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The present investigations were carried out on seeds of the spring
wheat wvar, ‘Kolibri’. Storage was at either 12 or 15%e moisture sced
content, and temperature degrees of labile, 0°C, 25-30°C for a periocds
extended to 18 months, Sceds remained healthy at 12% M. C, and 13%
and 0°C. Myceological analysis of fresh and stored seeds revealed great
difference among their fungal flora, Sporadic amounts of certain fungal
pathogens, from the Fusarium genus, were dsolated from seeds. In relation
of seed-borne fungi {o the health state of plants developing, resulis of pot
experiments showed the possibility of spread certain pathogens of Fusarium
from secd to stem of the devaloping plant, The fungal communities of seeds
or plants does not lmit, in general, ihe develppment of these pathogens
Fusarium culmorum, I, poae, F, equiseti, Fusarium culmorum was found,
uttder the present work, Lo be a most severe infectous agent of foot rot
disease of wheat crop var, ‘Kolibri’,

INTRODUCTION

It is well known that seeds can harbour quile a lot of different
microflora, although not all are epiphytic. Fungi which form the major
part of them ean be carried on or in the seed. The latter in its dormant
state rarely provides a suitable condition for fungi associating, The
active growht of them begins on sowing the seed. They go into great
interactions among them and, with the germinating seed (Dommer-
gues, Mangenct 1979). Thus spread of seedborne fungi especially
the pathogen ones is moie ;elaied to movement of seed.

The aim this work is to survey the fungi, especially pathogens,
associated with fresh and stored seeds of spring wheat, as well as to
study the elfcet of storage of the seeds on the health state of plants
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developing under different sowing conditions. Furthermore, this work
15 intended to study the biotic effect of fungal seeds or plant com-
munities on development of certain fungal pathogens namely, Fusarium
culmorum, F. poae, F. equiseti and Rhizoctonia solani.

REVIEW OF LITERATURE

Cereal seeds, including wheat, are liable to attack by different
* species of fungi upon harvest and during storage.

Many workers (Darpoux, Ponchet 1957, Ryka 1963;
Lacicowa 1964a; Christensen, Kaufmann 1963) surveyed
different species of fungi from the fresh harvested wheat- seeds. These
species belong to the genera Alternaria, Cladosporium, Helmintho-
sporium, Fusarium, Septoria, Penicillium, Pythium, Rhizopus and Mucor.

During the storage period of seeds some microorganisms may die
out or even decrease whereas others may develop. The latter is especially
the case of storage fungi from the Aspergillus and Penicillium genera.
Tn this connection, condition of storage especially moisture seed content
and temperature of storage play an important role. Lutey and
Christensen (1963) reported loss in viability of species belongs to
the genera: Fusarium, Helminthosporium and Alternaria on barley seeds
stored at 14% M.C. and 20°C for 6 months. Christensen and
Kaufmann (1968) reported that Fusarium spp. dies relatively rapidly
in seeds stored at 12-13% M.C. and at a temperature above 21°C.
Golubchuk et al. (1965) noted a reduction of the amount of difierent
species belonging to the storage fungi on spring wheat seeds stored
at 12%a M.C. and 24°, and 38°C. By contrast, Soeger-Domenigg
et al. (1955) reported high levels of these fungi on the same seeds at
1494 M. C. and 20-24°C. Tuite and Christensen (1857b) reported
gradual invasion of wheat seeds, stored at 13-13,6% M.C. and 25°C for
6 months, by Aspergillus amstelodami. On the other hand A. repens
parasitized the same seeds more slowly. Storage fungi do not invade
wheat seeds at any degree on harvest (Sauer, Christensen 1966).
That result was also obtained by Narkiewicz-Jodka (1978) on
" rye and oat seceds.

Some trials were made in order to define sources of contamination
with storage fungi. Tuite and Christensen (1957a) reported
that inocula of storage fungi are uncommon in the air of ripe wheat
ficlds. These inocula were abundant in the air of either country or
terminal elevators. Flannigan (1978) listed several sources of pri-
mary contamination with storage fungi. These sources were soil, culms
and basal segments of plant leaves, storage tanks and, sacks.
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Seed-borne mycoflora may caused serious diseases for either seed or
the developing plant. Necrgaard (1977) listed eight types of seced
discases. He also noted several seed-borne pathogens of different crops
including wheat. Brooks (1953), and Butler and Gones (1835)
described several diseases of wheat plants caused by seed-borne myco-
{lora.

Foot rot disease is one of the most important diseases of cereal
crops. Many of fungi transmited with seeds can cause it. Colhoun
and Park (1964) noted the occurrence of this disease on wheat plants
developed from seeds inoculated with Fusarium culmorum, F. gramine-
arum or F, avenaceum. Cassini (1970) found that disinfection of
wheat seeds before planting has a good effect in reducing the percentage
of vecurrence of this disease.

Different authors (Nespiak 1963; Cook 1968) surveyed the
fungi which occupied stem bases of plants showing symptoms of the
foot rot disease. These fungi were mostly species of the Fusarium genus,
especially F. culmorum. Bruehl (1951) tested the pathogenicity of
Rhizoctonia solani on wheat plants. His results sugested the possibility
of this fungus in causing symptoms of foot rot disease.

Numerous investigations were carried out in Poland (Truszko w-
ska, Schneider 1971; Truszkowska 1972; Truszkowska
et al. 1971, 1972a, 1972h) on the health state of different kinds of plants.
Results obtained by them indicate that a variety of factors including,
moisture content of seeds, and temperature of storage has a effect upon
the health state of seedlings developing in either nonsterilized or ste-
rilized soil. The results obtained indicated that one of the favourable
conditions for seedling emergence and growth are microflora of soil.

The different interactions, inecluding antagonism, among fungi
associated with seeds or plants may affect the development of certain
fungal pathogens. Manka (1968) designed a method for determine
the biotic effeet of fungal communities isolated from soil, rhizosphere,
and rools of Pinus sylvestris on the development of Heterobasidion
annosus, Application of this method by other workers (Manka, Ko-
walski 1968; Dorenda 1974) lead to accurate results. These results
marcedly showed the native relation between a_given pathogen other
associated species.

MATERIAL AND METHONDS

Uncertified seeds of the spring wheat var. ‘Kolibri’ from the 1976
harvest constituted the base material throughout the present work.
Storage trials commenced on October 25, 1976. Samples of seeds with
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maisture content 1 and 13%0 were stored at different temperature
degrees of labile, 0°, 25-30°C, 6 combinations were used. Tightly closed
glass bottles (18 em diam. and 8 em high) were employed as seed
containers; D bottles per one combination. Perioeds of storage for each
combination were 6, 12 and 18 months.

The germination capacity of seeds was determined according to
a method described by Dorywalski et al. (1964). Six and four
samples of the fresh and stored seeds respecively were used for this
purpose, Each sample contains 100 seeds.

The mycological analysis of fresh seeds was on October 70, 1976
The same analysis of stored seeds was performed on April 22, November
4, 1977, and March 29, 1978. Two applicable methods of Ulster and the
modified Ulster method (Malone, Muskett 1964) were used for
this purpose. 200 and 100 seeds of [resh and stored secds respectively,
were either nondisinfected or disinfected and placed on the surface of
2%/s malt extract agar in Petri plates, 10 seeds per plate. Surface
disinfection of fresh seeds was done by dipping them in sodium hypo-
chlorite solution (1% available chlorine) for 10 min. Then they were
drained off on sterile filter paper and transfered immediately onto the
surface of medium. Surface disinfection of the stored seeds was carried
out by immersing them in 90% ethyl alcohol, and then in 0,1% solution
mercuric chloride for 1 min. each. After this, the seeds were rinsed
three times in sterile distilled water. Incubation of plates and their
seeds were at 20-22°C for up to 14 days.

Pot experiments were carried out by sowing seeds stored 6 months
in either nonsterilized or sterilized soil; 24 treatments were done, these
treatments were on the basis of 4 treatments for cach storage com-
bination as follow:

1 — sowing nondisinfected seeds in nonsterilized soil,

2 —sowing disinfected seeds in nonsterilized soil,

3 — sowing nondisinfected seeds in sterilized soil,

4 — sowing disinfected seeds in sterilized soil.

Surface disinfection of seeds was carried out was mentioned above.
Soil used consisted of clay and sand (1 :1). Sterilization of it took place
two weeks before. It was autoclaved three times [or one hour with
24 hour intervals between sterilizations. Enamel pois (20 em diameter,
and 18 cm deep) were used as soil containers; 120 pots were used,
5 per each treatment. Procedure of planting took place by sowing 100
seeds per treatment (20 per pot). The sown seeds were covered with
a thin layer (2 em thick) of the same soil. All the pots (after sowing
seeds) were covered with glass sheets. Irrigation took place immediately
after sowing and during the experiment period with 4 days intervals;
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200 ml tap water were used for every pot. All the pots werc kept at
the experimental farm of the Wroclaw Agricultural Academy in Pawlo-
wice. The period of the experiment extended to 3 months from April 18,
1977.

Three agricultural values were estimated as follows:

1 — percent of seedlings emerging after 15 days of sowing,

2 — length of the stem and ear of each cultivated plant,

3 — percentage of plants showing symptoms of foot rot disease.

The mycological analysis of the diseased plants was carried out on
July 13, 1977; 10 plants showing clear symploms were selected at each
treatment (2 plants per pot). Cylindrical segment (3-5 mm long) com-
plete in diameter were cut transversally from the stem base of each
selected plant. The cut segments (3 per plant) were placed on the surface
of potato glucose agar in Petri dishes (6 for one dish). Prior to placing,
the segments surfaces were disinfecled by immersing these parts of
plants first in 50% ethyl alcohol and then in 0,1% solution of mercuric
chloride for 40 seconds in each. Afterward, they rinsed thrice in sterile
distilled water. All the inculated dishes were incubated at 20-22°C for
up to 14 days.

The biological experiments were carried out under laboratory con-
ditions. The fungal communities isolated from either seeds or plants
were individually studied in their biotic effect on the development of
certain isolated pathogens. Such pathogens were Fusarium culmorum,
F. poaz, F. equiseti and Rhizoctonia solani. The present experiments
based upon the biotic series method of Manka (1968). Throughout
these studies, all species of fungi except those of pathogens were used.
Degree of biotic effect of each species was estimated according to a scale
designed by the author mentioned above. Summary biotic effeet of each
fungal community was calculated by the algebric sum of results obtained
by multipling biotic degree effect of every species, within community,
in its isolated number of colonies.

Pathogenicity experiments were carried out on July 3, 1978. Two
fungal species namely, F. culmorum and F. poae were fested in their
pathogenic properties. Seedling developed from seeds stored at either
12 or 15" M. C. and 0°C were used for this purpose.

Three successive stages were done as follow:

1 — Artificial infection of seedlings in vitro.

Test tubes contain sterilized Knop solution mediuvm were used for
this purpose. The method used was deseribed by Messiaen et al
(1959); 100 seeds (50 at each M. C.) were disinfected and then placed at
the upper parl of the medium. One seed was placed per tube. Cultural
agar discs (7 days old, and 4 mm diam.) of the fungi be test, were
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superficially applied to the lower part (one inoculum per tube). Surface
disinfection of seeds was carried out similarly as described earlier;
25 tubes were inoculated with either Fusarium culmorum or F. poae.
Control treatments were done similarly with the absence of the fungal
mycelium. All treatments and controls were kept al absolute darkness
and under artificial day light for 6 and 15 days respectively.

2 — Trans seedlings into either non sterilized or sterilized soil.
All the healthy seedlings were transferred to plastic cups contains either
non sterilized or sterilized soil. One seedling was planted per one cup.
Soil used consist of sand and clay (1:1). Sterilization of soil was per-
formed as described earlier. Period of this stage was one month. During
this period, all the plants were kept under artificial day light and
irrigated twice a week. '

3— Transplanting in to soil from field.
All the healthy plants were transferred to enamel pots containing soil
from field. 4-5 plants were transferred per pot. All the plants were
kept under artificial day light for one month, and irrigated twiece
a week.

Reisolation experiments of the fungi were carried out during, and
at the end of the first and third period respectively. Transversal seg-
ments were cut from the basal portion of ecach plant. The cut fragments
were surface disinfected and then placed on the surface of potato glucose
agar in Petri dishes. Surface disinfection was done by immersing these
parts in 50% ethyl alcohol and 0,1% solution mercuric chloride. Period
of immersion was 20 to 40 seconds in each solution according to the
material age. Then they were rinsed thrice in sterile distilled water.
All the inoculated dishes were incubated for up to 14 days at 20-22°C.

Throughout the present work all the isolated colonies of fungi were
determined by the author using different publications (Chivers 1915;
Wollenweber, Reinking 1933; Neergaard 1945; Miller
1946; Raper, Thom 1949; Dade 1949; Raillo 1950: Ben-
jamin 1955; Hesseltine 1955; Hesseltine, Fennell 19535;
Brown, Smith 1957; v. Arx 1957, 1974; Raper 1957; Gilman
1959; Barnett 1960; Ames 1961; Whiteside 1981; Lacicowa
1963, 1964b; Malone, Muskett 1964; Ellis, Hesseltine 1965;
Raper, Fennell 1965, Simmons 1967, Hess et al. 1968; Hess,
Stocks 1969; Rifai 1969; Zycha et al. 1969, Domsch, Gams
1970, Dorenbosch 1970; Parmeter 1970 Booth 1971, 1975,
Ellis 1971; Barron 1972; Gams 1871),
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RESULTS
Germination experiments

Results of germination experiments of fresh and stored seeds are
presented in fig. 1. These data show that fresh seeds have had a high
germination capacity of 94,3%. Such percentage can be considered as
a original level for comparison with the others obtained during the
tests with the stored seeds.
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Fig. 1. Results of germination of spring wheat seeds var. 'Kolibri' (%)
o — fresh seeds, b.d — seeds stored & 12, and 18 months, respectively
i — lahile temperature of storage, ? — 0°C temperature of storage, 3 — 23.30°C temperature
of storage

Seeds stored at 12%s M.C. and at the different temperature degrees,
and those stored at 15% M.C. and 0°C retained a germination power
relatively close to the original level along the passage of storage time.
On the other hand, seeds stored at 15% M.C. and labile temperature
rapidly decreased in their viability within the second and third period
of storage, while those stored at high temperature degree of 25-30*C
lost 100%s of their germination power within the first six months,

It was observed during these experiments that the latter seeds
revealed brown discoloration.

Mycological analysis of seeds. Results of mycological
analysis of seeds are presented in Table 1 and Fig 2 to 5. A total of
2852 colonies were isolated. 39 fungus species were recovered throug-
hout this analysis (Table 1).
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Fresh seed-borne fungi Fungal analysis of f[resh seeds
fanalysis I) showed complete surface contamination of such seeds; 199
of them were internally invaded with fungal flora. Alternaria elternata
was the most common isolated species. Other species of fungi, namely
Aspergillus flavus, Helminthosporium triseptatum, Ulocladium atrum,
Sclerotinia sp., Mucor sp., and Fusarium sp. were recovered in smaller
amounts.

Stored seed-borne fungi. Seeds stored at 12% moisture
content. A total of 1074 and 192 fungal colonies were obtained from
the non disinfected and disinfected seeds, respectively (Table 1).
Distribution of these amounts (Fig. 2) indicate that percent of surface
and internal contamination of seeds was increased after their storage
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Fig. 2. Effect of temperature and time of storage on the number of fungal colonies
isolated from seeds stored at 12% moisture content

a == non disinfected seeds, b — disinfected seeds, 1 to 1V — signs of mycelogical analysis

after @ (fresh), 6, 12, ancd 18 months of storage; labile, 0° and 25-30%C temperature of storage
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at labile and 0°C. Such increase was rclatively lacking at 23-30°C
Alternaria alternate and Aspergillus flavus were the most numerous
isolated species (Table 1). The data illustrated in Tig. 3 revealed the
development and retention of Alternaria alternata on and in the seeds
at labile and 0°C. Such retention was reduced to about 56 after storage
the seeds at 25-30°C in comparison with the original level. Along the
passage of storage time, at all these above temperatures degrees, slight
decrease in number of colonies obtained was cbserved. On the other
hand, Aspergillus flavus was only recovered from the non disinfected
seeds. Many more isolated colonies were oblaned from seeds stored at
25-30°C, Furthermore, the number of colonies increased with the time
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Fig. 3. Effect of temperafure and time of storage on number of colonies of
Alternario alternate (1) and Aspergilius flavus {2) Isolated from seeds stored at
12% moisture content
a == pon disinfocted secds, b — disinfected secds

of storage. The highest percent of seed contamination with Alternaria
alternate was recorded after 6 months in storage at labile femperatures
(analysis 11). Aspergillus flavus gave the same result after 18 months
at 15-307 (analysis TV).

Seeds stored at 153%0 moisture content. A total of 1014 and 309 fungal
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colonies were isolated from the non disinfected and disinfected seeds,
respectively. The data presented in Fig. 4 revealed complete surface
contamination of seeds after storage. The seeds were mainly covered
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Fig. 4. Effect of temperature and time of storage on the number of fungal

colonies isolated from seeds stored at 15% moisture content
o = non disinfected seeds, b — disinfected seeds

on the surface with fungal flora after 18 months in storage at labile
temperatures and 0°C. On the other hand, percent of internal con-
tamination was greatly increased at 25-30°C in contrast with that
observed at labile temperatures and 0°C. Although 71% of seeds were
internally invaded after 18 months at 25-30°C, only 7 and 19%s were
invaded at labile temperatures and 0°C, respectively.
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Alternarig alternata and different species of Aspergillus and Peni-
cillivm genera were most commonly isolated (Table 1).

Four Aspergillus species, namely A. flavus, A. candidus, A. repens
and A. emstelodami were commonly recovered. At labile temperatures
the seeds were externally invaded with A. flavus and in part with
A. repens (Fig. 3). The latter deeply invaded a small percent of seeds
within the second and third period of storage.
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Fig. 5, Effect of temperature and time of storage on the number of colonies of
cach of Aspergillus flavus (1), A, repens (2), A, candidus (3), and A. amstelodami

(4) which isolated from seeds stored at 13%e moisture content
a — non disinfected seeds, b — disinfected seeds

At 0°C of storage, small percent of seeds shoved external conta-
mination with A, flavus, That percent was 3 after 6 months in storage.
Afterwards, it increased to 18%e after 18 months. Percent of internal
invasion with Aspergillus spp. was zero at this above temperature.
At high storage temperatures of 25-30°C, the seeds were covered on
the surface with A, flavus and A. candidus. The latter species in ad-
dition to A. repens and A. amstelodami were located deeper. During
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storage time A. candidus developed much more externally and internally
as the other species decreased. This result was markedly observed after
18 months in storage as 100% of seeds were contaminated on the surface
with A. candidus. Percent of deeper invasion with that fungus after
the same period was 59,

Throughout the myeological analysis of the stored seeds five Fusarium
species were sporadically isolated (F. culmorum, F. powe, F. equiseti,
. semitecum and F. sporotrichioides).

Pot experiments and mycological analysis of plants

Pot experiments. Results obtained (Table 2) indicate that
the percent of seedlings emergence was distinetly higher in non sterilized
soil (a, b). Furthermore, the percent of emergence of the seedlings was

Table 2

Percent of seedlings emerging 15 days after sowing
stored seeds, at 24 tracatments

Storage seed combination | Sowing conditions
) | -
:..u:;-tturie temperature %s of emerging :
ONLe .
Mo e o0 seedlings .
("o} | |
a b c d
19 labile 86 79 84 72
0 91 71 81 GY
25-30 a8 74 6 Ga
labile a1 63 8 B0
153 0 a1 50 G2 75
| 25-30 0 0 0 0
a — Non disinfeeted sceds sown in non sterilized soil
b — Dsinfected sceds sown in non sterilized soil
¢ =— Non disinfected seeds sown in sterilized sail
il = Dizinfected seeds sown in sterilized soil

high those developed from non disinfected seeds (a, c¢); that percent
was lesser aiter disinfection tireatments (b, d). The highest percent of
emergence (91%0) was recorded at two treatments of sowing seeds stored
at 129% M.C. and 0°C, as well as at 15%v M.C. and labile temperature.
Plantation in non sterilized soil lead, in general, to obtain plants with
high values of toatal mean lengih of stems and ears (Table 3). That
result was observed on plants developed from disinfected seeds. In the
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relation of storage seed condition, the data given in the above table
indicate that all the plants developed from sceds stored at 0°C reached
high values of mean lengih of stems and or ears.

On the other hand plantation in the sterilized soil led to an increase
in the percentage of plunts showing symptoms of foot rot disease
{Table 4). That percent was lower for plants grown in non sterilize soil.

Mycological analysis ol plants. 456 fungal colonies
were isolated throughout these experiments. 16 different species of
fungi were recorvered (Table 5). That high percentage (63,6%) of the
above total number of colonies was obtained during the fungal analysis
of plants grown in sterilized soil. Among the different isolated species
of fungi Alternaria alterncte and Fusorium spp. were most -numerous
(F. cwlmorum, F. equiseti, F. poue, F. semitectum). Many colonics of
the former species were obtained from plants grown in non sterilized
soil (Ig. 6). Fewer colonies of Helminthosporium sativum and Rhizo-
ctonia solani (Table 5).

Surface disinfection of the seeds prior to sowing markedly increased
the occurrence of A. altzrnata and Fusarium spp. on plants grown in
sterilized soil (Fig. 7).

No distinet results were obtained about the relation of condition
of storage of the sceds and the number cr kinds of isclated fungal
species (Table ).

Biological experiments. The bictic effect of fungal com-
munities of sceds. All the [ungal communities isolated from non di-

EIP

B

Fig, 6. Number of colenies of four Fusarium species isolated from bases of diseased
plaats
A — plants grew in non sterilized soil, B — plants grew in sterilized soil; 1 — F. eulmorum,
2 = F. equisetl, 3 — F. poge, 4 — F. semitectum
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Fig. 7. Number of colonies of Alternaria alternata {I) and Fusarium  spp. (2D

isolated from hases of diseased plants
A - plants grew in non sterilized swil, B — plants grew in sterilized soll; No—= plants
developed from non disinfected seeds, D — plants developed from disinfected seeds

sinfected fresh and stored seeds throughout the analysis I to IV (Table 1)
were tested for their biotic effect on F. culmorum, F. poae and F. equi-
seti. Nineteen communities of fungi were tested. All fungal species,
except the selected pathogens, within cach fungal community were
individually tested for their biotic effect on each pathogen. Data of
summary biotic effect of each community is shown in Table 6. On the
basis of these data the following conclusions were drawn.

a — negative values of summary biotic effect were defined for fungal
communities isolated from fresh seeds. High wvalues were recorded
on both of F. culmorum and F. poge. Lesser values were recorded on
F. equiseti. )

b — after storage of the seeds, all the isolated fungal communities
in general, had the same above trend. High values of summary biotic
effect were recorded for fungal communities isolated from seeds stored
at 12% moisture content and either labil temepratures or 07C. Similar
results were oblained for fungal communities isolated from seeds stored
at 15% moisture content and 25-30°C. No great differences were obtained
for the relation between time of storage and values calculated. These
results demonstrate that either fresh or stored seed-borne fungi do not
limit the development of each of the pathogens mentioned above.

¢ — communities of fungi isolated from sceds stored at 12% moisture
content and 25-30°C gave positive values of the biotic effect on Fusarium
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Table 7

Summary bictic effect of fungal communities isclaled from discased
plants developed from seeds, stored at 12% moisture confent and
various temperature, sown at different conditions

Summary biotic Temperature Sowing conditions
[ effect on: of storage a b C d
[ ' = ! . =
' labile | —31 -—32 —42 —65
Fusarium culmorum 0°C | —20 —30 —43 —36
! 23-30°C —32 — 14 =37 —aT
labile | —12 =4 420 —38
Fusaritum poae [ 0°C I -4 —43 -1 —52
f 2-30°C | -2 -3z —42 —60
L dabile | 0 41 431 —30
Fusarium equiseti | 0°C ‘ -2 —18 -3 =35
23-30°C 3 -19 —23 —3B
|
labile i —19 =16 +2  —60 |
Rhizoctonia solani i 0°C \ —13 —46 —21 —33 |
25.30°C | —15 —35 —3§ —38 |
Table B

Summary bictic effect of fungal communities isolated from dissased
plants developed frem seeds, stored at 15% moistuce content and
various temperaiure, sown al different conditions

Summary biotic ' Temperature I Si"_'i_'_l_iz’-__t"{_:_"d?"-i'-’nﬁr !
effect of: | of storage | a b I d |
e S R s ——————— P
Fuserium culmorum labile | = o 2 i']‘ r
0°c | =4 —11 —34  —57 |
Fusarium poae labile E —ae =08 —i2 —-'13 |
a°C | 34 —11 —22 —31 i
;= = labile | —13 —13 —18 —12
Fusarium equiseli |
g 0°C j —20 —1 -2 =% |
| . [ i R o |
Ehizoctonia solani IQEIIE .2' 3} 3&' 48
| 0°C —3a7 —5 17 —48

equiseti only. These positive values increased with time of storage.
Thus, it may be concluded that F. equiseti under these storage conditions
can be inhibited by the other associated fungal species.

The biotic effect of fungal communities of plants. All fungal com-
munities isolated from plants (Table 5) were tested for their biotic
effect on of F. cufmnrum, F. poae, F. equiseti and: Rhizocfonia solani,
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All species, except the pathegens mentioned, within each community
were individually tested biotic effect.

Data of summary biotic effect are presented in Tables 7 and 8.
These data show the followings:

1 —negative  value of biotic effect were found for all the
communities in general. This result demonstrates the possibility of
development of each of these pathogens without limit action of the
associated fungal species;

2 —the above result was distinetly observed in case of fungal com-
munities isolated from plants grown in sterilized soil;

- the highest values of summary biotic effect were recorded, throug.
hout these experiments, for F. culmorum while the lower lesser ones
against values were obtained for F. equiseti;

4 —no definite resulls were obtained for the conneetion of the dif-
ferent conditions of storage the seeds to be used for f:.owmg and data
" obtained of the summary biotic effeets.

Puthugenicily experiments

Results of these experiments demonstrate that colonies of Fusarium
culmoram brought about fast infection and death at 10-12 days old
of all seedlings emerging. Severity of attack ranged from total de-
struction of the young plumule through noticeable browning of the
coleoptile and lower leaf sheaths. The mean length of shoots was
relatively lower at treatments than at control plants. At both, the values
recorded were found to be unaffected by the percentage of moisture
content of the seeds (Table 9).

The colonies of F. poae did not bring about any symptoms of disease
at the different stages of these cxperiments. No great differences in
mean length of stems and roots within and between the treatme-nt.s,
and/or control treatments {Table 10).

Reisolation experiments of pathogens from the scedlings (12 days
old) and plants (3 months old) showed the following results:

1 — Fusarium culmorum was reisolated, within 4 days of incubation
from all the seedlings (6 zeedlings).

2 — F. poae and ten other fungal species were isolated from all
cultivated plants (Table 11); 30% of total isolated number of colonies
belong to three species of Fusarium genus. Among these species
F. culmorum presented the highest number of colonies (10 colonies)
treatment 2B (Table 11).
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Table 8
Bffect of the artificial dnfection in vitro, with Fusarium
culmorum, on length of shoots of spring wheat seedlings
(12 davs old)

] | Length of shoots (cm)
Number | Treatments | Control-treatments
| of tube .
| i 2 | 1 2
E 1 6.0 8.0 11.0 | 85
i 2 10.5 10.5 120 | 1zo
3 11.5 9.0 140 | 130
4 7.5 12.0 ; 12.0 7.0
] 11.0 6.5 | 12.5 { 12.0
6 8.0 9.5 | 15.0 | 130
7 10.0 10,5 11.0 | 133
8 10.5 2.0 10.0 | 10.5 |
9 3.0 10.0 10.5 | 133 |
10 12.0 9.5 130 | 120 '
1 0.5 10.5 120 | 80 '
12 11.0 9.5 11.0 i 11.0 |
13 9.5 7.0 10.5 125 |
14 10.0 5.0 0.0 | 13.0 =
15 7.0 8.5 11.0 | 14.0
16 3.0 8.0 13.5 12.0
17 6.5 11.0 12.0 9.0
18 8.5 7.0 1.0 | 10.0
19 8.0 10.0 1490 | 113
20 11.0 6.5 12.0 [ 140
21 8.0 11.0 11.0 | 13.0
22 11.5 7.5 10.5 | 10.0
23 5.5 5.5 9.5 | 9.5
24 10.5 6.5 15 | 120
25 9.0 9.5 12.0 | 1m0 |
Mean 9.06 8.78 11.7 11.42
length
1 and 2 — Secdlings developed from seeds stored at 12 and

13% moisture content respetively, and 0°C for 18 months

DISCUSSION

The germination experiments revealed rapid loss in germination
capacity of seeds stored at 15% M.C. and either labile temperatures or
23-30°C. This result showed the important role of storage conditions in
enabling certain fungal pathogens to invade the seeds and bring about
severe deterioration of their embryons. Such deterioration was not
observed at the other conditions of storage.
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Table 10

Effect of artificial infection of spring wheat secdling with Fusarium
poae, on the mean length of stems and roots of the developing plants

(3 months old) grown n sofl from the [eld

Mean Treatments ) __Cnntml-trlea lme;‘lls
lemgth |1 | AR, RN JreRe P
of fem) | o B | A B A B A B
Stems | 19.2 19.8 19.8 20,7 18.4 188 | 206 18.9
| Roots 25.6 290 | 289 24.3 248 28,1 25.0 27.4

A, B — Plants grown in non ster

1, 2 — Plants developed from seeds stored at 12, and 1% respectivels

iliged soil and sterilized soil respeeiively, du-

ring the second stage of the experiments

Tabhle 11

105

List of species and number of colenies of fungi isolated from bases of stems of
spring wheat plants (3 months old) grown in soil frem field and which developed
after artificially infection with Fusarium poae

_’f‘otal

! Treatments Control- l -

. sreatments | =

Species e 1— | : — "-1'— -'—2— g
A B | A B A B | AB
Alternaria alternata (Fr)

Keissler ¥ A 2 = 1 1 —— 8
Acremonium strictum W, Gams 2 1 _—— —_— e 3
Aspergillus repens de Bary L = A —_— —- 3 — 4
Fusariwm aurenaceum |

{Corda ex Fr.} Sacc, i = 3 4 —_— —_ - q
Fusarium ewlmorum (W. G, 8m.)|

Sace. —_—— — 10 === _—— 10
Fusarium poae (Peck) Wollenw, —_—— 4 — —_—— e 4
Penicillium cyclopium Westling — 1 — s _—— 1
FPenicillium puberwium Bainier e i — 1 —_— 1
Fenicillium claviforme Bainier o e ] 1 — _— b
Fhoma eupyrena Sace. - 1 = —_—— —_— 1
Sclerotinia sp. ! e — e 2 - —_—— 2

3 4 14 4 2 3 - 40

1, ¢ — Plants developed from seeds stored at 120 and 15% moisture content, respeetively
A, B — Plants grown in non sterilized and sterilized seil during the second part of pathe

genirity experiments

Trials to define the specifity of fungal species associating with either
fresh or stored seeds showed marked differences among the isolated
fungi. Fresh seeds were completely surface contamined with few species
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belonging to the so called “field fungi”. Among them, Alterneria alternata
was the most common. The lower percent of isolation of some fungal
pathogens, especially those belonging to Fusarium genus, may be at-
tributed to the masking effect of Alternaria alternate in the agar tests
as noted by Limonard (1968). The results of fungal analysis of
iresh seeds showed also that small percent of them were internally
invaded, mainly with A, alternate. Such invasion had no effect on the
bealth state of the seeds. This result may confirm that obtained hy
Noble et al (1958). However, Huguelet and Kiesling (1973),
and Neergaard (1943) reported the pathological features of Alter-
narie elternate on certain plants,

During storage of the seeds, the conditions of storage, mainly tem-
perature, affected the specifity of fungi. At 12% M.C. and labile tem-
peratures and 0°C well as at 15%0 M.C. and 0°C. A, aliernate remained
atlached to the seeds. The time of storage had no great effect. Persistence
of A. alternata on and in the stored seeds may he attributed to some
factors, namely temperature of storage, the ability of that fungus to
survive for a long time as defined by Machacek and Wallace
(1952), and the lack of strong competitors under these storage conditions.

At the other conditions of storage of the seeds, A. alternaria dies
out or decreased as other specics of fungi developed. These species were
[rom the Aspergillus and Penicillium genera, At 120/ M.C. and 25-30°C,
surface of seeds were much colonized by A, flovus and in part with
A, elternate, The development of the former species did not alfect the
health state of seeds. This result may be incompatible with those obtained
hy Lopez and Christensen (1967), and Fields and King
(1962) on corn and pea seeds, respectively. The development of A, repens,
in part with A. flovus and Penicillium spp. on and in the seeds may
be affected on the health state of seeds stored at 15% M.C. and labile,
On the other hand, invasion of seeds with storage fungi was markedly
ohserved at 15% M.C. and 25-30°C. Four Asp?rgil!!;ﬁ species (A, flavus,
A candidus, A, repens and A. amstelodami) were recovered. The com-
petition factor among these micorganisms lead to much more develop-
ment of A, condidus, The complete lose of germination eapacity of seeds
after 6 months in storage may be a result of invasion the seeds with
these above species, especially A. candidus,

The health state of wheat plants in relation to seed-borne fungi was
siudied with pot experiments. The results show the importance
of natural soil and its microflora on the health state of plants. Plantation
of wheat in natural soil increased the percent of seedling emergence

and highest of plants percent of plants showing foot rot discase was
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low. The latter result maoy be agree with that obtained by Colbsun
and Park (1964). The results obtamned showed the role of seed-l orne
fungal communities in occurrence the [oot rot discase as percent of
diseased plant was high in sterilized soil. In connection of conditions of
storage of the seeds to the health state of plarts. The results indicate
that all plants developed [rom sceds stored ot "C have had a high
values of mean length {stem end/or cars). This result agrees, in general,
with that obtained by Truszkowska and Urban (1978) on poppy
seed-lings,

The mycological analysis of samples of diseased plants pointed out
numerous fungal species associated with them. Among these species
Fusarium culmorum, F. poge, F. equiseti and Rhizoclenin soleni were
isolated. The relationship between F. culmorum and foot rot disease
was extensively studied by many workers, eg. Colhoun et al. (1968),
Malalasekera and Tomlinson (1968), and Malalasekera
et al. (1973). Bhizoctonia zoleni had been also studied in this relation
hy Bruehl (1931), and Pokacka and Wojtaszek (1977).

On the basis of frequent isclation of certain Fuserium spp. from
both seeds and plants, trials were done te show the interrelations
between each of them and other associated species of fungi. These
trials were carried out by the series biotic method of Manka (1963).
The results obtained demonstrate that fungal communities of seeds or
plants do not limil, in general, exch of the pathogens tested, including
F.oculmorum. As a resull that pathegen can develop and spread from
seeds to the stem of a developing plant and bring about symploms of
foot rot disease.

CONCLUSIONS

1. Mycological analysis of seeds is very important for agricultural
pracuece because thev indicate the darger of the pathogenic fungi
infeetion to an important cultivar,

2. Storage of spring wheat seeds at 12% moisture content and
different temperature provided a good health state of seeds for up to
18 months.

3. Seeds stored at 15" molsture content remained healthy only
when stored at 0°C.

4. Conditions of storage the seeds affected the development of certain
seed-borne fungal pathogens.

5. Storage of wheat at either 12 or 15% M.C. and 0°C did net
affect the growth and development of plants.

6. Sced-borne fungal communily plays a role in occurence foot rot
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disease of wheat, as it did not limit the development of certain fungal
pathogens that cause that disease.

7. Seed-borne Fusarium culmorum is a most severe infectious agent
of foot rot disease of wheat.

8. Seed-borne F. poee is less dangerous to wheat plants than
F. eulmorum.

" 89. Both species of Fusarium were not affected by other associating
species of fungi (no antagonistic action).

10. Biotie method, first time used here for determination the hiotic
effect of seed-borne fungal community, appears to be very promising
for the further similar investigations.

I am greatly indebted to Professor dr Wanda Truszkowska for suggesting
the problem, for guidance, and for continued help and criticism during the course
of this work. :

The author wishes to acknowledge more specifically the helpful assistance
and encouraging interest of all the workers of the Phytopathology Department
of the Plant Protection Institute.

Sincere thanks are also expressed to Doec. dr Anna Wilkojé and mer
Janina Schneider, both from the Department of Biology and Seeds Slorage
of the Plant Breeding and Acclimatization Institute, for their help with starting
the storage experiments and for their actual contribution sugport during the
proceedings of germination and storage of the seeds.
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Grzyby wystepujace na materiale siewnym pszenicy jarej,
ze szezegolnym uwzglednieniem gatunkow patogenicznych

Streszczenie

Autor badal zbiorowiska grzybow zwigzane z ziarnem pszenicy jare] w zaled-
nodei od warunkow przechowywania ze szezegblnym uwzglgdnieniem gatunkow
patogenicznych.

Ziarno pszenicy jarej odmiany ‘Kolibri' o zawarlodei wilgoci 12% lub 15%
byto przechowywane w temperaturze: zmiennej, 0°C Jub 25-30°C przez 6, 12 lub
18 migsiqcy, Przehadano zdolnedé kielkowania ziarna wediug ogélnie przyjciych
zasad. Otrzymanc wyniki wskazuja, e 2ywolno$é ziarna zmniejszala sie wraz
z czasem przechowywania, szezegdlnie w  przypadkach, kiedy ziarno zawierato
15%e wilgoei § bylo przechowywane w temperaturze zmiennej lub 25-30°C, Analizy
mikoloegiczne ziarna prezeprowadzono metodg Ulstersks 1 zmodyfikowang Ulstershka,
Ziarno bylo zasiedlone przez tzw. . grzyby polowe”, wirdd ktorych najezgscie] pow-
tarzala sig Alternaria alternata, Sklad gatunkowy grzybiw zwigzanych 2 ziarnem
przechowywanym byl zroinicowany 1 zalezal raczej od warunkidw przechowy-
wania niz od czasu przechowywania.

Sporadycznie wyosobniano z niedezynfekowanego $wiefego lub  przechowy-
wanego ziarna gravby z rodzaju Fusarium (F. culmorum, F. poae, F. equiseti,
F. semitectum, F, sporotrichioides),

Powigzania miedzy grzyvbami wystepujgeymi na  ziarnie a  zdrowolnodeiy
wschoddw badano no podstawie dodwiadezenia wazonowego, Wyniki tego dodwiad-
crenia wskazuja na przcnoszenie sic grzybéw gz oziarniakéw na wachody oraz na
duzy m.in. wpltyw mikofllory gleby na zdrowotnodé roéling w warunkach ziemi
nie sterylizowane] obserwowano wysoki procent wscheddw 1 lepszy rozwoj roslin,
Hosliny wyroste w sterylizowane] ziemi czescie] wykazywaly objawy  zporzel
podstawy #2dzbla. OMrevmane wyniki dostarczaja dowodu na zagrozenie pszenicy
ze strony patogenicznych grzybow wystepujaeych na ziarnie, Mikologiczne analizy
zolin z objawami zgorzell podstowy Zdibla pozwolily okreslié przyczyny choroby,
Z organdw chorveh rodlin wyosobniane gléwnie kilka gatunkéw z rodzanju Fusa-
rium; F, culmorum, F, eguiseti, F. poae i F. semitectum, Pilerwszy gatunek naj-
czesciej byl przyczyng choroby zgorzeli podstawy Zdibla,

Wzajemne oddzialtywanie pomiedzy grzybami z rodzaju Fusariwm o innymi
skladnikami zbisrowisk wyosobnionych z ziarna lub cherych roslin preeanalizo-
wano metoda szeregow bictyeznych Man ki (1968). Otrzymane wyniki wyka-
zaly, ze grezyby z rodeaju Fusarium, patogeniczne dla pszenicy, praeposziyee sie
z malerialem siewnym nie znajdujg amtagonistdw w poznanych zbiorowiskach,
Konsekwencja tego jest cigglosé choroby zporzeli podstawy adibla, £ wwvosolb-
nion¥ch z ziorna i z chorych rodlin grzybéw z rodzaju Fusariwm najbardzie
srirulentnym okazal siec gatunck Fusarium culmoruwm.
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