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SUMMARY

Al though research  in to  a r t i f i c ia l  sowing  o f  kar r i
took  p lace  as  ear ly  as  the  n j .d  193O's ,  i t  i s  on ly
recent ly  tha t  la rge-sca1e broadcas t  sowing  t r ia ls  have
b e e n  i n i t i a t e d .

Broadcas t  sowing  t r ia ls  car r ied  ou t  f ron  L974 to
1977 showed the  fo l low ing  t rends .  Sowing success  ra te
decreased as  the  season progressedt  bes t  resu l ts  were
ach ieved w i th  Apr i l  sowings  and the  poores t  w i th  June
sowings .  Sowing ra tes  grea ter  than 60  OOO seeds per
hec tare  resu l ted  in  inc reased seed l ing  numbers  on
favourab le  s i tes  bu t  there  was no  improvement  in
s tock ing  based on  a  s tocked quadra t  assessnent .  No
s ign i f i can t  d i f fe rences  in  success  o f  ear ly  es tab l i . shment
rdere  found on  the  d i f fe ren t  so i l  t ypes  tha t  wexe tes ted ,
bu t  type  o f  seedbed was an  impor tan t  fac to r  a f fec t ing
the  success  o f  sowinq .
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INTRODUCTION

Deve lopment  o f  cechn iques  fo r
a r t i f i c i a l  r e g e n e r a t i o n  o f  k a r r  i
(Eucafqp tus  d ivers ico far  F .  Mue l1 . )  i s  an
i n p o r t a n t  c o n s i d e r a t i o n  f o r  f u t u r e  k a r r r
f o r e s l  m a n a g e m e n t  i n  W e s t e r n  A u s t r a l i a .
s u c c e s s f u l  a r  t i f i c i a l  r e g e n e r a t i o n  m e t h o d s
wou ld  ensure  tha t  regenera t ion  need no t
l _ , ^  r - i ^ . l  r i a i A l r r  l - ^  i - h 6  f ^ , ' r - \ , a r r  f l a r : 1

c y c l e  o f  k a r r L .  ' f h i s  w o u l d  p r o v  j . d e  t h e
f o r e s t  m a n a g e r  w i L h  g r e a t e r  f l e x i b i l i t y  i n

s e l e c t i o n  o f  c u L t i n g  c o u p e s  a n d  i n  c h e
seasona l  dep loynent  o f  the  labour  resource .

R e g e n e r a t i o n  b y  h a n d  p l a n t i n g  o f
seed l ings  has  been u t i l i zed  on  an
o p e r a t i o n a l  s c a l e  f o r  s o m e  y e a r s  b u t  d i r e c t
sowing  o f  seed raou ld  be  cons iderab ly
cheaper  i f  su i tab le  ne thods  were  dev ised.
D i rec t  sowing  o f  kar r i  was  s tud ied  in  the
1 9 3 0 r s  ( L o n e r a g a n ,  1 9 7 1 ;  C h r i s t e n s e n  a n d
S c h u s t e r .  1 9 7 9 )  b u t  w a s  n o t  c o n s i s t e n t l y
s u c c e s s f u l .  I n t e r e s t  w a s  r e n e w e d  i n  1 9 7 3
F c  r h a  a . i \ 7 F n t ^ n a e  n r  e r l - i f i c i a l

r e g e n e r a t i o n  o F  k a r r i  b e c a n e  a p p r e c i a t e d ,

T h i .  n a n a r  r h e  r e s u . L L s  o f
p r e l i m i n a r y  b r o a d c a s c  s o w i n g  L r i a l s  i n
L 9 7 4  a n d  1 9 7 5  a n d  o f  l a t e r  r e p l i c a t e d
exper inents  wh ich  s tud ied  the  e f fec ts  o f
so i l  t ype ,  t ime o f  sowing .  and seed sowing
ra te  on  the  success  o f  es tab l i shnent .

METHOD
Field t r ials

T L e  t i r s t  b r o a d c a s t  s e e d i n g  t r i a l s
e s t a b l i s h e d  i a  I 9 7 4  a n d  1 9 7 5  w e r e  o n
unrep l i ca ted  b locks '  and were  used to
t - a c +  f h a  f a r c i h i  t  i + w  ^ €  1 - l i -  ! ^ ^ ' 1 ^ i  r , . ^

v !  u l e  L e L  I  r '  I  a Y u c  ,

and to  p rov lde  sorne  in fo rmat lon  on
5 u w  r r  r 9  ! a L q r .

T h e  o p e r a t i o n s  l v e r e  p e r E o r m e d  u s i n g  a
Cyc lone Agr icu l tu ra l  hand spreader .  wh ich
spread swathes  7 .5  m i .n  l t id th .  Hence,  by
t r a v e r s i n g  e a c h  p l o t  o n  l i n e s  7 . 5  r n  i n
w j . d t h ,  m a r k e d  a t  e a c h  e n d ,  a  c o n s t a n t
coverage o f  the  p lo t  cou ld  be  ob ta ined,

Areas  to  be  sown were  f ree  o f  a
natura l  seed source ,  and were  burn !
s u f f i c i e n t l y  t o  p r o v i d e  a  s a t i s f a c t o r y
seed bed.  In  L974 two areas  were  sown '
2 . 6  h a  i n  W a r r e n  B l o c k  ( 1 o  k m  s o u t h  o f
Pember ton)  and 5 .45  ha  in  Andrew B lock
( 3 o  k n  w e s t  o f  M a n j i n u p )  .  I n  1 9 7 5 ,  l o  h a
were  sown in  Shannon B lock  (5O km south
of Manj imup) .

I n  1 9 7 6 ,  B  h a  i n  B o o r a r a  B l o c k  ( 1 5  k m
south-eas t  o f  Nor thc l i f fe )  were  sown us fng

a sp l i t  fac to r ia l  des ign  w i th  th ree
rep l i ca t ions  to  tes t  so i l  t ypes  and sowing
dates .  The th ree  sowing  da tes  were  Apr i l '
M a y ,  J u n e .

Four  d i f fe ren t  so i l  t ypes  were  tes ted .
Sha l low podso ls  a re  sha l fo r '  g rave l l y  so i l s
over  ye l -1ow c lays .  type  Dy3.62  (McAr thur

a n d  C l l f t o n ,  1 9 7 5 )  .  D e e p  p o d s o l s  a r e
d e e p e r ,  t e s s  9 r a v e l 1 y  a n d  g e n e r a l l y  o f  a
d a r k e r  c o l o u r  a n d  c l a s s i f i e d  t y p e  D y 5 . 6 1 .
Red ear ths  a re  the  typ ica l  kar r i  loams w i th

a  gradua l  t rans i t ion  f rom a  sandy  loam to  a
r e d  c f a y ,  t y p e  G n 2 . 1 5 ,  w h i l s t  g r a v e l l y  r e d
e a r t h s  v a r y  f r o m  t h e s e  o n l y  t h a t  t h e y  h a v e

a conponen l  o f  g rave l  in  upper  layers ,  and

a r e  c l a s s i f  i . e d  G n 2 . 1 4 .

In  1977 a  sowing  t r ia l  in  Poo le  B lock
( J o  k m  s o u t h  o f  M a n j i m u p )  c o n s i s t e d  o f  a
cornp le te  random- lzed b lock  des ign  tes t ing

- '  ' s  t r  i a l  c o v e r e dL L r !  e c  o u w r r r 9  !  o  L E r .

1 . 4  h a .  A  f u r t h e r  2 . 9  h a  w e r e  u s e d  i n  t h i s
a r e a  t o  t e s t  t h e  p o s s i b i l i t y  o f  s p o t
s e e d i n g  k a r r i .

Seed pelletir-rg

Af te r  co l lec t ion  and ex t rac t ion  a t  a
k i ln .  seed h 'as  s ieved and c leaned by  a
winnowing dev ice  to  r id  i t  o f  a l1  la rge
d e b r i s  t h a t  w o u l d  h i n d e r  t h e  p e l l e t i n g
opera t ion .  The seed \ . , /as  then p laced in
coLd s to rage fo r  t l vo  weeks  to  undergo

T L  r ^  ^ " 2 c e s s  d e c r e a s e s  t h er r r r r  P ! l

per iod  requ i red  fo r  germinat ion  in  the
f i e l d  ( J a c o b s ,  1 9 5 5 )  ,  a n d  a l s o  g i v e s  a  m o r e
a v a -  d a r r i ^ : F i ^ -  ^ F  k a r r i  S e e d .

Al l  the  seed used in  the  t r ia ls  was
pe l le ted  us ing  techn iques  deve loped by  the
v i c t o r i a n  F o r e s l s  C o m m i s s i o n  ( 1 9 7 2 )  .  T h i s
invo lves  coat ing  the  seed w i th  a  smaL l
amount  o f  kao l in  c lay  mixed w i th  an
i n s e c t i c i d e ,  ( D D T  5 0 ?  p o w d e r  3 . 3  9 . k g - r
seed)  and a  fung ic ide ,  (TMTD BO? ac t ive
i n g r e d i e n t  o . 6  g . k g - i  s e e d )  a n d  t h e n
c o a t i n g  w i t h  f u r t h e r  l a y e r s  o f  k a o l i n  c I a y .

- r  ^ v e d  t o  a  u n i f o r nf r r e  P s r  a s  L D

s ize  to  a1 low fo r  ease o f  spread ing  and
m l x e d  w i t h  a  b u l k i n g  a g e n t  L o  p r o v i d e  a
nanageab le  vo lume fo r  spread ing .  The
granu lar  commerc ia l  fe r t i l i se r  I 'Po ta to

Manure  E"  was used fo r  th is  purpose,  and
the  app l ica t ion  ra te  o f  pe l le ted  seed and
bu Ik  j .ng  mater ia l  was  approx imate ly
5 . 5  K g . n a - ' .



Assessment
t The plots in Warren, Andrew and shannon

Blocks were assessed by running para l fe l
I ines 20 m apar t  across the d i rect ion of
seed sowing.  Along each l ine a 4 n2
quadrat  was assessed every 20 m.

Thc  n , r rnhp r  ^F  n lo t s  assessed  va r i ed

wi lh the s ize of  the area sown and is
shown in the tables,  Later  sowings vrere
on smal ler  b locks.  and were assessed on
closer  gr ids by the same nethod.  The 4 mz
plots  are a netr icated vers ion of  the
mi lacre pLot  prev iously  used for  s tock ing
assessment .

By counting Che total number of
seedl ings per  p lot  i t  is  possib le Eo
obta in an est imate of  nunbers of  seedl ings
h a r  h a ^ t r r a  c a a A l  i n a  A i < + r i h , r l . i n n  i c

^ ^ h + ^ i h a ^  f r ^ m  + h a  h A r ^ 6 h l - . d 6  ^ f  h l ^ + q

I t dc rua l f y  sEocKeo  wrE .n  one  o r  more

seed l i ngs .

The 4 rn2 plot size for assessment was
used because i t  is  a  convenient  s ized area
to examine for seedlings and also conforms
to current  regenerat ion assessment
techniques l r iLh in the Western Austra l ian
Forests Departnent .

RESULTS
Stocking levels

Table l  l is ts  the sowing rates used in
a l l  t r ia ls  and the success i . i r  establ ishment

as assessed by the percentage of  s tocked
quadrats at  age one year .  I f  3Og of  the
quadrats conta in karr i  seedl ings the
dis t r ibut i .on of  seedl ings is  considered
adequate.  A min imum of  l2OO stems per  ha
at  age one year  is  requi red for  acceptable
karr i  s tock ing.  On these cr i ter ia  a l l
except  one of  the t r ia ls ,  (Andrevr  Block,
1 9 7 4 )  w a s  s a t i s f a c t o r y .

The data in  Table l "  cover  t r ia ls  in
three separate seasons and some of  the
var ia t ion in  resul ts  may be a ref lect ion
of  vary ing seasonal  condi t ions,  as wel l
a s  v a r y i n g  s i t e  f a c t o r s .  N e v e r t h e l e s s ,
the resul ts  ind icate that  adequate
regenerataon can be obta ined by sowing
only 20 OOO seeds per ha. Since sone
2OO OOO seeds per  ha were speci f ied
under the seed t ree system of  natura l
regenerat ion (whi te,  197I) ,  th is  represents
a consj .derable sav ing in  seed requi rements.
This  is  an important  considerat ion as karr i
seed supplies are always limited oh'ing to
col lect ion d i f  f  icu l t ies.

IE a lso appears that  s i te  factors
af fect  the success of  regenerat ion.
T a b l e  2 1 i s ! s  t h e  r e s u l t s  o f  a n  a s s e s s n e n t
of  the 1974 and 1975 t r iaLs at  age two
years,  wi th  the quadrats subdiv ided
according to seed bed types into which they
fe l l  by chance.  Seed beds were c lass i f ied
as unfavourable (unburnt, conpacted by
1o99ing machinery or occupied by a stunp
or  Io9)  ,  d is turbed ( i f  the minera l  so i l
had been loosened dur ing logging operat ions)

o
TABLE 1

Quadrat  s tock ing rates f rom di recL
seeding t r ia ls  at  age one year

Location Year of
sowing

Sovring rate
(v iable seeds

per  ha)

1B 750

20 000

35 BOO

40 000

55 300

59 300

. 5 9  8 0 0

99 BOO

L26 7c0

P a r ^ a h + . d 6  ^ f

q u a d r a t s  ( 4  n 2 )
stocked vr i th  karr i

K a r r i  N o .  o f
seedl ings p lots

(No.  per  ha)  assessed

Poole

PooIe

Andrew

PooIe

Shannon

Warren

shannon

Warren

shannon

L977

L977

r97 4

r977

I97 5

797 4

L97 5

L97 4

r97 5

3 4 . 9

2 6 . ' t

5 4 . O

4 0 . o

5 4 . O

5 5 . 8

5 4 . 2

I 4 2 B

940

2 9 7  6

3482

L B 2 7

2865

3 7  5 4

? q ? q

6 3

6 3

1 5 7

6 3

IOO

20L

IOO

240

IOO



Stocking
by seed

TABLE 2

percentage of 4 m2 quadrats
bed tl4)e at age two years

Viable Percentage of
Location seeds quadrats stocked Stens

per ha (all seed beds) per ha

Seed bed tl,?e

Unfavourable Disturbed Ashbed
No.  of
plots

assessed

Andrew 35 BOO 47.2 2302

Shannon 55 3OO 63.3 4422

Warren 59 3OO 5O.O 3260

shannon 59 800 47.2 2739

Warren 99 8OO 57.7 3925

Shannon ]-26 7Oo 62.6 4779

3 3  . 4  6 6  . 7  
' 7 9  

. 4

2 5 . O  6 2 . 9  7 7 . 5

8 . O  6 2 . 5  8 2 . 6

2 7 . 3  6 8 . 8  5 3 . O

1 3 . 3  5 9 . 3  8 0 . 8

4 3 . 6  5 7 . 7  7 3 . 3

8 9

lo6

72

7L

107

TABLE 3

The effect of sowing time on stocking rales

45 plots were assessed for each month on each soil type.

*  ind icates a s igni f icant  d i f ference at  the O.O5 level  between t ime of
sowing ( tested by analys is  of  var iance) .

o

Month of

May

sowing

April June

soi l
tyPe

stocked Stems
plols per ha

stocked Stems
plots per ha

Percentage
stocked Stems

plots per ha

shallow
podsols

Deep
podsols

Red
earths

cravel ly
red
ear ths

TOTAL
of  a l l
so i l
types

t 5

7 5

B 6

7 7

4 3240

3 3020

6 29LO

2689

3* 2955r,

o z . z  J . 6 0 /

62.2 1208

2 1 . . t  r o )

44.5 L262

48.3 IL26

17.  B 220

L t . 6  Z t '

z o . l  z l )

6 5 8

2 4 357



l .
I

or ashbed (r'here logging debrj.s and slash
had been burnt ) ,

Overa1l ,  the regenerat ion s i tuat ion
had inproved from the previous assessment,
but  there was a narked d i f ference in  the
stocking percentage on the three seed bed
types. Unfavourable seed beds were
consistently the nost poorly stocked and
in most cases the ashbed sites vrere
bet ter  s tocked than the d is turbed s i tes,

Sowing time and sorl type

Table 3 shows the resul ts  obta ined
in the Boorara t r ia l  \a 'h ich tested the
effects of sowing time and soil type on
s tock j.ng rates.

Seed sown late in the season produced
Ior.ver stocking rates than seed sown early.
Apr i l  sowing resul ted in  s igni f icant ly

lbet ter  (p = O.O5) s tock ing rates than
v

either May or ,June sowing. The success
of  seeding d id not  vary s igni f icant ty
between the three soi l  types tested.

Effects of seedbed and soil type
The stocking results for the Boorara

t r ia l  have been assessed for  the ef fec!
of  seedbed on stock ing and height .  ?hese
results are shora'n in Table 4.

Table 4 shows the increased success of
regenerat ion on ashbeds and d is turbed
sites compared r,rith the unfavourable sites.
In nost cases both height growth and
quadrat  s tock ing were much greater  on the
ashbed than on the conpacled siLes.

No s igni f icant  d i f ferences in  the
percentage of  quadrats s tocked wi th
seedli.ngs have been detected which relale
to so i l  type.

TABLE 4

The influence of seed bed and soil tlpe on
karr i  s tock ing and height  growth

*Seed beds:  UF = Unfavourable,  AB = Ashbedr D = Disturbed.

Soil type seed bed * Percentage of  quadrats Height
(4 m2) s tocked wiLh karr i  (cn)

Red earth UF

AB

4 . 8

5 0 . o

I 7 . B
3 2 . 4

L 7  . 6
2 2 ; 5
7 2 . 7

l o  a

3 3 .  B
5 6  . 6

2 B
4 L

4 2
I 9 I

7 5

1 1 6

cravel ly  red ear  !h UF
n

Deep podsols UF

shallow podsols UF
D

AB



Spot seeding

The a ims of  the spot  seeding t r ia l  were
to reduce the quant i ty  of  seed used and to
ut i l ize the nost  favourable s i tes in  the
a r e a s  t e s t e d .  I n  t h i s  t r i a l ,  r a t e s  u s e d
var ied f ron 25Oo to 15 OOO seeds per  ha,
sowing e i ther  tv , ,o  or  s ix  seeds per  spot
wi th IOOO, 1750 or  25OO spots per  ha.
Resul ts  of  a l l  these were d isappoint ing,
because no treatment provided acceptable
levels  of  karr i  s tock ing.  Table 5 shows
the resul" ts  of  assessment  of  the actual
spocs sown,

These data suggest  that  greater  nunbers
of  seeds per  p lot  do not  resul t  in  rnuch
greater  s tock ing rates.  This  has been
r e p o r t e d  i n  e a r l i e r  w o r k  ( L o n e r a g a n ,  1 9 7 1 ) .
However,  i t  is  possib le that  a greater
nunber of spots than lhose used here may
provide sat is factory s tock ing and reduce
seed usage.

DISCUSSION

Tine of  sowing appears to  be cr i t ica l
to  the success of  broadcast  seed j .ng of
karr i .  As the resul ts  show, i t  can nean
ei ther  success or  fa i lure.  Ear l ier  vrork
(Loneragan,  197I)  ind icated May sowings
were more successfu l  than those in  e i ther
July  or  October .  In  the Boorara t r ia ls '
April so\,ring was the most successful
and th is  co inc ided wi th the onset  of  vr in ter
ra infa l l ,  before ground temperatures had
decreased great ly .

Unfavourab le  s i tes ,  such as  unburn t
areas  or  conso l ida ted  sn ig  t racks ,  a re  no t
success fu l l y  regenera ted  by  broadcas t
seed ing ,  except  in  the  case o f  che  nos t
success fu l  so i { ing  month ,  Apr i l '  where
marg ina l  s tock ings  were  found.  A  low
percentage o f  such s i tes  v r i l l  be  s tocked
but  the  va lue  o f  such s tock ing  to  p roduce
wor thwh i le  s tems is  doub l fu1  (schus ter ,

1 9 7 9 ) .  E v e n  w b e n  e s t a b l i s h e d ,  t h e
resu l tan t  seed l ings  d isp layed reduced
growth compared with those on the other
s i t e s .

T h e  r e s u l t s  s u g g e s t  t h a t  q u a n t j . t i e s  o f
seed greater  than 60 OOO viable seeds per
ha increase the number of  p lants but  do
not  i rnprove d is t r ibut ion.  Dis t r ibut ion of
p lanls  is  af fected by avai lab i l - i ty  of
su i tab le seed beds and i t  is  suggested
tha t  above a  cer ta in  l -eve l  o f  seed
app l ica t ion  th is  i s  the  c r i t i ca l  fac to r .

spo t  seed ing  o f  favourab le  s i tes  shows
promise  o f  fu r ther  reduc ing  the  quant i t y
o f  seed requ i red  to  regenera te  an  area .
Ear l ie r  work  suggests  tha t  spo t  seed ing
may requ i re  on ly  one f i f th  o f  the  seed
used by  broadcas t ing  (Loneragan,  19?1)  fo r
s in i la r  resu l ts .  However ,  cu . r ren t  resu l ts
s u g g e s t  t h a t  t h i s  f i g u r e  i s  o p t i m i s t i c ,
I f  a  success fu l  techn ique can be  deve loped
i t  cou ld  be  o f  par t i cu la r  use  in
r e g e n e r a t i n g  m i x e d  k a r r i  s t a n d s .  T h i s
wou ld  permi t  kar r i  to  be  regenera ted  on  the
opt imum s i tes  o f  an  area .  such as  ashbeds,
wh i le  a l low ing  mar r i  (8 .  ca lophgT la  R.  Br .

TABLE 5

Spot  seed ing  t r ia ls ,  Poo le  B lock  l9?7.
uaEa as  aE age ane year

Spots
per  ha

1000

1 7 5 0

2500

looo

t7 50

2500

Seeds
per
spot

2

2

2

6

seeds
per  ha

Seedl i.ngs Spots
h 6 r  h A  n a r  h .

Per cent
Seedl ing spots
per  cent  s tocked

6 1 0

6  1 5

2000

3500

5000

6000

500

500

1 5 8

1 9 1

1 4 r

308

3 5 0

1 1 6

150

r75

1 3 3

233

3 1 6

6 . 2 5

4  . 3 9

3 . 3 8

2 . 3 3

r 1  . 6
a ?

7 . O

1 3 . 3

t 2 . 9 6

L 2  . 6 7



ex L indl . )  advance growth to co lonize the
si tes less favourable to  karr i ,  and hence
ensure perpetuabion of  the species mixture.

Fur ther  research is  requi red to def ine
more acculately the lowest limits of seed
appl icat ion needed to ensure a sat is factory
regenerat ion stock ing.  This  aspect  wi l l  be
expanded in  fu ture research.

As an operat ional  technique,  broadcast
seeding has had one 40 ha t r ia l  in  Weld
Block in  1976.  Three hundred and f i f ty
hectares in  1978r  and some 2oo ha in  1979
have a lso been seeded.  Excel lent  resul ts
were achieved f rom the v iewpoints  of
ef f ic iency,  ease of  operat ion,  and
stock ing levels .

The use of  d i rect  seeding on an
-perat ional  scale of fers many advantages to
-he forest  manager.  The regenerat ion
operation need not be tied to the four-year
seed cyc le of  karr i ,  thLrs a l lowing greater
f lex ib i l i ty  in  choice of  cut t ing areas and
also a l lowing regenerat ion burn ing to be
prograruned and carr ied out  at  t ines
which best  ut i l ize avai lab le resources.  A
fur ther  advantage of  d i rect  seeding is  i ts
f lex ib i l i ty .  Unl ike p lant ing which
requi res t ime to ra ise s tock in  lhe
nursery,  seeding can be p lanned and
carr ied out  in  a mat ter  of  weeks.  This
a l lows cut t ing p lans to be a l tered and
regenerat ion carr ied out  ef f ic ient ly  i f  the
n e e d  a r  i  s e s .

The cost of a broadcast sor,ring
operat ion in  a g iven area is  approx imate ly

2Og that  of  hand p lant ing.  Current ly ,
ho$rever, high seed collection costs make
broadcast seeding as expensive overall as
hand planting. Inproved efficiency in seed
collection is expecled to reduce the total
cost of broadcast sor{ing to around 7Ot of
the cost fo! hand planting (R.J. Underwood,
personal communication) .
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