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Seria PHYTOPATHOLOGIA N. 56 — Sarja KASVITAUDIT n:o 56

OCCURENCE OF THE BROME GRASS MOSAIC AND AGROPYRON

MOSAIC VIRUSES IN FINLAND IN 1971—1973

KATRI BREMER

BREMER, K. 1973. Occurence of the brome grass mosaic and Agropyron
mosaic viruses in Finland in 1971—1973. Ann. Agric. Fenn. 13:1—4,

Observations wete made in fields and leaf samples were taken from diseased-
looking cereals and grasses for testing under glass in order to determine the
occurence of sap-transmissible viruses in cereals and grasses in South Finland.
Mosaic symptoms were observed in wheat (Triticum aestivum L), barley (Hor-
denm vulgare 1.) and, more seldom, oats (Avena sativa L) and rye (Secale cereale
L.) in several fields. Couch grass (Agropyron repens (L.) Beauv.) plants all over
southern Finland showed slight symptoms of mosaic. '

Viruses were isolated by sap transmission from 32 samples out of 136 tested.
Viruses were determined on the basis of the symptoms they caused in cereal
and grass test plants and on the basis of their thermal inactivation points.
Agropyron mosaic virus, (AMV) was isolated from A. repens and from spring
wheat. Brome grass mosaic virus (BMV) was isolated from spring and winter
wheat, barley, oats and rye as well as from the following grasses: A. repens,
common bent (Agrostis tenuis Sibth.), and timothy (Phlenm pratense 1.) BMV
occurs naturally in cereals and grasses in many field in southern Finland and
there is every likehood that it will spread and survive the winter with the help
of its perennial hosts. BMV seems, therefore, to be a disease of importance
in ceteals and grasses in Finland.

Introduction Methods

Several virus diseases found in cereals and
transmitted by insects occur in Finland. How-
ever, very little attention has been paid to sap-
transmissible viruses and until recently the
only known sap-transmissible virus disease of
cereals in Finland was the Agropyron mosaic
virus, (AMV) (BREMER 1964). In 1971 the
brome grass mosaic virus, (BMV) was isolated
from batley and later from oth:r cereals and
grasses (BREMER 1973). During the summers
1971—1973 seven field surveys were made
to determine the occurence of sap-transmissible
cereal virus diseases in South Finland.

The survey covered fields in southern Fin-
land only in the area between Turku and
Virolahti, going from west to east, and in
the north up to the line Turku—Heinola—
Luumiki. Spring and winter wheat, batley,
oats and rye fields as well as some timothy
leys were visited. Wild gramineous plants
bordering the fields wete also observed.

Leaf samples were taken from diseased-
looking plants in the fields. The samples were
kept in plastic bags in a deep-freeze for testing
in the greenhouse.

Sap pressed from the frozen leaves and



mixed with carborundum was used to inoc-
ulate 5—7 spring wheat, cv. Timantti, barley,
cv. Ingrid, and oats, cv. Sisu, plants. In ad-
dition rye samples were tested on rye, cv.
Ensi, and timothy samples on timothy. If
symptoms appeatred on any test plant further
transmissions were made from that plant.
Then, in addition to the wheat, barley and
oats, maize (Zea mays L.), cv. U.S. 13, and
some grass species were used as test plants.
Since many sap-transmissible cereal viruses
cause very similar mosaic symptoms in cereal
hosts, it was necessaty to determine the ther-
mal inactivation points of the virus isolates.
Thermal inactivation points were deter-
mined by heating the pressed sap in a water
bath for ten minutes at different temperatures.

Results

Field surveys wete made over the period
20th May to 18th August to see at what time
the symptoms were most easily recognizable.
A few sutveys were thus made too early or
too late.

Faint mosaic symptoms were observed in
wheat and barley in quite a number of fields
but seldom in oats and rye. Mosaic symptoms
were in most cases caused by BMV. Symp-
toms of BMV were not usually easily recog-
nizable in the field plants. Especially in late
summet, infected plants did not show any
clear mosaic symptoms: the leaves were mote
ot less indefinite yellow colour and the stalks
were sometimes shortened. Plants attacked
by BMV often resembled greatly those suf-
fering from unsuitable soil or poor nitrition
conditions.

Throughout the observation area, A. repens
plants frequently showed mosaic symptoms
but samples wete taken from only a few fields.
Though in .A. repens the mosaic symtoms
caused by BMV are more intensive than those
caused by AMYV, it is not possible to distin-
guish AMV from BMV by symptoms and
consequently it is not known which of the
vituses is most common in this plant.
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Mosaic symptoms caused by AMV or BMV
were most easily recognizable before cereals
began to head; in the years 1972—1973 this
was in the latter part of June. The indistinct-
ness of the symtoms and their tendency to
fade rapidly led to many samples taken during
late July or August giving negative results in
tests.

Altogether 136 samples were tested in the
greenhouse and viruses were isolated from
32 samples (Table 1). When the virus isolates
were determined they were found to belong
to two vitus species only, viz. Agropyron
mosaic virus, AMV and the brome grass
mosaic virus, BMV. AMV and BMV ate
easily distinguishable from each other. AMV
does not infect oats, which are easily infected
by BMV. BMV has a much higher termal in-
activation point than AMV.

AMYV was isolated from 9 A. repens samples
and from 2 spring wheat samples. The thermal
inactication points of all AMV-isolates were
in the range 48°C to 52°C. There was not
much variation in the symptoms caused by
AMYV isolates in wheat. In all cases moderate
or faint mosaic symptoms were visible in
spring wheat. BMV was isolated from one
winter wheat sample, 3 spring wheat, 5 batley,
2 oats, 2 rye samples and from the following
grass samples, from 3 A. repens, 2 tenus,
and from 2 P. pratense samples, altogether 20
samples (Table 1).

There was mote vatiation in BMV isolates
both as regards thermal inactivation and se-
vetity and quality of the symptoms. The
thermal inactivation points of the BMV -iso-
lates ranged from -+70°C to 80°C. The mosaic
symptoms which the BMV isolates caused in
wheat, batley, oats and rye varied according
to the isolate from severe yellow mosaic to
light green, faint mosaic. All isolates except
one caused local necrotic spots in maize leaves,
but all caused systemic mosaic in maize.

Most vitus isolates came from samples
taken from the fields at the University Farm
in Helsinki or from the area south-west of
Helsinki, because it was from this area that



Table 1. Occurence of AMYV and BMYV in leaf samples taken from fields in 1971 —1973.

Samples tested No. of samples from which viruses were isolated, virus sp. and parish where

the virus sample was taken.

Year 1971:
5 spring wheat samples —
15 barley samples 2 BMV?), Vantaa, Nurmijirvi
2 oats samples — '
5 Agropyron repens samples . 3 AMV?), Virolahti, Miehikkild, Helsinki
Year 1972:
19 spring wheat samples 1 BMV, Asikkala, 1 AMV Bromarf
5 winter wheat samples 1 BMV, Inkoo
27 batley samples 2 BMYV, Tenhola, Perni6
5 oats samples 1 BMYV, Helsinki (University Farm)
10 Phleum pratense samples 1 BMV, Helsinki (University Farm)

8 A. repens samples .1 BMYV,

2 Poa annna samples

1 tye samples 1 BMV,

Year 1973:

14 spting wheat samples 2 BMYV,
6 batley samples ’ 2 BMYV,
2 oats samples 1 BMV,
2 rye samples 1 BMV,
1 Dactylis glomerata samples —

3 _A. repens samples 2 BMV,
1 Phlenm pratense samples 1 BMV,

3 Agrostis tennis samples 2 BMV,

1) BMV = brome grass mosaic virus
%) AMV = Agropyron mosaic virus

most of the samples were taken. In this
district the surveys were also made at the
time at which the symptoms were most easily
discerned.

Discussion

It is difficult to estimate the importance of
BMYV disease in Finland. It is a disease which
might easily be ovetlooked in the fields ot
mistaken for a disorder caused by unfavour-
able soil or climatic conditions.

BMYV is spread in Finland by sap and prob-
ably also by soil (BREMER 1973). BMV iso-
lated in Germany is transmitted by three nema-
tode species (SCHMIDT et al. 1963). Though
there is no known BMV vector in Finland,
it seems to have a good change of spreading,
covering and surviving the winter in the
fields through its perennial hosts, ie. tye,
A. repens, A. tenuis, and P.. pratense. A. repens

Helsinki, 5 AMV, Bromarf, Helsinki (University Farm),
Helsinki, Koski, Nastola '

Helsinki (University Farrﬁ) ‘

Inkoo, Kirkkonummi, 1 AMV Inkoo
Heinola mlk. Kokemiki

Helsinki (Univetsity Farm)

Helsinki (University Farm)

Inkoo, Mintsild, 1 AMYV, Petnid
Suomusjirvi
Helsinki, Univessity Farm

is one of the most common weeds found in
fields and P. pratense is the most common
grass cultivated in leys in Finland. Thus,
BMYV is no doubt of some importance as a
disease of cereals and grasses in Finland.
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SELOSTUS

Bromus-mosaiikkiviruksen ja Agropyron mosaiikkiviruksen esiintyminen Suomessa
vuosina 1971—1973

KATRI BREMER

Helsingin yliopisto, Kasvipatologian laitos, Helsinki 71%)

Vilja- ja heinikasvien virustautien esiintyrisen sel--

vittimiseksi tehtiin havaintoja viljapelloilla ja nurmilla
sekd kerittiin lehtindytteitd viljoista ja heinistd viroo-
sien madrittimistd varten. Lievisti mosaiikkisia vehni-
ja ohrakasveja tavattiin useilla Eteli-Suomen pelloilla.
Mosaiikkisia kaura- ja ohrayksiloiti nihtiin sen sijaan
vain hyvin harvoin. Mosaiikkisia juolavehnid tavattiin
miltei kaikkialla Eteld-Suomessa.

Kasvihuoneessa testattiin 136 pelloilta kerittya
vilja- ja heinindytettd. Virukset miiritettiin niiden
erilaisissa testikasveissa aiheuttamien oireiden ja nii-
den limménsietorajojen perusteella. 32 niytteestd eris-
tettiin mehusiirrostuksella viruksia. Osa niytteistd oli
otettu liian aikaisessa ja osa lilan my&hiisessi vaihees-
sa, jolloin virustautien oireet olivat hyvin eriselvit.
Agropyron -mosaiikkivirus (AMYV) eristettiin 9 juola-

1) Nykyinen osoite: Maatalouden tutkimuskeskus, Kasvi-
tautien tutkimuslaitos, 01300 Tikkurila.

vehnindytteestd ja 2 kevitvehnindytteestd. Bromus-
mosaiikki (BMV) eristettiin yhdestd syysvehni-, 3 ke-
vitvehni-, 6 ohra-, 2 kaura- ja 2 ruisniytteestd sekd
myds seuraavista heindiniytteisti: 3 juolavehni-, 2
nurmirdlli- ja 2 timoteindytteestd.

Bromus-mosaiikin oireet olivat vain lyhyen ajan
helposti havaittavissa pelloilla kasvavissa viljoissa.
Sen vuoksi Bromus-mosaiikki jd4 usein huomaamatta
tai sen tartuttamia kasveja pidetidn epidsuotuisten
kasvuolojen vioittamina oireiden episelvyyden vuoksi.
Bromus-mosaiikki ei kuitenkaan liene vailla merkitys-
ti viljojen ja heinien tautina, silli sitd esiintyi monilla
Eteli-Suomen pelloilla sekd viljoissa ettd heinissi.
Monivuotisten isintikasviensa (ruis, juolavehnd, nur-
mirdlli, timotei) avulla Bromus-mosaiikki voi levitd
ja siilyd kasvukaudesta toiseen.
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THE OCCURENCE OF FUSARIUM SPECIES IN CEREAL GRAIN IN FINLAND

Junant Uoti and AARRE YLIMAKI

Uortl, J. & YLIMAKI, A. 1974. The occurence of Fusarium species in cereal
grain in Finland. Ann. Agric. Fenn. 13: 5—17.

The frequency of occurence of different Fusarium species in a total number
of 1586 seed samples from cereal grain produced in Finland during the years
1966 —68 and 1972 was studied. A total of 17 species of Frusarium was isolated
and identified. In general, the fusarial infection in seeds harvested in 1972
showed higher concentrations than the grain from the years 1966—68. Ex-
ceptional weather conditions in 1972 were believed to be the primaty reason
for this. The most frequently isolated species were F. avenacenm (Ftr.) Sacc.,
F. culmorum (W.G.Sm.) Sacc., F. poae (Pk.) Wr. and F. tricinctum (Cda) Sacc.,
which were found in more than 40 9, of the seed samples from 1972. Spring
wheat was generally more eontaminated with diffetent species of Fusarium
than other cereals. Variety was only of minor importance to fusarial infection.

Nearly half the cultivated area, or 1.23
million hectares, are grown for cereals in Fin-
land (ANON. 1972). Practically all the grain is
harvested with combines. The weather is
often rainy and damp during the harvest
season, and grain is usually so moist that it
must be dried immediately to ensure the
quality of the yield.

Moisture is an important prerequisite for
the development of microfungi, which are
generally seed borne in cereals (Hype 1950,
HEWETT 1967). Mouldy grain resulting from
fungus growth on and in the seed is known
to cause poisoning in people and farm animals
(CHRISTENSEN and KAUFMANN 1969, JOFFE
1971). Moulds also cause seed weakness,
degrading the germination power of the seed
(MALoNE and MuUsSkerT 1964, NEERGARD
1965, de TEMPE 1968, CHRISTENSEN"1969).

The mictoflora of cereal grains has been
studied in many countries. In Canada, where
the climate actually does not differ much from
that of Finland, GorpoN (1952) reported that
the Fusarium fungi is the most destructive
species in cereal seeds. In Finland, too, studies
made by Rainio (1932), JAMALAINEN (1943 a,
1943 b, 1944) and YLIMAKI (1969, 1970) show
this fungus genus to be the most harmful.

Exceptional weather conditions, high tem-
peratures and abundant rains during the grow-
ing season resulted in severe fungal infection
of cereals in Finland in 1972. According to
MAKELA (1973), Fusarium species occurred
quite conspicuously in spring cereals during
the summer. During the harvest, fusatial head
blight and seed contamination was very notice-
able (Uotr 1972). The purpose of this study
was to find out which Fausariam species are
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common in cereal seed, and how frequently
they occur. The study also tries to give some
indication of the significance of cereal species
and variety, as contributory factors, on Fzx-
sarium infection in seeds.

Material and methods

The number of seed samples examined in
this study totals 1586. The sample material
was divided into three different experiments,
each of which was carried out separately, but
sequentially, using basically the same methods
in isolation and examination of the fungi.
The different origin of the three sample groups
makes it necessary to treat them separately.
The oldest material was harvested from the
field trials at the Institute of Plant Husbandry,
Tikkurila during the years 1966—68. The
second lot of seed samples consisted of ma-
terial sent to the Institute of Plant Pathology
by farmers and grain dealers for analysis for
fungal contamination during 1972. Seed
samples teceived from variety trials carried
out on spring cereals at four experiment sites
in southern Finland within the Agricultural
Research Centre in 1972 form the third group
of the material The number and origin of
the seed samples are shown in Table 1.

Most of the samples in the two latter groups
were harvested by combine and dried soon
afterwords in hot air graindryers. Some of
the samples in the second group, however,
were dried in cool air dryers. After drying,
the seed samples were sent to the Institute of
Plant Pathology, where they were later ex-
amined. The samples in the first group were
taken directly from the field after harvesting,

without drying. Samples were kept in paper
bags until examined. Generally the samples
were studied immediately, but occasionally
the 1972 samples had to wait 2—4 weeks
because the samples arrived simultaneously.

The seeds were examined using the blotter
test (de TEMPE 1963). Seeds selected at random
were placed in a large Petri dish on wet filter
paper, 25 seeds per dish. The distance between
each seed was at least 2 cm. The material in
the first group was surface sterilized with
0.3 9%, oksikinolinesulfatealcohol. This pro-
cedure was later abandoned since when grow-
ing on plain filter paper, the fast growing
saprophytes did not seem to inhibit other
fungi. On the other hand, sutface sterilization
may matkedly reduce the abundance of fungal
organisms present in seeds. The seeds were
then kept three weeks in darkness, at a
constant temperature of +420—22°C.

After the incubation period, the germination
rate of the seeds was counted first. Next the
sprouts were cut, to facilitate microscopic
examination. Stereomicroscope may be suffi-
cient to determine the species of many fungi
in a preliminary examination, but Fausarium
species usually need another inspection with
a coumpound microscope. Fot this slides were
made using distilled water in which a drop of
safranine was added. For more precise species
determinations, hyphal tips were cut and
grown on oatmeal agar to observe speed of
growth, colour, and other colony characterist-
ics. For measurement and photography of the
spores, slides were made, as above, from
these pure cultures.

The classification of Fusarium genus origin-
ally established by WoOLLENWEBER and REIN-

Table 1. The number and origin of the seed samples in thtee sample groups of the matetial.

Year of Spring Winter
" Group Origin harvest wheat Barley Oats wheat Rye Total
1 Tikkurila 1966 53 60 — — — 113
» 1967 155 104 — 175 110 544
» 1968 139 49 — 33 20 241
II Farm samples 1972 178 242 117 — - 537
III "Variety trials 1972 41 59 51 — — 151
Total 566 514 168 208 130 1586
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Fig. 1. Total rainfall (mm) and mean temperature (°C)
during the summer months at Tikkurila in 1966,

1967 and 1968 compared to the average.

TR TR AT T
TIKKURILA JOKIOINEN MIETOINEN ANJALA

B MORE THAN AVERAGE
[0 LESS THAN AVERAGE

Fig. 2. Total rainfall (mm) and mean temperature (°C)
during the summer months at Tikkurila, Jokioinen,
Mietoinen and Anjala in 1972 compared to the local
average of each region.

KING (1935) has been simplified and modified
by Gorpon (1952), and the system presented
by him was basically followed in species
detetmination in this study. An exception,
however, is the species F. #ricinctum (Cda)
Sacc., which has been given a species rank,
and in this respect agrees with the suggestions
made by SEEMULLER (1968).

Only one replica, or 25 seeds, of the first
group of the material was studied. In the
second group 2 x 25 seeds were used, and
4 x 25 seeds were included in the third
group. In both sample groups from 1972, not
only differences between samples but also

between individual seeds within the sample
were evaluated for occurrence of Fusarium
species. Statistical analysis was performed
using the analysis of variance, except with the
farm samples from 1972 (Table 3) in which
the X2-test was applied.

Weather conditions at Tikkurila during
the years 1966—68 and at the four variety
trial sites in 1972 are shown in Figures 1.
and 2.

Results

Prevalence of the various Fusarium species
in the seed samples varied greatly. Certain
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Fig. 3. Fusarium acuminatum A, F. arthrosporioides B, F. avenacenm C, F. coeruleum D, F. culmorum E, F. graminearum
F. A—F: x 375.







species, however, seemed to be dominant in
all the samples regardless of their origin, year
of harvest, type of cereal or variety of cereal.
The following 17 Fusarium species wete ob-
served and isolated from the total of 1586
samples examined (Figs. 3 and 4).

. acuminatum Ell. & Everh.
. arthrosporioides Shetb.

. avenaceum (Ft.) Sacc.

. chlamydosporum Wt. & Rg.
. coeralenm (Lib.) Sacc.
culmorum (W.G.Sm.) Sacc.
equiseti (Cda) Sacc.
graminearum Schw.
lateritium Nees. emend. S.
moniliforme Sheld. emend. S.
oxysporum Schl. emend. S. &
poae (Pk.) Wr.

. sambucinum Fuck.

. semitectum Betk. & Rav.

. solani (Mart.) App. & Wr. emend. S. & H.
. sporotrichioides Sherb.

F. tricinctum (Cda) Sacc.

. pt.p.
H.

H
&
H

i 1 1 1 1 8

1. Seed samples from Tikkaurila in 1966—68

The frequency of occurence of various Fusa-
rium species did not change significantly from
year to year in the sample material from 1966
—68 (Table 2). Nevertheless, there is an in-
dication that the seed samples harvested in

1967 had higher fusarial contamination than
the samples from other years.

The spring and winter cereals show similar
levels of infection. In spite of the fact that
winter wheat can usually be harvested under
motre favourable weather conditions than
spring cereals, it has been just as heavily in-
fected with Fusarium fungi. Winter rye seems
to bé slightly more susceptible to fusarial in-
fectién than winter wheat.

The Fusarium species F. culmorum, F. poae
and F. avenacenm were isolated in greater
quantities in all cereals. F. culmornm was the
dominant species in spring wheat, and F.
poae in batley. All cereals showed higher
contamination with F. culmorum in 1967,
whereas F. avenacenm was motre prevalent in
1968.

2. Seed samples from private farms in 1972

Compared to the years 1966—68, fusarial
infection in the seed samples from 1972 was
rather heavy. Samples with no Fasarium species
appeared to be almost the exception: depend-
ing on the type of the cereal, only 1—-3 9%, of
all samples showed no fusarial contamination

Table 2. The frequency of isolation of Fusarinm species from samples of different cereals harvested at the Institute

of Plant Husbandry at Tikkurila, 1966—1968.

Cereal Spring wheat Barley Winter wheat Rye
Year of harvest 1966 1967 1968 1966 1967 1968 1967 1968 1967 1968
No. of samples 53 155 139 60 104 49 175 33 110 20
Fusarium species % % % % % % % % % %
F. acuminatum 6 3 6 10 6 0 5 0 8 10
F. arthrosporioides 0 8 38 0 6 22 5 9 8 15
F. avenaceum 4 14 22 10 16 45 10 30 16 40
F. chlamydosporum 0 1 1 0 3 0 1 0 0 0
F. coernlenm 0 0 0 0 1 0 0 0 1 0
F. culmorum 28 37 15 20 34 16 16 12 21 10
F. equiseti 0 3 0 0 0 1 0 0 2 0
F. graminearum 2 5 7 0 10 2 4 0 6 10
F. lateritium 0 0 0 2 0 2 0 0 0 0
F. moniliforme 0 0 0 0 0 2 0 0 0 0
F. oxysporsum 4 19 9 10 11 8 17 6 24 15
F. poae 4 16 14 18 36 20 9 18 16 30
F. sambucinum 11 3 13 3 10 10 2 6 5 0
F. semitectum 2 1 11 2 2 4 1 15 2 15
F. solani 0 3 7 5 8 10 1 12 0 15
E. sporotrichioides 0 2 1 0 2 0 1 0 2 5
F. spp. 23 13 9 17 7 2 39 6 39 0
Samples infected by

one ot mote

Fusarium species 76 96 74 87 79 69 93 55 97 80

10




Table 3. The frequency of isolation of Fusarium species from samples
of spring wheat, batley and oats harvested on private farms
in Finland, 1972.

Cereal Spring wheat Barley Oats

No. of samples 178 242 117

Fusarium species % % % X2-value
F. acuminatum 12 15 14 0.54

F. arthrosporivides 39 36 26 5.61

F. avenaceum 56 76 78 23.67%%*
F. chlamydosporum 0 0 0 —

F. coerulenm 0 0 0 —

F. culmorum 71 60 44 22,70%*x
F. equiseti 0 0 0 —

F. graminearum 12 10 25 15.55%**
F. lateritium 1 10 0 27.52%*x
E. moniliforme 1 3 3 1.13

F. oxysporum 40 28 22 12.52%%*
F. poae 48 47 68 32,148k
F. sambucinum 3 3 '3 0.17

F. semitectum 21 31 24 5.89

F. solani 12 8 3 7.51%
F. sporotrichioides 1 1 0 —

FE. tricinctum 37 63 44 30.21%%*
F. spp. 41 49 33 8.,99%
Samples infected by one ot

mozse Fusarium species 97 99 98 0.34

¥ P<C0.05 %

**% P <2 0.001 %

Table 4. The frequency of isolation of Fusarium species from seeds of
spring wheat, barley and oats harvested on private farms in
Finland, 1972 (4 < 0.01 %).

Cereal Spring wheat Barley Oats
8900 121

No. of seeds 00 5850

Fusarium species % % % F-value
F. acuminatum 0.6 0.5 0.4 0.44

F. arthrosporioides 2.0 1.5 1.2 2.26

F. avenaceum 4.8 8.2 5.5 11.40%%%
F. chlamydosporum 0.0 0.0 0.0 —

F. coernlenm 0.0 0.0 0.0 —

F. culmorum 14.5 4.9 3.7 43,78%**
F. equiseti 0.0 0.0 0.0 —

F. graminearum 1.5 0.4 1.8 1.81

F. lateritium + 0.2 0.0 —

F. moniliforme -+ 01 0.1 0.40

F. oxysporum 2.7 1.2 1.1 11.96***
F. poae 3.2 2.0 6.1 27.16%**
F. sambucinum 0.1 0.1 0.7 0.07

F. semitectum 0.8 1.1 1.0 0.34

F. solani 0.3 0.2 0.7 0.27

F. sporotrichioides -+ + 0.0 0.88

F. tricinctum 1.8 4.3 2.6 12.50%%%
F. spp. 2.9 3.2 1.8 3.78%
Seeds infected by one ot

mozre Fusarium species 32.7 23.6 24.9 3.78%
Germination %, 81.8 66.1 67.2 34 5844k

#* p< 0.01 9
*ex P Z 0.001°9%
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(Table 3). In this respect all ceteals were alike.
The occurrence of various Fusarium species,
however, differed significantly. Of the com-
monest species, F. avenacenm occurred signi-
ficantly less in spring wheat than in barley or
oats. F. culmorum occurred most frequently in
spring wheat, slightly less in barley, and signi-
ficantly less in oats. F: poae occurred much
more often in oats than.in spring wheat or
batley, and again F. oxysporsm occurred in
spring wheat samples more often than in
batley or oats. Finally F. tricinctum, which
was not isolated as a separate species in eatlier
material, occurred typically in bartley seed
samples. B .

Species which occurred rarely in the material
from 1966—68 were also seldom isolated in
1972. Species of F. chlamydosporum, F. coeru-
lenm, and F. equiseti wete not found at all, and
the species of F. lateritium, F. moniliforme, F.
sambucinum and F. sporotrichioides were only
observed rarely.

Fusarial infection in individual seeds of the
same sample material from 1972 is shown in

Table 4. Spring wheat now seems relatively
more contaminated in total than batley or
oats. This is mainly due to the high frequency
of F. culmorum. The fact that F. avenacenm
occurs mostly in barley is also more clearly
seen from the infection of individual seeds.
In general, the various species follow very
much the same pattern in their occurrence as
was seen in Table 3.

Germination is higher in spring wheat than
in batley or oats, and it is surprisingly high
considering the heavy fusarial infection.

3. Seed samples from the four experiment stations
in 1972

The seed samples from the variety trials of
spring cereals at the experiment stations
yielded, on average, more Fusarium fungi than
the material received from farmers. The spring
wheat, particularly appeared quite mouldy.
The percentage of the seeds infected by one
ot more Fusarium species was 64.4 %,, whereas
the corresponding figure for the seed samples

Table 5. Thé.frequcncy of isolation of Fusarium species from seeds of
spring wheat, batley and oats harvested at four expetiment
stations of the Agricultural Research Centre, 1972 (4<0.01%).

Cereal Spring wheat Barley Oats

No. of seeds 3500 3000 3500

Fusarium species . % % % F-value
F. acuminatum 0.7 0.3 0.2 3.43%
F. arthrosporioides 0.9 0.8 0.8 0.16

F. avenaceum ) 9.9 6.3 6.3 1.84

F. chlamydosporum 0.0 0.1 0.0 —

F. coernleum 0.0 + 0.0 —

F. culimorum 47.3 14.1 10.3 60.67+%*
F. equiseti 0.0 0.0 0.0 —

F. graminearum 0.2 + 0.1 0.62

F. lateritium 0.1 1.9 0.2 9.73*%%*
F. moniliforme + -+ + 0.01

F. oxysporum 7.4 1.6 2.5 17.15%**
F. poae 3.5 5.7 10.2 9.10%%*
F. sambucinum 0.2 0.5 0.1 1.18

F. semitectum 0.3 0.9 1.7 2.84

F. solani 0.9 0.6 0.1 2.43

F. sporotrichioides 0.0 0.1 0.0 -

F. tricinctum 1.2 8.1 2.2 20.12%%*
F. spp. 0.1 0.3 0.1 1.02
Seeds infected by one or -

motre Fusarium species 64.4 341 31.1 41.85%%*

* P<0.05 %
*** P <7 0,001 %
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Table 6. The frequency of isolation of five common Fusarium species from seeds of sprmg wheat vatieties

harvested at four experiment stations of Agticultural Research Centre in 1972 (-+<C 1 9%).
Variety Apu Ruso Svenno  Timantti Touko Tahti Veka
No. of seeds 500 500 500 500 500 500 500
Fusarium species % % % % % % % F-value
F. avenaceum 12 8 10 14 24 7 8 0.28
F. culmorum 56 63 48 43 49 31 49 1.10
F. oxysporum 11 10 6 5 9 7 5- 0.50
F. poae 6 6 2 4 3 3 2 0.76
F. tricinctum 3 1 1 2 1 -+ 1 1.80
Seeds intected by one or -
mote Fusarium species 80 79 63 63 46 59 3.24%

*P<0.05 %

72

Table 7. The frequency of isolation of five common Fusarium species from seeds of batley varieties harvested
at four experiment stations of Agricultural Research Centre in 1972.

Variety Etu Ingrid Karri Paavo Pomo Hja c2661

No. of seeds 500 500 500 500 500 500

Fusarium species % % % % % % F-value -
F. avenaceum 7 5 5 6 8 7 0.30

F. culmorum 18 7 5 13 21 20 2.43%
F. oxysporum 2 1 2 2 2 2 0.62 .
FE. poae 8 8 4 5 4 5 0.81

F. tricinctum 10 9 6 6 9 7 0.21
Seeds infected by one or .
mote Fusarium species 45 28 21 32 43 36 1.83

* P < 0.05 %

Table 8. The frequency of isolation of five common

Fusarium species from seeds of oats varieties harvested

at four experiment stations of Agricultural Research Centre in 1972.

Variety Hannes Risto Ryhti Sisu Sorbo Tiitus Jo 0794

No. of seeds 500 500 500 500 500 500 500

Fusarium species % % % - % % % % F-value
F. avenaceum 6 8 6 6 5 5 8 ©0.07
F. culmoram 10 12 11 8 12 6 15 . 0.61
F. oxysporum 3 .3 2 2 2 3 2 0.14"
F. Dboae 10 12 9 6 11 11 12 0.29-
F. tricinctum 2 3 2 2 2 2 3 0.28
Seeds infected by one or i ) ,
more Fusarium species 29 27 30 28 28 25 40 0.96

No significant differences.

from farmers was 32.7 9,. This total infection
was also significantly higher than in batley or
oats (Table 5). Otherwise the occurtence of
.various Fusarium species was again basically
the same as in the materials already mentioned.

No clear differences were noted in fusarial
infection among different varieties. In spring
wheat there were no significant differences

among the varieties as regards the five most
common Fusarium species (Table 6). However,
in total infection of any Fusarium species it
was noted that the T#hti variety showed sig-
nificantly less infection than Apu, Ruso or
Touko varieties. In batley, varietal differences
were also quite slight (Table 7), and the oats
varieties showed no differences at all‘:(Table 8).
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Discussion

Cereal seed is always contaminated by sev-
eral mould species. In the United States
CHRISTENSEN (1951) has pointed out that
wheat grain is always mouldy. Gorpon (1944)
has shown Fausarium species quite common in
Canadian cereal seed. In the present study
Fusarium fungi occutrred quite regularly in
seeds, although their species and abundance
varied considerably. In fact, cereal seed lots
containing no Fusarium fungi were exceptional.

Fusarial infection may differ from year to
year, depending on the weather conditions
during the growing season (HEWETT 1967).
Although the rainy hatvest season in 1967
increased the occurrence of Fausarium species,
yearly variation in the material from 1966—
68 was very slight. On the other hand the
exceptionally high temperatures and quite
abundant local rainfall during the growing
season may possibly have been the main
reasons for the heavy fusarial infection in
cereal seed in 1972. Observations made by
MAKELA (1973) have revealed that compared
to the year 1971, fusarial infection in cereal
crops during the growing season of 1972 was
much higher. KoNszky and PAsTi (1971) have
reported that weather conditions were the
ptimary reason for the great abundance of
Fusarium $pecies in cereal seed in Hungary
in 1970. According to GorDON (1952) the
humid climate in eastern parts of Canada
causes f@sarial contamination, which was
double that of seeds harvested in western
parts of Canada. In the dry climate of Australia,
Fusarium fungi are only of minor importance
in cereal seeds (SHiPTON and CHAMBERS 1966).

Fusarinum nomenclature is, in its present
state, rather frustrating. Of the various classi-
fication models the systems presented by
WOLLENWEBER and REINKING (1935), SNYDER
and HANSEN (1940, 1941, 1945, 1954) and
GorpoN (1952, 1954, 1960) are probably all
accepted by major groups of mycologists and
plant pathologists. The latest proposition for
fusarial taxonomy was made by Booth (1971)
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who follows Gordon rather closely. Because
Gotdon originally based his system on the
study of Fusarium fungi occurring in cereals,
the authors found his classification the most
suitable in the present study.

The Fusarium fungi isolated were identified
as 17 different species. Of these species several
occurred only occasionally. The most com-
monly isolated species were: F. avenacenm, F.
culmoram, F. poae, and F. tricinctum. These
species occurred in 40 9, of all samples exam-
ined in 1972. Also rather common, occurring
in more than 10 %, of the samples in 1972,
were the species F. acuminatum, F. arthrospo-
rioides, F. graminearum, F. oxysporum, and F.
semitectum. GORDON (1952) reported F. poae as
the species most often isolated in Canada. He
found F. calmorum and F. graminearnm only
occasionally in cereal seeds. In many other
countries, however, F. culmorum is known to
be one of the most destructive Fusarium species
in cereals (de TEmMPE 1964, Cook 1968, FLAN-
NIGAN 1969, DowNEs 1971 a). F. avenacenm —
species has been isolated frequently in all
cereals (HEWETT 1967, FLANNIGAN 1969,
BootH 1971).

In spring cereals F. culmorum was typical in
wheat. Bootn (1971) amd DowNEs (1971 2)
have reported similar results. F. avenaceum was
abundant in all cereals, but less in wheat than
in batley or oats. It often occurs in barley also
according to JORGENSEN (1969) and KoLk
(1972). F. poae was most often isolated from
oats, which is the principal host to this species
according to GORDON (1944). That F. oxy-
spornm occurs mainly in wheat is supported
by the finding of GORDON (1952) and ZAKHA-
ROVA (1971).

Variety has relatively little influence on the
fusarial infection. HYDE (1950) has stated that
the significance of cereal variety is veéry slight
in this respect. DowNES (1971 b) has shown
that infecion caused by F. c#lmorum in wheat
is totally independent of the variety. RAINIO
(1937) has suggested, however, that oats va-
rieties with a black seed coat are more resistant
to F. graminearum (Gibberella saubinetii (Mont.)



Sacc. pr.p) than the light-coloured varieties.

Even heavy fusarial infection did not seem
to lower the germination power much. WAL-
LACE and MiLLs (1970) have stated that al-
though seed infection after a rainy harvest
season can be strong, germination power is
not necessarily weakened. The general: ger-
mination test catried out in the laboratory is
usually too short for several seed-borne fungi
to cause any immediate harm to the rapidly
developing coleoptiles ot roots.

There are numerous references indicating
that FF. graminearum is the most harmful species
of all Fusarium fungi, because it is generally a
strong pathogen (ANATASOFF 1920, JAMALAI-
NEN 1955, CoLHoUN and PARK 1964, CHRIs-
TENSEN 1969) and can also produce myco-
toxins (RAINIO 1932, BootH 1971). Its occut-
rence in Finland is mainly limited to oats,
and it probably causes less harm in cereals
than some other species under Finnish con-
ditions. F. culmoram is a well known parasite
causing foot and root rots in cereals as well
as seedling blight (HARDH 1953, CHRISTENSEN
1969, CorLHouN 1970, DownNEs 1971 b). F.
avenacenm is often shown to be pathogenic,
causing similarly seedling blight and head
blight in cereals (CHRISTENSEN 1969, CoL-
HOUN 1970). Both these species occut so
abundantly in Finland that they should be
considered as serious and harmful pathogens.
F. poae is known as a weak pathogen (MALONE
and MuskeTT 1964), but it may occasionally
be a significant parasite in barley (BoLToN and
NutTAL 1968). F. tfricinctum occurs parti-
cularly in barley and should also be considered
as a serious fungal contaminant in seeds, since
it is known to be capable of producing myco-
toxins (KORPINEN and YLIMAKI 1972).

Several other species which occur only
occasionally in Finland have been shown to be
dangerous producers of toxins. F. moniliforme
produces mycotoxin in cereal seeds (KorPI-
NEN and YLIMAKI 1972) and in maize (corn)
(DoupNIK 1972). Biral (1970) has demonstra-
ted F. sporotrichioides (F. sporotrichiella Bil.) as a
dangerous species in cereals, because it can
also produce mycotoxins.

The species of F. acuminatum, and F. oxy-
sporum (SPRAGUE 1950) are weak parasites or
saprophytes. GORDON (1954), however, has
emphasized the strong pathogenic properties
of F. oxysporam in many other plants. F.
arthrosporioides is pathogenic in clover (Yii-
MAKI 1967), but in cereals it does not play any
important role. Similarly, F. semitectum is of

little importance (BootH 1971).

F. solani is saprophytic and rare in cereals,
although it is a serious plant pathogen in
many other plants (WOLLENWEBER and REIN-
KING 1935). The occurrence of F. chlamydospo-
runm, F. coernlenm, F. equiseti, F. lateritium and
F. sambucinam was so slight that they should
be of no importance in cereal seeds in Finland.
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SELOSTUS

Viljasadossa esiintyvit Fusarium-lajit

Junant UoTl ja AARRE YLIMAKI

Maatalouden Tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Viljasadossa tavattavien Fusarium-sienten lajistoa ja
esiintymisrunsautta tutkittiin yhteensd 1586:sta sato-
néytteestd vuosilta 1966—68 ja 1972. Aineisto koostui
kolmesta erillisestd ndyteryhmistd, joista vanhin saa-
tiin Kasvinviljelylaitoksen leikkuupuintikokeista Tik-
kurilasta 1966—68. Viljelijsiden ja viljakauppaa hat-
joittavien keskusliikkeiden vuonpa 1972 laitokselle
hometutkimuksiin lihettimit satondytteet muodosti-
vat toisen ryhmin ja samana vuonna Maatalouden
tutkimuskeskuksen neljiltd koepaikalta (Tikkurila,
Jokioinen, Mietoinen ja Anjala) saadut kevitviljojen
lajikekokeiden satoniytteet kolmannen niyteryhmin.
Niytteet tutkittiin Kasvitautien tutkimuslaitoksella
siemenkohtaisesti iddttimilli tietty mdird siemenid
kostealla suodatinpaperilla erityisessi iditysastiassa
kolmen viikon ajan, minki jilkeen esiin kasvaneet

sienet voitiin madrittid.

Fusarinm-sienet osoittautuivat viljasadossa erittiin
yleisiksi, joskin niiden lajisto ja madrd saattoivat suu-
resti vaihdella eti tekijoistd riippuen. Kasvukauden
sddolot ovat ilmeisesti yksi tirked tekiji madrallisessi
vaihtelussa. Vuoden 1972 satoniytteet sisilsivit Fusa-
rium-sienid selvisti enemmin kuin vuosien 1966—68
niytteet. .

Eri lajeja eristettiin yhteensd 17, joista. valtaosaa ta-
vattiin vain harvoin. Yleisimpini lajeina olivat F. ave-
naceum, F. culmorum, F. poae, F. tricinctum, joita tavat-
tiin vuoden 1972 satondytteissi yli 40 % kaikista
néytteistd. Kevitvehnissi oli viljalajeista yleensd eniten
Fusarium-sienis, ja eri sienilajeista F. culmorum esiintyi
tyypillisesti yleisimpini juuri vehnilld. Viljalajikkeen
vaikutus Fusarium-saastuntaan todettiin vihiiseksi.
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DISTRIBUTION OF DAMAGE CAUSED BY LYGUS RUGULIPENNIS POPP.

(HET., MIRIDAE) IN CULTIVATED FIELDS

ANNA-LI1ISA VARIS

VARIs, A.-L. 1974. Distribution of damage caused by Lugus rugulipennis
Popp. (Het., Miridae) in cultivated fields. Ann. Agric. Fenn. 13: 18 —22.

In sugat beet, damage by Lygus rugulipennis was less frequent at a distance
of 0—10 m from the field edge than in the inner parts. In fields with dia-
metets tanging from 60 to 200 metres, the relative amount of damage did not
depend on the size of the field. In the zone 0—30 m from the edge more
damage occurred in fields bordering on ley or forest than in those bounded
by spring cereals ot root crops. There was less damage in corners of fields
facing N—NE than i those facing S—SW or E—SE. The probability of
damage to successive seedlings in a row was very significantly higher than the
probability of damage to a single plant.

In sweep-net samples from spring wheat fields fewer L. rugulipennis were
caught in the zone 0—10 m from the field edge than in the inner parts. Local
microclimate had a notable effect. L. rugulipennis was most abundant in warm,

sunny spots, such as the southern aspects of small rises in the ground.

The distribution of Lygus rugulipennis speci-
mens within a cultivated crop and the factors
affecting this have been very little investi-
gated. AFSCHARPOUR (1960) in Germany made
a study, based on sweep-net samples, of the
distribution of bug species, including L. ruguli-
pennis, between the edge zone (0—10 m from
field edge), the intermediate zone (10—30 m
from field edge) and the centre of the field
(more than 30 m from the edge). ‘

Since L. rugulipennis is harmful to sugar
_beet seedlings (cf. VARrIs 1972), an investi-
gation was made in 1967 on the distribution
of L. rugnlipennis damage within sugar beet
fields in southern Finland. Since the numbers
of bugs and of plaats damaged by them atre
low in sugar beet, additional data for the
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study were collected in 1967 and 1968 by
taking sweep-net samples from fields of spring
wheat where the catches of bugs are generally
larger than in other crops.

Materials and methods

The distribution of damage by Lygus bugs
was studied in sugar beet fields at several
southern Finnish localities in June 1967.
Inspections were made on series of plots
10 x 10 m?2, starting from a corner of the
field. The plots were so arranged that their
diagonals fell on a line cutting the cotner of
the field at an angle of 45°. The inspections
were extended to the middle of the field.



In each plot 25 seedlings were examined and
the proportion damaged was determined.
Notes wete made of bordering vegetation
and the quarter of the compass towards which
the corner faced. The effect of field edge
proximity was computed separately for each
field size class by analysis of variance. The
effects of field size, aspect, and bordering
vegetation were compared by the t-test. All
the fields inspected formed part of relatively
large cultivated areas, as is usual in the main
sugar beet growing region of southern Fin-
land; for this reason the effect of size of area
was not considered.

The data so collected and the results of some
pest control trials on sugar beet at Tikkurila
were used to calculate, for rows of seedlings
before thinning, the probability of damage to
successive plants. Polyploid seed at a rate of
18 kg/ha was mostly used.

Supplementary studies on the effect of proxi-
mity to the field edge were made in 1967—
1968 by correspondingly colleting sweep-net
samples from 10 m?2 plots of spring wheat in
late summer, when adults of the new genera-
tion of L. rugulipennis wetre present and the
numbers of individuals wete greater than in
early summer. Fifteen double strokes were
made on each plot. The net had a mouth 34
cm in diameter, and a handle 75 cm long.
The results were calculated by analysis of

variance. The significance of the results is
expressed as follows:

Results and discussion

Distance from the edge. In the sugar beet fields
less bug damage was noted in all field size
classes in the zone 0—10 m from the edge
than in the zones nearer the centre of the
field (Table 1). Within the separate field size
classes, however, differences in the distri-
bution of damage between the different zones
were not significant. But for all fields together
(fields diameter 60 m) there was a signicant
difference (P<<0.05) in frequency of damage
between the 0—10 m zone and the inner
zone.

In the spring wheat fields (field diameter
S100) the 0—10 m boundaty zone had fewer
bugs than the inner zones (P<<0.05). Within
the separate field size classes differences in the
numbers of bugs between the different zones
wete not significant (Table 2). In the spring
wheat fields the numbers of bugs per plot and
the differences between the numbers in the
plots were very large. It was observed during
sampling that local microclimate had a notable
effect. The bugs preferred warm, sunny spots,
such as the southern slopes of small rises in
the ground.

Table 1. Average frequency (%) of seedlings injured by Lygus bugs in sugar beet fields
at different distances from the field edge.

Tanlukko 1. Lygus-luteiden vivittamien taimien keskimdirdinen runsans (%) sokerijunrikas-
viljelyksilli eri etdisyyksilli viljelyksen reunasta.

Diameter of

Distance from field edge, m

field, m n Eltdisyys viljelyksen reunasta, m F
Viljelyksen
ldpimitta, m 0—-10 10—-20 20-30 30-40 40-50 50-60 60—-70 70—80 80—90 90—100
>200 3 13 21 33 31 21 33 20 29 32 27 1.20
>180 8 14 17 20 19 16 24 22 21 22 0.74
>140 15 19 20 22 20 20 23 22 0.31
>120 20 19 21 22 21 20 26 1.40
>100 25 19 22 24 23 21 1.05
> 80 30 19 22 23 22 1.30
> 60 45 19 22 24 - 2.65
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Table 2. Number of Lygus rugulipennis specimens per 2 X 15 sweeps in spring wheat fields at different distances
from the field edge.

Taulukko 2. Lygus rugulipenniksen runsaus (yksilod|2 X 15 haavinvetoa) keviitvebniviljelyksilld eri etdisyyksilli viljelysten
reunasia.

Diameter of

Distance from field edge, m

field,m n Etdisyys viljelyksen reunasta, m F
Viljelyksen
ldpimitta, m 0—-10 10—-20 20—30 30—-40 40-50 50—-60 60-70 70—80 80-—-90 90-100 100—110
>220 4 20 31 33 40 63 84 90 125 57 72 83 1.60
>160 7 50 74 74 87 88 120 125 139 2.09
>100 11 48 70 64 74 76 1.30

Table 3. Frequency of seedlings injured by Lygus bugs in
sugar beet fields of different sizes.

Taulnkko 3. Lygus-luteiden vioittamien taimien runsans (%)
eri kokoisilla sokerijunrikasviljelyksilli.

Frequency

Diameter of of injured t

seedlings % n field, m A B

Viljelyksen Vioitettuja

ldpimitta, m taimia %
A + 60 45 22 — —
B 80—120 45 23 0.35 —
C 140—220 45 20 0.61 0.82

AFSCHARPOUR (1960), too, found that L.
rugulipennis was less abundant in the 0—10
m border zone than in the 10—30 m inter-
mediate zone, but according to his results
there were even fewer bugs in the centre of
the field (>30 m from field edge) than in
the edge zone. This could not be shown in
the present investigation.

Occurrence of damage in successive plants. In
total, 10382 seedlings were inspected. Of
these 18 9, were damaged by bugs. The prob-
ability of damage to successive plants in a
row was 0.297, which was very significantly
higher than the probability of damage to a
single plant, 0.154.

Size of field. The frequency of bug damage
-in sugar beet crops of different sizes was
determined by counting numbers of damaged
plants in the area 0—30 m from the field edge
separately for small (@460 m), medium
(@ 80—120 m) and large (@ 140—220 m)
fields. These size limits were chosen arbitrarily
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for the sole reason that they gave three equally
large sets of values for 45 plots.

Within the field size classes studied there
were no differences in the relative amount of
bug damage between fields of different sizes
(Table 3). Although BILEWICZ-PAWINSKA
(1965) found only half as many species of
Heteroptera in large fields (>>1 ha) as in small
fields (< 1 ha), data on the appearance of larvae
and imagines of the species occurring in the
large fields (e.g. L. rugulipennis) were similar
to those in the small fields.

Direction and border vegetation. There was less
bug damage at a distance of 0—30 m from
the corners facing N-NE than at the same
distance from corners facing S-SW or E-SE
(Table 4). In sugar beet fields, 0—30 m from
a corner bordering on ley or forest on one
side at least bug damage was significantly
greater than at the same distance from a
corner bordering on spring cereals or root
crops or both (Table 5). There was no signi-



Table 4. Frequency of seedlings injured by Lygus bugs in corners of sugar beet
fields facing in different directions.

Taulukko 4. Ludevioituksen runsaus sokerijuurikasviljelysten eri ilmansuuntiin
avaninvissa kulmissa.

Frequency t
Direction faced by corner of injured
seedlings %
n B C
Kulman avautumissuunta Vioitettuja
taimia %
A South-southwest
Eteli-lounas 33 26 — — —
B West-northwest : -
Lénsi-lnode 30 20 1.82 — —
C Notth-northeast
Pokhjois-foillinen 39 17 2.87%* 0.97 —
D East-southeast
Iti-kaakko 33 24 0.72 1.15 2.21%

Table 5. Frequency of seedlings injured by Lygus bugs in the edge zones of
sugar beet fields bordering on different types of vegetation.

Tanlukko 5. Ludevioituksen runsaus eri reunakasvustoibin rajoittuvien sokerijunrikas-
viljelysten reuna-alueilla.

Frequency
Bordering vegetation of injured t
seedlings % B
Reunakasvusto ! Vioitettuja
taimia %
A Ley or winter cereal .
Nurmi tai syysvilja 63 24 - —
B Forest
Metsi 33 24 0 0
C Spring cereal, root crops or potatoes
Kevitvilja, junrikasvit tai peruna 39 17 2.84%  1.87
ficant difference in frequency of bug damage REFERENCES

between fields bounded by ley or forest.
According to BILEwICZ-PAWINSKA (1965),
the abundance of L. ragulipennis did not always
depend on the influence of forest. In her
studies ecological conditions wete favourable
for this species. Presumably the shelter af-
forded by forest or ley affects the abundance
of the species in spring but is of no signif-
icance in favourable conditions. This assump-
tion is supported by the above observation
concerning the effect of direction, showing
that bugs migrate from their overwintering
habitats towards field edges facing south, as
well as by the observation of HossFELD (1963),
in a locality where L. rugulipennis migrated in
spring to a field of oilseed rape from an ad-
jacent wood, that owing to cool weather the
dispersion of the bugs was limited to the
close proximity of the wood for three weeks.
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SELOSTUS

Peltoluteen aiheuttaman vioituksen esiintymisesti viljelysten eri osissa

ANNA-LI1SA VARIS

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkutila

Peltoluteen aiheuttaman vioituksen esiintymistd so-
kerijunrikasviljelysten eri osissa tutkittiin useilla Eteld-
Suomen paikkakunnilla kesilld 1967. Tarkoituksena
oli selvittid, olisiko luteen esiintymisessi pellon reu-
noihin tai muihin ympiristStekijdihin nihden sel-
laista sidinnénmukaisuutta, jota voitaisiin kdyttid hy-
viksi lajin torjunnassa. Kun peltoluteiden ja niiden
vioittamien taimien absoluuttiset lukumiirit sokeri-
juurikkaassa ovat vihiiset, tiydennettiin tutkimusta
ottamalla vuosina 1967 ja 1968 syyskesilld haavinta-
niytteitd kevitvehniviljelyksiltd.

Aivan pellon reunassa (0—10 m) oli soketijuurikas-
mailla ludevioitusta ja kevitvehnissi luteita vihem-
miin kuin sisempini. Luteiden vioittamien taimien suh-
teellisessa midrissi ei ollut eroja eri kokoisten sokeri-
juurikasviljelysten kesken. Tutkittujen viljelysten lipi-
mitta vaihteli 60:std 220 metriin. Nurmeen tai metsddn
rajoittuvalla soketijuurikasviljelykselld oli 0—30 met-
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rin etdisyydelld reunasta enemmin ludevioitusta kuin
vastaavasti kevitviljoihin, juurikasveihin tai perunaan
rajoittuvilla viljelyksilld. Paikallisella mikroilmastolla
oli huomattava vaikutus. Kevitvehnilti haavintaniyt-
teitd elokuussa otettaessa voitiin todeta luteiden suosi-
van limpimii, aurinkoisia kohtia, esimerkiksi pienten
kumpareitten aurinkoisia rinteiti. Sokerijuurikasmailla
Iudevioitusta oli wviljelysten pohjoiseen —koilliseen
avautuvissa kulmissa vihemmin kuin eteliin —lounaa-
seen tai itddn —kaakkoon avautuvissa kulmissa.

Soketijuurikkaan taimiriveissi ludevioitusta esiintyi
usein perittiisissi taimissa.

Peltolude niyttdi siis suosivan pellon limpimimpid
kohtia, mutta on muuten levinnyt jokseenkin tasai-
sesti viljelyksilli kapeaa, vihemmin runsaan esiinty-
misen reuna-aluetta lukuunottamatta viljelyksen kes-
kustaan saakka.
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THE IONONE CONTENT OF RASPBERRIES, NECTARBERRIES AND NECTAR
RASPBERRIES AND ITS INFLUENCE ON THEIR FLAVOUR

Heimo Hiursawmi, HeEikk1 KavLLio, TAPANI PyysaLo, REINO R. LiNnko and

PerTTI KOPONEN ()

Hirsauml, H., KaLvrio, H., PyysaLo, T., LINKO, R. R. & KoPONEN, P. (}).
1974. The ionone content of raspberries, nectarberries and nectar rasp-
berries and its influence on their flavour. Ann. Agric. Fenn. 13: 2329,

Tonones are the compounds responsible for the distinctive flavous of the rasp-
berry. The capacity to form ionones is an inherited feature, but the mechanism
of its inheritance is not yet known. The determinations of the ionone content
of the raspberry variety *Ottawa’ wete rather high (alpha-ionone 1—2 ppm,
beta-ionone 0.5—1 ppm). In contrast, no ionones could be demonstrated in the
nectarberry. Tonones occur in the fruit of the hybrid of the raspberry and the
nectarberry, the nectar raspberry, but the content is less than a hundredth part
of the ionone content of the raspberry.

So far little is known of the compounds responsible for the strong, dis-
tinctive flavour of the nectatberry. The nectarberty aroma varied in strength
between the nectar raspberry cultivars. Analyses performed by gas chromato-
graphy and mass spectrometry showed that the composition of the aroma
compounds differed clearly between the nectarberty and the raspberry.

The fruits of the raspberry and the nectatberry are important raw material for
the foodstuffs industry. They are particulatly suitable for the preparation of
liqueurs, to which they impart their agreeably distinctive flavours. The new
fruit-bush that is being developed, the nectar raspberty, also seems to produce
fruit that is suitable for this purpose.

Introduction

The genus Rubus comprises numerous
species whose fruit is widely known for its
agreeable flavour. The most important for
horticultural purposes is the raspberry, R.
idaeus L. Its cultivation dates back several
centuries and a large number of different
varieties have been developed (e.g. GRUBER
et al. 1962). The nectarberry, R. arcticus L.,
also called the arctic bramble or arctic rasp-

berry, has a restricted subarctic-boreal distri-
bution and is thus less well known than the
raspberry. However, it is of importance, espe-
cially in the manufacture of liqueurs and soft
drinks, on account of its agreeably delicate
and distinctive flavour. From as eatly as 1930
onwards, attention has been paid to the pos-
sibility of cultivating the nectarberry in Fin-
land. Work has now progressed so far that
field plantings can be made, and the first two
nectarberry varieties were put on sale in spring
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1972 (RYYNANEN 1972, 1973). Breeding and
selection work has also been petformed at
the Institute of Horticulture for over 30 years,
with the object of developing a plant that
would possess the special flavour of the nec-
tarberry in combination with the properties
that make the raspberry so suitable for culti-
vation, especially its reliable fruit yield. Prom-
ising results have now been obtained after
prolonged selection and cross-breeding be-
tween the raspberry and the nectaberry and
repeated back-crossing of the hybrids (HIIr-
sALMI 1969). A new fruit-bush, the nectar
raspberry, has been evolved, and preparations
are being made to start the practical cultivation
of the most promising cultivars.

The aim in developing the nectar raspberry
has been to obtain a plant whose fruit would
be particularly suitable for use in the pro-
duction of soft drinks and liqueurs. It is thus
important that its flavour should be both
agreeable and sufficiently strong. This feature
was examined by performing organoleptic
tests on raspberries, nectarberries and nectar
raspberries, and investigating their suitability
for the preparation of liqueurs. Chemical
analyses were also petformed to discover the
factors responsible for the flavour. In this
connection, particular attention was paid to
compounds of the »ionone classy contained
by the fruit, these having been observed in
many natural products.

TIonones

Tonones are volatible compounds with a
strong scent and taste, whose aroma is de-
scribed by AYERs et al. (1964) as »violet like».
WiLsoN (1939) was the first to investigate the
beta-ionone of the raspberry as m-nitrobenz-
hydrazine derivative. He could not demon-
strate the compound in the fruit itself, but
only in commercial preparations of the rasp-
berry. However, this does not necessarily
mean that the compound had been added to
the product; it may have developed biochem-
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ically from its precursors during handling ot
storage.

NAavEs (1947) reported that small quantities
of beta-ionones were found by BoHNSACK in
the raspberry, and their presence was con-
firmed by the later studies of WINTER and
SunDT (1962) and BoHNsAck (1967). WINTER
and SuNDT (1962) demonstrated that alpha-
ionones occurred comparatively abundantly
(1—0.1 ppm) in the varieties Lloyd George’,
’Bois rouge’ and’ Bois blanc’, whereas beta-
ionones were present only in trace amounts
(<0.001 ppm). According to them, carbonyl
compounds (aldehydes and ketones) and alco-
hols are the substances responsible for the
characteristic flavour of the raspberry. They
demonstrated that carbonyls constituted 14 9,
of the aroma distillate. When studying the
chemical properties of various raspberry va-
rieties, DucLos and LATRASSE (1971) observed
that the content of carbonyl compounds in-
creased evenly as the fruit ripened, averaging
150 ppm in fully ripened fruit and about half
that concentration in unripe fruit. They con-
sidered that carbonyls constitute about half of
the total volatile fraction.

McGLumPHY (1951) failed to find any beta-
ionones in his laboratory studies of the black
raspberry. Information on the occurrence of
ionones in the genus Rubus is somewhat in-
consistent. The uncertainty of the analytic
results is increased by the fact that the names
of the varieties investigated are not always
given. In addition, owing to differences in
the methods employed in the studies, the
results are not directly comparable.

The latest, most modern methods were
employed in the study performed on the rasp-
betty by WINTER and ENgaIsT (1971). The
presence of alpha- and beta-ionones reported
in many earlier studies was confirmed with
the mass spectrometer and the infrared spectro-
scope. The concentration of the compounds
was shown to be 0.5—0.05 ppm. Other flavour
substances belonging to the same group which
were identified with the mass spectrometer
were the beta-dihydroionone (<0.005 ppm),



epoxy-beta-ionone (<<0.05 ppm) and dama-
scenone (<0.005 ppm).

STEVENS (1970) demonstrated conclusively
that in the tomato ionones are formed from
certain carotenoids through enzyme-promoted
chemical changes: the alpha-ionone being
derived from aplha- and delta-carotenoes, and
the beta-ionone from alpha-, beta- and delta-
carotenoes. If the same type of mechanism is
involved in the fruit of the genus Rabus, the
amount of ionones found in the fruit will be
closely dependent on its degree of maturity,
treatment, including freezing, the methods
of analysis, etc. HONKANEN (1972 a, 1972 b)
failed to demonstrate the presence of any
ionones among the ca. 80 compounds identi-
fied in the cloudberry (R. chamaemorns 1.).
Twelve aldehydes and ketones were identified,
including 6-methyl-5-hepten-2-one, which con-
stituted about 0.7 9, of the concentrate distil-
late. The last-named compound was. shown
by STEVENS (1970) to be derived from caro-
tenoids in the tomato, being formed from
neurosporene, lycopene, prolycopene, and
gamma- and delta-carotenes.

Material and methods

The raspberries were all obtained from the
variety ’Ottawa’. Five cultivars of the nectar
raspberry were examined, one of which, 025
or ’Merva’, is the Fj generation. It was selec-
ted from the offspring of a freely pollinated
hybrid individual, which was obtained when
an unidentified raspberry variety was pol-
linated by a nectarbetry strain from Maaninka
in North Savo. The other four cultivars,
62020003, 62020018, 62020037 and 62020053,
originated from crosses performed in 1962
between the raspberry vatiety "Malling Prom-
ise’ and 'Merva’. All the raspbetries and nectar
raspberries investigated were obtained from
trial plantings at the Institute of Horticulture
at Piikki6. Both the fresh and frozen nectat-
berries used in the organoleptic tests were also
obtained from plantings at the Institute of

Horticulture. The fruit used in the preparation
of liqueurs was bought on the open market.
The ionone determinations were performed
on the fruit of nectarberries cultivated at the
North Savo Experiment Station at Maaninka.

The taste of the fruit and the strength of
any nectarberry flavour present were assessed
by a group of 11—14 persons at the Institute
of Horticulture. Although they had had no
special training as tasters, these persons were
all very familiar with the flavour of the nectar-
berry. As regards the taste, they were only
required to say whether it was agreeable or
not. The organoleptic tests were applied to
fresh fruit harvested in 1970, 1971 and 1972
and newly thawed frozen fruit harvested in
1967, 1969 and 1970.

The liqueur samples were prepared at the
factory of Huhtamiki-Yhtymi Marli at Turku.
Frozen berries were allowed to thaw and
extracted twice with ethanol, the extract being
filtered and made into a liqueur. In each sample
200 g of fruit and 450 g of added sugar were
used to prepare one litre of the liqueur (in
1970 200 g of fruit and 300 g of added sugar
per litre). The concentration of alcohol in the
liqueur was kept at 18 9%,. The organoleptic
tests of the liqueur were petformed by 6—8
experts.

The fruit for the ionone determinations was
frozen immediately after harvesting and kept
at a temperature below —20°C until the ana-
lysis. The frozen fruit was pulped and its
volatile fraction was collected by vacuum
steam distillation in a nitrogen atmosphere.
The 2,4-dinitrophenylhydrazones (DNPH) of
the carbonyl compounds were extracted with
pentane. The method is explained in detail in
an earlier study (KaALLio and LiNko 1973).
The 2,4-DNPH’s could be divided into classes
by thin-layer cromatography. They were dis-
solved in ethyl acetate and applicayed to
plates covered with magnesium oxide and
Celite 545 (2:7), which wete developed in a
hexane-chloroform mixture (2:1) for 60 min.
The ionones were quantified by gas-liquid
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Fig. 1. Thin-layer chromatogram of 2,4-dinitrophenyl-
hydrazones of carbonyl compounds in aroma distillate
from raspberry.

Kuva 1. Vadelmasta eristettyjen karbonyylien 2,4-dinitro-
Sfenylhydratsonijohdannaisten obutlevykromatogrammi.

chromatography in temperature programmed
runs with 4 9, SE-30 columns (KALLIO and
Linko 1973).

Results

Great subjectivity was revealed by the judge-
ments regarding the taste of the fruit in the
organoleptic tests (Table 1). Some of the
tasters preferred the nectarberry and some the
raspberry. The nectar raspberries with the

best fruit were considered by some tasters to
be cultivars 62020003 and 62020018, whose
taste most clearly resembles that of the rasp-
berry; others chose cultivars 62020037 and
62020053, whose fruit is sour; other tasters
chose the cultivar "Merva’, which is close to
the nectarberry in flavour. Thus the fruits
did not differ greatly from each other in the
mean points awarded for their taste. Of the
fresh fruits, cultivar 62020053 was the best
and 'Merva’ was the poorest; of the frozen
fruits, the raspberry variety 'Ottawa’ was the
best and cultivar 62020037 was the poorest.

In contrast, there were very clear differences
in the points awarded for the nectarberry
flavour. It was naturally strongest in the fruit
of the nectarberry, and was not found at all
in the raspberries. "Merva’ was definitely the
nectar raspberry with the strongest nectar-
berry flavour. Most of the tasters of the
fresh fruit also considered that the nectar-
berry flavour was fairly strong in cultivar
62020018. The nectarberry flavour seems to
decrease during freezing, or else it is masked
by new flavours. Special experience is thus
required for assessing this flavour in frozen
fruit.

In the tests of the liqueurs (Table 2), all the
samples were inferior to Marli’s »Nectarberry

Table 1. The points awarded for taste and nectarberry flavour. The results are the means of fresh fruit harvested
in 1970, 1971 and 1972 and frozen fruit harvested in 1967, 1969 and 1970.

Taulukko 1. Yhteenveto marjojen makua ja mesiaromia koskevista arvosteluista. Tulokset on ilmoitetin tuoremarjoilla
vuosien 1970, 1971 ja 1972 keskiarvoina ja pakastemarjoilla vuosien 1967, 1969 ja 1970 keskiarvoina.

Freshfruit
Tuoremarjat

Frozenfruit
Pakastemarjat

Taste Nectarberry flavour Taste Nectarberry flavour

Maku Mesiaromi Maku Mesiaromi
®»0-10 Range **)0-10 Range *0-10 Range **)0-10 Range
Adriarvot Adriarvot driarvot Adriarvot

Ottawa’ .. .ovevvnnn. 6.4 4— 9 0.0 0 8.0 5—10 0.0 0
62020003 ............ 6.2 2—9 3.7 2-5 7.6 5—-9 0.2 0—1
62020018 ............ 6.0 4— 9 6.4 4-—7 7.0 4— 8 0.2 0—1
62020037 ............ 5.8 3— 8 5.3 2—6 6.3 4— 8 0.4 0— 2
62020053 ............ 6.6 5—9 4.5 2—6 6.8 4— 8 0.3 0—3
Merva’ ...i.iinn.. 4.8 2—-10 7.7 4—-9 6.9 2—-10 1.7 0— 6

Nectarberry

Meripiaria: .. oo 6.5 3—10 10.0 10 i | 6— 9 8.5 3 10

*) 0-—10 = very poor — very good, erittdin heikko — erittdin hyvd : _
*%) 0—10 = no nectarberry flavour — very =trong nectarberry flavour, ei mesiaromia — eriftdin voimakas mesiaromi
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Table 2. Position in descending otrder of excel-
lence of liqueur samples prepared from fruit
harvested in 1970, 1971 and 1972.

Tanlukko 2. Vuosien 1970, 1971 ja 1972 marja-
sadoista valmistetinjen likoorindytteiden arvosteltn

paremmunsjdrjestys.
1970 1971 1972

’Ottawa’ — — 4
62020003 4 3 —
62030018 2 2 3
62020037 1 4 5
62020053 3 6 5
’Metva’ 5 5 2
Nectarberty

Mesimarja — 1 1

Table 3. Contents of alpha- and beta-ionones (ppm)
in dry weight of fruit determined as 2,4-dinitto-
phenylhydrazones by gas-layer chromatography.

Taulukko 3. Alfa- ja betajononien maiirit (ppm)
marjgjen tuorepainosta mdidritettynd kaasukromatograa-
Sisesti 2,4-dinitrofenylhydratsoncina.

Alpha-ionone Beta-ionone

Alfa-jononi Beta-jononi
’Ottawa’ 1-2 0.5—1
62020003 0.001—0.01 0.001—0.01
62020018 0.001—0.01 0.001—-0.01
62020037 0.0001—0.001 0.0001—0.001
62020053 0.0001—0.001  0.0001—0.001
’Metva’ 0.001—0.01 0.001—0.01
Nectarbetty
Mesimarja 0 0

liqueur». A good liqueur was obtained from
cultivar 62020018 in all three test years and,
on average, it was thus clearly the best cultivar.

The study of the carbonyl compounds re-
vealed as their DNPH derivatives in gas
chromatography showed that the raspberry
contained far more carbonyls than the nectar-
betry. In particular, the amounts of hexenal
and aldehydes with higher carbon numbers
were notably larger in the raspberry than in
the nectarberry. A very interesting difference
from the point of view of the flavour is the
absence from the nectarberry of the ionones
that ate so important for the aroma of the
taspberry (Table 3). The nectar raspberries
examined contained vety small amounts of
ionones. They were more abundant in cul-
tivars 62020003 and 62020018, which most

resemble the raspbetry in taste and scent, and,
surprisingly, in ’Merva’ than in the acid cul-
tivars 62020037 and 62020053. Fig. 1 shows
the DNPH derivatives of the raspbetry
carbonyls separated in the thin-layer chro-
matogram; the ionone fraction is notably large.
A similar fraction is absent from the nectar-
berry.

Discussion

Tonones are the compounds responsible for
the special flavour of the raspberry. They im-
part to many raspberry varieties, more powet-
fully to some than to others, a sweet, some-
times even displeasing taste. Even small quan-
tities of ionones give a noticeable flavour, e.g.
it is clearly perceptible in the taste and scent
of cultivar 62020018. Earlier analyses of the
raspberry have shown that the concentration
of ionones varies with the variety from 1 to
0.001 ppm (WINTER and SUNDT 1962, WINTER
and ENgeIsT 1971). The capacity to form
ionones is clearly inherited. The determina-
tions of the ionone content of ’Ottawa’ are
rather high (alpha-ionone 1—2 ppm and beta-
ionone 0.5—1 ppm). In contrast, no ionones
have been found in the nectarberry. Ionones
occur in the hybrid of the raspberry and the
nectarberry, the nectar raspberry, but their
content is less than a hundredth part of the
ionone content of the raspberry. The me-
chanism of the inhetitance of the capacity to
form ionones is not yet known. Mote detailed
studies on enzymes and precursors are ne-
cessary, as is clearly indicated by the work of
STEVENS (1970) on tomatoes.

So far very little is known of the compounds
responsible for the strong, distinctive flavour
of the nectarbetry, although attempts are being
made to analyse them. The otganoleptic ob-
servations indicate that the flavours of the
nectarberry and the raspberry ate due to
different substances, although many com-
pounds have been identified that are common
to both plants. Cultivar 62020018 clearly
possesses both inones and the nectarberry
flavour.
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The raspberry and the nectarberry are im-
portant as raw material for the foodstuffs
industry. Their distinctive, agreeable flavours
suit them particularly well to the preparation
of liqueurs and wines. The new fruit-bush
that is being developed, the nectar raspberry,
also seems to have fruit that is suitable for
this purpose. However the yields of 62020003
and especially "Merva’ are so poor that they
are unlikely to repay commercial cultivation.
In contrast, the three other cultivars have
such promising features that they deserve

further study. One of the most important ob-
jects of such research should be the elucidation
of the substances responsible for their aroma.
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SELOSTUS

Vadelman, mesimarjan ja mesivadelman marjojen jononisisillosti sekid sen vaikutuk-
sesta aromiin

Heimmo HitrsaLmi, HEIkkl KaLLio, TAPANI PyvysaLo, REINO R. LINKO ja
PerTTI KOPONEN (7)

Jononit muodostavat vadelmalle tyypillisen, aromil-
taan selvisti erottuvan yhdisteen. Jononien muodos-
tumisprosessi on periytyvi ominaisuus, jonka meka-
nismia ei toistaiseksi tunneta. Vadelmalajikkeella
’Ottawa’ jononipitoisuus on miiritetty varsin suureksi
(alfa-jononia 1—2 ppm ja beta-jononia 0.5—1 ppm).
Mesimarjoilla ei jononeja sen sijaan ole tavattu lain-
kaan. Vadelman ja mesimarjan risteytymien, mesiva-
delmien, marjoissa esiintyy jononeja, vaikkakin pitoi-
suudet ovat pienempii kuin sadasosa vadelman mat-
jojen jononipitoisuuksista.

Mesimarjalla tyypillisen voimakkaan aromin ajheut-

tavista yhdisteisti tiedetdfin toistaiseksi vihin. Eri
mesivadelmajalosteiden mesiaromi aistitaan vaihtele-
van voimakkaana. Kaasukromatograafiset ja massa-
spektrometriset tutkimukset osoittavat, ettd mesimar-
jan ja vadelman aromiainekoostumukset poikkeavat
selvisti toisistaan.

Vadelman ja mesimarjan marjat tunnetaan tiarkeini
teollisuuden raaka-aineina. Ne soveltuvat erinomai-
sesti likodrien valmistukseen ja antavat niille omalei-
maisen, miellyttdvin atomin. Kehitteilld olevan uuden
marjakasvin, mesivadelman, matjat niyttivit myos
olevan tihin tarkoitukseen kiyttdkelpoisia.
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In 1973 pests were considerably more abundant than usual. According to
responses to inquities, the average abundance of all pests, in terms of a five-
value scale, was 3.3, whereas during the ten-year period 1964—1973 it had
been 2.7. Aphids, especially Rbhopalosiphum padi, appeared in exceptionally
large numbers. There was a mass occutrence of Oulema melanopus over a
restricted area in southern Finland. Leptinotarsa decemlineata appeared sporadic-
ally, especially in loads of early potatoes imported from Bulgatia. However,
it was never able to establish itself in this country. Of the apples 24 %, were
damaged by Cydia pomonella and 18 %Y, by Argyresthia conjugella. Coccinella
septempunctata was very abundant. Although it destroyed a large number of
aphids, caused R. padi, heavy damage on spting cereals.

The present survey, like the previous ones
(e.g. MARKKULA 1973), is based chiefly on
replies to inquiries sent to the advisers of
Agricultural Centres. Inquiries were sent to
182 advisers, and replies were received as
follows:

Replies % Communes %
Spting inquiry 134 73 163 34
Fixst summer inquiry 153 85 191 40
Second summer inquiry 148 81 152 32
Autumn inquiry 136 75 157 33

A general estimate of the abundance of pests
for the whole growing season was given by
129 advisers from 130 commuanes. The estimate
was based on a five-value scale (IMARKKULA
1969). In the year under review the country
was divided into 401 rural communes, 22
country towns and 60 cities, a total of 483
communes.
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This growing season, like the previous one,
was warmer than usual. May was average al-
most. everywhere in the country, but after
that the temperatures rose and remained high-
er than average till the end of August. In
August and September the temperatures were
below average. Frost appeared over almost
the whole country at the end of August.

Precipitation varied greatly in different re-
gions. The southern and south-eastern areas
suffered from serious drought throughout the
growing season, i.e. till the end of August.
Only the south-western parts of the country
received more rainfall than usual in the be-
ginning of the growing season. Excluding
the northern parts, September was rainier
than average.



Table 1. Results of questionnaires. Severity of damage reported, using a scale of 0—10. The frequency of
damage shows the percentage of crops in which damage was observed.

Numbers of
observations Severity of damage Frequency of damage
1973 1964 —172 1973 1964 —172
CEREALS '
Rhopalosiphum padi (L.) ................ 173 2.9 1.0 57 14
Macrosiphum avenae (F.) ... ... ... .... 109 2.8 1.5 48 24
Elateridae .......................... 72 1.1 1.2 16 16
Phyllotreta vittula (Redth.) ............ 110 1.0 1.1 19 21
Oscinella frit (L)  ......oovviiiiin.. 120 0.7 1.2 14 16
FORAGE PLANTS
Amanrosoma spp. ... ooiiiiiiiiiiian 98 1.1 1.7 23 33
APion SPP. o 62 1.0 1.2 16 19
ROOT CROPS AND VEGETABLES
Halticinae . ........cooiiiviiiin. .. 108 1.9 2.1 33 41
Plutella maculipennis (Curt.) ............ 87 1.7 1.8 24 24
Hylemya brassicae(Bché)and H. floralis(Fall) 143 1.5 2.2 29 30
Hylemya antigua (Meig.) .............. 96 1.4 2.1 16 25
Trioza apicalis (Fowst.) ... ... 79 1.4 1.5 26 26
Pieris brassicae (L) etc. .........oovuun. 67 1.3 1.9 29 31
Psila rosae (B.) ..., 62 0.9 1.0 12 13
Brevicoryne brassicae (L.) ................ 37 0.8 0.9 17 14
Phaedon cochleariae (B.) ................ 55 0.8 1.3 24 22
Mamestra brassicae (L.) ................ 34 0.7 14 23 23
TURNIP RAPE
Meligethes aenens (B.) .................. 40 0.8 1.3 27 45
SUGAR BEET
Pegomya betae (Curt.) ...ooooovveeen.... 142 1.6 2.0 47 51
Chaetocnema concinna (Marsch.) .......... 81 1.3 1.8 42 42
Lygus rugnlipennis Popp. ete.  .......... 53 1.1 2.2 43 51 -
Silpha opaca L. ......... ... ... ... ..., 56 1.1 1.6 34 37
PEA
Cydia nigricana (B) «.oooooovioioin, 60 1.9 2.0 46 '35
APPLE
Cydia pomonella (L.) .................. 86 2.5 2.5 48 41
Hyponomeuta malinellus (Zell.) .......... 75 2.2 1.7 32 25
Argyresthia conjugella Zell. ............ 80 1.8 3.2 33 44
Aphis pomi Deg. ool 82 1.6 1.7 29 26
Psylla mali (Schmidbg.) .............. 54 1.1 1.0 13 17
Panonychus ulmi (Koch.) .............. 50 1.0 1.5 25 23
Lepus europaens Pallas and L. timidus L. .. 58 0.8 1.6 5 14
Microtus agrestis (L) o.oovvivivviainnn, 57 0.8 1.1 5 8
Arvicola terrestris (L) ... 50 0.6 0.5 3 4
Xyleborus dispar (F2) .................. 43 0.5 0.6 4 5
BERRIES .
Aphididae, on Ribes species ............ 119 2.4 1.9 43 28
Cecidophyopsis ribis (Wettw.) .......... 97 2.2 2.2 24 32
Stenotarsonemus fragariae (Zitam.) ........ 101 .24 2.1 32 29
Incurvaria capitella Cl. ... ... ... 85 2.0 2.0 25 25
Nematus ribesii (Scop.) and
Pristiphora pallipes Lep. .............. 88 1.7 1.8 16 19
Anthonomus rubi (Hbst.) .............. 67 1.6 1.7 33 28
Byturus urbanus (Lindb.) .............. 71 1.6 1.8 33 31
Pachynematns pumilio Knw. ............ 69 1.3 1.5 25 24
Tetranychus urticae (Koch) .............. 53 11 1.5 17 28
Zophodia comvolutella (Hbn.) ............ 51 1.0 1.1 18 15
PESTS ON SEVERAL PLANTS
Hydroecia micacea (Esp.) .............. 45 1.0 1.2 19 22
Deroceras agreste (L) et ..oovviiionn. 44 0.9 1.4 18 25
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Results and discussion

According to the replies, the average abun-
dance of pests was 3.3 for the whole growing
season. The figure is the highest in the ten-
year petiod 1964—1973, when the average
was 2.7. Six species or groups of species caused
greater losses than in 1964—1972 (Table 1).

Dutring this growing season the great abun-
dance of aphids was characteristic. Rhbopalosi-
phum padi, especially, caused heavy damage
both directly and by transmitting barley yellow
dwarf virus. The hard drought over large
areas increased the damage. The previous year
of great damage by R. padi was 1959 (KANERVO
1962, RAATIKAINEN and TINNILA 1961). Many
other aphids also appeared more abundantly
than average, especially on berry bushes.

The abundance of aphids led to a mass
occurrence of ladybirds (Coccinellidae). Larvae
of Coccinella septempunctata L. occurred in huge
numbets on cereal crops, which were teeming
with their aphid prey. In late summer C. sep-
tempunctata were to be seen everywhere in the
country and in towns in the greatest numbers
in living memory.

A peculiatity of the growing season was the
cereal leaf beetle Oulema melanopus (L.) and its
unexpected mass occutrence in a restricted
area of southernmost Finland, centring round
Porkkala. Because of the damage done by O.

- melanopus the barley fields were light in colour.
In the worst areas there were 2500—3500
latvae per m2. The severe drought increased
the damage. Because the occurrence of O.
melanopus was entirely unexpected, the farmers
were late in applying control measures. In
1936 and 1937 O. melanopus appeared abun-
dantly in southern Ostrobothnia and caused
damage, too (VAPPULA 1962).

The danger that Leptinotarsa decemlineata
(Say) would spread into Finland was greater
than ever before. Hithetto, only one living
Colorado beetle has been found in this country
- in grapes imported from Bulgaria, which
were being sold in a matket-place in Helsinki
in 1963. Because of the shortage of potatoes,
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eatly potatoes were imported in large amounts
from southern countries. In lorries carrying
potatoes from Bulgaria through the USSR,
living Colorado beetles and their larvae were
found. All the infested loads were returned to
Bulgaria. Some living beetles were also carried
into this country with shipment of cauli-
flowers from Poland, and by tourists.

As there was great danger that the Colorado
beetle would spread into the country, in-
spection was tightened up, and through coo-
peration with the Association of Agricultural
Centtres the growers in the southern coastal
region were informed of this threat. At the
end of the growing season it was verified the
Colorado beetle had not become established
in this country. .

The incidence of Pegomya betae, Lygus ruguli-
pennis and Silpha opaca on sugar beet remained
slight. Chaetocnema  concinna occurred more
abundantly than during the preceding year.

Cydia pomonella and _Argyresthia conjugella
caused distinctly less damage than during the
previous year, which, indeed, was a peak
year for damage. The following table shows
the percentages of apples damaged:

1973 1972 1964-1967 Replies
Cydia pomonella 24 33 20 81
Argyresthia conjugella 18 41 29 66

The populations of the common field vole
(Microtus agrestis) were abundant in the south-
ern and central parts of Finland in autumn
1972, and remained strong over the winter.
However, damage was unexpectedly slight in
spring, probably owing to the exceptionally
warm winter. The water vole (Arvicola ter-
restris) population is likely to continue to
increase, although this does not appear in the
returns to the inquiry.

Especially low figures of occurrence were
received for Oscinella frit, and Hylemya brassi-
cae, H. floralis and H. antiqua.

No information was obtained about pests
new to Finland.
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SELOSTUS

Viljelykasvien tuhoeldimet 1973

MARTTI MARKKULA

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Tuhoeldinten runsaus oli huomattavasti tavanomais-
ta suurempi. Maatalouskeskusten neuvojien esittimien
arvioiden perusteella laskettu runsausluku oli kerto-
musvuotena 3.3 ja kymmenvuotiskautena 1964 —1973
2.7. Tuomikirva aiheutti suuria tuhoja kevitviljoissa
erityisesti ankarasta kuivuudesta kirsineilld alueilla.
Leppipirkkoja oli loppukesilld enemmin kuin mies-
muistiin ja ne tuhosivat huomattavan osan tuomikit-
voista.

Kesin erikoisuus oli punatintainen viljakukko, joka
joukkoesiintymisellddn yllitti Kirkkonummen ja lihi-
seutujen viljelijit. Viljakukon edellinen tuhokausi sat-
tui vuosiin 1936 ja 1937.

Tiedusteluihin saatujen vastausten mukaan oli ome-

noista omenakiiridisen vioittamia 24 9, ja pihlajan-
marjakoin vioittamia 18 9. Tuhot olivat huomatta-
vasti vihiisempid kuin vuotta aikaisemmin.

Koloradonkuoriaisen leviimisen vaara oli suurempi
kuin koskaan ajkaisemmin. Bulgariasta Neuvostolii-
ton kautta rekka-autoilla tuoduista varhaisperunalihe-
tyksistd 16ydettiin kuoriaisia ja niiden toukkia. Saastu-
neet lihetykset madrittiin palautettavaksi. Yksittdisid
kororadonkuotiaisia saapui maahamme myds Puo-
lasta tuodussa kukkakaalilihetyksessd ja turistien mu-
kana. Tehostettujen varotoimien ansiosta koloradon-
kuoriainen ei pédssyt levidmiin viljelyksille.

Yksityiskohtainen katsaus on julkaistu Koetoiminta
ja Kaytintd -lehdessi n:o 3/1974.
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The toxicity of five Fusarium species commonly occurring in cereal seeds
was studied in a feeding experiment with rats. Cereal grain inoculated with
the species F. avenacenm (Fr.) Sacc., F. culmorum (W.G.Sm.) Sacc., F. graminea-
rum Schw., F. poae (Pk.) Wr. and F. tricinctum (Cda) Sacc. was given to the
rats as their sole diet. Ten or more isolates of each species wete tested. Daily
weight reduction in the rats during a feeding period of two weeks, clinical
symptoms and autopsy findings were used to determine the toxicity of the
fungus. It was noted that effect of F. #ricincium was the most pronounced, the
effect of F. avenaceum, F. culmorum and F. graminearum was intermediate, and
F. poae was least toxic. The variation between the various isolates within each

species was quite clear.

Fusarium fungi are quite common in cereal
seeds. More than 40 %, of spring cereal seed
samples wete infected by the species F. avena-
ceum, F. culmorum, F. poae ot F. tricinctum and
more than 10 %, by F. graminearum in the 1972
hagvest in Finland (Uotl and YLIMAKI 1974).

There are rather remarkable variations
between the fungus species belonging to the
genus Fusarium. Several species, ie. F. cul-
morum are best known as serious plant patho-
gens (CoLHOUN 1970). Others may occur quite
abundantly in soil and in plants without
causing any detectable harm, whereas certain
species, again, have been shown to produce
dangerous mycotoxins (BooTH 1971). In ad-
dition to this variation within the genus, the
different isolates of species which are morpho-
logically same may vary considerably. En-
vironmental conditions are among the factors
affecting the fungi to such an extent that
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pathogenicity or the ability to produce myco-
toxin may be lost or, on the other hand,
suddenly regained (CormAck 1951, BROOK
and WHITE 1966). MARASAS et al. (1971) have
reported an interesting interaction between
pathogenicity and toxicity. Only those isolates
of F. tricinctum which were pathogenic to pea
seedlings produced mycotoxin which had a
phytotoxic effect on the same seedlings.

Most of the Fusarium species have been
shown to produce mycotoxins to some extent
(Broox and WHITE 1966). The conditions
necessary for toxin production are still very
little known, although certain environmental
factors undoubtedly have an important effect
(JorFE 1971). The variation in toxigenicity of
different species may be great, and is not
limited to the species level only (KORPINEN
and YLiMAKI 1972).



The actual toxic compounds produced by
various Fusarium species are at the present
time only partly known. Thus chemical me-
thods cannot always be applied in practice to
determine the toxicity of the fungi and the
amount of toxin in fungal organs. Therefore
biological tests are still the method most

frequently used in toxicological research
BamBURG 1973).

In this study experimental rats were fed
on grain inoculated with Fusarium fungi.
Their reaction to the feeding was interpreted
as an indication of the toxicogenicity of these
fungi.

Material and methods

1. Isolation, inoculation and culturing the fungi

ments: I. avenaceum (Fr.) Sacc., F. culmorum

Five species of Fusarium were isolated from (W.G.Sm.) Sacc., F. graminearum Schw., F.

cereal seeds and used in the feeding experi-

poae (Pk.) Wr. and F. tricinctum (Cda) Sacc.

Fig. 1. Fusarium avenacenm A, F. culmorum B, F. graminearum C, F. poae D, F. tricinctum E. A—C: x 750, D—E.:
X 375.
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Table 1. The number and origin of the isolates of the
five Fusarium species used for inoculation.

Fusarium species Source of the isolation Total
Oats Wheat Barley

F. avenaceum 3 2 8 13
F. culmorum 3 3 11 17
F. graminearum 2 2 6 10
F. poae 1 5 4 10
F. tricinctum - 3 10 13

Total 9 15 39 63

In classifying the fungi the system presented
by Gorpon (1952) was followed although T.
tricinctum which was considered as a species
in itself, according to SEEMULLER (1968). The
fungus species are shown in Figure 1.

All the fungus material was isolated from
cereal seeds harvested during the autumn of
1972 in Finland. From all the species, 10 or
more strains were isolated. The number of
strains from the five species isolated from
various cereals is given in Table 1.

The fungi were isolated and cultured as
described in the report by UoTi and YLIMAKI
(1974). For the inoculation, a 150 g mixture
of sterilized wheat-barley-oats (1:1:1) seeds
was placed in ROUX-flasks. Grain mixture
was then inoculated with small pieces of
mycelium of different species and strains of

Fusarium. Four replicas were used in each
fungus strain. The cultures were kept at +20°C
for two weeks, placed in the cold (+4°C) for
five days, and brought back to a temperature
of +20°C for an additional two weeks. After
this incubation period of five weeks the cul-
tures were ready for the feeding experiments
(Fig. 2). Noninoculated grain received the
same treatments, and was used to feed the
control rats.

2. Feeding tests

Each Fusarium isolate was used in a feeding
test on rats. Two rats were fed during the
two weeks on grain material prepared as
described above. This constituted their sole
diet. Water was freely available. The rats were
weighed daily or every three days. In most

Fig. 2. Grain mixture inoculated with Fusarium in ROUX-flasks.
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groups the rats were 110—140 g to start with,
but there were a few groups weighing 60—90
g. The rats were of the Long Evans strain,
both males and females. On the 15th day of
the feeding test they were destroyed.

The percentage weight loss per day for

each animal was obtained using the following
three calculation values: the weight of a rat
before starting the feeding test, the weight
of a rat at the end of the feeding test or when
it was dying, and the number of days the
expetiment was continued.

Results

1. Loss of weight

Cereal grain inoculated with any Fusarium
fungus included in this study caused a clear
reduction in the weight of the rats. The control
animals, which were given sterilized grain
without fungal mycelium, gained weight on
an average of 2.39 9%, per day during the period
of 14 days whereas all the others lost 0.64—
15.25 9%, weight per day. The weight de-
crease varied greatly depending on the species
of Fusarium used for inoculation (Table 2).
F. tricinctnm caused significantly greater re-
duction than the other species. F. avenacenm,
F. culmorum and F. graminearum appeared to
have on intermediate effect in causing weight
reduction, but F. pose was significantly the
least harmful in this respect.

The type of cereal from which the fungi
were isolated did not seem to have much
effect. Only in the case of F. graminearum was
thete an indication that the strains isolated
from batley caused less loss of weight than
the isolates from oats or wheat. On the other
hand a remarkable variation was noted among

the different isolates in total (Fig. 3). Apart
from the species F. graminearum and F. tri-
cinctum, the variation was quite clear.

2. Clinical symptoms

The first symptoms were often seen on the
third day of the test. The eyes of the rats
became small because the eyelids were swollen
and irritated. The animals’ coats became coarse
and bristly, and they became less active. Move-
ments were stiff and sore. Loss of coordination
in movement was also noted. The abdomen
region, especially, was drawn up. Appetite
dropped gradually. In some cases the urine
was bloody. As the disease progressed the
animals sometimes showed periods of hyper-
activity, climbing and running very eagerly.
Occasionally the same rats shivered and were
unable to walk. During the later stages of
the disease the animals sometimes tried to
bite and ground their teeth. Finally the rats
were often paralyzed.

With the species F. #ricinctnm in particular,
but also with F. calmoram and F. graminaerum,

Table 2. Percentage weight loss per day in rats fed on grain inoculated with different
Fusarium species isolated from various cereals.

Source of isolation F-value
Fusarium species Oats Wheat Barley Average among
% % % % cereals
F. avenaceum 4.16 3.61 3.56 3.71a%) 0.29
F. culmorum 3.63 3.44 4.76 4.33ab 1.34
F. graminearum 5.47 5.50 3.98 4.58b 6.74%*
F. poae - - 2,71 1.32 2.25 1.83¢ 317
F. tricinctum — 7.19 7.93 7.75d . 0.43

*% P < 0.01 %

1y Means followed by the same letter do not differ based on the Duncan Multiple Range Test at 5 % level of probability.
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Fig. 3. Variation among the strains of Fusarium species according to the
weight teduction in rats.

the symptoms were usually clearly notable on
the fourth or fifth day of the experiment. The
symptoms were very strong and most of the
animals died before the 10th day of the ex-
petiment. In the case of F. pose the animals
showed slight if any symptoms and most of
the rats survived throughout the experiment.
The symptoms caused by F. avenacenm fell
between these two classifications.

3. Auntopsy

The animals were dehydrated and sometimes
extremely thin (kachectic). Stomach bleeding
(Fig. 4) and inflammation of the intestines
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were the most common pathologic anatomic
findings. A haemorrhagic part was ofter found
at the beginning of small intestine (duodenum)
(Fig. 5) contrasting sharply with the intact
intestine following on. The liver had often
degenerated, and occassionally also the kid-
neys. The bladder was in some cases filled
with bloody urine. In some cases haemorrhage
of the brain was found.

Gastritis was very pronounced with the
species . graminearum especially and there
were often deep necrotizing ulcera seen on
the gastric mucosa. With F. poae the changes
wete very slight or nothing special was found
in a mactroscopial examination.



Fig. 4. The open stomach of a rat fed with F. graminearum. The black areas
(arrows) are bleeding and necrotic. X 5.

Fig. 5. The affected small intestine of a rat fed with F. tricinctum. The arrows
point to the haemorrhagic part at the beginning of the small intestine.
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Discussion

The grain yield harvested in 1972 in Fin-
land was heavily contaminated with Fusarium
fungi (UoTi and YLIMAKI 1974). The presence
of these usually red-coloured moulds in seeds
in such great abundance caused a lot of con-
fusion on the normal grain market. Several
farmers were not able to sell their crop at the
proper price because grain dealers found the
quality so low, due.to the fungal infection,
that they refused to accept it (UoTi 1973). The
real significance of these fungi as seedborne
contaminants and possible toxin producers,
however, is not sufficiently known at present
(KORPINEN and YLIMAKI 1972).

Chemical and biological tests for identifying
Fusarium toxins are being developed. Although
the structures of several toxic metabolites of
Fusarium fungi are known, there is still a lack
of practical analytical methods for quantitative
determinations of toxins. A feeding test can
be considered a practical experimental answer
to the question of whether a feed is toxic or
not. In the experiment described here, mouldy
samples were fed as the sole diet. This ensured
a greater concentration of toxic substances in
the feed. A strong change-over in the diet
always involves great risk to the animals.
For the purpose of this study, i.e. to examine
the variation in toxic effect of different Fusa-
riym species, the method should, however,
be acceptable.

The ability of the species of F. graminearum
and F. tricinctum to produce mycotoxins is
well known. The toxigenicity of F. graminea-
rum in farm animals, especially in horses, was
first shown in Finland by Rainio (1932). More
recently, toxic compounds formed by this
species have been studied by several authors
(CurTIN 2nd TUITE 1966, CHRISTENSEN et al.
1972). It has been shown to produce zearaleno-
ne or F-2 toxin as well as the species of F.
cwlmornm and F. tricinctum (CALDWELL et al.
1970). F. tricinctum especially also produces
T-2 toxin (UENO et al. 1973), and has been
demonstrated to have phytotoxic properties
as well (MARAsas et al. 1971). The species
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F. avenacenm, F. culmornm and F. poae have
been shown more rarely to be associated with
toxicoses, although emetic material has been
extracted from their cultures too (PRENTICE
and Dickson 1968). In this study F. poae had
the least toxic effect, but there are reports
which describe this species as a potential toxin
producer (JorFE 1971). Taxonomic confusion,
however, does not allow direct comparisons.

The symptoms and the clinical pictures
caused by different Fusarium toxins are still
somewhat indistinct. The clinical and patho-
logic-anatomic pictures described here confirm
quite well those described by other workers
(SArkisov et al. 1971, UENo et al. 1971).
However, bloody urine is not often reported
in Fusarium toxicoses.

Of interest is the great variation in toxic
effect of different strains within each species.
Even strains isolated from the same seed lot
gave weight reductions which were hardly
similar. It would appear obvious that although
the species itself could be considered as the
primary factor relative to the toxicity, the
toxicity of each isolate should be tested
separately.

Fusarial nomenclature is by no means uni-
form. Several classification models differ
considerably from each other and are often
used without any specification, causing more
confusion in the Fusarium literature (BooTH
1971). The greatest difficulties caused by this
confused situation are probably faced with
the species I'. pose and F. tricinctum with
reference to the toxicity of these fungi.

Acknowledgements. — The authors wish to thank
Mrs. Hilkka Heiskanen, Mrs. Sally Hovi and Miss
Hellevi Koskinen for their valuable technical help in
isolating and culturing the fungi. Thanks ate due to
Miss Sinikka Mikeld for taking care of the practical
work in feeding and observing the test rats.

The financial support granted by the National Re-
search Council for Agriculture and Forestry, the Na-
tional Reseatch Council for Medical Sciences and the
Association of the Commercial Mills and Livestock
Feed Industry (Kauppamyllyjen ja Rehutehtaiden Yh-
distys) have made this work possible.



REFERENCES

BAMBURG, J. R. 1973. Biological and physical methods
for the detection of 12,13 — epoxy — A® — tri-
chothecenes. 2nd Int. Congr. Plant Path. Minnea-
polis 1973. Abstract no. 1029.

BootH, C. 1971. The genus Fusarium. 237 p. Kew,
Surrey. '

Brook, P.]J. & WHiTE, E.P. 1966. Fungus toxins
affecting mammals. Ann. Rev. Phytopath. 4:
171—194.

CALDWELL, R. W., TuITE, J., ST0B, M. & BALDWIN,
R. 1970. Zearalenone production by Fusarium
species. Appl. Microbiol. 20: 31—34.

CHRISTENSEN, C. M., MIroCHA, C. J., NRLSON, G. H.
& QuasT, J. F. 1972. Effect on young swine of
consumption of rations containing corn invaded
by Fusarium roseum. Appl. Microbiol. 23: 202.

CoLHOUN, J. 1970. Epidemiology of seed-borne
Fusarium diseases of cereals. Ann Acad. Sci. Fenn.
A IV Biologica 168: 31 —36.

CoRMACK, M. W. 1951. Variation in the cultural
characteristiscs and pathogenicity of Fusarium
avenaceum: and F. arthrosporioides. Can. J. Bot. 29:
32—45.

CURTIN, T. M. & TUITE, J. 1966. Emesis and refusal
of feed in swine associated with Gibberella eae-
infected corn. Life Sciences, 5: 1937 —1944,

GORDON, W.L. 1952. The occurrence of Fusarium
species in Canada. II. Prevalence and taxonomy of
Fusarium species in cereal seeds. Can. J. Bot.
30: 209—251.

JoFFE, A. Z. 1971. Alimentary toxic aleukia. Micro-
bial Toxins 7: 139—189.

KoRPINEN, E-L. & YLIMAKI, A. 1972. Toxicogenicity
of some Fusarimm strains. Ann. Agric. Fenn. 11:
308—314. .

Marasas, W. F. O., SMALLEY, E. B., BAMBURG, J. R.
& STRONG, F, M. 1971. Phytotoxicity of T-2 toxin
produced by Fusarium tricinctum. Phytopathology
61: 1488 —1491.

PRrENTICE, N. & DicksoN, A.D. 1968. Emetic ma-

terial associated with Fusarium species in cereal
grains and artificial media. Biotechn. Bioeng. 10:
413 —427.-

RamNto, A. J. 1932. Punahome Fusarium roseum Link
— Gibberella saubinetii (Mont.) Sacc. ja sen aiheut-
tamat myrkytykset kautassa. Valt. Maatal.koetoim.
Julk. 50: 1—45.

SARKISOV, A. KH., KOROLEVA, V. P., KvasNINA, E. S.
& GREZIN, V. F. 1971. Diagnosis of the fungus
disease in animals. Mycosis and mycotoxicosis.
Kolos, Moscow, p. 83—91. (Russian).

SEEMULLER, E. 1968. Untersuchungen iiber die moz-
phologische und biologische Differenzierung in
der Fusarium-Sektion Sporotrichiella. Mitt. Biol.
Bundesanst., Betlin-Dahlem, 127: 1—93.

UENo, Y., SaTo, N., Isnn, K., Sakai, K., TsuNopa,
H. & Enomoto, M. 1973. Biological and chemical
detection of trichothecene mycotoxins of Fusarium
species. Appl. Microbiol. 25: 699 —704.

UENoO, Y., UENo, J., IiToL, Y., TsuNoDA, H., ENomo-
T0, M. & OHTSUBO, K. 1971. Toxicological ap-
proaches to the metabolites of Fusaria. Jap. J.
Exp. Med. 41: 521 —539,

Uori, J. 1972. Viljan punahomeen esiintymisestd 1972.
Kasvinsuojelulehti 6: 3—7.

UoTl, J. & YLIMAKI, A. 1974. The occuttence of Fu-
sarium species in cereal grain in Finland. Ann.

Agtric. Fenn. 13: 00—00.
MS received 2 February 1974

Eeva-Liisa Kotpinen

College of Veterinary Medicine

Dept. of Microbiology and Epizoology
SF-00550 HELSINKI 55, Finland

Juhani Uoti

Agricultural Research Centre
Institute of Plant Pathology
SF-01300 TIKKURILA, Finland

41



SELOSTUS

Viiden Fusarium-lajin myrkkyvaikutuksen vaihtelu koerotilla

EEeva-LiisA KORPINEN

Eldinldzdketieteellinen korkeakoulu, Mikrobiologian ja epizoologian " laitos, Helsinki

Junant Uori

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Koerottia ruokittiin kahden viikon pituisissa jak-
soissa viljaseoksella, joka oli inokuloitu eri Fusariunm-
sienilajeilla. Lajien ja kantojen myrkyllisyyttd rotille
pyrittiin selvittdmain rottien piivittiisen painon ale-
nemisen vertailulla, taudinkuvan tarkastelulla ja ruu-
miinavauksen perusteella.

Suurimmat painonalennukset aiheutuivat F. zri-
cinctum -lajilla inokuloiduilla jyvilld. Lajit F. avenaceum,
F. culmorum ja F. graminearum aiheuttivat painon alene-
mista selvisti vihemmin. Vihiten kasvua hidastivat
F. poae -lajin isolaateilla inokuloidut jyvit. Kaikkien
Fusarinm-lajien sisilld todettiin eri isolaattien vililld
suuria eroja painon alenemisen voimakkuudessa.
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Sairauden oireet ilmaantuivat jo neljintend tai vii-
denteni piivini koeryhmissd, jotka saivat F. #ricinc-
tum-, F. culmorum- tai F. graminearum -lajeilla inokuloi-
tua viljaa. Niissd ryhmissi rotat usein kuolivat ennen
kymmenettd koepiivii. F. avenaceum -ryhmissi esiintyi
lievid oireita, ja rotissa, jotka saivat F. pose -lajilla ino-
kuloitua viljaa, todettiin samoin lievid oireita tai jois-
sakin tapauksissa oireita ei lainkaan voitu havaita.

Ruumiinavauksessa todettiin sairastuneilla rotilla
verinen mahalaukun ja erityisesti suoliston alkuosan
tulehdus. Virtsa oli erdissd tapauksissa veristd. Maksa-
ja munuaisrappeutumaa havaittiin useilla sairastuneilla
rotilla.
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lexvo 74: 202—203.

— Valkuaisongelmista sikojen ruokinnassa. Lihan-
tuottaja 2: 9—13.

— Sikojen valkuaistarpeen tyydyttiminen. Lihasian
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— Totjunta-aineiden varoajat ja muut kidytdon rajoi-
tukset. Puutarha 76, 7: 358 —359.

— Totjunta-aineiden varoajat ja muut kdytén rajoi-
tukset. Puutarha-Uutiset 25: 574.
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valotuslaitteet ss. 10—18. 26 p. Helsinki. Moniste.

— & MARILA, K. Kiinanasterin lajikekoe Viikissa.
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tukien vai tuetta. Pellervo 74: 332—333.

—, LAMPINEN, R., MuUKULA, J. & SALLAasMaa, S.
Tirkeimmit peltokasvilajikkeet. Kylvtsiemenopas.
p. 17—33. Helsinki.

LAuriLAa, A. Vihreyttdi nurmikkoseoksilla. Saroilta
5:25.

NISSINEN, O. Effect of powdery mildew (Erysiphe grami-
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P, and K on the nutrient uptake of Pito potato). ].
Scient. Agric. Soc. Finl. 45: 542 —564.

— Miti syysvehnille kuuluu. Kiytinnon Maamies
8:19—-20.
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— Nurmikkotutkimusta Linsi-Hahkialassa. Puutarha
72: 572.

—, INKILA, O. & KOYLIJARVI, ]J. Ruokaherneen
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betsodling. Sementtiyhd. tied. Erikoisnumero
1973: 9—12.

— Betanal — sokerijuurikasmaiden kemiallinen kuok-
ka. Yhtymin rumpu 33, 4: 4—5.

—, AURA, E. & KurppPA, R. Voiko vanhoihin juuri-
kasmaihin kertyd kasveille kiyttSkelpoista typpei ?
SaSon Uutiset 15, 2: 9—13.

KESAVAARA, H. Monosiemenen ja Betanalin kiytt66n-
oton vaikutus tydmenekkiin eriilli sadontarkkailu-
tiloilla. SaSon Uutiset 15, 2: 20—24.

METTALA, J. Sokerijuurikkaanviljelyn rationalisointi.
SaSon Uutiset 15, 2: 25—32. .

— Soketijuurikasmaiden tikkakasvintorjunta. SaSon
Uutiset 15, 3: 2—5.

— Sokerijuurikkaan nostoniksit. Pellervo 74:868—
871.

— & KESAvaARA, H. Sokerijuurikkaan kotjuukoneen
kiyttokustannukset. Sokerij.vilj. Tutk.kesk. Tied.
3. SvT-tutk.seloste 4. 11 p. Moniste.

Suoviljelysyhdistys, Karjalan koeasema,
Tohmajirvi

Society of Peat Cultivation, Karelia Experiment Station,
Tobmajirvi

LUOSTARINEN, H. Kevitviljojen lajikkeet Pohjois-
Karjalassa. Katjalainen 9: 6.



— Suon vesitaloudesta viljanviljelyssd. Koetoim. ja
Kiyt. 30: 22—24.

— Sinkimaiden Zestys. Kiytinndén Maamies 8: 22—
23.

— Kuivatusta vai kastelua turvemailla? Kiytinnon
Maamies 11: 18 —19.

— & LAASONEN, M. Syysrukiin typpilainnoitus ja
laontotjunta. Koetoim. ja Kiyt. 30: 36.

Tyétehoseura, Helsinki
Work Efficiency Association, Helsinki

ANON. Rakentaminen maatiloillakin voi tapahtua no-
peasti. Teho 1—2:37.

— Laskelma heinidn ja sdilorehun kotjuun ja varas-
toinnin kustannuksista. Teho 4: 116—117.

— Laskelmiin perustuvia selvityksid kone- ja tyokus-
tannuksista maatilojen keskeisessd tybavussa. Teho
1:463—464.

ANTTILA, R. Uusi kotimainen »ympiristdystivillinen»
lietelannan levityslaite. Teho 1—2: 21.

— Betonimaalin soveltuvuus sikakarsinoihin tutkit-
tavana. Teho 5: 168 —169.

— DParsipihaton rakentajille. Teho 5: 171 —172.

— Teurasmullipihattoratkaisu kokeilun kohteena. Te-

ho 5:199—201.

— Kone ihmisen apuna siilérehun kisittelyssd. Teho
7—8:310—312.

— Maatila tarvitsee sihkod. Teho 11: 458 —459.

— Teurasmullien pidosta. Tehokottisto. Tydteho-
seur. Rak.tied. 77: 1—4.

— Ajanmukainen mullinavetta Putulassa. Maas. Tu-
lev. 57, 73: 5.

— DPiensdihkolaitteistoja sdhkottdmiin kyliin. Maas.
Tulev. 57, 83: 8.

— Lietelannan kaasuvarat I. Maas. Tulev. 57, 133: 11,

— Lietelannan kaasuvarat I1. Maas. Tulev. 57, 135: 1.

— Parsipihatto alentaa maidontuotantokuluja. Hel-~

singin Sanomat. 275: 21.

— Joka viides talous Savossa vailla sihkoi. Savon
Sanomat 220: 5.

— Teurasmullipihattoa ja laakasdiléd koskevat ko-
keilut kiytinndn olosuhteissa. Oma Maa 19, 2: 3.

— Kone ihmisen avuksi sdilorehua tehtiessd ja siiléd
purettaessa. Oma Maa 19, 24—25: 2.

— Sikatalous tutkimuksen kohteena. Sika 5: 11—12,

— Lietelannan kisittely ja ympiriston suojelu. Ym-
pitist6 ja Tetveys 9—10: 861 —866.

— Laakasiil siilorehuvarastona. Koetoim. ja Kiyt.
30: 25. :

— & KARJALAINEN, T. Liha- ja emakkosikaloiden
sisustusjétjestelyjen ja rakenteellisten laitteiden
kiyttokelpoisuudesta sekd niiden vaikutuksesta
tyonmenekkiin ja kustannuksiin. Kitjallisuustutki-
mus. Tyo6tehoseur. Julk. 170:1—117.

— & VaALLIL, O. Taitoa ja huolellisuutta lietelannan

kisittelyyn. Tehokortisto. TyStehoseur. Rak.tied,
81:1—4.

HoNKASALO, V. Perivaunu-uutuus tulossa. Teho 4:
134—135.

— Oljet harmina. Teho 11: 472—473.

— Thmistyovoiman osuutta lannoitteiden tySketjussa
pystytddn vihentimiddn. Leipd Levedmmiksi 21,
1:29-32.

KARJALAINEN, T. Lihasikalan sisustusratkaisujen va-
lintaan liittyvid nikokohtia. Teho 4:119—121.

— Rakenteet ja tetveys sikalassa. Teho 5: 166—167.

— Hoitomenetelmit ja potsitustulos emakkosikalassa.
Teho 7—8: 287—290.

— Liha- ja emakkosikaloiden rakenteellisista ratkai-
suista, tyonkiytostd ja kustannuksista. Teho 11:
460 —461.

— Tuoreen viljan siilonnin tyStalous. Teho 11:
474—475.

—, KINANEN, R. & SALONEN, V. Tuoteen viljan sdi-
16ntd kehittyy. Teho 7—8: 293 —295.

LiskoLa, K. Heinit vaivatta latoon. Saroilta 1: 10—11.

Nissi, T. Kesin —72 sadetuskokemuksia. Teho 4:
111—112.

— Miten destin? Teho 4: 122—123.

— Ajotekniikan vaikutus perunan kolhiintumiseen
konenostossa. Teho 7—8: 307—308.

— Kannattaako nurmien sadetus? Katjatalous 49, 5:
10—11.

— Asiantuntijalausunto Heikkildn tilan sadetussuun-
nitelmista. Koneviesti 9: 14.

— Lannoitteiden kisittely kehittyy. Pelto-Pirkan
Piivintieto 1974: 229—234. Helsinki.

— & MALKIA, E. Sadetuksen tyonmenekki ja sade-
tusty6n kuormittavuus. Teho 11:432—435.

PoxKINEN, P. Nyt on koneiden kevithuollon aika.
Teho 4: 140—143.

SALONEN, V. Tehoistuttaja perunapellolla. Teho 5:
202.

— Viljelijin ratkaisu
7—8: 305—306.

SEISE, A. Pitiisikd hakea patenttia? Teho 4: 118.

— Sipulin viljely peltoviljelylaajuuteen. Teho 7—8:
279—282.

— Suomulevyt kylmiilmakuivureissa.
Maamies 7: 39—41.

UoTiLA, P.]J. Tehostuvan maatalouden tyonjirjeste-
lyjen ongelmia. Maatalous 66, 9: 149—151.

— & HoNKASALO, V. Selvitys Claas Metcator S leik-
kuupuimurin kiytostd Tyo6tehoseuran koetilalla
Rajamielld 1972. Teho 7—8: 314—315.

— & KARJALAINEN, T. Viljankuivatuksen kustannus-
laskelma. Teho 11: 476—477.

— & LiskoLa, K. Traktorin ja leikkuupuimurin tys-
tunnin hintalaskelma. Teho 11: 470 —471.

— & Nissi, T. Lannoitteen ja siemenviljan kylvoka-
sittely kehittyy. Teho 11: 427—431.

teurasmullipihatoiksi. Teho

Kiéytinnén
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Valtion eldinlidketieteellinen laitos, Helsinki
State Veterinary Medical Institute, Helsinki

AHo, K., BRANDER, E. & EstoLA, T. .Agglutinins
against group III Mpycobacteria. Acta Path. Micro-
biol. Scand. Sect. B. 81: 589 —592.

ANDERSSON, P. Siipikatjan taudit. (I painos oppikir-
jasta Kanataudit).

EstoLA, T. Coronavirusten serologia ja kyky aiheut-
taa zoonoseja. Duedecim 89: 644—0645.

— & SANDELIN, K. Eriitid tuloksia kanan leukoosi-
vitruksiin ja niiden vasta-aineisiin kohdistuneista
tutkimuksista. 12: 367 —372.

—, SANDELIN, K., VAHERI, A., RuosLanTi, E. &
Sun1, J. Radivimmunoassay for detecting group specific
avian RIN.A tumor virus antigens and antibodies. Proc.
Avisymposium of Int. Ass.. Biol. Standardization,
Lyon 1973. '

KoIRANEN, L. Raviurheilu myétiisessid. Suom. Eldin-
ladk.l. 79:93—100.

— & NuRrmMI, E. Utaretulehduksen ehkiisy (Mastitis
prevention). Suom. Eldinlddk.l. 79: 303 —319.
Nurwml, E. Elintarvikkeiden jidmitutkimukset valtion
eliinlddketieteellisessd laitoksessa. Katjantuote 55,

11:11.

— & RANTALA, M. New aspects of Salmonella infection
in broiler production. Nature, Lond. 241: 5386,
210—211.

NuRrMIo, P., KOIRANEN, L. & TuramAki, A. Hevo-
sen fekaalinen mikrobifloora (The faecal microflora
of horses). Suom. Eldinladk.l. 79: 668 —681.

PEKKANEN, T. & NURMI, E. Penicillin and other inhibi-
tory substances in quarter milk samples of cows at
slaughter. Zentralbl. Vet.Med. 20: 140.

RAEVUORI, M., HiLL, O. & Nurml, E. Nitriitin, ery-
torbaatin seki sittuunahapon vaikutuksesta keitto-
makkaran viriin, makuun ja sdilyvyyteen. Suom.
Eliinldik.l. 79: 150—156.

—, HiLL, P. & NurMIl, E. Keittomakkaran nitriitti-
pitoisuuteen vaikuttavista tekijoistd, Ympiristd ja
Tetveys 4, 2: 175—182.

RANTALA, M. Eriiti ajankohtaisia elintarvikehygiee-
nisii ongelmia. Kotitalous 37: 339 —341.

— & NURMI, B. Prevention of the growth of Salmonella
infantis in chicks by the flora of the alimentary tract of
chickens. Br. Poult. Sci. 14: 627—630.

— & NurMl, E. Soijavalkuaisen osoittaminen liha-
valmisteissa geeliptresipitaatiomenetelmalld. Suom.
Eldinldak.l. 79: 535—539.

RuUOSLAHTI, E., VAHERI, A., ESTOLA, T. & SANDELIN,
K. .Antibodies against avian gs antigen in chickens
infected naturally and experimentally with avian RNA
tumor virnses. Int. J. Cancer. 11: 595—603.

SANDELIN, K. & EsT0oLA, T. Chicken leukosis virus and
its oceurrence in Finland. Scand. J. Clin. Lab, Invest.
130: 33.
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— & EstoLA, T. Avian leukosis viruses and antibodies in
Finnish poultry. Proc. V WId. Poultr. Ass. Congt.
Munich 1:100.

ScHULMAN, A. Effect of weaning on the pH changes of the
content of the Piglet Stomach. Notrd. Vet.-Med. 25:
220—225.

— Sikojen terveystarkkailusta. Sika 1: 19—20.

— Ajankohtaisia nikokantoja tautien ennaltachkaisys-
td nykyaikaisessa siankasvatuksessa. Payzone Sym-
posio Helsingissd 21. 5. 1973. Proc. 1—5.

— Sianlihaa taloudellisesti. Terveys ja hygienia. TLK
p. 44—55.

Valtion maatalouskemian laitos, Helsinki

State Institute of Agricultural Chemistry, Helsinki

ANON. 1970. Valt. Maatal.kem. Lait. Tied. 3.

— 1971. Valt. Maatal.kem. Lait. Tied. 4.

SILTANEN, H., VaLTa, A.-L. & ROSENBERG, C. In-
vestigations on Pesticide Residues, 1972. Publ.
State Inst. Agric. Chem. 8.

Valtion maatalouskoneiden tutkimuslaitos,
Helsinki

Farm Machinery Research Institute, Helsinki

830 Valmet 1100-dieseltraktori

831 Valmet 700 Mk II-dieseltraktori -

832 Hoover-astianpesukone, malli 4844

833 AEG-Favorit-astianpesukone, malli TS

834 Bosch-astianpesukone, malli GV 120 L

835 Jaakko-viljaelevaattorit

836 Antti 36-viljaelevaattori

837 Valmet 880 K-kuormatraktori

838 Esko-monitoimiperdvaunu

839 Tietoja markkinoillamme olevista sahutin silmi-
suojuksista

840 Electrolux-astianpesukone, malli BF 606 R

841 Aki-viljankuivuriuunit

842 Antti-viljankuivuriuunit

843 Atrska-viljankuivurinunit

844 Jaakko-viljankuivuriuunit

845 Nippiri-viljankuivutiuunit

846 Nipsi-viljankuivuriuunit

847 Sampsa-viljankuivuriuunit

848 Sato-viljankuivuriuunit

849 Teijo-viljankuivuriuunit

- 850 Viurila-viljankuivuriuunit

851 Hakki-pinotavarareki :

852 Tietoja markkinoillamme olevista moottorisa-
hoista

853 Sato-kelasilppuri, malli HM 1100

854 UPO-astianpesukone, malli 00556

855 Indesit-astianpesukone, malli P 12 S

856 Pitkd Esa-monitoimiperdvaunu

857 4 puimurin kéiyttSominaisuudet



858 Kylvo-lannoituskone Tume KL 250

859 Candy-astianpesukone

860 Melnos 1500 trukki-takakuormain

861 Valmet 502-dieseltraktori

862 Lame-lantapumppu, malli 7529 -

863 Partner-moottotisaha, malli R 22

864 Kylvokone Tupla Tume 250

865 S-piikkinen latades Tume SV-36

866 International 464-dieseltraktori

Tutkimusselostus 10. Metsitraktorin melu, tirind ja
heilunta

Koetusselostus:
tractor

O.E.C.D. 437. Valmet 502 diesel

Valtion maitotalouskoelaitos, Jokioinen

State Institute for Dairy Research, Jokioinen

ANTILA, P. Maidon ja maitovalmisteiden hivenalku-
aineista. Valt. Maitotal.koel. Tied. 107. 3 p.

— Occurrence of Certain Trace Elements in Cow’s Milk.
Valt. Maitotal.koel. Julk. 24. 144 p.

— Eriiden maitovalmisteiden hivenalkuainesisillsta.
Valt. Maitotal.koel. Julk. 25. 71 p.

ANTILA, V. Kertomus Valtion maitotalouskoelaitok-
sen toiminnasta 1972. Valt. Maitotal.koel. Julk.
26. 29 p.

— Maidon laadun miirittiminen. Valt. Maitotal.koel.
Tied. 106. 1 p.

— Maidon analysointi Suomessa. Valt. Maitotal.koel.
Tied. 108. 2 p.

—, KANKARE, V. & SAVANO]JA, O. Oy Hackman Ab:n
kermankypsyttimen koetus. Valt. Maitotal.koel.
Kone- ja tarvikekoet. 76. 22 p.

— & KYLA-SiuroLa, A.-L. Alfa-Laval 1 pesu- ja
desinfektioaineen koetus. Valt. Maitotal.koel.
Kone- ja tarvikekoet. 77. 3 p. ‘

— & KYLA-SIUROLA, A.-L. Diskal pesu- ja desinfek-
tioaineen koetus. Valt. Maitotal.koel. Kone- ja
tarvikekoet. 78. 3 p.

— & KYLA-S1UROLA, A.-L. IRMA II maidon rasva-,

valkuais- ja laktoosipitoisuuden madirityslaitteen
koetus. Valt. Maitotal.koel. Kone- ja tarvikekoet.
79. 50 p.

— & KYLA-S1uroLA, A.-L. Rehun mukana lehmille
syOtettyjen antibioottien vaikutus Str. thermo-
philuksen, Lb. helveticuksen ja Lb. lactiksen kas-
vuun maidossa. Valt. Maitotal.koel. Tied. 110.
19 p.

KANKARE, V. Voin kiinteys. Valt. Maitotal.koel.
Tied. 109. 2 p.

— Maidon rasvan fraktiointitavoista. Helsingin Yli-
opiston Maitotal.lait. Ravintorasvat. Jatkokoulu-
tuspdivit. 15 p.

Valtion siementarkastuslaitos, Helsinki
State Seed Testing Station, Helsinki

HALKILAHTI, A. M. Lentonoki ohran kauppasieme-
nessd, Koetoim. ja Kayt. 30: 8.

— Ohran lajikkeiden viirutautisuus. Koetoim. ja
Kiyt, 30: 1.

— Siemenviljan nokitautitartunnan mdérittiminen
laboratoriossa. KylvSsiemen 1972, 4: 11, 13.

JokELA, M. Tarkkailtavat rikkasiemenet timotein,
puna-apilan ja nurminadan siemenissi. Koetoim.
ja Kiayt. 30: 21.

ULVINEN, O. Tirkeimpien perunalajikkeittemme tun-
nistaminen. Kylvosiemen 11 p. Eripainos.

YLLd, L. Ruokaherneen siementen laatu. Koetoim. ja
Kiyt. 30: 29—30.

Vesihallitus, Hydrologian toimisto, Helsinki
National Board of Waters, Hydrological Office, Helsinki

KARA, O., SEUNA, P. & HEINo, S. Sadetuksesta ja
sithen liittyvistd tekijoistd erityisesti Kiskon seu-
dulla. Vesihallituksen Tied. 53. .

SEUNA, P. A Simple Lincar Soil Moisture Model for
Irrigation Purposes. IX Bur. Reg. Conf. of 1L.C.1D.
Budapest.
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INSTITUTES, EXPERIMENT STATIONS AND BUREAUX OF THE
AGRICULTURAL RESEARCH CENTRE IN FINLAND

1. Office of the Director General, Administrative Bureau, Bureau for Local Experiments
(HELSINKI) — 2. Institutes of Soil Science, Agricultural Chemistry and Physics, Plant Hus-
bandry, Plant Pathology, Pest Investigation, Animal Husbandry and Animal Breeding; Isotope
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(HYVINKAA) — 18. Frost Research Sta. (PELSONSUQ)



SISALLYS — CONTENTS

BREMER, K. Occurrence of the brome grass mosaic and Agropyron mosaic viruses in

L e g e A e b R B R e S LS T SR el
Selostus: Bromus-mosaiikkiviruksen ja Agropyron mosaiikkiviruksen esiintyminen
Suomessa vuosina 1971 —1973 ... . oot i e
Uortt, J. & YLimAKI, A. The occurrence of Fusarium species in cereal grain in Finland .
Selostus: Viljasadossa esiintyvit Fusarium-lajit .......oocoiiiiiinn et
Varis, A.-L. Distribution of damage caused by Lygus mguhpcnms Popp (Het., Mmdae)
in culfivated felds ....... 00000 e S e R e e e P A

Selostus: Peltoluteen aiheuttaman vioituksen esiintymisestd viljelysten eri osissa
HitrsaLmr, H., KaLvio, H., PyysaLo, T., LiNko, R. R. & KoroNEN, P. (1). The ionone
content of raspberries, nectarberries and nectar raspberries and its influence on their

Havauta s e G R e e S e B s e S g

Selostus: Vadelman, mesimarjan ja mesivadelman marjojen jononisisallostd sekd

sen vaikutuksesta aromiin . ..... R e e N e L R i e ek
MARKKULA, M. Pests of cultivated plants in Finland in 1973 .......... e h e

Selostus: Viljelykasvien tuhoeldimet 1973 .. .. .cooiii iiiiiieiieiniaiien.
KORPINEN, E.-L. & Uorl, J. The variation in toxic effect of five Fusarium species on rats

Selostus: Viiden Fusarium-lajin myrkkyvaikutuksen vaihtelu koerotilla ........
Luettelo vionna 1973 julkaistuista maatalousalan tutkimuksista ja koeselostuksista

List of agricultural research papers published in 1973 .. ... ..oiviviaiiniiats

Helsinki 1974, Uudenmaan Kirjapaino Oy.

29

33

42
43



