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ANNALES AGRICULTURAE FENNIAE, VOL. 19: 187—222 (1980)

Seria PHYTOPATHOLOGIA N. 72 — Satja KASVITAUDIT n:o 72

THE OCCURRENCE OF MICROMYCOFLORA IN THE STEM BASE AND ROOTS

OF CEREALS IN SOUTHERN FINLAND

Karao MAKELA and LeEENA MAKI

MAiksLi, K. & MA4xk1, L. The occurrence of micfomycoﬂora in the stem base
and roots of cereals in southern Finland. Ann. Agtic. Fenn. 19: 187—222.
(Agric. Res. Centre, Inst. Pl. Path. SF-01300 Vantaa 30, Finland).

About 1035 samples of mature cereals from 119 localities and 1029 shoot samples
from 91 localities in southern Finland were examined in moist chamber cultures.
Microfungi were determined in the stem base and roots of five cereals in 1975—
1978. The total numbers of fungal species found were about 130 belonging to
100 genera. Of these the majority (70 genera) belonged to the group Deuteromycotina
and of -these, 62 genera to the order Hyphomycetes. The group Ascomycotina had
15 genera and Zygomycotina 7 genera. In the mature cereal samples the amounts of
fungi were nearly 15 %, greater than in the shoots. The highest numbers of fungi
among the samples were found in wheat and batley, the fewest species in oats.
The numbert of furigal species in individual mature cereal samples showed relatively
small variations between the different cereal species, being-on the average 3—6
with the total variation 0—12. In the individual shoot samples the number of
fungal species fluctuated more than in the mature plants. Also the annual fluctua-
tions in the shoots were greater than in the mature cereals.

The majority of the fungi determined were saprophytes. In the mature cereals
and in the shoots of winter cereals in autumn an average of 20—30 % of the
fungi were parasites. In the spring the proportion of patasites varied from 15
to 40 %. The most common parasitic fungi were' Fusariun culmorum (W. G. Smith)
Sacc., F. avenacewm (Corda ex Fr.) Sacc., Gaeumannomyces graminis (Sacc.) v. Arx
et Oliviet, Rhigoctonia solani Kishn and Septoria nodorum Berkeley. The most prevaleat
saprophytic micromycophlora were Cladosporium-, Alternaria-, Penicillium- and
Acremonium-species, Gliocladinm. roseum Bainier as well as Streptomyces-species.

Some of the fungi appeared similarly in all the cereals. Many of the fungi
preferred some particular cereal instead of the others. The age of the cereal stand
and the time of sample collection had an effect on the incidence of many of the
fungi. There were large differences in their prevalence according to fhe‘ycar.

N
Index words: Microflora in the stem base and roots of cereals.

) INTRODUCTION

Interest in the micromycoflora of cultivated
‘'soils has increased greatly during the past two
decades in all parts of the world (BArroN 1968,
Dowmsca and Gawms 1970, Scurprers and GAMs
1979). This increased interest is due in large
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part to the intensified methods now employed
in agriculture as well as to the ever increasing
use of monoculture, i.e. the growiﬁg of only
one type of ce;:eal, with its associated drawbacks.
It has therefore been considered important to
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investigate the species of fungi occﬁrring in
cereals, the relationships between the different
species as well as the variations in fungal inci-
dence and the factors causing these fluctuations
(ParkiNsoN and PearsonN 1965, STeTTER and
Lerour 1979). In recent years much emphasis
has been given to questions relating to biological
control of plant pathogens (BAxErR and Coox
1974). :

In Finland there have been made only a few
studies on soil microfungi. Some investigations
have been made on the microfungi occurring
in forests (Femfr 1933, SvinmUFVUD 1937,
Mikora and Hinrikka 1956). Other studies
have been carried out on the metabolism of
fungi in agticultural soil (VarTIOvaara 1935).
The fungi causing root rot decline of red clover
in leys have also been investigated (YLIMAKI
1967). The soil fungi inhabiting cereal fields have
been discussed only briefly in connection with
studies on foot rot of cereals. In a study on
shrivelhead of spring wheat casried out in the
years 1946—1953, HArpx (1953) isolated from
the eyespots of stembreak-infected plants a
total of 16 species belonging to 11 genera.
Among these were Cercosporella herpotrichoides
Fron, Fusarium avenaceumn (Fr.)) Sacc. and F.
culmorum (W. G. Sm.) Sacc. In the year 1958
the additional species Ophiobolus graminis Sacc.
isolated for the first ‘
from ‘the stem base of spring wheat (IKAHEIMO
1959).

In the years 1962—1964 TorviamNen (1974)
investigated the distribution of foot and root

was time in Finland

rot of cereals on the basis of material comprising
different cereal species from 142 farms. The
most common fungus was Guaenmannomyces
graminis (Sacc.) v. Arx et. Olivier, and also
Cercosporella herpotrichoides occasionally appeared
in large amounts. Fusarium culmorum was incoun-
tered to some extent, while Rbigoctonia solani
occurred only sparsely.’

TorviaiNeN (1974) also studied spring wheat
and barley material which had becn grown for

10 consccutive years in a monoculture experi-
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mental area. In this material he isolated from
the stem base of the plants a total of 26 species
of fungi belonging to 21 genera.

The importance of cereal growing in Finland
has increased during the past two decades, while
the area devoted to grasslands has correspond-
ingly decreased. In 1976, for example,‘ cereals
comprised 50'%, of the total arable land (2 640
million hectares) as contrasted with only 34 9,
in 1955. Barley (18 9, of the arable land area)
and oats (22 9%,) grow well throughout the whole
country. Rye (1,4 %) is grown in the southern
and central parts of the country. The areas
devoted to winter wheat (1,4 9%,) and spring
wheat (7 %) ate found in southwest and southern
Finland. In recent years the area grown to
barley has increased whereas wheat and rye
have diminished (Awow. 1955, 1976).

"The purpose of this investigation was to study
during the three-year period 1975—1978 the
species of microfungi occurring in the stem
base and roots of cereals, the quantitative rela-
tionships between the different species, and the
incidence of these fungi in relation to different
cereal species, different times of the growing
season as well as different ages of the stands. The
location of this study was southern Finland,
which is the best area in the country for growing
cereals,

The original intention of this study was to
determine only the occurrence of foot and root
rot of cereals. However, it was soon discovered
that the fungal material was so interesting and
abundant that it was decided to investigate the

‘fungi in their entirety. This decision was made

because the knowledge of many of these fungi
is so incomplete that one could not with certainty
omit any species as being unnecessary. Also
included were all those fungi, such as Drechslera
and Septoria species as well as Rhynchosporium
secalis (Oud.) J. J. Davis, which cause root and
base damage to yong shoots. The causal agents
of foot and root rots in ceteals are discussed in
greater detail in a separate paper (MAKELA and
Parixxa 1980).
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Fig. 1. Origin of the mature cereal samples by localities

in Finnisch cultivation zones (I-—IV) in 1975—1977.

Fig. 2. Origin of the shoot samples of cereals by localities
in Finnish cultivation zones (I—IV) in 1976—1978.

MATERIAL AND METHODS

Region

The region of this study comprised mainly the

southwestern and southern parts of the country,
in the cultivation zones I and II (Figs. 1 and 2).
This region makes up 14 of the total arable land
in Finland (2,6 million hectares). It is especially
the production district for bread grains, and in
this district continuous cropping (monoculture)
of cereals has been practiced since the 1960’s.
During the years of this investigation the above-
mentioned region included over 90 9, of the

winter wheat area of the country, nearly 80 %,

of the spring wheat area, 60 9%, of the rye and
409, of both batley and oats (Anon. 1975,
1976, 1977).

The soil type in the region of the study is

. principally clay, especially in Varsinais-Suomi.

In Uusimaa fine sand and silt also occur in some
places in addition to clay. In South Hime and
Satakunta the proportion of clay soils is con-
siderably less while silt, fine sand and light
mineral soils are correspondingly greater (Kurkr
1979). The cereal samples were collected chiefly
from clay and silt soils, to some extent also from
sandy soils.
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Weather conditions

The weather conditions in this region are the
most advantageous in the country. The length
of the growing season (+45°—+5°C) is 170—
180 days and the average temperature is 12—13°
C. The precipitation averages 40—80 mm per
month and 550—650 mm per year. The latter
part of the growing season has normally more
tainfall than the early part. The average depth
of snow in southern Finland is 20—40 cm. The
snow cover protects the overwintering plants
from extreme temperature fluctuations and it

also retards the freezing of the soil. The length

of the growing season, the temperature condi-
tions and the precipitation can show considerable
annual variations (Korxkr 1966, SuomMeLa 1976).

During the years of this investigation there
were large variations in the weather conditions.
In addition regional differences also occurred.
As a whole 1975 had a warm growing season
with low rainfall. The year 1976 was cool with
low rainfall, while 1977 was cool with high
rainfall. The amount of rain was greater in the
coastal area than in the interior of the country.

The growing season in 1975 was, except for
frost nights in May and a cool June, generally
warm and long, extending late into the autumn.
Long periods of dry weather occurred in Kymen-
laakso and South Hime. In contrast there were
many local rain showers, especially in the
coastal areas. The yields of grain were somewhat
smaller than normal. The winter was mild with
little snow.

1n 1976 the growing season was generally cool.
Only May and the beginning of August were
warm. This season was also somewhat drier
than normal, although local rain showers occur-
red. The autumn was cool and the growing
season came to an early end. The grain yields
were record large.

" The growing season in 1977 began unfavour-
ably. The winter had been long and very snowy,
and the fall-sown cereals suffered from winter
damage. Spring sowing was delayed because of
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rains. With the exception of short warm periods,
the summer was cool and rainy. The autumn
was warm and wet. The grain yields were low
and of poor quality.

The winter of 1977—1978 had little snow and
the ground frost was deep. Dry winds in the
spring of 1978 caused damage to the shoots of
the winter cereals. Spring ploughing was delayed
as a result of the deep ground frost. The month
of May was very dry, while June had heavy
rains. (Anow. 1975, 1976, 1977, 1978).

Samples

The samples were collected principally from
farmers® fields, and to a minor extent from the
experimental stations of the Agricultural Re-
search Centre. They were gathered every year
from the same localities and partly from the
same fields. The samples comprised both mature
grains at the milky development stage (stage 11,
LArGE 1954) and young shoots (stages 1 and 2,
LArRGE 1954). The mature samples were collected
from a total of 1035 fields in 119 localities, and
the shoot samples were taken both in the
autumn and spring from a total of 1029 fields
in 91 localities (Table 1). All cereal species were
represented in the material. Most abundant
were samples of winter and spring wheat and
barley, while oits had the fewest samples. The
numbers of samples varied from year to year.
Despite this, relative propotrtions of the cereals
répresented in the total material remained similar,
especially in the mature sa’n’iples. In 1975 and
1976 there wete fewer rye samples than usual,
while in 1976 the numbers of spring cereal
shoots were smaller than usual. Especially
numerous were the samples of spring wheat in
1977.

In the districts where the samples were
gathered, the most common cereal varieties
grown during the years of this investigation were
Finnish, namely the following: rye: Voima,
Toivo and Pekka; winter wheat: Vakka, Nisu .



Table 1. .The number of field samples investigated and localities of collections in 1975—1978.

‘

Shoots
Mature cereals in autumn
Cereals Year * » in autumn in spring

No. of No. of No. of No. of No. of No. of

localities fields localities fields localities fields
RYE «oveenennnnn, SO 1975 6 ) 26 | 30 — —
1976 17 24 15 21 15 16

1977 27 47 29 51 26 55

1978 — — — . — 27 45

Total 35 77 48 102 42 116

Winter wheat .................. . 1975 31 83 37 84 — —_—
1976 32 72 19 55 35 80

1977 45 94 33 77 40 83

1978 — — — — 35 104

Total 60 249 48 216 49 267

Spring wheat .................. 1975 48 111 — — — —
1976 40 99 — — 21 47

1977 55 152 o= — 25 49

1978 — — — — 9 15

Total 84 362 — — 37 . 111

Barley ....... ... . oL L A 1975 49 95 — — — —
1976 28 52 — — 35 50

1977 46 95 — — 34 70

1978 — - — — — 16 40

Total 83 242 — — 60 160

Oats v 1975 29 35 — = — —
1976 13 36 — — 14 19

1977 24 34 — — 23 32

1978 — — — — 5 6

Total . 54 105 — — 40 57

All the cereals ................. 1975 75 330 40 114 — —
1976 50 282 24 76 48 212

1977 70 423 43 128 51 289

1978 — — — — 48 210

Total 119 1035 61 318 80 711

and Linna; spring wheat: Ruso and Tihti; Time of collection

batley: Pomo, Otra (6-rowed), Karri and Ingrid The time of the season when the samples were’
‘(2-rowed); oats: Ryhti, Tiitus, Pendek and collected varied considerably from year to year,
Hannes (OFF. StaTisT. FINL. AGric. 1976). depending on the weather (Table 2). In 1975

Table 2. Date of collection of samples researched in'1975——1978.

Shoot samples

Mature cereal

Year samples gathered winter cereals gathered . .
in autumn spring _cereals_ gathered
in autumn in spring in spring
1975 oo 23.7.—19. 8. T 9.10.— 6. 11, — —
1976 ... 1.8.— 9.9, 28.10.—11. 11. 26. 4.—21. 5. 6. 6.—22. 6.
1977 oo 10. 8.—22. 9. 8.10.— 1. 11, 2.5.—19. 5. 5. 6.—25. 6.
1978 .o — — : 13.5.— 5. 6. 15.6.—25. 6.
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the grains ripened early. The collections were
begun at the end of July and continued for nearly
a month. In 1976 sample gathering was done in
August and the first part of September, lasting
more than a month. In 1977, due to the very
late development, collections were made at the
end of August for the winter cercals and as late
as the énd of September for the spring cereals,
or a total of 114 months. The shoot samples
of the winter cereals were generally collected in
October, but in 1976 this took place in late
November and even in the following May. The
shoots of spring cereals were usually taken in
June. Exceptionally early was the spring of 1975
while 1978 was late.

Examination of the samples

All the samples, both of mature cereals and
shoots, were taken from the fields with their
roots. In otrder to facilitate visual examination,
the roots were carefully rinsed under running
water. The most typical of the mature plants

were severed at about 10 cm above the base,
and the basal part with its roots was placed in 2
Petri dish (@ 15 cm) on moist filter paper for
the purpose of culturing the fungal species. The
shoot samples with their roots wete put in Petri
dishes and their upper leaves were removed.
The dishes were initially kept for two weeks at
room temperature (+20—-+24 °C) followed by
two weeks at 410 °C and subsequently another
1—2 weeks at room temperature. During this
culture period the fungi were examined a few
times with a stereomicroscope. In addition a
light microscope was also used for measurements
and microphotographs. Slides were prepared
with lactic acid, and these also were measured
and photographed.

The results are presented by cereal species
and by years, and furthermore the totals for all
years are listed separately for mature cereals and
for shoots. The incidence of fungi is expressed
ds percentage by number of the examined samples

or fields.

RESULTS
Total numbers of fungi FUNG!
0 ° H:Saprophytes @.ﬂ% = Parasites M
The total numbers of fungi varied depending OT RE WINTER  SPRING  BAREY  OATS  TOTAL
on the cereal species, the stage of development WHEAT  WHEA 121978
=19
and the year (Table 3). In the mature cereal ol T M 3=y M

samples (Fig. 3) the amounts of fungi were
neatly 15 9, greater than in the shoots (Fig. 4).
The highest numbers of fungi among the
mature plants were found in wheat and batley,
while among the shoots it was the winter
cereals, especially winter wheat, which were
most infected. The fewest, species of fungi wete
encountered in oats. In the winter cereals there
were virtually no differences in numbers of
fungal pathogens at the different stages of
development. On the other hand, in the spring
cereals there were 30—40 9, fewer fungal species
than in the corresponding mature plants. The
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the stem base and roots of the mature cereals in 1975—
1977.
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Fig. 4. Parasites and saprophytes, total no. pet cereal in the shoot samples in autumn and in

bulk of the fungal species wete common to all
the different cereals. The total number of fungi
averaged 1/5 greater for all the cereals combined
than for each cereal species separately. Con-
cetning the shoots the corresponding ratio was
over 1/4. Thus the vatiation in mycoflora be-
tween the different cereal species was greater in
the shoots than in the mature plants.

Similarly there were differences between the
years investigated. The most sparse occurrence
of fungi in mature plants was in 1976 while in
the shoots it was autumn 1977 and spring 1978.
The total numbers of fungi in the same cereal
considering all the years combined wete 1/3—1/4
greater than considering each individual year.
Thus the annual variations were greater in the
shoots than in the mature cereals.

Numbers of fungi in the individual samples

Although the total numbers of fungi in the
different cereals during the experimental period

could be very high, the species of fungi in

<

spring gathered.

individual samples on the individual fields were
rather scanty.

The numbers of fungal species in individual
mature cereal samples showed relatively small
variations between the different cereal speciés,
being on the average 3—6 with the total variation
0—12 (Fig. 5). The largest numbers of species
occurred on Wheat, averaging from 3,7 to 6,3
in the different years (range 0—12). The fewest
species were found on batley, averaging 3,8—
4,5 (rarige 0—10). The magnitude of microflora
on barley remained about the same from year
to year.

In the individual shoot samples the numbe1
of fungal species fluctuated motre than in the
mature plants (Fig. 6). The differences between
the cereal species were also greater. The most
fungal species, averaging 4,6—7,6 (range 0—14),
wete found in the shoots of winter wheat which
were collected in the autumn. These figures
were even greater than in the mature winter
wheat plants. The fewest species were on oat
shoots, averaging 3,2—4,7 (range 0—S8). Batley
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Fig. 5. The mean no. and the range no: of parasite and
saprophyte in the individual sample of the mature cereals.

had nearly as few. The incidence of fungi in
barley shoots remained virtually the same from
year to year just as in the case of the mature
plants.

There were also differences between the years
of the investigation. The highest number of
fungal species in mature plants for all the cereals
occurred in 1976; it averaged 4,5—6,3 (range
1—12). In contrast, the fewest species were found
in 1975, the corresponding figures being 3,7—
4,9 (range 0—11). In the shoot samples the
annual variations were even greater. The highest
figures for winter cereal shoots wete recorded in
autumn 1976, averaging 7,1—7,6 (range 2—14)
and for spring cereals in 1978, averaging 4,7—
5,7 (range 1—12). In autumn 1977 and spring
1978 the fungal species in shoots of winter
cereals were less than in the other years. Among
the spring cereals the annual variations were
smaller.

Parasites and saprophytes

It is very difficult to make an absolute distinction
between parasites and saprophytes. Nevertheless
in this investigation parasites have been con-
sidered to include the following fungi which are
generally known to cause foot and root rot in
cereals: . Ascochyta spp., DBipolaris sorokiniana,
Colletotrichum  spp., Drechslera spp., Fusarium
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no. of parasites and saprophytes -in the individual shoot sample of cereal
in autumn and in spring gathered.

spp., Gaeumannomyces graminis, Gibberella geae,

Psendocercosporella berpotrichoides, Rhizoctonia solani,

Rhynchosporium secalis, Septoria spp. and Typhula
spp. (Table 4). These fungi are treated in more
detail in a separate paper (MAKELA and PARIKKA

1980).

The major part of the fungi found in the

samples were saprophytes (Figs. 3 and 4). In the

mature cereals parasites made up only 20—30 %,
(average figures) of the total numbers of fungi.
This proportion remained approximately con-

stant both in regard to the different cereals and

Table 4. The most common parasitic fungi, causing the foot and root rot diseases of cereals in the samples
studied in 1975—1978.

Parasitic fungi, % of samples researched

. Mature cereals, in autumn Shoots, in autumn,| Shoots, in spring
Fungi 1975—1977 1975—1977 1976—1978

Rye | Vit | SREGE | Bactey [Oms| Rye | \hear | Ryc | when | whear | Borley | Oais
Ascochyta spp. ... 0 0,4 "2 2 2 2 5 51 32 0 1 0
Bipolaris sorokiniana .......... 0| 04 2 15 0 1 1 1 0 1 3 0
Colletotrichum graminicola .. .. .. 0,6 1 3 8 26 0 1 1 1 0 0 0
Drechslera spp. .....oooiiiin 1 2 1 12 52| 13 12 3 2 2 6 33
Fusarium avenaceum . .......... 36 32 21 16 21| 28 23 8 16 14 7 12
F.calmorum . ................ 56 66 74 60 70 64 68 35 49 81 74 65
F. graminicola ............... 0 4 4 9 7 3 1 2 1 1 0,6 2
Foupale .................... 0 0 0 0 0 0 0 |23 3 0 0 0
FHUSQrinm SPP. e e evvinnonnn. 12 13 15 15 23] 23 31 | 28| 43 17 24 30
Gaenmannonzyces graminis ... .. .. 23 23 24 15 2 0 0 0 0 0 0 0
Gibberella geae «.............. 0 2 0,6 0,4 1 0 0 0. 0 0 0 0
Pseudocercosporella  berpotrichoides 0 0 0 0 0 0 4 0 04 0 0 0
Rbizgoctonia solani . ... ........ 34 23 25 21 17 9 13 9 5 15 11 16
Rhynchosporinm secalis ......... 0 0 0 15 0 7 0 |28 0 0 - 3 0
Septoria nodorum . ............ 3 17 9 5 0 4 30 3| 32 1 0 0
S.tritici oo o o 0| 04 0 0 0 1 2 2( 24 0 0 0
Typhula spp. ..ot 0 0 0 0 0 1 1 3 5 0 0 0
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in the different years (Fig. 3). In the shoots the
proportions of parasites in the autumn-collected
samples varied from 22 to 30 9, of the total
numbers of fungi. In the spring-collected sam-
ples the proportions were 15—40 9, on the
average. The annual fluctuations were greater
in the shoots than in the mature plants (Fig. 4).
The numbers of parasites per mature sample
and per field, considering the different years
and the different cereals, were on the average
1,7—2,9 (range 0—6). These figures are smaller
than for the saprophytes, which had correspond-
ing results of 1,5—3,4 (range 0—11) (Fig. 5).
In the individual shoot samples there were
likewise fewer parasites than saprophytes. For
all the years and.cereals the numbers of parasitic
fungi averaged 1,3—2,7 (range 0—7) and
saprophytes cotrespondingly 1,7—5,7 (range
0—11) (Fig. 6). There were fewer parasites in
the shoots than in the mature plants per field,
whereas for the saprophytes they were more
abundant in the shoots than in the mature
samples. \

Species of fungi

The species of fungi encountered in the samples
(Table 5) varied, as has been mentioned above,
according to several factors, namely the cereal
species, the year, the stage of development and
the time of collecting. The total number of
fungal species found in all the samples, belonging
to 100 genera, was about 25 9, greater than the
number in the individual mature samples and

about 40 9, greater than in the individual shoot "

samples. The bulk of the fungi, however, were
common to all the cereals.

Over 2/3 of the fungal genera belonged to the
class Deuteromycotina, and of these the majority

were members of the order Hyphomycetes. Also -

Sphaeropsidales was well represented. Approxi-
mately 15 9, of the genera belonged to the class
Ascomyeotina, most of them being Pyrenomycetes
fungi. The proportion of ascomycetes was some-
what greater in the mature plants than in the

Table 5. The systematic distribution of the fungi on the
cereal and shoot samples investigated.

Mature Shoot samples All the
cereal samples
samples total
in autumn | in autumn jin spring
Myxomycetes . .. .. .. 2 0 0 2
Zygomycolina :
Mucorales . . ...... 6 4 4 7
Ascomycotina
Plectomycetes
Enrotiales . . . ... 2 1 1 2
Pyrenomycetes
Sphaeriales . .. .. 8 2 4 10
Loculoascomycetes
Pleosporales . . .. 2 1 2 3
Basidiomycotina . . . .. 3 4 3 5
Denteromycotina .
Fyphomyeetes : . . .. 46 42 40 62
Coelomycetes .
Melanconiales ... |, 1 1 1
Sphaeropsidales . . 7 7 7 8
Total 77 62 62 100
Bacteria R
Actinomycetales . . . . 1 1 1 1

shoots. On the other hand it is noteworthy that
some genera of ascomycetes, such as Gaexmanno-
myces, do not appear in the shoots using the
method employed in this study. In contrast,
Fungi imperfecti were more abundant in the shoots
than in the mature plants.

Effect of cereal specieé .

Some of the fungi appeared similarly in all the
cereals. These were e.g. Acremonium-, Alternaria
-species, Botrytis cinerea, Rhigoctonia solani and
Fusarium species with the exception of F. wipale,
which was specialized only on winter cereals,
particularly rye, and Cladosporium species, whose
abundance varied according to the time of
collection.

Most of the fungi preferred some particular
cereal instead of the others. For instance,
Ascochyta  hordei, Seproria itritici and Typhula
incarnata appeared generally only in spring in the
shoots of winter wheat, Likewise Acremoniella
atra and Septoria nodorum were encountered

. mainly in wheat. The same can be said about

Gacumannomyces graminis, which occurred on other
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cereals but very rarely on oats. Rb_)/mbo:pori}tﬂ/
secalis was specialized on barley and rye. Colle-
totrichum graminicola and Melanospora spp. were
more common on oats than on the other cereals.

Effect of stage of development and time
of the year

The age of the cereal stand and the time of
sample collection had an effect on the incidence
of many of the fungi (Table 6).

The fungi found exclusively in mature cereal
samples were the following: Dinemasporium
gramineum, Endophragmia sphaerospermun, Gaeu-
mannomyces graminis, Gibberella geae, Metarrbigium
anisophiae, Periconia ma\troxpz'ﬂo_m, Ceratocystis sp.,
Stachybotrus spp. and Wojnowicia graminis. In
addition, Bipolaris sorokiniana, Gliocladinm roseum,
spp., Rhi-

goctonia solani and Torula herbarnm were more

Melanospora  spp., Monacrosporinm
common in the mature plants than in the shoots.

Table 6. The most common fungi on the cereal samples
investigated in 1975—1978.

Fungi, % of
Fungi mature cereal shoots rescarched
researched
autumn i
1975—77 | forse7y | 195678
Acremoniella atra . .. .. .. 14 17 5
Acremonium spp. ....... 127 26 20
Alternaria spp. ........ 8 61 24
Botrytis cinerea . .. .. .... 4 5 5
Cladosporiun spp. .. .... 16 79 57
Epicoccum purpurascens . . 2 31 4
Fusarium avenaceun: . . . .. 23 25 12
F. culmorum .......... 66 66 59
Fusarinm spp. ......... 21 28 37
Gaeumantioniyces  graminis 19 0 0
Gliocladium roseum . .. .. 39 57 8
Melanospora spp. ...... 18 2 2
Monacrosporium spp. .. .. 13 1 0
Papulaspora spp. ....... 4 4 9
Penicillinm spp. ........ 5 41 15
Phoma spp. «.......... 6 4 2
Rbigoctonia solasii . . . .. .. 23 11 10
Seploria nodorum . .. .. .. 8 22 13
RN 77777 0,1 2 9
Trichodema viride . . . . ... 7 2 1
Trichothecinm rosenn: . . .. 7 12 1
Verticillium spp. ....... 4 7 5
Streptomyces spp. ... .. .. 17 64 48
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Occurring only in the shobts were, among
others, the following fungi: Aspergillus- and
Hendersonia- species, Monodictys levis, Stemphylinm
botryosum and Trichocladium asperum. In addition,
Ascochyta hordei, Fusarium nivale, Psendocercosporella
herpotrichoides, Septoria spp. and ITyphula spp.
appeared more frequently in shoots than in
mature plants, specifically in the spring. Espe-
cially prevalent in the shoots of winter cereals
in the autumn were Acremonium-, Alternaria- and
Penicillinm species as well as Epicoccum purpuras-
cens. Also  Chaetominm-, Cladosporium-, Mucor-
and Streptomyces species were more common in
shoots than in mature samples.

Effect of the years

For many of the fungl there were large
differences in their prevalence according to the
year. In 1975 many of the Fusarium species were
mote plentiful than in the other years of the
study. Similarly, Bipoelaris sorokiniana was more
common in 1975 and 1978, Rhigoctonia solani and
Septoria nodorum in 1976, Colletotrichum gramini-
cola, Fusarium nivale, Gacumannonmyces graminis,
Helicosporium sp., Melanconinm sphaerospermum and
Monacrosporium spp. in 1977, and Ascochyta hordei

and Septoria nodorum in 1978.
Microflora observed in the stem base and
roots of cereals

The majority of the microflora examined were
fungi, the number of determined genera ex-

* ceeding 100. Of these about 70 genera belonged

to the mo'rphological division Denteromycotina,
and the main part of these, 62 genera, to the
subdivision Hyphomycetes, 15 genera to the group
Ascomycotina, T genera to the group Zygomycotina
and five genera to the group Basidiomycotina.
To the group Myxomycotina belonged one genus.
On the other hand several undetermined Strepto-
myces species belonged to the Actinomycetales
group (Table 5).

The following genera and species of fungi
were determined.



Myxomycetes, Physarales.
forme (Pers.) S.F. Gray.

Infrequent on ripe cereals (Hordeum wvulgare,

Didyminm  dif-

Secale cereale, Triticum aestivum) in eight localities:
U, V, St, PH. On shoots of spring wheat V:
Pertteli 28. 10. 1976. Common on grains in
Finland (HARKONEN and KoroneN 1978). Widely
distributed. Reported from all the Fennoscan-
dian countries (cf. HARKONEN and KorPONEN
1978).

Didymium iridis (Ditmar) Fr.
Two specimens. On Secale cereale V: Lemu 19.
8. 1975, on Triticum aestivum St: Kokemiki 13.
8. 1975. Occassionally on grains in Finland
(HArkONEN and KoroNex 1978). Cosmopolitan.
Reported from Sweden and Denmark (cf.
HArkONEN and KoroNEN 1978).

Zygomycotina, Mucorales. Absidia glanca
Hagem (ELvis and HesseLTINE 1965) (Plate I 1).
Two specimens. On ripe Avena sativa U: Anjala
17. 8. 1975, on Hordeum vulgare U: Orimattila
14. 6. 1978. Cosmopolitan, world-wide (DomscH
and Gawms 1970).

Mucor Mich. ex Fr. spp.

Fairly common on shoots of all the cereals,
infrequent on ripe cereals. Found in Finland in
forest soil (FErER 1933, SvinaurvuD 1937) and
cereals (TorviaiNex 1974). Cosmopolitan. Re-
ported on cereals, in soil (GiLmaN 1957, DomscH
and Gawms 1970, SterTER and Lerour 1979),
and as contaminants of seeds (MALONE and
MuskeTT 1964).

Mycotypha microspora Fenner (FENNER 1932).
Two specimens. On ripe 7riticum aestivum
(winter wheat) V: Pernié 12. 8. 1975, U: Inkoo
12. 8. 1975.

Rhbigopus nigricans Ehrenb.
Infrequent on shoots, most infrequent on ripe
cereals. Found in Finland in forest soil (Svix-
HUFVUD 1937), leys (YrLiMAKT 1967) and cereals
(TorviaiNen 1974). Cosmopolitan, world-wide.
In rhizosphere soil of wvarious plants, soil,

decaying leaves (Ginman 1957, Cmr No 110)
and as a contaminant of seeds (MALONE and
MuskeTT 1964).

Rhopalomyces elegans Corda (Evrris 1963) (Plate
T2 3
Two specimens. On Avena sativa U: Askola 15.
6. 1978, on Secale cereale V: 9. 5. 1977.

Rhopalomyces magnus Berlese (WEBSTER and
Rirar 1965) (Plate I 4).

Infrequent on shoots and ripe cereals in 10
localities: U, V, EH.

Thamnidium elegans Link. ex S. I. Gray (Hgs-
SELTINE and ANDERSSON 1956). Sporadically on
shoots and ripe cereals. Reported from Finland
in forest soil (SvinaHurvuD 1937). Observed on
a few occasion as a contaminant of seeds and in
soil (Grumax 1957, MArLoNE and MUSKETT
1964, DomscuH and Gawms 1970).

Ascomycotina, Plectomycetes, Eurotiales.
Gymnoascaceae (Plate 1 5). Unidentified.

Infrequent on foot of ripe cereals of all the
species. Mostly on Avena sativa in 1976. Found
in 11 localities: U, V, St, EH. Chleistothecia on
culm are mitelike, light skin colour, (160) 212
(258) x (124) 151 (193) um including the spines
and a sharp neck (46) 82 (138) x (16) 21 (23)
um (cf. Orr et al. 1963).

Emericellopsis van Beyma sp. (Plate 1 6, 7)
(Gams 1971).
Uncommon on all the cereals. Mostly on the
shoots of winter wheat in the autumn 1976.
Many species of the genus are world-wide in soil,
but rare (Girman 1957, Domscr and Gams
1970). Found in roots (STETTER and LEROUL
1979).

Ascomycotina, Pyrenomycetes, Sphaeriales.
Apiosordaria verruculosa (Jensen) v. Arx & W.
Gams (Plate I 8, 9).

One specimen. On Secale cereale U: Askola 26. 5.
1978. Very rarely mentioned (DomscH and
Gawms 1970).
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Plate 1. 1—9. 1: Absidia glanca on spring wheat. 2, 3: Rhopalomyces elegans on rye. 4: R. magnus on winter wheat.

5: Unidentified ascomycetes on spring wheat. 6, 7: Emericellopsis sp. on oats. 8, 9: Apiosordaria verruculosa on rye.

Material: 1, 6, 7: U. Anjala 17. 8. 1975. 2, 3: U. Vihti 9. 5. 1977. 4: EH. Iitti 17. 8. 1976. 5: EH. Somero 17. 8. 1977.
8, 9: U. Askola 26. 5. 1978. 1, 4, 5: X 400. 2: X 200. 3: X 350. 6: X 300. 7, 9: X 1000. 8: X 100.
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Ceratocystis Ellis & Halst. sp. (OLCHOWECKI

and Rerp 1973) (Plate II 14, 15).
Very uncommon on all the ripe cereals. Found
in 13 localities: V, U, St, EH, ES. Perithecia
globose (120) 175 (240) um in diameter light
yellowish-brown (ochra) neck smooth, light
yellowish-brown often bent (230) 320 (350) x
19 um. Ascospores hyaline, one-called, oval (5)
6,7 (8) X (4) 4,8 (6) um.

Chaetomidinm (Fuckel) Zopf sp. (Caix 1961).
Three specimens. On Hordeum vulgare EH: Hi-
meenlinna 2. 6. 1975; ES: Puumala 22. 6. 1976.
On Secale cereale V: Sauvo 20. 10. 1976. Little

known on cultivated soil (Domscu and Gawms
1970).

Chaetomium Kunze ex Fr. (Amis 1963, SetH
1970).
Fairly common on all the cereals. More common
on shoots than in the ripe stands, mostly in 1976.
Found in forest soil from Finland (SviNHUFVUD
1937). Many species found in soil (GiLmax 1957)
and as a contaminant of seeds (MALONE and
MuskerT 1964).

Chaetomium elatum Kunze ex Fr. (SkoLko and
Groves 1948).
Three specimens. On Secale cereale EH: Pilkine
14. 8. 1975, on Triticum aestivum (spring wheat)
EH: Pilkine 14. 8. 1975, on winter wheat EH:
Ypdja 17. 8. 1977. With Ch. globosum the most
widespread Chaetominm species (DomscH and
Gawms 1970).

Chacetominm globosum Kunze ex Fr. (SKoLkO
and Groves 1953).
Four specimens. On Tvriticum aestivum (spring
wheat) V: Pertteli 12. 8. 1977; EH: Ypija 17.
8. 1977. Found in forest soil in Finland (Svin-
HUFVUD 1937). Most cosmopolitan and wide-
spread  Chaetomium  species (GiLman 1957,
Domsca and Gawms 1970).

Chaetominm indicum Corda (SkoLko and GRro-
VEs 1948).
Four specimens. On Hordeum vulgare V: Mie-
toinen 12. 8. 1976, Pertteli 12. 8. 1977; EH:

3 1280021321

Hattula 29. 7. 1975. On Triticum aestivum (winter
wheat) V: Tenhola 10. 8. 1977. Found rarely in
soil (GrLman 1957).

Chaetominum olivacensmn Cooke & Ellis (SkoLko
and GrovEes 1953).

Two specimens. On Triticum aestivum U: Inkoo
10. 8. 1977; EP: Ylistaro 8. 8. 1977. Found in
soil (GrLman 1957).

Gaenmannomyces  graminis (Sacc.) v. Arx et

Olivier (WarLker 1972, 1973, Cmr Nos 381—
383).
Common on wheat, rye and barley, infrequent
on oats. Most common in 1977. (MAKELA and
Parikka 1980). Widespread, especially in tem-
perate zones (SPRAGUE 1950, Cm1r Map 334,
172, Domscu and Gawms 1970).

Gaeumannomyces sp. (Plate 11 10, 11, 12).

Two specimens. On Hordeum vulgare U: Kirkko-
nummi 8. 9. 1977; EH: Iitti 24. 8. 1977 (variety
Paavo) (MAkKELA and Parikka 1980). Black
ascomata with a long neck. Ascomata without
a neck (381) 518 (653) um X (367) 490 (612)
um, necks (354) 688 (952) um x (68) 87 (122)
um. Ostiole a little expanded, yellow in colour,
asci (40 asci) (49,5) 61,4 (69,3) X 9,8 um,
ascospores (50 spores) (39,6) 56,9 (69,3) x 1,7
um. Asci and ascospores are hyaline — light
yellowish in colour.

Gibberella zeae (Schw.) Petch. conidial state:
Fusarium graminearum (CMI No 384). Sporadically
on ripe cereals (barley, oats, wheat). Found in
four localities, V, EH, EP, ES. Reported in
Finland rarely on seeds of barley, oats and spring
wheat (JAMALAINEN 1943 a, MAkEeLA 1975 c).
World-wide on cereals in temperate regions
(Boorn 1971, NEERGAARD 1977).

Melanospora Corda spp. (DoGuer 1955).

Common on ripe cereals, more uncommon on
shoots of cereals. Mostly on oats in 1976. Some
Melanospora species found in soil (GrLman 1957).
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Plate II. 10—19. 10—12: Gaeumannomyces sp. on barley. 13: Melanospora zamiae on spring wheat. 14, 15: Ceratocystis
sp. on rye. 16, 17: Dendrodochium aurantiacum on winter wheat. 18, 19: Dictyosporium elegans on spring wheat.
Material : 10—12: U. Kirkkonummi 8. 9. 1977. 13: V. Sauvo 19. 8. 1976. 14—15: EH. Iitti 17. 8. 1976. 16, 17: EH.
Pilkine 14. 8. 1978. 18, 19: EH. Pilkine. 18: 14. 8. 1975. 19: 28. 9. 1975. 10: X 7. 11: X 30. 12, 15: X 500. 13, 14:
X 200. 16, 19: X 700. 17: X 1000, 18: X 11.
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Melanospora  gamiae Corda (Plate II 13)
{(Winter 1887, MALONE and MuskeTT 1964) was
the most common Melanospora species in the
researched samples. Found frequently as a
contaminant of seeds (MALONE and MUSKETT
1964).

Melanospora fallax Zukal.
Faitly common. Developed abundant bulbils like
Papulaspora (MaroNe and Muskerr 1964,
Dowuscu and Gawms 1970).

Monographella nivalis (Rehm) E. Miiller (Boorr

1971). Conidial state: Fusarium nivale Ces. ex
Sacc.
Two specimens. On Triticum aestivam (winter
wheat) V: Perni6 16. 5. 1978. On Secale cereale V:
Vahto 3. 7. 1977. Found in Finland sporadically
on rye and winter wheat (JAMALAINEN 1943 a).
Widespread (Cymx No 309).

Sordaria Ces. & de
GrovEes - 1948).

Four specimens. On .Avena sativa V: Loimaa 4.
8. 1975. On Hordenm vulgare U: Sipoo 24. 8.
1977, EH: Pilkine 14. 8. 1975, PP: Rovaniemi
commune 9. 1975. Some Sordaria- species have
been found among soil fungi (GrLman 1957,
Dowmscr and Gawms 1970).

Not" spp. (Camn and

Sphacroderma episphaeria (Phill. & Plowr.) Sacc.
(MarTiN 1955). ’
Infrequent on spring wheat, winter wheat and
oats in five localities: V, U, St, EH. Most
common on ripe cereals.

Sporormia de Not. sp. (AEMED and CAIN 1972).
One specimen. On Hordenm vnigare V: Pernid

12. 8. 1975. Some Sporormia species found in soil
(GiLman 1957, Domscr and Gams 1970).

Ascomycotina, Loculoascomycetes, Pleo-
" sporales. Phacosphacria Miyake, syn. Leptosphaeria
Ces. & de Not. (Mtrrer 1950, Horm 1957,
Erixsson 1967 b).

Sporadically on shoots and tipe cereals. Many
species were found.

Phacosphaeria avenaria (G. F. Web.) O. Erikss.
f. sp. triticea Johnsson. :
Two specimens. On Triticum aestivum (winter
wheat) V: Pernié 11. 5. 1976. PS: Maaninka
26. 4. 1976. Reported in Finland infrequently on .
barley, rye and wheat (KoroNEN and MAKELA
1975).

Phacosphacria herpotrichoides (de Not.) L. Holm.

Four specimens. On" Awvena sativa EH: Hauho
17. 9. 1977. On Secale cereale St: Huittinen 17. 8.

1977. On Triticum aestivum (spring wheat) EH:

Pilkine 29. 7. 1975, the overwintered culm of
winter wheat V: Koski 19. 5. 1977. Found in
Finland very commonly throughout the country
on all the cereals, mostly on oats (KoroNEN and
MAxkerd 1975).

Phaceosphaeria microscopica (P. Karst.) O. Erikss.
One specimen., On  Triticum aestivam (winter
wheat) U: Snappertuna 12. 8. 1975. Found in
Finland on 26 grass species, but not found on
the cereals (KoroNEN and MAkELA 1975).

Phacosphaeria nigrans (Rob.) L. Holm.

One specimen. On  Triticum aestivum (winter
wheat) V: Sauvo 18. 5. 1978. Reported in Finland
sporadically on the cereals (Koronen and
MAxEeLA 1975).

Phacosphaeria nodoram (E. Miill.) Hedjaroude
(CM1 No 86).
Five specimens. On Hordeum vulgare St: Koke-
miki 13. 8. 1975. On Triticum aestivam (winter
wheat) V: Piikkié 28. 5. 1975, St: Kokemiki
13. 8. 1975, (spring wheat) St: Kokemiki 13. 8.
1975. Found in Finland sporadically on over-
wintered stubble of cereals (barley, rye, wheat)
(KoroneEn and MAxkELA 1975).

Phaeosphaeria vagans (Niessl.) O. Erikss.

Two specimens. On Avena sativa St: Kiukainen
13. 8. 1975. On Triticum aestivam (spring wheat)
EH: Hattula 29. 7. 1975, Hauho 29. 7. 1975.
Found in Finland uncommonly on overwintered
cereals stubble (oats, batley, wheat) (KoroNeN
and MAxEeLA 1975).

205



Phacosphaeria sp.

One specimen. On Triticum aestivum (spring
wheat) EH: Jitti 19. 6. 1977.

Pleospora herbarum (Pers.) Rabenh. (MULLER
1951).
Two specimens. On Triticum aestivum (winter
wheat) V: Pernio, 12. 8. 1975, (spring wheat)
U: Lapinjirvi 15. 6. 1976.

Pleospora vagans Niessl. (ErikssoN 1967 a).

One specimen. On Triticum aestivum (winter
wheat) U: Siuntio 16. 5. 1978.

Pyrenophora Fr. sp. (MoLLER 1951).

One specimen. On  Triticum aestivam (winter
wheat) V: Sauvo 18. 5. 1978.

Basidiomycotina, Aphyllophorales. Typhula
(Pers.) Fr.
Infrequent on shoots of winter cereals (rye,
wheat). Most common in 1977 (MAKELA and
Parikxka 1980). Widely distributed on winter
cereals and several grass species in the cooler

temperate zones (SPRAGUE 1950, JAMALAINEN
1957, Arsvorr 1975).

Typhula incarnata Lasch ex Fr. was the most
common Typhula species. ‘
Found as a major disease cause on overwintering
cereals and grasses in regions having a stable,
cold winter climate with prolonged, deep snow
cover (JAMAiAINEN 1957, Arsvorr 1975).

Rbhizgoctonia DC. ex Fr. spp.

Common on all the ceteals, mostly in 1976, very
rare in 1975 (MAxeri and Parikxa 1980).
Cosmopolitan and world-wide, takes many
forms, many strains .(races) (ErNur and CHEs-
TERS 1967, PARMETER et al. 1967, Domscu and
Gaus 1970).

Rbizoctonia solani Kithn is the most common
Rbizoctonia species (Domscr and Gawms 1970).
Found in cereals throughout Scandinavia (HaN-
sEN 1963, PeTersEn 1963, Nirsson 1969,
TorwviaNeN 1970, SterTER and Lerour 1979).
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Sclerotinm ‘Tode ex Fr. spp. (WEREsUB and
Le Cramr 1971).

Fairly common on all the ripe cereals, more
uncommon on shoots. Some of the sclerotia are
similar to the bulbils of Papulaspora, light brown,
nut-brown, yellow-green or black in colour.
They differ greatly in size (NEERGAARD 1977).

Clavariaceae (PETERSEN 1973).

Unidentified. The fruiting bodies light, long,
threadlike, basidia in abundance. Sporadically
on the ripe spring wheat and winter wheat.
Found in eight localities: V, U, St, EH.

Deuteromycotina, Hyphomycetes. Acremo-
niella atra (Corda) Sacc. (Groves and SkorLko
1946 a).

Common on all the cereals (cf. MAkELA 1975 c).
Most uncommon on shoots of cereals gathered
in spring. Acremoniella is infrequently reported
from soil (GinmanN 1957, BaArroN 1968) and as
a contaminant of seeds (MALONE and MUSKETT

1964).

Acremoniella verrmcosa Fogn.
SkoLko 1946 a).

Three specimens. On Triticum aestivum (winter
wheat) V: Paattinen 8. 8. 1975; EH: Pilkine 14.
8. 1976, (spring wheat) EH: Pilkine 14. 8. 1976.
Found sporadically on cereals (MAKELA 1975 c).

(Groves and

Acremonium Link ex Fr. spp. (Gams 1971)
syn. Cephalosporium Corda.
Common in all the cereals and in all the years.
Most common on the shoots of winter cereals
in autumn 1975 (cf. MAgELA 1975 c). Many
Acremoninm  species are isolated from soil
(GrLman 1957, Domscu and Gawms 1970) in
roots (STETTER and Lerour 1979) and as a
contaminant of seeds (MALONE and MUSKETT
1964, NEERGAARD 1977).

Alternaria Nees ex Wallr. spp. (Stmmons 1967).
Very common on the shoots of all cereals. More
infrequent on tipe stands. World-wide. Alternaria
species ate frequently recorded from soil and



organic debris (NEERGAARD 1945, GiLmaN 1957,
Barron 1968, Domscr and Gams 1970) and
as a contaminant of seeds (MArLoNE and Mus-
KETT 1964, NEERGAARD 1977).

Alternaria  tenwis Nees (GROVES & SKOLKO
1944 b, Stmmons 1967).
The most common .Alternaria species in this
study (MAKELA 1975 c). Found in North Finland
in soil (Fer£r 1933). Cosmopolitan, world-wide
(Domscr and Gawms 1970).

Arthrinium Kunze spp. (Erris 1965).

Sporadically on nearly all the cereals as well
as on the shoots and the ripe stands (cf. MA-
KELA 1975 c). World-wide. Few species of the
genus have been found in soil (BaArRroN 1968).

Arthrinium phaeospermum (Corda) M. B. Ellis.

The most common Arthrinium species. Cosmo-
politan, world-wide. Found in soil (GiLman
1957, Domscu and Gawms 1970).

Arthrobotrys Corda sp.

Infrequent on the shoots and ripe cereals. The
species most frequently isolated from soil are A4.
olifospora Fres. and A. suberba Corda (BARRON
1968, Domscr and Gams 1970).

Aspergillus Link spp. (RAPER and FENNELL
1965).
Occasionally on shoots of cereals (cf. MAKELA
1975 c). Found in soil, but less dominant in
temperate regions (GiLman 1957, BarronN 1968,
StETTER and LEROUL 1979) and as a contaminant
of seeds (MarLoNE and MuskerT 1964, NEER-
GAARD 1977).

Bipolaris sorokiniana (Sacc. on Sorok.) Shoe-
maker. Syn. Helminthosporium sativum Pammel,
King & Backe.

Very uncommon on the shoots and ripe stands
but absent from oats. Fairly common on ripe

batley stands in 1975 (MAKELA and PARIKEKA .

1980). Found moderately common in spring
barley fields in Finland (MAKELA 1975 a).
Cosmopolitan, world-wide (SpraGgur 1950, Cmr

Map No 322). Common and particularly im-
portant in cereals (MaroNE and MuskerT 1964,
Ororsson 1976, NEERGAARD 1977, STETTER
and Lerour 1979).

Botrytis cinerea Pers. ex Fr. (Cmx No 431).

Uncommon, but occurred nevertheless on the
shoots and ripe stands of all the cereals (MARELA
1975 c). Found in Scandinavia (FEmér 1933,
STETTER and LErour 1979) also in Finland in
forest soil (Svinmurvup 1937). Cosmopolitan
(Cym1 Map No 169, Gruman 1957, Domscr and
Gawms 1970) Botrytis is prevalent in cool. tem-
perate areas, occasionally on Gramineae (SPraA-
GUE 1950), fairly common in soil, but it has 2
low sporulating capacity (BARrON 1968, Domscr
and Gawms 1970) also as a contaminant of
seeds (MALONE and MuskeTT 1964, NEERGAARD
1977). S O '

Chrysosporium pannorum (Link) Hughes.
Infrequent on all the cereals. Chrysosporium
species are common in soii, world-wide. The
most frequently is C. pannoram (BArRroN 1968,
Dowmscu and Gawms 1970). )

Cladosporium Link ex Fr. spp.
Common on the ripe cereals, very common on
shoots. Found on cereals in Finland (HArDH
1953, TorviaNen 1974, MAkerLid 1975 o).
World-wide. Very common soil fungi (GrLMan
1957, Domscr and Gawms 1970) and as a con-
taminants of seed (MALONE and MuskerT 1964,
NEERGAARD 1977). C/adwporz'zm} cladosporioides
(Fres.) de Vries and less frequently -C. herbarum
(Pers.) Link ex Fr. was the most common species
(MAkELA 1975 c), as also elsewhere (MALONE
and Muskgrt 1964, Domsu and Gams 1970).

Cylindrocarpon destractans (Zins.) Schotten.

One specimen. On  Triricum aestivum (winter
wheat) 11. 5. 1976. Isolated from the root
samples of red clover in Finland (YrimAx:
1967). The most common Cylindrocarpon species
in soil. World-wide (Barron 1968, Domscr
and Gawms 1970).
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 Curvilaria inaequalis (Shear) Boedijn (Errrs
1966).
One specimen. On Secale cereale KP: Paavola 19.
5. 1975. Isolated from e.g. Hordeum, Triticum
and sand dune soil in many countries (Erris
1970). Many Curvilaria species reported from
soil occasionally (GrLmaN 1957), but it is seldom
recorded in high frequencies (BARRON 1968).

"Dendrodochinm gracile Daszewska (Plate II 16,
17) (Linpau 1910).
Infrequent mainly on ripe cereals. The genus is

rarely reported from soil (GrLman 1957, BARRON
1968).

Dendryphion nanum (Nees ex Fr.) Hughes
(HucuEes 1958).
Sporadically on shoots and ripening cereals (rye,
wheat). Only rarely isolated from soil (Domscr
and Gawms 1970), also on dead stems of her-
baceous plants (Erris 1971).

Dictyosporium elegans Corda (Plate II 18, 19)
(Linpau 1910).
Infrequent, mainly on ripe cereals. Ten specimens
found in seven localities: V, U, St, EH, PH.
Encountered several times on barley and oat
stubble in Europe (Errrs 1971). Dictyosporiun
species are rarely reported from soil (BARRON

1968).

Dinemasporium graminenm Lev. (ALLESCHER
1903, HuGnes 1958).
Four specimens. On Secale cereale V: Koski 17.
8. 1977, Sauvo 16. 8. 1977. On Triticum aestivum
(winter wheat) U: Askola 17. 8. 1976, (spring
wheat) V: Inkoo 10. 8. 1977. Found sporadically
on grasses in Finland (MAkELA 1972).

Doratomyces microsporus (Sacc.). Morton et G.
Smith.
Uncommon on the shoots of all the cereals.
World-wide, but is rarely recorded. On dead
leaves of grasses also isolated from soil in Europe
(Dowmscu and Gawms 1970, Errrs 1971), and as a
contaminant of seeds (MALONE and MUSKETT
1964).
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Doratomyces purpureofuscus (Fr.) Morton et G.
Smith (Plate IIT 20, 21).

One specimen. On Avena sativa EH: Pilkine 14.
8. 1975. On dead herbaceous stems also isolated
from soil etc. Europe and N. America (DomMscu
and Gawms 1970, Ecrris 1971), and occasionally
as a contaminant of seeds (MALONE and MUSKETT
1964).

Doratomyces nanus (Ehrenb. ex Link) Morton &
Smith.

One specimen. On Triticum aestivam (spring
wheat) EH: Pilkine 14. 8. 1975. On dead wood
or bark, leaves, herbaceous stems, etc. Burope
(DomscH and- Gams 1970, Erris 1971).

Drechslera Ito (SHOEMAKER 1959).

Infrequent, mainly on the shoots.

Many Drechslera species reposted:

Drechslera avenae (Eidam) Scharif on Avena sativa
very common both on the shoots and in the
ripe stands (MAKELA and Parikxa 1980). Found
very common on oat fields in Finland (MAKELA
1975 2). Widespread and most impottant in cool
and moist climates (SPRAGUE 1950, OLOFSSON
1976). Commonly transmitted from oat seeds
(MavonEe and MuskeTT 1964, NEERGAARD 1977).

Drechslera  graminea (Rabenh. ex  Schlecht)
Shoem.

Uncommon, mostly on batley, also on the shoots
of wheat and rye (MAKELA and Parixxa 1980).
Found frequently on spring barley field in Fin-
land (MAkerL&Z 1975 a). Cosmopolitan, world-
wide (SeraGuE 1950, Ororsson 1976), frequent
in batley seeds (NEERGAARD: 1977).

Drechslera teres (Sacc.) Shoem.

Infrequent, mostly on barley, also on the shoots
of wheat and rye (MAKELA and Parixxa 1980).
Found commonly in spring barley fields in Fin-
land (MAxeri 1975 a). Vety common seed
transmitted in batley (NEERGAARD 1977).



FEidamia acremonioides (Harz.) Lindau (LINDAU
1907).
Infrequent on the shoots in spring and on the
ripe stands. Found in eight localities: V, U, St,
EH.

Endophragmia hyalosperma (Corda) MORGAN-
Jones and Core (1964) (Plate IIT 22, 23).

Uncommon on ripe cereals, absent from barley.
Five specimens. On Avena sativa U: Siuntio 8. 9.
1977. On Secale cereale V: Mietoinen 12. 8. 1976,
Sauvo 16. 8. 1977. On Triticum aestivum (winter
wheat) EH: Pilkidne 18. 8. 1975, (spring wheat)
EH: Iitti 4. 9. 1977. Conidia (18,2) 24,0 (29,9) x
(8,3) 9,8 (11,6) um. Conidiaphores 103,4 x 5 um.
Found on many herbaceous plants and arboreal
plants in Europe (Erris 1971).

Epicoccum  purpurascens Ehrenb. ex Schlecht
(HucguEs 1958).

Very common on winter cereals (wheat, rye)
in spring, mostly on winter wheat in 1975.
Sporadically on ripe cereals. Found commonly
on cereals in Finland (MAkELA 1975 ¢). Cosmo-
politan. Frequent on all sorts of plants, also
common in soil (GiLman 1957, Barron 1968,
Dowmscr and Gawms 1970), in roots (STETTER and
Lerour 1979) and as a contaminant of seeds
(MaALoNE and MuskerT 1964, NEERGAARD
1977).

Fusarium Link ex Fr. (Boorn 1971).

The genus Fusarium has been represented with
many species, most commonly in 1975 (MAKELA
and Parikka 1980).

F. avenacenm (Corda ex Fr.) Sacc.

Prevalent on all the cereals, most rare on the
shoots in the spring 1977. Found in Finland
commonly on the foot of spring wheat (HArDH
1953, TorviaiNeN 1974). Occurred moderately
common on cereals as a foliicolous fungus
(MAkKELA 1975 c) and on red clover as a causal
agent of root rot (Yrimiki 1967). World-wide
distribution. This species has a very wide host

range, also on cereals, found in soil (SPrRAGUE
1950, Domscu and Gawms 1970, Boorn 1971,
NEERGAARD 1977).

F. culmorum (W. G. Smith) Sacc.

The most common fungi on the specimens of
all the cereals. Found in Finland common on the
foot of wheat (HArDpH 1953, TorviaiNen 1974),
moderately common on all the cereals as a
foliicolous fungus (MAKELA 1975 c), and infre-
quently on red clover as a causal agent of root
rot (YriMAk: 1967). World-wide (Cmr Map No
440). The species has a very wide graminicolous
host range. Isolated from soil (SpraGgue 1950,
Dowmscr and Gawms 1970, Boorn 1979), and
seeds (MaLoNE and Muskerr 1964, NEER-
GAARD 1977).

F. graminearum Schwabe, Perfect state:
Gibberella zeae (Schw.) Petch (cf.p.).

Uncommon on ripe cereals, sporadically on
shoots. Found on the foot of spring wheat in
Finland (HArpH 1953),
cereals as a foliicolous fungus (JAMALAINEN
1943 a, MAxkELA 1975 ¢). World-wide. This
species occurs predominantly on cereals and
graminineous (SpraGUE 1950,
Boorn 1971, NEerGAArRD 1977, STETTER and
Lerour 1979).

and infrequent on

other hosts.

F. nivale (Fr.) Ces. Perfect state: Monographella
nivalis (Schaffn.) E. Mill. (cf. p.).
Common on the shoots of rye only in spring
1977. At other times very sporadically. Found
on rye and wheat in Finland (JAMALAINEN
1943 a). Is the major pathogen of Gramineae,
particularly on cereals in cool temperature
regions (Cmr Map No 432, Spracue 1950,
Boorm 1971, SteErrer and Lerour 1979),
common in seeds (NEERGAARD 1977).

F. semitectum Berk. & Rav.

Uncommon. Found on all the cereals and in
all the years (cf. MAxeLA 1975 c). Rather
common and widespread (Booru 1971).
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Plate III. 20—29. 20, 21: Doratomyces purpureofusca on oats. 22, 23: Endophragmia hyalosperma on winter wheat. 24:
Geotrichum candidum on barley. 25: Gliomastix murorum on oats. 26, 27: Helicosporium sp. on winter wheat. 28, 29:

Melanconinm sphaerospermum on wheat.

Material: 20—29. 20, 21, 25: EH. Pilkine 14. 8. 1975. 22, 23, 26, 27: EH. Pilkine 18. 8. 1975. 24: V. Pertteli 16. 8.
1977. 28: St. Peipohja 30. 8. 1977. 29: EH. Pilkine 14. 8. 1976. 20, 21: X 300. 22, 23, 24, 27: X 700. 26: X 10. 25: X
800. 28: X 3. 29: X 600.



In addition to these Fusarium species, other
were found sporadically e.g. F. wmoniliforme
Sheldon, F. poae (Peck) Wollenweber, F. tri-
cinctum (Corda) Sacc. and some other unidentified
Together these Fusarium

Fusarium  species.

species were found rather frequently.

Fusidium Link spp. (Linpau 1907, HuGHEs
1958).
Infrequent on all the cereals. Found in soil
(Giman 1957, Barron 1968).

Geotrichum candidum Link. (CARMICHAEL 1957),
(Plate III 24).
Four specimens. On Hordeum vulgare V: Kiikala
22.9. 1977, Pertteli 18. 8. 1977. On Secale cereale
U: Kirkkonummi 16. 5. 1978, EH: Pilkine 14.
8. 1975. Widespread. Is frequently isolated from
soil (GrLmaN 1957, BArrON 1968, STETTER and
Lerour 1979).

Gliocladium Corda spp.
Very common on the ripe cereals, sporadically

on the shoots. Many species of Gliocladinm have
been found in soil (GrLmanx 1957).

G roseum Bainier.
The most common series of Gliocladinm species.
World-wide. Very common in soil in cultivated
land on roots of barley, wheat and oats (Domscu
and Gawms 1970), occasionally as a contaminant
of seeds (MaLONE and MuskeTT 1964).

Gliomastix murorum (Corda) Hughes (Gawms

1971) syn. Acremonium murorum (Corda) W.
Gams (Plate IIT 25).
Three specimens. On Avena sativa EH: Pilkine
14. 8. 1975, Ypija 9. 9. 1975. On Secale cereale
U: Artjarvi 21. 10. 1975. World-wide. The
species is isolated commonly from soil (BARRON
1968, Domscu and Gawms 1970), and in roots
(StETTER and LErROUL 1979).

Gonathobotrys Corda spp. (Linpau 1907).

Sporadically. Seven specimens found in oats,
rye and wheat in six localities; V, U, St, EH.
Found in soil (BArRron 1968).
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Graphium Corda spp. (Linpau 1910).
Sporadically. Ten specimens found in all the
cereals, barley, oats, rye and wheat in seven
localities: V, U, EH. Found commonly on plant
debris or woody substrata, also in soil (GIiLMAN
1957, BarronN 1968, DomscH and Gawms 1970,
Erris 1971).

Helicosporium state of  Tubeufia  helicomyces

Hoéhnel (Plate IIT 26, 27).

Fairly common on the ripe cereals, mostly on
barley 1977. On the foot of culms grey violet,
pilelike layers of the fungus. Conidia (80 conidia)
(14,9) 22,1 (31,6) um in diam., hyaline, pink
in mass filaments multiseptate, hygroscopic, 1,7
um in wide. According to MooRre (1955) conidial
diameter is 12—20 um, conidial filaments 1,5—
2,5 um thick.

Humicola Traaen ssp. Ervris 1971.
H. grisea Traaen.
Sporadically, mainly on the shoots of cereals

Humicola species are apparently very common
in soils (BArRrRON 1968, DomscH and Gawms 1970).

Melanconinm sphaerospermum (Pers.) Link. (Plate
11T 28, 29) ArrescHErR 1903, SurtOoNn 1964.
Fairly infrequent on ripe cereals, mostly on barley
in 1977. Found in 23 localities: V, U, St, EH.
On the foot of culms, black layers of the fungus.
Conidia oval black brown (8,0) 9,1 (11,5) x
(3,4) 4,2 (5,7) um.

Metarrhizinm anisopliae (Metsch.) Sorok. (BAR-
rRON 1968).
Five specimens. On Secale cereale V: Mietoinen
16. 8. 1977, EH: Somero 17. 8. 1977. On 77i-
ticum aestivum (winter wheat) V: Eura 16. 8. 1977,
Koski 17. 8. 1977, (spring wheat) V: Tenhola
8. 9. 1979. One of the most important fungi for
the biological control of insect pests (BARRON
1968, Domscu and Gawms 1970).

Monilia Pers. spp.

Three specimens. On Secale cereale, U: Siuntio
16. 5. 1978. On Triticum aestivum (winter wheat),
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Vi Perni6: 21.-6.21978; U: Helsinki 23. 5. 1978,
Many Monilia species are isolated infrequently
from soil (GrLman 1957), and in roots (STETTER
and Lerour 1979).

Monacrosporium Oudem. spp.
Common on ripe cereals, very sporadically on
winter cereals in autumn. Many species of this
genus are known on the nematophagous fungi,
also in cultivated soil (Cooke and DickiNsoN

1965, CookE 1969).

Monodictys levis (Wiltsh.) Hughes (HucGHEs
1958). ‘
One specimen. On Hordeum vulgare PP: Muhos
23. 6. 1976. Reported rarely in soil (BArroN
1968, Domscu and Gawms 1970).

Oedocephalum Preuss sp. (Linpau 1907).
Two specimens. On Secale cereale U: Myrskyld
14. 6. 1977. On Triticum aestivum (winter wheat)
St: Loimaa commune 4. 8. 1975. Species of

this genus are reported infrequently from soil
(GrLman 1957).

Oidiodendron Robak sp.

One specimen. On secale cereale PH: Viitasaari
28. 6. 1976.

Oidiodendron is apparently widespread in its
occurrence in soils, and there are frequent
reports in the literature (BARrRON 1962 b, 1968,
Dowmscua and Gawms 1970).

Ostracoderma state of Pezgiza ostracoderma Korf
(Korr 1960).

Sporadically, mostly on the shoots of winter
cereals in autumn. Perhaps one of the most
commonly encountered but least known of fungi
from soil in Europe and North America (Bar-

rON 1968, Erris 1976).
Paecilomyces Bainier spp. (BRowN and Smrre
1957).

Four specimens. On Triticum aestivum (spring
wheat) V: Pernio 8. 9. 1977, U: Liljendal 17. 5.
1977, Askola 14. 6. 1977, (winter wheat) EH:
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Jokioinen 4. 8. 1975. Many species of the genus
Paecilomyces found in soil (GiLMAN 1957, BARRON
1968, DomscuH and Gawms 1970).

Papulaspora Preuss.

Infrequent, mostly on the shoots of winter
cereals (rye, wheat) in 1978. Some species of
Papulaspora are reported infrequently from soil
(BarroxN 1968, Domscr and Gawms 1970), and in
roots (STETTER and LErRoUL 1979).

P. rubida Hotson (MALONE and MUSKETT
1964).

Fairly common, mostly on the shoots of oats
and rye in spring. Found rarely on seeds of the
grasses in Finland (MAKELA 1972 b) and on
seeds of the cereals (MALONE and MUSKETT
1964).

Penicillium Link ex Fr. spp. (RArER and THOM
1949).
Common on the shoots of all the cereals, mostly
on winter cereals in autumn. Very sporadically
on ripe cereals. In particular many Penicillium

species are reported in soil (GiLman 1957,
Dowmscr and Gawms 1970).

Periconia atra Corda (Plate IV 30).
One specimen. On  Triticum aestivum (winter
wheat) V: Tenhola 12. 8. 1975. On dead leaves
of grasses (Erris 1971).

Periconia hispidula (Pers. ex Pers.) Mason &
M. B. Ellis. (Masox and Ewrris 1953).
Two specimens. On 7riticum aestivum (winter
wheat) St: Kokemiki 30. 8. 1977; EH: Pilkine
14. 8. 1978. Found on e.g. many Graminae,
Carex (Erris 1971).

Periconia  macrospinosa Lefebvre et Johnson
(Plate IV 31, 32), (Mason~ and Erris 1953).
Uncommon on ripe cereals, mostly on oats in
1977. Widespread (Cmr No 168), the most

common species of this genus in soil (GILMAN
1957, Domscu and Gawms 1970, Ervis 1971).



Phialophora Medlar sp. (Hucres 1953).

Very sporadically on ripe cereals and the shoots
of cereals (wheat, barley). Found in nine speci-
mens from seven localities: V, U, St, EH (MA-
KELA and PaArikkA 1980). Phialophora species
are relatively common in soils, especially forest
soils (BaArroN 1968, Domscu and Gawms 1970).

Psendocercosporella herpotrichoides (Fron) Deigh-
ton (Boorn and WALLER 1969, Cm1 No 386).

Infrequent on the shoots of cereals (rye, wheat)
in eight localities: V, U, EH. (cf. MAKELA and
ParikkA 1980). Widespread throughout Europe
also occurs in N. America (Cm1 Map No 74),
(SeraGUE 1950, Boorn and WarLer 1969).

Rhinocladiella Nannf. spp.

Fairly common on ripe cereals, mostly on rye
in 1976. Isolates (BArRrRON 1968,
Figrs 1971).

Rhynchosporium  secalis (Oud.) J. J. Davis
(Owen 1973, Cmr No 387).

Common on ripe oats and the shoots of rye,

from soil

sporadically on the shoots of barley (cf. Mi-
KELA and PArikka 1980). Observed commonly
on spring barley and winter rye in Finland
(MAkEeLA 1974). Widespread (CALpwEeLL 1937,
SpRAGUE 1950). Overwintering is largely on
infected barley stubble, remains and volunteer
plants (OweN 1973), found also in seed of batley
(NEERGAARD 1977).

Scopulariopsis brevicanlis (Sacc.) Bain.

Two specimens. On Hordeum vulgare V: Muurla
8. 6. 1977. On Triticum aestivum (winter wheat)
A: Jomala 26. 5. 1977. Common and widespread
(Cmr No 100), isolated e.g. from soil and various
plants (Gruman 1957, BarroN 1968, Domscu
and Gawms 1970, Erris 1971).

Spegazzinia Sacc. sp. (Plate IV 33), (HucHEs
1953, CoLe 1974).
One specimen. On  Triticum aestivum (spring
wheat) St: Punkalaidun 9. 9. 1976. Reported
rarely from soil (Barron 1968, Ewrris 1971,
1976).

Stachybotrys atra Corda (cf. KorrINEN and
Yrivikr 1972).
One specimen. On Hordeum vulgare V: Kiikala
17. 8. 1977. Cosmopolitan, very commonly
isolated from soil and dead plants (GILMAN
1957, BarroN 1968, Domscu and Gawms 1970,
Eiris 1971).

Stachybotrys anrantia Barron (BARRON 1962 a)
(Plate IV 34).

Sporadically on ripe cereals, mainly spring
wheat. Found in five localities: V, St, EH, PK.
Isolated very rarely from soil (BArRronx 1962).

Stemphylinm  botryosum  Simmons

1967).

Sporadically on shoots and also ripe cereals.

(StmmonNs

Found in six localities: V, St, EH. Cosmopolitan.
Common on dead herbaceous plants, also
isolated from soil (GiLmanx 1957, BaArroN 1968,
Ervis 1971).

Torula herbarum (Pers.) Link ex S. F. Gray
(HucaEes 1953, 1958).

Common on ripe winter cereals (rye, wheat),
sporadically on the shoots of cereals. Reported
infrequently from soil (GiLman 1957, BArRrON
1968, Domscu and Gawms 1970) and in roots
(StErTER and Lerour 1979).

Tricellula aquatia WEBSTER (1959).
Sporadically on the shoots of winter cereals,
mainly on winter wheat in 1975. Reported in
minor amounts on 13 grass species in Finland
(MAkeLA 1972). Found infrequently in moist
soil (Nirsson 1964, Domscu and Gawms 1970).

Trichocladium asperum Harz (Hucues 1958).

Sporadically, mainly on the shoots of cereals.
World-wide. Recovered from soil (Griman
1957, Barron 1968, Domscu and Gawms 1970).

Trichoderma viride Pers. ex Fr.

Fairly common on some ripe cereals, more
sporadically on shoots. World-wide. One the
most widespread soil fungi. It has been exten-
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Plate 1V. 30—38. 30: Periconia atra on winter wheat. 31, 32: P. macrospinosa on winter wheat. 33: Spegazzinia sp. on

spring wheat. 34: Stachybotrus anrantia on spring wheat. 35: Phacoseptoria festucae on batley. 36: Pyrenochaeta sp. on
oats. 37, 38: Wojnowicia graminis on wheat.

Material: 30—38. 30: V. Tenhola 12. 8. 1975. 31, 32: V. Perni6 12. 8. 1975. 33: St. Punkalaidun 9. 9. 1976. 34, 36:

V. Mietoinen 19. 8. 1975. 35: V. Koski Tl 4. 7. 1975. 30: X 800. 31: X 150. 32: X 800. 33: X 500. 34: X 1000.
35: X 200. 36: X 400. 37: X 150. 38: X 750.



~ sively studied because of its antagonism and
parasitism against other fungi (GiLman 1957,
Barron 1968, Domscr and Gams 1970).

Trichothecium roseums Link ex Fr.

Fairly common on ripe cereals, mostly on the
shoots of winter cereals in the autumn 1976.
Repotted from soil with high frequence (GiLman
1957, BarronN 1968).

Ulocladinm consortiale (Thiim.) Simmons (SiM-
Mons 1967).

Fairly infrequent on shoots, most rare on ripe
cereals. Isolated from leaf litter, roots, soil and
seeds (Grman 1957, Domscu and Gawms 1970,
Ervris- 1976, NeerGaarD 1977, STETTER and
Lerour 1979).

Verticillinm tenerum (Nees ex Pers.) Link Syn.
Verticillinm lateritium (Ehrenb. ex Fr.) Rabenh.
(Ganms 1971).

Sporadically on nearly all the specimens, mostly
on the shoots of barley and rye. World-wide.
One of the most common Verticillinm species
in soil (GiLman 1957, BArrRON 1968, Domscu
and Gawms 1970).

Also the other Verticillium species were found.
They are extremely common in soil (BARRON
1968, Gams 1971).

Volucrispora graminicola (Webster) Ingold (IN-
GoLD et al. 1968). One specimen. On Tréticum
aestivnm (winter wheat) V: Salo 9. 10. 1975.

Found on some grasses (WEBSTER 1954, MARELA
1972) and also in non-aquatic habitants (Park
1974).

_An unidentified aquatic Hyphomycetes, like
Acaunlopage tetraceras Drechsler (cf. NiLsson 1964,
IngoLp 1975).

Five specimens. On Triticum aestivum (winter
wheat) U: Sipoo 1. 11. 1977; EH: Pilkine 7. 6.
1976, 14. 8. 1976, (spring wheat) St: Kokemiki
5. 8. 1976. On Secale cereale V: Vihti 9. 5. 1977.

\

Volntella ciliata (Alb. et Schw.) Fr. (LiNpAU
1910).
Sporadically, mostly on ripe cereals. Widespiead,
isolated from soil (BARRON 1968, Domscu and

Gawms 1970) and in roots (STETTER and LErOUL
1979).

Also some other unidentified Volutella species
were found.

Deuteromycotina, Coelomycetes, Melanco-
niales. Colletotrichum garminicola (Ces.) Wils. (von
Arx 1957).

Common on ripe oats in 1977, fairly common on
ripe barley, sporadically on other specimens.
Found infrequently on spring cereals in Fin-
land (MikerLi 1975 c). World-wide on cereals
and grasses (SPRAGUE 1950, Morpur 1967,
Cvmx No 132). Colletotrichum is frequently re-
covered from soil (Barron 1968, Domsca and
Gawms 1970).

Deuteromycotina, Coelomycetes, Sphaerop-
sidales. Ascochyta sorghi Sacc. (SPraGur 1950,
PunrrrALINGAM 1979). :

Infrequent on the shoots of winter cereals (MA-
kELA and Parikka 1980). Found sporadically
on spring cereals in Finland (MAkeLA 1975 c).
General in North America, Europe and Asia,
at least in the cool temperature parts. Found
on cereals (SpraGuE 1950). '

Ascochyta horde; Hara (Spracue 1950, Puni-
THALINGAM 1979). ’ .
Infrequent on the shoots of cereals, common
only on the shoots of winter wheat in 1978 ‘
(MAxELA and Parixka 1980). Found sporadic-
ally on spring cereals in Finland (MAkELE
1975 c). Reported from Hordenm species in USA
(SeraGUE 1950).

Ascochyta Corda spp.

Uncommon on ripe cereals, mostly in 1975.
Found fairly infrequent also on many species
of grass in Finland (MAxEeLA 1972 a).
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Coniothyriume Corda spp.

Sporadically on ripe cereals and on the shoots
of wheat and barley, mostly on rye in 1975. Some
species of Coniothyrium found in soil (GILMAN
1957, Domscr and Gams 1970).

Coniothyrium cerealis B. Miller in Zogg is
found to be the only Coniothyrium species on
the dead culms of Triticum vulgare, Hordenm
vulgare and Secale cereale (Zoca 1951).

Hendersonia crastophila Sacc.

Infrequent. Found on the shoots of wheat in
five localities: V, U. The fungus is found fairly
common in Finland on cereals and very common
on 39 grass species (MAxELA 1977). Reported

on many graminicolous hosts (SpraGue 1950, .

Jorstap 1967).

Hendersonia culmicola Sacc.
Uncommon. Found on winter wheat and rye
in eleven localities: V, U, St, EH. The fungus
is found very infrequently on nine grass species
(MAkeLA 1977). Reported on grass in Europe
and USA (Seracue 1950, Jorstap 1967, Ars-
voLL 1975).

Hendersonia sp.

Sporadically on the shoots of winter cereals.

Phacoseptoria festneae Sprag. (Plate IV 35).
Sporadically on all the cereals. Found in Fin-
land rare but moderately common on barley,
rye and wheat (mostly on spring wheat) and
also on 12 grass species (MAKELA 1977). Re-
ported on many grass species (SPRAGUE 1943,
WeBsTER 1955, Jorstan 1967).

Phoma sensu Sacc. spp. (GrRoVvE 1935, DOREN-
BoscH 1970, BoErEma 1976).

Fairly common, mostly on ripe cereals. Many
species of the Phoma have been found in soil
(Gizman 1957, Dowmscr and Gams 1970,
SteETTER and LEROUL 1979).
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Pyrenochaeta de Not sp. (Grove 1935, Plate
IV 36).
Fairly common, mostly on ripe cereals in 1976.
Some species of the Pyrenochaeta have been

found in soil (Grrman 1957, DomscH and GAwms
1970).

Septoria nodorum Berkeley.

Common on wheat in 1975 and 1978. Fairly
sporadically on batley and rye (cf. MAKELA
and Parixxa 1980). S. nodorum has been found
in recent years mainly on cereals mostly on
wheat and moderately common on tworowed
batley. Besides this the fungus was found on 27
grass species throughout the country (MAKELA
1977). World-wide (Spracue 1950, Cmr Map
283).

S@toria tritici Roberge.

Found on the shoots of winter wheat in spring,

.mostly in 1976 (cf. MAKELA and Parikka 1980).

The fungus has occurred commonly in recent
yeats on winter wheat in the south-western
parts of Finland (MARELA 1977). Widespread
and important, particularly in moist conditions
(SeraGUE 1950).

Septoria Sacc. spp.

Sporadically on the cereals except oats (cf.
MAgeLA and Parikka 1980).

Wojnowicia graminis (McAlp.) Sacc. & D. Sacc.
(Plate IV 37, 38).
Found fairly commonly on Triticum aestivum
(winter wheat), infrequent on Secale cereale and
Hordeum vulgare and absent from Avena sativa.
Found in 22 localities: V, U, EH, PH (MAKELA
1979).

Bacteria, Actinomycetales. Sireptomyces spp.
(Waksman 1967).
Very common on the shoots of all the cereals.

Common on ripe ceteals, in roots (STETTER and
Lerour 1979).



DISCUSSION

The method of investigation used in this study, .

in which the stem base and roots of cereal plants
are kept in moist Petri dishes (moist chamber
culture) brings forth those fungal species which
are propagated by air-borne spores, as well as
soil fungi in large numbers (cf. GiLmanx 1957,
BarroN 1968, Domscu and Gawms 1970). On
the other hand, mildews, rusts and smuts are
not revealed by this method. This procedure
is likewise not suited for certain Phycomycetes.

The total number of fungi determined was
about 130 species belonging to 100 genera. The
majority of these fungi (70 genera) belonged to
the group Deuteromycotina and of these, 62 genera
to the order FHyphomycetes. The group Asco-
mycotina had 15 genera and Zygomycotina 7 genera
(cf. MiLLER et al. 1957, ArL-Doory et al. 1959,
Hopaces 1962, KyrYLENKO 1968 b, CHRZANOWS-
gr 1976, SterteEr and Lerour 1979).

The total numbers of fungi in all the cereals
were 20—25 9, greater than in the individual
cereal species. In winter cereals (ryé and wheat)
the incidence of fungi was almost the same in
the different stages of cereal development. On
the other hand, in spring cereals the shoots had
30—40 9, fewer fungal species than in the corre-
sponding mature plants. The effect of the
developmental stage of cereals upon the abun-
dance of fungi has been ascertained in many
studies (HOES 1962, 1964, KYrYLENKO 1968 a,
1968 b, Gams and Domscr 1969).

In the individual cereal samples the numbers
of fungal species were rather low, averaging for
all the trial years 3,7—6,3 (range 0—12) in
mature plants and 3,2—7,6 (range 0—14) in
the shoots. The highest numbers of fungi were
found in wheat, the fewest in oats. In barley
the amounts of fungi remained approximately

_ the same from year to year.

There were definite differences between the
different years of the study. The highest numberts
of fungal species per mature sample occurred in
the year 1976, when thére was a record large

grain yield. The growing season in this year
was- cool and dry. The fewest fungi were found
in 1975 when the growing season was warm

~with low rainfall. In the shoot samples these

annual differences were even greater (MAKELA
and Parixka 1980). '

The majority of the fungi determined were
saprophytes. In the mature grains and in the
shoots of winter cereals in autumn an average
of 20—30 9%, of the fungi were parasites. In the
spring the proportion of parasites varied from
15 to 40 9,. The most common parasitic fungi
were Fusarium culmorum, F. avenacenm, Gaenmanno-
mycec graminis, Rhigoctonia solani and Septoria
nodorum (MAKELA and Parrkxa 1980).

The most prevalent saprophytic fungi were
Cladosporinm-, Alternaria-, Penicillium- and Ae-
remoninm -species, Gliocladinm roseum as well as
Streptomyces -species.

Fungi which occurred with approximately
equal frequency in all the samples were relatively
few. Such fungi were some of the Fusarium-
species such as F. culmorum and Botrytis cinerea.
Many fungal species were found to be more
common in mature cereals than in the shoots,
such as e.g. Gaeumannomyces graminis, Gliocladium
rosenm, Melanospora spp., Monacrosporium spp.,
Rbigoctonia solani. Likewise in the shoots of
winter cereals many fungi were common in the
autumn e.g. Acremoniella atra, Alternaria spp.,
Cladosporium spp., Acremoninm spp. Epicoccum
purpurascens, Septoria modoram, ITrichothecium ro-
seum and Streptomyces spp. This indicates the
effect of the summer season in promoting fungal
abundance and also the possible effect of air
contamination. In addition the possibility of
seed contamination should also be taken' into
consideration. This applies likewise to the
shoots of spring cereals in the spring. But there
was only on rare fungus (Papulaspora spp.)
which in the shoots was more prevalent in the
spring than at other times of the season. This
indicates that the long winter in Finland, lasting
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duration of the thermal winter (0°— 0°C) 110—
145 days even in southern Finland (Korkxkr
'1966) reduces the numbers of fungi. In addi-
tion, the moisture is also significant, since in
autumn the conditions are generally much more
moist than in the spring or summer (Her-
MAKT 1967). b

Some of the fungi occutred similarly in all
of the cereal species (e.g. Acremonium spp.,
Alternaria spp., Rhigoctonia solani and many
Fusarium species). Many of the fungi, however,
preferred one certain cereal instead of others.

For example, species which appeared predomi-
nantly in the-shoots of winter wheat in the
spring were Ascochyta hordei, Septoria tritici and
Typhula incarnata. Also Septoria nodorum, Gaeuman-
nomyces graminis and Acremoniella atra wetre found
more Rhbynchosporium
secalis, Bipolaris sorokiniana, Drechslera graminea
and D. feres were specialized on batley, while

commonly on wheat.

Fusarium nivale was more prevalent on rye.
Drechslera  avena, Colletotrichum granrinicola and
Melanospora species were more common on oats
than on the other cereals.
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SELOSTUS

Viljan tyvissi ja juuristossa esiintyvd mikrosienisté Eteld-Suomen pelloilla

Karmo MAKELA ja LEENA MAKI

Maatalouden tutkimuskeskus

f

Vuosina 19751978 kerittiin 1035 tuleentunutta vilja-
niytettd 119 paikkakunnalta ja 1029 orasniytettd, 91
paikkakunnalta, Eteli-Suomesta, valtaosin viljelijain
pelloilta. Sienet kasvatettiin kosteakammiomenetelmalld
ja mairitettiin mikroskooppisesti.

Todettujen sienten kokonaismiéri oli n. 130 lajia,
jotka edustivat 100 sukua. Valtaosa niistd sienisti (70
sukua) kuului luokkaan Deuteronycotina ja siini ryhmidn
Hyphonsycetes (62 sukua). Luokkaan Ascomycotina kuului
15 sukua ja luokkaan Zygomycotina 7 sukua.

Sienten kokonaismiédrd oli 20—25 9% suurempi kum
yksittdiselld viljalajilla todettu. Eti kehitysasteella olevissa
syysviljoissa (ruis, vehnd) oli sienten lukumidri miltei
sama. Sen sijaan kevitviljan oraissa oli sienilajeja 30—
40 9% vihemmin kuin vastaavassa tuleentuneessa viljassa.

Yksityisissi viljandytteissi oli sienilajeja melko vihin,
tuleentuneessa viljassa eri_ vuosina keskim. 3,7—6,3
(vaihtelu 0—12) ja oraissa\kcskim. 3,2—7,6 (vaihtelu
0—14). Eniten sienid oli vehnilld,
Ohralla sienilajisto pysyi jokseenkin samana vuodesta

vihiten kauralla.

toiseen.

Eri koevuosien vililli oli eroavuuksia. Eniten sieni-
lajeja oli tuleentunutta viljaniytettd kohti vuonna 1976,
jolloin viljasatokin oli ennityksellisen suuti, Kasvukausi
oli viiled ja vihisateinen. Viahiten sienid oli vuonna 1975,
jolloin kasvukausi oli limmin ja vihisateinen. Oraissa
olivat vuosien viliset erot vield suurempia.

Niytteissd todetuista sienistd oli valtaosa saprofyytteja.
Tuleentuneessa viljassa ja syysviljan oraissa syksylld oli
_parasiitteja vain keskim. 20—30 %, Keviilli parasiittien
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osuus oraissa vaihteli 15—40 %. Yleisimmit parasiittiset
sienet olivat Fusarium culmorum, F. avenaceum, Gaenuman-
nomyces graminis, Rhbigoctonia solani ja Septoria nodorum.

Yleisimmit saprofyyttiset sienet olivat Cladosporinm-,
Alternaria-, Penicillinm- ja Acremonium -lajeja, Gliocladinm
roseum seki Streptomyces -lajeja.

Sienii, joita esiintyi jokseenkin yhtd yleisend kaikissa
niytteissi oli vihin. Tillaisia olivat mm. erdét Fusarium
-lajit ja Bozrytis cinerea. Useita sienilajeja, mm. Gaenman-
nomyces graminis, Gliocladinm voseum, Melanospora- ja
Monacrosporinm -lajeja sekid Rbizoctonia solani, todettiin
tuleentuneissa viljoissa yleisempini kuin oraissa. My0s
syysviljan oraissa oli syksyisin yleiseni monia sienid
kuten Acremoniella atra, Alternaria-, Cladosporinm- ja
Acremonium  -lajeja, Epicoccum purpurascens, Septoria no-
dorum ja Trichothecium rosewm. Timi viittaa kesikauden
sienid lisidvain vaikutukseen ja my6s mahdolliseen
ilmalevintddn. Toisaalta on huomioitava oraitten siemen-
saastunnan mahdollisuus. Timi - koskee my6s kevit-
viljan oraita keviilli. Mutta oli vain jokunen harva sieni,

joka oli oraissa yleisempi keviilld kuin muulloin (Papu-

Jaspora spp.). Timi viittaa siihen, ettd Suomen pitkd
talvikausi, Eteli-Suomessakin keskim. 110—145 pv,
vihentii sienten mairdd. Myds kosteudella on merkitysti,
silli syksyisin on kosteus yleensd huomattavasti suurempi
kuin keviisin.

Osa sienisti esiintyi samantapaisesti kaikilla vilja-
lajeilla, mm. monet Fusarium-lajit. Useat sienet suosivat
jotain viljaa toisten kustannuksella.
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ROOT AND FOOT ROT DISEASES OF CEREALS
IN SOUTHERN FINLAND IN 1975—1978

Kaino MAxReLA and PArvi PARIkkA

MAigeLi, K. & Parikka, P. 1980. Root and foot rot diseases of cereals in ’

southern Finland in 1975—1978. Ann. Agric. Fenn. 19: 223—253. (Agtric. Res.
Centre, Inst. Pl. Path. SF-01300 Vantaa 30, Finland).

The experimental material comprised 1035 mature cereal samples from 119 localities
and 1029 seedling samples from 91 localities in southern Finland. The samples
were from five ceteal species and were collected in the years 1975—1978. The
extent of injury’ to the stem bases and roots (20 plants per sample) was judged
visually. 'The fungi were determined mictoscopically using the moist chamber
method.

At harvest time the numbers of healthy mature plants were least in barley and
winter wheat (av. 7—23 %) and highest in oats (av. 30—38 %). Mild damage to
the stem base and moderately healthy roots were found in about 4 of the samples.
Severe damage, i.e. dark-coloured stem bases and roots occurred mostly in wheat
and barley (av. 35—45 %) and to the least extent in oats (less than 10 9%). The
seedlings were generally healthier than the mature cereals. Seedlings of spring
cereals were healthier than those of winter cereals. The winter cereal seedlings,
particularly their leaves, were healthier in the autumn than in the spring. Oats
showed less damage than the othet cereals, both in the seedling stage and as a
mature cereal. There were differences in the amount of damage from year to year.

There was only partial correspondence between the symptoms of root and
foot rot and the occurrence of the fungi causing the diseases. The greatest numbers
of fungi occurred in wheat and barley, the least in oats. There were more fungi
in the mature cereals and the seedlings of winter cereals than in the seedlings of
spting ceteals. The most common fungi were Fusarium culmorum (W. G. Smith)
Sacc., Gaeumannomyces graminis (Sacc.) v. Arx et Olivier, Rbigoctonia solani Kithn
and Septoria nodorum Berkeley.

Fusarium culmorum occurred commonly in all the cereals and was most prevalent

in the warm growing season 1975. Among the other Fusarium species, of which more
than a dozen were determfned, F. avenacenm (Corda ex Ff.) Sacc. was quite common
while F. graminearum Schwabe was rarely found. Only in the spring 1977 was F.
' nivale (Fr.) Ces. prevalent in the seedlings of rye. Noteworthy was Gaeumannomyces
graminis, which was most common in wheat, somewhat common also in rye and
only infrequently found in batley. This fungus occurred mostly in the cool, rainy
summer 1977. R/Jzzoclama solani was more prevalent in the autumn than in the
spring, and it was most abundant in the cool, dry season 1976. Septoria nodorum
occurred predominantly in wheat, mainly in the seedlings during wet growing
seasons and the following season. Bipolaris sorokiniana (Sacc. on Sorok). Shoemaker
" was found to some extent in certain fields of barléy. Psendocercosporella berpotrichoides

223



(Fron) Deighton occurred rarely in the seedlings of winter wheat during the
autumn. Colletotrichum graminicola (Ces.) Wils. was common in mature oats and

fairly common in batley.

Index wotds: Root and foot rot diseases, cereals.

INTRODUCTION

The structural alteration in Finnish agriculture
during the past two decades has resulted in an
increase in cereal growing and a corresponding
decrease in grassland. In 1976 52,1 9, of the
arable land was grown to cereals as compared
to only 34 9% in 1955 (Orr. Starrst. FInr.
Agcric. 1955, 1976). This change was most
pronounced in southern and southwestern Fin-
land where cereals and especially food grains
are concentrated (Raminko 1976).

Monoculture, or the continuous growing of
one cereal species on the same field, usually
results in a decline in the yields as compared
with rotational culture. In Finnish studies (TAL-
via 1970, TerrTINEN 1974, 1977) the declines in
yields were found to be greatest 3—5 years
after the beginning of monoculture, after which
the yield level became established at about 10—
20 9%, lower than that of rotational cultivation.
The reduction in yield was greater in fine sand
than in clay soils. Among the different ceteal
species wheat showed a greater . decline than
barley. According to other studies (e.g. ArroLA
1975) barley suffered more than wheat. Similar
results have been found in other Nordic countries
(JepseN and JeEnsEN 1976, Nystrém 1976,
OwssoN 1978), although considerable variations
occurred in the results. Recent Danish investi-
gations (HjorrsmorMm 1979) indicate that there
are no great differences in the yield levels be-
tween continuous barley growing and rotational
cultivation. :

The causes of the decline in yields in mono-
culture are held to be e.g. changes in soil fer-
tility, structure and nutrient proportions, ac-
cumulation of phenolic acids in the soil, as well
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as increases in numbers of weeds, pests and
plant disease organisms (BockmaN and KnoTH
1965, 1971, Domscu and Gams 1968).

On the other hand, many workers have pre-
sented results indicating no noteworthy differ-
ences between continuous and rotational growing
of cereals (ANDERsSEN 1979, HyorTsmoLm 1979,
SteTTER and Lerour. 1979). The theme of
monoculture has aroused great interest in last
years (cf. ScurppErs and Gawms 1979).

The practice of monoculture is nowadays
generally considered to be associated with in-
creased in root and foot rot diseases. The main
cause of root and foot rot is the presence of
soil fungi which damage the roots and stem
bases of the cetreal plants, thus diminishing water
and nutrient uptake (SPRAGUE 1950, NILssoN
1969). The plants are often infected already at
the seedling stage. Germination is reduced or
inhibited, and the injured, seedlings grown -
slowly or die (CorLmoun et al. 1968, Nirssox
1969, WesTe 1975, Kurera 1976, JENkYN and
King 1977, Vorrova 1977). Winter cereals are
especially susceptible (KorLk and Ousson 1975,
Orving 1978). As a result of the death of the
seedlings, the numbers of living plants decrease
and this may be partially responsible for the
reduction in yield (Srope 1968, HAEGEMARK
and OLvANG 1976). The depression in yield is
mainly due to the fact that these diseases reduce
the number of straws and consequently also the
number of heads per plant. Also the 1000-grain
weight is generally reduced (TErrriNen 1977,
Owsson 1978). The weather conditions and the
culture methods are considered to be extremely
important factors in the occurrence of root and



foot rot diseases (TarLvia 1970, TEITTINEN
1974, 1977, OvrssoN 1978).

The most important causal agents of root
and foot rot diseases are Bipolaris sorokiniana
(Sacc. on Sorok.) Shoemaker, Fusarium species,
especially F. culmorum. (W. G. Smith) Sacc., F.
graminearam Schwabe ja F. avenaceum (Corda ex
Fr.) Sacc., Gaenmannomyces graminis (Sacc.) v.
Arx et Olivier, Psendocercosporella herpotrichoides
(Fron) Deighton, Rhigoctonia Kithn
(SrracuE 1950, MooreE 1959, KorsrUNOVA
1968, NiLssoN 1969, Focke 1971). Also Septoria
nodorum is a common parasite in the stem bases
of cereals (REINECKE 1977) and causes the same
type of damage to seedlings as do root and foot
rot diseases (Kierrerser 1961, MAKELA and
Mixkr 1980).

In addition there are a large number of dark-

solani

coloured fungi which inhabit the stem bases
and roots of cereals as saprophytes or weak
patasites and cause symptoms resembling those
of root and foot rot diseases. Such fungi are e.g.
certain species of Arthrinium, Colletotrichinm
graminicola (Ces.) Wils., Dictyosporium spp., Glio-
mastix murorum (Corda) Hughes, Melanconinm
sphaerospermum (Pers.) Link. Melanospora spp.,
Opbiobolus  herpotrichus Sacc., Periconia  spp.,
Phoma spp., Torula herbarum (Pers.) Link ex

S. F. Gray, Ulscladinm consortiale (Thiim).
Simmons ja Wojnowicia graminis (McAlp.)
Sacc. & D. Sacc. (SpraGUE 1950, NirssoN

1969, Savt 1976, StETTER and LEROUL 1979,
MAixerLid and MAxr 1980).

In Finland there are reports dating back to
the 1890’s of cereal diseases with spotting of
the plants resembling root and foot rot, for
example from the provinces of Varsinais-Suomi
and Savo (Reurer 1912). In 1910 REUTER
(1912) observed at Hausjirvi in South Hime a
disease in winter rye which he presumed to be
caused by Opbhiobolus graminis Sacc. and O.
herpotrichus (Fr.) Sacc. As wheat cultivation ex-
panded in the 1930’s, increased attention was
given to the crop damage caused by root and
foot rot diseases (Hrrrr 1933). Investigations

of »light heads» of wheat were begun in 1936,
at which time the disease occurred abundantly
in the provinces of Satakunta, South and
Central Ostrobothnia and South Savo (Jama-
LAINEN 1946). These studies on »shrivelheads»
of spring wheat were continued by HArpH
(1953) in the years 1946—1953. He discovered
Cercosporella herpotrichoides Fron to be the most
common fungus, and he isolated it for the first
time in Finland. According to his studies this
fungus occurred in all parts of the country but
most seriously in the coastal/ regions along the
Gulf of Bothnia. In addition he isolated from
diseased stems Fusarium avenaceum (Fr.) Sacc.
and F. culmorum (W. G. Smith) Sacc. as well
as certain other species of Fusarium. In 1958 the
fungus Opbiokolus graminis was isolated from
spring wheat in the province Uusimaa for the
first time in Finland (IxAnemo 1959). Root and
foot rot, eyespot, take-all and shrivelheads are
especially predominant in this area of the country
(IxiuEMo 1960).

Because of the abundant occurrence of root
and foot rot diseases, intensive studies were
begun on these diseases in the 1960’s. In the
years 1964—1966 Torviamen (1966, 1970) inves-
tigated root and foot rot on 142 farms located in
the provinces of West Uusimaa, South Sata-
kunta and South Savo. The results showed that
these diseases were common in the entire region
of cereal growing in Finland. The most important
host plants of take-all (Gaenmannomyces graminis)
were spring and winter wheat as well as batley.
From oats To1viaiNeN (1966) isolated Gaenman-
nomyces graminis (Sacc.) v. Arx et Olivier var.
avenae from Satakunta (Huittinen) in 1962.

Eyespot herpotrichoides
(Fron) Deighton also occurred sometimes in

(Psendocercosporella

large numbers. Fusarium cu#lmornm was encoun-
tered to some extent, whereas Rhigoctonia solani
Kithn was found only rarely.

In the years 1963—1965 extensive field trials
were established at the 12 experimental stations
of the Agricultural Research Centre in order to
study the unfavourable effects of continuous
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cereal cultivation. In the trials spring wheat and
oats, or barley and oats, were grown both in
continuous monoculture (1963—1977) and in
rotation with grass leys (1970—1972). From
the year 1973 all the plots were grown contin-
uously with cereals. The soil types in the trials
consisted of silt, fine sand and clay (VirRTANEN
1979). In the years 1963—1968 the most common

stem diseases were take-all (Ophiobolus graminis)’

and -eyespot (Cercosporella herpotrichoides). Take-
all was most prevalent in spring wheat and oats,
while eyespot occurred mostly in barley. Both
diseases had generally a mild incidence. Stem
damage caused by Fusarium species was most
common in 1963. In the same year Rhigoctonia
solani occurred to same extent (Tarvia 1970).

In the years 1975—1977 the most dominant
causal agehts of root and foot rot were Fusarium
culmorum and Gaeumannomyces graminis, as well
as to a certain extent Rhbigoctonia solani. On the
other hand Psendocercosporella herpotrichoides was
virtually not found at all (Virranewn 1979,
MikerLA and MAkr 1980). When grown in
monoculture, wheat thrived more pootly than
in rotational culture. Also barley showed con-

siderable yield losses in monoculture. On the
other hand there were no appreciable differences
in oats between continuous and rotational cropp-
ing (TerTTINEN 1974, 1977). According to VIRr-
TANEN (1979) both wheat and oats thrived
better in rotational than in continuous culture.
The differences from year to year were very
great (TaLvia 1970, TorviaiNen 1966, 1970,
TerrriNen 1974, 1977, VirTANEN 1979).

The present study is based upon material
collected in the years 1975—1978 from cereal
fields in southern and southwestern Finland.
The material comprised both mature cereal
plants and seedlings gathered in the autumn and
spring. .

In this study attempts were made to ascertain
the most common fungal species causing root and
foot rot diseases, their occurrence in different
cereal species and at different developmental
stages, as well as the annual and regional dif-
ferences. The same material was also used to
determine all the other fungal species occurring
in the stem bases and roots of cereals (MAKELA
and MAZikr 1980).

MATERIAL AND METHODS

Region

The region of this study comprised mainly the
southwestern and southern parts of the country,
in the cultivation zones I and II (Figs. 1 and 2).
This region makes up 1/3 of the total arable
land in Finland (2,6 million hectares). It is an
area of cereal cultivation, especially bread grains.
During the years of this investigation the above-
mentioned region included over 90 9 of the
winter wheat area of the country, nearly 80 9,
of the spring wheat area, 60 %, of the rye and
40 % of both barley and oats (OFF. STATIST.
FmNe., Acric. 1975, 1976, 1977).

Of all the cereal samples about 1/3 came
from Varsinais-Suomi, 1/4 from Uusimaa and
Hime, and 14 9, from Satakunta. Of the winter
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wheat samples 44 %, were collected in Varsinais-
Suomi, while 1/3 of the rye samples came from
Uusimaa and Varsinais-Suomi, and 1/3 of the
barley samples from South Hime. Only 4 9,
of the total samples originated from areas
outside of southern Finland.

The soil type in the region of the study is
principally clay, especially in Varsinais-Suomi.
In Uusimaa fine sand and silt also occur in some
places in addition to clay. In South Hime and
Satakunta the proportion of clay soils is con-
siderably less, while silt, fine sand and light
mineral soils are correspondingly greater (Kur-
k1 1979). The cereal samples were collected
chiefly from clay and silt soils, to some extent
also from sandy soils.
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Fig. 1. Origin of the mature cereal samples by localities
in Finnish cultivation zones (I—IV) in 1975—1977.

Numbets of cereal samples

The cereal samples were collected principally
from farmers’ fields, and to a minor extent
from the experimental stations of the Agricul-
tural Research Centre. They were collected from
a total of 1035 fields in 119 localities (Table 1).
Seedling samples were otiginated in 1029 fields
and in 91 localities (Table 2). All cereal species
were represented in the matetial. Most abundant
were samples of wintér\ and spring wheat and
barley, while rye had the fewest samples. The
numbers of samiales varied from year to year.

Fig. 2. Origin of the seedling samples of cereals by
localities in Finnish cultivation zones (I—IV) in 1976—
1978, as well as the meteorological obsetvation stations:
1 Helsinki-Vantaa, 2 Turku, 3 Pori, 4 Jokioinen, 5 Utti.

Despite this, the relative proportions>of the
cereals represented in the total material remained
almost the same. In 1975 and 1976 there were
fewet.rye samples than usual, in 1976 there were
fewer barley samples, and in 1978 the numbers
of spting cereal seedlings were less than usual.
Especially numerous were the samples of spring
wheat in 1977. In the different years most of
the samples were taken from the same areas or
even from the same fields. In the districts where
the samples were gathered, the most common
cereal varieties grown during the years of this
study were: tye: Voima, Toivo and Pekka;
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Table 1. Frequency of the parasitic soil fungi causing foot and root rot diseases of the mature cereal samples
investigated in 1975—1977

;_I;ll:‘e::i;l’tl:ds Parasitic fungi, % of the mature cefeal samr;les investigated in the fields
Cereal Year 2 .§ g § go ] x
-2 B & g Y 2 3 8, 13
Sl g | ¥ s8] ¢ O I A - B
s | s | E s 5|3 S| 3| 3 O T 5 I
S I I - O O I I O B O B 31 |3
] ] A S 2 . . . N I R ST 3 Y
Zlz | &[S |w | x|« || |¢ |0 [S83|R|&
Rye ©oovvneeinnnn. 1975 ©| ©® 50 | 67 17 17 | 17
1976 17 24 29 | 67 13 | 13 50 |
1977 27 47 11 38 | 49 11 30 28 2
Total | 1975—77 | 35 77 .
Mean 0,6 | 36| 56 12 | 23 34 3
Winter wheat ...... 1975 31 83 1 1] 37| 89 7 19| 11 2 2| 23
1976 32 72 17 | 57 3 10 | 14 1 53 4
1977 45 94 1] 38| 51 2 11 | 40 1 18 | 20
Total | 1975—77 | 60| 249 ‘
Mean 0,4 1] 32| 66 4 13| 23 2 23| 17
Spring wheat ...... 1975 48| 111 4 11 31 86 5 27 1 1 9
1976 40 99 2 3 6 83 2 13 14 ) 50 6
1977 55| 152 5 24 | 59 4 11 47 | 0,7 27 10
Total | 1975—77 | 84| 362
Mean 2 31 21 74 4 15 24 | 0,6 25 9
Batley ............ 1975 49 95| 19 5 221 70 6 20 3 1 -1 5
1976 28 52| 12 2 10 65 4 19 6 48 2
1977 46 95| 13 | 14 | 13 | 47 8| 31 26 5
Total | 1975—77 83| 242
Mean : 15 8 16 60 9 15 15 | 0,4 21 5
Oats .............. 1975 29 35 14| 20| 94| 14 29 3
1976 13 36 25| 22| 69 31 33
1977 24 34 38| 21| 44 6 9 6 18
Total | 1975—77 | 54| 105
Mean 26| 21 70 7 23 2 1 17
All the cereals ... .. 1975 75| 330 7| 4| 20| 82| 7 23| 4| 2 1
1976 50| 282 3 5 13 70 2 16 11 | 0,4 48
1977 701 423 3 10 | 26 52 2 10 | 36 | 0,5 24
Total | 1975—77 | 119 |1 035
Mean 4 6| 24| 67 5 16 | 19 1 23
winter wheat: Vakka, Nisu and Linna; spring Time of collection of the samples

wheat: Ruso and Tihti; 6-rowed barley: Pomo

and Otra; and 2-rowed barley: Karri and Ingrid. The cereal samples were collected at. the milky
Of the oat varieties, the most commonly grown development stage (stage 11, LARGE 1954).
were Ryhti, Tiitus and Pendek (OFF. StaTisT. The time of the scason when the samples were
Finw., Acric. 1976). collected varied considerably from year to year,
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‘

.Table. 2. Frequency of the parasitic soil fungi causing foot and root rot diseases of the shoot samples,
investigated in 1975—1978.

The samples
investigated

Parasitic fungi, % of the shoot samples investigated in the fields

Cercal Year % !‘f 5 X § g % ;i ff;-i g _g
2 S R . R . < | 8 s | 83 % S
: . | 388§ sy 8 & 3 § | €8 2 [ 3] & | 3
] o Q| Sy | B8 |, . . 2 3 S 2 ST 3 <
20 2 |[S8|Sy| 28w | w | | & |[C&%| G [28| = |8
Gathered in antumn
Rye .....covvvvnnns 1975 26 30 3 33| 70 33 13
1976 15 21 29 | 48 5 24 43
1977 29 51 26 67 4 16
Total | 1975—77 | 48 102
Mean 1 28,1 64 3 23 9 4
Winter wheat ...... 1975 37 84 2 21 31 85 2 46 8 44
1976 19 55 11| 55 2 26 2] 46| 29
1977 33 77 1 22| 58 18 3| 16
Total | 1975—77 | 48 | 216! .
Mean 1| 23| 68 1 31 41 13| 30
The both cereals . .. 1975 40 | 114 21 32| 81 2 38 , 6 36
: 1976 24 76 16 | 53 3 25 1 45 | 21
1977 43 | 128 1 23 | 62 2 17 2 9
Total | 1975—77 | 61 | 318
Mean 1106 25] 66 2 26 2] 11| 22
Gathered in spring
Rye .o.oovinienoinn 1976 15 16 13 | 69 38 6
1977 | 26 55 2 6 | 40 2| 47 12 16 2
. 1978 27 45 2 9| 18 2 2| 36 2 4
Total | 1976—78 | 42 | 116
- Mean 1 1 8] 35 21 23| 29 9 3
Winter wheat ...... 1976 * | 35 80 25| 78 54 1 1 11
1977 40 83 21 11| 59 111 24 15| 29
1978 © | 35 | 104 13| 18 2 50 L1 51
Total | 1976—78 | 49 | 267
Mean 107 161 49 1 3| 43 0,4 51 32
Spring wheat ...... 1976 21 47 2 23 | 66 19 30 -
1977 25 49 4] 92 2 14 6 2
1978 9 15 20| 93 20
Total | 1976—78 | 37 | 111
Mean 1 14 | 81 1 17 15 1
Batrley ............ 1976 35 50 2 14 | 76 18 24
1977 34 70 1 3 64 1 27 9
1978 16 40| 5 5| 68 30
Total | 1976—78 | 60 | 160 :
Mean 3 71 741 0,6 24 J11
Oats ..vevnetinnnn. 1976 14 19 5| 53 37 32
1977 23 32 9 75|, 3 22 9
1978 5 6 50 | 50 50
Total | 1976—78 | 40 57
Mean 12 | 65 2 30 16
All the cereals’. .. .. 1976 48 | 1161 1 19| 72 35 16
1977 51| 151 0,3 1 71 67 1) 12| 22 11
1978 48 61 1 12| 34 1105 41 1
Total | 1976—78 | 80 | 711
Mean 11041 12| 59 1 5] 31 10
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depending on the weather. In 1975 the grains
ripened early, both winter and spring cereals
at almost the same time. The collections were
begun at the end of July and continued for
nearly a month (23. 7.—19. 8.). In 1976 the
sample gathering was done in August and the
first part of September, lasting more than a
month (1. 8.—9. 9.). The autumn of 1977 was
especially late. The samples of winter cereals were
collected mainly in August (10. 8.—8. 9.) and
those of spring cereals for neatly 1% months,

- until the end of September (10. 8.—22. 9.).

The seedling samples (stages 1 and 2, LARGE
1954) of winter cereals were generally gathered in
October, but in 1976 this took place late in
November and even in the following May. The
seedlings of spring cereals were usually collected
in June. Exceptionally eatly was the spring of
1975 while 1978 was late.

Experimental Methods

The mature grain and seedling samples were
taken from the fields with their roots. Twenty
plants from each field were analyzed. In order
to facilitate visual examination the roots were
carefully rinsed under running water. For each
mature sample an evaluation was made of the
quality of the stem base (length 10 cm), the
roots and the head. For the seedlings (1—4-leaf
stage) the stem base and leaves were evaluated.

The stem bases were classified into five cate-

gories: 1. pale, 2. mottled, 3. brown, 4. spotted,
5. black. The pale stems showed no colour at
all. The mottled stems had indefinite streaking
and spotting. In the spotted stems there ‘were
one or more distinct spots. In the brown and
black stems the colour was uniform. ,
The roots of the plants were divided into
three categories: 1. healthy, 2. moderate, 3.
diseased. The healthy roots were pale and dense,
whereas the diseased ones were discoloured,
grey and sparse, and the moderate roots were
intermediate in their symptoms. The heads were
classified into healthy and shrivelled. Detailed
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analyses of the individual ceteal samples were
performed in the years 1976 and 1977.

Determination of the causal agents'

‘The most typical of the mature samples were
severed at about 10 cm above the base, rinsed
under running water, and the basal part with
its roots was placed in a Petri dish (@ 15 cm)
on moist fliter paper for the purpose of culturing
and identifying the fungal species. In the diseased
samples the heads were analyzed in the same way.
The dishes were initially kept for two weeks at
room temperature (420—+24 °C) followed by
two weeks at 410 °C and subsequently another
1—2 weeks at room temperature. The culture
period was thus more than a month. During
this period the fungi were examined a few times
with a stereomicroscope. In addition most of
the dishes were also studied with a light micro-
scope for measurements and microphotographs.
Slides were prepared with lactic acid, and these
also were measured and photographed.

The results are presented by cereal species
and by years, as well as totals for all the trial
years. The incidence of fungi is expressed as
percentage by number of the examined samples.
or fields.

Weather conditions

The weather conditions during the trial years.
fluctuated greatly. There were also considerable
differences between the localities. The meteoro-
logical observations were taken from five stations
of the Finnish Meteorological Service, namely
Helsinki-Vantaa airport (Uusimaa), Turku (Var-
sinais-Suomi), Pori (Satakunta), Jokioinen
(South Hime) and Utti (Kymenlaakso) (Fig. 2)
(MeTEOROL. YEARB. Finv. 1975, 1976, 1977,
1978). The results are presented graphically
from Helsinki, Turku and Jokioinen (Fig. 3).
The summer 1974 was rainy. The following
winter 1974—1975 was mild with little snow.
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Growing season 1975. Owing to warm
weather early in the spring, the winter cereal
seedlings began their growth rapidly. Likewise
the spring cereals were sown early with subse-
quent good germination. Severe frost in late
May and eatly June caused heavy damage,
especially to rye. The growing season was, with
the exception of a cool July, generally warm
and dry. Long dry periods.occurred particularly
in Kymenlaakso and South Hime. On the other
hand there were many local rain showers,
especially in western Finland. The autumn was
also warm and dry. In the southern parts of the
country the winter 1975—1976 was mild with
little snow.

Growing season 1976. The ground frost
was deep and it melted slowly. Cold, dry condi-
tions retarded plant growth. Seedlings of winter
cereals, however, survived the winter quite well.

Spring cereals were sown later than usual but

the germination was good. The growing season
as a whole was cool and somewhat drier than
normal. Only May and the beginning of August
were warm. Normal precipitation occurred only
in June. Local showers in July increased the
total rainfall considerably. Also in the beginning
of August abundant rains fell in e.g. Helsinki,
Pori and Utti. Harvest took place late, and the
autumn sowings were likewise late. The autumn
was cool and the growing season ended early.

Growing season 1977. Seedlings of winter
cereals, especially rye, suffered from winter
frost damage. The winter 1976—1977 was long

with a deep snow cover and only little ground
frost. Spring sowings took place 1—2 weeks
later than normal. This was due to heavy rains
which fell in the middle of May, principally in
southwest Finland. In general the growing
season was cool and rainy, with the exception
of short warm periods in the beginning of June,
August and September. The heaviest precipita-
tion occurred at Turku, whereas the rainfall was
close to normal at Utti and Jokioinen. In late

-autumn the weather was warm and rainy. The

winter 1977—1978 had little snow and the
ground froze to a great depth, especially in
southwest Finland.

In late winter and early spring 1978 the weather
was sunny and windy. As a result, the snow
evaporated directly into the air and the plants
were damaged by the drying wind and the
ground frost. May was extremely dry, virtually
without rain at all. Because of the deep ground
frost, spring sowings were carried out late,
particularly in southwest Finland. June was
very cool and rainy.

As regards weather conditions, the growing
seasons 1975 and 1976 were favourable, even
though they were somewhat drier than normal.
The least rainfall occurred in 1975 in Kymen-
laakso and South Hime. This season was also
quite dry in Varsinais-Suomi. The cool weather
prevented excessive evaporation, so that the
plants did not suffer from the drought. The
growing season 1977, on the other hand, was
unfavourable since it was both rainy and cool,

RESULTS

Injures in mature grain samples

At the time of the autumn harvest, the major
part of the stem bases and roots of the grain
samples were damaged in one way or another
(Fig. 4). The degtee of injury in the stem bases
and roots was usually correlated, so that if the
plant had many pale-coloured stems, then the
roots were healthy; and the reverse was also true.
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In winter cereals there was generally a cor-
relation between pale (= healthy) stems and a
good root system. In contrast, the spring cereals
had more pale stems than good roots. In 1976
the numbers of pale stems in all the cereal species
were double those found in the year 1977. In
the roots no corresponding differences occurred
with the exception of oats. In oats the amounts
of pale stems and good roots were considerably
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Fig. 4. Different lesions (%) in basal parts of stem and

roots of the mature cereal samples researched in 1976 (1)

and 1977 (2). (A = rye, B = winter wheat, C = spring
wheat, D = barley, E = oats).

greater (30-—80 %) than in the other cereals
(10—35 9%,). Exceptionally low were the figures
for barley and winter wheat (7—23 %).

Moderately damaged, mottled stems as well
as moderately damaged roots occurred in almost
equal numbers in both trial years and in all the
cereal species, amounting to about 145 of the
plants examined. Only in oats was the incidence
.of mottled stems considerably greater in 1977
than in 1976. i

Obviously discoloured stem bases included
the three categories brown, black and spotted.
Their total numbers corresponded generally
with the poor roots in all the cereals. The
highest figures for this group were found in
wheat and barley (35—45 9,) and the lowest
for oats (below 10 9,). In rye this group repre-
sented about 20—30 %, of the plants.

In both of the trial years the numbers of
brown-stemmed samples were ‘apijroxirnately
the same, 15 9%, in rye, 20 %, in wheat and 5 %
in oats. Batley diverged from these other cereals.
In 1977 more than 1/3 of the barley samples
had brown stem bases, which was nearly twice
as ‘many as in 1976. Black-stemmed plants were
very scarce in 1976, but in 1977 their numbers
had increased many-fold, particulatly in spring
wheat but also in winter wheat and barley. In
tye they amounted to only a few percent and
were virtually non-existent in oats. '

Spotted stem bases were likewise sparse in
occurrence. Their maximum numbers were found
in winter cereals in 1977, in spring cereals in
1976. The highest numbers occurred in wheat
and barley, while oats had vittually no spotted
stems at all. »

There were distinct differences in the plant
injuries between the two trial years. In 1977
there were clearly fewer pale stem bases and
healthy roots than in 1976. In 1977 brown-
stemmed barley and mottled-stemmed oats
were much more numerous than in 1976. Simi-
larly black-stemmed samples were more abun-
dant in 1977 than in 1976, and this was most
evident in wheat and barley.

Injuries in seedlings

The major part of the scedlings, both those
collected in the autumn and in the spring, were
healthy (Fig. 5). In this respect they differed
clearly from the mature grain samples (Fig. 4).
The rye and winter wheat samples gathered in
the autumn had very similar amounts of injuries
in the same years. Likewise the stems and leaves
had similar injuries. The difference occurred
only in the amounts of damage to the roots.
In both cereal species such root damage was
greater in the autumn 1977 than in 1976.
The injuries in winter cereal seedlings, partic-
ularly in the leaves, were considerably greater
in the spring-collected samples (av. 45—60 %)
than in the autumn-collected samples (av. 10—
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Fig. 5. Different lesions (%) in basal parts of stem (1), leaves (2) and roots (3) of the seedling samples
researched in 1976—1978. (A = rye, B = winter wheat, C = spring wheat, D = batley, E = oats) (cf. Fig. 4).

15 9,). Likewise the stems and roots showed
more damage in the spring than in the autumn.
Especially severe damage occurred in the roots
in the spring 1977.

The seedlings of spring cereals had distinctly
less injury than those of winter cereals. Con-
cerning the different cereal species, oat seedlings
were healthier than the others.

Numbers of shoots

The numbers of shoots per plant varied in the
different cereal species and trial years (Table 3).
The highest numbers of shoots were in rye,
averaging 2,3 and 1,8 in the two trial years
1976 and 1977. The fewest occurred in spring
wheat, with corresponding figures of 1,3 and
1,3. In winter cereals, especially rye, the number
of shoots was greater in 1976 than in 1977.

Shrivelled heads

The incidence of shrivelled heads fluctuated

widely according to the different cereal species
and years (Tables 3 and 4). In 1976 there were
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considerably more shrivelled heads than in 1977.,
Only in oats was the relation reversed. The
most shrivelled heads occurred in winter wheat,
the fewest in oats and barley. The black-stemmed
shoots had more shrivelled heads than the other
categories of samples. .

In 1975 wheat plants were observed with
violet-shaded, metallic-appearing discolouration
in the heads, of which some wete shrivelled.
This occurred in 1/3 of the winter wheat fields
and over 14 of the spring wheat fields. In other
years this phenomenon was not observed. It
was apparently related to the unusually dry and
warm weather in that year.

Fungi causing root and foot rot diseases

In the trial years 1975-—1978 about 20 fungal
species known to cause root and foot rot
diseases were found in the cereal samples. This
number represents about 20—30 %, of all the
130 fungal species found in mature cereals and
seedlings of winter cereals, and 15—40 9%, of
the total fungi in spring-collected seedlings.



Table 3. Number of shoots per individual plant and extent of the shrivelled eats, 9, of the mature cereal
samples investigated in 1976 and 1977.

el Numbet Nur.nbe_r ﬂof sho;)ts Shtivelle::l cars, % of
Cereal Year Nl;:vbccs‘;igicez ds of shoots per individual plant shoots investigated
investigated
mean range mean range
Rye ....oovviiiinnenn 1976 24 389 2,3 1—9 12,2 0—17
1977 47 960 1,8 1—10 4,0 0—21
Total 1976—1977 71 1349 ~
Mean : 1,9 6,8
Winter wheat ......... 1976 72 1340 1,6 1—7 19,7 0—55
- 1977 94 1 840 1,5 1—7 5,9 0—56
Total 1976—1977 166 3180
Mean 1,5 12,0
Spring wheat ......... 1976 99 ° 1960 1,3 1—6 7,7 0—25
N 1977 152 2900 1,3 1—6 5,9 0—60
" Total | 1976—1977 251 4860
Mean 1,3 6,6
Barley ............... " 1976 52 860 1,8 1—8 3,4 0—10
1977 95 1820 1,8 1—10 1,8 0—14
Total | 1976—1977 147 2680 '
Mean 1,8 23
Oats ..o veiniiinnnnn 1976 36 620 1,5 1—5 1,9 0—16
1977 34 680 1,4, 1—5 3,2 0—17
Total 1976—1977 70 1300
Mean 1,4 2,8
All the. cereals ....... 1976 283 5169 1,7 1—9 9,0 0—55
1977 422 8 200 1,6 1—10 4,2 0—60
Total 1976—1977 705 13 369 1—10 0—60
Mean 1,7 6,1

The majority of the fungi were saprophytes
(MAkeLAE and MAixr 1980). The present study
describes the twelve most important fungal
species causing root and foot rot (Table 1).

Root and foot rot fungi occurred mostly in
barley and wheat and least in oats. There were
also differences between the trial years, with
most fungi in 1976 and fewest in 1977. More
fungi were found in mature grain samples and
seedlings of winter cereals than in seedlings of
spring cereals.

The most prevalent of the root and foot rot
fungl wete [Fusarium culmornm, F. avenacenm,
Gaenmannomyces graminis, Rhigoctonia solani and
Septoria nodorum. Only small amounts of Pseudo-
cercosporella herpotrichoides were found.

Fusarium species. During the trial years
Fusarinm species occurred commonly in all the
cereals and in nearly all of the samples. More
than a dozen of them were determined, of which
the most common were Fusarium avenaceum and
F. culmornum. Appearing infrequently were F.
graminearum, F. poae and F. semitectnm. Only
sporadically were the following found: F.
acuminatum, F. arthrosporioides, F. coerulenm, F.
tricinctum and F. oxysporum. F. mivale occurred
only in the seedlings of winter cereals in the
spring. .

There were virtually no differences. between
the cereal species in regard to the incidence of
Fusarium species. In contrast, there were dif-
ferences between the years. In 1975 Fusarium

- 235



Table 4. Frequency of the parasitic soil fungi in the ears of the mature cereal samples (cf. Table 1).
Parasitic fungi, % in the ears
No. of ] N 5 §
N ~ = 2 @ 3
Cereal Year o s | s < g g i3 3 L
8§85 | 8§ | €8 i i 5 By & 5
Rye ...l 1975 — — — — — —_ — | — —
1976 15 27 13 40 7
1977 46 57 26 2 | 35 2 4
Total 1975—77 61
Mean 49 23 1,7 36 3 3
Winter wheat ......... 1975 44 2 11 27 20
1976 61 3 21 2 21 2 3
1977 92 1 2 9 23 24 1 34
Total 1975—77 197 .
Mean 1 1,7 8 23 0,5 22 1 17
Spring wheat ......... 1975 38 18 40 3 29
: 1976 75 7 69 12 1 1
1977 152 1 23 40 2 29 1 22
Total 1975—77 265
Mean 0,7 18 48 2 24 1 13
Barley ............... 1975 16 25 19 19,
1976 29 3 3 28 3 35
1977 94 15 18 21 6 37 13
Total 1975—77 139 )
Mean 11 16 22 5 35 9
Oats ...oovvininiinn.. 1975 —_ — — — — — — — — —
1976 9 33 22
1977 34 6 9 18 18 3 21
Total 1975—77 43
Mean 5 7 14 21 2 21
All the ceteal ........ 1975 98 1 16 31 1 23
1976 189 0,5 6 41 1 21 2 2
1977 418 5 1 22 29 2 0,2 30 1 19
Total 1975—77 705
Mean 3 0,6 17 32 2 0,1 27 1 12
was more common and in 1977 less common yeats showed considerable differences. This

than in the other years. An exception to the
other Fusarium species was F. nivale, which
appeared abundantly only in the spring 1977
in rye seedlings (Table 2).

Fusarium culmorum (W. G. Smith) Sacc.
Fusarium culmorum was” very common in all
the cereals and at all stages of growth. In the
mature samples it was found at 101 localities.
There were no appreciable differences between
the different localities. On the other hand, the
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fungus was most prevalent in the year 1975
(Table 1, Fig. 6).

The stem bases which were infected with
Fusarium culmorum were, up to their first node,
“uniform brown in colour or were mottled or
spotted brownish in varying degrees (Fig. 7,
Plate III). Pale red discolouration also could
be seen. Under moist conditions a reddish
mycelium developed between the leaf sheath

and the stem, and in addition sprodochia.



Fungi %
1004

D= Fusarium culmorum n
graminis

1975

. F {

80|
70 "
60 ’ F
50 V 7 i
404
304 ,

20

104

I =Gaeumannomyces

|

nA

% ;
= Rhizoctonia solani E = Septoria nodorum

1976 ‘ 1977

|

L.

: :

WLnfer
wheat

l I~ I I

Spring  Barley Oats

Winter
wheat

Rye
wheat

Fig. 6. Frequency (%) of some most important

|

Spring  Barley Oats
wheat

gl ¢

Rye Winter
h

Spring
wheat

Oats
wheat

Barley

patasitic fungi on mature cereal samples researched in the
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appeared in the roots and stems, especially at
the nodes. The infected stem bases were mote
brittle than healthy ones and thus were easily
broken. This was especially clear in the late
summer and autumn 1975 when diseased plants
were abundant and the weather at ripening time
was dry for along period. The roots of plants
infected by F. culmorum were coloured brown
in varying degrees and were to some extent
weakened (Fig. 7, Plate III). In seedlings the
disease was manifested as a darkening and
rotting of the stem bases and roots. Oats dif-
fered from the other cereals in the fact that even
though the fungus occurred commonly, the
disease symptoms did not appear.

In comparing the incidence of dark stem bases
in the cereal samples with the amounts of
Fusarinm culmorum determined in the fungal
cultures, it was ascertained that they did not
always correspond with one another. In the
years 1975 and 1976, however, there was a
positive correlation, whereas in 1977 no such
correlation was found.

Fusarium avenaceum (Corda ex Fr.) Sacc.
Fusarium avenacenm was considerable less com-

mon than F. culmorum; these two fungi often
occurred together. The greatest amounts of
this fungus were found in mature plants of
winter cereals, and the least in the seedlings
collected in the spring.

Fusarinm graminearum Schwabe, perfect stage
Gibberella geae (Schw.) Petch occurred rarely.
The perfect stage was encountered only in
mature cereals. These fungi were relatively
more common in oats in 1975. Oat plants infected
by Gibberella zeae occasionally had roots which
were poorly developed, a dark stem base and
shrivelled heads. In the tissue of the stem bases
the fungus produced black ascocarps and from
them exuded great masses of salmon-coloured
ascospores (Plate III).

Fusarium nivale (Fr.) Ces. Fusarium nivale
occurred commonly in rye seedlings only in
the spring 1977. At this same time the fungus
was much less prevalent in winter wheat. The
injuries to the seedlings varied widely according
to the intensity of infection. If the leaves are
damaged, the plant usually recovers, but root
damage results in stunted growth or death of
the plant with a subsequent sparse stand (Fig. 8).
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Fig. 7. A—F: Diseased roots and basal parts of stem of cereals. A, B, C: Gaeumannomyces graminis. D, E,

F: Fusarium culmorum. G, H: Rbizoctonia solani. A: on rye. B, D, E, F, H: on spring wheat. C: on batley.

A: Brown hyphae on culm. B: Leaf sheath pulled aside with necks of numerous perithecia breaking through

the sutface of leaf sheath. D, F: Brown coloured basal parts of stem. E: Multi-coloured basal parts of stem.
G: Young white sclerotia and mature brown sclerotia of R. solani on roots.

Material: A: U. Siuntio 12. 8. 1977. B: EH. Iitti 6.9. 1977. C: U. Tuusula 7. 9. 1977. D: U. Anjala 17. 8. 1976.
E, G: EH. Pilkine 14.8. 1976. F: V. Mietoinen 8. 8. 1975. H: U. Elimiki 17. 8. 1976.
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Fig. 8. A—H: Diseases of seedlings. A, B, C: Gaeumannomyces graminis. D, E, F: Septoria nodorum. G, H: Fusarium
nivale. A, B, D: on winter wheat. C: on batley. E. F: on spring wheat. G, H: on rye. A, B, C: Dead and black parts
of roots infected by G. graminis. D: Brown spots on leaves and sheath. E, F, H: Dying seedling, G: Diseased seedling
with sporodochia of F. nivale.
Materia: A: V. Kiikala 19. 10. 1977. B: EH. Hattula 7. 5. 1977. C: Ypiji 22. 6. 1976. D: U. Artjarvi 11. 11. 1976.
E, F: EH. Pilkine 20. 6. 1978. G: U. Vihti 9. 5. 1977. H: EH. Somero 19.5. 1977.
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Fig. 9. The occurrence of Gaeumannomyces graminis and
Bipolaris sorokiniana on the mature cereals by localities
in 1975—1977.

Gaeumannomyces graminis (Sacc.) v. Arx
et Olivier. In the years 1975—1978 Gaenmanno-
myces graminis was found in cereals at 64 localities
(Fig. 9). There were large variations in the
frequency of the fungus depending on the cereal
species, the trial year and the region. The fungus
was most common in wheat, and quite common
in rye, whereas it was rare in barley and vir-
tually not found at all in oats (Table 1). In 1977
this fungus was considerably more prevalent
than in the two previous years (Fig. 6). Geo-
graphically it was more common in Varsinais-
Suomi and Satakunta than in Uusimaa and
South Hime (Fig. 10).
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Fig. 10. Frequency (%) of Gaeumannomyces graminis on
mature wheat and barley samples researched in 1967 at
the different districts.

The disease caused by Gaeunmannomyces gra-
minis, take-all, was manifested in different ways
in the cereal stands. On some fields the disease
appeared as weak areas in the stand consisting
of low-growing, stunted, dark-coloured plants
with many shrivelled heads. In most infected
fields, take-all scattered
throughout the whole individual
diseased plants. Such plants grew poorly and
usually had shrivelled heads. At first the heads
were pale-coloured and could easily be dis-

however, occurred

stand as

tinguished from the still immature, green healthy
plants. Later the heads became dark owing to
masses of the sarpophytic fungus growing on
the surface. Also these stands had a spotty,
variegated appearance. Excessive moisture fa-
voured the fungus, and consequently it was
found in abundance in low, moist areas of the
field.

The roots of take-all deseased plants had a
uniformly dark or entirely black colour and



were poorly developed, sparse and fragile. When
the plants were removed from the ground the
roots often broke off. The mycelium of Gaeman-
nomyces graminis growing on the root surface
caused the roots to become thick, and soil
particles were tightly attached to the surface
(Fig. 7, Plates 1 and II). Ascocarps could also
develop in the roots. In such plants where the
roots had been damaged, the stems were short
and slender and the development of the heads
was hindered or completely prevented (Fig. 7).
Destruction of the roots at a later stage caused
the heads to become shrivelled or small-grained,
but this did not affect the length of the stem.

In general the symptomatology of take-all
was visible in the stem bases in both winter and
spring wheat in 1976 and 1977. In these cases
thete was a positive correlation between the
symptoms and the occurrence of Gaenmanno-
myces graminis. In 1977 a similar correlation was
found in both rye and oats. In contrast, however
in batley G. graminis seldom caused the typical
darkening of the stem base.

The stem bases of the diseased plants were
often dark, sometimes even shiny black. Between
the lowest leaf sheath and the stem was a thick
growth of mycelia and elongated ascocarps
(Plates I and II). Their oblique openings pro-
truded from the sheath, and the ascospores
extruded as a reddish mass. The size of the
ascocarps (80 ascocarps) varied 554—968 X
370—537 um of which the openings measured
190—544 yum (Plates I and II). The asci (35
asci) had a size of 95—113 yum and the ascospores
(200 spores) measured 75—95 X 3,3—3,4 um.

Spores of Phialophora sp. occurred rarely and
were found in only nine samples. Most of them
were encountered in seedlings of winter wheat
in the autumn; only three cases were of older
plants. The samples studied were the following:
Barley EH: Tammela 27. 7. 1975. Spring wheat
St: Humppila 27. 7. 1975. Winter wheat EH:
Jokioinen 4. 8. 1975, V: Halikko 28. 10. 1976
(2 samples), Kemio 28. 10. 1976, U: Askola
2. 11. 1976, EH: Iitti 15. 11. 1976.

Rhizoctonia solani Kithn. Rbigoctonia solani
was found in mature cereals at 58 localities.
There were differences in the incidence of the
fungus according to the year, the cereal species
and the stage of plant development. In 1976
the fungus was unusually prevalent, whereas in
1975 it hardly occurred at all (Fig. 6). This
fungus was more common in mature cereals
and in seedlings of winter cereals in the autumn
than in seedlings in the spring (Tables 1 and 2).

The symptomatology of Rhigoctonia solani was
not distinct. The stem base could be black,
variegated or spotted. Nevertheless the growth
of the plant and the roots were generally normal.
Under moist conditions, particularly in 1976, the
roots became filled with pale-coloured or tan
mycelia and also by pale sclerotia which later
turned brown (Fig. 7). There were two types
of mycelia. The more common type was pale
and delicate, whereas the infrequent type was
tan and hevier in structure (Plate IV). No
correlation was found between the occurrence
of R. solani and the appearance of spotted cereal
stems. Neither were any regional differences
observed.

Septoria nodorum Berkeley. Sepforia no-
dorum was found in mature cereals at 41 localities.
It appeared primarily in winter and spring wheat
and only in small amounts in barley and rye.
The fungus was common in the seedlings of
winter wheat in the autumns 1975 and 1976 as
well as in the springs 1977 and 1978. In mature
plants it occurred in small quantities in 1976
(Fig. 6). Regional differences were observed to
some degree. The fungus was somewhat more
prevalent in Varsinais-Suomi and South Hime
than in Uusimaa and Satakunta (Fig. 11).

Septoria nodorum caused darkening of the stems,
especially at the nodes. In the leaf sheaths and
glumes it caused spots which had shades of
yellow and brown. Later the spots became pale
grey from their centres. In the spots grew large
quantities of pycnidia in different shades of
brown. Under moist conditions large masses
of orange-reddish spores exuded. In diseased
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Plate 1. 1—9: Gaeumannomyces graminis. 1, 4, 5, 8: on spring wheat. 2: on barley. 3, 6, 7: on winter wheat. 9: on rye.
1 and 2: old plants with infected roots and basal parts of stem, aside with necks of numerous small perithecia breaking

through the surface of leaf sheath. 3 and 5: brown runner-hyphae or macrohyphae. 4: colourless infection hyphae
or microhyphae. 6: the young perithecium. 7 and 8: the ripe perithecia. 9: ascus with ascospores of the fungus.
Material: 1: V. Perni6 8. 9. 1977. 2: U. Tuusula 2. 9. 1977. 3: St. Kokemaiki 13. 8. 1975. 4: V. Paimio 16. 8. 1977.
5: U. Tikkurila 31. 8. 1977. 6: V. Paattinen 8. 8. 1975. 7: U. Porvoo commune 17. 8. 1976. 8: V. Koski 17. 8. 1977.
9: EH. Pilkine 18. 8. 1975. 1, 2: X 1, 3: X 10, 4, 9: X 1000, 5: X 600 6, 7, 8: X 160.



Plate 1I. 10—19: Gaeumannomyces graminis. 10—17, 19: on winter wheat. 16 and 18 on rye. 10 and 11: old plants with

infected roots and basal parts of stem. 12 and 13: necks of small perithecia breaking through the surface of leaf sheath.

14—16: brown runner hyphae and colourless infection hyphae. 17: the young perithecium. 18: the ripe perithecium
with long, dense hairs around the neck. 19: ascus and ascospores of the fungus.

Material: 10: St. Kokemaki 13. 8. 1975. 11: U. Lapinjirvi 24. 8. 1977. 12: St. Loimaa commune 4. 8. 1975. 13: Mellild

17. 8. 1977. 14: EH. Iitti 22. 8. 1977. 15: V. Vahto 15. 8. 1976. 16: EH. Somero 17. 8. 1977. 17: St. Alastaro 4. 8.

1975. 18: EH. Hattula 20. 8. 1977. 19: U. Elimiki 24. 8. 1977. 10, 11: X 1, 12: X 8, 13: X 20. 14, 15, 16: X 600 17:
X 500, 18: X 200, 19: X 1000.



Plate III. 20—30. 20—24: Fusarium culmorum. 20—23: on spring wheat. 24: on barley. 25: F. avenaceum on spring

wheat. 26: F. graminearum on winter wheat. 27—29: Gibberella zeae. 27 and 29: on oats. 28: on winter wheat. 30: F.

nivale on rye. 20—22: old plants with brown infected basal parts of stem. 23—26, 30: conidia of Fusarium species. 27
and 28: old plant with perithecia, 29 perithecium with ascus and ascospores of Gibberella zeae.

Material: 20: EH. Pilkine 18. 8. 1975. 21: U. Anjala 17. 8. 1975. 22 and 23: V. Mietoinen 19. 8 .1975; 24: Pertteli
21. 6. 1978. 25: St. Kokemiki 13. 8. 1977. 26: EH. Tammela 27. 7. 1975. 27 and 29: EP. Ylistaro 13. 8. 1975. 28:
EH: Somero 4. 8. 1975. 30: U. Tuusula 3. 8. 1977. 20—22: X 1/2, 23—26, 30: X 1000, 27: X 5, 28: X 30, 29: 200.




Plate IV. 31—38. 31 and 32: Pseudocercosporella iverpotrichoides on winter wheat. 33—35: Bipolaris sorokiniana on barley.
36—38: Rhizoctonia solani, 36: on spring wheat, 37: on rye, 38: on oats.
Material: 31 and 32: U. Artjarvi 21. 5. 1976. 33: ES. Mikkeli commune 22. 8. 1975. 34: EH. Jokioinen 27. 7. 1975.
35: ES. Juva 23. 8. 1975. 36: U. Snappertuna 19. 8. 1976. 37: V. Tenhola 19. 8. 1976. 38: St. Kokemiki 10. 6. 1976.
31: X 500, 32: X 1000, 33: X 1/2, 34: X 15, 35—38: X 500.
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Fig. 11. Frequency (%) of Septoria nodorum on mature
wheat and barley samples researched in 1976 and 1977 at
the different districts.

seedlings the leaves had brown, yellow-rimmed
spots; in addition, the tips of the leaves or
even entire leaves were dead. In the stem base
of the
varying degrees, and parts of the roots were dead

seedlings the tissue was brown in

Bipolaris sorokiniana (Sacc.
Shoemaker. Bipolaris sorokiniana was encountered

on Sorok.)

in mature cereals at 18 localities (Fig. 9). It
occurred almost exclusively in barley, and in a
few scattered cases also in wheat and rye. The
fungus was rare in seedlings, being found at
only 7 localities. In 1975 it was more common
than in the other trial years. In its occurrence
the fungus was restricted to certain fields and
was found year after year in these same fields.

Bipolaris  sorokiniana caused darkening and
indistinct spotting in the stem bases of cereals.
Infected plants had a stunted growth and poor
roots (Plate IV). In secedlings the damage
appeared as brown spots in the stems and leaves
coincidental with browning of the roots.

Pseudocercosporella herpotrichoides (Fron)
Deighton (Plate IV). This fungus was observed
at eight localities (V, U, EH). It was occa-
sionally found in the seedlings of rye and
winter wheat, principally in samples collected
in the autumn.

Colletotrichum graminicola (Ces.) Wils.
In 1977 Collectotrichum graminicola occurred com-
monly in mature oats and fairly commonly in
barley. In other cereals it was found only
sporadically. The fungus produced large num-
bers of small, sharply-defined black spots. In
these spots developed conidiophores with their

(Fig. 8). conidia.
Fungi
%
100,
90 RYE WINTER WHEAT SPRING WHEAT BARLEY OATS
804
=Basal parts =
704 of stem
604 : Ears
504
404
304
20 7
o b A = I i
23 23 123 R ) 23 1723 23 23 23
c D A 8 c D AT ABG G

Fig. 12. Frequency (%) of some most important parasitic fungi on basal parts of stem and ears of mature cereal
samples researched in 1975 (1), 1976 (2) and 1977 (3). A = Bipolaris sorokiniana, B = Fusarium culmorum, C =
Rbhizoctonia solani, D = Septoria nodorum.
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DISCUSSION

In this investigation cereal plants affected with
root and foot rot were examined visually on
the basis of macroscopoc symptoms in the stem
bases, roots and shrivelled heads. The fungi
were determined microscopically from diseased
plant parts cultured in moist chambers. This pro-
cedure proved to be advantageous even though
it is not well suited for some phycomycetous
fungi (cf. StErrER and LErour 1979). When
the macroscopic symptoms and the microscopic
results were compared, it was found that they
were only partially correlated. The macroscopic
symptoms varied widely or in some cases lacked
completely. Consequently, detetmination of the
fungal species was very uncertain, and often
impossible (cf. Nirsson 1969, SteETTER and
Lerour. 1979).

Previous studies on root and foot rot diseases
of cereals in Finland were based primarily on
visual observations of the disease symptoms
(HArpH 1953, IkiumremMo. 1960, Tarvia 1970,
TorviaiNeN 1970, TErrriNeN 1974). The course
of development of the disease with respect to
the causal agent was consequently not esta-
blished.

Many factors affect the occurrence of root
and foot rot, such as weather conditions, cereal
species and stage of plant development. The
annual fluctuations, caused by weather condi-
tions, were larger than the other wvariations
(Tavia 1970, TorviaiNeN 1974, VIRTANEN
1979).

The warm and dry summer 1975 favoured
Fusarium species, whereas they were at a mini-
mum in the cool, wet summers 1977 and 1978
(cf. Grynne 1954, CorrOUN et al. 1968). In
this study Fusarium species appeared in all the
cereals and in the different developmental
stages (cf. Boorn 1971). The most common of
the species was F. culmorum, while F. avenacenm
was less numerous (cf. HArpm 1953, Torvi-
AINEN 1974, Uortr 1975), especially in seedlings
in the spring (cf. CoLrouN 1964). F. graminearum
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was somewhat rare (cf. HARDH 1953). F. nivale
occurred in considerable amounts in the seedlings
of rye only in the spring 1977 after an unusually
long winter with a deep snow cover. This
species is known in Finland only as a winter-

' damaging fungus causing injury to overwintering

cereals, especially rye (JaMALAINEN 1970). F.
nivale is considered also to be a causal agent of
root and foot rot, together with three other
Fusarinm species: F. culmorum, F. graminearum
and F.-avenaceurn (DUBEN and FEHrRMANN 1978).
F. nivale has been isolated from injured roots
and from the soil (Rawrinson and CorLrOUN
1969). In Denmark the incidence of Fusarium
species has not been found to increase during
continuous barley ' cultivation, neither have
these fungi been found to cause noteworthy
decreases in yield when infecting the roots
(SteTTER and LErROUL 1979). However, opposite

results have also been ‘published (Uorr 1975,

. Vorrova 1977).

Bipolaris sorokiniana occurred likewise more
commonly in the warm, dry summer 1975 than
in the other years (cf. Skou 1966, JoRGENSEN
1974). The fungus was predominantly a pathogen
of barley and was somewhat rare. In the nordic
countries the fungus is found primarily in barley
seedlings (Kork and Owusson 1975, Kurera
1976, Ovrorsson 1976, HjorstHOLM 1979). In
Danish trials with continuous barley cultivation
the fungus was much more prevalent after the
8th and 9th years than after the first, third and
fourth years. The effect of B. sorokiniana in
causing lower cereal yields was at least as great
as that of Gaenmannomyces graminis (STETTER and
Lerour 1979).

The cool and: dry summer 1976 favoured
especially Rbizoctonia solani (Prrr 1964, REINECKE
1977). The fungus was more prevalent in mature
plants than in seedlings. Its most serious damage,
however, is considered to be inflicted to seed-
lings (Prrr 1964). The fungus is found wide-
spread in all the nordic countties, although its
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significance as a pathogen is believed to be
minor (HanseEn 1963, PeTERSEN 1963, TALvIA
1970, Torviamnen 1974, Nirsson 1974 a).

The wet and cool summer 1977 was favourable
especially to  Gaesmannomyces graminis. ‘This
situation has been observed previously in Fin-
land (IxAZuemMo 1959, TorviaINEN 1974) and is
typical for this fungus (NrLsson 1969, WALKER
1972). In the present study the fungus occurred
in mature plants, predominantly in winter and
spring wheat (cf. MiELKE 1974) and commonly
also in barley and rye, but only very rarely as a
vegetative mycelium in oats. Thus the culture
of G. graminis var. avenae isolated by TOIVIAINEN
(1966) from oats remains as a rare single case in
Finland. On the other hand, the fungus is known
to cause damage to oats e.g. in Norway (HANSEN
1964).

In Danish
cultivation Gaesmannomyces graminis occurred in
the greatest numbers in the third and fourth

trials with continuous barley

years, and rarely in the first or ninth years
(Sterter and Lerour 1979). Take-all decline
is known, also in some Norwegian soils (MAG-
Nus 1979), as in many other countries (cf. Hornsy
1979). The declines in yield caused by this
fungus were quite large (HjorstrHOLM 1979).
Yield declines during monoculture have gener-
ally been known to be greatest in the third to
fifth years (GunnNiNGHAM 1975, JENsEn 1975,
TErrrINeN 1977).

Wet growing seasons were also favourable to
Septoria nodorum (cf. JorRsTAD 1967, BRONNIMANN
1968). The fungus was most common in winter
wheat, especially in seedlings in autumn. Such
is the situation elsewhere, too (BRONNIMANN
1968, KoLk and Ouwusson 1975, JenkyN and
King 1977). i

Also the species Pseudocercosporella herpotric-
hoides thrives in cool, wet weather conditions
(JorGENSEN 1964). In the present study the
fungus was found sporadically in the seedlings
of winter wheat® particularly in the autumn.
Also in Sweden, autumn infection is considered
to be more serious in winter whedt than spring
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infection (OLvANG 1978). The fungus is common
in the nordic countries (JorsSTAD 1956, PETERSEN
1963, NirssoN 1974 b), in the Baltic countries
(KorsHunova 1968) and is widespread through-
out Burope (CMmr Map 74, 1969). In Finland
the fungus has been previously observed in
large amounts especially in spring wheat (HArRDH
1953) and in barley (Tarvia 1970). On the other
hand, there is uncertainty about the significance
of the disease (TorviAINEN 1974). The divergence
in results may be due partly to possible changed
conditions but primarily to inaccuracy in the
research methods.

The effect of root and foot rot diseases on
the yield levels is difficult to ascertain in this sort
of study, despite its great importance. In the
area of this study the average cereal yields
fluctuated widely in the different years (OFF.
Statist. Fine., Acric. 1975, 1976, 1977). In
1975 the yields were somewhat higher than
normal, with only rye giving lower than normal
yields in Varsinais-Suomi as a result of severe
spring frost damage. In 1976 the cereal yields
were exceptionally large, amounting to as much
as 20—30 9, higher than average for rye, barley
and oats, while wheat yielded about the same
as in 1975. In contrast the 1977 yields were
unusually low. Compatred to the 1975 yields,
the 1977 levels were lower. by the following
amounts: winter cereals 20-—30 %, spring wheat
slightly less, barley about 10 9%, and oats only
slightly lower than in 1975.

The number of shoots in the mature cereals
was somewhat greater in 1976 than in 1977.
This confitms, although not convincingly, the
view (cf. TerrriNen 1977, Owusson 1978) that
such yield reductions are due to root and foot
rot diseases which decrease the number of
shoots per plant.

In 1976 there were considerably more shriv-
elled heads in winter cereals, especially winter
wheat than in 1977. On the other hand, in
1976 the yields were much higher than in 1977.
Consequently the numbers of shrivelled heads -
are not a reliable indication of the yield-reducing



\

effect of root and foot rot diseases (cf. HArDH
1953, IxkAnemo 1960).
shrivelled heads can be due to many factors,

The occurtence of

e.g. frost damage.

The total numbers of fungi as well as the
numbers of parasites in the mature cereals and
seedling samples were greater in 1976 than in
1977. Exceptions were barley and oats, in which
there were more fungal species in 1977 than in
1976 (MAkELA and MAkr 1980). It has been
observed (PETERSEN et al. 1976) that as the soil
moisture decreases the frequency of micro-
organisms in the root level increases. In the
present study Rhigoctonia solani was very com-
mon in 1976, particularly in mature cereals.
Similatly Fusarium species, especially F. culmo-
rum; occurred somewhat commonly. The large
total numbers of fungi as well as the prevalence
of root and foot rot are not reflected in the
1976 yield levels, which were exceptionally high.
The advantageous weather conditions in this
year masked the effect of other factors (cf.
Orsson 1978).

The weather conditions in 1977 were extremely
unfavourable for cereal development. In that
year Gaeumannomyces graminis occurred about
three times more abundantly in wheat and rye,
and about five times mozre abundantly in barley
than in 1976. This fungus is known to be pre-
valent in wet years (SkipsNa 1961, NiLssoN
1969, Coox 1972, GRIGER 1972, Volrova 1977).
In the present study the cereal yields were ex-
ceptionally low. It is known that this fungus
causes considerable yield losses (SHIPTON 1972,
OwssonN 1978, WesTE 1978, STETTER and LEROUL
1979). '

In 1977 also Septoria modornm occurred much -

more abundantly in wheat, especially winter
wheat, than in 1976, The fungus is an important
pathogen under moist conditions (Brock 1957,
OssT 1969, JEnkyN and KiNg 1977). It may also
cause considerable declines in yield (SMEDEGARD-
PerersEN 1974, JonEes 1975, Kine 1977).

It is obvious that in years with unfavourable

weather conditions the deterimental effect of

certain kinds of fungal damage is intensified,
although it is difficult to establish the separate
effects of the individual factors (cf. Owrsson
1978). A

Part of the yield losses caused by root and
foot rot diseases is due to the fact that the
seedlings die and the number of plants in ‘the.
stand decreases (cf. SrorE 1968, WEsTE 1975).
Especially seedlings of winter cereals suffer
losses during the winter (N1LssoN 1969, MAGNUS
and Hansen 1973, HaeceMArk and OLVANG
1976). In the present study many species of
fungi causing root and foot rot occurred in the
seedlings. The bulk of them were the same
species as those found in the mature plants
(cf. MARELA and MAxkT 1980). There were many
injuries and at the same time more pathogenic
fungi in the seedlings of winter cereals than in
those of spring cereals. In addition to the present
study, the authors found in a preliminary cereal
monoculture trial on silt soil at the Pilkine
experimental station in South Hime that 50 9%,
of the seedlings of winter wheat and 10 9, of
the rye seedlings died during the wintexr 1977—
1978. Fusarium nivale was encountered only in
small amounts in the rye seedlings in the spring.
On the other hand, other Fusarium species,
especially F. culmorum and F. avenaceum, occurred
in winter wheat and rye, both in the seedlings
and in the mature stands. The same situation
was observed for Rhizoctonia solani. In mature
stands Gaeumannomyces graminis was found, and
in seedlings of winter wheat additionally Sep-
toria nodorum occurred.

In the opinion of the authors, root and foot
rot diseases as a cause of destruction to seedlings
of winter cereals, especially winter wheat, in
southern and southwest Finland, are very im-
portant and can be compared with the so-called
winter damage caused by low temperature fungi.
Such winter damage has generally been con-
sidered to be caused exclusively by Fusarium
nivale, the classical winter damage fungus. This
fungus rarely occurred in large numbers in
the area of investigation and then only in rye

249



to any noteworthy extent (cf. Bromqvist and
JamALAINEN 1968). On the other hand, every
spring, seedlings of winter wheat can be found
which were damaged during the winter to a
greater or lesser extent depending on the
circumstances. :

This view is supported also by studies of the
fungi in cereal heads (Table 4). Fusarium nivale
was found only in one sample of tye in autumn

1977. In contrast, many other Fusarium species
were encountered in the heads of all the different
cereals, with F. culmorum being most prevalent
and F. avenacenm also in considerable amounts.
Among the other fungi causing root and foot
rot were Septoria nodorum commonly in the heads
of winter wheat and less frequently in those of
barley, and Bipolaris sorokiniana in batley heads.

w
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SELOSTUS

f .

Viljan tyvitautien esiintyminen Eteld-Suomessa vuosina 1975—1978

Karmo MAKELA ja PArvi PARIkkA

Maatalouden tutkimuskeskus

. Aineisto kerittiin vuosina 1975—1978 maan tirkeimmiltd

leipdviljan tuotantoalueilta Lounais- ja Eteli-Suomesta
pidasiassa viljelijain pelloilta ja Maatalouden tutkimus-
keskuksen koeasemilta. Tilli alueella on yksipuolista
viljanviljelyd harjoitettu tehokkaasti 1950—1960-luvuilta
lihtien. Aineisto kisitti 1035 tuleentunutta viljandytettd
119 paikkakunnalta ja 1029 orasndytettd 91 paikkakun-
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nalta ja edusti kaikkia viljalajeja, runsaimmin vehnii ja
ohraa. Vioittumat arvioitiin (20 yksiléi/ndyte) kasvin
tyvisti ja juuristosta silmivaraisesti. Sienet miiritettiin
kosteuskammiomenetelmid kiyttden mikroskooppisesti.

Kotjuuaikaan syksylli oli valtaosa viljan tyvisti ja
juuristosta jollakin tavoin vioittuneita. Terveitd yksiloitd
oli vihiten (vuosina 1976 ja 1977 keskim. 7—23 %)



ja syysvehnilld, eniten (keskim. 30-—80 %)
kauralla. Lievisti vioittuneita kirjavia tyvii ja kohtalaisen
hyvid juuristoja oli noin puolella tutkituista tuleentuneista
yksildistd kaikilla viljoilla. Ankarasti vioittuneita, tum-

ohralla

muneita tyvid ja huonoja juuristoja oli eniten (keskim.
35—459,) vehnilldi ja ohralla, vihiten (alle 10 9%)
kauralla. Oraat olivat terveempid kuin tuleentuneet
viljat. Kevitviljan otraat olivat terveempid kuin syys-
viljan oraat. Syysviljan oraat olivat syksylli terveempii
kuin keviilli. nimenomaan lehdistsltidn. Kaura oli
kaiken ikdnsi muita viljoja terveempid. Vuosien vililld
oli eroavuutta vioitusten madrissi.

Myos kahujen tihkien midrd vaihteli viljalajeittain ja
vuosittain. Eniten niitd oli syysvehnilld, vihiten kauralla
ja ohralla. '

Tyvitautisymptomit ja niitd aiheuttavien sienten esiin-
tyminen vastasivat toisiaan vain osittain. Sienilajit ja

niiden yleisyys vaihtelivat suuresti viljalajista, kehitys-

asteesta, vuodesta ja kasvupaikasta riippuen. Eniten
sienii esiintyi vehnilld ja ohralla, vihiten kauralla. Tuleen-
tuneissa viljoissa ja syysviljan oraissa oli sienid enemmain
kuin kevitviljan oraissa. Eri tyvitautien aiheuttajat olivat
vallitsevia erilaisina kasvukausina. Niinpd Guaeumanno-
myces graminis ja Septoria modorum esiintyivit yleisimmin
sateisina ja viileind kesind, Fusarium lajit taas suosivat
lampimii sditd. Meilld tirkein syy tyvitautien vaihteluihin
on ldydettivissd juuri ilmastollisista tekijdistd.

Yleisimmait sienet olivat Fusarium culmorum (W. G.
Smith) Sacc.,” Gaeumannomyces graminis (Sacc.) v. Arx et
Oliviet, Rbigoctonia solani Kiithn - ja Septoria nodorum
Berkeley. ‘

Fusarium  culmorum esiintyi yleisend kaikilla vilja-
lajeilla, eri ikdisissd kasvustoissa ja eri alueilla. Se suosi
limminti kasvukautta 1975. Muita Fusariun lajeja mairi-
tettiin toistakymmentd. Niistdi oli melko yleinen F.
avenacenn (Corda ex Fr.) Sacc. harvinainen puolestaan
F. graminearum Schwabe ja sen kestoaste Gibberella zeae
(Schw.) Petch.,.F. nivale (Fr.) Ces. esiintyi yleisend vain
rukiin oraissa keviilli 1977. v

Merkittavd oli Gaeumannomyces graminis, mustatyven
aiheuttaja. Sieni oli yleisin vehnilld, yleinen myos ru-
kiilla, harvinaisempi ohralla. Kauralla sienti esiintyi
tuskin lainkaan. Sateisena ja viileini kasvukautena 1977
oli sientd huomattavasti enemmin kuin kahtena edellisend
Myé6s alueellista

vuonna. eroavuutta esiintyi.

Rbizoctonia solani, tyvi- ja juurilahon aiheuttaja, oli'
yleisempi syksylld kuin keviilli. Sieni suosi viiledd ja
vihdsateista kasvukautta 1976. Sepioria nodorum esiintyi
ennenmuuta syysvehnilld yleisempini oraissa ja tihkissd
kuin tuleentuneissa kasvustoissa. Kosteina kasvukausina
ja niitd seuraavina vuosina sienti oli runsaasti. Myds
eroavuutta esiintyi. Bipolaris
(Sacc. on Sorok.) Shoemaker, ohran tyvi- ja lehtilaikun
aiheuttaja, oli pddasiassa ohrassa, tuleentuneissa kasvus-
toissa ja tihkissd peltokohtaisena. Pseudocercosporella
herpotrichoides (Fron) Deighton, tyvilaikun aiheuttaja,
todettiin vain satunnaisesti syysviljan oraissa syksyisin.
Collectotrichum graminicola (Ces.) Wils. oli yleinen tuleen-

alueellisesti sorokiniana

tuneessa kaurassa 1977 ja melko yleinen ohrassa.

Sienten suuri kokonaismiiri, sen paremmin kuin
tyvitauteja aiheuttavien sienten, kuten Rbigoctonia solanin
ja Fusarium lajien yleisyys ei ole nikyvissi vuoden 1976
satotasossa, joka oli poikkeuksellisen korkea. Edulliset
sadolot vuonna 1976 peittivit muitten tekijditten vaiku-
tukset.

Sen sijaan vuonna 1977, jolloin viljojen satotaso oli
erittiin alhainen, esiintyi Gaeumannomyces graminista veh-
nilld, ohralla ja rukiilla. Samoin Septoria nodorumia syys-
vehnidlli paljon yleisemmin kuin wvuonna 1976. On
ilmeistd, ettd sddsuhteiltaan epidedullisina vuosina mySs
midrittyjen sienituhojen merkitys korostuu, vaikkakin
eri tekijdin osuutta on vaikea eritelld.

Tyvitautien ' atheuttamista satotappioista osa johtuu
siitd, ettd oraita kuolee ja kasvuston yksildluku vihenee.
Timi koskee varsinkin syysviljoja, ennen muuta syys-
vehnidd. Niilld tyvitautien merkitys orastuhojen aiheutta-
jina Eteld- ja Lounais-Suomessa on rinnastettavissa ns.
talvituhoihin. Niiti on vanhastaan pidetty yksinomaan
ns. talvituhosienten, nimenomaan Fusarium nivalen ai-
heuttamina. Tit3 sientd esiintyy tutkimusalueilla runsaasti
hatvoina talvina ja silloinkin merkittivind vain rukiilla.
Sen‘sijaan huoneosti talvehtinutta syysviljan orasta ja
lukuisia Fusarium-lajeja, Septoria nodorumia ja muita
tyvitautien aiheuttajia tapaa pelloilla joka kevit, enemmin
tai vihemmin olosuhteista riippuen. Titd kisitystéd
tukevat my6s viljojen tihkiston sienitutkimukset. Fusa-
rium nivalea esiintyi vain rukiin tihkissi yhdessi nidyt-
teessi syksylld 1977. Sen sijaan esiintyi kaikilla viljoilla
yleiseni monia edelli mainittuja tyvitautien aiheuttajia.
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TOBACCO MOSAIC VIRUS (TMV) TYPES FROM TOMATO IN FINLANDY

ANNIKKI LINNASALMI

Lixnnasanmi, A. 1980. Tobacco mosaic virus (TMV) types from tomato in
Finland. Ann. Agric. Fenn. 19: 254—259. (Agric. Res. Centre, Inst. Plant Path.,
SF-01300 Vantaa 30, Finland.) ' -

In the tobacco mosaic virus (TMV) matetial from tomato (Lycopersicon esculentum
Mill.) in Finland (1962—065) three main groups were characterized: the mild green
mosaic, by far the most prevalent (93 %), the yellow mosaic (4 %) and the severe
green mosaic (3 %) types, which occurred only sproradically. The types are
characterized by their symptomatology in tomato and in five Nicotiana-test plants
(. tabacum L. cv. Samsun and cv. Xanthi, V. glutinosa L., N. rustica L. and .
sylvestris L.) as well as on the basis of their thermal inactivation point (TIP), RNA
base composition and amino acid composition. The analyses were performed on
a total of 55 isolates.

Index words: TMV types in tomato, symptomatology, TIP, RNA bases, amino

acids, Finland.

In connection with the study made in the years
1962—65 (Linnasanmr and MurroMmas 1966)
on the distribution of tomato viruses in Finland,
55 isolates were selected on the basis of prelimi-
nary tests from TMV material (445 samples)
for classification studies. Three main groups
could be characterized in the material, and they
are referred to in this paper as mild green
mosaic (47 isolates), yellow mosaic
(4 isolates) and severe green mosaic
(4 isolates) TMV types. The mild green mosaic

- type is by far the most prevalent (93 %); both

ellow mosaic (4 %) and severe green mosaic
y (3

1) The main part of these results were presented in a
lecture held 16. 9. 1975 at the II International conference
on progress and problems in vegetable virus research
in Avignon, France.
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(39%) types occur only sporadically in our
tomato cultivations.

The classification of these types is based on
the symptomatology of isolates in the tomato
Lycopersicon esculentum Mill. cv. Bonner Beste
and in the testplants Nicotiana tabacum L. cv.
Samsun and cv. Xanthi, IN. glutinosa L., N.
rustica L. and N. sylestris L., as well as on
determinations of TIP, RNA base composition,
total amino acid composition and carboxyl
terminal amino acid. The biological and chemical
analysis methods used are described in earlier
publications (LiNnNasarmr 1966, - LINNASAT.MI
and MurTomMaA 1966, Linnasarmr and RAsHID
1969). .

Symptdm characteristics of the
types in different hosts are shown in Table 1.



Table 1. Symptoms

of TMV types in different host plants and their thermal inactivation points.

Host plant

Mild green mosaic

Yellow mosaic

Severe green mosaic

L. esculentum
cv. Bonner Beste

N. tabacum
cv. Samsun

cv. Xanthi
UNEBIHNOSE ;s 5 wmiis 5 2o
N. rustica

green mosaic

green mosaic, mild leaf
curling, necrotic local
lesions

necrotic local lesions
necrotic local lesions

-+ necrotic local

lesions

necrotic local lesions

82—84, 88—90

yellow mosaic

yellow mosaic, | dis-
tinct ringspots, no
necrotic local lesions
necrotic local lesions
necrotic local lesions
-+ necrotic local

lesions

necrotic local lesions

82—84

It should be mentioned that no symptoms
whatever appeared on the fruit in the experi-
ments. Apparently TMV damage on tomato
fruits is generally rare under Finnish conditions.
The systemic symptoms of the mild green
mosaic type are mild both in tomato (Fig. 1 a)
and Samsun tobacco (Fig. 2 a). According to
the thermal inactivation point (TIP), the type
can be divided into two groups, one with a
TIP of 82—84 °C and the other with 88—90 °C.
No essential symptomatological differences were
found, except that the systemic mosaic symptoms
in - the 88—90°C group were usually a little
stronger, especially in Samsun tobacco.
The systemic symptoms of the yellow mosaic
type in tomato (Fig. 1 b) and Samsun tobacco
(Fig. 2 a) are expressed chiefly as a yellow
mosaic. The TIP is low, only 82—84°C.
The systemic symptoms of the severe green
mosaic type are very strong in the tobacco
species (Fig. 2 a—c), while the symptoms in
tomato (Fig. 1 c) differ less from symptoms
caused by the mild green mosaic in tomato.
A feature in common with the yellow mosaic
type is the lack of necrotic local lesions in
Samsun. The TIP is very high, 92—94°C.

9 1280021321

green mosaic, leaf curling, mild

stunting

severe green mosaic, leaf curling and
blister-like malformation, stunting,
no necrotic local lesions

necrotic .local lesions

necrotic local lesions

severe green mosaic, leaf curling and
blister-like malformation, stunting,
-+ necrotic local lesions

severe green mosaic, leaf curling and
blister-like malformation, stunting,

no necrotic local lesions

92—94

The mean results of the chemical analyses are
shown in Table 2.

Table 2. Chemical

composition of TMV types.

Types Mild green Yellow Severe green
& mosaic mosaic mosaic
RNA bases 1) moles 9,
oUANING L 249 24,0 26,0
adenine ......... ;29,4 30,7 28,6
CYtosthe . Ul 17,5 173 18,0
L1 Vor| e 28,3 28,0 27,5
Amino acids residues per subunit
ARP AL e, 18 18 19
4 o o A 16 16 15
Ser el G 555 14 15 15
Glwsosi s hes 20 20 1
Bro e s e e 9 9 8
Glysisils s 6 6 6
74 £ 1SR e W A 11 11 15
Valksaahe i s 15 15 14
CYB iiet o o wnionme o e 1 1 1
Met ..ovowionsys 1 1 0
e imss s 2n s5sia < 5 6 6 8
Leu ............ 14 13 12
TYL s gmasssaninss s 5 5 4
PRE . voviv o v o stunsio v s 8 8 8
Lys s sowa s dammss 2 2 2
Arg oo 9 9 11
TEY » oo s 7 5 pissiiain 3 3 3
Total ........... 158 158 158
C-terminal acid .. serine serine | threonine
1) Data from Lixxasanmr and Rasarp 1969.
255



a. mild green mosaic

b. vellow mosaic

c. severe green mosaic
Fig. 1a—c. Systemic symptoms of TMV types in tomato cv. Bonner Beste. Orig.
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a. N. tabacum cv. Samsun

from left: yellow mosaic, mild
green mosaic, severe green
mosaic (systemic symptoms)

b. N. rustica

from left: control, mild green
mosaic (local lesions), yellow
mosaic (local lesions), severe
green mosaic (systemic symp-
toms)

c. N. gylvestris

from left: control, mild green
mosaic (local lesions) yellow
mosaic (local lesions), severe
green mosaic (systemic symp-
toms)

Fig. 2a—c.

Symptoms of TMV types in Nicotiana test plants. Orig.
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The RNA base ratios of all types
are similar, except for a small difference in the
proportions of guanine and adenine for the
severe green mosaic compared with the values
for the other types.

There is a similarity in amino acid
composition between the mild green and
yellow mosaic types, as is evidenced in the
amounts of amino acid residues; likewise the
carboxyl terminal acid is the same for both,
namely serine. The severe green mosaic type
differs essentially from the previous two; it is
lacking in methionine, and its carboxyl teminal
acid is threonine.

With regard to their symptomatology and
amino acid composition, parallels can be drawn
between the Finnish TMV types presented in
this paper and certain strains of TMV described

by other workers:

— between the mild green mosaic type and the
dahlemense strain (WrrrMANN-LIEBOLD and
WrrrMann 1963, KnigaT 1963),

— between the yellow mosaic type and the yellow
tomato atypical mosaic virus (Y-TAMYV)
strain (Kn1GHT et al. 1962, KNn1gHT 1963) and

— between the severe green mosaic type and the
common tobacco mosaic virus (vulgare)
strain (Tsucrra 1962, Knicut 1963).

The exact classification and nomenclature of
TMYV isolates/isolate groups as strains is possible
and justified only after both their biological
properties and their detailed chemical compo-
sition, including the nucleotide and amino
acid sequences are known.
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SELOSTUS

Tupakan mosaiikkivirus (TMYV) -tyypit tomaatissa Suomessa

ANNIKKI LINNASALMI

Maatalouden tutkimuskeskus

Tupakan mosaiikkivirusaineistossa (TMV)
viljelmiltd Suomessa (v. 1962—65) erotettiin kolme pii-
ryhmid, lievd viherkitjo-tyyppi, joka oli ylivoimaisesti
yleisin (93 %) sekd keltakirjo (4 %) ja vahva viherkirjo
(3 %) -tyypit, jotka esiintyivit vain sporaadisesti. Tyypit
on karakterisoitu niiden symptomatologian nojalla to-

tomaatti-

maatissa (Lycopersicon escalentum Mill.) ja viidessd Nicotiana
-testikasvissa (V. fabacum L. cv. Samsun ja cv. Xanthi,
N. giutinosa L., N. rustica L. ja IN. sylvestris L.) sekid
niiden limménsietorajan, ribonukleiinihappoemiskoos-
tumuksen ja aminohappokoostumuksen perusteella. Ana-
lyysit tehtiin yhteensd 55:std isolaatista.
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