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Seria PHYTOPATHOLOGIA N. 75 — Sarja KASVITAUDIT n:o 75

SEVENTY YEARS RESEARCH ON PLANT PATHOLOGY AND PLANT PROTECTION
INSTITUTE OF PLANT PATHOLOGY 1911—1981

AARRE YLIMAKI

Ylimiki, A. 1981. Seventy years research on plant pathology and plant
protection. Institute of Plant Pathology 1911—1981. Ann. Agric. Fenn.
20: 61—73. (Agric. Res. Centre, Inst. Pl. Path. SF-01300 Vantaa 30, Fin-
land).

During its early decades studies at the Institute of Plant Pathology
were devoted to the systematics of fungi. The most extensive of the
studies were the analyses dealing with smut fungi and Fusarium fungi.
A study of diseases caused by a deficiency of boron was one of the
first of its kind in the world. Objects of extensive studies in the 1940s
and 1950s included overwintering of field plants, foot rot diseases of
cereal plants, virus diseases of cereals and ley grasses, and storage
diseases of potato, carrot and onion. The most important and exten-
sive studies about cultivations under glass were those dealing with
damping off and disinfection of the soil. In the 1960s studies were
made of virus diseases of vegetables, potato, legumes and berry plants,
and of the significance of fungus diseases of potato, clover, berry
plants, vegetable plants and ornamental plants. Since the end of the
1960s increasing attention has been paid to the study of the quality of
crops, the utilisation of the disease resistence of plants, the producing
of healthy propagation material from potato and berry plants, and the
investigation of harmful effects of pesticides. In addition to research,
the Institute has throughout been responsible for implementing the
plant quarantine prescribed by the Plant Protection Act and subse-
quently by the International Plant Protection Convention, and for the
statutory evaluation of the efficiency and the registration of fungicides.

Index words: Plant diseases, plant protection, historical survey, re-
search work, plant quarantine, testing of fungicides.

ESTABLISHMENT AND SCOPE OF ACTIVITIES

The work of the Department for bacteriology,
plant physiology and plant diseases at the
State Agricultural-Economic Experimental
Institute established by imperial decree in
1898 did not begin until June 1, 1911, at Tik-
kurila near Helsinki.

As systematic and biological studies of

fungi provide a foundation for research in
fungus diseases of plants and their control,
it was fortunate that J. I. Liro, an assistant
at the University of Helsinki who from 1921
was extraordinary professor of plant biology
and plant pathology, and who had already
conducted extensive investigations of injuri-
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ous fungi, became head of the department
when it commenced. Thus the department
and the instruction in agriculture at the Uni-
versity entered into a close inter-relation-
ship.

Three periods can be distinguished in the
work of the Department of Plant Pathology.

1. In the years 1911—1923 activities were
much restricted on account of the small size
of the monetary appropriations with the con-
sequently small number of staff. In addition
to the director, there was initially only a
summertime assistant; and it was not until
1915 that the post of extraordinary assistant
was established and until 1919 the post of
a second assistant.

2. The activities of the department were
substantially improved with the establishing
of the Agricultural Experiment Institute in
1924 and with the acquiring of a position of
its own in agricultural research by the De-

partment of Plant Pathology, one of the nine
departments of the Institute. The Plant Pro-
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tection Law enacted at roughly that time
gave the department additional tasks. Its
research staff was consequently augmented,
and from 1925 there were four assistant posts
in addition to the director while from the
beginning of the 1930s there were five as-
sistant posts at the department. This was
the situation throughout the 1930s. In the
war years 1939—44 the activities of the de-
partment were almost entirely in abeyance
on account of the staff’s being engaged in
military activities.

3. The period since World War II has been
one of extremely vigorous development both
in field cultivation and, especially, in garden
cultivation. Efforts have been made to in-
crease the amount of plant products by every
Owing to the development of the
chemical industry, new, efficient and easily
used pesticides could be employed for plant

means.

protection.

In addition to research, the department
was put in charge of other duties. Under pro-
visions issued on the strength of the Plant




Protection Act, supervision of the importing
of living plants and plant parts (quarantine
inspection) was improved. An extraordinary
post of plant protection inspector had been
set up at the department in 1943. The testing
of the efficiency of plant protectants, and the
supervising of their use and merchandizing,
were commenced in cooperation with the De-
partment of Pest Investigation under an Act
of 1951.

From the beginning of 1957 the Agricultur-
al Experiment Institute became the Agricul-

tural Research Centre, which has nine insti-
tutes of investigation, one of them being the
Institute of Plant Pathology. The circum-
stances of the Institute improved substan-
tially when a new and up-to-date laboratory
building with pertaining greenhouses was
completed in 1964.

The development of the Institute of Plant
Pathology and its activities from 1911 to 1960
were described in detail when the Institute
had been working for 50 years (Jamalainen
1961 a).

RESPONSIBILITIES

The responsibilities of the Institute of Plant

Pathology are to engage in research and test-

ing in order to promote and develop agricul-

ture, with the object of preventing damage

caused by the diseases of cultivated plants.

To that end the Institute

— investigates the distribution, damage and
possibilities of controlling plant patho-
gens (bactenia, fungi and viruses). It also
analyses physiogenic plant diseases caused
by unfavourable growing conditions, and
the means of preventing them

— engages
publication

in scientific and consultative

— endeavours to prevent the conveying of
plant enemies to and from the country
by controlling the state of health of im-
ported and exported plants and plant pro-
ducts in accordance with regulations

— replies to inquiries concerning plant dis-
eases and instructions for their control

— investigates the biological efficiency and
usability of fungicides for the control of
plant diseases before they are put on
the market; participates in the registra-
tion and supervision of the import, manu-
facture, merchanizing and application of
pesticides.

STAFF

Directors (professors) of the Institute of Plant
Pathology have been J. I. Liro 1911—37, A.
J. Rainio 1937—43 (assistant 1919—37), E. A.
Jamalainen 1944—69 (assistant 1925—44), A.
Yliméki 1970— (assistant 1946—47, plant pro-
tection inspector 1948—56, senior researcher
1957—7170).

Assistants and researchers serving for
lengthy periods have been A. Hilli 1925—34,
H. E. Moliis 1925—35, V. B. Lehtola 1927 and

1933—45, H. Roivainen 1935—47, J. E. Hardh
1945—55, Annikki Linnasalmi 1945—74, J.
Mukula 1948—56, M. Haavisto 1949—58, Eeva
Tapio 1954—73, K. Aura 1955—77, P. Talvia
1956—72, Katri Bremer 1957—64 and 1971—,
Y. Rouvala 1962—73, E. Seppénen 1963—, A.
Murtomaa 1965—72, Rauha Puttonen 1966—
81.

Today, in addition to the post of director
there are posts for one special researcher
(Kaiho Mikeld 1975—), two senior researchers
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(Katri Bremer 1971—, E. Seppinen 1963—)
and three researchers (J. Kurtto 1973—, Kirsti
Osara 1974—, R. Vanhanen 1974—) at the In-
stitute.

The technical personnel include 14 regular
employees as well as temporary research
assistants and trainees depending on the
available appropriations.

CERTAIN EXTENSIVE SUBJECTS OF STUDY

A great deal of research into the systematics
of fungi was performed at the Institute in
its early decades. Major
devoted initially to the smut fungi of cereals
and the diseases of potato but also to fungus
diseases of sugarbeet, onion downy mildew
and American gooseberry mildew. The effi-

attention was

cacy of washing with formaline and of hot
water treatments as devices of controlling
smut fungi of seed grain was demonstrated,
and these methods were introduced to some
extent. Publication work from the period
dealt with club root, ergot, stripe disease of
barley, scab of apple and pear, and plum
pockets. The report by Liro in 1923 on plant
protection legislation abroad, and the ap-
pended proposal for the enactment of a plant
protection law for Finland, turned out to be
very important for the operations of the
Institute and for the development of plant
protection in Finland.

After Finland gained independence, farm-
ing and gardening began to acquire strength
in every way. With it there was a growth
in the understanding of the damage caused
by plant diseases and the importance of
controlling them.

Cereal and ley studies

To control smut diseases and other seed-
borne fungus diseases, trials with the treat-
ment of seed grain with mercury prepara-
tions were begun according to examples from
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abroad, and the dressing proved to be an
excellent means in the control of seed-borne
fungus diseases of cereals. The Department
initiated an intensive information and coun-
selling campaign to spread the use of the
dressing method.

With the rapid expansion of the acreage
cultivated with spring wheat, especially in
western Finland and as far north as Central
Ostrobothnia ever since the 1930s, and while
there was specialisation in the one-sided
cultivation of cereals on farms without cattle,
difficulties began to occur in the growing of
wheat, in particular, on account of the foot
rot diseases. The most important pathogens
of foot rot diseases are according to studies
by Hardh (1953) eyespot (Pseudocercosporella
herpotrichoides) and by Ikdheimo (1959) take-
all (Gaeumannomyces graminis), although
some Fusarium species may also play an
important part in the damage. According to
extensive studies carried out in recent years,
the Fusarium species and the Gaeumanno-
myces graminis are the most common causes
of foot rot diseases, while eyespot is of lesser
importance (Mékeld and Parikka 1980).

Five virus diseases have been identified in
studies done on spring cereals during the
1950s and 1960s:
wheat, and oat sterile-dwarf virus, barley
Agropyron
virus and brome grass mosaic virus.

striate mosaic virus of

mosaic
The
oat sterile-dwarf virus caused great destruc-

yellow dwarf virus,

tion in oats in areas verging on the Gulf of
Bothnia in the 1950s. The studies indicated



that the disease can well be kept under As the weather prevailing during the grain
control by using rye, wheat or two-row harvest is usually quite damp in Finland,
barley as nurse crop instead of oats (Bremer the crop is usually contaminated with fungi.
1974). As early as the 1930s Rainio found that the

Fig. 2. During the winters 1951—54 snow cover trials were carried out in order to investigate the ef-
fects of the snow cover on overwintering fields crops. Picture of the situation in the trial 1952/53,
a. in March, b. in April.
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grains of cereals and especially of oats are
almost regularly heavily contaminated with
Fusarium roseum (= F. graminearum) fungus
and, as such, also poisonous to domestic
animals, especially horses.

In the last decade the fungal flora was
determined from a very large freshly
threshed and partly also freshly stored cereal
material, and it was found that it depends
decisively on the treatment of the cereal af-
ter harvesting how much the fungi are able
to lower the quality of the cereal. More than
anything else, it is important how quickly the
cereal can be dried. Particular attention has
been paid to the capacity of some fungi to
produce, as products of their metabolism,
toxic or otherwise damaging agents, i.e.
mycotoxins. The study has been pursued to
some extent in cooperation with veterinarians
and biochemists (Ylimé#ki 1970, Westermarck-
Rosendahl and Ylimi#ki 1978, Korpinen and
Yliméki 1972 a and b, Korpinen, Kallela and
Yliméki 1972, Yliméki et al. 1979).

Studies on overwintering

In the latter half of the 1940s right after
the war years, the causes of poor keeping
through the winter of overwintering cereal
plants was made a subject of investigation,
and this work went on into the 1960s. In
respect of leys in northern Finland, the study
has been taken up again in recent years.

In perennial studies on the significance of
the snow cover, it was shown that in the
region of heavy snow cover, i.e. in the central,
eastern and northern parts of the country,
plants are well protected in winter from the
ravages of ground frost or of needle ice in
the soil (Ylimdki 1962). Under the Snow,
they are vulnerable to destruction from
winter-killing fungi, especially if the snow
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in autumn falls on unfrozen ground. But in
the coastal areas of southern and western
Finland where snow is scanty, the abiotic
severity factors of winter, i.e. stagnant water,
covering ice, ground frost or needle ice in
the soil and freezing temperatures, cause
destruction to plants
instead.

almost every year

The winter-killing fungi that is most com-
mon and most destructive to winter cereals
and ley grasses is snow mould (Fusarium
nivale) while in many winters particular
destruction has been caused also by Typhula
fungi (T. ishikariensis and T. incarnata) in
the central, eastern and northern parts of the
country and by Sclerotinia borealis in North
Finland (Jamalainen 1956).

In respect of clover rot (Sclerotinia tri-
foliorum) which is generally destructive to
ley legumes especially red clover, improved
clover strains and local clover strains show
considerable variations in resistance although
all clovers may suffer serious damage in
autumn and winter, which are extremely
favourable to the disease (Ylimiki 1969).

In the 1950s and 1960s the Institute of
Plant Pathology performed extensive re-
sistance tests with destructive winter-killing
fungi on improved strains of winter cereals
and of ley grasses despatched for testing
from plant breeding stations in other Scan-
dinavian countries. These tests performed
in the laboratory and field, show that there
were such great differences in the resistances
of various plant species and varieties to
destructive winter-killing fungi, that it was
found possible to increase the resistance to
destructive winter-killing fungi through plant
breeding (Jamalainen 1969, 1974).

In connection with studies on the growth
requirements of clover and, in particular, its
overwintering, attention had been paid from
as early as the 1950s to root browning and



decay of clover even when clover rot did not
occur. Seedlings in leys were found to die
with symptoms of damping off. Certain
fungi were regularly found in the decaying
roots, i.e. mainly species of Fusarium, Cy-
lindrocarpon and Rhizoctonia. These com-
mon soil fungi were found to penetrate into
the roots of clover, especially through
wounds. The root decay has been found to
be even more damaging than clover rot in
leys, because it causes destruction all the
time and not merely in occasional years as

does clover rot (Ylimaki 1967).

Since the latter half of the 1940s the Insti-
tute has performed quite extensive treatment
tests on shoots of winter rye and winter
wheat and clover stands, with chemicals for

Fig. 3. Clover root rot.

the control of destructive winter-killing fungi.
Among the tested
treatment of the stands in autumn with
quintozene, i.e. PCNB preparations, proved
to be extremely effective in the control of
destructive winter-killing fungi (Jamalainen
and Ylimdki 1956, Ylimdki 1969). It has
subsequently been carried out in practical
farming, chiefly on fields of winter cereal
and cultivations of red clover seeds. It has
been found in recent years that benomyl and
thiophanatemethyl preparations, too, are ef-
fective against snow mould (Fusarium nivale)

numerous chemicals,

of winter cereals and ley grasses.

Potato

The occurrence of potato late blight (Phyto-
pthora infestans) and its destruction vary a
great deal in Finland from year to year.
According to studies made by Seppanen
(1971), leaf blight occurs in the south of Fin-
land almost every year, however, and on
average every third year there is a severe
blight year. In the worst years the reduc-
tion of the potato crop has been 40 per cent,
though the average is under 10 per cent. In
Ostrobothnia and in North Finland the
impact of the blight is less, although it can
be extremely damaging there some years too,

especially on clay soil.

Previously tuber blight was regarded as
being the most serious storage disease of
potato. With mechanisation of potato culti-
vation, the importance of wound parasites
of tubers has increased. Studies in recent
years have shown that fungi of the genera
Fusarium and Phoma, in particular, cause
considerable storage losses (Seppénen 1972 a,
1980).

A fairly large survey of the external qual-
ity of food potato in commerce, and factors
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affecting it, was performed in 1967—70 (Sep-
péanen 1972 b).

Potato ring rot (Corynebacterium sepedo-
nicum) was found in Finland for the first
time in 1970. Studies revealed that it had
spread the most in Ostrobothnia but it was
also found locally elsewhere in the country
(Seppédnen and Heindmies 1972).

Virus diseases of potato are calculated to
have caused an annual loss of about 20 mil-
lion marks in Finland during the 1970s. Most
common were the X- and S-viruses, but with
specialisation in the cultivation of potato the
importance of the insect-borne A-, M- and
Y-viruses has increased (Seppédnen 1972).

After the studies begun in the early 1970s
aiming at the production of seed potatoes
free from virus (Tapio 1972), it was thought
there was reason and opportunity to set up
a Seed Potato Centre at the Agricultural Re-
search Centre in 1976 to carry on production
of virus free potatoes in Finland.

Vegetables

At the turn of the 1940s—1950s damping off
fungi occurring in cultivations under glass,
and the control of them, were the object of
thorough studies. Soil disinfection tests as-
sociated with these studies laid a foundation
for the employment of the methods of soil
steaming and chemical disinfection on culti-
vations under glass in Finland (Linnasalmi
1952). In experiments on the control of club
root (Plasmodiophora brassicae) performed at
roughly the same time mercurous chloride
preparations proved to be effective both on

swede and cabbages.

The resistance of foreign swede and white
cabbage to club root has been subject to test-
ing since the 1950s, and oil plants were in-
cluded later in the tests. In the 1970s the
investigations expanded into inter-Nordic
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NKJ (The Scandinavian Contact Agency for
Agricultural Research) projects in which the
occurrence of strains of club root in Finland
was investigated under professor Linnasal-
mi, and the resistance of improved white
cabbage plants to club root. As a result of
this cooperation, white cabbage cultivars re-
sistant to club root were brought on the
market.

Tobacco mosaic virus (TMV) caused sub-
stantial destruction in greenhouse tomatoes.
Once the TMV types occurring in Finland
had been established, it was found in resist-
ance studies that foreign cultivars bred for
resistance to TMV are also resistant to the
Finnish TMV types (Murtomaa 1966, Linna-
salmi 1980).

In studies of virus diseases of cucumber
the occurrence and importance of these dis-
eases and the characteristics and chemical
composition of the viruses were studied (Lin-
nasalmi 1966, Linnasalmi
1974, 1975).

As grey mould of onion had caused great
damage in stored multiplier onion in North
Finland in the 1940s and 1950s, extensive
studies were conducted on the susceptibility

and Toiviainen

of Finnish onion material to this disease, and
on the effect of the predrying of onions on
the storage. The effects of heat treatment on
the emergence of inflorescences, on flower-
ing and on the yield of multiplier onion were
also studied (Aura 1963, 1968). It was found
that a virus disease was the cause of the
degeneration of multiplier onion. As onion
sets were not found to be suceptible to the
virus disease, these were taken into use par-
ticularly in the south and central parts of
the country.

In 1974 white rot of onion (Sclerotium
cepivorum) was found to have caused con-
siderable damage to onion cultivations in
Aland and certain areas of mainland Finland.
Investigation of the spread and control of this



disease was incorporated into the program of
the Institute.

In her study extending to all the Nordic
countries, Tapio (1970) isolated bean yellow
mosaic virus and pea mosaic virus from sev-
eral species of legume. The impact of these
viruses in Finland was found to be of minor
importance.

An extensive study of the storage of carrots
was performed by Mukula (1957), in which
16 species of fungi were specified as being
destructive to carrot. Storage tests revealed
that technazene preparations were effective
against Sclerotinia sclerotiorum and Botrytis
cinerea fungi, which are among the most
damaging of pathogens.

In very recent years investigations have
been made of the effect of strains of downy
mildew of lettuce (Bremia lactucae) (Osara
1978), of root diseases of cucumber and of
wilt disease of tomato.

Fruit and berry plants

In the control of apple scab, the spray timing
method was found in the 1950s to be effective
in Finnish circumstances (Hardh 1956), and
it was generally adopted by commercial ap-
ple growers.

Since the 1950s the growing of berries has
become a considerable source of income in
many parts of Finland, and cultivation has
undergone expansion. With the intensifica-
tion of cultivation, increasing attention has
been paid, where pests and diseases are con-
cerned, especially to grey mould of straw-
berry and gooseberry mildew. Root rot was
found to be damaging to cultivations of
strawberry that had taken the form of com-
mercial monoculture (Yliméki 1970). The de-
partment began to produce virus-free pro-
pagation material of raspberry, strawberry,
currants and of a hybrid Rubus idaeus X R.
arcticus, and this experimental phase led to
the establishment of a Healthy plant propa-

gation farm in 1976, this new unit being re-
sponsible for the production of virus-free
mother plants approved for the purpose (Bre-
mer and Ylimidki 1978). This is being done
with the aid of the Institute of Plant Path-
ology and the Institute of Pest Investigation.

Other studies

Most among the mycological studies have
been the studies by Liro of smut fungi. From
the very abundant material collected by
him, he determined several entirely new
species of smut fungi (Liro 1924, 1938). He,
together with his colleagues, collected sam-
ples of other fungi also, and as a result of
this work the mycological collection Myco-
theca IFennica was published, which com-
prises a total of 900 species of fungi. A sum-
mary of Fusarium fungi encountered in Fin-
land was made by Jamalainen (1970).

The boron deficiency diseases were in-
vestigated in the 1930s in Finland by Jama-
lainen, who showed that brownheart disease
of swede was due to a deficiency of boron.
Likewise, internal cork disease of apples was
found to be caused by a deficiency of this
element. In sugar beet cultivations a com-
mon disease especially on heavily limed
fields was heart rot of sugar beets. Trials
carried out showed that these diseases could
be prevented by applications of boron (Ja-
malainen 1949).

With the very marked increase in the pro-
duction of ornamental plants from the 1950s,
increasing trouble was experienced from such
diseases as carnation wilt, many diseases of
flower bulbs, powdery mildew of rose and
of begonia, etc. The studies concerning these
have led to better hygiene in greenhouses,
to disinfection of soil to effective attention
to certain technical factors of cultivation and
to the regular employment of many control
functions such as the control of powdery
mildew fungi.
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Forest plantation derived considerable ben-
efit from the activities of the Institute
through the studies on control that were con-
ducted in the 1950s in forest nurseries on
needle cast of pine (Lophodermium pinastri),
and black snow mould (Herpotrichia nigra)

and pine seedlings snow blight (Phacidium
infestans) which had until then regularly
destroyed spruce seedlings. As a result, the
control of these diseases was adopted as a
regular step in cultivation at nurseries (Ja-
malainen 1961 b).

COOPERATION WITH OTHER RESEARCH INSTITUTIONS

Owing to the relatively limited researcher
resources, and also for reasons of expediency,
the Institute of Plant Pathology has consist-
ently cooperated with other institutes of the
Agricultural Research Centre (Agricultural
Experiment Institute) and, especially, with
the experimental stations and also with out-
side research institutes. Cooperation has been
particularly useful with some of the com-

mercial cooperatives, with the foodstuffs in-
dustry with field and garden producers and
with some of the consultative organisations
of these. From the start, the researchers of
the Institute have taken part in the instruc-
tion at the University of Helsinki in the ca-
pacity of docents and as course and seminar
lecturers.

INTERNATIONAL ACTIVITIES

The research work requires keeping up con-
stantly with research work being done ab-
road. The Institute has also endeavoured to
obtain for its library the most important
journals and manuals, while researchers
attended the most
ternational congresses, seminars and other
such meetings, where ever possible. Nordic
cooperation has traditionally been prominent,

have important in-

but in recent years participation has been
extended to other parts of Europe too. Some
researchers have had the opportunity to ac-
quire additional education at universities or
research institutions abroad, and the Insti-
tute has similarly received visiting research-
ers from other countries. Researchers have
participated in the activities of the numerous
international organisations.

STATUTORY PLANT PROTECTION ASSIGNMENTS

In accordance with the Plant Protection Act
of 1925 and the commitments to subsequent
international treaties, the Institute of Plant
Pathology together with the Institute of Pest
Investigation has acted to prevent the entry
to, and spreading in the country of »danger-
ous plant destructors».

When potato wart disease had been en-
countered in Finland for the first time, in
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autumn 1924, energetic preventive measures
were initiated by Liro against the spreading
of this disease by means of quarantine and
cultivation restriction allowed by the Plant
Protection Act. Dozens of wart-resistant va-
rieties of potato were obtained from abroad
for testing in Finland. Owing to these steps,
which were subsequently maintained, the
spreading of potato wart disease has been



successfully curbed in Finland. When the
post of plant protection inspector was estab-
lished at the Institute in 1943, statutory plant
protection and import and export inspections
of plants could be conducted in 1947. Since
1974 responsibilities devolving from the Plant
Protection Act have been discharged by the
plant quarantine unit, a joint organ of the
Institute of Plant Pathology and the Insti-
tute of Pest Investigation, which has offices
in Helsinki and Turku and local inspectors
in other localities. Under the new Plant Pro-

tection Act issued at the beginning of this
year, these responsibilities have been trans-
ferred in their entirety to the National Board
of Agriculture as of March 1, 1981.

Since 1952 the Institute of Plant Pathology
has carried out statutory testing of the bio-
logical efficacy and the usability of fungi-
cides, and together with the Institute of Pest
Investigation and subsequently with the In-
stitutes of Plant Husbandry and Horticulture,
under the Pesticides Act of 1969, has been
responsible for registration of pesticides.

INFORMATION AND COUNSELLING

The results of the studies have been made
available for use by researchers, counsellors
and growers in the form of articles published
in domestic and foreign series of scientific
publications, journals and guidance booklets.
The scientific articles were previously pub-
lished in the form of Publications of the Fin-
nish State Agricultural Research Board or
the Journal of the Scientific Agricultural
Society of Finland or Acta Agralia Fennica.
Since 1962 the scientific papers have mainly
appeared in the Annales Agriculturae Fen-
niae, the Agricultural Research Centre’s own
journal.

Ever since the foundation of the Institute,
its researchers have been in close contact
with farmers and gardeners and have sup-
plied them with instructions for the control

of plant diseases. Members of the Institute
have also participated in education and coun-
selling as lecturers.

The intensification and expansion of gar-
den and orchard cultivation and the expan-
sion of chemical protection of plants were
the reasons that the post of plant protection
advisor was established jointly at the depart-
ments of Plant Pathology and of Pest Inves-
tigation during the 1950s. with the contri-
bution of the horticultural organizations.
Primary duty of the holder of this post is to
maintain contacts with counselling organisa-
tions, to organise plant protection courses
and to give lectures. He has also been much
occupied the whole time with direct coun-
selling service for growers.
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SELOSTUS

Seitsemiin vuosikymmenti kasvitauti- ja kasvinsuojelututkimusta
Kasvitautien tutkimuslaitos 1911—1981

AARRE YLIMAKI

Maatalouden tutkimuskeskus

Toiminnan ensimmaiisind vuosikymmenind suori-
tettiin kasvitautien tutkimuslaitoksessa pédasias-
sa sienisystemaattisia tutkimuksia, joista merkit-
tivimpii olivat viljojen nokisienid sekd Fusarium-
sienid koskeneet selvitykset. Boorin puutoksesta
aiheutuvista taudeista suoritettu tutkimus oli yksi
ensimmaiisid maailmassa.

1940- ja 1950-luvuilla olivat laajimpien tutki-
musten kohteina peltokasvien talvehtiminen, vil-
jojen tyvitaudit, viljojen ja nurmiheinien virus-
taudit sekd perunan, porkkanan ja sipulin varas-
totaudit. Lasinalaisviljelyksilld suoritettiin laajoja
ja merkittdviksi muodostuneita taimipoltetta ja
mullan desinfiointia koskeneita tutkimuksia.

1960-luvulla selvitettiin sieni- ja virustautien
merkitystd vihanneskasveissa, perunassa, palko-

kasveissa ja marjakasveissa. Vuosikymmenen puo-
livalistd alkaen on Kkiinnitetty yh& enenevéssd
midrin huomiota satojen laatuun vaikuttavien te-
kijéiden tutkimiseen, kasvien taudinkestdvyyden
hyviksi kiyttimiseen, terveen lisdysaineiston
tuottamiseen perunasta ja marjakasveista seké
torjunta-aineiden haittavaikutusten selvittédmi-
seen.

Tutkimustyoén lisdksi on suoritettu monimuo-
toista kasvinsuojeluneuvontaa, huolehdittu kas-
vinsuojelulain ja mydhemmin myos kansainvéli-
sen kasvinsuojeluyleissopimuksen edellyttamasta
kasvintarkastustoiminnasta sekd niinikdan laki-
sidteisestd kasvitautien torjunta-aineiden tehok-
kuuden tarkastamisesta ja valmisteiden rekiste-
roinnisté.
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In Finland, as elsewhere in Scandinavia at
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THE MYCOFLORA OF CEREAL SEEDS AND SOME FEEDSTUFFS

AARRE YLIMAKI

Yliméki, A. 1981. The mycoflora of cereal seeds and some feedstuffs.
Ann. Agric. Fenn. 20: 74—88 (Agric. Res. Centre, Inst. Pl. Path., SF-01300
Vantaa 30, Finland).

A survey was carried out in 1966—1973 in order to obtain a general
picture of the microbial population on cereal grain at harvest time. The
microflora of 2601 seed samples of rye, winter wheat, spring wheat,
barley and oats originating from different parts of Finland were in-
vestigated. Alternaria, Cladosporium, Fusarium and Penicillium were
the most frequent fungus genera on seed samples (on 90—100 %, 73—
100 °/o, 56—100 %0 and 47—100 /o of samples, respectively). Fusarium cul-
morum (W. G. Smith) Sacc., F. poae (Pk.) Wr., F. tricinctum (Cda.) Sacc.,
F. avenaceum (Fr.) Sacc., F. arthrosporioides Sherb, F. graminearum
Schwabe and F. oxysporum Schl. emend. Snyd. & Hans. were the
most common Fusarium species. F. nivale (Fr.) Ces. was a curiosity,
cccurring only very rarely. In 467 feedstuff samples, composed of feed
grains, commercial feed mixes, hay and silage, Penicillium, Mucor and
Rhizopus fungi were by far the most frequent, but the bacterial conta-
mination was also very heavy. A total of 113 fungi belonging to 62
genera were identified in this survey.

Index words: Cereals, feedstuffs, microflora, mycoflora, fungi, snow
mould, Alternaria, Cladosporium, Fusarium arthrosporioides, F. avena-
ceum, F. graminearum, F. nivale, F. poae, F. tricinctum, Mucor, Peni-
cillium, Rhizopus.

INTRODUCTION

Even

in the most favourable years the

similar latitudes, the growing season is short
and the harvesting time usually much wetter
than the early part of the growing season.
Rain showers make combine harvesting dif-
ficult and great quantities of cereals often
become mouldy. Lodging and germination
in the ear on the field greatly lower the
quality of the grain, and under these condi-
tions many micro-organisms regularly con-
tribute to a deterioration of the situation.
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moisture content of grain is about 259, but
during rainy harvest times it can be 40 per
To prevent sprouting in the ear,
harvesting is started immediately after the
moisture content has fallen to about 30—
35 /.

It is clear that when combine harvested,
such moist grain is particularly susceptible

cent.

to spontaneous heating and other factors
which diminish its quality (Westermarck-



Table 1.
Statistics (Anon. 1966—1976).

The quality of cereal yields in 1966—1975 according to Monthly Reviews of Agricultural

Total yield milj. kg

Qualitatively saleable yield in per cents

Year i i 1 i
Whost  SMeas  Rye  Barey  Oats Whest whest Rye Barley Oats

1966 67,2 301,1 118,6 596,7 880,8 90 85 87 86 78
1967 161,1 345,7 162,7 680,8 939,9 56 65 59 79 82
1968 160,0 355,5 133,9 773,9 1063,7 92 83 81 75 81
1969 212,8 268,6 125,8 840,0 11317,7 95 91 90 87 89
1970 146,4 262,9 131,4 933,4 1329,7 90 87 81 76 81
1971 137,1 306,3 131,8 1054,2 1423,7 94 92 91 83 84
1972 142,8 319,8 118,6 1140,2 1245,3 95 7 91 81 81
1973 157,0 305,0 124,2 992,4 1169,4 96 93 95 85 83
1974 134,5 458,6 134,4 962,9 1112,8 86 54 79 74 69
1975 129,5 492,0 80,7 1241,9 1450,1 97 95 95 88 89

Rosendahl and Ylimiki 1978, Table 1) and it
is also an excellent growing medium for
several micro-organisms. As a general rule,
grain that is unsuitable for seed or bread is
used as feed for domestic animals.

Since the beginning of the 1960s, the Insti-
tute of Plant Pathology has, each year, re-
ceived mouldy grain samples from different
sources, with requests to investigate their
suitability for bread or for feed.
cases veterinary surgeons had suspected that
illness in animals had been caused by the
contaminated grain.

In some

There is certain evidence concerning the

ability of some fungi to synthesize highly
toxic compounds, mycotoxins, which on con-
sumption can cause very serious diseases in
both man and animals (Forgacs and Carll
1962, Brook and White 1966). Knowledge of
the microflora of cereal grains, and of the
different feedstuffs in Finland was, however,
very superficial. A study was therefore car-
ried out in 1966—1973 in order to obtain a
general picture of the microbial population
on cereal grain at the time of harvesting.
In addition to this, a number of samples of
various feedstuffs e.g. feed grains, commercial
feed mixes, hay and silage were investigated.

MATERIALS

Cereal grains

A total of 2601 grain samples were collected
from different parts of the country during
harvest time in 1966—1973 (Table 2). The
majority of these samples were received from
the various research units of the Agricultural
Research Centre (Fig. 1). In addition, a
number of samples were received from the
State Granary, Helsinki, Work Efficiency As-
sociation, Helsinki, grain dealers and private

farms in different parts of the country (Tablz
3).

Most of the samples were combine harvest-
ed and dried immediately or soon afterwards
in warm-air grain dryers. However, some
of the samples were dried in cool-air dryers.
After drying to about 15 per cent moisture,
the seed samples were sent to the Institute
of Plant Pathology for examination. Samples
were kept in paper bags until examination.
In general, the samples were examined im-
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Table 2. The number of seed samples examined
in 1966—1973.

Number of samples

iy Rye “le;:;:{ %K:;% Barley Oats o
1966 = == 66 60 — 126
1967 110 288 405 104 = 907
1968 57 68 237 76 24 462
1969 10 11 50 15 = 86
1970—71 6 —7 1 32 11 50
1972 12 2 201 349 155 719
1973 17 20 46 96 72 251

Total 212 389 1006 732 262 2601

mediately but some samples had to wait 2—
4 weeks.

Feedstuffs

The majority of all 467 feed samples origi-
nated from the various research units of the
Agricultural Research Centre, but numerous
samples were also received from private
farms, veterinary surgeons and commercial
stores (Table 3).

A number of feed samples, especially those

sent by veterinary surgeons, originated from

cases when these feeds or fodders were
suspected as the cause of a single case of
disease or an outbreak of toxicosis among
farm animals.

v e w20 2

TILASTON POHJAKARTTA 1.1.1981
BASKARTAN FOR STATISTIK 1.1.1981

Fig. 1. Institutes and Experimental Stations of
the Agricultural Research Centre (cf. Table 3).

METHODS

The cereal seeds and the feeds were
examined using a somewhat modified version
of the blotter test (de Tempe 1963). Seeds
were placed in Petri dishes (& 14 cm) or in
germination bowls (& 20 cm), 25 seeds per
dish. There was a layer of cellulose wadding
and filter paper, both saturated with ster-
ilized water, on the bottom of the dishes or

bowls.
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At the start of the investigation, the grains
were surface sterilized with 0,3 per cent
oxykinolinesulphate and alcohol, whereafter
they were washed with abundant sterilized
water. This procedure was later abandoned,
since the fast growing saprophytes did not
seem to inhibit other harmful fungi when
growing on plain filter paper.

The bowls were first kept in a cold



Table 3. Origin gf samples 1966—1973.

Origin

No. in: Cereal Feed
Fig. 1 grains stuffs

Agricultural Research Centre

Institute of Animal Husbandry, Tikkurila
Institute of Plant Husbandry, Tikkurila

Institute of Plant Breeding, Jokioinen

South West Finland Experimental Station, Mietoinen
Satakunta Experimental Station, Kokeméki
Sata-Hame Experimental Station, Mouhijérvi
Hime Experimental Station, Palkéne
Kymenlaakso Experimental Station, Anjalankoski
South Savo Experimental Station, Mikkeli
Central Finland Experimental Station, Laukaa
South Pohjanmaa Experimental Station, ¥Ylistaro

North Savo Experimental Station, Maaninka
Kainuu Experimental Station, Vaala

North Pohjanmaa Experimental Station, Ruukki

Lapland Experimental Station, Rovaniemi
Swine Research Station, Hyvink&d

State Granary

Milling industry

Grain dealers |

Work Efficiency Association

Private farms

Veterinarians

HKEXKXKX XXX XAXKXKXXXAKXKXXX
XXXX %X X

XX

chamber (5—8°C) for 3—5 days, and then
subjected to UV light for two hours before
being placed in the laboratory at a tem-
perature of 20—22°C for 18—21 days.

After the 14 day incubation period, the
germination rate of the seeds was counted
and the sprouts were cut to facilitate micro-
scope examination. The microflora was pre-
milinarily determined with a stereomicro-
scope. For more accurate species determina-
tion of the fungi, hyphal tip and single spore
isolates were taken and grown on oat meal
agar (pH 4,4—5,0) or potato dextrose agar
(PDA) (Difco 0013—01) to observe the speed
of growth, colour and other colony character-
istics. For more precise species determina-
tion, compound microscope slides were pre-

pared using the lactophenol technique or
distilled water to which a drop of safranine
was added (Fusarium).

The identification of the fungi was prin-
cipally based on spore characters. The three
week incubation period was found to be nec-
essary for good sporulation of some species,
mainly those of Epicoccum and Fusarium.

In the classification of the fungi, the system
of Ainsworth (1971) has been followed. The
nomenclature of Fusarium used in this work
is based on that of Gordon (1952, 1960) ex-
cept for the Fusarium section Sporotrichielle
which is classified according to Seemiiller
(1968). Other Deuteromycotina were identi-
fied according to Barron (1968), von Arx
(1970) and Elis (1971, 1976).

RESULTS

1. The composition of the microflora of
cereal seeds.

Tables 4 and 5 give the frequency of the
different micro-organisms found in 1966—
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a

Fig. 2. Barley ears contaminated by Fusarium. Fig. 3. Feed grain contaminated by Fusarium.

Fig. 4. Colonies growing from contaminated grains, a. Fusarium culmorum, b. F. avenaceum, c. F, tri-
cinctum, d. Aspergillus flavus.
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Table 4. The frequence of various fungus genera and bacteria in cereal seed samples in 1966—1971.
N N\

Rye Whest Soneat Barley Oats
% % % % %%
Number of samples 183 367 759 287 35
ZYGOMYCOTINA
Mucor 22,5 6,2 12,1 8,5 6,8
Mycotypha 3,8 2,6 1,9 0 7,6
Rhizopus 22,2 18,7 15,9 18,5 8,7
ASCOMYOOTINA :
Chaetomium 1,5 1,6 3,0 4,7 1,8
Sordaria 0 0 0,5 0,3 0
DEUTEROMYCOTINA
Hyphomycetes, light
Acremoniella 2,1 1,1 . 0,6 2,3 27,4
Arthrobotrys 0,9 3,7 4,8 1,5 1,1
Cephalosporium 18,5 12,3 10,8 36,7 82,1
Fusarium 67,1 56,0 61,0 82,0 100
Gliocladium 3,0 5,0 1,6 4,1 0
Gonatobotrys 2,7 / 0,5 9,7 1,7 0
Oedocephalum 0 0 0,4 0,4 0
Papulaspora 3,5 1,4 3,9 1,4 12,3
Penicillium 86,0 83,0 67,8 62,8 47,1
Rhizoctonia. 0,3 1,0 0,3 2,0 3,2
Torula 2,9 0,5 0/5 6,6 0
Trichoderma 2,1 1,5 0,5 1,4 2,9
Trichothecium 5,4 2,9 10,8 2,4 9,2
Verticillium . 2,3 0,5 0,3 0,3 2,5
Hyphomycetes, dark :
Alternaria 91,1 97,9 94,3 98,7 100
Arthrinium 19,0 8,7 10,6 3,1 0
Aspergillus 15 2,9 4,9 4,5 3,6
Botryotrichum 12,1 7,4 11,9 10,6 48,3
Botrytis 11,7 9,3 6,4 3,4 0
Chlamydomyces 0,6 . 0,5 0 0 0
Cladosporium ’ 93,8 91,3 72,9 74,3 100
Doratomyces 0 0,5 0 0,2 0
Drechslera B : 0,3 0,4 1,1 9,9 6,7
Epicoccum 45,2 57,2 57,8 57,0 62,8
Monodictys N 9,7 6,5 4,1 10,1 2,7
Stachybotrys 0,6 1,0 0,1 0 0
Stemphylium 41,8 25,3 22,3 13,1 18,5
Trichocladium 19,3 15,1 8,8 18,6 0
Coelomycetes, Melanchoniales )
Colletotrichum 1,2 0/5 8,3 6,3 6,2 .
Coelomycetes, Sphaeropsidales :
Septoria . 0 0 2,0 2,3 0
OTHER FUNGI 6,9 21,8 27,6 17,3 0
BACTERIA '(Streptomyces) 51,0 61,2 55,7 75,7 64,3

1971 and 1972—1973 in seed samples, and
Tabel 6 gives their frequencies in single
seeds.

Alternaria was by far the most frequent
fungus: it occurred in more than 90 % of all
samples of various cereals. The following
most frequent fungus genera were Cla-

dosporium, Fusarium and Penicillium, occur-
ring in 73—100 %, 56—100 %o and 47—100 %
of samples, respectively. Oat samples in
particular showed very high contamination
by Alternaria, Cladosporium and Fusarium
fungi in all these years.

The contamination of single seeds was
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Table 5. The frequence of various fungus genera and bacteria in cereal seed samples in 1972—1973.

‘Winter

Spring

Rye wheat wheat Barley Oats
% % %% % %
Number of samples 29 21 235 410 207
MYXOMYCOTA
Myxomycetes
Physarum 0 0 0 6,3 9,7
ZYGOMYCOTINA .
Mucor 69,0 71,4 66,0 62,9 44,9
Muycotypha
Rhizopus 55,2 61,9 48,5 45,1 30,9
ASCOMYCOTINA
Chaetomium 48,3 90,5 58,3 37,8 47,3
Sordaria 0 0 0,4 1,2 0
BASIDIOMYCOTINA
Ustilago o 19,0 12,8 48,3 44,4
DEUTEROMYCOTINA
Hyphomycetes, light
Acremoniella 20,7 23,8 66,4 80,0 75,4
Acrotheca 0 0 o 2,7 5,8
Acrostalagmus 0 0 0,9 0,5 1,0
Arthrobotrys 0 0 4,3 4,6 9,7
_ Cephalosporium 51,7 28,5 77,4 87,8 93,7
Fusarium 75,9 66,7 97,9 97,3 100,0
Fusidium 17:2 4)8 48:5 48,5 62!8
Gliocladium 13,8 9,5 29,8 48,3 26,6
Gliomastix Y 0 0 1,2 1,4
Gonatobotrys 0 0 3,0 1,0 4,8
Ostracoderma 17,2 4,8 26,4 12,7 20,8
Papulaspora 0 0 1,3 3,4 0
Penicillium 96,9 100,0 78,3 82,7 74,9
Rhizoctonia e 0 0 0,2 1,4
Sporotrichum 24,1 14,3 8,5 20,7 9,7
Torula 13,8 14,3 3,0 8,1 1,9
Trichoderma 6,9 4,8 8,9 14,6 9,2
Trichothecium 10,3 14,3 33,6 19,5 25,6
Verticillium 3,4 0 0,9 0,7 14
Hyphomycetes, dark
Alternaria 100 100 100 99,8 100
Arthrinium 24,1 9,5 21,3 10,5 13,5
Aspergillus 24,1 19,0 9,8 9,3 14,0
Botryotrichum 17,2 23,8 28,5 25,9 18,8
Botrytis 0 0 5,5 2,4 5,3
Cercospora
Cladosporium 100 85,7 79,6 82,2 99,0
Curvularia 0 0 0,9 0 0
Dactylella 0 0 0,4 0 0
Doratomyces 3,4 0 0 3,6 3,9
Drechslera 17,2 33,3 40,4 77,3 52,2
Epicoccum 58,6 9,5 30,6 35,4 44,0
Monodictys 0 9,5 1,3 1,2 1,4
Sepedonium 0 0 0 1,2 0,5
Stachybotrys 6,9 0 1,7 1,7 1,4
Stemphylium 24,1 9,5 11,0 11,6 14,5
Trichocladium 37,9 28,5 13,6 17,1 19,3
Coelomycetes, Melanchoniales
Colletotrichum 27,6 0 69,4 83,9 58,5
Coelomycetes, Sphaeropsidales
Phoma 0 4,8 0 2,4 2,4
Septoria 0 0 2,1 6,6 1,0
OTHER FUNGI 6,9 0 31,9 29,8 38,6
BACTERIA, Streptomyces 86,2 76,2 8,7 80,7 93,7
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rather similar: Alternaria was the most fre-
quent fungus (7,1—37 %); the second most
frequent fungus was Cladosporium (5,3—
42 %)); and species of Fusarium were found
on 3,3—15,7% of the seeds examined. Of
all oat seeds, 429%c were contaminated by

Cladosporium, 37 % by Alternaria and 15,7 %o
by Fusarium species (Table 6).

2. Fusarium species on various grains.
The prevalence of the Fusarium species in
the seed samples varied greatly (Tables 7 and

Table 6. The frequence of various fungus genera and bacteria in cereal seeds in 1966—1971.

Rye . %ﬁ;{ f,}’,f;‘;% Barley Oats
% % % % %
. Number of seeds 4575 9175 19000 7175 875
ZYGOMYCOTINA .
Mucor 2,2 0,7 0,8 0,6 0,7
Muycotypha 0,2 0,2 0,4 0,1 0,8
Rhizopus 2,9 2,0 0,8 0,8 0,8
ASCOMYCOTINA
Chaetomium 0 0,1 0,2 0,2 0,2
Sordaria + 0 + -+ 0
DEUTEROMYCOTINA
Hyphomycetes, light
Acremoniella 0,3 0,2 0,4 0,7 3,0
Arthrobotrys + 0,2 0,4 0,1 0
‘Cephalosporium 1,2 0,6 0,6 2,0 8,0
Fusarium 7,4 3,3 5,9 8,2 15,7
Gliocladium 0,3 0,1 -+ 0,4 9
Gonatobotrys 0,4 0,1 0,2 + 0
Oedocephalum 0 0 -+ + 0
Papulaspora 0,1 0,1 + 0,1 1,0
Penicillium . 6,5 9,9 12,6 3,2 4,5
Rhizoctonia + + + 0,1 0,3
Torula 0,1 + + + 0
Trichoderma 0,1 0,2 + 0,1 0,3
Trichothecium 0,4 0,2 1,2 0,1 1,0
Verticillium ' 0,2 + + 0,2
Hyphomycetes, dark
Alternaria - 85 8,6 15,3 71 37,0
Arthrinium 0,3 0,6 2,0 0,2 0
Aspergillus 0,1 0,2 0,2 0,2 0,3
Botryotrichum 0,7 - 0,1 0,5 0,8 5,0
Botrytis 0,7 0,7 0,4 0,2 0,3
Cercospora . 0 0 0 0 0
Chlamydomyces + + 0 0 0
Cladosporium 9,2 5,9 4,5 5,3 42,0
Doratomyces 0 -+ 0 + 0
Drechslera + + + 0 0,6
Epicoccum 2,1 1,9 5,9 2,0 6,7
Monodictys 0,7 0,5 + 0,7 0,2
Stachybotrys + + + 0 0
Stemphylium 1,3 1,0 1,2 0,7 1,7
Trichocladium 0,2 0,1 0,2 0,2 0
Coelomycetes, Melanchoniales /
Colletotrichum 0,8 + 0,6 + 0,5
Coelomycetes, Sphaeropsidales ’
Septoria 0 0 0,1 1,1 0
OTHER FUNGI 1,7 3,0 7,8 2,2 7,4
BACTERIA (Streptomyces) 2,0 2,4 2,2 3,0 2,6




Table 7. The frequence of Fusarium species in cereal samples in 1966—1971.

Rye ‘ivvi?et:{ %gé:% Barley Oats
% % %o % %
Number of samples 183 367 759 2817 35
SPOROTRICHIELLA
Fusarium chlamydosporum 0 1,6 2,1 0,7 0
» poae (& F. tricinctum) 19,7 24,8 29,8 59,2 100,0
» sporotrichioides 1,6 0,8 1,2 4,9 2,9
ROSEUM
Fusarium arthrosporioides 30,6 12,0 17,8 34,5 94,3
» avenaceum 19,7 17,2 20,4 41,8 100,0
ARTHROSPORIELLA
Fusarium semitectum 7,1 6,8 : 4,0 8,4 0
GIBBOSUM
Fusarium acuminatum L1 9,5 9,0 6,3 0
» equiseti 1,1 1,6 0
DISCOLOR
Fusarium culmorum 33,9 28,1 54,8 86,8 100,0
» graminearum 3,3 6,0 5,0 12,5 100,0
- »  sambucinum 20,8 4,9 7,4 3,5 25,7
»  tumidum 0 0 0 1,4
TLATERITIUM
Fusarium lateritium 0 0 0 1,7 0
LISEOLA
Fusarium moniliforme 1,6 0 0 3,5 0
ELEGANS
Fusarium oxysporum 23,5 9,3 9,6 15,7 11,4
» » V. redolens 0 0 . 0,4 0,7 0
MARTIELLA
Fusarium coeruleum 1,6 0 0 0,7 0
» solani 3,3 3,3 3,3 16,0 5,7
Fusarium sp. 27,9 4,9 7,4 58,2 82,9

8). Certain species, however, seemed to be
dominant in all the samples, regardless of
their origin, year of harvest or type of cereal.
In 1966—1971 the most frequent species was
Fusarium culmorum (W. G. Smith) Sacc.
which was found in on average of 60,7 %o of
all the samples and 1,1—12,1 %, of the seeds.
The second most frequent species was F. poae
(Pk.) Wr. (46,7 %o of samples and 0,8—5,9 %0
of seeds). F. avenaceum (Fr.) Sacc., F.
arthrosporioides Sherb. and F. graminearum
Schwabe were the next most frequent, also
with very high contamination. The contam-
ination of oats was especially high both in
samples and on seeds.

In 1972 the exceptionally high temperatures
and quite abundant local rainfall during the
growing season were ,probab-ly the main
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reason for the heavy fusarial infection in
seeds (Uoti and Ylim#ki 1974). The spring
wheat in particular appeared to be quite
heavily contaminated by Fusarium fungi
(Table 9). The occurrence of various Fusarium
species was again the same as in the material
from 1966—1971, but the level of Fusarium
culmorum contamination in spring wheat
(30,9 %), barley (9,5 /o) and oats (7,0 %) was
exceptionally high, although the contamina-
tion by F. avenaceum, F. poae, F. tricinctum

{Cda.) Sacc. and F. oxysporum (Schl. emend.

Snyd. & Hans.) were also very high in all
these cereals.

\

3. The microflora of various feedstuffs.

The microflora of 467 samples of various
feedstuffs were investigated in 1967—1971.



Table 8. The frequence of Fusarium species in cereal seeds in 1966—1971

Winter Spring

Rye wheat wheat Barley Oats
% % % % %
Total number of seeds 4575 9175 . 18975 7175 875
SPOROTRICHIELLA :
Fusarium chlamydosporum 0 + 0,1 + 0
» poae (& F. tricinctum) 0,8 1,0 1,2 2,4 5,9
» sporotrichioides + + 0,2 0,1
ROSEUM :
Fusarium arthrosporioides 1,2 0,5 0,7. 1,4 3,8
» avenaceum 0,8 0,7 0,8 1,7 4,0
ARTHROSPORIELLA
Fusarium semitectum 0,3 0,3 0,2 0,3 0
GIBBOSUM
Fusarium acuminatum + 0,4 0,4 0,3 0
» equiseti + 0 0,1 0 0
DISCOLOR
Fusarium culmorum 1,4 1,1 . 2,2 3,5 12,1
» graminearum 0,1 0,2 0,2 0,5 6,1
» sambucinum 0,9 0,2 0,3 0,1 1,0
»  tumidum 0 0 0 0
LATERITIUM"
Fusarium lateritium -0 0 0,1 0
LISEOLA '
Fusarium moniliforme + 0 0 0,1 0
ELEGANS
Fusarium oxysporum 0,9 0,4 0,4 0,6 0,5
» » v. redolens ' 0 0 + 0
MARTIELLA ) .
Fusarium coeruleum + 0 0 + 0
» solani 0,1 0,1 0,1 0,6 0,2
Fusarium spp. 1,1 0,2 0,3 2,3 3,3
Table 9. The percentage occurrence of Fusarium species in cereal seeds in 1972.
Fusarium species Rye %’ﬁ;ﬂ% Barley Oats
Number of seeds 1200 13000 18000 10950
Fusarium chlamydosporum 0 0 + 0
» © poae 2,3 3,4 3,9 8,2
» tricinctum 0,2 1,5 6,2 2,4
» sporotrichioides 0 + 0
» arthrosporioides 0,2 1,5 1,2 1,0
» avenaceum 2,1 7,4 7,3 5,9
» semitectum 0,7 0,6 1,0 1,4
» acuminatum - 0 . 0,7 0,4 0,3
» culmorum 1,3 30,9 9,5 7,0
» graminearum 0 0,9 0,2 1,0
» sambucinum 0 0,2 0,3 0,4
» lateritium 0 + 1,1 0,1
» moniliforme 0 -+ -+ -+
» oxysporum 0,8 5,1 14 1,8
» coeruleum 0 0 + 0
» solani 0 0,6 0,4 0,4
» Spp. 0 15 1,8 1,0




Table 10 shows the frequency of the different Zygomy-éotina, Mucorales

fungi found after incubation on wet filter Helicocephalum Thaxt. sp.

paper. Penicillium, Mucor and Rhizopus Mucor Mich. ex Fr. spp.

were by far the most frequent fungus genera, Mycotypha microspora Fenner

but the occurrence of bacteria was also very Rhizopus mnigricans Ehrenb.

significant. Thamnidium elegans Link. ex S. F. Gray

Ascomycotina, Pyrenomycetes

4. List of fungus genera and species identi- Ceratocystis ElL -& Halst. sp.

fied from the samples of cereal seeds and Chaetomium elatum Kunze ex Fr.

feedstuffs. Chaetomium globosum Kunze ex Fr.

Chaetomium olivaceum Cooke & Ellis

Myxomycetes, Physarales Chaetomium indicum Corda
Physarum Pers. em. Rostaf. sp. Chaetomium fimicola Cooke
Didymium Schrad. sp. Chaetomium cochliodes Palliser

Table 10. The percentage occurrence of different microorganisms in feed stuffs.

Average infection percentage

Microorganism ©
grains Foea mixes Hay Silage Total
ZYGOMYCOTINA
Mucor 11,9 20,2 43 14,7 15,1
Rhizopus 14,0 14)5 5,1 10,4 12,9
ASCOMYCOTINA ’
Chaetomium 2,3 5,3 7,0 3,6 4,4
DEUTEROMYCOTINA .
Hyphomycetes, light
Acremoniella 1,9 0,1 51,0 0 1,4
Arthrobotrys + 0,2 0,3 + 0,1
Cephalosporium : 3,0 3,5 3,7 0,9 3,2
Fusarium . 7,3 4,6 4,3 5,2 5,6
Gliocladium 0,5 0,2 + 0,5 0,3
Paecilomyces 0,4 1,7 0,8 4,0 1,2
Papulaspora 0,3 0,2 0 0,2
Penicillium 15,2 13,8 10,6 13,4 13,9
Trichoderma 0,7 + 2,0 1,2 0,6
Trichothecium 0,8 + 4,9 0,1 0,9
Hyphomycetes, dark
Alternaria - 9,3 2,1 10,0 1,1 5,5
Arthrinium 0,7 0 1,7 0,5
Aspergillus 3,6 1,9 7,9 5,2 3,4
Botryotrichum 0,2 0,3 + 0 0,3
Botrytis | 0,3 + 0,8 0 0,2
Cladosporium 4,5 1,5 10,9 2,5 3,8
Doratomyces ) 0,4 0,1 0,6 0,3 0,3
Drechslera 0,3 + 0,3 0 0,2
Epicoccum 0,5 + 8,7 0 0,2
Stachybotrys 0,1 + 0,5 0,5 0,2
Stemphylium 0,2 + 0,3 + 0,1
Trichocladium 0,2 0,4 0,3 -+ 0,3
Coelomycetes, Melanchoniales
Colletotrichum 0,9 0,1 + + 0,4
OTHER FUNGI 2,4 3,5 8,1 18,5 44
BACTERIA
Streptomyces 1,4 79 v 7,3 4,2 7,5
Other 10,6 17,7 2,5 13,8 13,1
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Chaetomium spinosum Chivers
Melanospora zamiae Corda
Melanospora fallax Zukal

Sordaria fimicola (Rob.) Ces. & De Not
Sordaria tetraspora Winter

Basidiomycotina

Septonema Corda sp.

Ustilago nuda (Jens.) Rostr.

Ustilago avenae (Pers.) Rostr.

Ustilago hordei (Pers.) Lagerh.
Deuteromycotina, Hyphomycetes, light
Acremonielle atra (Corda) Sacc.
Acremoniella verrucosa Fogn.
Arthrobotrys superba Corda
Cephalosporium Corda sp.

Fusarium acuminatum (Ell. & Ev.) Wr.
Fusarium arthrosporioides Sherb.
Fusarium avenaceum (Fr.) Sacc.
Fusarium chlamydosporum Wr. & Rg.
Fusarium coeruleum (Lib.) Sacc.
Fusarium culmorum (W. G. Sm.) Sacc.
Fusarium dimerum Penz.

Fusarium equiseti (Cda.) Sacc.
Fusarium graminearum Schwabe
Fusarium lateritium Nees

Fusarium moniliforme Sheld.
Fusarium nivale (Fr.) Ces. .
Fusarium oxysporum Schl. emend. Sny-
der & Hansen

Fusarium oxysporum Schl. emend. Sny-

der & Hansen var redolens (Wr.) Gordon
Fusarium poae (Pk.) Wr.

Fusarium semitectum Berk. & Rav.
Fusarium sambucinum Fuckel

Fusarium sambucinum Fuckel forma 6 Wr.
Fusarium sambucinum Fuckel var. coeru-
leum Wr.

Fusarium solani (Mart.) App. & Wr. emend.
Snyder & Hansen

Fusarium sporotrichioides Sherb.
Fusarium tricinctum (Cda.) Sacc.
Fusarium tumidum Sherb.

Fusarium Link. ex Fr. spp.

Fusidium Link. ex Fr. sp.

Gliocladium roseum (Link.) Bain.

Gliomastiz murorum (Corda) Hughes
Gonatobotrys Corda sp.
Oedocephalum Preuss sp.
Ostracoderma Fr. sp.

Papulaspora Preuss sp.

Penicillium Link. ex Fr. spp.
Pullularia pullulans (de Bary) Berkh.
Rhizoctonia solani Kiihn
Sporotrichum Link. ex Fr. sp.
Torula herbarum (Pers.) Link. ex S. F. Gray
Trichoderma viride Pers. ex Fr.
Trichothecium roseum Link. ex Fr.
Verticillium Nees ex Wallr.

Deuteromycotina, Hyphomycetes, dark

Alternaria tenuis Nees

Alternaria cheiranthi (Fr.) Bolle
Alternaria tenuissima (Kunze ex Pers.)
Wiltsh.

Alternaria raphani Groves & Skolko
Arthrinium sphaerospermum {Corda) M. B.
Ellis ‘

Aspergillus flavus group

Aspergillus fumigatus group

Aspergillus glaucus group

Aspergillus niger group

Aspergillus Mich. ex Fr. sp.

Bispora Corda sp.

Botryotrichum Sacc. & March sp.
Boirytis cinerea Pers. ex Fr:

Cercospora Fres. sp.

Chlamydomyces palmarum {Cooke) Mason
Cloridium Link sp.

Cladosporium herbarum (Pers.) Link ex Fr.
Cladosporium cladosporioides (Fres.) de
Vries

Curvularia Boedijn sp.

Dactylella Grove sp.

Doratomyces microsporus (Sacec.) Morton et
G. Smith . ~
Doratomyces purpureofuscus (Fr.) Morton
et G. Smith

Doratomyces nanus (Ehrenb. ex link.) Mor-
ton et G. Smith
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Doratomyces stemonitis (Pers.) Link. ex
Fries

Drechslera avenae (Eidam) Scharif
Drechslera graminea (Rabenh. ex Schlecht.)
Shoem .

Drechslera teres (Sacc.) Shoem

Epicoccum  purpurascens Ehrenb. ex
Schiecht. .

Geotrichum candidum Link.

Gilmaniella Barron sp.

Monodictys levis (Wiltsh.) Hughes
Sepedonium Link ex Fr. sp.

Stachybotrys atra Corda

Stachybotrys aurantia Barron
Stemphylium botryosum Simmons

Stemphylium consortiale (Thiim.) Groves &

Skolko

Trichocladium asperum Harz.
Deuteromycotina,
niales

Coelomycetes, Melancho-
Colletotrichum graminicola (Ces.) Wils.
Deuteromycotina, Coelomycetes, Sphaeropsi-

dales

Ascochyta graminicola Sacc.
Ascochyta hordei Hara
Asteroma DC. ex Fr. sp.
Phoma sensu Sace. sp.
Pyrenochaeta de Not. sp.
Septoria nodorum Berkeley
Septoria tritici Roberge

DISCUSSION

Most studies on the microflora of cereal seeds
deal with stored grains, with pathogenic
fungus species or with certain fungus genera
or species only. More -comprehensive surveys
on the microflora of ripening cereal crops
standing in the field or at harvest time are
rather few (Spicher 1958, Malone and Muskett
1964, Koroleva 1967, Noble and Richardson
1968, Yliméaki 1970, Sodnomdorzh 1973, Flan-
nigan 1970, 1974). We know, however, that
the cereal crops in the field are regularly
contaminated with a variety micro-organisms
i.e. fungal species (the »field fungi»), bacteria,
and also insects.

When the condition of seeds is examined
after incubation, the picture is often that of
a rich fungus flora mostly consisting of sapro-
phytes or weak parasites which apparently
have little influence on seed quality. How-
ever, these fungi cannot be ignored because
the specific composition of this flora may
give some indications of the condition of the
seeds. Furthermore, a knowledge of the
general fungus flora is also of importance
when samples for fodder and industrial
purposes are examined, because mould on
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grains and feedstuffs carries with it the risk
of mycotoxin contamination (Ciegler, Kadis
and Ajl 1971, Kadis, Ciegler and Ajl 1971,
1972, Palti 1978, Ylimiki et. al. 1979). For
this reason the occurrence of both pathogenic
and saprophytic fungi of cereal seeds and
feedstuffs was recorded during this survey.

The quantity of fungi varied annually very
much according to the climatic conditions
during the growing season, especially during
the harvest time. On the other hand, the
selection of fungi was principally the same
in all years.

In cereals, Alternaria species were by far
the most frequent fungi, and occurred in
more than 90 %o of all samples: the contami-
nation of seeds varied between 7.1 and 37 %.
The next most frequent fungus genera were
Cladosporium, Fusarium and Penicillium, oc-
curring in 73—100 %o, 56—100°0 and 47—
100 °/o of samples, respectively, and on seeds
at rates of 5,3—42 %, 3,3—15,7 %0 and 3,2—
12,6 %/, respectively.

Infection by Fusarium species was partic-
ularly dependent on the moisture conditions
of the growing season (cf. Hewett 1950, Gor-



don 1852, Konszky and Pasty 1971). The
relative high humidity in, e.g., 1967 and 1972
was the main reason for the heavy fusarial
infection in cereal seeds in both these years
(Uoti and Ylimé#ki 1974).

The rather abundant occurrence of Fusa-
rium fungi is worthy of mention because
some species are known to produce myco-
toxins in Finland (Ylimaiki et. al. 1979). The
most common Fusarium species were I
culmorum, F. avenaceum, F. arthrosporioides
and F. graminearum but contamination by
F. poae, F. tricinctum and F. oxysporum was
also very high in all cereals.

A fact to be taken in to special considera-
tion was the very scanty occurrence of
Fusarium nivale on seeds. It was found only
in very few cases on the seeds of rye in all
years studied, despite the special attention

paid to its occurrence. On the other hand,
snow mould damage caused by F. nivale is
a very serious .problém in Finland because
it restricts or hinders the cultivation of winter
Jamalainen (1962) has reported that
seed treatment often but not always provides
good control of snow mould. The treatment
of stands with certain fungicides in autumm
is a very good method for preventing snow
mould (Jamalainen -1964). This being the
case, it seems that the seed-borne infection
of cereals by F. nivale has scarcely any de-
cisive importance as a cause of snow mould
compared with soil infection (as reported also
by Spraque 1950, Colhoun 1970 and Taylor
1970).

cereals.
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SELOSTUS

Viljan jyvien ja joidenkin rehujen sienistd

AARRE YLIMAKI

Maatalouden tutkimuskeskus

Vuosina 1966—1973 tutkittiin sienistd eri tahoilta
maata perdisin olleista 2601 rukiin, syysvehnin,
kevdtvehndn, ohran ja kauran jyvinaytteesti.
Yleisimmaét jyvistd tavatut sienisuvut olivat Alter-
naria, Cladosporium, Fusarium ja Penicillium,
joita esiintyy 90—100, 73—100, 56—100 ja 47-—100
prosentissa n.’éylttéistﬁ. Tavallisimmat  Fusarium-
lajit olivat F. culmoru'rri, F. poae, F. tricinctum,
F. avenaceum, F. arthrosporioides, F. graminearum
ja F. oxysporum. Viljojen oraslumihomeen aiheut-
tajana tunnettua F. mnivale-lajia tavattiin vain
muutamista jyvandyteistd.
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Rehuvilja-, rehuseos-, heind- ja siilérehuniyt-
teissd, joita tutkittiin yhteensd 467 kpl, olivat ta-
vallisimmin tavatut sienet Penicillium, Mucor ja
Rhizopus, joskin verraten yleisid olivat my®s
Alternaria, Fusarium, Chaetomium, Aspergillus
ja Cladosporium -sienet. Bakteereista varsinkin
sédesienet olivat yleisii.

Tuoreena s#ilotyssd viljassa, josta ilma oli on-
nistuttu poistamaan, sienid ei joko tavattu lain-
kaan tai niitd oli erittdin véhin.

Kaikkiaan viljoista ja rehuista méiaritettiin 113
eri sienilajia tai -sukua.
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EXPERIMENTS WITH NON-MERCURY SEED DRESSINGS ON SPRIl\fG CEREALS

REIJO VANHANEN

Vanhanen, R. 1981. Experiments with non-mercury seed dressings on
spring cereals. Ann Agric. Fenn. 20:89—101. (Agric. Res. Centre, Inst.
Pl. Path. SF-01300 Vantaa 30, Finland.)

Since the mid-1960s, official efficiency tests have been performed for
. the investigation of dozens of non-mercury seed dressings in the con-
. trol of seed-borne diseases of spring cereals. Their efficacy against leaf
stripe of barley, loose smut of barley and of wheat, stinking smut of
wheat, and loose smut of oats has been investigated in field and green-
house experiments. Most of the preparations have been highly effective
against-stinking smut and against loose smut of oats, while few of them
have produced good results in the control of stripe disease or of loose

smut of barley and of wheat.

Most of the investigated seed dressings have had to be rejected on
account of narrow range of effect, while others have been screened
~out for toxicological reasons or phytotoxicity. Through the combination
of active ingredients, it has proved possible to improve the effects of
the preparations on various species of fungi, though no seed dressing
agent has been adopted as yet that is highly effective against the smut
diseases as well as the stripe disease. Four non-mercury seed dressings
have been sales licensed in Finland for use on spring cereals: Benlate
against loose smut of oats and stinking smut of wheat, Panoctine Plus
against stripe disease and stinking smut, and Vitavax and Vitavax
T-liquid against loose smut of barley and of wheat, stinking smut of

wheat and loose smut of oats.

Index words: Testing of fungicides, seed dressings, barley, oats, spring
wheat, Drechslera graminea, Ustilago nuda, U. avenae, U. tritici, Tilletia

caries.

INTRODUCTION

Organomercury compounds have been used
in Finland for the control of plant diseases
in cereals since the late 1920s. They have
been superior to other agents. The mercury
compounds are effective against most seed-
borne pathogens and are cheap. They are not

phytotoxic and they are available both in
powder and in liquid forms, highly suitable
for use in various kinds of seed treater.
Countering their good features, the mer-
cury compounds possess drawbacks too. They
are ineffective against loose smut of barley
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and of wheat and do not protect the sprouts
against contamination from the soil. But the
most serious problem is their toxicity, which
is a hazard both to persons performing the
dressing and to wildlife. Since the risks en-
suing from mercury were recognized in the
1960s, there have been efforts to reduce the
utilisation of mercury seed dressings and re-
place them with less toxic preparations. To-
"day many countries have totally prohibited
or severely restricted the use of mercury seed
dressings. In Finland the use of poorly de-
gradable methyl mercury compounds was
abandoned in 1969, and the use of the more
pro-environmental ethyl mercury preparat-
ions exclusively was adopted.

The finding of effective non-mercury seed

dressings has proved to be more difficult
than was expected. Only the development of
systematically-effective active ingredients
and the combination of various iﬂgredients
into a mixture has brought within sight pre-
parations that can compete on equal terms
with the mercury compounds. The effect of
nearly 100 non-mercury preparations against
plant diseases occurring in cereals has been
investigated at the Institute of Plant Patho-
logy in the past 15 years. This report brings
together the results mainly of preparations
that are already in use for the control of plant
diseases in some countries, or that seem to
be promising alternatives to mercury seed
dressings. '

MATERIAL AND METHODS

\

In control tests on leaf stripe of barley and
on loose smut of barley and of wheat, use
was made of batches of seed which were in-
fected naturally and as heavily as possible.
In the tests on stinking smut of wheat and
loose smut of oats, healthy and well-germi-
nating seeds were artificially inoculated with
smut spores.

In the inoculation with loose smut of oats,
250 g of oat seed and 1—3 g of smut spores
are mixed into a nutrient solution contain-
ing, per litre of water, two grammes each of
(NH,),S0,, X,50, and KH,PO, as well as one
g each of glucose, MgSQO,;, NaCl and CaCl,.
By vacuum suction, air is drawn from the
mixture in 'a dessicator for 20 minutes,
whereafter the air is slowly allowed to be re-
absorbed, whereon' the spores are carried in
between the grain and the coat. The grains
are then dried on blotting paper at room
temperature. After two days they are placed
in a glass jar lined with damp blotting paper
at a temperature of + 25°C for 24 hours, for
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‘the spores to germinate. After drying, the
seeds are ready to be dressed.

Wheat grains are inoculated with dry
spores of stinking smut by shaking a mixture
of seeds and spore dust in a glass jar for
5—10 minutes. From 5—8 g of dust is used
per kg of seed. After inoculation, the grains
can immediately be dressed.

When the dressing was done with pow-
dery preparations, the desired quantities of
seed and dressing were weighed into a cylin-
drical glass jar. Until 1975 the liquid prepa-
rations were pipetted on to the inner surface
of a glass vessel containing seeds. In both
cases, the mixing has been performed by vio-

lent manual shaking or mechanical rotating

of the vessel for five minutes. Since 1976 a
device has been used in liquid dressing in
which the dressing liquid is sprayed by com-
pressed air, in the form of a fine mist, in
among grain being mixed in a rotating glass
jar (Vanhanen 1977).

Control tests with leaf stripe of barley
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have been performed both in greenhouse and
in the field. In greenhouse tests the seeds
have been sown into sterilised soil in sprout-
ing pots and allowed to sprout at a tempera-
ture of +10°C, whereafter the plants have
been transferred into the greenhouse. The
analysis has been done 5—6 weeks after sow-
ing, by counting the intact specimens and
those contaminated with leaf stripe. The field
trials have been done with a Planet Jr. seed-
er or with an Oyjord plot drill, usually in
plots of 10 square metres with four repli-
cates. The healthy and the leaf striped plants
were counted at the time when the barley
ears emerged, at a distance of 4 X 2 metres
of row per plot.

The control tests with loose smut of barley
and of wheat have all been field trials and

A RESULTS AND

Efficacy of seed dressings against plant
diseases

Leaf stripe of barley (Drechslera graminea,
Fig. 1). The results of the control tests on
leaf stripe of barley are shown in Tables 1
and 2. Most effective among the non-mer-
cury seed dressings against leaf stripe was
Sisthané, which contains phenapronil as ac-
tive ingredient. It was even more efficient
than mercury. But tests with Sisthane had to
be discontinued for toxicological reasons. An-
other effective compound against leaf stripe
is imazalil, which is the active ingredient in
preparations including Fungaflor, Panoctine
Plus, Panoctine Universal, 7118/1A and 9051.
Of the above-mentioned preparations Panoc-
tine Plus became in 1980 the first non-mer-
cury seed dressing to be allowed a sales
license in Finland for the control of leaf

stripe. With normal amounts of use, the ef- ‘

fect of the other agents fell short of 90 per
cent.

have been established in the same way as
the tests on leaf stripe of barley. The num-
ber of ears was counted at a distance of
4 X 0,5 metres of row per plot and the
smutted ears were counted throughout the
entire plot.

The tests with loose smut of oats and
stinking smut of wheat have been done in
boxes 6 dm? (of 60 grains each with five re-
plicates). The former were allowed to sprout
at room temperature, and the latter at a tem-
perature of +10°C. The sprouts have been
transplanted when they were five ‘centi-
metres high, to grow in furrows made in the
field. The cereal, pulled out of the soil in
autumn, has been analysed by counting the
healthy and the smutted specimens.

DISCUSSION

Insufficient effect against leaf stripe hap-
pens to be a threshold on which non-mer-
cury preparations often fall. This is the case
particularly in Finland, where agents such
as maneb, mancozeb, thiocyanomethylthio-
benzothiazole and carboxin, with which good
results in the control of leaf stripe disease
have been achieved in many countries, have
proved to be inadequately effective. So far,
only imazalil seems to provide an acceptable
alternative to mercury compounds in the con-
trol of leaf stripe. Both powder and liquid
applications can be prepared of this. A dis-
advantage is the non-existent effect against
the smut diseases, and it is consequently used
in mixtures together with other active in-
gredients.

Loose smut of barley and of wheat (Ustilago
nuda and U. tritici, Figs. 2 and 3). Mercury
preparations are ineffective
against loose smut of barley and loose smut
of wheat. Vitavax, with carboxin as its ac-
tive ingredient, was used as reference prod-

completely
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Table 1. .Effect of seed- treatments on leaf stripe of barley, field trials, 1972—80.

emergence (Untr. = 100)

Proportionals for
Per cent effect

No. of Rate per tr
Treatment expt. 100 kg ‘seed — ety —
mercury cury mercury mercury
Mercury compound
Ceresan .8 200 g 109 29,2 99,1
‘Non-mercury compounds
Baitan F-liquid 1 200 ml 99 104 9,2 32,6 100
BAS 3302 F 2 200 g 66 79 30,1 85,0 99,9
1 300 g . 90 111 25,0 54,0 98,8
Bayer 6743 2 200 g 99 113 47,2 6,5 98,7
Bayer 6744 2 200 ml 93 113 47,2 14,6 98,7
Benlate + Pomarsol F 1 50 g+ 100 g 56 65 39,8 81,2 99,7
1 100 g + 100 g 57 65 39,8 58,5 99,7
Benlate + Trimangol 1 50 g + 100 g 57 65 39,8 61,3 99,7
1 100 g + 100 g 84 92 20,3 73,9 100
Derosal 4 200 g 89 100 39,8 — 11,8 99,0
Fungaflor-powder 2 300 g 101 107 16,2 94,4 98,8
Fungaflor-liquid 5 300 ml 91 110 30,4 97,4 98,8
Granosan 3 200 g 108 112 39,8 26,9 98,7
Panoctine 1 200 ml 92 94 58,4 10,8 98,8
Panoctine Plus 3 200 ml 96 . 108 38,9 86,8 99,0
Panoctine Universal 2 200 .ml 104 107 16,2 98,4 98,8
Rovral 1 200 g 92 102 22,3 86,5 99,6
Sidipreg 1 300 ml 113 111 25,0 28,4 98,8
1 400 ml 85 65 39,8 47,2 99,7
Sisthane 2 200 ml 101 103 15,8 99,6 99,8
1 320 ml 90 111 10,1 100 98,0
TCMTB 30 EC 3 200 ml 83 102 33,6 24,3 99,0
Topsin M 1 50 g 83 92 20,3 — 30,5 100
' 1 250 g 49 65 39,8 — 13,1 99,7
Trimidal 10 S 3 200 ml 92 106 13,9 59,5 99,2
1 250 ml 99 104 9,2 32,6 100
Vitavax T-liquid 4 300 ml 94 102 30,8 45,2 99,2
Voronit-liquid 4 300 ml 99 100 30,3 33,9 99,3
7118/1A 3 200 g 94 106 13,9 99,1 99,2
9051/1 2 200 97 108 9,7 99,0 99,0
9051/3A | 1 200 ml 95 104 9,2 93,5 100
2 300 ml 94 107 16,2 92,9 98,8

uct in the tests on loose smut (Tables 3 and
4), Vitavax was granted a sales license in
Finland, for the control of smut diseases, in
1971.. Its effect against loose smut of barley
is almost complete. Against loose smut of
wheat, Vitavax has usually had a very good
effect but the years 1978 and 1979 are excep-
tions, for then the effect did not exceed 80—
85 per cent. Apart from the high price, the
powdery consistency of Vitavax has restrict-
ed its use. For this reason Vitavax T-liquid
(with carboxin and thiram as active ingre-

dients), which is effective against loose smut .

of barley, was put on the market in 1979.
Vitavax T-liquid is no longer recommended
for the control of loose smut of wheat, be-
cause in some tests the effect has not ex-
ceeded 60 per cent.

The most promising among other active
ingredients proved to be triadimenol, which
is the ingredient effective against smut fungi
in Baitan F preparations. Against loose smut
of barley, Baitan F powder and liquid dress-
ing agents are slightly inferior to Vitavax
but all the more effectivg in the control of
loose smut of wheat.
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Fig. 1.
nea).

Leaf stripe of barley (Drechslera grami-

Fig. 2. Loose smut of barley (Ustilago nuda).

Fig. 3. Loose smut of wheat
(Ustilago tritici).

Stinking
Fig. 4). Stinking smut is one of the most
easily controlled diseases of cereals (Table 5).
Almost all the non-mercury seed dressings
tested had excellent effects against stinking
smut, the effect of most of them being 100

smut of wheat (Tilletia caries,

per cent. In addition to the Vitavax preparat-
ions, sales licenses have also been given for
Panoctine Plus, Benlate (1971) and Voronit
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Fig. 4. Stinking smut of wheat
(Tilletia caries).

Loose smut of oats
(Ustilago avenae).

Fig. 5.

(1972). The sales license for the Voronit pre-
paration was withdrawn in 1977, when hexa-
chlorbenzene, which was contained in it, was
found in experiments on animals to have
caused cancer.

Loose smut of oats (Ustilago avenae, Fig. 5).
Loose smut of oats cannot be completely con-
trolled with mercury compounds, even if the
quantity applied to oats is 50 per cent higher



Table 2. Effect of seed treatments on leaf stripe of barley, greenhouse trials, 1965—79.

Proportionals for

Treatment No. of Rate per emergence (Untr. = 100) Per cent effect
expt. 100 kg seed non- mer- Untreated non-
mercury  cury - % attack mercury mercury
Mercury compound .
Ceresan 31 200 g 103 21,7 99,3
Non-mercury compounds
Baitan F-powder 1 200 g 97 101 14,5 31,0 91,7
Baitan F-liquid 1 200 ml 92 94 33,3 42,3 100
BAS 3302 F 1 200 g 104 107 30,9 1,3 100
1 . 300 g 96 104 49,8 100 100
Bayer 5488 3 200 g 100 101 28,2 27,1 100
Bayer 5590 4 1000 ml 92 102 27,0 92,0 100
Bayer 6743 3 200 g 102 105 49,1 54,1 100
Bayer 6744 3 200 ml 95 105 49,1 60,6 100
Benlate ki 200 g 100 106 12,0 20,7 99,5
Benlate -+~ Dithane M-45 2 100 g + 100 g 105 106 10,7 79,6 98,3
Benlate -+ Trimangol 1 100 g + 100 g 103 107 30,9 88,0 100
3 125 g+ 125 g 108 104 17,7 91,9 98,8
Busan 72 4 65 ml 102 103 8,1 63,8 99,1
2 100 ml 104 108 14,8 87,6 98,5
KVK Busan 4 200 ml 99 = 103 N 83,8 100
Derosal 5 200 g 99 *105 45,6 —1,9 100
Dithane M-45 5 200 g 101 101 26,1 69,3 100
Folcidin 1 150 g 96 104 49,8 17,9 ‘100
Fungaflor-powder 2 300 .g 106 105 23,4 98,2 95,9
Fungaflor-liquid 6 300 ml 102 105 40,6 99,6 98,6
Granosan 4 200 g 103 - 105 49,3 83,0 100
Panoctine 1 200 ml 103 104 52,6 . 24,0 100
Panoctine Plus 4 200 ml 105 106 44,9 95,8 . 100
Panoctine Universal 2 200 ml 105 105 23,4 88,8 95,9
Rovral 1 200 g 101 109 32,2 71,4 100
Scorvine 1 200 g 104 103 31,1 51,4 100
Sidipreg 1 200 ml 106 102 31,8 49,1 100
2 300 ml 101 106 40,4 65,6 100
1 400 ml 133 120 ° 17,1 85,4 100
Sisthane 2 200 ml 104 102 32,8 100 100
1 320 ml 97 101 14,5 100 91,7
TCMTB 30 EC 5 200 ml 101 105 414 88,4 100
Topsin M 2 50 g 100 111 24.5 — 19,2 100
1 150 g 100 107 30,9 2,6 100
Trimangol 5 150 g 96 101 26,1 86,5 100
Trimidal 10 S 3 200 ml 101 101 T26,7 49,6 97,2
Vitavax 6 200 g 102 103 5,8 75,0 100
2 250 g 104 102 . 145 61,1 98,5
Vitavax T-liquid 5 300 ml 103 106 41,5 89,0 100
Voronit 3 200 g 101 101 28,2 36,5 . 100
Voronit-liquid 5 300 ml 105 108 38,5 . 74,8 100
4 500 ml 101 101 17,5 69,8 98,9
7118/1A 3 200 g 103 101 26,7 92,9 97,2
9051/1 2 200 g 103 98 23,9 91,7 95,9
9051/3A 1 200 ml 107 94 33,3 92,8 100
2 300 ml

101 105 23,4 69,7 959

than it is for other cereals (Table 6). The ef-
fect of the mercury seed dressings has been
60—99 per cent, depending on the year. Apart
from a few exceptions, non-mercury prepa-

rations have had a good effect against this
loose smut. Most surprising is the non-exis-
tent effect of Panoctine Plus and Voronit in
the control of loose smut of oats, although
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Table 3. Effect of seed treatments on loose smut of barley, 1969—80.

Proportionals for

Treat " No. of Rate per heads (Untr. = 100) Untreatetd Per cent effect

reatmen expt. 100 kg seed prod- refer- t%dshné:ds prod- refer-

uct ence uct ence

prod- prod-

uct uct

Vitavax (reference 9 200 g 98 7,6 98,4
product)

Baitan F-powder 4 200 g 99 101 11,7 95,0 99,2

Baitan F-liquid 3 200 ml 108 105 14,6 95,2 98,6

BAS 3302 F 1 200 g 93 81 9,1 95,6 97,8

1 300 g 95 106 0,8 98,9 100

Benlate + Pomarsol F 1 50 g + 100 g 90 81 9,1 49,5 97,8

1 100 g + 100 g 95 81 9,1 30,8 97,8

Benlate + Trimangol 1 50 g +100 g 90 81 9,1 18,7 97,8

1 100 g + 100 g 97 -103 4,2 81,0 92,9

Derosal 2 200 g 97 94 5,0 37,0 98,9

Fungaflor-liquid 1 300 ml 106 106 0,8 15,8 100

Granosan 1 200 g 105 106 0,8 1,7 100

Panoctine Universal 3 200 ml 95 96 8,3 71,3 99,3

Rovral 1 200 g 96 96 7,5 —4,0 99,1

Sidipreg 1 . 200 ml 98 81 9,1 38,5 97,8

1 400 ml 91 103 4,2 50,0 92,_9

Sisthane 1 200 ml 105 107 16,1 55,3 98,1

2 320 ml 89 96 8,8 81,2 99,4

TCMTB 30 EC 2 200 ml 96 94 5,0 6,9 98,9

Topsin M 1 50 g 97 103 4,2 0 92,9

1 250 g 100 81 9,1 11,0 97,8

Trimidal 10 S 4 200 ml 101 99 10,3 60,4 99,0

1 250 ml 100 103 13,1 98,5 99,9

Vitavax 1 100 g 111 97 0,1 100 100

Vitavax T-liquid 4 300 ml 108 103 9,4 94,4 99,3

Voronit-liquid 1 300 ml 115 106 0,8 —2,9 100

7118/1A 4 200 g 102 99 10,3 24,1 99,0

9051/1 4 200 g 103 101 11,7 78,7 99,2

9051/3A 2 200 ml 107 105 14,6 80,2 99,0

3 300 ml 97 96 8,3 92,9 99,3

their effect is extremely good against stinking
smut of wheat. Sales licenses, for the control -
of loose smut of oats, have so far been issued
for three non-mercury seed dressing agents:
Vitavax, Vitavax T-liquid and Benlate.

Effect of seed dressing agents on
sprouting and yield

Tables 1—6 show the percentages of effect
and also the effect of the preparation on the
number of specimens. In the tests on stink-
ing smut of wheat, loose smut of oats and in
the greenhouse tests on leaf stripe of barley,
use was made of the same kind of soil in
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every treatment each year; all the developed
specimens were counted and, too, the seed in
the smut tests was of perfect quality, so it
follows that the results of the effects of the
preparations upon sprouting were more reli-
able than in the field trials. Most of the pre-
parations in these -tests caused a slight in-
crease in sprouting, as compared with non-
treatment. The improvement with non-mer-
cury preparations, however, was lower on
average than it was with the mercury pre-
parations.

In the field trials the numbers of speci-
mens were usually higher on the untreated
plots than on the plots planted with dressed



Table 4, Effect of seed treatments on loose smut of wheat, 1968—80.

Propo'rtionals for

Treat ¢ No. of Rate per heads (Untr. = 100) U;treato}‘d Per cent effect
reatmen expt. 100 kg seed prod- refer- tead ir:;:ds prod- refer-
uct ence uct ence
prod- prod-
uct uct
Vitavax (reference 12 200 g 96 4,7 91,7
product)
Baitan F-powder 5 .200 g 96 99 6,1 94,9 86,0
Baitan F-liquid 3 200 ml 96 103 4,7 95,9 87,1
BAS 3302 F 1 200 g 107 102 2,2 86,4 95,5
Bayer 6743 2 200 g 106 91 7,1 92,3 97,2
Bayer 6744 2 200 ml 94 91 7,1 94,5 97,2
Benlate + Pomarsol F 1 50 g + 100 g 113 102 2,2 63,6 95,5
1 100 g + 100 g 100 102 2,2 95,5 95,5
Benlate -+ Trimangol 1 50 g + 100 g 102 102 2,2 21,3 95,5
' 1 100 g + 100 g 106 96 2,2 81,8 95,5
Derosal 3 . 200 g 94 94 5,5 72,7 96,6
Granosan 1 200 g 95 81 7,3 61,6 97,2
Panoctine 2 200 ml 106 91 7,1 2,3 97,2
Panoctine Plus 2 200 ml 103 91 7,1 — 4.5 97,2
Panoctine Universal 3 200 ml 102 96 7,6 60,6 89,2
Rovral 1 200 g 99 102 6,5 —8,8 98,9
Sidipreg 2 200 ml 98 99 2,2 —2,3 - 955
Sisthane 3 200 ml 93 96 R 5,7 7,7 86,7
2 320 ml 94 93 8,2 89,3 84,4
TCMTB 30 EC ° 2 200 ml 79 101 4,6 — 74,8 96,3
Topsin M 1 50 g 100 96 2,2 9,1 95,5
1 200 g 105 102 2,2 4,5 95,5
Trimidal 10 S 5 200 ml 87 95 6,7 92,3 85,8
1 250 ml 13 122 3,6 100 100
Vitavax 2 100 g 105 86 0,2 98,2 92,9
Vitavax T-liquid 7 300 ml 102 99 5,3 78,8 92,9
-Voronit-liquid 1 300 ml 104 100 6,9 13,0 97,1
7118/1A 5 200 g 99 95 6,7 60,6 85,8
9051/1 5 200 g 98 99 6,1 45,4 86,0
9051/3A 3 200 ml 104 103 4,7 57,1 87,1
3 300 ml 94 96 7.6 71,9 89,2

seed, although the differences were not no-
table. In assessing the phytotoxicity of the
preparations, too much weight should not be
given to the results of the field tests, as the
count was done at the stage of ear emergence
only for.a small part of the plot, and it was
found that the variation between different
replicates and between different parts of
plots was extremely high. It was also noticed
in the tests on loose smuf that tillering was
greater in plants contaminated by smut,
which were also more numerous precisely in
the untreated plots.

To ascertain any phytotoxicity, greenhouse

tests were made on the best of the preparat-
ions. In these tests the seed was dressed also
with greater than normal amounts of the
agents. A clear phytotoxic effect was observ-
ed in some species or varieties of cereal
treated with preparations containing thio-
cyanomethylthiobenzothiazole, nuarimol and
phenapronil. )

The yield results of the field trials on loose
smut of barley and loose smut of wheat and
on leaf stripe of barley are shown in Table 7.
The yield loss caused by these diseases is
usually estimated tb be nearly as great as
the percentage of diseased plants or ears. In
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Table 5. Effect of seed treatments on bunt of wheat, 1965—80.

Proportionals for

emergence (Untr. =100) Untreated Per cent effect
Treatment I‘g:(.p gf Iopt{)a}t:z 1;:2 4 — — % attack non_—mer_—
mercury cury mercury cury
Mercury compound
Ceresan 15 200 g 106 33,1 99,9
Non-mercury compounds
Baitan F-powder 3 200 g 102 115 37,3 100 100
Baitan F-liquid 2 200 ml 107 109 31,2 100 100
BAS 389 01F 1 200 ml 101 101 . 13,2 100 100
BAS 3302 F 2 200 g 111 118 54,2 100 100
1 300 g 104 99 85,5 100 99,2
Bayer 5488 1 200 g 101 109 28,0 100 100
Bayer 6743 2 200 g 105 103 31,2 99,4 100
Bayer 6744 2 200 ml - 102 103 31,2 100 100
Benlate 2 100 g “100 102 17,6 100 100
1 150 g 111 113 71,1 100 100
3 200 g 103 100 15,7 98,3 100
Benlate + Pomarsol F 1 100 g + 100 g 126 122 37,2 100 100
Benlate 4 Trimangol 1 100 g + 100 g 113 113 71,1 100 100
Busan 72 1 65 ml 98 96 12,8 96,1 100
KVK/Busan 2 200 ml 90 101 10,0 100 100
Derosal 4 200 g 106 107 46,3 99,6 99,6
Dithane M-45 1 200 g 93 109 28,0 100 100
Dithane Z-78 1 200 g 104 109 28,0 96,8 100
DP — carbendazim 1 300 ml 114 117 49,2 100 100
Folcidin 2 150 g 117 111 61,4 96,9 99,6
Fungaflor-liquid 1 300 ml 98 99 85,5 38,9 99,2
Granosan 3 200 g 103 101 49,3 : 97,8 99,4
Panoctine 2 200 ml 99 103 31,2 99,5 99,5
Panoctine Plus 3 200 ml 101 101 22,4 100 99,3
Panoctine Universal 2 200 ml 101 112 27,1 100 100
PL 3338 1 200 ml 96 97 4,7 100 100
PL 3417 1 200 ml 96 126 49,5 97,2 100
PL 3418 1 200 ml 100 126 49,5 97,2 100
Pomarsol Forte 1 200 g 105 109 28,0 100 100
Rovral 1 200 g 99 97 4,7 100 100
Scorvine 1 200 g 106 95 16,2 96,9 100
Sidipreg 3 200 ml 114 111 64,6 82,2 99,7
Sidipreg 77 1 200 ml 110 126 49,5 92,3 100
Sisthane 1 240 ml 114 126 49,5 100 100
TCMTB 30 EC 1 100 ml 105 99 85,5 94,4 99,2
3 200 ml 100 108 54,2 98,8 99,4
Topsin M 1 50 g 111 113 71,1 98,0 100
4 200 g 105 116 35,2 95,0 100
Trimangol 1 150 g 100 109 28,0 100 100
Trimidal 10 S 3 200 ml 91 113 34,5 100 100
Vitavax 3 200 g 104 99 10,9 100 100
Vitavax T-liquid 5 300 ml 106 105 38,0 95,3 99,6
Voronit 1 200 g 103 109 28,0 100 100
Voronit-liquid 4 300 ml 112 110 58,4 99,4 99,6
1 500 ml 109 114 32,2 100 100
1 1000 ml 114 114 32,2 100 100
Voronit special 2 200 g 100 112 27,1 100 100
7118/1A 3 200 g 97 113 34,5 100 100
9051/1 2 200 g 102 122 . 49,4 100 100
9051/3A 1 200 ml 107 117 49,2 100 100
2 300 ml 96 112 27,1 100 100

98



Table 6. Effect of seed treatments on loose smut of oats, 1965—80.

Proportionals for

) No. of Rate per emergence (Untr. = 100) ntreated Per cent effect
Treatment . expt. 100 kg seed non- mer- T.(I%tat:l:sk ——non- mer-
mercury cury mercury cury
Mercury compound ‘
Ceresan 15 300 g 112 65,4 87.7
Non-mercury compounds
Baitan F-powder 2 200 g 101 103 92,9 100 76,8
Baitan F-liquid 2 200 ml 101 99 87,2 100 96,4
BAS 389 01F 1 200 ml 102 100 85,7 100 99,2
BAS 395 03F 1 200 ml 101 100 85,7 100 99,2
BAS 3302 F 1 200 g 121 151 60,9 100 88,5
2 300 g 105 105 80,5 99,5 80,1
Bayer 5488 1 300 g 111 113 . 51,3 15,4 97,5
Bayer 6743 2 200 g 118 115 74,3 99,7 76,1
Bayer 6744 2 200 ml 112 115 74,3 99,6 76,1
Benlate 1 100 g 100 110 34,5 96,5 91,9
1 200 g 106 110 34,5 100 91,9
2 300 g 144 129 36,8 : 100 93,8
Benlate - Pomarsol F 1 100 g + 100 g 161 151 60,9 100 88,5
Benlate 4+ Trimangol 1 100 g+ 100 g 113 108 68,6 , 100 87,3
Busan 72 1 100 ml 106 110 83,2 34,7 78,8
KVK/Busan 2 300 ml 121 129 36,8 78,8 93,8
Derosal 4 200 g 121 120 75,5 99,8 78,4
Dithane M-45 1 300 g 106 113 51,3 24,6 97,5
Dithane Z-78 1 300 g 95 113 51,3 —9,0 97,5
DP — carbendazim 1 300 ml . 99 98 88,7 95,6 93,5
Folcidin 2 150 g 123 126 76,7 98,8 80,7
Fungaflor-liquid 1 450 ml 95 101 92,4 10,1 72,8
Granosan 3 200 g 110 110 80,3 99,4 75,0
Panoctine 2 200 ml 88 115 74,3 —9,9 76,1
Panoctine Plus 2 300 ml il 115 74,3 5,8 76,1
Panoctine Universal 1 200 ml 100 105 79,1 91,2 93,8
1 300 ml 101 108 97,1 90,3 60,0
Pomarsol Forte 1 300 g N 103 113 51,3 50,3 97,5
Rovral 1 200 g 105 105 79,1 —1,6 93,8
Scorvine 1 300 g 87 95 65,1 8,3 76,2
Sidipreg 1 300 ml 107 108 68,6 31,3 87,3
2 400 ml 125 126 76,7 40,3 80,7
Sisthane 2 200 ml 98 102 83,9 98,1 93,7
TCMTB 30 EC 1 100 ml 101 101 92,4 11,1 72,8
3 200 ml 128 125 78,9 34,1 80,3
Topsin M 1 g 109 108 68,6 78,0 87,3
1 200 g 136 151 60,9 54,2 88,5
Trimangol 1 225 g 110 113 51,3 73,1 97,5
Trimidal 10°S 3 200 ml 103 104 88,3 98,4 82,4
Vitavax 3 300 g 119 122 52,3 100 88,8
Vitavax T-liquid 5 300 ml 121 117 76,2 97,4 81,4
Voronit 1 300 g 109 113 51,3 12,7 97,5
Voronit-liquid 1 750 ml 90 106 48,6 18,3 96,3
1 1500 ml 98 106 48,6 47,1 96,3
7118/1A 3 300 g 100 104 88,3 99,0 82,4
9051/1 2 200 g 103 103 92,9 95,0 76,8
9051/3A 1 200 ml 103 98 88,7 97,3 93,5
1 300 ml 104 108 97,1 88,0 60,0
1 450 ml 102 105 79,1 100 93,8
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the leaf stripe control tests, both with mer-
cury dressing and.with almost all non-mer-
cury dressings, substantial yield increases
were obtained. In most cases the yield in-
crease was greater than would be expected

from a mere decrease in leaf stripe disease.

In the tests on loose smut of barley and loose
smut of wheat, the situation was just about
the reverse. The yield increases obtained .
with the seed dressing were usually small,
only rarely matching the reduction in the
percentage of smut.
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SELOSTUS

Kevitviljojen peittauskokeita elohopeattomilla valmisteilla

REIJO VANHANEN

Maatalouden tutkimuskeskus

Kasvitautiosastolla on vuosina 1965—80 tutkittu
usean kymmenen elohopeattoman peittausaineen
tehoa ja kiyttokelpoisuutta kevétviljojen siemen-
levintidisten tautien torjunnassa. Tavoitteena on
ollut 16ytidsd elohopeapeittausta myrkyttomimpi ja
ympiristolle vaarattomampi vaihtoehto. Kentté-
ja kasvihuonekokeissa on selvitetty . valmisteiden
tehoa ohran viirutautia, ohran ja vehnén lento-
nokea, vehnin haisunokea sekd kauran avonokea
vastaan. Lisdksi on tutkittu aineiden vaikutusta
viljan orastumiseen ja satoon. Viirutauti- ja len-
tonokikokeissa on kiytetty luontaisesti saastunei-
ta siemenis, kun taas avo- ja halsunokikokeissa
siemenet on saastutettu keinollisesti noki-itisilla.

Lihes kaikki kokeillut peittausaineet tehosivat
erinomaisesti vehndn haisunokeen. TUseimmilla
valmisteilla saatiin hyvéd tulos myds kauran avo-
noen torjunnassa. Sitd vastoin lentonokea ja vii-
rutautia vastaan vain harvat aineet olivat tehok-
kaita. Suurin osa elohopeattomista valmisteista
paransi hieman viljan orastuvuutta. Viirutaudin
torjuntakokeissa peittauksella saatiin huomatta-

S

via sadonlisdyksid, mutta lentonokikokeissa satoa
lisdsi ainoastaan muutama valmiste.

Laajatehoisten elohopeattomien peittausainei-
den 16ytiminen on osoittautunut vaikeaksi.
denkin valmisteiden karsiutumisen syyni on ollut
niiden myrkyllisyys joko ihmisille tai kasveille.
Valtaosa elohopeattomista yhdisteistd on kuiten-
kin jouduttu hylk#&dméin tehon rajoittuneisuuden
vuoksi. Sisidvaikutteisten tehoaineiden kehittéa-
minen ja eri aineiden yhdistiminen on laajenta-
nut elohopeattorr;ien valmisteiden vaikutusaluetta,

" vaikkakaan toistaiseksi ei vield ole saatu kiyt-

toon yhtdin sekd nokitauteihin ettd viirutautiin
hyvin tehoavaa peittausainetta.

Neljdlld elohopeattomalla valmisteella on ny-
kyisin Suomessa myyntilupa kevétviljojen tau-
tien torjuntaan, nimittdin Benlatella kauran avo-
nokea ja vehni#in haisunokea vastaan, Panoctine
Plus-valmisteella viirutautia ja haisunokea vas-
taan sekid Vitavaxilla ja Vitavax T-nesteelld len-
tonokea, haisunokea ja avonokea vastaan.
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WINTER DAMAGE AND LOW-TEMPERATURE FUNGI ON LEYS IN
NORTH FINLAND IN 1976—1979

KAIHO MAKELA

MAKELA, K. Winter damage and low-temperature fungi on leys in
North leand Ann. Agric. Fenn. 20: 102—131. (Agric. Res. Centre, Inst.
Pl. Path. SF-01300 Vantaa 30, Finland).

The material comprised a total of 740 fields in 11 communes. The samples
were collected springs and studied in the laboratory microscopically.

The three-fourths of the leys, consisted of timothy, whereas timothy-
meadow fescue and timothy-Poa alpigena (Fr.) Lindm. mixed leys
comprised 10 % each. Three-fourths of the leys were on mineral soil
and one-fourth on peat soil.

The spring of 1977 had the most winter-damaged leys (57 %/0), while
1979 had the fewest (28 %).

The most common low-temperature fungi were Sclerotinia borealis
(Bubadk and Vleugel), Typhula spp. and Fusarium spp. These fungi
together were more common in the eastern and northern parts of
Lapland than in the western and southern parts. The annual variations
in abundance of these fungi corresponded with the variations in winter
damage.

S. borealis was found in an average of 71 %o of the leys. It was
most common and abundant in first-year timothy leys. Also in recently
cleared, newly established land, fungal injuries could be found already
in the first year. No consistent differences were observed in leys estab-
lished at different times or by different methods, nor between leys
located on mineral or peat soils.

The sclerotia of Sclerotinia borealis were found within the plant
matter, almost entirely on the surface of the ground or in the uppermost
1,5 cm layer. The sclerotia remained viable on the ground surface at
least two years. Similarly, apothecia developed only in sclerotia lying
on the soil surface.

Typhula ishikariensis Imai occurred in the whole experimental ma-
terial, averaging 55%. It caused damage principally in older timothy
leys. Typhula incarnata Lasch ex Fr. appeared in only 10°% of the
experimental material and was thus relatively unimportant.

Fusarium species occurred in an average of 44% of the investi-
gated leys. In timothy their significance was minor than meadow fescue.
The most common Fusarium species were F. nivale (Fr.) Ces., F. avena-
ceum (Corda ex Fr.) Sacc., F. culmorum (W. G. Smith) Sacc. and F.
semitectum Berk. & Rav. '

Large numbers of other fungi were also determined in the leys of
this investigation, totalling about 75 species belonging to 64 genera.

Index words: Low-temperature fungi, winter damage, leys, Phleum
pratense, Sclerotinia borealis, Typhule species, Fusarium species.
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INTRODUCTION

Grasslands have a greater significance in
North Finland (ca. 65—T70°N, 21—30°E) than
in the rest of the country. In the years
1975—1978 about 70 %o of the cultivated land
was leys while the corresponding figure in
the whole country was only 36 %o. . The pro-
portion of hay leys (Fig. 1) was greater (68 %)
than the average for the country (58 %),
silage leys (15°%0) were about the same as
for the whole country (18 %), while pasture
(17°%0) was less than for the country as a
whole (24 %0). The average yield of ley grass
in North Finland (3370 kg/ha) was somewhat
smaller than that for the whole country
(3790 kg/ha) (Off. Statist. Finl. Agric. 1975,
1976, 1977, 1978).
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Fig. 1. Location of leys in Lapland province, 1975—
1978.

The. most important cultivated grass and
the major ley plant is timothy (Phleum
pratense L.) (Hakkola 1980). In addition,
meadow fescue (Festuca pratensis Huds.) is
grown to some extent, principally in mixtures
with timothy. As a green fodder crop, annual
ryegrass (Lolium multiflorum, Lam.) is culti-
vated (Raininko 1976). Of the wild grasses
Poa alpigena (Fr.) Lindm. is prevalent and
valuable. It occurs throughout all of Lap-
land, and the further north one goes, the
more common it becomes (Roivainen 1937,
Valmari 1979). Other wild fodder grasses
worth mentioning are brown top bent
(Agrostis tenuis Sibth.), red fescue (Festuca
rubra L., (Phalaris
arundinaceae L.) (Roivainen 1937), meadow
foxtail (Alopecurus pratensis L.) {Pohjakallio
and Salonen 1956), as well as couch grass
(Agropyron repens (L.) PB) (Terdsvuori 1933).

reed canary grass

Winter damage to leys in North Finland
can be severe in certain years (Jamalainen
1967, 1970, Pohjonen 1976). For instance, at
the experimental station at Apukka (66°35'N,
26°00'E) during the 27-year period 1951—-
1977 timothy overwintered poorly in 12 years,
while meadow fescue overwintered poorly in
9 years during a 26-year period (Jamalainen
1978). At the Muddusniemi Experimental
farm (69°05'N, 27°03’E) during the 15-year
period 1950—1965 timothy showed poor
winter survival in 6 years while meadow
fescue during the same period overwintered
well or satisfactorily (Nissinen and Salonen
1972 a).
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"In earlier years timothy was considered to
be quite resistant to winter damage in Lap-
land (Isotalo 1959). At the time when ‘grass
fields were used mainly for producing hay
and were given moderate
timothy leys persisted for long periods, 6—8
years (Roivainen 1937, Aikkinen 1951); The
same observation has been made by numer-
ous farmers.
with increased emphasis on animal hus-
bandry and leys being cultivated intensively
to produce silage (»green line» cultivation),
unexpected problems with overwintering
have arisen. (Pohjonen 1976, Valmari 1979).
According to farmers, grass fields at the
present time last 3—4 years at the most,
often only 1—2 years. In Lapland leys

In recent decades, however,

nowadays must be ploughed up at a young

age (Pohjonen 1976), often after only one
year (Valmari 1979). Each year about 12 500
hectares of grassland are renewed, which
amounts to one-fourth of the ley area in
North Finland (Maaseudun Tulevaisuus 1980,
no. 67).

The poor overwintering of leys depends
‘on many different - factors, such as plant
species and variety, soil condition and fer-
tilization, sowing and cutting time, fungal
damage, etc. (Pohjonen 1976, Arsvoll 1977,
Valmari 1979). Other factors contributing to
decrease in yields are too small field area
in relation to the number of animals, con-
tinuous grass cultivation on the same field,
and heavy farm machines (Mikeld 1980). In
addition, other causes may be poor drainage,
weeds, improper pasturing methods, and
above all, deficiencies and incorrect propor-
tions of plant nutrients (Marjanen et al. 1979).
Overwintering of leys is also influenced by
the weather conditions in the winter and
spring as well as by all the cultivation pro-
cedures in the previous growing season from
the establishment of the ley to the last cut-
ting (Pulli 1976, 1980).

Winter injuries are also due to unfavour-
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fertilization,

able physical conditions as a result of the
weather.
clude frost, ground heaving, ice and water
cover (Ylimaki 1955, Jamalainen 1956, 1978,
Blomgqvist 1970, Arsvall 1973, Andersen 1980).
+ Such winter injuries are less prevalent in
North Finland than in other parts of the
country (Blomgvist 1970, Jamalainen 1978).
The thick snow cover in North Finland which
lasts from November to May protects the
plants from freezing. The occurrence of
freezing injuries depends primarily upon how
early in the spring the snow melts (Pohjakal-
lio and Salonen 1956, Isotalo and Vogel 1962,
Vuorinen 1979). Plant damage due to stand-
ing water occurs in North Finland mainly on
peat soils (Jamalainen 1970, Valmari 1979).
Timothy is resistant to water cover for as
much as three weeks, depending on the con-
ditions. Similarly, timothy is more resistant
to a high level of ground water than other
ley grasses (Saukko 1946).

The most important cause of winter
damage in the areas of northern Finland
with a heavy snow cover are considered to
be biotic factors. The most severe damage
has occurred in years when after a long, wet
autumn snow fell on unfrozen ground, and
a thick snow cover lasted for a long time and
melted slowly (Jamalainen 1949, Ekstrand
1955, Nissinen and Salonen 1972 a, Arsvoll
1973). In contrast, freezing of the ground
before the fall of snow effectively prevented
damage (Isotalo and Vogel 1962).

The principal cause of poor overwintering
of leys in Lapland is generally held to be
low-temperature parasitic fungi: Selerotinia
borealis Bubdk and Vleugel, Typhula spp.
and snow mould (Fusarium spp.) (Jamalainen
1970, 1978, Pohjakallio and Salonen 1956,
Nissinen and Salonen 1972 a). In addition
to these, there are a large number of other
fungi which attack overwintering grasses,
at least under Norwegian conditions (Arsvoll
1975).

These so-called abiotic factors in-



This present investigation was started as
a result of widespread damage to over-
wintering leys in North Finland in the early
years of the 1970’s. In order to study this
problem, the Agricultural Research Centre
carried out extensive investigations which
were partly financed by the Department of
Forestry and Agriculture through project no.
12—3 dealing with north-Finnish ley damage.
These studies were performed jointly by the
local field trial agency, the departments of
Plant Breeding, Plant Pathology, and Agri-
cultural Chemistry and Physics, as well as
the experimenfal stations of Carelia, North

Savo, Central and North Pohjanmaa, and
Lapland. In addition the Kainuu and Lapland
Agricultural Centres participated mainly
within the framework of their own plans.

The Department of Plant Pathology car-
ried out investigations in the years 1976—
1979 with the aim of determining the parasit-
ic fungi occurring in leys in North Finland,
their incidence in different years, different
areas and different kinds of fields. Emphasis
was given to the species of fungi, and their
relative amounts and prevalence. In addition,
other fungal species found in the grass
samples were also identified.

MATERIAL AND METHODS

The experimental material consisted of grass
samples (Table 1) collected in the spring
during the end of May and the beginning of
June soon after the snow had melted. The

dates of collection were: 20.—29. 5. 1976,

24. 5.—1. 6.\1977; 29. 5.—8. 6. 1978, 5.—15. 6.
1979. The samples were taken principally
from leys which had suffered winter damage
and which were located on the fields of in-
dividual farmers, agricultural schools and

Table 1. Numbers of farms and leys investigated, 1976—1979, by localities.

. Numbers of samples investigated

; 1976 1977 1978 1979 1976—1979
Localities 38 S
20 B z
g ¢ 2
@A = A & A & A = A RE 5 58
Tornio PP 5 9 2 6 9 11 8 8 6,0 34
Ylitornio ) PP 5 10° 3 4 7 9 6 9 5,3 32
Tervola PP 9 15 13 19 18 31 12 28 13,0 93
Rovaniemi PP 8 34 12 35 18 32 14 35 13,0 136
Kemijérvi PP — — 4 9 10 14 13 15 9,0 38
Salla Ks . 4 12 4 12 3 12 5 7 4,0 43
Pelkosenniemi KemL — — 3 3 4 6 8 8 5,0 17
Sodankyla KemL 10 17 21 35 22 42 31 41 21,0 135
Kittild KemL 11 38 9 23 20 33 18 22 14,5 116
Muonio KemlL — — 4 7 5 20 5 13 41 40
Inari InL’ 6 10 4 8 5 19 4 20 4,8 57
Total 58 145 79 161 121 229 124 206 741
1 pp = North Ostrobothnia
Ks = Kuusamo '
Keml. = Kemi Lapland
InL =

Inari Lapland
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Fig. 2. Total number of leys investigated, by loca-
lities, 1976—1979.

the Lapland experimental station. In the

four years 1976—1979 a total of 740 fields

(varying 145—229 in the different years) in
1 communes were investigated (Fig. 2). In
addition, the farmers were interviewed with
respect to questions involving ley cultivation.
In this way useful swpplementary informa-
tion was obtained. The severity of damage
to the ley was estimated visually at the site,
using a 6-point scale, in which the values
were: 13 very good, +2 good, +1 moderately
good, —1 moderately poor, —2 poor, —3 very
poor. At the same time the-abundance of
the three most important low-temperature
parasitic fungi were estimated (S. borealis,
Typhula spp., Fusarium slﬁp.).‘ The follow-
ing 4-point scale was used: 0 = fungus not
found, 1 = small amounts found, 2 = mod-
erate amounts, 3 = abundant amounts found.

Samples were taken from the leys and
detailed studies were later made in the labo-
ratory on the sclerotia occurring in the
samples. The fungi were cultured in Petri
dishes using the moist chamber method,
keeping the dishes at room temperature and
alternately at -+10°C for about one month.
The fungi were investigated microscopically.
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The occurrence ‘of sclerotia of Sclerotinia
borealis at different depths in the soil was
studied in the spring of 1978 and 1979. In
leys which were severely infested with the
fungus, pieces of sod (10 X 10 X 10 cm) were
removed and subsequently examined in the
laboratory for the numbers and position of
the sclerotia.

In the 'years/19l78-—19'80 studies were made
on the preservation of sclerotia and the
development of apothecia of S. borealis under
natural conditions. These studies were made
at various trial locations both on the ground
surface and at a depth of 5 cm. The scle-
rotia were preserved in tight-meshed metal
net bags (10 X 10 cm) each containing 100
sclerotia. These were examined at intervals
of 1/2—1 year, one time after the snow had
melted in the spring and the other time be-
fore the fall of snow in the autumn. There
were five trial locations: Muddusniemi exper-
imental farm at Inari (69°04’N, 27°03’E), the
school of agriculture at Kittild (67°41'N,
24°54’E), the Lapland experimental station
at Rovaniemi (66°35'N, 26°00’E), the North

-Savo experimental station (63°09'N, 27°19’E)

and the Department of Plant pathology at
Tikkurila (60°17'N, 25°04’E).

The occurrence of apothecia of S. borealis
in different leys was investigated just before
the arrival of snow, 13.—16. 10. 1980. Obser-
vations were made at 30 leys in the region
comprising Sodankyld, Rovaniemi and Ter-
vola. Most of the leys were young, first-
and second-year timothy leys, three-fourths
of them were on mineral soil and one-fourth
on peat soil. The numbers of apothecia were
counted on a trial plot 15 X 15 cm (225 cm?).
There were a total of 125 such plots distrib-
uted among 30 leys.

On these same leys observations were
made on the development of sporophores of
Typhula ishikariensis.

The growth of S. borealis on leys under



the snow in late winter and early spring was
studied at the Lapland experimental station
in the years 1977—1979. Continuous tem-
perature measurements were made at the
ground surface under the snow. Samples
were taken from the leys at approximately
two-week intervals from the end of March
until the beginning of May. The fungi grow-
ing in these samples were subsequently
studied.

Weather Conditions

In the area of this study in North Finland
the thermal winter (0°—0°C) is long, aver-
aging 175—200 days. The thermal growing
season (5°—5°C) is correspondingly short,
averaging 115—140 days. The growing season

usually begins in the latter half of May (10.—
25. 5.) and terminates at the end of September

(20.—30. 9.). Autumn and especially spring
are short (Kolkki 1966).

The snow cover arrives early, already in
October and it does not disappear until May.
Although the depth of the snow cover varies
in different years and in the different parts
of the region, from 30—40 c¢m in the northern-
most parts to 70—80 cm in the central and
southeast parts (Huovila 1970), it is heavy
enough in the whole region to protect the
leys from even the most severe freezing tem-
peratures (Vuorinen 1979). A layer of snow
as little as 15—20 cm succeeds in keeping
the ground surface temperature above — 5°C
when the air temperature is — 16° to — 30°C.
When the snow cover is at least 25 cm thick
the ground surface remains above —2°C
even at air temperature of — 30°C (Ylimé#ki
1962). In the years of this study the winters
were colder than normal. In the winter 1976
—177 the depth of snow was exceptionally
great. On the other hand, the winter of 1978
—79 had less snow than wusual (Fig. 3). In
other years the thickness of the snow cover
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Fig. 3.. Weather conditions in the winter seasons
1976—1977 and 1978—1979 at the Sodankyld ob-
servatory (67°22'N, 26°39’E).

was approximately normal (Meteorol. Yearh.
Finl. 1975, 1976, 1977, 1978, 1979).

Winter 1975—76. The first snow fell in
North Finland 30. 9.—16. 10. The lasting snow
cover finally came 16.11., 2—3 weeks later

" than usual. January was much colder than

normal. February and March were mild. The
latter half of April was cold. The snow cover
disappeared about a week or two earlier than
usual, on 10.5. in the areas around Apukka
and Salla, and on 15. 5. in the Sodankyld and
Inari region. The latter half of May was ex-
ceptionally warm. ‘

Winter 1976—1717. In most of North Finland
the lasting snow cover came already at the
end of September, 3—4 weeks earlier than
normal. During the whole winter of 1976—177
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the snow cover was considerably deeper than
normal, especially towards the end of the
winter. The temperature was much below
normal, already starting in September, but
especially in November and December. Jan-
uary likewise was cold and February even
colder. In the early part of March the tem-
perature rose considerably above normal, but
at the end of the month it dropped sharply
below normal. April was cold with abundant
snowfalls. In May the weather was very
warm. The snow cover disappeared at the
usual time causing profuse melting water
and floods which occurred around 15.5. in
the Apukka and Salla region and 20.5. in the
Sodankyld and Ivalo region.

Winter 1977—78. The first snow came 12.—
20. 9., or about three weeks earlier than the
average. The lasting snow cover came about
two weeks earlier than normal. Before this
the ground froze deeper than usual. The

entire winter season, including the autumn,

was colder than normal. Especially in Feb-
ruary there were low temperatures. The
snow depth was generally normal. In the
spring the snow disappeared 13.5. at Apuk-
ka, 18.5. at Salla and Sodankyléi, and 24. 5.
at Ivalo. At the end of May it was very hot.

Winter 1978—78. The ground froze in the
first part of October. The lasting snow cover
did not come until mid-November, which was
2—3 weeks later than normal. During the
whole winter the snow depth was exception-
ally small. The temperatures during Novem-
ber, December, January and February re-
mained below normal. Especially December
and January were extremely cold. The first
part of March was unusually warm, while
the last part became very cold. April and
the beginning of May were colder than nor-
mal. On May 14 snow fell in North Lapland.
Warm weather did not prevail until 18.5.,
and the snow cover disappeared slightly later
than usual.

RESULTS AND DISCUSSION

Grass species

The majority of the leys investigated were
timothy leys (Fig. 4): 90 % in the years 1976
and 1977, 559 in 1978 and' about 609%o in
1979. The north Finnish pasture grass mix-
ture (timothy 55—60 %, meadow fescue 40—
45 %) comprised only a few %o in the first
two years and 10—14 % in the last two years.
The Poa alpigena-timothy grass mixture com-
prised nearly 209% in 1978 and 1979, while
in the same years pure Poa alpigena leys
made up about 10 %. '

According to information from farmers,
grass fields established on peat soils are al-
most always pure timothy leys. Also on min-
eral soils pure timothy Ieys are predominant.
In addition to timothy leys, pasture grass
mixtures are also grown in North Finland.
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Many farmers have observed that such mix~
tures are more suitable for pasturing and
more palatable to cattle than pure timothy.
Similarly such mixtures are considered to
provide better fodder for sheep and reindeer
than pure timothy, especially older, coarser
stands. Some growers find it necessary to
use the north Finnish pasture grass mixture
because of a lack of timothy seed. Some farm-
ers do not approve of the pasture mixture
because they believe that it is less depend-
able than leys consisting of pure timothy.
Poa alpigena, which is found everywhere
in Lapland as a wild grass, appears naturally
in cultivated leys and can also grow as pure
stands. It has long been an important fodder
crop in Lapland and even today it provides
part of the fodder for farm animals in years
of severe ‘winter fungal damage (Roi\}ainen
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Fig. 4. Plant species and soil types on the leys
investigated, 1976—1979.

1937, Valmari 1979). According to Valmari
(1979) Poa alpigena is suitable especially as
a silage and pasture crop.

Soil

The majority of the leys investigated (av.
72 %, range 65—84 %o in the different years)
were on mineral soils (Fig. 4). The reason
for this is that, according to the opinion of
the farmers, leys in North Finland have
poorer overwintering on mineral soils than
on peat soils. On the other hand, the propor-
tion of leys on peat soils is very large,
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Fig. 5. Age of leys investigated, 1976—1978.

~amounting to nearly one-half (Isotalo 1959,

Elonen 1976). In 1951 46 %o of the newly es-
tablished leys in North Finland were located
on peat soils (Paatela 1953). According to
Axrsvoll (1973) abiotic factors and S. borealis
cause considerably greater damage to leys on
peat than on mineral soil. :

Age of ley

Most of the leys studied were young (Fig. 5).
First-year leys made up an average of 52 %o
(annual variation 44-—70 %), second-year leys
comprised 23 %o (variation 10—33 %), third-
year leys were only 10°%o (range 5—13 %),
and fourth-year or older leys averaged 15 %o
(range 13—20 o).

First-year timothy leys were chosen in
greater numbers for this study than older
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leys for the reason that they have been
shown by numerous investigators to be more
susceptible to winter damage than older leys
(Pohjakallio and Salonen 1958, Nissinen and
Salonen 1972 a, Jamalainen 1970). Many leys,

owing to such damage, must be partially re-

sown already after the first winter. Nowa-
days most leys are short-lived (Pohjonen
1976, Valmari 1979). In older leys there are
abundant wild grasses and weeds which hin-
der the observations.

Time of ley establishment

The majority of the leys investigated (av.
75 °/o, annual range 72—86 %/0) were establish-
ed at the beginning of summer (Fig. 6). It
has been found in many studies (Nissinen and
Salonen 1972b, Valmari 1979) that early
sowing produces a more winter-resistant ley
and larger yields. A small number of the
leys were sown at the end of summer (Au-
gust), and the shoots of these plants remained
small and delicate. Such shoots have been
found to be susceptible to winter fungi (Nis-
sinen and Salonen 1972b) and the yield in
the following summer was reduced. Grasses
which are sown in the autumn, in September
and October, do not germinate until the fol-
lowing spring. Such leys increase in number
as one goes towards the north. Different sow-
ing times are generally used on the same
. farm in order to equalize the yields and to
ensure a successful establishment of the ley.

Companion crop

About one-half of the leys investigated were
established without a companion crop (Fig. 6).
Of the companion crops barley was the most
common, making up about one-fourth of the
leys, oats were used in 13 %o of the leys, and
rape 6 %. Other crops occasionally used were
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rye, Italian ryegrass and turnip. Fallow was
virtually not employed at all. According to
studies made in 1951 (Paatela 1953) the plants
used as companion "cro-ps on leys in Lapland
were mainly barley and green fodder on min-
eral soils and oats, barley and green fodder
on -peat soils. According to other workers
(Nissinen and Salonen 1972 b, Valmari 1979)
leys can be more succesfully established
without a companion crop. The use of a com-
panion crop did not have an influence in all
of the trials upon the overwintering of first-
year leys (Pohjakallio and Salonen 1956). In
many other cases, however, companion crops
have ensured the succes of ley establishment
(Isotalo 1960, Nissinen and Salonen 1972 b).

At the present t{ime there is great varia-



tion among farmers in the use of a compan-
ion crop. The method without a companion
crop is employed for almost all leys on peat
soils as well as those established in the late
summer and autumn on mineral soils. Also
some of the leys established in the spring on
mineral soils are sown without a companion
crop. Companion crops are used generally in
the southern parts of the region. Barley was
the main companion crop previously, but it
is being replaced nowadays by oats. In going
towards the north, the use of companion
crops decreases and oats becomes the domi-
nant plant used. Especially in the southern
areas there have been fields where lodged
barley caused bare patches in the ley. At-
tempts have made to reduce the unfavour-
able effects of the companion crop stubble
as well as the dead foliage of the old ley by
burning over the field in the early spring.
This practice is particularly common in the
southern parts of the region. Too early pas-
turing has also been known to cause bad
damage to some of the first-year leys.

Preceding crop

On the farms investigated the preceding crop
before ley establishment was almost always
cultivated ley. This was true on both soil
types but especially on peat soils. Only in
the southern areas of the region the preced-
ing crop was to some extent barley. In a few
cases the preceding crop was a green fodder
crop such as pea-oats mixture, Italian rye-
grass-oats mixture, Italian ryegrass, rape or
turnip. Some of the leys were established
on newly cleared land, both on peat and
mineral soils. According to Paatela (1953) cul-
tivated ley was the most important crop pre-
ceding the establishment of ley. In addition,
other important preceding crops were barley
on mineral soil and oats on peat soil. Newly
cultivated lands were also quite common.

Weeds

The weeds occurring in the leys were studied
especially in the years 1978—1979 (Table 2).
In about 15 %o of the leys they occurred abun-
dantly. On mineral soils there were more
weed species (about 45) and also their num-
bers were greater than on peat soils. The
most common weeds were: annual meadow
grass (Poa annua L.), tussock grass (De-
schampsia caespitosa (L) PB),
repens L., Rumex spp., Stellaria media (L.)
Vill.,, Taraxacum vulgaria DT, Achillea mil-
lefolium L. and couch-grass (Agropyron re-
pens (L.) PB). In the studies of Paatela
(1953 a) Poa annua was not mentioned at all

Ranunculus

and Stellaria media occurred rarely, in only
299 of the leys. As regards the other most

Table 2. Most common weeds in the leys in-
vestigated in North Finland, spring 1978 and 1979.

Most common weeds no.%

Weeds in the leys investigated
1978 1979 1978—1979

Poa annua L. 35 16 25,5
Deschampsia caespitosa

(L.) PB. 25 24 24,5
Stellaria media (L.) Vill. 23 21 22
Ranunculus spp. 2 33 17,5
R. repens L. 31 5] 18
Taraxacum wvulgare DT 17 19 18
Achillea millefolium L. 14 B i ] 15,5
Rumex spp. 14 10 10,5
R. domesticus Hartm. 8 12 10
R. acetosa L. 8 2 5
Agropyron repens (L.) PB 10 5 7,5
Cirsium spp. 3 8 6,5
Trifolium repens L. 6 1 6,5
Melandrium rubrum

(Weig.) Garcke 5 3 4
Equisetum spp. 2 5 3,5
Barbarea vulgaris R. BR 3 3 3
Epilobium angustifolium L. 4 2 3
Rorippa islandica

(Oeder) Borb. 4 2 3
Chenopodium album L. 3 2 2,5
Galeopsis spp. 2 3 2,5
Plantago spp. 0 5 2,5
Polygonum spp. 3 2 2:5
Trollius europaeus L. 0 4 2
Achillea ptarmica L. 3 0 1.b
Veronica longifolia L. 0 3 1.5




7 moderatel moderately
,//A good 5 E poor
[T good V) poor
I:] very good - very poor

.
/

77 g

IOOW

90

P7 3151

70~

60+ 3Z

40+

30 |

20 |

10 11

1977 1978 1979

Fig. 7. Overwintering, %o of leys investigated, 1977
—1979.

usual weed species, their frequency has re-
mained quite similar.

Weeds were a serious nuisance especially
in new leys which were established without
a companion crop. In particular Poa annua
appeared to be tough and resistant to tram-
pling. It has steadily spread especially on
pastured leys,
thrive well in it. Weed control is not carried
out to any great extent primarily because
of lack of equipment.

and low-temperature fungi

Winter damage

Considering the entire region as a whole,
there were no years during the present study
with extremely severe overwintering dam-
age. Nevertheless, winter injury varied from
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year to year (Fig. 7). The greatest numbers
of leys with poor winter damage were found
in the spring 1977 (totalling 57 %), and the
least number (28 %) in 1979. Leys which had
good overwintering amounted to about one-
fourth of the total, and this figure was about
the same in all the years. Leys with very
good overwintering comprised 10—20 %o and
those with very poor overwintering about
5—10 %o.

Fungi causing winter damage

The most common fungi to cause winter dam-
age in this study were Sclerotinia borealis,
speckled snow mould (Typhula spp.) and
snow mould (Fusarium spp.). They occurred,
on the average, in the above order (Table 3,
Fig. 8). In the whole experimental material
these fungi made up an average of 180 %
(variation from place to place 148—197 9%).
In the eastern and northern areas of the re-
gion the fungi were more prevalent than in
the western and southern areas.

There were clear annual fluctuations in
prevalence of these fungi which correspond-
ed closely to the amount of winter damage
(Fig. 7). In the spring of 1976 and 1977 the
fungi were more common in the leys (av.
195 %0 and 230 %) than in the spring of 1978
and 1979 (av. 158 °/o and 138 %/y).

Sclerotinia borealis

Sclerotinia borealis is found in many grass
species in the central and northern parts of
Finland, in the provinces of Lapland, Oulu,
Kuopio and Mikkeli (Jamalainen 1949). In
Sweden the fungus occurs in the northern
areas of the country as far as Dal-river (Ek-
strand 1961). Also in Norway the fungus is
limited to the northern regions of the coun-
try or to high altitudes in the southern re-
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gions (Arsvoll 1975). Great damage is caused
by the fungus in areas where the snow cov-
er persists for more than 180 days or where
there are more than 110—120 days with a
maximum air temperature of below 0°C
(Arsvoll 1973, 1975).

In the present study S. borealis occurred
commonly throughout all of Lapland, in an
average of 7190 of the fields investigated
(Table 3, Fig. 8). There were variations be-
tween the areas, the years, and especially
between the different fields.

S. borealis was more prevalent in the
northern areas (Sodankyld, Kittild, Inari)
where it was found in nearly 8090 of the

samples, than in the southern areas (Tornio,
Tervola, Rovaniemi, Salla) where it occurred
in an average of 6590 of the fields studied.

The differences between the four years
were considerable. In the springs of 1976 and
1978 the fungus occurred much more rarely,
in an average of 64 %0 and 51 %o of the fields,
than in the springs of 1977 and 1979 when
it was found in 80 %o and 88 %/ of the sam-
ples. The abundance of the fungus in these
cases does not alone indicate the amount of
damage to the leys. It is true that in the
spring 1977 there were twice as many poor-
ly-overwintered leys than in 1979. On the
other hand, there were more sclerotia of
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Table 3. Occurrence of the most

spring 1976—1979.

important low-temperature fungi, % of the leys

investigated in North Finland,

1976 1977
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Tornio 9 55 44 0 33 132 6 67 50 0 83 200
Ylitornio 10 70 80 0 60 210 4 50 50 0 50 150
Tervola 15 12 81 0 60 153 19 58 79 0 89 226
Rovaniemi 34 61 85 5 50 201 35 94 84 0 90 268
Kemijérvi 1 . = — = — e 9 89 56 0 100 245
Salla 12 66 91 0 80 237 12 83 83 25 384950
Pelkosenniemi ! — — — — — — 3 100 67 33 0 200
Sodankyld 17 94 52 0 82 298 35 92 72 0 94 258
Kittild 38 76 57 7 57 197 23 100 80 13 53 246
Muonio 1 e s fs == i il 7 57 71 57 57 249
Inari 10 80 30 10 80 200 8 88 63 38 75 264
Total 145 161
11 localities, mean 64 65 3 63 195 80 69 15 66 230
1.8 » » 145 142 73 70 10 72 231
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9 178 78 0 56 212 89 0 33 11 133 32 72 52 8 44 176
31 36 59 8 15 118 170 96 29 0 21 146 93 51 62 2 46 161
32 47 45 0 11 103 41- 177 20 11 23 1181 136 70 59 4 4 1M
14 64 64 0 50 178 22 100 53 0 14 167 38 84 58 0 54 196
12 58 67 0 50 175 13 71 57 14 0 142 43 70 75 10 42 197
6 50 100 17 50 217 20 88 38 13 25 164 17 79 68 21 25 193
42 39 66 9 30 144 15 83 20 5 31 139 135 77 53 4 59 193
33 42 45 18 29 134 7 91 36 5 33 165 116 177 55 11 43 186
20 45 50 20 50 165 8 60 0 0 0 60 40 54 40 26 36 156
19 58 47 5 42 152 8 100 46 0 8 15 57 82 47 13 51 193
229 9 741
51 61 9 37 158 28 87 29 7 15 138 71 55 10 44 180
189 50 57 8 33 148 35 88 28 9 16 141 646 71 55 7 46 179

S. borealis in grass samples in the spring
1977 (Table 4). In this year growth of the
fungus was observed under the snow on leys
at the Lapland experimental station as early
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as the end of March. At the end of April
there was abundant growth of the fungus
and also destruction of the grass. However,
large amounts of water from melting snow



Table 4. Frequency of Sclerotinia borealis, number of sclerotia per sample, and size of sclerotia in the

grass sample.

Sclerotia no. per sample

Distribution of sclerotia according by size,
% per sample

Localities
1976 1977 1978 1979 1976— 1978 1979

1979 <1 1—3 >3 <1 1—3 . >3
min mm mm mm mm mm
Tornio 27 27 5 46 26 33 50 17 6 61 33
Ylitornio 59 101 152 86 100 34 48 18 16 60 24
Tervola 4 86 66 49 51 40 42 18 1 70 29
Rovaniemi 27 68 19 48 41 25 65 10 7 72 21
Kemijérvi —_ 14 23 51 29 39 48 13 22 64 14
Salla 45 32 7 51 34 42 56 2 25 61 14
Pelkosenniemi — 157 5 28 63 40 59 1 43 43 14
Sodankyla 43 146 17 51 64 50 44 6 4 76 20
Kittila 36 98 40 56 58 55 35 10 4 78 18
Muonio e 45 13 38 32 64 29 7 26 50 24
Inari 33 53 144 70 75 74 24 2 29 60 11
Mean 34 75 45 52 52 22 18 5 8 33 10
Portion % 45 45 10 17 63 20

in the beginning of May stopped the fungal
growth on many leys before the final dis-
appearance of snow on 15.5. In other places
the fungus continued to grow under thick,
slowly-melting snow drifts. Also at Muddus-
niemi extensive growth of S. borealis was
observed at the end of March and beginning
of April in samples taken from under the
snow in the spring of 1961 (Nissinen and Sa-
lonen 1972 a). It is obvious that the longer
the fungus has managed to grow in the
grasses, the greater is the injury (cf. Pohja-
kallio and Salonen 1956).

One important characteristics of S. borea-
lis was that it occurred abundantly in some
leys and scantily in others. It was found most
commonly and abundantly in young timothy
leys, especially first-year leys (cf. Pohjakal-
lio and Salonen 1956, Nissinen and Salonen
1972 a, Blomqvist 1970, Valmari 1979). It ap-
peared in leys established both in spring and
in autumn. In older stands which were thick
and profuse the fungus could cause small
sharply-defined round patches. These patches
could also be of different sizes and shapes,
or, on the other hand, the fungus could some-
times occur uniformly throughout the whole

ley (Plate I A). The field could also be com-
pletely destroyed. In young stands sown in
the late summer or autumn, the fungus killed
the tender plants usually along certain rows
or in variously-sized patches. In such young
stands the sclerotia were considerably smaller
than in the older and more dense stands.

Sclerotia of S. borealis could sometimes
occur in the spring in very great numbers,
and could be literally gathered by handfuls.
This was especially true when in the previ-
ous autumn a vigorous stand was left uncut
beneath the snow. Nevertheless, the ley in
the following summer could have a good
growth. In such cases the damage had oc-
curred only to the leaves, while the roots
remained healthy. In other cases where the
fungus had also destroyed the roots, there
could be very great damage (cf. Pohjakallio
and Salonen 1956). Sparse stands of grass
could also be destroyed by the fungus, al-
though sclerotia did not develop as abun-
dantly as in vigorous stands.

Sclerotia of S. borealis occurred in the
leaves, the sheaths and the root collars of
the plants, depending on the species of grass
(Fig. 9, Plate IB). They could also be found
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Plate I. Sclerotinia borealis on Phleum pratense. A: A damaged ley in the spring. B, C: Sclerotia of the

fungus, B: on the dead leaves. D: Apothecia of the fungus on soil surface of the first-year timothy ley
at Apukka in 13.10.1980. E: Ascospores of the fungus. B, C, D: X 1. E: X 1000.
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Fig. 9. The dead first-year grasses damaged by Sclerotinia borealis. A: Festuca pratensis, B: Poa an-
nua, C: Poa pratensis, D: Poa alpigena, E: Festuca rubra, F: Dactylis glomerata. Matherial: A, D, E:
InL. Inari, Muddusniemi 13.6.1979. B, F: KemL: Kittild 27.5.1976. C: PP: Rovaniemi, Apukka 15.6.
1979. A-F: X 1.
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Fig. 10. A: Apothecia developed in sclerotia of Sclerotinia borealis on first-year timothy ley at Rova-
niemi, Autti 15.10.1980. B, C: Sporophores of Typhula ishikariensis on first-year timothy ley, B: So-
dankyld, Vaalajérvi 14. 10. 1980, C: Rovaniemi, Apukka 13. 10. 1980. A: X 4. B, C: X 5.
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Table 5. Occurrence of sclerotia of Sclerotinia borealis at different depths in the soil, spring 1978 (ley

sample 10 X 10 X 10 crn).

Sclerotia at different
S. borealis depth in the soil,

Tocalities Niox;vgtgkglgtslzfiys No.igl‘flet:t?g:?;x&ples no. from samples mean:
0—1,5 cm 1,5—5 cm

Tervola 4 6 0 0 0
Rovaniemi 10 15 9 112,7 0,3
Salla 4 5 3 5,6 0,6
Pelkosenniemi 2 2 2 10,5 0
Sodankyld 4 4 2 51,8 0,3
Kittila 2 3 3 151,3 0
Muonio 1 1 1 157,0 0
Inari 1 1 i 95,0 0
Total 28 37 21

Mean 73,0 0,1

lying on the ground where they had fallen
from the plants. In young first-year growths
the sclerotia were easy to see. In contrast,
older leys often had abundant dead leaves,
stubble and other plant debris. This made
it difficult to observe the sclerotia both in
the grass and on the ground (cf. Nissinen and
Salonen 1972 a).

The present study included newly-cleared
land, both on mineral and on peat soils. Even
in these completely new leys damage caused
by S. borealis could be seen already after the
first year. The same observation was made
at the North-Savo experiment station in one
field of winter rye on virgin peat soil in 1947
(Jamalainen 1949), as well as in the 1950s on
newly cultivated land at the Muddusniemi
experimental farm (Pohjakallio and Salonen
1956).

Location of Sclerotinia borealis
sclerotia in the soil

The location of sclerotia of S. borealis at
various depths in the soil was studied in ley
samples taken from both peat and mineral
soils in different areas (Tables 5 and 6). Al-
most all the sclerotia, averaging 98 o (geo-
graphical variation 90—100 %), were found

on the surface of the ground or in the up-
permost 1,5 cm of the soil. Only a very few
sclerotia were encountered down to a depth
of 5 cm. This situation was similar for all
the leys investigated.

Preservation of Sclerotinia borealis sclerotia
in the soil and development of apothecia
in them

In the years 1978—1980 studies were made
in various locations (Inari, Kittild, Rovanie-
mi, Maaninka, Tikkurila) on the preservation
of sclerotia of S. borealis and the develop-
ment of apothecia, both on the ground sur-
face and at a depth of 5 cm (Table 7). The
sclerotia remained unchanged during the
winter season 17.—20.10.1978—13.—15. 6.
1979. Of the sclerotia on the soil surface
0—5 9/ were destroyed during the winter,
while 13—20 90 of those at a depth of 5 cm
were destroyed.

One year later (16.—29.10.1979) the scle-
rotia on the soil surface were still in good
condition. Those on the surface of mineral
soil had 0—15 %o losses and on peat soil 5—
149/ losses. In contrast, many more of the
sclerotia at a depth of 5 cm were destroyed,
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Table 6. Occurrence and size of sclerotia of Sclerotinia borealis in the soil, spring 1979 (ley sample

10 X 10 X 10 cm).

No. of sclerotia
per sample

No. of the leys

Distribution of sclerotia
according by size,
% per sample

Localities investigated

nean range 0—1 mm 1—3 mm 3 mm

%o % %o

Tornio 1 28 28 3,5 85,8 10,7
Tervola 4 6 0—38 0 66,7 33,3
Rovaniemi 2 10 7—12 40,0 50,0 10,0
Kemijarvi 2 7 0—14 14,3 85,7 0
Sodankyla 4 0 —_— ey == fo
Kittila 2 37 36—38 5,4 62,2 32,4
Muonio ] 6 0—26 16,7 66,7 16,7
Total 22
Mean 13,4 0—38 10,5 66,9 22,6

averaging 30 %o in mineral soil (variation in
the different areas 3—52 %/o) and 15 %o in peat
soil (14—23 %/o).

Two years later (14.—29.10.1980) there
were still well-preserved sclerotia on the
ground surface. On mineral soils many more
had been destroyed (av. 52 %, range 34—
66 °0) than on peat soils (av. 13 %, range
0—17 %). At a depth of 5 cm the sclerotia
in peat soil had disappeared completely and
in mineral soils the losses averaged 74 9%
(range 24—100 %). Only a few disintegrated
remains were to be seen. In the studies of
Arsvoll (1976) dry sclerotia remained germi-
nationable viable at room temperature for
over three years.

In both of the autumns 1979 and 1980 apo-
thecia developed only in the sclerotia which
were on the ground surface. In the autumn
1979 apothecia developed in an average of
17% of the sclerotia (variation among the
different areas 0—68 %). In the autumn 1980
fewer apothecia developed, averaging 8 %
(range 0—43 /o).

Muddusniemi was the only trial location
where apothecia did not develop. In contrast,
as far south as Tikkurila apothecia developed
in both autumns in about 10 of the sclero-
tia. These were small in size, averaging only
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1,5 mm in diameter. Also in the laboratory
studies of Arsvoll (1976) sclerotia on the soil
surface had a germination of as high as
93,8 %o, while at a depth of 10 mm only 16,5
germinated, and at 20 mm depth there was
no germination at all.

The occurrence of apothecia of S. borealis
under field conditions was investigated in the
month of October 1980 (13.—16.10.) at the
Lapland experimental station and at 10 farms
in the communes of Rovaniemi, Sodankyld
and Tervola (Table 8, Plate ID, Fig. 10 A).
In this material, which comprised a total of
125 trial plots on 30 leys, there were an aver-
age of 24 apothecia per 225 cm? (range on
the different leys 1—200). The variation was
very great between the different leys. Ac-
cording to observations made at Muddusnie-
mi (Pohjakallio and Salonen 1956) in the
autumn 1955 apothecia began to develop
around the 10th of September. After this
date they occurred very abundantly in the
leys. In a meadow fescue stand which was
sown in 1951, an average of 43 apothecia per
m? were observed on 5. 10.

In the present study leys which were es-
tablished in 1980 were generally found not
to have any apothecia or at the most they
were found only in extremely small amounts.



Table 7. Preservation of sclerotia of Sclerotinia borealis on soil surface and at a depth of 5 cm in the
different localities, 1978—1980. Sclerotia were in wire netting bag, 100 per bag.

Sclerotia
(k-] 3
Localities Soil Depth * bggalifnngg texlr)r:itgagifng g § g Strafllrxl:g%fs the
= o g
-
Inari, Muddusniemi  Mineral soil Surface 20.10.78 13. 6.79 96 0 4 Muddusniemi 1978
69°04’N, 27°03’E —» — 5 cm —_—— —_— 79 0 21 I
—_—» — Surface 20.10.78 29.10.79 90 0 10 —_—
—»— 5 cm —_— — —_ 70 0 30 B
—»— Surface 20.10.78  28.10.80 34 0 66 —_——
—»— 5 cm —»— —_—»— 17 0 83 —_—»—
Kittila Mineral soil Surface 20.10.78 23.10.79 100 10 0 Muddusniemi 1978
67341’N, 24°54°E —_— 5 cm — —_— — 48 0 52 — P,
Peat soil Surface —» — —_»— 95 2 5 S
—»— 5 cm —_— —_ — 7 0 23 Kittila 1978
Mineral soil Surface 20.10.78 24.10.78 44 0 56 —_——
—» — 5 cm —» — —_» — 0 0 100 — P
Peat soil Surface 20.10.78 24.10.80 73 0 27 —_—
—» — 5 cm —_—» — —_—»— 0 0 100 —_—
Rovaniemi, Apukka  Mineral soil Surface 17.10.78 15. 6.79 100 0 0 Muddusniemi 1978
66°35’'N, 26°00'E —_»— 5 cm e e 87 0 13 — e
Peat soil Surface —_—— —_—— 95 0 5 —_— —
—»— 5 cm —_—» — —»— 83 0 17 —_—
Mineral soil Surface 17.10.78  20.10.79 86 5 14 N —
s 5 cm —_—— —_—— 56 0 44 —» —
Peat soil Surface —_—— —_—— 86 26 14 PN
—_—» — 5 cm —_— — —_— — 86 0 14 —y —
Mineral soil Surface 17.10.78  20.10.80 60 0 40 —_— —
—» — 5 ecm —_— — —_— — 36 0 64 e
Peat soil Surface 17.10.78  20.10.80 100 43 0 —_— —
—_— 5 cm —_ — —_» — 0 0 100 —_—
Maaninka, Halola Mineral soil Surface 17.10.78 16.10.79 97 68 3 Tervola 1978
63°09’'N, 27°19’E —»— 5 cm —_—»— —_—— 97 0 3 S —
—_— — Surface 17.10.78  14.10.80 34 0 66 —_—
—_— — 5 cm —_— — —_—— 76 0 24 PO
Tikkurila Mineral soil Surface 17.10.78 19.10.79 85 10 15 Muddusniemi 1978
60°17’N, 25°04’E —_—— 5 cm —» — —»— 77 0 23 R —
—_—— Surface 17.10.78  29.10.80 66 11 34 —_——
—_— 5 cm —_ — —_— — 0 0 100 —_—»—
1 Surface = On soil surface
5 cm = At a depth of 5 cm

Similarly only a few apothecia occurred in
older third- and fourth-year leys. The larg-
est numbers of apothecia were found in first-
and second-year stands.

In addition to germinated sclerotia, there
were also ungerminated sclerotia on the
ground surface. Often these two categories
occurred approximately in the same propor-
tions, either few of both kinds or many of
both kinds.

The average diameter of a total of 525
apothecia of S. borealis was found to be 3,2
mm (range 1—8 mm). This figure was simi-
lar on most of the leys. According to Pohja-
kallio and Salonen (1956) the diameter of
apothecia found in leys was 1—6 mm. The
studies of Arsvoll (1975) in Norway gave a
corresponding figure of 1,8 (2—6) mm.

Examinations of 460 sclerotia found on dif-
ferent leys showed that in general only one
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Table 8. Occurrence of apothecia of Sclerotinia boerealis in some leys in North Finland, 13.—16. 10. 1980.

i 2
No. of apothecia per Quintozene

Localities Farm Ley Soil Age of ley 225 cm? P sﬁg i
year leys
mean range ik
Sodankyla 1 1 mineral 2 6,8 4—16 e
Vaalajarvi 2 e 0t 1,3 1—2 —_
3 e e 3 9,2 1—27 +
4 peat 4 8,3 3—20 +
2 5 mineral 4 9,1 4—20 =+
6 —» — 2 11,3 2—40 th
i —_ — 1 11,3 2—39 =t
3 8 —_» — 2 18,5 11—30 —_
Rovaniemi 4 9 peat 1 130,0 96—155 i
Apukka 10 —» — 1 66,0 66 oF
11 mineral 2 27,0 10—60 i+
5 12 —» — 4 23,0 8—38 —
13 —_—— 01 1,0 1 —_
14 —_— 1 115 2—37 —_
Rovaniemi 6 15 —_—»— 4 8,5 2—20 —
Autti 16 —_—» — 3 9,0 2—19 —
17 —_— — 2 16,2 6—26 —
18 —_—»— h { 92,2 23—200 —
19 —_— — 1 43,6 10—84 —_
20 peat 1 30,4 16—45 —_
21 —_— — 2 41,7 30—58 —
7 22 mineral 2 13,3 2—52 —_
Tervola 8 23 peat 1 2,3 1—3 —
24 mineral 2 4,0 2—6 —
9 25 —_— — 1 20,0 20 -
26 —» — 2 23,0 23 —_
10 27 peat 1 10,0 10 —
28 mineral 1 27,0 10—35 —_
11 29 —_—»— 2 27,3 10—42 —_—
12 30 —_» — 2 2,0 2 —_
Total 12 30
Mean 23,5 1—200

1 established in the summer 1980

apothecium developed from one sclerotium.
This occurred in 95 %o of the cases (range 80
—100 °/). Two apothecia in the same sclero-
tium occurred in 4° of the cases, while
three and four apothecia were found only in
rare instances. In the material of Arsvoll
(1975) 1—6 (1—3) apothecia developed from
one sclerotium.

Speckled snow mould (Typhula spp.)

In Finland Typhulae incarnata and T. ishika-

riensis occur commonly throughout the
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whole country in winter cereals and in many
kinds of ley grasses (Jamalainen 1957).
There are only scanty data concerning the
occurrence of Typhula species in leys in
North Finland, as well as the relative pro-
portions of these species. However, Typhula
spp. has been mentioned together with Scle-
rotinia borealis and Fusarium nivale as being
among the most pathogenic low-temperature
fungi in these regions (Pohjakallio and Salo-
nen 1956, Jamalainen 1970, 1978). At Mud-
dusniemi Typhula spp. was especially pre-
valent in ley grasses in the spring 1950, when
the snow melted earlier than wusual and



Plate II. Typhula ishikariensis on Phleum pratense. A, B, C: Sclerotia of the fungus, A: in the dead
leaves, B: in the dead culms and the enlarged basal part of the stem. D: Sporophores of the fungus
on soil surface of the timothy ley at Tervola in 16.10. 1980. E: Basidia of the fungus. A, B, C, D: X 1.
E: X 1000.



spring frosts damaged the plants. At the Lap-
land experimental station T. ishikariensis has
caused injuries in many winters to different
grass species (Jamalainen 1970, 1978). Older
leys appeared particularly to suffer from
such injuries (Valmari, oral commun.).

In the present investigation T. ishikariensis
was the most common of the Typhula spe-
cies. In the entire material it occurred in
5590 of the samples (variation among the
communes 38—75 %). The fungus was more
common in the southern and central parts
of the region than in the northern parts.

In the years 1976, 1977 and 1978 the fun-
gus was rather prevalent, occurring in an
average of 61—69 %o of the leys. In contrast,
in the spring 1979 the fungus was found in
only 2990 of the léys. A partial reason for
this may be the spring rains, since the scle-
rotia of T. ishikariensis when growing on the
surface of the plant are very easily washed
off.

T. ishikariensis occurred particularly in

older timothy leys in which it could cause .

extensive damage. The fungus produced dif-
ferent-sized brown patches in stand. Sclero-
tia developed generally in the leaves (Plate
II A). If the fungus injured only the leaves,
the damage was minor. Sclerotia could also
‘be in the culms and the enlarged basal part
of the stem, and in these cases the plants
had been killed (Plate IIB). Such damage
occurred especially in the springs of 1977
and 1979, when many leys were destroyed,
particularly at Sodankyld and Kittila.
Germination of T. ishikariensis in the field
‘was observed abundantly in the autumn 1980.
In this year the weather remained warm
longer than usual, until the middle of Octo-
ber. Pale, skin-coloured sporophores grew
generally in dense clusters (Plate II D, Fig.
10). This was due to the fact that the sclero-
tia most often occurred in rows in the tissues
of the leaves and stems. In the same sclero-
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tium wusually one sporophore arose, often
two, sometimes even three (cf. Arsvoll 1975).
The average length of 120 sporophores ex-
amined was 4,7 mm (range among different
leys 3,8—6,0 mm and among individual spo-
rophores 2—I12 mm). The thickness of the
sporophores varied from 0,5 to 1,0 mm. In
the studies of Arsvoll (1975) the sporophore
length was 5—20 mm and the thickness 0,5—
1,0 mm. Under moist conditions abundant
growth of white mycelia readily took place.
Also basidiospores germinated readily.

Typhula incarnata was found in the whole
material in an average amount of only 10 %
(variation between the years 3—15 ). The
fungus was most common in leys in the
spring 19877. Compared with T. ishikariensis,

“the significance of T. incarnata was minor.

In Norway both of these Typhula species
are prevalent in most of the country. T. ishi-
kariensis is the most important winter-dam-
age fungus in areas where the snow cover
persists longer than 150 days and where there
are at least 80 days with an air temperature
under 0°C. T. incarnate is most common in
areas with a mild and moist winter climate
and where the snow cover lasts for at least
90 days. The injuries caused by this species
are generally light. Even severely-infected
plants often recover (Arsvoll 1973, 1975).

In Iceland T. incarnata occurs widely in
the northern parts of the country, but it
generally causes only minor injuries. On the
other hand, T. ishikariensis apparently causes
extensive damage, even though it is less prev-
alent than 7. incarnata (Kristensson and Gud-
leifsson 1976).

Snow mould (Fusarium spp.)
Snow moulds occurred quite commonly

throughout the entire region of this study,
amounting to an average of 449 in the



whole material. There were considerable

variations between the years. In the spring
‘of 1976 and 1977 Fusarium species were

found in an average of 63 %o and 66 %o of the

leys examined, whereas in 1978 and 1979

they were much less prevalent, averaging
37 9% and 1590 of the samples. In general,

they occurred only in small amounts in the

leys. In timothy they were not particularly
significant as a cause of winter injury. On
the other hand, meadow fescue appeared to
be much more susceptible to damage by
BEspecially susceptible was
English ryegrass which could be totally
destroyed.by these fungi (cf. Yliméki 1955).

Fusarium species.

Likewise at the Lapland experimental station -
(Jamalainen 1970) and in Norway (Arsvoll

1973) F. nivale produced greater damage in
Lolium perenne than in the other grasses.
There were several species of Fusarium
(Table 8). The most common were Fusarium
avenaceum (av. 119), F. semitectum (av.
89/0), F. nivale (av. 7%), and F. culmorum
(av. 490). In addition, sporadic occurrences
were also observed of F. graminearum, F.
moniliforme, F. oxysporum,-F. poae and F.
tricinctum.

Winter injuries caused by snow moulds in
leys in Lapland have occurred only rarely
and then only in small amounts, even though
damage to winter cereals can be quite great.
For example, during the trial period 1947—
1955 at the Muddusniemi experiment farm
Fusarium species occurred to some extent in
ley grasses only in the years 1950 and 1951,
whereas in the other years they scarcely
appeared at all (Pohjakallio and Salonen
1956). Likewise at the Lapland experiment
station during the period 11951—1977 F. nivale
was found abundantly in timothy, cocksfoot
and meadow fescue only in the spring 1967,

and even then it did not cause appreciable

damage (Jamalainen 1970, 1978).

On the other hand, in Norway F. nivale

Table 9. Frequency of the most important parasitic
fungi, mean %o of the samples and variation by

localities.
Frequency, no.-%
Fungi of the variation by
samples localities
Ascomycotina
Pyrenomycetes
Monographella nivalis 0,1 0— 1
(Rehm) E. Miiller
Loculoascomycetes :
Phaeosphaeria herpotri- 3 0—10
choides (de Not.) L. Holm
Discomycetes
Sclerotinia borealis 71 51—84
Bubak & Vleugel
Basidiomycotina
Holobasidiomycetidae
Rhizoctonia solani Kihn 19 10—42
Amphyllophorales
Typhula incarnata 10 0—26
Lasch ex Fr.
T. ishikariensis Imai 55 38—175
Deuteromycotina N
Hyphomycetes
Alternaria tenuis auct. 2 0—14
Botrytis cinerea Pers. ex Fr. 13 0—29
Cladosporium Spp. 70 44—83
Epicoccum purpurascens 5 1—13
Ehrenb. ex Schlecht )
Fusarium spp. 27 11—40
F. avenaceum (Corda 11 —117
ex Fr.) Sacc.
F. culmorum (W. G. 4 0— 8
Smith) Sacc.
F. graminearum 1 0— 4
Schwabe
F. nivale (Fr.) Ces. 7 0—13
F. semitectum Berk. & 8 0—19
Rav. .
Helminthosporium spp. [ 0—15
Heterosporium phlei 5 0—15
Gregory :
Pestalotia truncata Lev. 0,3 0— 2
Pseudocercosporella 1 0— 2
herpotrichoides (Fron)
Deighton
Trichoderma viride 33 16—53
Pers. ex S.F. Gray
Volucrispora graminea 0,3 0— 3
Ingold, McDougall &
Dann
Coelomycetes
Sphaeropsidales
Ascochyta spp. 3 0—10
Coniothyrium sp. 6 1—17
Hendersonia crastophila 2 0— 6
Sacc,
H. culmicola Sacc. 1 0—10
Phaeoseptoria festucae 2 0—22
Sprag.
Phoma spp. 12 0—49
Mycelia sterilia 0,4 0— 3
(Basidiomycete)
Bacteria
Actinomycetales )
Streptomycetes spp. 41 14—58
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is the most important low-temperature para-
sitic fungus in all grass species and is found
throughout the whole country (Arsvoll 1973,
1975). Among other Fusarium species F.
avenaceum also occurs prevalently as a
pathogen on grasses, while F. culmorum and
F. semitectum are less significant (Arsvoll
1975).

Other fungi occurring in leys

In addition to Sclerotinia borealis, Typhula
spp. and Fusarium spp., a large number of
other less pathogenic fungi were found in

v

the grass samples (Table 9). The most com-
mon of these spp.,
Trichoderma wiride, Rhizoctonia solani,
Botrytis cinerea and Phoma spp.

Most of these same fungi are found in leys
in Norway. In laboratory experiments these
fungi have been demonstrated to be patho-
genic, at least to some extent (Arsvoll 1975).
The bulk of these cosmopolitan species are
considered to be generally saprophytic or
weakly parasitic (Domsch and Gams 1970,
Ellis 1971). The total numbers of fungi found
in grass samples in the present study were
75 species belonging to 64 genera.

were Cladosporium

CONCLUSIONS

The original incentive for starting the present
study was the period of extensive damage
occurring in the 1970s to leys in North Fin-
land. Farms with the most damage to leys
were initially chosen for the investigation.
In later years attempts were made to obtain
a more generalized picture of the leys by
including all kinds of farms. Despite these
attempts, however, the material apparently
gives a less favourable view of northern Fin-
nish leys than the average. The material has
perhaps a lack of uniformity which was due
to the short life of the leys, the variations
in quality of the farms and the farmers, etec.
The material is somewhat scanty, and the
time spent on the investigation as well as
the other possibilities did not correspond to
the extent of the subject and the geographical
area.

The advantage of this kind of material
is its diversity. In cases where the intention
is to make a general overall survey of the
situation in the whole region, é.g, by investi-
gating the fungal population, this method
has been generally used (cf. Jamalainen 1970,
-Arsvoll 1973). 1In Norway winter damage
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to leys was comprehensively studied in the
1970s (e.g. Arsvoll 1973, 1975, 1976, 1977,
Arsvoll and Larsen 1977). A large part of
these excellent studies can be applied also
to conditions in Finland.

The snow cover in North Finland is thick
and it often lasts from October to May (Kolk-
ki 1966). Under the snow cover there is
darkness, sufficient moisture and a tem-
perature remaining around 0°C (Ylimiki
1962). Many of the low-temperature parasitic
fungi grow at temperatures between 0°C and
—6°C, and in other respects, too, they drive
under such conditions (Ekstrand 1955, Poh-
jakallio and Salonen 1956, Jamalainen 1970,
Nissinen and Salonen 1972 a, Arsvoll 1975).
On northern Finnish leys these fungi there-
fore have a suitable environment for growing
throughout the whole winter. However,
most of the damage caused by these fungi
occurs in the latter part of the winter and
the spring {(cf. Pohjakallio and Salonen 1956,
Nissinen and Salonen 1972 a). Also in the
present study it was found in ley samples
taken from beneath the snow that S. borealis
and Typhula ishikariensis produced mycelia



and young sclerotia no earlier than the lat-
ter half of March, and this occurred only in
1977. In this year the fungi caused most
of the damage under thick, slowly melting
snow drifts (cf. Pohjakallio and Salonen
1956).

The great influence of weather conditions
on the occurrence of winter damage and the
annual variations are generally known
(Ekstrand 1955, Pohjakallio and Salonen 1956,
1958, Jamalainen 1970, 1978, Nissinen and
Salonen 1972 a, Arsvoll 1973). Also in this
study weather factors were of profound sig-
The greatest amounts of poorly-
overwintered leys occurred in the spring
1977 after a long winter with a deep snow
cover. The least winter damage was found in
the spring 1979 after a winter with a thinner

nificance.

snow cover and lower temperatures than
usual (cf. p. 112).

The total -amounts of the most serious low-
temperature pathogenic furgi Sclerotinia
borealis, Typhula ishikariensis and Fusarium
spp. were found to vary in the samples in-
vestigated in a way corresponding to the
extent of injury to the ley.

These observations confirm the fact that
in the present study low-temperature parasi-
tic fungi were the major cause of winter
damage to leys in North Finland (cf. Ekstrand
1947, 1955, Jamalainen 1970, 1980, Yliméki
1955, Pohjakallio and Salonen 1956, Nissinen
and Salonen 1972 a, Arsvoll 1973, 1975).

In most cases the amount of winter damage
to first-year timothy leys has been directly
proportional to the incidence of S. borealis
(cf. Isotalo and Vogel 1962, Nissinen and Sa-
lonen 1972 a).

The significance of age of the ley as regards
the occurrence of low-temperature parasitic
fungi is generally known (Pohjakallio and
Salonen 1956, Jamalainen 1970, Arsvoll 1973,
1977, Valmari 1979). Also in this study the in-
juries were greatest in first-year timothy leys.
This is due partly to the slow initial growth

of the young timothy plants, especially their
root growth (Salonen 1951, Jéantti 1953).
These fungi, in particular S. borealis, first
destroy the foliage and then continue’ their
parasitic growth in the roots. In older ti-
mothy stands it is. more difficult for the
fungus to destroy the roots than in young
stands (Pohjakallio and Salonen 1956). A
vigorous stand of timothy in the autumn of
its first season offers a better environment
for the growth of parasitic winter fungi than
does an older ley with its often dry, withered
stubble (Nissinen and Salonen 1972 a). Ac-
cording to the view held by many farmers,
the stubble of a companion crop for the same
reason reduces fungal damage in many leys.

Many studies shown that grass
varieties originating in northern areas are
more resistant to winter fungi than varieties
of southern origin (Ekstrand 1955, Pohjakal-
lio and Salonen 1956, Andersen 1971, Jama-
lainen 1970, 1974, Nissinen and Salonen
1972 a, Arsvoll 1977). The situation today,
however, is that in northern Finland grass

have

varieties intended for wuse in southern areas
are being grown and even their seed is being
produced.

According to many investigators (Huokuna
1971, Huokuna and Hiivola 1974, Pulli 1980)
too heavy nitrogen fertilization weakens the
winter resistance of leys. At the same time
injuries caused by low-temperature parasitic
fungi increase {(Ekstrand 1955, Nissinen and
Salonen 1972 b). In laboratory studies by
Arsvoll and Larsen (1977) increasing amounts
of nitrogen fertilization caused a reduction
in resistance of grasses to Fusarium nivale,

Typhula ishikariensis and Sclerotinia bore-

alis, and concurrently their frost durability
was also reduced. By decreasing the nitrogen
levels on leys, the Lapland experimental sta-
tion has in recent years achieved a large
increase in winter dependability (Valmari
1979). Similar results have also been ob-
tained by many farmers. On the other hand,
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nitrogen fertilization has improved the re-
sistance of timothy to S. borealis (Jamalainen
1970), namely in the latest sowings (Nissinen
and Salonen 1972 b).

Increasing the amount of phosphorus has
generally improved the winter durability of
leys, especially against the most important
winter fungi (Ekstrand 1947, Arsvoll and
Larsen 1977).

Hardening of plants is very important in
regard to their winter durability (Arsvoll
1975, 1977, Tronsmo 1980). Associated with

this hardening process are chemical changes
in the plant tissues (Pohjakallio et al. 1959,
Arsvoll and Larsen 1977, Pulli 1980). The
amount of food reserves in the plant roots,
above all the sugar content, is a measure of
its winter durability (Pohjakallio et al. 1959,
Huokuna 1(9‘7‘1,' Vestman 1980). Two factors
affecting this are the fertilization and the
last cutting of the ley (Juola et al. 1977, Hak-
kola 1978, 1980, Huokuna 1980). Much
research work remains to be done on these
problems concerning the leys in North Fin-
land.
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SELOSTUS

Pohjois-Suomen nurmien talvituhoista ja talvituhosienisti vuosina 1976—1979

KATHO MAKELA

Maatalouden tutkimuskeskus

Aineisto kdsitti 740 peltoa 11 pitdjin alueelta.
Naytteet keriittiin keviisin tehdyilld tarkastus-

matkoilla. Tutkimuksia tidydennettiin viljelijdin
haastatteluilla. Sienet tutkittiin laboratoriossa
mikroskooppisesti.

Tutkituista nurmista oli valtaosa, 3/4, timotei-
nurmia, timotei-nurminata ja timotei-pohjan-
nurmikka -sekanurmia oli kumpiakin 10 % Nur-
mista sijaitsi 3/s kivenndismailla ja loput turve-
mailla. Idlt4&n olivat nurmet valtaosin nuoria, 1.
ja 2. vuoden nurmia. Noin puolet nurmista oli
perustettu ilman suojakasvia. Suojakasvina olivat
yleisimpid ohra ja kaura. Esikasvina oli miltei
aina peltonurmi.

Huonosti talvehtineita nurmia oli eniten ke-
vailla 1977 ja vihiten kevdidllda 1979. Yleisimmit
talvituhosienet olivat pohjanpahkasieni (Scleroti-
nia borealis), pahkulasienet (Typhula spp.) ja lu-
mihomeet (Fusarium spp.) Nimi sienet yhdessid
olivat yeisempid Lapin itd- ja pohjoisosissa kuin
lansi- ja eteldosissa. Vuosittainen vaihtelu oli myés
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hyvin samanlainen nurmien talvituhojen esiinty-
misen kanssa. Kev#illd 1977 niiti sienid oli eni-
ten, kevaalla 1979 vihiten.

S. borealista esiintyi téssid aineistossa keskim.
71 % nurmista. Se oli yleisemp#i pohjoisessa (So-
dankyla, Kittild, Inari) kuin eteldisimmilld alueil-
la. '

S. borealista esiintyi yleisimpinid ja runsaim-
pana 1. vuoden timoteinurmissa, joissa sieni ai-
heutti suurimmat tuhot. My6s vastaraivatussa
uudismaassa saattoi tuhoa tavata jo 1. vuonna.
Eri aikaan ja eri tavoin perustettujen nurmien,
sen paremmin kuin kivenndis- tai turvemaalla
kasvavien nurmienkaan vililld ei juuri johdon-
mukaisia eroavuuksia havaittu. Sen sijaan vie-
reisissd, yksittdisissi nurmissa saattoivat tuhot
olla hyvinkin erilaisia. Suuria olivat nimenomaan
vuosien viliset erot.

Keviilla 1977, jolloin S. borealisen tuhot olivat
suurempia kuin muina tutkimusvuosina, sieni
kasvoi nurmissa lumen alla jo maaliskuun loppu-



puolelta 1ihtien. Sen sijaan kevé#illd 1979, jolloin
talvituhoja oli vdhiten, ei myoské#n sienen kas-
vua lumen alla todettu.

S. borealisen pahkat sijaitsivat nurmissa paitsi
kasvustossa miltei yksinomaan maan pinnalla tai
aivan pintakerroksessa. Pahkat s#ilyivat luon-
nossa, nurmessa maan pinnalla eldvind ja itd-
miskykyisind ainakin kaksi vuotta. Sen sijaan
niistd 5 cm syvyydessi tuhoutui kivenndismaalla
3/4 ja turvemaalla kaikki. Myos kotelomaljoja ke-

hittyl vain maan pinnalla olleisiin S. borealisen |

pahkoihin.
Mustapahkulasienta (Typhula  ishikariensis)
esiintyi koko aineistossa, keskim. 55 %,. Sieni oli

yleisempi Lapin eteldisissd ja keskisissd osissa
kuin pohjoisemmilla nurmilla. .Sieni aiheutti tu-
hoa varsinkin vanhemmissa timoteinurmissa.
Ruskopahkulasienen (Typhula incarnata) merkitys
jai vahiiseksi.

Lumihomeita (Fusarium-lajeja) esiintyi kautta
alueen, keskim. 44 % tutkituista nurmista. Niitten
miird oli nurmissa yleenséd pieni. Varsinkin timo-
teilla sienten merkitys jai vahiiseksi. Nurminata
niytti olevan alttiimpi. Fusarium-lajeista olivat
F. mivalen ohella yleisimpid F. avenaceum, F.

.culmorum ja F. semitectum.

Lisiksi nurmissa todettiin suuri m#ird muita
sienii, yhteensd noin 75 lajia, kuuluen 64 sukuun.
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ON THE SEED-BORNE MICROFUNGI ON WILD GRASSES IN FINLAND

KATHO MAKELA

Mékeld, K. On the seed-borne microfungi on wild grasses in Finland.
Ann. Agric. Fenn. 20:132—155 (Agric. Res. Centre, Inst. Pl. Path. SF-
01300 Vantaa 30, Finland).

The fungal microflora of 63 species of wild grass seed were determined
from 284 samples collected throughout Finland, but mostly from southern
parts of the country. Over 90 species of fungi, belonging to 60 genera,
were observed. The fungi included three species of Pleospora including
P. infectoria Fuck., P. islandica Johans. and P. wagans Niessl., seven
species of Drechslera including D. biseptata (Sacc. & Roum.) Richardson
& Laser, D. dactylidis Shoemaker and D. sorokiniana (Sacc.) Subram.
& Jain, seven species of Fusarium including F. avenaceum (Corda ex Fr.)
Sacc., F. graminearum Schwabe, F. poae (Peck) Wollenweber and F.
tricinctum (Corda) Sacc., and six species of leptosphaerioid fungi. In
addition, rare fungi worthy of mention are Scopinella solani (Zukal) Mal-
loch found in seeds of Agropyron repens, Bromus inermis and Festuca
rubra; Ryparobius polysporus (Karst) Sacc. found in seeds of Melica
nutans; Drechslera verticillata Shoemaker found in seeds of Sieglingia
brocumbens; and Curvularia protuberata Nelson and Hodges found in
seeds of Festuca rubra. The most common fungi were Alternaria tenuis
Nees, Cladosporium cladosporioides (Fres.) de Vries, Arthrinium phaeo-
spermun (Corda) M. B. Ellis and Epicoccum purpurascens Ehrenb. ex
Schlecht.

The largest number of fungus species were found on Melica nutans
(46), Alopecurus pratensis (39), and Agropyron repens 37, whereas the
lowest number of fungi were found on Bromus hordeaceus (15), Poa
palustris (15), Anthoxanthum odoratum (16) and Calamagrostis phrag-
mitoides (16). In the exceptionally rainy summer of 1977 the species of
fungi were found to be more numerous than in the dry summer of 1975.

Index words: Grass seed, seed-borne fungi, Drechslera, Fusarium, Phae-
osphaeria, Pleospora, Scopinella solani.

INTRODUCTION

Numerous wild grasses are common through- more frequent in the south than in the north
out Finland e.g. Calamagrostis phragmitoides, e.g. Agropyron repens, Alopecurus pratensis,
Deschampsia caespitosa, D. flexuosa, Festuca Festuca pratensis and Poa pratensis (Hultén
rubrea and Poa annua. Some grasses are 1971). In addition, about 35°% of the total
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arable land of Finland, 2,6 million hectares,
is covered by grass (Anon. 1974 ¢, 1977 ¢).

The most important cultivated grasses are
Phleum pratense
Dactylis glomerata are also abundant, as well

and Festuca pratensis.

as law grasses, mainly Agrostis tenuis, Festu-
ca rubra and Poa pratensis (Joy 1980, Laiti-
nen and Laurila 1980).

The leaf spot diseases of cultivated grasses '

and the fungi producing them have been
studied during the past decade in Finland
(Makeld 1971, 1972 a, 1972 b). Many other
microfungi have also been examined, on both

wild and cultivated grasses (Koponen and
Mikelda 1975, Makeld 1977 a, 1977 b).
Information on the seed-borne fungi of

. grass seeds is limited to the study of cultivated

grass in both Finland (Mikeld 1972 b) and
other countries (Mithle 1953, 1971, Noble and
Richardson 1968, Tulloch and Leach 1972,
Neergaard 1977).

The aim was to study the species of micro-
fungi occurring on the seeds of the wild
grasses, relationships between the different
species, and the incidence of these fungi in
relation to different grass species, different
years and different localities.

MATERIALS AND METHODS -

Samples of c. 300 wild grass seed lots were
collected from field edges, meadows, forests,
seashores and swards throughout the country,
mostly from southern Finland (Fig. 1). The
material comprised 63 grass species belonging
to 36 genera (Table 1). They were mostly
gathered in Uusimaa, Tvarminne (63 samples),
in South 'Héme, Hattula (32 samples) and in
South Savo, Lappeenranta (30 samples).

The samples were collected mainly from
the end of June to the end of September:
4.7—26. 9. 1974, 20. 6—26. 9. 1975, 27. 6—
29. 9. 1976, and 4. 7—4. 10. 1977. The seeds
were dried and stored carefully, and were
obtained from the Botanical Gardens, Uni-
versity of Helsinki (Anon. 1974 a, 1975 a,
1976 a, 1977 a).

The names of collectors are abbreviated as
follows:

Pentti Alanko = P.
Pirkko Einistd = P.
L. O. Ervi = L. E.

R. Fagersten = R. F.
Sinikka Grahn
M. Haapasaari
Olavi Hankkila

A.
E.

= 8. G.
= M. H.
= 0. H.

Ilkka Kukkonen = L
Ilkka Kytovuori = L
Marjaleena Miettinen = M. M.

Annikki Palmén =-A. P.
Ernst Palmén = E. P.

Pirjo Pirinen ='P. P.

Stina Saarnijoki = S. S.
Mirja Siuriainen = M. S.

M. & P. Uotila = M. & P. U.

Pertti Uotila = P. U.
Yrj6 Vasari = Y. V.
Seppo Vuokko = S. V.

The nomenclature of the vascular plants
is according to Hylander (1953), with a few
exceptions. The abbreviations for biological
provinces are in accordance with Heikinhei-
mo and Raatikainen (1971).

One or two hundred seeds were examined
from each lot of seeds. Germination oc-
curred in a Jacobsen’s incubator on moist
filter paper under a perforated glass dome.
The average temperature was +20°C. The
temperature at night was often a few degrees
lower than the daytime temperature. The
tests were exposed to light in daytime but
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Fig. 1. The origin of the seed samples of grasses
by locality. Number of seed lots by biological pro-
vince.

were in the dark at night (cf. Anon. 1966,
Tempe 1963).

The germination and fungi of the seed lots
were examined simultaneously twice, 6 and
14 (21, 28) days after the beginning of germi-
nation. In addition, examinations of a more
general nature were carried out about a
month after the beginning of germination.
During this culture period the fungi were
examined a few times with a stereomicro-
scope. In addition, a light microscope was
used for measurements and microphoto-
graphs. Slides were prepared with lactic
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Table 1. Place of origin and number of the

Grass

Agropyron caninum (L.) PB.

A. repens (L.) PB.

Agrostis canina L.

A. gigantea Roth

A. stolofinera L.

A. tenuis Sibth.

A. vinealis Schreber

Alopecurus aequalis Sobol.

A. geniculatus L.

A. pratensis L.

Anthoxanthum odoratum L.

Apera spica-venti (L.) PB.
Arrhenatherum elatius (L.) J. & C. Presl
Avena fatua L.

Avenula pubescens (Hudson) Dumort,
Bromus hordeaceus L.

B. inermis Leysser

Calamagrostis arundinacea (L.) Roth
C. canescens (Weber ex Wiggers) Roth
C. epigejos (L.) Roth

C. phragmitoides Hartman

C. stricta (Timm) Koeler

C. varia (Schrad) Host

Dactylis glomerata L.

Deschampsia bottnica (Wahlenb.) Trin.
D. caespitosa (L.) PB. -

D. flexuosa (I.) Trin.

Elymus arenarius L.

Festuca arundinacea Schreber

. ovina L.

. polesica Zapat.

. pratensis Hudson

. rubra L.

. trachyphylla (Hackel) Krajina
Glyseria fluitans (L.) R.Br.

G. lithuanica (Goérski) Lindman

G. maxima (Hartman) Holmberg -
Hierocloé australis (Schrader) Roemer & Schultes
H. hirta (Schrank) Borbas .
H. odorata (I.) PB.

Holcus lanatus L.

H. mollis L.

Melica nutans L.

Milium effusum L.

Molinia caerulea (L.) Moench

Nardus stricta L.

Phalaris arundinacea L.

Phleum commutatum Gaud.

P. phleoides (L.) Karsten

P. pratense L.

Phragmites australis (Cav.) Trin. ex Steudel
Poa annua L.

P. compressa L.

P. nemoralis L.

P. palustris L.

P. pratensis L.

P. trivialis L. -
Puccinellia capillaris (Liljebl.) Jansen
P. distans (L.) Parl.

Roegneria borealis (Turcz) Nevski
Sieglingia decumbens (L.) Bernh.
Trisetum spicatum (L.) Richter

Rl BeBs!

63 Grass species Total

grass seed lots examined. The samples were collected in 1974—1977.

%g 1974 ,g 1975 ,,g 1976 % 1977 % Total in 1974—1977
: & Place of origin : Place of origin : Place of origin : Place of origin : Place of origin
(=} E o o [~] [«]
- . . . .
g3 g g g g
2 TU,Ks 3 U,BH,KemL 1 PP 1 PH 7 U, EH, PH, PP, Ks, KemlL,
2 U 2 U 2 U,EH 1 ES 7 U,EH, ES
1 ES 2 ES, EP 3 ES,EP
1 U 1 U 1 U 3 U
1 U 1 U 2 U
1 U 1 PH 2 U,EK 2 U,EH 6 U, EH, EK, PH
N 1V 1 Vv
1 U 1 U 2 EH,ES 1 EH 5 U,EH,ES
1 U ) 1 U
3 V,U,EH 2 U,PH 5 U,EH,ES,PP 6 U, EH,ES,EP 16 V,U, EH, ES, EP, PH, PP
1 U 1 U 1 ES 3 U 6 U,ES
1 U 1 ES 2 TU,ES
1 U 1 U 2 U
1 EH 1 EH
1 U 1 U 2 U,EH 4 U,EH
1 U 1 U 1 U 1 U 4 U
1 EH 1 EH 1 ES 2 TU,ES 5 U, EH, ES
2 U,ES 1 Vv 2 ES,PS 5 V,U, EP 10 V,U,ES, EP,PS
1 PH 2 EH, ES 3 EH, ES,PH
2 TU,ES 1 U 2 U,PS 4 U, EH,EP,PS 9 U, EH, ES, EP, PS
1 Ks 1 U 1 PS 2 EP,PP 5 U, EP, PS, PP, Ks
3 TU,LK, PP 2 U,EH 3 ES,PP 8 TU,EH,ES, LK, PP
1 1
2 EH 2 U,EH 4 U,EH,ES,PS 3 U,EH 11 U, EH,ES, PS
1 PP 1 P
4 U,EH,LK,EP 2 U,PH 4 U,LK,PS,PP 8 U,BHES,PS,PP 18 U, EH,ES,LK,EP, PS, PP
1 U 1 U ’ 2 EK,PP 4 V,EP,PS 8 V,U,EK, EP,PS, PP
2 U,PP 2 U 1 PP 2 U 7 U,PP
1 U 1 U 1 U 2 U 5 U
i U 2 U,PH 3 V,EH, ES 68 U, EH, ES,PH
1 U . 1 U 2 U
2 EH,LK 1 EH 3 U,EH,ES 3 U,EH,ES 9 U, EH,ES, LK
1 U 1 U 1 ES 2 ES, PP 5 TU,ES, PP
1 U 1 U
1 U 1 U 2 U
1 EH 2 PS 1 EH 4 EH,PS
1 EH 1 ]EH
1 U 1 U 2 .U
2 U,EH 1 PP 1 EH 4 U, EH, PP
2 U,Ks 2 U,Ks
1 U 1 U
1 U 1 U 1 U 3 U
4 U,EH,Ks 2 U,EH 3 U,EH,ES" 6 V,U, EH, PS 15 V, U, EH, ES, PS, Ks
1 U 1 U 1 EH 1 PS 4 U, EH,PS
1 U 2 U 1 U 3 U,ES,EP 7 U, ES,EP
1 U 1 U 1 ES 3 U,ES
4 U,EH,ES,LK 2 U,EH 3 EH, ES,KP 3 TU,EH,ES 12 U, EH, ES, LK, XKP
2 Ks, EnL 2 Ks, EnL
1 EH 1 EH
2 U,PH 3 U,EH,PH 3 U,EK,EH 4 EH, ES, EP 12 U, EX, EH, ES, EP, PH
R 1 ES 1 ES 2 ES
1V 1V
1 U 1 ES 1 ES 3 U,ES
1 U 1 U 2 V,U 4 V,U
1 EH 1 U 1 PP 2 EH 5 U, EH, PP
3 U 2 EH,PH 1 EH 1 U 7 U, EH,PH
1 U 1 U 2 U
1 U 1 U 2 U
1 EH 1 EH
1 1
1 U 1 U
1 1
72 60 64 93 289
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Table 2. Frequency of the seed borne fungi, percentage of infected seeds on different grasses examined in 1974—1977.

Frequency of fungi, percentage of infected seeds by grass species . Year
g
=
3 | = 3 ] a
2 = %3 » = % g b 2 ® -2
i 3 3 2 b 3 2 °3 S g 3 2 % 3 b3
rungl T S T L T O A I O O T SETIE BETINE
Y 3 e  §% s 8s 3§ S £% 5 S 58 =% g 3§ 353 8 3 3g §3 S &8 5% % B
o8 3 33 23 g =P S - 8 B & S 5& S & <4 Es &g & g 3§ 3 SE JE Op 3 a « 0 © =~
88 S 5F 5% S §F % 0f 53 0% > 3§ B¢ % E5 §f & S 85 5§ S s & Yoz og o og o
<8 < I8 I <4 &3 &S o4 8% s U A% A8 4 RS B B & =§ 5% =8 K5 K& R& & 9 2 & i
1 9 3 4 5 7 8 9 10 11 1218 14 15 16 17 18 19 20 21 22 23 24 25 26 .27 98
Myxomycetes
Physarale : .
Dicymiv 5. : 0.2 9 0.5 05 05 03 071 + 01 o1 1 1 5 02 01 o0l 03 03 03 + 2
Zygomycotina '
1 .
ﬁggg:“s;;_ : 03 1 05 o1 1 ogs 0,3 2 06 05 0,3 4 03 2 0,5 0,1 03 02 1 1
Rhizopus nigricans Ehrenb. ’ 3 1 0,3 2 . 1 1 9 0,5 0,1 1 1 03 0,1 18 ) 0,2 4 11 4 0,3 1 + 1 1 0,4 3 8
Ascomycotina
Pyrenomycetes
Sphaeriales : . 0.1 1
Ceratocystis sp. 6 ’
Chaetomium spp. 0,6 0,4 0,3 ) 0,1 0,3 03 0.3 0 é 01 0,2
Claviceps purpurea (Fr.) Tul. 1 5 0,1 0,1 3 0,5 4 ’ ’ Y
Gibberella zeae (Schn.) Petch. 0,1
Monographella nivalis (Rehm) E. Miiller 0,1 ) . +
Podospora spp. + R 3 )
Scopinella solani (Zukal) Mallach 1
Sordaria spp. : 1 g’g : g’; + o1
Sporormia intermedia Auersw. ' . s y
Loculoascomycetes
Pleosporales ’

; : 1 0,6 2 1 01 1 0,4 0,1
Leptosphaeria spp. 0,4 0,5 1 0,3 A 0,5 ) . ) ; )
Pleospora spp. ©o01 2 0,1 0,4 0,1 0,3 - 02 03 0% 01 I 0,2 +  + 02
Pyrenophora sp. ) . 0,5 o !

Discomycetes : . ' 4

Rybarobius polysporus (Karst.) Sace. S +

Basidiomycotina

Holobasidiomycetidae

Rhizoctonia solani Kiithn 0,2 0,1 01

Deuteromycotina '

Hyphomycetes

Acremoniella atra (Corda) Sacc. 2 3 0,1 0,6 + 0,4 + 0,2
Acremonium Spp. 2 2 0,1 3 1 0’3 2 0,7 4 0,_5 8 0,2 1 4 0,1 0,5 2 2 - 0,5 0,1 1 0,6 [¢] 0,4: 2 0,4 0,4 3
Alternaria tenuis Nees 60 93 16 31 82 48 48 9 25 35 14 65 24 20 92 8 71 65 42 6 50 51 50 18 57 43 42 56 59
Arthrinium phaeospermum (Corda) M. B. Ellis 0,3 1 7 1 0,2 1 1 0,1 0,3 1 0,1 4 4 4 05 1 01 02 03 3 04 1 1 1 1 + 2 2
Arthrobotrys suberba Corda ' 0,3 0,3 0,1
Aspergillus spp. 1 1 0,2 1 0,1 0,1 205 + 07 3 03 0,1 1 03 1 0,6 0,7 1 1 02
Botrytis cinerea Pers. ex Fr. . 0,1 0,3 04 1 0,4 1 0,1 + 0,1 1 0,3 1 1 01 0,1 01 01 06 07
Cladosporium spp. 53 33° 30 26 15 15 8 25 28 32 27 41 21 35 30 28 20 17 39 22 29 36 39 38 9 17 30 11 54
Curvularia protuberata Nelson & Hodges 0,2 ' ! 0.2
Epicoccum purpurascens Ehrenb. ex Schilecht 13 56 5 6 22 5 4 31 10 19 1 23 20 8 23 10 16 24 iy 3 14 12 15 8 26 16 19 14 13
Fusarium spp. 0,3 0,6 0,4 0,3 2 0,1 0,5 0,3 0,5 0,2 3 1 3 4 1 4 3 1 2 1 0,1 2 1 i 06 0,1 0,4 4
Fusarium avenaceum (Corda ex Fr.) Sace. 1 0,1 0,6 1 1 o1 04 01 101 01 0,2 02 05
Fusarium poae (Peck) Wollenweber 03 05 0,1 0,2 - 0,3 o1 03 03 0,5 + . 61 03
Fusarium semitectum Berk. & Rav. 0,1 0,6 0,3 0,1 0,6 0,3 0,6 01 0,2 0,1 . 0,4
Fusarium tricinctum (Corda) Sacc. 0,3 0,3 0,1 4 1 0.1 3 0.1 0.2 o8 o1 0,1 08 }
Fusidium sp. 5 0,6 0,3 ’ 'y . U, 1.
Gonathobotrys simplex Corda - 0,3 8 0,1 5 0,2 2 + 0,4 1 0,3 0,6 0,4 01 0,1 0,2 _ 0,2 0:3 ' 1 2
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Table 2. -(cont.) -

Frequency of fungi,

§ 2,
2 3 2 S . 23 3
o & Ty 33 g S8 g3 3 £3 B
S N T B | B
<8 <4 <F 3§ <4 §% & & 8§ 0w
No. of seed lots 8 7 6 5 16 6 4 5 10 9
Germination % 66 17 30 65 14 49 90 i 3 2
1 2 4 5 6 7 8 9 10
Graphium sp.
Helminthosporium spp. 2 0,4 0,1 2 0,1
H. biforme Mason & Hughes 0,3 0,4 0,5 0,3 0,1 2 0,2 0,3
Oedocephalum glomerosum (Bull) Sacc. 0,3 3 0,5 2 0,1
Oidiodendron cerealis (Thiim.) Barron
Ostracoderma state of Peziza ostracoderma Korf 17 29 0,4 2 8 10 15 16 4
Penicillium spp. 24 4 2 3 2 10 19 2 5 4
Periconia digitata (Cooke) Sacc. - 0,3
Rhinocladiella spp. . 4 1 0,3 3
Scopulariopsis brevicaulis (Sacc.) Bain.
Stachybotrys atra Corda 2 1 1
Stemphylium botryosum Simmons 0,1 0,3
Tricocladium asperum Harz 0,1
Trichoderma viride Pers. ex Fr. 1 0,2 0,1
Trichothecium roseum Link ex Fr. 2 2 0,1 0,1 -+
Ulocladium consortiale (Thiim.) Simmons 1 2 0,5 0,3 1 1 1 3 0,6 1
Verticillium spp. 0,1 0,5 0,1
Volutella ciliata (Alb. et Schn.) Fr.
Coelomycetes
Melanconiales
Colletotrichum graminicola (Ces.) Wils. 0,2
Truncatella truncata (Lév.) Stey 0,5
Sphaeropsidales
Ascochyta spp. - 0,5
Camarosporium sp.
Comniothyrium spp. 0,3 0,3 0,3 2
Dinemasprorium gramineum Lev.
Diplodia sp.
Hendersonia spp.
H. crastophila Sacec. 0,1 0,1 1
H. culmicola Sacc. 0,1
Phaeoseptoria festucae Sprag. 0,5 0,4
Phoma spp. 3 1 0,4 1 6 1 18 6 1 0,4
Septoria spp. 0,1
Stagonospora sp.
Unidentified fungi 0,6 3 0,5 8 0,4 0,5 0,5 0,6 2
Bacteria
Actinomycetales
Streptomycetes spp. 4 3 0,4 0,3 1 0,3 0,1
Total no. of fungi 27 37 21 19 39 16 15 25 26 22
Total disease percentage 196 268 68 89 151 99 126 181 82 104
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percentage of infected seeds by grass species

/44’

e

Year
é’ -
Z‘g 3 S o @ ] ]
g s Sz g m S 3 g 2
) o g2 3 3 g s 3 w 5
<] R 8 B I3 8 <] R 14 2 8
EOR o 0 omog o of g sf 23 £ sf % 1
S 88 88§ T 5% 3Fy & B &3 E3 SF 5§ 2% 2 B o« L e
S A% A8 A ®S & x w N §% S8 RE RE 8% . B g & g
5 11 18 8 7 5. 9 7 15 4 712 12 5 7 46 38 49 72
8 18 46 32 12 62 45 74 928 36 3 13 94 52 55 40 46 34 926
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 97 28 %9
0,1 0,1 03 0,1 0,1 +
5 4 05 02 0,1 0,5 0,3 05 08 02 03 1
0,3 2 04 04 2 0,6 03 1 1 08 04 0,6 05 04
4 0,3 0,5 01 04 04 01
0,1 +
1 6 1 4 10 3 12 3 13 11 1 2 8 0,3 2 08 17 11
3 06 2 4 5 1 91 1 9 3 7 3 04 3 4 5 ] 5 6
01 0, 0,1 0,2 0,1 0,1
01+ 02 4 05 1 06 023 0,1 0,1 2
0,3 .
05 0,3 0,4 0,1 + + 04 05
0,5 0,1 0,1 0,1
0,1 +
) 0,1, 0,3 03 01 03 + 4+ +
J02 04 01 5 1 0,4 0,3 01 + 05 05 1
5 01 03 4 05 10 2 1 0,1 1 1 1 03 . 2 04
3 0,3 0,1 +  + 0,5
+ 0,2
0,1 1 0,1 1
0,3 03 0,1 . + 0,2
+ 0,1 0,3 + 01
0,1 +
+ 04 0,2 0,1 1 03 03 05 + + 02
0,1 0,7 0,1 0,2
0,1 +
+ 0,1 1 02
0,2 0,3 0,11 0,2 02
_ 0,1 +
1 o1 03 01 0,3 0,3 01 03 0,1 06 03 04 + 03
01 03 2 2 03 1 5 0,5 1 0,3 2 06 3 4 1
0,1 + +
- 0,3 +
0,5 1 1 8 03 03 4 05 2 05 2 02 1 1 1 1 3 1
2 0ol 05 0, 7 1 3 1 01 05 01 1 1 1
1629 38 25 38 25 31 2 46 19 “27 23 23 15 24 43 33 43 62
52 177 8% 988 214 136 182 188 158 55 112 112 121 82 110 94 111 133 175
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Fig. 2. Occurrence of the seed borne fungi, percentage on different grasses
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acid, and these also were measured and pho-
tographed. The films are in the keeping of
the author.

The degree of contamination of the seed
was not observed in this study. The results
(Table 2) show only the occurrence of a
pathogen in the seed, not its quantity. The
frequency of occurrence of the fungi in the
seed lots is an average according to the grass
and years examined. The total disease figure
(per cent) expresses the sum of the occurrence
of all the fungi on the grass species.

Weather conditions

The summer of 1974 was exceptional by
rainy. The summer of 1975 was very warm
and dry. Long dry periods occurred par-
ticularly in Kymenlaakso and South Héme.
The growing season of 1976 as a whole was
cool and somewhat drier than normal. The
summer of 1977 was in general cool and
rainy (Anon. 1974 b, 1975 b, 1976 b, 1977 b).

RESULTS

The species of fungi encountered in the seed
lots varied according to the grass species, the
year and the habitat of the plant (Table 2,
Fig. 2).

Effect of grass species

The number of fungi varied greatly in the
samples of grass examined. The seeds of
Melica nutans contained the largest number
of fungi (total 46, range 7—22 fungi per lot).
The corresponding figure for Alopecurus
pratensis was 39 fungi (range 4—23) and for
Agropyron repens 37 fungi (range 14—24).
On the other hand, the seeds of Poa palustris
contained the lowest number of fungi (total
15, range 5—12 fungi per lot). The cor-
responding figure for Bromus hordeaceus
was also 15 fungi (range 8—12), for Cala-
magrostis phragmitoides 16 fungi (range 5—
11) and for Anthoxanthum odoratum 16 fungi
(range 5—12). The largest number (24 fungi
per individual seed lot) was found on Agro-
pyron repens and the lowest number (3 fungi)
on Festuca rubra and on Phleum pratense.

The number of fungi corresponded with
the total disease in many cases. The total
disease percentage was high on, e.g. Agro-

pyron repens, A. caninum and Elymus are-
narius, and it was low on, e.g., Calamagrostis
phragmitoides, Milium effusum, Agrostis
tenuis and Poa palustris.

Effect of the year

There were great annual variations in the
number of fungi and in the total disease.
Least fungi were found in the warm and dry
summer of 1975 and most in the cool and
rainy summer of 1977.

Germination of the seeds

The germination was dependent on the grass
species and the year. The highest germina-
tion percentage (average 94 °/0) was achieved
by the seeds of Phleum pratense. The seeds
of Bromus hordeaceus, Festuca and Poa spe-
cies also germinated moderately well. On
the other hand, the seeds of Molinia caerulea,
Calamagrostis species and Bromus inermis
germinated poorly (average only 1—T7%).
There was also a high annual variation in
the germination of the seeds. The per-
centage germination was highest in 1975;

141



Table 3. The systematic distribution of the fungi
on the grass seed lots examined.

Fungi
Fungi No. of No. of
genera species !
Myxomycetes 1 4
Zygomycotina
Mucorales 2 2
Ascomycotina
Pyrenomycetes
Sphaeriales 9 12
Loculoascomycets
Pleosporales 3 11
Discomycetes 2 2
Basidiomycotina
Holobasidiomycetidae 1 1
Deuteromycotina
Hyphomycetes 29 48
Coelomycetes
Melanconiales 2 2
Sphaeropsidales 10 11
Total 59 93
Bacteria
Actinomycetales 1

1 an approximate estimate

twenty-five grass species gave an average
of 469 (range 0—96 %), whereas in the
unfavourable summer of 1977 the seeds of
the same grass species germinated with
averages of 26 %o (range 0—93 %).

Species of fungi

The total number of fungal species found
numbered over 90, belonging to 60 genera
(Table 3). Nearly 70 %o of the fungal species
belonged to the class Deuteromycotina and
of these the majority were members of the
order Hyphomycetes. Sphaeropsidales was
also well represented. Approximately 259/
of the fungi belonged to the class Ascomy-
cotina, most of them being Pyrenomycetes.
Myxomycetes
Didymium difforme (Pers.) S. F. Gray was the
most common species of the class. Found in
19 grass species in 12 localities throughout
the country (U, EH, ES, EP, PS, PP). Com-
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mon on grains (Harkénen and Koponen 1978),
infrequent on ripe cereals in Finland (Mike-
la and Mé&ki 1980).

Didymium iridis (Ditmar) Fr.

Three specimens: On Alopecurus pratensis
(U: Helsinki), Arrhenatherum elatus (U: Ten-
hola), Festuca rubra (ES: Lappeenranta). Oc-
casionally on grains (Harkénen and Koponen
1978), and on ripe cereals in Finland (Mikeld
and Maki 1980).

Some unidentified species of fungi belong-
ing to the class Myxomycetes were also
found.

Zygomycotina, Mucorales
The Mucor and Rhizopus fungi were more
common in the dry summers of 1975 and 1976
than in the rainy summers. R. nigricans was
usually found in the seed of Elymus arenarius
and Melica nutans.

Ascomycotina, Pyrenomycetes
Ceratocystis sp. was found only in the seed
of Agropyron repens (U: Tvirminne) in 1974
and 1975.

Claviceps purpurea (Fr.) Tul. was found on
eleven grass species throughout the country;
most common on Alopecurus aequatilis, Des-
champsia caespitosa and Calamagrostis epi-
gejos, particularly in the rainy summers of
1974 and 1977. Very common on grasses in
Fennoscandia (Eriksson 1967 b). Cosmopolitan
(Sprague 1950, Neergaard 1977).

Podospora curvula (de Bary) Niessl
Three specimens: on Deschampsia flexuosa
(U: Tvérminne),
Tvarminne, ES: Lappeenranta).

Sordaria fimicola (Rob.) Ces. & de Not
One specimen: on Elymus arenarius (U:
Found in one seed lot of
Dactylis glomerata from Finland (Mékeld
1972 b).
1970).

Scopinella solani (Zukal) Malloch (Figs. 3—
6)

and Melica nutans (U:

Tvéarminne).

Cosmopolitan (Domsch and Gams



Figs. 3—10. 3—6: Scopinella solani, 3, 5: on Agropyron repens, 4, 6: on Festuca rubra. 7—9: Pleospora
infectoria, 7: on Festuca arundinacea, 8: on Alopecurus pratensis, 9: on Deschampsia caespitosa. 10:
Pleospora islandica on Deschampsia caespitosa.

Material: 3, 5: U, Tvirminne, 3: 14.8.1974 A.P.,, 5: 14.8.1975 A.P. 4, 6: ES, Lappeenranta 28. 8. 1977
S.V. 7: U, Helsinki 4.10.1977 S.V. 8, 9: EH, Hattula, 8: 21.8.1977 P.U,, 9: 17.9.1977 M.M. 3: X 200.
4: X 100. 5: X600. 6, 7, 9, 10: X 900. 7: X 400.
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Five specimens: on Agropyron repens (U:
Tvérminne, 14. 8. 1974 A. P., 14. 8. 1975 A. P.}.
On Bromus inermis (ES: Lappeenranta, 6. 9.
1976 S. V., 28. 8. 1977 S. V.). On Festuca rubra
(ES: Lappeenranta, 28. 8. 1977 S. V.). Asco-
carp red-brown (122—) 165 (—202) um dia-
meter with a long neck (185—) 493 (—1000)
X (32—) 48 (—92 um. Ascospores (3,4—)
9,5. (—6,9) X (3,4—) 5,2. (—6,9) um. Very
rarely mentioned (Malloch 1976).
Loculoascomycetes, Pleosporales

(Westend) O.
Erikss. Found on six grass species, including
Agrostis tenuis (EH), Deschampsia caespitosa
(U), D. flexuosa (EP), (V),
Calamagrostis arundinacea (V), and F. tra-
chyphylla (U). Reported on nine grass species
in Finland (Koponen and Maikeld 1975).
Found sporadically in Fennoscandia (Eriksson
1967 b).

Phaeosphaeria eustoma (Fuck.) L. Holm

Paraphaeosphaeria michotii

Festuca ovina

Three specimens: on Agrostis canina (ES),
Alopecurus pratensis (ES), and Deschampsia
flexuosa (EP). Observed on 16 grass species
throughout Finland (Koponen and Mikeld
1975). The fungus
grasses in Fennoscandia (Eriksson 1967 b).

is rather common on

Phaeosphaeria herpotrichoides (De Not.) L.
Holm
Found on nine grass species (from EH, ES,
EP, Ks),
Festuca pratensis (EH) and Poa compressa
(ES); recorded for the first time from Fin-
land. Observed on 34 grass species, very
common throughout Finland (Koponen and
Miékeld 1975). Very common in Fennoscandia
(Eriksson 1967 b).

Phaeosphaeria microscopica (P. Karst.) O.
Erikss.
Eight specimens found on six grass species:
Alopecurus pratensis (EP), Avenula pubes-
cens (EH), Calamagrostis arundinacea (EP),
Deschampsia caespitosa (EP, PS, PP), and
Found on 26 grass

including Agrostis canina (ES),

Glyceria maxima (EH).
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species collected from throughout Finland
(Koponen and Miékeld 1975).
grasses in Fennoscandia (Eriksson 1967 b).

Common on

Phaesphaeria nodorum (E. Mill.) Hedjarou-
de
Found on thirteen grass species (from U, EH,
ES, EP, PS); only in 1977: Agrostis canina
(ES), A. tenuis (EH), Avenula pubescens (EH),
Bromus hordeaceus (U), B. inermis (ES),
Calamagrostis phragmitoides (EP), Deschamp-
sia flexuosa (EP) and Festuca arundinacea
(U) are recorded for the first time from Fin-
land. Reported on 22 grass species in south-
ern Finland (Koponen and Méikeld 1975).

Phaeophaeria vagans (Niessl) O. Erikss.
Found on fifteen grass species (from U, EH,
ES, EP, PH, PS); only in 1977: Agropyron
caninum (PH), Agrostis canina (ES), Cala-
magrostis arundinacea (EP), C.
(ES), Deschampsia flexuosa (EP), Festuca
arundinacea (U), Hierochloé hirta (EH) and
Molinia caerulea (U) are recorded for the
first time from Finland. Observed to be very
common on grasses throughout Finland (Ko-
ponen and Maikeld 1975). Very common in
Fennoscandia (Eriksson 1967 b).

Pleospora infectoria Fuck (Figs. 7—9)

canescens

Found on six grass species between August
4 and October 4 in 1977: on Agropyron repens
(ES: Lappeenranta), Agrostis tenuis (U: Hel-
sinki), Alopecurus pratensis (U: Riihimaki,
EH: Hattula), Deschampsia caespitosa (EH:
Hattula, 2.
arenarius (ES: Lappeenranta) and Festuca
arundinacea (U: Helsinki). Pseudothecia
(106—) 193 (—315) um with setose. Asci
(70—) 81 (—104) X (14—) 17 (—23) um. As-
cospores (50 spores) (16—) 19 (—23) X (7—)
9.3 (—12) wum. The fungus is common in
southern Fennoscandia (Eriksson 1967 a).

exx, PP: Rovaniemi), Elymus

Pleospora islandica Johans. (Fig. 10)
Two specimens: on Deschampsia caespitosa
(EH: Hauho, 9. 8. 1977 M. M., PS: Lapinlahti,
3.8.1977 M. M.). Pseudothecia 405—460 xm



Figs. 11—17. 11: Sporomia intermedia on Melica nutans. 12: Pleospora vagans on Festuca arundinacea.
13, 14: Ryparobius polysporus on Melica nutans. 15: Rhizoctonia solani on Melica nutans. 16, 17: Curvu-

laria protuberata on Festuca rubra.

Material: 11: U, Tviarminne 15.7.1974 A.P. 12: U, Helsinki 11.9.1977 P.U. 13, 14: Ks. Kuusamo 23.8.
1974 S.S. 15: U, Porvoo rural district 17.7.1977 A.P. 16, 17: ES, Lappeenranta 26.9.1976 S.V. 11: X
500. 12, 15—17: X 700. 13, 14: 900.
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in diameter. Asci (150—) 159 (—182) X (14—)
18 (—23) um. Ascospores (23—) 25 (—28) X
(11,5—) 11,8 (—13,8) um. Vefy common in
the arctic regions of Fennoscandia (Eriksson
1967 a).

Pleospora vagans Niessl. (Fig. 12)

Found on nine grass species: on Agropyron
caninum (U: Tvérminne, 6. 9. 1975 E. P.),
Agrostis gigantea (U: Tvirminne, 15. 8. 1974
A. P.), Agrostis tenuis (EH: Hattula, 19. 8.
1877 P. U.); Alopecurus aequalis (U: Porvoo,
25. 9. 1974 A. P.), Bromus inermis (U: Hel-
sinki, 29. 9. 1977 S. V.), Calamagrostis
arundinacea (U: Espoo, 20. 9. 1977 S. V),
Deschampsia flexuosa (PS: Lapinlahti, 2. 8.
1977 M. M.), Festuca arundinacea (U: Hel-
sinki, 11.49. 1977 P. U,, 4. 10. 1977 S. V.), and
Poa pratensis (U: Tvirminne, 26. 9. 1974
A. P). Pseudothecia 138—230 um across,
-ascospores (25—) 30 (—35) X (7—) 8,6.
(—11,5) um. ,Found on Triticum aestivum
(U: Siuntio) (M#keld -and Méiki 1980). The
fungus is very common on grasses in Fen-
noscandia (Eriksson 1967 a).

Discomycetes

Ryparobius polysporus (Karst) Sacc. (Figs.
13—14) o '

One specimen: on Melica nutans (Ks: Kuu-
samo, 23. 8. 1974 S. S.). Apothecia 72—90 um
across, asci 47 X 13,8 um, ascospores 2,7. X
2,3 um (cf. Kimbrough 1965). Found in Fin-
land (Karsten 1871 a, 1871 b, 1885). Very
rarely mentioned (Domsch and Gams 1970).

Basidiomycotina, Holobasidiomycetidae
The basidiomycetes were extremely scarce
in the samples examined.

Rhizoctonia solani Kithn found on three
specimens (Fig. 15): Deschampsia caespitosa
(? 1977), Melica nutans {U: Porvoo, 17. 7. 1977
A. P), and Phalaris arundinacea (EH: Hat-
tula, 19. 8. 1977 P. U.).

Deuteromycotina
The fungi of this class were by far the most
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Table 4. Fusarium species on the seed lots and
observations by provinces.

F. culmo- F. grami- F. moni- F. poae

Number of lots infected by Fusarium species and observations by biological province
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V,U
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g3
E F. avenaceum
3
Grass a a
2 2 3
5 % %,
g £ 8
Agropyron caninum 7
A. repens 7 2 EH,ES
Agrostis canina 3 1. ES
A. tenuis 6 2 U
Alopecurus aequalis 5
A. pratensis 16 4 U, ES, EP
Anthoxanthum odoratum 6
Avenula pubescens 4 2 U,EH
Bromus hordeaceus 4 R
B. inermis 5 2 EH,ES
. Calamagrostis arundinacea 10
C. epigeios 9
C. varia 1 1 :
Dactylis glomerata 11 3 U,EH,PS
Deschampsia caespitosa 18 1 U
D. flexuosa 8 1 v
Elymus arenarius 7 1 PP
Festuca ovina 6 1 ES
F. pratensis 9 3 U,EH,ES
F. rubra 5 1 ES
F.trachyphylla 1
Glyceria lithuanica 4 1 EH
G. maxima 1
Hierochloé hirta 4
Holcus lanatus 1 1 U
Melica nutans 15 1 EH
Milium effusum 4
Molinia caerulea 7
Nardus stricta 3
Phalaris arundinaceae 12
Phleum commutatum 2
P. pratense 12
Phragmites australis 2
Poa compressa 3 1 ES
- P. nemoralis 4
P. palustris 5
P. pratensis 7
Sieglingia decumbens 1 1 U
38 Grass species Total 235 30
Percentage of lots infected 82,7 10,6
I 18 1977
. 4 1976
Found in 1974—1877 9 1975
l 6 1974

numerous in this study. Most frequent
among them were Alternaria tenuis, Cla-
dosporium cladosporioides (Fres.) de Vries,

Arthrinium phaeospermum, Epicoccum pur-
i

3 7 1 14 19

1,1 2,5 0,3 4,9 6,7

2 1977 7 1977 6 1977 17 1977 .
1 1976 5 1976 2 1976
2 1975
1 1974 1 1974

purascens, Ostracoderma state of Peziza
ostracoderma and Penicillium spp.

Curvularia protuberata Nelson and Hodges
(Figs. 16, 17)

20 N

—
-3
—

7,0 27,1 60,2

18 1877 59 1977
2 1976 10 1976
2 1975

6 1974

One specimen: on Festuca rubra (ES: Lap-
peenranta, 26. 9. 1976 S. V.). Isolated from
Deschampsia and Phleum, in Canada and
Scotland, respectively (cf. Ellis 1971).

147



Fusarium species occurred on about fourty
grass throughout Finland (Table 4). The
quantities of Fusarium species were general-
ly small. Among the seven identified species,
the most common were F. avenaceum, F. tri-
cinctum, F. semitectum and F. poae. Species
rarely -encountered were F. graminearum

Schwabe, found on five grass species; F.

culmorum (W. G. Smith) Sacc., found on
three grasses; and F. moniliforme found on
Festuca pratensis (cf. Booth 1971).

Helminthosporium (Drechslera) species oc-
curred on numerous grass species throughout
Finland, but the quantities of the fungi were
generally very small.

Helminthosporium biforme Mason " and
Hughes (Syn. Drechslera biseptata (Sace. &
Roum.), Richardson & Fraser) was found in
about fifty seed lots including 32 grass spe-
cies (Figs. 18, 20, 21). Most frequent among
them were Anthoxanthum odoratum, Des-
champsia flexuosa and Festuca rubra. Found
to be very uncommon on Agrostis stoloni-
flera, and on Phleum pratense in one ley,
and absent from seed of grasses produced in
Finland (Makeld 1971, 1972 b). Reported on
seeds of many grass species produced in dif-
ferent countries (M#keld 1972 b, Neergaard
1977), particularly on Dactylis glomerata
(Tulloch and Leach 1972). The fungus is
known to produce mycotoxins (Lieach and
Tulloch 1972).

Helminthosporium cyclops Drechsler (Syn.
Drechslera werticillata Shoemaker, Bipolaris
cyclops (Drechsl.) Sprague.) (Figs. 19, 26, 27).
One specimen: on Sieglingia decumbens (U:
Tvédrminne 6. 8. 1975 A. P.). Found on seed
of Poa pratensis in USA (Sprague 1950), and
on seed of Bromus spp. (Cooke and Shaw
1952), as well as on different Graminae, e.g.
Avena fatua, Bromus mollis and Poa praten-
sis (Shoemaker 1966). Conidia (74—) 100
(—138) X (16—) 18 (—22) wm, 6 to 10-septata.
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Fig. 18. The observations of Drechslera biseptata
in grass seed.

Conidiophores (99—) 137 (—209) X 7—9 um,
3 to T-septate (cf. Shoemaker 1966).
Drechslera dactylidis Shoemaker (Figs. 19,
22, 23).
Sixteen specimens found on eleven grass
species throughout Finland: Agrostis vinealis
(V), Dactylis glomerata (PS), Deschampsia
caespitosa (EH), D. flexuosa (V, 2 exx., U,
EK, EP), Festuca ovina (V, ES, 2 exx),
Nardus stricta (U), Phalaris arundinacea (EH),
Phleum commutatum (Ks), Poa annua (V),
P. memoralis (V), and P. palustris (EH).
Found on seed of Dactylis glomerata pro-
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Fig. 19. The observations of Drechslera dactylidis
and D. sorokiniana in grass seed.

duced in both Finland and Poland (Mikeld
1971, 1972 b), as well as in eight other
countries (Tulloch and Leach 1972). D. dacty-
lidis resembles D. tetrarrhenae Paul (cf. Paul
1971).

Helminthosporium  dictyoides Drechsler.
Syn. Drechslera dictyoides (Drechsler) Shoe-

maker (Fig. 24).

Fifteen specimens found on nine grass spe-
cies: Dactylis glomerata (PS), Deschampsia
caespitosa (U, EP), Elymus arenarius (U),
Festuca arundinacea (U, 2 exx.), F. ovina (U),
F. pratensis (U), Holcus lanatus (U), Phleum

pratense (ES), Poa pratensis (U). Occurred
in seed of Bromus inermis, Festuca pratensis,
F. rubra and Lolium perenne produced in
Finland (Mé&kelda 1971). Common in leys
throughout Finland (Méakeld 1971).

and Graham

Cosmo-
politan (Braverman 1960,

Andersen 1974).

Helminthosporium sativum Pammel, King
and Bakke. Syn. Bipolaris sorokiniana (Sacc.
in Sorok.) Shoemaker, Drechslera sorokiniana
(Sacc.) Subram. & Jain. Found on five grass
species: Agropyron caninum (PP: Kiiminki),
A. repens (EH: Janakkala), Deschampsia
flexuosa (PS: Lapinlahti), Glyceria maxima
(EH: Hattula), and Festuca rubra (ES: Lap-
peenranta). '

infrequent on Phleum
Also
found in seed of Bromus inermis, Festuca
pratensis, and Phleum
pratense produced in Finland (Méakelda 1971,
1972 b). Very common in low percentages
in seeds of many Gramineae and largely
seed-transmitted (cf. Neergaard 1977).

Uncommon and
pratense and Agrostis tenuis in leys.

Lolium perenne

Helminthosporium siccans Drechsler. Syn.
Drechslera siccans (Drechsler) Shoemaker

(Fig. 25).

Found on four grass Agropyron
caninum (U: Tvarminne), Deschampsia caespi-
tosa (LK: Parikkala), Elymus arenarium (U:

species:

Porvoo rural district) and Festuca arundina-
cea (U: Helsinki).
perenne produced in Finland and fairly com-
mon on Lolium species in leys (Makeld 1971,
1972 a).
ferent Gramineae (Chidambaram et al. 1973,
Andersen 1974).

Found in seeds of Lolium

Rather infrequent on seeds of dif-

Helminthosporium wvagans Drechsler. Syn.
Drechslera wvagans (Drechsler) Shoemaker.
One specimen on Poa pratensis (U: Tvarmin-
ne, 26. 9. 1974 A. P.). The fungus was found
to be moderately common on Poa pratensis
in leys in Finland (Méakeld 1972 a). Rather
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27

Figs. 20—27. Drechslera species. 20, 21: D. biseptata on Alopecurus pratensis. 22, 23: D. dactylidis on
Deschampsia flexuosa. 24: D. dictyoides f. sp. dictyoides on Melica nutans. 25: D. siccans on Des-
champsia caespitosa. 26, 27: D. verticillata on Sieglingia decumbens.

Material: 20, 21: U, Riihimaki 4. 8.1977 P.A. 22, 23: V, Suomusjarvi 25.9. 1977 S.V. 24: EH, Hauho 6. 8.
8.1977 P.A. 25: LK, Parikkala 10. 8. 1974 P.A. 26, 27: U, Tvarminne 6. 8. 1975 A.P. 20, 26: X 300. 21: X 500.
23: X 400. 22, 24, 25, 27: X 800.
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common in seed of Poa pratensis and P. tri-
vialis (Andersen 1974).

Coelomycetes, Melanconiales
Truncatella truncata (Lév.) Stey. (Fig. 28).
Found on six grass species: Alopecurus
aequalis (EH: Luhanka), Bromus hordeaceus
(U: Tammisaari), Holcus lanatus (U: Tvirmin-
ne), Melica nutans (EH: Hattula, 2 exx., U:
Porvoo rural district), Milium effusum (PS:
Lapinlahti), and Phleum pratense (EH: Hat-
tula). Uncommon in leys of Phleum pratense
in northern Finland (Mékeld 1981). The
fungus is one of the most pathogenic on red
clover seedlings in Finland (Yliméki 1967) (cf.
Sutton 1980).

Sphaeropsidales
Camarosporium Schulzer sp. (Fig. 29).
One specimen on Melica nutans (U: Tvarmin-
ne, 29. 6. 1975 E. P.) (cf. Grove 1937, Sutton
1980).

Diplodia Fr. sp. (Figs. 30, 31).
One specimen on Melica nutans (U: Tvarmin-
ne, 29. 6. 1975 E. P.) (cf. Karsten 1890, Grove
1937, Neergaard 1977, Sutton 1980).

Hendersonia crastophila Sacc.

Fifteen specimens. Found on eleven grass

species (from U, EH, ES, EP, PS), moderately
common. Very common on 33 grass species
throughout Finland (Mékeld 1977 a).
Phaeoseptoria festucae Sprag.
Moderately common on thirty grass species
throughout Finland, particularly on Cala-
magrostis, Festuca and Poa species. The
fungus is rare but moderately common on
12 grass species, being more common on
cereals (Médkeld 1977 a).
 Phoma species were found to be very com-
mon on the seed of numerous grass species.
Most common on Bromus hordeaceus (18 %o
of seeds), B. inermis (6 °/o), Alopecurus praten-
sis (6 %), Milium effusum (5 %), Deschampsia
caespitosa (2 °/o) and D. flexuosa (2 °/o). Found
to be more common in the dry summers of
1975 and 1976 than in the rainy summers of
1974 and 1977. Phoma species found as para-
sites on the seeds of red clover (Salonen 1972),
as well as on red clover seedlings (Ylimaéki
1967). Phoma species are also sometimes
reported on grasses (Sprague 1950, Maikeld
1972 a) as well as on grass seed (Mikeld
1972 b). Found on seed of Dactylis glomerata
(Tulloch and Leach 1972).

CONCLUSION

This study gives a general view of the fungal
microflora of wild grass seeds. In my opin-
ion the fungi on the seeds of the wild gras-
ses indicate the true Finnish microfungi
better than those found on the seeds of cul-
tivated grasses: much of the cultivated grass
seed is imported. On the other hand, many
genera of fungi contain as yet unidentified
species in this study. It is known (Leach
and Tulloch 1972) that many fungi on grass
seed sporulate only in total darkness or after
exposure to a diurnal cycle of near-ultra-
violet radiation. Besides the number of seed
investigated (100—200 seeds per lot) is rather

little. However, many seed lots and grass

species were examined in this study, and
each seed was also examined a few times
with a stereomicroscope and a light micro-
scope during the culture period of about one
month.

The fungal material was found to bhe
scanty. Most of the species of fungi were
found to be common on many grass species
but in very small quantities,
twenty species of fungi were found to occur
very rarely. Many species of microfungi were
found only once. However, a few species of
fungi, e.g. Alternaria tenuis and Cladospo-
rium cladosporioides, were found to be very
common.

and about
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Figs. 28—34. 28: Truncatella truncata on Bromus hordeaceus. 29: Camarosporium sp. on Melica nutans.
30, 31: Diplodia sp., on Melica nutans. 32: Coniella sp. on Alopecurus pratensis. 33: Arthrinium phae-
ospermum on Agrostis tenuis. 34: Stachybotrys atra on Agropyron repens.

Material: 28: U, Tammisaari rural district 5.7.1976 A.P. 29—31: U, Tvarminne 29. 6. 1975 E.P. 32: PP,

Oulu 12.8.1976 M. & P.U. 33: U, Porvoo rural district 5. 9. 1976 A.P. 34: ES, Lappeenranta 28. 8. 1977
S.V. 33, 34: SEM, Viikki. 28, 31: X 850. 29, 34: X 1000. 30: X 200. 32: X 750. 33: X 1300.
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Many of the rare fungi were found, e.g.
Scopinella solani, Ryparobius polysporus and
Drechslera wverticillata. The reason for this
might be that many grasses carry the specif-
ic microflora or at least some specific species
of the fungus. As wild grasses are common
fhroughout Finland (Hultén 1971), this makes
the spread of grass disease possible. Further-
more many species of wild grass grow to-
gether. It is generally known that a mono-
culture is more susceptible to disease than
a mixed culture.

In addition to the weather conditions, the
combination of grass species and type of cul-
ture are an important factor affecting the
occurrence of the mycoflora of grass seed.

The species of fungi were therefore found to
be more numerous in the very rainy sum-
mer of 1977 than in the dry summer of 1975
in this study as well as those of, e.g. Salo-
nen (1972), and Tulloch and Leach (1972).

It is very difficult to make an absolute

distinction between parasites and sapro-
phytes. In fact, one’s knowledge of many
fungi is so superficial that one cannot with
certainty omit any species as being of no

importance {cf. Tulloch and Leach 1972).

Many fungi species are cosmopolitan. This
concept is also confirmed by the results of
this study (cf. Mékelé 1972 b, Tulloch and

‘Leach 1972, Neergaard 1977).
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SELOSTUS

Luonnonvaraisten heinien siementen sienisti

KAIHO MAKELA

Maatalouden tutkimuskeskus

Tutkimus perustuu vuosina 1974—1977 Helsingin
yliopiston kasvitieteellisen puutarhan toimesta
kerattyyn siemenaineistoon, joka kasitti 63 luon-
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nonvaraista heinélajia, yhteensd 284 siemenerii.
Néytteitd oli kautta maan, valtaosa miistd Uudel-
tamaalta, Eteld-Hémeesti ja Eteld-Savosta. Sie-



menet, 100 kpl erdi kohti, kasvatettiin Jacobsenin
idatysaltaassa. Niistd laskettiin itdvyys sekd tut-
- kittiin sienilajisto mikroskooppisesti ja mikrovalo-
kuvausta kayttéen. :

Sienid todettiin yli 90 lajia, ja ne kuuluivat 60

sukuun. Valtaosa, n. 60 lajia, kuului luokkaan
Deuteromycotina, Vaillinaissienet. Luokkaan As-
comycotina, Kotelosienet, kuului 25 lajia.
. Sienten lukumi#rd vaihteli suuresti eri heiné-
lajeissa ja samankin heinén niyte-erissd. Runsas
sienilajisto oli mm. nuokkuhelmikén (Melica nu-
tans) siemenissd, yhteensd 46 lajia (vaihtelu eri
erissi 7—22) ja juolavehnin (Agropyron repens)
siemenissd yhteensd 37 sienilajia (vaihtelu 14—
24). Sen sijaan niittynurmikan (Poa pratensis)
siemenistid 16ytyi yhteensi vain 15 sienilajia (vaih-
telu erien valilld 5—12).

Sienilajien lukumaiirid ja sienten kokonaismad-
ri vastasivat useimmiten toisiaan. Toisaalta yksit-
taisten sienten midrat tutkituissa siemenissd oli-
vat vihiisid, muutamia sienilajeja lukuun otta-
matta. ' )

My6s vuosien viliset eroavuudet sienten mad-
‘rissd olivat suuria. Viiledn#d ja sateisena kesdnd
1977 oli sienilajeja keskim&irin noin kaksi ker-

. taa enemmain ‘ja sienten kokonaism#iri noin 40 %

suurempi kuin lédmpim#nd ja kuivana kesind
1975. Monet haitallisiksi todetut sienet, kuten Cla-
viceps purpurea, Fusarium- ja Helminthosporium-
lajit samoin kuin erdat kotelosienet, mm. Pleospo-
ra- ja Leptosphaeria- lajit esiintyivdt runsaim-
min juuri kosteina kesind 1974 ja 1977.

Seitsemisti todetusta Helminthosporium-lajista
oli yleisin, 32 heinilajilla esiintyvd H. biforme.
Fusarium-lajeja todettiin myos seitsemnén ja niistd
olivat yleisimpiid F. avenaceum, F. tricinctum, F.
semitectum, F. poae ja F. graminearum.

Eriitd harvinaisuuksia, kuten Scopineilla solani,
Curvularic protuberata ja Helminthosporium cyc-
lops, esiintyi muutamissa siemenerissi. Valtaosa
sienilajeista oli kosmopoliitteja.

Siementen itdvyys vaihteli suuresti heinélajeit-
tain ja vuosittain. Hyvin itivdt mm. timotein
(Phleum pratense); mikikattaran (Bromus hordea-
ceus) ja nurmikkajien (Poa) siemenet. Sen sijaan
mm. siniheinin (Molinia caerulea), kastikka-lajien
(Calamagrostis) ja idénkattaran (Bromus inermis)
siemenet itivdt erittiin heikosti. Lampimén ja
kuivan kesin 1975 siementavara iti parhaiten,
viiledn ja méirén kesin 1977 huonoiten.
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FUSARIUMS OF THE POTATO IN FINLAND I.
ON THE FUSARIUM SPECIES CAUSING DRY ROT IN POTATOES

ESKO SEPPANEN

Seppédnen, E. 1981. Studies on Fusariums of the potato in Finland I.
On the Fusarium species causing dry rot in potatoes. Ann. Agric.
Fenn. 20:156—160. (Agric. Res. Centre, Inst. Pl. Path. SF-01300 Vantaa

20, Finland).

Fourteen Fusarium species were isolated and identified from potato
tubers with dry rot symptoms. In preliminary pathogenicity tests all
these species proved to be pathogenic to cultivar Bintje. In this material
Fusarium avenaceum and F. solani var. coeruleum were predominant,
followed by F. culmorum and F. sulphureum.

Index words: Potato, dry rot, pathogen, Fusarium.

INTRODUCTION.

Fusarium species have been known as the
cause of potato tuber rots since the last
century, but their importance has increased
simultaneously with the mechanization of
potato production, because of their character
as wound parasites. In Finland this problem
increased from 1975 onwards, when large
amounts of seed potatoes were imported from
a number of western European countries. The
present paper deals with studies on the
Fusarium species pathogenic to potatoes
isolated from the imported and native stocks.

Although there is ample published infor-
mation about potato tuber rots and about the
pathogens causing them, the appropriatie
starting point for a short review is the
monograph of the genus Fusarium by Wol-
lenweber and Reinking (1935). It gives a
good general idea of the diseases and of the
Wol-
lenweber and Reinking presented four com-

Fusarium species as causal organisms.
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mon pathogens: Fusarium trichothecioides
Wollenw., F. coeruleum Sacc. (according to
Booth 1971 F. solani var. coerulem (Sacc.)
Booth), F. sambucinum Fuckel f. 6 (F. sulphu-
reum Schlecht.), and F. avenaceum (Corda
ex Fr.) Sace, which were still the dominant
species in the 1970s i(cf. Boyd 1972). F. solani
(Mart.) App. et Wr. var. striatum (Sherb.) Wr.
(F. solani) and F. orthoceras App. et Wr. var.
longius (Sherb.) Wr. (F. oxysporum) were also
mentioned as pathogens of potato tubers.

According to Booth (1971), Fusarium sam-
bucinum Fuckel was apparently presented by
Sherbakoff (1915) under the name F. discolor.
McKee (1952) regarded it as non-pathogenic,
but later a number of authors (Benken et al.
1968, Gorodetskii 1970, Stubbs 1971, Kutova
1976, Seppéinen 1980) considered it pathoge-
nic. It dis relatively often reported from
Eastern Europe.

Jamalainen (1943 a, 1943 b, 1944) isolated



eight species from potato tubers. Besides
those named above (F. avenaceum, F. sambu-
cinum, F. solani and F. solani var. coeruleum),
he identified the species F. culmorum (W. G.
Smith) Sacec., F. arthrosporioides Sherb., F.
merismoides Corda and F. scirpi var. acumi-
natum (according to Booth 1971 F. acumina-
tum). He did not regard all of them as pri-
mary pathogens, but éach of them has later
been proved to be pathogenic. F. culmorum,
which McKee (1952) did not consider a patho-
gen, was reported as pathogenic by Janke
(1976), Kutova (1976), Gotz and Pett (1977),
Seppénen (1980) and Tivoli and Jouan (1980).
Tivoli and Jouan described it under the. name
F. roseum var. culmorum. F. arthrosporioides,
which was proved to be pathogenic by McKee
(1952), closely resembles F. avenaceum and
is often confused with it. F. merismoides was
proved to be pathogenic by Fersund (1980),
and F. scirpi var. acuminatum (F. acumina-
tum) was proved to be a weak bathogen of
cv. Bintje by Seppédnen (1980).

A number of other species have also been
reported as pathogens, of the potato tuber:
F. tricinctum (Corda) Sacc. (McKee 1952, Jan-

ke 1976, Seppinen 1980); F. sporotrichioides
Sherb. (Uppstone 1970, Abdel-Moniem 1977,
Seppédnen 1980); F. flocciferum Corda (Booth
1971); F. redolens (Wollenw.) Gordon (F.
oxysporum var. redolens) (Stubbs 1971, Sep-
piihen 1980); F. sambucinum Fuck. var. minus
Wr. (Dorozhkin and Mikhal'chyk 1975), syno-
nymous with F. sambucinum var. coeruleum
according to Booth; F. semitectum Berk. &
Rav. (Janke 1976); F. sarcochroum {(Desm.)
(Kutova 1876), synonymous with F.
sambucinum according to Booth (1971); F.
concolor Reinking (Abdel-Moniem 1977); F.
(Rai 1979); and F.
graminearum Schwabe (Seppénen 1980, Tivoli

Sacc.

equiseti (Corda) Sacc.

and Jouan 1980) for which Tivoli and Jouan
used the name F. roseum var. graminearum.

According to Booths (1971) system of clas-
sification 20 species, excluding synonyms, are
reported as pathogens of the potato tuber.
Some confusion in identification is possibla,
because of the great variation in certain spe-
cies; i.e. some fungi may be known by the
same name and a single fungus may have
several names.

MATERIAL AND METHODS

Material

In connection with the seed potato imports
of 1975, a total of 73 tuber samples were ana-
lysed to investigate the occurrence of potato
gangrene and Fusarium dry rots. During
subsequent years, about 300 tuber samples
were collected from different parts of the
country, partly from stocks originating from
the imported stocks and partly from farms
having no contact with the imported stocks.
No schedule was used in the collection of the
received from
farmers who sent tuber samples demonstra-

samples, and some were

-1

ting a »new disease». In addition to these,
75 samples of 300 tubers each from northern
Finland were analyzed in 1980 to investigate
the importance of different fungi causing

storage diseases.

Isolation and identification

The pathogens were isolated using conven-
tional methods. Tubers with dry rot lesions
were cut into pieces, disinfected and placed
in Petri dishes on moist filter paper at room
temperature. Within a few days the fungi
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had grown sufficiently for isolation. The
isolates were grown on potato dextrose agar
(PDA) or potato sucrose agar (PSA), and only
the latter was used for identification. The
PDA was a Difco product and the PSA was
prepared according to Booth (1971). Each
isolate identified was raised from a single
hypha of the fungus. For identification, the
fungi were grown on PSA at a temperature
of 22—25°C, 35—40 cm below fluorescent
tubes with a 12 hour light and dark rhythm.
The identification is based on Booths (1971)
system. For

determination of optimum

RESULTS AND

i

As the material of this study was rather large
and originated from a number of countries,
14 Fusarium species pathogenic to potatoes
were found. They are presented in Table 1
with their relative frequencies and some of
their characters. '

Table 1.

growth rate, the fungi were grown on PSA
in constant darkness.

When identifying fungi such as the genus
Fusarium, where the varniation within a
certain species is large and the differences
between the species small, some difficulties
Characters such as growth rate
(GR), growth appearance, and even the colour
of colonies varied to some extent and they
must be considered as fairly approximate. In
this study the main emphasis in identifica-
tion was on the production, size and shape
of spores.

may arise.

DISCUSSION

Most of the fungi were identified easily
according to Booths (1971) classification. The
only real problems which caused difficulties
in identification were the single isolates of
Fusarium sambucinum Fuckel var. coeruleum

and F. trichothecioides. The former, which

Fusarium species isolated, identified and proved to be pathogens of potato tubers, their

approximate frequency in the material, growth rate on PSA at 22°C, approximate optimum and
maximum growth temperatures on PSA, and estimated pathogenicity in cv. Bintje.

Species Freqliency Gll-gxth O;tn‘t;mn;x.m tl\é[;:;.. Patiré&%en-
Section Martiella

Fusarium solani (Mart.) Sacc. emend Snyder & Hansen <1 30 28 36 weak

F. solani var. coeruleum (Sacc.) Booth comb. nov. 30 25 25 30 strong
Section Sporotrichiella

F. tricinctum (Corda) Sacc. <1 40 25 32 weak
Section Arthrosporiella

F. sporotrichioides Sherb. <1 42 28 34 moderate

F. avenaceum {(Corda ex Fr.) Sacc. 30 52 25 32 strong
Section Elegans

F. oxysporum Schlecht. emend Snyder & Hansen 5 44 28 34 weak

F. oxysporum var. redolens (Wollenw.) Gordon <1 38 30 34 weak
Section Gibbosum .

F. acuminatum Ellis & Everhart <1 30 24 32 weak
Section Discolor .

F. culmorum (W. G. Smibth) Sacc. 15 80 25 34 moderate

F. graminearum Schwabe <1 90 25 34 strong

F. sambucinum Fuckel 5 42 27 33 moderate

F. sambucinum Fuckel var. coeruleum Wollenw. <1 58 25 32 strong

F. sulphureum Schlecht. 10 62 25 34 strong

F. trichothecioides Wollenw. in Jamieson & Wollenw. <1 62 25 34 strong
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had spore production and size and shape of
conidia as presented by Booth, deviated in
the colour of the colony. This was greyish
at the beginning of growth but rapidly turned
into peach-beige and greyish-light brown
after 10 days as a consequence of high
chlamydospore production. The colony of
the latter was peach to salmon when young
(very similar to F. sulphureum) but later be-
came greyish-light brown. At about 20 days
a number of dark brown, dot-like sporodochia
scattered around the dish developed, as stated
by Booth. The growth rate was far slower
than that reported by Booth. The conidia
also deviated in being longer and narrower,
as described by Wollenweber and Reinking
(1935). . The symptoms it caused in cv. Bintje
and its pathogenicity were very similar to

those of F. sulphureum. Much attention was

paid to finding 'an isolate of F. arthrospori-
oides, which has been found earlier in Fin-
land, but there was none present.

The total number of Fusarium spp. identi-
fied includes nearly all of the species reported
as pathogens of potatoes, and includes most
of the strong pathogens. In the light of this
study, it seems that F. avenaceum, F. solani
var. coeruleum, F. culmorum and F. sulphu-
reum are the most common species causing
dry rots in Finland. The results of studies
carried out on their pathogenicity under dif-
ferent environmental conditions and in dif-
ferent cultivars are presented separately
(Seppénen 1981 a, b).
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SELOSTUS

Perunan kuivamitiidi aiheuttavista Fusarium-lajeista Suomessa

ESKO SEPPANEN

Maatalouden tutkimuskeskus

Tutkimuksessa on selvitetty kuivamé&tda aiheut-
tavaa Fusarium-lajistoa. Aineistona oli osaksi
1975 siemenperuna-eridt, osaksi
niistd 1lisdtyt tai tdysin kotimaiset perunakannat.
Sienten eristiminen tapahtui tavanmukaisin kei-
noin. Lajien mdidrittdminen on tehty Boothin
(1971) luokituksen mukaan.

maahantuodut

Aineist‘osta' madritettiin kaikkiaan 14 perunan
mukuloissa patogeenista lajia: ne, samoin kuin
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niiden suhteellinen yleisyys, kasvunopeus peruna-
sakkaroosiagarilla, kasvun optimi- ja maksimi-
lampotilat sekd patogeenisuus Bintjessd on esi-
tetty taulukossa 1. Taman tutkimuksen mukaan
merkittdvimmaat varastotauteja aiheuttavat Fusa-
rium-lajit ovat F. avenaceum ja F. solani var.
coeruleum, myods F. sulphureum ja F. culmorum
ovat kohtalaisen yleisid ja niilldkin lienee kéy-
tinnén merkitystd. Muut lajit ovat verraten har-
vinaisia.
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Seppinen, E. 1981. Fusariums of the potato in Finland IL. On the growth
optima of Fusarium species in tubers of cv. Bintje. Ann. Agric. Fenn.
20: 161—176. (Agric. Res. Centre, Inst. Pl. Path., SF-01300 Vantaa 30,
Finland.)

The growth of fourteen Fusarium spp. at temperatures of 6, 12, 18, 24,
30 and 36°C and under different conditions of relative humidity (RH)
was studied using artificial infection of Bintje tubers. The optimum
growth conditions of each Fusarium studied were as follows: Fusarium
sambucinum Fuckel var. coeruleum Wollenw. favoured low temp. (10—
12°C) and low RH (40—50 %), F. sulphureum Schlecht. and F. tri-
chothecioides Wollenw. in Jamieson and Wollenw. also favoured low
RH, but had two optimum temperatures (10—12°C and 24—27°C),
whereas F. culmorum (W. G. Smith) Sacc. and F. sporotrichioides
Sherb. demonstrated nearly the same two temperature opfima but
favoured high RH (90—100 %0); F. graminearum Schwabe and F. solani
var. coeruleum Sacc. Booth comb. nov. grew best at a rather high
) temperature (about 20°C) and high -RH (90—100 °%0); F. avenaceum
(Corda ex Fr.) Sacc. and F. tricinctum (Corda) Sacc. favoured high
temperature (neé-nby 30°0) and high RH; F. solani (Mart.) Sacc. emend
Snyder & Hansen and F. oxysporum var. redolens (Wollenw.) Gordon
were only studied in preliminary tests and seemed to favour high tem-
perature and high RH. The isolates of F. acuminatum Ellis & Everhart
and F. sambucinum Fuckel used in preliminary tests were not suffi-
ciently pathogenic to indicate any particularly favourable conditions.
Only some ‘fu-nwgi demonstrated nearly the same optima when cultivated
in Bintje tubers or on potato sucrose agar (PSA). That certain species
have ‘itwo optimum temperatures is presumably because the resistance
reactions displayed by tubers are at an optimum between 15 and 25°C.

Index words: Potato, cv. Bintje, g-fowhh of Fusarium spp., optimum
temperature, relative humidity, dry rof.

INTRODUCTION
Thermotherapy is a well-known method of tion in the control of potato dry rots is super-
controlling potato gangrene during a wound ficial; this is perhaps due to the relatively

healing period. Knowledge of its applica- " limited information available about the reac-
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tions of Fusarium species under different
environmental conditions. The aim of this
study was to clarify whether it might be
possible to develop a method to control
Fusarium induced rots. Some of the results
of this study have already been presented
(Seppénen 1980 a, b) but are not referred to
in the following literature review.

The first studies on the importance of
environmental conditions were carried out
at the beginning of this century. To date,
however, the information is superficial and is
limited to the general growth trends of some
strong pathogens. Four Fusaria dominate as
pathogens of potato tubers.

Fusarium solani var. coeruleum (F. coeru-
leum) is found throughout the world and has
been the object of greatest interest. Wollen-
weber and Reinking (1935) reported it as
growing at between 3 and 30°C, the most
favourable temperature being 15—28°C, espe-
cially at relative humidities (RH) of 50—80 %,
Later, Moore (1945), McKee (1954) and Tivoli
and Jouan (1980) ascertained the optimum
growth temperature to be 15—20°C. In trials
carried out by Weiss et al. (1928), high RH
(30—98 %/0) proved to be more favourable
than lower RH (70—80 %), and Moore (1945)

also considered high moist conditions favour-
able.

Fusarium avenaceum favours higher tem-
peratures, 20—25°C (McKee 1954). There is
no information about its demand for humi-
dity as a pathogen of the potato.

Fusarium trichothecioides is able to infect
potato tubers at a range of temperatures (2—
30°C) and grows well at temperatures of 5—
25°C (Sanford 1924, Ref. Wollenweber and
Reinking). Weld and Wollenweber (1912)
established that it penetrates potato tubers
more rapidly .under dry than under moist
conditions in trials carried out at 10—12°C.
The same result was found in trials by Weiss
et al. (1928), who stated that spore infection,
in particular, favoured drier conditions than
mycelia plug infection. According to Goss
(1921) it favours high RH.

Fusarium sulphureum (F. sambucinum
Fuckel f. 6) is often reported as a pathogen
of potato tubers in North Ameérica and
Central Europe. However, there is hardly
any information about its needs concerning
temperature and humidity. The same situa-
tion applies to the other species reported as
being more or less weak or occasional
pathogens.

MATERIAL AND METHODS

Material

Since 1975, we have isolated fourteen
Fusarium species pathogenic to potato tubers.
They were identified according to Booth’s
classification (Seppénen 1981 a). One or
more isolates were taken from each species
for this study.

For the tests, each isolate was grown in
Bintje tubers to maintain its pathogenicity.
Each isolate used was raised from a single

162

hypha of the fungus. The fungi were growa
on potato sucrose agar (PSA) prepared ac-
cording to Booth (1971), first at room tem-
perature and after some days at a tempera-
ture of about 6°C. The fungi were used in
their period of profuse spore production,
usually 2—5 weeks after culturing.

The tests were carried out with tubers of
cv. Bintje, which is sufficiently susceptible
to indicate the reactions of the fungi under

different environmental conditions. The



l

tubers used were grown according to com-
mon practice, the stock of each season being
of rather even quality.

‘Methods

The growth of the Fusaria or their separate
isolates under different environmental con-
ditions was studied using an adaption of the
method of Langton (1971). A wound 5 mm
in diameter and 2 mm deep was made with
a cork borer at the mid-point between the
heel and rose end of washed and dried tubers
of the same size class.
cultures of the fungi and the remaining agar
medium was used as inoculum. The age of
the colonies varied from two to five weeks
depending on the spore production of each
fungus. The filled with
inoculum and left uncovered. The method
was equally as effective as Langton’s plug
method.

The number of tubers used for each treat-
ment was 10 with three replicates. .Tulber

A mixture of pure

wounds were

infection was scored after 20 days incubation.
The halved longitudinally
through the infection locus, and the growth
of the fungus at the cut tuber surface, ie.
the radial growth in the peel (and beneath
it if greater) and the deepest axial growth
were measured. In general, only the average

tubers were

figures for radial and axial growth or their
means are presented.

The infected tubers were
plastic boxes of 10 1 which were left un-
covered if the RH of the incubating chamber
was suitable. We had great difficulties in
regulating the humidity at different tem-
peratures and so we used only two or three
values of RH. The high humidity, RH 95 +
59/o was achieved by putting water and an
extra bottom into the box and enclosing the
whole experiment in a plastic bag. According
to our experience the lower amount of oxygen

incubated in

in the bags than in the chamber had no es-
sential influence on the results, because the
incubation time was only 20 days. The tem-
peratﬁ/res used were 6, li, 18, 24, 30 and 36°C.
The approximate optimum growth tem-
peratures of the fungi on PSA were deter-
mined for comparison with those obtained in
potato tubers. The fungi were grown on
PSA medium in the dark.

In many tests it was impossible to use all
these temperatures simultaneously, and, for
drawing graphs, the result were transformed
on the basis of the results of one temperature
with the high RH, which was common to the
all treatments.

All the results were analyzed using vari-
ance analysis and the LSD values were cal-
culated with Tukey-Hartley tables.

The tests were carried out over several
years and throughout the storage season,
resulting in-a certain variation in the tuber
material. In some cases in which the optimum
is between two temperature values used, the
variation is extremely striking. Throughout
the work we have used only one potato
cultivar and as a rule a single isolate of each
fungus. It is possible that a different cultivar
and other isolates might produce results
which deviate from those presented here.
The importance of a particular isolate within
a species -is probably not great, because we
obtained almost the same results when the
number of isolates was increased. On the
other hand, the test cultivar might be of
major importance because different cultivars
react somewhat differently at different tem-
peratures. In my experience the basic re-
quirements for this kind of study are a very
susceptible cultivar and a virulent fungus
isolate. . '

The fundamental problems of this investi- .
gation can be considered solved. The work
will, however, continue in order to clarify
some details and the possible importance of

‘the cultivar.
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RESULTS AND DISCUSSION

The results are presented in Tables 1—12
and Figures 1—8, starting from fungi de-
monstrating low optimum values. For criti-
cal examination of some figures it must be
remembered that the curves representing the
growth at lower RH are not based on resulis
obtained under absolutely controlled condi-
tions of RH. As a rule, the degree of infec-
tion was 100 %o, except in the treatments at
36°C that were excluded from the variance
analysis. ~

Fusarium sambucinum Fuckel var. coeru-
leum Wollenw. The fungus is pathogenic
within wide temperature (about 5 to 30°C)
and RH ranges. However, it was a strong
pathogen within quite narrow temperature
limits, the optimum being nearby 12°C, and
at temperatures of 18°C or higher it was in-
capable of progressive advance (Table 1. Fig.
1). This fungus clearly grew better in the
lower values of RH studied than in the
highest one (Table 3). At temperatures of 6
and 12°C the symptoms produced by this and
by isolates of F. sulphureum were fairly
similar.

Two iso-
Jates of this fungus were used, one (7523—8)
able to produce a red pigment when growing
in the dark on PDA (potato dextrose agar,
Difco) and the second (7592—4) incapable of
this. In other factors, such as the growth on
PSA, microscopical identification, symptoms
produced in Bintje and in their reactions to
different growth conditions, they behaved
fairly This fungus is strong -
pathogen over wide temperature and RH
ranges. A sunprising result was that it has
two temperature optima, the lower at about
10—12°C and the higher between 24 and
30°C (Table 2 and Figures 1 and 3). In Bintje
tubers, the radial growth was dominant at
the lower optimum and the axial growth was
more rapid at the higher. The two optima
are perhaps explained by variations in the
resistance reactions of the tuber according
to temperature.

Fusarium sulphureum Schlecht.

similarly.

The result was confirmed
with a number of isolates incubated in an
RH of 95 £ 5% (Fig. 3), although the higher
optimum particularly appeared at low RH.
This fungus is a strong pathogen in both high

Table 1. The growth of Fusarium sambucinum var. coeruleum (isolate 7544—5) under different envi-

ronmental conditions. Incubated for 20 days.

Temp. RH March 1979 April 1979 March 1980

¢ % Radial Axial Radial Axial Radial Axial

6 50 + 10 45 | 65 | — —

6 95 + & 9,0 | 9,3 | — — 3,3 | 5,6 |
12 40 + 10 23,86| 17,8 20,7 14,9 | — —
12 70+ 10 18,5 | 16,6 | 20,2 17,9] —_ —_
12 951+ 5 10,3 89 | — — 7,8 8,5
18 30 £ 10 3,0 4,7 2,7 ’ 45 | — —
18. 50 10 2,5 3,7 2,7 46 [ — —
18 95+ 5 3,6 5,1 — — 2,3 3,6
24 95 + 5 — — — — 2,0 3,6
30 70 £ 10 2,6 4,7 — — — —
30 95 5 2,6 , 4,1 — — 1,6 | 3,9 |

F 454,38 #¥% 161,67 *rx 983,06 *** 136,91 #** 39,87 *** 30,45 *xx
PME 1,8 1,2 1,1 1,9 1,3 1,5
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Fig. 1. The growth of FusariumAsaénbucinum var. coeruleum (upper),

F. sulphureum (middle) and F. trichothecioides (lower) under different
environmental conditions.
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Fig. 2. The growth of Fusarium solani var. coeruleum (upper),
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trichioides and F. tricinctum (lower) under different environmental
conditions. The lower curves represent averages of radial and axidl
growth at high RH.
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Table 3. The influence of the RH in the incubation chamber on the growth of two isolates of Fusarium
sulphureum and on F. sambucinum var. coeruleum at a temperature of 12°C. Incubated for 20 days.

Fusarium sulphureum

F. sambucinum v. coeruleum

7523—8 7592—4 7544—5
RH % Radial Axial Radial Axial Radial Axial
40 10 25,3 17,2| 25,4 20,9 23,6 17,8
70 * 10 19,9 | 15,2 | 19,1 | 17,3 | 18,5 | 16,6
95+ 5 16,0 | 11,7 | 15,9 | 11,4 10,3 | 8,9 |
F 27,08 #** 62,30 *** 113,34 *** 36,16 *** 158,43 *** 90,73 ***
LSD5 ¢ 3,1 1,2 1,6 2,7 1,8 1,8

Table 4. The growth of Fusarium trichothecioides (76277—4) under different environmental conditions.

Incubated for 20 days.

Temp. RH February 1979 June 1979 May 1980
c % Radial Axial Radial Axial Radial Axial
6 60 + 10 13,4 | 8,6 44 5,7 7,0 8,4 |
6 95 % 5 11,6 | 8,8 5,1 5,9 7,9 8,3 |
12 55 % 10 17,8 | 12,9 | — — — —_
12 75 * 10 — — 20,5] 12,5 | 22,2 18,5 |
12 95 £ 5 19,1 | 10,7 | 20,9 11,2 21,0 11,8 |
18 50 1 10 16,2 | 13,1 | 7,9 8,0 13,9 17,6 |
18 95 t5 11,6 [ 82 | 8,9 7,7 13,9 16,6 |
24 50 * 10 20,1 | 15,7 8,6 11,7 || 21,3 23,5
24 95 =5 12,8 I 15,3 14,3 | 14,8 | 16,3 | 18,4 |
30 50 + 10 — — 18,7 | 16,5 8,4 ~ 11,1
30 95 £ 5 — — 13,1 | 13,1 | 8,3 11,2
F 46,22 *** 39,75 **+ 80,10 *** 58,18 *** 77,04 #¥* 49,95 *+*
LSD 0,7 0,8 0,7 0,9 0,9 0,9

and low RH, but clearly favoured dry con-
ditions (Table 3). Under favourable environ-
mental conditions, the fungus grew more than
one millimetre a day in the tuber. The symp-
toms which developed under low temperature
conditions (6 and 12°C) were quite different
from those developed at high temperatures
(24 and 30°C). At the former temperatures
the cut surface was wusually greyish brown,
moist and firm, and almost no cavity was
formed within 20 days, whereas typical
powdery white rot, with a dark barrier be-
tween rotten and healthy flesh, developed
under the latter conditions (Fig. 7).
Fusarium trichothecioides Wollenw. in
Jamieson and Wollenw. behaved like F.
sulphureum isolates; the optimum growth
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conditions as well as the symptoms produced
in Bintje were fairly similar to those pro-
duced by F. sulphureum (Table 4 and Fig. 1).
The optimum temperatures were 12°C and
between 24 and 27°C. Its requirement of low
RH was not as clear as with F. sulphureum,
and further tests are needed for more exact
determination. Hornok (1980) has recently
established a close chemical relationship be-
tween these two species.

Fusarium sporotrichioides Sherb. has two
optimum temperatures, too. The lower is at
about 12°C and the higher at about 30°C
(Table 5 and Figures 2 and 6). Its RH re-
quirement in the light of these trials seems

to be about 70—80 %o, but further trials are

needed to obtain reliable information. The
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Fig. 3. ’Dhe growth (average of radial and axial)
of 8 Fusarium sulphureum isolates at different
temperatures and in 95 * 5% RH.

Table 5. The growth of Fusarium sporotrichioides under different environmental conditions. Incu-
bated for 20 days.

Temp. RH March 1980 April 1980

°C % Radial Axial Radial Axial

6 95 5 2,2 | 41 | 3,6 | 4,9

12 75 + 10 — — 11,3 11,3|

12 95%5 9,1| 7,2 | 8,2 | 7,1 |

18 95*5 3,9 4,4 3,8 3,8 ||

24 95%5 3,2 4,6 4,0 4,8

30 50% 10 — — 3,2 ‘ 3,3

30 95 £ 5 6,7 | ; 9,6] 3,9 6,8 |
F 14,91 *** 12,40 *** 74,08 *** 45,69 ***
LSD 2,3 2,1 1,1 1,2

Table 6. The growth of Fusarium culmorum under different environmental conditions. Incubated for
20 days.

Temp. RH March 1980 April 1980

°C % Radial Axial ~ Radial Axial

6 9 +5 . 1,9 | 46 | 31 | 7 50

12 70%10 — — 4,4 5,4

12 95%5 54 | 6 | 5,0 6,8|

18 95%5 3,9 [ 53 | 3,8 || 58 ||

24 45 %10 — L3 | 1,7 |

24 95 *5 8 ,3] 12,9| 4,7 | 7,1

30 95%5 6,2 | 9,5 | 7,4 7,0{ |
F 176,97 *#* 63,42 *** 33,55 *#* 19,98 *#*
LSD 0,6 1,4 1,0 1,3
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Fig. 5. The growth of some Fusarium spp. on PSA at different temperatures over 4 days. The fungi
demonstrating almost the same growth rates are given in parenthesis. 1. Fusarium culmorum (F. gra-
minearum). 2. F. sulphureum (F. trichothecioides, F. tricinctum, F. sambucinum, var. coeruleum). 3.
F. sporotrichioides (F. oxysporum, F. sambucinum, F. solani). 4. F. avenaceum. 5. F. oxysporum var.
redolens. 6. F. acuminatum. 7. F. solani var. coeruleum.

symptoms developed were almost the same
at both optimum temperatures (Fig. 6).
Fusarium culmorum (W. G. Smith) Sacc.
was like F. sporotrichioides in many respects.
It is not a strong pathogen, and demonstrates
two optimum temperatures at about 12°C
and between 24 and 30°C, but it seemed to
favour higher RH (Table 6 and Fig. 2). At
higher temperatures it produced symptoms
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of powdery rot.

Fusarium solani var. coeruleum Sacc. Booth
comb. nov. is pathogenic at low temperatures
Iike all the species named above but its maxi-
mum is lower (hardly 30°C), the optimum
being nearby 20°C. However, it grows very
well from 12 to 24°C (Table 7 and Fig. 2).
The optimum temperature of this fungus and
that of resistance reactions of the potato are
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Table 7. The growth of Fusarium solani var. coeruleum (7572—5) under different environmental conditions. Incubated for 20 days.
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presumably almost indentical, which has re-
sulted in a wide optimum range (12—24°C)
with no peak. The result was confirmed with
several isolates (Fig. 4). This fungus clearly
favoured the high RH, especially at higher
temperatures (24°C). The symptoms which
developed in each treatment were fairly sim-
ilar, the cut surface usually light brown,
rapidly becoming rust brown and later dark
brown (Fig. 6).

Fusarium graminearum Schwabe was like
F. s. v. coeruleum in many respects, but was .
stronger pathogen. It favoured a higher tem- '
perature (optimum over 20°C) (cf. Tivoli &
Jouan 1980) and was completely dependent
on high RH (Table 8 and Fig. 2). The symp-
toms resembled those produced by F. s. v.
coeruleum but the .rust .brown phase was
darker and the dead flesh rapidly became
dark brown, nearly black (Fig. 6).

Fusarium avenaceum (Corda ex Fr.) Sacc.
is a strong pathogen on potato tubers. It
favoured conditions of high temperature and
high RH. The optimum growth temperature
was near 30°C (Table ¢ and Fig. 2) and it
was so highly dependent on the high RH
(Table 10) that one or two weeks after inocu-
lation, decreased -RH greatly retarted its
growth. The symptoms it produced under
optimum conditions were rather profuse
growth of white or red mycelia on the lesion,
the cut surface being greyish brown, moist
and rapidly darking; sometimes a cavity had
developed at the centre of the lesion and was
covered with reddish mycelia (Fig. 6).

" Fusarium tricinctum (Corda) Sacc. is a
weaker pathogen with optimum growth con-
ditions of the high temperature (about 30°C)
and high RH (95 X 5 ). It also infects potato
tubers at lower values of temperature and
RH (Table 11 and Figs. 2 and 8).

Fusariwm oxysporum Schlecht emend Sny-
der & Hansen, F. oxysporum var. redolens
(Wollenw.) Gordon and F. solani (Mart.) Sacc.
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Fig. 7. The growth of F. sulphureum in tubers
of cv. Bintje. The tubers were incubated for 20
days at temperatures of 6, 12, 18, 24 and 30°C
and low RH. Note different symptoms developed
at low and high temperatures.

Fig. 6. The growth of Fusarium avenaceum, F. Fig. 8. The growth of Fusarium tricinctum in
graminearum, F. solani var. coeruleum and F. tubers of cv. Bintje, incubated for 20 days at
sporotrichioides in tubers of cv. Bintje. The tubers temperatures of 12, 18, 24 and 30°C and high RH.
were incubated for 20 days at temperatures of

6, 12, 18, 24 and 30°C (left to right) and 95 + 5

%0 RH.

Table 8. The growth of Fusarium graminearum under different environmental conditions. Incubated
for 20 days.

Temp. RH March 1980 April 1980
°C %o Radial Axial Radial Axial
6 955 1,0 | 27 | 08 | 2,6 |

12 95+ 5 9,1 | 10,7 | 9,7 | 9,4 |

18 95 + 5 19,6 17,8 22,4 | 14,6

24 95+ 5 14,5 16,5 27,8 16,3

30 95%5 16,3 14,8 | 15,9 | 11,0 |
F 44,71 #+ 145,57 *** 281,25 *** 92,09 ***
LSD 3,4 1,6 2,0 1,8
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Axial
2,2

October

18,43 *#* 21,68 ©
2,6

Radial

May
Axial
15,14 * 0,85

‘Radial
3,2

April
Axial
4,09

Radial
0,39

Axial
2,3

March

96,11 ¥+ 41,31 **
3,0

Radial

Axial
1,7

1979
January

141,09 #5* 84,25 *+*
03

Radial

Axial
4,0

1978
November

Radial

73,33 ##* 1512 %
2,8

Table 9. The growth rate of Fusarium avenaceum (isolate 7760—1) at different temperatures. Incubated for 20 days at 95 5% RH.

Temp.
°C

F

LSDs5 %

e+

emend Snyder & Hansen. We only carried
out preliminary tests on these three fungi.
According to the results (Table 12), they
seemed to be quite weak pathogens with
growth optima of high temperature and high
RH like F. tricinctum. Further tests are need-
ed to obtain more reliable results.

Fusarium acuminatum Ellis & Everthart
and F. sambucinum Fuckel. The isolates of
these two fungi in our tests were so weak
that we obtained no values for their optimum
growth conditions. ]

The approximate growth curves of the
fungi on PSA are presented in Fig. 5. We
can establish that only a few fungi with high
. temperature optima have almost the same
growth curve on PSA and in potato tubers.
This verifies the assumption presented above
‘that living tubers as growth substrate pro-
bably influence the growth of the fungi in
different Ways at different temperatures.

The results presented above do not give
complete information on the problem studied,
but they give plenty of new facts about the
optimum growth conditions of Fusarium
species as pathogens of the potato. A larger
number of different conditions must be used
for more exact determination of optimum
temperature and relative humidity. Only a
few species reported as pathogens of potato
tubers were not included in this study.

The aim of the study was to investigate the
potential of thermotherapeutic control of
Fusarium rots. This seems to be difficult to
determine in the light of the results of this
study because some common and strong
pathogens may infect tubers under any con-
ditions. One solution may be that of growing
a cultivar which is fairly resistant to one or
two pathogens or lack of certain path-oger{s
in an area that makes possible the simpler
control of other pathogens. Further trials
are necessary to establish whether or not this
would work.
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Table 10. The effect of fluctuation in the RH of the incubation chamber on the growth of Fusarium
avenaceum and F. sulphureum, the former incubated at 24°C and the latter at 12°C.

Incubating RH

Fusarium avenaceum

Fusarium sulphureum

Table 12. The growth of Fusarium ozx

temperatures,
a temperature of 24°C. Incubated for 20 days.

RH at each temperature was 95 +5 9/,.

during week May 1979 December 1979 May 1979
1. 2. 3. Radial Axial Radial Axial Radial Axial
95 95 95 19,0| 21,6] 14,0 18,7 24,8 17,7 |
95 95 50 6,9 | 11,3 | 13,6 18,5 24,1 15,0 |
95 50 50 53 | 7 10,6 | 14,7 24,2 18,4 |
50 50 50 1,4 3,1 1,0 1,7 26,2 20,1
- 50 50 95 1,6 3,7 1,2 2,8 24,6 15,4
50 95 95 1,8 4,3 1,5 3,0 23,2 14,7
F 315,08 *+x 339 34 Wk 86,55 *+* 93,06 #** 4,05 * 32,98 ®x%
1LSD 1,6 1,6 . 2,1 2,4 1,5 1,6
Table 11. The growth of Fusarium tricinctum under different environmental conditions. Incubated for
20 days.
Temp. RH March 1980 April 1980
°C % Radial Axial Radial Axial
6 955 1,5 2,5 | 1,4 2,6
12 9515 0,9 1,7 1,4 2,8
18 95 % 5 1,0 1,7 1,6 2,5
24 95 %5 1,5 2,9 | 2,4 4,1
30 50 + 10 — — 1,2 1,3
30 95%5 10,2 12,7 6,8 7,3
F 227,76 #++ 316,76%** 49,13 #x 3,83 *
LSD 1,2 0,9 1,0 2,8

ysporum, F. oxysporum var. redolens and F. solani at different
There was no growth in low RH (50 + 10) at

The means of radial and axial growths

Temp.

°C Fusarium oxysporum F. o.v. redolens F. solani
6 1,0 1,0 1,0

12 1,0 1,0 1,6

18 1,0 s 25 | 1,8

24 1,9 9,4| 2,5

30 1,8 —_ —

F 11,46 ** 246,12 ki 8,01 **

LSD 0,6 0,7 0,8

b
~1
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SELOSTUS

Fusarium-sienten kasvun optimit Bintjen mukuloissa

. ESKO SEPPANEN

Maatalouden tutkimuskeskus

Tutkimuksessa selvitettiin 14 perunalle patogee-
nisen Fusarium-lajin kasvunopeutta lampoétiloissa
6, 12, 18, 24, 30 ja 38°C sekd erilaisissa kosteus-
oloissa. Ravintoalustalla kasvatettu sieni inokuloi-
tiin korkkiporalla mukulan keskivaiheille tehtyyn
haavaan (2 mm syvi, 5 mm ldpimitta), jonka j&l-
keen mukulat sdilytettiin eri olosuhteissa 20 vrk.
Sienten kasvu todettiin pitkittdin halkaistusta mu-
kulasta mittaamalla keskim##irdinen eteneminen
sekd pinnansuuntaisesti ettd syvyyssuuntaan.

Tavoitteena oli selvittdi phomamidin torjun-
nassa kiytettivin ldmpokisittelyn soveltamismah-
dollisuudet Fusarium-sienten torjumiseksi. Eri
Fusarium-lajien likim#Airdiset kasvun optimiolo-
suhteet olivat seuraavat:

Fusarium sembucinum Fuckel var. coeruleum
Wollenw. suosi alhaista 1dmpdtilaa (10—12°C) ja
alhaista ilman suhteellista kosteutta (RH 40—50 %0).

F. sulphureum Schlecht. ja F. trichothecioides
Wollenw. in Jamieson & Wollenw. niinik#in suo-
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sivat alhaista kosteutta, mutta niilli oli kaksi
optimildmpd&tilaa (10—12 ja 24—27°C).

F. culmorum (W. G. Smith) Sacc. ja F. sporo-
trichioides Sherb. Myds ndilld sienilld oli kaksi
optimildmpétilaa (10—12°C ja ylempi 27—30°C),
mutta ndmi molemmat, etenkin F. culmorum,
suosivat suurta kosteutta (RH 90—100 %).

F. solani var. coeruleum Sacc. Booth comb. nov.
ja F. graminearum Schwabe kasvoivat parhaiten
n. 20°C:n lémpotilassa, jalkimmaiisen optimi saat-
taa olla hiukan korkeampi ja vaativat, etenkin
F. graminearum, korkeata ilman kosteutta. -

F. avenaceum (Corda ex Fr.) Sacc. ja F. tricinc-
tum (Corda) Sacc. suosivat korkeata lampétilaa
(n. 30°C) sek# suurta kosteutta.

F\. oxysporum Schlecht. emend Snyder & Hansen,
F. oxysporum var. redolens (Wollenw.) Gordon ja
F. solani (Mart.) Sacc. emend Snyder & Hansen
olivat mukana vain yhdessi kokeessa ja nayttaviat
suosivan korkeata ldmpétilaa sekid suurta kosteut-
ta. -
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F. acuminatum Ellis & BEverhart ja F. sambuci-
num Fuckel. Néistd sienistd oli kiytettdvissi niin

" heikot isolaatit, etti ne pystyivdt vain tartutta-

maan perunan, mutta ei etenemiin siini.

Vain muutaman sienen optimi kasvaessaan pe-
runassa oli léhes sama. kuin keinoalustalla. Syyni
muutamien lajien kahteen optimilampétilaan lie-
nee perunan mukulan puolustusreaktioiden voi-
makkuus lampotilassa 15—25°C.

Saatujen tulosten perusteella nayttiviat mahdol-
lisuudet soveltaa lampokisittelys Fusarium-lajien
torjuntaan v#hiisiltd, koska melkein missi ta-
hansa 'liimlptitilas_sa 10—30°C jokin vahvoista pe-
runan patogeeneista mfenestyy hyvin. Soveltamis-
mahdollisuudet paranevat kuitenkin oleellisesti,
jos tieddmme, ettd tietylld alueella ei esiinny tiet-
tyjd sienilajeja. Toisena mahdollisuutena on se,
ettd viljelemdmme perunalajike on kohtalaisen
kestdvd yhtd tai useampaa Fusarium-lajia wvas-
taan. Naiden mahdollisuuksien tarkempi selvittd-
minen vaatii lisitutkimuksia.
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FUSARIUMS OF THE POTATO IN FINLAND I
VARIETAL RESISTANCE OF POTATO TUBERS TO SOME
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resistance of potato tubers to some Fusarium species. Ann. Agric. Fenn.
20: 177—183.

Tubers of 22 cultivars were tested for their physiological resistance to
Fusarium sulphureum, F. avenaceum and F. solani var. coeruleum.
‘Simple preliminary tesis were also carried out to study their resistance
to F. sporotrichioides, F. culmorum, F. graminearum and F. sambucinum
var. coeruleum. All the tests were carried out under the optimum en-
vironmental conditions for each fungus.

The resistance of the cultivars varied widely, and was often quite
different with different Fusarium species. Some cultivars seemed to
have a fairly high resistance to all species tested. The old Eigenheimer
and a new Finnish cultivar, Hankkijan Tuomas, were the most resistant,
and also Sabina, Saturna and J aakko possessed horizontal resistance
to some degree. The results obtained with a particular fungus only
occasionally correlated with thoseé of other fungi.

Index words: Potato, varietal resistance, dry rot, Fusarium spp.

INTRODUCTION

The variation in the resistance of potato cul-
tivars to Fusarium dry rot has long been
known. In 1917, Pethybridge and Lafferty
recognized that some cultivars were more
resistant than others to Fusarium coeruleum
(F. solani var coeruleum). Boyd (1952) studied
the factors of resistance and divided them
into the mechanical resistance of the tubers
to wounding and the physioclogical resistance
of the tissue to infection by fungi. He screened
the resistance of a number of cultivars to
both these and did not ascertain any inter

dependence between them. Moore (1945) re-
cognized different degrees of resistance of
cultivars to F. solani var. coeruleum and to
F. avenaceum, and Ayers (1961) recognized
different resistance ‘to the former and to
F. sulphureum. According to Langerfeld (1977)
the incubating conditions and the length of
the storage period before the test have dif-
ferent effects on the resistance of cultivars.

The aim of this study was to screen the
physiological resistance of the cultivars
grown in Finland to some Fusarium species.
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MATERIAL AND METHODS

In 1979 17 and in 1980 22 cultivars were
grown in sand soil, harvested and stored
using identical, common practices. The latter
season was especially favourable and even
the latest cultivars such as Pito, Prevalent
and Sanna started to mature. Tubers of near-
ly the same size were used for the tests. They
‘were washed and dried well to prevent the
natural infection caused by other fungi and
bacteria.

The fungi used in the actual experiments
were Fusarium sulphureum Schlecht., F.
avenaceum (Corda ex Fr.) Sace. and F. solani
var. coeruleum Sacc. Booth comb. nov. and
those used in the simple preliminary tests
were F. culmorum (W. G. Smith) Sacec., F.
graminearum Schwabe, F. sambucinum Fuc-
kel var. coeruleum Wollenw. and F. sporo-
trichioides Sherb., a single isolate of each.
Their isolation and identification, ‘as well as
their growth under different environmental
conditions has been reported in earlier pa-
pers (Seppidnen 1981 a, b). To maintain the
they were
in Bintje

pathogenicity of each fungus
grown just before experiments
tubers, isolated conventionally and grown on
potato sucrose agar (PSA). The age of the
colonies used varied from 2 to 5 weeks and

was always during the period of profuse
spore production.

The tubers were inoculated using an adap-
tation of the method of Langton (1971). A
wound 5 mm in diameter and 2 mm deep
was made with a cork borer, at the mid-
point between the heel and rose end of the
tubers. The mixture of pure cultures of the
fungus, including the remaining agar, was
used as inoculum. The wounds were filled
with the inoculum and left uncovered. This
method was equally as effective as plug in-
fection or spore suspension infection. The ex-
periments involved 20 tubers of each cul-
tivar with 3 replicates. The preliminary tests
presented in Table 4 involved only 10 tubers
and no replicates. The tubers were incubated
for 20 days under the optimum conditions
for each fungus. For analysis, the tubers
were halved longitudinally through the in-
fection locus and the maximum radial and
apical growths were measured. Their aver-
ages are presented here. All the results of
the actual experiments were analyzed using
variance analysis and the LSD wvalues were
calculated with Tukey-Hartley tables. Some
correlations between separate tests were cal- i
culated, and the significances of these coeffi-
cients were tested with a t-test.

RESULTS AND DISCUSSION

Fusarium sulphureum being a strong patho-
gen, infected all the tubers easily and its
advance in the tubers of most cultivars was
fairly equal. The results of the tests carried
out under similar conditions correlated high-
ly significantly. The correlation between tests
carried out at the lower and higher optimal
temperatures of the fungus was weaker.
Some cultivars which were fairly resistant
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at the lower temperature were rather sus-
ceptible to infection at the higher one. This
confirmed the result of Langerfeld (19'17),
that resistance reactions may vary according
to temperature.

Cultivars Ostara and Jaakko were the
most resistant at both temperatures (12 and
24°C), but, excluding the results obtained at
24°C, Sabina and Eigenheimer also belong



Table 1. The growth of Fusarium sulphureum in different cultivars during 20 days’ incubation under

different conditions of temp. and RH.

. Nov. 1980 Dec. 1979 Dec. 1980
Cultivar 12°C/60 + 10 % 12°C/90 £ 5 % 24°C/50 * 10 %
Sabina 6,6’ 7,1' 13,6 ||
Ostara 6,9 6,9 8,2
Eigenheimer 7,4 \ — 15,1 | [}
Hankkijan Timo 8,2 7,9 \ 10,2|
Sieglinde 8,5 8,1 15,0 |||
Jaakko 8,6 7,3| ) 9,0|
Hankkijan Tuomas 9,0 8,3 | - 14,3 ||
Sirtema 9,3 10,9 18,4 ‘[]
Record 9,5 8,2 16,0 ||
Saturna 9,6 9,4 | 12,8
Maris Piper 9,9 — . 13,8 ||
Jo 0701 10,3 \ 9,9 | 17,8 ‘
Prevalent 10,7 — 16,9 ‘
Posmo 11,2 — 15,6 |
Pito 11,3 11,0 | 20,9 |
Provita 11,5 9,9 | 15,2 ||
Stina 11,8 11,3 l 13,8
Olympia 12,2 11,3 15,1 |}]
Barima 12,4 \ —_ 12,7
Bintje 13,5 11,8 \ 13,8 ||
Sanna 13,7 11,6 19,3 [
Veto 13,9 12,5 | 14,7 |||
F 126,08 = 66,49 16,50 ***
LSDs5 ¢, 0,6 0,7 2,2

to the most resistant cultivars, followed by
Hankkijan Timo, Sieglinde and Hankkijan
Tuomas (Table I).

The first reports available concerning the
varietal resistance to F. sulphureum were
presented by Wojciechowska-Kot (1975) and
Czajka (1977). The former incubated the tu-
bers at 15—17°C and 70—90°% RH. There
were only 4 cultivars: Saturna, Bintje, Sieg-
linde and Sirtema, common to her and to our
tests. The results we obtained at 24°C were
similar to hers but the results we obtained at
12°C were not. .

The recistance to F. avenaceum varied
greatly (Table 2). The fungus advanced four
time more in the tubers of the most suscep-
tible cultivars than in the most resistant ones.
Sabina, Provita and Veto were the most re-
sistant in these tests, followed by Maris Piper,
Hankkijan Tuomas, Stina and Jaakko. Bintje
" was one of the most susceptible cultivars, as it

Table 2. The growth of Fusarium avenaceum in 20
days at 24°C and RH 95 * 5%. The percentage
infection was 100 %o.

Cultivar Nov. 1980 Jan. 1980
Sabina 4,0\ 3,3| |
Provita 5,1 \ 1,7
Veto 670 4'i6 [
Maris Piper 7,4 —
Hankkijan Tuomas 7 3,8 |
Stina 7,7 1,9|
Jaakko 8,8 4,3 |
Posmo 9,4 —
Prevalent 9,6 —_
Sieglinde 10,0 8,2
Saturna 10,2 7,8
Eigenheimer 10,7 —
Sirtema 11,4 83 ||
Hankkijan Timo 12,1 6,5
Olympia 12,3 9,3
Record 13,1 7,7 |
Barima 13,1 —
Bintje 13,4 13,0 |
Sanna 13,9 77 ||
Pito 13,9 6,5
Ostara 14,5 —
Jo 0701 16,3 1,4 |
F . 66,35 39,02 ***
LSDs ¢, 1,2 1,5
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Table 3. The growth of F. solani v. coeruleum in
20 days at 18°C and RH 95 % 5 %. The percentage
infection was 100 %b.

Cultivar Feb. 1981 Dec. 1979
Hankkijan Tuomas 3,1 1,6|
Eigenheimer 3,7 —
Sirtema 3,7 51 |
Sabina 4,9 3,4 |
Posmo 4,9 —_
Sanna 5,2 95 |
Saturna 6,3 6,6
Stina 6,4 6,0
Olympia 7,1 2,0] |
Prevalent 7,1 —
Veto 7,5 3,2 ¢
Pito 8,2 2,3 |
Barima , 8,4 —
Jo 0701 8,9 13,4 |
Jaakko 9,6 57 |
Bintje 9,6 98 |
Record 10,4 12,3 |
Ostara 10,5 —_
Provita 11,4 8,9 |
Sieglinde 11,5 59 |
Hankkijan Timo 12,9 | 34
Maris Piper 13,8 | —

F 105,24 %+ 72,31 ik

LSDsg, 0,8 1,2

was to F. sulphureum. Ostara, which was fair-
ly resistant to F. sulphureum, proved to be
very susceptible to F. avenaceum. Despite
some different results in these two tests
with F. avenaceum, there was a high corre-
lation bétween them.

There is no information in the literature
“concerning earlier tests of varietal resistance
to F. avenaceum. Further tests under more
practical conditions are needed.

The varietal resistance to F. solani var.
coeruleum also varied greatly (Table 3), and
the results obtained in these two tests devi-
ated from each other more than in tests with
F. sulphureum and F. avenaceum. Possible
reasons for this might be that the tubers
used in each test were grown in different
seasons, the tests were carried out at dif-
ferent times during the storage period, and
there might be a great deviation within some
cultivars; e.g., in the tests with F. s. var. coe-

Table 4. Preliminary results on varietal resistance to 4 Fusarium species. The growth of the fungi

in millimetres under incubating conditions (°C/%
inoculation. The second column indicates the order of resistance (Most resistant = 1).

after cortical

RH) favourable to each fungus measured 20 days

F. culmorum

F. graminearum

F. sambucinum F. sporotrichioides

Cultivar var. coeruleum
12 +1/40 £ 5 24 £1/95 £ 5 12 +1/40 £ 5 12+ 1/95 £ 5

Barima 2,8 2 14,4 14 4,2 11 11,4 18
Bintje 8,6 18 16,3 20 17,8 22 12,5 19
Eigenheimer 6,4 12 15,3 18 3,6 4 5,7 3
Hankkijan Timo 7,1 14 15,8 19 3,7 5 6,3 5
Hankkijan Tuomas 9,5 20 13,5 11 7,2 19 10,6 16
Jaakko 7,8 17 7,0 1 4,2 12 9,9 12
Jo 0701 8,7 19 14,0 13 6,2 18 8,6 10
Maris Piper 3,7 7 10,7 4 5,9 16 9,5 11
Olympia 6,8 13 13,0 10 8,2 20 15,1 22
Ostara 3,4 4 12,2 7 4,0 9 4,2 1
Pito 6,2 11 12,4 8 3,9 7 8,0 9
Posmo 3,5 5 15,2 17 3,9 8 7,9 8
Prevalent 3,6 6 11,4 5 4,8 15 10,0 13
Provita 3,1 3 7,1 2 4,1 .10 10,4 14
Record 2,6 1 15,0 16 3,8 6 4,9 2
Sabina 7,2 15 16,4 21 5,9 17 6,3 6
Sanna 5,9 10 16,4 22 3,5 3 11,0 17
Saturna 4,9 9 14,6 15 3,0 1 6,2 4
Sieglinde 7,4 16 12,7 9 3,3 2 7,8 7
Sirtema 9,6 21 13,8 12 : 4,3 13 12,6 .20
Stina 3,9 8 8,4 3 4,4 14 10,56 15
Veto 11,4 22 11,5 6 12,5 21 14,1 21
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ruleum the infection was progressive in some
of the tubers and the growth of the fungus
after infection was arrested by the resistance
of the other tubers. ]

Hankkijan Tuomas, Eigénhei,mer and Sir-
tema were the most resistant, followed by
Sabina and Posmo. Maris Piper seemed to be
very susceptible, and Bintje, Record, Ostara,
Provita, Sieglinde, Jaakko and .Hankkijan
Timo were considered susceptible. The re-
sistance of some cultivars was aproximately
the same as ascertained by Boyd (1952),
Kranz (1959), Wojciechowska-Kot 1975, Bang
(1976) and Langerfeld (1977), but only some
of the cultivars were common to this and any
of the other investigations. Further tests are
needed for a more reliable picture of the re-
sistance of certain cultivars.

The results of preliminary tests with
F. culmorum, F. graminearum, F. sambuci-
num var. coeruleum and F. sporotrichioides
are presented in Table 4. These fungi, al-

though strong- pathogens in some cultivars, .

are not as common as the three presented
earlier. On the other hand, these first tests
were carried out without replicates and can
hardly give a reliable picture of the resist-
ance of the tested cultivars. However, we
can again ascertain a great variation within
and between the fungi. Ostara, Record, Pro-
vita and Saturna seemed to have a certain
amount of horizontal resistance to these path-
ogens, and Bintje, Hankkijan Tuomas, Olym-
pia, Sirtema and Veto demonstrated clear
susceptibility.

In these tests, no cultivar proved to be
equally resistant to all the fungi tested. Cul-
tivars Eigenheimer, Hankkijan Tuomas, Sa-
bina, Saturna and Jaakko showed fairly good,
horizontal resistance to the three dominant
pathogens (Tables 1—3), but seemed to be
very susceptible to some of the others. Bintje
was the only cultivar which was very sus-
ceptible to infection by all the fungi used as
pathogen, whereas many other cultivars with

Table 5.

The correlation coefficients between the results of separate tests.

10

Species and time of test

nnnnnn

-81

-80
solani v. coeruleum Dec. -79
solani v. coeruleum Feb.
sporotrichioides Dec. -80
graminearum March -81
culmorum March -81:

Fusarium avenaceum Jan. -80

F. qvenaceum Nov.
F. sulphureum Nov. -80 (12°)
F. sulphureum Dec. -80 (24°)

F. sulphureum Dec. -79 (12°)

F
F
F
F

1
2
3
4
5
6
7
8
9

sambucinum v. coeruleum M. -81

F
F

10
11

181



clear susceptibility were fairly resistant to
one or more fungi.

The results presented here indicate only
the physiological resistance of the cultivars.
In .practiée, the other component (mechanical
resistance) ‘is as important, and so a -cultivar
such as Record, which shows good resistance

F. avenaceum and F.
F. sulphureum » F
F. sulphureum » I
F. sporotrichioides » F.
F. culmorum » F,

The results clearly indicate the disimilarity
between the different fungi. However, the
size of the material examined does not per-
mit final conclusions to be drawn.

The results presented concern the varietal
resistance under conditions most favourable
to each fungus. The results obtained at 12
and 18°C will be adapted directly to corre-

to wounding although it is susceptible to
many fungi, can be grown succesfully.

The correlation coefficients between the
results of the tests are quite variable (Ta-
ble 5). Excluding correlations between tests
with the same fungus, there seem to be posi-
tive correlations between

graminearum

. sporotrichioides

sambucinum var. coeruleum
sambucinum var. coeruleum
sambucinum var. coeruleum

spond to the wound healing period just after
harvest, during which most infections occur.
Further tests will be carried out at lower
temperatures to extend our knowledge of the
*variation in varietal resistance and to find
possible methods for the control of Fusarium
dry‘rots during the wound healing period.
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SELOSTUS

Perunalajikkeiden kestidvyys Fusarium-sienid vastaan

ESKO SEPPANEN

Maatalouden

Maassamme viljeltdvien perunalajikkeiden kesta-
vyyttd eri Fusarium-sienid vastaan tutkittiin tar-
tuttamalla mukulat niihin tehtyihin haavoihin ra-
vintoalustalla kasvatetun puhdasviljelyksen seok-
sella (rihmasto + itiot + j&ljellda oleva agar).
Tartutuksen jdlkeen perunat sailytettiin 3 wviik-
koa kullekin sienelle suotuisissa oloissa. Perus-
teellisemman tutkimuksen kohteena olivat mer-
kittavimmit patogeenit Fusarium sulphureum, F.
avenaceum ja F. solani var. coeruleum, alustavasti
selvitettiin lajikekestdvyyttd myos F. culmorumia,
F. graminearumia, F. sambucinum var. coeru-
leumia ja F. sporotrichioidesta vastaan.
Lajikkeiden kestavyys eri Fusarium-lajeja vas-
taan oli hyvin vaihteleva. Monet néyttdvat omaa-
van kohtalaisen kestivyyden joitakin lajeja koh-
taan, mutta ovat hyvinkin alttiita muita vastaan.

tutkimuskeskus

Vain muutamat lajikkeet ndyttdvét omaavan tyy-
dyttivin yleiskestivyyden kolmea merkittévintd
patogeenia vastaan, mutta eivét kaikkia muita
vastaan. Mainittavaa yleiskestdvyyttd todettiin la-
jikkeilla Eigenheimer ja Hankkijan Tuomas, seu-
raavina olivat Sabina, Saturna ja Jaakko. Bintje
oli altis kaikille tutkituille sienille. Myds Rekord
osoittautui ylldttivan heikoksi. Némid tulokset
osoittavat vain lajikkeiden sienenkestévyyttd ja
taudinkestdvyyteen kuuluu lisdksi késittelynkesté-
vyys. Rekord omaa muita paremman kisittelyn-~
kestdvyyden ja senvuoksi sitd voidaan pitéd yleis-
kestidvyydeltidn tyydyttdvana.

Verrattaessa lajikkeiden alttiutta eri sienilajeja
kohtaan todettiin, ettd sienilajien patogeenisuus
on hyvin spesifinen. Vain muutamien lajien kes-
ken todettiin merkitsevd korrelaatio.
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A REVIEW
START OF SEED POTATO PRODUCTION IN FINLAND

ERKKO PIETARINEN and ESKO SEPPANEN

Pietarinen, E. & Seppénen, E. 1981. Start of seed potato production in
Finland. Ann. Agric. Fenn. 20: 184—187. (Agric Res. Centre, Seed Potato
Centre, SF-91900, Liminka, Finland).

Modern Finnish seed potato production originates from the 1970s. The
first nucleo stocks were produced from cvs. Pito and Tammiston Aikai-
nen in 1971. Since then meristem cultured plants have been produced
from’ 17 cultivars grown in Finland and from a number of breeders’
selections.

" Effective seed potato production started in 1976 when the Seed Potato
Centre was founded. Production has increased evenly and in the 1981
nearly 4000 tons of seed potatoes comprising 12 cultivars were put on
the market. Of this, 900 tons was from 6 cultivars based on meristem
cultured stocks, 750 tons from 2 cultivars derived from clonal selected
stocks, and 2250 tons from 4 cultivars originated from earlier imports.

Index words: Potato, meristem culture, cutting propagation, seed potato
production.

The meristem culture method to produce
virus-free potato plants from cultivars total-
ly infected by one or more viruses has been
used since the 1950s (Morel and Martin 1955).
At the Institute of Plant Pathology, in Tik-
kurila, Tapio (1972) produced the first virus-
free plants from two Finnish cvs. Pito and
Tammiston Aikainen in 1971 and during the

following two years from cvs. Amyla, Jaak-

ko, Teho and Veto (Table 1).

The results of the propagation of first nu-
cleo stocks were modest from the point of
view of practical cropping. This situation
changed with the founding of the Seed Po-
tato Centre in 1976.

This paper deals with the cultivars from
which nucleo plants have been produced, and
the development of seed potato production
between 1976 and ’81.

METHODS

The meristem cultures were produced at the
Institute of Plant Pathology using conven-
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tional methods. The young plants were grown
at temperatures of 36—37°C for 3—4 weeks



Table 1. The number of nucleo stocks (cultivars and breeders’ selections) from which virus-free plants
were produced during the period 1971—81. Cultivar names are given only in connection with the first

year of production.

Names of cvs.

Year Number of stocks

1971 2 Pito, Tammiston Aikainen

1972 4 Jaakko, Teho, Veto

1973 4 Amyla

1974 3 Breeder’s selections only

1975 3 Hankkijan Timo, Hankkijan Tuomas
1976 6 Hankkijan Tanu (as a breeders’ selection)
1977 4 Breeder’s selections only

1978 5 Sanna, Sieglinde

1979 5 Mandel, Olympia, Rosafolia

1980 4 Record

1981 8 Barima, Posmo

before the removal of meristem tissues. The
agar used was a slight modification of Mu-
rashige & Skoog’s medium (Tapio 1972, Bre-
mer and Korhonen 1978). After removal, the
meristem tissue was grown at 24°C and in
continuous light of 3000—4000 lux. Prelimi-
nary virus tests were made as the cultures
reached a suitable size. PVX, PVS and PVM
were tested for using a micro-agglutination
method, PVA and PVY with A 6 leaflets. The
tests were repeated about once a month. Some
sap preparations from nucleo plants were
studied with an electron microscope. Most
problems in the production of virus-free
plants were connected with PVS. However,
in our experience the success of this method
depends more on the cultivar than on the
virus. Because of recontamination by bacte-
ria and fungi, most cultivars must be meri-
stem cultured regularily.

The propagation of healthy nucleo plants
was carried out at the Seed Potato Centre,
founded in the Tyrndvid and Liminka region
in northern Finland in 1976. From 1976 to
1979, the first stage propagation of nucleo
stocks based partly on the use of stem cut-
tings, and partly on the conventional use of
tubers. Since 1980, the system has been

changed so that the first stage propagation
is always based on stem cuttings. This turned
out to be a simple and rapid method for
propagating new meristem stocks. It also re-
duces the need for virus testing, and gives
better control of bacterial and fungal dis-
eases. During propagation, new stocks were
regularly tested for viruses. Agglutination
tests were used for PVX, PVS, and PVM.
PVY was tested for using Nicotiana glutinosa,
a test plant which also shows clear symptoms
with PVX. The Elisa-test was taken into use
for PVX, PVS, PVM, and PVY in 1981. La-
tent phoma infection was tested with the

Fig. 1. Meristem culture nucleo stocks were pro-
pagated in green houses from stem cuttings.

185



knack-test since 1980 and ring rot using the
eggplant Solanum melongena since 1981.
During the first years, most attention was
paid to elite seed production for commercial
purposes. Production happened on private
farms around the Seed Potato Centre, mainly
in the parishes of Tyrndvd and Liminka.

Most stocks originated from imported seed,
but in the production of certain cultivars
clonal selection method was also used. The
proportion of production originating from
meristem cultures produced in Finland has
increased each year.

SEED PRODUCTION

During a period of 10 years, healthy nucleo
plants were produced from 17 cultivars and
a number of breeders’ selections (Table 1).
Some of them have already reached large-
scale production, some have had no practical
use. Very much attention has been paid to
new Finnish cultivars. The cropping of Fin-
nish cultivars Pito and Jaakko, which had
suffered a great set-back because of lack of
good seed, has increased again.

Elite seed production for commercial pur-

Table 2.
each cultivar in 1980.

poses has increased uniformly from 35 hec-
tares in 1976 to 210 hectares in 1981. The
quantity of seed production based on meri-
stem culture in 1980 was nearly 900 tons,
about 23 % of the total production (Table 2).
The quantity of seed derived from clonal
selected stocks at the same time was 750 tons
(19 %/6) and the quantity of seed based on ear-
lier imported seed 2250 tons (58 %0). Meristem
cultured seed use is, however, increasing rap-

Cultivars, number of nucleo- and breeders’ seed stocks and the total seed production of

Number of nucleo

stocks produced by
meristem culture and
cutting propagation

Number of
breeders’
seed stocks

Total seed
production (t)

Early cvs.

Ostara 3 4 165
Hankkijan Timo 3 4 651
Sieglinde 4 2 121
Table potato cvs.

Record 10 10 1566
Pito 5 5 4621
Sabina — — 371
Jaakko 3 — 2261
Hankkijan Tuomas 4 3 501
Sanna 2 1 351
Hankkijan Tanu — — 351
Olympia ) - 7 — —
Cvs. for industrial use

Saturna 5 3 7282
Bintje — — 162
Frila — — 352
Eigenheimer 4 — —
Posmo 3 — —
Total 53 32 3912

1 = meristem cultured origin
2 = clonal selected origin
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idly and by the middle of the 1980s nearly all
production will be cultivated from meristem
cultured and cutting propagated origin.

The greatest problems in elite seed produc-
tion was mechanical wounds because, as a re-
sult of the short growth period, tubers are

rarely matured when lifted. However, by
using pre-sprouting, haulm defoliation and
careful lifting the damage can be kept at an
insignificant level. Virus diseases, late blight
and even storage diseases were mostly easily
controlled.
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SELOSTUS

Siemenperunan tuotanto

ERKKO PIETARINEN and ESKO SEPPANEN

Maataloudeh tutkimuskeskus

Siemenperunan tuotanto sen nykyaikaisessa mie-
lessd k#ynnistyi maassamme 1970-luvulla. Vi-
ruksettomien ydinkasvien tuotanto alkoi jo 1970-
luvun alussa, jolloin kasvitautien tutkimuslaitok-
sella Tikkurilassa saatiin terveet ydinkasvit virus-
tautien kokonaan tartuttamista " lajikkeistamme
Pidosta ja Tammiston aikaisesta (Tapioc 1972).
Ty6 on jatkunut kymmenisen vuotta ja tahin
mennessi kaikkiaan 17 lajikkeesta ja useista ja-
lostuslinjoista on tuotettu terve kanta-aineisto.

Terveen kanta-aineiston lisdys kéyténndn tar-
peita varten kdynnistyi 1976, jolloin perustettiin
Siemenperunakeskus Tyrnévin-Limingan alueel-
le. Kanta-aineistojen pistokaslisiys kasvihuoneis-
sa samoin kuin varsinainen siementuotanto on ta-
pahtunut kokonaan sielld.

Toiminnan ensimmaéisind vuosina painopiste oli
ulkornaista alkuperdd olleiden kantasiemenerien
lis3dmisessi valiosiemeneksi. Tuotantoala on kas-
vanut vuosina 1976—81 35 hehtaarista 210 heh-
taariin. Vuonna 1980 tuotetusta siemenestd noin
900 tonnia (23 %) polveutui kotimaisista kasvuso-
lukkomenetelmilld tuotetuista kanta-aineistoista,
750 tonnia (19 %) kloonivalinnalla perustettuun
kantasiemeneen ja 2250 tonnia (58 %) ulkomaiseen
kantasiemenaineistoon. Kun toiminnan ensimmdéi-
send vuotena tuotanto perustui miltei yksinomaan
ulkomaiseen kantasiemeneen, on nyt kasvusoluk-
koaineiston osuus ldhes neljdnnes ja 1980-Iuvun
puolivilissi paidstinee miltei yksinomaiseen koti-
maassa kasvusolukkomenetelmilld tuotetun kan-
tasiemenen kayttoon.
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RESEACH NOTE

WITCHES’ BROOM DISEASE OF ARCTOSTAPHYLOS AND VACCINIUM

SPECIES IN FINLAND
KATRI BREMER

Bremer, K. 1981. Witches’ broom disease of Arctostaphylos and Vac-
cinium species in Finland. Ann. Agric. Fenn. (Agric. Res. Centre, Inst.
Pl. Path., SF-01300 Vantaa 30, Finland.)

Heavely stunted and abundantly branched Arctostaphylos uva-ursi,
Vaccinium myrtillus and V. wvitis-idaea plants with tiny leaves werée
found in forests in a few places in South and Middle-Finland in 1978.
The symptoms were similar in all diseased plants.

Electron microscope observations on ultra-thin sections of epon-
embedded leaf tissues of V. myrtillus and V. witis-idaea showed bodies
similar to those of mycoplasma-like organisms. According to the dis-
eased plants in the herbarium of the Helsinki University, the disease
has occurred since 1910 in some places all over the Finland. This is
the first record of the witches’ broom disease in Finland.

Index words: witches’ broom disease, mycoplasma, Arctostaphylos uva-

ursi, Vaccinium muyrtillus, V. vitis-idaea.

A few strongly dwarfed and excessively
branched blueberry Vaccinium myrtillus L.
plants were brought to the author by Mr O.
Heikinheimo (Agric. Res. Centre, Inst. Pest.
Inv.) from Janakkala near Himeenlinna ia
South-Finland. Later the same disease was
observed by the author in plants of Arcto-
staphylos uva-ursi (L) Spr., V. myrtillus and
V. vitis-idaea L. in forest in Porkkala near
Helsinki.

Later diseased blueberry plants were found
also ip the vicinity of Jyvéskyls in the middle
of Finland (Raatikainen; M., oral communi-
cation).

_ The diseased plants of Arctostaphylos and
Vaccinium species had tiny, light green
leaves. The abundant erect branching gave
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the plants a broom-like form. Some branches
were dead (Fig. 1). The diseased plants did
not produce any berries. Diseased plants in
Porkkala occured in small batches on the
rocky hills near the sea-side. The vegetation
of the hills consisted mainly of shrubs Are-
tostaphylos, Calluna and Vaccinium and
sparse wood of Pinus sylvestris and Picea
excelsa.

Some experiments were carried out to con-
firm the cause of the disease.

Attempts to graft-transmit the disease
agent from blueberry and bilberry (V. myrtil-
lus and V. vitis-idaea) plants to the blueberry
and bilberry seedlings and to high-bush blue-
berries (V. corymbosum L) failed. The grafted
twigs did not grow together.



Fig. 1. V. myrtillus plants on the right are
naturally infected with the witches’ broom dis-
ease, plants on the left healthy.

In addition an electron microscopical study
was carried out. Diseased and healthy look-
ing blueberry and bilberry plants were col-
lected in September from a forest in Pork-
kala.

Small pieces of the main veins of leaves
were prefixed with 2,5 %0 glutaraldehyde in
0,2 M sodium phosphate buffer (ph 7,2) for
2 h in +5°C. Then the tissue pieces were
washed in the same buffer with 0,2 M suc-
rose, postfixed for 2 h with 1% osmium tet-
roxide in 0,1 M sodium phosphate buffer (pH
7,2). The sections were obtained from Epon
812 embedded samples and stained with
uranyl acetate and lead citrate. The sectiors
were examined with the transmission electron
microscope, Jeol 100S operating at 80 kV.

Numerous bodies of the mycoplasma-like
organisms were observed in cells of diseased
blueberry and bilberry plants but not in the
cells of healthy looking plants. The bodies
were round or oval and their diameter varied
from 50 to 1100 nm, many had a diameter
of 100—200 nm (Figs. 2—4). Long, flexuous
threads were found to occur in the same cells
of blueberry as the mycoplasma-like orga-
nisms (Fig. 2), but not in cells of healthy
plants. Those threads seemed to be of similar

Figs. 2—3. Electron micrographs of mycoplasma-
like bodies (M) and long flexuous threads (T) in
the cells of V. muyrtillus. Bar represents 1 um.
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Fig. 4. Mycoplasma-like bodies in the cells of
V. vitis-idaea. Bar represents 1 um.

material as the membrane of the mycoplasma-
like bodies. They might be membranes of
degenerated bodies.

The witches’ broom disease of Arctostap-
hylos and Vaccinium species seems to be sim-
ilar to the witches’ broom disease which has
been found in V. myrtillus, V. oxycoccus, V.
uliginosus, V. vitis-idaea and in Calluna vul-
garis in Czechoslovakia (Blattny 1956, Blatt-
ny 1970), in V. myrtillus in the Netherlands
(Bos 1960), in Germany (Uschdraweit 1961,
Kegler et al. 1973) and in Yugoslavia (Blattny
1964).

In Czechoslovakia the disease was trans-

mitted by the leafhopper, Idiodonus cruen-
tatus Panz (Blattny 1964).

Similar cells of mycoplasma-like organisms
as in the present work have been found in
diseased blueberry plants by Kegler et al.
(1973), in the underground stems and roots
of blueberry plants by Blattny and Vana
(1974) and in blueberry stems by de Leeuw
(1975).

The witches’ broom disease seems to have
occurred for a long time in Finland at least
in blueberries but it was not recognized as
a disease.

Hiitonen (1933) mentions a forma of V.
myrtillus by name V. myrtillus microphyl-
lum in the south-eastern parts of Finland.

In the herbarium of the Institute of Bota-
ny, University of Helsinki blueberry plants
named V. myrtillus microphylla were seen
by the author and recognized to be diseased
by the witches’ broom disease. These plants
were collected from different places in Fin-
land including Lapland. The oldest plants
were collected in the year 1910. Thus this
disease seems to be indigenous in Finland.
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SELOSTUS

Mykoplasman aiheuttamaa pieniversoisuustautia mustikassa, puolukassa ja sianpuolukassa

KATRI BREMER

Maatalouden tutkimuskeskus

Kiaipitkasvuisia, pienioksaisiksi tihe&in - haaroit-
tuneita, hyvin pienilehtisid mustikka-, puolukka-
ja sianpuolukkakasveja (kuva 1) 16ydettiin v. 1978
erdisti Eteli-Suomen metsistd. Kasveja epailtiin
sairaiksi.

Ymppiadmilld ei onnistuttu siirtdméédn sairautta
mustikoista ja puolukoista terveisiin mustikan,
puolukan ja amerikkalaisen pensasmustikan sie-
mentaimiin.

Metsiistd otetuissa sairaissa mustikoissa ja puo-
lukoissa todettiin elektronimikroskoopin avuila
mykoplasmojen kaltaisia organismeja (kuvat 3—5),
joita ei 18ydetty terveen n#kdisistd kasveista.

Eridissi Keski-Euroopan maissa on esiintynyt
mustikassa ja sen sukulaiskasveissa samanlaista

pieniversoisuustautia (witches’ broom disease,
Hexenbesen-krankheit). Sairaista kasveista on
16ydetty mykoplasmojen kaltaisia organismeja.
Meilld todettu tauti lienee samaa tautia.

Pieniversoisuustautia on todenn#kdisesti esiin-
tynyt meilli jo kauan, joskin sitd ei ole aikai-
semmin tunnistettu. Hiitonen on esittdnyt v. 1933
julkaistussa kasviossaan mustikasta muodon Vac-
cinium muyrtillus, forma microphyllum, joka kui-
tenkin on ominaisuuksiltaan mykoplasman tar-
tuttaman mustikan kaltainen. Helsingin yliopis-
ton kasvimuseon kokoelmissa on eri puolilta Suo-
mea Kkerdttyjen mustikkandytteiden joukossa
muutamia tautisia mustikkayksilitd. Loyt6ja on
myds Lapista. Vanhin talletettu tautinen kasvi on
vuodelta 1910.
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STRAWBERRY ROOT ROT IN FINLAND
PAIVI PARIKKA

Parikka, P. 1981. Strawberry root rot in Finland. Ann. Agric. Fenn. 20:
192—197. (Agric. Res. Centre, Inst. Pl. Path. SF-01300 Vantaa 30, Fin-
land).

A total of 486 strawberry plant samples from 153 plantations were
investigated in 1978—1980. They originated from 29 localities in south-
ern and central Finland. Plant roots were examined by moist chamber
and agar -plaﬁng methods. The fungal flora of the roots comprised 73
species. The most common pathogens were Fusarium fungi (8 species)
including Fusarium avenaceum (Corda ex Fr.) Sacc, F. oxysporum
Schlecht. and F. sambucinum Fuckel. Cylindrocarpon destructans
(Zinssm.) Scholten and Botrytis cinerea Pers. ex Fr. were also pre-
valent. In addition, Coniothyrium fuckelii Sacc., Hainesia lythri (Desm.)
Hoéhn. and Armillaria mellea (Vahl) Karst. were rather common. Gno-
monia fragariae (Klebahn) and Coniothyrium fragarice Oudem. were
rare but worth noticing.

Index words: Strawberry, root rot, Fusarium, Cylindrocarpon destruc-
tans, Gnomonia fragariae, Corniothyrium fragariae, Hainesia lythri,
Armillaria mellea. :

INTRODUCTION

The strawberry cultivation area in Finland
has increased during the last ten years from
nearly 1300 hectares in 1969 to about 2500
hectares in 1979.
particularly pronounced in

The increase has been
central and
eastern Finland. The most important straw-
berry cultivation areas are in North Savo

and Varsinais-Suomi (Anon. 1969, 1979).

With the increase in cultivation area, spe-
cialised production and monoculture have
also become common cultural practices. The
adverse effects of monoculture on strawber-
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ry plantations have led to increasing disease
and pest problems. The importance of root
rot in strawberry cultivation was first noti-
ced in the 1960s and occurrence of common
root rotting fungi was reported by Yliméiki
(1870).

A combined study on strawberry root rots
and root nematodes was begun in the Agri-

cultural Research Centre in 1978. The aim

" of this study is to determine the fungal flora

of strawberry roots and to discover the most
common pathogens in the strawberry root
rot complex.



MATERIAL AND METHODS

\

The material for this study comprised 486
strawberry samples collected from 153 plan-
tations (Fig. 1). Of the
samples, 230 originated from North Savo and
The total siraw-
berry cultivation area on the plantations
examined was about 300 hectares. They
were mainly situated on moraine and fine

in 29 localities

135 from Varsinais-Suomi.

sand, and also on clay soils in Varsinais-
Suomi. The most common varieties cultivated
were Senga Sengana and Zefyr. The ages
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Fig. 1. The origin of strawberry samples by lo-
calities. Number of samples by biological pro-
vinces.

of plantations varied between 0,5 and 18 years
and the average was two to six years (Fig. 2).
Plants of low vitality or with various forms
of damage were taken as samples.

The material was collected mainly during
the summer months: in July in 1978, August-
September in 1979 and July-August in 1980.

The plants were rinsed with running water .

and examined visually. The condition of the
plant, colour of leaves, condition of roots and
degree of rotting in the taproot were deter-
mined.

Leaves and roots were then removed and
the taproot tissue was cut into pieces. Root-
inhabiting fungi were cultivated by incubat-
ing the pieces on moist filter papers in Petri
dishes. They were first kept for two weeks
at room temperature (20— --24°C), then
four weeks at +10°C and again two weeks
at room temperature. The culture period
was thus at least two months. Fungi were

also cultured on agar plates after cutting the

taproot tissue into small pieces, removing the
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Fig. 2. The age of strawberry plants in per-

centages of the samples examined.
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cortical layer and surface-sterilizing. The
pieces were placed on Difco PDA (potato
dextrose agar) and MA (malt extract agar)
plates and incubated for two weeks at room
temperature and then two weeks at +10°C.

During the incubation period the dishes

RESULTS AND

The plants examined were mainly in a
moderately poor condition. Thirty to forty
per cent of the plants were stunted and only
10 % in good condition. Some degree of root
rot was found in nearly every plant. Severe
root rot was found in a third of the taproots
examined (Table 1). Only 5% of the straw-
berry plants were healthy. The specimens
were collected in order to find root -rotting
fungi, and thus consisted of older plants, in
which rots were most likely to appear (Mason
and Rath 1978).

The most common fungi inhabiting straw-
berry roots were Mucor spp., Penicillium spp.,
Trichoderma spp., Gliocladium spp., Rhizopus,
Fusarium spp., sSpp-
Botrytis cinerea. A total of 73 fungus species
was determined.

Cylindrocarpon and

The most common pathogens found are
named in Table 2. Fusarium spp., Cylindro-
carpon spp., Rhizoctonia solani and Botrytis
cinerea were common pathogens in rotten
strawberry roots (Kudela and Sychrova 1978).
In a former study, Ylimiki (1970) also found

and plates were occasionally examined with
a stereomicroscope. The fungi were also
identified by light microscope and then
microphotographed by Dr. Kaiho Mikels.
Pathogenic fungi were isolated and cultured

on agar media.

DISCUSSION

these fungi prevalent in strawberry taproots,
Fusarium species being the most common
fungi isolated. i

Fusarium species were present in nearly
two-thirds (62 %) of the samples investigated
in 1978—1980. They were also found in
healthy-looking roots (Gourley 1969).

Fusarium avenaceum was the most com-
mon Fusarium species isolated. It can cause
internal necrosis in strawberry roots (Jarvis
and Hargreaves 1973).

F.

material.

oxysporum was not common in the
The fungus is, however, reported
to be a common root rot agent, as is F. cul-
morum (Lacicowa 1977). F. culmorum was
found only twice in this study.

Cylindrocarpon species were found in one-
third (32%) of the samples. Of these, C.
destructans is pathogenic on strawberry
taproots (Yliméki'19“70) and in the crowns
(Montgomerie 1970). C.
destructans was often found in rotted taproot
tissues in this material.

of young plants

Botrytis cinerea was also found to be pre-

Table 1. Different injuries in strawberry plants % of samples examined.

"Condition of plant

Colour of leaves

Condition of roots Degree of rot in taproot

: = G < P >
Y L =3 o @ 2
ear v B 2 o Ls 5 2 % v 5, g £% 3
§ £ 2 § E: & 03 3 g & 8 g ¥ %
B @ A AR O @ m > O A m @WE &
1979 13 54 31 3 5 78 22 4 11 65 23 11 66 24
1980 10 47 41 3 3 58 37 3 14 64 22 63 40
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Table 2. Occurrence of pathogenic fungi in straw-
berry roots percentages of samples examined.

Fungi %

in roots examined
Year
Fungi 1978 1979 1980

No. of samples examined
128 178 180

Armillaria mellea (Vahl)

Karst. 4,7 7,3 7,8
Botrytis cinerea Pers.

ex Fr. 28,1 20,2 30,0
Coniothyrium fuckelii :

Sacc. 3,1 10,1 10,6
C. fragariae Oudem. . 1,6 4,5 0,6
Cylindrocarpon spp. 10,9 12,9 11,1
C. destructans (Zinssm.)

Scholten : 26,6 23,6 13,3
Diplocarpon earliana B

(Ell. & Ev.) 5,8 0 2,2
Fusarium spp. 23,4 274 144

F. avenaceum (Corda

ex Fr.) Sacc.

F. culmorum (W. G. Smith)

Sacce. 0
F. equiseti (Corda) Sacc. -0,8
F. graminearum Schwabe 0
F. oxysporum Schlecht. 2,3
F. oxysporum var redolens

(Wr.) Gordon 0 0,6 0,6
F.poae (Peck) Wollenw. ’

in Lewis 0 0 0,
F. sambucinum Fuckel 4.7 2,8 6
Gnomonia fragariae .

Klebahn . 3,9 0,6 2,2
Hainesia lythri (Desm.)

Hoéhn. 16
Phoma spp. 3
Rhizoctonia solani Kiihn 9
Verticillium spp. 2

valent (26 %) in the underground parts of
strawberries. Hainesia lythri was present in
rotted taproots alone or with other pathogens.
The fungus is mentioned as root-rot pathogen
by Strong and Strong (1931). H. lythri was
also found in dead flower stalks. It formed
profuse, light brown sporodochia on root
pieces on filter paper and agar plates.
Rhizoctonia solani was rather common in
1978 and 1980. The fungus is mentioned as
a root pathogen on strawberry (Montgomerie
1970). It has also been found in Finnish

strawberry roots (Ylimdki 1970), as have
Phoma species, which were also present in
this study. Unidentified Phoma species were
found mostly in 1980.

Armillaria mellea, the honey fungus, was
found each year in rotted or nearly rotted
taproots. Such roots were soft, easily broken,
light to dark brown, and with cavities filled
with white mycelia in rotted tissue (Fig. 3 F).
The strawberry plants with Armillaria root
rot showed wilting and were often a reddish
colour. The fungus was not common in plan-
tations, but was found sporadically. A. mellea
is also mentioned as a root and crown
pathogen on strawberry by Wilhelm (1961).
The fungus formed mycelia on root pieces
and sometimes also rhizomorphs on agar
plates (Fig. 3 G).

The Coniothyrium species C. fuckelii and
C. fragariae are mentioned as pathogens on
strawberry crowns (Jarvis &nd Hargreaves
1972). C. fuckelii was rather common in 1979
and 1980 in this study. C. fragarice was rare
and present only in rotted or nearly rotted
taproots. B

Gnomonia fragarice was found sporadically
in this material. The fungus was present ia
old, often weak plants showing a reddish
colour in the older leaves. It formed peri-
thecia on taproot pieces from plants demon-
strating root rot and crown necrosis (Fig. 3 A,
E). In autumn the fungus was found on petio-
les, causing black lesions and forming numer-
ous black, globose perithecia with long necks
(Fig. 3B, C). The fungus can cause lesions
and necrosis on leaves and petioles and can
attack unripened fruits (Bolton 1954). G.
fragarie is considered an important pathogen
on strawberry fruits in central Europe
(Seemdiiller 1969).

Verticillium spp. were rare in the material.
Diplocarpon earliana causes leaf scorch on
strawberry leaves, and was found sporulat-
ing on taproot surfaces, too.

-
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Fig. 3. A-E: Gnomonia fragarice. A, E: causing root rot in strawberry taproots. B:
necrosis on petioles. C, D: perithecium and ascus. F-G: Armillaric mellea. F: root rot with white
mycelia in rotted tissue. G: rhizomorphs on PDA-plate. Material: A, C, D: EH, Vanaja 10.10. 1980,

B, E, F: V, Vahto. B, E: 10.10.1980. F: 22.9.1980. G: St, Kokemiki 10.10.1979. C: X 100, D: X 500,
G: X 1.

lesions and
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SELOSTUS

Mansikan juurilaho

PAIVI PARIKKA

Maatalouden tutkimuskeskus

Mansikan juurilahon aiheuttajien selvittamiseksi
kerattiin vuosina 1978—1980 486 naytettd mansik-
kaviljelmiltd, etupddssi Pohjois-Savosta ja Var-
sinais-Suomesta. Tutkittavaksi valittiin yleensd
heikkokuntoisia kasveja vanhemmista kasvustois-
ta. Kasvien juurakoista tarkastettiin vioitukset
sekd maiaritettiin sienisté kosteakammio- ja agar-
kasvatuksista.

Juurilahoa aiheuttavista sienistd yleisimpid oli-
vat Fusarium-lajit, joita 10ytyi 62 %q:ssa naytteis-
ti. Maaritetyistd kahdeksasta lajista yleisin oli

F. avenaceum. Cylindrocarpon-lajeja, péddasiassa
C. destructansia oli 32 :ssa ndytteistd. Myds
Botrytis cinerea oli yleinen ja sitd esiintyi 26
9%:ssa juurakoista. Rhizoctonia solani, Hainesia
lythri ja Coniothyrium fuckelii olivat hieman
harvinaisempia. Juurakoiden nopeana lahottajana
oli patkoin mesisieni Armillaria mellea. Gnomonia
jragarice aiheutti mansikan juurakoissa lahoa ja
lehtiruodeissa laikkuja. Sientd 16ytyi eri puolilta
Suomea.
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VARIATION FOR SPECIFIC VIRULENCE IN THE FINNISH
BREMIA LACTUCAE POPULATION

KIRSTI OSARA and IAN R. CRUTE

Osara, K. & Crute, I. R. 1981. Variation for specific virulence in the
Finnish Bremia lactucae population. Ann. Agric. Fenn. 20: 198—209.
(Agric. Res. Centre, Inst. Pl. Path.,, SF-01300 Vantaa 30, Finland).

Lettuce downy mildew (Bremia lactucae Regel) was found in Finland
in the province of Uusimaa between 1972 and 1976 at 13 farms in 5
communes. The disease occurred on protected lettuce crops during
September and October and in field crops during September. From
eleven collections of the fungus, six different virulence phenotypes
were recorded (SF1—6). Details of five of these phenotypes have not
previously been reported. Virulence factors vl to 11 were located in
the Finnish pathogen population at varying frequencies. The most
complex phenotypes (SF3 and SF6) carried 8 and 10 v-factors respec-
tively while SF5 carried only two v-factors. Factor v2 was universally
present in all isolates which probably reflects the common commercial
usage of cultivars carrying R2. In contrast to other areas of Europe,
vl was not universally present in isolates. Complete resistance to all
isolates could be contributed by R1l together with either R4, 6 or 10.

The specific resistance of 126 lettuce cultivars to the six distinct
pathogen phenotypes was tested and there were a few anomalous reac-
tions which could not be accommodated solely by the R-factor com-
binations previously postulated for certain cultivars. It is.suggested
that this is due to the occurrence of R1, previously undetected in these
cultivars.

There was a significant difference between cultivars in the field
susceptibility of adult plants grown in a Polythene greenhouse following
inoculation by the multivirulent isolate SF6.

Index words: Bremia lactucae, downy mildew, lettuce, Lactuca sativa,
physiologic races, resistance factor, virulence phenotype, cultivars, adult
plant resistance, seedling resistance, disease distribution.

INTRODUCTION

Lettuce downy mildew (Bremia lactucae were considerable. The purpose of this study
Regel) was first found in Finland in 1970. was to obtain information about the distri-
Damage leading to complete crop loss became bution of the disease in Finland, to examine
common and the economic losses to growers the variation for specific virulence in the

198



region and to locate those cultivars most
likely to prove resistant.

Breeding for resistance to downy mildew
has been an objective of lettuce breeders for
more than 50 years. However, concentration
on the utilisation of race specific major genes
has resulted in only transient control of the
disease. "A gene-for-gene type of relationship
exists between the host and pathogen with
eleven resistance factors (R-factors) in lettuce
cultivars matched by eleven comparable
virulence factors (v-factors) in pathogen
isolates (Crute and Johnson 1976, Johnson

et al. 1977, 1978). To provide information
on those cultivars most likely to prove re-
sistant in a locality it is necessary to deter-
mine the frequency of occurrences of partic-
ular virulence factor combinations in the
pathogen population (Dixon and Wright 1978,
Wellving and Crute 1978, Lebeda 1981).
There is little information of the relative
field response to infection of commercial cul-

‘tivars once they are attacked by B. lactucae.

A further objective of this study was to in-
vestigate the variation between cultivars in
this respect.

MATERIAL AND METHODS

Information about the distribution and viru-
lence characteristics of B. lactucae in Finland
was collected between 1972 and 1976 by in-
vestigating 65 lettuce samples obtained from
39 growers.

Most of the samples were from the prov-
inces of Uusimaa (39 samples), Kymenlaak-
so (11 samples) and Varsinais-Suomi (6 samp-
les). .
B. lactucae was isolated from infected
samples between 1974 and 1976 and the
isolates were tested between 1975 and 1980.
The fungus was isolated by washing spores
from diseased leaves using distilled water.
Leaf discs or seedlings of the same cultivar
from which the isolate was taken or cv. Hilde
were inoculated with the resulting spore
suspension.

Isolates could be stored deep-frozen at
—20°C for 6 months and would remain
viable. Single spore cultures were produced
by inoculating leaf discs of the cultivar from
which the isolate was taken with one spore
transferred on a piece of agar. Initially, tests
were made using a set of ten differential
cultivars (Hilde, Blondine, Noran, Ancora,
Brioso, Portato, Kordaat, Solito, Calmar,
Hilde x Lactuca serriola). Ten leaf discs,

1,7 cm diameter from each cultivar were in-
oculated using a small pipette (Tjallingii and
Rodenburg 1969). The test was repeated
using suspensions made from every sus-
ceptible cultivar separately to obtain infor-
mation about the stability of the race and
homogenity of the isolate.

A larger set of cultivars was used to ensure
that the presence or absence of virulence to
all R-factors 1—11 was determined (Table 1).
For these tests, and for tests in which more
than 100 cultivars were inoculated with six

distinct pathogen virulence phenotypes seed-

lings at the cotyledon stage were used. The
seedlings were grown for 7 days in seed trays
in peat covered with sterilised sand first at
a temperature of -+20°C and after germina-
tion at a temperature of +17°C with a 16 h
photoperiod and a light intensity of 4000 lx.
Three replicates of 10 cotyledon pairs’' per
cultivar were placed on their abaxial surface
in 9 em glass Petri dishes on two filterpapers

‘moistened with distilled water.

The spore suspension was prepared by
shaking infected seedlings or leaf discs in
distilled water and washing three times by
centrifugation (Dickinson and Crute 1974).
There were 1,5 X 103 spores/ml. The sus-
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pension, 1 ml/Petri dish, was sprayed on to
seedlings through the nozzle of a seed treater
(Vanhanen 1977) at a pressure of 49 kPa.
The Petri dishes were placed in a seed tray
and covered with a transparent 0,5 em thick
plastic plate. The leaf discs and seedlings
were incubated at a temperature of +15 +
3°C under warm fluorescent tubes at a light
intensity of 3000 1x with a 16 h photoperiod.
Records were made 7, 10 and 14 days after
inoculation.
complete resistant (recorded —) when no
sporulation occurred, completely susceptible
(recorded +) when sporulation was profuse
on most seedlings, or incompletely resistant
(recorded (—) (Crute and Norwood 1978) when
sporulation was sparse. At the same time
intervals records were made of the per-
centage of leaf area (60 cotyledons/cv.)
covered with sporophores (Dixon and Doodson
1971).
~1In 1977 the severity of infection of 26
cultivars by isolate SF6 was studied under

Cultivars were categorised as.

field conditions. Cultivars were sown on 27. 7.
in Paperpot Vh 505 1/2 in sterile peat and
planted on either 9. 8. or 10. 8. in a Polythene
house in peat at a spacing of 20 em X 20 cm.
Plots were arranged in randomised blocks
and between every 5 cultivars there was a
row of cv. Hilde. In every plot there were
10 plants with one plant of Hilde on both
ends of the row. At the 3—4 adult leaf
stage the plants were inoculated on 22.8. at
19.00 hours when the temperature was + 19°C
using an AZO-propan sprayer. There were
8,5 X 10* spores/ml in the inoculum which
was applied at a rate of 2,5 ml/plant. During
incubation the minimum night temperature
was +2 — +6°C and the maximum day tem-
perature -+ 19— + 35°C. Half of the experi-
ment was assessed 15 days after inoculation
and the remainder after 19 days using the
adult plant key categories: 0 (healthy), 5, 10,
25, 50, 75, 100°0 of the leaf area affected
(Dixon and Doodson 1971).

RESULTS

Disease occurrence and distribution

These
were situated in the province of Uusimaa in

‘B. lactucae was found on 13 farms.

5 communes: Espoo (5 farms), Kirkkonummi
(4 farms), Nummi (2 farms) Helsinki (1 farm)
and Pohja (1 farm) (Fig. 1). 25 Ilettuce
samples were affected by B. lactucae (38,5 %%
of the total number of samples received).
These came from the following communes:
Espoo (16 samples) Kirkkonummi (5 samples),
Nummi (2 samples), Helsinki (one sample)
and Pohja (one sample).

The fungus was detected in most years and
on several cultivars at the same farm. A
total of nine cultivars was affected. In
greenhouses during September and October
these were: Amanda, Attraction, Larganda,
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Noran, Ostinata, Plenox and Solito and
outdoors during September the disease was
found on Great Lakes and Market Favorite.

The virulence phenotypes SF1—6 were
distributed as follows: in Espoo SF1 on cv.
Larganda, Ostinata and Solito, SF3 on cv.
Solito and SF5 on cv. Noran, in Helsinki SF4
on cv. Market Favorite, in Kirkkonummi SF1
on cv. Ostinata and SF2, SF4 and SF6 on cv.
Noran, in Nummi SF6 on cv. Noran and in
Pohja SF1 on cv. Great Lakes.

Virulence phenotypes and the identifi-
cation of Rl in lettuce cultivars

From eleven collections of B. lactucae six
different virulence phenotypes (SF1—86) were
recorded (Table 1 and 2). Only S¥1 has been



Table 1. Reactions of differential lettuce cultivars to Bremia lactucae isolates SF1—&.
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Anomalous reactions not consistent with previously postulated R-factor complement of cultivars

b See text for explanation

+ = Susceptible

— = Resistant

(—) = Incomplete resistance with sparse sporulation
previously reported in published work

(Wellving and Crute 1978,
Crute 1980).
ferent virulence phenotypes were separated
(SF1 and SF3).

Table 1 gives the results of tests on twenty-
six differential cultivars which cover the
range of postulated R-factor combinations
available in cultivated lettuce types. The
majority. of reactions were entirely in ac-
cordance with the predictions of the gene-
for-gene model postulated by Crute and
Johnson (1976) or its modifications (Johnson
et al. 1977, 1978, Norwood and Crute 1980).

There were, however, a few anomalous
results which indicated the need to modify

Norwood and
From one collection two dif-

the postulated R-factor
certain differential cultivars by suggesting
the presence of R1 which had been undetect-
ed previously.

The cultivar Blondine, which carries re-
sistance factor Rl only, was resistant to
isolates SF4 and SF5 but susceptible to SF1,
SF2, SF3 and SF6. Both SF4 and SF5 car-
ried v2 and v4 recognised by virulence on cv.
Noran (R2 + 4) and other cultivars with the
same R-factors (Table 4). Nevertheless, some
cultivars which would be expected to prove

complements of

-susceptible to either or both of SF4 and SF5

were shown to be resistant ie. Cristallo
(thought to be R2 only), Ancora (thought to
be R2 + 4), Portato (thought to be R2 + 7),

201



w200 g 220 230 2 28 260 71 EAE T T Y

TILASTON POHJAKARTTA 1.1.9981
BASKARTAN FOR STATISTIK  1.1.1981

g

g
S U:«—’Aﬂ

6
101
a

Fig. 1. The distribution of Bremia lactucae in
Finland 1972—76. 1. Espoo, 2. Helsinki, 3. Kirk-
konummi, 4. Nummi, 5. Pohja.

Bremex (thought to be R4 + 7) and Ardente
(thought to be R4 -+ 6 + 7). Postulating the
presence of Rl in each of these cultivars and
others reacting like them, would explain the
Cvs. Bremex
Ardente may carry Rl and not R4 but this
is not proved (see reaction to SF1). It is
still possible, in addition, that any cultivar
carrying R3 could also be carrying undetected
R1 since there are no isolates available which

apparent anomalies. and

carry v3 but which are avirulent on cv.
Blondine (i.e. without v1). Alternatively, if
factor R1 is not present in the above cultivars,
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Table 2. Postulated virulence phenotypes of
Bremia lactucae isolates SF1-6.

Race Virulence phenotype No. of
nomern- times re-
clature corded *
SF1 1 2 3 X 55X 7 8X 10X 5
SF2 1 2 X 44X 6 7TX X XX 1
SF3 1 2 3X 5X 7 8 9 X11 1
SF4 X 2X 4 5 6 7 8 910 X 2
SF5 X 2X 4X X X X X X X 1
SF6 1 2 3 45 6 7 8 910 X 2
Total 12

* The presence or absence of v5, v6, v9, v10 was
tested for only one isolate of each race.

then some new and previously undetected
R-factor must be implicated.

Table 2 gives the postulated virulence
phenotypes SF1—6 and the number of times
each was recorded. SF6 is the same pheno-
type as the isolates 74/T (also referred to as
Tv) (Crute and Davis 1976), S4 (Wellving and
Crute 1978) and N; (Lebeda 1980). SF5 is
an isolate carrying only two virulence factors
and is the most simple isolate to have been
reported. .

The virulence phenotype of SF1 differs
from that previously published by Wellving
and Crute (1978), due to the re-interpretation
of results related to the presence or absence
of R4 in some genotypes as explained by
Norwood and Crute (1980), and also to an
error in those publications with respect to
the presence of vl, v9 and v1l. '

v — factor frequencies

The number of isolates studied (12) is too
few to draw firm conclusions about the sig-
nificance of the observed v-factor frequencies
(Table 3).
tions of interest.

However, there are some observa-
The universal presence of
v2 in the isolates sampled contrasts with the
situation reported for nearby Sweden (Well-



Table 3. Observed frequencies of v-factors 1 to
11 in the Finnish Bremia lactucae population. Cal-
culated from a sample of 12 isolates.

v-factors Frequency

. 0,75
1,00
0,67
0,50
0,83
0,42
0,92
0,83
0,50
0,75
0,08

HOWOO T U WK
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ving and Crute 1978) where this v-factor
was infrequently encountered. In Czechoslo-
vakia v2 was also reported to be universally
present in the pathogen population (Lebeda
1979, 1981).

With the exception of v11, most other v-
factors occurred at a relatively high fre-
quency in the pathogen population. In com-
mon with other areas of Europe, cultivars
carrying R11 would prove to be resistant
When the observed
and expected frequencies of virulence factor

more often than others.

combinations were compared following the
methods of phenotype analysis (Wolfe et al.
1976) it became apparent that v-factors 5, 8
and 10 were more frequently combined than
would be expected from their individual
observed frequencies. This phenomenon has
been commonly encountered in surveys of
B. lactucae populations elsewhere (Wellving
and Crute 1978, Dixon and Wright 1978, Crute
and Dixon 1978, Lebeda 1981).
survey no isolates came from cultivars car-
rying R5, 8 and 10 and such cultivars are
not grown in Finland, it suggests that there

Since in this

are advantages to the pathogen in assembling
these v-factor combinations additional to the
specific virulence .function.

Seedling reactions of cultivars to SF1-6

Table 4 shows the reaction of all the lettuce
cultivars tested to isolates SF1—6. Cultivars
have been grouped according “to their
postulated R-gene complements from this
study and others. It can be seen that SF1—6
do not discriminate between cultivars with
R3, R3+7 R2+3+7 and R3+7+5
which all give the same reaction array with
these isolates. It is therefore not possible to
determine from these reactions, the R-gene
complement of several numbered lines listed
at the end of Table 4. ’

There is some evidence from this data that
SF2 may invoke an incomplete resistance
reaction in cultivars resistant by virtue of
R3. This is unusual since R3 normally condi-
tions a complete response associated with
very restricted microscopic fungal develop-
ment.

The reaction pattern of cv. America is not
explicable in terms of R1—I11 and requires
further examination. The only other anoma-
lous reaction in thée set of data in Table 4
concerns cv. Sabine (and possibly cv. Tires
which may also carry R6) and SF1. Usually
cv. Sabine gives ‘an incomplete resistance
response to those isolates lacking v6 such as
SF1 characterised by sparse and retarded
sporulation (see Table 1). In Table 5, Sabine
is clearly reacting as fully susceptible. It is
possible that there may be variation between
seed batches which were different for the two
sets of tests.

Adult plant reaction of cultivars to SF6

All cultivars susceptible to SF6 (v1—10) were
attacked in the Polythene house. There were
some differences in different parts of the
house, but nevertheless there was a signifi-
cant difference between -cultivars in the

degree of infection (Table 5).
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Table 4. Seedling reaction of lettuce cultivars to Bremia lactucae isolates SF1—&6.

SF5

0
!
X}
NE
<)
'S

t1vars tested with single spore isolates: SF1, 1—

Number Cultivar Postulated R-factor SF1 SF2 SF6
Hilde 0 =+ + + + + -+
52 Amerikans Ploksallat WW 0 he + + -+ + —+
4 Aurelia C1 0 + + + 4+ + +
6 Bellona BS 0 + + + + + +
54 Bergina VDB 0 + + + + + +
106 Duna SP . 0 +  + 4+ + o+ o+
108 Grinlek (F 003) Sv 0 + + + o+ 4+ o+
59 Helga NZ 0 + + + o+ + +
61 Helresta BS 0 + + + + + +
62 Hjerter Es Enkona P 68 0 + + + + + +
63 - Irma DP 0 ~ + + +- + + +
65 Lavina BS 0 + - 4+ + + -+ +
66 Magna VDB 0 + + + 4 + +
68 " Marco DP 0 -+ + + + + +
69 Market Favorite WW 0 =+ + + + 4 +
71 Massa DP 0 + o+ 4+ + + o+
72 Mathilde OE 0 + -+ + + + +
73 Maturda VDB 0 + + + + + +
75 Olof NZ 0 + + 4 + -+ -+
31 Plenos OE 0 + + + + + +
76 Prado RS 0 + + + -+ + +
79 Resistent RS 0 + + + + + +
82 ~ Rigoletto RS 0 + + + + + +
85 Sanno DP 0 + + + + + +
86 Saskia RZ 0 -+ + + o+ + +
87 Silvester Nz 0 + + + + + -+
88 Steran VDB 0 + + + + + + -
89 Suzan SG 0 -+ + .+ + + +
91 Vigar 'DP 0 + + .+ + + o+
92 Viresta BS 0 + + + + + +
93 Virilde (843—71) NZ 0 + + +. + + +
94 Viruzan (Ilo) SG 0 + + + + + +
95 Zommerdiamant BS 0 + 4 + + + +
99 No 650 OE 0 + + + + + +
Blondine 1 + + + — _ 4
102 Dandie NSDO 3 + - + = — +
28 Ostinata VDB 3 + — + —_ — -+
84 Sabine EZ 6 + + —) + - +
104 Tires (F 006) Sv 6 ? + + - + = +
38 Tornado BS 10 + — — + —  +
) Hilde X L. serriola 11 —_ — + — —
51 Ameku SG 11 — - + — — —
56 Capitan SG 11 — — + = - —
7 Bremex. SG 1+7 + + + —  +
Noran 244 — + — 4+ + +
3 Arosa-Let (10087) DP 244 — + — + 4+ +
11 Deci-Minor-RZ 2+4 — + — + + +
12 Deciso RZ 2+4 _ + — + + +
17 Knap SG 2+4 —) + — + + +
19 Lucia Cl 2+4 — + — + + <
67 Maikonig WW 2+4 — + — + + +
22 Miranda DP 2+4 —_ + — + + +
1 Plus (Amanda Pl) DP 2+4 — -+ — + + +
37 Selma BS 2+4 . + . + + +
42 Wintosa VDB 2+4 — + — + + +
43 495/74 S BS 2+4 — + — 4 + +
44 No 117 DP 2+4 —_ + _ + -+ +
45 No 1600 DP 2+4 — + — + + +
14 Etam CI 2+4 NT NT + + NT
+, susceptible; —, resistant; (—), incomplete resistance with sparse sporulation; NT not tested. Cul-

110; SF2, 1—110; SF3, 51—110; SF4, 51—110.

Postulated R-factor

Number Cultivar SF1 SF2 SF3 SF4 SF5 SFé
50 ‘Larganda RZ 2+17 + -+ —+ + — +
21 Mandela (544) DP 2+7 + + + + — -+
33 Ravel (50) RZ 2+7 + + o+ o+ -+
35- Rossini (3482) RZ 2+7 + + + + _ +
7 Type 50 OE 2+17 -+ + + + — 4+
20 Mandaat (A342) SG 2+11 —_— — + — — —
30 Parmanta (A308) SG 2+11 J— — + — -

Kordaat 3+4 — — — —  +

16 Kloek SG 3+4 — — — — -  +
18 Kwiek SG 3+4 - - - - — x
Solito 3+7 + ) + —_ —_— +

107 Bizet (2598) RZ L 3+7 + — + = - +
8 Brevier SG 3+7 + —_ + — —_ +
55 Brezan (Cal) SG 3+7 + ) + — — +

.9 Cynthia (27) EZ 3+7 + — + — — +
15 Helia (71) EZ 3+17 + _— -+ — — +
64 Kares RZ 347 + -+ —_ - +
70 Mariska (Bora) SG 347 + = + - = o+
23 Mistra (1596) OE 3+7 + = + - = +
26 Novaran OE 3+7 + — + — —_ +
32 Plevanos RZ 3+7 + —_ + — —_ +
80 Reskia RZ 347 + = + - - +
81 Respons OE 3417 + = + — -+
103 Avondetiance NSDO 6+8 = - = + — +

Calmar 7+8 + —_ + + — +
53 Appia Cl 7+8 + —_ + + T
24 Mania €l 7+8 + — + + - +

Ancora 1+2+4 —_ + — — — -+
2 Amplus 75 VDB 1+2+4 — + — —_ —_ +
10 Dalida DP 1+2+4 = + = - - +

Portato 1+2+7 + + + — — 4

Brioso 1+2+7 + + + — — +
27 Orlando (173) DP ' 1+2+7 + + + = = o+
34 Renate (70) EZ 1+2+7 + + + —_ - +
41 ‘Winos (3000) DP 1+2+7 + -+ -+ — — +
78 Type 70 OE 1+2+7 ? + + . + —_ — +
13 Edgar RS 24+3+7 + -+ - = +
46 Orba (B67) SG 24347 + - + = = 4+
40 Wenda SG . 2+3+7 + — + — — +
29 Pallas DP 2+347 + + —_ -  +
47 Corelli (9786) RZ - 3+7+8 ? + — + — —  +
58 Diana (965) Tozer 3+7+8 + — + — —_ +
90 Verpia Cl 3+7+8 S+ . + . . 4
25 Nordia (61) EZ 34748 ? + -+ - -+

110 B3P + -+ -
96 No 75117 DP I o S — - 4+
97 No 75136 DP . + O o+ = — o+

5 No 3 OE + -+ -
98 No 59 OE + — 4+ — — +

100 No 1447 OE + .NT + NT _— +
49 No 338 EZ + = + — _ +
48 . No 444 EZ + 9 4+ = — o+
57 Type 27 OE + —) + — — +
83 Type 51 OE - + [ + —_ _ +
74 Type 61 OE + —) + — — +
60 Type 71 OE + —) + — — +
101 Resto (F 005) Sv + _— + —_ — +
36 Salina (63) DP + — + —_— —_ +
39 Vera (Vox) SG B K
109 America SG ? + + — + + +

Source of the varieties: BS, Bruisma Seed; Cl, L. Clause; DP, D. v.d. Ploeg; EZ, De Enkhuizer
Zaadhandel; NSDO, Natxonal Seed Development Organisation; NZ, Nunhems Zaden, OE, J.E. Ohl-
sens Enke; P, C. W Pannevis; RS, Royal Sluis; RZ, Rijk Zwaan; SG Sluis & Groot; SP, Carl Sperl-
ing & Co; Sv, Sveriges Utsadesforenmg, VDB, v.d. Berg, WW, W. Weibull Ab.



Table 5. The severity of infection of seedlings and adult plants by SF6 isolate.

Postulated R-factors

Leaf area affected %

Cultivar
Seedlings Adult plants
Tornado BS 10 44 - 84
Ostinata VDB 3 40 83
Dandie NSDO 3 44 82
Plevanos RZ 3+7 35 79
Nordia (61) EZ 3+7+87? 38 Vil
Renate (70) EZ 1+2+7 40 71
Edgar RS 24347 16 63
Brevier SG 347 30 61
Kloek SG 3+4 39 58
Kwiek SG 3+4 36 58
Ravel (50) RZ 2+17 30 58
Amplus 75 VDB 1+2+4 43 55
Tires Sv 6? 46 53
Avondefiance NSDO 618 36 52
Deci-Minor RZ 2+4 35 52
497/74 S BS 2+4 20 50
75 11 7 DP ? 44 48
Resto Sv ? 35 45
Hilde NZ 0 43
Selma BS 2+4 19 41
Reskia RZ 3+17 48 40
Mania Cl 7+8 30 39
Capitan SG 11 4 4
Ameku SG 11 0 0
Mandaat SG 2+11 0 0
Parmanta SG 2+11 0 0
' F 15,42 *x*
LSD % 12,9

In seedling tests, cv. Capitan only showed
necrotic flecking, but in this experiment some
sparse sporulation was observed.

All R-factors except R5 and R9 were
present in the cultivars inoculated with SF6
and there was not a significant correlation
between the percentage of affected leaf area
and the R-factors present in the cultivar.
However, some cultivars with the same R-
factors had almost the same percentage of
damage, e.g. R3 Ostinata 83 % and Dandie

82 %, R3 + 4 Kloek 58 % and Kwiek 58 %/,
R2 + 4 Deci-Minor 52 %o, 494/74 S 50 % and
Selma 41 %o. : ‘

The correlation between the percentage of
sporophores on
cotyledons 10 days after inoculation and the
percentage leaf area affected in this experi-
ment was highly significant (r = 0,80***) but
when cultivars with R11 and R2 + 11 were
not considered there was no correlation (r =
0,25).

leaf area covered with

DISCUSSION

Lettuce downy mildew was found only in
the province of Uusimaa between 1972 and
1976. In this district the commercial farms
are small and lettuce is grown every year.
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The sale of both home produced and imported
lettuce occurs at the same market and it is
possible that the disease has been spread
from infected imported lettuce.



The results showed that virulence factors
vl to 11 are all represented in the Finnish
B. lactucae population but there were dif-
ferences in their frequency. The fact that
factor v2 was present in every isolate is
probabiy a result of R2 being present in
cultivars, e.g. Amanda, Larganda and Noran,
commonly grown at the time the population
was sampled. By comparison, vl, 4 and 6
were all present at lower frequencies than
have been recorded in some other surveys
(Dixon and Wright 1978, Wellving and Crute
1978, Crute and Dixon 1978).

The resistance factor R1 primarily charac-
terised by the resistance of cv. Blondine is
recorded as effective
In other words, vi, the
virulence factor matching R1 and rendering

rarely against B.

lactucae isolates.

it ineffective is very frequent and widely
distributed throughout the pathogen popula-
tion. In the UK, vl was shown to be present
at \a frequency of 1,00 (i.e. in a survey carried
out between 1976 and 1978 all isolates tested

were pathogenic on cv. Blondine) (Crute and-

Dixon 1978). The best documented isolate
which Blondine is resistant to is NL3 which
has the virulence phenotype v: 5, 6, 7, 8, 10
(Crute and Johnson- 1976, Blok and van der
Schaaf-van Waadenoyen Kernekamp 1977).
At NVRS, a UK isolate (IM 43) which has the
same virulence phenotype has been studied.
Since these two isolates also lack v2, 3 and
4, any cultivar which is resistant to these
isolates by wvirtue of R2, 3 or 4 or any com-
bination of these factors (proved following
experiments with other isolates) may also
carry Rl undetected (see also footnote e,
Table 4 in Crute and Johnson 1976). The

reaction patterns of the isolates of B. lactucae

from Finland suggest that this may have oc-
curred. Since Rl is rarely effective against
B. lactucae in Europe at least, these findings
have little practical relevance. They dem-
onstrate, however, that the presence of R1
previously undetected in certain commercial
lettuce cultivars, may have resulted in selec-
tion for vl and hence explain more readily
its frequent occurrence in the population.
In common with other regions of Europe
where studies have been conducted, factor
v1l was found to be present at the lowest
frequency. The relatively new factor, R11
particularly combined with other R-factors,
R4, 6 or 10, is therefore most likely to pro-
vide protection from the disease in Finland.

Variation for the field susceptibility of
lettuce cultivars was demonstrated when a
range of cultivars was inoculated with the
multivirulent isolate SF6. However, when,
cultivars resistant by virtue of R1l were
eliminated from the analysis there was no
correlation between disease severity on seed-
lings and that on adult;plants. There have
been comparatively few studies on the rela-
tive field susceptibility of lettuce cultivars,
but those reported confirm that variation
exists which could possibly be exploited both
by plant breeders and growers (Dixon et al.
1973, Crute and Norwood 1981).
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SELOSTUS

Salaatin lehtihomeen aiheuttajan Bremia lactucae saastutuskyvyn vaihtelusta

KIRSTI OSARA ja IAN R. CRUTE

Maatalouden tutkimuskeskus ja National Vegetable Research Station

Salaatin lehtihomeen (Bremia lactucae Regel) le-
vinneisyyttd selvitettiin vuosina 1972—1976. Sa-
laattindytteitd saatiin eri puolilta maata, p&d&osan
ollessa Eteld-Suomesta kerattyja. Tautia tavat-
tiin ainoastaan Uudenmaan lddnin alueella 13 vil-
jelmilla. Tutkituista niytteistd oli 38,5 %o taudin-
aiheuttajan saastuttamia. Tautia esiintyi avomaal-
la syyskuussa ja kasvihuoneissa syys-lokakuussa.

Testikasvien avulla méiiritettiin sienieristyksis-
td kuusi virulenssifenotyyppid SF1-6, joista ai-
noastaan SF1 on aikaisemmin selostettu kirjalli-
suudessa.

Virulenssitekijoiden, v1—11 lukumiirat vaih-
telivat eri fenotyypeissd 2—10 tekijadn. Tietyt
tekijat esiintyiviit toisia lukuisammin. Poiketen
aikaisemmin Euroopassa julkaistuista tiedoista,

tekijd vl puuttui osasta isolaatteja, kun taas te-
kiji v2 esiintyi kaikissa isolaateissa.

Tadydellinen taudinkestdvyys.on saavutettavissa
viljelemdlld lajikkeita, joilla resistenssitekijia R11
on yhdessd R4, 6 tai 10 kanssa.

Sirkkalehtiasteella olevilla taimilla maééritettiin
126 salaattilajikkeen taudinkestdvyys erikseen jo-
kaista patogeenista fenotyyppid vastaan. Testauk-
sessa ilmeni, ettd erdit lajikkeet sisdltdvit ennen
oletettujen resistenssitekijéiden ohella myos teki-
jan RI.

Muovihuoneessa kasvatettujen salaattilajikkei-
den kenttikestivyydessd oli merkitsevd ero feno-
tyyppid SF6 vastaan, jossa on virulenssi-tekijét
v1—10.
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-RESEARCH NOTE
THE FIRST REPORT OF LETTUCE MOSAIC VIRUS IN FINLAND

MARJA-LEENA LAHDENFPERA

Lahdenperd, M-L. 1981. The first report of lettuce mosaic virus in Fin-
land. Ann. Agric. Fenn. 20: 210—213. (Agric. Res. Centre, Inst. PL. Path.,

SF-01300 Vantaa 30, Finland).

A virus disease occurring in some lettuce samples sent by growers

in Finland proved to be lettuce mosaic.

The virus was identified on

the basis of the symptoms it induced in various test plants and by
determining its thermal inactivation point and measuring the length
of the virus particles in electron microscope.

Index worc\i: Lettuce mosaic virus.

Samples of diseased lettuce grown under
glass, cultivar unknown, were sent to the
Institute of Plant Pathology in 1980 by a
farmer in Varkaus in eastern Finland. Let-
tuces with somewhat similar symptoms have
been sent earlier, too, but the cause of the
disease has not been diagnosed. The leaves
of the plants were much smaller and thicker
than usual. The veins, especially the mid rib,
were big compared with the size of the leaf
blade, which moreover was curly. The dis-
ease was suspected to be caused by lettuce
mosaic virus (LMV). The mosaic in young
plants is easily recognized, but later the
symptoms become indistinct and highly vari-
able (Grogan 1980). Tests were consequently
performed to find out the real cause of the
disease.
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Virus symptoms in lettuce plants

It was necessary to make some inoculations
to different lettuce cultivars, because the
symptoms of lettuce mosaic vary greatly.
Five cultivars of lettuce were used in infec-
tion tests. They were butterhead lettuces
»America», »Nya Hilde» and »Ostinata», a
crisphead lettuce »Grinlek» and a leaf lettuce
»Salad Bowl».

Sap transmission using phosphate buffer,
pH 7,2, and carborundum powder as an abra-
sive was made from the diseased lettuce
plants to cultivars mentioned above. A pre-
inoculation dark treatment was used to pro-
mote the appearance of the symptoms.

The virus discussed was easily transmitted
by sap. It produced somewhat similar symp-



toms in all lettuce cultivars used in this test.
The sap inoculation usually caused systemic
infection in 6—10 days, but sometimes light
brown small necrotic spots appeared on the
inoculated leaves as a first sign of the infec-
tion. The systemic symptoms consisted main-
ly of deformed leaves with mottling, curling
and sometimes slight vein clearing. The sur-
face of the leaf blades was rough and their
edges turned downwards, so that the appear-
ance resembled that of a spoon. Severely in-
fected plants were dwarfed and slow in
growth (Fig. 1). They failed to »heart», the
leaves remaining small and rosetted. Later
the plants turned yellow. The yield of these
plants will probably remain very small.

Although the symptoms are highly vari-
able, they agree closely with the notes in
literature (cf. Tomlinson 1970). All lettuce
cultivars used in this test were infected. Also,
according to Grogan (1980), nearly all culti-
vars are susceptible to lettuce mosaic. In spite
of this there was a difference in the severity
of the symptoms among the lettuce cultivars
in this experiments. Cv. Grinlek, which is a
cripshead lettuce, appeared to be more tol-
erant than others, for in other lettuce culti-
vars all the 8 test plants were infected while
in cv. Grinlek only one of the 8 plants show-
ed symptoms.

Other host plants and symptoms of LMV

Besides lettuce, 9 plant species were inocu-
lated mechanically. 4 of them showed symp-
toms typical of lettuce mosaic.

Chenopodium amaranticolor Coste et Reyn.
produced small chlorotic local lesions with
necrotic centre in 6—7 days. The systemic
reaction appeared as yellow mottling com-
bined with deformation and twisting of the
upper leaves.

In C. quinoa Willd. the symptoms appeared
as numerous necrotic local lesions 1 mm in

Fig. 1.
growth in lettuce cv. Ostinata infected with LMV
7 weeks after inoculation. Uninoculated control on
the right. Photo R. Ylimaki.

Systemic crinkling, mosaic and stunted

diameter in 6—7 days, and systemic symp-
toms after 2 or 3 weeks showed yellow mottle
and twisted and stunted apical leaves.

Nicotiana tabacum L. Samsun produced
yellow faint lesions and seminecrotic spots in
6 days on the inoculated leaves.

In Pisum sativum L. cv. Kiri systemic yel-
low flecks appeared 2 weeks after the inocu-
lation.

The symptoms described above were simi-
lar to those mentioned in the literature (cf.
Costa and Duffus 1958, Tomlinson 1970, Klin-
kowski 1977).

The virus did not infect the following
plants: Cucumis sativus L. Butcher's OE Spe-
cial, Cucurbita pepo L. cv. Vegetable Marrow,
N. clevelandii Gray, N. glutinosa L. and Pe-
tunia hybride Vilm. cv. Resisto Rosa.

Soil transmission

Some tests were made to discover whether
the virus causing the disease under considera-
tion is soil transmissible.

The soil on which the diseased lettuce
plants were grown was preserved and kept
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dry at room temperature. The soil sample
was later mixed with steamed 5soil to increase

its volume, so that new plants could be trans-

planted there. Small plants of lettuce cv.
Ostinata in 2—4 leaf-stadium were trans-
planted to the soil, in which ev. America was
sown, too, but none of the plants were in-
fected. The results indicated that soil-borne
viruses could not be involved.

Virus identification

The virus was mainly identified on the base
of the transmissibility by sap and according
to the symptoms in different test plants. This
was confirmed by the thermal inactivation
point (TIP). The sap for this test was pressed

from infected lettuce plants. TIP was deter-

mined by heating lots of 2 ml for ten minutes
at various temperatures and testing them for
infectivity on C. quinoa. The test indicated
that the virus was inactivated when the sap
was heated at 55°C, but some infectivity was
retained at 52°C. The result agrees well with
the experiments of Klinkowski (1977) who

mentions that the TIP of LMV is 54—56°C,
while Tomlinson (1970) states that it is 55—
60°C.

Some preparations were made to inspect
the virus particles in electron microscope.
The specimens from the sap pressed from the
experirhentally infected lettuce plants were
prepared with the dip method after Brandes
(1957) or after the method of Lesemann
(1972). The preparations showed flexuous fil-
amentous virus particles about 770 nm in
length, but the virus concentration was un-
fortunately so low that only a few particles
were seen, and the measurements are conse-
quently not very reliable. According to Tom-
linson’s (1970) measurements the length of
LMYV particles is approximately 750 nm.

The virus damaging the lettuces was iden-
tified as lettuce mosaic virus by its trans-
missibility by sap, its symptoms in different
test plants and its thermal inactivation point
and by measuring the length of the particles.
This is the first recorded report of the oc-
currence of the lettuce mosaic virus in Fin-
land.
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SELOSTUS

Salaatin mosaiikkivirus todettu Suomessa

MARJA-LEENA. LABDENFPERA

f

Maatalouden tutkimuskeskus

Kasvitautien tutkimuslaitokselle tutkittaviksi 14-
hetettyjen salaatin taimien kasvu oli hidastunut,
eiviitkd ne olleet kerineet kunnolla, vaan kasvit
muodostivat. tihedn lehtiruusukkeen. Lehtilapa oli
pienikokoinen, voimakkaasti kupruileva ja suonet,
erityisesti keskisuoni, olivat paksuntuneita. Oireet
viittasivat salaatin mosaiikkivirukseen. Téllaisia
salaatin taimia on tavattu meilld aikaisemminkin,
mutta taudinaiheuttaja on jaényt selviftimitta.
Taudinaiheuttajaviruksen toteamiseksi suoritet-
tiin kokeita eri ilmaisinkasveilla. Samoin selvitet-
tiin viruksen siirtymistapa. Virusta ei saatu siir-

tym#Ain maan kautta, mutta sen sijaan se siirtyi
helposti mehussa. Infektiokokeet eri salaattilajik-
keilla osoittivat, etti viruksen aiheuttamat oireet
vaihtelivat suuresti salaatin eri kehitysvaiheissa.

Virus médritettiin salaatin mosaiikkivirukseksi
siirtymistapansa, ilmaisinkasveihin aiheuttamiensa
oireiden, limmonsietorajan sekd elektronimikro-
skopoinnin perusteella.

'. Nyt esitetty tiedonanto on ensimmaéinen ilmoi~
tus salaatin mosaiikkiviruksen esiintymisestd Suo-
messa. :
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‘

VIRUS DISEASES IN CARNATION AND CHRYSANTHEMUM CUTTINGS
IMPORTED INTO FINLAND

KATRI BREMER and MARJA-LEENA. LAHDENPERA

Bremer, K. & Lahdenper#d, M-L. 1981. Virus diseases in carnation and
chrysanthemum cuttings imported into Finland. Ann. Agric. Fenn. 20:
214—228. (Agric. Res. Centre, Inst. Pl. Path. SF-01300 Vantaa 30, Fin-
land).

During 1978—1979 a total of 93 samples of imported carnation cuttings,
mainly from three cultivars, and 203 samples of imported chrysanthe-
mum cuttings of four cultivars were tested by means of test plants,
antisera and electron microscopy. 51,4 % of the carnation cuttings were
infected. The carnation cuttings were most commonly infected by mottle
and vein mottle virus, which occurred in 40,8 %o of the tested carnation
samples in 1979. Etched ring virus was quite common, too. It was found
in 29,5 %0 and 28,6 %o of samples in 1978 and 1979 respectively. Ringspot
virus was detected in one sample only. Besides the samples mentioned
above, 25 samples of farmers’ stocks were tested, too. With one excep-
tion, the same viruses were found as in the imported cuttings. In elec-
tron microscope examinations, flexuous 1150—1 350 nm long particles
like those of carnation necrotic fleck virus were seen. The virus, very
probably necrotic fleck virus, was transmitted by the aphid Myzus
persicae Sulz. from carnations into other Dianthus species and to Silene
armeria L.

There was some difference in the amount of virus infections among
carnation cuttings of different origins. The cuttings produced in Tene-
riffe and in the Federal Republic of Germany were quite healthy, where-
as cuttings from Swedish firms propagated in Portugal were highly
virotic. 18,2% of the imported chrysanthemum cuttings were virus
infected. They were infected mainly by the chrysanthemum B-virus
while a couple of samples were infected by aspermy virus and stunt
viroid. The same viruses occurred in 10 samples taken from farmers’
cultivations.

Index words: Carnation viruses, mottle, vein mottle, etched ring, ring-
spot, necrotic fleck, chrysanthemum viruses, aspermy, virus B, stunt
viroid, Silene armeria, Saponaria vaccaria, Dianthus chinensis, D. del-
toides, D. plumarius L. )

INTRODUCTION

Carnation and chrysanthemum plants are have spread, through the increasing inter-
highly susceptible to viruses. These viruses national trade in cuttings, to every country
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where carnations and chrysanthemums are
grown.

Viruses occurring in countries where cut-
tings are produced are especially important.
Unfortunately, most reports concern the oc-
currence of carnation and chrysanthemum
viruses in Central European countries and
not in Mediterranean countries.

The most common carnation virus is mottle
virus (Kassanis 1955, Brierley and Smith
1957, Zandvoort 1973), which occurs also in
some Mediterranean countries (Poupet et al.
1970). Vein mottle virus has not been com-
mon in northern and western Europe (Ahman
1969, Hollings et al. 1977) but it is common
in Mediterranean countries (Poupet and Ma-
rais 1973).

Etched ring virus has been found in many
European countries (Hollings and Stone 1961,
Kristensen 1964, Hakkaart 1968, Ahman 1969)
and in Mediterranean region in Israel
(Smoockler and Loebenstein 1975).

Ringspot virus occurs nowadays only spo-
radically (Hollings and Stone 1965, Ahman
1969).

Some years ago a new carnation virus, car-
nation necrotic fleck virus, was found in Ja-
pan (Inouye and Mitsuhata 1973). Later it

was detected in Israel (Smookler and Loe-
benstein 1974), in Italy (Rana et al. 1977) and
in the USA (Mayhew 1979). Carnation streak
virus, which occurs in France, is very simi-
lar to necrotic fleck virus (Poupet et al. 1975).

The most common viruses in chrysanthe-
mum are aspermy and B-viruses (Hollings
and Stone 1971, 1972). Chrysanthemum stunt
viroid is spread where ever chrysanthemuims
are grown (Dimock 1947, Diener and Law-
son 1973).

No special attention has been paid earlier
to virus diseases of carnations and chrysan-
themums in Finland, but in recent years car-
nation and chrysanthemum growers in Fin-
land have noticed an increasing incidence of
virus diseases in their stocks in glasshouses.
The carnations and chrysanthemums are not
propagated in Finland, but the cuttings are
imported. There was some difference of opi-
nion between farmers and importers on the
origin of the viruses. In order to find out
which virus diseases occur in carnations and
chrysanthemums, and whether they come
with infected cuttings or infect the plants
later in the glasshouses, carnation and chry-
santhemum cuttings were tested in 1978—
1979.

MATERIAL AND METHODS

Tests were made in glasshouse with screened
openings. In winter the test plants were illu-
_ minated by mercuric vapour lamps. In win-
ter the temperature varied from +18—23°C,
in summer +20—35°C. Samples of imported
cuttings were taken by the officials of the
Plant Quarantine Inspection Service before
the cuttings were handed over to the growers.
A sample consisted of about 10 cuttings from
which all the leaves were used for the sap
inoculation. In total 93 samples were taken,
mainly from the three cultivars Lena, Sca-
nia 3C and White Sim. In all 203 samples

from chrysanthemum cuttings, cvs. Dramatic,
Fandango, Hurricane and White Marble, were
taken for testing. Furthermore, 27 carnation
samples and 10 chrysanthemum samples were
taken from growers’ crops. Then plants with
symptoms indicative of possible virus infec-
tion were chosen for samples.

The virus infection was detected by symp-
toms in indicator plants inoculated by sap,
grafting or vector (aphid, M. persicae), test-
ing by antisera, or electron microscope in-
spection.

The sap transmission was done by sap ex-



tract pressed from fresh or deep-frozen
leaves. Phosphate buffer 0,2 M pH 7,2 was
added to the sap from carnations and 0,5 %
sodium sulfate with the same buffer was
added to the sap from chrysanthemums. Car-
borundum was used as an abrasive.

In sap transmission tests the following
plant species were regularly used for carna-
tions:

Chenopodium quinoa Willd.

Dianthus barbatus L. cv. Diadem

Saponaria vaccaria L. cv. Pink Beauty

Silene armeria L.

The samples were often also tested by using

C. amaranticolor Coste et Reyn.

D. caryophyllus L. cv. Joker

D. chinensis L.

D. deltoides L.

D. plumarius L.

Gomphrena globosa L.

The following plant species were used when

chrysanthemums were tested:

C. amaranticolor

N. clevelandii Gray

N. glutinosa L.

N. tabacum L. Samsun

Petunia hybrida Villm. cv. Resisto Rosa
Some of the chrysanthemum cuttings from

each sample were tested on the chrysanthe-

mum plants cvs. Deep Ridge, Fanfare and

Mistletoe. A test plant top was grafted to a

rooted cutting.

The aphid M. persicae was used as a vector
to isolate and differentiate some ecarnation
viruses. The aphids were starved for 4—12
hours in a cool place before acquisition and
inoculation feedings. Young aphids were used
in groups of 5 or 10 per test plant according
to the size of the plant.

Electron microscope was mainly used to

confirm an infection with unclear symptoms.

Virus preparations were made by dip method
or after glutaraldehyde method of Lesemann
(1972). The last-mentioned method was use-
ful especially for carnation viruses.

The thermal inactivation point was deter-
mined by heating 2 ml lots of undiluted fresh
sap from infected plants for 10 minutes at
different temperatures.

Fresh sap from carnation, C. quinoa, S. vac-
caria, S. armeria inoculated by carnation vi-
ruses was tested against various antisera in
agar gel double diffusion tests (Ouchterlony
test, cf. Kado and Agrawal 1972). In the case
of chrysanthemum viruses, sap from N. cle-
velandii, P. hybrida, or chrysanthemums was
used. As contirols the antisera were tested
against sap from healthy plants.

In tests with carnations, use was made of
antisera to carnation mottle, vein mottle, la-
tent and ringspot viruses and in a lesser ex-
tend, also of antiserum to necrotic fleck virus.
For chrysanthemums use was made of anti-
sera to the B-virus and the aspermy virus.

RESULTS

I Carnation viruses

Four'viruses occurred in samples from im-
ported cuttings and five in samples from far-
mers’ stocks. The symptoms in test plants
and some other properties of these viruses
are described here. Special attention was
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paid to the symptoms in S. wvaccaria and
S. armeria.
Carnation mottle virus, CaMV

The host range and symptoms of CaMV are
reported by several authors (Kassanis 1955,



Brierley and Smith 1957, Hollings and Stone
1964, Ahman 1969). CaMV has been found
earlier in Finland (Bremer 1978). In our tests
it infected C. amaranticolor, D. barbatus, and
G. globosa and showed symptoms similar to
those reported by above mentioned authors.

C. quinoa was the most suitable test plant
for CaMV. CaMV and CaVMYV occurred near-
ly always together, which greatly affected
the symptoms. When only CaMV infected
C. quinoa, local spots appeared in 4—9 days,
in summer more slowly than in winter. Yel-
low spots, 2—3 mm in diameter, turned red
after a week. When spots were abundant, the
whole leaf withered. Systemic symptoms,
consisting of " yellow spots, distortation and
stunting of the leaves and dwarfing of the
whole plant, appeared 12-—-14 days after in-
oculation.

S. vaccaria showed local vein chlorosis and
mottle, sometimes yellow spots in 7—10 days.
10—14 days after the infection systemic
chlorotic flecks, distortation and curling of
the leaves and dwarfing of the plants began
to appear.

S. armeria showed systemic mottling and
curling of leaves.

Serological test

In agar gel double diffusion tests -the mottle
virus in crude sap of C. quinoa or D. barba-

tus reacted positively-with homologous anti--

serum.

Carnation vein mottle virus, CaVMV

Symptoms in test plants

CaVMYV induced in C. amaranticolor small'

chlorotic and necrotic local spots, about 1 mm
in diameter, whieh might later have red cen-
ters. No systemic symptoms appeared. In-

fected C. quinoa plants were sometimes
symptomless. Sometimes they showed chlo-
rotic local spots in 7—10 days. Spots tended
to appear along the veins. Systemic symp-
toms, consisting of distortion and curling of
the leaves, appeared in 2—4 weeks (Fig. 4).
The above symptoms were very strong when
the C. quinoa plants were infected with both
CaMV and CaVMV.

S. vaccaria showed local symptoms as when
infected by CaMV, but much stronger. About
two weeks after inoculation the plants devel-
oped systemic vein chlorosis, deformation of
the leaves and dwarfinglof the plants. The
flower clusters curled into tight bundles and
the flower stalks bent strongly downwards.
Corollas were dwarfed and deformed. The
number of the petals was more than in nor-
mal flowers. The petals were also grouped
asymmetrically in flowers. Colour breaking
and narrowing of the petals occurred often,
too (Fig. 5).

The symptoms described above are similar
to those described by other workers (Kassa-
nis 1955, Hakkaart 1964, Hollings et al. 1977).

Serological test

The identification of CaVMV was confirmed
in agar gel double diffusion tests using sap
from infected C. gquinoa and S. wvaccaria.
CaVMYV reacted strongly positively with the

antiserum.

Electron microscopy

In the dip preparations made from leaves of
S. vaccaria and C. quinoa a few lorig flexu-
ous particlés were seen under the electron
microscope. Few particles could be measured,'
their length varying from 680—740 nm, but
reliable measurements could not be obtained
because of the small number of particles.
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Carnation etched ring virus, CERV
Symptoms in test plants

To detect CERV we mainly used S. armeria
and S. vaccaria, the last one being very suit-
able.

S. vaccaria

Plants infected at an early stage developed
a very marked disease and usually died. The
symptoms varied greatly according to the
season. A very typical symptom was devel-
opment of local and systemie, light brown,
necrotic, irregular lesions with sharp borders.
Only a fewl lesions per plant appeared. Ne-
. crotic lesions appeared in the leaf blade in
9—33 days. Lesions tended to locate near the
main vein in the basal part of the leaf. From
here the leaf began to wither. Later the whole
leaf, sometimes even the whole plant, with-
ered, especially in mixed infections. Besides
necrotic lesions, grey or reddish concentric
rings or yellow spots might develop in the
inoculated leaves. At least a month after the
inoculation, shortening of the internodes fol-
lowed by dwarfing of the plants was ob-
served.

S. armeria

After sap inoculation only a few plants be-
came infected, and they showed faint symp-
toms. If the plants were infected with both
mottle and etched ring viruses, the symp-
toms were clear and strong.

S. armeria was suitable as a test plant only
in its vegetative phase, in winter time. Then
CERV induced systemic symptoms consisting
of bright white stripes and rings (Fig. 1). The
breaking stripes often appeared on the mid-
rib and veins, building a netlike figure. La~
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ter the dwarfed plants abundantly formed
sideshoots and branches and became bushy.
Thermal inactivation point

When the sap of infected S. armeria plants
was heated at 80°C (for 10 minutes) a little

_infectivity was retained, but when heated at

85°C the infectivity was nil. S. armeria and
S. vaccaria were used as test plants in these
tests.

Aphid transmission

It was possible to transmit CERV from in-
fected S. armeria plants to healthy S. arme-
ria plants in a non-persistent manner.

With regard to symptoms, thermal inacti-
vation point and transmissibility through
M. persicae aphid, CERV described above is
similar to those isolated by other workers (cf.
Hollings and Stone 1961, Kristensen 1963,
Hakkaart 1968, Ahman 1969, Paludan 1970).

Carnation ringspot virus, CRSV
Symptoms in test plants

G. globosa

Small, light necrotic rings and lesions ap-
peared in the inoculated leaves 3—4 days af-
ter the inoculation. Large irregular systemic
lesions followed by mottling, reddening and
deformation of the leaves appeared in a week.

N. clevelandii

Dark grey, necrotic local spots 1,5 mm in dia-
meter appeared in 3 days in the inoculated
leaves, which died within 10 days after the
inoculation. Systemic symptoms were very
strong. New leaves were dwarfed, chlorotic



Fig. 1. Systemic symptoms of carnation viruses
on the leaves of S. armeria: on the right the
symptoms of etched ring virus and in the middle
the symptoms of mottle virus. The leaf on the
left is healthy.

Fig. 3. On the right a carnation leaf, from which
the necrotic fleck virus was isolated.

Fig. 2. Local symptoms of carnation ringspot
virus on the leaves of S. vaccaria. Two leaves on
the right are healthy.

Fig. 4. Systemic yellowish mottling, buckling and
distortion caused by carnation vein mottle virus
in C. quinoa. Unioculated control on the left.

Fig. 5. On the right a flower of S. vaccaria in-
fected with both carnation vein mottle and mottle
viruses showing dwarfed and narrow petals.

219



and crinkled. The whole plant dwarfed and
many infected plants died inside three weeks.

S. vaccaria cv. Pink Beauty

Greyish ring spot appeared in inoculated
leaves in three days (Fig. 2). Systemic symp-
toms appeared a week after the inoculation,
consisting of mottling, vein chlorosis, necrosis
and deformation of the leaves and dwarfing
of the plants.

S. armeria

Local greyish white rings and stripes along
the veins appeared 3—4 days after the inocu-
lation. Systemic symptoms, white small spots
and streaks appeared after a week.

Thermal inactivation point

When the sap from infected N. clevelandii
plants was heated to + 82°C only a few
N. clevelandii or C. amaranticolor plants be-
came infected. When heated to + 85°C no
plants became infected.

Serological test

In an agar gel double diffusion test CRSV in
crude sap of C. quinoa reacted positively with
the antiserum for ringspot virus.

The CRSV described here seems to be sim-
ilar to that described in the literature (cf.
Kassanis 1955, Brierley and Smith 1957, Hak-
kaart 1964, Hollings and Stone 1965, 1970).

Carnation necrotic fleck virus, CNFV

CNFV, which is difficult to transmit with
sap and which infects only Dianthus and
relative species (Inouye and Mitsuhata 1973)
could not be detected in the routine tests,
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because of those properties. But in electron
microscope examinations long flexuous par-
ticles like those of CNFV (cf. Inouye and
Mitsuhata 1973) were found abundantly
(Fig. 6). Particles were found in glutaralde-
hyde preparations made from samples taken
from farmers’ cultivations, from cvs. Calypso,
Pallas and an unknown cv. The length of the
particles varied from 650 to 1500 nm, being
on average 1183 nm. In total 298 particles
were measured, 265 of which had a length
of 1150—1 350 nm (Fig. 7), the width being
13—15 nm.

Those carnation plants
electron miscroscope, showed many different

inspected under

symptoms, such as chlorotic flecks, mottling
and streaking on the leaves (Fig. 3). Accord-
ing to tests with test plants and with differ-
ent antisera these carnation plants were in-
fected with CaVM, CaVMV and CERV, too.
CaMV and CERYV viruses have spherical par-
ticles (Kassanis 1955, Lawson et al. 1977) but
CaVMV has long flexuous particles. Accord-
ing to Weintraub and Ragetli (1970) their
length varied from 675 to 850 nm in purified
sap and the longest particles in thin section
were about 750 nm. The number of CaVMV
particles was small.

The abundance of the longer particles in
the present examinations suggests that CNFV
was also infecting carnations. Workers have
got somewhat different results from the mea-
surement of CNFV particles. According to
Inouye and Mitsuhata (1973) particles were
1400—1 500 nm X 12—13 nm, according to
Smookler and Loebenstein (1974) about 1 250
nm X 13 nm, and according to Mayhew (1979)
1160 nm X 12 nm. Our measurements agree
with those made by Mayhew (1979) and
Smookler and Loebenstein (1974).

Aphid and sap transmissions to isolate the
virus were done from carnation plants in
which virus particles were detected.

To avoid infecting the test plants with the
non-persistent CaVMV virus which often oc-



Fig. 6. Particles of carnation necrotic fleck virus.
Preparate is made with glutaraldehyde, stained
with PTA. Scale bar = 300 nm.

curred in the same plants, and which is also
transmitted by M. persicae, the following
method was used. Half an hour after acquisi-
tion feeding, the same aphids were trans-
ferred every two hours to new test plants
(S. armeria and D. barbatus). A further trans-
mission from those S. armeria plants showing
symptoms was made by aphids to D. barba-
tus, D. chinensis, D. deltoides, D. plumarius,
S. armeria and S. waccaria. These plants
showed symptoms which are described below.
Sap transmission from plants infected with
aphids was done to the test plants of same
species, but did not succeed well. Most plants
did not show any symptoms. The presence of
the virus in plants inoculated by aphids or
by sap was confirmed by electron microscope
inspections.

Symptoms in test plants

D. barbatus

In 2—3 weeks after the aphid transmission,
vein chlorosis and necrosis appeared in young

11
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Fig. 7. A diagram of the length of the CNFV
particles found in electron microscope preparations
made from three various cultivars of carnation.

leaves, forming netlike figures. Leaves often
reddened and their tips withered. Later the
symptoms developed only in the parts of the
leaf near the tip. When plants of D. barbatus
were inoculated with sap, local pale necrotic
spots appeared in a few of the inoculated
plants in 10 days.

S. vaccaria

Faint lesions appeared in a week and during
the next week developed into necrotic lesions.
Systemic symptoms consisting of mottling of
the youngest leaves and flowers was observed
in plants which were infected also with vein
mottle virus.

S. armeria

White flecks and streaks, very similar to
those caused by etched ring virus, appeared
on the leaves in 6—8 weeks after the aphid
inoculation. The flecks tended to follow the
veins. Sometimes dark purple flecks or red-
dening of the leaf boarders occurred.

D. deltoides

3—4 weeks after the inoculation through
M. persicae aphids, white spots and crinkling
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of petals appeared in the flowers. The leaves
were very narrow and curled, and whole
plants dwarfed.

D. chinensis

Three weeks after the inoculation through
aphids, systemic pale spots appeared on the
leaves. Later the centres of the spots turned
reddish, and yellow mottling and flecking
appeared on the crinkled leaves. White spots
and flecks appeared in petals in flowers.

D. plumarius

The leaves had pale flecks, and plants were
strongly dwarfed. White flecks appeared in
petals.

Serological test

To confirm the virus identification some se-
rological tests were done. An antiserum for
CNFV was used in double diffusion test
against sap from carnations and S. armeria
and S. vaccaria. The results were not reli-
ably clear, though a faint precipitation line
appeared in a few cases.

II Virus diseases of chrysanthemum

Samples of chrysanthemum cuttings were
much healthier than those of carnation. Only
two virus diseases and a viroid disease oc-
curred in chrysanthemum cuttings and in
samples taken from farmers’ stocks.

Chrysanthemum virus B, CVB

This virus was isolated from chrysanthemums
by sap inoculation to Petunia hybrida. Three
cultivars, viz. Cream Star, Himmelréschen
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and Resisto Rosa, were used as test plant.
Later only »Resisto Rosa» was used, because
only it showed the symptoms of CVB clearly.

Round, yellow spots with distinct boarder
lines appeared in 2—4 weeks in the inocu-
lated leaves. At first the spots were small,
1—2 mm in diameter, but they grew, being
later 0,5 cm in diameter. These spots ap-
peared only in the inoculated, fully developed
leaves. No systemic symptoms were observed
in P. hybrida in the present tests, though ac-
cording to Hollings (1957) CVB might be la-
tent in the young leaves. The season was of
importance to the development of the symp-
toms. In March—June the local spots ap-
peared in P. hybrida in 10—15 days but in
October—January only 24—29 days after the
inoculation.

N. clevelandii was a reliable indicator for
CVB. Systemic symptoms, consisting of vein
clearing and mottling of the leaves appeared
2,5—3 weeks after the inoculation.

N. glutinosa

Few chlorotic local lesions appeared in 2—3
weeks. Systemic symptoms developed very
seldom.

Thermal inactivation point

When the sap from infected N. clevelandii
or P. hybrida plants was heated for ten mi-
nutes some infectivity was retained at 70°C
but none at higher temperatures. N. cleve-
landii and P. hybrida were used as test plants,
too. This thermal inactivation point agrees
with that determined by Hollings and Stone
(1972). They report it to be 70—75°C for the
sap from chrysanthemums and for 75—80°C
for the sap from P. hybrida.



Fig. 8.

Particles of chrysanthemum virus B. A
dip preparate, stained with PTA. Scale bar =
200 nm.

Serological test

An antiserum against CVB was used in agar
gel double diffusion tests against sap from
infected P. hybrida, but usually no precipi-
tation lines were formed, even when the pre-
sence of the virus in P. hybrida was detected
by the reaction of test plant and electron
microscope examination.

Electron microscopy

Examination of dip preparations revealed
similar, rather straight rods in all prepara-
tions from sap of infected P. hybrida, N. cle-
velandii and chrysanthemum, cv. Mistletoe
(Fig. 8). The mean length of 100 particles
from N.
width 12—13 nm. This agrees well with the
results of other workers. After the first mea-
surement made by Noordam (1952) the size
of particles was 600 X 30 nm, but according
to Hollings and Stone (1967) the length of the
particles was 700 nm in dip preparations. Af-
ter Stone et al. (1970) the size of the par-
ticles was 685 X 12 nm in purified extracts.

clevelandii was 706 nm and the

Chrysanthemum stunt viroid, CSV

The only used test plant for CSV was C. mo-
rifolium, cv. Mistletoe. First systemic symp-
toms, pale yellow spots and crinkling of the
leaves appeared about three weeks after
grafting. In 7—9 weeks faint vein chlorosis,
yellowing of the leaves and yellow flecks of
irregular shape and about 3—6 mm in dia-
meter appeared. Later leaves and whole
plants stunted.

Chrysanthemum aspermy virus, CAV

Two CAV isolates were obtained from chry-
santhemum cuttings. They caused principally
similar symptoms, but the one caused severe
symptoms and the other one mild ones in
test plants. The isolates were detected by
their symptoms in P. hybrida.

P. hybrida cv. Resisto Rosa. CAV induced
local symptoms, round yellow flecks and yel-
low vein banding about 10 days after the
inoculation. After 15—20 days systemic symp-
toms occurred consisting of dark green and
yellow green mosaic, colour breaking and
deformation of the flowers, crinkling and
narrowing of the leaves. The narrowing of
the leaves was often so intense that about a
third of the tip part of the leaf consisted
merely of the midrib.

Besides P. hybrida our CAV isolates caused
typical CAV symptoms in C. amaranticolor,
N. tabacum Samsun and White Burley, N.
glutinosa, N. clevelandii, Cucumis sativus L.
These
symptoms were similar to those described by
other authors (cf. Blencowe and Caldwell
1946, 1949, Hollings and Stone 1971).

The thermal inactivation point was deter-
mined by heating sap of infected N. tabacum
Samsun using N. glutinosa and N. clevelandii
as test plants. Sap of the isolate with strong
symptoms infected a few plants when heated

and Lycopersicum esculentum Mill.
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at 65°C but none at 70°C. Sap of the isolate
with mild symptoms had some infectivity
when heated at 60°C but lost it at 65°C.

Occurrence of the virus diseases in carnation
and chrysanthemum cuttings

Results from virus tests on carnation cuttings
are summarized in Table 1. About half the
cuttings were infected on arrival in Finland
though the cuttings did not show any symp-
toms. CaMV and CaVMYV, which usually oc-
curred together, were the most common vi-
ruses in cuttings. In 1978, when no serological
testing with CaVMV was done, there was no
reliable record on the occurrence of CaVMV
virus. CaMV symptoms in C. quinoa often co-
vered the symptoms of CaVMV. CERV oc-
curred abundantly, too.

There was a difference in health among
cuttings from different origin. Cuttings pro-
pagated in Teneriffa or in the Federal Re-
public of Germany were very healthy, where-
as Swedish cuttings propagated in Portugal
were heavily virus infected. So were the
French cuttings. Diseased cuttings had mixed
infections of CaMV, CaVMV and CERV. Cut-
tings from Holland were free of CaMV and
CaVMV but were very often infected with
CERV.

In addition to the samples from imported
cuttings, 27 carnation samples collected from

Table 1. Virus diseases in carnation samples of
imported cuttings on average 1978—1979.

the number infected CaMV CaVMV  CERV CRSV

o
the samples % %o % % %

93 51,4 39,7 40,81 29,1 1,1

1 only from the year 1979

farmers’ cultivations were virus tested. They
were all infected with CaMV and nearly all
with CaVMV and CERV. In the carnation
samples from farmers, a virus which was
very probably CNFV was found too. It was
not possible to find out how common it was
in imported cuttings, because our test meth-
ods were not suitable for detection of CNFV.
But the abundant occurrence of virus par-
ticles in several carnation samples from three
cvs. suggests that CNFV might be quite com-
mon in cuttings.

18,29 of the imported chrysanthemum
cuttings were virus infected. They were in-
fected mainly by chrysanthemum virus B and
a couple of samples by aspermy virus and
stunt viroid.

Besides samples from cuttings, 10 samples
were also taken from farmers’ stocks. Be-
sides CVB, CSV and CAV each occurred in
one sample.

DISCUSSION

CaMV seems to be the most common virus
in carnations. Its infection is difficult to avoid
because of the high infectivity and stability
of this virus.

CaVMV occurred very abundantly, too.
Hollings et al. wrote in 1977, that »the carna-
tion vein mottle virus was then not a danger
to carnation crops in Britain, but sending
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carnation plants to overwinter outdoors in
involves risks of more
This seems

warmer countries
rapid spread by M. persicae.»
to have happened. The abundant occurrence
of CaVMV in cuttings produced in South-
Europe, especially in Portugal, is very pro-
bably due to infection with aphids in outdoor

propagation fields. Myzus persicae is an



efficient vector (Hollings et al. 1977) and it
occurs on carnations in Portugal (Ilharco
1973). It is not known, how effective other
aphids which occur on carnations in South-
Europe, are as vectors of viruses. It is not
difficult to free carnation plants
CaVMV with heat therapy and meristem
culture (Brierley 1964, Stone 1968, Hollings
et al. 1977) but it seems to be difficult to
prevent the reinfection through aphids.
CERYV is not easy to detect serologically
because of its low concentration in plants,
and the test plants used earlier have not
given reliable results (cf. Hollings and Stone
1969). Nowadays S. vaccaria seems to be a
rather good indicator. CERV is difficult to
eliminate from carnations with heat therapy
(cf. Brierley 1964, Hollings 1967, Hakkaart
and Jordanova 1968, Paludan 1970). CERV
is transmitted by M. persicae, too. These
two properties are probably the reason why
this virus was quite common in the cuttings.

from

Ringspot virus was detected in one sample
only. The virus is easily eliminated with
heat therapy and meristem culture (cf. Kas-
sanis 1955, Hollings and Stone 1965, 1970),
and it has been eradicated from Dutch stocks
(Ten Hoyten et al. 1968).

Carnation latent virus, which should be
detectable in C. quinoa or by serological test
or electron microscope, was not found in the
cuttings nor in the samples taken from
farmers’ stocks, allthough all the above test
methods were used.

A virus similar to necrotic fleck virus oc-
curred abundantly in all inspected plants of
three cultivars in a farmers cultivations.
There were no aphids in these glasshouses.

These three cultivars originated in cuttings
of mother plants grown in Portugal, so this
virus too has very probably come with
cuttings.

The imported
were quite healthy. Only occasional infec-
tions of CVB, CAV and CSV occurred.
Besides CSV, another viroid, chrysanthemum
chlorotic mottle, infects
This viroid, which causes symptoms in »Deep
Ridge» chrysanthemums (Romaine and Horst
1975), was not found in the present tests.
Most of the chrysanthemum -cuttings in

chrysanthemum cuttings

chrysanthemums.

1978—1979 originated from certificated
material. This might explain why the
chrysanthemum cuttings were markedly
virus-free compared with the carnation
cuttings.
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SELOSTUS

Virustaudit maahantuoduissa neilikan ja krysanteemin pistokkaissa

KATRI BREMER ja MARJA-LEENA LAHDENPERA

Maatalouden tutkimuskeskus

Viljelijoiden ja pistokkaiden maahantuojien valil-
14 on ollut erimielisyyttéi neilikka- ja krysantee-
miviljelyksilld esiintyneiden virustautien alkupe-
ristd. Tadmin vuoksi testattiin vuosien 1978—
1979 aikana yhteistoiminnassa Kasvintarkastustoi-
miston kanssa maahan tuotujen neilikan ja kry-
santeemin pistokkaiden virustautisuutta. Lisiksi
tarkastettiin viljelijéiden kasvihuoneista otetut 27
neilikka- ja 10 krysanteeminfytettd. Testaukset
suoritettiin pifasiallisesti ilmaisinkasvien "avulla,

mutta seerumitestauksia ja elektronimikrosko-

-pointia kiytettiin myds apuna.

Maahantuontieristd otetuista neilikanpistokkais-
ta oli 51,4 %0 viroottisia, viljelijoiltd otetut niyt-
teet olivat kaikki viroottisia. Krysanteemin pis-
tokkaat olivat sangen terveitd, 203 naytteestd
18,2 %0 oli viroottisia. Viljelij6iltd otetuista 10
néytteestd 7 oli viroottisia.

* Neilikan virukset esiintyivit useimmiten seka-
infektioina. Ylei§imméit virukset olivat laikkivi-

227



Tus ja suonildikkdvirus, jotka v. 1979 infektoivat
yhdessd 40,8 %o niytteistad. Liikkiviruksen infek-
toimia niytteitd oli edelliseni vuonna 38,6 % kai-
kista niytteista.

Neilikan valkokirjovirus osoittautui yllattdvin
yleiseksi v. 1978 29,5 % ja v. 1979 28,6 % niyte-
eristd todettiin tidmé&n viruksen saastuttamiksi.
Valkokirjoa tavattiin nimenomaan sellaisissa niyt-
teissd, joissa ei esiintynyt laikk&- eikd suonildik-
kdvirusta. Neilikan rengaslaikkuvirusta tavattiin
vain yhdestd niytteestd. Neilikan nekroosilaikku-
viruksen kaltaisia virushiukkasia loydettiin elek-
tronimikroskoopin avulla muutamista viljelijoilta
otetuista néytteistd. Tam&A virus ei siirry hel-

posti mehussa, eikd sen vuoksi voinut tulla’ esille:

ilmaisinkasvitesteissd. On varsin todennikoistd,
ettd tdméakin virus on tullut pistokkaiden muka-
na. Pelk3stddn kirvojen avulla leviten se ei olisi
ehtinyt tulla viljelykselld niin yleiseksi kuin se
oli. Neilikan nekroosilaikkuviruksen on vasta
dskettdin todettu esiintyvdn Euroopassa (Rana

ym. 1977) ja sen vuoksi sen torjuntaankaan ei ole

kiinnitetty vield huomiota. )
Neilikan pistokkaiden alkuperddn n#dhden oli

eroja viroottisuudessa. Teneriffalla ja Linsi-Sak-

sassa tuotetut pistokkaat osoittautuivat erittdin

terveiksi, kun sen sijaan ruotsalaiset pistokkaat,
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jotka oli lisdtty Portugalissa, olivat hyvin viroot-
tisia. My0s ranskalaiset pistokkaat olivat virus-
tautisia. Monissa erissd ilmeni ldikki-, suonildik-
kéa-~ ja valkokirjoviruksen sekainfektio. Laikk&-
virus levidd helposti suuren tarttuvuutensa ja ul-
koisten olosuhteiden kestokykynsd takia. Suoni-
laikkéd- ja valkokirjovirus levidvit helposti kir-
vojen avulla emokasveihin pistokkaita avomaal-
la tuotettaessa. Suonildikk&dvirus ei ole ollut
yleinen aikaisemmin, jolloin pistokkaita lisdt-
tiin kasvihuoneissa (vrt. Hollings ym. 1977). Hol-
lannista tuoduissa pistokkaissa esiintyi valkokir-
joa. Valkokirjovirus on vaikea poistaa neilikois-
ta lampokaésittelylldkédén, joten se pysynee helpos-
ti neilikan emokasveissa.

Krysanteemin pistokkaissa esiintyy pé##dasialli-
sesti B-virusta, jonka aiheuttama tauti on yleensé
lievd. Parissa niéytteessd todettiin martovirusta
ja viroidin aiheuttamaa kiédpidkasvutautia. Aivan
samat taudit esiintyivdt myds viljelijoiltd saaduis-
sa niytteissd. Er#ddlla viljelykselld k#dpickasvu-
tauti esiintyi sangen runsaana.

Krysanteemin pistokkaiden véh#inen virustau-
tisuus johtunee siitd, ettd vuosina 1978—79 pis-
tokkaita tuotettiin p#iasiallisesti maista, joissa
tervetaimituotannon ansiosta kéytettiin puhtaita
emokasveja.
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