMAaTUYECKHUE TapaAMETPhl UMEIOT PA3INYHYIO
CTeNneHb ycToiunBocTH K BeIOOpy NLR.

Haubonee cymniectBeHHass 4yBCTBUTEIILHOCTh BBISIBJICHA JJISI TEMIIEPATYPHBIX IMOKa3aTeleH.
Bauhinia sp. onpenenser HmwxHue rpanuinsl MAT, CMT u WMT, nostoMy mocie HUCKIIOYEHUs
3TOTO TAKCOHA 3HAYEHMs CHMKaroTcs coorBercTBeHHO 10 13,8 °C, 1,8 °C u 19,3 °C. BepxHue
TEeMIEpaTypHbIE TPAHMIIBI MPU STOM COXpaAHSIOTCA Oe3 u3MeHeHui. Takum 00pa3oM, HUKHHE
IIpeNeNbl TEMIIEPATYPHOU PEKOHCTPYKIMH CIIELYET UHTEPIPETUPOBATh C YYETOM TaKCOHOMHYECKOU
HEOIpeAeNeHHOCTH JaHHOTO NLR.

B ommumne or TtemmeparypHeIx mnapamerpoB, uHTepBaisl MAP, MPWET, MPDRY wu
MPWARM nocne uckmouenust Bauhinia sp. He m3aMeHMWINUCh. JTO CBUJETENBLCTBYET O OOJBIIEH
YCTONYHMBOCTH PEKOHCTPYKIIUH PEKMUMA YBIAXKHEHHSI IO OTHOLLIEHHIO K JAHHOMY TaKCOHOMUYECKOMY
JOTYIIEHUIO, XOTs IMUPOKUE MHTEPBAJbI OTIACIBHBIX IMOKaszarenel, ocooenno MAP 1 MPWARM,
HO-TIPEKHEMY OTPaKAOT 3HAUUTEIbHYIO HEONPEJEICHHOCTD.

CrnenoBarenbHO, PEKOHCTPYKLHUS KiuMarta (ropsl p. beneyTsl moka3siBaeT, 4To TypOHCKas
pacturenpHOcTh lLlenTpanbHoro Kaszaxcrana ¢opmupoBanack B YCIOBUSX TEIUIOTO KIUMara
C TEpPEeMEHHBIM pEXUMOM YBIakHEeHUsA. [Ipu 3ToM Hamboiee KOPPEKTHBIM IpelCTaBICHHEM
pe3yabTaToOB SIBJISETCS HE OJHO YCPEIHEHHOE 3HAYEHME, a CUCTEMA KJIMMATHYECKUX MHTEPBAJIOB C
Y4€TOM MX YyBCTBUTEIBHOCTH K cocTaBy NLR.

[IpoBeneHHoe wuccleAOBaHUE JEMOHCTPUPYET BO3MOXKHOCTH mnpumeHeHust Coexistence
Approach k mno3zgHemenoBeiM (uiopam Kaszaxctana mpu  yCIOBUM KPUTUYECKOW OLIEHKH
CUCTEMAaTHYECKON HaJEeKHOCTH HCKOMAaEeMbIX TAKCOHOB W BBIOOpAa HMX COBPEMEHHBIX AaHAaJIOTOB.
[TonyueHHble MaHHBIE MOTYT OBITH HCIIONB30BaHBI IS JalIbHEHIIET0o comocTaBieHus (iaopsl
beneyTsl ¢ IpyruMu TYpOHCKUMH M MTO3HEMEIOBBIMU (PIIOpUCTHUECKUMH KoMIUIekcamu Kazaxcrana
1 EBpazuu, a Takke JUIsl yTOUHEHHsI perHOHaIbHBIX 0COOCHHOCTEH KOHTMHEHTAILHOTO TAJICOKJIMMAara
HentpanpHoil A3umn.
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