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BNOJIOI'M A

IRSTI 34.25.23
A. Akbassova

L. N. Gumilyov Eurasian National University, Astana, Kazakhstan
(E-mail: a.j.alua@gmail.com)

Cultivar specific influence of TBSV infection on tomatoes

Abstract: In this study, the effect of Tomato bushy stunt virus (TBSV) infection on Solanum
lycopersicum three cultivars and the model plant Nicotiana benthamiana were investigated. Accord-
ing to our studies, the degree of infection by TBSV varies depending on the cultivar of tomatoes.
Cultivars Better boy and Pera are resistant, while Money maker cultivar was tolerant to TBSV
infection. These results show that the plants might contain different resistance genes that selectively
respond to the TBSV virus and indicate the presence of certain defence mechanisms within the
species. Moreover, the analysis carried out using the Chlorophyll Fluorescence Imaging System (Ch-
FI) and fluorometer showed that despite the absence of visual infection symptoms in Money maker
tomato cultivars, there is an increase in the level of secondary metabolites and a slight reduction of
the photosynthesis activity.

Keywords: Chlorophyll fluorescence imaging, photosynthesis, Solanum lycopersicum cv. Money
Maker, Tombusvirus, Tomato Bushy Stunt Virus.

DOL: https://doi.org/10.32523/2616-7034-2018-125-4-8-18

Introduction. Viruses trigger various plant diseases, causing a significant damage to crop yields
and a variety of plants. Essentially, the process of interaction of a pathogen with a host plant
depends on how quickly the plant can mobilize protective mechanisms that implies biochemical and
structural responses to prevent pathogen development.

Often virus-infected plants survive by overcoming various visible symptoms of infection on leaves
(spotting, mosaic, chlorosis, necrosis, etc.). However, an infection inevitably lowers the yield level
[1].

Plant viruses, as mandatory biotrophic pathogens, attack a wide range of plant species using the
host cell machinery for protein synthesis, genome replication and intercellular systems to support
their systemic spreading. Viral infection generally causes symptoms leading to morphological and
physiological changes in infected plant hosts, which always takes on low productivity, such as reducing
the host’s biomass and crop loss.

The most common viral symptom is a leaf chlorosis, which reflects the altered pigmentation and
structural changes in chloroplasts. Viral effect on the structure and function of chloroplasts usually
leads to the reduced photosynthetic activity. Since the beginning of the twentieth century it became
known that a viral infection inhibits the photosynthesis of the host, which is usually associated with
viral symptoms [2] Alterations in photosynthesis are a common strategy of viral pathogenesis to
facilitate an infection and create an optimal niche [3]. Disruption of the components and functions
of chloroplast can cause the formation of symptoms of chlorosis associated with a viral infection. A
number of typical changes, followed by chlorotic symptoms, imply the emergence of chloroplast inter-
actions with the virus. These changes include a chlorophyll fluorescence fluctuation and a reduced
chlorophyll pigmentation [4], an inhibited photosystem efficiency, an unbalanced accumulation of
photoassimilates [5 |, changes in chloroplast structures and functions [6], a suppressed expression of
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nuclear-coded chloroplasts and photosynthesis-related genes (CPRG) and a direct binding of viral
components to chloroplast factors [7].

Chloroplasts have always been one of the main targets of plant viruses. For example, a severe
chlorosis on systemic leaves infected with Cucumber Mosaic virus (CMV) in Nicotiana tabacum cv.
Xanthi nc is associated with a decrease in the size of chloroplasts containing a few grana. Moreover,
another example shows that a leaf mosaic caused by a viral infection may be related to the location
of clustered mesophilic cells with differently damaged chloroplasts [8]. The example also shows that
the symptom caused by Potato Virus Y (PVY) infection is often associated with a decrease in the
number and size of the chloroplast in host plants, as well as with an inhibited photosynthesis [9].

Tomato bushy stunt virus (TBSV) is a representative of the genus Tombusvirus in the Tombusviri-
dae family. It has a fairly limited range of hosts, mainly infecting several dicotyledonous species in
individual families and vegetables. However the experimental range of hosts is wide and more than
120 plant species in more than 20 different families are reported to be susceptible, although in most
plants the infection often remains localized around the virus inoculated site [10].

TBSV particles encapsulate a single copy of the single-stranded positive sense RNA (ssRNA)
consisting of approximately 4,800 nucleotides (nt). Genomic RNA (gRNA) functions as mRNA
for translation of two 5’-proximal genes encoding a 33 kDa protein (P33) and a readable 92 kDa
product (P92); both are necessary for a replication [11]. The 41 kDa TBSV capsule protein gene
(CP) is translated from subgenomic RNA1 (sgRNA1) and is required for a specific host for an
effective systemic spreading. Two nested p22 and pl9 genes located near the 3’-end of the gRNA
are translated from subgenomic RNA2 (sgRNA2). These genes express proteins of 22 kDa (P22)
and 19 kDa (P19), respectively [12].

Symptoms induced by TBSV are largely dependent on the host genotype; they can range from
necrotic and chlorotic lesions, to systemic mild or severe mosaic, or they can result in a fatal necrosis.
Original isolates of TBSV from tomato plants caused a spotting, wrinkling and twisting of systemic
leaves showing a tissue necrosis in a systemic infection. The yield of tomatoes can be significantly
reduced due to a viral infection. Plants can be stunted, and the proliferation of lateral shoots leads
to a dense appearance of infected tomato plants, giving a bushy appearance corresponding to the
name of the pathogen.

TBSV systemically affects the plants Nicotiana benthamiana and N. clevelandii and leads to the
systemic necrosis, whereas infection of N. tabacum, N. glutinosa and N. edwardsonii results in the
formation of local necrotic lesions [13].

Over the past 40 years, it has been reported that Tombusviruses cause significant harm to tomatoes
in greenhouses and fields in Italy, Argentina, Mexico, Portugal, Tunisia, US and Spain. TBSV also
caused epidemics of diseases in aubergines (Solanum melongena L.) in Tunisia and Spain. TBSV
was isolated along with other viruses from an infected salad in Czechoslovakia and Turkey.

Fattouh F.A., 2010 reports a loss of chlorophyll content in TBSV Egh-infected Lycopersicon
esculentum and Cucurbita pepo and the observation of significant differences in glucose, sucrose and
polysaccharides. Symptoms of TBSV infected cabbages are manifested in the form of delayed plant
growth and extensive chlorosis, spotting and necrosis of old leaves. Plants infected at an early age
died [14].

One of the hosts of the TBSV virus is a tomato plant (Solanum licopersicum L). For the first time
this virus was discovered by Smith, 1935 in tomatoes [15], and this is where its name originates,
although further studies on tomates were less frequent. Currently there is a wide range of tomato
cultivars. Therefore the aim of this study is to determine tomato cultivars that are more susceptible
to TBSV infection. In the furtherance of this purpose the cultivars Money maker, Pera, Better
Boy were selected, since according to virologists, these particular cultivars were one of the most
susceptible to TYLCV (Tomato Yellow Leaf Curl Virus) infection [16]. The choice of such cultivars
is also based on the fact that the influence of TBSV on them has not yet been studied.

Materials and metods

Plant and virus materials: Seeds of plants Nicotiana benthamiana and Solanum lycopersicum
were grown in the soil containing biohumus and basic nutrients such as nitrogen (NH4 + NO3)
150 mg/1, phosphorus (P2 O5) 270 mg/l, potassium (K2 O) 300 mg/l, with a pH of 6.0-6.5 in the

9
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greenhouse. The greenhouse is equipped with white-fluorescent lamps of 230 V, a timer with 16-hour
operation, and a temperature regime of 25/20° C (day and night) with a humidity of 80%. Plants
were watered 3 times a week with 50 ml of water.

Plants of 25-35 days of the same size were selected to provide equal experimental conditions.
20 p!l of an inoculation buffer (10 mM sodium phosphate buffer, pH 6.9) containing virions and
carborandum (d= 0,037mm) were applied on the surface of middle leaves of each plant.

Plants inoculation by TBSV RNA transcripts: For plants inoculation in vitro generated
transcripts of full length TBSV ¢DNAs were used [17]. For this, plasmids containing the inserts were
linearized at the 3 -end of the viral cDNA sequence by restriction Smal enzyme digest. Transcripts
were synthesized using T7 RNA polymerase, and resulting transcripts were used for inoculation of
plants as previously described [18]. Control plants were mock-inoculated by using phosphate buffer
without viral RNA. Healthy and infected plants were grown separately in the same conditions.

Western blot analysis:Protein samples extracted from mock-inoculated and TBSV infected
plants were separated by 12% SDS - polyacrylamide gel electrophoresis (PAGE) and transferred
to nitrocellulose membrane (Osmonics, Westborough, MA). After transfer the membranes were
stained with Ponceau S (Sigma, St. Louis, MO) for verification of protein transfer efficiency. The
resulting membrane was incubated with diluted primary antibodies (1:5000) raised against P19
TBSV protein. Alkaline phosphatase conjugated to goat anti-rabbit antiserum (Sigma) was used
as a secondary antibody at a dilution of 1:3000, and the immune complexes were visualized by
hydrolysis of tetrazolium-5-bromo-4-chloro-3-indolyl phosphate as the substrate.

Measurements of photosynthetic activity and chlorophyll fluorescence: Measurement of
photosynthetic activity was carried out at various time points in virus-infected and mock-inoculated
plants. Local measurement of photosynthetic activity on upper, non-inoculated leaves was made with
a portable fluorometer (FluorPen FP 100, Czech Republic) every 3 days after inoculation during 24
days.

Measurements of a chlorophyll fluorescence induction on infected plants were performed using a
commercial kinetic imaging fluorometer (FluorCam, Foton System Instruments, Czech Republic)
as described by Perez-Bueno M. et.al. (2006). All measurements were conducted on the sixth or
seventh leaf stage of developed plants.

Statistical analysis:

Statistical analysis of the average means of the photosynthesis intensity was carried out using the
software GraphPad Prism 6.

Results.

Determination of tomato cultivars susceptible to TBSV infection

Five weeks old tomato leaves were mechanically inoculated with TBSV transcripts as described
previously and grown in the greenhouse at 25 ° C. Symptoms visually did not appear on all cultivars
at 35 dpi (days post inoculation). Neither the inhibition of growth nor the manifestation of symptoms
in the form of twists and yellowing of the leaves were observed for all cultivars Better boy (Fig.1),
Pera (Fig. 2) and Money maker (Fig. 3) [19]. TBSV inoculated N. benthamiana plants show
pronounced symptoms such as leaf curling, yellowing, stunting and the acquisition of a bushy form
of stems. For this reason N. benthamiana was used as a positive control model plant on which
the fundamental mechanisms of RNA interference suppression by P19 protein of TBSV have been
previously described [20,21] (Fig. 4).

Five weeks old N. Benthamiana plants were rub-inoculated. On the left is the mock-inoculated
(by phosphate buffer of virus-free material) plant. On the right is the TBSV-inoculated plant. On
7 dpi on TBSV - infected plants appear twisting and spotting of apical leaves, growth retardation
compared to control plants. By 21-28 dpi, TBSV-infected plants undergo systemic collapse.

Viral protein accumulation

Determination of viral infection was carried out for the presence of viral proteins in infected
plants. Viral protein accumulation was analyzed by Western blot assay of P19 protein. The sup-
pressor protein P19 is an indicator of a viral infection. Western blot analysis was performed using

10
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mock TBSV
0 dpi 21 dpi

Ficure 1 — Symptom development of TBSV infection on tomatoes cv. Better boy: (a) Plants before
inoculation. (b) Plants after 21 days post inoculation (dpi). In both figures on the left the control mock-
inoculated plants, on the right the TBSV — infected plants. No visual symptoms of TBSV infection were
observed during 21 dpi.

mock TBSV mock TBSV
0 dpi 21 dpi

Ficure 2 — Symptom development of TBSV infection on tomatoes cv. Pera: (a) Plants before inoculation.
(b) Plants after 21 days post inoculation (dpi). In both figures on the left the control mock-inoculated
plants, on the right the TBSV — infected plants. No visual symptoms of TBSV infection were observed
during 21 dpi.

0 dpi

Ficure 3 — Symptom development of TBSV infection on tomatoes cv. Money Maker: (a) Plants before
inoculation. (b) Plants after 21 days post inoculation (dpi). In both figures on the left the control mock-
inoculated plants, on the right the TBSV — infected plants. No visual symptoms of TBSV infection were
observed during 21 dpi.

11
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TBSV

7 dpi

FiGurE 4 — Symptom development of TBSV infection on N. Benthamiana at 7 dpi.

polyclonal antibodies against P19 (Fig. 5). Apical, non-inoculated leaves of tomatoes were used for
an experiment.

Tomatoes cv. Money
| Maker +TBSV

N. benthamiana

Ficure 5 — Western blot analysis of TBSV infected plants.

Western blot analysis revealed presence of P19 protein in samples extracted from leaves of N.
benthamiana and in tomato plans cv. Money Maker. However the amount of P19 protein was
lower in Money Maker plants than in N. benthamiana. The expression of the viral protein was not
detected in tomatoes cv. Pera and Better Boy (results not shown). This indicates that despite the
absence of visual symptoms the inoculation of cv. Money Maker resulted in successful accumulation
of the virus. Rabbit P19 antiserum was used for Western blot protein detection, and immune
complexes were visualized using alkaline phosphatase hydrolysis of tetrazolium-5-bromo-4-chloro-3-
indolyl phosphate as the substrate. Molecular mass markers in kDa are indicated on the right side
of the panel. *- dimer of P19 protein observed after SDS-PAGE.

Effect of TBSV infection on the photosynthesis of N. benthamiana and tomato cv.
Money maker

To determine the effect of TBSV infection on the photosynthesis parameters of N. benthamiana
and tomato cv. Money maker, the leaves of 30 days old plants were mechanically inoculated. During
the entire experimental period of 30 dpi, control and TBSV infected plants were analyzed at 3, 7, 14
and 21 dpi. The level of photosynthesis was measured using a portable digital fluorometer FP100.
The fluorometer allows a rapid and accurate measurement of chlorophyll fluorescence parameters.
Measurement of the activity of the photosynthesis and photographic analysis were performed every
3 days after the inoculation on the middle and apical leaves, in order to detect the exact period when
the effect of the infection would be the most pronounced even if there are no visible symptoms. A
combined graph was being plotted for the mean values of the fluorescence intensity of chlorophylls
after every measurement of the photosynthesis activity of 40 plants (Fig 6, 7).

The diagram shows the results of the average means of the photosynthesis level on the apical
(non-inoculated) leaves of N. benthamiana and tomatoes cv. Money maker at different days post
inoculation (dpi): where "ns" is a non-significant difference between the numeric data, Student’s
t-test. According to the data obtained by the digital fluorometer, there are no significant differences
between control and infected plants in the level of photosynthesis during 14 dpi for N.benthamiana
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Ficure 6 — The average level of plant photosynthesis on the apical leaves of N. benthamiana for 24 days of
the experimental period.

and after 14 dpi the level of photosynthesis sharply decreases in the infected plants, whereas in the
control plants there are no significant changes during the entire experimental period (24 dpi).
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Ficure 7 — The average level of plant photosynthesis on apical leaves of Money maker for 24 days of the

experimental period.

The diagram shows the results of the average means of the photosynthesis level on the apical
(non-inoculated) leaves of N. benthamiana and tomatoes cv. Money maker at different days post
inoculation (dpi): where "ns" is a non-significant difference between the numeric data, Student’s t-
test. According to the data obtained by the digital fluorometer, for the tomato cv. Money maker, the
difference between the levels of photosynthesis in both infected and control plants was non-significant
during all experimental period.

In addition to this analysis, Chl-FI was also performed. The experiment was carried out in two
biologic repeats on 40 plants in each of them (Fig.8, 9). The kinetics of the pathogenesis of TBSV
in N. benthamiana and the Money maker was monitored by registering images using various Chl-
FI parameters and comparing control and infected plants. The photosynthetic parameters were
measured every 3 days for 21 dpi. In the first 7 days, there were no changes that differed from
the control plants. The first changes were registered during the period between 7-14 dpi for N.
benthamiana plants (Fig.8), and for Money maker during the period from 14-21 dpi (Fig.9).

After conducting Chl-FI studies, it was found that the leaves of the mock-inoculated plants
fluorescence in intense blue color, indicating a sufficient amount of chlorophylls in the leaves. And
also slightly red color indicates the presence of secondary metabolites, which is the norm for healthy
plants, but under biotic stress conditions the level of secondary metabolites rises because of the

13



JI.H. I'ymunaes arpingarsl EYY Xa6apwsbicer - Bulletin of L.N. Gumilyov ENU, 2018, 4(125)
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+ TBSV

Ficure 8 — Chl-FI imaging of N. benthamiana. Blue color indicates a sufficient amount of chlorophylls in the
leaves, red color indicates the presence of secondary metabolites. Fluorescence Imaging system (Chl-FI),
allows to observe the red fluorescence emitted by chlorophyll a (Chl a), poses the possibility of studying
the change in the efficiency of photosynthesis in leaves in response to the biotic and abiotic factors. A
Chl-FI study showed the presence of an intense blue fluorescence and a light red colour in the leaves of the
control plants. In the leaves of TBSV-infected plants, an intense red light was detected, which increased
starting from 7 dpi for N. benthamiana

0 dpi 7 dpi 14 dpi 21 dpi

Healthy

Ficure 9 — Chl-FI imaging of tomatoes cv. Money maker.Blue color indicates a sufficient amount of chloro-
phylls in the leaves, red color indicates the presence of secondary metabolites. Fluorescence Imaging
system (Chl-FI), allows to observe the red fluorescence emitted by chlorophyll a (Chl a), poses the pos-
sibility of studying the change in the efficiency of photosynthesis in leaves in response to the biotic and
abiotic factors. A Chl-FI study showed the presence of an intense blue fluorescence and a light red colour
in the leaves of the control plants. In the leaves of TBSV-infected plants, an intense red light was detected,
which increased starting from 14 dpi for tomatoes cv. Money maker

malfunction of the photosystems. Therefore, an intense red fluorescence was detected in the infected
samples [22]. A Chl-FI study showed the presence of an intense blue fluorescence and a light red
colour in the leaves of the control plants. In the leaves of TBSV-infected plants, an intense red light
was detected, which increased starting from 7 dpi for N. benthamiana and from 14 dpi for tomatoes
cv. Money maker.

Discussion. Viral infection is one of the biotic stresses that reduces yield of crops. Plants may
differently response to viral infection. Four plant categories are distinguished based on the degree
of resistance for viral infection: sensitive, tolerant, supersensitive and extremely resistant [23].

When we inoculated 3 different cultivars of tomato with TBSV virus, we found that not all the
cultivars show similar symptoms to the TBSV infection (Figl,2,3).

Viruses production of the diagnosis of a viral infection by western blotting assay of the viral protein
P19 was carried out in order to determine a category of above-mentioned cultivars of tomatoes.

The results of inoculation of three different tomato cultivars demonstrated that the cv. Money
maker is tolerant to TBSV infection, as it showed an accumulation of TBSV P19 with no visible
symptoms (Fig. 3, 5). While in the cultivars Pera and Better boy neither an accumulation of P19
protein (Fig.5) nor symptoms were detected, which indicates their resistance to TBSV infection
(Fig.1, 2). This implies the presence of certain protection mechanisms within species [24] .

14
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According to the data obtained by the digital fluorometer, for the tomato cv. Money maker, the
difference between the level of photosynthesis in both infected and control plants was non-significant
(Fig.7), but for N.benthamiana (Fig.6), and after 14 dpi the level of photosynthesis sharply decreases
in the infected plants, whereas in the control plants there are no significant changes during the
entire experimental period (24 dpi). Thus it can be concluded that the reduction of the level
of photosynthesis in TBSV-infected N. benthamiana after 14 dpi is probably due to an impaired
function of the chloroplasts [25].

Data obtained by Balachandran S. et al. (1997) showed that the early activation of the protective
mechanisms of N. tabacum against the infection of the tobacco mosaic virus (TMV) leads to local
damages of the photosynthetic apparatus, which in turn results in the impairment of photosynthetic
parameters [26]. Moreover, the viral infection inhibits the expression of genes associated with the
function of chloroplasts and photosynthesis [27].

Due to the fact that in the previous experiment on Money maker there were no visible symptoms
and changes in the level of photosynthesis in TBSV-infected tomatoes (Fig. 7), while the P19 virus
protein was expressing (Fig. 5), it was decided to study other parameters of the photosynthesis.
Therefore, Chlorophyll Fluorescence Imaging system (Chl-FI) was used to study the effect of TBSV
on N. benthamiana and cv. Money maker. This equipment is especially used in the case of biotic
stress, when visible symptoms, the heterogeneity of metabolism and the activity of photosynthesis
cannot be detected [28| as our plants showed changes in 14 days. The reason might be change in
the structure and function of the chloroplast that leads to chlorosis and leaf necrosis by damaging
Calvin cycle and carbohydrate metabolism as a result of viral infection [29]. The development of
the technology for the processing of various images, such as the Chlorophyll (indeed similarly, Fig.8
and Fig. 9) [30].

Conclusion. The degree of TBSV infection varies depending on the cultivar of the tomatoes: the
tomatoes Better boy and Pera are resistant, and the Money maker is tolerant to the TBSV infection,
because even with the accumulation of viral proteins plants do not get sick and therefore do not show
visible symptoms of the virus infection. These results show that the plants might contain a number
of resistance genes that selectively response to the same virus. The analysis carried out using the
Chlorophyll Fluorescence Imaging System (Ch-FI) and fluorometer demonstrated that despite the
absence of symptoms in TBSV-infected Money maker tomatoes, there are the increase in the level
of secondary metabolites and a slight reduction of the photosynthesis activity.
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A. AxbacoBa
Eepasutickutl Hayuorasvtoill yrusepcumem umeny JI.H. Iymunesa, Acmana, Kasaxcman

Copr - cnenpuduyeckoe Biausuue nHdeknuu TBSV Bupyca Ha TomaTbl

AnHOTanusa: B 1aHHOM HCCIEIOBAHUU N3Y9EeHO BIHMsHUE NHMEKIUH BAPYCa KyCTUCTOH KapaukoBoctu Tomaros (TBSV) ma
Tpu copra Solanum lycopersicum (momamei) 1 MogenbHoe pacrerue Nicotiana benthamiana. CoryiacHO HAIMM UCCIIEOBAHUSIM,
crenens 3apaxkenusi TBSV Bapbupyercs B 3aBucumoctu ot copra tomaroB. Copra Better boy u Pera yCTONYIHBLI, B TO BPEMs
Kak copt Money maker 6bu1 TonepanTen K uHdekuuu TBSV. DTu pe3ynbraThl MOKa3bIBAIOT, YTO PACTEHHS MOLYT COIEPXKATh
pa3JIMYHBIE T€HBI yCTOWINBOCTH, KOTOPbIE N30HPATENIbHO pearupyior Ha Bupyc TBSV u ykaspIBarorT Ha Haju4dme ONpPEaesIeHHBIX
3aIUTHBIX MEXaHU3MOB BHYTpPU Bujga. Kpome Toro, aHaiaus, NPOBEIEHHBIA C HCIOIB30BAHUEM CUCTEMBI (DJIyOPECHEHTHON
pusyaimsaiun  xjopoduta (Chl-FI) u mmudposoro dumoopomerpa, mokasaj, 9TO, HECMOTPSI HAa OTCYTCTBUE BHU3yaJIbHBIX
CUMIITOMOB HMHMEKIUU y COPTOB TOMATOB, HAOJIIONAETCs IOBLIIIEHUE YPOBHS BTOPUYHBIX METAOOJUTOB M HE3HAYUTEIHLHOE
CHIKEHHUE aKTUBHOCTHA (POTOCHUHTE3A.

KuroueBnbre caoBa: Chlorophyll fluorescence imaging, dorocunres, TBSV, Solanum lycopersicum copm Money Maker,
Nicotiana benthamiana.

A. AxbacoBa
JI.H.lymunes amovindazv. Bypasus yammowk yrusepcumemsi, Acmana, Kasaxeman

TBSV Bupyc nndeKuusacbIHbIH KbI3aHaK, CyPbIINIbIHA ©3iH/iK acepi

Amnsoranus: Byu seprreye 6i3 Kbi3aHaKThIH GyTasbl eprexeiniiik supyceiabiy (TBSV) Solanum lycopersicum (TomarTap)
>koHe Nicotiana benthamiana momenbaik ecimiirine ascepin 3eprreren. bizain 3eprreyiepre coiikec, TBSV-H undeknusiay
IopexKeci KpI3aHaK, CypbiObiHa GaiylanbicThl e3repeni. Better boy kome Pera cypemrapsr TBSV undekmnusnayra TypakTsl,
an Money maker cypwibbr TBSV undeknusnayra tesimai 6omapl. By mormxkenep ecimaikrepae TBSV Bupycbina Kapchl
TaHJaMaJIbl TO3IMIIIKTIH 6ap eKeHIriH »koHe Typ iminge Gesrisi 6ip KOpFaHbIC MeXaHU3MJEPiHiH OOJIybIH KOPCETETIH SPTYPJIi
TYPaKTBUILIK MeHiepi 60Iybl MyMKiH ekeHiH kepcereni. Byaan 6acka, xmopoduiai (Chl-FI) dbuyopecuenTri Busyaausarusiiay
JKOHE CaHJBIK (DJIFOOpOMETp KyieciH maiijlajjaHa OTBIPBIN »KYPri3iireH Tajigay KbI3aHAK CYPBIITApbIHIa HHQEKIUSIHBIH
BU3yaJIJIbl CUMIITOMIAPBIHBIH 0OJIMaybIHA KapaMacTaH, eKiHII PeTTIiK MeTabOJIUTTED JTeHIeliHIH KOFapbLIaybl XKoHe (DOTOCUHTES
OeJiceHiMIriHIH IaMaJIbl TOMEHIEeYi OallKaJFaHbIH KOPCETT].

Tyitia ce3mep: Chlorophyll fluorescence imaging, dorocunres, TBSV, Solanum lycopersicum Money Maker cypwi6sr, Nico-
tiana benthamiana.
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Plant diseases of Green Zone in Astana

Abstract: According to the results of the first year of the survey, abiotic and biotic diseases of
trees and shrubs of the Green Zone around the city of Astana are shown. Surveys of green belt forest
plantations were carried out during the whole vegetation period of 2018. The overall condition of
the green belt forest plantations (vital and phytopathological) is generally good. Abiotic diseases of
forest plantations associated with soil and local climatic conditions are more common in the western
and north-western parts of the green belt. Diseases of a biotic nature are rarely observed in all
forest farms, and their occurrence depends mainly on the moisture factor of locality, species and
plant species in specific areas.
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From the day of moving the capital of the republic to Akmola, by a new name Astana, the priority
task was to rebuild the former mediocre city into a modern, with original architectural structures,
surrounded with green not only from the inside, but also from the outside. For the record time
according to the historical standards, Akmola has changed beyond recognition, in its place a new
Furasian city appeared - the pride of the nation, a symbol of sovereign Kazakhstan. The master
plan for the development of Astana, developed under the direct control of the country’s president,
included a project to create a green belt around 100 thousand hectares around the Capital until
2020. This year, the area of man-made forest around the city exceeded 85 thousand hectares. We
can say with confidence that the man-made forest has practically surrounded our young capital.
In the future, the task will be to combine a man-made forest with the natural forest Borovoe and
Shortandy |[1,2].

Today, more than 9 million trees and about 2 million shrubs grow in planted forests. Currently,
a real forest has already formed in the Green Zone. Creation in the steppe, in the conditions of a
sharply continental climate of an artificial forest on such a huge area is a unique case. The experiment
that first appeared utopian has now become a reality - in just 20 years a large forest has appeared
in Sary Arka. This is a great result of a large team of specialists and workers headed by General
Director of RSE "Zhasyl aimak" ZH.O. Suyundikov. Every year, pheasants, roe, deer and other
are released into this man-made forest, and the forest is inhabited by the local fauna (hares, foxes,
birds) representatives. In the green belt "Safari Park" is opened on an area of 300 hectares for the
rest of the townspeople and visiting tourists. The green tracts already have their beneficial effect
on the microclimate of the capital, and the strength and frequency of gusting winds have decreased.
In 2014 2016 the implementation of the second phase of this unique project has begun (planting 1.1
million pieces of new seedlings) [1,2].

It should be noted that the implementation of the given unique project provides not only planting
the necessary species of plants, but also appropriate care for them. Among the latter, of considerable
importance is the prevention and control of pests of forestry [3,4]. At the same time, it is necessary
to take into account the fact that in the creation of the forest belt, forest species are used not only in
this region, but also in non-regional ones, which is fraught with introducing unusual new pathogenic
organisms for the area. The latter, in combination with native species, can form a new complex of
forest pests.

Harmful organisms (pests and diseases) have a negative impact on the vital condition of the host
plant, reduces its resistance to adverse environmental factors, reduces the age and ultimately leads
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to premature death. If timely measures are not taken to eliminate or treat such diseased plants,
they, in turn, themselves become sources of infection and the spread of disease. Therefore, it is
extremely important to conduct a phytosanitary assessment of the state of forest plantations of the
Green Zone of Astana, for the creation of which a lot of financial resources and human labor were
invested.

Research methods. The study of the phytopathological state of greenery in the green belt of
Astana was carried out by route surveys during the entire vegetation season, and disease development
was monitored in model parts. Locations of parts with diseased plants were noted with the help of
GPS, and photographing of the affected plant organs was carried out using a Canon digital camera.

Identification of identified pathogenic organisms was carried out on the basis of their morphometric
characteristics.

The descriptions of isolated phytopathogenic organisms were carried out on the basis of their
morphometric characteristics using an Olympus BH-2 microscope with a built-in Canon camera and
displaying an image on a computer screen, as well as measuring objects in the MS Exsel dialog box
with Camera data.

Problem overview. Fungal diseases (powdery mildew, rust fungi, shyutte pines, black, blotchi-
ness, scab, deformation, mosaic, necrosis of the bark, cancer, wilt, rot, witches’ brooms, burns) are
most common on woody and shrubby plants, bacterial and viral.

The causes of noncommunicable diseases can be environmental factors that adversely affect the
growth and development of plants. These include adverse meteorological and soil conditions, envi-
ronmental pollution, recreational loads and other anthropogenic factors.

Common Schutte (the causative agent is the Lophodermium seditiosum mushroom) usually affects
seedlings and pine seedlings up to 6 years of age. In the spring, the affected needles turn red, and
the sporulation of the fungus forms in the form of numerous small black strokes. In summer, the
fruit bodies of the pathogen appear on the needles, having the appearance of oval black pads, often
connected by ends [4].

Outbreaks of other various diseases, among which bacterial carcinoma are the most dangerous,
make a significant contribution to the weakening of plantings. Currently, this disease of birch forests
is widespread in many regions of the European part of Russia and Belarus [6]. In Kazakhstan, only
small foci were noted earlier, but after 2010 the disease became widespread, and the course of the
disease became quite aggressive, which was allegedly triggered by drought, which greatly weakened
the plant defense mechanisms. In Kazakhstan, this disease began to be studied by Mironenko O.N.
and Kabanova S.A., since huge areas of birch stands were under the threat of death [6].

Bacteria cause spotting, rot, necrosis and vascular diseases. Examples of widely spread bacterial
diseases of tree species are transverse oak cancer, lumpy pine cancer, wet poplar ulcer cancer [7,8].

Viral diseases affecting woody plants are not of great economic importance [4].

Results and discussion. The route surveys of the Green Zone were carried out throughout the
growing season. Forest plantations of all 7 forest areas were surveyed, the area of each of which is on
average 10 12 thousand hectares, and the total - more than 85 thousand hectares. The survey routes
were coordinated with forestry workers so that the selected blocks would be, by all parameters,
representative forest plantations of the respective forest area.

The survey was started with forest plantations along the «Astana-Karaganda» highway near the
villages of Koigeldy, Volgodonovka, Arnasay, Babatay and Shoptikol. In general, the common state
of forest planters in the surveyed area is good. Due to the abundant rainfall in spring and the first
half of summer, the moisture in the soil was sufficient for the growing season. It should be noted
that planting are properly taken care of, the unoccupied plantings of the strip between the edges are
plowed and kept as steam. Chemical treatments are carried out against the moth caterpillars, the
mass outbreaks of which in the current year took place in the Vyacheslavskoe forest area in spring on
the feathered and branchy elm. The damage from this pest would have been much more significant
if not for the urgent measures taken by forestry workers in chemical treatment of the affected area.

Kyzylzhar forestry: The total area is 12090 hectares. On the territory of the forest there are
old forest plantations 50-60 " of the last century. New plantings were started from the day of the
organization of the RSE "Zhasyl aimak".
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Dogrose doggy. Some wild rose bushes are strongly affected by rust to a great degree. Leaves,
branches with a strong curvature and deformation are affected. It turned out that in such bushes
85-90% of branches were affected.

Uredinia on the affected organs of plants of yellow-rusty color, merging, powder, completely
covering the stems, integumentary tissues of plants in such places are torn. Crowded mass of
urediniospores deposited on healthy parts of plants give the bush a fiery yellow color. In 40-45%
of affected plants, rust pustules were found only on the leaves, the stems remained unaffected.
Urediniospores are round, slightly oval, 15-20 microns in diameter, the spore shell is dark, even,
without thorns.

The result of the identification of the causative agent of the disease - Phragmidium disciflorum
(Tode) Jams.- rust fungus, often affecting wild roses in the conditions of Central Asia.

Siberian pine. Young landings. 40-50% of plants from surveyed are affected. Individual plants
are affected with an intensity of up to 70% or more and die. On young branches needles from light
brown to rusty brown. Needles are struck, mainly at the base of branches, on individual branches
all needles are struck, without exception. There are plants partially affected (separate sections of
branches) or completely. The preliminary diagnosis is shutte.

Arshala forestry. The total area of forest landings are 3363 hectares. Plantings were made in
2012-2013.

Elm pinnate and branchy. In 40% of the plants, 80% of the leaves are affected by the caterpillar
of the moth variegated - Calospilos sylvata Scop. The leaves are wrinkled, as if charred. Chemical
treatments against pest insecticides are held.

The rest of the trees and shrubs in the planted forests are in good condition, no diseases were
found on them.

Vyacheslav forestry. The total area of forestry is 13,369 ha. Plantings were made from 2004
to 2017.

Pinnate and branchy elm. (section 140). Strongly affected by the moth. On individual plants
70-80% of leaves are affected. The general condition of such plants is highly depressed.

Common Maple (section 140). 20-30% of the leaves are completely yellowed, on the surface of
such leaves are many dark brown spots with a black bordering rim. Sizes of spots 1-2 mm, scattered,
in groups, sometimes merging. Microscopic examination of fungal structures is not detected. Spots,
possibly of bacterial origin. On the green leaves spots are not marked.

Currant golden (section 140). 10-15% of leaves are spotted with dark green endings or with a
wide dark rim, oval and angular shape, 2-3x3-3,5 mm, possibly of mushroom origin.

Astana forestry. The total forest area is 9636 hectares. Plantings were made in 2003 (inter-wing
plantings — in 2016), in 20092012 and 2016-2017.

Kazakhstan poplar (section 7). At the base of small branches of clusters of crowded, shriveled
leaves, 10-13 times smaller than normal, normal (green) and dark brown colors. At the end of
such branches, starting from the middle, normal, normal-sized leaves are developed (3,5-5,5 cm in
diameter). The preliminary diagnosis is “witch’s broom”.

Hawthorn the greenish (section 7). Mass damage of leaves and fruits. Brushes from fruits affected
by 80-90%, turned into black, are shriveled and are not developed formations. On such branches, the
leaves are completely dried, yellowish brown. The diagnosis of a bacterial burn (pathogen - Erwinia
amylovora). The eroded areas of the leaf at the edges are light yellow, surrounded by a dark brown
rim. No other abnormalities are found.

In the row of birch (section 12) there are many dead plants. The causes are possibly related to
abiotic habitat factors (frostbite in winter, lack of moisture, aggressive groundwater). The biotic
factor in the death of adult plants (2010, planting) is not visually observed. In some plots in the row
of birch, individual plants grow normally, although even here there are plants with partially dead
branches.

Common birch (section 12). On 4-10% of the leaves yellow-brown spots are marked, occupying
up to 40-75% of the leaf surface. There is no obvious pattern in the location of the spots: they
occupy either one half of the leaf from the main vein, or the upper half of the leaf blade, including
both sides of the main vein, etc. Fungal structures are not found.
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Black currant (section 12). 70-80% of the leaves, starting from the edges of the lamina, going to
the middle, are eaten by insects.

In a pine (section 32) in places, in a number of plants, individual branches entirely or the lower part
of branches are dried, needles easily fall off. An external examination of the needles of an infectious
nature is not observed. The upper (3/4) part of the plant develops normally, while maintaining
intense green color.

In willow (section 33), in some areas, 10-15% of the leaves of the plants yellowed, possibly asso-
ciated with abiotic environmental factors. There are plants with dried lower branches. In separate
scenes among the poplars, 45-50% of the plants died, there are rows with completely dead poplars.
No signs of infection are observed on such dried plants. On the sucker narrow-leaved in separate
rows on yellowed leaves there are dark, dark brown spots, and in other rows of the plant without
signs of damage. In this quarter, there are areas with completely dead plantings of poplars and
willows, and next to planting willows in good condition, which clearly indicates the mosaic pattern
of the soil conditions of the area.

Loch narrow-leaved (section 33). 40-60% of the leaves of the loch are spotted with gray-brown
spotting, arranged in groups or randomly. In the locations of the spots the leaf tissue is light yellow.
Microscopic examination of the presence of obvious fungal structures was not detected.

The Forest Batis. The total area of the forest area is 10088 ha. Plantings were made in 2007-2010
and 2016-2018. Interculse landings were made in the last 3 years: 2016 (951 ha), 2017 (1042 ha)
and 2018 (342 ha).

Willow (section 3). In separate wings series IV, mainly (90%) dies; for a poplar branch single
yellowed leaves on the stem are bacterial canker. The status of the other breeds normal. In a
protective strip, along the road to Kustanai, in connection dryness.

On birch (section 3) 40-50% of leaves are completely or partially yellowed. In many scenes the
whole row or separate sites in a row with a birch completely were lost. The same pattern, although
to a lesser extent, is observed in the Tatar honeysuckle, and occasionally, maple. In General, in
this quarter in some places there are large areas with entirely dead plants of abiotic nature. This
shows that the soils of these places are clearly not suitable for planting the above-mentioned species,
perhaps, and other trees. Apparently, in this section of the quarter aggressive groundwater lies close
to the surface of the soil. This is indicated by the fact that all plants have taken root during planting
and even for several years grew normally until their roots reached the salt ground water. This can
be seen in their height and volume of the crown. Then all at once died. This suggests the need for
this area of land agrochemical analysis of the soil, to address the issue of re-planting.

In quarter 4 marked area where the area of 20x700 m. all plantings were dead. This is the same
case as in the 2nd quarter of the forestry.

In section 6 separate areas in the birch noted marginal yellowing of leaves. There are scenes,
where it sometimes all the planting died. In quarter 7 the condition of plantings were very good.

In section 18, there are places where there are bald areas with a partially dead maple.

Ereymentau forestry: Total area of forest 6381,6 hectares, of which forests occupied 5803 ha.
Forest area is divided into 49 blocks. Plantings were made in 2012, 2014 and 2015.

Acacia yellow (section 2). The leaf surface on the lower side is covered by 70-75% dark brown
institutions. Epidermis of plants are broken, spots convex, 0,2-1 mm. in diameter. On the branches
there are large, single, merging pustules. On the upper side of the leaf blade there are single pustules
or pustules missing. Urediniospores are light brown, rounded, slightly oval, ovoid. Teliospores
(18.09.18) were detected. Diagnosis: rust of acacia, the causative agent — the fungus Melampsora
ribesit purpureae Kleb.

Poplar Kazakhstan (section 7). Landing in 2015. In this series, the majority of plants in the upper
part, mainly died, but from the root of the recovered shoots. The cause of death-perhaps freezing,
or due to soil.

Poplar pyramidal (section 7). On individual leaves on both sides of the leaf, along the veins of
the fabric painted in whitish-gray color. Spots on them are depressed, the surface of the spots is
felt-like, dark. On the underside of the leaf, along the veins, on the yellowed areas of inclusions of
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many small, dark, almost black, powdering spots. Diagnosis: rust of poplar leaves, the causative
agent-variegated rust of the genus Melampsora: M. larici-tremulae and M. Pinitorqua

Honeysuckle Tatar (section 9). Plantings are in 2014. Part of a Bush with brightly yellowed leaves,
on some bushes the tips of branches with curvatures downwards and with numerous small whorls of
leaves of the "witch’s broom"type. These small leaves are shriveled, dried up, completely blackened.
Preliminary diagnosis: viral or bacterial infection. On the healthy branches of some plants, the
upper side of the leaves, starting from the tip, is covered with a dense soot mass, occupying up to
80% of the interventricular surface. Identification of the causative agent continues.

Loch narrow-leaved (section 10). Plantings are in 2015. On some plants, the upper branches on
the yellowing leaves are blurred dark brown spots. On the green areas of the leaf blade, on the upper
side of the leaf there are many small, white, slightly convex, filmy spots (0.1-0.2 mm.) of various
shapes.

Maple ash-tree and poplar pyramidal (section 16). In a large area of planting, the plants dried
out, perhaps from soil salinity.

Broad-leaved elm (section 16). On the lower side of the leaves are dark brown, almost black,
indistinct spots (0.4 - 3-4 mm.) with compacted, whitish, isolated spots in the center. Such spots
are located on the edges of the leaf, bordering the entire leaf. The inner parts of the leaf surface are
healthy.

Black currant (section 20). On the lower side of the leaf blade, mainly at the base, red, as aging
brownish, blurred spots. Large spots merging, sets of small spots (2-3 mm.) single. On some large
spots the Central part is occupied by rounded, oval, compacted, necrotic, convex, whitish-yellowish,
rather large spots. On individual leaves areas with spots occupy up to 50-70% of the leaf surface.

Shortandy forestry. The total area of forest are 12374,9 ha. Forest area is divided into 49
blocks. Landings are made since 2003. Examined planting 7, 8, 10, 17, 30 quarters.

Loch narrow-leaved (section 7). Plantings of 2006. In some plants the tops, and especially the
side branches are dry, and some plants are completely dead, the leaves are wilted, there are many
different sizes of spots on the green leaves.

In the quarter there are 17 plantings of pine trees of 50-ies of the last century. Among them
there are ground-based mushrooms, buttermilk and cheese-eaters. Separate branches of pines with
completely yellowed and dried needles, which are easily separated from the branches, fall off. Near,
on the same plants normal healthy branches. Yellowing needles begins with the tip, spreading to
the base. The latter are weakly attached to the branches, easily separated (fall off).

Ordinary Birches (section 17). On yellowed and green leaves there are rounded, slightly oval spots
of dark brown color with clearly defined edges. Green areas of the leaf are preserved around the spots
with a narrow strip. Spots are located on the upper side of the leaf, translucent on the lower side
of the leaf cloudy color. Affected leaves 1-6 spots on a leaf, size of 2-4 mm. These spots have three
colored zones: green exterior, medium dark and the inner grayish-black. Microscopic examination
does not detect fungal and other structures.

In conclusion, it should be noted that the general condition of forest planting in Green zone is
satisfactory, and if we take into account the complex soil and climatic conditions of the zone location
area, it can be estimated very good.

In all forest areas there are landings, where some plants of some species are sick and even die,
mainly from abiotic environmental factors. There is an occasional sickness and biotic nature. The
General picture is that the diseases of forest planting of abiotic character are more in the Western
and North-Western parts of the green zone. As for biotic diseases, their occurrence depends on the
humidity factor of the area and on the species or species of plants in specific conditions.
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Acrana kasnacbsiablH 2Kaceli 6esagemingeri eciMaik aypyJsiapsi
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Bousie3suu pacrenuit B 3esieHOM 1osice ropona AcTtaHbl

AnsoTtauus: Ilo pesynbraraMm 1epBOro rojga 06C/IeJOBaHUS MOKA3aHbI aOMOTHYECKUE U OHOTHYECKHE OOJIE3HU JIPEBECHO-
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¥ BUJIa PACTEHUN B KOHKPETHBIX yYaCTKaX.
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Biausauane Pa3/INIHbIX KOHHeHTpaHHﬁ ANATOMHUTA HAa CTEII€Hb MI/IKOTpOCbHOCTI/I AYdMeEeHA
(Hordeum wvulgare L.)

Awunoranms: Baecenue passimuHbIX KOHIEHTparwmii guaromuta (or 1,5 mo 3%) B mousorpyHT
IIPUBOJUIO K MOBBIMIEHUIO KOJMIECTBA apOYyCKYy/JSIPHBIX MUKOPU3HLIX TI'PUOOB B KOpE KOPHS
gaMmens copra «DBaiimermneky.  Hawbosbinas MuUKOTpPOMHOCTHL Obljaa BbISBIEHA IIPU BHECEHUU
quaromuta B KoHneHTparun 10%. A rnasnbHeiiniee OBBINIEHWE KOHIEHTPAIUU  JIMATOMUTA
MIPUBOJIUJIO K HEKOTOPOMY CHHXKEHHUIO CTEIeHH MUKOTpodHOCTH stumens. (CaMm JUATOMUT U €ro
COYeTaHNe C WHOKYJIOMOM He TOBJIMSIM HA BBICOTY IPOPOCTKOB dAUMeHd. B To ke Bpems
[P BHECEHHU PAa3JIMYHBIX KOHIEHTpanuii jguaromuta or 1,5 mo 10% BblgBiIeHa KOPpEISAIust
MEXK/Iy CTENEHBI0 MHKOTPOMHOCTH W CYyXOil Maccoil Hajzemuo# wactu pacreruil. llosyuenubie
B XOJIe¢ TPOBEJCHUS WCCACIOBAHUS JIAHHBIE MOIYT OBITh HCIOJIB30BaHBI B XOJE Pa3pabOTKH
OHOTEXHOJIOIUI, HAIPABJIEHHBIX HA IIOBBINIEHUE MOYBEHHOIO ILJIOJOPOJUS IIOYB U yPOXKAWHOCTU
CETbCKOXO3AMCTBEHHBIX KYIbTYP.

KuaroueBble cJjioBa: dUMeHDb, AMATOMET, ApPOYCKY/ISPHBI MHUKOPU3HBIN TI'pub, HHOKYJIIOM,
MHUKOTPO(HBIE PACTEHUS

DOI: https://doi.org/10.32523/2616-7034-2018-125-4-26-32

BBenenue. O6mupable  Teppuropun KazaxcraHa 3aHHMAIOT — CeJIbBCKOXO3SIHCTBEHHDIE
YIO/lbsl, XapaKTEPU3YIOIIHEeCs WMCTOIIEHUEM ILIOAOPOIHOIO CJI0s, W KaK CJIEJICTBHE CHUKEHUEM
HMPOAYKTUBHOCTH PACTEHUs, PACTYIIUX Ha HUX. Pelrenue mpobjeMbl MOBBIIIEHUS yPOXKANHOCTH
HapYIIEeHHBIX 3eMeJb HEBO3MOXKHO 0e3 paspaboTKh HOBBIX, PEHTA0E/JbHBIX SKOJOIMIECKUX
OMOTEXHOJIOTHI, B YaCTHOCTHU, 06€3 HCIIOJb30BAHNSA PAa3JIUIHBIX OPraHUYEeCKHMX M MHUHEPAJIbHBIX
YJA0OpeHuii TPUPOTHOrO MPOMCXOXKCHUS (AMATOMUT) ¥ MOYBEHHOH MHUKpOdJIopsl (bakTepwHii,
MUKPOCKOIIMYECKIX BOJIOPOCIIEii 1 TpuboB).

OHIOMUKOPU3HbIE TPUOBI, 00pa3ylome MHUKOPU3bI apOyCKYJAsIpHOIO THIA C KOPHAMEI
BBICIINX PACTEHUN SIBJISIIOTCSA MEPCIIEKTUBHBIM OOBEKTOM CeJIbCKOXO3sIHCTBEHHONW OMOTEXHOJIOIUH.
ApOyckysipHas MUKOPH3a — 9TO0 CUMOMO3 MeXK/1y BBICIIMME pacTeHusMHU 1 rpubamu otaena Glom-
eromycota, JIOKAJM30BAHHBIMU B KOPHSX PACTEHUS-XO3AWHA, B KOTOPOM IPOIYKTHI (POTOCHHTE3A
IIepEMEIAIOTC OT pacTeHHs K Tpuly, a HEOpraHmdecKHe 3JIeMEHThI — OT Tpuda K PACTEHUIO
[1]. Mukopusel apOyCKy/JIsSpHOIO THUIIA MMEIOT IHPOKoe Treorpaduyeckoe paclupoCTPAHEHHe U
BCTpedaloTesa B npupoge 6osee gem y 90% sunos pacrennii. OcHoBHOE ByHKIIMOHAILHOE 3HAYMECHUE
apOyCKyJISIpHBIX MHUKOpU3HBIX rpubos (AMI') cocrour B oObeciieueHuN pacTeHHil COeJIUHEHUSIMU
docdopa, KOTOpoe MPOUCKXOIUT B X0OJI€ aKTUBHOIO 0OMEHA MEXK Ty IPUOOM-MUKOPH3000pa30BaATEIEM
u pacrenueM-xo3sttHoM |2, 3|. Kpome Toro, AMI" noBblmaior ycToiiunBocTh pacreHuii K HeJ0CTaTKy
BJIAI'W, 34COJICHUIO II0YB, 3aIrPA3HEHUIO TAKEJBIMUA MeTaJlJIaMH, PAJUOHYKJIUIAMUA U BO3IEHCTBUIO
dburonarorenos [4]. Mukopusbl apOyCKyJISIDHOTO THIIA OKA3BIBAIOT MOJIOKUTEIBHOE BIIMSHIE KAK
Ha OTAEJ/IbHbIE 3K3EMILIAPDbI paCTeHI/Iﬁ, TaK W Ha IeJIbIe paCTUTeJIbHbIC COO6LU,€CTB3, IIOBBIIIIaA UX
YCTOHYIMBOCTD K HEOJIAronpusaTHBIM (haKTOpaM OKPYKAIONIEH CPeJibl, TOMEOCTa3 U IPOILYKTUBHOCTD.

JuaToMuT - KpeMHHIl cojepxkaliee MHHEPaJbHOE YIOOpEHHE IIPUPOIHOIO IITPOUCXOXKICHUS.
MHOro4MCJIeHHBIMIA MCCJIEOBAHUSAMU MOJITBEPXK IAETCS [IOJIOXKUTEIHLHOE BIUSHIE HETPAIUIMOHHBIX
YA0OPUTEIbLHBIX BEIIECTB, B KAYECTBE KOTOPBIX PACCMATPHUBAIOT, B TOM YHUCJIE, KDEMHHUI COIeprKalllne
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arpopy/ibl, B YaCTHOCTH, JUATOMHUTBHI. VX JeficTBue wW3ydaeTcss HA OTIEIbHBIX KYJIbTYpax
arpoduToIeHo3a, 3aTparuBas 0COOEHHOCTH MUTATEIBHOIO PEXKUMa MOYBbI. V3BecTHO, HAIpUMED,
YTO OHU CIIOCOOCTBYIOT IIOBBIIIEHUIO YPOXKAWHOCTU KYJIBTYPHBIX PAaCTEHUi, yiIydiias KadecTBO
PACTUTENBHON TPOYKITHH, 00JIaIAI0T POCTCTUMYJIUPYIOIIei DYHKIMEH B OTHONIEHUN PACTUTETLHOTO
cOODIIECTBa, & TaKKe MPUBOAAT K YBEJIUYEHUIO COJIEPXKAHUS B IIOYBE IOJBUXKHBIX (OPM a30Ta,
docdopa u kamus [5, 6, 7|. B smreparype, ofHAKO, PEIKO BCTPEUYAIOTCS PAbOTHI, COIEPIKAIIIE
pe3y/IbTaThl KOMILIEKCHOW OIEHKHU BJIMSHUSA KPEMHHUIICOIEPKAINX MaTePUAJIOB Ha I[TOYBEHHYIO
9KOCUCTEMY, BKJIIOYAIONIYIO HE TOJBKO KYJIbTYPHBIH (DUTOIEHO3, HO 1 MUKPOOUOIEHO3.

B cBasm ¢ sruMm Bo3HUKAeT HEOOXOAMMOCTH HU3YYEHUs] BJIMAHHUA JINATOMUTA Ha POCTOBLIE
II0Ka3aTeJI1 CeJIbCKOXO3ANCTBEHHBIX PACTEHUIl, UX yPOXKANHOCTBb, 3€JICHYI0O MAacCy, a TaKzKe Ha
MHUKPOOHOTIEHO3, KaK MOKA3ATENb IKOJOTUIECKOTO COCTOSHUS TOYBbI. COBMECTHOE MCIOIb30BAHNIE
MUKOPHU3HBIX I'PUOOB U JIMATOMUTA UMEET PeaJsibHbIe IEPCIIEKTUBBI JIJIsi PA3PabOTKH OMOTEXHOJIOTHIT,
HallpaBJIEHHBIX Ha ITOBBIIMICHHNE IIJIOZOPOJaUA ITIOYB 1 ypO}K&ﬁHOCTH CEJIbCKOX034dMCTBEHHBIX KYyJIbTYD,
B YACTHOCTU 3JIaKOB. llodTOMY I1€/1bI0 HACTOsAIIEH PAOOTHI OBLIO M3yYeHHE BJIUSHUS PA3IUIHBIX
KOHIIEHTPAIMI MATOMUTA Ha POCTOBbIE [IOKA3aTeJM U cTeleHb MUKOTpodHOCTH stumenst (Hordeum
vulgare) copra «Baiimereks.

Meroapl uccienoBauusi. OObEKT UCCICIOBAHUS - siYMEHb OOBLIKHOBEHHLINA — Hordeum wvul-
gare L., copra «Baiimemek», npejcrasurens cemeiicrBa 3makoB (Poaceae). Cemena siaMeHs
crepmmsoBaiu B 0,5% pacrsope mepmanranara kajmst (10 MUHYT) U BbICEBaJM B ILJIACTUKOBBIE
eMKocTu oObbemMoM 150 M1 copepaKaliue TOYBOTPYHT. [TouBorpyHT TOTOBUIM U3 CMECH
KPYIHO3EPHUCTOI'O, MBITOT'O PEYHOT'O II€CKA U BEPMUKYJIUTA B cOOTHOIeHnN 1:1.

B skcmepumenTtax wucnosb3oBasaum 00pas3ell IUATOMHUTA, JOCTABJIEHHOrO u3 MyramkapcKoro
MecTopoxkieHnst AkTiobunckoit obsactn Kazaxcrana. JImaromur BHOCMIM U3 pacuera 1-1,5%; 2—
3%; 3-10% u 4-20% or obbema TMOYBOIPYHTA, KOHTPOJIEM CIYYKUJ IOYBOIPYHT O€3 JIMATOMUTA.
NHokyiiom apOycKyJIsipHbIX MUKOpU3HBIX rprboB (AMI') BHOCHIM B IOYBOIPYHT M TIIATEIHHO
nepemeriuBajm. OIBIT TPOBOIUIN B CEMUKPATHOMN TOBTOPHOCTH.

Pacrenusi BoipamuBasun B Tederue 60 cyrok (2 mecsina), u3BIEKaJd U3 IPYHTA, CYIINIH B
cymumibraom mkady (600 C). MsMepsin BLICOTY U CyXyIO MacCy HaJ3eMHON dacTu pacrenmii. s
U3ydeHHsl CTeNeHn MUKOTPOMHOCTH 0TOUpaM TOHKUE KOpHE (ToJuHa He 6ojtee 1MM), TIaTe5HO
OTMBIBAJIN BOJIOIIPOBOJIHON BOJIOH, MarepupoBagn Ha Bojganoit Gane B 10% pacreope KOH B
IJIACTUKOBBIX KOHTelHepax st Ouosjormdeckux o6pasnoB. OTMBITbIE MalepUpOBaHHBIE KODPHU
OKPAIIUBAJIN TPUIAHOBLIM cHHUM. [IpeccoBannble mpernapaTbl KOPHEH FOTOBUIN C UCIOJb30BAHUEM
rmutepuna. CreneHb MUKOTPOGHOCTH OIMEHUBAJIH 110 sITHOAJUIBLHON TiKaje o MeToy CesmmBanoBa
- or 0 g0 5 6amos [8]. st anammsa ucmosb30Bain GUHOKY/ISIPHBI MUKPOCKOIT MuKpome .

PesynbraTbl n nux obcyxkaenme. MukpockonupoBanue o6pa3ioB KOpHeBbIX cucteMm H.vulgare,
BBIIIOJTHEHHOE JIJIsT KOHTPOJIS YHUCTOTHI SKCIIEDUMEHTa B BapHaHTaxX ONbITa 0e3 BHECEHUS CIIOP
SHJIOMUKOPHU3HBIX I'PUOOB HE BBISBUJIO CTPYKTYD, XapaKTEPHBIX JJIs IPUbA-MIKOPU3000pa30BATEIS.
Bmecte ¢ Tem, B Xoie NpOBeJeHUS MHKPOCKOIUPOBAHUS OOPA3IOB KOPHEH siuMeHsi copra
«Dbaiimeriek» BO Bcex BapHaHTaX OIbITA C BHECEHHEM WHOKYJIIOMa I'puba MUKOPU3000pa3oBaTesis
OBLIN BBISIBJICHBI CTPYKTYPBI XapaKTepHbIe Jjisi TPUO0B, 00Pa3yIomnx MUKOPU3bI apOyCKYISPHOTO
TUIA: HECENITHPOBAHHDI MUIe/INil, BE3WKYJIBI, ammpeccopun n apoyckynsl (pumc. 1). Yacrora
BCTPEYaEMOCTH MUKOPHU3HON MHGEKINN B U3y4eHHbIX obpasmax cocrasmiaa 100 %.

HaumenbIast crenenb MuUKoTpodHOCTH OblIa BbIsiBiIeHa B KoHTposie - 0,40 £ 0,05 6asuia (puc. 2).
B JJAHHOM BapHWaHTe€ OIIbITa B KOPp€ KOPHA 6bI.HI/I BBIABJIEHBI 9K3E€MILJIADBI C € IUMHUIHBIMHA FI/I(I)&MI/I7
OBLJI0O MHOTO yYAaCTKOB KOpHeil, He MH(MUIMPOBAHHBLIX IPHOOM-MUKOPU3000pa3oBaTe/ieM. Be3ukyibt
7 apOyCKyJIbl BCTPEUIAIUCH KPaiiHe PeKo.

BHecenne pasznmuHbix KoHIeHTpanuii jguaromura (or 1,5 10 20%) npuBOIMIO K 3aMETHOMY
MIOBBINIEHUIO OOWJINS CTPYKTYP apOyCKyJISIPHBIX MUKOPU3HBIX I'DPHOOB B KOpPE KOPHS M3yUE€HHBIX
pacrenunii. Ilo cpaBHEHUIO C KOHTPOJIEM CTEIEHbh MUKOTPOMHOCTH 3HAYUTEIHLHO MOBBIIMIAIACH - B 1,5
- 3 paza. Tak, BHeceHue QMATOMUTA B KOHIeHTpamyu 1,5 % cr1oco6CcTBOBAJIO 3aMETHOMY IIOBBLIIICHIIO
(moutn B 1,5 pasa 110 CPABHEHUIO ¢ KOHTPOJIEM) CTEIEHH MUKOTPO(MHOCTH M3YUEHHBIX PACTEHHUH —
B cpeaeMm g0 0,57 +£0,06 6auia. IloBblleHne KOHIEHTpaUuU AUATOMHUTA 10 3% BBIZLIBAJIO EIle
OoJIbIllee TTOBBIIMIEHNE CTENEHN MUKOTPOMHOCTH pacTeHuit sumeHs. JlaHHBI moKa3arTesib B 9TOM
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PucyHok 1 — BHYTpUKOpHEBBIE CTPYKTYpPbl Ipudba-MmkopusoobpasoBaTesis: Besukyabsl (B) m
HecentupoBanubie rudbl (HI') B KopHsAX staMeHst

BapuaHTe OIbITa OBLI IOYTH B 2 pa3a BBIINIE, UeM B KOHTpOJEe, cocTaBuB B cpeaneMm 0,79 £ 0,08
6asia (puc. 2). HawubGosiblniee 3HavYeHUe cTeleHr MUKOTPOMDHOCTH ObLIO BBISIBJIEHO DU BHECEHUU
nuaromuta B Kounenrpaimu 10%. Crenenb MEUKOTPOGHOCTH B JIAHHOM BapHaHTe OIbITa JIOCTUTA] B
cpeanem 1,12 £ 0,13 6asuia, uro B 2,8 pasa GoJbiie, YeM B KOHTpOJe (puc. 2).

JanbHeiinee TOBBINIEHNE KOHIEHTpanun jguaroMura, 0 20%, NpPUBOAMIO K HEKOTOPOMY
CHUDKEHHMIO CTEIEeHU MUKOTPOMHOCTH SIMEHS. B »sToM BapmanTe »sKCnEepuMeHTa CTeIleHb
MukoTpodHOCTH coctaBmiia B cpeaneM 0,83 4+ 0,09 6asuta, arto B 2 pasa 0oJibllle, YeM B KOHTPOJIE
U TMPAKTHIECKN COOTBETCTBYET MOKA3aTe 0 B BapHaHTe C BHECEHHEM IUATOMHUTA B KOHIIEHTPAIIAN
3% (puc. 2). CrenoBaTesibHO, WCIIOJb30BAHUE JUATOMUTA B JIAOOPATOPHBIX YCJIOBHUAX JIJIsi
CTUMYJIUPOBAHUS IIPOIECCAa MUKOPU3000pa30BaHus B KOPHSIX MHUKOTPOMHBIX pacTeHuil Hamnbosiee
peHTabeabHO B KOHIeHTpamusax 1o 10%.

1.40

1.20

_.
——
(]

oy
o
=]

o
o
LV¥]

=
[
<

t

=
o)
<

<
HHn
-1

=
HH s
=

CTerneHs MHKOTPO(HOCTH (GalLIkI)
=]
s
<
|

0.20 — —

000 T T T T
0%  1O-1.5% 3%  J-10%  J1-20%
KOHL[EHT]JBL[H}I JHATOMHTA B MOYBOCMECH

Pucvhok 2 — Bausinue Pa3InIHbIX KOHI.(GHTpaI.(PII‘;I AaTOMHUTA Ha CTEeIl€eHb MI/IKOTpOd)HOCTI/l paCTeHHﬁ AYMEeHA

HCCJIG,ILOB&HI/IH IO USYyYEHUIO BJINAHMUA CaMOI'oO JUaTOMHUTa U €ro codeTanne ¢ THOKYJ/JIIOMOM rpn6a—
MI/IKOpI/I3006paSOBaT€JIﬂ Ha BBICOTY dYIMEHs ITOKa3aJil, 9YTO PaCTCHUA dAIMEeHAd OBLIIM MAJIO OT3LIBYNBLI

Ha BHECEHHE JuaTOMUTA.
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Bapuant Konnentpanus guaroMuTa
SKCIIEPIMEHTa, 0% | 1,5% | 3% | 10% | 20%

Bricora pacrennit (M)

He mukopusznbie | 264,7£15,7| 269,3£20,0| 259,6£16,9| 279,6£21,0| 261,4+21,3
pacreHust
Mukopu3HbIe 307,7421,1| 290,44+22.5| 269,7+18,1 | 279,1+20,9 | 277,04+25,6
pacTeHus

Tasuia 1 — BinsiHue pas/iMyuHbIX KOHIEHTPAIUUi AUATOMUTA HA BBICOTY MUKOPU3HBIX U HE MUKOPU3HbBIX
pacTeHuil sYMeHs

Brecenne mHOKysmoMa rpuboB, 06pas3yoOIMUX MUKOPU3Y apOyCKYJISIPHOTO THUIIA, CIIOCODCTBOBAJIO
CYIIECTBEHHOMY VJIYUIIIEHUIO BBICOTHI WCCJAEIOBAHHBIX pacTenuii. Ilpu BHecenmm auaTomwuTa
Y MHUKOPHU3HBIX PACTEHUU HAOJ/IOMAI0Ch HEKOTOPOE CHUXKEHUE CPEJHUX MOoKasaTrejeil BBICOTBI —
3aMeTHOe CHUKEeHHUE JAHHOIO MOKa3aTess ObLIO BBISIBJIEHO TOJBKO IpH BHeceHUH 3% JMATOMUTA.
B 1o ke Bpemsi BHecenue auaromuTa B KoHneHTpamuu 10 u 20 % He OKa3bIBAJIO CYIIECTBEHHOTO
BO3JIEHCTBUsI HA BBICOTY PACTEHUIl IO CpaBHEHUIO ¢ KOHTpoJsieM (puc.3, tab. 1).

Pucvnok 3 — He muxopusssie (A) um mukopusnsle (B) pacrenusi siuMeHsi, BbIpallleHHBIE C BHECEHHEM
Pa3JIMYHBbIX KOHHEHTPaUUi AuaToOMUTA
1 — 0% pmnaromura; 2 — 1,5% muaromura; 3 — 3% mmaromura; 4 — 10% amaromura; 5 — 20% auaromura

B xome mpoeenenusi 00pabOTKM MOJIYIEHHBIX JTaHHBIX BBISBIEHA KOPPEJIANNA MEXKy CTEIIeHBIO
MHUKOTPOMHOCTH W CyXOi MAacCCOil HAJI3eMHON YacTH PACTEHUN B YCJIOBHUSAX BHECEHHS Pa3IUIHBIX
KOHIeHTpaIwil juaromura (puc. 2, 4). ComnocrapiieHne mokasareseil Cyxoil Macchl HaJ3eMHOl YacTu
pacTeHuii He BBIABUIO OOJILINON PA3HUIIBI MEXKTY MUKOPU3HBIMU U HE MUKOPU3HLIMUA PACTEHUAMUI B
BapHUaHTaX OIbBITA C PA3JIUIHBIMU KOHIICHTPAIUSAMU IUATOMUTA. llpw 3TOM, HaHHBIN OKAa3aTe/lhb
Y MUKOPHU3HBIX PACTeHuil ObLI HECKOJIbKO BBIIIE, YeM y He MUKOPHU3HBIX IPHU KOHIEHTPAITHIX
gmaromura 0; 1,5; 3 u 20 %. B To ke BpeMmsl BO BceX BapUaHTaX OIbITa BHECEHHE JIMATOMUTA
CIIOCOOCTBOBAJIO TIOBBIIIEHUIO CyXOil MAacChl HaJ3eMHONU YacTu pacrenuii. Ilpu sToMm, pocT mamHHOTO
HoKa3aTeJIsi MOBBINIAJICS IPH YBEIUIeHUH KOHIEeHTparun guaromuta ¢ 1,5 10 10% u camzkagcs npu
BHecennn 20% JAHHONO KPEMHUIT COJIEPKAIIEr0 arpOXUMUIECKOrO Chipbst (puc. 4).

W3 npuBelileHHBIX JAHHBIX CJIEAYET, YTO HAumOOJLITHN 3PdEKT i MOBLIMIEHUST POCTOBLIX
rmokaszarejieli He MUKOTPOMHBIX PACTEHUil OT BHECEHUs JUATOMUTA B IOYBY HAOJIIOMAETCS TPU €ro
BHeceHnn B KoHneHtpaiuu j1o 10 %. OjHAKO COBMECTHOE BHECEHHE JMATOMUTA (B KOHIEHTPAIUU
10 %) u wuHOKysmOMa apOyCKyJIsSIPHOIO MHKOPHU3HOTO rpuba jenaer Hed(hhEKTUBHBIM BHECEHUE
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WHOKYJIIOMa: MUKOPU3HBIE M HEMUKOPU3HBIE PACTCHUS MPAKTUIECCKU HE OTJIUYAJIUCH 110 BBICOTE U
MaJIO OTJIMYAJIUCH 110 TIOKA3ATENI0 CYX0il HAJI3EMHOI MaCCHhI.

HenaBuue wmcciemoBanust MoOKa3aad, UTO PACTEHUS, aKKyMyJIUPYIOMe OOJbINe KPeMHUs ObLIH
[0 pasMepy IpUMepHO Ha 15% MeHbIle 10 CPABHEHUIO ¢ PACTEHUSIMU, MEHbBIIE aKKYMYJIUPYIOMHIX
sToro snementa [9]. B To ke Bpewmsi, akKyMyJIslus KPEMHHsI B TKAHAX DACTEHUI MOBBIIIACT UX
YCTOHYMBOCTD K abHOTHYECKIM U 6HOTHIecKUM (akTopaMm okpyzKatoreii cpembt [10].

Cynst 1o BceMy, BBICOKHE KOHIGHTparun aumaromuta (B dacraoctun 10%) me cHmKAOT
CTeleHn MUKOCUMOMOTpOodu3Ma, HO MOT'YT CIIOCOOCTBOBATDH CHUXKEHUIO CTUMYJIHpPYIOMiero s¢gdexra,
OKA3bIBAEMOTO JHJIOMHUKOPHU30if Ha POCT U YPOKANHOCTH PACTEHUS-XO3AWHA: B JAHHOM CJIydae
BBICOTBI U CyXOil Macchl Haa3eMuoit yactu H. vulgare.

0.300
0.2630 258

0.231 0.234 =

0.250 02291 320
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O - KOHTPOTE O - HHOKYIIOM apOycKYIAPHBIX MHKODH?

PucvHok 4 - BuamsiHne pas3indHbIX KOHIEHTPAIMII AMaTOMHATAa HA CyXyH MacCy HaA3€MHOM dYacTu
MUKOPU3HBIX U HE MUKOPU3HBIX PACTEHUMN sTYMEHSs

Bakmao4denune. Takum 06pa3oM, B 1abopaTopHbIX yeaosuax 10% muaromMura B IOYBOrpyHTE ObLIA
ONTUMAJIBHON KOHIIEHTPAIINEH I CTUMYJIUPOBAHUSA IIPOIECCa MUKOPU3000PA30BaHUsl B KOPHSX
MHUKOTPOMHBIX PACTEHHIA.

HO.HyLIeHHbIe B XOoAe MIpoBeAcHUNA HCCIEIOBaHUA JTaHHbIE MOTI'YT 6bITI) HCIIOJIB30BaHbl B XOJI€
paspaboTKy OHMOTEXHOJOTHH, HAIpPABJIEHHBIX Ha IMOBBINIEHNE ITOYBEHHOI'O ILIOJOPOIUsT IIOUB WU
YPOXKANHOCTHU CEJIbCKOXO3ANCTBEHHBIX KYJIBTYD.
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JunaroMuTTiH opTYpJli KOHUEHTpauusaaapbiubiy, apnanbly, (Hordeum vulgare L.) MUKPOTPOMTHIJIBIFBIHBIH,
neHreiiine acepi

AnHOTaUUSA: Tonblpakka AMATOMUTTIH opTypJi KoHueHTpauusiapbl (1,5-man 3% geiiin) OGepinrexze apraHbiy
«Boiiiieniek» copThl TAMBIPBIHAAFBI aPOYCKYISAPJIbl MUKOPHU3AJIbl CAHBIPAYKYJIAKTAPAbIH MeJIepi Korapbuiaigbl. EH 2KOraprbl
MUKOTPOMTHUIBIK, auaToMuT 10% KOHUEHTpanusicbl GepliireHze aHBIKTAJAbL.  AJl, JUATOMHUTTIH KOHIIEHTDAILUSICHIHBIH, OJaH
apbl 2KOFapbLIaybl aplaHblH MHUKOTPOMTHUILIK, JAeHreilinig Gipimama TemMeHzaeiTiniH kepcerTi. JluaroMuTTiH €31 *KoHE OHBIH
WHOKYJIIOMMEH KOCIachl aplia ©epKeHJepiHiH OwuikTirine ocep eTkeH koK. ConbiMeH KaTap, amaromMuTTiH 1,5-Han 10%
NeliiH opTypJli KOHIEHTpaluaaapbl OepijireH Kesje oCIMIIKTIH MUKOTPATBIIBIK, JAeHreili MeH OHbIH KepycTi OeJiiriHiH Kyprak,
Maccachl apacblHIarbl KOPPEeJslUs AHBIKTAJIAbl. 3€epTTey OapbICHIHIA AJIBIHFAH JEPEKTEP TONBIPAKTHIH KYHAPJIBIIBIFBIH
2KOHE ayblIIIapYaIlbIbIFEl TaKbLUIIAPBIHBIH, OHIMIIINH apTThIpyFa OarbITTaJfaH OHOTEXHOJIOTUSIAD/IbI 93ipiey GapbIChIHIA
naiagaHblIybl MYMKIH OOJIaTBIHBIH KOPCETTI.

TyiiiH ce3mep: apma, AUATOMUT, apOYCKY/ISAPJILI SHIOMUKODPHU3AJBIK CAHBIPAYKYIAKTap, HHOKYJIIOM, MHKOTPOMTHI
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Effect of different concentrations of diatomite on microtropic level of barley(Hordeum vulgare L.)

Abstract: Application of diatomite to the soil in concentrations (from 1.5 to 3%) resulted in the increase of arbuscular
mycorrhiza fungi in root core of barley cultivar "Baysheshek". The highest microtropic was observed under 10% diatomite
concentration. Further increase of diatomite concentration resulted in slight decrease of barley microtropic level. At the same
time under different concentrations of diatomite from 1.5 to 10% the correlation between microtropic levels and dry mass of
aboveground parts of the plant is observed. The data obtained in the course of the study can be used in the development of
biotechnologies aimed at improving soil fertility and crop yields.

Keywords: barley, diatomite, arbuscular endomycorrhizal fungi, inoculum, mycotrophic plants
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CpaBHuUTeJIbHAs XapaKTEPUCTUKA PA3JIMYHBbIX 00pa3moB Myraimkapckoro guaromMmura

Awnnoramusa: B jganHO# pabore maHa XapaKTEPUCTUKA Pa3HBIX 00Pa3IOB JUATOMUTA, TOOBITHIX
u3 MyraKapckoro MecTopoxkjaeHust AKTiOOMHCKONW obsactu. Jljist ompejesieHus: XUMUIECKOTO
COCTaBa JMATOMUTA U COJIEPYKAHUSI OCHOBHBIX SJIEMEHTOB B IPOIEHTHBIX COOTHOIIEHUSAX OBLIA
UCIIOJIb30BAHA PACTPOBas JIEKTPOHHAs MUKpOCKomusi. [lojlydueHHbIe MaHHBIE MTOKA3BIBAIOT, UTO
Bce 00Opa3lbl JIMATOMHUTA COJIEPXKAT OJHM M TE€ K€ XUMHUYECKHE IJEMEHTHI, HO B PA3JIUIHBIX
kosimgecTBax. OCHOBHBIM XUMUYECKUM 3J1eMEHTOM ObLI Si (KpeMHHUIT) U ero coJiepKaHue JI0CTUTATIO
30 - 40%. Bobicokoe cojepKaHue HOABUAKHON (DOPMBI KpEMHHsI HAlJeHO B JUATOMHUTE Obpasia
C u ero cosepkaHue KOPPEIUPOBAJIOCH C KOHIEHTPAIMEH MOHOCAJIHUITUIOBON KUCIOTBL.  Jljst
U3yYeHUs IPOPACTAHUS 3€PEH U PA3BUTHS IIPOPOCTKOB KOHIIEHTPAIIUU BOJHON CYCIIEH3UH JIMATOMUTA
JUTS TIPEJIIIOCEBHOrO MpaiiMUHTa CeMSH sSUMeHs ObLIM ONTUMHU3MpPOBaHbI. [losiyueHHBIE aTOMHO-
SMUCCUOHHBIM CIIEKTPAJBLHBIM METOIOM PE3YJIbTAThl [MOKA3aJU, 9TO [OCJe MPARMUHTa B CYCIIEH3UN
JnmaromuTa obpasia C BexoxkecTb ceMst jgocturia 100% u yeroiiunBoCcTh TPOPOCTKOB K 3aCOJIEHUIO
U 3aCyXe MOBBIIIAJIACD.

KuaroueBbie cioBa: XuMHUYECKHIl COCTaB AMATOMUTA, ATOMHO-IMUCCHOHHBLIN CIEKTPaJIbHBII
METOJI, UpPaUMUHI CEeMsH, TOJBIXKHbIE (OPMBI KPEMHUS, KHUCJIOTOPACTBOPUMBINI KPEMHUIA,
MOHOCAJIAIAIOBAA KUCJIOTA

DOTI: https://doi.org/10.32523/2616-7034-2018-125-4-33-40

BBemenne.!  Jlerpajarnusi mOYBBI, 3arpsi3HEHHE OKDYKAIOMIEH CPEbl, CHHXKEHHE KadecTBa
CeJILCKOXO3SHCTBEHHBIX IIPOILYKTOB TPeOYIOT MCIIOJb30BAaHUSA HOBBIX IPUPOIHBIX, SKOJOIHIECKU
6e30I1aCHBIX M BMECTE C TeM BBICOKOI(D(MEKTUBHBIX yI00PEHUil I CeJIbCKOro X03daicTBa. (OCHOBHBIM
ITOCJIEICTBUEM JIETPAJAIIUNA TPYHTA SIBJSIETCA TO, YTO CEJIbCKOXO3ANCTBEHHBIE YIOJbs CTAHOBSTCH
HEIIPUTOJHBIMK JIJIsT BbIpaIuBaHust KyabTyp. CHHKeHHe I'yMyCOBOI'O TOPH30HTa IOYBBI Ha 1 cM
MOXKET OPUBECTH K TAJIEHUI0 yPOXKAWHOCTH 3E€PHOBBIX Ha 1 1i/ra, NOpH 5STOM HOJHOCTBHIO
KOMIIEHCUPOBATh IIOTEPU TyMyca TPYJIHO HU3-3a HEJOCTATOYHOIO WMCIOJb30BAHUS OpPTraHUYECKUX
yaobpenwuii [1].

Kpowme Toro, cenbckoxossiiicrBennble pacTenns B Kazaxcrame moiBepKeHbl TAKUM a0NOTHIECKIM
cTpeccaM KaK 3acOJE€HHOCTb IIOYBBI M 3acyXa. I mameit crpaHbl mpobsieMa  3acOJIeHUS
IMOYBbl U 3acyXa BecbMa aKTyaJibHa, TaK KakK 62,2 mpoleHTa TEPPUTOPHUHU 3aHATHI TPUPOIHBIMU
MMOJIyIyCTBIHAMKM W IIyCTBIHAMHU. B Hacrosiiiee BpeMda u3 182 MJIH. ra HACTOWIMHBIX 3€Meb
Kazaxcrama 14 MaH. ra HOJHOCTBIO BBIBEIEHBI M3 000OpOTa, a OOIMas IJIOIMALb derpaaallun
npepbicuia 50 myta. ra. M3 90 MHITMOHOB TeKTapoOB CEIbXO3YTOJUI OKOJIO TPETU IIOABEPIKEHDI
mmporteccaM e ianun 1 9po3un, BKIIOUas TEPPUTOPHUH CTEIeil U JiecocTerneii.

Bacyxu — 3TO JJIUTEIbHBIN Hepuos 0e3 HoXKIAell, COMPOBOXKIAEMBbII CHIUXKEHHEM OTHOCHUTEIBHOM
BJIQKHOCTHU BO3/IyXa, BJIAKHOCTH IMOYBHI U ITOBBIINIEHUEM TEMIIEPATYPbI, KOIJIa He 00ECIIeInBaIOTCs
HOpMaJIbHbIE MTOTPEOHOCTU pacTeHuil B Boje. B CBsA3:W ¢ TeM, UTO MMEHHO B CyXHUX U 3aCyIILIUBBIX
pafioHax IIPOU3BOJIUTCSA OCHOBHAsI YaCTb CeJIbCKOXO3dWCTBEHHOU mpoaykiuu Kazaxcrana,
OIIyCTBIHUBAHUE STUX PECUOHOB CTABUT IO/ yI'PO3Y IPOJIOBOJILCTBEHHYIO O€301IaCHOCTD MOCYIaPCTBA

lpagora Bomonmena B pamkax mpoekrta rpanroBoro dunancupoBanus MOH PK AP 05130166 «M3yuenue
OHMOXUMUYECKAX MEXaHU3MOB YJIVUIIEHUs] COJIEYCTOMUYMBOCTH M 3aCyXOYCTONYUBOCTH PACTEHUN MPEIITOCEBHBIM
NPaiMUHIOM CEMSIH B IMPUCYTCTBAN KA3aXCTAHCKOTO JUATOMUTAY
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[2]. Tem me menee, 3acylLIMBBIC 3€MJIM AKTHBHO HUCIOJIL3YIOTCS B CETBCKOXO3SIHCTBEHHOM
[IPOU3BO/ICTBE.

B cesibckOX03SHCTBEHHOM TPOM3BOJICTBE OCHOBHBIM METOJIOM OOPBOBI C 3aCOJIEHUEM SIBJISIETCS
MEJINOPAIUs 3aCOJEHHBIX II0YB, CO3JIaHUE HAJIEXKHOTO JIpEHAXKa UM MPOMBIBKA IOYB IIOCTE cOOpa
ypoxkasi. IloBbIlienne ycTOYnBOCTH pacTeHUi K 3aCOJIEHHUIO U 3aCyXe C UCIIOJIb30BAHUEM [TPUPOJIHOTO
ymobpenusi mpeicTaBiser OoJibinoil mHTEepec.  Ha cerojusminmii JieHb Bce dYalle TOBOPAT O
[IPUMEHEHUN B CEeJIbCKOM XO3SAWCTBE HOBBIX, HETPAJMIIMOHHBIX METOIOB IMOBBIIIEHUS yPOXKANHOCTH
KyJIbTYPHBIX pacTenuil. U B mepByio ouepesib pedb UIET O JUATOMUTAX — 0CAJI0YHONI TOPHO ITOPOJIE,
KOTOPYIO €ellle HA3bIBAIOT KU3eJIbI'yD, FOpHAas MYKa.

Hunaromut — Gejtasi, CBETJIO- cepasi, OUeHb JIeTKasl IIOPOJIa, COCTOSIIAS M3 CIaD0IEeMEHTHPOBAHHBIX
qacTull. JInaToMuT OTHOCHTCHA K TPYyIIle KPEMHE3EMUCTBIX MTOPOJ] OPraHOI'€HHOI'O IIPOUCXOXK/IEHNUS,
00pa30BaBINUXCH U3 CKOPJIYIOK JUATOMEN M CIHKYJ KPEMHUEBBIX I'yOOK. JInaToMUTBI, ABIISACH
00pa30BaHUSIMU MOPCKOI'O M O3€PHOI0 NeHE3HCA, IaJIe0reH-HEON€HHOI0 NI YETBEPTUIHOIO BO3PACTa,
6ostee uem Ha 50% COCTOAT M3 KPEMHUCTBHIX CKEJIETOB MUKPOCKOIUIECKHX BOJOPOCHEH — JIUATOMEI.
151 TMATOMOBBIX XapaKTepHO HAJIMIIe 0COHOT0 COCTOSIIErO U3 KPEMHE3eMa IIOKPOBa — <«IIAHIIAPSI».
V MOpPCKHUX IUIAHKTOHHBIX AraToMedi BemmecTso mannups cogep:kut 95,6 % SiO o u 1,5 % Alo O 3 nm
Fe, O 3. Ilopucrocrs puaromuta gocruraet 75%, yiaeibHas HoBepxXHOCTH - 10 50- 100 M2 na rpamm
ocajika, cojepkanue paxosmH a0 600 mim. B ky6. cm, obbemnbri ec 1-0,25 r/cm? . Ilostomy,
JIMATOMUT, TOMHMO TOTO, YTO OH SIBJISIETCS OTJUYHBIM COPOEHTOM, OH 00JIaJlaeT W CBOMCTBOM
IO/1/IEPYKUBAHUST BJIAYKHOCTH.

B Hacrositiee BpeMsi W3BECTHO OOJIBINIOE KOJUYECTBO pabOT 110 M3YUEHUIO CBOWCTB JIMATOMUTA
u pa3paboTKe TEXHOJIOIHIl €ro WUCHOJIB30BaHUsI B Pa3IUIHBIX OTPACISIX AarpOIMPOMbINLIEHHOTO
KOMILJIEKCA, B YaCTHOCTH B PACTEHUEBOJICTBE U KUBOTHOBOJCTBE [3]|. JInjepom 1o ucrosib30BaHuO
JIMATOMUTA, T[JIABHBIM 00Pa30M NP KY/JIbTUBUPOBAHUU IIIEHUIBI W JPYTUX 3JIAKOB, SIBJISETCSI
Ascrpanus [mtsylviadiatomite.com.au]. B Apcrpanuu u Vpane yxke npoBojsTcs huHaAHCHPYEMbIe
rOCy/IapCTBOM HAaydHBIE UCCAEIOBAHUSI B HAIPABJICHUU YCTAHOBJICHUS MEXAHWM3MOB BO3JIEHCTBUS
numaromuTa Ha Bbiciiune pacrenusi [4].  Hekoropeimu yuenbimu, k npumepy A.B. Kamckum
(2007), mpoBeleHbl HAyYHO-HCCJIEJ0BATEIbCKIE PAbOThl [0 U3YYEHHIO CBOWCTB JMATOMUTA
KaK MHUHEPAJbHOIO VA0OpEeHWs [pPH KYJbTUBUPOBAHUM 3JIaKOB, CaXapHOH CBEKJIBI © JP.
CETbCKOXO3ICTBEHHBIX KYIbTYD [5].

MunepaJibl KpeMHUsI PACCMATPUBAIOT KAK UCTOYHUK PACTBOPUMOI'O KpEMHE3eMa, KOTOPBIN UrpaeT
BayKHYIO POJib B (DOPMUPOBAHUY ILIOMOPO/INsI TIOYB, OBBINIEHUN ITPOJYKTUBHOCTA PACTEHUI U UX
YCTOWYHUBOCTH K OOJIE3HSM W BPEJIUTEISAM. YKA3aHO, 9TO IPU BHECEHUH B IOYBBI JUATOMHUTOB
yBesmunBaer ee OydepHOCTh ¥ aJICOPOIMOHHBIE CBONCTBA, & TaK»Ke CIOCODCTBYET CHUKEHUIO
JKEeJIE3HON M aJTIOMUHUEBOI MHTOKCUKAIIUU PACTEHUN, YTO OCOOEHHO aKTYaJIbHO JJIs KUCJIbIX [T0YB.

B MyramxkapckoM paitoHe AKTIOOMHCKON 00JIacTH MMeeTcst OOJIBIION 3alac JUATOMUTA - OKOJIO
3 MJIPJ TOHH. DTHU 3allachl IIPEJCTABIIOT cOOOil oJiHy MaccuBHyo ropy. Harmmm npenBapuresbibie
UCCIIE/IOBAHUS [T0OKA3aJI1, 9TO 00pa3Ibl PA3JIUYHBIX YacTell 3TON Iopbl Pa3UYaloTCd 10 COCTABY.
[TosToMmy, 11€71bI0 JJAHHON PabOTHI SABJISETCH CPABHUTEIHHOE U3YUEHUE COCTaBa PAa3IMIHBIX 00Pa3IoB
Ka3aXCTAHCKOI'0 JIMATOMHUTA U UX 3DPEKTHI HA 3aCyXOYCTONYNBOCTD U COJIEYCTONYNBOCTD IPOPOCTKOB
pacTeHuil 1mocje MpeIloCeBHOrO MPAMIHIa UX CEMSH.

Metoapl wucciaemoBauus. s onTUMHU3AIUU PA3JIMIHBIX KOHIIEHTPAIU JIMATOMUTOBOTO
pacTBOpa JJIst TpaiiMUHTa CeMSTH HEOOXOIUMO OBIJIO MCCIEI0BATE XUMUIECKHUI COCTaB Tpex 00pas3Ion
(A, B u C) MmyrajpKapcKux JIMaTOMHUTOB U BBISIBUTH OTJIMYUSI MeXKJy HUMHE, a TaKyKe BJIUsHUE Ha
POCT ¥ pa3sBUTHE PACTEHUU.

Beur mpoeeser oT6op mpob 3-X Pas/IMIHBIX BHUJAOB JUATOMHUTA, OTJIMYAIONIUIXCS IO I[BETY,
dusnueckoirt U XUMHYECKON CTPYKType. Orobpanuble MpOOBI OBLIN TPOAHAJU3UPOBAHBI  C
ITOMOIIBI0 COBPEMEHHBIX HWHCTPYMEHTAJIBHBIX METOJINK: XUMHUYECKHIl COCTaB JTUATOMUTA ObLI
OIIPEJIEJIEH € TMOMOIIBIO 3JIEKTPOHHO-pacTpoBoro Mukpockorna JSM 6491V (JEOL, HAnonus) c
cucremoit sueprojucnepcuonnoro mukpoanasusza INCA Energy 350 (OXFORD Instruments,
Besmmkobpuranusi) a TakxkKe € HOMOIIBI0 ATOMHO-3MUCCHOHHOIO CIIEKTPAJIbHOIO aHAJU3a IIpU
cogeiicteun ¢ TOO «Azumyr [eostorusis.
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Conep:kanme BOJIOPACTBOPUMOIO KPEMHUS ONPEIEISIIN  [MOCPEJICTBOM  MOIUMDUITTPOBAHHOM
Meroauku Bowaphukosa u apyrux [5,6]. st sToro nmosydmin BuITsKKY u3 6 r marepuasna B 30
MJI OMIMCTUJLINPOBAHHON BOJE, IOC/IE SKCTpakiuu B Tedenue 24 9 mam 4 cyrok. Omnpenensiin
KUCJIOTOPACTBOPUMBIl KpeMHUH B BbITs2KKe n3 2 T marepuasa B 20 mi 0.1 #. HCI nocte sxerpakiun
B Tedenme 24 4. [ja wmcciaenoBaHUsI MOBEPXHOCTHOW CTPYKTYPBI HCIOJIb30BAIN CKAHUPYIOIII
9,1eKTpOoHHBIH MUKpockol JSM-6390 A (JEOL, fnonus)

Ilepen BbIpamuBanreM pacTeHUil MPOBOIWIN MPARMHHI CEeMSH B JMATOMHUTOBON CYyCIIEH3WH B
pasaMYHbIX KOHIeHTpanusax (2r, 5r, 10r, 15r) B 100M1 aucruuposanuoii Boe [5,6]. B naxzemuoit
fuomacce slUMEHsI, UCIOJIb3Ysl IMEJOTHO-IEPEKUCHOE DA3JIoYKeHNne OpraHMYecKoro semecTBa [7],
u3Mepsiin obiee conepKanne Kpemuust [8]. Crarucrudeckyio o6paboTKy IPYII JAHHBIX TPOBOIUIN
B npuioxkernn Excel. 3naunmocts pasimunii onennsasu o p-value (p < 0.05).
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PucyvhHok 1 — Mukpockonudeckasi CTpyKTypa auaromura u3 Myrajikapckoro uCTOYHUKA

PesynpraTrbl. Mukpockonmdeckoe u3ydeHue JNaTOMATa TOKA3bIBAET 9TO, INATOMUTHI 00J1a1ai0T
VHHUKAJIbHON YJIBTPACTPYKTYPOI, IIPEICTaBJIEHHON OTMEPIINMHI CKeJIeTaMI TUATOMOBBIX BOJIOPOCJIEH
(puc. 1).

MaKpOCKOINYECKH H3yUYeHHbIE OUATOMUTHI A Gejoro mpera, OUATOMUT DB CBETJIO-Ceporo mBera
n guaroMuT C ¢ KeJITOBATBHIM OTTEHKOM, BCE CJIaDOCIEMEHTHpOBaHHbIE. Bce IMaTOMUTBI COCTOSIT
U3 MHOTOYHCJIEHHBIX (PpParMeHTOB M IIeJIbIX CTBOPOK JIHATOMOBBIX Bojopocieit. IlpucyrcrByer
00JIOMKH KBaplia, XJOPUTOBBIX U T'MIPOCIIOMUCTBIX MUHepaJsoB. CTpyKTypa Mopoabl 6noMopdHasdt,
TOHKO3EPHUCTAs, IMeJTUTOMOPQHAs, TEKCTYpPa — MUKPOCIOUCTasd, MHUKPOJIUH30BUIHAsI. B mopome
BCTPEYAIOTCA PEJKNE CIUKY/Ibl KpeMHHEBBbIX TI'ybok. (Cireyer OTMETHTh, 9TO BHUJIOBOH cocTaB
JIMATOMOBBIX BOIOPOCJIEi JTOBOJIBHO H6oraT u pa3noodbpasern. O4UeHb YaCTO BCTPEUYAIOTCS JIUATOMOBBIE
Bogopocsn pona Thallossiosira, Coscinodiscus, ¢ TUCKOBUAHBIME (DOPMAaMU, KOJIbIEBUAHBIE Laud-
eria annulata,moyKoIbIeBUIHBIE Rhizosolenia eriensis, Diatoma vulgare, mpomosroBaToit (hopMbl
Pinnularia, nanoukosuaubie Denticula valida, 3Benononobusie Actinasteroides, Navicula spicula [8].
B wmenbmmeit crenenun B mopojie mpeicTaBieHbl 1Tinacric W aHAJOTHUIHBIE UM JUATOMOBBIE OOIIeit
TpeyroabHoit (opmbr Pseudotriceratium. Pasmepnsr Bapbupyiorca or 10 mo 60 mMrm. Xopoirmo
BuAMMBIe Jake rpu ysesmdennu 10 kpar u 40 (mo sydrne Beero npocmarpusatorces npu 100).

[Toper menkue, BuyTpuCKeaeTHBIE, pa3MepoM (0.04-0.6mm. Kpome Toro, mopucrocts hopmMupyercs
3a cueT Mexk3epHoBoro npocrpancTsa [9,10]. Tlopoxa cioxkena Ha 95 % AUATOMOBBIME BOJOPOCJISIMU
C XOpOIIei CTeMeHbI0 COXPAHHOCTH. B oCcHOBHOM 3T0 Meakue pa3zmepom oT < 0,005 mo 0,037 - 0,059
MM OOJIOMKH U IeJIble TPO3PadHble CTBOPKH.

Onpedenenue xumuveckozo cocmasa Juamomuma. 1lpenBapuTesbHBIN aHAIU3 3JIEMEHTHOIO
coCTaBa YCpPeIHEHHBIX OTXOJOB IOKa3aJ HaJudne B HUX ciemyrornmumx sjgemerToB Na, Mg, Al Si,
Cl, K, Ca, Ti, Fe. Bo Bcex Bujiax JuaToOMUTa OCHOBHBIM KOMIIOHEHTOM XUMHYECKOTO COCTABa MOPOJT,
sipyisiercst mokeny Kpemuust (SiO o) — cpennee comepxxanue pocruraer 70%-80% :Si-31%-35% u
0-55-60%, B HEGOJBIIOM KOJIMYecTBE — OKCH bl amomunus u xkenesa (II1) (Al-7,06%-8% Fe-1,53-
1,74%). Hy»HO 1OM4YePKHYTH U IIPUCYTCTBHE Takux jaeMeHToB Kak Na, Cl, Mg. Dr1o obbsicHsiercs
TeM, UTO JUATOMUTHI BOAOPOCIIH MOPCKOI'O ITPOUCXOXKIEHUSI.
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B pucynke 2 mpuBeneHBI pe3yJIbTATHI PACTPOBOTO 3JIEKTPOHHOTO MHUKPOCKOIMUPOBAHUSA TPEX
PA3JINIHBIX MYTaJKAPCKUX 00pa3IoB JUATOMHUTA. DBLJIO yCTAHOBJIEHO, UTO XUMHUYECKUN COCTAB
JIMATOMUTOB 0CODO HE OTJIMYAETCH JPYT OT JPYTa.

THaTOMHT A

2nemeHrt | Becopoi%e | ATOMHERIH Y0

] 5588 6951

Na 048 042

Mg 0.82 0.67

Al 706 521

Si 3136 2222

Cl 0.79 044

K 131 067

Ca 0.13 0.06 E_

Tl 043 D]_E o 1 2 3 4 5 B T 8 | 10
%’E 174 0.62 DNonsas meana 10153 wan. Kypeog: 0000 b
JduatoMHT b

Dnemedrt | Becopoii% | AToMHBIT Y

O 55.00 69.03

Na 0.39 0.33

Mg 131 1.00

Al 8.07 526

Si 33.06 21.49

Cl 1.76 0.85

K 1.04 0.69
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1 . .

Fe 1.53 091

HNuatoMuaT C

SnemeHr | Becopoil % | ATOMHBIYo

] 52 88 6451

Na 048 042

Mg 082 0.67

Al 706 521

Si 3536 2222

Cl 0.79 044

K 131 0.67

Ca 0.13 0.06 =

Ti 0.43 0.18 D 1 2 3 4 5 6 1 & § W
Fe 1.74 062 Momwsad mens 0050 wan. Eypoop: 0,000 o

PucvHok 2 — Pe3yabpTaThl pacTpOBOro 3JIEKTPOHHOI'O MUKPOCKONNPOBAHUA

AMomHo-9IMUCCUOHHBIT CNEKMPALLHVIT MEMOJD OTIPEIeJIEHUsI TIOKA3aJI, 9TO JUATOMUT 00pasia A B
3HAYUTETHLHOM KOJMYECTBE COCTOUT U3 CJIeAYIOImuX 3j1eMenToB Kak: Ba-0,139%, Fe-1,33%, P-0,06%,
Si-34,26%, Ti-0,23%. Huaromur B: Ba-0.241%, Fe-1,56%, Ni-0,01%, P-0,193%, Si-33,65%, Ti-0,248,
muaromur C Ba-0,103%, Fe-1.95%, P-0,037%, Si-36,95%, Ti-0,2%. Cpeau ykazaHHBIX 3JIEMEHTOB
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KpEeMHUi, »Kejte30 U Pocdop UrpaioT OOJBIIYI0 pojb B cOAJAHCUPOBAHHOM IHTAHUN PACTEHUI,
VIydInasl 3aCyX0yCTONINBOCTD U COJIEYCTONYINBOCTD IIPOPOCTKOB CEMSIH.

Onpedenenue nodsusichoix opm kpemmus 6 duamomumax. s onpeesneHuss MOHOKPEMHUEBOI
KHCJIOTBl B MOYBE U jauaroMuTe npuMeHsiim mero, Masutena u Paitm (1979).  Momudukarms
3aK/II09a]aCh B 3aMeHe HecTabmIbHOro HadToda CyabdaToM Kejae3a M HU3MEHEHHEM BpPeMeHU
BO3JIEHICTBHST MOHOKDEMHIEBOII KHCIOTHI € MOJIHO/IEHOBOKHCILIM ammonneM (Marsraenkos, 2007)
7).

B magase ombiTa OBLIM ONpEE/IEHBI KOJHIECTBA MOHOKPEMHUEBOW KHCJIOTBI B Pa3IUIHBIX
KOHIICHTPAINAX JHATOMUTOBON cycmensun (2r, 5r, 10r, 15r). Bce Buapl amaromura 6bLin
cycnierupoBanbl B 100 M AHCTHAIMPOBAHHOM Boje). JlMaTOMHUTOBBIE CyCIIEH3WM MOKA3BIBAJIN
pasuble 3Hadenust pH: obpasern auaromura A: pH=6, nuaromur B: pH=3,8, nnaromur C: pH=T7.
Brrio yecramosseno 4To, ¢ yBeJmdIeHnEeM MAaCChl JUaTOMUTa HADJ/IIOAAETCs MOBBIIIIEHIEe KOHIIEHTPAIIUN
MOHOKPEMHUEBOH KHUCJIOTHI (puc 3.).

0,9
0,8

0,7

—e— [uatomut A

0,6 /
0,5

—=— lnatomut B

0,4 //
0,3

Auatomut C

0,2 ——————

0,1 —

15

PucvyvHok 3 — 3aBucumocTtnb KOHIIEHTpanuu MOHOerMHI/IeBOﬁ KHCJIOTBI OT MacCChbl JUuaTOMUTAa pa36aBneHHoﬁ

B 100 MJy1 AMCTUILNIMPOBAHHOM BOJbI

Jnst  ommcanust 3(PEPEKTUBHOCTH MOTEHITUAJBHLIX KPEMHHUEBBIX yJIOOpEHUil 10 KPUTEPHUIo

COoJlep2KaHUsl AKTHUBHOTO KPEMHHsSI B ITUX COEIWHEHUSX aBTOPAMH IIPEJJIOZKEHO WCIOJIb30BaATh
MOAUGDUINPOBAHHOE BBIPAXKEHUE:

ActSi = 109(AclSilcyr + AclSidceyr) + PtnSi, (1)

rje ActSi — akTuBHBIN Kpemuuit, AclSi — akTyanbHbI Kpemuuii, PtnSi moreHnma bubIil KpeMHUA.
L1711 BBISICHEHUST 3aBUCUMOCTH MEYKITY COJePYKaHNeM aKTHBHOT'O KPEMHUSI 1 KDEMHUEBBIM COCTOSTHUEM
CHCTEMBI IIOYBa—PaCTEHHUE.

Bust BomopacTBopuMbIil KpeMHUM KucioropacTBopuMabrit
JIMATOMUTA 1-cyTkn 4-cyTKu KpeMHU

Huatomur A 30,24 32,04 896

Huaromur B 25,44 26,44 394

Huaromur C 40,86 41,02 1073

[Tpuponuas 15 15,5 584

OB

Ta6uuna 1 - CpaBHATEJIbHAS XapPAKTEPUCTUKA TPEX AMATOMUTOB M IIPUPOJHOW IIOYBBI, MI/KI

Bricokoe cogepxkanme mgaHHON (opMbI KpemHUs oTMmedeHo st gmaromuta C. JlmaTomMuThb

Aub 06.]1&,&&.}11/1 CXOAHBIMHX B OTHOIICHHMMN KPEMHHA CBOICTBaMHU.
IIPOUCXO2KIEeHHUE.

MECTOpPO2K/IeHHUA  HMeeT

MOPCKO€
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KHCJIOTOPACTBOPUMBIX opMm kpeMmuusi B guaromurax C 1073mr/kr (rabu.l., a cojepkaHue
MOHOKPEMHHUEBOI KUcJI0Thl coorBercTByer 20 r nuaromut, cycrnenguposannoit B 100ma H o O).

[Tocte  2-HemeNBHOTO — BLIPAIUBAHUS — STUMEHsT OBLIO  OMpejiesieHo  o0Iee  cojiepryKaHue
MOHOKPEMHUEBOW KHCIOTBI B COCTABE pPACTEHWHM. B pe3yabTaTe HCCIEIOBAHUS HAOJIIOIAETCS
addekTuBHOE BO3xeiicTBue juaromuTa C Ha POCT W pas3BUTHE pacTeHmil. TakKe cojieprKaHue
MOHOKPEMHUEBON KHCJIOTHI B TKAHSX BBIIIE 110 CPABHEHUIO C JPYIUMHU BHIaMu juaroMuTa. OIbiT
MIPOBEJIEH B TPEX MOBTOPHOCTSIX.

Bun u macca | Cyxas 6uomacca | Kpemumii
JATOMUTA STUMEHSI

Huaromur 1

2r 1,20 0,15
or 1,30 0,15
10r 1,5 0,16
15r 1,4 0,16
Huaromur 2

2r 1,2 0,14
or 1,1 0,14
10r 1,2 0,15
15r 1,3 0,18
Junaromur 3

2r 1,4 0,16
5r 1,3 0,20
10r 1,3 0,27
15r 1,2 0,28

Tabuuna 2 - Bausaue guaromMura Ha OuomMaccy siYMEHsl U COAEp>KaHue B HEell KPEeMHUS

3akiaoueHue. Pesysbrarbl MPOBEIEHHOINO HCCJIECIOBAHUS IMOKA3AJIM, UTO HPAMUHI CEMSH
C IWATOMUTOBOI CyCIeH3HMell MOXKHO WCIIOJIbL30BATE B arpapHOM IIPOMBIILIEHHOM KOMILIEKCE.
B nmanpmeitimmx wucciaemoBaHUSX OyAeT OIpenesieHa JIoKaJm3annsa guaromuTra obpasma C B
MyramKapcKoM HCTOYHHUKE, KOTODBIA OyIeT HCIOJb30BaH B Pa3/IMIHBIX KOHIEHTPAIUSX IJIst
VIIYUIIEHUs] YCTOWIMBOCTH HECKOJBKUX BUJIOB 3JIAKOBBIX PACTEHMIT K 3aCOJIEHUIO U 3aCyXe.
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Myrasi>kap AuaToMuTiHiH 9pTYpJIi yirijiepine caJjbicTbIpMaJIbl cUIIATTaMAa

AnHoTauus: Bepiiren xxymbicta AKTo6e 00/1bIChIHIarbl MyFajizkKap KeH OpPHbIHAH aJIbIHFaH JUaTOMUTTIH 9pTYpPJIi yiriiepine
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naib3bl 100-re 2KeTTi »KoHe ©pKEeHAEPiH TY34aHy MEeH KYPFaKIIbLIBIKKA TO3IMIijir »Korapblialbl.
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Comparative characteristics of different samples of Mugalzhar diatomite

Abstract: In present work a diatomite samples obtained from different sites of Mugalzhar deposit in Aktobe oblast were
characterized. For determination of chemical composition of the diatomite and the content of basic elements in per cent ratios
the scanning electron microscopy was used. The obtained data showed that all diatomite samples contain the same chemical
elements but in different amounts. The main chemical element was Si (silicium) and its content was 30-40%. High content of
mobile form of silicium was found in the sample C and its content correlated with the concentration monosilicilic acid. For the
study of seed germination and seedling development the concentrations of diatomite water suspension for barley seed priming
were optimized. The obtained results showed that after pre-sown priming of barley seeds in suspension of diatomite sample C
the percent of germination achieved 100% and seedlings tolerance to the salinity and drought was increased.

Keywords: chemical composition of diatomite, atomic emission spectral method, priming of seeds, mobile forms of silicium,
acid-soluble silicium, monosalicylic acid
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N3y4yenune dpeHOTUNMMYUECKUX CBOMCTB AKTUBHBIX IIITAMMOB MUKPOOPTaHU3MOB
CITOCOOHBIX (PepPMEHTUPOBATh OpPTaHNYECKNE OTXOIbI

Annoramma: B gmamboii paboTe TpeaCTaB/IeHBI PE3yAbTaThl BBIACACHUS U CKPUHUHTA
MHUKPOOPTraHU3MOB, [IEPCHEKTUBHBIX  JJIsT ~ HepepabOTKM  OPraHUYeCKMX  OTXOJ0B  HA
CEJIbCKOXO3SIICTBEHHBIX TNPEeANpUsITUSIX. VI3 OopraHndecKnx OTXOJOB METOJOM HAKOIUTEIhHOM

KYJIBTYPbl BBIJEJICHO 32 U30JIATa U IMPOBEJACH CKPUHUHT BbIJICJICHHBIX MHUKPOOPTAHU3MOB
10 CIIOCOOHOCTH K POCTY Ha KUBOTHOBOIUYECKUX U ITHUIEBOIIECKAX OTXO0/AaX, CII0OCOOHOCTH
HeNTpaJM30BaTh HENPHUSTHBIE 3allaXd IIOMeTa MW HaBO3a, a TaKXKe I0 CIIOCOOHOCTH B IIpoIllecce
pocTa TOBBINIATH TEMIIEPaTypy OpTaHUIecKuX BemecTB. Ilo pesyiabraTramM CKpUHHHTA OTOOpaHo 15
KYJIbTYP MUKPOOPTaHU3MOB, CIIOCOOHBIX K PEIPOAYKIINKA Ha OpraHudecKux orxonax. JlambHefrmumii
oTOOp KYJABTYp MPOBOIWIN 1O (PEPMEHTATUBHONW AaKTUBHOCTH.  M3ydyaam aMUJIOJUTHIECKYIO,
[IPOTEOJIUTUIECKYIO, IEJUIOJOIUTHYECKYIO M JIMIA3HYI0 AKTHUBHOCTH OTOOPAHHBIX H30JIATOB.
ITyremM mOCTAHOBOK psijia TECTOB ObLIM WM3y4YeHbl ((eHoTunuueckne cBoiicTBa (dusnosoro-
OUOXUMHUYECKHE U  KYJIbTYPaIbHO-MOPMhOJIOrHIECKNe) aKTHBHBIX IITAMMOB MHKPOOPTAHU3MOB,
CIIOCOOHBIX (DEPMEHTHPOBATH OPraHUIECKHIE OTXOIbI.

KuaroueBbie ciioBa: MUKPOOPTaHU3MBI, OPraHUYECKHE OTXOMIbI, YKUBOTHOBOIYECKHE OTXOBI,
OTUYAN TOMeT, (DEPMEHTAITHSI.

DOI: https://doi.org/10.32523/2616-7034-2018-125-4-41-48

Beenenne. B Kaszaxcrame, kKak M BO MHOIMX CTpaHaX MHpa, AKTUBHO pPa3BUBAETCS
2KUBOTHOBOJIUYECKAsi OTPacjb. B CBOIO Oouepe/b CTAHOBJIEHHE >KUBOTHOBOJICTBA B CTPaHE INPUBEJIO
K CKOILUIEHHIO OOJIBIIIOrO KOJHUYECTBa OTXOIOB PsAOM C nTuiedabpuKaMd W Ha TEPPUTOPUU
JKUBOTHOBOJIYIECKUX (PepM, BJUSIONINX Ha 9SKOJOIMYECKOE COCTOSHUE CTPAHBI. Bce 310
[IPEJICTABJSIET MMOCTOAHHYIO YIPO3y 3KOJOTMYIECKOMY OJIArONOJIYyINIO HaceJeHUsd CTpaHbl. Kpome
TOIO, OTXOAbI >KU3HEIEATEIbHOCTH CEeJIbCKOXO3AMCTBEHHOIO IIPOM3BOJICTBA MOILYT IIPUBECTH K
OIIACHOMY 3arps3HEHUIO BOIHO-BO3IYITHOIO OacceifHa, ITOYB, W MPUBECTH K POCTY 3a001€BAEMOCTH
JKUBOTHBIX U HACEJICHUS.

Beps Bo BHMMaHWe, 9TO OTXOIBI YKU3HEAESITEJIHHOCTH >KUBOTHBIX W IITHUI[ B CBOEM COCTaBe
cozepKaT OOJIBINOe KOJUIECTBO TOKCHUIHBIX BEIECTB W TO, UYTO OHU 3arpPsA3HIIOT OKPYZKAIOILyIO
Ccpesly, BO3HHKAeT HAJOOHOCThL YTUIM3UPOBATH MX 3JKOJOTMIECKH Oe30macHbM myTem.  Jlms
YTUIN3AINN JKHBOTHOBOIIECKUX OTXO0/IOB B PA3HDLIX CTPAHAX ITPUMEHSIIOTCA BCEBO3MOKHDBIE METOJIbI:
KOMIIOCTUPOBaHNUEe, BADMUKOMIIOCTHPOBaHue, dbepmenrtarust [1, 2].

Hawnbostee BBITOIHBIM pelTeHreM 3TOMH IPOOIEMBI SIBJISAETCA BHEIPEHNE YCKOPEHHON OM0OIOTmIecKoi
depMeHTaIINT OPraHUYIeCKUX OTXOMOB NTHIedabpuK U KUBOTHOBOIUecKuUX depM. s srToit
[eJIi B MUPOBOH IPAKTUKE MPUMEHSIOT Pa3/JIUIHble OMOJOTMYECKHe IIPernaparbl, U3TOTOBJIEHHDIE
U3 OTOOpPAHHBIX KYJAbTYP 3(MMEKTUBHBIX MHKPOOPraHU3MOB, CIIOCOOCTBYIOIIUX YCKOPEHHOMY
(bepMEHTHPOBAHUIO OTXOJIOB KMBOTHOBOYECKNX KOMIUIEKCOB [3,4,5,6].  Vcmosb3oBanne Takmx
[IperapaToB yCKOPseT IIPOIECC mepepaboTKM OTXOIOB U IO3BOJISIET COKPATUTH BPEMsl IepepaboTKu
B HECKOJIBKO pa3. DTO 3HAUYUTEHHO CHUXKAET OO0beM 3aHUMAEMbIX ILJIONAJIell, HeOOXOMUMBIX JIJIsi
BPEMEHHOI'O0 XpaHEeHWs] HABO3HBIX CTOKOB. (OTCYTCTBHE COOCTBEHHBIX OTEUYECTBEHHBIX pa3pabOTOK
B JAHHOM HAIIPABJICHUU W HAKOIUBIINECS MHOTOYHUCJICHHBIE SKOJOTHYECKUE MPOOJIEMbI JTUKTYIOT
HEOOXOIUMOCTh BBIJIEJIEHUST MUKPOOPTAHU3MOB, IMEPCIEKTUBHBIX I IIepPepabOTKU OPraHUIeCKUX
OTXOJIOB U Pa3pabOTKU HA UX OCHOBE OTE€UECTBEHHOI'O OMOJIOIMYIECKOrO IIpernapara.

Marepuajibi m MeTOAbl WCCJIEIOBAHUS. C 1enbio  BBIJIEJIEHUsST MHUKPOOPTaHU3MOB,
[IEPCIIEKTUBHBIX I PEPMEHTAIIMN OPraHMYECKUX OTXO/I0B Ha IPEINPUATAAX arPOIPOMBIIILICHHOIO
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KOMILJIEKCA OTOOPAHBI IIPOOBI OTXO/IOB CEJIbCKOXO3IHCTBEHHBIX 2KUBOTHBIX. VCTOYHUKAMU BBIIEJICHUS
Me30(DUIBHBIX U TEPMOMUILHBIX OaKTEepUil SBJISIJINCh ITHYUI [TOMET U HABO3 KPYIHOIO POTaToro
ckoTa. BpljejieHne MUKPOOPIaHU3MOB IIPOBOJIMJIM METOJOM HAKOIUTEJbHBIX KYJIbBTYD Ha TaKUX
YHUBEPCAJIBHBIX MTATATEIbHBIX CPEJlaX, KaK CyXO#l NMuTaTe/bHbIH OYIbOH, MsCOIENTOHHBIN OyJIbOH,
6yaeor MPC (Man, Porosa, Illapm) wu :kunkas cpema Cabypo.  IToceBbl jyist BblieseHust
Me30mIbHBIX OakTepuil Kysiabrusuposaiun B Tepmoctare npu 30-37° C B tedenne 72 4. IIpomecc
BbIJIeJIEHUs] KYJIBTYD T€PMOMUIbHBIX OaKTepUil aHAJOTMYEH IPOIECCY BbljejeHnsT Me30(UIbHbIX,
TIPU 9TOM TepMOPUIbHBIE OAKTepnn KyJIbTUBUPOBaIU B TepMmoctare mnpu 55° C B Tedenme 72 .
YucTole KyabTypbl MUKPOOPTAHU3MOB IMEpeceBa n Ha TIOTHBIE murarenbibie cpeanl CITA, MITA,
MPC, Cabypo meromom ucTommaiomnero mrpuxa mo Loymay. Wakybamuio KyabTyp TPOU3BOIIIN
npu 37°C u 55°C B Teuenue 48-72 wacoB. YHUCTOTY BBIIEIEHHBIX KYJBTYP MHUKDPOOPIaHU3MOB
OIEHUBAJIN ODINENPUHATHIMI METO/IAMU — MUKPOCKOIIMYECKUM KOHTPOJIEM 110 I'paMMy 1 BBICEBOM Ha,
cpeay MITA.

Pesynprarel uccienoBaHuii. Ilo pesysbraram BblliefieHUus KYJIbTYD MHKPOOPIaHU3MOB
n3 1npob NTUYbEro IIOMeTa W HaBO3a KPYIHOIO POraToro CKOTa BBIJEJIEHO 32 u30JdATa U3
KOTOPBIX Me30PWIbHBIX — 22 KyJAbTypbl, TepMOPuiIbHbX - 10 KyJIbTYyp MHKPOOPTaHU3MOB.
[lepBuvHbIil CKPUHUHT BBIIEIEHHBIX MUKPOOPraHU3MOB IIPOBOJU/IN IO CIOCOOHOCTH K POCTY HA
JKUBOTHOBOYECKUX U MITUIEBOIIECKUX OTXO0/IaX, CIIOCOOHOCTH HEHTPAJN30BATh HEIIPUSITHBIE 3aIIax
IIOMeTa U HABO3a, a TaK¥Ke 110 CIIOCOOHOCTH B IIPOIECCEe POCTA HOBBIIIATH TEMIIEPATYPY OPraHUIeCKUX
BeIIEeCTR.

Ha pucynke 1 mpejictaBiieHO IEPBUYHOE BbIJIEJIEHNE MUKPOOPTAHI3MOB.

Pucyhok 1 — IlepBuvuHOe BblAeJIeHNE MUKPOOPraHU3MOB

Cepuio OUBITOB ¢ KypUHBIM HOMETOM U KODOBBHM HABO30M IPOBOJM/IM B HEOOJIBIIMX SIMAaX.
Oprammdgeckne oTX0/b! IpeaBapuTeabao Harpesaan 10 30° C u yBirasKHsum it GLICTPOrO cTapTa
BHOCHMBIX Oakrepuil. [lanmee BHOCHIM GakTepunm M TINATEJBHO nepeMentuBaan. llepementanHbit
HOMET M HaBO3 BJIAKHOCTHIO 45-50% BHOCHIN B sIMy M €XKeJJHEBHO HabJIIOJAJN 3a TeMIIEPaTypOi,
U3MEHEHHEM I[BeTa U 3amaxa (PUCYHOK 2).

PucvHoK 2 — ®epMmeHTaIsI OPraHUYECKUX OTXOO0B

B pesynbrare ckpunmHra 0TOOpaHO 15 KYJIBTYpP MHUKPOOPTAHM3MOB, CIIOCOOHBIX K PEITPOJLYKITHH
B opranmueckux orxojax. OrobpaHHBIE KyJIbTypbl Iipu Temieparype Baecenus 30°C B HaBO3 u
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nTHamit momer (nasee oprammka) B noze 6,0 lg KOE/ cm?, crapryior 6bicTpee, WeM Ipy BHECEHIHT
YKa3aHHOHN 103kl B opranuky Hmxke 25° C.
OpranoJienTuaecKne nmoka3are/ii OPraHnIecKiuX OTXOJ0B IIPUBEJIEHDbI B Tabuie 1.

TamuiA 1 — BusyajabHbII U OPraHOJIEOTUYECKHUIN AaHAJIN3 KYyPUHOrO IIOMETA M KOPOBBErOo HAaBO3a,
06paboTaHHbBIN U30JAATAMUA MUKPOOPraHU3MOB

Nzonar HavaIbHAA 4Jepe3 5 CyTOK gepe3 10 cyTok

3amax | TeMmIiepa- | IBeT | 3amax | TeMIlepa- | [[BET | 3alax | TeMIepa- | IBeT

Typa Typa Typa

KOHTPOJIb P.caa.z | 30°C - P.c.a.3 - P.ca.z | 25°C -
I11-1,KH2-8,CH3- P.c.a3 | 30°C - N3 38°C + n.s 60°C +
28,CH3-4,CH3-16
111-2,KII-6,CH3-6 P.caa.3 | 30°C - O.p.a.3 - O.p.a.3 | 29°C +
KH2-17,KH2-16 P.c.asz | 30°C - O.p.a.3 - O.p.a.3 | 24°C +
111-15,I11-7,CH3-2 | P.c.a.3 | 30°C - O.p.a.3 | 35°C + N3 50°C +
CH3-26,I11-9, P.caa3 | 30°C - O.p.a.3 - O.p.a.3 | 25°C +
T11-10
111-11,KH2-6,KII-4 | P.c.a.z | 30°C - P.c.a3 - O.p.a.3 | 25°C -
I11-12,CH3-1,KH2- | P.c.a.3 | 30°C - P.caa.3 - P.cas | 25°C -
11,111-4
I11-8,I11-13,KH2-9, | P.c.a.3 | 30°C - O.p.a.3 | 38°C + N3 55°C +
KII-1
I11-14,CH3-3 P.c.asz | 30°C - O.p.a.3 - O.p.a.3 | 35°C +
KH2-1,KH2- P.c.a.z | 30°C - O.p.a.3 + N3 52°C +
7,CH3-27
IIpumeaanus
P.c.a.3 - Pe3kuit, cienmduryecknit aMMuadIHbINA 3a1aX
O.p.a.3.- OcnabiieHne pe3Koro cuenudpuIecKoro 3amnaxa
.3 — ncuesnosenue 3amnaxa
«+» - HabJIIOZIAeTCS UBMEHEHUE 1IBETA
«-» - HET U3MEHEHUsI IIBETA

[Ipn xympruBnpoBannu Kyabryp mpu 30° C ma 3-4 cyTkm obmumuit TuTp Kaetok Ha cpeme MPC
nocruraet 710 8,0 lg KOE/ em? . Takske mipu 9ToM HabIio1aeTCst TIOBBITERe TeMiepaTyps 10 60 °© C
Ha 8-10 cyTkm.

Kpome Toro, orbop KyabTyp mpoBoamim 10 (EepMEHTATUBHONW aKTuBHOCTH. V3ydenune
dbepMeHTATUBHOI ~ aKTUBHOCTH  BBIJEJIEHHBIX  U30JIATOB  IPOBOJMJIM  IIyTEM  OIIPEJIeJIEHUs
AMUJIOJIMTUYIECKON, TIPOTEOJTUTUIECKON, EIIOJIOIMTUIECKON U JIMIIA3HOU aKTUBHOCTEN.

Ha pucynke 3 mpejcraBiieHbl IPOTEOIUTUYECKAs, aMUJIOJIUTUYECKAs U JIUIA3HAS aKTUBHOCTH
U30JISATA.

Pucynok 3 — JIunosimTudeckasi akTUBHOCTb U30JISITA

W3ydenne IUMOIUTHYECKON AKTUBHOCTUA WU30JISITOB IOKA3aJ0 HAJUYUE 5 KYJIBTYD, CIIOCOOHBIX
K JIECTPYKIIUU >KAPOB. AMUJIOJUTHIECKOH aKTUBHOCTHIO 00jaganan 10 kyabryp. Pasmepbr 30HBI
rujiposin3a KoJiebasuck B rpejenax 0,7-1,9 mm. BoceMb KyJIBTYp PACIIEIISIIIN KA3€UH HA MOJIOTHOM
arape. llpu KyJbTUBHPOBAHUYM MHKPOOPTaHM3MOB Ha KUJKOI cpere lerdmrcoHa ¢ jobaBieHuIEM
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GUIBTPOBAIBHON OyMaru TOJBKO 7 HU30JISITOB HPOSBUIA CIOCOOHOCTH Pa3pyliaTh IEJI0CTHOCTD
dunbTpoBaJIbHON OyMarn u 00pa30BBIBATH XJIONBEBUIHOE I[MOMYTHEHUE CPEIbI. N3zyuenne
depMeHTaATUBHON AaKTUBHOCTU OTOOPAHHBIX U30JISITOB [IPUBE/IEHBI B TabHUIE 2.

TAaBmuUuA 2 — @epmeHTATUBHAS AKTUBHOCTH OTOOPAHHBIX M30JIATOB

Mzonarer | Ilporeosntu-deckass | AMHIONATH-YeCKasT Jlumosmru-geckast HestromonmuTu-
AKTHUBHOCTH aKTHBHOCTH aKTHBHOCTH Jeckasi aKTUBHOCTH

I11-1, + + + -

KH2-8 + + + +

CH3-28 - + - ¥

CH3-4 + - + -

CH3-16 - + + -

111-15, - + - +

111-7, - - - -

CH3-2 + + - +

I11-8 - - - -

111-13 + + - +

KH2-9 - - - +

KII-1 + 1 ¥ .

KH2-1 + + - +

KH2-7 + - - -

CH3-27 - + - -

IIpumevanns

«+>» - IOJIOXKUTEIbHAS PEaKIHs,

«-» - OTPHUIATEIbHAS PEAKIHs

B pesysibrare uzydenust hepMEHTATUBHON aKTUBHOCTH 8 KYJIBTYD HPOSIBUJIN IIPOTEOJTUTUIECKYTO
aKTUBHOCTD, 10 KyJIbTyp 00JIa/1a/11 aMUJIA3HOH aKTUBHOCTBIO, 5 KYJIBTYD - JIMIIA3HONW U 7 KYJIBTYD -
[EJUTIOJIOJTATUIECKON aKTHBHOCTBIO.

[IyTeM moCTaHOBOK psifa TECTOB ObLIM M3yYEHBI (PU3MOJIOIO-OMOXUMUYEKHE W KYJILTYPaaIbHO-
MopdoIoruyecKkue CBOCTBa Ky/IbTyp MUKPOOPIAaHU3MOB, IIPOABUBIINX HAUOOJIBIIYIO aKTUBHOCTD.

Jabueiiee nsydenne (Gu3noI0ro-OMOXMMUIECKAX CBOMCTB OTOOPAHHBIX MHKPOOPTAHU3MOB
oKasajgo, YTO 12 KyabTyp — ypeas3alooKHUTeIbHBlE, 3 — OKCHIA3aIlOJOKUTEIbHBIE, 7 KYJIBTYD
TUAPOJIU3YIOT KpaxMaJ, Bce 15 KyabpTyp, KpoMe 3 - KaTaJIa3aloJOKUTeIbHbe, 8 — He Pa3’KUKAIOT
xejmarud, 10 KyapTyp - He jge3aMUHUPYIOT (eHmntasannt, 10 KyabTyp - THAPOIU3YIOT Ka3eUH
(Tabimma 3).

Ha pucymke 4 mpejcraB/ieHO OTHOIIEHHE OTOOPAHHBIX MHUKPOOPraHM3MOB K Kucjaopomy. Ilo
OTHOIIIEHUIO K KHUCJI0poay 6 KyJbTyp OTHOCATCH K (baKyJbTaTUBHBIM aHadpobam, 9 KyJbTyp - K
MHUKPOa3podIIaM.

PucyHok 4 — OTHOIIEHNE K KUCJIOPOAY OTOOPaHHBIX KYJIBTYP MUKPOOPIraHN3MOB

Jlajee ompejiesisii yCBOEHUE YTJIEBOJIOB OTOOpaHHLIMYM MUKpoopranuzMamu. llo oTHoIeHuo K
YIJIEBOJIAM 2 KYJABTYPBI U3 15 KyJIBTYP MUKPOOPTaHU3MOB HE YCBAMBAIOT CaxXapo3y, JIAKTO3Y, NHO3UT,
apabuHO3y, Me/IOONHO3Y, CAJIMIUH. Pe3yabTaThl YCBOEHUS yIJIEBOJOB OTOOPAHHBIMU H30JISITAMEI
OTpaxKeHbl B Taduile 4.
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Tabpnmuua 3 — @Pu3n0JI0ro-6MOXUMHYECKHE CBOMCTBA OTOGPAHHBIX U30JISITOB

Wsonsiter | Hamuawe | Hamwmawe | Hannawne | T'waponus| 'maponus | Pasxmxkenne| [lesamunanp. | OrHOIIEHME
ypeassl OKCHIIa3bl| KaTaJa3bl| Ka3enHa | KpaxMaJia | »KeJIATUHBI dennnaia- k 02
HUHA
I11-5 + - + + + - + d.a
KH2-8 + + + + - + - M
CH3-28 + - - + + + + M
CH3-4 + - + - + - - M
CH3-16 - + + - + - - M
I11-15 + - - + - - - M
I11-7 + - + + - + - ¢b.a
CH3-2 + - - + + - - M
I11-8 + - + - - + + M
111-13 + - + + + + - M
KH2-9 - - + + - - + d.a
KII-1 + - + - + + - d.a
KH2-1 + - + + - - - &b.a
KH2-7 + - + + - + + d.a
CH3-27 - + + - - - - M
IIpumevanus
«+>» - TOJIOKUTEJIbHAST PEAKIIN,
«-» - OTPHUIATEJIbHAS PEAKITUS
«d.a» - dakyspTATUBHBIA a3p06
«M» - MHKPOa3pOduI

TABJ'II/IL[A 4 — YcBoeHue yriieBoaoB 0T06paHHLIMPl N30JIdTaMu

W3zomsTel | caxa- | jlak- | apabu{ TVIIO- | KCU- | MaJib- | PpPYK-| Tpera-| WHO-| rajak-| meuiodu-| MaH- | copOu-| cam-
po3a | To3a | HO3a | KO3a | JIO3a | TO3a | TO3a | JO3a | 3UT | TO3a | HO3a HO3a | TOJ UH
Im1-1 + + + - + + + + + + + + + +
KH2-8 + + + - - - + + + - - + - -
CH3-28 | + + + + + - - - - + + + + +
CH3-4 + - + - + + + + + - + + + +
CH3-16 | - + + - + + + + + + + - + +
I11-15 + + - + + - + - + + + - - +
I11-7 + - + - + + + + - + + + + +
CH3-2 + + + + + - + - + - + + + +
I11-8 + + + - - + - - + - + + + +
I11-13 + + + + + + + + + + + - + +
KH2-9 - + + + + + + + + + + + - +
KII-1 + + + - - + + + + + + + + +
KH2-1 + + - + + - - + + + - + + -
KH2-7 + + + - + + + + + + + + + +
CH3-27 | + + + - + + + + + + + - + +
IIpumevanus
«+» - IOJIOKHUTEIbHAST PEAKIHS,
«-» - OTPHUIIATE/IbHAST PEAKITHS

3 KyJbTYPbl HE YCBAMBAIOT COPOUTOJI, KCUJIO3Y, (DPYKTO3Y; 4 KyJIbTypPbl HE YCBAUBAIOT TPEraJIO3y,
raJlakTo3y, MaHHO3Y; b KyJbTYP HE YyCBAUBAIOT MAajbTO3y; 9 KyJbTyp He ycBamBaioT rioko3y. Ha
pUCYHKe D IpeJICTaBIeHO MCIOJIb30BAHNE YTJIEBOJIOB OTOOPAHHBIMU U30/IsITAMHU.

KymprypanbHo-Mopdoiornyeckne  CBOHCTBa ~ OTOOpAHHBIX ~MHKPOOPTaHM3MOB — U3yYajd €
UCIIOJIb30BAHUEM YKUJIKUX U TBEPJBIX I[HUTATEJBHBIX CpPes. Ha morHOit cpene Ky/abTypbl
00pa30BBIBAJIN KOJIOHUHU OEXKEBOTO, PO30BOr0 W OEJIOr0 IIBETOB PA3JIMUIHBIX PA3MEPOB CIU3UCTON 1
macToOOpPa3HON KOHCHCTEHIMH. BOoJBIIMHCTBO OakTepuilt 0OpasyeT Kpyriible KOJOHUU OIHOPOIHOMN
CTPYKTYpPBI, 4 KyJbTyphl UMeOT ameboBUIHYIO (opmy KojoHumit. Ha pucynke 6 mpejcrasiieHbI
KyJIBTYPaJIbHBIE CBOWCTBA OTOOPAHHBIX MUKPOOPTAHIM3MOB.
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PucvHok 5 — Hcniosib30BaHue yriieBOaOB OTOOPAHHBIMU U30JISITAMU

Pucvaok 6 — KynerypaJjbHble CBOMCTBA OTOGPAHHBIX MUKPOOPraHN3MOB

[To mopdostornaeckum cBoiicTBaM B Ma3Kax IIPU MUKPOCKOIINN OaKTepUaIbHBIX KJIETOK [TOKA3aHO,
qaro 12 KyabTyp OakTepuii MMEIOT [MaJOYKOBUJIHYIO (OpPMy, OCTajibHble 4 — KOKOIOIOOHBIE
nasouku. VccitemyeMble KyJIbTYpbl, KpOMe 3 — IpaMIIOJIOKUTeNbHbIe. Ha pucynke 7 mpencraBiaeHa
MOP@OJIOTHUs KIETOK UCCJIEyEMbIX MUKPOOPTAHU3MOB.

18 i rm;‘ ATy

(6. 2o ¥ ’ ,
Ty
I

PucvHok 7 — Mopdosorusi KJIeTOK UCCIeAyeMbIX MUKPOOPTraHU3MOB

BeiBoabl.  Takum obpa3om, B pe3yjabraTe BbIIEJEHUs U CKPUHUHTA MHKPOOPTAHM3MOB,
MEPCTIIEKTUBHBIX [ TIepepabOTKH  OpraHUYecKuX OTXo70B Ha mpeanpusatusx AlIK, wu3
CETbCKOXO3AUCTBEHHBIX OTXOJIOB METOJOM HAKOIMTEJIbHON KYJIBTYPhI BBIJIEJIEHO 32 U30JISTA.
CKPUHUHT BBIJEJIEHHBIX MHUKPOOPIaHU3MOB II0 CIIOCOOHOCTH K POCTY Ha YKUBOTHOBOTYECKHUX U
[ITUIEBOIYECKUX OTXO/AaX, CIOCOOHOCTH HEHTPAIN30BaTh HEINPUATHBIE 3allaXy I[IOMeTa W HaBO3a,
a TaKXKe TO CIOCOOHOCTH B TIPOIECCE POCTA TOBBIMATL TEMIEPATYPY OPTaHUYIECKUX BEIIECTB
[IO3BOJIMJI 0TOOPaTh 15 KYJBTYp MUKDPOOPIaHU3MOB, CIIOCOOHBIX K PENPOJYKIINA HA OPraHUmYeCKUX
oTX0/IaX. B janabHefiieM M3ydain aMUIOJATHIECKYIO, TPOTEOTUTUIECKYIO, TEe/LTIOTOUTIIECKYTO
7 JINTIA3HYI0 AKTUBHOCTH OTOOPAHHBIX M30JIATOB. llyTeM MOCTAHOBOK pPsijia T€CTOB OLLIH M3y I€HBI
deHOTUIINIECKHE CBOWCTBA OTOOPAHHBIX KYJIBTYD.
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OprasukaJibiK, KaJAbIKTapAbl depMeHTTeyre Kabiseri 6ap 6ejiceHai MUKPOOPraHU3MAEP IITAM/IAPbIHbIH,
deHOTUNTIK KacueTTepin 3eprrey

Ansoranms: Bys makanana aybul mapyambUIblK, KOCIIOPBIHAAPBIHIA OPraHUKAJIBIK KAJIIBIKTapAbl OHIey YIIH OesceH i
MHUKPOOPTraHU3MACPAIH OKIIAyIaHy »KoHe CKPUHUHTIHIH HoTHXKejepi KeaTipinren.OpraHuKasblK KaJIAbIKTApPbIHAH 32 H30JIAT
GeJIiHINT aJIBIH/bI KOHE Je OOJIiHIN aJbIHFaH MUKPOOPraHU3MJepre CKPUHUHI KYMBICTAPbl KYPri3ijIill oJiap/blH, MaJl MeH
KYC KaJIJIBIKTApbIHJa ©cy KabljeTiH, KOH >KoHe KOHJI KaFbIMChI3 WicTepiH OeliTapanTaHablpy, COHJali-ak oecy Ke3iHje
OPraHUKAJIBIK, 3aTTAPIbIH TEMIIEPATYPACBIH KOTEPYy MYMKIHIIri aHblkTassapl. CKPUHUHT HOTHXKEJEpi COMBbIHIIA OPraHUKAJIBIK,
KaJIIBIKTap/Ia PEnpoayKImsiiayra Kabijzerri 15 Mukpoopranusm ecingici Tangasnasl. Ocinaini opi Kapaii ipikrey depMeHTATUBTI
OeJiceHTIIIKIIEH »Ky3ere achIpbUIAbl. TaHJasraH H30/IATTap/IblH aMHJIOJIUTUKAJBIK, [POTEOJUTUKAJIBIK, IEJTIOIUTHKAJIBIK,
JKoHe Junal3a OeaceHmimiri 3eprrenai. OpranuKaablK KaagbIKTapabl depMeHTTeyre KablaeTTi MUKpOOpraHu3MIaepAis 6esrcenmi
ITaMMIAPBIHBIH (eHOTUNTIK Kacuerrepi (PU3MOIOrusAIbIK, GHOXUMUSIIBIK, KyJIbTYDPAJIbIiK »KoHe MOPGOIOTrUsIbIK) GipKaTap
CBIHAKTap 2Kacay apKbLIbl 3¢PTTEJI/I].

TyitiH ce3aep: MHUKDPOOPraHU3MIEP, OPraHUKAJBIK KAJJIBIKTAP, YKAHyapJapblH KaJAbIKTapbl, KYC CAHBLIBIKTAPDI,
depmeHTTEY.

M.C. Duambekov ! , N.B. Moldagulova 2, A.Zh. Ayupova?, E.Zh. Khassenova ¢, D.Zh. Sembaeva ®
g Yy
«International Ecology Academy», Astana, Kazakhstan

The study of the phenotypic properties of active strains of microorganisms capable of fermenting organic
waste

Abstract: This paper presents the results of the isolation and screening of microorganisms that are promising for the
processing of organic waste in agricultural enterprises. Of the organic waste, 32 isolates were isolated by the method of
cumulative culture and screening of the isolated microorganisms for their ability to grow on livestock and poultry farms, the
ability to neutralize the unpleasant odors of manure, and also the ability to increase the temperature of organic substances
during growth. Based on the results of the screening, 15 cultures of microorganisms capable of reproduction in organic wastes
were selected. Further selection of cultures was carried out by enzymatic activity. Amylolytic, proteolytic, cellulolytic and lipase
activity of selected isolates was studied Phenotypic properties (physiological, biochemical, cultural and morphological) of active
strains of microorganisms capable of fermenting organic waste were studied by means of testing.

Keywords: microorganisms, organic waste, animal waste, bird droppings, fermentation.
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AKybI3gap 3KCIIpecCusiChIHbIH, O6CIMIOIKTi >Kyliieci

Annoramma: Kasipri yakpITTa akybi3gap SKCIPECCUSICHIHBIH Kyherepi peTiHae ociMIiKTep g
TPAH3MEHTT] KOHE TPAHCTEHJ SKCIPECCUsIapbl KOJIAHBLIAAbI. Dy a3 yakpIT iIMiHIe aKybI3IbIH
Gesrizi 6ip MesIepin ajiyra MyMKIHIIK 6epesii, COHbIMEH KaTtap Oy Kayilci3 KoHe SKOHOMUKAJIBIK
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Kagipri yakpiTTa akybI3Jap SKCIPECCUSCHIHBIH, 2Kyiieaepi peTinge TypJi TPOKaApUOTTHIK, KOHE
9YKAPUOTTLIK 2KACyIIajap MeH YJ/rnajgap KOJIaHbLIAJAbI: allbITKbLIAD, OyHaKIeHEe/LIePIiH VJIa
KyJIBTypaJapbl, TPAHCIeHIl OCIMJIIKTep MeH CYTKOPEKTIJep/iH Kacylla KyJbTypajapbl.  Op
KYHeHIH o3iHiH KeMIITIKTepi MeH apTHIKIILLILIKTaphl 6ap. Kenreren »xarmaitiap/ia SKCIPECCUSTHBIH,
MIPOKAPHUOTTHIK, XKYilesiepi KOJJaHyFa KeHIJI »KoHe SKOHOMUKAJIBIK JKarblHAH THIMJIpeK. Ajaiina,
IPOKAPUOTTHIK, YKACYIIAIAP MOCT-TPAHCISIUIBIK MoAudUKaIUAIapra Kadijaercis 6o/raHIbIKTaH,
OyHmail KyiieHiH GYyHKIMOHAIALI OEJICEHIIIr YIMTiH TYPJAEHIIpYAl KakeT eTHedTiH aKybI3map
OHIIplIyiHAe KOMIAHLLIaAbl.  CYTKOPEKTLIEP/iH >Kacylla KyJIbTypajapbIMEeH aKybI3Japibl aJIy
Ke3iHJIe, TOCT-TPAHC/ISIIIUOHIBl MOIUMUKAIINS MOCEJIECIH TIelyre MyMKIHIIK Tyajbl, Oipak OChIHIAl
Kyitesepie akybI3Jap/Ibl ajay eTe KbIMOAT »KOHE KOIl YAKBITTHI KAXKET eTe/l.

Kazipri yakpiTTa akybI3[bl ajylda OMOTEXHOJIOTHSIBIK, KOMIIAHUSIJIAPFA IIEPCIEKTUBTI YKOHE
VJIKEH KBIBBIFYIIBLIBIK, TAHBITATBIH OCIMJIK JKyieci Oosibin Tabbuiagpl. COHFBI OH 2KBLIJIBIKTA
9KCIIPECCUSHLIH KONTereH THIMJI OCIMIIKTI Kyiiesepi »Kerinmipinmi.  Bakrepusiiap, Kamyap
2KACYIIAJIAPBIHBIH, KYJIBTYPaAJIaphl CUSIKTHI JIDCTYPJI MPOLYIEHTTEPTe OajlaMa PETiHJIe TeHEeTUKAJIBIK,
TYPJIEHIIPLJITEH OCIM/IIK KOMEriMeH PEKOMOMHAHTTHI aKYbI3Jap OHJIPICIHE YKOJI AlIbLIIbI.

AkybBaapansl anmygarbl backa Kyitejgepre Kaparauja, eCiMIIKTep SKOHOMMKAJDBIK, KAyilmcizmik
IeH TUIMJIINI 2KaFblHAH KONTereH apThIKIIbIIBIKTapFa ue. OciMaikTepaiH ecyiHe TekK
Cy, TONBIPAK, 2KapbIK IeH THIHANTKBIIITHIH a3raHTail MeJIIepl KayKeT, COHIbIKTAH KbIMOAT
ammaparypasblH, ((bepMeHTepIiH), KyJIbTYPAbl OpTa MEH 3apapChl3/IaH IbIpy Kyiesaep/Iis 60IybiHa
Toyesiii bakTepusyiap, AllbITKbLIAD, KAaHyapJap KacyllaJapblHbIH KyJbTHBUDJIEYiHe KaparaH/ia,
OCIMIIKTEPIiH ecyiHe KeTeTiH MIBIFbIHIap ojfaekaiina a3. (Ocbiran OailjlaHBICTBI, ©CIMIIKTEp/Ie
AJIBIHATHIH aKYbI3Jap/IblH KYHbI, OakTepusyiap MeH CYTKOPEKTIIep »KacyliajapblHAH aJblHATHIH
aKybI3/apra KaparaHjia, oipHere ece Temex [1].

OciMaik Kacymajgapbl OHOJOTHUSIIBIK —YKaFbIHAH —Kayinci3, cebebl eciMIik ajgaM KoHe
JKaHyapJiapMeH oprak, naroremiepi »kok. Coj cebenTi, eciMIiKTe aJIbIHATHIH OHIMAEP aJaM MEH
JKaHyapJapra kKayincis [2].

Bakrepusiiapra kaparanmga, eciMIiKTepi akybl3 IPOAYIEHTI peTiHae KOJIAHYIAFbl 0acTbl
APTHIKIIBLIBIK, — COHFbI OHIMJI JIACTANTBIH KOHE MAKCATTHI aKybI3Ibl TAa3aPTYIAbl KULIHIATATHIH
3aTTap/blH, SFHU SHJIOTOKCUHJIEP/IH KOKTHIFHI. OHIOTOKCUHIEp OaKTepHUAa/Ibl >KacyIlaaap
blIbIparaH Ke3je mafiza 00/abl, COHJABIKTAH PEKOMOMHAHTTHI AKYbLI3/Jbl OHJIpicTe ajy Ke3imie
JKacyIia KyJIbTypajapbl eHJIeyeH oTy Kepek [3], an ecipiiren ecimiikrep GHOMACCACHIHBIH, YJIKEH
MeJIITIEP] KeJlecl oHJIeyTe JIeifiH, OHAl TOKTATBIIBII CAKTATbIHAIHI.

Bakrepus koHe albITKBLIAPDMEH CaJLICTBIPFaH/a, OCIMIIKTED MEH KaHyapJiapla aKybl3IapIbiH,
IOCTTPAHC/ISAIMOHIBI TYPJIEHIIPY Kyiiesepi ykcac. Cot ceberrti, eciMiikTepie ajiaM MeH XKaHyapJap
aKybI3IapbIHA TOJIBIFBIMEH (DYHKITMOHAJILI YKOHE ic KY3iHIe Oipaeil akybl3map ajablHybl MYMKIiH.
Kermreren zeprreyiep, MMTOKUHIHIED MeH (pepMEHTTED, TOPMOHIAD, BAKITUHAJIAD, AHTUICHETIED, OCY
perTeyuiijiepi, aJJaMHbBIH CAPBICY aKybI3Iapbl CUAKTHI OHOJIOIUSIIBIK, OEJICEHIIKTEP] CaKTAJIBIHFAH,

49



JI.H. I'ymuniues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2018, 4(125)

CYTKOPEKTIJepiH, Kyp/eia (GyHKIMOHAIIB aKybI3JAapbIH & OCIMJIKTepJe ajiyFa OOJIATbIHBIH
KepcerTi [4].

Kazxer Gosran »karmailiapia, aJbIHFaH aKybl3 MeOJIIEPiH, ecipijeTiH oCiMIIKTep/IiH, MeJIIepiH
JKOFaphLIaTy apKbLIbI, CAJIbICTBIPMAJIBI T€3 YAKBITTa KobelTyre 00JIa b

OciMrikTeperi peKOMOMHAHTTBHI aKybi3/ap OipHelre Herisri ojiicTepMeH AaJbIHYybl MYMKIH:
PeHETHKAJIBIK — TpaHchopManus apKbUibl (SFHE — TpaHCTeHAI OCIMIAIKTI  Kacay  apKbLIbI),
XJIOPOILTIACTTAP/IAFDI SKCIIPECCHs HeMece TPaH3UeHTT] (YaKBITIA) SKCIIPECCUSTHBIH, YKYiieci apKbLIbL.

Ocimdixmepdezi axyvi30apdvit, MPaH3ueHMmi IKCNPECCUACH. OCIMIIKTEPIE AKYBI3TAPIbI ATYIbIH,
TPAH3UEHTT] SKCIIPECCHUST DJIiCI OCHIHIAN MaKCATTa YKacaJran 6acka »Kylejaepre KaparaH/a KelTeren
apTHIKIMIBUIBIKTAPhl Oap. KepekTi akybis mesrnepin OipHerre KyHe ajgyra 00Jabl JKoHE KBICKA
VaKBIT apajarblHIa aKybl3 SKCIIPECCHUSICHI Kypei, cebebi TpaHCreHIi OCIiMIIKTI »KacayIblH, KarKeTi
koK. CoOHBIMEH KaTap, NeHEeTHKAJBIK TpaHChOpMalusiIaHFaH OCIMIIKTIH TYpaKTbl TYPiH ajyra
KaparaH/a TPAH3UEHTTI SKCIIPECCUSTHBIH TEXHUKAJIBIK, OPBIH/IATYBI KEHiJI.

OciMlikTep/ie aKybI3[IbIH TPaH3WEHTTI 3KcIpeccrus: 060Jybl yimiH 1997 KbLIBI KYypaCcThIPBLIFAH
arpobakrepualibl nHGUIBTPaIUst diciH naiigananyra 6oaaast [5]. O yuiin Agrobacterium tume-
faciens xkacymajap KyJabTypachblH IIPOMOTOP, MAKCATTBHI T€H MEH TPAHCKPHUIIINAS TEPMUHATOPBIH
konpraiitera T-JIHK-cor 6ap 1rasMumgaMer TpaHChOpPMAIAIANIBI. Tpancdopmarusianran
arpobakTepusi CYCIIEH3USICHIH BaKyyM-UHMUILTPAIMS HEMece IIIPUIl apKBLIbI OCIMIIK YJIAChIHA
enrizeni. Arpobakrepusi T-JIHK-HBI eciMik siipockiHa TacbIMaIalIbI, OYJI KepJe OJ1 SIUCOMa
Typinge Oonambl.  Aaposia MaKCATThI I'€HHIH TPAHCKPUIIIUACHI, aJl OJaH KefiH IuToIiazMajia
TPAHCKPUIITTIH, TPAHCIAIUACHI KYPEIi.

Benrini Oonrammait, eciMaikTepme PEKOMOMHAHTTHI AaKYBI3JLIH KUHAKTAJIYBI  KOIITEreH
dakTopiapra Toyeaai. Kem yakbiTTa, 6ip I'eH SKCIPECCHUsICBIHA MIHCI3 KeJIeTiH 3KCIPECCHOHIBI
Kyitesiep, 6acka reHre MyJijie Kapamcbi3 0ostbin Kejiedi. COHJIBIKTAH aKybl3 ©HIMIIJINIHIH >KaHa
KYHeciH aJy Ke3iHJle TPAH3UEHTTI SKIIPECCUS BIICIH Jie KOJIAHyFa bIHFANIIBI, OJT aPKbLIbI ©CIMTIKTIH,
Gesriyii 6ip TYpiHE HAKTHI aKybI3/IBIH SKCIPECCHUS JOPEXKECIH Te3, Opi a3 MIBIFBIHMEH YKOHE 9D TYPJIi
BEKTOPJIAP/IBI KOJIJIAHBIIN, Oarajiayra 60JIaIbl.

OciMaikTepae MaKCaTThl aKybI3IbIH afiTap/IbIKTail MOHII MOJIIIEPIH Te3 yaKbITTa aIyfa MyMKIHIIK
Gepetin TuiMIi omicTepin 6ipi eciMIIKTED BUPYCTapPBIHBIH, HETI3iHIe PEKOMOMHAHTTHI BEKTOPJIAPIBI
KOJIJIAHY OOJIBIIT TaOBIIAIbI.

Bupycrbl BeKTOpJIAD/IbIH, KOMETIMEH aKybI3/Ibl aJIyJIbIH KOI apTHIKIIBLILIFGL 6ap. ©Ocimiikrepe
BupycTbl PHK-HBIH pennukamms KbIIIaMILIFBI alTapJbIKTall Te3, COJI apKbLIbl 3aKbIMIAHFaH
Kacymanapga MakcarTol rennid, MPHK  xorapbl Kermmipmesenyime Ko KeTKi3yre 0o0Jajibl.
Bys Giprenie KyH yakbIT apaJibIFbIHJA OCIMJIKTEP/E »KOFapbl JEHIeijie MAaKCATThl AKYbI3/Ibl
9KCIIpeccusiiayra MyMKIHIIK Gepesi [6].

Bupycrst BekTOpaap naiiiaganbuIy bl €Ki HYCKachl 6ap: TOJIBIKKAHIBI BUDYCTHI PETTLIIK peTiHe
(Gipinmmi OybIHIBI BEKTOPJIAP) YKOHE BHPYCTHI PETTIMKTIH *KapTHICH FaHa 6ap BeKTOpsap (eKinri
OyBIHABI BeKTOpJAap) TypiHge. DBipinmi GyblHAbI BeKTOpJaap — BHPYCTHI AKybI3Aap/IbIH TOJIBIK
JKUBIHTBIFBIMEH KOCa MAKCATTHI aKYbI3IbI /18, CHHTE3ACHTIH TOIBIKKAHILI (DOYHKITHOHAJIIBI BUPYCTAP.
By ke3se MakcaTTbl aKybI3/bl KOJTANTHIH HYKJIEOTHATI PETTLMK KAaObIK aKybI3bIHBIH CyOreHOM/IbI
MIPOMOTOPBI CUSIKTBI KYIIITI BUPYCTHI MIPOMOTOPBIHBIH OAaKbLIAYBIH/Ia KOITipMeIeHe i HeMece KAObIK
aKYybI3bIHBIH PETTLIrMeH KOCBLIBIN KeTeli (KilllKeHe aKybi3 bl PparMeHTTEeP/IIH SKCIIPECCUSICHI YIITH
KOJIAHBLIAE ). MaKcaTThl aKybI3/bIH I'eHi HHMOEKITHOHIbl HYKJIEHH KBIITKBLIbL, 51 BUDYCTBIH €peceK
OeutiieKTePi apKbLIbI OCIMIIK 2KacyIlajapblHa Tyce/li. BeKTop/blH BUPYJIEHTTLIIrHe Oail/IaHbICTHI,
TpaHCHUIMPIIEHTeH OCIMIKTEDP/IH TOJIbIK 3aKbIM/IaHybIHA eKi-YIII XKyMa/lail yakbIT Kepek [7].

Temeki renbinminiy  Bupycel (TTB) Herisimme asram  per  akybI3Jap/blH, — TPAH3UEHTTI
SKCIIPECCUsIChIHA AapHAJFAH BEKTOP aJblHFaH OosaThiH.  Bupmon OeTiHe KOHBLIFaH MAaJsIpUs
KO3IBIPFBIIIBIHBIH SnuTonTapbiMer T TB pekoMOUHAHTTHI OOJIIIEKTEPIH KOIJAHY apKbLIbl AJILIHFAH
BAKIMHA €H AaJIFalllKbl [TOTEHIMAIbl BaKIMHAHBIH Oipi Gosael [8]. Kamcuy 6Gerinme KOsHHBIH,
MaNMJIOMaBUPYCTAPBIHBIH aKybI3JIaphl HEMECe SMUTONTaphIMeH peKoMOnuanTThl 1TB Oesmekrepin
aJFaH KezJle, OChIHJAll TocliIl KaHyapJaap/Abl UMMYHH3AIUAIay MaKCATBhIH/Ia BaKITUHAJIAP/IbL aJly
yurisa Kosganyra Gonarbiabl gosesgenai [9].  Ocbiapail Gesiiekrep HerisiHzeri mpernaparrapMeH
KOSTHIAP/IBI €Ty BUPYCTApMeH KaiTa 3aKbIMJIAHFAHHAH YKAHyapJIApJblH OMIpIH caKTal KaJIIbIPJIbI.
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OciMIik ar3acblHIa ©3/irHeH TapajaTblH WHMEKINOHIBl OCIMIIK BHPYCHIH BEKTOpD peTiHIe
naiiIaJaHy IblH, KEeMIIJIriHe BUPYCIIeH MakcaTThl (6OTeH) TeHHIH KOFaJIbIIT KeTy MYMKIH/ITT GOJIbIIT
tabbLtabl. Mbicasbl, N. Benthamiana ecimaixkrepinge TTB apkacbinga sKCIpecCusiIaHATHIH KOSTH
MMAITUJIOMABUPYCHIHBIH, L1 aKybI3bIH KOJTANTHIH PETTLIK OCIMIIK ©Cyi Ke3iHJie BUPYCIIEH KOFaJIbIIT
KeTeTiHi KyMbIcTapabiH 6ipinge kepcerinai [10]. Bipinmi OybiHB BUPYCTBI BEKTOPJIAPILIH OacKa
KEeMIMJIIKTepiHe MaKCATThl aKybl3 TeHiHIH I[IEeKTEeJIreH OJIMEeMi MeH BUPYCThI KaOBIK aKybI3map
CHHTE3iHEe JKACYIIaHbIH alTapJbIKTall KOPBIH OepeTiHe OailJIaHBICTBI JKCIIPECCHS TOPEKeCiHiH
CaJIBICTBIPMAJIBI TOMEH 60Ty bl sKaTasl [11].

OchbiHgail KeMIIIIKTepeH apblLly VINiH, BHPYCTHI PETTLIKTIH Keibip OeJiKTepiHeH KOomIa
OpEKETTED KACAJJIbI, MBICAJIBI, KAIICUJTI aKybI3Jap *KOHe BUPYCTBHIH, *KACYIIAaapaJsiblK, KO3TaJbICh
MeH 3aKbIMJIay IIPOIECTePiHe KATBICATHIH BUPYCTHI aKybI3/IAp/bl KOJATANTHIH PETTLIIKTEPI.
OcpbLnaiima, OyHIal peaynupJIeHNeH BUPYCTap *KacylaapaJiblkK KO3FaJIbICKa KaOlIeTci3 XKoHe OCIMIIK
JKacymrajgapbiHa eHe ajmaiiael, Oipak Bupyctbl PHK pemukanusiceina KabijgeTTiirin cakTaiijibl.
CoHJbIKTaH OCIMIIK XKacyllaJiapblHa PeIyIUpJIEeHIeH BUPYCTap HEri3iHIAeri BeKTOpJIapibl €HIIPY
VIIiH 6acka KypaJaapabl KOJIIAHY KaXKeT.

OciMIiK KacyIajiapblHa BUPYCTBI BEKTOPJIAPJbI, BUPYCTHI SKCIIPECCHOHIBI BEKTOPJIBI AJIBIII
KypeTin arpobakTepusjiapMeH OCIMIIK Y/NaJapblH HHQUILTPAIUAIAY YKOJBIMEH KETKI3yTre
bosagpl.  Arpobaxrepusi Tpancdopmanmsichl yimin T-JIHK 3oHackiHIa ITPOMOTOP, MAaKCATTHI
FEHOMMEH BUPYCTBI PETTLIKTED MEH TEPMUHATOP/IBI KOATANTHIH PETTLIIKTEPl O6ap KYPbLIbIM KaXKeT.
OciMIIK KacyIIagapbl OCBIHJAM KYPbLIBIMMEH TpaHC(OpMaIUsIaHFaH arpobaKkTePUsiMEH KAThIHACHI
kezinme, T-IHK aiimarbl 2Kkacyiiia sapocbiHa TachbIMAJIIAHAIbI. | PAHCKPUIIIUS HITUXKECIH/IE
PHK maiina 6osaab, o1 nuToiniazMaaa pertuimpieneni. Bupycrtsr PHK-mapabiH, TpaHCasiusicb
HOTUKECIH/IE MAKCATTHI aKybI3IbIH KCIIPECCULACHI YKYPE/Ii.

ArpobakTepusiHbIH, KATTHI apaJlaCThIPBIIFAH CYCIIEH3UsICBIMEH OYKLI OCIMJIKTI /1€, OHBIH YKEKe
Gesikrepin (KambipakTap/ipl) e arpodusbrpaiusiayra O0osaabl. CyclieH3usiarbl oCIMIIK TIeH
OaKkTepusi MeJIIEpiHe, KOJIAHLLIATHIH BEKTOpra OailjIaHBICTBI MaKCATTBI aKybl3 SKIPECCUSICHIHBIH
MaKCUMaJIbIbl jopexkecine 4-10 KymHze »keTyre 00Jialbl, COHBIMEH KATap KbI3HIKTBIPATHIH TI'€HHIH
KacuerTepine 6aillaHbICTBI 1 KI' Ta3a »KalbIpakKTap OMoMaccachblHAH D I-ra Jeifii peKoMOMHaHTTHI
aKybI3/Ibl ajtyra Goass [7].

Autaiina, »kaHa eciMIIKTepIeH aKybI3Ibl alyIblH 6acKa XKyheaepinaerigeil, ociMIiKTiH Oy3bLIMay bl
MEH aKybI3JbIH IerpaJallisChblHa »KOJ OepMmeyi VIIH, eCiMIiK yJrmajiapbl OIpIeH OHIe/y Kepek.
Bipak ocel kemrmisikke KapamacTaH, (PUTOBHPYCTBI BEKTOPJIAPAbl KOJIIAHY apKbLIbl TPAH3UEHTTI
9KCIIPECCUsT KOMEriMeH TYpJi MeIUIUHAIbIK IIeH (apMaKoJOIUsaJbIK MakcarTa 50-71eH acTaMm
akybI3aap ajabiHaabl [12]. Ocipece, GHOIOTUSIIBIK, GEICEH T aJJaMHBIH 6CY TOPMOHBI AJIBIHJIBI, OHBIH
9KCIIPECCHUsT JIOPEKECl CaJIBICTBIPMAJIbl VJIKEH OOJAbI — OCIMIIK cajJMarblHbIH 1r-Ha ImaMamen 1
mr anbiEael [13]. Conbiven Gipre »korapbl Kcrpeccust nopexkeci 6ap (2-3 mr/r) Yersinia pestis
BAKIMHI aTHTEeHJIepl AJbIHJBLI, KOHE OChl AHTHUTEHJIEp aypyra Kapchl KOPFaHBIITHIH KOFapbl
JppexkeciMeH KamTaMmachi3 ererini kepceriii [14].  Beprreyminepain 6acka TOOBI SKIpeccHsi
nmopexkeci mamamen 0,8 wmr/r Gap TybGepkyse3 anturenjepin ajgbl [15].  CombiMeH karap,
eciMikTepe KyToipy [16], agam nanuimomasupycsiaby [17], Tymay Bupyceinbiy, [18|, Tepmosabuiibii
SHTEPOTOKCUHHIH KO3/IbIPYIIbLIAPbIHbIH [19] »KoHe Tarbl 6acKa BAKIMH/II AKybI3/IapbIHbIH, OHIMILIIr
VIIiH puroBUpycTap HEri3iHAeri BeKTOpJap KOJJAHbLIAIb. OCIMIiKTEp/Ie BUPYCTHI BEKTOPJIAP/IBIH,
KOMETIMEeH KyP/Ie/Ii reTepOOoIUrOMEPJIi aKybI3Aap/Ibl aayFa MYMKIH eKeHIIrH aifTKaH KeH. MbIcasibl,
IgG TomBIKKAHIBI aHTHIeHEEepiH, OnomaccanblH 1 kr-ua 0,5 I ImaMachlHIIa, aybIp YKOHE KEHIJ
TizbekTep pertigirin koxraiitein, TTB men XBK wmerizinme OocekesecrneiiTiH BeKTOPJIAPIbIH
konHbUIBTPanUsCchl apKplibl anbiHael [7]. Large Scale Biology Corporation gapmalieBTukasibik,
KOMIIAHUSICHI B-2KacymasibiK HeXOMRKKUHIIK JuMbOoMaIapIbl eMIeyre apHaraH BaKIINHAJIAPIbL ATy
MaKCaTBIHIa XKYiieHl OefiMaeHIipai, 0/ KINHUKAJIBIK, ChIHAKTAP/IBIH aJIFAIIKbl CATHICHIH O JarblIail
orti [20].

OciMaik  KacymajapblHa BHPYCTBI  BEKTOPJADJbI  JKETKiZy VINH  arpobakTepusiiapibl
KOJITTAHBIN, TPAH3UEHTTI SKCIPeccusl XKyiieciMeH aKybI3Jap/IblH, OHIIPICIH OHAll aBTOMATTAHILIPYTa
6osanel (Fraunhofer USA Center for Molecular Biotechnology, hitp://www.fraunhofer-cmb.org/
KOMIIQHWSICBIHJIA CUSKTHI). ArpobakTepusi CyCIeH3UsICBIMEH OCIMIIKTEp/Ii WHOKYJISAIUSAIAY OICIHIH
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€H OHaMbI OCIMIIKTIH >KepycTi Oeuiirinig 6aTysl MeH 10-30 ceKyHI apabIFbIHIA KillIKeHe CeHiITyIiH
naiia 6oy (0,8-0,9 6ap) yitrapaasr [7].  Bupycrsl BekTOpJApiblH KOMEriMeH TPaH3MEHTTI
9KCIIPECCHsT OIICI APKBLIbI PEKOMOMHAHTTEI aKYy bI3AaP/Ibl AJIYAbIH ChI30achl 1-111i CypeTTe KOpPCeTiIreH.

CvyPET 1 — BUpycThIK BEKTOPJIAPABLIH KOMEriMeH TPaH3MEHTTi SKCIpeccusi 94ici apKblibl PEKOMOMHAHTTHI
aKybI3Japabl adyablH CbI36achl

1 - eciMmaikTep MeH arpobakTepus KyJabTypaJjapbIH ecipy; 2 - eciMmaikrepaiH arpouHduIbTpanuscer; 3 -
ecimaikTepaid MHKyGanusicbl; 4 - GuomMaccaHbl >KUHAY; 5 - aKybI3JapAblH 3KCTPAKIUSCHI; 6 - aKybI34ap/abl
eH/ipicTik Tazasay.

Kagipri yakbITTa BEKTOP Herisinjeri KenrereH BUPycTap aKybl3/lap HeMece KalCuITi aKybI3JapMeH
OGIpIKKEH MENTHATEP/IH IKCIPECCUSICHIHA OMIAFbIIall KO IAHBLIATBIHBL TYPAJIbl CUIIATTAIFAH: TeMEKi
renbininin Bupycel (TTB), kaprontei X — Bupycsl (KXB), 6ambyk Tenbinin Bupyco (BaMV),
nanaiisi Bupycsl (PapMV), xkonpimika tenbininig supycer (AIMV), cubip acOypuiarbl TeHOLIIHIH
supycol (CPMV), caper 6ypiak eprexkeiiiirinin supycsl (BeYDV), kusip ren6ininin Bupycst (CMV)
xkone 1.0, [21]. Mseicasbl, Pseudomonas aeruginosa KOKIpiHJII TasiaChIHBIH, SIMUTONTAPBIMEH KOCA
CPMV xamncuarepiven GeTkeiijie »Kacajfal ery ThIKAHIAP/Ibl aypydan cakran KosaTeiH [22]; XBK
HeTi3iH/erl BEeKTOP apKbLIBI aaaM 16 manmaoMaBUPYCHIHBIH, K7 OHKOIPOTENHI SKCHPEeCCUsIaHFaH
OCIMJIKTEDJIEH aJIbIHFaH SKCTPAKTTapMEH iCiK »KacyIaaapblH eIy Ke3iHje, ThIINKAH/Iap/Ia iCiIKTepIiH
nafia GosybiHa okeamemi [23]. Auaiiza, JKeKeJeHTeH IMenTuaTep HeMece TypJi MaKCATTAFbl
aKybI3Aapabl ay yima naiigansanran TTB men XBK merizinmeri BeKTopsap *Kuipek KOJIIAHBLIAIBI
[21, 24].

TTB men XBK — meusmepi kimkenraii supycrap (mamamen 6,5 MbIH K.H), COHJIBIKTAH OCBI
BUpYCTap HETI3IHJEr BEKTOPJIap apKbLIbl a3 YaKBbITTa KIIMTKEHTall MOJIIEPJI YKeKeJereH MaKCaTThI
TeHJIep/Il XKOFapbl JI9pexKeie dKCIpeccusiiayra 6omaapl. bBipak, ocbl BUpycTap HerisiHaeri BeKTopra
€Ki HeMece OJIaH J1a KOIl MOJIIIePi YIKEH MaKCaTThI TeHJIEP Il KOCKAH Ke3Jie, MaKCATThI aKybI3IapIbIH
a3 KuHaJybl Oaiikamazbr [11, 24]. OcbiraH BHUPYCTBHI IE€HOMBIHAH YJIKEH MeOJIepsi 6eTeH
KipicTipy/epdiH MbFapbLIyMeH KaHaMaJIaHATHIH PEKOMOWHAIINS, HEMECEe BUPYC PEILIMKAIIASICHIHBIH,
TOMeHT1 TuiMIijiri cebenr 60ybl MyMKiH. DBipHerne renmep nHemece MeJiepi yJiakKeH TeHAepAiH Oip
VaKBITTa JKCIPECCULIAYIbIH MOCEJIEIEPIH IIEeNIYIiH Oip »KOJBI - YJIKeH MOJIep/ii KipicripyJep/ai
TYPAKTbl TacU aJaThIH KOHE OJIAPbIH SKCIPECCUsICHIH THUIMJl icke acbipyra MyMKIiHIIr 6ap,
YVJIKEH TDEeHOMJbI BHUpPYyCTap HerisiHgeri BeKTOPJapbl KOJaaHy OoJbinl Tabbuiaiabl.  OchiHgail
BEKTODJIAPIBI aJIyjia TapThIMIAbl yMiTKepaiH 6ipi Closteroviridae TYKBIMIACHIHBIHBIH, BHPYCTAPHI,
AFHU KJocTepoBupycTap Oosbin Tabburaibl.  KiocrepoBupycTap TYKBIMIACHIHBIH OKiJIiHE T€HOM
osmeMi 19 MbIH »K.H. acTaMm OOJIATBIH IUTPYC TEKTECTEP TPUCTEIACHIHBIH, BUPYChI YKATAJIbI.

Kaszipri yakbiTTa eciMaiKTep/iH peKOMOMHAHTTHI aKybI3Iap/IblH Ke3i peTiHje maiimanaHyra ek
KOSATBIH OIp faHa Moceje 6ap, o1 Keiibip aKybI3Jap *KUHAKTAJLYBIHBIH TOMEHI KOPCETKII OOJIBIII
TabbL1a el OJ1 YIMTH 3KCIPECCUSTHBIH TYPJIi CaThLIAPhl OHTARIAHIBIPHLIYBI MYMKIH.
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TpaHcrenai eociMIIKTEpJIEH Jie, aKybI3JAbl TPAH3UEHTTI SKCIPECCUATANTBIH OCIMIKTEPIAEH e
aKybI3/Ibl ajly Kesinjeri npobsiema makcarrbl akybr3 reninin PHK yuzemeyi (PHK-caitrencunr)
6osibit TabbLIaaBl.  PHK-caitmencunr »kacymajap immHge BUPYCTBIH, PEIIMKAIUACBIHA OCEP €Ty
apKBLIbI KONTEreH 3YKApHOTTap/blH BUPYCKA KapChl KOPFAHBIIIBIHA MAaHBI3IbI POJI aTKapa/ibl
[25]. PHK ymzmemey xkacymamga supycret PHK 6ap kesinge rana emec, cOHbIMEH Oipre GOTEH reH
bosrranga na 6ercenmipinyi mymkin. Congeikran PHK yazemey cebebinen akybl3 9KCIPECCUSICHIHBIH
Joperkeci KYTKEeHITHEH aiTapJibIKTalli ToMeH 0oJybl MyMKiH. TOKCaHBIHINIBI KbLiaapaa Potyviri-
dae TyKbIMIachiHa KaTaToid BupycTapbibly, HCPro akysiseinga PHK-caitrencunrti 6acy xabimeri
alTbIIMaFaHIa, OCIMIIIKTEPIerT MaKCATThl aKybI3JIbIH a3 *KUHAKTAJIYBl TypaJbl Mocele KOl YaKbIT
oitbr opbiH asnpl [26]. Hornkecinge ecimuikrep MeH »KaHyapsap BUPYCTApbIHIA COKEC aKybI31ap
aHbIKTaJIbl. Bupycrbl cynpeccopiap (Mbicasbl, TBSV Bupycbinbiy P19 axkybis-cynpeccopbl) MeH
MaKCATThI aKybI3Iap/IbIH KOIKCIIPECCUIChI MaKcaTThl akybid rerinin PHK yaaemeyine tuimai TeTemn
Gepe asaThIHbBI KefiiHri yakplTTa Kepcerisai [27].

E. coli men mpoxkokumapma KacaJiraH 3epTTeysep CupeK Komouaap men kekeseren TPHK cambr
TPAHC/IAUAFa KaXKeT yaKbITKa 9Cep eTe aJlaThIHbIH KepcerTi. Kanpmait ma 6ip arzajga TpaHCSIUs
TUIMIUTITIH apTTHIPpyFa 6arbITTaIFAH TOCLIIEP/IiH OipiHe aMUuH KBIKBLIIBIK PETTLTIKTe KOPiHOeHTiH,
HYKJIEOTHATI PETTLIIKTIH ©3repy KOJbIMEH YKYPETiH KOJIOH/BIK KYPBLIBIMHBIH OHTANIaH IBIPBLIYbI
YKaTaIbl. OpPTYPJl KYMbICTap/a OCBIHIAN TOCIIIl KOJJIAHY OCIMIIKTEpIeri aKybI3IapIblH
sKcipeccust Jppezkecin 5-100 per kerepyre MmyMKiHaik 6epai [28, 29]. Meicasst, 6ip xymbicta Bacillus
thuringiensis crylA MHCEKTUIMITI aKybI34bl KOATARTHIH MeHHIH, SKCIPECCUs JI9PEXKECIH TPaHCreH /Il
KbI3aHAKTAP MeH TeMeKijle CaJIbICTBIPAbI. PerTiniri »kapThliail oHTal/JIaHIBIPBLIFAH T€HOMBI Oap
eciMaikTepe (MmamMamMeH HyKJIeOTUATI KypaMmHbiH 3%-bl) 9Kcupeccus jppexkeci 10 ece ecti, an
PeTTLIr TOJIBIK OHTAIAHBIPBLIFAH eciMaikTepe (IaMaMeH HyKJIeOTUIATI KypbUIbIMHbBIH 21%-bI)
skcupeccus gopexkeci 100 ece ecti. Ochl 91icTiH Tail aIbLILIFEL TYpaJibl TeMeKine GFP skcupeccusicor
JKeHIHIer1 ToxKipudeep e ailToin oTeip [30]. OHTaIbI KOMOHIBIK KYPBLIBIM Oip ©CIMIIKKE 2KATaAThIH
SIZIPO MEH IUIACTHJTED apachiia ja epekmeneneni [31].  KosgaubuiaTbin ©CiMIIKTIH OHTARIBI
KOJIOH/TapPbIMEH COUKeC KepPeKTl PeTTIMKTI maiiiajany, CUHTe3/e/IeTIH aKybI3IbIH, MOJIIIEPIH MOHI
2KOoFapJiaTybl MYMKIiH, SIFHU COHFBI ©HIMHIH KYHBIH JIa TOMEHJETyI'e MYMKIHJIK TyaJbl. KOTOHJBIK
KYPBUIBIMHBIH OHTAMIaHABIPBIIYBIHA CANT CHEeNU(UKAJIBIK, MyTareHe3mi, s 0oJMaca XUMUSIIBIK
CHHTE3JEereH PETTLIIKTI KoJIIanyra 6oJraIbl.

Bupycrer PHK-Tpanckpunre PHK MomekynatapblHbie Oy3bLIybIHA OKeJle aIaThiH CIIeIN(MUKAIBIK,
perriikrep 6oybl MywmKiH |[32]. ConjibIkTaH, PEKOMOMHAHTTHI AaKybI3Jap/blH, KebeiHe,
Keibip KarmailiapaaochlHIail peTTimiKTepmiH maiiza OOJMyBIH aJIbIH aJIy KepeK.  MbIcasibl,
MPHK-#BIH crutaficuar cafiTTapbl peTinjie opekeT ere ajaThiH perTiikrep [33|, TpaHckpwuiims
TEPMUHAIASACHIHBIH, caiiTTapbl, pecTpukiusa caiitrrapsl, JIHK wMermnnenyinin caidTrapbl »KoHe
1.6.. Anaiiga, eciMaikTepie pPeKOMOMHAHTTHI aKybI3Iap SKCIPECCUSICBIHBIH YKOFapJIayblHa KaXKeT
JKaFIafIapIbIH TAHJIAIl AJIbIHYbI, OChI KYHI'e JIeHiH SMIIMPUKAJIBIK, KoJIMeH oresi [34].

Tpanceendi ocimdixmep axywadapdv, ary omcytieci peminde. TpaHCcreHal eciMIiKTepmai »Kacay
Ke3iHae OCiMIIK KaCyIIaCbIHBIH T'€HETUKAJBbIK TpaHC(hOPMAINACEl MEH TPaHCHOpMAITUIIAHTaH
JKacymajgaH OCIMJIKTIH Kejlecl pereHepaluschl CUSKTHI IIPOIECTEP KAMTBIIA L. OciMIikTin
reHeTHKaJbIK TpaHcdopmanusra KablrerTiuiri asram per 80-11bl KbULIAPHI aHBIKTAJIBL [35].
Tpancren i eciMikTepie ajrankbl peKOMOMHAHTTHI (hbapMaleBTUKAJIBIK aKybl3 (6Cy TOPMOHBI) MeH
anTueHesep 1986 men 1989 xbuiaps! coiikecinmie ambuias! [36, 37|. Bipak TpaHcreni KyrepijieH
KOMMEPIHUSIBIK, MaKCaTTa PEKOMOMHAHTTHI akybI3 aBuauHIi Tek 1997 Kbuibl raHa ajia OacTajibl
[38]. Byx engipicrik macmirabrapia akybl3Aap/bl ady YIIiH eCiMIKTep/l MIbIHBIMEH KOJJaHyFa
OOJIATBIHBIH JIOJIEJIIE/T].

TpaHcrerai eciMIiKTepHaeH aJIbIHFaH BaKIMHIBI aKybI3Jap/blH aJFallKbIChl, 1922 KBLIBI
TPAHCTeH/[l TeMEKI/IeH aJIbIHFaH, reaTuT B BUPYChIHBIH OeTKeilyiik anTureniepi 6osst [39]. Ocbiian
KelliH KeIlTereH 3epTTey TOITapbl OCIMIIKTEp/le TYPJi MaTOreHJepP MEH BUPYCTAP/IbIH, BaKIIWMH/IbI
aKybI3JIAPBIH aJy >KOJIapbIH 3epTTedi. Temeki, KapToll, Kbi3aHaK, JIOIepHa >KoHe T.0. TpaHCTeH/Ii
OCIMTIKTEP/IEH BaKIMHJIBI aKybI3/ap/IbIH VJIKEH MOJIIepPl AJbIHJbI: THIPHICKAK, TOKCHUHIHIH B-
cy66ipsiri, renarur B Gerkeiiik antureni (HBsAg), pora- xKoHe manuaioMaBupyCTap/IbIH KAICHITI
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aKybI3JIapbl MEH SUUTONTAPHI, KYTHIPY BHUPYCHIHBIH NENTUJITEP], KBIZBLIMIA KO3IbIPYITBICHIHBIH
reMarrIIoTHHIHIEp] MeH backaaaps! [40).

Kaszipri yakpITTa TpaHCreHJi ©CIMIiJIIKTEep/i ajly IpOoIeci KUbIHFA TYCIENi »KoHe eCIMIIIKTep/e
aKybI3AAPIbl AJIYIBIH €H TaHbIMaJ omici 6osbin Tabbutaabl. OHBIH HEri3iHAe aKybI3Iapabl ajry
VIMH TYPJIi KBI3BIKTHI, Opi YHEMII XKyiiesep )Kacayaabl. MbIcasbl, acThIK TYKBIMJIACTAPALIH JTOHIHIE
aKybI3IAPJIbIH KUHAKTAIYBI, OyJI aJbIHATHIH aKybI3IapAblH KaCHeTTepPiH caKTail OTBIPBIN, OejMe
TeMIIepaTypachlHa OChl IOHJEP/l KOIl yakbIT Goiibl cakTayra MyMKiHik Gepemi [41]. Axybizgapibt
AJIYIbIH OCBIHIAM oiici OapJiblK KJANMATTBIK JKarjgaiyiapia aKybI3JapAblH YJIKeH MOJIIepiHn
alyra MYMKIHIIK TYFbI3aabl. Ajaiiga, OyHIall OiCTIH KeMIIIKTEPl acThIK TYKBIMIACTBIPIBIH,
KyJILTUBUPJIEYiHe KeTeTiH KOIl YaKbIT IeH Kabailbl TUIMITI ©CIMIIKTEeH afKACTBIPBLITAH TO3AHIAHY
Ke3iH/e TeHIEPIiH TaChIMAJIAHYBIHBIH MYMKIHITI OOJIBII TaOLLIa LI, aja Oy/ alTbLIFaH OIICTIH
KOFaM/IbIK, KAOBLIIAYbIHA, afTap IbIKTal IeK KOSIIbI.

Tpancrerai eciMIiKTep/ieH aKybI3AaP/Ibl aIy/IbIH 0ACThI KEMIMMIriHe TeHIep IKCIPECCUIChIHBIH,
TPAHCKPUIIMOHIbI HEeMece IOCTTPAHCKPUIIIMOH bl 6acy by (gene silencing) casapbiHan 60J1aThIH
MaKCATThl AaKybI3 DKCIIPECCHUSICHI JIPpeXKeciniH, Oo/KaMabl OoMaybl KaTabl. Tpancrenmi
OCIMJIIKTEPMEH AJIBIHATHIH MaKCATThI aKybI3JIaPIbIH, SKCIIPECCHUS JIDPEYKEC] DIeTTEe TOMEH — IIaMaMeH
Kaabl akyb3aelH 0,1%-b1.  Mpblcasbl, TeMeKiHiH TpaHCTeHl YJaJapblHIa aJaMHBIH CapbICy
a’bOyMUHIHIH, Meumepi »Kajnbl akybi3jablH cabiHad 0,02%-ae1 Kypagaer [42].  Dpurporostun
(0,003%) men b-unrepdeponra (0,001%) oman ma TemeHn MoHzep asblHABL (43, 44]. AKybI3IbIH
TOMEH OHIMJIJIIri, OHBIH OYKin eHmipic OaracblHbIH Herisri OeJiirin ajarTbiH, Ta3apTy KYHbLIH
JKOFapaaTaIbl. PexoMmOuaaHTTBl J1aKTOMEPPUH OHIMJIIINHIH SKOHOMHUKAJBIK THIMIIJIIrHEe
JKyprisizren xympicrapyia [45] COHFBI OHIMHIH KYHBI 9KCIIPECCHUS JIDPEXKECiHe Kepi HPOHOPIHOHAI
ekeri kopceTii. COHIBIKTAH, aKybI3/Iap aJIydarbl 0acKa TeTepoJIOTUsIIBIK Kyliejepre KaparaHa,
eciMJIKTED Jie OCBIHJAll »Kyite periHjge Oocekere kabijerti 6Gojy yimiH, OapJiblK epu  aJaThIH
akybI3JIap/IbiH KeM jiererjie 1% sKcnpeccusi 1opexkecin any Kepek [34].

Kagipri ke3me Tpamncrenmi eciMIikTepai ajy oJicTepi 2KaKChl KeTiIipiareHiMeH, TpaHCTeHIi
ociMIIKTI »kacay, Oyl Ke3eKTe OJaH aKybI3Jbl aJly, alTapJIbIKTail yaKbITThl KaxKeT eTemi. by,
COHBIMEH KaTap aKybl3 KO3l peTiHle I'eHeTUKAJIBIK, TPpaHcOopMaIUsIIaHFaH OCIMIIKTEPIiH KOJIAHY
MyMKIiHIITiKTepin mekTeitai. Oman 6acka, TPAHCTeH I OCIMIIKTEPl KyJIbTUBUPJIEY OHOKAYIIICI3IiK
TaJIAIITapbl MEH MEMJIEKETTIK IEeKTeyAeP/IiH 6CyiMeH KUBIHFa TYCe/li.
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PacrTurenbHasi cucrema JKCIIpeccun 6eJsIKOB

AnHoTanusa. B HacTosiiee BpeMsi IPUMEHSIIOTCS TPAH3UEHTHAs U TPAHCTeHHAs SKCIIPECCHsI OEJIKOB B PACTUTEJILHOM CHCTEME.
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Plant protein expression system

Abstract. Currently, transient and transgenic expression of proteins in the plant system is used. It allows to get a certain
amount of protein in a short period of time. Also, it is safe and cost-effectively.
Keywords: plant system, viral vectors, protein expression, transient expression, transgenic expression.
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ITosio>keHMEe O PYyKONNCSIX, IIPEACTABJIsIEMbIX B >KypHas «BectHuk EBpasuiickoro HanjMOHAJIBHOTO yHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi Buosiornyeckue Haykum»

1. Ieas >xkypHaJa. llybiukanus TImaTesbHO OTOOPAHHBIX OPUTMHAIBHBIX HAyIHBIX PabOT 1O HAIIPAaBJIEHUSIM OHOXMMUSI,
MOJIEKYJIsipHasi OuoJiorusi, OmoTexHoJIOrUsl, OMOMHMOpPMATUKA, BUPYCOJOrusi, OunodusnkKa, OHOMHI)KEHepUsi, (UINOJIOTHSI,
OOTaHMKA, 300JI0TUsI, SBOJIIOIMOHHASI OUOJIOTHSI, PTEHETUKA, MUKPOOUOJIOTUs, OMOMEIUIIMHA.

2. Aspropy, KejaoleMy OIyOJIMKOBATbH CTATHIO B 2KypHaje HEOOXOAMMO IPEJCTaBUTH PYKOINUCh B TBEPIOH Komuu
(pacneuaTaHHOM BapHaHTE) B OJHOM 3K3eMIUIApE, MOLIHCAHHOM aBropoM B Otries HayuHbIX u3ganuit (mo agpecy: 010008,
Kazaxcran, r.Acrana, yi. CarnaeBa, 2, EBpasuiickuii HaIlMOHAJbHBIA YHUBEPCUTET WM. JIL.LH.I'ymunea, YdyebHo-
aJIMIHUCTPATUBHBIA KopItyc, Kab. 408) u mo e-mail eurjourbio@enu.kz B dpopmare Tex u PDF . Ilpu sT0M JOMKHO GBITH CTPOrO
BBIJIEP?KAHO COOTBETCTBHE Mex 1y Tex-daitiom, PDF-daitnom u TBepoit konueii. [11abon crarsu B popmare tex npuBeieH HA
caiire »xypHaJa bulbio.enu.kz. ABrop A Tak:ke aBTOpy(am) HEOGXOAUMO IPEJOCTABUTH CONPOBOJUTELHOE MIUCHMO.

SI3bIk myGauMKanUil: Ka3axXCKuil, pyCCKuil, aHTJINACKAMN.

3. OrnopaBieHue craTell B peJaKIMIo O3HAYaeT coIjlacue aBTOpOoB Ha mnpaBo Msnarensi, EBpasuiickoro
HanuoHaJbHOro yHuBepcurera umenu JI.H. 'ymuneBa, usgaHusi crareil B >KypHajie M MNEePEU3JAaHUsI UX Ha
Jao60oM mHOCTpaHHOM s3bIKe. IIpenacraBiasisi TekcT paboThl A nNyGauKanuy B >KypHaJie, aBTOpP rapaHTUpyeT
NPaBUJIBHOCTb BCEX CBeAeHUil o cebe, OTCyTCTBHE ILIarnara u Apyrux (popM HEeNpaBOMEPHOr'O 3aMMCTBOBAHUS B
pyKomnucu, HajJjiexkainee oopMIIeHNE BCEX 3aMMCTBOBAHUN TEKCTa, TabGJull], CXeM, NJIIIOCTPALUIA.

4. O6beM cTaTby HE JOJIKEH IpeBblnarh 18 crpanur (ot 6 crpaHu).

5. CxeMa IOCTPOEHUS CTATbU

I'PHTH http://grnti.ru/

Hruyuaast v Pamuauro aemopa(os)

INoaroe naumenosarue opzanusdayuu, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3ANUAX, HEOOXOIUMO
[IOCTaBUThH OJIMHAKOBBIA 3HAYOK OKOJIO (DaMHJIMM aBTOPA U COOTBETCTBYIOIIECH OPraHU3aIIN)

E-mail asropa(os)

Hassanue cmamvu

Annomayus (100-200 ci0B; He AOKHA COAEPXKATH (DOPMYJIbI, HE JOJKHA IIOBTOPATH II0 COJEPYKAHHWIO HA3BAHHE
CTaTbH; HE JOJIXKHA COZEpXKaThb OubsmorpaduvecKue CCHUIKH; JOJIXKHA OTParKaTh KPATKOE CONEPXKAHUE CTATbU, COXPAaHsIs
CTPYKTYpy CTaTbW — BBEJIEHHE,/ IIOCTAHOBKA 3aJa4M,/ NeJu/ HMCTOpPHUS, METOJbl HCCJIEOBAHUSA, DPE3YJIBTATHI/00CYKICHUS,
3aKJIIOYEHNE / BBIBOJIBI ).

Karouesvie caosa (6-8 cnos/crnoBocoueranmii. KuriodeBble €I0Ba JOJKHBI OTParkKaThb OCHOBHOE COJIEPYKAHUE CTATHH,
HCIIOJIb30BATH TEPMUHBI M3 TEKCTa CTATbU, & TAKXKE TEPMUHBI, ONPEJEJISIONINe IPEIMETHYIO O0JaCTh U BKJIIOYAIONIUE IPYyrue
BaXXHbI€ IMOHATHLA, IIO3BOJIAIOIIINE O6J'IeI“II/ITI) U paCcIMpuTbh BO3MOXKHOCTHU HaAXOXK/ICHHA CTATbU CpeACTBaMHU I/IHCbOpMaLII/IOHHO—
[IONCKOBOM CHCTEMBI).

OcnoeHoli meKrem cmambu JTOJKEH COJIePXKATh BBeJIeHHe,/ MOCTAHOBKY 3aJ[adu,/ 1eJii/ MCTOPHIO, METOABI UCCIIEIOBAHNSI,
pe3y/IbTaThl/ 06Cy K IeHHE, 3aKIIOYeHNE /BBIBOJIBI.

Tabaruysbl, pucyHKy HEOOXOIUMO PACIOJIAraTh MOCIe YIIOMUHAaHMS. KarKI0il MIIIOCTPAIUN OJIKHA CJIeJ0BATh HAIINUCh.
Pucynku nosi>KHbI ObITH 9€TKUMU, YUCTBIMU, HECKAHUPOBAHHBIMU.

B craTbe Hymepyrorcs siniib Te hOPMYABL, HA KOTOPHIE IO TEKCTY €CThb CCHLJIKH.

Bce abbpesuamyps u cokpauwerHus, 3a UCKIIOUEHUEM 3aBEJOMO ODOIIEU3BECTHBIX, JOJIXKHBI OBITH pacuiudpoBaHbl IIPU
IIEpBOM YIIOTPEOJICHUH B TEKCTE.

Ceenenus 0 purarcosoti noddepotcke paboThl YKA3LIBAIOTCI HA IIEPBO CTPAHUIE B BHAE CHOCKH.

Cnucox aumepamypuvt

B Tekcre cchuiku 0GO3HAYAIOTCSA B KBAJIPATHBIX CKOOKax. CCbUIKHM JOJIKHBI OBITH MPOHYMEPOBAaHbLI CTPOrO IO MOPSIKY
YIOMUHAHHS B TeKcTe. [lepBast cChIIKa B TEKCTE Ha JIATEPATypPy AOJKHA UMeTb HoMep [1], Bropas - [2] u T.a. Ccpuika Ha KHUTY
B OCHOBHOM TEKCT€ CTATbU JIOJI?)KHA COIPOBOXKJIATHCS yKA3aHUEM HCIIOIb30BAaHHBIX cTpanul (Hanpuwmep, [1, 45 crp.]). Ccbuikn
Ha HeOIyOIMKOBaHHBIE PaGOTHI He JOIYCKAIOTCA. IHerKesaTeIbHBI CCBIIKM Ha HEPENEH3UPyeMble M3JaHUs! (IIPHMEDBI OIMCAHUS
CIHCKA JINTEPATYPbI, ONUCAHUS CIMCKA JIUTEPATYPbI CM. HUXKe B obpasie odOPMIICHUS CTATbH).

B koHIIe cTaThy, mOCIIE CIIUCKA JIUTEPATyPbl, HEOOXOIUMO yKa3aTh bubauoepagPuueckue 0aHHble Ha PYCCKOM U aHTJIMHCKOM
a3blkax (ecam craTbsa oOPMIIEHA Ha Ka3aXCKOM fA3bIKE), Ha Ka3aXCKOM M AHIIMHCKOM f3bIKax (ecyau crarbsa odopMiieHa Ha
PYCCKOM 5I3BIKe) 1 Ha PYCCKOM M Ka3aXCKOM A3BbIKAX (eCJ’II/I CTaTbsA O(bOpl\/IJIeHa Ha aHTJINHCKOM HBBIKG).

Cesedernus 06 asmopax: damuaus, UMs, OTIYECTBO, HAYIHAS CTENEH, JOJ2KHOCTb, MECTO PabOTHI, MOJHBIA CIIyKEOHBIH
azapec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIJIMACKOM SI3bIKAaX.

6. Pykomnuce noskHa ObITH TIHATEJIBHO BBIBEPEHA. PyKomucu, He COOTBETCTBYIOIIUE TEXHUYECKUM TpeOOBaHUAM, OYIyT
BO3BpaIleHbl Ha 10paboTKy. BosBpalnenue Ha 7opaboTKy He O3HAYAET, YTO PYKOIUCH IIPUHATA K OILyOJIHMKOBAHIIO.

7. Pabora ¢ 3JIeKTPOHHOI KOPPEKTYPOIi. Crarpu, nocrynusmme B Otaen HaydHbIX wu3ganuil (pegakims),
OTIIPABJAIOTCA Ha aHOHUMHOE PEIIEH3NPOBaHUE. Bce PEeneH3un 110 CTaTbe OTIIPABJIAIOTCA aBTOPY. ABTOpaI\/I B TedeHue Tpex ﬂHeI‘/JI
HEOOXOIMMO OTIPABUTH KOPPEKTYPY crarbu. CTaTbu, MOJIyYHUBIINE OTPUIIATEIbHYIO PEIEH3UI0, K MOBTOPHOMY PAaCCMOTPEHUIO
HEe IIPUHUMAaIOTCHA. I/ICHpaBJIeHHbIe BapuaHTBI cTaTei U OTBET aBTOpPa PEIEH3CHTY IIPUCHIJIAOTCA B PEIAKITUIO. (jTaTbI/I7 HUMeEIoIue
IIOJIOXKUTEJIbHBIE PEIEeH3UH, IIPEJICTABIISIIOTCS PEIKOJIJIETUH XKYPHAJIA JJIst OOCYK/IHUS M YTBEPXKAEHUS JJIsd I1yOTUKAIIH.

ITepunomgunyHocTh >KypHaJsa: 4 pa3a B rof.

8.Omata. ABTopaM, HOJIYYUBIIUM IIOJOXKUATEIHHOE 3aKJIIOUCHUE K OIlyOINKOBAHUIO HEOOXOIUMO IIPOU3BECTH OILIaTy (s
corpyauukoB EHY — 4500 renre, 151 cropoHHuX opraxusaiwii — 5500 Tewre).
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L L.N.Gumilyov Eurasian National University, Astana, Kazakhstan
2 Estacion Experimental del Zaidon (CSIC), Granada, Spain
(E-mail: gmukiyanova@gmail.com, a.j.alua@gmail.com, mgjpozo@eez.csic.es, romarov@gmail.com,)

Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.

TEXT OF THE ARTICLE

- The main text of the article should be divided into clearly defined and numbered sections
(subsections). Subsections must be numbered 1.1, 1.2, etc. Required sections of the article:

1.Introduction should supply the rational of the investigation and its relation to other works in
the same scope.

2. Materials and methods should be detailed to enable the experiments to be repeated. Do
not include extensive details, unless they present a substantially new modification.

3. Results section may be organized into subheadings. In this section, describe only the results
of the experiments. Reserve extensive interpretation for the Discussion section. Avoid combining
Results and Discussion sections.

4. Discussion should provide an interpretation of the results in relation to previously published
works.

5. Conclusion The main conclusions of the study can be presented in a short section "Conclu-
sions".

6.Author contributions should indicate the individual contribution of authors to the manu-
script.

7.Acknowledgments should be brief and should precede the References.

8.Funding the source of any financial support received for the work being published must be
indicated.

Ethics approval Manuscripts reporting animals and /or human studies must that relevant Ethics
Committee or Institutional Review Board include provided or waived approval.

Tables

Tables must be placed next to the relevant text in the article. Number tables consecutively in
accordance with their appearance in the text and place any table notes above the table body.
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Tasmunia 1 — Title of table

Prime Nonprime numbers

2,3,5,7, 11, 13,17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

Figures

Figures must be saved individually and separate to text. All figures must be numbered in the order
in which they appear in the article (e.g. figure 1, figure 2). In multi-part figures, each part should
be labeled (e.g. figure 1(a), figure 1(b)). Figures must be of sufficiently high resolution (minimum
600 dpi). It is preferable to prepare figures in black-and-white or grey color scale. Figures should
be clear, clean, not scanned (PS, PDF, TIFF, GIF, JPEG, BMP, PCX).

I

Pucyhok 1 — Title of figure
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U JLH.Dymunes amvmdaen, Eypasus yammo ynusepcumemi, Acmana, Kasaxcman
2 Ucnanusnos yammo sepmmey urncmumymon, T'panada, Hcnanus

Solanum lycopersicum ecimairinge pe3ucTeHTTiIIK >kayanTeiH tomato bushy stunt
virus (tbsv) BupyceiabiH p4l KancuAaTiK akybI3bIMEH GesiceHaipinyi

Anvoranmsa. Tomato bushy stunt virus (TBSV) supycbimen kogramarsin P19 akybsI3or
PHK wunaTepdepennsannie, KyaTThl CyIHIpeccopbl OoJibil TabbLiambl koHe Nicotiana benthami-
ana ecCiMJIKTepiHiH BUPYCIEH KYKTBIPBLIYBIHIA MAaHBI3IbI POJI aTKapaibl. P19 akybI3bIHBIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMJIAHYBI aflKbIH KOPIiHIC Oepemdi Jie, ©CIMIIKTIH TOJBIK KOJIIAICHIHA
okeyin cokThipabl. CoHbIMeH Karap cympeccopdibik P19 akybrser Nicotiana tabacum ecimiriame
TUIIEPCE3IMTANIIBIK, PEAKITUICHIH Oesicenmipyre xkayanTsl. Bupycroin P41 kamncuaTik akybIi3bl BUPHOH
KYPBLIBIMBIH KAJIBIITACTBIPHII, OCIMIIK OOHBIMEH TapaJiayblH KaMTaMachl3 eTeii. AJIbIHFaH 3epTTey
woruzkesepi TBSV Bupycbinbiy kabaiibl Tuninin undexuscsl Solanum lycopersicum (Money maker
cypbIObl) KbI3aHAK OCIMJITIHE BUPYCKA KAPChl TO3IMIUIK KayaOblH TYJIbIPDATHIHBIH AHBIKTAIBI.
OCIiMIIKTIH TaMblp KOHE >KAIBIpaK yJrmachkiHga P19 akybI3bIHBIH KUHAKTAJIYBIHA KapaMacTaH
BUpPYCIEH 3aKbIMJIAJYALIH CBHIPTKBI KepiHici Hamap Oaiikaamsl. Agaiina, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramacel BUpyCIieH 3aKbIMIAIFAH OCIMIIKTEP/IE YKACY ALK
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G.S. Mukiyanova' , A.Zh. Akbassova'l, J. Maria Pozo?, R.T. Omarov !

MeTabOM3MIHIH @3repyiH aHBIKTaAbl. AJT BUPYCTBIH, KAMCHATIK aKybI3bl SKCIPECCUIIAHOANTHIH
MyTaHTIIEH WHMEKIUS TYAbIPFaH/a, KbI3aHAK OCIMJIKTEP] KOFaphl Ce3IMTaJIIbIK, KOPCETil, XKyhesik
HEKPO3Fa YIIbIPaJIbl. 3epTTey HOoTUXKeyepi KbizanakToiH Money maker cypeiobraga TBSV Bupycbina
KapChl KOPFaHbIC MEXaHU3MIEP] BUPYCTHIK, KAIICUATIK aKybl3 P41-1i TaHy apKbLIbl OeJICeH i piIeTiHiH
KOpceTei.

Tyitin ce3aep: Tomato bushy stunt virus (TBSV), Bupyc, kancuarik akysi3, BupuoH, Solanum
lycopersicum, pesucrentriiik, PHK-unTepdepenius.

I.C. Mykusinosa ', A.2K. Ak6acosa', M.X. ITozo?, P.T. Omapos !

! Bepasutickuti navyuonarvronti yrnueepcumem umerw JI. H. Tymunesa
2 Henanckuti mayuonaionsid ucciedosamenverut yenmp, I'panada, Henanus

Karnicugusrit 6e1ok p41l Bupyca tomato bushy stunt virus (tbsv) akTuBupyer
PEe3UCTEeHTHOCTh Yy pacTeHuil Buja solanum lycopersicum

Awnnoranms. Komupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 sisisiercs
MorabiM cynpeccopom PHK wmaTepdepennun u urpaer BaXKHYIO POJib IpU WHMEKIUU PACTEHUI
Nicotiana benthamiana, koropasi xapakTepusyercsi SPKO BbIPAYKEHHBIMHU CHMIITOMAME 3a00/I€BaHUS
U CHCTEMHBIM KoJutaricoM. Kpome Toro, 6esok P19 spisiercs 3/ucuTOpOM THIIEPUyBCTBUTETHEHOTO
orBera y Nicotiana tabacum. Kamncupgnsrit 6esok Bupyca P41 dpopMupyer BUPDHOHBL U CIIOCOOCTBYET
pasBuTuio cucreMuoit uudeknuu. [lojgydeHHbple HaMU JAHHBIE IMOKA3aJMd, YTO UPU HHMEKIUU
mukuM turnoM TBSV y pacrennit suna Solanum lycopersicum (copr Money maker) akrusupyercs
pe3ucTeHTHBI oTBeT. He cMOTpsi Ha CHUCTEMHYIO aKKYMYJSIHUIO Oesika cymnpeccopa P19 B simcrhsax
U KODHSIX, y PACTEHHUil He HPOSBJISIOTCA BUJIUMBIE CUMITOMBI 3abosieBanus. (OJHAKO, aHAIN3
Chlorophyll Fluorescence Imaging system (Chl-FI) nokaszasn, 4ro B mHDUIMPOBAHHBIX BHPYCOM
PACTEHUSIX MPOUCXOAT 3HAYNTEIbHbIE U3MEHeHnsT MeTabom3Ma. Bostee Toro, mHMEKIUs pacTeHwi
myranTom TBSV no kancugunomy OesikKy HIPUBOJIUT K CHCTEMHOMY HEKPO3y TI'ubesin pPACTeHHIA.
[Toyuenmbie qaHHble YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3aIINTHBIE MEXAHU3MBI B OTBET
Ha, 9KCIIpeccrio Kamncuanoro denka P41 supyca TBSV.

KuroueBbie cioBa: Tomato bushy stunt virus (TBSV), xancumustit 6esok, supuon, Solanum
lycopersicum, pesucrentnoctsb, PHK-unrepdepentus.
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