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SUMMARY
concern at  a  number of  deaths in  Pinus radiata

plantat ions prompeed an invest igat ion of  p lant ing stock
or ig inat ing f ron the Nannup nursery.

Three Pqth iun  spec ies  bu t  no  Phycophtho- ra  spec ies
were  recovered f rom P jnus  rad iaxa  s tock  in  samples  taken
f rom the  nursery .

A glasshouse experiment showed that Phgtophxhota
c innanon i  and P.  . rUpfoge" r  in t roduced in  p lan t
t i s s u e  c o u L d  i n f e c t  a n d  k i l L  P .  r a d  i a + . d  s e e d l i n g s  g r o w i n g

i .n  po t -s  o f  the  nursery 's  so i1 .  The pa thogen remained in
ev idence fo r  the  dura t ion  o f  Lhe exper iment ,  and was
recovered f rom l i ve  p lan ts  a t  harves t .  Phgxophxhara
c innamomi  in fec ted  so i l  a lso  caused deaths ,  bu t  cou ld
not  be  recovered f rom roo ts  o r  so i l  a t  the  end o f  the
e x p e r l m e n t .

A  so i l  d rench o f  R idomi l  fung ic ide  (cGA 48988 C iba-
Geigy  L td )  was  e f fec t i ve  in  reduc ing  pogt -e rnergent

nor ta l i t y ,  and remained ac t ive  aga insL  Phqtophthora
spec ies  fc r  one tc  th ree  nonths  a f te r  app l i ca t ion .

The results show that P. cinnamomi and P, cr -rtptogea
are nost  l ike ly  to  in fect  p lants in  the nurseryrs so i l
j . f  they are in t roduced in  p lant  t issue.  In fected soi l
fa l l ing- f rom a vehic le is  only  l ike ly  to  cause fur ther
in fect ion under  h ighly  favourable ccndi t ions.

comprehensive hygiene contro ls  are therefore needed
for  a l l  t ra f f ic  to  and f ron the nursery '  and should
inc l ,ude sanple checks of  incoming p ine "duf f "  (used to
rnainta in rnycorrh iza l  levels  in  nursery so i l )  and
depart ing p lant ing stock.



INTRODUCTION
Phgtophthora sPecies are major

pathogens in  forest  and p lant  nurser ies
throughcut the world (Oxenhan and winks'
1963;  Newhook 1972t  L inderman and zei touni
L9'17) . In nurseries their mos! connon
ef fect  is  to  increase morta l i ty  of
suscept ib le Plants,  and losses can be
severe.  A less obvious problen wi lh
a Phqtophthora in fected nursery is  the
dis t r ibut i .on of  l ive but  in fected
stock. In this waY Phgto?hxhoxa
is  spread !o new, Possib ly  uninfected areas
where i t  can la ter  cause d isease in  the
outp lanted stock and possib ly  in fect  nearby
suscept ib le species,  (Donald and von
Broenbsen,  1977 ;  S ivas i thamparam and
G o s s ,  1 9 8 0 )  .

The deaths of  a  number of  P inus radiata
t rees in  the Donnybrook sunkland p lantat ion '

south of  Bussel lon '  w.A.r  are associated
\a'ith inf ections of Ph'qxophtho-ra sPecres,
including P. cinnanami and P' crgptogea
(chevis  and Stukel .y .  1982) .  concern about
these deaLhs resul ted in  our  invest igat ion
of  the Nannup p ine nursery '  the suppl ier
of  a t l  p lant ing stock for  the Sunkland'

This  paper  rePorts  research carr ied out
to test  whether  3

(1 )  Phgtophthara  spec ies  were  present

in  the  Nannup NuxserY i

(2 \  Phgtophthora  spec ies  cou ld  be
in t roduced and es tab l i sh
in fec t ions  in  the  nursery  i

(3 )  Apparent ly  hea l thy  p lan ts  f rom the
nursery  cou ld  be  car r ie rs  o f

i n f e c t i o n ;

(4 )  An in fec t ion  ex is t ing  in  the
nursery  cou ld  be  cont ro l led  or

^ " ' h e  u s e  o f  t h ee f r r r r r r r 4 L E u  u I  L

fung ic ide  R idomi l  w i  thout
de t r inenta l  e f fec ts  to  bene f i c i  a1
- . ' ^ n r r h i  r : 1  f r l n. . . , - - - - . - - - - -  -  - - - 9 1  '

METHOD

Nursery stock sampling

Dead P j rus  rad ia ta  seed l ings '  one-year -

o1d p lan t ing  s tock  and d iseased lup in  p lan ts
r r ' re re  sanp led  a t  the  nursery  th roughout  the
year  (1980)  .  Where  iso la ted  deaths
occur red ,  a f fec ted  p lan ts  were  dug ou t '
p laced in  a  p las t i c  bag and t ranspor ted  to

Lhe laboratory in  an insulated conta i r rer .
I' lore extensi.ve sampling of planting stock
and d iseased lup ins was carr ied out  by
sampl ing at  10 m intervals  a long t ransects,
20 n apar t  across the nursery,  In  th is  wayt
280 p ine p lants were sarnpled out  of  a  to ta l
of  some 3 mi l l ion and 240 lup in p lanls  were
sanpled f rom a 5 ha area.

Isolation of Pythiaceous fungi from
nursery stock

Two methods were used to isolate
Pyth iaceous fung j .  f ron  the  samples ,

small root samples were washed free of
adher ing  so i l ,  sur face  s te r i l j . zed  in  70 t
e thano l  fo r  30  seconds and r insed in
runn ing  d is t i l l ed  water  fo r  30  seconds.
They  were  then p la ted  on to  P10 VP(H)  med ium,
which is selective for Phgtophthoxa and some
Pgth iun  spec ies  (Tsaq and Guyr  1 .977) ,  P la tes
were  incubated  a t  25"c  and exan ined a f te r
two and four days. Fungal outgrowths were
grouped according to morphological
charac ters .  Representa t ives  o f  each funga l
type  were  subcu l tu red  on to  Pt0  VP(H)  med ium
and then on to  cornmeal  agar  (D i fco)  and
vegetab le  ex t rac t  agar  (v8)  fo r
ident i f i ca t ion .

Larger  numbers  o f  p lan ts  and so i l
samples  were  tes ted  by  ba i t ing  w i th
Lup inus  angusL i fo l ius  leaves  (Pa lzer .  !9 '77 ] ,ane
P i n u s  r a d i a L a  n e e d l e s  ( D a n c e  e t  a ]  ,  1 9 7 5 \ .
Each t ransec t  sarnp le  o f  ten  roo t  sys terns
was p laced in  a  6  cm deep p las t i . c  t ray .
The t rays  were  f i l l ed  r^ ' i th  d is t i l l ed  water ,
upon wh ich  f i ve  lup in  leaves  and ten
c lus ters  o f  p j .ne  need les  were  f loa ted '  and
then incubated  in  a  g lasshouse a t  20-55"C.
Af te r  two days  the  ba i ts  were  removed,
b l .o t ted  on  paper  towe ls  and p la ted  on to
P10 VP(H)  med ium,  P la tes  r4 'e re  incubated  and
fung i  i so la ted  fo l low ing  the  d i rec t  p la t ing

method.  The e f f i c iency  o f  the  methcd
L,as  checked us ing  pogtophthar -  c innanomi
p ine  branch segment  inocu la t ion  (Shea e t  a l .
unpub l ished -  see  Append ix  f ) .

Pot experiment: to test introduction of
infections

Experimental design

As in t roduc ing  PhqtophLhora  to  the
nursery  was ou t  o f  the  ques t ion '  a  g lasshouse
pot  exper iment  nas  des igned to  tes t  the
effect of P. cinnanoni and P. crgptogea on
Pinus  tad ia ta  g rowing  in  po ts  o f  nursery  so i l .
A  fac to r ia l  des iqn  tes ted  th ree  inocu la t ion



treatnents: Phqtaphthora cinnanoni j.nfecled

soil (cINs) , P. cinnanoni pine br:anch segment
inoculun (CINP),  and P.  crgptagea
pine branch segment  inocuLum (CRYP) 3 three
inoculat ion t i rnes;  at  seeding (o)  '  and one
(1)  and three (3)  rnonths af ter  seedl ing
emergence:  and two fungic idal  t reatments3
O (-R)  and 17 gm-2 Ridorn i l  ( -R)  25 wP
(Ciba-  ce iEy)  appl ied at  seeding.  Each
treatnent  h 'as repl icated f ive t ines.

Five uninoculated contro l  pots were
treated wi th fungic ide and f ive other
contro l  pots were not .

Procedure

Gran i t i c  red  loam so i l  v ras  cc l lec ted
f rom the  nursery .  a i r  d r ied  and s ieved
through a  5  mm s ieve .  N ine  hundred grarns
of  so i l  were  p laced in  10 .4  cm d ianeter
- ra ined p las t i c  po ts  and watered  v , ' i th
- i s t i 1 1 e d  w a t e r .

Pinus z:adiata seedlot Rl was prepared
for  sowing  fo1 lov . , ing  s tandard  nursery
procedure :  s t ra t i f i ca t ion  a t  4 "C fo r  four
weeks ,  fo l lowed by  dry ing  and dus t ing
w i t h  r c a p t a n r  f u n g i c i d e  ( 8 3  L a n e  L t d ) .

The fo l tow ing  iso la tes  were  ob ta ined
f rom Jar rahwood,  W.A.  and used as
inocu lum,  (Reference cu l tu res  are
deposi.ted in the DcE collection at
Murdoch Un ivers i ty .  Murdoch '  W,A.  )

CINS PhVtophthora cinnamomi DCE 151 was
iso la ted  f rom the  roo t  o f  a  dead
two-year-old pinus radiata. Four
P.  rad ia ta  seed l ings  growing  in  a
pot of Type 4C grey loamy sand
(Mccutcheon,  1978)  were  inocu la ted
wi th  p repared p ine  branch segment
inocu lum.  N ine  to  twe lve  months
1ater ,  a f te r  the  death  o f  the

^ ^ i  1  ^ ^ h f . i F i ^ d  d 6 : / i- E c u r  ! . J 9 -  t

roots was renoved from the pot for
use  as  inocu lun .  Pr io r  to
inoculation the nunber of ph,ltophthora

c i n n a n o n i  p r o p a g u l e s  p e r  g r a m  o E
so i l  v ras  es t i rna ted  by  p la t ing  25  g
so i l  and 50  m1 d is t i . l l ed  l ra te r  on
P t 0  V P ( H )  r n e d i u r n  ( s h e a  e t  a l  .  1 9 8 0 a ) .

CINP Phgtophthora cinnanomr DCE 175 r,,/as
iso la ted  f rom the  co l la r  o f  a  dead
four  year  o ld  P j rus  rad ja ta .  p ine

branch segment  inocu lun  was prepared
fn l  i ^u ' i  r ' : . r  l -  ha  ne thod o f  Shea eL  a I
(unpub l ished)  (Append ix  l )  .

CRYF Pirytophthora crqptogea M.S, 227a was
iso la ted  f rom a  roo t  o f  a  dead th ree
year  oLd P inus  rad ia ta  and used to
prepare  inocu lum segments  (Append ix  1 )  .

Ten seeds  were  p lan ted  1 .5  cm deep
around the  edge o f  every  poL.  CINP(O)  and
CRYP(O) pots had two inoculum segnents
pressed,  one on  top  o f  the  oLher ,  in to  the
so i l  in  the  cent re  o f  the  po t .  un t i l  the
top  segment  was I  cn  be low the  so i l  sur face .
A11 po ts  then had the  seeds  and,  where
necessary, inoculun segments covered !.ri!h
so i l ,  C INS(O)  po ts  were  inocu la ted  w j . th
5  9  o f  mo is t  in fec ted  so i1 ,  p laced in  the
centre of the pot and pressed down so that
i t  took  up  water  f rom the  nursery  so i l
be low.  t r 'ung ic ide  t rea ted  po ts  were  watered
wj . th  I0  mI  o f  R idomi l  so lu t ion ,  un t rea ted
pots  rece ived 10  n I  o f  d is t i l l ed  water .
The plots were placed in random blocks
in  an  a i r -cond i t ioned g lasshouse,  w i th  a i r
tenpera ture  9-33"c ,  and kept  no is t  w i th
d is t i l l ed  water  to  p revent  the  sur face  so i l
d ry ing .  Emergence and mor ta l i t y  were
assessed every  two days .

Tvro  nonths  a f te r  seed ing ,  and
approx ina le ly  one month  a f te r  energence was
c o m p l e t e d .  t h e  C I N S ( l ) ,  C I N p ( t )  a n d  C R Y F ( I )
t rea tment  po ts  were  inocu la ted .

' l ' h a  r a m r i n i n a  < a r i a c  n f  + r a ^ + f t a ' +  h ^ + c

C I N S ( 3 ) ,  C I N P  ( 3 )  a n d  C R Y P ( 3 )  w e r e
inocu la ted  two rnonths  Ia te r ,

Samples  o f  emergent  seed l ings  wh ich
d ied  dur ing  the  f i rs t  month  ia ,e re  renoved
and p la ted  on to  se lec t ive  rned ium,  l r i thou t
sur face  s te r i l i . za t ion .  Resu l  t i .ng  fung i
were  la te r  i so la ted  us ing  Pro  vP(H)  med ium.

One month  a f te r  the  f ina l  inocuta t ion ,
and f i ve  months  a f te r  seed ing ,  the
exper iment  i vas  harves ted .  Tops  o f  p lan ts
were  removed aL  ground leve l ,  d r ied  and
wei .ghed.  The so i l  and roo tba l l  were  renoved
f rom each po t ,  and approx ina te ly  200 g  o f
so i l  and roo ls  taken f rom the  so i l  a t  the
base o f  the  po t .  The remain ing  so i l  h ,as
ra,ashed frorn the roots, any inoculurn plugs
recovered and the root systens taken to the
labora tory  fo r  i so la t ion  o f  fung i .

Isolation of residual fungi from the
experimental pots

Approx ima le ly  tb i r ty  l  cm suber ized
r o o t  p i e c e s ,  t h i r t y  m y c o r r h i z a l  c l u s t e r s .



a1t  the unsuber ized root  t ips and the an obvious fungal  rnanl le) ,  non-mycorrh iza l  .
plant collars were laken fron each root short roots and non-suberized roots were

systen col lected.  They were sur face expressed as percentages of  the root  t ips
ster i l ized in  ?Ot a lcohol  and r insed in  observed.
d is t i l led water .  Each root  type was p lated
separately onto Pro VP (H) medium. RESULTS

Inoculum plugs were sur face ster i l ized
and spl i t  lengthwise before p lat ing.  Th:
p lates were incubated for  35 hours at  25"c '
exarnined for fungal growth and checked

Nursery stock sampling

Phgtophxhora species were not isolated
again after a further tvto daysr incubation. from any of the samples tested. Ptlthiun

irreguTare and Pgthiun mamiLTaxum wete
Soil and root samples taken from the frequently isolatedt Pgthium anandtun

base of  the pots were mixed and 100 I occurred in f requent ly  (Table l )  .  o ther
lup in bai ted (Chee and Newhook,  1965)  to  Pgth iun species nay have been Present ,  but
see whether the pathogen had spread from were not isolated on the P1 q vP (H) medium.
the  or iq ina l  inocu lun . These resul ts  only  establ ish that

PhgXophthoxa species were not present
The propor t ion of  nycorrh iza l  roots on in  the samples tested.  only  300 t rees

conlrol pot root systems was estimated by were tested from a total of 2 million
rnaking approx imatety 120 observat ions of  produced at  the Nannup nursery in  1980.
root  t ips,  The propor t ion of  mycorrh iza l  A more in tensive sampl ing and bai t ing
roots (dichotonously branched and,/or with programme nay have isolated Phqxophthora.

TABLE I
Recoveries of Pythiaceous fungi fron samples taken from Nannup nursery.

Sanple type
No. of Plants

tested
Me thod I Fun9i

recovered

4 . 2 . 4 0

2 9 . 5 , 8 0

2 6 .  6 . 8  0

3 . 9 . 8 0

Dead  6  m .  o .
Plnus radiata

Dead  18  f t . o .
P .  r ad ia ta
seedlj .ngs

Diseased lupin
roots on gleen
manule area

Dead  12  m .o .
P. radiaLa

Soil  surrounding
dead. P. .adiata
seedling roots

L i v e  1 y . o .
P. radiaxa
planting stock

Damped off I  m.o.
P. radiata

2 0

240

2A0

30

D

D

D

P . L

D

P . L

D

Pgthium naniJ.Latun

n 1 1

n l r

n i l

Pgthiun irregufate
P. nani l fatun

n i1

D  i  r T a d ' t 1 ) r a

P. narr iLfaxun
Pgthiun anandtun

n i l .

I .  D  -  d i r ec t  p l a t i ng  o f  su r f ace  s te r i l i zed  roo t s
P - bait ing of sample with pine needles
L - bait ing of sanple eri th l-upin leaves



Pot experiment ! seedling growth
and mortality

Seventy-n ine per  cent  of  seed emerged
wi th in a month of  sowing;  t reatments
appeared to have no effect on energence.
Many seedl ings in  the -R pots d ied f ron
root disease soon after emergence (Table 2)
Pgthiun and Phgtophthora species
were iso lated f rom the dead p lants p lated
at  th i .s  t ime.  occasional  deaths cont inued
dur ing the remainder  of  the exper inent
wi th CINP -R pots having the h ighest
number (Table 2)  .  However ,  a t  harvest ,
there was no stat is t ica l ly  s ign i f icant
(PLO,05)  ev idence of  the ef fect  o f
j.nocuLagion on the inoculum treated plants
{ r ' a D r e  J ) .

Ridomi l  s ign i f icant ly  increased the
numbers of  surv iv ing p lants,  but  at  the

igh rate applied caused phytotoxici.ty
symptoms. The tips of old needles yelloh'ed
and d ied.  Treated p lants were stunted,
the nean seedl ing top weight  decreased
from 0.170 g j .n  -R pots to  0.114 g per
seedf ing in  +R pots,  The fungic ide
also reduced the percentage of  root
t ips forn ing mycorrh izae f rom 508 Eo
252, Seedlings appeared to recover from
the phytotoxicity by the end of the
experj.rnent. as new needles were of norrnal
appearance.

TABLE 2

M o r t a l i t y  a f  P i n u s  r a C i a t d  s e e d l i n g s
(mean number per  pot)

Residual fungal infections

Phgtophthora v,ras isolated in roots
o f  p lan ts  wh ich  had been inocu la ted  w j . th
P. cjnnamoni and P. crgptogrea segment

TABLE 3

Mean percentage o f  P jnus . rad ja ta  seed
surv iv ing  as  seed l ings  to  end o f  exper iment .

inocul .um (Table 4) .  Suber ized roots were
most  f requent ly  in fected,  but  unsuber ized
roots,  mycorrh iza l  roots and col lars
occasional ly  y ie lded the pathogens.

E\/en though the soil inoculun (CINS)
added 23 to 38 propagules of p. cinnanoni
lo  each pot  no res idual  in fect ions were
detected in  the roots or  so i l .

Phqtophthora c innamomi counts were
highest  in  pots where deaths had occurred.

Phgtophthota cxgptogea was isolated
fron suber ized roots,  and the bark of
co l lars  of  apparent ly  heal thy Crees.
Lupin baiting also isolated phgtophthora
in samples fron pots inoculated with
P. cinnamoni and P. c.ryptogea segments.

Appl icat j .cn of  Ridomit  caused a
failure to isolate Phgtophthora, excepting
three P. cinnamomi inoculun segments which
remained v iable when p laced in  so i l  which
had been Ridonil treated three months prior
to inoculat ion (see Table 4) .

TABLE 4
Recoveries of PhgtophXhora from pinus radiata

roo t  sys tens  and so i l .

Seed pot
t !eaurents

- R + R

CINS O
1
3

CINP O
I

3

CRYP O
f
3

CONTROI]

58

56
60
60

56
60
58

62

64
a2
'ta

74
a2

70
8 0
74

78

Seed pot
Pl-ants darTrping of f
i i l  ls t  month af ter

inoculat ion

Ptants dying du! ing
remainde! of  exp.

CINS O
I
3

CINP O
I
3

CRYP O
f
3

CONTROL

- R

t . 8
0 . 8

+ R

0 . 2
4 . 2
0

0
0

t
4 , 4
0 , 2

1 . 6
2 . 2
1 . 6

2 . 4
r . 6
2 , 2

1 , 8

- R

c
0
0

+ R

0 . 4  0
0 . 2  0 . 2
0 . 2  0

0 0
o . 2  0
0 0

0 . 2 0 . 4
CINS O

1
3

CINP O
1
3

CBYP O
1
3

Root Systeil Soil/Roots Inoculun Plugs

.R +R

0 0
0 0
0 0

2 0
f 0
1 0

1 0
0 0
3 0

-R +R

0 0
0 0
0 0

3 0
0 0
0 0

4 0
l 0
0 0

5 0
5 0

5 0
4 0
5 0

-R

n.a.  not  appl i .cable to th j .s  t reaunent



DISCUSSION

The sampling Programme and experimental
resul ts  ind icate that  there is  a
populat ion of  pathogenic Pqth iun fungi  in
the nursery w.hich could, v"hen conditions
are sui tab le,  cause considerable losses.
Losses are most  l ike ly  to  occur  in
spr ing condi t ions when the soi l  is  warn
enough to pern i t  fungal  acLiv i tY.

Under the condi t ions of  our  exper imenL
PhgLophthora cinnamomi and P. crgptogea
were able to spread frorn pine branch
inoculum and in fect  P inus tadiata seedl ings
growing in  Nann[P nursery so i l .
P. cinnamomi was unable to establish an
infect ion or  surv ive when added as in fected
Sunkland soi1,

ln fect ion by both fungi  was present
a lso in  pots where no deaths had occurred,
which rneans, that if Phytophtio.ra becane
establ ished in  the n l r rsery '  apparent ly
heal thy p lants could be carr iers  of
i n f e c t i o n .

A h igh rate of  Ridoni t  fungic ide was
able to prevent intxoduction of
P. crvptogea for a period of 3 mcnths and
P. c innamami for betvreen I ancl 3 nonlhs.
The fungic ide a lso s igni f j .cant ly  reduced
the incidence of post-emergent damping
of f ,  caused by Pgth iun and other
Phgtophthora species' It-s effecL on the
benef ic ia l  rnycorrh iza l .  was noL s igni f ican! .

Atthough t-he soil infected inoculum
was inef fect ive in  the exper iment ,  the
loss of  5  kg of  in fected soi l  f rom a
vehic le could be enough to establ ish an
infect ion in  nursery condi t ions (Bat in i
and Cameron,  1974)  .  Another  possib le
source of  in fect ion is  l i t ter  used in  the
nursery as nycorrh izaL inoculun.

once an  in fec t ion  is  esLab l ished in

the  nursery  our  resu l ts  shovJ  tha t  i t  wou ld :

(1 )  be  d i f f i cu l t  to  de tec t  be fore

cons iderab l -e  losses  occur red ;

(2 ,  become a  base fo r  fu r ther
in fec t ion  by  l i ve  p lan ts  wh ich
were  t ranspor ted  ou t  o f  the

nursery  i  and

(3)  be  d i f f i cu l t  to  e rad ica te  because

the  in fec t ion  wou ld  re rna in  beh ind
in  cu t  roo ts  and so i l  a f te r
l i f t i n g  o f  t r e e s .

These exper imenla l  resul ls  have
inporlant irnplications for the management
of  the nursery.

It is recorunended that all implenents
(including boots) be washed down before
enter ing the nursery i  that  bags used to
carry  t rees to the f ie ld  be washed in  an
ef fect ive d is in fectant  and r insed wi th
t reated wager before re-enter ing the
nursery (or  that  d is in fected poly thene
conta iners be used in  p lace of  hessian
bags) t that treatment of the r,/ater used for
i r r igat ion be invest igated,  and that  run-
of f  f rorn the car  park be d iver ted to by
pass the dam used for  i r r igat ion.

It is also recomtnended that soil sanples
f rom the area where the mycorrh iza l
inoculum is  cc l lected be bai ted for
Phgtophthora species and not used unless
the s i te  is  proved c lean.  . r
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Appendix I
Preparation of PhgXophthora cinnamoni and P. crgptoqea inoculum.

Pine branch-p lug inoculum was prepared suf f ic ient  d is t i l led water  was added
for both species by the method of to cover the bottom of lhe flasksr which
S.R.  Shea,  T.J .  Boughton and B.L.  Shearer  were p lugged t r i th  non-absorbent  cot ton-wool
(unpubLished) . Phgtophthora cinnanomi and autoclaved for 30 minutes at 15 p.s.i.
(mat ing type A2) ,  or ig inal ly  iso lated f rom before cool ing to room lemperature.
the roots of a dead Pinus radiate in the Phgtophthora cinnanoni mycelial mats were
sunkland, was incubated at 24-26oc tor aseptically lifteal from the v8 broths and
seven days in 10 nl pots of .10t v8 broth. dropped in with the plugs (one nat per
Live P. radiata branches were cut into 2 cm 100 plugq), gently shaken and then incubated
plugs.  ( I  to  2 cm in d iameter) .  Af ter  the aE 24-26"C.  Af ter  2-3 days when the fungus
bark was removed, the plugs were soaked had started to colonize the plugs, the
overn ight  in  d is t i l led water ,  r insed and f lasks h 'ere again shaken to d isperse the
placed in  conica l  f lasks (100 p lugs per  inoculum. The p lugs were then incubated
I i t re  of  f lask capaci ty) .  for  'a  fur ther  2-3 \ , reeks.


