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S U M M A R Y

Soils over approxinatety 145 000 ha in the
Donnybrook Sunkland, which is characterized by gentle
topography and infertile soi1s, were napped by
interpretation of soil and vegetation rmits frorn aerial
photogr.aphs. The identification of plant species
indicative of the different edaphic conditions and
the application of various new techniques rnade field
traverses for control of the interpretation less
time-cons1nning.

The surveying nethod used was nore reliable in
delineation of soil t)?es than the conventional nethod
which re l ies on ground t ravers ing a lone,  but  i t  was less
Tel iab le in  ident i f icat ion of  the soi l  types.  However,
the maps conpi led were of  acceptable re l iab i l i ty  in
ind icat ing areas sui tab le for  p lant ing wi th p ines.
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INTRODUCTION

T n  1 9 7 5  t h e  F o r e s t s  D e p a r t m e n t  o f
Western Austra l ia  made publ ic  i ts  proposat
to convert 60 0OO ha of low-quality j arrah
( t u c a l y p t u s  m a r g i n a t  r  S m .  )  f o r e s t  i n  t h e
D o n n y b r o o k  S u r r l i  l : , r d  " o  p i n e  p l a n L a t i o n .
Before th is  propo: . :a1 was publ ished aa
e ) . t c n s i v e  s o i  I  a r r d  v c g e t r t  i o n  s u r v e y ,
involv lng two in tensive f ie ld  surveys
and a broadscale survey based on aer ia l
photograph interpretatlon, was lmdertaken
to prov ide the data essent ia l  for  ef fect ive
land-use p lanning in  the area.  This  paper
d e s c r i b e s  t h e  t e c h n i q u e s  d e v e l o p e d  t o
n o r € n r m  t h p  c l n , n r r

T h e  D o n n y b r o o k  S u n k l e n d ,  a l s o  r e f e r r e d
to as the Low Plateau (F ink l ,  1971 a) ,
conpr ises approx inate ly  280 000 ha of  State
Forest  in  the extTene south-west  of
W e s t e r n  A u s t r a l i a  ( F i g .  1 )  -

The geology and geomorphology of the
region,  which have been descr ibed in  deta i l
by severa l  authors (Fai rbr idge,  1955;
F i n k l ,  1 9 7 1  a  a n d  b ;  G e n t i l l i  a n d
F a i r b r i d g e ,  1 9 5 1 ;  P r i d e r ,  1 9 6 6 ;  W e 1 c h ,
1964) ,  can be sumar ized as fo11ows.  Af ter
la ter izat ion of  an undulat ing la ldscape on
Lower Cretaceous s i l ts tone,  eros ion and
w e a t h e r i n g  f o r m e c l  t h e  e x i s t  i n g  s o i I s .
F ink l  (1971 a)  suggests that  the la ter ized
surface is coeval with that of the
Dar l ing Plateau;  i t  is  hence of  P l iocene
age (Pr ider ,  1966)  .  There are a few
e x p o s u r e s  o f  s e d i m e n t a r y  r o c L  ( F a i r - b r i d g e .
1 9 5 3 ) ,  a n d  i n  t h e  e a s t  t h e r e  a r e  m i n o r
exposures of  the in t rus ive Brmbury Basal t .

The present  land sur face is  main ly
gent ly  u ldulat ing,  between 130 and 180 m in
elevat ion in  the nor th and east  and
between 70 and 140 n in  e levat ion in  the
south and west .

The sharp ly  inc ised val ley of  the
Blackwood River cuts fr:om east to west
and d iv ldes of f  the southern th i rd of  the
region.  Val leys of  the Blackwoodrs
t r ibutar ies near  the i r  conf luence and of
t l r e  s r n a l l  r i v e r s  d r a i n i n g  t h e  n o r t h e r n
edge of the area toriards the Indian Ocean
are a lso inc ised.  A sect ion of  the
Illarga'r:et Rrver f lowing paralle1 to and j ust
east  of  the Bussel ton Faul t  (a  subsid iary
fault lying to the east of the Dtmsborough
F a u l t  a t  t h i s  p o i n t  b u t  j o i n i n g  i t  f u r t h e r
south)  a lso has steep va1ley s lopes.  In

general ,  however ,  the r iver  va l leys s lope at
less than 5 degrees up to bt:oad ridges.

The soi ls ,  which are podzol ic ,  have been
naned the Chapman Conbinat ion (Smith,  1951) .
The ridge tops are characteri s ti ca l1y
covered wi th e i ther  b lock la ter i te  or
la ter i t ic  gravet  in  a natr ix  which is
usual ly  sandy but  of ten of  heavier  texture.
Uihere ridges broaden to snall plateaux the
later i te  is  over la in by sand,  which is
of ten in tensely  leached.  The s lopes
surror.nding the ridge tops are rnantled by
s a n d y  s o i - t s  w h i c h  e i t h e r  a r e  v e r y  h i g h l y
l e a c h e d  o r  h a v e  i r o n  o x i d e  s t a i n i n g ,  a n d
there are sonet ines outcropping bands of
l a t e r i t e  r o u g h l y  p a r a l l e l  t o  t h e  r i d g e
t o p s .  T h e  s u r f a c e  s l o p e s  o F  t h e s e  s a n d y
soils are usually ruriforn to convex, and
g e n e r a . [  t h e  l e a c h e d  s a n d s  a r e  I e s s  s t e e p
(s loping less than 2 degrees)  than the
yel lowish sands.

Yel lowish-bTown loany soi ls  occur
nost ly  on lower s lopes and broad va11ey
F l o o r s ,  a n d  t h e i r  s l o p c  p r o f i l . e  i s  u s u a J . l y
miforn to concave -

A narrow bel t  o f  s i l ty  so i l  wi th  a
st rong i ron ox ide colourat ion usual ly
occurs at  the bot ton of  va l leys,  and there
is  of ten a massive i ron pan at  shal low
depth.  This  bel t  is  t raversed by the st rean
channel on a course which rnay be ej-ther
f a i r l y  d i r e c t  o r  m e a n d e r i n g .

The soi ls  of  the Slmkland area have
been sub-d iv ided by the Forests Department
i n t o  s e v e n  n a i n  t y p e s  ( A f n p n d i \ .  r  \  ^ n  r h a
f o l  t o w i n g  b a s e s :  ; . " t ; . ; : - ; ;  ; b ; ; ; . ; " " ; " " O
l a t e r i t e ,  t e x t u r e ,  c o l o u r ,  a n d  d e p t h .  T h e
average s ize of  ce11s of  the d i f ferent  so i ls
mapped is  approx inate ly  13 ha,  and thei r
shape is frequently elongated and with
sinuous botrndaries rather than compact.

In  s t ructura l  terms (Smith,  197j )  the
vegetat ion is  predominant ly  an open forest
forrnation (10 to 50 n hlgh, 30 to 70%
project ive croum cover)  .  The over  s torey
s p e c i e s  a T e  E u c a l l T t u s  m a r g i n a t a  S n .
( j a r l a h )  a n d  t u c a l y p t u s  c a l o p h y l t a  R . B r .
( m a r r i )  ,  t h e  f o r r n e r  b e  i n g  p r e d o r n i n a n t .  T h e
cromls of j arrah on the Srmkland area are
general ly  less v igorous than on the Dar l ing
Plateau,  so that  logs are genera l ly  smal ler .
Defects in the tlmber are also colnnon. The
rnain understorey species are Banksia grandis
l t t i t l d . ,  C a s u a r i n a  f r a s e r a n a  \ ' 1 i q . .  P e r s o o n i a
.tongi tot lallE r.-in?E6nii parviceps schau.
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FIGURE 1:  Locat ion of  the Donnybrook Sunkland,  Western Austra l ia .



There is a variety of shrubs and herbs.
The fanilies with the greatest percentage
cover ar:e the Proteaceae, Myrtaceae,
Di l len iceae,  Papi l ionaceae and
Epacr idaceae.

A less coffnon fornation is low open
woodland,  which cornpr ises two associat ions.
The first, which occurs on freely drained
sandy s i tes,  is  character ized by Banksia
at tenuata R.Br . ,  Xy lonelum occidenta le
R . B r .  a n d  d e n s e  l o w  s h r u b s .  T h e  s e c o n d ,
on s i tes water logged in  winter ,  is
character ized by Banksia l i t tora l is  R.Br .
and Mela leuca pre iss iana Schau.

- - ' - _ . - l _( 1 , 1 .  p a r v i f l o r a  L i n d l . ) ,  w i t h  d e n s e  s h r u b s
of species different frorn those of the
f i rs t  associat ion.

Along watercourses the shrubs are often
taller and denser, although on sone broad,
flat va1ley floors and swanps the vegetation
forns a c losed herb land compr is ing species
of  the Cyperaceae and Rest ionaceae fani l ies.

METHOD
Field surveys

As a prelude to the broadscale survey
an intensive grormd survey was carried out
or/er an area of 29OO ha to collect data on
the relationship between topography and
soi1s.  In  addi t ion,  a l l  p lant  species
encountered were recorded for an analysis
of  vegetat ion species associat ions,  One
purpose of this vegetation analysis was to
seek corre lat ion between nat ive species
associations and the growth of pines on
tr ia l  p1ots,  as Havel  (1968)  d id on the
northern Swan Coastal P1ain near Perth,
Weste ln Austra l ia .  Tr ia l  p lo ts  r , iere
establ ished in  the Sunkland in  1971 .

However, a rnore irnmediate purpose of
the vegetat ion analys is  was to re late
species composi t ion to edaphic condi t ions
as a tool  to  expedi te f ieLd work la ter
d u r i n g  t h e  b r o a d s c a l e  s u r v e y .  P r i n c i p a l
conponent  analys is  of  p lant  species
abundances at each inspection point of
intensive survey led to the definition
s ix  basic  vegetat ion t )?es.  Thei r
corre lat ions wi th sone of  the soi l
parameters were studied in further
analyses,  and in  addi t ion f ie ld  exper ience
helped in  ident i fy ing the edaphic
af f in i t ies of  each vegetat ion type.  The
resul ts  of  these analyses are d iscussed in
detail in a further Research Paper
c u r r e n t l y  j n  p r e p a r a t i o n  -

For the broadscale survey, compass
traverse l ines were p laced to sanple
tracts of apparently laterite-free countTy
and to locate the edges of the laterite
bormding these tracts, Traverses started
and ended on nade roads, preferably but
not  necessar i ly  at  po ints  which would be
identifiable on aerial photographs. The
spacing between two adjacent traverses or
between a traverse and a road roughly
para l le l  to  i t  var ied f rom 1.5 to  4 krn.

Infornation recorded at 100 n
intervals along each traverse included soil
type and vegetation t)?e, stand basal area
(measured us ing an opt ica l  pr ism) and
occurrence of dieback synptoms (dieback
is attributed to the pathogen Phytophthora
cinnanoni Rands) . Topographic details and
surface indications of soil type boundaries
were recorded continuously along the
t r a v e r s e s .  T h o s e  p l a n t  s p e c i e s  n o t
prev iously  recorded were col lected for
identification, and any species known to
rare or  of  par : t icu lar  botanica l  in terest
was noted.

The sub-sur face soi l  examlnat ions,  at
first carried out using a snall spade, were
later  nade wi th a s teel  rod of  9 .5 r run
dlaneter  surrounded by a th in-wa11ed steel
tube,  each f i t ted r , r i th  handles.  This  too l
served as both a depth probe and a sanpling
device to ret r ieve a srnal l  so l l  coae.  A
prof i le  was ass igned to the soi l  t )?e on
the basis  of  so i l  texture and colour  at
60 cn depth. This depth was chosen because
rnathenatical analysis showed the occurrence
of  vegetat ion species to corre late nore

;:ff:lt ii:i;:i*T,lnii"nllil.r'" o
In addition to these conpass tt:averses,

vehic le t raverses were made a long t racks
accessib le to  a four-wheel  dr ive vehlc le,
such as logging tTacks and seisrnic survey
l ines,  as wel l  as a long the nunerous nade
Toads. Distances were measured by rneans of
a rHaldar  metr ic  odoneter .  Vegetat ion
types were assessed subject ive ly ,  but
sub-surface soil exaninations were also nade
at  f requent  in tervals ,  Features
identifiable on aerial photographs and
s u i t a b l e  f o r  u s e  a s  p l o t . t i n g  g u i d e s  ( f o r
exanple,  watercourses and t rack j rmct ions)
were recor:ded. A snall stereo-vlewer was
nounted in the vehicle, and as more recent
aerial photographs becarne available, they
were used for navigation as well as for
the locat ion of  su i tab le features-  These
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features were also used later as base
points in the conversion of recorded
distances to actual photographic scale.

Data plotting

A nagnifying stereoscope was used in
p lot t ing the f ie ld  t raverses d i rect ly  on
to photographs of  1 :40 000 scale,  At  th is
scale, in contrast wlth the nore usual
scale of  l :15 840,  topographic  levels  were
more evident, plotting errors were less
frequent, and less frequent re-positioning
of the photographs was required during
p l o t t i n g .

It was folmd nost practical to plot
the traverses on one half of the effective
area of each photograph, leaving the other
halF c lear  for  in terpretat ion,  so that
narkings could be erased or altered without

ls ing the f ie ld  data.
v

With the compass traverses, there was
sone plotting error because of distortion
of scale and linearity towards the outer
edges of the photographs. For the vehicle
traverses, however, where the line of
traverse was evident on the photograph, the
scale and other: erors were corrected as
fo l lows.  Sect ions of  the t raverse were
scaled off on the photograph between
featu"es that had been recorded in the
f ie ld ,  these sect ions being approx inate ly
1000 n in length. Howeven, shorter sections
were selected between the top ard botton of
s lopes to a l low the bet ter  correct ion and
local izat ion of  errors due to wheel  s l ip ,
which became considerable especially when
traversing upslope. A contlnuously varying

fr rect ion facto l ' ,  ca lcu lated by us ing a
-6nDuter to conDare the cumulative

rec6rded distanies with the cunulative
scaled d is tances at  successive stat ions,
was applied to correct the recorded
distance wi th in eaeh sect ion.

Fine-pointed screwed d lv iders,
calibrated at least once daily to the
equivalent  of  4000 m on an accurate ly
divided grid, were used for the scaling on
photographs.  Dis tances could be measured
to the nearest  10 n (at  3  x  nagni f icat ion) ,
and i t  was est inated that  p lot t ing h ias
accurate to never nore than 40 rn fTom true
position. Thls degree of accuracy was
necessary i f  changes of  pat tern on the
photogaaphs were to be related to the
recorded character is t ics of  the soi ls  and
vegetat ion.

Interpretation of photographs

The characteristics of the inage on
the aerial photographs that were used to
identify the different site types were:
relief and smoothness of the ground surface;
densi ty  of  the t ree canopy;  tone and
texture of  the Iower vegetat ion;  and
evidence of human activities.

In his napping from aerial photographs
of  s i tes potent ia l ly  su i tab le for  p ine
plartations on the Swan Coastal Plain, Havel
(1968J used structure, texture and tonal
features as interpretation guides. The
large-scale photographs that he used
(1:15 840)  a l lowed h in to  ident i fy  the
structural fonns (woodland, 1ow open
woodland and shrub heath) that were related
to the different edaphic conditions in
the region. He for.md that in the woodland
fornation, tonal differences indicated some
edaphical ly  contro l led d i f ferences in
species distribution, whilst in the shrub
heath for.mation both tone and texture
indicated the var ious s i te  types,  a l though
nore intense ground control was needed.

However, on upland soils of adequate
depth, the Western Australian j arrah forest
fomation is alnost rmifo]|m over all sites
in i ts  s t ructure and i ts  species
conposi t ion.  Except  on very moist  s i tes,
only  two species of  eucalypt  (E.narg inata
and E.calophyl1a)  occur  together ;  they
occur in varying proportions but cannot
be distinguished from each other on
nonochrorne photographs of the scale used
for  the survey ( l :40 0001 .

Differences of tone, usually in
conjmction with other features, were used
in interpretation of the aerial photographs
in the Smkland survey, A dark tone along
creeks is generally due to the denser
canopy and understorey in these zones. A
dark tone associated with no large trees and
wi th f ine texture is  ind icat ive of  dense
heath vegetation, t)?ical of leached sands.
Dark tone but rough texture in an elevated
si tuat ion is  l lke ly  to  ind icate a low
laterite ridge; careful inspection of the
photograph nay confirn this by revealing a
slight variation in topography. The
darker tone on these sites is believed to
be due to the greater density of shadow
throun by the healthier crowns of jamah.

A coarse textut"e,  observed main ly  on



val ley f loors but  a lso extending up
val ley s ides and over  p lateaux,  is  due to
wide spacing of large crowns and is
ind icat ive of  a  loarny soi l .

L i  o h f c ?  r o n c  i s  e v i d e n t  O n  S i t e s

c a r r y i n g  n o  h e a v y  v e g e t a t i o n ,  e i t h e r  i n
the t ree canopy or  in  the shrub layer .
Where the vegetation and soil have been
nechanical ly  d ls turbed,  the ref lect ion of
l ight  is  very h igh,  so that  logging t racks,
log dunp areas and excavations for gravel
aDDear whi te.  The la t ter  two can
uiual ly  be d is t inguished f ron each other
on the basis  of  s i tuat ion and micro-
topography; furthernore, the log dunps are
of ten ident i f iab le by the a l l ied radia l
sn ig t racks.  Hence,  a patch of  d ls turbed
ground close to a made road and
without surrounding snig tracks is an
indicat ion of  the presence of  gravel .

Logging tracks usually skirt around
block la ter i te  and so f requent ly  serve to
lndicate occurrences of  th is .  They a lso
of ten avoid wet  areas.

As nent ioned in  the Int roduct ion,
there tend to be chat :acter is t ic
topographic situations and surface shapes
for  the d i f ferent  so iL types.  These
di f ferences are not  suf f ic ient ly  re l iab le
to be d iagnost ic  for  a l l  types,  but  they
have been used successfu l ly  in  conj rmct ion
wi th other  ind icat ions to ident i fy  so i l
types.  For  exanple,  a  feature of  b lock
l a t e r i t e  s i t e s  i s  a n  i r r e g u l a r  n i c r o -
topography which can sonetines be
detected on photographs.  Large-s ca le
s u r f a c e  r e l i e f  i s ,  h o w e v e r ,  t h e  c l e a r e s t
ind icator  of  the la ter i te  so i ls :  the
r i d g e s  u s u a l l y  s t a n d  o u t  c l e a r l y ,  a n d  a r e
the f i rs t  areas to be ident i f ied in
i n t e r p r e t a t i o n  o f  a e r i a  I  p h o t o g r a p h s .
However,  la ter i te  so i ls  (especia l ly  those
of  the gravel ly  phase)  sonet imes occur
without topographic di fferenti ation, and
i t  is  therefore possib le for  such an area
to remain undetected.

Another geonorphic feature that nay be
used in interpretation is the forn of a
strean course. Where the stream meanders
along a f la t  va11ey bot ton i t  is  nost
l ike ly  t lavers ing an a l1uvia1 soi l .  Where
the stream course shor^Is abaupt changes of
d iTect ion wi th in tervening re lat ive ly
st ra ight  sect ions,  typ lca l  o f  rocky
val leys in  other  landscapes,  the presence

of  la ter i te  adjo in ing the st ream is  l ike ly ,
especia l ly  i f  the s ide s lopes are s teep
for the region. Where the strean course
is  s t ra ight  or  only  s l ight ly  s inuous,  the
adjo in ing soi l  type is  l ike ly  to  be sandy.

Since interpretation of the photographs
proceeds by extrapolation from the soil
types and boundaries recorded along
traverses in the field, it is advantageous
i f  the in terpreter  a lso compi led the f ie ld
record.  Simi lar ly ,  exper ience in
interpreting photographs is of great help
to the field observer in ensuring that he
records all potentially useful information
( for  example,  those features which wi l l
be recognizable a ids to  locat ion on
photographs), However, for rnost of the
Srmkland pro ject ,  data were col lected by a
technica l  o f f icer  and ass is tants who d id
not carry out the interpretation.

DISCUSSION
In mapping the forest sol1s on

gentle topography of the Sunkland,
grolmd travers ing is to be the only
surveying nethod used it nust be of
in tensi ty  to  prov ide a suf f ic ient ly
accurate rnap. This is because cells of the
different soil t)?es are neither predi-ctable
enough in their location nor extensive
enough to be necessar i ly  in tersected by a
pattern of widely spaced traverses (more
than 200 n apar t ) .  Fur thermore,  the
vegetation obscures contours which could in
some cases indicate to the surveyor the
l ike ly  t rend of  so i l  bormdar ies,  a
di f f icu l ty  which is  not  so great  on more
var led terra in.  Indeed,  in  the two
intensive surveys that preceded the
broadscale mapping, widespread roving
inspect ion was carr ied out  to  map soi l
bormdaries between the tTaverses so that
unplantable areas of  nassive la ter i te  and
gravel  so i l  could be located.

In view of the linitati-ons of ground
traverses, an approach that makes use of
the overview provided by aerial photographs
is  l ike ly  to  be rnore sat is factory.  I f  the
m a p p i n g  w l i t s  a r e  c l e a r l y  i d e n t i f i a b l e ,
then the rnap wi l l  a lso be re l iab le.  Thls
tlpe of survey is nost effective for a
region where the d is t r ibut ion of  so i ls  is
c o n t r o l  l e d  b y  g e o l o g i c  o r  t o p o g r a p h i c
factors such that each land unit is
c lear ly  recognizable on aer ia l  photographs,
as in the surveys reported by Duffy (1969)
a n d  b y  F i n k l  ( 1 9 7 1  b ) .
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In the Donnybrook Sunkland, decisions
concerning a large area of land had to be
nade within a faLTTy short time; a rapid
reconnaissance based on the interpretation
of aer:ial photographs and supported by
grolmd surveys was therefore specified.
The use of photographs, coupled with the
other techniques developed, resulted in a
much nore speedy reconnaissance survey
than would be possib le i f  t ravers ing on
foot were the only method used for
i n s p e c t i o n  o f  s o i l  s .

n t l F i n n  + h a  n n ^ ; a . r a conparrson was
nade between the method developed for the
survey and convent ional  so i l  napping
methods. Taking the tine spent on the
lat ter  as lo0%, the f igure for
Teconnaissance using aer:ial photographs
was 11%. As the survey progressed,

jncreasing use was nade of  t rack tTavers ing

! . l o n g  l o g g i n g _  t r a c k s  v i s i b l e  o n  m o r e  r e c e n t
photographs than had ear l ier  been
avai"lable; the time saved due to this
would be considerable,  but  has not  been
assessed.  Track t ravers ing is  a lso I ike ly
to be none accurate than cornpas s- and- chain
traversing when plotting is being done on
aerial photographs rather than on rnaps, and
would be a valuable adjimct even on an
intensive survey.

Given the unifornity of landscape and
forest in the Sunkland region, it was
suspected that interpretation of
photographs night not be reliable in areas
remote fron grormd control . Eleven
traverses (a to ta l  o f  384 sanpl ing s i tes)
starting at randonly selected points were

-lherefore run over the first areas napped
/ - - ,
I t i th  the_object  of  checking the accuracy of

the mapping.  The mean success rate of
predic t ions of  so i l  types was 72%, wi th a
range (95e,  conf idence l in i ts)  o f  39 to 97eo
(treated as cluster sarnpling with arc sine
transformation of percentages) .
Plantation base rnaps prepared fron aerial
photographs taken after clearing provide a
measure of  the accuracy achieved in
napping the lateritic soil type eaLly in
the pro ject .  In  addi t ion to the 33% of
that  so i l  type or ig inal ly  napped,  f ie ld
traversing indicated a further 13% of the
tota l  area to be la ter i t ic  so i l  wlsu l tab le
for  p lant ing;  however ,  th is  inc luded some
areas that had been napped as a shallow
sand type overlying laterite and that were
hence already classed as of doubtful
p lantabi l i ty .

For the areas covered by both these
accuracy checks the intensity of grormd
contTol was lower than that adopted later.
However, it is probably stil l true to say
that whilst the delineation of napping
unit bomdaries using aerial photographs
is more reliable than that based on widely
spaced grormd t raverses,  the ident i f icat ion
of  the uni ts  is  less so,

Considering the comparative rmi formity
of topography, soil fertil ity and clirnate
in the Srurkland region, the lower accuracy
of identification achieved by interpreting
photographs in conparison with that
achievable by grormd surveying is not of
great importance. Once it is accepted that
the addi t ion of  ar t i f ic ia l  fer t i l izer  wi l l
be necessary and that  physica l  anendment
of  sone s i tes may be necessary,  the
select ion of  land for  p ine p lantat ions is
s inpl i f ied.  Physica l ly  unsui table land nust
be avoided,  and wi th in a p lantat ion cel l
the areas that rnj.ght require costly site
pr:eparation to give satisfactory
establishment and growth rates nay need to
be nininized. Mapping based on the nethod
reported in this paper has led to the
location of large areas of land that have a
iow proportion of soils known to be
physica l ly  and nutr i t ional ly  msui table for
Pinus radiata and that are therefore
ilttab-G-Er planting.

I 'he maps have also facilitated plarning
of  the p lantat ion road network,  s ince soi l
conditions are of critical inportance in
the location of roads. The optinum road
locat ion is  just  o f f  the edge of  b lock
later i te ,  e i ther  on gravel  or  on wel l
drained sand, which does not require a deep
gravel base to be laid for a road.

In addition, the naps have been used in
the planning of fire contTol stTategies
because they indicate the most suitable
locations for buffer zones between
plar tat ion ce1ls .  S ince they are conpi led
partly on the basis of vegetation, they also
provide a good indication of sites and areas
suitable for the preservation of ceLtain
vegetation types and wildlife habitats.

When growth rneasurenents of the pines
on the trial plots become available for
correlation with site characteristi cs, the
naps may also be of use in determining the
best establishrnent ard si lvicultural
pract ices for  o ines.
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APPENDIX 1

Key to Srmkland soil types
(Forests Departnent 1974)

Gravel percentage within 50 qn of surface is
more than 2O%

Texturerrsand" or r ' loarny sandt '

Gravel nore thar, 20% is within 2O cn of
surface

Gravel within 20 cm of surface is nore than
60%; nassive laterite present

Gravel within 20 on of surface is less than
60%; not massive laterite

Gravel nore than 20% is deeper than 20 cn
fron surface

Colour range grey or greyish-brown

Basernent is moderate to heavy graveL

Basenent is nassive laterite

Colour range yellowish-brown or brownish-
ye1low

Basenent is moderate to he avy gravel

Basernent is massive laterite

Texture "sandy loam or heavier

Gravel nore tlr.an 20% is within 20 cn of
' surface

Gravel rnore than 20% is deeper than 20 cm
fron surface

Colour range grey, greyish brown, yellowish
brown

Basenent is noderate to heavy gravel

F. Texture between g"avel not heavier than tlclay

loam"

Texture between gravel rrsandy clay" and maybe
rrclayrr at surface; colour pale and nottling
a feature

Basenent is nassive laterite

Soi l  type no.

2Ge

2ffi

)Yo

2Yb

( sh all ovr
phase)

(shal low
phase)

B .

C .

n

n

I b

1g

C .

c

r

F

F

n

D .

F

B .

I T

D .

F

5 g

F 5b



Soi l  type no.

7 ( shaL low
phasel

D .

D .

D .

D .

D .

D ,

B .

E .

Colour range brownish yellow, strong brown.,
reddish;  usual ly  associated wi th dra inage l ines

Gravel percentage within 50 cn of surface is
less tnan zuz

Texture rrsardrr or "loamy sand"

Colour range light yellowish b rown to brownish
ye I low

Colour: Tange light grey to dark greyish brown

Prof i le  dry;  texture r 'sandr ' '  co lour  very
light grey

Prof i le  moist  but  wel l  dra ined;  texture " loany

s andrl

Prof i le  moist  to  poor ly  dra ined;  texture r r loany

sand' t ;  organic  I 'cof fee-rockrr  present

Colour strong brown or reddish and associated
with drainage line

Texture "sandy loan"  or  heavier

Colour  range,  greys,  grey ish brown,  ye l lowish
b rown

Profile shows change of two texture classes
between 42 and B horizons

Texture change down profile is gradual

Gravel  forns base to prof i le ,  wi th  natTix  of
I'sandy clayrr, which texture nay occur at
surface; profile colour pale and mottling a
feature

If gravel base, rnatrix texture not heavier than
rrc lay loanr l

Colour strong b rown otr reddish; usually
associated with a drainage line

NOTE: Characteri zing texture (level B in the key) is normally
deternined at 60 cn depth, rmless it is obvious from the
prof i le  descr ip t ion that  a lesser  depth appl ies.  In  th is
case the depth of  descr ip t ion wi l l  be that  imnediate ly
above some I  imi  t ing feature.

Moisture status of greyish sands nay be partly inferred
from colour ( anormt and depth of black hunus
j ncorporation) and frorn texture.

C .

C .

C .

C .

C .

4A

4C

4D

D .

5 D

5GE .


