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Abstract

Grain untreated and treated with two different fungicides of five cultivars of
spring barley originated from field experiments conducted at Radzików in
2000–2002, were tested after harvest and after eight months of storage under dif-
ferent conditions, for incidence of seed-borne fungi, especially pathogens. The
studies showed that barley grain was infested with numerous fungi. Among them
were the saprotrophic species: Alternaria alternata, Stemphylium spp., Cladosporium
spp., Penicillium spp. and the pathogens: Bipolaris sorokiniana and Fusarium spp. The
presence of saprotrophic and pathogenic fungi was similar on grain of naked and
husked barley cultivars. Treatment before storage and storage conditions signifi-
cantly influenced the frequency of grain infestation by some fungi. Saprotrophs
and pathogens were isolated in smaller number from stored grain than from grain
tested immediately after harvest. An increase of infestation by species of Peni-
cillium, Mucor and Aspergillus known as “storage fungi” has been detected on stored
grain. On grain treated with Vitavax before storage, the smallest number of B.
sorokiniana were found.

Key words: Bipolaris sorokiniana, Fusarium spp., pathogens, seed treatment, storage
conditions

Introduction

Many microorganisms are associated with the grain of barley (Błaszkowski
and Piech 2002) and they may remain viable in seed lots for many years (Nar-
kiewicz-Jodko 1979). Some of them colonize seed-coat or floral tissues with myce-
lium (Alternaria spp., Fusarium spp., Bipolaris spp.). The colonization of grain by fungi
depends primarily upon suitable weather conditions (Łacicowa and Pięta 1998). The
most dangerous pathogens of barley grain are Bipolaris sorokiniana and Fusarium spp.
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Bipolaris sorokiniana is the causal agent of common root rot, leaf spot disease, seed-
ling blight, head blight, and black point of wheat and barley. The fungus causes one
of the most serious foliar diseases and significant yield losses (Kumar et al. 2002).
In temperate climate regions, including Poland, B. sorokiniana is an important
causal agent of cereal seedling blight and the disease occurs most frequently in
spring barley cultures. The infection of various organs of older plants is not usually
of a primary importance in these regions, although seed infection must not be ig-
nored. The Fusarium spp. are the main cause of root rot, stem rot and Fusarium head
blight of cereals (Łacicowa et al. 1990, Kiecana 1986, Clear et al. 2000).

Among the factors decisive of sowing and technological value of grain the con-
ditions prevailing during harvest and storage are important. Proper storage condi-
tions ensure good germination capacity and good quality of cereal raw material
(Narkiewicz-Jodko and Gil 2000). It is commonly known that seed treatment is an
important factor affecting health status of crops. Usually seeds are treated directly
before sowing, but farmers often have a problem with treated grain which remains
after sowing. It is very important to establish appropriate conditions for grain stor-
age and possibilities of storage of treated grain without decreasing sowing value
and health status.

The aim of this study was to determine health status of naked and husked bar-
ley grain after harvest, changes of fungal communities after storage under different
conditions and the influence of storage of treated grain on the seed health.

Material and methods

Grain of five cultivars of spring barley (husked ‘Rataj’, ‘Rodion’, ‘Rasbet’,
‘Scarlett’ and naked ‘Rastik’) originated from field experiment at Radzików, were
tested one week after harvest in 2000–2002 and then after eight months of storage
under different conditions: uncontrolled (temperature 15–25°C and humidity
25–50%) and controlled temperature –15°C (without control of humidity). In the
field experiment only mineral fertilization was applied (kg/ha): 50 N, 80 P2O5 and
120 K2O without grain treatment before sowing or chemical plant protection. The
moisture content of grain after harvest was 11–14%. The following experimental
treatments were established for stored grain: untreated grain as control and
treated with two different chemicals (tebuconazole as Raxil and carboxin and
thiuram as Vitavax). The mycological assays were carried out on 200 grain of each
cultivar and combination (50 grain in four replications). Kernels were disinfected
with 1% NaOCl for 10 min and then washed with sterile water three times. Disin-
fected kernels were placed on PDA medium with 0.003% streptomycin sulphate.
Fungal colonies were grown at 20°C in alternating cycle of 12 h NUV light (360
nm) and 12 h darkness. Developed colonies were transferred to potato dextrose
agar plates and incubated in the above mentioned conditions to stimulate sporu-
lation. Fungi were identified after 15–20 days of incubation according to the de-
scriptions of Malone and Muskett (1997) and Nelson et al. (1983).
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The data of seed infection with B. sorokiniana, Fusarium spp. and storage fungi
were subjected to statistical analysis of variance (ANOVA), followed by mean sep-
aration by Tukey’s multiple range test.

Results

Grain was analyzed directly after harvest. Grain of spring barley was infested by
numerous fungi: 28 fungal species belonging to 19 genera were identified. The
most often found species were saprotrophs and weak parasites, such as: Alternaria
alternata, Acremonium spp., Acremoniella atra, Cladosporium spp. and Stemphylium spp.
The germination capacity of these grain ranged from 85.7% in ‘Rodion’ to 91.5% in
‘Scarlett’ (mean for three years of harvest). Alternaria alternata was detected in the
smallest number on grain harvested in 2001 (15.5–35.0 colonies per 100 kernels).
In 2000 and 2002 fungi occurred more abundantly: depending on cultivar, from
59.0 to 71.5 colonies per 100 kernels on grain harvested in 2000 and from 54.0 to
74.5 in 2002. Isolation of Acremonium spp. and A. atra was from 1.5 to 13.0 colonies
per 100 kernels and from 0 to 28.0 colonies per 100 kernels respectively, depend-
ing on cultivar and harvest year. In addition, colonies of bacteria were observed.
Grain contamination by all microorganisms, especially saprotrophic fungi, was the
highest in 2002 – mean in dependence on cultivar from 218.0 to 239.5 colonies per
100 seeds. The smallest number of detected microorganisms occurred on grain
harvested in 2000 – mean from 159.5 to 199.0 but the saprotrophic fungi occurred
less frequently on grain harvested in 2001 in comparison with that harvested in
2000 (Table 1).

Pathogenic fungi were represented by B. sorokiniana and 10 species from
Fusarium genus. Infection of spring barley grain by B. sorokiniana depended on
cultivar and year of harvest and occurred at the incidence of 22.5–68.5 colonies per
100 grain. The highest incidence of this pathogen was observed on grain harvested
in 2001 (mean 53.6 colonies per 100 grain). Isolation of the fungus was the lowest
on grain harvested in 2000 – mean 25.6 colonies per 100 grain. Fusarium spp. oc-
curred more abundantly on grain in the wet year 2001 – from 53.0 for ‘Rodion’ to
81.0 colonies per 100 grain for cultivar ‘Rastik’ (mean 71.1). In that year sum of
precipitation for months from April to August amounted to 317.5 mm. In 2000
and 2002, under dry conditions (sum of precipitation from April to August for
those years was 161.1 and 170.8 mm, respectively) Fusarium isolates were less fre-
quent: mean 49.6 and 54.3 colonies per 100 kernels, respectively. Among 10 iso-
lated species F. culmorum, F. equiseti, F. poae and F. tricinctum were observed the most
frequently.

These results showed that grain infection by B. sorokiniana and Fusarium spp.
was influenced by weather conditions before harvest. In the years of investigation
air temperature during vegetation was similar (Table 2). However, in 2001 and
2002 the beginning of vegetation was characterized by lower temperature (8.4 and
10.2°C, respectively), as compared to the year 2000 (14.9°C). In June of 2001 and
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2002 there were higher amount of rainfall (57.8 mm and 57.6 mm, respectively)
than in the same period of 2000 (14.4 mm). Probably rainfall and high temperature
in June, during heading, influenced the development of fungi, especially B. soroki-
niana, which prefers warm and wet weather.

Differences in incidence of grain infection by B. sorokiniana and Fusarium fungi
were found among cultivars. Grain infection by B. sorokiniana in 2000 ranged from
22.5 in ‘Rastik’ to 30.0 colonies per 100 kernels in cultivar ‘Rasbet’. In 2001 and
2002 incidence of seed infection was higher than in 2000 and ranged from 36.0 col-
onies per 100 grain in ‘Rataj’ to 68.5 in ‘Rodion’ and from 36.0 in ‘Scarlett’ to 54.5
in ‘Rodion’, respectively (Table 1). The lowest grain infection by Fusarium spp. was
found in 2000 for grain of naked cultivar ‘Rastik’ (mean 37.0). Infection of remain-
ing cultivars ranged from 39.5 colonies per 100 kernels in ‘Rataj’ to 58.0 in
‘Scarlett’. In other years the differences among cultivars were much higher: from
53.0 in ‘Rodion’ to 81.0 in ‘Rastik’ in 2001 and from 38.5 in ‘Rasbet’ to 73.5 colo-
nies per 100 kernels in cultivar ‘Scarlett’ in 2002.

The statistical analysis revealed highly significant differences in grain infection
by such fungi as B. sorokiniana, Fusarium spp. between years of harvest and cultivar
and total microorganism occurrence on grain of spring barley (Table 3).
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Table 2
Mean temperatures and sums of precipitation during vegetation of spring

barley in 2000–2002 in comparison to long-term averages at Radzików

Month

Mean daily temperature (°C) Sum of precipitation (mm)

2000 2001 2002
long-term
average

1971–1990
2000 2001 2002

long-term
average

1971–1990

April 14.9 8.4 10.2 7.5 0.5 66.7 21.2 29.6

May 17.0 16.6 19.4 13.7 33.2 32.0 33.4 46.1

June 20.0 17.0 19.4 16.2 14.4 57.8 57.6 63.0

July 18.2 22.8 23.0 17.7 77.0 134.0 19.1 68.7

August 19.7 21.5 22.8 17.4 36.0 27.0 39.5 48.5

Mean 18.0 17.3 19.0 14.5 161.1 317.5 170.8 255.9

Table 3
Analysis of variance (ANOVA) for cultivar and year of harvest influencing

the occurrence of some fungi in spring barley grain

F value
for cultivar (A)

F value
for year of harvest (B)

F value
for interaction (A × B)

Total microorganisms 3.175* 60.227** 3.378**
Bipolaris sorokiniana 9.764** 84.742** 6.880**
Fusarium spp. 5.403* 27.132** 6.298**

*Significant for � = 0.05, **significant for � = 0.01.



The analysis also showed that conditions of seed storage influenced the fre-
quency of grain infection by some fungi. The smaller number of microorganisms
were isolated from grain stored in uncontrolled conditions and in controlled tem-
perature –15°C, both untreated and treated with Vitavax. After eight months of
storage in uncontrolled conditions isolation of microorganisms was reduced by
about 24–28 colonies per 100 kernels and after storage in –15°C by about 11–37
colonies per 100 kernels. Only grain treated with Raxil stored in both experimental
conditions were more infected than before storage: mean about 21 colonies per
100 kernels. The results were related to the highest occurrence of saprotrophic and
“storage” fungi in the grain. It was found that naked kernels of ‘Rastik’ cultivar
were contaminated by microorganisms to the smallest degree: mean from 144.2
colonies per 100 kernels for treated with Vitavax and stored in uncontrolled condi-
tions to 229.0 colonies per 100 kernels for treated with Raxil and stored in –15°C.
It was also found that the largest part of total microorganisms on stored grain of all
studied cultivars consisted of saprotrophic fungi (Tables 4, 5). The germination ca-
pacity of stored grain depended on storage conditions and treatment. Untreated
grain germinated worse (mean from 92.8% in uncontrolled conditions to 93.3% in
–15°C) than treated grain (mean from 94.5% to 95.2% for treated with Raxil and
from 93.6% to 94.5% for treated with Vitavax depending on storage conditions).

The study showed that occurrence of B. sorokiniana and Fusarium spp. had
changed during storage and depended on storage conditions and seed treatment
before storage, too. Bipolaris sorokiniana was found in smaller number on grain after
storage than on grain before storage: mean from 40.4 colonies per 100 kernels be-
fore storage to 31.7 colonies per 100 kernels after storage in –15°C and 30.8 colo-
nies per 100 seeds after storage in uncontrolled conditions. Seed treatments,
especially with Vitavax, resulted in reduction of infection by this fungus. The low-
est infection by B. sorokiniana in both storage conditions was observed on naked
grain of ‘Rastik’. Number of isolates from grain of hulless cultivar ‘Rastik’ after
storage in uncontrolled conditions ranged from 1.5 to 37.5 colonies per 100 ker-
nels, depending on treatment. After storage in controlled temperature –15°C the
number of the fungus isolates ranged from 2.7 to 29.3. The remaining cultivars
were infected more abundantly: from 6.0 to 61.7 colonies per 100 kernels after
storage in uncontrolled conditions and from 6.3 to 61.2 colonies per 100 grain af-
ter storage in –15°C depending on cultivar and treatment (Fig. 1).

The similar observations were made for fungi from Fusarium genus. Infection
with Fusarium spp. also decreased after storage. Before storage these fungi occurred
in range 53.0–69.2 colonies per 100 kernels (mean 58.3). After storage in uncon-
trolled conditions the number was 20.2–49.8 colonies per 100 kernels (mean 36.8)
depending on cultivar and treatment. Number of Fusarium isolates after storage in
–15°C decreased and ranged from 13.3 to 45.0 colonies per 100 kernels (mean 32.2)
(Fig. 2). Differences between storage conditions were statistically significant.

An increase of infestation by species of Aspergillus, Penicillium and Mucor known as
“storage fungi” was detected on stored grain. These fungi were often observed on
treated grain: 14.0 to 51.3 colonies per 100 kernels, depending on used chemicals
and storage conditions. From untreated grain these species were isolated less fre-
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Fig. 1. Grain infection of Bipolaris sorokiniana before and after storage in two different
conditions (mean for three years). LSDT

0.05 for storage conditions: 1.576**, LSDT
0.05

for cultivars: 2.370**, LSDT
0.05 for treatments: 1.576**

Fig. 2. Grain infection of Fusarium spp. before and after storage in two different
conditions (mean for three years). LSDT

0.05 for storage conditions: 2.124**, LSDT
0.05

for cultivars: 3.194**, LSDT
0.05 for treatments: 2.124**



quently: from 1.2 to 2.7 colonies per 100 kernels after storage in uncontrolled condi-
tions and from 0.3 to 4.8 colonies per 100 kernels after storage in –15°C (Fig. 3).

Discussion

The studies revealed that grain of spring barley was infested by numerous
fungi, especially saprotrophs and weak parasites, such as: A. alternata, Acremonium
spp. and Acremoniella atra. In addition, bacteria were also noticed. Similar results
were obtained by Baturo-Czajkowska (2000), Clear et al. (2000), Narkiewicz-Jod-
ko et al. (2003) and Błaszkowski and Piech (2002). In all seed samples A. alternata
was the most frequent saprotrophic fungus. The same situation was also reported
by Knudsen et al. (1995). This issue is very important as A. alternata is found po-
tentially dangerous as it can produce a toxin – tenausonic acid, which inhibits roots
and sprout elongation of many plants, and alternariol, delaying seedling develop-
ment. A frequent incidence of A. alternata on the seeds was connected with fre-
quent rainfall during grain maturation. As reported by Prokinova (1999), the
species was more abundant on the seeds during frequent rainfall.

Pathogenic fungi were represented by B. sorokiniana and Fusarium spp. Bipolaris
sorokiniana, apart from Fusarium spp., is one of the most dangerous pathogens
which cause barley diseases (Łacicowa et al. 1991, Baturo 2002, Kumar et al.
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Fig. 3. Occurrence of “storage fungi” from species Aspergillus, Mucor and Penicillium before
and after storage in two different conditions (mean for three years). LSDT

0.05 for storage
conditions: 1.168**, LSDT

0.05 for cultivars: 1.757**, LSDT
0.05 for treatments: 1.168**



2002), especially in the regions characterized by relatively high air temperatures
and high air humidity. Very important source of the disease can be seed infected by
mycelium or contaminated by conidia (Kumar et al. 2001). Knudsen et al. (1995)
claim that spring barley grain can be in 76% infected by B. sorokiniana. The analyses
by Łacicowa (1982) showed that the fungus can limit germination of barley drasti-
cally, even to 25%, or the diseased seed gives rise to diseased, weak seedlings. The
grain yield decrease, which can reach even 30%, is the result of root, stem base,
leaf, head and grain infection (Eng-Chong Pua et al. 1985). The fungus was found
to have produced helminthosporiosis in cereals (especially barley). Bipolaris soro-
kiniana was shown to invade the husked grain more frequently than the naked
ones. Similar results were obtained by Narkiewicz-Jodko et al. (2003).

On harvested grain F. culmorum, F. equiseti, F. poae, F. graminearum, and F. tri-
cinctum have been found most frequently. Some of them are considered the most
dangerous pathogens of cereals. According to many authors, Fusarium spp. (partic-
ularly species regarded as pathogenic to cereals such as F. avenaceum, F. culmorum
and F. graminearum) may, depending on the time of invasion, affect the quality of
grain to some extent (Kiecana 1986, Mańka 1989, Narkiewicz-Jodko 1998). Fusa-
rium spp. which infect heads and the sowing material can cause, similarly to B.
sorokiniana, seedling disease and damage of root and stem base of older plants
(Wakuliński and Chełkowski 1993). Fusarium graminearum and F. culmorum isolated
from analysed grain can produce toxic substances like trichothecene, zearalenone
and fumonisins (Perkowski 1995). They can be found in cereal grain, feed and even
in food and can be dangerous for animal and human health (Chełkowski and
Grabarkiewicz-Szczęsna 1991).

Results of this study showed that the infection of seeds by microorganisms, es-
pecially pathogens, was influenced by weather conditions also. Łacicowa and Pięta
(1998) reported that warm and wet weather conditions were favourable to B.
sorokiniana infection, while dry and hot weather conditions favoured Fusarium
fungi. On the other hand, wheat infection by F. avenaceum, F. culmorum and
Microdochium nivale depended on rainfall, especially during ear emergence and mat-
uration (Mishra 1973).

This research indicated that the frequency of grain infection by fungi had
changed after eight months of storage. The increase of grain infestation by species
of Aspergillus, Penicillium, Mucor and Trichoderma known as “storage fungi” was ob-
served after storage. At the same time isolation of B. sorokiniana and Fusarium spp.
from the grain decreased. Similar effect of storage on grain contamination by these
fungi was reported by Gabińska et al. (1991). According to De Tempe (1964)
seed-borne Fusarium is not very resistant to ageing, more than half of the infection
disappearing during a year’s storage. The storage conditions are very important
factor influencing sowing value (Narkiewicz-Jodko et al. 2004). Results of investi-
gation of two storage conditions revealed differences in health status of grain
stored in uncontrolled conditions and in controlled temperature. Health status of
grain stored in controlled conditions was better as compared to grain stored in un-
controlled conditions. It was also found that less infected grain after storage germi-
nated better than grain examined after harvest with stronger infection (especially
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by Fusarium fungi). Other authors also found that occurrence of some fungi influ-
enced reduction of germination capacity (Gabińska et al. 1991, Łacicowa 1982,
Szyrmer et al. 1984).

The results obtained also showed that the fungicides considered, especially
Vitavax, successfully reduced B. sorokiniana on the examined barley grain. On
treated grain “storage fungi” were observed more frequently in comparison to un-
treated grain. Treated grain can be stored till the next sowing season without
decreasing sowing value and health status. Similar results were obtained by Nar-
kiewicz-Jodko (1990) for stored pea seeds.

Pelhate (1968) reported on antagonism among Aspergillus, Penicillium and some
pathogens which could be the reason of reducing their growth in storage condi-
tions. Penicillium spp., besides their favourable aspect related to antagonism to-
wards some pathogens, can produce antibiotic which is unfavourable to seed
germination and young plant development due to their disturbed metabolism
(Hasan 1999).

Streszczenie

ZDROWOTNOŚĆ NAGICH I OPLEWIONYCH ZIARNIAKÓW
JĘCZMIENIA JAREGO PO ZBIORZE I PRZECHOWYWANIU

Badano zdrowotność niezaprawianych i chemicznie zaprawianych ziarniaków
pięciu odmian jęczmienia jarego zebranych w doświadczeniu polowym zlokalizo-
wanym w Radzikowie oraz wpływ zaprawiania na występowanie grzybów po
ośmiomiesięcznym okresie przechowywania w dwóch różnych warunkach środo-
wiska. Ziarno jęczmienia jarego, zarówno po zbiorze w doświadczeniu polowym,
jak i przechowywane w różnych warunkach środowiska, było licznie zasiedlone
przez saprotrofy: Alternaria alternata, Stemphylium spp., Cladosporium spp., Penicillium
spp. oraz patogeny: Bipolaris sorokiniana i Fusarium spp. Nie stwierdzono wyraźnych
różnic w zasiedleniu przez saprotrofy i patogeny ziarniaków oplewionych i nie-
oplewionych. Zaprawianie ziarna przed przechowywaniem oraz warunki przecho-
wywania istotnie wpływały na porażenie ziarna przez niektóre grzyby. Saprotrofy i
patogeny w mniejszym stopniu zasiedlały ziarniaki przechowywane w porównaniu
z ziarnem badanym bezpośrednio po zbiorze. Jedynie grzyby przechowalnicze na-
leżące do rodzajów Aspergillus, Mucor i Penicillium były częściej obserwowane na
przechowywanym ziarnie. Stwierdzono, że zaprawienie ziarna zaprawą Vitavax
przed przechowywaniem wpłynęło na zmniejszenie liczby grzybów, zwłaszcza B.
sorokiniana, występujących na ziarnie badanym po przechowywaniu.
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