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REPAIR OF INTERSTRAND DNA CROSSLINKS INDUCED
BY OXIDATIVE STRESS AND ANTI-CANCER AGENTS

Abstract. Interstrand crosslinks (ICLs) occur when two complimentary strands of DNA are covalently
linked together after exposure to crosslinking agents, therefore blocking the processes essential for cell
survival such as DNA transcription, replication and recombination by preventing the strand separation
and switching cell fate to apoptosis. Taking advantage of it, chemical agents such as cisplatin, mitomycin
C and nitrogen mustards are widely used in chemotherapy against cancer and several hyperplasic dis-
eases. However, cellular responses induced by ICLs and repair mechanisms counteracting their cytotoxic
effect can lead to the appearance of acquired resistance in cancer cells thus limiting the efficiency of the
treatment. In this review, we will discuss the main properties of several classes of ICL-forming agents and
recent advances in our understanding of the mechanisms of ICL repair. Due to the recent developments
on the repair mechanisms of various ICLs, our insight has broadened regarding the drug-specific forma-
tion and cellular processing of ICLs. Even though the main features of ICL repair remained the same, new
players of repair machinery acting upon specific ICLs are being discovered. These new findings may
furnish a basis to improve and adapt anticancer therapies by targeting DNA repair pathways in order to
counteract the development of resistance to anti-cancer treatments.

Key words: DNA repair, oxidative stress, DNA crosslinks
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OKCHMAAQTHUBTI CTPecC NMeH aHTUPaKTbIK, areHTTep acepiHeH
AHK MoaekyAacbiHAa naitaa 60AFaH Tiz6ekapaAblK alKackKaH
6aiiAQHbICTAPAbIH, penapauuschbl

AHaaTna. XMMMSIAbIK, areHTTepPAIH acepiHeH eki komnaemeHTapAbl AHK TisbekTepi 6ip-6ipimeH,
CyTeKTiK 6arAaHbIC eMec, KOBaAeHTTi HaliAaHbICKAH >KaFaanaa TizbekapaAblk, aikackaH GaiAaHbiCTap
(ICL) nanaa 6oaaabl. CoHabikTaHaa ICL, TpaHckpunums, penavkaums xoHe AHK pekomOuHaumsicol
CUSIKTbl KAETKaHbIH, TipLiAiriHE MaHbI3AbI MPOLLECTEPAI TeXer, KAeTKaHbIH anonTo3 XOAblHa TyCyiHe
ceben 60aaabl. OcCblFaH opan, LUCMIAATUH kaHe MUTOMULMH C CUSAKTbI XMMUSIABIK, areHTTEpP pak >KeHe
rMNeprnAasmsAbliK, aypyaapbliHa KapcCbl XMMMOTEpanusl caAacblHAQ KeHiHEeH KOAAAHbIAaAbl. AAanAQ,
ICL-iH UMTOTOKCMKAABIK, 8CepiHe KapCbl TypaTblH KAETKAiliAIK npouectep, coHbiMeH Katap AHK
penapaumsCbiHbliH, MEXaHU3MAEPI XMMMOTEPANUSIAbIK, BHAEYAEPAIH eMAIK acepiH wekTen oTblp. Ocbl
Makanaaa, 6izaep ICL TyseTiH GipHelle 3aTTapAblH KacMeTTepiH, COHbiMeH Kartap TysiareH ICL-aiH
penpaumgaAaHy MexaHu3Mmi TypaAbl COHFbl AepekTepAl TaAkblAalmbl3. COHFbl Ke3Aepi >KapusAaHFaH
aepexTep, ICL-aiH naaa 60Ay MexaHuamAepi MeH KaeTkadbiH ICL-re KaTbICTbl >kayabbl TypaAbl
TyciHirimisai keHenTTi. ICL 3aKkbIMAQAYAQpAbIH pernapaumsAaHy cunaTtTamaAapbl el e3repicci3
60AFaHbiMeH, ICL-AiH TypAepiHe KaTbICTbl XaHa penapaumsAaHy MeXaHM3MAEpi aikbIHAAABIM >KATbIP.
Ocbl, AHK MoaekyaacbiHparbl ICL TypAepiHe KaTbICTbl pernapaumsacbiHbiH, MEXaHW3MI TypaAbl »aHa
AepekTep, icikke KaTbICTbl Tepanusaa ICL Ty3ywwi areHTTepAi NarnAaAaHyAbIH eMAIK 8CepiH apTTbipyFa
Heri3 60Aa araAbl Aen OMAANMbI3.

Tyiin ce3aep: AHK penapaumscel, okenaatmsTi ctpecc, AHK Tizb6ekapablk, 6aiAaHbIChI.
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Penapauus mexueno4veyHblX CLUMBOK
B AHK, MHAYyLLUPOBaHHbIX OKCMAATUBHBIM CTPECCOM
M QaHTUPAKOBbIMM areHTaMM

AHHOTauus. MexuenoyeyHble nepekpecTHble cBa3u (ICL) BO3HMKaIOT, KOrAQ ABE KOMITAEMEHTapHbIe
uenn AHK KoBaAeHTHO CBSI3aHbl APYT C APYrOM MOCA€ BO3AEMCTBUS CLUMBAIOLLMX areHTOB, MO3TOMY
OHU GAOKMPYIOT MPOLIECCHI, BaXKHbIE AASI BbIXKMBAHUSI KAETOK, TakMe Kak TPaHCKPUMLUMS, pernAnKaLms
n pekombuHaums AHK, npeaoTBpallas pasaeseHve Lenu 1 nepekaloyas CyAbOy KAETKM Ha anonTos.
B cB43M C 3TUM, XMMMUeCKMe areHTbl, TakMe Kak LMCIAATUH U MUTOMULUMH C, LUIMPOKO MCMOAb3YIOTCS
B XMMMOTEpanuu npoTMB paka M HEeKOTOpbIX runepraazuveckux 3aboseBaHuit. OAHAKO KAETOYHbIE
oTBeTbI, MHAYUMpyemble ICL, 1 MeXxaHM3MbI penapaumu, NPOTUBOAENCTBYIOLLME MX LLUTOTOKCUUYECKOMY
3ppekTy, MOTYT NMPUBOAUTD K MOSIBAEHWIO MPUOOPETEHHOM PE3UCTEHTHOCTU B PAKOBbIX KAETKAX, YTO
orpaHuumeaet 3(pHEKTUBHOCTb AeueHus. B 3Tom 0630pe Mbl 06CYAMM OCHOBHbIE CBOMCTBA HECKOABKMX
KAaccoB BewecTB, (popmupytowmx ICL, a Tak)Ke NocAeAHWEe AOCTMXKEHMS B NMOHMMAHWKM MEXaHM3MOB
penapaumm ICL. B cBS131 € HEAQBHMMM pe3yAbTaTaMM MCCAEAOBAHUS MEXaHU3MOB pernapaLmmn pa3AMUHbIX
ICL, Hawe noHumaHue paclMpUAOCh B OTHOWeEHMKU cneumndunueckoro obpasosanHus ICL n kaeTouHOM
06paboTkm ICL. HecmMoTps Ha TO, UTO OCHOBHbIE XapakTeprcTrkm penapaumm ICL ocTaAnCb MPeXXHUMM,
06Hapy>KMBAIOTCSl HOBble MEXaHM3Mbl pernapaumm, AEenCTBylolMe Ha KoHkpeTHble ICL. DTu HoBble
pe3yAbTaTbl MOTYT MOCAY>XKMTb OCHOBOM AAS YAYULLEHWNS U aAanTaumm NPOTUBOOMYXOAEBOM Tepanuu Ha
OCHOBe 3HaHWS MeXaHu3moB penapaumm AHK ¢ LeAblo MpoOTUBOAENCTBUS Pa3BUTUIO YCTOMUMBOCTU K
NPOTUBOPAKOBOMY A€YEHMIO.

KaroueBble caoBa: penapauma AHK, okcnaaTuBHbIN cTpecc, mexxuenoyeyHas ciumeka AHK.

Introduction

In mammalian genome around 10° endogenous
DNA lesions on average are formed per cell on
daily basis as a result of replication errors, oxygen
free radicals produced during cellular respiration,
exposure to mutagenic environmental factors and
modifications by both endogenous and exogenous
genotoxic compounds [1, 2]. It is believed that
these DNA lesions lie at the origin of cell lethality,
tissue degeneration, aging, and cancer due to their
cytotoxicity and miscoding properties, which
affects normal genetic information inheritance and
translation. Luckily most of these lesions have small
and non-bulky character and are easily fixed by
different DNA repair mechanisms that appeared in
living organisms during the evolution to recognize,
excise, and accurately replace specific forms of
genetic modifications. However, there are also
bulky and extremely cytotoxic DNA lesions such
as double-strand breaks (DSB) and inter-strand
DNA crosslinks (ICLs), which are very difficult to
repair and thus require a coordinated contribution of
several distinct repair pathways [3].

Inter-strand DNA crosslinks (ICLs) are among
the most toxic DNA damages that block transcription
and replication by preventing strand separation. A
single ICL is enough to kill repair-deficient bacteria

and yeast cell, whereas around 20-40 ICLs can
lead to the death of a repair-proficient mammalian
cell. Due to their high cytotoxicity, ICL-inducing
agents like cisplatin, mitomycin C and psoralen are
commonly used drugs against hyperplasic diseases
such as cancer, psoriasis, and vitiligo [2, 4]. Like
most of other DNA lesions, once induced, ICLs
lead to the activation of cellular signaling and repair
mechanism, which are being associated with the
development of acquired resistance of tumor cells to
anti-cancer drugs [5]. Due to the elevated mutation
rate and specific changes in the genome organization
of cancer cells, the sensitivity to DNA crosslinking
agents greatly varies among tumors, making the
choice of optimal therapy complicated. In this
review we will discuss the properties of different
DNA crosslinking agents and ICLs that they induce,
as well as the current insight on understanding of
ICL repair mechanisms in cells.

Formation of ICLs

The idea of using DNA inter-strand crosslinking
agents in chemotherapy originated from extremely
toxic mustard gas which was created as a deadly
chemical weapon during the First World War. In
1943, during the Second World War US Merchant
Ship with 60 tons of sulphur mustard bombs was
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bombed and led to the contamination of the nearby
city and suburbs. As a result of autopsy it was
revealed that this chemical specifically attacked the
white blood cells of the victims. It was proposed
that these chemicals might be used as a treatment of
leukaemia and later, after the war, the first study on
the ‘Nitrogen Mustard Therapy’ was published [6].

After almost seven decades of continuous
studies, nowadays there are different chemical
DNA crosslinking drugs such as nitrogen mustards,
platinum compounds, psoralens and mitomycin C
widely used in the treatment of different solid tumors
and leukaemia. Although these drugs have been
used against tumor cells with remarkable efficiency
since their anti-cancer property have been first
discovered, the fact that they induce cell death by the
ICLs formation was discovered much later on. As it
appeared these agents form covalent bonds between
neighboring nucleotides on one or two strands of
DNA, inducing intra- or inter-strand crosslinks and
only the latter ones, which represent only a small
fraction of the total DNA adducts, are thought to
be the main determinant of the cytotoxicity of these
drugs [4, 7].

Depending on a number of factors, including
cellular uptake and metabolic activation, ICL agents
have different cytotoxicities. Nitrogen mustards and
their derivatives such as melphalan, chlorambucil,
and cyclophosphamide induce both intra-strand and
inter-strand crosslinks by reacting with guanines
at 5°-GNC-3’ cites. Nitrogen mustards act very
rapidly inducing ICLs with 14° strand bending
distortion within 20 minutes after treatment [8, 10].
Psoralens that are used to treat several skin diseases
like psoriasis can be activated by UVA to induce
thymine monoadducts and ICLs between thymines
at 5’-TA-3 and 3’-AT-5" sequences in DNA.
Psoralen-induced ICLs cause unwinding of 25° and
minor local distortion of DNA’s helical structure.
Natural antitumor antibiotic mitomycin C forms
adducts at the N-7 and N-2 of guanine, intra-strand
cross-links, and ICLs between the N-2 of guanines
at 5°-GC-3’ and 3’-CG-5’ sequences in the minor
groove. Widely used anti-cancer drug cisplatin
mainly reacts with guanines, forming 65% d(GpG)
intra-strand cross-links, 25% d(ApG) intra-strand
cross-links and 5-8% ICLs between the guanines
in the sequence d(GpC) [8, 9]. Among all platinum
compounds cisplatin is the one causing the largest
DNA distortion by 45° bending and 79° unwinding.
Carboplatin adducts are similar to cisplatin adducts,
with 3-4% ICLs. Although the percentage of
cisplatin-induced ICLs is low, they seem to cause
major DNA distortions, whereas another platinum

compound transplatin with up to 30% of ICL induce
is less toxic, which could be due to several reasons
such as different structure of the ICL allowing
faster repair, slower conversion of transplatin
monoadducts to ICLs, and a lack of the highly toxic
d(GpG) intra-strand adducts [11-13].

Although most of the current interest in ICL-
inducing agents appeared from their use in anti-
cancer chemotherapy, endogenous crosslinking
agents are considered to be behind the evolution of
the cellular responses that these exogenous agents
trigger. ICLs appear endogenously as a result of
the reaction between DNA and by-products of lipid
peroxidation, including acrolein and crotonaldehyde
R, B-unsaturated aldehydes [14, 15], that are also
found in food, tobacco and pesticides and their
concentrations increase in the cells of subjects with
a high-fat diet and alcoholism [16, 17]. As long
as cellular survival is seriously threatened by the
presence of such adducts, they might be considered
as a driving evolutionary force for the development
of the repair and signaling pathways of ICLs.

Therefore, ICLs can occur naturally and are
something that cells must deal, even though they are
rare in healthy cells. The existence of a rare genetic
human disorder Fanconi anemia (FA), where
patients are extremely sensitive to ICL-inducing
agents, underscore the importance of being able to
process ICLs in normal cells [18]. As a result, the
ICL repair pathways are vital for healthy cells, but
at the same time they are a cause of the resistance to
ICL-inducing agents under therapeutic conditions.

Consequences of ICL formation

The processes necessary for normal functioning
of cells such as replication and transcription requires
separation of the two strands of a DNA double
helix. ICL inducing agents create covalent bonds
between two bases in opposite strands, which are
more difficult to repair, compared to those on one
DNA strand, called intra-strand DNA crosslinks
[7]. The latter is assumed to be less toxic due to the
presence of the universally conserved nucleotide
excision repair pathway (NER) which can remove
these lesions and also specific translesion synthesis
DNA polymerases that may bypass these DNA
adducts during the replication. Moreover, since
only one strand of DNA is distorted in the case of
intra-strand crosslinks, the opposite complimentary
strand might be used as a template during the repair
(mostly by NER pathway) and replication, which is
not possible with ICLs that damage both strands [9].
As it was shown in the first studies of ICL repair
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in E. coli by Cole [19], the interplay of multiple
repair pathways such as nucleotide excision repair
(NER) and homologous recombination (HR) is
required to deal with ICLs. In eukaryotes the repair
of ICLs is even more complex due to the presence of
additional layers of the regulation such as chromatin
and dependence of the repair pathway choice on the
cell cycle. Therefore, as well as NER and HR, other
DNA repair and signaling pathways such as FA,
mismatch repair (MMR) and translesion synthesis
(TLS) are involved in ICL repair [20].

In addition, the cellular processing of ICLs can
generate DSBs during the replication due to the
replication fork stall and collapse. The formation
of DSBs leads to the number of processes such as
cell-cycle arrest, HR pathway-mediated repair of
the breaks, and also to apoptosis, in case of large
number of unrepaired DNA lesions. At present, it is
not clear whether apoptosis induced by UV-lights
and ICLs, which induce different types of DNA
lesions, occurs because of the replication induced
DSBs [21, 22]. What is more, it is remains unclear
how a cell decides to survive through the repair
or dye via apoptosis. In this review, we will focus
on two fields regarding the ICL-induced cellular
response, ICL removal from DNA and its regulation
by Fanconi anemia (FA) pathway.

ICL removal in G0/G1 cells

The vast majority of studies indicate that the
repair of ICLs occurs mainly via replication-
dependent mechanism [20]. However, the removal
of ICLs in quiescent GO/G1 phase cells may proceeds
by different mechanism. The induction of strong
replication fork blockage by DNA crosslinking
agents is the main reason of their high cytotoxicity
of . Cells lacking the replication-coupled ICL repair
exhibit high sensitivity to DNA crosslinking agents.
However, in the case of quiescent (GO/G1 phases)
cells the removal of ICLs is also essential because
of the transcription stall, but the repair mechanisms
and the main players are different from that of
replication-dependent ICL repair. In all eukaryotes
from yeast to human cells replication-independent
repair of ICLs in GO/G1 phases occurs through two-
step incision of ICL by NER machinery. First, ICL-
containing region in DNA is recognized and cut
by NER enzymes [23, 24]. In case of transcription
blockage by ICL, incision complex is loaded by the
two specific factors of transcription-coupled NER,
which are CSA and CSB but in non-transcribed
regions by XPC-HHR23B complex via global-
genome NER (GG-NER). In this step, the incision

complex consists of XPA-RPA, TFIIH, XPF-
ERCCI1 and XPG. Once the dual bracketed incisions
are done, the gap generated only on one side of
DNA duplex is bypassed by a TLS polymerase such
as DNA polymerase k, DNA polymerase {, or REV1
[23, 25-27]. The short oligonucleotide covalently-
bound to a nucleotide on another strand goes
through the second round of incision with different
composition of enzymatic complex. And finally, the
second gap is filled in by Pol 6 and PCNA.

The repair of ICLs in S phase

The ICL induced stall of the replication
machinery by the blockage of strand separation and
DNA polymerase activity is a major cause of ICL
cytotoxicity , thus it is assumed that the replication
fork stall triggers the initiation of ICL repair. The
removal of ICLs during DNA replication is a very
complex process that requires involvement of
several repair pathways and involvement of various
enzymes acting in different cellular processes.
Several studies suggest that cell exposure to ICL-
inducing agents leads to the generation of double-
strand breaks (DSB) in S phase of cell cycle,
which in turn are repaired by HR but not by the
classical non-homologous end joining (NHEJ)
pathway [23]. Therefore ICL-induced DSBs were
associated with the replication fork, although the
details of the replication-dependent ICL repair
remained unknown until very recently. It was shown
that in S. cerevisiae, in proliferating as well as in
quiescent cells, ICLs are recognized and excised
by NER machinery, thus making NER-deficient
yeast mutants extremely sensitive to ICL-inducing
agents [27-30]. However, in case of mammalian
cells, hypersensitivity to crosslinking agents was
demonstrated only for the cells deficient for XPF
and ERCC1 which are components of a hetero-
dimeric endonuclease XPF/ERCCI1, that is able to
recognize and cleave single-stranded branched DNA
structures with high specificity [27-30]. In addition,
several classes of proteins, such as, structure-
specific endonuclease MUS81-EMEI, homologue
of XPF-ERCCI1, TLS polymerases Pol{ and Revl,
and HR proteins: Rad54, XRCC2 and XRCC3
were found to be involved in ICL-repair based on
the sensitivity of mutant cell lines lacking these
proteins to ICLs [20]. MUS81-EMEI1 specifically
binds to double-stranded branched DNA structures,
Holliday junctions and 3’-flaps, and as well as XPF-
ERCCI1 is found to be implicated in ICL-induced
DSB generation in replicating cells [31]. At present
it is not clear, whether, the formation of DSB is a
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consequence of the ICL repair, this should be further
investigated [9, 32]. Recently many nucleases have
been shown to be involved in the ICL incision and
without any doubt the accumulation of knowledge
coming from various studies have shed light on our
understanding of ICL repair. Here, we summarize
the most recent model of the ICL repair in replicating
cells. Dual bracketed incisions of an ICL during
DNA replication result in the generation of DSB in
one of newly synthesized sister chromatid, which
is then repaired by HR pathway. The studies of the
roles of S. cerevisiae RADS51, RAD52, RAD54,
RADS59 and MREI11 genes showed that they are
important for the ICL repair, since the mutant
strains deficient for any of these genes exhibited
hypersensitivity to DNA crosslinking agents.
Interestingly, although YKU70 mutants (deficient
for NHEJ) did not demonstrate increased sensitivity
to ICLs as compared to control, YKU70/RADS52
double mutants exhibited the same sensitivity profile
as RAD52 mutant alone. As it was mentioned above,
high DSBs accumulation and DSB repair failures in
HR-deficient cells suggest that the NHEJ pathway is
not involved in the ICL-induced DSBs repair [10].
In addition, the mammalian cells with mutations in
RADS51 paralogues, RAD54, RAD54B and BRCA2
demonstrated increased sensitivity to ICL-causing
agents, compared to wildtype, which is not the case
for the HNEJ-deficient mutants [33]. It was also
hypothesized that HR is responsible for the restart
of stalled replication forks after the repair of ICL-
induced DSB. In vertebrates, the Fanconi anemia
(FA) system plays major role in the replication-
coupled ICL repair. Indeed, the FA patients with
this cancer-prone inherited disorder, are extremely
sensitive to DNA crosslinking agents. In fact, there
are at least twenty genes in which mutations are
associated with the FA phenotype and although their
biological role is not well understood yet, they are
known to control HR in the replication-dependent
ICL repair.

Apart from the incision-dependent ICL repair,
which leads to the collapse of the replication fork
and generation of DSBs, the alternative incision-
independent ICL repair via unhooking of the
crosslinked DNA bases by NEIL3 DNA glycosylase
from Fpg/Nei family has been described in recent
studies. In two different studies [34-37], enzymatic
activity of NEIL3 DNA glycosylase upon psoralen-
induced ICLs was demonstrated using biochemical in
vitro reconstitution system. Walters and colleagues
using cell-free Xenopus egg extracts have shown
efficient unhooking of the ICL via hydrolysis of
the N-glycosydic bond between the adducted base

and deoxyribose sugar by NEIL3, and creating an
AP site on one DNA strand and psoralen-thymine
monoadduct on the other complementary DNA
strand. It has been suggested that a basic site is
then removed by the AP endonuclease or AP lyase
activity, while monoadduct might be removed via
base excision repair (BER) pathway [36]. On the
other hand, Saparbaev’s laboratory has demonstrated
that NEIL1 and NEIL3 DNA glycosylases are able
to resolve psoralen-crosslinked DNA fragments in
three- and four-stranded DNA structures [34-35, 37].
Although, these experiments have been performed
in vitro, the recent studies revealed that NEIL3 is
overexpressed in various tumors that characterized
by high resistance to ICL-inducing agents such as
cisplatin, nitrogen mustards and mitomycin C. These
observations imply the importance of this gene in
the resolving of CLs in the incision-independent
repair pathways without generation of highly toxic
DSB [38-41].

FA pathway-coordinated removal of ICLs

FA is a rare genetic disease resulting in
aplastic anemia, bone marrow failure, congenital
abnormalities, and high predisposition to develop
hematological (typically acute myelogenous
leukemia) and squamous cell cancers. After
exhaustive genetic and functional complementation
studies, 22 genes were found so far to be mutated
in FA patients, making this disorder genetically
highly heterogeneous [7, 42]. What is more, FA
gene products play roles in the ICL response and
repair of associated DNA damage and they found
to be involved in double-strand break (DSB) repair,
mismatch repair (MMR), and nucleotide excision
repair (NER) pathways. Mutations in FANC genes
lead to high sensitivity to DNA crosslinking agents
and genetic instability [18]. Products of nine FA
genes (FANCA, FANCB, FANCC, FANCE,
FANCF, FANCG, FANCL, FANCM, FANCT)
form FA core complex, whereas at least five of them
are associated proteins (FAAP100, FAAP24, HESI1,
MHF1 and MHEF2). In addition, there are two FA
core complex proteins that have catalytic activities
— FANCM and FANCL. The former, FANCM, is a
DNA translocase, that interacts with MHF1-2 and
FAAP24 [42-45], this complex is a first sensor to
be recruited to DNA damage sites and it promotes
remodeling of the stalled replication forks. It has
been suggested that FANCM plays a role in loading
of the FA core complex to the stalled replication
fork structures, but if FA core complex is absent,
it activates checkpoint signaling [18]. Two other
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proteins, UHRF1 and UHRF2, recently, have been
found to also act as ICL sensors, and to be recruited to
the lesion site within seconds to promote activation
of the FA pathway [46]. The FANCL is an ubiquitin
ligase required for the monoubiquitination of the
FANCD2-FANCI proteins, a second component of
the FA pathway [20]. Monoubiquitination of this
complex is essential for DNA repair, because it
leads to the co-localization of this heterodimer with
several DNA repair factors, such as FANCDI (also
known as BRCA?2) in chromatin, which is, on the
other hand, necessary to induce resistance to ICL-
forming agents. Using Xenopus cell-free extracts,
the role of FANCD2-FANCI proteins in cisplatin-
induced ICL repair has been demonstrated by in
vitro reconstitution assay [47]. As it appeared, the
absence of FANCD2/I complex or mutations which
makes its ubiquitination impossible, result in the
blockage of the ICL unhooking and subsequent
translesion synthesis bypass. It was suggested that
mono-ubiquitinated FANCD2-FANCI complex is
one of the key factors in the recruitment of structure-
specific endonucleases and translesion synthesis
DNA polymerases to the ICL sites. In addition, it
was suggested that the gene products of FANCDI1
(BRCA2), FANCJ (BACHI1 or BRIP1 helicase) and
FANCN (PALB2) are necessary for the efficient
repair of the ICL-induced DSBs by HR machinery
[18].

As described above, the FA pathway mainly
operates during replication of DNA, in S-phase of
cell cycle, cooperating with the structure-specific
DNA endonucleases, TLS DNA polymerases and
HR proteins which repairs the ICL-induced DSBs.
This replication-dependent ICL repair pathway
taken place in proliferating cells is considered to
be the main system that counteracts the genotoxic
effects of ICLs. However in slowly dividing and
non-dividing at all highly differentiated cells such as
neurons, the replication-independent repair of ICLs
such as TC-NER can be used to preserve genetic
integrity. Currently, the mechanism of FA pathway
outside of S-phase is poorly understood and requires
further investigations [48].

ICL repair inhibitors

As a result of the accumulation of knowledge
coming from various studies, the FA pathway has
becomeincreasingly complex;thus the understanding
of detailed molecular mechanisms of its functioning
can be used to detect the susceptibility of tumor cells
to DNA crosslinking anti-cancer agents. Therefore
this information can be essential for predicting the

success of treatment as well as the inhibition of FA
pathway may sensitize tumor cells to the treatment
with DNA crosslinking agents.

As it was demonstrated previously, efficient
repair of ICLs leads to the development of acquired
resistance of tumor cells to DNA crosslinking
agents [49, 50] and the inhibition of key processes
in the ICL repair pathways is one of the main aims
of anti-cancer therapy. Recently, it has been shown,
that even without using DNA damaging agents,
inhibition of single-strand DNA break (SSB) repair
protein PARP1 leads to the synthetic lethality of
the BRCA2 (FANCI)-deficient cells [S1], which
implies the promising future for the development
of new anti-cancer therapy by targeting the DNA
repair proteins.

The ICL repair is a complex process, which
involves various proteins from different DNA repair
pathways, thus in order to successfully inhibit the
whole process, is sufficient to identify the key
players and target them. Due to high sensitivity
of FA-patients to DNA crosslinking agents, this
pathway attracts a lot of attention from researchers
as a valuable target for DNA repair inhibition.
So far, the disturbance of FANCC and FANCG,
which are FA core complex proteins, resulted in
the increased sensitivity of adenocarcinoma cells
to DNA crosslinking agents in mice studies [52].
Various studies have identified the key factors
essential for normal functioning of the FA pathway
one of them the most important step of FA is the
mono-ubiquitination of FANCD2/I complex, which
is now being the most studied target for DNA repair
inhibition [49, 50]. So far several products, including
curcumin and its derivatives were identified as
inhibitors of the FA pathway [53, 54]. Very recently,
it was also found that phosphorylation of FANCD?2
suppresses the FA pathway by reducing the DNA
binding activity of FANCD2-FANCI complex
[47]. The novel mechanism that controls the load
of FANCD2/FANCI complex to DNA, allowing
to switch the FA pathway on and off. This seems
to be very attractive target to downregulate the FA
pathway which may lead to the increased sensitivity
of tumor cells to DNA crosslinking agents. However
deeper understanding of this mechanism is necessary
to be able to apply it in clinic. So far several other
studies with promising results were done with
much attention to FANCD2/FANCI complex and
its monoubiquitination by FA core proteins [55,
56]. Further development of the inhibitors of FA
pathway requires understanding of the whole picture
of FA pathway and its mechanisms to specifically
downregulate this repair system.
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Conclusion

ICLs are highly cytotoxic DNA lesions which
damage both DNA strands in the duplex and
require efficient cooperation of many different
DNA repair and signaling pathways to be removed.
After decades of investigations, our picture of
the mechanisms of ICL repair which involves
the network of interactions between signaling
and repair proteins induced by ICLs still remains
incomplete. So far, the studies of ICL repair face
the difficulties due to rare character of these lesions
in the non-treated healthy cells, however now
thanks to the development of biochemical methods

to synthesize oligonucleotides and plasmids
containing site-specific ICLs as well as to use of
cell-free extracts, researchers are able to progress
in the understanding of the molecular mechanisms
of the ICL repair and beyond, which undoubtedly
would help the understanding the development
of anti-cancer therapy resistance. The knowledge
accumulating from different studies around the
world would allow us to improve and adapt the
anti-cancer therapies by using the combination of
DNA crosslinking agents and the specific inhibitors
targeting the essential DNA repair proteins in order
to increase the efficiency of treatment of cancer
patients.
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RESISTANCE OF COMMON WHEAT (TRITICUM AESTIVUM L.)
MAPPING POPULATION PAMYATI AZIEVA x PARAGON TO LEAF AND
STEM RUSTS IN CONDITIONS OF SOUTH-EAST KAZAKHSTAN

Abstract. Epiphitoty of wheat fungal diseases, particularly leaf (caused by Puccinia triticina Erikss.)
and stem (caused by Puccinia graminis Pers.) rusts, leads for the serious grain yield losses up to 60-80%
all over the Globe, including Kazakhstan. Such detrimental effect is explained by the parasitic nature of
pathogens and the ability of their spores to be spread easily with the wind. The presence of intermedi-
ate pathogen’s hosts near the fields also plays an important role in the rapid development of infection.
Therefore, comprehensive studies of pathogens, including genetic and ecological aspects, are required.
In the present study, the population including 98 recombinant inbred lines of crossing between Russian
common wheat cultivar Pamyati Azieva and UK's cultivar Paragon was used for field trials of resistance
to leaf and stem rusts. Experiments were conducted in 2018-2019 in the fields of South-East Kazakhstan.
As a result of this study, the resistance status of each line and two parental cultivars was determined, the
promising lines with relatively high resistance to two diseases and great yield potential were identified,
a negative correlation between the severity of diseases and yield components was revealed. A better
understanding of relationships among pathogen, its host and other organisms, ways of pathogen’s dis-
tribution and its role in ecosystems will give reliable background for the developments of new common
wheat cultivars.

Key words: Common wheat, ecological testing, genotype x environment interaction, leaf rust, stem
rust.
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KasakcTaH, AAMaTbl 00AbICbI, AAMaAblfak,
4A>koH MHHec OpTanbifbl, YAbIGpuTaHus, Hopeuu K.

K asakCTaHHbIH, OHTYCTIK-LUbIFbIC )KaF AAMbIHAQ XKaNbIPaK, XXKoHe
cabak TaTblHa XXYMCaK, OMAQMAbIH, KAPTAaAQHATbIH
Mamsitu AsmeBa x NMaparoH NONyAsILMACIHBIH, TO3IMAAITI

AHaaTna. bruaarabiH, CcaHblipaykyAak, aypybliHbIH, 3nMUTOTUKI, acipece >kanblpak, (KO3AbIPFbIL
Puccinia triticina Erikss.) >xeHe cabak (KO3AblpFbill Puccinia graminis Pers.) TaTbiHbIH Tapaaybl,
AYHMEXY3iHAe, OHbIH iwiHAe KasakcTaHaa Aa eHIMAIAIKTI 60-80% aeliH TemeHaeTeal. MyHaan
3MSHABI ©Cep MATOreHHiH, NapasmUTTIK CUMATbIMEH >KOHE OHbIH CMOPaAAPbIHbIH XXEAMEH OHai TapaAy
KabireTiMeH TycCiHAipiAeAi. EricTik MaHblHAQ MaTOTE€HAIK apaAblk, MeAepiHiH 6OAybl MHMEKLMSAHbIH,
>KEAEA AAMYbIHAQ MaHbI3Abl POA aTkapaabl. OcbiFaH 6aMAAHBICTbI, FEHETMKAABIK, XOHE SKOAOTUSIABIK,
acnekTiAepAl KOCa, KO3AbIPFbILLITAPAbI XKaH-XKAKTbl 3epTTey kaxkeT. bya 3epTTeyae PecenaiH MamaTtu
AsuneBa MeH 6puTaHAbIK [MaparoH >xymcak, 6uaait COpTTapbiH GyAAHAACTbIPY apKblAbl aAbiHFaH 98
PEKOMOUHAHTTBIK, MHOPEATIK AMHUSIAAPAAH TypaTbiH MOMYASILMACHI >Karblpak, neH cabak, TaTbiHa
TO3IMAIAIMH ericTik >KaFAaaMblHAQ CblHAY YLIH KOAAQHbIAABL. DkcnepumeHT 2018-2019 >kbiapap

14 © 2019 Al-Farabi Kazakh National University
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apanblFbiHAQ, KazakCTaHHbIH, OHTYCTIK-LWbIFLIC €riCTiK >araarblHAQ >KYPridiaai. HaTuxkeciHae: ap
AMHWST MEH aTa-aHaAblK, COPTTApAbIH TO3IMAIAIK CTATyCbl aHbIKTAAAbl, €Ki aypyFa CaAbICTbIPMAAbI
>KOFapbl TO3IMAIAIT 6ap XXoHe >KoFapbl OHIMAIAITT 6ap NepcrneKkTMBTI AMHMSIAAP aHbIKTaAAbl, COHbIMEH
KATap, aypyAblH 3aKbIMAQY aybIPAbIFbl MEH ©HIMAIAIK KOMMOHEHTTEPIHIH apacbiHAQ Kepi KoppeAsums
aHbIKTaAAbl. [1aToreH, oHbIH Meci xaHe 6acka ar3asap apacblHAAFbI KAPbIM-KATbIHACTbI, MAaTOreHHIH
TapaAy >KOAAAPbI X8HE OHbIH, IKOXKYMNEAEri POAIH >KaKCbl TYCIHY XKYMCaK, OMAAMAbIH >KaHa COPTTapbiH
AAMbITYFa CEHIMAI aAFbILLIAPTTApP >KacarAbl.
Ty#in cesaep: xxymcak, 6uaan, Triticum aestivum, 3KOAOrMSIABIK, CbIHAKTap, reHOTUN

opTa e3apa epekeTTecyi, Xarblpak, Tatbl, Puccinia triticina, cabak tatbl, Puccinia graminis.
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YCTOMYMBOCTb KapTUPYIOLLLEHM MOMYASILUU MSTKOWM MLLUEHULLbI
Mamsitn A3unesa x MNMaparoH K AMCTOBOH U CTeOAEBOM pPrKaBUMHAM
B ycaoBusix FOro-Boctoka KaszaxcraHa

A6CTpaKkT. dnUUTOTUN TPUBHBLIX GOAE3HEN MNUWEeHMLbl, B OCOOEHHOCTN AUCTOBOM (BO36yAUTEAD
Puccinia triticina Erikss.) n crebaeBoit (Bo30yamTeAb Puccinia graminis Pers.) p>kaBumH, NMpUBOAST K
Cepbe3HbIM MoTEpPsSIM ypoykast 3epHa A0 60-80% no Bcemy mupy, BkAlodas Kasaxcra. [MoA0GHbI
nary6Hblil 3(ppekT 0ObICHIETCS NapasMTUYEcKon NPUPOAOK MaToreHa U CNoCOBHOCTbIO ero cnop C
AErKOCTbIO PACMPOCTPAHSITHCS BETPOM. HaAnume npomeskyTOUHbIX XO3s€eB raroreHa BOAM3WM MOAeN
TakXKe WMrpaeT BaXKHYID POAb B ObICTPOM pasBUTUM MHpekumMr. MCXOAs M3 3TOro, HeoOXOAMMO
BCECTOPOHHEE M3yuyeHue MNaTOreHoB, B TOM UMCAE TeHEeTMYeCKMe W 3KOAOrMYeckme acnekTbl. B
AQHHOM MCCAEAOBaHUM MONyAsuMst 98 PEeKOMOMHAHTHBIX WMHOPEAHbIX AMHWIA, MOAYYEHHAs MyTem
CKpeLuMBaHMs POCCUIMCKOrO COpPTa MAKOM MniueHuubl [amat AsmeBa u 6putaHckoro copta [MaparoH,
6blAa MCMOAB30BAHA AASI TIOAEBbIX UCMbITAHWI HA YCTOMUYMBOCTb K AMCTOBOM M CTEBAEBOM PrKaBUMHAM.
IKCNepuUMEHT NPOBOAMACS B TeueHue 2018-2019 rr. Ha noagx KOro-Boctoka KasaxctaHa. B pesyabrare:
ObIA OMPEAEAEH CTaTyC YCTOMUMBOCTM KaXKAOM AMHUM U POAUTEABCKMX COPTOB, MAEHTUMULIMPOBAHbI
NMepCrneKkTUBHbIE AMHUM C OTHOCMTEAbHO BbICOKOM YCTOMUYMBOCTbIO K ABYM OOAE3HSIM WM BbICOKMM
MOTEHLMAAOM YPOXKAMHOCTK, a Takxke BblAa OBHAPY)KeHA HeraTMBHasi KOPPEASLIMS MEXKAY TAXKECTbIO
nopa>keHunst GOAE3HbIO 1 KOMMOHEHTaMM YPOSKANHOCTU. Ayulliee NoHUMaHWE B3aMMOOTHOLLIEHWIA MEXKAY
naToreHoM, ero X03sMHOM M APYrMMM OpraHu3mamu, nyTen pacnpoCTpaHeHWs naToreHa U ero poAu B
3KOCUCTEMAX CO3AAAYT HAAEXKHbIE MPEAMOCHIAKU AAS PAa3PabOTKM HOBbIX COPTOB MSTKOM MUIEHULLbI.

KAtoueBble cAoOBa: Msrkasi nileHuLa, 3KOAOTMYECKME MUCMbITaHWS, B3aMMOAEMCTBME TeHOTUMN X
cpeAa, AMCTOBas pXKaBuMHa, cTebAeBast p>kaBumHa.

Abbreviations

ANOVA - analysis of variance; I — immune;
KRIAPI — Kazakh Research Institute of Agriculture
and Plant Industry; LR — leaf rust; M — mixed re-
action to disease; MAS — marker-assisted selection;
MP — mapping population; MR — moderately resis-
tant; MS — moderately susceptible; PCA — principal
component analysis; R — resistant; RIL(s) — recom-
binant inbred line(s); S — susceptible; SR — stem rust.

Introduction

Common wheat (Triticum aestivum L.) is the
most important cereal crop in the World. Annual
production of wheat grain takes the first place not
only globally, but also in Kazakhstan, where it gives

20-25 million tons of the grain per year with up to
5-7 million tons to be exported [1]. However, infec-
tion with leaf rust (LR) and stem rust (SR) pathogens
causes serious yield reduction [2]. The majority of
wheat cultivars used for commercial production on
the territory of Kazakhstan are susceptible to both of
these diseases [3].

Leaf or brown rust (caused by Puccinia triticina
Erikss.) and stem or black rust (caused by Puccinia
graminis Pers.) are parasitic rust fungi belonging to
the order Uredinales [4]. Their lifecycle is complex
and includes 5 stages and several intermediate hosts.
For example, pathogen uses Berberis species and
some wild grasses for the development of pycnio-
spores and aeciospores; and cereal species, includ-
ing wheat, are used for the development of uredin-
iospores, teliospores, and basidiospores [5, 6]. The
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main dangers of this fungi for a wheat plant is the
ability to use their nutrients and thereby reduce key
yield parameters, such as size, weight of kernels and
number of kernels per spike [7, 8]. Epiphytotic de-
velopment of SR in 1964 on the territories of north-
ern Kazakhstan caused yield losses up to 50% [9].
In 2000-2001 Akmola region was exposed to epi-
phytotic outbreak of LR which affected commercial
wheat cultivars up to 50-100% [10]. Dry and hot cli-
mate in most of Kazakhstan territories contributes
to the rapid spread of pathogens’ spores along with
the air masses to large areas. Despite this, patho-
gens’ populations vary in different parts of Kazakh-
stan [2, 11]. Every year, new data on the pathogenic
composition of LR and SR populations appear. In
1998 there was the first report on highly-virulent
race Ug99 of SR on wheat detected in Uganda [12].
For the last 20 years this race had spread from East-
ern Africa to Near East and keeps moving toward
the center of Eurasia continent [13]. The Ug99 has
not been detected in Kazakhstan yet [3], however,
search and development of methods for combating
both LR and SR are extremely important and rel-
evant research areas for our country.

One of the most common ways to protect wheat
crops from rust infections is the usage of fungicides
[3, 14]. Chemical preventative methods are effec-
tive, but at the same time economically disadvan-
tageous and dangerous to the environment and hu-
mans. The most optimal and safe option is to create
and grow wheat cultivars that are resistant to dis-
ease and possesses high yield potential. The resis-
tance of wheat to LR and SR pathogens is controlled
by Lr and Sr genes respectively. Overall, approxi-
mately 80 Lr and 60 Sr genes have been identified
and described in common wheat, durum wheat and
diploid wheat species [15]. However, in addition to
the genetic factor, the environment has a significant
effect on the manifestation of resistance. Individual
genes can be effective in all regions of the country
or certain parts of it. For example, it was shown that
gene Lr9 was effective for South-East, East, North
Kazakhstan, and Akmola region, but gene Lr23
was highly specific and effective in Akmola region
only [2]. Thus, the main task for wheat breeders is
searching for sources of resistance genes for LR and
SR, and development of new cultivars using both
traditional and modern breeding methods, including
marker-assisted selection (MAS) [16, 17].

One of the methods which is widely used to find
genetic factors associated with diseases resistance
is linkage mapping. For these purposes biparental
mapping populations (MP) are applied. There are
several types of MP — F , Double haploid (DH),
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Back cross population, recombinant inbred lines
(RIL), near-isogenic lines (NIL). This method has
established itself as effective for the analysis of many
quantitative traits of wheat, such as productivity [18,
19, 20], disease resistance [21, 22, 23], and tolerance
to abiotic stress factors [24, 25]. The results of such
work usually are the identification of new genomic
regions responsible for the quantitative trait and the
selection of promising lines for further breeding
programs. In this study, the Pamyati Azieva x
Paragon MP consisted from 98 RIL was used for
studying the genetic basis of LR and SR resistance.
Current field analysis was a part of QTL mapping
study, and data obtained in this work allowed to
reveal promising lines with the resistance to LR
and SR, that could be used in the breeding of new
promising cultivars.

Materials and methods

Mapping population. The MP comprising of
98 F8 recombinant inbred lines (RILs) was created
via crossing between two spring wheat cultivars —
“Pamyati Azieva” and “Paragon” — using single
seed descent method [26, 27]. The first parental
cultivar was Russian medium-early spring wheat
cultivar “Pamyati Azieva” recommended for the
Western Siberian region of Russian Federation
[28], and approved for commercial cultivation
in the North Kazakhstan [29] The second
parental cultivar was the United Kingdom’s elite
spring wheat cultivar “Paragon”. The MP was
developed within the ADAPTAWHEAT project
in greenhouse conditions by using facilities of the
John Innes Centre (Norwich, UK) during 2011-
2015 [30].

Field trials and ecological testing. Evaluations
of the MP’s resistance and major yield components
were conducted in the field plots of Kazakh
Research Institute of Agriculture and Plant Industry
(KRIAPI, South-East Kazakhstan, Almaty region)
in 2018-2019. Ninety-eight RILs, the parental
cultivars (“Pamyati Azieva” and “Paragon”), and
standard check cultivars (“Kazakhstanskaya 4” and
“Kazakhstanskaya rannespelaya”) were evaluated
under a natural source of infection for the resistance
to LR and SR. The MP was planted at each site in
randomized doubled experiments. Plants were grown
in 15 cm distance between rows and 5 cm distance
between plants within a row. Each row contained 25
plants. LR and SR resistances were assessed visually
during the phase of grain formation on 75 of Zadoks
scale [31]. Averaged values for both diseases in two
years were used for further analysis. Evaluation
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of resistance/susceptibility levels was performed
using the scale of Mains and Jackson [32] for LR,
the scale of Stakman [33] for SR. The severity of
rust infection on leaf and stem surfaces was assessed
using the modified Cobb scale [34, 35]. For more
precise analysis of information, initial data was
converted into 9-point scale (Table 1). The list of
assessed yield components included several plant

architecture traits — plant height (PH), peduncle
length (PL), and number of productive spikes per
plant (NPSP); spike architecture traits — spike length
(SL), number of fertile spikelets in the main spike
(NFS), and number of kernels in the main spike
(NKS); productivity traits — weight of kernels in
the main spike (WKS), weight of kernels per plant
(WKP) and thousand kernels weight (TKW).

Table 1 — Correspondence between traditional scale and the 9-point scale for evaluation of resistance/susceptibility to leaf and stem

rusts based on visual symptoms

Traditional | 9-point Plant’s
. Symptoms
scale scale reaction
0 0 Immune No visible signs of infection
R 1 Resistant Visible chlorosis or necrosis, no uredia are present
Small uredia are present and surrounded by either chlorotic or necrotic areas (10-40% of
10-40 MR 2
Moderately | the leaf/stem surface)
resistant Small uredia are present and surrounded by either chlorotic or necrotic areas (50-100%
50-100 MR 3
of the leaf/stem surface)
Variable sized uredia are present some with chlorosis, necrosis or both (10-40% of the
10-40 M 4
Intermediate | leaf/stem surface)
(mixed) Variable sized uredia are present some with chlorosis, necrosis or both (50-100% of the
50-100 M 5
leaf/stem surface)
Medium sized uredia are present and possibly surrounded by some chlorotic areas (10-
10-40 MS 6 o
Moderately | 40% of the leaf/stem surface)
50-100 MS 7 susceptible | Medium sized uredia are present and possibly surrounded by some chlorotic areas (50-
100% of the leaf/stem surface)
Large uredia are present, generally with little or no chlorosis or necrosis (10-40% of the
10-40 S 8
. leaf/stem surface)
Susceptible - — - -
Large uredia are present, generally with little or no chlorosis or necrosis (50-100% of
50-100 S 9
the leaf/stem surface)

Statistical analysis. MS Excel software was
used to process and visualize numerical data.
Analysis of variance (ANOVA), Pearson correlation
tests and principle component analysis (PCA) were
performed using the R statistical platform [36].

Results and discussion

The resistance of RILs, parental cultivars and
check cultivars to leaf and stem rusts. Studied
RILs population had demonstrated different levels
of resistance to LR and SR observed in two years.
Severity distribution for both diseases showed
transgressive segregation. In 2018 the average score
of LR resistance was 6.5+£2.5 (ranged from 5 to 7)
and remained stable in 2019 when it was 6.6+2.7
(ranged from 2 to 9) on 9-point scale, both of which
corresponded to moderately susceptible level (MS).

The major part of lines — 92% — in 2018 belonged
to MS group and 8% was highly susceptible (S),
but in 2019 the situation had changed (Figure
1A). In the second year of observations, amount
of MS lines had reduced to 64% and number of S
lines had increased up to 29%. At the same time,
9 lines had demonstrated moderate resistance (MR)
which was not observed in 2018. Parental cultivars
Pamyati Azieva and Paragon had demonstrated
high susceptibility to LR in 2018 (20S and 40S
respectively or 8 on 9-point scale), which were
higher than the average value among the RILs; and
moderate susceptibility in 2019 (30MS and 40MS
respectively or 6 on 9-point scale), which were
lower than the average score of RILs population.
As for SR, the severity scores had changed
dramatically between two years. The average
score in 2018 was on the level of 7.4+2.3
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points (ranged from 3 to 8) with the following
distribution: 77% of lines were defined as S,
14% were MS, 6% demonstrated mixed reaction,
and three lines were MR (Figure 1B). SR
severity level of Pamyati Azieva and Paragon
corresponded to 10MS and 40MS respectively or
6 points for both in 2018 and were lower than the
average score in the population. In 2019 scores
moved towards resistance, and average score was
1.8+2.0 (ranged from 0 to 8) with 47% of lines
being immune (I), 9% were resistant (R), 27%
were MR, 16% demonstrated MS level and only
one line was highly susceptible. Parental cultivars
were generally resistant to SR in 2019 — 5R for
Pamyati Azieva and 20R for Paragon.

Check cultivars Kazakhstanskaya rannespelaya
and Kazakhstanskaya 4 had demonstrated moderate

susceptibility to LR — 40MS or 6 on 9-point scale
for two diseases and both resistant to SR — 5R or 1
on 9-point scale.

Transgressive segregation for resistance in
cereals has been previously reported in wheat for
resistance to leaf rust [37, 38] and stem rust [39,
40]. The current study, therefore, confirms the
quantitative effect of loci explaining resistance to the
two rust diseases. However, both parental cultivars
are described as susceptible to two diseases [3, 41],
and variations like that can be possibly explained by
differences in the composition of pathogen’s races
in population of particular region and/or weather
conditions. Nevertheless, their offspring lines
had different levels of resistance to LR and SR in
two years what may be explained by the genetic
background of parental cultivars.

A Leal rust

=-_'I &1

Figure 1 — Phenotypic distribution of Pamyati Azieva x Paragon recombinant inbred lines
for leaf (A) and stem (B) rusts severity observed in two years
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Analysis of variance indicated a moderately
significant influence of genotype (p<0.001) and
weaker influence of genotype x environment
combination (p<0.05) on the severity of LR

(Table 2). As for SR, there were highly significant
differences (p<2e') among the 98 RILs explained
by the test environments or two years and weaker
influence of genotype on the trait (p<0.05) (Table 2).

Table 2 — ANOVA of genotype and environment effects and proportion of phenotypic variation for leaf and stem rusts severity
obtained across two testing environments (two years) in Pamyati Azieva x Paragon population

Leaf rust
Factor Df Sum sq Mean sq F-value p-value
Genotype 1 13.89 13.891 8.858 0.003**
Environment (year) 1 0.4 0.405 0.258 0.612
GenotypexEnvironment 1 8.21 8.207 5.233 0.023*
Residuals 196 307.37 1.568
Stem rust
Factor Df Sum sq Mean sq F-value p-value
Genotype 1 16.2 16.2 5.011 0.026*
Environment (year) 1 1596.1 1596.1 494.673 <2e-16%**
GenotypexEnvironment 1 7.6 7.6 2.368 0.125
Residuals 196 632.4 32
Notes: Df — degree of freedom; F-value — effect of the factor; p-value — probability; * — p<0.05, ** — p<0.01, *** — p<0.001

Correlation between severities of LR and SR
and its influence on yield components. In the course
of present work, a moderate positive correlation was

observed for LR severity between 2018 and 2019,
as well as positive correlation between LS and SR
in 2019 (Table 3).

Table 3 — Pearson correlation between severities of leaf and stem rusts in two environments (years) of the experiment

. . Leaf rust Stem rust
Disease/Environment (year)
2018 2019 2018 2019

2018 -

Leaf rust
2019 0.306** -
2018 -0.014 0.044 -

Stem rust
2019 0.027 0.244* 0.051 -

Notes: * — p<0.05, ** — p<0.01, *** — p<0.001

In the case of LR severity in two years, such
phenomenacanindicate consistency and repeatability
of field data collected from the testing environments
in two years. As for the correlation between LR and
SR in 2019, high correlation coefficient may suggest
that genes conferring leaf rust resistance were either
closely linked or pleiotropic to genes that condition
stem rust resistance. Therefore, the interactions

between loci conditioning resistance to both LR and
SR diseases in the current MP should be studied
more deeply.

A phenotypic association study among the 98
RILs was conducted using principal component
analysis (PCA) (Figure 2) in order to detect
similarities in the lines’ responses to LR and SR in
two studied environments, as well as to determine the
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extent and direction of correlations between the two
rusts and determine promising resistant lines. The
PCA separated the RILs into two distinct principal
components: PC1 and PC2, which explained 35.1%
and 25.9% of the total variation, respectively.

The relatively resistant RIL 01 was plotted on a
significant distance from the main mass of RILs, as
well as lines RIL_10, RIL_12, RIL_33,RIL_ 43, and
RIL 44, which were also highlighted as promising
for the breeding (Figure 2).

Figure 2 — Association between 98 Pamyati Azieva x Paragon RILs on the basis of the first two principal
components (PC1 and PC2) obtained from a principal component analysis based on leaf and stem rust
severity scores in two environments. LR — leaf rust, SR — stem rust. Numbers indicate the genotypes

In previous study of yield and its components
of this MP in 2015-2018 in Almaty region several
RILs were observed to be better than check and
parental cultivars [20]. Analysis of weight of
kernels per plant (WKP) has indicated that 40
RILs, including five best RILs: RIL 48, RIL 36,
RIL 83, RIL 01, and RIL 46, outperformed
the local parent cultivar Pamyati Azieva. They
showed the best averaged yield values over the
indicated period, which is highly correlated
with PH, NFS, NKS, and TKW, as indicated by
the Pearson correlation index. Individuals with
favorable values for all yield-related traits were
identified for their incorporation into the breeding
studies [20].
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In Table 4, there is summarized information
about six RILs that had shown relatively high level
of resistance to both rust diseases compared with the
averaged level, as well as values of important yield
components. RIL 01 confirmed its high-yielding
significance in the last years [20].

Fungal infection of wheat usually leads to the
reduced number of kernels per spike and lower kernel
weights due to the parasitic consumption of host
nutrients, which leads to apparent yield losses and
poor quality of the grains [7]. Correlation analysis of
the most important yield components of the studied
MP allowed to reveal strong (p<0.001) in 2018 and
weak (p<0.05) in 2019 negative influence of LR
severity on the thousand kernel weight (Table 5).
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Table 4 — Best-performing RILs displaying leaf rust/stem rust resistance and their values of important yield components compared

with averaged levels of 2018-2019

Trait/RIL Average’ RIL 01 RIL_10 RIL 12 RIL 33 RIL 43 RIL 44
LR 6.6x1.0 3.542.0 4.0£2.5 4.542.1 4.5+£2.1 4.0£2.0 4.54£2.1
SR 4.6+.1.3 4.0£2.5 4.0£3.0 4.0£3.0 4.5£3.0 4.0£3.0 4.0£3.0
PH 97.3+8.7 106.2+£5.9 93.1+1.2 104.7£1.5 92.0+6.1 97.3+4.7 93.0+0.5
PL 38.1+5.0 40.9+4.4 34.0+4.8 38.2+0.8 34.7+2.4 37.2+1.2 40.5+8.2

NPSP 3.3+0.7 5.3+1.4 3.4+1.1 3.6x1.1 2.7+0.0 3.8+0.7 2.8+0.7
SL 10.7+1.2 10.9+0.6 10.8+0.4 10.0+£0.4 10.3+1.4 9.3+0.8 10.8+0.9

NFS 48.6+6.5 45.5+£3.3 48.6+2.6 45.240.9 46.8+11.5 49.842.8 51.843.1

NKS 19.7+1.4 20.0+2.1 19.2+1.3 18.7+0.7 19.0+0.0 17.7+12.0 19.8+10.1

WKS 1.7+0.3 1.5+£0.4 1.8+0.1 1.8+0.0 1.7£0.5 1.7£0.4 1.6+0.1

WKP 4.4+1.1 5.040.1 4.9+1.1 5.0+0.8 3.5+0.8 4.3+0.6 3.4+0.5

TKW 32.6+3.1 30.5+4.1 32.6+3.1 36.1+0.5 32.34+2.1 31.44+0.3 32.7+1.2

Notes: " — Average value of the trait per RIL measured in two years;

Table 5 — Pearson correlation among severities of leaf rust and stem rust and key yield components observed in two years

Dis. Env. PH PL NPSP SL NFS NKS WKS WKP TKW
LR 2018 -0.006 -0.060 -0.214* 0.122 0.179 0.090 -0.015 -0.042 [ -0.340***
2019 -0.185 -0.090 | -0.260%** 0.036 0.252 0.140 -0.069 -0.144 -0.067*
SR 2018 0.238 0.241 -0.032 0.221 -0.077 0.202 -0.083 -0.168 -0.106
2019 -0.140 -0.108 -0.172 -0.085 0.019 -0.070 -0.064 -0.154* 0.136
Notes: Dis. — disease; Env. — environment (year); * — p<0.05, ** — p<0.01, *** — p<0.001

Also moderate (p<0.01) and weak (p<0.05)
negative correlations were observed in 2019 and
2018, respectively, for the number of productive
spikes per plant. In the case of SR, negative
correlation was detected in 2019 between the
severity of infection and the weight of kernels per
plant (Table 5).

Thus, the resistance status of each line and two
parental cultivars was determined, the promising
lines with relatively high resistance to two diseases
and great yield potential were identified, a negative
correlation between the severity of diseases and
yield components was revealed.

Conclusion

The present study reported the diverse
resistance of RILS of Pamyati Azieva x Paragon
mapping population to leaf rust and stem rust
resistance. The analysis was conducted based on
field evaluation of 98 newly developed RILs, two

parental cultivars and two checks in 2018-2019
on the experimental fields of KRIAPI (South-
East Kazakhstan). As the results of this work, 6
best-performing RILs for leaf rust and stem rust
resistance were selected for the further wheat
breeding and genetic studies. Therefore, the
newly developed RILs in the genetic background
of Pamyati Azieva and Paragon cultivars can be
used for breeding resistant accessions to these two
fungal diseases. Further studies using the selected
lines are required to understand the genetic basis
explaining reaction of lines to leaf rust and stem
rust resistance in more diverse environments. The
results of this study are invaluable for resistance
breeding and contribute to the surge to fight two of
the most dangerous wheat diseases.

Conflict of interest

All authors are familiar with the text of the article
and declare that they have no conflict of interest.

21



Resistance of common wheat (Triticum aestivum 1.) mapping population Pamyati Azieva x paragon to leaf ...

Acknowledgments 0118PK01308) in the Program «Development of the

innovative systems for increasing the resistance of

This work was done in the framework of the  wheat varieties to especially dangerous diseases in

project «Development of new DNA markers associ-  the Republic of Kazakhstan» BR06249329 support-

ated with the resistance of bread wheat to the most  ed by the Ministry of Agriculture of the Republic of
dangerous fungal diseases in Kazakhstan» (Reg. No: ~ Kazakhstan.

References

1 Official website of Statistics committee of the Ministry of National Economy of the Republic of Kazakhstan. Last modified
August 12, 2019. http://stat.gov.kz.

2 Koyshybaev M. Bolezni pshenitsy. [Diseases of wheat.] Ankara: FAO publisher, 2018. (In Russian).

3 Koyshybaev M., Kanafin B.K., Fedorenko Y.N., Gots A.Y, Litovchenko Z.I. “Istochniki ustoychivosti yarovoy myagkoy
pshenitsy k vidam rzhavchiny i septorioza v Severnom Kazakhstane.” [“Stability sources of common spring wheat to types of rust
and Septoria in North Kazakhstan.”] International Scientific Journal 12, no. 66 (2017): 117-122. (In Russian).

4 Singh R.P., Huerta-Espino J., Roelfs A.P. The Wheat Rusts. In: Bread Wheat: Improvement and Production. Rome: FAO
publisher, 2002.

5 Singh V., Pandey P.C., Jain D.K. A Text Book of Botany. Deli: Rastogi, 2008

6 Groth J.V., Roelfs A.P. “The effect of sexual and asexual reproduction on race abundance in cereal rust fungus populations.”
Phytopathology 72, no. 1(1982): 1503-1507.

7 Afzal S.N.,, Haque M.I., Ahmedani M.S., Rauf A., Munir M., Firdous S.S, Rattu A.R., Ahmad . “Impact of stripe rust on the
kernel weight of the wheat varieties sown in rainfed area of Pakistan.” Pakistan Journal of Botany 40, no. 2 (2008): 923-929.

8 Soko T., Bender C.M., Prins R., Pretorius Z.A. “Yield loss associated with different levels of stem rust resistance in bread
wheat.” Plant Disease 102, no. 12 (2008): 2531-2538.

9 Dzhiembaev Z.T. Sistema meropriyatiy po borbe s glavneyshimi boleznyami zernovyh kultur (rekomendacii). [The system
of measures to combat the major diseases of grain crops (recommendations).] Alma-ata: Alma-ata, 1971. (In Russian).

10 Koyshybaev M., Kochorov A.S., Kurmanov M.D. “Osobennosti razvitiya rzhavchiny i septorioza na pshenitse.” [“Features
of the development of rust and Septoria on wheat.”] Bulletin of Agricultural Sciences of Kazakhstan 11, no. 1 (2000): 14-15. (In
Russian).

11 Rsaliev S.S., Koyshybaev M.K., Morgunov A.I., Kolmer D. “Analiz sostava steblevoy i listovoy rzhavchiny pshenitsy na
territorii Kazakhstana.” [“Analysis of the composition of the stem and leaf rust of wheat in Kazakhstan.”] Collection of articles of
the international scientific-practical conferences 1, no. 1 (2005): 267-272. (In Russian).

12 Singh R.P., Hodson D.P., Huerta-Espino J., Jin Y., Bhavani S., Herrera-Foessel S., Singh P.K., Singh S., Govindan V. “The
emergence of Ug99 races of the stem rust fungus is a threat to world wheat production.” Annual Review of Phytopathology 49, no.
1(2011): 465-481.

13 Rautela A., Dwivedi M. “Wheat Stem Rust Race Ug99: A Shifting Enemy.” International Journal of Current Microbiology
and Applied Sciences 7, no. 1 (2018): 1262-1266.

14 Wanyera R., Macharia J.K., Kilonzo S.M., Kamundia J.W. “Foliar fungicides to control wheat stem rust, race TTKS (Ug99),
in Kenya.” Plant Disease 93, no. 9 (2009): 929-932.

15 MclIntosh R.A., Dubcovsky J., Rogers W.J., Morris C.F., Xia X.C. “Catalogue of gene symbols for wheat.” Supplementary
material (2017): 31.

16 Gupta P, Langridge P., Mir R.R. “Marker-assisted wheat breeding: Present status and future possibilities.” Molecular Breed-
ing 26, no. 2 (2010): 145-161.

17 Goutam U., Kukreja S., Yadav R., Salaria N., Thakur K., Goyal A.K. “Recent trends and perspectives of molecular markers
against fungal diseases in wheat.” Frontiers in Microbiology 6, no. 1 (2015): 861.

18 LiuG,JiaL.,LuL., Qin D., Zhang J., Guan P, Ni Z., Yao Y., Sun Q., Peng H. “Mapping QTLs of yield-related traits using
RIL population derived from common wheat and Tibetan semi-wild wheat.” Theoretical and Applied Genetics 127, no. 11 (2014):
2415-2432.

19 El-Feki W.M., Byrne P.F., Reid S.D., Haley S.D. “Mapping Quantitative Trait Loci for Agronomic Traits in Winter Wheat
under Different Soil Moisture Levels.” Agronomy 8, no. 8 (2018): 133.

20 Amalova A., Yermekbayev K., Griffiths S., Abugalieva S., Turuspekov Y. “Phenotypic variation of common wheat mapping
population Pamyati Azieva x Paragon in south-east of Kazakhstan.” International Journal of Biology and Chemistry 12, no. 1 (2019):
11-17.

21 LiC.,WangZ., Li C., Bowden R., Bai G., Li C., Li C., Su Z., Carver B.F. “Mapping of Quantitative Trait Loci for Leaf Rust
Resistance in the Wheat Population Ning7840 x Clark.” Plant Disease 101, no. 12 (2017): 1974-1979.

22 Case A.J., Naruoka Y., Chen X., Garland-Campbell K.A., Zemetra R.S., Carter A.H. “Mapping Stripe Rust Resistance in a
Brundage x Coda Winter Wheat Recombinant Inbred Line Population.” PLoS ONE 9, no. 3 (2014): €91758.

23 Stadlmeier M., Jorgensen L.N., Corsi B., Cockram J., Hartl L., Mohler V. “Genetic Dissection of Resistance to the Three
Fungal Plant Pathogens Blumeria graminis, Zymoseptoria tritici, and Pyrenophora tritici-repentis Using a Multiparental Winter
Wheat Population.” Genes Genomes Genetics 9, no. 5 (2019): 1745-1757.

22



Y.A. Genievskaya et al.

24 Asif M.A., Schilling R.K., Tilbrook J., Brien C., Dowling K., Rabie H., Short L., Trittermann C., Garcia A., Barrett-Lennard
E.G., Berger B., Mather D.E., Gilliham M., Fleury D., Tester M., Roy S.J., Pearson A.S. “Mapping of novel salt tolerance QTL in an
Excalibur x Kukri doubled haploid wheat population.” Theoretical and Applied Genetics 131, no. 10 (2018): 2179-2196.

25 Paliwal R., Réder M.S., Kumar U., Srivastava J.P., Joshi A.K. “QTL mapping of terminal heat tolerance in hexaploid wheat
(T. aestivum L.).” Theoretical and Applied Genetics 125, no. 3 (2012): 561-575.

26 Goulden C.H. “Problems in plant selection.” Seventh International Genetical Congress, (1939): 132-133.

27 Grafius J.E. “Short cuts in plant breeding.” Crop Science 5, no. 1 (1965): 377.

28 Official website of the State Commission of the Russian Federation for the Testing and Protection of Breeding Achievements
“Gossortkomissiya”. Last modified September 19, 2019. http://gossortrf.ru/.

29 Official website of the State Commission for Cultivars Testing of Crops of the Ministry of Agriculture of the Republic of
Kazakhstan. Last modified August 28, 2019. http://www.goscomsort.kz/index.php/ru.

30 Official website of the ADAPTAWHEAT project supported by John Innes Centre (Norwich, UK). Last modified September
20, 2019. https://www.jic.ac.uk/adaptawheat.

31 Zadoks J.C., Chang T.T., Konzak C.F. “A decimal code for the growth stages of cereals.” Weed Research 14, no.1 (1974):
415-421.

32 Mains E.B., Jackson H.S. “Physiologic specialization in the leaf rust of wheat Puccinia triticina Erikss.” Phytopathology 16,
no. 2 (1926): 89-120.

33 Stakman E.C., Stewart D.M., Loegering W.Q. “Identification of physiologic races of Puccinia graminis var. tritici.” U.S.
Agricultural Research Service 617, no. 1 (1962): 1-53.

34 Peterson R.F., Campbell A.B., Hannah A.E. “A diagrammatic scale for estimating rust intensity on leaves and stems of cere-
als.” Canadian Journal of Research 26, no. 1 (1948): 496-500.

35 Roelfs A., Singh R., Saari E.E. Rust diseases of wheat: concepts and methods of disease management. Mexico: CIMMYT,
1992.

36 Official website of the R Project for Statistical Computing. Last modified September 15, 2019. https://www.r-project.org.

37 Suenga K., Singh R.P., Huerta-Espino J., William H.M. “Microsatellite markers for genes Lr34/Yr18 and other quantitative
trait loci for leaf rust and stripe rust resistance in bread wheat.” Phytopathology 93, no. 7 (2003): 881-890.

38 Tsilo T.J., Kolmer J.A., Anderson J.A. “Molecular mapping and improvement of leaf rust resistance in wheat breeding
lines.” Phytopathology 104, no.8 (2014): 865-870.

39 Haile J.K., Nachit M.M., Hammer K., Badebo A., Réder M.S. “QTL mapping for resistance to race Ug99 of Puccinia grami-
nis f. sp. tritici in durum wheat (Triticum durum Desf.).” Molecular Breeding 30, no. 3 (2012): 1479-1493.

40 Yu L.X., Morgounov A., Wanyera R., Keser M., Singh S.K., Sorrells M. “Identification of Ug99 stem rust resistance loci in
winter wheat germplasm using genome-wide analysis.” Theoretical and Applied Genetics 125, no. 4 (2012): 749-758.

41 Venkatesh K., Singh Z., Kingsly J., Griffiths S., Mishra C.N., Panwar S., Singh G.P., Kumar S. “Evaluation of UK wheat
germplasm derived from Paragon\Watkins-Landraces for stripe and leaf rust in India.” Conference: 4th International Group Meeting:
Wheat Productivity Enhancement through Climate Smart Practices, (2019): 53.

23



ISSN 1563-034X, eISSN 2617-7358 Okonorus cepusicel. Ned (61). 2019 https://bulletin-ecology.kaznu.kz

FTAMP 68.47.33 https://doi.org/10.26577/EJE-2019-4-¢2

UILH. MaareagueB , 2I.JI. Yaran6ekoBa ,2E.JK. Baakbioexk
'B.H. bekenoB |, °P.K. CoiibikoexoBa |, °1.JK. KapaGaeBa
SE.J. Mycadek
I e-Anaray MEMJICKETTIK YITTHIK Taburu mapki” PMM, Ka3zakcraH, AnMarsl K.
200 Ocmanos aTbIHAA¥rbl Ka3a1< TONBIPAKTAaHY XOHE arpOXUMUS FbUIBIMHA 3€PTTCY UHCTUTYThI,

Kazakcran, Anmarsl K., e-mail: ultanbekova77@mail.ru
San-Mapabu aTeiHAars! Kazak YITTHIK yHHBepcHTeT, KazakcraH, AMars K.

“IAE-AAATAY MEMAEKETTIK ¥ATTbIK TABUTHU MAPKI”
PMM AKCAN ®UAUAADbIHBIH OPMAH T¥KbIMBAKTAPbIHA
EMOOPIAHUKAADBIK, TBIHAMTKbILLTAPAbI
KOAAAHY TEXHOAOTIUACDI

9

Anaatna. bisAiH 3epTTey )KyMbICbiMbI3 «lAe-AAaTay MEMAEKETTIK YATTbIK, Tabueun napki» PMM Akcan
(pMAMAABIHBIH OpMaH TyKpbIMOakTapbiHAQ OMOOPraHMKAABIK, ThIHANTKbILUTAPABI KOAAAHYAbIH TUIMA]
TEXHOAOTMSICbIH 83ipAeyre GarbITTaAFaH. ByA MaKaAaMbi3AbIH FbIABIMU >KAHAAbIFbI, aAFaLLKbl peT «lAe-
AAatay MEMAEKETTIK YATTbIK, Taburun napki» PMM Akcan prAMaAbIHbIH OpMaH TYKbIMOaKTapbiHa afatu
OCIMAIKTEPIHIH eKrne KeweTTepi MeH KeLIeTTEPAI 8Cipy Ke3iHAe GMOOPraHMKaAbIK, ThIHAMTKbILLTAPAbIH,
TUIMAI TEXHOAOTUSICbI TYPAKTaAAbI.

3epTTey XKYMbICbIMbI3AbIH MaKcaTbl — «lAe-AAaTay MEMAEKETTIK YATTbIK, Tabuiun napki» PMM Akcan
(hpMAMAABIHBIH OpMaH TYKbIMOAKTapbiHa GMOOPTraHNKAABIK, ThIHAMTKbILITAPAbI KOAAAHY TEXHOAOMMSIChIH
3epTTey.

«IAe-AAaTay MEMAEKETTIK YATTbIK, TabuFn napki» PMM Akcan oMAMaAbIHbIH XKOFapFbl )KOHE TOMEHT|
OpMaH TYyKbIMOAKTApbIHbIH, TOMbIPAK, MUKPOOPraHU3MAEPIHIH HEri3ri 3KOAOTUSIAbIK-TPOUKAABIK,
TOMTAPbIHbIH, CAHABIK, KYPaMbl 8PTYPAI EKEHAIT TypakTaAAbl. 3epTTey HOTMXKECIHAE KBAIMIi epiKTiH,
(Prunus armeniaca) 60#bIHbIH Y3bIHAbIFbI ©CKIHAEPAIH Manaa 60Ay asacbiHAA GaKblAQy HblCaHbIMEH
canbicTbipFaHaa «brodkolym» PGPR npenapaTbiMeH eHAEreH HbiCaHbiHAQ 25 %, >KanblpakTapAblH,
>Kannaim awblay dasacbl kesiHae 37 % apTkanbl aHbikTaaabl. Cueepc (Malus sieversii) aAMacbIHbIH
GOMbIHbIH, Y3bIHAbIFbI OCKIHAEPAIH Naaa 6oAy dasacbiHAA GakplAay HbICAHBIMEH CaAbICTbIPFAHAQ
«brnolkolym» PGPR npenapartbiMeH eHaereH HbicaHbiHAQ 32,0 %, >kanblpaKTapAblH >Kanmnan atibIAy
dhazachb! Ke3iHAE aAMaHbIH, 6OMbIHBIH Y3bIHABIFbI 29 % apTKaHbl GanKaAAbl.

Tynin ce3saep: 6uoopraHukaabik, npenapat, PGPR 6akTepusi, MMKPOOGMOAOrMs, TOMbIPak,
KapawlipiHA|.

'D.N. Malgeldiev, *G.D. Ultanbekova, ?E. Balkybek, 'B.N. Bekenov,
3R.K. Sydykbekova, 3I.Zh. Karabaeva, 3E.D. Musabek
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2U.U,Uspanov Kazakhstan, Almaty Research Institute of Soil Science and Agrochemistry,
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3Al-Farabi National University, Kazakhstan, Almaty

RSI “lle-Alatau state national natural park” technology
of application of bioorganic fertilizers in forest kennels of Aksai branch

Abstract. Our research work is aimed at developing effective technologies for the use of Bioorganic
fertilizers in forest nurseries of the Aksay branch of RSI “lle-Alatau state national natural Park”. The sci-
entific novelty of this article, for the first time stabilized the technology of bioorganic fertilizers in the
cultivation of seedlings of tree plants and seedlings of forest nurseries of the Aksai branch of the RSI “lle-
Alatau State National Natural Park”. The quantitative composition of the main ecological-trophic groups
of soil microorganisms of the upper and lower forest nurseries of the Aksai branch of RSU” lle-Alatau
state national natural Park “ has stabilized.

Purpose of research — study of the technology of using bioorganic fertilizers for forest nurseries of the
Aksay branch of the RSI “lle-Alatau State National Natural Park”.

As a result of the study, it turned out that the length of apricot growth (Prunus armeniaca) in the
undergrowth phase increased by 25% in the form of treatment with the PGPR «BioEcoGum» preparation

24 © 2019 Al-Farabi Kazakh National University
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compared to the control form, and increased by 37% in the phase of mass opening of leaves. The growth
length of Sivers apples (Malus sieversii) in the phase of sprout formation compared with the control form
showed an increase in the form of treatment with «BioEcoGum» PGPR by 32.0%, with a leaf opening
phase of 29%.

Key words: bioorganic preparation, PGPR bacterium, Microbiology, soil, humus.
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Pa3pa6oTka 3¢pdpeKTMBHbIX TEXHOAOTUI MPUMEHEHUSI OBMOOpPraHMYecKMX YAOOpeHui
B A€CHbIX MUTOMHHMKAX AKcaickoro pmamana
PIY «<Mae-AraTayCkmii rocyAapCTBEHHbIM HallMOHAAbHbIM MapK»

AHHoTaums. Hawa uccaepoBaTeabckas paboTa HarmpaBAeHa Ha pas3paboTky 3PQEKTUBHbIX
TEXHOAOIMI MPUMEHEHUS BUOOPraHNYECKOrO YAOOBPEHMS B AECHBIX MUTOMHMKax AKCanckoro hmamana
PTY «MAe-AratayCknii roCyAQpCTBEHHbIM HALMOHAAbHbBINA MPUPOAHBIA Mapk». HayuyHas HoBM3Ha
AQHHOM CTaTby — BriepBble pa3paboTaHa 3hheKTUBHAS TEXHOAOIMS MPUMEHEHUS BUOOPraHUUYecKmX
YyAOOpPEHUit B AeCHbIX MUTOMHUKax Akcanckoro manana PTY «Mae-AAaTtayckuii rocyAapCTBEHHbIN
HaUMOHAAbHbIM NMPUPOAHDIA NAPK».

Lleab unccaepOBaTeAbCKOM paboThl — M3yYeHME TEXHOAOTMU MPUMEHEHUS OMOOpPraHUYecKmx
YAOOPEHUI AASI AECHBIX MMTOMHMKOB AKcaickoro dmamasa PTY «Mae-Aaatayckuili rocyAapCTBEHHbIN
HaUMOHAAbHbIM NMPUPOAHDIA NMAPK».

YCTaHOBAEHO, KOAMYECTBEHHbIM COCTaB OCHOBHbIX 3KOAOTO-TPO(UMUECKMX [Py MOYBEHHbIX
MUKPOOPraHN3MOB BEPXHUX M HUXKHUX AECHBIX MTMTOMHUKOB AKCanckoro comanana PI'Y» Mae-AaaTayckumii
rOCYAQPCTBEHHbIM HALMOHAAbHBIA MPUPOAHBIM Mapk». B pesyAbTate MCCAEAOBaAHMS BbISICHUAOC,
4YTO AAMHa pocta abpukoca (Prunus armeniaca) B hase oO6pasoBaHMs MOAPOCTA MOCAE MPUMEHEHMS
6roopraHmnyeckoro yaobpenmst «brnodkolym» PGPR no cpaBHEHMIO C KOHTPOAbHbIM BapMaHTOM
yBEAMYMAACb Ha 25%, B (pa3e MacCOBOro BCKPbITUS AUCTbEB YBEAMYMAACb HA 37%. AAMHa pocTta
a6A0Kk Cuepc (Malus sieversii) B (hase o6pa3oBaHuMsi MOAPOCTA MOCAE NMPUMEHEHUst 6BMOOPraHMYecKoro
yA0b6peHus «brnodkolym» PGPR no cpaBHEHMIO C KOHTPOAHbIM BapuaHTOM yBeAMuYMAach Ha 32,0%, B
hasze MaccoOBOro BCKPbITUS AUCTbEB YBEAMUMAACH Ha 29%.

KaoueBble caoBa: 6uoopraHunueckmi npenapat, PGPR 6aktepusi, MUKpoOMOAOTUS, MOYBa, F'yMyC.

KsbickapTtynap

M — metp; ra — rekrap; M> — KBaJIpaTThl METp;
r/cM®— rpamMM-canTEMETp Ky0; % — niporieHT; ETTA —
et nmentoHAs! arap; JKMXK — skanmsl MUKpoOTapabIH
xuiiri; AB-1 — xoraprbl TykbiMOak; AH-1 —
TOMEHT1 TYKbIMOaK.

Kipicne

Kazipri yakpITTa OpMaH IIapyamrbUTBIFBI KbI3-
METIH/Ie, OpPMaHIApJbIH OHIMIUTIK JCeHICHiHIH
TOMEH/EYl €H MaHBI3bl Mocesie OOJBII OTBI.
OpmaH MmapyambUIBGIFEl KBI3METIHIH HETI3TI MiH-
JeTTepiHiy Oipi, )KOFaphl canaibl OTHIPFBI3Yy MaTe-
pHANIApBIH KETKUTIKTI MeJIIepae ocipilm KoHe
oNappl OHJIIPY KaFaalIapblH ®KaKCcapTy KOJIBIMEH,
OpMaH eCIMIIKTEepiHiH OHIMIIIITiH apTTIPy OOJBIN
TaOBLUIAEL.

Ocprrag  OalylaHBICTBI  OI3MIH  MakKajgambI3a
«Ine Anaray MeMIEKeTTIK YITTHIK TaOUFU MapKi»

PMM opmaH TYKbIMOAKTapblHa OHOOPTaHUKAIBIK
THIHANTKBIITAPAB! KOJJAQHYABIH THIMII TEXHOIO-
THSACHIH 93ipJieMei KOJ JKeTKi3y MYMKiH eMecTiri
cunartairad. CoOHbIMEH Oi37iH 3epTTey KYMBbI-
ceiMbI3fia  «lme-Anartay  MEMIIEKETTIK — YITTHIK
taburn mnapki» PMM opmaH TykbpIMOakTapbiHA
OMOOPraHUKAaJIBIK THIHANTKBILITAPABI KOJAAHYIBIH
THIMJII TEXHOJIOTUSCHIH 33ipJiey Ka3ipri TaHaa Kepek
eKeH1 alKbIHAANbIN OThIp. OpMaH MUTOMHUKTEPiHE
OMOpPraHUKAIBIK  THIHAWTKBIITAPABl  KOJJIAHY
KaXXETTIIIr jkoHe oJapAbiH 3 (eKTHBTUIITiHE Oali-
JIaHBICTBI, OJIApABI Y3aK YakbIT OOMBI KapKbIHIBI
rmagananyqal KediH TyblHmaimel. byn makamama
TOIBIPAKTHIH ~arpOXUMMSIIBIK  KAacHeTTepi Mpo-
LECTEPiHIH KOPCETKIllli OHE TOIBIPAK MHKPO-
(bopachIHBIH KYPaMBbIHBIH CaHJIBIK JKOHE CamalbIK
KOpCETKIITEPiH 3epTTey, OMOOpraHUKAaJIBIK
THIHAUTKBIITApALIH 3(h(EeKTUBTINIriH Oaranayaa
oTe KaKEeT eKCH/IIr TYpaKTaFaH.

3epTTey KYMBICHIH/IA TaljanaHaTelH Onoopra-
HUKaIBIK mpemapar  «buoDxol'ym»  rymunzi
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mpemapar — KYpamblHAa TYMHH KBIIIKBUIIAPBI
MEH TyMaTTapbl 0ap KOMILIEKCTI OHOJIOTHSITBIK
OeJiceH/I THIHAWTKBINI, COHBIMEH KOCa OHBIH
KYpaMBIH/IaFbl MaKpO- JKOHE MHUKPOAJIEMEHTTEPAiIH
TEHIECTIPUITEH  KUBIHTHIFBI, OCIMIIK aypyblHa
KapChl, OCIMIIKTEP MEH ©CKIHIEP IIH KOPFAHBIIITHIK
KacHeTTepiH apTTBIPYJbl KaMTaMachl3 ETeTiH
KYpaMbIHIAa JKETICTIri MOJ  MHKpodIIopamapsl
Ke3/IeCeTiH OMOOpPraHUKAJBIK ThIHAWUTKBI. 2018-
2019 xpuipap apansirbiHga Otanablk «bro3OKo-
I'ym» Omomnpenaparsl KazakctaHHBIH 3 OOJBICHIH-
na Anmatel, Axkmona, Typkictan oOJbICTapbIHIA
579 rekrapaaH actaMm ankanTa KongaHasl. Opramma
alfaHaa, oOChl OHOIpemapaTThl  KOJJIaHFaHHaH
KeiiiH eHIMHIH KOCBhUTYbI 30-45 maifbI3ra apTaThIHbI
anpikTanFrad. «buodxol'ym»  OMOOpraHMKAIBIK
MIperapaTbiH KOIIeTTEPiH XKepCiHyiH apTTHIpyZa,
KaJleMIIeJepiH Te3 apaja TambIpiaHybl VIIIiH
KoJaHyFa OOJIATBIHBIH KONTEereH 3epTTeyliep
JIQJICJIIETEeH, oJlapFa MaKajlajlapibl, MaTeHTTepl
KaTKp3yra Oonaabl. «brodkol'ym» KOHIEHTpI
TYMUHAI OMOOpTraHUKANBIK OHoIpernapar Tyci Kapa-
KOHBIP €pITIHIICH TYpaJbl, OPTYPIi OpraHuKaIbIK
[IUKI3aTTap apHaiibl MUTOMHUKTEPIHAEC KOMIIOCT
KYPTTapbIMEH OHJENITeH BEPMUKYIUTTEPJCH allbl-
Ha/Ibl J)KOHE OCIMJIIKTEp YIIiH KOJDKETIMIII MUKPO-,
MaKpO3JEMEHTTEPMEH KyHapIaHIbIpbUIFaH. «bro-
Oxol'ym» KJIeTKanmbIK ACHreine eciMaik OoHbIHa
CIHIN, OJIapIbIH TO3IMILIIriHe, CTpecKe OcHiM-
JeITyiHe, 6CyiH KbUIIaMAATAThIH JKOHE OHIMIUTITIH
apTTHIPATHIH OMOOPTAaHUKAJIBIK OMOIIpenapar.
OciMiK MmaljaNaHaThlH MHHEPAIIbl 3aTTap
MaKpO3JEMEHTTED JKOHE MUKPOIIEMEHTTEDP TYPiHIC

cimipitemi. OCBI  DIEMEHTTEPIIH  OPKAHCHICHI
eciMAIK opraHusMinjae Oenrim 6ip QyHKIHsIIApABI
aTkapamael. A3or, Kykipt, Qocdhop, Kamui

dJIEMEHTTEpl JKeTicereHnae kebiHece OCIMIIKTIH
JKarbIpaKTapbIH/a KOPiHIC OEpEeTiH XJI0p03 aypybIHa
YIIBIpaTaabl; €KIe KOIIeTTep/iH ocyl Texenen,
araiThlH OyTaKTalybl a3aiblll, Y3aK YaKbIT OOMBI
Kemic TyHiHAepi madga OosManibl, ©CIMIIK
anciz 6omein keneni [1-4]. Kykipr, marauii, Temip
AJIEMEHTTEpl JKETICIeTeH J>Xarmaia MIeIpIia MEH
KBUIKAH KambIpaKThUIAPJBIH YINTaphl CapFaubll,
XJIOpO3 aypyblHa yiueslpaiasl [5-6]. Maprauen,
MBIPBIIII  JKETICIEreH  Ke3[le  XJIOPOTHKAJIbI
TaHOanap maiga OOJBINT OCIMIIKTIH 6cyi TexXelnei
cabakrapsl miipuni [7-9]. Ocwiran opaii opmaH
TYKbIMOAKTaphlHIa Ka3ipri TaHga OCIMIIKTePAiH
IIBIFBIMBIH ~ JKOFApBLIATy  VIIIH  OPTaHUKAJIBIK,
OpraHOMHHEPAJIABI, OaKTEePHAIIILl THIHAUTKBIIITAP,
MHUKPOTBIHAWTKBIIITAP OHE OCIMIIKTEPIIIH OCYiH
KBUIIAMIATATEIH  CTUMYJISTOPIAPIBI  KOJIJIAHYIbI
Tajam eTill OTHIp.
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Kazipri ke3me MwuHEpalabl ThIHAWTKBIIITAD
oTe KbIMOaT OONIFaHIIBIKTaH, all OpPTaHUKaJIbIK
THIHAUTKBIITAP JKETKUTIKCI3 OOMNBIT KENTeHIIKTEH,
OCIMJIIIKTEeP/IH ©6Cyi MEH IaMybIHBIH 3()()EKTHUBTI
oCyJi KapKbIHIATYIIBUIAPHI — TYMUH KBIIIKBUTAAPEI
MeH (yIbBOKBIIIKBIIAAPE], SFHH TyMaTTap MeEH
¢ymeBarrapaein Na, K, NH, TysnapeiaeiH eTe
TeMeH KoHneHTpauusuiapeiHaarsl 0,001-0,0001 %
KOJJIJaHFaH TuiMIi Oojanmbl. Bynm kepcerkimTep
OpPTaHMKAIBIK TYMHHJI THIHAUTKBIITAPABIH KY-
paMbIHIa Ke3gecemi. TykKpIMOakTapAarbl MaHBI3-
JIbl arpOTEXHUKAJIBIK IIapayiapAblH Oipl eCIMIIK-
Tepre OMOOPraHUKAIBIK THIHAWTKBIIITAPTBI
naiananraHaa, TOTBIPAKTHIH KYHApJIBIFBl apThII,
eTieTiH ecIMIIK MaTepHalIapbIHBIH MHUHEPAJIbIK
KOPEKTEHyl »aKcapbll, ©CIMIIKTEp/iH KeJeMiHe
MaKKaHIaFbl MTBIFEIMBIHBIH YIFAtOB! apTaasl [10].

Kenreren 3eprreynepaiH wmajimertepi 00ii-
BIHINIA, OCIMIIKTIH ecyiH xbUimamaarateiH PGPR
OaKkTepusIIapAbIH ~ HETi3iHAe TYMUHAI OHoIpe-
naparrap/ipl eCiMIIKTepre MailaiaHFaHia, TOIIbI-
paKkTarbl Ke3/IECeTiH KOPEKTIK 3aTTapMEH JKoHe
Makpo-MukpoanemenTrepmer, PGPR  Oakrepus-
nmapel e3apa opekerrecemi. COHBIH HOTHKECIHIC
OCIMIIKTEpPAiH  TYTHIHYbIHA  KAXKETTI  MakKpo-
MUKPOIJIEMEHTTEPAl KO JKETIMAI Typre aiHai-
IBIpaJIbl, OpMaH OCIMJIKTEPiHIH JXBUIIAM ©cCyiHe
XKOoHE aOMOTHKANBIK (akTopiapra Te3IMALUIIK
KAaCHUeTTepiH apTThIPATHIHABIFEI KepceriareH [11-
15].

OcbIFaH  oOpaif, TOMBIPAKTHIH OHOJIOTHSIBIK
Oencenninirin apTTeipy Oemimingeri ©.0. Ocna-
HOB arbiHAarbl Kaszak TombIpakTaHy KoHE
arpOXUMUSl  FBUIBIMH  3€pTT€Y HHCTHUTYTBHIHBIH
MHUKPOOHOJIOTHS 3epTXaHachlHAa OMOOPTaHUKAIIBIK
THIHAUTKBIITApABIH ~KypambiHa KipeTin PGPR
OakTepusUTaphl HETi3iHIe OWOJIOTHSUIIBIK arcHTTep
peTiHIEe NUTOMHUKTEPAETl OCIMIIKTepAiH ecyiH
apTTHIPATBIH, KOLIETTEPl eKKEHIE OCIMIIKTEepAiH
CcTpecke Te3iMai KabieTiH jkakcapTaThiH OTaHIBIK
npenapaTr eHIIpiayae. BHOOpraHUKaNbIK THIHANT-
KBIIITAD OPMaH TYKbIMOAKTAPHIHBIH TOIBIPAFBI
MEH OCIMIIKTEepAiH TONBIPAKTaH KOPEKTECHYIH
JKaKcapThlll KaHa KoKMall, COHbIMEH KaTap e€ry,
OCIMJIIK KOIIeTTEPiH Ka3blll ally HOTIKECIHIe
TOMBIPAKTHIH KYHApPJIBIFBl €I9yip TOMEHJCTCHIC
OJIapJIbIH KYHAPJBUIBIFBIH Y3MIKCI3 apTThIPATHIHBI
KenTereH 9/1ebu ManiMeTTepae kepceTinreH. OThIp-
FBI3y MaTepualiblH ocipy Ke3iHae OMOTBHIHAMNT-

KBIIITAPbl  KOJJAaHYy KOIICTTePJiH ©CKIHIHIH
OCyiH JKOHE TaMBIp JXYHECIHIH J>KaKChl JaMYybIH
KymeiTeni. buoopraHmMKanmblK — THIHAUTKBIIITAP

9KOJIOTHAJIBIK KayiIci3 oHE TOMBIPAKTBIH OpTYpPIi
KOPCETKIIITEePiH apTThIpaibl, COHIA-aK KOpIIaraH



JI.H. Masnrenaues xoHe T.0.

opTa MeH 0Oacka Ja Tipi OpraHu3Mepre yakbITIIa
JKOHE Y3aK Mep3iM/Ii KOTaiChI3 acepIi OonapipMayra
MYMKIHAIK Oepemi. OciMIikTi OMOOpPTraHUKAJBIK
THIHAWTKBIIITAPDMEH OHJCTCHIE OJIApIbIH OHIM-
IUTITIH JKOFApBUIATHIN, TOIBIPAK 3PO3WAFA VIITBI-
paybIHBIH TOMEH IeyiHe ce0eOiH TUTi3eI.

Byn MakanambB3IbIH FBUIBIMH  JKaHAJIBIFHI,
ajFamkel peT «lme-Aaray MEMIIEKETTIK YIITTBHIK
tTaburu mapki» PMM Akcail ¢unmansiHblH - Op-
MaH TyKbIMOakTapplHa araml  eCIMIIKTepiHiH
eKIe KOIeTTepi MEH KOIIeTTepAi ecipy Ke3iHIe
OMOOpPraHMKANIBIK  THIHAUTKBIITAPABIH — THIMII
TEXHOJOTHSICHI TYPAKTAJIJIBI.

3epmmey owcymvicoimbizobiy Makcamovl — «lne-
AJnaray MEMJIEKETTIK YITTHIK TaOuru napki» PMM
AKcaii pUIHaNBIHBIH OpMaH TYKbIMOaKTapbIiHa OHO-
OpraHUKaIIBIK THIHAWTKBIIITAPIBI KOJJIAHY TEXHO-
JIOTHACHIH 3€PTTEY.

3epTTEy MaTepua aapbl MeH dicTepi

BuoopranukaibK THIHARTKBIIITAPABIH arpore-
HO3JapFa oCepiH 3epTTey OOMBIHIIA TIKIPUOEITIK
00BeKTiIep, aFam OCiMAIKTEPiHIH eKIe KoueTTepi
MeH KemIeTTepiHiH ocyi «lme-AnaTay MeMIIEKeTTIiK
VITTBIK Taburu napki» PMM Axkcaii (uiuansinga
opHanackaH KackeneH opMaH TYKbIMOAFbI aIbIHIBI.

3eprrey 0OBEKTICI peTiHAe: THIMII MHKPO-
OpraHu3MJiep MEH MaKpO-MHKPOIJICMEHTTEP HeTi-
3inge xacanran Ortanaplk «bnoldkol'ym» PGPR
OMOOPraHMKAaJIBIK THIHAWTKBIII aIbIH/IBL.

KackeneHeri TOMEHT1 %9oHE )KOFapFbl OPMaHIbI
TYKBIMOAKTapbIHBIH TOBIPAKTAPBIHBIH MHUKPOOTBHIK
OMOIIeHO3Maphl  3ePTTENMi, CEJICKTHUBTI KOPEKTIK
opTara TONBIPAK CYCICH3UACHIH €ry oiCiMEH
JKYy3ere achIpbUIAbl. MHKpPOOOLEHO3AapAbIH Ky~
paMbIH 3epTTey YILIIH MbIHAAal THIFBI3 KOPEK-
Tik opramap mnagananeurasl:  EITA  (kams
MHUKPOOTapbIH JKUITIriH), TeK KypamblHIa KOpPEK
Ke3l koK oprta (ommrorpodTap), Actinomycete
isolation agar (axTuHOMUINETTEDP);, Sabouraud
dextrose agar (amwbITKbLIAP); Pseudomonas agar
(nceBmomonanamap); Yameka KOpEeKTi oOpTachIHIA
(caHBIpayKyJIaKTap) KU1 aHBIKTaJIbI.

Ne 1 xopekrik opTtansiH Kypamsl — EITA: riro-
ko3a — 10,0 — menrton, 5,0 — HaTpuii xmopuii, MI1b-
1,5, ambITKBI 3KCcTpakTici — 1,50, arap — 15,0;

Ne 2 xopekTik opTaHblH Kypambl — Tek arapisl
KOpeKkTi opra: arap-arap — 15,0; NaCl-10,0; pH 6,8-
7,0;

Ne 3 kopexTik OpTaHbIH KypaMbl — Actinomycete
isolation agar: xazeun — 2,0, Hatpuit xnopumi — 4,0,
Na,PO, - 0,50, L-acniaparun — 0,10, MgSO, - 0,10,
FeSO,-0,001;

Ne 4 xopekTik opraHblH Kypambl — Yameka
KOpeKkTi opracel: caxaposza — 30,0; NaNO,-2,0;
KH,PO4-1,0, MgSO,-7H,0 0,5; KCl - 0,5;
FeSO,- H,O - 0,01; arap — 20,0.

Kopekrti optamap aBrokiaBta 120°C Temme-
patrypanga, kKeickiMbl 101,3 kIla 30 mmu OoiinI
3aJ1aJChI3AAHABIPBULIEI [ 16].

Ine Anatay MEMIIEKETTIK YITTHIK TaOWFH TapKi
Axkcail opMaH TYKbIMOAKTapbIHBIH TOTBIPAKTapbIHA
arpoOXHMHUSUIBIK 3epTTEYJIep JKaCaIIbl: )KbUDKbIMAJIbI
thochop—T"OCT 26205-91; xammst pochop—T'OCT
26261-84; xpunkeiMansl kaauii — ['OCT 26205-91;
xaunmel kamuil — I'OCT 26261-84; sxanmsl rymyc —
Tropun omici OOHBIHINA; XEHIT THAPOIU3IACHETIH
azoT — Tropun-Konosoit; sxammer azor — ['OCT
26107-84; xanbuuil *oHe MarHuil — ApHUHYIIKUH
xoHe moau(. I'pabapoBa; HaTpuil MeH Kanui TY3-
napsl — Kaparaesa sxone MameroBa ['pabaposa Mo-
muuKaus oxictepi OOHbIHINIA aHBIKTanFaH [17,
18].

Aram  ©CIMJIKTEpiHIH KOIIETTepiHiH Ouo-
METPUSIIBIK KOPCETKIITepl eciMAikTepai Ouoop-
TaHUKaIBIK  THBIHAWTKBIIITAPMEH  OHJIETEHHEH
KeWiH aHbIKTa’IAbl. ToxipuOemiK >KyMbICTapabl
KalTanany anaHsl — 2 M2, ThIHAUTKBIIITAPIBI CalTy,
OCIMIIKTEPIiH €KIIe KOIETTePIiH OTHIPFBI3Y MKOHE
OCIMIIKTEpAI ©Ocipy CHSKTBI arpOTEXHUKAJBIK
ic-mapanap KoiAMeH kyprizingi. TyxeiMOakTaH
135 epik (Omikriri 30 cwm), 135 amva (OwmikTiri
30) xemieTTepi Ka3bUIbII ANbIHABL. ToxipuOe yIn
HYCKaJa Xyprizineni: 1-0axpuiay (OnomnpenaparThl
Kocmai, cymen emzeneni); 2-buodxol'ym+PGPR;
3-buolOkol'ym+makpo — mukpoanemenrrep. 2019
KBUIIBIH MOJENBbAI TIKIpuOe Cchi30achl OOWBIH-
ma epik, aaMa KeIleTTepiHe OMOOPTraHUKAIIBIK
TBIHAMTKBIITApABl KOJJaHy apKbUIBI MOZEIbIi
TOXiprOene ecipy YIIIiH, )KYMBICTHIH YIII BAPHAHTHI
YII KalTa aHbII JIbIHIBI.

TykpimOakTan 108 mbipma (Owmiktiri 11-14
CM) KemeTTepi Ka3bUIbII albIHIBL. Taxipuoe TepT
HYCKaja xyprisineni: 1-6akpuiay (OmompenaparTsl
Kocmai, cymeH  eHzeineni); 2-buodxolywm;
3-buo3kol 'ym+PGPR+mukpoarsa HeTi3iHzeri
aypyfa Kapcel buonpenapar+(urorapmMoH; 4-MuK-
poaF3a Heri3iHIeri aypyra Kapchl mpemnapart.
Bapnplk  TEXHONOTHMAJIBIK  ic-IIapamap  OpMaH
NUTOMHUKTEpiHAEe KaOBUIAAHFaH OTBIPFBIY Ma-
TepUaIIapblH  ©Ccipy TEXHOJOTHsAJIaphlHA COHMKec
OPBIHAAJIIBL.

3epTTey HITHAKEEPi JKIHE 0JIAPABI TAIAAY

Ine Anamay memnexemmix Yammulx maodusu
napxi opman MyKuIMOAKMAapulHbly MONLIPaAKma-
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PHIHOAZLL  MUKDOOP2AHUBMOEPOIH — IKOLOSUSAIbIK-
MpOPUKATBIK MONMAapsll 3epmmey

Inme Amarayel MeMIJIEKETTIK YITTBIK TaOWFu
mapki OpMaH MUTOMHHMKTEPiHIH  TOTBIParblH
KaKcapTy JKOHE KYHApJIBIFBIH CaKTal Kajyja,
MUKPOOPTaHU3MJIEPIIH SKOJIOTHSIBIK-TPOGUKATBIK
TONTApPbIH 3EPTTEY ©TE MaHBI3ABI OOJBINT KeJei.
3epTTey KYMBICBIHAA a30TTHIH OPTaHUKAIBIK TYP-
JIepiH NaianaHaThiH aMMOHHU (PUKATOPIIAPIbIH CAHBI
anbIKTanapl. COHPIMEH aMMOHH(HKALIUS MTPOLECiHe

KaThICAThIH OakTepusnapabiH Bacillus TybICHI XKoHE
CaHBIpAayKYJIaKTapIbIH Aspergillus TybIChIHA JKaTa-
TBIH TYpJIepi aHBIKTAIBI. AJl, a30TThIH MUHEPAJIJIbI
TypJiepiH mMmalijalaHaThlH  aKTHHOOAKTepHsIap
Actinomycete isolation opTachIlHIa aHBIKTAIBIHIEI.
Makanana, Akcail (UIMAIBIHBIH >KOFapFbl KOHE
TOMEHIT OpMaH TYKbIMOAKTapBIHBIH  TOTBIPAK
MHKPOOPTaHU3MIIEPIHIH  OapiblK  IKOJIOTHSUIBIK-
TPOQUKANBIK TONTaphl KEHIHEH KOPCETiIreH.
AnbIHFaH fepekTep 1-KecTene KeNnTipireH.

1-xecte — «lme-Anaray MeMIIeKeTTIK YITTHIK Taburu mapki» PMM Akcail ¢uinanblHbIH JKOFapFbl JXOHE TOMEHIT OpMaH
TYKbIMOAKTapBIHbIH TOIBIPAK MUKPOOPTaHU3MIEPiHiH HETi3Ti 3KOJIOTHsUIIBIK-TPO(GHKAIIBIK TONTAPBIHBIH CaHJBIK KYPaMBbI

TemeHri TYKbIMOAK
Yrinepain Muxpoar3anapasiy caaablk Kypambl, KKB/r moussr
aTalrysl KMC Baunmnyc Onurorpod Tt Axtunomuuertep | CanbIpayKysiakTap
AH-1 (2,5+0,10)-10° (2,6£0,10)-10° (2,0+0,12)-10° (5,6+0,14)-10° (2,240,12)-10?
JKorapre! TYKbIMOAK
AB-1 | (1,6£0,10)-10° (1L6£0,10)10° | (3,8£0,12)10° | (4,00,14)10° | (1,120,12)10°

«Ine-Anaray MeMIEKETTIK YITTHIK TaOuFu
napki» PMM Akcaii (hMiIranbIHBIH XKOFapFbl OpMaH
TYKBIMOAFbIH/Ia TOMBIPAK MHKPOOPTaHU3MIEPiHIH
HETI3T1  AKOJOTHSAJIBIK-TPO(UKAIBIK TONTAPBIHBIH
CaHIBIK KYpaMblHOa OJUIOoTPOdTHl MHKpOar3a-
napaplH, 0acklM eKeHAIri TypakTanuel. byn kep-
CETKIIl TOMBIPAKTHIH MUKPOOPTaHU3MIEp HeriziHe
0ail eKeHiH KepceTemi.

TomnbIpakTarbl OJUTOTPOGTAPBIH  CAHBIHBIH
KOPCETKIIl JCHTSHIHIH CaHIBIK KOPCETKIll Te-
MeHri  TykbiMOakTa 2,0-10° JKoHE  IKOFapFBI

tykbiMOakTa 3,8-10° KKB/r TombIpakTa KYpaThIHBI
aHBIKTANABl. AKTHHOMHMLETTEPIiH JKajilbl —ca-
Hbl aKTUHOMHILETTEpP YLIIH MaMaHIAJIfaH KOpPEK-
TI OpTajza 3epTTeNreH. AKTHHOMHUIETTEp VIIiH
MaMaHJalfaH  KOpeKTi  opTajapia  ©ceTiH
AKTHHOMMLETTEPIiH CaHABIK KypaMbl TOMEHT1
TykbiMOakTa (5,6+0,14)-10° sxorapFbl TYKbIMOAKTa
(4,0£0,14)-10° KKB/r TOmBIpaKTa aHBIKTAJIHI.
Operrerizelf, caHbIpayKyIakTap  TOINBIPaKTaFbl
MUKpPOOPTaHU3MAEPAIH JKaimbl caHBIHBIH  10-
20%, sram (2,2+0,12)-10% — (1,1+0,12)-10* KKb/r
Kypainasl.

Makanameizna, «lire-Anaray MEMIIEKETTIK YJIT-
TBIK TaOuru mapki» PMM Axcail ¢uimanbsiHbIH
YKOFapFhl )KOHE TOMEHI'1 OpMaH TYKbIMOAKTapbIHBIH
TOIBIPAK MHKPOOPTaHU3MJICPIHIH HEri3ri YKOJO-
THSIIBIK-TPO(HKAJIBIK TONTAPBIHBIH CAHIBIK KYPaMbl
OPTYPJTi eKEHIITI TYPaKTAIIIBI.

28

Ine Anamayvi memnexemmix Yammulx maoueu
napKi opmMar MYKbIMOAKMAPbIHLIY MONbIPASHIHA
AZpOXUMUANBIK 3epmmeyiepee maioaynap ixcacay

«lne-Anatay MeMIIEKETTIKYITTHIK TAOUFUTIAPKi»
PMM Akcaii GprinaasIHBIH KOFapFBI )KOHE TOMEHT1
OpMaH  TYKbIMOAKTapbIHBIH  TOMBIPAKTAPBIHBIH
2-kecte OOWBIHIIA XUMHMJIBIK KOPCETKIIITEPiH
Tangacak: S KBUDKBIMaIBl  (OCHOPIBIH  Kypambl
oraprbl TyKpiMOakTa 0-20 cMm kabatbiHmaa Mavu-
ruHa ofici OofibiHIIa — 108 Mr/kr (eTe >xKoFapbl),
ajg TeMeHTi TykpIMOakTa — 40 MI/Kr (KOFaphl)
KYpaWTBIHBI ~ aHBIKTAIIBI; JKaIIbl  QOCHOPIBIH
KypaMbl Koraprbl TyKbiMOakTa — 0,340% (>koFapsr),
al TeMEHTl TYKbIMOaKTa 0,212% (>xorapsl)
KYPaWThIHBI aHBIKTAJIJIbI; JKAJIIBI KAJTHHIH KYPaMbI
JKOFapFBI TYKpIMOakTa MauurrHa o/1ici OoMbIHIIA —
360 mr/kr (>KOFapshl), a1 TOMEHT1 TYKbIMOakTa — 150
MI/KT (TOMEH) KYpaWTBhIHBl aHBIKTaJAbl; TYMYCTBIH
KypaMBbl JKOFaprbl TyKbIMOakTa TropuH omici 00ii-
prHMA — 7,44 % (Okoraphl) A TOPHU3OHTHIHAA TY-
MYCTBI OpTalia eKCHIITrH KepceTeli, all TOMEHTI
TyKpiMOakTa — 2,89% (TeMeH) KypbIl, Kapa KOHBIP
TOMBIPAKKa JKATATBIHBI AHBIKTAJJIBI, KaJIbIUHIiH
Kypambl Mr-skB/100 Tp. TOmBIpaK >KOFapFbI
TyKpiMOakTa — 24,50 (eTe KOFaphl), al TOMEHTI
TykpiMOakta — 10,78 (oxofapbl) KypaWTHIHBI
AHBIKTANABl; MarHuiinig Kypamel Mr-3ks/100 rp.
TOTIBIPAK KOFapFbI TYKbIMOakTa — 1,47 (oprarma), ai
TOMEHT1 TYKbIMOaKTa — 2,94 (3KOFapbl) KYpauThIHBI
AHBIKTAIABI; KEHUT TUAPOJIM3IEHETIH a30TThIH
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KypamMbl MI/KI' TONBIPAK >KOFApFbl TYKbIMOaKTa —
47,6 (eTe >xOFaphl), aJl TOMEHT1 TYKbIMOakTa — 28,0
(>koFapbl) KYpalTBIHBI aHBIKTAIABI; | OMBIPAKTHIH
KYHApIIBIFBIH ~ KOPCETETiH, TOMBIPAKTHIH CiHIpY
KaOiJIeTiHe TOTBIPaK TY3YIIIi TPOIIeCTEP TiH MAaHBI3 bl
epeKLIeNiKTepi MEH KOeINTereH KacueTTepi Oaiina-

HBICTEI. KemnTereH Cynbl YCTAaHTBIH KOJUIOMATED
rugpoduabai gem aranansl. Omapra Na+, K+, Ca’+,
Mg*+ KaHBIKKaH KOJUTOMITAPHI JKaTabl. 3epTTEII
OTBIpFaH OOBEKTiIepiMi3/iH TomblpakTapel Ca'™,
Mg™ KOMIOWATHI Ty3dapblHa KAaHBIKKAH EKEHIITi
3epTTEII.

2-kecre — «lme-Anaray MeMJIEKeTTIK YATTHIK Taburu mapki» PMM Axcail (UIHANBIHBIH JKOFapFbl JKOHE TOMEHIT OpMaH

TYKBIMOAKTapBIHBIH TOMBIPAKTAPBIHBIH XUMHSUITBIK aHATN31

Tepewairi, cMm
JKbpUDKBIMAITBT
thocdop, Mr/xr
JIAH, MI/KT
Kannel kanuii, %

Zz
YnriHig aTamyst
JKbUTKBIMATIB] Ka-

Ca™ Mg Na* K*

a30T, MI/KT

mr-9kB/100 rp. TombIpak

T'ymyce, %
Kenin
THIPOJTU3CHETIH
JKanmer azot, %

1 AB-1 0-20 108 0,340 360 2,125

7,44 47,6 0,406 | 24,50 1,47 0,20 0,26

2 AH-2 | 0-20 40 0,212 150 2,625

2,89 28,0 | 0,182 | 10,78 | 2,94 0,20 0,18

Aramn eCiMAIKTEpiHIH eKmelepi MEH KelleTTepiHe OMOOpPTaHMKANBIK THIHAWTKBIITAPIBIH THIMII

MOJTIIEPIH KOJITaHy

BUOTBIHAUTKBIIITAPIBIH aIMa, OPIK aFalll CIMIIKTEPiHIH €KIIe KOIIETTePiHIH ocyiHe acepi, «lne-Anaray
MEMJIEKETTIK YITTHIK Ta0uFu napki» PMM Akcaii opMaH TYKbIMOAFbIH/Ia MOIETIBII TOXKipHOe chi30ack 60ii-

BIHIIIA >KaCaJIJabl.

3-kecTe — BroopraHuKaIbIK TEIHAMTKBIITAPIBIH OPMaH KOLIETTEPiHIH ocyiHe acepi, cM

Aty Baxbinay «buodxol'ym» Bbuo3xol'ym+makpo
PGPR — MUKPOJIEMEHTTEP
Koniwmri epik (Prunus armeniaca)
Kemerrepin OHiKTIri, CM 30+0,11 30+0,11 30+0,13
Ockiniep maitna 6oaFaHIarbl Y3bIHIBIFBI, CM 36+0,12 45+0,12 41 +£0,12
YKambipak naiina GonFaHIarsl Y3BIHIBIFBL, CM 40+£0,11 50+ 0,10 45+ 0,11
JKanbipakTapbIH jKanmnai aiblTy Ke3iHAeri Y3bIHIBIFbI, CM 43 +0,10 59+0,10 49 £ 0,11
CabakrapbIHbIH OyTallaHybl, JaHa 22+0,10 30+0,11 20+ 0,13
Cusepc anmacel (Malus sieversii)
Kemerrepain OmikTiri, cm 30+0,12 30+0,10 30+0,12
Ockinep maiaa OoNFaHIaFbl Y3bIHABIFBI, CM 34+0,14 45+ 0,11 40+ 0,10
JKambipax maiiga OoJaFaHAaFrbl Y3bIHABIFBL, CM 39+0,13 48 +£0,13 45+0,13
YKambIpakTappIH JKanmai anrblTy Ke3iHAeri Y3bIHIBIFEL, CM 47+0,10 61+0,12 52+0,10
CabakrapbIHbIH OyTalaHybl, JaHa 8§+0,12 17+0,10 9+0,11

Bacrankpel Ke3ae KoIMIT OpiK IeH aJMaHbIH
KOIICTTEPiHiH Y3bIHIBIFBI 30 CM KYpPJIbL.

3-kecrezie Kopim OThIpFaH/ail, OnOOPTraHUKaIBIK
THIHAUTKBIIITAP IBIH aJIMa, OPiK aFail 0CIMIIKTePiHIH
eKIle KOILETTEPiHiH ecyiHe dcepiH (HEeHOJIOTHSIIBIK
Tanmaynap JkacaraHaa KoIIMTi OpiKTiH OOWBIHBIH
Y3BIHJIBIFBI OCKIHAEPIIH makga 0oy ¢a3aceiHIa

0akpulay HBICAHBIMEH CalbICThIpFaHaa «brnoldko-
I'ym» PGPR npenapaTeiMeH ©HIET€H HBICAaHBIHIA
25 %, an buo3dkol 'ym+makpo-MuKposnemeHTrep 13
% apTkaHbl Oalikamabl. JKamblpakTap/blH Karman
amplTy (azacel Ke3iHae KoMiMri epiKTiH OOHBIHBIH
Y3BIHIBIFbl OaKblIay HBICAHBIMEH CajbICTBIPFaHAA
«buodkol'ym» PGPR mnpemapaTeiMeH eHJereH
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veicanbiHga 37 %, an  buoBkol'ym+maxpo-
MukpoaaementTep 13 % apTkanbl Gaiikanmel. Opik
OCKIHIHIH ca0aKTapbIHBIH €H KoIl OyTajlaHFaH
BapuaHTsl «bnoldkxol'ym» PGPR mpenaparsiven
eHercHAe Oalkamael, Oyra canbl 30 + 0,11.
CuBepc anMacbiHBIH OOMWBIHBIH  Y3BIH/BIFBI
eCKiHIepAiH maiga Oony ¢asaceiHza Oakeliay
HBICAHBIMEH canpicThipragga  «buoDkol 'ym»
PGPR mnpenaparsiMeH eHzereH HeicanbiHza 32,0
%, an buoldxol ym+Mmakpo-mukposiaementrep 17,0
% apTkaHbl Oaifkanmgel. JKambeipakTapAbplH Kar-
naii ambUly Qaszachl Ke3iHJIEC alMaHbIH OOHBIHBIH
Y3BIHIIBIFEl 0aKbLIAy HBICAHBIMEH CaJIbICTBIPFaHIa
«bnoldxol'ym» PGPR mpemnapaTsiMeH eHJETeH
HeicanbiHga — 29 %, an buodkol ym+maxpo-
mukpoaiementrep 10,0 % apTkaHbl OailKaiIbI.

Oyrananran BapuaHTel «bmodkol'ym» PGPR
MpenapaTbIMeH OHIETeH HBICAaHBl OO0Jabl, OyTa
canbl 17 + 0,11, an epikre Oyra canwr 30 = 0,11
KepceTTi. byn nerenimis, keifiH ockl OyTaKTaiaraH
cabakTapZaH KeIml JKeMic allyFa MYyMKIHIIK
OONaTBIHIBIFBIH TYPAKTaNIbL.

4-xecreje Kopin OTEIpFaHaail, OMOOPTaHUKAIIBIK
THIHAWTKBIIITAP IBIH aJIMa, OPiK aFall 0CIMIIKTePiHIH
eKIe KOIIETTEePiHIH TaMblp JKyHeciHe ocepiH
Oakpulay HBICAaHBIMEH caibIcThIpraHaa «buo-
Oxol'ym» PGPR  xome buoDdkol ym+makpo-
MHUKPO3JIEMEHTTEp NpenaparTapbiMeH OHAETCH Hbl-
canbiHAa 13 % apTKaHbl OalKaIb.

CuBepc anMachlHbIH TaMBIPBIHBIH Y3bIH/ABIFBI
HbICaHBIMEH canbIcThIpranaa «brnodxol'ym» PGPR
mpemaparbiIMeH eHjereH HblcanbiHma 18,0 %, an

3-kecremeri COHFBI 3epTrey KepiHiciHme  buoldkol ym+tmakpo-mukposnementrep 1,0 %
CuBepc anmMachIHBIH ca0aK OCKIHJICPIHIH €H Kol  apTKaHbl OalKasibl.
4-kecte — BroopraHuKabIK THIHAWTKBIIITAP/IBIH OPMaH KOIICTTEPiHiH TaMbIp XyiteciHe acepi, cM
Buodxol'ym+makpo-
Atainysl Bakpuiay «buo3xol'ym» PGPR MO IKOL yMTMAKP
MHUKPO3JIEMEHTTEP

Komiwmri epik (Prunus armeniaca)

TaMbIpbIHBIH Y3BIHABIFbI, CM | 75+0,14 | 85+0,10 | 85+0,13
Cusepc anmacsel (Malus sieversii)
TaMbIpbIHBIH Y3bIH/ABIFbI, CM | 55+0,12 | 65+0,11 | 56 +0,10

6

1-cypet — Konimri epikTiH TaMbIp XKYHeciHiH KepiHici:
a — Oakputay; 6 — «bnodkol'ym» PGPR; B — bnoOkol yM+Makpo-MHKpodIeMeHTTEp (TOMEHT TYKBIMOAK)
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2-cypet — CuBepc aJMachIHBIH TaMBIP XKYHECIHIH KOpiHici:
a — 6akputay; 6 — buodkol'ym+OM +OM; B — BruoDxol 'ym+Makpo-MHKpOIIeMeHTTep (TOMEHT] TYKBIMOAK)

Konimri epiktiH (Prunus armeniaca) mXoHE
Cusepc (Malus sieversii) anmacsiably 1, 2-cyperte
KOPCETUITEH TaMbIp JXXKYHECiHIH KepiHici OaKpuiay

3-cypet — «buodxol'ym» PGPR
+MUKpoaFr3a Heri3iHeri aypyFa Kapchl
Ouonpenapat-+purorapMoH
(>KOFapFBI TYKBIMOAK)

Kenripinren 3- sxoHe 4-cyperTep/ie KbIIKaH JKa-
MBIPAKTHIIAPIBIH OMOOpPTaHUKAIBIK Ipernaparrap-
MEH OHJICJITCH KOPIHICIHIC OCIMIIKTEP/IiH MKaKCh
JTAaMBIFaHbl OalKaIbII TYp, al OuoIpenapaTTapMeH
OHJICTIMETeH CypeTTe OCIMIIKTEPOiH CapFailbIn CO-
JIBIT Oapa ’KaTKaHbl 0alKaIbl. OCIMIIIK KOIIeTTEePiH
eKKEeH Ke3/Ie CTPEeCTi >Karmaiifa YIIslpamMaybIHbBIH,
ONIapABIH ANABIH ally YVIIiH, SFHU KOIIeTTepIi
OTBIPFBI3FaH Ke3le | Toyiikke OMOOpPTaHUKAaIBIK
THIHAWTKBIIITAP EPITIHIICIHAE cajblll KOWFaHHAaH

HBICAaHAapbIHA Kaparanga, «buoldxol'ym» PGPR
IperapaTbiIMeH OHJCTeHJIETT KOPIHICIHIE IKAKCHI
JlaMbIFaHbl 0alKaJIBII TYP.

4-cypet — bruoopranukanibik
THIHAMTKBILITAPMEH OHJICIMETreH e
KepiHici
(>KOFapFhl TYKBIMOAK)

COH OTBHIPFBI3FaH/A, OJAPJIBIH CTPECKe TO31MIi
0O0JIATBIHABIFBI ANKBIHIAIIEI.

KopbIThIHABI

Tomnbipakrarbl  OJUTOTPOPTAPABIH  CAHBIHBIH
KOPCETKIII IeHTeiiHiH CaH]IbIK KOPCETKIIIlI TOMEHT1
TykpiMOakTa 2,0-10° xoHe JKOFapFBl TYKBIMOAKTa
3,8-10° KKB/r, am aKTHHOMHIIETTEPIIiH KaJIIbl
caHbl TOMEHT1 TyKpIMOakTa (5,640,14)-10° sxoraprbl
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TykbiMOakTa (4,0+£0,14)-105 KKb/r TOmbIpakra
aHbIKTanabl. CaHBIpayKYJTaKTapAbIH TOIBIPAKTAFbI
MUKPOOPTraHM3MJIEPiH  JKaIbl caHbIHBIH  10-
20%, srum (2,2+0,12)-10% — (1,1£0,12)-10*> KKb/r
KYpauibl.

ConbIMeH 3epTTey >XyMbIchIHIa «lme-AnaTtay
MEMJIEKETTIK YITTHIK TaOuru mapki» PMM Akcaii
(hUMaNBIHBIH  JKOFApFBI  JKOHE TOMEHTI OpMaH
TYKbIMOAKTapbIHBIH TOIBIPAKTAPBIHBIH MUKPOOTHIK
SKULTIT] QHBIKTAIBIHIBI.

«lne-Anatay MEMIIEKETTIK YJITTHIK TaOWFH
napki» PMM Akcaii QuinanbsiHBIH >KOFaprbl
OpMaH MUTOMHUTIHIH TOMBIPAKTAPHIHBIH XUMUS-
JIBIK KOPCETKIMTepi MbIHAMaW OOJIBI: KBIIKBI-
Manbl  (ocHOpABIH KypaMbl IKOFapFbl TYKBIM-
b6akta 0-20 cMm kabGarteiHma — 108 wmr/kr (eTe
JKOFaphl); xanmsl GpochopasH Kypamsel — 0,340%
(>koFapbl), JKaNmbl KaTUAIH Kypamsl — 360 mr/kr
(>koFapsl); ryMyCThIH KypaMbl — 7,44 % (xoFapbl)
A TOpU30HTHIHAA T'YMYCTBIH KYpaMmbl oOpTalia
SKeHMIT1  aHBIKTANAbl, KaIbIHWAIH  KYpaMmbl
mr-3kB/100 rp. Tomblpakka makkanma 24,50
(eTe >xoFaphl), MarHWWIiH Kypambl Mr-3kB/100
rp. Tomwipakka makkanga — 1,47 (oprama);
JKEHIT THUIAPONW3JCHETIH a30TTBIH Kypambl MI/
KT TOmbIpakka makkanma — 47,6 (eTe >XKoFaphl)
KYPaWThIHBI aHBIKTAJIJIbI,

«Ine-Anaray MeMJIEKETTIK YIITTHIK TaOWFU
napki» PMM Axcaif GpUIHabIHBIH TOMEHT1 TYKbIM-
OaKTarblHBIH OpMaH MHTOMHHKTEpi (hMIHATBIHBIH

TONBIPAKTAPBIHBIH XUMHUSIIBIK KOPCETKImTEpi OO0M-
BIHIIIA TYMYCTBIH KYpaMbl — 2,89% (ToMeH) eKeHAIri
AHBIKTAJIJIBIL.

Konimri epiktin (Prunus armeniaca) OOWBIHBIH
Y3BIHJIBIFBI OCKIHAEPMIH maiijga 0oy da3ackiHIa
0akplIay HBICAHBIMEH CallbICThIpraHga «buodko-
I'ym» PGPR mpemapaTeiMeH OHIETCH HBICAHBIHIIA
25 %, XamblpakTap/AblH Kalmai ambuty (a3zacsl
ke3inzae 37 % apTKaHbl aHBIKTAJIJIBI.

Cusepc (Malus sieversii) amMachIHBIH OOWBIHBIH
Y3BIHJIBIFBI OCKIHIEPIH Maiga 0oy Qa3achiHaa
0akplIay HBICAHBIMEH CallbICThIpranga «buodko-
I'ym» PGPR mpemapaTeiMeH OHIETCH HBICAHBIHIIA
32,0 %, xambplpakTapAblH Kalmai ambuty asa-
CHI Ke3iH/Ie alMaHbIH OOWBIHBIH Y3BIHIBIFEI 29 %
apTKaHbI OalKaJI b,

Kap:kblianabipy Kesi

Kymeic 2019 xputer KP AILIM Opwman mmap-
yalIbUIBIFBl  JKOHE JKaHyapyap IYHHECI KOMH-
TETiHIH KoJJaybIMeH Oekitinren. Ime Amara-
ybl MEMIJIEKETTIK YJITTHIK TaOuru mnapki PMM
FBUIBIMHU 3epTTeyliep OackapmachiablH 2019-2023
KBUIIAP AapalbIFbIHAAFBl  KOCHApbIHAArel  «lie-
Anatay MeMJIEKETTIK YITTBHIK TaOWFH TapKi»
PMM opmaH NUTOMHHUKTEpiHIE OMOOPTaHUKAIBIK
THIHAUTKBIIITAPBl KOJJAHYABIH THIMJI TEXHO-
JIOTHACHIH 93ipJey» FBUIBIMH TaKbIPHIObI OOWBIHIIIA
Kacalbl.
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MPOBAEMA CO3-NMECTULMNAOB
B KASAXCTAHE U CIMOCObbI UX BOCCTAHOBAEHUA
C MoMoLwbO HOBOTI'O BbICOKO®®EKTUBHOIO ®PUTOPEMEANAHTA
MISCANTHUS SINENSIS (Ha npumepe TaArapckoro pamMoHa)

AHHOTaums. B cratbe npeACTaBAEHbl AQHHble O MOHWUTOPMHIE TEPPUTOPUM ObIBLUMX CKAAAOB
XMUMMYECKMX CPEACTB 3alimMTbl pacTeHuit (Ha npumepe, noc. Kbisbia-Karpat, TaArapckuit paioH,
AAMaTMHCKasi 06AaCTb) M CMOCOGHOCTM HOBOrO GMO3HEpreTMyeckoro BmMaa Miscanthus sinensis K
BOCCTAHOBAEHMIO 3arpssHeHHbix CO3-nectvumaamm nous. YCTaHOBAEHO, YTO MOYBA BOKPYT ObIBLIMX
CKAQAOB 3arpsi3HeHa CTOMKMMK opraHndecknmm nectmumaamm (MXb, o-MXLE, y-IFXLE, g-FXUT, 8-FXLT,
AAT, 4.4°'AAD 2.4 AAA, 4.4 AAA, aAbApUH, TENTaxAop, rekcabpoMOEH30A, FenTaxAOP3MOKCHA,
AEAbAPUH, AMOYTUASHAQH, KEAbTAH, METOKCUMXAOP, SHAPWH, DHAPUH aAbAErMA, SHAOCYAb(AH CyAb-
cart, sHAOCYAb(PaH, XAOPAAH, XAOPOEH3MAAT), KOHUEHTpauMM KOTOpbIX npesbiwan MAK ao 120
pa3. OCHOBHbIMU 3arpsisHUTEAIMM MOUBbI ObiAM o-T XL, B-TXLIE, 8-TXLI, AAT, 4.4’AA3, 2.4'AAA,
AAbAPVH, AEAbAPUH, SHAPUH, FeMTaXAOP3MOKCUA, SHAOCYAbaH 1 1 xaopbeH3uAar. Mpu BbipalLmMBaHm
M. sinensis Ha 3arpsisHeHHon CO3-necTMUMAaMM MOYBE YCTAHOBAEHO, YTO pacTeHue obAapaer
TOAEPAHTHOCTbIO (MHAEKC TOAepaHTHOCTM 0.76); B pe3yAbTaTe aAanTUBHOM peakLmMm aCCUMUASILIMOHHOTO
annapara K AeMCTBMIO 3arps3HUTEAS MPOUCXOANT CHUXKEHUE COAEP>KAHWS XAOPO(UAAQ a U MOBbILLIEHWE
BCMOMOTMaTEeAbHbIX MMIMEHTOB — XAOPOMMAAA b U KaPOTMHOMAOB; pacTeHre 00AaAaeT CMOCOGHOCTLIO
3KCTparmMpoBatb M3 3arps3HEeHHOM nousbl A0 11 MKr mMeTaGoAMToB AAT. [MOAyYeHHblE pe3yAbTaTbl
CBMAETEALCTBYIOT 00 aAANTMBHOCTM M. sinensis K BbICOKMM KoHueHTpauusam CO3-necTMUMAOB B rovse
M MEePCrieKTMBE UCMOAb30BaHMS MX MPU pa3paboTke TEXHOAOIMM huTopemeAraLmm.

KatoueBblie caoBa: CO3-nectmumabl, pacTeHME, MPOAYKTUBHOCTb, (DOTOCUMHTE3, hUTOpEMeAmaLms,
nousa.
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The problem of POP pesticides in Kazakhstan and methods
for their restoration using the new high-efficient phytoremediant
Miscanthus sinensis (on the example of the Talgar region)

Abstract. In the article has been shown results of the monitoring the territory of the former store-
house pesticides (vil. Kyzyl-Kairat, Talgar district, Almaty region) and assessing the remediation ability
soil contaminated with POPs (persistent organic pesticides) of the new bioenergetic species Miscanthus
sinensis. Established that the soil around the former warehouses contaminated with persistent organic
pesticides (HCB, o-HCH, y-HCH, B-HCH, 3-HCH, DDT, 4.4’'DDE, 2.4’'DDD, 4.4’'DDD, aldrin, hepta-
chlor, hexabromobenzene, heptachloroepoxide, deldrin, dibutylendan, keltan, methoxychlor, endrin,
endrin aldehyde, endosulfan sulfate, endosulfan, chlordane, chlorobenzylate), the concentrations of
which exceeded MAC up to 120 times. The main soil contaminants were pesticides — o-HCH, B-HCH,
8-HCH, DDT, 4.4’DDE, 2.4'DDD, aldrin, deldrin, endrin, heptachloroepoxide, endosulfan 1 and chlo-
robenzylate. M. sinensis was grown on the contaminated soil with pesticides was found that the plant
has tolerance (tolerance index 0.76) and the ability to extract up to 11 ug of DDT metabolites from
contaminated soil. Revealed a decrease in the content of chlorophyll @ and an increase of auxiliary pig-
ments — chlorophyll b and carotenoids in the leaves, as the adaptive reaction of the photosynthetic ap-
paratus to the action of a xenobiotic. The results obtained indicate on the adaptability of M. sinensis to

34 © 2019 Al-Farabi Kazakh National University


file://Izdatmono10/E/%d0%9e%d0%9d%d0%98%20%d0%b1%d0%b0%d0%b7%d0%b0/%d0%b4%d0%bb%d1%8f%20%d0%9f%d0%95%d0%a7%d0%90%d0%a2%d0%98_2019/%d0%92%d0%95%d0%a1%d0%a2%d0%9d%d0%98%d0%9a%d0%98/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%ad%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f%204-2019/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%ad%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f%204-2019/7%20%d0%9d%d1%83%d1%80%d0%b6%d0%b0%d0%bd%d0%be%d0%b2%d0%b0/ 
https://orcid.org/0000-0003-4811-0164
https://orcid.org/0000-0002-4274-5081
https://orcid.org/0000-0002-1489-897X
https://orcid.org/0000-0002-6745-9903
file://Izdatmono10/E/%d0%9e%d0%9d%d0%98%20%d0%b1%d0%b0%d0%b7%d0%b0/%d0%b4%d0%bb%d1%8f%20%d0%9f%d0%95%d0%a7%d0%90%d0%a2%d0%98_2019/%d0%92%d0%95%d0%a1%d0%a2%d0%9d%d0%98%d0%9a%d0%98/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%ad%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f%204-2019/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%ad%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f%204-2019/7%20%d0%9d%d1%83%d1%80%d0%b6%d0%b0%d0%bd%d0%be%d0%b2%d0%b0/ 
mailto:gen_asil@mail.ru

A.A.HypxaHosa u ap.

high concentrations of POPs pesticides in the soil and the prospect of their use for the development of
phytoremediation technology.
Key words: POPs pesticides, plant, productivity, photosynthesis, phytoremediation, soil.
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KasakcraHaarbl TOA-necTMUMATEDP MACEAECi XKaHe
TUIMAIAITI XKOFapbl XxaHa couTopemeamaHT Miscanthus sinensis-TiH, KemerimeH
OAQpAbI KaiTa KaAmnbiHa KeATipy aaictepi (TaAfap aliMaFbIHbIH, MbICAAbIHAQ)

AHAaTna. Makanapsa OCIMAIKTEPAI XMMMSIAbIK, 3aTTapAaH KOpFalTbiH OypblHFbl  KOMMaHbIH
aymMarblH MOHWTOPUHI >KYPri3y Ke3iHAeri MoAiMeTTep aAbliHFaH (AAMaTbl 0OAbICbI, TaAFap ayaaHbl,
Kbi3biA-Karpat aybliAbl) >keHe M. sinensis-TiH, >kaHa OMO3HEPreTUKaAbIK, TYPAEPIHiH KaAMbiHA KeAy
Kabineti kepceTiareH. bakblaay kesdiHae TOA-nectvumarepimer (TXb, o-TXLI, y-IXUr, B-IXur,
S-TXUM, AAT, 4.4'AAD 2.4 AAA, 4.4 AAA, arbApUH, rentaxAop, rekcabpomBeH30A, renTaxAop
3MOKCUA, AEAbAPUH, AMOYTUASHAAH, KEABTAH, METOKCUXAOP, SHAPUH, SHAPUH aAbAETMA, SHAOCYAbDaH
CcyAbhaT, IHAOCYAbAH, XAOPAAH, XAOPOEH3MAAT) AACTaHFAHAbIFbI, OAAPAbIH, KOHLeHTpaumschl LLIPK-
AaH 120 ece acbin KETKEHAIr aHbIKTaAAbl. TOMbIPaKTbiH, Herisri AactaywbiAapbl — o-IXLIE, B-IXLT,
S-TXUI, AAT, 4.4'AAD, 2.4'AAA, aAbAPUH, AEAbAPUH, SHAPWH, TeNTaXAOP3MOKCHUA, SHAOCYAbdaH
1, xAop6eH3mAaT BoAFaHAbIFbI kepceTiaai. TOA-NMeCTUUMATEPMEH AACTaHFaH TonbipakTa M. sinensis-Ti
ecipy KesiHAe 6CIMAIKTIH TO3IMAIAIK KabiAeTiHe ne ekeHAri (Te3imMaiAiK MHaeKci 0.76) >kaHe AacTaHFaH
TonblpakTaH DDTHbIH 11 MK METOBOAUTTEPIH GOAY MYMKIHAIT Gap eKEeHAIr aHbIKTaAAbl; GeriMaeAy
peakUMsCbIH 3epTTey Ke3iHAE, XKarblpakTapAaFbl XAOPOUAA a MOALLEPIHIH TOMEHAEYI >KoHe KeMeKLLi
NMUIMEHTTEPAIH — XAOPOUAA b XK8He KapoTMHOMATAPAbIH YAEC CAAMAFbIHbIH >KOFapblAQybl aHbIKTaAAbI.

AAbIHFaH HaTMXKeAep >KoFapbl aeHrernae TOA-MeH AaCTaHFaH XXepAepAi Ta3apTy YWiH M. sinensis

namAaAQHYAbIH TMIMAIAITIH KepceTeaA.

Ty#in ce3aep: TOA-necTMUMATEP, BCIMAIK, BHIMAIAIK, (DoTOCUHTES, hrTopemeamaLms, TOMbIPak,.

BBenenune

3arpsisHenne nousbl CO3-mecTulIaMu SIBIIS-
©TCSl OJTHOM W3 BAKHBIX IKOJOTHYCCKHUX TPoOIeM B
mupe, Kazaxcrane BBHYy WX TOKCHYHOCTH U yTpPO-
3Bl [l UETOBEUYECKOM KU3HU U OKpYKarolleh cpe-
nel. [1Iupokoe Mpou3BOACTBO, KPYyIHAS 3aKyIKa Tie-
CTHILIMIHOW MPOAYKIUHN TMPABUTEIBCTBAMHU, IUIOXOC
yIpaBIIEHHs 3alacaMy, He)KeTaHHeM BHOCHTH W3-
MEHEHVSI ¥ UCTIOh30BAHNE UX TIOCIIE 3allpeTa K Ipu-
MEHEHHIO MIPUBENO K WX HaKOIUICHUI0. TOHHBI ycTa-
PEBIINX MECTUINIOB HAKATUIMBAIOTCS BO BCEM MHpE
Y TIPEJICTABIISIOT OMACHOCTD ISl 3JI0POBbSI YEIIOBEKA
U OKpY’XKaromiel cpeqpl KaKk Ha MECTHOM, TaK M Ha
rmo6ansHOM ypoBHE [1]. 3HaUUTEIHPHOE KOJTHYECTBO
yCTapeBUIMX MEeCTUIMIOB BXoauT B rpynmy CO3 u
BBI3BIBAET OCOOYIO 00ECIIOKOSHHOCTh M3-3a UX TOK-
CHUYHOCTH, CTOMKOCTH, TIEpeHOca Ha OOJbIIEe pac-
CTOSTHUSI M HAKOIUICHHS B )KUPOBBIX TKAHSX JIFOJICH U
JKUBOTHBIX [2, 3]. YcTapesiye 3amnachl IECTULIUAOB
HE TOJIbKO TPENICTABIISIOT OMACHOCTH JUIS 3I0POBbS
HACENIEHUS U OKPYKAIOIIeH Cpebl, HO TaKKe MOTYT
3arps3HATH MIPUPOIHBIE PECYPCHI U TPETATCTBOBATH
colnansHO-3KOHOMIYecKoMy pa3Butuio [4]. [1o nan-
HeiM International HCH & Pesticides Association,
TOYHOE KOJHMYECTBO YCTAPEBIIUX MECTUIMIOB B

ctpanax ObmBmiero Coserckoro Coro3a, B TOM YHCIE
Kazaxcrane, He yCTaHOBJICHO M CHIILHO Pa3InIaeTCs
[5]. o manuemv IPEN, B Kazaxcrane umerorcs 3a-
nacel CO3-copepKaliux MECTULMIOB, a TAKXKE 3a-
Tpsi3HEHHBIC TeppuToprr. OdYaru 3arps3HEHUS TTOYB
OTXOJIaMHU TECTULUO0B, NpuHamnexanmx k CO3,
MHOTOYHCIIEHHBI U PacIpeeNIeHbl XaOTUIHO I10 BCEH
TEPPUTOPUM CTpaHbl. MHBEeHTapu3aluend MNecTUllr-
noB co cBoiictBamu CO3 oxBaueHo ToIbKO 20% Tep-
PUTOPHUH CTPAHEI [6].

CO3 - 9T0 Tpynma TOKCHYHBIX XUMHYECKUX
BEILIECTB, KOTOPHIC CKAIJIUBAIOTCS B OKPYXKalo-
me cpeme, aKKyMyJIUPYIOTCS B KHPOBBIX TKa-
HSX OJKUBBIX OPTaHW3MOB U UEJIOBEKa, HAHOCS
HenonpaBuMbIil ymepO 310poBbio. CO3-b1 HE pa3-
pYWIAIOTCS B OKPYJKAIOMIEH cpeie B TEUYEHUE -
TEIHFHOTO BPEMEHH, MEPEHOCATCSA IO BO3AYXY U C
BOJHBIMH MaccaMd Ha OOJbIINE PACCTOSIHHSA, Ja-
JIEKO OT TEePBOHAYATHFHOTO HMCTOYHUKA 3arpsi3He-
Hus [7]. CornacHo CTOKrOJbMCKOW KOHBEHIIMH K
CO3 orHOCATCS 12 XMMHYECKHX BEIICCTB, U3 HUX
9 XJIOPOPTaHUYECKHUX MMECTHIHIOB, a mMeHHO: /1T,
aNBAPUH, NEIBAPUH, SHAPHUH, XJOpJAH, TenTax-
aop, mupekc u Tokcaden. Crnucok CO3 mocTosiH-
HO oforariaercs HOBBIMH BEIIECTBaMH, HAIIpUMeED,
Ha 4yeTrBepToM copemanuu Kondepenmuu CtopoH,
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[pobnema CO3-nectunuaos B Kazaxcrane u crocoObl MX BOCCTAHOBIICHHUS ¢ TIOMOIIBI0 HOBOTO BEICOKO3()(EKTHBHOTO ...

cocrosiBireMcs B 2009 roy, ObuH BKITIOYCHBI 9 J10-
MTOJTHUTENFHBIX XUMHUYECKHX BEIECTB, U3 HUX 5 Tie-
CTUITUAOB (XJIOpIEKaH, O-TeKCAXJIOPIMKIOTEKCaH,
B-rekcaxJIOpIMKIIOTeKCaH, JHHIAH, MEHTaXJIop-
Ocn3ou), a B 2015 roxy B CITUCOK OBUTH BKITFOUCHBI
OpOMHPOBAHHBIC AHTUITMPEHBI M CBS3aHHBIC C HUMU
MIPEIIECTBEHHUKY B Ka4eCTBE MepTOPUPOBAHHBIX
ankuupoBaHHEIX BemecTB [5]. CormacHo CTOK-
TOJEMCKOM KOHBEHITMH, BEIIECTBA, OTHECEHHBIE K
CO3, 1omKxHbBI OBITh YHHUYTOXKEHBI [2].

OmanM 13 3¢ (GEKTHBHBIX METOIOB OUYHUCTKH
[I0YB, 3arpsS3HEHHBIX HEOPTAaHUUESCKUMH U OpPTraHu-
YECKUMH 3arps3HUTENSIMU, B TOM YHUCIE yCTapeB-
[TUX TICCTHUIINIOB, SBIIICTCS CKUTAHUE UX B CIICIIH-
AIBHBIX BBICOKOTEMIEPATYPHBIX KOTiIax. OgHAKO
3TOT METOJ] TPeOyeT OONBIINX KATUTAIOBIOKEHUH.
[IpuMenenne TEXHOJIOTUU (HUTOPEMETUAIIAN SBIIS-
€TCsl MHOTOOOCIIAFOIIUM, TTOCKOIBKY 3TOT MOAXO]T
MOJXKET YIOBJIETBOPUTH TPeOOBAaHUS OYUCTKH U JI0-
CTaTOYHO peHTA0EICH C IKOHOMUYIECKOM TOUKH 3pe-
Hus. DuUTOpEeMEAMANMOHHBI METO] OO0YCIIOBJICH
MIPIMEHEHUEM PACTUTENBHOTO MaTepuaia Ui Ha-
KOIUJICHUS, IETPalallii WA CTAOWITU3aINK 3arpsi3-
HUTEJICH OKpY>Kalollel cpebl B MOYBE, OTI0KEHU-
sIX, TTOBEPXHOCTHBIX WJIM MOA3EMHBIX Boaax [9-12].
Br16op pacTeHmit o 3TOM TEXHOJOTHH OIpeneis-
€TCSl MX CIOCOOHOCTBIO TPaHCHOPTHPOBATH BOIY
Ha TOBEPXHOCTh MOYBHI ITyTeM CYMMapHOTO WC-
MapeHusi, PaclICIUIATh 3arpsS3HSIONINE BEIIECTBA C
MIOMOIIBI0 (pepMEHTOB. Ycmex (uTopeMeTuaiu
3aBHICHT OT Pa3INYHBIX (PAKTOPOB U, MIPEXE BCETO,
OT CHeU(pUICCKUX, TEHETHYSCKU OIPEICICHHBIX
CBOMCTB PpAacCTEHMH: MPOSBJIATH YCTOWYMBOCTh U
CIOCOOHOCTH K HAKOIUICHHIO METAJIIIOB U POPMHUPO-
Bath Ooublryto 6momaccey [11, 12].

Jis  palMoHaJ bHOTO HCIIOJIB30BaHUSl TIOYB,
3arpsi3HEHHBIX ~ KCEHOOMOTHKAMH,  TIPUBJIEKAET
BHUMaHUE BBICOKOIPOJAYKTUBHBIM OHO3HEPreTH-
4yeCcKUil MHOroJieTHU Bupn Miscantus. Vcnoin3o-
Banue Miscantus sinensis Anders (MHUCKaHTYC) st
(uTopeMeuai UMEET PSIi MPEUMYIIECTB. ITO
MHOTOJIETHEE OMOPHEPreTHYECKOe PACTCHHE SBIIS-
€TCSl TIPOMBINIJICHHO TEPCIIEKTUBHEIM IIEIUITI0I030-
COJIep KaIllUM CBIPhEM JIJIsl MPOU3BOJICTBA LIEILIIOI0-
3bl. JIaHHBINA BUJ, B CBSI3U C MOPO30CTOMKOCTBIO U
BBICOKOH YPOKafHOCTBIO CyXoii brnomacchl B Cubu-
P aKTUBHO paccMaTpUBaeTCs Kak HOBBIHM s Poc-
CHUU ChIPbEBOM HCTOYHUK LIeJUTt0N1035I [ 13]. B HacTo-
suee BpeMs BUIL M. sinensis UCCIEA0BATEIN BCETO
MHpa PacCMaTPUBAIOT B KAUE€CTBE MEPCIEKTUBHOTO
MTPOMBINIUIEHHO 3HAYHMOT O TIeJITI0I03COIEPKAIIETO
CBIPbS JUTsI IIPOU3BOICTBA IIEJUTION036I, OMOTOIUIHBA
Y XMMUKATOB M3-3a BBICOKOW WX MPOTYKTHBHOCTH,
C TIeNBI0 cOepekeHus JIecHOTO OoraTcTBa [14, 15].
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Pactenust muckantyca o0pa3yroT peIXIyIO Jep-
HUHY C TIOJI3YYMMHU KOPHEBUIIaMU (pu30Mbl). Pu3zo-
MBI 3UMYIOT B TIOYB€, a BECHOM JTAIOT HOBBIE MTOOETH,
B pe3yJIbTaTe MPOUCXOAUT TOCTETICHHAsI KOJIOHH3a-
s mpoctpaHcTBa. [Ipolecc mpousBoacTBa Mpak-
THYECKH HEe TpeOyeT ymoOpeHW! W TMECTHINIOB H,
KpOMe TOTO, He ucTomaer 3emiro [16]. Baxxubim
KauecTBOM M. sinensis SIBISETCS CHOCOOHOCTB
MpOM3pacTaTh Ha MApTHHATIBHBIX W 3a0pOIIEeHHBIX
3aJIeKHBIX 3€MIIIX, Ha KOTOPOM COXpaHSET CBOIO
MPOAYKTUBHOCTh: HAa HEUTPAIbHOW M KHCIOTHO-
cynbdaTHOW mouBe Tpu pH — 4-6 C BBEICOKUM
ypoBHeM anroMuHusa [17], Takke Ha mecuyaHoOU U
CYTJIMHHACTOW TOYBE TOYBE C BBICOKHM COJepXkKa-
HUEM OpraHMYECKUX 3arpssHutenei npu pH — 5,5-
7,5 [14]. KommMepueckuii HHTEpeC K MUCKaHTYCY U3
rojia B r0J BO3pacTaeT, TaK KaK BeIpalllMBaHUE UX HA
JIETpaPOBaHHbBIX 3arPS3HEHHBIX KCEHOOMOTHAKMU
3eMJISIX TTO3BOJISIET BOCCTAHABIIMBATE 3arpsiI3HEHHBIE
YYaCTKH U OJTHOBPEMEHHO TOJTy4YaTh OMOMaccy it
MIPOM3BOJICTBA MEJLTI0I03HI [ 18].

CrpaTterust JaHHOTO MCCIIeI0BaHKS 3aKITF0UaNIach
B MOHHUTOPHWHTE TEPPUTOPHH OBIBIIETO XPAHWIIHIIA
XUMHYECKUAX CPEJNICTB 3aIUThI PACTEHHH W OICHKE
peMeInanMoHHON ClIOCOOHOCTH HOBOTO OMOIHEpre-
TUYECKOTO BU/Ia BTOPOTO TOKOJIEHUSI M. sinensis.

MarepuaJibl H METOABI

J71s1 moCcTaHOBKY SKCIIEPUMEHTA B KAUECTBE T10-
YBEHHON KYJBTYphl HCIOJIB30BAIN 3arpS3HCHHYIO
MOYBY U3 TEPPUTOPHH OBIBIINX XPAHUJIHII MTECTH-
uuaoB (Tanrapckuit paiton, noc. Kei3ein-Kaiipat) u
He3arps3HCHHYIO MOYBY (OTOOpaHa Ha PacCTOSHHUH
2 KM OT UCTOYHHUKA 3arpsA3HCHMS) B Ka4eCTBE KOH-
TpoJisa. 3arps3HEHHYIO M HE3arpsi3HEHHYIO IOYBY
MPOCEUBAIIN Yepe3 cuTo (3 MM), a 3aTeM TIATEITHLHO
nepeMemuBad. Kakaeiii ropmiok OBLT TIEpBOHA-
YJaJIBHO 3aI0JIHEH APEHAXKOM (Maccol 1 KT), IecCKoM
(maccoii 1 xr) 1 mouBoii (Maccoii 3 kr), ero oomas
Macca Ob1a 5 KT. PusoMer M. sinensis ObLTH TIOCa-
JKEHBI B KaXKBI TOPIIOK. DKCIIEPUMEHT TIPOBOIIII-
Csl B TPEX MOBTOPHOCTSIX.

[Tocanky M. sinensis TpOU3BOJIUIN B OAWH U
TOT K€ JICHb, PACTECHHE KaXXJ0€ YTPO IMOJHUBAIIU
npoTtouHoi Bonol. [locne okoHUaHUs BereTaluoH-
HOTO TIEPHOJa PACTCHUS BHIHUMATIHU U3 TOPIIKOB U
4 paza npombiBasid BoaoH. Jlanee uzMepsin JMHY
KOPHEBOH CHCTEMBI, BLICOTY Ha/I3eMHOM YacTH pac-
TEeHHIA;, KpOME TOTO, OIIPEIEIISUTH OHoMaccy.

Konnentparuu 23 CO3 naumenosanuii (I'Xb,
o-I'XU, y-I'XOC, B-I'XOr, o-I'XOr, AAT,
4.4 0110, 2.4° 11, 4.4’ 111, anpapuH, rentaxiiop,
rekcabpoMOEH30J1, TeNTaXJIOPIMOKCU, JCIbAPUH,
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JMUOYTHIIH/IaH, KEIbTaH, METOKCUXJIOP, SHAPUH, SH-
JIPUH albAeTUA, SHA0CyNIb(aH cynbdar, SHAOCYIb-
(han, XJI0paaH, XJIOPOSH3UIIAT) ONPEACIISIIA ra30BOM
xpomatorpagueii ¢ Macc-CIeKTPOMETPUIECKIM
nerektupoBanueM 7890A/5973N (Agilent, CIIIA),
ocHameHHo# aBtocammiepoM Combi-PAL (CTC
Analytics AG, LlIBeiinapus).

Bce skcriepuMeHTaNbHBIE JaHHBIE CTaTUCTHYE-
cku 00pabaThIBaIM OOIICTIPUHATHIMA METOJIAMH,
MOCTpOeHue TpaduKoB, AUATPAMM IMPOBOIMIN TIO0-
cie o0pabOTKM MaHHBIX, C MCIIOIH30BAHUEM KOM-
nbploTepHOl mporpamMMmel “Microsoft Excel». Cym-
MapHBI TOKa3aTellb 3arpsA3HEHUs] PAaCCUUTHIBAIN
Mo OOMENPUHATOW MeToauKe. MaTeMaTHIeCKu
o0paboTaHHBIE pE3yJNbTaThl MPUBOAWINA B BHIE
M+SE, tne M — cpennee apudmernueckoe, SE
— CTaHIapTHOE OTKJIOHEeHWe. JocTOBEpHOCTH
pa3nuuuii CpaBHUBACMBIX 3HAUCHHUH JTOKA3bIBAIIU C
ucnoiabp30oBaHreM Kputepusi CTHIOJIEHTa C y4ETOM
ypOBHEH 3HAYUMOCTH (P), BBIYUCICHHBIX IS ABYX
CpPaBHHBAEMBIX 3HAYCHUM.

Koaddumment duoakkymymnsmun u kodhhuiu-
€HT TPAHCJIOKAIMH SIBISIOTCS IMUPOKO HCIOJB3Y-
EMBIMU TapaMeTpaMu JUIsl XapaKTEPUCTHKH IIPO-
necca (QUTOpeMeIuanuy 3arpsa3HEHHBIX IIOYB C
MOMOIIEI0 pacTeHud [19], KOTOphle MOXHO pas-
JISIUTh Ha TPU KaTETOPUHU B 3aBUCUMOCTH OT 3THUX
MapaMeTpoB: aKKyMYJATOp, SKCIIOAEp U WHAHWKA-
Top. 3HadeHue KoO3(P(PUIMEHTa OMOAKKYMYJISIHUH
(KBA) otpaxaer CrocOOHOCTh PacTCHHs TIOTIIO-
IIaTh 3arPS3HUTENH W3 TIOYBHI U TPAHCIOIHUPOBATH
9JIEMEHTHl W3 TOYBBI 4Yepe3 KOPHEBYIO CHCTEMY
B HQJ3EMHYI0 4YacTh PAaCTUTEIHLHOTO OpraHH3Ma.
Koapdumment OMOaKKyMyIISAIMA PAaCCUUTHIBAIIH,
KaK OTHOIICHUE COJCPKaHMS 3arps3HUTENS B HJI-
3eMHBIX OpraHax (cTe0eb, JIUCThs) K BAIIOBOMY CO-
nepkaanio ero B mouse [20]. KoaddunmenT tpanc-
nmokaruu  (KT) paccumTsiBamu, Kak OTHOIICHHE
KOHIICHTpAIH 3arpsA3HUATENS B HAJI3EMHOW YacTH,
cTebie ¥ TUCThAX K KOHIIEHTPAIUY uX B KopHe [21].

Pe3yabTaTthl 1 ux o0cy:KIeHue

Monumopunzoguie ucciedoeanus

Ha oxpaune nocenka Ke3pun-Kaiipatr y noano-
KbsI TOpbl HAXOJUTCS OBIBIIEE XPAHWININE XUMH-
YeCKHX CPE/ACTB 3allWThl pacTeHUH ckinaja (pucy-
HOK 1).

Ilo o¢urmansueiM qaHHEIM TeppuTOpHATEHOTO
ypasienust Tanrapckoro paioHa, Ha TEPPUTOPUU
cxiama 1o 1980 roga Haxommncs nHcekTunug 12%
I'XUI'. IIpy uHBEHTapU3allUU TEPPUTOPUHU CKIIaIa
YCTaHOBJIEHO, YTO yCTAPEBIINX NECTULIUAOB Ha Tep-
putopun HeT. XpoMaTorpaduecKiil aHaIn3 MoKa-

3aJ1, 9TO TOYBA BOKPYT TEPPUTOPUH OBIBIIETO CKIIa-
na sarpssHeHa CO3-nectunuaamu (Tabmuma 1).
Oo6mee conepxkanrie CO3 B mouBe cocraBmia 120
569 wmkr/kr. OCHOBHBIMH 3arps3HUTENSIMH TTOYBBI
obun 12 CO3-HanmenoBanuu (o-I' X, B-I'XUT,
o-IrxXur, HAAT, 4.4 043, 2.4 01, amsapus,
JEeNbPUH, SHIPUH, TEeNTaXJIOPIMOKCHA, SHAOCYIb-
¢dan 1, xnopbensunar). Hanpumep, KoHUIEHTpaLus
4.4’ 11 npessimanm [TJIK mo 111 pa3 (11434+7302
mkr/kr), AT — go 100 TIAK (10023£2471 Mkr/kr).
Bricokue xonuenTpaunu CO3-necTUINAOB B IOYBE
JIOKa3bIBAIOT, YTO TEPPHUTOPHUS OBIBIIETO XPaHHIIH-
IIa TECTULHUIOB SIBJSETCA OMAaCHBIM HCTOYHHKOM
JUTSL OKpY KAroIleH Cpezbl, YeI0oBeKa.

Qu3zuonocuieckue u pemeouayuoHHvle napame-
mput M. sinensis na CO3-3azpsa3neHnoli nouge

du3nonorndeckrue XapakTepucTuku M. sinensis
OTIPENETSNIA B TETUIMYHBIX YCJIOBUSAX. Y CTaHOB-
JIEHO, YTO PacTe€HHE MPOXOAUT MOJIHBINA IUKII KH3-
HU Kak Ha CO3-3arpsA3HEHHON, TaK M He3arps3HEH-
HO# mouBe (pucyHOK 2, Tabnuiia 2). BeisasiaeHo, 9to
CO3-necTunuapl OKa3pIBAIM HE3HAYUTEIIHHOE BIIH-
SITHHE Ha NTWHAMHUKY POCTa M Pa3BUTHA M. sinensis
B TEYEHHWE BereTalMoHHOTO mnepuona. CpenHss
BBICOTa pAcCTeHUH, MPOM3PACTAIOIIMX HA 3arps3-
HEHHOU TO4YB, B mepuoj] yoopku mocturama 45,82
+ 0,46 cm (koHTpONs 48,23 + 0,31 cm). Ilpu aTom
Macca HaJ3eMHON YacTH PacTUTEIbHOTO OpraHu3Ma
CHIJKaJIaCh OTHOCHUTENIFHO KOHTpouis A0 23% (npu
p < 0.001, paznocth noctoBepHa npu 99% ypoBHe
BEPOSITHOCTH OTHOCHUTEIBHO KOHTpoJs). Ilpu sTOoM
CIIeyeT OTMETHTh, YTO TPU TPOHU3PACTAHWH MHU-
CKaHTyca Ha 3arpsA3HEHHON TMOYBE JUIMHA U Macca
KOpPHEBOM CHCTEMBI CTaTUCTHYECKH 3HAYHMO BO3-
pactamu Ha 11% u 15% cooTBeTcTBeHHO (TIpU p
< 0.001, pa3sHocts moctoBepHa mpu 99% ypoBHE
BEPOSATHOCTH OTHOCUTEIBHO KOHTPOJISI) TI0 CpaBHE-
HUIO C KOHTPOJIEM, YTO CBHIETEILCTBYET 00 OTBET-
Holi peakuuu pactenus k CO3-nectuiuaam (Tabiu-
na 2).

OHUM U3 BOKHBIX MTOKa3aTeiell yCTOHNIMBOCTH
PacTUTEIBHOTO OpPraHMU3Ma K TOKCHKaHTaM SIBJISET-
sl MHJIEKC ToJepaHTHOCTH. VIHAEKC ToepaHTHOCTH
MTOJICYNTANIH, KaK OTHOIICHHE HAJ3eMHON Omomac-
Chl PacTEHMI, MPOU3PACTAIONINX Ha 3arpsi3HEHHOUN
Io4YBe, K HaJ3eMHOM OMoMacce pacTeHHH, MPOU3-
pacTaromnX Ha HE3arpsI3HEHHOH MouBe. 3HAUYEHUE
WHJIEKCA TOJIEPAaHTHOCTU >1 CBUAETENBCTBYET 00
YCTOHYHMBOCTH PAcTeHHH K KCeHOOWoTmKam [22].
BrisiBiieHO, 4TO IIpu npouspactaHuu M. sinensis Ha
CO3-3arpsi3HeHHON MOYBE MHJEKC TOJIEPAHTHOCTU
Onmxe k 3Ha4eHUIo 1, u paBeH (.76, 9TO CBUACTEIh-
CTBYET 00 OTHOCHUTENIBHON YCTOWYMBOCTH PaCTEHUS
K MECTHUIIH]IaM.
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Pucynok 1 — Kapra-cxema pacnonoxenus ckiana B nocenke Keizpui-Kaiipar

Ta6auna 1 — Conepxanre CO3 B mouBe Bokpyr ObIBIIMX XpaHwinil nectuuunos (Ke3suikaiipar, Taarapcekuit paiion, AJMaTuH-
cKast 0071aCTh)

IJIK, Ocrarounoe konuuectBo CO3, MKI/Kr
€3 MKT/KT 2018 2019
CO3-necTunuap!
a-I'XIT 100 230+ 59 132 +30
y-I'Xar 100 48 £27 <0.1
B-IXur 100 32061 £ 12669 <0.1
S-Irxur 100 10023 + 2471 2213 £762
AT 100 777 +£292 95 +43
441100 100 14072 + 5239 124 + 50
2.4 IO - 11434 + 7302 <0.1
4.4 01010 100 <0.1 <0.1
AnbrpuH 2,5 2134 + 477 <0.1
Hensapun 0,5 1087 £ 198 <0.1
Kenbran 100 45+ 19 <89
DHApUH 1 488 £52 <32
Tenrraxiop 50 <0.1 <0.1
Xnopnan 100 22+6 <34
I'Xb 500 253 +163 <0.1
XopopraHH4ecKue NeCTHIUIBI
T'ekcabpomben3uar - 118+ 76 <0.1
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Tpooonocenue mabauywr 1

K, Ocrarounoe kosiuuectBo CO3, MKI/Kr
€03 MKI/KT 2018 2019
Tenrraxnopsnokcun 50 44085 £ 17335 <55
JubyTrimsHaan - 5+2 <0.1
Metoxcuxiop 1600 25+ 16 <23
OHJIPYH allbIeTH]T - 67+ 14 <0.1
DHpocynbdaH cynbdar - 179 + 37 <215
Bupocynsdan | 100 3029 £ 1192 <183
DHaocynbbhan 2 100 201 +29 <0.1
XnopbeHnsmnar 20 435+ 81 <35

HUH, CM
(%] = n
= = [a=]

Bricora pacre
2
(=]

%
I
10
0

Mecsnpl

FOITh Asryct  CeHTI0pB

Pucynok 2 — Jlunamuka pocta u passutust M. sinensis, npouspacraronmx Ha CO3-3arps3HeHHOMI
U He3arpsA3HEHHOI 1I04YBaX, B TEYEHHUE BEre€TAIlMOHHOTO IEpHOAa

Tab6auna 2 — Mopgonorudeckue nokasarenn M. sinensis, mpouspactatomux Ha CO3-3arpsS3HeHHON 1 He3arpsI3HEHHOH 1OYBaxX

O6pa3ist Hesarpsi3nennas mousa 3arpsi3HEHHAs 1T0YBa
Beicora pactenuii, cMm 48,23 £ 0,31 45,82 £0,46
JnuHa KOpHS, cM 16,47 + 0,23%* 18,25+ 0,33
Macca Ha3eMHOM OMOMACCHI, T 7,53 £0,21%* 5,79 +£0,17
Macca kopHsI, T 4,96 + 0,20** 5,80 +0,12

IMpumeuanne: BeposSTHOCTD pa3iudaust MeX [y KOHTPOJIBGHBIM U SKCIEPHMEHTAIBHBIM BapHaHTaMH, OIIEHEHHBIMH I10
t-xpurepuro Creionenra: ** 0,001 < p <0,01. I[ToBropHOCTB TpexKkpaTHas (n = 3).

MapkepaMu aHTPOIIOTEHHOTO BO3/ICHCTBHS Ha
(U3N0IOrHYECKHE TPOLECCH PACTHTEIBHOTO Op-
TaHNW3Ma SIBIISIOTCS COOTHOLICHHE XJIOpodHiuia a
K XJOPOGUILTY 8 U CYMMbI XJIOPO(UILIOB K Kapo-
tuHOMAaM. [Ipu 3arps3HEHHH Cpelbl IepBOE COOT-
HOIICHHE YMEHBINAETCs, a BTOPOEe — HA000POT, To-

Boimaercst [23]. OcHOBHBIM (DOTOCHHTETHYECKUM
IMUTMEHTOM PacTeHHUH sBIAEeTCS XJIOpohmit a.
YMeHbIIEHHE coaepkaHus Xyopoduia a B JH-
CTBSIX TIPH CTPECCOBOM BO3/ICHICTBUU HOHOB TSXKE-
JIBIX METAJIOB, U YBEIUYECHHUE JOJIA BCIOMOTATENb-
HBIX TUTMEHTOB — XJIOpoduiLia b U KapOTHHOUIOB
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paccMaTpUBAIOT KaK aJalTHBHYI PEaKIUI0 acCH-
MIJIAITIOHHOTO ammapaTa K ACHCTBHIO KCEHOOH-
oTuka [24]. B cBsi3u ¢ 3TUM, IS OLIEHKH YCTOM-
yuBOCTH M. sinensis k CO3-mectunumaM HaMU
M3yYEeHO CONIEepKAaHWE MUTMEHTOB (XJI0pO(HIIIIOB
a W 6, KapOTUHOUJOB) B JUCTHAX PACTUTEIHHOTO

OpraHU3Ma U UX COOTHOLIEHHUE. Y CTAHOBJIIEHO, YTO
COOTHOULICHHE XJIOPO(HUIIIA @ U 6 U COOTHOIICHUE
CYMMBI XJIOPOQMIIJIOB K KAPOTHHOUAOB B JTUCTHSIX
M. sinensis, mpou3pacTaroueil Ha 3arpsi3HEHHON U
He3arpsA3HEHHOM [T0YBaX, Pa3INyaroTCsl MEKIY CO-
0oii (Tabyuma 3).

Taéamua 3 — CooTHOLICHHE TMTMEHTOB B JIMCThIX M. sinensis, npouspacraromieil Ha CO3 3arpsi3HeHHON U He3arpsi3HEHHOM MOYBax

B YCJIOBUSAX TCIUIULBI

Ca+b (mrrt) Ca/Cbh Ca+b/Ccar
BapuanTsl onbiTa
(M+£SE) % K KOHTPOIIIO (M+£SE) % K KOHTPOITIO (M+SE) % K KOHTPOITIO
Hezarpsisnennas mousa | 22.68+0.10 100 4.17+0.10 100 4.12+0.10 100
3arps3HeHHas ToYBa 20.19+0.10 89 4.45+0.10 107 3.94+0.10 95

Obuee comepxaHue XJIO0pO(QHUIUIOB a K 6 yBe-
TUYUI0Ch Ha 7%, a COOTHOLIIEHWE CYMMBI XJIOPO-
(GUIIOB K KapOTHHOUJAM, HA000POT, CHU3HIIOCH
Ha 5% OTHOCUTENLHO KOHTPOs. [Ipu aTOM 0011ICE
cojiepkaHue XJOPO(MUIJIOB @ U 6 CHU3WIIOCH Ha
11% otHOCUTENBbHO KOHTPOJIsSI. BeposiTHO, M3Me-
HCHHS MUTMCHTOB B JIUCTHhSAX PACTCHUN CBSA3aHBI

700
600 I
500
400
300
200

100

OcTatouHoe KoiuecTBo Metadostor JUIT B
BEreTaTUBHBLIX OPraHax MUCKaHTYca, MKI/KD

441E

C €CTECTBEHHBIM MeXaHu3MOM 3amuTsl oT CO3-
necturaoB. CoOrIacHO NTUTEPaTypPHBIM JaHHBIM,
OJHUM U3 MEXaHU3MOB aJalTallli PAaCTCHUN 3ar-
PA3HUTEISAM SIBISICTCA HW3MEHEHHE aKTUBHOCTHU
psana GepMEHTATUBHBIX H He(epMEeHTaTHBHBIX
KOMITIOHCHTOB aHTHUOKCHUIIAHTHON 3amurtsl [25,

26].

Kopens HamzemHasa dacThb
I
240010 44007

Pucynok 3 — Ocrarounoe xonudectBo CO3-necTHINAOB B BET€TaTUBHBIX OpraHax M. sinensis

Jis OleHKH peMequanMoHHONW CIIOCOOHOCTH
M. sinensis 3arps3aeaHo CO3-miecTUITUAAME TI0-
YBY OILEHWIN OCTATOYHOE KOJUYECTBO MECTUIIMIOB
B BETCTATHUBHBIX OpPraHax M MOJACUYUTAIH KOdPPU-
nueHT Omoakkymyisunu (KBA) m Tpancmokaruu
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(KT). 3nauenne KBA otpakaer cocoOHOCTH pac-
TEHHS MOTJIONIATh 3arpsi3HUTENM U3 TIOYBBI U CIIO-
COOHOCTH TPaHCIOLHMPOBATh JIEMEHTHl U3 MOYBBI
Yyepe3 KOPHEBYIO CHCTEMY B HaJI3EMHYIO 4acTh pac-
TUTETLHOTO OpraHu3Ma. B Hammx WMccie0BaHusIX
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OTMEYEHO, YTO pacTeHHe 00JaNaeT CIIOCOOHOCTHIO
HakarmBath CO3-mecTUnuabpl W3 3arpsS3HEHHOMN
MOYBBI (PUCYHOK 3).

VcraHOBIEHO, 4TO M. sinensis HaKarIMBacT B
BereTaTUBHBIX opraHax 1103 MKI/Kr MeTabOJHUTOB
AT, npessimas [1IK go 55 pa3 (IIAK metabomnm-
toB JJAT B pacrenmsx 20 mkr/kr). Ilpu moncuere
¢duroskcTpakuu MerabomutoB JJIT B BeretaTus-
HBIX OpPraHax PacTCHHU OTHOCHTEIHHO OMOMACCHI
YCTaHOBJIEHO, 4YTO M. sinensis 3KCTparupyeTr U3
3arps3HEHHON TTOYBHI 10 11 MKT mecTHIuI0B. Boi-
siBJIeHO, yTo Mertabonut 4.4°JIJIE makamauBaercs
B OCHOBHOM B KOpDHEBOW CHCTEME, a METaOOIUTHI
24 10010 n 4.4’ JAT — Ham3eMHOW YacTH pacTH-
TEIBHOTO Opranu3Ma. [1o OTHOIICHHIO K BBICOKOTH-
npododHomy merabomnury 4.4’ IJ1E M. sinensis, kak
skckmoniep (KBA, KT < 1) HakannmuBaeT ux UCKIIO-
YUTEIHHO B KOPHEBOU CHCTEME, a TI0 OTHOIIICHUIO K
metabommram 2.4°JJ1J] u 4.4’ I)IT — akkymynsarop
(KBA, KT > 1).

Wrak, aHanu3upys TpeaBapUTEIbHBIC IaHHBIC
0 BO3MOXXHOCTH HCITOJIb30BaHUS TpeACTaBUTENEH
pojla MHUCKaHTYC B (PUTOPEMEIUAIMOHHOW TEXHO-
JIOTUM 3arps3HCHHBIX I10YB, BBISBICHO, YTO BUJ
M. sinensis B IEpBBIH TOJ BETeTAIlMU 00JIaaeT pe-
MEAMAIMOHHON CIIOCOOHOCTHIO.

3akaoueHnue

[TouBa u3 TeppuTOpHUN OBIBIIIETO XPAHWIIUIIA XH-
MHUYECKUX CPEICTB 3aluThl pacTeHni (moc. KeI3pni-
Katipat, Tanrapckuii paiion AnMaTHHCKas 001aCTh)
sarpsisHeHa CO3-mectuuuaaMy, KOHIIGHTPALUU

kotopbix mpeBbimatoT [IJIK B necarku-cotHu pas.
ITouBa 3arpsizHeHa B ocHOBHOM u3omepamu [ XTI,
metabonuramu /1T, anmeapuHOM, AEiIbIPUHOM, SH-
JPUHOM, TETITaXJIOPATIOKCUIOM, SHAOCYIb(anoM 1 u
xJIopOeH3mnaToM. JlaHHBIC YYacTKH NPEICTABISIOT
SKOJIOTUYECKYI0 OMACHOCTh ISl OKpY>Kalolel cpe-
IIbl, 4enoBeKa. (sl BOCCTaHOBIICHUS 3arpsi3HEHHOM
CO3-necturnaaMu TOYBBI PEKOMEHYETCS HOBBIM
(utopemenuant M. sinensis, Tak Kak pacTeHHUE 00-
JajaeT peMeIUalluOHHBIM MTOTEHIUAIOM. M. sinensis
o0agaeT CHOCOOHOCTHIO IMPOU3PACTATh HA IIOYBE
pu BbIcokor koHneHTpanuu CO3-nectunuaos (110
120 ITAK. ITJIK B mouBe 100 MKT/KT) M 3KCTparupo-
BaTh M3 3arpsA3HEHHON MouBkl 10 11 MKT MeTaboiu-
toB IJIT. Unnekc tonepantHoctu paBeH (.76, yto
CBUJICTEIILCTBYET 00 WX OTHOCHTEIHHON YCTOHYH-
BOCTH pacTeHus K necturmaaM. Cienyer 3aMeTHTb,
410 B AJIMaTUHCKOM 00acty HaxoautTces 10 OpIBIINX
XPaHWUJIHII TIECTUIIUIOB C YPOBHEM 3arpsi3HEHUS T10-
YBBI BOKpYT Teppuropun Metadbonuramu /1T B KoH-
nentpanuu 2 [1JIK [27]. BeipammBanue 6nosaepre-
TUYECKOTO BUJIA M. sinensis NPeCTaBISIET UHTEPEC
HE TOJIBKO JIJIs1 BOCCTAHOBJICHUS ITOYBHI BOKPYT TEP-
pUTOpUU OBIBIIIETO XPaHWIUINA YCTAPEBIINX MECTH-
IIUI0B, HO U JIJISl UCTIOJIE30BAHUS UX YIS TIPOU3BOJI-
CTBA LIEJUTIONIO3BL.

Hcmounux  gunancuposanus ucciedo8aHui:
Paboma evinonnena npu noooepoicke npozpam-
mot MOH PK BR05236379 «Komnnexcnas oyeH-
Ka GIUAHUA HEeYMUNUSUPOGAHHLIX U 3ANPEUjeHHbIX
K UCNOb308AHUI0 NECMUYUOO8 HA 2eHemUYeCKUll
cmamyc u 300posbe Hacenenus Arimamunckol oo-
aacmuy.
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Abstract. The article presents the data of cytogenetic study on the fetal karyotype of 310 pregnant
women from the city Aktau in 2013-2015. Chorionic biopsy and placental biopsy were carried out for
248 pregnant women with amniocentesis in 18 cases and cordocentesis in 44 cases. Clinical indica-
tors imposing invasive procedures to pregnant women at risk were maternal age factor, fetal ultrasound
markers, serum blood markers determined in pregnant women, the presence of children with multiple
congenital malformations, chromosomal pathologies, etc. Distribution frequencies of fetal chromosomal
abnormalities have been determined based on clinical and laboratory studies. The highest frequency of
chromosomal abnormalities of the fetus was indicated in pregnant women with three salient indicators:
the factor of the age of the pregnant woman, parameters of biochemical screening, and ultrasound mark-
ers. Chromosomal abnormalities of the fetus were detected in 94 (30.3%) pregnant women including 92
cases (97.9%) represented by numerical chromosome disorders and 2 cases (2.1%) of structural disor-
ders. Disorders of the autosome system were observed 9.4 times more often comparing to abnormalities
in the sex chromosome system. Of the numerical chromosome abnormalities, a high specific weight is
occupied by trisomy of the 21-st chromosome which has reached 65.1%. A comparative analysis of the
frequencies of chromosomal abnormalities of the fetus of two port cities has demonstrated a 1.7-fold
increase in the city of Aktau (Kazakhstan) compared with the city of Murmansk (Russia), and the average
frequencies of fetal karyotype anomalies have made up 19.6% and 11.6%, respectively. Higher level of
frequencies for fetal karyotype anomalies in Aktau is possibly associated with unfavorable environmental
conditions in this city caused by the allocation of the oil and gas industry, the repository for tailing toxic
and radioactive wastes, and abandoned uranium mines.

Key words: karyotype, fetus, prenatal diagnosis, fetal chromosome disorders, ecological state of
urban agglomerations.
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AKTay KaAacbIHAAFbI XKYKTi 9HEAAEP YPbIFbIHbIH,
XPOMOCOMAABIK, 6y3bIAbICTapPbl

AHaaTna. Makanaasa 2013-2015 xblaaap apaAbiFbiHaa AKTay KaAacbiHAAFbl 310 XKYKTi oeAAiH,
YPbIK, KQpUOTUMTEPIHIH LMTOreHETUKAADbIK, 3epTTey HOTMXKEAEPi KeATIpiAreH. XOpWOHWOMNCUS XKeHe
naaueHTobuoncus 248 XXYKTi aMeAre, amHuoueHTe3 — 18 kaHe KopAOUeHTe3 — 44-He >KYPrisiAal.
KaybinTbl TOObIHAQFbI KYKTi ©MEeAAepre apHaAFaH MHBA3WBTI MPOLEAYPAAAPAbIH  KAMHUKAABIK,
KepCeTKilLTepi: aHaAbIK, >Kac (paKTOpbl, YPbIKTbIH YABTPAAbIObICTbIK, MAapKEPAEPI, >KYKTi 8MeAAepAiH,
KaH CapbICyblHAAFbl MapKepAepi, KenTereH Tya 6iTKeH akayAapbl, XPOMOCOMAAbIK, MaTOAOTMUSIAAPbI Gap
6ararapAbIH, GOAYbI. YPbIKTbIH XPOMOCOMAAbIK, aHOMAAMSIAAPbIHbIH, TaPaAY >KMIAITT KAMHUKAABIK, XXaHE
3epTXaHaAblK, 3epTTeyAepAl eckepe OTbIPbIN aHbIKTaAaAbl. ¥PbIKTbIH XPOMOCOMAAbIK, aybITKYAQpPbIHbIH,
€H, >)KOFapbl XXMIAIr NpeHaTaAbAbl AMArHOCTMKAHbIH, YL KOPCeTKilli 6ap XKYKTi OMEAAEPAE aHbIKTAAADI,
AFHU, XKYKTI BMEAAIH, >kac (DaKTopbl, OGUOXMMMSIAbIK, CKDUHMHI MapamMeTpAEPi XKOHe YABTPaAbIObICTBIK,
MapkepAep 06oMbiHWA. YPbIKTbIH XPOMOCOMAAbIK, aybITKyAapbl 94 (30,3%) >KYKTi omneapepae
aHbIKTaAAbl, OAAPAbIH, iiHAE 92 >karaan (97,9%) XpOMOCOMaAaPAbIH CaHAbIK, 6Y3bIAbICTApbIMEH XKoHe
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2 xarpan (2,1%) KypbIAbIMABIK, 6Y3bIAbICTapMeH cunaTTaAAbl. XKbIHbICTbIK, XPOMOCOMAAAp >KYMeCiHAEri
aybITKYAQPMEH CaAbICTbIpFaHAQ ayTOCOMAAbIK, XPOMOCOMaAap >KymeciHaeri OysbiabicTap 9,4 ece Xui
GankaAbl. XpOMOCOMAaAApPAbIH CaHAbIK, OY3bIAbICTAPbIHbIH, ilIiHAE >KOFapbl yAeC 21 XpOMOCOMaHbIH
TpMCOMMSCbI BoMbIHLLA HaliKaAAbl, OHbIH >KMIAITT 65,1% KypaAbl. Ei TeHi3 »karaaaybliHAaFbl KaAaAapAa
YPbIKTbIH, XPOMOCOMaAbIK, RHOMAAMSIAAPbIHbIH, >XMiAIri MypMaHck (Pecert) KaaacbIMeH CaAbICTbIpFaHAQ
AkTay KaAacbiHaa (KasakctaH) 1,7 ece peT eCkeHiH KepCeTTi, YPbIKTbIH KapUOTUNTIK aybITKYAQPbIHbIH,
oprawa XMuiAiri cerkeciHwe 19,6% >xoHe 11,6%, 6ankasAbl. AKTayAarbl YPbIKTbIH KapuUOTUMTIK
AYbITKYAQPbIHbIH KUIAIK AEHIeriHiH, >XKOoFapblAaybl AKTayAaFbl KOAQAMCbI3 3KOAOTUSIAbIK, KarAadlFa,
SFHM MYHaM-ra3 eHepkacinTepiHiH 6OAYbIHA, TOKCMHAIK >koHe PaAMOBEACEHAT KaAAbIKTapFa apHaAFaH
KAAAbIK, KOMMAaCbl MEH TaCTaAFaH ypaH LaxTaAapbiHa GaiAaHbICTbl GOAYbI MYMKIH.

Ty#in ce3aep: KaproTHI, ypbIK, NMPeHaTaAbAbl AMArHO3, YPbIKTbIH XPOMOCOMAChIHbIH, 6Y3bIAbIC-
Tapbl, KAAAAbIK, arAOMEPALIMSHbIH 3KOAOTUSAbBIK, KaFAaibl.

TA.M. KaanmarambeTos, 'A.A. Alocembaesa,
21.A. XanenoBa, '3.I. Aiitawesa, *b.H. Kyapssues
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XpoMOCOMHbIe HapyLueHus
y nAoAa OepeMeHHbIX YKEHLLMH T. AKTay

AHHOTaums. B cratbe npuBeAeHbl pe3yAbTaTbl LUMTOrE€HEeTUMYECKOro WMCCAEAOBAaHMS KapuoTuna
naoaa y 310 6epemMeHHbIX >KeHLLUMH . AkTay 3a 2013-2015 rr. XoproHOOMONCHs 1 naaueHTo6Moncus
npoBeAeHbl Yy 248 6epeMeHHbIX XKEHLIMH, aMHMOLEeHTe3 — y 18 1 kopaoueHTes — y 44, KAnHMyecknmm
MoKa3aTeAsSIMU AAS IPOBEAEHMS MHBA3MBHbIX MPOLLEAYD GEPEMEHHbIM XKEHLLMHAM FPYNMbl pUcKa OblAK:
MaTepuHCKMIA (hakTop Bo3pacTa, Y3M mMapkepbl NMAOAQ, CbIBOPOTOUHbIE MApKepbl KPOBU GepemMeHHbIX
JKEHLUMH, HaAMuMe AeTel C MHOXECTBEHHbIMU BPOXKAEHHbIMM MOPOKaMM PasBUTMS, XPOMOCOMHOM
natoaoruen n Ap. OnpeaeAeHbl HaCTOTbl pacrpeAeAeHNs XPOMOCOMHBIX HapyLUEHWI Yy MAOAQ C YYETOM
KAMHMKO-AQBOPaTOPHbIX MoKasaTeAei. Hamboabluas 4acToTa XPOMOCOMHbIX HapyLUeHWI MA0AQ
yCTaHOBAEHA y GepeMEHHbIX XXEHLLIMH MPY HAAMYUKM TPexX nokasaTeAen: pakTopa Bo3pacTta HepemeHHoN
>KEHLUMHbI, NapameTpoB GMoXMMMueckoro ckpuHuHra u Y3M mapkepoB. XpOMOCOMHbIE HapyLueHus
nAoAa BbisiBAEHbI Y 94 (30,3%) 6GepemeHHbIX >KEHLUMH, M3 HMX 92 caydas (97,9%) npeACTaBAEHbI
UMCAEHHbBIMM HAPYLLUEHUSIMM XPOMOCOM U 2 cAyYas (2,1%) — CTPYKTYPHbIMM HapyLueHuamn. HapylieHus
B CMCTEME ayTOCOM HabAIoAAAMCH B 9,4 pa3a vallle Mo CPaBHEHMIO C HAPYLUEHUSIMU B CUCTEME MOAOBbIX
XPOMOCOM. M3 UMCAEHHBIX HapYLUEHWA XPOMOCOM BbICOKWMIA YAEAbHbIA BEC 3aHMMaeT TPUCOMMUS MO
21 XpoMocoMme, 4To cocTaBUAO 65,1%. CpaBHUTEABHbIA aHAAM3 YACTOTbl XPOMOCOMHBIX HapyLUeHWH
y MAOAQ ABYX MOPTOBbIX FOPOAOB MOKa3aA ee yBeAmMyeHwe B 1,7 pasa B r. Aktay (KasaxcraH) no
CpaBHeHMIO € r. MypmMaHckom (Poccus), CpeaHss yacToTa aHOMaAMii KapuvoTura nAoAa COCTaBMAQ
cooTBeTCTBEHHO 19,6% 1 11,6%. boAee BbICOKMI ypOBEHb YAaCTOTbl aHOMAAUI KapuoTuna NAOAQ B
r. AKTay, BEpPOSITHO, CBSI3aH C HEBAAronoAy4YHOM 3KOAOrMYECKON OBCTAHOBKOW B rOPOAE, HAAUUMEM
NPeAnpuaTUiA HedhTerasoBon MPOMBILUAEHHOCTM, XBOCTOXPAHWAMLLA TOKCMYUHbIX M PaAMOaKTUBHbIX
OTXOAOB, 3a6POLLEHHbBIX YPAHOBbIX PYAHUKOB.

KAroueBble cAOBa: KaproTKM, MAOA, NMPEHATAAbHAS AMArHOCTUKA, XPOMOCOMHbIE HApYLUEHNS MAOAR,
3KOAOIMYECKOe COCTOSIHME FOPOACKMX arAOMepaLLmi.

Introduction

Currently, due to the intensification of all
spheres of human economic activity, a large-scale
environmental pollution is observed to be evoked
by environmentally hazardous factors, many of
which have genotoxic, mutagenic and carcinogenic
properties. These factors include heavy metals,
pesticides, drugs, wastes from mining, nuclear, oil
extraction, refinery and other industries. All these
pollutants threaten human health increasing the
risk of hereditary pathologies. This is especially

dangerous for the development of embryos and the
fetus.

In this regard, one of the priority areas of modern
medical genetics is the prevention of congenital
malformations and chromosomal pathologies at
the stage of fetal development. In this direction,
methods of prenatal diagnostics are widely used.
The main purpose of prenatal diagnostics is the
selection of pregnant women into the high-risk
groups of the birth of children with congenital
and hereditary pathologies, which require in-
depth additional investigations including special
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Chromosomal disorders in the fetus of pregnant women from Aktau

laboratory studies (biochemical, cytogenetic,
molecular genetic) on the fetal material [1-4].
According to the data “National Genetic Register of
the Republic of Kazakhstan” (NGR) of 2012, 3,500-
4500 children with congenital malformations (CDF,
or Congenital Disorders of the Fetus) are born in the
Republic of Kazakhstan annually, out of which 350
with chromosomal pathology, 130 neural tube de-
fects, 270 multiple malformations. Annually, 1000-
1200 lethal CDFs are revealed by the program of
genetic screening of pregnant women at the stage of
fetal development, 140-150 of which display chro-
mosomal pathology. According to the NGR data of
the Republic of Kazakhstan, the share of CDFs in
the layout of the causes of perinatal mortality makes
up 10-15%, and it does not tend to decrease [5].
The aim of this work was cytogenetic investiga-
tion on metaphase cells of the fetal biomaterial ob-
tained by chorion- and placentiopsy, amniocentesis
and cordocentesis from pregnant women of Aktau.

Materials and methods

In the period from 2013 to 2015, a cytogenetic
study of the fetal karyotype across 310 pregnant
women at risk was carried out in the Medical-
Genetic Department of the State-Owned Enterprise
“Regional Perinatal Center”, Aktau. Under these
conditions the maternal age factor, ultrasound
markers of the fetus, biochemical markers of the
peripheral blood serum of pregnant women, the
birth of children with multiple CDFs, chromosomal

pathologies, and etc. have been taken into account.
Metaphase cells of chorionic and placental villi,
amniotic fluid cells, fetal cord blood lymphocytes
served as the material for investigation after being
obtained by the biopsy from pregnant women aged
from 18 to 45 years. Biopsy material for cytogenetic
studies was obtained by transabdominal puncture
under the control of ultrasound examination.

In order to obtain chromosomal preparations
from metaphase cells of chorionic and placental
villi, the assay on “direct” preparations was implied.
Metaphase chromosome preparations from cord
blood lymphocytes were obtained by cultivation
in vitro, in accordance with standard methods. For
differential staining of chromosome preparations,
the GTG method was used [6, 7].

Metaphase cells were analyzed using an
AxioLabA1l light microscope (Zeiss, Germany)
and VideoTest — Cario 3.1 computer software (St.
Petersburg, Russia) [8].

Results and discussion

The frequency of fetal chromosomal
abnormalities has been estimated depending on
various factors: maternal age, fetal ultrasound
markers, biochemical markering indici of a woman’s
serum, the presence of children with chromosomal
abnormalities in the family, etc. [9]. The data on
cytogenetic study taking into account clinical
and laboratory parameters of invasive prenatal
diagnostics are presented in Table 1.

Table 1 — Frequency of distribution of chromosomal disorders of the fetus of pregnant women based on various clinical and laboratory

parameters for 2013-2015

Number of pregnant Frequency of chromosomal
N Indicators women abnormalities of the fetus
n % n %

1 Age factor 45 14.5 42 93.3

2 Age factor + ultrasound markers 16 52 6 37.5

3 Age factor + biochemical markers 115 37.1 10 8.7

4 Age factor + ultrasound markers + biochemical markers 6 1.9 6 100.0

5 Biochemical markers 90 29.0 19 21.1

6 Ultrasound markers 28 9.0 7 25.0

7 Ultrasound markers + biochemical markers 10 32 4 40.0

10 | Total 310 100.0 94 30.3

48



A .M. Kalimagambetov et al.

As it can be seen from Table 1, chromosomal
abnormalities of the fetus were detected in
94 pregnant women, which made up 30.3%.
Chromosomal disorders of the fetus in pregnant
women were represented by trisomy for autosomes,
monosomy and polysomy for sex chromosomes, as
well as structural abnormalities.

Analysis of the frequency of occurrence of
chromosomal abnormalities depending on clinical
and laboratory parameters revealed their ranging
from 8.7% to 100%. Moreover, in 93.3% of cases,
the presence of fetal chromosomal abnormalities
was detected in pregnant women with an age factor,

and in 100% cases, fetal karyotype disorders were
established using a triple combination of indicators
— maternal age, deviation from normal biochemical
markers in the blood serum of a woman and fetal
ultrasound markers. A comparative study revealed
a higher impact of the age factor (by 4.4 and 3.7
times) and triple combination indicators (by 3.7
and 4.0 times) in comparison with a single effect
of biochemical markers and ultrasound markers
(sonography markers), respectively. Analytical data
on the frequency and spectrum of chromosomal
abnormalities of the fetal karyotype are indicated in
Table 2.

Table 2 — Frequency and spectrum of chromosomal abnormalities of the fetal karyotype

Chromosomal abnormalities Fetal karyotype n %
numerical
Trisomy 13 chromosome 47,XX+13,47,XY+13 6 6.4
Trisomy 18 chromosome 47 XX, +18; 47, XY+18 22 234
Trisomy 21 chromosome 47 XX, +21;47,XY+21 54 57.4
Trisomy on chromosome 21 and an additional marker chromosome 48,XX,+21,+mar 1 1.1
X chromosome monosomy 45X 4 4.2
X chromosome polysomy in a fetus with a male karyotype 47.XXY 5 53
structural
Robertson translocation between chromosomes 15 and 21 46,XY,t(15/21) 1 1.1
Duplication of the long arm of chromosome 13 46,XY,dup(13)(q) 1 1.1
Total 94 100

Note: n — is the number of cases; + mar — additional marker chromosome

As seen from Table 2, out of 94 detected
chromosomal abnormalities, 92 cases (97.9%)
are referred to occur numerical abnormalities and
2 cases (2.1%) may be attributed to structural
abnormalities. Disturbances in the autosome
system were observed 9.4 times more often
than disorders of the sex chromosome system.
In reference of the numerical chromosome
abnormalities, a specifically high percentage was
determined for the trisomy of the chromosome 21
which achieved 65.1%. Table 3 shows the outputs
of a comparative analysis of the frequency of
annual chromosomal disorders of the fetus in
2013, 2014 and 2015.

As it follows from Table 3, among fetal
chromosomal abnormalities, the highest frequency
of occurrence may be ascribed to trisomy of the
21-st chromosome. If in 2013 this indicator made
up 50.0%, then in 2014 — 68.4% and 2015 —
73.7%. That means that there is an evident trend
of growing frequency of trisomy on chromosome
21 of the fetus. Considering other chromosome
disorders of the autosome and the sex chromosome
systems, a random occurrence of these disorders
has been marked. Table 4 demonstates the data on
the frequency of fetal chromosomal abnormalities
depending on the gender with taking into account
the invasive procedures conducted.
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Table 3 — Comparative analysis of the frequency of annual chromosomal abnormalities (2013-2015)

Indicators 2013 2014 2015
n % n % n %
Total number of pregnant women with fetal chromosomal abnormalities 56 100 19 100 19 100
Trisomy 13 chromosome 5 8.9 1 53 - -

Trisomy 18 chromosome

18 321 1 53 3 15.7

Trisomy 21 chromosome

28 50.0 13 68.4 14 73.7

Of them:
X chromosome monosomy — 45,X 3.6 1 53 1 53
X chromosome polysomy — 47,XXV 2 3.6 2 10.4 1 53
Structural disturbances 1 1.8 1 53 - -

Table 4 — Numerical ratios of female and male fruits with normal and abnormal karyotype

o . The number Numb.er of fetuses Normal fetal karyotype Abnormal fetal
Invasive diagnosis of pregnant depending on gender karyotype

women Q 3 Q 3 Q 3

Chorionbiopsy 114 57 57 31 37 26 20

Placental biopsy 134 74 60 53 40 21 20
Amniocentesis 18 11 7 9 5 2

Cordocentesis 44 30 14 29 12 1 2

Total 310 172 138 122 94 50 44

As given in Table 4, there is a susceptibility
(by 6.4%) to violations of the fetal karyotype
among female and male fetuses (53.2% and 46.8%,
respectively). Similar data have been obtained in the
study of Russian researchers [10]. In particular, in
the group of women with a history of undeveloped
pregnancy, the embryo and fetus had a pathological
karyotype in 34 cases (77.1%). Female karyotype
was identified to occur more often than that one of
the males by 7.4%: 29 cases (53.7%) versus 25 cases
(46.3%). Another investigation emphasizes that the
sex ratio in the first trimester of pregnancy is shifted
towards the male gender due to conspicuous elimi-
nation of female embryos [11]. The authors suggest
that one of the reasons for this phenomenon may
be a violation of the process of inactivation of the
X chromosome. Thus it may be assumed that such
a growing elimination of female embryos also in-
cludes the presence of inner embryonic chromosom-
al abnormalities in result of the combinatorial effect
of environmental stresses explained by a long-last-
ing residence in ecologically unfavorable areas. Ac-
cording to the WHO, exposure of the maternal body
to certain pesticides and other chemicals, as well as
certain drugs, alcohol, tobacco, psychoactive agents
or radiation during pregnancy, may increase the risk
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of congenital malformations in the fetus or new-
born. Living or working in the neighbourhood or
directly at the spot of test sites, metallurgical plants
or mines can also be a risk factor, especially when
the mother’s body is exposed to supplementary en-
vironmental risk factors or in case of malnutrition
[12, 13]. One of the significant environmental fac-
tors endangering human health is the air pollution of
urban agglomerations. According to the WHO rec-
ommendation, air pollution level (together with air
quality index, AQI) in cities should not be more than
10 pg / m3, and the average daily level should not
exceed 25 pug / m3. However, in large megacities,
air pollution level is exceeded many times. Exces-
sive air pollution level is a risk to human health. It is
known that chemical compounds and heavy metals
of atmospheric air in the city exhibit carcinogenic,
mutagenic and toxic effects [14]. This, of course,
can cause an accelerated frequency of birth of chil-
dren with gene and chromosomal diseases.

In this regard, we carried out a comparative
analysis ofthe data obtained to the data of the scientific
literature on the most frequent numerical violations
of fetal chromosomes in the population. The data on
cytogenetic studies of the fetal karyotype of pregnant
women living in various regions of Kazakhstan and
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Russia were analyzed (Aktau, Almaty, Kazan and
Murmansk). The main comparative background
was the similarity of the ecological state of urban
agglomerations. Almaty and Kazan are the largest
megacities with a population over 1 million people.
Aktau and Murmansk are referencing port cities
with a population of nearly 300 thousand people.

According to local meteorological services, Almaty
and Kazan are classified as cities with a high level of
air pollution, whereas Aktau and Murmansk as those
with a low level. Table 5 presents comparative study
on the average incidence of numerical disorders
among fetal chromosomes in the cities of Aktau,
Almaty, Kazan, and Murmansk.

Table 5 — Frequency of numerical violations of fetal chromosomes

. Frequency of chromosomal abnormalities,%
Chromosomal abnormalities
Kazan [15] Murmansk [16] Almaty [17] Aktau (own data)
Trisomy 13 chromosome 4.5 1.0 5.0 6.0
Trisomy 18 chromosome 19.0 7.0 15.0 23.0
Trisomy 21 chromosome 51.0 39.0 46.5 60.0
X chromosome monosomy — 45,X 17.0 9.0 5.0 4.0
X chromosome polysomy — 47,XXVY - 2.0 8.3 5.0
Average frequency 18.3 11.6 16.0 19.6

As indicated in Table 5, the average frequency
of numerical violations of fetal chromosomes in
cities of Almaty and Kazan is approximately the
same — 16.0% and 18.3%, respectively. However,
significant increase of the average frequency of
numerical abnormalities of fetal chromosomes in
pregnant women in the city of Aktau (19.6%), when
compared with the city of Murmansk (11.6%), is 1.7
times higher, though the air pollution level in both
cities, Aktau and Murmansk, are equally low. There
is also a noticeable elevation of average frequency
of fetal chromosomal abnormalities in the city of
Aktau by 1.2 times, comparing to Almaty. In this
regard, distinctive environmental features of Aktau
should mentioned. Aktau is the center of the oil and
gas industry of Kazakhstan. The oil industry has
undoubtedly put a serious environmental burden
on the city. There are also adjacent radiationally
hazardous facilities: the Koshkar-Ata tailing
repository concluding toxic and radioactive wastes,
neglected uranium mines and the “dead lake” Little
Oymasha (Malaya Oymasha). All this in general can
lead to the strengthening environmental load and,
accordingly, may affect the state of human health,
including the development of the fetus.

There is a statistically reliable increase of the
frequency of abortions due to genetic disorders in
the fetus and congenital malformations of newborns
in the Zhytomyr Region contaminated with
Chernobyl radionuclides [18]. The negative effect

of air and water pollutants due to oil and natural gas
production on the development of the embryo and
fetus has been manifested [19]. It was established
that seasonal differences in the incidence of trisomy
of chromosome 21 in the fetus correlated with
levels of nitric oxide and ozone fluctuations in the
environment [20].

It should be mentioned that the solution of the
problem of air pollution in urban agglomerations
will certainly facilitate reduced frequency of birth
of children with hereditary pathology to improve the
gene pool of the population.

Conclusion

1. The combination of three indici of prenatal
diagnostics, namely the maternal age, sonography
markers and deviations from the parameters of ma-
ternal blood biochemical markers, indicate a high
probability of fetal chromosomal abnormalities.

2. Chromosomal abnormalities in the auto-
some system are observed 9.4 times more often
than abnormalities in the sex chromosome system
—97.8% and 2.2%, respectively.

3. Among the numerical chromosome disorders
of the autosome system, trisomy of chromosome 21
is prevailing with a high proportion reaching 65.1%.

Thus, cytogenetic methods are able to confirm
or exclude fetal chromosomal pathology and are
considered as essential tool for prenatal diagnostics.
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MAEHTUDOUKALINA HOCHUTEAEM TEHOB YCTOMYMBOCTU
K TBEPAOU TOAOBHE TILLETIA CARIES (DC.) NMWEHANLbI

AnHoTaums. OaHOM 13 HanboAaee BPeAOHOCHbIX BOAE3HEN MIIEHULIbI OTHOCUTCS TBEPAAS TOAOBHS,
BO36yAuTEAEM KOTOPOWM siBAsiiOTCS rpmubbl Tilletia caries (DC.) Hanboaee 3phekTUBHBIM METOAOM
60pbObl C TOAOBHEN CUMTAETCS reHeTMUecKas 3alimMTa pacTeHWi, KOTopas AOCTUIaeTCsl BHEAPEHUEM
B MPOM3BOACTBO HOBbIX YCTOMUMBbLIX 0OPA3LOB K TBEPAOIM FOAOBHE MileHULbl. B HacTosiee Bpems
umeeTcs uHdopmMaums o 15 reHax, KOTOpble MOryT 06eCreynTh 3alMTy OT NaToreHa TBEPAO FTOAOBHM.
PaspaboTaH psia MOAEKYASIPHbIX MAPKEPOB, CBSA3aHHbIX C OCHOBHbIMM FreHaMK1 YCTOMUMBOCTU K TBEPAOM
ronoBHe. OHU BGYAYT MCMOAb30BaHbl AAS CO3AQHUSI YCTOMUMBBIX K TBEPAOW FOAOBHE COPTOB MyTEM
CKPUHMHIa U MHTpOrpeccumn Bt-reHoB yCTOMUYMBOCTM B COpTa MLIEHULbI C XOPOLIMMMN XO351MCTBEHHO-
LeHHbIMU MpU3HaKaMu. Lleablo MccAeAOBaHMS SBASIIOTCS MAEHTU(UKALMS HOCUTEAEN YCTOMUMBOCTU
K TBEpAOW TOAOBHE C WCMOAb30BAHMEM MOAEKYASPHbIX MapkepoB. [1poBeAEH MOAEKYASPHbIA U
(PUTONATOAOTMYUECKMI CKPUHUHT PYMbIHCKMX 06Pa3LI0B MLLEHMLbl HA YCTOMYMBOCTb K TBEPAOW FOAOBHE
Tilletia caries. MoOAeKyASIpHbI CKPUHUHI PYMbIHCKMX 06pa3sLioB Ha YCTOMYMBOCTb K TBEPAOI FOAOBHE
nokasaa, 4to 2 obpasua (02429GP-1, F08245G1), obaasaioT reHom Bt9. [Mpu MCNoAb30BaHMM AAS
ILP npamepa k Aokycy FSD/RSA y AByx 06pasuoB BbISIBAEH FeH ycTonumeoctn Bt10. B pesyastaTe
(hMTOMNATOAOrMUYECKOro aHaAM3a yCTaHOBAEHO, 4TO 5 obpasuos (02429GP-1, F08126G1, F08245G1,
F08347G1, F07270G2) xapakTepu3yoTCs BbICOKOM YCTOMUYMBOCTbIO K TBEpAOM roAoBHe. CopT Retezat
nokKasaA BOCMPUMMUMBYIO peakumio C nopaxkeHnem B 52 %. [NoAyueHHble AaHHbIe SBASIIOTCS LLEHHbIMU B
CEAKLMOHHbIX NMPOrpamMmax AAs MOBbILLEHWS] YCTOMUMBOCTU K TBEPAOV FOAOBHE.

KAroueBble cAoBa: MiIeHWLA, MOAEKYASIPHBIN CKPUHWHT, FeHbl YCTOMUYMBOCTb, (hUTOMATOAOrMYECKast
OLeHKa, TBepAAst FOAOBHSI.
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Identification of genetic carriers
of wheat steady againt common bunt Tilletia caries (DC.)

Abstract. One of the most widespread and dangerous diseases of wheat is the common bunt, which
is caused by the fungi Tilletia caries (DC.). The most effective method of combating smut is considered
to be genetic protection of plants, which is achieved by the introduction of new resistant samples to
common bunt wheat. There is information about more than 15 genes that can express resistance to this
disease. A number of molecular markers associated with the main genes of resistance to common bunt
have been developed. They will be used to create common bunt resistant samples by screening and
introgression of Bt-genes resistance into wheat samples with good economic value traits. The aim of
the study is to identify carriers of resistance to common bunt using molecular markers. Molecular and
phytopathological screening of Romanian wheat samples for resistance to common bunt Tilletia caries
(DC.) was carried out. Molecular screening of Romanian samples for resistance to common bunt showed
that 2 samples (02429GP-1, F08245G1) possess the Bt9 gene. When using a primer for PCR to the FSD
/ RSA locus, the Bt10 resistance gene was detected in two samples. As a result of phytopathological
analysis, it was found that 5 samples (02429GP-1, F08126G1, F08245G1, F08347G1, F07270G2) are
highly resistant to common bunt. Retezat showed a susceptible response with a lesion of 52%. The data
obtained are valuable in breeding programs to increase resistance to common bunt.

Key words: wheat, molecular screening, resistance genes, phytopathological assessment, common
bunt.
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WnenTndukanus HocUTeIel TeHOB YCTOMYMBOCTH K TBepoi ronoBHe Tilletia caries (DC.) meHUIB

A.K.MaaeHoBa, M.H. Atuwosa, A.M. KoxmeTtoBa , M.E. AMaHreAbAnHOBA

OciMAIKTEP BUOAOIMACDI kOHE BUOTEXHOAOTMS MHCTUTYThI, KasakcraH, AAMaThbl K.,
e-mail: madenova.a@mail.ru

buaaiAbIH, KaTTbl Kapa Kyie aypybiHa Tilletia caries (DC.)
TO3IMAAIK reH TacbiIMaAAayLUbIAAPbIH UAEHTUDUKaLUIAQY

Anaatna. KaTTbl Kapa kyne 6MAanAbiH eH KayinTi aypyAapbiHbiH 6ipi G0AbIN TabblAaAbl, OHbIH,
Ko3ablprbilwbl Tilletia caries (DC.). KatTbl kapa Kyie aypyMeH KYPECYAiH eH TUIMAI SAIC FeHeTMKaAbIK,
KOpFaHy 60AbIN TabblAaAbl, OA KATTbl Kapa Kyiere Te3iMAi 61Aan YAriAepiH OHAIPICKE eHri3yre MyMKIHAIK
Gepeai. Kasipri TaHaa OyA aypyFa Te3iMAIAIK kepceTeTiH 15-ke XybIK, reH 6eAriai. KatTbl kapa Kyitere
TO3IMAIAIKTIH Herisri reHaepiMeH 0aiiAaHbICTbl MOAEKYAAAbIK, MapkepAep Katapbl a3ipAaeHai. Oaap
>KaKCbl LLIAPYALLUbIAbIK-KYHAbBI OeAriaepi 6ap 6uaar copTTapbiHa TYPaKTbIAbIK, Bt-reHiHiH, CKPUHWHTI
>KOHE MHTPOrPeccHsCbl apKblAbl KATTbl Kapa Kyrere Te3iMAi COpTTapAbl >kKacay YLliH MarnAaAaHbIAATbIH
6oAaAbl. 3epTTeyAiH MakcCaTbl MOAEKYAAAbIK, MapKEPAEPAI MarAaAaHa OTbIPbIM, KaTTbl Kapakyiiere
TE3IMAI FeH TacbIMaAAQYyLLbIAAPbIH aHbikTay 0OAbIM Tabbiraabl. KaTTbl kapakyrere Tilletia caries
(DC.) Te3IMAIAIriH aHbIKTayAa PYMbIHABIK, OMAAA YATIAEPIHE MOAEKYAQABIK, XKOHE (PUTOMATOAOTMUSIAbIK,
CKPUMHMHL XXYPri3iAai. MOAEKYAQABIK, CKPUHUHITIH HOTUXKECIHAE KATTbl KapaKyrere Te3iMAi 2 yAriae
(02429GP-1, F08245G1) Bt9 reni Tabbiaabl. [NTP ywin FSD/RSA npaiMepiHiH AOKYCbIH KOAAAHFaHAQ eki
yAriae Bt10 reHi aHbikTaAAbl. DUTOMATOAOTMSIABIK, TaApay HOTUMXKeCiHAe 5 YATi (02429GP-1, FO8126GT,
F08245G1, F08347G1, FO7270G2) kKaTTbl KapakyMere >oFapbl TO3IMAIAIKNEH epeklleAeHAi. Retezat
copTbl 52%-Aa TE3IMCI3AIK peakums KepceTTi. Bya KyHAbI reHoTMnTep BoAallakTa KaTTbl Kapa Kynere
TO3IMAI COpTTap wWbiFapy YiUiH ceAekumsiaa Oaraabl GacTankbl MaTepUaA peTiHAe NaAaAaHbIAyFa
60AAADI.

Tyitin ce3aep: OMAQ, MOAEKYAAAbIK, CKPUHUHE, TO3IMAI reHaep, (OUTOMATOAOIMSABbIK, Oarasay,

KATTbl Kapakywe.

CokpameHusi 1 0003HAYEHUSA

Tilletia caries (DC) Tul. — Bo30yauTens TBep-
IO TOJIOBHHU IIIIEHHILI, Bf-reHbl — 0003HaYeHHE
JUIsl TEHOB YCTOMYUBOCTH K TBEPIOM rOJIOBHE.

BBeagenne

TBEpmast TONOBHS MIICHUIBI — OJUH U3 CaMbIX
3HAYUMBIX OUOTHYECKHX OrPaHUYUTENCH B TIPO-
M3BOJICTBE MIICHHIBI 1O BceMy mupy. [mst pea-
TMU3alUu 3a7lad [0 CHIDKEHHWIO DPacIpOCTpaHeHUs
0oJIe3HHU, MONYYCHUS! HE3apPAKEHHOTO CENBCKOXO-
3SIICTBEHHOTO TPOJYKTa, MMOBCEMECTHO HCIOJB3Y-
ercsi 00paboTKa CeMEHHOT0 Marepuaia (yHTHIIN-
namu. Vcrmonb30BaHUE COBPEMEHHBIX IpernapaToB
MIPAKTHYECKU TTOTHOCTBIO YCTPAHSET MPSIMBIE TTOTe-
PH CeNTbCKOXO03IUCTBEHHOTO IPOAYKTA, OHU 3P deK-
TUBHO YHUYTOXAIOT CIIOPHI HA CEMEHAX U B TOYBE.
OpHako MeToJ TpPHUMEHEHHS IPOTPaBHTEIEH ce-
MEHHOTO MaTepualia HAaHOCHUT YPOH OKpY’Karomei
cpele, 3I0pPOBBI0 YEIIOBEKa. DTOT CIOCO0 3aluThl
SKOHOMHYECKH HE BHITOJICH M HETIPHEMIIEM TIPH Op-
raaudeckoM 3emuenenuu [2, 3]. B Espore morepu
yposkast U3-3a TBEPJIOH T'OJOBHU COCTABIISLIN OoJjiee
50%, a B oTHEIBHBIE TOABI 3Ta OOJIE3Hb MPUBOIUIIA
K TIOJTHOH moTepe ypokas [4, 9]. Hanbomnee BaxXxHBIM
HMCTOYHUKOM MH()EKIIUU SBIISIOTCS 3apaKEHHbBIE Ce-
MeHa. 3apakeHue MIIEeHUIIBI TPOUCXOANUT BO BPEeMS
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MpOpacTaHusi, 3TOMY CIIOCOOCTBYIOT MPOXJIAAHEIE H
BIIQXKHBIC yCIOBHs. [lopakeHHBIC KOJOCHS JIETKO-
BECHBIC, HE TIOHUKAIOT, UIMEIOT CEpOBaTO-(PHOIETO-
BBl OTTEHOK, U3JIAI0T cesieouHbIN 3amax [5]. Koi-
meibaeBsiM MLK. (2002) mokazaHo, 4TO TIpH IOceBe
HEMPOTPaBICHHBIMU CEMEHAMU MIICHUIA MOpaXka-
etcst rojoBHeH 10 10% u Oornee, YTO MPUBOIUT HE
TOJIBKO TPSMBIM TOTEPSM, HO 3aMETHOMY CHIDKE-
HUIO KayeCTBO 3€pHA; M3-32 TOKCUUYECKUX CBOICTB
CIIOp TOJIOBHH, COJIEPIKAIINX allKaJon]] TPUMETHIa-
MUH, TOJIOBHSI HETATUBHO BIIUSCT HA 3JI0POBBE UEIIO-
BEKAa U CEIbCKOXO03AMCTBEHHBIX KUBOTHBIX. CHIIBHO
3aCIOPEHHOE 3€PHO HEINb3sI UCIOIB30BaTh IS IIPH-
TOTOBJICHUS] TMPOJYKTOB MUTaHHUSI U KOMOUKOPMOB
IUISL KUBOTHBIX [5, 6, 7]. MHorue ka3zaxcTaHCKUE
copTa TIICHHIBI, O0Namarmyue CTabuIEHON ypo-
JKaHOCTBIO, BBICOKMM KaueCTBOM 3€pHAa H DKO-
JIOTUYECKON TUIACTUYHOCTHIO, Ha WH(EKIIMOHHOM
(oHE cUIBHO TOpaXkaroTcs Oone3nsmu. B ciydae
MPOSIBICHUST STU(PUTOTUN TBEPAON TOJOBHH 3TO
MOJKET MPHUBECTU K OOJIBIINM MOTEPSIM B arpapHOM
cekrope [1].

B nenax noanepxaHus BBICOKOW ypOXKaWHHOCTH
1 OTIIMYHOTO KAadecTBa CEMSIH OPraHWYECKHE Tpo-
WM3BOJIUTEIHN JOJDKHBI ITOJIATaThCS HAa YCTOWYHBEHIC
Kk Oosie3HsiM coprta muieHuibl [8]. Pazpaboran psa
MOJIEKYJIIPHBIX MapKepOB, CBSI3aHHBIX C OCHOBHEI-
MU TeHaMH YCTOWYHUBOCTH K TBEPIOH rosioBHe. OHI
OyAyT UCIIOIB30BAHBI JJIsI CO3JaHUS YCTOWYHBBIX K
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TBEPJOU TOJIOBHE COPTOB IMYTEM CKPUHHHIA U WH-
Tporpeccuu Bf-T€HOB YCTOWUYHMBOCTH B COpTa IIlIe-
HUIBI C XOPOIIMMH XO3SHCTBEHHO-IICHHBIMH ITPH-
3HaKaMH.

Hawubonee 3¢ dekTHBHBIM METOIOM OOpPHOBI C
TOJIOBHEH CUMTAETCSl TEHETHWYEeCKas 3aluTa pac-
TEHUU, KOTOpas OCTUTaeTCs BHEAPEHUEM B IPO-
M3BOJCTBO HOBBIX yCTOMYMBBIX OOPAas3IOB K TBEp-
JIOW TOJIOBHE MINEHMIBL. TakuM 0Opa3zoM, BMECTO
MPUMEHEHUS] XMUMHUYECKUX OOpabOTOK CeMsSH He-
00XOIMMBI OpTaHHYECKUE CPEACTBA I OOPHOBI C
Oone3nssmMu pactennil. CopTa MIIEHUIBI, HECYIINE
TeHBl YCTONYMBOCTH, UCTIONB3YIOTCS KaK allbTepHa-
THUBHBIA MeTOJl OOpPHOBI BMECTO XMMHYECKUX (PyH-
TUIMJIOB MPOTHB 0OIIeH Oosie3HH. AKTYaJIbHOCTB
TaKUX WCCIEeNOBAaHUI OOYCIIOBIEHa HEOOXOAMMO-
CTBIO CO3J]aHUSI TEHETUICCKU Pa3HOPOIHBIX UCTOU-
HUKOB YCTOMYHMBOCTH, IOHOPOB U MEPCIEKTUBHBIX
JUHUHA TIIEHUIBI, KOTOPBIE MOTYT OBITH HCIOJB30-
BaHBI B CEJICKITUN YCTOMYMBBIX K OOJIC3HUA COPTOB.

Hcnonb3oBaHne T€HETHYECKON YCTOMYMBOCTH
Yy PacTUTENBHBIX OPTraHU3MOB K OIMACHBIM T'pHO-
HBIM TMapasuTaM SBJSICTCS MHOT00OCUIAIOIINM
BBIOOPOM 3 QEKTUBHOIO yNpaBlIeHHUS WHQPEKIH-
OHHBIM TIPOIIECCOM, CITOCOOOM, OE3BPEAHBIM IS
OKpy>Xaromeld cpensl. M3BecTHO 15 0ONHMroreHos,
MpeAONpPEeAeSIONUX YCTOMYUBOCTD K TBEPAOH TO-
noBHe TmreHunsl (Bt — Bt15) [10, 4]. Ouu npu-
CYyTCTBYIOT B T€HOTHUIIE PAa3JIUYHBIX COPTOB W JIH-
HUH THICHUIBI TI0 OTACIHHOCTH WIA B COYCTAHHUU
HECKOJIbKUX Bt-reHoB. B mpous3BojcTBE MpakTHye-
CKHM OTCYTCTBYIOT YCTOMYMBBIE K TBEPJOU I'OJIOBHE
copta mumeHupl. Co3gaHue YCTOMYMBBIX COPTOB
MIICHUIBI  00ecTieunBaeT CTa0MIBHOCTD TPOU3-
BOJICTBA, OCOOCHHO B TOJbI SMUGUTOTUH, TAKKE
obOecriedynBaeT KadecTBO, ce0ECTOMMOCTh U B IIO-
JIEBBIX YCIOBHSX OOECIIeYNBAET CaHWTAPHO-IITH-
JIEMHOJIOTHUECKYI0 0e30macHOCTh. Poccuiickumu
WCCIIEJIOBATEISIMHA TIOKAa3aHO, YTO JOHOPaMHU TBEp-
JIOM TOJIOBHHW SIBIISIIOTCSI SIPOBBIC COPTa TIIICHH-
uel Baart (BtI), Canus (Bt2, Bt5), Redman(Bt3) u
o3uMble mmieHnnbl Anpouaym 114, 3aps [11, 12].
PyMBIHCKMMH T€HETHKaAMHU YCTaHOBJICHO, YTO JIH-
Huu F94976G-M2-11, F94978G-M1-51, F94975G-
M1-11,F95602GM1-21, F94895G-M1-21 u
F94889G-M1-31 sBIsIIOTCS HCTOYHUKAMU TEHOB
Btll, Bti3,Btl0, BtS, Btl2 u Bt5. DTu nuHuM,
CO3/IaHHBIE HAa OCHOBe copra Dropia, B HacTos-
1iee BpeMsl BBIPAIMBAIOT Ha OOJBIIMX ILIOIIAISX
B Pymbiaun. Typenkas nuaus PI1178383 sBnsercs
HUCTOYHUKOM TeHOB BfS8, Bt9, Bti0 [13]. B PymsbI-
HuM U KbIprei3cTane TBepJ0 T'OJOBHU IIIICHUIIBI
BBICOKYIO YCTOMUYMBOCTH TBEPIOi FOJIOBHE MILIEHU-
6l TIokasanu oopasmel u3 CIIIA — Burt, Celorow,

Franklin, Ark, Hyslop; u3 ®panmun — Marines; u3
Amnrmuu — Regent, u3 boarapun — Pycanka, uz3 CHI
— 3aps, [Ipukybanckas, KpacHoBomomanckas 23,
KpacnoBomonanckas 28 ur.g [13, 14]. IIpu usyuye-
HUU YCTOWYHMBOCTH COPTOB O3UMOM MIIEHUIBI Ka-
3aXCTAaHCKUI CEJIEKIIUU BbIJIEJIEH COpT MUJISHOITYC
223 [15]. Copt 3aps, umeromiuii reH BtZ, BHI3BIBACT
OonbIoi uHTEpec cenekuuoHepos [14]. Ycroitun-
BOCTb K TBEPJOH I'OJIOBHE B OCHOBHOM HaOJOJa-
erca B 15 mneHTH(UIMPOBAHHBIX T€HAX YCTOWYH-
Boctu [4, 10]. Y3 reHOB yCTOMYMBOCTU K TBEpAOH
TOJIOBHE OOJIBITIOC BHUMAaHUE yensaeTcs Teny Btl0,
[IOTOMY YTO, MO JUTEPATYpPHOM JAHHBIM, 3TOT I'eH
siBasieTcs: 3¢ (EKTUBHBIM MPOTUB BCEX pac TBEPIOH
TOJIOBHU B Mupe [16].

Co3manue KOJUIEKIUHM OO0pa3loB MIICHUIBI C
3¢ (GEeKTUBHBIMU T€HaMH YCTOWYHMBOCTH K TBEPIOH
TOJIOBHE C TIOMOIIBIO MOJIEKYJISPHO-TEHETHYECKUX
MapKepoB, COYETAOIUX BHICOKYIO TPOAYKTHBHOCTD
C YCTOWYMBOCTBIO K TBEpAOH TOJIOBHE, MO3BOJIUT
MPEOTBPATHTh MMOTEPH YPOXKasi U MOBBICHTH (ak-
TUYECKYIO yposkaliHOCTb 10 50%, CHU3UTH 3aTPaThl
Ha 00pabOTKy NOCEBOB MECTUIHIAMU U YMEHBIIHUTh
3arpsI3HEHUE OKPYIKAIOIINX CPEJIbI.

Henbto nccrnemnoBanus Oblia HACHTU(HUKALNS
TEHOTHUIIOB-HOCUTENIEH YCTOMYMBOCTU K TBEPAOU
TOJIOBHE C HCIOJIB30BaHHEM MOJIEKYJIIPHBIX MapKe-
POB, CIIETIIEHHBIX ¢ TeHamu B9 u Bt10.

MaTepI/IaJ'IbI U METOAbI

UccnenoBanns mpoBommm ¢ 10 oOpasmamu
3apyOexnoit cenekuuu (Pymbinus). B xauectse
cTannapra ciayxui copt borapnas 56. duronaro-
JIOTMYECKHUE aHAIN3bl K TBEPAOW T'OJOBHE MILEHU-
bl TPOBOJIVIIN HA UCKYCCTBEHHOM MH(EKITMOHHOM
¢one Kazaxcxkoro HUW 3emnenenus u pacreHue-
BOJCTBa, I. AlManbiOak, AJIMATUHCKHI 00J1acThb,
Kazaxcran. OneHka Ha HMCKyCCTBEHHOM HH(EK-
LUMOHHOM (hOHE TO3BOJISET OMNpPENENATh CTENECHb
MOPa’kaeMOCTH HM3Y4YEHHBIX O0pas3lOB IIICHMIIBL,
BBIOPaKOBBIBATh BOCIIPUUMYHUBBLIX 00pa3loB U Iie-
JICHAIPaBJIEHHO BecTH pabory.

JI1s MTHOKYJISIIIUY MILIEHUIIBI TBEPAOU TOJOBHEN
ucnonb3oBanmu Metoq B.1. Kpusuenko [25]. YcToii-
YUBOCTh OOpA3LOB O3MMOW MIICHHIBI K TBEPIOH
TOJIOBHE OLIEHHMBAIU IO 3TOH 1kKajie: 0 — BBICOKO-
YCTOWYMBBIE COPTa WM OOpa3lbl, MOPaKEHHOCTh
10 1%; 1 — mpakTH4eCKH yCTOMYUBEIE, MOPAKEH-
HOCTh KOJIOCheB He Ooiiee 5%; 2 — ciaaboBocnpu-
MMYKBBIC, TTOpakeHO He Oonee 10-25% koioches;
3 — cpeaneBocnpunMunBbie — 30-50% komockes; 4
— cupHOBOcTIpuuMYHBEIE — 50-100%) [25]. C me-
JBI0 CO3ZIaHUS YCIIEITHOTO MH(PEKIMOHHOTO (oHa,
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WnenTndukanus HocUTeIel TeHOB YCTOMYMBOCTH K TBepoi ronoBHe Tilletia caries (DC.) meHUIB

3aCTOpeHUe 03UMOH MIICHUIBI TPOBOJMIN B MaK-
CUMAaJIBLHO TIO3HUE CPOKH (BO 2-3 mekajie OKTIOps).
CeMeHa BbICEBaIX B 2-KpPaTHOM MOBTOPHOCTH B 2
psaa o oAHOMY OroHHOMY MeTpy [5]. [Ipu uHOKY-
JISIIUN O3MMO¥ TIIIEHUITH! UCTIOIH30BAIN CIIOPHI TO-
JIOBHM TEKYILIEro roja. /s oleHK yCTOMYMBOCTH
COPTOB WJIW JIMHUW HCIOJB30BAIA CMECh MECTHOU
nionynsiiuu Tilletia caries, cOOpaHHOM M3 HECKOIb-
KHX BOCIPHUHUMYHUBBIX COPTOB IIICHUIBI. YYeT I0-
PaXKEHHOCTH TOJOBHEBBEIMH OOJIE3HSAMH 00pa3IoB
IIIITIEHHUITH TIPOBOIMIH 110 KOJIOCHIM [5].

Brinenenue renomuoit J[HK ocymectisem
13 5-THEBHBIX MPOPOCTKOB MIIESHHUIIBI C TTOMOIIBIO
CTAB-metona [26]. Hocutenu Bf-T€HOB HICHTHU-
¢unupoBansl Ha ocHoBe [1LIP ¢ ucnonb3oBaHneM
paspaboraHHBIX TpoTOKoNOB. s mueHTH(HKa-
UA HOCcHUTeNel Bt mcmoyb3oBanbl STS Mapkepsl.
O0bem peakimonnoii cmecu s [MIP cocraBnser
25 mxi u conepxut 2,5 mxa 10x Oydepa ans Tag-
nonumepassbl, 2,5 mxn ANTP (2,5 MM kaxgoro Hy-
kneotuna), 0,5 Mxn kaxzgoro npaidimepa, 0,5 Mk
Tag-monumepassr, 18 mxn MQ-H,0. [lns pasnerne-
HUsI pparMeHToB amiutudunuposanHon JJHK mpo-
BOAMTCS djekTpodope3 B 2 %-M arapo3HoM WU
8 % mnomuakpunamugHom rene ([IAAI) B TBE-
oydepe (45 MM Ttpuc-6opar, IMM EDTA, pH 8)
[27]. AMmindukanus IpOBOAUTCS B aMmIuiA(puKa-
tope BioRad (TM100 Thermalcycler, Syngapore):
HavanbHas neHarypanus — 94 °C B TeueHne 5 MUH;
45 nuxnoB — 1 muH npu 94 °C; 1 mun — 45 °C;
2 muH —72 °C; ¢uHaANBHAS JIIOHTAIHS TIPOBOJIUTCS
B TeueHne 7 muH npu 72 °C. IIporpammsr [TLP mMo-
JU(UIIPOBAIIUCH B 3aBUCUMOCTH OT UIACHTH(UIIH-
pyemoro reHa. AMIUTHGUITUPOBAHHBIE ()PArMEeHTHI
pazgermsui ¢ ToMoIbio 3nekTpodopeza B 1,5%
arapozHom reie B 1 XxTBE Oydepe. [lon neiictBu-
eM anekTprudeckoro Ttoka ¢parmentsl JJHK mpo-
JIBUTAIOTCS B T€Jie OT KaTojAa K aHOIY («OT MUHY-
ca K IUTIOCY»), CKOPOCTh WX IABWKCHUS MPH 3TOM
o0paTHO TpOMOpUIHOHANBHA pa3MepaMm (MeJKue
(hparMeHTH TIpOXOAAT OONMbIUK MyTh). [lomoxke-
HUe PparMeHTOB B TeJie ONMPEAeNIoT Mo (yopec-
LEeHIIMA OpoMHIa 3THIUS — HHTEPKAIHUPYIOIIETO
areHTa, BCTPAUBAIOIIETOCS MEXKIY ABYMS HEMsIMU
monekynsl JIHK. Vcnonb3oBanmocs chemnyiomiee
obopynoBaHue: J3yeKTpodopeTndeckas Kamepa,
CTOJIMK JJISl 3aJIUBKU Te€Jsl, HCTOYHHUK MOCTOSHHO-
ro toka (mo 500 B), TpancumatomuHaTop, (oto-
kamepa. PeakTuBbl: Tpuc, 6opHas kuciora, 3TA,
arapo3sa, OpoM(eHOIOBBI CHHUH, KCUIIONIIUAHOI,
caxapo3sa, OpoMH[ 3TUIMS U 1Jis1 SKTpodopes (ara-
PO3HBIH).
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Pe3yabTarhl u 00cy:xneHue

Lenpio wuccrnenoBanus OblIa HACHTU(QUKAIHS
JUHUHA MIISHUIBI cpein 00pa3IoB PYMBIHCKUX Ce-
JIEKIIUH, YCTOMYMBBIX K TBEpJ0M TosoBHE. st 3TO-
ro mpoBenieH CKkpuHUHT oOpasios JIHK mureHursr
Ha TMPUCYTCTBUE MapKEPOB, CIEIUICHHBIX C TeHAMH
YCTOWYHMBOCTH K TBepAO# royoBHe. s unentudu-
KalMi HOCUTEJIEW I'€HOB YCTOWYHMBOCTHU HUCIIOJIb30-
BaH METOJ ImoyimMepa3Hoi nemnoi peakuu (I[1LIP).
Hawnbonee > (pexkTHBHEIMI T€HAMH YCTOWYHUBOCTH
K TBEpJOH TosioBHE sABNAOTCA Bt10 u Bt9. I'en Bt9
JIOKaJau30BaH Ha xpomocome 6DL [17], noHopamu
rena sBisroTcs PI 166910, PI 166921, PI 167822
[18]. T'en Btl0 Taxxe pacroyoKeH Ha ATOH XpOMO-
come. bpI1o mpeArnonokeHo ux BO3MOKHOE CIIeTIe-
HUE WM COBMECTHOoe pasmemnienue. [locie mpoge-
JIEHHOTO CPAaBHEHUS YCTaHOBJIEHO, YTO IeHbl Bt9 n
Bt10 sBastoTca AByMSl OTJIMYHBIMUA F€HAMH YCTOM-
YUBOCTH MIIEHUIBI K TBEPAOW TOJIOBHE, PACIIOIO-
’KCHHBIMM, COOTBETCTBEHHO, Ha 6DL. BMmecTte ¢ re-
HOM Bt7 — B copte CI 7090 [17], ¢ renom Bt10 — B
coprax mrenuiisl Jeff [19], PI 178383 [20], Ranger
Bt10[21].

OXumaeMblii TIPOAYKT aMILTH(DUKAIIIN pa3Me-
poM 296 m.H. ans Bt9 ¢ HCIOIb30BaHUEM IpaiiMe-
poB Xgpw7433. B kauecTBe MONOKUTENBLHOIO KOH-
TPOJS TP HACHTU(DUKAIMNA HOCUTENleH Bt-reHOB
WCIONB30BaHbl M3oreHusie muaun Pl 178383 (Bt9).
Ha pucynke 1 mpencraBnens pesynbtatsl [P 10
00pa3IoB MIIEHUITBI. XapaKTepHbIC ISl HOCHUTEIICH
Bt-rena [P npoaykTel pazmMepom 296 11.H. BBIsBIIE-
HBL y 2 00pasuoB (02429GP-1, F08245G1). Otu 06-
pasIpl SIBISIOTCS yCTOWYUBBIMH K TBEPIOH TOJIOBHE.

I'en Bt10 unentuduuuposat [22] u JTOKaIN30-
BaH J.G. Menzies ¢ kouteHamu [16]. OH uMmeeTcs B
TEHOTHIIE CIEIYIONINX COPTOB M JIMHUM TMIICHUIIBI:
BW553 = Neepawa*6//RedBobs/PI 178383 [23],
AC 2000, AC Cadillac, AC Carma, AC Crystal, AC
Foremost, AC Taber, AC Vista [17], Fairview [24],
PI 116301, PI 116306 [22], Selection M69-2094
[10], SrCad [25]. BmecTe ¢ rerom Bt9 — B copTax
Jeff [19], P1 178383 [17], Ranger [21].

Jns noucka rena Btl() ©cTIONb30BaHbl MapKepPhl
FSD/RSA u Xgwm469 [29]. Ilpn ncnons3oBaHAH
mapkepa FSD/RSA ¢opmupyercs ¢pparment JJHK
pazMepoM 275 I.H., a IPU UCIOIB30BAaHUM MapKe-
pa Xgwm469 paszmep TpOAyKTa aMILTU(PUKAITAN
coctaBisieT 165 M.H., KOTOPBIN accouuupyercs ¢
HanuuueM Btl() rena. B kauecTBe MOIOXKUTEIBHO-
o0 KOHTPOJISI UCIIOJIb30BaHbl U30r€HHbIE JUHUM PI
554118 (Bt10).
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€— 296 m.H.

1- PARTNER, 2-02429GP-1, 3- RETEZAT, 4-F08126G1, 5- F08347Gl,
6- F06659G-1, 7- F08245Gl1, 8- F06393GP10, 9-F08034G1, 10- F07270G2,
11-Bt-9 M82-2098, Marker Gene ruller 100 bp

Pucynok 1 — Unentudukanys reqa Bt9 ¢ ucnonbp3oBanneM Mapkepa Xgpw7433

— 165 mu.

1-Partner, 2-Retezat, 3-02429GP-1, 4-F08126G1, 5-F08245G1, 6-F06659G-1,
7-F08347G1, 8-F08034G1, 9-F06393GP10, 10-F07270G2, 11- PI 554118 (Bt10),
Marker Gene ruller 100 bp

Pucynok 2 — Unentudukanus resa Bt10 ¢ ucnons3zoBanuem MapkepaXgwm 469

«— 275 1.H.

1- FO8034G1, 2-Partner, 3-Retezat, 4-02429GP-1, 5-F08126G1, 6-F08245Gl1,
7- F07270G2, 8-F08347G1, 9-F06393GP10, 10-F06659G-1, 11- PI 554118 (Bt10),
Marker Gene ruller 100 bp

Pucynok 3 — Unentudukanus reqa Btl10 ¢ ucnonszoBannem mapkepa FSD/RSAF/R

T1{P-ananu3 BeisiBWiL, yto IILIP ¢ ucnons3oBa-
HHUEM IBYX pa3nuusbix MapkepoB (FSD/RSA F/R u
Xgwm469) rmokazar 0IMHAKOBBIC PE3yIbTATHI, CBH-
JIETeNCTBYIONINE O HAJTMUWU reHa B¢/ 0 (pucynku 2
u 3). B rabmune 1 npencrasnens! pe3ynbrath [T1P-
aHaJIM3a MIIEHHIBI, OTPAXKAIOIIETO0 HAJIHYUE WIIH
OTCYTCTBHE B HUCCIEAyeMbIX 00pa3iax reHa ycToii-
yuBoctH K Tilletia caries.

IIpoBenen GUTONMATONOTHICCKUI CKPUHHHT K
TBEPAOH TOJIOBHE PYMBIHCKUX 00pa3LoB MIICHH-
upl. 3 n3ydyenHsix 10 reHOTUIIOB MIIEHULBI BbI-
JIeJIeHO 5 TEeHOTHIIOB, JE€MOHCTPHPOBABIINX BHI-

COKMH ycroiumBocTH K TBepaod ronoBHe (0%).
Copt Retezat mokazan BOCIPUUMYHUBYIO PEAKIUIO
¢ mopakeHueM B 52%. B tabmune npepcraBieHbl
pe3yNbTaThl MOJIEKYJSIPHOTO ¥ (UTONATOJIOTH-
YECKOTO CKUPHHHHTA OO0pa3IoB MIICHHIBI. Mo-
JIEKYJSIPHBIN CKPUHHUHT PYMBIHCKHX 0OOpasloB Ha
YCTOHYMBOCTH K TBEPAOH TOJOBHE MOKa3al, 4YTO
2 o6pasma (02429GP-1, F08245G1) o6mamaror
reaoMm Bt9. Ilpu ucnonp3zoBannu i [P mpaii-
Mepa k Jokycy FSD/RSA y aByx oOpasuoB BHI-
sIBJIeH TeH ycroitumBoctu Btl(. Ismail Poyraz et
al., 2016, Typuus, HCHOJB3YysSd MHUKPOCATEILIUT-
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Hble Xgwm469, Xgwm114, Xgwm?264, Xgwm374
n RAPD UBCI196 mapkepsl BBISBHIIM Halldne
Bt-reHoB B repMoIuiasMe MIIEHHUIB U TOKa3aj,
410 10 MECTHBIX COPTOB UMEIOT B T€HOTHUIIE T'€HBI

ycroitunBoctu Bt10, Btl1 [30]. Ilpensinymue uc-
cileoBaHMA OBUIM TaKXKe NPOBEIEHBI I MOJIE-
KYJISIPHBIX HCCIIEJOBAaHUI Ka3aXCTaHCKUX COPTOB
[31].

Ta6auna 1 — MoneKynsipHbIH CKPHHHHT PYMBIHCKUX 00pa3IoB MIICHUIIBI K TBEPIOH TOOBHE

Ne B9 B0 Bt10 FSD/RSA ®duromnaromoru-ye-
KaTa-Ora Hasganwue o6pasia Xgpw 7433 Xgwm469 275 1L cxas omenka, %
296 m.H. 165 m.H.

77 PARTNER - 15,4
78 RETEZAT - - 52,6
79 02429GP-1 296 - 0
81 F08126G1 - - 0
82 F08245G1 296 - 0
84 F06659G-1 - - 4
336 F06393GP10 - - 3
337 F08347G1 - - 0
339 F08034G1 - 165 275 5
341 F07270G2 - 165 275 0

Borapnas 56 - - - 46,2

E PI ;33251(0? 1, 296 165 275 0

‘é B9 M82-2098 296 - -

g PI 554118 (Bt10) - 165 275

£ Btll M82-2123 - - -

2 Bt12 P1.119333 ] ] ] .

(M82-2141) BW
B pesynprare MHOrMX HCCIEAOBaHU, MpOBe- 3akiroyeHue

JCHHBIX B MHUpE€, €CThb MHOTO MAapKepoB, OIpene-
JIAIOUIMX TeHbl YCTOHYMBOCTH. C MOMOIIBIO 3THUX
MapKepoB OBbUIM WACHTHU(QHULIMPOBAHBI YCTOHYMBBIC
HOCHTEIH T€HOB.

Taxum 00pa3zoM, ObLT IPOBEJCH MOJICKY IS PHBIN
ckpuHHHT 10 pyMBIHCKHX 00pa3IoB Ha YCTOWYH-
BOCTh K BO30YAWTENIO TBEPJOW TOJOBHH IIICHH-
uel. Hacrosimee uccnenoBanue 6610 00YCIOBICHO
HEOOXOIUMOCTBIO CO3JJaHUSI UCTOYHUKOB yCTOWYH-
BOCTH, JIOHOPOB MIICHUIIBI, KOTOPbIE MOTYT OBITh
WCTIONB30BaHbl B CENEKIMH YCTOHYMBBIX K 0oe3-
HU COpPTOB. B pe3ynbrate y NepcreKTUBHBIX JTUHUN
02429GP-1, F08245G1 oOmapyxeHn ren Bt9, a y
nByx munuit (F08034G, F07270G2) 611 00Hapy-
eH reH Btl(. Pe3ynbpTaTthl QUTONATONIOTHYECKOTO
aHanmza 5 006pa3IoB MOKa3ajIl BEICOKOYCTONYHBYIO
peakuuio K TBepoi rojgoBHe. PymbiHcKHit copt Re-
tezat moxasajl BOCHpUMMYHBYIO PEaKIHIO C IIOpaXKe-
HueM B 52%.
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MounekynspHbI CKPUHUHT PYMBIHCKHAX 00pas-
LIOB Ha YCTOMYMBOCTb K TBEPAOU T'OJIOBHE MOKA3al,
gT0 2 oOpasua (02429GP-1, F08245G1) obnanarot
redoM Bt9. Ilpu ucnons3osanuu ans [P npaiime-
pa kx nokycy FSD/RSA y nByx o0pa3siioB BBISBIEH
reH ycroiumBocTH Btl(. B pesynbrare duromnaro-
JIOTUYECKOT0 aHAlTN3a yCTaHOBIIEHO, UTO 9 00pa3Ios
(02429GP-1, F08126G1, F08245G1, F08347Gl,
F07270G2) xapakTepu3yrOTCs BBICOKON YCTOWUH-
BOCTBIO K TBepaoil ronoBHe. CopT Retezat mokazan
BOCIIPUUMYHBYIO PEAKINIO C MOpakeHneM B 52%.
[Tomy4yennsie HaMKu pe3yIBTATHl CO3/IAIOT BO3MOXK-
HOCTh JUISI TIEpEX0/ia CEJEKIMOHHOTO IpoIiecca B
Kazaxcrane Ha HOBBIM HAay4YHBIH YpOBEHb 3a CYET
KOMILJIEKCHOTO MIPUMEHEHHUS MOJIEKYJISIPHO-T€HETH-
YeCKHX U (PUTOMATONOTUYECKUX METOOB. J[aHHBIC
SIBJISTFOTCS] IICHHBIMHU B CEJICKITMOHHBIX MTPOrpaMmax
JUJ151 HOBBILIEHUS] YCTOMYMBOCTHU K TBEPAOW TOJIOBHE.
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CKPMHUHI MUKPOOPTAHU3MOB-AECTPYKTOPOB
XAOPOPTAHUYECKUX 3ATPASHUTEAEU

AHHOTaumMsa. B HacTosllee BpeMsi OAHOM MX 3KOAOIMYECKMX MPOOAEM SBASIETCA 3arpsi3HeHue
NMPUPOAHbLIX 3KOCUCTEM CTOMKMMM  OPraHMYECKUMMM  3arpsi3HUTEASIMM, O0OA3AAIOLLMMM  BbICOKOM
TOKCMYHOCTbIO. [MecTULmAbl, B TOM UYMCAE XAOPOPraHMUCECKME COEAMHEHUS, MPEACTaBASIOT 0Cobyto
OMaCHOCTb AAS OKpPY>KaloLLLer cpeAbl M YeAoBeKa. TOKCUYHbIE BeLLLeCTBa M3 XPaHUAMLL, AAS MECTULMAOB
MOTFYT BbI3BbITb CEPbE3HYIO YIPO3Y AASI BCEX XKMBbIX OPraHM3MOB.

B cBA3M C BblleCKa3aHHbIM LIEAbIO AQHHOTO MCCAEAOBAHUSI SIBUAOCH M3YyYeHME MMKPOOGHOro
pa3Hoo6pa3mnsl MouBbl C MECTa 3aXOPOHEHUS MEeCTULMAOB M CKPUHWMHI MepCrneKTUBHbBIX MMKPO-
opraHmamoB-aecTpyktopoB CO3 M MNPOAYKTOB MX pacnapsa. B cBga3M ¢ 3TMM 6bIAO MpoBeAeHO
onpeaeAeHre MUKPOBHOro pasHoobpasms 00pasLoB MOYB, B3ATbIX Ha TEPPUTOPUM AAMATMHCKOM
00AACTH, NPUAEraloLLet K MEeCTaM 3aXOPOHEHMS MeCTULMAOB.

[Mpo6bl NOUYBEHHbLIX 00Pa3LOB OTOMpPaAK 13 7 Touek (. Kbi3biAkanpar, n. beckaitHap, n. AMaHreAbAbl
N21, n. AMaHreababl N22, . beabbyaak, bpuraaa-2 — AO Naem3aBoa «AAMaTbI», M. baclibl (KOHTPOAB))
Ha TeppuTtopun TaArapckoro pamoHa AAMATMHCKOM OOAACTM, MPUAEraloWen K MecTaM 3axOpOHEeHMSs
NnecTMumMAOB. B pesyabrate nccaea0BaHMit OblIAM OTOOPaHbI LTaMMbl MUKPOOPraHM3MbI-AECTPYKTOPbI,
o0AaAQIoLLME AECTPYKTUBHOM aKTUBHOCTbIO B OTHOLLEHMU CTOMKMX OPraHUYeCcKMX 3arpsasHuTeAen. ITm
LUITaMMbl MOTYT 6bITb MCMOAb30BaHbl AAS CO3AaHMS Bronpenapara, AAS OUMCTKM MOYBbI, 3arPA3HEHHbIX
XAOPOPraHMYeCcKMMM NecTULMAAMMU.

KAloueBble CAOBa: XAOpOpraHuMyeckmMe MecTULMAbl, MUKPOOHOe pasHooOpasme, CKPUHMHT,
MMKPOOPraHM3MbI-AECTPYKTOPbI, MAEHTUUKAUMS, XUMUYECKUE 3arpa3HUTEAN.
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2A.T. Artmann, 'N.Sh. Akimbekov, 'K.T. Tastambek
'Al-Farabi Kazakh National University, Kazakhstan, Almaty,
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Screening of microorganisms — destructors of chlororganic pollutants

Abstract. At present, one of their ecological problems is the contamination of natural ecosystems
by persistent organic pollutants, which have a high toxicity. Pesticides, including organochlorine com-
pounds, are particularly hazardous for the environment and human. Toxic substances from pesticide
storage facilities can pose a serious threat to all living organisms

In connection with the above, the goal of this study was to study the microbial diversity of soil from
the burial place of pesticides and screening promising microorganisms — POP destructors and their de-
cay products. In this regard, the microbial diversity of soil samples was taken from the territory of the
Almaty region adjacent to the burial sites of pesticides.

Soil samples were taken from 7 points (v. Kyzylkayrat, v. Beskainar, v. Amangeldy N°1, v. Amangeldy
N°2, v. Belbulak, v. Brigada-2 — Almaty Plemzavod, v. Bashy (control) of the Talgar territory the area
of Almaty region adjacent to the pesticide burial sites. As a result of studies, strains of microorganisms-
destructors with destructive activity against persistent organic pollutants were selected. These strains can
be used to create a biological product, to clean up soil contaminated with chlorine pesticides.

Key words: organochlorine pesticides, microbial diversity, screening, destructive microorganisms,
identification, chemical pollutants.
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TA.M. Manik, 'T.K. Abamnesa, 'T1.C. Yaauesa, 'A.A. XybaHoBa,
2A.T. Apt™anH, "H.LLI. Akmnmbexos, 'K.T. Tactambek
laa-Mapabum atbiHAaFbl Kasak, yATTbIK, yHUBepcuTeTi, KasakcraH, AAMaThi K.,
e-mail: azhar.malikkyzy@gmail.com
2(.X. AaxeH aTbIHAAFbI KOAAAHGAABI FbIABIM YHMBEPCUTETI, BronHxeHepus uHcTuTyTo (IfB),
[epMaHusi, AaxeH K.

XAOpOpraHMKaAbIK, AACTAFbILUTAPAbIH,
AECTPYKTOP-MUKPOOPraHU3MAEPAiH, CKDUHMHT

Anaarna. Kasipri TaHAa ©3eKTi 3KOAOTMSAbIK, NMpoOAemarapAbiH 6ipi TabuFM 0ObEKTIAEPAIH
TOKCUHAIAITT  >KOFapbl TypakTbl OpPraHUKaAblK, KOCBIABICTAPMEH AaCTaHybl OOAbIN  TabblAaAbI.
MNecTnumAaTepAiH iWIHAE, XAOPOPraHWKaAbIK, KOCBIAbICTap KOpLlaFaH opTa MeH aAaM YLiH aca
KayinTiAirimeH epekiueaeHeai. [ecTMumaTepre apHaAraH KoMMaAapAblH TOKCMHAI 3aTTapbl H6apAbk,
Tipi OpraHM3MAEp YLUIH YAKEH Kayirn TOHAIPYi MYMKIH.

Xorapbiaa anTbiAFaH MaceAeHi Lwellyre 6GalAaHbICTbl 3epTTEYAIH MakcaTbl MeCTULMATEPMEH
KOMIAreH opblHAApAAH OOAIHIN aAblHFaH TOMbIPAKTbIH MMUKPOOTBIK, aAyaHTYPAIAIriH 3epTTey >XeHe
TYpPakTbl  OpPraHMKaAblK, ~ KOCbIABICTAPAbIH ~ MepCrnekTUBTI  AECTPYKTOP-MMKPOOPIraHM3MAEPiHIH
CKPUHMHTIH >ypri3y. OcbiFaH 6aiAaHbICTbl AAMATbl OBAbICbIHbIH, MECTULMATEPMEH KOMIATEH XKEPAepiHe
XKaKblH OpHaAACKaAH ayMakTaH OOAIHIM aAblHFaH TOMbIPAK, YAFIAEPiHiH MMKPOOBTBIK, aAyaHTYPAIAIriH
aHbIKTay XXYPri3iAai.

Tonblpak, yAriAepiHiH cblHamaAapbl 7 anmakTaH (Kbi3blAkarpaT, beckaiHap, Amanreaai NoT,
AmaHreaai N°2, beabyaak, bpurasa-2 — «Aamartbi» [NAem3aBoa, bacuibl aymakTapbiHaH (6akbiAay)
AAbIHABI.  3epTTeyAep HOTUMXKEAEpPIHE CBMKEC TypaKTbl OPraHWKAAbIK, AacTaFblliTapra Te3iMA|
AECTPYKTUBTI BGEACEHAIAIr >KOFapbl, AECTPYKTOP-MUKPOOPraHM3M LUTaMMAApPb! iPIKTEAIN aAbIHAbI.
ByA wTaMaap XAOpopraHuMKaAblK, MECTULMATEPMEH AaCTaHFaH TOMbIPAKTbl Tas3aAay MpoueciHAe

Gronpenapar >kacayAa KOAAAHbIAYbl MYMKIH.

Ty#iH ce3Aep: XAOPOPraHMKaAbIK MECTULIMATED, MUKPOGTBIK, AAYaHTYPAIAIK, CKDUHWHT, AECTPYKTOP-
MMKPOOPraHMU3MAEP, MAEHTUMDMKALIMS, XMMUSIABIK, AACTaFbILLTap.

BBenenune

Croiikue oprammueckue 3arpszautenn (CO3)
MPENICTABJISIOT COOOW TOKCUYHBIC OPTraHUYECKUE
COEIMHEHHS, KOTOPbIE YCTONYNBEI K OOJBITHHCTBY
MIPOLIECCOB JIETPaIalliil B OKpYyXKarolled cpene, u
ClIeIOBAaTEIbHO, OHU HMMEIOT TEHACHLHIO COXpa-
HATBCS B OKpYXaromied cpene, TakuM o00pa3om,
OMOAKKyMyJIUPYSACh B OpraHu3Max U OHWOMAarHu-
(uIUpysICch BIOJAL TMHINEBBIX IENEH M MHINEBBIX
ceTelt B akocucTemax [1].

CO3 uMEroT TEHICHIINIO COXPAHATHCS B OK-
pyKarolieil cpefie B TeUEHHE IUTENBHBIX MEPHO-
JIOB BPEMEHH, CIIOCOOHBI MTEPEHOCUTH Ha OOJIBIITNE
paccTosiHusl, OHMOaKKyMYJUPOBaTbCS B  TKaHAX
YEIIOBEKa U YKMBOTHBIX M OMOMarHU(UIIMPOBATHCS
B THINEBHIX IEMAX W TNHIIEBBIX CETIAX U MOTYT
OKa3blBaTh  CYIIECTBEHHOE  HeOJIarompusTHOE
BO3/IEHICTBHE HA 37I0POBbE YEIOBEKA H OKPYIKAIOIIYIO
cpeny [2].

BozneiictBue CO3 MOXKET BBI3BaTh CEPHE3HBIE
MIPOOJIEMBI CO 3I0POBBEM, BKITFOUAst HEKOTOPBIE BHIIBI
paxa, BpoxkJieHHbIE 1e(heKThI, TUCHYHKIIHMOHATBHYTO
HMMYHHYI0 W PEIPOIYKTHUBHYIO CHCTEMbI, 0OJIb-
IIyI0 TIOABEPKEHHOCTh OOJIE3HSIM M JaXKe CHH-
xkeHne uHTeuiekta [3]. M3 Bcex HM3BECTHBIX Ha
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cerogasmHui neHs CO3 xmopopraHndecKre Coeu-
HEHUS, BKJIFOUask OJUXJIOPUPOBAHHBIC TUOCH30- TI-
JIMOKCHHEI, MOJIMXIIOPUPOBAaHHBIE NUOEH30(]ypaHbI
U TMOJUXJIOPUPOBAHHBIC TU(PCHHUIIBI, IMOJYUYUIIH
HauOoJIbIlIce BHUMAHHUE M3-32 MX CTOWKOCTH B OK-
pyXaromieii cpene, OHOAKKyMyJsuu, Owomar-
HU(UKAIMS U OMMacHBIE BO3ACHCTBUS HA OUOTY [4].

Hecmotps Ha To, yto CO3 ycTOH4MBEI K 00JIb-
IIMHCTBY TMPOIECCOB Pa3NIOKEHHSI B OKPYIKAIOIICH
cpelie, B OKpY)Karomeil cpene BO3MOXHBI HEKOTO-
pbie MOJICKYJISIDHBIC W3MEHCHUS, KOTOphIE HE
00s13aTeTHHO TIPUBOIAT K OoJiee MPOCTBIM U MEHEe
TOKCHYHBIM coeTMHEeHUSIM [5]. HexoTopsie u3 meta-
oonutoB CO3 0oaMHAKOBO CIOXHBI M Jaxe Ooliee
TOKCUYHBI, Y€M HCXOHBIE MOJIEKYJIBI. bONBIIMHCTBY
nporieccoB aerpaganuu CO3 B OKpyKaroliei cpee
MMOMOTAaT MHKPOOPraHu3Mbl. TeM HE MeHee,
MEPHUO/BI MOTypaciaia MpoIeccoB OHoAeTpagaiu
CO3 3HAYUTENBHO MPOJOJDKUTEIBHBI, YTO O0BSIC-
HAET UX CTOMKOCTh B OKpYy»Karolei cpene [6].

B cBs3u ¢ BBIIECKA3aHHOM LETIBIO JAaHHOTO
WCCJICJIOBAHUS SIBUWJIOCH U3YyYECHHE MUKPOOHOIO
pa3Hoo0pasus MOYBBI C MECTa 3aXOPOHEHUS IIec-
TAIUAOB W CKPUHUHT TEPCIEKTUBHBIX MHKPO-
opranu3MoB-JecTpykTopoB CO3 U MpOayKTOB HX
pacmana.


https://orcid.org/0000-0002-2338-8816
mailto:azhar.malikkyzy@gmail.com
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MarepuaJibl 4 METOABI UCCIETOBAHUS

[IpoBeneHsl vccneJ0BaHUS MO0 U3YUYCHUIO MHK-
poOHOTO pazHo0Opa3us 00pa3OB MOYB TEPPUTOPHH
AnmMaTHHCKOH 001acTH, TpHJIEraroIel K MecTtaM
3aXOPOHEHUS MECTHILIUI0B, U KOHTPOJIbHBIE 00pa3IIbl.
ITpoOs1 00pa3LoB MOYBEl OTOMpanu U3 7 Toyek (II.
Ke3puikaiipart, n. beckaiinap, n. AManrenbsl Nel,
n. AManrenpasl Ne2, n. BenwOynak, Bpurana-2 —
AO IInem3aBon «AnMate», . bacuisl (KOHTPOIIB))
Tepputopun Tanrapckoro paiioHa AIMaTHHCKON
oOmacTy, mpuieralmeid K MecTaM 3aXOpOHEHHUS
MIECTHIIAIOB.

Ombop u nodecomoska npob K MuKpoouoso-
2UYeCcKOMY aHanu3y.

Jns orGopa mpo0d HCMONB3YIOT YUCTHIE CTe-
pWIbHBIE CTEKJSIHHbIE (DITAaKOHBI C TUIOTHO 3aK-
PBIBAIOIIMMUCS ~ PE3MHOBBIMH ~ NpoOKaMu |
KOJIMTAYKaM¥ U3 IIOTHOUW OyMarm.

IIpoGsl TOYBBI OTOMPAIOTCS HAa KaXIAOM U3
YYacTKOB B IISITH TOYKaxX IO JUArOHAIW WM TO
«KOHBEPTY» (YeThIpe TOYKH IO yriaM W OJHa B
uenrpe). s mpurotoBieHus cpenHero obpasma
oobemom 0,5 Kr mouBy BceX OOpa3lOB OTHOTO
y4acTKa BBICBHIMAIOT HA CTEPHIIBHBIN TUTOTHBIA JTUCT
OyMmard U mpoBOJST TIHIATEILHOE TMEpEeMEIIUBAHNE
noyBbl B OaHke. BennunHa OTOOpaHHBIX HaBECOK
MOYB NTUKTYETCS CTEIIEHBI0 €€ 3arpsA3HEHHOCTH U
utaHupyeMbiMu pabotamu. [lepen moceBoM MouBy
JUCTIEpTUpYIOT [7].

Memoowbr usyuenus MukpobHo2o pasHoobpasus
00beKmos oxpyacaiowell cpedvl HA MeppuUmopuu,
npune2arouell K MeCmam 3axXx0poHeHUs LeCmuyuoo0es,
U 8blOENeHUsT YUCBIX KVIBIMYD U3 00pa3yo8 noys.

N3ydenne MUKPOOHOT0 pa3HOOOpa3ust 00 bEKTOB
OKpYy>Karolei cpeibl Ha TEPPUTOPUH, IPHIIETAIOIIEH
K MECTaM 3aXOpOHEHHsI MECTHIIUOB, 1 BEIICICHHE
YHUCTBIX KYJBTYp M3 00pasloB IOYB MPOBOIUIN
TPAIUIIUOHHBIMA MHUKPOOHOJIOTHYECKAMU METO-
oM [7].

Memoovl cKpunuHea MUKpOOP2SaAHUIMOB-0eCchi-
PYKMOPO8 XUMUYECKUX 3aeps3Humeneti U mMemoovl
onpeoenenusi 0eCmpyKmueHoU aKmugHOCMu 0moo-
PAHHBIX NEPCNEeKMUBHBIX WUMAMMOS.

Jis morcka TeCTPyKTOPOB MBI HCIIOJIb30BaIH
HITAMMBI 3 JOMUHHPYIOIIHUX OIS OaKTepHH.
st 3TOr0 MPOM3BOIMIIN MOCEB BCEX BBIACIECHHBIX
mraMMOB Ha damku lletpu ¢ arapuzoBaHHOU
cpenoit M9 ¢ mobaBieHEM TECTHIHIA B KAUECTBE
ucrounuka yraepona 0,01%, 2,3,5—-tpudennn- tet-
pasomust xnmopuaa (TTX) B kauecTBe MHAMKATOpa
JISTUPOTeHAa3HOM aKTMBHOCTH OakTtepuit [13].
CriocoOHOCTH ~ MUKPOOPTaHM3MOB  Pa3pylIaTh
MECTUIUBl CBUIETEIHCTBYET OKpAIINBaHWE WX

KOJIOHMH U3 Cpebl B KPACHBIN LIBET, UTO YKa3bIBAET
Ha oOpasoBanue Tpudpenuapopmazana (TDOD).
I[Io »TuMH CHOCOOHOCTAMH MHKPOOPTaHM3MOB
OTOMPAJIH MITAMMBI-JIECTPYKTOPHI IS NaTbHEHIITIX
HcclieioBanui [8].

Monexynapuo-eenemuueckas uoeHmMupurKayus
6bI0CNEHHBIX WMamMmo8  MUKPOOP2AHU3MOG-
0ecmpyKmopos.

WneHTHduKanuio mMTaMMOB HPOBOAMIM METO-
JIOM OmpejeNeHus] HyKICOTUIHON TocienoBa-
tenpHOCTH PparmenTta 16S rRNA rena, ¢ nanpHei-
LIMM OIPeIeJIEHNEM HYKIICOTHIHON UIAEHTUYHOCTH
C TMOCJEeI0BAaTEeNbHOCTAMH, JCTIOHUPOBAaHHBIMH B
MexayHaponHoi 6a3e maHHbix Gene Bank. Beuim
IIOCTPOEHbI (PMIIOTEHETHUECKUE JEPEBbsI C HYKIJIEO-
TUAHBIMH TIOCJIEJOBATEIBHOCTAMU pedepeHTHBIX
mTaMMmoB [9].

Pe3yJ’leaTLI Hu oﬁcy)w]elme

H3yyenue MuxkpobHo20 pazHoobpaszus nouewl
Ha mMeppumopusax, Hpuie2alowux K Mecmam
3aX0pOHeHUs neCMUYUd08 AIMamuHcKou obaacmu

Ilutanue W 3arpsA3HEeHHE OKPY’KAIOUIEH Cpeibl
CTUMYJMPYIOT aJanTalui0 MHKPOOPTaHU3MOB U
CIOCOOCTBYIOT Pa3BUTHIO Pa3sHOOOpa3HBIX MeTa-
OONMYECKUX ITyTeH MX BBDKUBAHKS HAa HECKOIBKUX
CIIOKHBIX OpTraHM4ecKux coenuHeHusx. CToiikue
opranmyeckue 3arps3autenu  (CO3)  ummeror
BBICOKYIO JHIO(QWIBHYIO MPHPOIY W OKa3bIBAIOT
HeONarompusaTHOE BO3JAEHCTBHE Ha OKPYKAIOLIYIO
Cpeoly ¥ 3I0pOBbE UYelIOBEKa B pe3yJbTare
onomarHnukanuyn uepe3 mnumieByo uens [10].
[elcTBue XJIOPOPraHUYECKUX COEOMHEHUN Ha
MUPO(MIOPY TOYBHl OIEHUBAIOT ONpeAelieHHEM
HAJIMYUS WX B MOYBE M COOTHOIICHHUE Pa3TUIHBIX
IPyII MUKPOOPTaHU3MOB JI0 H [Tociie 00padOTKH ero
nectuuugamu [11]. HyBCTBUTENBHOCTD pa3IMYHBIX
TPYIII TMTOYBEHHBIX MHUKPOOPTaHU3MOB K JCHCTBHUIO
NecTUUUI0B pa3Has [ 12]. B nouBeHHOI s3KOCcHCcTEME
OOWTAIOT pa3NUYHbIE TPYIIBl MHKPOOPTaHU3MOB,
MO3TOMY BHECEHHBIE B HEE XJIOpPOpraHHYecKue
COCIMHEHUS  MOABEPraloTci  JCCTPYKTUBHOMY
JIEHCTBUIO ATHX MHUKPOOPTAaHU3MOB, Pa3iararolinx
KaK JaHHBIN CyOCTpaT, TaK ¥ MIPOAYKTHI €0 pacnaia.

B cBs3u ¢ artum, B paboTe OBUIO HU3ydYEHO
MHKPOOHOE pa3HooOpasme oOpa3oB IIOYB U3
cnenyromux Touek: . Kel3puikaiipat, . beckaiinap,
n. Amanrenpasl Nel, m. Amaarenbasl No2, 1. bens-
Oynak, bpurama-2 — AO Ilnem3aBon «AJMaThI».
Konrtponem cayxunau oO0pa3ipl MOYBBI TOCETKA
Bacmer, KepOymakckoro paiioHa AJMAaTHHCKOM
obmactu. Ilpm  wmcccnemoBaHWI  MMOYBEHHBIX
nmpo0 ObUTM OMNpEeNeNieHbl aMMOHH(DHIUPYIOIIHUE,
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LEJUTIONIO30IUTHYECKUE,  Aa30TQUKCUPYIOIIUE U
reTepoTpodHble OAKTEPHHM W IUICCHEBBIE TPUOBI.
OTH TpyNIbl MHKPOOPTaHWU3MOB 00ECIIEUHBAIOT
CaMOOYMIIAIONIYI0  CHOCOOHOCTH  MOYBBI U
YYacTBYIOT B IOYBOOOPA30BATEIHHBIX MTPOIECCAX.

Pesynbrathl M3y4yeHHsT MHKPOOHOTO pa3HO-
o0pazusi B  HCCIEAyeMbIX Mpo0ax  IOYBBI
MIpeICTaBICHbI HAa pUCYHKE 1.

Kak BumHo m3 pucyHka 1, B 3arps3HEHHBIX
[TOYBaX C MECT 3aXOPOHECHEHHS IECTUIINOB YHCIICH-
HOCTh aMMOHHU(DHUIMPYIONTNX OAKTEPHA COCTABHIIA
1,1x107 — 1,0x10%8 KOE/r, reteporpodHbIXx OakTe-
puit — 1,1x107-6,9x107 KOE/r, muecHeBbix TprbOB
—4,2x107-8,7x107 KOE/r 1 a3po0HBIX LEILII0I030-
nutuueckux Oaxtepuit 9,0x10° — 1,7x107 KOE/T.
B mnpobax moussl KeI3puikaiipaT noMuHHpOBanu

KOJI-BO KOE/MT *107

2
,
B 6,9

- e

KOHTPOIJIBb

KBI3BIJILIKAMPAT

azor¢ukcupymomme 0akrepun, B mpodax beckaitnap
amMmoHn(unmpyrone  Oakrepuii. B mouse
obOpasua bennOymak mpeoOnamany IUIECHEBBIC
rpubbl. B KoHTponbHOM 00pasue MOYBHI MOCETKa
bacmm ob6mee uwcimo Me30(pHIBHBIX a’pOOHBIX U
(daKyIbTaTUBHO aHadPOOHBIX MHKPOOPTaHW3MOB
cocrasuino 2,3x10% — 5,2x 108KOE/r.

brnaromapsi cBomM XapakTepuCTHKaM, KCEHO-
OWOTHKH, TECTHLIUABI MOTYT OTPHLATEIBHO BIIU-
ATh Ha Pa3MHOXKEHHWE IIOJIE3HBIX ITOYBEHHBIX
MHUKpPOOPTaHU3MOB W CBSI3aHHYI0 C HHUMH OWoO-
TpaHchopmanuio B mouBe. [IpuMeHeHue mecTH-
LOUI0B NPUBOIUT K CHIDKCHHIO YHCICHHOCTU
aMMOHU(MUIIUPYIOMKUX  OaKTepui, IPOUCXOIUT
CABHI MHKpPOIICHO32 LEJUTI0JI030pa3pyIIaroNIinX
MHUKpPOOpPraHU3MOB B mouse [13].

H
]

B 5,9

W 05

BECKAMHAP BEJIBBEVIJIAK

MECTA OTBOPA OBPAS3LIOB ITOYBBI

Asotdukcupyromue GakTepHi
AvMoHHbHIHpYIOITHE GaKTepHH
JpoAsxn

eTepoTpodE!
B [[eumronosamuTHYecKie OaKTepHu
B [[1ecHeBBIe TPHUOEI

Pucynok 1 — Mukpo6Hoe pazHooOpa3ue mous Kei3puikaiipar, beckaitnap n benpOymak

B manpHeitmux paborax ObUIM M3YYECHBI Kauec-
TBEHHBIH M KOJMYECTBEHHBIA COCTaB MHUKPOQIOPHI
B HCCIeIyeMbIX oOpasuax mouBbl. Ha pucynke 2
MPEACTABICHB KAYECTBECHHBIM U KOJIMYECTBEHHBIN

coCTaB  MHKPO(DIOpEl B  00pasmax  TOYBHI
Kepimkaiipart.
Kak mokazanmu pe3ynbTaThl HCCICIOBAHUMA

MHUKPOOHOJIOTHYECKOTO COCTaBa MOYBBl KBI3bLI-
Kaipar (pUCYHOK 2), B MHKpO(]IIOpEe YUCICHHOCTh
azorukcupyommx Oakrepuil coctaBiser 59%,
IIecHeBBIX TprO0B 32%, rerepoTpodHBIX OakTe-
puit — 29%, a3poOHO-IIEIUTIONI030IUTHICCKUX OaK-
Tepuil — 7%, aMMoHMUUMPYIOUMX OakTepuil —
5% oT o0miero KoJIM4YecTBa MHUKPOOPTaHM3MOB. B
MuKpoduiope mouBbl KbI3bUikaiipaT JOMUHHPYIOT
a30TQUKCUPYIOIINE OAKTEPUH, IIJICCHEBBIE TPHOBI U
rerepotpodHble OakTepuu. [IpuMeHEeHUsS CTOWKHX
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OpPraHUYECKUX 3arpsa3HUTENICH MPUBOIUT K H3Me-
HEHHMIO BUJOBOIO COCTaBa MHUKPOOPraHU3MOB
B MHUKPOOHBIX COOOIIECTBaX MOYB M K CMEHE
JIOMHHUPYOIUX (OPM MHUKPOOPTaHu3MOB [ 14, 15].
Ha pucynxkax 3, 4 npuBeeHbI pe3yIbTaThl H3YICHUS
KayeCTBEHHOT'0 ¥ KOJIMYECTBEHHOT'O COCTaBa MUKPO-
(nopsl B 00pa3nax moussl beckaitHap u benpOynak.

Ilo pesympraTtam wuccienoBaHuii B o0Opasiax
noyBsl beckaifHap KOMUYECTBO aMMOHUQUIIH-
pytoumx Oaktepuil coctaBmwiio 43%, rereporpod-
HbIX — 26%, miecHeBbIx rpuboB — 19%, a’poo-
HO-IICJUTIONIO30NIUTHYEeCKUX ~ Oaktepuit  — 4%,
IpOXOKETono0HbIX rpuboB — 8%. B muxpoOuore-
Ho3e TmouBbl beckaiiHap mpeoOiIanaloT TPyIIBI
canpo(UTHBIX MHKPOOPTaHU3MOB, B TOM YHUCIIE
aMMOHH(HUIIMPYIOITHE U TeTepOTPOPHBIE OaKTEpHUH,
TUIECHEBBIE TPUOBL.



A.M. Mortik u nip.

Pucynok 2 — KauecTBeHHBIH 1 KOJTHMIECTBEHHBIN COCTaB MUKPO(IOPHI
B 00pasnax moussl 1. KeI3puikaiipar

Pucynok 3 — KauecTBeHHBIH 1 KOJTMYECTBEHHBIN COCTaB MUKPOMIOPHI
B 00pa3uax noussl beckaiinap

Pucynox 4 — KauecTBeHHbIH M KOJIMYECTBEHHBII COCTaB MUKPOQIOPHI
B 00pa3nax noussl 1. benbOymak

U3 pucynka 4 BuOHO, 4TO B MHKpodnope  ux konmdyectBo cocraBmwio 70%, a Takxke BcTpe-
o0pas3iax Mmo4Bbl ¢ MECT 3aXOPOHCHHS eCTUIUAOB  4aroTcs npoxoku (11%), rereporpodsr (9%) wu
n. benpOynak MOMHHHPYIOT TUTIeCHeBbIe TpuObl, aMMoHH(punupytomme Oakrepun (9%). ['puOsr
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WUrPalOT OTBETCTBEHHYIO POJIb B MHHEpaIU3aLUU
OpPraHWYEeCKOTO BEIIECTBA MOYB, OHH Pa3pyIIaloT
HE TOJBKO KIETYATKy, HO M JIMTHUH. JlesTeIbHOCTh
rpubOB 0c000 BakHA il O0pa3OBaHUS B IIOYBE
KHUCJIOT, TOAKHUCIISIIOIINX TIOYBEHHBIH pacTBOp,
YTO OYECHb BAXKHO JUIS CIAOOIICIOYHOW Cpeabl
HCCIIEAYEMBIX MOYB.

Ha pucynke 5 mnpeacTtaBieHbl pe3yJibTaThl
HCCIIEIOBaHUH MHUKPOOHOTO pa3zHooOpasus IMOYB
Touek 1. AManrenpabl Nel, AmaHrensapl No2 o 1I.
IInem3aBo.

AHann3 MUKPOOHOJIOIMYECKOTO COCTaBa MOYBHI
C MeCT 3aXOpOHEHEHHS TMEeCTHIUJOB ITOKa3al,
YTO B 3arpA3HEHHOW mMmouBe M. AmaHrenbasl Nel
YUCIICHHOCTh IUICCHEBBIX TI'pHOOB  COCTaBISCT
3,5x10’KOE/r, retepotpodon 3,5x10’KOE/r,
Lesunoao3auTHIeckux oakrepuii — 2,9 x10’KOE/T,

a TakXKe YHCICHHOCTh JPOXOKEH COCTaBisieT
2,5x10’KOE/r. B mouBe mn. Amanrembasl No2
YUCJIECHHOCTh IUICCHEBBIX TI'PHOOB  COCTaBJISET
9,0x10” KOE/r, a3po0OHO-IIEIUTIOI030IUTHYCCKUX
Oakrepuii — 6,3 x107 KOE/r, azordukcupyronmmx
oakrepuii — 6,0x10” KOE/r, aMMOHU(HIUPYIOINX
OakTepuit 4,7x107 KOE/r, rereporpodoB —
3,2x10’KOE/r. B o6pasuax moussl 1. Iliem3aBon
YUCJIECHHOCTh  IJICCHEBBIX TI'PUOOB  COCTaBMIIA
7,5x10’KOE/r, rerepotpodor — 5,4x10’KOE/T,
a3pPOOHO-IIEIUTIOIO30IUTHYCCKIX OakTepuit — 2,7
x107 KOE/r, amMoHu}uUIMpYOIUX OakTepuii —
2,6x107 KOE/r, apoxokeit — 3,4 x10’KOE/T.

B xone paboTs! ObLTH N3yYeHBI KAYECTBEHHBIN H
KOJIMYECTBEHHBIN COCTaB MUKPOQIIOPHI B 00pasiiax
mouBbl II. Amanrenbabl Nel, Amanrembapl Ne2,
pe3ynbTaThl MPEACTaBIeHBI Ha PUCYHKE 6.

KOJI-BO KOET™*107
|

2,8

H 2,4

| i

KOHTPONb AMAHIENbObBI Nel

Asotdukcupyrome 6akTepHn
AMMoHIGHIHpYIOMHE GaKTepHI
Jpoackn

MECTA OTBOPA OBPA3LOB ITOYBEI

7.5

B 4,7
Hlljl

I ol

AMAHIENbObBI Ne2 MAEM3ABOL

T'etepotpodisr
B [ [eruTrono3atuTHYecKiie OaKTepHI
B [TnecHeBBIE TPHOBI

Pucynok 5 — Mukpo6Hoe pazHooOpa3ne mous . AMaHrensas! Nel, Amanrensasr Ne2, . [Tnem3aBox

Pucynok 6 — KauecTBeHHBIH 1 KOJTHYECTBEHHBII COCTaB MUKPOGIIOPHI
B 0o0Opasnax mouBsl 1. AMaHrenbas! Nel u AMaHrenbant Ne2
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B pesynbrare u3ydeHHS KaueCTBEHHOTO H
KOJIMYECTBEHHOT'0 COCTaBa MUKPOQIOPHI B 00pa3iiax
mouBel n. Amanrenpasl Nel ObLIO ITOKa3aHo,
4T0 B MHKpO(dIOpe JOMHHUPYIOT TIIJICCHEBBIC
rpubsr (31%), rereporpoduble OGakTepun (28%),
amMmoHHuuUpyomue Oaktepun (23%), APOAKIKU
(18%). B obpasmax mouB m. Amanrenbasl Ne2 B
MUKpo(IIOpe ITOMUHHPYIOT IUIECHEBBIE T'PUOBI
(35%), azordpukuupyromme Oakrepun (21%),
a’pOOHO-TIEIUTION030IUTHYECKUE OaxTepuu
(23%), ammouuduimpyromue Oakrepun (17%),
reteporpodubie OakTepun (4%).

B nanpHedmmx wccnenoBaHUAX ObLT H3Y4YCH
Ka4eCTBEHHbIA U KOJWYECTBEHHBI COCTaB MUKPO-
¢topsl B 00pasmax mousksl bpuraga-2 — AO [lnem-
3aBoj «AnMatel» (puc.7).

WccnemoBanns KadyeCTBEHHOTO W KOJHYEC-
TBEHHOT'O COCTaBa MUKPO(]IIOpPBI B 00pa3Iiax MmoYBkI
Bpuraga-2 — AO Ilnem3aBoz «AIMatb» MOKa3ai,
9TO B MHKPOQIIOpE JOMHUHUPYIOT TUIECHEBEIE TPH-
on1 (39%) u rereporpodHbie Oaktepun (28%).
UHCNeHHOCTh MEJUTION030UTHIECKIUX, aMMOHU(H-
HUPYIOLINX OaKTepHid U Aposokeit cocrasmsaeT 12%,
11% u 10% cooTBETCTBEHHO.

Takum o0Opa3oM, B pe3yibTare U3YYCHHUS MUK-
poOHOTO pa3zHOOOpa3usi 0Opa3IoB IMOYB yCTAHOB-
JIEHO, YTO OCHOBHAs Macca MX OTHOCHUTCS K TpyI-
ne canpouToB, B TOM 4YHUCIE, K IJICCHEBBIM
rpubam, rereporpodaM, a30THUKCHPYIOMUM |
aMMOHH(DHULIUPYIOIUM OaKTEPHSM.

CKpuHuHe ~ MUKPOOP2AHUIMOB-0eCMPYKINOPO8
CO3 u npodykmos ux pacnaoa

[IpumMeHeHne NeCTHHUAOB OBUIO M OCTaeTCs
OJTHUM W3 OCHOBHBIX ITyTeH MHTEHCU(UKAITUHU CElThb-
CKOXO3SIMCTBEHHOr0 Mpou3BoAcTBa. OmgHako, Oy-
Iydd 9y>KEPOAHBIMH XUMHYECKHMH BEIIECTBAMH,
BHOCUMBIMH B OKPY)KAIOLIYIO Cpeay, OHH MOTYT
MPEJCTABIATh OMACHOCTH ISl TPUPOABI U HYelo-
Beka [ 16]. buotexHonoruueckuil moaxoa K NpeayI-
POKACHUIO  HEXENaTeNbHBIX A OHocgeps
MIOCJIEICTBUI, OCHOBAHHBII HA HCIIOJIb30BAHUU MUK-
POOPraHU3MOB-AECTPYKTOPOB, CIIOCOOHBIX TPEB-
pamarh MOJEKYJIBI KCEHOOMOTHKOB B Oe30macHBIC
(OpMBI, SBISETCS OJHUM M3 CAMBIX COBPEMEHHBIX
U TI03BOJIAET M30exaTh OOpa30BaHUS TNPOTYKTOB
BTOPUYHOTO 3arpsizHeHus. OrpomMHasi poib B Jier-
pajanuy UHPKYJIUPYIOUIMX B OKpYXaroliend cpeze
KCEHOOMOTHKOB TPHWHAJIC)KUT TOYBEHHBIM OaK-
TepusiM. IloaToMy COBpeMEHHBIH JTam Hccie-
JOBaHUA  MHUKPOOHMOJOTHYECKON  JNECTPYKIHH
KCEHOOMOTHKOB XapaKTEePHU3YeTCs BBIPAKEHHBIM
WHTEPECOM K U3YUCHHUIO PH3HOIOTUIECKUX, OUOXH-
MUYECKHX U T€HETHIECKUX 0COOEHHOCTEH IITaMMOB-
JIeCTPYKTOPOB, aHAIN3Y MyTel OnoTpaHcopMau
yKa3aHHBIX coenuHeHui [17].

Pucynox 7 — KauecTBeHHBIN U KOJTMUECTBEHHBIN COCTAaB
MUKpoQIops! B 00pasnax noussl bpuraga-2 — AO
[Tnem3aBo «AnMateD»

B cBsi3u ¢ 3THM, B JaNbHEHIINX HUCCICOBAHUSIX
MIPOBOJMIICS CKPHUHUHT J(PQPEKTUBHBIX MHKPOOP-
FaHU3MOB-AECTPYKTOPOB. JlJIs1 BBIABICHUS MHUKPO-
OpPraHU3MOB-IECTPYKTOPOB TMECTUIIUI0OB TOTOBUIN
IUIOTHYIO TIMTaTelIbHYIO Cpely C TIECTHIAIOM.
[IpousBoamnu mOCeB Ha HEE HCCIEAYEMBIX KyJIb-
TYyp MHUKPOOPTaHU3MOB U KYJbTUBHUPOBAIIU C TIOCIIE-
IyIoIled OIEHKOW WX CHOCOOHOCTH pasiiaraTh
MECTUIUIBI 10 OOpPa30BaHMIO 30HBI, BUIUMOU B
NPUCYTCTBUM HHAMKaTOpa. [loceB oCyIIecTBISIOT
napajuiensHo Ha cpeny M 9 ¢ mectuimnom /T B
Ka4yecTBe MCTOYHHUKA yTJIEpPoJa U Ha KOHTPOJIBHYIO
cpeny Oe3 mectunuma. B kadecTBe WHIMKaTOpa
JETUIPOT€HAa3HOW aKTUBHOCTH MHKPOOPTaHU3MOB
ucnionb3oBas 0,01%, 2,3,5-TpudeHun-rerpazonus

xnopuga (TTX). JlecTpyKTHBHYIO aKTHBHOCTBH
MHKpPOOPIaHU3MOB OLIEHHBAIM 110 OOpa30BaHUIO
30HBl  KpacHOro  IBera. MUKpOOpraHu3MbI-

JIECTPYKTOPBI TIECTHUIUIOB BBISIBIISUIA IO HAIUYHIO
OKpAIICHHONH 30HBI TI0 CPAaBHEHHWIO C KOHTPOJIEM.
JecTpyKTHBHAsS aKTUBHOCTDH KYJIBTYP TAKXKE OICHU-
BaJach M0 aKTHBHOCTH POCTa U COXPAHEHUIO JKHU3HE-
CIIOCOOHOCTH KJIETOK B TIPUCYTCTBUH  XJIOPOP-
raHumyeckux coeauHeHuidl. CKPUHUHT aKTHUBHBIX
MUKpPOOPraHu3MoB-IecTpykTopoB CO3 U mpoayk-
TOB WX pachaza MpoBOMWwIM cpeau 11 1mramMMoB
BBIJICJICHHBIX KYJIBTYp U3 00pa3lioB MOYBBI, MPHIIC-
raroIIe K MecTaM 3aXOPOHEHHS TIECTHUIUIOB 110 UX
CIOCOOHOCTH K POCTY B IPHUCYTCTBUH MECTHIINIA B
KauecTBE €UHCTBEHHOTO UCTOYHUKA yriepoa [18].

B pesynbrare wuccnenoBaHuil 5 1ITaMMOB
MPOSIBIJIM  HAWMCEHBIIIYI0O aKTUBHOCTh pPOCTa B
otHomenuu necrunuaa. [Irammer CK2, KC1, KC2,
AK1,CA1, CA3, BblaeNCHHBIE C MECTA 3aXOPOHEHUS
MIECTHUIINOB, 00J1a]alTi CIIOCOOHOCTHIO K aKTHBHOMY

pocry.
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B pesynprare ckpuHMHTa HamMH OTOOpaHO
6 TepCHeKTHUBHBIX KYyIbTyp MHKPOOPTaHU3MOB,
CIOCOOHBIX K aKTHBHOMY pOCTy Ha cpefie C

xnopoprannueckum coeaunenuem JAT. Pesymnb-
TaThl IO U3YYEHUIO POCTa KYJIBTYpP B MPUCYTCTBUHU
MeCTUIUIa TIPEJICTaBICHBI HA PUCYHKE 8.

Pucynoxk 8 — Poct kyneryp B cpene ¢ nobasnennem [1/IT B kauecTBe eIMHCTBEHHOTO UCTOYHHKA yIIEpOaa

Kax Bumno u3 pucynka 10, mrammer KC2, AK 1,
CK2, CAl nposiBuIM akTUBHBINA POCT B IPUCYTCTBUU
OAT no cpasnenuto co mrtammamu KC1, CA3.
Uucnennocts kietok mramma KC2 depes 24
yaca cocrasuna 4,76x10® KOE/r u AK1 3,25x10°
KOE/r, Ha naThie CyTKH KOTUYECTBO KIIETOK OBLIO
B npexenax 1,3 x107 KOE/r u 1,2x107 KOE/r
COOTBETCTBEHHO. YMCIEHHOCTh KJIETOK IITamma
CK2 w4epe3 24 ugaca cocraBwia 2,9x10° KOE/T,
Ha mateie cytku 1,1x107 KOE/r, atTn moka3zarenu
mramma CA1 Obumn B mpepenax 1,8x10° KOE/r —
8,12x10° KOE/T cOOTBETCTBEHHO.

ITo pesymbpraram WCCIICOBAaHUN CKPUHUHTA
BCE IITAMMBI MOKa3aJId XOPOIIUUA POCT B Cpele ¢
npoo6asnenreM JIJIT kak eIUHCTBEHHOIO MCTOUYHHKA
yIraeposa, 4YTO CBHICTEIBCTBYET O TOM, UTO
ITAMMBl B Ka4y€CTBE EIUHCTBEHHOIO HCTOYHHUKA
yraepona wucnonsiytorT JJIT, Tak kak oOmamgaroT
JNECTPYKTHBHOM aKTHMBHOCTBIO IO OTHOIICHHUIO K
nectunugaM. Kak sugno, mrammer KC2, AK1, CK2,
CA1l obnamaror 0osee BBICOKOH JECTPYKTHBHOM
aKTUBHOCTHIO 110 oTHoMeHuto K JIJIT no cpaBHeHUIO
co mrammamu KC1, CA’3. Takum oOpa3om,
HCCIeyeMble KyIbTYphl MHKPOOPTAHHU3MOB IMPH
Hamnuud B cpene nectuuuna AT mnposBistor
pa3iuyHble YPOBHHU JETHIPOTEHA3HON aKTUBHOCTH,
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YTO CBUJCTEIBCTBYET O Pa3IMYHON CIOCOOHOCTH
3TUX KYJbTYp pasziarath NeCTULIUIBL.

JecTpyKTHBHYI0O  aKTHBHOCTH  OTOOpPaHHBIX
6 MmTaMMOB OIpENeNsUId 10 U3MEHEHHMIO YPOBHS
JIETUAPOT€HAa3HOW aKTUBHOCTHU KYJIBTYP.

Ha pucynke 9 mnpencraBieH pocT KyJIbTyp
MUKpPOOPraHU3MOB-JIECTPYKTOPOB Ha cpele ¢
nobasnenuem JIJIT.

Kak BuaHO M3 pucyHKa 9, mTamMMmbl KyJIBTYp
MHUKpPOOPTraHU3MOB-JIECTPYKTOPOB Ha Cpele C JI0-
O6anenuem JIJIT 0o0pa3yloT MOBEpPXHOCTHBIE KO-
noHnu pasmepom 1,5-2 mm. KynbTypsl Ha cpene
M9 ¢ nob6aenenuem [IJIT B xauyecTBE €IUHCTBCH-
HOTO KCTOYHMKA YIJIEpOJAa MEHSIOT Hadallb-
HBEII OCNBIi — MAaTOBBIM IIBET HAa KPACHBIM, 4YTO
0o0BsIcHsIeTCS 00pa30BaHWEM BOCCTAHOBJIEHHOTO
tpudeHunpopmazana (TOD) B cpeme [19].
KauecTBeHHyI0 OLIEHKY CHOCOOHOCTH MHUKpOOpra-
HU3MOB pa3pyllaTh MECTULUABI OCYIIECTBIISIOT
C TIOMOIIBI0 BU3yallbHOTO HAaOMIOACHUS 32 H3Me-
HEHHEM YypOBHS JETHIPOT€Ha3HOM aKTHBHOCTHU
MHUKpPOOPraHU3MOB IO pa3MepaM 30HbI MX pPOCTa
Ha IUIOTHOM muTaTenbHOU cpeae M 9, okpareHHON
3a CUeT LBETHON peakuuu ¢ peaktuBom TTX,
J00aBJICHHOTO B CPEAy M BOCCTaHABIMBAIOLIETOCS
n3 OecrBeTHOH cou B coequHeHnn TDD kpacHOTO
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[[BETAIIPHOKUCIUTEIILHO-BOCCTAHOBUTEIHHBIX PeaK-
IIUASIX MUKPOOHOTO pa3zinoxeHus necturuma [20].

B pe3ynbTare n3yueHus: JECTPYKTUBHOM aKTHB-
HOCTH INTAMMOB OBUIO BBISBIICEHO, YTO INTAMMBbI
MukpoopranmsMoB CK2, KCI, KC2, AKI, CAl,

KC1

CAl

KC2

CA3

CA3 crocoOHBI pa3pyliaTh mpenapar, 4To CBHIE-
TEILCTBOBAJIO 00 OKpAIIMBAHUH KOJOHHUH U CPEIbI
BOKPYT HHUX B KpacHBIH LBET. DTO YyKa3bIBaJIO
Ha o0Opa3oBaHHE BOCCTAHOBJICHHOTO TPU(EHUI-
dhopmazana (TOD).

AK1

CK2

Pucynok 9 — Poct KynbTyp MEUKpOOPTraHH3MOB-ICCTPYKTOPOB Ha cpeze ¢ nodapnennem /T

Takum 00pazoM, TOKa3aTenb YpPOBHS JETHI-
POreHa3HOW aKTUBHOCTH MHUKpPOOPIaHM3MOB MOYKHO
UCTIONB30BaTh I BBISBICHHUS IITAMMOB-ACCTPYK-
TOPOB TecTHIUIOB. CKPUHHHT KYyJbTYp MHKpPO-
OpraHM3MOB, BBIICIICHHBIX W3 3arpsi3HEHHBIX I0YB,
MO3BOJISIET BBISIBUTH [ITAMMEIL, 00JaafoLIHe AECTPYK-
THUBHOW aKTUBHOCTHIO ITO OTHOIIIEHUIO K ITECTUIINAM,
MPEJICTABIIAIONIMM DKOJIOTHYECKYI0 omnacHocTh. Ha
OCHOBE TEPCIEKTUBHBIX  IITAMMOB-IIECTPYKTOPOB
MOJKHO CO37aTh OHoIIpernapaThl IsT OHOpeMeTHaIiN
3arpsi3HEHHBIX 00BEKTOB OKPYKAIOLIEH Cpebl.

3akiaoueHune

1. Uzy4yeHno mukpoOHOE pazHoOOpasue 00pas3ios
MOYBBI, OTOOpaHHBIX W3 Touek M. KwI3puikaiipart,
. beckaitaap, m. AManrenbasl Nel, 1. AMaHTeIbIbI
Ne2, n. bennOynak, bpurama-2 — AO Iliem3aBog
«ANMaTB, IPUIICTAIONTNX K MeCTaM 3aXOpPOHCHHS
MecTUIUAOB Tanrapckoro paiioHa ATMaTHHCKOM
obmacTu.

2. Jlama xapakTepHCTHKa pa3HOOOpa3us
MHUKpPOOHO! M TpHOHOH (DI0pBI U3yYEHHBIX 00Pa3IoB
nmoyB. O0miee 4yucao Me30(QUIBHBIX a3pOOHBIX U
(hakyIBTaTUBHO aHadPOOHBIX MHKPOOPTaHH3MOB
(MA®AHM) KOHTpOJBHOTO OOpa3la IMOYBHI
nocenka bacmm cocrasuiio 2,3x104-5,2x10%8 KOE/T.
AHanmu3 MHKpPOOHOJIOTHYECKOTO CcOCTaBa IIOYB
C MeCT 3aXOpOHCHEHHUs TIECTHIMAOB IIOKa3all,
4YyTo B 3arps3HeHHol mnouBe 1. Ke3puikaiipat
JOMHHMPOBANIKM  a30TQUKCUpyOLMEe  Oakrepuu
(59%), B ipobax beckaitHap —aMMOHUGUITUPYIOIINE
Oaktepun (43 %), B mouBe oOpasua bennOymax
npeoOagany niecHessle rpuodsl (70%).

3. B xonme ckpunmHra 11 KymnbpTyp MHKpO-
OpTraHHU3MOB, BBIJCIEHHBIX M3 3arpsS3HCHHBIX
ITOYB, OBIIH OTOOPAHBI 6 MEPCIIEKTUBHBIX MITAM-
MOB-JIECTPYKTOPOB. AKTHBHOCTH HX pOCTa U
COXpaHEHHE KU3HECIOCOOHOCTH B MPUCYTCTBUHU
XJIOPOPraHUYECKUX 3arpsA3HUTEICH OLICHUBAIU
0 YPOBHIO JICTHIPOTCHA3HOW AaKTHBHOCTH

KYJBTYD.
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BAUSIHUE PA3AUYHBIX KOHLIEHTPALIMIA co,
HA NMPOAYKTUBHOCTb LULTAMMOB LUMAHOBAKTEPUN

AnHoTaumsa. Hakonaenme yraekncaoro rasa (CO,) B atMocdepe, a Takke 3arpssHeHune
BOAHBIX OObEKTOB TSXKEAbIMM METAAAAMU SBASHIOTCH 3KOAOIMYECKMMM MPOOAEMaMM, CBA3aHHbIMM
C MHOTOYMCAEHHbIMM BO3AEMCTBMSMM HA 3KOCUCTEMbl. BblpalumBaHue OTOCMHTETUUECKMX
MMKpPOOprannsmos, addekTreHo noraowaiowmx CO,, NpeACTaBASeTCS NePCneKTUBHbIM PeLleHMEM,
Tak Kak 61Momacca umMaHob6akeTpuin MOXKET ObITb MCMOAb30BaHA AAS MOAYYEHMS LEHHbIX GMONPOAYKTOB.
MHTepec K BAMSHMIO BbICOKMX KOHLeHTpauuin CO, Ha aKTMBHOCTb LMaHOGaKTepuii pacTeT B CBS3M C
NCCAEAOBAHMSMM OYMCTKM aTMOCKEPDI OT MPOMbILLIAEHHbIX 3arPSI3HEHMIA C MOMOLLbIO LMaHOOaKTepPUi
Kak OMOUMALTPOB, BAaropapst UX CMOCOBHOCTU K MHTEHCMBHOMY POCTY B YCAOBMSIX MOBbILLEHHOTO
coaepxanunsi CO, B atMocepe. LinaHob6akTeprn SIBASIOTCS YAOOHbIM OOBEKTOM AASI MCCAEAOBAHMIA
OGAaroAaps BbICOKOM CKOPOCTM POCTA U YIIPaBAIEMOCTM MX BMOCUHTE3a. B AaHHO CTaTbe NpeACTaBAEHDI
pe3yAbTaTbl BAMSHUS PA3AMYHBbIX KOHLEHTPALUM YFAEKMCAOrO ra3a Ha MPOAYKTMBHOCTb LLITAMMOB
umaHobakTepuit. YCTOMUMBOCTb K MHIMOMpPYIoLLMM KoHueHTpaumsm CO, siBasieTcst BUAOCneLmMduryHon
M U3MEHSIETCS B LLIMPOKOM AMaria3oHe 3HaueHuin. M3yueHo BAMSIHME YIAEKMCAOIO ra3a B KOHLEHTpaLmm
2%, 4% n 8% Ha CKOPOCTb POCTa UMAHOOAKTEPMI, a Tak>Ke MPOBEAEHA CPaBHUTEAbHAs OLEHKa
BO3AENCTBMS MOBbILWEHHbIX KOHLUEHTPAUMM YIAEKMCAOrO rasa Ha NMpupocT GMOMACChl MO MOKa3aHMsSIM
OMNTUYECKOM TMAOTHOCTU W  (PAYOPECLEHTHOM akTMBHOCTU. OnpeaeAeHo, YTO KOHLEHTpauuu
YIAEKMCAOTO rasa 2-4 % OKa3blBalOT MOAOXKMTEAbHOE BAMSIHME Ha MPOAYKTUBHOCTb MCCAEAYEMbIX
KYALTYP LMaHo6akTepuid. YCTaHOBAEHO, UTO MoBbilleHre KoHueHTpaumn CO, A0 8 % BeAeT K CHUXKEHUIO
rokasaTeAen pocta umMaHobakTepuin. bbiao yctaHoBAeHO, uTo wtamm Cyanobacterium sp. IPPAS B-1200
ObIA OTOGpPaH Kak HaubOAee MPOAYKTMBHDIN LUTAMM M3 M3YYeHHbIX LMaHOOAKTEPMI MO BbIXOAY CYXOM
6GroMacchl, (hAYOPECLEHTHOM aKTMBHOCTU M XapaKTEPU3YETCHa aKTUBHbIM POCTOM MPU KOHLIEHTPALIMM
CO, B Bo3ayXe — 4%.

KAloueBble CAOBa: YrAGKUCAbIA a3, LUMAHOOAKTEPMM, MPOAYKTMBHOCTb GMOMACChI, aKTMBHOCTb
dhAyopecLeHUMH.
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K. Rysbekuly, K. Bolatkhan, A. Kakimova, B. K.Zayadan

Al-Farabi Kazakh National University, Kazakhstan, Almaty,
e-mail: zbolatkhan@gmail.com

Effects of various CO, concentrations on the productivity
of cyanobacterial strains

Abstract. The accumulation of carbon dioxide (CO,) in the atmosphere, as well as pollution of
water objects with heavy metals, are environmental problems associated with numerous impacts on
ecosystems. The cultivation of photosynthetic microorganisms that efficiently absorb CO, is a promising
solution, since the biomass of cyanobacteria can be used to produce valuable bioproducts. Interest in
the effect of high concentrations of CO, on the activity of cyanobacteria is growing in connection with
studies of cleaning the atmosphere from industrial pollution using cyanobacteria as biofilters, due to
their ability to grow rapidly in conditions of high CO, content in the atmosphere. Cyanobacteria are a
convenient object for research due to the high growth rate and controllability of their biosynthesis. This
article presents the results of the influence of different concentrations of carbon dioxide on the produc-
tivity of strains of cyanobacteria. Resistance to inhibitory concentrations of CO, is species-specific and
varies over a wide range of values. The effect of carbon dioxide at a concentration of 2%, 4%, and 8%
on the growth rate of cyanobacteria was studied, and a comparative assessment of the effect of increased
carbon dioxide concentrations on biomass growth from the readings of optical density and fluorescence
activity was carried out. It was determined that carbon dioxide concentrations of 2-4% have a positive
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effect on the productivity of the studied cultures of cyanobacteria. It was found that increasing the con-
centration of CO, to 8% leads to a decrease in growth rates of cyanobacteria. It was determined that the
strain Gyanobacterium sp. IPPAS B-1200 was selected as the most productive strain from the studied cya-
nobacteria according to the yield of dry biomass, fluoresce activity and characterized by active growth
at a concentration of CO, in air — 4%.

Key words: Carbon dioxide, cyanobacteria, biomass productivity, fluorescence activity
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Op TYpAi CO, KOHLLEHTPALUSACHIHbIH,
LMaHOOGAKTEPHUS LUTAMAAPbIHbIH, OHIMAAITiIHE acepi

AHaaTna. ATMocbepasa KOMipPKbILKbIA Fa3blHbIH (CO,) apTbIk, MOALLEPAE KMHAKTaAYbl, COHAAM-AK,
Cy 00bEKTIAEPIHIH ayblp METAAAAPMEH AACTaHYbl — KYPAEAI SKOAOTUSAABIK, MBCEAEAEP BOAbIM TabbIAAAbI.
Ocbl Typrblaa, CO,-Hbl TMIMAI CiHIpeTiH OTOTPOMTbI MMKPOOPraHM3MAEPAI ©Cipy MepCrnekTUBTI
apeKkeT GOAbIN TabblAaAbl, 6MTKEHI aAblHFaH GMOMaccaHbl ManAaAbl GMOBHIMAED aAy YILiH KOAAAHYFa
60raapbl. CO, >koFapbl KOHLIEHTPALMSIChIHBIH, LMaHO6aKTepHsiAapAbIH ©Cy KepceTKilliHe acep eTyiHe
AEreH KbI3bIFYLWbIAbIK, LMaHOBAKTEPUSIAAPAbI OMOMUABTPAED PETIHAE OHEPKaCINTIK OpbiHAAPbIHAH
aTMocdepara WbIKKaH KAAAbIK, 3aTTapAaH Ta3apTy TYPFbICbIHAAFbI 3epTTeyAepre 6GaMAaHbICTbl apTy
ycTiHae. LiaHoGakTepusiaap — 6Cy XXbIAAAMADIFbI )kaHe GMOCUHTE3 MPOLECiHiH OHalM 6aCcKapbIAYbIHbIH
apKacblHAQ 3epTTeyre bIHFaMAbl HbiCaH GOAbINM  TabblAaabl. Bya Makarapa umaHobaktepus
LITaMMAQPbIHbIH, BHIMAIAIFIHE KOMIPKbIWKbIA Ta3blHbIH SPTYPAI KOHLIEHTPAUMSIAAPbIHbIH acep eTy
HeTWKeAepi 6epireH. LinaHobakTepunsiaapabiH, CO, rasbiHbiH KOHLEHTPALMSICbIHA AETeH Ce3IMTaAADBIFbl
TYPAIK epeKLIeAikTepiHe 6alAaHbICTbl 8PTYPAI BOAbIN KeAeai. 2%, 4% >xaHe 8% KOHLEHTpaumsCbiHAQ
KOMIPKbILIKbIA Fa3blHbIH, LMaHOGAKTEPUSAAPAbIH 6CY KOPCETKIlliHE aCepi 3ePTTEAAI XKOHE OMTMKAAbIK,
TbIFbI3ABIK, NEeH (PAyopecLeHUMs BEACEHAIAITT TipKeAin, KemipTeri AMOKCUA] MBALLEPIHiH, XXOFapblAaybl
6romMacca eHIMAIAIriHE acepiH CaAbICTbIPMAAbl TYPAE 3epTTey XXYPri3irAi. KeMipKbilLKbIA rasbiHbIH
2-4% KOHUEHTPAUMSIChl LMaHOOaKTEPUIAAPAbIH LUTAMMAAPbIHbIH 6HIMAIAIFiHE OH 8cep eTeTiHAIrI
aHbIKTarabl. CO, KOHLIEHTPALUMSChIH 8%-Fa AeitiH apTThipy LMaHOOaKTePUSAAPABIH 6CY KapKbIHbIHbIH
TeMeHAeyiHe aKeAeTiHi bGarkaaabl. Cyanobacterium sp. IPPAS B-1200 wrammbl Kyprak, Guomacca,
bAyopecueHUMs KapKbIHABIAbIFbI  GOMbIHILA 3epTTEeAreH LpaHoBGaKTepUsIAAPMEH  CaAbICTbIPFaHAQ
eH eHIMAI WTamm peTiHAe TaHAaAbiHbIN, ayasa CO, — 4% KOHLEHTPaUMSACbIHAA OeACEHAT eCeTiHAIr
AHbIKTAAABI.

TyiiH ce3aap: KeMIpKbIWKbIA rasbl, UMAHOOAKTEPUS, OGMOMacca GHIMAIAITI, dAyopecLeHums
AKTUBTIAITI.

BBenenue

C TeHIeHUUEH YBEIUYEHUS KOHUEHTPALMU
VTIIEKHUCIIOTO Ta3a B arMmocdepe, BHI3BAHHOTO HE
TOJLKO B JOKAJILHEIX HO U B TJIOOAIBHBIX MACIITA-
0ax, uccrenoBaHus B acleKTaX BIUSHUS yTIEKHC-
JIOTO Ta3a Ha OKPYKAMIIYI0 Cpelay MpHOoOpeTaroT
BCIO OOJIBIITYI0 aKTyadbHOCTh. [IpU3HAHHBIC HEIO-
CTaTKH B OOJIACTH YCTOMYUBOTO PAa3BUTHSA, a TAKXKE
CEepPhE3HOE YXYAIICHUE COCTOSIHHSI OKpPYXKaromieit
Cpe.ibl B MPOOJIEMBI TJI00ATBHOTO MOTEIUICHUS, BhI-
3BaHHOE aHTponoynorndeckuMu Beidopocamu CO,,
SIBJISIFOTCSL  OCHOBHBIMH TTPOOJIEMaMH, CTOSIIAMU
ceroans nepexa mupom [1]. Tak ke, n3mMeHeHus yc-
JIOBHIA OKPY>KaOIIEH Cpebl BHI3BIBAIOT IUCOATaHC
TEMHOBBIX U CBETOBBIX peakiiuii (POTOCHUHTE3a, YTO
MPHUBOJUT K HApYNICHUIO (DYHKIMOHAIBHON aK-
TUBHOCTU PACTUTENbHON KIEeTKH. BaxHelmummu
(axTopaMH OKPYIKAIOLICH Cpelbl SIBJISIOTCS CBET

U YIJEKUCHIBIA Tra3 — OCHOBHBIC CyOCTpaThl IS
CBETOBBIX M TEMHOBBIX peakuuii (hotocuHTresa [2].
AJanTalMOHHBIC W3MEHEHHUS B CTPYKTYPHO-(GYHK-
LUOHAIFHOM  COCTOSHUH  (POTOCHHTETHYECKOTO
ammapara, a Takke H3MEHEHHS B KIIETOYHOM MeTa-
00JH3Me pacTeHNH POUCXOIAT B OTBET HAa M3MEHE-
Hus ocBemeHHocTH [3]. OnmHako, nuaHOOaKTEepUH
UrparoT BaXHYK poib B ¢ukcaunu CO,, mostomy,
KYJIbTUBUPYS UX MOXHO yMeHbIHUTHL BbIOpoc CO,,
U B TOXE BpeMsl MOJIyYUThb OMOMaccy MHUKPOBOJIO-
pocnei, MpenCTaBIANy0 OONBIIYI0 IIEHHOCTh B
omosHepreTnke. OIHAKO B 3TOM TIOIXOJIE TIPOIIECC
KyJbTUBUPOBAHHS MUKpPOBOJOPOCIEH MrpaeT Bax-
HYIO POJIb, IIOCKOJIEKY OH HAIPSAMYIO CBSI3aH C MeXa-
HU3MOM (pHKCAIlM MUKPOBOZOPOCIH U ITHaHOOAK-
tepur — CO, ¥ XapaKTepUCTUKaMU NPOM3BOICTBA
nux buomaccel [4]. Heo6X01uMo OTMETHTB, UTO B OT-
JIMYUe OT IIUPOKUX UCCIIEIOBAHUMN IEUCTBUA yTJIie-
KHCJIOTO Ta3a Ha OPTaHU3M YeJIOBeKa U )KMBOTHBIX,
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Bnusnus pazmrunbix konnenTpanuid CO, Ha IPOAYKTHBHOCTh INTAMMOB IIMaHOOAKTEpU

BITUSTHUE YIJICKUCIIOTO Ta3a Ha MeTaboIMYecKue
MIPOIIECCHl PACTUTEIHHOM KIIETKH M3yYEHO TOpasio
B MEHbIIIEH creneHu. MeXaHN3Mbl HHTHONPOBAHHS
(hoTocuHTE3a U30BITOYHON KOHIICHTPAIUCH CO, na
CETONHAIITHUHA J€Hh OCTAIOTCA HE JTOCTaTOYHO OC-
BelIeHHBIMH [4]. YTrHEeTeHHne pocTa QOTOTPOPHBIX
MHUKPOOPTaHU3MOB IPH BBICOKMX KOHIIEHTPAIUIX
CO, cBa3bIBaIM C €r0 OTPULATENLHBIM BIMSAHUEM
Ha UHTEHCUBHOCTH (poTOCHHTE3a. B Ooiee mo3mHux
pabortax wHrHOMpoBaHUE (HOTOCHHTE3a OOBSICHSIN
C TOYKH 3PCHUS TMOAKUCICHHS IHUTOIUIa3MbI B pe-
3yibTare 00pa3oBaHHUA KUCIBIX MPOAYKTOB THApa-
TaluK JUOKCUAA yraepoja [S]. MukpoBoaopociau u
nMaHoO0aKTepuu 00JIaar0T ropaszo 00yee BRICOKOM
YCTOMYHMBOCTBIO K BBICOKHM KOHIeHTpamusm CO,
[0 CPaBHEHUIO C BBHICIIUMH PACTEHUSMHU. Y BEIU-
uyenne kourenrpannn CO, B OKpyXaromiei cpeue
1o 1-5% aktuBHpyeT pocT U (POTOCHHTE3 MHKPO-
Bozopociieit [6]. YCTOMINBOCTS K HHTHOUPYIONTAM
KOHLIEHTpaUUsAM CO2 SBIISIETCS BUAOCTICU(DUIHON
U U3MEHSIETCS] B IIMPOKOM JHana3oHe 3HAYCHUM.
[locrmennee, BOZBMOXKHO, CBSI3aHO C y4aCTHEM 3THX
OpraHU3MOB B W3MEHEHHMM Ta30BOT0 COCTaBa at-
Mocdepbl u3 aHokcHuecko, boraroir CO,, B Kuc-
JIOPOAHYIO U B cTaHOBIeHHU Ouocdepst [6,7]. Ilo-
Ka3aHo, YTO SKCTPEMAJILHO BHICOKAS KOHIICHTPAITUS
CO,, ABNAACH CTPECCOBBIM (PAKTOPOM, BBI3BIBAET
IyOOKHE U3MEHEHUS B CTPYKTYPE U METa0O0JIHM3ME
MHUKPOBOJIOPOCIEH, IPUBOAS K MEPEXOTy KIETOK K
CHEIMATU3UPOBAHHBIM OUOCHUHTE3aM U THUIIEPTPO-
(hupoBaHHOMY HAKOTUICHHIO JTUITUIOB U YTJICBOIOB
[8]. UnTepec K BIUAHUIO BHICOKUX KOHIEHTPALIMMA
VIIIEKUCIIOTO Ta3a Ha aKTMBHOCTH MUKPOBOJOPOC-
nell muaHoOakTepuit BO3HUK B mocnexnne 30 e,
B TOM YHUCJE, B CBS3M C IPOCKTAMH OYUCTKU aT-
Mocdepsl OT MPOMBINUICHHBIX 3arpsA3HEHUH C II0-
MOIIBI0 MUKPOBOIOpOCIIEH Kak OMOQuIbTpOB, Oi1a-
rojapsi X CIIOCOOHOCTH K MHTCHCHUBHOMY POCTY B
YCIOBHUSX MNOBBIIEHHOTO conepxkanus CO, B aT-
Mocdepe [8]. MUKpoOBOAOPOCIIA U IIHAHOOAKTEPUH
00J1a1al0T OTPOMHBIM MOTEHITHAIOM B PEIUPKYIIS-
uuu 1 6uopemenunanun CO,, a Takke B IIPOU3BOJI-
CTBE XMMHYECKOU DHEPTHH B BHIE Onomacce [9].
W mockonbKy, OJHHM W3 OCHOBHBIX HAIPaBICHHMA
paboT Mo OXpaHe MPHUPOIHBIX PECYPCOB SIBIACTCA
BHEJIpEHHE HOBBIX OE30TXOHBIX TEXHOIOTHUECKUX
MIPOIIECCOB, KCIOJIB3Ysl IITaMMBbI I[HAHOOAKTEPHIi,
ABIISIONINECS aKTUBHBIMHU MPOAYLEHTAMH >KAPHBIX
KUCJIOT B OYMCTKE BO3AyHIHBIX pecypcos oT CO,,
MIPEAOCTABIISAETCS BO3MOXHOCTH TOMTyTHOTO TIONY-
YeHHs JemIeBOi OroMacchl MEKpoBoopocieii [10],
o0Jafaromiel BEICOKOW EHHOCTBIO ISl TTOTYYeHUS
aNbTEPHATUBHBIX BHIIOB OwoTormBa. OmHAKO II0-
JIOOHBIC UCCIIEAOBaHUS TPEOYIOT MPEABAPUTEIBHO-
0 WCCICAOBAHMS BIFSIHUS YTJICKHUCIOTO raza Ha
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BBDKMBAEMOCTH KYJBTYpP ¥ I0A0Opa ero KOHIEHTpa-
1UH, OMaroNpHUATHBIX I POCTa MUKPOBOZOPOCIEH
[11,12].

B cBsi3u ¢ 9THM, TIeTbIO TAHHOTO HCCIICAOBAHHS
Ob10 no00patk KoHueHTpauuu CO,, onTuMab-
HBIE IJIs1 KyJIbTUBUPOBAHUsI IITAMMOB IIHaHOOAKTE-
puil — IPOLYLEHTOB KUPHBIX KUCIIOT.

MaTepHaJ’lbI U METOAbI HCCJICAOBAHUSA

OObekTaMM  J1aHHOW  PabOThI  SIBJISUTMCH
KOJIJICKIINOHHBIE IITaMMBl IMaHOOaKTepHii
Cyanobacterium sp. IPPAS B-1200, Cyanobacte-
rium aponium IPPAS B-1201, Synechococcus elon-
gatus 7942, Desertifilum sp. IPPAS B-1220 u3 xoin-
nekuy GpoToTpodHBIX MHUKpoopranu3MoB KazHY
M. anb-Dapadu.

BrlpamuBaHne  HAKONUTENBHOW  KYJBTYPHI
MPOBOMMIN Ha XHUAKuX cpemax BG-11, 3appyxka
[13,14,15]. lnsa npoBeneHUs SKCIIEPUMEHTA KIETKU
HCCIIEyEeMbIX [THAaHOOAKTepUil HEMPEPHIBHO BBIpa-
LIMBAJIM B cocynax eMKOCTbio 500 MJI CO CTEKIIsH-
HBIMU OapOoTepamu mpu Temmepatype 25°C mpu
UCKYCCTBEHHOM OCBEIIEHUH C HHTEHCHBHOCTBIO
cera 300 MKMOJIB/M? U a3panell CTEpHIBHBIM Ta-
30M U CMEChIO BO3/1yXa, oboramieHHou 2%, 4%, 8 %
CO2 [15]. Appauust ocyliecTBIsAIACh C MOMOIIBIO
Bo3nymHOro kKommpeccopa BOYU c¢ Bo3aymiHbIM
nHacocoM S-4000B (Kwuraii). Konuentpamus CO,
perynupoBanack poramepom PMA-0,063 T' (Poc-
cus). Poct KynpTyp ObUT M3MepeH Kak M3MEHEHHE
ONTUYECKON IJIOTHOCTH Ha criekTpodoromerpe PD
— 303UV (Snonus). [IpoayKTHBHOCTh OHOMACChI
KyJbTyp ompenenstiin mo merony Cupenko [16],
KJIETKH OCaXKIalU ¢ MOMOIIbI0 IieHTpudyru 5810R
(Eppendorf, I'epmanmus).

Koaddumment ckopoctm pocta  KyJabTyp
MAaHOOAKTepU PaCCUUTHIBAIM IO MPUPOCTY YHC-
JICHHOCTH KJIETOK B JKCIIEPUMEHTANBHBIX COCYyJax
1o ypaBHeHwuto (1):

1 e
k=7In o (1)

rae N, — MCXO/Hast YMCIEHHOCTh KIIETOK; N, — 4uc-
JIEHHOCTH KJIETOK Yepe3 Bpems t.

IMocTosiHHyIO (hryopecteHuo Xinopohunia a
(F,) B KI€TKax McCleqyeMbIX HUAHOOAKTEPUIA U3-
MepsUTH C TIOMOIBI0 ¢hryopumempa AquaPen AP
100 (Yexwus). [lomydeHnusie naHHbIE (IyOpeCICH-
nuu pazaemwm Ha 10000 enuHUI, 3HAYCHUS TIPEIT-
CTaBJICHBI HAa OTHOCHTENbHBIX eauHHunax (o.e.).
OmnpeneneHne Cyxoro Beca OCYLIECTBISIM B JIBa
stama. Ha mepBoM sTame ompexaensim oOmIwiA Cy-
X0# Bec (uuaHoOakTepuu + CONM), IS 3TOTO KIIEeT-
Ki ocaxngand ueHTpudyrupoanuemM npu 5000
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00opoToB B MUHYTY. KynbTypy BeICYyIIMBaiu Hpu
80°C B Teuenme Tpex nuei. [locme BwIMapuBaHus
U CYIIKH MaTepHala Yallki BHOBb B3BEINIMBAIU Ha
aHATMTUYECKUX Becax W IO Pa3HHUIE Beca oIpe-
Jensmi oomuii cyxoit Bec (1/m). Ha BTOpOoM sTame
CYyXOH OCTaToOK 3ajMBajd HEOONbLUIMM KOJIWYe-
CTBOM AMCTWIIMPOBaHHON Boxbl. Ilocne mosHOro
PacTBOPEHHUS COJIM PACTBOP MEPEMEIITHBATH U BME-
CTE C HEPaCTBOPHUMOH YaCThIO IOMEIAIN B MEPHYIO
NpOOUPKY, TJe TUCTHIUTUPOBAHHON BOJIOH TOBOIH-
71 10 00beMa, paBHOTO 00beMy 00pasiia Ha IIEPBOM
aTane, U aaiee MOoJABEpraiyu NeHTPU(yTrUpOBAHUIO.
Ilocne ueHTpudyrupoBanus oOTOMpand dYacTh
pacTBopa HaJ| OCaJIKOM H TEM K€ METOJIOM, YTO H
JUTSL ONpeZIeTICHUsT OOIIEero CyXoro Beca, Onpeaess-
JIM CyXOH Bec coyid B ucclieayeMoM oOpasie (/).
Ilo pasHume Mexay OOMKMM CyXHM BecOM 00pas-
a ¥ CyXUM BECOM COJHM ONpENENUIN CyXOW Bec
nranobakrepuii [16].

Pe3y.]'ILTaTI>I u oﬁcymeﬂne

Jis  u3ydeHUs CHOCOOHOCTU — TOTJIOUICHHMS
YIIEKUCIIOTO Ta3a INTaMMaMH IHaHOOaKTepHit
— TPOAYIEHTaMHU >KHPHBIX KHCIOT, HAMH IPOBE-
JICH CPaBHHUTCJIBHBIN aHaIM3 IoKa3aTeliel IMOCTOo-
STHHOHM (JIyOpECIeHIINN, CKOPOCTH POCTa KIIETOK
U HAaKOIUICHHE CYXOro Beca Yy KOJUICKI[MOHHBIC
mTaMMOB mwmaHoOakrepuit: Cyanobacterium sp.
IPPAS B-1200, Desertifilum sp. IPPAS B-1220,
Synechococcus elongatus 7942, Cyanobacterium
aponium IPPAS B-1201.

CKpUHUHT 3KCIEPUMEHTAIBHBIX KYJIbTYP IIH-
aHoOakTepuii TMPOBOAWIICS HA OCHOBE pe3yJbTa-
TOB CPaBHUTEIILHOTO aHaju3a IPOIyKTUBHOCTH,
KOTOPBI BKJIIOYAJl OMpeIesieHHe CKOPOCTH POCTa,
¢yopecrienniu u cyxoro Beca. [yis nmpoBeneHus
9KCIIEPUMEHTA KJICTKH HCCIICIyeMbIX I[IMaHOOaK-
TepHii HENMpPEepHIBHO BBHIPAIIMBAIM B KOJ0ax B Ja-
0OpaTOPHBIX YCIOBUSAX MPU UCKYCCTBEHHOM OCBE-
IICHUH C WHTEHCUBHOCTHIO cBeTa 300 MKMOJIB/M>
U adpanueil CMechio BO3AyXa, oborameHHoi 2%,
4%, 8 % CO, B Teuennn 8-mu cyTOK. B KauecTse
KOHTPOIISL KCIIOJIb30Bajl BO3AYyX, OOOTaIleHHBIN
CO, - 0,02%. HavanbHast ontuveckas IUIOTHOCTb
BO Bcex BapuaHTax cocrtasisa 0,03. M3mepenue
ONTUYECKON IJIOTHOCTH KIIETOK OIBITHBIX IITAMMOB
MPOBOAMIOCH KaXkble CyTKH. AKTUBHBIN POCT C Iep-
BOTO JHSI KYJIbTUBUPOBaHUS HAOIIOIANICS Y IITaMMa
Cyanobacterium sp. IPPAS B-1200 ¢ koHueHTpa-
e CO2 B Bo3ayxe — 4%. PacueTHble n1aHHbBIE KO-
3(hHUIMEHTOB CKOPOCTU POCTA JJIs [IMAHOOAKTEPHIt
IpeacTaBiicHbl Ha pucyHke 1. [lonydueHHbIE TaHHbBIE
CBUJICTEILCTBYET, YTO BJIMSHUE YTJIEKUCIOTO Tasa
Ha POCT JaHHBIX IITAMMOB CHJILHO pasHuTCcs. [lpu

koHuenTpauun CO, B Bo3nyxe — 2%, KyJbTyphl
Desertifilum sp. IPPAS B-1220 u Cyanobacterium
aponium IPPAS B-1201 uMer0oT OTHOCUTENBHO BBI-
cokne Kod(QHUIUEHTBI CKOPOCTH POCTa, B TO Bpe-
M Kak st mrammoB Cyanobacterium sp. IPPAS
B-1200 u Synechococcus elongatus 7942 Ttakue
MoKa3aTenu OTMeYeHbl npu KoHuenrpauun CO, B
Bo3ayxe — 4%. Cnenyer OTMETUTb, YTO IIPH TMOBBI-
MICHHOW KOHIICHTPAIIUU CO2 B BO3ayXe — 8%, Ha-
OmomaeTcsl yTHEeTEHHE POCTa BCEX HCCIEILyEeMBIX
LITAMMOB.

IToMrMO ONTHYECKOH MIOTHOCTH HCCIIENYEMBIX
KYJBTYp, IOKa3aTesb MOCTOSIHHON (hiyopecueHInn
(F,) ucronesyercst 1y ONpPENEIEHUs KOHIEHTpa-
UMM UaHOOAKTepUil B CYCIEH3UH U OLEHKH CKO-
pocTu ux pocta. JJaHHOe u3MepeHne IoMoraeT To4-
Hee ONpeAeianTh (POTOCHMHTETUYECKYIO0 aKTUBHOCTh
KyJbTyp TpU pa3Hoi Konuentpauun CO, B BO3-
nyxe. Usmepenne F| mpoBoanin mapamiensHo BO
BCEX HCCIICJIOBAHHBIX IITAMMax B TeUCHHE 8 THEH
KynbTUBHpOBaHus. [loydeHHbIe pe3ynbTaThl Ipe-
CTaBJICHbI HA PUCYHKE 2.

W3 nonydeHHBIX NaHHBIX BUIHO, YTO HAHOOIb-
mas (OTOCHHTETHUYECKass aKTUBHOCTb HaOIOa-
nack y uumanoGakrepuit Desertifilum sp. IPPAS
B-1220 (CO, B Bo3nyxe — 4%) u Cyanobacterium
sp. B-1200 (CO, B Bo31yX€ — 2%) moka3arenu F co-
craBisaroT 7,92 u 8,91 otHocurenbHbIX equnuL,. O-
HaKo UIs mTaMMoB Synechococcus elongatus 7942
u Cyanobacterium aponium 1IPPAS B-1201, naxe
IIPH TIOBBIMIEHHBIX KOHIEHTPAIMSIX YTIEKHCIOTO
rasa, nmoka3aTeian (OTOCHHTETHYECKOH aKTUBHOCTH
TIOHIKAIOTCS yKe Tmociie 6-7 CyTOK KyJIbTUBHPOBa-
Hus. Jlnsg mramma Synechococcus elongatus 7942,
CaMblil BBICOKMH MOKa3aTelb (OTOCHHTETHYECKON
aKTMBHOCTH HaOmronancs npu Konuentpauun CO,
B Bo3nyxe — 4%, u coctaBui 3,82 OTHOCUTEIBHBIX
equanI]. Uto kacaercs mramma Cyanobacterium
aponium IPPAS B-1201, To HauBbIlcIIMil mOKa3a-
TeNb (POTOCHHTETHYECKOW aKTUBHOCTH, PaBHBIN 5,4
0.€., Habmoascs npyu konuenrpanuu CO, B BO31Y-
xe —2%.

Cnoco6HOCTE IMaHOOaKTEpUi K (HOTOCHUHTE-
3y, BO3MOXHOCTb KYJIbTUBUPOBAHHS HX Ha Cpe-
Jax, coJep)KalluX TOJbKO MHHEpaJIbHBIE »Jie-
MEHTBl B OCHOBE CpEIbl I03BOJSIOT IOJIydYaTh
Ooubiie 00bEeMbl OMOMAcCCHl B KpaT4akIime cpo-
KH. B KOHIIe 3KCIepuMeHTa, Ha § I€Hb ONpeaeieH
BBIXOJ] CyXOH OMOMacchl HCcCleAyeMbIX IITaMMOB
nraHoOaKTepHil BO BCeX BapwaHTax ombiTa. Jis
3TOTO IJIOTHYIO KYJIbTYPalIbHYIO CYCIIEH3UIO KOH-
[EHTPHUPOBAIH C TOMOIIBIO0 IEHTPUPYTH U CYIIH-
au npu +150 °C B teuenue 3 nHeil. Pe3ynbTatsl,
MOJy4YEHHbIE B SKCIEPUMEHTE, IPEACTaBIEHbI Ha
pucyHke 3.
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Pucynok 1 — KoahduumeHTs! CKOpOCTH pocTa INTaMMOB LIHaHOOaKTepuit
PY BIUSHAM PasIM4HbIX KoHUEeHTpaiui CO,

Pucynoxk 2 — Kpusbie nocrostHuo# (ryopecuennun (F) mTaMMoB uaHOOAKTepHi
[PU BIUSHAM PasINYHbIX KoHUeHTpaiuii CO,
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Pl/lcyHOK 3 — Haxkorutenue OHOMacchl Ppa3IMYHbIX ITAMMOB III/IaHO6aKTepI/II/I Ha 8-i1 JCHb KYJIbTUBUPOBaHUA

KynpTuBHpOBaHHE B YCIOBHSAX Pa3IMYHBIX
KOHIICHTpAILMH YIJIEKKCIOro ra3a MoKas3ajao BiIHs-
nue CO, Ha HakomIeHre 6uoMacchl. OTHOCHTENBHO
BBICOKOE HAKOIUIEHUE CyX0i OrmomMacchl ObIII0 00Ha-
pyxeno y Cyanobacterium sp. IPPAS B-1200 (ot
0,65 mo 0,71 r/m) mpu konuenrpamuu CO, 2-4% co-
OTBEeTCTBEHHO. [Ipn MaHHBIX KOHIIEHTPANUAX yTie-
KHCJIOTO Tra3a B BO3Jyxe HaOIIOZaeTcs BBICOKOE
HaKoIUleHue Ouomacchl u y tmramma Desertifilum
sp. IPPAS B-1220 - 0,41-0,45 1/11, B TO BpeMs Kak
Iu1st mramMm Synechococcus elongatus 7942 nannsie
nokasarenu cocraBuau 0,13-0,15 r/n. Y mramma
Cyanobacterium aponium IPPAS B-1201 Hakorute-
HHUE OroMacchl HaOIIOAANOCHh TOJBKO MPU KYJIbTH-
BUpOBaHuM Tpu KoHuentpauuu CO,— 2%, xoTopoe
mipu 3ToM coctasmio 0,41 1/m.

[TosrydeHHbIE HAMH PE3yJIbTAThI COIIACYHOTCS
C JHUTEpPaTypHBIMH JaHHBIMU. Tak, aHaJIOTHYHBIC
pe3ynbTaThl MONYy4YeHbl Yunes et al. [17], koTopsle,
onpenenss Biusaue CO, Ha TETEPOLUCTYIO LIMAHO-
Oakreputo Anabaena variabilis ATCC 29413, ot-
METHIIM 3HAYUTENFHOE YBEINUEeHNEe HHTEHCUBHOCTH
pocra MaHHOH KyJIbTYypbl, MMU YCTaHOBJICHO, YTO
ysemuuenue CO, (o1 0,035% no 5%) BbI3bIBAJIO ObI-
CTpOe TIOTJIONICHNE HUTPUTOB, HE3aBUCUMO OT TOTO,
OBLIM JIU KYJITYphl HHKYOMPOBaHbBI Ha CBETY HJIU B

TEMHOTE, U CTUMYJIHPOBAJI 3BOJIIOLUIO (DOTOCHHTE-
THdeckoro O,, akKTHBHOCTb TJIyTAMHHCHUHTETA3bl U
AKTHUBHOCTb HUTpOTeHa3bl. COrJacHO MOIy4YEeHHBIM
umu pesynbratam, Hannuue CO, SBISETCS BaXKHBIM
(akTOpOM B KOHTPOJIE YCBOCHUS HUTPUTOB H CO-
rJIacyeTcs ¢ peryaupyonMMy B3aUMOJEHCTBUSIMH,
BKJIFOYAIOIIMMHU NPOYKThI ycBoenus CO, u a3ora.

[MonoxwurenbHOEe  BIHMSHUE  BO3PACTAIOIIUX
koHuentpauui (10 5%) CO, Ha mokaszaTenu pocra
mukposogopociu Chlorella vulgaris oTMe4eHO U B
nccnenosanusax Goncalves et al. [18], rne nmu u3-
yYaIUCh KHHETUYECKUE MapamMeTphl pocTa JaHHOU
MHUKPOBOJOPOCIIY, BBIPAILICHHON B BO3IYIIHBIX I10-
TOKax, COJAEp)KAIUX pa3lIMdHble KOHIICHTpAIHN
CO,. Tlpu 5TOM MMH OTMEYEHO OTCYTCTBHE (a3bl
ajanTtanun y MHUKpoBopopociu, kinetku Chlorella
vulgaris Ha4aau SKCIIOHEHIIMAIBHO PacTh ¢ Havyaa
9KCIEPUMEHTA, YTO CBUIIETEILCTBYET 00 UX YCTOM-
YUBOCTH K BBICOKUM YpoBHAM CO,. AHAJIOTHYHBIE
JAHHBIE O IOJIOKUTEIBHOM BIIMSHUHM KOHIEHTPA-
uuit CO, — 6 % Ha yienbHy0 CKOPOCTh pocTa Spi-
rulina sp. u Scenedesmus obliquus OpLTH TIOTyYEHBI
Morais et al. [19].

Takum 00pa3om, Ha OCHOBE TONYyYEHHBIX pe-
3yJIbTAaTOB YCTAHOBJICHO, YTO ONTHMAIbHOW KOH-
LEHTpaluein CO2 JUIl KyJbTUBUPOBAHUS IIMAHO-
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Oakrepuii Cyanobacterium sp. IPPAS B-1200,
Synechococcus elongatus 7942 snserca 2%, B TO
BpeMs Kak juisa mrammMoB Cyanobacterium aponium
IPPAS B-1201 u Desertifilum sp. IPPAS B-1220
onrumanbHoe 3Havenne CO, st pocra_4%.

Crenyer OTMETUTb, YTO U3 UCCIIELyEMBIX IIITaM-
MoOB 1anoOakrepun Cyanobacterium sp. IPPAS
B-1200 u Desertifilum sp. IPPAS B-1220 umerot
CPaBHHUTENBHO BBICOKHE TIOKa3aTeNd CKOPOCTH PO-
cTa, QpruyopecueHH 1 BbIXoaa OMomMacchel, onpeae-
JISTFOIIAE WX BBICOKYIO TPOAYKTUBHOCTb.

3akioueHne

[IpoBenena cpaBHUTENIBHAS OIICHKA IPOIYK-
TUBHOCTH Pa3HBIX IITAMMOB IIHaHOOAKTEPHH MO
BO3JICHCTBHEM TIOBBIIIICHHBIX KOHIICHTPAIMHA YTIIe-
KHUCJIOTO ra3a. [lokazaHo, 9TO KOHIICHTPAIIUU YTIIe-
KHCcHoro rasa 2-4 % OKa3bIBalOT ITOJOKHTEIBHOE

BIIUSIHUE HA MPOJYKTUBHOCTH HCCIENYEMBIX KyJb-
Typ IHAHOOAKTEPHH. Y CTAHOBJIEHO, YTO ITOBHIIIIC-
nue kouuenrpauu CO, 10 8% BENET K CHUKEHUIO
NoKasarenel pocta IHaHoOaKTepuil.

Haubonee mpoayKTUBHBIM IITAMMOM U3 HCCIIE-
JIOBaHHBIX [TMAHOOAKTEPHH 1O BBIXOIY CyXOil OHO-
Macchl otobpaH wtamm Cyanobacterium sp. IPPAS
B-1200, xapakTepu3yromuiicsi akTUBHBIM POCTOM
npu kouuenrtpauuu CO, B Bo3ayxe — 4%. Mcnons-
30BaHUE JAHHOIO IITaMMa C 3aJI0)KEHHBIMH B HEM
BO3MOKHOCTAMH OHOJIOTHYECKON OYMCTKH aTMOC-
(epHOTrO BO3/IyXa OT YIJIEKHCIIOTO Ta3a MO3BOJISET
W3MEHHUTH KOJOTHYECKYI0 OOCTaHOBKY M CO3AATh
HaJCKHYIO CHUCTEMY O3J0POBIEHUS BO3AYLIHBIX
MIPUPOJHBIX pecypcoB. IIpu 3ToM AOMOTHUTETHHO
MOSABISIETCS. BO3MOYKHOCTH IOJy4EHHs] OHOMAacCChI
MAaHOOAKTepHH, KOTOpas SIBIIAETCS IOTCHIINATb-
HBIM MIPOJYLIEHTOM XHUPHBIX KUCIOT U NMPEACTaBIIs-
eT OOJBIION HHTEpEC B OMOIHEPTEeTHKE.
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«AATbIH-EMEA» MEMAEKETTIK ¥ATTbIK TABUTU MNAPKIHIH,
BOTAHUKAADBIK AAYAHTYPAIAITIHE BAKBIAAY XYPI13Y

AHapaTna. Makanapa «AATbIH-EMeA» MeMAeKeTTIK YATTbIK, Tabufn MnapKiHAEri eciMAIK >KamblA-
FbIAAPbIH 3epTTey KeseHAepiHe, 6aKbiAdy arMarbiHa >X8He CHMpeK Ke3AEeCeTiH eciMAikTepre KplcKalia
oAy >kacanabl. CoHaal-ak, KopluaraH opTaHbl 6akblAay, OOTAHWMKAAbIK, aAyaHTYPAIAIK, (DAOPAAbIK,
AAYaHTYPAIAIK, (PUTOLEHOTUKAABIK, aAYaHTYPAIAIK yFbIMAAPbIHA TYCiHIK 6epiAai. JKyMbICTbIH MakcaTbl
— «AATbIH-EMeA» MYTIT eciMAiK >KaMbIAFbIAGPbIHbIH, Kasipri araambiH 6Garasay. 3epTrey oaaici —
reo60TaHNKaAbIK, KAPTOrpadmsAbIK,. OCIMAIK >KaMbIAFbIAAPbI AAAAABIK, FTe060TaHMKaAABIK, 3€PTTEYAEPAIH,
ABCTYPAI dAiICTEPIMEH 3EPTTEAAL. OCIMAIK >XaMbIAFbIAAPbIH AAQAAAbIK, KapTara TYCipy HakKTbl GarbITTbl
>xaHe TororpadusiAblK, 6asa MeH FapbllWTbIK TYCIpIMAEPAI MaMAaAaHy apKblAbl AQHALLIAQTTbI-
DKOAOTUSIAbIK, NPOUAbAEY BAiICiMeH Kyprisiaai. GPS KypbIAFbICbIMEH OEKiTIAreH HyKTeAepAe Herisri,
6acbiM ayMakTarbl ©CIMAIK KaybIMAACTbIKTapAa reob0TaHMKAABIK, CUMaTTamaAap TOAbIK >KYPri3iAAi.
3epTTey >KYMbICbIHbIH, TEOPUSIABIK, KOHE MPAKTUKAAbIK, MaHbI3bl: FbIAbIMM MaHbI3bl — alMaKTbIH 6CIMAIK
>KaMbIAFbICbIHbIH BMOAOIMSIABIK, BPTYPAIAIrE MeH Kasipri >karaarbiH GaraAay. ©CIMAIK KaMbIAFbICbIHbIH
arbIMAAFbl XKaii-KyMiH 6araAay OHbIH, OY3bIAy ABPEXKECIH aHbIKTayFa >kaHe 60TaHMKaAAbIK, dPTYPAIAIKTIH,
Herisri Kayin-kaTepAepiH aHblKTayFa MYMKIHAIK Gepeai. OCIMAIKTEPAIH Kypambl MeH KeHICTIKTIK
KYPbIAbIMbIHbIH, HErisri 6eAiMAepiHiH KapTacbiHAAFbI KOPIHIC B6CIMAIKTEPAIH ©3repyiHiH, Kasipri >xai-
KYMiH >X8He ABPEXKeCiH KOPCEeTYAIH eH aKmnapaTTbIAbIK TOCIAI 60AbIN TabbiAaabl. «AATbIH Emea» MYTT
ayMaFblHAQ OCIMAIKTEpPAIH >kabaibl TybICTapblHbIH ayAaHAAPbl MEH CMPEK Ke3AECeTiH ecimMAikTep
KaybIMAQCTbIFbIH  aHbIKTAY MaHbI3Abl OOAbIN TabblAaAbl. 3epTTey HaTMXKeAepi OCiMAIKTep MeH
6MOAAYaHTYPAIAIKTI KopFay GOMbIHLLIA MPaKTUKAABIK, LLiapaAapAbl 83ipAey YLUiH Heri3 GOAAbI.

Ty¥iiH ce3aep: MeMAEKETTIK YATTbIK Taburn napk, 6akbliAay, >KEePriAikTi, alMakTbIK, FAAAMAbIK,

'B.M. Sultanova, 2K.O. Bayadilov, 2R.Kh. Habibrahmanoyv,
TA.A. Kurmantaeva, 'D.B. Mirzalieva

'Institute of Botany and Phytointroduction of MES RK, Kazakhstan, Almaty, e-mail: dinara-myrzalieva@mail.ru
2State National Natural Park “Altyn-Emel, Kazakhstan, Almaty

Monitoring of botanical diversity of the state national natural park “Altyn-Emel”

Abstract. The article provides a brief overview of vegetation stratigraphy, control zones and rare plants
in the Altyn-Emel State National Nature Park. The concept of environmental control, plant diversity,
plant diversity, phytocenotic diversity was also interpreted.Objective: Assessment of the current state of
vegetation of the State National Natural Park “Altyn-Emel”. Research methods: Common geobotanical,
cartographic. The vegetation cover was studied using traditional methods of field geobotanical research.
Field mapping of vegetation was carried out by a combination of the detailed route method and the
method of landscape-ecological profiling using topographic base and satellite images. At the points
fixed on the ground by the GPS device, a detailed geobotanical description of the main, predominant in
area, plant communities were carried out. Scientific importance is the assessment of the current state of
the plant cover of the region with unique biodiversity. An assessment of the current state of vegetation
cover will make it possible to determine the degree of its disturbance and to identify the main threats to
botanical diversity. The reflection on the maps of key sections of the spatial structure and composition of
vegetation is the most informative way of demonstrating the current state and extent of transformation of
vegetation. ldentifying the habitats of wild relatives of cultivated plants and rare plant communities will
be important for the territory of the state national natural park “Altyn-Emel”. The research results served
as the basis for the development of practical measures for the protection of vegetation and biodiversity
conservation.
Key words: State National Natural Park, monitoring, local, regional, global.
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MonuTopuHr 6otaHnyeckoro pasHoo6bpasust FTHIIM «AATbIH-DMeAb»

AHHoTaums. B crtatbe aaetcs kpatkuit 0630p cTpaturpacmu pacTUTEALHOCTM, 30H KOHTPOAS U
pPeAKMX pPacTeHWin B AATbIH-DMEAbCKOM FOCYAAPCTBEHHOM HALMOHAAbHOM MPUPOAHOM Mapke. Takxe
OblAa MHTEPNPETMPOBAHA KOHLENUUS 3KOAOTMYECKOr0 KOHTPOAS, PACTUTEAbHOrO pas3HooOpasus,
pacTUTEALHOrO pa3Hoobpasus, UTOLEHOTUYECKOro pa3Hoobpasus. Lleab paboTbl — oueHka
COBPEMEHHOr0 COCTOSIHUS PacTUTEAbHOCTM [0CYAQPCTBEHHOIO HALMOHAABHOTO MPUPOAHOrO Mapka
«AATbIH-DMEAb». METOAbl MCCAEAOBaHMs: 0OLLenpuHsThie reoboTaHMyeckue, KapTorpadguueckue.
PacTuTeAbHbIN MOKPOB M3YyYaAn C UCTIOAb30BAHMEM TPAAMLIMOHHbBIX METOAOB MOAEBbIX Fe060TaHUYECKMX
nccaepOBaHuin. loAeBoe KapTMpoOBaHME pPACTUTEABHOCTM MPOBOAMAOCH COYETaHMEM AETaAbHO-
MapLUPYTHOro METOAQ U METOAQ AQHALLA(THO-3KOAOTMYECKOro NPOUAMPOBAHUS C MCMIOAb30BaHMEM
TOonorpayeckon OCHOBbl U KOCMMUYECKMX CHWMKOB. B Toukax, (OMKCMPOBaHHbIX Ha MECTHOCTU
npubopom GPS, 6bIA0 CAEAQHO AeTaAbHOE reo60TaHMYecKoe OnMcaHne OCHOBHbIX, NPeoBAaAAIOLLMX
MO MAOLLAAM, PACTUTEAbHbIX COObLLECTB. HayuyHas 3HaUMMOCTb 3aKAIOUYAETCS B OLIEHKE COBPEMEHHOMO
COCTOSIHMSI PACTUTEABHOIO MOKPOBA PErmoHa C YHMKaAbHbIM 61opasHoobpasnem. [poBeaeHue oLeHKM
COBPEMEHHOr0 COCTOSIHMS PACTUTEABHOIO NMOKPOBA MO3BOAWMT OMPEAEAUTH CTerNeHb ee HapyLIeHHOCTH
M BbISIBUTb OCHOBHble Yrpo3bl 6oTaHMueckoMy pa3Hoobpasuio. OTpaxkeHue Ha KapTax KAKUEBbIX
YUYaCTKOB MPOCTPAHCTBEHHOM CTPYKTYPbl M COCTaBa PaACTUTEABHOrO MOKPOBA SIBASIETCS Hanboaee
MH(OPMaTMBHBIM CMOCOBOM AEMOHCTPALMM COBPEMEHHOIO COCTOSIHMS M MacLLTaboB TpaHcopmaLmm
pacTuTeAbHOro nokposa. BaxkHbiM aast TeppuTopum THITT «AATbIH-DMeAb» CTAHET BbISIBAEHME apeaAoB
ACKP v peAKMX pacTUTEAbHbIX COO6LLECTB. Pe3yAbTaTbl MICCAEAOBAHMIA TOCAYXKMAM OCHOBOM pa3paboTku

NpakTUUYECKUX MEPOMNPUSITUIA MO OXPaHE PACTUTEALHOCTM U COXpaHeHuio GruopasHoobpasms.
KaroueBble caoBa: [0CyAapPCTBEHHbIN HAaLUMOHAAbHBIM MPUPOAHBIA NapK, MOHUTOPUHE, AOKAAbHbIN,

PErMoHaAbHbIN, TAOGAAbHDINA.

KsbickapTynap

MY¥TII — MemIeKkeTTiK YITTBIK TaOWFH TapK;
BYY — bipikken ynrrap yiieiMel; EKTA — epekire
KOpranaTelH Taburu aymakrap; KP AmM — KP
Ayvinuapyaubl itk MUHUCIPILISE.

Kipicne

«AnteiH-EMen» MeMJeKeTTiK YWITTBIK Taburu
mapki (M¥TII) 1996 >xbuTel KYpBUIOBI KOHE
aymarbl 536,5 MBIH rekTap kepai Kypainel. [lapk
KazakcTaHHBIH ~ OHTYCTIK-IUBIFBICHIHIAFEl  Liie
TayapajblK Ka3aHIIYHKbIPJIApbIHAAa OpHaJacKaH.
Conrycriri ) KoHrap AnaTaybslHBIH Tay CilleMIepiMEH,
oHTYcTiri le e3eHiHiH aHFapiapbIMeH MIEKTecemi
[1].  KympicTeIH  MakcaTel:  «ANThIH-EMem
MeMIIeKeTTIK YITTBIK TaOUFM MapKiHAETI ©CiMIIK
JKaMBUIFBUIAPBIHBIH  Ka3ipri KarmaiblH Oarainay.
Epexme koprayra amplHFaH aiiMakTa OOTAaHUKAIBIK
3epTTey JKYPTi3yAiH HEri3ri MakcaThl Tipi ar3aiap
MEH KOpIIaFaH OpTa apachblHIAAFbl CAHIBIK CHIIATHI
TypaJlbl aKlapaTTapAbl )KUHAKTAY, )KYHeney, Tangay
Oounbin Tabbimanel. HoTwxke amy yuris:

— 3EepPTTENIETIH OCIMIIIK JKaMBUIFBUIAPBIHBIH Ca-
TachkIH Oarasay;

— OCIMIIK JKaMBUIFBUIAPBIHIA  OaiKajaaThIH
XKOHE BIKTHMAJI  KYPBUIBIMIBIK-(QYHKIIMOHAIIBIK
e3repicTepAiH ceOenTepiH aHBIKTAY >KOHE CBHIPTKBI
Kepi ocep eTy Ko31epi MeH (hakTopiraphIHa aIpecTikK
WH/IMKAIMS Kacay;

— KOpIIIaraH OPTaHBIH e3repicTepiHe OCIMIIK
KAMBUTFBUIAPBIHBIH TYPAKTBUIBIFBIH OOJDKaMIay.

«Anteid EMen» MYTII ociMaiK »KaMBUIFBICHI
epeKIIe TaOuFu JKaFfainapra OaiiIaHbICTHI )KOFAPEI
OoTaHUKANBIK ((QIOpaNBIK XKOHE (DUTOICHOTHKA-
JBIK) adyaH TYpJUIriMeH epekueneHeni. 1996
KbUIBI YJTTBIK Casg0aKkThl Kypy TayJIbI-TacThl
OacceilHHIH OCIMIIKTepiH KOpFayFa MYMKIHZIK

Oepai, Oipak YATTBIK NapKTiH >KYMBIC icTeyi
OCIMAIKTEepAiH KypamMbl MEH  KYPBUIBIMBIHA
esrepicrep enrizmi [2, 3]. JKepcinaipinren

KYJIaHAap MEH KapaKyUpBIKTapAblH CaHBIHBIH
apTyHl, TypU3MHIH JaMYHI, KJINMATTHIK
JKarIalaapIblH e3repyi, e e3eHiHIH aFbIHBIHBIH
e3repyi koHe OHBIH KwiTali Xanwlk PecmyOmu-
KachlHAaH KeJeTiH aFrbIMBIHBIH TOMEH[Eyl, KOPBIK
ayMaFbIHBIH KEHEI01 — MYHBIH OapJIbIFbI ©CIMJIIK
YKaMBUIFBICBIHBIH Ka3ipTi JKaFIaifblH €CEIKe aly/Ibl
JKoHe Oaramay bl Tanar erefi. bakplnay aymakTapsl
VITTBIK MapKTiH 6CIMIIK KaMbUIFBICBIHBIH Ka3ipri
KarJaibl Typabl TOJBIK MOJIiMET OepMeni.
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«AnTeIH-EMem» MEMITEKETTIK WITTHIK TAOUFHU MapKiHiH OO0TaHUKAJBIK allyaHTYPJILTIriHe OaKblUIay KYpri3y

Kazipri yakpiTTa epekmie KOpraiaTblH TaOufu
ayMmMakTapaa SHACMJI, PEIHKTIK, *XOWBUIBIT KETy
KayIi TOHIN TYPFaH eCIMIIK TYpJepiHiH KoHE oyap-
MEH KaJbIITaCKaH OCIMIIK KaybIMIaCThIKTAPhIHBIH
0O0JTyBI )KOHE KOPFaTybl FaHa eMeC, COHIali-aK TaOuFU
JKaFJaiiarel ayMaKTaFbl ©CIpiIreH eCIMIIKTepAiH
MOJICHH €MeC TYBICTaphl — T'€HETHKAaJBIK Oiperei
OCIMIIIKTePMIiH ©Cyi MaHbI3Ibl. «ANTHIH Emen»
MY¥TII eciMaik >KaMbUIFbUIAPBIHBIH 1IIIHAEC ©CIM-
TIKTepIiH >kabailbl TYBICTAPBIHBIH CAHBIHBIH aii-
TapJibIKTaii Kem OOJlybl OChI ayMaKTarbl TaOW-
FATTBIH TEHETHKAJBIK OJIEYETiHIH  XKahaHIbIK
MaHBI3IBUIBIFBIH KopceTeai [4-10].

3epTTey MaTepuaapbl MeH dicrepi

«MoHuTopuHr» TepMuHI 1972 KBIIBI KOpIIIaFaH
opta OoiibiHma B¥Y CTokronsM KoH(pepeHuus-
ChIHAH KEWiH maiiga 0omasl. MOHUTOPUHT Ke3iHIE
KOpILIaFaH OpPTaHBIH Xai-KyHiH OakpLiay, eJjIey
XKoHe Oaranay J>KYHECiH TYCiHYy Typaibl IIEiM
KaObuTmanae! [11-12].

Biznin 3eprrey HbICaHBIMBI3 «ANTHIH Emen»
MeMJIIeKeTTIK YITTBIK TaOWFW TapKiHIET1 ©CIMIIK
KaMBUIFbLUIAPHI. J[amalbIK 3epTTey >KYMBICBIMBI3Ia
YKl KaOBbLIJaHFaH Te€000TAHHUKAJIBIK  JKOHE
KapTorpadusiablK omicTepl KONTAaHBUIIBL. OCIMIIK
YKaMBUIFbLIAPHI JAJIATBIK Te000TaHUKAIIBIK 3ePTTECY-
JEpIiH JOCTYPIi  SNICTepiH KOJIaHy apKbLUIBI
xyprizinai. Onap:

— HETI3T1 6CIMIIK KaybIMAACTHIKTaphIHA T€000-
TaHUKAIBIK cUIaTTama oepy;

— JaHAMAaPTHI-3KOIOTUSUITBIK
caiy;

— Heri3ri almakTapjarbl ©CIMJIK >KaMBLIFbI-
JIapBIH KapTara Tycipy.

OCIMIIK  KaMBUIFBUIAPBIH  JTANallbIK ~ JKaF-
Jaiina xaprara TYCipy HAaKTBl OarbITTHI KOHE TOIIO-
rpadusibplk 0a3a MEH FapbIITHIK TycipiMaepai
nadjanaHy apKbpUIbl JaHIIIA(TTHI-3KOJIOTUSIBIK
porIIbACy SICIMEH KYPTi3iIi.

GPS KypbUIFBICEIMEH OCITUICHTeH HYKTENIEp/Ie
HETI3rl ayMaKTarbl ©CIMIIK KaybIMIaCTHIKTAphIHA
reo0OTaHUKAIBIK CHUTIATTaMalap TOJBIK XKYPTi3iyii.
OcimaikTepaid Homenkiatypacskin C.K. UepenaHos
(1995: 516) Goitpiama HaKTHEUTATHIK [13].

34 Oakpulay HYKTEJICPIHAETI OCIMJIK KaMbLI-
FRIIAPBIHA JKYPTri3iireH Oakpuiay 3 JeHreiae MiH-
JeTTepAl OpPBIHAAWTHIH OMOATyaHTYPNIJIIK MOHH-
TOPUHTIHIH AaKHapaTTBIK JKYHECiH Kypy YVIIiH
HaKTBUTBI MOTIMETTEp alyFa MyMKIHIIK Oepi:

Keprimikri:

— epeKIIe KOpFallaThlH TaOWFH ayMaKTapbl
nadjanaHy THIMJIUTIT, 6CIMIIIK 5KaMbUIFbUTAPBIHBIH
JKarMaibIH Oaranay;

npoduibaep
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— KayilTi )aFgainap MEH OKBIC OKHFaIapablH
aJIBIH airy OOMBIHINA TTapaiap KaObuiaay;

— OapiblK MYyAJeNi KypbUIBIMIAP apachiHIa
0aKplIay HOTHKENIEP] Typasbl aKnapaT Tapary.

ANMAaKTEIK:

— Kazakcranmarbl ~ OMOQIyaHTYpIiNiK  IEH
KOpIIaFaH OpPTaHbl CakTay OOWBIHINA YIITTHIK
OarmaprmaManapAbl OpBIHAAY.

FamaMapIk:
— BHONOTHANBIK  OpTYpIiNIIK  Typanbl KOH-
BEHIMSAHbIH, bOHH JkoHe Pamcap KOHBEHIUS-

JApBIHBIH ~ €pEKENIEpiHEeH TYBIHOAWTBIH — XaJIbIK-
apaJbIK MiHJETTeMeNepl OpbIHIaY.

«AnteiH-EMem» MeMIeKkeTTiK YIATTHIK TaOuru
MapKiHJE bUI CAHBIHFBI OaKbLIaY KYMBICTAPBI MbI-
HaJail Ke3eHIepIeH TYPaIbl:

JTATajbIK, 0aKplIay KOHE 3epPTTEY;

AJBIHFaH MAJIIMETTEPl OHJIEY JKOHE Tanjay;

OacTamkpl JKarjaiMeH CallbICTHIpa OTBIPHIIL,
Ka3ipri JKarmaiel Oaranay;

e3repicTep MEH ONapAblH TEHACHUMsUIAPbIH
aHBIKTAY;

OakpuTay OOBEKTUICPIHIH JKaFgaiibiHa OOKaM
Kacay.

3epTTey HITHIKeIepi )KIHE 0J1apAbI TAIIAY

Kopwazan opmanwiy monumopunei — TaOUFu
opragarel (iopa MeH (ayHamarel e3repicTepii
Oomkay, Oaranay, OJNapAbIH >KarlailblH aHBIK-
Tay €peKlle KOprajJaTblH TaOWFM ayMakKTapAarbl
OMoamyaHTYPJIUTIKTI caKTaybIH Herisri MiHaeTi 60-
JIBII TAOBLTA/BL.

2013 xbutel KP Aypummapyamsuislk MuHHC-
TPIITiIHIH OpMaH INApyallbUIBIFBl KOHE IKAHY-
apiap nyHueci KoMuTeTiHIH «TaOurar >KbUIHA-
Mace» Oarmapiamachkl aschlHAa «ANTHIH-Emem»
MY¥TII 25 Oakputay HyKTeciHAeri OOTaHUKAaJIBIK
ATyaHTYPJITIKKE MOHUTOPHHT XKYPri3iii.

2015 xwuter omap Kazakcran PecmyOmmkachr
YkimeriniH / FanaMIbiK SKOJOTUSIBIK KOPBIHBIH /
BYYJIb  «lllen oskoxyHenepiHmeri  epekiue
KOpFaJIaThIH TAOWFU ayMaKTapabl OacKapy JKyheciH
KEHEHUTY J>KOHE HBIFalTy, KOpFajaTblH TaOufu
ayMaKTap/blH aifHaIachIHAaFbl OMOaTyaHTYPIILTIKTI
TYPaKTHI TaiIaany YIIiH albTePHATHBTI TYpIEpIi
JaMBITY» xKo0ackl OolibiHIIa «EpeKiie KopraiaThlH
Ta0WFW ayMaKTapAarbl OMOANTyaHTYPILUTIKTI OaKpI-
nay OarmapiaMachDy asChlHAa KYpbUIFaH 7 MOHH-
TOPHUHT ayMaFblH KOCTBI. Tarbl 2 Oakpliay ayMmarbl
2018 xpu1bl KOChULABI [14].

«Anteia-Emen» MY TII alimarsiHAarsl ©CIMIIK
JKaMBUIFBUIAPBIHBIH  OOTaHUKANBIK aTyaHTYPIIUIiri
MBbIHaJIapFa OaiIaHbICTHI:
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— KP aymarbigarel «OKonrap mengepiHiH
aHKJaBeD» OONbIT TaOBUIATHIH Ine TayapaibIk
Ka3aHIIYHKBIPJIapbIH/Ia OPHAIACYHI,

— nmasamadTapAplH ~ ATyaHTYpauTri  (Taymap
MEH a3bIKTap, KyMaap MeH e e3eHiHIH aHFaph);

— OKOJIOTHSUTBIK JKaFAalJIblH — alyaHTYpIIIiri
(reonorusIbIK, reoMOPQOIOTHUSIIBIK, TONBIPAKTHIK,
XoHE T.0.);

— kep OenepiHiH epekmie yinecimi: JKourap
AnatayplHBIH COINTYCTIK CiTeMIepiHiH OHIKTiri
TeH13 AeHrerineHn 500 M el xKeTel;

— Ka3aHLIYHKBIPJBIH JKOFapFbI JKOHE
TOMEHT1 OONiriHiH KJIMMAaTBIHIAFbl aNTapIIbIKTa
allplpMalIbUIBIKTap Oap: TeMmepaTypaHblH KypT
KOTEpiNlyl »oHE >KaybIH-IIALIBIHHBIH ayMaKThIH
JKOFapFbl OONIKTEpiHEH TOMEH THUIICOMETPHSIIBIK
NeHreire neitin tomenaeyi [15].

bomanuxanvix anyaumypainik  Ghraopaibik
JKoHE (PUTOIICHO3/IBIK aTyaHTYPJIUTIKTI KAMTH/IBL.

M.II. [JanunoB xoHe T.6. (2016) momimeri
ooiipiHma «AnTeiH-EMen» MYTII aliMarsIHIarsl
OCIMJIK )KaMBUIFBUIAPBIHBIH, (I0PANbIK ALYAHMYP-
niniei 88 TykpimMpac neH 403 TybpIcTaH TypaThiH
TYTIKTI eciMaikTepaiy 864 Typi Tipkenren. Onap-
ner immage 30 typi KaszakcranuweiH  KeI3bur
KiTaObIHAA  TIPKENreH, OJIAPIBIH  apachIHJA:
Konmimri epik (Armeniaca vulgaris Lam.), lLie
OepikapakaTsl (Berberis iliensis Popov), Buta-
it mewmimryni (Aquilegia vitalii Gamojun.),
Ine ymkater (Lonicera iliensis Pojark.), xaBka3
taynaransl (Celtis caucasica Willd.), MuxenbcoH

1-kecte — «AnteiH-EMem» M¥TII ecimaikTepaiy Heri3ri Typiepi

kepmeri (Limonium michelsonii Lincz.), ®anbko-
Hep Oaywipiie0i (Hepatica falconeri Steward.),
akwbul  cenkinryn  (Fritillaria  pallidiflora
Schrenk), Ine cexceyinmmeci (Arthrophytum iliense
Iljin.), Topanreun (Populus pruinosa Schrenk.),
Ine caceipel (Ferula iliensis Krasn. ex Korovin),
Cusepc anmacsel (Malus sieversii (Lebed.) Roem.)
koHe 1.6. [16-17].

A.A. VBamenkonsIH mikipinmre (2016) tarer 12
TYP TYpakThl OaKpUTayAbl KaKeT €Teli, OJIapIbIH
apachlHIa: MOKIa xeniek (Tragus racemosus (L.)
All,), ynxen wbipbim (Eremurus robustus Regel.),
Kaparay xyacel (Allium karataviense Regel.),
TYKTi-TYHipuikTi  xya (Allium  trachyscordum
Vved.), capsl mamakryn (Reseda lutea L.) xoHe
T.0. [18-19].

OCiMIIK KaMBUIFbLIAPBIHBIH Ka3ipri Kes3jeri
JKaFJaiiblH 0aKpUIay OOTAaHHUKAIBIK allyaHTYPILUTIKTI
KOpFay CaJlaChIHIAFBl 3EPTTEYNIEPIIH KaKeTTi
Kypamaac 0eiri peTinae KapacThIpblIabl.

Dropanvlk, anyaumyprinikke 6axvliay sHcypeizy
— OakpUiay aiiMarbIHIAFbl HAKTHI JKEKE TYpiepii
Oakputayasl (TyOereiii Oakpuiay) KoHE K00ajbl
aiiMakTarbl (IOPAIBIK ATYaHTYPIUTIKTI OaKbIIay bl
(boHIBIK OakbLIay) KAMTHIBL.

«AnreiH-EMen» MYTII  ecimaik  KaMbLI-
FeUIapbiHa (POHABIK OaKbUIayNaH albIHFaH HETi3Ti
30 typi KapacTeIpbiasl (1-kecte).

«AnteiH-EMen» MYTII TyOereiini Oakpiiay
KYPTi3y VIIH eciMmikTepAiH 37 Typl YCHIHBUILIBI
(2-kecre).

OcimuikTepaiH aTaybl

JlaTpiHIIa Kazaxma
1. Aquilegia vitalii Buranuit memimrymi
2. Armeniaca vulgaris Koanimri epik
3. Arthrophytum iliense e cekceyinmeci
4. Asterothamnus fruticosus (C.Winkl.) Novopokr. Byransl akbacbanay
5. Astragalus dshimensis Gontsch. KeM Tacnacer
6. Berberis iliensis e Gepikapakatbl
7. Celtis caucasica Willd. KaBka3 Taynaranbl
8. Chesneya dshungarica Golosk. XKonrap acnapacel
9. Ferula iliensis Krasn. ex Korov Ine caceipsr
10.  Fritillaria pallidiflora Schrenk. AKIIBUT CENKIITYJIT
11.  Gymnospermium altaicum (Pall.) Spach AnTaif THMHOCTIEPMUYMBI
12.  Haplophyllum dshungaricum N. Rubtz. YKonrap TyTacKambIparbl
13.  Hepatica falconeri (Thoms.) Steward danpronep O6aybIpIedi
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1-xecmeniy orcaneacsl

OciMaiKTepIiH aTaybl

JlaTeIHIA Kaszakima
14.  Lepechiniella michaelis (Golosk.) Nabiev Muxann 6acasFbl
15.  Limonium michelsonii Lincz. MuXenbCoH KepMeri
16.  Lonicera iliensis Pojark. Ine Gepixuneri
17.  Malus sieversii (Ledeb.) M. Roem. CuBepc anmacsl
18.  Paeonia hybrida Pall. Conuerya TaymsIMBUIIBIFBI
19.  Pilopleura goloskokovii (Korov.) Saphina T'010CKOKOB KOKIIOIAFbI
20.  Plagyobasis centauroides Schrenk. Kexkipe ceberbacht
21.  Populus pruinosa AK TOpaHFbUI
22.  Prangos herderi Regel Tepnep caiicabarsl
23.  Rheum wittrockii Lundstr. Buttpok payraist
24.  Rhodiola rosea L. AJTBIHTaMBIp
25.  Silene muslimii Pavl. Mycnim cpuabIpIedi
26.  Stroganowia sagittata Kar. & Kir. JKeGe »xanmbIpaKThI epremr
27.  Tulipa ivasczenkoae Epikt. et Belyalov. MBaieHko KbI3raiaarsl
28.  Tulipa Alberti Regel AnB0epT KbI3FaIIarsl
29.  Tulipa kolpakowskiana Regel KonmakoBCKHii KbI3FaJIIarbl
30.  Tulipa Brachystemon Regel KpicKkaaTanbIK KpI3rasiaK

2-kecte — «AnteiH-Emen» MY TII eciMaikTepiH HHANKATOPIIBIK TYpJiepi

OciMAaiKTep i aTaybl

Jlarpiama Kazaxkma
1. Allium oreoprasoides Vved. Buik xya
2. anabasis salsa (C.F. Mey.) Benth. ex Volkens Copran OyHBIPFBIH
3. artemisia heptapotamica Poljak. JKericy xycaHbl
4. artemisia rutifolia Steph. ex Spreng. PyTtaxarnsipak xycaH
5. artemisia santolinifolia Turcz. ex Bess. CaHTONUH XKycaH
6. artemisia terrae-albae Krasch. TaMbIp xKycaH
7. Arthrophytum iliense Ine cexceyimmeci
8. Arthrophytum balchaschense (1ljin) Botsch. Bankai cekceyinmieci
9. Berberis iliensis Ine Gepikapakarst
10.  berberis sphaerocarpa Kar. & Kir. JleHrernexk skemicTi Oepikapakar
11.  Betula tianschanica Rupr. TaHb-1IaHb KaWBIHbI
12.  Caragana balchaschensis (Kom.)Pojark. Bankam kaparaHb
13.  cerasus tianschanica Pojark. Taup-mane muect
14.  clematis orientalis (J. Gay) Schroding. [IsrrpIc xi0OLITEHI
15.  convolvulus tragacanthoides Turcz. TparakaHTTBI LIBIPMAYBIK
16.  camphorosma monspeliensis L. Mapcens Kapamaraybl
17.  Elaeagnus oxycarpa Schlecht. Yukip sxemickuaect
18.  ephedra intermedia Schrenk & C.A. Mey. Kp13b11 TaMbIp KbLIIIA
19.  ephedrae quisetina Bunge KpIpbIKOyBIH KbUTIIA
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2-KecmeHin dHcanzacel

OciMAIKTEepiH aTaybl

JlaTeiaima

Kazakmra

20.  ephedra przewalskii B. Fedtsch. & Bobr.

[Ip>xeBanbck KbLIIIACH

21.  festuca valesiaca Gaudin Nym.

Kekmrynak Oetere

22.  halimodendron halodendron (Pall.) Voss

AK 1eHresa

23.  Haloxylon aphyllum (Minkw.) Iljin

Kapa cekceyin

24.  haloxylon persicum Bunge ex Boiss. & Buhse

Cakcayn Oemnbrit

25.  helianthemum songaricum Schrenk

Xownrap coyneryni

26.  Juniperus sabina L.

Kazax apmacet

27.  krascheninnikovia ceratoides (J.F. Gmel.) Reveal & Holmgren

Myifi3 TepickeHi

28.  Nanophyton erinaceum (Pall.) Bunge

TacOyitbIprBIH

29.  phragmites australis Cav.

Konmimri kameic

30.  Populus diversifolia (Schrenk) Kimura

Kapa topanrst

31.  Salix songorica Anderss.

Xownrap usacsl

32. salsola orientalis S.G. Gmel.

[bFpIc copaHbl

33.  Salsola arbusculiformis Drob.

Kapa 6asiprmm

34.  Spiraea hypericifolia L.

[aiikypaii TOOBUTFBICHI

35.  stipa kirghisorum P.Smirn.

Keiprb13 Oetereci

36. stipa caucasica Schmalh.

Kagxka3s Oerereci

37.  stipa orientalia Trin.

IIsireic GeTereci

«AnteiH-EMen» MYTII eciMaik KaMbLUIFbI-
JapbeIHBIH ~ (PUTOLEHO3IBIK aTyaHTYPIIUIIrT OHBIH
KaJBINTACY JKaFaiIapbIHbIH IKOJIOTHSITBIK
opTypJaiNirine OaiIaHbICThI.

Boranukansik-reorpadusibik OemniHici 00ibIH-
ma aTajgraH ayMakThIH eciMuikrepi Caxapa-I'oou
o0nbicel, Upan-Typan cyOperuonsl, JXoHFap mpo-
BUHIIMSCBIHA JKATAbl.

JKonrap AnaTaybIHBIH OHTYCTIK CileMaepiHIe
OCIMIIK KaMBUIFbUIAPBIHBIH TapalybIHbIH OHIKTIK
OenyeynepiHiH KypbUTBIMBIHA MBIHANAD HKATA/IbL: TAY
OexTepi menaepinin 6enneyi (600-800 m); manambik
oenaeyi (800-1500 M) >koHE IIANFBIHBI JAJIATBIK
oengey (1500-1700 m); opMaHABI MIATFBIHIEI Oe-
ney (1700-2400 m); cyOanpIiliK IIATFBIHIBI Jama-
nel Oenney (2200-2800 m); xpuoduTTi (ANBILTIK)
ManFBIHAB Jananelk Oenmey (2800-3500 m) [20-
21].

JKa3pIKTarbl 30HANBIK CICKTP IIOJI JalaHbIH
amplK KamrtaH Ttombipakka (1400-1500 ), mama
mesuepiHiH  KoHbpIp TombIipakka (1200-1400),
HIeIepIiH CYp-KOHBIp Tombipakka (700-1200) ay-
BICYBIMEH CHITaTTaNIafbl JKOHE €H TOMEHT1 OeJiriH
(600-700Mm) eTe Kyprak MmeAepAiH 06T agaisl.

Tay OexTtepi wennepiniy Oengeyinae agemepo-
unrapmed (Poa bulbosa L., Anisantha tectorum (L.)

Lindm.) 6ipre GeTereni-uzeHai-,Kycanisl (Artemisia
heptapotamica,  A. sublessingiana, Kochia
prostrata (L.) A.J. Scott, Stipa sareptana A.Beck.,
S. Richteriana Kar. & Kir) kaysiMaacTeIKTap 6achiM
KeJeIi.

[enetitrenren manana Stipa capillata L.,
S. sareptana, S. Lessingiana Trin. & Rupr,
S. caucasica, Festuca valesiaca 6acsIM OOITyBI-
MeH 3()eMEPOUATHI-KYCAHBI-ACTHIK TYKBIMIACTHI
eciMIIiKTep KaybIMJIACTBIFbI KAaJIBITITACAIBI.
Artemisia sublessingiana >XycaHbl 0ackIM Kele/Ii.
Spiraea, Atraphaxis, Rosa TybICBIHBIH OyTajapsl
Ke0iHe Tik OeTKeinepe Ke3aecet.

HlanreiHABl  mama  Oenmeyi OpTYpil  IIONTi,
IIBIMJIBI-ACTBIK TYKBIMIIACTHI ociMaikTepal (Festuca
valesiaca, Bothriochloa ischaemum (L.) Nash., Sti-
pa capillata, Elytrigia repens (L.) Gould, Phleum
pratense L., Melilotus officinalis (L.) Pall, Amoria
hybrida L., Achillea millefolium L., Cichorium in-
tybus L., Salvia deserta Schang., Potentilla impolita
Wabhlenb.) kamTupL.

OpMaHIpl MANFBIHIBI  Oenjeyae  KbUIKaH
JKambIPaKThl OpMaHIapAarbl 0achkiM OCIMIIK —
Hlpenk mwwipmacel (Picea schrenkiana Fisch. &
C.A. Mey.) Gonbn TabObuiamel. byramap xabaTheiH
(1-1,5 ™) sipraii, CeMeHOB KaOBIP)KbIFbI, HTMYPbIH,
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Anbr™man Oepixuneri (Lonicera altmannii Regel
& Schmalh.) xampmracteipansl. 40%-bIH MYKTI
wambUIFbl (Thuidium abietinum (Hedw.) Schimp.,
Rhytidiadelphus  triquetrus  Warnstorf) amagpl.
[lenTi *xaMBUIFBI CUpEK: OeTere eciMmiri (Festuca
valesiaca) GacbiM Ooubill Kenenmi. backa Typiep
(Lathyrus gmelinii Fritsch., Geranium collinum
Steph., Thalictrum minus L., Gentiana turkestanitum
(Gand.) Holub, Solidago virgaurea L.) xeke-napa
Ke3zecemi.

CyOanpmiylik MmManFeIHIAp MEH Aana Oenmey-
nepinge 003 apmia (Juniperus pseudosabina Fisch.
& C.A. Mey.), Oerereni nanamapna (Festuca
valesiaca, Helectotrichon tianschanicum Roshev.,
H. altaicum Tzvel., Poa stepposa (Kryl.) Tzvel.),
aCTBIK TYKBIMIACTBI — OPTYPJi IMIONTI IMIAJFBIHIA
(Alchemilla sibirica Zam., Geranium collinum Steph.,
G. Albiflorum Ledeb., Potentilla gelida C.A. Mey.,
Alopecurus pratensis L., Poa pratensis (Roshev.)
Worosch.) xe3aecesni jxoHe jkapTacTap MEH Tay JKbI-
HBICTAapbIHA JKapTac 6CIMIIKTEpi CUpPEK.

Kpuodurri  (ampminik) MIanFelHAAp  MEH
nama OenpeyiHne >KiHIMIKE MOHBI3OTHI (Kobresia
capilliformis lIvanova), kpuodurrti anmaca Imenri
manreiHaapaa (Bistorta vivipara (L.) S.F. Gray,
Primula algida (Adams) Sojak, Festuca kryloviana
Reverd.), raynel nananapna (Festuca valesiaca, Poa
stepposa, Helictotrichon tianschanicum), TacThI
tonbipakTapaa (Dracocephalum imberbe Bunge,
Saussurea glacialis Herd, Rhodiola coccinea (Royle)
Boriss., Potentilla biflora Willd. ex Schlecht.)
ecimuikrepi MeH kpuodurti (Thylacospermum
caespitosum (Cambess) Ju. Kozhevn., Oxytropis
chinobia Bunge, Cerastium lithospermifolium
Fisch. xxone 1.6.) ecimaikrep ke3aeceni [25].

Karyray TayblHBIH OCIMIIK KaMbLIFbLIAPHI
(huTOTICHO3AAPIBIH KOMOMHAITUSICHIMEH EpEKITIeITe-
Heni, onap Kasakcranma cupek Ke3JeceTiH TpaHC-
[IeKapaiblK  KaybIMIACTBIKTAP: JaBaJbIK  YCaK
tactapma Kapa cekceyinaep (Haloxylon aphyl-
lum); ycax TombIpakThl kxapbiKiakTapaa Cerasus
tianschanica, Salsola laricifolia Turcz. & Litv.,
Ephedra przewalskii, Reomuria soongarica Pall.
OCIMJIIKTEPIHIH OyTanapel; 3posusea Yuiblpazau
grcepaepde  Stipa orientalis, Arthrophytum bal-
chaschensis ecimoikmepimen kamap, macoOyuvlpebi
(Nanophyton erinaceum) ke3necelli; yakpITIIa CY
arpIHIAPBIHBIH O0OUBIHAA Kapanativim (Iljinia regelii
(Bunge) Korov.) KaybIMIaCTBHIKTaphI TApAJIFaH.

JKazpikTa mIenmep Y3BIHABIFBI MEH aMIUIHTY-
Jacel OOWBIHIIA €H YIKeH ayMakThl amansl (700-
1200 m).

KemkpuiblK cOpanabl MeAepaAe 3KOJIOTHS-
TBIK-(OU3HOHOMUSIIIBIK, THIT OachIM OOJIBIN Keei.
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TacOyiteipreHabl mwenaep (Nanophyton erinace-
um) JicaHe 0AApObIH MUn MAPMAKMAPbl: HAZbL3
macoOyibipuIHOap, bemezeni-macoOyuvlpebiHobl
(Nanophyton erinaceum, Stipa caucasica, S. ori-
entalis), cexceyinueni-macoyuvipevinovt  (Nano-
phyton  erinaceum,  Arthrophytum  iliense),
oytibIpebiHObI-MmacOyibIpeuiHobl  (Nanophyton eri-
naceum, Anabasis salsa), owcycanovl-6asnvluimol
gayvimoacmoixkmap (Salsola arbusculiformis, Arte-
misia sublessingiana).

Kycanapl 1menaepmiH apachlHaH €H KEH
tapanranbl — JKeTicy JKyCaHBIHBIH (Artemisia
heptapotamica, Stipa sareptana, Festuca valesiaca,
Agropyron cristatum (L.) Beauv., Kochia prostrata)
Kaybimoacmulavl 6010bL.

CyOneccHuHTHaHIbI-KYCaHbl (Artemisia sub-
lessingiana) KaybIMOACTBIFBI YCaK IMOKBUIBI Tay
OOKTepiHIIe Ke3AeCeIi.

DoNIBIK  Ka3plKTa  CAHTAJABI  KycaHAap
(Artemisia santolina): cexceyindi caHTaIbI )KyCaH-
nap (Artemisia santolina, Haloxylon aphyllum),
WONJICLIHELLIObL CAHTAIBL KycaHpaap (Artemisia
santolina, Reomuria songarica) mapaneawn. TambIp
KycaH (Artemisia terrae — albae) cupex xezdeceoi.
YKepacThl cynapbl KyMFa )aKblH apaliac CeKceyui
KayeIMOacTeikTap yuie (Haloxylon —aphyllum,
H. persicum) mManfbIHIBl JKOHE TOFANIIBI ©CIMJIIK
typnepinin (Halimodendron halodendron, Phrag-
mites  australis) KaTbICYbIMEH  CHIIATTaJIaIbl.
Kymapr kaparannael cekceyinmi (Haloxylon per-
sicum, Ammodendron bifolium (Pall.) Yakovl.)
gicone tmicammodutti Oyramel (Calligonum  jun-
ceum) wi6n0ep KYM KOTaJapbIHBIH IIBIHIAPBIMEH
OenrineHeni.

Lite Taysb1 OMMATHIHBIH TOMEH TUTICOMETPHSIITBIK
JICHIeliHAe ©OTe KYpFaK KHUBIPHIBIK IIeJiep KeH
TapaiFaH. OCIMIIK >XaMbUIFbUIAPBL Arthrophytum
iliense, A.longibracteatum Korov., A.balchaschense,
Ephedra przewalskii cupek xe3geceTiH TonrapaH
TYpaJbL.

Copranapl KepaiH eciMmikTepi Ine e3eHiHIH
aIKaOBIHIAFBl Tepaccaiapia cylaHIbIpyMeH Oaii-
JIAHBICTBI TY3/aHYbl KaWTalaHATBIH OpBIHIApAA
IIOFBIPJIaHFaH.

Y CBhIHBUTFaH ©CIMIIKTEp: Kapabapakrtel (Halo-
stachys caspica (Pall.) Bieb.), capcazannbt (Halocne-
mum strobilaceum (Pall.) Bieb.), akcopans! (Suaeda
physophora Pall.) kaypIMIacTeIKTap.

JKoHrap AnaTaybIHBIH OHTYCTIK ©3€HAEpiHIH
agrapiapeiaa  Owmiktiri  (1000-1225 wm) aram
KabatTapsl naBp Tepekrepined (Populus laurifolia
Ledeb.), Taap-11lans KalBIHBIHAH (Betula
tianschanica), xaparamrran (Ulmus pumila L.)
TYpajbl.
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Byranel  KayeIMoacThIKTap Tay €TEriHIEri
JKA3BIKTBIH YaKBITIIA CY aFbIHBIHBIH apHAaJIapbIiHa
keH TaparaH (Tamarix ramosissima Ledeb.,
Atraphaxis replicata Lam., Hulthemia persica
(Michx. ex Juss.), Convolvulus tragacanthoides
Turcz., Caragana balchaschensis). lllenTti kabaTta
Achnatherum splendens (Trin.) Nevski, Leymus an-
gustus (Trin.) Nevski, Aristida heymannii Regel.
eciMaikTepi Oap. 30HANBIK TypiepleH Artemisia
sublessingiana xe3neceni.

Tay ereringeri THAPOMOPHTHI MEKEHACHTIH
JKepieplle THIFBI3  OyTambl JKoHE TajJouTTi
aNFpIHAap Taiina Oomaapl. byramel Torainmapaa
Halimodendron halodendron, Nitraria sibirica
Pall., Rosa beggeriana Schrenk., Berberis iliensis,
Trachomitum  lancifolium  (Russan.) Robed.
oecimaikrepi OachiM. Aram KabaTTapelH >KUJIE
(Elaeagnus oxycarpa), Koponbkos nonanacel (Cra-
taegus korolkowii L. Henry), ax Tan (Salix alba L.)
Kypaiiael. ['anopurri keknekti-musuibl (Glycyrrhiza
aspera Pall., Atriplex tatarica L.), ranopurti 60311b1-
oerereni (Suaeda heterophylla Kar. & Kir., Atriplex
tatarica, Aeluropus littoralis Gouan., Leymus divar-
icatus (Drob.) Nevski, L.angustus (Trin.) Nevski,
Achnatherum splendens, Artemisia schrenkiana
Ledeb.) xxone 6aTnaxtel (Iris sogdiana Bunge, Scir-

pus tabernaemontani (C.C. Gmel.) Nakai., Mentha
longifolia (L.) Huds., Phragmites australis (Cav.)
Trin. ex Steud.) manFeiHAap KeHiHeH Tapairad [20].

Kapacteipbuiblll  OTBIpFaH — ayMakrTarbel e
©3CHIHIH aHFapblHA KeJeCl KaybIMIACTBIKTAp TOH:
OyTanbl-kuaemi-tanasl (Salix songarica Anderss.,
S.  Wilhelmsiana Bieb., Elaeagnus oxycarpa,
Tamarix  ramosissima) TopaHrbuibl  (Populus
diversifolia), acTeIK TYKBIMAAcThl (Phragmites
australis, Calamagrostis epigeios (L.) Roth.)
— TopaHFbuAbI-kuAeN (Elaeagnus oxycarpa,
Populus diversifolia) maraune! (Fraxinus sogdiana
Bunge),  603mbI-OeTerenmi-acTBIK  TYKBIMIACTBHI
(Leymus multicaulis Kar. & Kir., Elytrigia repens,
Glycyrrhiza uralensis Fisch.) — TopaHFBUIIBI
(Populus diversifolia, P. pruinosa), aXXbIPBIKTHI-
oyranel (Tamarix, Halostachys belangeriana
Mog., Aeluropus littoralis Typnepi, Achnatherum
splendens), xapa cexceyinni (Haloxylon aphyllum)
[22-28].

OcCiMIIK  KaMBUIFBUIAPBIHA  (pumoyeHo30bl
oiceme Oakwinay 34 TypakThl OakpuTay HYKTECiHE
Kyprizinni. MyHzaa eciMOiK KaMBUIFbUIAPBIHBIH
CTaHIAPTThl CHIIATTAMAaChl AaybITKy CHIIATBl MEH
JIOpexeci  KOpCeTLIreH Kbl  KaObLIIaHFaH
o/licTEpMEH CoMKec JKy3ere achpbulsl (3, 4-kecTe).

3-kecte — «JloHrenex-6acrayy OakpuIay aliMarbIHIa Ke3/IECETiH OCIMIIKTep Ti3iMi

OciMIiKTepiH aTaybl

No JlaTpIHIIa Kazakrra
1 Achnatherum splendens Ak
2 Artemisia dracunculus Krasch. LpIpFamKbIH KyCaHbI
3 Artemisia serotina Bunge Ky3nix xycan
4 Asparagus persicus Baker IMapcer KosHIIO01
5 Berberis iliensis IneGepixkapakars
6 Calystegia sepium L. R.Br. ApaMILen I'yJIbIpMaybIK
7 Chenopodium album L. Ak amabora
8 Cynanchum sibiricum (L.) Decne. Cibip xanajbl
9 Crataegus altaica (Loud.) Lange Adnraii tonaHachl
10 Elaeagnus oxycarpa Y1ukip sxemic xuae
11 Erigeron acris L. Kyiiniprim maiizaxenek
12 Euphorbia soongarica Boiss. YKonrap cyTrireni
13 Glycchiriza glabra L. YKanaH KbI3pUIMUS
14 Glycyrrhiza uralensis Fisch. Opait MusICHI
15 Gypsophila perfoliata L. TixKanbIpakThl aKKaHOAK
16 Halimodendron halodendron AK 11eHren
17 Iris halophila Pall. Byxreia
18 Juncus gerardii Loisel. Kepap enexmuebi
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3-kecmeHiy dHcanzacel

OciIMAIiKTepIiH aTaybl

Ne JlaTeiHIa Kaszakia
19 Krascheninnikovia ewersmanniana Botsch.& Ikonn. OBepcMaH TepickeHi
20 Lepidium latifolium L. Janmax xanbIpax MIBITBIPMAK,
21 Leymus multicaulis Capbl KUK
22 Lycium dasystemum Pojark. TyxkriaTanslk TikeHOyTa
23 Phragmites australis Kopimri kameic
24 Polygonum aviculare L. Kp13b01 Tacma
25 Rosa laxa Retz. Kotbip payman
26 Scirpus tabernacmontani TabepHeMOHTaH KaMBbIChI
27 Sonchus arvensis L. [Jana xamyeni
28 Trachomitum lancifolium Kp13b11 KEHIP
29 Vexibia alopecuroides (L.) Bunge Konmimri akmus
30 Zygophyllum fabago L. Konimri tyiteraban

4-xecte — «¥3pIHOYIIAKY OaKplIay aliMarbIHIa KE3IECETiH OCIMIIKTep Ti3imi

OciMAIKTepIiH araybl

No JlaTpiHIna Kazakmra
1 Achillea nobilis L. KpIMOaT MbIHKaNbIpaK
2 Betula tianshanica TsHB-1aHE KAHBIHB
3 Bothriochloa ischaemum KanTusap 603mrarsu
4 Bromus inermis (Leyss.) Holub Keuranakcesis apmadac
5 Caragana balchaschensis Bankam kaparanst
6 Convolvulus tragacanthoides TparaHTTHI OIBIPMaybIK
7 Cynanchum sibiricum Cibip xamnajbl
8 Cynodon dactylon (L. ) Pers. CaJansl Kapamarsip
9 Dactylis glomerata L. Konimri taprakiern
10 | Ephedra intermedia Ko13611 TaMBIp KbLTIIA
11 Festuca valesiaca Kexmynak 6etere
12 | Juniperus sabina Kp13p01 apmma
13 | Medicago lupulina L. Kyimak >KoHBIIIKa
14 | Potentilla reptans L. IsipMaybIk Ka3Taban
15 | Rosa alberti Regel Anp0epT payIiaHsl
16 | Rosa laxa Kotsip paymran
17 | Rosa platyacantha Schrenk JKanmak TikeH payuraH
18 | Salix songarica YKorrap Tans
19 | Spiraea hypericifolia [aiiKypait TOOBUTFBICHI
20 | Leonurus incanus V.Krecz.& Kuprian. BosreinT cackikmen
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OuroueHo3AbIK (OHABIK OakplIay YITTHIK
MapKTiH OapiblK ayMarblHA IKYPTi3iImi, eciMIiK
JKaMBUIFBUIAPBIHBIH ~ JKaJIIBl  Ka3ipri  Karaaibl
OaraaH[bl KOHE OJapABIH ACTPaallsFa YIIbIpay
Iopekeci MeH (akTOpiapsl, HETI3Ti AerpajamusFa
YIIbIpaTymsl  (pakTopiapibslH KEHICTIKTIK —Tapa-
JMybl aHBIKTAIIBL. OCIMIIKTEPIiH >KalIbl Kazipri
KarmalbiH Oaranay OCIMIIKTEp >KaMBLIFBICHIHBIH
KIKTeNyl MEH (UTOLCHO3MBIK SPTYPJLIIriH, OHBIH
KEHICTIKTIK ~ TapalyblH, ayMakKThl ©CIMIIKTep
KAMBUIFBICBIHBIH, KYHl OOMWBIHIIA HSKOJIOTHSIIBIK
aiimakTapra OeiyiH eckepe OTBIPBIN >KYpri3iiii:
SKOJIOTHSIIBIK HOPMa, 3KOJOTHSUIBIK Kayil-KaTep
’KOHE IKOJIOTHSUIBIK JIAFaphIC.

OcCiMIIK  JKaMBUIFBUIAPBIHBIH  JIeTpaiallusFa
YIIbIpay qeHreiin Oaranay yiriH, Oec OanIbIK mKkana
KOJIJIAaHBUIBI, OHJA TYPIACPAIH KYpaMbl, TYPJIEPAiH
(UTOLICHO3BIK PpOJIi, TMPOEKTHBTI >KaMBUIFBICHI,
TIPIILJIT], ©CIMIIKTIH 3aKbIMJaHY JSPEKEC], aCTHIK
TYKBIM/IACTHI IO TEPIiH OY3bLTY I )KoHE OacKanapsl
ecKepiyi.

DOHJBIK XKaFgail — eciMIiKTepIe JOMUHATTAP-
MEH OalNaHbICTBl TYPJEPIIH TOJBIK YKHBIHTBHIFBI
0ap, eCIMIIKTEpAiH TIPIILTIri )KaKCHI.

OJCi3 AerpafanusFa YIppay — ayMaKThIH KeTl
OeJIiriHae HETi3ri JOMMHAHTBI KypaM CaKTaJfaH,
OCIMIIKTEpAiH KYHi jKaKchl, (pIopablk KYpaMHBIH
TOJIBIKTBIFBI a3/1aIl JeTpaiallisaFa YITbIparaH.

Oprama jaerpananusra yuplpay — ayMaKThIH
HETi3ri OediriHieri KaybIMAACTHIKTapABIH OachiM
KypaMbl cakTajaisl, Oipak JTOMHHAHTHI TYPJICPIiH
TipIITiri oncipeiini, eke TyJiFajgap CaHbl MEH

MPOEKIUSIBIK  JKaMBUIFBICBI 1,5 ecere peiiiH
TOMEHIEHII.
Kartel pgerpamanmsira ymbipay —  YJIKEH

ayMaKTaFbl KaybIMAACTHIKTApABIH OachlM Kypambl
KaTTHI JeTpaalisiaHaIbl.

OTe KaTThl AerpafalusFa YIblpay — OacTanKsl
KaybIMJIapJIbIH aHTPOTIOTCH/IIK TYBIHIbIIAPFa ayhl-
CyBIMEH Oipre xyperi.

Bakpinay yakbIThl 3 ME3riIIi KAMTHIbL:

a) kekteM (1 coyip —10 MaMbIp apabIFsl);

0) a3 (10 mayceim — 20 TIiIEe apaibIFsl);

B) Ky3 (1 KpIpKy¥iek — 10 Ka3aH apaJibIFbl).

KopbIThIHABI

KopbiTa aliTkaHna, MOHHTOPUHT JKYPri3y —
eMMI3/TIH SKOJIOTUSIBIK OaKbUTAYBIHBIH MAaHBI3IIbI
Oeutiri 6ok TabbuIabl. MOHUTOPUHT KYPTi3yIliH
HETri3ri MakcaThl — KOpIIaraH OpPTaHBIH JKaFaalbl
MEH OJIapJbIH Jerpajalysra YIIbIpay JeHreifine
0akpuiay JKYprizy. MOHHTOPUT JKBUIIBIH 3 Me3-
riTiHAe JKy3ere achIpblUIAbl (KOKTEM, JKa3, KY3).
OCIMIIIK JKaMBUIFbIIAPEIHA (DUTOIIEHO3ABI OaKbLIAY
34 6akpuiay HYKTeCiHAE XKYprizinai. MyHaa eciMIik
JKAMBUIFBUIAPBIHBIH, ~ CTaHJAPTTHI  CHUIMATTAMACHI
OY3BUTy CHIATHl MEH JIOpEekKeci KOPCEeTUITeH Kall-
bl KaOBUITaHFaH OIICTEPMEH COWKeC JKy3ere
ACBIPBUIIIBL.

34 Oakplay HYKTECIHIETI ©CIMIIK >KaMBLUIFbI-
JapblHa KYPri3uireH Oakpiiay 3 JCHreine MiH-
JIETTEep/l OpPBIHIANUTHIH OWOATyaHTYPILTIK MOHH-
TOPHMHTIHIH aKIapaTTBIK JKYHECiH Kypy YIIiH
OOBEKTUBTI MOJIIMETTEp ajdyFa MYMKIHIIK Oepni:
JKEPrimiKTi, aWMaKThIK, FamamabplK. Jlamambik
3epTTEY KYMBICBIMBI3[IA JKaJIbl KaObLITaHFaH
reo00TaHUKANBIK JKOHE KapTorpausiblK daicTepi
KOJJAHBUIABL. OCIMIIK >KaMBUIFBIIAPHI  TANATBIK
reo00TaHUKAIBIK 3€PTTEYJIEPAIH JAOCTYPIIL 9MicTe-
piH KOJIaHy apKbUIBI 3epTTeni. «AntbiH-Ememn»
MY¥TII ke3aeceTiH eciMAIK TYpJiepiHiH HOMEHKJIa-
typacsiH C.K. UepemanoB (1995: 516) Goiibiamna
AHBIKTAJIBIK. OCIMIIIK KaMbUIFbLUIAPBIHA (IIOPAITBIK
oHe (PUTOIIEHO3IHIK MOHUTOPHHT KYPTi3/IiK.

«AnreiH-EMen» MY TII aiiMarbIHIarbl OCIMIIK
KaMBUTFBUIAPBIHBIH (IIOpANIBIK aJTyaHTypiimiri 88
TyKeIMaac TieH 403 TybICTaH TYTIKTI ©CIMAIKTEPAIH
864 Typi ambikranrad. 30 Typi Ke3bul kitanra
TipKeJNreH, OJapAblH apachblHAa: KOIIMIi epik (Ar-
meniaca vulgaris), lne 0Oepikapakatsl (Berberis
iliensis), Buranuii memimrym (Aquilegia vitalii),
Ine ymkater (Lonicera iliensis), kaBka3 TayJaFaHbI
(Celtis caucasica), MuxenscoH Kepmeri (Limonium
michelsonii), ®ansronep oaywipiedi (Hepatica fal-
coneri), akmibln cenkinryn (Fritillaria pallidiflora),
Ine cexceyimmeci (Arthrophytum iliense), TOpaHFBLT
(Populus prinosa), Ine caceipbl (Ferula iliensis),
Cusepc anma arambl (Malus sieversii) )oHe T.0.
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