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Vilkénd upplysningsman pé vixtskyddsomradet

Bror Tunblad foddes 1907 i Vistergotland. Efter
studentexamen 1 Skara vidtog studier vid Stock-
holms hogskola i botanik, zoologi och geografi,
ddrmed fullftljande tidigt intresse for véxter och
djur i skog och mark. Studierna ledde fram till en
magisterexamen och 1934 anstilldes han vid
Statens Vixtskyddsanstalt. De forsta arbetsupp-
gifterna blev biologisk vérdeprdvning av in-
sektsmedel men snart nog kom upplysningsarbe-
tet att dominera. Vid pensioneringen 1973 var
Bror Tunblad forestdndare for upplysningsavdel-
ningen vid Vixtskyddsanstalten i Solna.

Bror Tunblad var mycket mangsidigt begdvad.
For de mdnga ménniskorna r det nog som forfat-
tare av véixtskyddsbocker for en bredare lasekrets
som han gjort sig kéind varvid han dven utnyttjade
sin goda forméga att illustrera med egna teck-
ningar och akvareller.

Han medverkade dven flitigt i radio och fack-
press med radgivning och upplysning p vixt-
skyddsomrédet. Ménga dr dven de som fattavnjuta
Bror Tunblads engagerade och entusiasmerande
foredrag priglade av djupt kunnande parat med
en stor och bred erfarenhet.

Tyngdpunkten for hans intresse 14g inom in-
sekternas viérld och tridgardsodlingen l4g honom
ndrmast om hjértat, men han spande likvil over
de flesta vixtskyddstragor inom savil tridgirds-
odlingen som jordbruket med en unik bredd. Det

IN MEMORIAM

Bror Tunblad

har avlidit.

biologiska kunnandet forenades med en djup
forstdelse for odlarens praktiska realiteter. Bror
Tunblad var ocks8 ldrare vid Skogs- och Lant-
bruksakademiens och Bergianska tridgérdens
tridgérdsskolor.

Den goda kiinslan for det skrivna ordet kom vl
till pass som redaktor for Vixtskyddsanstaltens
skrifter men dven i engagemanget inom Riksfor-
bundet Svensk Tradgard med tidskriften Hem-
tradgirden vars redaktér och ansvarig utgivare
han var.

Efter pensioneringen var Bror Tunblad under
mdénga ar vl sd aktiv som ldrare och ridgivare ute
1 bygderna och delade med sig av sitt kunnande.
Han kunde dven gliddjas 4t den uppskattning hans
méngédriga och virdefulla girning som upp-
lysningsman ronte i form av bl a att Skogs- och
Lantbruksakademien 1980 tilldelade honom A
W Bergstens pris "for framgéngsrik undervisande
verksamhet” och 1989 tilldelades han Patriotiska
Sillskapets guldmedalj. Vi som hade férménen
att 4 ldra kinna Bror och arbeta tillsammans med
honom minns honom som en god kamrat, alltid
vinlig och beredd att stéllaupp och hjdlpa till och
dértill med ett gott humor och stor entusiasm.
Han delade villigt med sig av sitt stora kunnande.

Goran Kroeker
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Brandkorn i bibeln, stinksot i vetet och Tille.tia i
litteraturen - en kortfattad historik fran svensk horisont

Lennart Johnsson, SLU, Inst. for vixt- och skogsskydd, Box 7044, 750 07 Uppsala

JOHNSSON, 1. 1990. Brandkorn i bibeln, stinksot i vetet och Tilletia i litteraturen - en kortfattad historik

tran svensk horisont. Véxtskyddsnotiser 54:3-4,76-80.

T Gustav Vasas bibel fran & 1541 anvinds ordet "brand" i betydelsen sot for forsta gingen i svenska
spriket. T var senaste bibelversion fran & 1917 anviinds ordparet “"sot och rost" p& fem stillen. I
bibeldversitiningar pé nigra andra europeiska sprik motsvaras det svenska "sot och rost” av bl. a. orde:l
"kornbrann, rust” (N), "kornbrand, rust” (DK), "nokitahkilld, viljanruostella” (SF), "black blight and red”,
REB, (GBR), "blight, mildew", NRSV, (US), "Rost, Mehltau", EU, (D), "rouille, nielle", TOB, (F). De.n
svenska litteraturen rorande vixtsjukdomar dominerades av stinksotuppsatser under 1700-taletoch fram till
ca &r 1830. Detta trots att héstveteodlingen under dessa ar var av mycket blygsam omfattning och inte kan
ha spelat nagon roll for folkforsérjningen. En av flera mgjliga anledningar till stinksotuppsatsernas
dominans kan vara att stinksotet sérskilt drabbade storgodsigarna, som odlade procentuellt mycket mera
vete dn smibonderna, och att det var éverklassen som hade mojlighet att skriva t.ex. i Kungliga Veten-
skapsakademiens Handlingar. Under arens lopp dr det framfor allt uppsatser rorande betningsf(jrs‘d}( som
publicerats. Sedan mitten av 1950-talet har stinksotet varit mer eller mindre forsvunnet frén veteodlingen.

Brandkorn i bibeln

"Jagh plaghadhe idher medh torko och medh
brandkorn” stir det kiirnfullti Amos 4:9 i Gustav
Vasas bibel, 1541 (fig. 1). Pa ytterligare ett stélle
omtalas "brandkornens" forbannelse for mén-
niskorna (Hagg. 2:18).11 Kon. 8:37 och 12 Kron.
6:28 omnimnes "brand". Detta dr forsta gingen
ordet "brand" i betydelsen vixtsjukdom
dokumenterats skriftligt p& svenska (Ordbok 6f-
ver svenska spriket, 1925). Vid valet av "brand"
har de svenska bibeldversittarna under 1500-
talet sannolikt vigletts av Luthers tyska &ver-
sittning 1534 dir samma ord anvints (B.
Albrektson, muntlig information). Karl XII:s bibel
(1703) foljer troget 1541 &rs dversdttning och
orden "brand" och "brandkorn" aterkommer i de
uppriknade bibelstillena.

I kyrkobibeln (1917) har "brand" och "brand-
korn" ersatts med "sot och/eller rost”. Dessutom
har 6versitiningen i 5 Mos. 28:22 #ndrats si att
orden "torrheet och bleekheet" ocksd ersatts med
"sot ochrost". De tva hebreiska ord som anvinds
i grundtexten i de fem omnidmnda bibelstéllena dr
"shiddafon" och "jeraqon". Nir de anvinds om
sjukdom pd sid upptrader de alltid som ett ordpar
ochalltidi samma ordning (B. Albrektson, muntlig
information). I slutet av 1800- och i bérjan av

1900-talet var den internationellt erkdnde
rostspeciatisten Jakob Eriksson tongivande for
vixtpatologin i Sverige (Umaerus, 1988). Det &r
en hindelse som ser ut som en tanke att ordet
"rost” kommer med pé fem stillen i 1917 ars
bibeloversitming. I den kommande bibeldver-
sittningen kommer det i Amos 4:9 formodligen
att std "rost och rota”. Ovriga omnidmnda bibel-
stillen dr d4nnu ej slutgiltigt dversatta (B.
Albrektson, muntlig information).

I Amos 4:9 star deti den norska Bibelen (1978)
"kornbrann og rust”, i den danska Tolvprofet-
bogen (1985) "kornbrand og rust”, i den finska
Pyhi Raamattu (1933) "nokitéhkilld, viljanruo-
stella”, i den engelska The Revised English Bible
(1989) "black blight and red", i den amerikanska
The New Revised Standard Version (1990) "blight
and mildew", i den tyska Einheitsiibersetzung
(1980) "Rost und Mehitau” och i den franska
Traduction (Bcuménique de la Bible (1975) "la
rouille et la nielle”. Motsvarigheten till det sven-
ska ordet sot forekommer salunda i Amos 4:9 i
danska, norska, finska och franska bibeln. Som
synes skiftar terminologin mellan olika linder
under samma tidsperiod liksom den skiftar mellan
olika tidsperioder i samma land.

Figur 1. Amos 4:9. Ur Gustav Vasas bibel 1541. - Amos 4:9. From Gustav Vasa ‘s Bible 1541.
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Stinksot 1 vetet

Fischer & Holton (1957) refererar i sin litteratur-
sammanstdllning att de bibliska uppgifterna om
vixtsjukdomar inte dr mycket att lita p, eftersom
"rost" och "sot" har ftt beteckna flera olika sjuk-
domar. Men vete var det viktigaste sidesslaget i
Palestina under biblisk tid (Uppslagsbok till bi-
beln, 1987) och Scheinpflug och Duben (1988)
refererar att sot pd strdsdd omnimnts i Babylo-
nien rédan 1900 £ Kr., s& det kan mycket vil vara
stinksot (Tilletia caries (DC) Tul.) som dsyftas i
ndgot av de tidigare uppriknade bibelstillena.
Bekdmpningsatgirder mot denna sjukdom om-
talas ocksd under antiken (Buttress & Dennis,
1947). 1 vért land har vete odlats dtminstone
sedan 5000 &r tillbaka. Det forlorade dock sin
stdllning som det viktigast siddesslaget fore den
historiska tidens borjan d& vetearealen minskade
betydligt (Erixon, 1956). Under hela medeltiden
var vetearealen mindre dn 1 procent av den od-
lade &kerarealen (Dahlberg & Johansson, 1947).
I borjan av 1800-talet uppgick arealen hostvete
till ca 12000 ha motsvarande 2 procent av stri-
sddesarealen (Sundbirg, 1901). Hostvetearealens
omfattning under &ren 1866-1989 framgér av
figur 3 dir dven olika matt pa stinksotfrekvensen
under tvd tidsperioder &r inritade. Uppgifterna
som ligger till grund {or figuren #r himtade frin
Historisk statistik for Sverige (1959), Jord-
bruksstatistisk &rsbok (1957-1990), Fritz (1991)
och Johnsson (1991).

Myrdal (1986) konstaterar att det saknas upp-
gifter om svampsjukdomar i de medeltida skrift-
erna. Avsaknaden av skriftliga beligg for att
svampsjukdomar funnits #r sjalvfallet endast be-
vis pd att de skrivkunniga inte ként till eller ansett
det mddan virt att skriva om just dessa problem.
For flertalet bénder i1 Sverige under medeltiden
var sannolikt stinksotet en okénd sjukdom, efter-
som veteodlingen var av sd blygsam omfattning.
Forekomsten av stinksot i veteodlingen okade
sikert allt eftersom odlingsarealen tkade under
arhundradernas lopp. Bekidmpningsrekommenda-
tioner fanns tidigt t.ex. Strand (1741) bekimp-
ning medelst sldckt kalk, Wisstrom (1771) be-
kidmpning medelst grankvistar, Darelli (1805)
bekdmpning medelst tvittning och uppvirmning
och Arrhenius (1862) bekdmpning medelst kop-
parvitriol. Kanske var angreppen svérast i slutet
av 1800-talet innan betning med mer eller mindre
effektiva metoder blev nigorlunda regelbunden.
Anonym (1897) noterar att det nu finns enkla
betningsmetoder for strdsidden och att "Det kom-
mer blott an pd landtmannen sjelf att taga dem i
bruk".

Nilsson-Ehle (1904) ndmmner i sin uppsats "Om
négra af vara vigtigaste viixtsjukdomar och deras
ekonomiska betydelse for landtbruket” ingenting
om stinksotutan anger kloverrota, nematoder och

Figur 2. Veteax angripet av Tilletia caries. Krossade
sotkorn med fria sporer till vinster. - Spike of wheat
infected by Tilletia caries. Crushed bunt balls with free
spores on the left. Foto: K. F. Berggren.

rost som sérskilt viktiga. Att inte stinksot om-
nidmns kan bero pé att betningen dven da var av
sddan omfattning att sjukdomen holls tillbaka
och inte stillde till ndgon stérre skada. Som
jamforelse kan omnimnas att Arrhenius (1862)
skriver att stinksot "dr en mycket allvarlig sjuk-
dom" och att Lindfors & Holmberg (1941) anser
att stinksot dr "en av vara vanligaste och viktig-
aste sjukdomar".

Som en kuriositet kan ocksd omndmnas att
Arrhenius (1862) anger att ordet "brandkorn" #r
ett ldmpligt ord for de gallbildningar som féror-
sakas av vetets frogallnematod (Anguina tritici).
Tullgren (1929) skriver 4 andra sidan att dessa
"pepparkornslika korn" orsakade av frogallnema-
toden "ej sillan forvixlas med s.k. brandkorn"
orsakade av stinksot. Ordet "brandkorn” i Arrhe-
nius foreslagna betydelse har aldrig fatt nigon
anvindning i svenskt sprakbruk (B. Eriksson,
muntlig information).

I tidskriften Lantmannen férekom under &ren
1890-1960 manga artiklar som propagerade fér
att hostveteutsidet ska betas for att halla stink-
sotet under kontroll. For nigra av iren nidmns
dven om att angreppen av stinksot varit allmént
forekommande i vetet under dret och att detta gér
det dnnu viktigare att se till att utsddet betas, t.ex.
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Figur 3. Hostvetearealen under aren 1866-1989 och forekomsten av vanligt stinksot (Til{eria caries) i hostvetet
under perioderna 1926-1960 och 1967-1987. - The area of winter wheat during the period 1866-1989 and the
occurrence of common bunt (Tilletia caries) in the winter wheat during the periods 1926-1960 and 1967-1987 in

Sweden.

x-x-x Vinstra y-axeln: 1000-tal ha hostvete. - Left y-axis: The area of winter wheat in 1 000 of ha.

e e e Hogra y-axeln, 1926-1960: Procent kontrollodlade prov vid Statens Centrala Frékont“rollanstalt med
forekomstav stinksotax (Fritz, 1991). Kandelvis anses dverensstimma med andelen prov med mer én 100T. caries-
sporer/g kirna under perioden 1967-1987. - Right y-axis, 1 926-1960: Per cent s'eed lor; of winter wheat with
occurrence of T. caries spikes examined at the Swedish Seed Testing and Certification Institute (Fritz, 1991).Can
to some extent be regarded as equal to the per cent of samples with more than 100'T. caries sporesl/g wheat in the

period 1967-1987.

0-0-0 Hogra y-axeln, 1967-1987: Procent hostveteprov med mer én 100 7. caries—sporer/g vete (Johnsson, 1991).
- Righty-axis, 1967-1987: Per cent winter wheat samples with more than 100 T. caries spores/g wheat (Johnsson,

1991).

Akerman 1916 och Lindfors 1932. Under &ren
1926-1945 patriffades, som framgér av figur 3,
mycket stinksot i hstveteutsddena som efter-
kontrollodlades vid statens centrala frokontroll-
anstalt (Fritz, 1991). I ca 50 procent av dessa
efterkontrollodlingar férekom stinksotax (fig. 2).
Fritz (1991) visar att stinksotférekomsten i host-
veteutsidena successivi forsvann under perioden
1945-1955. Under de senast tre decennierna har
det vid inventeringar inte gétt att hitta stinksotax
ikonventionellt odlat vete (B. Olofsson, muntlig
information). Det finns #nd4 en latent smitta av
sotsporer i veteskorden, figur 3, (Johnsson, 1991),
som sannolikt si snart tilifdlle ges kan medfora
besvirande angrepp. Betriffande figur 3 kan
tilldggas att andelen prov med angrepp vid
efterkontrollodling under aren 1926-1960 (Fritz,
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1991) och andelen prov med mer 4n 100 sporer/
g kiirna under aren 1967-1987 (Johnsson, 1991)
4r snarlika matt. Johnsson (1979) refererar till tva
killor, som anger att det krédvs minst 5 resp. 8
sporer/vetekirna for att fi angrepp i vetet. Om
1000-kornvikten #r 50 g motsvarar detta 100
resp. 160 sporer/g kirna.

Tilletia i litteraturen

Veteodlingen i Sverige var som omndmnts av
mycket blygsam omfattning dnda in pd 1800-
talet. Detsamma kan didremot inte sigas om an-
talet uppsatser rérande stinksotet i litteraturen i
1700-talets Sverige. Hebbe (1939) redovisar 21
uppsatser rorande vixtsjukdomar varav tmins-
tone 18 handlar om sot. For dren 1801-1850

redovisar Hebbe (1945) 38 uppsatser rérande
véxtsjukdomar varav 12 synes handla om sot.
Detta visar hur uppmirksammat stinksotet var
trots att sjukdomen ur folkf6rsorjningssynpunkt
inte kan ha haft ndgon betydelse, eftersom vete-
arealen var s liten. Efter 1830 4r det slut med
stinksotuppsatsernas dominans i véxtskyddslit-
teraturen. Men varfor skrevs det dd sd mycket om
stinksotet tidigare?

En forklaring kan vara att stinksotet hade sir-
skilt stor betydelse for storgodsigarna, eftersom
deras veteareal var procentuellt mycket storre 4n
sméabdndernas (Erixon, 1956). Det var 6verklas-
sen, som hade tillfille att skrivai Vetenskapsaka-
demiens skrifter. En annan forklaring dr Tillets
epokgdrande arbete (Tillet, 1755), som kan ha
stimulerat intresset och medfort att stinksot blev
pédmodetislutetav 1700-talet. Men & andra sidan
skrev Strand (1741) om sot fore Tillet. Mojligt dr
ocksd att man nu tyckte sig ha fatt sddana be-
kdmpningsmdjligheter att man i ett avseende
kunde styra naturen medan man inte kunde
paverka torka, regn, stringa vintrar mm. Kanske
finns det ocksd ndgon indirekt koppling till Linné
och hans arbeten. Eller var det bara s att man
skrev om sjukdomen for att den var latt att se i
vetefilten?

Det ir bara potatisbladmoglet (Phytophthora
infestans) som pa ett liknande sitt under en be-
grinsad tidsperiod helt dominerat den svenska
vixtskyddslitteraturen, nimligen under 1840-talet
(Hebbe, 1945 och Umaerus, 1988). Orsaken till
denna dominans 4r dock lattare att forstd med
tanke pd bladmogelsvampens hérjningar i bén-
dernas potatisfélt runt om i riket (Sidenbladh,
1908).

I Danmark "indtager omtalen af de klassiske
kornsygdomme brand, iser stinkbrand, ogrusten
markant plads" under 1700-talet (Stapel et al.,
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1976). Stapel etal. (1976) redovisaren tabell Gver
den odlade arealen for olika straséddesslag i Dan-
mark. Av denna tabell framgér att veteodlingen i
Danmark var av liten omfattning i borjan av
1800-talet. Stinksotets uppmérksambhet i littera-
turen och dess betydelse for folkhushallet i Dan-
mark och Sverige var uppenbarligen ganska lik-
artat under 1700-talet.

Flertalet av stinksotuppsatserna under 1900-
talet har behandlat olika betningsmedels effekter
mot svampen, t.ex. Henning (1919), Eriksson
(1922), Lindfors (1931), Andrén (1942, 1954,
1964), Olofsson (1972), Olofsson & Johnsson
(1985). Nagra uppsatser har handlat om stinkso-
tets forekomst i vetet t.ex. von Hofsten (1944),
Hedene (1969), Fritz & Séllvik (1981).

Vetets stinksot i framtiden

Efter &r 2000 kan sotet vara borta frdn den svenska
bibelns spalter men knappast frén de svenska
dkerfdltens vidder. Svampen Tilletia caries
kommer sannolikt att finnas kvar och fa ¢kad
betydelse om sjukdomen inte bekdmpas. Fropa-
tologer, viixtforadlare och utvecklare av bekdmp-
ningsmedel/metoder (biologiska, kemiska eller
fysikaliska) har troligen dven i framtiden en vik-
tig uppgift i att medverka till att sotet, som for-
dom enligt Gamla Testamentet spred fruktan,
halls i schack.
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Bromusmosaikvirus i strasiad

Kerstin Rydén, SLU, Inst. for viixt- och skogsskydd, Box 7044, 75007 UPPSALA

RYDEN, K. 1990. Bromusmosaikvirus i strisid. Véxtskyddsnotiser 54:3-4, 81-85.

Bromusmoksaikvirus (BIMV) har i Sverige pdvisats i unga komplantor med gulgrén strimmosaik pa
bladen. Vid dverforingsforsok med kornjordloppan, Phyllotreta vittula, visade sig denna vara en effektiv
vektor for BrMV. Inverkan av BrMV p4 tillviixt och kiirnskérd hos vete, korn och havre underséktes i
véxthusforsok. Planthdjden var vid axgingen 73-78, 85-87 respektive 80-86 % av hijden hos friska
kontrollplantor. Skoérden reducerades med 50-60, 40-44 respektive 38-43 % hos vete, korn och havre.
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TOHNSSON, L. 1990. Bunt balls in the Bible, common bunt in wheat and Ti/leria in the literature - a short
history from a Swedish viewpoint. Véxtskyddsnotiser 54:3-4, 76-80.

In Gustav Vasa's Bible from 1541 the Swedish word "brand" in the meaning of bunt was used in the
Swedish language for the first time. In our most recent Bible version from 1917, the words "sot och rost”
(bunt and rust) are used in five places (Deut. 28:22, 1 Kgs. 8:37, 2 Chr. 6:28, Amos 4:9 och Hag. 2:18).
In Bible versions in some other European languages, the Swedish "sot och rost” corresponds to e. g.
"kornbrann, rust" (N), "kormbrand, rust" (DK), “nokitéhkilld, viljanruostella” (SF), "black blight and red”,
REB (GBR), "blight, mildew", NRSV (US), "Rost, Mehltau", EU (D), "rouille, nielle”, TOB (F). The
Swedish literature concerning plant diseases was dominated by articles concerning common bunt (Tilletia
caries) during the entire eighteenth century and until about 1830. This was the case in spite of the fact that
such a very small amount of winter wheat was grown during these years that it could not have had any
importance for the Swedish food supply. One of several possible explanations for this dominance of
common bunt articles is that this disease was primarily a problem for the farmers who owned large estates.
They grew more winter wheat calculated as a percentage of their crops than the small farmers and it was
the upper class that had the possibility to write articles in e. g. the papers of the Royal Academy of Science.
From the eighteenth century to present, it is primarily papers concerning seed-treatment experiments that
have been published. Since the middle of the 1950s, common bunt has more or less disappeared from the
wheat crop.

Inledning

Bromusmosaikvirus (BrMV) pavisades forsta
géngen i USA i foderlosta, Bromus inermis, med
mosaiksymptom (McKinney, 1953). Viruset har
ocksd visat sig kunna infektera andra grisarter
och strdsdd. I Finland har man funnit BrtMV i
vete, korn, havre och rig samt i rodven, Agrostis
tenuis, timotej, Phleum pratense, och kvickrot,
Agropyron repens (Bremer, 1973). Till skillnad
frén de flesta virus i strsdd och vallgriis kan
BrMV ocksd infektera tvahjirtbladiga viixter.
Bremer (1973) fick symptom hos bl a
Chenopodium amaranticolor och C. quinoa efter
inokulering med BrMV.

Symptom i strisid orsakade av BrMV utgdrs
av klorotiska streckformade flidckar, som sprider
sig ver bladytan till en gulgron strimmosaik (fig.
1). Mosaiken forsvinner emellertid senare och
vid axglngen ser man, férutom en viss tillvixt-
himning, ofta inga symptom alls.

BrMV forekommer i Europa, USA, Kanada
och Sydafrika. I Sverige rapporterades BrMV
forsta gngen 1989 (Rydén).

Spridning

BrMV sprids mycket ldtt genom mekanisk saft-
Overforing frdn infekterade till friska plantor.
Viruset dr dessutom mycket stabilt och kan
Overleva i torkade vixtrester i manader. Det #r
ddrfor troligt att BrMV tillfilligtvis kan spridas i
vallar vid slatter eller betesgéing. Det finns ocks3
rapporter om andra spridningssitt. Den forsta
gillde spridning med nematoderijorden (Schmidt
et al, 1963; Fritsche, 1975). Senare har s§ vitt
skilda vektorer som skalbaggar (Panarin, 1978;
Proeseler, 1978), bladléss (von Wechmar et al,
1981) och svampsporer (Erasmus et al, 1983)
uppgivits kunna sprida BrMV.

i

Figur 1. Kornblad infekterade med BrMV. T v friskt
blad. - Leaves of barley infected with BrMV. Left: a
healthy leaf. Foto: K.-F. Berggren.
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Bromusmosaik i Sverige :
BrMYV har vid flera tillféllen isolerats i Uppland
frin unga kornplantor med gula strimmor hos
bladen. Symptomen iir inte sérskilt markanta och
kan litt tas for fysiologiska skador beroende pé
viderleks- och jordférhéllanden. Vi vet inte hur
vanligt detta virus #r i landet, da det aldrig gjorts
nigoninventering. De undersokningarbetriffande
BrMV, som hittills utforts i Sverige och som hér
rapporteras, har gallt virusdiagnostik, verféring
med kornjordloppan, Phyllotreta vittula (fig. 2)
och inverkan av BrMV pé skorden hos vete, korn
och havre.

Material och metoder
Foljande virdvixter saftinokulerades mekaniskt
med BrtMV: vete, korn, havre, majs, Chenopodium
amaranticolor och C. quinoa. De bada sist-
nimnda arterna 4r slakt med svinmdllan, C.
album. Vid bestimning av virmeinaktiverings-
temperatur, utspidningspunkt och héllbarhet in
vitro anviindes saft frin infekterade kornplantor
av sorten Tellus. Ett antiserum mot BrtMV erhdlls
genom vinligt tillmotesgéende av Dr R. Gibson,
Rothamsted, England. Vid serumtesten anviindes
geldiffusionsmetoden. .

Kornjordlopporinsamlades i ett kornfiltislutet
av maj med hjilp av en sugapparat, som sedan
anvindes vid alla overflyttningar. Jordlopporna
placerades pd BrMV-infekterade kornblad i en
plastskal med lock. Efter 24 timmar flyttades de
over pd sma kornplantor i krukor, fem jordloppog
per planta. Efter 24 respektive 72 timmar pd
testplantan samlades jordlopporna upp 1 smd
burkar med alkohol for senare siker identifiering
av var och en.

Inverkan av BrMV pé tillvixt och kérnskord
hos vete (Drabant), korn (Tellus) och havre
(Selma) undersoktes i ett viaxthusforsék under

Figur 2. Kornjordloppan, Phyllo-
freta vittula, kan sprida BIMV. -
The barleyflea beetle, Phyllotreta
vittula, can transmit BrMV. Foto:
K.-F. Berggren.

februari-juni 1984. Plantorna odlades i 13 cm
plastkrukor med fem plantor i varje kruka.
Temperaturen i vixthuset 14g mellan 16 °C och
22 °C och plantorna fick under februari-mars en
tillskottsbelysning pa 3-5000]ux under 16 timmar
per dygn.

Plantorna inokulerades mekaniskt genom
saftoverforing tvd respektive fyra veckor efter
sdden, da plantorna hade 2 respektive 4-5 blad.
Forsoket utfordes som blockforsék med tre
upprepningar av varje behandling och slumpvis
fordelning av upprepningarna inom blocket,

Planthojden mdttes efter 12 veckor, di plantorna
befann sig 1 axgang (Zadoks stadium 51-39).

Tabell 1. Overfsring av bromusmosaikvirus med kornjordloppan, Phyllotretavittula. Fem jordloppor per testplanta
(kon). - Table 1. Transmission of brome mosaic virus by the barley flea beetle, Phyllotreta vittula. Five beetles per

test plant (barley).
Experi- Upptagnings- Inokulerings- Antal inf. plantor
ment tid (h) tid (h) per anFal testpvl.
Aquisition Inoculation No. of plants inf.
feeding (I) feeding (h) per no. of testpl.
1 24 24 3/4
2 24 24 4/5
3 24 24 5/6
4 24 24 4/6
5 24 72 8/12
6 24 72 717
Totalt 31/40
82

Forsoket skordades efter 20 veckor och kérn-
skorden bestidmdes. '

Resultat

Reaktionen hos virdvixterna efter inokulering
med BrMYV var foljande:

Vérvete (Drabant)  Stark mosaik, symptomen forsvinner

Korn (Tellus) Stark mosaik, symptomen férsvinner

Havre (Selma) Mild mosaik, symptomen férsvinner

Majs Nekroser, plantan dor (fig. 3)

Chenopodium Nekrotiska flickar, mosaik
amaranticolor

C. quinoa ‘Nekrotiska flackar, mosaik (fig.4)

Virmeinaktiveringstemperaturen 1ag vid 76 °C
och utspddningspunkten vid 10-. Hallbarheten i
rumstemperatur var fyra veckor.

Vid undersdkning av saft frin infekterade
kornplantor i elektronmikroskop fann vi rikligt

med sfdriska partiklar med en diameter pa ca 26
nm. Serologisk undersékning visade att viruset
reagerar starkt positivt med eft antiserum mot
BrMV frin England.

Vid forsok med 6verforing av BrMV med
kornjordloppan visade sig 31 av 40 kornplantor
bli infekterade, nér upptagningstiden pa infekte-
radeblad var 24 timmar och inokuleringstiden p&
friska kornplantor var 24 eller 72 timmar (tab. 1).

Inverkan av BrMV pa tillviixten framgar av
tabell 2. Planthojden hos vete, korn och havre var
78, 87 resp 86 % av hojden pé kontroliplantorna,
da inokuleringen skett tvd veckor efter sddden.
Vid inokulering fyra veckor efter sidden var
motsvarande siffror 73, 85 resp 80 % (fig. 5).

Inverkan av BrMV pd kiirnskérden framgér av
tabell 3. Skorden hos infekterade plantor av vete,
korn och havre var 50, 56 respektive 62 % av
kontrollerna vid inokulering av tva veckor gamla
plantor och 40, 60 respektive 57 % vid inoku-
lering av fyra veckor gamla plantor.

Tabell 2. Planthdjd hos varvete (Drabant), korn (Tellus) och havre (Selma) inokulerade med bromusmosaikvirus
i viixthusforsok. Mitningen gjordes vid axging, 12 veckor efter sddden. - Table 2. Plant height of spring wheat,
¢v Drabant, barley cv Tellus and oats cv Selma inoculated with brome mosaic virus in a greenhouse trial. The
measuring was carried out at ear emergence, 12 weeks after sowing.

Plantornas &lder
Plant age at inoculation

Planthéjd i cm (relativtal) vid inokuleringen
Plant height in cm (relative value)

Vete Korn Havre
Wheat Barley Ouats
Obehandlat 92 (100) 93 (100) 94 (100)
Untreated
2 veckor weeks T2 (78)*kx 81 (87)* 80 (86)*
4 veckor weeks 67 (73ytkws 78 (85)* 75 (80)**

*-#4% = Signifikant skild frin obehandlade kontroller - Significantly different from non inoculated controls

Tabell 3. Kédrnskoérd hos vérvete (Drabant), korn (Tellus) och havre (Selma) inokulerade med bromusmosaikvirus
ivixthusférsok. - Table 3. Kernel yields of spring wheat cv Drabant, barley cv Tellus and oats cv Selma inoculated

with brome mosaic virus in a greenhouse trial.

Plantornas &lder
Plant age at

Kérnskord, g/kruka (relativtal) vid inokuleringen. - Kernel yield, gipot (relative value)

inoculation Vete Korn Havre
Wheat Barley Oats

Obehandlat Untreated 27,8 (100) 25,4 (100) 25,2 (100

2 veckor weeks 13,9 (50)** 14,3 (56)** 15,6 (62)#**

4 veckor weeks 11,2 (40)*#* 15,1 (60)** 14,3 (57)*#*

- = Signifikant skild fran obehandlade kontroller - Significantly different Jfrom non inoculated controls
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Figur 3. Majsplanta infekterad med BrMV. Plantan
nekrotiseras och dér. T h frisk planta. - Maize plant
infected with BrMV. The plant shows lethal necrosis.
Right: healthy plant. Foto: K.-F. Berggren.

Figur 4. Chenopodium quinoa infekterad med BrMY.
T h frisk planta. - Chenopodium quinoa infected with
"BrMY . Right: healthy plant. Foto: K.-F. Berggren.

84

Diskussion

Bromusmosaikvirus dr ett ovanligt virus pd si
sdtt att det tycks kunna spridas med flera frén
varandra skilda grupper av vektorer som nema-
toder, skalbaggar, bladiss och svampsporer.

Nematodoverforing med Xiphinema-arter har
bara pavisats i Tyskland och Gverforing med
bladldss och svampsporer (svartrost) endast i
Sydafrika, som dessutom &r enda land didr man
ocksa kunnat pavisa frosmitta (von Wechmer et
al, 1984).

BrMYV hor emellertid till gruppen bromovirus
och andra virus i denna grupp overfors med
skalbaggar (Fulton et al, 1987). Det ligger dérfor
nira till hands att BrtMV ocks &verfors pa detta
sitt. Proeseler (1978) visade att sidesbladbaggen,
Oulema melanopus, kan 6verfora BtMV och
Panarin (1978) att kornjordloppan, Phyllotreta
vittula och allmidnna strijordloppan,
Chaetocnema aridula, dverfor samma virus. 1
véra forsok visade sig kornjordloppan vara en
effektiv vektor for BrMV. Denna skalbagge
upptrider tidigt pA sommaren och skulle kunna
vara av betydelse for spridningen i de unga vér-
sddesfilten.

BrMV har i viixthusforsok visat sig visentligt
kunna reducera skorden av vete, korn och havre.

Figur 5. Vérvete infekterad med BrMV. T h friska
plantor. - Spring wheat infected with BrMV. Right:
healthy plants. Foto: K.-F. Berggren.

Viruset skulle dirfér kunna utgora en potentiell
fara for strasiddesodlingen. Trots att BrMV fore-
kommer i minga ldnder finns det emellertid fa
rapporter om skordeforluster. Undantag &r
Sovjetunionen, dér stora odlingar i Voronesj-
omradet, norr om Svarta havet, ofta ir infektera-
demed BrMV (Panarin, 1978) och Sydafrika, dir
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Brome mosaic virus (BrMV) has been isolated in Sweden from young barley plants showing symptoms
of yellow-green streak mosaic on the leaves. Transmission experiments with the barley flea beetle,
Phyllotreta virtula, showed that this beetle is an efficient vector of BtMV. The effect of BrMV on the growth
and yield of spring wheat, barley and oats was investigated in a greenhouse trial. The plant height was at
ear emergence 73-78, 85-87 and 80-86 % respectively of the height of healthy controls. The loss of yield

was 50-60, 40-44 and 38-43 % respectively.
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Susceptibility of ryegrass and legume intercrops to

some fungal diseases

Eva Ohlsson, Swedish University of Agricultural Sciences, Dept. of Plant and Forest Protection,

Box 7044, 750 07 Uppsala.

OHLSSON, E. 1990. Susceptibility of ryegrass and legume intercrops to some fungal diseases. Véxt-

skyddsnotiser 54.3-4, 86-97.

Different ryegrass and legume species are considered to have potential value as intercrops used to reduce
nitrogen leaching. However, intercrops susceptible to the same pathogens as the main crops may act as
pathogen reservoirs. Results from greenhouse experiments concerning susceptibility to several fungal
diseases in legume and ryegrass intercrops are presented in this paper. Intercrops tested included species of
Lolium, Trifolium, Medicago, Lotus, Melilotus, Vicia, Lupinus, and Ornithopus. The fungal pathogens tested
were Sclerotinia sclerotiorum, Verticillium dahliae, Fusarium avenaceum, F. culmorum, Aphanomyces
euteiches, Rhynchosporium secalis, and Septoria nodorum. All legumes tested were susceptible to an
isolate of S. sclerotiorum from oilseed rape. All intercrops tested except birds-foot trefoil, Lotus corniculatus,
and Italian ryegrass, Lolium multiflorum, were susceptible to an isolate of V. dahliae from oilseed rape.
Isolates of F. avenaceum and F. culmorum from red clover and oats infected all intercrops tested. None of
the legume intercrops tested was infected by A. euteiches in naturally infested soil. None of the ryegrass
varieties tested was infected by an isolate of R. secalis from barley. All of the ryegrass varieties tested were
susceptible to an isolate of S. nodorum from wheat. Long-term field experiments will be needed to elucidate
the role of intercrops as source of inoculum for pathogens of main crops.

Ryegrass and legume intercrops are of potential
value as catch-crops to reduce nitrogen leaching
from agricultural soils in Sweden. Intercrops are
also grown as green manure and forage, and can
be used to control soil erosion.

Intercrops that share the same pathogens as the
main crops may act as hosts during years when a
susceptible main crop is not grown. When choos-
ing an intercrop the risks for increasing the di-
sease potential and carryover of disease should be
considered. Investigations concerning fungal
pathogens in cropping systems with intercrops
have been initiated at the Department of Plant and
Forest Protection, Swedish University of Agri-
cultural Sciences (SUAS), Uppsala. This paper
presents the results of some preliminary green-
house studies, conducted during 1987-89, con-
cerning the susceptibility of ryegrass and legume
intercrops to some fungal pathogens.

Fungal diseases which are likely to

attack intercrops

Fungal pathogens known or considered likely to
infect legumes in Sweden include Sclerotinia
spp., Fusarium spp., Phoma medicaginis Malbr.
& Roum. var. pinodella (L.K. Jones) Boerema,
Cylindrocarpon destructans (Zins.) Scholten,
Verticillium spp., Pythium spp., Rhizoctonia spp.,
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and Aphanomyces euteiches Drechsler. Patho-
gens considered likely to infect ryegrasses inclu-
de species of Septoria, Rhynchosporium, Fusa-
rium, Bipolaris, Drechslera, Pseudocercospo-
rella, Rhizoctonia, and Cephalosporium
(Olofsson, 1985; Ohlsson, 1988).

Sclerotinia spp. attacks a wide range of crop
plants and weeds. Sclerotinia trifoliorum Erikss.,
S. sclerotiorum (Lib.) de Bary, and S. minor
Jaggar are three such species (Willetts and Wong,
1980). The causal agent of cloverrotisreferred to
as S. trifoliorum and produces apothecia in the
autumn. Although S. trifoliorum can cross infect,
it was only weakly pathogenic to oilseed rape in
experiments conducted by Jellis et al. (1984). S.
sclerotiorum has been regarded as the species
attacking oilseed rape. Sclerotia of S. sclerotio-
rum germinate in the spring or early summer to
produce apothecia. Attacks of S. sclerotiorum
were present on oilseed rape, red clover, lettuce,
and beans in West Germany (Saur and Locher,
1983).

The study reported in this paper was made to
determine the susceptibility of different legume
intercrops to a field isolate of Sclerotinia scle-
rotiorum from oilseed rape.

Verticillium wilt, caused by Verticillium albo-
atrum Rheinke & Berth. and V. dahliae Kleb.,
occurs on a wide range of plants of many genera.

Engelhard (1957) presented a host index for V.
albo-atrum that included V. dahliae. It is not
always evident which species is being reported.
V. dahliae can be distinguished from V. albo-
atrum by the presence of true microsclerotia.

Verticillium wilt caused by V. dahliae is con-
sidered to be the most serious fungal disease of
oilseed rape in southern Sweden (Kroeker, 1976;
Lerenius and Nordin, 1987). Records on Verti-
cillium wilt of clovers are few. V. dahliae was the
predominant fungus isolated from stele cylinders
of taproots of red clover and was associated with
vascular browning of steles although other fungi
were also present (Skipp et al., 1986). Milton and
Isaac (1976) inoculated red clover, white clover,
crimson clover, and alsike clover with isolates of
V.albo-atrum,V.dahliae, and V. tricorpus. Only
white clover was resistant. However, V. dahliae
was isolated from 51 species of plants in 23 fam-
ilies, including white clover (Woolliams, 1966).

The experiments reported in this paper were
made to determine the susceptibility of different
intercrop species to an isolate of V. dahliae from
oilseed rape.

Fusarium avenaceum (Corda ex Fr.) Sacc. and
FE. culmorum (W. G. Sm.) are ubiquitous, soil-
borne fungi with wide host ranges (Booth, 1971;
Smith, 1965; Sprague, 1950). Fusarium spp.
causes rootrot of forage legumes in many parts of
the world (Leathetal., 1971). F. avenaceumis the
mostfrequently found species in Swedish surveys
of root rots of forage legumes (Rufelt, 1979). F.
avenaceum is a serious seedborne pathogen on
subterranean clover, Trifolium subterraneium,
pastures in Victoria, Australia (Kellock, 1972;
McGee and Kellock, 1974). However, further
investigations have shown that a wide range of
different fungi are normally associated with dis-
eased subterranean cloverroots, and no one fungus
reproduces the wide range of field disease symp-
toms observed in different locations (Barbetti et
al., 1986).

Various Fusarium species are pathogens of
cereals and can cause symptoms on any part of the
plant (Bruehl, 1975; Butler, 1961; Couch, 1962).
F. avenaceum is associated with foot and root rot
of cereals, but is considered a weak pathogen on
cereals (Colhoun et al., 1968). However, in other
studies, F. avenaceum has been highly patho-
genic to wheat (Domsch and Gams, 1968). F.
avenaceum was more prevalent in fallow-wheat-
pasture rotations than in fallow-wheat rotations
(Kollmorgen, 1974).

F. culmorum is associated with foot and root
rot, stem disease and head blight of cereals. The
fungus is common on cereals in Sweden and can
cause severe disease, especially in years with
very dry springs (Tunbark, 1986).

The experiments reported in this paper were

performed to study the susceptibility of different
ryegrass and legume intercrops to isolates of
F. avenaceum and F. culmorum.

Aphanomyces euteiches Drechsler is an impor-
tant pathogen on pea, Pisum sativum L. The only
practical control measure against the pathogen is
to use a long rotation.

Species of Lathyrus, Medicago, Melilotus,
Trifolium, Vigna, and Vicia have been reported
susceptible to A. euteiches in pure culture inocu-
lations (Sherwood and Hagedorn, 1961; Stamps,
1978; Papavizas and Ayers, 1974). The fungus
has not been found when these species have been
grown in naturally infected soil. However, there
have been several reports lately of A. euteiches
being associated with root rot on legumes other
than pea. A. euteiches has been recovered from
lucerne (Delwiche et al., 1987). The fungus is a
recognized pathogen on subterranean clover in
Australia (Greenhalgh et al., 1985). A. euteiches
was isolated from faba bean, Vicia faba, seed-
lings grown in infected soil samples (ILamari and
Bernier, 1985).

The experiments presented in this paper were
undertaken to study the susceptibility of different
legume intercrops to A. euteiches, when grown in
naturally infected soil.

Rhynchosporium secalis (Oudem.) J. J. Davis
causes leaf blotch or scald on barley, rye, and
other grasses, especially species of Agropyron,
Bromus,Hordeum, and Lolium (Owen, 1973). The
fungus overwinters on infected barley debris and
volunteer plants. Introduction of intercrops has
renewed interestin determining whetherryegrass
will act as a source of inoculum for barley, and
whether R. secalis will spread from barley to
ryegrass.

Evidence regarding the significance of grasses
as a source of inoculum for barley is conflicting.
Wilkins (1973) reported that symptoms on L.
perenne L. and barley were produced by isolates
from Lolium multiflorum Lam. Isolates of R.
secalis tested by Kay and Owen (1973) were
placed in one of two groups: a) those which
attacked only their original host, and b) those
which attacked barley in addition to their original
host. Kay and Owen (1973) showed that R. se-
calisisolates from Agropyron repens (L..) Nevski
andrye were pathogenic to their original hostand
tobarley. However, all tested isolates from barley
were pathogenic to barley only. Bartels (1928)
infected a number of grasses, including Lolium
spp., with R. secalis isolates from barley. Sara-
sola and Campi (1947) reported that R. secalis
isolates from barley produced symptoms on
species of Agropyron, Festuca, and Elymus but
noton Lolium.

The experiments reported in this paper were
made to determine the susceptibility of different
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cultivars of L. multiflorum and L. perenne to field
isolates of R. secalis from barley.

Septoria nodorum Berk., the imperfect stage of
Leptosphaeria nodorum Miiller, is a pathogen on
wheat and other graminaeous species (Weber,
1922; Holmes and Colhoun,1970). Wheat stub-
ble and leaf debris as well as seeds are important
sources of fungal inoculum. Several studies of the
host range and the variation in virulence of S.
nodorum have been performed to clarify the role
of grass species in the epidemiology of the fungus
(Ao and Griffiths, 1976; Khokbar and Pacumbaba,
1987; Krupinsky, 1986; Rufty etal., 1981; Shearer
and Zadoks, 1972).

A study by Shearer and Zadoks (1972) indica-
ted that Lolium perenne and other grasses may
play a part in the epidemiology of S. nodorum in
the Netherlands. In the same work they were also
able to show that the passage of S. nodorum
through a host may induce some kind of special-
ization in the pathogen. Host-specific isolates of
S. nodorum obtained from grass were found by
Harrower (1977), Holmes and Colhoun (1970),
and Rufty et al. (1981).

The purpose of the present study was to deter-
mine the susceptibility of different Italian and
Englishryegrass varicties to a S. nodorum isolate
from wheat.

Table 1. Plant species and varieties used in the susceptibility tests. - Arter och sorter anvinda i mottaglighets-

Materials and methods

Susceptibility tests were conducted in a green-
house during 1987-1989.

Plant material
The species and varieties mentioned in table 1
were employed.

Supplemental illumination was supplied during
wintertime. A commercial greenhouse soil con-
taining 20 % sand, 30 % clay, and 50 % peat moss
was used for planting. Rhizobium spp. was
present in the soil. Seeds were supplied by the
Department of Crop Production Sciences, SUAS.
Plantpots were placed ina completely randomized
design on benches in the greenhouse. Data were
analyzed with t-tests. Details of the various
susceptibility tests conducted are described below.

Pathogens

Sclerotinia sclerotiorum

An experiment concerning susceptibility in red,
white, subterranean, and Persian clover, black
medic, Iucerne, and serradella to an isolate of
Sclerotinia sclerotiorum from oilseed rape,
Brassica napus L. ssp. oleifera, was conducted.
Isolation, inoculum production, and technique

forsoken.

Species Swedish common name Scientific name Cultivar

Red clover rodklsver Trifolium pratense L. Molly

‘White clover vitklover T. repens L. Milka Nova
Subterranean clover subklover T. subterraneum L. Mount Barker
Persian clover persisk klover T. resupinatum L. Maral
Crimson clover blodklgver T. incarnatum L. Heusers ostsaat
Arrowleaf clover pilbladsklover T. vesiculosum Savi. Yucchi
Berseem clover alexandrine klover T. alexandrinum L. Sacromonte
Lucerne blélusern Medicago sativa L. Vertus

Black medic humlelusern Medicago lupulina L., Virgo Pajbjerg
Birds-foot trefoil kéringtand Lotus corniculatus L.

White sweet clover vit sotvéppling Melilotus albus L.

Common vetch fodervicker Vicia sativa L. Tim 67

Hairy vetch luddvicker Vicia villosa L.

Faba bean dkerbona Vicia faba L. Herz Freya
Yellow lupine gul lupin Lupinus luteus L.

Blue lupine bla lupin L. angustifolius L.

Serradella
English ryegrass
Italian ryegrass

Engelskt rajgris
Italienskt rajgris

Ornithopus sativus Brot.
Lolium perenne L.
Lolium multiflorum L.

Lolium hybridum Hausskn.
(L. perenne x L. multiflorum)

Gunne, Tove,Svea
Imperial, Svita, Bofur,
Fredrik, Tewera,

ZW 42-132

38

for inoculating the plants largely followed the
methods of Price and Colhoun (1975ab).

For half the experiment, inoculum was produ-
ced by inoculating a sterilized mixture of wheat
and barley seeds with mycelial discs from 3-day-
old cultures on MA (3% malt agar). The grain
inoculum was incubated for 10 days in the dark at
22 °C. In the other half of the experiment plants
were inoculated with mycelial discs from 2-week-
old cultures on maltagar. Ten 4-week-old plants
of each species, planted one per pot, were inocu-
lated with two seeds from the grain inoculum,
placed in contact with the stem. Five 4-week-old
plants of each species were inoculated with
mycelial discs. A moistened, sterile piece of
cotton was wrapped around the stem over the
seeds or the mycelial disc and secured with a
piece of polythene. Fifteen controls of each
species were inoculated with uninfected grains or
mycelium- free agar. Inoculated plants were kept
at 17 °C with a 16 h photoperiod for three weeks.

Any symptoms, the presence of sclerotia, and
plant shoot dry weight were recorded when the
experiment was ended. Disease was scored on a
0-3 scale, where O=no infection, 1=distinct stem
lesions, 2=stem rotted, and 3=plant collapsed.
Pieces of plant tissue from lesions and wilted
leaves were plated on MA to reisolate the fungus.

Verticillium dahliae

Three experiments concerning susceptibility of
different intercrop species to a field isolate of
Verticillium dahliae from oilseed rape, Brassica
napus L. var oleifera Metzger, were conducted.
The intercrops tested were red, white, Persian,
subterranean, crimson, arrowleaf, and Berseem
clover, birds-foot trefoil, black medic, lucerne,
white sweet clover, serradella, common and hairy
vetch, yellow and blue lupine, and Italian rye-
grass. Oilseed rape was used as apositive control.

Four-week-old seedlings were planted in
commercial greenhouse soil inoculated with
microsclerotia from infected oilseed rape. The
oilseed rape crop had been grown in a field
heavily infested with V. dahliae. Inoculum was
prepared by grinding dry, infected oilseed rape
stems. The resulting meal was mixed with soil
(3.25 g per liter soil). Controls were planted in
soil without stem meal. Between 4 and 10 repli-
cates per species were used, and one seedling was
planted per pot (12 cm diam.). The plants were
kept at 20 °C with a 16 h photoperiod.

Any external symptoms developing during the
experiment were noted, and the plant tissue was
examined for microsclerotia at the end of the
experiments. The experiments were ended 5-12
weeks after planting in infested soil. Observa-
tions on plant shoot dry weight were made in one
experiment. Isolations were made from stems,

petioles, or leaves, depending on the intercrop
tested. Two sections of each plant were surface
sterilized in 1 % sodium hypochlorite and plated
on PDA (potato dextrose agar) and WA (water
agar). The plates were kept for at least three
weeks at 20 "C and examined regularly under a
dissecting microscope for the presence of the
fungus. In one experiment the presence of the
fungus was confirmed by incubating leaves in a
moist chamber. Recovery of V. dahliae was con-
sidered positive when microsclerotia were detec-
ted together with verticilliate conidiophores.

Fusarium avenaceum and F. culmorum
Susceptibility to Fusarium avenaceum and F.
culmorum inred, white, subterranean, and Persian
clover, birds-foot trefoil, and Italian and English
ryegrass was studied in two root inoculation
experiments and one leaf inoculation experiment.
Barley was included in two experiments. Isolates
of the fungi were identified according to Burgess
and Lidell (1983), Gerlach and Nirenberg (1982),
and Samson and van Reenen-Hoekstra (1988).
Inoculum, derived from naturally infected red
clover and oats, was produced by growing the
fungi for two weeks on oatmeal agar. The fungus
was gently scraped off the plate with sterilized
water and a glass rod. The suspension was filtered
through muslin and diluted to desired concentra-
tions. Inoculum of F. avenaceum had a concen-
tration of 5x 10° conidia per ml and F. culmorum
1x10¢ conidia per ml.

Test plants were grown in multipots (2x2 cm).
After 4 weeks, plants were taken out of the
multipots and the soil-root mass was soaked with
Sml of inoculum. Each plant was then placed in a
separate pot (12 cm diam.), with commercial
greenhouse soil. Controls were soaked with steril-
ized water. In the leaf inoculation experiment, 4-
week-old plants, each in a separate pot, were
sprayed with an atomizer and enclosed in poly-
thene bags for 72 h. Controls were sprayed with
sterilized water. Plants were kept at 20 °C with a
16 h photoperiod. Plants were randomized with
4-8 replicates per species treated.

Plants were examined weekly for symptom
development. The leaf inoculation experiment
was ended after 3 weeks, and leaves, with and
without symptoms, were sampled and incubated
in a moist chamber. Root inoculation experi-
ments were ended after 5 and 6 weeks. Roots
were washed under running tap water and scored
Tor root rot severity on a scale from 0-4 where
(=no symptoms and 4=100 % of the root affected.
A disease index was calculated (Rufelt, 1979).
Shoot dry weight was also determined. Samples
of roots and stem bases were surface sterilized for
1 min in 1 % sodium hypochlorite, plated on
oatmeal agar, and incubated at 20 °C.
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Aphanomyces euteiches ‘

Two experiments concerning susceptibility in
legume intercrop species to Aphanoniyces eutei-
chesinanaturally infected soil were conducted in
a greenhouse during 1988 and 1989. The soil was
obtained from an Uppsala field with a history of
pearootrot. The soil was kept in darkness at4°C
between experiments. Seeds of red, subterra-
nean, and Persian clover, lucerne, black medic,
birds-foot trefoil, yellow lupine, common vetch,
sweet clover, faba bean, and pea were sown in
pots (20 cm diam.) placed in trays. The pots were
watered: once a day for the first 10 days, twice a
day (soil almost saturated) for the following 14
days and once a day for the remaining days of the
experiments.

In the first experiment, controls were sown in
commercial greenhouse soil. In the second expe-
riment, controls were sown in infected field soil
that had been sterilized by autoclaving twice for
1 h at 121 °C. Soil pH was 6.8 in sterilized soil
and 7.2 in unsterilized soil. After emergence, the
seedlings were thinned to 4 per pot. There were 5
replicates per variety, and the pots were kept in
a greenhouse at 20 ‘C with a 16 h photoperiod.

Plant height was measured after 3 weeks and at
the end of the experiment, 5 weeks after sowing,
in the first experiment. Shoot dry weight was
measured in the second experiment. Atthe end of
both experiments root rot severity was rated on a
scale from 0-4, where O=no symptoms and 4=>95
% of the root affected. A root rot severity index
was calculated (Rufelt, 1979). Roots were washed
thoroughly under running tap water, sterilized for
30 s in 1 % sodium hypochlorite, rinsed and
blotted dry, and a 1 cmroot piece from each plant
was plated on selective CMA (10 g Oxoid corn-
meal agar, 10 g Oxoid technical agarno. 3, 5 ppm
benomyl, 25 ppm metalaxyl, 100 ppm streptomy-
cin). The petri dishes were incubated in diffuse
daylight at 20°C and examined for hyphae and
other structures after 2 and 7 days. Squash mounts
ofinfected roottissue were examined for oospores
under a light microscope.

Rhynchosporium secalis
Three experiments concerning susceptibilty to
Rhynchosporiumsecalisinryegrass, Lolium spp.,
were conducted in a greenhouse during 1987-89.
In the first two experiments the following species
and varieties were tested: Lolium perenne cv.
Tove, Svea, Gunne; Lolium multiflorumcv. Impe-
rial, Svita, Bofur, Fredrik, Tewera; and Lolium
hybridum (L. perenne x L. multiflorum). Inthe third
experiment L. perenne cv. Svea and L.
multiflorum cv. Fredrik were tested. Barley was
included as a positive control.

R.secalisisolates from field-grown barley were
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employed in all experiments. Barley leaves with
lesions were kept frozen, and leaves older than 1
year were not used. Surface sterilized leaves with
lesions were plated on LBA (23 g Difco Lima
bean agar, 5 g Oxoid Technical agar no. 3, and 50
mg chloramphenicol) and incubated in darkness
at 17 °C. When the fungus grew out, conidia were
streaked on LBA with a loop, and the cultures
were incubated in darkness for 14-21 days at
17°C. Inoculum was prepared by scraping the
cultures while adding sterilized water. The sus-
pension was filtered through muslin and diluted
to a concentration of 3-4 x 10° conidia per ml.
Inoculum for the third experiment was prepared
by submerging small pieces of surface sterilized,
fresh lesions on barley leaves in sterilized water
for24 hat 17 °C.

Test plants in the first two experiments were
grown singly in 12 cm pots and inoculated 4 (1st
exp.) and 7 (2nd exp.) weeks after planting,
respectively. Ten plants per variety, 5 inoculated
and 5 controls, were employed. In the third expe-
riment 20 seeds of each variety were sown in 10
x 15 cm plastic trays. After 4 weeks, by which
time two leaves had developed per plant, the
second leaf on each plant was stretched out gently
on an L-shaped plastic device submerged in the
plastic pot. The leaves were kept in place by two
cotton strings loosely tied around the plastic
surface and over the leaves. This method enables
the inoculum to stay on the horizontal leaf surface
(Schiller, pers. comm.). Five plants of each vari-
ety were inoculated on the leaf upper surface and
5 were inoculated on the leaf lower surface.

Inoculum was sprayed on the plants with an
atomizer. Control plants were sprayed with steril-
ized water. Afterinoculation, plants were covered
with polythene bags for 48 h. Plants in the first
and second experiment were placed inside a plastic
tent with an air moisturizer that kept the relative
humidity at 95 %. Plants in the third experiment
were kept in polythene bags for one week.

Plants were monitored for symptom develop-
ment for 30 days. At the end of the experiments,
leaves with lesions or dry leaf tips were surface
sterilized, plated on LBA and incubated at 17 °C.
The outgrowing cultures were examined for R.
secalis conidia.

Septoria nodorum

An experiment concerning susceptibility of
ryegrass, Lolium spp., to Septoria nodorum was
conducted during 1987. The following species
and varieties were tested: Lolium perenne cv.
Gunne and Tove; L. multiflorum cv. Svita,
Imperial, Bofur, Fredrik, Tewera, and ZW42-
132. Spring wheat cv. Drabant was used as a posi-
tive control.

Plants were grown singly in 12 ¢cm pots. Pots
were divided in three groups which were inocu-
lated at 3, 7, or 11 weeks after planting. Eight
plants per variety were included in each group, 4
controls and 4 inoculated plants.

Afieldisolate of S. nodorum from winter wheat
was employed. The isolate was propagated on
malt extract agar MEA (50 g Oxoid Malt Extract
Agar and 5 g Oxoid Technical Agar no. 3) and
incubated at 18 “C under 16 h near UV-light. Ino-
culum was obtained by rubbing the sporulating
cultures with a glass rod and sterilized water. The
suspension was filtrated through muslin and the
concentration adjusted, with the aid of a haemo-
cytometer, to 1xX10¢ conidia per ml. Plants were
sprayed with an atomizer till runoff began and
were then covered with a polythene bag for 48 h.
Control plants were sprayed with sterilized water.
After the polythene bags had been removed, the
plants were placed in a plastic tent with a moist-
urizer, keeping the relative humidity at 95 %
during the 8 hnight. The temperature was kept at
18 °C and 16 h of supplemental daylight gave
10 000 lux inside the tent.

Table 2. Susceptibility to Sclerotinia sclerotiorum.
Disease incidence, shoot dry weight and presence of
sclerotia in inoculated stems. - Mottaglighet for S.
sclerotiorum /105 olika baljvéixter. Sjukdomsgradering,
ts och forekomst av sklerotier i stjdlkar.

Inocu- Disease Dry weight  Sclerotia

lated  incidence mean per in stem

Species +or- 0-3scale plant, g +or -
Red clover + 1.6 0.50 +

- 0 0.44 -
‘White clover + 0.6 0.20 +

- 0 0.25 -
Subterranean  + 0.8 0.77 -
clover - 0 0.65 -
Persian clover  + 1.8 0.52 +

- 0 0.54 -
Black medic + 04 0.36 -

- 0 0.43 -
Lucerne + 0.4 0.16%* +

- 0 0.42 -
Serradella + 1.4 0.52 -

- 0 0.62 -

Means significantly different from the control: *#(P<0.01).

Plant reactions were evaluated 10 and 28 days
after inoculation. Three leaves per plant (leaf no.
2) were sampled at random and the percent leaf
necrosis estimated. The leaves were then incuba-
ted in a moist chamber under NUV-light at 18 °C
for 5 days and examined for S. nodorum pycni-
dia.

Results

Sclerotinia sclerotiorum

All species tested were susceptible to the oilseed
rape isolate of S. sclerotiorum (tab. 2). The
fungus wasreisolated from all inoculated species.
Symptoms, i.e. wilted stems and lesions,
developed in plants treated with either of the
inoculum types (grain inoculum and mycelial
discs). Sclerotia, however, were only formed in
stems of plants inoculated with grain inoculum.
Lesions on the stems varied in length from 1 to 30
mm. There were no symptoms in control plants
except for serradella, in which a yellowing of the
treated leaves was observed. Inoculation reduced
shoot dry weight significantly in lucerne.

Table 3. Susceptibility in intercrop species to an isolate
of V. dahliae from oilseed rape. Summary of results
from three experiments; 5, 7, and 12 weeks after
planting in infested soil. - Mottaglighet hos mellan-
grodearter for ett V. dahliae-isolat frcn raps. Resultat
vid avslutning i tre forsok; 5, 7, och 12 veckor efter
plantering i infekterad jord.

No. infected plants/
no. examined plants

Swap.” 7 wap 12w.ap.

Species Exp. 1 Exp.2  Exp.3
Red clover 1/7 8/8 3/4
Persian clover 79 8/8 3/4
Subterranean cl. 3/10 718 2/4
Crimson clover 6/10 - 4/4
Arrowleaf clover 0/5 - 3/4
Berseem clover - - 1/4
White clover - - 1/4
Black medic 0/5 /8 4/4
Lucerne 0/9 - 1/4
Blue lupine - 8/8 4/4
Yellow lupine - - 1/4
Common vetch - 8/8 4/4
Hairy vetch - - 4/4
Birdsfoot- trefoil 0/6 - 0/4
Sweet clover - 0/8 2/4
Serradelia 0/10 - 1/4
Italian ryegrass 0/10 - -
Oilseed rape 9/10 8/8 4/4

* w.a.p. = weeks after planting.
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Figur 1. Microsclerotia of V. dahliae in a cross section
of a serradella petiole. - Mikrosclerotier av V. dahliae
i ett tvdrsnitt av en bladstjdlk frdn serradella.

Verticillium dahliae

Microsclerotia were recovered from all tested
species except birds-foot trefoil and Italian rye-
grass. The highest incidence of infection (100 %)
occurred in blue lupine, common vetch, and hairy
vetch. High incidences (59 % - 95 %) of infection
also occurred in rapeseed, Persian clover, crim-
son clover, red clover and subterranean clover.
Low incidence (7 % - 8 %) occurred in serradella
and lucerne (tab. 3, fig. 1). The fungus was not
recovered from any of the controls.

Most of the plants tested exhibited a slight
chlorosis of the lower leaves or no symptoms at
all. Symptoms appeared after 5 weeks in red
clover, crimson clover, arrowleaf clover, black
medic, and lucerne, and after 7 weeks in Persian
clover, berseem clover, subterranean clover, blue
and yellow lupine, and common and hairy vetch.
Oilseedrape exhibited symptoms after 3-4 weeks,
whereas no disease symptoms were observed in
white clover, serradella, birds-foot trefoil, or sweet
clover. Legume controls exhibited natural sene-
scence from which wilt symptoms were distingu-
ished. Italian ryegrass planted in infested soil
exhibited wilting leaves, which could not be
distinguished from wilting leaves in ryegrass
controls. However, there were significantly more
wilted leaves on plants planted in infested soil.

Wilt symptoms in clovers, black medic, and
lucerne appeared as a yellowing on the lower
leaves from the leaflet edges; subsequently the
leaflet shrivelled and died (fig. 2). Disease symp-
toms in vetches were characterized by a yellow-
ing of the lower leaves; lupine leaves yellowed,
shrivelled and subsequently died.

Inoculation appeared to reduce the shoot dry
weight in most species, but was significant only

92

Figure 2. Verticillium -wilt of red clover. - Kransmdogel
pd rodklover.

in arrowleaf clover, rapeseed, and Italian rye-
grass.

Fusarium avenaceum and F. culmorum
Barley, English and Italian ryegrass, as well as
red and subterranean clover were included in the
leaf inoculation experiment. Leaf symptoms
developed after two weeks in inoculated plants.
In grasses and barley wilted leaves and leaf tops
were observed in both inoculated and control
plants. Controls of subterranean clover and red
clover did not develop any symptoms. Barley
plants inoculated with F. avenaceum developed
small, oblong leaf spots and lesions on their leaf
sheaths. English and Italian ryegrass inoculated
with F. avenaceum developed lesions on their
leaf sheaths. Wilted, dry leaf edges were obser-
ved on subterranean clover inoculated with F.
avenaceum. Red clover inoculated with F.
avenaceum did not develop any symptoms.
Occasional barley and English ryegrass plants
inoculated with F. culmorum developed small,
dark leaf spots on their leaf sheaths. Some red
clover and subterranean clover plants inoculated
with F. culmorum had wilted, dry leaf edges.
Italian ryegrass inoculated with F. culmorum
were symptomless.

Results from the root inoculation experiments
are presented in tables 4, 5, and 6. All species
tested were susceptible to F. avenaceum and F.
culmorum. The fungi were reisolated from all
species tested. F. avenaceum was reisolated from
symptomless inoculated birds-foot trefoil roots.
F. avenaceum was also reisolated from roots of
some control plants of Persian clover, subterra-
nean clover, and birds-foot trefoil.

Table 4. Susceptibility of intercrop species to an isolate of F.
avenaceum fromred clover. Root rot index ( scale 0-100) and
mean shoot dry weight per plant. - Mortaglighet for ett isolat
av F. avenaceum frdn rédkiéver hos olika baljvéxter. Rotré-
teindex (0-100) och ts per planta.

Inoculated Rootrot  Dry weight

Species +or- index g
Red clover + 5.0 2.05 #*
;- 2.5 2.80
White clover + 2.5 1.26
- 0 1.54
Subterranean clover + 5.0 1.96
- 2.5 2.13
Persian clover + 32,5 1.95
- 12.5 2.14
Birds-foot trefoil + 0 1.25
- 0 0.84

Means significantly different from the control: *#*(P<0.01).

Table 5. Susceptibility of intercrop species to an isolate of F.
avenaceum from oats, Root rot index (0-100) and mean shoot
dry weight per plant. - Mortaglighet for ett isolat av F.
avenaceum frdn havre hos olika mellangrédor. Rotréteindex
(0-100) och ts per planta.

Inoculated  Root rot Dry weight
Species +or - index g
Barley + 7.1 0.91
- 7.1 0.84
Ttalian ryegrass + 25.0 0.94
- 12.5 1.02
English ryegrass + 15.0 1.03
- 14.3 0.74
Red clover + 14.3 0.57
- 14.3 0.47
Subterranean
clover + 28.6 0.36
- 312 0.40

Table 6. Susceptibility in intercrop species to an isolate of F.
culmorum from oats. Root rot index (0-100) and mean shoot
dry weightper plant. - Mottaglighet for ett isolat av F. calmorum
Sfrdn havre hos olika mellangrddor. Rotréteindex (0-100) och
ts per planta.

Inoculated Rootrot  Dry weight

Species +or - index g
Barley + 222 0.65
- 7.1 0.84
Italian ryegrass + 25.0 1.32
- 12.5 1.02
English ryegrass + 20.0 0.63
- 14.3 0.74
Red clover + 14.3 0.46
- 14.3 0.47
Subterranean clover + 344 0.34
- 31.2 0.40

Root rot indices were higher in inoculated
plants than in controls, but the differences were
not significant. Most plants were assigned a 0 or
1 ontherootrotseverity scale, giving low rootrot
indices. The stem bases of barley inoculated with
F. culmorum were severely rotted, whereas the
stem bases of the ryegrasses did not develop
symptoms. Reduction in shoot dry weight was
significant only in red clover inoculated with F.
avenaceum from red clover.

Aphanomyces euteiches
Oospores of Aphanomyces euteiches were ob-
served in root tissue of pea plants grown in
infected soil. The fungus was reisolated from root
pieces of pea plated on CMA. Aphanomyces was
notreisolated from any of plant species tested other
than peas. Root rot indices for both experiments
are presented in table 7. Control plants of all
species in Experiment 1 were healthy, whereas in
Experiment 2 controls were more diseased than
treated plants. Nodulation was considerably better
on test plants than on controls grown in sterilized
soil.
Pea control shoots were significantly longer than
pea shoots grown in infected soil in Experiment
1. Differences in plant height in the other plant
species tested were not significant. In Experi-
ment 2, controls of all species grown in sterilized
soil weighed significantly less than treated plants
grown in unsterilized soil.

Fusarium spp. were isolated on CMA from
root pieces of all species tested.

Rhynchosporium secalis

None of the ryegrass species or varieties tested
was infected with the Rhychosporium secalis
isolates from barley. Only the positive control,
barley, developed leaf blotch lesions from which
R.secalis wasreisolated. Dry leaftips, leaf pieces
with diffuse chlorosis, and symptomless leaf
pieces were plated on LBA, butin no case was R.
secalis reisolated from inoculated ryegrass plants.

Septoria nodorum

All species and varieties .inoculated 7 and 11
weeks after planting were infected with the Sep-
toria nodorum isolate from wheat. Pycnidia were
present on senescent parts of leaves from plants
inoculated 7 and 11 weeks after planting. No
ryegrass plants became infected after being ino-
culated 3 weeks after planting, Pycnidia were not
found on controls. Both control and treated rye-
grass plants showed a diffuse necrosis, espe-
cially on the leaf tips: The percent leaf area with
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Table 7. Root rot index for different legume intercrop
species grown in a soil naturally infected with Apha-
nomyces euteiches. In Experiment 1, controls were
grown in greenhouse soil, while in Experiment 2, they
were grown in sterilized field soil. - Rotrdteindex for
olika baljviixter ndr de odlats i jord naturligt infek-
terad med A. euteiches. I Experiment 1 odlades kon-
troller i viixthusjord och i Experiment 2 i steriliserad
dkerjord.

Root rot index
Experiment 2

Species Root rot index
Experiment 1

Pea 71 65
control 0 74
Red clover 6 6
control 0 33
Subterranean clover 6 15
control 0 25
Persian clover - 0
control - 32
Black medic 0 0
control 0 65
Lucerne 38 -
control 0 -
Birds-foot trefoil 0 -
control 0 -
White sweet clover 44 -
control 0 -
Yellow Jupine 56 -
control 0 -
Common vetch 36 -
control 0 -
Faba bean - 47
control - 47

necrosis in the ryegrasses 28 days after inocula-
tion varied between 17 % and 25 % in inoculated
plants and between 8§ % and 17 % in controls, but
there were no significant differences within or
between varieties.

Discussion

The results demonstrate that all seven legume
species tested were susceptible to the Sclerotinia
sclerotiorum isolate from oilseed rape. These
results are not surprising since the host range of S.
sclerotiorum includes at least 383 species in 64
families (Purdy, 1979). In this experiment (tab.
1), Persian clover and red clover were the most
susceptible species. However, isolates of S.
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sclerotiorwm differ in the extent to which they
attack a particular host species (Price and Col-
houn, 1975a,b). And since only one isolate was
employed in this experiment, the relative suscep-
tibilities of the various species could not be deter-
mind. In cross inoculation experiments carried
out by Held and Haenseler (1953), S. sclerotio-
rum killed lucerne, whereas it only produced a
mild infection on red clover.

Because legume intercrops can be infected by
S. sclerotiorum, they probably act as a reservoir
of the fungus during years when Sclerotinia-
susceptible crops are not grown. Long-term field
studies would be needed to determine whether
this reservoir could be of significance in a crop-
ping system with intercrops.

The results indicate that birds-foot trefoil and
Italian ryegrass were resistant to the isolate of
Verticillium dahliae from oilseed rape. However,
freedom from observable symptoms in the above-
ground parts of the plants may not be a reliable
criterion. Microsclerotia were found in the root
systems of graminaceous species in infection
studies carried out by Krikun and Bernier (1987).
Of the other species tested, Persian and crimson
clover, blue lupine, and common and hairy vetch
proved very susceptible to the fungus. Results
obtained in these experiments and from those
obtained by others (Milton and Isaac, 1976;
Roberts, 1963; Woolliams, 1966) suggest that all
susceptible species can serve as hosts of the
fungus and could be important reservoirs of in-
fection in Verticillium-wilt areas.

The results from the inoculation tests with
Fusarium avenaceum and F. culmorum demon-
strate that all intercrop species tested were
susceptible to the fungi. Both roots and leaves
were infected inmost species. Symptoms resulting
from leaf inoculation with F. avenaceum and F.
culmorumdiffered, depending on the plant species
inoculated.

Persian clover, tested in one root inoculation
experiment, was quite susceptible to the F.
avenaceum isolate from red clover (tab. 4). Sub-
terranean clover seemed to be more susceptible to
F.avenaceumand F. culmorumisolates from oats
than to the F. avenaceum isolate from red clover
(tab. 4, 5, and 6). However, a seedborne F.
avenaceum was isolated from controls of Persian
and subterranean clover and probably interfered
with the results.

The results of these experiments are in accor-
dance with previous reports documenting the
wide host ranges of the Fusarium species (Booth,
1971). It remains to be determined whether
susceptibility to F. avenaceum and F. culmorum
will be of importance when growing intercrop
species. The Fusaria belong to a group of
soilborne fungi which, in the saprophytic mode,

can increase only modestly in biomass, but
nevertheless, adequately maintain inoculum
potential (Mitchell, 1979).

None of the intercrop species tested was
susceptible to Aphanomyces euteiches when
grown in naturally infested soil. Only the positive
control, pea, was infected by the fungus in these
experiments. As seen in table 7, some of the
species tested had quite high root-index scores.
Fusarium spp. were isolated from both test plants
and controls and the high root-index scores can
probably be attributed to Fusarium spp. and
perhaps other fungi. In Experiment 2, controls
had higher scores than test plants. In the sterilized
soil, the fungi borne on the seeds probably had a
favourable environment to develop in.

As mentioned earlier, several of the species
tested were found to be susceptible to A. euteiches
in pure culture inoculations (Sherwood and
Hagedorn, 1962; Papavizas and Ayers, 1974).
Conditions in natural soil are probably less favor-
able for infection, which can perhaps account for
the susceptibility results presented in this paper.
There are different physiologic races within A.
euteiches (Sundheim and Wiggen, 1972). In the
experiments presented here, soil from only one
field was used, and it is possible that the results of
A. euteiches susceptibility tests in soil from other
Swedish pea fields would have been different .

Previous reports indicate that Aphanomyces-
isolates from pea were severely to moderately
aggressive on lucerne, black medic, sweet clover,
and common vetch, while being less aggressive
onred clover, white clover, and birds-foot trefoil
(Sherwood and Hagedorn, 1962). Delwiche et al.
(1987) found that lucerne was more susceptible
than other forage species to A. euteiches isolates
from lucerne, although sweet clover was more
susceptible than red clover, white clover, and
birds-foot trefoil. The latter three forage species
were concluded to be poor hosts for A. euteiches.
Isolates from lucerne were also more aggressive
on lucerne than on pea. Salt and Delaney (1985)
distinguished two biological races of A.
euteiches, one from pea and one from faba bean.
The pea isolate caused severe root rot in pea but
none in faba bean, whereas the faba bean isolate
severely rotted faba bean roots but was not
pathogenic to pea. The pea isolate also attacked
lupin mildly, and the faba bean isolate attacked
Phaseolus moderately. Both isolates mildly
attacked lucerne, and neither caused any root rot
in red or white clover.

Legume intercrops can probably, under favora-
ble conditions, be infected by anumber of physio-
logicraces of A. euteiches. Therefore it is prudent
to regard all legume species as the same crop
evaluating the disease risks associated with
different crop rotations.

The cultivars of English and Italian ryegrass
tested were not susceptible to barley isolates of
Rhynchosporium secalis. Theseresults agree with
earlier reports in which R. secalis isolates from
barley were pathogenic only to barley (Kay and
Owen, 1973; Sarasola and Campi, 1947). These
findings infer that ryegrasses are of little poten-
tial importance as a source of inoculum for barley.
However, isolates of R. secalis have been
encountered on Lolivm multiflorum and have
proven pathogenic to barley (Kay and Owen,
1973; Wilkins, 1973). Therefore it is necessary to
investigate the cropping systems in field trials to
elucidate the role of ryegrasses in the epidemio-
logy of R. secalis.

All varieties of Italian and English ryegrass
tested were susceptible to Septoria nodorum from
wheat.These findings are in agreement with pre-
vious reports by Weber (1922), Shearer and
Zadoks (1972), Williams and Jones (1973), and
Harrower (1977). Differences between varieties
in susceptibility to the fungus were not disting-
uished.

The ryegrass plants were readily infected when
inoculated 7 and 11 weeks after planting, but not
wheninoculated 3 weeks after planting. This isin
accordance with the findings of Sharma and Brown
(1983) who found that older wheat and barley
plants were more susceptible to S. nodorum than
younger ones. Symptoms on ryegrasses were
very diffuse, and pycnidia were only produced in
the senescent parts of the leaves. This agrees with
the symptom findings of Williams and Jones
(1973) and Shearer and Zadoks (1972). However,
in the latter study, S. nodorum produced distinct
lesions on L. multiflorum when inoculated under
field conditions.

Therole of ryegrasses in the epidemiology of §.
nodorum is not yet known. However, since rye-
grasses are susceptible to S. nodorum from wheat
they probably act as a source of inoculum.

The results of the susceptibility tests conducted
in a greenhouse demonstrate that several fungal
diseases of commercial crops also infect inter-
crop species. This suggests that intercrops may
act as alternative hosts for the pathogen, hereby
also acting reservoirs of infection. However, it is
necessary to study the intercrops and the patho-
gens in cropping system field trials. Dimond and
Horsefall (1965) stated that the ability of a patho-
gen to infect its host is influenced by the amount
and virulence of the inoculum, the environment,
and the susceptibility of the host. The fact that an
intercrop species is susceptible to a fungus in
greenhouse tests where the conditions are opti-
mal for the fungus does not necessarily mean that
the intercrop will be infected in a cropping system
under natural conditions.
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Olika rajgris- och baljvéxtarter foreslds att anviindas som mellangrédor for att minska utlakningen av
kvive frin jordbruksmark. Mellangrédor, som dr mottagliga for samma skadeg6rare som huvudgrédorna,
kan troligen fungera som mellanvirdar for skadegorarna, I uppsatsen redovisas resultat frdn undersdkningar
rérande mottaglighet hos rajgris- och baljvixtmellangrodor for olika skadesvampar, Undersdkningarna
genomfordes i vixthus och véxterna har antingen inokulerats med sporsuspensioner eller sétts i infekterad

jord.

Bland de mellangrodor som undersoktes fanns arter av Lolium, Trifolium, Medicago, Lotus, Melilotus,
Vicia, Lupinus och Ornithopus. Skadesvamparna som testades var Sclerotinia sclerotiorum, Verticillium
dahliae, Fusarium avenaceum, F. culmorum, Aphanomyces euteiches, Rliynchosporium secalis och Sep-
toria nodorum. Alla undersokta baljvixter var mottagliga for ett isolat av S. sclerotiorum frén raps. Alla
undersokta mellangrodearter utom kéringtand, Lotus corniculatus, ochitaliensktrajgrés, Loliummultiflorum,
var mottagliga for ettisolat av V. dahliae frinraps. Isolat av F. avenaceunt och F. culmorum frin rodklover
och havre infekterade alla de undersokta klover och rajgrisarterna. Ingen av baljvixtmellangrédorna var
mottagliga for A. euteiches nir de odlades i naturligt infekterad jord i vixthus. Ingen av rajgrissorterna
infekterades av R. secalis isolat frdn korn. Alla rajgrissorterna var mottagliga for S. nodorum fran vete.

Léngliggande faltforsok behovs for att klargdra mellangrédors betydelse som mellanvirdar for skade-

svampar som angriper huvudgrédor.
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The influence of intercrops and various soil cultivation methods on fungal pathogens was studied in five
field trials during 1987-1989. Results concerning the incidence of fungal pathogens on the main crops
(barley, oats and rye) and on the intercrops (ryegrass, red clover and white mustard) are presented. No
significant differences were found between any of the treatments.

A field experiment was established in 1988 to study the development of Septoria nodorum in spring wheat
sown after an artificially infected Italian ryegrass intercrop. There was no evidence to indicate that the
ryegrass acted as a bridge for the disease. However, the dry conditions during 1988, which were
unfavourable for disease development, could have influenced the results.

A field experiment established in 1989 was designed to determine whether intercrops can act as physical
barriers to dispersal of Drechislera teres spores in a barley crop. No evidence was found to support this

hypothesis.

Growing intercrops has been suggested as a
possible measure for diminishing the leaching of
nitrogen from agricultural soils. The intercrop, in
this sense also called catch crop, may either be
undersown into the main crop in spring or sown
immediately after the harvest of the main crop in
autumn. The intercrop should be ploughed down
in late autumn or the following spring, before
sowing the main crop and the next intercrop.
Different species can be used as intercrops, e.g.
grasses, forage legumes, and oilseed crops.

Intercrops can influence the disease and pest
situation in a cropping system in various ways,
e.g. by

» changing the crop microclimate

e acting as an intermediate host for pathogens

e acting as a nutritional substrate and a physical

refuge for predators and natural enemies and
vectors of the pathogens.

Other pest and disease problems can also arise
when direct drilling is used in cropping systems
with intercrops (Olofsson, 1985). Increases in
leafblotch, Riynchosporium secalis (Oudem.)J.J.
Davis, and Septoria diseases have been noted in
nonplough systems, where infected debris are left
on the soil surface (Yarham and Hirst, 1975).

Intercrops susceptible to the same pathogens
as the main crop can act as intermediate hosts.
Many pathogens are plurivorous and may survive
on several hosts. In Sweden the life cycles of
several pathogens are interrupted and they con-
sequently have difficulties in surviving from one
season to another when hosts are absent during
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winter. If intercrops that have pathogens in com-
mon with the main crop are introduced in the
cropping system, they may serve as bridges for
disease. Such intercrops can also increase the
inoculum potential. The susceptibility of various
intercrop species to different fungal pathogens
has been evaluated in greenhouse experiments at
the Department of Plant and Forest Protection,
Swedish University of Agricultural Sciences
(SUAS) (Ohlsson, 1990).

The microclimate within the crop influences
the reproduction, dispersion, and establishment
of many plant pathogens. Spore production lar-
gely depends on the humidity on the soil surface
and in the lower layers of the canopy. An inter-
crop, which alters plant density, might therefore
increase humidity in the lower canopy and pro-
long the humid periods. Diseases e.g. eyespot,
Pseudocercosporella herpotrichoides (Fron)
Deighton, and take-all, Gaeumannomyces
graminis (Sacc.) v. Arx & Olivier, might be
promoted by introducing an intercrop into the
cropping system. On the other hand, an intercrop
might function as a physical barrier, arresting
spores spreading upwards in the canopy from
plant debris on the soil surface. Experiments
concerning spatial development of two splash
dispersed pathogens, Seproria nodorum (Berk.)
Berk. and R. secalis, have been performed by
Jegeretal. (1983).

Intercrops may also have abeneficial influence
on the disease situation, since the dry matter
ploughed in can stimulate the development of

microorganisms in the soil. They might also have
a beneficial impact on soil structure by adding
organic material. It has also been claimed that
mixed plant stands suffer less from disease than
pure stands (Burdon, 1978).

Studies concerning plant pathology in crop-
ping systems with intercrops were initiated at the
Department of Plantand Forest Protection, SUAS,
in 1987. This paper presents observations of
disease occurence infield trials with intercropping.
These field trials were established by other
departments at SUAS to study leaching,
establishment, soil cultivation methods, weed
competition, etc. Results from model field
experiments designed to study intercrops and
fungal pathogens are also presented in this paper.
One field experiment concerns the development
of Septoria nodorum in spring wheat, Triticum
aestivum L., sown after an infected ryegrass,
Lolium multiflorum L., intercrop. The other field
experiment was established to evaluate the
potential for using an intercrop to act as a physical
barrier for Drechslera teres (Sacc.) Shoem.
spores in a barley crop.

Materials and methods

Field trials with intercrops and
soil cultivation

Localities and trial plans

Twofieldtrials (R2-4023) with intercrops (catch-
crops) and different soil cultivation methods were
established in 1987 by the Dept. of Soil Sciences,
SUAS. The field trials were located in southern
Sweden at Meliby, about 5 km southwest of
Laholm, and at Lénnstorp, about 10 km north of
Malmé. Plots in the experimental fields have
individual drainage systems and leaching is mea-
sured. The soil type in the trial fields is a sandy
loam. The intercrops evaluated were red clover,
Trifolium repens L., Ttalian ryegrass, Lolium
multiflorum L., and white mustard, Sinapis alba
L. The cultivation methods used were ploughing
inlate autumn (AP) and ploughing in spring (SP).
The clay content of the Lonnstorp soil is 20 %,
and because spring ploughing is not convenient,
direct drilling (DD) was used instead.

The experiments were arranged in four blocks
inasplit plotdesign with cultivation treatments in
the main plots and intercrops in the subplots. In
all there were 32 plots, 18 m x 8 m. Their ends
were separated by 10 m, their sides were con-
tiguous. The main crop was rotated between
years but remained the same over the experimen-
tal area within years, In 1987 the main crop at
Mellby was rye, Secale cereale L., and at Lénns-
torp it was oats, Avena sativa L. The maincropin
1988 was barley, Hordeum vulgare L., and in 1989

oats was grown on both trial locations. All main
crops except rye were sown in spring. The
intercrops were not rotated; they were sownin the
same plot every year. Red clover and ryegrass
were sown at the same time as the main crop or
sown into the rye. White mustard was sown after
harvesting the main crop in autumn.

Three field trials (R4-3701-03) with red clover
and ryegrass as intercrops and different soil culti-
vation and sowing methods were established by
the Dept. of Crop Production Science, SUAS, in
1988. They were located at Ultuna (R4-3701), 5
km south of Uppsala; Tonnersa (R4-3702), near
Laholm; and Skillinge, near Simrishamn in south-
east Sweden, The soil types are clay loam in
Ultuna and sandy loam in Tonnersa and Skillinge.
The field trials were arranged in two blocks in a 3-
factorial design with the main crop in the main
plots, soil cultivation/sowing in the subplots and
intercropsinthe subsub plots. Since 1989 half the
area of the experimental plots has been weed
controlled with herbicides and the other half has
been leftuntreated. The disease assessments were
made in weed controlled parts only. In all there
are 64 plots, which are 20 m x 6 m at Ultuna and
Tonnersa and 24 m x 8 m at Skillinge. Their ends
were separated by 10 m, but their sides were
contiguous.

Rotation of the main crop in the main plots was
as follows: turniprape, Brassica campestrisL. ssp.
rapifera Metzger, winter rye, oats, and barley.
The intercrops red clover and Italian ryegrass
were sown in spring into the winter rye, at the
same time as barley and oats were sown. No inter-
crop was sown in turnip rape. The soil cultivation
and sowing methods were: a) late autumn plough-
ing (AP); b) spring ploughing (SP) or rotary
cultivation (SR); ¢) intercrop killed with chemi-
cals (Roundup 5 I/ha) in spring followed by direct
drilling (DD). The distance between rows was
11-13 cm with conventional sowing and 24 cm
with direct drilling. For every main crop there
was a plot with conventional autumn ploughing
drilled plots. Plots without intercrops and
studies were made in spring sown and direct
without an intercrop.

Crop sampling and disease assessment

The field trials were visited 2 - 3 times per year.
The first visit was generally around GS (Growth
Stage) 37, according to the DC-code (Zadoks et
al.,, 1974), in barley and oats and the second
around GS 75 in barley and oats. The third visit
was in autumn (October) after the harvest of the
main crops. Each visit was begun by obtaining a
general visual overview of the disease situation
inthe main crops and intercrops. Further observa-
tions were made if disease was prevalent. Notall
plots were sampled. Especially detailed disease
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conventionally autumn ploughed were used as
control. ‘

Discase severity and the degree of senescence
on leaves of rye, barley, and oats were assessed
using standard scales to estimate the percentage
of leaf areaaffected on 20 shoots per plot (Olofsson
and Qvarnstrém, 1986). The number of leaf
levels assessed depended on the disease pre-
valence. Leaf no. I is the flag leaf. Eyespot and
discoloured stem bases were recorded as absent,
slight or severe in rye and barley.

In autumn 5 - 10 intercrop plants per plot were
sampled and examined for root rot symptoms of
fungal pathogens. Plants were dug up and trans-
ported to the laboratory where they were kept
deep frozen till the root rot assessment. Roots
were washed under running tap water, and root
symptoms were assessed on a scale from 0-4,
where O=no symptoms and 4=>95 % of the root
discoloured. A disease index, ranging from O-
100, was formed based on the classification sug-
gested by Rufelt (1979). Ryegrass plants were
also assessed for leaf symptoms. Samples of
clover and ryegrass roots were surface sterilized
and incubated in a moist chamber at 20 °C. Leaf
lesions on ryegrasses were also incubated. The
mycoflora was reisolated on agar media and
identified.

Septoria nodorum in subsequent spring wheat
A model field experiment was established in
1988 to assess the influence of infected ryegrass
on the development of Septoria nodorum in a
subsequent spring wheat crop. Italian ryegrass
cv. Fredrik was undersown (20 kg per ha) in oats
and inoculated with S. nodorum from wheat.
Spring wheat was sown the following year, and
disease incidence was assessed in this crop.

The treatments (entries) were: a) ryegrass in a
pure stand inoculated with S. nodorum; b) oats in
pure stand, notinoculated; ¢) ryegrass undersown
in oats, not inoculated; d) ryegrass undersown in
oats infected with S. nodorum. We used a rando-
mized, complete block design with three replica-
tes per treatment and the experimental field,
located at Ultuna, Uppsala, was fertilized with 40
kg N per hain 1988. Plots, 5m x 5m, were sepa-
rated on all sides by 5 m of barrier crop. In spring
1988 oilseed rape was sown as a barrier crop, and
in autumn, after this crop was harvested, winter
rye was Sown.

Cultures of S. nodorum, grown on MEA (malt
extract agar), were used to prepare suspensions
containing 1 x 10° spores per ml. The suspensions
were applied 3 times during the summer and
twice during autumn. Summertime inoculations
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were made between 21.00 h and 22.00 h in hamid
conditions; inoculations in autumn were made
during daytime in humid and cloudy conditions.
In addition, at the end of July three mature
ryegrass plants per plot, previously infected with
S. nodorum in a greenhouse, were planted in the
infected plots.

The oat crop was harvested in late August, and
the straw was removed. Ryegrass was left to grow
during autumn. The winter of 1988/39 was mild,
and the Italian ryegrass was not killed by frost. In
spring the ryegrass was killed with diquat. The
experimental field was then rotary cultivated,
leaving debris on the soil surface. Spring wheat
cv. Drabant was sown in all the plots, and the
experimental field was fertilized with 100 kg N,
28 kg P, and 52 kg K per ha.

During the first year, samples of ryegrass were
taken regularly and observed for symptoms of S.
nodorum infection. During the second year the
spring wheat was observed weekly for symptom
development. Ryegrass or wheat leaves with
symptoms were incubated in a moist chamber
under NUV-light at 18 °C and examined for S.
nodorum pycnidia.

Intercrops as physical barriers
Afield experiment designed to evaluate the use of
an intercrop as a physical barrier for spread of
Drechslera teres in a barley crop was performed
in 1989. The trial was located at Kungsingen,
Uppsala, on a clay loam. The intercrops Italian
ryegrass cv. Fredrik (20 kg per ha), subterranean
clover, Trifolium subterraneum L., cv. Mount
Barker (20 kg per ha), and oilseed rape, Brassica
napus L. ssp. oleifera Metzger were undersown
in spring barley cv, Golf naturally infested with
D. teres.

Barley was sown in a north-south direction in
5 mx 1.75 mplots. The intercrops were sown into
the barley in a east-west directionin Smx S m
plots. The barley plots were separated by 5 m
along their sides and by 3 m at their ends. The
control plot consisted of barley without an inter-
crop, 4 reatments (entries) replicated four times
in a randomized, complete block design. The
field trial was monitored regularly from emer-
gence to harvest. Observations on plant density
and incidence of primary symptoms of D. teres
were made. Disease incidence on leaves of 20
barley plants per plot were assessed using standard
scales (Olofsson and Qvarnstrém, 1986) three
times during the summer.

Disease frequency data from all trials were
analyzed with a SAS Duncan’s Multiple Range
Test program.

Results ,
Diseases in field trials with intercrops,

1987- 1989

1987.

In general the rainy summer of 1987 promoted
the spread of several fungal diseases of crops in
the country. However, disease incidence in the
intercrop trials at Mellby and Lonnstorp was low.
The percentage of leaf area attacked by leaf spot,
Drechslera avenae (Eidam) Scharif, on oats at
Lonnstorp was 1 -3 %. Disease incidence onrye,
the main crop at Mellby, is shown in table 1. In
addition to leaf blotch, Rhynchosporium secalis,
and powdery mildew, Erysiphe graminis, there
were occasional plants attacked by eyespot,
Pseudocercosporella herpotrichoides, and later
in the season there were considerable attacks of
leaf rust, Puccinia recondita Rob. ex Desm., in
the rye.

The rye lodged early in the season, which
causedthe cloverand theryegrass to grow through,
thereby making the harvest difficult. White
mustard was sown after the harvest in mid-Octo-
ber, both at Mellby and Lonnstorp. It didnot grow
well, owing to the cold weather and the short
period before winter. Sampled mustard plants
had healthy roots. Intercrops at Mellby were well
established, but at Lonnstorp the plant stand was
thinner. Roots of red clover and ryegrass from
bothlocations had ahealthy appearance. However,
Fusarium spp. was recovered from healthy-
looking ryegrass roots and stem bases. There
were also findings of crown rust, Puccinia
coronata Cda. var. coronata inryegrass.

Table 1. Occurrence of leaf blotch, Rhynchosporium
secalis, and powdery mildew, Erysiphe graminis, on
rye (leaf 1 - 2) at Mellby in 1987. - Fdrekomst av
skoldfldacksjuka, R. secalis, och mjoldagg, E. graminis,
irdg(blad 1 -2), Mellby-forséket 1987.

Percent leaf area attacked
* Procent angripen bladyta

Entry Erysiphe Rirynchosporium
Led graminis secalis

No intercrop 0.54 4.4

Red clover 1.84 3.8
Ryegrass 1.15 6.4

Means of 4 plots per entry. Differences are not significant atP
=0.05.

1988,

Precipitation was higher than normal . There was
a lot of rain in July; however, May was a dry
month. The rains in July and the high temperatu-
res promoted late attacks of fungal diseases.
Aphid populations in the country were generally
high, and attacks of barley yellow dwarf virus
(BYDV) were severe in the eastern parts of
Sweden. In southern Sweden, however, BYDV
attacks were not as prevalent (Vixtskyddscentra-
lerna, 1988).

Mild attacks of Drechslera teres occurred on
barley at Mellby (tab.2). There were no attacks of
R. secalis. Fusarium spp. and Bipolaris soroki-
niana (Sacc.) Shoem. were recovered from dis-
coloured stem bases.

Table 2. Occurrence of leaf spots (leaf 1 - 3) and
discoloured stem bases on barley at Mellby, 1988. -
Forekomstav bladflickar (blad 1 -3) ochmorkfirgade
strdabaser i korn i Mellby 1988.

Percent leaf Percent discoloured

area attacked stem bases
Entry Procent angripen  Procent morkféirgade
Led bladyta strabaser
AP, no intercrop 1.6 30
SP, no intercrop 2.6 48
AP, ryegrass 2.6 50
SP, ryegrass 1.7 42

Means of 4 plots per entry. Differences are not significant at
P=0.05. AP = autumn ploughing, SP = spring ploughing.

The main crop, barley, at Lonnstorp was severely
attacked by powdery mildew, E. graminis f.sp.
hordei. Between 63 and 68% of the area of leaves
1.and 2. were covered with powdery mildew. The
degree of discoulured stem bases was 21 - 25 %.
There were no significant differences between
treatments (entries).

The main crops at Ultuna were healthy, except
for barley (tab. 3). R. secalis, D. teres, B. soroki-
niana, and Fusarium ssp. were recovered from
the leaf spots. There were no attacks of eyespot,
P. herpotrichoides, inrye. Later in July there was
an increase in the occurrence of R. secalis on
barley, and there was a severe attack of crown
rust, P. coronata Cda. var. avenae Fraser &
Ledingham, on oats.

The main crops at Tonnersa and Skillinge were
healthy in 1988, although occasional oat plants
were attacked by BYDV.

During the visual examination in autumn, the
intercrops appeared to be healthy. White mustard
was uprooted and found to be healthy both at
Mellby and Lonnstorp. Red clover and ryegrass
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Table 3. Occurrence of leaf spots on barley (leaf I - 3)
at Ultuna 1988. - Forekomst av bladfldickar i korn
(blad 1 - 3) i Ultuna 1988.

Entry Percent leaf area attacked
Led Procent angripen bladyta
AP, no intercrop 0.8
SR, red clover 3.9
SR, ryegrass 3.3

Means of 2 plots per entry. Differences are not significant at
P =0.05. AP = autumn ploughing and SR = spring rotary
cultivation.

stands were somewhat thin in all field trials in
some plots. Red clover and ryegrass plants in
spring cultivated plots were uprooted and
examined for root and leaf diseases in the labora-
tory. Red clover roots had a healthy appearance,
witharootrotindex ranging from 0-22.5 (tab. 4).
Fusarium culmorum (W.G. Sm.) Sacc., F.
avenaceum (Cordaex Fr.) Sacc., F. solani (Mart.)
Sacc.,F. poae (Peck) Wr., and Fusarium. spp. were
recovered from incubated red clover roots.
Ryegrass plants were attacked by crown rust, P.
coronata var. coronata. Ryegrass roots looked
very healthy. However, F. culmorum and F.
avenaceum wererecovered from healthy- looking
ryegrass roots (tab 4),

1989.

Precipitation was below average and the south-
east of Sweden, where Skillinge is situated, had a
total rainfall of only 55 mm from 1 May to 31
July. Very early in the season, crops at all trial

locations looked quite healthy. There were very
few primary attacks of Drechslera spp. on oats
and barley. Later in the season, leaf spots were
observed on oats, the main crop in Mellby (tab. 5).
The field trial at Skillinge obviously suffered
from the drought and no disease surveys were
made.

Table 5. Severity of D. avenaeleaf spots and frequency
of senescence of leaves (leaf 1 - 3) on oats in spring
ploughed plots at Mellby in 1989. - Férekomst av
bladfléickar av D. avenae och doda blad (blad 1 - 3)
havre i vdarplojda rutor i Mellby 1989.

Percent

Procent
Entry leaf area attacked senescent leaves
Led angripen bladyta déda blad
No intercrop 0.3 21
Red clover 2.5 33
Ryegrass 1.6 39

Meauns of 4 plots per entry. Differences are not significant at P
=0.05.

At Ultuna R. secalis leaf blotch, powdery
mildew, E. graminis, and discoloured stem bases
i rye were observed early in the season (tab.6).
AtTonnersa R. secalis leaf spots and discoloured
stem bases in rye were observed (tab. 6). Leaf
spots occurred on barley and oats at Ultuna and
Tonnersa but in small frequencies. The percen-
tage of leaf infection of leaves 1 - 4 on barley was

Table 4. Root rot index (0 - 100) in‘red clover and incidence of Fusarium-infected red clover and ryegrass roots
in field trial R4-3701-03. - Rotréteindex i kléver och andel Fusarium-angripna kiéver- och rajgrdsrétter i mel-

langrédeforsok R4-3701-03.

Main crop pre-
ceding summer

Clover root

% roots infected
% infekterade rétrer

Huvudgréda Locality rot index

sommaren Forsoks- Rotriteindex i clover ryegrass
innan plats klover kldver rajgris
Rye Ultuna 0 0 0
Barley Ultuna 0 0 0
Oats Ultuna 0 0 50
Rye Tonnersa 6.2 30 30
Barley Tonnersa 22.5 40 35
Oats Tonnersa 0 40 25
Rye Skillinge 5 70 10
Barley Skillinge 25 40 20
Oats Skillinge 2.5 100 30
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Table 6. Occurrence of R. secalis, E. graminis (leaf 1 - 4) and discoloured stem bases onrye at Ultuna and Ténnersa
1989. - Férekomst av skoldflicksjuka, mjdldagg (blad 1 -4) och mérkfirgade strdbaser i rdg i Ultuna och Tonnersa

1989.

Percent leaf area attacked

Procent angripen bladyta

Percent discoloured stem bases

Entry E. graminis R. secalis Procent morkfirgade strabaser
Led Ultuna Tonnersta ~ Ultuna  Tonnersta Ultuna Toénnersta
No intercrop 31 - 2.8 4.1 25 17
Red clover 2.0 - 5.1 22 25 10
Ryegrass 2.0 - 4.8 6.3 27 15

Means of 2 plots per entry. Differences are not significant at P = 0.05.

0.05-0.10 % and on oats 0.1 - 0.2 % at Ultuna. At
Tonnersa the percentage of leaf infection of leaves
1 - 4 on oats ranged from 2 to 4 %. A bigger
portion of senescent leaves on oats in plots with
ryegrass in spring ploughed plots was alsonoticed
(tab. 7). Saprophytic fungi e.g. Cladosporium
spp., Aspergillus spp. and Alternaria spp. were
recovered from the senescent leaves but no patho-
genic fungi.

Septoria nodorum in subsequent spring wheat
The ryegrass sown in 1988, which had been
artificially infected five times with Septoria
nodorum,showed no disease symptoms. Pycnidia
of S. nodorum were notfound onincubatedleaves.
Wheat plants grown in a greenhouse and inocu-
lated with the spore suspensions used in the field
became infected with the fungus.

During the dry spring and early summer the
spring wheat following oats/ryegrass developed
poorly. The ryegrass, which recovered from the
herbicide treatment and rotary cultivation, com-
peted strongly with the wheat, especially in plots
where ryegrass had been grown in a pure stand.
The wheat developed poorly and unevenly
throughout the summer, but was apparently
healthy. No disease symptoms were observed in
any of the plots; nevertheless pycnidia of S.
nodorum were recovered from incubated wheat
leaves and spikes.

Intercrops as a physical barrier

Barley and the intercrops Italian ryegrass, subter-
ranean clover and oilseed rape became uniformly
established. There were c. 280 barley plants per
m?. Later during the season the oilseed rape
thinned out considerably owing to competition
from the barley. Between 9 and 10 % of the barley
plants showed primary symptoms of Drechslera
teres, and there were no significant differences
between entries with respect to frequency of

primary symptoms in barley. The incidence of D.
teres leaf spots later during the summer is
presented in table 8.

Discussion

Only small differences in disease severity and
disease frequency were found between systems
with intercrops and systems without them during
the three years of the disease survey. There were
differences between plots with intercrops and
different cultivation methods. Although differ-
ences were found they were usually not statis-
tically significant. For instance at Mellby in 1987
there was more powdery mildew, E. graminis, on
rye in plots without intercrops than in plots with
intercrops, but there was not much powdery
mildew on rye that year, and the difference was
not significant (tab. 1). In 1989 there was more
powdery mildew on rye at Ultuna in plots without
intercrops than in plots with intercrops, but the
differences were not significant (tab. 6). There
was a severe epidemic of powdery mildew on
barley at Lonnstorp in 1988, but there were no
significant differences between plots.

E. graminis can be divided into formae specia-
les. Every forma specialis is specialized on one
host species and generally, cannot infect other
species. Therefore there should be no risk for
carryover of disease with the intercrop. However,
the crop microclimate and the heterogeneity of
the mixed crop stand in a cropping system with
intercrops might, under other conditions, affect
the incidence of mildew. For example, mixing
varieties of cereals can reduce the disease level
(Welling et al., 1983).

The incidence of leaf spot on barley at Ultuna
in 1988 was greater in rotary cultivated plots with
intercrops than in autumn ploughed plots without
intercrops (tab. 3). There was a significant
difference in infection rate between plots with
intercrops and plots without intercrops. How-
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Table 7. Frequency of senescent leaves (leaf 1 - 4) on
oats at Tonnersa in 1989. - Forekomst av déda blad
(blad I - 4) i havre i Tonnersa 1989.

Entry Percent senescent leaves
Led Procent déda blad

AP no intercrop 44 ab

SP red clover 29 b

DD red clover 27 b

SP ryegrass 79 a

DD ryegrass 43 ab

Figures followed by the same letter are not significantly
different (P > 0.05). AP = autumn ploughing, SP = spring
ploughing and DD = direct drilling.

ever, the differences were not significant when
comparing plots with eitherred clover orryegrass
intercrop with plots without intercrop.

Rhynchosporium secalis is a short-lived patho-
gen, it could be studied even though the cropping
systems were newly established. In these trials,
there did not seem to have been a carryover of R.
secalis from rye to barley via the ryegrass inter-
crop. Nor were there any increases in R. secalis in
systems with direct-drilling or nonplough where
debris had been left on the soil surface. However,
the dry springs of 1988 and 1989 did not promote
epidemics of the fungi. These findings contrast
with those of Yarham and Hirst (1975), where
increases in the incidence of leaf blotch, R.
secalis, were noted in nonplough systems.

In 1988 stem bases on barley in autumn-
ploughed plots without intercrops tended to be
less discoloured than stem bases in autumn-
ploughed plots with intercrops and in spring-
ploughed plots without intercrops (tab. 2). In
1989 at Toénnersa there were more discoloured
stem bases onrye in plots without intercrops, than
inplots withintercrops (tab. 6). However, in these
field trials there were no significant differences in
the frequency of discoloured stem bases of the
cereal main crops between systems that differed
in their intercrop and soil cultivation methods.

Although Fusarium spp. were recovered from
intercrop roots, most such roots had a healthy
appearance. The frequencies of Fusarium-infec-
tedryegrass and cloverroots were lower at Ultuna
than at Skillinge and Tonnersa (tab. 4). Fusarium
spp. and other root and stem pathogens as well as
antagonistic flora can build up in the soil during a
crop rotation. Therefore additional long-term
studies are needed to characterize the complex of
soilborne pathogens inhabiting cropping systems
with intercrops. Because, Fusarium spp. have wide
hostranges it may be difficult to control diseases
caused by these species by using crop rotations.
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Table 8. Incidence of D. teres in barley undersown with
intercrops on three assessment occasions: 20/6 leaves
2 -3, and 12/7 and31/7 leaves 1 - 3. - Férekomst av
bladflicksjuka, D. teres i korn med insédda
mellangrodor vid tre avidsningstillfillen. 2016 blad 2
-3 och 1217 och 3177 blad 1 - 3.

Percent leaf area attacked
Procent angripen bladyta

Entry

Led 20/6 12/7 3177
No intercrop 0.6 04 09
It. ryegrass 1.6 09 08
Subterranean clover 1.3 1.1 1.5
Oilseed rape 1.0 09 20

Rootdiseases can be affected by intercrops and
tillage methods (Sumner, 1987). Intercrops in-
fected with Fusarium and other species may act
as inoculum for cereals, if the intercrop residues
are ploughed in. However, the incidence of root
rot in barley, caused by Bipolaris sorokiniana
and F. culmorum, was lower after grass than after
oats, canola (Brassica napus 1.), and fallow
(Piening and Orr, 1988).

The high frequency of senescent leaves in oats
grown with undersown ryegrass after spring
ploughing at Ténnersa 1989 (tab. 7) was proba-
bly not caused by fungal plant pathogens.
Deficiencies in water or nutrients, especially
nitrogen, could have contributed to the high
frequency of senescence.

During the disease survey, the ryegrass inter-
crop was often infected by crown rust, Puccinia
coronata var. coronata. This pathogen is said to
be hostspecific; therefore there should not be any
risk for carryover of disease from ryegrass to
cereals.

Although the white mustard intercrops in the
field trials at Mellby and Lénnstorp did not show
any disease symptoms, the trials have probably
not been running long enough to allow any
oilseed crop disease to build up to detectable
levels. Therefore it is prudent to regard oilseed
crops as being less suitable as intercrops owing to
the associated risk for a buildup of inoculum of
clubroot, Plasmodiophora brassicae Woronin,
and Verticillium wilt,V. dahliae Kleb., Ohlsson,
1988.

Results of the field experiment with infected
Italianryegrass, established to study the develop-
ment of Seproria nodorum in a subsequent crop
of spring wheat, suggest that the ryegrass probably
did not act as a bridge for the fungus. However,
the inoculum potential of the ryegrass might have
been very low. Furthermore, the fact that the
weather in 1989 was unfavourable for the

developmentoffoliarfungal diseases may explain
why S. nedorum did not become established in
the spring wheat. Ryegrass was readily infected
by S. nodorum in greenhouse experiments
(Ohlsson, 1990). Outdoor inoculations of ryegrass
seem to be less successful than greenhouse
inoculations. However, Shearer and Zadoks
(1972) was able to infect grasses growing on a
ditch side by broadcasting heat-killed wheat
seeds carrying pycnidia over them.

Jenkyn and King (1988) established an experi-
ment to investigate the effects of differently esta-
blished and treated ryegrass swards on the deve-
lopment of Septoria spp. in a subsequent crop of
winter wheat. Their outdoor inoculation methods
were the same as those used in the present experi-
ment. Their results support the conclusion that
the severe attacks by Septoria spp. that often
occur on wheat after grass are probably due in
part to the high survival of the pathogens on grass
and, in some circumstances, on debris left over
from a previous wheat crop. However, they also
suggested that other factors e.g. differences in
available nitrogen, were probably also involved.
Inlight of these and other findings indicating that
ryegrasses are susceptible to §. nodorum, I
recommend that further studies of the risk for
carryover of Septoria diseases with ryegrass
intercrop be conducted.

There was no evidence to suggest that inter-
crops provided a physical barrier for disease
spread. The intercrops might have been too im-
mature to function as a physical barrier to disper-
sal of Drechslera teres spores from the primary
infected barley plants. Intially, however, disease
frequencies tended to be higher in plots with
intercrops than in plots without intercrops (tab.
8), suggesting that the intercrops influenced the
stand microclimate in a way that favoured disease
development. For example intercrops might have
enhanced the humidity in the lower layers of the
canopy, thereby promoting the spread of D. teres.

Despite earlier expectations that intercrops
would influence the fungal disease situation in
the cropping systems, this did not seem to be the
case in these trials. However, based on the data
presented here no conclusions can be made regar-
ding the long-term disease dynamics in a crop-
ping system with intercrops. The field trials with
intercrops established by other departments at
SUAS had only recently been established at the
time that this study was initiated and some disea-
ses, e.g. soilborne root pathogens, need a longer
time to build up. It should also be noted that 1989
was very dry, and the incidence of foliar disease
was low in the country in general. This may
explain why small differences were found be-
tween plots with different cropping systems that
year.

Long-term studies are necessary to determine
how intercrops and soil cultivation methods
influence the disease situation. Further
investigations are also needed to learn more about
the influence of microclimate on diseases in
cropping systems with intercrops. In long-term
studies the variations in disease levels due to the
climatic variation between years can be excluded.
Long-term studies are also required, since the
mycoflora in the system needs time to build up.
This does not necessarily mean that disease
incidence willincrease over time after some years.
The ploughing in of anintercrop can have dramatic
ecological effects on the cropping system (Allison,
1973). Thus it may increase the resistance of the
host plants by enhancing the nutrient supply,
changing the pH, increasing the soil CO, content,
reducing the oxygen content, etc. Furthermore
the ploughing in of the intercrop may favour
organisms that compete strongly with the patho-
gen.
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Sjukdomssituationen i filtférsék med mellangrddor och olika jordbearbetningar undersoktes under
1987-89. Resultat rérande forekomst av blad- och striinfekterande svampar i huvudgrédorna (korn, havre,
och rig) och blad- och rotinfekterande svampar i mellangrodoma (rajgris, rodklover och vitsenap)
presenteras. Férekomst och frekvens av svampsjukdomar i forsoksrutor med olika mellangrédor och olika
jordbearbetning var inte signifikant skilda 4t i dessa undersokningar.

Ett modellf6rsok anlades 1988 med syfte att studera utvecklingen av brunfliicksjuka, Septoria nodorum,
i varvete nir det satts efter italienskt rajgriis som inokulerats med S. nodorum. Resultaten frén detta f6rsok
tyderinte pé att rajgrés har fungerat som mellanvérd och brygga for sjukdomen. De ir dock osikra eftersom
understkningséret, 1989, var mycket torrt och ogynnsamt for svampsjukdomar varfér Septoria-angrepp

knappast forekom i vérvete inom odlingsomradet.

Ett modellférsok anlades 1989 med syfte att undersdka om en mellangroda skulle kunna fungera som
mekaniskt hinder for spridningen av Drechslera teres sporer i en korngrda. Resultat frén detta forssk tyder
inte pd att mellangrddan har fungerat som mekaniskt hinder for sporspridning.
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HELLQVIST, S. 1990. Hallonmal, Lampronia rubiella (Bjerk.), som skadedjur pd allakerbdr.

Viixtskyddsnotiser 54:3-4, 107-112.

Hallonmalen ér ett av de allvarligaste skadedjuren pa odlade allikerbir i norra Sverige. Larverna lever
under sommaren i karten och under nistféljande var pa de framvixande skotten. I texten redogdrs for artens

biologi liksom for f6rsék med med bekdmpning.

Alldkerbar, Rubus arcticus ssp. x stellarcticus
(Larsson 1980), r ett nytt bérslag som ront stort
intresse fran frimst hobbyodlarnas sida. Den
kommersiella odlingen 4r fortfarande mycket
blygsam, men flera nya odlingar 4r pa géng i
norra Sverige. De odlingserfarenheter, som gjorts
sedan biret lanserades i borjan av 1980-talet,
visar dock att odlingen &r 1angt ifrén problemfri.
Ogriis har i minga fall varit det storsta bekymret,
men de sista dren har visat att dven skadedjur kan
vara ett problem (Linder 1988). De skadedjur
som fororsakat storst skada dr hallonmal, Lam-
pronia (Incurvaria) rubiella (Bjerk.); bjorn-
birsvecklare, Epiblema (Notocelia) uddman-
niana (L.) och hallondnger, Byturus tomentosus
(De Geer) (Hellgvist 1989). De dr alla specialister
pa Rubus-arter. Undersokningar for att studera
deras biologi och mdjligheter till bekiimpning av
dem i alldkerbér har paborjats.

Hallonmalen

Hallonmalens larver skadar dels biren, dels de
framvixande skotten under véren. Jag har pé-
triffat den i de flesta allkerbirsodlingar jag
besokt i norra Angermanland, Visterbotten och
Norrbotten. Studier 6ver artens biologi har gjorts
i bl a. Sverige (Lundblad 1934), Irland (Beirne
1943), och Skottland (Hill 1952). Dessa studier
galler alla artens forekomst pa hallon, R. idaeus
eller loganbér, R. loganobaccus. Hallonmal &r
dessutom rapporterad som skadedjur pa bjornbir,
R. fruticosus coll. (Beirne 1943). I norra Sverige
har jag patriffat hallonmalen pé odlade alliker-
bir, vilda akerbir, R. arcticus ssp. arcticus och, 1
ett fatal fall, pd vilda stenbér, R. savatilis. P&
hallon har jag ej funnit arten, och hallonmalen
tycks hir vara specialiserad pd fkerbidr. Aven
vissa andra detaljer i artens biologi avviker fran
vad som rapporterats.

Utseende
Den fullbildade fjdrilen har ett vingspann p 10-

12 mm, mérkbruna framvingar med talrika gula
flackar och punkter och gulbrunt huvud. Larven
har mérkbrunt huvud, nackskdld och analplét.
Kroppen dr i forsta larvstadiet néstan farglos, i
andra (p& sommaren) svagt rodorange pa ovan-
sidan, under tredje till femte larvstadiet (p8 va-
ren) morkréd. Som fullvuxen méter larven ca 6-
8 mm.

Material och metoder
Klidckningsperioden for det adulta stadiet har
studerats pA Rébicksdalen, Umed 1989 och 1990.
Larverinsamlades under tidig var i en nirbeldgen
alldkerbidrsodling och placerades pé alldkerbirs-
plantor i en insektsbur (1x1x1 m) utomhus. Vid
framkldckning samlades de fullbildade fjdrilarna
in och konsbestdmdes.

Framkomsten av de 6vervintrade larverna stu-
derades varen 1990 i tvd mindre alldkerbérsod-
lingar i Umea-trakten. Den ena (Visterhiske) i
Oppet ldge i en svag sydsluttning med tidig sné-
smiltning, den andra (R6bicksdalen) i skyddat
ldge pé plan mark intill ett skogsparti med sen
sndsméltning. I vardera odlingen studerades tva
mindre rutor (ca 0,1 m?) nistan dagligen i sam-
band med knoppsprickningen. Patriffade larver
riknades och avlidgsnades.

Ovriga uppgifter om artens biologi kommer
dels fran en genomgang av tillgénglig litteratur,
dels frin egna observationer som gjorts i olika
odlingar sedan 1988.

Vid de bekdmpningsforsdk som utforts har
behandlingarna utforts med ryggspruta och med
en vitskeméngd motsvarande 1000 1/ha. Rutstor-
leken har varit 3 x 1,5 m och antalet block 4 vid
forsoken pd Robécksdalen, 3 i Nordmaling. Vid
forsoken under varen har avldsning skett ca 2
veckor efter behandling. I varje rutalades en min-
dreruta (0,8 x 0,4 m)ut, i vilken samtliga knoppar
understktes med avseende pa fjdrilslarver. Vid
forsdken under sommaren valdes ca 30, knappt
mogna bir per ruta, slumpmissigt ut och under-
soktes sedan under stereolupp. Avldsningen
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Figur 1. Ackumulerad framkomst av fullbildat stadium av hallonmal. Rébécksdalen 1989 och 1990. Begynnande
bls)n}nmg i allakerbidr 26 maj 1989 resp. 28 maj 1990. - Accumulated emergence of adult raspberry moths at
Robdcksdalen (northern Sweden) in 1989 and 1990. Onset of flowering in cultivated arctic bramble on May 26 1989
and May 28 1990.
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Figur 2. Ackumulerad framkomst av vervintrade larver av hallonmal under vdren 1990 i tvé odlingar i Umed-
trakten. Knopparna pa allakerbir borjade visa gron spets 23/4 pd Viisterhiske, 4/5 pARoébicksdalen. - Accumulated
emergence of hibernating larvae of raspberry moth during the spring 1990 at two localities close to Umed,
northern Sweden. The buds of Rubus arcticus ssp. x stellarcticus started to break on April 23 at Visterhiske, on

skedde vid tv4 tillfdllen med ca tva veckors mel-
lanrum. Béren i forsta omgéngen hirrérde fran
blommor som slagit ut under blomningsperio-
dens mitt, dei andra omgéngen frin blomningens
slutskede.

Resultat och diskussion

Biologi

Kldckningsperiod

Kldckningen av det fullbildade stadiet visas i
figur 1. Kldckningen kulminerade bada ren vid
full blomning hos alldkerbiren och ca 2 veckor
fore hallonens blomning. Kldckningsperioden for
hanar och honor skiljde sig ej ndmnvirt at. Klzck-
ningsperioden varade 1989 i 12 dagar, under
19901 10 dagar. Ca 70% av alla individer klickte
under bida dren fram under en tredagarsperiod i
mitten av kldckningsperioden.

Aggliiggning och larvutveckling férsta dret
Agglidggningen sker i den 6ppna blomman pa det
sdtt som beskrivits av Chapman(1891), Lundblad
(1934) och Hill (1952); honan sitter p4 stindarna
med vingarna horisontellt lagda ochnégotutspre-
tade och skjuter med sin dgglédggare in dgget i
viilvnaden mellan stdndarna och kronbladen (fig.
3). Endast ett dgg liggs 4t gingen.

Aggen klicks efter 7-10 dagar (Beirne 1943).
Efter klickningen stker den unga larven upp en
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delfrukt som den borrar in sig i. Det ir frimst de
yttre delfrukterna som angrips. Viker man undan
foderbladen dr det 14tt att se larvens ingéngshal
som en mork prick mot det ljusa fruktkéttet.

Larven lever den forsta tiden i kirnan dér den
ater avfrodmnet. Senare kan den dta av fruktkottet
och receptaklet innan den ldmnar béret. Vanligt-
vis finner man endast en larv per bar och skadorna
blir dd relativt harmldsa och svéra att upptécka.
Inte séllan finner man dock flera larver, som mest
har fyra larver patréffats i ett biar och skadorna
kan da bli sd omfattande att biren forstors. Betyd-
ligt storre skada pd biren gor dock larver av
hallonénger, som ibland kan forekomma tillsam-
mans med hallonmalslarver i samma bér.

P4 hallon lever hallonmalslarverna av
receptaklet (som dr mycket storre pa hallon dn pa
dkerbdr) och de skador som da sker anses vara
helt betydelselosa (Lundblad 1934, Beirne 1943,
Hill 1952, Anonym 1974). P4 hallon péatriffas
mycket séllan fler inen larv per bar (Beirne 1943,
Hill 1952). Ytliga gnagskador, fororsakade av
den unga larven strax efter klickningen, kan ses
pé de yttre delfrukterna (Hill 1952) men ngon
uppgift om att kiirnorna angrips har jag ej funnit.
Den hallonmalspopulation som angriper dkerbir
paminner i detta avseende om den nirstiende
arten vinbarsskottmal, Lampronia capitella, som
1 de forsta larvstadierna lever av svarta vinbérs-
kérnor.

May 4 at Rébdcksdalen.

Overvintring och larvutveckling andra dret
Nir béret mognar limnar larven béret for att
spinna en kokong i vilken den 6vervintrar. Ko-
kongerna #r runda, ca 1,5 mm i diameter och
tillplattade. De dr mycket svdra att finna och det
dr darfor svart att med ndgon storre sikerhet
avgora var de flesta kokongerna finns. Det lilla
fatal kokonger jag funnit har alla legat néra mark-
ytan i anslutning till ngot dkerbérsskott. Enligt
Hill (1952) 6vervintrar larverna i jorden nédra
hallonplantornas rotter. Beirne (1943) anger att
kokongerna finns i fornan runt skottens bas, i
jorden eller i sprickor pa skotten eller stolpar.
Storsta skadan gor larverna pa varen nér skott-
knopparna angrips. Larvernas framkomst visas i
figur 2. Larverna kommer fram mycket tidigt. De
forsta larverna kom fram medan knopparna fort-
farande var i vilstadium och det fortfarande var
tjile pa 20 cm djup. Framkomsten kulminerade
dagarna strax efter att knopparna bétjat visa grén
spets. P4 bida lokalerna kom ca 70 % av larverna
fram under en 4-dagars period och framkomsten
var avslutad efter ca 2 veckor (troligen kortare tid
eftersom de sist patriiffade larverna var stora vid
upptickten och troligen inte uppmiirksammats
vid tidigare avlisningar). Larverna kom fram ca
10 dagar tidigare pd Visterhiske dn pa Robiicks-
dalen trots att avstindet mellan de tvé lokalerna
bara dr 5 km. Detta visar pd mikroklimatets stora
betydelse och i en storre odling, med skiftande

jordart och topografi, kan sikert framkomst-
forloppetblirelativt 1angtutdraget. Pahallon sker
framkomsten av larverna under knappt 4 veckor
enligt en undersékning i Skottland (Hill 1952),
under 4-5 veckoristdra Norge (S6rum & Stenseth
1988).

Larverna tar sig in i knopparna, antingen ge-
nom att borra sig ett hil genom knoppfjillen, eller
genom att tringa sig in mellan de uppsprickande
bladen i knoppspetsen. En larv, som studerades
niir den forsokte ta sig in i en knopp i vilstadium,
slingrade sig forst runt knoppen for att leta efter
ett ldmpligt angreppsstélle. Efter 11 minuter
borjade den #ta sig genom ett knoppfjall, ca 3 mm
nedom knoppens spets. Larven var halvviigs inne
efter 2,5 timmar och helt inne efter 6 timmar. En
annan larv hade fortfarande stjartspetsen stick-
ande ut genom halet efter ett dygn. Angripna
knoppar kan kdnnas igen pa de larvexkrementer
som skjuts ut genom ingdngshalet eller ur knopp-
spetsen. Tidigt angripna knoppar blir helt 6de-
lagda, pé sin hojd kan ett blad utvecklas. Ofta
angriper larverna fler 4n en knopp. Sddana sent
angripna knoppar kan utveckla ndgra blad, men
blomanlagen blir forstorda (fig. 4).

Vid kraftiga angrepp kan forédelsen bli nér-
mast total. Man kan ibland se att angreppen &r
kraftigast mitt i allakerbédrsraden, ddr det fanns
bir under féregdende &r, och mindre pa fjolérets
nytillviixt pd sidorna (alldkerbér har med under-
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F.i.gur 3. Agglﬁgggnde hallonmalshona i en alliker-
birsblomma. - Oviposiring female raspberry moth in a
flower of arctic bramble.

jordiska stoloner en kraftig vegetativ tillviixt). Ett
par veckor efter knoppsprickningen, kan sidorna
av raden lysa grona av friska skott, medan de
flesta skotten iradens mitt ér forstorda. Adventiv-
skott, som doljer angreppen, bildas ofta efter en
tid, men pé dessa bildas inga blommor. Férutom
de di;ekta skador som larverna orsakar, leder ofta
kraftiga angrepp till 6kande problem med ogris,
genom att dessa latt far fotfiiste i de luckor som
bildas i besténdet.

Larverna forpuppas i en kokong, ofta lings
huvudnerven néra spetsen av ovansidan pa ett
smdblad, vars kanter viks upp runt kokongen.
Ephgt Hill (1952) kan i hallon puppor ocksa
patréffas i angripna knoppar, pa bladskaft, skott,
stolpar m m, men aldrig i jorden.

Niégon studie 6ver lingden pa de enskilda ut-
vecklingsstadierna hos hallonmal har inte gjorts
pd allékerbir. For hallonmal p4 hallon i Skott-
land, anger Hill (1952) att det tredje larvstadiet
varar i 10-11 dagar (raknat fran framkomsten pa
véren), fjirde och femte larvstadiet vardera 14
dagar och puppstadiet 21 dagar, totalt ca 60
dagar. P4 allakerbir i norra Sverige 4r utveck-
lingstiden under véren betydligt kortare, ca 40
dagar frén framkomst av de forsta larverna pa
véren till framkomsten av de forsta adulta. Den
kortare utvecklingstiden beror sannolikt pa att
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Tabell . Bekdmpning av hallonmal 1 allakerbir med
Dipterex SL (a.s. triklorfon, 800 g/kg), 1 kg/ha; Pyrsol
Emulsion (a.s. pyretriner I och II, 42.3 g/1; piperonyl-
butoxid, 150.4 g/l), 4 1/ha och Delfin (a.s. Bacillus
thuringiensis var. kurstaki), 1 kg/ha. Behandlingstid-
punkter: B: 13/6, 20/6; C: 13/6, 18/6, 23/6; D: 18/6,
23/6. Robicksdalen 1990.

Control of raspberry moth in cultivated arctic bramble
with - Dipterex SL (a.s. triklorfon, 800 glkg), 1 kglha;
Pyrso[ Emulsion (a.s. pyretriner I och Il, 42.3 g/I;
piperonylbutoxid, 150.4 g/l), 4 llha och Delfin (a.s.
Bacillus thuringiensis var. kurstaki), 1 kgl/ha. Dates
of treatments: B: 1316, 2016, C: 1316, 18/6, 23/6;

D: 1816, 23/6. Robéicksdalen 1990.

Behandling Angripna bir (%)-
Treatment Attacked berries (%)
20 juli 1 angusti
A. Obehandlat 39a 7a
Untreated

B. Dipterex SL 16b 4a
C. Pyrsol Emulsion 10b 2a
D. Delfin 48 a 10a
Fischers LSD (P=0.05) 9 n.s.

Medelvéirden f6ljda av samma bokstav skiljer sig ej at pa
signifikansnivd 5%. - Means followed by the same letter do
not differ at 5% level of significance.

hallonmalen hér 4r anpassad till en virdvixt med
tidigare blomning.

Bekidmpning
Bekéimpning under tidig var
I'norska bekdmpningsforsok (Sorum 1978, 1979)
mot hallonmal i hallon, har pyretroiderna
permetrin (Ambush) och deltametrin (Decis) haft
b:aist effekt. Fosformedlen bromofos (Nexion 40),
diazinon (Basudin 25), azinfosmetyl (Gusathion)
och paration (Folidol-olja) gav 1 dessa forsok
klart samre effekt. Bekdimpningen har skett vid
begynnande knoppsprickning. Pyretroider har
ocksd mycket god effekt mot larver av vinbirs-
skottmal i svarta vinbir, vid behandling vid be-
gynnade knoppsprickning (egna undersdkningar).
I ett forsok pa Robidcksdalen 1990 provades
Decis (0,5 1/ha) i alldkerbir vid tre olika tidpunk-
ter under vdren; strax fore stadiet gron spets och
en resp. tvd veckor senare. Ingen av behand-
lingarna hade ndgon effekt. I forstketingick dven
forsoksled dir fjolarsbladen krattades bort fore
behandlingen, dessa ligger annars som en matta
Over knopparna. Inte heller denna dtgird paver-
kade behandlingarnas effektivitet. Behandling-
arna hade heller inte nigon ndmnvird effekt pa
forekomsten av larver av bjdrnbirsvecklare som

Tabell 2. Bekdmpning av hallonmal i alldkerbar med
Pyrsol Emulsion (a.s. pyretriner I och I, 42,3 g/i;
piperonylbutoxid, 150.4 g/1), 5 1/ha vid olika tidsinter-
vall. Behandlingstidpunkter: B: 9/6, 16/6,23/6; C: 9/6,
14/6, 19/6, 24/6; D: 9/6, 12/6,15/6, 18/6, 21/6, 24/6,
27/6. Nordmaling 1990,

Control of raspberry moth in cultivated arctic bramble
with Pyrsol Emulsion (a.s. pyretriner I ochI1,42,3 g/I;
piperonylbutoxid, 1504 gll), 5 Itha at different time
intervals. Dates of treatments: B: 9/6, 16/6, 23/6;
C:9/6,1416, 19/6,24/16; D: 916, 1216,1516, 1816, 21/6,
2416, 2716. Nordmaling 1990.

Forsoksled Dagar mellan  Angripna bir (%)
Treatment behandlingar Attacked berries (%)
Days between
treatments 17 juli 3augusti
A. Obehandlat - 62a 4a
Untreated
B. Pyrsol Emulsion 7 9b 3a
C. Pyrsol Emulsion 5 5b 6a
D. Pyrsol Emulsion 3 1b 8a
Fischers 1.SD (P=0.05) 19 n.s.

Medelvirden foljda av samma bokstav skiljer sig ej 4t pa
signifikansniva 5%. - Means followed by the same letter do
not differ at 5% level of significance

ocksd angriper knopparna under véren.

Vid ett forsok i Nordmaling 1990 provades tva
olika Bacillus thuringiensis-preparat (Delfin och
Biobit)itvé olika doser (1,5resp 3 kg/ha) med tva
behandlingar (vid stadiet gron spets samten vecka
senare). Inte heller dessa behandlingar hade ndgon
pataglg effekt pd forekomsten av hallonmals-
larver.

Den déliga effekten av behandlingarna torde
till viss del kunna forklaras med att knopparna p
allakerbir sitter 1 nivd med markytan, och att
larverna dirfor relativt snabbt kan soka sig till
och in i en knopp, dir den sedan dr vil skyddad.
P4 hallon och svarta vinbér méste hallonmals-
respektive vinbirsskottmalslarverna forst krypa
lings skotten for att nd knopparna och sannoliketen
for att de ska utséttas dodliga preparatméngder dr
dirmed stor om skotten behandlats. Den déliga
effekten av Bacillus thuringiensis-preparatenkan
dven forklaras med att preparaten enbart fungerar
som maggifter.

Bekampning under sommaren

Forsok har dven gjorts med att bekdmpa hallon-
mal under svirmningsperioden. Eftersom svirm-
ningen sker under blomningen dr det endast ett
fital preparat som kan komma ifrdga, da ju fler-

e

Figur 4. Skott av all8kerbir, angripet av hallonmals-
larv. Larven syns vid bladskaftets bas. - Shoot of arctic
bramble attacked by larva of raspberry moth. The
caterpillar is seen at the base of the petiole.

talet insekticider &r klassade som bifarliga. Vid
ett forsok pd Robacksdalen 1990 provades pyre-
trum (Pyrsol Emulsion), 3 ggr med 5 dagars
mellanrum; triklorfon (Dipterex SL), 2 ggrmed 7
dagars mellanrum och Bacillus thuringiensis
(Delfin), 2 ggr med 5 dagars mellanrum (tab. 1).
De forsta behandlingarna utfordes ett par dagar
efter begynnade framkomst av adulta hallonmal-
ar, for Delfins del ytterligare fem dagar senare,
eftersom medlet endast verkar mot larverna. Ett
kortare tidsintervall valdes for behandlingarna
med Pyrsol Emulsion jamfort med Dipterex SL
eftersom medlet har kortare persistens. Delfin
hade inte helleri detta férsok ndgon effekt, medan
bade Dipterex SL och Pyrsol Emulsion gav pé-
taglig effekt mot hallonmalslarverna.

Vid ett forsok i Nordmaling 1990 provades
Pyrsol Emulsion vid olika beké#mpningsintervall
(3,5 resp 7 dagars intervall), se tabell 2. Forsoket
visade tydligt att behandlingarna med pyretrum
hade god effekt, bittre ju tétare intervallen var
mellan behandlingarna. Vid det andra avlis-
ningstillfillet var angreppsnividn genomgéiende
1ag 1 samtliga forsoksled. De bdr som da under-
soktes hirrdr uppenbarligen fran blommor som
slagitut sedan hallonmalens dggliggning avtagit.
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Bladsteklar av slaktet Nematus pa svarta vinbar i

Sverige

Sven Hellgvist, SLU, Forsoksavdelningen fér norrlandskt vixtskydd, Robicksdalen, Box 5097, 900 05
Umed och Birgitta Svensson, Lantbruksndmnden i Skaraborgs 14n, Box 224, 532 23 Skara

HELLQVIST, S. & SVENSSON, B. 1990. Bladsteklar av sliktet Nematus pa svarta vinbir i Sverige.

Véxtskyddsnotiser 54:3-4, 113-115.

Under senare &r har angrepp av bladsteklar av sldktet Nematus (Pteronidea) forekommit i ménga svarta
vinbérsodlingar i Sverige. Larverna dter av bladen och vid kraftiga angrepp kan buskarna helt kaldtas. Tva

nov. Bot. Notiser 133, 227-228.

HELLQVIST, S. The raspberry moth (Lampronia rubiella (B jerk.)) as a pest of cultivated arctic bramble
(Rubus arcticus L. ssp. x stellarcticus G. Larsson). Vixtskyddsnotiser 54:3-4, 107-112.

The raspberry moth is one of the most serious pests of cultivated arctic bramble in northern Sweden. In
this area Rubus arcticus and R. saxatilis are attacked but not raspberry. This northern population seems to
be well adapted to these particular host plants, with slight differences in biology to the southern, raspberry-
attacking, populations (Lundblad 1934, Beirne 1943, Hill 1952).

The adult stage appears during the culmination of the flowering period for arctic bramble, ca2 weeks prior
tothe onset of flowering for raspberry. Females oviposit in open flowers and, upon hatching, the young larva
bores into a seed. Later it may feed on the receptacle and the fleshy tissue of the fruit. There is usually only
oneilawa per fruit, but 3-4 are sometimes found, and in that case the fruit may be damaged. When the fruit
begins fo ripen, the larva leaves it to hibernate in a cocoon in the soil. The larva emerges early in the spring
and bores into the bursting buds where it feeds. Each larva may attack and destroy two buds. The damage
caused by the larvae can be very severe at high population densities, causing bare patches in the row where
most buds have been destroyed, and where weeds can easily establish. Pupation usually takes place on the
upper side of a leaf, close to the apex. The development time, from spring emergence of hibernating larvae
to emergence of adult moths, totals ca 40 days.

‘ Control experiments with deltamethrin and Bacillus thurin giensis, sprayed at budburst against the
hibernating larvae, have so far been unsuccesful. Good results have, however, been achieved with
pyrethrines I and Il sprayed repeatedly during the flowering period against adult moths and young larvae.

olika arter har pétréffats, N. olfaciens i sodra Sverige och N. ribesicola i norra Sverige. Arterna skiljer sig
at bl a vad giller antalet generationer. N. ribesicola har i norra Sverige haft en generation per ar, med
larvstadium under ett par veckor efter blomningen. N. olfaciens har 2-3 generationer per ér och larver kan
forekomma pa buskarna hela sommaren, 4ven nér biren mognar och bekimpning kan da vara nédviandig
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for att skorden ej skall kontamineras.

Inom sliktet Nematus (Pteronidea) finns 8
nédrstdende arter med Ribes-arter som virdvixter
(Viitasaari 1980). Vilkind i Sverige dr krus-
birsstekeln, N. ribesii, vars larver lever pa
krusbér och roda vinbir. Angrepp av bladstekel-
larver pa svarta vinbir har ddremot inte tidigare
upp-mérksammats i Sverige. Sedan mitten av
1980-talet har dock angrepp forekommiti ménga
odling-ar, bAddeinorra och sddra Sverige. Det har
visat sig att Atminstone tva arter forekommer, N.
olfa-ciens Benson i soder och N. ribesicola
Lindqvist (syn. N. beybienkoi Skorikova) i noir.
Béda arterna &r relativt nyligt beskrivna, N.
ribesicola 1948 och N. olfaciens 1953. Ingen av
arterna dr tidigare rapporterad fran Sverige. Bdda
arternas larver &dter av bladen och kan vid
massforekomst kalédta buskarna.

Nematus ribesicola

Kraftiga angrepp av bladsteklar forekom i nigra
odlingar i Angermaniand, Jamtland och Vister-
botten 1986. Angreppen uppticktes vid mid-
sommartid, strax efter blomningen, och buskarna
blev kalétna pa kort tid. Buskarna grénskade pa
nytt senare under sommaren men skorden blev
spolierad. Ien av odlingarna blommade buskarna
t 0 m om mitt i sommaren. Larver insamlade i
Ume4 blev foljande vér fullbildade och har kun-
nat bestdmmas till N. ribesicola. De bestdmdes
forst felaktigt till V. leucotrochus Hartig (Sall &
Hellgvist 1988),en art som ocksd kan férekomma
pa svarta vinbédr. Den #r i Sverige pétriffad pa
roda vinbér i Abisko (Viitasaari 1980). Sa kraf-
tiga angrepp som 1986 har ej forekommit senare,
men mindre angrepp forekommer arligen. Viden
inventering av skadedjur i norrbottniska vinbérs-
odlingar 1987, patriffades bladstekellarveri5 av
23 understkta odlingar. Angreppen var da
genomgéende harmldsa. Det dr endast larver fran
Umed som klickts fram till fullbildade steklar

och kunnat artbestdimmas, men mycket tyder pa
att de andra bladstekellarverna som pétréffats i
norra Sverige tillhor samma art.

Larvenav N. ribesicola ir gron med de tva sista
segmenten gulgrona. Kroppen &r besatt med tal-
rika, svarta, borstbidrande vértor. Benen #r ljusa
och huvudet gront med talrika, smd, morkare
prickar pa ovansidan. Detta skiljer arten frin
krusbarsstekelns larv som har svart huvud och
svarta ben. Som fullvuxen blir larven upp till 23
mm l&ng. Den adulta stekeln har svart kropp med
gulaktigabenoch dr6,5-7,9 mm lang. Férnirmare
beskrivning se Viitasaari (1980) och Babenko
(1968).

N. ribesicola r tidigare kdnd frin Finland
(varifrdn den beskrivits) och Sovjetunionen
(Viitasaari 1980). Studier &ver artens biologi har
gjorts av Babenko (1968) i vistra Sibirien. Fort-
plantningen sker av allt att doma partenogene-
tiskt - hanar har ej pétraffats. I Umea har fullbil-
dade honor pétraffats under borjan av vinbérs-
buskarnas blomning. Aggenldggs lings nerverna
pé undersidan av bladen, vanligtvis ett och ett,
men vid massforekomst ofta flera 4gg per blad.
De nyklickta larverna gnager forst smé cirkuléra
hél i bladskivan, men dter senare fran bladkanten.
Larvutvecklingen tar enligt Babenko (1968) 2-3
veckor. Forpuppningen sker i en kokong i det
Ovre jordlagret under busken. I Sibirien har N.
ribesicolatva generationer per ar (Babenko 1968)
men i norra Sverige har endast en generation
observerats. | Babenkos undersokningar varsvarta
vinbér den enda virdvixt som larverna kunde
livnidra sig pa, men rapporter finns dven om
mindre forekomster pa roda vinbir.

Nematus olfaciens

T'juli 1987 uppticktes bladstekellarver som kalét
buskar av svarta vinbir i sédra Virmland. Trots
bekidmpning d4, fanns det manga larver pé busk-

113



Figur 2. Nematus olfaciens. Frimre delen av larv. - Nematus olfaciens. Front portion of larva.
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arna vid skorden i slutet av augusti. 1988, 1989
och 1990 har bladstekellarver dven patréffats i
flera svarta vinbirsodlingar i Vistergotland och
Smaéland. Hittills har inga bladangrepp varit s&
allvarliga att skorden pdverkats ndimnvért. Dir-
emot har en riklig forekomst av larver bland de
skordade bidren fororsakat kvalitetsproblem.
Larver insamlade i Vistergttland véren 1990
kunde senare samma ar klickas fram till fullbil-
dat stadium och artbestimmas till N. olfaciens.

Larven av N. olfaciens ar snarlik larven av N.
ribesicola. En skillnad dr dock att det svarta runt
vissa av vartorna pa kroppen flyter samman till
storre flickar. De morka prickarna pd huvudet dr
fler, benen har mérka teckningar och larven ger
totalt sett ett ndgot mérkare intryck. Vidare dr det
forsta och de tv4 sista segmenten delvis gulak-
tiga. Som fullvuxen blir larven upp till 20 mm.
Den fullbildade stekeln dr 5-6,5 mm och har svart
huvud och mellankropp, gulorange bakkropp och
gula ben, For ndrmare beskrivning, se Viitasaari
(1980) och Benson (1953).

N. olfaciens ir tidigare kénd frén Storbrittanien
(typlokal i Skottland) och Ungern (Viitasaari
1980). Biologinhos N. olfaciens 6verensstimmer
istort sett med biologin hos N. ribesicola (Alford
1984). Arten har dock kénlig fortplantning -
hanar finns. En annan viktig skillnad &r antalet
generationer. Medan endast en generation per ar
observerats for N. ribesicola i norra Sverige, har
N. olfaciens minst 2 generationer per ar. I en
odling i Viistergotland patriffades 1990 larver pd
buskarna fr om bérjan av maj och hela sommaren
igenom. Annu i borjan av oktober kunde larver
patriiffas. Vid det forsta besoket i odlingen, i
borjan av blomningen, fanns det bade larver och
rikligt med dgg. 3 generationer kunde 1990 ob-
serveras hos N. olfaciens som holls i insektsbur
pé Robicksdalen, Umed. Alford (1984) anger 2-
3 generationer per ari Storbrittanien. N. olfaciens
har svarta vinbar som huvudsaklig virdvixt, men
kan ocksd forekomma pa réda vinbér och krusbir
(Alford 1984).

Bekampning

Aven om ndgra direkta bekdmpningsforsok inte
utforts har vissa erfarenheter gjorts. Kraftiga
angrepp av Nematus-arter har forekommit dven i

odlingar dér vinbérsgallkvalster och vinbirs-
barkgallmygga bekdmpats med endosulfan
(Cyclodan) under blomningen. Fenitrotion, efter
blomningen, har ddremot haft god effekt mot
larver av bide N. olfaciens och N. ribesicola. Mot
N. olfacienshar iven mevinfos (Phosdrin) provats
med framgang. Preparatet har kort karenstid (4
dagar) och kan dérfor vara aktuellt att anvinda
fore skord, mot larver som annars kan kontami-
nera béren.

Svenska namn

Négot svenskt namn har tidigare inte foreslagits
férnagon av de aktuella bladstekelarterna. De har
ej heller nigot namn pa ndgot annat nordiskt
sprak (Jorgensen et al. 1987). En direktdversitt-
ning av det engelska namnet (’black currant
sawfly’ (Alford 1984)) for N. olfaciens #r
oldmpligt, eftersom det namnet kan gilla som
beskrivning fér bade N. olfaciens och N.
ribesicola. Namnet "vinbirsbladstekel” anvéndes
av S#ll & Hellgvist (1988) som namn for N.
leucotrochus, i analogi med det finska namnet
"herukkalehtidinen’. Vi foresldr nu att namnet
’vinbirsbladstekel” far gilla for samtliga Nema-
tus-arter pa vinbér (utom krusbirsstekel).

Ett tack riktas till Monika Akerlund, Naturhisto-
riska riksmuseet, som kontrollerat artbestim-
ningarna.
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HELLQVIST, S. & SVENSSON, B. 1990. Sawflies of the genus Nemarus on black currant in Sweden.

Vixtskyddsnotiser 54:3-4, 113-115.

Notes are given on the occurence of sawflies of the genus Nematus (Pteronidea) on black currant in
Sweden. The univoltine species N. ribesicola Lindqvist is found in northern Sweden and N. olfaciens, with
2-3 generations a year, is found in southern Sweden. This is the first report of the occurence of both these
species in Sweden. Larvae of both species feed on the leaves and may cause severe defoliation. In addition,
the larvae of N. olfaciens may contaminate the harvest.
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Examensarbeten
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HENRIKSSON, P.1990. Utvirdering av blad- och axresistens mot Sepforia nodorum (Berk.)
Berk. I virvete vid olika utvecklingsstadier. (Handledare: Foradlingsl. Jan ©. Jonsson,
Weibullsholms vixtforadlingsinstitut). Sveriges lantbruksuniversitet, Institutionen for vixt-
och skogsskydd, Examensarbeten 1990:2.

Malet med denna undersokning har varit att studera resistensegenskaper mot Septoria
nodorum hos 10 olika varvetesorter. S. nodorum inokuleringar gjordes vid olika
utvecklingsstadier for att eventuellt finna samband mellan resistens pi sméiplantor och pi
plantor vid #ldre utvecklingsstadier. Ett sddant samband skulle innebira att man skulle kunna
gora urval fOr resistens redan vid inokuleringstester pd smiplantor i vixthus. Dessutom gjordes
forsék dir varvetesorternas resistensegenskaper jaimfordes med resistens hos hostvete, rigvete
och rig.

1 forsdken bedomdes angreppets procentuella utbredning tver bladytan vid flera tidpunkter.
Dessa viirden bearbetades och tiden fran inokulering tifl 50% nekrosutbredning beriknades (t, 5
virde). Samband mellan olika parametrar beriknades med Spearman’s rank correlation
coefficient.

Resultaten visade att det forelag klara skillnader i resistensegenskaper mellan de olika
vérvetesorterna bide vid tidiga och sena utvecklingsstadier. Diremot gick det inte att faststilla
signifikant korrelation mellan resistensegenskaper p4 de olika utvecklingsstadierna. Detta kan
bero pd att det anvinda sortmaterialet uppvisar en for snév variationsbredd, vilket gor att det
krévs forsdk med ett storre férsdksmaterial for att kunna avgéra om ett samband foreligger. I de
genomfdrda forsdken uppvisar sorten Sappo de bistaresistense genskaperna speciellt vid senare
utvecklingsstadier,

Inokuleringsforsok med hostvete, virvete, rigvete och tag visade att varvete hade bittre
resistens 4n histvete men sdmre 4n rigvete ochrig. Dessa forsék visade dven paolikaresistens-
strategier hos de olika sidesslagen. Varvetesorternas resistens beror pa en lang inkubationstid
varefter angreppet utvecklas snabbt. Resistensreaktionen hos rigvete och rig fungerade genom
att reducera angreppets utvecklingshastighet. Vid en kombination av vérvetets langa
inkubationstid med re31stensegenskaper for en minskad utvecklingshastighet skulle man f en
avsevirt bittre S. nodorum resistens i framtida sortmaterial.

GUMMESSON, A-C. 1990. Rotpatogena svampar pa érter i en baljvixtrik Véixtfﬁ{jd‘
(Handledare: Forskningsassistent: Eva Ohlsson). Sveriges lantbruksuniversitet, Inst. f. vixt-
och skogsskydd, Examensarbeten 1990:3. o o

Detta examensarbete avser undersdkning av hur upprepad kl6verodling i en vixtfoljd
inverkar p4 forekomst av rotpatogena svampar i en efterfoljande drtgroda.

1 undersokningen ingick ett faltforsok med drter odlade efter klover odlad som mellangréda
under flera ar. Artrotternas sundhet bestdmdes och skadesvamparna pa rotterna isolerades pd
agar. Vidare gjordes ett infektionsfrsok med négra av de isolerade skadesvamparna Som
testviixter anvindes ett flertal baljviixter samt varvete. Ett tredje forsok utfordes i viixthus me?d
jordprov fran forsoksfaltet. Arter odlades i jorden under en manad. Plantorna utsattes for kraftig
vattning under viss del av tiden.

Arterna som provtogs i filt hade inga eller mycket svaga symtom pa rotréta. Trots detta
isolerades foljande skadesvampar: Fusarium avenaceum, F. oxysporum, F. culmgl wm och
Cylindrocarpon spp. F. avenaceum 6vervigde starkt Sver de dvriga svamparna. Ingen s;gmﬁkant
skillnad i skoérd fanns mellan led dér klgver varit férfrukt och led med en icke baljvixt som
forfrukt.

1 infektionsforsoket testades patogeniteten hos F. avenaceum, F. oxysporum, F. culmorum
och Phoma eupyrena. Som indikatorviixter anvindes drt, rodklover, perserklover, humlelucern
och vérvete. Akelbona testades endast pd F. oxysporum och P. eupyrena. Artplantorna fick
allvarliga rotrotesymtom av de olika fusariumarterna, framforallt av F. avenaceum och F.
oxysporun. Akerbonan angreps starkt av F. oxysporum. De bada kloverarterna fick endast svaga
symtom pa réta av Fusarium spp. Humlelucern angreps av fusanumsvampgrna men angreppen
var svagare én angreppen pé irtplantorna. Varveteplantorna fick de allvarligaste angreppen av
F. culmorum. Phoma eupyrena var ej patogen.

Undersokningen utférd med jordprov frén férsoksfiltet visade ej ndgra rotskador pé
drtplantorna. ‘

I denna undersokning har det inte gétt att pavisa nigra skillnader mellan kldver och icke
baljvixt som forfrukt till drt, varken vad giller forfruktseffekt pa forekomst av rotrdta eller
skillnad i skord.
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PERSSON, A. 1990. Gurkbladmogel (Pseudoperonospora cubensis) - prognosmetoder och
bekdmpning i frilandsodling. (Handledare: Forsoksledare: Ann-Sofi Forsberg och
statsagronom Borje Olofsson). Sveriges lantbruksuniversitet, Inst for viixt- och skogsskydd,
Examensarbeten 1990:4.

Syftet med examensarbetet har varit att testa en osterrikisk prognosmetod for
Pseudoperonospora cubensis (Berk. & Curt.) Rostow. under svenska forhallanden i
frilandsodling av gurka. Prognosmetodens funktion i kombination med andra delar i ett
prognos- och varningssystem for svampen utvirderas ocksé. Arbetet har dven syftat till att finna
lampliga preparat fér svampens bekdmpning,

Prognosmetoden har testats i tva faltforsok. Uppgifter fran de 6vriga ingdende delarna i
prognos- och varningssystemet redovisas ocksa. Preparatprovningar har gjorts under tre ar och
sex preparat har hunnit testas, Samtliga forsok har legat i Skéne, Halland och Blekinge. I arbetet
fmr_ls dven en litteraturstudie 6ver svampens biologi samt en studie ver svampens Arliga
spridning och skadeverkningar i Sverige och 6vriga Europa under 80-talet.

Prognosmetoden 4r inte 100% siker, men kan med kompletterande vinduppgifter och
forvarningar frin kontinenten ge en bild av angreppsrisken i Sverige. I efterhand gér det ocksa
att rekonstruera hindelseférloppet och pa s vis forklara varfor det blev angrepp vid en viss
tidpunkt. Det kan ddremot vara svérare att med absolut sikerhet ge forvarningar som skulle
kunna minska bekdmpningsbehovet, speciellt nér inga kurativa preparat finns tillgingliga.
Resultaten frén tre 4rs preparatprovningar visar att Ridomil-preparat, vilka innehéller en
systemisk komponent (metalaxyl), har bésta effekten mot svampen, Det bista kontaktverkande
preparatet 4r Bravo SO0 F.

Som helhetkan prognos- och varningssystemet troligen géra det littare att sitta in bekimpning
vid rétt tidpunkt och p4 s vis undvika onddiga forebyggande bekéimpningar. Bekdmpningar
under sésongen kan troligen ocksd undvikas under de perioder d4 det inte rider lampligt vider
for bladmdgel. Ett annat sitt att minska bekdmpningsbehovet vore att undvika svampens
hirjningar genom att tidigareldgga och forkorta odlingssisongen.

HJORTH, A. 1990. Biclogisk bekiimpning med de insektspatogena svamparna Beauveria
bassiana (Vuill.) och Verticillium lecanii (Viegas); Faltforsok for kontroll av trips i ragoch
havre. (Handledare: Forsoksledare Hans Larsson.) Sveriges lantbruksuniversitet, Institutionen
for viixt- och skogsskydd, Examensarbeten 1990:6.

Biologisk bekimpning med svamppreparat i fiilt &r mycket svart, dd sporernas groning och
tillviixtbl.a. drberoende av en hogrelativ fuktighet. Trips leveri sma och trénga utrymmen som
t.ex. i bladslidor och ax. Mikroklimatet har i dessa utrymmen en hog relativ fuktighet som &r
gynnsam for svamp.

Syftet med examensarbetet var ait undersdka om de insektspatogena svamparna Vertici Hlium
lecanii och Beauveria bassiana har en potential som biologisk insekticid mot trips i rdg och
havre.

Tidigare filtforsok (Larsson i manus b) med V. lecanii i rig har givit en dkad infektionsgrad
av trips, speciellt med kontinuerlig bevattning i kortare intervaller.

Eit forsok utfordes i rag med B. bassiana och ett i havre med B. bassiana och V. lecanil.

Ragforsoket visade att svampbehandlingen i medeltal har minskat, antalet trips i bladslidan
och bladslidans skador, samt signifikant minskat antalet trips 1 axet. I medeltal infekterades
4,7% av tripsen med B. bassiana i bladslidan. Infektionsgraden dkade med bevattningen.

I havreforsoket minskade sporsuspensionen, med V. lecanii och kombinationen med
insekticid, i medeltal antalet trips och bladdss (Sign.) i vippan. B. bassiana minskade antalet
trips i vippan endast med sporsuspensionen.

Resultaten visar attdet finns en mojlighet for V. lecanii och dven f6r B. bassiana som biologisk
insekticid mot trips. En vidareforidling av olika isolat 4r dock nédvandig.

Nyinkopt litteratur till Institutionen for véaxt- och
skogsskydd

Behavior-modifying chemicals for insect management : applications of pheromones and other attractants. 1990,
Ed. by R.L. Ridgway, R.M. Silverstein & M.N. Inscoe. 761 p.

Biological control of soil-borne plant pathogens. 1990. Ed. by D. Hornby. 479 p.

Critical issues in biological control. 1990. Ed. by M. Mackauer, L.E. Ehler & J. Roland. 330 p.

Genetics of bacterial diversity. 1989. Ed. by D.A. Hopwood & K.F. Chater. 449 p.

Gerson, U. & Smiley, R.L. 1990. Acarine biocontrol agents : an illustrated key and manual. 174 p.

Hanlin, R.T. 1990. lllustrated genera of ascomycetes. 263 p.

Hofsvang, T. & Sundheim, L. 1990. Sjukdommer og skadedyr pd jordbruksvekster. 112 s.

International crop protection information workshop (1989 : Wallingford, England). 1989. Ed. by K.M. Harris &
P.R. Scott. 320 p.

International symposium on trichogramma and other egg parsites (2 : 1986 : Guangzhou, China). 1988. 644 p.

Lowman, J. 1984. Mastering the techniques for teaching. 245 p.

Manly, B.F.J. 1990. Stage-structured populations : sampling, analysis and simulation. 187 p.

Methods in phytobacteriology. 1990. Ed. by Z. Klement ... 568 p.

Pesticides and non-target invertebrates. 1989. Ed. by P.C. Jepson. 240 p.

Pettersson, M.-L. 1990. Hdll krukviixterna friska! 1990. 160 s.

Torre-Bueno, J. R. dela. 1989. The Torre-Bueno glossary of entomology. Compiled by S.W. Nichols. Rev. ed. 840 p.

Whiteflies: their bionomics, pest status and management. 1990. Ed. by D. Gerling. 348 p.

119



MASSB
Sveriges Lantbruksuniversitet REV

SLU Info/Férsiljning
Box 7075
750 05 Uppsala

VAXTSKYDDSNOTISER
Utgivna av Sveriges Lantbruksuniversitet, SLU Info/Vixtskydd
Ansvarig utgivare: Snorre Rufelt
Redaktor: Aagot Heidrich
Redaktionens adress: Sv. Lantbruksuniversitet, SLU Info/Vixtskydd,
Box 7044, 750 07 UPPSALA. Tel. 018- 67 10 00
Prenumerationsavgift for 1990: 150 kronor
Postgiro 78 81 40-0 Sv. Lantbruksuniversitet, Uppsala

ISSN 0042-2169

Reklum & Katalogtryek Uppsala 1991






