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ABSTRACT

Black  streak  diseasc of  edible  burdoek  (Arctium tappa L.) has been  observed  periodieally in Hokkaido  Prefecturc,

Japan  since  1988, Symptems  appeared  initially as  small,  dark  brown  to blaek spots  on  the ]eaf veins  and  petioles. The

necrotic  spots  developed longitudinally along  the leaf veins  or  petioles. Diseased leaf veins  or  petioles  oecasionally

snapped  off  at  the  necrotic  lesions, An  itersonilia sp.  was  isoiated from  rotting  leaf veins  and  petioles. Laboratory

inoculations of  edible  burdock  seedlings  using  ballistospore suspensions  produced  typical symptoms  observed  in
nature.  The  fungus had  a  feathery mycelium  and  developed a  white  to pale  cream  colony  eo]or.  The mycelium  was

eomposed  primarily of  branehed  hyphae  with  elamp  connections  at  the  septa.  Ballistospores, fbrmed  at  the  apex  of

infiated cells,  were  lunate, ovoid  to pyriform,  The  fungus  oecasionally  produced  appressoria,  chlamydospores  and  yeast

eells.  Based  on  the  morphological  charaeteristics,  the  causal  agent  was  identified as  Jtersonilia per:plexans  Derx. Edible
burdock  strains  were  also  pathogenic  to chrysanthemum  and  caused  petal  blight, This report  is the  first of  a  foliar
disease of edible  burdoek eaused  by L per:plexans in Japan,
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INTRODUCTION

  Edible burdock (Arctium lappa L.>, whieh  is a  member

of' Lhe family Ast･eraceae, is an  important vegetable  crop

in Japan. Edible burdoek  is grown  from  April to Oetober

in Hokkaido  Prefeeture and  is famous  in Japan fer its
high quality.
  Black streak  disease of  edible  burdock  was  first de-

seribed  in 1988iT', has been  observed  periodieally, and  is

a  serious  problem  for growers in Hokkaido. The disease
generally oecurs  in vigor'ously  growing edible  burdoeks
with  high yield potentials Emd  ean  result  in total yield loss

in severely  infested fields. Initial symptoms  are  observcd

as  necrotic  spot･s  of  leaf veins  and!oi'  petioles. These spots
develop into neerotic  streal{s  along  leaf veins  or  petioles.

  The  fungus isolated from black streak  lesions produced
a  white  to cream  eolony  in culture  alld  had clamp  connee-

t･ions. The fungus s･vas paLhogenie to edible  burdock and
was  isolated from  inoculated plantsiT''. Ho",ever, the
taxonomic  status  of the eausal  fungus has thus far not･
been  investigated in deLuil. From  1994  to 1996, many

attempts  were  made  to identify the causal  agent  ot' black
sLreak  disease, which  was  $i]nilar to the pr'eviously  de-
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scribed  fungusiT) and  constantly  isolated from  black

streak  lesions.

  The objectives  of  this study  were  to identify the eausal

fungus of  black streak  of  edible  burdock, descrjbe symp-
toms  of  the disease, and  deter'mine the pat,hog'enicity and

host range  of  the  causal  fungus. A  preliminttry report  on

black streak  of  edible  burdock has been  published').

MATERIALS  AND  METHODS

  Isolation of  the causal  fungus  Inf'eeted plants of

edible  burdock  with  black streak  symptoms  were  col-

lect･ed from  commeycial  fields ill Kuriyama-cho and

Memuro-eho, Hokkaido from 1994  to 1996. The  causal

fungus was  recovered  from symptomatie  petioles or veins

by  the following procedure. Small pieces  of  disensed
tissue were  removed  from  the  margins  of  infected lesions,
plaeed in a solution  of  1`lf] sodium  hypochlorite for 1 min,

rinsed  twice in sterile  distilled water,  and  placed on

potato dexLrose agar  (PDA) eontaining  streptomycin

sulfate  CIOOmg per lit･ter). Myeelial blocks from PDA
were  transferred  to I'DA  and  incubated at  15'C for 3
weeks.  A  small  amount  of  a  ballistospore suspension  from
PDA  eultures  was  used  t,o streak  on  yeast  malt  agar
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(YMA)  plates and  g'erminating ballistospores were  then

selected.  Single spore  isolat･es weTe  maintained  at  1O'C on

YMA  until  use,

  Cultural  ancl  morphological  eharaeteristies  To
detertnine radia]  growt,h rutes  of  the isolates of  the causnl

fungus, a 5-mm  plug was  taken from  the  ed.cre of  an

aetively  grrowing eolony  and  transferred to a plat･e of

YMA.  Inoeulated plates were  ineubated in the dark at  the

desired temperatures.  The  diameter of  eaeh  eolony  was

measured  3 and  14 days aftev  inoculat･ion. The rate  of

inerease in eolony  radius  was  deLermined as  the differenee
in colony  size  between  3 and  14 days after  inoculation.

There  were  three  replicate  plates per tr'eatment, and  each

experiment  was  repeated  twiee. Tvlurphelogical charae-

ter$, including size  of  ballistospores and  chlamydospores

were  observed  for cultures  grown  for 2 3 weeks  on  YMA

at  15'(l The size  of  yeast cells  was  also  measur'ed  on

eultures  grown  for' 1 week  on  yeast-pept,one-malt agar

(YPrtCA) at 20'C. Forty spores  otfi yeast cells of eaeh

isoLate were  measured.

  Pathogenieity  and  host  range  Pat･hogenicity of

isolates of  the  eausal  fungus was  tested  on  leaves and

roots  of  cdibLe  burdoek and  on  flowers of  ehrvsanthemum.

Seeds of  edible  burdoek  ev,  Yana.rrawarisou were  sown  in

black plastie fiats (25750Y4.3 em)  filled wtLh  eommer-

cial  potting  soil  CSank}ro-pott･ace, Hokkai-sankyo Inc.,
Hokkaido,  cJapan>.  After sowing,  the  soil  was  t･amped

down  and  watered  until  saturated.  Seeded  trays were

plaeed  in a s,reenhouse.  Healthy seedlings  were  selected

14  days at'ter  sowing  and  transplanted (thvee plants  per

pot) into clay  pots <15em diameterl./12em  high) fiHecl
with  commercial  potting soil,  Pots were  wat･ered  and

placed  in a  greenhouse  until  ineeulat･ion.

  Ballistospores of  each  isolat,e were  httrvested by fiood-
illg the YMA  p}ates with  sterile  distil]ed water,  scraping

t/he p]ates with  a  sterile  paintbrush and  filt･ering t･he

suspension  t･hrough double layers of  sterile  cheeseeloth.

Bailistospores wer'e  counted  with  a  hemacytometer and

adjusted  to approximat,ely  l ×  1O  ̀spores,'ml.

  Seedlings of  edible  burdock at  the  3- or 4-t/rue-leaf

st･a.cre were  inoculated wjth  a ballistospore suspensien  of

each  isolate using  a sterile  glass sprayer.  Inoculated

plant･s were  put･ into a  plastic bag and  placed  in a

controlled  ehamber  at  15'C. Plants spr'ayed  with  sterile

distilled water  served  as  conLrols.

  Pathog'enieity of  representative  isolates (IB9602 and

Blme951)  on  edible  burdoek  roots  was  also tested, Roots,
cut,  t,ransversely into a  10-em  length, were  inoculated

with  myeelial  plugs (5-mm diameter, 3 plugs per root>  of

each  isolate growing  on  YMA  plates. Roots inoculated
with  Y]v{A plugs served  as  controls.  The experiment  "rEts

conduct･ed  twice with  three  i'epLieates.

  To  test  the pathogenicity of the isolaLes on  flowers of

chrysanthemum  (Chrysanthentum morifolium),  three de-
taehed,  mature  flowers of  chrysanthemum  cv,  Start were

used  for eaeh  isolat･e. Pedicels of  three  fiowers were

placed in a 300-ml flask fi11ed with  100 ml  sterile  distilled
water  and  sprayed  with  a  balli6tospore suspension  (1×

104 spore,'ml).  Inoeulat･ed flowers were  put into ptastie
bags and  incubated in a  controlled  environment,  chamber

at  15'C with  a  12-h photoperiod,  Flowers sprayed  with

sterile  distilled water  served  as  eonLrols,

  Twenty-one  crops  lisLed in Tab]e 3 were  used  to test

the host･ range  of  representative  isolates of  causal  fungus
and  reference  {sulates ef  Jtersonilia perplexans.  The

pathogenicit･y of  each  fungus was  tested by inoeulating

leaves of  eaeh  crop,  exeept  chrysanthemum.  Oll chrysan-

themum,  pathogenicity  of  each  fungus was  test,ed by
ineeulating leaves and  detached fiowers. A  total of  5 or  6

plants of  each  crop  were  inoculated with  a  ballistospore

suspension  (1× 104 spore,iml)  of  the fungus in sterile

disti11ed water.  Plants sprayed  with  sterile  distilled water

ser'ved  as  eontrols.  Inoculat･ed plants w･ere  put into plastie
bags and  placed in a  controlled  chamber  at･ 15'C. Disease

incidence was  evaluated  14 diays after  inoculat,ion, Each

experiment  was  repeated  twice.

Table 1.Strains  ef  Jtersonitia spp.used  ill this studv･

St]'aLnviesL

 l'Eo'i-ai,le-s 

-
 

-"

 Blme941-1, Blme944-2, Blme943

 Blme951, Blme9[52

 IB9601, IB9602, IB96e3, IB9604, IB9606
 IB9607, IB96C)8, LB9609, IB9610
Jtersotiitia perT)texatts (reference isolates)
IF031350

IF0316oP5  CItersoniti.a pastincteae)

IF031656  (Jtersontllia p.vriforman,y)

IIest plant T.oealitv
Year
        Other designaLionisolaLed

Edible burdock
Ediible burdock

Edible but'dock

AirParsnipAcer

 macJ'oph.vllium

Hokkaido, Japan 199'1
Hek]{aido, tJapan  1995

IIokkaido, Jupan 1996

Netherlands
U.K.

u.s.fx.

196e

1948

CBS 144.68,  ATCC  36404

CBS  356.64, ATCC  36403,
IMI  092075

CBS  286.50, {1.TC..F 15496
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Tab.1.e. 2: .. P..i.{I.l.gnsions of  ballisLospores,ehlamydospot'esand yeast,ee]ls of  Jtersonilia perplexans

Structure"･'

Iso.1.aie-rp...e..a..F.y.{ep.}.en.!F..(ptM)h,

Edibleburdoek  isolatu -"ttime951      J.        tt
IF03.u3;-)o
t tttt ttttttttttttttt-ttttpetplt,.xans

IB9601 IB9602 IB9604Blme941-1Blme943

Ballistospore

 Length
 WidthChlamydospore

 Diameter

Yeast cell

 I]ength
 "Iidth

10..l-15,･1

 7.2-11.1ILt.1-19,4 7.4-15.09.9-18.7

 10.5

7.0-11.1 7.014.710.610.8

 18.2

 7.6-12,O12,O-21,6 9.0-13..1

"iP'o-ii16r)s

+t/1/

9.7-22,65A-9.8 7.1-12 63.tt
 7.1

S.24.9-25.58,9

9.9-15.1

9.L-23,67.4-13.614.7-22.1

 8.･7-14.1

1.1,O-18.5

a) Structui'es were  taken f'rom 2 3 week  old  veast-malt

  yeast-peptone-malt  ngar  <yeast).
b) For each  isolate, 40 spores  were  measured,

c)  .±  : rarely  product,ion, : no  produeLion.

agal'platesiballist5gll6'ie's"  and  chlamydospoi'es)  or  1 week  old

  Disease symptoms  on  inoeulated leaves or  roots  of

edible  burdoek  and  fiowers of  chrysanthemum  were  eval-

uated  14 days after  inoculation. 1ihe eausal  organism  was

re-isolated  from necrotie  lesions on  YMA  using  the  spoTe

fall method  described by DerxG). Diseased fragments
were  attaehed  with  cellophane  tape onto  the inside of  lids
of  plastic petTi dishes and  incubated at  15 C over  YMA

for 4 days.

                   RESULTS

  Symptoms

  The  symptoms  of  black streflk  on  edible  burdock in the
field were  observed  2or  3 months  after  sowing  and

eharaetet'ized  initially as  small,  dark brown Lo black spots
on  leaf veins  and  petioles (Plate I-A). rVhe

 neerotic  spots

developed longiLudinally along  the  veins  and  petioles,
giving the  appcarance  of  black streaks.  Danl< brown  or

black streaks,  surrounded  by pale yellow halos, were

observed  on  infected leaves. Larger  necrotie  spots  ocea-

sionally  formed  in the cent･ers  or  on  the  margins  ot' lamina
of  young  leaves. In severe  cases,  diseased leaf veins  or

petioles snapped  oft' at  the necrotic  lesions (Plate I-B).

  Isolation and  identification of  the eausal  fungus

  Itersonilia sp.  was  consistently  isolated from  edible

burdock samples  with  typical  black streak  symptoms

collect･ed  from  eommereial  fields in Hokkaido. Fungal
isolates used  in this study  are  listed in Table 1. All 14
isolates produeed  a  feathery mycelium  and  developed a

white  to pale eream  color  on  YMA.  The mycelium  was

eomposed  primarily of brallched hyphae  with  clamp

eonnections  at  the septa  (Plate I-C). Hyphae were  hyaline
and  2 5 ptm  wide  and  terrninated  in infiated sporogenous
cells  with  clamp  eonnections  at t,he base, Sporogenous
cells  were  thin-walled,  pyriform, ovoid  to subglebose,

t.t><ox..EEvwF<cr=Flooro

Fig. 1.
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          TEMPERATURE  (-C)
Growthratesofltersonitictperv)texansiso]:,tteson

yeast  ina]t･  agar  aL various  teniperp.ti-'es.

14.7-19.1xlO.1  13.3"m.  
'1ihese

 eells germi'iiated to
form  hyphae  or at･tenuated  

.[rer'm
 tubes  on  ;･vhich  ballis-

tospores  formed, Ballistospotfies were  ltLnate, ovoid  to
pyrif'orm, and  subglobose,  9.9'21.6X7.0-15.0y'dn  and

germinated  immediately  either  with  hyphae, seeondury

ballistospores or  appressoria  (Table 2, PIate 1-D). Ap-
pressoria were  light･ brown to bt'own, i]'regular, er'enaLe,

and  lobed, and  formed  from  germinating ballistospores on
a  hard surface  such  as  a  glass slide  or plEtstie pet･ri dish.
Edible burdoek isolat･es rarely  formed ehlamydospores  on

YMA.  Whcn  present, chlamydospores  were  t,ermina]

or  int,ereaLary, globose  to subglobose,  and  thiek  wa-ed.

Only  isolate Blme94{S pruducec]  abundant  ehlamydo-

spores,  11,8-15.2X9.9'14.2"m  Cliabie 2, Plnte l-E)'.
Yeast･ cells  spontaneously  forrned in isolate IB9eiOl,
IB9604  and  BIme94;-1  when  grown  on  YI'MA  and

measured  7.1'25,5 × 3,5-9.8 ptrri (Plate T-F). Yeast col-

onies  were  smooth,  dull to shin.x,,, white  te pale  erearn.
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Table 3.Host  range  of  edihle  burdock andrefer'ence  isolates of  ltet'sottilia perplexans

Test planLs Cultivar
Edible burdoek isolate L petplexans

IB9602Blme951  IF031650  IF031656  IF031655Control

Seedlings
Astet'aceae

 Arctiitm lappa

  Bellis perennis

  Ualendula o17Zcinalis

  Cctrthctmus tinctorius
  Centaurea moschata

  Chrvsathemunt coronarium

  Chr:,santhenzMm moritbtittm

  Cosmos  bipinnatus

  (lv'naJ'a scol.yJnus

  Dahlia. variabi･lis

  Gaiila,'dia pulchella

  Hbli･attthtts annuus

  Lactuea･ sativa

  leudbechia sp.

  Zinnia elagans

Umbelliferne

  Apiurn graveotens
  Dctueus carota
  Coriandrum sativum

  Cl".'ptotaeniajaponica
  Pastinaca sativa

  Petrosetinunz crispum

IleomAst,eraceae

  Chiv'santheinum morifotium

Yanagawarisou

Super Sibelius

Orange delight
Maruba-syu

Chyuy･ ou-syungiku
StartVersailles

Green globe
DapperRed

 plume

LunaM-Wrap-231

Indian summeT
Royal purple

Corne]. 619
Kouyou  no.2

Kanto-mituba

Hollow erown
Paramount

1 (BS)",

± (BS)

                          Stat't +(PB)

a) Disease severity  was  assessed  14 days afle' 

'r
 inoculat,ion.':'I

  black st,reak  symptoms,  PB  : peta] blight symptoms.

(BS)

=CBS)

-(PB)+(PB)

Yeast eells  ocea$ionally  devcloped monokaryotic  hyphae

with  pseudoclamps. The morphology  of  ballistospores and

ehlamydospores  of  the isolates from  edible  burdock eoin-
eided  with  that  of  the  referenee  isolates of  J. perplexans
examined.

  Average  values  f'or growth  rates  of  representative

i$olates used  in temperature  tests are  indicated in Fig. 1.

Both  isolates had  maximum  growth  at  22.5'C and  no

growth  at  30'C.
  Pathogenicity  and  host  range

  Fourteen edible  burdock isolat･es (Table 1) were  used  to

inoeulate seedlings  of  edible  burdock. All isolates tested
caused  typical symptoms  numerous  black streak  lesions

simi]ar  to Lhese  on  diseased plants observed  in t,he field

(I'lat･e I-G). Water-inoculated control  plants did not  have
any  symptoms.  Nor  were  disease symptoms  observed  on

edible  buTdock  roots  inocuiated with  mveelium  disks of

the isolates. In tcsts of  pathogenieity on  chrysanthemum

petals, all  edible  burdock  isolates also  caused  peLal blight.
These  symptoms  developed 5 days after  inoeulaLion as

plant diseased, L/ : slightly  diseased-.

 1(PB) 
-

, :no  diseased, BS:

small,  brown to red  brown spots  (Plate I-H). Water-
inoeulat,ed control  blossoms  did net  have  any  symptoms

of  disease.
  In t･ests on  host range,  edible  burdoek leaves and

ehrysanthemum  petals were  infeeted by edible  burdock

isolates (Table 3). Art{ehoke C(1},nara scolymus)  leaves
were  slightly  infeeted (approximately 25%)  and  had
symptoms  similar  to black streak  on  edible  burdoek

leaves. Other plants had  no  disease symptoms,  Referenee

isolates {IFO:1 1650  and  IF031656) infected chrysanthe-
mum  petals, but no  symptoms  were  observed  on  other

plants. IF031655 isolate was  not  pathogenic to any  tested

plants.

                  DISCUSSION

  Inoculation of greenhouse=grown  edible  burdock  with

edible  burdock isolates resulted  in symptoms  typieal of

black streak  in the field. The  inoculated planLs  developed
small  neerotie  spots  on  leaf veins  or  petioles  that  pro-

NII-Electronic  
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gressed to neerotic  stveaks.  The  fungus was  re-isolated

consistently  from  the diseased leaves. The  fungus was

identified as  Itersonilia perpZexans Derx  based on  the

morphology  ef hyphae with  elamp  conneetions,  ba]lis-
tospores, chlamydospores  and  yeast cells. These  results

fulfi11 Koch's postulates  for L perptexans  as  a  pathogen
of  mature  leaves of  edible  burdock  for the first time

in eJapan,  We  propose that this new  disease should  be

ealled  black streak  of  edible  burdock  (CKurosuzibyo'
in Japanese).

  This report  is the first of  black streak  of  edible  bur'doek
eaused  by  I. perplexans. The  disease was  limited in

location to Hokkaido  Prefeeture in northern  Japan. In

retrospect,  the  disease was  observed  in edible  burdock
fields at  the  Tokachi  distriet in eastern  Hokkaido approxi-
mately  15 years  before and  each  year  thereafter. How-

ever,  the  causal  agent  was  not  positively identified during

that time, although  the isolates having hyphae  with  elamp

eonnection  and  producing lunate conidia  were  observedi').

  I p)'riformans and  J, pastinacae were  listed as  different
species  from Z perplexans  based on  rnorphological

studies"'i!).  However, many  myeologists  considered

these speeies  as  synonyms  of  L per;plexans based  on

further observation  of  morphology,  nutritional  physiol-

ogy,  mating  between  Itersonitia speeies  and  DNA  homol-
og}ri･2･i3-iG･L3). The fungus, isolated from edible  burdock  in

Hokkaido, elosely  matches  the deseription of' L perpgex-
ans  in cultural  apd  morphological  charact,eristicsL"7).

However,  formation of  yeast cells  and  chlamydospores

differed greatly among  the isolates studied.  Three isolates
(IB9601, IB9604 and  Blme941-1) spontaneously  formed
yeast eolonies  when  grown on  YPMA.  Other isolates
rarely  developed a  yeast  phase. Two  isolates (IB9601 and
Blme943) formed chlamydospores  on  YMA.  

'I'he

 Blme-

943  isolate in particular formed  abundant  chlamydo-

spores.

  J. perplexans is reported  as  a  petal  blight pathogen  on

various  plants,  including: artiehoke5},  china  aster  (Callis-
tephus chinensis)S',  chrysanthemumiO'Li),  dahlia (Dahlia
pinnata)ii'  and  sunflower  (Helianthus annu"s)i5).  I. per-
plexans has also  been  reported  to cause  lesions on  cotyle-

dons and  first ti'ue leaves and  seedling  rot  in sunfiowersiD,
While  L perplexans ean  be considered  a  saprobe  or  weak

pathogen, this study  demonstrated t･hat the  edible  bur-
dock isolates were  primary  pathogens and  can  cause

significtmt damage.

  When  edible  burdock jsolates of  l peiplexans were

used  to inoculate seedlings  of  other  erops,  symptoms  on

mature  leaves were  not  observed  on  other  hosts except

artichoke.  Typical black streaks  similar  to edible  burdoek
symptoms  were  observed  on  artichoke  after  inoeulation
with  edible  burdock  isolates, but･ they  oceurred  at  low
frequeney. Infection of artichoke  may  thus be restrieted
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to laboratory eonditions.  Thus, on  the basis of these

inoeulation experiments,  the edible  burdock  pathogen
seerns  to have  a  namrow  host range.

  Host-specifie isolates of  L perplexans were  also  report-

ed  on  parsnip to cause  root  eanker"'.  The parsnip isolates
were  pathogenie to roots,  leaves, petioles and  inflores-

eences  of  parsnip"'4'. From  the viewpoint  of pathogenicity,
edible  burdock  strains  and  parsnip  strains  are  unique

strains  of L perplexans. Both strains  may  be distinet

subgroups  within  L peTzplexans, although  additional  inves-

tigaLions would  be neeessary  to confirm  this conclusion.

  The  disease is initiated when  edible  burdoeks begin to
produce a dense canopy.  Differences in disease develop-
ment  over  the years may  be due to planting date and

various  environmental  factors. Although  no  study  has yet
examined  the epidemiology  of  black streak  of edible

burdock, outbreaks  of the disease tend to develop at  low

temperatures  during the rainy  season.  Splashing water

and  free moisture  likely assist  in the  dissemination of  L

perplexans  ballistospores. Further  investigations are

needed  to answer  these quest･ions.
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Black streak  lesions on  edible  burdoek in natural  infection.

Diseased petiele of  edible  burdock snapped  off  at  the neeretic  lesions in natural  infection,

Hyphae  with  elamp  eonneetions  at  the  septa  (scale is 10"m>.

Ballistospores of  I perplexans  edible  burdoek isolate (IB9602) on  YMA  {scale is 20"m).

Chlamydospores of  I. perplexans edible  burdock isolate (Blme943) on  YMA  (scale is 30#m).

Yeast, cells  of  J. perptexans edible  burduek isolate (IB9604) on  YPMA  (scale is 40"ml).

Black  streak  lesions on  petiole of  edible  burdock after  spraying  svith  a  ballistospore suspension  of  L perplexans.
Petal blight on  fiowers ot' ehrysanthemum  aft,er spi'aying  with  a ballistospore suspensien  ofthe  edible  burdocl{ strain.
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