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Pirrus radiata DEATH RAIES ASSOCIAIED

WITH Plrytobhthora SPECIES ON
DIFFERENT SOIL TYPES IN THE
DONNYBROOK SUNKLAND OF

AUSTRALIA

( the jar rah d ieback
soi ls  of  the nat ive

forest in the Donnybrook
causing deaths anongst

anongst both jarrah and p. -radjata
silty-c1ay loans of the valley floors.
s in i lar ly  h igh death rate on the
of the mid to lower slopes, although
morta l i ty  rate in  the jar rah forest

leached loany sands.

being planted primari.ty on the
Measures to reduce the impact of

Phgtophxhora cinnanomi on -Pinus rad.iaxa should be
concentrated especia l ly  on th is  so i l  type,  but  a lso on
other soil types vrhere the native forest is known to have
been in fected.
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SUMMARY
Phgtophthora cinnariomi Rands

disease pathogen) , present in the
jarrah (Euca-Zgptus narginaXa Sm]-
Sunk land o f  Western  Aus t ra l ia ,  i s

Mor ta l i t y  ra tes
were highest on the
Pirus -radiata had a
leached loamy sands
there had been a low
or ig ina l l y  on  these

Pinus radiata is
leached loamy sands.

recently established pinus t:adiata D. Don plantations.

This study examines the variation in tbe number of
P. radiata deaths between soil types, and whether this
mortality rate is related to the previously observed
levels  of  decl ine and morta l i ty  in  the or ig inal  nat ive
f o r e s t .

Maps of  d isease d is t r ibut ion were prepared for  both
the or ig inal  nat ive forest ,  and the p.  radiata p lantat ions.
Soj.l types vJere also mapped. Mortality rates for both
forest  and p lantat ion were then calcu lated for  each soi l
type on areas of  in festat ron.
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INTRODUCTION

Part  o f  Lhe naLive jar rah (Euca- lgptus
marginaXa Sm) foxest in the Donnybrook
Sunkland of  Western Austra l ia  is  being
converted to pine plantation, of which the
pr inc ipal  species is  Pinus xadiaxa D.  Don.

Some por t ions of  the jar rah forest  in
this area are infected by Phgxophthora
cinnamomi Rands (the jarrah dieback
disease pathogen) (Podger,  1972)  .  This
fungus and three other  species of  Ehe
genus (P. crgptogea Pethybridge &
Lafferty, P. negaspezma Drechsler var.
sojae Hildebrand, and P. citticola Sawada)
have been consistently associated with the
deaths of  establ ished Pinus radiata in  the
plantat ions (Chevis  and Stukely ,  1982) .
There has been a h igher  morta l i ty  rate
amongst. P. radiata planted on sites
ident i f ied as former ly  af fected by jar rah
dieback d isease,  than on s i tes that  have
shov, 'n  no s igns of  in fect ion.

The soi ls  of  the region were descr ibed
by Smith (1951) as the Chapman combination.
For the purposes of afforestation seven
soil types are recognized (McCutcheon,
1978r  1980;  Appendi .x  1) .  Later i tes are
general ly  conf ined to the r idges.  Sandy
soi ls ,  e i ther  leached and gxey,  or  ye l low
fron iron oxide staining, cover the slopes
surrounding the r idges.  Loany soi ls  occur
on the lower slopes, and a snall zone of
s i l ty  so i ls  l ies a long the val ley f loors.

Pinus radiata is  being p lanted main ly
on lhe sands and loams of the nid-to-lower
s lopes.

This  s tudy was in i t ia ted to d iscover
whether the number of P. radiata deaths
vari.ed between soil types, and whether
this rnortality rate r,/as related to the
prev iously  observed 1eve1 of  decl ine in
the nat i .ve forest  or ig inal ly  occupyj .ng
these s i  tes.

METHOD
In ].972 a soil survey vras carried out

over  1992 ha of  nat ive forest  lhat  was to
be conver ted,  in  par t ,  to  p ine p lantat ion
(McCutcheon'  persona-L communica t ion*  )  .
Descr ip t ions of  the soi l  prof i le  were made
to a depth of  1 .2 m at  s i tes on a 400 n
by 100 m gr id .  The soi l  type was largety
determined f rom the texture and colour  at
a  d e p t h  o f  0 . 6  m .  F u r t h e r  s o i l
descr ip t ions were made at  s i tes between the
* G.  Mccutcheon,  Of f icer  of  the Forests

Departnent  of  Western Austra l ia '  Bunbury.

grid points to accurately locate the
boundaries of the soil types. SoiI maps
were then prepared.

The level of mortality and degree of
decl ine amongst  both overstorey and
understorey species were observed at each
gr id point ,  and lhe propor t ion of  s i tes
shovr ing jar rah overstorey morta l i ty ,  s l ight
thinning of the overstorey, and understorey
nortality, was determined for each soil
type. Sites rarhere no disease sl.mptoms
were evident were ignored. This was then
used as a guide to the impact of
Phgtophthora cinnamoni on native forest for
each soil type.

In 1973 maps of  d ieback d isease
(P.  c innanoni l  d is t r ibut ion in  nat ive
forest  were prepared f ron I :40 O0O scale
black and white aerial photographs.

h L974,  30 ha of  the area was c leared
and planted with pinus .radiata, and a
fur ther  130 ha was c leared and p lanted in
L976.  Dieback d isease was known to be
present  in  70 ha of  th is  area.

In autumn 1980 and 1981,  70 mm colour
aerial photographs were taken of the
plantations, and from these the p. zadiaXa
deaths were mapped. ?his map was then
superinposed on the soil plan, and
mortality rates for each soil type were
detexmined within the 70 ha knovrn to be
infested wi th d ieback d isease.  Corre lat ions
were made between the level of decline and
mortality in the native forest, and the
number of P. zadiata deaths, for each soil
rype .

RESULTS

Soi l  t ! 'pes 1 -  7  are descr ibed in
Appendix I.

The h ighest  morta l i ty  rate in  the
jarrah overstorey was on the s i l ty-c1ay
loams (Type 7), and the lo\aest mortal-ity
rate on the teached loamy sands (Type 4).
Understorey mortality was observed least
of ten on the s i l ty-c lay loans (Type 7) ,
and it was only here that the percentage of
s i tes wi th overstorey morta l i ty  was h igher
than those wj.th understorey nortality
( T a b l e  1 ) .

M n r f e l i i v  r ^ 1 " F c  . | f  p .  r a d j a t a  w e r e

higher on the silty-clay loams (Type 7) of
the valley floors and the leached loamy
sands (Type 4) than on other soil types



(Table l-). There were few deaths on the There was a negative trend between
Iaterilic tlrpes (Types L and 2) . observed understorey mortality and the

morta l i ty  rate of  P,  xadiata.  There were,
The mortality rate arnongst P. radiata however, no significant linear correlations

coincided with the mortality rate of the between decline and mortality in the native
jarrah overstorey on all soil types except forest, and P. radiata deaths, on each soiL
tbe leached loarny sands (Table I). The type (Tab1e 1).
P.  zadiata morta l i ty  rate here nas h igh,
a l though the jar rah nor ta l i ty  rate had
been Lor,i'.

TABLE I:

The ef fect  o f  jar rah d ieback d isease on the nat ive forest ,  and
P. tad.iata plantations on different soil tyPes in the
Donnybrook SunkIand.

soil Type I

I

Lateri te

2

Shallow
Sands

Yellow
sands

4

Grey
Sands

5

Loams

7

si l ty-c lay
Loams

Area (ha)

Deaths per ha
of P. radiaxar'z

Percentage of  s i tes
in the nat ive
fores!  vr i th :

understoxey
mortali ty

understorey
morta l i ty  and
decl ine of
overstorey

overstorey
mortalityf3

4 . 0

0 . 2

1 5

I 9

r 0 , 5

n o

5 4

2 4

2 2

L0.2

1 . 1

4 L

3 0

2 5 . 5

2 . 3

4 6

J O

1 8

1 5  . 9

50

L 7

3 3

4 . 3

2 . 3

Z J

L0

6 7

*  D i f f e r e n c e  b e t w e e n  r a t e s :  x 2  =  I l . O 7 ,  p  <  0 . 0 5

f Linear correlation between P. radiata deaths and anount of decline and
morta l iLy in  the nat ive forest  on d i f ferent  so i l  types:

-  understorey morta l i ty  and P.  - radiata deaths,  r  = 0.73 N.S.

-  understorey morta l i ty  and decl ine of  jar rah
overstorey and P.  - radjata deaths,  r  = 0. I2  N.S.

-  jar rah overstorey morta l i ty  and P.  - radiata
d e a t h s ,  r = 0 . 5 1  N . S .

I  See Appendix I  for  a  fu l ler  descr ip t ion of  the soi l  types-
2 P. radiaxa was planLed in 1974 and 1976, and deaths r,,'ere recorded

in 1980 and I98I .
3 Only s i tes where decl ine and nor ta l i ty  were ev ident  were inc luded.



DISCUSSION AND CONCLUSIONS
Morlalities of both P. radiata and

E.  narg inata were greatest  on the s i l ty
loatns along the valley floors. This
suggests the inpact of disease caused by
PhgxophXhora cinnanoni is greater on this
soil type than on others. The silty loams,
being low in  the val ley prof i le ,  are moist
for  long per iods of  the year ,  o f fer ing
anple opportunity for activity by the
fungus (Sbea,  1975)  .

The decline of Pinus radiata
associated with infection by PhgLophthora
c innamomi has been found to be more
pronounced on sites with poor internal
dra inage,  and subject  to  water logging
( . lehne,  1970,  I97 l t  Davison and Bumbier is ,
1973;  Bumbier is ,  1976) .  The tow inc idence
of understorey mortality observed in the
Sunklands on the silty-clay loams may be
attributed to the death of many susceptibl-e
species, infected with P. cinnamoni , some
t ime before th is  s tudy was in i t ia teC.

The re lat ive ly  h igh morta l i ty  rate
amongst Pinus radiata on the leached loany
sands was not matched by a high incidence
of  e i ther  overstorey or  understorey deaths
in the nat ive forest .  On these sands rapid
changes in noisture status occur between
seasons, This may lead to the young pine
being p laced under  greater  s t ress here than
on some other soil types, and therefore, to
it succumbing more readily following
infecLion.  fn  contrast  to  the resul ts  of
this survey, lhe impact of Phgtophthora
c innamoni on native forest is considered
to be high on the leached sands of the
nor thern jar rah forest  (J .  Havel ,  personal
comnunication *) .

only a small area planted with Pjnus
radiata in the Sunkland is on silty-clay
1oams. The leached loamy sands. however,
are one of the rnajor soil Cypes being
planted.  This  s tudy ind icates that
neasures to reduce the inpact of
Phgtophthoxa c innamoni on Pjrus radiata
should be especially concentrated on the
leached loamy sands where jar rah d ieback
di,sease is known to have occurred in the
nat j .ve forest .  Areas af fected by d ieback
disease,  on other  so i l  types,  should a lso
receive at tent ion.

Some measures current ly  under  t r ia l
n ight  be appt ied to lhese afeas.

*  J .  Have l ,  Of f i cer  o f  the  Fores ts  Depar tmen i
o f  Western  Aus t ra l ia ,  Cono.

pine genotypes which tolerate infection
with Phgtophthora cinnanonj (Butcher ex. aI.,
in press) are now being established in the
plantations.

A dense canopy in the pine forest may
also inhibit sporulation and movement of
P. cinnanomi by creating unfavourable soil
tenperature and moisture conditions
(Shea,  1975) ,  par t icu lar ly  in  areas of
marginal suscepti.biJ. i ty. However, very
conservative thinning regines would be
necessary to maintain such an environment,
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APPENDIX 1

Description of the soil typesrof the Donnybrook Sunkland

T y p e  1 -  L a t e  r  i  t e

Any soil containing more than 208 by
volume of  hard la ter i t ic  gravel  wi th in
20 cn of  the sur face.  This  category
lnc ludes boulder  la ter  i  tes.

T v p e 2 - s h a l l o w s a n d s

Loamy sands bet\,\'een 20 and 50 cm deeP,
above soi l  conta in ing considerably  nore
than 208 gravel by volurne or massive
Iater i te .  The colour  of  the sand nay be
yel lowish brown or  grey ish.

TvDe 3 - Ye1lov,rish Brown Sands Deeper
Than 50 cm

The texture is loamy sand, or sand, above
a depth of  50 cm'  but  may be heavier  at
greater  depth,  There may be up to 209
by volurne of  gravel '  usual ly  f ine or
medium, in  the upper  50 cn.  The under ly ing
mater ia l  is  usual ly  heavy gravel  or  massive
later i " te .  rare ly  c lay.  There is
occasional ly  a th in layer ,  cont inuous or
fragmentary, of accumulated organj.c matter
( A 3  h o r i z o n ) .

Tvpe 4 -  Grevish Brown Sands Deeper Than
50 cm

The texture may be loamy sand, or sand'

.and the colour may range from light grey
to dark grey or  dark grey ish brown.
There is  commonly an A3 hor izon wi th an
upper l imi t  between 60 cm and 100 cm
below the sur face.  In  most  cases th is
forms a cont inuous layer  of  rcof fee rockr t
but  somet imes i t  is  f ragmentary or  only  a
dark brown coLour  hor izon.  I ts  average
th ickness is  about  15 cm. DeDfh is  of ter l

l imi ted by an i ron-cenented panr  oLherwise
i t  is  l imi ted by heavy gravel  or  nassi .ve
l a t e r i t e .

T v p e 5 - L o a m v S o i l s

The texture in the upper A2 horizon rs

usually at least sandy loarn, but some
prof i les wi th loany sand at  th is  level  are

admitted because the texture becomes sandy

loam or heavier I' ithin 60 cm of the

surface. The colour is most commonly

light yellowish brown or yellowish brovtn'

but  in  some cases is  l ight  grey ish brown '

In these soils the gravel content is

genera l ly  l -ess than 108,  above a l imj ' t ing

hor izon ccnia in i .nq approx imate ly  508 gravel -

A soi l  conta in ing gravel  may be c lass i f ied
as Type 5 provided that the proportion of
gravel  wi th in 20 cn of  the sur face is  less
than 20? by volume.  In  most  cases,  hovrever '
there is  no gravel  and the l i rn i t ing hor izon
is  c lay.  The depth rnay vary great ly .

T v p e  7  -  r A l l u v i a l ' s o i l s

These soi ls  are usual ly  associated wi th
watercourses. colours are brownish yell-ow,
strong brovrtn or yellowish red.

The texture in  the upper  A,  hor izon is
usual ly  s i l ty  loam, s i l ty-c lay loam or
sandy loan. It may becone heavier with
increasing depth.  Up to 208 by volune of
gravel  may be present  in  sorne prof i les;  i t
is  usual ly  f ine gravel .

Depth is  usual ly  75 to 120 cm wi th la ter i te
as the t in i t ing hor izon.  where c lay
texture is  consj .dered the l imi t ing hor izon,
c lepth nav be as l i t t le  as 35 cm.

*  cofours:  Munsef l  co lour  company ( f954) .  Munset l  Soi l  cofour  char ts :  Bal t imore,
u a r y l a n d ,  u .  s .  A .




