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Les ion  deve lopmen t  caused .  by  the  i nvas ion  o f  secondary

phlcem of Eucatyptus marginata Sm- by Phytophthora cinnamoml

Rands  has  been  fo l l owed  ove r  t he  pas t  two  yea rs .  Copp ice

s ten,,s and large roots were inoculated dur ing spran$r suf l lmer

- r a  - , r + - , r h h  - h ^  + r ' n i ^ a 1  l e s i o n s  h a v e  b e e n  d e s c r i b e d  ( T i p p e t t
d l r L i  a u  L u r r r r r  q r r u  L I Y r v

e t  a I .  1 9 8 3 ) .  f t  h a s  b e e n  s h o w n  t h a t  j a r r a h  c a n  e x p r e s s

res i s tance  du r ing  mos t  o f  t he  yea r ;  t he  fungus  was  a r res ted

and  les ions  were  bound  by  nec rophy lac t j - c  ( 'wound ' )  pe r ide rm

j -n  a t  l eas t  603  o f  t he  i nocu la ted  copp ice  s tems  and  mos t  o f

the  i nocu fa ted  roo ts .  I n i t i a l  es tab l i shmen t  o f  t he  fungus

j ,n the phloem v/as most rapid dur ing ear ly summer (Shea &

Deegan ,  unpub l i shed )  when  day  tempera tu res  were  a l ready  nea r

o p t i n a l  f o r  f u n g a l  g r o w t h  ( z e n t n y e r ,  1 9 8 0 ) .  I n o c u l a t i o n s  m a d e

dur ing  Februa ry  and  March  genera l l y  resu f ted  i n  sho r te r  I es ions  '

When  les ions  were  }e f t  t o  deve lop  fo r  a t  l eas t  12  mon ths ,  s tem

d issec t i ons  i nd i ca ted  tha t  f unga l  ac t i v i t y  had  been  in te rm i t t en t ;

under certain c ircumstances the fungus renewed advance from

i e s i o n s w h i c h h a d b e e n t e m p o r a r i f y c o n f i n e d ( T i p p e t t e ! a I . 1 9 8 3 ) .

The  fungus  g l rd led  s tems  when  in i t i a l  es tab l i shmen t  was  rap id

J r  w h e n  i t  , b r o k e - o u t '  f r o m  e x i s t i n g  f e s i o n s .  I 4 a r k s  e t  a l .  ( 1 9 8 1 )

h a s a l s o s t a t e d t h a t f u n g a l a c t i v i t y w a s s o m e t i m e s i n t e r m i t t e n t

i n  suscep t i b fe  V i c to r i an  euca lyp ts .

Al though temperature has been acknowledged as having a

nlajor inf  l -uence on fungal growth other environmental  factors

were  sough t  wh ich  adve rse l y  a f fec ted  j a r rah ' s  ab i l i t y  t o  res i s t

i . nvas ion .  wa te r  s t ress  a f fec ts  the  ra te  o f  some de fence  reac t i ons

i n t r e e s ( P u r i t c h a n d M u l l i c k , l g ' 7 5 ] t a n d p r e v i o u s w o r k h a s s h o w n

i &,..-.



that Populus and French prune $rere most suscept ible to canker

organisms (e.9.  Crypodiaporthe Sl tge l fg,  Fusar ium fglg: i tum,
Cytospora leucostoma) when bark moisture levels vrere at  their

l o w e s t  ( B j . e r ,  1 9 6 1 ;  B e r t r a n d  e t  a 1 .  1 9 7 6 ) .  D e s p i t e  t h e

possibi l - i ty that water stress could cause a decrease in

res i s tance ,  o r  p red i spose  j a r rah  to  rap id  co lon i za t i on  by

P. c innamomi,  I^re also had observed renewed. and rapid invasion

of inocdlated jarrah coppice stems after unusual ly heavy

ra in fa l l  a t  Dwe l l i ngup  du r ing  January  1982  ( January  ra in fa l l ,

1982  was  237  mm;  ave rage  13  mm)  .

In order to examine the relat ionship bet\ , reen bark moisture

and lesion development,  three di f ferent sets of  t rees were
j -nocu la ted  du r ing  March  1983  nea r  Ja r rahda le ,  Wes te rn  Aus t ra l i a .

R i f t een  j a r rah  sap l i ngs  nea r  a  pe rmanen t  c reek  ( 'R '  s i t e  vege t -

a t i on  t ype ,  Have l  (1975)  c fass i f i ca t i on )  r  15  s im i ]a r  sap l i ngs

on  a  d r i e r  up land  s i t e  ( 'S r  s i t e  veg 'e ta t i on  t ype )  and  th i r t y

coppice stems growing from stumps on an area logged over two

years  p rev ious l y  (up land  s i t e ,  rS '  t ype )  were  i nocu la ted . .

Inoculat ion was carr ied out by a method simi lar to that descr ibed

by  T ippe t t  e t  a l .  ( 1983) .  S ince  the  mean  max imum day  temper -

atures for the durat ion of  the experiment was near 280C, (Perth

recordings) temperature would not have 1i-mited the growth of

P .  q  i nnanqq l l l  t o  any  g rea t  ex ten t  (Shea ,  1977 \ .  A t  t he  t ime  o f

ha rves t ,  19  days  pos  t -  i nocu la t  i on  ,  re la t i ve  ba rk  mo is tu re  l eve l s

were  de te rm ined  us ing  the  me thod  o f  B ie r  (1961)  and  l es ions

were measured and mapped.

Bark moisture was shown to be an important factor af fect ing

l-esion development.  Of the sapl ings growing near the creek,

the  mean  re la t i ve  ba rk  mo is tu re  l eve l  was  84 .88 .  Mean  les ion

leng th  was  12 .2cm.  Ba rk  mo is tu re  l eve1s  i n  these  s tems  va r ied .

betv/een 748 and 908. There was a l inear relat ionshi .p bet$reen

les ion  Leng th  and  ba rk  mo is tu re  ( r  =  0 .71 ) .  The  mean  ba rk

mo is tu re  feve f  i n  t he  up land  sap l i ngs  ( 'S '  t ype )  \ , r as  cons ide r -

ab l y  l ower ,  73 .62 ,  and  the  mean  les ion  l eng th  was  2 .0cm;  on l y

3 lesions were recorded. Ten stems from th j .s group had

relat ive bark moisture levels bel-ow 753. The coppice stems

had  a  mean  re l -a t i ve  ba rk  mo is tu re  l eve l  o f  89 .8? .  Th i s  was



the highest of  the three groups of stems. This may in Part

be explai .ned by the fact  that the coppice had sprouted from

Iarge exist ing root systems. l i lean lesion length for the

c o p p i c e  w a s  1 9 . 1 c m .

In some cases tvro or three coppice stems from single

old root stocks were inoculated and such stems from the same

root stock had simi lar or the same relat ive bark moisture

1eve1s .  rn  f i ve  c lumps  les ion  l eng ths  were  a l so  s im i l a r  i n

the 's ib l ingr stems. The growth rates of  the fungus were

fast (up to 8.9mm Per day) in some stems dur ing the experiment '

In one stem from the moist  'R'  s i te with a relat ive bark

mo is tu re  o f  89? ,  l es ion  l eng th  was  26cm and  a  l es ion  o f  30cm

was recorded in a coppice stem with bark moisture of  90?'

Les ion  da ta  f rom the  mo is t  'R '  s i t e  sap t i ngs  and  copp ice

was pooled and is sho!,rn in Figure 1.  As only three lesions

w e r e  r e c o r d . e d  i n  t h e  1 5  u p l a n d  ( ' S ' s i t e  t y p e )  s t e m s ,  o n e  o f

which was atypical  ,  they were not included in the Pool '  The

copp ice  s tem da ta  when  poo led  w i th  the  'R '  s i t e  sap l i ng  da ta '

does weight the resul ts in favour of  our conclusion that bark

moisture is an important factor in determining the rate of

fungal growth within the host.  Other c ircumstant ial  and

experimental  data suPPorts our conclusion. Bark moisture

Ieve l s  be low  75 t  a re  p robab ly  l im i t i ng  to  g rowth  o f  P '

c innamomi;  th is may correspond with a water potent ial  of  less

than -2 l4Pa (deduced from bark moisture levels relat ive to

wa te r  po ten t i a l -  o f  o the r  t ree  spec ies ;  K ramer '  1969) '  Mo is tu re

character ist ics of  the t issue are yet to be determined'

Adebayo  and  Har r  j - s  (1971)  and  sommers  e t  a l .  ( 1970)  have  shown

a marked. reduct ion in growth of  P. c innamomi in media or soi ls

a t  osmot i c  po ten t i a l s  be fow -2  MPa.  Ba rk  mo is tu re  i n  j a r rah

may wel l  start  to become l imit ing in jarrah growing on very

clry s i tes by mid to later summer, unless there is unseasonal ly

heavy  ra j -n fa l1  as  was  expe r ienced  i n  January  1982 '

I t  has been observed in the past that dieback ePidemics

often occur af ter heavy sunrmer rainfal l  (Marks et  aI '  1972) '

I t  seems probable that such conal i t ions not onl-y favour fungal-

sporulat ion and infect ion but that eucalypts are predisPosed



to rapid invasion i f  relat ive bark moisture is maj-ntained

a t  a  h igh  l eve1  .  Du r ing  mos t  o f  t he  i ^ re t te r  pe r iods  o f  t he
year fungal growth in jarrah wi l l  be l imited by 1ow temp-

eratures rather than low bark moistures. The combinat ion of
high bark moisture and high day temperatures wi l l  favour

fas t  ra tes  o f  i nvas ion  wh ich  resu l t  i n  j a r rah rs  res i s tance

being overr^rhe1med. As summer temperatures are usual ly

adequate for fungal gro\ ,r th,  the relat ionship between bark

moisture and fungal growth may he]p explain why many disease

boundaries in the jarrah forest have remained stat ic and

deaths have been less common on wel l  drained, dry,  upland

si tes.  Al though we consider bark moisture to be an import-

ant factor in determining the rate of  growth of  p.  c innamomi
w i th in  j a r rah ,  o the r  f ac to rs ,  f o r  examp le ,  ca rbohyd ra te

l-evels in the phloem, may also af fect  the outcome of inter-

ac t ions .
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ReLat ive bark rno i  s  ture (Z)

Bar  d iagram showing mean les ion lengths for  coppice and tRt

s i te  saf , l ing s tems at  bark rnois ture increments of  32 '  Points

. "pt" " " r r t  length of  ind iv idual  les ions recorded wi th in each

bark rnois ture increment .
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