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MAPPING DISEASED AREAS FR,OM AER,IAI, PHOTOGR,APHS

INTRODUCTION

The dedicated State Forests of Western Australia cover about 1 800 000 ha
in the extreme southwestern portion of the State. Jafiah (Eucaluptus mqr-
gino,ta sm,) is the main timber species of this dry sclerophyll forest and
accounts for ?5 per cent of the annual cut from Statc Forests.

This forest is threatened by a serious disease known as dieback, caused
by the soil-borne funeus Phatophthora cinn1Jtuoni Rands (Podger, 1972). The
first sign of the disease is normally observed in the understorey strata where
Banksio, gr1,nd,is WlIld., Xarltkorrhoect preissii Endl. and Mocro?(ania rei.dleii
C. A. Gardn. yellow and die. The jarrah overstorey is affected later, often
after most of the understorey has died. A typical symptom is a thinning out
of the Ieaves leading to twig and branch dieback fouowed by the eventual
death of the tree. Boundaries of diseased patches may be gradual or abrupt.
Some tree species such as marri (t. caloplLalla R. Br. ex Lindl), blackbutf
(8. patens Benth), buUich (E. megacan)cl F.v.M) and w^ d,oo (E. wondoo
Blakely), which are of less abundance and economic value than jaDah, display
considerable resistance and can recolonize diseased areas.

one of the initial requirements in the management of a forest disease
situation is to determine the extent and location of the diseased areas. Various
techniques including ground reconnaissance, aerial survey and photo interple-
tation have been used to map the extent of fungal and irsect damage.

A number of attempts at mapping jarlah dieback from I :  15 840 black-and-
white and infla-red photographs were made in the period 1956-1962. Because
none of these succeeded, there \rere no reliabie maps of the diseased areas
nor estimates of thet size.

During 1965, 1:40000 aerial photographs of the northeln jalrah forest
became available. These showed distinct tonal differences within the forest
area and subsequent field checks correlated areas of lighter tone wilrh known
areas of dieback. The interpretation of the diseased area from the available
photographs was begun. As errors are inherent in any system of interpreta-
tion, a numerical expression of reliability of the estimates produced was need€d.

METHOD

A number of diseased areas were inspected, the disease syndrome was
described in detail and specimens of indicator species were collected for
future reference. A number of stereograms were prepared covering the range
of types to be interpreted (Figures 1 and 2) and other factors likely to cause
difficulty, e.9., flre damage, Iogging and thinning.
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(b) Severely afected forcst type code 3. (c) Swamps and creeks, type code 4.
Note the reststant mard (8. coto- Nauow swamps of tea-tree with
phl\a) rL trre ioreground. E. nresacarpa erawiIq on the sw&mp

ecrge.

Figure 2
STEREOGRAMS AND GROUND PHOTOGRAPIIS OF SEVIRELY A!'FECTED AND SWAMP

TYPIjS
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STREAMS -_ UNAFFECTED I--_-l  MODERATETY
RoADS --SwAMps lT'ffm sEvERELy tll.:i.''...-l

Figure 4
plan prepared iroE interpreted photosraphs.
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R,ESULTS
Some 750000ha of State Forest and Crown Land in the northern jarrah

forest have been mapped, revealing the following situation:

Total area mapped

Total area of diseased forest ...

Area nloderately afiected

Area severely affected .. . .

?48 600 ha

3?  200  ha

23 400 ha

13 B00 ha

The diseased forest is unevenly distributed, being strongly concentrated
in-the region of the Darling Scarp (Figure 5) and predominating in gullies and
other water-gaining sites.

The errols were analysed in two ways, as suggested by Ilumphries [961):_
(a) Errors in total area. These aliow for compensating error.s anal

may be expressed as a per cent ol the total area of that type.
(b) Reliability of the map produced. This was expressed as the

probability of a point r.andomly selected on the map. falling into
the corleci type when it is located in the fleld. This factor
does not al low for compensaring errors.

Errors in total ai.ea and reliability for a sample were determined by fietd
checking an area of 251 ha with b9.6km ol str ip l ines (Table 1).

TABLE 1

Interpretrtion Accura,cy from a Strip Line Chectr

The unatrected forest has been accurately mapped and reliably located.
fhe affected forest has been underestimated by about 6 per cent whilst the
swamp and creek type was overestimated.

A comparison between the stdp line and random plot method of field
checking is shown in Table 2. Area and reliability values for both the un_
afiected and thc affected type are quite comparable.

T.r I'e Rel iabi l i ty

From Photos From Striplines

Ilnaffected forest
Atrected for€st
Sw.amps and Creeks

Tota,ls

59 ?tig
7 858
1 531

83'1

60 024
8 32{
3  8 1 3

834

'i3
12

N.A.

i2 qgs 72 995 86

12
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selection oJ access routes and the discovely of the disease in poorly accessible
areas previously considered healthy.

The pians produced have also been used to pr.ovide a stlatification for
the selection of jnventory plots. As shown in Table 3, the clifferences in salable
volume between air photo types are considerable and have increased the
cmciency of the sulvey. Volume estimates by disease classes ale now available
for several permit, areas, thus allowing coherent planning ol logeing opera-
tions minimizing losses of salable logs.

Data obtained from field checks indicate that the mapping has been quite
Iel iable. The extent of the diseased aleas has been underestimated bv 0_5
per cent for the severely afiected and by 10 pef cent for the moderately
affected types. The reason for the underestimation is that photographic tone
is not affected until a high percentage of trees itave died. The overall
underestimate of 6 per cent is considered to be quite acceptable Jor the bload
planning stage for which these data are used. The area errors for healthv
lorest ale negligible, whilst those for the sv/amp type may be Iarge

Reliabi l i ty values for healthy foresl are good (96 per cent). Those Jor
slvamp types vary (?2-96 per cent) with the type of field check employed.
It is considered that the higher value is closer to the actual flgure. Swamps
aDd cleeks are readily identifiable on the aedal photographs. They have,
however, a very large perimetel per' unit area. With the stfip line check, lalge
expanses of swamp were deliberately avoided because of their low economic
value. The swamp and creeks encountered were usually quite narrow and
it 1l/as not uncommon to flnd these 40-60m either side of their expected
l)ositions.

Reliability values for diseased forest raDged from 61 to ?3 per' cent. With
nroderately afiected and sevelely affected types, ihe valites were as low as 35
and 53 per cent respectively. An atea interpreted as either moderately or
reverely affected, often contained a mixtule of these two types. The disease
is patchy in nature and the diseased areas have a large perimeter pel unit area.
Small pockets of healthy forest are commonly found vrithin a dieback area.
The minimum area outlined in the aedal photograph was 2 ha whereas the
unit size used in the field check was 0.08ha. AII of these factors contributed
to the observed errors in reliability.

Although interpretation errors do exist, they do not invalidate operational
use of the maps. For logging purposes pockets of healthy forest within a
diseased a]:ea ar.e tleated as diseased. The neld check lines indicate that
few gross errors in interpletation occur. The bulk of the errors were restr.icted
to either small pockets or to the boundaries between types. Few of these
boundary elrors would be obvious to the forester or sawmiller since neither
viould waste time locating his g-!-ound position accurately.

All checks lvere carried out in the Dwellingup Division which had been
affected by a wildfire 4 years before the photographs were taken. Fire-damage
aleas are difficult to interpret since scorch alters the tonal contrasi in the
aerial photographs and the stands had not fuuy lecovered from the effects
of the fir'e. It is thought that the results over the whole ?50 000 ha would be
better than those quoted here.

The western scalp poltion of the northern jarrah forest has the greatest
concentration 01 dieback. Healthy forest in this area usually has a dense
understorey of the susceptible host, B. gr1,rLd.is, thus providing good contrast

14
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I I ._DISEASE ECOLOGY

INTF,ODUCTION

Aerial photo interpretation has indicated that the disease is not randomlv
distributed throughout the northern jarrah forest. The western po*ion of
bhe forest area is extensively afiected whereas the easiern section is relatively
free ol dieback. Within the western portion, there appears to oe a srlong
association between sireams, roads, cutting history and disease development.
Further investigation of these aspects is warranted in order to assess their
relationship to the disease.

METHOD

The Wungong, a relat ively small  catchment area of 13 101ha about 40km
south-east of Perth, was selected. Of the total area, some 4?5 ha have been
cleared for vadous purposes (farms, bauxite mining and pine plantation estab-
l ishment), leaving a balance of 12626ha oi forest. This catchmen! rs con-
sidered to be typical of the jarrah forest on the western edge of the Darling
Plateau and is severely afiected by dieback.

A number oi 31.7m per mm plans were available for the study: soil plan
divided into 10 strata, dieback plan ? strata, roading plan S strata, rainfall
plan 4 strata, cutting plan 5 strata, and stream plan 4 strata. Each ptan was
extlacted separately onto specially prepared computer sheets according to a
pr€determin€d coding syst€m. Each decision point was represented by a
Iectangle 4.2 x 5.1 mm, i .e.,  0.22 ha on the 31.? m/mm plans. There was a
total of 6 065 decision points for each plan.

This data was processed in a computer. programme written in the United
States (Amidon 1964) and modifled for use on the local computer by Research
Officer II. Campbell. With this programme two or more sets of plans
can be combined and the resultant map printed out. Tabular slalemenls
of acreages for eacl stratum are also available as output. These acreages

' are rounded ofi io the nearest whole number and the plogramme can put
out up to 98 factor combinations.

With the available maps, and if all strata were pr€sent, a total of 28 000
lactor combinations would have been possible. Not only does this greafly
exceed the output of the programme but it would also be unwieldy to interpret.
For this reason the number of factor combinations was reduced to a manase_
able level by lumping together similar strata.

Two, three and four-way contingency tables were calculated and analysed
using the techniques outlined by Fienberg (19?0). Observed values were listed
and compared with expect€d values calculated on several different log_linear
models. In a three factor analysis, nine such models can be prepared; these
range from complete independence to complete dependence between the
valiables being tested. Then, the simplest model which best fits the observed
values can be selected from the range of prepared models by means of analysis
based on the chi-square statistic.
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Another study showed that as the distance from streams increased, the

proportion of diseased forest decreased.

Rainfall anal dieback. The effect of rainfall on dieback distribution is shown

in Table 6. Within this catchment area the rainfall varies from 1070 to

1420 mm per annum.

TABLD 5

Streams and Dieback Distribution

TABLE 6

Itainfall and Dieback Disiribution

Combined Factors
Observed
values (o)

(h.)

Expected
values (D)

(ha)

o - D
__ x 100%

E

Healthv forest-
Nea i  s  r .am"  in  $ rdp  !  s l lF \  s

Near  s r rFamb in  modcra tc  va l leys

. \ "a r  s r reams in  s lFFp va l lF js

Awry  f rom s t t  e "  ms

Dise.ased forest
N c a r  F r | F a m .  i n  $ i d F  v a l l c l s

NF. ! r  s t re€ms in  mude" r lc  va ' l cJb
) ,JPar  s , re rms in  q iFPp \  a l lF ) "

A u r y  f r " m  s t t e r m -

N e r r  s r r F d m .  i n  $ r d F  r n l l e j s

N e € '  s , r F a m s  i n  m n d c r a i P  \ h l l c ) .

: , , tear  s t reams in  b rFFp va l leyg

Awa\  J iom s i  red  m"

189
272
125

7 937

5 162
323

2 520

415
76
6

ri5

7'.|7
453
1 1 2

7 1 8 0

3r0
180
44

2 860

64
3'.7

591

+ 596
+ 103

3t)
- 7 0

- 4 0

+ r l

+ rj?
+ 7 9
, 2 3
- t 2

Combinecl Fa.ctors
Observed
values (o)

(h:,)

Expected
values (E)

(h ' )

o - E
x 100%

E

Healthv for€st
:  1 . 2 ; 0  m m  a n n r r ' r l  r a i r t f r ' l

l , : ; 0  m m  A n n r i l  r r i n f a l l

Iliseased forest-
l , :170 mm rnnual  ra rnfa l l

'  1 , 2 ; 0  m m  a n r ' u a l  r r i n f , t l l

Srvamps
l2;u rnm Ann,,a I  rc in ln l l
l , l ; 0  r . m  s n n u n l  r a  i r r f a l l

2 2ig
I  r 35

330
371

4  871
3 653

5 038
3 486

2 006
1 3 8 8

415
287

3
5

+ 1 3
-  1 8

,0
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soil unit IX is not closely associated with swamps it also has a greater propor-

tjon ol diseased forest than expected. It consists of yellow-brown to loamy
sands on the gradual slopes which occur at the head of Wungong Brook
and its major tributaries. Downslope, this unit often merges with soil uDit V.

Soil units I, VI. VII and VIII, not usually associated with the development
of extensive 6wamps, have more healthy forest than would be expected. Fre-
quent outcrop o{ massive laterite and an associated thin mantle of loose sandy
gravel typify soil unit I which dominates the higher iopographical positions

in the landscape. Soil units VI, VII and VIII range from deep gravels through
gravelly sands to deep friable red clays. Steep slopes are a feature of ihese
three units. They occur mainly in the downstream area which has been sub-
jected to deep cutting and the exposure of country rock.

Cuttins anal dieback. The cuttlDg plans used in this analysis wele the "cutting

by decades" records compiled by the Management and Inventorv branch Table
B compares the decade an alea was cut over with the occurence of the disease

and swamps.

1'.{Bl,E 8

Dccade of Logging and Dicback Distribetion

The areas cut over before 1940 have a gleater proportion of diseased forest

than \rould be expected if the disease were randomly distdbuted. This is
particularly noticeable in the decades 1920-30 and 1930-40. There is remark-

ably less diseased area in the forest cut ovet between 1950 and 1955.

BeJore 1960 ihese areas were logged on a face using a group selection

system. During the 1960-19?0 period, however', salvage logging was carried
out within the catchment so this data has been excluded from the analysls.

coml,inerl l.acf, rs
Observed
vahs (o)

Expecled
'a lues (E)

O l l
x 1009i)

E

Healthy ti)rest -
Cui  over l )en 'e l9 l0
Cut ovcr 1920 1930
Cnt orer  1930 1910
Cut over l9.1li 1i150
Cut over 1950 1955

Diseased forest -
Cut ovcr before 1920
fi,l ovcr 1920 1930
Crt  o1'er  1930 1940
Cut ofer  1940 l9;0
Cut orer  1950 l1 l5;

Cui o'er before l92t)
Cut over 1920 1930
Cut over 1930-1940
Cul over 1940-195(l
Cut over 1950 1955

265

l r-r-it

Tti2

1 1 2
2i2

r 06J
t '1'12

191

0
52

t.t2
494

l 3

2;5
398

2 012
5 202

tt;5

2

r02
t ; 8
EOL
0,- 1
260

2 t
32

428
51

28
-. t2
L 1
r t 6

+  t 0
F 6 0
1 3 3

-  t +
, 2 ;

100
+ 5 8
- 1 4

F  l i
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Models (5) and (6) lvere the weakest relationship obseryed, but wele still signi-
f icant at the p = 0.01 level.

Although roads, streams and lainfall are inteuelated, the occurlence oI
diseased areas is more strongly influenced by stream distdbution than by road
distribution. In tuln, road distribution is a stronget' factor than rainfall in
determining the incidence of diseased areas.

Apploximately 27
has been afiected by the

DISCUSSION

cent of the forested area within the catchment
disease and a further 5.5 per cent consists of

relatively unproductive swamp associations. Current evidence indicates that
the disease has been plesent in this area since the early 1920's. To date,
diseased areas have been recorded in aU of the ecological situations which
were examined. The major differences between the various sites has been
the degree of disease development rather than the presence or absence of the
disease.

A number of tributaries drain into the Wungong Brook and approximately
14 per cent of the forest is Iocated within Bom of a stream in a moderate or
wide valley. These sites ar'e very susceptlble to ihe extensive development of
jarrah dieback. This appeals to have ihe sirongest effect on the distribution
of diseased areas within this catchment. Most of these sites are swampy or
are close to swamps. The soils are water-gaining and are usually heavier in
texture. Detailed examination of soil moisture data (S. Shea, pers.comm.)
shows that these sites are mole suitable for' the activity of p. ctnnamomN
dul'ing long periods of the year. crowth of ja ah in these areas is below
average. In contrast, those sites located near streams in steep-sided valleys
are not so susceptible to the development of jauah dieback. The soils are
more feltile and have better internal drainage, and swamp development is very
I imited.

The strong Ielationship between soil types and disease developmen! rs nor
sulprising in view of the interrelationship between soils and topography in
the study area. All oi the soil types on which extensive disease development
was observed occur on moderate to gentle slopes and are either associated
with, or close to, the main drainage lines.

The quality of the jal.rah forest improves whilst the susceptibility of the
sites to disease development decreases with increasing distance from the streams.
Proximity to roads and the length of time since cutting now become important
influences on the extent of disease development. Both factors involve
activity by ealth-moving equipment. The road bed has usually been built up
with gravel, which often came irom ]rits within dieback areas before the
introduction of hygiene restrictions. It is likely that the increased develop-
ment of the disease is due to the introduction of p. citunamomi into these
sites as the result of man's activity. Some 40 per cent of the forested area
is located within 80m of a road; this gives some indication of the intense
roading activity which is common in the northern jarrah forest. Other
relevant factors which may have influenced the development of the disease
is the increase of soil temperature and the alteration of soil moisture resimes

I

I
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III SOME ASPECTS OF LOGGING HYGIENE

INTR,ODUCTION

Aefial photo mapping indicates that Iess than 5 per cent of the Western
Australian jarrah forest is currently afiected by dieback and that many of
the diseased ar€as occur on the poorer jarrah sites. The pathogen has never
been isolated from areas of healthy forest whilst altiflcial inoculation with
small plugs of diseased soil have initiated new centres of infection in previously

healthy sites (Podger, 19?2). Failure to i,soIabe Ptultophtllord. cinn&mami
from healthy areas is not conclusive proof of its absence from these siies,
but the evidence in Western Australia indicates that this pathogen is exotic.

Spread of the fungus by natural means is very slow compared to its
distlibution by the transport of soil containing infected root material. Man,
with his ability to transport large quantities of soil over great dislances in
a very short time, is the most emcient spreader of this disease. However,
no data was available on the relative quantities of soil carfied by differeni
types of equipment or on the patterns of spread

It has been recommended that logging units should be washed down with
a high pressure hose whenever they are moved from diseased to healthy forest.
As the efiectiveness of this technique had not been tested under operational
conditions, it was decided to investigate the quantities of soil carried and
spread by both washed and unwashed equipment.

METIIOD

The tests were carried out in the Mundaring Division during the summel.
in a plantation area not affected by P. cinnatnomi and located about Bkm
north-east of the Mundaring Wetu Headquarters. The following units were
used:

(a) Caterpillar D ? tractor,
(b) cateruillar D 4 tractor,
(c) Michigan Tlactor Shovel (fitted with fork lift arms),
(d) Bedford ?-tonne tip truck (one set of duals),
(e) Chevrolet 0.?5 tonnes ex-military truck,
(f) Land F,over (short wheelbase).

Each of the units ',{as bogced in a wet creek crossing and then driven
slowly for 201 m along a gravelled road. A 50 per cent (one side) sample
of the soil that fell onto the road in the first 151m was collected. At 201 m,
any readily removable soil 1'as collected into bins, ihen the unit was thoroughly
hosed and the washings collecied on a tarpaulin. All samples were air dried
and weighed.

fn the second run, the units were bogged in the same creek and driven
onto a nearby road, where they were washed thoroughly. where necessary,
large clods of earth wele chipped away using a crowbar and the units were
moved forward and the remaindel of the tracks or tyres washed. The units
were then driven slowly for 140 m along a gravelled road. The sampling and
Iewashing was then repeated.

The tests on the different soil types were carried out in early winter after
appreciable rainfall using a B€dford 3-tonne standard gang truck fltted with

I
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Distance

0-10 m l 0  3 0 m 0  3 0 m

c a ' r  r p  l h  r  D ;
C a r P ' f  l b r  T ' {
n l i c h i g a r ' l \ a ,  t n r
Bedford Trucl,
Ch"\  ro ler  1-ru.k
L,rnd R^vFr

60
12
o4
33
13
52

f2
t5
t 7

21
21

72
87
81
78
ti1
76

TABLE 10

Perceniage of Soil Weight Falling onto fhe Road in th€ tr'ilst 30 m.
(Total soil x'eighi falling onto the road equflls 100 per cent)

Table 11 shows that a thorough washing with a high pressure spray
remov€d a substantial part oi the soil. The D4 and D? retained about 15
and 10 per cent respectively of the original soil weights on the unwashed
units. Rubber-tyred units retained less than 0.5 per ceni of the original
soil weight afier washing. Washing of the D? was completed in ?5 minutes,
the D4 in 30 minutes and all the rubber-tyred units were washed in less than
15 minutes.

TABI,E ] I

Soil lreight on Equipment Afier Washing

Unit

soil weisht (ks)

Lost, in tr'irst
l 4 l  m

On Units at
l , t  I  m

ll'otallveight on
Unit After
Washins

Cateryillrr D7
Caierp; l lar  D4. .  . . . .
Michigan Tractor
Bedford ll'ruck
Chevrolet  Truck
L:rnd Rover

2 . 7
4 . 1
0 . 0 4
0 .04
nrl
n l l

'70
4 3 6
0 . 2
0 .04
n i l

72 .7
17  . 7
0 2 4
0 .08
nrl

In the fortnight preceding the irial on the effects oi soil type, the Meteoro-
logical Station at Mundaring weir had recorded a total of 150mm of rain,
32 of which fell in the 48hr-period preceding the trial. Details of these soils
are shown in Table 12 and the data indicate considerable differences between
the three soils tested.
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Iieure ?
Pattern oi spread of dlfferent soils dropped from rnolrile machinerv

DrscussroN

The data presented should be used to obtain trends rather than be quoted

as absolute values. Though care was taken in sampling and washing, some
soil was lost. These losses were small and should not materially alter thg
trends observed. The soil that iell onto the road could easily be distinguished
because of its colour and wetness, au but the smallest particles being picked up.

Since P. cinnamoni c^n be readily isolated from diseased soil samples
weighing 90-120 g, the extremely large soil weights transported by the mobile
machinery constitute a real threat to any hygiene programme. The weights
tabled are air-dry equivalents and under normal operating conditions could be
increased by one-sixth to one-third depending on the soil moistule content.

Most of the soil which fell onto the road \tas lost within the first 30 m
and large clods were uncommon beyond 60 m. The probability of initiating
a Dew centre of infection is likely to depend on both soil weight and on clod
size. This indicates that the 60 m-wide strip adjacent to the diseased area
is most likely to become infected during cross travel, though new infections
beyond 200 m are still possible.

The ratio of soil lost to soil retained differed greatly between the units.
This ratio is a function ol a number of factors: tracks or rubber tyres,
travelling speed, road quality and vehicle construction, The observed differences
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the Bedford with duals and the D? are the most efficient units for spreading
diseas(d soil over short distances while the Di and the D4 have a greater
potential for spread over longer distances. 'fhe large soil weights involved
indicate that segregated logging operations and the elimination of cross-
travel from diseased to healthy areas are €ssential if the artificial spread of
P. cinndmomi is to be minimized.

To be emcient, washing down must be carried out conscientiously and
large clods should be chipped away with a bar. It would be bes! to wash
tracked units on boards, moving the unit forward during the washing so
as to clean the portion of the tracks previously in contact with the ground.
The unit should then be moved 20-30 m in order to dislodge and wash away
any soil missed in the original wash. Using this technique over 90 per cent
of the soil on even the mosl difficult units can be removed.

A car-eful selection of the site, ihe soil type, the time of year and the
type of logging unit can markedly reduce the likelihood of spreading the
pathogen during logging operations. Care in the planning of a loggurg opera-
tion is just as important for logging hygiene as is the washing down of dirty
equipment before its transfer into healthy areas.



poleJqlt€c v snl€J€ddE outsrqluaur arnsserd ? Sulsn 1no palrJtst aradr sunJ
raqlo aql :uoIsual oql {caqt ol ralsulou?ur fJntJolu € pu€ suunlo, Jal€a
Swsn elEtd ernssaid ts qll,r tno palrr€c orad\ sJ€q 0I 01 '0 0 ruoJJ sun?I

'sr€q 
18 puts 0 t 0I 9t 0 0I 0 :tlls

'sreq IB pus 08'0 I'9t0 0T0 t00 :pues

'r!\olaq ur..oqs sleltuatod aJnlstour aq1 01
pal€rqrlmba uaql aJo.{l qros asaql Jo suo!1rod qsau u u z € qSnoJql pauaarcs

uaql puts (q96I '{ooq^{aN puts eaqS) lluoutouu?c d loJ pallsq '-dlq€noloql

pexlu stsA{ lros qt€a 'palp p?q s8ullpaas aq1 Io lsow uaqdt uolltsIncoul Jo
qluoru " ulqllAr pa^rasqo s€r! solrods qtoq uI dlll€lloul oJo^as J€8ts uo ud\oJt

?1uoa@uu?c d Jo saJnltnc aJnd q1IA. palElncoul uaql aro.tr slod aqJ dngullia,$C
J"au palcallor sllos pu€s,{ts,$Ilrds puts llls cIlIJal€I 'palceJurun u! sqluo(u oal1
JoJ ud\o.rg ata$ ollJu!.AJour snldnlDcnT pug s?puoJb ,lstl?,o8 Jo saullpaes

CIOHISI I

NOISNSJ UIIOISIO]^I CINV EI^IIJ '{O JCS.q.qS

'luaur

-uor$uo lsaro] qErJBE eql ,{q pasodr4 sqollclrlser aql oltsnl€Aa ol ,{rEssacau sl
$dfl Iros luoraJrp uI pu" sIaAaI oJnlslolu 8ul,{r€^ lE dllllq€ lB'j^rLrLrs s.tTaoTuou
-u!c d rro uorl€urrojul Jaqlrn,{ I€^l^rns I€8unJ pq€ se1€J 8uldJp lcaJE 01
palcadxa oq pnor pu€ €aJ€ lsaJoJ aq1 ulqll,t. puno] aJ€ salrs t€clSoloca tuaJallp
ftp?lr€IN lsand.qlnos aql u! ar€r aq plno^{ sqluoru t-e Jo alclc 8ulfJp paldnr
-Jalulun uts lnq'fJp pu" loq.{II€cldIl eJ€ sreununs ql€llsnv lsal!\ oqtr.

'poolsropun ,{[Jood sr sarnlcnJls Bullsal I€8unt Jo l€A!^rns
aql uo uorlcns clJl€ur Jo lcaga aql l€q1 (696I) sol€ls osl€ aH lulod 3ul1l${

tuau€urJed aq1 1" IIos ul sac€ds arod UIoJJ Jal€r$. qlosqE u"c I8unJ lsour l€ql
stseS8ns (896I) UUIrD sla^al ernlslotu luaJoJlp 1s Ig^l^rns Jo spouad [EcrquJ
aq1 uo uolt€urJoJul ou q araql 'uorl€lMll slql ol uorllpp€ uI patclJtsaJ

sr sadfl llos Jaqlo 01 uoll€u.tJoJur slql Jo dllllq€clldd€ aql 'slros osaql Jo i{u"

JO SAAJnT CIlSlJatCtsJ€qC aJnlSrOUr Aql UO €lep JO aCUASq€ aql UI ([OS rII?OI
Xpuss ts uI qualuoc arnlsloru luac led €) suolllplroc .{rp ,{ra^ rapun 4seal
1e 

'tts^I^Jns o? tu€lJodurl 1ou or€ seJodsoo pu€ sarodsop^ur€tqc lBq1 pgpnlc
-uoc sroqln€ asaql sqluor4 aaJql loJ ,{lp 01 paa\ollB lros urorJ sn8unJ aql

ra^ocar lou pFoc lnq slualuoc oJnlslou qSIq ls I"AIAJnS paSuoloJd pal€rls
-uoluep (q96I) qcltacrltr J pus radwluaz sn8unt aq1 01 I€l€J orts oJnlslolu

Ilos ^{ol le spouad pa8uoloJd ltsql papnlcuoc pu€ sqluolu o^\1 roJ ,{IIeJn?Eu

,{rp 01 paidollE llos rtJoJl ?ruoluouu?, d Ja,toaoJ ol alq€un stsA\ (t96T) ueulqnx
'rolc€J SuIlIuIII € a^oJd plnoc slql l€ql sraplsqoc pu9 spouad Suol JoJ fJp

slos uI Jood s( uaBoql€d slql Jo IsAI^rns 1€qt pal€ls stsq (tg6l) AulldaH

'rncco qlAtoJB JoJ alq"llns suorllpuoc lllun luaruuoJl^ua
^teu str uI o^I^Jns ol elqs aq lsnur ue8oqltsd oqI astseslp eq1 SulptsaJds

Jo l.r€cl ts ,{Iuo sr III JoldEqC uI passncslp s€ unlncoul aql Jo lJodsu€rJ

NOIJCNCIOUJNI

sllos J,ssuo.{ NI rlval^uns !1uo1ll'puurc d Ll



pressure gauge provided the couect tensions. AIl data was obtained from
disturbed cores of about 70 g dry weieht. Samples were soaked for 24 hours
and tension was rnaintained until water flow had ceased for at least 4 hours.

At equilibrium, each batch was sampled for moisture and baited for
P. cinnam,omi. Fifteen samples for each soil and moisture potential were
individually wrapped in polythene bags and stored at 2b. C. At inteNals
of 2, 4, B, 12 a d 20 weeks, three replicates of each breatment were lemoved
fiom storage. Two \rele.baited separately and the other was dried at 10b. C
to determine moisture content.

R,ESULTS

Baiting of 18 samples from each soit type prior to equilibration yielded
100 per cent recovery from the silt soil and 5b per cent recovery from the
sand. Charactedstic moisture curves are presented in Figure B and depict
marked differences between the two soils used. Recovery ol the pathogen for
the individual treatments is presented in Table 14.

Table 14

Recovery of P. cinnanomi flom Soiis at Difierent Moisture Tensrons

silt,

Tersi .n (bars) In i t ia l

T ine (weeks)

4 8 t 2 20

0 .  l 0
0 . 3 5
1 . 0
3 . 0
8 . 1

2/2
2/2
2/2
2/2

2/2
2/2
r /2
r /2
2/2

2/2
2/2
2/2
2/2
2/2

2/2
2/2
2/2
\/2
2/2

2/2
2/2
2/2
2/2
2/2

2/2
2/2
0/2
r /2
2/2

1'ension (bars) Initial

Time (weeks)

2 1 8 12 20

0 .04
0 . r 0
0 . 3 5
t 0
3 . 0
8 . 1

2/2
0/2
t / 2
o/2
0/2
0/2

0/2
0/2
t / 2'rl3
2/t

0/2
r/2
0/2
t / 2
) / 2
0/2

o/2
0/2
0/2
t / 2
t / 2
0/2

\ / 2
2/2
2/2
2/2
2/2
2/2

0/2
0/2
o/2
o/2
0/2
r /2

-  
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The temperatule of each soil type was recorded daily at 3 p.m. Prior
to baiting, the soil in the cups was mixed thoroughly, one-thild being removed
and oven-dried to determine moistule content. The remaining soil was
baited twice with four replicates using the lupin technique of Chee and New-
hook (1965). characteristic moisture curves were obtained with the fllter
paper technique described by Fawcett and Collis-George (1967).

RESULTS

The characteristic moisture curves for the two soils are shown in Figure
9. The Westclitre sand has an unusual curve because of the high propor-
tion of organic matter in that soil. Temperature and moisiure data for both
trials are shown in Figures 10 and 11. The soil moistures after drying p€liods
of 2 and 4 weeks are shown in Table 15.
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.ln these tlials. recoveries of P, cituLamomi were obtained when the soil
moisture dropped to ?.8 and 8.3 per cent for the sand and silt, respectively,
and no recoveries were made at 4.6 per cent moisture in the sand and 5.3
per cent moisture in the silt, This suggests that the soil moisture threshold
for fungal survival in these soils is between 5 and 7 per cent moisture content.

EFFECT OF SEASON AND LOCATION

METHOD

Lateritic silt flom an active dieback gully near Dweilingup was baited
for P. cinnqmomi. One-hundred-gram samples of the soil and roots were
put in bags made from 95 per cent Sarlon shadecloth and placed on three
different sites (road surface, ridge top and valley bottom) in November,
January and May. On the ridge tops and valley bottoms, half of the samples
were placed on the soil sruface whilst the other half were buried at ?6mm.
(Samples emplaced in January and May were kept moist in the shadehouse
until ready for use.) Alt sample bags were collected in early June and baited
twice for P. cinno,nortui using the lupin technique.

In a separate study, samples were placed in the field in November and
treatments were baited in March, May and June. In the road surface study,
silt from Dwellingup and sand from an active dieback swamp at Westcliffe
were compared.

Four replicates of each treatment were used throughout the experiment.
At one-month intervals between December and June, temperatule and moisture
data were recorded for each site. Rainfal l  data were obtained from the nearest
w€ather station, located some 19.2 km northeast of the experimental ar€as.

R,ESULTS

Both soils yieided excellent recovery rates from the initial baiting. Tem-
perature data indicate that the samples placed on the road were subjected to
extremely high temperatules during the day. During the summer months,
from December to April, the recorded temperature at 10 a.m. ranged from
30'C to 48'C. In contrast, the soi l  temperature on the r idge top at a depth
of ?6mm, never exceeded 25"C and fel l  as Iow as 1?'C. The val ley bottom
site was approximately 1.5'C cooler st i l l .  Monthly temperature repl icate means
are shown in Figure 12a. Moisture data obtained from additional samples
shorved that the soils placed on the road surface dried out more rapidly and
to a lower rnoisture content ihan did the samples placed on the other [wo srles.
At the January sampling, the moisture contents of the silt and the sand on
the road surface were 1.2 and 1.1 per cent respectively. At the same t ime,
soil moistures of ? and I per cent were recorded in the ridge top and
valley bottom. Samples fi'om the top 152 mm of soil gave the per cent moisture
plotted in Fieure 12b. The rainfall data indicated a relatively dry summer,
but with 46 mm of rain in early February. The autumn rains began about
the midde of April, 330 mm being recorded between then and the completion
of the experiment early in June (Figure 12c).
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on a road surface during the summer. Where samples were buried at ?6 mm
the fungus was able to survive right through the summer months, though
at reduced levels.

TABLN 17

ll,ecovery of P. cinran onr.ri from Yarious Ecolosical Sites

DISCUSSION

At moisture contents just above wilting poinl, P. cinnam'omi survival was
not afiected Jor storage periods up to 12 weeks at 25'C. lt the soils were

Site Placed Baited Recovery

ROAD SURFACE-
Sand . . . .

s i l t  . . .

November
J a . n u a r y . . . .
Mav

November
November

Noveinber
Janua,ry . .
M"v

November
November

June
June
June

March
M.v
June

June
June
June

March
ll:',y
June

0/41
0/a llst rrial
4 / 1 )

0/4']
0/4 f2nd Trial
o/4 )

0/11
0/a I lsi rriel
4/4.)

0/4']
0/a f2nd rrial
0/4)

RIDGE TOP-
Silt, soil surface

Silt, buried a,t 3 in.....

Novenber
Janua,ry . . .
Mav

Novemtrer. . .
January . . .

a,y

November
November
November

Jure
June
June

June
June
June

!Ia,rch
IlIay
June

1/41
2/a frsi, Trial
3 /1 )

2/1)
2/a l2r,d Ttia,l
1/4 )

0 /4)
0/a frst Trial
2/4 )

YALLEY BOTTOM-
Silt, soil surface

Silt, huried ot 3 in.

November
J a n u a r y . . . .
1v1AY

November
J a n u a r y . . . .
Mry

November
November
November

Juno
June
June

June
June
June

Narch
Mav
June

0/11
r/4 >r$ Tl inl
3/4 )

1/41
3/a >rst Trial
3/1)

2/4)
l /a f2nd Trial
t /4 )
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V MANAGEMENT OF TIIE DISEASE SITUATION

HYGIENE

At present, less than 5 per cent oJ the jauah forest is affected by P. cin-
ndmonli and this disease is largely conflned to sites of lower productivity. The
most severely afiected areas are concentrated in a belt paralleling the Darling
Scarp from Mundadng to Collie (Figure 5) where up to 30 per cent of the
forest area may be affected. East of this, the level oi infection gradually
decreases to well below one per cent in the eastern section of the State Forest.

Spread of the fungus throughout the forest occurs through both natural
and artificial propagation. Ilygiene measures designed to reduce the latter
have been implemented, with the co-operation of the timber industry, as a
basis for the operations of the major users of the forest.

The lorest area has been divided into broad zones, based on the level
of infection, for operational control and for planning purposes-

Zone A Unaffecied: to be logged when no other areas are available
and then preferably by permits completely contained in this
zorLe. Logging will be under strict hygiene control and along
carefully selected access routes.

Zone 81 Sliehtly affected: Iogging to be restricted to afiected portions
only, for the time being.

Zone 82 Severely affected: logging to be concentrated in the affected
portions, unafiected areas may be logged under hygiene condi-
tions before proceeding elsewhere.

These zones couespond with the three levels of infection shown in Figure 5.
Wide-ranging selective operations for a single type of produce. e.g., poles

and piles, can cover an area considerably larger than that involved in a year's
logging and are, therefore, the most likely soutces of new infection. This
type of operation will only be considered for special purposes and then only
during the summer. Heavy cutting is being done in such a way that the least
possible area is subjected to tramc and disturbance each year. pote and pile
operations are confined to areas covered by trade logging, wherever possible.

Speciflc vehicle routes to each coupe have been designated so that unaf-
iected areas will only be logged along clean access routes. Construction of
ne't roads is being held to a minimum and new alignments are subjected to
a hygiene check before consiruction. cravel pits are subject to approval
before excavation, use of Rll or surfacing materials being stric y controlled.

New infections can develop from as little as 609 of infected material.
Wherever transfer of equipment from diseased to healthy sites becomes
necessary the units are thoroughly washed with a high-pressure spray and the
effiuent is channelled into infected streams and drains.

INTENSIVE MANAGEMENT

A 14 600 ha block of high quality jarrah forest near Dwellingup was
originally selected for treatment as an intensive management unit (p. Kimber..
pers. comm.). Since man's activities are the primary source ol new infections
the area is being maintained under strict hygiene regulations. Ilowever, it
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Appendix I

Mapping Units: Wungong Brook Catchment
Soil Survey by H. M. Churchward, CSIRO, 1965

SoiI Unit Description

I Dominated by lrequent outcrops of massive v€sicular latelite, associat€d
with which is a thin but variable mantle ol loose sandy gravel. This
unit occupies the higher ground but extends down along the Iidges
towards the valley floors.

II This unit represents areas of relatively deep gravel flanking L Exposures
of massive laterite are generally infrequent. It frequentiy occupies
gentle slopes but also includes moderate to steep slopes. However
both massive vesicular laterite and massive recemented gravel may
occur as a substrate at varying depths.

fII Comprised ol deep gravels in the upper ends of many of the valley
floors. These gravels, which are frequently flner than those in II,
are often underlain at depth by recemented gravels.

Mreas mantled by relatively deep gravel on moderate slopes. The sub-
strates to these gravels vary from mottled clays to lecemented
gravels. This unit often occurs downslope from areas of I or II.

V yellow-brown earths (loams and sandy loams which frequently have
a rusty appearance) over pale coloured clay. There may be a variable
anount of ironstone gravel (including bog iron ore) at this interface.
This unit occupies much of the valley floors, palticulally in the tribu-
taries and the upper parts of the-Wungong Brook; th€se situations are
generally swampy. Small pockets of this unit may occur on slopes
adjacent to seepages.

VI Simiiar to unit IV but moderate to steep slopes ar'e dominant.
VII This unit occupies areas which generally have steep slopes (frequently

steeper than in VI) and show scattered exposures of country rock
(usually granite). The soils are predominantly very gravellt sandy
loams over mottled and pallid clays. This gravelly overlie varies
from less than 12 inches to several feet. They vary from later.itic
ironslone to country TocL.

VUI Steep to very steep slopes are general in this unit. Exposures of basic
country rock are an important feature. The soils are deep, friable red
clays and light clays having a variable gravel content.

IX Areas of yellow-blown sands to loamy sands on long gradual slopes
at the head oI the Wungong Brook and some of its tributaries. These
frequently represent outwash areas down from granite outcrops as well
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