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Abstract

This study was carried out in the period 2001-2005 in
10 winter rye plantations located in the Lublin region. The per-
centage of winter rye stems with necrosis symptoms on the lower
internodes ranged from 32.5% to 71% in 2001, 38% to 68% in
2002, 21.5% to 56.5% in 2003, 35% to 70% in 2004, and 36%
to 88% in 2005. The mean values of the disease index ranged
from 7.5 to 46.75 and they differed significantly. The results of
mycological analysis showed that the main pathogens infecting
the roots and stem base of rye were the species Fusarium avena-
ceum (24% of all isolates) and F. culmorum (25% of all isolates).
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INTRODUCTION

In Poland rye cultivation is extensive. More-
over, this plant has relatively low soil and water requ-
irements as well as it is characterized by low sensitivi-
ty to forecrop and to acidic soil reaction. Therefore, it
still occupies a large acreage in spite of the declining
trend that has been observed for several years. Rye gra-
in is used for many purposes. According to estimates,
as much as half of annual crop production is used for
animal feed purposes, despite that this type of fodder
is not the best for most groups of animals. Besides, rye
grain is used for flour and alcohol production. Starch is
an important ingredient of rye flour and its properties
determine the usefulness of this flour for bread baking
(Matecka, 2005).

Population varieties enjoy greater popularity in
our country and among them the cultivar ‘Dankowskie
Zlote’ has held the dominant position for many years.
On the other hand, the proportion of hybrid varieties

in crop area is still small, in spite of the fact that they
surpass population varieties in productivity. However,
they are more susceptible to infection by pathogens,
mainly from the order Uredinales, as well as to infec-
tion of seedlings and ears by Fusarium spp. M atec-
ka, 2005; Kiecana et al. 2009; Kiecana and
Mielniczuk, 2010).

Rye has a stimulating effect on the development
of antagonistic bacteria to Fusarium spp., but species
of this genus are considered to be the most harmful to
rye crops (Kurek and Jaroszuk-Sciset,2003;
Gtazewska-Maniewska et al. 2004, Patys
et al. 2004; Kiecana etal. 2009). The risk of deve-
lopment of stem base diseases of cereals, including rye,
caused by the above-mentioned pathogens increases
with the introduction of reduced tillage systems wi-
thout deep ploughing (Kurowski etal. 2008; P13g-
skowska etal.2010). In recent years, there has been
observed a particularly high proportion of the species
F. culmorum in causing foot rot of cereals (Patys et
al. 2004; Kiecana etal. 2008, 2009; Kurowski
etal. 2008). The pathogenicity of this fungus is associa-
ted with the production of toxic secondary metabolites
(Logrieco etal. 2003; Srobédrova etal 2008).
Furthermore, the species F. equiseti and F. sporotri-
chioides participate more and more frequently in infec-
tion of seedlings, roots and stem bases (Kiecana et
al.2008; Kiecana and Mielniczuk,2010). The
main sources of infection with diseases caused by Fu-
sarium spp. are the soil and seed material (Logrieco
etal. 2003; Mielniczuk etal. 2010).

The present research was undertaken due to the
scarcity of studies on fungi damaging the roots and
stem base of winter rye grown in the Lublin region.
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Table 1
Values of the disease index for roots and stem bases of rye grown
in the Lublin region in 2001-2005

Plantation Year

number 2001 2002 2003 2004 2005

I 21.40ab 19.70ab 11.75bc 28.25d 25.75b

I 34.90d 22.62b 13.88c 30.20d 16.50a

I 36.10d 17.65ab 8.25a 30.13d 39.50¢

v 28.70c 16.25a 7.5a 15.55a 41.50c

A% 22.10b 21.95b 10.75b 23.60c 18.00a

VI 26.10b 15.70a 16.5d 19.10b 26.00b

VIl 22.30b 24.00bc 14.50c 33.45¢ 18.75a

VIII 19.00ab 16.60a 7.75a 22.10c 44.25d

IX 16.40a 27.95¢ 25.50f 37.20f 24.50b

X 15.55a 20.00ab 19.75¢e 37.45f 46.75d
Mean 24.26 20.24 13.55 27.70 30.75
NIR/LSD 5.96 4.6 1.74 2.56 2.61

The winter rye fields analyzed were located in:

I, IL, III — Wélka Zabtocka; IV,V — Brzostéwka; VL, VII,VIII — Kol. Wola Sernicka; IX — Glgbokie, X — Krasne
Mean values in columns followed by the same letter do not differ significantly at P<0.05

As a result of mycological analysis of diseased
stems and roots, 3964 fungal isolates, including 1732
isolates from the roots and 2232 from the lower in-
ternodes, were isolated over the five-year study pe-
riod (Table 2). Among the isolated fungal colonies,
Fusarium spp. accounted for 68.3%; isolates of the-
se fungi constituted 64.7% of isolates from the roots
and 71.1% of fungal colonies obtained from the lo-
wer internodes. The species F. avenaceum was ob-
tained in largest numbers from the roots — 23.6% of
all fungi isolated from the roots, while F. culmorum
colonies were predominant among those obtained
from the stem base — 27.2% of all isolates from the
lower internodes of the stems. Irrespective of the gro-
wing season, the species F. avenaceum and F. cul-
morum were isolated in greatest numbers both from
the roots and lower internodes; in 2003 the species
F. avenaceum was represented in greatest numbers,
since it accounted for 26.6% of all isolates, whereas
F. culmorum colonies were 6.2% of all fungal iso-
lates in this study year. In 2005 the percentage of
F. avenaceum and F. culmorum isolates was 17.7%
and 33.7%, respectively, of all fungal colonies obta-
ined. In the other study years, the proportions of the

species F. avenaceum and F. culmorum in the total
number of isolates obtained both from the roots and
the stem base were similar (Table 2). The species
F. equiseti and F. oxysporum were also isolated from
the infected plants in all growing seasons; their iso-
lates accounted for 5.0% and 6.9%, respectively, of
all isolates over the five-year study period. The ge-
nus Fusarium was represented by F. graminearum,
F. poae, and F. sporotrichioides (Table 2).

In the years 2002, 2004 and 2005, Bipolaris
sorokiniana was isolated both from the roots and
the stem base — 67 isolates (1.7% of all isolates after
the five-year study period), while in the years 2001,
2002, 2004 and 2005 the species Rhizoctonia solani
was isolated — 73 isolates (1.8% of all fungi) (Table
2). Colonies of other fungi belonged to the following:
Alternaria alternata (3.1% of all fungal colonies iso-
lated over the five-year study period), Aureobasi-
dium pullulans (13.9%), Epicoccum nigrum (1.0%),
Penicillium verrrucosum var. cyclopium (0.7%),
Stemphylium botryosum (0.8%), Trichoderma au-
reoviride (3.3%), Trichoderma viride (1.5%), Tala-
romyces flavus (0.6%), and non-sporulating forms
(2.9%) (Table 2).
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DISCUSSION

The results of the present study show a high pro-
portion of stems with disease symptoms in the winter
rye plantations located in the northern part of the Lu-
blin region. The values of the disease index recorded
for rye stems were higher than those for oats (Kie-
cana et al. 2008), for common and durum wheat
grown under soil and climatic conditions of the Lublin
region (Kiecana etal. 2011), for oats grown in the
Wielkopolska (Greater Poland) region (Kiecana et
al. 2008) as well as for triticale grown in Dolny Slask
Lower Silesia (P1gskowska etal. 2010).

Infection symptoms in the form of necrotic stre-
aks were observed mostly on the lower internodes of
rye stems, similarly as in the case of oats, winter wheat
and spring barley grown in different areas of the Lu-
blin region (Lacicowa et al. 1997; Patys et al.
2004; Kiecana et al. 2008). Species of the genus
Fusarium, in particular F. culmorum and F. avena-
ceum, proved to be the pathogenic factors causing this
type of disease symptoms and they are also recognised
to be dangerous rye pathogens at earlier growth stages
(Kiecana et al. 2009). These species are also con-
sidered to be the main cause of foot rot and root rot of
various cereal species grown across the country (b a -
cicowa etal. 1997; Patys etal. 2004; Kiecana
et al. 2008; Kurowski et al. 2008; Majchrzak
etal. 2008; Plaskowska etal. 2010).

Fusarium avenacem has proved to be a more
dangerous pathogen of the stem base of triticale grown
in Lower Silesia (P1gskowska etal. 2010) and of
rye seedlings grown in the Lublin region than F. cul-
morum (Kiecana et al. 2009). Post-harvest residu-
es are considered to be a serious source of infection
with cereal diseases caused by this species (Fernan -
dez et al. 2009). This fungus has also been found to
be characterized by significant pathogenicity to cere-
al seedlings, including rye, in phytotron studies with
artificial infection of growing medium and kernels
(Manka 1998; Fernandez and Chen, 2005;
Kiecana etal. 2009). Moniliformin takes part in the
pathogenesis of diseases induced by F. avenaceum and
it causes cell division disturbances in infected plant or-
gans, in particular roots (Packa, 1997).

Fusarium culmorum causes root rot, seedling
blight and stem base necrosis in many plant species; it
is also a recognised causal agent of Fusarium head bli-
ght in cereals, including rye, grown in Europe, Cana-
da, and China (Kiecana, 1994; LEacicowa etal.
1997; Kiecana etal. 2008; 2009; Strausbaugh
etal. 2004; Srobarovad etal. 2008, Fernandez
et al. 2009; Kiecana and Mielniczuk, 2010).
Alongside crop plants, hosts of F. culmorum can also
include weeds, among others such as: Capsella bursa-
pastoris, Galium aparine, Matricaria spp., Ranunculus

caris, R. regens, Rumex obtusifolius, Urtica dioica,
Viola arvensis, which are a source of infection for
cereals (Shaner, 2003). This fungus has also been
isolated from the grain of many cereal plants grown
in Poland, which indicates that seed material infection
is a serious source of stem base diseases caused by
F. culmorum in cereals (Narkiewicz-Jodko et
al. 2008; Mielniczuk etal. 2010).

The great harmfulness of F. culmorum to cereal
plants is associated with the production of phytotoxic
metabolites, in particular deoxynivalenol and nivale-
nol, which affect the permeability of the cytoplasmic
membranes of infected cells as well as protein biosyn-
thesis and cell divisions (Dahleen and Mc Cor-
mik,2001; Logrieco etal. 2003).

A species that was frequently isolated from the
roots and lower internodes of rye was also F. equiseti
which is considered to be a dangerous pathogen of rye
seedlings as well as of roots and stem bases of wheat
and oats (Majchrzak et al. 2008; Kiecana et
al. 2008, 2009). This fungus has also contributed to
damaging the stem base in triticale (Plgskowska
et al. 2010).

The species F. sporotrichioides was isolated
from the infected roots and lower internodes of rye
stems under the growing conditions in question; it has
been observed with varying frequency on seedlings,
roots and stem bases of grains grown in Poland (Kie -
cana etal. 2008,2009; Plagskowska etal. 2010).

In addition to Fusarium spp., the species B. so-
rokiniana and R. solani proved to be pathogens dama-
ging rye roots and stem bases during the 2001-2005
study period, likewise in the case of spring barley and
oats(Lacicowa etal. 1997; Kiecana etal. 2008;
Fernandez etal. 2009).

Bipolaris sorokiniana plays an important role
in causing stem base diseases in cereals grown across
the world (bacicowa et al. 1997; Almgren et
al. 1999; Strausbaugh etal. 2004; Kiecana et
al. 2008, 2009; Fernandez et al. 2009). The pa-
thogenicity of this species is associated with the pro-
duction of secondary metabolites that show phytoto-
xic properties, e.g. prehelminthosporal which reduces
the efficiency of the hydrogen and calcium pumps in
the plant cell (Olbe et al. 1995). Disturbances in the
functioning of the cytoplasmic cell membranes are
also a response of the plant to metabolites produced by
B. sorokiniana (Wisniewska etal. 1998).

The species Aureobasidium pullulans, which
was frequently isolated from rye roots and stem bases
in the study of by Eacicowa etal. (1997), proved to
be a weak pathogen which, occurring simultaneously
with B. sorokiniana, impaired spring barley emergence
and increased the severity of disease symptoms in the
plants.
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Grzyby porazajace korzenie i podstawe Zdzbla
Zyta ozimego (Secale cereale L..)
uprawianego w wojewédztwie lubelskim

Streszczenie

Badania przeprowadzono w latach 2001-2005
na 10 plantacjach produkcyjnych zyta ozimego zloka-
lizowanych w wojewdédztwie lubelskim. Udziat ZdZbet
zyta ozimego z objawami nekrozy na dolnych migdzy-
wezlach wahat si¢ od 32,5% do 71% w 2001, od 38%
do 68% w 2002, od 21,5% do 56,5% w 2003, od 35%
do 70% w 2004 i od 36% do 88% w 2005. Srednie
wskazniki chorobowe wahaty si¢ od 7,5 do 46,75 i r6z-
nily sie istotnie. Wyniki analizy mykologicznej wyka-
zaly, ze gléwnymi patogenami porazajacymi korzenie
i podstawe ZdZzbta zyta byly gatunki Fusarium avena-
ceum (24% ogétu wyosobnief) 1 F. culmorum (25%
wszystkich izolatéw).
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