
Department of 

Pacific Northwest 
Forest and Range 
Experiment Station 

on Growth and Development 
of Armjllarja mellea in Culture 

Research Note 
PNW-418 

October 1984 

Jimmy L. Reaves, Charles G. Shaw Ill, 
Robert E. Martin, and John E. Mayfield 

Abstract Ash leachates from recen t l y  burned l i t t e r  i n  a ponderosa p ine 
f o r e s t  i n  cen t ra l  Oregon were tes ted f o r  t h e i r  e f f e c t s  on 
growth and development o f  A r m i l  l a r i a  me1 l e a  i n  cu l ture .  Two 
i so l a tes  were used: one from an i n f ec ted  western hemlock and 
the other from an i n f ec ted  ponderosa p ine tree. Colonies 
developing from agar d i scs  conta in ing mycel i a  o f  the hemlock 
i solate and grown on a s o l i d  agar-base medium supplemented w i t h  
leachates ex t rac ted from 1, 5, 10, o r  20 grams o f  ash per 
1 i t e r  o f  media had s i g n i f i c a n t l y  1 ower dry weights than 
co lon ies  grown on nonsupplemented medium. There were no 
s i g n i f i c a n t  d i f fe rences among 1 eachate concentrat ions i n  dry 
weight o f  co lon ies  developing from a e r i a l  rhizomorph t i p s  of 
the  heml ock i sol ate, a1 though these co lon ies  had s i g n i f i c a n t l y  
greater  dry weights a t  each concentrat ion than d i d  those 
devel opi  ng from mycel i a. Some co l  oni  es s t a r t ed  w i  t h  ae r i  a1 
r h i  zormoph ti ps o f  the heml ock i sol a t e  devel oped mycel i a1 fans 
s i m i l a r  t o  those found i n  t rees  i n f ec ted  w i t h  A. mellea. 
Colonies s t a r t ed  w i  t h  mycel i a o f  the p i  ne i so lz te  and grown on 
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Introduction 

media supplemented w i t h  5 grams o f  ash leachate had 
s i g n i f i c a n t l y  l e ss  growth than con t ro l  s  o r  cu l t u res  grown on 
media w i t h  10 grams o f  ash leachate. Colonies s ta r ted  w i t h  
ae r i a l  rhizomorph t i p s  o f  the p ine i s o l a t e  showed no 
s i g n i f i c a n t  d i f fe rences i n growth among the  1 eachate 
treatments. A t  1 and 5 grams o f  ash leachate, co lon ies  
s t a r t ed  w i t h  mycel ia o f  the  pine i s o l a t e  had s i g n i f i c a n t l y  
l e ss  growth than colonies s t a r t ed  w i t h  a e r i a l  rhizomorph t i p s .  

Keywords: Root r o t ,  A r m i l l a r i a  mellea, rhizomorphs, myce l ia l  
fans, f i r e  ( f o res t ) ,  cat ions.  

Various species o f  A rm i l l  a r i  a a t tack  woody and herbaceous 
p lan ts  throughout the worl d ( Raabe 1962, Shaw and Roth 1978) . 
The fungus usua l l y  spreads disease from p l a n t  t o  p l a n t  by 
rhizomorphs o r  by contacts between heal thy and i n f ec ted  roo ts  
(Ga r re t t  1960, Shaw 1974). I n  f o res t s  o f  the  P a c i f i c  North- 
west, the fungus i s  w ide ly  d i s t r i b u t e d  and causes substant ia l  
r o o t  r o t  o f  ponderosa p ine  (P i  nus onderosa Laws. ) (Adarns 1974, 
Johnson 1976, Shaw and other-6 f-- I n  many o f  these fores ts ,  
f i r e  has been a major determinant o f  stand s t ruc tu re  and compo- 
s i t i o n  (Mar t in  1976, Weaver 1968). Even though f i r e  con t ro l  
p o l i c i e s  over the l a s t  50 years may have a l t e red  stand compo- 
s i t i o n  t o  favor  t r ee  species l e s s  suscept ib le t o  A r m i l l a r i a  
r o o t  r o t  than ponderosa p ine (Shaw and others 19/b), the  
i n t e r a c t i o n  between f i r e  i n  these f o res t s  and the a c t i v i t y  of 
Armi 11 a r i a  has received 1 i ttl e a t t e n t i  on. 

Heat from f i r e  does no t  penetrate deeply and d iss ipa tes  
r e l a t i v e l y  qu ick ly  (Heyward 1937, Debano and others 1976); 
thus, a strong d i r e c t  e f f e c t  o f  f i r e  on the fungus i n  s o i l  i s  
un l i ke ly .  F i r e ,  however, can change c e r t a i n  s i t e  and s o i l  
character i  s t i c s  t h a t  subsequent1 y a f f e c t  the fungus. For 
exampl e, burning general l y  i ncreases s o i l  pH (Ah1 gren and 
Ahlgren 1965, Tarrant  1956) and quan t i t i e s  o f  water soluble 
cat ions (Burns 1952). These changes are usua l ly  a t t r i b u t e d  t o  
the leaching o f  ash minerals i n t o  the s o i l  (Wallace 1976). 
G r i e r  and Cole (1971) reported t h a t  the A and B horizons 
absorbed 70 t o  90 percent o f  the i ons  en te r ing  s o i l  from an ash 
I ayer. Reports by G r i e r  and Cole a1 so show t h a t  i o n  concentra- 
t i o n  o f  leachates i n  the soi 1 so l u t i on  o f  burned p l o t s  remai n 
higher than the i o n  concentrat ion o f  f o r e s t  f l o o r  leachates 

. from unburned, con t ro l  p l  ots. 

Rni zomorphs o f  A rm i l l  a r i a  grow we1 1 and branch pro fuse ly  
w i t h i n  1 i t t e r  and humus layers  o f  s o i l  ( Redfern 1973)--those 
cons t i  t u t i  ng the  A horizons. Because most 1 eachates from ash 
are absorbed i n t o  these soi 1 layers,  these leachates could 
a f f e c t  development o f  - A. mellea rhizomorphs, and thus the 
spread o f  r o o t  r o t .  



Materials 
and Methods 

I n  t h i s  study, we evaluated leachates obtained from recen t l y  
burned l i t t e r  co l l ec ted  i n  a ponderosa p ine  f o r e s t  f o r  e f f e c t s  
on growth and development i n cu l  t u r e  o f  two i sol ates of 
A. mellea (Vahl . ex Fr. ) Kummer. - 
One i s o l a t e  o f  A. mel lea was obtained from a western hemlock 
(Tsuga heterophyl i(Raf. ) Sarg . ) t r e e  i n  western Oregon and 
another from a ponderosa p ine i n  cen t ra l  Oregon. Both i so l a tes  
were maintained on a s o l i d  medium contain ing 30 g mal t  ex t rac t ,  
20 g dextrose, 5 g bacto-peptone, 19 g agar, and 1 ppm benomyl 
per l i t e r  o f  d i s t i l l e d  water. Benomyl was used t o  reduce 
co lon iza t ion  by fast-qrowi  nq contaminate fung i  such as 
Trichoderma spp., ~ e n r c i  11 i n  spp., and   hi zopus spp. (Maloy 
1974). Medium pH was adjusted t o  5.8-6.0 w i t h  1.0 N HC1 p r i o r  
t o  s t e r i l i z a t i o n  i n  an autoclave. 

A l l  ash was co l l ec ted  from the  f o r e s t  f l o o r  a f t e r  burning a 
ponderosa p ine stand near Bend, Oregon. Ash leachates (AL) 
were obtained by mix ing e i t h e r  1, 5, 10 o r  20 g o f  ash w i t h  100 
m l  o f  d i s t i l l e d  water and heat ing the so l u t i on  i n  an autoclave 
f o r  3 minutes ( ho t  water ex t rac ts ) .  Each suspension was cooled 
f o r  2 hours and f i l t e r e d  tw ice under vacuum through Whatman's 
No. 1 f i l t e r  paper. F i  1 t r a t e s  were added t o  t he  basal medi um 
prepared i n 900 m l  o f  d i s t i l l e d  water and s t e r i l  i zed  i n  an 
autoclave f o r  15 minutes. 

Test cu l t u res  were establ ished from stock cu l t u res  by two 
d i f f e r e n t  methods: (1 )  removing a 2mm agar d i sc  t h a t  
contained inycel i a and submerged r h i  zomorph sect ions from 
15-day-01 d pure cu l  t u re  s; o r  ( 2) c l  i ppi  ng ae r i  a1 r h i  zomorph 
t i p s  measuring approximately 1 mm i n 1 ength from 21-day-old 
pure cu l tures .  These myce l ia l  d i scs  and a e r i a l  rhizomorph t i p s  
were p l  aced on nonsuppl emented medi um (con t ro l  ) and medi urn 
supplemented w i  t h  1 eachates obtained from ex t r ac t i ng  1, 5, 10, 
o r  20 g o f  ash. Cul tures were grown i n  10Oex 15 mm p l a s t i c  
p e t r i  dishes i n  the dark f o r  21  days a t  25 C; there were 10 
dishes f o r  each concentrat ion o f  ash 1 eachate. 

A f t e r  incubation, a l l  cu l t u res  were heated i n  an autoclave f o r  
3 minutes t o  l i q u i f y  agar. Colonies were then removed from 
the melted agar, r i nsed  i n  h o t  t ap  water, b i o t t e d  on f i l t e r  
paper, d r i e d  i n  an oven f o r  48 hours a t  90 C, and weighed. 
S im i l a r  procedures have been used before t o  measure dry 
weights o f  A. mel lea co lon ies  grown on s o l i d  medium (Adams 
1972, Cheo f98-w 1974). 



For  each is01 ate, a two-way ana lys i s  o f  var iance us ing  
Friedman's t e s t  f o r  unblocked data  was used t o  eva lua te  the  
e f f e c t s  o f  ash 1 eachate concen t ra t i on  and i nocul um type on 
colony dry  wei ght. D i f fe rences among 1 eachate concent ra t ions  
were examined w i t h i n  each inoculum type and d i f f e rences  
between inocu l  urn types were examined a t  each leachate  
concentrat ion.  D i f fe rences were judged t o  be s i g n i f i c a n t  a t  
P - < 0.05. 

Results Colonies s t a r t e d  w i t h  myce l ia l  d i s c s  o f  t h e  hemlock i s o l a t e  and 
Isolate from Hemlock, incubated on media suppl emented w i  t h  1, 5, 10, o r  20 g o f  AL 

had s i g n i f i c a n t l y  1 ess growth than c o n t r o l  s; c o l o n i  es i ncubated 
on 5 g o f  AL had s i g n i f i c a n t l y  more growth than those on 1, 10, 
o r  21) g o f  AL ( t a b l e  1). There were no s i g n i f i c a n t  d i f f e r e n c e s  
among 1 eachate treatments f o r  c o l  on ies  s t a r t e d  w i  t h  a e r i  a1 
rhizomorph t i p s  ( tab1 e 1 1. A t  each 1 eachate concentrat ion,  
except c o n t r o l  s, co lon ies  s t a r t e d  w i t h  a e r i a l  rhizomorph ti ps 
had s i g n i f i c a n t l y  h igher  dry weights than those o r i g i n a t i n g  
from myce l i a l  d i s c s  ( t a b l e  1). 

I n  t h e  presence o f  AL, regard less  o f  concentrat ion,  fo rmat ion  
o f  rhizomorphs was suppressed i n a1 1 c o l  on ies  o r i  g i  n a t i  ng from 
myce l i a l  discs, and rhizomorph t i p s  were l oca ted  p r i m a r i l y  
w i t h i n  the  conf ines  o f  t he  sur face myce l ia  ( f i g .  1). I n  
con t ras t ,  co lon ies  o r i g i n a t i n g  f rom a e r i  a1 rhizomorph t i p s  had 
profuse rhizomorph growth a t  a l l  AL concent ra t ions  ( f i g .  2). 

Table 1--Growth of the western hemlock isolate of Armillaria mellea 
on media supplemented with ash leachates 

Colonies s t a r t e d  Colonies s t a r t e d  
Leachate w i t h  mycel i a1 w i t h  a e r i a l  
concent ra t ion  d i scs  r h i  zomorph t i p s  

Grams11 i t e r  Dry weights (mi 11 i grams)l! 

Cont ro l  (0 )  330 a A 
1 70 b A 
5 132 c A 
10 56 b A 
20 73 b A 

l l ~ e a n s  o f  10 r e p l i c a t e s .  W i th in  each column, means 
fo l lowed by d i f f e r e n t  lower case l e t t e r s  d i f f e r  s i g n i f i -  
cant ly ;  w i t h i n  each row, means fo l l owed  by d i f f e r e n t  upper 
case l e t t e r s  d i f f e r  s i g n i f i c a n t l y .  



Figure 1.--Cul tu res  o f  the hemlock 
i s o l a t e  o f  Armil l a r i a  mellea s t a r t ed  
from mycel ia l  d iscs and incubated f o r  
21 days (view from bottom). Compared t o  
con t ro l  s  (A), co l  on i  es devel opi  ng on 
media contain ing 1, 5, 10, o r  20 g  o f  
ash leachate exh ib i ted  a  marked suppres- 
s ion o f  rhizomorph formation and growth 
( 6 ) .  

Figure 2.--Cul tu res  o f  the hemlock 
i sola te  o f  Armi 11 a r i a  me1 1 ea s t a r t ed  
from ae r i a l  rhizomorph t i p s  and incu- 
bated f o r  21  days (view from bottom). 
Compared t o  con t ro l  s  (A) and cu l t u re  
s ta r ted  from mycel ia l  d iscs  ( f i g .  1). 
co l  oni  es devel oping on media 
supplemented w i  t h  any concentrat ion o f  
ash leachate d i d  n o t  express a  marked 
suppressi 
growth. 
media ame 

on o f  rhizomorph formation o r  
Several co lon ies  devel opi  ng on 
nded w i t h  1, 10, o r  20, g  o f  

ask 1 eachate devel oped mycel i a1 fans 
s i m i l a r  t o  those found i n  i n f ec ted  
t rees  (arrows, 8, C). 



Isolate from Pine 

Myce l i a l  fans  s i m i l a r  t o  those found beneath t h e  bark o f  
i n fec ted  p ine  t rees  developed a t  the  i n t e r f a c e  o f  the  agar 
medium and t h e  p e t r i  d i s h  bottom i n  80, 50, and 50 percent  o f  
t he  co lon ies  s t a r t e d  w i  t h  a e r i  a1 r h i  zomorph ti ps and grown on 
media w i t h  1, 10, o r  20 g o f  AL, r e s p e c t i v e l y  ( f i g .  2B, 2C). 
No such fans developed on c o n t r o l  medium o r  t h a t  con ta in ing  5 g 
o f  AL ( f i g .  2A).  Pat te rns  o f  rhizomorph branching i n  co lon ies  
o r i g i n a t i n g  from a e r i a l  rhizomorph t i p s  were s i m i l a r  a t  a l l  - 
concent ra t ions  o f  AL, b u t  were d i f f e r e n t  from branching 
pa t te rns  o f  co lon ies  o r g i n a t i n g  from myce l i a l  d i scs  ( f i g s .  1 
and 2). 

Colonies s t a r t e d  w i t h  myce l i a l  d i scs  o f  the  p ine  i s o l a t e  and 
incubated on media supplemented w i t h  5 g o f  AL had s i g n i f i -  
c a n t l y  l ess  growth than c o n t r o l s  o r  co lon ies  incubated on media 
supplemented w i t h  10 g o f  AL. For co lon ies  s t a r t e d  w i t h  a e r i a l  
rhizomorph t i p s ,  there were no s i g n i f i c a n t  d i f f e rences  i n  d r y  
weight among leachate treatments ( t a b l e  2). Colonies s t a r t e d  
w i t h  myce l i a l  d i scs  had s i g n i f i c a n t l y  l ess  growth than co lon ies  
s t a r t e d  w i t h  ae r i  a1 rhizomorph t i p s  a t  1 and 5 g o f  AL 
( t a b l e  2). 

Col onies o r g i  n a t i  ng from mycel i a1 d i  scs o r  a e r i a l  rhizomorph 
t i p s  grew v igorous ly  over the  media a t  a1 1 concentrat ions o f  
AL ( f i g .  3) . No mycel i a1 fans devel oped, nor  were v a r i  a t i  ons 
i n  rhizomorph morphology observed between the  two types o f  
inoculum ( f i g .  3).  

Table 2--Growth of the ponderosa pine isolate of Armillaria mellea 
on media supplemented with ash leachates 

Colonies s t a r t e d  Colonies s t a r t e d  
Leachate w i t h  mycel i a1 w i t h  a e r i a l  
concent ra t ion  d iscs  rhizomorph t i p s  

Grams/l i t e r  

Cont ro l  (0 )  
1 
5 
10 
20 

Dry wei ghts (mi 11 i grarns)l/ 

l l ~ e a n s  o f  10 r e p l i c a t e s .  Wi th in  each column, means 
fol lowed by d i f f e r e n t  lower case l e t t e r s  d i f f e r  s i g n i f i -  
cant ly ;  w i t h i n  each row, means fo l lowed by d i f f e r e n t  upper 
case l e t t e r s  d i f f e r  s i g n i f i c a n t l y .  



Figure 3.--Cul tu res  o f  the p ine i s o l a t e  

Discussion 

o f - ~ r m i  1 1 a r i  a me1 1 ea i ncubited f o r  21 
days (view from bottom). Cultures 
s ta r ted  w i  t h  e i t h e r  mycel i a l  d iscs  (A) 
o r  ae r i a l  rhizomorph t i p s  (B  exh ib i ted  
profuse rhizomorph development a t  a1 1 
concentrat ions o f  ash leachate. 

I so l a tes  from both hem1 ock and p ine showed a general reduct ion 
i n  growth when exposed t o  var ious concentrat ions o f  AL, a l -  
though the reduct ion was no t  a1 ways s t a t i s t i c a l  l y  s i gn i f i can t .  
I n t e r e s t i  ngly , ex t rac ts  from d r ied  f o l  iage o f  many p l a n t  
species present i n  the  ponderosa p ine f o r e s t  type have a 
s t imu la t ing  e f f e c t  on growth o f  A. me1 l e a  i n  cu l  t u re  ( Adams 
1972) ; such f o l i a g e  had c o n t r i  buxed 1 i t t e r  t o  t he  f o r e s t  f l o o r  
where we burned and co l l ec ted  ash. 

I n  general, AL appeared t o  have a l e s s  pronounced e f f ec t  on 
growth o f  A. mellea co lon ies  o r i g i n a t i n g  from ae r i a l  
rhizomorph-tips than from mycel i a l  discs. We a t t r i b u t e  t h i s  
d i  f ference t o -  the presence o f  meri stemati c ti ssue w i  t h i  n 
rhizomorph t i p s  (Motta 1969) t h a t  a l l ow t he  fungus t o  respond 
ra ther  qu ick ly  t o  the d i f f e r e n t  growing cond i t ions created by 
AL. 

For colonies o f  the hemlock i s o l a t e  s ta r ted  w i t h  mycelia, ash 
leachates appear t o  i n h i b i t  growth a t  a concentrat ion o f  l e s s  
than 1 g per  1 i ter .  A thresho ld  l e v e l  f o r  the pine i s o l a t e  i s  
no t  c l e a r  because cu l tu res  grown a t  5 g AL showed s i g n i f i c a n t l y  
l e ss  growth than contro ls,  b u t  those a t  10 g had s i g n i f i c a n t l y  
more growth than those a t  5 g. Addi t ional  concentrat ions 
between the 5 g i nterva l  s we tes ted must be eval uated t o  
determine the concentrat ion a t  which ash begins t o  i n h i b i t  
growth i n  cu l ture .  

For  both the hemlock and p ine iso la tes ,  any negative e f f ec t  o f  
AL on growth o f  colonies s t a r t ed  w i t h  a e r i a l  rhizomorph t i p s  
must occur a t  a concentrat ion greater  than the  20 g AL t h a t  we 
tested. 



AL reduced, b u t  d i d  n o t  t o t a l l y  i n h i b i t ,  fo rmat ion  o f  
rhizomorphs i n  co lon ies  o r i g i n a t i n g  from mycel i a l  d i scs  o f  t he  
hemlock i sol  ate. Forination o f  rhizomorphs i n  such co lon ies  o f  
the  p ine  i sol  ate, however, appeared unaf fec ted  by 1  eachates. 
Thi  s  d i f f e r e n c e  i s probably re1 a ted  t o  d i f f e rences  between 
i s o l a t e s  o f  A. mellea, as they a r e  known t o  vary i n  several 
c u l t u r a l  chaFacter i  s t i c s  (Benton and Ehr l  i c h  1941, G i  bson 
1961, L i s i  1940, MacLean 1950, Kaabe 1966, 1969). These 
v a r i a t i o n s  make i t  d i f f i c u l t  t o  i n f e r  what e f f e c t s  ash 
r e s u l t i n g  from f o r e s t  f i r e  may have on the  fungus when i t  
1 eaches through t h e  s o i l  and contac ts  rhizomorphs. 

Myce l ia l  fans s i m i l a r  i n  appearance t o  those found i n  t rees  
i n f e c t e d  by A. mel lea formed i n  some c u l t u r e s  o r i g i n a t i n g  from 
a e r i a l  r h i z o i i o r ~ s  o f  the  hemlock i s o l a t e  t h a t  were growing 
on media amended w i t h  AL. The i r  presence may be a t t r i b u t e d  t o  
morphology o f  the  rhizomorph t i p  and t o  the  i n f l u e n c e  o f  AL on 
it. Rhizomorphs produce mycel ia  and invade hos t  cambium as a  
r e s u l t  o f  con tac t  between a  rhizomorph t i p  and a  hos t  (Redfern 
1978). The development o f  mycel i a l  fans i n  t h e  aforementioned 
c u l t u r e s  suggests t h a t  t h e i r  fo rmat ion  may be induced by a  
chemical . f a c t o r ( s )  i n  a d d i t i o n  t o  t h e  "rhizornorph-host con tac t  
phenomenon." Ash has been repor ted  t o  conta i  n  h igh  concentra- 
t i o n s  o f  var ious  c a t i o n s  ( G r i e r  and Cole 19711. I n  p re l im ina ry  
s tud ies , l /  A. me11 ea grown on medi um amended w i t h  magnesuim 
carbonate o r  a m i  n a t i  on o f  magnesuim carbonate and e i t h e r  
potassium o r  ca lc ium carbonate produced smal l  f a n - l i k e  r h i z o -  
morphs. These ca t i ons  may s t imu la te  product ion o f  myce l i a l  
fans i n  c e r t a i n  i s o l a t e s  o f  A. mellea. 
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