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PRODUCTIVITY AND ACCUMULATION
OF HEAVY METALS IN GRAIN OF VARIOUS GENOTYPES
OF SPRING DURUM WHEAT UNDER CONDITIONS
OF SOIL CONTAMINATION WITH CADMIUM AND ZINC

The developed industry has an adverse effect on the ecological state of the environment, accom-
panied by the accumulation of harmful substances in the soil, including heavy metals. Therefore, the
creation of technogenically resistant varieties of agricultural crops is one of the components of environ-
mentally friendly technologies. This study is aimed at studying various genotypes of spring durum wheat
for their resistance to the accumulation of cadmium and zinc in grain, which is a commercial part of
the product. The content of the studied heavy metals in the soil of the root zone of various genotypes
of spring durum wheat was investigated. The accumulation of the studied elements in seeds was deter-
mined, which is the most important studied indicator. The indices of productivity and survival of spring
durum wheat genotypes were investigated in the field of natural pollution of the environment with heavy
metals. The most stable and sensitive to the action of cadmium and zinc genotypes were revealed. The
structure of spring wheat productivity from the collection and the relationship of its elements were
analyzed. The identified resistant genotypes are recommended for further study of their productivity
and survival in weather conditions of the East Kazakhstan region in field experiments to identify forms
promising for agricultural production.

Key words: cadmium, zinc, spring durum wheat.

P.A. AabibaeBa, H.M. AyTtxaHoBa", 3.A. MHeAoBa,
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TonbIpakTbiH, KAAMUIMMEH YKOHE MbIPbILLUNEH AACTaHYybl )KaFAaMbIHAQ
YKA3AbIK, KaTTbl OUAAMABIH, SPTYPAi FT@HOTUNTEPI ACTbIFbIHbIH,
OHIMAIAIri MeH aybip MeTaAAAPAbIH, )KMHAKTaAYbl

AaMblFaH eHepKacin KopLuaraH OpTaHblH, 3KOAOTUSIABIK, KaF AaiblHA TepIiC 8cep eTeAi, TonbipakTa
3USIHABI 3aTTApAbIH, COHbIH, iLIIHAE ayblp METAAAAPAbIH >KMHAKTaAybiMeH Gipre >kypeai. COHAbIKTaH
AAKbIAAAPAbIH TEXHOTEHAIK TO3IMAI CypbINTapblH >Kacay 3KOAOTUSIAbIK, Ta3a TEXHOAOrMSIAAPABIH
Kypamaac 6eairi 60Abin TabblAaabl. ByA 3epTTey >KyMbICbl >Ka3AblK, KATTbl OMAANABIH OPTYPAI
reHOTUNTEPIH OAapAbIH OHIMHIH TayapAblk, GOAiri GOAbIM TabblAATbIH ACTbIFbIHAQ KAAMMIA MeH
MbIPbILLTBIH XMHAAYbIHA TO3IMAIAIr GoMblHIIA 3epTTeyre GarbiTTaraH. XKasAblK, KATTbl GUMAANAbIH
BPTYPAI  reHoTUNTEPiHIH 6a3aAbAbl  aiMaFblHbIH, TOMbIPAFbIHAAFbI  AYblP METAaAAAPAbIH,  Kypambl
3epTTeAAl. 3epTTeAreH ayblp MeTaAAApAbIH 6MAA TYKbIMAAPbIHAQ KMHAKTAAYbl aHbIKTaAAbl, OyA
€H MaHbI3Abl 3epTTeAreH Kepcetkiw 6oAbin TabblAaabl. KopuiaraH opTaHbiH, ayblp MeTaAAapMeH
TabUFN AaCTaHybl >XaFAaMblHAQ YKA3AbIK KATTbl OMAQM FEHOTUMTEPIHIH OHIMAIAIME MeH emip cypy
KepceTKilTepi 3epTTeaai. Taxxipnbe HOTUXKECIHAE KAAMMIA MEH MbIPbILLTbIH, 8CepiHe eH Te3IMA| XoHe
Ce3iMTaA FeHOTUMTEP aHbIKTaAAbl. JKMHAKTAH >Ka3AblK 6OUMAAMAbIH OHIMAIAIK KYPbIAbIMbIHA >K8HE
OHbIH AEMEHTTEepIHIH 63apa GanAaHbICbIHA TaAAQY XKYPTi3iAAl. AHbIKTaAFaH TO3IMAI FEHOTUMNTEP aybIA
LIApYaLLbIAbIFbl ©HAIPICI YLIH NepcrnekTMBaAbl HbiICAHAAPAbI aHbiKTay yuwiH LU biFbic KasakcTaH eHipiHiH
aya-paiibl XKarAaAapblHAQ OAAPAbIH OHIMAIAIMT MEH eMip CYpYiH AaAaAbIK, TaXipMOEAepAEe 0AaH api
Kapar 3epTTey YLUiH YCbIHbIAABI.

Ty#iH ce3aep: KAAMUI, MbIPbILL, Ka3AbIK, KATTbl GUAQN.
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ypO)KaﬁHOCTb U HaKOMAE€HMeEe TSDHKEAbIX METAaAAOB
B 3€pHe pPa3AUYHbIX FrEHOTHUNOB ﬂpOBOﬁ TBep,A,Ol:i nileHUL bl
B YCAOBMSAX 3arpsi3HEHUA NnoYBbl KAAMHUEM U LUMHKOM

PasBuTag NMPOMbILLUAEHHOCTb OKa3blBaeT He6Aal’Ol’lplAﬂTHO€ BO3AEMNCTBME HaA 3KOAOrmyeckoe
COCTOSAHNE Opr)KaIOU.I,el;I CpeAbI, COMpoBOXAatoLeeCqa HaKOMNMAEHNEM B NMoYBE BPEAHDbIX BeWEeCTB, B TOM
UYNCAE TAXKEAbIX METAAAOB. [—|O3TOMy CO3AaHME TeXHOFeHHO—YCTOVILIVIBbIX COopTOB CEeAbCKOX039MCTBEHHbIX
KYAbTYP ABAAETCA OAHOM 13 COCTaBASIIOLLMX 3KOAOTMYECKM YNCTbIX TEXHOAOTUMN. ,A,aHHoe NCCAEeAOBaHUE
HalpaBA€HO Ha n3ydYeHne pPa3AnYHbIX F€HOTUIOB SIpOBOVI TBepAOl;l nweHnubl No KX YCTOVIL{I/IBOCTVI
K HAKOMAEHUIO KaAaMKa U UMHKa B 3€PHE, KOTOpad SABAAETCA TOBapHOl;I YaCTblO MPOAYKUMMN. bbiro
NCCAEAOBAHO COAEpP>KaHME MN3YyHaeMbIX TAXKEAbIX METAAAOB B MO4BE ﬂpVIKOpHeBOVI 30Hbl PAa3AMYHbIX
reHoTunnoB ﬂpOBOl;l TBepAOIZ nweHnubl. OﬂpeAe/\eHbl HaKOIMAEHNA N3yHaeMbIX 3IAEMEHTOB B CEMeEHaX,
4YTO SBASIETCS HamboAee BaXkHbIM MCCAEAYEMbIM TMOKa3aTeAEeM. Takxxe 6blAK M3y4eHbl MOKa3aTeAn
ypO)KaVIHOCTVI N BbIDKMBAE€MOCTM T€HOTUINOB ﬂpOBOl;l TBepAOl;l nueHnubl B TOAEBbIX YCAOBUAX
€CTeCTBEHHOro 3arp4a3HeHnd CpeAbl TAXKEAbIMM MeTaAAdMU. BoisiBAeHbI Hanboaee YCTOVILII/IBbIe n
YyBCTBUTEAbHbIE K AENCTBMIO KAAMUS 1 UMHKA FreHOTUIbI. npOBeAeH dHaAU3 CTPYKTYPbI ypOX&ﬂHOCTM
HpOBOVI MWEeHNLblI U3 KOAAEKLIMW U B3aMMOCBS3b ee 3AEMEHTOB. BbisiBAeHHbIe YCTOVILIMBbIe reHOTUIbI
PEKOMEHAOBAHbI AAS AaAbHenwero n3yyvyeHmsa nx ypO)KaVIHOCTl/I M BbI>)KMBAEMOCTHU B MOITOAHbLIX YCAOBUNAX
BoctouHo-KasaxcTaHckoro pernMoHa B NMOAEBbLIX 3KCNEPUMEHTAX AASA BbIABAEHUA MNMEPCNEKTUBHDLIX AAA

CEeAbCKOXO39MCTBEHHOIO NMPOn3BOACTBaA qDOpM.

KAroueBble cAoBa: KaAMVIVI, UMHK, dpOBas TBepAad rneHnua.

Introduction

The mining industry and metallurgy are well
developed in Kazakhstan, however, the developed
industry has an adverse impact on the ecological
state of the environment, accompanied by the accu-
mulation of harmful substances in the soil, includ-
ing heavy metals. Soils of agrocenoses may also be
contaminated. So, for example, it was noted that in
regions where ferrous metallurgy is developed, soil
pollution with lead is 3, and zinc is 2 times higher
than on unpolluted soils, while the accumulation of
heavy metals by agricultural plants is 1.5 — 2.0 times
higher than theirs maximum permissible concentra-
tion (MPC) for soil. Metal compounds emitted into
the air by industrial enterprises in the form of dust
settle on the soil, plants at a distance of 10-40 km
from pollution sources [1].

The study of lead content in the soil and plants
of wheat and potatoes in the zone of influence of
enterprises of the West Siberian industrial region
showed that chernozems annually accumulate this
element in amounts exceeding the MPC by 2.0-5.4
times, and plants — by 1.5-2.8 times. At the same
time, in the area of maximum distribution of dust
aerosols, an increasing increase in metal occurs both
in the soil and in plants. Thus, in the third year of
observations, the highest concentration of metal in
the soil was 54 mg / kg, in plants — 2.8 mg / kg.

compared with its concentration in the first year of
observation — 20 mg / kg and 1 mg / kg 20 mg / kg,
respectively [2].

There is also information that very high con-
centrations of Cd, Pb and Zn were found in plants
and soils adjacent to smelters [3]. As a result of the
activity of the zinc smelting plant, the soils turned
out to be heavily contaminated with zinc, lead
and cadmium, the gross amount of metals in the
soil within a radius of 1.5 km from the enterprise
exceeded the MPC: for zinc 4-10 times, for lead 2-4
times, for cadmium — in 4 times. In crop production,
the maximum concentrations of zinc and cadmium
were detected in almost all crops, which is an envi-
ronmental hazard and worsens the quality of agri-
cultural products [4].

Excessive amounts of heavy metals in the soil
affect the productivity of agricultural plants and
the quality of the products obtained. For example,
an increase in the level of soil contamination with
cadmium led to a decrease in yield by 21-34%
compared to the control variant, and to a decrease
in the removal of basic nutrients. A.O. Shumilin
showed that at background values of the cadmium
content in the soil, about 0.1 mg of cadmium per
kilogram of dry weight was accumulated in the
seeds of spring wheat; with an increase in the cad-
mium content by 10 mg / kg of soil, its content in
the grain increased 23 times, and with the cadmium
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content in soil at the level of 50 mg / kg of soil — 55
times [5].

The presence of polluting trace elements can
have a huge impact on the state of the biosphere.
Violation of mineral metabolism and, as a result, an
imbalance of chemical elements in food products,
is the main cause and trigger mechanism for the
occurrence and development of many diseases of
humans and animals [6]. Scientists are of the opinion
that the bulk of heavy metals enters the human body
with plant food [7]. Zinc and copper are recognized
as essential, that is, vital elements, but, as toxicants,
they are classified as hazard classes I and II. Lead
and cadmium are pollutants that can be toxic to the
body [8].

Due to the fact that large areas are contaminated
with heavy metals and methods of soil cleaning are
ineffective, a promising direction for solving this
problem is the search for varieties of agricultural
crops with a reduced level of their accumulation
in the commercial part of plants in order to grow
in contaminated areas or selection in this direction,
there is information that a different ability to
accumulate cadmium was revealed in varieties
of soft and durum wheat [9, 10]. Therefore, the
purpose of our work was to study various genotypes
of spring durum wheat for their resistance to the
accumulation of cadmium and zinc in grain, which
is a commercial part of the product.

Materials and methods

The object of research in this work is the
genotypes of spring durum wheat from the
collection of the East Kazakhstan Research Institute
of Agriculture. The experiment studied varieties
and genotypes of spring durum wheat: Nauryz, Lan,
GVK (East Kazakhstan genotype)-10008, GVK-
19005, GVK-5/14.

Growing plants in conditions of natural
pollution. Plants were grown in nurseries of
primary seed growing of the research site of the
East Kazakhstan Research Institute of Agriculture,
in conditions of natural pollution, in the suburban
area of Ust-Kamenogorsk, East Kazakhstan region,
north-east direction, 3 km from the city border. The
area of the experimental plot is 5 m2 in triplicate.
Sowing is mechanized, plotting, the seeding rate
is 5-6 million germinating grains per hectare. The
width of the aisles is 15 cm, the space between the
rows is 50 cm.

The soil cover of the experimental site is
represented by ordinary heavy loamy chernozem,
widespread in the foothill-steppe zone. The soil of
the experimental plot is neutral (pH 7.0). The humus

content in the arable horizon averages 2.6%. The
soil is moderately supplied with easily assimilable
nitrogen (22.6-18.4 mg / kg soil), highly supplied
with mobile potassium (390-400 mg / kg soil) and
low supplied with mobile phosphorus (16.3-18.5 mg
/ kg soil).

The predecessor — black fallow after autumn
plowing — 23-25 cm. When laying the experiments,
soil preparation, sowing and plant care were carried
out according to the accepted technology of barley
cultivation in the foothill steppe zone of East
Kazakhstan. Early spring harrowing, cultivation,
pre-sowing cultivation. Plant care (rolling, weeding
by hand).

Determination of the content of heavy metals
in the soil of the root zone and in the grain. The
concentration of heavy metals (zinc and cadmium)
was determined using an atomic absorption spec-
trophotometer. The method of atomic absorption
spectrophotometry (AAS) is based on the prop-
erty of atoms of chemical elements formed when
the solutions of the substances used are sprayed in
a “cold” flame (acetylene-air, propane-air, etc.) to
absorb light of a certain wavelength. The radiation
intensity of low-pressure gas-discharge lamps af-
ter the passage of light through a combustible gas
flame and its absorption by the atoms of the in-
vestigated element is recorded photoelectrically.
Samples of grain and soil in the root zone taken in
the field of natural soil contamination with heavy
metals were ashed in a muffle furnace. The ash
material was treated with nitric and hydrochloric
acids and water was added. The atomic absorption
of the test and control samples was measured us-
ing an atomic absorption spectrophotometer [11,
12, 13].

Determination of plant survival. To determine
the survival rate of plants, the number of spring du-
rum wheat plants emerging and remaining before
harvesting was calculated per unit area. By the dif-
ference between these indicators, one can judge the
survival rate of plants during the spring-summer
growing season.

Determination of vegetative indicators and
productivity in conditions of natural environmental
pollution.

Phenological observations, field and laboratory
assessments, records were carried out according to
generally accepted methods [14, 15].

Observations were carried out for the following
developmental phases — seedlings, tillering, renewal
of vegetation, tube emergence, heading, flowering,
ripeness.

The productive bushiness was determined in
plants. Plants were dug up in each variant and the
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actual number of stems per plant (total, including
productive ones) was counted. The arithmetic mean
obtained from dividing the total number and number
of productive stems by the number of plants, respec-
tively, characterizes the total or productive tillering,
depending on the variety.

Plant survival was determined. Plants were
counted in the full germination phase and before
harvesting. The number of preserved plants (%) is
calculated by the formula:

(Cx100)
A = —_
B

where: A — the number of plants preserved for har-
vesting, %; B — the number of plants in the full
germination phase, pcs. per m?; C — the number of
plants to be harvested, pcs. per 1 m?.

The yield was determined by a direct gravimet-
ric method. The grain moisture was determined by
the gravimetric method. From each plot, grain sam-
ples are taken into aluminum cups with a tight lid,
weighed and dried at a temperature of 100 © — 105 °
C to a constant weight of about 4 — 6 hours, then the
calculation is carried out using the formula:

X=B:H

where: X — grain moisture, % ; B — mass of evapo-
rated water, g; H — raw weight, g.

The standard 14% humidity is recalculated ac-
cording to the formula:

X=Yx(100-b)/ 100 —c,
where: X — yield reduced to standard moisture con-

tent; Y is the yield obtained; b — moisture content of
the crop (%); ¢ — standard humidity for this object.

When analyzing the plants by the elements of
the structure of the grain yield, 10 plants were se-
lected from each plot of all repetitions of the experi-
ment.

Research results and discussion

First of all, the content of the studied heavy
metals in the soil of the root zone of various geno-
types of spring durum wheat was investigated. With
prolonged intake of heavy metals from emission
sources into the atmosphere, a significant amount of
them accumulates on the soil surface. The mining
and processing of metal ores, coupled with indus-
try, have led many countries to widespread metal
contaminants in the soil. During mining, tailings
(heavier and larger particles deposited on the bot-
tom of the flotation machine during mining) are
directly discharged into natural depressions, includ-
ing wetlands, resulting in increased concentrations
of heavy metals [16]. Most of the heavy metals are
emitted into the atmosphere in the form of solid
aerosols with particles of 0.1 — 0.5 microns. The
bulk of emissions settles near the source of pollu-
tion, quickly enters the surface of soil and plants,
is carried out and migrates with surface and ground
runoff. As a result, technogenic geochemical regions
of heavy metals are formed [17].

Soil contamination with cadmium is one of the
most dangerous environmental phenomena [17]. In
terms of its effect on the natural environment and
humans, cadmium is of particular concern due to its
potential harm, therefore, in various environmental
programs it is classified as a priority pollutant to be
controlled [18].

The results of the study of the cadmium content
in the soil of the root zone showed that in relation to
the MPC of cadmium in the soil, there is an excess
of one and a half, two and a half times.

Nauryz Lan

Cadmium content in the soil

GVK-10008 GVK-19005
wheat genotypes

GVK-5/14 MPC

Figure 1 — The content of cadmium in the soil of the root zone
of various wheat genotypes in relation to the MPC
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The ratio of the cadmium content in the soil
of the root zone to the Regional Clark was also
determined. There is an opinion that the content of
elements in the topsoil should be compared with the
background [19, 20]. Some researchers understand
the “background” as proposed by A.P. Vinogradov
“clarks” — the average content of elements in the
biosphere, others — the average regional content
of chemicals in soils that have not experienced

anthropogenic impact, that is, unpolluted areas [21].
In East Kazakhstan, all soils are experiencing, to
one degree or another, a technogenic impact, taking
into account this circumstance, in our studies we
compare the content of heavy metals with “clarks.”
Studies have shown that in relation to Regional
Clark, the excess of the metal content has higher
values, than in relation to MPC (approximately 2.5
-3.5 times).

op IO

x 2

=

g0 2

B s
2

Nauryz Lan

Cadmium content in the soil

Y A
164 1,84

GVK-10008 GVK-19005

wheat genotypes

o

GVK-5/14 Region. Clark

Figure 2 — The content of cadmium in the soil of the root zone
of various wheat genotypes in relation to Regional Clark

The content of zinc in the soil of the root zone
of various genotypes of spring wheat was also
investigated (Figures 3, 4).

Intensive mining and smelting of lead-zinc ores
and zinc leads to soil contamination, which poses a
threat to human health and the environment. Many
methods of reclamation of these areas are long and
expensive and cannot restore soil productivity. The

environmental risk of soil heavy metals to humans
is associated with their bioavailability [22]. The
presence of the mining and metallurgical industry
in East Kazakhstan also causes polymetallic soil
pollution.

The results of the study of the zinc content
showed that in relation to MPC of zinc in the soil,
there is an excess of 1.8 -1.9 times (Figure 3).

Zinc content in the soil
£P 250
o)
£
200
150 181,44 177,66 183,06 1917 189,54
100 I
100
50
0
Nauryz Lan GVK -10008 GVK-19005 GVK-5/14 MPC
wheat genotypes

Figure 3 — The content of zinc in the soil of the root zone
of various wheat genotypes in relation to the MPC
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Zinc content in the soil

£ 250
En
200
! I - 19]Z:L7 !
150 181,44 177.66 183,06 , 189,54
I
100 125
50
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Nauryz Lan GVK -10008 GVK-19005 GVK-5/14 Region.Clark

wheat genotypes

Figure 4 — The content of cadmium in the soil of the root zone
of various wheat genotypes in relation to Regional Clark

The ratio of the zinc content in the soil of the
root zone to the Regional Clark was also determined.
Studies have shown that in relation to Regional
Clark, the excess of zinc content has lower values
than in relation to MPC (approximately 1.42 -1.53
times).

Thus, all studied genotypes are stressed by the
increased content of cadmium and zinc in the soil.
At the same time, the content of cadmium makes a
greater contribution to stress, since compared to its
natural content in the region, the excess is 2.5-3.5
times, while zinc is about 1.5 times.

Determination of the accumulation of the
studied elements in seeds is the most important
studied indicator, since wheat grain is used in the
food industry.

Our studies have shown that zinc ions accumulate
in seeds of all genotypes of spring durum wheat and
their amount exceeds the MPC for grain by about
two and a half times. Less, in comparison with
other genotypes, accumulates zinc ions of the Lan
genotype, most of all —the GVK-19005 genotype, the
other genotypes of spring durum wheat show average
values of the content of this element (Figure 5).

The study of the content of cadmium ions in
seeds of spring durum wheat showed that this metal
accumulates and its amount exceeds the MPC
for grain for all studied genotypes, except for the
GVK-10008 genotype. At the same time, there are
significant differences between the genotypes of
spring durum wheat in terms of cadmium content in
seeds (Figure 6).
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Figure 5 — The content of zinc in seeds of various genotypes
of durum wheat in relation to the MPC
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Figure 6 — The content of cadmium in seeds of various genotypes
of durum wheat in relation to the MPC

According to the number of cadmium ions
accumulated in seeds of plants of various genotypes
of spring durum wheat, they can be arranged in the
following order as they decrease: GVK-19005>
Lan> GVK-5/14> Nauryz> GVK 10008. The
smallest amount of cadmium in seeds contains
genotype GVK-10008, the largest — genotype GVK-
19005.

The same data were obtained in other studies,
for example, cadmium in quantities significantly
exceeding the MPC established for cereals (0.2 mg
/ kg dry weight) was found in grain of wheat, rice
and barley when growing these species on soils
containing metal [23, 24, 25]. When the soil was
contaminated with 50 mg/kg of cadmium, the weight
and grain size of grain decreased by 20%, and with
an increase in the content of cadmium to 100 mg /
kg of soil, the resulting grain was feeble [26, 27].
Most organisms do not have a defense mechanism
specific for heavy metals, however, there are several
systems for controlling the intake of toxic elements
in plants [28]. The first barrier to the entry of heavy
metals from the soil into the aboveground part is
the cover tissue of the roots, which has a significant
selective adsorption capacity [29]. When toxic
elements penetrate into the cytoplasm of plant cells,
chelate compounds are formed with almost 90%
of the metals entering the cell [30]. An important
role in the resistance to cadmium accumulation
in plants is played by vacuolar compartment or
the binding of toxicants by cell walls in leaves;
phytochelatins, metal-binding peptides, are part of
the system for detoxification of heavy metals [31,
32, 33]. Apparently, similar mechanisms are present
in the GVK-10008 genotype. In plants, reproductive
organs are especially well protected. However, this
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rule is not always true for cadmium; there is evidence
of a greater accumulation of the element in the grain
of winter wheat compared to the stems [34].

Tolerance to heavy metals in plants is
genetically controlled and has a certain capacity.
When the ability of the roots to retain toxic elements
is exhausted, metals enter the leaves and fruits.
The accumulation of lead, cadmium, zinc, copper
above a certain threshold level causes serious
disturbances in the metabolic process and leads to
a noticeable decrease in yield and product quality.
Heavy metals cause numerous changes in plants
at different levels: molecular, subcellular, cellular,
tissue and organismal [35]. The toxicity of these
elements is manifested in a decrease in the activity
of enzymes, mainly alkaline phosphatase, catalase,
oxidase, ribonuclease, nitrate reductase [36, 37].
When interacting with phosphate-sulfate ions, lead
and cadmium form precipitates, with metabolic
products enter into a complexation reaction, reduce
the intake of potassium and iron into the plant,
causing chlorosis and wilting. The ability of lead and
cadmium to replace some metals in metal-protein
complexes of enzymes is noted, disrupting their
most important functional roles [38, 39]. Cadmium
is especially dangerous for plants, because, having
chemical properties close to those of zinc, it can
play its role in many biochemical processes, causing
their disruption [40].

Entering plants and accumulating in large
quantities in organs that are used for food, they
pose a potential risk to human health [41]. Industrial
gaseous emissions are one of the main reasons for
the high cadmium content in food, and cadmium is
also extremely easily transferred from soil to plants.
Cadmium is excreted for a very long time from the
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body, displaces calcium from the bones, provoking
the development of osteoporosis, bone deformation
and curvature of the spine. Has a pronounced
toxic effect on the sex glands, affects the nervous
system. It accumulates in the liver and kidneys.
The carcinogenic effect of cadmium compounds
increases the risk of developing cancer [35].

In areas experiencing an intense technogenic
impact on soil and plants, it is necessary to improve
the specialization of agriculture, to conduct a careful
selection of crops and varieties with increased
resistance to polluting heavy metals [42, 1]. Soils
containing toxic elements in concentrations (mg /
kg): zinc — 200, lead — 20, chromium — 100, nickel
— 50, vanadium — 50, cadmium — 3, cobalt — 50,
copper — 100, molybdenum — 5 should be removed
for industrial crops and cereal crops resistant to
toxic effects [1]. The possibility of selecting crops
and varieties with increased resistance to polluting
heavy metals is confirmed by studies, so the study
of soft wheat varieties according to the level of
accumulation of heavy metals in grain revealed 5
varieties with a reduced level of accumulation of Cd
in grain, 11 — Pb, 7 — Ni and 7 — Cr ( VI). Among
them, Karavajj and Legenda from Belarus, Korund
and Altos from Germany were characterized by a
reduced level of accumulation of both Cd, Pb, and
Ni, variety Zavet (Belarus) — Pb, Ni, and Cr, and
variety Shhara (Belarus) — all four studied heavy
metals. Some varieties from Sweden, Belarus, and
Russia accumulated a low amount of Cr (VI) [43].

Thus, zinc ions are contained in seeds of
spring durum wheat in quantities exceeding the
maximum permissible concentration of zinc for
grain and there are no large differences between
genotypes for this parameter. The cadmium
content in seeds of spring durum wheat also
exceeds the MPC for grain, with the exception
of the GVK-10008 genotype. This genotype of
spring durum wheat can be recommended for use
in breeding and genetic research as a donor of
cadmium resistance.

Metal-resistant ~ varieties and  genotypes
should also be characterized by high resistance
to unfavorable weather conditions of spring and
summer vegetation, in particular to drought, as well
as the ability to maintain a high yield in conditions
of soil contamination with heavy metals. For this
purpose, the indicators of productivity and survival
of spring durum wheat genotypes were studied
in field conditions of natural pollution of the
environment with heavy metals.

To determine the survival rate of plants, the
number of spring durum wheat plants emerging and
remaining before harvesting was calculated per unit
area. By the difference between these indicators,
one can judge the survival rate of plants during the
spring-summer growing season.

Studies have shown that the number of plants
in the period before harvesting decreases in all
genotypes of spring durum wheat, compared to their
number in the period before tillering (Figure 7).

The number of wheat plants during the growing season
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Figure 7 — Decrease in the number of plants in different genotypes
of spring durum wheat during the growing season

Analysis of the data (Figure 8) allows us to
conclude that the largest number of dead plants
during the spring-summer growing season 1is
observed in the Nauryz variety (10.8%), which

indicates their low adaptive ability to the effects
of external environmental factors. An average
reduction in the number of plants was found in the
GVK-10008 genotypes and the Lan variety (7.6
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and 8.6%, respectively). The smallest losses in
relation to the number of surviving plants during
the spring-summer growing season belong to the

genotypes of durum wheat GVK-5/14 and GVK-
19005, the seedlings of which decreased only by
5.4 and 6.0%.

% survival

Nauryz

Plant survival during the growing season

GVK-10008

durum wheat genotypes

GVK-19005 GVK-5/14

Figure 8 — Survival of plants of various genotypes
of spring durum wheat during the growing season

The next stage of our research was to analyze
the structure of the yield of spring wheat from
the collection of the East Kazakhstan Research
Institute of Agriculture and the relationship of
its elements. Productivity is the most important
and complex quantitative trait, the sum total
of the result of plant development during the
growing season. By the structure of the harvest,
it is possible to identify the main factors in the
formation of the harvest and to judge the nature
of their influence. In the course of our study,
important economically valuable traits associated
with the yield of wheat genotypes were analyzed.
Optimal parameters of the main elements of the
yield structure correspond to a high level of yield.
Elements of the spring wheat yield structure are
formed in certain phenological phases.

It is known from the literature that when the soil
was contaminated with 50 mg / kg of cadmium, the
weight and grain size of grain decreased by 20%,
and when the content of cadmium increased to 100
mg / kg of soil, the resulting grain was shriveled [44,
45]. Under the influence of cadmium, the number of
seeds per ear decreased in winter barley, and in the
presence of zinc, in spring barley [41]. Conducted
by N.M. Kaznina’s experiments showed that with
an increase in the concentration of cadmium in the
substrate in spring barley, the length and biomass
of an ear, as well as the number of spikelets in an
ear, decrease, which affects the potential and real
seed productivity of plants [46]. It was revealed
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that under the influence of cadmium, the processes
of formation and development of the reproductive
sphere of plants are inhibited due to a decrease in
the number of rudimentary flowers as a result of
a decrease in the intensity of cell division, as well
as the processes of realization of flowers into grain
[47]. The study of the effect of cadmium on wheat
yield showed that against the background of 10 mg /
kg of cadmium in the soil, the processes of formation
of generative organs are more disturbed, with a dose
of cadmium of 50 mg / kg of soil — the intensity of
the accumulation of vegetative mass. This leads to a
decrease in the share of grain in the structure of the
crop [5].

A very important indicator is productive tillering,
it shows the ability of plants to form productive side
shoots, which make a significant contribution to the
overall yield of the variety (Figure 9).

According to our research, the GVK-5/14
genotypes have the highest productive tillering
among the studied spring wheat genotypes (Figure
9). Among the studied genotypes, GVK-19005 and
GVK-10008 have an average productive tillering,
while Nauryz and Lan durum wheat varieties have
a lower level.

One of the tasks of our study was to determine
the mass of 1000 grains of the studied genotypes of
spring durum wheat from the collection of the East
Kazakhstan Research Institute of Agriculture, to
determine their productivity. The mass of 1000 grains
characterizes the amount of substances contained in
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the grain, this indicator is closely related to the size
and completeness of the grain. The grain size, an
important agronomic trait, is given great attention
in breeding and genetic research. The degree of

development of a trait of the mass of 1000 grains is
largely determined by the genotype in combination
with external conditions during the period of grain

Nauryz Lan

Productive tillering of durum wheat

~

€

~

g 1,10

GVK -10008

durum wheat genotypes

formation [48].

GVK -5/14

GVK -19005

Figure 9 — Productive tillering of plants of various genotypes of spring durum wheat

According to our research, the genotypes of
spring durum wheat GVK-5/14 and GVK-19005
(42.3 and 41.7 g, respectively) are characterized
by the largest mass of 1000 grains. The genotypes

GVK-10008 and the Lan durum wheat variety
(40.2 g) are characterized by an average weight of
1000 grains. The durum wheat variety Nauryz is
characterized by the smallest mass of 1000 grains.

gr

Nauryz Lan

Weight of 1000 grains of durum wheat

GVK-10008

wheat genotypes

GVK-19005 GVK-5/14

Figure 10 — Weight of 1000 grains of plants of various genotypes of spring durum wheat

Productivity, as well as morphometric
indicators, is the most important indicator of the
productivity and adaptive capabilities of the variety.
In this regard, in the course of our research, it has
been assigned one of the key places. In the course
of our study, the yield was calculated (Figure 11),
which is the largest in the genotype of spring durum

wheat GVK-5/14. This is most likely due to the
highest mass of lateral stems and 1000 grains, and
the highest productivity and survival during the
spring-summer vegetation period among the studied
durum wheat genotypes.

In terms of yield, the genotype of spring durum
wheat GVK-19005 ranks second after GVK-5/14.

13
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The high yield of this genotype can be associated
with good productive tillering and survival, as well
as a rather high weight of the main spike, side shoots
and 1000 grains. For all these indicators, the GVK-
19005 genotype ranks second among the studied
genotypes.

The third place in terms of productivity is
occupied by the spring durum wheat variety Lan,
which is characterized by the highest mass of the
main spike and the number of grains per ear, but at

the same time has an average weight of 1000 grains,
low productive bushiness, the weight of grains of
lateral shoots and survival during the spring-summer
growing season.

The genotype GVK-10008 shows an average
yield, it is characterized by an average survival rate
during the growing season, an average productive
tillering and an average number of grains per ear,
but has a low grain weight of the main spike and
side shoots (Figure 8, 10).

Nauryz

Productivity of durum wheat genotypes

£
o0 4383 =
. :

GVK 10008

Durum wheat genotypes

GVK 19005

GVK 5/14

Figure 11 — Productivity of plants of various genotypes of spring durum wheat

The lowest yield was found by the spring durum
wheat variety Nauryz, it has average grain mass of
the main spike and side shoots, but a small mass of
1000 grains and the lowest survival rate during the
spring-summer growing season.

Thus, it can be concluded that the main role
in the formation of yield is played not only by the
mass of the main spike and side shoots, but also by
the sufficient survival of plants during the spring-
summer growing season.

Conclusion
1. Under conditions of soil contamination with

zinc and cadmium ions, their content in seeds of
various genotypes of spring durum wheat exceeds

the MPC for grain, except for the content of cadmium
in seeds of the GVK-10008 genotype.

2. Genotype GVK-10008 of spring durum wheat
can be recommended for use in selection and genetic
research as a donor of cadmium resistance.

3. The main role in the formation of productivity
under conditions of polymetallic soil contamination
is played not only by the mass of the main spike
and side shoots, but also by the sufficient survival
of plants during the spring-summer growing season.
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PLANT GROWTH-PROMOTING BACTERIA ISOLATED
FROM AGROCENOSES OF AGRICULTURAL PLANTS

The article presents data on the isolation of 7 forage and grain crops from agrocenoses (soy, barley,
alfalfa, rapeseed, safflower, donut and esparcet) of bacteria and the study of their PGPB properties.

PGPB properties were evaluated in isolated bacteria by studying the ability to dissolve phosphates,
nitrogen-fixing activity, antagonistic activity against the phytopathogen Fusarium graminearum, the abil-
ity to synthesize IUC. Determination of bacteria and actinobacteria before the genus was carried out by
studying morphological, physiological and biochemical properties.

Main results. It was found that 659 different bacterial isolates were isolated from agrocenoses of
various agricultural plants, while a significant part of the isolated isolates had a complex of properties
(up to 30% of the strains show a pronounced ability to produce 1UC), which may provide biocontrol
and growth-stimulating effects. Among the isolated isolates, 191 are classified as gram-negative, 216 —
non-spore-forming gram-positive, 136 — actinobacteria, 117 — as gram-positive spore-forming bacteria
of the genus Bacillus. During the work, 7 promising strains were selected, representatives of the genera
Agromyces, Bacillus, Streptomyces, which have a complex of properties: growth-stimulating, phosphate-
dissolving, nitrogen-fixing and antagonistic activities for further development of highly effective micro-
biological preparations for crop production on their basis.

Key words: soil bacteria, agrocenosis, phosphate-solubilizing activity, nitrogen-fixing activity, an-
tagonistic activity, synthesis of IUK.
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AybIALLAPYaLUbIAbIK, 6CIMAIKTEpiHeH OOAIHIN aAfaH
O6CiMAIKTEpAIH 6CYiH XeTiAAipeTiH 6akTepusiaap

Makanaaa arpoLeHO3AapAaH 7 KEMAIK YKOHE ABHAT AAKbIAAAPAAH (CO$I, apra, XKOHBILLKA, parc, cachAop,
TYMe >KOHBbILLIKA YXaHE 3CapLeT) GOeAIHIN arraH GakTepusiaapAbl OeAin any skaHe oaapaarbl PGPB kacueTTepiH
3epTTey Typaabl MOAIMETTep kepceTiAreH. beaiHin aaraH 6akTepusinapaarbl PGPB kacuettepai choccpatrapapl
epiTy, asoTdmKkeunpaeyLli  GeAceHaiAiriH, Fusarium graminearum puTOMaTOreHAl  CaHplpayKyAarbiHa
KATbICTbl aHTAroHWCTiK GeaceHaiairi, MCK Tysyre kabiaeTiH 3epTTey 6onbiHILA GaFraraHAbl. bakTtepusiaap meH
AKTMHOBAKTEPUSAAPABIH TYbICKA AMIHIT GeAriAepiH aHbIKTayAbl OAAPAbIH MOPCOAOTMSIALIK, (DU3UOAOTUSIABIK,
>KoHE BMOXMMMSIABIK, KACUETTEPIH 3epTTeY apKbIAbl aHbIKTAAbIHADI.

Heri3ri HeTu)eAepi. OpPTYpPAiI ayblALLAPYALLbIAbIK, KYABTYPaAapbIHbIH arpoueHo3AapbiHaH 659
GakTepus M30AITTapbl GOAIHIN aaAbl xkoHe 354 KublH epuTiH hocaTTapabl in vitro MmobrAnsaumsAay
KabireTi Gap m3oAgTTap ipikTen aAbiHAbl. OAapAblH apacbiHAa 40% UW30AIT a30TUKCUPAEYLLi
BGEeACEHAIAIKTI >kaHe aKblH KOPIHreH aHTaroHUCTIK KacueT KkepceTTi. bipkaTtap wrammaap 6robakbiray
koHe ecyai XeTiaaipy ocepi 6ap MCK GeAceHAi eHAIpAL. BOAIHIN aAbiHFaH MBOAATTAPAbIH iWiHAE
191 rpamrepic, 216 — cnopaabl rpam-oH, 136 — aktuHoGakTepusaap, 117 — rpam — OH cropa Ty3yui
Bacillus TybICbIHbIH ©KiAAepiHE XATKbI3bIAAbL. AAbIHFAH HOTUXKEAEP OCIMAIKTEPAIH arpoLeHO3biHAA
PGPB cunattamanapbl 6ap MMKPOOPraHM3MAEPAI iI3AEYAE KOAAAHYFa XKOFapbl MyMKiHLWIAIKTEpi Gap
eKeHAIriH aoneasenai. PGPB kacuettepi 6ap M30ASTTapAblH €ASYIp Kemn MeALlepi apra MeH yul
KbIAABIK, XXOHbILIKA arpoLEeHO3AapbIHAH GOAIHIN aAAbl. 3epTTey XKYMbIChbIH XXYPri3y 6apbiCbiHAQ 6CYA|
XKeTiAAIpYWi, pocaT epiTkill, a30TUKCUPAEYLLIT XOHE aHTaroHUCTIK 6eAceHaiAikTepi 6ap Agromy-
ces, Bacillus >xaHe Streptomyces TybICbiHa XKaTaTblH 7 XETICTIr MOA WITAMAQpP iPiKTen aAbiHAbI XoHe
OAApPAbIH, HETi3iHAE OCIMAIK LuapyallibiAbIFbIHA ApPHAAFAH TMIMAIAITT SKOFapbl MUKPOGMOAOTUSIAIK,
npenaparrapAbl XacayAa KOAAAHYFa GOAAAbI.

Tyitin ce3aep: Tombipak, GaKTEpUSIAAPbI, arpoLeHo3, octaT-CoAOUAMBMpPARYLLT BEeACEHAIAIK,
a30TPUKCHpPAeYLi BeACEHAIAIK, aHTaroHMCTik 6eaceHainik, MCK Ty3y.
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Plant growth-promoting bacteria isolated from agrocenoses of agricultural plants
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CTMMyAMpYIOLLLUE POCT pacTeHusl 6akTepuu, BbIA€AEHHble
M3 arpoL,eHO30B CEAbCKOX03SMCTBEHHbIX PacTeHHH

B cTaTbe npeacTaBAEHbl AQHHbIE O BbIAEAEHWM M3 arpoLLEHO30B 7 KOPMOBbIX M 3€PHOBbBIX KYALTYP (COU,
AUMEHSI, AlOLLEPHbI, parca, cadAopa, AOHHMKA M acnapLieTta) 6akTepuin u nsyderme y Hiux PGPB cBoicTs.
PGPB cBoMCTBa OLIEHMBAAM Y BbIAEAEHHbIX 6AKTEPUIM, M3ydas CMOCOBHOCTb K pacTBopeHmio hocdaTos,
a30TUKCHPYIOLLYIO aKTMBHOCTb, aHTarOHMCTUYECKYI0 aKTMBHOCTb B OTHOLIEeHMM chuTonaToreHa Fu-
sarium graminearum, cnoco6HocTb K cuHTedy MYK. OnpeaereHre 6Gaktepuin M akTMHOGAKTEpuii
AO POAA MPOBOAMAM, M3y4das MopdoAaormyeckue, (husmoaormyeckme M OGUOXMMMYECKME CBOMCTBA.
OcCHOBHble pe3yAbTaTtbl. YCTAaHOBAEHO, YTO W3 arpoLEHO30B Pa3AMUHbBIX CEAbCKOXO3SMCTBEHHbIX
pacTeHWit BbIAEAEHO 659 pasAMuHbIX OAKTEPUAABHBIX WM30AITOB, MPU 3TOM 3HAUMTEAbHAsl 4acTb
BbIAEAEHHbIX M30ASTOB 06A2AAQ KOMITAEKCOM CBOVCTB (A0 30 % LITAMMOB MPOSIBASIIOT BbIPAXKEHHYIO
CMOCOBHOCTb BbIPAXKEHHbIE PSA LITAMMOB CrOCOGHbIe npoayumpoBath MYK), KoTopble, BO3MOXHO,
obecrneynBaloT GMOKOHTPOAbHbIE U POCTCTUMYAMpPYIoLme 3chchekTbl. CpeAn BbIAEAEHHbBIX M30ASTOB,
191 OTHeceHbl K rpamoTpuLATEAbHbIM, 216 — HeECcrnopooOPa3YIoWMM FPAMIIOAOXKMUTEAbHbIM, 136 —
akTMHoGakTepusaM, 117 — K rpamnoAOXKUTEAbHbIM Criopoobpasyiolmm Gaktepuam poaa Bacillus. B
XOA€E PaboTbl ObIAO OTOOPAHO 7 NMEPCMNEKTUBHbIX LWITAMMOB, NMpPeACTaBUTeAEN PoA0B Agromyces, Bacil-
lus, Streptomyces, 06AaAQIOLLIMX KOMIMAEKCOM CBOMCTB: POCTCTUMYAMpPYIOLLLEN, (hocchaTpacTBOpSIOLLEN,
a30TMKCHPYIOLLEN M aHTarOHNCTUYECKOM aKTUBHOCTIMU AASI AQABHENLLIEro CO3AQHUS HA MX OCHOBE

BbICOKO3(D(HEKTUBHBIX MUKPOBMOAOrMUYECKMX NPENAPATOB AASl PACTEHUMEBOACTBA.
KatoueBble cAoBa: nouBeHHble GakTepuit, arpoueHos, dochaTCoAoBUAN3MpYIOLAs aKTUBHOCTb,
A30TUKCMPYIOLLLAS aKTUBHOCTb, aHTarOHMCTMYeCKast akTUBHOCTb, cnHTe3 MYK.

Introduction

Developing sustainable and ecological methods
to increase agricultural productivity without
increasing the area of cultivated soil has become
a critical issue for ensuring food safety. Among
the various tools used to increase productivity in
agriculture, the use of plant growth-promoting
bacteria (PGPB) has great potential [1].

Plant growth-promoting bacteria (or PGPB)
belong to a useful and heterogeneous group of
microorganisms that can be found insoil, rhizosphere,
root surfaces or plant tissues, they are able to
enhance plant growth and protect them from disease
as well as abiotic stress [ 2-5]. The mechanisms
by which PGPB stimulates plant growth include
nutrient availability, biological nitrogen fixation and
phosphate solubilization, stress relief by modulating
ACC deaminase expression and phytohormone and
siderophore production, and others.

Therelations between plants and microorganisms
has been well studied for a long time, but their use
in agriculture for partial or complete replacement
of chemical fertilizers is still insufficiently studied
[6]. The use of microorganisms as plant inoculants
is one of the most important sustainable practices
in agriculture. The positive effect of inoculation
depends on a number of factors: on the activity
of microorganisms; on the quantity and quality
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of synthesized substances by microorganisms;
indigenous soil microflora; the inoculation
method. It has been established that the best
introduction is carried out by microorganisms
originally isolated from plant agrocoenosis.
Nevertheless, despite the large number of studies
devoted to the use of PGPB as useful inoculants
for agricultural plants, most researchers note that
the use of PGPB is poorly understood. Some
researchers note the lack of effect of inoculum
application, they associate this with insufficient
study of the structure, composition and function of
microorganisms of plant agroceonosis, therefore,
it is necessary to study their ecology, physiology
and biochemistry to assess the role of PGPB and
the suitability of their use [7, 8].

The aim of this study is to isolate bacteria
from plant agrocoenosis that may have potential as
environmentally friendly biofertilizers. The main
directions of research: selection of strains with the
ability to dissolve insoluble phosphates, to have
nitrogen-fixation and antagonistic activities, and to
produce TAA among isolated bacteria.

Materials and methods
The objects of research are microorganisms

of different taxonomic groups isolated from plant
agrocenoses.
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Standard culture media and methods described
in the manual [9] were used for the isolation of
bacteria and actinobacteria from plant agrocenoses.

Methods for determining PGPB properties

Phosphate dissolving ability of microorganisms
was studied by the formation of zones of dissolution
of calcium phosphates around the colonies [10].
The ability to phosphate mobilization was assessed
by calculating the IS solubilization index using
the formula (IS = clearing zone diameter / colony
diameter) and by the efficiency of ES solubilization
according to the formula (ES = clearing zone
diameter / colony diameter x 100).

Nitrogen fixation ability to of isolates was carried
out by growing in a nitrogen-free medium [9].

The study of antagonistic activity was carried
out by the method of double cultures [11]. Plates
with phytopathogenic Fusarium graminearum
without inoculation of the test isolates were used as
a control. Determining the distance from the point of
phytopathogen inoculation to the edge of the isolate
colony.

To study the isolated strains properties
that promote plant growth, we determined the
calorimetric method using the Salkowski reagent in
a liquid PDA medium with the addition of 2 mM
L-tryptophan [12, 13].

Determination of bacteria and actinobacteria to
genus was carried out according to the traditional
scheme based on morphological, physiological, and
biochemical properties [14].

Results and their discussion

The taxonomic composition of agrocenosis
bacteria depends on the type of soil, temperature,
humidity, light, and other factors. At the same time,
in addition to these main factors that determine both
the functional and spatial distribution of bacteria,
the generic and species composition of bacterial
communities depends on the degree of floristic
saturation of biocenoses, their spatial position, the
amplitude of vertical and horizontal distribution,
the nature of individual species of life forms, and
the biochemical structure of dominant species. Each
type of soil and plant association is characterized by
a specific composition of the bacterial community
[15, 16, 17].

In general, bacterial diversity in agrocenoses
is represented mainly by species belonging to Pro-
teobacteria, Firmicutes and Actinobacteria phylae,
where the most common genera known to include

Bacillus, Pseudomonas, Enterobacter, Arthrobac-
ter, Rhizobium, Agrobacterium, Burkholderia, Azo-
spirillum, Mycobacterium, Flavobacterium, Cellu-
lomonas and Micrococcus. Various researchers note
that soil microbial communities of argocenoses are
dynamic, capable of significant changes in time due
to seasonality, they are influenced by local environ-
mental conditions and form recognizable types of
structure of microbial communities [18-21].

In the studies carried out, a number of similar
features and general patterns in the distribution of
the bacterial community in soil samples from the
studied agrocoenosis were revealed. At the same
time, the confinement of soils to a certain type of
vegetation and the content of organic matter caused
certain differences in the bacterial community. So,
while studying the microbial community of soils
under: barley, clover, green beans, soybeans, millet,
the researchers noted that the soils under barley had
the highest content of actinomycetes and fluorescent
pseudomonads. The highest microbial activity was
characteristic of the soils under barley and corn. The
fungi / bacteria ratio was highest in soils under barley
and lowest in soils under soybeans and potatoes.
These data demonstrate that different cultures have
different effects on microbial communities [22].

Soil  suspensions of various dilutions
were plated on solid media in order to isolate
microorganisms, plates on which more than
30 colonies grew, were used for isolation.
Morphologically different colonies were chosen
and used for further research. 659 isolates were
isolated from plant agrocoenosis. The number
of colony morphotypes was insignificant and
amounted to no more than 15. Table 1 shows the
quantitative ratio of isolates depending on the
plant species and taxonomic belonging of the
isolated isolates. Among the isolated isolates, 191
were classified as gram-negative, 216 — non-spore-
forming gram-positive, 136 — actinobacteria, 117
— as gram-positive spore-forming bacteria of the
genus Bacillus. The largest number of isolates was
isolated from barley agroceonosis — 81 out of 659,
and the smallest number of isolates was selected
from rapeseed agrocoenosis. The obtained data
shows that more gram-positive non-spore-forming
bacteria were selected from plant agrocoenosis
than actinomycetes and spore-forming bacteria.
The groups of isolated microorganisms can be
arranged in the following order: gram-positive non-
spore-forming bacteria> gram-negative bacteria>
actinobacteria> spore-forming bacteria.
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Table 1 — Component composition of the bacterial community from plant agrocenoses

Number of isolates
Plants Total Gram- bacteria | Gram + bacteria | actino-bacteria Spotr)z-cft(;zrizlng
Barley 81 23 28 16 14
Lucern of the first year 76 23 21 18 13
Lucern of the second year 78 22 29 15 12
Lucern of the third year 74 18 29 15 12
Sainfoin 74 19 28 14 13
Soya bean 72 24 21 16 13
Safflower 71 22 20 15 14
Clover 68 21 20 14 13
Colza 65 19 20 13 13
Total 659 191 216 136 117

The use of microbial inoculants with phosphate-
solubilizing activity in soils is considered as an
environmentally friendly alternative to the use of
chemical phosphorus fertilizers.

One of the reasons limiting the productivity of
agricultural plants in Kazakhstan is the deficiency
of two main nutrients in soils — nitrogen and
phosphorus. Plants can use small amounts of
phosphates from chemical sources, because 75-90%
of the added phosphorus is precipitated through
metal-cationic complexes and quickly becomes
fixed in soils [23]. It is believed that inoculation
of phosphate-solubilizing microorganisms
into the soil is an effective way of converting
insoluble phosphorus compounds into a form
accessible to plants, leading to better plant growth
and yield. Representatives of various genera,

such as, for example, Bacillus, Pseudomonas,
Rhizobium, Aspergillus, Penicillium are the most
effective phosphorus solubilizers to increase its
bioavailability in soil. Phosphate-solubilizing
microorganisms not only promote plant growth by
providing an easily assimilable form of phosphorus,
they are able to synthesize plant growth hormones
such as IAA, support plant growth through the
production of siderophores and increase the
efficiency of nitrogen fixation, and can also act as
a biocontrol against plant pathogens [24-26]. And
therefore, at the first stage of the study, we selected
isolates with phosphate-solubilizing activity.

Screening of microorganisms for phosphate-
solubilizing activity in 659 isolates made it possible
to select 354 isolates with the ability to mobilize
hardly soluble phosphates in vitro (Table 2).

Table 2 — Component composition of the bacterial community with phosphate-solubilizing activity from plant agrocoenosis

Number of isolates
Plants Total Gram- bacteria | Gram + bacteria | Actino-bacteria Spore-forTning
bacteria
Barley 50 13 15 10 12
Lucern of the first year 41 10 14 9
Lucern of the second year 37 9 13 7 8
Lucern of the third year 47 11 16 11 8
Sainfoin 37 11 11 6 9
Soya bean 34 11 7 8
Safflower 36 10 8 9
Clover 36 11 9 7 9
Colza 36 9 10 8 9
Total 354 91 109 72 82
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The largest number of isolates with phosphate-
solubilizing activity was isolated from the
agrocoenosis of third year lucern and bdrley. The
smallest number of isolates with the ability to
mobilize phosphorus can be noted for soya beans.
Among the selected isolates, the largest number
belongs to selected gram-positive non-spore-
forming bacteria.

In further studies, nitrogen-fixation activity
was studied in 354 selected isolates. It was
shown that 130 isolates had this activity, and the
largest number of isolates was noted for third
year lucern (Figure 1). Among the isolates, the
largest number with nitrogen-fixation activity
was selected in spore-forming bacteria and gram-
negative bacteria.

M Barley

® Lucern of the first year

= Lucern of the first year

® Lucern of the third
year

M Sainfoin

= Soya bean

2

Figure 1 — The quantitative ratio of isolates with nitrogen-fixing (1)
and antagonistic (2) activities depending on the plant species

The antagonistic properties of microorganisms
with phosphate-solubilizing and nitrogen-fixing
activities are presumably associated with competitive
conditions in nutrient-poor ecological niches [27,
28]. Therefore, in our opinion, such microorganisms
should be a potential target for the search of a new
active antagonist strain.

Screening for antagonistic activity was
performed by the block method. 45 were selected of
the 130 studied, which gave clearly visible zones of
no growth of the test culture. The highest activity was
observed in 12 isolates, with the maximum zones of
suppression of the growth of phytopathogens (from
16.2 to 25.2 mm). 3 isolates are spore-forming
bacteria, 2 are gram-positive non-spore-forming
bacteria, and 7 are actinobacteria.

Indole-3-acetic acid (IAA) is one of the
widespread phytohormones in nature, the most
active in the group of auxins. Auxins affect the
division and differentiation of plant cells and tissues,
stimulate the germination of seeds and tubers,
promote xylem and root formation, are responsible
for tropism, flowering and fruiting of plants, affect
photosynthesis, pigment formation, biosynthesis of

various metabolites, and plant resistance to stress
factors [29, 30].

The detection and quantitative assessment of
phytohormones of the auxin group was carried out
by the colorimetric method using the Salkovsky
reagent. Thus, out of 23 studied bacteria, 7 isolates
showed a positive reaction to IAA production. [AA
was most intensively produced by 4 isolates from
11.2 + 1.4 pg / ml, but one isolate, in which the
total production level reached 28.7 = 2.1 pg / ml,
is a particularly active producer of auxins. Ability
to produce IAA among 17 strains of actinobacteria,
10 active isolates were identified, producing IAA in
an amount from 11.0 pug / ml to 115 pg / ml (Table
3). The most active isolates were isolated from
agrocoenosis of third year lucern and barley.

Screening of isolates with a complex of valuable
properties made it possible to select a number of
promising bacterial strains isolated from plant
agrocoenosis. Initial identification revealed a wide
variety of isolated microorganisms. The dominant
groups of bacteria with PGPB properties among the
studied microorganisms were representatives of the
genera Bacillus and Streptomyces (Table 4).
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Table 3 — Detection of phytohormone IAA in bacteria

Isolate number

IAA amount, pg / ml

Plant
Bacteria

Soya bean I1-15-6/1 11 J1/4 6,0+0,2

Lucern of the third year MIIA III-5 15,1+£1,4
Lucern of the third year MC-16-4-10 10,1+1,1
Barley I1-7-2-10 28,7+2,1

Barley 11-8-1 13,1+1,4

Lucern of the third year LP-29-4 11,2+1,4
Lucern of the third year 11-9-2 19,1+1,5

Actinobacteria

Barley 12AK 11,0+2,1

Lucern of the third year 12AM 14,1 +£1,1
Lucern of the third year 13AK 15,1+1,5
Soya bean KKJIJI10-2 15,0+£1,3
Lucern of the second year KKJT10-3 153+1,2
Lucern of the second year KKJIJT 10 10,2 £ 1,1
Soya bean KKCJI 10 13,1 £2,1
Barley BAK 15-10/2 15,1+1,5

Lucern of the third year 12AK 38,2+2,1
Lucern of the third year BAK-9-10 115,1+3,1

Table 4 — Physiological properties of the most active isolates.

Efficiency of pbos— Zone of F, graminegrum TAA amount, g
Isolate number Genus NFA phorug solubiliza- growth. suppression, ml
tion,% in mm
MC-16-4-10? Agromyces + 250,3 30,1+1,2 15,1+1,4
11-9-2 Bacillus + 240,3 8,5+0,9 19,1+1,5
I1-7-2-10 Bacillus + 280,5 11,2+1,1 28,7+2,1
MIIA III-5 Bacillus + 240,1 20,2+1,1 151+1,5
KKJIJI 10 -3 Actinomadura + 200,0 37,0+£2,2 153+1,2
12AK Streptomyces + 172,3 41,0+8,5 382+2.1
BAK-9-10 Streptomyces + 140,0 28,1£1,3 115,1£3,1
Note: NFA — nitrogen-fixation activity; + there is an activity.

The largest number of active bacteria was
isolated from the agrocoenosis of two plants, barley
and the third year lucern. The obtained results in
this research indicate a high potential for the search
for microorganisms with PGPB characteristics of
plant agrocoenosis. The selection of promising
microorganisms is a complex process, in this study,
the screening was carried out taking into account the
productivity of plants and therefore paid attention to
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such properties as growth-stimulating, phosphate-

dissolving, nitrogen-fixation and antagonistic
activities.

Conclusion

It was found that 659 different bacterial

isolates were isolated from agrocoenosis of various
agricultural plants, while a significant part of the
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isolated isolates had a set of properties (more than
40% of bacteria exhibit pronounced properties and a

antagonistic activities for further creation on
their basis of highly effective microbiological

preparations for plant growing.
The work was completed as part of the project
AP09562736.

number of strains are capable of actively producing
IAA), which, possibly, provide biocontrol and
growth-stimulating effects. During the research,
7 promising strains were selected, representatives
of the genera Agromyces, Bacillus Streptomyces,
possessing a set of properties: growth-stimulating,
phosphate-dissolving,  nitrogen-fixationn  and
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ECOLOGICAL ASSESSMENT OF LAKE AKBAS
BY HYDROPHYSICAL, HYDROCHEMICAL AND
ALGOLOGICAL INDICATORS

This paper evaluates the results of hydrophysical and hydrochemical indicators of Lake Akbas of
the Kokshetau State National Natural Park, which belongs to the category of specially protected natural
areas. Changes in the lake area over a period of about 50 years are shown. In terms of water color and
turbidity, there has been a decrease over the past 3 years. The area of the Akbas lake basin has decreased
by 15.3% over the past 50 years. During the study period, the content of dry waste in the lake water
exceeded the MAC by 1.1-1.5 times annually. Lake Akbas is moderately polluted in 2018-2019 in terms
of the level and quality of class IlI pollution. However, it was found that some hydrochemical parameters
exceed the MAC. Along with the hydrophysical and hydrochemical indicators of Lake Akbas, we identi-
fied the species composition of microalgae in the lake, seasonal changes and conducted a systematic
analysis. As a result of the study, the algae flora of Lake Akbas consisted of 61 species, 20 of which are
indicator-saprobic microalgae. To study the sensitivity of algae to environmental factors and various
chemical reactions, we carried out biotesting of water samples from Lake Akbas. Biotesting showed
that the Chlorella sp-3K strain is moderately sensitive to toxic concentrations in Lake Akbas. Researches
have shown that bioassays for microalgae in lake water are quick and easy and complement the results
of chemical studies. According to the results of hydrophysical, hydrochemical studies and biotesting of
algocenoses, it was determined that the water of Lake Akbas belongs to 3 classes of pollution.

Key words: Hydrophysical and hydrochemical indicators, algoflora, biotesting.
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Akbac KeAiHe rMAPOU3UKAABIK, TMAPOXUMUSIABIK YKOHE
AAbIOAOTUSIAbIK, KOpceTKiluTep 60MbIHILA SKOAOTUSIAbIK OaFa Oepy

ByA >XyMmbICTa epekiue KopfaAaTbiH, TabUFM aymak, CaHaTbiHA >KaTaTbiH «KeKlueTay» MEMAEKETTIK
YATTbIK, Taburn napkiHe Kapactbl AKOAC KOAIHIH TMAPOMUSMKAABIK, >KOHE TMAPOXUMMUSIABIK,
KepCeTKilLTepiHiH HaTHxXeAepiHe Gara Oepinai. KeA alabliHbl ayAaHbiHbIH, 50 JKbIAFa XKYbIK, KE3€HAETI
e3repictepi kepceTireai. CyAblH TYCi MEH AAMAbIFbIHbIH, KOPCETKILITEP] OOMbIHLIA COHFbI 3 KbIA GOMbI
TeMeHAereHi 6ankasaabl. AK6GAC KOAI Cy amAbIHbIHbIH ayAaHbl 50 XKbIAFa XKybIK, Mep3iMae 15,3 %-Fa
azainraH. KeA cyblHAQFbl KYpFak, KaAAblkTap 3epTTey keseHiHae LLIPK-aaH ap >blIA caibiH 1,1-1,5 ecere
apTbin oTbipraH. AKOac KeAi AaCTaHy AeHreni >koHe canacbl 6ovbiHiLa 2018-2019 Kbiaaapbl opTalla
AactanraH, |l kaacc aopexxeciH kepceteai. Aranaa Kenbip rmAPOXUMMSABbIK, KOPCETKILLTEPAIH WEKTi
PYKCaT eTiAreH KOHLIEHTpaLMsAQH apTbIN KETKEHAIT | aHbIKTaAFaH. AK6ac KOAIHIH TMAPOMU3NKAADIK JKOHE
FMAPOXMMMUSIABIK, KOPCETKILITEPIMEH KaTap 6i36eH KOAAEri MUKPOBGAAAbIPAAPbIHBIH TYPAIK KypPaMAapbl,
ME3TIAAIK ©3repici aHbIKTaAbIHbIM, CUCTEMATMKAABIK, TAAAQY XKACaAbIHABI. 3epTTey HaTuxeciHae Akbac
KOAiHIH aAbrodaopachl 61 Typai Kypan, oAapAbiH 20 Typi MHAMKATOP-CanpoOTbl MMKPOOaAAbIpAApFa
>KaTaTbIHABIFbI AHBIKTAaAAbl. DKOAOTMSAABIK, (DAaKTOPAAPAbBIH XX8HE 8p TYPAI XMMUSIAbIK, peakLMIAAPAbIH,
GarAblpAapFa CE3IMTaAABIFbIH 3epTTey YiiH AK6ac KeAi Cy YAriaepiHe OMOTeCTiAey >KYPri3Aik.
buotectiney xyprisred 3eptrey HoTmxeciHae Chlorella sp-3K wtambl Akbac keAiHAeri yAbl 3aTTap
KOHLEHTPALMSICbiHA OpTallla Ce3iMTAaA eKEeHi aHbIKTaAAbl. 3epTTeyAepAeH OaiKaraHbIMbI3AAM KOA
CyblHa MMKPOBAAABIPAAP KOMETIMEH OMOTECT XKYPri3y >KbIAAAM, Spi TE3 XKOHE XMMMUSABIK, 3epTTeyAep
HOTMXKECIH TOABIKTbIPATbIHAbIFbI aHbIKTAaAAbl. [MAPOMU3MKAABIK, TMAPOXMMUSIABIK, 3EPTTEYAEP >KaHe
AAbrOLEHO3 Kypambl MEH OMOTECTIAEYAIH KeLeHAI HOTMXKeAepi HerisiHAae AK6Bac KOAIHIH Cybl AaCTaHy
Adpexkeci 60MbIHIIA 3 KAACKA >KaTaTbiHbl aHbIKTAAADI.

Ty¥iH ce3aep: rMAPOMU3NKAABIK >KOHE TMAPOXUMMSIABIK, KOPCETKILL, aAbropAopa, broTecTiaey.
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DKoAorMuecKkas oLeHka o3epa Akbac rno ruapopmsnyeckum,
rTMAPOXMMHUUYECKMM M aATOAOTMUYECKMM MOKa3aTeAsiM

B aToM paboTe AaHa OLEHKA Pe3yAbTaTOB MMAPOU3NYUECKMX U TMAPOXMMUYECKMX MOKa3aTeAen
o3epa Akbac, OTHOCSWErocs K Karteropym o0cob0 OXPaHSEMbIX MPUPOAHBIX  TEPPUTOPUI
[ocyaapcTBeHHOro HauyoHaAbHOrO NpUpoAHOro napka «Kokwetay». YKa3blBalOTCS M3MEHEeHWs
MAOLLLAAM aKBaTOpPUKM O3epa B nepuoa OKOAOo 50 AeT. 1o nmokasaTeAsdm LBeTa M MyTHOCTM BOABI
HabAIOAQETCSI CHUXKEHME 3a MOCAeAHMEe 3 roaa. Tak, nAowaab Bopoema o3epa AkbGac 3a 50 Aer
ymeHbLlmAach Ha 15,3%. Cyxme OTXOAbl B O3€pHOM BOAE B MEPUOA MCCAEAOBAHWMI YBEAMUMBAAMCH
MAK B 1,1-1,5 pasa kaxablit roa. O3epo Akb6ac rno ypoBHIO M Ka4eCTBY 3arpsi3HEHUs1 AEMOHCTPUPYeT
cteneHb lll kaacca, T.e. ymMepeHHO 3arpsi3HeHHoe cocTosiHue, B 2018-2019 roaax. OAHaKO yCTaHOBAEHO,
YTO HEKOTOpPbIE MTMAPOXMMMYECKME NMOKa3aTeAM MPeBbILIAIOT MPEAEABHO AOMYCTUMYIO KOHLLEHTPALMIO.
Hapsiay ¢ ruapom3nuecknmmn n rmAPpOXMMUYEcKUMIM nokasateasimMm o3epa Ak6ac Hamu OblA BbiSIBAEH
BMAOBOW COCTaB, MepUoAMYECKME N3MEHEHMS MUKPOBOAOPOCAEN B 03epe, MPOBEAEH CUCTEMATUYECKUI
aHaAM3. B pesyAbTaTe MCCAEAOBaAHMS YCTAaHOBAEHO, YTO aAbrodaopa o3epa AkbHac coctaBasieT 61
BUA, M3 HUX 20 BMAOB OTHOCATCS K MHAMKATOPHO-CANPOOHbIM MUKPOBOAOPOCAIM. AAS M3yueHwsl
YYBCTBUTEABHOCTU 3KOAOTMYECKMX (PAKTOPOB M Pa3AMUHBIX XMMUUECKMX peakumil K BOAOPOCASIM
Mbl MpPOBEAM 6UOTECTMPOBAHME BOAHbIX 00pa3uoB o3epa Akbac. B pesyabTate mccaepoBaHus,
npoBeAeHHOro 6GuoTtecTpoBaHuem, Obiao ycTaHoBAeHo, uTo wrtamm Chlorella sp-3K ymepenHo
UYYBCTBMTEAEH K KOHLIEHTPALIMK IAOBUTbIX BELLLECTB B 03epe AkHac. M3 nccAeAOBaHUI BbISCHUAOCh, UTO
61OTECTUPOBAHME 03EPHOI BOAbI C MOMOLLbIO MUKPOBOAOPOCAE AOTMOAHSIET PE3YAbTaTbl XMMUUECKMX
MCCAEAOBaHMM. Ha OCHOBAaHMM KOMMAEKCHbIX PE3yAbTATOB TMAPOMU3INYECKMX, TMAPOXMMMNYECKMX
MCCAEAOBAHWI U BUOTECTMPOBAHMS B COCTABE aAbroLieH03a ObIAO YCTAHOBAEHO, YTO BoAa 03epa Akbac
Mo CTeneHu 3arps3HeHnst OTHOCUTCS K 3 KAaccaMm.

KaroueBble CAOBa: l'l/lApO('bVBl/l‘-leCKl/le n T’MAPOXUMMYeckmne NnoKa3aTeAHu, a/\bro¢)/\opa,
6MOT€CTVIpOBaHl/Ie.
Introduction water and recreation areas, habitats for waterfowl

The concept of the Republic of Kazakhstan for
the transition to a “green economy” provides for
the sustainable use of water resources, pollution
reduction, conservation and effective management
of ecosystems[1]. In addition to large-scale
protection of the integrity and authenticity of typical
ecosystems and ecological processes, national
parks protect, preserve and restore the region’s
biodiversity, important species and their habitats,
and natural and cultural heritage sites of global or
national importance.

Thus, by focusing on one aspect of the
ecosystem, it focuses on preventing the loss and
damage of other resources and the environment
[2].

In connection with global changes in the natural
shortage of water, the problem of rational use,
protection and restoration of lake resources is of
particular importance. Therefore, the relevance of
such studies today is beyond doubt. The actual use
of the lakes is very limited. Lakes are not only an
important part of the hydrological system of the
North Kazakhstan region, but also a source of fresh

and fish [3].

The lakes of this region were the object of
study of hydrometric indicators associated with
the development of virgin and fallow lands. In the
mid-1960s. scientists have found a sharp decrease
in humus thickness and productivity throughout
the territory of Northern Kazakhstan. These
processes were characterized by an intensification
of deflationary processes, including the hydromass
and biomass of geosystems. During these years
it mentioned in the works of G. D. Ovchinnikov
(1960), A. G. Popolzin (1967), G. G. Muravlev
(1973), P. P. Filonets, T. R. Omarov (1974), N. P.
Beletskaya (1971, 1976), M. E.Gorodetskaya (1972)
and others [4,5,6].

Lake Akbas is a freshwater lake belonging to
the Ishim basin. In accordance with the Decree of
the Government of the Republic of Kazakhstan
dated October 18, 2012,Ne1323 “On some issues
of the Kokshetau State National Natural Park of the
Committee for Forestry and Hunting of the Ministry
of Agriculture of the Republic of Kazakhstan™ has
the status of specially protected natural areas [7]. A
satellite image of the lake is shown in Figure 1.
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Figure 1 — A satellite image of Lake Akbas taken by Mapcarta.

SNNP «Kokshetau» was created by the Decree
of the Government of the Republic of Kazakhstan
April 10, 1996 with the aim of preserving and
restoring amazing mountain-forest and lake
ecosystems, natural and archaeological monuments,
the national culture of Northern Kazakhstan,
which have ecological, scientific, educational and
recreational significance for the inhabitants of
our and other countries.The territory of the park
is 182,076 hectares and covers the territory of the
Aiyrtau district of the North Kazakhstan region and
the Zerendi district of the Akmola region [8].

Due to the geographic location of the lakes
located in the national park, some lakes are rapidly
being decommissioned due to the fact that they are
fed by sources of precipitation, melted snow and
springs. The urgency of the problem of preserving
the lakes of SNNP «Kokshetauy is distinguished by
the value of this natural complex [9,10].

The purpose of the research. Assessment of
water quality in the lake by long-term hydrophysical,
hydrochemical indicators and the study of algae
of the Akbas lake of the Aiyrtau branch of the
Kokshetau state national natural park.

Materials and research methods
The ecological state of Lake Akbas has been
published, and the average value of the data from

many years of laboratory research has been estimated
based on fishing standards. Water sampling was
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carried out in accordance with the interstate standard
ST RK GOST R 51592-2003. Hydrophysical
indicators: by smell organoleptic methods according
to GOST 3351-74; Color according to GOST
31868-2012 — method of visual determination of
color (method a); GOST 3351-74 t. Turbidity of 5
was determined by photometric method [11,12].

Hydrochemical parameters were determined
according to GOST 26449: pH of the medium — by
electrometric method; carbon dioxide, potassium,
sodium, nitrates — by potentiometric titration;
dissolved oxygen, dry residue mineralization,
oxidation of permanganate, hydrocarbons,
carbonates, chlorides — by titrometric method;
sulfates, calcium, magnesium, total—complexometric
hardness; chromium (III) — by photocolorimetric
method, hydrocarbons, bicarbonates, carbonates,
chlorides — by titration method.

Nitrites on M 01 — 46 — 2013 by fluorimetric
method; ordinary iron, zinc, lead, cadmium, copper,
cobalt, manganese, molybdenum, nickel, chromium,
silver, strontium, beryllium — by the method of
atomic absorption spectrometry on the MGA-915
spectrometer [13,14, 15].

Sirenko’s guidelines for determining the species
composition of algae and “Keys to freshwater algae
of'the USSR”, v. 1-14, 1951; “Keys to the blue-green
algae of Central Asia”, volumes 1-3, 1987; “Key to
the protococcal algae of Central Asia”, Volume 1-2,
1988; “A short guide to chlorococcal algae of the
Ukrainian SSR”. Kiev, 1990; identifiers were used
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[16-23]. The number of cells was determined using
a Goryaev chamber. To assess the state of aquatic
ecosystems with phytoplankton, the methods of
Pantle, Bukka and modified Sladechka were used
[24].

Research results and discussion

Lake Akbas is located to the north-west of
the Syrymbet village of the Aiyrtau region, at
an altitude of 220.4 m above sea level, with the
geographical coordinates of the lake from 53° 31
degrees to 67° 56 degrees east longitude. The lake
is 6.0 km long, 3.1 km wide. The length of the
coastline is 19.0 km. The lake shore is open, the
bottom is muddy. The catchment area is 110 km2,
flat, 20% plowed [25].

In some parts of the coast there are reeds and
thickets. The area of the lake in 1959 was 13 km?,

Table 1 — Hydrophysical indicators of Lake Akbas

and in 2004 it decreased by about 2 km?, or 11.08
km?. This situation is associated with the narrowing
of the catchment area. The lake is replenished by
atmospheric precipitation and groundwater. The role
of precipitation and evaporation in the water balance
is increasing. In spring, the water level rises in May
and reaches a maximum, then decreases in June and
is minimum in winter. As soon as the temperature
drops to 0°, ice flakes begin to form in the lake. The
lake freezes over in October-November.

The hydrophysical parameters of Lake Akbas
are shown in Table 1 below. Considering that the
organoleptic and commercial characteristics of lake
water, along with changes in its physical properties
(transparency, color, smell, taste) and chemical
composition, reduce its quality (Lobanovo, 2002;
Popov, 2003;) (hereinafter — MAC). It can be seen
that the color and turbidity of the water has decreased
over the past 3 years.

Indicators Measurement Indicators by years MAC
measures 2015 2016 2017 2018 2019
Smell of water scores no no no no no not more than 2
Water color temperature 0 110,2 98,6 97,1 not normalized
Turbidity of water mg / dms 29,54 7,72 7,5 7,2 not normalized

According to the general hardness of Lake Akbas:
in 2015 —solid, in 2016, 2018, 2019 — medium hard,
in 2017 — very hard (Table 2). In terms of hydrogen
or pH of natural waters, the water in the lake did not
exceed the MAC in the years of control. In 2015,
2018, 2019, this indicator was 8.1-8.3 — slightly
alkaline, in 2016 — neutral, in 2017 — 8.92 — alkaline
water. Over the years of research, the amount of
dry waste in the lake water has increased 1.1-1.5
times from the annual MAC. The peak was1.5 times
higher in 2017, but was 1.3—1.4 times higher than
the maximum permissible concentration, although
over the past two years it has slightly decreased.

According to the level of dissolved oxygen in
the water of Lake Akbas, the level and quality of
water pollution in 2018-2019 showed an average
level of pollution of the III class. The appearance
of iron compounds in surface waters is associated
with mechanical destruction and melting of rocks
in water under the influence of wind. Part of the
iron enters through groundwater, industrial and
agricultural wastewater, but the amount of iron in
the lake water over the past two years was 0.5-0.6

times less than the MAC.

Compounds of HCO,,, CO.*, CI, SO, Ca*,
Mg*, Na*, K* ions in natural water determine the
mineralization of water. Calcium ions in water are in
the form of Ca (HCO,), and CaSO,. As the salinity
of the water increases, their content decreases due
to the slow solubility of calcium salts in water. It
turned out that the amount of calcium in the water
of Lake Akbas from 2015 to 2019 was 5.29 — 21.9
times less than the MAC.

Magnesium in chemical composition is close
to calcium, but has low biological activity. The
predominance in natural waters is rare, but the rapid
solubility in the form of MgSO, increases its amount
in water, which is clearly seen in Table 2 above. In
the dynamics of long-term monitoring, it was found
that magnesium exceeds the MPC in 2015 (2.4
times), 2016 (2.01 times), 2017 (4.38 times), 2018
(4.1 times) ), 2019 (3.8 times).

Sodium ions are the predominant cations.
However, over the years of research in the lake, the
amount of sodium was 3.1-3.8 times less than the
MAC.
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Table 2 — Hydrochemical composition of water in Lake Akbas

Indicators Measures Indicators by years MAC Notes
2015 2016 2017 2018 2019
Solidness mg-eq/l 9,7 7,27 15,14 4,6 42 not normalized
pH pH.Unit rev 8,24 7,2 8,92 8,3 8,1 6,0-9,0 not more
Dry waste mg/l 1100 1200 1550 1439 1377 1000 more
Oxygen dissolved in water mgO,/1 0 0 0 7,3 7,6 not less than 4
Common iron mg/1 0 0 0 0,18 0,15 0,1 not more
Calcium mg/l 34 11,4 10,8 8,9 8,2 180
Magnesium mg/l 96 80,4 175,2 164 152 40 more
Sodium mg/l 38 31 32,5 33,6 31 120 not more
Potassium mg/l 138 184,8 183 176,3 163 50 more
Nitrite mg/l 0,27 0,06 0,42 0,87 0,85 3 not more
Nitrates mg/1 0 0,05 0,3 1,9 12,3 45 not more
Carbonates mg/l 0 1,1 2,04 8 < 8< not normalized
Hydro- mg/1 73,2 67,1 51,24 483 42,6 not normalized
carbonates mg/l 165,2 40,32 162,68 154 102 350 not more
Chlorides mg/1 560,78 728,1 890,07 846 514 500 more

Potassium ions are found in small amounts in
natural waters due to their slow movement and
high biological requirements for living organisms.
Potassium ions for Lake Akbas are higher than
sodium, and the minimum threshold in 2015 was
2.8 times higher than the maximum permissible
concentration, and the maximum threshold in 2016
was 3.7 times higher.

Nitrogen is found in surface waters in the form
of inorganic (ammonium nitrogen, nitrite, nitrate)
and organic (amino acids and proteins in the tissues
of organisms, their decomposition products). It was
shown that the amount of nitrite in these years was
3.4 — 50 times less than the MAC. Although the
concentration of nitrates in the studied lake did not
exceed the MAC, in the period from 2015 to 2019
there was a steady increase from 0.05 to 12.3 mg /1.

Chlorine ions are found in natural waters in
the form of sodium chloride, magnesium chloride,
calcium chloride and, in rare cases, potassium
chloride. Mineralization is increased by increasing
chlorine ions. The concentration of chlorides for
Lake Akbas is low compared to the MAC, the
lowest level of this indicator in 2016 was 8.7 times,
the maximum level in 2015 was 2.1 times less.

Most of the sulphate gets through the death
of living organisms into water, domestic and
agricultural wastewater [14]. As a result of
hydrochemical studies carried out from 2015 to
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2019, the amount of sulfate exceeded the MAC.
In particular, in 2015 and 2019 it added a little and
amounted to 560.78 — 514 mg / 1, in 2016 — 1.4; in
2017 — 1.8; In 2016, it increased 1.7 times.

According to the indicators of the ionic
composition of Lake Akbas, in 2015 there was weak
fresh water with sulfate-chloride sodium, in 2016 —
magnesium-sulfate, in the form of weak fresh water
with sulfate-magnesium sodium from 2017 to 2019
(Table 3).

As a result of our research, the content of
cadmium among heavy metals was 50 times higher
than the MPC in 2016 (Figure 2). This indicator
was equal to the MAC in 2017, and in 2018-
2019, on the contrary, it was less than 0.0001 mg
/ 1. Contamination of Lake Akbas with other heavy
metals did not exceed the permissible level (Table
4, Figure 2).

The area of the Akbas lake basin has decreased
by 15.3% over the past 50 years. During the study
period, the content of dry waste in the lake water
exceeded the MAC by 1.1-1.5 times annually. Lake
Akbas is moderately polluted in 2018-2019 in terms
of the level and quality of class III pollution. The
amount of sulfate was 514 — 890.07 mg / 1, which
exceeded the permissible concentration. The highest
levels of cadmium were found to be 50 times the
maximum concentration in 2016 and below the
maximum concentration in the last three years.
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Table 3 — Indicators of the ionic composition of Lake Akbas

Mea- | Mass concentration | Mass concentration The Formula of salt composition of | Name of
Years . . sum of
sures of cations of anions ons water water
Na'*+K'"| Ca?* |[Mg*| CI"" | SO+ |HCO,"| mg/1
M2/ 76 | 34 | 96 |165,2/560,78| 732 chloride
dm water -
sulphate
mg / 1,11 SO467 C127 [HCOs 6] 8,24 | sodium-
2015 s 7,66 1,7 | 7,9 | 4,66 |11,68| 1,2 |1105,18 Mg46 Nad4 [Cal0] magne-
sium,
5 .
#eall 4a38 145790983 | 6,84 | 26,58 | 66,58 slightly
dms fresh
mg/
dm 2158 | 11,4 | 80,4 (40,32| 728,1 | 67,1 water
mg / 1,14 SO.87 [C1 7 HCOs 6] 7,2 |magnesium
2016 dms 9,39 0,57 | 6,61 | 1,14 | 15,16 | 1,1 |1143,12 Na57 Mgd0[Ca3] sulfate -
% eq / sodium,
°cq 56,65 | 3,43 |39,92| 6,54 | 87,14 | 6,32 slightly
dm
fresh
M2/ 155 | 10,8 [175,2)162,8(890,07| 51,24 sulphate
dm water
mg / 1,51 SO477 [C119 HCOs4] 8,92| sodium
2017 dms 9,37 0,54 (14,41| 4,59 | 18,53 | 0,84 |1505,49 Mg59 Na39 [Ca2] magnesium
5 ”
Peal| 3gs3 | 202 (50.25(19,150 7734 | 3.5 slightly
dms fresh
M2/l 5009 | 89 | 164 | 154 | 846 | 483 sulphate
dm? water
mg-eq/ 1,43 SO477 [C119 HCO5 3] 8,3 | sodium
2018 dm? 9,13 0,44 |113,49|1434 | 17,61 | 0,79 | 1431,1 Mg58 Nad0 [Ca2] magnesium
5 >
#eall 3958 | 1,03 [58.49( 19,1 | 77,43 | 3.48 slightly
dms fresh
me/ o4 | g2 | 152|102 | s14 | 426 sulphate
dm? water
mg-eq/ 1,51 SO475 [C120 HCOs 5] 8,1 sodium
2019 dm 8,44 0,41 |12,51| 2,88 | 10,7 0,7 |1012,8 Mg59 Nad0 [Cal] magnesium
5 ”
%ed/l 3950 | 1.92 58.56]20.15| 74.96 | 4.89 slightly
dms fresh
Notes: : [] —less than 25%
Table 4 — Actual concentration of heavy metal pollution in Lake Akbas, mg /1
Name of contami- Actual concentration by years
nants 2015 2016 2017 2018 2019 MAC Notes
Zinc 0,0007 0,011 0,053 0,16 0,11 5 not more
Lead 0,025 0,0025 0,0025 0,005 0,008 0,03 not more
Cadmium 0,001 0,05 0,001 <0,0001 <0,0001 0,001 more
for example 0,0004 0,0014 0,0164 0,08 0,09 1 not more
Cobalt 0,024 0,001 0,01 0,0006 0,0005 0,1 not more
Manganese 0,0006 0,0006 0,0006 0,007 0,008 0,1 not more
Molybdenum 0,003 0,003 0,003 <0,001 <0,001 0,25 not more
Nickel 0,0008 - - 0,007 0,005 0,1 not more
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Continuation of table 4

Name of contami- Actual concentration by years
nants 2015 2016 2017 2018 2019 MAC Notes
Chromium (III) 0,012 0,014 0,012 <0,001 <0,001 0,5 not more
Silver 0,35 0,07 0,0035 <0,005 <0,005 0,05 not more
Strontium 0,347 - - <0,001 <0,001 7 not more
Beryllium 0,002 - - <0,0001 <0,0001 0,0002 not more
0,18
0,16
014 m Zinc
m [Lead
= 0,12
%" ® Cadmium
oy 0,1
2 | for example
g 008
5 m Cobalt
g 006
O = Manganese
0,04
= Molybdenum
0,02 1 = Chromium (I1T)
0 4
2015 2016 2017 2018 2019
Years

Figure 2 — Actual concentration of heavy metal pollution in Lake Akbas, mg /1

In addition to hydrophysical and hydrochemical
studies, we carried out studies of algae for a
comprehensive assessment of the ecological state of
Lake Akbas.

As a result of the study of algae in water samples
taken from Lake Akbas, 61 species of microalgae

Euglenophyta;
3,5;4%

Bacillariophyta;
23;23% P

Cyanophyta;
26; 26%

were identified. 47.5% of the identified species
were green algae (Chlorophyta), 26% were diatoms
(Bacillariophyta),23% were blue algae (Cyanophyta),
and 4% were euglena algae (Euglenophyta) (Fig. 3).

The identified species are divided into 4 sections,
9 classes, 12 rows, 16 genera, 27 relatives.

Chlorophyta;
47,5;47%

Figure 3 — Detection of microalgae in Lake Akbasratio of species
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Among the microalgae found in Lake Akbas
were the green algae Chlorella vulgaris, Chlorella
sp, Ankistrodesmus longissimus, Scenedesmus
acuminatus, Scenedesmus quadricauda,
Chlamydomonas reinhardtii. From diatomsNavicula
dicephala, Navicula radiosa, Navicula specula,
Synedra ulna, Nitzschia palea were more than
others.There are also Ulothrix tenerrima Kutz.,
U. Variabilis Kutz, from blue-green algae —
Phormidium tenue., Anabaena variabilis, Spirulina
major, Oscillatoria tenuis, Oscillatoria chalybea
and many others.

The sensitivity of algae to various pollutants
depends on their absorption of substances from
the environment throughout the body. In addition,
some types of algae are indicators of the presence of
certain pollutants in the water.

Water pollution of Lake Akbas is primarily
associated with the entry of various pollutants
into the reservoir. Most pollutants are caused
by precipitation. The share of household waste
pollution is also high.

When assessing the ecological state of water
bodies, not only physicochemical methods are
widely used, but also the role of indicator-saprobic
microalgae.

After determining the species composition
of microalgae living in Lake Akbas, we settled
on the indicator-saprobic species of microalgae.
It is impossible to determine the spectrum of all
pollutants using indicator species. But it allows
you to quickly determine the fact of environmental
pollution.

As a result of algological studies, it has been
established that 20 species of microalgae found in
the reservoir of Lake Akbas are indicator-saprobic
species (Table 5).

If we distribute microalgae by saprobity, out
of 20 species of indicator saprobes identified
in Lake Akbas, 1-xeno-alpha-mesosaprobic,
1-oligosaprobic, 8-beta-mesosaprobic, 3-alpha-
mesosaprobic, 1-beta-alpha-mesosaprobic, 3 — beta-
oligosaprobic, 1-oligo-beta-mesosaprobic, 2-poly-
alpha-mesosaprobic microalgae (Fig. 4).

In the reservoir, microalgae of the beta-
mesosaprobic zone accounted for 40% of all algae.

The fact that the saprobity index according to
the Pantle-Bucchi method is 1.95 proves that Lake
Akbas belongs to the f-mesosaprobic zone.

After carrying out chemical and algal studies
of Lake Akbas, we conducted biotesting of water
samples from Lake Akbas to study the sensitivity of
algae to environmental factors and various chemical
reactions.

Table 5 — Indicators-saprobic species of microalgae found in
Lake Akbas (2015-2019)

Ne Saprobic species indicator Saprobic S
1 | Merismopedia glauca (Ehr ) Nag B
2 | Merismopedia major (Ehr) Nag B-o
3 | Merismopedia tennissima lemm. B—a
4 | Microcystis aerouginosa. B
5 | Anabaena affinis B
6 | Oscillatoria tenuis Ag. a
7 | Oscillatoria chalybea (Mert.)Com o
8 | Oscillatoria Limnetica lemm. o—f
9 | Oscillatoria brevis (Kuetz.) Com o}
10 | Scenedesmus acuminatus B
11 | Scenedesmus quadricauda var. B
12 | Pediastrum boryanum Meyen B
13 | Chlorella vulgaris p-a
14 | Ulothrix zonata o
15 | Cladophora glomerata B
16 | Euglena viridis p-a
17 | Euglena hemichromata Skuja B
18 | Nitzschia palea a
19 | Fragilaria capucina B-o

20 |Synedra ulna X—a

First of all, nutrient media were prepared for
control and experiments for biotesting Lake Akbas.
Then a test organism, the Chlorella sp-3K strain,
was introduced into it. The dynamics of cell growth
was studied for 8 days, and a comparative analysis
of the data was carried out. Mineral salts necessary
for cell nutrition were added to the preparation of
pure control water and culture medium of lake water
in an amount corresponding to standard culture
medium 04.

For the study, 2 different variants of lake water
were taken. In Option 1, lake water was diluted
by half, and in Option 2, the first sample of lake
water was taken without changes. The number
of introduced chlorella cells was the same in all
variants 5x106 £ 0.6 ml (table 2).

Nutrient media for control and experiment and
the Chlorella sp-3K strain were used for biotesting
Lake Akbas.

When observing the dynamics of cell growth
for 8 days, it was found that the number of cells
of the Chlorella sp-3K strain in pure control water
increased by 22.8 x 106 + 0.65 in 4 days. The
number of cells of the Chlorella sp-3K strain in the
lake water diluted by half increased to 19.1x106 +
0.45 per ml in the first 4 days, and no increase was
observed in the following days. In 2 variants of the
first sample of lake water taken without changes, the
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number of cells increased to 17.5x106 = 0.5 per 1 ml
in the first 4 days, and no increase was observed on

In figure 5 shows the dynamics of cell growth
during biotesting of the water of Lake Akbas using

the following days (Table 6).

the Chlorella sp-3K strain.

poly-alpha-mesosaprobic microalgae
oligo-beta-mesosaprobic
beta-oligosaprobic
beta-alpha-mesosaprobic
alpha-mesosaprobic

beta-mesosaprobic

I 2
I |
I - 3
.l
I - 3

oligosaprobic I 1
xeno-alpha-mesosaprobic I 1
0 1 2 3 4 6 7 9
Figure 4 — Indicator of the saprobity of the algal flora
of Lake Akbas quantitative ratio of species
30
25 4
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Figure 5 — Growth dynamics of the Chlorella sp-3K strain
in a water sample from Lake Akbas and control

Table 6 — Growth of Chlorella sp-3K cells during biotesting in the water of Lake Akbas

Number of cells in 1 ml per day
Tests
0 2 4 6 8
Control 5x10°40,25 19,2 x10%+0,6 22,8 x10°40,65 22,5 x10%+0,55 22 x10°+0,54
1-variant 5x10%+0,3 13,8 x10%40,36 19,1 x10%+0,45 18,4 x10%+0,5 16,3 x10%+0,48
2-variant 5 x10%+0,3 10,4 x10°+0,35 17,5 x10%+0,5 15,1 x10°+0,49 13,2 x10%+0,46
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There was a decrease in the number of chlorella
cells in the test water compared to the control. This
is due to the fact that Lake Akbas contains more
fluoride, iron and copper, which inhibit the growth
of the Chlorella sp-3K strain.

Biotesting showed that the Chlorella sp-3K
strain is moderately sensitive to toxic concentrations
in Lake Akbas.

Studies have shown that bioassays for microalgae
in lake water are quick and easy and complete the
results of chemical studies. Thus, the biotesting
results supplemented the previous data and correctly
responded to the toxicity of the Chlorella sp-3K
strain in water bodies.

In the period of the work it was proved that the
results of hydrochemical, algal and biotesting studies
carried out on Lake Akbas completed each other.
According to these indicators of a comprehensive
assessment of the lake water, the water of Lake
Akbas belongs to the 3rd class of pollution and is
moderately polluted.

Conclusion

Lake Akbas has been studied and analyzed
using  hydrophysical, hydrochemical and
algological studies. The ecological state of Lake
Akbas has been published, and the average value
of the data of long-term laboratory studies has
been estimated based on the lists of fishing

standards. As a result of research in 2015-2019,
according to the hydrophysical, hydrochemical
studies and the results of complex testing of
algocenoses and biotesting, it was determined
that the water of Lake Akbas belongs to 3 classes
of pollution.

The amount of sulfate was 514 — 890.07 mg /
1, which exceeded the permissible concentration. It
was found that the maximum level of cadmium is 50
times higher than the MAC in 2016, but below the
MAC for the last three years.

In studies of algae, microalgae in the beta-
mesosaprobic zone accounted for 40% of all algae
in the reservoir, and the saprobity index 1.95
according to the Pantle-Bucchi method proved that
Lake Akbas belongs to the f-mesosaprobic zone.
Biotesting showed that the Chlorella sp-3K strain
is moderately sensitive to the concentration of toxic
substances in Lake Akbas.
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SPATIAL STRUCTURE OF VEGETATION COVER
OF SHARYN SNNP

The article presents the results of a study of the spatial structure of vegetation SNNP (State National
Nature Park) «Sharyn» on the basis of the inventory and assessment of vegetation in SNNP «Sharyn» in
Almaty region. The spatial distribution of the SNNP «Sharyn» vegetation cover was based on the land-
scape structure of the territory and ecological and physiognomic types of vegetation. The assessment of
Botanical diversity of vegetation included an assessment of floral and phytocenotic diversity of vegeta-
tion. The floral diversity of the SNNP «Sharyn» vegetation cover consists of 915 species of vascular plants
from 406 genera and 84 families, which indicates a significant species richness of the flora.

According to the Botanical and geographical division, the vegetation of the territory under con-
sideration belongs to the Sahara-Gobi region, the Iran-Turan subdistrict, the Dzungarian province and
belongs to the intermountain-basin deserts.

The taxonomic analysis of the flora of the SNNP «Sharyn» showed that the 10 leading families in-
clude 578 species, or 63.12% of the total number of species. The spatial heterogeneity of the vegetation
cover of the SNNP «Sharyn» includes the vegetation of low-mountains, low-hills, foothill plains, arid-
denudation plateaus, deluvial-proluvial plains, ancient alluvial plains, canyons and dry channels, valleys
of the Temirlik and Sharyn rivers, anthropogenically disturbed agricultural lands.

The result of the assessment of the spatial distribution of vegetation cover was the creation of a veg-
etation map at a scale of 1: 300000. The created map contains 39 allotments.

Key words: Sharyn, floristic and phytocenotic diversity, inventory monitoring.
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LUapbiH MYTIT 6ciMAiK )KaMbIAFbICbIHbIH, KEHICTIKTIK KYPbIAbIMbI

Makarapa Aamatbl 06AbICbIHAAFBI «LLlapbity MY TIT (MeMAEKeTTiK YATTbIK, Tabufn NMapK) ayMarbiHbIH,
6CIMAIK >KaMbIAFbICbIHbIH, Xan-KyHiH 6arasay eHe MHBeHTapu3aums HerisiHae «LLIapbiH» MYTTT eciMAik
YKaMBIAFbICbIHbIH, KEHICTIKTIK KYPbIAbIMbIH 3€pTTey HaTMXeAepi KeATipiAreH. «LLlapbiH» MYTIT ecimaik
YKaMBIAFbICbIHbIH, KEHICTIKTIK TapaAybl ayMakTblH, AQHALIATHIK KYPbIAbIMbIHA X8HE ©CIMAIKTEPAIH,
3KOAOTUSIABIK,  KBHe (DU3MOMUSABIK, TYpAepiHe HerizaeareH. «LLlapbiH» MYTIT ecimMaikTepaiH,
6OTaHMKAABIK, PTYPAIAITiH GaFarayFa 6CIMAIKTEPAIH (PAOPAABIK K8HE (PUTOLLEHOTUKAABIK, OPTYPAIAIriH
Garanay KipAi. «LLlapbiH» MYTIT 6CiMAIK >KaMbIAFbICbIHBIH (PAOPUCTUKAABIK, BPTYPAIAIri 406 Tybicka
XKoHe 84 TYKbIMAACKA >KaTaTblH TaMbIPAbl 6CIMAIKTEPAIH 915 TypiH Kypanabl, 6yA hAOpaHbIH eAdyip
Typre 6an eKeHAIriH kepceTeai.

BoTaHuKaAblk-reorpadusiablk, OOAIHICKE CaMKec, KapacTblPbIAbIM OTbIPFAH ayMaKTblH ©CiMAIK
»)amblafFbicbl Caxapo-T'o6u armMarbiHa, MpaHo-TypaH cybaimarbiHa, JKOHFap NpOBMHLMSICbIHA XaHE Tay
apaAbIK-LIYHKbIP LIOAAEPre >KaTaAbl.

«lapbiH»  MYTIT aopacbiHa TaKCOHOMMUSABIK, TaApady KepceTKeHAen, eH  >akcbl 10
TYKbIMAQCTbIKKA 578 Typ KipeAi Hemece OAapAbIH >KaArbl CaHblHbIH, 63,12 % Kypaiabl. «LLIapbiH» MYTI1
OCIMAIK YKaMbIAFbICbIHbIH, KEHICTIK reTepPOreHAIAIri ToeMeH TayAapAbl, Tay GOKTepiHAEri XasblKTapAbl,
KYPFaK-AEHYAQLMSADBIK, YCTIPTTEPAI, AEAIOBUAAAbI-TIPOAYBMAAAbI >Ka3blKTapAbl, €XEATi aAAIOBUAAABI
»KasblkTapAbl, KAHbOHAQP MEH KypFak, KaHaaAapAbl, TeMipAik >keHe LLlapbiH ©3eHAepiHiH aHFapAapbIH,
AHTPOMOreHAIK ayblALLIAPYaLUbIAbIK, XKEPAEPAT KaMTUADI.

38 © 2020 Al-Farabi Kazakh National University


https://orcid.org/0000-0002-2283-4749
https://orcid.org/0000-0002-5050-9142
mailto:alma_rakhat@mail.ru
mailto:alma_rakhat@mail.ru

B.M. Sultanova et al.

OCIMAIK >KaMbIAFBICBIHbIH KEHICTIKTIK TapaAybiH OararayAblH HaTuyeci 1:300000 maciitabTarbl
eciMAiKTep KapTacblH >kacay 6oaAbl. XKacaaraH kapTta 39 6eAikTeH Typaabl.
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lNpocTpaHCTBEHHas! CTPYKTypa PacTMTEABHOrO NOKpPoBa
LUapbiHckoro MTHIM

B cratbe nprBeaeHbl pe3yAbTaTbl MCCAEAOBAHMS MPOCTPAHCTBEHHOM CTPYKTYPbl PACTUTEABHOIO
nokpoa [HIIM (FocyaapCTBEHHbIM HAUMOHAAbHbIA MPUPOAHBIM Mapk) «LllapbiH» Ha ocHoBe
MHBEHTapM3aUMM M OLEeHKM COCTOSIHMSI pacTUTEAbHOro nokposa Tepputopun [HIT «LlapbiH» B
AAMaTHMHCKOM 06AaCTU. [POCTPaHCTBEHHOE pacrnpeAeAeHne pacTuTeAbHoro nokposa MHIM «LLlapbiH»
OCHOBbIBAaAOCb Ha AaHALWAMTHON CTPYKType TEppUTOPUM M 3SKOAOTO-(OU3MOHOMMYECKMX TMMax
pactuteAbHocTH. OLeHka 60TaHMueckoro pasHoobpasus pactuteabHocT THIT «LLlapbiH» BKAIOYAAO
OLEeHKY (hAOPUCTUYECKOTO U (PUTOLLEHOTUYECKOrO pa3Hoobpasuns pactuteabHocTn. DaopucTrueckoe
pasHoobpasue pactuTeabHoro nokposa [HIM «LlapbiH» cocTaBasioT 915 BMAOB COCYAMCTbIX
pacteHui u3 406 poAoB 1 84 CEMEINCTB, YTO YKa3blBaeT HA 3HAUUTEAbHOE BUAOBOE HOraTcTBO (hAOPbI.

Mo 6oTaHMKO-reorpamueckoMy AEAEHWMI0 PACTUTEAbHOCTb PACCMATPMBAEMON TEpPPUTOPUM
otHocuTcs K Caxapo-Toburickon obaactu, MpaHo-TypaHckon noao6AacTH, AXKYHrapcKon NpoBUHLIMK
M OTHOCUTCS K MEXKTOPHO-KOTAOBMHHbBIM MYCTbIHSM.

TakcoHommueckmin aHaams cpaopbl FTHIT «LLapbiH» mokasaa, uto 10 BeAyLLIMX CEMENCTB BKAIOYAIOT
578 BUAOB, MAM 63,12% OT 006LIEero KoAMYecTBa BMAOB. [1poCTpaHCTBEHHas HEOAHOPOAHOCTb
pactuteAbHoro nokposa HIIT «LLlapbiH» BKAIOUYAeT pacTUTEABHOCTb HM3KOrOpUiA, MEAKOCOMOYHUKOB,
NMPEArOpHbIX PaBHWH, apPUAHO-AEHYAAQUMOHHbBIX MAQTO, AEAIOBMAAbHO-TIPOAIOBUAABHBIX PaBHMH,
APEBHEAAAIOBUAAbHbBIX PaBHWH, KAHbOHOB M CYyXMX PyCeA, AOAMH pek TeMnpArK 1 LLIapbIiH, aHTpOnoreHHo

HapyLEeHHbIX CEeAbCKOXO039MCTBEHHbIX 3EMEAb.

MTOrom OLEHKM MPOCTPAHCTBEHHOIrO PACMPEAEAEHMsI PACTUTEABHOrO MOKPOBa ObIAO CO3AaHUE
KapTbl pactuteAbHoCcTM MacwTaba 1:300000. Co3paaHHast kapTa COAEPXKUT 39 BbIAEAOB.

KaoueBble caoBa: LllapbiH,
MHBEHTapM3aLUmMs MOHUTOPUHT.

Introduction

State National Natural Park «Sharyny is located
within the Ili intermountain basin. The central part
of the basin is characterized by extremely arid rubble
deserts of the Dzungarian type, which are Gobi
analogs [1]. There is a deep-cut (50-120 m) canyon-
shaped valley of the Sharyn River, a large left-bank
tributary of the Ile River, whose sources are in the
Kungey-Alatau mountains. The relict broad-leaved
ash (Fraxinus sogdiana) forest has survived under
the specific conditions of the canyon microclimate.
Passing through the entire Eurasian chain of ranges
of ash species, the ash species Fraxinus sogdiana
naturally grows in Central Asia [2]. Among a wide
range of terrestrial habitats, forests and woodlands
are the richest, both biologically and genetically,
due to their inherent structural and compositional
complexity and diversity. While species composition
is an important characteristic of biodiversity, forest
structure may be even more relevant to biodiversity

chaopucTnyeckoe 1

duToLEeHOTUYECKOE — pa3HOOOpasue,

assessment, because a diversified structure is likely
to have more niches, which in turn accommodate
more species and facilitate more efficient use of
available resources. Structure plays an important
role as an indicator of diversity for management
purposes, where maps of structural diversity of
forests are very useful in planning conservation
strategies. Airborne laser scanning data is a reliable
and source of information for describing the three-
dimensional structure of a forest [3]. Ecological
networks can provide insight into how biodiversity
loss and changes in species interactions affect the
provision of ecosystem services [4]. There are 4 key
areas for the conservation of forest biodiversity: the
ability of species to survive in post-disturbed forest
landscapes, the impact of plantation on biodiversity,
the effectiveness of modified silvicultural systems
on forest structure, vegetation composition and
biota, and the relationship between deforestation
and fire hazards [5]. High quality data on the
occurrence of plant species are considered one
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of the most important data sources for ecological
research and conservation purposes. However,
ecologically valuable fine-grained mosaics of
dissimilar shrubs and herbaceous formations create
a complex environment for creating distribution
maps of such species. Remote sensing can be
useful for such purposes, but it faces a number of
problems, especially with the need to obtain ultra-
high spatial resolution data and distinguish between
plant species or genera [6].

The high botanical diversity of the territory
is due to the position of the territory between the
Kazakh and Dzungarian deserts, the influence of the
Northern Tien Shan mountains and the presence of
large river valleys (Ile, Sharyn).

According to the botanical-geographical zoning
[1], the vegetation of the Ili depression belongs to the
Sahara-Gobi desert botanical-geographical region,
the Irano-Turan subregion, the Dzungar province
within the middle deserts. The spatial structure
of the habitat of plant communities based on soil
functions includes the identification of the leading
factors of biodiversity and the determination of the
spatial heterogeneity of soil function. Therefore, the
composition of plant communities (accuracy 95%)
and a reference group of soils (accuracy 88%) were
modeled depending on soil moisture conditions and
used as a tool for spatial forecasting [7]. Land-use
change requires measuring patterns of biodiversity
change at different spatial scales to inform landscape
management. Assessing changes in vegetation at
different scales is challenging [8]. Research [9]
describes a spatially structured, individual rangeland
model that embodies this perspective and simulates
the dynamics of forage and livestock production in
semi-arid rangelands, using both continuous and
alternating grazing. The ability to predict spatial
variation in biodiversity is a long-standing but
elusive goal of landscape ecology. It depends on a
detailed understanding of the relationships between
landscape and site structure and taxonomic richness,
as well as accurate spatial modeling [10].

Bioclimatic substantiation of the spatial structure
of vegetation based on the altitudinal division
of vegetation using the global climate model.
Statistical analysis showed differences between
altitudinal belts, subbelts, and types of larch in
terms of average annual temperature and average
annual precipitation. The possibility of using
climate as a factor of differentiation of vegetation
cover at the regional level has been proven [11].
Spatial distribution patterns were determined using
the Morisita overlap index for the species with the
highest importance [12].
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For the classification of ecosystems, the block
structure of the system of water-terrestrial ecotones
was used. Ecosystem mapping was based on an
integrated approach that takes into account the
patterns of plant distribution depending on the
environment. For each block, a list of ecosystems
was determined based on an assessment of species
and phytocenotic diversity and environmental
condition [13].

For each block, a list of ecosystems was
determined based on an assessment of species
and phytocenotic diversity and environmental
conditions. Floristic features including floristic
composition, life forms and aquatic plant ecotypes,
floristic geographic elements were also evaluated
[14].

Analysis of the current state of vegetation
is an integral part of a comprehensive research
program on landscape planning, which reveals the
dynamics of vegetation, territorial differentiation,
biological diversity, the degree of disturbance of
the communities of the territory and the possibility
of their preservation [15]. An indirect method for
assessing biodiversity from Earth observations
is the hypothesis of spectral variability. Spectral
variability shows that the higher the spatial
variability of the spectral response of an optical
image with remote sensing, the greater the number
of accessible ecological niches and, therefore, the
higher the biodiversity in the considered area [16].

Measurements of the spatial structure and
Botanical diversity of vegetation SNNP «Sharyn»
is performed on the basis of the field work of the
authors on the territory 2016, 2017, 2019, 2020,
drawing on the materials of the herbarium of Institute
of botany and Phytointroduction of MES RK,
Center for Remote sensing and GIS “Terra” (2008)
[17] and the work of the scientific Department of
SNNP «Sharyny. Still, the relative importance of
environmental and spatial factors in shaping the
structure of local plant diversity remains unclear.

The aim of this research was to identify the
spatial structure of vegetation SNNP «Sharyn» on the
basis of the inventory and assessment of vegetation
in SNNP «Sharyn». Inventory, monitoring and
analysis of the Botanical diversity of a specific
territory is the scientific basis for nature protection.

Objects of research: vegetation cover of
the territory of SNNP “Sharyn”, its composition,
structure,  spatial  distribution, anthropogenic
disturbance

Methods of research: vegetation cover was
studied using traditional geobotanical research
methods «Field geobotany...,1959-1976» [18]
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«Program and methodology of biocenological
research.., 1974 “[19] and special techniques
for assessing the state and mapping vegetation,
developed as in other regions “ Methods of
field landscape research.., 1998» [20], so in the
laboratory of geobotany of the Institute of botany
and Phytointroduction of MES RK «Transformation
of vegetation cover of Kazakhstan..,1997» [21].

The species composition of vegetation cover
was detected by traditional methods — route
survey, as well as collection and determination of
herbarium material. Herbarium collection and study
of anthropogenic transformation of flora was carried
out on the basis of « Field geobotany., 1959-1976»
[18] and «Floristic research programs...,1987» [22].
Factors of anthropogenic disturbance for assessing
the current state of vegetation are identified on the
basis of methods developed in the laboratory of
geobotany ISCIF RK [21,23]. “Flora of Kazakhstan,
1956-1966” was used to determine plant species”
[24], « Hlustrated plant identifier, 1969-1972 “[25]
and “flora of Kazakhstan..., 1999 [26]. Latin names
of plants are given according to the « list of vascular
plants of Kazakhstan..., 1999» [27]. Plants that
could not be recognized in the feld were collected
and specimens were classifed in the laboratory. All
plants were identifed to the level of species. After
the point intercept lines were finished, a thorough
visual search was made along the central point
intercept line including the photographic plot and
additional plant species were listed. Starting in 2016-
2020 this was done following the point and fexible
area methodology. Te number of individuals and
approximate dimensions (length X width) of new
species within 1m at each side of the central transect
were recorded. Plants that were farther away were
recorded as number, dimensions and modal distance
from the central transect. A total of 578 vascular
plants have been [28].

The Botanical diversity of the vegetation
cover of the SNNP «Sharyn» includes floristic
and phytocenotic diversity Floristic diversity
in the compilation of the NSJ was indicated
in 1500 species [17]. Phytocenotic diversity is
represented by six types of vegetation (steppe,
desert, shrub, riparian woodland, meadow and
marsh), numerous, often unique in composition,
plant communities.

Inventory of the floristic composition of refined
species composition of the flora of the SNNP
«Sharyn» when creating the NSJ account of the
much larger area and therefore given the current
situation, many species were removed from the list,
added some newly discovered species.

Field mapping was performed using the
route method using a GPS device to determine
coordinates. At the same time, the selected points
in the descriptions, which reflect the diversity of
landscapes and PTC in the study area, described in
detail the components of the landscape (topography,
soil, vegetation, etc.) and their condition.

Floristic diversity of vegetation cover of the
SNNP «Sharyn»

Taxonomic analysis

According to literature data, the flora of the park
numbers about 1000 species of plants, of which 51
are rare and endemic.

Current research for 2016-2020 shows that the
floral diversity of the vegetation cover of the SNNP
«Sharyny consists of 915 species of vascular plants
from 406 genera and 84 families, which indicates a
significant species richness of the flora.

Taxonomic analysis of the flora of the SNNP
«Sharyn» showed that the first 10 families include
578 species, or 63.12% of the total number of
species (Table 1).

Table 1 — The number of species in the 10 leading families of
the flora of the SNNP «Sharyn»

Ne FAMILIES Number of|
species
1 | Asteraceae Dumort — Asteraceae 128 13.98
2 | Poaceae Barnhart — Poaceae 83 9.07
3 |Fabaceae Lindl. — Pea family 74 8.08
Chenopodiaceae Vent —
4 Goosefoot family 2 786
5 |Brassicaceae Barnett — Crucials 65 7.10
6 |Rosaceae Juss — Rose family 45 491
7 | Lamiaceae Lindl. — Mint family 34 3.71
8 | Boraginaceae Juss. — Heliotropes 29 3.17
9 Ranpnculaceae Juss. — Crowfoot 25 273
family
10 | Cyperaceae Juss. — Cyperaceae 23 2.51
1 Number of species in the top 10 578 63.12
families
Total species in the flora of the o
12 SNNP «Sharyn»: 13 100%

The sequence of the most multi-species families
is as follows: Asteraceae (128), Poaceae (83),
Fabaceae (74), Chenopodiaceae (72), Brassicaceae
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(65), Rosaceae (45) Lamiacea (34), Boraginaceae
(29) Ranunculaceae (25), Cyperaceae (23).

The number of the largest families, including
from 55 to 5 genera is 15 (table 2). They contain 306
genera from 408 genera of the entire flora of SNNP
«Sharyny, or 75% of all genera.

The largest genera, including 10 to 26 species,
are: the next 10 genera: Astragalus (26 species),
Artemisia (18), Allium (17), Carex, Potentilla o
(14 species), Euphorbia (12), Salix, Veronica (11
species), Salsola, Stipa (10 species).

Further from 9 to 5 species contain the following
32 genera: Oxytropis, Tulipa (9 species); Taraxacum,
Rosa (8 species); Lappula, Iris, Zygophyllum (7
species); 8 genus (Ferula, Centaurea, Silene and etc.)
contains 6 species; 17 genus (Atriplex, Erysimum,
Scorzonera and etc.) — 5 species.

There are 26 families of monotypic families
containing one genus, one species in the flora of
SNNP «Sharyny.

Table 2 — The number of genera in large families of the flora of
SNNP «Sharyn»

Ne | Families Number
of genera
1 | Asteraceae Dumort — Asteraceae 55
2 | Poaceae Barnhart — Poaceae 48
3 | Brassicaceae Barnett — Crucials 41
4 | Chenopodiaceae Vent — Goosefoot family 32
5 | Fabaceae Lindl. — Pea family 20
6 | Apiaceae Lindl. — Parsley family 16
7 | Lamiaceae Lindl. — Mint family (Labiatae) 16
8 | Rosaceae Juss — Rose family 16
9 Borag%naceae Juss. — Heliotropes family 14
Boraginaceae
10 | Caryophyllaceae Juss. — Pink family 11
11 | Ranunculaceae Juss. — Crowfoot family 11
12 | Polygonaceae Juss — Buckwheat family 10
13 | Crassulaceae DC. — Orpine family 6
14 | Scrophulariaceae Juss. — Figwort family 6
15 | Cyperaceae Juss. — Cyperaceae 5
16 | Total genera in 15 families 307
17 Total species in the flora of the SNNP 406
«Sharyny

Rare species

The uniqueness and originality of the flora
of a particular territory is determined by the
presence of rare and endemic plants. There are 39
species listed in the Red book of the Republic of
Kazakhstan on the territory of the SNNP «Sharyn»
(Table 3). Among them: Aquilegia vitalii Gamajun.,
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Arthrophytum iliense 1ljin, Berberis iliensis M.Pop.,
Chesneya dshungarica Golosk., Crocus alatavicus
Regel et Semen, Ferula iliensis Krasn.ex Korov.,
Ferula sjugatensis.Bjat, Fraxinus sogdiana Bunge,
ikonnikovia Kaufmanniana (Regel) Lincz, Lonicera
iliensis Pojark., Plagiobasis centauroides Schrenk,
Populus pruinose Schrenk, Tulipa alberti Regel, etc.
At the limit of the range grow Iljinia regelii Bunge,
Simpegma regelii Bunge and others.

Table 3 — Species of the SNNP «Sharyny listed in the Red Book
of the Republic of Kazakhstan

Aquilegia vitalii Gamajun.

Armeniaca vulgaris Lam.

Arthrophytum iliense 1ljin

Astragalus tscharynensis M.Pop.

Berberis iliensis M.Pop.

Celtis caucasica Willd.

Centaurea turkestanica Franch.

Chesneya dshungarica Golosk.
Crataegus korolkowii LHenry

Crocus alatavicus Regel et Semen
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On the territories of SNNP «Sharyn» grow 39
species listed in the Red book of the Republic of
Kazakhstan.

Phytocenotic diversity of vegetation cover of
the SNNP «Sharyn»

According to the Botanical and geographical
division, the vegetation of the territory under
consideration belongs to the Sakhar-Gobi region,
the Iran-Turan subdistrict, the Dzungarian province
and belongs to the intermountain-basin deserts.

The following types of vegetation are found on
the territory of the Sharyn state Park: steppe, desert,
shrub, meadow, swamp, and tugai. The diversity of
landscapes and belonging to the ili basin, which is
the «enclave of the Dzungarian desertsy», determines
the unique combination and diversity of vegetation
cover. The spatial heterogeneity of the vegetation
cover of the Sharyn national Park includes
vegetation of low mountains, small hills, foothill
plains, arid-denudation plateaus, deluvial-proluvial
plains, ancient alluvial plains, canyons and dry
channels, valleys of the Temirlik and Sharyn rivers,
and anthropogenic disturbed agricultural lands.

The range of zoning on the plains is characterized
by a change of desolate steppes on light chestnut
soils (1400-1500 m), settled deserts on brown soils
(1200-1400 m) and real deserts on gray-brown soils
(700-1200), extremely arid deserts (600-700 m)
are represented fragmentally in the lower part. The
altitudinal zone structure of vegetation distribution
in low mountains and mountains includes: mountain
settled deserts, mountain desolate steppes, dry
steppes. The Central, lowest part of the basin is
occupied by fragments of extreme arid deserts.
It is characterized by a combination of stony
gammads, devoid of vegetation, with iljinia (//jinia
regelii) communities on the sayam. Real deserts
on gray-brown soils occupy the largest territory
in terms of length and amplitude of heights (700-
1200 m). Desolate steppes on light chestnut
soils and settled deserts (semi-deserts) on brown
soils are common in the high part of the territory
adjacent to the mountains. The surveyed territory
is dominated by the ecological and physiognomic
type of perennially saline deserts: tasbiyurgunovye
deserts (Nanophyton erinaceum) with subtypes:
pure tasbyurguns, feather grass-tasbyyurguns
(Nanophyton erinaceum, Stipa caucasica, S.
orientalis), saxaulchik-tasbyyurgun (Nanophyton
erinaceum, Arthrophytum iliense), biyurgun-
tasbyyurgun communities (Nanophyton erinaceum,
Anabasis salsa). Salsola (Salsola arbusculiformis)
common only in high hills and low mountains.

In real deserts on gray-brown soils, tasbyurgun-
salsola are common (Salsola arbusculiformis,
Nanophyton  erinaceum),  wormwood-salsola
communities (Salsola arbusculiformis, Artemisia
sublessingiana). The belt of steppe deserts on
mountain brown soils is characterized by the
predominance of species rare in composition and
floristically rich hawkers: cereal-boalychia (Salsola
arbusculiformis, Stipa macroglossa, S. orientalis,
Agropyron cristatum), cereal-tasbyurgun-salsola
(Salsola arbusculiformis, Nanophyton erinaceum,
Convolvulus tragacanthoides, Stipa orientalis,
Cleistogenes songorica), shrub-feather-grass-salsola
(Salsola arbusculiformis, Atraphaxis replicata,
Caragana kirghisorum, Stipa orientalis, Cleistogenes
songorica),  3makoBo-multiherb-karagana-salsola
(Salsola arbusculiformis, Caragana kirghisorum,
Ikonnikovia kaufmanniana, Allium galanthum, Stipa
macroglossa, S. orientalis, Agropyron cristatum).

Arid-denudation plateaus are characterized by
gray-brown gypsum-bearing soils and saxaulchik
(Arthrophytum iliense, A. longibracteatum) deserts.
On the territory of the SNNP «Sharyn» there is a
series of rare perennial saxaul communities: Suaeda
dendroides, Iljinia regelii, Reaumuria songarica,
Sympegma regelii.

Among the wormwood deserts, we should men-
tion the Semirechye wormwood (Artemisia heptopo-
tamica) on foothill brown soils. Particularly wide-
spread are the cereal-semirechensky wormwood
(Artemisia heptapotamica, Stipa sareptana, Festuca
valesiaca, Agropyron cristatum, Kochia prostrata)
communities. Sublessingiana-wormwood (Arte-
misia sublessingiana) communities are found on
gravelly-fine earth, usually on the northern slopes of
the hummocks. Wormwoods (Artemisia santolina)
are a common type of communities on saline sands.
The saxaul-santal wormwood (Artemisia santolina,
Haloxylon aphyllum) and the rheumurian-santalus
wormwood (Artemisia santolina. Reomuria son-
garica) communities are widespread. White earth
wormwood (Artemisia terrae-albae) rarely wind
and are associated mainly with soils of light texture.

The composition of the communities on the
sands is peculiar. Thus, for mixed saxaul (Haloxylon
aphyllum, H. persicum) communities of sands with
a close occurrence of groundwater, the participation
of meadow plants and tugai species is characteris-
tic (Halimodendron halodendron, Phragmites
australis). Sand-acacia-saxaul (Haloxylon persi-
cum Ammodendron bifolium) deserts are found in
small areas along the tops of sandy ridges, as well
as psammophytic shrubs (Calligonum junceum) — a
rare type of communities, also confined to the wav-
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ing tops of sandy ridges. Saline vegetation is con-
centrated within the Ili Valley on terraces above
the floodplain or in areas of secondary salinization
associated with irrigation. Vegetation is represent-
ed by: carabarak (Halostachys caspica), sarsazan
(Halocnemum strobilaceum), suaeda (Suaeda phy-
sophora) communities.

Among the rare desert formations, we should
mention the Suaeda dendroides, Arthrophytum bal-
chaschense, A. iliense, Iljinia Regelii, and Reau-
muria songarica.

At the same time, there are communities of
desert formations typical of the North Turan re-
gion: Anabasis salsa, Haloxylon aphyl- lum,
Salsola orientalis, Artemisia terrae-albae,
Halocnemum  strobilaceum, Halostachys
caspica, Suaeda physophora.

In the mountains weather can be found: baly-
cheva community with a predominance of East-Gobi
species Salsola laricifolia. They include Nano-
phyton erinaceum, Stipa orientalis, Iljinia
regelii, Atraphaxis compcta. The Aeolian sedi-
ments are characterized by an extremely Western lo-
cation of the Gobi species Ephedra przewalskii.
At lower hypsometric levels common Iliense com-
munity. The following series of communities are
typical for the Sharyn river valley in the territory
under consideration: shrub-salix-wilhelmsiana
(Salix songarica, S. wilhelmsiana, Elacagnus oxy-
carpa, Tamarix ramosissima), Populus diversifolia
(Populus diversifolia), Asiatic poplar- Elaeagna-
ceae (Elaeagnus oxycarpa, Populus diversifolia)
Fraxinus (Fraxinus sogdiana), motley grass-grasses
(Leymus multicaulis, Elytrigia repens, Glycyrrhiza
uralensis), Asiatic poplar (Populus diversifolia, P.
pruinosa), Aeluropus littoralis-frutescent (species
Tamarix, Halostachys belangeriana, Aeluropus lit-
toralis) with Poacinum pictum and Achnatherum
splendens - desert woodland with Haloxylon
aphyllum [29].

Spatial structure of the vegetation cover of
the SNNP «Sharyn»

When drawing up the vegetation map of the
SNNP «Sharyny», we assumed that it should reveal
the regularities of the structure of vegetation cover
associated with the differentiation of environmental
conditions. Variegated vegetation cover, due to
the heterogeneity of the physical and geographical
environment and various degrees of anthropogenic
transformation of vegetation, is particularly
pronounced at the SNNP «Sharyny.

The developed map reflects modern vegetation.
The map shows both the poster and the entire
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spectrum of non-poster communities. Both
typological and horological mapped vegetation
units were used to reflect the heterogeneous
spatial structure of vegetation cover on the «<SNNP
«Sharyny» vegetation Map M 1:300000.

Map legend consists of a subtitle system. The
subheadings reflect the high-level connection
with the high tiers of relief. In the legend to the
map of vegetation of the SNNP «Sharyn», the
following are highlighted: low mountains, small
hills, foothill plains, intermountain basin (including
arid-denudation plateaus, deluvial-proluvial plains,
ancient alluvial, canyons and dry channels), modern
alluvial plains (Sharyn river valley).

Along with the homogeneous homogeneous
units of vegetation — fotocamere (groups,
communities, or associations) as mapped units
for heterogeneous cover of the widely used types
pirozenko (complexes, series, aggregate, and
combinations of series, environmental series, etc.),
allowing to emphasize the characteristic of SNNP
«Sharyny spatial heterogeneity of vegetation.

The map legend contains 39 selections. The
drawing on the map is highlighted in color and texture.
Solid color shows the vegetation of the mountains,
the low hills, and Piedmont plains etc. The texture
shows the spatial differentiation of specific selections.
The floral diversity of vegetation of the SNNP
«Sharyn» has been clarified. At the moment, it
consists of 915 species of vascular plants from 406
genera and 84 families. There are 39 species of red
book species on the territory of the Sharyn state farm.

Phytocenotic diversity includes seven types
of vegetation (swamp, water, meadow, forest,
shrub, steppe, desert). The spatial structure of the
created vegetation cover map includes the following
divisions: low mountains, small hills, foothill plains,
intermountain basin (including arid-denudation
plateaus, deluvial-proluvial plains, ancient alluvial,
canyons and dry channels), modern alluvial plains
(Sharyn river valley).

Vegetation map SNNP «Sharyn»

The following maps were used for the analysis
of cartographic materials on Botanical diversity:
vegetation Map of Kazakhstan and Central Asia
(within the desert region) M 1:2500000, forage land
Map of the Kazakh SSR M 1: 2000000, vegetation
Map for the national Atlas of the Republic of
Kazakhstan M 1:7000000, landscape map and
Ecosystem Map created during the compilation
Center for Remote sensing and GIS Terra.

When creating the vegetation map of the SNNP
«Sharyn» M 1:300 000, the methodology and
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methods developed for the cartographic assessment
of vegetation in various regions were taken into
account. When drawing up the vegetation map
of the SNNP «Sharyn», it was assumed that it
should reveal the regularities of the structure of
vegetation cover associated with the differentiation
of environmental conditions. Variegated vegetation
cover, due to the heterogeneity of the physical and
geographical environment and various degrees
of anthropogenic transformation of vegetation, is
particularly pronounced at the SNNP «Sharyn».

The developed map reflects modern vegetation.
The map shows both the placard and the entire
spectrum of non-placard communities. Both
typological and horological mapped vegetation
units were used to reflect the heterogeneous spatial
structure of vegetation cover on the « SNNP «Sharyny
vegetation Map M 1:300 000». Map legend consists
of a subtitle system. The subheadings reflect the
high-level connection with the high tiers of relief.
In the legend to the map of vegetation of the SNNP
«Sharyn», the following are highlighted: low
mountains, small hills, foothill plains, intermountain
basin (including arid-denudation plateaus, deluvial-
proluvial plains, ancient alluvial, canyons and dry
channels), modern alluvial plains (Sharyn river
valley) [30].

Along with the homogeneous units of vegetation
— fotocamere (groups, communities, or associations)
as mapped units for heterogeneous cover ofthe widely
used types pirozenko (complexes, series, aggregate,
and combinations of series, environmental series,
etc.), allowing to emphasize the characteristic of
SNNP «Sharyn» spatial heterogeneity of vegetation.

The map legend contains 39 selections. The
drawing on the map is highlighted in color and

texture. Solid color shows the vegetation of the
mountains, the low hills, and Piedmont plains etc.
The texture shows the spatial differentiation of
specific selections.

Figure 1 — SNNP «Sharyn» vegetation Map

Cover story to
SNNP «Sharyn» vegetation Map 2016 year

Ne
apportion Color and
PP texture
ment

Content

VEGETATION OF LOW MOUNTAINS

(Helictotrichon desertorum, Stipa zalesskii, Festuca valesiaca, Agropyron cristatum, Dracocephalum
Al integrifolium Cotoneaster melanocarpus, Lonicera hispida) steppes on mountain low-power chest-
M nut soils in combination with shrubby thickets (Rosa plathyacantha, Spiraea lasiocarpa, Rosa alberti,
ll Lonicera albertii) on mountain meadow-chestnut soils on the logs of rocky-hilly and low mountains

of low mountains

(Festuca valesiaca Artemisia heptapotamica, Artemisia sublessingiana) steppes on mountain light

)
% chestnut soils, combined with (Stipa orientalis, Artemisia rutifolia, Allium galanthum, A.senescens) the
& coenosis on mountain light chestnut underdeveloped and primitive soils and rocks of the hilly ridge
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(Salsola arbusculiformis, Stipa orientalis, S. macroglossa, Caragana kirghisorum) communities on
mountain brown stony-gravelly soils on the upper parts in combination with grasses-saline (He-
lianthemum soongarica, Stipa orientalis), (Convolvulus tragacanthoides, Stipa caucasica) cenoses on
mountain brown primitive soils and rock outcrops on the slopes of rocky strongly dissected low
mountains

THE VEGETATION OF THE HUMMOCKS

(Caragana kirghisorum, Ephedra intermedia, Ephedra distachya) on grey-brown soils of undevel-
oped and stony soils of peaks and upper parts of slopes in combination with (Salsola arbusculiformis,
Nanophyton erinaceum, Anabasis truncata, Artemisia sublessingiana, A. heptapotamica) on (Convolvulus
tragacanthoides, Convolvulus gortshakovii, Helianthemum soongoricum) communities on grey-
brown shallow soils of rocky slopes and hilly

A (Anabasis truncata) on rocky peaks, (Salsola arbusculiformis) on gray-brown undeveloped and un-

A fine-knoll hilly

derdeveloped soils, (Salsola arbusculiformis, Artemisia sublessingiana) on grey-brown shallow soils

(Artemisia sublessingiana) on (Nanophyton erinaceum, Artemisia heptapotamica) the gray-brown featur-
ing poorly developed soils of the low uplands

VEGETATION OF FOOTHILL PLAINS

(Artemisia heptapotamica, Stipa orientalis) on brown low-power soils in combination with (Nanophy-
ton erinaceum, Stipa caucasica) on brown unformed and primitive soils on the foothill plain

(Nanophyton erinaceum) on gray-brown low-power gravelly-pebble soils in combination with (Ar-
temisia terrae-albae, Stipa orientalis) communities on meadow-brown soils of dry streams of the
foothill plain

(Nanophyton erinaceum) the gray-brown loam and schebnisto-dresvyanskii soils in combination
with (Salsola arbusculiformis) and karahanovym the say on the sloping Piedmont plain

VEGETATION OF THE INTERMOUNTAIN BASIN

VEGETATION OF ARID-DENUDATION PLATEAUS

(Arthrophytum ihense) on gray-brown gypsum-bearing low-power loamy soils of the arid-denuda-
tion plateau

(Arthrophytum iliense, Nanophyton erinaceum) community to grey-brown weakly gypsum soils and
(Arthrophytum iliense) deserts on gray-brown gypsum-bearing. soils in combination with perennial-
ly saline (Salsola orientals, Salsola arbusculiformis, Arthrophytum iliense) communities on the sayam
arid-denudation plateau

(Arthrophytum ihense) on gray-brown washed-out gypsum-bearing loamy pebbly-gravelly soils
(Haloxylon aphyllum, Salsola orientalis) and (Haloxylon aphyllum, Ephedra lomatolepis) on meadow-
brown soils of arid-denudation plateaus

(Nanophyton erinaceum, Arthrophytum iliense) on gray-brown low-power (Arthrophytum iliense)
gypsum-bearing loamy gravelly-woody soils of arid-denudation plateaus

(Suaeda dendroides, S. microphylla, Salsola orientalis, Reaumuria soongorica) communities on
gray-brown saline gypsum-bearing soils of arid-denudation plateaus
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VEGETATION OF DELUVIAL-PROLUVIAL PLAINS

(Nanophyton ennaceum) and (Artemisia heptapotamica) communities on gray-brown shallow and normal
soils in combination with (Artemisia terrae-albae, Krascheninnikovia ceratoides) on meadow-brown
soils of temporary watercourses on a gently sloping deluvial-proluvial plain
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(Suaeda dendroides, S. microphylla, Reaumuria soongorica, Salsola orientalis) communities on gray-
brown saline gypsum-bearing soils in combination with (Haloxylon aphyllum) on meadow-brown
soils along the slopes of a gently sloping proluvial plain

(Suaeda dendroides, Suaeda microphylla, Arthrophytum iliense) communities on gray-brown gypsum-
bearing eroded soils of gently sloping deluvial-proluvial plain

(Nanophyton erinaceurn) communities on gray-brown normal and shallow soils in combination with
(Arthrophytum iliense, A. longibracteatum) on gray-brown slightly gypsum-bearing rubble-pebble
loamy soils of gently sloping deluvial-proluvial plain

(Nanophyton erinaceum, Arthrophytum iliense) on gray-brown gypsum-bearing loamy rubble-
pebble soils in combination with (Nanophyton erinaceum, Anabasis salsa) on the salt licks of the
gently sloping deluvial-proluvial plain

VEGETATION OF ANCIENT ALLUVIAL PLAINS

Complex of (Haloxylon aphyllum) and (Artemisia terrae-albae, Salsola orientalis) on takyr-like soils
with an eolian mantle in combination with takyrs without vegetation on the ancient alluvial ac-
cumulative plain

VEGETATION OF EXTREME ARID PLAINS

Single plants Iljinia regelii, Arthrophytum longibracteatum, A. iliense on extremely arid loamy-pebble-
gravelly deposits of a rocky gammada of gently sloping weakly dissected plains

(Nanophyton erinaceum) and (Arthrophytum longibracteatum, A. iliense) on extremely arid gravel-
ly-gravelly soils of gentle undulating plains in combination with shrub (Caragana balchashensis,
Athraphaxis replicata, Ephedra intermedia, Acanthophyllum pungens, Salsola arbuscula, Convolvulus
gortshakoviicommunities on meadow-brown soils along the say

(Arthrophytum longibracteatum, A.iliense) and (Salsola orientalis) communities on extremely arid
pebble-gravelly soils of undulating-ridged dissected plains

THE VEGETATION OF THE CANYONS AND DRY RIVERBEDS

THE VEGETATION OF THE CANYONS

(Salsola arbusculiformis), (Salsola arbusculiformis, Nanophyton erinaceum), (Nanophyton erinaceum)
and(Anabasis truncata, A.eriopoda) communities on gray-brown primitive gravelly-stony soils of
canyon slopes combined with (Caragana balchaschensis, Athraphaxis replicata) on meadow-brown
poorly developed soils of stony logs

(Arthrophytum iliense), (Nanophyton erinaceum), (Suaeda dendroides) communities on gray-brown
unformed soils of slopes to the canyon

(Salsola arbusculiformis, Nanophyton erinaceum), (Salsola arbusculiformis, Ephedra intermedia) com-
munities on grey-brown gravelly-stony soils combined with shrubs and semi-shrubs (Ephedra in-
termedia, Caragana balchaschensis, Nanophyton erinaceum) over rocks and shrubs (Caragana bal-
chaschensis, Athraphaxis spinosa, A decepiens) along the logs in the rocky hillock

Sparse factions involving (Ephedra intermedia, E. equisetina, Athraphaxis decipiens, Caragana kir-
ghisorum, Convolvulus tragacanthoides, Salsola arbusculiformis, Artemisia rutifolia, A. juncea, A.
sublessingiana, Brachanthemum titovii, Nanophyton erinaceum) on the rocky sides of the canyon

(Populus diversifolia, P.nigra, Salix kirillovii, Rosa iliense, Trachomitum lancifolium, Clematis orientalis)

on primitive alluvial meadow-tugai soils along the channel and shrub thickets (Rosa plathyacan-
tha, R. silverhjelmii, Berberis iliensis Lonicera iliensis, Clematis songarica) on primitive alluvial-
meadow soils of the first floodplain terrace in combination with single shrubs (Atraphaxis virgata,
Caragana kirghisorum, Ephedra intermedia, Salsola arbuscula) rocky steep slopes
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VEGETATION OF DRY RIVERBEDS

Complex communities: (Haloxylon aphyllum, Salsola arbuscula, Salsola orientalis) and (Artemisia
terrac-albae, Ephedra intermedia) on alluvial-proluvial deposits of bottoms in combination with
settlements of shrubs (Ephedra intermedia, Athraphaxis decipiens, Caragana kirghisorum, Convol-
vulus tragacanthoides) on the steep slopes of dry channels of temporary watercourses

Complex communities:

(Arthrophytum iliense), (Salsola orientalis Artemisia terrac-albae) with Haloxylon aphyllum on the
outcrop of the ancient alluvial-lacustrine deposits (Artemisia terrae-albae, Convolvulus gortshako-
vii) gray-brown unformed soils by say

VEGETATION OF RIVER VALLEYS

VEGETATION OF STREAMS AND TEMPORARY WATERCOURSES

A number of communities:

(Tamarix ramosissima, Alhagi pseudalhagi, Phragmites australis) — (Tamarix ramosissima, Karelinia
caspica) — (Haloxylon aphyllum, Saisola orientalis) on meadow-brown soils of dry channels of
temporary watercourses

A number of communities:
(Artemisia terrae-albae, Acanthophyilum pungens, Ferula iliensis) — (Caragana balchashensis, Ath-
raphaxis replicata) (Salsola arbuscula, Ephedra intermedia, Calligonum junceum, Convolvulus gortsha-
kovii) on the sandy loam-sandy soils with desvanece-gravelly inclusions of streams and dry river
beds of temporary streams

VEGETATION OF THE SHARYN FLOODPLAIN

A number of communities:

sparse groupings (Chenopodium botrys, Chondrilla ambigua, Crypsis schoenoides, Mentha arven-
sids, Xanthium strumarium) on shingle shallows on primitive alluvial-meadow soils — grass-grass
meadows (Phragmites australis, Calamagrostis epigeios, Glycyrrhiza uralensis, Trachomitum lanacifo-
lium) on alluvial-lute soils — grasslands of different grasses (Vexibia alopecuroides, Leymus multi-
caulis) with groups of trees (Salix songarica, Elacagnus oxycarpa) on meadow-tugai soils of a low
floodplain

A number of communities:

(Fraxinus sogdiana) with sparse groupings of Asparagus officinallis u Ribes saxatile — (Elaeagnus
oxycarpa, Salix angustifolia, S.alba, Hippophae rhamnoides) — (Fraxinus sogdiana, Populus nigra,
P.alba) with a shrub layer of (Rosa iliensis, Lonicera iliensis, Berberis iliensis) — (Elaeagnus oxycarpa,
Salix alba, S.kirillovii, Hippophae rhamnoides, Clematis orientalis) on alluvial tugai soils of low flood-
plains and river banks

A number of communities:
l (Elaeagnus oxycarpa, Salix alba, S. songorica, Tamarix ramosissima, Hippophaé rhamnoides)
with single (Fraxinus sogdiana) — (Fraxinus sogdiana) — (Populus diversifolia, P. pruinosa,
Fraxinus sogdiana) with a shrub layer of (Berberis iliensis, Tamarix ramosissima) — Haloxylon
aphyllum on alluvial-meadow soil is presented of the high floodplain

A number of communities:

(Elaecagnus oxycarpa, Salix michelsonii, S.songarica, Tamarix ramosissima, Clematis orientalis)
— (Glyzyrrchyza glabra, Leymus multicaulis, Calamagrostis epigeios) — (Populus diversifolia,
P.pruinosa, Berberis iliensis, Tamarix ramosissima, Reamuria songorica) — (Tamarix ramosissima,
Halimodendron halodendron, Nitraria sibirica, Ceratoides papposa) — (Kalidium schrenkianum, Tam-
arix hispida, Achnatherum splendens, Limonium gmelinii) on alluvial-meadow dried soils with signs
of salinity and meadow salt marshes of high floodplain

VEGETATION OF THE ABOVE-FLOODPLAIN TERRACES OF SHARYN

A number of communities:

(Populus pruinosa, P.diversifolia) with the participation of (Fraxinus sogdiana) with (Kalidium fo-
liatum. K schrenkianum, Halostachys belangriana, Nitraria sibirica, Limonium gmelinii) on the salt
marshes of meadow — shrub (Tamarix hispida, T.ramosissima, Atraphaxis spinosa, A.pyrifolia,
Krascheninnikovia ceratoides) on meadow-brown soils of above-floodplain terraces
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' | (Kalidium schrenkianum, Tamarix hispida, Tamarix ramosissima, Achnatherum splendens) commu-
nity in combination with planting of tree species (Elaeagnus oxycarpa) and (Ulmus pumila) on salt
$ marshes of meadow and secondary floodplain terraces
ANTHROPOGENIC TRANSFORMED VEGETATION
Agricultural land
Conclusion types of vegetation are found on the territory: steppe,

Taxonomic analysis of the floral diversity of
the plant cover of the SNNP «Sharyn» showed that
915 plant species and 406 genera were identified
in the flora. the species of the Asteraceae Dumort
family — Aster, which is 13.98%, and Poaceae
Barnhart species — Cereals 9.07% and 8.08%
-Fabaceae Lindl. — Legumes-dominate. There are
39 species listed in the Red Book of the Republic
of Kazakhstan.

The phytocenotic diversity of the plant cover of
the SNNP «Sharyn» was determined. The following

desert, shrub, meadow, swamp, and tugai.

An assessment of the spatial structure of the
vegetation cover of the SNNP «Sharyn» was made,
and a vegetation map of the SNNP «Sharyny»
was created, in which 39 natural contours were
marked. The map contains 13 vegetation sections:
vegetation of low mountains, small hills, foothill
plains, intermountain basins, deluvial-proluvial
plains, ancient alluvial plains, extreme arid plains,
canyons and dry channels, river valleys, floodplains
of Sharyn, above-floodplain terraces of Sharyn, as
well as anthropogenic transformed vegetation.
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GEOBOTANICAL DESCRIPTION AND ECOLOGY
OF THE POPULATION OF THE ENDEMIC SPECIES
GALATELLA SAXATILIS NOVOPOKR. IN SYUGATY MOUNTAIN GORGE

This article presents the geobotanical characteristics and ecological conditions of populations of the
endemic species Galatella saxatilis found in the mountain gorge of Syugata.

The natural conditions of the territory areconsidered: topography, soil cover, water resources, cli-
mate, where the object of research is found, and geobotanical characteristics of plant community types
are compiled. The results are filled in the table and displayed in the figures. The percentage of yield of
types in communities is calculated.

The morphological features of the Galatella saxatilis species are described and the life States and
quality level of generative stems are determined. During repeated observations of the species Galatella
saxatilis, only 7 individuals were found in the first population. The second population contained 10
individuals. The following types are distinguished by life States: generative age(g1), mature(g2), old(g3)
and postgenerative sub-senile(ss), senile(s).

24 plant species found in the population have been identified and a systematic list has been com-
piled.

The main tasks of the research work were completed in full and successfully completed.

Key words: topography, water resources, soil cover, climate, plant communities, forage yield, com-
munity types.

H.b. Hacbipos*', H.K. bancenTos’, labop LLIpamko?

'«A3amMaTTapFa apHaAFaH YKiMET» MEMAEKETTIK KOPropaLmsCbl» KOMMEPLIMSIAbIK, eMeC
AKLMOHEPAIK KOFaMbIHbIH AAMaTbl KaAaCbIHAAFbI (PUAMAABI —
ArpOXMMUSIABIK, TOMbIpak, 3epTTey XXaHe KelleHA I3AeCTipy XXYMbICbl AenapTameHTi, KasakcTtaH, AAMaThbl K.
2AebpeueH yHuBepcuteTi, BeHrpus, AebpeueH K.
“e-mail: nasyrov.nurzhigit.1996@gmail.com
CereTi Tay LIAaTKaAbIHAAFbI 3HAEM TYp Galatella saxatilis Novopokr.
NONYASILMSACBIHbIH, 5KOAOTMSICbl MEH re060TaHUKaAbIK, CMNaTTaMachl

byamakanapa Cererti Tay WwaTtkaAbiHAa ke3aeceTiH aHAeM Typ Galatella saxatilis nonyAsumsinapbiHbiH
reo60TaHUKAABIK, CUMaTTaMacbl MEH DKOAOTMSIABIK, KaF AAMAAPbl KEATIPIATEH.

3epTTey 06beKTICi Ke3AeCeTiH ayMaKTbiH TaOWFK >KaF AaAapbl: Xkep 6eAepi, TOMbIpak, >KamMbIAFbICbI,
Cy pecypcTapbl, KAMMATbl KapacTbIPbIAbIM, OCIMAIKTED KaybIMAACTbIFbl MEH OHAAFbl TUMTEPAIH
reo60TaHUKAAbIK, CUMAaTTaMachl >KaCaAAbl. AAbIHFAH HOTUMXKEAEP KECTEAEPre TOATbIPbIAbIM, CypeTTepae
KepceTiareH. KaybIMAACTbIK, TUNTEPIHIH OHIMAIAIK Nalbi3bl €CenTeAiHreH.

Galatella saxatilis TypiHiH MOP(OAOIUSIAbIK, epeKLLeAiKTepi cMMaTTaAbIn, TipLWiAiK KyHAAepi MeH
reHepatmsTi cabakTapblHbIH canaAblk, AeHreni aHbikTasraH. Galatella saxatilis TypiH 6ipHewe pet
KanTaAan 6akbliAay 6apbiCbiHAA BipiHLLT MONyAIUMAAQ 7 Aapak, KaHa KE3AECTI. AA, eKiHLLI nonyAsumMsasa
10 aapak, keaaecTi. TipwiAik KyiAepi 6oibiHWA: reHepaTHBTI xac(g1), nickeH(g2), kapTairaH(g3) xoHe
NOCTreHepaTuBTI CyOCEHNAbAI(SS), CEHMABAI(S) TUMTEP aXKbIPaTbIAAbI.

MonyAsdumssa kezpeceTiH 24 6CiMAIK TYpi aHbIKTaAbIM, CUCTEMATUKAABIK, Ti3iMi >KacaAAbl.

3epTTey >KYMbICbIHbIH, HETi3ri MiHAETTEPI TOAbIFBIMEH OPbIHAQABIM, XXYMbIC COTTI XKYPri3iAAi.

Tyiin ce3aep: xep 6eaepi, Cy pecypcTapbl, TOMbIPak >KaMbIAFbICbI, KAMMAT, ©CIMAIKTep
KAYbIMAQCTbIFbl, OHIMAIAIK, TYCIM Marbl3bl, KAybIMAACTbIK, TUNTEPI.

© 2020 Al-Farabi Kazakh National University 51


https://doi.org/10.26577/EJE.2020.v65.i4.05

Geobotanical description and ecology of the population of the endemic species Galatella saxatilis Novopokr. ...

H.b. Hacbipos'*,H.K. baricernTos’, Nabop LLpamko?
1AenapTamMeHT arpOXMMUYECKIMX, NMOYBEHHbIX 0OCAEAOBAHUI U KOMMAEKCHO-M3bICKATEAbCKOM paboThbl —
duanan HAO «['ocyaapcTBeHHas koprniopaums «[1paBUTEABCTBO AAS FPaXKAaH» B ropoae AAMaTbl, KasaxcraH, r. AAMaTtbl
2 AebpeLeHckuii yHuepeuTeT, Benrpus, r. AebpeueH
*e-mail: nasyrov.nurzhigit.1996@gmail.com
lFeo6oTaHMYeCKOE OnMcaHue U SKOAOTUS SHAEMUYECKOro BUAQ NMONyAsiumun
Galatella saxatilis Novopokr. B CloraTUHCKOM FOpHOM YlleAbe

B AaHHOM cTaTbe npuBeAeHa reoboTaHMUYecKas XapakTepucTMKa W DKOAOTMYECKME YCAOBUS
nonyAsiumii sHaemuuHoro suaa Galatella saxatilis, Bctpeuatolierocs B ropHom yueabe Croratbl.

PaccMoTpeHbl MPUPOAHbIE  YCAOBUS  TEPPUTOPUM: peAbed, MOUBEHHbI MOKPOB, BOAHbIE
pecypcbl, KAMMAT, Ha KOTOPOW BCTPEYAETCS OObEKT UCCAEAOBAHMS, M COCTaBAEHA reoboTaHMYecKas
XapakTepUCTUKA TUMOB PACTUTEABHOrO COOOLECTBA. [1oAyUeHHbIE pe3yAbTaThbl 3aHECEeHbl B TaBAMULLY 1
0TOOpaXkKeHbl HA PUCYHKAX AQHHOM CTaTbUW. PaccumMTaH NpPOLEHT ypoyKanHOCTU TUMOB B COOOLLECTBAX.

Onucanbl Mopdoaormueckme ocobeHHocTn Buaa Galatella saxatilis 1 onpeaeaeHbl >ku3HeHHble
COCTOSIHUSI M YpPOBEHb KauecTBa reHepatuBHbIX cTebaer. B xoae HEOAHOKpaTHbIX HAaOAAEHWI 33
Buaom Galatella saxatilis B nepBoit nonyAsiumm BCTpeyaAmch ToAbKO 7 ocober. Bo BToporn nonyasumm
BCTpevaanchb 10 ocobeit. 1o KM3HEHHbIM COCTOSIHMSM Pa3AMYAIOT CAEAYIOLLME TUMbl: FeHepaTUBHbII
BO3pacTHoOM (g1), 3peabint (g2), cTapbliit (g3) M NOCTreHepaTUBHbINA CyOCEHMAbHbIN (SS), CEHUAbHDIN (S).

OﬂpeAe/\eHbl 24 Bnaa paCTeHl/lﬂ, BCTpeYalolwmnxca B nonyAdaumn, m COCTaBAEH CUCTeMaTUYeCKnin

CIANCOK.

OcHoBHble 3aAQUM MCCAEAOBATEAbCKOM pa6OTbI BbIMOAHEHbI B MOAHOM ofbeme U ycCrnewHo

BbINMOAHEHDbI.

KatoueBble caoBa: peabed, BOAHbIE PECYPCh, MOYBEHHbI MOKPOB, KAMMAT, COOBLLECTBA PACTEHWA,

KOPMOBOW YPO>KaNHOCTb, TWMbl COOOLLECTBA.

Explanation of some concepts

Forage unit — measuring unit of fodder value
calculated on 1 kg of dry grass.

Topography  (velief)  —structure,  general
appearance and natural characteristics of the Earth’s
surface in a particular area.

Plants cover —a community of plants growing
on Earth.

Productivity— an indicator that characterizes the
average yield of agricultural products (usually the
harvest collected from 1 hectare of land is calculated
in quintals).

Introduction

Re-study and correction of geobotanical
survey materials requires conducting an average
of once every ten years to identify quantitative
and qualitative changes in vegetation cover and as
the main methods of assessing the state of plants,
as well as in the monitoring mode. In accordance
with the requirements of the time, environmental
issues, including the preservation of biodiversity
and bioresources, have become one of the most
important topics that must be addressed to all
mankind [1-2].

The issue of plant protection and preservation
of the plant gene pool, especially the preservation
of endemic and rare relict species, has now
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become one of the most pressing issues. In
order to preserve the species of plants that are
currently threatened with extinction in nature,
it is necessary to take into account all types of
plants that need protection in order to effectively
use plant resources [3-4].

Since endems and rare plants are important
components of the flora, there is an increasing need
for various geobotanical studies of them [5]. Most of
them are listed in the Red Book and are protected by
the special law of the Republic of Kazakhstan.

The main tasks set for the course of work in this
direction are::

1) Focus on the natural conditions of the sogeti
mountain gorge (terrain, climate, water resources,
soil cover);

2) Identify and draw up a systematic list of the
main plant groups and species in the distributed area
of the research object;

3) Development of a morphological description
of the studied species using basic geobotanical
methods.

Research materials and methods

The object of the study was the main features of
the endemic species Galatella Saxatilis Novopokr,
found in the Sogeti mountain gorge in the south-
eastern part of Sogeti rural district of Enbekshikazakh
District of Almaty region.
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Galatella saxatilis is a rare, limited endemic
species. Perennial, 20-30 cm tall, the base of the
stem is hard. The leaf ribbon is lanceolate, the ends
are minimized. Baskets are collected in a loose
shield, or single, with mother flowers at the edges,
tapered, ash-shaped rudiments. The flowers are
Terry, tubular pale yellow in color. The seeds are
short-haired, with serrated spines. Blooms in July-
September. It is propagated by seeds. It is found on
rocks, rocky slopes. It is distributed in the Syugeti
gorge in the eastern part of the Trans-11i Alatau. The
main dangerous conditions are: low population size,
constant grazing of livestock.

The species is listed in the Red Book of
Kazakhstan. Control over the state of the natural
population, study of the biological characteristics of
the species in cultural conditions [6-7].

The main geobotanical methods were used in
the control of the object of study, the description of
the species composition and morphological features.

Methods for determining productivity

Two methods of calculating productivity
are used to determine the productivity of natural
pastures. They are: the method of sowing (root field)
and the method of model plant or shrub (vertical
root system — root).The first method is used for
herbaceous and deciduous shrubs, the second — for
shrubs and deciduous shrubs. [8].

Reaping method. At the site of the description,
a rectangular 1x1 m cutting area is used. If the
projective coating of the community is uniform,
the mowing area should be laid 4 times, and if the
vegetation is sparse, the area should be laid 8 times.
In shrubby pastures,a 1x2.5 m cutting area is laid out
in the open ground between bushes [9].

When determining productivity, the total weight
(including non-pollinated plant species) and the dry
weight of feed per hectare are taken (if there is only
one livestock, the pollinated plant).At the same time,
during the study of the plant, the moisture weight
is also measured, which is necessary to determine
the drying coefficient of the plant. Therefore, once
every decade, the moisture weight of the plant is
measured. All information is filled in on the form
and converted to hundredweight [10].

Model plant method. The accuracy of the
method depends primarily on the accuracy of
determining the average size of the plant, the
selection and quantity of the model plant. This
method is used to determine the yield of shrubs,
semi-shrubs and large herbaceous plants. In the

Model Method, a 10x10 m transept is constructed.
Bushes inside the transept are united in 2-3 groups
in height and diameter.From each group, 5-10
plants are taken from small ones, and 1-2 from
large ones, according to which the wet and dry
weight is measured. Then the average weight of
one plant is calculated and the yield per hectare is
calculated. The number of pieces of bushes is taken
at each description, and the yield is measured once
in a decade [11].

Research results and their analysis

Ecological conditions of Galatella saxatilis
populations

The main relief of the studied territory is a
rocky, rocky Mountain system with a high belt, with
an absolute height of 600 to 3000 meters. The rocky
Mountains here are classified as low mountains. The
rocky Mountains of Syugata are a mountain range
consisting of strongly cut, rocky slopes consisting
of open rocky rocks and high cliffs forming a gorge
[12].

The main water system of the sdgety mountain
gorge includes the waters of the Syugata, Almaly,
and Sarbastau rivers. This is where the streams
of Karabulak and Akshitek Springs begin. These
springs and springs flow mainly from the bowels
of the mountains and are filled with rain and snow
waters depending on the season.

Since the gorges of Syugata are a High-Altitude
Area, the climatic conditions are Continental,
characterized by cold winters and cold summers.The
number of days that exceed +10° is 150. According
to long-term indicators, the average annual air
temperature is —0,2°C. The average precipitation is
407 mm.

The spring season in the mountains begins from
2-3 December of April. The average temperature at
this time +1,3°C, and in may +6,2°C, in June +9,5°C.

The first cold snap is observed in September.
And the main snow cover falls at the end of October.
Snow height varies between 25-90 CM. Snow cover
and cold retention are observed for up to 160 days.

In the mountainous region, there is also a weak
wind. Its speed is 2-4 m/s. In winter, wind gusts are
detected for 1-3 days. In addition, there are also fogs
8-10 days a month [13-14].

On the high, rocky slopes of the Syugata
mountains, undeveloped light brown soil of the
mountain is found. These soils form a weak humus
horizon of 20-30 cm. In addition, they often contain
dirty substances and stones [15-16].
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Galatellasaxatilis geobotanical characteristics
and morphological features of the population

Population. Terrain elements play an important
role in the distribution of vegetation cover. In all
parts of the district, it covers a large area, forming
a complex of grass-grain pastures, sagebrush and
ephemera. Zhetysuzhusan and karazhusan pastures
are also common. On the banks of river valleys
and streams, kokpekty pastures are distributed,
forming a complex with sagebrush, sorrel, grain-
various grasses, grain-licorice-sagebrush pastures.
As a result of the study, a geobotanical description
of the first population found in Galatella saxatilis
was carried out.The first population was identified
at the top of a mountain gorge, 2.5 km southwest
of the village of Kokpek, and the vegetation of the
community was described. The first determined
population determined the species composition
of the community and gave it a geobotanical
description.The plant community, distributed in
low-lying mountainous terrain, on muddy gravel-

Stony dark brown soil of the Mountain, Forms two
types of complexes. A special geobotanical form
was filled out and the following description was
given.

The first type is bushy — Semirechye sagebrush-
cereal Galatella saxatilis. Low mountainous terrain
with an absolute height of 972 m. Soil moisture occurs
atmospheric.The projective coverage of the soil with
plant cover is 65%.The dominant here is the bushes.
The percentage in the association is 25%.Among the
shrubs are Spiraeca hypericifolia, Rosa spinosissima
and Cerasus tianschanika. The height of the bushes
varies from 65 cm to 135 cm.The subdominant is
Artemisia heptapotamica — 20%. Its height is 30-
58 cm. Grain crops occupy the third place, making
up 15% of the community.These include: Stipa
sareptana, Koeleria gracilis and Festuca sulcata.
The height is observed, respectively — from 10 to
55 ecm. The Galatella saxatilis is distributed evenly
everywhere, with a share of 5% in the community

type [17-19].

Figure 1 — Control of the species composition of the association by the method of harvesting

There are also individual plants that are
part of the community. The are: Helianthemum
soongoricum, Scutellaria transeliensis, Seseli
strictum, Lonicera microphylla, Acanthophyllum
pungens, Bromus inermis, Peganum harmala,
Carex pachystylis, Ephedra intermedia, Meniocus
linifolius, Poa bulbosa.

At the designated place, the plants of the
area 1m? were completely cut by the method of
harvesting, each plant was wrapped in individual
papers and dried in a special shady covered place.
At the designated place, the plants were completely
cut off by the method of harvesting, each plant was
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wrapped in individual papers and dried in a special
shady covered place. Dried plants for 7-10 days were
weighed on an electronic scale to determine their
dry weight. Accordingly, the yield of the general
type of production was calculated [20].

Total summer yield of dry mass type 9.5-12.0 d/

ha. Seasonal yield of fodder(d/haw): in the
Fodder unit

dea
. 7,6 85 . > 6
spring - , In summer - , In autumn
43 49 51 5,7
6,1 7,8 . 4,7 6,0
—- , winter -——
33 42 2,1 25
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Figure 2 — Growth of the Galatella saxatilis on the rocky slopes of the Syugata gorge

The second type — Cereal-zhetysu wormwood-
galatella type. Low mountainous terrain with an
absolute height of 972 m. Soil moisture occurs
atmospheric. The projective coverage of the soil with
plant cover is 70%.The dominant here is cereals.
The percentage in the association is 40%.They are:
Stipa caucasica, Stipa capillata, Poa bulbosa and
Festuca sulcata. Heights range from 10 to 60 cm,
respectively.Subdominant Zhetysu wormwood —
20%. Its height is 30-55 cm. Galatella saxatilis is
in third place with a 10% share of the community.
Height 12-28 cm. KaybIiMaacThIK KypamMbiHa KipeTiH
JKeKeJen Ke3jieceTiH ecimiaiktep ae Oap. They
are: Acanthophyllum pungens, Carex pachystylis,
Scutellaria transiliensis, Seseli strictum, Lonicera
microphylla, Ephedra intermedia, —Meniocus
linifolius, Poa bulbosa, Spiraea hypericifolia,
Cerasus tianschanika.

Total summer yield of dry mass type6,5-9,5 d/
ha. XXemuik maccanbIy Me3riy OoiibiHIIa TYCiMi (d/

aM): in the spring 6,6_7.0 , In summer
Fodder unit 3,7 4.8
7,5 9,5 . 58 7, . 46 5,8
- , In autumn — - , winter -——
4,4 5 7 2-8 357 178 250

>

In the course of several repeated measurements
of the method of harvesting the Galatella saxatilis
plant found in the main mountain gorge at the site
Im? (1x1), the density and generative active organs
of the Galatella saxatilis were classified, and the
morphological features of the plant showed the fol-
lowing results:

There were 2 trees in the first square. Tree, —
belongs to the genus mature (g2) type with mature
generative organs. Number of generative stems — 3.
The corresponding indicators of seeds in a basket in-
florescence: 1 — 13 seeds, 2 — 12 seeds, 3 — 15 seeds.
The height of the plant is 15-22 cm. Tree, — state

of life generative aging (g3). Number of generative
stems — 1. The corresponding indicators of seeds in
a basket inflorescence: 1 — 11 seeds. The height of
the plant is 17-25 cm.

There were no Galatella saxatilis in the second
square.

There was only one tree in the third square. It
belongs to the generative mature (g2) type. Number
of generative stems — 2. Seedlings in the basket in-
florescences, respectively: 1 — 7 seeds, 2 — 10 seeds.
The height of the plant is 17-25 cm.

There was a tree in the fourth square. According
to the state of life were divided into postgenerative
subsenyl (ss). There are no generative stems, the
flowers are fallen. The height of the plant is 15-23
cm.

On the fifth, sixth, and seventh squares, there
were no Galatella saxatilis.

Only one tree met in the eighth square. The state
of life is generative mature (g2). The number of
generative stems is 2. the corresponding indicators
of seed germination in the basket inflorescence are:
1 — 9 seeds, 2 — 13 seeds. The height of the plant is
15-27 cm.

There were no trees in the ninth square.

Two trees met in the tenth square. Tree,- gen-
erative maturity (g2). Number of generative stems
— 3. Seeds in the basket inflorescence, respectively:
1 — 10 seeds, 2 — 9 seeds, 3 — 12 seeds. The height
of the plant is 13-24 cm. Tree,- state of life gen-
erative aging (g3). Number of generative stems — 1.
The corresponding indicators of seeds in a basket
inflorescence: 1 — 12 seeds. The height of the plant
is 15-25 cm.

The study was conducted in the last stages of
the life cycle of the plant Galatella saxatilis, which
became the basis for its description only on the ba-
sis of generative maturity and postgenerative life.
Depending on the method of harvesting, the nu-
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merical density of the object of study on the land
plot 1m? was determined, and the projective soil
coverage was determined. The number of genera-
tive stems of each tree was calculated, and the in-
dicators of seed production and reproduction were
determined.

Population. The second population of the species
was identified 1.5 km south-west of the Suygata
mountain gorge, 1.5 km south of the first population,
and community vegetation wasdescribed. The species
composition of the community was determined and
a geobotanical description was given.Only one type
was distinguished in the defined community area.
The plant community with the absolute height of
1025 m, located in the low mountainous terrain,
on the clayey gravel-brown soils of the mountain,
forms the following type: steppe-shrub-grain-shrub

type. A special geobotanical form was filled out and
described as follows.

Shrub grain-galatella type. Soil moisture
occurs atmospheric. The projective coverage of the
soil with plant cover is 65%. The surface layers of
the soil are large-lobed, and the visibility of the rocks
is clearly marked. The dominant here is the bushes.
The percentage in the association is 35%.Among
the bushes are Spiraea hypericifolia, Cerasus
tianschanika, Rosa spinosissima. The height of the
bushes reaches from 60 cm to 115 cm.

Subdominant-cereals. They account for 25% of
the community. They are: Stipa sareptana, Stipa
caucasica and Festuca sulcata. The height will
be from 10 to 55 cm, respectively. The Galatella
saxatilis is distributed evenly everywhere, with a
share of 5% in the community type.

e -

Decimal
43.449053
78.641839

43°26'56" N
78°38'30" E

Latitu'de
Longitude

Figure 3 — During the observation of the second population of the Galatella saxatilis

List of individual plants that are part of the
association: Artemisia heptapotamica, Artemisia
terrae-albae, Lonicera microphylla, Caragana
pleiophylla, Eremopyrum orientale, Lasiagrostis
splendens,  Acanthophyllum  pungens, Carex
pachyswylis,  Ephedra intermedia, Scutellaria
transeliensis, Meniocus linifolius, Seseli strictum,
Poa bulbosa, Spiraea hypericifolia.

According to the association, the plants of the
sampled land were dried and the percentage and
yield indicators were calculated.

Total summer yield of dry mass type 8.4-11.2 ¢/
dry weight )

ha. Seasonal receipt of feed mass(d/ha :
Fodder unit

in the spring 7.4 8l , in the summer 9.8 10,2 . in
5.9 . .

the autumn —— -——, in the winter 45 55 .
3.8 4] L9 2,7
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In the course of several repeated measurements
of the method of reaping the Galatella saxatilis at
an area of 1m? (1x1), the density and generative
active organs of the species were classified, and
the morphological features of the plant showed the
following results:

The tree in the first square belongs to the
generative age (gl) type with mature generative
organs. Number of generative stems — 3. Seeds in
the basket inflorescence, respectively: 1 — 11 seeds,
2 — 14 seeds, 3 — 12 seeds. The height of the plant
is 12-20 cm.

In the second square there was only one
Galatella saxatilis. According to the state of life,
it belongs to the generative aging type (g3). It is a
plant before flowering, without flowers. Height —
13-22 em.Two trees met in the third square. Tree -
generative maturity (g2). Number of flower stalks
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— 2. Seeds in the basket inflorescences, respectively:
1 — 15 seeds, 2 — 13 seeds. Plant height — 15-23 cm.
Tree,- generative maturity (g2).Number of genera-
tive stems — 2. Seed inflorescences in the basket, re-
spectively: 1 — 10 seeds, 2 — 16 seeds. The height of
the plant is 18-22 cm. In the fourth and fifth squares
there were no trees of the Galatella saxatilis.

Two trees in the sixth square. Tree - generative
maturity (g2). Number of flower stalks — 1. The cor-
responding indicators of seeds in a basket inflores-
cence: 1 — 14 seeds. The height of the plant is 14-20
cm. Tree, postgenic senile (s). There are no genera-
tive stems. The height of the plant is 13-20 cm.

In the seventh square there was only one Gala-
tella saxatilis. 1t is a postgenerative senile (s) by
state of survival. A species without flowers, about to
wither. Plant height is 15-22 cm.

There were no trees in the eighth and ninth
squares.

There were three trees in the tenth square. Tree -
generative aging (g3). Number of generative stems
— 1. Number of seeds in a basket inflorescence — 9
seeds. The height of the plant is 15-22 cm. Tree,
state of life generative aging (g3).

There is no generative stem. The seeds in the
basket have completely fallen off. Plant height — 17-
23 cm. Tree,- postgenerative subsenyl (ss). There
is no generative stems. The height of the plant is
20-25 cm.

Productivity and chemical composition of
forage plants in the plant community

Pastures and pasture forage are important for
animals. Green grass is a type of highly nutritious
fodder. Grasses of good pastures, especially
cereals and legumes, contain up to 10 kg of protein
and 100 feed units per 100 kg. In addition, the
digestibility of forage grass is 15-20% lower than
that of green grass. Pasture grass, for example,
contains 10 times more vitamin A than fodder
grass [21-22].

Pasture grasses must contain minerals (calcium
and phosphorus salts) that have a lasting effect on
the growth and development of animals. Pasture
composition has a multifaceted effect on animals.
It creates favorable conditions for the proper
development and growth of food and increases its
resistance to various diseases [23-24].

Accordingto such data, the chemical composition
of plants directly suitable for fodder production in
the study area was determined, the relative level of
absolute productivity of natural organic matter and
total feed mass was determined [25-26].

Systematic list of plant species in the plant
community

The list of plants found in the study by double
populations of Galatella saxatilis was compiled and
filled in the table below [27].

Table 1 — Productivity and chemical composition of forage plants found in the Suygata mountain gorge

Occurs in the absolute dry matter of forage, % li(r)lo dlii ?:3&::7?;5

Ne Plant species Seas;rela(if the % ~ o N - g o % 5=
g = g 2 E LR

1 2 3 4 5 6 7 8 9 10
winter 3,77 0,93 39,97 46,42 8,91 2,08 42,6
1 Festuca sulcata spring 13,67 2,97 27,82 45,99 9,55 9,06 72,8
(Hack.) summer 797 2,69 33,99 47,65 7,70 5,10 61,0

autumn 6,19 2,99 36,22 46,76 7,84 3,81 51,3
spring 11,90 3,17 29,13 49,39 6,40 8,64 75,2
2 Stipa caucasica summer 7,01 3,31 33,28 19,14 7,26 4,69 67,4
Schmalh. autumn 3,92 3,70 36,48 50,47 5,43 3,18 59,2
winter 2,84 1,30 38,68 53,38 3,80 1,40 43,0
3 Koeleria gracilis Pers. spring 21,52 3,30 26,22 40,17 8,79 15,70 83,0
summer 7,63 2,80 31,85 52,53 5,19 4,96 60,6
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Continuation of table 1

Season of the

Occurs in the absolute dry matter of forage, %

100 kg abs. occurs
in dry fodder, kg

Ne Plant species year g . % N . 2 B s .
S & & /q 2 22 3 8 &
g, o aa] .2 < g EC=]
1 2 3 4 5 6 7 8 9 10
autumn 4,72 2,48 36,20 51,66 4,94 2,14 45,5
winter 4,26 1,16 39,04 48,19 7,35 2,25 76,3
4 Poa bulbosa L. spring 12,22 2,44 28,97 49,72 6,65 8,52 104,8
summer 6,25 1,87 33,24 53,31 5,33 3,83 87,2
autumn 3,72 1,50 40,06 49,89 4,83 1,98 78,6
winter 6,04 1,10 38,23 45,81 8,92 3,26 56,7
5 Bromus inermis spring 11,65 2,58 30,87 47,68 7,22 7,24 65,9
Leyss. summer 6,72 1,98 32,68 51,50 6,60 3,98 66,1
autumn 5,00 1,58 36,10 51,63 5,69 2,71 65,4
winter 3,18 2,75 45,77 40,52 7,78 1,68 35,9
6 Stipa sareptana spring 13,01 2,92 30,52 44,42 9,13 9,50 75,9
(Beck) summer 8,25 2,41 32,18 51,18 5,98 5,55 68,4
autumn 5,40 2,30 35,01 51,27 6,02 3,23 56,2
winter 3,27 0,45 36,13 53,45 6,70 1,75 47,1
7 Carexpachystylis spring 11,69 2,59 29,30 47,07 9,35 7,95 69,1
J.Gay. summer 8,29 2,52 32,29 49,34 7,56 5,25 66,0
autumn 5,24 2,34 36,89 48,05 7,48 2,81 45,1
8 Eremopyrum orientale spring 7,68 2,52 17,81 41,09 29,08 7,29 70,0
Jaub. summer 10,19 3,08 19,01 43,43 26,80 5,68 70,4
spring 13,46 3,42 25,31 49,29 8,52 10,08 80,1
g | Anemisiaterracalbac | o e | 1006 | 503 | 2576 | 5200 | 7.5 671 | 734
Krasch.
autumn 8,81 6,23 27,24 50,48 7,27 5,21 74,7
spring 15,67 5,12 21,33 47,80 10,08 11,49 85,6
10 A“emiSi?)L‘fjgﬁpOtamica summer 1047 | 6,18 2463 | 5051 | 821 812 | 838
autumn 8,76 6,84 27,01 50,39 7,00 6,22 72,0
winter 6,57 3,96 28,42 55,88 5,17 2,81 46,0
11 Galatella saxatilis spring 17,73 4,77 21,12 4597 10,41 13,24 81,6
Novopokr summer 11,10 6,12 22,84 52,68 7,26 7,87 76,8
autumn 8,43 5,73 26,78 52,89 6,17 4,35 55,7
winter 3,53 1,41 30,93 45,76 8,94 1,41 21,0
12 Spiraea hypericifolia L. spring 17,50 2,06 33,74 40,80 10,40 8,52 53,5
summer 11,55 2,11 34,36 41,16 10,82 5,52 46,3
autumn 6,46 1,92 38,25 40,08 13,29 2,74 29,9
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Table 2 — List of plants in the population of Galatella saxatilis in the gorges

Ne Latin scientific name of plants Kazakh name Russian name Life form
1 | Acanthophyllum pungens (Bge.) Boiss. Tixendi 603miken KonrouenucTHUK KOMIOUUI Perennial
2 | Artemisia heptapotamica Poljak. Kemicy acycan [TonbiHb cemupeueHckas Perennial
3 | Artemisia terrae-albae Krasch. bo3 arcycan [Nonbiap 6eno3emenbHas Semi-shrub
4 | Bromus inermis Leyss. Kwvizviiom apnabac Kocrep 0e3ocThrii Perennial
5 | Caragana pleiophylla ( Konowcanvipaxmul kapazan | KaparanamHoromucras Bush
6 | Carex pachystylis J.Gay. Tonvix Kusxoney Ocoka TOICTOCTOIONKOBAS Perennial
7 | CerasustianschanikaPojark. Tonwan wueci BuiHst TAHBIIAHCKAS Bush
8 | Ephedra intermedia Schrenk. Kov13v11 mamvip goinwa XBOWHUK cpenHuH(2¢edpa) Bush
9 | Eremopyrum orientale (L.) Jaub. Et Spach. | [Llviebic mopmuiev MopTyK BOCTOUHBIH Annual
10 | Festuca sulcata Hack. Koo0imei bemeze Ogcsauna 6opo3mayaras (Tum4ak) | Perennial
11 | Galatella saxatilis Novopokr. JKapmac oanazvievipol CoNOHEYHUKCKATBHBIN Perennial
12 | Helianthemum soongoricum JKoweap coynemeyni ConHIenBeT JKYHTapCKUAH Perennial
13 | Koeleria gracilis Pers. Konwvipbac wiucabar TOHKOHOT TOHKH# Perennial
14 | Lasiagrostis splendens (Trin.) Kunth. Ax wiuil Uwii OGecTsmui Perennial
15 | Lonicera microphylla Yeaxocanvipak, yurxamor JKumonocTh MeIKOIICTHAS Bush
16 | Meniocus linifolius (Steph.) D.C. 3vizvip orcannaxscemic [I1ocKomTOAHNKIBHOMMCTHRI | Annual
17 | Peganum harmala L. Kooimei aovipacnan {;5;1?_;3)6 PIKHOBCHHAA Perennial
18 | Poa bulbosa L. JKyawwikmol Konvipbac MSTANK TyKOBUYHBIN Perennial
19 | Rosa spinosissima L. Apan paywan [TunoBHUK KONrOYEHIINI Bush
20 | Seseli strictum Epbucen moipanwon YKabpuua Topuarmast Perennial
21 | Scutellaria transeliensis Lne momazawobi EJI;I/}II;IEE::I)HH (mem) Perennial
22 | Spiraea hypericifolia L. Hlaiixypaii mo6uinzel TaBosnra 3BepoboencTHas Bush
23 | Stipa caucasicaSchmalh. AKKbLiman KoBbLib KaBKa3CKui Perennial
24 | Stipa sareptana Beck. Tvipcoix Kay KoBbuib capentckuii Perennial
Conclusion Since the gorges of Syugata are a High-Altitude
Area, the climatic conditions are Continental,
Thus, on the basis of the conducted characterized by cold winters and cold summers. The
geobotanical research, two populations of number of days that exceed +10° is 150. According

the endemic species Galatella saxatilis were
identified and their communities were studied,
which are found in the Syugata mountain gorge of
Syugata rural district of Enbekshikazakh District
of Almaty region. The topography, climate, soil
and water system of the mountain gorge were
described and the main physical features were
shown. The Rocky Mountains of Syugata are a
mountain range consisting of strongly cut, rocky
slopes, open Rocky rocks and high cliffs that form
a gorge.

The main water system of the Syugata mountain
gorge includes the waters of the Sogety, Almaly,
and Sarbastau rivers.

to Perennial indicators, the average annual air
temperature is -0.2°C. The average precipitation is
407 mm.

The average temperature at this time is +1.3°C,
in May +6,2°C, and in June +9,5°C.

The first cold snap is observed in September. The
main snow cover will fall in late October. The snow
depth is 25-90 cm. Snow cover and cold storage are
observed for up to 160 days.

On the high, rocky slopes of the Syugata
mountains there is an underdeveloped light brown
soil. These soils form a weak humus horizontal,
20-30 cm. In addition, they often contain dirt and
stones.
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The plant community was classified into types
and special geobotanical forms were filled out.
According to the first population, two types were
distinguished: ~ Shrub-mature =~ wormwood-cereal
steppe-cereal type and Cereal-mature wormwood-
steppe type.Productivity of the types was determined
and the total summer harvest was calculated.

Density and generative active members of the
species were classified and the morphological
features of the plant were determined during
several repeated measurements of the rocky steppe
vegetation found in the mountain gorge on 1m?
(1x1).

The study was conducted in the last stages of
the life cycle of the plant Galatella saxatilis, which
became the basis for its description only on the
basis of generative maturity and postgenerative life.
Depending on the method of harvesting, the numerical
density of the object of study on the land plot 1m?

was determined, and the projective soil coverage
was determined. The number of generative stems of
each tree was calculated, and the indicators of seed
production and reproduction were determined.

During the full development of the vegetation
of the Syugata mountain gorge, a systematic list
of plants found in the population of rock-grass
vegetation was made. The amount and chemical
composition of crops were calculated and tabulated
by species.

The conducted geobotanical work is an
important study in determining the population
characteristics of the rocky steppe and its place in
the flora as an endemic species.As a species listed
in the Red Book, one of the main tasks of the work
was to preserve the species composition, population
density and quality. Morphological characteristics
of the species have become a prerequisite for further
study of the species.
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LLIAPbIH M¥TIT ©6CIMAIKKOPEKTI AfALL
XAPTbIAAUN KATTbIKAHATTbLIAAPbBIHbIH, (HETEROPTERA)
BUOAOINACbI MEH 9KOAOTHACHI

Makanaaa LLlapblH MemAekeTTiK YATTbIK, Taburu napki Tepputopusicbiiaa 2018-2019 xbiapapbl
SKYPri3iAr€H AQAaAbIK, FbIAbIMM 3epTTeyAep HaTuxkeAepi 6epiain oTbip. XKyprisiareH 3epTreyaep
HOTUXKECIHAE XKapTblAal KATTbIKaHATTbIAAPABIH, 7 TYKbIMAACBIHA XaTaTblH 26 Typ aHblKTaAAbl: Miridae
(11 Typ, 43%), Aradidae (2 Typ, 8%), Lygaeidae (1 Typ, 4%), Coreidae (2 Typ, 8%), Tingidae (3 Typ,
11%), Acanthosomatidae (4 Typ, 15%), Pentatomidae (3 Typ, 11%). ByaapAbIH apacbiHAQ TYP Kypambl
>KarblHaH 6acbiM TykbiMAacTap: Miridae (11 Typ, 43%), Acanthosomatidae (4 Typ, 15%), aA KaaraH 5
TykbiMaacTaH 1-3 TypaeH faHa 6eAriai 60aabl. Oaap KOpeKkTik 6GaiAaHbICbl XarFbiHaH utodarTap,
OAapAbIH iWiHAe 13 Typ — noAndmTodar, 4 Typ — KeH oAauroduTodpar, 7 Typ — Tap oamrogmtodar, 2
TYp — muuetodar 60AbIN Tabbiraabl. LLIapbii MYTI xapTbiAai KaTTbIKaHATTbIAAPbI >KblAbIHA GepeTiH
yprak, caHbiHa Kapai 4 Tornka 6eAiHeAi: MOHOBOALTUHAI (16 Typ), GBUBOABTUHAI (7 TYP), MOAMBOALTUHA|
(1 Typ), aumnkaai (2 Typ). 3epTTey anMmarbiHAAFbI AGHAPOOMOHTTbI TYPAEPAIH GapAbiFbl Me30UAAEP.
AeHAPOOMOHTTbI >KapTblAal KaTTbIKAHATTbIAAPbIHbIH ilLiHAE epecek Aapacbl KyriHae — 15 Typ (58%),
epecek Aapacbl MeH AepHaciApepi KyniHae — 2 Typ (7%), >XymblpTKaAapbl kyriHae — 9 1yp (35%)
KbICTanAbI.

TyiiiH ce3aep: arall ©CIMAIKKOPEKTI >apTblAai KATTbIKaHATTbIAAP, LLIapblH MEMAEKETTIK YATTbIK,
Taburn napki, OHTycTik-LUbirbic KasakcTaH.
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Biology and ecology of the dendrobiont half-winged (Heteroptera)
Charyn state national natural park (South-East Kazakhstan)

The article presents the results of field studies in 2018-2019 in the Charyn GNPP. As a result of the
studies, 26 species of half-winged from 7 families were identified: Miridae (11 species, 43%), Aradidae
(2 species, 8%), Lygaeidae (1 species, 4%), Coreidae (2 species, 8%), Tingidae (3 species, 11%), Ac-
anthosomatidae (4 species, 15%), Pentatomidae (3 species, 11%). Among them, the following families
are distinguished by species diversity: Miridae (11 species), Acanthosomatidae (4 species), and in the
remaining 5 families, only 1-3 species are known. According to trophic specialization, phytophages (24
species) and mycetophages (2 species) are distinguished. By the number of generations per year, they
are divided into 4 groups: monovoltaic (16 species), bivoltine (7 species), polyvoltine (1 species), acy-
clic (2 species). All identified woody herbivorous species are mesophiles. Among arboreal semi-winged
animals of the Charyn GNPP, 15 species (58%) winter in the adult stage, 2 species (7%) in the adult and
larva stages, and 9 species in the egg stage (35%).

Key words: dendrobiontic half-winged heteroptera, Charyn State National Natural Park, South-East
Kazakhstan.
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buoaorusi u 3KOAOrUsi ApeBeCHbIX PaCTUTEAbHOSIAHBIX
MOAYXXeCTKOKpbIAbIX (Heteroptera)
Yapbinckoro THII (lOro-Boctounbiit KaszaxcraH)

B cratbe npuBOASTCS pe3yAbTaTbl MOAEBbIX McCAeAOBaHMI 2018-2019 rr. Ha TeppuTOopumM
YapbiHckoro locyaapcTBeHHOro HauyoHaAbHOroO MPUPOAHOro mnapka. B pe3yAbrate npoBeaeHHbIX
MCCAEAOBAHUI BbISIBAEHO 26 BUAOB PACTUTEAbHOSIAHBIX APDEBECHbBIX MOAY>KECTKOKPbIAbIX U3 7 CEMEIACTB:
Miridae (11 BuaoB, 43%), Aradidae (2 Buaa, 8%), Lygaeidae (1 Bua, 4%), Coreidae (2 Buaa, 8%), Tin-
gidae (3 Bmaa, 11%), Acanthosomatidae (4 Buaa, 15%), Pentatomidae (3 Bnaa, 11%). Cpean HMX Mo
BMAOBOMY Pa3HOOOPasmio BLIAGASIIOTCS CAeAylolme cemencTaa: Miridae (11 Buaos, 43 %), Acanthoso-
matidae (4 Buaa, 15%), a B OCTaAbHbIX 5 CcemeicTBax M3BeCTHbI Bcero no 1-3 euaa. o tpodmueckon
crneumasmsaumm BolaeAsioTca omutodparu (24 Buaa) m muuetodaru (2 Buaa). 1o uMcAy nOKOAeHU B rop,
Pa3AEASIIOTCS Ha 4 rpynMbl: MOHOBOABTUHHBIE (16 BMAOB), GBUBOALTUHHDIE (7 BUAOB), MOAMBOABTUHHDIE
(1 BMA), auMKAMYHbIe (2 BMAQ). Bce BbiIBAEHHblE APEBECHblE PACTUTEAbHOSIAHBIE BUABI — ME30(UADI.
Cpean ApPEBECHbBIX PacTUTEAbHOSIAHBIX MOAY>KECTKOKPbIAbIX YapbiHckoro HIM B ctapmm mmaro
3umytoT 15 BMAOB (58%), B CTaAMM MMaAro 1 AMUMHKKM — 2 BUAQ (7%), a B cTaaMu siita — 9 BUAOB (35%).

KAroueBble cAoBa: AeHApO6VIOHTHb]e PaCTUTEAbHOSAHbIE TOAY>XXECTKOKpPbIAbIE,

YapbIHCKMi

focyaapcTBeHHbIM HaumoHaAbHbIA NpUpoAHbIi napk, KOro-BoctouHbi KasaxcraH.

Kipicne

Kaprbutaii KaTTBIKaHATTBUIAp HEMece KaH-
Jananap — opTypii OuoronTapiasl KOHBICTAHTHIH
KoHE OMOTeoneH03AapAa MaHbI3Abl POJ aTKAPaThIH
HACCKOMJIAPJIbIH INTIHAETT ©31HIIK epeKIIe OT-
psaapl. JKapTeutali KaTTBIKAHATTHUIAP apachiHIA
KBIPTKBITII HEMece apajac KOpPeKTi Typiep Oap,
Oipak eciMIIKKOpeKTi Typiepi OackiM. Onap kei
Ke3/ie Keml OoibIl KeOeHir, opMaH >XOHE aybul
apyaribUIBIFBIHA 3USH KEATIpe/I.

Kaprbutail KaTThIKaHATTHUIAD OTPSABI KAk
COHFBI OHXXBUIJBIKTAFBl IIETENIIK ofeOueTTepre
IOy JKacacak, >KapThUlail KaTThIKaHATTHUIAP.IBIH
[TaneapkTukanbik kaTamortapsl [1-3], oHBIH cucTe-
MaTHKAChI MEH YBOITIOLIUSICHIHBIH COHFBI 25 KBIIIaFbI
xKeTicTikTepi [4], )KeKelereH TYKbIMIACTap: HaFbI3
KaJIKaHIIaabiap [5-6], KBIPTKBIII KaHJajgaiap
[7], xeBer Kanmananap (Pyrrhocoridae) sxaiimer
MamimerTep [8] *oHe XKail Keslleci3 KaHjamaiap
(Miridae) TypunepiHiH imiHAeri 3usSHKECTEp MeEH
JKBIPTKBIIITAPABIH epeKienikTepi [9], COHBIMEH
Karap HarbI3 JKapThUlall KaTThIKaHaTTeuiap [10]
JKOHE  onapablH  okonorusicel  [11-13]  skaiiisl
MOJIIMETTED OCHI OacChUTBIMIApa KOPCETIITEH.

Agtopnap apera MYTII TepputopusChIHBIH
Cy JKapThuIall KAaTTHIKAHATTHUIAPBI MEH Cy Kat-
THIKAHATTHUTAPBIH 3ePTTeIl, MaKatajap Kapusiiara
[14-15], an aram ecCiMAIKKOPEKTi >KapThUIal KaT-
TBIKAHATTBUIAP 3€PTTEIMETEH.

3eprrey maxcatel — lllapein MYTII Teppu-
TOPHSICBIHBIH ~ aFalll ©CIMIIKKOPEKTi JKapThLian
KaTTHIKAHATTBUIAPBIHBIH TYP KYPaMbIH, OHOJIOTHS-
CBl, DKOJIOTHSCHIH KOHE TapallyblH 3epTTeY.

3eprTey daicTepi

Hacexkompap aramrap mMeH OyTanapabl apHaiibl
SHTOMOJIOTHSUIBIK aya Cy3riciHe HeMece aK Marara
Kary apKbUIBl XHHAJIJBI, ajl ycaK HaceKOMIapibl
ycTayFa 3KkcraycTep acnadbl naiaanansuiael. TyHri
JKAapbhIKKa YINBIN KEJIEeTiH HaceKoMIap apHaiibl
KapblK KO3JIEpiHEH, AaBTOKOIIK >KapbIKTapbIHAH
ycrannel. COHBIMEH KaTap HAceKOMAapIbl arall,
Oyra TyOiHIE TYpHIN, KO30€H Kapam, CypeTKe
Tycipim, Oakpulay >KYMBICTapbl XKYpriziami [16-
18]. HacexoMpaapaslH Typ Kypambl 3€pTXaHaJbIK
Karaaia MUKPOCKOIIIIEH XKOHE aHBIKTaFbIIITAPMEH
AHBIKTAJbI.

3epTTEy HOTHIKEIEPi MEH TAJIKBLIAY

TeMenne 3eprrey HOTIKECiHAE TaOBUIFaH
TYpPJIEPAiH aHHOTAITUSUIIBIK Ti3iMi OEpLJIITT OTHIP.

XKaii ke3miecizaep TykpiMaacel — Miridae

Lygidea illota (Stal, 1858). Anmarter 00JbI-
cel, Yiurelp aynanel, [Ilapetn MYTII, IllapeH
e3eni amrapel, 11.06.2018. 24, 19; 11.07.2018.
24, 29; 29.06.2019, 12, 33; Tewmipmik o3eHi
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anrapbl, 12.06.2018. 24, 39; 11.07.2018. 34, 29;
29.06.2019, 2d, 19; epen toraiibl, 18.06.2018.
24, 29; 28-29.06.2019, 39, 2d4; 11-12.07.2019,
34, 39;08-10.08.2019, 29, 2J. O3en anrapiapsl
OOMBIHAAFHI TaAap/Ia; ME30(HIT; KOITKOPEKTI; KBI-
neiHa Oip per ypmak Oepeni [19]; epecex nmapacs
KBICTalIbI.

Lygocoris contaminatus (Fallen, 1807). An-
MaTbl 00nbIchl, ¥Yirelp ayaansl, lapein MY TII,
[llapein e3eni amrapsl, 11.06.2018. 23, 49; 28-
29.06.2019, 29, 1&; Temipmik o3eHi aHFaphI,
12.07.2018. 24, 39; 29.06.2019, 13, 29; epen
Toraiiel, 28-29.06.2019, 49, 3J; 11-12.07.2019,
23, 19. O3en anrapnapsl GOWBIHIAFBI TaNAAp/A,
KaHJIplaFallTa, Kalbigaapaa kesjaeceni. Jdennapoou-
OHT; Me30(II; KOIIKOPEKTI; )KbUIbIHA €Ki pET ypHaK
Oepeni; )KYMBIpTKAchl KpicTaiiast [20].

Lygocoris rugicollis (Fallen, 1807). Anmarbt
o0xbIicel, ¥Yirelp aynansl, Hapera M¥TIL lapsH
o3eni anrapbl, 11.06.2018. 24, 49; 28-29.06.2019,
29, 18, Temipnik e3eni anrapsl, 12.07.2018.
24, 39; 29.06.2019, 13, 29; epen Toraiibl, 28-
29.06.2019, 49, 34; 11-12.07.2019, 24, 1. Xop-
TO-TAMHO-ACHAPOOMOHT, ME30(HJI; KONKOPEKTi
(aramrTap, Oyramap MEH IIONTECIH OCIMIIKTEpIE);
KBUIBIHA €Ki peT yprnaxk Oepeli; KYMBIPTKACHI
KbIcTaias1 [19].

Auchenocrepis reuteri Jakovlev, 1876. AnmaTsl
obunbickl, Yirelp aynansl, [lapeia MY TII, [lapsia
e3eHi anrapsl, 11.06.2018.24, 19;29.06.2019, 39,
23; Temipmik o3eni anrapsl, 12.06.2018. 24, 39;
29.06.2019, 24, 19; 11-12.07.2019, 343, 49. Jlen-
IpoOHOHT; Me30(rII (63€H aHFapiIaphl TOFaWbIH/A);
tap omurodurodar (Tamarix, Myricaria); >XbIIbI-
Ha Oip peT yprnak Oepeai; KyMBIPTKAChl KbICTaH bl
[19].

Agnocoris rubicundus (Fallen, 1807). AmmaTsr
o6unbickl, Yirelp aynansl, [lapera MY TII, [lapsia
eseni amrapel, 11.06.2018. 24, 39; 12.06.2018.
24, 19; 28-29.06.2019, 29, 24; Temipnik o3eHi
anrapel, 12.06.2018. 24, 29; 29.06.2019, 34,
2Q; epen Toraiibl, 28-29.06.2019, 19, 24; 11-
12.07.2019, 33, 29. JenapoOHOHT (KarbIPaKThI,
KEMICTI aramTap MeH OyTaiapja, keOiHe Tanaa);
Me30( T, KOKOpeKTi (Tan Salix, yiieHKI Acer xkoHE
T.0. JToHIEpIMEH KOpPEKTEHeHl); *KbUIbIHA Oip peT
ypmak 0epei; epecek aapachl KbicTainsl [20].

Salicarus concinnus V.G.Putshkov, 1977. Ai-
MaTel o0sbIchl, ¥iFblp aymansl, [apera MY¥TIL,
[lapbin e3eni aurapsi, 11.06.2018. 24, 39; 28-
29.06.2019, 29, 3J&; Temipnik o3eHi aHFapsbl,
12.06.2018. 24, 19; 29.06.2019, 34, 39; 11-
12.07.2019,33,49. lenapoOHOHT (63€H aHFapiaphl
TOFaWBIHAA); Me30(wmr, KeH oiurodurodar (Tai-
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J1a); *KBUIbIHA Oip peT yprnak Oepeji; ®KYMBIPTKACHI
KbIcTaiapl [19].

Salicarus roseri (Herrich-Schaeffer, 1838). An-
MaThl 00JbIchl, ¥#Fblp aynansl, [Hapsin MYTII,
[apbin e3eni aurapbi, 11.06.2018. 14, 39; 28-
29.06.2019, 29, 1J; Temipmix o3eHi aHFapsl,
12.06.2018. 24, 29; 29.06.2019, 34, 29; 11-
12.07.2019, 34, 39. lerpobuonr (tan Salix); Me30-
¢ (e3eH aHFapIaphl TOFAHBIHA); KEH OTUTO(PHUTO-
¢ar; xpUIBIHA Oip peT ypnak Oepeni; >KYMBIPTKACHI
KBICTAUIBI.

Tuponia distincta Drapolyuk, 1980. Ammatsr
o0mnbichl, ¥iirelp aynansl, Hlapein MY TII, Hlapeia
e3eHi anrapsl, 11.06.2018. 24, 39; 28-29.06.2019,
49, 33 Temipnik e3eni anrapsl, 12.06.2018. 47,
39; 29.06.2019, 24, 39; 11-12.07.2019, 543,
49,08-10.08.2019, 39, 24 TamHOOGHOHT; Me30(HII
(e3eH aHFapiapsl TOFalbIH/A); Tap onurodurodar
(xweiaFBIIAa Tamarix, Myricaria); ®bUIBIHA €Ki PET
ypriak Oepeii; >KyMBIPTKachl KeicTaiabl [21].

Tuponia prasina (Fieber, 1864). AnmmaTsl 00JTBI-
cel, Yiirelp aynansl, Hlapein MY TII, Hlapein e3eHi
anrapel, 11.06.2018. 23, 39; 28-29.06.2019, 39,
33'; Temipaik e3eni arrapsl, 12.06.2018. 23, 29;
29.06.2019,23,19;11-12.07.2019,34,49. Tamuo-
OmoHT; Me30(wi (63¢H aHFapIaphl TOFANBIHIA); Tap
omurourodar (keHFbUINA Tamarix, Myricaria);
JKBUIBIHA €Ki peT ypmnak Oepeli; >KYMBIPTKACHI
KpIcTaiaer [21].

Tuponia spinifera Drapolyuk, 1982. Anmatbl
o0nbicel, ¥irelp aynansl, Hlapein MY TII, Hlapeia
e3eni anrapsl, 11.06.2018. 24, 39; 28-29.06.2019,
29, 34, Temipnik o3eni anrapwi, 12.06.2018. 24,
19; 29.06.2019, 24, 29; 11-12.07.2019, 34,
49. TamHOOMOHT; Me30(wma (e3eH aHFapIapsl
ToFaipIHIa); Tap onuroguTodar (KBIHFBLIIAA
Tamarix, Mpyricaria); XbUIbIHA €Ki peT ypHax
Oepeni; KYMBIPTKACHI KbICTalIb! [21].

Tuponia elegans (Jakovlev, 1867). Anmatsl 00-
neicel, ¥Yurelp aynanel, Ulapern MYTII, Hlapsin
e3eni anrapsl, 11.06.2018. 24, 39; 28-29.06.2019,
49, 33; Temipnik e3eni anrapsl, 11.06.2018. 47,
395 29.06.2019, 24, 39; 11-12.07.2019, 53, 69;
08-10.08.2019, 19, 2&. TamHOOMOHT; Me30(HI
(e3eH aHFapiapbl TOFalbIHAA); Tap onurodurodar
(xeraFBIIIA Tamarix, Myricaria); bUTbIHA €Ki peT
yprak Gepei; )KyMBIpTKachl KpicTaiiasl [21].

Tuponia roseipennis Reuter, 1878. Anmatsr 00-
neicel, ¥urelp aynassl, lapetn MYTII, Hlapein
e3eni anrapsl, 11.06.2018. 37, 39; 28-29.06.2019,
49, 43, Temipnik e3eni anrapsl, 12.06.2018. 24,
295 29.06.2019, 24, 29; 11-12.07.2019, 58, 59;
08-10.08.2019, 39, 2J&. TamMHOOMOHT; Me30(HII
(e3eH aHFapiapbl TOFalbIHAA); Tap onurodurodar
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(xeFBUIIA Tamarix, Myricaria); *bIIbIHA €K1 PET
yprak oepei; ;KYMBIPTKACHI KbIcTalael [21].

KaObik acThl
Aradidae

Aradus betulae (Linnaeus, 1758). Anmatsl 00-
neicel, ¥¥relp ayaassl, Hlapsta MY¥TII, Hlapen
e3eni anrapsl, 11.06.2018. 23, 49; 28-29.06.2019,
19, 13, Temipnik e3eni awmrapwi, 11.06.2018.
24, 39; 29.06.2019, 13, 29; epen Toraiibl, 28-
29.06.2019, 29, 145 11-12.07.2019, 24, 29; 08-
10.08.2019, 12, 2&. Henapobuont (Polyporacea
TOOBIHBIH TPYTOBUK-CaHBIPAYKYJIaKTapbIHAH
QJICipereH KambIpaKThl aramTapaa) [22]; Mumero-
¢ar, caHpIpayKyIaK IIBIPEIHBIMEH KOPEKTEHEIi; Me-
30(huIT; AUk, epeceK Aapackl MEH JepHaciIepi
KBICTAMIbI.

Aradus setiger Kiritshenko, 1913. Anmatsl
o0mbIceL, ¥Hirplp ayaansl, Llapera MY T, Illapea
e3eni anrapsl, 11.06.2018. 23, 39; 28-29.06.2019,
29, 1&; Temipnik e3eni anrapsr, 12.06.2018. 24,
29Q; 28-29.06.2019, 29, 34; 11-12.07.2019, 34,
29. HenapoOUOHT (Tasl, KOKTEPEKTEri TPYTOBHUK-
caHplpayKylakTapJa, TepeK TIIeH aK KaparaH
KaOBIFBI acThiHIA) [22]; me3odui, Munerodar,
CaHBIPayKYJIaK IIBIPHIHBIMEH KOPEKTEHE I1; allUKJIJII;
epeceK J1apachl MEH ACPHICIIAEP] KbICTaHIbI.

KaHJaj1ajlapbl TYKbBIMIACbl —

XKep xannananaps! TyKeiMaacel — Lygaeidae

Arocatus melanocephalus (Fabricius, 1798).
Anmartsl 00neichl, ¥YHFeIp aynansl, lapera MY TII,
[Hapsera e3eni anrapel, Temupnuk, 11-12.06.2018.
53, 79; 28-29.06.2019, 59, 6J; 11-12.07.2019,
738, 69; 08-10.08.2019, 49, 33. eHaApOoOUOHT
(TypJii araimThIH KambIparbl MEH KaOBIFbI aCThIH/IA
Kezzecei); Me30(uIT; KOMKOPEKTi; *KbUIbIHA Oip peT
yprak 6eperi, epecek mapacsl KeIcTaiasl [23].

Kleidocerys resedae (Panzer, 1797). Anmatsl
oOnbicel, Yirelp aynausl, lapeta MYTII, Illa-
phIH o3eHi anrapbl, Temupmuk, 11-12.06.2018. 473,
39; 28-29.06.2019, 39, 34; 11-12.07.2019, 34,
49; 08-10.08.2019, 42, 2J. TamHo-meHAPOOH-
OHT (PKaITbIpaKTHI aramTap MeH OyTajapa); Me30-
¢, xenkopekrti (Betula, Fraxinus, Alnus, Ledum,
Spiraea, Corylus); xblibiHa 0ip per yprnak Oepeni;
epeceKk Japackl MEH JepHOCLIAepi KBICTaHIbI.
Kebine xaifblHmapga, COHbIMEH KaTap ©Oacka
araimTap MeH OyTajapa IIijjie-TaMbI3/[a Ke3IeCe/i.
I'yncarakmen >xammaid ke OOJBIIT KOPEKTEHTCHIE,
TYKBIM OHIMIH JISPJIiK )KOKKa MmbiFapass [23].

Kenepeymnikrep Tykpimaacel — Coreidae
Gonocerus patellatus Kiritshenko, 1916. Anma-
Tl 00NBICH, ¥UFbIp ayaansl, [llapera MY TII, Hla-

poiH o3¢eHi arFapsl, Temupiuk, 11-12.06.2018. 247,
19;28-29.06.2019,39,23;11-12.07.2019,33,49;
08-10.08.2019, 19, 2&. JlenapobuonT (aramrap/ia:
Rosa xonHe T1.0.); Me30(hMI; KOIIKOPEKTI; XKBUIBIHA
0ip per ypmak Oepefi; epecek aapachl KbICTaWIbI
[24].

Gonocerus acuteangulatus Goeze, 1778. Anma-
TBI 00JIBICH, ¥iirblp ayaansl, Hlapein MY TII, la-
phIH o3¢Hi arFapbl, Temupnuk, 11-12.06.2018. 37,
39; 28-29.06.2019, 39, 34, 11-12.07.2019, 34,
2Q; 08-10.08.2019, 12, 1J4. TamMHO-I€HAPOOUOHT
(Typmi aramrrap MeH Oyramapaa: Quercus, Alnus,
Juniperus, Rosa xone T.0.); Me30(MIT; KOIIKOPEKTI
(>kambIpakThl aramTap MeH Oyranapna) [24]; >KbUTbl-
Ha Oip peT yprak Oepeni; epecek qapachl KbICTAlIbI.

intepminep TykbiMaacel — Tingidae

Stephanitis pyri (Fabricius, 1775). AamaTs! 00-
abicel, ¥urelp ayaassl, lapeitn MYTII, [HapeH
e3eHi anrapsl, 11.06.2018. 33, 49; 28-29.06.2019,
29, 33; Tewmipnix e3eni anraps, 12.06.2018.
24, 29; 29.06.2019, 33, 29; epen Toraiibl, 28-
29.06.2019, 29, 443; 11-12.07.2019, 343, 49; 08-
10.08.2019, 19, 2&. Tamuo-nenapoOuoHT (Pyrus,
Malus, Ulmus, Tilia, Sorbus, Rosa xoHe 0acka na
aramTap MeH Oyranapiaa); mMe30(ui; KeImKOPEeKTi;
KbUTbIHA 3-4 per ypmak Oeperdi; epecek mapachl
KbICTalIbI [25].

Monosteira discoidalis (Jakovlev, 1883). An-
MaTel o0sbIchl, ¥Hrelp aynansl, llapera MY¥TIL,
[llapein o3eni amrapel, 11.06.2018. 28, 39Q; 28-
29.06.2019, 29, 33, Tewmipmik e3eHi aHFaphl,
12.06.2018. 24, 29; 29.06.2019, 33, 29; epen
Toraiibl, 28-29.06.2019, 39, 44; 11-12.07.2019,
34, 19. JlenapoOUOHT (TepekTe, Tajaa xoHe 6acKa
Jla OKambIpaKThl —araluTapia O KalblpaKTapbIMEH
KOPEKTCHII, €Joyip 3WsiH KeNTipedi, KaHaajauap
JKATIBIPAKTHIH TOMEHT1 OeTiH/Ae YJIKEH TOm OOIIBII
KHHAIAJb1); Me30(WIT; KEH OJIMTOpHUTOdAr; KbUIbI-
Ha €Ki peT yprnak Oepeii; epecek Japachl KbICTaH bl
[25].

Monosteira unicostata (Mulsant & Rey,
1852). Anmartbl obOnbicel, Yirelp aynansl, Llla-
petH MYTII, Hlapeia e3eHi anraper, 11.06.2018.
24, 39; 28-29.06.2019, 49, 33; Temipnik o3eHi
amrapel, 12.06.2018. 24, 19; 29.06.2019, 34,
2Q; epen Toraiiel, 28-29.06.2019, 29, 3J3; 11-
12.07.2019, 33, 29. JlenapoGHOHT (TOPaHFbI, Ta,
Tepek, Kaparamn); Me3o(ui; KeH omnurogpurodar
(>kampIpakTapMeH KOPEKTEHiN, caphl JaKTap manga
00J1a/ibl, HOTHMXKECIHJIE JKAIbIPAKTAp YaKThICHIHAH
OYpBIH TYCIN KaJiajbl, OCIMIIKTIH KAJBINTH ©CYiHEe
ocep eTeni); KBUTBIHA €Ki peT Yprak Oepei; epecek
Japachl KeICTaiasl [25].
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Aram KaJTKaHIIAJTbI
Acanthosomatidae

Acanthosoma haemorrhoidale haemorrhoidale
(Linnaeus, 1758). AnmmaTsl 0ONBICH, ¥ WFBIP ayAaHEI,
[Hapera M¥TII, Hlapema e3eni anrapsr, 11.06.2018.
24, 39; 28-29.06.2019, 29, 3J; Temipnik o3eHi
amrapel, 12.06.2018. 24, 19; 29.06.2019, 24,
2Q; epen Toraiiel, 28-29.06.2019, 32, 24; 11-
12.07.2019, 33, 39; 08-10.08.2019, 39, 24. Men-
JpO-TaMHOOMOHT (PKaIbIpaKkThI ararmrapaa: Betula,
Guercus, Crataegus, Corylus, Tilia, Carpinus,
Prunus, Sorbus xone T.0.); Me30(1IT; KOIIKOPEKTI;
KBUIbIHA OIp peT ypmak Oepeni; epeceK aapachl
KbICTalbI [26].

Elasmotethus brevis Lindberg, 1934. Anmatsl
o6nbichl, Yirelp aynansl, [lapeia MY TII, [lapsia
e3eHi anrapsl, Temupmuk, 11-12.06.2018. 33, 39;
28-29.06.2019,29,343; 11-12.07.2019, 23, 49; 08-
10.08.2019, 19, 23 lenapobuonT (Tangapia); Me-
30(n (e3eH aHFapiapbl OOWBIHAAFBI TOFAIAp/a);
KOITKOPEKTi; XKbUIbIHA Oip peT yprak Oepei; epecek
Jlapachl KbIcTau bl [26].

Elasmotethus interstinctus (Linnaeus, 1758).
AnmaTer 00ITBICE], ¥HFRIp aynansl, [lapera MY TII,
[Hapera e3eni anrapel, Temupnuk, 11-12.06.2018.
23,39;28-29.06.2019,39,33; 11-12.07.2019, 37,
2Q. OseH anrapiapbl OOWBIHAAFBI apajac OpMaH-
Jlap aramTapbl MEH OyTajapblHAa TipIIUTK eTesi.
Jenapo-taMHOOMOHT (TaJ, KaiblH, KaHIbIaFalll, CU-
PEK KOKTEpeKTe, YIIKATTa); Me30(WIT; KOIKOPEKTi;
KbUIbIHA Oip peT ypmak Oepeni; epecek napachl
KbICTalIb1 [26].

Elasmucha fieberi Jakovlev, 1865. Anmatsl 00-
neicel, ¥urelp aygassl, [Hapstan MYTII, [apeH
e3eHi aHFapbl, Temipmik e3eHi aHrapsl, 11.06.2018.
34, 39; 28-29.06.2019, 39, 44; 11-12.07.2019,
43, 59; 08-10.08.2019, 29, 2. O3en anrapiapsl
OOWBIHIAFBI apajac OpMaHIap aralTapbl MeH
OyrajmapelHAa TipmIik eremi. JleHmpo-TamMmHOOU-
OHT; Me30(hHJT; KOTIKOPEKTI (PKaIbIPaKTHI aFarTap);
KBUTBIHA Oip peT ypmak Oepemi; epecek mapachl
KBICTalbI [26].

KaHJaJ1ajJ1apbl -

Harp13
Pentatomidae

Cellobius abdominalis Jakovlev, 1885. Anmarsl
o6unbickl, Yirelp aynansl, [lapeis MY TII, [lapsia
e3eHi anrapsl, 11.06.2018. 23, 39; 28-29.06.2019,
29, 3d; Temipnik e3eni anrapsl, 11.06.2018.
24, 29; 29.06.2019, 243, 29; epen Toraiibl, 28-
29.06.2019, 39, 24; 11-12.07.2019, 3dJ, 39.

KaJIKaHIIAJbUIap  TYKbIMAAChl  —
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TamHOOMOHT; Me30dui (e3eHi aHFapiIapbIHAAFBI
ToFainapaa); Tap onuropurodar (TOpaHFbIa);
JKBUTBIHA Oip peT ypnak Oepeni; epecek mapachl
KbICTaiabI [26].

Apodiphus integriceps Horvath, 1888. Anmatsl
o0mbicel, Yiirep aynansl, [apera M¥TIL, [lapenr
e3eni anrapsl, 11.06.2018. 2, 19; 28-29.06.2019,
29, 24; Tewmipnik o3eni arrapsi, 12.06.2018.
18, 29; 29.06.2019, 24, 1Q; epen Toraiibl, 28-
29.06.2019, 19, 28+ 2 nuumnkm; 11-12.07.2019,
34,32;08-10.08.2019, 22, 24 lenapobuoHT (Te-
peK, anma, Taj, Kaparali XoHe T.0. aramrap/a); Me-
30(h1IT; KOITKOPEKTI; )KBUIBIHA O1p peT ypriak oepei;
epecek Japachl KpIcTaiiabl. TYT araliibl MEH KUJICHI
3aKbIMIANUIBI [26].

Desertomenida  quadrimaculata  (Horvath,
1892). Anmatsl oOnbickl, ¥itrelp ayaansl, Llapein
MYTII, Illapsin e3eni anrapsl, 11.06.2018.23,19;
28-29.06.2019, 39, 33; Temipiik ©3eHi aHFaphl,
12.06.2018. 24, 39; 29.06.2019, 14, 29; epen
Toraiiel, 28-29.06.2019, 29, 24; 11-12.07.2019,
34, 29; 08-10.08.2019, 12, 2&. enapoOUOHT
(OKBIHFBIT MEH KY3TiHIE); Me30(ui (e3¢HI aHFaphl
TOFAMJIapBIHIA); KOMKOPEKTi; JKbUIBIHA Oip per
yprak 6epei; epecek Japachl KbICTauIbI [26].

Rhapigaster nebulosa (Poda, 1761). Anmarsl
o6meIchl, ¥1iFplp aynanbl, Hlapsra MY TII, [apsia
e3eHi arrapsl, 11.06.2018.23,29; 28-29.06.2019,
49, 33+ 3 nepmocini; TeMipiik ©3€Hi aHFaphl,
12.06.2018. 24, 39; 29.06.2019, 24, 19; epen
Toraiiel, 28-29.06.2019, 39, 24; 10-12.07.2019,
43, 39; 08-10.08.2019, 39, 24. JlenapoGHOHT
(tranmpma Salix, tepexre Populus, opMmaHxaHFaKTa
Corylus); bUTyCYHTIII, aFall KypaMbIHBIH CHPEK
OOJFaHBIH KaNahapl; Me30Q I (apaiac Me30( b
OpMaH);  KONKOpPeKTi  (Typil  JKambIpaKThI
aramrapMeH, OyTramapMeH KOpeKTeHeIl); *KbUTbIHA
0ip peT ypmak Oepemi; epecek dapachl KBICTANIBI
[26].

Piezodorus lituratus (Fabricius, 1794). Anmatst
o0mbicel, ¥Yirslp aynansl, LHapera M¥TIIL, [lapea
e3eni anrapsl, 11.06.2018. 23, 39; 28-29.06.2019,
49, 38+ 3 nepumocinmi; Temipiik ©3eHi aHFaphl,
12.06.2018. 24, 29; 29.06.2019, 24, 19. Xop-
TO-TaMHO-JICHIPOOHOHT; Me30(u (63¢HI aHFaphI
TOFalnapeiHaa);, KeH onurodurodar (Oyprrak
TyKpIMaacTapaa Leguminosae: Vicia, Caragana
JKoHE T.0., )KaHa LIBIKKAH epecek Aapaiapbl Kui
KONTereH aranirap MeH OyTanapna kesneceni [26];
KbUTbIHA Oip perT ypmak Oepeni; epecek napacsl
KBICTANIBI.
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1-kecTe — ]_HapLIH MEMJIEKETTIK VITTBIK TaOUFrK napKi aramr )KapTBIJ'Iaﬁ KaTThIKaHATTbUIAPbIHBIH, TaAKCOHABIK KYpPaMbl, OJIapAblH

6I/IOJ'[OFI/I$IJ'[LIK JKOHEC SKOJIOT'USAJIBIK epeKmeniKTepi

Typ arayst

Keicray ke3eHi | Kopekrik GaiiinaHbIChI ¥Yprax caHsl

JKaif ke3mecizaep TykbMaacel — Miridae

Lygidea illota (Stal, 1858) epecek Japachl KOIKOPEKTI KBUIBIHA Oip peT yprak oepeni
Lygocoris contaminatus (Fallen, 1807) JKYMBIPTKACHI KOIKOPEKTi JKBUTBIHA €K1 peT yprak oepeni
Auchenocrepis reuteri Jakovlev, 1876 JKYMBIPTKACHI Tap onurodurodar | KeUIBIHA Oip peT yprak oepeni

Agnocoris rubicundus (Fallen, 1807)

epeceK Japackl

KOIKOPEKTi

XKbUTBIHA Oip peT ypnak Oepeni

Salicarus concinnus V.G.Putshkov, 1977 JKYMBIPTKACHI keH onurogpurodar | KpUIbIHA Oip peT yprak oepeni
Salicarus roseri (Herrich-Schaeffer, 1838) JKYMBIPTKACHI keH onuropurodar | KeuiblHA Oip peT ypnak Oepeni
Tuponia distincta Drapolyuk, 1980 JKYMBIPTKACHI Tap onurodurodar | KpUIBIHA Oip peT yprak oepeni
Tuponia prasina (Fieber, 1864) JKYMBIPTKACHI Tap onuropurodar | KeUIBIHA €Ki peT yprmak oeperi
Tuponia spinifera Drapolyuk, 1982 JKYMBIPTKACHI Tap onuropurodar | KbUIBIHA €Ki peT yprax oepeni
Tuponia elegans (Jakovlev, 1867) JKYMBIPTKACHI Tap onuropurodar | KpUIBIHA €Ki peT yprmak oeperi
Tuponia roseipennis Reuter, 1878 JKYMBIPTKACHI Tap onuropurodar | KbUIBIHA €Ki pPeT yprax oepeni

Kabbik acTsl Kanaananap TykbiMaace! — Aradidae

Aradus betulae (Linnaeus, 1758)

epecek Aapackl,
JIepHaCiT

murerodar

ALMKIII

Aradus setiger Kiritshenko, 1913

epecek Japachl,
nepHacini

muterodar

AUKIII

XKep xanmamanaps! TyKeIMIacsl — Lygaeidae

Arocatus melanocephalus (Fabr., 1798) epecek Japachl KOITKOPEKTI XKbUIbIHA Oip peT yprak 6epeni

Gonocerus patellatus Kiritshenko, 1916 epecek Japachl KOIIKOPEKTi JKBUTBIHA Oip peT yprak oepeni

Gonocerus acuteangulatus Goeze, 1778 epecek Japacsl KOITKOPEKTI XKbUIbIHA Oip peT yprak 6epeni
Linreprinep TykpiMaacs! — Tingidae

Stephanitis pyri (Fabricius, 1775) epecek Jaapachl KOIKOPEKTI JKBUIbIHA 3-4 peT yprak oeperi

Monosteira discoidalis (Jakovlev, 1883)

epeceK Japacsl

KeH onurodurodar

JKBUTBIHA €Ki peT yprak Oepeni

Monosteira unicostata (Mulsant & Rey, 1852)

€pEeCEK Japachl

KeH omuroputodar

JKBUTBIHA €Ki PeT yprax oepeni

Aram KaJmKaHIIamsuiap TyKeIMaacel — Acanthosomatidae
Acanthosoma haemorrhoidale (Linnaeus, 1758) epeceK JIapachl KOIKOPEKTI XKbUIbIHA Oip peT yprak oepeni
Elasmotethus brevis Lindberg, 1934 epecek Japachl KOIKOPEKTi JKBUTBIHA Oip peT yprak oepeni
Elasmotethus interstinctus (L., 1758) epeceK Japachl KOIKOPEKTI XKbBUIbIHA Oip peT yprak oepeni
Elasmucha fieberi Jakovlev, 1865 epeceK Japacsl KOIKOPEKTi JKBUTBIHA Oip peT yprak oepeni

HarpI3 KankaHImansuiap TykeiMaacs! — Pentatomidae

Cellobius abdominalis Jakovlev, 1885

epeceK Japacel

Tap onuropurodar

XKBUTBIHA Oip peT yprak Oepeni

Apodiphus integriceps Horvath, 1888

€pECCK Japachl

KOIIKOPEKTi

XKBUIBIHA Oip peT yprak oepeni

Rhapigaster nebulosa (Poda, 1761)

epeceK Japacel

KOIKOPEKTi

KBUTBIHA Oip peT yprak Oepeni

1-kecte HoTmkeci OoiibiHma Iapen MY TII
TEPPUTOPHACBIHAH OCIMIIKKOPEKTI ararl >KapThI-
Jlail KaTThIKAHATThUIAPBIHBIH 7 TYKbIMJACKa KaTa-
TBIH 26 TYpi aHBIKTANABL. JKypeizineen sepmmeynep
Homudicecinde XKapTbulall KaTThIKAHATTHIIAPBIHBIH
imrHae Munetodarrap — 2 Typ; ©CiMAIKKOPEKTiJiep
— 24 1yp exenpiri 6enrini Oonabl. Onapasl iminge

16 Typ xwuibIHA Oip per ypmak Oepemi, 7 Typ —
eki pet, 1 Typ — 3-4 per ypmnak Gepexni, ax 2 Typ —
anuKiai. 3epTreyie Ke3eckeH Typiiepain 6api me-
3o¢mimep 60nnbl. AHBIKTANFaH TYPJIEPHIH imIiHAe
epecek aapacsl Kyiinae 15 Typ, epecek gapachl MeH
JepHociamepi KydiHae — 2 Typ, KYMBIPTKaJapbl
KYHiHAe — 9 TYp KbICTalIbI.
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Iaperr M¥TII eciMIiKKOPEKTi aFall kapThUTail KaTThIKaHATThUIapeIHBIH (Heteroptera) OnOIOTHUACH MEH SKOIOTHSCHI

KopbITBIHABI

[lapein  M¥TII TeppuropusichiHIa 3€pTTEY
KYPri3UIreH alMakThIH O9piHAe OCIMIIKKOPEKTI
arar apThUlall KATTBIKAHATTHUIAPHI Ke3/1eCTi. 3epT-
TEY HOTIDKECIHIE OCIMIIKKOPEKTI aFail jKapThUTai
KATThIKAHATTHUIAPBIHBIH, 7 TYKbIM/IACHIHA >KATaTHIH
26 Typi anbIkTan el XKait kesmeciznep (Miridae) — 11
TYp, KaObIK acTel KaHmanaiaapsl (Aradidae) — 2 Typ,
xep Kargananapsl (Lygaeidae) — 1 Typ, keHepeyIikrep
(Coreidae) — 2 Typ, mrinreprainep (Tingidae) — 3 Typ,
aram KamkaHmareuiapel (Acanthosomatidae) — 4
TYp, HaFb3 KayikaHmaneuiap (Pentatomidae) — 3 Typ.
BynapapiH apachiHaa TYp Kypambl JKarblHAH OachiM
TykeiMaactap: Miridae — 11 Typ, Acanthosomatidae —
4 typ, Pentatomidae — 3 Typ, KajFaH 5 TYKbIMAACTaH
1-3 TypmeH raHa Oenrisi GoIIbL.

[Hapeta MYTII eciMAiKKOpeKTi aramr xap-
ThIJIAH KATTHIKAHATTHUIAPBI KOPEKTIK OaiIaHBICHI
JKaFbIHAH OCIMIIKKOPEKTUIEp, ONapably inriHge 13
TYp — KOIKOpeKTi, 4 Typ — keH onmrodurodar, 7
TYp — Tap onmropurodar, 2 Typ — munerodar 60-
JIBIT TaOBLTA/bL.

[Hapeta MYTII eciMAiKKOpeKTi aramr xap-
ThIJIAH KAaTTBIKAHATTHUIAPHI JKBUIBIHA YpIaK Oepyi
JKarblHaH 4 Tonka OexiHeni: 16 Typ — *KbuiblHA Oip
pet ypnax Oepeni, 7 Typ — eki pert, 1 Typ — 3-4 per
yprak Oepei, aja 2 Typ alukIIi.

3epTTey aliMarbIHIIAFBl ©CIMIIKKOPEKT arall
’KapThUIall KaTTHIKAHATTHUIAPABIH OapIibIFbl  Me-
3o¢unaep. bymapnslH apackiHIa epecek jgapa-
cel Kydinae — 15 typ (58%), epecek mapacel MeH
nepHacinaepi kyringe — 2 Typ (7%), >KyMbIpTKaIapbl
ky#iage — 9 typ (35%) KpIcTaiabl.
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