1;1-3”.‘\4 R lfl'lrl _—__1“” (0]: 1;‘”\/,";(0, \‘] |l;| :i\‘h l;/fi L r: JAN EVANGELISTA PURKYNE UNIVERSITY IN OSTI NAD LABEM

CHEMISTRY AND TECHNOLOGY

September 11, 2026

Review of the Scientific Consultant on the PhD thesis of Mgr. Zhuldyz Batykova
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The development of environmentally sustainable and biologically based approaches to improving plant
productivity and soil quality is of increasing scientific and practical importance. One promising
approach is the application of plant growth-promoting rhizobacteria (PGPR), which can enhance plant
mineral nutrition, produce phytohormones, suppress phytopathogens, and increase plant tolerance to
biotic and abiotic stresses. However, the effective application of bacterial inoculants in soil may be
limited by their survival, stability, and activity under variable environmental conditions. Immobilization
of beneficial microorganisms on porous and biologically compatible sorbents, such as biochar and
vermiculite, represents a promising strategy for improving the stability, viability, and functional
performance of microbial inoculants.

The PhD dissertation of Mgr. Zhuldyz Batykova focuses on the development and optimization of
approaches for immobilizing rhizobacterial strains on natural sorbents and for developing a biochar—
microbial carrier (BMC). Such immobilized formulations have the potential to increase the stability and
viability of bacterial inoculants and to facil tate their effective functioning in the rhizosphere. Their
incorporation into soil may improve selected biological and agrochemical properties of the soil and,
consequently, promote plant growth and development.

During her doctoral studies in Kazakhstan, Mgr. Batykova isolated rhizobacterial strains from the
rhizosphere of wheat \Triticum aestivum L.) cv. Almaly, triticale (x Triticosecale Wittm.), and
maize (Zea mays L.) cvs. Turan 480SV and KazZP 200. She characterized the plant growth-
promoting properties of the isolated strains and, in parallel, investigated the physicochemical
characteristics of four potential carrier materials: vermiculite, wheat-straw-derived biochar,
Miscanthus-derived biochar, and wastewater-sludge-derived biochar. These materials were
subsequently evaluated as carriers for preparation of BMC formulations.

An important component of the research was conducted during her research internship at the
Department of Environmental Chemistry and Technology, Faculty of Environment, Jan Evangelista
Purkyné University in Usti nad Labem (UJEP), Czech Republic, in 2024. During this period, she
conducted experiments using a BMC consisting of dofferent biochar, vermiculite and
rhizobacterial isolates obtained in Kazakhstan. She was directly involved in the preparation and
characterization ofthe BMC, optimization of the immobilization conditions, and selection of the
formulation with the most favorable properties.

The selected BMC was subsequently evaluated in a greenhouse experiment using maize (Zea mays L.)
as the test plant. The experiment was conducted over a 60-day growing period, during which plant
growth and selected physiological and morphometric parameters were monitored. At harvest, changes
in soil properties and elemental composition of the plant biomass were evaluated using agrochemical
and X-ray analytical methods. The results demonstrated a positive effect of BMC application on plant
growth and development and provided evidence supporting the potential applicability of the
developed microbial carrier in sustainable soil management and phytotechnology.
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During her research internship at UJEP, Mgr. Batykova demonstrated herself as a highly motivated,
responsible, and independent researcher. She was actively involved in the establishment and
implementation of the experimental work, evaluation and visualization of research data, and
interpretation of the obtained results. She also demonstrated good scientific writing skills, which
developed further during her research stay at UJEP through participation in the preparation of joint
scientific publications. Throughout her PhD studies, Mgr. Batykova has demonstrated substantial
professional development and has become a well-qualified researcher with valuable international
scientific experience.

The results of her research conducted in Kazakhstan and the Czech Republic have been disseminated
through 15 scientific publications, including two articles in national peer-reviewed scientific journals
recommended by the Committee for Quality Assurance in Science and Higher Education of the
Republic of Kazakhstan and three articles in international journals indexed in the Scopus and Web of
Science databases: Microorganisms (percentile 84, Q1), International Journal of Plant Biology
(percentile 70, Q2), and International Journal of Biology and Chemistry (percentile 30, Q3). The
candidate has also presented her research findings at national and international scientific conferences.
The publication record and conference activities demonstrate both the scientific originality and the
applied relevance of the research.

An important practical outcome of the dissertation is the development of a technological scheme for
producing the immobilized biological preparation “Vermix”, based on Bacillus thuringiensis AS31 and
a vermiculite—Miscanthus biocomposite. The optimized technological parameters include a
vermiculite-to-Miscanthus-biochar ratio of 50:50, an initial bacterial suspension concentration of 10’
CFU/mL, a bacterial suspension-to-biocomposite ratio of 1:3 (v/w), and an immobilization period of 18
hours. These parameters provide a scientifically justified basis for further development and practical
application of the biological preparation.

Overall, the research objectives formulated in the PhD study have been fully achieved. The dissertation
represents a coherent and systematically structured scientific study in which the theoretical
component, based on a comprehensive review and analysis of the scientific literature on biochar—
microbial carriers and microbial immobilization, is logically connected with the experimental
investigations. The research progresses from the isolation and characterization of microorganisms and
sorbents, through optimization of immobilization conditions and assessment of biological effects, to
the development of a practically applicable technological scheme for the production of the biological
preparation.

The research conducted by Mgr. Batykova during her stay at UJEP has also contributed to the ongoing
research activities within the NATO SPS Multi-Year Project G6094, “Mitigation of Climate Change
through Miscanthus x giganteus Phytotechnology Applied to Military Sites” (2023—2027), in which |
serve as Principal Investigator. In particular, the development and assessment of microbial carriers
based on Miscanthus-derived materials is relevant to the broader application of sustainable biological
approaches for soil restoration and phytotechnology.
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Talking into account the scientific originality, methodological quality, coherence of the research,
practical relevance of the results, and the extent to which the stated objectives have been achieved, |
conclude that the PhD dissertation of Mgr. Zhuldyz Batykova, entitled “Creation of a Biopreparation
Based on Immobilized Rhizobacteria on Various Sorbents,” meets the requirements for a doctoral
dissertation in the field of Biotechnology.

| therefore recommend the dissertation for defence and recommend that Mgr. Zhuldyz Batykova be
awarded the PhD degree upon successful defence.
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PhD nokropantsl barsikoBa KyabI31bIH
8D05105 — buorexnosiorus 0is1im Oepy 6araapjaamMacsl

«OPTYPpJi copOeHTTEpre MMMOOMIU3ICHIeH pU300aKTepusjiap Heri3iHae
Omomnpenapar Kypactoipy»
TaKbIPBIOBIH/IAFbI IUCCEPTALUSIIBIK JKYMBIChIHA
HIeTEeJIIK FRIIIBIMHU KeTeKIICiHIH

HIKIPI

OcIMIIKTEepI1H OHIMILTITTH KOHE TOIBIPAK carnachlH apTThIpyFa OarbITTaIFaH
SKOJIOTHSUTBIK TYPFBIJIaH TYPAKTHI 9p1 OMOIOTUSIIBIK HET13/IeTTeH TOCUIAeP/i 931pIiey
Ka3ipri TaHJa FBUIBIMU JKOHE MPAKTUKAIBIK TYPFBIIAH ©3€KTi OarbITTapAblH Oipi
Oomnbin TaObLIanabl. OCBIHIAM TEPCHEKTHBAIbI TOCULIEPAIH Oipi - ©CIMIIKTepiH
OCylH  BIHTATaHABIpaThIH  pu3obakTepusiapasl  (PGPR)  kommany.  Oumap
OCIMIIKTEepIH MUHEPAJJIBIK KOPEKTEHYIH )KaKcapTyFra, (GUTOTOPMOHIAp OHIIPYTE,
dbuTomaToreHAEpAl TEXKEyre, COHJAW-aK OCIMIIKTepAiH OHOTHUKANBIK JKOHE
a0MOTHKAJIBIK CTpecC (haKTopiiapblHa TO3IMAUIIIH apTThIpYyFa KaOIeTTi.

Analina OakTEepUsIIBIK WHOKYISHTTApPABl TONBIPAK KaFJalibIHIA THIMJL
KOJIJIaHy OJIApABIH OPTYPJIl KOpIIaFraH oOpTa >KardadiaapblHIAFbl TIPHIUTIK €Ty
KaOUIeTIHIH, TYPaKThUIBIFBIHBIH  JKOHE  (PYHKIIMOHAIABIK  OEJICCHAUTINHIH
TOMeHJeyiMeH Imekrenyl MyMKiH. Ocbkl  TYpFBIIaH  ajFaHaa, Makgaisl
MUKPOOPTaHU3MIEP/l KEYeKTI KoHE OWOJOTHSIBIK TYPFBIAAH  yisleciMal
copOeHTTepre, aram aWTKaHna OMOKOMIp MEH BEPMUKYIUTKE MMMOOUIH3AIMSIIAY
MUKPOOTHIK WHOKYJISIHTTAPJBIH TYPAKTBUIBIFBIH, TIPIIUTIKKE KAOUIETTLTITIH KOHE
(YHKIIMOHANIBIK THIMAUIITIH apTTHIPYABIH MEPCIEKTUBAIBl CTPATETHICHI OOJBII
TaObLIAIBI.

barpikoBa XKynapizapiH PhD auccepramusiiblk KYMBICHI pU300aKTEPUSIIBIK
mTaMJIapasl TAOUFU COPOCHTTEPre UMMOOMITH3AIUSIIAY TOCUIIEPIH a3ipieyre KoHe
OHTAWJIAaHJBIPYFa, COHJAN-aK OMOKOMIP-MHUKPOOTHIK TaChIMAJIIAYIIBIHBI JKacayra
apHAJIFaH. Mynnaii UMMOOWIIN3/ICHT €H npemnaparrap OaKTEPUSITBIK
WHOKYJISTHTTAP/IBIH TYPAKTBUIBIFBI MEH TIPIIUTIKKE KaOUIETTUIITIH apTThIPyFa KOHE
onapAblH puzocdepa xKargalbiHAA THUIMAI KbI3MET €TylHE MYMKIHIIK Oepel.
Onmapael  TOTMBIpaKKa €HTI3y TOMBIPAKTHIH JKEKEJIETEH OWONOTHUSIIBIK KOHE
arpOXUMMSIIBIK KACUETTEPIH JKaKCAPTHIN, COHBIH HOTHIKECIHIE OCIMIIKTEP/IH oCyl
MEH JIJaMybIH BIHTAJIAHIBIPYBI MYMKIH.



Kazakcrannma >Kypri3uireH JTOKTOPJBIK 3epTTeynepi OapbicbiHga Kymasi3
ounaiiney  (Triticum aestivum L.) «AJManbD» COPTBIHBIH, TpPHUTHKAJICHIH
(xTriticosecale Wittm.) «Ta3a» COpThIHBIH XoHE XXYTrepiHiH (Zea mays L.) «Typan
480SV» xone «Ka3z3Il 200» rubpunrepinid pusocdepacblHaH pU300aKTEPUSIIBIK
mramaapasl Oeiin anabl. besiHin anblHFaH WTaMIApIbIH O©CIMIIKTEPHAIH OcCyiH
BIHTATAHIBIPY Kacuerrepi cumartanabl. COHBIMEH Karap TepT oJeyeTTi
TachIMaJIaylibl MaTepUAJIABIH - BEPMHUKYJIUTTIH, OWmail cabaHbIHAH aJIbIHFAH
OuokeMmipaiH, MuckaHTyC HETi31HJeri OWOKOMIPIiH JKOHE aFbIHIBl Cyjap
TYHOAChbIHAH AaJIbIHFAaH OWOKOMIpAIH - (PU3MKAa-XUMUSIIBIK —CHUIaTTaMaliapbl
3eprreni. KellinHeH atanran Marepuaigap OMOKeMIp-MUKPOOTHIK TachIMaJayIIbl
HET131HJer1 npenapartapAsl JalblHAay YIIIH TachIMaJIJaylibl PETiH/e OaraiaH]Ibl.

3eprreyain Manbp3abl Oeniri 2024 skweuibl Yex PecmyOnukaceiagarsl SH
EBanrenucra Ilypkune arbingarsl yHuBepcutertiH (UJEP) Kopmaran opra
dakynpTeTiHig Kopmiaran opra XUMHSCH JKOHE TEXHOJIOTHSACH KadeapachiHia
OTKCH FBUIBIMHM TaFblIbIMAaMa OapbIChIHAA OPBIHIAAMABL. TaFbUIbIMJIaMa Ke3iHC
bareikoBa  Kymaeiz  Kazakcrannma  OenmiHIN — alblHFAaH — pU300AKTEPUSIIBIK
U30JIATTapMEH, BEPMUKYIUTIICH JKOHE 9PTYPiIl OMOKeMIpIep Heri3iH1eri COpOeHTTIK
KypamaapAbsl TaijanaHa OTBIPBIN, TaXIpuOenik 3eprreyinep kyprizai. On
copOcHTTEpAI JaiiblHIAy MEH CHUIATTayFa, HMMMOOWIM3alls JKaFdaiiapbiH
OHTaWIaHIIBIpyFa JKOHE €H KOJaiIbl KacHeTTepi 0ap KypaMIbl TaHJaayFa TiKeneu
KaTbICThl. TaHmanmraH copOeHT KeMiHHeH xyrepi (Zea mays L.) TecT-eCIMIIri
KOJIJTAHBIIFAH JKBIIbDKAN JKaFJalbIHIaFel ToXIpuOene Oarananisl. Toxipubde 60
KYHIIK BETeTalMsJIbIK Ke3eH OOMBI KYpri3iumil, OChI YaKbIT apajbIFbIHAA
OCIMIIKTepAIH ©cCyl, COHJal-aK OJIAPABIH JKEeKeJIereH (U3HOJOTHSUIIBIK >KOHE
MOP(POMETPHUSIIBIK KOPCETKIITEepl OakplIaHabl. ToxipuOe COHBIHIA TOIMBIPAK
KacHETTEePIHACT1 o3repicTep KOHE OCIMIIK OMOMACCACBHIHBIH AJIEMEHTTIK KYpPaMbI
arpOXUMUSIIIBIK KOHE PEHTICHIIK-aHATUTUKAIIBIK 9/IICTEp apKbLIbI OaFaIaH/Ibl.

3epTTey HOTHKeNepl COPOSHT KOJIIaHYIbIH ©CIMAIKTEPiH 6Cyl MEH JaMybIHA
OH OCEpIH KOPCETTI KOHE d3IPJICHI€H MUKPOOTHIK TachIMaJIaylIbIHBI TOIBIPAKTHI
TYPaKkThl Oackapy MEH (UTOTEXHOJOTHS cajlajapblHAa KOJAAHYABIH OJeyeTiH
Heri3ae1l.

UJEP yHuBepcuTeTIHIET1 FRUIBIMH TaFbUIBIMIaMachkl OapbeIchiHaa bareikoBa
Kynaei3 e3iH KoFapbl BIHTAJBI, XKAyamnThl XKOHE JepOec >KYMBIC iCTe ayaThiH
3epTTeyIi peTinae kopceTTi. Ol IKCIEPUMEHTTIK KYMBICTAP/IbI YHBIMAACTBHIPY MEH
KYprizyre, 3epTTey JAepeKTepiH Oaraiay »XoHE BU3yaJlM3alusiiayra, COHAail-ak
aJIbIHFaH HOTWDKENEpAl MHTepIpeTanusiayra oeiacenai KarbicThl. COHBIMEH KaTap
ON1 FBUIBIMH MOTIHAEPIl jka3y OOWBIHINA >KaKChl JaFbUIApBIH KOepceTTi. by
naraeiapel UJEP  yHuBepcuTeTiHACT1 FHUIBIMH TaFbUIBIMJIaMachl OapbICHIH/IA
OipiecKkeH FBUIBIMU JKapHsUTaHBIMAAPbl JaWbIHAAyFa KAThICY apKbUIBI OJaH 9pi
KETUTIP1III.

PhD nokropantypacsinia oKy Oapeickinaa XKynasi3 bateikoBa €3iH1H KociOu
OUTIKTLIITIH alTapibIKTall apTThIPBIN, KYHABl XaJIbIKApAIBIK FHUIBIMU TIXIpHOect
Oap OUTIKTI 3epTTEYII PETIH]I€ KAJIbIITACThI.



Kazakcranna sxone Uex PecnyOnukachiHaa sKypri3uireH 3epTTey HOTHKeNepi
OapnbIFbl 15 FHUIBIME KapusiIaHbIMIa, OHBIH imiHAe Kazakctan PecmyOnukace
Frutbim koHe >xoFapbl OUTIM callachlHIAFbl CamaHbl KamMTaMachl3 €Ty KOMUTETI
YChIHFaH YJITTBHIK PEICH3UsUIAHATBIH FBUIBIMU KypHaJIJapJarkl 2 Makaia/ia *KoHe
Scopus xoHe Web of Science aepexkkopiapblHlla UHICKCTEJIETIH XaJbIKapaJibIK
FBUIBIMU KYpHAJIIApAarsl 3 MaKajaaa >KapusulaHibl. ATan aiTKaHaa:

Microorganisms - npoueHTuib 84, Q1;

International Journal of Plant Biology - npouentunb 70, Q2;

International Journal of Biology and Chemistry - npouenTiib 30, Q3.

CoHBIMEH Karap JOKTOPAHT ©31HIH 3ePTTEy HOTHXKEJIEPIH PECIyOIUKAIBIK
KOHE XaJIbIKapaJibIK FRIIBIMU KOH(pepeHusiapaa 0assaaaasl. XKapusiianeiMaap MeH
KOH(epeHLusIapFa KarbiCy O€JNCeHAUIIr JKYPri3uUireH 3epTTeyIdiH FbUIBIMU
YKAHAJIBIFBIH JKOHE KOJIJTaHOAIbI MAaHBI3bIH KOPCETE/II.

JluccepTanusuiblK )KYMBICTBIH MaHbBI3/Ibl MPAKTUKAJIBIK HOTHXKEIEPIHIH O1pi -
Bacillus thuringiensis AS31 mTambl )KoHE BEPMHUKYIUT-MUCKaHTYC GMOKOMIIO3HUTI
Herizigae «Vermix» HMMMOOWIM3ACHTEH OWOJOTHSIIBIK IIperapaTbliH OHIIPYAIH
TEXHOJIOTUSUIBIK ChI30aChIH 931pJiey OObITT TaObLIaIbI.

OHTalIaHIBIPBUIFAaH  TEXHOJOTHSJIBIK —TapaMeTpiepre BEPMUKYIHUT TICH
Muckantyc 6uokeMipiniy 50:50 karbiHachl, OacTankbl OAKTEPUSUIBIK CYCTICH3US
xkoHreHTpanusacel 107 KTb/mn, OakrepusuiblK CyCHEH3HUSHBIH OHOKOMITO3UTKE
KaTeIHAchl 1:3 (kesiem/Macca) xoHe 18 caraTThIK HMMOOMIH3AIIMS KE3€H] JKaTalbl.
ArtanraH mapamerpiiep OWOJIOTHSUIBIK MpEenaparThl OaH opi KETUIAIPY >KOHE
NpaKTUKAJIbIK ~ MakcarTa KOJJaHy YUIIH  FBUIBIMM  Heri3uenreH  0asa
KaJIBIITaCTBIPA/IbI.

XKanner anranga, PhD nuccepranusiiblk 3epTTeyiHie KOMBUIFAaH MakcarTtap
MEH MIHAETTEp TOJBIK OPBIHIAIILI JIEN ecenTedMiH. JluccepTamusuiblK KYMbIC
TEOPHSUTBIK JKOHE DSKCIEPHUMEHTTIK OeiMaepl e3apa JOTHKAaIbIK OailaHBICKaH,
KYHeNl TypAe KYpbUIBIMIAJIFaH FBUIBIMU 3€pTTey O0Mbin TaObuiaabl. JKYMBICTHIH
TEOPHSITBIK Oeuiri OMOKOMIP-MUKPOOTHIK TachIMaJIJIaybLIap MEH
MUKPOOPTaHU3M/IEpAl HWMMOOUIIM3AIMsATIay MocelleJiepiHe apHaiFaH FhUIBIMH
onebueTTep i KaH-)KaKThl IOy MEH TaJiJjayFa HEeT13/IeNTeH dKoHE dKCIIEPUMEHTTIK
3epTTEYJIECPMEH JIOTHUKAJIBIK TYP/E YIITACTHIPBUIFaH.

3epTTey KYMBICHI MUKPOOPTaHU3MJEP MEH COPOEHTTEep/l Oeim aay XKoHe
cunarraynad Oacrtamn, UMMOOWIHM3AIUS JKaFJailapblH OHTAIaHIBIPYFa, OJap/IbIH
OMONOTHSUIIBIK dCepiH OaranayFa oHe COHBIH/IA IPAKTUKABIK TYPFBIJIaH KOJJaHYFa
0onaThiH  OWONIOTHSUIBIK ~TMPENaparThl  OHIIPYAIH TEXHOJIOTHSUIBIK ChI30aChIiH
a3ipieyre AeHiHTI ©3apa cabakTac Ke3eHaepal KaMTHIB.

bareikoBa Xynaer3aein UJEP yHHBEpCcUTETIHIE KYPTi3TeH 3epTTeyiaepi MEH
FBUTBIMU KbI3MeTi MeH keTekmiik ereTiH NATO SPS Multi-Year Project G6094
«Mitigation of Climate Change through Miscanthus x giganteus Phytotechnology
Applied to Military Sites» (2023-2027) xanbiKapaiblK M0OaCbIHbIH FHUIBIMHU-
3epTTey JKYMBICTapbhlHA J1a YJeC KOCThl. ATan alTKaH/Ia, MHUCKaHTyCTaH aJIbIHFaH
Marepuajaap HEeri31HAer1 MUKpOOTHIK TachIMaJAaylIbUIapabl 931piey *KoHe Oarasay
TOTIBIPAKTHI KaJMbIHA KEATIPYy MEH (PUTOTEXHONOTHSAA TYPAKTHI OMOJIOTHSIIBIK
TOCUIIEP/l KEHIHEH KOJIJTaHy OarbITTapbIMEH TiKeJel OailllaHbICTHI.



JluccepTauMsuiblK  3€pTTEYAIH FHUIBIMH YKAHAJBIFBI, OMICTEMENIK Carachl,
3epTTeY HOTUKENIEPIHIH ©3apa JOTUKAJbIK Ca0aKTACThIFbI, OJapIblH MPAKTHKAIBIK
MaHBI3JbUIBIFBl KOHE KOMBUIFAH MAaKCaTTap/blH TOJIBIK OPBIHAAIYBIH €CKepe
oTeIpbin, bareikoBa JXyiabi3ablH «OpTypil copOeHTTepre UMMOOMIIN3IEHIEH
pu3obakTepusiap HEri3iHAe OuompenapaT KypacThlpy» TakKbIpblObiHAarel PhD
nucceprauusuiblK KyMbIckl 8D05105 - BuoTexHonorus MamaHIbIFbI OOWBIHIIA
JOKTOPJIBIK JHCCEepTalusiiapFa KOWBUIATBIH TajamnTapra COWKec Keledl Jen
KOPBITBIHABLIAMBIH.

OcpiraH 0ailyIaHBICTBI aTaJIFaH JUCCEPTALUSIIBIK KYMBICTBIKOPFayFa YChIHYFa
xoHe barbikoBa JKynabl3 AuccepTalusachlH COTTI KOpFaraH skargaiiga oran PhD
TOpEKECiH Oepyre YChIHAMBIH.

IIpodeccop Banentuna InpaucHiok, Dr.Sc.
Kopiiaran opTaHblH XUMHUSICHI )KOHE TEXHOJIOTUSICHI Kadepachl
Kopiaran opra dakynbTeTi
An EBanrenucta [lypkuHe aTbiHIaFbl YHUBEPCUTET
VYeru-nan-Jladbem, Uexus

Ten.: +420 776 052 475
E-mail: valentyna.pidlisniuk@ujep.cz
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