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Survival of Prnus pinoster Ait. seedlings
on second rotation [2R) sites in Gnangara
plantation north of Perth, Western Australia

bv Luisa I, lS. de Braganga

SUMMARY

Pinus pinaster Ai t .  seedl ing nrortal i ty on second rotat ion
(2R) si tes was a ser ious problem in Gnangara plantat ion
north of  Perth,  Mortal i t ies of  up to 40 per cent were
recorded. Three experiments were carr ied out to assess
the effect  of  possible factors contr ibut ing to this poor
survival ,  such as burning of  Iogging slash, hydrophobic
soi ls,  poor nutr i t ion, and furrow l in ing. Fesults
indicated that burning the logging residue did not af fect
survival rates significantly. In Experirnent 1 mortalities
in burnt and unburnt (crushed) areas were 35 and 38
per cent respect ivelv.  U/ i th wett ing agents and other
soi l  arnendments that are expected to i r rprove the soi l
moisture status and reduce the hydrophobic character,
there were no signi f icant di f ferences in survival ,
al though mortal i ty rates were reduced to 18 per cent
fExperiment 3).  Very low mortal i ty rates (6 per cent)
were recorded in Experiment 2 and furrow l in ing
irnproved survival  by 62.5 per cent.



INTRODUCTION

In Western Austral ia in 1984, exot ic
pine plantat ions managed by the
Department of  Conservat ion and Land
Management ( formerly Forests
Department) covered an area of
57 000 ha. Pinus rodioto D. Don, the
n:ajor species, occupies about 30 000
ha, mainly on more fertile soils in the
south-west of  the State,  Pinus
pinoster Ai t . ,  second in importance to
P. rodioto in terms of total planted
area, occupies over 27 000 ha on poor
sandy soi ls of  the coastal  plain north
of Perth and on the Harvey coast.

Some of the oldest stands of P.
p inos te r  i n  l l .A ,  a re  a t  Gnangara ,
north of  Perth,  The f i rst  P, pinoster
plantat ions to be establ ished at
Gnangara were planted in the 1930rs.
Some of these have been clearfelled
and replanted. About 600 ha of those
stands st i l l  standing are now near or
past the prescr ibed 30-year rotat ion.

Decline in productivity with
successive rotat ions of  P. rodioto
plantat ions was measured by Keeves
(1966) in South Austral ia,  who
compared basal area growth of  f i rst
rotat ion t1R) and second rotat ion
(2R) radiata pine plantat ions on the
sarne si te:  basal  area growth on 2R
s i tes  where  bu rn ing  o f  t he  l ogg ing
residue was pract ised, was
consistent ly less (by about 30 per
cent)  than that obtained in the lR.
Consequent ly,  studies were in i t iated
in Western Austral ia in L972 (Forests
Department of  lvestern Austral ia,
unpubl ished data) to predict  the
magnitude of any 2R problems with P.
rodiato and P. pinoster before large
areas of mature 1B stands became
available for clearfelling. The aims
were to compare the growth of
successive rotat ions on the same si te,
and to determine whether al ter ing the
cond i t i ons  (eg .  t h inn ing ,  bu rn ing  o r
crushing the resul t ing resiCue,
establ ishing a Ir l  f ix ing crop and
heavv fertilization ) of a mature stand

during the final five years of the
rotat ion would benef i t  the next crop.
The experiment was seriously affected
by poor survival of P. pinoster after
replanting, but the good survival of
P. rodioto indicated no apparent
establ ishment problem.

However.  evidence of loss of
productivity in P. radioto in the 2R
was accruing in Austral ia (Bednal l
1968; Muir  1970) and in New Zealand
(Whyte 1973),  al though the lat ter
measured small losses and these only
on some soi l  types. In Victor ia,
Squire et  ol .  (1979) demonstrated that
f i rst-year growth on unburnt 2R si tes
was substantially better than that on
burnt/matched 1R si tes.  I t  was
suggesT6d-Ifi-a-t retention of the lR
l i t ter  and logging residue ( i .e.
mulching) improved ear ly growth by
increasing the avai labi l i ty of  both
water and ni t rogen in the surface
soi l ,  and subsequent studies (Farrel l
ef  o/ ,  1981) supported this
hypothesis.  In the same experiment,
at  age f ive years (Squire et  o/ .
1985) ,  compar i sons  o f  1R  and  2R
srowth on the same si tes and on
matched sites b;Tfi-showed that
Erowtfi-tnelgrrt and volume) and
survival  were much better in the
second rotation than in the first
rotat ion.

'lhe P, pinoster 2R establishment
problem in Western Austral ia was
evident dur ing the 1974 summer.
Mortal i t ies of  up to 40 per cent were
recorded where site preparation
involved burning lR logging residue
and disc ploughing between stump
rows .  I n  1975  the  su rv i v ing
seedl ings were removed and the area
replanted. Again,  high mortal i t ies
were registered in the fol lowing
summer. Other smal l  2R areas
replanted throughout the plantat ion
also showed poor survival ,  and some
had to be replanted several  t imes to
get the nominal _stocking
(2200 stems. ha ) .  A ser ious probler!
had therefore been ident i f ied,



Preliminary investigations indicated
that neither weed competition nor
al le lopathy* [D. Bel l+*,  personal
communication ) was likely to be
involved in the survival problen,
Also, frost damage is unlikety to have
been an important factor in the poor
2R survival  as suErgested by Hal i
(1985) :  t h i s  p rob lem occu r red  on
unburnt (muiched) high al t i tude si tes
in  N .S .W.  Acco rd ins  to
meteorological  recordi  the frequencv
of f rosts in the Gnangaru arei  is le=s
than one per year, Sampling for soil
pathogens was carr ied out and showed
no evidence of pathogens.

This paper reports the resul ts of
three experiments designed to assess
the contribution of other factors
(burning of  logging residue,
hydrophobic soi ls,  poor nutr i t ion and
cult lvat ion) to the poor survival  of
P. pinoster seedl ings on 2R si tes in
Gnangara Dlantat ion.

MATERIALS AND METHODS
The experiments are located in the
Gnangara plantat ion about 22 km
north-east of  Perth.  The cl imate is
typical iy Mediterranean (  Gent i l l i  1972)
and the annual rainfall for the
Gnangara area is 810 mm fButcher
1986) .  F ros ts  occu r  on  ave rase  l ess
than  once  pe r  yea r  (Bu reau  o i
bleteorology 1966).  The soi ls are
coastal  sands belonging to the
Bassendean dune system descr ibed in
detai l  by McArthur and Bettenav
( 1 e 6 0 ) .

Experiment 1
The ear ly Western Austral ian
experiments used slash burnins as
the only s i te preparat ion treatment
for 2R establ ishment.  This
experiment wi l l ,  however,  compare the
long - te rm e f fec ts  o f  bu rn ing  and
s lash  re ten t i on  (unburn t ) ,  i s  we l l  as
assessing ear ly survival  and,
therefore, complement the Victorian
and South Austral ian 1n /2R
comparisons. The study area
cornpr ised an unthinned sect ion of  a
stand planted in 1952 at a spacing of
1 . 8  x  1 . 8  m .  T h e  a r e a  ( 4 . 8  h a l  w a s
seve re l y  a f fec ted  by  d rough t  i n  j 977
in which the major i ty of  t rees
perished, The dead trees were fel led
and lef t  on the si te,  and in 19g2 the
remaining trees were clearfel lecl .
Large amounts of  s lash covered the
area. Burning or crushing slash
were the major t reatments,  appl ied in
a spl i t -p lot  randomized block desien
as fol lows.

The major plots were 100 x g0 m
each, with four repl icat ions. Two
buffer rows surrounded everv DIot,

al ie lopathy is the interference of
one plant wi th another through
substances produced by the
plant and released into the
env i ronmen t  (F i she r  1980) .

Dr .  Dav id  Be l l ,  Depar tmen t  o f
Botany, Universi ty of  Western
Aus t ra l i a ,  Ned lands ,  6009 ,
studied the ef fect  of  possible
allelopathic substances from
mature stands on young
seedl ings of  both p.  pinostcr and.
P, rodioto,  The data showeri  no
conclusive
al le lopathy.

F a c t o r  1 -  S i t e Preparat ion

(1) Crushing slash -  The slash was
crushed in March lgBZ with a
bulldozer fitted with a front rake
to spread the debris.  As the
slash was drv and br i t t le,  a
crushing ef fect  was ea si ly

evidence o f



achieved by running the
bul ldozer over the plots.

(2) Rurning slash -  Slash was burnt
in l tay 1982. A hot broadcast
burn was effected, exposin g
bare soi l  in al l  the plots.

The minor plots were 60 x 25 m
each, with two buffer rows
surrounding every plot .

Factor 2 - Fertilizer (initial
app l r ca t ron  l n  J  u l y  rudz , .

( 1 )  P  + N  ( r A g r a s r )  -
100 g. seedl ing-I  was broadcast
on one side, 15 cm away from
seedl ing, on the plant ing l ine.

(2) P (  Superphosp-hate )  -
60 g,  seedl ing '  was broadcast
to a circle of 10 cm radius
centred on the plant.

Factor 3 -  Repl icat ion (Block) -  four
iEl1i-ation s of the main treatments
with the minor plots subdivided to
give internal  repl icat ions.

The ent i re experirnental  area was
furrow l ined at the end of June 1982,
with a furrow l ine plough running
between the old rows of sturnps, to a
dep th  o f  10 -15  cm.  The  a im  o f
furrow l in ing is to create V-shaped
trenches to concentrate moisture in
the plant ing l ine. This is a standard
procedure for plant ing 1R si tes.
When this type of site preparation
technique was introduced, seedl ing
survival  improved great lv.  Plan t in g
took place one week after furrow
l ining. The open-rooted seedl ings
were  f rom o rcha rd  s tock  (S .N .  5096)
and hand plant ing spears were used
by a team of 12 workers plant ing at  a
dai ly rate of  1000 seedings.ha I  wi th
3 ,6  x  2 .5  m spac ings .  The  dep th  o f
the plant ing hole was ?0-30 cm and
seedl ings were f i rmed by heel
pressure on one side. No rain fel l  at
the si te dur ing plant ing t ime hut two
days after the completion of the

operat ion 5.2 mm were recorded. The
fertilizer was applied five days after
plant ing. Per iodic (monthly) v isual
assessments were carr ied out af ter
planting and the first quantitative one
was  made  in  January  1983 .

Experiment 2
On a crushed slash si te,  furrow
lining removed the litter and slash
( i ,e.  mulch) and exposed bare mineral
soi l  in the furrow. This may have
counteracted the mulching ef fect
produced by crushing slash. The aim
of this experiment was to determine
whether furrow l in ing of  crushed
slash (with no burning) had a
detrimental effect on the survival of
2R seedl ings of  P, pinoster.  This 2R
exper imen t  encompassed  2 .4  ha  o f  a
generally poor 44-year-old P. pinoster
stand clearfel led in February 1983.
Slash of diameter greater than 15 cm
was removed from the si te.  The
remaining slash was crushed twice
with a Napier Land Condit ioner in
May 1983, to produce a uni form
mu lch .

The treatments applied in a split-plot
randomized block design were:

Fac to r  t  -  S i t e  P repa ra t i on

Furrow l in ing on crushed debris
exposing bare mineral  soi l  in May
1 S 8 3 .

No furrow l in ing.

( 1 )

( 2 )

r l  l

Factor 2 -  Fert i l izer -  In Julv 1983.
ofiT;Ak after planting

P  +  N  [ 'Ag ras ' )_  - -
100 g. seedl ing I  was placed in
a slot approximately 15 cm away
f r ^ m  t h a  h l r h f

P ( Superphosphate )  -
60 g.  seedl ing I  was placed in a
spot application 10 cn to one
side of  the seedl ing.

( 2 )



There were thir teen l - ' locks, each with
two rows (one furrow l ined and one
not)  and each row div ided into two
plots of  20 trees (one P + N and one
P ) .

Plant ing was carr ied out in June 1983
at a spacing of  1.8 x 2 m using seed
orcha rd  s tock  (S .N .  8015J .  On ly  the
most v igorous plants (average height
15-20 cm) with good f ibrous root
sys tems  were  used .  One  p lan te r ,
working under str ict  supervis ion,
careful ly placed each seedl ing in a
plant ing hole and then the soi l  was
f i rmed by double spearing to ensure a
t ight soi l - root contact on both sides
of the or iginal  hole.

In September 1983 a wi ldf i re
destroyed two thirds of  th is
experiment and as a consequence the
experiment became stat ist ical ly
I imited, so the ent i re experiment was
repeated in the fol lowing year.  This
was done in the area immediately
adjacent to the 1983 experiment.
Several  v isual  assessments were made
and per iodic quant i tat ive survival
assessments carr ied out.  Heights
were measured twice: f i rst  at  plant ing
t ime  (June  1984)  and  aga in  e igh t
mon ths  l a te r .

Experiment 3
Aplroximatelv 5 ha of  a 40-_r 'ear-old
stanr l  af fected by a wi ldf i re in
October 1982 were clearfel led and the
logging slash was heaped and burnt.
The si te was furrow l ined in ear ly
June 1983. The aim of th is
experiment was to determine whether
survival  would be improved by
treatments as l isted, such as water
absorbent gels,  wett ing agents,  red
mud, peat,  to amel iorate soi l  moisture
condit ions, i .e.  to test  the hypothesis
that the poor survival  problem is
caused by hydrophobic soi ls.  Studies
b l '  Rober t s  and  Carbon  (1971)  i n
Western Austral ia showed that
hydrophobic zones in sandy soi ls
occurred in unevenly distr ibuted
pa  t ches .  Cnnsequen t l y  s ing le  t ree

plots were used. A completely
randomised experimental  design was
used comprising sixty replications of
each treatment. Analysis of survival
was done on non-contiguous plots of
six t rees.

The treatments were:

I - Soil mix - Seedlings were planted
into a backfill soil treatment mix (20
x 20 x 20 cm), appl ied three weeks
b t . i r r r  f n  n  l an  f i h  c r

(1 )  Loca l  pea t  (5  so i l : 1  pea t ) .
( 2 )  R e d  m u d  ( 5  s o i l : l  r e d  m u d ) .

Red mud is the fine fraction of
the residue resulting from
baux i te  re f i n ing  tWard  1983) .

(3) Red mud spread on the surface,
I  cm den th .  l i oh t lw  raked ,

(4) Fly ash (5 soi l :  1 f ly ash).  Fly
ash is the residue from burning
coal at  a power stat ion (Dames
and Moore, unpubl ished report) ,

(5) Fly ash spread on the surface,
1 cm depth, l ight ly raked.

(6) Sett i ing pond sediments
(5  so i l : 1  sed imen t ) ,  These
sediments are obtained from a
water t reatment plant and are
commonly used in State Forest in
f i rebreaks.

(7) Sett l ing pond sediments spread
on  the  su r face ,  1  cm dep th ,
l ight ly raked.

(8 )  3  g  o f  ' Te r raso rb  200 r .
(9 )  1  g  o f  rTe r raso rb  600 ' .
(10 )  3  g  o f  rTe r raso rb  600 ' ,

tTerrasorb 200t and tTerrasorb
600ra re  p roduc ts  tha t  abso rb
moisture.

t11 )  I  g  o f  rAg rosoke r .  Th i s  p roduc t
also absorbs moisture.

172) 1 g of  rEroselr  spread on the
surface + 8 g of  rAgrosoker,
'Eroselr is an anti soil erosion
agen t .

(13) 1 g of  rEroselr  spread on the
surface.

(14) Control  -  backf i l l  wi th no
amen dment .



(15) Control  -  l ight raking of
surface.

I I  -  Soi I  amendments mixed with water
and spread at the bottom of the
plant ing hole,  appl ied at  the t ime of
plantin g .

(16 )  3  g  o f  rTe r raso rb  200 r .
(17 )  I  g  o f  tTe r raso rb  600 r .
(18 )  3  g  o f  ' Te r raso rb  600 ' .
t 19 )  8  g  o f  rAg rosoke ' .

III - Roots rlipped into the following
Froduc ts ,  a t  t he  t ime  o f  p lan t i ng ,

(20) Cla; '  s lurr_rr  (bentoni te), .
( 2 2 )  ' T e r r a s o r b  2 0 0 1  ( 2  g . L - t ) .

IV -  Transpirant retardant,  sprayed
on  the  fo l i age  a t  t ime  o f  p lan t i ng .

(21 )  'Ac ropo l '  d i l u ted  to  20  pe r  cen t
in water.

V -  Wett ing agents appl ied by
water ing can to the soi l  surface of' l  m '  a t  t h e  r a t e  0 1  5  m L . m  2 ,  d i l u l e d
to 250 mL with water,  three weeks
r t r i n r  l n  n l an  f i n  o

( 2 3 ) ' A q u a s o i l r .
( 24 )  'We t taso i l r
(25) Combinat ion of  r t rVettasoi l '  and

rTerrasorb 200r root dip,

V I  -  (26 )  Con t ro l  -  no  t rea tmen t .

Twenty-six seedl ings formed a block
and 10 blocks represented a repl icate.
with s ix repl icates on the total
expe r imen ta l  a  rea .  Each  p lan t i ng
posi t ion was marked in the f ie ld with
a plot  peg placed in the centre of  a

20 x 20 cm area where the seedl ing
would be planted at the spacing of
1 . 8  x  2  m ,

Planting took place at the end of July
1 9 8 3 ,  w i t h  s t o c k  ( S . N . 8 0 1 5 )  f r o m  t h e
laul la loo seed orchard. F ain fal l
rrr-'currecl at the site during planting
t ime. Each plant received 60 g of
superphosphate in a spot application
10 cm from the stem, on the bottom of
the furrow, at  plant ing t ime,
Several  v isual  inspect ions and
quant i tat ive survival  assessments were
carr ied out,  Height measurements
were also taken initially on 5
September 1983 and f inal ly on
I  t l e D r u a r v  l v d S -

RESULTS

ExFeriment 1
Widespread mortal i ty of  37 per cent of
seedl ings occurred between November
1S82 (4 months af ter plant ing) and
February 1983 (Table 1).  Analysis of
var iance showed no signi f icant
di f ferences in mortal i t ies between
crushing and burning treatments.
However,  there were signi f ican t
differences between the two fertilizer
treatments.

Experiment 2.
Of the 230 seedl ings that survived
the 1983 f i re,  only 6 per cent were
dead  by  the  end  o f  1983-84  summer .
Likewise, seedl ing survival  was good
(92-97 per cent)  in the 1984 plant ing
(Table 2).  No signi f icant di f ferences
between fert i l izer t reatments were
observed in seedl ing mortal i ty or
he igh t  i nc remen ts .  However ,  t he re
were signi f icant di f ferences between
furrow l in ing and control ,  both in
seedi ing mortal i ty and height
increments ( furrow l in ing improved
survival  by 62.5 per cent but
reduced height increment by 20 per
cent )  .



Effect on site
dur in g the f i rst

TARLE 1

preparat ion and fert i l izer
6 months af ter plant ing P.

on seedling mortality
pinoster in ExPerirnent 1 .

Treatment Seedl ing Mortal i ty 
(  1)

Si te Preparat ion

crush

hurn

Fertilizer

P + I \ I

38*
^ - a
J C

43-

Values not havinEr a common let ter are

(1) Percentage mortal i ty in January
root values.

signi f icant ly di f ferent at  p .< 0.001.

1983 ,  t rans fo rmed  in to  a rc  s in  square

TARLE 2

Effect of site preparation antl fertilizer on seedling mortality
and height increment dur ing the f i rst  7 months

after plant ing P. pinoster in Experiment 2.

TnI-rATl, f t ,NT SEEDLI}JC J\ .4OFTALITY 
(1)

HEIGHT INCREMFNT IcrnJ

Q i t c  t r  r a n : r  r : :  r i o  n

;:";" * ,r'* 
-

Cor- r l r -n i

; j ' ,  r- t i i i ; : r: i

J

l-

5 -

7"

8 *

U

g a

l 'a luesi  not  having a common

{  I  )  ! ' {  :  { ' c n t a g e  m o r t a l i t y  i n
root  va lues.

let ter are signi f icant ly di f ferent at  p .< 0.05.

February 85, t ransformed into arc s in square



I n  con t ras t  t o  t he  l 9B4  p lan l i ng ,  i n
the 1983 plant ing (analysed not on
plot  average but on indiv idual  t rees),
furrow l in ing gave a sl ight (not
signi f icant)  increase in height
i n c r e m e n t  [ 1 9 8 3 - 8 5 ) ,  b u t  a g a i n ,
differences between fertilizer
treatments were not s igni f icant (Table
3 ) .

Experiment 3
Frequent v isual  inspect ions and a
quant i tat ive survival  assessment on
5 Septemtler 1983, indicated that al l
seedl ings remained healthy u n t i . l
1 November when three deaths and
one unhealthy seedl ing (  symptoms )
were observed, In December some
rainfal l  occurred and no further

deaths were registered al though a
number of  t rees appeared unh-eal thy.
However ,  on  l 6  January ,  dea ths  were
occurr ing in al l  t reatments and the
total  mean mortal i ty rate was 11 per
cen t .  On  I  Feb rua ry ,  t he  to ta l  mean
mortal i ty rate was 14 per cent.  The
mean mortal i ty at  the end of summer
was  l 8  pe r  cen t .  No  s ign i f i can t
di f ferences in mortal i tv rates (angular
tran sforma t ion )  between di f ferent"
treatments were recorded. Heisht
i nc remen ts  (1983-85 )  f o r  t he  con t ro l
t rea tmen ts  (14 )  and  (15 )  were  no t
significantly worse than those for
other t reatments ,  and control
t reatment [26) was on]y s igni f icant lv
d i f f e ren t  t o  t r . ea tmen ts  (21 ) ,  (4 )  and
( 1 0 )  ( T a b t e  4 ) .

on height in crement
P. pinoster seedl ings
in Experiment 2.

TABLE 3

Effect of  s i te preparat ion and fert i l izer
dur ing,the f i rst  1.5 years af ter ptant ing

which survived the wi ldf i re in 1983

TREATMENT HEIGITT INCREI4ENT (CM)

Site Preparat ion

Furrow l ined

Control

Fert i l izer

P + N

P

40"

3  9 -

40-

3 9..

Values wi th the same let ter  ind icate c l i f ference not  s ign i f icant  at  p .< 0.0S.

t 1 ) Height  increment  for  the per ior i  1983-8b.



TABLE 4

Effect of  moisture absorbent gels,  wett ing agents,  red mud,
and other soi l  amendments on heigh increments dur ing the f i rst
1.5 years af ter plant ing P. pinoster seedl ings in Experirnent 3.

TREATMENT HFIcHT INCnEMENT (cm;  (1 )

(21)

(  4 l
( 1 0 )

(23)

/ 1 1 1

( f ' r J

( 1 e )
(  1 )

(  6 )

( 1 8 )

( 1 5 )

( 7 2 . )

( 7 7  )
(  s )
(  e )
(25 )

(  3 )

t 1 3 )

( 2 2 )

( 1 6 1

(  8 )

( 2 4 )

(  7 )

(  2.)

(20 )

t 2 8 )

^ l -

^ L ^

{ U .  J

J Y .  C

^^  ^abcd
J d .  U

^^  -abcd
. l o .  o

^ l - ^ l
J A . Z

3 8 . 0 - " " *
^ - . a b c d
r l / . - t

3 7 .  0 - " " -
^-  ^abcd
J  /  . U

^ | 1 ^ , f

J O .  U

- l- ^.1

. f  o .  o

J O .  /

J O . O

3 6 . 0  " " "

J C .  U

. ] C .  d

^ - ,  b c d
J C . 9

3 4 . 8

3 3 .  I
.l

3 3 . 7
rl

J J .  C

1r.t A

Values with the same let ter indicate no signi f icant di f ference at p -< 0,05.

(1) Di f ferences between means were tested for s igni f icance by Duncants
mult lp le range test  procedure,



DISCUSSION

In Experiment 1,  the high mortal i ty
rates of 37 per cent were similar to
those found in early Western
Austral ian experiments where burning
was the only t reatment for 1R logging
slash. Crushing slash was intrcduced
as a treatment in Experiment 1,  but
did not significantlJ, improve survival
rates -  mortal i t ies on the two crush
and burn slash treatments were 38
and 35 per cent respect ivel ; r  (Table
1).  Signi f icant Ci f ferences in
mortal i ty rates [31 and 43 per cent
between the two fert i l izer t reatments
P and P + N) could be at tr ibuted, in
part ,  to the toxic ef fect  of  N in
'Ag ras ' .  Woods  (1976 j  repo r ted  tha t
ser ious damage to the root systems of
radiata pine seedlings could take
place if direct root/u fertilizer
contact occurred. In Experiment 1,
placement of the N fertilizer [to one
side of  the seedl ing),  not bur ied,
nay have caused some leaching of the
fert i l izer to the root systems.
However,  widespread deaths becane
apparent only in Januarv 1983, and
almost every seedl ing appeared
healthy in the per iod immediately
pr ior to i ts death. On excavat ion
root growth was evident on both dead
and l ive plants.  Some dead seedl ings
had  the i r  roo ts  cu r ied  up ,  a l t hough
this was also observed in certain l ive
plants.  This root con f igurat ion
sugges ts  a  poo r  p lan t i ng  l cchn ique .

In Experiment 2,  verv low mortal i ty
rates (6 per cent)  were recorded in
1983 (or iginal  experiment)  and in
1984. The fert i l izer t reatments had
no signi f icant ef fect  on mortal i ty rates
and furrow l in ing improved s1].- ; - '^1

Dr Er ic Hopkins, Department of
Conservat ion and Land
M a n a g e m e n t ,  C o m o ,  6 1 5 2 .  W . A .

by  62 .5  pe r  cen t  (Tab le  2 ) .  Th i s
improvement,  al though sl ight,  is
possibly related to a lweed control l
effect of furrow lining in addition to
moisture concentrat ion (Hopkins*,
personal communicat ion) .
In Experiment 3, the application of a
large number of  t reatments to improve
the moisture status of the soil did not
inf luence growth markedly ( l lable 4).
Mean mortal i ty at  the end of summer
was 18 per cent.  I t  appears that the
hydrophobic effects were not the
cause of mortal i t ies in Experlment 3.
Also, at  the t ime of appl icat ion of
treatments (soi l  Fr ix with amendments)
no hydrophobic areas were detected.
Excavation of some dead and live
plants showed some root development,
but most of  the dead seedl ines had
their  root systems twisted upwards,
indicat ing poor plant ing rnethod.

Two experiments (Experiment 1
planted in 1982 and Experiment 2
lr lanted in 1984) gave qui te
contrast ing mortal i ty rates [38 and 3
per cent respect ively) for the same
treatment,  i .e.  hand plant ing into
furrow l ined crushed slash. This
mortality difference appears to be
related, in part ,  to di f ferences in
ra in fa l l  pa t te rns  be lween  yea rs .  I n
1984 the distr ibut ion of  rain dur ins
the winter months was even and late
spr ing rains occurred, but in 1982
rainfali during winter was uneven and
very l i t t le rain occurred in the
sp r ing /summer  mon ths ,  However ,  i t
a lso appears that the judic ious
select ion of  plants and the careful
plant ing method may have strongly
inf luenced the survival  rates in
Experiment 2.  In Experiments 1 and
3, less at tent ion paid to stock and
poor plant ing techniques may have
caused the seedl ings to succumb when
soil moisture became limitin g at the
surface, and the root systems were
not able to explore the deeper soil
hor izons. Sands (1984) showed that
air gaps at the root-soil interface (in
transplanted P. rodioto seedl ings )
causeC water stress even in wet soi l .
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The seedlings only recovered from
this water stress when new roots
regenerated from the transplanted
root system.

In Experirnent 2,  crushing slash (with
no furrow l in ing) improved height
growth by 25 per cent in the f i rst
year.  Hal l  (  19851 ,  recorded
consistent ly lower soi l  temperatures
under mulch than in burnt or raked
plots.  In the furrow l ines (bare
soi l ) ,  the higher soi l  temperatures in
the summer per iod may have been
detr imental  to growth. However,  in
the second year,  there was no
dif ference between the two treatments
(Table 3J. This is possibly related
to the levelling of the furrow with
subsequent spreading of the mulch.

In Experiment 3 the nrean height
increments for most t reatments and
the controls were not s igni f icant ly
di f ferent.  Other studies with water
absorbent substances {  Forests
Depar tmen t  o f  Wes te rn  Aus t ra l i a ,
unpubl ished data) also fai led to show
improvement in survival  and growth
w i th  t rea tmen ts .

CONCLT]SION
f -here is no conclusive evidence frnm
these experiments of  the causes of
l he  poo r  s r r r v i va l  o f  [ ' .  l t i nos te r
seedl ings in the second rotat ion on
poor sandy soi ls in Western Austral ia.
Burning slash did not af fect
mortal i t ies s igni f icant ly,  nor did the
fert i l izer t reatments.  Wett in g agents
and other soi l  amendrnents to improve
the moisture status of  the soi l  and
reduce the water repel lent surface
also did not affect survival
s igni f icant ly.  Furrow l in in g improved
survival  in a general ly low mortal i ty
a rea .

However,  i t  appears from these
experiments that at tent ion should be
paid to the possihly crucial
importance of the plant ing method to

improve establ ishment and survival
dur ing the f i rst  summer. Further
work is planned to test  th is
possibility as well as the selection of
planting stock with fibrous root
systems and general  heal thy
appearance. Care must be taken
during handl ing and transport  of
seedl ings from the nursery to the
plant ing si te,  to minimize moisture
stress. Due to the presence of old
rows of stumps on 2R si tes,  machine
plant ing is di f f icul t .  Hand plant ing
into unburnt logging slash is
physical ly demanding and the r isk of
poor plant ing is high. Hand plant ing
has to be carefully conducted so that
no air  gaps are present around the
root systems of the transplanted
seedl ings.
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