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Fusarium fungi are the main causal agents of root rot of winter cereals in Belarus. As many as 12 different species were
identified, with occurrence being dependent on the cereal host species and weather conditions during the growing season.
Lack of precipitation from April to July led to decreasing fungal biodiversity. Fusarium pathogen complex on wheat roots
was formed by F. culmorum, F. avenaceum, F. equiseti, F. oxysporum, whereas F. equiseti and F. oxysporum prevailed on
triticale and rye, and F. solani, F. avenaceum and F. equiseti dominated on barley root systems. The infestation of root with
F. oxysporum increased under dry conditions. In contrast, F. culmorum was isolated from root system of wheat and triticale
more frequently when rainfall was sufficient. For the first time, F. cerealis and F. tricinctum were isolated from triticale,

and F. cerealis from rye only, in the Republic of Belarus.
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Introduction

Root rot is one of the most widespread diseases of winter
cereal crops in many regions of the world (Fernandez et al.,
2007; Tunali et al., 2008; Grigoryev, 2012b; Moya-Elizondo
et al., 2015; Kolomiets, 2016; Xu et al., 2018). Depending on
disease actiology, several kinds of the root rot are distinguished,
with differing prevalence in different regions of cultivation
(Paulitz et al., 2002; Cromley et al., 2006; Grigoryev, 2012b).
Yield losses due to the root rot average 9% , but in years of
intensive disease development, they can be as high as to 35%
(Paulitz et al., 2002; Poole et al., 2013).

The Fusarium root rot is the most widespread and
harmful under conditions typical of Belarus (Buga et al.,
2000; Sklimenok, 2015; Krupenko et al., 2016). The fungus
Bipolaris sorokiniana (Sacc.) Shoemaker in certain years also
joins the pathogen complex of fungi causing the disease. Its
prevalence may reach 30 % at the period of earing, followed by
a significant decrease due to antagonistic interactions among
the fungi (Sklimenok, 2015).

The importance of studies of fungi in the genus Fusarium
Link is acknowledged around the world because of their

presence in numerous agricultural crops, high harmfulness,
and production of the mycotoxins which are dangerous to the
health of humans and domestic animals (Zinedine et al., 2007,
Marin et al., 2010; Pestka, 2010). In cereal crops, this problem
is augmented by recent changes of species composition of the
plant pathogenic fungi, which can be linked to climate change
(Tunali et al., 2008; Moya-Elizondo et al., 2011).

Investigation of species composition of the fungi causing
root rot in winter cereals is performed in Belarus since the end
of the XX century (Buga et al., 2000). Most studies focused on
the winter wheat, which is the most widely grown crop in the
republic. Yet, during the last 20 years, there have been changes
in species composition for the pathogens, with previously
infrequent species becoming the prevailing ones (Sklimenok,
2015, Krupenko, Kryzhanovskaya, 2017).To forecast the
harmfulness of the root rot fungi and to develop measures
to protect crops from the disease, species composition of its
causative agents needs to be thoroughly examined.

Materials and Methods

To analyze species composition of the root rot pathogens of
winter cereal crops, surveys of wheat, triticale, rye, and barley
stands were performed in 2018-19. The territory of Belarus
extends for 650 km from west to east; therefore, each crop was
sampled in western, central and eastern parts of the country
to account for possible geographic variation. Both plants with
and without root rot symptoms (10 plants per sample) were
collected at the stage of the wax ripeness (Table 1).

The samples were dried and stored refrigerated. The fungi
of the genus Fusarium were isolated as follows. The roots
were rinsed with tap water for one hour, cut into pieces 1-1.5

cm long, disinfected by immersion into 1% solution of sodium
hypochlorite for 15-20 sec, rinsed twice with sterile distilled
water, and placed between layers of sterile blot paper. Then the
samples were placed in Petri dishes onto potato sucrose agar
(PSA) with addition of Triton X-100 and 5% streptomycin.
The dishes were incubated for 10 days at 22 °C, then the grown
colonies of the Fusarium fungi were transferred to PSA in glass
tubes. Micro- and macromorphology were used for species
identification according to Gerlach & Nirenberg (1982).
Incidence level of each species was estimated as a
percentage of its isolates among the total number of the
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Table 1. Information on the origin of the samples of winter cereals and number of Fusarium fungi included in present study

Geogr}z;r;}ll;:uzsone of Region District Crop I;I(l)liréber of Fusarium 150218t1e9s
wheat 117 3
Eastern Mogilev Gorki triticale 40 13
rye 23 3
............................................................................................................................. barley o T 10
wheat 198
Central Minsk Minsk triticale 11 7
e e e Y MO T
. wheat 45 2
Western | Grodvo | Dotwebn L writicale | 35, 7 .
Brest Kobrin rye 29 10

Fusarium fungi colonies in each sample and averaged
estimates were calculated. Species diversity was evaluated
using the Shannon’s index according to the formula

Hy, = —Xp;* In(py),
where p. is the frequency of the given phenotype in the
population (Kolmer et al., 2003).

Results

In April-July of 2018, the air temperature and precipitation
levels were elevated. In 2019, the air temperature at the whole
Belarus territory exceeded the average perennial values while
the precipitation was below normal, especially in the western
part of the country (Grodno region), with a total precipitation
during four months of 167.9 mm (vs normal 264.0 mm). As a
result, in 2018 the conditions favored increased diversity of
the Fusarium fungi, as can be seen from rather high Shannon’s
index values: 2.83 (rye), 2.92 (triticale), and 4.19 (wheat).
In 2019, deficiency of precipitation resulted in lower fungal
diversity: 0.22 (wheat), 0.81 (barley), 1.91 (triticale), and 2.02
(rye).

The core group of the root rot pathogen complex was made
up by F. culmorum and F. avenaceum, as well as by F. equiseti

and F. oxysporum in winter wheat; F. equiseti and F. oxysporum
in triticale and rye; and F. solani, F. avenaceum, and F. equiseti
in barley (Table 2).

Incidence levels of F avenaceum reached 33.3 %, 20.0 %,
9.5% and 4.7 % of the total fungal complex in wheat, barley,
rye and triticale stands, respectively. The highest level of F.
culmorum was in wheat (up to 30.9%) and triticale (up to
16.9%) under the conditions of sufficient humidity.

Besides the aforementioned species, F
F. graminearum, F. poae (Peck) Wollenw., F. sambucinum
Fuckel, F. semitectum Berk. & Ravenel, F. sporotrichioides
Sherb. and F. tricinctum (Corda) Sacc. were also found in root
system, with incidence levels depending upon the crop.

cerealis,

Table 2. Species composition of the Fusarium fungi on the root system of winter cereals

Incidence level, %
Species of Fusarium wheat triticale rye barley
2018 1. 2019~ 2018 1. 2019 1. 2018 . 2019 . 2019
F. avenaceum 18.5+£5.9 33.3+£33.3 6.1+6.1 9.5+9.5 4.7+0.9 2.0+£2.0 20.0
F. cerealis 42442 0.0 0.9+0.9 0.0 2.1+2.1 2.0+£2.0 0.0
F. culmorum 30.9+11.4 0.0 16.9+£14.3 9.5+9.5 5.3+2.7 10.0£10.0 0.0
F. equiseti 5.8+3.2 33.34+33.3 30.2+18.3 | 34.4+10.1 32.1+16.1 18.6+15.8 20.0
F. graminearum 0.2+0.2 0.0 0.0 0.0 1.4+1.4 0.0 0.0
F. oxysporum 6.9+3.0 16.7+16.7 36.0£15.8 | 28.9+21.7 28.6+5.9 49.8425.2 0.0
F poae 0.0 0.0 1.7+1.7 0.0 2.6+1.3 0.0 0.0
F. sambucinum 0.0 0.0 1.7+£1.7 0.0 0.0 0.0 0.0
F. semitectum 0.0 0.0 0.0 0.0 2.1+£2.1 2.0 0.0
F solani 2.3+1.3 16.7£16.7 0.8+0.8 0.0 4.7+0.9 0.0 50.0
F. sporotrichioides 6.0+3.9 0.0 4.0+£2.7 7.7+£7.7 14.448.5 13.7+13.7 0.0
F. tricinctum 0.0 0.0 0.0 0.0 2.1+2.1 2.0+£2.0 0.0
Fusarium spp.* 25.3+1.9 0.0 1.8+0.9 9.9+9.9 0.0 0.0 10.0
* unidentified species from different sections
Discussion

Results of this research indicate that formation of Fusarium
root rot pathogens’ complex is largely influenced by weather
conditions during the vegetation period. Higher precipitation
level, resulted in higher species diversity of the Fusarium
fungi. The weather may also promote certain species over
other species. Our study has confirmed that dry and hot years

are beneficial for F. oxysporum, while cold and humid years
favor to F. culmorum (Grigoryev, 2012a; Poole et al., 2013).
Species diversity of fungi is known to vary greatly even
within a limited area (Xu, Nicholson, 2009; Khemir et al.,
2020), leading to considerable changes in the prevailing
species range, which determine harmfulness of plant diseases.
This explains why monitoring of the composition of root rot
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fungi species complexes and identifying dominant species
are essential for improving plant protection. In Belarus, the
species composition of causative agents of Fusarium root rot is
changing. In the beginning of the first decade of XXI century,
main root rot pathogens of winter wheat, rye and triticale were
F. oxysporum, F. culmorum and F. sporotrichiella (Buga et
al., 2000). Ten years after, F. oxysporum was still prevailing
but importance of F avenaceum and F. equiseti has also
increased (Sklimenok, 2015) and in certain years, F. culmorum
and F. solani were frequent (Sklimenok, 2015; Krupenko,
Kryzhanovskaya, 2017). In the present study conducted in

2018-2019, the dominant species were F. avenaceum and
F. culmorum, as well as F. equiseti and F. oxysporum (under
conditions of rainfall deficiency). Differences in the prevailing
species of Fusarium were also found between the winter crops.
In particular, in triticale and rye the dominating species of the
pathogens’ complex were F. equiseti and F. oxysporum, while
in barley those were F. solani, F. avenaceum, and F. equiseti.

Two pathogen species have been isolated for the first time
in Belarus from the root system of winter triticale (F. cerealis
and F. tricinctum) and rye (F. cerealis), which were previously
reported in winter wheat only (Sklimenok, 2015).
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Kpamkoe coobuenue
BUJIOBOE PASHOOBPA3UE I'PUBOB POJA FUSARIUM, BBI3BIBAIOIIIMX KOPHEBYIO I'HUJIb
O31MBbIX 3EPHOBLIX KVJIBTYP B BEJIAPYCHU

H.A. Kpynenpko*, C.®. byra, A.I'. XXykosckuit, 1.H. Oqunmosa, A.A. Xykosckas, T.I. [Tunar, B.I. JlemkeBud

Hnemumym 3awumeor pacmenuti, ae. Ipunyxu, Munckui p-n, benapyco
* omeemcmeennblll 30 nepenucky, e-mail: krupenko natalya@mail.ru

IIpencraBneHsl pe3yasTaThl HM3yYeHHUs BUIOBOTO cocTaBa TpHOOB poxa Fusarium, SBISIONIAXCS OCHOBHBIMHU
BO30YANUTENIIMH KOPHEBOM THHJIM O3MMBIX 3€PHOBBIX KYNIbTyp (TIICHWIA, POXKb, TPUTHUKAJE, SIMEHb). BBIABIEHO HE
MeHee 12 pa3sHBIX BHJOB, YACTOTA BCTPEUAEMOCTH KOTOPBHIX BapbUpOBasia B 3aBUCUMOCTH OT BUA 3€PHOBOM KYJIBTYpHI U
MOTO/IHBIX YCJIOBHUI B IIepHoA ce30Ha BereTanni. OCHOBY KOMITJIEKCA ITaTOT€HOB IpHOOB-BO30YyAUTEIICH KOPHEBOM THUIN
Ha 03UMOH MIIIeHUIIE (B TOPSIIKE YMEHBIICHNS YaCTOThI BCTPEYaEMOCTH) COCTaBUIH BUIb! F. culmorum, F. avenaceum, F.
equiseti, F. oxysporum. Ha TpuTHKaje U pxu npeBatupoBaiu rpudsl F. equiseti and F. oxysporum, Ha stamene — F. solani,
F. avenaceum and F. equiseti. YCTaHOBIIEHO, YTO B YCJIOBHUSX Ae(duUIMTa 0CaJKOB BUAOBOE pa3HOOOpa3Ue CHIIKAIOCH.
YacroTa BcTpeuaeMocTH rpuba F. culmorum Ha TIIICHUIIE M TPUTHKAJIE ObIIa BBIIIE B TOJ C M30BITOYHBIM YBIXHEHUEM,
Torna Kak F. equiseti and F. oxysporum Ha O3UMBIX TPUTHKAJIE U P>KU OHA ObLIa BBICOKOM HE3aBHCHUMO OT T0Jia, TP ATOM
JIOTISI TTOCIIETHETO YBEIMUMBAJIACh B YCIOBUAX HEIOCTAaTKa 0CaikoB. BriepBhie B benapycu n3 KOpHEBOH CHCTEMBI 03UMBIX
TPHUTHKAJE U PXKU BbIIeNeH F. cerealis, a Taxxke F. tricinctum — U3 03UMON PXKH.

KoaioueBble ciioBa: ¢y3aprosHasi KOpHEBasi THUIIb, BUJIOBOH COCTaB, KOMIUIEKC ITaTOI€HOB, YaCTOTa BCTPEYaEMOCTH,
TUIIPOTEPMHUUYECKUE YCIIOBHS
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