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Po3oBas cHexHas 1iecenb (Bo30ymutenb Microdochium nivale) — HamOoee pacrpoCTpaHSHHBIN
BO BCEM MHpE HHM3KOTEMIICpaTypHBIA MaroreH. V3ydeHa 4YyBCTBHTEIBHOCTH JBYX reorpaduuecku
OTJaJICHHBIX MOMYJISIIMI BO30YAMTENs pO30BO CHEXKHOM IutecenH (rora Poccun u Pecriyonuku benapycn)
K JEBATH COBpeMEHHbIM (yHrHImmaM. [lns nccnenoBanust oTtoOpaHsl (pyHTHIWIBI, BKIFOYCHHBIE B
T'ocymapcTBeHHBIN Karayior IECTULMIOB M arpOXUMHKATOB, PA3pEeIIEHHBIX K IPUMEHEHHIO HA TEPPUTOPUU
Poccuiickoit ®enepatyii 1 peKOMEHAyeMble JUIsi 00padOTKH MPOTUB CHEXXHOW IuieceHn. Marepuaiom
JUTST M3YYeHHs CITYXXWJIa YucTas KyJabpTypa rpuda M. nivale. B mccnenoBaHWM HMCHONB30BaH METOM
arapoBbIX 0J0KOB. BHeceHue pacTBOpoB ()YHIMIIMIOB B MHTATEIBHYIO CPEy OCYIICCTBIISUTH JBYMSI
CTaHJAPTHHIMU METOIAMH — BMELIMBAHUEM B CpeJly U PaCTUPAHUEM Ipernapara o HOBEPXHOCTH CPEIIb
mmareneM. Beisiens! npermaparsl, oomagaronwe 100%-M GyHrUImaHEIM AEHCTBHEM MPOTHB OOEHX
usydaeMbix nomymsiiwit: [omapuc, M3, Kunrto yo, KC u bapuron Cynep, KC. Ipenaparsr Ormior
Tpuo, BCK, Baiiopanc Tpuo, TKC, Makcum ®@opre, KC nokazamu 100%-10 3h(heKTHBHOCTH TOIBHKO
MIPOTUB OENOPYCCKOM MOMyJSIyu maroreHa. OnpezeneHo, 9yTo MpUMEHEHHE IByX METOJI0B BHECEHHS
npernapara B IUTaTeNIbHYyIo cpely (BMELIMBaHNE U PACTUPAHKE 110 TIOBEPXHOCTH arapa) UMEET BBICOKHUI
KOO GHULMEHT KOppensuumu (U1t 6e10py CCKO nomyssimu —r,, = 1,0, 11t ceBepokaBkasckoii —r,, = 0,99).
OnHaxo BMEIIMBaHNE MEHBIIIE HHTHOUPYET POCT KOJIOHUH, TIO3TOMY SIBJISIETCs O0J1ee TPeAO THTETEHBIM
B UCCIICIOBAHMSIX 110 U3YUCHHUIO YYBCTBUTEILHOCTH K TIperiapaTaM YiCTOl KyIbTypbl Tpubda M. nivale.
BbIsiBIIeHA CTATHCTHYECKH JOCTOBEPHAS Pa3HUIIA MEXKTY 1yBCTBUTEIILHOCTBIO K (DY HT MM 1AM MTOTTYIISILIHA
reorpaUueCcKu OTAANICHHBIX PETHOHOB (IPH MCTIOB30BAHIH METOAA BMeLMBaHws F, 5,32 < F;232,
merona pactupanus — F, 5,32 < F;37,7). JlaHHbIe CBUACTEIBCTBYIOT O T€TCPOrCHHOCTH BO3OYAUTEIIs
CHEXHOM IJIECEHH 10 YyBCTBUTEIILHOCTH K COBPEMEHHOMY aCCOPTHUMEHTY NPOTPABUTENEH CEMSH.

Ki1ioueBble cjioBa: CHE)KHAS TIIECEHb, BBITIpeBaHue, Microdochium nivale, 03umble 3epHOBBIE
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SENSITIVITY OF THE NORTH CAUCASIAN AND BELARUSIAN POPULATIONS
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Pink snow rot (pathogen Microdochium nivale) is the most common low-temperature pathogen
worldwide. Sensitivity of two geographically distant populations of the pink snow rot pathogen
(southern Russia and the Republic of Belarus) to nine modern fungicides was studied. The fungicides
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included in the State Catalogue of pesticides and agrochemicals permitted for use in the Russian
Federation and recommended for treatment against snow rot were selected for the study. The
material for the study was a pure culture of the fungus M. nivale. The agar block method was used
in this study. The fungicide solutions were introduced into the nutrient medium using two standard
methods: by interfering with the medium and by rubbing the preparation on the medium surface
with a spatula. The preparations with 100% fungicidal effect against both studied populations were
identified: Polaris, OE, Quinto Duo, SC and Bariton Super, SC. Oplot Trio, WS, Vybrance Trio, FC,
Maxim Forte, SC showed 100% efficacy only against the Belarusian population of the pathogen. It
was determined that the use of two methods of introducing the preparation into the nutrient medium
(intervention and rubbing on the agar surface) has a high correlation coefficient (for the Belarusian
population - r,,, = 1.0, for the North Caucasian population - r,, = 0.99). However, intervention is less
likely to inhibit colony growth and is therefore preferable in drug sensitivity studies of pure culture
of the fungus M. nivale. A statistically significant difference was found between the sensitivity to
fungicides of populations from geographically distant regions (£, 5.32 < F;23.2 for the intervention
method, F, 5.32 < F;37.7 for the rubbing method). The data indicate the heterogeneity of the snow

rot pathogen in terms of sensitivity to the modern assortment of seed dressing agents.
Keywords: snow rot, rotting, Microdochium nivale, winter cereals
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INTRODUCTION

Microdochium nivale (Fr.) Samuels & Hal-
let is the most common low-temperature phyto-
pathogen affecting cereals and grasses in the ar-
eas with stable snow cover [1]. In the Republic
of Belarus, the disease is one of the most com-
mon harmful ones [2]. According to V. Gorsh-
kov et al. [3], in Russia as early as the 1970s,
snow rot was considered a disease affecting
cereals only in the regions where plants were
covered with snow for at least 100 days. In the
southern regions of Russia, the pathogen oc-
curred sporadically until 1995; since 2000 the
dynamics of its occurrence and development
have been observed. At present, the pathogen is
widespread throughout the country where win-
ter grain crops are cultivated on an industrial
scale.

Effective protection of winter cereal crops
against pink snow rot is possible by treating
the seeds with fungicidal preparations based on
contact active substances, such as fludioxonil
and prochlorazole [2]. European researchers
also indicate that the only available mechanism
of chemical control of the disease in Northern
Europe is pre-sowing seed treatment with fun-
gicides [4]. Currently, a number of specialized
fungicide seed dressing agents have been de-
veloped and approved for use, which can signif-
icantly reduce the lesion of plants by the caus-
ative agent of pink snow rot [5]. At the same
time, there is no effective strategy for protect-
ing crops against pink snow rot due to a number
of restrictive measures, such as reducing the list
of approved drugs and peculiarities of winter
treatment. In our opinion, foliar application of
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fungicides to protect winter grain crops from
snow rot is difficult to carry out in the autumn
period due to the fact that the air temperature
during fungicide application should not be be-
low 12 °C, and 10-14 days should pass from the
moment of treatment until winter grain crops go
into dormancy (autumn cessation of vegetation).

At the same time, the problem of resistance
is acute and has great negative consequences in
plant protection in the farms of almost all cat-
egories [6]. One of the first published data on
the loss of M. nivale sensitivity to benzimid-
azoles is the research of the problem of pink
snow rot lesion of golf courses. Ten years later,
the problem of snow rot resistance to this ac-
tive ingredient was already widespread [7].
Resistance to strobilurins was first revealed by
French researchers when analyzing the causes
of epiphytoty in 2007, 2008 [8]. Field tests of
strobilurin-based fungicides efficacy were con-
ducted and the formation of several resistance
mechanisms as well as positive cross-resistance
was found at once. Currently, the dominant po-
sition in the market of chemical fungicides is
occupied by triazoles, widespread introduction
of which has improved the phytosanitary situa-
tion in the grain fields. However, the studies of
O.P. Gavrilova et al. [9] indicated that 45% of
M. nivale strains are resistant to triazole-con-
taining preparations. It is worth noting that an
increase in the rate of drug consumption leads
to the acceleration of the formation of resistant
forms of pathogens and to the destruction of
useful soil microflora.

In multi-year studies of Belarusian scien-
tists who screened the most common disin-
fectants, high biological efficacy of Bariton,
SC (86.9%), Quinto Duo, SC (92.4%), Maxim
Forte, SC (93.4%), and 100% efficiency of
Quinto Plus, SC were noted [2]. A sensitivity
study of M. nivale isolates sampled on wheat
crops in the Central Black Earth region of the
Russian Federation showed complete inhibition
of the colony growth by Maxim, SC and Quinto
Duo, SC [5].

The data on the sensitivity of M. nivale pop-
ulation to the basic assortment of fungicides in
the south of Russia are insufficient and need to

be supplemented.

The purpose of the study was to investigate the sen-
sitivity of two geographically distant populations of the
pink snow rot pathogen to nine modern fungicides.

MATERIAL AND METHODS

The studies were carried out at the Repub-
lican Unitary Enterprise "Plant Protection In-
stitute" (The agrotown of Priluki, Republic of
Belarus) and the Federal Scientific Center for
Biological Plant Protection (Krasnodar, Rus-
sia) in 2021, 2022 using the unique scientific
installation (USI) base "Phytotron for isolation,
identification, study and maintenance of races,
strains, phenotypes of pathogens" (http://ckp-
rf.ru/usu/ No. 671925) and BRC (bioresource
collection) facilities of the FSBSI FSCBPP
(Federal Scientific Center for Biological Pro-
tection of Plants) "State Collection of Entomo-
acariphages and Microorganisms" (USU regis-
tration No.: 671925). Climatic conditions were
simulated using a Binder KBWF 720 climatic
chamber.

Nine fungicides included in the State Cata-
logue of Pesticides were selected for the study:
Maxim Forte, SC (azoxystrobin 10 g/l + te-
buconazole 15 g/l + fludioxonil 25 g/l), Vy-
brance Trio, FC (sedaxane 25 g/l + tebuco-
nazole 10 g/l + fludioxonil 25 g/l), Polaris,
ME (imazalil 25 g/l + prochlorazole 100 g/l +
tebuconazole 15 g/l), Quinto Duo, SC (pro-
chloraz 60 g/l + triticonazole 20 g/l), Quinto
Plus, SC (triticonazole 33, 3 g/l + fludioxonil
33.3 g/l + fluxapiroxad 33.3 g/l), Bariton Su-
per, SC (protioconazole 50 g/l + tebuconazole
10 g/l + fludioxonil 37.5 g/1), Scarlet, ME (ima-
zalil 100 g/l + tebuconazole 60 g/1), Oplot Trio,
WSC (azoxystrobin 40 g/l + difenoconazole
90 g/l + tebuconazole 45 g/1), Credo, SC (car-
bendazim 500 g/1)".

The material was a pure culture of the fungus
M. nivale. Monospore cultures were obtained,
followed by a mixture of isolates from each re-
gion. The species identity of the isolates was

!State Catalogue of pesticides and agrochemicals permitted for use in the Russian Federation. Ministry of Agriculture of the
Russian Federation. Pesticides. Official publication. M., 2021. vol. 1. 795 p.
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determined using molecular methods. The be-
longing of the strains to M. nivale species was
established using real-time PCR with species-
specific primers [10, 11]. PCR was performed
using a CFX96 Real-Time System thermal cy-
cler (BioRad, USA). Pure culture of pink snow
rot pathogen was screened on potato-glucose
agar. The fungus was cultured at 10-15 °C
(12 h) under 30W UVB lamps (280-315 nm).
When screening fungicides, we used a modified
agar block method. Calculation of drug amounts
and preparation of their working solutions was
performed using the Chekmarev calculation
method according to the recommended norms
of application for seed material treatment with
standard working fluid consumption [12]. Fungi-
cide solutions were introduced into the nutrient
medium using two standard methods: by knead-
ing in the medium and by rubbing the prepara-
tion on the medium surface with a spatula.

Statistical processing was performed using
Statistica 13.3 software; the differences between
the samples were evaluated using Fisher's crite-
rion (with a = 0.05); the relationship between
the features was calculated using the Cheddock
scale. Biological efficacy was calculated using
the generally accepted Abbott's formula on day
7 for inhibition of pathogen mycelial growth on
solid nutrient medium?.

RESULTS AND DISCUSSION

Complete inhibition of the growth of the
Belarusian pathogen population colonies when
the preparation was applied to the medium by
interference was found in most fungicides (see
Table 1); 100% suppression by the fungicide
containing the active substance fludioxonil was
also observed in the studies of Microdochium
fungi strains isolated from cereals and grasses
of different geographical origin [9]. Scarlet, ME
caused incomplete inhibition of colony growth
with a biological efficacy of 97.6%. The drug
contains imazalil, a substance of imidazole
class. The active ingredient is highly dangerous
for aquatic biocenoses and toxic to humans, but
it is distinguished by high activity against hel-

minthosporiosis and fusarium rot of grain crops,
as well as high activity against pathogens resis-
tant to benzimidazole [13]. Imazalil-containing
preparations have a synergistic effect against
difficult to control diseases that are transmitted
both through seeds and soil, but their presence
in a preparation with other active substances
with different mechanism of action reduces
the risk of resistant strains of phytopathogens
[14]. Tebuconazole, a third-generation triazole
fungicide, is an effective systemic fungicide
for seed pre-sowing treatment of cereal crops.
It is important to note that tebuconazole-based
products slow down the rate of resistance de-
velopment to the whole group of triazoles. Bio-
logical efficacy of the preparation Credo, SC
was 75.4%. The active ingredient carbendazim
is one of the first systemic fungicides of benz-
imidazole class. In spite of wide manufactur-
ing implementation and effective use, it has a
number of drawbacks, such as slow movement
through the host plant and rapid formation of
resistant populations.

Screening of the fungicides inhibiting the
growth of North Caucasian population of M.
nivale also revealed differences in the biologi-
cal effectiveness of the preparations. When the
fungicide solution was added to the nutrient
medium, complete inhibition of the growth of
North Caucasian population of M. nivale was
revealed in the experiment with the fungicides
Polaris, ME, Quinto Duo, SC and Bariton Su-
per, SC. It should be noted that Polaris, ME and
Quinto Duo, SC contain the active ingredient
prochloraz from the imidazole class. Due to
high efficiency for inhibition of colony growth
of all the studied populations, it can be deter-
mined that the substance is effective against
M. nivale population. The high effectiveness
of this active ingredient against bacterioses is
also worth noting. Bariton Super, SC fungicide
besides widespread tebuconazole includes the
active ingredient of relatively recent introduc-
tion into production, protioconazole (triazole
class), whose action is also aimed at increas-
ing the habitus and power of the host plant. The

“Dospekhov B.A. Methodology of field experience. Moscow: Agropromizdat, 1985. 351 p.
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Tao6a. 1. Cxkpununar 3)PEKTUBHOCTH PYHTHITUIOB

MIPOTUB OCJIOPYCCKOM U CEBEPOKABKA3CKOM MTOTTYIISI-

unid M. nivale meronom BmemmBanwst (PI'BHY ®HIIB3P, 2022 1)

Table 1. Screening of the effectiveness of fungicides against the Belarusian and North Caucasian
populations of M. nivale by an intervention method (FSBSI FSCBPP, 2022)

Belarussian population North Caucasus population
Preparation . . . . . o
Colony diameter, mm Blologlllcezi e(i;iectlve Colony diameter, mm BIOlOgIII:;lS e;iectlve
Maxim Forte, SC 0 100 18,7+ 1,25 57,3
Vybrance Trio, FSC 0 100 5712 87,0
Polaris, ME 0 100 0 100
Quinto Duo, SC 0 100 0 100
Quinto Plus, SC 0 100 10,0+ 1,6 77,1
Bariton Super, SC 0 100 0 100
Scarlet, ME 1,3+0,5 97,6 1,3+0,3 96,9
Oplot Trio, WSC 0 100 3,0+0,8 93,1
Credo, SC 13,7+ 2,6 75,4 2,7+£0,6 93.9
Control 55,7+1,2 - 437+23 -

active ingredient fludioxonil (chemical class of
phenylpyrroles) is one of the most popular and
most successful classes of fungicides, since in
30 years of intensive use in agricultural plant
protection almost no cases of field resistance
were registered [15]. The mechanisms of its
action have not yet been thoroughly studied.
It has been revealed that the substance inhib-
its mainly conidia germination, embryonic tube
and mycelial growth.

A high level of biological efficacy was ob-
served in Scarlet, ME (96.9%), Credo, SC
(93.9%) and Oplot Trio, WSC (93.1%). Oplot
Trio, WSC fungicide contains azoxystrobin
(strobilurine chemical class) and difenocon-
azole, tebuconazole (triazole chemical class).
Azoxystrobin, being a synthetic analogue of
natural toxins, positively affects photosynthetic
activity and habitus of a host plant, but repeated
use of the drug leads to rapid accumulation of
resistant races of pathogens [14]. Diphenocon-
azole, in addition to fungicide, has a growth-
stimulating effect on the plant; tebuconazole
is widely used as an effective fungicide with a
weak retardant effect.

The biological efficacy of Vybrance Trio,
FC was found to be 87.0%, and that of Quinto
Plus, SC was 77.1% (see Fig. 1). These fungi-
cides consist of a combination of active sub-

stances of triazole and phenylpyrrole chemical
classes. Also, the fungicides Vybrance Trio,
FC included a relatively new drug sedaxane,
which has not only fungicidal action, but also,
in combination with fludioxonil, provides pre-
vention of pathogens with high potential for re-
sistance development [15]. Minimum value of
biological efficacy was found in Maxim Forte,
SC - 57.3%. The drug contains a combination
of active ingredients based on strobilurines
(azoxystrobin), triazoles (tebuconazole) and
phenylpyrroles (fludioxonil).

The use of the method of introducing the
preparation into the nutrient medium with uni-
form distribution on the surface of agar plate
with a spatula revealed the increase of the prep-
aration efficiency in all experimental variants
(see Table 2). When the substance is distributed
over the agar surface, the area of this surface
is similar to that of wheat seeds during dress-
ing [12]. However, when the substance is in-
troduced into the medium by the interference
method (kneading in), the concentration of
the preparation decreases, which provokes the
growth of fungus colonies. When comparing
the correlation between the results obtained us-
ing the two methods, the coefficient was found
to be very high for both populations (for the
Belarusian population r,, = 1.0, for the North
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Caucasian population r,, = 0.99). Although the
results had a direct correlation between the two
methods of fungicide application in the medi-
um, the samples were statistically different (for
the Belarusian population F, 5.12 < F,10713,
for the North Caucasus - Ft 5.32 < Ff430.4).
Screening of fungicides inhibiting the devel-
opment of the Belarusian population of M. ni-
vale on agar plates revealed 100% inhibition of
mycelial growth when applying Maxim Forte,
SC, Vybrance Trio, FC, Polaris, ME, Quinto

Puc. 1. larnubupoBaHne pocTa KOJIOHUH CeBEPO-
KaBKa3CKOH momynsanun M. nivale ipyu BHECCHUH
nperapara Kunro mumoc, KC B cpeny metomom
BMEIIIMBAaHUSA (CJICBA) U pacTHpaHUs (CIpaBa)

Fig. 1. Inhibition of the growth of colonies of
the North Caucasian population of M. nivale
when introducing drug Kinto Plus, CS into the
medium by the method of intervention (left)
and rubbing (right)

Duo, SC, Quinto Plus, SC, Bariton Super, SC,
Scarlet, ME, Oplot Trio, WSC (see Fig. 2). My-
celium growth was not completely inhibited by
the application of Credo, SC, and the biological
efficiency was 77.4%.

Polaris, ME, Quinto Duo, SC, Bariton Super,
SC, Scarlet, ME, Oplot Trio, WSC completely
inhibited colony growth of the North Cauca-
sian population of M. nivale on agar plates.
When Credo, SC was applied, insignificant
growth of colonies was observed; the biologi-
cal efficiency was 97.7%. Supplementation of
fungicide Vybrance Trio, FC also did not fully
inhibit the colony growth, biological efficiency
was 95,0%. The drug Quinto Plus, SC had this
indicator at 88.5%. The lowest value of biologi-
cal efficacy was observed in Maxim Forte, SC
- 65.7%.

The comparative analysis between the fun-
gicide sensitivity of pathogen populations from
geographically distant regions revealed a sta-
tistically reliable difference between the results
obtained (when using the interference method,
F,5.32 <F;23.2, when using the rubbing meth-
od, F,532<F f37.7). Thus, the results obtained
indicate the heterogeneity of the pink snow rot
pathogen in terms of sensitivity to fungicides.

Taoda. 2. Ckpunusr 3¢p¢GeKTHBHOCTH (QYHTHIMIOB NPOTUB MOMYISIUUNA M. nivale METOIOM pacTUpaHus

(®I'bHY ®HILB3P, 2022 1)

Table 2. Screening of the effectiveness of fungicides against M. nivale populations by a rubbing

method (FSBSI FSCBPP, 2022)

Belarussian population North Caucasus population

Preparation Colony diameter, Biological effective- Colony diameter, Biological effective-
mm ness, % mm ness, %
Maxim Forte, SC 0 100 17,8 £3,0 65,7
Vybrance Trio, FSC 0 100 2,6 £0,8 95,0
Polaris, ME 0 100 0 100
Quinto Duo, SC 0 100 0 100
Quinto Plus, SC 0 100 6+1,1 88,5
Bariton Super, SC 0 100 0 100
Scarlet, ME 0 100 0 100
Oplot Trio, WSC 0 100 0 100
Credo, SC 14,7+2,6 77,4 1,2+0,7 97,7
Control 65,0£0,6 - 52+43 -
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—

Puc. 2. [TonHoe MHTHOMPOBAHKE POCTA KOJOHMI OEIOpyCcCKOH (ClIeBa) U CeBePOKaBKa3CKoii (crpasa) mo-
ynsiauid M. nivale ipu BHecennn nipeniapato Ckapiret, MO (cieBa) u [lomapuc, MD (cripaBa) MeTomom

pactupanus

Fig. 2. Complete inhibition of colony growth of the Belarusian (left) and North Caucasian (right)
populations of M. nivale when applying Scarlet, ME (left) and Polaris, ME (right) preparations by

rubbing

CONCLUSIONS

1. Screening of nine chemical fungicides
against M. nivale population in a pure culture
revealed preparations with 100% fungicidal ef-
fect against both studied populations: Polaris,
ME, Quinto Duo, SC and Bariton Super, SC.
Oplot Trio, WSC, Vybrance Trio, FC, Maxim
Forte, SC showed 100% efficacy only against
the Belarusian population of the pathogen.

2. The use of two methods of introducing the
preparation into the nutrient medium (kneading
in and rubbing on the surface) has a high corre-
lation coefficient (for the Belarusian population
ry, = 1.0, for the North Caucasian population
Iy, = 0.99). The interference method inhibits the
colony growth to a lesser extent; therefore, it
is more preferable in the study of sensitivity to
preparations of pure culture of fungus M. ni-
vale.

3. A statistically significant difference was
found between the sensitivity to fungicides of
the populations from geographically distant re-
gions (£, 5.32 < F;23.2 when using the interfer-
ence method, F, 5.32 < F,37.7 when using the
rubbing method), indicating the heterogeneity
of the pink snow rot pathogen in sensitivity to
the modern assortment of seed dressing agents.
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