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SUMMARY
The tota l  so lubl .e  sa l t  content  of  la ter i t ic  so i l  prof i les

in a Westem AustLalial j arrah forest catchnent was estirnated.
; f ron sanples taken f ron 27 cored bore" w a s  

I . 6  i  t o s  k g . h a - ]  o f  t o t a l  s o l u b l e
cations were rnagnesiun and sodium and
chlor ide.

holes. The mean value
sal ts,  Dominant

the doninant anion was

4-
. " f

There was a west to east gradient of increase in saLt
accunulation which coincided with decreasing rainfall and
changes in geonorphology. However, variations in rainfall and
geomorphology were not sufficient to explain the Large
variations in salt accr.unulations observed between and within
sites throughout the catchment: physical characteristics of the
deep pallid zone clays were also an inportant factor affecting
salt accunul,ation. The maxirnun salt concentlation equalled 7 kg
of  to ta l  so lubLe sal ts  per  n5 of  so i l .
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Accumulations of salt were gaeatest
least  in  the va11eys,  Three sal t  prof i le
( 1 )  t h o s e  w i t h  l i t t l e  s a l t ;
(2)  those wi th a rest r ic ted zone of  sa l t ;
(5) those with a uniform distribution of

so i l  prof i  le ,
The three profile types
posi t ion,  to  so i l  t )?es
grormdwater table.

on upland sites and
types were identi fied:

salt throughout the

appeared to be related to topographic
and to the presence or absence of a

Soi l  pH values ranged f ron S.g to 8.9.  The lower vaLues
(=5.0)  were associated wi th the zones of  h isher  sa l t
accunulation.

The catchment studied is representative of catchrnents
internediate rainfall zone of the northern i arrah forest.

in the
This

zone currently yields water of acceptable quality (< 500 ng
tota l  d issol .ved sol ids) .  The resul ts  of  th is  s tudy ind icate
that a reduction of the vegetative cover on areas of high salt
accrnnuLation in this zone could Tesult in the discharge of
large quantities of salt via stTearnflow, but a reduction in
vegetative cover on areas where salt accunulation is low could
resul t  in  an increased y ie ld of  potable water .



N,B,  The genera l  terms tsa l in i ty '  and
rsal t r  ment ioned in  th is  paper  refer  to
the concentTat ion of  to ta l  so luble sa l ts
(rss).
Def in i t ion of  so lubLe sal ts :
(1)  they are caLculated f ron e lect ica l

conductivity neasutaernents ;
(2) they are composed precloninantly of

magnesium, sodiun and chloride.

INTRODUCTION
The object ive of  th is  s tudy was to

est imate the sal t  content  of  so i l  prof i les
by d i rect  analys is  of  so i l  samples.  The
Yarragil Catchnent was selected because
it is representative of the interrnediate
rainfall zone ald because the water:
quality and yield throughout the
Catchment is being intensively monitored
(Shea et  a l .  ,  1975;  Herber t  and Ri tson,
1 9 7 6 )  .

The inteflnediate rainfall zone has
considerable significance in catchnent
nanagement .  In  terms of  water  y ie ld
it is internediate between the high yield
of the western high rainfall zone, and the
low yield of the easterrr Low rainfall
zone. Whereas the danger of deterioration
of water quality through leaching of salt
out of the subsoil is rninor in the forner,
and acute in the latter zone, it requires
clarification in the intermediate zone,
The jn termediate zone is  a major  source
of fresh water, but the catchnents in
th is  area are potent ia l ly  sa l ine.  I t  has
a relatively high rainfall excess (excess
of rainfall over evaporation during the
winter months) and is therefore sensitive
to changes in canopy cover. Maintenance
of the groundwater cornponent of the yield
in potentially saline catchnents at a
level which rnaintains high water quality
is theoretically dependent on evapo-
transpiration of the rainfall excess
(Shea and Hatch,  1976J.  Dis turbance to
canopy cover rnay result from changes in
land use or fron the effects of i arrah
d i e b a c k  ( P o d g e r ,  1 9 7 2 ) .

Descript ion of the Catchment
The Yarragil Catchnent is 13 krn

south-east of Dwellingup in the
internediate ra infa l l  zone (800-1000 mn
per annum) of the northern jarrah foresl
(F ig.  1) .  I t  covers an area of  72.5 kmz
conprising a aange of geonorphologi cal
and vegetat ional  types t )? ica l  o f  the
zone .

A description of the landforms and
soils occur"jng on an adj acent part
of the Darling Range has been rnade by
Mul cahy et aI. (1972) whilst McArthur
et al .  (1977) have def ined the najor
valley t)?es and soils occuring in the
lfurray River catchment area, which
includes the Yarragil Catchnent, A
detai led descr ipt ion of  later i t ic soi i .
profiles characteristic of the area has
been  made  by  G i l kes  e t  a l .  ( 1973) .

The soils and landforms vary with
increasing dissection frorn the broad
valley systens in the east and centre of
the Catchrnent with sandy and gravelly
loams (Yarragi  I  type) ,  to  the steep-
sided valleys in the west with reddish,
clay loans (Murray tlpe), The valley
divides in the east are also broad and
often covered with detrital lateritic
material and sands and are considered by
I r tu lcahy (1967)  to  be o ld p lateau
residuals, Progressing westwards, the
old plateau residuals (Dwellingup type)
are reduced to ridges with ironstone
capping, their s1opes covered with
detrital material derived frorn it. Such
soils are conposed of s andy or loamy
gravels and are underlain at depth bv
pallid and mottled clays. In tire western
zone, through which the yarragil Brook
passes before entering the l,furray River,
outcrops of country rock and pallid zone
naterial are found in the valleys.
However, the above classification is too
broad to explain all the observed changes
in l andforms and soils.

The Catchrnent vegetation has been
surveyed and classified according to the
systen of  Havel  (1975) .  0n the uplands
(McArthur's Dwellingup tlTe) j arrah
(Eucalyptus na"ginata Sn.) is found. in
association with narri (E. calophylla
R.Br.) while the maj or rm-GrstGFtree
species are Banksja grandis  Wi1 ld, ,
lersoonia loiEJF6ff a:F'l-ETl and Caiuarina
fraserara Miq. These correspond-T6--
Havel 's vegetat ion t)?es T, S, O and p,
0n the eastern valley floors the
overstorey colq)onent is E. rudis End1.
with Mglaleuca and Hakea-3!6EI6f forming
the understorey (Havelrs tyae A).  In
the western, nore deeply incised val1eys
E: patens Benth, and E. calophyl la occur
wrth an understorey of  Banksia l i t toral is
R.Br., Tryrnalir.un spathutaturn I LaEiTTl-
ortf. -d@ S chau.



(Havel rs  types W, Q and C).  There are
isolated occurences of wandoo (E. wandoo
Blakely) and bullich (E. negacarpa F.
Mue11.)  which correspond to Havel ts  t )?es
Y and C aespect ive ly .

The base f low sal in i ty  levels  of
nicro-catchment streans in the Yarragil
and adj oining catchments frequently
exceed 500 ng tota l  d issolved sol ids
(TDS) per  l i t re  (Shea et  a1. ,  1975)

Groudwater salinity leve1s have been
deternined for the adjacent South Dandalup
Catchnent, which also lies in the
internediate rainfall zone. The figures
ranged f ron 250 to 1000 ng,1-r  TDS (Shea
a n d  H a t c h ,  1 9 7 6 ) ,

METHOI)
Twenty-seven bore holes were drilled

in Locations seLected to sample the nain
geonorpho logi cal features of the

Catchnent. Sanpling covered the najor
differences between strongly dissected,
narrow erosional valleys in the
south-west and the broad, weakly dissected
val leys wi th deposi t ional  f i l l  in  the east .
Wi th in each najor  va l1ey type,  bore holes
were located on r idge,  mid-s lope and
val ley f loor  respect ive ly .

The nethods of drill ing, sarnpling and
analysis used were those described by
Bat in i  e t  a1 .  (1976)  and Hatch (1976) .
A Genco rotary dril1 using hollow-flight
augers, wire-line retrieval gear and
core barrels was used to obtain core
sanples f ron the soi l  prof i le  at  0 .76 m
intervals. Fron these sanples specific
e lect r ica l  conduct iv i ty  (EC),  to ta l
so luble sa l ts  (TSS),  sodiun chlor ide
(NaCl) content, pH values, gravirnetric
moisture content and bulk density were
calculated. The nethods used to estinate
the concentaation of soluble salts and pH

kg ha x 1Q5
rss

1,O2Q nn

FIGURE 1: Location nap of the
and rnean salt storage values
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bore hole posi t ions
in n i l1 . inet res,

4 'O



of the soil sanples are described in
deta iL by Hatch (1976) .  Sal t  accurnulat ion
per unit of landscape was estinated by
integrating the salt profil.e data by nears
of the trapezoidal rule. Data fron
profiles which did. not teulinate in
bedrock because of excessive depth (> 44rn)
or drill"ing difficulties were used in the
integration but were not extrapolated.

0n completion of drill ing, each bore
hole was fitted with a piezoneter nade
from 42 ffn intemal dianeter poly-vinyl
chloride (PVC) tubing. The lower end of
each piezometen had longitudinal slits
spiralling the tubing for a length
deternined by the position and anticipated
f luctuat ion of  the gror-ndwater  tab le.
Where there was no groundwater table, only
the bot tom 6 n of  tub ing had s l i ts .  Bore
holes were backf i l led wi th coarse sand
(0.001-0,002 n d iameter)  to  at  least  one
metre above the top of the split section.
A slurry of sand and cernent was added to
seal  th is  lower sect ion before backf i l l ing
the renainder  wi th dr i l l ing spoi l .  A 0.7 n
section of the tube protruded above the
soil surface and was protected with an
earthenware pipe set in concrete. The
following day, each hole was neasured with

a Tanan salinity/terqperatu"e neter to
deternine the water rest level (WRL) anal
any salinity stratification within the
groundwater table. The soil. cores were
exanined and stored for furthet analysis..

RESULTS
Bore locations and nean total salt

accunulation per rmit of landscape are
shom in Figure I .  Si te descr ipt ions, nean
bulk density, nean pH values, total salt
storages, groundwater table ard bedrock
depths are shor.rm in Table I. A stunnary of
the data in the form of salinity and pil
profiles together with gror_rndwater taLle
(WT) levels is presented in Figure 2.

For ease of discussion the results have
been divided into the following broad
categories (Table I) :

(A) bores relatively free of salt
accumulation;

(B) bores with a dist inct  , 'sal" t  bulger ' ;
(C) bores with a uniforn distributi;n ;f

salt throughout their profiles.

Vaaiations in salt accunulation were
attributed to topography, groundwater
table presence or absence and soi l  type.

TABLE 1 (A)

Bores relatively free of soluble salt accrnnulation

Bore Depth Topographi c
no. (n) si tuati on

pH TSS ^ Bedrock
( k g ' m - 2 1  ( m )

Landforn
rype

Bulk
density

(kg ' 1n-'i1

Ground-
water
table

(tn)
I . J 24.45 r idge

4 , 2  2 6 . 3 9

6 . 1  3 0 , ' 1 4

6 . 2 z t .  / 6

nid- s lope

upper s lope

upl and
depression

val ley f loor

Dwel lingup

Murray

transi t ion
Murray-
Dwel lingup

Dwe J.l ingup

Yarragil

Dwel L ingup

$ s 7  :  1 6 2  s .  o
1 2 6 0  -  1 8 6 0  4 . 3
1 s 1 4 :  i l i  s . s
1 2 5 0  -  1 7  4 0  4 . s

1 4 8 s  1  1 e 1  s . s : 0 . 7
1 1 1 0  -  1 9 7 0  4 . 6  -  7 , 3

Cr .  I

2 . 8

4 . 6

3 . 1

4  . " 1

3 . 6

5 " 4

2 4  , 5

N .  A .

N . A .

N . A .

3 6 . 0

24

N .  A .

1 8

0 , 7 5
7 . 1  3 6 . 0 4

1 s s 9 :  1 5 7  s . s  l  o . 6' t 2 5 0  -  1 8 2 0  4 . 3  _  6 . 5
1 s 2 1  !  1 4 6  s . t  :  o . s
1 2 8 0  -  1 9 8 0  4 . 0  -  6 . 2
1 s 9 5 :  1 J 8  5 . s
1270 -  1860 3 ,9
' t s o 7 :  1 3 0  s . 2
1210 -  1840 4 ,6

7 . 3  2 4 . 0 6  r i d  g e

8 . 1  4 3 . 3 2  v a l l e y  f l o o r  y a r r a g i l

+

-  6 . 4

-  6 . 2

+

-  U . J

(Mean I standard deviation, range below)

4

TABLE l :  Descr ip t ion of  bore holes



TABLE 1 (B)

Bores with a dist inct  sal t  bul
Bore
no .

Depth
(m)

Topographic
situation

Landform
type

Bulk
densi ty (kg. m-21

TSS Bedrock
(ke.n-2) (m)

Ground-
water
tabLe

[n).

l . t

1 . 2

) 1

2 . 4

D .  I

J . a

5 . 3

7 t

8 . 2

R <

9 . I

1 5. 75 val1.ey floor

33,44 nid-sJ.ope

32.88 val ley f loor

43.32 rnid- s lope

42 .56  r i dge

41 .34 upper s lope

24.72 val  ley bottom

44.08 mid- s lope

27 .55  va l l ey  bo t ton

35.32 upper s lope

44 .08  r i dge

27.36 rnid-s1ope

32.04 nid-s lope

'18.72 
r idge

21 .55 val ley f looa

Yarragil

Yarragil

Yarragi 1

Dwel Lingup

Dwell.ingup

Yarragi I

Dr'el1ingup

Yarragil

Yarragi 1

Yarragi I

Dwe l lingup

Yarragil

Yarragi I

Yarragi L

1 5 1 9  -
.  1 0 0 0  -

1446 -
1 040 -

1556  -
i 1 5 0  _

1537 -
'I 300 -
'I 580 :
1320 -

1 5 4 0 :
1040  -

1 5 4 9 :
1240 -

1660  l
1 4 5 0  -

1 6 7 4 :'1050 -

1 7 1 6 :
1360  -

1 6 0 2 :
1 r 5 0  -

1502 : .
't"l40 -
' 1481  :
I  1 6 0  -

1649  -
1400  -

1613 :
' I  310 -

6 . 3

6 .  t

8 . 9

2 4 . 7

4 1  . 6

2 5  . 6

5 8 . 9

1 4  . 2

3 3 . 9

? n  q

8 . 9

t . J

r J .  /

3 0 . 0

590
2 350

1 8 6
2030

1 7 6
2050

134
1 860

141
2180

2300

192
2030

r 1 6
I 950

2 5 7
2160

'17  4
2000

2 '170

258
2030

1 6 5
'r 840

147'1940

1 7 4
2100

q ,,1

a i

4 . 8

o . J

J .  /

J . J

3 . 6
q n

7 1

5 . 6
L 7

4 . 5

5 . 6
4 . 4

4 . 0

4 . 0

4 . 9
3 , 4

J . +

3 . 6

4 0

4 . 9

0 . 9

0 , 7
6 . 5

0 . 4

0 . 8
6 . 7

0 . 6
6 . 4

0 . 9
6 . 8

0 . 4
6 . 3

6 . 5

0 . 5

0 . 3
6 . 1

n q
7 ' l

0 . 8
6 . 3

1 . 0
R O

1 . 1
6 . 5

0 , 3
o . z

6 . 0

z J . u

6 . 5

1 4

22

l 5

6

7

t J . 5

' r 9 . 5

1 8

r 0

r 0 . 7 5

7

+

+

+

+

+

+

rABLE 1 (C)
Bores with a rmiforn distribution of soluble salt
7 2  4 7

J J .  I  Z

3 7 . 2 4

2 7 . 4 5

38 ,  98

val ley f loor Yarragi 1

t t their les

q ?

1 5 0
2030

104
1 8 2 0

"t 49'r 860

200
2340

1 6 8
1960

6 . 0
5 . 2

5 . 3
4 . 5
. A

4 , 4

4 . 4

r  o . e
-  7 . 8

-  u , o

-  7 , 8
I  o . o
-  6 . 4
+-  0 . 6
-  7 . 0

1 0 . 1

4 3 , 6

8 . 6

)9. )

N .  A .

N ,  A .

2 7 . 4

59

Ni1

Nit

Ni1

plateau

plateau

nid-s lope

p l ateau

1 7 0 5 :
1460 -

Dwel l ingup 1646:'I 400 _

Dwe l l i ngup  1570 :
1240 _

Dwel l ingup 1626:
' t200 _

Dwellingup 1574 !
1070 _

N.A. Infornation not available,
Bedrock not intersected,

TABTE 1: Description of - standard deviation, range below)bore holes (Mean
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TOPOGRAPHIC LOCATION OF
BORE HOLES

Eighty-one per  cent  of  the tota l  sa l t
observed in the Catchnent was confined to
the upper  s lopes and val ley d iv ides.
Prof i les in  the inc ised val leys in  the
western part of the Catchnent contained
less salt per lnlit landscape than the
broader  va l leys in  the east  (F ig.  1) .  The
depth of rnaxirnrn salt concentration varied
wi th topographic  posi t ion,  being c loser  to
the soi l  sur face in  va l ley s i tes,
Concentrat ions ranged f ron less than 0.01
k g . n - 5  T S S  s o i l  t o  7 . 0  k g . r n - 3  T S S  s o i l .
The proportion of exchaageable cations
present  in  the deeper  so i l  hor izons was:
calciurn 9%, nagnesiun 72%, potassiun 1u",
sodiun 18%, Chlor ide was the doninant
soluble anion present .  This  is  in  rnarked

9 - 2
t9. rn 3 rsi-

1 2 3 4 5

contrast to the soil water when sodium is
the doninant cation (72%) and chloride the
doninant anion present, Those bores which
had a d is t inct  zone of  sa l t  accumulat ion
were genera l ly  associated wi th an under ly ing
gToundwater  tab le._ The nean sal t  s torage
v a l u e  w a s  1 . 6  x  1 0 5  k g . h a - l  a n d  t h e  m e a i
bu1k densi ty  was 1572 kg.rn-3.  These and
other salt characteristics are conDared
w i t h  t h o s e  o I  D i  r n n o c k  e t  a I .  ( 1 9 7 4 )  i n
L A D L E  Z .

Soil texture encormtered in the bore
sarples varied fron coatse- textured
clayey sands (bore hole 8,1)  to  dense
f ine- textured c lays (bore hole 5.2J.  Each
prof i le ,  though vary ing in  so i l  type,  had
the characteristic of an in situ weathered
granite-gneiss (Harley, personal
connunicat ion) .  Space l in i ta t ion does
not  pemit  the inc lus ion of  the soi l  core
descriptions but they are available from
the authors itpon request.

Observed pH values ranged f ron 3.3 to
8.9, the lowest values occurring where
concentrations of salt were greatest and
the highest values occurring in the top
rnetre of soil and imnediatelv above
bedrock.  Sin i lar  t rends wer l  noted by

E
F
r!
:
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q
tll

2 4  6
pH

,(g , r"-3 rs S

B a t i n i  e t  a 1 .  (  1 9 7 6 )



Area N o .  o f
bores

Mean bulk
density

(kg '  m-5;.

Salt content
( grans TSS per

100 grarns of soil)

Salt storage ,
(x  105 kg.  ha-  |

TSS)

Yarragil
Catchnent
(800 -1000

per annum)

Dinunock et al.
(S00- l000 rnn
per anmrm)

2 7

4 ' t700

0 . o s  I  o . 0 4
0 . 0 0 1  -  0 . 5 7

0 . . l 3  :  o . l s
0 . 0 3  -  0 . 1 9

+
r . o  -  t . J
0 . 3  -  4 , 4

i . 1  -  4 . 5

Results obtained from the Taman
s alinity/tenperature neter indicated that
there were no vertical sal"inity
stratifications present in bore water
colunns after drilLing, except for an
upper 3-4 m of relativel"y non-saline
watet in each hole.

DISCUSSION
Salt storage values were lower than

those obtained by Dinnock et al. (1974)
for the internediate rainfETf-zone
(Tab1e 2).  The pattem of sal" t
distribution observed in the Yarragil
Catchnent was variable but there was a
general trend of increasing salt
accumulation occurring concomitantly
with an increase in distance fron the
westem border of  the Cat chnent (Fig.  l ) .
Although there is a rlecline in rainfall
(1000-800 nm per annum) along the west-
east gradient (Public Works Departnent,
urpublished data), this factor alone
does not explain the variations i4 salt
accrxnul" at ion observed between and
within the si tes studied: soi l  texture,
valley shape and position in the
l"andscape aLso influence salt storage
ard distaibution within the profile.

The largest accunulations of salt
were formd in the upLands areas. Of the
total salts rneasured fron all bores,
ridge and plateau bores contained 44%,
nid-slope bores contained 57% and valley
floor bores contained 19%. The lower
percentages of the nid-slope and valley
floor bores were probably caused by the
flushing of the.grormdwater tabl.e, which

of Dinnock et al.

was relat ively c lose to the soi l  surface
in these topographic situations. Areas
of saLt accunul.ation were found in the
nottled and pal.lid clay zone.

P ro f i l e  cha rac te r i s t i cs
Soi1 profiles which were relatively

free of salt (category A, Table 1)
occurred in the wetter and nore dissected
western zone of the Catchnent. The
higher rainfall, steep slopes and coarser
textured soi ls,  s ingly or in
cornbination, facilitate novernent of water
and salt through the soil profile in this
zone of the Catchnent. Sone anonalies
occurred in category A- Site 1 is located
in the easterrl zone but it is situated on
a steep section of the nicro-catchnent
which is nore characteristic of the
wetter westem zone of the Catchnent. The
low sal t  content in prof i le 8.1,  located
in a generally high sal"t accunulation
zone, was associated with highLy permeabi.e
soiLs of clayey sand interspersed with
layers of fractured quartz rock. At this
site, salt accunJlation increased as the
distance frorn the valley fLoor becane
greater and was associated with increased
clay content and a decrease in depth to
bedrock (prof i les 8.2 and 8.3) (Fig,  2).

In contrast,  at  s i te 4,  which is
located in a generally salt-free zone,
prof i le 4,5,  s i tuated on the r idge, had a
relativel.y higfu salt content. The
difference in salt content between
prof i les 4.3 and 4.2 could not be
explained by differences in soil texture.
However, the val.ley in which this site
was Located was noderateLy dissected

TABLE 2

Conparison of saLinity characteristics with the data
(Mean - standard deviation, range below,)
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which probably results in more rapid
water movement thTough soils l"ocated on
the mid-s lope and va1ley f loor  s i tuat ion.

Prof i l "es wi th a d is t inct  sa l t  bu lge
( c a t e g o r y  B ,  T a b l e . l )  ( F i g .  2 )  w e r e
associated with a perrnanent gtaoundwater
table.  The "bulge"  or  zone of
concentration usually occurred below
the permeable la ter i te  hor izon (3-5 m)
and extended to the groundwater table.
These profiles had large salt
accunulat ions (F ig.  1 ,  Table 1) .  The
depth of maxinurn salt concentration
varied with topographic position. Depths
of maxinurn concentTation ranged frorn
7 - " 1 4 . 5  n  o n  r i d g e  s i t e s ,  6 - 1 2  n  o n
nid-s lope s i tes and 2-4.5 m on val ley
f loor  s i tes.  S in i lar  obseryat ions weae
repor ted by Dinrnock et  a1,  (1974) ,  Low
pH values were associated with zones of
high salt concentTation.

The profiles with a rmiform
distribution of salt had no Dennarent
groundwater  tab le (category t ,  ta l t "  t1
(F ig.  2) .  Except  for  bore 3. i  they
occurred only on upper slopes and plateau
areas and thus water flow would be alnost
entirely ver.tical. Sites with uniforn
salt distribution had a dense vegetative
cover  and deep soi l  prof i les.  This ,
together with the absence of lateral
water novenent, probably accormts for
the absence of a perrnanent groudvrater
tab le .

S a  l t  a c c  u m u l a t i o n  m e c h a n i s m s
The three categories of salt

accuttrulation which have been observed
can be at least partially expl.ained by
the presence or absence of factors which
affect water rnovement through the soil
prof i le .  In  prof i les where sal t
accumrlation is low (category A) valley
shape,  so i l  texture and to a lesser
degree rainfall facilitate water
movernent through the profile, In soils
with significant salt accunulation
(categories B and C) these factors
effect a reduction in water throughflow.

fn general, rnost valley sites were
Telatively non-saline due probably to
the flushing effect of the grounalwater
table. Notable exceptions were bore
holes 5.1 and 9.1 which had large sal t
accunulations above their gLomdwater
tabLes. The clays at these depths were
observed to be exceptionally dense and

fine textured. The sJ.ight bulge at
holes 1.1 and 2.5 can be expla ined
similarly while the rmi form distribution
of salt below the grormdwater table at
hole 5.1 is  probably  caused by the dense
inperneable c lays.

Where salt accumulation occumed the
pattern of distribution of salt within
the prof i le  was associated wi th the
presence or absence of a groundwater
table.  I t  is  possib le that  the presence
of a permanent gromdlrater table is
responsible for the fornati on of a
distinct salt bulge. If it is assuned that
salt accr.mulation results fron the action
of tree roots extracting fresh water and
hence concentrating salt in the soil,
a relatively stable grormdwater table
would tend to concentrate root
proliferations in a relatively narror,r
zone through t ine.  Ki rnber 's  (1974J
prelininary studies of the root systern of
j arrah suggest that root proliferation
cloes occur above the groundwater table.
In contTast, where no pernanent groundwater
table is  present ,  there would not  be a
distinct root zone forrned and hence both
roots and salt would be distributed nor.e
uniforrnly with depth. The occurrence of a
nore peflnanent gromdwate" table
deternines the lower limit of salt
accrnnulation in these profiles (sinilar
observations were made by Batini et aJ..,
1976). This would probably be caulEl-by
lateral flushing as suggested by Dirnmock
e t  a l .  ( 1 9 7 4 )  .

It is not fu1ly understood how tree
roots car live and extract non-saline
wate? fTorn these highly saline soils
(naximurn observed soil water concentrations
equal1"ed 18000 ng.1-1 TSS).  Low pH values,
which were observed to be associated with
zones of high salt accurnulation, would add
to the adversity of the root environment.

The presence of preferred soil water
channels together with soil physical
rne chanisms which partition salt nay
explain the above phenomena. Such a
rnechanisn has been outlined by Blacknore
(1976) ,  His  resul ts  suppor t  the
hypothesis that salt is constTained within
large interior clay pores by a process of
salt sieving in the narrower pores.
However,  a  deta iLed d iscussion of  the
factoas invoLved in the partitioning of
salt fron the soi l" -water-pLant continuun
is  beyond the scope of  th is  paper .
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An attempt to correlate salt
accr.urulation with ecological type as
defined by Havel (1975) was undertaken
(Table 1).  This wi l l  be dealt  wi th in a
separate paper (Herbert, Ward and Havel,
i n  n r a n r  r . + ;  ^ h \

C a tchmen t  managemen t
The YarragiL Catchnent cunently yields

water of acceptable quality but has a
relatively high weighted average salinity
of 342 mg, 1-l TSS (Public Works DeDartment.
1972). Peck and Hurle (1975) found that
the sal t  f low/sal t fa l l  rat io was l , j  which
indicates that the Catchnent is not in
equilibrium. Although the Catchnent
vegetation has been disturbed, principall.y
by j arrah dieback disease (Phytophthora
cinnanoni), the disturbance is restricted
to the valley systerns. These have been
replanted with dieback-res istant tree
species, Most of the Catchnent is
forested with relatively dense nixed-age
i  ' l ' ?ah  c f  enJ  c

The data presented in this paper
indicate that in a considerabl.e
proportion of the Catchnent 1a"ge
quantities of sal"t are present in the
soil profiles. Although sone of this
stored salt is currentLy being discharged,
it is insignificant in relation to the
total arnout Tetained. The relation
between quantities of salt discharged
and degree of canopy disturbance is not
known. However, it is evident that
there are two hydrological systens
operating in the Catchnent:

(1) the val1ey and sLope systen
which is culcrently the najor
source of water and saLt;

(2) the closed system of the plateaus
and valley divides which are
contributing mininal amormts of
water and sal t .

Any disturbance of the forest in those
nicro- catchnents which have large salt
storages has the potential to cause large
discharges of salt into streams. This
applies to both of the above systens but
because the uplands contain the largest
amount of salt they have the potential
to cause the nost significant increases
in stream salinity.

A reduction of canopy cover in nicro-
catchrnents where salt accunulation is

ninirnal would Tesult in an increase in
water yield without a corresponding increase
in stTeam salinity. To produce potable
water frorn micro-catchnents which contain
salt in their uplands but have saLt-free
lower slopes and valleys a reduction in
canopy could be toi"erated only in the
lowlands.

If the existing forest were destroyed
as a consequence of changes in land use
or disease, re-est ab lishrnent of
pre-disturbaace water quality levels by
replanting with P. cinnanoni resistart
trees could be dfTFIcuTt. reDlanted
di eb ack- resi stant tTees would have to
penetrate dense, saline and acid clays
and in this relatively high rainfall zone
it would be necessary to rehabilitate with
a dense forest cover.
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