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SUMMARY
The growth  and seed produc t ion  pa t te rns  o f  sone rna jo r

unders to rey  spec ies  o f  Western  Aus t ra l ia 's  south-west
fo res ts  were  s tud ied .

Mon i to r ing  over  an  e igh t -year  per iod  showed tha t  some
shor te r - l i ved  spec ies  o f  legumes,  namel "y  Acac ja  b rown iana,
A  . l  i  \ t ^ r d ^ h c  A  m t J r r ;  f ^ 1  :  -

P u t w t t c J  J  d  d t t e

A.  u rophvTfa ,  reached matur i t y  and connenced seed
produc t ion  in  th ree  years  and then qu ick ly  succumbed to
senescence and death .  The longer  l i ved  legurne spec ies
Acacia pentadenia and Bossjaea 1i-nophqlla appeared to
have s imi . la r  seed produc t ion  pa t te rns .  Two o ther  longer
lJ .ved spec ies  s tud ied ,  B .  la id .Lawiana and TrqnaJ iun
spathu fa tun  (no t  a  legume) ,  d id  no t  reach the i r  fu l1
seed produc l ion  by  age e igh t ,

T h e r e  w a s  a  d i s t i n c t  p a L t e r n  o f  a l t e r n a t e  h i g h  a n d
low seed produc t ion  years ,  w i - th  very  h igh  seed produc t ion
occur r ing  in  some spec ies .  D i f fe rences  in  s i te  fac to rs ,
h ' i th in  the  nar row range o f  so i l  and  mois tu re  cond i t ions
ava i lab l .e  fo r  each spec ies ,  had no  apparent  in f luence on
h e i g h t  g r o w t h ,  s u r v i v a l  o r  s e e d  p r o d u c t i o n .

The major i t y  c f  the  leguminous  spec ies  s tud ied
comple ted  the l r  l i fe  cyc le  and seerned to  be  promoted by
prescr ibed burn ing  on  a  s ix  to  n ine  year  pa t te rn ,
There  were  ind icaL ions  tha t  ho t  f  j . res  cou ld  s ign i f i can t ly
increase seed produc t ion ,  and tha t  deaths  occur red
e a r l i e r  o n  c l e a r  f e 1 1 e d  a r e a s .



INTRODUCTION

A large propor t ion of  wet  sc lerophyl l
karrr (Eucalgptus diversico-Zor) and rnixed
karr i , /marr i  (8 .  ca lophgTTa) forest
understorey is  nade up of  f i re-sensi t ive,
hard-seeded legune species.  The n i t rogen
f ix ing proper t ies of  these legumes p lay an
important  ro le in  fcrest  fer t i l i ty ,  and
thei r  product ion of  f  Lrngus-  inh ib i  t ing
mi  cro-or  gan i  srns reduces the suscept ib i l i ty
of the forest to Phqtophthota cinnamani
( s h e a ,  1 , 9 7 9 )  .

The non- leguminous hazel  l f rgnaLiun
spathufatu,n)  ,  is  a rnajor  sFecies of  the
karr i  understorey on the bet ter  loams.

Seeds of these species accurnulate in the
soi l  and l i l ter '  and can l ie  dormanl  for
very long per iods.  For  germinat ion t -o
occur ,  the seed coat  needs to be made
permeable to  water  (Beadle,1940)  .  This  is
usual ly  caused by f i re '  which cracks
open the seed coat and allotr's noisture to
enter .  Thus tbe pre-dominant  hard-seeded
understorey species germinate pro l i f ica l ly
a f t e r  f i r e  ( C h r i s t e n s e n  &  K i m b e r ' 1 9 7 5 ) .

Since 1953 the Forests Department  has
adopted the pract ice of  prescr ibed burn ing
every s ix  to  n ine years '  tc  reduce fuel
levels  in  forest  understorey.

A study was needed of  the l i fe  cyc le
and seed product ion of  preferred
understorey species ( legumes) '  to
establ ish whether  ex is t ing burn ing pat terns
favoured thei r  promot ion.

Growth measurementsr  surv iva l  counts
and seed production were monitored for
n ine species wi th in 27 p lots  over  an e ight
year  per iod,  that  is  between two grcund
clear i  ng oper  a t  ions.

The p lots  were p laced to tes l  a  wide
range of  s i te  factors.  I t  rvas c lear ly
establ . ished that  seven of  the n ine species
studied had completed thei r  usefu l
l i fecycLe and peak seed product icn had
occurred ra ' i th in  s ix  years.  s i te  factors
had no s igni f icant  ef fect  on growth rates
or  seed product ion.

METHODS AND MAIERIALS

species chosen for  the study were
A C a C J a  p r o w n J d n d ,  A .  d l v e t g e c s ,

A,  nqr t i foT ia ,  A .  pentaden ia ,  A .  puJche l la ,

A .  uzophgTTa,  Bcss iaea la id lawiana,
B.  l inophg l la  and TrgnaT iun  spathuTatun .
These spec ies  are  a l l  f i re  sens i t i ve  and

regenerate from seed, vtith the exception of

B .  l inophg l ia  wh ich  regenera tes  na in ly  f ro rn

subterranean rootstock. TrgnaTiun
spaxhuTatun ( Rhannaceae) was the only non-

legun inous  spec ies  s tud ied  '

Two to four Plots were selected for

each o f  the  n ine  spec ies .  w i th in  each p lo t

ten plants (narked and nunbered) were chosen

a!  random wi th in  5  m o f  a  cent ra l  peg.

P lo ts  were  locaLed on  the  grea tes t  poss ib le

range o f  so i l  and  fo res t  types '  w i th in
a  50  km rad ius  o f  Man j inup,  a t  B lue

Pot  Road,  P ine  Creek  Road,  Scat te r  Road,

Henwood Road, strickland Road, Maxch Road,

crace Road, Ant Rcad and Deans Road'
(Map page 3)  .

s tudy  areas  were  se lec ted  v there  the

date  o f  the  prev ious  burn ,  and hence the

age of the plants, was known. Al1 plots

were  es tab l i shed be fore  the  p lan ts  had

reached seed-bear ing  age,  except  fo r  one

each o f  the  A.  b rowl iana and E.  Ja id lawiana
p lo ts ,  s i ted  w i t -h in  an  area  o f  four -year -o ld
scrub aL Bl.ue Pot Road (Appendix l) '

Annua l  he igh t  g rowth  was measured w i th
a  he igh t  rod  over  a  s ix -year  per  j .od ,  by

wh ich  t ime nos t  spec ies  had reached the i r
max imum he igh t .

Surv iva l  counts  were  nade annua l ly  and

cont inued fo r  a  fu r ther  two years ,  a f te r

wh ich  13  o f  the  or ig ina l  27  p lo ts  had been

d is tu rbed (burn t  o r  c leared)  and were
unsu i tab le  fo r  fu r ther  measurements .

Seedfa l l  was  measured by  p lac ing  th ree

0.4  m2 (one ten th  mi l -acre)  w i re  mesh t rays
a t  randcn po in ts  w i th in  each p1ot .  seedfa l l

to ta ls  a re  there fore  an  average co l lec t i cn
f rom the  p lo ts  o f  each par t i cu la r  spec ies ,
no t  jus t  f ron  the  ten  marked p lan ts  on  each
p lo t .  Seed t rays  were  p laced in  the  p lo ts

in  ear ly  December ,  be fore  the  seed pods

r i p e n e d ,  a n d  l e f t  u n t i l  l a t e  F e b r u a r y
before  p ickup.  on ly  the  seed o f  the  spec ies

under  s tudy  was counted .  fU  v tas  assumed
that  the  propor t i cn  o f  seed ea ten  by

insec ts  o r  b i rds  was approx ina te ly  the
same wi th in  the  t rays  as  w i th  tha t  fa l l ing

on the  sur round ing  area .  No excess ive
numbers  o f  insec ts  were  seen in  the  t rays
a t  any  s tage.



,1 BLUE POT RD.
2 STRICKLAND RD,

3 SCATTER RD,
4 HENWOOD RD,

5 PINE CREEK FD.
6 MARCH RD.
? DEESIDE BD. GRACE RD.
8 ANT RD,
9 DEAN RD.



RESULTS

Height

Wj. lh in each species.  so i l  d i f ferences
had l i t t le  ef fect  on height ,  though the
narrow range of  s i tes avai lab le nade
compar isons d i f f j .cu l t  (see Appendix 1) .
wi th  A.  pufchef la  for  instance,  height
growth was better on the karri loan at
Pine Creek than on the podsol at Scatter
Road,  whi le  the reverse was the case wi th
B.  fa idfawiana.

The smal ler -  to-medium s ized species,
A. diverg€ns and A. pu-Zciella, had reached
wel l  over  hal f  the i r  f ina l  he ight  by the
end of  the i r  th i rd yearn af ter  vrh ich annual

height  incrernent  progress ive ly  decreased
t i11 natur i ty .  Acacia browniana and
A, ngrtifolia had almost reached naximum
height  at  age three,  Acacia nqr t i fo i ia
showed an overall decrease in height in
i ts  seventh year ,  due to severe dy ing back
of  leading shoots in  that  year  (F ig.  t ) .
Acacia urophg-lfa was stil1 growing in
height  at  age seven,

The larger  species,  A.  penxadenia,
B. laidlawiana and ?, spathufatun. gtew
a!  much the sane in i t ia l  ra te as lhe
smal ler  species,  but  susta i .ned thei r  annual
growth increment over the six-year period
of  the t r ia1.  Ind iv iCual  A.  pentadenia at
Ant P-oad reached sorne 7.5 n in heiqht at
aqe e iqht .
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Figure  1 .  Mean he igh ts  o f  wet  sc le rophy l l  sc rub  spec ies  on  a l l  s i tes  neasured over  a
s ix  year  per iod
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Survival and Longevity

The smaller species, A. browniana and
A.  puTche lTa '  were  shor t - I i ved ,  the
major i t y  o f  them be ing  e i ther  dead or  in
an advanced stage of senescence by their
eighth year. Acacia divetgens $ras sinilar
Eo A.  pu lcheL la  a t  year  e igh t ,  though nos t
o f  the  rena in ing  p lan ts  were  senescent  a t
tha t  s tage ( f ig .  2 ) .  Acac ia  bzowniana
genera l l y  had the  shor tes t  l i fe  span,  w i th
on ly  one f i ve-year -o ld  p lan t  surv iv ing  a t
March  Road.

Acacia ngtxifolia and A, urophglla
v,'ere al-so short-l i .ved, although their
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surv iva l  ra te vras h igher  in  the f i rs t  f ive
years.  Af ter  the i r  s ix th year  degenerat ion
accelerated,  A.  ngzxi fo i ia  suf fer ing badly
f rom insect  gal l  a t tack,  defo l ia t ion and
senescence.  Al though Lhe A.  ngrx i foTia
surv iva l -s  were greater  at  the t ime of
measurement  in  year  e ight .  the p lants were
severe ly  degraded,  and wi th in three months
had a l l  d ied.  The A.  urophgl la  p lots  s t i l l
had severa l  surv ivors one vear  af ter  the
f ina l  measurernents.

As neasurenents commenced nhen plants
were two to three years old, Figure 2 does
not  ref lect  percentage casual t ies pr ior
to th is .
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Figure 2.  Casual t ies in  wet  sc lerophyl l  scrub species over  an e ight  year  per iod.



There appeared to be sone relationship
betvreen the Fresence of overhead canopy and

surv iva l  ra tes  o f  the  shor t - l i ved  spec ies .
The na jo r i t y  o f  p lo ts  had t ree  canopy
vary ing  f rom l igh t  to  heavy ,  and there  was
no d iscern ib le  pa t te rn  o f  deaths  in  these.
At March Road, which was the only completeLy
open area '  ear l ie r  deaths  were  more
preva len t  in  A .  b rawn iana,  A ,  d ivergens ,

and, A. nvrtifolja than in conparable Flots
i n  o t h e r  a r e a s  ( F i g .  3 ) .

O f  t h e  t h r e e  l a r g e r  s p e c i e s ,
A.  penxaden ia ,  B .  l -a id lawiana and
?.  spat iu - la tun '  nos t  p lan ts  were  s t i l l
su rv iv ing  a t  age e igh t '  the  on ly  casua l t ies
apparent ly  caused by  suFpress ion  or  cyc lone

danage (p lo ts  des t royed by  f i re ,  c lear ing
or fall ing trees were excluded from the
assessment ) .  The except ion  was the  p lo t  o f
B ,  Ta idTawiana a t  P ine  Greek '  where  the
f i rs t  death  occur red  when the  P lan ts  were
four  years  o ld '  and a  s teady  de ter io ra t ion
took  p lace  in  the  p lo t  un t i l  remain ing
p lan ts  d ied  in  tbe i r  seventh  year .  The
ear l ie r  deabhs appear  to  have been the
result of conpetit ion from ?. spathuLaxum.
which becarne the dorninant species on this
s i t e ,

Surv iva l  ra tes  were  be t te r  in  the  two
B .  l i n o p h g l l a  p l o t s .  w i t h  a I 1  p l a n t s

rerna in ing  hea l thy  in  the i r  e igh th  year .
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Seed Production

Throughout the study Period an
alternate high,/low pattern of seed
product ion occurred in  the mature p lants '

i r respect ive of  the age of  the p lant
(Table 2)  ,  (The only  species in  which th is
pattern l.ras absent was ?. spatAu fatun\ ' Tlie

cause of  th is  f luctuat ion was not  aPparent '

No seed trays were put out in December

19?1,  but  observat ions were made of

flowering and seed pod production of lhe

three and four-year-old trees at Blue Pot

and Deeside Roads (burnt  December 1968 -

March 1969)  .  The very low product ion

observed rnay have been a result of the
plant 's  inunatur i ty ,  but  is  more l ike ly  to

have coinc ided wi th a poor  seed year '  In

Decenber 19 '72,  the fo l towing seedj 'ng
season'  p lots  of  the four  specres
(A.  puicheTTa,  A.  urophgTla,  B.  Taid lawiana
and .B,  l jnophgl -za)  conta in ing three-year-
o ld p lants consis tent ly  produced very h igh
s e e d  f i g u r e s .

Most speci.es Froduced some seed in
thei r  th i rd year  (Table 1) ,  though the

ccunt was generally loh'. Much of the

ear ly  in f lorescence abor ted dur ing Lhe
f lower ing or  budding stage.  seed
product ion cont inued unt i l  age s j .x  or
seven in  a l l  the shor t - l ived Acacias,
af ter  which the deaths of  many p lants '  and

senescence of  the remainder '  drast ica l ly
reduced product ion.  Acacia pentadenia
produced most  seed in  i ts  four th year ,

af ter  which product ion progress ive ly
decreased unt i . I  i ts  e ighth yearT whi le
B, Tinophgtla appeared to reach its peak

at  s ix-years oId '  as i ts  product ion at
e ight-years was s igni f icant ly  lower
( . 0 0 1  l e v e l  i n  c h i - s q u a r e  t e s t ) .

The longer-lived B. TaidTatr'jara and
T. spathuJaxun had apParently stil l to
reach fu l l  product ion when these t r ia ls
concluded. ?rqmal"ium spathufatum,
produced no seed unt j ' I  i ts  f i f th  year '

A l though in f lorescence occurred in  th is
species at  ages three and four ,  i t
abor ted pr ior  to  seed forming.

The d is t inct  pat tern of  h igh and low
seed years is  shown in  Table 2,  the
di f ference between both being s igni f icant
a t  t h e  O . O 5  l e v e l  ( s t u d e n t ' s  t  t e s t ) .  T h e
lo lv  to ta l  seed product ion in  1976,  which
(accord ing to the pat tern)  should have
been a h igh Year '  was caused bY the

senescence and death of most of lhe
shor t - I i ved  p lan ts  and the  dec l in ing  seed
production of A. pentadetja ' the longest-

l i ved  o f  the  Acac ia  spec ies .

TABLE I
Age o f  seed produc t ion  ln  wet  sc le rophy l l

sc rub  sPec ies .

- f lowers, no seed Produced
- seed producetl
- producti .on low

TABLE 2

seed product ion in  wet  sc lerophyl l
understorey scrub species (seeds/rn2 )

f
x
I

SPECIES
YEAR

L972 r9?3 1914 1975 L976

Acacia brawniata

'  ngxx i fo l ia

" puTcheTla
. uroph|lla

Bossiaea laidlaviana
n l i .ophg l la

rqnaTiun spaxhulaxun

1 4 5 7 7 4 6 5 5 7 5
1325 LO 3a22 50 52

9 8 5  r 0  1 1 0 7
2225 50 272 42 5
3 9 0 5  6 5  3 9 5 ?  a 7  -

4490 185 3705 s45 392
5 7  5  2 5  2 2  4 4 5

130 21 1317 r27 70s
- 2 185 1t75 4800

sone species were consistently high
seed producers,  par t icu lar ly  A.  d ivergens '
A.  puTchel la  and A.  urophgTTa.  Other
species were uni for rn ly  lower seed producers-

Each species showed some variation
between s i tes '  however ,  j . t  was
ins j .gn i f  i .cant  in  nost  cases.  The except ion
was the March Road site, which over the
f ive-year  per iod produced a s igni f icant ly
greater  quant i ty  of  seed (vary ing f rom
, 0 1  t o  . 0 0 1  i n  i n d i . v i d u a l  y e a r s '  S t u d e n t r s
t  t e s ! )  f o r  A ,  d i v e r g e n s ,  A .  n g r t i f o i i a '
A.  urophqLfa and B.  l inophgl7a.  Acacia
browniana had s igni f icant ly  h igher  seed
product ion at  March Road in  1972 ( .001 by
Student 's  t  test . )  ,  but  by 1974 most  p lants
were dead or  senescent  and product ion
was low.

SPECIES

AGE IN YEARS

3 4 5 6 7 8

Acacia browniana
" divergens
" ngtt i fal ia
n  ^ a - r ) a ^ ^ ; 2

" puLcheTfa
' utophgfLa

Eossiaea faidl.awiana
' JinoPhgLfa

T tg na f i un I p atLtu l" axum

x x x x x x
x x x x x l
x x x x o o
x x x x x l
x x x x l o
x x x x x l
x x x x x x
x x x x x x
f f x > t x x



DISCUSSION

The ef fect  o f  s i te  d i f ferences on
hej.ght grorrth was not established, the mean
height  of  each species on d i f ferent  s i tes
being s imi lar ,  despi te  considerable
var ia t ion in  ind iv idual  p lants.  f t  was
observed thal plants tended to more
bushy growth on the open sites.

Soil type had no apparent effect on
surv iva l  xates as deaths nere recorded at
a fa i r ly  even rate wi th in each species,
over  the whole range of  s i tes.  Dealhs were
sl ight ly  ear l ier  a t  March Road.  Though
moni tor ing was not  carr ied out  for  any
species frorn germinaticn to age two or nore,
i t  was observed that  many casual t ies
occurred in  nost  species dur j .ng th is  per iod.
Studies on the ecology of Boronia negastigma
shor{ that seedling death rate accelerates
frorn age one to age three, almost half the
seedLings dy i .ng over  th is  per iod.  Morta l i ty
is  greatest  where seedl ing densi ty  is
h i g h e s t  ( C h r i s t e n s e n  a n d  S k i n n e r ,  1 9 7 8 ) .

From the beginning of  the t r ia l  (a t
two years o ld) ,  the s ize of  the ex is t ing
plants had no apparent  re lat ionship to
surv iva l ,  as deaths occurred fa i r ly  evenly
throughout  the height  range in  each p lot .

Seed bear ing began in  a l l  the legume
species dur ing thei r  th i rd year .  f t  was
not  establ ished whether  the low product ion
observed in  1971 was due to the p lantrs
immaturity. or ri 'hether seed production r,Jas
generally low. Seed production reached a
peak in  the four th to  s ix th year  of  growth
in the shor ter- l ived species,  then decreased
over the next two years, by which time the
major i ty  of  p lants were dead or  in  an
advanced state of  deter iorat ion.

The longest- I ived species,  A.  penxadenia,
reached peak seed product ion j .n  i ts  four lh
year ,  but  suf fered a dramat ic  decrease in
i ts  s ix th year  (Table 2) .  Seed t ray
f igures showed a cont inu ing decl ine in  seed
production for the subsequent two years,
and product ion ln  the n inth year ,  a f ter
these t ra i l -s  had f in ished,  was observed to
be a lnost  n i ] .  This  poses the quest ion:
are ear ly  seeding and a re lat ive ly  shor t
seed producing l i fe  features of  both
shor t  and long- l ived Acacias of  the
karr i  forest?

r F h a  - r , - 1 6  ^ f  r ' t  l - a r h r F ^  r . i  ^ r -  - - n  I  ^ , .r r r 9 r r  q r r u  l e w

seed producing years was s igni f icant

( 0 . 0 5  l e v e l ,  S  t u d e n t r s  t  t e s t ) ,  a t  I e a s t
throughout  the terrn of  th is  t r ia l ,  but  the
reason for  th is  was not  c lear .  The h igh
or 1ow seed year effect hras apparent
in all species except ?. spatttulatun (the
only non-legume), in which seed production
bui l t  up gradual ly  f rom the f i f th  year
(Table 2)  .

site and shade factors had no obvious
€ffect on seed production, as indi.vidual
plots under heavy shade achieved similar
seed counts to those grown in the open.
The higb seed production of a1I species at
March Road could have been due to the site
beLng subjected to a very hot  burn pr ior  to
germination and subsequen! ashbed effects
(Loneragan and Loneragan, L964, .

OpLinum seed production for the legune
species appears to fall well within the
usual ly  prescr ibed burn ing cyc le of  6  -  9
years,  and th is  pat lern is  su i tab le for
the speciesr prornotion. However, best seed
germination depends not on the frequency
of  burn,  but  bn the in tensi ty  and season
of  tha!  burn.

seed on or  wi th in the l i t ter  layer  j .s
mos! probably destroyed in the hot fire
needed to sCimulate germiantion of seed
bur ied in  the rn inera l  so i l .  A
cooL f i re  is  unl ike ly  to  induce any
germinat ion at  a l l ,

Spr ing- induced gern inants are
susceptible to suruner drought. and browsing
by nat ive fauna,

Therefcre,  a l though suf f ic ient  seed
product ion is  avai lab l .e  for  long tern
maintenance of  legume scrub under  current
burn ing regimes,  more research is  needed
into the season and techniques of  prescr ibed
burning;  a conbinat ion of  spr ing and
autumn burns could be desi rable,
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APPENDIX 13 Delails of wet sclerophyll scrub 6Pecies Plots.

LOCALITY SPEClES
AGE AT DATE OF

ESTABLISHMENT I,AST BURN
SOII, TYPE !.OREST TYPE

BIue Pot Road Acacia btowniana

Sossiaea Taidlawiana

4 years o ld Nov.  1967 Karr i ,  dense
undersLorey

Loam

Deeside Road ecacja pentadenia
Acacia uraphglTa

March Road

Dec.  19 68

Jan,  19 69

. tan.  1969

March 1969

Karri loam

Podsol

toam
PodsoL
Loam
Podsol

Silty loan
Karri loam

Podsol
Silty loam

Podsol
Loam

Sandy loam

I[arri/karr!
clear feLled
coupe

clear fel led
coupe
(Karr i lmarr i  )

Jarrah/marri
Clear felled
couPe
Jarrah/marr i
clear felled
coupe (karr i )

Ant Road

Deans Road

Acacia browniana

A ^ a ^ ;  -  t 1 ;  t ' a , d a n a

Acacia ngrtifolia
Acacia urophgTTa
Bossjaea linophgTTa

Acacia divezgens 3 years oLd
Acacia pentadenia

Acac ia bzowniana
Acacia divergens

Acacia ngrtifoJia
Acacia pentadenia

Tzgnaliun spathulatum

scatter Road

Henwood Road

Pine Creek
Road

str ick land
Road

Acacia pulcheTla

Bossiaea linophgTla

Acacia puLchelTa 2 years old
Acacia urophg 7Ia
Eossiaea TaidLawiana

Acacia pu7che77a
z a a n  i  a  t r r a n h t t l  l a

Bossiaea laidlawiana

Dec.  19 69

Dec.  1969

D e c .  1 9 6 9

Apr i l  19 70

Podsol

sandy loam

Karri loam

Loam

Jarrah/karr i

Marr i /karr i

Yrarr!/katti
K a r r i
Karr i

Karr i

1 0




