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CeryaTas NATHUCTOCTH JIMCTHEB SUMEHS — LIMPOKO PACIPOCTPAaHEHHAsi B MUpe OOJIE3Hb 3€pHO-
BBIX KyJIBTYp, HAHOCAIIAs 3HAUYUTEIBHBIN SKOHOMUUECKHH yiiep0. IIpenmyIiecTBeHHBIM CIIoCOO0M
00pBOBI ¢ HEll OCTaeTCs XUMHUYECKas 3alUTa, MMEIOIIas MHOKECTBO HETaTUBHBIX TMociencTuil. He-
00X0IMMO OTMETHUTH, UTO BO3OYIUTENb 00JIe3HN — TpUb Pyrenophora teres — OTHOCUTCS K KJIacCy Ta-
TOT€HOB C BBICOKOH BEPOSITHOCTBIO Pa3BUTHSI MHOKECTBEHHON PE3UCTEHTHOCTH Cpa3y K HECKOIBKUM
XUMUYecKUM (QyHTunuaam. B cBsi3u ¢ 3TuM B paboTe McciaeJoBaHO 3alIMTHOE JICHCTBUE IITAMMOB
Bacillus velezensis BZR 336 g u BZR 517, a Takxe Pseudomonas chlororaphis BZR 245 F na nByx
COpTax SIYMEHSI 03UMOTO C PA3INYHON YCTOWIMBOCTBIO K BO30YIUTEINIO CETYATOH MATHUCTOCTH B yC-
JIOBHSAX JIBYXJIETHHX IOJIEBBIX HCIIBITAHUH. YCTAHOBICHO, YTO 00paboTKa yKa3aHHBIMH IITaMMaM{
CHIDKaJla pa3BUTHE CETYaTOM MATHUCTOCTH B cpeaHeM Ha 26—30% B yCIIOBUSX LEHTPaJIbHON 30HBI
Kpacnonapckoro kpas. B 2022 1. mtaMMbl CMOIJIH KOHKYPUPOBATh 1O 3()()EKTUBHOCTH ¢ XHUMUYe-
CKUM 3TaJIOHOM. BBISBIIEHO, YTO Ha BOCHPUUMYUBOM copre PomaHc cHmKeHue pa3BuTHs 00Je3HH
npu oOpaboTKe mTamMMaMH OblIO Oojiee BhIpaKEHHBIM — B cpeaneM 25,7-38,8% mpu 20,9-25,3%
Ha ycroitunBoM copte Mocud. Onpeneneno, uto 06padOTKa KUAKHUMHU KyJIbTYPAaMH [ITAMMOB ITEpest
ITIOCEBOM W B TIEpHOA BereTanuu dPQekTuBHEE, YeM Ipyrue crocodsl. B 2018 1. 00paboTka ceMsH u
pacteHuii tamMmmamMu Obuta 3 dexTuBHEE IpyTruX crocoboB: Ha copre Mocud — B cpemHeM Ha 6—8%,
Ha copte Pomanc — Ha 8-24%. B 2022 . 06paboTka ceMsH 1 paCTeHH ITaMMaMK Oblila B CPeHEM Ha
12-17 (Mocud) u 35-38% (Pomanc) s dexruBHee, yeM apyrue Mmetoasl 00padoTku. buonornyeckas
3¢ }eKTHBHOCT MITAMMOB 3aBUCENA OT KIMMaTHIECKUX (pakTopoB. B GmaronpusTHRIX MOTOIHBIX yC-
JIOBHSAX MAaKCHMAJIbHOE CHIDKEHHE Pa3BUTHUS OOJIE3HH OTMEUEHO IPH MCIIOIb30BAHUH IITaMMa Poja
Pseudomonas, B ycIOBUSX HECTaOWIHLHOTO METEOPOIOTHYECKOTO (hoHA HAWOONBITYIO A EKTHB-
HOCTh NPOJICMOHCTPHUPOBAIN OMoareHThl poaa Bacillus. Pe3ynbrarel HCCIIeIOBAHUE TOKA3aJIHd, 4TO
OMONIOTHUYECKUE METONBI OOPHOBI C CETUATON MATHUCTOCTBIO JIMCTHEB O3UMOTO SYMEHS JOCTaTOUYHO
3¢ eKTUBHBI U TPEOYIOT AalibHENIIEH peann3anuy. bronornueckue cpeacTsa 3auThl pacTeHHi To-
MHMO TIOJIaBJICHUS] BPEIOHOCHOCTH (PUTOMATOTEHOB OyIyT CIIOCOOCTBOBATH ITONYYEHHIO 3KOJIOTHYE-
CKH 0€30I1aCHOM MPOITYKINH B COBOKYITHOCTH CO CHIDKEHHEM ITECTHIIMIHOTO IIpecca Ha arpOLeHO3HI.

KuaroueBsie cioBa: Pyrenophora teres, Bacillus, Pseudomonas, 6akTepuu-aHTarOHUCTHI, OHOIIO-
HYECKasl 3alIUTa PACTCHUH, 3¢pHOBBIE KYJIBTYPbI
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Barley net blotch is a widespread disease of cereal crops worldwide, causing significant economic
losses. The predominant method of controlling it remains chemical defense, which has many nega-
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tive consequences. It should be noted that the causative agent of the disease, the fungus Pyrenophora
teres, belongs to the class of the pathogens with a high probability of developing multiple resistance
to several chemical fungicides at once. In this regard, the protective effect of Bacillus velezensis
strains BZR 336 g and BZR 517, as well as Pseudomonas chlororaphis BZR 245 F on two varieties of
winter barley with different resistance to the causative agent of net blotch in two-year field trials was
investigated. It was found that treatment with the above strains reduced the development of net blotch
on average by 26-30% in the conditions of the central zone of the Krasnodar Territory. In 2022, the
strains were able to compete in efficiency with the chemical reference. It was found that the reduction
of disease development was more pronounced on the susceptible variety Romance when treated with
the strains, with an average of 25.7-38.8% compared to 20.9-25.3% on the resistant variety losif.
It was determined that treatment with liquid strain cultures before sowing and during the growing
season is more effective than other methods. In 2018, seed and plant treatment with the strains was
more effective than other methods: on the variety losif by an average of 6—8% and on the variety Ro-
mance by 8-24%. In 2022, seed and plant treatments with the strains were on average 12—17 (losif)
and 35-38% (Romance) more effective than other methods of treatment. The biological efficacy of
the strains depended on climatic factors. In favorable weather conditions, the maximum reduction of
disease development was observed with the use of strain of the Pseudomonas genus, in conditions of
unstable meteorological background the greatest efficiency was demonstrated by bioagents of the Ba-
cillus genus. The results of research have shown that biological methods of controlling winter barley
net blotch are quite effective and require further implementation. Biological means of plant protection
in addition to suppressing the harmfulness of phytopathogens will contribute to the production of
environmentally safe products in conjunction with the reduction of pesticide pressure on agrocenoses.

Keywords: Pyrenophora teres, Bacillus, Pseudomonas, antagonist bacteria, biological plant de-
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INTRODUCTION microevolutionary processes [1—4]. In years of
epiphytotics, yield losses from this disease can

reach 20-40% or more [2—4].

Net blotch of barley, caused by the heteroth-
allic ascomycete Pyrenophora teres Drechsler

(anamorph: Drechslera teres Sacc. (Shoem.)
= Helminthosporium teres), is one of the most
harmful diseases and is found in almost all coun-
tries engaged in grain cultivation. This is due to
the high adaptability of the pathogen and active

The disease affects leaves, leaf sheaths, and
stems (see the figure). As the disease progress-
es, the photosynthetic area of the leaf decreases,
which can lead to complete necrosis and desic-
cation of the plant. The widespread distribution
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Winter barley net blotch disease

of the infection is facilitated by high humidity,
the use of susceptible varieties, monoculture in
crop rotation, and an abundance of plant resi-
dues [1-5].

Currently, the chemical method remains the
most widely used approach to suppress the dis-
ease [1, 6]. However, due to the peculiarities of
its genetic apparatus, the pathogen can quick-
ly develop resistance to the most common and
widely used fungicides. Resistance to fungicides
of various chemical groups is observed every-
where due to the intensification of agricultural
production [3, 4]. The practice of using chem-
ical agents to combat diseases has shown that
their economic efficiency is gradually declining.
Pathogens resistant to pesticides are emerging,
the costs of developing new drugs are increasing,
and ultimately, this raises the cost of agricultural
production. The constant use of chemical plant
protection products disrupts biological balance,
pollutes the environment, and leads to the accu-
mulation of toxic residues in soil, water bodies,
groundwater, and agricultural products [7].

Environmentally safe biopreparations based
on microorganisms of various taxonomic groups
are an alternative to the chemical method. The

advantages of biological plant protection agents
include their safety for warm-blooded organ-
isms and the environment, selectivity of action,
absence or weak phytotoxicity, low probability
of resistance development in case of long-term
application [8—10].

Numerous studies confirm the effectiveness
of microorganisms in the control of plant diseas-
es, including the use of resistant varieties [4, 11—
15]. Thus, E. O'Brien' reports on P. fluorescens
strains MKB100 and MKB156, Pseudomonas
sp. MKB158 and MKB194, which significantly
(up to 46%) reduced disease development un-
der natural conditions on two barley varieties.
A study by A. Perello et al.? showed up to 56%
reduction of disease development caused by the
taxonomically similar pathogen P. tritici-repen-
tis using biocontrol strains on wheat leaves un-
der field conditions. Some variants gave good
protective effect even compared to fungicide
treatment. M. Ghorbanpour et al. [16] evaluated
the effect of Pseudomonas and Bacillus strains
on the development of barley net blotch caused
by P. graminea in field conditions for two years
on three varieties differing in the degree of re-
sistance. The level of disease development was
reduced to 66%.

Conducting research in the direction of biolo-
gization of plant protection systems is promising
in connection with the adoption of the Strategy
for the development of organic production in the
Russian Federation until 2030, which provides
for the active development of agrobiotechnolog-
ical direction’.

The purpose of this study was to investigate
the ability of bacterial bioagents of two different
genera (Bacillus and Pseudomonas) to control
the development of net blotch on two winter bar-
ley varieties differing in disease resistance under
varying environmental conditions.

10 Brien E. Biological control of Pyrenophora teres. Letterkenny, 2005, 104 p.

2Perello A., Moreno V., Monaco C., Simon M.R. Effect of Trichoderma spp. isolates for biological control of tan spot of wheat
caused by Pyrenophora tritici-repentis under field conditions in Argentina // Biocontrol, 2008, N 53, pp. 895-904.

*Order of the Government of the Russian Federation from 04.07.2023, Ne 1788 r “On approval of the Strategy for the devel-
opment of organic production in the Russian Federation until 2030 (https://www.garant.ru/products/ipo/prime/doc/407297286/).
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MATERIAL AND METHODS

The research was conducted at the field exper-
imental base of the Federal Research Center of
Biological Plant Protection (FSBSI FRCBPP) in
2017-2018 and 2021-2022. Two winter barley
varieties of the selection of the National Grain
Center P.P. Lukyanenko, differing in the degree
of resistance to net blotch were used: Romance
(susceptible, the level of disease development
30-50%), losif (resistant, the level of disease de-
velopment up to 20%) [12]. Plants were grown
on the plots with the area of 5 m?. The total area
of the experiment amounted to 1100 m>.

The research objects were strains from the
bioresource collection of the “State Collection
of Entomoacariphages and Microorganisms” of
the FSBSI Federal Research Center of Biolog-
ical Plant Protection: Pseudomonas chlorora-
phis BZR 245 F, Bacillus velezensis BZR 336 g
and BZR 517. The strains were selected by the
method of stepwise screening and on the basis of
experimental data were recognized as promising
for the creation of biological preparations [13].

Liquid cultures (LC) of the above strains ob-
tained by batch cultivation in New Brunswick
Scientific Excella E25 shaker incubators (En-
field, USA) (180 rpm) were used in the study.
Strains BZR 336 g and BZR 517 were obtained
on the original optimized nutrient medium for
48 h at 25 °C and 36 h at 30 °C, respectively*.
Cell concentration was maintained at the level of
2,8 - 10%4,1-10° CFU/ml.

BZR 245 F strain was obtained by the same
method on King's B medium for 36 h at 26 °C,
cell concentration 1,6:10%-2.4-10° CFU/ml.

The strains were used in three ways:

1) pre-sowing seed treatment and subsequent
treatment of vegetative plants;

2) treatment of vegetative plants;

3) seed treatment; treatment of vegetative
plants was carried out in spring in the tillering
phase (Z 26-21).

The application rates of LC strains were as
follows: seed treatment with strain BZR 245 F —
2 1/t, BZR 336 g — 3 I/t, BZR 517 — 2 I/t, plant
treatment — 2, 3 and 2 l/ha, respectively. Con-
sumption of the working fluid was 10 1/t and 300
1/ha. Kinto Duo, SC (triticonazole + prochloraz,
20 + 60 g/l) was used as a chemical standard for
seed treatment, Alto Super, SC (propiconazole +
cyproconazole, 250 g/l + 80 g) for plant treat-
ment. Alirin-B, L (B. subtilis, strain VIZR B-10)
was used as a biological standard.

Disease development was evaluated visually
in dynamics as the symptoms appeared. The lev-
el of disease development was recorded in per-
centages by determining the ratio of the affected
areas to the total leaf area. The data obtained at
maximum development of the disease are pre-
sented in the paper. Biological efficiency was
calculated using the Abbott formula’

BE = (100 - (P — p))/P,

where BE — biological effectiveness, %; P — data
in the control, %; p — data in the variant with a
bioagent or benchmark application, %.

The growing season from October 2017
through June 2018 was favorable for the plants
and biological agents (based on the weather ar-
chive, weather station No 34920°).

During this period, there were no sharp fluctu-
ations in precipitation levels or air temperature.
The autumn and winter were warm (5.2...12.2
°C). Plants received ample moisture during the
initial stages of vegetation (70—-148 mm of pre-
cipitation fell). Vegetation resumed in March. In
the autumn of 2021, after sowing, the air tem-
perature was low (down to —1.3 °C), and plants

‘Asaturova A.M., Homyak A.I., Tomashevich N.S., Pavlova M.D., Zhevnova N.A., Dubyaga V.M., Kozitsin A.Ye., Sidorova T.M.,
Nadykta V.D., Ismailov V.Ya. Conditions for the cultivation of new Bacillus bacteria being micro bioproduct producers // Journal of

pure and applied microbiology, 2015, N 9 (4), pp. 2797-2804.

SAbbott W.S. A method of computing the effectiveness of an insecticide // Journal of Economic Entomology, 1925, vol. 18, N 2,

pp. 265-267.
Shttps://rp5.ru/
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received little moisture (40—56 mm). During the
winter, there were sharp fluctuations in tempera-
ture (from —12.1 to —19.0 °C) and precipitation
(from 37 to 166 mm). The spring of 2022 was
cold, and vegetation resumed in mid-April.

The material and technical base of USU
“Technological line for production of microbio-
logical plant protection agents of new generation
7 was used in the research. Statistical processing
of data was carried out using Tukey HSD STA-
TISTICA 13.2 test (StatSoft Russia). Repetition
in all the experiments was threefold.

RESULTS AND DISCUSSION

Biological efficiency varied depending on the
level of infection background, variety and the
method of application of LC strains. In 2018, the
development of net blotch was 4.8-5.8% on the
resistant variety losif and 22.6-35.8% on the sus-
ceptible variety Romance. In 2022, the natural
infection background was more aggressive with
63.1- 66.4% on variety losif and 71.1-73.2% on
variety Romance. In 2018, maximum reduction
in disease development occurred with the use of
chemical protection (irrespective of the method
of application). In 2022, biological protection
was most effective, in particular strains BZR
517 and BZR 245 F maximally reduced disease
development (see the Table).

Pre-sowing seed treatment combined with
treatment of vegetating plants proved to be more
effective than other types of treatment. In 2018,
when treating seeds and plants of the losif vari-
ety with the strains, the biological efficacy was
16.3-32.0%, which was on average 6—8% higher
than when using other methods. For the suscep-
tible variety Romance, the difference was more
pronounced: on average, the strains suppressed
the disease by 8-24% better when treating seeds
and plants compared to other treatment methods.
In 2022, the treatment of seeds and plants with
the strains was on average 12—17% (losif) and
35-38% (Romance) more effective than other
treatment methods (see the Table).

"http://ckp-rf.ru/usu/671367

The efficacy of the strains varied. In 2018, the
strain BZR 245 F reduced disease development
by 15.2-59.9%, depending on the variety and
treatment method, surpassing this indicator in
variants using strains of the genus Bacillus. The
efficacy of BZR 336 g and BZR 517 was low-
er, at 4.2-53.7%. In 2022, BZR 245 F showed
maximum efficacy only on the resistant variety,
while BZR 336 g and BZR 517 significantly
suppressed pathogen development on both vari-
eties: by 16.2-49.7% on the resistant variety lo-
sif and by 6.1-46.9% on the susceptible variety
Romans. It is worth noting that the strains were
able to compete in efficacy with the chemical
standard in 2022 (see the Table).

It was observed that under field conditions,
the biological efficacy of the strains depended
on weather conditions. In the favorable weath-
er conditions of 2017 and 2018, the strain BZR
245 F suppressed the development of net blotch
more actively than the bacillary strains. The bi-
ological efficacy of the strain BZR 245 F was
24.6-59.9%, while that of strains BZR 336
g and BZR 517 was 4.2-50.3% (see table). In
2021-2022, the climatic conditions were less
stable than in the previous research period. In
2022, the biological efficacy of strains BZR 336
g and BZR 517 was on average 7-19% higher
than that of BZR 245 F, which was particularly
noticeable on the susceptible variety losif. Addi-
tionally, under field trial conditions in 2022, the
strains were able to compete in efficacy with the
chemical standard.

CONCLUSION

It was found that treatment with the strains
reduced the development of barley net blotch by
an average of 30% in 2018 and by 26% in 2022.
It is worth noting that in 2022, the strains were
able to compete in efficacy with the chemical
reference.

It was found that treatment with LC strains
before sowing and during the growing sea-
son was more effective than other methods. In
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Paspurtne cetuaroit marauctocty (R, %) u Ononorudeckas s dexruBHocts (BE, %) mramMmmoB B ycio-

BHUSIX T0JIEBOH akcniepuMeHTanbHoM 6azsl ®I'BHY OHIIB3P
Development of net blotch (R, %) and biological efficacy (BE, %) of strains under the conditions of the

field experimental base of the FRCBPP

2018 2022
Treatment Experiment option Variety losif Variety Romance Variety losif Variety Romance
method
R BE R BE R BE R BE
Control 5,7° - 23 4¢ - 63,6° - 72,2¢ -
Chemical standard 3.8 | 33,1 46° | 80,4 | 465 | 269 | 532° | 263
Seed and | Biological reference 4,22 27,3 10,1=> | 57,0 44,32 30,3 | 34,5%° | 522
plant treat-
ment BZR 245 F 3,9 32,0 9,4%° 59,9 48,7 23,5 27,3% 62,2
BZR 336 g 4,28 26,7 11,6° | 50,3 43,9 30,9 42,3 41,3
BZR 517 4,8 16,3 16,3*¢ | 30,5 32,00 49,7 38,32 46,9
Control 5,8° - 27,8° — 66,4° - 73,22 —
Chemical standard 3,7° 36,6 13,1¢ 53,0 57,32 13,8 49,3b 32,7
Plant treat- | Biological reference 5,3b 9,1 20,4>° 26,6 53,4%° 19,6 55,3b¢ 24.4
ment BZR 245 F 4.4 246 | 1400 | 49,6 | 57.2* | 13,9 | 623 | 148
BZR 336 g 4,6 21,7 16,8 39,4 50,4° 24,1 63,0%¢ 13,9
BZR 517 4,7 20,0 16,9 39,1 55,5 | 16,4 67,4 7.9
Control 4,8 - 22,6° — 63,1° - 71,1° —
Chemical standard 2,22 53,8 12,5° 44,7 56,0? 11,2 80,5¢ 0,0
Seed treat- | Biological reference 3,32 30,1 15,7¢ 30,7 57,9%¢ 8,2 65,8+ 7,4
ment BZR 245 F 3,3 30,1 19,28 15,2 49 4° 21,7 64,42 9,4
BZR 336 g 4,6° 42 13,8° | 389 | 43,6 | 309 | 505 | 29,0
BZR 517 4,2¢ 12,6 | 16,7%* | 26,3 | 52,8 | 16,2 | 66,8*° 6,1

Note. Different letters indicate valid differences (p < 0,05) within a column according to the test Tukey HSD.

2018, treatment of seeds and plants of losif va-
riety with the strains reduced development of
net blotch by 6-8% more effective than other
methods, on the Romance variety — by 8-24%
more effective. In 2022, seed and plant treatment
with strains was on average 12—-17 (losif) and
35-38% (Romance) more effective relative to
other treatments.

It was found that on the susceptible variety
Romance the reduction of disease development
when treated with the strains was more pro-
nounced with an average of 25.7-38.8% with
20.9-25.3% on the resistant variety losif.

It was determined that in field conditions the

biological efficiency of the strains depended on
the weather conditions. In a favorable weather
period (2017-2018) strain BZR 245 F suppressed
the development of net blotch more actively
than Bacillus strains. In the less stable period
(2021-2022), the biological efficacy of Bacillus
strains was on average 7—19% higher than that of
BZR 245 F, which was especially noticeable on
the susceptible variety losif.

The conducted research has shown that biolog-
ical methods of control of winter barley net blotch
are quite effective and require further implemen-
tation in production conditions. Biological means
of plant protection against diseases will not only
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reduce the harmfulness of P. teres, but will also
contribute to the production of environmentally
safe products in conjunction with the reduction of
pesticide pressure on the agrocenoses.
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