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PHYTOPATHOGENIC CONTROL OF THE CAUSES OF THE MAIN TYPES
OF CEREAL GRAIN CULTURE DISEASES OF FUNGAL ETIOLOGY

Iryna BEZNOSKO!, Olena DEMYANYUK!', Ivan MOSTOVIAK?

Conducting constant monitoring of phytosanitary, effective diagnosis and making predictions as to the development
and spread of some harmful organisms of fungal etiology are the important parts in ensuring the health of plants
and maintaining the appropriate phytosanitary state of the agrocenoses. This scientific paper presents the conclu-
sions of the author’s own research of the spread and the development of pathogens of the main types of diseases
of cereal grain crops (namely the winter wheat and the spring barley) of fungal etiology for the period of 2004—2022.
It was determined that the phytopathogenic complex of agrocenoses of the winter wheat was dominated by the fol-
lowing root rots.: helminthosporium (Bipolaris sorokiniana), fusarium (Fusarium spp.), cercosporella (Oculimacula
vallundae), ophiobolus (Gaeumannomyces graminis), which affected on average up to 70.0% of the researched
plants, the spread of diseases was 50%, and their development reached 1.81%. In the phytopathogenic complex
of the spring barley, in addition to the root rot types (Bipolaris sorokiniana, Fusarium spp.), the dominated variet-
ies of spotting were discovered as the following: the dark brown (Cochliobolus sativus), the stripes (Pyrenophora
graminea), the reticulate (Pyrenophora teres), the leaf septoria (Mycosphaerella graminicola), the powdery mildew
(Blumeria graminis), and the rhynchosporium (Rhynchosporium secalis). The areas of the spring barley crops
affected by these diseases are on average 5.1% —75.0% of the total amount of the crops, the prevalence of these
diseases varies from 2.0% to 65.0%, and their development is 1.2%—35.0%. Phytopathogenic microorganisms
increased the level of biological pollution of the agrocenoses and increased certain ecological risks in the agroeco-
systems. Therefore, the availability of up-to-date information makes it possible to timely assess the level of danger
and the risks associated with the negative effects of phytopathogenic microorganisms, as well as develop and apply
effective plant protection measures and minimize crop losses.
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DimonamozeHHUll KOHMPOb 30YOHUKIE OCHOBHUX 8UO0I6 X60POO 3¢PHOBUX KOJIOCOBUX KY/IbMYP 2PUOHOT emionozil.
Besnocko LB, Jlem’anrox O.C.Y, Mocmoe’sax .12

Basicnusum y 3abesneuenni 300p08°si poCIuR i NIOMPUMAHHI HATLEHCHO20 (DIMOCAHIMAPHO20 CMAHY AZPOYEHO3I8
€ 8e0enHsi NOCMIUHO020 IMmOCanimapHo20 MOHIMOPUH2Y, egheKmusHa OiazHOCMUKA Ma NPOSHO3YBAHHS PO3GUMIKY
[ nowupeHHss WKIONUSUX op2anizmie epubHoi emionocii. B pobomi nasoosmvcs mamepianu 6LACHUX OOCTIONCEHb
a8mopis wooo NOWUPeHHs Ma Po36UMKY 30YOHUKI8 OCHOBHUX BUOI6 X8OPOO 3EPHOBUX KOAOCOBUX KYIbMYp (NuieHuyi
03UMOT ma sAUMeHIO Apo2o) epubnoi emionoaii 3a nepioo 2004—2022 pp. Busnaueno, wo y ¢pimonamozennomy komn-
JIEKCI acpoyeHo3ie nueruyi 03umMoi OOMIHYIOMb KOpeHesi eHuL. eerbMminmocnopiosna (Bipolaris sorokiniana), gyza-
piosna (Fusarium spp.), npuxopenesa yeprocnopenvosua (Oculimacula yallundae), ogpiobonwosna (Gaeumannomyces
graminis), axumu ypasiceno y cepeonvomy 0o 70,0%, nowupennsa xeopob — 50%, ix pozeumox — 1,81%. ¥ ¢imo-
Namo2eHHOM)Y KOMIJLEKCI SIUMEHIO sIP020, OKpIM Kopenesux enunetll (Bipolaris sorokiniana, Fusarium spp.), 0oominy-
sanu pizHosudu naamucmocmi. memno-oypa (Cochliobolus sativus), cmyeacma (Pyrenophora graminea), cimuacma
(Pyrenophora teres), cenmopios nucms (Mycosphaerella graminicola), 6opownucma poca (Blumeria graminis), pun-
xocnopios (Rhynchosporium secalis). [1nowi nocisie sumenro apoeo, ypanceHux 3a3Ha4eHUMU X60pooamu, CHMAaHO8IsSmMb
y cepeonvomy 5, 1-75,0%, nowupenicms yux x6opob xonusacmovcs 6io 2,0 0o 65,0%, a ixuiii pozsumox — 1,2—35,0%.
Dimonamocenti MIKpoOOpeaHizmu nid8ULLYIOMb PiGeHb DION02IUH020 3A0PYOHEHHS ASPOYEHO31I8 MA NOCUTIOIMb eKO-
JO2IYHI PUBUKU 8 A2POEKOCUCEMAX, MOMY HASIBHICMb aKmyanibHOoI iHghopmayii dae 3M02y YACHO OYIHUMU PIGeHb
Hebe3neKu ma pusuKu, no8 s3aHi 3 HecamusHo i€ DIMONAMOSEHHUX MIKPOOPEAHIZMIB, PO3pOOUmMU Mma 3aCmocy-
samu egheKmueHi 3axo0U 3axXuUcCmy pociuH ma MiHIMI3y8amu Mmpamu 8PO*Car.
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Introduction

Protecting plants from the effects of harmful
organisms should guarantee an optimal phytosanitary
conditions for obtaining high and stable yields. The
phytopathogenic state of the agrocenosis has a great
influence on the formation of the crops. The spread
and the development of pathogens and, accordingly,
their harmfulness depend on a combination of such
factors as the weather conditions, the genetic resis-
tance of plants, and the presence of the pathogen.
A regular phytopathological examination of agro-
cenoses of grain crops makes it possible to establish
the dynamics of the damage for making further deci-
sions regarding the system of protection against the
diseases (Tatarynova, Burdulaniuk, Rozhkova 2018).

Any changes in the weather and climate condi-
tions, a reduction in the rotation of grain crops, the use
of uncertified seeds, non-observance of sowing dates
and improper soil cultivation led to a deterioration
of the phytosanitary situation in the agrocenoses of
grain ear crops (Vasilyeva 2019; Korniychuk 2019).
A number of the scientists noted that the changes
in the structure of the phytopathogenic complex of
cereal grain crops, the harmfulness of the diseases
such as root rot, septoriosis, powdery mildew, volatile
and hard soot, septoriosis and fusarium head blight, as
well as other diseases of winter wheat crops that pre-
viously had no economic significance, had increased
(Dermenko 2016; Vaughan 2016; Kyrychenko et al.
2021). Basically, every year, the agrocenoses of grain
crops are dominated by some pathogens of fungal
diseases, which, under optimal agrotechnical con-
ditions, are at the permissible levels of harmfulness
and have stability in their development, which cor-
responds to the homeostatic state of natural cenoses.
Phytopathogenic microorganisms can be restrained
by the varietal potential and a number of other agro-
technical techniques. The imbalance of phytopatho-
gens in the agrocenoses of cereal grain crops occurs
as a result of some extreme abiotic and biotic factors
(Lishchuk et al. 2022).

Developing resistant varieties of cultivated plants
is an environmentally safe method of protecting them
from diseases. However, the benefits of many resis-
tant varieties are short-lived as the new types of phy-
topathogenic microorganisms appear during their cul-
tivation or their frequency increases, which weakens
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the previous resistance (Beznosko et al. 2021). Widely
specialized necrotrophic species of fungi, which are
capable of parasitizing a significant number of species
of the cultivated plants, quickly accumulate and live on
seeds, fruits, root crops, plant residues and in the soil
for a long time, are considered particularly dangerous
(Parfenyuk 2017). Therefore, a resistant variety, created
especially by genetic modification, is a powerful factor
of the targeted selection in the populations of micro-
organisms based on the signs of the pathogenicity and
aggressiveness, and a susceptible variety is a powerful
factor of their population growth. They significantly
influence the qualitative and quantitative indicators of
the phytopathogenic background, which significantly
worsens the conditions of the agrophytocenoses and,
to some extent, the biological safety of the agroecosys-
tems (Parfenyuk 2016).

In order to ensure the health of plants and maintain
the proper phytosanitary state of the agrocenoses, it
is very important to conduct a constant phytosanitary
monitoring, an effective diagnostics and making pre-
dictions as to the development and spread of harmful
organisms in agricultural crops, which becomes espe-
cially relevant in the conditions of changes in climatic
parameters (Mostovyak et al. 2020). The availability
of up-to-date information makes it possible to timely
assess the level of danger and the risks associated
with the negative effects of the harmful organisms, to
develop and apply effective plant protection measures,
and to minimize crop losses. Therefore, the phyto-
pathogenic control of the state of the agrocenoses of
the cereal grain crops always remains relevant.

Materials and methods

The field research was conducted on the fields
of the Left Bank Forest-Steppe of Ukraine for the
period of 2004-2022 in the conditions of produc-
tion crops in the Kyiv province (Skyrsk experimental
farm of organic production, Institute of Agroecology
and Nature Management of the National Academy of
Sciences).

The records of the grain crop diseases (in the
winter wheat and the spring barley) were carried
out according to the generally accepted methods
(Omelyuta et al. 1986; Trybel et al. 2001). When
making the phytopathological records, the spread of
the disease in the agrocenosis and the degree of the
disease development or the average damage of the
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individual organs in percentages were determined
according to the methods used by the Institute of
Plant Protection of the National Academy of Sciences
(Trybel et al. 2010).

The prevalence was calculated according to the
following formula:

nx100
P =

= (1)
where P — the prevalence of the disease, %

n — the number of the diseased plants or individual
organs;

N — the total number of plants in the samples.

The indicator of the intensity of plant damage was
estimated by the area of the affected plant surface.
The intensity of disease development was determined
by the formula:

_ Zab) )

n
where [ — the intensity of the disease development, %;
> (ab) — the sum of the products of the number of the
examined plants (a) by their corresponding percentage
of the damage intensity (b);
n — the number of the diseased plants or individual
organs.

The identification of microscopic fungi to genus
and species was carried out using a biological micro-
scope DN-200D according to the determinants
(Sessitsch et al. 2001; Campbell et al. 2013; Guaro et
al. 2013) and using the online MycoBank database.

Results

Monitoring of the phytosanitary state of the agro-
cenoses of the winter wheat and the spring barley testi-
fied to the significant spread and development of patho-
gens of the main types of grain crop diseases of fungal
etiology for the period of 2004-2022 (Mostovyak et
al. 2020). It was established that during the growing
seasons of 2004-2022, the winter wheat plants were
dominated by the following types of root rot: common
or helminthosporous (species Cochliobolus sativus
(Ito&Kurib.) Drechsler ex Dastur (anamorph Bipolaris
sorokiniana (Sacc.) Shoemaker), fusarium wilt of
plants (Fusarium spp.), cercosporella (Oculimacula
vallundae (Wallwork & Spooner) Crous & W. Gams),
ophiobolus (Gaeumannomyces graminis Arx et Ol.),
also septoriosis of the leaves (species — Septoria trit-
ici Roberge in Desmaz, teleomorph Mycosphaerella
graminicola (Fuckel) J. Schrét.), powdery mildew
(species — Blumeria graminis Speer f. sp. Tritici
Marchal) and pyrenophorosis, or the yellow spotting
(Pyrenophora tritici-repentis Died.).

The areas of the winter wheat crops affected by
the specified diseases reached on average 5.8—7.0%.
The prevalence of these diseases ranged from 2.0 to
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75.0%, and their development ranged from 0.5 to
18.0%. According to the research data presented in
Table 1, it was established that the root rot was char-
acterized by a high area of damage to the agrocenoses
of the winter wheat, which reached up to 70%, the
spread of the plant diseases ranged from 6.7 to 50%,
and the development of the diseases ranged from 2.1
to 18.0%. Area of affected crops of powdery mildew
it ranged between 12.3%and 65%, the spread of the
disease in the agrocenoses of the winter wheat plants
ranged between 13.0 and 50%, and the development
varied between 7.1 and 16.4%.

It was established that the share of the areas
affected by other leaf and stem diseases (the dark
brown spot, the brown leaf spot, the stem (linear), the
yellow rust, the septoriosis of leaves, pyrenophorosis,
the snow mold) varied within 6.1 and 60%, the prev-
alence ranged between 2.0 and 48.0%, the develop-
ment varied between 0.4% and 12.1% (see Table 1).

The highest economically significant damage to
the crops was caused by annual damage to the plants
by some root and root rot diseases. They caused up to
20—48% plant death during the growing season and a
decrease in the productivity due to an increase in the
level of the damage, which is aggravated by adverse
weather conditions. Also, the powdery mildew, which
develops intensively under the conditions of the
application of unbalanced rates of nitrogen fertilizers,
prevailed among the mentioned diseases in the winter
wheat agrocenoses. An increase in the development
of the disease in the recent years was determined,
which is associated with the intensification of the
grain production and leads to a significant decrease in
the yield and its quality in various regions of Ukraine
(Vasilyeva 2019). Depending on the cultivated vari-
eties and the agro-climatic conditions of the year, the
degree of damage can vary from 14% to 40%, and
grain losses vary from 10% to 50% of the harvest.

Among the diseases of the spring barley, the fol-
lowing ones were found to be the most common: the
root rot, including (Cochliobolus sativus (Ito&Kurib.)
Drechsler ex Dastur (anamorph Bipolaris sorokin-
iana (Sacc.) Shoemaker, Fusarium spp.); the types
of spotting inlcuded the dark brown (Cochliobolus
sativus (Ito&Kurib.) Drechsler ex Dastur (ana-
morph Bipolaris sorokiniana (Sacc.) Shoemaker)
striped (Pyrenophora graminea Ito&Kurib.; ana-
morph Drechslera graminea (Rabenh.) Shoemaker),
the reticulate (Pyrenophora teres Drechsler; ana-
morph Drechslera teres (Sacc.) Shoemaker), the
leaf septoria (Mycosphaerella graminicola (Fuckel)
J. Schrét.), the powdery mildew (Blumeria graminis
(DC.), Rhynchosporium (Rhynchosporium secalis
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Table 1. The spread and development of the main plant diseases of soft (winter) wheat (Triticum aestivum L.)

in growing seasons, the average for 2004-2022

Area of affected Spread the Develop-
. o X o ment of the
The agents of common diseases crops, % disease, % diseases,%
min. max. min. max. min. max
The root rot: common or helminthosporous (species
Cochliobolus sativus (Ito&Kurib.) Drechsler ex Dastur
(anamorph Bipolaris sorokiniana (Sacc.) Shoemaker),
fusarium wilt of plants (Fusarium spp.), cercosporella 33.0 70 6.7 50 2.1 18.0
(Oculimacula yallundae (Wallwork & Spooner) Crous
& W. Gams), ophiobolus (Gaeumannomyces graminis
Arx et Ol.)
Dark brown of spotting: species Cochliobolus
sativus (Ito&Kurib.) Drechsler ex Dastur (anamorph 8.0 60 5.2 48.0 0.7 12.0
Bipolaris sorokiniana (Sacc.) Shoemaker)
Brown leaf rust (Puccinia triticina Eriks.) 15.6 58 6.5 45 0.4 9.0
Stem rust (Puccinia graminis Pers.) 11.0 48 5.8 16 2.5 10.5
Pyrenophorosis (yellow spotting)
(Pyrenophora tritici-repentis Died.) 6.1 >3 9.0 4 >-1 12.1
Snow mold (Microdochium nivale (Fr.) Samuels &
1.C. Hallett) 5.8 55 2.0 16 0.5 2.5
Leaf septoria (Septoria tritici Roberge in Desmaz,
teleomorph Mycosphaerella graminicola (Fuckel) J. 14.0 50 15 48 3.5 8.1
Schrot.)
Ppwqery mildew (Blumeria graminis Speer f. sp. 12.3 65 13 50 71 16.4
tritici Marchal)
Yellow rust (Puccinia striiformis Westend) 8.6 35 3.0 25 2.1 7.0

(Oudem.) Davis.); the rust diseases included the dwarf
(Puccinia hordei G.H. Orth.), the yellow (Puccinia
striiformis West.), the stem (linear) (Puccinia gram-
inis). According to the research data presented in
Table 2, it was established that the area of the spring
barley crops affected by the specified diseases was on
average from 5.1% to 75.0%. The prevalence of these
diseases ranged from 2.0% to 65.0%, and their devel-
opment varied between 1.2% and 35.0%.

Among the specified diseases, the dark brown
spotting dominated, the area of affected crops of spring
barley varied between 10.7% and 75.0%, the spread
of the disease ranged between 12.0% and 65.0%, and
the development varied between 3.7% and 35.0%; the
striped and reticulate spotting, where the area affected
by crops, was in the range between 5.1% and 75.0%,
the spread of the disease varied between 2.0% and
46.0%, and the development ranged between 3.0%
and 22.0% (Table 2).

The share of areas affected by the root rot, the
septoriosis of leaves, the powdery mildew, and rhyn-
chosporiosis ranged from 6.0 to 70.0%, their spread
ranged between 1.0 and 50.0%, and their development
varied between 1.1% and 20.0%. Rusty diseases (the
dwarf, the yellow, the stem rust) spread much less, the
share of the areas affected by them was on average
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between 6.7% and 20.1%, the spread of the diseases
varied between 2.0 and 10.0%, the development of the
diseases ranged between 0.5 and 12.0% The neglect
of the crop rotation and cultivation of plant (winter)
wheat and (spring) barley with low resistance to dis-
eases caused the accumulation of an infectious poten-
tial and the development of spotting to the extent of
epiphytotia. The sources of the infection are the seeds
(infected and sporulated), plant residues of the previ-
ous year’s sowing, the affected plants, and the wild
cereals that are susceptible to the diseases. Rising
temperatures and the manifestation of drought due
to the climate changes led to rapid aging of leaves,
which increased the spread of the spotting. Therefore,
carrying out constant a phytopathogenic control of
the agrocenoses of grain crops turned out to be an
important component of a comprehensive system of
the protection against diseases, and it requires further
scientific research.

Conclusion

Monitoring of the phytosanitary state of the
agrocenoses of grain ear crops has proven a sig-
nificant spread and development of pathogens of
the main types of diseases of fungal etiology. The
phytopathogenic complex of the agrocenoses of
the winter wheat was dominated by the follow-
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Table 2. The spread and development of the main diseases of the common (spring) barley (Hordeum vulgare L.)
plants during the growing seasons, average for 2004—2022

Area of affected crops, Spread Development
The agents of common diseases % the disease,% of the diseases, %
min. max. min. max. min. max

The root rot: (Cochliobolus sativus
(Ito&Kurib.) Drechsler ex Dastur (anamorph
Bipolaris sorokiniana (Sacc.) Shoemaker, 20.6 70 >4 >0 L1 20
Fusarium spp.).
Dark brown of spotting: (Cochliobolus
sativus (Ito&Kurlb.) Drech§1§:r ex Dastur 10.7 75 12.0 65.0 37 350
(anamorph Bipolaris sorokiniana (Sacc.)
Shoemaker)
Dwarf rust: (Puccinia hordei G.H. Orth.) 6.7 35 2.5 10.0 24 12.0
Yellow rust: (Puccinia striiformis West.). 3.0 20.1 2.2 10.0 0.5 9.0
Stem (linear) rust: (Puccinia graminis Pers.
f. tritici Eriks. et Henn) >-1 14.0 2.0 8.2 1.8 10.2
Leaf septoria: (Mycosphaerella graminicola
(Fuckel) J. Schrot.) 6.0 49.1 2.4 14.2 1.2 14.0
Powdery mildew (Blumeria graminis (DC.)
Speer f. sp. hordei Marchal.) 13.7 50.6 7.1 45.0 1.6 15.0
Spotting: striped — Pyrenophora graminea
[to&Kurib. (anamorph Drechslera
graminea (Rabenh.) Shoemaker, reticulate— 5.1 75.0 2.0 56.0 3.0 22.0
Pyrenophora teres Drechsler (anamopda
Drechslera teres (Sacc.) Shoemaker)
Rhynchosp0r1.0s1s (Rhynchosporium secalis 10.0 550 35 500 39 10.0
(Oudem.) Davis.)

ing root rots: helmintosporium (Bipolaris soro-
kiniana), fusarium (Fusarium spp.), root cerco-
sporellosis (Oculimacula yallundae), ophiobolus
(Gaeumannomyces graminis), which affect up
to 70.0% on average, the spread of diseases was
50%, their development totaled 1.81%. At the
same time, in the phytopathogenic complex of the
spring barley, in addition to the root rot (Bipolaris
sorokiniana, Fusarium spp.), the varieties of spot-
ting like the dark brown (Cochliobolus sativus),
the striped (Pyrenophora graminea), the reticu-

lated (Pyrenophora teres), septoriosis of leaves
(Mycosphaerella graminicola), the powdery mil-
dew dew (Blumeria graminis), rhynchosporiosis
(Rhynchosporium secalis) dominated. The areas
of the spring barley crops affected by the speci-
fied diseases are on average 5.1-75.0%, the prev-
alence of these diseases varies from 2.0 to 65,0%,
the development ranged between 1.2 and 35.0%.
Phytopathogenic microorganisms increased the
level of biological contamination of the agrocenoses
and the environmental risks in the agroecosystems.
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