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ABSTRACT

Field experiments with artificial inoculation of soil and grain of 12 oat genotypes with Bipolaris sorokiniana
isolate No. 36 were carried out in years 2000-2002 in Zamo$¢ region (south-eastern part of Poland). In each year
the number of 7-weeks seedlings, number of plants and panicles before harvest and kernels yield from the individ-
ual plot were calculated. The greatest mean seedling loss after three years of investigations when compared to the
control was 76.8% (Akt), and the lowest 18.4% (Bajka). After three years of studies the loss of plants before har-
vest ranged from 29.0% (Bajka) to 85.7% (Akt). The mean decrease of panicle numbers compared to the control
ranged from 14.7% (Bajka) to 79.4% (Akt). The 3-year means of grain yield loss, as compared to the control, were
the lowest in cv. Borowiak (35.2%) and Bajka (40.1%), while the highest in cv. Akt (84.2%). On average after
three years of experiments, isolates of B. sorokiniana collected from plants of the studied oat genotypes developed
from the artificially inoculated grain accounted for 76.2% of the total number of fungi isolated from disinfected
kernels and 65.9% from un-disinfected kernels. The fungi like: A. alternata, B. sorokiniana, F. culmorum, F.
graminearum, F. oxysporum, F. poae, F. sporotrichioides and P. verrucosum var. cyclopium from both disinfected
and un-disinfected control kernels were isolated the most frequently.
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INTRODUCTION

So far, Polish studies of the occurrence of fungal diseases in oat (4dvena
sativa L.), show that this cereal is commonly infected by pathogens of the ge-
nus Fusarium (Kiecana 1998, Kiecana, Mielniczuk 2001, Kiecana et al. 2002,
2003, 2005, Mielniczuk et al. 2004). In contrast, there is little information on
the pathogenicity of Bipolaris sorokiniana in relation to oats (Scott 1995,
Clear et al. 2000 b).

Bipolaris sorokiniana (Sacc.) Shoem. plays an important role in infections
of various cereals (Lacicowa ef al. 1993, Clear et al. 2000 a, b, Wisniewska et
al. 1998). The occurrence of B. sorokiniana in naked oat grain in central and
southern parts of the Lublin province was reported by Lacicowa (1967), while
Mielniczuk (1999) described the occurrence of this pathogen in oat grain and
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hulls from the north-eastern parts of the province. This fungal species was iso-
lated also from roots and leaf sheaths of oat plants cultivated in that region
(Kiecana et al. 2003). In the 1950s, Cuturilo (1951, according to Arsenijevic et
al. 1996) reported that B. sorokiniana infected oats in Yugoslavia.

Bipolaris sorokiniana can cause seedling blight in cereals, including oats in
the first weeks of growth (Arabi, Jawhar 2004, Liljeroth et al. 1996). In older
plants this pathogen can cause crown rot, spots on leaves, and pathogenic
changes in the colour of hulls. The fungus delays plant development, which af-
fects total and productive tillering, lowers grain yield, and causes a darker pig-
mentation of embryos in oat grain (Lacicowa, Pigta 1991, Valjavec-Gratian,
Steffenson 1997, Duveiller, Garcia Altamirano 2000, Hossain, Hossain 2001,
Kiecana et al. 2003, Fernandez, Jefferson 2004).

The pathogenicity of B. sorokiniana is associated with the production of sec-
ondary metabolites, namely sorokinianin and prehelminthosporol, which are
phytotoxic (Nakajima et al. 1998). This species produces also other toxic sec-
ondary metabolites: victoxinin and helminthosporol (Kachlicki 1995). The
correlation between pathogenicity of strains of B. sorokiniana and their ability
to produce phytotoxins was noted by Ludwig (1957).

Moreover, in the case of B. sorokiniana, an ability to produce anthraquinone
compounds (helminthosporin and cynodontin) was observed. They play the
role of autoregulators of growth as well as bacterial inhibitors (Tsurushima et
al. 1984, according to Engstrom et al. 1993).

According to Rabie et al. (1976) B. sorokiniana is able to produce
sterigmatocystin, which is carcinogenic to warm-blooded organisms.

The high harmfulness of B. sorokiniana to barley and wheat (Lacicowa,
Pigta 1998, Lacicowa et al. 1993, Liljeroth et al. 1996, Valjavec-Gratian,
Steffenson 1997, Almgren et al. 1999, Clear et al. 2000 a) and the proved un-
equal sensitivity of various cereal species to root and crown infection by this
pathogen (Lacicowa, Pigta 1991, Lacicowa et al. 1993), suggested the possi-
bility of similar variation also in the case of oat genotypes and inclined us to
study this variation.

MATERIAL AND METHODS

The investigations were carried out in 2000-2002 on experimental plots in
Zamos¢ region (south-eastern part of Poland), on a leached brown soil, formed
on loess deposits (FAO 1998), where root crops had been grown previously.
Every year the recommended rates of NPK fertilization (Mazurek et al. 1993)
and manual weeding were applied.

In this study B. sorokiniana isolate No. 36 from oat grain, which in labora-
tory tests according to the method of Mishra and Behr (1976) showed the high-
est pathogenicity was used. Grain samples of 12 oat genotypes were obtained
from Plant Breeding Companies in Choryn and Strzelce (Table 1).
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In each year of this study, the experiment included a block of plots sown with
grain artificially inoculated with B. sorokiniana, and a block of control plots
sown with uninoculated grain. The methods of inoculation, mixture prepara-
tion and grain inoculation before sowing, as well as experimental design and
methods of observations, were the same as in paper on triticale (Lacicowa,
Kiecana 1986).

The results were analysed statistically by using the Tukey test and confi-
dence half-intervals (Zuk 1989).

The mycological analysis of grain collected from plants developed from arti-
ficially inoculated grain and from control grain was made on a maltose medium
(Extrait de malt bioMérieux) with added streptomycin (1 mg x I'). For each
genotype, in each experimental combination, 100 kernels (50 un-disinfected
and 50 disinfected for 1 min in 50% C,HsOH and for 1 min in 0.1% HgCl,)
were analysed. The kernels in Petri dishes were incubated in a termostate for 8
days at 22°C. The obtained colonies of fungi after obtaining to one-spore cul-
tures were identified to the species on PDA medium (Difco) after 14 days of
keeping the cultures at the temperature 24sC with no light access. The cultures
of fungi were identified to the species using monographs and keys by Booth
(1971), Domsch et al. (1980), Ellis (1971), Gilman (1957), Munk (1957), Nel-
son et al. (1983), Ramirez (1982), Rifai (1969), and Thom and Raper (1945).

Information on weather conditions during this study was obtained from the
Institute of Agricultural Sciences in Zamos¢.

RESULTS

During the 3-year field experiments, a lower number of plants developed in
each growing season from grain inoculated with B. sorokiniana No. 36 than
from the control grain. The highest loss of plants, due to pre and
postemergence damping-off, was recorded 7 weeks after the artificially inocu-
lated grain was sown. Over the 3 years, the mean percentage of seedling loss
due to the inoculation, as compared to the control, was the highest in cv. Akt
(76.8%) and the lowest in cv. Bajka (18.4%). (Fig. 1).

The statistical analysis of seedling numbers showed that every year the inoc-
ulation with B. sorokiniana caused significant losses in cultivars: Akt, Bohun,
Jawor, Polar and breeding line CHD 2099 (Table 1).

Plant numbers in particular genotypes, determined on experimental plots be-
fore oat harvest in 2000, only slightly differed from the numbers recorded dur-
ing the first observations, or were exactly the same. In 2001 and 2002, numbers
of plants in all cultivars and breeding lines before harvest were lower than dur-
ing the first observations in spring. Plant numbers before harvest in 2002 dif-
fered significantly from the control in 11 genotypes (except cv. Borowiak),
whereas in 2001 in 7 oat genotypes (Table 2). After 3 years of experiments, the
plant losses before harvest due to the inoculation reached on average from
29.0% (Bajka) to 85.7% (Akt) (Fig. 1).
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g. 1. The mean percentage of seedling loss, plants before harvest, panicles and yield loss due to the artificial
inoculation of oat kernels by Bipolaris sorokiniana No. 36 after 3 years of studies 2000-2002

The influence of artificial oat grain infection by Bipolaris sorokiniana No. 36 fable !
on seedling numbers in years 2000 — 2002
Experimental combination

Cultivars and lines Bipolaris sorokiniana No. 36 Control

2000 2001 2002 x % 2000 2001 2002
Akt 0.50*  4.75% 3.75%  3.00 12.92 6.50  21.75 10.50
Bachmat (CHD 1598)  8.25 12.00%  12.50 10.92 17.33 1225 20.25 19.50
Bajka 7.75 13.00%  17.00 12.58 15.42 8.00  20.50 17.75
Bohun (CHD 1999) 5.25*% 12.25%  11.75%  9.75 18.58 1225 2425 19.25
Borowiak 5.75 13.00%  12.25*% 10.33 16.83 8.00  23.75 18.75
Cwal (CHD 1698) 6.50 9.00* 9.25%  8.25 18.17 8.5 24.00 22.00
Jawor 2775%  9.50%  11.50%  7.92%  18.58 13.75  21.00 21.00
Polar (STH 4999) 0.75*  6.25% 3.75% 358 12.83 6.00  20.50 12.00
CHD 2099 3.75% 10.25*%  11.50%  8.50*  19.25 15.00 2325 19.50
STH 4298 4.75% 11.25 12.75%  9.58% 17.42 14.75 19.75 17.75
STH 4599 6.25 9.50* 5.00%  6.92 12.08 8.00 16.75 11.50
STH 4699 7.50 10.25*%  15.00* 10.92 19.42 13.00  22.50 22.75

* - means differ significantly compared to the control when p< 0,05

The highest losses of panicles, as compared to the control, after 3 years of ex-
periments, were recorded in cv. Akt (79.4%). Considerable losses of panicles,
reaching up to 50%, were observed also in: Bohun, Polar and CHD 2099 (Fig. 1).
The lowest percentage of panicle losses, as compared to the control, was found
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in cv. Bajka (14.7%) and breeding line STH 4599 (17.1%) (Fig. 1). On the ba-
sis of 3-year means for the grain artificially inoculated with B. sorokiniana,
significant differences in panicle numbers, as compared to the control, were
found in 3 genotypes: Akt, CHD 2099 and STH 4699 (Table 3).

The influence of artificial oat grain infection by Bipolaris sorokiniana No. 36 fable2
on plant numbers before harvest in years 2000 — 2002
Experimental combination
Cultivars and lines Bipolaris sorokiniana No. 36 Control
2000 2001 2002 ¥ x> 2000 2001 2002
Akt 0.50 1.50%  2.75% 158  11.08 6.50 16.25  10.50
Bachmat (CHD 1598) 7.75 7.25 8.25% 775 12.83 11.75 1225 14.50
Bajka 6.00 8.25 12.75%  9.00  12.67 8.00 13.50  16.50
Bohun (CHD 1999) 5.25% 8.00%  7.25%  6.83* 16.25 12.00 20.00  16.75
Borowiak 5.75 10.50*  8.50 825 12.83 6.5 16.50  15.50
Cwat (CHD 1698) 5.75 6.75%  575%  6.08 13.83 7.75 1575 18.00
Jawor 2.50% 7.00 8.00%  5.83* 14.17 13.00 12.50  17.00
Polar (STH 4999) 0.75% 5.25%  325%  3.08 10.58 5.75 1525  10.75
CHD 2099 4.00* 5.50%  7.25%  5.58% 14.67 15.00 15.00  14.00
STH 4298 4.75% 6.75% 10.25%  7.25% 14.58 13.25 16.00  14.50
STH 4599 6.25 6.00 2.25% 483 9.50 7.00 1025 1125
STH 4699 5.75% 7.00 11.25% 8.00 15.92 12.75 15.00  20.00
*- means differ significantly compared to the control when p< 0,05
Table 3
The influence of artificial oat grain infection by Bipolaris sorokiniana No. 36
on panicle numbers in years 2000-2002
Experimental combination
Cultivars and lines Bipolaris sorokiniana No. 36 Control
2000 2001 2002 x> 2000 2001 2002
Akt 7.25% 5.00% 12.00* 8.08* 39.17  32.00 52.50  33.00
Bachmat (CHD 1598) 50.00 39.75 35.00 41.58 56.25  71.75 45.00  52.00
Bajka 49.25 49.00 55.00% 51.08 59.75 5325 52.50  73.50
Bohun (CHD 1999) 39.00%  66.25% 33.00 46.08 9250  97.50 117.75  62.25
Borowiak 29.75 70.00 30.75  43.50 56.00 3425 76.50  57.25
Cwat (CHD 1698) 43.50 41.00 18.50% 34.33 59.83  56.00 4775 7575
Jawor 15.75%  40.25 4275 3292 6542  83.75 4425  68.25
Polar (STH 4999) 9.75 23.25% 14.00 15.67 46.00  31.00 79.75  27.25
CHD 2099 32.00%  34.75% 27.75% 31.50% 87.50 125.25 70.25  67.00
STH 4298 44.50%  48.75% 5550 49.58 81.58  108.50 76.00  60.25
STH 4599 40.75 40.00 14.00 31.58 38.08  42.00 4575 26.50
STH 4699 60.50 40.00 51.00 50.50* 85.92 100.00 69.75  88.00

* - means differ significantly compared to the control when p< 0,05
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The grain yield in 2002 in all the analysed oat genotypes differed signifi-
cantly from the control. In other years of experiments, grain yield differed sig-
nificantly, as compared to the control, in 6 genotypes in 2000, whereas in 2001
only in cv. Akt (Table 4). The 3-year means of grain yield loss, as compared to
the control, were the lowest in cv. Borowiak (35.2%) and Bajka (40.1%), while
the highest in cv. Akt (84.2%) (Fig. 1).

The influence of artificial oat grain infection by Bipolaris sorokiniana No. 36 Tabled
on the grain yield [g] from the plot in years 2000 — 2002
Experimental combination
Cultivars and lines Bipolaris sorokiniana No. 36 Control

2000 2001 2002y x> 2000 2001 2002
Akt 10.19 2.35%  2.92% 5.15% 32,60 3234 2500 4045
Bachmat (CHD 1598) S1.57% 29.70  11.69*% 3099 5649 92778 3556  41.18
Bajka 65.64 2843  26.64* 4024  67.18 9446 4630  60.79
Bohun (CHD 1999) 55.33*  59.52 9.37* 4141 10295 17131 87.70  49.83
Borowiak 46.82 5270  12.28* 3727  57.54 62779 57.63  52.19
Cwat (CHD 1698) 57.57  25.75 7.77% 3036  60.58  79.83  36.96  64.95
Jawor 25.52% 2490  13.40* 21.27  63.15 11196 2527 5223
Polar (STH 4999) 12.54*  40.85 3.89*%  19.09  44.04 5330 58.02  20.81
CHD 2099 4529% 2740  10.74*  27.81 114.09 24271 52.18  47.39
STH 4298 57.08% 29.43 14.89* 3380 9798 192.15 4383 57.96
STH 4599 66.94 2242 9.38* 32091 53.67 72.16 36.21  52.63
STH 4699 133.08 37.52  34.29* 6830 118.83 19347 5697 106.04

* - means differ significantly compared to the control when p< 0,05

In 2000-2002, as a result of the mycological analysis of grain collected from
plants of the studied oat genotypes, developed from the artificially inoculated
grain, 1123 fungal colonies were isolated from disinfected kernels and 1471
from un-disinfected kernels (Table 5). On average, after 3 years of experi-
ments, isolates of B. sorokiniana accounted for 76.2% of the total number of
fungi isolated from disinfected kernels and 65.9% from un-disinfected kernels
(Fig.2). Fungi of the genus Fusarium, isolated from both disinfected and
un-disinfected kernels, were represented by: Fusarium culmorum, F. equiseti,
F. oxysporum, F. poae, and F. sporotrichioides. In contrast, F. avenaceum was
isolated only from disinfected kernels. Isolates of other fungi, from both disin-
fected and un-disinfected kernels, belonged to: Alternaria alternata,
Aspergillus  flavus, A. niger, Drechslera avenae, Epicoccum nigrum,
Penicillium verrucosum var. cyclopium, Sordaria fimicola, Trichoderma
polysporum, T. viride and non-sporulating forms. Moreover, from disinfected
kernels: Chaetomium elatum, Mucor hiemalis, Trichothecium roseum; while
from un-disinfected kernels: Cladosporium cladosporioides and Talaromyces
flavus were isolated (Table 5).
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Fig. 2 The percentage participation of fungi colonies isolated from disinfected and un-disinfected kernels of the
studied oat genotypes artificially inoculated by Bipolaris sorokiniana No. 36 in years 2000-2002

As a result of the mycological analysis of kernels collected from control
plants of the studied oat cultivars and breeding lines during the 3 years, 928
fungal colonies were isolated from disinfected kernels and 1362 from un-disin-
fected kernels. From both disinfected and un-disinfected control kernels: A.
alternata, B. sorokiniana, F. culmorum, F. graminearum, F. oxysporum, F.
poae, F. sporotrichioides and P. verrucosum var. cyclopium were isolated the
most frequently (Table 6).

In Zamos¢ the growing season in 2000 was characterized by higher mean
monthly temperatures in April, May, Jun, July and August, as compared to
long-term means for those months (by 0.4-4.3°C). Monthly rainfall, compared
with long-term monthly means, was higher in April, May and June (by
14-40%), but much lower in July and August. During the growing season in
2001, monthly mean air temperatures were generally higher than long-term
monthly means (by 0.7-3.7°C), except in June, which was 0.4sC colder than
average. In 2001 only in April and July the monthly rainfall exceeded
long-term monthly means, by 27.9% and 56.8%, respectively. The growing
season in 2002 was the warmest of all studied seasons, except for April.
Monthly mean temperatures during the growing season in 2002 were generally
higher than long-term means (by 1.9-4.6°C). Monthly rainfall exceeded
long-term monthly means in May, in June and July, by: 41.8%, 69.1% and
2.5%, respectively. The lowest precipitation was recorded in August of that
year (Table 7).
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Table 7
Air temperature and rainfall in Zamo$¢ during the growing seasons of oat 2000 — 2002

Long-term monthly
means (1971 -1995)

Percentage of long-term

Deviations of temperatures monthly mean rainfally

Month Temperatu Rainfall

re [°C] [mm] 2000 2001 2002 2000 2001 2002
April 7.3 43 +4.3 +1.0 +1.9 140.0 127.9 59.8
May 13.1 62 +1.4 +0.7 +4.6 120.0 38.7 141.8
June 16.4 81 +0.4 -0.4 +1.9 114.0 84.9 169.1
July 17.9 91 +0.9 +3.6 +4.3 21.0 156.8 102.5
August 17.0 81 +2.5 +3.7 +3.8 1.2 62.6 21.5

DISCUSSION

The method used for comparison of sensitivity of oat genotypes to Bipolaris
sorokiniana, proved to be efficacious in experimental conditions.

In field conditions, seed germination took place in the presence of B.
sorokiniana introduced onto the surface of hulls in the case of hulled oats, or
onto the pericarp fused with the seed coat in naked oats, and to the soil environ-
ment as an inoculation mixture. In this way, a close contact of the pathogen
with plants of individual oat genotypes was ensured.

Considering the variable virulence of strains within the population of B.
sorokiniana (Valjavec-Gratian, Steffenson 1997, Almgren et al. 1999,
Duveiller, Garcia Altamirano 2000), in field research was used only a strain
whose pathogenicity tested according to the method of Mishra and Behr (1976)
was the greatest. The differences in pathogenicity of strains of B. sorokiniana,
are considered by Almgren et al. (1999) and Apoga et al. (2002) as results of
unequal ability to produce phytotoxins, especially prehelminthosporol.

This study shows that plant losses on experimental plots after inoculation
with B. sorokiniana resulted mainly from seedling death in the first 7 weeks af-
ter the artificially inoculated grain was sown. During further growth, only
a small proportion of plants died, so differences in plant numbers between
these observation periods were observed. That is why, in order to compare the
sensitivity of cultivars, we focused on the percentage of plant losses before har-
vest and on grain yield per experimental plot.

In the 3 analysed growing seasons, during which the experiments were car-
ried out, weather conditions in 2002 proved to be the most favourable for plant
infection by B. sorokiniana, because May in that year was characterized by hu-
mid and warm weather. Similar weather conditions in 1992 were also favour-
able for infection of barley seedlings by B. sorokiniana (Lacicowa, Pigta
1998).

Considering 50% plant losses before harvest and 48% grain yield losses, on
average after 3 years of experiments, the following genotypes were the most
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susceptible to infection by B. sorokiniana: Akt, Bohun, Cwal, Jawor, Polar,
CHD 2099 and STH 4298. The lowest 3-year mean of plant losses, below 30%,
and mean grain yield losses only slightly exceeding 40% as a result of inocula-
tion with B. sorokiniana, were recorded in cv. Bajka.

A large number of colonies of B. sorokiniana was isolated from the seed ma-
terial collected from the plants that developed from the grain artificially inocu-
lated with this species. This shows that grain is an important source of infection
for the plants developed from it (Lacicowa 1990).

It is known from the literature that the frequency of infection of barley grain
by B. sorokiniana depends on the amount of the inoculation material present in
the plant’s environment during flowering and seed formation. Most often,
grain is infected by air-borne conidia from infected leaves. High humidity is
particularly favourable for barley grain infection by B. sorokiniana (Coutre,
Sutton 1978, according to Lacicowa 1990). During this study, weather condi-
tions were favourable for infection of oat panicles and grain by B. sorokiniana,
because May and June in 2000 and 2002 were characterized by high rainfall
and air temperature, which markedly exceeded long-term means for those
months.

An increase in the importance of B. sorokiniana in oat grain infection in Can-
ada was reported by Clear ef al. (2000 b). In Poland the presence of B.
sorokiniana on grain of this species was confirmed by Lacicowa (1967) and
Mielniczuk (2001). The infection of seed material by B. sorokiniana may be an
indicator of the threat of disease to oat plantations.

The procedure of grain disinfection only partly eliminated B. sorokiniana.
This attests to the close contact of this fungus with grain and to colonization of
its inner parts. The higher frequency of isolation of B. sorokiniana from
non-germinating kernels indicates that this pathogen lowers the seed
germinability of oats and barley (Lacicowa, Pigta 1991, Mielniczuk 1999).

The fungi accompanying B. sorokiniana on grain were mainly the toxin-pro-
ducing Fusarium species, such as: F. avenaceum, F. crookwellense, F.
culmorum, F. graminearum, F. equiseti, F. poae and F. sporotrichioides. Stud-
ies of interactions among the fungi colonizing cereal grain show that B.
sorokiniana is less competitive than Fusarium spp. (Lacicowa 1973), so ap-
propriate media should be used for isolation of this species.

The application of the maltose medium with added streptomycin for isola-
tion of B. sorokiniana proved to be effective and enabled the isolation of nu-
merous colonies of this fungus. Apart from the maltose medium, for isolation
of B. sorokiniana from the infected oat grain, also the filter paper test and Reis
medium (Reis ef al. 1999) can be used.

CONCLUSIONS

Among the tested oat genotypes, none was completely resistant to seedling infect-
ion by B. sorokiniana.
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Infection of oat grain by B. sorokiniana can result in increased incidence of
seedling blight during oat cultivation, but the incidence of oat seedling damp-
ing-off caused by this species is modified by weather conditions.

Cultivar Bajka can be recommended for use as a standard in tests of oat sen-
sitivity to infection by B. sorokiniana, because its relatively high resistance to
this pathogen was observed in all years of experiments.

Cultivar Akt should not be cultivated in the Zamos$¢ province, as it is highly
sensitive to seedling infection by B. sorokiniana in the climatic and soil condi-
tions of this region.
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