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Powdery mildews fungi of trees of Karaganda, Balkhash and Temirtau cities

Karaganda region is a major industrial center of our country. In such cities of the region as Karaganda,
Temirtau and Balkhash there are large enterprises of ferrous metallurgy, construction, chemical JSC
“ArcelorMittal Temirtau”, JSC “Temirtau Electrometallurgical Combine”, LLP “Ecominerals”, JSC
“CentralAsia Cement”, “Agat-Service” LLP, JSC “Kazakhstan Invest Comir”, LLP “Kazakhmys Corpora-
tion”, LLP “MMC Kazpolymetal”, Metal-Kit Karaganda, LLP “Mining and Metallurgical Combine”, Non-
ferrous metals processing plant, etc. All technogenic factors lead to a decrease in plant productivity and often
to their death. The dynamics of seasonal development of phytopathogenic fungi depends on meteorological
conditions. Changes in the dynamics of factors corresponding to the season of the year occur in the habitat of
the species. Phytopathogenic fungi also directly depend on their own host-plants, the conditions of their de-
velopment and the growing season. The article presents information about the types of powdery fungi affect-
ing various types of trees growing in parks and squares of the cities of Karaganda, Balkhash, Temirtau. 4 spe-
cies of trees affected by powdery mildew were analyzed. And during the study, the following types of
phytopathogenic fungi were identified at various stages of development: Uncinula aceris Sacc.,
Microsphaera betulae Magnus, Microsphaera penicillata (Wallroth.) Leveille, Uncinula salicis Winter f.
populorum Rabenhorst. Phytopathogenic fungi of trees growing in parks and squares of the industrial cities of
Temirtau and Balkhash were studied for the first time.

Keywords: tree plantings, herbarium, phytopathogenic fungi, host-plant, powdery mildews fungi, seasonal
dynamics, appendages, chasmothecia.

Introduction

Plants in the city parks and squares are often exposed to various diseases and need to be protected. This
requires regular phytopathological studies. The main pathogens of tree diseases in the city are fungi that set-
tle not only on living plants, but also on plant residues. More often, fungal diseases are focal in character, but
sometimes they acquire the character of epiphytotics. Phytopathological researches are necessary to assess
the infestation of plants with fungal diseases, to identify the lesions of the disease and the causes of their oc-
currence.

Studies of garden and park plantings in cities and countrysides of Kazakhstan were carried out in differ-
ent years by various scientists. The study of the species composition and distribution of phytopathogenic
fungi of plants in large cities of Central Kazakhstan was carried out by A.D. Spanbaev and S.A. Abiev. The-
se scientists noted the significant harmfulness of a number of diseases caused by fungi for trees in the urban
environment [1].

In the cities of the Karaganda region, trees are affected by various fungal diseases. Only some patho-
gens causing leaf diseases are attributed to the types of fungi that develop on hardwoods.

Powdery mildews are a class of fungi of the Ascomycetes order, in which about 500 of their species are
known, they have specialized forms confined to certain plant species. These are obligate parasites of plants
that cause the disease — powdery mildew. Their mycelium grows on the surface of leaves, stems, and fruits in
the form of a white plaque. Later, fruit bodies of dark brown color appear on the plague — chasmotecia. The
source of infection is plant residues on which chasmotecia overwinter, as well as mycelium. The develop-
ment of powdery mildew is promoted by hot and dry weather. The pathogen develops a superficial myceli-
um, on which is formed the conidial stage. During the growing season, new conidia are infected plants,
which form several generations over the summer. They get on the leaves or other organs of susceptible
plants, germinate and cause their infection. On the surface of infected organs develops a mycelium, and on
it — conidiophores with conidia arranged in chains. At the end of the growing season, the marsupial stage of
closed spherical fruit bodies (chasmotecia) with a diameter of up to 1.5 mm with appendages develops. After
overwintering on fallen leaves, the spores in the ascocospores of chasmotecia ripen and provide primary in-
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fection of plants. Overwintering with mycelium is possible when it penetrates into dormant buds. In the
spring, the shell is ruptured and asci with ascospores are poured out, which infect plants [2].

Experimental

The objects of research are parks and squares of the cities of Karaganda, Temirtau and Balkhash. The
collection of research materials from parks and squares was carried out in the summer and autumn periods of
2020-2022. The study was provided by the route method. When choosing a route, the occurrence of plants
with signs of diseases in some areas, the presence of the most noticeable foci of diseases was taken into ac-
count. The material for the study was live leaves with raids, pustules, spots, with signs of drying and the
presence of fungal structures, fruit bodies of macromycetes.

The collected samples were herbarized, and the determination was carried out using the method of light
microscopy and standard determinants:

1. The key for determining the types of powdery fungi of Kazakhstan by families and genera of feeding
plants (2013). It is based on the system of U. Braun (1987), where the characteristics of the fruit bodies of
powdery fungi are decisive: the number of bags in the chasmotecia, the number of ascospores in the asci and
the type of appendages of the chasmotecia [3, 4];

2. Reference-guide “Flora of spore plants of Kazakhstan”, Volume 3 “Powdery mildews fungi”. The de-
termination of the species of powdery mildewsfungi in this key is based on the systematic position of the
host-plant, the symptoms of the affected plants and microscopic signs of fungi pathogens [5];

3. Determinants of other authors G.B.Cummins, Y. Hiratsuka, H.L.Barnett, B.B. Hunter,
T.L. Nikolaeva, A.A. Yachevsky, S.R.Shvartsman, D.N. Teterevnikova-Babayan were used to study
phytopathogenic fungi.

The collection of samples of plants affected by powdery mildew was carried out during the growing
season, starting in May, in various ecological situations of the city: in alley plantings, in squares and parks,
in green spaces in courtyards. For microscopic identification of the species of powdery mildew fungi, herbar-
ium samples of leaves of various plants with sporulation were collected (during the growing season — de-
pending on the formation of chasmotecia).

The determination of phytopathogenic fungi by fruit bodies, appendages, asci and spores was carried
out according to the method of I.1. Zhuravlev (1979). The method consists in examining the sporulation of
pathogens or affected plant tissues under a microscope [6].

The degree of lesion of woody plants by phytopathogenic fungi was determined by a 6-point scale of
Yu.V. Sinadskii:

1 — there is no disease lesion;

2 —single spots, up to 5 % of the plant surface is affected;

3 —up to 25 % of the plant surface is affected;

4 —up to 50 % is affected, the fructification of the fungus is clearly visible;

5 — more than 50 % of the plant surface is affected,;

6 — more than 70 % of the plant's surface is affected, the leaves are crumbling [7].

Results and discussion

In the cities of the Karaganda region, trees are affected by various fungal diseases: Uncinula aceris
Sacc., Microsphaera betulae Magnus, Microsphaera penicillata (Wallroth.) Leveille, Uncinula salicis Win-
ter f. Populorum Rabenhorst.

1. Species: Uncinula aceris Sacc. Host-plant: found on the leaves of Acer negundo L. Located in Ka-
zakhstan: Karaganda c., the square on Nazarbayev Avenue, GPS-coordinates: N 49.81364; E 73.08816;
Ethnopark named after 10" anniversary of Independence of Kazakhstan, GPS-coordinates: N 49.776648;
E 73.125413. Date of location: 10.07.-13.07.2021.

Mycelium on the surfaces of leaves, cobwebbed. Chasmotecia are scattered or crowded, spherical, 139—
145 um in diameter. The cells of the chasmotecia shell are unclear, about 10 um in diameter, multifaceted.
Appendages are multiple, located along the equator or in the upper part of the chasmotecia, short, colorless,
smooth, with a thick shell, fork-branched once or twice at the apex, with curved ends in the form of a hook
or spirally. Asci with a number of 6-10 in chasmotecia, spherical, on a short leg, with a thickened shell,
65.2-83.7x46.5-65 um. Spores number 68, ellipsoidal or improperly ovoid, 21.5-24.8x9-12 um (Fig. 1).
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A — leaves of Acernegundo L., affected by pathogenic fungi;
B — Uncinula aceris Sacc. under the microscope — 20x (asci, ascospores, appendages, chasmotecia)

Figure 1. Uncinula aceris Sacc

2. Species: Microsphaera betulae Magnus. Host-plant: found on the leaves of Betula pendula Roth.
Located in Kazakhstan: Karaganda c., Central park, GPS-coordinates: N 49.801128; E 73.077488;
E.A. Buketov Square, GPS-coordinates: N 49.770708; E 73.124901; Temirtau c., City Park of culture and
recreation “Vostok”, Square on the Avenue of Stroiteley, GPS-coordinates: N 50.057263; E 72.996888. Date
of location: 20.09.—25.09.2020.

Myecelium and conidial sporulation on both sides of the leaf in the form of a cobwebby plaque, usually
in the form of spots mainly on the upper side of the leaf. Chasmotecia in groups or scattered on both surfaces
of leaves, several, 80-95 um in diameter. Appendages 6-15, located radially and raised upwards, colorless,
80.5-94.5 um long, 3—4-fold fork-branched, with short, barely bent terminal branches. Asci are 4-5, ellip-
soidal or wide-ellipsoidal, 47-60%33.7—-50.2 pm, without a leg. The number of ascospores is 7-8, ellipsoidal,
19-21.5x12,9-16,2 um (Fig. 2).

A — leaves of Betula pendula Roth., affected by pathogenic fungi;
B — Microsphaera betulae Magnusunder the microscope — 40x (asci, appendages, chasmotecia)

Figure 2. Microsphaera betulae Magnus

3. Species: Microsphaera penicillata (Wallroth.) Leveille. Host-plant: found on the leaves of Ulmus
pumila L. Located in Kazakhstan: Balkhash c., Central square, Youth park, Park at the Eternal Flame Me-
morial. GPS-coordinates: N 46.839326; E 74.983356. Date of location: 21.09.-26.09.2021.

Surgical dark spots can be seen on both surfaces of the leaf. Chasmotecia are scattered on the sides, the
size is 80 um. The number of appendages is 4. The number of spores is 4-8; size is 19.2-20.2x12.8-16 um

(Fig. 3).
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A

A — leaves of Ulmus pumila L., affected by pathogenic fungi; B — Microsphaera penicillata (Wallroth.) Leveille.
under the microscope — 20x (asci, ascospores, appendages, chasmotecia)

Figure 3. Microsphaera penicillata (Wallroth.) Leveille

4. Species: Uncinula salicis Winter f. populorum Rabenhorst. Host-plant: found on the leaves of
Populus nigra L. Located in Kazakhstan: Temirtau c., Park of Labor Glory, GPS-coordinates: N 50.056381;
E 73.009632; Karaganda c., Park Pobedy, GPS-coordinates: N 49.784412; E 73.136772; Square on the Ave-
nue of Stroiteley, GPS-coordinates: N 49.776274; E 73.13603.

There are cobwebbed and black dot spots on the surface of the leaf. Chasmotecia are scattered every-
where, measuring 100-110 um. Appendages are various, long, with a hook-shaped bend, measuring 140—
38.5 um. Number of spores is 4-5, size is 13-15; 2x7-13 um (Fig. 4).

A B

A — leaves of Populus nigra L., affected by pathogenic fungi; B — Uncinula salicis Winter f. populorum Rabenhorst.
under the microscope — 20x (asci, appendages, chasmotecia)

Figure 4. Uncinula salicis Winter f. populorum Rabenhorst

Researches conducted in the cities of Karaganda, Temirtau, Balkhash in 2020-2022 showed that the
development of pathogens of phytopathogenic fungi directly depends on such factors: temperature, humidity,
amount of precipitation.

Seasonal dynamics of powdery mildew fungi development in the cities is observed in June-July with the
beginning of the conidial period and the maturation of chasmotecia in August-September. At Karaganda in
August-September 2020, the average air temperature is +19 °C, and in 2021 is +18 °C. In Temirtau in
August-September 2020, the average air temperature is +20 °C, and in 2021 is +19 °C. And at Balkhash in
August-September 2020, the average air temperature is +22 °C, and in 2021 is +21 °C. During this period, it
forms fruit bodies of various shapes adapted to wintering, overwintering in plant residues, bursting in spring,
and spores from them come out. In three cities, in 2020-2022, an average high air temperature was observed,
in 2020 and 2021, low humidity (on average — 56 %), and in 2021 and 2022 — this had a positive effect on
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spore germination, on the reproduction of powdery mildew, created ideal conditions for the development of
powdery mildew fungi (Fig. 5).
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Figure 5. Seasonal dynamics of the development of powdery mildew fungi depending on the air temperature

For the research, data on atmospheric air temperature, humidity and precipitation were taken from the
Karaganda Hydrometeorology Center from autumn 2020 to autumn 2022.

Conclusions

As a result of the studies of trees, 1 genus of Erysiphe and 4 species of powdery mildew fungi were
discovered and studied: Uncinula aceris Sacc. at Acer negundo L., Microsphaera betulae Magnus at Betula
pendula Roth., Microsphaera penicillata (Wallroth.) Leveille at Ulmus pumila L., Uncinula salicis Winter f.
populorum Rabenhorst at Populus nigra L.

When analyzing the dynamics of seasonal development of phytopathogenic fungi identified in the trees
vegetation of the cities of Karaganda, Temirtau, Balkhash, we came to the following conclusions:

Seasonal dynamics of powdery mildew fungi development in the studied cities is observed in June-July
with the beginning of the conidium period and the maturation of chasmotecia in August, September. Fruit
bodies of various shapes, adapted to wintering, overwinter on the remnants of growth. In spring, the fruit
bodies burst, and the spores on them come out. The most favorable conditions for spore germination and
reproduction were created by the high air temperature in June-July 2020-2022 and high humidity.

The study found that the dynamics of the development of powdery mildew fungi is similar in three
cities. They damage many trees of the city. As a consequence of the disease, the growth and development of
the damaged plant slows down, their decorative properties deteriorate.
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Kaparanabl, baakam, Temipray KajajgapbIHbIH
aFralTAPbIHBIH AKYHTAK CAaHbIPAYKYJIAKTAPbI

Kaparaags!r oOnbICH! enmiMi3fiH ipi eHepkacinTik opTanbirel. Kaparannsl, Temipray skoHe bamkamn cHsSKTHI
0OJBICTBIH ipl KaJaJapblHIa Kapa METALTYPTHAHBIH 1pi KOCIMOPBIHIAPHI, KYPBUTBIC, XUMHS ©HEPKIciOi, aTam
aiircak:  «ApcemopMurran Tewmipray» AK, «Temipray sIeKTpOMETaTyprisuibIK 3aybITe  AK,
«Qxomunepancy XKIIC, «enrpanasus Lement» AK, «Agat-Service» XKIIC, «Ka3akcran NMuect Kemip»
AK, «Kazaxmbic koprioparusics» KILIC, TMK «Kaznonumeramny XIIC, «Metami-Kommiekr Kaparanasiy»,
«Tay-ken metammyprus kom6uHatel» JKIIC, Tycti meranmapael eHJey 3aybIThl JkoHE T.0. OpHanacKaH.
bBapnelk TexHOreHmik (akTopnap OCIMIIKTepIiH OHIMIUIINiHIH TeMeHJAeyiHe jkoHe KkeOiHece oyapJblH
Oyninyine  okenmeni. duTomaToreHAl  CaHBIpAayKYJIaKTapAblH  MayChIMABIK ~ JaMy  JHHAMUKaChI
METEOPOJIOTHSIIBIK JKaFmainapra OaiimaHeicTel. TYpAiH TIPIIUTIK €Ty OPTachlHIA JKbIJI ME3TiNliHEe CcoiKec
(hakToprmapAbIH AWHAMUKACHIHAA e3repictep Oomaapl. dUTOMATOTEHII CaHBIPAyKYJIAKTap COHBIMEH Karap
©3/IepiHiH HENIK-0CIMAIKTEpiHe, ONApABIH AaMy >KaFIaiilapplHa >XOHE BETETAIMSIIBIK Ke3eHIHE TiKelen
OaimanbicTel. Maxkanana Kaparanapl, bankam, Temipray KanamapblHBIH casOakTapsl MEH CKBEpIIEpiHZEe
OCETiH 9PTYPJIi aralll TypJiepiHe acep eTeTiH aKyHTaK CaHbIpayKyJIaKTaphl TYpJiepi Typajbl aknapat OepiireH.
AKYHTaKTaH 3apjan IIeKKeH aramTapibiH 4 Typi 3epTrengi. 3epTrey OapbIChIHAA AaMyIblH SpTYpIi
Ke3eHJepinae (QUTONMaToreHAl CaHbIpayKyJIaKTapAblH Keeci Typrepi anbikramas: Uncinula aceris Sacc.,
Microsphaera betulae Magnus, Microsphaera penicillata (Wallroth.) Leveille, Uncinula salicis Winter f.
populorum Rabenhorst. Anram per Temipray jxoHe Bankain KajganapbIHbIH casOaKTapsl MEH CKBepliepiHzie
©CETIH aFalTap/bIH (PUTOMATOTeH/II CAaHBIPAYKYJIAKTAPhI 3€PTTEINI].

Kinm ce30ep: aram kemertepi, repOapwii, (QHUTONATOTEH/I CaHBIPAYKYJIAKTAp, HETIK-OCIMIIK, aKYHTaK
caHpIpayKyJIaKTapbl, MayCHIMABIK THHAMHKA, OCIHIIEP, KICHCTOTEIHA.

A. K. beiicemb6aii, A K. Ocmanosa, A. Kamu

My4HucTO-pocsinbie rpuodbI AepeBbeB ropoaos Kaparanasl, banxama, Temupray

KaparanauHckast 0071acTh SBISETCS KPYITHBIM HPOMBIIIICHHBIM LIEHTPOM Halllel CTpaHbl. B Takux ropomgax
obnacty, kak Kaparanna, Temupray u Banxain pacnonosxeHs! KpyIHbIe NPEANPUSTHS YePHOH METaIITypru,
cTpoutenbHble, xumuueckue: AO «ApcemopMurran Temupray», AO «TemupTayckuil 3meKTpomeTal-
ayprudeckuii kom6unar», TOO «dxomunepancy, AO «llentpanAsus Llement», TOO «Agat-Service», AO
«Kazaxcran Musect Kemip», TOO «Kopmopamus Kaszaxmbicy, TOO «I'MK Ka3znomumeramn», Merami-
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Kommnekr Kaparanna, TOO «'opHo-MeTautyprudeckuii kKomOuHaty», 3aBoj 0OpaOOTKH LIBETHBIX METAaJUIOB
u 1p. Bee TexHOreHHbIe (haKTOPBI IPUBOJAT K CHIDKEHHIO MPOIYKTUBHOCTH PACTEHUIT U 3a4acTyIO K ux rude-
. JIuHaMHUKa CE30HHOTO Pa3BUTHS (PUTOMATOTE€HHBIX TPUOOB 3aBHCHT OT METEOPOJIOTHUECKUX YCIOBUH. B
MecTe OOMTaHMS BHIAa INPOHCXOISIT W3MEHEHUsS IUHAMUKH (aKTOPOB, COOTBETCTBYIOIIMX CE30HY ToOJa.
OunTonatoreHHsle IpHOBI TaKKe HANPSIMYIO 3aBUCAT OT COOCTBEHHBIX PACTEHHH-XO3SMHOB, YCIOBHH HX
Pa3BHUTHS U CPOKa BereTanuu. B crarhe mpexacTaBieHa MHGOPMAIHSI O BHIAX MYYHHCTO-POCSHBIX TPHOOB,
MOpPaKAIONIUX Pa3IMIHBIC BUIBI JIEPEBHEB, IPON3PACTAIONINX B apKax U ckBepax roponoB Kaparanasl, bai-
xama 1 Temupray. beuio uccrienoBano 4 Buza 1epeBbeB, MOPaAKCHHBIX MYYHUCTOH pocoil. U B xoxe uccie-
JIOBaHUs ObUIM BBISBIEHBI CIEYIONIIHE BUABI (DUTONATOTEHHBIX I'PHOOB Ha PAa3IHYHBIX CTaJHAX Pa3BUTH:
Uncinula aceris Sacc., Microsphaera betulae Magnus, Microsphaera penicillata (Wallroth.) Leveille,
Uncinula salicis Winter f. populorum Rabenhorst. Briepebie ncciieioBanbl GUTONATOreHHBIE TPUOBI TEPEBb-
B, IIPOU3PACTAIONINX B ITapKax U CKBepax MPOMBIIIIEHHEIX TopoioB Temupray u banxama.

Kniouesvie cnosa: npeBecHble HacaIeHHUs, repOapuil, (QHUTONATOTeHHBIC TpPUOBI, pPACTCHHE-XO3SHH,
MYYHHCTO-POCSIHBIC TPHOBI, CE30HHAs ANHAMHKA, IPUIATKHU, KIeHCTOTeNH.
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