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SUMMARY
The cur ren t  seed app l ica t ion  ra te  fo r  b roadcas t

seed ing  may be  reduced by  up  to  408 by  us ing  the  spot

seed ing  techn ique fo r  kar r i  regenera t ion .

Vary ing  the  mater ia ls  used fo r  seed pe l le t ing  d id

not  g rea t ly  inc rease seed l ing  s tock ing  a t  age one.  I t

appears  tha t  s tock ing  rnay  la rge ly  be  in f luenced by

fac tors  opera t ing  a f te r  the  seedt ing  has  gern ina ted .



INTRODUCTION
Several  techniques are avai lab le for

regenerat ing a karr i  (  Eucalgpxus
divers icoTor F.  Muel l . )  forest  coupe
fo l lowing logging.  These inc lude natura l
regenerat ion f rom seed t rees,  broadcast
seeding (Annels '  1980) ,  and hand p lant ing

nursery-ra ised seedl ings.  However,  both
ar t i f ic ia t  techniques have the
disadvantage of  h igh cos t .

Research into the spot sol,' ing technique
which has been cont inu ing for  nany years
(o.W. Loneragan*,personal  corununicat ion )  ,
has hence been in tensi f ied.  The pr inc iPle
of  the technique is  to  se lect  s i tes for
seeding which wi l l  favour  germinat ion and
surv iva l .  Spot  seeding would reduce the
costs of  the regenerat ion operat ion f i rs t ly
because of the reduced dependence on a
nursery in f rast ructure,  secondly because
the technique is  less labour  -  in tens ive
than hand p lant ing '  and th j - rd ly  because
the technique uses far  less seed than
broadcast  seeding.

This  paper  repor ts  on hhree separate
t r ia ls .  The f i rs t  two at temPted to def ine
the opt imum appt icat ion rate of  seed for
spot  seeding.  The th i rd exper iment
examined the possib i l i ty  of  j .ncreasj .ng

the ptant  per  cent  ( the percentage of
seeds that have developed into seedlings
a!  age one year)  bY vary ing the
const i tuents of  the seed pel le t ing
nrxt 'ur  e  .

METHODS

Seed application rate
Detai ls  of  the tno t r ia ls  in i t ia ted

to detern ine the opt imum appl icat ion rate
of seed for sPot seeding are shown in
T a b l e  1 .

Both t r ia ls  were sown in  la te APr i l
(autunn)  r  which is  the opt imum sowing
season (Annels '  1980)  .  In  the Brockman
Block t r ia l  (1978)  only  one seed per  sPot

was sown throughout, as the Poole Block
t r ia l  had shown l i t t le  advantage rn
increasing seed appl icat ion f rom 2 ho 6
seeds per  spot .

In  both t r ia ts  c lay-pel le ted seed was
sown in a depression no nore than 1 cm
deep in  the soi l  sur face.  The seeding

spots were located on favourable sites
(ashbed and d is turbed n inera l  ear th)  ;
compacted and unburnt  s i tes were avoided.

In each trial the number of stocked
spots was assessed on a central sub-plot
wi th in each t reatment  p lot .  In  the poole
Block trial the number of seedlings per
spot  was a lso assessed.  Data were lhen
subjected to an analys is  of  var iance,  and
were ranked us ing Duncants Mul t ip le  Range
Test  (Duncan,  1955)  .

Seed pel let ing
The current  seed pel le t ing operat ion

for  karr i ,  descr ibed by Annels (1990) ,  j .s
based on a systen developed in victoria
(Forests Conmiss ion of  V ic tor ia ,  1977) .
I t  is  used in  an at tempt  to  reduce
pre-gern inat ion losses of  seed in  the f ie l ( -
and to a l low for  more ef f ic ient  seed
spreading.

The pel le ts  conta in an insect ic ide
(DDT) and a fungic ide (Thi ram) bound around
the seed with a hrater-soluble mucilage
and a kaol in  c lay.  This  t r ia t  invest igated
gern inat ion and surv iva l  ra tes in  response
to var ia t ions in  th is  composi t ion.
Deta i ls  of  the t r ia l  des ign and of  the
t reatnents tested are shown in Table 2.
For  a l l  t reatnents,  the quant i t ies of
mater ia ls  in  the pel le t  were the sane as
those in  the current  operat ional
prescr ip t ion:  for  every k i logram of  pure
seed,  approx i rnate ly  2 to  3 kg of  coat ing,
0.65 k9 of  muci lage,  l0  g of  insect ic ide
and 3 g of  fungic ide.  One k i logram of
pure seed contained approximately 5 x lOs
seeds .

A repl icate t r iaL vras per formed in  a
glasshouse lo  deLermine the ef fect  o f  the
var ious pel le t  formulat ions on germinat ion,
wi thout  the in f luence of  the external
factors that  wouLd be present  in  the f ie ld
t r ia l .  The g lasshouse t r ia l  was conducted
using a substrate of  topsoi l  f rom the area
of  the f ie ld  t r ia l .

Both t r ia ls  were establ ished us ing a
complete randonised block design, with
three repl icat ions of  the 45 t . reatments.
The seed trays in lhe glasshouse
conta ined 50 seeds on an area of  150 cm2.
The f ie ld  t r ia l  p lo ts  were each 4 m2,  wi th
ra ised borders between them to prevent  wash,
and each plot vras sovrn with IOO seeds.*  Forests Department  of  Western Austra l ia



TABLE 1

Establ ishnent  deta i ls  of  t r ia ls  to  detern ine the
opt imurn rate of  appl icat ion of  seed in  spot  seeding

?ABLE 2

Estab l i shnent  de ta i l s  o f  the  t r ia l  !o  examine
var ia t ions  in  the  seed pe l le t ing  prescr ip t ion

*  Soi I  descr ip t ion f ront  McArthur  and Cl i f ton (1975)

* *  M a g a m p  i s  a  s l o w - r e l e a s e  N : P : K  f e r t i l i z e r  ( f o r  t h i s  p u r p o s e  i t  w a s
crushed)

Tr  ia1
Iocat ion

Year  o f
es tab l " i shment

S o i l
type*

Exper imenta l
t rea tmenfs ' I r  1a-L

d e s i g n
Treatment
p lot  s ize

( h a )
Spots  Seeds

per  ha  per  spot

Poole Block
21 km sE of
Pember ton

Brockman
Block
b KIn -EtsE Of

Pember ton

L9'1'l

l 9  7 B

Dy5 .  8 l
YeI low
podsol

Dy.3 ,62
Gravef ly
yellow
podsol

1 0 0 0
1 7 5 0
2 5 0 0

3 0 0 0
6 0 0 0
9 0 0 0

1 2 0 0 0
1 5 0 0 0
1 8 0 0 0
2 r 0 0 0
24000
27000
3 0 0 0 0

Complete
randomised
block

( 3  r e p s .  )

Conplete
randon ised
b lock
( 3  r e p s .  )

0  . 1 5

0 , 0 2 3

* Soi I  descr ip t ions f rom McArthur  and c l i f ton (1975)

Tr  ia I
loca t ion
and da te

S o i I
type*

Pe l le t ing  mater ia ls  tes ted

Coat ings Fung ic ldes Insec t ic ides

Nai rn  B lock
- t 5  K M  E S E  O T

Pember ton
establ ished
1 9 7 8

D y 3  . 6 2
cravel ly
yellow
podsol ic

Kaol  in
c lay

Benton i te
c lay

Magamp* *

C a p t a i n  A  ( a . i ,  8 3 8
w/w Captan)

T M T D  ( a .  i .  B 0 r
w/w Tetramethyl
th iuram d i  su lph ide )

z  i n e b  ( a . i . 6 5 t
ur/w zineb)

C u p r o x  ( a . i . 5 0 ?
w,/w copper )

Contro l
(no appl j .cat ion)

DDT

Die ld r  in

Cont ro l
(no  app l ica t j .on)



The gLasshouse t r  j .a1  was assessed fo r
seed l ing  gern j .na t ion  and surv iva l  a t
two-da i l y  in te rva ls  f rom sowing fo r  e j .qh t
w e e k s .  T h e  f i e l d  t r i . a I  w a s  a s s e s s e d  1 2
months  a f te r  sowing ,  and in  bo th  cases
seed l ing  numbers  and a  p lan t  per  cent  were
tabu la ted .

RESULTS

Seed application rete
Ti re  resu l ts  o f  the  Poo le  B lock  t r ia l

a re  shown in  Tab1e 3  (a f te r  Anne1s,  l9B0)  .

Adequate  regenera t ion  s tock ing  was
not  ach ieved in  any  o f  the  t rea tments  in
t h i s  t r i a l .  A t  p r e s e n t  1 5 0 0  p l a n t s  p e r
h A ^ t : r A  r r a  r a c  i  r d A  F ^ r  c a t - i c f . ^ F ^ r U

s tock ing  in  a  d i . rec t  seed ing  opera t ion .
No t rea tment  in  th is  t r ia l  exceeded 350
h l . n l -  c  ^ 6 r  h a - i - r r 6

T h e r e  i s  n o  g r e a t  a d v a n t a g e  i n  u s i n g
more  than two seeds  per  spot ;  the  t r ia ]
shows tha t  inc reas ing  the  sowing  ra te  to
s ix  seeds  per  spot  g ives  on ly  a  marg ina l
inc rease in  s tock ing ,  In  any  case,  fo r
each seeded s i te .  on ly  one seed l j .ng  is
requ i red  to  s tock  i t  adequate ly .

5€6d 6ppt ica t ion  ra te
(se€ds  per  ha  x  rOOO)

FIGURE 1 :  Kar r i  seed l ing  surv iva l ,  poo le
B lock  spot  sowing  t r ia l ,  age I  year ,
A I1  da ta  narked w i th  the  sane le t te r  a re
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( P = 0 . 0 5 ,
Duncan 's  Mu l t ip le  Range Tes t i  Duncan,
I 9 s 5 )  .

Plant  per  cent  in  th is  t r ia l  ranged
f r o m  2 . J 3  t o  6 . 2 5 9 .  T h e s e  f i g u r e s  a r e
very  fow as  kar r i  seed norma]1y  has  95 t
v iab i l i t y ;  there  has  cLear ly  been a  la rge
loss  o f  v iab le  seed or  seed l ings .  Hovrever ,
they  are  h igher  than the  p lan t  per  cent
f i g u r e s  o f  O . O 2  t o  1 . 1 6 8  q u o t e d  b y  W h i t e
( 1 9 7 1 ) .

On the  bas is  o f  the  ln fo rmat ion  f rom
the Poo le  B lock  t r ia l ,  the  Brockman B lock
t r ia l  was  sown a t  one seed per  spot .  Tbe
resu l ts  f ron  th is  t r ia f  a re  p resented  in
F i g u r e  1 .

The t r  j ,a1  ind ica tes  tha t  an  app l ica t ion
ra te  above 24  000 seeds  per  hec tare  (a t
one seed per  spot )  n tay  produce an
acceptab le  regenera t ion  s tock ing  {F ig .  f )  .
The low s tock ing  in  the  21  000 spots -per -
hec tare  t rea t rnent  $ ras  caused by  overLand
water  wash,  wh ich  a f fec ted  t i ro  rep l i ca t ions
of  th is  t rea tnent .

The 27  000 spots -per  -hec  ta re
t r e a t m e n t  p r o d u c e d  s i g n i f  i c a n t l y  n o r e
(p  =  0 ,05)  seed l ings  a t  age one year  than
any o ther  seed ing  ra te .  Genera l l y  seed l ing
s tock ing  inc reased w i th  seed inq  ra te .

Seed pel let ing t r ial
The resuLts of  the g lasshouse Lr ia l  o f

seed pel l "e t  combinat ions are presented in
T a b l e  4 ,

OnIy the t reatments us ing Maganp or
t h e  f u n g i c i d e  C a p t a n  A  s i g n i f i c a n t l y
reduced seed germinat ion and surv iva l
when conpared wi th other  t reatments.

The resul ts  of  the f ie ld  sowings of
the var ious pel le t ing cornbinat ions are
presented in  Table 5.

The resul ts  ind icate few s igni f icant
d i . f ferences in  seedl ing establ ishnent  rate
bet i {een the var ious pel le t ing
conposi t ions.

Bentoni te  produced a s  ign i  f  i  can t ly
h i g h e r  ( p  =  0 . 0 5 )  s e e d l i n g  s u r v i v a l  r a t e
than d id Magamp coat ing.  For  the
insect ic ide t reatment  the contro l  gave
signi f icant ly  h igher  seedl ing surv iva l  than
did the DDT t reatment ,  and d ie ldr in
produced no bet ter  resul t  than the contro l
t reatment .  Captan and the contro l
fungic ide t reatnent  produced lower seedl ing
surv iva l  ra tes than the three other
fungic ides.  However,  no d i f ferences were

E



TABLE 3
Seed l ing  es tab l i shment  in  the  kar r i  spo t

seed ing  t r ia ls  in  Poo le  B lock ,  1977

TABLE 4

Mean p lan t  per  cent  fo r  a l l  pe l le t ing
m a t e r  i a l s  ( g l a s s h o u s e  t r i a l )

Wi th in  each c lass  o f  na ter iaL .  da la  no ta led  w i th  the  same le t te r  a re  no t  s ign i f i can t ly
d i f f e r e n t  a t  p  =  9 . 9 5  ( D u n c a n ' s  M u l t i p l e  R a n g e  T e s t '  D u n c a n ,  1 9 5 5 )

B =  Benton i te  Dd =  DDT ca  =  Captan
K =  Kao l in i te  D =  D ie ld r in  Cu =  Cuprox
M = Magamp co  =  no  app l ica t ion  T  =  TMTD

z  =  L t n e D

JABLE 5

Mean p lan t  per  cent  fo r  a l l  pe l le t ing
mater ia ls  (Na i rn  B lock  t r  ia l  )

w i th in  each c lass  o f  mater ia l ,  da ta  no ta ted  w i th  the  same le t te r  a re  no t
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  =  0 . 0 5  ( D u n c a n ' s  M u l t i p l e  R a n g e  T e s t .
D u n c a n ,  1 9 5 5 )

b  =  Benton iEe DC = DDT Ca =  Captan
K =  Kao l in i te  D =  D ie ld r in  Cu =  Cuprox
M = Magamp Co = no application T = TMTD

Z = Zi'neb

Sowing r  a tes Stock ing  ra tes

Spots
per  ha

Seeds
per spot

Seeds
per  ha

Stocked spots
per  ha

Seed l  ings Plan t
per  cent s tocked

l c 0 0
1 7 5 0
2 5 0 0
1 0 0 0
1 7 5 0
2 5 0 0

2
2
2
6
6
6

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

1 0 5 0 0
1 5 0 0 0

1 1 6
1 5 0
175
1 3 3
233
3 1 6

I25
1 5 8
1 9 1
1 4 1
3 0 8
3 5 0

1 t  . 6
8 . 3
7 . O

r 3 . 3
1 2 . 0
1 2 . 7

{ a f t e r  A n n e l s ,  1 9 8 0  )

Pe l le t Insec t ic ide Fung ic j .de

B K M Dd D Co Cu T z Co

3 0  . 3 o  4 2 . r '  I 0  .  3 " 2 4  . a -  2 9  . 7 "  2 8  . l - 1 9  .  2 D  2 B a  2 5  .  r a  3 0  .  4 a  3 6 . 0 a

Pel Ie t Insec t ic ide Fung ic ide

K M Dd D Co Cu T z Co

^ ^ a - - a o . . D - l  . 5  4 . t  o . z { . r  ) . u  ) . )  ) . J  4 . b



s i g n i f i c a n t a t p = 0 . 0 5 .

DISCUSSION
The Brockman Block t r ia ls  (F ig.  I )

ind icate that  a seeding rate of  24 000
to 27 000 seeds per  hectare may be
suf f ic ient  to  ensure an adequate s tock ing
of  regenerat ion in  a karr i  forest  coupe.
This  compares very favourably  wi th the
current  broadcast  seeding appl icat ion
rate of  45 000 seeds per  hectare.

The p lant  per  cent  of  a l1 the
treatments shown in  F i "gure I  var ied rnain ly
wi th in the range 3 to 6?.  This  low rate
of  seed gern inat j .on and seedl ing surv iva l
neans tbat  a great  deal  o f  the seed spread
dur ing a sowing operat ion is  wasted.  G j .ven

the current  h igh cost  and l imi ted
avai lab i l i ty  of  karr i  seed,  any technique
that  can increase the p lant  per  cent  woul -d
be important .

seed pel le t ing is  a potent ia l  nethod
for  i rnprov ing pre-germlnat ion seed
surv iva l .  However ,  the seed pel le t ing
t r ia ls  repor ted in  th is  paper  ind icate
that while snall improvements nay be made
in the current  seed pel le t ing process,
they st iu  resul t  in  a maximum plant  per
cent  of  6  or  7Z below that  achieved under
f ie ld  condi t ions.  chr is tensen and
S c h u s t e r  ( 1 9 7 9 )  f o u n d  s i n i l a r  l i m i t s  o n
seedt ing establ ishment  us ing uncoated seed'
where the p lant  per  cenL obta ined wi th
autumn sowing was 10.43.  toneragan
(personal  cornmunicat ion)  obta ined a f igure
of  53 us ing c lay-pel le ted seed.

The t r ia ls  ind icate that  the opt inun
m i x  t o  u s e  w i t h  t h e  c u r r e n t  p e l l e t i n g
process inc ludes bentoni te  c lay,  e i ther
d ie l -dr in  or  no insect ic ide '  and TMTD
or Z ineb fungic ide.  However '  the potent ia l
gains f rom al ter ing the current  system are
s m a I 1 .

The low p lant  per  cent  obta ined wi th
sown seed (pel le ted or  not)  and the h igh
viabi l j . ty  of  karr i  seed (approx inale ly
958)  ind icate that  external  factors af ter
germinat ion nay be v i ta l  in  determj .n ing
the seedl i .ng establ ishment  rate.  These
factors could inc lude insects,  fungi r
f rost ,  wash by water ,  and desiccat ion.

The poor response to the inclusion of
insec t ic ide  in  the  pe l le t  may ind ica te
tha t  a t tack  by  insec ts  i s  no t  inpor tan t i

however,  t r ia ls  by Chr is tensen and schuster
(1979)  ind icate that  th is  is  not  the case.
I t  may a lso ind icate that  e i ther  the
insect ic ide is  not  added to the pel le t
in  suf f ic ient  quant i t ies to  deter  at tack,
or that danage of seedlings following
germinat ion,  when the pel le t  does not
protect  them, is  far  more inpor tant ,  The
sane reasons may expla in the lack of
response to the inc lus ion of  fungic ides
in the pelLet ,

FURTHER RESEARCH
Several  avenues of  research should be

pursued to c lar i fy  points  ra ised in  th is
s t u d v .

Fj . rs t l y ,  the  op t imum pe l le t ing  mix
(benton i te ,  d ie ld r in  and TMTD)  shou ld  be
tes ted  to  de termine the  e f fec ts  o f
vary ing  the  app l ica t ion  ra tes  o f  na ter i .a l
i .n  the  pe l le t ing  mix tu re .

Secondlyr the optimun spot seeding
ra te ,  27  000 seeds  per  hec tare ,  shou ld  be
used to  de termi .ne  the  e f fec t  o f  seed
p lacement  on  the  success  o f  seed l ing
es tab l i shment .  For  example ,  i t  may be
poss ib le  to  dev ise  a  techn ique to  reduce
insec t  damage to  seed l  ings .

Th i rd ly ,  the  e f fec t  o f  insec ts  and
fung i  on  seed l j .ngs  a f  t .e r  germinat ion
shou ld  be  examined,  to  de tern ine  the  ro le
they  p l "ay  in  regenera t i .on  success  or
f a i l u r e .

CONCLUSIONS
The spot  seeding technique used to

apply  seed aC a rate of  2? 000 spots per
hectare (one seed per spot) can be used to
sat is factor i ly  regenerate a cut -over
karr i  coupe.

Attempts to improve the plant per cent
by amending the seed pel le t ing technique
have net  wi th  1 i t t1e success.  This  is
at t r ibuted to the fact  that  only  l imi ted
quant i t ies of  chenica ls  can be conta ined
in the pel le t ,  and perhaps more important ly
to seedl ing depredat ion fot lowing
germinat ion,  when the pel le t  is  no longer
protect ive.

The pel le t ing n ix ture of  benloni te
c1ay,  d ie ldr in  insect ic ide and TMTD
fungic ide proved most  successfu l ,  and has
been selected fcr  fur ther  s tudy.
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