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AN INITIAL STUDY OF

PROVENANCE VARIATTON IN KARRI
( Eucalyptus diuersicolor F.Muell. )

By

C.J. SCHUSTER

SUMMARY

Prelininary growth data from karri provenance
tr ia ls  are repor ted.  The growth of  fan i l ies f rom
with in the main karr i  range is  genera l ly  super ior  to
that  of  fan i l ies f rom out ly ing areas of  the species '
range, The exceptions to this are seedlings from the
Porongurup Range.



INTRODUCTION

Rarr i  lEucaTgptus  d ivers ico for
F .  M u e ] l . )  i s  a  d o m i n a n t  t r e e  s p e c i e s  i n
the  ex t reme south-west  o f  Western
Aust ra l ia .  The spec ies  ranges  over
approx imate ly  1BO OOO ha '  bo th  in  pure

s t a n d s  a n d  i n  a s s o c i a t i o n ,  m a i n l y  w i t h

mar r i  (g .  ca lophgf la  R.  Br . ) .  Consequent ly .
the  kar r i  fo res ts  a re  an  inpor tan t  face t

o f  bo th  recrea t iona l  and t imber  p roduc t j .on

ac t iv i t ies  in  the  reg ion  '

Max imun t inber  p roduc t ion  f rom the
spec ies  is  an  impor tan t  fo res t  management
ob jec t ive ,  One procedure  used to  inc rease
produc t ion  is  the  app l ica t ion  o f  t ree
breed ing  and seed orchard  sys tems to
improve fu tu re  g rowing  s tock .

Very  l i t t le  in fo rna t ion  on  provenance

var ia t ion  and breed ing  o f  kar r i  has  been

repor ted ,  However ,  Pa lzer  and Rocke l
(1973)  p rov ided sone de ta i l  o f  var ia t ion

in  he igh t  g rowth  be tween provenances '  w i lh

respec t  to  in fec t ion  by  the  roo t  fungus

Phgtophxhora ci.nnamomi Rands '

' t ' h j e  n ^ n p r  r c n o r t s  r e s u l t s  f r o m  a  k a r r i
p rogeny exper iment  es tab l i shed in  1972 and
1973 us ing  open-po l l ina ted  progeny o f
famiL ies  f ron  th roughout  the  kar r i  range.
A " fami ly "  here  re fe rs  to  the  seed l ings
grown f rom seed ob ta ined f ro rn  a  s ing le
se lec ted  f ree .

These t r ia ls  a lso  fo rmed lhe  bas is  o f

a  kar r i  seed orchard  progranme in  wh ich
the  seed l ings  were  th inned to  the  super io r
fa rn i l ies  a t  age s ix  years .  Seed f rom these

orchards  w i l l  be  used to  p lan t  second
genera t ion  s lands ,  th rough r , rh ich  genet ic
ga ins  in  fo rm and v igour  nay  be  poss ib le .

METHOD
Family collection

Tha n : ran t  t raas  f ron  wh ich  seed $ , /as
co l lec ted  were  se lec ted  on  phenotyp ic

charac ter is t i cs .  The se lec t ion  c r  i  te r  ia

were  those used fo r  kar r i  seed t rees .
The na jo r  c r i te r ia  fo r  se lec t ion  were
he igh t  dominance '  a  h igh '  b ranch- f ree  bo le ,
t ree  v igour l  and the  absence o f  s tem
defec t ,  a l though th is  las t  was  over looked
j . f  the  de fec t  was  caused by  an  ex terna l
agency  such as  f i re .

A  capsu le-bear ing  branch f ron  each
t ree  was shot  down us ing  a  .22  ca l ib re

r i f le r  and the  capsu les  h te re  co l lec ted  fo r
seed exLrac t ion  and s to rage.  Each t ree
from h'hich seed was collected was measured
for  cer ta in  var iab fes '  inc lud ing  to ta l
he igh t ,  bo le  he igh t  and s ten  d ianeter '
and these were  recorded.

I t  was  p lanned to  co lLec t  and p lan t

3oo fan i l ies ,  us ing  a  sys ten  o f
p ropor t ionaL representa t ion  f rom the
r iver  sys tens  o f  the  kar r l  range '  bu t  on ly
12I  fa rn i l ies  have been p lan ted  to  da te '

The fami l ies  were  p laced in to
ca tegor ies  accord i .ng  to  fo res t  b locks
wi th in  the  r i ver  sys tems f ro rn  wh ich  the
seed was co l lec ted .  The loca t ions  o f
co l lec t ion  s i tes ,  t r ia l  a reas  and r i ver
va l leys  are  shown in  F igure  1 .

Seed f ron  South  Af r i can  fan i l ies  was
s o w n  i n  t h e  1 9 7 3  t r i a l s .  T h i s  s e e d  w a s

co l lec ted  f rom open-po l l ina ted  progeny
grown in  South  Af r i ca  f rom seed
or ig ina l ty  co l lec ted  w i th in  the  Western
A u s t r a l i a n  k a r r i  r a n g e .

Planting locations
were  es  tab l  i  shedP r a r r  L r r r Y -

on two s i tes,  former ly  farmlands '  which
are shown in F igure 1.  They are located
in the warren and Gardner  Val leys.  two of
the najor  r iver  va l leys wi th in the karr i
r a n g e .

I n  1 9 7 2 t  6 2  o f  t h e  f a m i l i e s  w e r e
planted on the warren val ley s i te ,  and some
fami l ies f rom each sanpled val ley were
planted at  the Gardner  Val ley s i te .

In  1973 the renain ing 59 fami l ies we
also p lanted at  the warren Val ley s i te '
sorne families from each sampled valley
were p lanted at  the Gardner  Val ley s i te .

Planting design and techniques
The p lant ing s i tes were a l l  to ta l ly

c leared,  and ptoughed twice before
plant ing.  Af ter  p lant ing each t ree \a 'as
fer t i l ised wi th loo g of  phosphorus/
n i t r o g e n  f e r t i l i s e r .

The p lant ing stock was germinated in
seed t rays conta in ing a sand and peat
n ix ture.  At  age one month the seedl ings
were replanted in to peat  "J i f fy"  pots,
conta in ing a rn ix ture of  sand and "b lood

and bone" fer  t i l  iseL

or e
and



/ f \
+allt a-

F

Locations of seed

l Y a l l i n g u p

2 Boranup

3 Black Point

4 Mt. Many Peaks

A O Warren Val ley t r ia l  p lant ing s i te

FIGURE 1: IJocations of karri seed
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f ive repl ica l ions.  The fani ly  repl icates
were line plots of ten trees planted at a
spacing of  2 . '1  x  2.7 m.  This  gave a
plant stocking of approxinately t3OO trees
per  ha.

Sections of both sites have suffered
poor tree survival and sone depressed
growthl owing rnainly to conpetition frorn
grasses,  and browsing by rabbi ts .

Assessment
The 1972 p lant ings were measured in

spr ing 1976 at  four  years of  age,  and the
1973 p lant ings were measured in  spr ing
1978 at  f ive years of  age,

In all cases the height and diameter
of the five superior trees in every ptot

B v Gardner  Val ley t r ia l  p lant ing s i te

collectj.on and provenance trial sites

of  ten t rees were measured,  as wel l  as
plot  surv iva l .  The f ive t rees were
selected on the basis of total height and
stern form.

RESULTS
In  the analys is  of  resul ts ,  because of

excessive deaths hrithin some fanilies,
growth data from individual faniLies have
been grouped according to the forest block
of  the i r  or ig in .  The data were subjected
to an Analysis of Variance and, where
stat is t ica l ly  s ign i f icant  d i f ferences were
found, Duncanrs Muttiple Range Test
(Duncan,  1955)  was then used.  As there
h 'ere few real  d i f ferences the resul ts  can
be used only to indicate trends in growth
differences between progeny fron outlying
areas and progeny fron areas within the
main karr i  range.



geigh! grolvth and survival of each
fan i l y ,  g rouped accord ing  to  fo res t
b locks  or  a reas ,  a re  shown in  Tab les  Ia
and lb .  In  the  tab les  each fo res t  b lock  is
ident i f ied  accord ing  to  the  major  r i ver
va l ley  in  wh ich  i t  i s  s i tua ted .  Areas
vr i thout  a  r i ver  va l ley  c lass i f i ca t ion  l ie
ou ts ide  the  main  range,

Because o f  cons t ra in ts  o f  the  t r ia l
des ign  and the  poor  surv iva l  there  can be
on ly  l im i ted  ana lys is  o f  d i f fe rences  in
he igh t  g rowth  be tween fami l ies .  Genera l l y ,
in  a l l  four  t r ia l  p lan t ings ,  the  fan i l ies
exhibit ing superior growth came from
w i t h i n  t h e  m a i n  h i g h e r  r a i n f a l l  r a n g e  o f

the species, with the exception of the
Porongurup fami l ies in  the 1972 t r ia ls .

Few d i f fe rences  ex is t  be tween progeny
from different blocks and betvreen the two
p lan t ing  s i tes  fo r  the  1972 t r ia ls .
Hor tever ,  fami l ies  f rom B lack  Po in t
exh ib i ted  decreased growth  and fami l ies
fron Mattaband increased growth in the
cardner  Va l ley  t r ia l .  Th is  d i f fe rence
vr i th in  the  Mat taband fami l ies ,  f rom a
fores t  b lock  wh ich  conta ins  many h igh-
qua l i t y  kar r i  s tands ,  was  caused la rge ly  by
extrene grass conpetit ion on the plots i-n
the  Warren  Va l ley  t r ia l ,  wh ich  reduced
the i r  g rowth .

age 4  years  o f
(1972 p lan t ings  )

TABLE Ia

He igh t  g rowth  and surv iva l  aL
families from each forest bl-ock

Location of
t r ia l  p lan t ing

Forest block frorn
which fani l ies of

seed were col lected

H e i g h t  ( m )
(958 conf idence

interval for population
mean)

surv iva l
(per  cent)

Mean height
of  parent

War ren
VaI Iey

Gardner
val1ey

Warren (warren)  **

Poole (Warren)
Mar ingup (cardner  )
Gray (Donnel ly)
Boorara (cardner  )
Black Point
Porongurup Range
Boranup
Jane (Shannon)
Mindanup (Shannon)
Mt.  Many Peaks
Mattaband (Deep)
YaUingup

Mattaband
Porongurup Range
War ren
Poole
Jane
Boorara
Mar ingup
Boranup
Mindanup
Yal l ingup
Black Point
Mt .  Many Peaks

8 . 1 I  !  O . 8 7 t  a
7 . 9 5  t  o . 7 o a
7 . 7 5  1 O . 4 9 a
7 , 6 1  1  l . l O a b
7 , 5 1  1  O . 9 o a b
7 . 3 6  1  1 .  o 8 a b
7 . 3 o  1 1 . 3 8 a b
7  . 2 8  !  L . 2 2 a b
7 . 1 8  t  l . 2 9 a b
7 . O 9  !  O . 8 2 a b
6 , 7 5  t  l .  7 l a b
6 . 4 6  t  l . 5 6 a b
5 . 3 1  1 l . 9 r b

7 . 3 1  1 o . 5 6 a
7 . 1 8  I  o . 5 2 a
7 . O 2  !  O . 5 B a
6 . 8 5  1  o . 8 1 a
6 , 7 9  t  o . 8 6 a b
6 . 6 5  t  O . 7 5 a b
6  . 5 6  !  o .  7 7 a b
6 , 0 0  !  O . 7 9 a b c
5 . 9 1  I  O . 9 4 a b c
5 .  J b  t  u ,  o j o c
4 . 5 5  1 l . I 7 c
4 . 5 5  1  ] . O 3 c

B 3
80

100
8 9
80

Ioo
8 4

7 3
9 6
8 5

70

9 5
9 7
9 5
9 4
90
8 8
8 7

oal

8 5

6 5

t 5

6 5
6 5
6 5
5 5
50
5 5
40
70
6 5
40
7A
40

70
5 5
7 5
6 5
'70

5 5
6 5
40
6 5
40
50
40

a

*  Data notaLed h ' i th  the same let ter  are not  s ign i f icant ly  d i f ferent  at  P < o.o25

' t *  Local i ty  in  brackets refers to  the r iver  va l ley in  which the b lock is  s i tuated.
Areas wi thout  a r iver  va l ley c lass i f icat ion are out l iers  f ron the main range



No large differences lrere found among
survival figures, excep! for the Mt. Many
Peaks fami l ies in  the 1972 p lant ings at
the Gardner  Val ley s i te .  This  d i f ference
r{as caused mainly be competition from
uncontro l led shrub species,

Dianeler growth for families in the
four t.ri.als is shown i.n Tables 2a and 2b.

Diameter growth data show trends
sinilar to those of height growth data in
Tab].es la and lb. The fanilies collected
within the main karri range shorr' a trend
towards greater  d iameter  growth,  as wel l
as greater  height  gro l r th .

One exception to this trend was
exhib i ted by the Pingerup fami l ies which,

Height growth and
fan i l ies  f rom each

in the l9?3 Warren valLey trial, shor.red
poor height growth but excellent dianeter
qrOtr th.

However,  wi th in- fani ly  and wi th in-b lock
var ia t ions were as great  as any between-
block var ia t i .ons ev ident  in  th is  analvs is
for dianeter grorrrth.

DISCUSSION
These preliminary trials shovred sorne

var ia t ion in  d ianeter  and height  growth
betvreen open-pollinated fanilies of karri
from rrithin and outside the main ranqe of
the species.

Ear ly  resul ts  i .nd icate that  breeding
from superior families may effect some

TABLE Ib

surv iva l  a t
forest block

age 5  years  o f
(1973 p lan t ings)

Location of
t r ia l  p lant ing

s r t e s

Forest  b lock f rom
which fami l ies of

seed were col lected

Height  (m)
(958 conf idence

intervaf for population
mean)

Surv iva l
(per  cent)

Mean height
of  parent
t rees (m)

Warren
VaIley

Gardner
valley

Mat taband (Deep)

Warren
Gardner

WeId
Boorara
Lindsay

(warren) **
(Gardner )

(weld)
(Gardner  )
(Donnelly)

South Afr ica
Pingerup (Shannon)
Dalgarup (Blackwood)
Boranup
Mt.  Barker

Carey
Boorara
Weld
Gordon
Warxen
Mattaband
South Afr  ica
Gardner
Pingerup
Mt.  Barker
Dalgarup

9 . 3 6  1 1 . 4 3 * a
8 . 4 2  f  I . 6 5 a
8 . 4 0  t  O . 5  8 a
8 . 2 6  1 o . 9 6 a
8 . 2 5  1  l . 6 l a
8 . O 5  1  O . 8 9 a
7  . 7 7  !  L . 2 2 a
7  . 6 6  !  O . 7 9 a
7  . 6 3  !  O . 9 4 a
7  . 2 3  !  L . 9 2 a
6 . 9 1  !  1 . 4 9 a

7 . 2 6  !  2 . 3 o a b
6 . 9 6  1  O .  7 O a
5 . 9 5  t  O . 8  7 a b
6 . 6 9  1  o . 7 5 a b
5 . 5  3  t  O . s o a b
6 . 1 4  1  O . 4 3 a b
5 . 9  5  1  O . 7 5 a b
5  . 8 8  1  1 . o 5 a b
5 . 5 1  r  O , 5 9 b
5 . 3 9  r  O . 8 0 b
) . z l  : ! :  u . b / D

90
8 8
9 I
70
7 8
90
8 8
8 7
90
? 5

90
8 6
9 6
80
q 7

9 2
9 2
80
80
9 I
90

7 5
60
7 5
70

70
N .  A .
6 5
60
40
4 5

70
60
70

7 5
N .  A .
60
o 5

4 5

* Data notated wi th the same let ter  are not  s ign i f icanl ly  d i f ferent  at  p  < O.O25.

**  Local i ty  in  brackets refers to  the r iver  va l ley in  which the b lock i6  s i tuated.
Areas wi thout  a r iver  va l ley c lass i f icat ion are out l iers  f rom the main range

N.A.  South  Af r i can  he igh t  da ta  no t  ava i lab le .



TABLE 2a

Dianeter  growth at  age 4 years of  fan i l ies
f ron each forest  b lock (1972 p lant ings)

Locat ion of
t r ia l  p lant ing

s i tes

Forest  b lock f rom
which fami l ies of

seed lt'ere collected

Stem diarneter  over  bark (cn)
measured at  breast  height  (1.3 m)

(958 conf idence in terval  for
populat ion nean)*

Warren
va11ey

Gardner
Val ley

Warren (Warren)  **
Poole (Warren)
Gray (Donnel ly)
Jane (Shannon)
Boorara (cardner  )
Porongurup Range
Mindanup (Shannon )
Mattaband (Deep)
Black Poi.nt
Mar ingup (Gardner  )
Boranup
Mt. Many Peaks
Yal l ingup

Mattaband
Poole
Porongurup Range
War ren
Jane
Boorara
Mar ingup
Mindanup
YaIL ingup
Boranup
Black Point
Mt .  Many Peaks

I O , 7 7  t  1 . 8 1 * a
l O . O 2  !  2 . 6 2 a

9 . 9 9  1 2 , 3 5 a
J .  t 1  X  L .  t  t a

9 . 6 4  1 1 . 7 8 a
9 . 5 5  t  1 . 8 1 a
9 . 5 O  I  I . 8 I a
9 . 3 8  !  2 . 2 6 a
9 . L 9  !  2 . 4 9 a
8 . 7 O  t  I . I 4 a
8 . 4 3  I  2  . 4 8 a
7  . 8 7  !  2 . 5 4 a
7  . 3 4  !  2 . 6 5 a

9 . 9 9  t  1 . O 4 a
9 . 4 2  !  I . 7 ' 1 a
9 . 2 2  !  I . 3 9 a
8 . 9 3  I  l . o g a
8 . 9 5  t  2 . 3 6 a b
I  . 7 8  t  1 . 5 7 a b
8 . 3 7  l 1 . 5 7 a b
7 . 9 5  t  l . 7 9 a b
? . 4 3  I  O .  ? 8 a b
/  .  J O  : ! :  r .  ) 6 a O

7 . 1 5  t  2  . 8 o a b
5 . 1 7  r  2 . 8 0 b

* Data notated with tbe same

** Local i ty  in  brackets refers
Areas wi thout  r iver  va1ley

let ter  are not  s ign i f icant ly  d i f fereht  at  p  < O.o25

to the river valley in which the block is situated.
c lass i f icat ion are out l iers  f rom the rnain ranqe.

increase in timber volume production.
However, care is required when cornparing
qrowth characteristics between pxogeny at
an ear ly  age (c ier tych,  L974' , .

with the exception of tbe families
from the Porongurup Range the fanilies
exhib i t ing super ior  growth in  these t r ia ls
genera l ly  cane f rom the major  r iver
val leys wi th in the main karr i  range,
pr inc ipal ly  the Warren,  Donnel ly ,  Deep and
cardner  Val leys.  As both the t r ia l  s i tes
repor ted here were wi th in the main karr i
range.  th is  resul t  has impl icat ions for
an operat ional  regenerat ion prograrune,

The families from the Porongurup Range
perforned well on both the 1972 LrLaL
si.tes. The average annual rainfall in the
Porongurup Range is approximately 8OO nun,
whereas that in the four valleys mentioned
above is over IOOO mm.

Tables la and lb show the mean heights
of  the parent  t rees for  a l l  areas and i t
appears that height growth, at least up to
age f ive years,  is  wel l  corre la led wi th
the height  of  the mature parent  t ree.
consequently, families from the Mattaband
and Warren BLocks, collected from trees
wi th a mean height  of  75 m, exhib i t



TABLE 2b

Diameter growth at age 5
from each forest block

years of  fami l ies
(1973 p lant ings)

Location of
trial planting

s i tes

Forest block fron
whi.cb families of

seed were collected

stem diameter over bark (cm)

measured at  breast  height  (L3 m)
(959 conf idence in terval  for

population nean) *

Warren
valIey

cardner
valley

Warren (warren)  **

Pj.ngerup (Shannon)
Lindsay (Donnelly)
Mattaband (DeeP)
weld (weld)
Boorara (Gardner  )
cardner  (Gardner  )
South Afr ica
Dalgarup (Blackwood)
Boranup
Mt.  Barker

weld
Gordon
Boorara
Warren
Carey
Mattaband
South Afr ica
Gardner
Pingerup
DaIgarup
Mt.  Barker

1 1 . 8  9  !  3 . z o * a
1 1 . 7 3  t  1 . I 3 a
1 1 . 6 7  t  I .  o l a
I 1 . 4 2  t  O . 8 3 a
1 1 . 2 4  1  1 . 3 o a
1 0 . 8 7  t  2 . 3 I a
I O . 8 4  t  1 . 2 9 a
1 0 . 3 9  r  1 . 7 9 a
1 0 . 2 5  1 l . l 5 a

9 . 5 3  I  3 . o 5 a
9 . 4 1  t  2 . O g a

I O . 5 1  !  I . 7 2 a
L O . 2 4  !  L . 2 3 a
I O . O 3  t  1 . 9 3 a

9 . 3 2  r  o . 8 6 a
9 . O o  !  L . 2 4 a b
8 . 8 7  t  O . 6  7 a b
8 . 3 5  I  L  2 9 a b
8 . 3 2  !  2 . 2 6 a b
7 . 6 2  1  l . 5 3 a b
7 . 5 9  t  1 . 6 7 a b
6 . 8 0  I  I .  4 3 b

Data nolaled with the

Locality in brackets
Areas without a r iver

same leLter  are not  s ign i f icant ly  d i f feren!  at  p  < o.o25.

refers to  the r iver  va l ley in  which the b lock is  s i tua led.
val ley c lass i f icat ion are out l iers  f rom €he main range.

-qrowLh trends super ior to those of

]arn i t ies f  rom th l  Mt .  Barker ,  Mt .  Many
Peaks and Boranup areas' where parent
trees ranged from 40 to 45 m in height.
However, Boranup is not yet a mature forestt
and height  wi l l  poss ib ly  increase here wi th
t ine.

The absence of large variations
between plovenances may be attributed
partly !o the lack of environmental and
other extremes within the range (Palzer and
Rockel ,  1973) .  Large var ia t ions betvteen
provenances in other EucaTgptus species
have been exhibited vlhere extremes of
la t i tude,  at t i tude,  so i ls  and c l imate
exis ted.  Green (1971)  repor ted s igni f icant
variations be tvteen provenances of
E.  obTigua I tHer i t '  a  species wi th a vJ ide
range of  la t i tud inal  and a l t i tud inal
var  ia t ion.

CONCLUSION

Ea!1y growth results show the existence
of superior provenances within the major
val leys of  the karr i  range.  Seed
collections should be made in these areas
for regeneration operations within the
main karr i  range.

Currently within-provenance var iation
is as important as between-provenance
variation in moBt cases. There are few
varlations in family growth betr{reen the
tr.ro sites.
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