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INFLUENCE OF ABIOTIC FACTORS

ON THE DEVELOPMENT OF MAIN DISEASES

OF WINTER WHEAT

IN THE CONDITIONS OF THE WESTERN FOREST-STEPPE

Winter wheat is the leading grain crop in Ukraine. Realization of potential
productivity of winter wheat is often limited to the development of phyto-diseases,
among which the most harmful in our area are septoria, powdery mildew, dark
brown spot, pyrenophorosis, rust and smut diseases. Creation of sustainable varieties
is the most effective, economically justified and perfect, from the point of view of
environmental protection, method of plant protection. Recently, against the
background of rising prices for fungicides, on the one hand, and the ecological crisis
of the biosphere on the other, the search for new effective sources of disease
resistance is of particular importance. Among the genetic resources of winter wheat
are genotypes that are resistant to several pathogens simultaneously and are of
particular value as sources of group resistance. Therefore, the aim of our research
was to study the influence of abiotic factors on the development of major diseases of
winter wheat in the Western Forest-Steppe.

The article presents the results of research on influence of abiotic factors
on the development of major diseases of winter wheat in the Western Forest-Steppe.
During 2017-2019, the most common diseases during the winter wheat growing
season were: powdery mildew, dark brown spot, pyrenophorosis. Over the years of
research, the following varieties have been noted: Oberih Myronivs'kyi, Mudrist’
odes’ka with resistance (score 6) to powdery mildew and dark brown spot. The
Vodohray bilotserkivs'kyy variety was susceptible (score 5) to these diseases.

It should be noted that the varieties: Vodohray bilotserkivs'kyy and Oberih
Myronivs'kyi showed resistance (score 6) to pyrenophorosis. Variety Mudrist’
odes’ka was susceptible to this disease (score 5).

In the conditions of the Western Forest-Steppe it is necessary to grow the
variety Oberih Myronivs'kyi, which has a high index of complex stability (ICS =
1.05). The appearance and development of powdery mildew and dark brown spots
on winter wheat, according to research, is facilitated by increased rainfall in May-
June, when the SCC reaches 1.3 and above.
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In the future, research in this direction will continue for a more detailed
study of this issue.

Keywords: winter wheat, powdery mildew, dark brown spot,
pyrenophorosis, variety, resistance index.

Binosyc I'. 51.

[actutyT cinecpkoro rocnogapcrsa Kapnarcekoro periony HAAH

BB adioTHyHux (pakTOpiB HA PO3BMTOK OCHOBHMX XBOPOO MIEHMI
03uMoi B ymoBax 3axignoro Jlicocremy

[Tmennns o3uma 3a cBoiM 3HaueHHSM 3aiiMae B YKpaiHi IpOBifHE Micue
cepel 3EpPHOBHMX KyJbTyp. Peamizaiiss TOTCHIIHHOT NPOXYKTHBHOCTI TMIICHHUII
03MMOi 4acTo 0OMEXY€EThCSI PO3BHTKOM (DiTO3aXBOPIOBAaHb, CEpel SIKMX HaHOLIbII
NIKIUIMBAMH B Hallii 30HI € CenTopio3, OOpOINHKCTa poca, TEMHO-Oypa
IUIMUCTICTD, MPeHO(OPO3, ipKacTi Ta CakKoBi XxBopoOu. CTBOpEHHS CTIMKHX
COPTiB — HaHOLIPI e(eKTHBHUH, €KOHOMIYHO OOIPYHTOBaHMH 1 NOCKOHAIWH, 3
TOYKM 30py OXOPOHH HAaBKOJMIIHBOIO CEpElOBHINA, METOJ 3aXHCTy pOCIHH.
OcranHiM YacoM Ha (OHI MOJOpOK4YaHHS (YHTIIMIHHUX MpenapariB, 3 OIHOTO
00Ky, Ta eKOJIOTiYHOI Kpu3u Oiocepu 3 Apyroro, ocoOIMBOTO 3HA4YCHHS HaOyBae
NOIIYK HOBHX e(EKTHBHUX JDKepeNl CTIHKocTi 10 XBopoO. Cepen TIeHETHYHHX
pecypciB MIIEHHUI 03UMOI € TeHOTHIH, IO XapaKTepH3YIOTHCS CTIHKICTIO NMPOTH
KIBKOX 30yJHUKIB OZHOYACHO 1 MAlOTh OCOOJHMBY LIHHICTB SIK JyKepesa IPyIHoBOT
cTiiikocTi. ToMy METOI HamIMX OOCTIIKEHb OYyJO BUBYMTH BIUIMB a010THYHHX
(hakTOpiB Ha PO3BUTOK OCHOBHHUX XBOPOO MIICHUI O3MMOI B yMOBax 3aXiJHOTO
Jlicocremy.

HaBeneno pe3ynbpraTe OOCHIKEHb 3 BHBUYCHHS BIUTUBY aO0iOTHYHHX
YMHHUKIB HAa PO3BUTOK OCHOBHHMX XBOpPOO IIIEHHUINI 03MMOi B YMOBax 3axiJHOTO
Jlicocteny. Bnpomosx 2017—2019 pp. HaiOLIbII NOIIMPEHUMH XBOPOOAMH Mij Yac
Bereranii MIIeHUNi o3uMol Oyiu: OOpOIIHKCTA poca, TEeMHO-Oypa IUIIMUCTICTb,
nipeHodopo3. 3a poku pociijkeHb Bina3HaueHo copTu: OOepir MupoHiBCBKHIA,
Mynpicte omeckka 3i cTifikicTio (6am 6) mo OOpOMIHMCTOI poch Ta TeMHO-Oypoi
wimuctocti. Copt Bomorpait GimouepkiBebkuit OyB cripuifHATIHBAM (Oanm 5) mo
ypaXeHH [IUMH 3aXBOPIOBAHHAMHU.

Crnin Bim3HauwTH, 1O copTd Bomorpaii OimonepkiBcekuii Ta O6epir
MHUpPOHIBCHKHIA TPOSIBUIM CTIHKICTh (0ay 6) 1o ypaxkeHHs mipeHodopo3om. Copt
MynpicTb ofecbka OyB CIIPUITHATIMBUM J0 LLOTO 3aXBOPIOBaHHS (6ai 5).

BcranoBineHo, 1o B ymoBax 3aximHoro Jlicoctemy moTpiOHO BHpOIyBaTH
copt O6epir MUpOHIBCBKHIA, U1 IKOTO XapaKTepHO MOETHAHHS BHCOKOTO iHACKCY
komriekcHoi criiikocti (IKC=1,05) 3 iHAMBiqyaIbHOKO CTIHKICTIO 1O OOpPOIIHUCTOT
pocH, TeMHO-0ypoi IUIIMUCTOCTI Ta TipeHo(opo3y.

TlosiBi Ta po3BUTKY OOpPOITHHCTOI POCH Ta TEMHO-OYpoOi IUIAMHUCTOCTI Ha
TMIIICHAIII O3UMIiH 32 pe3ybTaTaMy JOCTIIKEHb CIPHUSE MiIBUIIECHA KUTBKICTh OTa/IiB
y TpaBHi — uepBHi, konu ['TK nocsrae 1,3 i Buie.

KnrouoBi cjoBa: mieHuns o3uMa, OOpOIIHHCTAa poca, TeMHO-Oypa
IUSIMUCTICTB, ipeHo(OPO3, COPT, iHIEKC CTIHKOCTI.
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Introduction. Increasing the quantity and quality of crop production
is the main task of the agricultural complex. The main strategic agricultural
crop of Ukraine is winter wheat, which occupies up to 6.5 million hectares
of cultivated land, which is 40 % of the total grain area [2, 26, 27].

The cultivation of grain crops is complicated by a number of factors,
one of the first of which is the deterioration of the phytosanitary condition
of crops [4, 24, 25].

In Ukraine, the annual shortfall of the winter wheat harvest due to
the negative effect of pathogens and pests is 12-14 %. Diseases affect
wheat throughout the growing season [13, 14, 16].

Modern agroecosystems are characterized by a significant
anthropogenic load, which causes an imbalance in agrocenoses, provokes an
increase in the number of phytophages, the spread of harmful phytobiota,
pests and pathogens, and destabilization of the phytosanitary situation in
general [18, 22, 26].

The world market's need for ecologically clean agricultural products
leads to a tendency to reduce the use of chemical plant protection agents
against pathogenic organisms. An alternative to the use of pesticides is
genetic protection, the cultivation of resistant varieties and hybrids [5, 6,
11].

The development of diseases of winter wheat plants varies from year
to year. There are periods of epiphytotia and, conversely, years of weak
development or even the absence of one or another disease. The reasons for
the mass development of phytopathogens should be sought in the presence
of favorable conditions [3, 8, 9].

The influence of abiotic factors is usually manifested in several
directions. First of all, they affect the development of phytopathogens, that
is, the speed of disease manifestation, survival, aggressiveness, number and
viability. Plants also grow and develop under the influence of a complex
complex of environmental factors simultaneously acting on them [10, 15,
34]. Depending on these factors, the resistance and endurance of plants to
diseases during the growing season is formed, and they also affect the
intensity of the pathogenic process itself. The elements of the external
environment act in a complex manner on the growth, development and
degree of damage by pathogens and plant yield. And even a temporary
change in one meteorological parameter leads to the variability of others.
Thus, according to the estimates of many scientists, the degree of influence
of hydrothermal factors on the size of the crop and its quality ranges from
3010 60 % [7, 8, 12].
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Abiotic factors play a major role both in the occurrence of the
disease itself and in its development. It should be noted that they can
directly affect both the pathogen, stimulating or suppressing its
development, and the host plant, increasing its susceptibility or resistance.
They are the most common for all organisms of ecosystems and their
actions do not depend on the density of populations of organisms [29, 30,
32].

Researchers [25, 29, 31] established that air humidity is of great
importance for the dispersion, germination of spores and penetration of the
pathogen into the tissue, and the air temperature affects the speed of
development of the infectious process.

According to the well-known phytopathologists M. M. Kyryk,
H. M. Kovalyshyn, V. V. Bazalii, and S. V. Retman [10, 23, 25], the
harmfulness of leaf spots directly depends on climatic conditions. They note
that the timing of the appearance of dark brown spots on the leaves depends
on the average air temperature and the amount of precipitation in May.

Therefore, the goal of our research was to study the influence of
abiotic factors on the development of the main diseases of winter wheat in
the conditions of the Western Forest-Steppe.

Materials and methods. The research was conducted in 2017-2019
at the Institute of Agriculture of the Carpathian Region of the National
Academy of Sciences. The object of the research was 3 varieties of winter
wheat, of different institutions-originators, included in the Register of plant
varieties suitable for distribution in Ukraine. The soil of the experimental
plots was gray forestal surface-gleyed light-loamy, which was characterized
by the following indicators: humus content (according to Tiurin) — 1.9 %,
pH of salt extract (potentiometric method) — 4.8, hydrolytic acidity
(according to Kappen-Gilkovits) — 2.91 mg eq./100 g of soil, the content of
mobile phosphorus and potassium (according to Kirsanov) — 98 and 85 mg
per 1 kg of soil, alkaline hydrolyzed nitrogen (according to Kornfield) —
87 mg per 1 kg of soil. The technology of growing winter wheat seeds
included: pre-sowing treatment of seeds with vitavax 200 FF, 34 % v.s.k.
(3.0 I/t), application of mineral fertilizers at the rate of N3oPgoKgo during
sowing and gradual application of N3 nitrogen in the IV and VII stages of
organogenesis, chemical protection against weeds: herbicides — grodil maxi,
37.5 % o.d. (0.09-0.11 I/ha) + zenkor liquid, 60 % k.s. (0.1-0.4 I/ha). The
seed sowing rate — 5.5 million germinated seeds/ha.

According to the method [21], phenological observations of the
growth and development of winter wheat plants were carried out. The
development of diseases was determined according to 9-point scales in the
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phase of emergence into the tube, earing and milk ripeness according to
generally accepted methods [19, 20]. The index of stability and complex
stability was calculated according to the methodology of P. P. Litun et al.
[1, 28].

Under the condition of describing the weather conditions for 2017—
2019, we used the data of the Lviv hydrogeological improvement station,
the observation point — village Obroshyne. To determine the influence of
climatic factors, in particular, the amount of precipitation and temperature,
on the development of diseases, the hydrothermal coefficient — GTK was
used in the period April-July [17]. During the evaluation of the agroclimatic
resources of this territory, it was taken into account that GTK within 1.0—
1.5 characterizes optimal moisture, greater than 1.5 — excessive, less than
1.0 — unstable, less than 0.5 — weak.

Results and discussion. With the beginning of the growing season
in April in 2017, precipitation fell by 16.1 mm less than the long-term
average. The temperature in April exceeded the long-term average by 1.1
°C and equaled 8.5 °C, in May it increased by 0.9 °C.

In the third decade of May, the amount of precipitation was 22 mm
higher than the long-term average (Fig. 1).
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Fig. 1. The amount of precipitation for April — July in relation to
average multi-year data (2017-2019)
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In June, only 22.2 mm of precipitation fell, which is 24 % of the
long-term average, and in July — 57.2 mm, or 56 %. The air temperature in
June was 1.9 °C higher than the long-term average. The average monthly
temperature in July was 18.5 °C, which is 1 °C higher than the long-term
average.

According to HTC calculations (Fig. 2), in general, the entire
period from April to July in 2017 was quite wet. Such weather conditions
significantly influenced the development of pathogens of fungal diseases.
Thus, in 2017, the development of powdery mildew, depending on the
variety, was in the range of 3.5-22.5 %, dark brown spotting — 2.5-20.0 %,
pyrenophorosis — 5.0-22.0 % with hydrothermal coefficient (GTK) on
average for the growing season (May — July) 2.0; 0.4; 1.0 respectively.
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Fig. 2. GTK according to average monthly data for the period
2017-2019 (April — July)

In the third decade of May, the weather was favorable for the
development of such diseases as dark brown spotting, powdery mildew.

In 2018, April was characterized by very warm and moderately
dry weather (the air temperature was 6.3 °C higher, and the amount of
precipitation was 29.4 mm less than the long-term average). In May, the air
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temperature was 4 °C higher, and the amount of precipitation was 16 mm
less than the long-term average (Figs. 1, 3).
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Fig. 3. Air temperature for April — July in relation to the long-term
indicator (2017-2019)

June was characterized by wet and warm weather (60.5 mm more
precipitation fell, and the air temperature was 2 °C higher than the long-
term average. In July, the air temperature was 1.7 °C higher, and the amount
of precipitation was 14 mm higher than The development of powdery
mildew in 2017, depending on the studied variety, was: 3.5-22.5 %, dark
brown spotting — 2.5-20.0 %, pyrenophorosis — 5.0-29.0 %.

In 2018, a more intensive development of diseases was noted,
which was facilitated by an excess level of moisture in June — July. The
hydrothermal coefficient (HTC) during the growing season (April — July)
was 0.52; 1.3; 2.8; 1.9.

Such weather conditions negatively affected the growth of winter
wheat, but contributed to the development of phytopathogens. Depending
on the variety, the development of powdery mildew in 2018 was: 1.0-
20.5%, dark brown spotting — 1.5-20.5 %, pyrenophorosis — 1.0-19.0 %.

April in 2019 was characterized by warm and dry weather (the air
temperature was 2.6 °C higher, and the amount of precipitation was
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18.2 mm less than the long-term average). The air temperature in May was
0.3 °C higher, and the amount of precipitation was 64.6 mm higher than the
long-term average (see Figs. 1, 2).

In the summer, the weather conditions differed among themselves.
June was characterized by warm and relatively dry weather (the air
temperature was 4.9 °C higher, precipitation was 39.9 mm less than the
long-term average). In July, the air temperature was 0.8 °C higher, and the
amount of precipitation was 20.8 mm less than the long-term average.

The hydrothermal coefficient (HTC) for April was 1.1; May — 3.6;
June — 0.83, July — 1.43.

In 2019, depending on the variety, the development of powdery
mildew on the surveyed winter wheat crops was in the range of 2.5-27.5 %,
dark brown spotting — 1.5-28.5 %, pyrenophorosis — 1.5-22,0 %.

Therefore, the weather conditions of 2017—2019 contributed to the
development of pathogens due to optimal and excessive humidification and
the corresponding air temperature.

The most common diseases of winter wheat that were discovered
during 2017-2019 years of research were: powdery mildew (Erysiphe
graminis f. sp. tritici), dark brown leaf spot (Drechslera tritici-repentis Ito),
pyrenophorosis (Pyrenophora tririci-repentis).

To determine the resistance of winter wheat varieties to the
pathogens of powdery mildew, dark brown spotting, and pyrenophorosis,
immunological evaluations were carried out with the translation of the
degree of disease damage into indicators of distance from the average value
(resistance indices) for all studied varieties.

It was established that the highest index of resistance (1=1.05) to
the pathogens of powdery mildew (Erysiphe graminis f. sp. tritici) and dark
brown spot (Drechslera tritici-repentis 1to) of the varieties: Oberih
Myronivskyi, Mudrist Odeska, and to the pyrenophorosis pathogen
(Pyrenophora tririci-repentis) — Vodohray bilotserkivskyi, Oberih
Myronivskyi (table).

The level of resistance of winter wheat to pathogens of major
diseases was assessed according to the index of complex resistance (ICS).
The highest indicators of complex resistance to the causative agents of the
two diseases were noted in the variety Oberih Myronivskyi (ICS=1.05).
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Assessment of the resistance of winter wheat varieties to major
diseases, 2017-2019
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L a) a L a) a RS
Vodohray
bilotserkivskyi (St) 5 5 6 ,088]088)105|094
Oberih Myronivskyi 6 1,05 | 1,05| 1,05 | 1,05
Mudrist Odeska 6 6 5 1,05 |1,05| 0,88 | 0,99
X* 57 57 57 099 099 099 099
min** 5 5 5 088 088 088 094
max*** 6 6 6 1,05 105 105 1,05
R#*x* 1 1 1 017 017 017 011

Note: x* — average, min** — minimum value, max*** — maximum value, R**** — range
of variation (max-min).

Conclusions. In the conditions of the Western Forest-Steppe of
Ukraine, during the years of research (2017-2019), the differentiation of
winter wheat varieties in terms of resistance to major diseases was revealed.
According to the results of our research, the appearance and development of
powdery mildew and dark brown spotting on winter wheat is facilitated by
an increased amount of precipitation in May-June, when the HTC reaches
1.3 and above.

It was established that the highest index of resistance to the
causative agent of powdery mildew (Erysiphe graminis f. sp. tritici) and
dark brown spot (Drechslera tritici-repentis Ito) was noted in the varieties:
Oberih  Myronivskyi, Mudrist Odeska, and to the causative agent of
pyrnenophorosis (Pyrenophora tririci- repentis) — Vodohray bilotserkivskyi,
Oberih Myronivskyi. It was found that the most valuable variety is Oberih
Myronivskyi, which is characterized by a combination of a high index of
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complex resistance (ICS=1.05) with

individual resistance to powdery

mildew, dark brown spotting and pyrenophorosis.
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