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SUMMARY

S u b t e r r a n e a n  c l o v e r  p l a n t s  w e r e  i n o c u l a t e d  w i t h  t h e
fungus Phgtophthora  c innanomj  ld ieback  d isease)  to  tes t

T h i s  r e s u l t  i s  d i s c u s s e d  i n  r e l a t i o n  t o  r a i s i n g
P.  c innanan i  suscept ib le  t rees  under  agro- fo res t ry
management  in  the  Donnybrook  Sunk land in  the  south-west
o f  W e s t e r n  A u  s  t r  a l i  a .

More  research  w i l l  be  requ i red  to  show whether  c lover
can j -ncrease P.  c innanon i  inocu lum poten t ia l  in  the
Donnybrook  Sunk land.

ln fec ted  or  co lon ized by  the
in  rooLs  grown in  a  g lasshouse

a n d  s e e d  b u r r s  a d j a c e n t  t o
f i e l d .
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INTRODUCTION

scat te red  deaths  o f  P inus  rad ia ta
(D,  Don)  t rees  caused by  PhVLophLhora
c innamomi  (d ieback  d isease)  j .n  the
Donnybrook  sunk land '  have led  to
i n v e s t i g a l i o n s  i n t o  p i n e  p l a n t a t i o n

managenent  techn iques  wh ich  cou ld  reduce
t h e  r i s k  o f  s e r i o u s  d i s e a s e  s p r e a d
o c c u r r j n g .  A n  a g r o - f o r e s t r y  s y s t e m  o f
managenent  us ing  subter ranean c lover  i s
now be ing  deve loped in  p lan ta t ions  in  the
Sunk land.  I t s  benef i t s  inc fude improved
t r e e  n u t r i t i o n .  r e d u c e d  f i r e  h a z a r d s  a n d
i n c r e a s e d  f i n a n c i a l  r e t u r n  ( M c K i n n e l l '  1 9 7 9 t
M c K i n n e l l  a n d  B a t i n i  '  1 9 7 8 ) ,

c ^ - ^ i a d  c , r c ^ 6 h t - i h l a  + ^  D  ^ ; - n : n ^ a ;e P s L f s r  r q o v s Y ! r v r v

s u c h  a s  B a n k s i d  g t a n d i s ,  h a v e  a  m a j o r  r o l e
in  the  bu i ld -up  o f  P .  c innamoni  inocu lum in
the  ja r rah  fo res t  by  p rov id ing  a  food base
for  the  fungus  and a  pro tec ted  s i te  fo r
i t s  s u r v i v a l  d u r i n g  s u m m e r  ( S c h i l d  e t  a l ,
1980)  .  In  avocado orchards ,  v igorous  bu t
suscepc ib le  p lan ts  such as  .Lup]nus
a n g u s E a l o l J u s  a ! e  u s e o  a s  a  g r e e n  m a n u r e
crop  to  p romote  so i l  m ic rob ia l  popu la t ions
antagon is t i c  to  P .  c innamoni  (Pegg,  l9 -17J .
The danger  w i th  th is  techn ique j . s  tha t  i f
the  lup ins  are  cu t  a t  cer ta in  t ines  o f  the
y e a r  t h e  r e s u l t a n t  m u l c h  n a y  a c t  a s  a
subs t ra te  fo r  P-  c innano,n i  ra ther  than as
a  s u p p r e s s a n t .  ( B r o a d b e n t ,  p e  r  s o n  a l
connun ica t ion  * )  .  L i tL le  i s  known about
the  po ten t ia l  fo r  the  bu i ld -up  o f  inocu lum
on the  roo ts  o f  non-suscept ib le
a g r i c u l t u r a f  p l a n l s .

Un i ted  Sta les  repor ts  have demonst ra ted
t h a t  s u b t e r r a n e a n  c l o v e r  i s  s u s c e p t . i h l e  t o
PhgLophthor .  :n rgaspernd {Johnson and
K e e I i n g .  1 9 6 9 ) ,  a n C  t h a t  c l o v e r  s p e c i e s  o f
the  re la ted  genus Pgt .h ju .m are  invo lved in
the  complex  c l .over  roo t  ro t  d isease wh ich
is  p reva len t  in  the  south-west  o f  wes tern
A u s t r a l i a  ( M a c n i s h  e t  a l ,  I 9 7 6 t .

T h a  , a i m  n f  r h P  o o f  | - r i a l s  a n d  f i e l d
sampl ing  was to  d iscover  whether  c lover '
by  becoming an  a l te rna l i ve  hos t  o f
P .  c innanon j ,  had the  po ten t ia l  to  inc rease
t h e  r i s k  o f  p i n e  d i s e a s e .

*  Broadbent .  B ic log ica l  and chemica l
Research  Ins t j . tu te ,  Ryda lnere  Ne lv  south
wales

METHOD

Experimental design

The exper inent  examjned roo t  in fec t ion
of  p lancs  growing  in  po ts  o f  sunk land so i l
tha t  had been inocu la ted  w i th  P .  c innanomi .
N i r ' :e  cLover  cu l . t i vars  were  tes ted ,  us ing
one inocu la ted  (+  P .  c innanon i l  po t  and one
Lrn inocu la ted  ( -  P .  c innanon i )  po t  fo r  each
cu l t i . var .  The inocu lun  used was
ar t i f i c ia l l y  in fec ted  p ine  branch segnents .

The c lover  cu l i i va rs  tes ted  were  lhose
which  had a l ready  been p lan ted  in  the
Sunk land or  those whose agr icu l tu ra l -
per fo rnance ind ica ted  they  were  su i tab le
fo r  lhe  Sunk land:  Tr i fa f iun  subte t raneun
c u l t i u a r s  C l a r e ,  D i n n i n u p  E s p e r a n c e ,
M t  B a r k e r ,  S e a t o n  P a r k ,  L a r i s s a  a n d
Tr  i kka la ;  TL i foJ iun  f rag i fe rum (s t rav tber ry
c lover )  and Tr i l c l iun  repens  (New zea land
whl te  c lover  )  .

Pot experiment

Establishment and maintenance

U n d r a i n e d  p l a s t i c  p o t s ,  l 0  c n  i n
d i a n e t e r ,  w e r e  f i l l e d  w i t h  9 5 0  g  a i r  d r y ,
type  4c ,  g rey  loany  sand (McCutcheon,  1978)
co l lec ted  f rom Compar tment  2  a t  the
Jar rahwood P lan ta t i -on  30  km south  c f
Busse l ton .  The so i l -  \a 'as  sa tura ted  w i th
d i s t i l l e d  w a L e r ,  a n d  t h e  b a s e s  o f  t h e  p o t s
per fo ra ted ,  a l low ing  the  so i l  to  d ra in .
E igh t  p re-ger rn ina ted  c lover  seeds  were
p l a c e d  i n  0 , 5  c m  d e p r e s s i o n s  i n  t h e  s o i 1 .
I  n m  i n  F r ^ m  1 - h a  a . 4 d a  ^ f  a : ^ h  n n j .  F > . h

seed was inocu la ted  w i th  a  sL jspens ion  o f
Rh izcb lun  s t ra in  l , iu  290 to  ensure  tha t
nodu la t ion  and symbio t - i c  n iL rogen f i xa t ion
o c c u r r e d .  a s  t h e s e  a r e  n e c e s s a r y  c o n d i t i o n s
for  c lover  g ro \ , / th  i .n  the  n i t rogen de f ic ien t
so i l s  o f  the  Sunk land.  Two cont ro l  po ts
wi th  950 9  a i r  d ry ,  t ype  4C,  g rey  loamy
sand were  le f t  unp lan ted ,  The seeds  were
covered w i tb  so i l - .  and 165 ng  o f
s u p e r p h o s p h a t e  c o p p e r  z i n c  A  ( C . S , B " P .  a n d
F a r n e r s ,  K w l n a n a ,  W e s t e r n  A u s t r a l i a ) ,  w a s
broadcas t  over  the  sur face  o f  each po t .  The
pots  were  p laced in  a  g lasshouse w i th  a i r
t e r n p e r a t u r e s  r a n g i n g  f r o m  1 6 0  ! o  3 7 o  c ,
and were  watered  w i th  d is t i l , l ed  water
tw i .ce  week ly .

Inocu lun  was prepared f rom P.  rad ia ta
branch segments  (Shea e t  aL ,  l9B0)  .  Three
weeks  a f te r  sowing ,  each +  P,  c innanon i
po t  was  rnocu la ted  by  bury ing  two in fec ted



pine branch segnents I cm beLovt the
sur face of  the soi l  in  tbe centre of  each
pot. Alrtoclaved segments were buri.ed
in the uninoculated pots,

Harvest of experiment

The c lover  p lan ts  were  harves ted  th ree
months  a f te r  sowj - r rg .  P lan t  tops  were
renoved and arry visual effects of
inocuLat ion  no ted ,  The roo t  ba l l  was
removed from each pot and a sample of
apFrox imate ly  50  g  o f  so i l  and  roo ts  was
taken f rom the  base o f  the  po t .  Th is  sarnp le
was lup in  ba i ted  (chee and Newhook,  1965)
to test for movenent of. P, cinnanoni frcm
the inocu lun  segment  j .n to  the  so i l .  so i l
was vrashed frorn the root system of the
c lover  p lan t  and the  inocu lum segments
were  recovered.

Isolation of P. cinnamomi
Phgtophthora cinnanoni was isolated

f rom the  c lover  roo ts  in  each poL us ing
the  fo l low ing  procedure .  The roo t  sys tem
was d iv ided in to  two sec t ions .  one
sec l ion  was sur face  s le r i l . i zed  in  70  per
cent  echano l  fo r  30  seconds and then r insed
in  runn j .ng  d is t j . I led  water  fo r  another
30 seconds.  The o ther  sec t i .on  was Le f t
un t rea ted .  Four  sub-sarnp les  o f  roo ts  were
cut  f ron  each sec t ion ,  then bu l .ked  and
f loa ted  in  s te r i le  d is t i l l ed  water .  Root
segnents  approx imate ly  l  cn  long and f ree
of  a t tached organ ic  mat te r  were  taken f rom
the bu lked sample  and p la led  on to  P10 VP (H)

med j "L ln  se lec t ive  fo r  Phgtophthora  (Masago
ex a7 , ,  L977) ,  The re rna inder  o f  each roo t
sys tem wi th  a t tached organ ic  mat te r  was
p l a c e d  i n  a  l i t r e  b e a k e r ,  c o v e r e d  w i . t h
d is t j l l ed  water  and lup in  ba i led  to  tes t
fo r  the  presence o f  P .  c innanon i .  Sarnp les
showing no  recovery  o f  the  funqus  a t  the
f i r s t  b a i t i n g  w e r e  r e b a i t e d .

The p la tes  were  incubated  a t  25o c  fo r
36  hours ,  a f te r  wh ich  P.  c innarnom-r  hyphae
were  seen growing  f rom the  c lover  roo ts .
Each P.  c innanon i  ou tgrowth  \ , ias  c lassed as
one in fec t ion .  The to ta l  leng th  o f  roo ts
on each p la te  was measured and the  resu l ts
expressed as  the  number  o f  in fec t ions  per
n e l r e  o f  r o c t .

Statistical analvsis of pot
er ner irnr-nf resr r l fs

cwing to the unrepl lcatec exper imenta l
design and the skewed d j "s t r ibut j .on of  the
r o o t  i n f e c t i o n  r e s u l  t s ,  s t a t i s t i c a l

analysis was limited to a comparison of the
infect . ion Ievels  of  untreated roots wi th
those of  sur face ster i l ized roots,  us ing a
S i g n  t e s t  ( S i e 9 e 1 ,  1 9 5 6  )  .

Sampling of clover roots inoculated
in the field

An inoculated P.  radiata p lot  a t  the
Vasse Plantat ion 20 km south-west  of
Bussel ton was used to test  the potent ia l  o f
subterranean c lover  as an a l ternat ive host
for P. cinnamorai in the field.

The p lot  was located adjacent  to  a
creek on type 4D crganic ,  grey loamy sand
(McCutcheon,  1978)  ,  In  autumn 1980 the
si te  was mounded and seeded wi th a mixture
of  Tr ikkala and Esperance c lover  at
12 kg.  ha- t .  and t -opdressed wi th 500 kg.ha-r
s u p e r p b o s p h a t e  C u ,  Z u ,  M o  N o .  2  ( C . S . B , P .
a n d  F a r m e r s ,  K w j n a n a ,  W e s t e r n  A u s t r a l i a )  .
Inoculun segnents were buried 5 cm below
the soi . I  sur face in  the centre of  the nounds
o n  2 5  J u n e  1 . 9 8 0 .

On 20 November 1980,  four  samples of
clover roots were taken. Two of these
samples were blocks of soil and roots
surrounding the i .noculurn p lugs.  The cther
sanples were b locks of  so i l  and roots taken
fror0 between 100 and 200 rnm f ron the inoculum.

The sanples were gently washed to renove
soi l  f rom the roots,  Roots in  the fo l lowing
classes were p lated wi thout  sur face
s te r  i l .  i  za l ion :

(1)  roots less than 5 nm f rom the
inocul  un segmen t  i

(2)  roots 5 tc  10 mm fron the inoculurn
segmen t- i

(3)  roots 100 to 200 mm fron lhe
inoculun segrnent .

Where present- ,  seed burrs  and nodules were
plated separate ly .  Recovery of  P.  c innanomi
f ron the sampl-es was measured in  the sane
way as in  t i )e  pot  exper iment .

RESULTS

Pot Experiment

Phgtophthara  c innamoni  k iued one
Seaton Park  p lan t  in  th j .s  t r ia l .  The fungus
r ias  recovered f rom the  p lan t rs  roo t  sys tern
in  th is  po t  and f rom a  pe t io le  tha t  was  in



contact  wi th  the soi l  sur face,  Extensive
root necrosis was only observed in the
plants in the inoculated Seaton Park and
strawber!y  c lover  pots.  Inoculat ion had
no effect on the top growgh or on the
appearance of root systems on t"he
remai .n ing 6 l  inoculated p lants,

p l i f i h . '  r e . - ^ \ t e r6 / i '  p  C innaman i  f t om
the untreated roots of  a l l  cu l t ivars and
fron e ight  of  the n ine sur face ster i l ized
root  samples (Table 1) .  Seaton Park,
Esperance,  Mt .  Barker ,  Dinninup and C1are
\,rere the only cultj.\ 'ars which yiel.ded
P, cinnamoni from both direct plated and
lupin bai ted roots.

Sur face ster i l izat ion of  laots
s igni f icant ly  reduced (P<0.5)  the nunber  of
infections per tnetre of roots for alrnost
a l l  cu l t ivars.  The extent  of  th is  reduct ion
ranged f ron 12 per  cent  !o  I00 per  cent ,
This  suggests that  a propor t ion of  the
infect ions delected in  untreated rooLs was
on lhe surface of the root, and hence more
readi ly  af fected by s ter i lants  than
establ ished in fect ions in  the root .

PhqXaphthoxa cinnanomi was not
recovered from any of the samples in the
uninocul"ated pots.  A l l  inocuLun segrnents
renained v iable at  the end of  the
exper  rnent .

TABLE 1

Recovery of. P. c innanoni fron direct plaled clover roots and
lupin bai ted soi l  and root  samples

Tota l  number
of  in f  ect i .ons
per  netre of
d i r e c t  p l a t e d

rOOES

Recovery of
P, cinnanoni

bai ted sanples 3

C u l t i v a r u l  s s 2
Soi I  and root

sample f rom base Ul  SS2
of  pot

Seaton Par  k
Esperance
M t  B a r k e r
S tr avrber ry
T r i k k a l a

Ne!, Zealand
Whi  te

Unplanted
controf

2 5 . s  9 , 0
7 . 6  4 , 2
4 . 9  0 . 5
1 . 9  0 . 5
1 . 9  0
r . 7  0 . 8
1 . 5  0 . 4

r . 2  3 . 2
0 . 8  0 . 7

+
+

+

+

+

+
l-

+

+
+

+
+
+

+

+

+
+

rocts un t re a ted

r o o t s  s u r f a c e  s t e r i l i z e d  i n  7 0  p e r  c e n t  e t h a n o l  f o r  3 0  s e c o n d s

ind ica tes  P.  c innanon i  recovered

ind ica tes  P,  c innanomi  no t  recovered



Field sampling

In the field, P. cinnanomi \a,as isolated
from clover roots within 5 rnm of the
inocu lun  segments  (Tab le  2 ) .  The leve l  o f
in tens i ty  o f  in fec t ion  and/or  co lon iza t j .on
(8 .3  in fec t ions  per  ne t re  o f  roo t )  equa l led
the  leve ls  observed in  the  po t  exper iment .
Seed bur rs  were  a lso  ab le  to  harbour  the
fungus. Phqtaphthora cinnanoni was not
recovered fron nodules or frorn roots
fu r ther  than 5  mn f ron  the  inocu lun ,

DISCUSSION

The results showed that P. cinnamoni
is  abLe to  cc lon ize  and in fec t  c lover
p l a n t s  g r o w i n g  i n  S u n k . l a n d  s o i 1 ,  u s u a l l y
w i thout  the  c lover  p lan ts  showing any
symptoms o f  the  d isease.  Th is  resu l t  was
not .  surpr is ing ,  as  nore  de ta j . led
observa t ions  by  H inch  and Weste  (1979)
have shown tha t  P .  c innanon i  zoospores
r re  a t t rac led  to ,  and are  ab le  to  in fec t ,
fhe  roo ts  o f  the  non-suscept ib le  g rass
Themeda aus t ra -Z is .  The resu l ts  o f  th is
exper iment  ind ica te  tha t  the  response o f
subter ranean c lover  to  P .  c innamo,n i  l ies
between the  hypersens i t i ve  reac t ion  to
in fec t ion  shown by  the  res is tan t  spec ies
Acac ia  pu .Tche l la  (T i .ppet t  and Mala jczuk .
1 9 7 9 )  /  a n d  t h a t  o f  h i g h l y  s u s c e p t i b l e
spec ies  where  in fec t ion  usua l ly  resu l ts  in
lhe  death  o f  the  pLan! .

TABLE

This  range in  reac t ions  Lo  p .  c innanon i
in fec t ion  occurs  as  a  resu l t  o f  d i f fe rences
in  the  p lan ts r  genotypes  and the  e f fec ts
o f  d i f fe ren t  g rowing  env i ronments .  I rw in
e t  aL ,  (L979,  showed tha t .  d i f fe ren t  lucerne
cu l t i vars  vary  in  the i r  reac t ion  to
P. megaspema inoculation. Although t_he
resu l ts  o f  the  present  exper iment  suggest
tha t  a  s i rn i la r  range o f  reac t ions  may be
present  in  c lover  cu l t i vars ,  rep l i ca ted
exper iments  w i l l  be  necessary  to  suppor t
t h i s  f i n d i n g ,

Many of the papers on clover root rot
rev iewed by  Burgess  e t  aL ,  (19731 suggested
tha t  the  fung i  caus ing  the  d isease were
v,'eak parasites \,rhich onl-y becorne important
when p lan ts  have been pred isposed to
in fec t icn  by  the  loss  o f  food reserves .
th rough age,  g tazLng or  dur ing  the  w j .n te r .
Env i ronrnenta l .  s t resses  such as  i , ra te r
logg ing ,  shad ing ,  in fes ta t ion  by  red  tegged
ear fh  mi tes  (Hafogqdeus des txuc tor )  ,
in fec t ions  by  lea f  pa thogens such as  c l -over
scorch  (Kabar ie - l fa  cau l i vo- ra  )  and pepper
spot (-L eptosphaeru 7 ina trifoli i) , and
grazLng by  agr icu l tu ra l  and na t ive  an i rna ls
occur  in  Sunk land areas  nanaged fo r
agro fores t ry .  I t  j . s  poss ib le  tha t  these
s t ressed may pred ispose c lover  to
P.  c innanon i  in fec t ion .

In  the  po t  exper iment  and f ie ld  sampl ing ,
non-pathogen ic  in fec t ion  occur red  when c lover

2

Recovery  o f  P ,  c innanom:  f ro rn  inocu la ted  c lover  in  the  f ie ld .

To ta l  number  o f  P .  c innano i i? j  in fec t ions / to ta l  roo t  leng th  (mm)

Tota l  number  o f  in fec ted  bur rs , / to ta l  numi - .e r  p la ted

?ota1  number  o f  in fec ted  nodu les / to ta l  number  p la ted

sanple type Dis tance o f  sample  f ron  inocu lun  segnent  (nm)

roo t  l

seedbu r  r  2

nodu le  -

5 - 1 0 1 0 0 - 2 0 0

6 / 7 2 3
n . o .

n . o .

0 /lBso
2  / 2 0
o/4

o/2330
n . o .

n . d .  r e p r e s e n t s  n o  s a m p l e  t a k e n



roo ts  g rew around a  loca l i zed  source  o f
inoculurn, Phgtophtlora cinnanoni was
recovered from roots 10 cm from the
inocu lum p lug  in  lhe  po t  exper iment ,  bu t
only from roots l cm frorn the inoculum i-n
t h e  f i e 1 d .  U n l e s s  l a r g e - s c a l e  d i s p e r s a l
o f  P .  c innamomj  zoospores  occurs  as  a
resu l t  o f  sporu la t ion  and over land runof f ,
i t  i s  l i ke ly  tha t  in fec t ion  leve ls
conparab le  w i th  those ob ta ined in  th is
exper iment  wou ld  on ly  occur  a round f ragnents
o f  e x i s t i n g  i n f e c t e d  p l a n l  m a t e r i a l ,  s u c h
a s  b a n k s i a  r o o t s .  T h e  d i s t r i b u t i o n  o f
these f ragments  in  the  f le ld  i s  unknown.
However ,  as  a  resu l t  o f  the  dense na ture
o f  the  c lover  sward  and the  grea t  leng th
o f  c lover  roo ts ,  the  prohab i l i t y  o f  some
c lover  roo t .s  comj .ng  in  contac t  w i th  o1d
in fec ted  roc ts  i s  h igh .  P lan t ing  o f
c lover  on  Sunk land s i tes  causes  an  inc rease
in  the  b iomass o f  l i ve  roo ts  i .n  the  so i . l .
The ex is tence o f  th is  ex tens ive  roo t
sys tem h 'ou ld  a lso  inc rease the  probab i l i t y
o f  in t roduced in fec ted  so i l  o r  water -borne
zoospores  es tab l i sh ing  an  in fec t ion  i "n
l i v e  t i s s u e ,

The exper iment  does  no t  p rov ide  a
c lear  answer  as  to  whether  the  use  o f
c lover  in  the  Sunk land is  deLeter ious  or
n o t .  F u r t h e r  i n v e s t i g a t i o n s  a r e  d e s i r a b l e ,

I f  i t  a p p e a r s  t h a t  s u b t e r r a n e a n  c l o v e r
w i l l  i n c r e a s e  t h e  d i s e a s e  r i s k  i n
p l a n t a t i o n s ,  i t  m a y  b e  n e c e s s a r y  E o  s e l e c t
agr icu l tu ra l  o r  na t ive  l .egumes whose roo ts
a r e  l e s s  l i k e l y  t o  b e  i n f e c t e d  b y
P.  c innanon i .
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