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SUMMARY
Soi l  damage ( i .e .  so i l  compact ion and d isp lacement)

fo l lowing logging,  which rnay extend to a depth of
approx i rnate ly  40 cm in rn ixed karr i  and marr i  forest ,
could in f luence considerably  the future product iv i ty
o f  s t a n d s .

Tr ia ls  to  moni tor  the ef fect iveness of  var ious
rehabi l i ta t ion techniques on damaged s i tes ind icate
successfu l  rehabi l i ta t ion to be possib le,  a t  least  in
the shor t  term, Deep soi l  r ipp ing,  the appl icat ion of
fer t i l isers and the format ion of  an ashbed a l l
s t imulated height  growth increase in  karr i  seedl ings.
Mulching r , r i th  hanmer-mi l1ed bark a lso produced s l ight
increases in  karr i  he ight  growth,  Deep soi l  r ipp ing
signi f icant ly  improved the surv iva l  ra te of  p lanted
karr i  and of  a shrub species,  Acacia pu7che77a.



INTRODUCTION

The area of  pure karr i  (Euca-Lgptus
divers icofor  F.  Mue11.)  s tands being
logged in  Western Austra l ia  is  decreasing
v J h i l s l -  t h a t  o f  m i x e d  k a r r i - m a r r i
(E.  caTophgl- la  R,  Br .  ex L indl  . )  s tands
is  s teadi ly  increasing.  In  the main
these stands are found on podsol ic  duplex
s o i l s  v T i t h  h e a v y  c l a y  n e a r  t h e  s u r f a c e "
t y p e  D y 3 . 6 2 ,  a s  d i s t i n c t  f r o m  t h e  d e e p e r
r e d  l o a m  s o i l s  o f  t h e  p u r e  k a r r i  s t a n d s ,
types Gn2.14 and Gn2.15 (McArthur  and
C l i f t o n ,  1 9 7 5 ) .

The process of  logging appears to
damage the podsol ic  so i ls  more severe ly
than the red loam soi ls ,  par t icu lar ly
dur ing winter ,  when h igh soi l  no is lure
levels  occur .  This  d i f ference may be
a t t r i b u t e d  n o t  o n l y  L o  t h e  d i f t e r e n c e s
betr , reen the physica l  proper t ies of  the
t w o  s o i l s ,  b u t  a l s o  t o  t h e  h i g h e r  i n t e n s i t y
of  logging of  both karr i  and marr i  on
podsol ic  so i l .  s i tes compared wi th logging
of  pure karr i  on the red loarn s l tes.
Var ious authors ( for  example,  Moehr ing and
Rawls,  1970)  have conf i rmed the increase
in problerns of  compact ion and soi l
d isp lacement  resul t ing f rom logging on wet
s o i l s .

The rehabi l i ta t ion t r ia ls  repor ted
here were conf ined to the podsol ic  so i l
types s ince they are the more suscept ib le
to damage.  However,  the resul ts  should be
a p p l i c a b l e  t o  t h e  r e d  l o a m  s o i l  t y p e s
a l s o .

Effects of soi l  damage
Dauage through logging ac t  iv i  ty

d e g r a d e s  t h e  s t r u c t u r e  o f  a  s o i l ,  a l t e r i n g
i t  phys ica l ly  and h inder ing normal  p lant
growth.  The soi l  changes inc lude an
increase in  bulk  densi ty  (Hatchel l  and
Ralston,  1971)  caused by courpress ion of
the soi l ,  and a concomitant  decrease in
soi l  pore space.  These resul t  in  reduced
root  growth (Auber t in  and Kardos,  1965)
and increased res is tance ro wa[er
i n f i l t r a t i o n  ( S h a r d a ,  1 9 7 7 ) .

Fur thermore,  af ter  puddl ing occurs on
t h e s e  s o i l s ,  t h e  c l a y  b r o u g h t  t o  t h e
sur face may harden,  making the s i ters
nutr ients unavai lab le to  p lant  roots
because of  the impermeabi l i ty  of  the soi l
aggregate,

The pract ica l  s ign i f icance of  so i l
damage through logging depends on i ts
sever i ty  and on the propor t ion of  the
logged coupe af fected,  Up to 20 to 352
of  the ground sur face of  a  coupe may be
dis turbed by logging operat ions,  but  the
propor t ion of  th is  that  could be c lassed
as damaged var ies wi th the season of
l o g g i n g  a n d  f r o m  s i t e  t o  s i t e .  I n  a
survey of  60 logging coupes in  the
Piedrnont  region of  the Uni ted States '
C a m p b e l l  e t  a 7 . ,  ( 1 9 7 3 )  f o u n d  t h a t ,  o n
average,  232 of  a logging coupe ! /as
dis turbed by logging wi th rubber- tyred
skidders,  and that  5 to  102 of  the soi ls
in  the coupe undergo changes that  could
af fect  t ree gro\ , r th .

Concern as to the possib le ef fects  of
so i l  damage on stand regenerat ion,
a e s t h e t i c s  a n d  f u t u r e  p r o d u c t i v i t y  P r o m P t e d
t h e  i n i t i a t i o n  o f  r e s e a r c h  i n t o  s o i i  

Or e h  a b  i 1 i  t  a t  i o n  m e t h o d s .  H o w e v e r ,
rehabi l i ta t ion on a large scale is  both
expensive and d i f f icu l t ,  and ef for ts  are
current ly  being made to reduce the amount
of  so i l  d is turbance and damage through a
modi f icat ion of  logging teehniques.

Natural amelioration of soils
Var ious researchers have studied the

processes of  natura l  amel iorat ion of
compacted soi ls .  The major  agents of
a m e l i o r a t i o n  i n c l u d e  w e t t i n g  a n d  d r y i n g
cycles,  f reezing and thawing,  p lant  root
grovr th and soi l  fauna act iv i ty  (Garner
and Tel fa i r ,  1954;  Hatchel l  and Ralston,
L97L) .  However,  not  a l l  o f  these are
important  factors in  restor ing the
compacted soi ls  of  the karr i  forest .

Freezing and thawing are not t.l".rurrt O

factors in  Western Austra l ia  owing to the
re lat ive ly  rn i ld  r , r in ter  seasons,  and
fur thermore,  as one of  the studies
descr ibed in  th is  paper  shows,  root
penetrat ion in to the compacted soi ls  is
very l in i ted.

Studies made in  o lher  countr ies have
sho\ ,n that  natura l  arnel iorat ion of  so i ls
damaged to the same degree as those in
the karr i  forests  may take f rom 20 to 40
y e a r s  ( H a t c h e l l  a n d  R a I s t o n ,  1 9 7 1 ) .

Al though natura l  amel iora l ion nay
Lead to recovery of  both the soi l  and the
understorey vegetat ion before the second



.oa.a ior l  logging,  i t  is  unl ike ly  that
karr i  wi l l  establ ish i tse l f  because the
species is  in to lerant  of  shade in  i ts
j u v e n i l e  s t a g e s ,  H e n c e  a l l  s i t e s  m a y
requi re some degree of  rehabi l i ta t ion for
fu l1 t ree stock ing.

This  paper  repor ts  the resul ts  of
invest igat ions in to so i l  damage and of
r e h a b i l i t a t i o n  t r i a l s .

METHOD
Extent of soil compaction

A tota l  o f  16 soi l  cores were taken
from two severely compacted and two non-
compacted podsol ic  s i tes in  the karr i
forest  to  determine the depfhs to which
soi l  cornpact ion caused by logging was
evident .  Bulk  densi ty  was used as a
measure of  so i l  compaet ion.

loot growth in compacted soi l

To compare root development on compacted
and non-compacted s i tes,  three karr i  t rees
growing on t .he edge of  sn ig t racks in  a
ten-year-o ld regenerat ion area on a red
loam soi l  type were selected.  Root
t renches were dug beside them into the
compacted and non-compacted soi ls .  The
compacted soi l  r^ras of  s imi lar  bulk  densi ty
to those compacted soi ls  ment ioned in  the
p r e v i o u s  s e c t i o n  o f  t h i s  p a p e r ,

Successive soi l  samples measur ing 20 crn
in depth,  wi th  a width of  15 crn and a
l e n g t h  o f  1 O O  c n  ( t o t a l  v o l u m e  O . O 3  m 3 ) ,
were removed in  successive stages to a
depth of  120 crn f rom the c leaned face of
each root  t rench c losest  to  the samDle

1"" .  The saurp led f  ace in  each case was
Ypproximate ly  I  m f rom the t ree.

The samples were s ieved on s i te  us ing
a 2 rnm s ieve,  to  separate a l l  the l ive
Plant  roots.  These were then oven dr ied at
1 0 5 0 c .

Log landing rehabil i tat ion tr i  als
To determine the ef fect iveness of

r i p p i n g  i n  s o i l  r e h a b i l i t a t i o n ,  a  s p l i t
p lo t  factor ia l  exper iment  vras carr ied out
on three compacted log landings on a
podsol ic  so i l  type in  Poole Btrock,
approximately 30 km south of Manjinup.
Logging had taken p lace e ight  years
prev iously ,  and v i r tua l ly  no vegetat ion,
except  iso l .a ted shrub species,  had
establ ished s ince then.

One hal f  o f  each landing was r iPPed
to a depth of  apProximate ly  1 m,  and the
other  hal f  was le f t  compacted.  Karr i
seedl ings were then p lanted on each
landing at  a  spacing of  3  m x 2 m,  and the
fo l lowing t reatments were appl ied.

( l )  Bark mulch was spread to a radius of
15 cm around the stem, and to a depth of

5 cm, The mulch consis ted of  hammer-mi l led
marr i  bark s l ivers,  to  v th ich n i t rogen in
the forrn of amrnonium nitrate was added
a t  t h e  r a t e  o f  0 ' 0 0 1 8  k g  n i t r o g e n  ( 5 2  g
of  the cof lmerc iat  fer t i l iser  "Agran")  for
each k i logram of  a i r -dry bark.  Water  was
then added to the bark to  g ive a moisture
content  of  602

The n i t rogen was added f i rs t lY to
encourage the growth of fungi and thereby
promote the rnulch ing Process '  and secondly
to prov ide an immediate source of  n i t rogen
for  p lant  growth.

(2)  A mixture of  phosPhorus and n i t rogen
f e r t i l i s e r s  w a s  a p p l i e d  a t  t h e  r a t e  o f  6 0  g
p e r  p l a n t  ( c h r i s t e n s e n ,  1 9 7 4 ) .  T h e
mixture consis ted of  superphosphate (222

P 2 0 5 )  a n d  u r e a  ( 4 6 2  N )  i n  a  r a t i o  o f  5 : 1 '
t o  g i v e  a n  a c t u a l  P 3 N  r a t i o  o f  1 : 1 .

(3)  Acacia puLchel -Za R,  Br .  seed vras f i rs t
boi led in  water  for  two minutes and then
spread at  the rate of  aPProximate ly  O.5 x
106 seeds per  ha,  in  an at teopt  to  Prov ide
a quiek ly  establ ished Sround cover  as wel l
as a Long- tern supply  of  n i t rogen for  the
k a r r i  s e e d l i n g s  ( S h e a  a n d  K i t t '  1 9 7 6 ) .

Snig track rehabil i tat ion tr ials
Tr ia ls  concerned wi th the

rehabi l i ta t ion of  sn ig t racks were
establ ished in  Sut ton Block,  approx imate ly
30 km south-east  of  Manj imup.  Combinat ions
of  the fo l lowing t reatments ( four  Ereatments
i n  a l l )  w e r e  a p p l i e d  t o  s n i g  t r a c k s '

( l )  D e e p  r i p p i n g  t o  a  d e P t h  o f
a p p r o x i m a t e l y  1 m .

(2)  Heaping and subsequent  burn ing of
logging debr is  over  the snig t racks to
prov ide an ashbed.  Debr is  accumulat ion
ianged f rorn 15OO to 1900 t 'ha- l  over  the
p1ots,  and genera l ly  th is  was reduced by
6Q7. after the burn.

Karr i  seedl ings were then p lanted at  a
spacing of  2  m x I  m,  and thei r  he ight '
growth.and surv iva l -  were moni tored '



After  burn ing,  est imates of  seedfa l l
w e r e  m a d e  u s i n g  1 . 2  m  x  1 , 2  m  s e e d  t r a y s ,
and the numbers of  natura l ly  regeneraled
karr i  seedl ings and thei r  he ight  growth
were moni tored.

R E S U L T S

Extent  o f  so i l  compact ion
Figure I  shor , rs  bulk  densi ty  (as a

measure of  so i l  eompact ion)  through the
soi l  prof i le  on damaged and undamaged
s i t e s ,

Soi l  cornpact ion extends to a depth of
approx imate ly  40 cm on a severe ly  danraged
si te ,  On non-compacted s i tes the t rend
is  for  a s teady increase in  bulk  densi ty
f rou 10 to 40 cm depth.  At  depths greater
than th is ,  so i l  bu lk  densi t ies appear  to  be
simi lar  on damaged and undamaged s i tes,
The bulk  densi t ies at  on ly  rhe O to 10 cm
depth r r 'ere s igni f icant ly  d i f ferent  at  the
0 . 0 1  l e v e 1 .

Root growth in compacted soi l
Compact ion of  the soi l  as a resul t  o f

logging act iv i ty  caused a rnarked decrease
in root  development  (F ig,  2) ,
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The reduct ion in  root  growth in'  
compacted soi ls  compared wi th non-compacted
s o i l s  w a s  s t a t i s t i c a L l y  s i g n i f i c a n t  a t  a l l
depths sarnpled.

Since uost  f ine p lant  roots are
normal ly  in  the top 60 cn of  the soi1,
compact ion of  th is  zone would c lear ly  have
a ser ious ef fect  on p lant  gror , / th .

Log landing rehabil i tat ion t r  ials
Height growxh - Seedling heights were
analysed by calcu lat ing 95% conf idence
intervals  about  the mean.  Where the
conf idence in tervals  of  a  t reatment  do not
over lap i t  is  assumed there is  a
s igni f icant  d i f ference between the
treatroents.

T h e  h e i g h t s  o f  k a r r i  s e e d l i n g s
subjected to the var ious t reatments

J i p p i n g ,  b a r k  m u l c h i n g  a n d  f e r r i l  i s e r ) ,
-asured at  age t r ro years,  are compared in

Table l .  S ince analys is  of  the karr i
he ight  data shovred the ef fects  of  the
p r e s e n c e  o t  A .  p u i c h e f T a  s e e d l i n g s  t o  b e
negl ig ibLe,  these data were grouped
t o g e t h e r  r , r i t h  t h o s e  f o r  t h e  p l o t s  n o t
sown wi th A.  pufchef la  to  prov ide another
repl icate of  every t reatment  combinat ion.

Growth is  promoted most  ef fect ive ly
when r ipp ing,  fer t i l iser  and bark
nulch ing t reatments are a l l  appl ied.
R i p p i n g  a n d  f e r t i l i s i n g  e a c h  i n c r e a s e
height  growth ind iv idual ly ,  but  mulching
resul ts  in  a t rend towards bet ter  beight
growth only when in combination i/ith the
other  two t reatments.

rv iva l  -  I f  so i l  rehabi l i ta t ion is  to  be
der taken operat ional l .y ,  a  s  at  is  factory

TABLE I

(cm) of  karr i  seedl  ings
t reatments on compacted
1og landings

Ro R1

F o M o  |  4 5 . 5  !  7 . 6 * a  7 3 . 8  t  1 4 . 8  b

FoMl  I  o r . ,  !  2o .L  ab  67 ,7  !  r4 .4  b

F t l a o  |  7 5 . 6  !  2 2 . O  b c  1 5 7 , 7  1  1 1 . 1  d

F r M r  J  1 3 5 . 7  1 4 1 . 8  c d  L 9 5 . 7  !  5 9 . 7  d

F = fer t i l iser  R = r ipp ing I  = present
M = mulching 0 = absent
*denotes a 9OZ conf idence in terval  about

the mean
Data notated \ " / i th  the same let ter  are not
s i g n i f i c a n t l y  d i f f e r e n t  a t  p  =  O . O 5

rate of  p lant  surv iva l -  must  be obta ined as
i /e l l  as sat is fac lory growth.  The p lant
surv iva l  counts for  the Poole Block t r ia ls
are expreased in  Table 2 as conf idence
intervals  of  percentages,

Ripping was the only  t reatment  to
i n c r e a s e  s u r v i v a l  ( p  =  O , 0 5 ) .  B o t h
fer t i l is ing and mulching tended to decrease
s e e d l i n g  s u r v i v a l  s l i g h t l y ,  p e r h a p s
b e c a u s e  o f  a n  e x c e s s  o f  n i t r o g e n  f e r t i l i s e r
appl ied at  the base of  the pLants.  A1l
t reatments,  however ,  resul ted in  surv iva l
rates that are aeceptable when compared wj-th
those obta ined in  normal  Forests Department
regenerat ion p lant ings.  The sowing of
A. puTchelTa seed was shown to have no
ef fect  on karr i  surv iva l ,  and consequent ly
I , Ias not  inc luded in  th is  tab le.

Height  growth
under var ious

TABLE 2

Percentage surv iva l  o f  karr i  on
compacted 1og landings

F
M

=  f e r t  i  l i s  e r

denotes a 902

D  -  - j ^ - j - ^  |  _

O = abs ent
conf idence in terval about the mean

Treatment 0 I  S ign i  f icance

R

M

F

9 2 . 9  !  L . 8 *  9 7 . 8  I  1 . O  O . O 5

9 7 . 3  1  1 . 1  9 3 , 7  t  t . 6  0 . 0 5

9 7 . 3  1 1 . 1  9 3 . 5  r  1 . 8  0 . o 5



Seed. germinaxion - The germination and
surv iva l  ra tes of  A.  puLchel la  on the los
Landings are ind icated in  Table 3 bv the
f igure g iven as p lant  per  cent ,  wtr ic t r  is
the percentage of  seeds sown that  develoD
into one-year-o ld p lants.

TABLE 3

Plant  per  cent  of  A.  pujchelLa on
r ipped and unr ipped 1og landings

Ro R1

P l a n t  p e r  c e n t  2 . 4 6  3 , 7 7

n = r ipp ing o = absent  I  =  present
D a t a  s i g n i f i c a n t l y  d i f f e r e n t  a E  p  =  O . O l

Clear ly ,  i f  the ar t i f ic ia l  regenerat ion
of  log landings vr i th  shrub specie i  is  to
be considered,  then r ipp ing of  the s i tes
is  necessary to  increase the rate of
geru inat ion and surv iva l ,

Snig track rehabil i tat ion t r i  als
Height growth - The figures for height
grorrth (at age two years) for planted and
natura l ly  regenerated seedl ings on snig
t racks t reated wi th combinat ions of
ripping and debris heaping and burning are
shown in Tables 4 and 5.

For  karr i  he ight  growth,  s imi lar
resul ts  were obta ined in  both the Log
landing t r ia ls  and the snig t rack t r ia l -s .
0n the snig t racks,  both r ipp ing and debr is
heaping and burn ing greatLy increased
height grotrth over that for the untreated
contro l .

TABLE 4

Height  growth (cn)  of  p lanted
karr i  on snig t racks

R o  R 1

B o  |  5 0 , 2  !  9 . 6 *  a  8 0 . 1  I  6 . 9  b

B l  |  1 2 3 . 4  t  3 5 . 1  c  1 6 5 , 9  t  2 8 . 9  c

R = r ipp ing o = absent  I  =  present
B = debr is  heaping and burn ing
* ind icates a 9-52 conf idence in terval

about the mean
Data notated wi th the same let ter  are not
s igni f icant l -y  d i f ferent  ar  p = O.O5

TABLE

Eeight growth (cm)
regenerated karr i

q

of natural-1-y
od snig t racks

Ro R1

B o  |  2 4 , O  t  1 0 . 6 * a  9 6 . 7  !  2 2 , 7  b

B 1  |  2 0 6 . 7  1  1 1 8 . o  b c  3 3 0 . 8  r  9 3 . 8  c

n = r ipp ing o = absent  I  =  present
B = debris heaping and burning
* ind icates a 952 conf idence in terval

about the mean
Data notated vr i th  the same let ter  are
not  s ign i f icant ly  d i f ferent  at  p  = 9.95

Ripping by i tse l f  was a l -so ef fect ive,
However, the two treatments combined
produced 1.arge increases in growth for both
planted and natura l ly  regenerated seedl - ings.

Survivai - The survival rates for planted
karr i  and the p lant  per  cent  of  the
natura l ly  regenerated karr i  in  the snig
t rack t r ia ls  are shown ia Table 6.

Ripping the compacted areas increases
both the percentage surv iva l  o f  p lanted
seedl ings and the p lant  per  cent  for
natural regeneration in courparison with
the untreated contro ls .  The debr is
heaping and burning technique tends to
decrease the surv iva l  ra te of  p lanted
stock when compared with survival on the
si tes that  were r ipped only .

Both ripping alone and the combination
of  both t reatments gave operat ional ly
acceptable surv iva l  ra tes,

DISCUSSION
The resuLts presented in  th is  paper  show

logging to have some detrimental- effects
on podsol ic  so i ls  in  the karr i  forest .
These ef fects  rnust  be seen in  perspect ive,
however, since even rret-r,teather l-ogging
disturbs only 20 to 352 of a coupe. Dauage
to th is  extent  is  never theless l ike lv  to
r e s u l t  i n  r e g e n e r a t i o n  d i f f i c u l t i e s ,  l o s s
of  product iv i ty  and aesthet ic  degradat ion
o f  s t a n d s ,

Although iuproved logging teehniques
may reduce the problem to some extent,
logging on wet  podsol ic  so i ls  wi l l  a lways



TABLE 5

Percentage surv iva l  o f  p lanted karr i
o f  natura lJ-y  regenerated karr i

and p lant  per  cent
on snig t racks

RoBo RoBl  R tBo RlBl

S u r v i v a l ,  p l a n t e d  k a r r i  1 7 5 r 8 * a  6 7  ! l !  a  9 1  t 3 b  8 0 t 8 a b

P l a n t  p e r  c e n t ,  n a t u r a l l y  I
x e g e n e r a t e d  k a r r i  |  0 . 1 5  a  5 . 8 6  b  7 . 5 5  b  6 . 7 3  b

R = r ipp ing o = absent  I  =  present  B = debr is  heaping and burn ing
* indicates a 9OZ confidence interval about the meaD
Data notated wi th the same let ter  are not  s ign i f icant ly  d i f ferent  at  p  = 0.O1
for both survival and plant per cent

resul t  in  some deter iorat ion of  s i te
qual i ty  unless sui tab le rehabi  I  i t  a t  ion
teehniques are used,  These t r ia ls
ind icate that  successfu l -  rebabi l - i ta t ion

2f  damaged soi ls  is  possib le,  a t  least

Ur the shor t  term (  to  two years of  age)  ,

ALL the t reatments appl ied dur ing the
tr ia ls  on both log Landings and snig
t racks resul ted in  sat is factory p lant
surv iva l  ra tes.  However,  opt imuur ear ly
gro\rth was achieved in each case only by
using a combination of all the experimental'  
t reatments.

The good height grovrth sustained in
the snig t rack p lots  that  had been
subjected only  to  debr is  heaping and
burning may be a shor t - term ef fect .
Burn ing re leases a f i .ush of  nutr ients  in to
the topsoi l  (Hateh,  1960) ,  and i t  is
possib le that  th is  is  susta in ing the good
ear ly  groLr th of  karr i  on these p lots ,

In any case, the trials have shown that
root  penetrat ion of  these severe ly
compacted soi ls  is  very l imi ted,  and
problems resulting from both r,rater stress
and soiL penetrat ion d i f f icu l t ies uay
occur  as these t rees,  growing oLder ,  p lace
a greater  s t ra in on thei r  env i ronment .

CONCLUSION
SuccessfuL rehabi l i ta t ion of  so i l  s

damaged by logging act iv i ty  is  possib le,
to two years of age, using both tree and
understorey species.  The uost  successfuL
rehabiLitation technique is the appJ-ication
to dalnaged areas of a combination of soil
ripping, fertil ising and bark nulching,

or  i f  poss ib le of  so i l  r ipp ing and the
redis t r ibut ion and burn ing of  logging
d e b r i s .
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