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a b s t r a c t

In 1950 and 195 1, in sp e c to r s  of the B u reau  of E n tom ology  and 

P lan t Q uarantine found a C o lle to tr ich u m  s p. a s s o c ia te d  w ith le s io n s  

on the bulb s c a le s  of a num ber of s p e c ie s  of l i l i e s  being im p o rted  fro m  

the O rien t. T h ese  le s io n s  r e se m b le d  som ew h at th o se  found in b lack  

sc a le  d ise a se  of E a s te r  l i l y  b u lb s. C o lle to tr ich u m  iso la te s  obtained  

fro m  the im p orted  bulbs cou ld  not be d ifferen tia ted  fr o m  the b la ck  sc a le  

fungus, C- l i l i i ,  on the b a s is  of s iz e ,  sh a p e , or the c o lo r  of th e ir  

co n id ia . S in ce the b lack  s c a le  d is e a s e  had on ly  b een  found in B erm uda  

and L o u is ia n a , and had n e v e r  b een  rep o r ted  as o ccu rr in g  on bulbs other  

than th ose  of the E a s te r  l i ly ,  th e se  is o la te s  w ere su b jected  to p atho

g e n ic ity  te s ts  on the b la ck  s c a le  su sc e p t ib le  C reo le  E a ste r  l i l y ,  in 

c o m p a r iso n  w ith  CL l i l i i .

S ix teen  is o la te s  fr o m  v a r io u s bulbs and plant m a te r ia ls  w ere  

found to be n on -p ath ogen ic  to the C reo le  E a s te r  l i l y  during two s u c 

c e s s iv e  grow ing s e a s o n s . It w as a lso  found that th e se  iso la te s  w ere  

n on -p ath ogen ic  to bulbs o f the typ es fr o m  w hich  they w ere o r ig in a lly  

iso la te d . In h o st range s tu d ie s  with_C. l i l i i  it w as found that bu lbs of 

L . c a llo s u m , L . candidum  (C a sca d e  and White E lf  s tr a in s ) ,  L . cern u u m , 

L . D a v id ii 'M axw ill', _L. fo r m o sa n u m , L . H en ry i, L . ja p o n icu m , L. 

r e g a le ,  L . sp e c io su m  v a r . a lbum , and L . sp e c io su m  v a r . ru b ru m  w ere  

not s u s c e p t ib le . H ow ever, bu lbs of L . a m a b ile , L . d auricum  v a r .



san gu in eu m , L . m ar tag on v a r . a lb u m , L, p u m ilu m , L . u m b e lla tu m , 

and. the C r e o le , C roft, E s ta te , and G eorg ia  v a r ie t ie s  of E a s te r  l i l i e s  

(L . lon g ifloru m ) w ere  found to be su sc e p tib le  to  the d is e a s e .  In the 

c a s e  of L . c o n c o lo r , it w as found that the fungus could  be iso la ted  

fr o m  the n e c r o tic  s c a le  tip s of the b u lb , a lthough  the s c a le s  show ed  

no ty p ica l b la ck  s c a le  le s io n s .

In an e ffo rt to d ifferen tia te  b etw een  pathogenic and non -p ath ogen ic  

fo rm s of the fu n g u s, c r i t ic a l  m o rp h o lo g ica l and grow th stu d ies  w ere  

m a d e. T h ese  stu d ies  r e v e a le d  that a l l  iso la te s  could  be d ifferen tia ted  

fr o m  the pathogenic fo rm  b y  grow th stu d ies  in liq u id  m ed iu m . M orpho

lo g ic a l  d iffer e n ce s  w ere  found in on ly  four is o la t e s .

S tudies w ith  the pathogenic fungus to d eterm in e  its  e ffe c t  on the 

grow ing l i ly  plant in d ica ted  no a d v e r se  e ffec ts  on flo w er in g , plant 

v ig o r , bulb d evelop m en t, or fo rc in g  a b ility . B u lb le t production  h o w 

e v e r , was s ig n if ica n tly  in c r e a se d  in p lants w h ose bulbs w ere  in fec ted  

by C . l i l i i .  A t no tim e  w as the fungus o b se rv ed  on any p a rt other than 

the bulb s c a le s .



INTRODUCTION

B la c k  s c a le  is a d is e a s e  know n to a f fe c t  the bulb s c a le s  o f a t  

le a s t  tw o c o m m e r c ia l v a r ie t ie s  o f the E a s te r  l i l y ,  L iliu m  long if lo ru m  

T hum b. Until 1937 w hen the d is e a s e  w as f i r s t  o b se r v e d  in th is cou n try  

in so u th ern  L o u is ia n a , it  w as know n on ly  in th e l i ly  g row in g  a r e a s  o f  

B er m u d a . T he c a u s a l o r g a n ism  w a s f ir s t  d e sc r ib e d  in 1944 and d e 

s ig n a te d  as a n ew  s p e c ie s ,  C o lle to tr ic h u m  l i l i i  P la k ,

In 1949 and  1950, a C o lle to tr ic h u m  s p . w as is o la te d  fro m  the  

bulb s c a le s  o f C ro ft E a s te r  l i l i e s  g ro w n  in O regon  and w as found to  

be m o r p h o lo g ic a lly  s im ila r  to C o lle to tr ic h u m  l i l i i .  L a te r , a s e r ie s  

of iso la t io n s  w e r e  m ade fr o m  le s io n s  on s c a le s  of im p o rted  bulbs 

in te r c e p te d  by F e d e r a l in sp e c to r s  a t p orts o f en try  in San F r a n c is c o ,  

S e a ttle , and H oboken. A lthough  the con id ia  o f th e se  i s o la te s  w ere  

found to be id e n tic a l in s iz e  and sh ap e to th o se  o f C . l i l i i ,  the s c a le  

le s io n s  w er e  d iffe r e n t .

B etw een  1951 and 1953, in v e s t ig a tio n s  w e r e  co n d u cted  w ith  ten  

of th e se  is o la te s  to  d e term in e  th e ir  p a th o g en ic ity  to the b la c k  s c a le  

s u s c e p t ib le  C r e o le  E a s te r  l i ly .  N on e of th e se  is o la te s  c a u s e d  b la ck  

s c a le .  In the la b o r a to r y , va r io u s s tu d ie s  w e re  con d u cted  in an e f fo r t  

to d eterm in e  a m ea n s  of d iffe re n tia tin g  b etw een  the p athogen ic and n o n -  

p ath ogen ic  i s o la t e s .  One iso la te  w as d iffe r e n tia te d  fr o m  C . l i l i i  on the
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b a s is  o f m orp h olog ica l fe a tu r e s , two on the b a s is  of co lon y  s iz e  on 

so lid  m ed ia , and a l l  w ere found to produce s ig n ifica n tly  b e tter  grow th in 

liq u id  m edium . E fforts  to obtain bulb s c a le  in fection  in the lab oratory  

w ere u n su c c e ss fu l even  w ith the pathogenic fungus.

In vestigation s w ere  a lso  conducted  to d eterm in e w hether or not 

C o lleto tr ich u m  l i l i i  wa s  the sa m e fungus as C o lleto tr ich u m  lilia c e a r u m  

(Schw . ) Duke. It was found that the m o rp h o log ica l fea tu res  of three  

iso la te s  thought to be C . l i l ia c e a r u m  w ere  d ifferen t fro m  th ose  of C. 

l i l i i , and they w ere  not pathogenic to C reo le  E a ster  l i ly  b u lb s.

The p resen t in v estig a tio n s deal w ith additional iso la te s ;  their  

p athogen icity  to C reo le  l i l i e s ,  th e ir  pathogenicity  to bulbs of the type 

fro m  w hich they w ere o r ig in a lly  iso la te d , and m ethods of d is tin g u ish 

ing them  fro m  C . l i l i i . Other w ork included a h ost range study of C. 

l i l i i  w ith  a num ber of c o m m e r c ia lly  a va ilab le  l i l i e s ,  and certa in  a sp e c ts  

of the e ffec ts  of the pathogenic fungus on the grow ing E a s te r  l i ly  and its  

bulb.



REVIEW  OF LITERATURE

P r ev io u s  to the iso la tio n  and d e sc r ip tio n  of the b la ck  s c a le  

fungus by  P lak id as (10 , 11), r e fe r e n c e s  r e la te d  to th is d is e a s e  and  

its  sym p tom s w ere lim ite d  to rep o rts  and b r ie f  n o te s . A l l  rep o rts  

w e r e  fr o m  the l i ly  grow ing a r e a s  of B erm u d a or co n cern ed  w ith  bulbs  

and plants grow n th e r e . The fa c t  that m uch of th is in form ation  o r ig i 

n ated  p rior to our p r e se n t in form ation  con cern in g  plant v ir u se s  a s s o 

c ia te d  w ith  l i l i e s ,  le d  to an ap p aren t con fu sion  b etw een  the e t io lo g y  

and  sym p tom s of the b la ck  s c a le  d is e a s e  and th o se  c h a r a c te r is t ic  

of the variou s v irus e n t it ie s .

In 1895, H a lsted  (1) found a V e r m icu la r ia  sp . and P h y llo s tic ta  

sp . a s s o c ia te d  w ith  o ld er and b row n er le a v e s  of p lants se n t to h im  

fr o m  B erm u d a . S tew a rt (16) rep o r ted  m ite s  and V erm icu la r ia  sp . on 

d ise a s e d  b u lb s, 'but by no m ean s co n sta n tly  and se ld o m  in num bers  

su ff ic ie n t to accou n t fo r  the d am age. 11 W hetzel (18) s ta ted  that in so m e  

r e s p e c ts  b la ck  s c a le  w as the m o st s e r io u s  d is e a s e  of l i l i e s  in B erm u d a . 

He a lso  s ta ted , "the d is e a s e  is  ca u sed  by a fungus, but the id en tity  of 

the pathogene has not y et b een  d eterm in ed . " A cco rd in g  to P lak id as (11), 

W h etzel had te n ta tiv e ly  id en tified  the c a u sa l o r g a n ism  of b la ck  s c a le  as  

Vo lute 11a sp . or V erm ic u la r ia  sp . L ater  itnpublished  data, h o w ev er , 

co n v in ced  h im  that the p r im a ry  ca u se  of d is e a s e  he w as ex p er im en tin g

3



w ith  w as a m o sa ic  and that the o r g a n ism  a s s o c ia te d  w ith  the bulbs w as  

a c tu a lly  seco n d a ry  to the v iru s in fe c tio n . A ttem p ts b y  W hetzel to p r o 

duce b la ck  s c a le  in fec tio n  in the la b o ra to ry  w ere  u n su c c e s s fu l.
c-

O gilv ie  (8) r ep o r ted  that in fec tio n  of the bu lbs w as due to 

V o lu te lla  sp . , but la ter  ( 9), d ec id ed  that the con d ition  w as due to a 

p h y s io lo g ic a l d istu rb an ce brought about b y  asp h yx ia tion  of the bulb 

s c a le  t is s u e  a s  a  r e s u lt  o f h eavy  or w a te r -lo g g e d  s o i l .  He added that 

the V o lu te lla  sp . p re v io u s ly  su sp e c te d  as the c a u sa l o r g a n ism  w as the  

r e s u lt  o f seco n d a ry  in v a sio n .

W aterston  ( 17) d es ig n a ted  C o lle to tr ich u m  g lo e o s p o r io id es  P e n z .  

a s  the probable ca u se  of b la ck  s c a le .  He ev id en tly  en ter ta in ed  so m e  

doubt b e c a u se  he s ta ted , "Black s c a le ,  ? C o lle to tr ich u m  g lo e o sp o r -  

io id es  P e n z . has b een  p r o v is io n a lly  n a m ed  as the fungus r e sp o n s ib le  

for  th is  con d ition  in the bulb and fo r  pre -m a tu re  d ie -b a c k  of the plant 

in  the f ie ld . " P r e -m a tu r e  d ie -b a c k  is  a con d ition  freq u en tly  a s so c ia te d  

w ith  cer ta in  v iru s  in fec tio n s  of the E a s te r  l i ly ,  but has n ev er  b een  n oted  

in con n ection  w ith  b la ck  s c a le  in fec ted  p la n ts .

The f ir s t  rep o rt o f the o c c u r r e n c e  of b la ck  s c a le  in th is  country  

w as by P lak id as (1 0 ). He s ta ted  that the d is e a s e  w as ap p aren tly  s o i l -  

born e and found P e n ic il l iu m  sp . , F u sa r iu m  sp„ , and V er m ic u la r ia  sp .  

a s s o c ia te d  w ith  s c a le  l e s io n s .  In p a th o g en ic ity  s tu d ie s  w ith  th e se  

o r g a n ism s , he found that the V er m icu la r ia  s p . w as r e sp o n s ib le  for  

the d is e a s e .  The la tte r  w as la te r  d e term in ed  to be a  C o lle to tr ich u m
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rath er  than V e r m ic u la r ia , In a la te r  p u b lica tion , P lak id as (11) r e 

ported  that the d ise a se  probably o c c u r r e d  in L o u is ia n a  as e a r ly  as  

1934 but re m a in e d  v ir tu a lly  u n o b serv ed  u n til 1937 when it  b eca m e  

se r io u s  in m any a r e a s  of the sou th ern  p a r ish e s  o f the s ta te . L o s se s  

as high a s  80 p er cen t w ere  rep o r ted , w ith  one g ro w er  producing only  

8 ,0 0 0  sa la b le  bu lbs of 4 0 ,0 0 0  h a r v e s te d . In p ath ogen ic ity  s tu d ie s  he 

found th at bulb le s io n s  w ere  due to in v a sio n  by a fungus w hich  he d e s ig 

nated  a s  a new  s p e c ie s ,  C o lle to tr ich u m  l i l i i  p la k . F u rth er  w ork in d i

ca ted  that no s u c c e s s fu l  m eth od  or c h e m ic a l had b e e n  found for  co n tro l 

of the d is e a s e .  H is a ttem p ts to produce the d is e a s e  on bulb s c a le s  in 

the la b o ra to ry  w ere  u n su c c e s s fu l,  a lthough  bulbs w ere  rea d ily  in 

fe c te d  w hen p erm itted  to grow  a s e a so n  in s o i l  in o cu la ted  w ith  C . l i l i i .

A co n tro l fo r  b la ck  s c a le  d is e a s e  w as rep o rted  by L eB ea u  (3 , 4) 

and la te r  b y  L eB eau  and R eyn old s (5 ). It w as found that the d is e a s e  

cou ld  be co n tro lle d  by the u se  of P u ra tized  N5X and N 5E (P h en y l 

m e r c u r i tr ie th a n o l am m on iu m  la c ta te ) . T h is trea tm en t c o n s is te d  of 

soakin g  the bulbs in a 1:1000 to 1:2000 so lu tio n  of the 10 per cen t fo r m u 

la tio n  fo r  24 h o u rs , fo llo w ed  by w ashing in running w ater  fo r  th ree  to 

four h o u r s . To p ro tec t the trea ted  bulbs fr o m  re in fec tio n  by s o i l -  

borne in ocu lu m  a fte r  p lanting, the bulbs w ere  d usted  w ith  A r a sa n  

(te tr a m eth y l th iu ram  d isu lfid e ).

R eyn old s (1 4 ), rep ortin g  on v a r io u s a sp e c ts  o f the b la ck  sc a le  

d is e a s e ,  s ta te d  that the op tim u m  tem p era tu re  for the grow th  of the



C reo le  l i ly  was 16°C . , the optim um  tem p era tu re  for d is e a s e  d ev e lo p 

m ent w as 30°C . , the optim um  grow th  tem p era tu re  for th e  grow th of  

the fungus on p o ta to -d e x tr o se  agar w as 2 2 °C . , and that the fungus p r o 

duced a tox in  w h ich  was ev id en t b y  the fact th a t t is s u e  sh o w ed  d is 

co lo ra tio n  in advance of the invading fu n gu s. In support o f th is  

con ten tion  he r ep o r te d  th at a toxin  produced  in liqu id  cu ltu re  was able  

to ca u se  d ise a se  sym p tom s on h ea lth y  bulb s c a le s  under la b o ra to ry  

co n d itio n s . In other ex p er im en ts  he w as ab le  to  obtain in fec tio n  and  

b la ck  s c a le  sym p tom s on s c a le s  in m o is t  ch a m b ers a t tem p era tu res

O Q
ranging fr o m  6 C . to 30 C . His data show ed  that in fec tio n  w as a p 

p aren tly  p o ss ib le  a t a ll tem p era tu res  w ithin th is  ran ge, and that only  

s ix  days w ere  req u ired  fo r  in fection  to take p la c e  at 3 0 °C . A ttem pts  

b y W h etze l, P lak id as (11) and la ter  S o b ers (15) w ere u n su c c e ss fu l in 

s im ila r  e f fo r ts .  R eynolds a lso  rep o r ted  that the op tim u m  grow th  

tem p era tu re  for C . l i l i i  on p o ta to -d ex tro se  a g a r  was 2 2 °C . This fa c t,  

h o w ev er , is  not c o n s is te n t  w ith  the 8 5 ° F . m axim u m  r e p o r te d  by  

M cC le lla n  and M a rsh a ll (6) or  the op tim u m  grow th  range o f 27°C . to 

3 l° C . rep o rted  b y  S ob ers (1 5 ).

P lak id as (12) rep o rted  a C o lle to tr ich u m  sp . s im ila r  to the 

b la ck  s c a le  fungus a s s o c ia te d  with le s io n s  on the s c a le s  o f  C roft 

E a s te r  l i l y  bulbs grow n in O regon. G row th s tu d ie s  on v a r io u s  so lid  

m ed ia  in d ica ted  th at the fungus was ap p aren tly  not C. l i l i i .  In patho

g e n ic ity  s tu d ie s  it  w as found that the O regon iso la te  w as n o t pathogenic
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to the C r e o le  E a ste r  l i ly  bulb . T h ese  fa c ts  w ere  co n firm ed  by  

S o b ers  (15) and in addition  it  w as found that the optim um  grow th  

tem p era tu re  for  the iso la te  w as 2 3 °C . to 2 7 °C . a s  co m p a red  to 2 7 °C . 

to  3 l° C . fo r  C . l i l i i .  In another rep o r t b y  P lak id as {13), it  w as r e 

v ea led  that an iso la te  fro m  bulbs grow n in C a lifo rn ia  w as n on -  

p a th o g en ic . He a lso  noted  that ad d ition a l C o lle to tr ich u m  iso la te s  

had b een  m ade fr o m  variou s s p e c ie s  o f l i ly  bulbs grow n  in  the O rien t.

In v estig a tio n s  by the author (15) sh ow ed  that o f th ir teen  i s o 

la te s  s im ila r  to CL l i l i i ,  none w as pathogenic to C reo le  E a s te r  l i ly  

b u lb s, and on ly  four cou ld  be d ifferen tia ted  fr o m  the pathogenic fo rm  

on the b a s is  of m o rp h o lo g ica l f e a tu r e s . It w as show n that C . l i l i i  and  

C . l i l ia c e a r u m  w ere  d ifferen t on the b a s is  of m o rp h o lo g ica l fe a tu r e s ,  

and the in a b ility  of_C_- l i l ia c e a r u m  to c a u se  b la ck  s c a le  sym p tom s on 

E a s te r  l i ly  b u lb s. O regon is o la te s  w ere r ea d ily  d istin g u ish ed  fro m  

C ♦ l i l i i  by  co m p a ra tiv e  co lon y  d ia m eter  in c r e a s e  on so lid  m ed ia , and  

on the b a s is  of optim um  grow th w ith  r e s p e c t  to te m p e ra tu r e . A ll i s o 

la te s  w ere found to produce s ig n if ic a n tly  b e tter  grow th  in liq u id  cu ltu re  

w hen co m p a red  w ith  C . l i l i i .

In a r ecen t p u b lica tion , M cW horter (7) d e sc r ib e s  a con d ition  on 

E a s te r  l i ly  bulbs w hich  he c a lls  "brown s c a le .  " He s u g g e s ts  that the 

o rg a n ism  cau sin g  th is cond ition  is a probable v a r ie ty  of C . l i l i i .  He 

n o tes  that th is  fungus type is  b e in g  stu d ied  in L o u is ia n a , and u n 

doubtedly is  r e fer r in g  to the O regon iso la te s  in v e stig a te d  by P lak id as
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(■12) and S o b ers  (1 5 ). It has b een  show n by b oth  w ork ers that w h ile  th is  

iso la te  does r e s e m b le  C . l i l i i  m o rp h o lo g ic a lly , it show s im p ortan t d if

fe r e n c e s  p h y s io lo g ic a lly  and has n ev er  b een  found to produce any type 

of s c a le  le s io n  on the C reo le  E a s te r  l i l y  bulb grow n under L ou isian a  

c o n d itio n s .

In add ition  to "brown s c a le ,  " M cW horter d e sc r ib e s  a s c a le  tip  

r o t . T his con d ition  has b een  o b se r v e d  h ere on the C roft v a r ie ty  but no  

p a rticu la r  fungus has b een  found a s s o c ia te d  w ith  the con d ition . 

M cW horter a lso  s ta te s  that the con d ition  is  ap p aren tly  p ecu lia r  to the 

C roft v a r ie ty  and that no v iru s  or m in e r a l d e fic ie n c y  has b een  a s s o 

c ia te d  w ith  it .  In the a u th or 's  b r ie f  e x p e r ie n c e , it has b een  a ra re  e x 

cep tion  to fin d  C roft bulbs w hich  did not show  th is con d ition , ev en  th ose  

bulbs or ig in a tin g  from , a r e a s  o ther than O regon or L o u is ia n a .



M ATERIALS AND METHODS

S ou rce o f I so la te s

P r io r  to and during the co u rse  of th e se  in v e s t ig a tio n s , a num ber  

of C o lle to tr ich u m  is o la te s  w ere  a ccu m u la ted  fr o m  a v a r ie ty  of plant 

m a te r ia ls  grow n in s e v e r a l  d ifferen t a r e a s  of th is  country  and fro m  

s e v e r a l  o r ie n ta l c o u n tr ie s . A ll w ere  s e le c te d  b e c a u se  of th e ir  m o r 

p h o lo g ica l s im ila r ity  to C o lle to tr ich u m  l i l i i  P la k . W here p o ss ib le  the 

is o la te s  a r e  l i s t e d  w ith  the plant m a te r ia l fro m  w h ich  the iso la t io n  w as  

m ad e, the p erso n  r e sp o n s ib le  for the iso la t io n , and the cou n try  or a rea  

fr o m  w h ich  the p lant m a te r ia l o r ig in a ted . The iso la te s  u se d  in th ese  

s tu d ies  a r e  l i s t e d  b e lo w .

Iso la te  4 9 -3 3 . A s in g le  sp o re  iso la t io n  sen t to th is  d ep a rt

m ent fr o m  the g o v ern m en t quarantine s ta tio n  a t H oboken, N . J. , the 

o r ig in a l iso la t io n  having b een  m ade fr o m  the bulb s c a le s  o f L iliu m  

s p e c io s u m  bulbs grow n in Japan.

Iso la te  7 7 9 3 -A . Iso la tio n s  m ade by the author fro m  the bulb  

s c a le s  o f L iliu m  fo rm o sa n u m  (W ilson  Strain ) b u lbs grow n in so u th e r n  

A la b a m a .

Iso la te  13076. Iso la tio n s  m ade by D r. A . G. P lak id as fro m  

s c a le s  of L iliu m  au ratu m  bulbs grow n in Japan.

Iso la te  13077. Iso la tio n s  m ade by D r . A . G. P lak id as fro m
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s c a le s  o f L iliu m  sp e c io su m  bulbs grow n in Japan.

Iso la te  13081. Iso la tio n s m ade by D r. A . G. P lak id as fro m  

s c a le s  of L iliu m  H an son ii bulbs grow n in Japan.

Iso la te  2 5530 . C u ltures se n t  to th is d ep artm en t fro m  B e l t s v i l l e , 

M d. , the o r ig in a l iso la tio n  having b een  m ade fro m  bulb s c a le s  o f an u n 

id en tified  L iliu m  sp . grow n in C hina.

Iso la te  27534 . Iso la tio n s  m ade by  D r . A . G. P lak id as fr o m  

s c a le s  o f L iliu m  c le im e r i i  bulbs grow n in Japan. A s e a r c h  of a v a i l 

ab le lite r a tu r e  fo r  a d escr ip tio n  of th is l i ly  w as m ade w ithout s u c c e s s .  

In an e ffo r t  to ga in  in form ation  co n cern in g  _L̂  c le im e r i i ,  variou s  

a u th o r itie s  w ere  co n ta cted . It w as su g g e sted  that the l i ly  was p ro b 

ab ly  a hybrid  of o r ie n ta l o r ig in . A n inquiry w as m ade to the quarantine  

a u th o r itie s  req u estin g  in form ation  con cern in g  the im p o rter  of the bulbs  

fro m  w h ich  th is iso la te  w as tak en . The im p o rter  in fo rm ed  the author  

that the bulbs had b een  grow n in Japan and that they w er e  hybrids  

w hich  w ere  not a v a ila b le  in th is  cou n try . He a ls o  s ta ted  that the bulbs 

w ere  of unknown p aren tage and that they did n ot su r v iv e  the f ir s t  y e a r s  

grow th  under A lab am a grow ing co n d itio n s .

Iso la te  27 5 3 5 . I so la tio n s  m ade by D r , A . G. P lak id as fr o m  

s c a le s  of L iliu m  co n co lo r  bulbs grow n in Japan.

Iso la te  27 5 3 6 . Iso la tio n s  m ade by D r . A . G. P lak id as fr o m  

s c a le s  of L iliu m  d au ricu m  bulbs grow n in Japan.

Iso la te  2 7 5 3 8 . Iso la tio n s  m ade b y  D r. A . G. P lak id as fr o m



s c a le s  of L iliu m  u m b ella tu m  bulbs grow n in Japan.

Iso la te  27 8 8 4 . Iso la tio n s  m ade b y  D r. A . G. P lak id as fr o m  

s c a le s  of L iliu m  s ik k im e n s is  bulbs grow n in India . T his l i ly  is  thought 

to be a hybrid  s in c e  no in form ation  under th is  n am e w as found in the  

l i te r a tu r e . E ffo r ts  to gain  in form ation  fr o m  the im p o rter  of the bulbs  

w ere u n su c c e ss fu l.

Iso la te  O re . '49. I so la tio n s  m ade b y  D r . A . G. P lak id as fro m  

bulb s c a le s  of a C ro ft E a s te r  l i ly  grow n in O regon in 1949. The s p e c i 

m en  w as su b m itted  by D r. F rank  P . M cW horter of O regon State

C o lleg e  a t C o r v a llis , O regon.

Iso la te  O re . '50. I so la tio n s  m ade by D r . A . G . P lak id as fro m  

bulb s c a le s  of a C ro ft E a s te r  l i ly  grow n in O regon in 1950. The s p e c i 

m en  w as su b m itted  b y  D r . F ran k  P . M cW h orter. B oth  of the O regon

sp e c im e n s  w ere s e n t  b eca u se  of a C o lle to tr ich u m  sp . a s s o c ia te d  w ith  

what D r . M cW horter c a lls  a "d ie-b ack "  of the s c a le  tip s of the C roft  

E a s te r  l i l y .  He s ta te d  that the fungus lo o k ed  m uch  lik e  C . l i l i i .

Iso la te  L a . Iso la tio n s m ade by D r . A . G . P lak id as fr o m  bulb  

s c a le s  o f C reo le  E a s te r  l i l i e s  grow n in  L o u is ia n a  and n a tu ra lly  in fec ted  

b y  Co lle to tr ich u m  l i l i i  P lak .

The next th ree  is o la te s  w ere s e le c te d  as b ein g  r e p r e se n ta t iv e  

of C o lle to tr ich u m  li l ia c e a r u m  (S c h w .) D uke, T hey w ere  c o lle c te d  to 

b e u se d  in p ath ogen ic ity  t e s t s  b e c a u se  of the s im ila r ity  in the s iz e  o f  

sp o r e s  w hen co m p a red  to th ose  of C . l i l i i .
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Iso la te  H am . Iso la tio n s  m ade by the author fro m  the d ried  

le a v e s  and flo w e r  sta lk s  of a H e m e r o c a llis  sp . c o lle c te d  b y  D r . A . G . 

P lak id as in H am m ond, L a.

Iso la te  P a , Iso la tio n s m ade b y  the author fr c m  d ired  le a v e s  

and f lo w e r  sta lk s  o f a H e m e r o c a llis  sp . c o lle c te d  on a f ie ld  tr ip  in the  

v ic in ity  of B eth leh em , P a . in  1952. The m a te r ia l c o lle c te d  w as c o m 

pared  w ith  the type sp e c im en  in the S ch w ein itz  c o lle c t io n  a t the A cad em y  

of N a tu ra l S c ie n c e s  in  P h ila d e lp h ia , P a . T his co m p a r iso n  in d ica ted  no 

s ig n if ic a n t  d iffe re n ce s  b etw een  the two s p e c im e n s . On the b a s is  of th is  

co m p a r iso n  and the fa c t that the m a te r ia l had b ee n  c o lle c te d  in the sam e  

g e n e ra l a rea  as the type sp e c im e n , it  w as a s su m e d  that the iso la te  w as 

the sa m e  as d e sc r ib e d  b y  S ch w ein itz  to w hich he gave the nam e  

C o lle to tr ich u m  li l ia c e o r u m  or C o lle to tr ich u m  li l ia c e a r u m  (Schw . ) D uke.

Iso la te  W ash. Iso la tio n s  m ade b y  the author fro m  the d ried  

le a v e s  o f an Ir is  sp . c o lle c te d  by M r. S tev en so n , m y c o lo g is t  w ith the 

• USDA. M r. S tev en so n  c o n s id e r e d  the C o lle to tr ich u m  sp . found on th is  

m a te r ia l to be ty p ic a l of C o lle to tr ich u m  li l ia c e a r u m .

The la s t  grou p  of is o la te s  w ere  m ade fr o m  variou s le s io n s  and  

n e c r o tic  a r e a s  found on bulbs w hich  had b een  grow n  in s o i l  in fe s te d  by

C. l i l i i  during the c o u r se  of th e se  in v e s t ig a tio n s .

Iso la te  L U - 1 to L U -5 . Iso la tio n s  m ade b y  the author fro m  

le s io n s  r e se m b lin g  b la ck  s c a le  on the s c a le s  of L iliu m  u m b ella tu m  bulbs  

grown in  s te r i l iz e d  s o i l  in fe s te d  by C . l i l i i .
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Iso la te  LiD-1 to L D -5 . Iso la tio n s  m ade by the author fro m  

le s io n s  r e se m b lin g  b la ck  s c a le  on the s c a le s  of L . d au ricu m  v a r . 

sangu in eu m  bulbs grow n in s te r i l iz e d  s o i l  in fe s te d  by C . l i l i i .

I so la te  LC -1 to L C -5 . Iso la tion s m ade by  the author fr o m  d ried  

s c a le  tip s of L . co n co lo r  bulbs grow n in s te r i l iz e d  s o i l  in fe s te d  by C. 

l i l i i .  The tip s of the s c a le s  r e s e m b le d  the s c a le  tip  n e c r o s is  freq u en tly  

a s s o c ia te d  w ith  the C roft E a s te r  l i ly .  The fungus w as ev id en t b y  the 

p r e se n c e  of n um erous a c e r v u li on the s c a le  t ip s;

S ou rce of B ulbs  

The C r eo le  and G eorg ia  l i ly  bulbs u se d  in the v a r io u s  e x p e r i

m en ts w ere  p u rch ased  fro m  M r s . H enry B la tt, S la u g h ter , L a. T h ese  

w ere  c e r t if ie d  bu lbs known to b e fr e e  of b la ck  s c a le .  B u lb s of the 

C roft and E sta te  v a r ie t ie s  w ere  obtained  through  the c o u r te sy  of D r. 

F rank  P . M cW h orter, O regon State C o lle g e , C o r v a ll is ,  O regon.

B ulbs of _L_. d au ricu m  v a r . san gu in eu m  w ere  p u rch a sed  fro m  D r. 

F . L„ S k in n er, D ro p m o r e , M anitoba, Canada. A ll  other bulbs w ere  

p u rch a sed  fro m  the O regon Bulb F a rm s at C o r v a llis ,  O regon.

S o il T rea tm en t and In festa tion  

In a l l  p ath ogen ic ity  s tu d ie s , r iv e r  b ottom  s o i l  w as u se d . S o il 

w as brought in fro m  an a r e a  w h ere no bulbs had e v e r  b een  grow n .

When p r a c t ic a l, the s o i l  w as s te r i l iz e d  along w ith  the con ta in er  in 

w h ich  the bu lb s w ere  to be p lanted . S te r iliz a t io n  was a ffe c te d  by
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a u toclav in g  a t 15 pounds p r e s su r e  fo r  two h o u r s . A fter  s te r il iz a t io n  

the s o i l  w as le f t  in the co n ta in ers  fo r  ten days p r io r  to u s e .

Due to a la c k  of su ff ic ie n t  co n ta in ers  of p roper depth, it  w as 

n e c e s s a r y  to p lant so m e bulbs in la r g e  co ld  f r a m e s .  T h ese  w ere f i l le d  

w ith  s o i l  and s te r i l iz e d  b y  fu m igation  w ith  m eth y l b ro m id e at the rate  

of one pound to 72 cu . f t .  of s o i l .  A fter  trea tm en t, the s o i l  w as a l 

lo w ed  to stan d  u n u sed  fo r  ten  d a y s. D uring th is p er iod  the s o i l  w as 

tu rn ed  freq u en tly  to a llo w  re s id u a l m eth y l b ro m id e to e s c a p e .

S o il in fe sta tio n  w as a c c o m p lish ed  by m ix in g  a 250 m l. b eak er  

fu ll  of in ocu lu m  to a g a llo n  of s o i l .  Inocu lum  c o n s is te d  of cu ltu res  o f  

the fungus on a s te r i l iz e d  m ixtu re o f oats and ground peanut m ed iu m . 

H o les  w ere  m ade a t the p rop er depth to a cco m m o d a te  the bu lbs and the 

in ocu lu m  m ix tu re  w as u se d  to c o v e r  the bulbs a lon g  w ith any ad d ition a l 

s o i l  n eed ed . A s te r i le  oa t-p ean u t m ixtu re w as s im ila r ly  m ix ed  and  

u se d  to  c o v e r  bu lbs ser v in g  a s  c o n tr o ls .

P rep a ra tio n  of S o il Inoculum  

The in ocu lu m  fo r  s o i l  in fe sta tio n  w as p rep a red  by grow in g  the 

d e s ir e d  iso la te  on an oat and peanut m ixtu re a u to c la v ed  at 15 pounds 

p r e s su r e  fo r  two hours in 1000 m l. E r le n m e y e r  f la s k s .  The m ixtu re  

c o n s is te d  of 3 parts of o a ts , and 1 p art o f w hole ground p ean u ts.

E nough of the d r ied  m ixtu re w as p la ced  in the l i te r  f la s k  s o  a s  to 

occu p y  about 20 per cent of the v o lu m e . A one per cen t aqueous
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so lu tio n  of s u c r o s e  w as added to ju st c o v e r  the c o n ten ts . A t th is  tim e  

the f la sk s  w ere  se e d e d  w ith  the ap p rop ria te  iso la te  and p erm itted  to  

incubate fo r  two w eek s at 22° C . D uring th is tim e  the con ten ts in the 

f la sk s  w ere  a g ita ted  freq u en tly  to in su re  g r e a te r  a r e a  ex p o su re  to the 

grow ing fu n g u s .

Bulb P lan tin g

The fo llow in g  bulbs w ere  p lanted  3 -4  in ch es d eep  in ga llon  c o n 

ta in e r s  of s t e r i l iz e d  r iv e r  b o tto m  s o il:  L . c a llo su m , L . candidum  

(C ascad e and W hite E lf  S tr a in s ) , L . c o n c o lo r , L . d au ricu m  v a r . 

sa n g u in eu m , L . u m b ella tu m , and the C r e o le , C ro ft, E s ta te  and G eo rg ia  

E a s te r  l i l i e s .

B ulbs of E . au ratu m  v a r . P la typ h y llu m  w ere  p lanted  in two g a l 

lon  c r o c k s , 5 -6  in ch es  deep  in  a s t e r i l iz e d  m ix tu re  of eq u al p arts of 

peat m o ss  and r iv e r  b ottom  s o i l .

The fo llow in g  bulbs w ere  p lanted  5 in ch es deep  in 2 ga llon  cro ck s  

of s t e r i l iz e d  s o il:  L . a m a b ile , L . cern u u m , and L . p u m ilu m . B ulbs of 

L . fo rm o sa n u m  (W ilson  S tra in ) and E  Ha n so n ii w e r e  p lanted  s ix  in ch es  

d eep  in 5 g a llo n  c r o c k s  of s t e r i l iz e d  r iv e r  b o ttom  s o i l .

The rem ain in g  bu lbs: E . D av id ii "M axw ill", L . H e n r y ii, L . 

r e g a le , L . s p e c io s u m  v a r . a lb u m , L . s p e c io s u m  v a r . rubrum  a nd L . 

m artagon  v a r . a lb u m  w ere  p lan ted  in co ld  fr a m e s  contain ing r iv e r  

bottom  s o i l .
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The bulb p lantings in d ica ted  above a re  th o se  u se d  for p atho

g e n ic ity  t e s t s .  In so m e  c a s e s  other p lantings w ere  u se d  and w ill be  

d is c u s s e d  at the ap p rop ria te  t im e .

C ulture M edia

V arious types of m ed ia  w ere u se d  in cu ltu ra l s tu d ie s . T hey a r e  

l is t e d  w ith  th e ir  co n stitu en ts  and the m ethod  b y  w hich th ey  w ere p r e 

p a r ed .

P o ta to -D e x tr o se  A gar

P e e le d  and s l ic e d  p otatoes  
A gar (D ifco)
D e x tr o se  USP  
D is t i l le d  w ater  to  m ake

C a rro t A gar

S cra p ed  and s l ic e d  c a r r o ts  
A g a r (D ifco)
D e x tr o se  USP  
D is t i l le d  w ater  to m ake

L ily -D e x tr o se  A gar

S lic e d  C reo le  L a s te r  l i ly  s c a le s  
A g a r (D ifco)
D ex tr o se  USP  
D is t i l le d  w ater  to m ake

200 gra m s  
17 gram s  
20 gram s  

1 lite r

200 g ra m j  
17 gram s  
20 gram s  

1 lite r

200 gram s  
17 gram s  
20 gram s  

1 lite r

In p rep a ra tio n  of th e se  m ed ia , the p o ta to e s , c a r r o ts ,  and the 

l i ly  s c a le s  w ere tr ea ted  in the sa m e m anner a s  fo llo w s: p ie c e s  w ere  

su sp en d ed  in 500 m is .  of d is t i l le d  w ater  and m ain ta in ed  ju st  b e low  the 

b o ilin g  point of the so lu tio n  fo r  15 m in u te s . The re su lt in g  su sp en sio n
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w as f ilt e r e d  through two th ic k n e sse s  o f c h e e s e  c lo th , the p r e v io u s ly  

m elted  agar added , and the f in a l volum e brought to  one l i t e r .  F ifte en  

m ill i l i t e r s  o f the m ed ia  w ere  b u rretted  in to  each  t e s t  tube (20 X 150 

m m . p y rex ), s to p p ered  w ith  cotton , and a u to c la v ed  a t  15 pounds p r e s 

su r e  for 20 m in u te s . P r io r  to u se  in g ro w th  s tu d ie s , the agar in  the 

tu bes w as m e lte d  and the contents of one tube poured  into a s t e r i le  

P e tr i  d ish .

m ethod  of p rep a ra tio n  d e sc r ib e d  p r e v io u s ly  w ith the excep tion  th at ap 

p ro p r ia te ly  b u ffered  so lu tio n s  w ere u se d  in  p lace of d is t i l le d  w a te r . 

T h ese  so lu tio n s  w ere  p rep a red  accord in g  to S o ren so n 's  m ethod a s  

d e sc r ib e d  b y  Hawk, O ser and S u m m erson  (2 ). S o lu tion s b u ffered  at 

pH 5 .0 ,  5 .5 ,  6 .0 ,  6 .5 ,  7 .0 ,  7 .5 ,  and 8-.0 w ere p rep a red . A fter  p r e 

paration  and s te r i l iz a t io n , the fin a l pH of ea ch  batch  of agar w as

o
ch eck ed . T he pH d eterm in a tio n s w ere m ad e at 60 C . F in al pH va lu es  

w ere  as fo llo w s:  pH 5 .0  in c r e a se d  to 5 .4 8 ;  5 .5  to 5 .7 0 ;  6 .0  to 6 .0 2 ;

6 . 5 d e c r e a s e d  to 6 . 39; 7. 0 to  6 . 75; 7 .5  to  7 . 25; and 8 . 0 to 7. 72 .

A b u ffered  p o ta to -d e x tr o se  agar w a s p rep a red  using the sa m e

O atm eal

O atm eal (Q uaker Oats C o .)  
A gar (D ifco )
D e x tr o se  USP  
D is t i l le d  w ater  to make

200 gram s  
17 gram s  
20 gram s

1 lite r

The o a tm e a l w as p la ced  in a 1000 m l. E r le n m e y e r  f la sk  w ith  

500 m is .  o f d is t i l le d  w ater and m ain ta in ed  a t 60°C . fo r  one h ou r. The
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r esu ltin g  su sp e n sio n  w as g en tly  sq u ee zed  through two th ic k n e sse s  of 

c h e e s e  c lo th  and added to the p r e v io u s ly  m e lted  a g a r . F in a l volum e  

w as ad ju sted  to one l i t e r .  F iftee n  m il l i l i t e r s  of th is  m ed iu m  w ere  

d isp en sed  into each  te s t  tu b e, sto p p ered  w ith  a cotton  p lug, and 

s te r i l iz e d  by au toclav in g  fo r  20 m in u tes a t 15 pounds p r e s s u r e .

C za p eck 's  A gar

Sodium  n itra te
M onobasic p o ta ss iu m  phosphate  
P o ta ss iu m  ch lo r id e  
M agn esiu m  su lfa te  . 7HOH 
F e r r o u s  su lfa te  
A gar (D ifco )
S u c r o se  £JSP 
D is t il le d  w ater to m ake

3 . 0 gram s  
1. 0 g ra m  
0 . 5 gram  
0 .5  g ra m  
0 .0 1  gram  

17 .0  gram s  
30 . 0 gram s  

1 .0  lite r

T his m ed iu m  w as d isp en sed  into t e s t  tubes and s t e r i l iz e d  in the 

sa m e  m anner as d e sc r ib e d  for the p r e v io u s ly  m en tion ed  m ed ia .

F r ie s  M in im al N o. 3

A m m on iu m  ta rtra te 3 .0  gram s
A m m on iu m  n itra te 1. 0 g ram
M onobasic p o ta ss iu m  phosphate 1. 0 g ra m
M agn esiu m  su lfa te  . 7HOH 0. 5 g ra m
S odium  ch lo r id e 0 . 1 g ra m
C a lc iu m  ch lo r id e  . 2HOH 0. 1 g ra m
G lu co se 2 0 .0  gram s
F e r r ic  ch lo r id e  (1% aqueous s o ln .) 0 . 5 m l.
T ra ce  e le m en t so lu tion 1 .0  m l.
D is t i l le d  w ater to m ake 1. 0 l i te r

The tr a c e  e le m e n t so lu tio n  w as p rep a red  to con ta in  the fo llo w 

ing q u an tities per l i te r  of so lu t io n :  boron , 0 .0 1  m g .;  co p p er , 0 . 1 m g .;  

m a n g a n ese , 0 .0 2  m g .;  m olybdenum , 0 .0 2  m g .;  and z in c , 2 .0  m g s .


