
Annales 
Agriculturae 
Fenniae 

Maatalouden 
tutkimuskeskuksen 
aikakauskirja 

Vol. 15, 1 

Journal of the 
Agricultural 
Research 
Centre 

Helsinki 1976 



Annales 
Agriculturae 
Fenniae 

JULKAISIJA — PUBLISHER 
Maatalouden tutkimuskeskus 
Agricultural Research Centre 
Ilmestyy 4-6 numeroa vuodessa 
Issued as 4-6 numbers a year 

TOIMITUSKUNTA — EDITORIAL STAFF 
T. Mela, päätoimittaja — Editor 
0. Laurola, toimitussihteeri — Co-editor 
V. Kossila 
J. Säkö 

ALASARJAT — SECTIONS 
Agrogeologia et -chimica — Maa ja lannoitus 
Agricultura — Peltoviljely 
Horticultura — Puutarhaviljely 
Phytopathologia — Kasvitaudit 
Animalia nocentia — Tuhoeläimet 
Animalia domestica — Kotieläimet 

KOTIMAINEN JAKELU 

Maatalouden tutkimuskeskus, Kirjasto, 01300 Vantaa 30 

FOREIGN DISTRIBUTION 
Agricultural Research Centre, Library, SF-01300 Vantaa 30, Finland 



Professori 
Veikko Kanervon juhlajulkaisu 

Jubilee issue itz honour of 
Professor Veikko Kanervo 

ISSN 0570-1538 

HELSINKI 1976 



Helsinki 1976. Uudenmaan Kirjapaino Oy. 





FAIR DEALING AND SOUND JUDGEMENT 

VEIKKO KANERVO 70 YEARS OLD 

The best years for a scientist, the years when he produces his most 
creative and original work, usually occur during what might well be 
called late youth, the period before he actually reaches middle age. For 
Veikko Kanervo the greater part of this period was not spent doing 
research. In 1939, at the age of 33, he left for the Finnish "Winter War" 
and when he returned at the end of the "Continuation War", 1944, 
he was 38. 

Publication of doctoral standard in 1936 

However, in the short time before the war years, Kanervo had already 
made a thorough study of practical plant protection, gained consider-
able scientific recognition through his publications and collected com-
prehensive material on the solving of various pest problems. The 
most important of his publications from that period was "The Diamond 
Back Moth (Plutella maculipennis Curt.) as a pest of cruciferous plants 
in Finland", which in its commentary and approach was among the 
foremost papers of its time. It clearly surpassed the standards required 
for a doctoral thesis, although it was not published as such. 

In 1936, the year Kanervo brought out his study on the Diamond 
Back Moth, his superior, Yrjö Hukkinen, at that time director of the 
Department of Fest Investigation at the Agricultural Research Centre, 
received his doctor's degree. Hukkinen was well known as a specialist 
in thrips research. The professor of plant pathology at Helsinki Uni-
versity, J. I. Liro, is reported to have said something to the effect that 
Kanervo could just as well have got his doctorate with his Plutella 
mactilt:pennis as Hukkinen with his Chirothrips hamatus. 

Thesis immediately after the war 

Before the war years Veikko Kanervo had time to collect most of the 
material for his thesis. In 1946 he brought out the first thesis on bio-
logical pest control ever published in. Finland• "Studies on the natural 
enemies of Melasonta aenea L. (Col. Chrysomelidae)". At the time no 
organisms sufficiently effective to combat the mustard beetle (Phaedon 
cochleariae L.) had been found among its natural enemies. Kanervo 
attempted to remedy this in a round-about-way. The ultimate objective 
of his doctoral work was to discover among the predators and parasites 
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of Melasoma aenea those organisms which could be used to combat the 
mustard beetle too, and possibly even Colorado potato beetle. 

The year Kanervo's thesis was published, 1946, also saw the death of 
Professor Yrjö Hukkinen, who for 18 consecutive years had led the 
Department. From his good friend Hukkinen, Kanerva had learnt to 
appreciate basic research, and at the same time to recognize that the 
researcher's first duty lays in helping farmers and gardeners with their 
pest problems. 

Directorship, but no time to prepare 

Soon after Yrjö Hukkinen's death, Veikko Kanerva was appointed 
professor and head of the Department of Pest Investigation. The official 
appointment, made by the President of the Republic, was dated June 6, 
1947 and Kanerva was required to take up his duties at that date. Thus 
recently retumed from the war and having just aequired his doctoral he, 
somewhat abruptly, found himself directing agricultural pest investiga-
tion and acting as the leading expert on problems of pest control in 
farmland, gardens, dwellings and storehouses. 

At 41 years of age the new head of the Pest Investigation Department 
landed right in the middle of a revolution that was taking place in the 
development of plant protection. DDT and BHC had already appeared 
on the market and organic phosphorus products of a completely new 
type were soon the subjects of research. Growers were very interested 
in the new "miracle products", -which, it was said, would kill pests that 
up till then had been thought invulnerable. The new pesticides were 
naturally also of interest to the trade, which wanted to keep abreast of 
foreign development. Thus new products appeared on the market 
continuously. 

New pesticides to be approved before marketing 

Kanerva saw that under these circumstances it would be necessary to 
regulate chemical pest control. Together with Professor E. A. Jama-
lainen, head of the Plant Pathology Department, he published Finland's 
first list of pesticides, "Plant Protectants in 1948". This listed the pro-
ducts that the Pest Investigation and Plant Pathology departments could 
recommend on the basis of their ow.n experiments and experience. Al-
ready at that time Kanerva and Jamalainen were aiming at legislative 
control, the creation of a permit procedure and the publication of an 
official pesticides catalogue, as means of supervision and as guidelines 
for the trade and growers. 

Proposals for legislation and statutes were quickly drawn up by the 
Plant Protection Committee. These were to a great extent, based on the 
Danish pesticide system of regulation at that time. The Plant Protection 
Chemicals Act came into force at the beginning of 1952. It stipulated 
that the Plant Pathology and Pest Investigation Departments of the 
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Agricultural Research Centre, should constitute a Pesticide Regulation 
Unit responsible for enforcing the act. At that time, comparable statutes 
had been introduced in only a few countries, n.ot yet, e.g., in Finland's 
neighbouring countries, Sweden and Norway. 

Duxing his time as head Kanervo concentrated his resources on de-
termining the efficiency and usability of the various pesticides, so that 
the new products would he at the disposal of farm= as quickly as 
possible. For well over ten years the researchers at the Department of 
Pest Investigation spent most of their working hours studying chemical 
control methods, in fact half the researchers spent years doing nothing 
but pesticide tests. 

Chemical control not the ultimate solution 

It was typical of Kanervo's far-sightedness that he should preserve a 
critical attitude towards the potentials of chemical pest control. He never 
thought that chemicals would exterminate pests completely or that an 
ultimate solution to the pest problem could be found by using chemicals. 

During the early 1950s he initiated investigation into the resistance of 
the house fly to DDT and other chlorinated hydrocarbons. At the end 
of the decade, Kanervo started a comprehensive programme of research 
into the effect of pesticides on the entire fauna of orchards. The chief 
aim of this reseatch was to clarify how pesticides, used according to the 
instructions, affect the natural enemies of pests and economically un-
important insects and mites. 

Damage to oats spread by the leafhopper 

Perhaps the most important scientific achievement that Kanervo accom-
plished duting his term of directotship was to solve the problem of 
damage to oats. This damage had caused great yield losses in Ostro-
bothnia and other parts of Finland during the 1950s. With the support 
of a.n unusually substantial financial grant from the U.S.A. a thorough-
going investigation was made at a field laboratory situated in. Laihia 
under Kanervo's leadership into the distribution symptoms and causes 
of damage. Pekka Nuorteva, on the basis of his own investigations, had 
advanced the theory that the damage was caused by toxin in the spittle 
of Javesella _pellucida. On the other hand, Kanervo with his team of 
workers came to the conclusion that the damage must he caused by a 
virus spread by J. pellucida. Tests carried out indepen.dently by Katri 
Ikäheimo (Bremer), researcher at the Plant Pathology Department, 
confirmed this assertion. The oat sterile dwarf virus was at that time 
known only in Czechoslovakia. 

The fin.dings of Kanervo's research team were considered of major 
importance in the U.S.A. A member of the team, Mikko Raatikainen, 
aroused widespread international attention with his doctorial thesis, 
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"Bionomics, enemies and population dynamics of Javesella pellucida (F.) 
(Horn., Delphacidae)". This was the Pest Investigation Department's 
second doctorial thesis in the field of biological pest control. 

Kanervo no autocrat — chores agreed on 

As head of the Department of Pest Investigation Veikko Kanervo did 
not usually delegate work to his researchers. This meant of course that 
he had less time for his own scientific work, but for the researchers the 
opportunities for delibrate and consistent studies were greatly increased. 
It is true that each researcher was responsible for at least one of routine 
task, e.g. care of the library, secretarying departmental meetings, ar-
ranging the insect collections, supervising use of the car, procuring 
instruments and taking care of them. Allocation of these tasks was 

.however, agreed on mutually at a general meeting because the director 
did not wish to decide such matters, or indeed, almost any, himself. 

Kanervo worked with unremitting zeal to improve his department's 
possibilities for carrying out its activities. He constantly made its needs 
known by every means in his power, and suggested ways in which 
things could be improved. After a time this work began to yield results. 
The number of researchers and technical assistants was increased, thus 
enabling the Department to develop a more comprehensive research 
programme of greater benefit to farmers and gardeners. 

Completion of the new laboratory building 

In 1963 Kanervo achieved what was, perhaps, the most important of 
his goals, one for which he had been striving for well over ten years. 
This was the completion of the research centre's new laboratory building, 
providing adequate work space for the Pest Investigation Department, 
which ever since its establishment in 1898 had been working under 
unsatisfactory and cramped conditions. 

Kanervo's activities have not, however been confined within the walls 
of his own department. He has been an active participant in organizations 
and institutions in his own field, e.g. as chairman of the Plant Protection 
Society of Finland and of the Scientific Agricultural Society of Finland, 
as vice chairman of the Entomolgical Society of Finland and of the 
National Research Council for Agriculture and Forestry, as well as a 
member of the Board of the European and Mediterranean Plant Pro-
tection Organization (EPPO) and of the Plant Protection Section of the 
Scandin.avian Association of Agricultural Scientists. 

I join the other contributors to this special birthday issue in offering 
you, Veikko, our heartfelt good wishes for your 70th birthday on the 
14th July, 1976. It is gratifying to continue on the foundations which 
you laid so well. 

Martti Markkula 
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Rukkinen lyhyen sairauden jälkeen. Hyvältä ystävältään Hukkiselta Ka-
nervo oli oppinut arvostamaan biologista perustutkimusta, mutta kui-
tenkin pitämään tu.hoeläintutkijan ensisijaisena tehtävänä maanviljeli-
jöiden ja puutarhureiden auttamista heidän tuholaisongelmissaan. 

Johtajaksi ilman valmistumisaikaa 

Pian Yrjö Hukkisen kuoleman jälkeen Veikko Kanervo nimitettiin tuho-
eläinosaston johtajaksi ja professoriksi. Tasavallan Presidentin antama 
valtakirja oli päivätty 7. 6. 1946 ja nimitetyn tuli astua tehtäväänsä 
samana päivänä. Näin hän joutui vasta äskettäin sodasta palanneena 
ja tohtoriksi väitelleenä, jokseenkin äkikseltään johtamaan maatalouden 
tuhoeläintutkimusta ja samalla toimimaan pääasian.tuntijana pellon, puu-
tarhan, asuntojen ja varastojen tuholaisongelmissa. 

Tuhoeläinosaston uusi, 41 vuotias johtaja joutui keskelle käynnissä 
olevaa kemiallisen torjunnan vallankumousta. DDT ja BHC olivat jo 
tulleet kauppaan ja kokonaan uudentyyppiset, orgaaniset fosforivalmis-
teet olivat pian tutkimusten kohteena. Viljelijät olivat varsin kiinnostu-
neita uusista »ihmeaineista», joiden piti tappaa siihen asti voittamatto-
mina pidetyt tuholaiset. Uutuudet kiinnostivat luonnollisesti myös kaup-
paa, joka halusi pysyä ulkomaisen kehityksen tasalla. Näin ilmaantui 
markkinoille uusia tuotteita jatkuvasti. 

Uudet torjunta-aineet tarkastettava ennen myyntiä 

Tässä tilanteessa Kanervo näki, että kemiallisen torjunnan kehitystä oli 
ryhdyttävä ohjaamaan. Yhdessä kasvitautiosaston johtajan, professori 
E. A. Jamalaisen kanssa hän julkaisi maamme ensimmäisen kasvinsuo-
jeluaineluettelon »Kasvinsuojeluaineet vuonna 1948». Siinä mainittiin 
erityismerkinnöin ne kauppavalmisteet, joita kasvinsuojeluosastot ko-
keittensa ja kokemuksensa perusteella suosittelivat käytettäviksi. Jo täl-
löin Kanervolla ja Jamalaisella oli tavoitteena lakiin perustuvan tarkas-
tuksen järjestäminen, lupamenettelyn luominen ja virallisen kasvinsuo-
jeluaineluettelon julkaiseminen valvonnan välineeksi sekä kauppiaiden 
ja viljelijöiden ohjaamiseksi. 

Kasvinsuojelukomiteassa valmistui nopeasti ehdotus laiksi ja asetuk-
seksi. Ehdotus perustui paljolti Tanskan silloiseen tarkastusjärjestelmään. 
Laki kasvinsuojeluaineista tuli voimaan vuoden 1952 alusta ja se mää-
räsi maatalouskoelaitoksen kasvitautiosaston ja tuhoeläinosaston kasvin-
suojelulaitoksena vastaamaan lain toimeenpanosta. Vertaissäädöksiä oli 
tuolloin voimassa vain harvassa maassa, ei esimerkiksi naapurimaissam-
me, Ruotsissa ja Norjassa. 

Kanervo kohdisti johtajakautensa toiminnan nimenomaan torjunta-
aineiden tehokkuuden ja käyttökelpoisuuden selvittämiseen ta.voittee- 
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naan uusien, entistä parempien valmisteiden saattaminen mahdolli-
simman nopeasti viljelijöiden käyttöön. Pitkälti toistakymmenen vuo-
den ajan laitoksen tutkijoiden työaika kuluikin enimmältään kemiallisen 
torjunnan tutkimukseen. Niinpä puolet tutkijoista ei vuosiin tehnyt 
muuta kuin »myrkkytarkastusta». 

Kemikaalit eivät tuo lopullista ratkaisua 

Kanervon luontaiseen avarakatseisuuteen ja varovaisuuteen kuuluu, 
että hän säilytti kriittisen suhtautumisen kemiallisen torjunnan mahdol-
lisuuksiin. Hän ei ajatellut, että tuholaiset pystyttäisiin kemikaaleilla 
hävittämään sukupuuttoon tai että kemikaalien käytöstä muutoinkaan 
löytyisi lopullinen ratkaisu tuholaisongelmiin. 

Niinpä hänen aloitteestaan selvitettiin tuhoeläinosastolla 1950-luvun 
ensi vuosina huonekärpäsen resistenssiä DDT :tä ja muita kloorattuja 
hiilivetyjä vastaan. Vuosikymmenen lopussa Kanervo käynnisti laajan 
tutkimusohjelman »torjunta-aineiden vaikutuksista hedelmätarhojen ko-
konaisfaunaan». Tutkimuksen tarkoituksena oli nimenomaan selvittää, 
miten ohjeiden mukainen torjunta-aineiden käyttö vaikuttaa tuhoeläin-
ten luontaisiin vihollisiin ja taloudellisesti merkityksettömlin hyönteisiin 
ja punkkeihin 

»Kauratuhoon» syynä kaskaan levittämä virus 

Kanervon ehkä kaikkein merkittävin tieteellinen saavutus johtajakaute-
naan oli Pohjanmaalla ja osin muuallakin Suomessa 1950- ja 1960-luvun 
vaihteessa erittäin vahingollisena esiintyneen «kaurantuhon» selvittämi-
nen. Yhdysvaltojen maatalousministeriön myöntämän poikkeuksellisen 
suuren apurahan turvin tutkittiin Kanervon johdolla viiden vuoden 
ajan erittäin perusteellisesti ja monipuolisesti kaurantuhon levinneisyyt-
tä, oireita ja syitä. Tukikohtana oli Laihialle, entiseen Hulmin kasarmiin 
perustettu kenttälaboratorio. Pekka Nuorteva ehätti omien tutkimustensa 
perusteella esittämään tuhon aiheuttajaksi viljakaskaan syljessään erittä-
mää toksiinia. Kanervo työryhmänsä kanssa oli sen sijaan tullut siihen 
tulokseen, että tuhon aiheuttajana täytyi olla viljakaskaan levittämä virus. 
Tämän päätelmän kasvitautiosaston tutkija Katri Ikäheimo (Bremer) 
osoitti omilla kokeillaan oikeaksi. Tuhon aiheuttaja, kauran tyviverso-
virus, oli silloin tunnettu ainoastaan Tsekkoslovakiasta. 

Kanervon työryhmän tulokset arvioitiin Yhdysvalloissa varsin mer-
kittäviksi. Laajan kansainvälisen huomion on saanut työryhmän jäsenen 
Mikko Raatikaisen väitöskirja »Bionomics, enemies and population 
dynamics of Javesella pellucida (F.) (Hom., Delphacidae)», joka on toinen 
tuhoeläintutkimuslaitoksella valmistunut biologisen torjunnan alaan 
kuuluva väitöskirja. 
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Kanervo ei määrännyt — tehtävistä sovittiin 

Tuhoeläintutkimuslaitoksen johtaja Veikko Kanervo ei yleensä jakanut 
tehtäviä tutkijoilleen. Tästä luonnollisesti johtui, ettei hänelle jäänyt 
paljonkaan aikaa omaan tieteelliseen työhön. Tutkijoilla sen sijaan oli 
huomattavasti suuremmat mahdollisuudet suunnitelmalliseen tutkimuk-
seen. Tosin kunkin tutkijan hoidettavaksi osui ainakin yksi yhteinen 
tehtävä, esimerkiksi kirjaston hoito, laitoksen kokousten sihteerinä toi-
miminen, hyönteiskokoelmien järjestely, auton käytön valvonta, laittei-
den hankinta ja huoltaminen. Näiden yhteisten tehtävien jakamisesta 
sovittiin tutkijoiden kokouksessa, sillä - laitoksen johtaja ei tehtävien 
jaossa eikä juuri muissakaan asioissa halunnut määrätä. 

Kanervo työskenteli väsymättä oman laitoksensa toimintamahdolli-
suuksien parantamiseksi. Hän jaksoi eri yhteyksissä asiallisesti ja kärsiväl-
lisesti selostaa maatalouden tuhoeläintutkimuksen tarpeita ja tehdä esi-
tyksiä tilanteen korjaamiseksi Aikaa myöten ilmaantui työstä myös tu-
loksia. Uusia tutkijoiden ja avustajien toimia perustettiin ja näin voitiin 
laitoksen tutkimusohjelmaa monipuolistaa maanviljelijöiden ja puutar-
hureiden hyödyksi. 

Uusi laboratoriorakennus valmistuu 

Vuonna 1963 Kanervo pääsi tavoitteeseen, jonka saavuttamiseksi hän 
oli työskennellyt pitkälti toistakymmenen vuoden ajan. Tällöin valmis-
tui tutkimuskeskuksen uusi laboratoriorakennus, josta tuhoeläintutki-
muslaitos sai asianmukaiset työskentelytilat. Perustamisestaan, vuodesta 
1898 lähtien laitos olikin toiminut varsin puutteellisissa ja ahtaissa oloissa. 

Kanervon toiminta ei rajoittunut pelkästään laitoksen seinien sisä-
puolelle. Hän toimi varsin ansiokkaasti oman alansa järjestöissä ja yhtei-
söissä, esimerkiksi puheenjohtajana Kasvinsuojeluseurassa ja Suomen 
Maataloustieteellisessä Seurassa, varapuheenjohtajana Suomen Hyön-
teistieteellisessä Seurassa ja Suomen Akatemian maatalous-metsätieteel-
lisessä toimikunnassa sekä hallituksen jäsenenä Euroopan ja Välimeren 
maiden kasvinsuojelujärjestössä (EPPO) ja Pohjoismaiden maatalous-
tutkijain yhdistyksen (NJF) kasvinsuojelujaostossa. 

Maatalous eläintieteen dosenttina Kanervo luennoi agraariopiskelijoille 
tuhoeläinten torjunnasta parinkymmenen lukuvuoden aikana. Hän piti 
luentonsa jatkuvasti ajan tasalla ja kertoi kuulijoilleen nimenomaan 
uusimmista torjuntakeinoista. 

Muiden tämän juhlajulkaisun kirjoittajien mukana esitän Sinulle 
Veikko sydämelliset onnentoivotukset täyttäessäsi seitsemän vuosikym-
mentä 14. heinäkuuta 1976. Sinun rakentamaltasi pohjalta on ollut 
laatuisaa jatkaa. 

Martti Markkula 
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ANNALES AGRICULTURAE FENNIAE, VOL. 15: 16-23 (1976) 
Seria ANIMALIA NOCENTIA N. 75 — Sarja TUHOELÄIMET n:o 75 

BIOLOGICAL PECULIARITIES OF HYLEMYA FLORALIS FALL. 
IN DENMARK 

ORGEN JØRGENSEN 

JORGENSEN, J. 1976. Biological peculiarities of Hylemya floralis Fall. in 
Denmark. Ann. Agric. Fenn. 15: 16-23. (R. Veter. Agric. Univ., Billowsvej 
13, DK 1870 Kobenhavn V, Denmark). 

With a few exceptions, Hylemya floralis Fall. is found on sandy soil in Denmark 
only. Commonly, the species has one yearly generation, the hibernated pupae 
of which are starting to hatch at the end of July, reaching their maximum in 
August and finishing during September. Within a narrow geographical arca 
in the northern part of Jutland, some deviations from the common pattern of 
development are discovered. The deviating type hatches much earlier, and in 
several cases two generations are normally developed. Besides these two types 
a third type is found. This type is considered a mixture of the two types men-
tioned above. The distribution of the deviating type is limited to the northern 
part of Jutland and to a few localities in the eastern part of the country. 

Interbreeding the two types of univoltine and bivoltine populations has 
shown that reciprocal fertility occurs, and the life cycles of the offspring sup-
port the idea of the existence of an intermediary type. The reasons for the 
peculiarities could not be adequately explained. 

Index words : H_ylemya floralis, biology in Denmark. 

Introduction 

In the northwestem part of Europe Hylenya 
floralis Fall. is distributed from Finland in 
the East to Scotland in the West, and from 
the most northerly part of Norway in the 
North to the northern part of Germany and 
the Netherlands in the South. However, the 
main districts for the species are the middle 
and the northern part of this arca, and in the 
Scandinavian countries (apart from Iceland) 
H. floralis Fall. plays a prominent part as a 
pest attacking several cruciferous crops. 

The distribution and biology in Scandi-
navia is rather well known (LUNDBLAD 1933, 

WAGN 1953, J oRGENsEN 1957, RYGG 1962, 
VARIS 1967). 

Within an area like Scandinavia it is obvious, 
that the biology diverges according to dif-
ferent climatic conditions, especially temper-
ature and day length. In Denmark, however, 
some biological deviations which occur, 
within narrow geographical distances are 
more surprising and, consequently, interesting 
to investigate. 

Preliminary results from such investiga-
tions have been given in earlier publications 
(j ORGENSEN 1957 and 1971). In this paper 
further details are discussed. 
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Finland partly developed a 2nd generation in 
1960, but it was considered an exception. 

As already mentioned, the third type is 
considered a mixture of the two other types. 
The following example supports this theory: 
On 28, October 1961 a small number of fully 
grown larvae was collected at 2 localities on 
the east coast (nos. 2 and 24 in figure 4). The 
larvae pupated soon after collection and the 
pupae hibernated in the insectarium at Lyngby 
under approximately natural temperature con-
ditions. 

The 1962 hatching showed surprising re-
sults. The individuals from As å (no. 2 in 
figure 4) hatched during the period May 21—
June 19, whereas those from Melholt (no. 24 
in figure 4) hatched in August, between 13th 
and the 28th. The 2 localities in question are 
very alike and the distance between them is 
only about 5 km. It should be added that both 
localities have been investigated thoroughly, 
and a great number of hatchings have revealed 
the presence of a bivoltine population at the 
farm at Melholt where the late developing 
specimens were collected. 

This is sufficient to prove the existence of 
2 biologically different types at Melholt and 
though there is no evidence to support this, 
it would seem that the reason for the very 
scattered apperearance of fly populations from 
several localities is the presence of the two 
types (see also the last part of this paper). 

Hylemya floralis Fall. Jiri Zealand 

As this species is so closely confined to sandy 
soils, as mentioned above, it is no wonder 
that it is absent from most parts of east= 
Denmark since the soil there is clayey. It was 
therefore surprising to find the species in 
Zealand, and it was also astonishing to leam 
how limited the attacks were. In spite of 
careful searching it was found at 3 localities 
only, see figure 1, and at these places it was 
only attacking horse-radishes grown on soils 
with a rather high humus content. 

In experiments it has been shown that the 
offspring of flies developed on horse-radish 
can develop on sw" ede turnips, but it appears 
that this will not occur spontaneously in the 
fleld, thus indicating a very strong host-
preference. 

Biologically, the populations found at the 
3 localities in Zealand are typically bivoltine 
as is the deviating type iii the n.orthem part 
of Jutland. Whether these occurrences should 
be considered relics from the post-glacial age 
is not clear, but the horse-radish is not a 
plant native to Denmark. Thus H. floralis 
cannot have developed on this host in the 
remote past. 

To complete the distribution survey, some 
discoveries in 1966 of H. floralis on the island 
of Amager (South of Copenhagen) should be 
mentioned. Pupae were collected at 6 diffe-
rent places at the beginning of May. The ima-
gines started hatching in June (21 per cent) 
continued throughout July (68 per cent) and 
ended in August (11 per cent). The hatching 
period indicates the presence of the same 
deviating type as that found in northem Jut-
land and in Zealand, but the number of in-
dividuals is rather small (about 400 flies) and 
the investigations were carried out for one 
year only. Consequently the life cycle of these 
populations is not adequately known.. 

Could the two types be different species? 

The question obviously arises, could the two 
types possibly be independent species? To 
determine this several hundred male adults 
were examined for morphological differences 
but no deviations were found. 

Investigations were then made, whether 
the types could interbreed. The procedure 
followed was to force hatching of imagin.es  
of the univoltine type by placing the pupae 
at temperatures of approximately 20° C from 
the begirming of February. Hatching then 
took place in June, at the same time the 1st 
generation of the bivoltine type appeared. 
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SELOSTUS 

Ison kaalikärpäsen (Hylemya floralis Fall.) biologisista erikoispiirteistä Tanskassa 

J ORGEN jORGENSEN 

Kgl. Veterinaer- og Lanbohojskole, Kobenhavn 

Isoa kaalikärpästä (Hylenz_va floralis) on tavattu Tanskas-
sa harvaa poikkeusta lukuun ottamatta vain hietamail-
la. Aikuisten kuoriutuminen talvehtineista koteloista 
alkaa normaalisti heinäkuun lopulla, on runsaimmil-
laan elokuussa ja jatkuu syyskuulle. Lajilla on vain 
yksi sukupolvi vuodessa. Kapealla maantieteellisellä 
vyöhykkeellä Jyllannin pohjoisosassa on lajin kehi-
tyksessä todettu poikkeavuuksia. Poikkeava tyyppi 
aikuistuu huomattavasti aikaisemmin, ja useissa ta-
pauksissa kehittyy kaksi sukupolvea. Edellisten lisäksi 

on tavattu kolmattå kehitystyyppiä, jota pidetään en-
siksi mainittujen tyyppien sekoituksena. Poikkeavan 
tyypin levinneisyys on rajoittunut Jyllannin pohjois-
osaan sekä muutamille paikkakunnille Tanskan sisä-
osassa. 

Risteyttämällä keskenään yksi- ja kaksisukupolvis-
ten tyyppien yksilöitä saatiin fertillejä jälkeläisiä. Näi-
den elämänkulku vahvisti käsitystä välityypin ole-
massaolosta. Syitä poikkeaviin erikoispiirteisiin ei 
voitu riittävästi selvittää. 
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EFFECT ON YIELD OF DAMAGE CAUSED BY MELIGETHES AENEUS F. (COL.) TO 
WINTER RAPE, AS INDICATED BY CAGE EXPERIMENTS 

EDVARD SYLVEN and GUNNAR SVENSSON 

SYLVEN, E. (Sz SVENSON, G., 1976. Effect on yield of damage caused by 
Meligethes aeneus F. (Col.) to winter rape, as indicated by cage experiments. 
Ann. Agric. Fenn. 15: 24-33. (Nat. Swed. Inst. Plant Prot., S-17107 Solna 
7, Sweden) 

The effect on yield of damage caused by the Blossom Beetle, Meligethes aeneus F., 
was studied in four cage experiments in fields of winter rape in Central Sweden. 
It was found that damage was to a considerable extent compensated by the 
plants developing new flowers and pods. Despite this, in some of the ex-
periments the data indicate a clear loss in yield following beetle attacks. 

Index words : Meligethes aeneus F., Brassica, rape, power of compensation 
in plants, economic significance. 

Introduction 

In large parts of Europe the Blossom Beetle 
(Meligethes aenens F.) is considered a major pest 
in various cruciferous crops grown for seed 
production. Rape and tumip rape, for example, 
are often attacked badly. Large numbers of 
flower buds may he destroyed by adult beetles 
feeding on them. The main damage occurs 
before any flowers have opened on the plants. 

However, certain data have been published 
indicating that cruciferous plants have a re-
markable power of compensation. WINFI EL D 
(1962), for example, found that Brussels 
sprouts and trowse mustard gave a quantita-
tively normal seed yield even after consider-
able numbers of flower buds had been re-
moved. As cage experiments conducted by 

KAUFMANN (1942) showed, rape also has great 
capacity for recovery: loss of flower buds is 
counteracted by the formation of new buds. 

Nevertheless, although the crop has a re-
markable power to compen.sate, attacks by 
beetles may lead to distinct deterioration in 
yield. This is demonstrated by the figures 
obtained in a cage experiment with winter 
rape carried out in Central Sweden in 1966 
(SYLN 1968). 

The cage experiments reported below were 
performed to further elucidate the relationship 
between damage caused by the beetle and the 
quantity and quality of seed yield in winter 
rape. The experiments took place in 1968-
1971 on the island of Svartsjölandet in Lake 
Maelar, Central Sweden. 
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Fig. 1. Growth stages of winter rape. 
a. Vegetative stage. b. Early flower 
bud stage. c. Medium flower stage. 
d. Late flower bud stage. e. Early 
blossom stage. f. Medium — late 
blossom stage. — Approz nat. size. 
Photo: C.-F. Berggren. 
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Fig. 3. Map showing arrangement of cages in the 1968 experiment. 
a. Beetles not introduced. b. Beetles introduced. 

The number of cages was increased from 
10 in 1968 and 1969 to 16 in 1970 and 1971. 
The cages (5 x 2) were mounted one after 
the other in the first two years, while in the 
two remaining years they were distributed 
according to a Latin square system (4 x 4). 

Ali cages (Fig. 2) were the same size (1.9 m 
long by 1.8 m wide and 1.9 m high). They 
consisted of wooden frames and a synthetic 
fibre net. The mesh size (c. 0.6 mm) was 
fine enough to prevent the beetles from 
passing through. 

The plant stand was adjusted by thinning 
out soon after the cages were mounted (be-
fore the beetles were introduced; cf. below). 
After adjustment, the number of plants in 
each of the two cages in the separate cage 
pairs was identical (cf. Fig. 3) in the 1968 and 
1969 experiments. However, the number of 
plants per cage varied between the cage pairs, 
in 1968 from 166 to 275, and in 1969 from 
121 to 158. On the other hand, in the 1970 
and 1971 experiments the plants were thinned 
to allow an idenfical number in each of the 
16 cages, 125 plants in each cage in 1970 and 
79 in each cage in 1971. 

The map, Fig. 3, shows the arrangement of 
the cages in the 1968 experiment. No beetles 
were introduced in five cages, while each of 
the remaining five were supplied with 10 
beetles per plant during the pre-blossom 
period, from 29 April up to and including 6 
May. On 29-30 April, when 7 beetle speci-
mens per two rape plants were placed in the 
cages, the growth stage of the crop in the 
cage plots was approx. 2 or less. 

The arrangement of the 1969 experiment 
was the same in principle as that in. 1968. In  

five cages no beetles were introduced, while 
six beetles per plant were placed in each of 
the five additional cages. The beetles were 
introduced 12-13 May, when the crop in the 
cages was at growth stage approx. 2 or less. 

In the 1970 experiment four cages received 
no beetles while the remaining cages received 
six beetles per plant on 14-15 May (four 
cages), 19 May (four cages) and 25 May (four 
cages). As indicated by detailed counts, the 
growth stage of the crop (not damaged by 
beetle) in the cages corresponded to 1.6 (14 
May), 2.1 (19 May) and 3.0 (25 May). 

The map, Fig. 4, shows the arrangement 
in the 1971 experiment. In principle, the cages 
were distributed in the same way as in. 1970. 

rbl 

 

1:1 

8m 

Fig. 4. Map showing arrangement of cages in the 
1971 experiment. a. Beetles not introduced. b. Beetles 
introduced on 11 May. c. Ditto on 14 May. d. Ditto 
on 17 May. 
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Table 9. Yield in the cage experiment, 1971. Means per cage. 

Kind of data Beetles not 
introduced 11 May 

Beetles introduced on 
14 May 17 May 

1000-kernel wt. (g) 5.4 5.4 5.5 5.4 
Yield adjusted to 18 % water content (g) 580 563 576 515 
Oil (%) 46.0 43.9 45.5 46.0 
Free fatty acids (%) 0.5 0.6 0.6 0.5 
Chlorophyll (ppm) 13 18 15 14 
Value in money' (Swedish öre) 

Per kg 115 112 114 115 

Per cage 59 57 58 52 

1  1973 price level 

indicate no clear relationship between beetle 
occurrence and quantity of yield. It is true 
that the plot series with beetles introduced on 
25 May gave a significantly lower quantity 
than each of the remaining plot series, but the 
reason for this need not necessarily he con-
nected with the beetle attack. However, there 
was a ten.dency towards a lower oil content 
and higher chlorophyll content in yield in 
the plots where beetles had been introduced. 

The yield data of the 1971 experiment 
(Table 9) indicate no clear effect of the beetle 
upon yield. Statistical analysis of the data was 
performed acCording to the same methods as 
indicated in Table 8. Variation within the plot 
series was found to be considerable, and there 
are no signiflcant differences between the 
series either in quantity or quality of yield. 

Conclusions 

In close agreement with earlier experience, 
the damage caused by Blossom Beetle in the 
experiments was counteracted in the winter 
rape plants by a substantial formation of new 
flowers and pods. Despite this, the results 
clearly indicate a loss in yield caused by the 
beetle in the 1968-1969 experiments, and 
to a certain degree also in the 1970 experiment. 
However, possibly as a consequence of high 
variation in yield within the separate plot 
series, the data reveal no significant effect of 
the beetle upon yield in the 1971 experiment. 

Acknowledgements. — Skilful technical assistance on 
the part of Mrs Ingrid Bäckman and Miss Marga-
retha Larsson is gratefully acknowledged. 
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SELOSTUS 

Rapsikuoriaisen (Meligethes aeneus F., Col.) vaikutus syysrypsin tuhoihin häkkikokei- 
den perusteella 

EDVARD SYLN ja GUNNAR SVENSSON 

Statens Växtskyddsanstalt, Sverige 

Rapsikuoriaisen (Meligetbes aeneus F.) vaikutusta 
syysrypsin satoon tutkittiin Keski-Ruotsissa häkki-
kokeiden avulla. Tutkimuksissa todettiin, että kasvit 
kompensoivat huomattavassa määrin kuoriaisten ai- 

heuttamaa vioitusta kasvattamalla lisää kukkia ja 
lituja. Tästä korvauskasvusta huolimatta aiheuttivat 
kuoriaiset joissakin kokeissa selvästi todettavia sato-
tappioita. 
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MEGADELPHAX SORDIDULA (STÄL) (HOM., DELPHACIDAE) 
AS A VECTOR OF PHLEUM GREEN STRIPE VIRUS 

OSMO HEIKINHEIMO and MIKKO RAATIKAINEN 

HEIKINHEIMO, 0. & RAATIKAINEN, M. 1976. Megadelphax sordidula (Stål) 
(Hom., Delphacidae) as a vector of Phleum green stripe virus. Ann. 
Agric. Fenn. 15: 34-55. (Agric. Res. Centre, Inst. Pest Inv., SF-01300 
Vantaa 30, Finland). 

Megadelphax sordidula (Stål) transmits a hitherto unknown virus-like disease 
agent, referred to here as the Phleum green stripe virus (PGSV). It attacks 
spring cereals and timothy (Phleum pratense L.) producing light green to yellow-
ish stripes and streaks of varying size in the leaves as well as weakening the 
growth of the plants and decreasing the grain yield. The proportion of vectors 
among M. sordidula in different aged timothy stands may exceed 40 %. The 
incubation period of PGSV in planthoppers was 28-33 days, and in plants 
10—(18)-40 days. The shortest positive inoculation feeding time observed 
was 6 hours. 

M. sordidula is most abundant in South and South-east Finland. The species 
is probably most harmful as a virus vector in old timothy leys on mineral 
soils in South and South-east Finland as well as in spring cereals in the same 
districts. 

Index words : planthopper, Phleum, cereals, virus, economic significance. 

INTRODUCTION 

During 1955-65 studies were made at the 
Department of Pest Investigation of damage 
to spring cereals caused by different plant-
hopper species. In laboratory trials during 
1962 some hitherto unknown virus-like symp-
toms we discovered on oats sucked by the 
planthopper Megadelphax sordidula (Stål). The 
injuries differed from those of oat sterile dwarf 
(OSDV) (CATHERALL 1970, IKÄHEIMO 1961, 
LINDSTEN 1959, 1961 a, 1961 b, 1973, PRI°AA 
1958, PRi.j.S"A et al. 1959, VACKE 1960, VACKE 
and PRIJA 1959), european wheat striate mo- 

saic (EWSMV) (IKÄHEIMO 1960, LINDSTEN 
1959, 1961 a, 1961 b, PRUgA and VACKE 1960, 
SLYKHUIS and WATSON 1958, VACKE and 
PRUSA 1961, WATSON and SINHA 1959), oat 
pseudo-rosette disease (SuxHov and VOVK 
1938, ZAZHURILO and SITNIKOVA 1939, 1940), 
maize rough dwarf (MRDV) (HARPAz et al. 
1965, LINDSTEN et al. 1973), blue dwarf of 
tall oat grass (KEmPIAK 1972, MOHLE and 
KEMPIAK 1971, VACKE 1966), Dubia disease 
of barley (KEmPIAK 1972), and cereal tillering 
disease (CTDV) (LINDSTEN 1974 a, 1974 b, 
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1975, LINDSTEN et al. 1973), ali of which are 
transmitted in Europe by planthoppers, but 
none by M. sordidula. At the same tline NUOR-

TEVA (1962) announced some virus-like symp-
toms caused by M. sordidula in oats grown 
under unfavourable conditions. In our trials 
with spring cereals and ley grasses in 1963 — 
65 it appeared that M. sordidula could cause 
similar symptoms in spring cereals and ti-
mothy (Phleum pratertse L.). To date, attempts 
to infect timothy with viruses transrnitted by 
planthoppers have been successful only with 
EWSMV (KEmPIAK 1972, VACKE and PRI5å1k 
1961), MRDV (KEmPIAK 1972), and CTDV 
(LINDSTEN 1974 b, LINDSTEN et al. 1973). In 

addition, LINDSTEN (1961 b) reported virus 
symptoms resembling EWSMV on timothy 
grown in the field. 

Very few studies have been made of toxic 
injuries on gramineous plants caused by M. 
sordidula (NuoRTEvA 1962), or its role as a 
vector of virus-like disease agents (BREMER 
1974, RAATIKAINEN 1970, VACKE 1962). 

The bionomics of M. sordidula were in-
vestigated in connection with disease studies. 
Some of the results of the ecology have been 
published earlier (e.g. RAATIKAINEN 1960, 
1961, 1970, 1971, 1972, RAATIKAINEN and 
VASARAINEN 1971, 1973, 1976). 

MATERIAL AND METHODS 

Tests of injuries 

Tests with planthoppers were made sowing 
the test plants in 430 x 250 x 120 mm 
wooden boxes lin.ed with polyethylene film 
(Fig. 1). The bottoms of the boxes were per-
forated for to allow drainage. The boxes 
were filled to a depth of 110 mm with steamed 
and limed soil, fertilized with multiple ferti-
lizer. Test plants' seeds were sown in 6 

parallel rows, 4 seeds to each row, at equa 
distances from one another and at a depth of 
30 mm. During test feeding times each plant-
hopper was caged with one seedling under a 
cylinder of PVC plate, 30 mm in diameter and 
250 mm tall, the upper end of which and two 
ventilation openings near the bottom were 
covered with gauze. Control plants were 
caged in the same manner. Observations were 
made at least once a week for any symptoms 

Fig. 1. Rearing box in the laboratory tests. Other explanations see 
text. Photo 0. Heikinheimo. 
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of disease. Several characteristics noted on 
the test plants were measured against the 
mature plants. 

The planthoppers used in the trials were 
either collected immediately before the trials 
from fields of timothy or cereals or they had 
been reared and kept on oats or timothy 
growing in 150 mm fiower pots, and isolated 
by gauze (RAATIKAINEN and TINNILÄ 1959, 
Fig. 1). 

In 1963, planthopper nymphs were collected 
in four different localities (page 43). From 
these localities, two sets of very poorly mate-
rial were collected in April (Nos. 1 and 2) 
and consisted of hibernated 2-3 stage M. 
sordidula nymphs, and the other sets (Nos. 3 to 
6) were collected on June 13, and consisted of 
distinctly more planthoppers, mostly adults. 
Using these matenals, five successive tests 
were conducted in the greenhouse between 
June 14 and July 16. 

In 1964, the tests were again conducted in 
the greenhouse but after inoculation feedings 
the test plants were kept in outdoor isolation 
chambers with screened walls, until mature. 
In the last series of trials, however, the plants 
were kept in the insectary the entire time. 
The planthoppers used were collected from a 
3rd year timothy ley located at Kalanti (Grid 
27°E: 675: 20, HEIKINHEIMO and RAATIKAI-
NEN 1971). Besides timothy, the ley contained 
many other grasses such as Poa, Agrostis, 
Deschampsia etc. Two different series of ino-
culation tests were performed. Firstly, with 
the 231 2-3 stage nymphs collected on April 
14, when the snow was in its final stages of 
melting. Two consecutive infection tests on 
oats were made on April 17 and 24, with 7 
and 6 day feeding times. After this, the in-
fective planthoppers were used in an infection 
time trial and a symptom trial with certain 
grass species. The planthoppers which proved 
to he non-infective were subsequently tested 
in an acquisition feeding test in the following 
manner: 22 of them were kept 10-11 days 
on infected oat plants, and 16 of them the 
same time on healthy plants. Wherever possi- 

ble, the infectiveness of both planthopper 
groups was tested in 9 consecutive tests. Se- 
condly, M. sordidula planthoppers collected on 
June 10 at the same place as before were 
divided into two groups. One group was kept 
12 days for acquisition feeding on infected 
oat plants, the other, at the same time, was 
fed individually on healthy oat plants. Both 
groups were then tested as above, though they 
had n.ot previously been tested for infec- 
tiveness before the trial. Seven consecutive 
infection tests were made with 165 plant- 
hoppers. The inoculation feeding times varied 
between 4 and 11 days. In addition to oats, 
barley and spring wheat were used as test 
plants. A symptom trial with the tested in- 
fective planthoppers was also performed on 
timothy. Toxic injury was determined by 
comparing apparently healthy oat plants fed 
on by one M. sordidula for 4-5 days with 
plants which had been caged without plant- 
hoppers for the same length of time. At the 
start of the trial, the plants were at the one-
leaf stage. In this trial there was a total of 
35 control plants, 45 plants fed on by female 
planthoppers and 34 by male planthoppers 
(Table 4). 

In 1965, the planthoppers to be tested were 
sampled from a 3rd year timothy ley in Van- 
taa (668: 39) in April. This material consisted 
of 2-3 stage nymphs of M. sordidula as well 
as Dicranotropis hamata (Bh.), which could only 
he identified with certainty after they emerged 
to adults during the tests. Acquisition tests 
were made in a greenhouse, and after 9 days' 
inoculation feeding the test plants were grown 
in an outdoor isolation chamber with screened 
walls. For acquisition feeding, the planthopper 
nymphs were divided into two groups, as in 
1964. From this material 37 nymphs of M. 
sordidula, and 15 of D. hamata were tested 
after acquisition feeding on PGSV infected 
timothy, and 29 M. sordidula, and 6 D. hamata 
were tested after feeding on healthy timothy. 
Besides oats, several spring wheat cultivars 
and ley grass species were used in 9 successive 
tests. 
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The bionomics of M. sordidula 

The bionomics of M. sordidula were investigat-
ed in the years 1956-1975. Its life cycle, 
food, natality and mortality were studied 
between 1956-1960 (RAATIKAINEN 1960, 
1961). During the years 1957-1964 species' 
migration was investigated in West Finland 
near the city of Vaasa with the aid of netting 
apparatuses, and fluctuations in the abundance 
of the species were studied using suction 
apparatus, sweep net, and netting apparatus 
(RAATIKAINEN 1970) The suction apparatus, 
sweep net and netting apparatus have been 
bescribed by HEIKINHEIMO and RAATIKAINEN 
(1962) and RAATIKAINEN (1967). The OcCUr-
rence of the species in different seasons and 
cereals as well as its migration from leys into 
cereal fields were also expounded during the 
same years (RAATIKAINEN 1971, 1972, RAATI-
KAINEN and VASARAINEN 1971, 1973). 

The abundance of the species at the turn 
of June and July in oat fields throughout the 
country was investigated between 1962-
1964. The material for this purpose was col-
lected from 28 localities using sweep nets 
(Fig. 8). A sample of 60 sweeps from 14-26  

fields was taken from each locality, 720 samp-
les altogether. The material consisted of 68 932 
adult leafhoppers, 1280 of which were M. 
sordidula (RAATIKAINEN and VASARAINEN 
1976). At the tum of June— July 1966-1968 
the netting samples were collected from leys 
in 54 localities (Fig. 7). Netting samples 
consisting of 60 sweeps were collected from 
30 leys in each locality. The samples were 
taken from a total of 1080 hayfields. 'This 
material, also, consisted of more than 60 000 
adult leafhoppers which included 2738 M. 
sordidula. In the years 1972-1974 netting 
samples were collected at the beginning of 
June from winter cereal fields in 18 localities. 
A netting sample of 60 sweeps was taken 
from 30 fields in each locality. Samples were 
collected from 540 winter cereal fields alto-
gether. Ali of this material has not yet been 
identified. With the aid of suction apparatus 
and sweep nets, samples of leafhoppers were 
collected from 53 fields not under cultivation 
in Central Finland. This material consisted of 
5 300 leafhoppers, including approximately 
100 M. sordidula. In addition the species was 
being reared in the laboratory for several 
years. The whole material includes about 
25 000 individuals of M. sordidula. 

RESULTS 

The injuries caused by M. sordidula 

Synptoms of Phleum green stripe disease 

The first symptom and the most distinct 
evidence of injury to oats produced by M. 
sordidula was the change in leaf coloration. 
On average 18 days after the planthoppers 
had been placed on oat seedlings at the two-
leaf stage light green or yellowish green 
streaks and striations appeared, usually in 
the fourth leaf and often exten.ding the entire 
length of the leaf (Fig. 2). Occasionally this 
discoloration appeared in the third leaf also, 
but never in older leaves which had stopped 

growing. At the same time the fifth leaf 
either became striped or almost entirely light-
coloured, with n.ormal green or dark green 
coloured streaks of varying width. The sixth 
leaf and occasionally the seven.th  leaf were — 
as soon as they had emerged — entirely or 
almost entirely pale-coloured, yellowish green 
or greenish yellow, and their basal part had 
streaks of normal green or dark green colour. 
In certain instances these colour changes 
occurred only in the 6th and 7th leaves. Such 
discoloured leaves were not more rigid than 
the corresponding healthy oat leaves, rather 
more were thus somewhat indolent, and 
lacked a tendency to curl into rolls. Simul- 
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Fig. 2. Lcaves of 'Tammi' oats (above left), timothy (above right), and 'Apu' (below left) and 
'Selkirk' (below right) spring wheats, infected with PGSV. Inoculation feeding time by M egadel-
phax sordidula 2-3 days at 2-3 leaf stages of plant seedlings. Photo 0. Heikinheimo. 
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taneously, pale green areas appeared in all 
the remaining leaves except the oldest ones 
on the plant and in the tillers. Such pale areas 
extended through the thickness of the leaf 
and were thus similar on both sides. Their 
size and shape remained unchanged from the 
time they first appeared. The injury was not 
accompanied by heavy tillering nor by pre-
mature death of the plant. 

In the 6-rowed barley cultivar 'Pirkka' pale 
green stripes of varying width appeared in 
the upper leaves. The difference in colour 
between the normal green and the pale stripes 
was less striking than that in oats ; in some 
cases it was somewhat difficult to distinguish 
colour differences. 

In spring wheat 'Apu' the symptoms of 
PGSV were very distinct and marked (Fig. 2). 
The streaks and stripes appearing in the leaves 
were long, sometimes extending along the 
entire blade and pale green or greenish yellow 
in colour. In early stages, the injury resembled 
very closely the initial symptoms of EWSMV. 
The youngest leaf emerged, the growing 
point, and the leaves within the sheath which 
had not emerged withered and died imme- 

diately after the appearance of the stripes. 
On the other hand, the old full-grown leaves, 
dark green in colour, remained alive for a 
long time, even longer than the uninfected 
plants. This phenomenon reveals a clear 
difference between the plants infected with 
PGSV and EWSMV, since the latter died 
within a short time, considerably before the 
wheat ripened. Since the growing point of 
the PGSV-infected plants was destroyed, no 
stem developed. In some of the plants, how-
ever, the injury remained so mild that a stem 
and spike developed. Such plants were only 
slightly shorter than normal, but with the 
exception of one spike in our trials, no grains 
were formed. The grains in this one spike 
were smaller than normal, and wrinkled 
(Fig. 3) but not shriveled (cf. PRUA 1958, 
VACKE 1960), as are the grains of OSDV in-
fected wheats and wheats mildly infected with 
EWSMV. When the injury caused by PGSV 
was severe, there were fewer shoots on the 
wheat plants than on healthy plants. In the 
other spring wheat cultivars tested, discolo-
ration and inhibition of the growth were less 
pronounced (Fig. 2). 

Fig. 3. The effect of the mildest PGSV infection on the grains of 'Apu' 
spring wheat. To the left wrinkled grains of an infected plant inoculated 
at 2-leaf stage, to the right grains of a healthy-looking wheat plant growing 
adjacently but also fed on by Megadelphax sordidula. Photo 0. Heikinheimo. 
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Fig. 4. Lengths of healthy oat plants compared with those of PGSV 
infected plants. Measurements made on different-aged plants sown on 
various dates. - a and c: healthy; b and d: PGSV-infected; a and b: 
measured July 17; c and d: measured from fully grown plants. 
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In the leaves of infected timothy test plants, 
the pale green stripes were more or less 
distinct, although the colour difference was 
somewhat less pronounced than in cereals  

(Fig. 2). In some leaves the pale area extended 
throughout the entire width of the blade. 
Tri such leaves there remained narrow streaks 
of dark green colour at the base of the leaf 

Table 1. Charasteristics of PGSV infected oat plants compared with those of plants fed on by Megadelphax sardidda which remained healthy. Measurements made 1963. A total of 261 healthy and 111 PGSV 
infected oat plants were examined. 

Characteristics measured 

healthy 

Means 

PGSV 

Unbiased 
esti mate of 

mean difference 
F-value and 

(ts 
significance 

Total length of mature plant, mm 929 818 115 105.3*** 
No. of grains per spikelet on main shoot 1.5 1.1 0.4 75.0*** Grain yield per plant, mg 598 437 176 54.8*** % of light grains among total grains 21.2 36.9 -15.8 51.3*** 
No. of spikelets on main shoot 12.2 10.6 1.5 17.2*** 
Length of panicle stalk (tip of uppermost sheath to 
base of panicle), mm 124 107 17 12.5*** 
% of non-panicled shoots among total shoots 29.4 38.7 -7.8 7.4** 
% of white spikelets among total spikelets 22.0 26.5 -3.6 6.0* 
1000-grain weight, g 33.0 35.2 -1.3 4.7* 
Time of panicle emergence ; deviation of adjusted mean, days 0.39 0.80 -0.43 2.7 
Total no. of spikelets on secondary shoots 5.85 5.59 0.58 0.4 Total no. of shoots 3.17 3.05 0.03 0.0 
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viously been proved uninfected were placed 
for acquisition feeding on PGSV diseased oat 
plants. 19 planthoppers were tested on oats, 
some of them in 12 consecutive tests. It was 
found that not a single planthopper trans-
mitted PGSV. In. 1964, two acquisition trials 
were conducted, trial no. 1 in the spring with 
young nymphs, and no. 2 in June with 5th 
stage nymphs and adults which had not pre-
viously been tested for virus infection. 

The planthoppers used in acquisition test 
no. 1 were kept on acquisition plants for 10 
to 11 days, after which their ability to infect 
was determined in 9 successive tests on oats. 
The results (Tables 6 and 8) indicate that the 
vector percentage of planthoppers kept on  

healthy oats (check group A) was 31 %, and 
of leafhoppers feeding on PGSV infected oats 
(acquisition group B) 36 %. During the second 
to fourth tests the number of vectors did not 
rise. During the fifth and sixth tests, however, 
the number of vectors in group B doubled, 
while in the group A there was no increase, 
but instead, ali the test results from the fifth 
onwards were negative. Among the plant-
hoppers in at least the first five tests, 29 % 
were vectors in group A, and 47 % in group 
B. In the fifth to seventh tests, the correspond-
ing vector percentages were 0 and 40 %. Of 
the test plants fed on by proved vectors the 
following percentages became infected during 
the consecutive tests (Table 8): 

Treatment 	 Test no. 
1 	2 	3 	4 	5 

	
6 	7 	8 	9 

Without acquisition feed, A 60 100 40 50 0 0 0 0 0 
Receiving acquisition feed, B 100 50 75 44 83 60 50 100 0 

In the first four tests, an average of 60 % of 
the plants in group A fed on by vectors be-
came infected, in the group B the figure was 
67 %. In the fifth to ninth tests, the corre-
sponding figures were 0 in group A, and 
67 % in. group B. In group B there were five 
planthoppers (23 %) which had apparently no 
ability to infect in the first 4 tests but which 
caused infection in the fifth and sixth tests. 

In acquisition trial no. 2, 1964, the fifth 
stage nymphs of M. sordidula were divided 
into two groups as before. Group A was 
kept for 12 days on healthy oat plants, group 
B on PGSV infected oat plants for the same 
period. Seven successive infection tests were 
made: 1 and 2 on oats, 3 on spring wheat, 4 
on barley, and 5 to 7 on oats. Unfortunately,  

the oat plants in the fifth infection test were 
destroyed. The percentage vectors in groups 
A and B were 44 and 47, respectively, of the 
planthoppers tested (Tables 7 and 8). In the 
second and third tests, the number of vectors 
rose by only one in each group. In tests four 
to seven there was no vector increase in group 
A, while in group B there was an increase of 
two. Among those included in at least the 
first four tests there were 45 % vectors in 
group A and 48 % in the group B. On the 
basis of the fourth, sixth, and seventh tests, 
the vector percentage was 38 % for group A, 
and 78 % for group B. 

The following percentages of test oat plants 
fed on by proved vectors became infected in 
the tests (Table 8): 

Treatment 	 Test no. 
2 	3 	4 	6 	7 

Without acquisition feed, A 84 69 34 17 50 0 
Receiving acquisition feed, B 76 81 34 47 67 29 

A much greater proportion of the group B 
vectors infected the plants in the fourth to 
seventh tests than of the group A vectors. 

In 1965, the young nymphs were divided 

into groups A, and B, as in 1964. Nymphs 
of group A were allowed to feed on healthy 
timothy plants, whereas nymphs of group B 
underwent acquisition feeding on PGSV in- 
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Table 7. Results of inoculation tests with Megadelphax sordidula PGSV-vectors after 12 days' acquisition feeding. 
Successive tests made on June 1964 with fifth-stage nymphs and adults collected from third-year 
timothy fields. Test Plants : oats, nos 1, 2, 6, and 7, spring wheat, 3, and barley, 4. Other explanation 
as in Table 6. 

Vector Vector Group A 
No. of successive tests 

1 	2 	3 	4 	6 	7 

Group B 
No. of successive tests 

1 	2 	3 	4 	6 	7 

Female 
Male 
Female 
Female 
Male 
Male 
Female 
Female 
Female 
Female 
Female 
Female 
Male 
Female 
Female 
Female 
Female 
Male 
Male 
Male 
Female 
Male 
Female 
Female 
Female 
Male 
Female 
Male 
Male 
Female 
Male 
Male 
Female 
Female 
Male 
Female 
Female 
Male 
Male 
Female 
Male 

Male 
Female 
Female 
Female 
Female 
Male , 
Female 
Female 
Female 
Female 
Female 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Female 
Female 
Male 
Female 
Female 
Female 
Female 
Male 
Male 
Female 
Male 
Male 
Male 
Female 
Female 
Male 
Female 
Female 
Female 
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 +
+

+
+

+
+

+
+

+
+

+
+

+
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+
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fected timothy plants. The acquisition feeding 
time of both groups was nine days. The in-
fection ability of nymphs was then tested in 
nine successive tests (Table 9). The ley grasses 
tested were: Festuca pratensis Huds., Festuca 
rubra L., Bromus inermis Leyss., Dactlis glome-
rata L., Poa pratensis L., Lolium multiflorum 
Lam., Agrop_yron repens (L.) Nevski, and 
Phleum pratense L., timothy. There were symp-
toms of PGSV on timothy only. 17 % of the 
planthoppers in the group A were vectors 
and 27 % in group B. Only two of the 36 

planthoppers in group B proved to have 
acquired virus from the infected timothy 
plants. The test plants were infected by these 
planthoppers only in the fourth and fifth of 
the successive tests, 23 and 25 days from the 
beginning of acquisition feeding. In check 
group A, ali planthopper vectors were already 
infective in the first or second of the successive 
tests. Altogether 73 % of the planthopper 
vectors infected at least two of the test plants. 

In this acquisition test material there were 
also 21 nymphs of the planthopper species 
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Fig. 6. Migration of macropterous Megadelphax sordidula in 1957-1964. 

then. (Table 10). This difference is statistically 
highly significant. 

According to the netting samples taken at 
the tum of June and July, M. sordidula was 
fourth in abundance of the leafhoppers in 
leys, numbering 2 738 adults or about 4 % 
of adult leafhoppers. More abundant species 
were Doliotettix pallens (Zett.), Diplocolenu.s. 
abdorninalis (F.), and Javesella pellucida (F.). Ac-
cording to the material collected from oats at 
the tum of June and July, M. sordidula was 
fifth in abundance of the leafhopper species, 
accounting for 1 280 adults or 1.9 % of 68 932 
adult leafhoppers. More abundant species 
were Javesella pellucida, Macrosteles cristatus 
(Rib.), Doliotettix pallens, and Javesella obscurella 
(Bh.). There were, however, great fluctuations 
in the abundance of M. sordidula. For instance, 
two- or threefold fluctuations in the density 
between different years were not exceptional. 
The density seemed to have been lowest in 
the years following cool summers, and greatest 
after warm summers. Also mortaLity during 
the winter was great and variable. For example, 
according to the suction samples caught in 
the field in autumn and spring average morta-
lity during winter was 82 % but occasionally 
it could he as high as 90 %. The influence of 
natural enemies on the populations was  

also considerable (RAATIKAINEN 1961, 1970). 
The abundance of M. sordidula on leys 

according to the samples collected at the tum 
of June and July is presen.ted in Fig. 7. The 
material caught by sweep net at the turn of 
June and July shows the density of the spe-
cies in oat fields (Fig. 8). These figures, 7 and 
8, show that M. sordidula has spread to South 
and Central Finland, and its density is greatest 
in Southeast and South Finland. 

Variation in spatial abundance is influenced 
by several factors men.tioned previously. 
Furthermore, tilling the fields is a very essential 
factor. The species remains in leys during the 
whole ley phase which lasts a little lon.ger 
than 2.4 years on the average. On the other 
hand, descendants of the specimens migrating 
to cereals are destroyed in the nymphal stage, 
mainly during autumn ploughing, and those 
that remain perish during spring soil pre-
paration.. Only when the spring cereal has 
been undersown with grass will the species 
survive for some 3.4 years. The proportion 
of spring cereals un.dersown with grass of the 
whole cereal arca varies from one cultivation 
area to another and is greater in eastem 
Finland than it is in western Finland. This 
factor explains partly the great abundance of 
M. sordidula in eastem Finland. 
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Fig. 7. Number Megadelphax sordidula per 60 sweeps 
in leys in 1966-1968. 

Fig. 8. Number of Megadelpbax sordidula per 60 sweeps 
in oat fields in 1962-1964. 

DISCUSSION 

Toxic injuries of M. sordidula 

Toxic symptoms of gramineous plants sucked 
by planthoppers is manifested in decreasing 
elongation growth and on increasing number 
of light-weight grains (NuoRTEvA 1962) and, 
consequently, in the grain. yield. No toxic 
injuries with chlorotic or yellow striations 
caused by planthoppers are known from gra-
mineous plants. These are typical to most 
virus diseases on cereals and grasses. 

According to the litnited experimental ma-
terial available, the results of the toxic effect  

of feeding by M. sordidula show, that the spe-
cies may have a mild influence in the elonga-
ting growth and yield of plants (Tables 2 and 
4). The females did not differ in toxic effect 
from the males. 

The nature of Phleum green stripe 
disease agent 

Typical for many gramineous plant viruses 
transmitted by leafhoppers and planthoppers 
are the yellowish streaks and striations of 
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varying length and width on leaf blades and 
sheaths. In this respect PGSV closely re-
sembles EWSMV. However, in the 'atter the 
streaks are yellow, pale yellowish or tinged 
with red; no evidence of green is present. 
If these striations appear in seedlings at the 
4-5-leaf stage, the plants cease growing 
completely and die long before maturity. The 
symptoms of PGSV, on the other hand, are 
more mild on oats and barley: the size of the 
stripes does not change and the plants do not 
stop growing at an early stage or die. On 
spring wheat PGSV symptoms resemble most 
those of EWSMV, but the plants do not die 
prematurely. When grains develop on wheat, 
they are not shriveled as in EWSMV, but 
wrinkled, and growth is checked. 'Apu' spring 
wheat proved to be more susceptible to PGSV 
than the other wheat cultivars tested. 

Some confusion is possible in distinguishing 
PGSV symptoms on timothy from the toxic 
striations caused by the aphid Cuernavaca 
muehlei (Börner) (FRöHLicH 1959/60). How-
ever, the distinct yellow striations caused by 
the aphid on timothy leaves and shoots are 
always limited to only such parts of the plants 
where the aphids are sucking, whereas the 
pale green stripes of PGSV are systemic, 
developing in several shoots and leaves of 
timothy, and the whole plants are weak in 
growth. 

The investigations carried out to determine 
the nature of injuries produced by M. sordidula 
have shown that a disease agent most resem-
bling a virus is involved. In our trials certain 
facts appeared which cannot be explained 
other than by stating that M. sordidula can 
act as a virus vector: 

The symptoms of the injury are most 
likely some known planthopper transmitted 
gramineous viruses. The symptoms are syste-
mic occurring as readily in the lateral shoots 
as in the main shoot which was inoculated. 

The intensity of symptoms was relatively 
constant, when infected at the same develop-
mental stage of a plant, quite independently 
of the len.gth of feeding time. Sir hours  

feeding time was sufficient to produce ali the 
symptoms typical of PGSV. 

The length of incubation time for PGSV 
in plants (10 to 40 days, on average 18) is 
typical of persistent planthopperborne viruses. 

A great number of the planthoppers in 
a population caused no PGSV symptoms at 
all, but of the infective planthoppers 70-
82 % transmitted the disease more than once, 
and as many as 14-23 % caused injury in at 
least four successive test plants. If the infecti-
ve ability had occured at random in the entire 
leafhopper population, the above figures 
would have been much smaller. 

In acquisition feeding trials some plant-
hoppers originally incapable of causing injury, 
became capable of producing PGSV-symp-
toms only after receiving an acquisition feed, 
and this was manifested after an incubation 
period of 26-37 days. This is characteristic 
for persistent and circulative leafhopper and 
planthopper borne viruses (IKÄHEIMO 1961, 
IKÄHEIMO and RAATIKAINEN 1961, PRUA et 
al. 1959, SLYKHUIS and WATSON 1958, VACKE 
and PRUSA 1961). 

The gradual decrease in infective ability 
manifested in the successive tests may indicate 
that the concentration of the disease agent in 
planthoppers decreases if there is no new 
acquisition from infected plants, and that it 
carmot perhaps multiply in the vector (SLYK-
HUIS 1963) but only in cereals and timothy. 
In the latter case, the symptoms are visible at 
least one year, and the vector percen.tage of 
M. sordidula rises during nymphal develop-
ment in the spring. 

PGSV does not seem to be pathogenic to 
its vector. 

Dicranotropis hamata, one specimen of which 
proved to be a PGSV vector, is known 
to be able to transmit OSDV (IKÄHEIMO and 
RAATIKAINEN 1963, LINDSTEN 1961 b), and 
CTDA (LINDSTEN et al. 1973), also. Because 
of the very limited material available, this 
species needs further stu.  dies to establish its 
ability transmit PGSV. 
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The significance of PGSV and M. sordidula 

The name of this new virus-like disease agent, 
the Phleum green stripe virus, was chosen to 
indicate the importance of timothy as a source 
of infection. Although detailed studies on the 
transferrence of the virus-like agent from the 
timothy by means of M. sordidula are lacking, 
the observations obtained reveal the significant 
position of timothy in the virus cycle. The 
rising of the vector percentage during the 
nymphal period of the development of the 
vector on timothy, and the high vector per-
centage in June, just before migration time 
for M. sordidula in both young and old timothy 
leys indicates timothy to be the most important 
source of PGSV infection. 

The yield loss in infected timothy plants 
was very distinct, although it had not been 
measured. The decrease in grain yield of in-
fected oats and barley were statistically highly 
significant, and the infection of wheat may 
lead to complete failure of crops. However, 
the numbers of infected plants in the fields 
have been small. This is due to the life cycle 
and low population density of M. sordidula. 

PGSV hibernates both in the nymphs of M. 
sordidula and in timothy. The virus is trans-
mitted into timothy leys and spring cereals  

mainly by macropterous migrating plant-
hoppers. The significan.ce of M. sordidula as a 
vector of PGSV is probably greatest in old 
timothy leys in southem Finland, where the 
species occurs most commonly and where 
virus infected timothy plants are most often 
found. In such places the virus may be signi-
ficant as a factor causing crop losses. 

Considering the facts that the density of 
the macropterous individuals of M. sordidula 
is rather low and the migration period occurs 
later than that of the vectors of OSDV and 
EWSMV (Javesella pellucida, J. obscurella, and 
Dicranotropis hamata), it seems that PGSV 
cannot cause great damage in the form of 
crop losses. 
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PRELIMINARY STUDIES ON FLOWER VISITORS TO AND POTENTIAL 
POLLINATORS OF THE CLOUDBERRY (RUBUS CHAMAEMORUS L.) IN 

SUBARCTIC LAPLAND 

HEIKKI HIPPA and SEPPO KOPONEN 

HIPPA, H. & KOPONEN, S. 1976. Preliminary studies on flower visitors to 
and potential pollinators of the cloudberry (Rubus chamaemorus L.) in 
subarctic Lapland. Ann. Agric. Fenn. 15: 56-65. (Univ. Turku, Dept. 
Zool., SF-20500 Turku 50, Finland.) 

In 1974-75 insects visiting cloudberry flowers were studied in Utsjoki Lap-
land, Finland. Besides the abundance of the different groups on the flowers, 
attempts were made to measure their pollen carrying capacity and fidelity to 
the cloudberry by means of pollen analysis. 

The most abundant insects staying for longer periods on the flowers were 
thrips and staphylinid beetles. Depending on the locality, thrips were found 
in quantities of 0.81-9.43 ind./male and 0.18-5.00 ind./female flower. 
Respective values for staphylinids were 0.46-2.72 and 0.06-0.08. The role 
played by thrips and staphylinids in pollinating cloudberry seems to be in-
significant. 

Of the other insects the Diptera species were the most numerous, especially 
anthomyid and empidid flies. Of these two groups anthomyid flies were the 
most abundant at all study sites in 1974, but in 1995 empidids outnumbered 
thern, especially on female flowers. Because of their abundance and pollen 
carrying capacity, anthomyids may play an essential role in pollinating the 
cloudberry. 

Bumblebees were infrequent visitors to cloudberry and after the Ericaceae 
plants started flowering they shifted to them. Pollen carrying capacity and the 
proportion of cloudberry pollen being carried was, however, ample on the 
few individuals captured (which were taken, however, from male flowers). 

Index words: Rubus chamaemorus, flower visitors, pollination. 

INTRODUCTION 

Because of the great economic importance of 
the cloudberry in northern Fennoscandia, 
methods of improving and ensuring its na-
tural yield are being actively studied. Culti-
vation experiments have also been carried out, 

in Norway and Finland especially (see e.g. 
MÄKINEN and OIKARINEN 1974). 

A typical feature un.der both natural and 
experirnental conditions is the uncertainty of 
the yield. This is most often said to he attri- 
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butale to bad weather, especially frost, during 
the period of flowering and fructification (cf. 
JAAKKOLA and OIKARINEN 1972). Unfortu-
nately, only scant information is available on 
cloudberry pollinators and on how their activ-
ities are affected by weather conditions (see 
SANDVED 1958). 

Insect fauna visiting cloudberry flowers has 
been investigated by only a few authors. 
Early notes were made by SCOTT ELLI OT (1896) 
and KNUTH (1898), who reported from the 
British Isles on empidid and muscid flies and 
from Norway on bumblebees. DALLMAN (1932) 
found species of Diptera, Hymenoptera and 

Coleoptera; empidid flies dominated in his 
material. SANDVED (1958) reported empidid 
and syrphid flies as well as bumblebees from 
northern Norway and suggested that the 
latter were the most important pollinators. 
TAYLOR (1971) mentioned the empidid and 
anthomyid flies as two groups of common 
visitors to cloudberry flowers in En.gland. 

The aim of the present work is to give 
preliminary information on the pollination 
biology of cloudberry in the northemmost 
part of Lapland, which is an important area 
for cloudberry production. 

STUDY AREA, METHODS, AND MATERIAL 

The study area is situated around the Kevo 
Subarctic Research Station in Utsjoki, Lap-
land, approximately between 69° 45'-69° 50' 
N and 26° 50'-27° 10' E. For general cha-
racteristics of the area, see e.g. KALLIO (1964). 

Flower visitors were collected and studied 
in three localities: 1) Kevonniemi, a small bog 
in pine and birch forests, about 100 m above 
sea level; 2) Puksalskaidi, a bog with a pond, 
surrounded by birch forest and some isolated 
pine stands, about 200 m above sea level; 
3) Skallovaara, a wide bog area at the upper 
limit of the birch zone, about 280 m above 
sea level. Some small samples were also taken 
from a small bog with a pond at Shirrajärvi, 
about 200 m above sea level. 

The field work was done in 1974 and 1975, 
during the last half of June and the beginning 
of July. In 1975 unfavourable weather con-
ditions greatly disrupted the work and flower-
ing began about a week later than in 1974. 
In both years the cloudberry began flowering 
first at Puksalskaidi, then at Kevonniemi and 
last at Skallovaara, the time lag between Puk-
salskaidi and Skallovaara being about one 
week. 

Insects visiting the flowers were collected  

by netting. The specimens caught were en-
closed in small glass tubes and killed with 
chloroform. Because female flowers were less 
abundant than male flowers at the study sites, 
attempts were made to catch ali insects visiting 
female flowers. From the male flowers only 
some samples were taken. The material caught 
by netting constituted about 1450 specimens 

Thrips and staphylinid beetles were studied 
by taking random samples of flowers, on which 
the insects were checked in the laboratory by 
a stereo microscope. Altogether 285 flowers 
were checked. On these there were about 
1000 insects. 

The number of pollen grains carried by 
different flower visitors was counted from the 
specimens preserved as described above. The 
amount of pollen lost in catching and handling 
the living specimen is not known. The pollen 
was identffied using glycerine-methylene blue 
slides. Most attention was paid to the pollen 
on insects collected from female flowers. As 
yet, only part of the material has been analyzed. 

To estimate the importance of small-sized 
insects in pollination, excluders with different 
mesh sizes were used. Areas covered varied 
from 1/16-2 m2. 
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Composition of material in 1974-75 

Members of the following groups of Arthro-
poda, in the order of relative abundance, were 
collected from cloudberry flowers : Antho-
nodidae, Empididae, Syrphidae, Sciaridae, Cor-
dyluridae, Cecidomiiidae, Phoridae, Chloropidae, 
Helomyidae, Ceratopogonidae, Culicidae, Calli-
phoridae, and Simuliidae (131:pt.); Formicidae, 
Apidae, Chalcididae, Vespidae, and Tenthredin-
idae (1-iym); Chtsysomelidae and Helodidae (Col.); 
Tortricidae and qyphipterjgidae (Lep.); Tbomis-
idae and Lycosidae (Aran.); Auchenorrl?yncha 
(Hom.). 

The numbers and percentages of different 
insect groups in the material are shown in 
Tables 3-5. In both years and in ali localities 
the Diptera species constituted the dominant 
groups of flower visitors. In the 1974 material 
the dominance of anthomyid flies within 
Diptera is distinct: 82.8 %-98.2 °/,, on male 
and 80.4 %-100.0 % on female flowers. In 
the whole material of flower visitors, too, 
they account for 49.0 %-97.5 % on male 
and 72.0 %-96.6 % on female flowers in 
1974. In the 1975 material the abundace of 
empidid flies is conspicuous, especially on 
female flowers where they outnumber antho-
myids both in Skallovaara and Puksalskaidi, 
accounting for 57.6 %-69.2 % of the total 
number of female flower visitors. There are 
rather distinct local differences, especially in 
the abundance of anthomyid flies whose pro-
portion is greatest on the harsh Skallovaara  

bog. Of the other Diptera syrphids are the 
only ones worth mentioning. Their proportion 
is greatest (7.8 % on male and 15.4 % on 
female flowers) in the 1974 material from the 
lowly situated Kevonniemi bog. In the ma-
terials from Skallovaara and Puksalskaidi there 
is a marked reversal of the difference between 
the two years. 

Notable quantities of other insects were 
collected only on the Puksalskaidi bog, around 
a small pond. Apids (bumblebees and solitary 
bees) were found only in 1974 and mainly on 
male flowers (5.1 %). Also chrysomelid beetles 
appear only in the material for the year 1974, 
when they formed the next most abundant 
group (24.0 % on male and 12.0 % on female 
flowers) after anthomyid flies. Among these 
chrysomelids there were many specimens of 
Galerucella "nymphaeae L.", which is a serious 
cloudberry pest (see HIPPA and KOPONEN 
1975). Ants were found in both years, but 
they were more abundant in 1975 than in 1974 
(8.0 Vc, and 16.7 % on female flowers). 

The marked difference between the material 
in the years 1974 and 1975 may at least partly 
be due to the colder weather during the flower-
ing period in 1975. E.g. the mean temperature 
at Kevo during the period June 10- July 10 
was 13.0° C in 1974, but only 8.7° C in 1975. 
In the case of empidid flies, the abundance of 
bigger anthomyids in 1974 may have some-
what reduced their chances of being dis-
covered. 

Table 3. Numbers of arthropods collected from cloudberry flowers at Skallovaara bog, 1974-75 (Thysan-
optera spp. and Anthobium lapponicum excluded). 

Ind. 

Male flowers 
1974 

Ind. 

Anthomyiidae 544 97.5 217 
Empididae 2 0.4 57 
Syrphidae 1 0.2 18 
Other Diptera 7 1.3 5 
Apidae 0 0 1 
Formicidae 0 0 2 
Chrysomelidae 2 0.4 0 
Other Arthropoda 2 0.4 0 

Total 558 100 300 

1975 Ind. 

Female flowers 
1974 Ind. 

1975 

72.3 28 96.6 11 33.3 
19.0 0 0 19 57.6 
6.0 0 0 1 3.0 
1.7 0 0 1 3.0 
0.3 0 0 1 3.0 
0.7 0 0 0 0 
0 0 0 0 0 
0 1 3.4 0 0 

100 29 100 33 100 
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Female flowers 
1974 	 1975 Ind. 	 Ind. 

	

18 	72.0 

	

0 	0 

	

0 	0 

	

1 	4.0 

	

0 	0 

	

2 	8.0 

	

3 	12.0 

	

1 	4.0 

	

25 	100 

	

4 	5.1 

	

54 	69.2 

	

0 	0 

	

7 	9.0 

	

0 	0 

	

13 	16.7 

	

0 	0 

	

0 	0 

	

78 	100 

88.4 
0 
7.8 
0 
0.8 
0 
0.8 
2.3 

100 

Anthomyiidae 114 
Empididae 0 
Syrphidae 10 
Other Diptera 0 
Apidae 1 
Formicidae 0 
Chrysomelidae 1 
Other Arthropoda 3 

Total 129 

82 78.8 
4 3.8 

16 15.4 
0 0 
1 1.0 
1 1.0 
0 0 
0 0 

104 100 

Male flowers 
Visits/flower/h 	n 

	

2.3 
	

18 

	

II 	 5.0 
	

26 

	

III 	 4.6 
	

10 
Mean 	4.0 

Female flowers 
Visits/flower/h ii 

1.6 15 
5.3 4 
4.6 14 
3.8 

Table 4. Numbers of arthropods collected from cloudberry flowers at Puksalskaidi bog, 
1974-75 (Thysanoptera spp. and Antbobium lapponicum excluded). 

Male flowers 
1974 

Ind. 

Anthomyiidae 96 49.0 
Empididae 7 3.6 
Syrphidae 12 6.1 
Other Diptera 1 0.5 Apidae 10 5.1 
Formicidae 18 9.2 
Chrysomelidae 47 24.0 
Other Arthropoda 5 2.6 

Total 196 100 

Table 5. Numbers of arthropods collected from cloudberry 
flowers at Kevonniemi bog, 1974 (Thysanoptera spp. 
and Antbobium lapponicum excluded). 

Male flowers 
Ind. Female flowers 

Ind. 

  

Frequency and duration of visits 

The numbers of insect visits per single cloud-
berry flower were counted during warm sunny 
weather on Puksalskaidi bog in 1974 (Table 6). 
Mean numbers of visits by insects, mainly 

anthomyid flies, were similar for male and 
female flowers (4.0 and 3.8 visits/flower/hour, 
respectively). Because individual flowers are 
open for two or three days (Lom 1974), the 
total number of visits per flower under good 
weather conditions can he very high. 

Table 6. The frequency of visits per cloudberry flower 
by insects (mainly anthomyid flies) at Puksalskai-
di bog, June 15-17, 1974. 

The duration of visits by insects, mainly 
anthomyid flies, was also measured (Table 7). 
On male flowers 50 % of the flies visited very 
briefly (1-2 seconds), 40 % stayed 5-30 
seconds and the rest longer. The respective 
percen.tages for female flowers were 32 % 
and 59 %. 

The duration of visits by bumblebees was  

measured during the first week of cloudberry 
flowering in 1974. The mean time per flower, 
including the time required for flying to an 
other flower, was determined as 4.5 seconds 
(n = 23). However, bumblebees and other 
apids are rare and they were observed to shift 
their visits to the Ericaceae species when 
these more attractive plants started flowering. 
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The number of cloudberry pollen grains 
was low (Table 8). About 33 % of the antho-
myids carried less than 10 grains, and it is 
possible that some of these flies had got 
pollen from the female flowers already pol-
linated. Only 22 % of the anthomyids had 
considerable amounts of pollen. (over 30 
grains). Variations between the localities are 
clear; especially on Skallovaara bog pollen 
quantities are low, but on the other hand in 
this area anthomyids seemed to he almost the 
only visitors to flowers in 1974. 

Most of the empidids studied (small-sized 
species) carried pollen grains. Although the  

total number was usually low, the percentage 
of cloudberry pollen was large. On the few 
syrphids studied no cloudberry pollen was 
found. 

No bun-iblebee specimens were caught on 
female flowers. To estimate their pollinating 
capacity, six individuals from male flowers 
from Puksalskaidi bog were checked (Table 
10). The quantities of pollen on these was vety 
high, the total mean being about 1500 pollen 
grains and that of cloudberry pollens about 
900. The bulk of the pollen was spread on the 
hairs of legs. Only one of the six specimens 
had pollen (Ericaceae) in baskets. 

Table 10. Approximate number of pollen grains 
on six individuals of Bombus spp. col-
lected from male cloudberry flowers on 
Puksalskaidi bog, June 14, 1974. 

Number of pollen 	Number of cloud- 
grains 	berry pollen grains 

Other abundant 
pollens 

1000 800 Ericaceae 
1000 600 Salix 
1000 950 
300 100 Salix 

4000 3000 Salix 
2000 0 Ericaceae 

Insect excluders 

The results with insect excluders in the two 
study sites at Skallovaara are shown in Table 
11. 

At site a, where only female plants were 
covered, no berries appeared. At this site the 
control sample also gave a very low per-
centage of fertilized flowers. At site b some 
berries developed under two excluders with a  

mesh size of about 1.5 mm covering only 
female flowers. Un.der three excluders covering 
male flowers also, berries appeared only in 
one case. In both cases the proportion of 
fertilized flowers (6-8 %) was, however, very 
low, compared with the control sample (54 %). 
The high percentage of unfertilized flowers or 
the lack of berries may be due, at least partly, 
to cold weather with possible frosts during 
the flowering period. 

Table 11. Effect of excluders on cloudberry pollination at Skallovaara bog, 1975. 
Site a 

Control 2 mm 	1.5 mm 
Mesh size 
0.5 mm 0.5 mm 

Unfertilized female flowers 140 80.5 % 22 100.0% 	58 100.0 % 2 	100.0% 8 100.0% 
Fertilized female flowers 3419.5 0 0 	0 	0 0 	0 0 0 
1VIale flowers in excluders 0 0 0 0 

Site b 
Mesh size 

Control 2 mm 	1.5 mm I mm 0.5 mm Closed 

Unfertilized female flowers 
Fertilized female fiowers 
Male flowers in excluders 

40 46.0% 
47 54.0 

24 
2 
0 

	

92.3% 	67 	94.4% 

	

7.7 	4 	5.6 
13 

	

24 	100.0% 

	

0 	0 
5 

14 
0 
0 

100.0% 
0 

4 
0 
1 

100.0 % 
0 
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DISCUS SION 

According to the results of KEVAN (1970) in 
the high arctic Canada the white flower colour 
seems to be unattractive to insects. Good in- 
sect flowers also had a special scent. These 
facts may explain our observation that bum-
blebees, and to a lesser extent syrphids, too, 
change from cloudberry to the more heavily 
scented andfor colourful species of Ericaceae 
when they start flowering. 

KEVAN (1970) suggested that many insects, 
especially flies, stay in flowers for warmth. 
In those flowers, the structure of which is a 
"parabolic reflector" as in cloudberry, the 
body temperature of the insects in the sun-
shine may rise many degrees. 

Different opinions on the importance of 
insect groups for pollinating flowers under 
arctic and subarctic conditions have been 
expressed (e.g. PANFILOV et al. 1960, McALP1-
NE 1965, KEVAN 1970, 1972). 

Bumblebees have often been mentioned as 
the most important pollinators in northem 
areas. SANDVED (1958) and MÄKINEN and 
OIKARINEN (1974) regarded bumblebees as 
the most important cloudberry pollinators in 
northern Fennoscandia. According to our 
material the pollen carrying capacity of these 
insects is very high and their visits ale very 
rapid. However, bumblebees seem to prefer 
male flowers and are not numerous enough, 
even at the begirming of the flowering period 
when there is not yet any competition from 
Ericaceae plants, to be respon.sible for the 
major part of pollination. The greater abun-
dance of bumblebees on cloudberry flowers 
during early flowering may be connected with 
the better yield of the earlier flowers compared 
with the later ones (see MÄKINEN and OIKA-

RINEN 1974). 
Recently, the Diptera species have been 

cited as important pollinator insects in the 
arctic areas, particularly in view of their great 
abundance (e.g. KEVAN 1970, 1972). Our ma-
terial also seems to indicate that the Diptera  

species, especially anthomyid flies, are more 
important than was suggested formerly. Al-
though pollen carrying capacity seems to be 
rather limited, their abundant visits to female 
flowers suggest that they are largerly respon-
sible for cloudberry pollination, at least in 
northem Fennoscandia. 

The role which ants may play in cloudberry 
pollination is also sometimes suggested (see 
HAVAS 1970, Lom 1974). In our study area 
they seemed to be rather in.significant both on 
account of their being rare in most localities 
and because of their poor pollen carrying 
capacity. 

Thrips seem to pollinate some plants grow-
ing under unfavourable environmental con-
ditions, such as Calluna in the Faroes (HAGE-

RUP 1950) and species of Compositaeae in 
Iceland and Greenland (LEwis 1973). Although 
thrips are often abundant on cloudberry flow-
ers their role in pollination seem to be very 
questionable, because of their apparent poor 
mobility and pollen carrying capacity. The 
same applies to staphylinid beetles. 

The experiments with excluders imply that 
small-sized insects are only of limited im- 
portance in the pollination biology of cloud-
berry. In the main similar observations were 
made on the pollination of Rubus arcticus L. 
by the reminiscent method (RYYNÄNEN 1973). 
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SELOSTUS 

Alustavia tutkimuksia suomuuraimen kukilla käyvistä hyönteisistä ja mahdollisista 
pölyttäjistä Pohjois-Lapissa 

HEIKKI HIPPA ja SEPPO KOPONEN 

Turun yliopisto 

Koska muurain on taloudellisesti tärkeä luonnonmarja, 
tutkitaan nykyisin aktiivisesti sen luonnonvaraisen sa-
don parantamis- ja varmistamismahdollisuuksia sekä 
viljelyä. Pölytyksen onnistuminen on eräs satoon 
ratkaisevasti vaikuttavista tekijöistä. Toistaiseksi on 
ollut kuitenkin vähän tietoja muuraimen pölyttäjistä. 

Nyt esitetyt tulokset perustuvat vuosina 1974-75 
Utsjoen Lapista kerättyyn aineistoon. Pyrkimyksenä 
on ollut selvittää eri hyönteisryhmien runsautta ku-
kissa. Lisäksi on selvitetty eri hyönteisten kuljettamaa 
siitepölymäärää ja koostumusta. 

Kukissa viipyjiksi olemme kutsuneet ripsiäisiä ja 
lyhytsiipisiä kovakuoriaisia, koska niiden liikkuvuus 
kukasta toiseen näyttää olevan vähäistä. Määrät kuk-
kaa kohti vaihtelivat tutkimuspisteitten välillä. Kum-
matkin ryhmät suosivat hedekukkia. Koska sekä rip-
siäisten että lyhytsiipisten pölynkantokyky ja liikku-
vuus on vähäistä, ei niillä liene suurtakaan merkitystä 
muuraimen pölyttäjinä. 

Aktiivisesti kukasta toiseen liikkuvista hyönteisistä 
olivat runsaimpia kaksisiipiset, etenkin Anthomididae-
ja Empididae-heimojen kärpäset. Vuonna 1974 olivat 
anthomyidit runsaimpina kaikissa tutkimuspisteissä, 
kun taas vuonna 1975 olivat empididit enemmistönä. 
Ero vuosien välillä voi johtua kesän 1975 poikkeuk-
sellisesta kylmyydestä. Erityisesti anthomyidien pölyn-
kantokyky ja runsaus antavat aiheen olettaa, että 
niillä on suurempi merkitys pölytykselle kuin aikai-
semmin on oletettu. 

Kimalaiset olivat harvalukuisia. Niitä esiintyi eniten 
kukinnan alkuvaiheessa, mutta Ericaceae-heimon kas-
vien kukinnan alettua kimalaiset siirtyivät pääasiassa 
niille. Vaikka tutkittujen kimalaisten pölymäärät oli-
vat suuria, edellä mainitut seikat viittaavat kuitenkin 
siihen, että niiden merkitys pölytykselle on aikaisem-
min luultua vähäisempi. 
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Seria ANIMALIA NOCENTIA N. 79 — Sarja TUHOELÄIMET n:o 79 

REARING THE UNIVOLTINE LADYBEETLES, COCCINELLA SEPTEMPUNCTATA 
AND ADALIA BIPUNCTATA (COL., COCCINELLIDAE), ALL YEAR AROUND 

IN THE LABORATORY 

MATTI HÄMÄLÄINEN 

HÄMÄLÄINEN, M. 1976. Rearing the univoltine ladybeetles, Coccinella sep-
tempunctata and Adalia bipunctata (Col., Coccinellidae), ali year around 
in the laboratory. Ann. Agric. Fenn. 15: 66-71. (Agric. Res. Centre, Inst. 
of Pest Inv., SF-01300 Vantaa 30, Finland). 

Coccinella septempunctata L. and Adalia bipunctata (L.) produce only one genera-
tion annually in Finland. Under laboratory conditions, however, applying a 
long photoperiod (LD 18: 6), several successive generations can be produced, 
a new generation emerging every 4th to 5th week. 

Altogether nine C. septenzpunctata and ten A. bipunctata generations were 
reared. The majority of the females in each generation laid eggs. The average 
number of eggs per female, proportion of eggs that hatched, and development 
time and mortality in larvae and pupae varied in different generations, the 
variation being more irregular in C. septempunctata. The only significant signs 
of gradual stock degeneration were increasing mortality in larvae and pupae 
and a decreasing hatching rate of eggs in successive generations of A. bi-
punctata. On the other hand fecundity was increased in later generations of C. 
septempunclata. 

The results show that it is possible to maintain a relatively viable laboratory 
culture of these ladybeetle species ali year around for use in the biological 
control of aphids in greenhouses. However, the culture must be renewed 
each summer. 

Index words : Coccinella septempunctata, Adalia bipunctata, laboratory rearing, 
voltinism, stock degeneration. 

Introduction 

Ladybeetles are univoltine in. Finland. The 
adults usually emerge in July or August 
(CLAYHILLS and MARKKULA 1974) and re-
produce after hibemation, the following sum-
mer. If ladybeetles are used for biological 
control of aphids in greenhouses they may be 

required at times when they are not available 
from the environment. There are two ways of 
filling this need: (1) a stock of dormant adults, 
collected from field or produced in laboratory, 
can be kept at low temperature, from which 
the beetles may be taken as required or (2) a 
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laboratory culture can he maintain.ed ali year 
around under condition.s suitable for repro-
duction and development. This paper deals 
with the latter possibility. 

A degeneration in vigour has been observed 
in laboratory cultures of ladybeetle3 reared in 
successive generations. Both HoDEK and ER-

KASOV (1961) and HÄMÄLÄINEN and MARK-

KULA (1972) recorded increasing mortality in 
Coccinella septempunctata L. after about the 10th 
successive laboratory generation. ELLINGSEN 

(1969) reared four generations of .Adalia bi-
punctata (L.) and found a gradual increase in 
mortality at ali stages. Similar decreases in 
vigour in successive laboratory generations 
have also been observed in some other lady-
beetles, for instance Hippoclamia convergens 
(Guer.) (SEuLL 1944) and Propylaea quatuor-
decimpunctata (L.) (ROGERS et al. 1972). 

To obtain more information on this sup-
posed stock degeneration and on the possibi-
lity of maintaining laboratory cultures of C. 
septempunctata and A. bi:punctata ali yeat 
around, successive generations of these species 
were reared under controlled conditions. The 
fecun.dity and mortality of adults, hatching 
tate of eggs, and development time and morta-
lity in larvae and pupae were recorded for 
each generation in order to observe any signs 
of degeneration. 

Material and methods 

Overwintered adults of the species C. septem-
punctata and A. in:punctata were collected from 
the surroundings of the Agricultural Research 
Centre at the beginning of June 1974. One 
hundred beetles of both species were used to 
start laboratory breeding. Adults of the first 
A. bipunctata generation (progeny of the hiber-
nated beetles) emerged in. late July 1974, and 
those of C. septempunctata at the beginning of 
August 1974. After that a new generation was 
started every 4th to 5th week with 50 first-
instar larvae, progeny of several different fe-
males. The larvae were reared singly in glass 

vials (diameter 2 cm, height 7 cm); develop-
ment time and mortality was recorded. Larvae 
were fed with green peach aphids (M_nus per-
sicae Sulz.) reared on green peppers or turnip 
rapes. Once a day the larvae were transferred 
to clean vials with a fresh supply of aphids. 
In each generation reserve set of larvae was 
reared simultaneously in a communal culture. 
Adults which had emerged from a communal 
culture were used only if the separately reared 
batch did not produce 40 viable adults. Larvae 
were reared in a temperature and moisture 
controlled rearing cabinet, temperature 25° + 
0.5° C and relative humidity of 80-90 %, 
with a photoperiod of 18 hours light and 6 
hours dark. 

In all generations forty adults of both species 
were placed in plastic jars (diameter 16 cm, 
height 9 cm), twenty beetles in each. The 
beetles were reared together for ten days so 
that copulation could take place, and were 
then put separately in smaller glass jars (dia-
meter 9 cm, height 4 cm). Disks of filter paper 
had been placed at the bottom of the jars to 
retain moisture. The beetles were fed on green 
peach aphids. Once a day the jars were 
checked, the eggs laid removed and counted, 
and a fresh supply of aphids given. Adults 
were reared singly for 3 weeks and then killed 
(at the average age of 31 days). Females that 
had not laid eggs were dissected to check the 
developmental stage of ovaries. Females with 
undeveloped ovaries were considered to he in 
diapause (HoDEK and e:ERKASOV 1961). 

The adults were reared in a laboratory room, 
where the average temperature varied from 
22° to 26° C and relative humidity from 30 to 
60 % for different generations. Humidity was, 
however, higher inside the rearing jars. The 
photoperiod was 18 hours light and 6 hours 
dark. 

The hatching of eggs was studied at a tem-
perature of 25° C (80-90 % R.H.). Egg 
clusters were kept singly in small glass vials. 
An average of 1200 eggs of A. bipunctata and 
1500 eggs of C. septempunctata were studied 
in each generation. 
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64.4 % in A. bipunctata (from about 12 000 
eggs) and 65.7 % in C. septempunctata (14 000 
eggs). 

Development time from newly hatched lar-
vae to adults was 1-3 days shorter in A. bi-
punctata than in C. septempunctata (Table 2). 
Variation in the development times in different 
generations was irregular. Mortality in larvae 
and pupae increased significantly towards the 
later generations in A. bz:punctata, but not in 
C. septempunctata (Tables 2 and 3). 

The only significant sign.s of gradual stock 
degeneration in the successive generations 
reared in this study, were the increase in lar-
vae and pupae mortality and decreasing hatch-
ing rate of eggs of A. bipunctata (Table 3). 
Breeding ended due to a mishap and the ori-
ginal aim of rearing successive generations 
for as long as possible was not fulfilled. Thus 
the earlier observations stating that C. sep-
tempunctata cannot be produced after 10-13 
successive generations (HoDEK and CERKA-
SOV 1961, HÄMÄLÄINEN and MARKKULA 1972) 
could not be verified. 

Some insects can be reared for years in the 
laboratory without any signs of degeneration. 
Reasons for the degeneration observed in lady-
beetle cultures are likely genetic. SFLuLL (1944) 
assumed that inbreeding in the presence of  

semilethal genetic combinations, or the cu-
mulative efFect of unsuitable laboratory con-
ditions might cause the decrease in vigour. 
According to MACKAUER (1976) inbreeding, 
selection and other random or nonrandom 
processes in laboratory cultures may lead to 
genetic decay, loss of fitness, or production 
of a laboratory ecotype unsuitable for use in 
the biological control. 

It is also possible that artificial omission of 
the dormant period of an univoltine insect in 
many successive generations is involved in 
the decrease of vigour. Maintaining a labora-
tory culture of polyvoltine ladybeetles which 
reproduce ali year around in nature may be 
more successful. 
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SELOSTUS 

Seitsenpiste- ja kaksipistepirkon ympärivuotinen laboratoLiokasvatus 

MATTI HÄMÄLÄINEN 

Maatalouden tutkimuskeskus 

Seitsenpistepirkosta ja kaksipistepirkosta kehittyy 
luonnossa vain yksi sukupolvi vuodessa. Tutkimuk-
sen tarkoituksena oli selvittää, onko mahdollista yllä-
pitää jatkuvasti lisääntyvää seitsen- ja kaksipistepirkko-
kantaa pitkässä vuorokautisessa valaistuksessa labo-
toriossa. Vuoden aikana seitsenpistepirkosta kehittyi 
9 ja kaksipispirkosta 10 perättäistä sukupolvea. 

Kustakin sukupolvesta tutkittiin naaraiden muna-
määrä, munien kuoriutuvuus, toukkien ja koteloiden 
kehitysaika ja kuolleisuus, sekä aikuisten kuolleisuus. 
Kaksipistepirkkojen toukkien ja koteloiden kuollei-
suus kasvoi ja niiden munien kuoriutuvuus heikkeni  

jonkin verran perättäisissä sukupolvissa. Vastaavaa 
vähittäistä elinkyvyn heikkenemistä ei todettu seitsen-
pistepirkolla. Seitsenpistepirkkojen munamäärät päin 
vastoin suurenivat perättäisissä sukupolvissa. 

Tulokset osoittivat, että laboratoriossa on mahdol-
lista ylläpitää elinkykyisiä seitsen- ja kaksipistepirkko-
kantoja vuoden ajan. Kanta on uudistettava joka kesä 
luonnosta kerätyillä leppäpirkoilla. Leppäpirkkojen jat-
kuva lisääntyminen mahdollistaa niiden käytön kirvo-
jen biologiseen torjuntaan kasvihuoneissa vuoden-
aikoina, jolloin leppäpirkkoja ei ole luonnosta saa-
tavana. 
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ANNALES AGRICULTURAE FENNIAE, VOL. 15: 72-80 (1976) 
Seria ANIMALIA NOCENTIA N. 80 — Sarja TUHOELÄIMET n:o 80 

OBER DIE AN CRUCIFERAE LEBENDEN CEUTHORRHYNCHUS-ARTEN 
(COL., CURCULIONIDAE) FINNLANDS 

ESKO KANGAS 

KANGAS, E. 1976. Vber die an Cruciferae lebenden Ceuthorrhynchus-
Arten (Col., Curculionidae) Finnlands [Ceuthorrhynchus species living 
on Cruciferae in Finland]. Ann. Agric. Fenn. 15: 72-80. (Dept. Agric. 
For. Zool., Univ. Helsinki, SF-00710 Helsinki 71, Finland). 

Five species of the Ceuthorrhynchus genus (C. pyrrhorhynchus Marsh., constrictus 
March., puncticollis Boh., gallorbenanus Sol., pervicax Weise) which live on 
Cruciferae and are new to Finnish fauna are listed. Occurence in Finland of 
two species, C. napi Gyll. and thomsoni Kolbe, is uncertain and it must revise. 
The keys for the Finnish species of the two groups of species of the subgenus 
Ceuthorrbynchus s. str. and for those of the subgenus Marklissus Reitt. are given. 
The host plants of the Fennoskandian Ceutborrhynchus species (30 Finnish 
species) living on Cruciferae are given and the 14 species which occur on 
cultivated crucifers in Finland. The biology of the last 9 species named is 
known vety little or not at all. 

Index words: Ceuthorrkynchus, Cruciferae, keys, host plants. 

Untersuchungen iiber die Ceuthontnchus-Ar-
ten haben. die Anzahl der an. Cruciferae lebenden 
Arten Finnlands in der letzten. Zeit mit mehre-
ren neuen Arten erhöht. Man.che von diesen 
Arten sind oligophag, un.d die Biologie sowie 
die Anforderungen an ihre Wirtspflanzen der 
anderen sind wenig oder kaum bekannt. Weil 
aber wenigstens ein Paar von den neuen Arten 
auch lan.dwirtschaftliche Bedeutung haben 
oder haben können, ist ein zusammenfassen-
der Oberblick i_iber die heutige bei uns an 
Cruciferae lebende Fauna gerechtfertigt. 

Die fiir die Fauna Finnlands neuen 
an Cruciferae lebenden Arten seit Jahr 1960 

Der nordische Coleoptera-Katalog (HANSEN et 
al. 1960) enthält die jiingste Liste der fin-
nischen Ceutorrhynchus-Arten. Seitdem sind 
mehrere neue Arten angemeldet worden. Von 
diesen Arten leben die meisten an Cruciferae, 
nämlich folgende: 

1. Ceuthontnchus (Calosirus Thoms.) pyrrho-
itnchus Mars. — Ich habe einige Exemplare 
von V: Dragsfjärd (Insel Örö) 11. 7. 1971 zu- 
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Cruciferae 
Brassica, .Raphanus etc. 

Cruciferae 
Brassica etc. 
Hesperis, Alliaria 
Cruciferae 
Abustim, Brassica, Camelina. 
Caradria, Sinapsis 
Alliaria 
Arabidopsis, Armoracia 
(Cochlearia), Cardamine 
Descurainia (Sisymbrium) sophia 
Arabis 

Cruciferae* 
Armoracia, Brassica, Matthiola, 
Raphanus 
Brassica*, Raphanus 

Hesperis 

(Cruciferae) 
Cardamine, Armoracia* 

C. assimilis Payk. 

C. gallo-rhenanus Soi. 

C. inaffectatus Gyll. 
(C. 0,rites Germ.) 

C. constrictus Marsh. 
C. cochleariae Gyll. 

C. sophiae Stev. 
(C. unguicularis Thoms. 

(schönherri Ch. Bris.) ) 
(C. granulicollis Thoms.) 
C. atomus Bob. 

C. quadridens Panz. 

C. suhicollis Payk. 

C. scapularis Gyll. 
C. barbarae Suffr. 
C. pervicax Weise 

(C. viridanus Gyll.) 
C. ignitus Germ. 
C. gysimi Fabr. 

C. contractus Marsh. 

C. hirtulus Germ. 

(C. pectoralis Schultze) 

C. chalybaeus Germ. 

(C. thomsoni Kolbe) 

Tblaspi 
.Alliaria, Arabidopsis, Arabis, Carda-
mine, Draba, Erophila verna, Isatis 
Cruciferae 
Brassica, Raphanus, Sinapsis etc. 

Cruciferae 
Brassica, Sisymbrium, Sinapsis etc. 
Rorippa anzphibia) 
Barbarea, Rorippa (Nasturtium) 
Cardamine, Dentaria, Nasturtium 
officinale, Rorippa 

Erysimum hieracifolium 
Berteroa incana, Armoracia lapathifolia 
Cruciferae 
Capsella etc. 
Cruciferae (iiber 100 Arten) 

Arabidopsis, Arabis, Cardamine, 
Eropbila verna, Nasturtium officinale, 
Sinapsis arvensis 
Barbarea, Cardamine,Rorippa, Thlaspi 

Cruciferae 
Brassica, Raphanus, Sinapsis, 
Sisymbrium 
Alliaria, Berteroa incana, 
Brassica campestris 

Berteroa incana 
Cruciferae* 
Brassica, Capsella, Draba, Sisymbrium 
Cruciferae* 
Brassica, Sisymbrium 

Cardamine (USSR: Kk, Uusikirkko 
1935) 
Cruciferae* 
Brassica rapa oleifera 

Cruciferae* 
Brassica (Brassica rapa oleifera), 
Matthiola 
Cruciferae* 
Brassica, Sisymbrium 

Barbarea 
(Brassica/Barbarea) 

1  Literaturangaben (nur in Finnland vorkommenden Gattungen und Arten genannt) riihren hauptsächlich 
von HOFFMAN (1954), HANSEN (1965), KocH (1967) und SMRECZYNSKI (1974), die in finnischen Boebachtungen 
von ROIVAINEN (1957), VAPPULA (1965) und von einigen finnischen Koleopterologen her; dazu kommen 
meine eigene Beobactungen. 

2  - = Noch nicht in Finnland getroffene fennoskandische Arten. 
* = In Finnland an den angebauten Cruciferae getroffen. 

Zu allen vorher behandelten Artengruppen 
gehören Arten, welche — wie gesagt — eine 
landwirtschaftlich beträchtliche Bedeutung be-
sitzen. Dazu kommen Arten, welche — ausser 
an ihren naturgemässen Wirtspflanzen — auch 
an den angebauten Cruciferae vorkommen 
können, welche hinsichtlich ihrer Biologie 
wenig bekannt sind. Die wichtigsten solchen. 
Arten, welche man also genauer studieren 
sollte, sind offenbar folgende: 

C. roberti : Die Art ist bis nach Nordfinn-
land (EP, PS, KP, PP, KS) verbreitet. Sie 
lebt nach den Literaturangaben (REITTER 1916, 
HANSEN 1965, SMRECZYNSKI 1974) an Alliaria, 
welche Art bei uns im Binnenland nicht vor-
kommt. Sie ist auch an den angebauten Cruci-
ferae konstatiert geworden. (VAPPULA 1965). 

C. napi: Das Vorkommen dieser Art in 
Finnland ist sehr schlecht bekannt (ich kerme 
keine sicheren Funde der Art aus dem heutigen 
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staatlichen Gebiet des Landes !). SAALAS (1933) 
erwähnt sie jedoch als eine landwirtschaftlich 
beachtenswerte Art (vgl. auch SMRECZYNSKI 
1974). 

C. gallorhenanus : Man weiss (z. B. HOFF-
MANN 1955), dass die Art ungefähr dieselbe 
Biologie hat wie C. assimilis (ein bekannter 
Schädling). Es hat sich unerwartet erwiesen, 
dass die Art in Finnland mindestens schon seit 
1920 vorkommt. Welchen Anteil hat sie mög-
licherweise an den Schädigungen von C. assi- 

gehabt ? Sie ist mehrmals auch bei uns 
zusammen mit C. assimilis gefunden worden. 

C. gysimi: Die Art ist eine von den häufigsten 
und meist verbreiteten in Finnland. Obgleich 
bisher keine Meldungen iiber die Art als 
Schädling vorliegen, ist sie so häufig auch an 
den angebauten Cruciferae gefunden worden, 
dass eine genauere Untersuchung aber ihre 
Biologie und Anforderungen hinsichtlich ihrer 
Wirtspflanze sehr wiinschbar wären. 

C. contractus : Vielleicht die häufigste Art 
ihrer Untergattung bei uns (verbreitet iiber 
das ganze Land). Sie ist ein paarmal als ein 
wahrscheinlicher Schädling gemeldet worden 
(VAPPULA 1965) und als solcher im Ausland 
bekannt (SAALAs 1933). 

C. sufricollis: Diese Art ist schon im Stid-
finnland sehr häufig geworden. — ganz so 
wie C. assimilis (sieh S. 74) nach dem Beginn 
des Anbaues von bei uns neuen Cruciferae wie 
Winterriibsen usw., nur zwei-drei Jahrzehnte 
später. Auch ihre naturgemässen Wirtspflanzen 
sind u.a. Brassica- und Raphanus- Arten (z.B. 
SMRECZYNSKI 1974). — Oft zusammen mit 
dieser Art hat man auch C. barbarae getroffen, 
wie auch C. pervicax (sieh S. 78). Die Biolo-
gie dieser Arten ist fast vollständig unbekannt. 

C. chabibaeus: Die Art ist bei uns einmal von 
einer angebauten Wasserräbe gezachtet wor-
den (VAPPULA 1965). Sie lebt an den sehr 
zahlreichen Kreuzbilitlern und ist bis zum 
Nordfinnland (KP : Haapavesi, PP : Oulu und 
Rovaniemi) verbreitet. 

Ich danke zahlreichen Personen fiir die Angaben 
und Materiale, die ich fiir meine Arbeit zur Ver-
fiigung bekommen habe, insbesondere Frau Prof. Dr. 
A.-L. Varis (Helsinki), den Herren Bengt E h n-
ström (Stockholm, Schweden), Yrjö Kangas 
(Helsinki), Martti Koponen (Helsinki), Jyrki 
Muona (Helsinki) und Ilpo Rutanen (Hyvin-
kää). 
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SELOSTUS 

Ristikukkaisilla Suomessa elävistä Ceuthorrhynchus-lajeista 
(Col., Curculionidae) 

ESKO KANGAS 

Helsingin Yliopisto') 

Viime vuosina suoritettujen Ceutborrhynchus-sukua kos-
kevien tutkimusten yhteydessä on todettu viisi maas-
samme aikaisemmin tuntematonta ristikukkaisilla elä-
vää lajia, C. pyrrhorhyncbus Marsch., C. constrictus 
Marsch., C. puncticollis Boh., C. gallorhenanus Soi. ja 
C. pervicax Weise. Kun kolmen viimeksi mainitun 
sekä eräiden muiden meillä tavatuksi ilmoitettujen 
lajien määrittäminen tavallisesti käytettävissä olevien 
määritysteosten mukaan tuottaa vaikeuksia tai on 
mahdotonta, on ko. lajien lajiryhmiä ja koko Marklis-
sus Reitt. -alasukua varten laadittu määrityskaavat. 
Suomesta tavatuiksi ilmoitetuista lajeista on tuholai- 

sena pidetyn C. napi Gyll. sekä C. thomsoni Kolbe -la-
jien esiintyminen maassamme epävarmaa ja tarkistusta 
vaativaa. Kaikkiaan on Suomesta ilmoitettu 30 risti-
kukkaisilla kasveilla elävää Ceuthorrhynchus-lajia. Vil-
jellyillä ristikukkaisilla on tavattu 14 lajia, joista 9 
lajin elintavat ja ravintokasvivaatimukset ovat niin 
heikosti tunnettuja tai kokonaan tuntemattomia, että 
niiden selvittämistä pidetään tarpeellisena. Lajien 
joukossa on kaksi faunallemme uutta. Ristikukkaisilla 
elävien fennoskandisten lajien ravintokasviluettelo si-
sältyy kirjoitukseen. 

1  Nyk. osoite: Alkutie 66 A, 00660 Helsinki 66 
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"PEST IN FIRST" AND "NATURAL INFESTATION" METHODS IN THE 
CONTROL OF TETRANYCHUS URTICAE KOCH WITH PHYTOSEIULUS 

PERSIMILIS ATHIAS-HENRIOT ON GLASSHOUSE CUCUMBERS 

MARTTI MARKKULA and KATRI TIITTANEN 

MARKKULA, M. & TIITTANEN, K. 1976. "Pest in first" and "natural infes-
tation" methods in the control of Tetranychus urticw Koch with Phyto-
seiulus persimilis Athias-Henriot on glasshouse cucumbers. Ann. 
Agric. Fenn. 15: 81-85. (Agric. Res. Centre, Inst. Pest Inv., SF-01300 
Vantaa 30, Finland). 

The effectiveness and expenses incurred in two different approaches to the 
control of the two-spotted spider mite (Tetranychus urticae) with the predatory 
mite, Phytoseiulus persimilis, i.e. the "natural infestation" and "pest in first" 
methods, were evaluated in a commercial cucumber cultivation. Both 
methods gave equally good results. The proportion of spider mites to pre-
datory mites was quite well balanced throughout the whole growing season, 
from the beginning of March to late September, and the spider mites did not 
cause any reduction of yield. 

The "pest in first" method required moor work than the "natural infesta-
tion" method. It also required more spider mites. The "pest in first" meth-
od proved more expensive, and is not recommended to cucumber growers. 

Index words: biological control, Tetranychus urticae, Phytoseiulus persimilis, 
"pest in first" method, "natural infestation" method, glasshouse cucumber, 
costs, effectiveness. 

Since 1970 Finnish cucumber growers have 
been able to control the two-spotted spider 
mite (Tetrcuychus urticae Koch) biologically. 
In that year Kemira Ltd started production 
and sale of predatory mites (Phytoseiulus 

Athias-Henriot). There were about 500 
cucumber growers in Finland at that time, 
22 °/„ whom adopted biological control the 
very first year. The control method recom-
mended for growers was developed at the 
Department of Pest Investigation in the years 
1966-1969. It was based on the natural in-
festation principle. The results gained during  

the first growing season, using the "natural in-
festation" method, were very positive (MARK-
KULA et al. 1972). After this the number of 
growers using biological control started to 
rise. In 1974 and 1975 about 70 % of growers 
introduced predatory mites in their cucumber 
cultures. 

A method of controlling spider mites bio-
logically has been developed at the Glasshouse 
Crops Research Institute (Littlehampton, Great 
Britain) under the leadership of Dr. N. W. 
Hussey. In this method the plants are first 
evenly infested with spider mites and then 
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Table 1. Expenses incurred in the pest in first and natural infestation methods in two glasshouses, 1000 m3  
of size. Results from a comparative experiment. In the pest in first method, 20 spider mite females 
were placed on each plant and two predatory mites on every other plant. In the natural infestation 
method one predatory mite was placed to 10 spider mites. 

Fest in first 	Natural infestation method 
method 

Working 
hours 

Fmk Working 
hours 

Fmk 

Number of spider mites 12600 
Sampling and placing of spider mites 55 440 
Number of predatory mites 630 177 450 126 
Placing of predatory mites 5 40 4 32 
Inspection and transfer of predatory mites 5 40 

60 657 9 198 

in both glasshouses. The proportion of spider 
mites to predatory mites was quite well ba-
lanced throughout the whole growing season, 
from the beginning of March to late Septem-
ber (Fig. 1). Fluctuations in abundance were 
slightly greater in the glasshouse where the 
pest in first method was used. 

In applying the pest in first method, 51 
working hours were spent collecting spider 
mite from mass cultures, 4 hours placing them 
on plants, and 5 hours introducing predatory 
mites onto plants. 

The natural infestation method required 4 
working hours for introducing predatory 
mites onto plants at the beginning of the 
infestation. Altogether 5 hours were spent on 
weekly inspections and transferring the pre-
datory mites. 

The pest in first method required more 
predatory mites, 650, than the natural in-
festation method, 450. 

In this study the pest in first method was 
considerably more expensive than the natural 
infestation method (Table 1). 

DISCUSSION 

It has been thought that the pest in first 
method is more advantageous than the natural 
infestation method because the number of 
predatory mites required is smaller and be-
cause it is not necessary to add and transfer 
mites (e.g. BURGES 1974). Up to the present 
there is no record how long it does take to 
infest the plants artificially with spider mites, 
and what the expenses involved are. Besides 
the costs of introducing the spider mite, the 
grower has to pay for mass-producing the 
mites. In the present study, spider mites were 
placed on the plants strictly according to the 
instructions given by Dr. N. W. Hussey, and 
the work thus took more time than it would 
in practice. Picking out 20 spider mite females 
from the mass cultures was especially labo-
rious. 

When we informed Dr. Hussey on our pre-
liminary results, he replied (in a letter of 
March 19, 1975) that as good results are 
obtained in practice if 1 to 50 spider mites 
are placed per plant instead of the exact 20 
females, and in this case placing mites on 200 
plants would take only one hour. In practice, 
infesting of 630 plants with mites would thus 
take only an ample 3 hours. 

Similarly, the labour costs involved in the 
natural infestation method are clearly lower 
in practice than in the present study. In practice 
one predatory mite is placed on plants against 
5 to 10 spider mites. The grower only estimate 
the number of spider mites, he does n.ot count 
them. 

If the predators are placed on plants im-
mediately the first signs of damage appear, a 
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smaller number of them is needed in the natu-
ral infestation method than in the pest in 
first method. Early introduction of preda-
tory mites is the most important premise 
for succesful control by the natural infestation 
method. Inspections and transfers of mites can 
he carried out conveniently at the same time 
as other cultivation practices, for instance 
pruning or harvesting. No extra visits to the 
glasshouses are needed, and the time-con-
suming job of inspecting plants is unnecessary. 

Balance in numbers of mites on plants is 
maintained by detaching leaves from plants 
with excess of predatory mites and trans-
ferring them to places in glasshouses where 
the predatory mites are too scanty. In the 
same way leaves with spider mites can he  

transferred for the predatory mites, where 
they are needed. 

On the basis of the present experiment and 
previous experience, the authors estimate how 
long it would take to introduce the mites on 
plants and to transfer them on a practical 
scale. The pest in first method would per-
haps require no more than 3 hours for placing 
the spider mites instead of the 55 hours in 
the present experiment Similarly the natural 
infestation method would require only two 
hours for placing the predatory mites, and 
three hours for subsquent transfers. 

Applying the pest in first method in 
practice would cost a total of 245 Fmk, and 
the natural infestation method 164 Fmk per 
1000 m3. 

Acknondedgements. — This study is part of a project 
supportal financially the National Research Council 
for Agriculture and Forestry (Academy of Finland). 
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SELOSTUS 

Vihannespunkin biologisen torjunnan tulokset ja kustannukset 

MARTTI MARKKULA ja KATRI TIITTANEN 

Maatalouden tutkimuskeskus 

Englannissa on kehitetty vihannespunkin biologiseen 
_torjuntaan »tuholainen ensin» menetelmä, jota käyte-
tään siellä yleisesti. Sen mukaan kurkkukasvustoon 
levitetään ensin vihannespunkkeja ja vasta määräajan 
kuluttua petopunkkeja. Suomessa on vuodesta 1970 
lähtien käytetty Tuhoeläintutkimuslaitoksella kehi-
tettyä »luonnollisen saastunnan» menetelmää, jossa 
petopunkit sijoitetaan kasvustoon heti, kun ensim-
mäiset vihannespunkin vioitusjäljet ilmaantuvat. 

Tässä tutkimuksessa vertailtiin näiden menetelmien 
tuloksia ja kustannuksia kahdella 1 000 m2  :n suurui- 

sella kurkkuviljelyksellä. Kummallakin menetelmällä 
saatiin täydellinen tulos, sillä vihannespunkkien määrä 
ei noussut tuhoa tuottavaksi. Tuholainen ensin tek-
niikka vaati kuitenkin suuremman työmäärän luon-
nollisen saastunnan menetelmään verrattuna ja sen 
käytössä tarvittiin myös enemmän petopunkkeja. 

Englannissa kehitetty menetelmä osoittautui tu-
loksiltaan Suomessa kehitetyn veroiseksi, mutta sel-
västi kalliimmaksi, joten sitä ei suositella kurkun 
viljelijöille. 
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MORTALITY OF APHIDOLETES APHIDIMYZA ROND. (DIPT., ITONIDIDAE) 
LARVAE TREATED WITH ACARICIDES 

MARTTI MARKKULA and KATRI TIITTANEN 

MARKKULA, M. ac TIITTANEN, K. 1976. Mortality of Aphidoletes aphidi-
myza Rond. (Dipt., Itonididae) larvae treated with acaricides. Ann. 
Agric. Fenn. 15: 86-88. (Agric. Res. Centre, Inst. Pest. Inv., SF-01300 
Vantaa 30, Finland). 

The effect of acaricides on the larvae of Aphidoletesaphidimyza Rond., a predator 
of aphids, was studied. Applying the dosages normally recommended, chloro-
benzilate, dicofol, dienchlor, dinobuton, formetanate and quinomethionate 
were harmless to Aphidoletes larvae. Thus these acaricides can he used to 
control the two-spotted spider mites (Tetranychus urticae Koch) in glasshouses 
where aphids are controlled biologically by Aphidoletes larvae. 

Index words: Aphido.letes aphidimyza, Itonididae, larval mortality chloro- 
benzilate, dicofol, dienochlor, dinobuton, formetanate, quionomethionate 
acaricides. 

The efficiency of the Itonidid midge, Aphido-
letes aphidimya Rond. in aphid control has 
been under going evaluation at the Institute 
of Pest Investigation of the Agricultural 
Research Centre since 1973. The first practical 
tests already showed that damage caused to 
roses by the rose aphid Macrosiphum rosae (L.) 
can he prevented by instroducing Aphidoletes 
pupae into the glasshouses (MARKKULA 1973). 

The two-spotted spider mite (Tetratychus 
urticae Koch) usually occurs in glasshouses 
simultaneously with aphids. These spider 
mites must he controlled by acaricides, which 
are often considered harmless to natural ene-
mies. However many studies have revealed 
differences in the effects of acaricides: they  

clearly can he harmful to natural enemies (e.g. 
BINNS et al. 1971, COLBURN and ASQUITH 
1971, CROFT and JEPPSON 1970, STENSETH 
1973, 1975). The effects of acaricides on Aphi-
doletes larvae were unknown and laboratory 
tests were therefore conducted to find out 
how the commonly used acaricides affect these 
larvae. 

Material and methods 

The experiments were carried out in laboratory 
in autumn 1973 and spring 1975. A wetted 
filter paper was placed on the bottom of a 
petri dish (diameter 90 mm, height 40 mm). 
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SELOSTUS 

Punkkimyrkkyj en haitallisuus kirvasääsken toukille 

MARTTI MARKKULA ja KATRI TIITTANEN 

Maatalouden tutkimuskeskus 

Äkämäsääskiin kuuluva petohyönteinen, kirvasääski 
on Tuhoeläintutkimuslaitoksen kokeissa osoittautunut 
tehokkaaksi torjuntaeliöksi. Hyviä tuloksia on saatu 
ruusun ja paprikan kirvojen torjunnassa. 

Kasvihuoneissa on varsin usein samanaikaisesti 
lehtikirvojen kanssa vihannespunkkeja, joiden tor-
juntaan käytetään punkkimyrkkyjä. Sen tähden pi- 

dettiin tarpeellisena tutkia tappavatko yleisimmät 
punkkimyrkyt kirvasääsken toukkia. 

Käytetyt akarisidit, dienoklori, dikofoli, dino-
butoni, formetanaatti, kinometionaatti ja klorbentsi-
laatti olivat kirvasääsken toukille haitattomia. Näin 
ollen vihannespunkin torjuntaan voidaan käyttää 
näitä punkkimyrkkyjä kasvihuoneissa, joissa lehtikir-
vat torjutaan kirvasääsken toukkien avulla. 
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SCOTS PINE SEED DEPREDATION BY SMALL MAMMALS, AS REVEALED 
BY RADIOACTIVE TAGGING OF THE SEEDS 

ARVO MYLLYMÄKI and ARJA PAASIKALLIO 

MYLLYMÄKI, A. & PAASIKALLIO, A. 1976. Scots pine seed depredation by 
small mammals, as revealed by radioactive tagging of the seeds. Ann. 
Agric. Fenn. 15: 89-96. (Agric. Res. Centre, Inst. Pest Inv., SF-01300 
Vantaa 30, Finland). 

Depredation of Scots pine (Pinus silvestris L.) seed by small mammals was 
studied by labelling exposed seeds with radioisotopes I 131 and P 32. The 
experiments were conducted in a geographical area (Central Finland) where 
renewing pine stands by seeding is the usual practice and on habitats approxi-
mating typical seeding terrain. The local small mammal fauna consisted of 
three dominant species, Microtus agrestis (L.), Clethrionomys glareolus (Schreb.) 

and Sorex araneus L., which made up more than 98 % of a pooled 4-year catch. 
In this particular experiments two species, M. agrestis and S. araneus, were 
shown to be seed depredators, but the main emphasis was on depredation by 
Sorex. For this reason and because there was an immediate response by small 
mammals to the seeds exposed, there is little chance that any season or year 
would be safe for seeding programmes. When considering means of combating 
seed destruction, the authors emphasize the prospects of applying prompt 
acting chemicals (conventional rodenticides, systemic insecticides or, maybe, 
systemic repellents) directly onto the seed to be distributed. Most alternatives 
reported or proposed in the literature are rather unreliable or far too theoretical 
to serve as a short-term solution. 

Index words : seed depredation, small mammals, Pinus silvestris, radioactive 

labelling. 

INTRODUCTION 

In an earlier paper (MYLLYMÄKI and PAASI-
KALLIO 1972) the authors demonstrated a 
liking in North-European small mammals for 
seeking out and depredating conifer seed. 
This pilot experiment led us to suggest that 
not only several rodent species but also in-
sectivorous shrews, especially Sorex araneus L., 

were major seed depredators in forest regene-
ration areas. However, our principal aim at 
that time was to demonstrate a simple method 
for studying seed depredation, i.e., by means 
of tagging the seed with radioactive material. 
The experiment set-up was not typical of the 
condition.s under which seed depredation 
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actually occurs. A set of new experiments 
reported in this paper aimed at telating earlier 
findings more closely to practirgal forestry pro-
blems. Subsequently, our n.ew experiments 
differ from the earlier on.es, e.g., in the follow-
ing aspects : 

Scots pine (Pinus silvestris L.) seed was used 
instead of Norwegian spruce (Picea abies 
(L.) Karst.), because usually only pine 
stands are renewed by sowing, 
the seeds were exposed by sowing them in 
uncovered spots of soil, as they are in 
practice (special feeding stations were used 
earlier), and 
the experiments were conducted in an area 
where seeding is commonly practised, and 
on habitats approximating at least to typical 
seeding areas for pine, and where there was 
a small mammal fauna more or less typical 
for such areas. 

As in our earlier work, the exposed seed 
was tagged with radioisotopes (I 131 and 

P 32, this time) to trace the depredators. No 
attempt was made to analyse the "death rate" 
of the exposed seed as a whole. The same 
method, using different isotopes, has been 
used by some American workers, LAWRENCE 
and REDISKE (1960): Sc 46, RADVANYI (1966, 
1970, 1971): Sc 46, Zn 65, Co 60, and BLACK 
(1969): Sc 46. Our choice of isotopes was 
based on the short half-lives and subsequent 
minimal hazards involved using these two 
taggers as well as on their relatively low price. 

Although the field work did not involve 
any con.trol experiments, we are taking the 
liberty of discussing briefly the chances of 
preventing seed destruction. This can perhaps 
he justified, firstly, because very Little atten-
tion has been paid to this problem in Northem 
Europe and, secondly, because ever-increasing 
planting cOsts are awakening general interest 
in the development and use of direct seeding 
procedures. 

MATERIAL AND METHODS 

Study arca, habitats and the small 
mammal fauna. 

The experiments were conducted in Korpi-
lahti, Central Finland (about 62°03'N and 
25°30' E), in September 1972. As seen in Fig. 
1, this vicinity is within the arca where direct 
seeding is generally practised. The experi-
mental plots were not, however, situated on 
actual seeding areas but in pine seed orchards.  
owned by the State Forestry Board. Apart 
from the fact that seed orchards are generally 
established on soil better than average for 
pine, the habitat characteristics presumably 
did not differ essentially from cleared areas 
of forest ground in. general. Depending on 
the age of the seed orchard, and on its recent 
management, the vegetation was in various 
successive stages in different areas. As a tule, 
the grasses (e.g., Calamagrostis spp., Deschamp-
sia flexuosa, .Agrostis sp., etc.) and forbs (such 

as Chamaenerium angustifolium) an.d/or deciduous 
shrubs were luxuriant enough to supply cover 
and food for several small mammal species. 

Since ali seed orchards have been subject 
to regular surveillance of small mammal num-
bers since 1969, the long-term figures given 
in Table 1 probably illustrate better the general 
characteristics of the small mammal fauna than 
catch numbers for this particular experimen.t 
do. On the basis of these figures, the seeds are 
generally exposed to at least three species of 
small mammals, Microtus agrestis (L.) Clethrio-
nomys glareolus (Schreb.) and Sorex araneus L., 
these species made up more than 98 % of 
the whole small mammal catch during the 
four years referred to. Moreover, during pe-
riodic lows in Microtus and Clethrionomys, the 
common shrew makes up the bulk of the 
catch and its numbers never fall as low as 
those of the other two dominant species. 
Complete absence of Apodemus flavicollis 
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earlier, especially when the tagger is P 32. 
Limited as our material is, it clearly indi-

cates that shrews play a more important role 
as seed depredators in Northem Europe than 
is generally assumed that they do in North 
America (RADVANYI 1970, 1971). The dif-
ference is evidently due to the scarcity of 
superior competitors, first of ali species of 
the Apodemus, the ecological counterparts of 
the North-American. Peromyscus. Accordin.g to 
SIIVONEN (1974), our study area lies within 
the geographical range of A. flavicollis, but 
the species has never been caught on the 
cleared reforestation areas in Central Finland, 
neither is it frequent on corresponding habitats 
in other parts of Southern Finland Further-
more, competition on the part of Clethrionomys 
does not seem to be severe for Sorex. In this 
respect, the situation in Sweden and Norway 
may be rather different (cf. HANSSON 1975, 
CHRISTIANSEN 1975). 

Our experimental pian did not aim at com-
paring seed depredation by small mammals 
with that of other depredators (birds, insects, 
etc.). However, the extreme rapidity with 
which the small mammals investigated ali 
seeding spots thoroughly renders it question-
able whether any essential portion of the seeds 
is more available to other depredators. In the 
case of our study arca, vety few granivorous 
birds were observed around the seeding plots. 
As stated by several American authors (e.g., 
ABBOTT 1961, RADVANYI 1973) and calculated 
theoretically by HANSSON (1975) for Swedish 
conditions, the seed devouring capacity of 
mammalian depredators alone generally ex-
ceeds any amounts of conifer seed that it is 
feasible to sow.  

approaches, i.e., poisoning the animals di-
rectly and application of repellen.t substances 
to the seeds. In fact, the borderline between 
these two methods is rather obscure: highly 
poisonous chemicals, such as endrin, are 
called repellents when applied directly to the 
seed. 

Theoretically, finding an attractive bait for 
the seed-eaters should be much easier than it 
is in the case of strictly herbivorous voles 
(MYLLYMÄKI 1975a, b). The bait could, per-
haps, be the conifer seed itself. Excess use of 
poisoned seed would hardly increase seeding 
costs more than an additional application of a 
separate poison bait and, at the same, one 
could avoid possible failures due to inferior 
palatability of other bait materials. Because 
the animals are usually able to distinguish 
poisoned bait from the same material un-
poisoned, it would be necessary to treat ali 
the seeds exposed. This in turn implies that 
the active ingredient should not influence ne-
gatively the germination of the seed. Conver-
sely, it does not matter if the chemical applied 
has repellent properties; it protects the seed 
then, anyway. Another important property 
for prospective poison would be prompt 
action (e.g., anticoagulants and chemosteri-
lants are, therefore, out of the question. 
Among rodenticides presently known there 
are some possible applicants such as crimidin 
or the Russian rodenticide "Glyftor" (chemi-
cally related to the fluoracetamide), but the 
solution could as well be found among syste-
mic insecticides. 

The latter alternative is worth more detailed 
consideration. Much of the failure in using 
an endrin-arasan-latex combination, the repel- 
lent substance R-55 advocated by RADVANYI 
(1972), or other repellents (cf. HANSSON 1975), 
presumably depends on the rodents' ability to 
dehusk the seed in the way the Microtine voles 
remove the outermost layer of bark (cf. MYL- 
LYMÄKI 1975a, b). Therefore, to secure rapid 
action on the rodent, the poison (or repellent) 
applied to the seeds should be absorbed into 
the endosperm, as systemic chemicals are 

Chances of preventing conifer seed 
depredation. 

Nearly ali experimental work on the control 
of seed depredators has been conducted in 
the U.S.A. or Canada (e.g., RADVANYI 1972, 
PASSOF 1974). There are two conventional 
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more likely to do than conventional roden-
ticides. 

It might he worth warning against miss-
interpretation of the suggestions above: we 
by no means advocate a large-scale applica- 
tion of poisoned seed before ali pertinent 
details, con.cerning both the efficacy and the 
risks involved have been carefully examined 
(in most countries, regulations on the re-
gistration and use od plant protection chemi- 
cals already provide a safeguard that these 
aspects are considered). We only want to 
stress that a prompt solution to the problem 
would most likely he foun.d along these con- 
ventional lines. Such alternatives (cf. HANSSON 
1975) as manipulating the habitats so that they 
are unsuitable for the depredators, "deodora- 
tion" of the seed, or utilization of the phero-
mones as a part of the control programme (cf. 
CHRISTIANSEN and DOVING 1975) are, for the 
time being, interesting research objectives but 
can hardly he considered solutions for the 
near future. 

Some authors (RADVANYI 1972, HANSSON 
1975) suggest ample timing of seeding (or 
broadcasting of seed) as a partial solution to 
the seed depredation problem. Thus, when 
the seeds are broadcast on snow, they are 
practically inaccessible to the small mammals 
that generally move under the snow cover 

(RADVANYI 1970). On the other hand, there 
is little, pratically no, evidence that small 
mammals would leave conifer seed untouched 
solely due to simultaneous availability of ani-
mal food, or that periodic lows of rodent 
numbers would guarantee safe seeding. HANS-
SON (1975) presumably underrates the role of 
shrews in high northern latitudes, where the 
Apodemus species are absent and voles (Micro-
tus, Cletbrionomy) undergo drastic periodic 
fluctuations in numbers. We cannot find any 
firm basis for advocating that years of rodent 
scarcity are safe for seeding programmes be-
cause numbers of Sorex do not fluctuate as 
violently and according to the same pattern 
as rodents. 
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SELOSTUS 

Pikkunisäkkäät männyn kylvöalojen siementuholaisina 

ARVO MYLLYMÄKI ja ARJA PAASIKALLIO 

Maatalouden tutkimuskeskus 

Valtion metsähallinnon siemenviljelyksillä Keski-
Suomessa tutkittiin pikkunisäkkäiden vaikutusta sie-
menkatoon männyn kylvöaloilla. Kokeiden suoritus-
paikat olivat normaaleja kylvöaloja keskimäärin rehe-
vämpiä, mutta koealojen pikkunisäkäslajisto ei otak-
suttavasti poikennut olennaisesti paljaaksihakkuualo-
jen normaalista lajistosta. Kolme lajia, peltomyyrä, 
metsämyyrä ja metsäpäästäinen, muodostivat yli 98 % 
koealoja vastaavilta biotoopeilta samalla seudulla 
neljän vuoden aikana saadusta pikkunisäkässaaliista 
(taulukko 1). 

Pikkunisäkkäiden taipumusta etsiä ja syödä maahan 
normaaliin tapaan kylvettyjä männynsiemeniä selvi-
tettiin merkitsemällä siemenet radioaktiivisella jodilla 
(J 131) tai fosforilla (P 32). Siemeniä syöneet eläimet 
voitiin tämän jälkeen tunnistaa mittaamalla syöttö-
paikoilta pyydystettyjen yksilöiden radioaktiivisuus. 
Pyynti- ja mittaustulokset sekä radioaktiivisuusluke-
rnien jakaantuminen on esitetty taulukoissa 2 ja 3. 
Tuloksista voidaan päätellä, että koealueen lajistosta 
metsäpäästäinen on mitä ilmeisimmin pahin siemen- 

tuholainen. Koealueilla ei esiintynyt siemensyöjänä 
todennäköisesti päästäistä tehokkaampaa metsähiirtä, 
eikä sitä yleensäkään sanottavasti tavattane paljaa6i-
hakatulla metsämaalla siinä osassa maata, missä mänty-
metsän uudistamiseen käytetään yleisesti kylvöä 
(kuva 1). 

Mahdollisia torjuntakeinoja pohtiessaan kirjoitta-
jat pitävät siementen käsittelyä jollain siemenvalkuai-
seen imeytyvällä torjunta-aineella tai karkoitteella to-
dennäköisimpänä lähitulevaisuuden ratkaisumallina. 
Torjuntaa tuskin voidaan perustaa pelkästään kylvö-
ajan valintaan, sillä metsäpäästäisen jyrsijöitä vähäi-
sempi runsaudenvaihtelu tuskin milloinkaan johtaa 
tilanteeseen, missä siemeniä syöviä pikkunisäkkäitä 
olisi niin vähän, että minkäänlaisia siementuhoja ei 
voitaisi odottaa. Muut torjuntamahdollisuudet, kuten 
esim. pikkunisäkkäitä houkuttelevien aineiden poisto 
siemenistä tai peittäminen muilla tuoksuilla, ns. fero-
monien hyväksikäyttö jne, ovat toistaiseksi vain teo-
reettisia ajatusrakennelmia. 
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ANNALES AGRICULTURAE FENNIAE, VOL. 15: 97-100 (1976) 

Serla ANIMALIA NOCENTIA N. 84— Sarja TUHOELÄIMET n:o 84 

ABERRANT SPERMATOGENESIS IN THE LEAFHOPPER MACROSTELES LAEVIS 
(RIB.), INFECTED BY THE ASTER YELLOWS AGENT 

MIKKO RAATIKAINEN, OLLI HALKKA, LIISA HALKKA, 

RIITTA HOVINEN, and ARJA VASARAINEN 

RAATIKAINEN, M., HALKKA, 0., HALKKA, L., HOVINEN, R. & VASARAINEN, 
A. 1976. Aberrant spermatogenesis in the leafhopper Macrosteles laevis 
(Rib.), infected by the aster yellows agent. Ann. Agric. Fenn. 15: 97-100. 
(Dept. Biol., Univ. Jyväskylä, Finland) 
Leafhoppers (Macrosteles laevis (Rib.) ) reared on plants infected with the aster 
yellows agent (AYA) showed distinctly more disturbance at spermatogenesis 
than leafhoppers reared on healthy plants. The defects observed in the AYA-
plant leafhoppers, which themselves obviously were infected by AYA, included 
pycnosis of interphase and prophase nuclei, chromosomal aberrations at meta-
phase, and deformation of sperm heads. The different testis cysts or sperm 
bundles were dissimilarly affected. It is considered highly probable that the 
defects are due to direct or indirect effects of AYA infection. 

Index words : aster yellows agent, vector spermatogenesis, cytogenetic disturb-
ance. 

A Finnish type of the aster yellows agent 
(AYA) is able to infect graminaceous plants 
(MuRTomAA 1966). Leafhoppers belonging to 
the genus Macrosteles (Homoptera, Cicadelli-
dae) are efficient vectors of this pathogen. 
The microbe in question belongs to the ill-
defined group "mollicute-like organisms" 
(MLO), known to be always pathogenic to 
insect vectors (HIRuml and MARAMOROSCH 

1973, MARAMOROSCH 1974). 
LITTAU and MARAMOROSCH (1960) have 

shown that AYA can cause changes in the 
nuelei of the fat body cells of Macrosteles 
fascifrons. AYA has been recovered from the 
ovary but not from the testes of M. fascifrons, 
but SINHA and CHIYKOWSKI (1967) point out 
that negative findings in the testes do not  

tule out the possibility that AYA exists in 
these tissues in undetected concentrations. 

In a number of leafhopper species testicular 
disturbances of probable microbial aetiology 
have been reported (HALKKA and HALKKA 
1969). Rickettsiae, a group not vety distant 
from the MLO, are able to cause aberrant 
spermatogenesis in insects (HALKKA et al. 
1970). 

To investigate the effects of a plant MLO 
on the spermatogenesis of the vector, a num-
ber of young nymphs of Macrosteles laevis were 
placed on AYA-infected barley -for acquisition 
feeding. A control group was reared on 
healthy barley. Both the infected and the 
healthy plants were sprayed with mevinphos 
("Phosdrin") and dichlofluanid ("Euparen", 
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"Elvaron") to control pests. At the time the 
experiment began, the plants were free from 
insecticide contamination. 

Five males from the virotic plants ("AYA 
group") and nine from the healthy plants 
("control group") were fixed in acetic alcohol. 
After Feulgen-staining in toto and sectioning 
at 15 micra, the specimens were checked for 
any abnormalities in spermatogenesis. Sections 
from each of the specimens were mounted 
on separate slides which were provided with 
random code numbers. Without the code, 
the slides were presented to three microscop-
ists for checking. 

Meiosis in the control group was not com-
pletely normal. Sporadic occurrence of over- 
sized sperm heads and anaphase stickiness or 
bridges were noted by ali three microscopists 
in two of the control group specimens. Sys- 
tematic and extensive testicular damage, how-
ever, was not observed in any of the specimens 
from the control group. 

In the AYA group, damage to the testis 
was very extensive in three of the specimens 
and a little milder in the remaining two. 
Disturbances included pycnosis, sperm de-
formation (Fig. 1) and aberrant numbers of 
chromosomes in some of the meiotic cysts. 

In the normal karyotype, M. laevis has 8 
pairs of autosomes and XO type gonosomes 
(Fig. 2). In the AYA group specimens, cells 
with both sub- and supranormal numbers of 
chromosomes were observed. In most of 
these cells, the metaphase plates or anaphase 
division figures of the first or second meiotic 
division were irregular and abnormal. Cyto- 
genetically the most interesting observation is 
the first division metaphase cyst with 11 chro-
mosomes (Fig. 3) in all the cells of which it 
was possible to determine the number of 
chromosomes. Most of these chromosomal 
formations appear to be bivalents, but in 
some of the cells it is impossible to decide 
whether the objects seen are bivalents or uni-
valents. We suggest that the number 11 may 
have originated through fragmentation rather 
than through non-disjunction. Animal myco- 

Fig. 1. Deformed and vacuolized sperm heads of 
variable sizes in a testis cys of Macrosteles laevis. 
x 2400. 

Fig. 2. Normal I metaphase cell from a control group 
specimen. There are 8 bivalents and a univalent X 
chromosome which is peripherally situated. x 2400. 

Fig. 3. I M cell with 11 chromosomes, from an AYA 
group specimen. x 2400. 

Fig. 4. Abnormal piece of tissue intruding into nortnal-
looking part of the testis. X 460. 

plasmas are known to be able to induce 
chromosome fragmentation in cultured human 
cells (FoGH and FOGH 1973). 

In our experiment, leafhoppers reared on 
AYA-infected plants showed definitely more 
disturbance at spermatogenesis than control 
group leafhoppers. In the topography of many 
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of the local lesions, the general appearance 
of the affected part of the testis indicated the 
presence of an agent capable of self-multiplica-
tion. Necrotic pockets intruding into healthy-
looking tissues, as seen in some of the follicles 
(Fig. 4) ca.nnot easily be attributed to an.y 
physical or chemical agent. Microbes, on the 
other hand, may form infection foci with a 
locally high titre of the microbe. It thus seems 
highly probable that the severe lesions in the 

testes of the leafhoppers exposed to AYA 
are due to the action of this microbe. We 
suggest that relatively minor disturbances, 
including changes in chromosome number in 
some of the cell lines, are also caused by the 
microbe. 
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CONTROL OF RHOPALOSIPHUM PADI (L.) (HOM., APHIDIDAE) ON CEREALS 

JORMA RAUTAPÄÄ and JUHANI UOTI 

RAUTAPÄÄ, J. & UOTI, J. 1976. Control of Rhopalosiphum padi (L.) 
(Hom., Aphididae) on cereals. Ann. Agric. Fenn. 15: 101-110. (Agric. 
Res. Centre., Inst. Pest Inv., SF-01300 Vantaa 30, Finland). 

In field experiments the largest yield losses caused by R. padi were 999 kg/ha 
(29.6 %) on barley, 967 kg/ha (23.7 %) on oats, and 345 kg/ha (7.2 %) on 
wheat. The respective maximum numbers of aphids on main shoots in un-
treated plots were 121, 157, and 27. The yield losses correlated significantly 
with the maximum numbers of aphids on main shoots and with the "aphid 
index", i.e. the sum of aphids living on main shoots each day during the 
experiment. When the maximum number of aphids per main shoot increased 
by 10, the yield loss of all cereals increased by 137 kg/ha (2.9 %), and when 
the aphid index increased by 100, the yield loss increased by 144 kg/ha (1.1 %). 

One or two sprayings at an early stage of aphid population growth reduced 
their numbers adequatly. The costs of insecticides and labour for two dime-
thoate or parathion sprayings applied by tractor sprayer corresponded to a 
yield increase of 250 kg/ha, and this was achieved by successful control when 
maximum numbers of aphids per main shoot in untreated cereals exceeded 25, 
or when the aphid index exceeded 300. 

Index words: cereal aphids, chemical control. 

In recent years yield losses caused by the 
cereal aphids Rhopalosiphum padi (L.). Sitobion 
avenae (F.) and Acyrthosiphon dirhodum (Wlk.) 
have been shown in many field studies (see 
e.g. KOLBE 1969, 1973, WETZEL 1972, CAR-
RILLO et al. 1974), in the laboratory (LowE 
1974) as well as in cages (RAUTAPÄÄ 1966, 
1968 a and b, 1972, 1975). In several countries 
the importance of cereal aphids has increased 
even though aphid are known to have in-
fested cereals in large numbers since the be-
ginning of century (see Ko LBE 1969, VAPPU LA 
1965). At present it is not known whether 
aphids really have become more common 
and abundant or whether it is merely a 

question of increased interest in them. It was 
believed earlier that aphids hardly affected 
cereal yield. 

The first trials with chemical control in this 
country were made in 1959, when R. padi 
was extremely abundant (RAATIKAINEN and 
TINNILÄ 1961). In these trials, however, the 
prime motive was to study the effect of in-
secticides on aphids. Yield losses were 
estimated by agricultural advisors, and 
in oats were about 12 %, in batley 8 % and 
in wheat 3 % on average for the whole 
country. This report presents the results of 
field experiments in which the chemical control 
of aphids was clarified. 
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Table 1. Control of R. padi in preliminary experiments. Application rate in ali experiments was 0.4 liha active 
ingredient. Number of aphids per main shoot at the spraying time were as follows : a 28, b 50-100, 
c—e 30-50, f and g 50. 

Treatment Date of spraying Number of plots Size of plots, Yield kg/ha Yield loss % 

a barley 'Otra' 
untreated 3471 11.2 bromophos 2 July 68 3 900 3909 

b barley 'Pomo' 
untreated 4374 3.1 dimethoate 8 July 70 1170 4515 

c barley 'Otra' 
untreated 4761 — dimethoate 

d barley 'Otra' 
10 July 70 2 213 4612 7.8 

untreated 4897 2.1 dimethoate 10 July 70 2 213 5002 
e barley 'Pomo' 

untreated 3392 0 dimethoate 10 July 70 3 270 3384 
f barley 'Pomo 

untreated 4158 6.2 dimethoate 23 June 70 3 80 4388 
g barley 'Birgitta' 

untreated 5185 3.0 dimethoate 13 July 71 4 450 5345 

Table 2. Control of R. padi, experiment 1. The aphid index represents the sum of aphids living on one shoot 
on each day of the experiment. The loss of yield was calculated by comparing the yield of each treat-
ment of every variety with the treatment with the highest yield (underlined). Stage of cereal 
development at the time of spraying is indicated in Fig. 1. Sown 19 May 1971. Size of plots 100 m2  
(4 x 25 m), four replicas. Fertilized 13-23-20-800 kg/ha. Herbicide treatment by Mepro Special 
(mecoprop MCPA dicamba) on June 9 over the whole area. Dimethoate sprayings on June 26 
(b), June 26 and July 5 (c), and July 5 (d). Chlormequat chloride sprayed ovet the whole area on June 
9 with 3 1/ha. Yield was harvested on August 18. 

Yield kg/ha 
Otra barley 
Aphid index Aphid maxim. 

% 
kg/ha 

% 
kg/ha 

% 
kg/ha 

% 
kg/ha 

6067 
3.5 
220 

6287 

1036 

193 

51 

153 

68 

10 

2 

17 

0 
0 

6262 
0.4 
25 

6276 
0.2 
25 

Treatment 

a Untreated 
loss of 
yield 

b Dimethoate 

c Dimethoate 

d Dimethoate 
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MATERIAL AND METHODS 

The experiments were performed in 1968, 
1970, 1971, 1973 and 1975 at Kotkaniemi 
experimental farm belonging to the Kemira 
Company, in Vihti, South Finland (N). Details 
of farming techniques, soil fertilization, size 
of plots, use of herbicides etc. are given in 
Tables 1 and 2. The experiments were located 
in fields which were known to he naturally 
infected by aphids. The abundance of barley 
yellow dwarf virus in the plants was n.ot 
determined. 

Insecticides 

The preparations used are listed in Tables 1 — 
4. The insecticides were sprayed using the 
Azo-Propan knap-sack sprayer. The pressure 
used was 3 MPa, and quantity of water 200 
litres per hectare. 

Aphid populations 

In 1968, 1970 and 1971 preliminary experi-
ments were carried out in which only average 
numbers of aphids on main shoots at the time 
of spraying were counted. In other experi-
ments, in 1971, 1973 and 1975, the number of 
aphids was counted several times during the 
experiment (see Fig. 1). At the time of in-
spection 10 plants were taken from each plot 
and the aphids were counted from the main 
sho ot. 

Analyses of results 

A special "aphid index" was calculated on 
the basis of the mean number of aphids on 
main shoot and the time during which the 

Table 3. Control of R. padi, experiment 2. For explanation of aphid index and method of calculating yield loss 
see Table 2 and the text. Oat was sown on 14 May, barley on May 24 1973. Size of plots 50 m2, 4 
replicas. Herbicide spraying of oat on June 6 by Mepro Special (see Table 2) and of barley on June 
13 by 4 Actril (dichlorprop MCPA ioxynil bromoxynil). Chlormequat chloride sprayings of 
oat on 6 June and barley on June 13. Barley was irrigated on June 20 by 30 mm of rain. Insecticide 
sprayings of oat on June 19 and June 21, and of barley on June 26. Barley was sprayed with 1 liha 
and oat with 2.5 1/ha in treatments b and c, and with 2 1/ha in treatments d and e. 

Yield kg/ha 
Pomo-barley 
Aphid index Aphid maxim. Yield kg/ha 

Ryhti-oat 
Aphid Index Aphld rnaxim. 

2377 1047 121 3108 1901 157 
°Å 29.6 23.7 

kg/ha 999 967 

3323 78 12 4058 349 29 
°A 2 0 

kg/ha 53 17 

3376 25 2 3892 350 41 
0 0.4 

kg/ha 0 183 

3282 30 3 3367 800 101 
0/0 2.8 17.4 

kg/ha 94 708 

2791 500 73 4075 140 19 
0/0 17.0 

kg/ha 585 

Treatment 

a Untreated 
loss of 
yield 

b Dimethoate 

c Parathion 

d Methidathion 

e Triazophos 
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In the 1971 the first aphids were observed 
in cereals on June 20, in 1973 about June 15, 
and in 1975 during the last week of May 
(Fig. 1). 

The greatest numbers of aphids per shoot 
in the years 1971, 1973 and 1975 are presented 
in Fig. 1. In 1971 the maximum number of 
aphids (68/main shoot) in untreated barley 
occured in the middle of July. In 1973 the 
maximum (152/main shoot) occured about the 
end of June and beginning of July. In 1975 
the maximum (59/main shoot) was during the 
last week of June. In barley and oats the 
greatest numbers were about the same but on 
wheat (in 1975) somewhat smaller (22 and 27, 
Table 4). The aphid populations declined soon 
after reaching its peak and disappeared before 
harvesting time. The largest aphid indices 
were calculated in 1973 for untreated 'Ryhti'-
oats (1901) and untreated 'Pomo'-Barley (1047, 
Table 3). In other experiments the indices for 
untreated plots were smaller but nevertheless 
amounted to several hundred. Even on wheat 
the indices were about 400 in 1975 (Table 4). 

In 1971 two dimethoate sprayings at ten 
day intervals almost totally eliminated aphid 
populations for the whole period of barley 
growth (Fig. 1). The aphid maximum on 
treated plants was 2 and the index only 51, 
indicating that the plants were practically free 
from aphids. In 1973 two sprayings of di-
methoate and parathion almost totally con-
trolled aphids on barley but not on oats. 
The aphid maximums and indices on treated 
barley were 4 and 78, but those on oats 29 
and 349, or about 20 % of the corresponding 
index calculated for untreated plots. The other 
insecticides used in 1973, triazophos and me-
thidathion, gave varying results (Table 3). 
Spraying the plots later, when the number 
of aphids reached some dozens per main 
shoot, resulted in a quick, almost total dis-
appearance of aphids. However, the maximum 
numbers and the indices of these late sprayed 
treatments were relatively high because of 
the number of aphids living on plants before 
spraying. 

Effect of insecticides on aphids 

There were no significant differences between 
the insecticides used: all of them reduced the 
aphid populations (Tables 2-4, Fig. 1). How-
ever, some differences may be distinguished 
between the cereals. In 1973 aphids living on 
barley disappeared almost totally after spraying 
with dimethoate or parathion, but those living 
on oats did not. In 1975, dimethoate and 
parathion were effective against aphids on 
barley and oats but not against aphids living 
on wheat. In 1971 and '75 one spraying, when 
the aphid population was starting to grow, 
reduced the population increase for about one 
week. After that the number of aphids began 
to build up, but with these treatments the 
maximum numbers did not reach the same 
levels as in untreated plots (see Fig. 1 and 
Tables 2-4). 

Effect of aphids on yield 

In preliminary experiments in 1968, 1970 and 
1971 (Table 1), the yield decrease varied from 
0 to 438 kg/ha (0-11.2 %). At the time of 
spraying the number of aphids per shoot was 
relatively high, in most cases over 50. 

The largest yield loss on barley was 999 
kg/ha (29.6 %) and on oats 967 kg/ha (23.7 %), 
both. in 1973 (Table 3). On wheat the cor-
responding figure was 345 kg/ha (7.2 %) in 
1975 (Table 4). Yield losses above 700 kg/ha 
were also recorded for barley in 1975. In 
other experiments yield losses were smaller. 

Yield losses correlated significantly with the 
maximum number of aphids per main shoot 
in each treatment (r = +0.885, P<0.01, y = 
64.1 + 7.3 x) and with the aphid indices (r 
+0.834, P<0.01, y = 75.8 + 0.68 x) (Figs. 2 
and 3). The difference between the regressions 
based on maximum numbers of aphids and 
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Fig. 2. Correlation between the maximum number of 
aphids per main shoot and (A) yield loss in kg/ha, 
(B) yield loss in percentages. Both the correlations 
were highly significant (P <0.01). 
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Fig. 3. Correlation between the aphid index (for 
explanation, see text) and (A) yield loss in kg/ha, (B) 
yield loss in percentages. Both the correlations were 
highly significant (P <0.01). 

the aphids indices was not significant. When 
the maximum number of aphids increased by 
10, yield decreased by 137 kg/ha (2.9 per-
centage units). On the other hand, when the 
aphid indes increased by 100 units, yield de- 

creased by 756 kg/ha (1.1 percentage units) 
(Figs. 2 and 3). The yield losses in barley, oats 
and wheat corresponding to a certain aphid 
maximum or aphid index proved to be about 
the same. 
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DISCUSSION 

The population growth of R. padi in untreated 
plots was rapid and the whole period of 
existen.ce lasted about four five weeks. The 
most critical period from the start of the po-
pulation growth until its maximum did not 
last more than two to three weeks. Therefore, 
the effect of insecticides on aphids, if applied 
at the right time, need not necessarily last 
longer than two weeks. In some tests even 
one spraying at the beginning of aphid po- 
pulation growth reduced aphid numbers 
effectively for about one week. After this 
period the number of aphids began to in- 
crease, but it did not reach the same levels as 
on untreated cereals. Two successive sprayings 
reduced aphid populations effectively for the 
whole period of cereal growth. 

In most cases the largest yield was obtained 
from plots sprayed at the very beginning of 
aphid increase. However, aphid populations, 
counted according to the maximum number 
of aphids per shoot and by aphid indices, were 
not always smallest among these treatments 
giving the highest yield. This may indicate 
that the earlier stages of cereal growth are 
more sensitive to aphids than the later ones. 
This difference between the cereal growth 
stages has been pointed out by some authors 
(WELLS and MACDONALD 1961, APABLAZA 
and ROBINSON 1967, ANON. 1972, WETZEL 
1972, KOLBE 1973). However, in cage experi- 
ments made by RAUTAPÄÄ (1966, 1968 a and 
b, 1972) the difference between earlier growth 
stages, from appearence of last sheath until be- 
ginning of flowering, could not he proved 
though infestation beginning during the late 
stage of flowering in barley did not affect the 
yield (RAuTAPÄÄ 1975). In any case, yield 
losses seem to correlate significantly with 
aphid populations, which can he measured 
either by the greatest number of aphids per 
shoot or by the total sum of aphids living each 
day of the experiment on the main shoot, i.e. 
the so called "aphid index". In cage experi-
ments the yield changes correlated signifi- 

cantly better with the index than with the 
maximum number of aphids on shoots but 
this was not the case in field tests. 

The cost of two sprayings, using 2 litres of 
dimethoate or parathion was about 50 Fmk 
per hectare (about 12 US $) according to the 
prices of insecticides in 1975. The costs for 
two tractor sprayings were estimated to he 
about 100 Fmkiha and the total costs of two 
tractor sprayings about 150 Fmk. The prices 
paid to farmers in December 1975 for one 
ton grain yield were about 630 Fmk for oats, 
670 Fmk for barley and 840 Fmk for wheat. 
On average, the costs of two sprayings cor-
respond to the income from 250 kg grain 
yield. Accorcling to the results of these ex-
periments R. padi population with a maximum 
number of aphids per main shoot about 25 
or with an aphid index of more than 300 
decreased yield by 250 kg per hectare. 

About the same conclusion has been drawn 
by other authors. KOLBE (1973) reviewed a 
large number of field experiments and pre-
sented about 20 aphids per head or shoot as 
the critical level for damage. At least 20 
aphids per plant has been used in Sweden as 
a threshold value motivating in practice the 
use of insecticides (NILssoN 1973), and STERN 
and BOWEN (1967) mentioned that "when 
aphid populations are expected to reach 25 to 
30 aphids per tiller, barley yields may he 
reduced if the aphids are not controlled". 

The problem is how to predict the popula-
tion level of aphids early enough to decide 
whether control measures are nesessary or not. 
Spraying has to he carried out during a rela-
tively short period at the beginning of pop-
ulation growth. In preliminary experimen.ts 
(see Table 1) almost ali spraying was done 
too late and therefore the yield increases re-
mained small even if number of aphids on 
plants was high at the time of spraying. 

Practical advice to help farmers decide 
whether control measures are necessary has 
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been. given (i.e. NILSSON 1973) and several 
methods for estimating the yield loss to he 
expected due to cereal aphids (KOLBE 1973, 
KOLBE and LINKE 1974, BARAN and PIDANY 
1973, 1975, RAUTAPÄÄ 1966-1975) have been 
published, but these cannot he considered 
prognosis methods applicable for preclicting 
population growth. Efforts to correlate aphid 
populations with the weather have not suc-
ceeded (DEAN 1974) even though some proof 
of the importance of temperatures during 

spring and the beginning of summer has been 
obtain,ed (JoNEs 1972). Even the numbers of 
rnigrating aphids do n.ot seem to correlate 
with population levels on cereals (DEAN 1974). 

However, a simple method, developed on 
the basis of long-term population studies, 
has been published in Finnish for the use of 
farmers (RAUTAPÄÄ 1974 a and b). By this 
method it seems possible to predict the pop-
ulation level of aphids simply by counting 
at an early stage of infestation. 
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THE DISTRIBUTION OF THE POTATO CYST NEMATODE, 
HETERODERA ROSTOCHIENSIS WOLLENWEBER, IN FINLAND 

MARJA LEENA SARAKOSKI 

SARAKOSKI, M. L. 1976. The distribution of the potato cyst nematode, 
Heterodera rostochiensis Wollenweber, in Finland. Ann. Agric. Fenn. 
15: 111-115. (Agric. Res. Centre, Inst. of Pest Inv., SF-01300 Vantaa 30, 
Finland). 

The potato cyst nematode, Heterodera rostochiensis Wollenweber, was discovered 
in Finland for the first time in 1946. New discoveries were made infrequently 
at first and infestations were concentrated mainly to southern parts of the 
country. It was not until the end of the 1960s that the number of new dis-
coveries began to increase rapidly. So that control methods could be planned 
and spreading detained, more details were required on the distribution of the 
potato cyst nematode. A distribution survey was therefore started in 1974. 
No infestations had been recorded in Ostrobothnia before that time. The 
survey revealed however, that eight farms in Ostrobothnia were infested by 
the nematode. Quite apart from the survey, the nematode has been found in 
many fields both in Ostrobothnia and elsewhere in Finland. 

Index words: H. pallida, Nematoda, white potato cyst nematode, survey, 
infestation. 

Introduction 

The potato cyst nematode, Heterodera rosto-
chiensis Wollenweber, is a serious problem in 
nearly ali areas where potatoes are grown. 
It is no newcomer to the poato fields of Euro-
pe and was first observed in the 19th century. 
In 1881 J. Kiihn found a cyst-forming nemato-
de that lived in the roots of the potato in 
Germany. This cyst nematode was also found 
later in Scotland, England, Sweden and Ire-
lan.d (FRANKLIN 1951). In 1923, Wollenweber 
described it as an independent species, for 
which he suggested the name Heterodera ros-
tochiensis after the place (Rostock) where it 

had been first discovered (WoLLENWEBER 
1923). 

The potato cyst nematode originated in 
South America, as did the potato itself (FRANK-
LIN 1951). It was probably introduced into 
North America and Europe together with the 
potato in the 19th century, but it was not 
until the advent of modem agriculture that it 
became a notable potato pest. 

The potato cyst nematode was found for 
the first time in Finland in Hyvinkää south 
Finland in 1946 (VAPPULA 1954). New dis-
coveries were infrequent in the beginning 
and infestations were limited to small plots 
that were of little significance to the country's 
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potato production . During the 1970s the 
potato cyst nematode was discovered in larger 
fields specializing in commercial potato culti-
vation. 

For planning control methods and to 
provide a basis for implementing them, more 
facts about the distribution of the species 
were needed and a distribution survey was 
therefore started in western Finland in 1974. 

Material and rnethods 

Earlier records of discoveries of the potato 
cyst nematode were based on sporadic re-
ports sent to the Agricultural Research Centre 
by farmers and regional agricultural advisers, 
and on individual observation.s made by 
scientists from the Department of Pest In-
vestigation.. However, no organized distri- 

Fig. 1. The distribution of the potato cyst nema-
tode in Finland. Agricultural Extension Centres 
where the distribution survey has been carried out: 
1. Varsinais-Suomi, 2. Satakunta, 3. Häme, 4. Pir-
kanmaa, 5. Ostrobothnia, 6. Oulu. 

Community with infested field (s). 

bution survey was undertaken until the sum-
mer of 1974 when some communes in the 
Province of Häme were examined. 

Later, during autumn 1974, a more extensive 
distribution survey could he un.dertaken in 
westem Finland with funds granted by the 
Ministry of Agriculture and Forestry. The 
areas selected for the survey were districts of 
the Agricultural Extension Centres in Varsi-
nais-Suomi, Satakunta, Häme, Pirkanmaa, 
Ostrobothnia and Oulu (Fig. 1). 195 com-
munes were studied in all. In each com-
mune soil samples were taken from 25 po-
tato-farms. The survey concentrated mostly 
on potato farms where potatoes had been 
grown for many years in succession. The agri-
cultural advisers in each extension district 
collected the soil samples, which were then 
forwarded to the Viljavuuspalvelu Oy, Turku, 
laboratory for further examination. 

The methods used in soil sampling and in 
examination were those recommended by 
EPPO (European and Mediterranean Plant 
Protection Organization) (ANON. 1973). Each 
sampling area was 1 ha (0.01 km2) in size. 
The volume of the samples was to he at least 
250 g. One sample consisted of 50 subsamples 
taken from the sampling arca at regular in-
tervals after the top soil (layer of approx. 5 
cm) had been removed. For examination, 200 
g air-dried soil were weighed out and the 
cysts were then separated by Fenwick's extrac-
tion method (FENwicK 1940, OOSTENBRINK 

1950). 

Results 

During the survey the potato cyst nematode 
was discovered in 37 communes. Of the 
infested communes, 13 were located in the 
Province of Häme. In Satakunta and Pirkan-
maa the potato cyst nematode was found in 
six, and in Ostrobothnia seven communes. 
In Varsinais-Suomi, there were four infested 
communes and in the Province of Oulu one 
infested commune. Of all the communes 
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SELOSTUS 

Peruna-ankeroisen levinneisyys Suomessa 

MARJA LEENA SARAKOSKI 

Maatalouden tutkimuskeskus 

Ensimmäinen peruna-ankeroishavainto tehtiin vuonna 
1946 Hyvinkäällä. Uusia saastuntoja löydettiin aluksi 
hitaasti. Vasta 1960-luvun loppupuolella alkoi saastu-
neiden perunamaiden määrä nopeasti kasvaa, mutta 
vasta 1970-luvulla tavattiin ankeroista myös laajoilta, 
perunan viljelyyn erikoistuneilta tiloilta; siihen saakka 
oli saastuntoja löytynyt vain pieniltä omakotipalstojen 
perunamailta. Havainnot perustuivat satunnaisiin 
Maatalouden tutkimuskeskukselle tulleisiin näytteisiin 
ja ilmoituksiin sekä jossain määrin tuhoeläinosaston 
tutkijoiden havaintoihin. Syksyllä 1974 aloitettiin jär-
jestelmällinen levinneisyystutkimus Länsi-Suomessa. 
Tutkimusta on tarkoitus jatkaa seuraavien vuosien 
aikana muualla Suomessa. 

Levinneisyystutkimuksessa tarkastettiin yli 4000 
perunamaata. Tutkimusalueena oli Länsi-Suomi Oulun 
korkeudelle sekä Hämeen läänin länsiosat. Jo ennen 
tutkimusta oli tiedossa, että peruna-ankeroista esiintyy 
runsaasti Hämeen perunapelloilla. Myös Satakunnasta 
ja Varsinais-Suomesta oli ankeroista löydetty, mutta 
Pohjanmaalta sitä ei oltu tavattu. Tutkimuksessa löy-
dettiin kuitenkin peruna-ankeroista paitsi Hämeestä, 
Satakunnasta ja Varsinais-Suomesta, myös Pohjan- 

maalta. Etelä-Pohjanmaalta tavattiin ankeroista kuu-
delta, Oulun läänistä yhdeltä ja ruotsinkieliseltä Poh-
janmaalta yhdeltä tilalta. Kaikki saastunnat olivat lie-
viä. Myös varsinaisen levinneisyvstutkimuksen ulko-
puolella on Pohjanmaalta tarkastetuista näytteistä 
löytynyt ankeroisia, samoin Lapin läänistä napapiirin 
pohjoispuolelta. Myös nämä saastunnat ovat olleet 
suhteellisen lieviä. Tämän perusteella on syytä olettaa 
peruna-ankeroisen vasta äskettäin levinneen Pohjois-
Suomeen. 

Sekä levinneisyystutkimuksen että Maatalouden 
tutkimuskeskukselle vuosittain tulevien näytteiden 
perusteella voidaan päätellä, että peruna-ankeroinen 
on nopeasti leviämässä perunaviljelmille. Tällä het-
kellä on tiedossa 574 ankeroisen saastuttamaa erillistä 
perunamaata, jotka ovat jakautuneet 94 kunnan alueel-
le. Saastuntaa on löytynyt yhä enemmän myös peru-
nan viljelyyn erikoistuneilta tiloilta. Mutta ennen kuin 
voidaan edes karkeasti arvioida ankeroisen vuosittain 
aiheuttamia tappioita, on levinneisyystutkimus saa-
tettava päätökseen sekä suoritettava tärkeimmillä 
perunan viljelyalueilla tarkempaa kartoitusta. 
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BUMBLEBEES, BOMBUS LATR. (HYMENOPTERA, APIDAE), ON 
RED CLOVER 1N SOUTH SAVO, FINLAND 

ILKKA TERÄS 

TERÄS, 1. 1976. Bumblebees, Bombus Latr. (Hymenoptera, Apidae), 
on red clover in South Savo, Finland. Ann. Agric. Fenn. 15: 116-127. 
(Dept. Zool., Univ. Helsinki, P. Rautatiekatu 13, SF-00100 Helsinki 10, 
Finland). 

The visits of bumblebees to red clover were studied in 1972-1974, and the 
results compared with the observations made at the same place (61°N, 27°E) in 
1960-1966. The numbers of bumblebee individuals varied a great deal during 
the summers of the investigation, but total numbers were lower than in 1960 — 
1961 ; in particular, B. distinguendus had decreased. Altogether 11 species were 
seen on red clower fields, the most common being 13. lucorum (in 1972 and 
1974), B. pascuorum, /3. hortorum, and 13. lapidarius (in 1972 and 1973). The 
proportion of robber bumblebees, mostly B. lucorum, was 56 % in 1972 and 
81 % in 1974, but less than 1 % in 1973 when B. lucorum preferred Phacelia 
tanacetifolia to red clover. Most robbers were observed during the first half 
of the flowering season. Bumblebees robbed most frequently during the 
afternoon while maximum nectar collecting took place in the evening and 
maximum pollen collecting in the morning. Nectar collectors were more 
common than pollen collectors. Red clover visitors were usually workers and 
queens; male bumblebees only occasionally visited red clover. Flowers 
growing at the sides of the red clover fields were visited more than those in 
the centre. The best seed yields (ovet 700 kg/ha) were achieved in 1973 when 
weather conditions were favourable and the numbers of bumblebee pollin-
ators were high. 

Index words: Bombus, red clover, flower visits. 

Introduction 

In Finland, bumblebees, Bombus Latr., are the 
most efficient red clover pollinators. Their 
importance lies in their being more numerous 
than other potential pollinators, for example 
honeybees, and their being the only insects 
which can properly pollinate the cultivated 

tetraploid varieties, with long corolla tubes. 
Bumblebees are especially important in South 
Savo and other places in Central Finland, 
where there are fewer bee-keepers than in 
the southem parts of the country and where 
red clover flowers have longer corolla tubes. 

The flower visits by Finnish bumblebees 
have been investigated thoroughly by HULK- 
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ber of rainy days, and relative humidity at 
Karila in the summers 1972-1974 are pre-
sented in Table 2, and the five-day weather 
conditions in July-August of each year in 
Table 3. In both 1972 and 1973 the summers 
were exceptionally warm and July 1973 was 
especially dry (precipitation means of long 
duration at Karila are: June 57 mm, July 
69 mm, and August 73 mm). As a whole, 
these summers were advantageous for bumble-
bees and red clover seed yield. On the other 
hand, summer 1974 was colder than the pre-
vious summers and exceptionally wet, parti-
cularly the first half of August. Red clover 
started flowering late and the whole summer 
was disadvantageous for the pollinators. 

Red clover visits by bumblebees 

Annual visits 

The total numbers of bumblebees seen visiting 
red clover at Karila were 8387 in 1972, 4110 
in 1973, and 558 in 1974 (see Table 1). How-
ever, the areas of the fields differed annually, 
and when the numbers of bumblebees are 
counted per 100 m2, the total numbers are 

more uniform, although the order remains 
the same. Comparison. with VALLE'S results 
in 1960-1964 (1960 published in VALLE et 
al. 1960, 1961-1963 in VALLE et al. 1964, 
1964 VALLE unpublished) shows that during 
the years my observations were made the 
numbers of bumblebees on red clover were 
lower than in the early 1960's (Table 4). 

The percentage proportions of ali bumble-
bee species in 1972-1974 are presented in 
Fig. 2. There are great variations in the species 
composition in different summers. B. lucorum 
was clearly the most common species in 1972 
and 1974, but rare in 1973. In 1972, B. horto-
rum and B. pascuorum were relatively common, 
in 1973 the two last-mentioned species and B. 
lapidarius, but in 1974 only a few bumblebees 
were observed apart from B. lucorum. How-
ever, the flowering season continued into 
September, when flower visits were not 
checked. Other red clover visitors worth 
mentioning are B. distinguendus, B. veteranus, 
and B. ruderarius, while B. hypnorum, B. jonellus, 
B. pratorum, and B. soroeensis paid only oc-
casional visits. Besides bumblebees some 
cuckoo bumblebees (Psityrus spp.) visited 
red clover and, moreover, the number of 
honeybees was relatively high in 1972-1973. 

Table 4. Numbers of bumblebee individuals /100 m2/ observation day on diploid (1960-1964) and tetraploid 
red clover (1960-1964, 1972-1974). The numbers of bumblebees in 1960-1964 are counted from 
the results presented by VALLE et al. (1960, 1964) and from VALLE's unpublished results. 

year lue dist 
individuals /100 m./ observation day 
hort 	 lap 	 pasc others total 

diploid red clover 
1960 11.38 6.81 14.62 8.10 5.19 0.95 47.05 
1961 6.74 3.37 26.63 1.68 22.84 0.53 61.79 
1962 15.00 0.50 4.50 1.50 1.00 0.25 22.75 
1963 5.58 0.70 6.28 3.95 20.23 0.47 37.21 
1964 0.64 0.00 5.53 2.13 10.00 0.00 18.30 

tetraploid red clover 
1960 8.52 6.23 17.86 3.62 1.67 0.19 38.09 
1961 10.74 2.01 35.63 1.58 2.58 0.02 52.56 
1962 11.50 0.63 5.23 1.20 1.38 0.00 19.93 
1963 3.14 0.35 11.74 1.16 15.93 0.35 32.67 
1964 2.02 0.53 10.74 1.38 1.28 0.00 15.96 

1972 12.95 0.66 6.46 0.73 2.58 0.33 23.72 
1973 0.55 0.43 3.63 4.36 10.09 1.41 20.47 
1974 14.48 0.10 0.68 0.61 1.45 0.68 18.00 
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Investigation of the weekly flower visits 
shows some differences between species in 
maximum occurence on the red clover field 
(Fig. 5). B. lueorum seems to be the most 
common visitor to red clover during the 
first part of the flowering season and visits 
by B. hortorum and B. pascuorum reach a maxi-
mum about a week later. Of the other species 
B. veteranus, especially, comes to red clover 
fields late. However, in cool and rainy sum-
mers B. lucorum make most of its visits late in 
the season, as can be seen from the observa-
tions made in 1962 and 1974. 

Daily visits 

Bumblebees do not visit flowers regularly 
throughout the day, but the number of visits 
reaches a maximum at noon, with somewhat 
less activity in the moming and in the after-
noon and much less in the evening (TERÄS 
1976). On red clover fields bumblebees are 
most numerous at noon and in the aftemoon; 
there are fewer visits in the moming, and 
only a couple of bumblebees visit red clover 
at 21 hrs (Fig. 6). All the bumblebee species 
behave in almost the same way, although 
some variations between years are possible. 
Male bumblebees do not visit red clover in 
the evening, but fly so late in the season that 
evenings are often too dark for seeking food. 

Fig. 6. Distribution of bumblebee visits on red clover 
at difFerent times of the day in 1972-1974. Parts of 
them colurnns: hatched = pollen collectors, white 
nectar collectors, black = nectar robbers. 

Pollen and nectar collecting 

Bumblebees with a positive effect on red 
clover collect either pollen or nectar or both 
at the same time during their foraging trips. 
Pollen collectors work more quickly and 
therefore pollinate more flowers than nectar 
collectors (SKOVGAARD 1952). In 1972 and 
1974 there were more nectar collectors than 
pollen collectors at Karila; vice versa in 1973: 

year pollen collectors nectar collectors 

1972 1015 27.5 % 2679 72.5 % 
1973 2182 53.6 % 1892 46.4% 
1974 20 17.9 % 92 82.1 % 

The number of pollen collectors always de-
creased towards the evening (Fig. 6), and the 
proportion of pollen collectors of ali the 
pollinating bumblebees was (c/o): 

hrs 1972 1973 1974 

09 32.4 60.7 25.0 
13 29.5 57.5 16.2 
17 21.6 43.2 14.0 
21 19.1 28.1 

Robbing 

Some bumblebees do not collect nectar in 
the normal way, through the corolla tube, 
but rob it by piercing the tube so that the 
flower remains unpollinated. The most com-
mon robber species at Karila was B. lucorum 
(both queens, workers, and males), but some 
B. lapidarius workers robbed in 1972, too. 
The percentage proportions of robbers and 
pollinators in 1960-1966, and 1972-1974 
are presented in Fig. 7. The reason for the 
tremendous variations between the years is 
unknown. However, in 1973 B. lucorum was 
attracted by Phacelia tanacetifolia growing near 
the red clover field. On the other hand, over 
70 % of B. lucorum individuals had a positive 
effect on red clover, too, and so the amount 
of nectar may have been sufficient to make 
proper pollination possible. 
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bumblebees only once a day while I had three 
or four countings. Moreover, VALLE used 
some vety restricted red clover plots where 
populations must have been dense (see also 
my observations in 1974 compared with the 
results of the two previous years). On the 
other hand, VALLE counted bumblebees every 
day during the red clover flower'ing season, 
while I counted only twice a week, and if the 
weather was poor on my counting days I 
had lower numbers of visitors, too. In all, 
the numbers of bumblebee visitors in 1960 — 
1964 given. by VALLE may be a little higher 
than the actual numbers and in my results, 
on the other hand, the numbers may be a 
little too low. Anyway, I think that the num-
bers of bumblebees at Karila have, in fact, 
decreased since the early 1960's. 

The percentage proportions of different 
bumblebee species vary greatly from year to 
year and this may be due to weather conditions 
at the nest foundering time or foraging time 
(FRIDN et al. 1962, HOLM 1966), lack of 
suitable food plants, or, as far as red clover 
is concemed, competition from other fiowers. 
BINGEFORS et al. (1960) and HÄNNINEN (1962) 
have noticed that when B. lapidarius is com-
mon, B. pascuorum is scarce and vice versa, 
but I could not observe any interspecific 
competition between these or any other spe-
cies. At Karfia, B. lucorum had the greatest 
fluctuations; the same phenomenon was ob-
served by VALLE et al. (1962) near Helsinki 
and by HÄNNINEN (1962) in Central Finland 

On red clover, the most common bumble-
bees were B. lucorum, B. pascuorum, and B. 
hortorum, in that order. The two last-mentioned 
species were the most efficient pollinators, 
as previously (VALLE et al. 1960, 1964, MELA 
1969), and as they are elsewhere in Central 
Finland (HÄNNINEN 1962). However, beyond 
the red clover fields the most common species 
was /3. pascuornm, which is numerous on 
natural fields in South Savo (see TERÄS 1976). 
13. lapidarius and B. distinguendus were not as 
common as they are in southem Finland 
(VALLE 1959, VALLE et al. 1964). B. hortorum  

is especially important to the pollination of 
tetraploid red clover because of its long tongue 
and efficient working speed (HÄNNINEN 1962), 
and it was the only species which was clearly 
more numerous on tetraploid than diploid 
red clover. 13. hortorum was scarce in the arca 
surroun.ding the station as was B. distinguendus. 
According to HÄNNINEN (1962) and LOKEN 
(1962) B. hypnorum, B. jonellus, B. pratorum, 
and B. soroeensis are not important as red 
clover pollinators because they prefer other 
plant species, and this was easily noticed at 
Karila, too. 

Bumblebees need both pollen and nectar 
to feed their larvae. Red clover is a good 
nectar source and an excellent pollen. source 
(at least for honeybees, BOHART 1957). In 
1972 and 1974 the number of nectar collectors 
was higher than that of pollen collectors, 
probably because the latter work more quickly 
(SKovGAARD 1952) so that sufficient pollen can 
be collected by fewer workers. In 1973 the 
situation was, however, reversed, but because 
the summer was warm and dry, the nectar 
must have had a high sugar concentration and 
the needs of the bumblebee colonies were 
satisfied with less effort. On the other hand, 
the large number of nectar collectors in 1974 
would indicate that the nectar was diluted. 
The reason for the diumal variations in feed-
ing habits may be almost the same, that is to 
say nectar is collected more often in the 
evening because there is more of it (produced 
during the warmest hours of the days). Ac-
cording to SKOVGAARD (1952) nectar collectors 
are quicker than pollen collectors in late 
summer, when the bumblebees are bigger. 
However, at Karila pollen and nectar were 
collected almost at the same rate through the 
summer. 

B. lucorum is known as a regular robber 
bumblebee (KoRDKmAN 1938, VALLE 1948, 
1955, 1959, VALLE et al. 1960, 1964, HÄNNI-

NEN 1962, MELA 1969). Other red clover 
robbers are B. lapidarius, especially small 
workers (KoRDKNIAN 1938, HÄNNINEN 1962, 
L OKEN 1962), and B. jonellus (KoReKmAN 1938, 
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VALLE et al. 1960). However, robbing is not 
always detrimental to pollination (HOLM 1966). 
Tetraploid red clover is said to be robbed 
more often than diploid (FRIIAN et al. 1962, 
VESTAD 1962, DENNIS and HAAS 1967), but 
in 1960-1964 no such trend was eviden.t at 
Karila. FRI D EN et al. (1962) and ScHWAN (1962) 
say that bumblebees rob most at the end of 
the summer, but according to VALLE (1959) 
the robbers come first and then the pollinators, 
and KORCKMAN (1938) tells that B. lapidarius 
robbed only at the beginning of the summer 
but pollinated ali summer. At Karila, B. luco-
rum was an eager robber throughout the 
season but paid the maximum number of 
visits during the first half of the red flowering 
season except in rainy summers, when the 
maximum was reached later. Robbing B. 
lafidarins workers were observed in late July. 

Accorcling to KORCKMAN (1938) bumblebee 
males play no significant part in red clover 
pollination. The same observation was made 
by TERÄS (1976), with diploid red clover 
again, and the present results with tetraploid 
red clover show that the contribution of 
bumblebee males as red clover pollinators is 
small but not meaningless in South Savo. 

Besides bumblebees, cuckoo bumblebees 
and honeybees also pollinated red clover. 
Cuckoo bumblebees are not important pollin-
ators because they are rare and are slow 
workers. On the other hand, honeybees are 
said to be good red clover pollinators during 
fine weather (HOLM 1966), and important  

pollinators, for example, in Denmark (DENNIS 
and HAAS 1967), Norway (VEsTAD 1962) and 
even in southern parts of Finland (VALLE 
1959). However, in Savo honeybees are of 
minor significance as red clover pollinators 
(VALLE et al. 1964, VALLE 1966). 

The best seed yields ever reaped at Karila 
were harvested in 1973. The weather was 
warm and dry for a long time in July, pollin-
ators (B. pascuorum, 13. lapidarius, 13. hortorum) 
were numerous and practically no robbers 
were observed. B. lucorum found competing 
plants, especially Phacelia tanacetifolia, more 
attractive than red clover, and it is possible 
that some competing plants may be useful in 
drawing robbers from the red clover fields. 
However, there must have been a great deal 
of nectar in 1973 because of the sunny weather 
and that is probably why even B. lucorum 
did a lot of pollinating. 
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SELOSTUS 

Kimalaisten käynnit puna-apilan kukissa Etelä-Savossa 

ILKKA TERÄS 

Helsingin Yliopisto 

Kimalaisten käyntejä tetraploidin puna-apilan kukissa 
tutkittiin kesinä 1972-74 Etelä-Savon koeasemalla 
Karilassa (Mikkelin mlk). Kimalaisyksilöt laskettiin 
linja-arviomenetelmällä kolme—neljä kertaa päivässä 
kahdesti viikossa koko puna-apilan kukinta-ajan. Tut-
kittujen yksilöiden määritys tehtiin värituntomerkkien 
perusteella kimalaisia kiinniottamatta. Myös ravinnon-
keruutapa merkittiin muistiin. Saatuja tuloksia on 
verrattu aikaisemmin samalla paikalla tehtyihin ki-
malaistutkimuksiin vuosilta 1960-66 (VALLE ym. 
1960, 1964, VALLE julkaisematon, MELA 1969). 

Tutkimuspelloilla tavattiin 11 kimalaislajia v. 1972, 
10 lajia v. 1973 ja 6 lajia v. 1974. Yleisimmät lajit 
olivat mantukimalainen (Bombus lucorum), tarhakima-
lainen (B. hortorum), peltokimalainen (B. pascuorum) ja 
kivikkokimalainen (B. lapidarius), kesinä 1972-73 
myös kirjokimalainen (B. distinguendus) ja hevoskima-
lainen (B. veteranus) esiintyivät melko runsaina. Ym-
päröivillä luonnonniityillä ja puutarhassa yleiset kar-
tanokimalainen (B. h_ypnorum) ja niittykimalainen (B. 
pratorum) eivät muutamaa poikkeusta lukuunottamatta 
käyneet puna-apilan kukissa. 

Kesällä 1972 kimalaisista 56 % oli mettä ryöstäviä 
mantukimalaisia ja kesällä 1974 mantukimalaisten 
osuus oli peräti 81 %, sen sijaan kesällä 1973 runsas-
lukuisimpina esiintyivät pölyttävät tarha-, pelto- ja 
kivikkokimalaiset, kun taas mantukimalaiset kävivät 
lähipellolla kasvavan hunajakukan (Phacelia tanaceti-
folia) kukissa. 1960-luvun alun kimalaismääriin ver- 

rattuna kokonaisluku pinta-alayksikköä kohti oli 
laskenut ja varsinkin kirjokimalainen oli harvinais-
tunut. Lajisuhteet ja medenryöstäjien määrä vaihteli-
vat säännöttömästi. 

Lämpiminä kesinä mantukimalaiset kävivät puna-
apilassa runsaimmin kasvukauden alussa, pitkäkieliset 
lajit taas vilkkaimmin viikkoa myöhemmin, mutta 
sateisena kesänä 1974 kimalaismäärät olivat huipus-
saan vasta puna-apilan kukinnan loppupuolella elo-
kuun viimeisinä viikkoina. Vuorokautisten käyntien 
huippu osui keski- tai iltapäivään, mutta myös aamulla 
pelloilla oli runsaasti kimalaisia, sen sijaan illalla käyn-
nit loppuivat yleensä ennen klo 21. Kimalaiset kävivät 
enemmän pellonreunan kukissa kuin keskustassa. 

Medenryöstäjinä olivat ennen kaikkea mantukima-
laiset, myös jotkut kivikkokimalaistyöläiset ryöstivät. 
Ryöstäminen ajoittui iltapäivään. Muut lajit pölyttivät 
puna-apilaa joko siitepölyä tai mettä keräämällä tai 
molemmin tavoin. Medenkerääjien osuus lisääntyi 
aina iltaa kohti. Siitepölynkerääjiä oli enemmän kuin 
medenkerääjiä vain lämpimänä kesänä 1973, jolloin 
yhteiskuntien medentarve tuli ilmeisesti tyydytettyä 
vähemmällä työllä. Puna-apilassa kävijöitä olivat en-
nen kaikkea työläiset ja kuningattaret, koiraiden osuus 
oli vain 0.6-3.4 %. 

Puna-apilan siemensato oli vuonna 1972 keskin-
kertainen (350 kg/ha), vuonna 1973 erittäin hyvä (yli 
700 kg/ha) ja vuonna 1974 lähes olematon huonojen 
kasvuolojen ja vähäisten pölyttäjämäärien takia. 
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IDENTIFICATION KEY TO FINNISH MOSQUITO LARVAE (DIPTERA, CULICIDAE) 

PIRKKA UTRIO 

UTRIO, P. 1976. Identification key to Finnish mosquito larvae (Diptera, 
Culicidae). Ann. Agric. Fenn. 15: 128-136. (Dept. Virology, Univ. Helsinki, 
Haartmaninkatu 3, SF-00290 Helsinki 29, Finland). 

The IV instar larvae of Finnish mosquitoes are classified according to genera 
and species; most of them are illustrated from Finnish specimens. Altogether 
36 species are included, of which .Aedes punctodes Dyar and Culiseta silvestris 
ochroptera (Peus) are reported as new to Finland. 

Index words: Culicidae, mosquito larvae, key. 

Introduction 

Apart from the nuisance they cause, mosqui-
toes have been found to he vectors of arbo-
viruses widespread among man, cattle and 
wildlife in Finland (see BRUMMER-KORVEN-
KONTIO and SAIKKU 1975). However, know-
ledge about Finnish mosquitoes is still far 
from adequate, and much more information 
is needed to obtain a clear picture of the 
ecology and distribution of these insects. 
The larval stage is very suitable for the study 
of mosquito distribution, since most of the 
larvae are readily identified (unlike females), 
and large samples are easily obtained (unlike 
males). 

In the present paper the IV instar larvae 
of Finnish mosquitoes are classified according 
to genera and species. A few species have 
been found only in adult stage in Finland; 
these are included in the key on the bases of 
foreign descriptions, mainly those of NATVIG  

(1948), MOHRIG (1969) and GUTSEVICH et al. 
(1974). The nomenclature foLlows the cata-
logues composed by STONE et al. (1959) and 
STONE (1967). Only synonyms which appear 
as valid names in the reference papers are 
given. 

As far as it is known, regional distribution 
in. Finland of each species is given according 
to the available literature (FREY 1921, NATVIG 
1948, TIENSUU 1951, 1952, HIRVENO JA 1961, 
1962, 1967, KOSTAMA 1964, BRUMMER-KOR-
VENKONTIO et al. 1971, ULMANEN and BRUM-
MER-KORVENKONTIO 1971, UTRIO 1975), and 
on the bases of collections in the Department 
of Virology and Zoological Museum, Uni-
versity of Helsinki. In this connection, the 
following arbitrary designations are used: 
South Finland 600-620  N, Central Finland 
62°-64° N, North Finland 64°-66° N, 
South Lapland 66°-68° N, and North Lap-
land 68°-70° N. A more detailed account 
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Fig. 2. Terminal segments of mosquito larvae, lateral view. — a, Aedes, schematic: AG, anal gills; CS, 
comb scales; CT, cratal tufts; CP, cratal plate; PE, pecten; PT, precratal tufts; SA, saddle; SI,siphon; SP, 
stigmal plate; ST, siphonac tuft. — b, Mansonia richiardii. — c, Aedes cinereus. — d, A. punctor. — e, A. 
punctodes. — f, A. hexodontus. — g, A. nigripes. — h, A. diantaeus. — i , A. excrucians. — j, A. riparius, with 
a comb scale and surface spines. — k, A. cyprius, with a comb scale and surface spines. — 1, A. impiger. 
— m, Culex pipiens. — n, Anopheles claviger. 









A. caspius (Pallas) 
In South Finland, fairly common. Palaearctic. 

Edwards. Found in a few localities in North 
Finland, South Lapland and North Lapland; 
in addition, there is an isolated record from 
South Finland. Holarctic. A. cataphylla Dyar 

In South Finland, uncommon. Holarctic. 

A. cinereus Meigen 
In whole country and fairly common. Holartic. 

A. communis (DeGeer) 
In whole country and very common. Holartic. 

A. cyprius Ludlow 
Synonym: A. freyi Edwards. A rare species 
in South Finland, found once in Central Fin-
land. Palaearctic. 

A. diantaeus Howard, Dyar & Knab 
In whole country, uncommon in south, fairly 
common in north. Holartic. 

A. dorsalis (Meigen) 
Uncommon in South Finland, also recorded 
once in. Central Finland. Holarctic. 

A. excrucians (Walker) 
In whole country and fairly common.. Hol-
arctic. 

A. flavescens 
Synonym: A. lutescens (Fabricius). Larva not 
found in Finland, but adults recorded a few 
times in South Finland. Holarctic. According 
to MOHRIG (1969), the pecten teeth of A. 
flavescens may sometimes be evenly spaced so 
that it keys out as A. cantans. However, the 
number of comb scales is usually less than 30 
in A. flavescens, and more than 30 in A. cantans. 

A. hexodontus Dyar 
Common in North Lapland, fairly common 
in South Lapland and North Finland, very 
rare in Central Finland and found once in 
South Finland. Holarctic. 

A. impiger (Walker) 
Synonyms : A. nearcticus Dyar, A. parvulus 

A. intrudens Dyar 
In whole country, fairly common. Holarctic. 

A. leucomelas (Meigen) 
Larva not found in Finland, but one adult 
recorded in South Finland. Palaearctic. 

A. Mgrinus (Eckstein) 
Larva not found in Finland, but two adults 
recorded in North Lapland. Palaearctic. 

A. nigrt:pes (Zetterstedt) 
Synonym: A. alpinus (Linnaeus). Found in 
one locality in North Lapland. Holarctic. 

A. pioMps Dyar 
Fairly common in Lapland and North Fin-
land, very rare in Central Finland. Holartic. 

A. pullatus (Coquillett) 
Found in a few localities in North Lapland; 
in addition, there is an isolated record from 
Central Finland. Holarctic. 

A. punctodes Dyar 
Found in North Finland and South Lapland; 
reported here as new to the country. Record 
data: Kn, Kuhmo, Porkkajärvi, 708:60, 12. VI. 
1974, 1 larva (author leg.), and KemL, Pel-
kosenniemi, Komovaara, 746:51, 15. VI. 1974, 
1 larva (author leg.). Holartic. Very similar to 
A. punctor, for further details see KNIGHT 
(1951) and DAHL (1974). 

A. punctor (Kirby) 
In whole country and very common. Holartic. 

A. rt:parius Dyar & Knab 
A rare species, but recorded from South Fin-
land to North Lapland. Holartic. 
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C. subochrea (Edwards) 
Larva not found in Finland, but adults re-
corded in two localities in South Finland. 
Palaearctic. 

A. vexans (Meigen) 
Found a few times in South Finland. Cosmo-
politan. 

4. Culiseta Felt 

Larvae of most species of Culiseta occur in 
permanent pools and ponds which do not 
dry up in the summer, and most of the Finnish 
species hibernate as adults. C. morsitans hiber-
nates as larva and occurs together with larvae 
of Aedes in spring pools. 

C. alaskaensis (Ludlow) 
In whole country, but rarely found as larva. 
Holartic. 

C. annulata (Sch_rank) 
Recorded in two localities in South Finland. 
Palaearctic. 

C. bergrothi (Edwards) 
In whole country, but rarely found as larva. 
Palaearctic. 

C. morsitans (Theobald) 
Common in South Finland, rare in Central 
Finland. Holartic. 

C. silvestris ochroptera (Peus) 
Larva not found in this country, but one adult 
recorded in South Finland, reported here as 
new to the country. Record data: U, Tammi-
saari r. c., Tvärminne Zool. St., 664:28, 22 — 
23. IV. 1975, 1 female (M. Brummer-Korven-
kontio leg.). Palaearctic. Very similar to C. 
morsitans, for further details see PEUS (1935). 

5. Culex Linnaeus 

Larvae of Culex occur in many kind of pools; 
they are often found in artificial reservoires. 
Hibemation occurs at adult stage, and there 
are two, maybe three generations per year. 

C. pipiens Linnaeus 
C. pipiens pipiens Linnaeus is common in 
South and Central Finland. Holarctic. C. 
pipiens molestus Forskål is an antropophilous 
variety of polyphyletic origin. (see e.g. BARR 
1967), which breeds especially in urban sur-
roundings ; it has been recorded in the larger 
cities of South Finland. See also under C. 
torrentium. 

territans Walker 
Synonym: C. apica/is Adams. Larva not found 
lir Finland, but adult recorded once in South 
Finland. Holartic. 

C. torrentium Martini 
In South and Central Finland. Palaearctic. 
The key charasteristics differentiating the 
larvae of C. torrentium from C. pipiens overlap 
somewhat; hence single specimens cannot be 
identified with certainty. 
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SELOSTUS 

Suomen hyttystoukkien (Diptera, Culicidae) tutkimuskaava 

PIRKKA UTRIO 

Helsingin yliopisto 

Suomen hyttysten IV-asteen toukille esitetään sekä 
suvut että lajit käsittävä tutkimuskaava. Useimmat 
lajit on kuvattu piirroskuvina kotimaisten yksilöiden 

perusteella. Tutkimuskaava sisältää 36 lajia, joista 
Aedes punctodes Dyar ja Culiseta silvestris ochroptera 
(Peus) ilmoitetaan ensi kerran Suomessa tavatuiksi. 

136 



ANNALES AGRICULTURAE FENNIAE, VOL. 15: 137-144 (1976) 
Seria ANIMALIA NOCENTIA N. 89 — Sarja TUHOELÄIMET n:o 89 

CHEMICAL CONTROL OF SUGAR-BEET PESTS IN FINLAND: EFFICIENCY 
AND ECONOMIC RETURN 

ANNA-LIISA VARIS and JORMA RAUTAPÄÄ 

VARIS, A.-L. & RAUTAPÄÄ, J. 1976. Chemical control of sugar-beet pests 
in Finland: efficiency and economic return. Ann. Agric. Fenn. 15: 137 — 
144. (Univ. of Helsinki, Dept. Agric. For. Zool. SF-00710 Helsinki 71, 
Finland). 

Between 1958 and 1973 field experiments were performed at 14 localities in 
southern Finland to study the control of the sugar-beet pests, Lygus ruguli-
pennis Popp., Cbaelocnenta concinna Marsh. and Pegotnya betae Curt. 

When L. rugulipennis and C. concinna were controlled by applying dimethoate, 
formothion and parathion sprays, parathion dust and wettable powder, without 
any prior knowledge of damage likely to he caused by these species, the greatest 
increase in root yield per hectare was obtained with dimethoate (1.7 tons or 
4.3 %). In terms of money, the value of the total yield (root top yield), after 
insecticide costs had been deducted, was 225 Fmk (1 Fmk = 0.25 US $) per 
hectare when dimethoate was used, or about 9 % of the average gross margin 
for sugar-beet in 1972. 

In years when fairly heavy damage was expected and P. betae was controlled 
by dimethoate spray, granulated thionazin and phorate, and trichlorphon 
wettable powder, the greatest increase in root yield per hectare (3.0 tons or 
7.7 %) was obtained with dimethoate. The largest increase in the cash value 
of the total yield per hectare was also obtained with dimethoate (414 Fmk or 
17 % of the average gross margin). When ali three species were controlled 
without knowing the expected damage, the following insecticides were used : 
granulated aldicarb, disulfoton and parathion, dimethoate spray, parathion 
spray or dust followed later by trichlorphon wp treatment. Dimethoate spray 
and phorate increased root yield most (1.9 tons or 7.1 and 7.6 % respectively). 
In terms of money the largest increase in total yield after deducting insecticide 
costs was obtained with dimethoate (283 Fmk or 11 % of average gross margin 
per hectare). 

Index words : sugar-beet pests, chemical control, efficiency, economic return. 

INTRODUCTION 

The pests most harmful to sugar-beet in Fin-
land are L_ygus rugulipennis Popp. (Het.,Miridae), 
Chaetocnema concinna Marsh. (Col., Halticinae) 
and Pegomya betae Curt. (Dipt., Anthomyiidae); 

all these species are common throughout the 
country. The occurrence of these species in 
different years and damage caused by them 
(according to inquiries sent out to advisors) 
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have been reviewed in periodical surveys of 
pests attacking cultivated crops in Finland 
NAPPULA 1965, MARKKULA 1966-1973 a, 
1974). The biology and chemical control of 
L. rugulipennis and the damage done by the 
bug has been studied by VARIS (1959 a, 1971, 
1972), as has the control of P. betae (VARIS 
1959 b). 

L. rugull:pennis injures the sugar-beet seed-
lings in late May and early June, when they 
have just emerged. A short feed of a few 
minutes duration can damage or destroy the 
growing point of a seedling and cause distorted 
growth and multiple crowns. Yield from 
damaged plants is considerably reduced and 
the sugar content is below normal (VARIS 
1972). 

Although capable of injuring young seed-
lings quite seriously in May and early June, 
C. concinna is generally considered less serious 
than L. rugulipennis. 

There are two generations of P. betae per 
year. The first usually lays its eggs about 
mid-June and the larvae attack sugar-beet 
leaves in the second half of June. Larvae of 
the second generation appear in August. In 
Finland, control measures are recommended 
when at least twenty eggs are discovered on 
a plant consisting of an average of five rough 
leaves (VARIS 1966). 

Control measures are usually taken against 
L. rugulipennis and C. concinna in late May, or 
when about 50 % of the seedlings have 
emerged. Plants are usually treated with sprays 
or wettable powders, either once or twice 
with an interval of 5-10 days. If the eggs 
of the first generation of P. betae appear in 
sufficiently large numbers, treatment against 
the larvae may be required around mid-June. 
It is not customary, however, to control 
larvae of the second generation. 

From the late 1950s until the end of the 
'60s, L. ruguk:pennis and C. concinna were most 
commonly controlled by spraying with para-
thion or by dusting with a mixture of parathion 
and DDT. Dimethoate came on the market  

in the early '60s and has been one of the 
most important pesticides used on sugar-beet 
in the present decade. The use of DDT in 
agriculture was discontinued in the autumn 
of 1971. 

Granulated preparations have not been used 
widely in Finland, and seed treatment with 
lindane has been confined to a rather limited 
area in the western part of the country. 

Official tests on insecticides, based on the 
compulsory registration and testing of pesti-
cides (see MARKKULA 1973 b), are carried out 
by the Institute of Pest Investigation of the 
Agricultural Research Centre. Several in-
secticides have been tested in field trials 
located at the Centres' experimental stations 
in various parts of Finland and also in coopera-
tion with the Research Centre for Sugar-
Beet Cultivation on the experimental farms 
of four (until 1970, five) regional beet-sugar 
factories. The aim of the present report is to 
summarize the results of the long-term experi-
ments and to discuss the economic retum 
obtained controlling L. rugult:pennis, C. con-
cinna and P. betae with various pesticides. 

Fig. 1. Experiments were located at the following 
places in southem Finland: Kotka, Anjala, Tikkuri-
la, Hauho, Hyvinkää, Salo, Turenki, Peipohja, Päl-
käne, Ylistaro, Säkylä, Köyliö, Kaarina ja Mietoi-
nen. 
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Inspection of experiments 

In mid-June, at thirming time at the latest, 
30-50 young plants were taken up from each 
plot for investigation. Plants on which the 
growing points had been destroyed were 
regarded as being damaged by L. rugtOpennis 
(see VARIS 1972). Feeding holes made by C. 
concinna were counted. Damage by the P. betae 
larvae was assessed in 1958-1966 by in-
specting ali the leaves of 25 plants per plot 
in late June or early July and estimating the 
damage on a scale of 0-5 (0 = completely 
healthy, 5 = completely destroyed). 

In connection with thirming the most se-
riously damaged seedlings were removed. 
When the seeds had been sown widely spaced, 
this was not always possible. The yield was 
harvested at the normal time. In most experi-
ments both root and top yields were recorded. 

Analyses of results 

To show the annual variation in pest damage, 
observations on each year's untreated plots 
were pooled. To compare economic returns 
of the different control methods, the material 
was divided into three separate groups. The 
first one (Fig. 3) consisted of experiments in 

YIELD INCREASE 

Number 	of 	.Tons /hectare 	Finnish marks 
experiments 6 5 4 3 2 1 	100 300 500 

Parathion 	d 	3 5 

Dimethoate 	s 	6 1 

Formothion 	s 	 6 

Parathion 	s 	2 1 

Parathion 	wp 	1 2 

SYMBOLS: 

Fig. 3. Effect of chemical control of L. rugulipennis 
and C. concinna on the root and top yield, and the cash 
value of yield increase in Finnish marks. 

YIELD INCREASE 

Number of 	Tons /hectare 
en perim en ts 

Dimethoate 	 6 

Thionazin 	g 	 4 

Phorate 	9 	 4 

Trichlorphon 	wp 	1 3 

Fig. 4. Effect of chemical control of P. betae on yield, 
and cash value of yield increase. Symbols are presented 
in Fig. 3. 

YIELD I NCREASE 

Number of 	Tons /hectare 	Finnish marks 
experiments 6 5 4 3 2 1 	100 300 500 

Parathion 	9 

Phorate 

Disulfoton 

Aldicarb 

Dimethoate 

d "P  
Parathionic1. 1 .' r cn 

Fig. 5. Effect of chemical control of L. rugulipennå, 
C. concinna and P. betae on yield, and cash value of 
yield increase. Symbols are presented in Fig. 3. 

which L. rugulipennis and C. concinna were 
controlled wbile P. betae was not. The second 
group (Fig. 4), included tests in which P. 
betae alone was controlled. The third group 
(Fig. 5) comprised the experiments in which 
ali three species were controlled either by 
granulated preparations or by spraying or 
dusting 3-5 times. In these tests the effect 
of granulated preparations was often compared 
whith the effect of sprays and dusts, and the 
future incidence of damage was not known 
beforehand. The results of these experiments 
were used to compare sprayings with parathion 
and dimethoate. 

The cash value of a change in root yield 
as a results of insecticide treatment was cal-
culated on the basis of the price for beets 
paid to farmers in. 1972, 132 Fmk/ton. Price 
differences due to variations in sugar content 
were not taken into consideration. 

Finnish marks 

100 , 390 590 

S+ WP 

9 

39 

4 

5 

11 

17 
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The value of the top yield was calculated as 
follows. According to 1972 fertilizer prices 
the value of tops used for green manure was 
estimated to be about 6 Fmk/ton. When used 
for fodder, one ton of sugar-beet tops gives 
about 450 kg of silage. About 7,5 kg of beet 
tops, used as silage, corresponds to one Scan-
dinavian feed unit (ANON. 1969), and the 
price of one feed unit in 1972 was about 0.40 
Fmk. The top yield of one ton thus converts 
to a value of about 24 Fmk. With the ensiling 
costs estimated at about half the price of tops 
used for fodder, there remains a value for the 
yield of 12 Fmk. It is assumed that half of the  

crop of sugar-beet tops is used for fodder and 
half for manure. The mean, 9 Fmk/ton, has 
therefore been used in this study as the basis 
for top yield calculations. 

Prices for pesticides were obtained from 
commercial catalogues for 1972 and were 
those quoted for the largest retail package 
sold. Prices for pesticides no longer on sale 
in 1972 were estimated by adjusting the last 
known retail price according to subsequent 
general rises in the prices of pesticides. Granu-
lated parathion and thionazin have never had 
a retail price in Finland. 

RESULTS 

Variations in injury in the expergnents 

In.jury caused by L. rugulipennis was most 
severe in the years 1964-1966, 1969, and 
1970 (Fig. 2). In 1965 an average of 41 % of 
the seedlings were damaged, in 1970 33 % 
Least damage was observed in 1963 (8 %) 
and 1968 (6 %). 

The average number of C. concinna feeding 
holes per plant was under 10 in the late 1960's 
but increased considerably in the 70's. The 
worst damage was observed in 1973 (21.5 
holes/plant, Fig. 2). 

Injury by P. betae larvae was quite serious 
in the early '60s with an average score of 
nearly 2 in the 0-5 scale. In 1966 there was 
still considerable injury by larvae (mean 1.0), 
but after 1966 it was slight, even though the 
damage was not recorded in detail. 

Changes in the yield 

When. L. rugulipennis and C. concinna were 
controlled, the root yield was increased most 
by dimethoate sprays (1.7 ± 1.3 tons/hectare; 
4.3 %, Fig. 3) and least by parathion. wp 
(0.4 ± 1.6 tons). The top yield was increased 
most by dimethoate, too (2.3 ± 2.1 tons, 

6.1 %), and least by parathion spray (1.1 ± 
1.0 tons). 

In general, control of P. betae larvae im-
proved the yield more than the treatments 
against L. rugulipennis and C. concinna did (Fig. 
4). The increase in root yield varied from 
2.9 ± 3.6 tons per hectare (= 7.7 %) with 
dimethoate to 1.5 + 1.2 tons with trichlorphon 
wp. The largest change in top yield was 
obtained with granulated phorate (5.3 ± 4.2 
tons, 12.2 %) and even the smallest increase 
was relatively large, 3.3 ± 3.4 tons/hectare, 
with trichlorphon wp. It should be mentioned 
that steps were taken to control P. betae only 
when damage was anticipated on the basis of 
egg counts, while at least one treatment was 
applied in any case to counteract L. ruguli-
pennis and C. concinna at the cotyledon stage in 
the tests presented in Figs. 3 and 5. 

When all three species were controlled (Fig. 
5), the largest root yield increase was achieved 
with dimethoate (2.0 ± 1.7 tons/hectare, 
7.1 %) and the least with aldicarb (0.6 + 
0.4 tons). The difference between dimethoate 
sprays and granulated phorate was negligible. 
Dimethoate sprays caused the largest in-
crease in top yield (4.7 ± 3.5 tons, 16.4 %) 
and aldicarb the least (0.8 + 0.7 tons). 

Experiments, totallin.g18, in which dime- 
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thoate and parathion sprays were compared, 
did not reveal any significant differences. Pre-
liminary analyses den.oted that the increases 
in root yield were not correlated with the 
damage done by L. rugull:pennis and C. concinna 
but that there might be a significant correla-
tion between the yield increase and damage 
caused by P. betae larvae. It is planned to 
publish the detailed analysis later. 

Economic retum on control 

When L. rugulipennis and C. concinna were 
controlled, the largest increase using in the 
combined value of root and top yield, 240 
Fmk/hectare, was obtained using dimethoate 
spray (Fig. 3). The growth in he value of the 
root yield caused by dimethoate was 220 Fmk 
and that of the top yield 20 Fmk. The retail 
price of pesticide used in these experiments 
was about 15 Fmk and thus the net gain 
using dimethoate spraying was about 225 Fmk 
excluding the labour costs involved in treat-
ment. The smallest average increase in the 
value of root and top yield was obtained with 
parathion wp, 63 Fmk. The cost of pesticide 

was 21 Fmk and the net gain thus 42 Fmk/ 
hectare. 

Control of P. betae with dimethoate (Fig. 4) 
improved the total value of the yield by 426 
Fmk, 33 Fmk of which represen.ted the in-
crease in the tops. The price of dimethoate 
used in tests was 12 Fmk and the net gain 
414 Fmk per hectare. Trichlorphon wp in-
creased the yield least, by 232 Fmk, and since 
the insecticide cost 22 Fmk, the net gain was 
210 Fmk. Thionazin and phorate improved 
the yield value by 364 Fmk and 258 Fmk 
correspondingly. The price of phorate is 
estimated to be about 100 Fmk per hectare, 
even though it has not been sold for several 
years. Thionazin has never had a retail price 
in this country. 

When ali three species were controlled, 
dimethoate increased the yield most (by an 
average 301 Fmk/hectare) and aldicarb least 
(86 Fmk/hectare). The other granulated pre-
parations improved the value of the yield as 
follows : phorate 271 Fmk, parathion 212 Fmk 
and disulfoton 197 Fmk per hectare. Com-
bined use of parathion dust and trichlorphone 
wp increased the yield value by 209 Fmk and 
that of parathion spray and trichlorphone wp 
by 145 Fmk/hectare. 

DISCUS SION 

L. rugulipennis is a species relatively difficult to 
control. Even in a short feed the bugs may 
damage a plant seriously and one single bug 
is capable of injuring a large number of plants 
in a short time (see VARIS 1972). Any pesticide 
used against the Lygus bugs would be required 
to retain its protective effect over a period of 
some weeks. C. concinna and P. betae are not 
such a problem as L. rugulipennis in this respect : 
the damage they do, usually develops slowly 
and more time is left to the farmer to make 
his decision on the necessity of chemical 
control. In general, the best result in these 
experiments was achieved with dimethoate 
even though the difference between dimethoate 

and other pesticides, such as parathion dust 
or granulated parathion and phorate, was not 
great. 

The relatively large variation in yield in-
creases achieved by certain pesticides in differ-
ent experiment, which is reflected in large 
standard errors in the mean (see Results 
section), suggests that the test results are 
heterogenous, due, apparently, to the varia-
tions in damage in different years and places, 
and also because in many cases the control 
measures were not as successful as they might 
have been. For example, the mean increase in 
root yield with dimethoate shown in Fig. 3, 
when L. rugulipennis and C. concinna were 

142 



controlled, was 1.7 tons and the standard 
error ± 1.3 tons. The greatest increase in root 
yield with dimethoate, wSen L. rugulipennis 
and C. concinna were controlled, was in one 
particular experiment 4.7 tons/hectare and the 
least was —2.0 tons. 

At present no control recommendations 
based on prognoses are available for L. ruguli-
pennis and C. concinna and the control measures 
usually have to be taken without any prior 
knowledge of what damage may be expected. 
Weather conditions can change rather unex-
pectably and cause changes in the behaviour 
of seedling pests. On the other hand, the 
need for chemical control of P. betae larvae 
can be calculated by simple egg counts and 
there is usually enough time to follow the 
development of injury. Preliminary calcula-
tions based on the material in this Itudy 
showed no significant correlation between the 
degree of injury caused by L. rugult:pennis or 
C. concinna and the effects of chemical control 
on yield. On the other hand, injury caused by 
P. betae larvae seemed to be correlated with 
the yield increases. Evidently, in practice, 
numbers of insecticide treatmens are applied 
nowadays without any significant effect on 
yield, but average yield increases after the 
usual insecticide application s are, however, 
large enough to make the control measures 
worthwhile. 

The costs of insecticides used in these ex-
periments proved to be relatively small com-
pared with average increases in yield. With 
dimethoate the average cost of the insecticide  

in ali experiments was 3-6 % of the cash 
value of yield increases. Labour costs were not 
calculated, but they are generally estimated 
at about 15-20 Fmk/hectare for one treat-
ment. With the insecticides giving the best 
results the gain still remains significant even 
after labour and insecticide costs have been 
deducted from the cash value of yield increase. 
The yield increase caused by some insecticides 
was, however, relatively small and costs of 
treatments higher than with dimethoate, so 
that the financial gain was minute. 

The average gross margin for sugar-beet 
in 1972 was calculated to be about 2.500 
Fmk/hectare before deducting the costs of 
field work (ANON. 1972). In experiments with 
L. rugulipennis and C. concinna, the highest cash 
value of yield increase after deducting the in-
secticide costs was about 9 % of the gross 
margin. In experiments with P. betae the 
corresponding highest percentage figure was 
about 17 % with dimethoate spray, and in 
experiments with ali the three species about 
11%. 
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SELOSTUS 

Sokerijuurikkaan tuholaistorjunnan kannattavuus 
ANNA-LIISA VARIS 

Helsingin yliopisto 

Vuosina 1958-1973 neljällätoista paikkakunnalla 
Etelä- ja Keski-Suomessa tehdyissä sokerijuurikkaan 
tuholaisten torjuntakokeissa vioittivat peltoluteet tai-
mia eniten 1964-1966, 1969 sekä 1970. Vuonna 1965 
oli keskimäärin 41 % kaikista taimista, joita ei käsi-
telty torjunta-aineilla, vioittunut. Juurikaskirppoja oli 
1960-luvulla yleensä vähän, mutta niiden aiheuttamat 
vioitukset lisääntyivät 1970-luvun alussa. Juurikas-
kärpästä sitävastoin oli runsaasti 1960-luvun puoli-
väliin saakka, mutta vuoden 1966 jälkeen on sen tor-
junta ollut tarpeen vain harvoin. 

Kasvit käsiteltiin torjunta-aineilla peltoluteita ja 
samalla kirppoja vastaan silloin kun puolet niistä oli 
taimistunut. Kokeissa, joissa torjuttiin yksinomaan 
juurikaskärpästä, taimet käsiteltiin silloin kun puolet 
toukista oli kuoriutunut ja munien määrän perusteella 
voitiin odottaa kohtalaisen runsasta vioitusta. Ko-
keissa, joissa torjuttiin kaikkia kolmea lajia, oli usein 
tarkoituksena verrata rakeistettujen valmisteiden te-
hoa pölytteiden ja ruiskutteiden tehoon eikä tuholais-
ten ja niiden aiheuttamien vioitusten runsautta voitu 
tietää etukäteen. 

Peltoluteen ja juurikaskirpan torjuntakokeissa lisäsi 
dimetoaattiruiskute sekä juurisatoa (keskimäärin 1.7 
tonnia hehtaaria kohden; 4.3 %) että naattisatoa eni-
ten (2.3 tn; 6.1 %). Vuoden 1972 hintatason mukaan 
oli dimetoaatin aikaansaama juuri- ja naattisadon li-
säyksen raha-arvo keskimäärin 240:— hehtaaria koh-
den. Kokeissa käytetyn dimetoaatin ainekustannus oli 
15: —/ha, joten torjunnan antama lisätuotto ilman 
ruiskutuksen työkustannuksia oli 225:— hehtaaria 
kohden. 

Torjuttaessa juurikaskärpästä lisäsi dimetoaatti juu- 

JORMA RAUTAPÄÄ 

Maatalouden tutkimuskeskus 

risatoa eniten (keskimäärin 3.0 tn/ha; 7.7 %). Suu-
rimman naattisadon lisäyksen aiheutti rakeistettu fo-
raatti (5.3 tn/ha; 12.2 %). Dimetoaatin antaman sadon-
lisäyksen raha-arvo oli keskimäärin 426:— hehtaaria 
kohden ja tuotto, kun ainekustannukset vähennettiin 
tästä, 414:— hehtaaria kohden. 

Kun torjuttiin peltoluteita, juurikaskirppoja ja juu-
rikaskärpästä, lisäsivät dimetoaatti ja foraatti juuri-
satoa jokseenkin saman verran (1.9 tn/ha; 7.1 ja 7.6 %). 
Dimetoaatti lisäsi naattisatoa eniten (4.7 tn/ha; 
16.4 %). Kun torjunta-aineen kustannus vähennettiin 
juuri- ja naattisadon lisäyksen arvosta, oli dimetoaatin 
aikaansaaman sadonlisäyksen rahallinen arvo suurin, 
283: /ha. 

Vuoden 1972 vähittäismyyntihintojen perusteella 
oli ainekustannus ruiskutteilla, ruiskutejauheilla ja 
pölytteillä 12-45: — hehtaaria kohden eli 3-30 % 
eri aineilla saadun sadonlisän raha-arvosta. 

Kun yleensä parhaan tuloksen antaneen torjunta-
aineen, dimetoaatin, ainekustannukset vähennettiin 
sadonlisäyksen raha-arvosta, oli lisäsadon arvo luteita 
ja kirppoja torjuttaessa keskimäärin noin 9 % sokeri-
juurikkaan katetuotosta 1972, juurikaskärpästä tor-
juttaessa 17 % ja kaikkia kolmea lajia torjuttaessa 
11%. 

Torjunnan työkustannuksia ei erikseen selvitetty, 
mutta vuonna 1972 yhden ruiskutuksen arvioitiin 
yleensä maksavan 15-20 mk/ha. 

Vuoden 1972 jälkeen on sokerijuurikkaan perus-
hinta kohonnut huomattavasti kun taas torjunta-
aineiden hinnat ovat pysyneet lähes samoina. Tuho-
laisten torjunta on sen vuoksi tullut kannattavam-
maksi. 
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