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ABSTRACT

Seeds of 5 cultivars of spring barley, originated from field experiments conducted in 2000 at Radzikow, were
tested immediately after harvest and after three, four and five years of storage in uncontrolled conditions, for inci-
dence of seed-borne fungi with special regard to “field fungi” (Bipolaris sorokiniana and Fusarium spp.) and
“storage fungi” (species of Penicillium and Aspergillus). The studies showed that barley seeds were infected be-
fore storage by numerous fungi as well as the saprophytes: Alternaria alternata, Acremonium spp., Acremoniella
atra and the pathogens: Bipolaris sorokiniana and ten Fusarium species. The analysis after storage showed that
the frequency of fungal infection had changed. The occurrence of some fungi was significantly affected by the pe-
riod of storage. An increase of infection by species of Penicillium and Aspergillus known as “storage fungi” was
detected on seeds after storage, especially after four years. At the same time, isolation of species of Fusarium and
Bipolaris sorokiniana from these seeds decreased. Differences in number of ‘field’ and ‘storage’ fungi were found
in dependence on period of storage, also. The smallest infection by Bipolaris sorokiniana and Fusarium was
observed on seed after five years of storage.
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INTRODUCTION

Long lasting storage of seed has increasing importance to cut capital invest-
ments and save labour cost in initial breeding, especially in breeder’s seed mul-
tiplication scheme. Some breeders claim that the best way to preserve
homogeneity of seed is to produce breeder’s seed once during growing the va-
riety and keep it in special storage under controlled conditions. Every year
a necessary amount of seed is taken from storage and is used in multiplication
(Ruza and Linina, 2000).

The most important problem during storage is micoflora contaminating or
infecting seeds. Microorganisms on stored seeds can influence seed quality,
decreasing germination or growing energy, so seeds should be checked at regu-
lar intervals during storage for damage due to storage fungi in order to take pre-
ventive measures.
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Many microorganisms are associated with barley seeds (Btaszkowski
and Piech, 2002) and they may remain viable in seed lots for many years
(Christensen, 1963). Some of them colonize seed - coat (f.eg. Alternaria spp.,
Fusarium spp., Bipolaris spp.) or floral tissues (ergot). The colonization of
seeds by fungi depends primarily upon suitable weather conditions during
plant growth (Lacicowa and Pigta, 1998).

Fungi that attack seeds are classified into either ‘field’ or 'storage fungi' on
the basis of their ecological requirements. Field fungi invade seeds either dur-
ing development or after maturity but before harvest. Generally, damage
caused by 'field fungi' occurs in the field, with little or no damage occurring
during storage. 'Storage fungi' are adapted to live and grow without free water,
and some not only endure but require an environment without free water.
These fungi normally do not play any role in disease development in field but
play a major role in seed deterioration in storage. They are responsible for ma-
jor manifestations of deterioration in stored seeds as a decrease in
germinability, discoloration, biochemical changes, heating, mustiness and to-
tal decay and mycotoxin production. These changes reduce grade and price,
contributing to customer dissatisfaction when the grain is marketed (Agarwal
and Sinclair, 1997).

The aim of this study was to determine the effect of long-time storage on
health status, especially with regard to occurrence of ‘field” and 'storage fungi'
on spring barley seed, which may account for reduction on sowing value.

MATERIALS AND METHODS

Seeds of 5 cultivars of spring barley originated from field experiments con-
ducted in the year 2000 at Radzikow were tested immediately after harvest and
after storage for incidence of seed-borne fungi, especially pathogens. The
seeds of Rastik (naked) and Rataj, Rodion, Rasbet, Scarlett (hulled) with mois-
ture content about 10% were placed in paper bags and kept in uncontrolled
conditions — at variable air humidity between 30 to 50% and temperatures be-
tween 15 to 25°C. The seed health after three, four and five years of storage in
these conditions was examined.

The mycological assays were carried out on 200 seeds of each cultivar.
Seeds were disinfected with 1% NaOCI for 10 min and then washed with ster-
ile water three times. Disinfected seeds were placed on Potato Dextrose Agar
(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 dark-
ness. Developed colonies were transferred to PDA plates and were incubated
in above — mentioned conditions to stimulate sporulation. Fungi were identi-
fied after 15 — 20 days of incubation according to the descriptions of
Chidambaram et al. (1974), Ellis (1971), Kwasna et al. (1991), Malone and
Muskett (1997), Matur and Cunfer (1993). Data were presented as mean num-
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ber of colonies of 100 seeds from 5 cultivars in 4 replication (50 seeds in every
replication were tested). The values were subjected to statistical analysis of vari-
ance (ANOVA), followed by mean separation by Tukey’s multiple range test.

Table 1
Microorganisms detected on barley seeds before and after storage in uncontrolled conditions
(mean number of colonies /100 seeds from five cultivars)

After storage for:

Microorganisms Before
storage 3 years 4 years 5 years
Acremoniella atra (Corda) Sacc. 7.6 - - -
Acremonium spp. 10.6 0.1 - 0.1
Alternaria alternata (Fr.) Keissler 66.4 26.2 5.1 17.8
Aspergillus spp. 0.3 3.8 17.9 5.2
Bipolaris sorokiniana (Sacc.) Shoem. 25.6 17.0 12.5 5.2
Chaetomium spp. - 0.1 0.6 13.4
Cladosporium herbarium (Pers.) Link ex Fr. 0.9 0.2 0.1 0.8
Drechslera graminea (Rab. Ex Schlecht.) Shoem. - 0.1 0.3 0.3
Drechslera teres (Sacc.) Shoem. - 0.8 0.6 3.7
Epicoccum purpurascens Ehrenb. ex Schlecht. 1.9 0.1 0.5 1.4
Fusarium avenaceum (Fr.) Sacc. 0.1 - - -
Fusarium culmorum (W.G. Smith) Sacc. 6.2 0.4 0.1 -
Fusarium equiseti (Corda) Sacc. 5.8 0.7 0.6 -
Fusarium graminearum Schwabe 1.3 - - -
Fusarium moniliforme Sheldon emend. Snyd. et Hans. - 0.4 - -
Fusarium oxysporum Schlecht. emend. Snyd et Hans. 2.8 0.3 - -
Fusarium poae (Peck) Wollenw. 18.2 0.3 - -
Fusarium semitectum Berk. et Rav. 1.5 - - -
Fusarium sporotrichioides Sherb. 0.2 - - -
Fusarium tricinctum (Corda) Sacc. 13.3 - - -
Mucor spp. 0.3 0.1 0.1 0.3
Papularia arundinis (Corda) Fr. 0.7 - - -
Penicillium spp. 0.1 0.8 1.6 1.8
Sordaria fimicola (Rob.) Ces. & de Not. 0.1 0.6 0.8 1.3
Stemphylium botryosum Wallr. 0.3 0.1 0.2 0.9
Stemphylium consortiale (Thiim.) Groves & Skolko 1.7 1.8 0.2 1.9
Trichoderma viride Pers. ex Fr. 0.1 0.1 0.1 -
Other 22 1.2 24 2.9
Bacteria 14.4 29.1 37.4 40.0

Total infection 182.6 84.3 81.1 97.0
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RESULTS

The studies showed that barley seeds tested immediately after harvest were
infected by numerous fungi (Table 1). Among them were the saprophytic
fungi: Alternaria alternata, Stemphylium spp, Cladosporium spp, Epicoccum
purpurascens and the pathogens: Bipolaris sorokiniana and ten species of
Fusarium. Colonies of bacteria were also observed. The most abundant fungi
were saprophytes and weak parasites, such as: Alternaria alternata (mean 66.4
colonies/100 seeds), Acremonium spp. (mean 10.6) and Acremoniella atra
(mean 7.6). Pathogenic fungi were represented by Bipolaris sorokiniana and
Fusarium spp. Mycological assays showed that B. sorokiniana infected seeds
of barley before storage in 25.6 colonies/100 seeds. Differences in seed infec-
tion by this fungus were found among cultivars. Seed infection ranged from
22.5 in Rastik to 30.0 colonies/100 seeds in Rasbet cultivar (Fig. 1). On these
seeds more abundantly occurred Fusarium spp. also (mean 49.4 colonies/100
seeds). Among ten isolated species of Fusarium: F. poae, F. tricinctum, F.
culmorum and F. equiseti were the most frequent ones. In naked seed of Rastik
cultivar Fusarium fungi were isolated less frequently (mean 37.0 colonies/100
seeds) (Fig. 2).
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Fig. 1. Seed infectioz} by Bipolaris sorokiniana before and alfter storage in uncontrolled conditions.
LSD ) o5 for period of storage = 4.95, LSD " (5 for cultivars = 5.89

Health of barley seed tested after storage was differed in comparison to seed
health before storage. It was found that saprophytes occurred in small number
on stored seeds than on seeds tested immediately after harvest (Table 1). After
three years of storage, isolation of 4. alternata was reduced by 60.6% and after
four and five years of storage by about 70-90%. Isolation of Acremonium spp.
and A. atra decreased also or there fungi were not observed on seeds at all. Af-
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ter storage bacteria were found on seed in larger number (mean from 29.1 to
40.0 colonies/100 seeds depending on period of storage) than there were iso-
lated from seed tested immediately after harvest (mean 14.4). The highest seed
infection of bacteria occurred on seed tested after five years of storage.

Before storage

number of colonies/100 seeds .

After 3 years of storage

After 4 years of storage After 5 years of storage

BMRataj BERodion ERastik ®Rasbet HScarlett

Fig. 2. Seed infe%tion by Fusarium spp. before and aftetrstorage in uncontrolled conditions.
LSD " o5 for period of storage = 3.85, LSD " 5 for cultivars = 4.58

The study showed that occurrence of Bipolaris sorokiniana and Fusarium
spp. had changed during long-time storage (Fig. 1 and Fig. 2). B. sorokiniana
was found in smaller number on seeds after storage: mean 17.0 colonies/100
seeds after three years of storage, 12.5 after four years of storage and 5.2 after
five years of storage, than on seeds before storage: mean 25.6 infected seeds
(LSDTO,OS =4.95). The lowest infection of B. sorokiniana at the whole test du-
ration was observed on Rastik cultivar. Number of isolates from naked seeds
of this cultivar after storage ranged from 1.0 to 6.5 colonies/100 seeds de-
pending on period of storage. Other cultivars were infected more abundantly:
from 18.0 to 22.0 colonies/100 seeds after three years of storage, from 12.0 to
17.0 after four years and from 4.5 to 7.5 colonies/100 seeds after five years of
storage (Fig.1).

The similar observations were made for fungi from Fusarium genera. In-
fection by Fusarium spp. was reduced after storage. The occurrence of these
fungi before storage ranged from 37.0 to 58.0 colonies/100 seeds (mean
49.4). After three years of storage mentioned value ranged from 0.0 to 4.0
colonies/100 seeds (mean 2.1) depending on cultivar. Higher reduction of
number of Fusarium isolates was noted after four years of storage and ranged
from 0,0 to 2.0 colonies/100 seeds (mean 0.7) (Fig. 2). These fungi were not
found on seeds after five years of storage at all. Differences in seed infection
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by Fusarium spp. were found among cultivars. After three years of storage
the naked seeds of Rastik cultivars were free from these fungi. The same re-
sults were obtained for Rataj and Rodion seeds, but after four years of stor-
age. Differences between period of storage were statistically significant, also
(LSD" 05 = 3.85).
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Fig. 3. Occurrence of “storage” fungi (Aspergillus spp., Penicillium spp., Mucor spp.)
on ba];lley seeds before and after storage in ]imcontrolled conditions.
LSD ) o5 for period of storage = 3.98, LSD " o5 for cultivars = 4.74

An increase of infection by species of Penicillium, Mucor and Aspergillus
known as “storage fungi” was detected on stored seeds (Fig. 3). Seeds after
harvest were infected by Penicillium spp. mean in 0.1 colonies/100 seeds and
occurrence of Mucor spp. was mean 0.3 colonies/100 seeds. Fungi from
Aspergillus species occurred on seeds only in 0.3 colonies/100 seeds also.
After storage infection by Aspergillus spp. increased by 3.8 colonies/100
seeds after three years, by 17.9 after four years and 5.2 after five years. Oc-
currence of Penicillium spp. after storage increased at lower rate, than fungi
of Aspergillus species (mean from 0.8 to 1.8 colonies/100 seeds). Mucor
fungi were observed on stored seed in the same amount that on seed tested be-
fore storage. The statistical analysis showed that changes in occurrence of
'storage fungi' on seeds after harvest and after storage were significant
(LSD 05 = 3.98) (Table 2).

The statistical analysis revealed highly significant differences between
cultivar and seed infection by such fungi as: B. sorokiniana, Fusarium spp.
and “storage fungi” belonging to genera Penicillium, Mucor and Aspergillus
(Table 2). The analysis also showed that period of seed storage significantly
influenced on the frequency of seed infection by some fungi and pointed out
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the interaction between cultivar and period of storage in seed infection by
Fusarium spp., “storage fungi” and total microorganisms (Table 2).

Table 2
Analysis of variance (ANOVA) for cultivars and period of storage influencing
the occurrence of some fungi in barley seeds

F value F value F value for

Fungi for cultivars  for period interaction
(A) of storage (B) (A xB)
Total microorganisms 53.48%* 460.33** 4.35%*

Bipolaris sorokiniana 6.55%* 41.54%* 0.79

Fusarium spp. 6.34%* 559.31%* 4.97%%*
'storage fungi' (4spergillus spp. +Penicillium spp.+Mucor spp.) 15.16%* 58.46%* 22.24%%*

DISCUSSION

The studies revealed that seeds of spring barley were infected by numerous
fungi, especially saprophytes and weak parasites such as: 4. alternata,
Acremonium spp. and A. atra. In addition, bacteria were also noticed. Similar
results were obtained by Narkiewicz - Jodko (1979) and Btaszkowski
and Piech (2002). According to Trojanowska (1988) the saprophytic
micoflora, especially Aspergillus and Penicillium, can be used as a rough indi-
cator of the seed quality.

In all tested seed samples Alternaria alternata was the most popular
saprophytic fungus, which was reported by Knudsen et al. (1995) also. This
fungus may be potentially dangerous for plant, because it can produce a toxin —
tenausonic acid, which inhibits roots and sprout elongation and alternariol, de-
laying seedling development (Baturo, 2002).

Pathogenic fungi were represented by Bipolaris sorokiniana and Fusarium
spp. Bipolaris sorokiniana, distinctively from Fusarium spp., is one of the
most dangerous pathogens which cause barley disease (Lacicowa and Pigta,
1993). Knudsen et al. (1995) claim 76% infection of spring barley grain by B.
sorokiniana. The analyses revealed by Lacicowa (1982) showed that this fun-
gus can limit germination drastically, even to 25%, or the infected grain gives
rise to diseased and weak seedlings. B. sorokiniana invaded the hulled grain
more frequently than the naked ones. Similar results were obtained also by
Narkiewicz — Jodko et al. (2003).

The mycological assay showed that seed of spring barley were also often in-
fected by Fusarium species, especially Fusarium poae, Fusarium tricinctum,
Fusarium culmorum and Fusarium equiseti. From these species F. culmorum
and F. tricinctum are considered the most dangerous pathogens of cereals
(Manka, 1989), because can cause seedling disease and damage of root and
stem base of older plants (Wakulinski and Chetkowski, 1993).



10 Barbara Wiewidra

This study showed that the frequency of seed infection by fungi had changed
during storage. Some fungi were isolated rarely and some of them frequently
from stored seeds in comparison to fungi isolated from seed tested before stor-
age. For example the decrease of seed infection by Alternaria alternata, B.
sorokiniana and Fusarium spp. was observed after storage. At the same time
isolation of Aspergillus and Penicillium species from these seeds increased.
Similar relationship between seeds storage and contamination by these fungi
was reported by Narkiewicz-Jodko (1979), Gabinska et al. (1991) and
Narkiewicz-Jodko et al. (2004).

The longevity of fungi dependents on storage conditions, also. Lutey and
Christensen (1963) found substantial reduction in percentage of “field fungi”
such as Alternaria, Drechslera, and particularly Fusarium in barley kernels
kept for a few months at 14% moisture content at 20°C. Same conditions and
six months of storage reduced viability of Drechslera and Fusarium to 0, and
Alternaria from 80% in the original seed to 10%. When the moisture content
was reduced to 12%, all mentioned “field fungi” were present, although in low
percentages, after one year of storage at 20°C. On the other hand, grain stored
at 16% moisture content and 20°C and 30°C was invaded by “storage fungi”
before the “field fungi” died. Data presented here indicated, that 15 — 25°C
temperature and 30 — 50% moisture conditions of storage significantly influ-
enced on occurrence of ‘field” as well as “storage fungi” on barley seeds. On all
seed samples examined after storage following “field fungi” were found:
Alternaria alternata and Bipolaris sorokiniana, and “storage fungi” from gen-
era Aspergillus and Penicillium. During storage in these condition fungi
Fusarium died out faster. Neergaard (1977) claimed that more or less hyaline
fungi characterised by thin-walled conidia, mainly Fusarium spp., are usually
short-lived and they may often be controlled by storage of the seed for a suit-
able period of time. On the other hand fungi with strong pigmentation and thick
conidial walls, as exemplified by species of Drechslera and Bipolaris, have
been found to be quite long-lived.

The reason of changes in quality and quantity of microflora could be antago-
nistic activity majority of microorganisms known as ““storage fungi” in relation
to the pathogens (Trojanowska, 2002). These fungi, due to their competitive
and hyperparasites properties, may facilitate the control of pathogens or make
difficulty in isolation of pathogens. Additionally, Penicillium spp. besides its
favourable character based on antagonism towards some pathogens, can pro-
duce an antibiotic which is unfavourable to grain germination and young plant
development due to their disturbed metabolism (Hasan, 1999).

Preliminary studies of germination capacity and vigour before and after one
year of storage indicated changes in value of these factors during storage
(Wiewidra, 2006). Data presented there shown that germination capacity de-
pended on infection by pathogens because the seed stored one year with less in-
fection germinated better in comparison to grain before storage, which were
stronger infected. Other authors have also found that occurrence of some fungi
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influenced the reduction of germination capacity (Gabinska et al. 1991,
Lacicowa 1982, Szyrmer et al. 1984). However analysis of vigour indicated
also that even one year of storage provoked reduction of all vigour parameters:
plumule and root length and dry weight. Grzesiuk et al. (1990) found accelera-
tion of vigour degradation which was observed in elevated conditions of hu-
midity and temperatures. Germination and vigour are not only depends on
seed-health, but also on other factors, mainly physiological and biological seed
conditions.

CONCLUSION

Seeds of spring barley harvested in field experiment were contaminated by
saprophytic fungi: Alternaria alternata, Acremonium spp. and Acremoniella
atra. The most numerous pathogens on these seeds were B. sorokiniana and
Fusarium spp. Among ten isolated species of Fusarium the most frequent ones
were F. poae, F. tricinctum, F. culmorum and F. equiseti.

Results showed that the frequency of seed infection by fungi changed during
storage. Some fungi were isolated rarely and some of them frequently from
these seeds. Data presented indicate that occurrence of ‘field” and 'storage
fungi” depended on period of storage. Seed stored five years were infected in
the lowest number by main pathogen Bipolaris sorokiniana. On these seeds
Fusarium fungi weren’t found at all. Additionally storage fungi from genera
Aspergillus and Penicillium occurred more abundantly on these seeds. It was
observed also that pathogens were eliminated faster from naked seeds than
from hulled ones.
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