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ABSTRACT

The expansion of exports and imports of potato and tomato crops between countries contributes
to the rapid spread of the most harmful species and strains of phytopathogenic fungi around the
world. Due to it, the identification of phytopathogenic fungi is important for agriculture. Currently,
molecular-genetic methods are considered as one of the modern and promising methods for the
diagnosis and identification of plant diseases, which allow identifying microorganisms without
any knowledge of its biological features. One of the recommended methods for identification and
classification of taxa is the determination of the nucleotide sequence of nuclear ribosomal gene
regions.

276 infected potato tubers and tomato fruits were used to identify phytopathogenic fungi
isolates, which were collected from production storages. Molecular-genetic identification of
microorganisms based on the analysis of the nucleotide sequences of the ITS region made it possible
to taxonomically identify 102 isolates of phytopathogenic fungi that belong to 7 genera. It was
revealed that the proportion of fungi, which belohg to the genera Fusariun{60%), Penicillium (15%)
and Clonostachys (12%), Alternaria (9%) were dominated in the generic structure.

The Isolation frequency(Fr) and relative density(RD) of 7 generaphytopathogenic fungi
were calculated according to the results of molecular-genetic identification.Isolation frequency
(Fr) of fungi genera ranged from 0.3% to 22.1%. Relative density of fungi species ranged varied
0.9% to 59.8%.

Thereby, molecular-genetic identification based on the analysis of the nucleotide sequence of
the ITS region made it possible to perform identification of pathogens on potato and tomato under
production storage. Also, fungi Clonostachys and Acrostalagmus genera were isolated, which are not
pathogens of potato and tomato diseases.

Key words: potato, tomato, fungi, ITS region, identification, isolation frequency, isolation
relative density.

INTRODUCTION vironmental problems such as water scarcity, harsh
climate conditions and fungal diseases.

Kazakhstan is located in the Central Asia. It has Potato and tomato are universal highly popular
a population of 17.54 million inhabitants (6 people over the world [3]. In many countries and in urban
Perssig kohofd amdl avdagr[1]. areas, level of its consumptionarerising. Because of
nearby countriesare the main trade partners of Ka  that, demand for potato and tomato is increasing.
zakhstan [2]. Although, Kazakhstan has large ter- The government of Kazakhstan givesmore privaty to
ritory of fertile land. However, the country has en  support the well-being of its population [4]. Due to it,
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Kazakhstan has national development programmes,
which force to support development of agriculture
and food industry, especially for cultivation and pro -
motion of cereals, fruits and vegetables [5- 7]. Grow -
ing potatoes is very important for Kazakhstan, as it
is one of the main food products for population.The
average planted area under this crop in the republic
is about 186.3 thousand ha, however, due to the low
yield, the gross harvest of tubers does not meet the
needs of agriculture. From 2015 to 2017, potato pro-
duction in Kazakhstan increased marginally from
3.521.0 to 3.551.1 thousand tons and yields ranged
from 185.5 centner/ha to 194.2 centner/ha [8].

Among vegetable crops, tomato is one of the
most important year-round sources of vitamins, or-
ganic acids, pectins and valuable minerals. Tomatois
considered as an essential source of antioxidants ¢ly -
copenecandecrease risk of chronic diseases, such as
cancer and cardiovascular disease [9]. Tomato yield
does not fully meet the needs of the population.One
of the reasons for the low tomato yield is the defeat
of a wide range of diseases - fungal, bacterial and vi-
ral etiology [10]. According to Kazenas L.D. 28 dis
eases of tomatoes are registered in Kazakhstan [11].

The planted area for tomatoes was 29.485 ha,
the gross harvest of tomato fruits - 739 tons and
yield - 250.638 hectagram per hectar in Kazakh
stan in 2017 [12].

To meet the needs of the Kazakhstan population,
potatoes are imported annually from countries near
and far abroad, such as Iran, Pakistan, Russia, Belarus,
Germany, China, Netherlands, Georgia, Azerbaijan,
Ihjikistan, Afghanistan, and Kyrgyzstan

The expansion of export and import between
countries contributes to the rapid spread of the most
harmful phytopathogenic fungi species and strains
around the world.

Late blight is a common disease of plants such as
tomatoes and potatoes, capable of wiping out entire
crops on commercial-scale fields. Caused by a fun
gus-like pathogen, it first appears as black or brown
lesions on leaves, stems, fruit or tubers. Today, late
blight still causes more than 6.7 billion dollars in
annual losses worldwide. [14], therefore, the iden
tification of phytopathogenic fungi is important for
agriculture. Constant and accurate control over the
phytosanitary state of the environment and agricul
tural plants ensures food and biological safety.

For disease diagnosis is used microscopy of af
fected tissues to detect a pathogenic microorganism
and its identification by the structure of mycelium

and sporulation characteristics [15]. Microscopic
analysis is the most common in the practice of spe
cialized laboratories for agriculture.Disadvantages
of microscopic analysis is that many fungi are difh
€1 to cultivate or unculturable

Direct detectionof fungi enables a deeper under-
standing of natural microbial communities, which
chit heperformed quickly and accurately One
of the recommended methods for identification and
taxonomic classification of phytopathogens is the
determination of the nucleotide sequence of nucle
ar ribosomal gene regions [17]. Pryce et al. in their
work showed that ITS regions can be used to identi-
f¥8hngonrad L. and colleagues have shown
that the internal transcribed spacer (ITS) region has
the highest successful probability of identification
for a wide range of fungi [19].

The aim of this work is to molecular-genetic iden -
tification of causal agents of fungal diseases on potato
and tomato collected under production storage.

Materials and methods

Collection of infected potato tubers and toma -
to fruits.Infected potato tubers and tomato fruits
was collected in 2018 (spring) from storage of RSE
fINational Center for BiotechnologyScience Come
tee Ministry of Education and Science of the Repub -
lic of Kazakhstan (Stepnogorsk) and market (Shang-
hai, Nur-Sultan). The total number of samples made
up 276 potato tubers and tomato fruits.

Isolation and pure culture of fungin order
to isolate pathogenic fungi from potato tubers and
tomato fruits, studied plant materials were prelim
inary washed from soil and various impurities. The
surface of the plant materials was sterilized in 1%
sodium hypochlorite for 2 minutes. Healthy potato
tubers and tomato fruits were sterilized with 75%
ethanol and used as a control. A sterile small piece
was cut off at the border of infected and healthy tis
sue and placed on an agar medium PDA (Potato inr
fusion 200 gm, dextrose 20 gm, agar 20 gm, DW)
and incubated in a thermostat at 28° C for 2 weeks.

After isolation of cultures from infected potato
tubers and tomato fruits, they were purified from
other organisms and microorganisms are main
tained in a viable state free of contamination. The
isolated pure cultures were subcultured on Czapek
agar medium.

DNA extraction. DNA was extracted from two-
day cultures of phytopathogenic fungi isolated from
infected potato tubers and tomato fruits using the
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pHenol-chloroform method

Direct DNA sequence determination.
For genotyping of the ITS region, a polymerase
chain reaction (PCR) was performed using

Table 1. ITS region amplification conditions

primers: ITS4 (8243) ¢ tcctecgttattgatge m ITS5 ¢
ggaagtaaaagtcgtaacaagg (Sigma Aldrich, UK).

Amplification was performed according to the
following conditions (table 1).

PCR mix Parametrs
Reagents Volume PCR cycling parameters | Cycles
Forward ITS4 (5 pmol) 0.8ul 94°C - 5"

Reverse ITS5 (5 pmol) 0.8pl 95°C - 30 30
10xBuffer 3ul 52°C - 30

dNTPs (0.2 mM) 3ul 72°C ¢ 50'

MgCl 2mM 3ul 72°C¢T7"

mQ Up to 20 pl Storage 4°C

Taq Polymerase lu

DNA(50 ng) 5ul

Subsequently, electrophoresis was performed
on 2% agarose gel with 5 pl of the reaction mixture.
The results were documented using a gel recording
system «BIO-RAD».

The dephosphorylation of the 5>-terminal phos-
phate groups in the amplified reaction mixture was
carried out during incubation with 0.5 unit alka

Table 2. Sequence PCR parametrs

line phosphatase of Arctic shrimp (Shrimp Alkaline
Phosphatase, Fermentas) minutes at 37°C for 30
andfollowed by inactivation of the enzyme by heat
ing for 10 minutes at 85°C. Direct DNA sequence de -
terminationwas performed according to the Sanger
method using the BigDye Terminatorv 3.1 Cycle se-
quencing Kit (table 2).

Mix for PCR Parametrs
Reagents Volume PCR cyclingparameters Cycles
Forward/Reverse (3.2pmol) 1ul 96°C ¢ 1’
5xBuffer 1l 96°C ¢ 10" 25
Terminator Ready Reaction Mix 1ul 50°C ¢ 5"
mQ Upto 10 60°C ¢ 10’
PCR product 2ul Storage 4°C

Purification of the reaction mixture from un-
bound components.Purification of the reaction
mixture from unbound components was carried out
with the mixed solvents composed of ethyl-acetate.

Ethyl-acetate (40 pl):

3M CH,COONa (pH 4.6-5.2) ¢ 1.5 yl;

C,H,OH (95%) ¢ 31.3 y;

dH,0 ¢7.25 ul.

40 pl of ethyl-acetate mixture was added to each
tube. It was held at room temperature for 30 min
utes, and then centrifuged at 12000 rpm for 30 min-
utes. The supernatant was removed, 80 ul C2ZH50H
(75%) was added to the precipitate, then centrifuged
at 12000 rpm for 30 minutes. The supernatant was
removed, the precipitate was dried at room tempera -
ture for 15 minutes. Then, 14 pl of Hi-Di Forma
mid (Applied Biosystems) was added to precipitate.
Then, products maintained for 20 minutes at room
temperature and denatured at 95°C for 2 minutes;
134

(cooled in ice for 5 minutes). Direct sequence deter-
mination of ITS region was used for identification of
species with followining determination of the nucle-
otide identity with the sequences deposited in the in -
tattptiomal GecbBank data base
nlm.nih.gov/genbank/).

Isolation frequency (Fr) andrelative density
(RD) and of fungi based on molecular identification
(genera and species).

Relative density(RD) and isolation frequency
(Fr) of genus were determined according to as fel
lows: [21, 22, 23].

Isolation frequency (Fr) of fungi species was cal -
culated according to formula I:

o) (1S
Fr (%)= 25} x100 .

Where, ns is the number of samples on which
a fungus occurred; N is the total number of seeds
sampled.



§ Eurasian Journal of Applied Biotechnology. No.2, 2019

The relative density (RD) of fungi species was
calculated according to formula 2:

RD (%):inﬁil x100

(2)
Where, ni is the number of isolates of a fungal genus,
and N is the total number of fungal isolates obtained.

RESULTS AND DISCUSSION

One hundred and one mould isolates (in 7 gen-
era) were obtained from 189 infected potato tubers
and 87 tomato fruits (figure 1).

C

(A) potato tubers in production storage; (B) infected potato tuber; (C) selected tomato fruits;
Fig.1. Infected potato and tomato plants selected at production storages

For molecular-genetic identification of micro
organisms, 102 pure cultures were obtained from

collected plant materials (figure 2).

(A) Clonostachys; (B) Acrostalagmus; (C) Fusarium
Fig. 2. Pure cultures of Fungi

Molecular-genetic identificationusing
the analysis of the nucleotide sequences of
the ITS region allowed to provide taxonomic
classificationof 102 isolates of phytopathogenic
fungi. Occurrences of representativeEusarium
and Penicillium genera prevailed others with ae
count of 60% (61 out of 102 samples) and (15%)
(16 out of 102 samples), respectively (figure 3).
This is relevant to the findings of [24] who iden
tified Fusarium, Penicillium, Butryodiplodia and
Rhizopus species from potato cultivars. This study
has shown that fungal rot is the greatest cause of
spoilt of potato tubers in storage. Colonization of
the tubers by fungi will lead to reduction in con
sumption materials and itsvalue. Moreover, Kaze-
rooni et.al revealed that is Aspergillus and Fusari-
um species are most abundant class in tomato [25].

Occurrences oflonostachys, Alternaria,
Acrostalagmus, Cladosporium, and Nectriagener-
awas different (12%, 9%, 2%, 1%, and 1%, respec-
tively) (figure 3).

In addition to potato pathogens, fungi of Clo
nostachys and Acrostalagmus genera were isolated.
These fungi are not causal agents of potato diseas -
es, since they are contained in the soil mycobiota
[26During potato storage, there are soil resi
dues, which can consist various specious of fun
gi that are not phytopathogenic microorganisms.
Many of them able to winter in stored tubersOw
ing to the fact that potato tubers are rich in water
and starch, they can be considered asa favorable
substrate for the development of other microscop -
ic fungi.
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The genus Nectria

The genus 1%
Acrostalagmus The genus Alternaria
The genus
Cladosporium

1%
The genus _.
Clonostachys &
12% <

Fig.3. Identified fungal isolates (n=102)

Using ITS region sequences, Fiers et al. studied
diversity of microorganisms associated with atypi-
cal superficial blemishes of potato tubers in France.
They reported that the most represented fungi be-
longed to the generaFusarium, Rhizoctonia, Alter-
naria, Penicillium and Clonostachys{27]. Emil Ste-
fanczyk et al. studied the diversity of Fusarium spp.,
which are associated with dry rot of potato tubers in
Poland. In our work, about 60% of samples belonged
to the genus Fusarium [28].

Isolation frequency Kr) and relative density

Table 4.Fungal genera present in samples

(RD) of 7 fungi genera were calculated with follow-
ing formula 1 and 2 for obtained. Calculation of iso-
lationfrequency (Fr) and isolation relative density
(RD) of fungi based on molecular identification.

In our study seven genera were recovered. Iso-
lation frequency (Fr) and isolationrelative density
(RD) are showed in Table 3. Among the studied
samples, the isolation frequency (Fr) of fungi gene-
nera ranged from 0.3% to 22.1%. Isolation relative
density (RD) of fungi ranged from 0.9% to 59.8%
(table 3).

Ne Fungi Number of isolates Fr (%) RD (%)
Ne
1 The genus Fusarium 61 22.1 59.8
2 The genus Penicillium 16 5.7 15.6
3 The genus Clonostachys 12 43 11.7
3 The genus Cladosporium 1 0.3 0.9
5 The genus Acrostalagmus 2 0.7 1.9
6 The genus Nectria 1 0.3 0.9
7 The genus Alternaria 9 3.2 8.8
Note: Fr fk Isolation frequency

RD fk Isolation relative density

Highest isolation frequencyFr) and relative
density were observed foFusarium genus, which
made up 22.1%and 59.8% respectively. For the ge-
nus Alternaria isolation frequency (Fr) was 3.2% and
isolation relative density (RD) 8.8%.

The lowest isolation frequend{r) and iso-
lation relative densityRD) of fungi was detected
for the generladosporium  andNectria , which
amounted to 0.3% and 0.9% respectively.

Thereby, molecular-genetic identification us-
136

ing analysis of the nucleotide sequences of the ITS
region made it possible to perform identification of
pathogens of potato and tomato diseases, which col-
lected under production storage Also, fungi Clonos-
tachys and Acrostalagmus genera were isolated, which
are not pathogens of potato and tomato diseases.

CONCLUSION

In conclusion, 276 infected potato tubers and
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tomato fruits were used to identify phytopathogenic
tungi, which were collected from production storag-
es. Molecular-genetic identification of microorgan
isms based on the analysis of the nucleotide sequence
of the ITS region made it possible to taxonomically
identify 102 isolates of phytopathogenicfungi, which
belong to 7 genera. It was revealed, that the propor-
tion of fungi, which belong to the generdFusarium
(60%), Penicillium (15%) and Clonostachys (12%),
Alternaria (9%) were prevailed in structure.

The Isolation frequency(Fr ) and relative den
sity (RD) of 7 phytopathogenic fungi genera were
calculated according to the results of molecular-ge
netic identification of isolates.Among the studied
samples, isolation frequency of fungi genera ranged
from 0.3% to 22.1%. Relative density of fungi species
ranged varied 0.9% to 59.8%.

Thereby, molecular-genetic identification based
on the analysis of the nucleotide sequences of the
ITS region made it possible to perform identification
of pathogens of potato and tomato diseases, which
collected from storage. Also, fungi Clonostachys and
Acrostalagmus genera were isolated, which are not
pathogens of potato and tomato diseases.
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MOJIEKYJIAJIBIK-'EHETUKAJIBIK CAPAIITAMA HET'I3IH/E
OHJIIPICTIK KOMMAJIAPIAH )KUHAJIFAH KAPTOII IIEH
KBbI3AHAKTA KE3JECETIH CAHBIPAYKYJIAK AYPYJIAPBIHBIH
KO3AbIPFBILITAPBIH WIEHTU®UKALUAIIAY

Kanwbioexona K. T., UmanbexoBa M., AliTkysioBa A.M., Koaabioaea E.B.,
Paxumbaena /I./1., Kakum:kanoBa A.A.

¥immuix Guomexnonocusi opmanvievl
Kopzanoscoin mac sconwi, 13/5, Hyp-Cynman ., 010000, Kazaxcman
zhanargul.zhanybekova@mail.ru

TYUIH

MemiiekeTTep apachblHIa KAapTON MeH KbI3aHAK KOKOHICTepiHiH JIKCHOPTBI MeEH
UMIIOPTHIHBIH KeHewi, OYKia djiemae puronaroreHaik CaHbIpayKyJIaKTapAbIH 3USHIbI TYpJiepi
MeH IMTAMMIAPBbIHBIH Te3 TAapajyblHa bIKHAJ eredi. OcbliFaH OalJIaHBICTBI (PUTONATOTEHIIK
CaHbIPAYKYJaKTapAbl aHBIKTAy aybll IIApyallbLIbIFbl YIIiH MaHbI3AbL. Ka3sipri yakseiTTa
MOJIEKYJIAJIBIK-TeHeTHKAJBIK dicTep 6CiMAiKTep aypybIHbIH KO3AbIPFBIIITAPbIH AHATHOCTHKAIAY
MeH AaHBIKTayla 3aMaHayHM, HepCHeKTHBAJbI JKIHE MHMKPOAF3ajapiblH OHOJIOTHANBIK
epeKileikTepiH eckepMeil, HaeHTHPUKANMIAYFa MYMKiHAIK OepeTiHi gaysbiccbi3. SapoabIK
pudocomaJibik reuaep (ITS) aiiMarbIHBIH HYKJI€OTUATEP Ti30eriH aHbIKTAY d/ici puTonarorenaepai
HACHTH(PUKANUAIAYA, TAKCOHOMUSIIBIK KiKTeyle KeHiHeH KOJIAaHbLJIa/Abl.

DuTONATOreHAiK CAHbIPAYKYJIAKTAPAbIH M30JATTAPbIH  0eJiim  ajgy YWiH eHIipic
KOIMa/1apbIHAH 3aKbIMIAHFAH KAPTON TYHHEKTepi MeH KbI3aHAK KeMicTepiHiH 276 naHachl
KUHAJAbI. MHKPOaF3aJapAblH MOJIEKYJIAJbIK-TeHeTHKAJIBIK HAeHTH(puKanusacel 6apeicsinaa ITS
aliMaFbIHBIH HYKJICOTHATEP Ti30eriH aHbIKTAay Herisdinae OeoJuiiHin ajapiHFrad 102 u3onsart 7 TybIicKa
skoHe 18 Typre kikreani. TybicTbIK Kypambl OolibinmaFusarium (60%), Penicillium (15%)xone
Clonostachys (13%), Alternaria (9%)caHbIpayKyJIaKTapPbIHbIH YJeci 0aChbIM eKeHAIri aHBIKTAAbI.

Heri3dre aJbpIHFaH M30JATTAPABIH  MOJIEKYJIAJbIK-TEHETUKAJIBIK  HIeHTH(UKAIUATAY
HOTHKeJIepi OolibIHIIA (uUTONATOreHAIK caHbIpayKyJakKrapablH 18 Typinin Oeain any skuiniri
(Fr) x&oHe caJbICTBIPpMAJIbI THIFbI3ABIFBI (RD) ecentenai. 3epTreiireH yJarijiepaid imiHgeri
caHbIpayKyJdakTapabl Oeuin auay :kuijiri 0,4%-ten 14,8%-kxe aeitin e3repai. OKiayjgaHbIN
aJILIHFAH U30JIATTAPABIH CAJBICTBIPMAJIBI THIFLI3ABIFBI 0,9%-1eH 40,1%-Kke aeiiin o3repi.

Ocpburaiima, ITS aliMaFbIHBIH HYKJICOTHATEP Ti30eriH aHBIKTAYy Heri3iHAe MOJIeKYJIAJBbIK-
reHeTHKAJIBIK HICHTHQUKANMAJIAY KapTON IeH KbI3aHAK aypyJapbIHbIH KO3ABIPFBIIITAPbIH
aHBIKTAyFa MYMKIiHJiKk Oepi.

Herisri ce3mep: Kaprom, KbI3aHak, caHblpayKyiaak, ITS aiimarbl, naeHTH(HKanusiay,
CaHBIPAYKYJAKTapAbl 06N aay sKULIiri, caHbIpayKyJIaKTapabl 06JIll aJyIbIH CaJablCTHIPMAJIbI
TBIFBI3/BIFBI.
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1 TOMATA, COBPAHHBIX B YC/IOBUAX ITPON3BOJCTBEHHDbIX XPAHWINIII,
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J/Kansi6ekoBa JK.T., iman6ekoBa M., AiitkynoBa A.M., Konpgsi6aesa E.B.,
Paxum6aesa [1.11., Kakum>kanoBa A.A.

HayuonanvHolii uenmp 6uomexHonozuu
Kypeanvicumnckoe wiocce, 30anue 13/5, e. Hyp-Cynman, 010000, Kasaxcman
zhanargul.zhanybekova@mail.ru

ABCTAKT

Pacnmpenne macmrTaboB 3SKCIOPTa M WMIIOPTAa ypoxKas Kaprodersd ¥M TOMAaTOB MEXAY
CTpaHAMU CHOCOOCTBYeT GBICTPOMY PAacHpPOCTPAHEHNI0 Haubolee BPEJOHOCHBIX BUIOB M IITAaMMOB
¢puTONmaTOreHHBIX rPNOOB O BceMy MuUpY. B cBA3M ¢ 3TNM, MaeHTNPUKaNA PUTONATOTeHHBIX IPHOOB
Ba)KHA JI/IA CeTbCKOTO X03AMCTBA. B HacToAmee BpeMs Hanbomee COBpeMEHHBIMI U IEPCIEKTBHBIMI
cnoco6amMu AMarHOCTUKY ¥ BUOBOI NAeHTH(UKAIYN Bo36yauTeneil 60me3Hell pacTeHNI ABIAIOTCA
MOJIEKY/IAPHO-TeHETUIECKNe METOAbl, MO3BOIAIONINE WACHTN(PUIVPOBATh MUKPOOPTaHMU3MBI, He
VIMes NMPeCTABICHUI 0 ero 611010rnYecKnx 0co6eHHOCTAX. OTHUM U3 3apeKOMEHJ0BAHHBIX METO OB
A ugeHTHGUKANNY ¥ TAKCOHOMMWYECKO KIaccupuKanyuy (pUTONATOTEHOB AB/IAETCA ONpefe/IeHne
HYK/I€OTHTHOII IIOC/IeOBATeTbHOCTH YYACTKOB AepHbIX pubocomubix renos (ITS).

Jna upeHTNPUKANUM U30MATOB (PUTONMATOTEHHBIX I'PUOOB MCHONB30BAaIM 276 MOpaKeHHBIX
KIyOHeil KapTodens U II0J0B TOMAaTa, KOTOpble ObIIN COOPAHBI ¢ MPON3BOACTBEHHBIX XPaHWINII,
MornekynspHo-TeHeTIm4ecKas naeHTH(UKasa MUKPOOPraHN3MOB Ha OCHOBE aHA/IN3a HYK/IeOTUHOM
nocnegoBarenbHOoCcTH  ITS-pernmona mossonmia MPOBEeCT TAKCOHOMUYECKYH0 WACHTH(UKALIIO
102 n3014TOB (PUTONATOTEHHBIX IPUOOB, KOTOPbIe MPUHAIEKAT K 7 pofaM. BeImo BhIABIEHO, 4TO
mons rpuboB ponga Fusarium (60%), Penicillium (15%)wn Clonostachys (12%), Alternaria (9%). Ouun
JOMUHNPOBAIN B CTPYKType POIOBOTO COCTaBa.

Ha ocHOBe pe3ynbTaToB MONEKYIAPHO-TEHETMYECKO MAeHTU(UKANNN BbIAETEHHBIX U30IATOB
paccunraHa vacrora msonauuu(Fr) u orHocuTenbHasas MWIOTHOCTKRD)7 ponoB (puTomaToreHHBIX
rpu6oB. Yacrora msonauuFr) BapeupoBama or 0,3% pmo 22,1%. Iloxasatenm OTHOCUTETHHOIM
IVIOTHOCTH Bapbuposanu ot 0,9% no 59,8%.

Takum 06pa3om, MONTEKYIAPHO-TeHe TIIeCKast MAeHTU(IKAIVA Ha OCHOBE aHA/IN3a HYK/IeOTUTHOM
nocnegoBarenbHocTH ITS-pernona nmossommra nposectn npeHTHdUKanuio Bo3oyaureneil 6omesHen
KapToders v ToMaTa, COOpaHHBIX B YCIOBYAX IPOU3BOACTBEHHBIX XpaHymmiL,. Tak:ke GbUIM BbIeIeHBI
rpubbsl pogosClonostachys wuAcrostalagmus , KOoTOpble He ABIAIOTCA BO3OymuTensMu Oone3Hei
KapToderns ¥ TOMaToB.

Knrouesie cnoBa: kaprodens, Tomar, rpub, ITS pernon, ngenTndukanys, 4acrora M30IAUN
rpu60B, OTHOCUTENbHASA INIOTHOCTD N3OV IPUOOB.
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