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SUMMARY
A jarrah and marr i  forest  s tand was logged us ing

four  s i lv icu l tura l  var ia t ions:  c lear fe l l ing,  the
retent ion of  jar rah seed t rees,  the retent ion of  marr i
seed t rees,  and the retent ion of  seed t rees of  both
species.  In  aI1 cases,  legenerat ion f rom both the
exis t ing source of  l ignotuberous stems and seedl ings
germinated af ter  the top d isposal  burn was suf f  j -c ient
to sat is fy  the min imum level  o f  s tock ing requi red in
these stands.

(E. caloihylla R.Br.) FOREST

Hohrever,
seed source
composition
production

i t  is  unl ike ly  that  the retent ion of  a
for  regenerat ion wi l l  a l ter  the species
of the next crop available for timber

in the forest .



INTROUJCTION
In the forest of the extrene south-west

of  western Austra l ia '  jar rah (Eucalyptus
natg inata Sm.)  of ten grows in  associat ion
r , r i t h  m a r r i  ( 8 .  c a T o p h g T l a  R . B r . ) .

Both species can regenerate through
lignotuberous advance growlh. These stems
can surv ive in  a repressed condi t ion for
nany years under the mature tree canopy
unt i l  v igorous growth in to the sapl ing
stage is stirnulated by the death or
removal of the canopy cover.

This pool of lignotuberous advance
growth is  the najor  regenerat ion medium
for  these forests .  wi th  logging the
najor i ty  of  the large over-mature s tens
were removed f rom tbe forest ,  thus creat ing
gaps in  the canopy.  These gaps regenerate
fron the lignotuberous advance growth
and coppice fron the slumps of fe1led
trees ( . Iacobs '  1955)  .

In  the past ,  in  these mixed stands,
jar rah stens a lone were removed by logging,
as th is  species s /as favoured over  marr i  for
sawn timber production. Holrever, with the
advent  of  a  woodchip narketr  a  large
proportion of the narri component of
these stands can now also be harvested.

In ant ic ipat ion of  the sale of  rnarr i
as woodchip,  the l r ia l  descr ibed in  th is

paper was established to determine the
adequacy of regeneration in these mixed
stands,  and to establ ish whether  the
species conposition of the regrowth could
be nanipulated by the cut . t ing system
employed. The utilization of both the
marr i  and jar rah components of  these s lands
favours one or  other  seed source,  and
creates much larger  gaps in  the t ree
canopy. The probability of a greater
degree of mechanical darnage to the advance
growth stens '  due to a h igher  in tensi ty
of  logging act iv i ty ,  a lso r , rar ranted study.

There were three reasons for  the
var ious seed t ree t reatnents in  th is
t r iaL:  f i rs t ly ,  to  detern ine the ef f ic iency
of  seed- t ree retent ion for  regenerat ion
should the ex is t ing l ignotuberous sources
fa j . l i  secondly,  to  determine whelher  any
of  these seedl ings would develop in to
sapl ings;  and th i rd ly ,  to  detern ine whether
one species could be favoured over the other
by d i f ferent  regenerat ion t reatments.

METHOD
Design

The t r ia l  was estab. l - ished in  a mature
jarrah-marr i  s tand in  Lewin Block,  24 km
hrest of Manjinup. Tbe area was logged in
1969 and 1970r  and f ive p lots  each of  5 ha
were establ ished us ing a f ive- t reatment
unrepl icated design.  This  s imple design
was chosen so that the plots could easily
be conpared with each other.

FIGURE 1r  Vi rg in j  ar  rah-mar r  i
forest  before logging.



Treatments
The f ive t reatments were:  the retent ion

of  a v i rg in (untreated contro l )  s tand
(Fig.  f )  i  c lear  fe l l ing reta in ing jar rah
seed t rees only i  c lear  fe l l ing reta in ing
marr i  seed t rees only i  c lear  fe l l ing
reta in ing seed t rees of  bolh species;  and
clear  fe l l ing a lL grorar ing stock.

Jarrah sawlogs were removed from the
si te  but  potent ia l  marr i  ch ipwood was
fe l led and le f t  a t  the stump,  as the
chip['ood project had not connenced at the
t ime of  th is  t r  ia1.

Owing to var iab le s tand condi t ions,  the
seed t ree spacings were not  constant .
The seed t ree stock ings r , rere 5,4 per  ha
( m a r r i  o n l y )  ;  6 . 4  p e r  h a  ( j a r r a h  o n l y ) t
r n d  1 2  p e r  h a  ( j a r r a h  ( 7 . 6 )  a n d  m a r r i
(4 ,4)  )  .  Af ter  fe l l ing was completed,
s lash was burnt  in  a norrnal  operat ional
top d isposal  burn.  The f i re  was a lso
allowed to run through the litter in the
untreated p lot ,  resul t ing in  v i r tua l ly
complete l i t ter  removal .

Assessment
stocking of regeneration. No fire
behaviour  or  fue l  mass data are avai lab le
for ehe top disposal burn. Hoerever, a
mi ld  f i re  was prescr ibed '  which was l i t  in
the Iate af ternoon and ear ly  evening.

The burn was conducted in mid-Decenber
1970,  on a day wi th a maximum temperalure
of  25oC, and wi th reLat ive hunid i ty
rangi .ng f rom 498 at  the star t  o f  l ight ing
to 559 at  the f in ish of  l ight ing in  the
ear ly  evening.  The f i re  danger  rate of
spread index was approx i rnate ly  23 n.h- I ,
and the f i le  hazard was moderate
(Sneeuvr jagt  and Peet ,  1979) .  There had
been 6 nm of rai.n in the week preceding
the burn.

None of lhe seed crops in any of the
t reatments was assessed.  However,  seed
crops in each plot appeared conparable for

e l q e r c r .

Prior to logging, two 500 rn lines were
located in each plot. Along these lines
a tota l  o f  5OO quadrats 4 m2 in  area,  at
spacings of  2  n,  were assessed for  the

numbers of jarrah and rnarri advance growth
lhey conta ined.

Af ter  logging but  before burn ing,  a
central line 500 n long was randomly
selected in  each p lot .  A long th is  l ine
50 quadrats 4 n2 in  area were permanent ly
establ ished at  10 m spacings.  The numbers
of  seedl ings,  coppice stems (F ig.  2) ,
saplings, and lignotuberous advance grovrth
(Fig.  3)  were counted in  each quadrat .

Further assessments were compleeed
dur ing autumn,  four  months af ter  burn ing,
and seven years la ter .  Unfor tunate ly ,
sone of the data for the imnediate pre-fire
assessment  have been n isp laced,  and the
only  resul ts  avai lab le are those for  Lhe
percentage of 4 n2 plots which were stocked
w i t h  e i t h e r  j a r r a h  o r  n a r r i .

Effecx of coppice on other forns of
regenexaXion. A sepalate assessment of
coppice regenerat ion in  th is  t r ia l  vras
conpleted e ight  years af ter  burn ing.

Because of the rapid growth, vigour and
nunbers of coppice stens, it was thought
they might suppress seedling and advance
growth regenerat ion,  resul t ing in
morta l i t ies.

Six  150 m2 (15 x 10 m) sub-p lots  were
establ ished in  the c lear- fe l led p lo! ,  and
al l  regenerat ion was assessed to establ ish
stock ing levels  and height  growth.  Then
the five closest stems (not including
coppice) to each coppicing stump were
assessed for height growth and proximi.ty
to the coppicing stump.

fn addi t ion,  ten c i rcu lar  sub-p lots ,
each 5 m in radj .us (area ?8.5 m2;  were
established around coppicing stumps in
the jar rah and marr i  seed t . ree pLot ,  and
within them the numbers and height of each
regenerat ion form present  were assessed.

These additionaL plots were located in
the jar rah-marr i  seed t ree p lot  because lhe
coppice stens here exhibited more vigorous
grovrth than in the clear-felled plot. It
was thought that. this fact vrould emphasise
more clearly any adverse effect of
conpetition from coppice on the other
forms of  regenerat ion.



FIGURE 2:  Jarrah coppice e ight  years
af ter  a regenerat ion burn.

FIGURE 3: Vigorous eight-
year-o ld jar rah and marr i
advance growth.



Treatnen! SPecies

7 years
post burn !

Nos Stems
sampled2 per ha

Vi.rgin stand

Marr i  seed
M

Jarrah seed trees ,l
M

Mixed seed trees J
M

clear  fe l led
M

200

2 100
2 3  1 1 5 0

50 30 00
1 9  9 5 0

27 1350
4 2  2 1 0 0

2  1 0 0
3  ] 5 0

TABLE I
Seedl ing regenerat ion of  jar rah and marr i

follouing logginE and burning

rNo seedlings observed in any of the
treatments before 7 years Pos! burn

2Nos sanpled = total number of stems of
each type assessed in  the f i f ty  4 n2
plots per treatment

TABI.E 2

Advance growth regeneration of jarrah and narri
following logging and burning

Treatment SDecies

Pre logg ing I

Nos Stens
sanpled2 per ha

4 months
pos! burn

Nos
sampled

Slems
per ha

7 years
post burn

Nos Stems
sanpled per ha

Virg in s tand

Marr i  seed t rees

Jarrah seed t lees

Mixed seed t rees

felled

.t
M

,l
M

J
M

.l
M

u

8 8  4 7 7 7
5 3  3 4 0 8

7  4  3 6 3 6
77 3779

a a  z t z 9

J . J J  O Y b  /

111 s48 3
7 0  3 4 5 8

97 50L2
9 8  5 0 8 4

4 5
5 4

2 9

5 0
3 8

3 1

3 7
3 8

2250
2700

14 50
1 5 0 0

2500
1 4 0 0

r 6 5 0
I 5 5 0

1 8 5 0
1 9 0 0

36 180 0
1 1 6  5 8 0 0

I O
1 t

5 0 0
5 5 0

a 3  L Z > V

31 1550

I s  7 5 0
2 2  1 1 0  0

3 6  1 8 0 0
75 3750

rThe results of the pre-logging assessrnent have been adjusted to correlaEe
with post-burn assessnents, as bhe pre-logging assessnent involved 5OO
plots each of 4 m2 instead of 50 plots as for later assessments

2Nos sampled = total sten nunbers counted in each treatment



TABLE 3

Sapl ing l  regenerat ion of  jar rah and marr i
following logging and burning

'Saplings are those stens r,rhich have
an overbark sten diameter greater than
5 cm at 1.3 n above lhe soil surface

2tto sapling regeneration was observed'in 
the 4 nonth post-burn assessment

3Nos sampled = totaL stem nunbers
counted in each treatnent

TAB].E 4
coppice regenerat ionr  of  jar rah and marr i

follbwing logging and burning

lln this table, each coppicing stump is recorded as one stem
(many stumps have multiple slems)

zNos sampled = the total number of stems counted in the assessment
of  each t reatment

Treatnent Species

7 years post bur n2

Nos Stems
sampled3 per ha

Virg in s tand

llarr i seed trees

,Jarrah seed lrees

Mixed

clear felled

,t
M

J
M

J
M

.I
M

.I
M

4 200
L 7  8 5 0

2  I 0 0
q  ,  < n

2 100
0 0

4 200
0 0

0 0
0 0

Treatnent  Species

4 months
po6t burn

Nos Stems
sarnpled2 per ha

7 years
h ^ a l -  l . \ , r r ^

Nos Stems
sampled per ha

Virg in s tand

Marr i  seed t rees

. farrah seed t rees

Mixed seed t rees

Clear  fe l led

J
M

J
M

.I
M

,l
M

,l
M

0 0
0 0

0 0
0 0

0 0
2 L00

I  5 0
r  50

I  5 0
J J.)U

3 1  1 5 0 0
t 8  9 0 0

3 4  1 7 0 0
t2 600

3 0  1 5 0 0
1 8  9 0 0

7 2  3 6 0 0
1 9  9 5 0

0
0

0
0



T.ESULTS
Stockim kvels

ThJresul ts  of  the assessments of  s tem
nunbers before logging, four nonths after
the burn and seven years after the burn
are shot,rn in Table I (seedlings), Table 2
(advance growth) ,  Table 3 (sapl ings) ,  and
Table 4 (coppice gro!{th). The pre-burn
assessment is not included because it can
be based on stocking by 4 m2 quadrats only.

In lhe cables, only those assessments
where the par t icu lar  form of  regenerat ion
under consideration was present have been
included. For example, as there rras no
coppice growth before 1o99ing and burning'
the tr.ro assessments before burning have
been excluded from Table 4.

The successful establishment of
seedlings fron the retained seed trees is
ind icated in  Table l .  Seedl ing
regeneration was gleatest in lhe Plots cut
to seed trees and least in the clear-felled
and uncu!  p lots .  where seedl ings are
present in the absence of seed trees of
that species, they may result either from
seed from the original slands' some of
which rnay have survived the nild burn, or
from seed blown in from adjacent Plots.

Jarrah advance growth had decreased in
all plots at the 7-year poat-burn
assessnent  (TabLe 2) .  This  could be
attributed. to mechanical danage during
lo99in9, !o the growth of some stems into
the sapl ing c lass (Table 3) ,  or  to  the
destruclion of gome stems in the toP
disposal  burn.

Af ter  logging and burn ing,  narr i
advance growth tended to decrease in
numbels in the treated plots. In the
virgin plot, however, rnarri advance
growth numbers increaaed substant ia l ly .
This  ind icates that  marr i  seedl ings are
able to successfully germinate and
establish under full forest canoPy.

In the c lear- fe t led and v i rg in.pJ-ots '
a large increase in the numbers of marri
advance grorarth was evident between four
months and seven yeara after the burn.
However, in the other three treatnents the
numbers fell or remained viltually constang
dur ing th is  per  iod.

The large increase in marri advance
growlh after lhe inmediate post-burn

assessrnent in the clear-felled plot may be
attributable to the timing of the
assessment .  I t  is  possib le that  not  a l l
Iignotubers had re-splouted within four
nonths of the burn.

Sapling stocking at 7 yeals is low in
all treatments (Table 3) ' Iargely because
the trial is not yet of an age whictt would
allorv for full development of the existing
advance growth. None of the nevJly
regenerated seedlings has yet developed to
the sapting stage. The saplings assessed
in the v i rg in p lot  are possib ly  the resuLt
of  morta l i t ies or  defo l ia t ion through f i re
in the rnature overstorey' which would
allow che existing advance grol{tth to
develop.

Coppice growtb is nost numerous in the
conplete ly  c lear- fe l led p lot  (Table 4) ,
allhough atl treated plots exhibit some
degree of coppice formation. The coppice
stocking includes not only stens on the
stunps of felled mature trees, bu! also
stens from sapling and larger advance
growth, broken or damaged in the logging
and burning operation, and which
subsequenlly produced coppice shoots.

The total stocking by 4 m2 quadrats
and by total stem numbers for each
assessment  are presented in  Tables 5 and 5.

In terms of both total stem numbers
and quadrat 6tocking percentages, the
s i luat ion 7 years af ter  regenerat ion d i f fers
little fron that existing before logging
(Tables 5 and 6). Ilor.rever, all trealed
plots shorred a decrease in quadrat stocking
following the 1og9ing and burning
operations. This could be due to the
destruction of growing stock during logging
and burning or to the failure of sone
lignotuberous and coPpice stens to develop
new shoots prior to the assessment four
months after the burn.

All treated plots shovJed an increase
in stem numbers afler the regeneration -
burn.  The s ize of  the increase var ied
from 738 (marr i  seed t rees)  to  1628
(complete ly  c lear  fe l led) .  In  the la t ter
most of the increase was due eo coppice
growth. In comparison, stem numbers in
the untreated virgin stand increased by
only 58t over the same period. Tbis
increase was due mainly to marri advance
growth.



Treatment  Species

Stock ing percentage by species

Pre Pre 4 months 7 years
logging burn ing pos!  burn post  burn

J
Vi rg in  s tand M

Total

J
Mar r i  6eed t rees  M

Total

.l
Jar rah  seed t rees  M

TotaI

Mixed seed t ree s
J
M

TotaI

.I
M

Total
C lear  fe l led

'70

6 2
8 7

4 9
6 2
7 8

4 7

8 9

6 5

B 6

6 A

6 5
9 t

6 6
5 6
8 6

4 2
3 2
6 2

60
4 4
7 4

4 0
4 0
6 0

5 8
4 2
7 2

6 8
6 4
9 0

3 2
4 0
60

5 0
3 8

3 4
3 6
5 6

4 0
4 0
6 0

4 4
8 6
9 0

4 8
t ro

8 0

9 8

o o

6 B
8 8

8 2
8 0
9 4

TABLE 5
Stock ing  percentage by  4  n2  p lo ts  o f  a l l

ja r rah  and mar r i  regenera t ion

The tota l  s tock ing percenlages are not  equal  to  the sum of  the jar rah
and rnarr i  s tock ings,  as sone p lots  are s tocked by both species

?ABLE 6'""'i:'il.::To:::.::,:li.l"""n

Treatnent  Species

P r a  l n n a i n a l

Nos
5ECINSsampreo-

4 months post
burn

Nos
sampred scems

7 years post
burn

Nos
Sampled

J
Virg in s tand M

J
Marr i  seed t rees  M

Total

J
Jar rah  seed t rees  M

TotaI

J
Mixed seed t rees  M

Total

'l
C lear  fe l led  M

Total

8 8
6 3

r 5 t

7 4
7 1

151

1 3 3
l 8 s

1 1 1
7 0

1 8 1

9 7
9 8

1 9 5

4 7 7 7
3 4 0 8
8 1 8  s

3 6 3 6
37'19
7  4 ! 5

2 7 2 9
6967
969 6

5 4 8 3
3 4 5 8
8 9 4 1

5012
5 0 8 4

1 0 0 9 5

L L 2

2 9
3 0
5 9

5 0
3 0
8 0

3 4
3 2
6 6

3 8
4 L
7 9

2 3 0 0
3 3 0 0
5 6 0 0

1 4 5 0
1 5 0 0
2 9  5 0

2500
r 5 0 0
4 0 0 0

r 7 0 0
1 6 0 0
3 3 0 0

1 9 0 0
2 0 5 0
3 9 5 0

4 0
1 3 7
717

5 7
r02

L 2 I
6 2

r83

7 6
B 2

1 5 8

1 1 0
9 7

2 0 7

2 0 0 0
6 8 5 0
B B 5 O

2250
2 B  5 0
5 1 0  0

6 0 5 0
3 1 0  0
9 1 5  0

3 8 0 0
4 1 0  0
7 9 0 0

5 5 0 0
4 8 5 0

I 0 3 5 0
lThe pre-logging assessnent resul!s have been adjusted to the sane sanpring intensity
as the other  assessments

2Nos sampled = total number of stems assessed in each treatment



The results of assessnent of the plots in the clear-feIled area are contained
effect of coppice regeneration on the in Table 8. h both tables, the seedling
other forms of regeneration are presented and advance growth regeneration have been
in Tables 7 and 8. summed for comparison with the overall- pLot

nean. Ttlis was done because of difficulty
The results of the assessnent of in distinguishing between seedlings and

regeneration in ten circular plots (each advance grovrth.
of  78.5 m2 in  area)  in  the jar rah-narr i
seed tree area are contained in TabLe 7. coppice does not influence the stocking
The resul ts  of  the assessnent  of  s ix  150 m2 levels  of  the other  forms of  resenerat ion.

TABI,E 7

The effect of jarrah and marri coppice growth on olher
forms of  regenerat ion e ight  years af ter  s lash burn:

jar rah-marr i  seed t ree t reatment

TABLE 8

The ef fect  o f  jar rah and marr i  coppice on other  forns of  regeneratron

eight  years af ter  s lash burn:  c lear- fe l led t reatment

1 Area quoted here is  the ground area ins ide the c i rc le  conta in ing the

5 regeneration stens closest to the target coPpice stem'

2 The stocking level for the total clear-fetled plot accounts only for

seedling, advance growth and sapling regeneration'

s  95t  conf idence in tervals  about  the mean.

Regenerat.ion
tyPe

Mean no,  of
stems assessed

per 78.5 m2 sub-Plo!
(around coPPice)

Equivalent
stock ing of

sub-plot
(s tens/ha)

overall plot
s tock ing

( stems/ha

Marr i  seedl ing
and advance
growth

,larr ah seedling
and advance
grOr'rth

Total seedling
and advance
growth

z J .  z

2 0  . 6

4 3  , 8

? q q n

2  6 1 8

5 5 5 8

3200

2 1 0  0

5 3 0 0

Number of
coppice stems

sub-PIot
stock ing of
total ptot2
(stems/ha)

Mean he igh t  (m)

o f  a I I
regenera t ion

Number Equivalent
assessed stock ing

(stems/ha)

4 5  4 9 5

Mean area Equivalent
(m2 )  I  s tock ing

( stems,/ha)

9 . 5 7  5 2 2 4  !  1 4 0 4 3 5 8 0 0

sub-plot Total PIot
around coppice

2 , 5 4  t  L . L 6 3  3 . 8 3  1  1 . 5 0 3



Ilowever, the results fron the clear-
felled treatment (Table 8) indicate sone
reduction in the mean height growth of
seedlings, advance gronth and saPling
stems in close proxinity to a copPice
stern. This nay increase in imPorlance
as the stand ages.

CONCLUSIONS
The pool of advance growth Present was

suf f ic ient  to  regenerate the cut-over
areas in  th is  t r ia l .  Hor . i tever ,  not  a l l
s tands logged \d i l l  have adequate quant i t ies
of advance grolrth and in sone it nay be
necessary to supplement the regeneration
wi th seedl ings f rom reta ined seed t rees.
This  t r ia l  shows that  both jar rah and marr i
wi l I  regenerate successfu l ly  f rom seedl ings,
prov ided tha!  suf f ic ient  seed t rees are
reta ined.

However, it appears that the sPecies
composi t ion of  the second rotat ion
overstorey will be determined by the
advance grora'th and saplings Present in the
forest  before logging.  These are able to
take advantage of the reduced
compet i t ion f ron overstorey species
following logging and burning, and assune
vigorous growth imnediate ly  af ter  the
regenerat ion burn.  only  through
supplementary p lant ing or  th inning wi l l
it be possible to alter the composition
of the second rotation crop in the absence
of  a fur ther  severe d is turbance such as
Iogging or  f i re .

This suggesls that retained seed trees
can influence the second rotation crop
only where the resulting seedlings
develop in the absence of competition
f rom both the overstorey.  v igorous
advance growth, and coppice fron stens
present  before logging and burn ing.  These
condi t ions could ex is t  in  sect ions of
clear-felled coupes and all coupes should
be examined before logging to ascertain
whether the advance growth stocking i.s
adequate.

coppice from the stumps of felled
l rees d id not  af fect  the regenerat ion of
seedlings and advance growth. Hoh'ever,
in  areas where stock ing levels  of  the
other  forns of  regenerat ion are narg inal ,
some coppice control may be necessary
to ensure opt imum growth.
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